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Ha Bonpoc ectb
OCMbICNEHHbIW OTBET

3emns, BOAa, OrOHb, BO3AYX U KBUHT3CCEHL WA,
ATOMbI B ABUKEHWMN.

InemeHTapHbIe YacTULbl B JBUKEHWUH.

CTpyHbI B ABMKEHUU.

KeaHTOBbIE NONA B UCKPUBNEHHOM NPOCTPAHCTBE-
BpemMeHu.

M-Teopua (MoKeTe NoACTaBUTb CBOK NHOOMMYIO Npo-
NUCHy10 ByHBY).

BowecTBeHHOe TBOpeHUe.

CoumanbHblil KHOHCTPYKT.
Helpodusnonornyeckut KOHCTPYKT.

CoH.

Nudopmayus.

Cumynauua (@a-na “Marpuua”).

Matematnyeckan CTpyKTypa.

Mynbtusepc IV ypoBHS.

Ha Bonpoc HeT
OCMbICNEHHOTo OTBeTa
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PeanbHOCTb CylLeCTBYET, HO Mbl, NIOAW, HECMOCODOHI
BMNOMHe ee No3HaTh: Y Hac HeT locTyna K “Betam

B cebe” (Mmmanyun Kaur).

PeanbHOCTb NPUHLMNMANLHO Heno3HaBaema.

Mbl He TONbKO He 3HaeMm, 4To TaKoe peanbHoCTb,

HO W He cMornu Bbl 3TO BbIPa3uTb, ecnu Bbl 3HaNu.
Hayka — 310 HappaTve (oTBeT Y{aka [leppuaa u apy-
rMX NOCTMOAEPHUCTOB).

PeanbHOCTb Y Hac B ronoBe (KOHCTPYKTUBUCTCKMIA OTBET).
PeanbHOCTK He cywiecTayeT (CoNMNCU3m).
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HacKonbKo BenuK Kocmoc?
NcTtopna Hawen BceneHHown

ToyHaa Kocmonorua

Kocmonoruyeckas uHgnayus

MapannensHble BceneHHole | v |l ypoBHen

KBaHTOBaA MexaHuKa

HBaHTOBbLIE NapannenbHble BCeNeHHble

Ponb co3HaHuA

PeanbHOCTb KaKk MatemaTmka
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PusnyecKan peanbHOCTb

Bce, 4yto cywecTyer. B rn. 12 A 060CHOBLIBaK, 4TO OHA
3IKBUBaNeHTHa mynstueepcy IV ypoBHA.

MpocTpaHcTBo

Yactb pu3nYecKon peanbHOCTH, HeNpepbLIBHO COJUHEH-
HaA C TeM, 4TO MBI MOXem Haﬁnmgarh. JKBUBANEHT MYk~
TuBepca ll ypoBHa.

Hawa BceneHHan

Yacte pM3MyecKoil peansHOCTH, HOTOPYH Mbl B MPHH-
yune moxem Habniopate. Ecnu He paccmaTpuBars KBaH-
TOBbI2 OCNOXM{HEHHA, TO ITO cl:bEpH'-IE(.I{aﬂ obnactb npo-
CTPaHCTBa, OTKYAA CBET yCnen AoATH A0 Hac 3a 14 Mapja
nert, Npowefwnx ¢ MOMeHTa Hawero bonblworo B3pbiBa.

MNapannensHan Bcenex-
Hasn

YacTb hM3M4ecKOro NpocTpaHcTBa, KOTopas B NpUHLUNe
MoXeT ObIThb Haﬁnmaema H3 HEeKOero mecrta, HO He C
3emnu. Hapannenhnble BCe/leHHble — 3TO He TeOpHA, a
npegcHazaHue HeKOTOPLIX TEOPI»IITI.

MynestuBepc

COBOKYNHOCTE BCENE@HHBIX.

Mynetugepc | yposHA

OtpanexHsle obnacty NpocTpaHCTBa, KOTOpble ceiyac,
HO He BeyHo, He Habnwpaembl. B HMX AeicTBYIOT 0au-
HaKoBble 3 eKTUBHbIE 3aKOHbI PUIUKK, HO OHU MOTYT
MMETE Pa3/INYHYI0 UCTOPHIO.

