o Jp YenoBek B Mupe
s aTOMHbIX faep



OOHO 13 BblOAOLWKUXCA OTKPbLITUN
yenoBeKa COCTOUT B MOHMMAaHUKN TOro, YTO
MWUP, B KOTOPOM OH XXUBET, CyLLeCcTBOBal
He Bcerga. 1sydyeHne donsanyeckmx
3aKOHOB OKpYy»KatoLlero mmpa,
doyHOaMeHTanbHbIX COCTaBNALLNX
MaTepumn, rnodarnbHbIX KOCMOSIOrMYeCKUX
CTPYKTYpP paguKkanbHO U3MEHUNO
npeacrtaBrieHne YenoBseka o BceneHHou m
ero MecTe B HeW.



CTpyKTypa matepum

Mouexyabl T=300 K

ATOMBI
(N, Z)+e

ATOMHBIE s1Ipa
(Nn 9 Zp) e_

CTa0dnabHbIe YaCTHIbI
p TNpoOToH (uud) e
n HeiiTpoH (udd) 7=885,7¢ n—o>p+e +v,

AZIpOHBI JlenToHbI
bapuonbt Me30HBbI e A
999 99 Ve V4
KBapku JIenToHbI
u c t e 7
d S b 14 14



CocTtaB BceneHHOM

KpynHomMmacLuTabHasi cTpykTypa BceneHHon
CKOMJieHne ranaktuk

ranakTukm

3Be3abl

nnaHeThl

actepounabl, KOMETbI
MeX3Be3HbIN ras
MeX3Be3aHas nbifb
MeX3Be3aHble MarHUTHbIe Nosd
KOCMMYECKUEe nyym

PENIMKTOBOE U3nyyeHmne
PENUKTOBbIE HEUTPUHO
MOMEKYIbl, aTOMbI, A4pa
9NEKTPOHbI



XapaKTepHble NNOTHOCTU BellecTBa B
pa3nnUYHbIX obbeKkTax BceneHHoOn

OOBEKTHI D, T/eM
HenTpoHHBIE 3BE3/1bI 10"
benbie kapauku 10°
HopmasbHblie 3BE31bI 1,5

KpacHbie cBepXruradrhbl | 5-107°

["ajakTHKa B LIEJIOM 2.107%
Me:k3Be3qHas cpena 3.107%
CKOILJIEHUS TaJIaKTHK ~7.107%8

BcenenHas ~7-107°




NMnaHetbl CoONHEeYHOU CUCTEeMbI

- —
PLUOTO

MEPTUNE

‘ VURANUS

MARS g SATURMN

EARTH JTUPITER

UNIVERSE

- SMALL BODIES = = -

CpepHee
paccTtosiHue MnoTHOCTL, D,uameTp, Kon-Bo
NMnaHeTa 3 Temnepatypa
oT ConHua obOpalleHus | BpalweHus rlcm CNYTHUKOB

 Mepkypwi | 0,387 | 88cyr | 586cyr | 544 | 4878 [3340° | 0 | 350 |
2247cyr | 243cyr | 55 | 6050 [4910% | 0 | 480
" 3ewnn | 1,00 | 36524cyr | 24uac | 552 | 127563 [610” | 1 | 22

 Mapc | 1,52 | e87cyr | 2454ac | 395 | 6780 [6410° | 2 | 23
 Onvrep | 52 | 119ner | 10vac | 1,33 | 142600 [1,910*" | 16 | 150 |
| Carypn | 954 | 295ner | 102vac | 0,68 | 120600 |5710 | 30 | 180 |
| Ypan | 1918 | 84roma | 17vac | 1,26 | 51200 [8710® | 15 | 215 |
| Hentyn | 30,06 | 1648ner | 178vac | 1,67 | 49500 [1,0310| 6 [ 217 |
| Mnyton | 3944 | 2477ner | 64cyr | 017 | 3000 [1,7910%] 1 [ -223 |




3eMns

['yOuna Cinoii IlioTHOCTH
KM r/em?
0—60  Jlurochepa (Mmectamu Bapsupyetcs ot 5 10 200 km) —
0—35 ... Kopa (Mmectamu Bapsupyetrcs oT 5 10 70 kM) 2,2—2.9
35—60 ... Camas BepxHsisl 4aCTh MAaHTUH 3,4—4.4
35—2890 MaHTus 3,4—5,6
100—700 ... AcreHocepa —
2890—5100 Buemnee sapo 9,9—12,2
5100—6378 Buyrpennee saapo 12,8—13,1

