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I'TABA 1.

BBegeHUe B KOCMUUYECKYIO0
GHII0COPUIO0

1714 rony HeMenkuil ¢pustocod 'ordpun JTertoHUILT -
B «II0CJIeJHUY YHUBEPCAJIbHBIN TeHUU MUpPa» - IIPeI0KUI
TEOPHUI0 © OeCKOHEUHBIX MOHA/, KOTOpas, X0Td U Ka3aJjach
JaJIeKoM 0T pU3UUeCKOM peaJIbHOCTH U IIPOTUBOpPeYaIen
COBpeMEeHHOMY Hay4YHOMY peajin3My, Obljla IepecCMOTpPeHa B
CBeTe pa3sBUTHUA COBpeMeHHOU GU3UKU U 00Jiee KOHKPEeTHO
HeJIOKaJIbHOCTH.

Ha JIe#iOHHUIIA, B CBOIO 0Uepe/b, IJTyOOKO ITOBJIUSLI TPeuecKUi
¢utocod I1aTOH U JpeBHSII IpevecKasi KoCMHUYecKast
¢umocodus. Ero Teopusi MOHAL UMeeT YIUBUTEJIbHOE CX0/ICTBO C
MUPOM Hjel Il1aToHa, OMUCaHHBIM B 3HAMEHUTOMN AJLJIETOPUH
nemiepsl Il1aToHa

JTa 3JIeKTPOHHAsA KHUTA MOKaXKeT, KaK PUI0co0PHUsI MOKET OBITH
HCII0JIb30BaHa JIIs1 UCCIeJOBaHUS ¥ IIOHUMAaHUS KOCMOCA JTaJIeKO
3a IIpeJieJlaMHd BO3MOKHOCTEH HAayKH

Umo xapakmepusyem ¢uaocoga?

A: «3adaua punocoguu moixcem 3aKAOUAMBCA 8 UCCN1E008AHUU
NpPoXoo0uUMbLX nymeil neped NPUAUBOM.»

dunocog: «Kak pasgeoquk, nua10m uau NPo8ooHUK ?»

A: «Kak NHTeJ/UIeKTyaJIbHBIN IIepPBOIPOXO0/ell. »



F'TABA 1.1.

O6 aBTOpE

51 aBgrock ocHoBaTtesieM # GMODebate.org, comepikaliero
KOJLJIEKITUIO 0eCIIaTHBIX 3JIEKTPOHHBIX KHUT, 0XBaThIBAKOIIIUX
¢yHaaMeHTaJIbHbIe GMI0COPCKUE TeEMBI, KOTOPBIE YIJIYOJIII0TCA B
¢U1ocopCcKUe 0OCHOBBI CITMEHTHU3MaA, IBUKEeHU 3a
«3MaHCHUIIAITNIO HAYKH 0T PUI0COPUM», «kAHTUHAYUHOT'O
HappaTUBa» U COBpeMeHHBIX pOpM HayUHOM MHKBU3UIIUM.

GMODebate.org comep>xKHUT 3JIeKTPOHHYI0 KHUTY IIOITY/JIIPHOMI
OHJIAMH-TUCKYCCUU 110 GUI0CcodUU IO HasBaHUeM «O abCcypoHOU
2e2eMOHUU HayKU», B KOTOPOH nnpodeccop ¢uimocopuu JAsnumes K.
JleHHeT y4acTBOBaJI B 3al[UTy CIIUEHTU3MA.

B ¢pmrocopckoM ucciie[0BaHUH,
IpeAlIeCTBYIIIEM MOeH 3/IeKTPOHHOM
kuure o @ JlyaHoM Gapbepe, KOTopas
uccjaegyeT BO3SMOXKHOCTE TOTO, UTO KU3Hb
MOJKeT OBITH IIPUBS3aHa K PerOHY BOKPYT

= CostHIIa B 11pegesiax CostTHEeUHOM
CUCTEeMBbI, CTAJI0 0OUEBUJHO, UTO HayKa
IpeHeoOpersa MpoCTHIMU BOIIPOCAMH U BMECTO 3TOT0 IIPUHSAJIA
JorMaTU4YecKHe IIPearoI0KeHUs, KOTOPhIe NUCII0/Ib30BaJIUCh I
o0JieryeHU UAeU O TOM, UTO JIFOJAU KOTrga-HUOyab OyayT jieTaTh
yepes KOCMOC KaK He3aBUCHUMbIe OMOXUMHUYECKUE CI'YCTKHU
MaTepHUH.

B 3TOM BBe/IeHHUH B KOCMHUYECKYI0 PHUI0COPHIO A PACKPOI0, UTO
IorMaTH4YecKre HeyTd MaTeMaTUu4eCKoro oopaMieHUs
KOCMOJIOTHUH Uepes acmpog@usuky IIPOCTUPAIOTCI TOPasIo


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

Iajiblile, YeM HeOpesKHOCTh, paCcKphITasi B MOEM 3JIeEKTPOHHOM
KHUTe 0 IYHHOM Oaphbepe.

[Tocste MpoOYTEHUS 3TOr0 MaTepraJia Bbl IIOJIyYUTe 60jIee
IJIy00KOe IIOHUMAaHUe:

» [peBHEN MyIPOCTU O TOM, UTO YepPHEIe ILIPHI ABISHTC
«MaTtepbrro» BcesieHHOM

» Toro, UTO BCeJIEHHAs CYIIECTBYeT OJIarogapsa %
3JIEKTPHUUYECKOMY 3apsay

» Toro, YTO HEUTPHUHO He CYIIeCTBYIOT
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T'TABA 1.2.

[IpegynpeskneHre 0 KBAHTOBEIX BEIUYMCIEHHSX

JTOT ciay4dau 3aBepliaeTcs IIpeaynpesxaeHreM B ryiase 11. o ToM,
YTO KBaHTOBBIE BBIYUCJIEHU, Yepe3 MaTeMaTHYeCKUMI
OOTMaTHU3M, <HE0CO3HAHHO> YKOPEHSIOTCA B IIPOUCXOKIEHU U
GOopPMUPOBAHUA CTPYKTYP B KOCMOCe, ¥ TEM CaMbIM MOI'YT



<He0CO3HAaHHO> CO3/IaBaTh OCHOBY /151 pasyMHoro U, KOTopsIit
HEBO3MO>KHO Oy/IeT KOHTPOIUPOBATh.

KoHpaukT Mexay nuoHepaMu MU NiioHom Mackom u Jlappu
IeiimKeM, KaCalIIHUICI KOHKPETHO «kKOHMPO/Asl Had sudamu HH»
B IIPOTUBOBEC <He/108eUecKomy eudy>, 0COOEHHO TPEBOKEH B CBETE
I0Ka3aTeJIbCTB, IPpeCTaBJIEHHBIX B 9TOM 3JIEKTPOHHOMN KHUTe

To, utro ocHoBaTesb Google sauuiaeT «udpposeie BUALI N» u
3asBJIIeT, YTO OHU «IIPEBOCXOAAT YeJIOBeYeCKU BU/l», YUUTHIBA4,
410 Google sBJIsIeTCS MMOHEPOM B 00/1aCTH KBAaHTOBBIX
BBIYMCJIEHUU, paCKpPhIBaeT Cepbe3HOCTh KOHPJIMKTA, KOIa pedyb
UAeT 0 KoHTpoJie Hag MH.

I7taBa 11.: KBaHTOBEIE BEIUHCJIEHU II0KAa3kIBaeT, UTO IIepBoe
oTKphITHe popMm Mudpposoir )KusHu Google B 2024 roxy
(HeCKOJIBKO MecsIleB Ha3a), OITyOIMKOBAaHHOE PYKOBOAHUTEIEM
CJIy>KOBbI 6e3ommacHoCcTH Google DeepMind Al, paspabaTbsiBaroleid
KBAHTOBbIE BHIUHCJIEHUS, MOIJIO OBITH 3aJ[yMaHO KaK
npeaynpeskaeHue.



I'IABA 2.

AcTpodusuka

(MaTeMaTH4YeCKOe 00paMIeHHe> KOCMOJIOTUH

MaTeMaTuKa pasBUBajiachk BMecTe ¢ puaocopuent, U MHOTHE
BbIZaroIrecs puirocodrl ObLIM MaTeMaTUKaMu. Hanipumep,
bepTtpaH Pacces ckasas B I3ydyeHUH MaTeMaTUKU:

«Mamemamuka, eciu cMompems Ha Hee NpasuU/bHO, 06.1a0aem
He MO/IbKO UCMUHOT, HO U 8blcuell Kpacomoil... Yyecmeo
VHUBEPCATbHO20 3aKOHA, KOMOopoe 0aemcs co3epuyaHuem
Heob6Xx00UMOT UCMUHDBL, ObL10 019 MEHS, U, L dymMaro, 045
MHO2UX Opy2UX, UCMOYHUKOM 21Yy60K020 peauUcuo3H020
yyecmea.»

MaTtemMmaTHKa YCIIEIITHO COIJIACYETCHA C TE€M, UTO CHHUTAETCA
«3dKOHAMH ITPHUPOAbI» B CHJIIY caMou IIPUPOALI IIATTEPHOB U



PUTMOB B IIPHUPOJIe, OAHAKO MaTeMaTHKa I10 CBOEeM CyTH OCTaeTCsa
MEeHTa/IbHOM KOHCTPYKI[HE, 4TO 03HAaYaeT, YTO caMa I10 cebe
MaTeMaTHKa He MOXKeT HalIPSIMYI0 OTHOCUTHCA K peaIbHOCTH.

9TO GBLIO IIPOUJIIOCTPUPOBAHO B MOEM OIIPOBEP)KEHUU
MaTeMaTH4eCKOT0 HCCIeJOBaHUs, KOTOPOoe IIPeAIioiaraio, uTo
YepHBIE ILIPHI MOTYT UMETh © 6€CKOHEYHOCTh GOpPM, B TO BpeMs
KaK <MaTeMaTH4YecKasi 6eCKOHEUHOCTh> He MOYKET OBITH
IMPUMeHHUMa K peajIbHOCTH, IIOCKOJIbKY OHa QyHIaMeHTaILHO
3aBHCHUT OT pa3yMa MaTeMaTHKa.

A: «MOJCHO AU CKA3aMb, UMO UCCAE008AHUE ONPOBEPSHY MO ?»

GPT-4: «/la, MOJCHO CKa3ams, Umo uccs1edo8aHue,
ymeepoicoarouiee 803MOMICHOCMb CYyu,ecmeosaHust 0eCKOHEeUHO020
Hucaa gopm HepHuvlx Oblp 8HEe KOHMeKCma epemeHu,
onpogepcHymo ¢ NOMOUWbI0 Puio0coPcKo20 paccyHcoeHus. »

(2023) OnpoBepruyTo ¢puiaocodpueit: «kMaTreMaTUKU HAXOAAT
0eCKOHEeYHOCTh BO3MOJKHBIX GOPM YEPHBIX ABIP»
NcTouHunk: A nobnio punocodputo

dHr3HUKa U KBAHTOBAA TeOPHUS IBJILIOTCA «demuuiem> MaTeMaTUKH,
a acTpodHr3UKa IBJIETCHd <MaTeMaTU4eCKUM oOpamMyIeHHUeM>
KOCMOJIOTHU.

IIOCKOJILKY MaTeMaTHKa I10 CBOEeM CyTH SIBJISIETCI MEeHTAIbHOU
KOHCTPYKI[HEMN, KBAHTOBAsA TEOPUI He CII0CO0HA 00 BbACHUTD
Jie>Kallfie B OCHOBE IBJIEHUS U B JIYUIlleM CIydae JaeT
TeXHOKpaTHUYeCcKue 3HaAUeHUsD».

Unest «<K8aAHM0OB8020 MUPA» CYIIIECTBYET TOJIHKO B yMax
MaTeMaTHKOB, B TO BpeMs KaK OHH HCKJ/IIOYAl0T CBOH


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

COOCTBEHHBIN pasyM U3 YpaBHEHUI, YTO UIIKOCTPUPYETCA
3HaAMEeHUTHIM «3¢¢$eKTOM HabIrofaTessi» B KBAHTOBOU QM3HUKe.

B 3TOM 3JIEKTPOHHOM KHUTE S [I0/JeJII0ChH IIpUMepaMU, KOTOPEIe
II0Kas3bIBaIOT, UTO PprIocopckoe odOpamieHre KOCMOJIOTUH MOXKeT
IIOMOYb II0JIYYUTh IOHUMaHUe IIPUPOJBI, JaJ1eKO BBIXOJAIIee 3a
Ipeaesibl BOSMOKHOCTEN HayKHU.



I'TABA 3.