Mynstueepc |l ypoBHA

O1aanenHble obnacT NpocTpaHcTBa, KOTOpPbIe HaBcerga
0CTaHyTCA HeHabniofjaeMbIMK, NOCKONbKY NPOCTPAHCTBO
MeXJy HUMM W HaMKu npojonkaer uHgpnupoBarts. OHu
NOAYMHAITCA OfWHAKOBbIM yHAAMEHTaNbHLIM 3aKo-
HaMm PU3NKM, OAHAKO X 3 eKTUBHBIE 3aKOHbI PUUKK
MOTYT pa3NinyarbCs.

Mynetueepc lll ypoBHA

PasnuyHble YacT KBAHTOBOIO runbOepToBa NpoCcTpaHcTBa
(221. 8). OHu cTONB e pazHoobpa3zHbl, Kak U Ha |l ypoBHe.

Mynestueepc IV ypoBHA

Bce maremaTnyeckue CTpyKTYpsi (2/1. 12), COOTBETCTRYHO-
wue paznuyHbIM GyHaaMeHTaNlbHBIM 3aK0HaM H3UKH.

DyHpameHTanbHble
3aHOHBI

Maremaruyeckue ypaBHeHHA, KOTOpbIe YNpaBnawT ¢u-
3UKHOMN.

3 eKTUBHbIE 3aKOHbI

YactHoe pewseHue maremaTHyecKMX YpaBHEeHWH, KOTO-
pble onuceiBaloT duanky. UX moxHo nepenyTate ¢ dyH-
AaMeHTanbHbBIMKM 3aKOHaMM, KOTAa OfHO W TO Xe pele-
HHUE NPUMEHUMO NO BCei BCeNeHHOM.

ToHKan HacTpoiika

3HayeHUA UIMYECHUX TNOCTOSHHBLIX, WCMNONb3YeMbIX
B 3(hpeKTUBHbIX (PU3MYECKMX 3aKOHAX, NONAAAIOT B 04EHb
Y3KUiA ANaNa3oH, AONYCKAKWMIA NoABNeHHe Xu3Hu. Ha-
6niogaemMan TOHKaA HacTPOAKa CNYMWUT BO3IMOMXHBIM ap-
rYMEeHTOM B Nonb3y mynstieepca Il ypoBHA.
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Wnapranka no gu3nKe 31eMeHTapHbIX YacTul

Wmnynec

[ny6uHa BOpOHKH, KOTOpaA MoXeT 06pa3oBaTbCA NpH
CTONNKHOBEHHWHK C NPENATCTBHEM. Wn H, Gonee CTporo, — BEpemMs,
KoTopoe notpebyetca, 4T0ObI OCTAHOBUTL OOBEKT, YMHOMEH-
HOE Ha CPegHIoI CUAY, KOTOPYH ANA 3TOr0 NPUASTCA K HeMy
NPUNOHHUTE.

MomeHT umMmn YnbCa
(yrnoBoit momeHT)

Mepa KonuyecTea BpaweHus obbexta. bonee crporo: Bpems,
KoTopoe notpebyerca, 4ToObI OCTAHOBHUTL €10 BpaLleHHe,
YMHOXEHHO® Ha CpefiHHiA MOMEHT cHN (KpYTAWMA MOMEHT),
HOTOPbIi NPUAETCA A4NA 3TOTO NPUNOMKHTD.

CnuH

YrnoBoii MOMEHT OTAeNbHOM YACTHLbI, KPYTALLEHCA BOKpPYT
CBOEro LeHTpa.

CoxpaHawwanca
BEenn4yMHa

BenuyunHa, HOTOpaA ocTaeTcs NOCTOAHHOW BO BpeMeHH U He
MOXET HM CO3[aBaThCA, HM YHUYTOXKATbCA. TaKOBbI IHEPrus,
UMNYNbC, YINOBOA MOMEHT, 3NeKTPUYSCKUA 3apAg.

Atom

3neKTpoHbl, 0bpawyaouecs BOKPYr AApa U3 NPOTOHOR U
HeATPOHOB; YACNO NPOTOHOB ONpefensieT THN 1 Ha3BaHue
atoma (1 = BoJopog, 2 = renuii M T. a.).

INeKTpOH

OTpuuyarenbHo 3apAMXeHHaA YacTULa, COCTABNAIOWAA MEeKTPU-
YecHoro ToKa.