Macca 3emim =5,98x 10** kr. O61mee nco ATOMOB, COCTaBJIAIOMUX 3eMito ~10° 0 3emust cocTout B
ocHOBHOM u3 xene3a (32,1 %), kucinopona (30,1 %), kpemuus (15,1 %), maraus (13,9 %), cepsol (2,9 %),
Hukens (1,8 %), kanbius (1,5 %) u amtomunus (1,4 %); Ha octanbHbIE 3eMeHThI puxoautes 1,2 %. 13-3a
Cerperaiuu 1o Macce BHyTpEHHEE MPOCTPAHCTBO, IPEANOI0KUTENBHO, COCTOUT U3 xkene3a (88,8 %),
HeOO0IBIIOTO KomuecTBa HUKeIA (5,8 %), cepsl (4,5 %).
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JBonwLUMa maccuBHou 3Be3abl M > 25M@

HPBESHA
2z ez .
@-=C)-

L'opesne BOTOPOOIA
L'openme reans

Topenye yraepoga,
B3PBIB CBEPXHOBOII Sy

Cragna mpencEepXHOBOH

I'paguT Ao it
FOLEED W

T'openne xpemuna
1 cymim

—
—]
(=]
1

T'openme xmcaopona
6 Mecaues

T'openne yraepoga
600 ner

(=

[—]
[ S
1

T'opene reana
500 Tmc. net

ILIOTHOCTh B HEHTPEe 3RE3TbI, I“/CM3
o
=
o [N
I T

T'openne rogopoga
7 MIH. JeT

1072 -

109 107 108 10? 1010 1011
TEMIIEPATYPA B HEHTpe 3Be3mnl, K
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CBepxHoBas SN 1987A

B 1987 r. B ogHOM uX OnNuXauwmx ranaktmk — bonblom
MarennaHoBoM oO6nake, OTCTOsILLeN OT Halleu rarakTUKuM Ha
170000 CBETOBbIX ner, npousoLuen B3pbIB

CBepxHoBoun SN1987A. OOonouyka CBepxHOBOM Obina
BblOpOLWEHa B3PbIBOM CO CKOPOCTbIO B HECKOJIbKO [OEeCATKOB
TbICAY KWUJIOMETPOB B CekyHay. Ha eé wmecte paHble

Habnwopancsa ronybou ruraHt maccou 16 (cHMMOK cnpasa).

HenTpuHHbIe peTeKTopbl 3aperucrtpupoBarniv 25 HEUTPUHO OT
3TOro B3pbiBa. [ONUTeNbHOCTb  HEUTPUHHOroO  CUrHana
coctaBnana 25 cekyHa. CpegHana 3Heprna HentpuHo ~20 MaB.
NMonHaa 3Heprna, YyHeceHHaas npu B3pbiBe CBepxHOBOU

SN1987A oueHuBaeTcs ~ 3-10> apr.



CBepxHoBas

UHdpakpaCHbIN CHMMOK oOcCTaTKa BCNbIWKUM CBEPXHOBOU B
co3Be3aue Kaccuones, Kkotopasa npousowrsna npuobnusntenbHo 50
neT Hasag. 9TO cCaMbIi MOJIOAOM OCTaATOK OT B3pbiBa CBEepXHOBOW,

M3BeCTHbIN B Halleu ranakKkTuke.




CTonKkHOBeHMe ranaktTuk

Ha saBonouuio ABOMHbLIX CUCTEM OKa3blBaeT BIIMAHUE KOMOMHMpPOBaAHHOE AeNCTBUE
HEeCKONbKUX (pakTopoB.
e MpunuBHOe TpeHMe, oXBaTbiBaloLlee UHTepBan BPpeMEHN B MUSINIMOHDI NeT.

e MoTeps Macchbl B pe3ynbTaTte rpaBUTaALMOHHOIO B3auMOAeMNCTBUS.
NMpoaonK1UTenbLHOCTL 3TOro npouecca MOXeT BapbUpPoOBaTbCA OT MWUJIMOHOB AQC
MUNMapgoB ner.

e Bo3smyuieHune oT 6511M3KOpPaCNONOXEHHbIX rasakTUK.

NMpn coBmMecTHOM AencTBUM 3ITUX (PAKTOPOB pacCTOSHUE MeXAYy ranakTtukamu
U3MeHsIeTCs, OpOUTbl OTAENbHbLIX ranakTUK U3MEHSIOT CBOK NepBOHavanbHyk dopmy.
Mpu cnuAHUK ranakTuUK BblAenNAeTCA rMraHTcKasi SHeprus.

