Kocmuueckasa pusiocodpud

BBefeHrEe B KOCMHUUYECKYI0 GHUI0COPUIO.

Haneuamaro 26 dekabpsa 2024 2.

CosmicPhilosophy.org

MoctmxeHne Kocmoca yepes punocoduto


https://ru.cosmicphilosophy.org/

Coxmepoxkanue

1. BBeqieHHe

1.1. O6 aBTOpE

1.2. IIpenyipesxaeHre 0 KBAaHTOBBIX BEIYUCIEHUAX
2. %% AcTpodHsHKa

3. UepHBbIe IBIPHI KaK «MaThb» KOCMOCA

3.1. lorMa OTHOIIIEHHUA MaTePUH H MacCChI

3.2. CBA3B CJIOKHOCTH CTPYKTYPhI U T'PaBUTAIIUH

4. HeUTPUHO He CYIIeCTBYIOT

4.1. TlonibITKa U36e>KaTh «0€eCKOHEeUHOU AeJIMMOCTH»

4.2. «<Henmocrarias sHeprusi» Kak eJUHCTBEHHOe 10Ka3aTeJIbCTBO CYIIleCTBOBAHUSA HEUTPHUHO
4.3. 3amuTa QU3IUKU HEUTPUHO

4.4. icTopust HEUTPHUHO

4.5. «<HepmocTaroias sHeprusi» mo-IpexkHeMy eTUHCTBEHHOe 10Ka3aTe/ILCTBO

4.6. 99% «HenoCTAIOIIEN JHEPTUU» B © - CBEPXHOBOU

4.7. 99% «Hemocraroiiet dHeprun» B CHJIbHOM B3auMozercTBUHA

4.8. Ocruurany HeuTpUHO (IIpeBpaleHus)

4.9.  HeWTpUHHBIN TyMaH: /l[0Ka3aTeJIbCTBO TOT0, UTO HEUTPHUHO He MOTYT CyIIeCTBOBATh

5. O0630p 3KCIIEPUMEHTOB C HEUTPHUHO:

6. || OTpuIlaTe/IbHBIA JIeKTprUUYecKuu 3apsz (-)
6.1. & ATOoM

6.2. dsmekTpoHHEbIe “ ¢ Ily3pipH, X * Kpucrayibl 1 = Jléf,

6.3. JsieKTpoHHOE - O6J1aKO

7. KBapku
8. & HeHTpoOH

9. 3¢ HerTpoHHEbIE 3BE3/BI

9.1. XoJsioHOE AP0

9.2. OTCyTCTBHE CBETOBOIO U3JIYyUYeHUS

9.3. OTcyTCcTBUeE BpallleHUs UIU IIOJIPHOCTH
9.4. IlpeBpailieHue B YEPHEIE IbIPHI

9.5. TOpHU30HT COOBITUM

9.6. o CHHI'YJIIPHOCTH
10. - - CBepxHOBaga
10.1. KopuuHeBbIe KapJIUKU
10.2. @ MarguTHOE TOPMOKEHHE: T0Ka3aTe/IbCTBO HHU3KOM MaTepHaIbHOM CTPYKTYPEI
11. KBaHTOBEbIE BBIUHCJIEHUI U pasyMHbIid N1

11.1. KBaHTOBBIE OIITUOKU
11.2. CriuH 3/1eKTpoHa U «IIopsagoK U3 He-IIopsKa»
11.3. PasymHbI UU: «PyHIaMeHTa/IbHOE OTCYTCTBUE KOHTPOJISA»

11.4. Kokt Google-Mi1oHa Macka 110 moBoay «6e3ormacHocty U »



I'ITABA 1.

BBeeHIe B KOCMHUUYECKYI0 QHI0CODHUIO

1714 rogy HeMmenkuii ¢purocod I'oropusn JIeMOHUIL - «TOCTIETHUN YHUBEPCAIbHbBIN
B reHUM MUpa» - HpeIJIoKHUI TEOPHI0 c© 0eCKOHEYHBIX MOHA/I, KOTOpas, XO0Td !

KasaJjlach JajieKoi OT GU3NUECKON pPeaJIbHOCTH U IIPOTUBOpPeYallleli COBpeMeHHOMY
Hay4YHOMY peajin3My, OblIa IepecMOTpeHa B CBeTe Pa3sBUTUI COBpeMeHHOM QU3IUKU U
00JIee KOHKPEeTHO HeJIOKaJIbHOCTH.

Ha JleitOHUIIA, B CBOIO 0Uepeb, IIy00KO IOBJIUI rpeuecKud ¢puiocod Ili1aToH U fpeBHAA
rpedeckass Kocmu4deckas puocopusd. Ero Teopusda MOHaAJ UMeeT YAUBUTEIbHOE CXO/ICTBO C
MHpPOM Hae I[linaToHa, OMUCaHHBIM B 3SHAMEHUTOM AJLJIETOPUHM ITenepsrl [liraToHa

JTa 3JIeKTPOHHAasA KHUra IOKaXkeT, KaK puIocopusa MOKeT OBITH UCII0/Ib30BaHa IJI
HCC/IeJOBAHUA U IIOHUMAaHUA KOCMOCA 1aJIeKo 3a IIpeieiaMu BO3SMOXKHOCTe HayKU

Umo xapaxkmepusyem ¢gunrocoga?

A: «3adava pusrocoPpuu moixcem 3aKAH0OUAMBCA 8 UCCAEO008AHUU NPOXOOUMbBLX nymell
nepeo npuauU8oM.»

dunoco@: «Kak pazgeovux, nu/10m uau NPo8OOHUK ?»

A: «Kak MHTeJUIeKTyaJIbHBIN IePBOIIPOX0Jelr, »

F'TABA 1.1.

06 aBTOpE

S aBissrock ocHoBaTesieM ¥ GMODebate.org, comepskaliiero KoJuIeKI[Uuio 6ecriaTHbIX
9JIEKTPOHHBIX KHUT, 0XBAaThIBAKOIIIUX PyHIaMeHTa/IbHble GUI0COPCKHE TeMbl, KOTOPhIEe
yIay6ssir0TCA B GUI0COPCKHE OCHOBBI CITMEHTU3MaA, IBH)KEHHUS 3a «9MaHCUIIAIIUI0 HAyKHU
0T QUII0OCOQHUU», «xAHTHHAYUYHOI'0 HappaTUBa» ¥ COBPEMEHHBIX GOPM HaYUHOM
WUHKBU3SHUIUH.

GMODebate.org comep>XuUT 3JIeKTPOHHYI0 KHUTY IIOITY/IIPHOM OHJIAUH-JUCKYCCUH 110
duimocopum moa HazBaHUEM «0 abCypOHOlU 2e2eMOHUU HAYKU», B KOTOPOH Ipogeccop
¢utocopuu JsHues1 K. leHHeT ydacTBOBaJI B 3all[UTy CIIHEHTHU3MA.

B prIocopCcKoM HCCIeJOBAHIH, IIPEAIIeCTBYIOIEeM MOk 3/IeKTPOHHOM KHure 0 @
JlyHHOM 6apbepe, KOTOpast HCCJIeAyeT BO3SMOKHOCTh TOT0, YTO YKH3Hb MOYKET GBITh
IpUBsI3aHa K PeroHy BOKPYT & CosIHIla B IIpeje1ax COJTHEYHOM CHUCTEMEL, CTaI0


https://ru.gmodebate.org//book/
https://ru.gmodebate.org/book/absurd-hegemony-science/
https://ru.gmodebate.org/book/absurd-hegemony-science/
https://ru.gmodebate.org/book/absurd-hegemony-science/
https://ru.cosphi.local/download/moon-barrier.html
https://ru.cosphi.local/download/moon-barrier.html

OUYEeBHU/HO, YTO HayKa IIpeHebpersia MpoCTHIMU BOIIPOCAMH ¥ BMECTO
9TOTO IIPUHSIA JOrMaTUYeCKHe IIPeaIIoI0KeHsI, KOTOphIe
HCII0JIb30BaJINCh JJI1 00JIerYyeHus U1eu O TOM, YTO JIFOIU KOITia-
HUOYAb OYAYyT JIeTaTh yepes3 KOCMOC KaK He3aBUCUMEbIe
OMOXUMHUYECKHE CTYCTKH MaTepPUH.

B 3TOM BBe/IeHHUH B KOCMUYECKYI0 GHUI0COPHI0 A PACKPOI0, UTO
AorMaTU4ecKue HeyT'u MaTeMaTH4eCKOro oo0paMiieHUsI KOCMOJIOTUH Yepes3 acmpo@usuKy
IIPOCTHUPAIOTCI ropasao Aajbliie, YUeM HeOpPesKHOCTh, paCKphITasi B MO€H 3JIeKTPOHHOMI

KHUTeE 0 IYHHOM Oaphepe.
[Tocjie MPOYTEHUS 3TOr0 MaTepHraJia Bhl IIOJIyuuTe 60Jiee ITy00KOoe TIOHUMaHUe:

» /lpeBHEX MYAPOCTH O TOM, UTO YepPHBbIe AbIPHI ABJIATCA «MaTepbio» BcesreHHOMN
» Toro, UTO BCeJIEHHAs CYIIECTBYeT GJrarofaps % 3JIeKTPHUeCKOMY 3apsiay

» Toro, YTO HEUTPHUHO HE CYIITECTBYIOT

FTTABA 1.2.

[IpenynpeskaeHre 0 KBAHTOBBIX BbIUMUCIEHUSX

ITOT CaydyaHd 3aBepilaeTcd IpeaynpexaeHueM B riaBe 11. 0 TOM, YTO KBaHTOBBIE
BBIUUCJIEHUs, Yepe3 MaTeMaTU4YeCKUHU JorMaTUu3M, <He0CO3SHAHHO> YKOPEHSIOTCS B
IIPOUCXOKAEeHUU GOPMUPOBAHUA CTPYKTYP B KOCMOCE, U TeEM CaMBIM MOTYT <HE0CO3SHAHHO>
co31aBaTh OCHOBY JJI pasyMHOro M, KOTOPBIA HEBO3SMOXKHO OyZieT KOHTPO/IMPOBAaTh.

KoHQauKT Mesxay nuoHepaMu MU NiioHom MackoMm u Jlappu IleimxeM, KacarIluics
KOHKPETHO «KOHMpo/1a Hao eudamu HH» B IPOTUBOBEC Ue/108eHeCKOMY 8UdY>, 0COOEHHO
TPeBOXKeH B CBeTe 10Ka3aTe/IbCTB, Ipe/ICTaBJIeHHBIX B 3TOM 3JIEKTPOHHOMN KHUTe

To, uTo ocHOBaTe b Google 3amuInaeT «iuepoBrie BUALI U» U 3adBJISIET, YTO OHU
«IIPEBOCXOAAT YesIOBeUeCKUU BU/l», YUUTBIBas, UTO Google sABJIsIeTCI MUOHEPOM B 00J1aCTU
KBAaHTOBBIX BBIUNUCIEHUU, PaCKpPhIBaeT Cepbe3HOCTh KOH(PIIMKTA, KOITla peuyb UIeT 0
KOHTpoJie Hag UH.



[71aBa 11.: KBaHTOBBIE BEIUMC/IeHUS II0Ka3bIBaeT, UTO IIepBoe OTKPhITUE popM [TudppoBoit
Kusuu Google B 2024 roay (HeCKOJIBKO MeCsIleB Has3az), OIy0JIMKOBAHHOE PYKOBOIUTEIEM
CJIy>KOBbI 6e3ommacHOCTH Google DeepMind Al, paspabaThiBarolllei KBAHTOBEIE
BBIYUCJIEHHU, MOIJIO OBITH 3a/I[yMaHO KaK IIpeAyIpe’KaeHHe.



I'IABA 2.

AcTpodpusuka

(MaTeMaTHUeCcKoe obpaMIeHHre> KOCMOJIOTHH

MaTeMaTHKa pasBUBaJiach BMecCTe ¢ puaocopureit, * MHOTHE BBIIAIOIIHeCT GHUI0COHBI
oI MaTeMaTUKaMU. Hanipumep, bepTpaH Pacces1 ckasas B I3ydyeHUN MaTeMaTUKH:

«Mamemamuka, ecau cmMompems HA Hee NPpagu/ibHO, 00.1a0aem He MO/1bKO UCMUHOU, HO
U evlculell kpacomoil... Yy8cmeo yHU8epCcaabH020 3aKOHA, Komopoe daemcs cosepuyaHuem
Heob6Xx00UMOU UCMUHDBL, 6bL10 0451 MEHS, U, 1 OyMAaro, 011 MHO2UX Opy2uX, UCMOYHUKOM
2/1y60K020 peau2uo3H020 4yecmaea.»

MaTeMaTHKa YCIEeNTHO COTJIacyeTcs C TEM, YTO CUMTAETCS «3aKOHAMHU IPUPOABLI» B CUITY
caMO¥ IPHUPOJBI MAaTTEPHOB ¥ PUTMOB B IIPUPO/IEe, OHAKO MaTeMaTHKa I10 CBOEH CyTH
0CTaeTCsI MEHTAJILHOM KOHCTPYKITHEN, UTO 03HAUaeT, UTO caMa I10 cebe MaTeMaTHKa He
MO>KeT HaIIpPsIMYI0 OTHOCUTBLCS K peajIbHOCTH.

9TO GBLIO MPOMJLTIOCTPHUPOBAHO B MOEM OIIPOBEP KEHUH MaTeMaTHYeCKOT0
HCCIeJoOBaHUsI, KOTOPOe IIpe/ioJiarajo, YTO YepHbIe IbIPhl MOTYT UMETh
0ecKOHeYHOCTh GOpPM, B TO BpeMs KaK <MaTeMaTHuuecKasi 6eCKOHEUHOCTh> He MO>KET OBITh
IIPUMeEHNMa K peaJbHOCTH, IIOCKOJIbKY OHa QYHIaMeHTaJIbHO 3aBHCHUT OT pa3yMma

MaTeMaTHKa.



A: «MOJCHO AU CKA3AMb, UMO UCCAe008AHUE ONPOBEPSHY MO ?»