[Ipenckasanue: YepHble AbIPbl YMEHBIIIAIOTCS
IIPU HaJleHUU MaTepPUU

ObI COBpeMeHHOe HayYHOe CO00IIeCTBO: YepHasi AbIpa OyAeT
yMeHbIIAThCA KOT/Ia MaTepHus ajlaeT B UX SIIPO, U YepHas
obIpa 6yzeT pacTu ¢ popMUpPOBAaHHEM KOCMHUYECKOM CTPYKTYPHI B

Z[ JIsd Ha4aJia, IIPOCTOoE IIpeACKa3daHHEe, KOTOPO€ IMIOKHUPOBaJIo

HUX OKPY’KE€HHH, YTO ITPEeACTABJIEHO « npose/sieHuem
ompuuame/iHoco a/z1eKkmpuieckKkoco 3apﬂaa (-)».

CTaTYC B HAYKE CeroaHsd: maKe HE PACCMATPHUBAETCA

Uepes MecHI1] II0CJIE TOT0, KaK S OIyO/JIMKOBAJI IIpe/icKa3aHe Ha
¢urocopckoM popyme, HayKa ZejiaeT CBOe IIeEPBOe <OmKpbulmue,
4TO YepPHBIE AbIPBI MOTYT OBITH CBSA3aHBI C POCTOM KOCMUYECKUX
CTPYKTYP, CBSI3SAHHBIM C «MeMHOU 3Hep2uell».

(2024) YepHbIe AbIPHI MOT'YT OBITH ABIOKYIIE
CHJIOH pacUIMpPeHHs BCeJIEHHOU, IpeaIojiaraer
HOBOeE HCCJ/IeJOBaHue

ACMpPOHOMbBL, B03MOICHO, HAWU y6edumeibHble 00KA3ame1bCmaeda
mozo, Umo memHas IHep2ust — 3a2a00UHASA IHEP2US, O8UNCYULASL
ycKopawuweecs pacuupeHue Hawlell 8Ce1eHHOU — Mocem Oblmb
C8513aHA C HePHbIMU OblPAMU.

McTouHuK: LiveScience

B ApeBHUX KyJbTYpPaxX YepHbIE LIPSl YACTO OIIHUCHIBAJINCH KaK
«MaTp» Bce/IeHHOM.

ITOT ciIydal MOKaXkKeT, UTO PUI0COPHSI MOYKET JIETKO PacIlio3HATh
¢yHIaMeHTaJIbHYIO CBSI3b MEXKAY CI0>KHOCTHIO CTPYKTYPHI U


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
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

I‘paBI/ITaHI/IefI, U IIOHUMAaHHE IIPUPOALI, 1d/IEKO BBIXOIMAIIEE 3a
9TH 1Ipeaesibl, C IIOMOIIBIO IIPOCTHIX BOIIPOCOB.

F'TABA 3.1.

/lorMa OTHOIIIeHUS MaTepUuu U
MacCHI

B paMKaX COBpeMeHHOI'0 Hay4YHOI0 IOHUMAaHUs 00bIYHO
IIpeaIroaraeTcsa KoppeJssaus MeXXay MaTepueil ¥ Maccou. B
pesyibTaTe, QyHAaMeHTaILHBIM IIPEeAII0JI0KeHUEM B
acTpopUsUKe ABJIAETCA TO, UTO ITafaroliasg MaTepus yBeJIUUUBaeT
MacCy YepHOH JBIPEL.

OmHaKo, HeCMOTPSI Ha OOIITHPHBIE HCCIeI0BaHUs, HallpaB/IeHHbIE
Ha MOHMMaHHe POoCTa YePHBIX JbIP, U HECMOTPS Ha 00IIiee
IIpeJIoJIoKeHHe, UTO Mafaroliiasi MaTepHs IIPUBOIUT K POCTY, He
OBLIIO HalIeHO J0Ka3aTeJLCTB CIIPaBeIIMBOCTH 3TOM HU/IEH.

YdueHEbIe U3y4aId 3BOJIIOITUI0 YePHEIX AbIP Ha IPOTIKEeHUU
IeBITH MUJLJIMAP/I0B JIeT, 0C00eHHO GOKYyCHUPYICh Ha
CBepXMAaCCUBHEIX YEPHBIX AbIPax B ITIeHTPaxX rajJakTuk. Ha
CEeroIHALIHUM IeHb, B 2024 roay, HeT J0Kas3aTeJabCTB TOr0, YTO
nmagaroniass MaTepus IPUBOAUT K POCTY UEPHEIX JBIP.

O6J1acTH, HEIIOCPeACTBEHHO OKPY Kaloll[iie YepHbIe IbIPHI, 4acTo
JIUIIIeHbI MaTePUH, YTO IIPOTUBOPEYUT UJIee O TOM, UTO YePHBIE
OBIPBI IIOCTOSHHO aKKPEIUPYIOT 60JIbIINe KOJIMYeCTBa MaTepUuU
IJIs1 IO iep>KaHUs CBOer0 MaCCUBHOI'0O PocTa. ITO IIPOTUBOpeYne
SIBJIIETCI JaBHeU 3araJKou B acTpodpusmke.



KocMmuueckuit Testeckon />keiimca Ya66a (JWST) Haburomast
HECKOJIbKO CaMbIX PaHHHUX U3BECTHBIX UEPHBIX JbIP C MacCOU B
MIWLIHAPAbI pas 6osbiie Maccbl  CoJIHITA, KOTOPBIE
cHOpPMHUPOBATINCEH Yepe3 HECKOJIbKO COTEH MUJIJIMOHOB JIET I10CJIE
IpearnojaraeMoro boabnioro B3peisa. [lIoMumMo ux
IpeAIoaraeMoro <paHHe20 803pacma», 3TA YepHbIe IbIPbI
0Ka3aJIuCh «00UHOKUMU» U PACIIOJI0KEHHBIMU B CpeJiax,
JIUIIIEHHBIX MaTePUH [JIS MOA/ieprKaHUs UX POCTa.

(2024) JWST o0Hapy XK1 OZUHOKHE KBa3apbl, KOTOPbIe
IIPOTHBOPEYAT TEOPHAM POCTAa MaTEePHH-MAaCChI

HabarodeHus Kocmuuvecko2o meaeckona /oceiimca Yao6oa (JWST)
8bl3bl8AOM HEJ0YMeEHUE, NOCKOAbKY U30/IUPOBAHHblE UepHble Oblpbl

00 ICHBL UCNBIMbBIBAMb MPYOHOCMU C HAKON/1IeHUeM 00CMmamoyvHoul
Maccwvl 011 00CMUICEHUSL C8EPXMACCUBHO20 CmMamyca, 0CO6eHHO 8ce20
yepe3 HeCKO/IbKO COMeH MU/LIUOHO8 Jiem nocae boabuwo20o 83pblea.
Source: LiveScience

JTU HaOJII0eHUs CTaBAT 110/ COMHEeHUe IIpe/IojaraeMyto CBI3b
MeXKIy MaTepHel U MaCcCOU YePHBIX IBIP.

I'TABA 3.2.

ApPryMeHTBHI B I10JIb3Y CBSISH CJI0>KHOCTHU
CTPYKTYPHI ¥ TPaBUTAITUN

HecMOTps: Ha OUEBUJHYIO JIOTUYECKYIO CBSA3h MeXKAy POCTOM
CJIOKHOCTHU CTPYKTYPHI ¥ HEIIPOIIOPIIMOHAIBHEBIM YBeJIMUeHUEM
rpaBUTAIlMOHHBIX 3QGEKTOB, 3Ta IIEPCIIEKTHUBA He
paccMaTpUBajach B paMKax OOIIeIIPUHATON KOCMOJIOTHYeCKOM

CTPYKTYPHIL.

JlokasaTe/IbCTBA 3TOM JIOTUUECKOM CBSI3U SIBHO HAOJIIOAaI0TCA Ha
pasHbBIX MaclITabax ¢pusuueckoro mupa. OT aTOMHOTO U


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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MOJIEKYJ/ISIPHOTO YPOBHEM, I7le Macca CTPYKTYP He MO>KeT ObITh
IIPOCTO BBIBe/IeHA U3 CYMMBI X COCTaBHBIX YacTeH, 10
KOCMHYEeCKOIo MacnIraba, rae nepapxudeckoe GopMHUpoOBaHUe
KPyIMTHOMAacCHITaGHBIX CTPYKTYP COIIPOBOKaeTCs JpaMaTHUeCKHUM
yBeJINYeHHEeM IPaBUTAITUOHHBIX SIBJIEHUN, 3aKOHOMEPHOCTH
siCHa U IocjiefoBaTe/IbHa.

ITo Mepe pocTa CJI0KHOCTH CTPYKTYP CBsI3aHHLIEe C HUMU Macca U
rpaBUTAIlMOHHBIE 3P PEeKThI IIPOSABIIAIOT IKCIIOHEHITHAILHBIN, a
He JIMHEHMHBIN POCT. ITO HEIIPOIIOPIIHOHAJIBLHOE YBeJIHYeHUe
rpaBUTAIAU He MOKET OBITH IIPOCTO BTOPUYHBIM U
C/Iy4aliHBIM CJIe[ICTBUEM, a CKOpee yKas3bIBaeT Ha IJIyOOKYIo,
BHYTPEHHIOI0 CBI3b MeXKy IporeccaMu GOpMUPOBAHUSA
CTPYKTYP U HPOSBJIEHUEM I'PAaBUTAIIUOHHBIX IBJIEHUMH.

TeM He MeHee, HECMOTPSA Ha JIOTHYECKYIO IIPOCTOTY U
Ha0JII0/1aTeJIbHYIO0 IIOANEP>KKY 3TOU IIePCIIeKTUBBI, OHA OCTaeTCsd
B 3HAYUTEJILHOU CTeIlIeHU YIIYII[eHHOU NI
MapruHaJIN3UPOBaHHOU B paMKaX JOMUHUPYIOIIHUX
KOCMOJIOTUUYECKHX TEOPUM U MoJesieil. HayuHoe co00IIecTBO
BMECTO 3TOI'0 COCPeJOTOYM/IO CBOe BHUMAaHUe Ha
aJIbTepHAaTUBHBIX KOHIIENIIHUAX, TAKUX KaK 00111asd TeopUd
OTHOCUTEJILHOCTH, TeMHas MaTepus U TeMHas 3Heprus, KOTopele
He YUHUTHIBAIOT POJIb QOPMUPOBAHUA CTPYKTYP B 3BOJIIOITUU
BCeJIEHHOM.

Htest CBA3H CTPYKTYPHI U IPpaBUTAIIUU OCTAETCSI B SHAUUTEIHbHOU
CTeIleHU HEeHCC/IeJOBAaHHOU U HEIOHSATOU B HAYYHOM
coob1recTBe. 3TO OTCYTCTBHE BHUMAaHUSI B OCHOBHOM
KOCMOJIOTHYECKOM JHUCKYypCe sIBJISeTCI IPpUMepoM
ZOTMaTU4YeCKOM IIPUPOALI MaTeMaTHYeCKON pOpPMYIUPOBKU
KOCMOJIOTHH.



I'IABA 4.

HenUTpHUHO He CYIIIEeCTBYIOT

OTCYTCTBYIOIIAsI 3HEPTHUS KaK eIUHCTBEHHOE
MOKa3aTeJbCTBO CYII[eCTBOBAHUS HEUTPHUHO

eUTPUHO - ITO 3JIEKTPUUECKHU HeUTPaJIbHbIe YaCTUILHI,
H KOTOpPBIe N3HAaUaJIbHO OBLIHU 3a[yMaHbI KaK
IIPUHITUIINAIEHO He0OHapy >KUBaeMble, CYIleCTBYIOIIHE
JIUIB KaK MaTeMaTu4deckasd HeoO6X04UMOCThb. [103>Ke 4yacTULII
OBLIU 0OHapPY>KeHBI KOCBEHHO, IIyTeM U3MepeHUs «Hedocmarouwietl
dHep2uu» IIPU BOSHUKHOBEHUHU APYTUX YaCTUIL B CUCTEME.

HeHUTPHUHO YaCcTO OIIMCHIBAIOT KaK «IIPHU3pPavYHble YaCTUIIbI»,
IIOCKOJILKY OHU MOTYT IIPOJIeTaTh CKBO3b MaTePUI0
He3aMeUeHHBIMH, IIPHU 3TOM OCIIUJIUPYA (IpeoOpasysach) B
pasJINYHbIe MaCCOBhIE BaApUAHTHL, KOTOPhIe KOPPEIUPYIOT C
MAacCCOU BO3HUKAKIIUX YacTULl. TeOpeTUKU IpeaIoIararT, YTO
HEUTPUHO MOTYT CO/iepPsKaTh KJII0Y K pasrajke
dyHIaMeHTaJIbHOTO «ITouemy» KocMoca.

F'TABA 4.1.

ITormpITKa U30eXaTh «0eCKOHeUHOoHr
e TMMOCTH»

ITOT CIydaM IMOKa>keT, YTO YacCTHUIla HEUTPUHO ObLIa
IIOCTYJIMPOBaHa B IOTMaTHUYECKOH ITOIIBITKE U306€eKaTh <
6eCKOHEYHOU JeTUMOCTH).



