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MOCKBA, 30 nwon - PUA HoBocTK. OpbutansHana obcepeatopua TESS ycnelwHo
NpoLLNa BCe NPOBEPKM MHCTPYMEHTOB W NPUCTYNUAA K HabMIOAEHWAM 33 CaMbIMU
APKMMW 3Be34amMu [anakTukn, pagom ¢ KOTOPLIMUW MOTYT CKPLIBATLCA NONHOLEHHbIe
ABOWMHWEKW 3emnu, coobluaeT

B arXiv 52 ctatbu
arXiv:1809.07573
TESS's first planet: a super-Earth transiting the naked-eye star 1 Mensae
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~ Wide-field SETI Workshop

Scientific Organising Committee
Venue

Accommodation

Travel

Code of Conduct

Meeting Schedule

Towards an All-Sky Radio SETI Telescope

Monday 29 October - Wednesday 31 October 2018
Jodrell Bank Centre for Astrophysics
University of Manchester

http://www.jodrellbank.manchester.ac.uk/news-and-events/wide-field-seti-workshop/

https://replay.skatelescope.org/replay/showRecordingExternal.html?key=XcARFIUWV8XTstf
(Monday afternoon - content begins at 00:31:06)

Buaeo:

https://youtu.be/OndMvZysWsg (Tuesday)

https://youtu.be/sEHMLRraS-4 (Wednesday)



Monday 29th October

Square Kilometre Array Headguarters, jodrell Bank

12.45 Assemble for coach. Depart Dover 5t, Oxford Road, Manchester @13.00

14.00 Arrive SKA HQ

14.30 Welcome - Phil Diamond and Mike Garrett

14.35 Making discoveries with transformational instruments - Jjocelyn Bell-Burnell

15.00 The SKA - Phil Diamond

15.30 Wide-field Radio Astronomy - a historical perspective - Arnold van Ardenne White Paper - van Ardenne
16.00 Workshop scene setting - M.A. Garrett

16.15 Tour of the new building

16.45 Drinks

17.45 Bus leaves for Manchester



Tuesday 30th October

Schuster Building, Schuster Annex, University of Manchester.

09.00 - Light breakfast available

09.30

10.00

10.30-11.00

11.00

11.30

12.00

12.30-14.00

14.00

14.30

15.00

15.30-16.00

16.00

19.00-22.00

An Overview of the Breakthrough Listen Initiative - A. Siemion

Bayesian inference from all-sky SETI surveys - Claudio Grimaldi

Tea Break

Impulsive Interference from Digital Devices - Ralph Spencer

LASA and WFBT: Two Concepts for an All-Sky Radio Transient Telescope - Ryan Lynch
SETI (near and far) using long baseline interferometers - Michael Garrett
Lunch

SETI 2020: Omnidirectional SETI System - Jill Tarter

All-Sky Multimode Antennas - David Prinsloo

A SETI study of the Solar Neighborhood with LOFAR - Emilio Enriquez
Tea break

SKA low status - Andre van Es

Conference dinner, EastZEast, Princess Street, M1 7DG

White Paper - Grimaldi

White Paper - Spencer

White Paper - Lynch

White Paper - Garrett

White Paper - Prinsloo

White Paper - Enriquez

White Paper - van Es



Wednesday 31st October

Schuster Building, Schuster Annex, University of Manchester.

09.00 - Light breakfast available

09.30

10.00

10.30-11.00

11.00

11.30

12.00

12.30-14.00

14.00

14.30

15.00-16.00

16.00

RAAIR and SETI - David Zhang

The Case for Targeting SETI - William Edmondson

Tea Break
Artificial Intelligence for SETI Signal Recognition - Yunfan Zhang

Cyclic Imaging: Interferometric Detection and Localisation of Wideband Engineered Signals - lan
Morrison

Breakthrough Listen on LOFAR - Griffin Foster

Lunch

The principle of mutual detectability for SETI searches - Eamonn Kerins

Design Options and Costs of Ultra Wide Field Radio - Dan Werthimer (presented by D. DeBoer)

Tea break

Workshop summary - Steve Croft

White Paper - Zhang

White Paper -
Edmondson

White Paper - Morrison

White Paper - Foster



Large Synoptic Survey Telescope, 2021, Yunu

[Mone 3peHuna 3.5 rpagyca

3epkasio 8.36Mm

kcno3numsa 15 cek / nepunog 20 cek
NaHHble: 30 TbanTt 3a Houb




LASA, the L-Band Array of Small Arrays, operating from 1.2-1.7GHz
consist of a number 2-m x 2-m dipole arrays

WFBT, Wide Field Burst Telescope, operating from 0.4-1.2GHz.
made up of 64 closely packed feed horns.