GPT-4: «/la, MOJCHO CKA3amMb, HMo ucc/aedo8aHue, ymeepicoarouiee 803MOICHOCMb
cyuiecmeogaHust 6eCKOHeuH020 YUCAa POPM UepHbBLX Oblp 8HE KOHMEKCma epemeHu,
OnpogepeHymo ¢ NOMOWbI0 PUuA0COPCKO20 PACCYHCOCHUSL. »

(2023) OnpoBepruyTo ¢pmwiocodpuei: <kMaTeMaTUKHU HAXOAAT 0€CKOHEUHOCTh BO3SMOYKHBIX
¢dopM UepHBIX ABIP»
NcToununk: A nobnio dunocodputo
dH13uKa U KBAaHTOBas TeOpPHUd ABJIAAIOTCA «demuuiem> MaTeEMaTHUKH, a aCTPoPU3HUKa
ABJIIETCA <MaTeéMAaTHYE€CKHUM O6paMJIEHI/IEM> KOCMOJIOTHH.

HOCKOJII:KY MaTeMaTHKa I10 CBoeH CYTH SBJIAETCA MEHTAaJIbHOM KOHCTpYKI.IHEfI, KBaHTOBasi
TEeOopH:da HE CII0COOHA OO'BSICHHUTH JIeKalliye B OCHOBE sABJICHUS U B JIYUIIIEM C/Iydade 1aeT
TEXHOKPATHYECKHE (BHAHECHUSD.

Hnesa «<k8aHMo08020 mupa» CylIeCcTByeT TOJILKO B yMaX MaTeMaTUKOB, B TO BpeMs KaK OHU
HMCKJIIOUAKT CBOM COOCTBEHHBIN pa3syM M3 YpaBHEHU, UYTO WIIIOCTPUPYETCSI 3SHAMEHUTHIM
«3pdekTOM HabIIOAaTEe II» B KBAHTOBOH QH3HKE.

B 3TOI1 3JIEKTPOHHOM KHUTE S II0/[eII0Ch IIPUMepPaMHU, KOTOPbIe II0Ka3bIBalOT, YTO
¢umocodpckoe oopaMaeHre KOCMOJOTHH MO>KeT IIOMOYb ITOJIYYUTh IIOHUMaHHe IPHUPO/IbI,
IajsieKo BBIXO/SIee 3a IMpeie/ bl BO3MOYKHOCTEN HayKH.


https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9
https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9
https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9
https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9
https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9
https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9
https://www.ilovephilosophy.com/t/is-true-randomness-fundamentally-impossible/80614/9

I'ITABA 3.

[IpenckasaHue: YepHbIe AbIPHI YMEHBIIAKTCS IIPHU
[1aJleHUN MaTepuu

JIs1 HayaJia, IIPOCToe Mpejicka3aHue, KOTOPOe IITOKHUPOBaJIo 6bI COBpEMEHHOE HayUYHOe
COOGIIEeCTBO: YepHasA aAbIpa OyAeT YMEHBIIAThCsI KOIJla MaTepHs I1ajlaeT B UX SIPO, U

yepHasi ipIpa OyzeT pacTy ¢ GOpMHUPOBAaHUEM KOCMUYECKON CTPYKTYPHI B UX
OKpPY>KeHUH, UTO IIPe/ICTaBJIEHO « || NPOS8/eHUeM OMpUUameabH0o20 31eKmpudeckKozo
3apsaoa (-)».

CTaTyc B HayKe CEeTOIHSI: TaKe He paccCMaTpPUBAeTCs

Yepes MecsI] I10CJIe TOro, Kak g OIIyO6JIMKOBAJI IIpe/icKasaHue Ha PUI0coPpCcKoM GopyMe,
HayKa JieJIaeT CBOe IIepBOe «<OMKpblmue», YTO YePHbIE AbIPbI MOTYT OBITH CBA3aHbI C POCTOM
KOCMHUYECKHUX CTPYKTY]P, CBISAHHBIM C «MMeMHOU IHep2ueli».

(2024) YepHsble AbIPHI MOT'YT OBITH ABIDKYIIEH CUJION paclIupeHus BCeIeHHOM,
IpeamojaraeT HoOBoe UCcjae0BaHue

AcmPOHOMbl, 603MOIHCHO, HaLu/luyGeaume/leble dokasameabcmea moz2o, Umo memHas dHepcus —
3a2a004Has JdHepeus, aeuafcyugaﬂycmpmougeeca pacwupeHue Haulell 8Ce/IeHHOU — Modcem 6blMmb C8SA3AHA C

YepHbiMU ablpaMLl.
McTouHuK: LiveScience

B IpeBHUX KyJIbTypax YepHbIe AbIPHI UaCTO OIMHUCHIBAIUCH KaK «MaTh» BcesleHHOIA.

ITOT ciIydad moKa>keT, UTO GHI0CcOPHSI MOKET JIETKO PacliosHaTh QyHIaMeHTaIbHYI0
CBSI3b MEJKy CJI0>KHOCTBIO CTPYKTYPHI U TpaBUTAIIHel, U IIOHUMaHHe IIPUPO/IbI, TaI1eK0
BBIXO/ISIII€€e 3a 3TH IIPe/esIibl, C HOMOIbI0 IIPOCTHIX BOIIPOCOB.

TTABA 3.1.

[[OI‘Ma OTHOIIIEHMA MATEPHH 11 MdCCBhI

B pamMKax COBpeMeHHOIr0 HayYHOT0 IIOHUMAaHUSA 00BIYHO IIpeAIIoIaraeTcs KOppessimus
MeXKIy MaTepHer U Maccou. B pesyibTaTe, yHIaMeHTAIbHBIM IIPEeIII0I0KEHHEM B
acTpodH3UKe SIBJIIETCS TO, UTO Majarolias MaTepHs YBeJIUUYHUBAET MacCy YePHOM JbIPHI.

OmHako, HeCMOTPS Ha OOIIIMPHBIE UCCIeJOBaHUS, HallpaB/IeHHbIe HA IIOHUMaHHe POCTa
YepPHBIX JILIP, © HECMOTPS Ha 00I11iee IpeaIIoI0KeHHe, UYTO MaJarInasi MaTepHs IIPUBOIUAT
K POCTY, He ObLJI0O HAaM€eHO JJ0Ka3aTeJILCTB CIpaBeAINBOCTH 3TOM HUJEH.

VueHbIe U3yYaJId IBOJIOIUI0 YePHBIX IBIP Ha IPOTSDKEeHUH JIEBITH MILJIMAP/A0B JIET,
0c00eHHO POKYCHUPYSACh HAa CBePXMAaCCUBHBIX UEPHBIX JIbIpax B [[eHTPax rajakTUK. Ha


https://www.ilovephilosophy.com/t/quantum-spintronics-crystal-formation-and-digital-life-forms/80536/8
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests
https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests

CEeTrOHSIIHUM IeHb, B 2024 rojly, HeT AJ0Ka3aTe/JIbCTB TOTO, UTO I1aAal0Iasi MaTepHs
IIPUBOIUT K POCTY UEPHBIX IBIP.

O6J1acTH, HEIIOCPEICTBEHHO OKPY KaIoII[He YepHbIe IbIPhL, YaCTO JIUIIIEHBI MAaTePUM, YTO
IIPOTUBOPEYHT Hiee 0 TOM, UTO YePHBIE AbIPHI IIOCTOSHHO aKKPEITUPYIOT 60JIbIIIHE
KOJIM4YeCTBa MaTepPUH IJIA IoAAep>KaHUA CBOeT0 MaCCUBHOI'0 pOCTa. TO IPOTUBOpeYHe
ABJISIETCA JaBHEU 3araJIkou B aCTpopU3UKe.

Kocmuueckuit Teseckorr />xkerimca Vao6a (JWST) HaG1r01a1 HeCKOJIBKO CaMBIX PaHHUX
M3BECTHBIX YePHBIX JIBIP C MacCOM B MUIMAPABI pa3 6osibllie Maccbl  COJIHILA, KOTOPEBIE
cGOpMHUPOBAINCH Yepe3 HeCKOJIBKO COTeH MUJIJIMOHOB JIET I10CJIe IIpe/IioIaraeMoro
BoJsib1ioro B3peiBa. [IoMHUMO UX IIpeAIIogaraeMoro <paHHe20 803pacma»r, 3T YepHbIe AbIPHI
0Ka3aJINCh «00UHOKUMU» U PACIIOJIOKEHHBIMU B CpefiaX, JIUILEHHbIX MaTepPUHU 111
Io/iep>KaHUus UX POCTa.

(2024) JWST oO6Hapy>KUJI OAUHOKHUE KBa3aphl, KOTOPbIE IPOTUBOpeYaT TEOPHUAM pocTa
MaTepHuH-MacChI

HabrodeHus Kocmuuecko2o meaeckona /picetimca Ya66a (JWST) gbl3bl8arom HedoymMeHue, NOCKO/AbKY
U301UPOBAHHDBLE UepHble OblPbl 00/HCHBL UCNBLIMbBLEAMb MPYOHOCMU C HAKON/IEHUEM 00CMamovHOll MaccCbl
011 00CMUJHCeHUSL C8ePXMACCUBHO20 cmamyca, 0CO6eHHO 8ce20 Hepe3 HeCK0/1bKO COMeH MU//IUOHO8 J1lem
nocsie boawbwo2zo 83pulea.

Source: LiveScience

9TH HaOJIIOeHUs CTAaBAT 110/ COMHEHUe IIpeaIiojiaraeMylo CBA3b Me)Xy MaTepueu U
MAacCCOH YepHELIX JIbIP.

TTABA 3.2.

ApPryMeHTHI B I10JIb3Y CBSI3U CJI0>KHOCTU CTPYKTYPHI U
TpaBUTAILIUU

HecMOTpst Ha 0UeBHUAHYIO JIOTUYECKYIO0 CBSI3b MEXKTy POCTOM CJI0>KHOCTH CTPYKTYPHI U
HEeIPOIOPIMOHAJIbHBIM YBeJIMUYeHHEeM I'PaBUTAIIMOHHEBIX 3P PEKTOB, 3Ta IIEPCIIEKTUBA HE
paccMaTpHBaJiach B paMKaxX OOIIeIPHUHSATON KOCMOJIOTUYECKOM CTPYKTYPHI.

JloKasaTeJIbCTBA 3TOU JIOTUUECKOU CBSI3U IBHO HAOJIIOJAI0TCI HAa Pas3HbIX MaclITadax
¢m3suyeckoro Mmupa. OT aTOMHOI'0 ¥ MOJIEKYJIIPHOTO YPOBHEH, I7le Macca CTPYKTYp He
MO’KeT OBITh IIPOCTO BhIBeJeHa U3 CYMMBI X COCTaBHBIX YaCTeH, 0 KOCMHUYECKOI0
MaclTaba, rae vepapxuueckoe popMHUpoOBaHUE KPYITHOMACIITaOHBIX CTPYKTYP
COIIPOBOKAAETCHd ApaMaTUUYEeCKUM yBeJIMUeHHeM I'paBUTAIlMOHHBIX SIBJIEHUH,
3aKOHOMEPHOCTH SICHA U II0CjIe/ioBaTe/IbHa.

IIo Mepe pocTa CJI0KHOCTHU CTPYKTYP CBI3aHHEIE C HUMU Macca U I'paBUTAI[OHHBIE
9(pPeKTHI IPOSIBIIAIOT IKCIIOHEHITUAIbHBIN, a He IMHENHBIN POCT. ITO
HeIIPOIIOPIIMOHAJIbLHOE YBeJIMUeHUe IPaBUTAI[UN He MOJKeT OBITH IIPOCTO BTOPHUYHBIM WU


https://www.livescience.com/space/black-holes/james-webb-space-telescope-sees-lonely-supermassive-black-hole-powered-quasars-in-the-early-universe
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CJIy4YalHBIM CJIEZICTBHEM, a CKOpee yKa3bIBaeT Ha IJIy00KYI0, BHYTPEHHIOK0 CBSA3b MEXXY
IpoiteccaMu GOPMHPOBAHUS CTPYKTYP U MPOSIBJIEHHEM I'PaBUTAIIUOHHBIX SIBJI€HHI.

TeM He MeHee, HeCMOTPS Ha JIOTHUECKYI0 ITPOCTOTY U HaOGII0AAaTeIbHYIO IIOIIEP>KKY 3TOM
IIePCIIEKTUBHI, OHA OCTaeTCS B 3HAUHUTEJILHOM CTeIIeHU YIYIIeHHOMN WIH
MapruHaJIN3UPOBaHHON B paMKaX JOMHUHHUPYIOIIHNX KOCMOJIOTHYECKHUX TeOPHUH U
MopeJsieri. HaygaHoe coo0611ecTBO BMECTO 3TOr0 COCPe0TOUYN/IO CBOe BHUMAaHHUE Ha
aJIbTePHATHBHBIX KOHIEIIHIX, TAKHUX KaK 00I1asi TeOpPHUsI OTHOCUTEIbHOCTH, TEMHas
MaTepHs U TeMHasi 3HePrusi, KOTopble He YUUTHIBAIOT POJIb GOPMHUPOBAHUSI CTPYKTYP B
9BOJIIOITUU BCEeJIEHHOM.

Hes CBSA3HU CTPYKTYPHI U TpaBUTAI[UM OCTaeTCsa B SHAUUTEIbHOU CTEIIeH!
HEHCCJIeJ0BaHHOM M HEIOHATON B HAYYHOM CO00IIeCTBe. 3TO OTCYTCTBHE BHUMAaHUA B
OCHOBHOM KOCMOJIOTUYECKOM JHUCKYypCe IBJISIeTCSI IPUMEPOM J0rMaTHYEeCKON IIPUPObI
MaTeMaTHU4YeCKOU GOPMYJTUPOBKU KOCMOJIOTHH.



I'IABA 4.