Ha pucyHke nokasaHo CTONKHOBeHMe ABYX cnupanbHbiX ranaktuk NGC2207 u 1C2163




KpynHomaclwTtabHas cTpykTtypa BceneHHoun

=
- [

Kaxxgoun ranaktuke cooTBeTCTBYeT OA4Ha TOYKa A4YEeUCTO-
ceT4yaToOM CTPYKTYPbIl C XapaKTepPHbIX pa3MepoM A4YEeUKU
100 MnH. cBeTOBbIX JeT.




MukpoBosniHoOBOe (pOHOBOE (pefIMKToBOE) Uusny4yeHue

ApHo lNMeH3nac Po6epT Byapo BunbcoH
(Arno Allan Penzias) (Robert Woodrow Wilson)
p. 1933 p. 1936

HobGeneBckasa npemusa no chusuke
1978 r. — A. lNeH3unac n P. B. BunbcoH
3a OTKPbITUE KOCMN4Y€CKOIro MUMKpoBoJ1IHOBOIo CbOHOBOFO n3ny4vyeHuA



MukpoBosniHoOBOe (pOHOBOE (pefIMKToBOE) Uusny4yeHue

4

John C. Mather George F. Smoot
p. 1946 p. 1945
angular scale
Q0° ae 0.5° 0.2°
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HobGeneBckasa npemusa no chusuke
2006 r. — k. MaTtep n x. CmyT

3a OTKpbITNE YepHoTesNibHON (hOpPMbI U AaHU3OTPONMUUN KOCMUNYECKOIro
MMUKPOBOJTHOBOIro () OHOBOIro U3JTy4eHus



AaBuUH Xabon (1889-1953) 1924

TyMaHHOCTb AHApoMeaa — gpyras
ranakTuka

1929
KpacHoe cMmelleHue, pa3beraHue ranakTuk

1990
3anyckK Teneckona Xabon




Pacwupsrwwanaca BceneHHas

ax10%

Hubble Diagrom for Type lo Supernovae

S»10

2:-:10‘

Velocity [km s7')

1 %109

(n] 1 1 - 1 2 1 2 L " 1 L

(o] 100 200 300 400 SO0 600 700
Distonce [Mpc)

B 1929 r. 3. Xab6n yctaHoBun, 4to BceneHHaa pacwmpsaeTca, OOHapyXuB KpacHoe
CMeleHue BUOUMOro M3rlydeHus ranaktuk 3a c4yet achdekra Jonnepa. CKopocThk
pa3néTa v ABYyX rasflakTuk n pacctosiHme R mexay HUMM CcBA3aHbl 3aKOHOM Xabb6na

v=HR,

CeK - Mecanapcek :

noctosAsHHaa Xabona H=71+4

CornacHo Kocmorsormd4eckon mMogenun bonbworo B3pbiBa BceneHHas
obpas3oBanacb okono 15 wmnpa. ner Hasaa. «Ockonku» 3toro B3pbiBa
npeacTtaBnsAlOT cobOoOM pasneTarowimecs ranakTtuku. BceneHHasa npoaorkaet
pPaclWUpPATLCA U B HACTOALLYIO 3MOXY.



Xapakrepuctukm BceneHHon

TemHas
mMartepus

BapunoHbI

BAPUOHDI 0.02-0.05
B ToM uncne, 3BE3[bl: 0.002-0.003
®OTOHbI 4.9.10°
HEUTPUHO 3.3.10°
TEMHAS1 MATEPUSA 0.2-0.4
TEMHAS1 SHEPI'UA 0.6-0.8
(BAKYYM)

NMONHAS NITIOTHOCTb
BELLECTBA-OSHEPI'MU 1.02 £ 0.02

Bakyym



TemHaa maTepus

1933 r. ®. lIBuku
OTkyna clieayeT CyIeCTBOBaHME TEMHOM MaTe€puu

e JluH3upoBaHue

e boJblIINE CKOPOCTHU IaJIAKTUK
e ['opsune razoBnie 00J1aKa
o

Db dext Homaepa

B03MOXHBIE HCTOYHUKHU
I MACHOs — Massive Astrophysical Compact Halo Objects
MaccuBHbI€ acTPOQU3NYECKUE O0OBEKTHI B I'ajl0 FaJIaKTUKH

e UYepHbie IbIPHI

e (Crapble HECUTPOHHBIC 3BE3/IbI

e KopuuHEBbIE KAPIUKU
IT WIMPs — Weakly Interacting Massive Particles



. TemMHaa sHeprus
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| BpemsnAa, t

