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MynbTuBépc 3-ro ypoBH4A -
MHOromumpoBasa BceneHHaa 9BepeTtTa
(uctopunyeckun nepsasa pusnyeckasa mogenb
MyNbTUBCESIEHHON, 1957)

KBaHTOBasi MexaHuKa =
= ypaBHeHue LLpeanHrepa + konnanc Bo/IHOBOM OYHKLUKN NPy HaboaeHnn

UTo Takoe Kosianc BO/THOBOW (PYHKLIMN — HEMOHSATHO.

Xblo OBEpeTT:
Hwnkakoro konianca Bo/IHOBOW QOYHKL MW HET, BCe, BK/oYasA BceneHnyto,
OMNnCbIBaETCA TOJIbKO ypaBHeHneMm LLpeguHrepa (unu ero o6o06LieHnem),
Ko/1/1anc BO/IHOBOM (PYHKLUMM N CNy4YanHOCTb, CBA3aHHAsA C KOsi/1ancom —
NNNI3NA Habnagarens, Norpy>XeHHoro B KBaHTOBYHO BceneHHyto.



K MHOrOMMpOBOW NHTEpPNpPETaLNN KBAHTOBON MEXaHUKMN.
KnoHupoBaHme npmnbopa, CoO3HaHUA U BCENTEHHOM

(a

(al 1) + b

| 1) — cinmn BBEpX
| ) — ciun BHE3

Do) = | 1)Dy); [ 1) Do) — | 1) Dy)

T +0[1))[Do) = al 1)|Dy) + b 1)|Dy)

1)) | Do)|Mo) — a| 1)[Dy)|My) + b L) D)) M)

(al T) + b[ 1)) [Do)| Mo} |Uo) — al 1)|Dy)|My)|Ur) + b 1)[Dy)|M)|Uy)

@



Kak K/ToHupoBaHMe CO3HaHUSI MOPOXAAET UJTHO3UI0 C/TyYaiHOCTHU

MbICNEHHbIN 3KcnepumeHT Makca Termapka - K/IOoHMpoBaHue

KomMHaTa Ne 1

@ . BUANT KOMHaTy Nel

e K/TOHMpPOBaHUe

COH
\ koMHarta Ne 2

@ . BUOUT KOMHaTy No2

CNny4yaHOCTUN HET, HO KaXXaAblWU N3 KJIOHOB CYOBbEKTUBHO
BOCNPUHUMAET C/ly4YaulHbIN pe3ynbrar 1 unm 2

Ecnun uenoBeueckoe co3HaHue 3aMeHUTb Ha I, To akcnepumeHT GyaeT
He MbICJ/IEHHbIN, & BMNOJIHE pea/ibHbIN.



He 6e3ymue nun npegnonaratb, YTO BCA BceneHHaa HaxoamMTca B KBAHTOBOM
COCTOSIHUN, ONUCbIBAEMOM €4ANHCTBEHHOI BO/THOBOWN (DYHKLUMEN?

AHN30TPONNS MUKPOBO/THOBOIO hOHA ONUCHLIBAETCS KBAHTOBbLIMI (O/1yKTyaLMSIMU
MacLiTaba BUANMON YacTy BCENIEHHOM 1 NPaBWU/bHO NpeacKasbiBaeTcs
B NPE/ANO/IOXKEHMM, UTO BCe Nosie UHpaToHa — enHbIi KBAHTOBbIi 0OBbEKT

KBaHTOBasA Teopusi Ha YpPOBHE BCel BUANMOI BceneHHon gaeT npeackasaHus,
noATBEPXAAEMbIE IKCNEPUMEHTOM

BcA COBOKYNMHOCTb KBAHTOBbIX MUPOB
MHOIroOMUPOBON UHTepNpeTaunn deBepeTTa -
MynbTnBépc 3-ro ypoBHH.

B kakoM cMbIc/ie BcesieHHble MynbTBepca CyLLECTBYHOT NPU TOM,
YTO BCE OHM NPSIMO HEAOCTYMHbI HAGNIOAEHNIO?