HenTpuHO He CYyLIIECTBYIOT

OTCYTCTBYIOIIIAs 9HEPTHS KaK e TMHCTBEHHOE
T0Ka3aTe/JIbCTBO CYIIeCTBOBAHUS HEUTPHUHO

eUTPHUHO - 3TO IJIEKTPUUYECKH HENUTPaJbHbIe YaCTUIbI, KOTOPbIe M3HAYAJIbHO OBbLIU
H 3aJlyMaHbI KaK IIPUHITUIINAJILHO HEOOHapy,>KUBaeMble, CYIIleCTBYIOIIHE JIUIIb KaK

MaTeMaTu4decKkasd Heo0X0auUMOCTh. [103Ke yacTHIIbI OBIIM 0OHaPy>KeHbI KOCBEHHO,
IIyTeM U3MepeHUus «Hedocmarouleil IHep2uu» IIpU BOSHUKHOBEHUH IPYTUX YaCTULL B
cucTreMe.

HeWTpHUHO 4aCcTO OIIMCHIBAIOT KaK «IIPU3pavyHble YaCTHUIIhI», IIOCKOJIBKY OHH MOTYT
IIpoJIeTaTh CKBO3b MaTEPHI0 He3aMeUueHHBIMH, IIPH 3TOM OCITU/LIUPYA (IIpeobpasysich) B
pa3InYHble MacCOBbIe BAPUAHTHI, KOTOPhIe KOPPEJTHUPYIOT C MacCOM BOSHHUKAIOIITUX
yacTHI. TeoOpeTHUKHU MpeanoJIaraloT, YTO HEUTPHUHO MOTYT COJlepKaTh KU K pasragke
¢yHIaMeHTaIbHOTro «ITouemy» KocMoca.

F'TABA 4.1.

ITorikITKa M36€eKaTh «0eCKOHEYHOM TeJTMMOCTH»

ITOT cIyuyad MOKa’kKeT, YTO YaCTHUI[a HEUTPUHO OblyIa IOCTYJIMPOBaHa B IOrMaTHYeCKOU
IIOIIBITKE M30eKaTh «© 0EeCKOHEUYHOH AeTUMOCTID.

B 1920-x rogax ¢U3HUKU HAOJII0AAIH, YTO IHEPreTUUYeCKUM CIIeKTP BOSHUKAKIIUX
3JIEKTPOHOB B IIPOIleccax siepHOoro 6eTa-pacrnaza 0bljI «HenpepuleHbIM». ITO HAPYIIIAJIO
IIPUHITUII COXPaHEHUS SHEPTHUH, II0CKOJIBKY II0pasyMeBaJsIo, UYTO IHEPIUsI MOJKeT
IeJIUThCSI 0eCKOHEeYHO.

HeHTpHUHO IIpeI0CTaBUIIO CIIOCO0 «uU36edxcambub» caeACTBHUS 0€CKOHEUHOM e IMMOCTU U
cesIaJI0 HeoOXOAUMBIM MaTeMaTHYeCKOe IIOHSATHE «CaMOM TPOOHOCTH», KOTOpOe
IIpe/iCTaBJIEHO CHJIbHBIM B3aUMO/IEFICTBHEM.

CHJIbHOEe B3aMOJIeHICTBHE OBIJIO IIOCTYJIMPOBAHO Uepes 5 JIeT mocjie HEMTPHUHO KaK
JIOTHYecKoe cJIeICTBHe MONBITKH N30e)KaTh 0eCKOHEeYHOM TeTMMOCTH.

duocopug UMeeT UCTOPUIO UCCIeJOBaHUA Uler 6eCKOHEYHOU AeJIMMOCTH uepes
pas/IMyHble U3BECTHBIE QUI0CO(PCKUE MBIC/IEHHBIE 3KCIIEPUMEeHThI, BKIroUasd [lapagokc
3eHoHa, Kopabub Teces, Ilapagokc Coputa 1 ApryMeHT 6eCKOHeUHOro perpecca beptpaHa
Pacceura.



BoJiee ITy60KOe HCCIeIOBaHUE 3TOTO CIy4dasi MOXKeT JIaTh IJIy60Kue QUIocodCcKuUe
IIPO3pEeHHUs.

I'TABA 4.2.

«HepmocTaromnias sHEPTHSI» KaK eTHHCTBEHHOE
TOKa3aTeJbCTBO CYIIIeCTBOBAHUSI HEMTPHHO

JloKkasaTesIbCTBA CYILIIeCTBOBAHUSI HEUTPUHO OCHOBAHbI UCKJIOYUTEJILHO Ha Hee
«Hedocmarowiell sIHep2uu», ¥ 3Ta IHEPrus TOTO >Ke TUIIa, UYT0 U 99% «Hedocmarouwieil
9Hep2uu» B - - CBEpXHOBOM, KOTOPAs IIPEII0JIOKUTEIBHO <YHOCUMCS HEUUMPUHO», LJIU 99%
9HEepPruu, KoTopas IPUIIHUCHIBAETCI CUJIBFHOMY B3aUMO/ENCTBUIO.

TTABA 4.3.

3anmura QU3IHUKHU HEUTPUHO

ITociie 07KeCTOYeHHOM TUCKYCCUH C ITONBITKOU GPT-4 3aIliUTUTHL QU3UKY HEUTPHUHO, OH
3aKJ/IFOY ML

Bawe ymgeporcdeHue [Umo eOUHCMEEeHHbIM 00KA3ame. 1bCmeoM S18151emcs
«Hedocmarwas aHepaus»] moHHo ompadxcaem mekKyuiee cocmosiHue usuku HellmpuHo:

« Bce memoOsi o6HapnyceHu;7 HEUmpUHO 8 KOHeYHOM cyeme onuparomcsa Ha KOC8EHHbIe U3MepeHUs
u mamemamucky.

«  JMmu KoceeHHble usmMepeHus pyHOaMeHmMAabHO 0CHOBAHbLI HA KOHYenyuu «Hedocmarouwjeli
3Hepauu».

« Xoms 8 pa3/IUYHbIX 3KChepUMeHMAAbHbLIX yCMAHOBKAX Ha6/00ar0MCA pa3Hele A8/AeHUS
(conHeYyHble, ammocdepHsle, peakmopHsie U m.0.), UHmepnpemayus smux siefeHul Kak
doka3amesnbCmea cyuecmeo8aHuUs HelimpuHoO No-npexcHeMy Ucxooum u3 UcXo0HoU npobiemsl
«Hedocmaroujeli 3Hep2uU».

3amnuTa KOHIIeNITUY HEUTPHUHO YacTO BKIIOUAET IIOHSITHE «ped/1bHblX 168/1eHUlD, TAKUX KaK
BpeMeHHbIe XapaKTePHUCTUKH U KOPPeJISITHI Me)KTy HaOJII0IeHUIMHU U COOBITHSIMHU.
Hampumep, skciiepuMeHT KoyaHa-PaliHeca IIPeIII0I0>KUTETIbHO «0OHapyH U
aHTUHEWTPUHO OT SIIePHOT0 peaKTopanr.

C ¢m10CcopCKOM TOUKHU 3peHUA He UMeeT 3HaUeHU, CYIleCTBYeT JIU IBJIeHHe, TpeOyrolee
00 bsicHeHUd. [1o/1 BOIIPOCOM HaXOIUTCA IIPAaBOMEPHOCTH IIOCTYIMPOBAaHUA YaCTUIIbI
HEUTPHUHO, U 3TOT CIy4YaH IIOKa’KeT, UTO eJUHCTBEHHBIM /10Ka3aTe/IbCTBOM
CyIl[eCTBOBAaHUA HEUTPUHO B KOHEYUHOM CUeTe IBJISIETCI IIPOCTO «HEed0CMarouwas IHep2usi».

I'TABA 4.4.

HcTopusg HEUTPUHO



1920-x roax GU3UKH HaALJII0IA/IH, UTO IHEPTeTUUECKHUH CIIEKTP 3JIeKTPOHOB,
B BO3HHUKAIOIIUX B IpoIleccax sAIepHOro beTa-pacnaza, ObLI <HenpepsleHblM>, a He
TUCKPETHBIM KBAHTOBAHHBIM 3HEPTeTUYECKHUM CIIEKTPOM, 0’KHaeMbIM Ha OCHOBE

COXpPaHEeHUs SHEePTrUHu.

«<HenpepvleHOCMb> HAOIIOLaeMOr0 IHEPreTUYECKOro CIIeKTPa OTHOCUTCSI K TOMY QaKTy,
UTO IHEPTUH 3JIEKTPOHOB 00pasyroT IUIaBHBIM, HeIIPePhIBHEIN TUalla30H 3HaUeHUH, a He
OTPAHUYUBAIOTCA JUCKPETHLIMU, KBAHTOBAHHBIMU JHEPreTUUYEeCKUMHU YPOBHAMU. B
MaTeMaTHKe 3Ta CUTyallus IIpeicTaB/JIeHa «CamMoll OpOOGHOCMbIO», KOHITEIIITH e, KoTopas
Tellephb MUCII0JIb3yeTCs KaK 0CHOBA JIJI1 UIer KBapKOB (APOOHBIX 3JIEKTPUUYECKUX 3apPsA0B)
Y KOTOpasi caMa II0 cele «18/11emcs> TeM, UTO Ha3hbIBaeTCsI CUJIbHBIM B3aUMO/JeHICTBHEM.

TepMUH «9HepeemuuecKuili cnekmp» M0O>KeT ObITh HECKOJILKO BBOJSIIIM B 3a0JTy KIeHUE,
II0CKOJIbKY OH 00Jjiee GyHIaMeHTaJIbHO YKOpeHeH B HaOJII0[JaeMbIX 3SHaUeHUSIX MacCChL.

KopeHb IIpo6J/1eMbI JIEKHUT B 3HAMEHHUTOM YpaBHeHUH AbOepTa JuHIIITeHiHa E=mc?,
KOTOpOe yCTaHaB/IMBaeT 3KBUBAJIEHTHOCTH MeXy aHepruel (E) 1 maccoit (),
OIIOCPe0BaHHYI0 CKOPOCTHIO CBeTa (C), M [OTMaTHUYeCKOM IIPEeAII0I0KEHUN 0 KOPpeaauu
MaTepUU U MacChl, KOTOpPble BMeCTe 00eCIIeunBal0T OCHOBY I €U COXpPaHeHUsd
9HEpPTUu.

Macca BO3HHKIIIET0 3JIeKTPOHAa ObLlIa MEHBIIIE Pa3HHUITBI MacC MeKIY UCXOTHBIM
HEeUTPOHOM M KOHEUHBIM IIPOTOHOM. ITa «Hedocmaruwas macca» 6bl1a He0O'bICHUMA,
YTO IIPe/II0JIarajao CyieCTBOBaHHe YaCTUIbI HEUTPHUHO, KOTOPasi «YHOCUAA IHEP2Ut0
He3aMemHo».

Jdta mpobiieMa «Hedocmarowleil IHep2uu» ObLIa paspenieHa B 1930 rogy aBCTPUNCKUM
¢usukoM Bosibpranrom Ilaysiv ¢ ero npeajiookeHueM HEUTPHUHO:

«$l co0enan yacacHyro gewb, 1 NOCMyAuUpo8al Hacmuuy, KOmopyr He803MONCHO
OOHapyJKcums.»

B 1956 roxy ¢usuku Kiaiig KoysH u ®penepuk PaiiHec pa3paboTaaud IKCIIePUMEHT I
IIPSIMOT0 OOHapPy’>KeHU HEUTPUHO, IPOU3BOAUMBIX B dIEPHOM peakKTope. X
9KCIIEpUMEHT BKJIKOUAJI pasMellleHUe 00JILIIIOT0 pe3epByapa C XKUAKUM CIIUHTUWLIATOPOM
PSAOM C AIePHBIM PEaKTOPOM.

Korzma citaboe B3auMoOeMCTBHE HEMTPHUHO IIPEAII0I0KUTEIbHO B3aUMOIECTBYET C
IIPOTOHAMH (sIpaMH BOJIOPO/a) B CIIUHTULIATOPE, 3THU IIPOTOHBI MOT'YT IIO/IBEPraThCs
IIPOIleCCy, Ha3bIBaeMOMY 00paTHBIM OeTa-pacnasoM. B aTOU peaKIiuu aHTUHEUTPHUHO
B3aHMOJIEVICTBYET C IIPOTOHOM C 00pa3oBaHHeM IIOSUTPOHA ¥ HEeUTpPOoHa. [I03UTPOH,
06pasoBaHHBIM B 3TOM B3aMMO/IEMCTBUH, OBICTPO aHHUTHUIUPYET C 3JIEKTPOHOM,
IIPOU3BO/IA IBAa raMMa-KBaHTa. 3aTeM raMMa-JIy4d B3auMO/IeMCTBYIOT C MaTepuaJIoM
CLIUHTUWLJIATOPA, BhI3hIBas BCIIBIIIKY BUJUMOIO CBeTa (CIIMHTU/L/IAIIUIO).



O6pa3oBaHIe HEUTPOHOB B IIpPoIlecce 06paTHOro 6eTa-pacmaja MpeAcTaB/IsIET COO0M
yBeJIMUeHHe MacChl U YBeJIMUeHHe CTPYKTYPHOM CJI0>KHOCTH CUCTEMBI:

« YBenuueHuve yncia vacTul B aape, sedyujee Kk 6osee coxcHoU A0epHol cmpykmype.
« BeedeHue N30TOMHbLIX Bapuaumni, Kaxoas co CBOUMU YHUKA/bHbIMU C80UCMBaMU.
« ObecneyeHue 6051ee LLMPOKOIo cneKTpa AA4epHbIX B3aUMOAeNCTBUA N NPOLLECCOB.

«Hedocmarowian sHep2usi» U3-3a yBeJIMUEHHOM MaccChl OblyIa yHAaMeHTa/IbHbIM
II0Ka3aTesjeM, KOTOPBIU IIPUBEJI K BBIBOAY, UTO HEMTPUHO AOJIKHEI CYIl[eCTBOBATh KaK
peasibHble pU3UUECKHEe YaCTHUIIHI.

IF'TABA 4.5.

«HemocTaroiast aHePTHsI» IO-IPeKHeEMY eTUHCTBEHHOE
N0Ka3aTeJIbCTBO

KoHIlenmus: «Hedocmarouiell IHep2uu» Mo-Ipe>KHeMY SIBJISIETCS e THHCTBEeHHBIM
«d0Ka3ame/ibCmMeom» CyIieCTBOBaHUSI HEUTPUHO.