Both are scalable



LOFAR: 10-240 MHz,
BCce 3Be3abl R <5 nc, 1.49 Hz resolution, 24 yaca

Fly’'s Eye mode.

Using the 24 core stations,

one can fully cover the sky at
frequencies lower than
about 18 MHz,

about 100 square degrees
at the highest frequency end.




International LOFAR Telescope (ILT)
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SKA - Square Kilometer Array, 50 MHz to 14 GHz
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SKA-low 50 to 350 MHz




Ibxun Taptep

SETI 2020 (con't)

* Recommendations

» Support optical searches for rapid pulses, and data-mining in existing records

for continuous wave optical signals. Research the next generation of systems
with higher sensitivity and greater sky coverage.




TMT THE ASTRONOMICAL FUTURE

Colossus SETIVOSETI




HoBble NHCTPYMEHTLI A1 noncka FRB

CHIME

The Canadian Hydrogen Intensity Mapping Experiment is a revolutionary new Canadian radio telescope designed to answer major questions in astrophysics &
cosmology.

Location Instrument Cosmology Fast Radio Pulsars Publications Gallery
Bursts
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(~200 square degrees) and broad frequency coverage (400-800 MHz)
July 25, 2018 the first-ever FRB at frequencies below 700 MHz, 180725A.
The CHIME FRB event rate is predicted to be between two and 50 FRBs per day




The KIC 8462852 Light Curve From 2015.75 to 2018.18

Shows a Variable Secular Decline
3Be3ga Tabou

Bradley E. Schaefer'*, Rory O. Bentley!, Tabetha S. Boyajian!, Phillip H. Coker?,
Shawn Dvorak®? Franky Dubois®>*?, Emery Erdelyi>®, Tyler Ellis!,

Keith Graham?, Barbara G. Harris®>’, John E. Hall>®, Robert James?,

Steve J. Johnston®?, Grant Kennedy!?, Ludwig Logie*?, Katherine M. Nugent!,

Arto Oksanen®'!, John J. Ott>!?, Steve Rau®?, Siegfried Vanaverbeke*?,

Rik van Lieshout!?, and Mark Wyatt!3 arXiv:-1806.09911

ABSTRACT

The star KIC 8462852 (Boyajian’s Star) displays both fast dips of up to 20% on time
scales of days, plus long-term secular fading by up to 19% on time scales from a
yvear to a century. We report on CCD photometry of KIC 8462852 from 2015.75 to
2018.18, with 19,176 images making for 1,866 nightly magnitudes in BVRI. Our light
curves show a continuing secular decline (by 0.023+0.003 mags in the B-band) with
three superposed dips with duration 120-180 days. This demonstrates that there is
a contimiun of dip durations from a day to a century, so that the secular fading is
seen to be by the same physical mechanism as the short-duration Kepler dips. The
BVRI light curves all have the same shape, with the slopes and amplitudes for VRI
being systematically smaller than in the B-band by factors of 0.77+0.05, 0.50+0.05,
and 0.31+0.05. We rule out any hypothesis involving occultation of the primary star
by any star, planet, solid body, or optically thick cloud. But these ratios are the same
as that expected for ordinary extinction by dust clouds. This chromatic extinction
implies dust particle sizes going down to ~0.1 micron, suggesting that this dust will be
rapidly blown away by stellar radiation pressure, so the dust clouds must have formed
within months. The modern infrared observations were taken at a time when there
was at least 12.4%+1.3% dust coverage (as part of the secular dimming), and this is
consistent with dimming originating in circumstellar dust.
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Noncommutative Geometry

Alain Connes

1990, 1994
Contents
Preface
Introduction
1. Measure theory (Chapters [ and V)
2. Topology and K-theory (Chapter II)
3. Cyclic cohomology (Chapter I1I)
4. The quantized calculus (Chapter 1V)
5. The metric aspect of noncommutative geometry

Alain Connes. Geometry and the Quantum. arXiv:1703.02470 [hep-th].