[pyrne BcesieHHble BXOAAT B TEOPUIO, KOTOpasa AaeT npaBu/ibHbIe
npeackasaHus A1 3KCnepuMeHTa, n 6e3 aTux 06bLEKTOB
paboTarb HE MOXET.



MynbTuBEpC 4-ro ypoBHA -
MaTtemaTuueckum MynbtuBépc Makca Termapka

NMpupoapa mareMmaTuKu

KakoB TPUNMIMOHHBIN 3HAK AECATUUYHOIO pa3/ioXeHNs \/5 ?

KTo 6bI HX cunTan, OTBET ByAeT OAMH U TOT Xe, Tak Kak 3TOT 00beKT
0OBbEKTUBHO CYLLIECTBOBAJ1 €Llle A0 TOro, Kak ero KTo-To B34/1CA cumTaTh.

Mup maTemMaTuyeckmx oopm CyLLEeCTBYET 06bEKTUBHO.
Mup maTeMaTnyeckmx qoopm — 4acTb PeasibHOCTU, a HE BblyMKa

Mpupopa aneMeHTapHbIX 06 bEKTOB (hU3UKK

JInbo npu onncaHum afieMeHTapHbIX 00 bLEKTOB (PU3MKM ByAET UMETb MECTO
perpeccus B 6eCKOHEeYHOCTb (3TO M10X0)

JInbo perpeccusi 060pBeETCH, U TOraa caMble 3/1IEMEHTAPHbIE 0OBLEKTbI
6yayT MMETb UNCTO MaTeMaTUYECKOE BHELLIHEE OMMCaHue.
Ha aToM ypOBHE pasnuune Mexay MateMatukoi n dhn3nkoii ncuesaer.

[Mnotesa: Habnoaaemblii HaMKU MUP ecmb MaTemMaTuyeckas CTPYKTypa.



Bonpoc: noyemy MMeHHO makasi matemaTmnyeckas CTPyKTypa,
KOoTopas npennucbiBaeT MMEHHO Te 3aKOHbl NPUPOAbI, KOTOpPble
Mbl Habngaem? Yem oHa BblaeneHa?

OTtBeT (Termapk): B npuHuune, oHa HUYEM He BblAeNieHa; BCe HENPOTUBOPEUMBLIE
MaTemaTtnyeckme CTPYKTypbl ecmb peasibHble BCEJIEHHbIE.

IMeeT MecTo Mamemamuyeckass 0eMoKpamusi — BCe HENPOTUBOPEUMBbIE
mMaTteMaTnyeckmne CTPYKTypbl 06pasytoT MynsTuBepc 4-ro ypoBHS,
Halla YacTHasi MaTemaTuyeckasi CTPYKTypa ecTb OANH 13 06bEKTOB
maremarmyeckoro MynstmBépca.

Halua maremarnyeckas CTpyKTypa oT/in4yaeTcst TeEM, YTO A0MNycKaeT
BHYTpU cebs cyulectBoBaHne Camo Co3Hatoulenn CyocTpyKTypbl
(CCCQC).

Bo3moxHOCTb cyuectsoBaHuss CCC onpenenser «TOHKYH HaCTPOMKY»
Haweun (MmaTemaTnyeckon) BceneHHOWN Ha Halle CcyllecTBOBaHME —
BapuaHT c/1aboro aHTPOMNHOro nNpuHUMna.

EAVHCTBEHHbIA NOCTYNaT «TEOPUUN BCEro»:
Bce HenpoTuBOpeUnBbie MaTeMaTUUecKue CTPYKTYpPbI CYLLECTBYIOT (hU3NUECKU.

CnepcrtBue:
B npuHuUune 3TO o3Ha4aeT, UTO BceneHHass aGCOMIIOTHO NO3HaBaema:
HadoO TOJ/IbKO BK/TOYUTb BOOGpa)KEHI/Ie n ABUratbCsd no Nyt 3T1oro no3HaHUA.



KameHb B oropog xaotnyeckon nHpnaunn:
Teopua XopHAECKN U KOCMOJIOTUA OTCKOKa

Horndeski's theory can be written in terms of an action as!?