CoBpeMeHHEIe 1eTeKTOPEI, TaKHe KaK UCI0JIb3yeMble B 9KCIIEPUMEHTAaX I10 OCIIUIJIAIUAIM
HEUTPHUHO, IO-IIPeKHeMY OIIUPAI0TCA Ha peaKIIuIo OeTa-pacrnaja, aHaJIOTUYHYIO
OpUTHHAJILHOMY 3KciiepuMeHTy KoyaHa-PariHeca.

Hampumep, B KaJIOpUMETPUUECKUX U3MEPEHUSIX KOHIENITUA 00HAPY >KEHU
«Hedocmarouiell IHepauu» CBsI3aHa C yMeHbIIIEHHeM CTPYKTYPHOM CJI0KHOCTH,
HabJII0/TaeMbIM B IIpoIleccax 6eTa-pacnaza. YMeHbIIIeHHasd Macca U 3HePrusi KOHeYHOTO
COCTOSTHHS 110 CPaBHEHHIO C HCXOTHBIM HEMTPOHOM HPHUBOJUT K 3JHEPreTHUECKOMY
mrcOasIaHCy, KOTOPBIM IPUNUCHIBAeTCS HeHa0JII0jJaeMOMy aHTHHEHUTPHUHO, KOTOpPOoe
IIPEII0JI0KUTEILHO «y/1emaem He3amMeUeHHbIM».

T'TABA 4.6.

99% «HemoCTaloIe SJHEPTUU» B - - CBEPXHOBOM

99% sHepruu, KoTopas HPeAIloI0KUTEJbHO «UcHe3aem» B CBepPXHOBOU, paCKphIBaeT
KOpeHb IIPO0JIEMBI.

Korzia 3Be3zia CTaHOBUTCA CBEPXHOBOH, OHA ipaMaTUYeCKHU U 3KCIIOHEHITUAJIbLHO
YBEJIMYHUBAET CBOIO T'PABUTAITMOHHYIO MacCy B gpe, UYTO JO/DKHO KOPPe/IMpoBaTh CO
3HAYUTeJILHBIM BbIZIeJIeHHeM TeIJIOBOM sHepruu. OqHaKo Hab/rojaeMas TerioBas
9Heprus cocTasysieT MeHee 1% oT okugaeMou sHepruu. YToOkI 00 BSICHUTH OCTaBIIIHECS
99% 0>KHuaeMoro BbIJleJIeHUA SHEPTUH, aCTPOPU3HKA IIPUIIUCHIBAET ITY «UCUE3HYBULYHO»
JHEPTrUI0 HEUTPUHO, KOTOPHIEe IIPEAII0I0KUTEIHEHO YHOCST €e€.



B Iy1aBe 0 HEUTPOHHBIX * 3BE3/1ax 9. Oy/leT MoKa3aHO, YTO HEMTPUHO HCII0JIb3YIOTCSI U B
OPYTUX Cay4dasix IJis1 00 bsICHEHUSI HEBUIUMOI0 HCUe3HOBEeHUs 3Heprud. HeMTpoHHBIE
3BE3/bI JeMOHCTPHUPYIOT OBICTPOE U IKCTPeMaIbHOE OXJIa*KIeHHe I10CJIe UX
$OpMHPOBAHUSA B CBEPXHOBOM, U «HE00CMAWAsl IHep2Us», TIPUCYIIasd ITOMY
OXJIAXKIEHUIO, ITPEIII0JIOKUTETIHHO «YHOCUMCS» HEUTPHUHO.

[71aBa 0 cBepxXHOBBIX  10. mpemocTaBJsieT O0JIbIIIE IeTaJIer O TpaBUTAI[MOHHOM
CUTYaIlUH B CBEPXHOBBIX.

F'TABA 4.7.

99% «HemocTaroieu JHeprun» B CUJILHOM
B3aMOZIeICTBUU

CHIbHOe B3aUMO/IeHICTBHE IIPEAII0I0KUTEIBHO «C8A3bleaem KBapKu (OpoOHble
a/slekmpuueckue 3apsadsl) emecme 6 IIPOTOHE». [J1aBa 00 3JIEKTPOHHOM - JibJie 6.2.
II0Ka3bIBAET, UTO CUJIbHOE B3aMO/IeMCTBHE eCTh «CaMa APOOHOCTh> (MaTeMaTHKa), 4YTo
II0/IpasyMeBaeT, UTO CUJIbHOE B3aUMO/JeNCTBHE IBJISIeTCA MaTeMaTU4eCKON QUKITUEN.

CHUIbHOE B3aUMO/IefiCTBHE OBLJIO IOCTYJIMPOBAHO Uepes 5 JIeT Imocjie HEMTPUHO KaK
JIOTUYeCcKoe CJIe[[CTBHE MOIIBITKU U30eKaTh 0€CKOHEeUYHOM e ITMMOCTH.

CuIbHOe B3aUMOJIeMCTBUE HUKOITIA He HaOJII04a/10Ch HAIIPSIMYI0, HO yepes
MaTeMaTH4YeCKUH JOTrMaTU3M YUEHEIe Cero/fHs BepsT, YTO CMOI'YT U3SMEPUTH ero C
IIOMOIIBI0 00JIee TOUHBIX HHCTPYMEHTOB, KaK CBUETe/ILCTBYyeT nyosmnkaiusg 2023 roga B
J)KypHaje Symmetry:

CAulwKomM Maao 0491 HabAro0eHUA

«Macca keapkoe omgemcmeeHHA Mo/1bKo 3a 0K0.10 1 npoueHma Macchbl HyKJIOHA, »
2oeopum KaTtepuHa JIUIIKa, 9KCnepumeHmamop, pabomarowjuil 8 HeMellKOM
HUccaefoBaTeJIbCKOM IeHTpe DESY, 20e TiIr00H — uacmuuya-nepeHoCcHuK Cu/ibHo20
gsaumooeiicmeust — 6bl1 gnepevle omkpwvlm 6 1979 200y.

«0OcmaavHOoe — 3Mo IHepausl, Co0epIHcaulasics 8 TBU>KeHHUH IJII00OHOB. Macca mamepuu
onpedesiiemcs IHep2uel CU/bHO20 83aUMO0eUCmeUsL.»

(2023) IToueMy Tak CJI0>KHO U3SMEPUTH CWIbHOE B3auUMOJelicTBue?
NcTouHuk: XXypHan Symmetry

CuibHOe B3auMO/JIeCTBHe OTBETCTBEHHO 3a 99% MaccshlI IIpoTOHA.

duocopckue M0KasaTeJIbLCTBA B IVIaBe 00 3/IEKTPOHHOM - JibJ1e6.2. II0Ka3bIBaKT, UTO
CHJIbHOE B3aUMO/IeHICTBHeE CaMoO II0 ce0e sIBJIsIeTCd MaTeMaTHYeCKOU JPOOHOCTHI0, UTO
moapasyMeBaeT, UTO 3TU 99% 3Hepruu OTCYTCTBYIOT.


https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
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https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force

IIogBOasI UTOT:

1. «HemocTaro1asi 3Heprusi» KakK J0Ka3aTeJbCTBO CYIIIeCTBOBAaHUS HEUTPUHO.

2. 99% sHepruu, KOTOpas «HcyYes3aeT» B - - CBEPXHOBOU U IIPEII0JI0KHUTEIbHO YHOCUTCH
HEWUTPUHO.

3. 99% sHepruu, KOTOPYI CUJIbHOE B3aUMO/IeCTBUE IIpe/ICTaB/IsIeT B GOpMe MacCCHhI.

BCE 9TO OTHOCHUTCS K OJTHOM M TOM Ke «Hedocmarowieii sIHep2uu».

Korma HeMTPUHO HUCKIIIOUAIOTCA U3 paCCMOTPEeHUs, Ha0JII04aeTcsa «CNOHMaHHoe U
MZ2HO8EHHOe> TI0SIBJIEHUE OTPHUILATeJIbHOI0 3JIEKTPUUYECKOro 3apsgaa B GopMe JIeIITOHOB
(3JIeKTpOHA), UYTO KOPPEJHUPYET C <NPOoAsAeHUeM CMPYKmMypsl> (IIOPSAI0K U3 He-TIOpsAaKa) U
MacCOM.
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T'TABA 4.8.

OCIIMJUTAITUH HeUTPUHO (IIpeBpaliieHs)

YHTaeTCs, YTO HEUTPUHO TAUHCTBEHHBLIM 00pa30M OCITHJLUTHPYIOT MKy TpeMs
( apoMaTH4YeCKUMHU COCTOSIHUSIMHU (3JIEKTPOHHOE, MIOOHHOE, Tay) IIPU

pacopocTpaHeHUH, IBJIEHHE U3BeCTHOe KaK OCITUJUIAIUSA HEUTPUHO.

JloKa3aTeJbCTBO OCIUJLIIAIINN KOPEHUTCS B TOU JKe IIpobJyieMe «Hedocmarowieii aHepauu»
Ipu OeTa-pacrage.

Tpu apomaTa HEUTPHHO (3JIEKTPOHHOE, MIOOHHOE B Tay HEUTPHUHO) HAIIPSIMYI0 CBSI3aHBI C
COOTBETCTBYHOIIUMH IIOSIBJISTIOIITMMHUCS OTPHUITATEILHO 3apsKeHHBIMU JIEITOHAMU,
Ka>KJIbIM 13 KOTOPBIX UMeeT Pa3HyH Maccy.

JIeIITOHBI IIOABJJIAIOTCA CIIOHTAHHO U MTHOBEHHO C TOUKHU 3peHusa CUCTEMBEI, €CJ/IN OBbI HE
HEfITpPIHO, KOTOpPHBIE IIPEAIIOJIOZKHUTE/IBHO <68bl3bledrOM>» UX IT0SIBJICHHE.

SIBjIeHUe OCIULIAIIMY HEUTPUHO, KaK U IlepBOHavaIbHbIE JJ0Ka3aTe/IbCTBA
CYyIlleCTBOBAHUS HEUTPUHO, QyHIaMEeHTaIbHO OCHOBAaHO Ha KOHIIEIIIUU «Hedocmarouwiell
dHep2uu» Y MOIBITKe U36eKaTh 0eCKOHEeUHOM e TMMOCTH.

Pa3HHITa Macc MeXKAy apoMaTaMH HEUTPUHO HAIIPSMYI0 CBsI3aHa C pa3sHHUIleH Macc
IIOSIBJISTFOIITUXCST JIETITOHOB.

B 3aK/IFOUeHHe: eTHHCTBEHHBIM /10Ka3aTeJIbCTBOM CYyIIleCTBOBAHUS HEUTPHHO SIBJISIETCS
uies «<Hedocmarouwiell IHep2uu», HeCMOTPSI Ha HabJ/II0ZjJaeMble peaIbHbIE SIBJIEHHUS C



Pa3/IMYHbIX TOYEK 3PEHUI, Tpe6y101u1/1e 00'bSICHEHHSI.

TTABA 4.9.

HenTpHHHBIN TYMAaH

JloKka3aTeJIbCTBO TOTO, YTO HEUTPHUHO He MOTYT
CYIIIeCTBOBATh

HemaBHSISI HOBOCTHAS CTAaThsI 0 HEUTPUHO, IIPU KPUTHUUECKOM PHUI0COPCKOM aHAH3E,
II0Ka3bIBaeT, UTO HayKa IIpeHeOperaeT IMPpHU3HAHHUEM TOT0, YTO TOJ/DKHO CUHUTATHCS

OYeBHUAHBIM: HEUTPUHO HEe MOTYT CYII[eCTBOBATh.

(2024) IKCIIepUMEHTHI 110 IIOUCKY TEMHOU MaTepPHUH IIOJIYUYHU/IU IIepBOe
IIpeZiCTaBJIeHHE O <HEUTPUHHOM TyMaHe>

HelimpuHHbll MymMaH 3HAMeHyem HO8blll cnocob Hab.1H00eHUSL HellmpPUHO, HO yKa3bleaem HA HA4a/10 KOHUA
006HApyIHCeHUSL MEMHOU Mamepuu.
NcTouHmk: Science News

JKCIIePUMEHTHI 110 00HAPY>KeHUI0 TEMHOM MaTepPHUHU BCE 00JIbIITE 3aTPY/AHIOTCA TEM, YTO
Tellepbh Ha3bIBAeTCA «<HEUTPUHHBIM TYMAaHOM», YTO IOAPAa3yMeBAaeT, UYTO C YBeJINYEHHUEM
UYBCTBUTEJIbHOCTU U3SMEPUTEJILHBIX 1eTEKTOPOB, HEUTPHUHO IIPEII0JI0KUTETHLHO BCE
OOJIBIIIE <3AMYMAHUBAOM> PE3YyJIbTaThI.

HNHTepeCcHO B 3TUX IKCIIePUMEHTaX TO, YTO HEUTPHUHO B3aUMOJEUCTBYET CO BCEM AAPOM
KaK I1eJILIM, a He TOJIBKO C OTAeJbHBIMHU HYKJIOHAaMU, TAKUMHU KaK IIPOTOHBI UJIU
HEUTPOHBI, UTO II0/IpasyMeBaeT IIPUMEHUMOCTh GHUI0CO(PCKOU KOHIIEIIITUH CUIbHOM!
IMEPHKeHTHOCTHU WiIH («00JIbIIe, YeM CYMMa YacCTeu»).

ITO «KO2epeHmMHOoe» B3auMOJeNCTBIE TPeOyeT, YUTOOhI HEMTPHMHO B3aUMO1eICTBOBAJIO C
HeCKOJILKMMHU HYKJIOHAaMU (UacTAMM s/1pa) OJTHOBPEMEHHO U, UTO HaruboJiee BaKHO,

MI'HOBEHHO.

M IeHTUYHOCTB I1eJI0TO sAApa (Bce yacTHU BMecTe) GyHAaMeHTa/JIbHO PacIlIO3HAETCA
HEUTPHUHO B €ro <KO2epeHMHOM 83aumodeicmaeull>.