14
19
25
34



Origin of fermion generations from extended noncommutative geometry

Hefu Yu! and Bo-Qiang Mal:2d4
! School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China
? Collaborative Innovation Center of Quantum Matter, Beijing 100871, China
3 Center for High Energy Physics, Peking University, Beijing 100871, China
(Dated: October 25, 2018)

We propose a way to understand the 3 fermion generations by the algebraic structures of non-
commutative geometry, which is a promising framework to unify the standard model and general
relativity. We make the tensor product extension and the quaternion extension on the framework.
Each of the two extensions alone keeps the action invariant, and we consider them as the almost
trivial structures of the geometry. We combine the two extensions, and show the corresponding
physical effects, i.e., the emergence of 3 fermion generations and the mass relationships among those
generations. We define the coordinate fiber space of the bundle of the manifold as the space in which
the classical noncommutative geometry is expressed, then the tensor product extension explicitly
shows the contribution of structures in the non-coordinate base space of the bundle to the action.
The guaternion extension plays an essential role to reveal the physical effect of the structure in the
non-coordinate base space.

Int. J. Mod. Phys. A 33 (2018) 1850168 [arXiv:1810.10189]
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BceneHHasa v
MynbTuBepc




Ncaak HbIOTOH:

AGCONOTHOE NPOCTPAHCTBO MO CaMOW CBOEN CYLLHOCTH,
6e30THOCUTESIbHO K YeMY Obl TO HU Obl/10 BHELLIHEMY,
ocTaéTcs Bceraa OiINHaKOBbIM N HEMOABUXHbIM.

AGCONIOTHOE, UCTUHHOE MaTeMaTU4yecKoe Bpems
camo no ce6e 1 no camoun CBOen CyLHOCTN,

6e3 BCSAKOro OTHOLLEHUNA K YEMY-/TNO0 BHELLHEMY,
NpoTekaeT paBHOMEPHO



Kocmonornyeckum npuHUUnN

[TpoCcTpaHCTBO OAAHOPOAHO N N3OTPOMHO
(Ha 601blLUMX MacLuTabax)



CtaunmoHapHana BceneHHad AMHLWITENHA -
TpexmepHaa chepa KOHeUHOro oobema (1917 r.)

YpaBuenne DiinmTeiina ¢ A-11eHoM:

1
R;w — EQ;J.UR — S'H-G(Ag;_w + j};.y)




NMepBasa HecTauMmoHapHaa mogesnb BceneHHOW:
Bunnem fle Cuttep, 1917

[lycTasa BcesieHHasd, 3anosiHeHHas
TO/IbKO KOCMOJ10TM4eCcKo NOCTOAHHOMW



Ilonumag cucrema yp&BIIEIIHfI HBDTDDHIIDfI KOCMO-
JIOT'NN.

N\ 2
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(E) = %G(p + A) — iﬁ (ypaBuenne Opumvana)
; a

,()JrBE(,(H—p) = (0 (koBapmaHTHOE COXPaHEHMUE)
a

p =p(p) (ypaBuenune cocTosinns)

BCENIEHHAA ®PUOMAHA

BO3MOMHbIE CLLEHAPWM PA3BUTHA HAWIEro Mypa

AnekcaHap ®pungvaH
- Teopusa HecTaLOHapPHOW
BceneHHon 1922 .
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AVHLITENH CHaYana He nosepu!
[Tpr3Han owmnobky - 1923 1.

A - 4leH - Moga camas 6onbLuad
oLunoKa...
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BonbLUoV B3pbIB U HAYa/IbHASA CUHTY/IAPHOCTb

13.8 mnpAa.net Hasag, -
NIOTHOCTb M TeMneparypa
doopmasnbHO
CTPEMSATCA K 6eCKOHEeYHOCTN —
Bo/bLLON B3PbIB, CUHIYNSAPHOCTb

NMpamble cBnAgeTe/ibCTBA
Bonbloro B3pbiBa

PefnnKToBOe 13nyyeHue. [epBUNYHBIA HYKTEOCUHTES.