Slgu-d] = [ d'e /=9

with the Lagrangian densities
£2 o G2 (¢1 X)
£3 - ‘G3 ((ba X)D¢

Li = G4(¢, X)R -+ G4,X (¢a X) [(D¢)2 o qb;ﬂ,,(;b;“"ﬂ

|:Z ! ‘Ci Lgmn (,'b] = Em quhun ¢AI]]

i=9 87I'GN

. 1 :
»CS = ‘G5 (¢a X)Gm/(i)’,w - €G5,X (¢a X) [(D¢)3 + 2¢;uu¢;va¢;a# - 3¢;uu¢,#um¢]

Here GGy is Newton's constant, L,,, represents the matter Lagrangian, G to G5 are generic
functions of ¢ and X , R, G'm, are the Ricci scalar and Einstein tensor, g, is the Jordan frame

metric, semicolon indicates covariant derivatives, commas indicate partial derivatives,
O¢ = ¢ ¢, X = —1/29" ¢.,¢.,, and repeated indices are summed over following
Einstein's convention.
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Ocpb 3J1a

«Ocb 3M1a»: HecnyyamHoe coBnajeHne Harnpas/ieHU ocen
KBaapynons n oktynons (u aaxe | = 4) Ha ypoBHe ~95%



ABCTPaJIMUCKUA ANNONDb
A. M. M. Pinho, C. J. A. P. Martins, Phys. Lett. B 756 (2016), 121-125

HDUCTDEIHCTBEHHEIFI Bapuvauns NOCTOAHHOW TOHKOW CTPYKTYpPbI AWUNOJIbHOTO THNa
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HO-tension:

3HauyeHue NoCcTosHHON Xa66na, u3amepeHHblIe N0 MUKPOBOJ/THOBOMY (DOHY
U MO NOKaNbHbIM AaHHbLIM NPOTUBOpPeYarT Apyr Apyry

TENSION IN cmB LOCAL UNIVERSE
THE COSMOS

Values of the Hubble Planck —e—
constant measured by (2018) SHOES (2018)
direct observations

of relatively nearby t @ {
galaxies differ from Carnegie (2018, H band)
those garnered

through data on the } E {

cosmic microwave Carnegie (2018, B band)
background. The error

bars between the two I 9 {

different methods no HOLIiCOW (2018)

longer overlap.
ASTRONOMY. BOEN KELLY | | | | l | - 1 1 1 1 | | | | 1 1 1 1 1 ]
60 65 70 75 80
Hubble constant (km/s/Mpc)

https://astronomy.com/magazine/2019/06/tension-at-the-heart-of-cosmology



Hannwie obcepparopun Planck mioxo coryacyrorcest ¢ pe-
3yJbTaTaMU JIPYTUX KOCMOJIOIMYECKIX HAOJII01eHni
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I11ockag au Beesgennaga?

4 mosgopga 2019 r., Nature astronomy

nature
T ARTICLES

https://doi.org/10.1038/541550-019-0906-9

Planck evidence for a closed Universe and a
possible crisis for cosmology

Eleonora Di Valentino', Alessandro Melchiorri®?* and Joseph Silk345

dl

The recent Planck Legacy 2018 release has confirmed the pr: of an ent ing amplitude in cosmic microwave
background power spectra compared with that predicted in the standard A cold dark matter model, where A is the cosmological
constant. A closed Universe can provide a physical explanation for this effect, with the Planck cosmic microwave background
spectra now preferring a positive curvature at more than the 99% confidence level. Here, we further investigate the evidence
for a closed Universe from Planck, showing that positive curvature naturally explains the ing amplitude, and
demonstrating that it also removes a well-known tension in the Planck dataset concerning the values of cosmological param-
eters derived at different angular scales. We show that since the Planck power spectra prefer a closed Universe, discordances

0.8 -

0.2

— PL18 plik

—— PL18 CamSpec
= PL18 simulated
—PL15

99.985% Q, <0

Best fit:
Q, =-0.0438

higher than generally estimated arise for most of the local logical observabl luding baryon tic oscillations. The
assumption of a flat Universe could therefore mask a cosmological crisis where disparate observed properties of the Universe
ppear to be Iy i istent. Future ts are ded to clarify whether the observed discordances are due to
d ted ics, or to new physics or simply are a statistical fluctuation.
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[Ipobaema KoHIMKTA TapaMeTPOB JJId PA3HBIX YIJIO-
BBIX MacIITabax HncuesaeT, ecau NpuHATh 2 = —0.045

(2 =1.045).
Kax noiyuums nososcumesvhyio Kpueusmly?