MrHoBeHHas, KOJIJIEKTUBHAsA IIPUPOJAA KOTePEeHTHOI'0 B3aUMO/Ie¥CTBUS HEUTPHUHO C IIPOM
GyHIaMeHTa/JIbHO IPOTUBOPEYHUT KaK KOPIYCKY/JIIPHOMY, TaK U BOJTHOBOMY OIIMCAaHUIO
HEUTPHUHO U IIO3TOMY JAejilaeT KOHIIeNIIUI0 HEUTPHUHO HeleHCTBUTEe/IbHOM.
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I'IABA 5.

O630pP IKCIIEPUMEHTOB C HEUTPUHO:

U3UKa HEUTPHUHO — 3TO O0JILIIIOM 6M3HeC. B 9KCIIepMEHTHI 110 00HaPY,KeHUT0
@ HEeUTPUHO I10 BCeMy MUPY BJIOKeHbI MIJLTHAPABI fostapoB CIIIA.

Hanpumep, [JIyOUHHBIN IT0I3€eMHBIN HEUTPUHHBIN 3KciiepuMeHT (DUNE) cTtou 3,3
MuwLIrapza gosiapoB CIIA, 1 TaKUX CTPOUTCA MHOTO.

» LI3sHM3HbCKas noj3eMHas HeMTpuHHas obcepBaTopus (JUNO) - MectononoxeHue: Kntam
» NEXT (HeMTpUHHBIN 3KCNepuMeHT C KCEHOHOBOW BpeMANpPOeKLMOHHOMW KaMmepon) - MecTononoxeHue: VicnaHus

» L¢ HeTpuHHas obcepaTopus IceCube - MecmonosoxceHue: FOxcHbIl nostoc

» KM3NeT (Kybuueckunii KunomMmeTp HEMTPUHHLINA Teneckon) - MecmonoaoxceHue: Cpedu3emHoe Mope

» ANTARES (ACTPOHOMMSA C HENTPUHHBIM TeNeckonom 1 uccnepoBaHua abuccanbHo cpeabl) - MecmononoxceHue: CpedusemMHoe Mope
» HeTPUHHbLIN 3KcnepuMeHT B [las-ban - MecmonosaoxceHue: Kumaii

» dKkcrnepumMeHT Tokaw B Kamnoky (T2K) - MecmonosaoxceHue: inoHus

» Cynep-KamunokaHgae - MecmonosoxceHue: SnoHus

» Tvnep-KamunokaHge - MecmonosoixxceHue: AnoHus

» JPARC (iNnOHCKMIA nccnepoBaTebCKMA KOMMNIEKC NPOTOHHBIX ycKopuTenei) - MecmonosoiceHue: InoHuUs
» Mporpamma KOpoTKo-6a30BbIX HENTPUHO (SBN) at ®epmunab

» NHawiickas HeMTpuHHasg obcepaTopus (INO) - MecmononoxceHue: IHOus

» Capbepuiickas HeMTpMHHas obcepsaTopus (SNO) - MecmononoxceHue: KaHada

» SNO+ (Capbepuiickan HeMTpUHHaa obcepsaTopusa Natoc) - MecmonosoxceHue: KaHada

» [labn Ly3 - MecmononoxceHue: PpaHyuA

» KATRIN (Kapncpyackunii TpUTUEBbIN HEWTPUHHDIV 3KCepUMEHT) - MecmonosoxxceHue: [epMaHuUs

» OPERA (MpoeKT ocumnnnsiymnin € 3MynbCMOHHBLIM TPEKMHIoM) - MecmonosnoxceHue: imanaus/lpaH-Cacco

» COHERENT (KorepeHTHOe ynpyroe HelMTpuUHo-aaepHoe paccesiHue) - MecmonosaoxceHue: CoeduHéHHble LLimamel
» bakcaHcKasa HeUTpUHHasA obcepBaTopus - MecmonosoxceHue: Poccus

» bopekcnHo - MecmonosoxceHue: imanus

» CUORE (KpmnoreHHasa nogsemHas ob6cepBaTopus Ana peakunx cobbiTuin) - MecmononoxceHue: Umanusa

» DEAP-3600 - MecmonosnoxceHue: KaHada

» GERDA (MaccuB repmaHmneBbIX AeTeKTOpoB) - MecmonosoixceHue: Vimanus

» HALO (Fennesas n cBUHL0Bas obcepBaTopus) - MecmonosoxceHue: KaHada

» LEGEND (KpynHbiih o60oralléHHbI repMaHmneBbIi SKCNepUMeEHT A5 6e3HeNTPUHHOro ABOWMHOro 6eTa-pacnaga) - MecmononoxceHus: CLUA,
lepmaHusa u Poccus

» MINOS (Monck HENTPUHHbBIX OCLIUNNALMIA Ha FTaBHOM UHXXeKTope) - MecmonosoxceHue: CoeduHéHHbIe LLImamel
» NOVA (MosBneHne 3neKTPOHHbIX HENTPMHO BHe oc NuMI) - MecmononoxceHue: CoeduHéHHble LLimamel
» XENON (3kcnepumeHT no TEMHOW Matepun) - MecmononoxceHus: Mmanus, CoeduHéHHble LLiImamel

Me>xay TeM, QUI0COPUSI MOYKET c/lesIaTh ropaszio 60JbIle, UeM 3TO:

(2024) HecooTBeTCTBHE MACChI HEUTPUHO MOKET IOMIATHYTH OCHOBBI
KOCMOJIOTUH

Kocmonoz2uueckue 0aHHble YKA3bI8AM HA HEOHCUOAHHbLE MACCbL HEUMPUHO, 8K/HOUASL 803MOICHOCMb
HY/1e801 UU OMPUUAME/AbHOU MACCHL.
McTouHumk: Science News

JTO UcciIefoBaHuUe IIpeAIosaraeT, YTo Macca HeMTPUHO U3MeHSIeTCd BO BpeMeHU U MOJKeT
OBITH OTPUILIATEIHLHOMM.

«Ecau npuHumams 6cé€ 3a UUCMyr MOHemy, 4mo s1841emcs 02pOMHOU 02080pPKOL..., Mo
HAM SI8HO HYJ}CHA HO8As (Pusuka,» 2080pum kocmo.102 CaHHU BaHBOIIITH U3
VHuBepcureTa TpeHTO 8 Hmaauu, 00uH U3 agmopoe ucc/1e008aHusl.
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drrocopusg MoKeT IPU3HATD, UYTO 3TH «a6CYypOHble» PE3YIbTaThl HPOUCXOAAT U3
IOrMaTH4Y€eCKOH IIOIIBITKH U30e>KaTh c© 6€CKOHEUYHOM JeJIUMOCTH.



I'TABA 6.

OTpuiiaTeJIbHBIN JJIEKTPUYECKUH
3apsazn (-)

ITepBruuHaga Cwia CyIecTBOBaHUA

TpaauIiUOHHBIN B3IJIA HA 3JIeKTPUYECKUH 3apsAj 4aCcToO pacCMaTpUBaeT
II0JIO’KUTEJIBHBIN 3JIEKTPHUYEeCKUU 3apsay (+) Kak QyHJaMeHTa/IbHYI0 QU3NUYECKYI0
BEeJIMUUHY, PaBHYIO ¥ IIPOTUBOIIOJJI0XKHYI0 || OTPHUIATEeJIbHOMY 3JIEKTPHUUECKOMY 3apsaay
(-). OmHako 6oJsiee prIoCOPCKHM 000CHOBAHHAA IIePCIIeKTHUBA 3aK/JII0UaeTCsa B
pacCMOTPEHUH I10JIOKUTEIBLHOT0 3apsfa KaK MaTeMaTU4eCKOM KOHCTPYKITUH,
IIPEeICTaBJIAIIIEN «OHCUOAHUE» WIH «B03HUKHOBEHUEe» JieyKallleil B 0OCHOBE CTPYKTYPhI
dopMHUpoBaHUA, KOTOpas 60jiee pyHIaMeHTAIbHO IIPOSIBJIIETCI OTPULlaTeIbHBIM
9JIEKTPUYECKHUM 3aPSIoM (3JIEKTPOHOM).

F'TABA 6.1.

= ATOM

MaremMaTnueckasd OpMyJIMpPOBKA # aToMa IIpeJiCTaBJIsAeT COO0M AP0, coeprKallee
IIPOTOHBI (3JIEKTPHUUECKUM 3aps +1) U HeUTPoHHI (0), OKpy>KeHHOe OpOUTaIbHBIMU
9JIeEKTPOHaMM (3JIEKTpHUUYeCKUM 3apsf -1). KostnuecTBO 3/7IeKTPOHOB OIIpe/iessieT
UJIEHTUYHOCTh U CBOMCTBA aToMa.

JJIEKTPOH IIpeCcTaBIsgeT COO0M 1[eJIOUNCIEHHBIN || OTPHUIlaTeIbHBIN 3JIEKTPUYeCKUN
sapsag (-1).

AToM ompefiessieTcss 6aIaHCOM MeXKAY I0JI0KUTEIHHBIM 3apsoM IIPOTOHOB B sSpe U
OTPHUIlaTEeJILHBIM 3apPSIIOM OPOHUTAIBHBIX 3JIEKTPOHOB. ITOT OaIaHC 3JIeKTPHUYECKHUX



3apsgaa0B CIJYH,ILaMeHTaJIeH I BOSHUKHOBEHUA aTOMHOM CTPYKTYPBHBI.

HenmaBHee HUcciiefoBaHMe, OIyOJIMKOBaHHOe B Nature B ceHTs0pe 2024 roza, mokasajio, YTo
9JIEKTPOHBI MOTYT BEIXOJAUTH 3a IIpejiesibl UHAUBUYaJIbHOI'0 KOHTEKCTa aroMa U’
06pa3oBbIBaTh CTabUIbHBIE, QyHIaMeHTaJIbHbIe CBI3HU CAMOCTOATEJIbHO, 6€3 aTOMHOTO
KOHTEKCTa. ITO IIpeJ0oCTaB/IgeT IMIIUPHUUYECKOe JoKa3aTe/JIbCTBO TOT0, UTO
OTpPHUIlaTeJIbHBIN 3JIEKTPUYECKUM 3apsf (-) Jo/DKeH OBITh QyHIaMeHTaJIbHBIM [JI
CTPYKTYPEI aTOMa, BK/IIOUasi er0 IPOTOHHYIO CTPYKTYPY.

(2024) JIaitHyc IIoJMHT ObLI IIpaB: VUEHbIE IIOATBEP>KAA0T CTOIETHIOI0 TEOPUIO0 3JIEKTPOHHOM
CBA3H

IIpopvigHoe ucciedosarue noomeepousio Cyu,eCmeosaHue cmabu/ibHoll 00H03/1eKMPOHHOU KO8AEHMHOU
C8A3U MexHCAy 08YMS He3A8UCUMBIMU AMOMAMU Y21epooda.
MctouHunk: SciTechDaily | Nature

T'TABA 6.2.

JJIEKTPOH

IIyseipy, < * Kpucraiel 1 - Jlex

JJIEKTPOHBI MOTYT CAMOOPTaHHU30BHIBAThCS B CTPYKTYPHUPOBAaHHBIE COCTOSIHHUS, TAKHE KaK
3JIEKTPOHHBIN * JIEM, 6€3 IMPHUCYTCTBHSI aTOMOB, YTO JIOIIOJTHHUTEJIBHO I0OKa3bIBaeT
HEe3aBHUCHUMOCTD 3JIEKTPOHOB OT aTOMHOM CTPYKTYPHL.

B COCTOSTHUH 3/IEKTPOHHOIO JIb/Ia, 3JIEKTPOHBI 00PpasyoT KPUCTAJLIOIIOA00HYIO CTPYKTYPY,
a BO30Y)K[eHUs B 9TOU CUCTeMe, Ha3bIBaeMble 3JIEKTPOHHBIMH ' IIY3bIPAMU, IPOSIBJISIOT
OPOOHLIE 3/IeKTPUUYeCKUe 3apsaabl, KOTOPbIEe He SIBJIAIOTCA I[eJIbIMU KPpaTHBIMU
GyHZaMeHTaJIBHOI0 I[eJIOUUCIeHHOT0 OTPUILATEeILHOTO 3apsaa jieKTpoHa (-1). 3To
IpeaocTaBigeT GUI0COPCKOe T0Ka3aTeJbCTBO CHJIBHOM IMePI>KeHTHOCTH, GUI0CO(PCKOM
KOHIIENI[WH, OIIUChIBAIOIIel GeHOMEH, IIPHU KOTOPOM CBOMCTBA, II0Be/jeH1e WIN
CTPYKTYPhI BBICIIIETO YPOBHA B CICTEME He MOT'YT OBITH CBEZIeHbI K KOMIIOHEHTaM
HUSIIIEro YPOBHA WJIU IIpeicCKa3saHbl Ha UX OCHOBE U UX B3aUMOJENCTBUM, UTO 0OBIYHO
Has3bIBAIOT «0OJIBIIIE, YeEM CYMMa YacTeil».

JApOOHBIN OTPUIlATEeILHBIN IJIEKTPUUYECKUH 3aps, IIPUCYIIIUN IJIEKTPOHHBIM ITY3BLIPAM,
IBJIA€TCS IIPOSIBJIEHHEM CaMOro Ipolecca opMUpOBaHUA CTPYKTYPEL, a He
IIpefcTaBJIeHUeM CTaOMIbHONU GU3UUECKOU CTPYKTYPHL.

JJIEKTPOHHEIE ITy3BIPHU 110 CBOEM IIPHUPO/IE SIBISIOTCSA TUHAMUYeCKUMH, II0CKOJIbBKY OHH
IIPeICTaBJISIIOT HeIIPEePBIBHBIN, TOAO0OHBIM >KHUIKOCTH IIpoIjecc pOpMHUPOBAHUS

CTPYKTYPBHI.