JnuHa BOJHEL, CM aona BapMoHHan
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BelwecTtBO U nsnyyeHue +
TeMHada maTtepusn (1937-39)
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KpunBas BpalleHua MsiedHoro nyT

CKonneHne raslaktuk Koma
(Bonockl BepoHukn, ®puu, LIBUKKK, 1937)
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[MpnmepHO 6 MNpA. NIEeT Hasag,
BceneHHada Hayana paclwmpaTbCs
C YCKOpPEHMEM.

TeMHas aHeprus -
Moxo)ka Ha MA0THOCTb SHEepPrnm
Bakyyma, kotopas nonoxuresibHa (1)

M10THOCTb Bakyyma nosIoXnUTesibHa,
HO co3aeT oTpularesnibHoe
[laBfieHne 1 rpaBuUTaLOHHOE OTTa/IKMBaHNE



TEMHASA MATEPUA

22%

3BE30bl U APYITME OBBLEKTbI 0,4 %

MEXTAJIAKTUMECKWAWN FA3 3,6 %




dusuka yactuy + OTO -~ TemnepartypHaa nctopus BceneHHOM

Kparkas ucropus Beesennoii (13.8 maap. jger)
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Kak pa6oTtaeT KOCMO/IOTMYECKU NPUHLAN

OagHopoaHOCTL BeceneHHon B o4eHb 60/bLIMX MacluTabax HEBO3MOXHO
0OHapPYXNTb HEMOCPEACTBEHHO:
Ha ouyeHb fanekmx pacCTossHUAX Mbl BUOAUM G0Mee paHHIoHo,
N NOTOMY ApYryto BceneHHyo

OaHopoAHOCTbL BceneHHo ycTaHaBNMBaeTCsl TO/IbKO NOCPeACcTBOM
NPOBEPKN MOAENEN

Kocmonorua n CTO: ckopoCcTu Goblle CKOPOCTU CBeTa

B B < - 0) —» -
@ : O
[Mpumep:

Bo3pacT BcenenHoun 13.8 mnpa. net
Paanyc suanmon yactn BeceneHHow (ropu3oHT) 46 mnpa. CB. JIeT



Mpo6nembl cueHapus bonbluoro B3pbiBa

1. HayanbHaA CUHTYPSAPHOCTDb -
Halla don3nka 30ecb He
paboTaer.

2. NMpobnema ropnsoHTa.

00 ——— e SO0 by

Temneparypa pe/imkToBoro ooHa ogMHakoBa
C TOYHOCTbI 5x10>°

B Buamumon BceneHHon ecTb 102 obnacTei,
He CBSA3aHHbIX MPUYNHHO HA MOMEHT
pekoMbuHaumn. Noyemy Temneparypsbl
OAVHAaKOBbI?

3. Mpo6nema NJI0CKOCTHOCTM.

Hy>XHO, 4TO6bI Ha4Ya/IbHasi KPUBU3HA
Obl1a paBHO HY/IO C TOYHOCTLIO 10753,

. MpoGnema aHTpoONUN.

B MOMEHT KBAHTOBOIO POXAEHMS
BceneHHoM SHTPONUA = HY/K0

Ceityac aHTponusa BMANMON Yyactn 1088
PaclunpeHue agnabaTuyHo.

OTKyaa aHTponuna?

. Mpo6nema nepBUYHbLIX BO3MYLLEHWUIA.

OTKyaa B3A/11MCb NepPBUYHbIE
BO3MYyLLEeHNA 5x107° 1 noyemy OHU
NWMEHHO Takue?

. Mpo6nema moHononei.

Ecnun B6AN3M CUHTYNAPHOCTY ObINn
O4YeHb BbICOKME TeMreparypsl,
AO/IKHbI Obl/IN POXAATLCA MarHUTHbIE
MOHOMonu. rae oHn?