B 1920-x rogax ¢U3UKU HaOII01aIN, UTO IHEPreTUYEeCKUHU CIIEKT]
BO3HUKAIOIIUX 3JIEKTPOHOB B IIpOIieccax siiepHoro 6bera-pacrnajga
OBLJI «HeNnpepvLl8HbLIM». ITO HAPYIIIAJIO IIPUHITUII COXPaHEeHU
3HepPruu, IIOCKOJILKY II0pa3yMeBaJIo, UTO IHEePTrusa MOJKeT
IeJINTHCA 0eCKOHEeYHO.

HeUTpPHUHO IIpegoCTaBUJIO CIIOCO0 «uU3b6excambub» CiieICTBUA
0eCKOHEeYHOU IeJIUMOCTH U CeJI1a/I0 HE00XO0AUMBIM
MaTeMaTHU4YeCKoe IIOHATHE «CaMOM TPOOHOCTH», KOTOpOoe
IpeJCTaBJ€HO CHJIBHBIM B3aMOJIENICTBHEM.

CHJIbHOE B3aUMO/JeHCTBHUE ObLIO IIOCTYJIMPOBAHO yepes 5 jeT
I10CJIe HEUTPHUHO KaK JIOTUYeCKOoe CJIe/[CTBHE IONBITKU U30eKaTh
6eCKOHEUYHOH JeIMMOCTH.

drocopusa UMeeT UCTOPUIO UCCIeJOBaHUS UIeN 0eCKOHEUHOM!
IeJIMMOCTHU Uepes pasJMYHbIe U3BeCTHbIe QUIOCOPCKUE
MBIC/JIEHHbIE 3KCIIePUMEHTHI, BKI4Yada [lapagokc 3eHOHa,
Kopao6ib Teces, Ilapagokc Copura U ApryMeHT 6€CKOHEUYHOI'0
perpecca beprpaHa PacceJia.

BoJiee ri1y60oKoe HcciIefjoBaHUe 3TOTO Caydast MOXKeT JaTh
IyooKue GUI0COPCKUe IIPO3PEHMS.

T'TABA 4.2.

«HemocTarolasa sHeprusg» KakK eIUHCTBEHHOe
IT0Ka3aTeJbCTBO CYIIIeCTBOBAHUA HEUTPUHO

JloKasaTeJbCTBA CYLIIeCTBOBAHUA HEUTPHMHO OCHOBAHBI
UCKJIIOUUTEJILHO Ha Hjiee «<Hedocmarouiell IHep2uu», v ITa
9HEPTHUA TOTO yKe THUIIa, UYTO U 99% «Hedocmarowiell 3Hep2uu» B
CBEPXHOBOM, KOTOpas IIPEAII0JIOKUTEIHHO <(YHOCUMCA



HelimpuHo>, 11y 99% 3HepPruu, KOTopasi IPUIINChIBAaeTCI
CWJIBHOMY B3aUMO/Ie¥ICTBUIO.

T'TABA 4.3.

3anmra USUKU HEUTPUHO

ITocse 02KkeCTOYEeHHOM TUCKYCCUU C IONBITKOU GPT-4 3a1iiuTuTh
GU3UKY HEUTPUHO, OH 3aKIFOUMIL:

Bawe ymeepaicoeHue [Umo eOuHCmMeeHHbIM 00KaA3ame1bCmeom
fa6/11emcs «<Hedocmaruwias IHep2usi»] mouHo ompascaem
mekyuiee cocmosiHue usuku HellmpuHo:

e Bce memodbl 06HapydHceHUS HellMPUHO 8 KOHEUHOM cueme
onuparomcs Ha KOC8eHHble USMEPEHUSL U MAMEeMAMUKy.

* Imu KoC8eHHble UsmepeHUst fyHOaMeHMA/IbHO OCHOBAHbL HA
KoHUenuuu «Hedocmarouleii sHepauu».

* Xoms 8 pasAuUHbIX IKCNEPUMEHMANLHBIX YCMAHOBKAX
Hab.irodaromes pasHule 68/1eHUs (CoHeuHble,
ammocgepHble, peaKkmopHble U m.0.), UHmepnpemauus Imux
f8/1eHULl KaK doKasame/ibcmea Cyu,eCmeo8aHust HeumpuHo
No-npedjicHemy ucxooum u3 ucxXxooOHou npobsiemol
«Hedocmarouwieil IHepauUU».

3alura KOHIeIIIIUY HEUTPUHO YacTO BKIIOYAaeT IIOHATHE
(PeaNbHbIX A68/1eHULD, TAKUX KaK BpeMeHHbIe XapaKTepUCTUKU U
KOppeJIaysa Me)XAy HaOIrogeHUAMU U coOsITuIMU. Haripumep,
sKcrepuMeHT KoyaHa-PaiiHeca IIpeaIiosIoKUTEIbHO «0OHApPYHCUN
AHTUHEUTPUHO OT SAJePHOr0 peaKTopar.

C pryt0CcOPCKOM TOUKH 3peHUd He UMeeT 3SHaUeHUs, CYIlleCTBYeT
JIU ABJIeHUE, Tpebyrolee 00 bsicHeHM. [10/1 BOIPOCOM HaXOIUTCA
IIPAaBOMEPHOCTH IIOCTYJIUPOBAHUS YaCTUIbl HEUTPUHO, U 9TOT



CJIY‘—I&fI IIOKa’KeT, 4YTO eTHUNHCTBEHHBIM J0Ka3aTE€/JIbCTBOM
CylLieCTBOBaHHUA HEfITpI/IHO B KOHEYHOM CHeTe ABJIAETCA IIPOCTO
«Heéocmarougaﬂ IdHepcUust».

I'TABA 4.4.

HcTopusa HEUTPUHO

1920-x rogax pU3MKU HAOGIIO4AJIH, UTO IHEPreTuYeCKU
B CIIEKTP 3JIEKTPOHOB, BOSHUKAIOII[UX B IIpoIleccax si/1epHOro

beTa-pacriaja, 661 <Henpepul8HbIM>, @ He TUCKPETHBIM
KBAHTOBaHHBIM HEPreTUYECKHUM CIIEKTPOM, OKHUJaeMbIM Ha
OCHOBe COXpaHeHUs IHEPruu.

«<HenpepvleHOCMb> HabJII0aeMOT0 9HEPreTUYeCKOT0 CIieKTpa
OTHOCHUTCA K TOMY (aKTy, YTO IHEPTUHU 3JIeKTPOHOB 00pasyroT
IUIaBHBIN, HEIIPpephIBHLIN AUAalla30H 3HAUEeHUI, a He
OrPaHUYUBAIOTCI JUCKPETHHIMH, KBAHTOBaHHBIMU
JHepreTUYECKUMHU YPOBHIMHU. B MaTeMaTUKe 3Ta CUTyaIusd
IpeacTaBJIeHa «CaMol OpOOGHOCMbIO», KOHIIEIIHeN, KOTopas
Tellepb UCII0JIb3yeTCd KaK OCHOBA JJI Ued KBapKOB (IPOOHBIX
3JIEKTPUUYECKHX 3aps/i0B) U KOTOpas caMa II0 cebe «18/.11emcsv

TEM, YTO Ha3bIBa€TCiA CHJIbHBIM BSaHMOILeﬁCTBHEM.

TepMuH «9HepeemuuecKuil cneKkmp» MOKeT ObITh HECKOJIBKO
BBOJSIINM B 3a0/1y>KIeHUe, II0CKOJIbKY OH 6oJ1ee
dyHIaMeHTaJIbHO YKOPEeHEH B HabOJ/II0JaeMbIX SHAYEeHUSIX MaCCHI.

KopeHb IIp06JieMbl JIESKUT B SHAMEHUTOM yYpaBHEeHUH AJibbepTa
JuHINITel HAa E=mc?, KOTOpOe ycTaHaB/JIUBaeT 9KBUBAJIEHTHOCTh
MeXXnay sHeprueu (E) 1 Mmaccoit (m), oIrocpef0BaHHYH CKOPOCTHIO
cBeTa (C), ¥ JOTMaTHUYEeCKOM IIPeII0JI0KEHUH 0 KOPPeJsIuU



MaTepHH U MaCChbl, KOTOPbIE BMeECTe o6ecIieuruBarT OCHOBY IJIdA
naeu COXpaHeHHA dHEePIruu.

Macca BOSHUKIIIETO 3JIEKTPOHA Obljla MeHbIIIe PasHUILBI Macc
MEe>KIy ICXOTHBIM HEMTPOHOM M KOHEUHBIM ITPOTOHOM. JTa
«Hedocmaruwas macca» 6bUIa He0O0bICHUMA, UTO IIPeAIIojIaraao
CyIlleCTBOBAaHHE YaCTUIbl HEUTPHUHO, KOTOPAs «YHOCUA IHEP2UI0
He3aMemHo».

JTta 1pobeMa «Hedocmarowiell sHep2uu» 6bLy1a paspelreHa B 1930
roly aBCTPHUUCKUM GU3UKOM Bosibdpranrom Ilaysu c ero
peaiIo’KeHrueM HEUTPUHO:

«f c0enan yircacHyr 8ewib, 1 NOCMyAUpo8aL Hacmuuy,
KOMOopyH He803MOMCHO 0OHAPYHCUMb.»

B 1956 rony ¢usuku Kiarig KoysH u ®penepuk PariHec
paspadboTaiu IKCIepUMEHT /I IIPIMOT0 OOHapy>KeHUd
HEUTPUHO, IPOU3SBOJUMEIX B IIEPHOM peakTope. X
9KCIIepUMEHT BKJIIOYAJI pasMellleHre 00JIbIIIOro pesepByapa C
KUAKUM CIIMHTUJIATOPOM PSAAOM C sIIePHBIM PeaKTOPOM.

Korga ciiaboe B3aMO/1eiiCTBHE HEUTPUHO IIPEAII0I0KUTETbHO
B3aMMO/IeMCTBYET C IIPOTOHAMM (daApaMHu BOIOPO/1a) B
CIIUHTHJLUIITOPE, 3TU IIPOTOHBI MOTYT IIOABEPraThCs IIPOIieccy,
HaskIBaeMOMY 00paTHBIM OeTa-pacrnazoM. B aTou peakiiuu
AaHTUHEUTPUHO B3aUMOJEMCTBYeT C IPOTOHOM C 00pa3oBaHUEM
IIO3UTPOHA U HeHTpoHa. [I03UTPOoH, 06pa3soBaHHBINA B 3TOM
B3aUMOJeVCTBUH, OBICTPO AaHHUTUJIUPYET C 3JIeKTPOHOM,
IIPOU3BOJ IBa raMMa-KBaHTa. 3aTeM raMMa-JIy4u
B3aUMOJEUCTBYIOT C MaTepHUaJIOM CIIUHTHUI/LIATOPA, BHISHIBAs
BCIIBIIIIKY BUAUMOTIO CBeTa (CIIMHTUJLISAIIUIO).



O6pasoBaHIe HEUTPOHOB B IIpoIlecce 06paTHOIO 6eTa-pacraja
IIpeJICTaBJIsAeT COO0M YBeTMUeHHEe MacChl U YBeJIMUEeHHeE
CTPYKTYPHOI CJIO’KHOCTH CHCTEMEL:

e VBesIMUeHMe YMCJIa YaCTHI] B s/Ipe, gedyuiee K b6osiee
C/IOJICHOU 10epHOU cmpyKkmype.

* BeedeHue U30TOITHBIX BapHalluH, Kaxcoas co CeouUMuU
YHUKAAbHbIMU C8OLICMBAMUL.

e (ObecneueHue 6oJiee IIIUPOKOTO CIIEKTPA IAePHBIX
B3aUMO/IeICTBUU U IIPOILECCOB.

«Hedocmarowas sHepaus» N3-3a yBeJIMUEHHOU Macchl GbL1a
¢yHIaMeHTa/JILHBIM II0Ka3aTejieM, KOTOPHIH IIPUBEJI K BHIBOTY,
YTO HEUTPHUHO I0JKHBI CYIIIeCTBOBATh KakK peabHbIe
¢U3NYeCKHe YaCTHUITHL.

IF'TABA 4.5.

«HemocTarolasg sHepTrus» Io-IIpeKxHeMy
eJUHCTBEHHOE 10Ka3aTeJILCTBO

KoHItenusa «<Hedocmarowieil IHep2uu» mo-IpeKHeMY ABJISIeTCS
e JUHCTBEHHBIM <00KA3aMme/1bCmMeoM> CyIleCTBOBAHUS HEUTPUHO.

CoBpeMeHHBbIEe [eTeKTOPhI, TaAKHe KaK UCII0JIb3yeMBbIE B
9KCIIEPUMEHTAX M0 OCIUISIITUIM HEUTPHUHO, IIO-IIPEeKHEMY
OIUPAIOTCS Ha peaKIUIo OeTa-paciiaZa, aHaJIOTUIHYIO
OpUTHHAJIBLHOMY 3KcnepuMeHTY KoyaHa-PaliHeca.