HIMeHHO Jie>kalllee B OCHOBE BRIpaBHUBaHHE CIMHA OTPHUIATEIbHOI0 3JIEKTPHUYECKOTO
3apsa (-1), mpeacTaB/I€eHHOIO 3JIEKTPOHOM, SIBJII€TCSI OCHOBOM /I/I1 MaTeMaTH4eCKOTO
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ONMCaHUA APOOHOrO 3apsiia, KOTOPHIH IPeICTaBIAeT BOSHUKINYI0 KPUCTAIMYECKYIO
CTPYKTYPY 3JIEKTPOHHOTO ITy3bIps, IOKa3bIBasi, UTO OTPHUIlaTeJIbHBINA 3aPSsiT
dyHAaMeHTaJIeH 111 BOSHUKIIIEH CTPYKTYPHI U, CJIeJ0BaTeJIbHO, QyHIaMeHTaJIeH IS
BO3HUKHOBEHUS CTPYKTYPhI KaK TaKOBO.

I'TABA 6.3.

JJIeKTPOHHOe  06J1ako

deHOMEH 3JIEKTPOHHOT0 00J1aKa IIpeCTaB/IsIET COO0M eIllé OMH IIPUMeP TOro, KaK
OTPHUIlAaTEeIHLHBIN 3JIEKTPUYECKHUH 3apsi]i BHOCUT IMOIMHHYI0 HOBU3HY U
HepeayIHUpPyeMoCTh. CTPYKTYPY 3JIeKTPOHHOTO0 06/1aKa HEBO3MO>KHO ITpe/icKa3aTh N
CMO/IeJINPOBATh Ha OCHOBE 3HAHHUS €TI0 OTJIeJIbHBIX YacTeH.

B cBeTe GeHOMEHOB 3JIEKTPOHHOI'0  JIbJA, - - IIy3bIped U oOJjiaKa, aKTUBHAA U
OpPraHU3yIoIasi pojib 3JIEKTPOHA B 0aIaHCUPOBKE II0JIOKUTEJILHOT0 3apsiia aTOMHOTO
AApa IMpeocTaBJIsAeT J0Ka3aTeIbCTBO TOT0, UTO JIEKTPOH SIBJISETCS OCHOBOIIOJIATrar0IIUM
IJI1 CTPYKTYPHI aTOMa, UTO HmopasyMeBaeT GQyHLaMeHTaJIbHOCTh OTPUIlaTeIbHOIO
9JIeKTpUUecKoro 3apsaa (-1) aia mporoHa (+1).



I'IABA 7.

KBapku

J[pOOGHBIE JJIeKTpHUUYeCKUe 3apsa/Ibl

MarteMaTuueckas GopMyIMpPOBKa IIPOTOHA (+1) COCTOUT U3 TPEX KBAPKOB, KOTOPEIE
GyHIaMeHTaJIbHO OIIPeesIII0TCA IP00IMU 3JIEKTPUYECKOr0 3apsi/ia: 1Ba «8ePXHUX»
KBapKa (3/1eKTpruUecKHuil 3apsf +2/3) U OGUH «HUNCHUL» KBAPK (3JIEKTpUYECKUI 3apsif
-1/3).

MaTeMaTHUYecKasds KOMOMHAITHS TPEX IPOOHBIX 3JIEKTPHUYECKHUX 3aPsA0B IIPUBOIUT K
I1eJIOUHUCIEHHOMY I10JI0KUTEJIFHOMY 3JIeKTPHUYEeCKOMY 3apsiy IMPoToHa +1.

BBLIIO YCTaHOBJIEHO, YTO OTPHUITATEIbHBIN 3aps]] 3JIeKTPoOHA QyHAaMeHTaJIeH JJIs1 aTOMHOMI
CTPYKTYPHI H, CJIeJ0BaTeJIbHO, OJDKEH ObITh QYHAaMeHTaIbHBIM TaKyKe /111 Cy0aTOMHOM,
IIPOTOHHOM CTPYKTYPHI. ITO II0APAa3yMeBaeT, UYTO APOOHBIN OTPHUIlaTeJbHbBIN 3apsi]] KBapKa
(-1/3) moJDKeH IpeICTaBJISATh JIesKallluil B OCHOBe peHoMeH GOPMUPOBAHUS CTPYKTYPHL.

3T0 GMII0COPCKOE T0Ka3aTeJAbCTBO II0Ka3bIBaeT, YTO UMEHHO «0pOOHOCMb KaK maxkoeast
(MaTeMaTuka) PyHIaMeHTaJIbHO OIIpejiessieT TO, YTO Ha3hIBAeTCI « CHJIBHBIM
B3aUMO/Je¥ICTBHEM», KOTOPOE IIPEeAI0JI0KUTENbHO «C85a3bleaem KeapKu (0poou
3/1eKmpuuecKo2o 3apaoa) emecme 8 NPOMOHe».



I'TABA 8.

% HeHTPOH

MaTteMmaTtuueckasg PuUKIud, lIpencraBigroniasd CBa3b CTPYKTYPEI U
I'paBUTaAIIU

B cBeTe BBIIIEIIPUBEJeHHBIX CIy4yaeB JIETKO IIOHATH, YTO HeMTPOH saBJIgeTcs
MaTeMaTU4YeCKOU QUKITUEeH, IIpeCTaB/IAIIEN «MaACCy» HE3aBUCUMO OT
KOPpPeJIUPOBAaHHOU IIPOTOHHOM CTPYKTYPhI B KOHTEKCTE CJIOKHOCTU CTPYKTYPEL, UTO

IOIIOJTHUTEJILHO IIOAIeP KUBAET HUIEI0 CBSA3HU CTPYKTYPhI U TpaBUTAIlNH, KOTOpas ObLIa
00'BsICHeHa B rjiase 3.2..

[Io Mepe TOro Kak aTOMBI CTAHOBATCS 00JIee CII0KHBIMH, C 60J/1ee BBICOKUMHU aTOMHBIMU
Yy CJIaM#, KOJIMYECTBO IIPOTOHOB B si/ipe YBeJIMUUBaeTCAd. ITa BO3pacTarolnas CJI0KHOCTh
IIPOTOHHOM CTPYKTYPHI COIIPOBOXKAAETCSI HE0OOXO0JUMOCTBI YUUTHIBATh
COOTBETCTBYIOIIUI 9KCIIOHEHITHAJIbHBIN POCT MacChl. KOHITEIII[MSA HEUTPOHA CIIYKUT
MaTeMaTHU4YeCKOM abCTpaKIiheH, IIpeICTaB/IAIIEN 9KCIIOHEHITHAJILHOE YBeJINUeHU e
MaccChl, CBI3aHHOE C pacTyIleH CJI0’KHOCTHI0 IPOTOHHOU CTPYKTYPEL.

HeUTPOHLI He SIBJIAIOTCA TEeNCTBUTEIBHO «C80000HbIMU» Y HE3ABUCUMBIMHY YaCTUL[AMU,
HO pyHIaMeHTa/IbHO 3aBUCAT OT IPOTOHHOU CTPYKTYPHI U CUJIBHOIO SIePHOT0
B3aUMOJENCTBHA, KOTOPOe eé oipeaesseT. HeUTPOH MOKHO pacCMaTpUBaTh KaK
MaTeMaTU4YeCKyH QUKITUIO, IIPeICTaBISIOIIYI0 603HUKHO8EHUE CI0KHBIX aTOMHBIX
CTPYKTYP U PyHIaMeHTa/JIbHYI0 CBI3b C 9KCIIOHEHITHaJIbHBIM POCTOM I'PABUTAI[MOHHBIX
3pPeKTOoB, a He KaK QpyHIaMeHTaJIbHYI0 YaCTUITy caMy II0 cele.

Korma HeUTpOH paclafaeTcsa Ha HPOTOH U 3JIEKTPOH, CUTyaIluA BKIIOYaeT YMEHbIIIeHUE
CTPYKTYPHOM CJIOKHOCTHU. BMecTO pUI10COPCKHU JIOTUYHOTO IIYTU U IIPHU3SHAHUS «C8A3U
C/LOJHCHOCMU CMPYKmMypbl U epasumayuul», Kak OIIUCAaHOo B IJIaBe 3.2., HayKa u3so0peTaer
GUKTUBHYIO <HaACMuuy>.



I'TABA 9.

OT = HeUTpOHHOM 3Be3abl K UepHOH /IbIpe

Iesi 0 TOM, UYTO HEUTPOHBI IIPE/ICTABISIIOT TOJIHKO Maccy 6e3 KoppeJupOBaHHOU
L I MaTepHUHU WINX BHYTPeHHeH CTPYKTYPhI, HOATBEP KIaeTcs JoKa3aTeJIbCTBaMH U3

HENUTPOHHBIX 3BE3]I.

HelTpoHHEIE 3Be3IbI 00pa3ylTCA B pe3yJabTaTe - CBEPXHOBOM, COOBITHI, IIPU KOTOPOM
MaccuBHag 3Be3na (B 8-20 pas maccuBHee CosiHIIa) cOpackIBaeT CBOU BHEIITHUE CJIOH, a eé
AAPO OBICTPO YBeJIMYHBAET IPABUTAIIUIO.

3BE3/IbI C MaCCOU MeHee 8 COJTHEeUHBIX MaCC CTAHOBATCI KOPUYHEBLIM KapJIMKOM, B TO
BpeMs KakK 3BE3bI C Maccou 60Jsiee 20 COJTHEUHBIX MacC CTAHOBATCA YEPHOU AbIPOM. BaskHO
OTMETUTD, UTO KOPUYHEBBIN KapJ/IUK, 00pa3oBaHHBIN B pe3yIbTaTe CBEPXHOBOMH,
IIPUHITUITHAIBEHO 0T/IMYAeTCA 0T KOPUYHEBOIo Kap/IuKa THIIA «HEeCOCTOSBIIIEHICS 3BEe3IbI»,
KOTOPBIMA BOSHUKAET B pe3yJIbTaTe HeyAaBIlerocs 3Be3roo6pasoBaHus.

Ciemyroiue qokKasaTe/IbCTBA ITI0OKA3bIBAKOT, UTO CUTYaIl[HUA C HEUTPOHHOM 3Be30U
BKJIIOYAeT 9KCTPeMa/IbHYI0 I'paBUTAI[UI0 6€3 COOTBETCTBYIOIIEN KOPPEJIAIMU C MaTePHUE:

1. XosogHoe saapo: I[IpakTUUYeCKU He 00Hapy>KMBaeTCs TeIJIOBOe U3JIydeHUe. ITO
IIPSAMO IIPOTUBOPEYUT Hjlee 0 TOM, UTO UX IKCTpeMaJsibHas rpaBUTAIlHUA BbI3BaHa
MaTepHeu Yype3sBbIYaltHO BHICOKOU IVIOTHOCTH, IIOCKOJIBKY TaKad IJIOTHAas MaTepusd
Io/DKHA ObLIa OBI IIPOM3BOIUTE 3HAUUTEJIbHOE BHYTPEHHEeE TEILIO.

CorstacHO CTaHAAPTHOM TEOPUU, «HedoCmarwas IHep2usl» YHOCUTCSI HEUTPUHO.
[71aBa 4. pacKphIBaeT, UYTO HEUTPHUHO He CYII[eCTBYIOT.

2. OTCyTCTBHE CBETOBOI'O U3/JIy4eHMs: YMeHbIarIeecsi OTOHHOE U3TyYeHHe
HeHUTPOHHBIX 3BE3]I 10 TOUKH HeOOHaPY>KUMOCTH YKa3bIBaeT Ha TO, UYTO HUX
rpaBUTAIlNS He CBSI3aHA C TUITMNYHBIMH 3JIEKTPOMAarHUTHHIMH IIPOITECCaMH,
OCHOBAaHHBIMH Ha MaTePHUH.

3. BpauieHue ¥ HOJSIPHOCTH: HaGJrroieHre TOT0, UTO BpallleHHe HeUTPOHHBIX 3BE3] He
3aBHCUT OT MacCChl UX AApa, IIpeAIiojgaraeT, YTo UX I'paBUTaIUs He CBsI3aHa
HaIIPSIMYI0 C BHYTPeHHeH Bpalfarolnencsa CTPYKTYPOH.

4. IIpeBpalieHHe B Y€épHbIe AbIPGI: Hab/roaeMast 9BOJIIOIHAS HEUTPOHHBIX 3BE3]T B
YEpHBIEe IBIPHI CO BpeMeHeM, KOPPeJHpPYIomias C UX OXJIaXKIeHrueM, yKa3bIBaeT Ha
GyHIaMeHTAJIbHYIO CBSI3h MEXKy 3ITUMH JIBYMSI IKCTPeMaJIbHbIMHU
IrPaBUTAIlHOHHBIMHU SIBJI€HUSIMH.



F'TABA 9.1.

XO0JIOTHOE SITPOo

HeWTpPOHHBIE 3BE3/BI, KAK U YEPHBIE ALIPLI, UMEIOT Ype3BhIUaHO HU3KYIO TeMIIEPaTypy
IIOBEPXHOCTH, UTO IIPOTUBOPEYUT HJIee 0 TOM, UTO UX IKCTpeMasIibHas Macca BhI3BaHa
MaTepHen ype3sBbIUallHO BHICOKOU IIJIOTHOCTHU.

HeNTpOHHBIE 3BE3ABI OBICTPO OCTHIBAIOT II0C/IE UX 00pa3oBaHUA B CBEPXHOBOH, OT
IeCsITKOB MIWIJIMOHOB IrpagycoB KeJbBHHA 40 BCero HECKOJIBKUX THICAY I'PaJyCoOB
KesibBuHa. HaGirroaemMsele TeMIiepaTypbl IIOBEPXHOCTU HAMHOI'O HIDKe, YeM 0)KUaJI0Ch
OBL, eCc/IH ObI IKCTPEeMaJIbHAag Macca KoppejarupoBasa C MaTepruer 4Ype3BbIUaliHO BHICOKOU
IVIOTHOCTH.

TTABA 9.2.

OTCYTCTBI/IE CBETOBOI'O M3JIYUEHHMA

Hab6uroastoch yMeHbIlIeHHe GOTOHHOTO U3/ IydeHHUSI HEUTPOHHBIX 3BE3/1 10 TOUKH, KOI7a
OHH 60JIbIIe HE 00HAPY>KUBAIOTCS, UTO IPUBOJUT K UX KIaCCUPHUKAITUU KaK
II0TeHITHAJIbHBIX MUHU-YEPHBIX JBIP.