NHnaumoHHaa kocmonorusa (1979-1981)
Anekcen CtapobuHcknn, AnaH I'yt, AHgpen JluHae, BayuecnaB MyxaHoB

OcHoBHas nges, nHpnauma (CtapobuHCKuI):
[locnie KBAHTOBOIO PoXAeHUA BceneHHon 6bin nepuog ee
9KCMOHeHUnanbHO 6bICTPOro paclumpeHnsa (MHGNAUMN)

[lononHuTenbHasn naes, BevHas xaotudeckas uHdnauus (Jinnae), Mynstueepc
KBaHTOBOE POX/EHWE BCE/TEHHbIX MPOUCXOANT B abCO/IOTHO XaoTUUECKO
npa-BceNeHHOol, MHOTOKpaTHO 1 NOCTOSIHHO. 15 nocneayoLLel
3BO/OLIMM BCENEHHOI He TPebyoTCca HUKakue cneunasibHble HadyaslbHble YC0BUS.

NHpnayms nponcxogmnt B COCTOSHAN, HAaNMOMUHAOLWEM BaKyyM,
N 3aKaHUYNBAETCA Pa30rpeBOM: MAacCOBOE POXAEHME YacTuL,
«ropsAYnNin BoNbLLIOW B3PbIB».

XapakTtepHas yepTa npakTuyeckn Bcex MHMMALMOHHbIX CLLEHapUEB:
BceneHHasi U3 Ha4yaslbHOWM KBAHTOBOI QoNyKTyaL My pacTsarMBaeTcs 10
pPa3MepoB, MHOTO-MHOrIO-...-KPaTHO NMPEBbILLALLINX BUANMYIO BCceneHHyto
Hanpumep,

0100

B 101 pas



Kak nHdponayuoHHaa KkocmMmosiorus pewlaer
npo6sieMbl KOCMONOIrMn BonbLOro B3pbiBa

1. MpoGsiema CUHTYNAPHOCTMW.
Haya/ibHOWN CUHTYNAPHOCTU HET,
eCTb KBAHTOBbI XaocC

2. MpoGnema ropnsoHTA.
3a CYeT CUJIbHOro pacTarneaHus
NpoCTpaHcTBa HavYas/IbHO MPUYMHHO
cBA3aHHad 06nacTb pactarmBaeTcs
[0 pa3MepoB, MHOrOKpaTHoO
NnpeBbIlLaloLLnX BUAMMYHO BceneHHyto
[MpOCTPaHCTBO MOXET pacTArMBarbCs
ObICTPEee CKOPOCTU CBETA.

3. MpoGsema N/IOCKOCTHOCTMN.
3-3a pacTsarmBaHus Bce HavyaslbHble
HEepPOBHOCTW NPOCTPaHCTBA pacTArnBaroTcA
N pasrnaxunsaroTcs, B BUAMMOK 061acTu
MPOCTPAHCTBO CTAHOBUTCA MJ/IOCKUM

4. NMpob6nema aHTpoONUN.

NHpNauna 3aBepLuaeTcsa CUbHbIMU
KonebaHuaMn «nons nHdpnaToHa»
KOTOPbIE POXAAKOT YacTuLbl 1
pasorpes

. Mpo6nema nepBUYHbIX BO3MYLLEHWUIA.

[TlepBMYHbIE BO3MYLLEHNA cO3[at0TCA
KBAHTOBbIMW qoAIyKTyauuamm

nonga nHdpnaroHa.

Teopusa npeackasbiBaeT CMekTp

donyktyauum

. Mpo6Gnema moHonNoNeMn.

- MOHOMNO/IN MOTYT U HE POXAAaTbCH,
ecnu Temnepartypa ropsiyero B3pblisa
MEHbLLE MacCbl MOHOMNOMEN

- €C/I MOHOMNOJIN POXAAatTCS
10 TOpAYero B3pbIBa,

TO MHANAUMS NX PA3HOCTU HACTOSLKO,
4YTO B BUAMMOW BCceneHHom nx O4eHb
Masno (Hanpumep oAviH, UAN HX OAHOrO)
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CtaHpgapTHasi KOocMonormyeckas mogesnb
ACDM - Lambda Cold Dark Matter =

Kocmonorus ropsiuero bonbloro B3pbiBa +
cueHapuun nHpnauumn

ACDM mopgenb coaepxur
L P _ BCEro 6 NnapamMeTpoB, KOTOPbIE
et S by 6epyTcs U3 3KCNEPUMEHTA,
e it HO OnucbIBaEeT BCe HabNtoaeHNs.