B Havane 1998 r. 6b1no caenaHo oTkpbiTUe. OKa3anocb, YTO nocriegHue NATb
MNpA neT pacwmpeHue BceneHHoOM He 3aMeaAnAnocChb, Kak crieayeTt U3 moaenu
bonbworo B3pbiBa, a ycKopsinocb. JTOT BbIBOA MNOJlydYeH B pe3ynbTaTe
aHanusa CMNeKTpoB NU3ryvyeHus B3pblBalOLWMNXCH CBepXxHOBbIX,
pacrnonoXeHHbIX OT 3eMnn Ha paccTtossHMn 5-10 mnpa cBeTOBbLIX JfleT. Takum
obpa3om, ObINIO [OOKazaHO HanuMymMe B KOCMOCe TrpaBUTaLMOHHOIO
oTTarikuBaHus, npucyLiero oman4ecKkomy Bakyymy.



NMMpobnembl coBpeMeHHOU moaenu BceneHHoun

CranpgaptHas CranpgaptHas
MOACIIb KOCMOJIOTHYCCKast
qaCTHUI MOACIIb
u c b 1. CrnemmanbHas TeOpH
d s t OTHOCUTEIBHOCTH

2. Obmas Teopus
e U T OTHOCHUTEJIbHOCTH
v, v, v, 3. OgHoponHoe n
U30TPOIHOE
y,8g, w* A pacrpenenenue
MaTrepuu

0030H Xurrca H

rPaBUTOH?

\ 4

4. NHGasAmuoHHAs CTaIus

ITpoOnemsr




NMMpobnembl coBpeMeHHOU moaenu BceneHHoun

SNk W=

=

11.

12.

[Ipupoaa TemMHON MaTepun

[Ipuposia TeMHOM SHEPTUUN

CTaObuIIbHOCTh MPOTOHA

AcuMMETpHSs BENIECTBO-aHTHUBEIIECTBO

[Touemy CyIIECTBYIOT TPU HOKOJICHUS (PyHIaMECHTAIbHBIX YaCTHII,
COCTOSIIMX U3 Mapbl KBAPKOB U JICMITOHOB?

CylleCcTBYIOT JIM YETBEPTOE, IATOE, ... IIOKOJICHUS (PYyHIAMEHTAIBHBIX
JacTUL?

[Touemy CyIIeCTBYIOT KBapKH U JICIITOHBI, U YEM BBI3BAHO Pa3IMUHe
MEXKTy HUMH?

ITouemy yHIaMEHTAIBHBIMHM YaCTUIIAMM BEIIICCTBA SBJISIOTCS
(hepMHOHBI, B TO BpeMs Kak (pyHIaMEHTaJIbHBIMU IIEPEHOCUYNKAMHU
B3aUMOJICUCTBUS — OO30HBI?

ITouemy pa3Hble PyHIAMEHTAIBHBIC YaCTHIIBI UMEIOT Pa3HbIE MACCHI?
[Touemy pa3znuyaroTcs NPOCTPAHCTBEHHAS U BPEMEHHAs CTEIICHU
cBOOOIbI?

JKuBeM 711 MBI B 4ETBIPEXMEPHOM ITPOCTPAHCTBE-BPEMEHH, UIIX OHO
uMeeT OOJIbIIIEe YHCIIO U3MEPEHUI?

CyIlEeCTBYIOT JIU KBAHTHI IIPOCTPAHCTBA U BPEMEHU ?



[TlapannenbHble BceneHHbIle
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Hawa BceneHHas
bBonbluon B3pbIB?
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Jsonwunsa BceneHHoun