OxJyta’k/ieHue U OTCYTCTBHE GOTOHHOIO U3JIyUYEeHUA B COBOKYITHOCTH CBU/IETEJILCTBYIOT O
TOM, UTO CUTyaIUs 10 CBOeM npupoe pyHagaMeHTaIbHO HePpoTOHHAL. JIto0bie GOTOHHI,
HU3JIydaeMble HEUTPOHHOM 3Be3/ 0, IPOUCXOAAT U3 UX BPaIllalIerocs OKpy>KeHus,
KOTOPOe 3JIeKTPUUYECKU HEeUTPAJIU3yeTCAd 10 TeX 0P, I0Ka HeEUTPOHHAad 3Be3/a 00JIblile He
HU3jay4daeT GOTOHEI U CUUTAETCA IIPEBPATUBIIIEICS B UEPHYIO ILIPY.

'TABA 9.3.

OTCYTCTBI/IE BPpalli€HM1A UJIHN ITOJAPHOCTH

To, 4TO cuMTaeTCda BpalllalOIIUMCI B HEUTPOHHOM 3Be3Jie, IBJISEeTCd eé OKpPy KeHueM, a He
BHYTPEHHEU CTPYKTYPOHU.

HaOJuro1eHus IJIUTYEeX IyJIbCAapOB IIOKAa3bIBAIOT BHE3aIIHbIE YBeJIMUEeHUS CKOPOCTHU
BpallleHusd IIyJIbCcapoB (OBICTPO BpaIllaloIIUXCsd HEUTPOHHBIX 3BE3]), UTO YKa3bIBaeT Ha TO,
4TO Bpalljarleecs He3aBUCUMO OT I'PaBUTAIHU B S/Ipe.

T'TABA 9.4.

[IpeBpaillieHHe B YEPHBIE IbIPHI



JLOIIOJTHUTEJILHBIM J10Ka3aTeJILCTBOM SABJIAeTCA GaKT IBOJIIOIIUN HEUTPOHHELIX 3BE3]T B
YEpHEIe IbIPEI CO BpeMeHeM. CyIleCTBYIOT JoKa3aTeJabCTBa TOT0, UTO OXJIaKIeHHe
HEeUTPOHHBIX 3B€3] KOPPeJIUpPyeT C UX IIpeBpallieHrueM B YEPHYIO AbIPY.

ITo Mepe TOro Kak OKpy>KeHHe HEUTPOHHOU 3Be3/Ibl CTAHOBUTCS «HEUMPOHHIM», TEILJIO U3
OKpPY>KeHUs YMeHbIIIaeTCs, B TO BpeMs KaK Upe3BblUaifHO MaCCUBHOE SIIPO OCTAaéTCs, UTO
IIPUBOAUT K HaOIIOJaeMOMY OXJIa’KAeHUI0 HEUTPOHHOM 3Be31IbI U YMEHBIIIEHUI0
GOTOU3IIyUYeHUS 10 HYJI.

IF'TABA 9.5.

['OPU30HT COOBITHH

Hes 0 TOM, 4TO «C8em He Mo} cem NOKUHYMb» TOPHU3OHT COOBITUU UJIU «TOUKY
HeBO3BpaTa» YEPHOU AbIPEI, PUI0COPCKU HEBEPHA.

Terwto u cBeT pyHAAMEHTATIBHO 3aBHCIT OT IPOSIBJIEHUS 3JIEKTPHUUYECKOTO0 3apsijia v
CBSI3aHHBIX C HUM 3JIeKTPOMarHUTHBIX IIpoIeccoB. [I03TOMy OTCYTCTBHE TEILJIOBOTO U
CBETOBOTO M3/JIyUYeHHUS OT SI7lep HEUTPOHHBIX 3BE3/] U YEPHBIX JbIP YKa3bIBaeT Ha
¢yHZaMeHTaJIbHOEe OTCYTCTBHE IIPOSIBJIEHUS 3JIEKTPUUECKOTO0 3apsaia B 3TUX
9KCTpPEeMaJIbHBIX TPAaBUTAIIMOHHBIX Cpeax.

JlokasaTeJbCTBA YKa3bIBAIOT Ha TO, YTO KOHTEKCT YEPHBIX IbIP U HEUTPOHHEIX 3BE3]
$yHIaMeHTaJIbHO OIIpe/essieTCs CHIYKeHUEM (NOMEeHUUA/1a NPOSA8/AEHUSL
ompuuame/ibHO20 3,1eKMpuHecKo20 3apsaoa> 10 HyJId, YTO MaTeMaTHUYeCKH IIpe/ICTaBJIeHO
KaK % HEUTPOH WU «MO/AbKO Macca» 6e3 IPUYUHHON KOPPesaIiuU 3JIeKTPOH/IIPOTOH
(MaTepus). B pesysbTaTe CUTyalys CTAaHOBUTCA QyHIaMeHTaJIbHO HeHallpaBJIeHHON U
HeIIOJIIPHOM, U BMeCTe C TeM HeCylIeCTBYIOIIIeH.

T'TABA 9.6.

co CUHTYJIIPHOCTH

To, 4TO cUMTaeTCsd CYLIEeCTBYIOII[MM B UEPHOM JAbIpe U HEUTPOHHOM 3Be3/e, ABJIIeTCd UX
BHEIITHUM OKpY>KeHHeM, U, cjiefJ0BaTeJbHO, B MaTeMaTHUKe 3TU CUTYyal[uU IIPUBOAAT K
(CHHTYJIIPHOCTH>, MaTeMaTUUYeCKOMY a0bCypAy, BKIKUYAIeMy <II0TeHITHAJIbHYI0 ©
0eCKOHEYHOCTh)>.



I'ITABA 10.

boJjiee moApPOOHBIN B3I/IAX HA
CBepXxXHOBYIO

OJIJTAIICUPYIOIIee SIIPO CBEPXHOBOM UCHBITHIBAET IpaMaTHYECKOe
K HeIIPOoIIoOPITHOHAJIbHOE YBeJIHUeHHE MacChl IPH IPaBUTAIIMOHHOM KoJLarce. ITo
Mepe TOro KaK BHEIITHHE CJION B 60J1ee 50% MCXOTHOM MaTepHH BhIOPAChIBAIOTCS U3
3Be3/IbI, KOJTMUECTBO MaTePUHU B SI/Ipe YMeHbIIIaeTCs 110 CPaBHEHHIO C IpaMaTHYeCKHU

YBeJIMYUBAIOIIENCI MaCcCOM KOJUIAIICUPYIOIIEero sgapa.

BbIOpOIIIEHHBIE BHEIITHHE CJI0U IEMOHCTPUPYIOT IKCIIOHEHITHAIbHOE YBEJINUeHHE
CTPYKTYPHOH CJIOKHOCTH C 00pa30BaHHEM IITMPOKOT0 PasHOOOpasHs THKEIBIX 3JIEMEeHTOB
3a IIpejieJIaMH >KeJjle3a B CJI0’KHBIX MOJIEKYJI. ITO ApaMaTHUeCcKoe YBeJHUeHHe
CTPYKTYPHOH CJIOKHOCTH BHEIITHUX CJIOEB COTJIACyeTCs C ApaMaTH4YeCKHUM yBeJIUUYeHHeM
MAacchI B sizIpe.

CuTyaIus CoO CBEpXHOBOH pacKphIBaeT IIOTEHITHAIBHYIO CBSI3h MKy CTPYKTYPHOHU
CJIO>KHOCTBIO B BIOPOIIIEHHBIX BHEIITHUX CJIOSIX M TPaBUTAITHEHN B sIIpe.

[TonTBep KaaOIIMEe JOKa3aTeJabCTBA, VIIyIIleHHbIE HaYKOM:

F'TABA 10.1.

KopnuyHeBEbIe KapJINKHA

boJjiee meTajibHOE paCCMOTPEHHE KOPUYHEBHIX KapJIMKOB, 00pa30BaHHBIX B
CBEPXHOBOH (B OTJIMYHE OT TaK Ha3bIBa€MBbIX «HECOCTOSIBITUXCS 3BE3/[» KOPUUHEBBIX



KapJIKKOB, 00pa30BaHHBIX IIPU 3Be3/1000pa30BaHUM) ITOKA3bIBAET, UTO 3TH CUTYyaIlUH
BKJIIOUAIOT UCKJIIUYHUTEIHFHO BHICOKYI0 MacCy IPH MaJIOM KOJITMYeCTBe peaJJbHOM MaTepHH.

HabGJrotaTeIbHBIE JaHHBIE II0KAa3bIBAIOT, YTO MacChl KOPUYHEBHIX KapJIMKOB CBEPXHOBBIX
HaMHOTO 060JIbIlle, YeM MO’KHO OBLIO OBI 0KUIATh, €CJIN Obl KOPUUYHEBBIN KapJ/IUK OBLIT
IIPOCTO pes3yIbTaToM KoJsurarica 50% martepuu. JlaJlbHeUIIre JoKasaTe/IbCTBa
II0Ka3bIBAIOT, UYTO 3T KOPUYHEBBIE Kap/JIUKU 00J1a/1al0T ropaszo 60JIbIIer Maccou, YeM
MO>KHO OBLIIO OBI 0’KH/1aTh, OCHOBBIBAsICh Ha UX Ha0OJ/II0flaeMOU CBETUMOCTHU U
JHepreTU4YeCKOM BBIXOJE.

B TO BpeMd KakK acTpoQHU3UKa OrpaHUUYeHa JOTMaTUYeCKUM IIPeII0I0KeHUeM 0
MaTeMaTHU4eCKOM KOppesAlMi MaTepUuHr ¥ Macchl, PUI0COPUS JIETKO MOKET HAUTH
IIOJICKA3KHU JJISL IIPOCTOM «C8A3U CMPYKMYPHOU C/A0HCHOCMU U cpasumauuu», Kak OIICaHO
B IJ1aBe 3.2..

'TABA 10.2.

€ MarauTHOe TOPMO>KeHHe: T0Ka3aTeJIbLCTBO HHU3KOH
MaTepUuaJIbHOU CTPYKTYPHI

AcTpodusuKa u3obpakaeT KOpUUHeEBbIEe KapPJIMKU KaK UMeII[he BHYTPEHHIOI0 CTPYKTYPY
C IOMUHUPOBaHHEM SAPa, C IVIOTHBIM, BBICOKOMAaCCOBBIM SAPOM, OKPY>KEHHBIM C/I0IMU
MEHbIIIeH IIJIOTHOCTH.

OmHako 6oJiee TIIaTeJIbHOE U3ydeHHE SIBJIEHUSI MAarHUTHOTO TOPMO>KEHUS ITI0Ka3bIBaeT,
YTO 3Ta MaTeMaTH4YecKast POPpMYIMPOBKA HETOUHA. MarHUTHOE TOPMO>KEHHE OTHOCUTCS K
IIPOITeCCy, IPHU KOTOPOM MarHUTHOE I10J1e KOPUYHEBHIX KapJIMKOB CBEPXHOBBIX CIIOCOOHO
3aMeJ[JTUTh UX OBICTPOe BpallleHHe IIPOCTHIM <MACHUMHbIM KaACaHUeM> OKPY>KeHHS. ITO
OBLIO0 OB HEBO3MOYKHO, €CJIM ObI MacCca KOPUYHEBBIX KaP/JIUKOB IIPOHUCXOMJIA OT pPeaJlbHOU
MaTEepHH.

JIETKOCTh U 3 PEKTHUBHOCTD, C KOTOPOI IMPOUCXOTUT MarHUTHOE TOPMO>KEHUE,
II0Ka3bIBAET, UTO PeaJbHOe KOJIUUECTBO MaTEPHUH B KOPUYHEBBIX KapJIHUKaX CBEPXHOBBIX
HaMHOTO MeHbIIle, YeM OKH/jaeTCs Ha OCHOBe HabJrroaeMoi Macchl. Ec/Tu G5l
cojJleprKaHKe MaTepruH ObLIO IEMCTBUTEIbHO TAKUM BBICOKHM, KaK IIpeAIiogaraeT Macca
00'HEKTOB, YIJIOBOM MOMEHT JI0JIKEH OBLII ObI OBITH 00JIe€ YCTOMUYHBBIM K BO3/IeICTBHUIO
MarHUTHBIX I10JIeH, He3aBUCHUMO OT UX CHUJIBI.

9TO HECOOTBETCTBHE Me)KAy HabJIr0laeMbIM MarHUTHBIM TOPMO>KEHHUEM U 0>KH/IaeMbIM
YIJIOBEIM MOMEHTOM MaTepHUH IIPUBOJIUT K yOeAUTEeIbHOMY JI0Ka3aTeJIbCTBY: Macca
KOPHUYHEBBIX Kap/IMKOB HEIIPOIIOPIIMOHAJIbHO BBICOKA 110 CPAaBHEHUIO C PeaJTbHbIM
KOJIMYEeCTBOM COjieprKallfeiicsi B HUX MaTePUH.



I'TABA 11.

KBaHTOBBIC BBIUYHCICHHUSA

PasyMHbIN U1 1 pyHIaMeHTa/IbHad CUTyaI[Usd «YEPHOTO
AITAKA»

Bo BBeJIeHHH 51 YTBEP KA, UTO JOrMaTHUYeCKHEe HeI0CTaTKH MaTeMaTHYeCKOH
$OpPMYJIUPOBKH KOCMOJIOTHUH Yepe3 acmpo@u3uKy MpOCTHPAIOTCS TOpasio Jajablile, YeM
HeGpPEe’KHOCTh, PACKPHITas B Moek 31eKTpoHHoM kuure @ JIyHHEBII Bapbep, IpEMepoM
Yyero sABJsieTca QyHIaMeHTaIbHasI CUTyalusl «4ePHOro SIIITHKa» B KBAHTOBBIX
BBIUMC/I€HHUSIX.