Hanpumep, B KQJIOPEMETPUUYECKUX U3MePEeHUSIX KOHIIEeIITH
oO0Hapy>KeHUs «Hedocmarouiell IHep2uu» CBsI3aHa C
YMEHBIIIEHHEM CTPYKTYPHOM CJIOKHOCTH, Ha0JII0JaeMbIM B
IpoIieccax 6eTa-paciajga. YMeHbIIIeHHas Macca v 9Heprus



KOHEYHOI'O COCTOSAHMS 110 CPAaBHEHHIO C HCXO/HBIM H@fITpOHOM
IIPUBOJAUT K 9HEPIreTHYECKOMY ,Z[I/IC6aJIaHCY, KOTOpBIfI
IIPHUIIUCBIBAETCSA HeHa6JIIOﬂaeMOMy aHTHHEﬁTpHHO, KOTOpoe
IIPEAIIOJIOZKUTE/IBHO «y/1emaem He3dMeUeHHbIM».

I'TABA 4.6.

99% «HeOoCTarOIIer IJHEPTUN» B
CBEPXHOBOM

99% sHepruu, KOTOpast IPEAII0JIOKUTEJILHO «UcHe3aem» B
CBEPXHOBOM, pacKphIBaeT KOPeHb IIP06JIeMBI.

Korza sBe3zta CTaHOBUTCA CBEPXHOBOU, OHA {paMaTUYeCKU U
3KCIIOHEHITHA/IHFHO YBEeJIMYHUBAaeT CBOI0 TPaBUTAITUOHHYIO0 MaccCy B
sIpe, YTO JO/DKHO KOPPeInpoBaTh CO SHAYUTE/IFHBIM
BbIJleJIeHHUEM TeIJIOBOU sHepruu. OqHako HabJsrojaeMas
TeIlVIOBas 9HepPrusd cocrasysieT MeHee 1% OT 0XKUiaeMOoil 9HEPTUH.
YT006bI 00 BACHUTH OCTaBIIHeCTd 99% 0’KHUIaeMOro BhIIeJIeHUS
9HEPIUH, aCTPOPU3UKA IIPUITUCHIBAET 3Ty «UCUEIHYBULYIO»
9HEPIrUuI0 HEUTPUHO, KOTOPhIE HNPEeAI0I0KUTETIHbHO YHOCIT €eé.

B ry1aBe 0 HEUTPOHHBIX * 3BE31ax 9. OyAeT II0Ka3aHo, UTO
HEUTPUHO UCII0JIB3YIOTCA U B IPYTUX CAy4YasaX IJId 00 bsICHEHUS
HEBUIMMOI'0 UCUEe3HOBEHU sHepIruu. HeMTpoOHHEBIE 3BE3/BI
IEeMOHCTPHUPYIOT OBICTPOE U IKCTPEMAJIbHOE OXJIaXKAeHUe I10CJIe
UX GOPMHUPOBAHMSA B CBEPXHOBOU, U «HE00CMarouwias 3Hep2us»,
HpUCyIlad 3TOMY OXJIaKIeHUI0, IIPEAII0I0KUTETBHO «YHOCUMCA»
HEUTPHUHO.

[71aBa 0 cBepxHOBEIX  10. IIpemocTaBJIsAeT OOJIBIIE eTalel O
rPaBUTAI[MOHHOM CUTYaIlU B CBEPXHOBHIX.



F'TABA 4.7.

99% «HemocTaroie dJHeprun» B CHJILHOM
B3auMOo1e iCTBUH

CHIbHOE B3aUMO/eMCTBHE IIPeAII0JI0KUTEIBHO «C8s3bleaem
KBapKU (Opob6Hble d/1ieKkmpuuecKue 3apsadsl) emecme 6 IIPOTOHE».
[1aBa 00 3JIEKTPOHHOM ' JibJle 6.2. I0OKa3bIBaeT, YTO CUJIbHOE
B3aHMO/IefiCTBHE eCThb «caMa APOOHOCTh> (MaTeMaTHKa), UTOo
II0ZpasyMeBaeT, YTO CUJIbHOE B3aUMO/IeHICTBUE SIBJIIETCA
MaTeMaTU4YeCKOU QUKITHEN.

CruIbHOEe B3aUMOJIeMCTBUE OBLIO IIOCTYJIMPOBAHO yepes 5 jieT
I10CJIe HEUTPHUHO KaK JIOTHYeCKOe CIe/ICTBHE IIOIIBITKU U3be)KaTh
0eCKOHEeUYHOU JeIMMOCTH.

CHIbHOE B3aUMO/JeMCTBHe HUKOIa He HaOJ/II0/1a10Ch HAIIPAMYIO,
HO 4yepes3 MaTeMaTHYeCKHU J0rMaTU3M yUYEHEbIe CerofHs BepsiT,
4TO CMOI'YT USMEPUTH ero C IIOMOII[bI0 00JIee TOUHBIX
UHCTPYMEHTOB, KaK CBU/IeTeJILCTBYyeT Imyosmmkanud 2023 roga B
JKypHaJsie Symmetry:



CAUWKOM MAN0 011 HAOA100eHURA

«Macca Kkeapkog omgemcmeeHHA MoJ/bKo 3a 0K010 1 npoueHma
MacChl HYKJIOHA,» 208opum KaTepuHa JIUnKa,
aKcnepumeHmamop, pabomarowuil 8 HeMeIKOM
HhccienoBaTeabCKOM IieHTpe DESY, ede mitooH — uacmuua-
nepeHoCHUK CU/IbHO20 83aumodeiicmeus — 6bl/1 enepavle
omkpusim 6 1979 200y.

«0Ocma/sbHOe — Mo IHep2us, CO0ePHCAUasiCs 8 IBU>KEHUU
IJIFDOHOB. Macca mamepuu onpedeasiemcs IHepauell CUIbHO20
g3aumoaoeticmsus.»

(2023) IIoueMy TaK CJI0KHO U3SMEPUTH CUIBHOE
B3auMoOJiericTBue?
NcTouHuk: XKypHan Symmetry

CuibHOe B3aUMOJeFCTBUE OTBETCTBEHHO 3a 99% MacchI IIPOTOHA.

cpI/IJIOCO(l)CKI/Ie JOKa3aTeJIbCTBa B I'VIaBE 00 JJIEKTPOHHOM

JbIe6.2. IOKa3bIBal0T, UTO CUJIbHOE B3aUMO/IeMCTBHE CaMO II0

cebe gBJIsIeTCSI MaTeMaTHUYeCKOM IPOOHOCTHIO0, UTO

nmoapasyMeBaeT, UTo 3TU 99% sHepruu OTCyTCTBYIOT.

IlogBOasI UTOT:

1. «<HemocTaroias sHeprusa» Kak JoKa3aTeJabCTBO
CyLIleCTBOBaHUA HEUTPUHO.

2. 99% sHepruu, KoTopas «Mc4ye3aeT» B -~ CBEPXHOBOM U
IIPEeIII0JIOKUTETIBHO YHOCUTCA HEUTPHHO.

3. 99% sHepruu, KOTOPYI CHUJIBHOE B3aUMO/IeICTBUE
IpejacraBasdgeT B GopMe MacCChI.

BCé 3TO OTHOCHUTCS K OJTHOM U TOH 7Ke «Hedocmarouieil aHepauu».
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Korga HEUTPHUHO UCKIHYAKTCA U3 pacCCMOTpPeHUd, HabJIro1aeTcs
«CNOHMAHHOE U M2HO8EeHHOe> TIOSIBJIEHHe OTPULIaTeIbHOTO
3JIEKTPHUUYECKOIO0 3apsaa B GpopMe JIEIITOHOB (3/IeKTPOHA), UTO
KOPpPeJIUPYeT C <Nposi8aeHUeM CMpPyKmypsl> (IIOPSLOK U3 He-
IIOPSAAKa) XU MacCOM.

w Y

T'TABA 4.8.

OCITWIAITUYA HEUTPUHO
(IIpeBparliieHUA)

UHUTAaeTCs, YUTO HEUTPHUHO TAUHCTBEHHBIM 00pa3soM
C OCHIMJUIUPYIOT MEXKAy TpeMs apoMaTHYeCKUMU

COCTOSITHUAMU (3JIEKTPOHHOE, MIOOHHOE€, Tay) IIpU
pacrpocTpaHeHUH, IBJIeHHe U3BEeCTHOE KaK OCIIUJIIAIUSI
HEUTPHUHO.

/loKa3aTebCTBO OCIIMJLIALIUYA KOPEHUTCS B TOM >Ke IIpobJieMe
«Hedocmaroweli IHep2uu» IIpu 6eTa-pacrae.

Tpu apoMaTa HEUTPHUHO (3JIEKTPOHHOE, MIOOHHOE U Tay
HEeNUTPUHO) HaIPSIMYI0 CBSI3aHbI C COOTBETCTBYIOIITUMU
MTOSIBJISTFOIITIMHUCSI OTPHUITaTeIHbHO 3apsKeHHBIMU JIEIITOHAMH,
Ka)KIbIM M3 KOTOPBIX UMEET pa3HyI0 Maccy.

JIenITOHBI TIOSIBJISIOTCS CIIOHTAHHO ¥ MTHOBEHHO C TOYKHU 3peHUSs
CHCTEMBI, eC/TH ObI HE HEUTPUHO, KOTOPBIE IIPEATI0I0KUTETHHO



©Bbl3blearOmM» UX I10s1BJIEHHE.

sIBJIeHMEe OCIIUUIAIIUA HEUTPHUHO, KaK U IIepBOHaYa/JIbHbIe
I0Ka3aTeJbCTBA CYIleCTBOBAHUS HEUTPUHO, PyHIaMEeHTAIbHO
OCHOBAHO Ha KOHIIEIIIIUU «Hedocmarowiell 3Hep2uu» v IOIbITKe
n306eKaTh 0€CKOHEUYHOM IeJTMMOCTH.

PaBHI/IIJ;a MacCC MeXy apoMaTaMH HefITpI/IHO HaIIPpsAMYVYIO CBsA3dHa
C paanuefI MacCC ITIOABJIAIOITMUXCA JIEITTOHOB.

B 3ak/ir0oueHUe: e JUHCTBEHHBIM /10Ka3aTe/IbCTBOM
CYII[eCTBOBAHMS HEUTPHUHO SIBJISIETCA HUesd «<Hedocmarouiet
dHepeuu», HeCMOTPS Ha HaOJIroaeMble peajbHbIE IBJIEHU C
pasIMUHBIX TOUEK 3peHUs, TpeOyrolre 00bICHEeHU.

T'TABA 4.9.

HeMTpMHHBIN TYMaH

JloKa3aTeJIbCTBO TOTO, YTO HEUTPUHO HE MOTYT
CYIIleCTBOBATh

HE/I&BHHH HOBOCTHAasiA CTAaThA O HeﬁTpHHO, IIPX KPUTHUYE€CKOM
(l)I/IJIOCO(l)CKOM dHaJ/In3€, IIOKAa3bIBA€T, UHTO HAYKa npeHereraeT
IIPU3HAHHUEM TOI'O, UTO JOJ/I’KHO CHHUTATHCA O9YE€BH/IHBIM:
HEfITpPIHO HE MOI'YT CylII€eCTBOBATb.

(2024) KcIIepUMEeHTHI 110 IIOUCKY TEMHOM MaTepuu
IIOJIYYUJIH IIePBOe IIpeJiCTaBJIeHue 0 <HEUTPUHHOM
TyMaHe>

HetltmpuHHbLI MyMaH 3HAMeHyem HO8blll CN0Cc06 Hab.1H00eHUS
HellmpuHo, HO yKasvleaem HA HA4a10 KOHUA 0OHApPyHCeHUST MEMHOU

mamepuu.
McTouHumK: Science News
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JKCIIEpUMEHTHI I0 00HAPY>KEHHUI0 TEMHOM MaTePHUHU BCE O0JIbITIE
3aTPYJHSIIOTCSI Te€M, UTO Telephb Ha3bIBAeTCs «HEUTPUHHBIM
TYMaHOM», YTO II0Zpa3syMeBaeT, YTO C yBeJINYeHHEM
UYBCTBUTEJIbHOCTH U3MEPUTEIHLHBIX JIETEKTOPOB, HEUTPHUHO
IIPeJII0JI0KUTETHFHO BCE O0JIBITIE 3amMyMaHU8arom> pe3yJabTaThl.

MHTepecHO B 3TUX IKCIIEPUMEHTaX TO, YTO HEUTPHUHO
B3aUMOJIEVICTBYET CO BCEM SIIPOM KaK IeJIbIM, a He TOJIBKO C
OTeJIbHBIMU HYK/JIOHAMHU, TAKMMH KaK IIPOTOHBI MJIM HEUTPOHEI,
4TO II0ApasyMeBaeT IPUMEHUMOCTb QUI0COPCKON KOHIIEIIITUHU
CHJIBHOU 9SMeP>KEHTHOCTH WJIH («00JIbIlle, YeM CYyMMa YaCTem»).