6ODOFT
. «HecTaHAapTHbIE MOAENN>»
1000k Mopgenb «cTapeHust )OTOHOB»
3000 BMECTO KOCMOJIOTMYECKOr0 KPacHOro
2000 CMeLleHusa, N 1. A.
1000 — ==
AN : Hvikorga He onncbiBaloT BCHO
i A BINEL| | DERSRRRRRRRARRRRRRRRS COBOKYMHOCTb Hab/1loAaeMbIx
of |.J|W|' - {'I'ﬁ#}ﬂ 1[{,[,@}.*1.2.,.‘”_.,_‘_ i AB/IEHWIA, 1 TEM OHU Xye
o i ‘ | 3 f IIIIIIIIII i cTaHZapTHOW MOAENN.

MR TR B L1 | | ST | [ T | 1
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XapaKrep npegckasaHuii KOCMOJIOrMu 1 Npoénema cosmic variance -
KOCMUYECKOI HeonpeaeneHHOCTH

[MpeackaszaHna KacalTcs He Hawlen BceneHHow,
a 6eCcKOHeYHOoro aHcamo6/1a «04MHAaKOBbIX» BCENEeHHbIX

1N NpoBepKM Teopuii Mbl pacnosiaraeM eANHCTBEHHbIM
3K3EeMIN/ISPOM M3 3TOr0 aHCaM6/1S

[nara: Teopusa gonyckaet (B npuHumMne) noboe OTK/IOHEHWE B pe3ynbrarax
HaGNOEHUN OT CpeaHNX OXuaaeMblX npeackazaHuni
- cosmic variance
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Bce nu xopowo B cTaH4apTHOW MoAesin KOCMOJ1I0rmm?
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«Ocb 3nax»: HecryyallHoe coBnajeHne Hanpas/ieHNA Ocei
kBaapynons n oktynons (1 gaxe [ = 4) Ha ypoBHe ~95%
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MpocTpaHCTBEHHAS BapuaLyMsi MNOCTOSIHHOM TOHKOWM CTPYKTYPbI AUNONBHOMO TMna
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Dataset & c.l. Amplitude (ppm) | Right Ascension (h) | Declination (°)
Webb et al. (68.3%) 99+2.3 172+ 1.0 —-61 £ 11
Webb et al. (99.7%) 9.9+6.9 17.239 < =27

All data (68.3%) 8.7+ 1.7 17.2 + 0.7 -59 +8
All data (99.7%) 8.7+5.1 172+ 3.1 < —38




CyLLecTBOBaHNE MHOXECTBA «/10Ka/IbHbIX BCE/IEHHbIX»
-XapakTepHasi YuepTa COBPEMEHHO KOCMO0rm

MynbTtuBceneHHaa nnn MynbtnBepc



MynbtuBépc(bl) (~ Mo Makcy Termapky)

MynbTuBéepc 1-ro ypoBHA

Habnogaemasi Hamu YacTb BceneHHomn
(MeTaranaktunka) - N1ib KpoLlueyHas
4yacTb Halleil «/10KasIbHOW BCENTEHHON» -
Ny3bIps MHPAALMOHHON KOCMOMOTUNN.

CyLlecTByeT HEBOO6Pa3MMO OrpoOMHOE
YMCNO APYrUX MeTaraslakTuk, KotTopble
HEe MOryT ObITb C HAMU NMPUYNHHO
CBSI3aHbl.

[Ae-To B My/bTUBEPCE 1-r0 YPOBHA €CThb
To4Hast konust CofTHEYHON CUCTEMBI
N HEN3MepUmMo 60sblle He OYeHb
TOYHbIX KOMUMN.




TIME

MynbTUBEPC 2-TO YPOBHSA - XaoTUYecKass BedHast MHpnaums

Pa3Hble f1oKanbHble Ny3bipy MHPAAUMN — NNOKa/IbHbIE BCE/IeHHbIE — MOTYT coAepXaTb
pasHy0 Qon3nKy.