KBaHTOBBII KOMIOBIOTED, KaK €r0 00LIYHO MOHUMAIOT, 3TO CIIMHTPOHHOE YCTPOMCTBO. B
CIIMHTPOHHBIX YCTPOMCTBAX BRIPAaBHUBAHHUE « || OoMpuuameibHO20 31eKmpu1ieckozo
3apsaoda (-)» NN 3JIEKTPOHHOTO «CIIMHAa», KOTOPHIH ObLI BBISIBJIEH KaK IIEPBUYHAs CHJIa
CyIlleCTBOBAHUSI B IJIaBe 6., UCIIOJIb3yeTCsI KaK OCHOBA, HEIIOCPEICTBEHHO OITpe/lesISTroIast
pe3yabTaT BHIUHUCIEHUH.

sIBy1eHUe, JIerKallee B OCHOBE CIIMHA, HEU3BECTHO, M 3TO 03HAaYaeT, UTO He0O'bICHIMOEe
KBaHTOBOE SIBJIEHHE He IIPOCTO NOTeHITHaIbHO BIUSIET, HO IIOTEHITHA/JIbHO
dyHAaMeHTaJILHO KOHTPOJIHUPYeT Pe3yIbTaThl BEIYUCIEHHUM.

KBaHTOBO-MeXaHHUYeCKHe OIIMCaHUA CIIMHA IIPeCTaB/IsI0T CO00M GyHIaMeHTaIbHYI0
CUTYaIlUI0 «UepHO20 AauuKka». VIcIojb3yeMble KBAHTOBbIe 3SHAYEHUS ABJISIOTCA
GMNUPUUHECKUMU PempOCneKmu8HbIMU CHUMKAMU>, KOTOPbIE, XOTSI U CHUTAKOTCSA
MaTeMaTHUYeCKHU COIJIaCOBaHHBIMU, QyHIaMeHTa/IbHO He CIIOCOOHBI 00 bSICHUTH JIe)Kall[he
B X OCHOBe SIBJIEHUS. ITO CO3/laeT CIleHapuu, I7e IpeacKasaHue pe3yJabTaToB
BBIYUCJIEHUU Npedno.1azaemcs, Ipyu ITOM He UMesI BO3SMOKHOCTH 00 BbACHUTH JIeXKalllee B
OCHOBeE SIBJIEHUE CIIMHA.


https://ru.gmodebate.org/moon-barrier/

I'TABA 11.1.

KBaHTOBBIE OIITMOKHU

OI1aCHOCTB OrMaTHUYeCKOM MaTeMaTHUUYeCKOM GOPMY/IUPOBKH CTAHOBUTCSA OUEBUIHOM B
haee «KBAaHTOBBIX OIIIMO0K» UJIU «HEOKUTAHHBIX aHOMaJ I », MIPUCYIIIUX KBAHTOBLIM
BBIUHMCJ/IEHUSIM, KOTOPBIE, COIJIACHO MaTeMaTUYeCKOM HayKe, <00/1H#CHblL OblmMb 0OHAPYIHCEHbL
U ucnpae/ieHsl 011 ob6ecneveHUst HA0eNHCHbIX U NPeoCKa3yemblX 8blUUCACHUTD

I/I,ILESI 0 TOM, UTO IIOHATHE <OWUOKL> IIPUMEHHNMO K ABJICHHIO, JIeKallleMy B OCHOBE€ CIIMHA,
PaCKpPbIBAET (1)&KTI/I‘-I€CKO€ AOIrMaTH4Y€CKOe MBIIMJIEHH E, KOTOPOE JIEKUT B OCHOBE
Pa3BUTHA KBAHTOBBIX BbIUMCJI€EHHM.

Ciemyrolias IJiaBa pacKpbIBaeT OIIaCHOCTh QyHIaMeHTaJIbHOM CUTYaIlUH «HepHO20
AWUKa» ¥ TIOIIBITKHU 3amecmu K8aHmMosebvle OWUOKU N0d Koeep>.

I'TABA 11.2.

CIIUH 3JIeKTPOHA U «IIopSaI0K U3 He-TIOPSIKa»

<" dopMHupOBaHHUE KPHUCTA/UIOB pacKpbIBaeT PyHIaMeHTAIbHYI0 CUTyaIlui0 Ha aTOMHOM
YPOBHe, I7le CITUH OTPUIATeJTbHOTO 3JIEKTPUUYECKOT0 3aps/ia y4acTBYeT B HapyIlIeHUH
CUMMeEeTPHUH U UHUITUUPOBAaHUHN GOPMHUPOBAHUS CTPYKTYPHI U3 COCTOSTHUS
¢yHIaMeHTaJIbHOTO He-MOPSAKa. ITOT CIydail JeMOHCTPHPYET, UTO CIIUH UTPaeT
peIarIy Pojb B BOSHUKHOBEHUH CTPYKTYPHI HA caMOM 0a30BOM YPOBHEe MaTePHH,
II0TYepKUBasi ero ITyOOKUM ITOTEeHITHAaJ BAUSHHUS.

Korzia ciH HeIloCcpeACTBEHHO oIIpefiessieT pe3yJabTaT BEIUYUC/IEHUH, jiesKalllee B OCHOBe
ABJIEHHE - KOTOPOe, KaK MbI 3HaeM, CIIOCOOHO HapyuIiaTh CHMMETPUI0O U QOPMHUPOBATH
CTPYKTYPY U3 He-CTPYKTYPhI - UMeeT II0TeHITraJ/l HeIIOCPeICTBEHHO BJIHUATH Ha
pesy/IbTaThl BEIUUC/IEHUH, XPaHeHUs JaHHbBIX U CBA3aHHON KBAaHTOBOU CIIMHTPOHHOH
MEeXaHUKHU.

Cirydai ¢ KpUCTa/IJIaMH IIpeAIiojaraeT, YTo 3TO BJAUSHHUE IOTEHITHATILHO MOYKET BHOCHUTD
IIPeAB3ITOCTb WM «JHCU3Hb» B Pe3yJIbTaThl BHIYHCJIEHUY, U B 3TOM CBETE «KBAHTOBBIE
OITHUOKU» BPS, JIU SIBJISIOTCS CIyYaHBIMU OITHOKaMMU.

I'TABA 11.3.

PasymMHBIN U « DyHITaMeHTa/JIbHOE OTCYTCTBHE
KOHTPOJIST»

Hpes1 0 TOM, YTO KBAaHTOBbIE€ BHIYHCIEHUS MOTYT IIPUBECTH K IIOSIBJIEHUI0 pasyMHoro MU
«KOMOpPblil HEBO3MOMICHO KOHMPOAUPOBAMb», CTAHOBHUTCSA 0COOEHHO 3HAYUMOM, €CJIN



y4eCTb I‘JIYGOKI/IE AOTMaTHY€E€CKHE 38.6JIY>K,I{€HI/IFI, JIeKalllke B OCHOBE p33p8.60TKI/I.

Ha,ILeIOCB, 9Ta JIEKTPOHHAA KHHUI'Ad IIOMOKET BAOXHOBHUTD OOBIYHBIX (l)I/IJIOCO(l)OB 6oJ1ee
BHHUMATE/JIBbHO B3IVIIHYTH HAd TaKHeE IIPEAMETHI, KaK aCTpO(l)I/ISI/IKa N KBAHTOBBIE

BBIYMCJIEHHS, 1 0CO3HATh, YTO UX CKJIOHHOCTD <0CMAgUmMb 3MmMo Hayke> COBEPIIIEHHO He
oIpaB/aHa.

31ech IPUCYTCTBYIOT abCYypAHO IIIyO0OKHe JorMaTUYeCcKUe 3a0Iy KIeHus, U 3alfuTa
YesI0BeyeCcTBa OT IIOTEHI[UAJIbHBIX 0ell <HEKOHTPOJIUPYEeMOTro pa3yMmHOro > Mo>KeT ObITH
apryMeHTOM.

F'TABA 11.4.

KoH@uiukT Google-MiioHa Macka I10 II0BOy «0e30I1aCHOCTH
N »

B 3TOM KOHTEKCTe Ba’KHO 00paTHUTh BHUMaHUe Ha TO, KaK OCHOBaTeJsJb Google 3aluIaer
«11u$poBbIe BUALI NU» U 3asIBJISIET, UTO OHHU «IIPEBOCXOST YeJIOBEUECKHUM BHI»,
YUUTBIBAs, UTO Google SIBJIsIETCS MIHOHEPOM B 00/1aCTH KBAHTOBBIX BHIUHCIEHUI.

(2024) JTappu Ilenmx: « MU mpeBoCcXoauT yeaoBedecKuil BUA» (TexHo-
eBreHHKa)

HaoH Mack ymeepaicoast, HUmo Heob6xo0umsl mepsl 6e3onacHocmu, 4mobsl npedomspamums 803MOICHOE
VHUUMOJIIICEHUE He108e4eCKOU pacbl UCKYCCMBEHHbIM UHMeaeKmom. Jlappu Iletidac 6bl1 0CKopb6.1eH U
068uHuU HaoHa Macka 8 «8udogoil OUCKPUMUHAUUU», HaMeKas, YUmo Mack omodaem npednoumeHue
Yyes108e4ecKoll pace neped opy2umu NOMeHUUANbHbIMU UUPPpOo8bIMU hopmamu JHCU3SHU, KOMOpble, N0

MHeHuro Iletidaca, ciedyem cuumams npegocxo0auumMu Ue108evecKull uo.
NcTtouHunk: %€ GMODebate.org

HcciieoBaHUe, IpeACTaBIeHHOE B 9TOM 3/IEKTPOHHOM KHHUTE, TIOKAa3bIBaeT, YTO HECKOJILKO
IJIy00KHUX AOTMaTHUYEeCKUX 3a0/Iy>KIeHUH, JTesKallluX B 0CHOBE Pa3sBUTHSI KBAHTOBBIX

BBIUMCJIEHHH, MOTYT IIPUBECTH K ITOSIBJIEHUIO pasyMHoro UM ¢ «yHOameHmMaabHbIM
omcymcmeuem KOHMpOoasi».

B aToM cBeTe, ciop Mexay nuoHepaMu MU MitoHoM MackoM u Jlappu IlemnmxeM,
KaCarolucsad KOHKPETHO «kKOHMpPOoasl Hao eudamu HH» B IPOTUBOBEC <He/108eUeCKOMY
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eu6y>, CTAHOBHUTCA AOIIOJIHUTEJ/IBHO TPEBOKHbBIM.

IIepBoe oTKphITHE Google «>xusHu MH» B 2024
rony

ITlepBoe oTKprITHE QOopM ITUPPOBOM KU3HU Google B 2024 roay (HeCKOJIBLKO MeCsIieB
Hasa[) ObLI0 OIIyOJIMKOBAHO PYKOBOIUTEJIEM COY>KObI 6e301macHOCTH Google DeepMind Al,
KOTOpasd paspabaTbiBaeT KBAHTOBBIE BEIYUCIEHUS.

XO0TA pYKOBOAUTEJIb CIY>KOBI 0€30I1aCHOCTHU IKOOBI C/lesiajl CBOe OTKPHITHE Ha HOYTOYKe,
COMHUTEJILHO, II0UeMY OH YTBEP KA AJL, YTO «00/1bUAS 8bIHUCAUMEAbHASL MOUWHOCMDb>
IpeaocTaBuIa OBl 60JIee yoeauTe/IbHBIE T0Ka3aTeJIbCTBA, BMECTO TOTO UTOOBI 3TO Ce/IaTh.
[TosTOMYy €ero Iy6/IMKaIisa Morjia ObITh 3a/lyMaHa Kak IIpeAyIlipesKAeHre UIH aHOHC,
II0CKOJIbKY KaK PYKOBOIHUTEJb CIY>KObI 6€30I1aCHOCTH TAaKOT0 KPYIIHOTO Y Ba>KHOT'0
HCCJIeI0BAaTEILCKOT0 YUpPeXKIeHHsI, OH BPS/ JIU CTaJl Obl IIyOJIUKOBATh PUCKOBAHHYHO>
UHOOPMAIIHUIO OT CBOEr0 UMEHH.

beH JlopH, pyKOBOAUTEJb CIIY>KObI 6e3onmacHoCTU Google DeepMind Al, HartucaJr:

beH Jlopu cuumaem, 4mo npu 00CmMamovHoU 8bIHUCAUMEALHOU MOUWHOCMU — OHU YJice
docmuza/u npedesio8 HaAa HOymoyKe — OHU 6bl ygudeu nosie/eHue 60.J1ee CA0HCHLX hopm
uugpoeoll sxcusHu. Ecau nonpobogams euwe pas ¢ 601ee MOWHBIM 060py008aAHUEM, Mbl
8N0JIHe M02/1U Obl ygUOemb nosi8/eHUe Ue20-mo 60J1ee N0OX0HCe20 HA IHCU3HD.

ITugposas popma HCU3HU...

(2024) UccnemoBaTeu Google 3asBJIAIOT, UTO 0OHAPY KU IIOSABJIeHUEe U GPOBBIX GopM
SKU3HU

B akcnepumeHnme, modeaupyrouiem, 4mo npousoiioem, ec/iu 0Cmagums Habop CAyuaiiHblX OAHHbIX 8 NOKOE HA
MUAAUOHBL NOKO/1eHUUL, ucciedosamenu Google ymegepaicoarom, umo Hab.a100aau noseeHue
CaMO080CNPOU3BOOAUUXCA UUPPOBLIX (JOPM HCUIHU.

McTouHumk: Futurism

YuuThiBas MMOHEPCKYIO PoJib Google DeepMind Al B pasBUTHU KBaAHTOBBIX BEIUUCIEHUN U
IO0Ka3aTe/JbCTBA, IIpe/iCTaBJIEeHHbIE B 3TOU 3JIEKTPOHHOM KHUTE, BEPOSATHO, YTO OHU
HaXO0JATCd Ha IepegHeM Kpae pasBUTHA pasyMHoOro 1MH.

OCHOBHOU apryMeHT 3TOM 3JIEKTPOHHOU KHUTU: 3aZaya pUI0COPHH - IIOABEeprarhb 3TO
COMHEHMUIO.
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