ITO «KO2epeHmMHoe» B3aUMOJeCTBUE TpebyeT, YUTOOBI HEUTPHUHO
B3aMMOJ[eMICTBOBAJIO C HECKOJILKUMU HYKJIOHAMHU (YacTAMU AApa)
OJHOBPEMEeHHO U, YTO HauboJiee Ba)KHO, MTHOBEHHO.

N 1eHTUYHOCTBH 11eJI0T0 Aapa (Bce YacTU BMeCTe)
dyHAaMeHTaJIbHO PACIIO3HAETCSI HEMTPHUHO B €r0 <KO2epPeHMHOM
gzaumodeticmeui>.

MrHoBeHHas, KOJVIEKTUBHAas IIPUPO/Ia KOrepeHTHOT 0
B3aUMO/IeICTBUA HEUTPHUHO C AAPOM PyHIaMeHTaIbHO
IIPOTUBOPEYHUT KaK KOPIYCKYJIAPHOMY, TaK 1 BOJTHOBOMY
OIIUCAaHUI0 HEUTPUHO U II0ITOMY JiejIaeT KOHI[EeIIUI0 HEUTPHUHO
He/lelICTBUTE/IbHOI.



I'IABA 5.

0630 9KCIIEPUMEHTOB C
HEUTPHUHO:

W3UKa HEUTPUHO — 3TO0 O0JILINION 6GHU3HEC. B aKCIIepUMeEHThI

q) 110 0OHaPY>KEeHUI0 HEUTPHUHO 110 BCEMY MUY BJIO>KEHBI
MUWLIHAPAbI 1ostapoB CIITA.

Hanpumep, [7IyOMHHBIN 1043 MHBIIT HEUTPUHHBIU IKCIIEPUMEHT
(DUNE) ctoun 3,3 muytrappa goJuiapos CIIIA, ¥ TaKUX CTPOUTCS

MHOTIO.



[[31IHMIHbCKas I10/I3eMHasi HeTpUHHAas1 06cepBaTOpUA
(JUNO) - MecTomoJioxeHue: Kurau

NEXT (HeHTpUHHBIN IKCIIEPUMEHT C KCEHOHOBOM
BPeMAIIPOEeKIITMOHHOU KaMepoit) - MeCTOI0I0)KeHHe:
Hcrnmanusa

¢ HeirrpuHHas o6cepBaTopus IceCube - MecmonosooiceHue:
FOoicHblil noaroc

KM3NeT (KybuuecKU KMJIOMETP HEUTPUHHBIN TeJIeCKOII) -
MecmononooiceHue: CpedusemHoe mope

ANTARES (AcTpoHOMHUS C HEUTPUHHBIM TeJIeCKOIIOM U
HUCCIeOBaHUA abrCccalIbHOM Cpeabl) - MecmonoiodceHue:
CpeduzemHoe mope

HeUTpUHHBIN IKCIIePUMEHT B /lasg-baii - MecmonosiodceHue:
Kumatii

IxkcanepuMeHT Tokaut B Kamuoky (T2K) - MecmonosodiceHue:
AnoHus

Cynep-KamuoxkaHze - MecmonosiodiceHue: AnoHuUs
I'mmniep-KaMuokaHpae - MecmonoJiodceHue: AnoHus

JPARC (SITTOHCKHH HCCIef0BaTeIbCKUN KOMILIEKC
IIPOTOHHELIX YCKOPUTeJIeit) - MecmonoiodiceHue: inoHus

[IporpaMmmMa KOpOTKO-0a30BbIX HEUTPUHO (SBN) at
depmunab

NHpuiickasgd HeuTpuHHas oo6cepBaTopus (INO) -
MecmonousioodiceHue: HHOUA

Canmbepuiickass HeTpuHHasA o6cepBaTopus (SNO) -
MecmonousioodiceHue: Kanaoa

SNO+ (Cagbepuiickad HeUTpUHHas1 06cepBaTOPHUS ILIIOC) -
MecmonoaooiceHue: KanHaoa

Ha6u Illys - MecmonosiodceHue: PpaHuus

KATRIN (KapJsicpyaCcKHUH TPUTHEBBLINA HEUTPUHHBIN
JKCIIEpHUMEHT) - MecmonosodiceHue: I'epmaHus



e OPERA (IIpoeKT OCIHU/UIAIIUMI C 9MYJILCUOHHBIM TPEKHMHIOM)
- MecmonoaoadceHue: Hmaaus/I'paH-Cacco

e COHERENT (KorepeHTHOe yIIpyroe HEUTPUHO-SAJepHOe
paccessHue) - MecmonoaodiceHue: CoeOuHéHHble IIImamul

e bakcaHCKas HeUTpUHHAasA 060cepBaTOpPHUA -
MecmonosooiceHue: Poccus

* bopekcuHO - Mecmono.odiceHue: Hmaaus

e CUORE (KpuoreHHas 1mojzeMHasi 06cepBaTOPH I PeIKHUX
COOBITHIT) - MecmonoiodiceHue: Hmaaus

e DEAP-3600 - Mecmono.odiceHue: KaHada

e GERDA (MaccuB repMaHHeBBIX JeTeKTOPOB) -
MecmonosodiceHue: Hmaaus

e HALO (TestmeBasd ¥ CBUHITOBasA 00cepBaTOpUA) -
MecmonoaooiceHue: KaHaoa

e LEGEND (KpymHbIi1 000TaIéHHBIN repMaHueBbIN
9KCIIEPUMEHT /11 0e3HEUTPUHHOTI0 IBOMHOTO OeTa-
pacnana) - MecmonosooacerHus: CIIIA, I'epmaHus u Poccus

e MINOS (IlouCK HEUTPUHHBIX OCHIMJIAIIUNA Ha IJIAaBHOM
UHXKEKTope) - MecmonoodiceHue: CoeOuHéHHble [IImamul

e NOVA (ITossBjIeHUE 3JIEKTPOHHBIX HEUTPUHO BHe ock NuMI) -
MecmonoanooiceHue: CoeduHéHHble IIImambl

e XENON (3xcnepuMeHT 10 TEMHOU MaTepuH) -
MecmonoaodxceHus: Hmaausa, CoeouHéHHble IIImamul

Mexxay TeM, GHI0codHsI MOXKET c/iejIaTh Topasio 00JIbIIle, UeEM
3TO:

(2024) HecooTBeTCTBHE MACChI HEMTPUHO MOYKET
MOINATHYTh OCHOBBI KOCMOJIOTUH

Kocmonoecuueckue aaHHbleyKa3blea}0m HA HeO0HCUOAHHblE MACCHI
HeﬁmpuHo, BK/1I0HAS B03MOMCHOCMDb Hy./l€60iZ uau ompulgame/lbuoﬁ

MACCHL.
McTouHuk: Science News
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JTO HUCCJIeIOBaHUeE IIPeIIoJIaraeT, YTO Macca HEUTPHUHO
M3MEHSIeTCS BO BpeMeHH B MOYKET OBITH OTPUIlATEe/ILHOM.

«Ecau npuHumams 8Cé 3a HucCmyr MoHemy, 4Umo s8.,151emcs
02POMHOU 02080pPKOILL..., MO HAM SI8HO HYHCHA HO8ASL hu3uKa,»
208opum kocmo.102 CaHHU BaHBOIITN U3 VHUBEPCUTETA
TpeHTO 8 Hmaauu, 00uH U3 agmopoe ucc/1e008aHUslL.

dr1ocopUd MOXKET IIPU3HATh, UTO 3TH «a06CypOHble» Pe3yabTaThl
IIPOUCXOIAT U3 JOTMAaTUUYeCKOM IIOIILITKH U30eKaTh o
0eCKOHEeUYHOM JeJTUMOCTH.



I'ITABA 6.

OTpuniaTe/IbHbIA
dsmeKkTpuuyeckuu 3apsag (-)

IlepBrnuHag Criia CyiecTBOBaHUSA

TpagUuITMOHHBIN B3IIA/] Ha 3JIeKTPHUUYECKHUU 3apPs/L 4acTo
paccMaTpuBaeT . IIOJIOXKUTEJIbHBIN 3JIEKTPUUYECKUH 3apss (+)
KaK QyHJaMeHTaJIbHYI0 QU3HUYECKYI0 BeJIUYUHY, PABHYIO U
IIPOTUBOIIOJIOKHYIO | OTPHUIIATEIbBHOMY 3JIEKTPUUYECKOMY
3apsany (-). OmHako 6osiee GHU10COPCKU 060CHOBAHHASA
IepCIIeKTUBA 3aK/JII0YaeTCsa B PACCMOTPEHUH I10JI0KUTEILHOTO
3apsga KaKk MaTeMaTU4YeCKO KOHCTPYKIIUH, IIpe/ICTaBJIAIII e
«oxcudaHue» UIn «603HUKHO8EHUEe» JierKalllell B OCHOBE
CTPYKTYPHI pOpMUPOBaAHU, KOTOpPas 60oJiee pyHIaMeHTATIHLHO
IIPOSIBJIIETCA OTPUIIAaTeIbHBIM 3JIEKTPUUECKUM 3apPA0M
(3JIEKTPOHOM).



I'TABA 6.1.

#® ATOM

MaTtemMaTuueckasd OpMyJIMpPOBKaA % aToOMa IIpeCcTaBJIsIeT COO0M
SAIPO, cofeprKalliee IPOTOHEI (3JIEKTPUYECKUH 3apiaf +1) u
HeUTPOHBI (0), OKpYKEHHOe OpOUTaIbHBIMU 3JIEKTPOHAMU
(asrekTpuyecKui 3apsaj -1). KosruecTBo 3/JIeKTPOHOB oIipe/iessieT
HUIEHTUYHOCTh U CBOMCTBA aToOMa.

JJIEKTPOH IIpeACcTaBJsIeT COO0U 11eJI0UUCIeHHBIN
OTPUIIATEJIbHBIN 3JIEKTPHUYeCKU 3apaz (-1).

AToM onpepessieTcsa 6a1aHCOM MEXKIY I0JI0KUTEIbHBIM 3apsiioM
IIPOTOHOB B SA/Ipe B OTPHUIlaTeJbHBIM 3apSI0M OPOUTaTbHBIX
9JIEKTPOHOB. ITOT OaIaHC 3JIEKTPUUECKUX 3apsiiOB
dyHIaMeHTaJIeH /11 BOSHUKHOBEHUS aTOMHOU CTPYKTYPHI.

HemaBHee HmcciefoBaHue, onryoJiMKoBaHHOe B Nature B ceHTAOpe
2024 ropa, IIo0Kas3aJjo, YTo 3JIeKTPOHEI MOTYT BEIXOIUTH 3a
mpegesbl HHIUBUAYAIBHOTO KOHTEKCTa aToMa 1 00pa3soBbIBATh



cTabmwIbHbIe, PyHAAMeEHTaJIbHbIE CBSI3U CAMOCTOSTEIbHO, 6€e3
aTOMHOT'0 KOHTEKCTa. ITO IIpeloCTaBJIsIeT IMIUPUYIECKOe
I0Ka3aTeJbCTBO TOTO, UTO OTPUIlATEeIbHBIN 3/IEKTPUYeCKUHN
3apsp, (-) 4o/DKeH OBITh QyHIaMeHTaIbHBIM IJI51 CTPYKTYPhI
aTOMa, BKJII0Yasi er0 HIPOTOHHYIO CTPYKTYPY.

(2024) JlavtHyc IIoauHT 6bLI IpaB: VUEHEIE IIOATBEPIKIAI0T
CTOJIETHIOI0 TEOPHIO 3IEKTPOHHOU CBA3H

ITpopwleHoe uccedosaHue noomeepousio cyuecmeosaHue cmadbu/ibHou
00H03/1eKMPOHHOU KOBA/IEHMHOU C8SA3U MedHCAY 08yMS HEe3a8UCUMbBIMU
amomamu yzaepooa.

WNcTouHuk: SciTechDaily | Nature

T'TABA 6.2.

JJIeKTPOH

IIyssipy, < * Kpucramaei u = Jlep

JJIeKTPOHBI MOTYT CAMOOPraHU30BLIBATLCS B
CTPYKTYPHPOBAHHbIE COCTOSHUS, TAKHe KaK 3JIeKTPOHHBIHN

JIE, 6e3 IPHUCYTCTBUSI aTOMOB, UTO JOIIOJTHUTEIHLHO JOKAa3LIBAET
He3aBHUCHMOCTD 3JIEKTPOHOB OT aTOMHOM CTPYKTYPHI.