MpoToH

MonoXWTensHO 3apAXKeHHan YyacTuLya, BXoAALWAnA B COCTaB
aTOMHBIX Afep W COCTOALAA U3 ABYX BEPXHWX KBAapHOB W o[-
HOMo HWXXHero.

HeiTpoH

Yacruya Ges 3NeKTpW4ecKoro 3apaja, EXoaAlan B COCTaB
ATOMHBIX Agep W COCTOALLAA M3 ABYX HUXKHHUX W OQHOID BepX-
Hero.

doToH

YacTuuya ceera.

rnwoH

YacTuya, KoTopas NOMOraer “cKneMBaTs” KBapKoBbIe TPH-
nnetel, 06pa3ys NPOTOHbLI U HEHTPOHBLI.

HelTpuHo

YacTuua HaCTONbKO CKPbLITHAA, YTO MOXKET NPOKHTH 3emnr
HAaCKBO3b, HK C YeM He B3aUMOJeiCcTBYA.

DepmMmuoH

Yacruya, KOTopas He MOeT HAXOAUTLCA B OJHOM M TOM e
MecTe U COCTOAHUM C APYroi WAeHTHYHOI YacTlei. TaKoBbl
NeKTPOHbBI, KBAPKH, HEHTPUHO.

bosoH

YacTuua, Kotopas NnpeAno4YnTaeT HaXoAHTLCA B TOM e MecTe
W COCTOAHHM, MTO KU ApYTHe WOEHTHYHBEIE YacTHULbI. TakoBbl
(OTOHbI, IMOHbLI, YacTUya Xurrca.
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Wnapranka no KBaHTOBOW MeXaHUKe
BonHoBas hyHKuma | MaremaTMyeckan CywWHOCTb, ONUCbIBAKOLLAA COCTOAHME 00b-
eKTa. BonHoBas (pyHKLMA YacTUL bl ONKUCLIBAET CTEeNeHb, B KO-
TOPOW YacTULa NPUCYTCTBYET B pa3HbiX MecTax.
Cynepnosuuua KBaHTOBO-MeXaHMyecKasa cUTyalyua, NpU KOTOPOA HeyTo Ha-
xoautca Gonee yem B OHOM COCTOSHMM Cpazy, Hanpumep
B IBYX Pa3HbIX MecTax.
YpaBHeHue YpaBHeHHe, KOTOpOe NpejcKasbiBaeT, KaK BONHOBasA (yHK-
Wpeaunrepa UMA CTAHeT U3MEHATLCA B Byayuwem.
lMnbbepToBO ABCTpakTHO® MaTemaTU4yecKOe NpPOCTPaHCTBO, B KOTOPOM
NPOCTPAHCTBO obuTaeT BONHOBaA PYHKLUMA.
Konnanc BonHoso# | [MnoTeTyecKuin cay4yanHolin npoyecc, B KOTOPOM BONHOBaA
thyHKUMM (QYHKUMA pe3Ko MeHAeTcA B HapyweHwe ypaBHeHus Llpe-
AMHrepa U NpUAAET U3MEPEHUI0 OAHO3HAYHLIA pe3ynbrar. O1-
CYTCTBME KOANanca BONHOBOW (PyHKUMM MMeeT CleAcTBMeM
mynstuBepc ypoBua lll Xeto 3BepetTa.
Mpobnema CnopHbIit BONPOC: KONNANCUPYET Nu BoNHOBAA (PyHKUMA BO
M3MepeHun BpeMs KBaHTOBOIO W3MepeHua?
Konexrarenckasn HabGop npeanono)exni, BKNYAKOWMKA KOANANC BONHOBOM
WHTepnpeTayus (YHKUMK NPH U3MEPEHHM.
WHTepnpetayus MNpeanonoxxenue, 410 BONHOBaA (DYHKUMA HUKOIAa He KoA-
Jpeperra nancupyer. 370 npUBOAUT K mynbTuBepcy yposusa lll (22. 8).
JekorepeHuus 3 deKT yeH3ypsl, BeiTeKaOWmuin n3 ypasHenus Lpegunrepa,
COTNIAaCHO KOTOPOMY CYNepno3ulnmu CTaHOBATCA HeHabnwpaae-
MbIMH, €C/IU OHW He COXPAHSAIOTCA B TaiiHe OT 0CTa/IbHOTo MUpa.
JT0 nopoxjaer BneyatneHne Konnanca BONHOBON (PyHKUUM,
Aax<e ec/lh OH Ha CAaMOM fleNle He NPOMCXOAMT (2/1. 8).
KeantoBoE Waen, 4To Mbl CyObLEKTMBHO BeYHbl, €C/IN CYLUeCTBYeT MyNbTU-
6eccmepTne Bepc ypoBHs lIl.  noao3peBato, 4T0 KBAHTOBOrO GeccmepTua He
CYLECTBYET, NOCKONbKY KOHTUHYYM ABNAGTCA UANto3uen (271, 11).
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Linapranka no peajbHOCTK
BHewHAA peanbHOCTb du3nyeckuit Mup, KOTOpbIi, KaK A cyutalo, byaer
CYLLeCTBOBATh, JaXke ec/in JI0/ieil He CTaHeT.