Bpems nmocae XapakrepHble
p P P Jran/CobdbiTHE
Boabmoro B3psiBa | TeMneparypsl, K
KBanToBbIii Xaoc.
<10®c¢ > 10% . .
CynepcummeTpust (00beTHHEHNE BCEX B3aUMOICHCTBHH)
1074 ¢ 10% InankoBckuit MoMeHT. OTIeeHNE TPABUTAIIMIOHHOTO B3aUMOIeHCTBUS
102 -103¢¢ 102 -10% Besnkoe 00beHHEHHE >IEKTPO-CIIa00r0 ¥ CHILHOTO B3aMMOIEHCTBUIA
1036 ¢ 10 Konen Besnkoro o0beanHeHus.
Pasnenenne CHIILHOTO U AJIEKTPO-CIIa00TO B3aMMOICHCTBUI
1035 ¢ 1078 Oxonuanue HHQISANHOHHON cTaaun pacmupennsi Beeaennoi
10710 ¢ 1015 Konen 3J1eKTpoc/1adoro o0beanHenns
106 ¢ 10" KBapk-aaponnblii ¢pa3oBblii mepexo
10— 104 ¢ 105 - 10" Anponnas 3pa. Poxxnenne 1 aHHUTHIIIKS aIPOHOB U JIENTOHOB
10%-10c¢ 102 -10'0 Jlenrronnas 3pa. PoxxaeHne U aHHUIMIISLNS JIETITOHOB
01-1c¢ 2.101° Otaesienne HeMTPUHO.
' Bcenennas ctaHOBUTCS PO3pAYHOM 1St HEUTPUHO (AHTUHEHTPUHO)
10> —10°c ~10° J103B&3AHBIH CHHTE3 reJIus
10 ¢ — 40 000 ner 10 - 10* Paguannonnas 3pa. JJOMUHUPOBaHUE M3ITy9€HHUS HAJl BEMECTBOM
Hauauo 3pbI Bemiecrna.
40 000 et 10* PRI BEL
BerniecTBo HauMHAET JOMHUHUPOBATH HAJT U3TyYCHUECM
3 Oopa3oBanne atoMoB. Pa3ieneHue BemecTBa U N3IIy4eHUS
400 000 ner 3-10
(Bcenennas mpo3payna Jiy1st U3TyUYEHUs)
1 mupa. et 20 OOpa3oBaHue rajJJakTuK
3 mupa. et 10 Oo0pa3oBaHue TAXKeJBIX siiep NP B3PbIBaX 3Be3/
10 — 15 mupa. ner 3 IHosiBjIeHMe IUIAHET U PA3YMHOM KU3HU
10" ner 107 IIpexpanienue Mpouecca poKIeHus! 3Be3/1
10°7 ner 1018 Ipexpaluenue BbIeIeHUs JHEPIUH B 3Be31aX
10% met 102 Hcnapenue YepHbIX AbIP H POKICHHE 3JIeMEHTAPHBIX YACTHII
10" net 1090 — 104 3aBepiueHre MCHAPEHHs BCeX YePHBIX IbIP




AHTPOMHbLIN NPUHLNN

Cnaoviit ammponuwviii npunyun. Hame mnomoxeHnue BoO BcenmeHHON ¢
HEOOXOJIUMOCTBIO SIBJISICTCS MPUBUJICTUPOBAHHBIM B TOM CMBICIE, YTO OHO
JTOJKHO OBITH COBMECTUMO C HAIllUM CYILIECTBOBAaHMEM KaK HaOJrogaTesNe.

Cunvuvii  aumponuwviit  npunyun. BceneHHas W,  CIEIOBATEIBHO,
(dbyHIaMEHTAJIbHBIEC MTapaMETpPhbl, OT KOTOPHIX OHA 3aBHUCHUT, JOJKHA OBITh TAKOW,
4TOOBI B HEM HA HEKOTOPOM OJTame 3BOJIOIUM JOMYCKAIOCh CYIIECTBOBAHUE
HaOJroAaTeNeH.

CooTHolieHue Mexay (GU3NYECKMMU KOHCTaHTaMHd HEOOXOJUMMbIE IS
CYIIECTBOBAHMS KU3HU. ECii Obl ATU KOHCTAHTHI OTJIUYAIUCh OT HAOIIOJAEMBbIX
3HAUCHU Ha HEOOIBIIYI BEJIMYUMHY, pasyMHas KWU3Hb HE Morja Obl
o0pa3oBaThCs.
3HA4YEHUE MACC BJICKTPOHA, MPOTOHA U HEUTPOHA.

PazMepHOCTH MPOCTPaHCTBA-BPEMEHHU.

BenvuuHa 3HEPTUU CBS3U IEUTPOHA.

Pesonac B sape °C mpu sHepruu 7,65 MaB.
BennuruHbl CKOPOCTHU CBETA U TTOCTOSIHHOM [ [imanka.
Benunuunna 3apsiia 3JeKTpoHa

Ap.

S v R W~



. Bocx
(1450 — 1516)

«CTpaHHWK»




PembpaHar
(1606 — 1669)

«Bo3BpalleHue
6nyaHOro CblHa»
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