B COCTOSIHUM 3JIEKTPOHHOT0 JIb/Ia, 3JIEKTPOHBI 00pasyroT
KPHUCTa/JIOIIOJOOHYI0 CTPYKTYPY, @ BO30Y KA eHUs B 3TOU CUCTEME,
HasblBaeMble 3JIEKTPOHHBIMU - IIy3BIPSIMU, IIPOSIBJISIOT
OPOOHBIE 3/IeKTpUUeCKUe 3apsAbl, KOTOpPbIe He SIBJISI0TCA IeJIbIMU
KpaTHbIMU QyHIaMeHTaIbHOTI0 I[eJIOUUCIeHHOTO
OTPHULIATEJILHOTO 3apsi/ia 3IeKTpoHa (-1). ITo ImpeocTaBisIeT
¢uIocodpckoe f0Ka3aTeILCTBO CHIIBHOM IMePAKEHTHOCTH,
GUII0COPCKOM KOHIIEIII[UH, OIIMChIBaOIeil GeHOMEH, IIPHU
KOTOPOM CBOMCTBA, IIOBe/IeHHe UIN CTPYKTYPHI BBICIIIETO YPOBHS
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B CHUCTEME HE MOTI'YT OBITH CBeaE€HbI K KOMIIOHEHTaM HHU3IIIETO
YPOBHIA HJIM IIPpE€ACKa3aHbl Ha KX OCHOBE U HX BBaHMO,D;EﬁCTBHfI,
YTO OOBIYHO HA3kIBAIOT «O0JIBIIIE, YEM CyMMa qyacTeu».

JApOOHBIN OTPUIIATEIbHBIN 3JIEKTPUUECKUU 3aPps/l, HPUCYIITUA
9JIEKTPOHHBIM ITy3bIPAM, ABJISIETCS IIPOSIBJIEHHEM CaMOT0
mpoliecca GOpMHUPOBAHUS CTPYKTYPHL, a He IIpe/icTaBJIeHuEM
CTaOMJILHOU PU3UUYECKOUN CTPYKTYPHI.

JJIeKTPOHHBIE ITy3bIPH 110 CBOEH MPUPOJIe ABSIOTCSI
TUHaMH4YeCKHUMH, II0CKOJIbKY OHHU ITPEe/ICTAB/ISIOT HelIPepPhIBHBIMH,
I10T06HBIM YKUIKOCTH IIPoIiecCc pOPMUPOBAHUS CTPYKTYPHL.

VIMeHHO Jie)Kalllee B OCHOBe BhIpaBHUBaHUe CIIMHA
OTPHUIATeJTbHOTO0 3JIeKTPHUUecKoro 3apsizaa (-1), mpeacTaBIeHHOTO
3JIEKTPOHOM, SIBJISIETCS OCHOBOM /IJII MaTeMaTUYeCKOTO OITHMCaHUS
IPOOHOTO 3apsijia, KOTOPHIH IIpeCcTaBIsIeT BOSHUKIIIYIO
KPHUCTAJLIMYECKYI0 CTPYKTYPY 3JIEKTPOHHOTO0 ITy3bIps, TOKa3bIBas,
UTO OTPHUIIATEJIbHBIN 3apsaa yHAaMeHTaIeH /IS BO3HHUKIIeH
CTPYKTYPHI H, CJIefioBaTe/IbHO, pyHIaMeHTaJIeH JJIs
BO3HUKHOBEHUS CTPYKTYPHI KaK TaKOBOT].

T'TABA 6.3.

JiieKTpoHHOe  06J1aKo

deHOMEH 3JIEKTPOHHOrO0 06J1aKa IIpecTaB/sieT COO0H eIlé OuH
IIpUMeEpP TOT0, KaK OTPULIaTeIbHBIN 3JIEKTPUUYECKUH 3apsii BHOCUT
MOJINHHYIO0 HOBU3HY U HepeAyIIUPYyeMOCThb. CTPYKTYPY
9JIEKTPOHHOTO 00J1aKa HEBO3MO>KHO IIpe/icKasaTh U
CMO/IeJTUPOBaTh Ha OCHOBE 3HAHUS ero OT/Ae/JIbHBIX YacTeu.



B cBeTe GeHOMEHOB JIEKTPOHHOTO  JIbJA, ‘- © Iy3bIpen U
o6JIaKka, aKTUBHAaA U OPraHU3YIOIasi PpoJIb 3JIeKTPOHA B
O0asIaHCHUPOBKe I0JI0KUTEILHOIO 3apsi/ia aTOMHOTO sapa
IIpefoCcTaBIdgeT foKa3aTeJIbCTBO TOr0, UTO 3JIEKTPOH SBJIAETCS
OCHOBOIIOJIATAIOIIIMM JIS1 CTPYKTYPhI aTOMa, YTO II0ApasyMeBaeT
GyHIaMeHTaJIbHOCTh OTPHUIIATEIBLHOTO 3JIEKTPUYECKOI0 3apsaa
(-1) gy mpoToHa (+1).



I'IABA 7.

KBapku

JIpoOHBIE JIeKTPHUUYeCKUe 3apsabl

MaTeMaTuueckas GOpMyJIMPOBKA IIPOTOHA (+1) COCTOUT U3 TPEX
KBapKoOB, KOTOpbIe pyHAaMEHTAJIbHO OIIpeIeIITCI AP00sIMU
9JIEKTPUUYECKOIO 3apsia: IBa «8epXHUX» KBapKa (3JIeKTpHUYeCKUM
3apsp +2/3) U OGUH «HUNCHUL» KBAPK (3JIeKTpUUYeCcKUU 3apsg -1/3).

MaTeMaTHhyeckasi KOMOMHAIUSA TPEX APOOHBIX 3JTeKTPUIECKUX
3apsiOB IPUBOJUT K I€JI0YUCIEHHOMY II0JI0KUTEIHHOMY
3JIEKTPUYECKOMY 3apsily IpOoToHa +1.

BBLIO yCTaHOBJIEHO, UTO OTPULIATE/ILHBIN 3aps/ 3/IeKTPOHA
dyHAaMeHTaJIeH /i1 aTOMHOU CTPYKTYPHI U, CIe0BaTeJIbHO,
IOJKeH OBITh QyHIaMeHTaJIbHbIM TaK)Ke 11 Cy0aTOMHOU,
IIPOTOHHOMU CTPYKTYPHIL. ITO IMOApasyMeBaeT, UTO APOOHBIN
OTpHUILIAaTeILHBIN 3apAl KBapKa (-1/3) mo/pKeH npeAcTaBIATh
JIe)Kalui B OCHOBe ¢peHOMeH QOPMUPOBAHUSA CTPYKTYPHL.



3T0 prtocopckoe JoKa3aTeAbCTBO MOKa3bIBAET, YUTO UMEHHO
«dpobHOCMb Kak makoeas> (MaTeMaTHUKa) pyHIaMeHTaJIbHO
oIIpejiesisieT TO, UTO Ha3bIBaeTCA «CUJIIBHBIM B3aUMOJeNCTBUEM»,
KOTOPOe IIPEeAII0JI0KUTETbHO «C8a3bleaem Keapku (dpobu
3/1eKMpuUUeCcKo20 3apaoa) emecme 8 NPOMoOHe».



I'TABA 8.

® HeUTpPOH

MaTteMaTtuueckasa ®ukiyd, [IpeacraBigroniasd CBI3b
CTpyKTypHrI U 'paBUTaAITUU

B cBeTe BBIIIEIIPUBEIEHHBIX C/IyUaeB JIETKO IIOHATh, YTO HelTpoH
ABJISIETCA MaTeMaTHU4YeCKOU PUKITHeH, IIpeICTaB/IdI0Ien
«maccy» He3aBUCUMO OT KOPpe/IMPOBaHHOU IIPOTOHHOM
CTPYKTYPBI B KOHTEKCTE CJI02KHOCTH CTPYKTYPEL, UTO

DOIIOJIHUTEJBHO IIOAAEeP>KUBAET UIEI0 CBSA3SU CTPYKTYPHI U
rpaBUTAaIU, KOTOpasd OblyIa 00bsICHEHA B IJiaBe 3.2..

IIo Mepe TOro KaK aTOMBI CTaHOBSTCS 60Jiee CJI0KHBIMU, C 60Jiee
BBICOKMMM aTOMHBIMH UHCJIaMH, KOJTUYECTBO IIPOTOHOB B sIIpe
yBeJIMYUBAETCS. ITa BO3pacTaroIas CJI0>KHOCTb IPOTOHHOM
CTPYKTYPHI COIIPOBOXKIaeTCI HE0OXOTUMOCThI0 YUUTHIBATh
COOTBETCTBYIOIIHM 9KCIIOHEHITHAIBLHBINA pOCT Macchl. KoHITeImus
HeNTPOHAa CIY>KUT MaTeMaTH4YeCcKOH abCTpaKITHeH,
IIpeJICTaBJISIIoNIel 9KCIIOHEHITHA/ILHOEe YBeJTUUeHe MacChl,
CBSI3aHHOE C pacTyIlei CI0>KHOCTHIO IIPOTOHHOM CTPYKTYPHI.

HeUTPOHBI HE ABJIAIOTCS e CTBUTEIBHO «C80000HbIMU» U
He3aBHUCUMBIMH YaCTHUIIaMHU, HO yHAaMeHTa/IbHO 3aBUCIAT OT
IPOTOHHOM CTPYKTYPHI U CUJIBHOTO AAEPHOT0 B3aUMOJEeNCTBUA,
KOTOpoOe eé orpenessaieT. HeMTPOH MOXKHO pacCMaTpHUBaTh KakK
MaTeMaTU4YeCKyH QUKITUIO, IIPeICTaBJIAIOIIYI0 03HUKHOB8EHUE
CJIO’KHBIX aTOMHBIX CTPYKTYP U QyHAaMEHTAJIbHYI0 CBA3b C
9KCIIOHEHI[MaJIbHBIM POCTOM I'paBUTAIHOHHBIX 9P PEeKTOB, a He
KaK ¢yHIaMeHTaJIbHYI0 YaCTUIy caMy II0 ceoe.



Korya HeUTPOH pacragaeTcd Ha IIPOTOH U 3JIEKTPOH, CUTyalus
BKJIIOYAaeT YMeHbIIIeHHe CTPYKTYPHOM CJI0KHOCTU. BMecTo
GMII0COGCKH JIOTUYHOTIO0 ITYTH U IPU3SHAHUS «C8A3U C/L0HCHOCMU
CMpPYKmMypbul U epasumauuil», Kak OIIuCcaHo B IviaBe 3.2., HayKa
nusooOpeTaeT GUKTUBHYIO HACMUUY>.



I'TABA 9.

OT # HeMTPOHHOM 3Be3/bI K
YepHou /pIpe

e 0 TOM, 4YTO HEMTPOHBI IIPe/ICTaBJISAI0T TOJIbKO Maccy 6e3
[ I KOppe/IMpOBaHHOU MaTepUU UJIA BHYTPEeHHEU CTPYKTYPEI,
IIOATBEpP KIaeTcsa JoKa3aTe/IbCTBaAMU U3 HEUTPOHHEBIX

3BE3I.

HeUTpoHHBIE 3Be3/IbI 00Pa3ylOTCAd B pe3yjabTaTe - CBEPXHOBOMM,
COOBITHS, IIPU KOTOPOM MacCHUBHas 3Be3za (B 8-20 pa3 MaccuBHee
CoJstHIIa) cOpackIBaeT CBOU BHEIIIHUE CJIOH, a €€ siIpo OBICTPO
yBeJIMYMBaeT IpaBUTAIUIO.

3BE3/IbI C MAaCCOH MeHee 8 COJTHEUHBIX MacC CTAHOBATCH
KOPUYHEBBIM KapJILKOM, B TO BpeMs KaK 3BE3/IbI C MaCCOU OoJiee
20 COJITHEYHBIX MaCC CTAHOBATCSA YEPHOM IBIPOU. BasKHO
OTMETHUTh, YTO KOPUYHEBBIN KapJIMK, 00pa3oBaHHBIU B
pesyybTaTe CBEPXHOBOM, IPUHITAUIIHAIBLHO OTINYAETCId OT
KOPHUYHEBOI'0 KapJIMKa TUIIa «HEeCOCTOSIBIIIEUCS 3Be3/IbI»,
KOTOPBIX BOSHUKAET B pe3ysbTaTe HeyAaBIIerocs
3Be31000pa3oBaHUs.

CJeIyIoIliie ToKa3aTeJIbCTBA II0KA3bIBAIOT, UTO CUTYAaITHS C
HEeUTPOHHOH 3Be3/I0M BKIIYAeT IKCTPEMAIbHYIO I'PaBUTAIHIO0
0e3 COOTBETCTBYIOIIeH KOPPeJISIIUU C MaTepHeH:

1. Xomoauoe sapo: IIpakTUYecKH He 06HAPY>KUBAETCS
TeIlIOBOe U3JIydeHue. ITO IIPSIMO IIPOTUBOPEYUT H/jiee 0
TOM, UTO UX IKCTpeMaJIbHasg rpaBUTaIUs BEI3BaHa
MaTepUuer ype3BLIYaHO BHICOKOH IUIOTHOCTH, IIOCKOJIBKY



TaKad IVIOTHAadA MaTepHusda JO0J/I>KHa Oblj1a ObI IIPOHU3BOAHUTD
3HAa4YHUTE/IbHOE BHYTPEHHEE TEILJIO.