A.D. Linde, arXiv:astro-ph/0303245

Can we have inflation with Q > 17
Andrei Lindd]

Department of Physics, Stanford University, Stanford, CA 94305-4060, USA
(Dated: March 11, 2003)

It is very difficult to obtain a realistic model of a closed inflationary universe. Even if one
fine-tunes the total number of e-folds to be sufficiently small, the resulting universe typically has
LI ‘}}—i = (1) on the scale of the horizon. We describe a class of models where this problem can
be resolved. The models are unattractive and fine-tuned, so the flatness of the universe remains a
generic prediction of inflationary cosmology. Nevertheless one should keep in mind that with the
fine-tuning at the level of about one percent one can obtain a semi-realistic model of an inflationary
universe with € > 1. The spectrum of density perturbations in this model may have a cut-off on
the scale of the horizon. Similar approach may be valid in application to a compact inflationary
universe with a nontrivial topology.

PACS numbers: PACS: 98.80.Cq, |astro-ph /0303245
e T'pebyercst ToHKas moAroHKa [N,:
N e QK

60 |1.1
60.5 1.3

e Tak Kak BcejieHHas pasyBaeTcda cjabo, TO U HEeOITHO-
DPOJTHOCTHU Pa3TIaXKUBaroTca caabo. s (g ~ —0.1 mo-
ayqaercd 0p/p ~ 1 Ha ypoBHe MaciiTaba TOPU30HTA.,

e Moyieiib ¢ Bosmyenuamu 0p/p ~ 5 x 107> u Kpupus-
Holt 2 ~ —0.1 1oJ2KHA ObITH YeM-TO OY€Hb IIPOTUBO-
ecTeCTBEHHBIM

e Hampuwmep: Ily3elpp mpocTpaHCTBa, BO3HHKAIONIMI
Osrarojapd KBaHTOBOMY TYHEJLIMPOBAHUIO U3 JIPYToii
asbl, UMeeT TeHEHIINIO OBITH OJTHOPOIHBIM 1 chepute-
CKH CUMMETPUYHBIM = HadaJIbHBIX HEOIHOPOIHOCTEN,
KOTOpbIe HY>KHO OBLJIO Pas3rjlaKuBaTh, HET.

e [lorentman V(¢) mmeer Bug (04. KpyToit, aTobbr N,
OBLIO MAJIO):

2,52 2
m-y Y
Vip) = ex — 16.1
=" (5 (161
(C — mekoropasd KoHCTaHTaTa). Takme MOTEHIHAIDLI

€CTECTBEHHO 1I0ABJIAIOTCA B CYIIEPI'DaBUTAIIN.

N, ~ exp(2rC?) = C = 3 ¢ TOYHOCTBIO B HECKOJILKO
npo1eHToB. VHMIIAIus 1poJ10/2KaeTcd TOJILKO B Y3KOM
narepsaiic Mp/2 < ¢ S CMpy. Odenb KecTKue yeio-
B!

e BeposgTHoCTb pOXKJeHUsT TAKOIO IIy3bIPs IOJaBJIEHA
dakTopoMm

3M2‘3l
8V ()
MO3TOMY TakKHe Iy3bipH poxkaatorcs ¢ V (p) ~ Mp, Ko-
rna @ = CMp;

P~exp| — (16.2)

e Bce 3Tu ycioBug pean3yloTcsd TOJIBKO C OUYeHb Ma-
JIEHBKON BEPOATHOCTDIO.

All of the proposed models describing a closed
(compact) inflationary universe are artificial and fine-
tuned.