[poGnema TOHKOI NoAroHKM NapamMeTpoB — Masloe N3MeHeHne oyHaamMmeHTas IbHbIX
KOHCTaHT BeET K «B3PbIBHOMY HapyLLUEHWI0» CTabUNbLHOCTU CTPYKTYP.

Cnabblin aHTPOMHbIA NPUHLUKUN: Mbl HAa6/104aeM TOHKYH HACTPOKY napaMeTpoB NoToOMY,
YTO B TEX BCEJIEHHbIX, e ee HeT, HET 1 Habnwpartenen (AHApen JinHae)



MynbTuBepc 3-ro ypoBHSA -
MHOromumpoBas BceneHHaa 9BepeTtta

KBaHTOBasd MexaHuka =
= ypaBHeHue LLpeanHrepa + konianc BOSIHOBOW OYHKLMK NMPY HAGMOAEHUN

UTO Takoe Konsanc BOSIHOBOW (OYHKLIMN — HEMOHSATHO.

Xbl0 OBEpPETT:
Hwukakoro konsanca Bo/IHOBOW OYHKLINMK HET, BCe, BKoYasa BceneHHylo,
onuncbiBaeTcsa TOIbKO ypaBHeHnem LpeauHrepa (Mnn ero o606LweHnem),
KoJ11anc BO/IHOBOW OYHKLNW N ClTyHalHOCTb, CBA3aHHAaA C KOJiarncom —
NUN03MA Habaaresnid, NOrpy>XeHHOro B KBAHTOBYHO BceneHHyto.



| 1) — ciiue BBEpX
| |) — ciiun BHU3

(al 1) +0[ 1)) [Do) — a| 1)|D+) + b 1)[Dy)
(al 1) + b 1)) | Do)|Mo) — al T)|Dy)|My) + b L)|Dy)| M)
(al 1) +b] 1)) [Do)| Mo)|Us) — a| 1)|Dy)| My)|Uy) + 0] 1)|Dy)| My)|U,)




Kak KnoHupoBaHMe CO3HaHUA nopoxaaet UNa3unko CﬂyLIaVIHOCTM

MbICNEHHbIN aKcnepumeHT Makca Termapka - Kn1oHMpoBaHue

KOMHaTa Ne 1

@ . BUANT KOMHaTy Nel

- KNOHUPOBaHNe

COH
. KoMHaTa No 2

@ . BUAUT KOMHaTy No2

Cny4yailHOCTU HET, HO KaXXAblW U3 KJTIOHOB CYOBbEKTUBHO
BOCNPUHMMAET C/lydauHbI pe3ynbrar 1 nnn 2

Ecnn yenoBeueckoe co3HaHue 3aMeHUTb Ha U, To akcnepnmeHT oyaeTt
He MbIC/IEHHbIN, a BNOJ/IHE peasibHbIA.



He 6e3ymue nu npeanonaratb, YTo BCs BceneHHas HaxoAuTcsl B KBAHTOBOM
COCTOSIHUK, ONNCLIBAEMOM €IMHCTBEHHOI BO/THOBOW (PYHKLINEA?

AHM30TPONMS MUKPOBOJTHOBOrO (DOHA OMUCLIBAETCS KBAHTOBbLIMU QYKTYaL MMM
mMacLiTaba BUAMMOI YacTu BCENEHHOW 1 NPaBU/IbHO NpecKa3biBaeTCs
B NPeAno/IoKeHUn, YTo BCe Nnosie MHAdNaToHa — eANHbIA KBAHTOBbLIN 0ObEKT

KBaHTOBasi Teopms Ha YPOBHE BCEN BUAMMOWN BceneHHoM aaeT npeackasaHus,
noATBEPXAAEMbIE 3KCNEPUMEHTOM

BcA COBOKYNMHOCTb KBAHTOBbIX MUPOB
MHOroMMPOBOU MHTEpNpeTaunun dBepeTTa -
MynbTBépc 3-ro ypoBHA.