KoHceHcycHas peanbHocTs | OBuiee onucanume puanyeckoro Mupa, ¢ KOTopbim
COrNacHbl CAaMOCO3HalolWue Habnaartenu.

BHyTpeHHAA peanbHOCTL To, KaK Bbl CyObeKTMBHO BOCNPUHUMAETE BHEILHIOWD
peanbHoOCTb.
Mogenb peanbHocTH Mopenb BHelWwHen peanbHOCTH Y Bac B rofiose. BHy-
TPEHHAA peaNbHOCTb, KOTOPYIO Bbl BOCNpUHMMAaeTe.
“NMTnyba’ ToYKa 3peHus B3rnaj Ha BHEWHIOKW peanbHOCTb, KOTOPbIH Bbl

npuHUMaeTe, Korga nsyyaere onucbisawiyue ee
a0CcTpakTHbIe MaTemaTUyYecKue ypaBHeHus.
“Nlarywayba” ToYKa 3peHus Cy6LeKTUBHbII B3rNAA Ha uznyeckmnit mup (Bawa
BHYTPEHHSAA peaNbHOCTb).
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Mapametp Cmblicn N3mepeHHOe 3Ha4YeHUe
g KowcranTa cnaboro B3anmoaencrsna npu m, 0,6520 + 0,0001
B, Yron BaiiHbepra 0,48290 + 0,00005
g, KoHcTaHTa cubHOro B3aMMoAenCTBS Npu m, 1,220 * 0,004
p? KeagpaTuyHbii KoapduumeHt Xurrca = —2x 10734
A YeTBepTUUHLIA KO3 dUumeHT Xurrca = 0,5

. KoHcraHTa B3aumogencreua KOKaBsbl gns 0,000002931 +107?

3/1eKTpoHa

G, KoHcTaHTa B3anmogencTemna HOKagsl 4nA MIOOHA | 0,0006060 + 0,0000002

G, KoHcraHTa B3anmopeinctema FOKaBbl AN TaoHa 0,01022

G, HoHcraHTa B3anmopencrena HOkasbl Ans Bepx- | 0,000014 + 0,000003
Hero Keapka

G, KoHcTaHTa B3anmopgenctenaA HOKasel ANA HUXK- | 0,000029 + 0,000003
Hero Keapka