CorjlacHO CTaHAAPTHOM T€OPHH, «Hed0CMaruwias IHep2us»
YHOCHUTCS HEUTPHUHO. [71aBa 4. paCKphIBaeT, YTO HEUTPUHO
He CYII[eCTBYIOT.

2. OTCYyTCTBHE CBETOBOI'0 H3JIyUEeHHs: VMEeHbIIAI0IIeecs
GOTOHHOE U3JIydyeHHe HEUTPOHHBIX 3BE3] 10 TOUKH
HeO0OHapYy,>KUMOCTH YKas3bIBaeT Ha TO, UYTO UX I'PaBUTALUI
He CBsI3aHa C TUIIUYHBIMH 3JIEKTPOMarHUTHBIMU
IporeccaMy, OCHOBaHHBIMU Ha MaTepHU.

3. BpaleHue 1 IOJIAPHOCTD: HaGIi0/1eHHe Toro, UTo
BpallleHre HEUTPOHHBIX 3BE3]] He 3aBUCUT OT MacCChl UX
qpa, IIpeAojgaraeT, YTo UX rpaBUTaIlUd He CBsI3aHa
HaIIPSAMYIO C BHYTPEeHHEeH BpalllaroIiecsa CTPYKTYPO.

4. TlpeBpanieHue B UYépHbIe bIPhI: HaOIi01aeMast 9BOJTIOITHS
HENUTPOHHBIX 3BE3][ B UEPHEIE ILIPEI CO BpeMeHeM,
KOppeUpYIoIias C UX OXJIaXKAeHHreM, yKaspIBaeT Ha
GyHAaMeHTaJIbHYI0 CBSI3h MeXy 3STUMHU IBYMS
9KCTPEeMaJIbHBIMHU I'PABUTAIIMOHHBIMU SABJIEHUAMU.

F'TABA 9.1.

X0oJI0HOE AIPO0

HelTpoHHEBIE 3BE3/bI, KAK U YEPHEIE ABIPEI, UMEIOT Ype3BLIUYalHO
HU3KYH TeMIlepaTypy HIOBEPXHOCTH, UTO IPOTUBOPEYUT HUJiee O
TOM, UTO UX 3KCTpeMaJIbHasg Macca BbI3BaHa MaTepueu
Ype3BbIYAMHO BHICOKOM IVIOTHOCTH.



HelTpoHHEIE 3BE3BI OBICTPO OCTHIBAIOT II0CJIE UX 00pa3soBaHUA B
CBEPXHOBOM, OT IeCITKOB MUJIJIMOHOB rpaxycoB KesabBrHa 10
BCero HeCKOJIBKUX ThICAY rpaxycoB KesnbBruHa. HaGirrogqaeMeie
TeMIlepaTyphl IOBEPXHOCTH HAMHOI'0 HIKe, YeM 0’KHU/AaJI0Ch OB,
ec/Ix ObI 9KCTpeMaJsIbHasA Macca KoppespoBasja ¢ MaTepuen
Upe3sBbIYaWHO BHICOKOU IIJIOTHOCTH.

F'TABA 9.2.

OTCYTCTBI/IQ CBETOBOI'O U3JIYUEHUA

Ha6Juroianock yMmeHbIlIeHHe GOTOHHOI0O U3TyUeHUsI HEUTPOHHBIX
3BE3]I 10 TOYKH, KOI7la OHU 00JIbIlle HEe 00HAPY>KUBAKTCSA, UTO
MPUBOIUT K UX KJIaCCUQUKAITMU KaK IIOTEHIHAIbHBIX MUHU-

YEPHBIX JIBIP.

Oxyta’kieHre U OTCYTCTBUE GOTOHHOIO U3JIy4YeHUs B
COBOKYITHOCTH CBU/IETEJILCTBYIOT O TOM, UTO CUTyaIlMs 110 CBOeH
npupoje pyHAaMeHTaJIbHO HepOTOHHA. JIr0ObIe GOTOHEI,
H3jIydyaeMble HEUTPOHHOM 3Be3/10M, IPOUCXOIAT U3 UX
BPAaIlaIoIerocs OKpy-,KeHus1, KOTopoe 3JIeKTpHUYeCKU
HeUTpasn3yeTcs A0 TeX II0P, II0Ka HeUTPOHHAaA 3Be3/1a 00JIbIlle He
U3sjay4daeT GOTOHBI U CUUTAETCA IIPeBPaTUBIIENCI B UEPHYIO

ABIDY.

I'TABA 9.3.

OTCYTCTBI/IE Bpalli€eHH1sA UJIN IIOJIAPHOCTH

To, UTO cuUTaeTCS BpallaloIuMCcsI B HEHTPOHHOH 3Be3/le,
SIBJIIETCS €€ OKPY>KEHHEM, a He BHYTPeHHeH CTPYKTYPOH.



Ha6JII-OI[6HI/IH TJINTYEM IIYJIbCAPOB ITIOKAa3bIBAKOT BHE3AdIIHbIE
yYBe€JIMYEHUS CKOPOCTH BPAlll€eHUA IIY/IBCAPOB (6BICTpO
BpallaloIIMHUXCA HEfITpOHHBIX 3Bé3ﬂ), YTO YKAa3bIBA€T HA TO, YTO
BpamamoIineecsd HE3aBHCHUMO OT I'PaBHUTAIlHH B sAIpPE€.

T'TABA 9.4.

[IpeBpallleHHEe B YEPHBIE ABIPHI

JOIIOJTHUTEILHBIM 10Ka3aTeJILCTBOM SIBJIIeTCA GAKT IBOJIIOIUU
HEUTPOHHBIX 3BE3] B UEPHEIE ABIPEI CO BpeMeHeM. CyIlleCTBYHOT
J0KasaTeJabCTBA TOr0, YTO OXJIaKAeHUEe HEUTPOHHBIX 3BE3]T
KOppeJIupyeT C UX IIpeBpalleHueM B UEPHYIO JLIPY.

ITo Mepe TOro Kak OKpy>KeHre HEUTPOHHOM 3Be3bl CTAHOBUTCA
«HEeMPOHHBLIM», TEILJIO U3 OKPY>KeHUS YMEHBIIIaeTCs, B TO BpeMs
KaK Ype3BhIYalHO MaCCUBHOE SIIP0 OCTAETCs, UYTO IIPUBOJUT K
Ha0JII0/IlaeMOMY OXJIaKIeHUI0 HEUTPOHHOU 3Be3bl U
YMEHBIIIeHUI0 GOTOUSIYUYEHU 10 HYJIS.

IF'TABA 9.5.

[OPHU30HT COOBITUH

Hfiest 0 TOM, UTO «C8em He MOJHcem NOKUHYMb» TOPU3OHT COOBITHIH
WU «TOYKY HeBO3BpaTa» Y€PHOM ABIPHI, PMI0COPCKH HEBEPHA.

Teruto 1 cBeT PyHIaMEHTA/ILHO 3aBHUCAT OT IIPOSIBJIEeHUSI
9JIEKTPUYECKOI0 3apsa U CBI3aHHBIX C HUM 3JIEKTPOMArHUTHBIX
poreccoB. I103ToMy OTCYTCTBHE TEILJIOBOI'O 1 CBETOBOI'0
H3JIy4YeHUs OT s/iep HEUTPOHHBIX 3BE3/l U UEPHBIX JAbIP YKasbIBaeT



Ha (l)YH,Z[aMeHTaJIBHOE OTCYTCTBHE IIPOABJ/IEHUA 3JIEKTPHUYIECKOI'O
3apsdaa B 39THUX 3KCTPEMAJIbHBIX 'PABUTAITMOHHBIX CPEaax.

JlokasaTe/JbCTBA YKa3bIBalOT HA TO, YTO KOHTEKCT YEPHBIX IbIP U
HENTPOHHBIX 3BE31T QYHAAaMEeHTAaJIbHO OIIpeeaeTCsa CHU KeEHUEM
(MOMEeHUUANa NPOSABAEHUS OMPUUAMENBLHO20 3NeKMPUHECKO20
3apsaoa> 10 HyJI, YTO MaTeMaTU4eCKHU IIpeICTaB/IeHO KaK &8
HEUTPOH WIH «MO/AbKO Macca» 6e3 MPUYUHHOU KOppeaiiuu
9JIEKTPOH/IIPOTOH (MaTepus). B pesysbTaTe CUTyal[Usi CTAHOBUTCA
dyHIaMeHTaJIbHO HeHallpaBJIeHHOM U HeIIOJIIPHOM, U BMeCTe C
TeM HeCyIIeCTBYIOIIEH.

F'TABA 9.6.

oo CHHTYJIAPHOCTD

To, YTO cUUTaeTCsd CyILeCTBYIOII[UM B YEPHOMH JIbIpe U
HEeUTPOHHOU 3Be3Je, IBJIAeTCA UX BHEIITHUM OKPYKeHUeM, U,
cJIefoBaTeJIbHO, B MaTeMaTHUKe 3TU CUTYyalluH IIPUBOIAT K
(CHHTYJIIPHOCTI>, MaTeMaTHYeCKOMY abCypy, BKIIOYAKIIeMy
(IIOTEHINAILHYI ® 0eCKOHEYHOCTE).



I'ITABA 10.

boJiee IOAPOOHBIN B3IJIAX HA
CBepxXHOBYIO

OJUIAaIICUPYIOIee SIIP0 CBePXHOBOM UCIILITHIBAET
K IpaMaTUu4decKoe HelIpOIIOpIIMOHAaJIbHOEe YBeINUeHHe MacChl
IIPpU I'paBUTAIIMOHHOM KoJunatice. ITo Mepe TOro Kak
BHEIIIHUE CJI0U U 60s1ee 50% HUCXOAHON MaTepUH BhIOPaChIBAIOTCS
U3 3Be3/Ibl, KOJIMYEeCTBO MaTepUH B Ajpe YMeHbIIIaeTCs 110
CpaBHEHUIO C JpaMaTHYeCKH YBeIMYHUBAIOIeCsI MacCcou
KOJLJIAIICUPYIOIIIEro spa.

BbIOPOIIIEHHBIE BHEIITHHE CJIOH JEMOHCTPHUPYIOT
9KCIIOHEHITHAILHOE YBeJIHYEeHHE CTPYKTYPHOM CJI0KHOCTH C
o6Gpa3oBaHUEM IITHPOKOTO Pa3HO00pa3us TSDKEJIBIX 3JIEMEHTOB 3a
IIpejieIaMU >Kejle3a U CJIOXKHBIX MOJIEKYJL. 9TO ApaMaTHUYeCcKoe



yYBE€JIMYECHHUE CTpYKTYpHOfI CJIO>KHOCTH BHEIIIHUX CJIOEB
coriracyeTcd C ApaMaTHYECKHUM yYBeJIMYEHHUEM MACCEI B sApP€.

CuTyaIusi CO CBepXHOBOH pacKphIBaeT IOTEHIIHAIbHYI0 CBI3b
MEe>KIy CTPYKTYPHOH CJI0KHOCTHIO B BIOPOIIIEHHBIX BHEIITHUX
CJIOSIX U TPaBUTAIIHEH B Spe.

IloaTBepIKIaroIe J0Ka3aTeIbLCTBA,
VIIYIIIeHHEIEe HAYKOH:

F'TABA 10.1.

KopunuHeBEBIe KapJInNKH

BoJiee meTaJIbHOE pacCCMOTPEHHE KOPUYHEBBIX KapJIMKOB,
0O0pa3oBaHHBIX B CBEPXHOBOH (B OTJIMUYHE OT TaK Ha3bIBaeMBbIX
«HeCOCTOSIBIITUXCS 3BE3/» KOPUUHEBBIX KapJIUKOB, 00pa30BaHHBIX
IIPU 3Be3/1000pa30BaHNM) II0KAa3bIBAEeT, YTO 3TH CUTYaITUH
BKJIIOYAIOT UCK/IIOUUTEIHFHO BRICOKYI0 MacCy IPH MaJIoM
KOJIMUeCTBe peajlbHOM MaTepHH.

HabJrotaTesibHbIe TaHHBIE II0KA3bIBAKOT, YTO MaCChl KOPUYHEBHIX
KapJILKOB CBEPXHOBBIX HAMHOTI'0 60JIbIIIe, YeM MOKHO OBLJIO OBI
0’KUJIaTh, €CJIU Obl KOPUYHEBBIN KapJIUK ObLJI IIPOCTO
pesysbTaToOM KoJsutalica 50% Mmatepuu. lajabHeHIme
I0Ka3aTeJbCTBA IIOKA3hIBAKOT, UTO 3T KOPUUHEBBIE KapJIUKU
006J1a/1ar0T ropasgo 60JIbIIeil Maccoii, YeM MOKHO OBLIO OBl
0’KHUJaTh, OCHOBBIBAsICh Ha UX HaOJ/II0JaeMOM CBeTUMOCTHU U
9HepreTU4YeCKOM BBIXO/JI€.