MpaBUTAUUOHHbIE BOJIHbI C/TMBAKOLWUNXCA YepHbIX Ablp (2015)
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Strain (102%)
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GW170823

GW170818

GW170817

GW170814

GW170809

GW170729

GW170608

GW170104

GW151226

GW151012

GW150914

Version

vl
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v3
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GPS |
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30.8 5¢

+8.8
13.7 35

+14.9
23.2 5

+4.7
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Mass 2
(M:)

+6.7
29.0 75

+4.3
26.7 53

+0.09
1.27 _o.00

+2.8
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+5.1
23.8 c5
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34.0 _1p1

+1.4
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Network Distance
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Xefr

+0.22
0.09 g6

+0.18
-0.09 o4

+0.02
0.00 _g.01

+0.12
0.07 g.12

+0.17
0.08 17

+0.21
0.37 .95

+0.19
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Chirp Mass
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+1.7
28.6 =



B cnekTpe Mmacc TexX YepHbIX Ablp, KOTOPble MOryT BO3HUKaTb B pe3y/ibrare
3Be3iHOro Konnanca, uMeeTcs A0BO/IbHO WWMPOKanA Liefb.

HwxHAA rpaHuua 3TOM Wenu Nexut B guanasoHe ot 40 ao 65 conHeuyHbIX Macc,
a BepXHAA NpuonusnTenbHo paBHa 120 conHeYyHbIM Maccam.

PHYSICAL REVIEW LETTERS 125, 101102 (2020)

Editors' Suggestion Featured in Physics

GW190521: A Binary Black Hole Merger with a Total Mass of 150 M,

R. Abbott ef al.”
(LIGO Scientific Collaboration and Virgo Collaboration)

Hanford Livingston Virgo
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Takue depHble JBIPLI He MOIYT eCTeCTBEHHLIM IIYTEM 00pa30oBaThCsd B pe3y/brare
3Be3/1HOIT 3BosTonnn! =

boabmmuneTso HallTeHHBIX HYEPHBIX JIbIP — PEJIUKTOBBIC.

[Ipejnonaraer i mojiesib ACDM Bo3MozKHOCTE 00pa3oBaHis PEJIMKTOBBIX YePHbBIX
Jeip? B ob1mieM, 9To moKa HEMoHATHO.

arxiv:2011.14385

PRIMORDIAL BLACK HOLES AND MODIFICATION OF
ZELDOVICH-NOVIKOV MECHANISM *

© 2021. A. D. Dolgovl* and K. A. Postnov2’

! Novosibirsk State University, Novosibirsk, Russia

?Sternberg Astrnomikical Institute, Moscow, Russia

Received: ; Revised: ; Accepted: .

A review of the recent astronomical observations is presented and it is argued that
the data strongly indicate that practically all observed black holes are primordial.
A modified mechanism of the primordial black hole formation is described. The
log-normal mass spectrum predicted by this mechanism is strongly confirmed by the

LIGO data on gravitational wave registration.



dBoonusgd B MyabTuBéepce:
HeMHOro (pusocodpun



NMNapapokc LUnonkosckoro B MynbtuBece

B BeyHOM 1 6eCKOHeYHOM My/ibTuBEpCe HanBbICLLUNIA BO3MOXHbIN
YPOBEHb 3BO/IKOLMN A0/DKEH ObITb AOCTUTHYT (6€CKOHEeYHO) MHOro pas,
He3aBMCUMO OT TOro, HACKOJIbKO Bennka Unn masna BepPOATHOCTb €ero
NOCTUXEHUS.

B MynbTrBepce «COBEpPLLUEHHbIV pasyM» NPUCYTCTBYET aKTyaslbHO.

KAKOB HAVBbLICLLI BO3MOXXHbIV YPOBEHb 3BONMHOLNIN?

AnbTepHaTuBa:

JIn6o ypoBeHb 3BOMOLMN, AONYCKAOLWMA BAUSAHUE U3 OAHOWN
NOKa/IbHOW BCENEHHOW Ha Apyrue NnoKasibHble BCESIeHHble
Hel0CTMKM BO BCEM OECKOHEYHOM KO/IMYecTBe peasin3aumin
NOKasbHbIX BCeNeHHbIX MynbTuBepca (MasioseposimHo?),
TOoraa Ans Hac NPUCYTCTBUE «COBEPLLUEHHONO pasyma» HUYEero
HEe 3HauuT.