G, KoHcraHTta B3aumopgeicreua KOKkaBbl gns 0,0073 + 0,0001
oYapoBaHHOrO KBapKa

G, KoHcTaHTa B3aMMoaencTema KOKasbl AnA CcTpaH- | 0,00054 + 0,00003
HOro KBapKa

G, KoHcraHTa B3aumopeinctema KOKaBbl ANS UCTKH- | 0,995 + 0,008
HOro KBapKa

Gy KoHcraHTa B3aumopencremua KOkasbl gns npe- 0,0230 * 0,0002
NecTHOro KBapka

sin@,, Yron cmewnsauna keapkos B KKM-matpuye 0,2243 *+ 0,0016

sinB,, Yron cmewmneaHuAa Keapkos B KKM-maTtpuue 0,0413 * 0,0015

sinB,, Yron cmewneauna keapkos B KKM-matpuye 0,0037 * 0,0005

043 ®a3a cmewmnBaHna KBapkos B KKM-matpuue 1,05 + 0,24

04ca Hapywatouwan CP-cummeTpuio BakyymHas dasa <107
KXA

G.. KoHcraHTa B3aumopencTema FOKaBbl Ana anek- |[<1,3x10™"
TPOHHOTO HEUTPUHO

G,, KoHcraHTa B3aumogencrema KOKaBbl 418 MIOOH- [< 9,8 x 1077
HOro HEUTPUHO

G, KoHcTaHTa B3anmopgenctenaA tOKasel AnA Tay- < 0,00009

HENTPUHO

Gl
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Mapametp Cmblcn N3mepeHHOe 3HaYeHUe
sin?20;, | Yron cmewnsaHua HeutpuHo B MIMHC-matpuue | 0,857 + 0,024
sin?20,; | Yron cmewnsaHna HeutpuHo B IMHC-matpuue |2 0,95
sin220;; | Yron cmewwnBaHus HeutpuHo B NMHC-matpuue | < 0,098 + 0,013
015 (®asa cmewmnsaHna HeuTpuro B IMHC-marpuue | ?
pA MNOTHOCTL TEMHOW 3HEPrUK (1,16 £ 0,07) x 107123
& BapnoHHaa macca B pacyeTe Ha OTOH pb,fn‘Ir (4,66 £ 0,06) x 107
& Macca TemHoi marepuu B pacyete Ha OTOH (24,9 %+ 0,7) x 1072
p/n,
£, Macca HeiTpuHO B pacyeTe Ha HOTOH <0,5x%107%
p,/ n,=(3/19)2Zm,,
Q CkanapHas amnautyaa haykryaumi o, (2,0+0,2)x1075
Ha ropu3oHTe
n CKanApHbIN CNeKTPanbHbIN UHAEKC 0,960 * 0,007
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* " 3 4 [1] 4 nn D! # n "
" n $ 3 E % " n "
+ + D " n n n O
n @ D n [1] n n O
3 3E @ "0 0
$ n 1 + + n ' n @ 3
D @ n mn 3 K
n 0 b C n n " $ " $ " 1
[1] l * ' % K n 3
n n 0 < n O 3 - n $ 0
+ < 3 7 B_— 1 I 4 n $ n n 3 $
n / 1] [1] 0 0
3K " % 3 0
1 ) % n $ n + n 1
lLinapranka no marematuyeckoin BceneHHoi
“barax” [MoHATMA 1 cnoBa, NpUAYMaHHbIE N0AbMK ANA
yao6cTBa, KOTOpPbLIE He ABNATCA HEeOBXoAUMbIMK ANS
onucaHWs BHewWwHen drU3nyecKoi peansHOCTK.
MaremarvMyeckas Ha6op abCTpaKTHBIX CYLLHOCTEN C OTHOLIEHMUAMMU
CTPYKTYpa mexay Humu. MoxeT BbITb onrcaHa He3aBUCUMbIM
oT “baraxa” cnocobom.
JKBUBANIEHTHOCTb [lBa onucaHuA matemaTuyecKomn CTPYKTYpbl IKBUBA-
NEHTHbI, eCNU MEXAY HUMW CYLLLIeCTBYET COOTBETCTBUE,
KOTOpPOe CoXpaHAeT Bce oTHoweHnA. Ecnu aBe matema-
TUYECKME CTPYKTYPbl MMEIOT 3KBYBaNEHTHbIE ONUCAHMA,
TO 3TO 0OJHa W Ta e CTPYKTypa.
Cummetpus CBOWCTBO, OCTaloLeeca HeM3MeHHbIM Npy npeobpaso-
BaHuW. Hanpumep, ngeansHana cchepa He U3MeHAeTCA
npu noBopoTe.
MMnoTe3a BHeLwHeR CyuiecTByeT BHELWHAA pr3MYecKan peanbHOCTb, MONHO-
peanbHOCTU CTbIO He3aBUCUMAS OT N0 en.
lMnoTe3sa maremaruyeckor | BHelHsAA uU3nYecKan peanbHOCTL ABNAETCA Marema-
BceneHHom TUYECKOM CTPYKTYPOW. A AOKa3bIBalo, YTO 3TO BbITEKaer
W3 rMnoTe3bl BHELHeW peasbHOCTH.
MnoTe3a BbIYUCAUMOWM Hawa ju3nyeckas peanbHOCTb — 3TO Matemarnyeckas
BceneHHoi CTPYKTYpa, onpepensemasn Bbl4UCAMMON DYHKUUEN
(en. 12).
lMnoTesa hUHUTHO!A Hawa ju3nyeckas peanbHoCTb — 3T0 GUHKUTHAA
BcenexHom (koHeuHan) maTemaTiyecKas CTpykTypa (271. 12).
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