B KakoM cMmbIc/ie BceneHHble MynbTyBepca CyLecTBYHT NpU TOM,
YTO BCE€ OHU NPAMO HEAOCTYIMHDbI Ha6]'IPO,CI|eHI/IlO?

[pyrve BceneHHble BXOAAT B TEOPUIO, KOTOpas AaeT npaBu/ibHble
npeackasaHna AN aKkcnepumMmeHTa, n 6e3 aTUxX 0O0bEKTOB
paboTaTb HE MOXET.



MynbTuBepc 4-ro ypoBHA -
MaTtematuuecknm Mynostuépc Makca Termapka

NMpupoaa maremMaTuKun
KakoB TPUMIMOHHLIN 3HAK OECATUYHOIO Pas3/ioXeHus \/_ ?

KTo 6bI HX cunTan, OTBET ByAEeT OAMH U TOT Xe, Tak Kak 3TOT 00beKT
0OBbEKTMBHO CYLLIECTBOBa/1 €Lle A0 TOro, Kak ero KTo-To B3A/ICH cUMTarh.

Mup maTtemaTnyecknx qoopm CyLLecTByeT 00 bEKTUBHO.
Mwup matemaTtmnyeckmux qoOpM — 4acTb peasibHOCTU, a He BblayMKa

Mpupopaa aneMeHTapHbIX 06 bEKTOB PU3NKU

JIn6o npu onncaHnn anemMmeHTapHbIX 00bEKTOB PU3NKN ByAeT UMETb MECTO
perpeccusi B 6eCKOHEYHOCTb (3TO MJ10X0)

JInbo perpeccus o6opeBeTcs, U Torga camMmble afieMeHTapHble 0O0bEKTHI
OyayT MMETb YACTO MaTeMaTMyeckoe BHeLlHee onuncaHue.

Ha aToM YpOBHE pasnnume Mexay MaTeMaTuKoli 1 ou3nKon ncuesaer.

MnoTte3a: Habnogaemblii HAMU MUP ecmb MaTemMaTuyeckast CTPYKTypa.



Bonpoc: noyemy MMEHHO Takasi MaTeMaTmnyeckas CTPyKTypa,
KoTopasi NpeAnnchbIBaeT MUMEHHO Te 3aKOHbI MPUPOAbI, KOTOPbIe
Mbl Habnogaem? Uem oHa BblgeneHa?

OTBeT (Termapk): B npuHuUmMne, oHa HUYEM HEe BblAeneHa; BCe HENPOTUBOPEUMBbIE
MaTeMaTnyeckmne CTPYKTypbl ecmb peasibHble BCE/EHHbIE.

IMeeT MecTo Mamemamuyeckass 0eMoKpamusi — BCe HEMNPOTMBOPEUNBLIE
MaTeMaTnyeckmne CTPYKTypbl 06pasytoT MynbTMBEPC 4-ro YPOBHS,
Halla YacTHasi MaTeMaTuyeckasi CTPYKTypa ecTb OAMH U3 0OBLEKTOB
maremarmyeckoro MynsTmBépca.

Hawa maremarnyeckas CTpPyKTypa OT/IM4aeTcs TeM, YTO AOMyCcKaeT
BHYTpU cebs cyliectBoBaHne Camo Co3Hatoulein CyocTpyKTypbl
(CCCQ).

Bo3moXHOCTb cyuectBoBaHuss CCC onpenenser «TOHKYH HaCTPOMKY»
Hawlen (MaTemaTnyeckon) BceneHHoM Ha Hallle cyllecTBOBaHNE —
BapuaHT c/1aboro aHTPOMHOro nNpuHUMna.

EIMHCTBEHHbIN NOCTYNAT «TEOPUN BCEro»:
Bce HenpoTMBOpeUunBble MaTeMaTUUECKNE CTPYKTYPbI CyLLEeCTBYIOT dU3MUECKN.

CnepcrtBue:
B npuHUune 3TO o3Ha4aeT, UTO BceneHHass aGCoOMIIOTHO NO3HaBaema:
HadoO TOJ/IbKO BK/THOUUTb BOOGpa)KEHI/Ie N AgBUratbcCsd no nyTm 3T1oro no3HaHUA.
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