JING0o 3TOT YPOBEHb AOCTMXUM, TOrAa Halla /ioKasibHas
BceneHHas MOXeT UMeTb Clieflbl «NCKYCCTBEHHOM»
HaACTPOMKM C 0YeHb 60/bLLIOKN BEPOATHOCTLIO



«AcKkyccTBeHoe» AbcontoTHoe byayulee R

poXXaeHne BCeiIeHHbIX
(B6113n cuHrynapHocTtu 4Yi)

AbcontoTHoe npowioe R




Nywuc KpenH. cKycCTBEHHbIe YepHble Abipbl (am = 10-16cm)

R (am) M (Mt) kT (GeV) f(T) P (PW) P/c? (g/sce) L (vrs)

0.16 0.108 08.1 13.3 5519 61400 < 0.04

0.3 0.202 52.3 13.0 1527 17000 < 0.12

0.6 0.404 26.2 12.5 367 1090 1

0.9 0.606 17.4 122 160 1780 3.5

1.0 0.673 15.7 12.1 129 1430 5]

1.5 1.01 10.5 11.9 56.2 626 16 — 17

2.0 1.35 7.85 11.8 313 348 39 — 41

2.5 1.68 6.28 11.7 198 221 75— 80

2.6 1.75 6.04 11.7 183 204 85 — 91

2.7 1.82 5.82 11.7 169 159 95 - 102
2.8 1.89 5.61 11.6  15.7 175 106 — 114
2.9 1.95 5.41 116 146 163 118 — 127
3.0 a2 5.23 11.6 13.7 152 130 — 140
5.8 3.91 2.71 11.1  3.50 38.9 941 — 1060
5.9 3.97 2.66 11.1  3.37 37.5 991 — 1117
6.0 4.04 2.62 11.1 3.26 36.2 1042 — 1177
6.9 4.65 2.28 10,9 243 27.1 1585 — 1814
7.0 4.71 2.24 109 2.36 26.2 1655 — 1897

10.0 6.73 1.57 10.5 1.11 12.3 4824 — 5763




3aueM HY)XXHbl UICKYCCTBEHHbIE YepHbie Ablpbl?

CBepxa(PhekTUBHbIN NCTOYHUK IHEPTUN:
100% nepepabOoTKn MaccChbl B 3HEPTUIO

MNoanuTka
BeLLEeCTBOM
e"+e”
u"+u

XOKUHIoBCKOe
N3nyyeHue,
MOCTOAHHO

BO BPEMEHH



Kak cospatb meratoHHyr 4HA?
[aMMa-nasepsbl ¢ BonHoW ~1015cm, E~100 3B
(camocpoKycrpoBKa)

[Mpumep
Mg, = 108 T

PaccTosiHmMe oT NoBepxHOCTU ConHUa = 2 M/IH. KM.

Pasmep conHeyHoun naHenn = 1000 km X 1000 Km
Bpemsi cbopa aHeprun = 247 aHen
Macca ycTtaHoBKM (oueHKka J1.KpeiHa):

10'° T (HebonbLwon actepona, ~1.5 Km)

+B0O3MOXXHOCTb TOHKOW HACTPOMKMU:
- 3a/laHHbIi MOMEHT BpaLLEeHKs,
- KBasnHopmasibHble MOoAbl KOfiebaHuiA,
- 3apsag

Sy
4"




Kak uckarb cnegbl pabotbl «COBEPLUEHHOIO pasyma»?

3a TOHKYI0 HACTPOWKY KOHCTAHT MOXET OTBeYaTb He TOJIbKO
cnabdbl aHTPOMHbLIM NPUHLMM

dunsumka: CTpaHHble coBlMnageHnA, CTpaHHble COOTHOLUEHWA.

Maremartunka (cueHapuin CaraHa): cTpaHHOe nosefieHue
MaTeMaTUYeCKnUX CTPYKTYp