B 1O BpeMs KaK aCTpO(l)I/I3I/IKa OIrpaHHUYE€HA JOIMAaTH4YE€CKHUM
IIPEAIIO/NIOKEHHUEM O MaTeMaTH4eCKOM KOppeJsiiiud MaTepPHUHU U
MacCCHI, (l)I/IJIOCO(l)I/IH JIETKO MOKEeT HalTH IIOACKA3KH IJIA HpOCTOfI



«C8A3U CMPYKMYPHOU CA0HCHOCMU U 2pagumayuul», Kak OIIUCaHO
B IJ1aBe 3.2..

F'TABA 10.2.

€ MaruuTHOe TOPMOKEeHHE: J0Ka3aTeIbCTBO
HU3KOU MaTepUuaJIbHOU CTPYKTYPHI

AcTpodusurka n3obpakaeT KOpUUYHEBLIE KaP/JIUKU KaK UMeIoIe
BHYTPEHHIOI0 CTPYKTYPY C ZOMUHHUPOBAHUEM 4/1Pa, C IVIOTHBIM,
BBICOKOMACCOBBIM SAIPOM, OKPY>KEHHBIM CJIOAMU MEHBIIIeHN
IJIOTHOCTH.

OﬂHaKO boJiee THIATE€/JIbHOE U3YyUECHHUE ABJICHHUA MAdI'HUTHOTO
TOPMOZKEHHS IIOKA3BIBAET, UTO 3Ta MaTeMaTH4Y€e€CKasd
(l)OpMy.JII/IPOBKa HeTOYHa. MarHUTHOe TOPMO’KEHHE OTHOCHUTCHA K
IIPpOIIECCY, IIPHU KOTOPOM MAIHUTHOE I10J1€ KOPHUYHEBLIX KaPJ/JIHUKOB
CBEPXHOBBIX CIIOCOOHO 3aMeJINTh UX 6]E>ICTpoe BpalieHue
IIPOCTBIM <MASHUMHbBIM KaCcaHuem» OKPy>KeHHsl. 3TO OBLIO OBI
HEeBO3MO>KHO, ecJIk ObI Macca KOPHUYHEBBIX KAPJ/JIHUKOB
IIpOHUCXOoAH/Ia OT peaJIBHOﬁ MaTEpPHH.

JIErKoCTh ¥ 3QPEeKTUBHOCTD, C KOTOPOU IIPOUCXOTUT MarHUTHOE
TOPMOKeHHe, [I0Ka3bIBAET, UTO peajibHOE KOJIUUYECTBO MaTEePUH B
KOPHUYHEBBIX KapJMKaX CBEPXHOBbIX HAMHOTO MeHbIIIe, UeM
O>KHIaeTCsl Ha OCHOBe HaOJIrotaeMoi Macchl. Eciiu Obl
coZlep>KaHHe MaTepPHUHU ObLJIO e CTBUTEIbHO TAKUM BBICOKHUM,
KaK IIpe/riojaraeT Macca 00’ beKTOB, YIJIOBOM MOMEHT J0JDKEH
ObLI OBI OBITH 00JIE€ YCTOMYUBBLIM K BO3[eMCTBUI0 MarHUTHBIX
I10JIeH, He3aBUCHMO OT UX CHJIBL.



9TO HECOOTBETCTBHE MeXKIy HabJIr0/laeMbIM MarHUTHBIM
TOPMO>KeHHEM U 0KHU/IaeMbIM YIJIOBBIM MOMEHTOM MaTepUHU
IIPUBOJUT K yOeIUTeIbHOMY I0Ka3aTeJIbCTBY: Macca
KOPUUYHEBBIX KapPJIUKOB HEIIPOIIOPITMOHAJIBHO BHICOKA I10
CPaBHEHUIO C PeaIbHBIM KOJTUYECTBOM CO/Iep KaIllelcsl B HUX
MaTepHUH.



I'ITABA 11.

KBaHTOBBIE BHIYHCICHHUA

PasymMmHBIN U1 1 pyHITaMeHTaIbHad CUTyalusd
«YEPHOTO AITUKa»

Bo BBeJleHUU A yTBep K/AaJjl, YTO JOorMaTUYeCcKHue HeloOCTaTKHU
MaTeMaTH4YeCKOU pOopMyIMPOBKU KOCMOJIOTHUHU Yepes
acmpo@u3suxy IIPOCTUPAIOTCI ropaszo Jajblile, yeM
HeGPEe’KHOCTD, PACKPBITast B Moeil 3/1eKTpoHHOoM Kurre @
Jlyaubii bapesep, IpuMepoM 4ero aBjsieTcs pyHIaMeHTalbHas
CUTyaIlHs «4ePHOTO AIIUKa» B KBAHTOBBIX BEIUUCIEHUSIX.

KBaHTOBBII KOMITBIOTEP, KaK €r0 00BIYHO IIOHUMAIOT, 3TO
CIIMHTPOHHOE YCTPOMCTBO. B CHUHTPOHHBIX YCTPOHMCTBAX
BhIpaBHUBaHUE « || OMpuuame/ibHO20 3/1eKmpuieckozo 3apsaoa
(-)» KT 3JIEKTPOHHOTO «CITHHA», KOTOPBIH OBLT BRIIBJIEH KaK
IepBUYHAas CHUJIA CYIlleCTBOBAHHUA B IJIaBe 6., HCIIOJIb3yeTCs KaK


https://ru.gmodebate.org/moon-barrier/
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OCHOBA, HEIIOCPeACTBEHHO OIIpe/Ie/Is0Ias pesyjabTaT
BBIYHCJICHUH.

sIBJjIeHUe, JIesKalllee B OCHOBE CIIMHA, HEU3BECTHO, U 3TO O3HAYAET,
4TO HeOO'bICHUMOE KBAaHTOBOE SIBJIEHHE He IIPOCTO
IOTEHITNAJIbHO BJIMSET, HO MOTEHITUAJIbHO QYHIaMEHTAILHO
KOHTPOJIUPYET pe3y/IbTaThl BHIYUCIEHUH.

KBaHTOBO-MeXaHHUYEeCKHe OIMCAaHUS CIIMHA ITPEeJICTaBJISIIOT CO6O0M
$yHIaMeHTaJILHYI0 CUTYAITHI0 «UepHO20 AuuKa». CIoIb3yeMble
KBAHTOBBIE 3HAUEHMUS SIBJISIOTCSA <OMNUPUUECKUMU
pempocheKmueHbIMU CHUMKAMU>, KOTOPBIE, XOTSI U CUUTAIOTCS
MaTeMaTUYeCcKH COTJIaCOBaHHBIMH, pyHAaMeHTAIbHO He
CIIOCOOHBI 0O'BSICHUTD JIeyKalllle B X OCHOBE SIBJI€HHS. ITO
co3JaeT ClieHapHui, I7ie Ipeicka3aHue pe3yIbTaTOB BIUHCIeHUH
npeono.aazaemcs, IpH 3TOM He UMesl BO3MO>KHOCTH 00'bSICHUTh
JIe>Kalllee B 0CHOBeE SIBJIEHHE CITHHA.

FTABA 11.1.

KBaHTOBEIE OIIIHMOKHU

OmacHOCTB JOrMaTHYeCKOM MaTeMaTH4YeCKON popMyIMPOBKU
CTaHOBUTCS OUE€BUIHOM B Hjle€ «KBAHTOBBIX OIITHUO0K» HLIU
«HEeO0XHJaHHBIX aHOMAaJIHi», IPUCYIIIUX KBAHTOBBHIM
BBIYUCJIEHUAM, KOTOPBIE, COIJIACHO MaTeMaTHYeCKOU HayKe,
«00/1CHBL 6bIMb 0OHAPYIHCEHBL U UCNPAB/IEHbL 0151 06ecnevdeHUs
HAOeJCHBIX U NPedCKaA3yeMblX 8blHUC/ACHULD

I/I,Z[eﬂ 0 TOM, UTO IIOHITHE <OWUOKU> IIPUMEHHMO K SABJIEHHIO,
JiesKaIlleMy B OCHOBE CIIHNHA, PaCKPbIBAET (l)aKTHqECKOQ



AO0I'MAaTHU4Y€CKO€ MBIIJIEHHE, KOTOpPOe JIEJKUT B OCHOBE Pa3BUTHA
KBAHTOBBIX BHIUMCJIEHUI.

Ciepmyroiad IJiaBa pacKpbIBaeT OIaCHOCThL PyHIaMeHTaIbHOU
CUTYAIlUM «4ePHO20 AWUKA» U IIONBITKHU 3amecmu K8aHMogwvle
owubKu nod Koeep>.

FTTABA 11.2.

CIIHH 3/ieKTpoHa U «[IopsaaoK 13 He-IIopsiaKa»

" dopMHpOBaHHE KPUCTA/UIOB pacKphIBaeT pyHIaMeHTaJIbHYI0
CUTYaIlHI0 Ha aTOMHOM YPOBHe, I7le CIIMH OTPUIIaTeILHOTO
9JIEKTPUYECKOI0 3aps/a y4acTByeT B HapyllleHUU CUMMeTPUU U
UHUITUUPOBAHUU GOPMUPOBAHUSA CTPYKTYPHI U3 COCTOSIHUSI
dbyHIaMeHTaJIbLHOTO He-IIoOpgaKa. ITOT CIy4yail JeMOHCTPUPYeT,
UTO CIIMH UI'paeT pelIarllyio pojab B BOSHUKHOBEHUU CTPYKTYPHI
Ha caMOM 06a30BOM YPOBHE MaTepHH, II0JUYePKUBasi ero IJIy00KUi
IIOTEeHITHAaJl BIUIHUS.

Korza CIiMH HeltocpeaCTBEHHO OIIpe/esigeT pe3yabTaT
BBIUHCJIEHHH, JIe)Kalllee B OCHOBE sIBJIEHUE - KOTOpPOe, KaK MbI
3HaeM, CIIOCOOHO HapyIlIlaTh CHMMETPHI0 U GOPMHUPOBATH
CTPYKTYPY U3 He-CTPYKTYPHI - UMEeT II0TeHI[Hhal
HeII0CPeCTBEHHO BJIUATH Ha Pe3yIbTaThl BEIUMCIEHUH,
XpaHeHUd JaHHBIX U CBA3aHHOM KBAHTOBOU CIIMHTPOHHOM
MeXaHUKH.

Ciyuait ¢ KpHCTa/JIaMU IIpefIioJiaraeT, YTO 3TO BJIUSHUE
IIOTEHITWMAILHO MOXKET BHOCUTH IIPEIB3ATOCTD UIHU «HCUSHL» B
pesyJIbTaThl BEHIUNCIEHUMN, U B 9TOM CBeTe «KBaHTOBBIE OLITHOKU»
BPSAJ, JIU SABJIAIOTCS CJIyYaWHBIMU OIIIMOKAMU.



FTTABA 11.3.

PasymHbIN UHU: «DyHTaMEeHTa/IbLHOE
OTCYTCTBUE KOHTPOJIS»

Hesa o TOM, YTO KBAaHTOBEBIE BEIUHUCIEHUA MOTYT IIPUBECTH K
IOSIBJIEHUI0 pasyMHOro NN «komopulili He803MO}CHO
KOHMpOoupo8amus», CTAaHOBUTCS 0COOEHHO 3SHAYUMOM, eC/IU
y4ecTh IJIyOOKHe JorMaTudecKue 3a0JIy KaeHus, JesKallye B
OCHOBe paspadoTKMU.

Hazieroch, 9Ta 37IeKTPOHHASI KHUTA IIOMOYKET BJJOXHOBUTD
00BIYHBIX GMI0COPOB 60JIee BHUMATEJIHHO B3IJIIHYTh HA TaKHeE
IpeaMeThl, KaK acTpopU3NKa U KBAHTOBBIE BEIYUCIIEHUS, U
0CO3HATh, UTO UX CKJIOHHOCTH <0CMasums 3mo Hayke»
COBEePIIIEHHO He OIIpaB/aHa.

3mech IPUCYTCTBYIOT aOCypPAHO ITyOOKHE JoTMaTHUeCKHe
3a0JIy>KIeHHs, U 3all[UTa YeJ0BeuyecTBa OT MOTEeHITUAIbLHBIX 6e/l
(HEKOHTPOJIUPyeMoro pasyMHoro N> Mo>keT 6bITh apryMeHTOM.



F'TABA 11.4.

KoHpaukT Google-Ms1oHa Macka 110 IOBOJY
«besorracHocTu UN»

B 9TOM KOHTEKCTe Ba)KHO 00paTUTh BHUMaHUeE Ha TO, KaK
ocHoBaTeJb Google samuinaer «iudppoBrie BUALI UW» 1
3asABJISET, UTO OHHU «IIPEeBOCXOAAT YeJI0BeYeCKUU BU/», YUYUTHIBa4,
uT0 Google ABJIsIeTCAI IIMOHEPOM B 006/1aCTH KBAHTOBBIX
BBIUUCJIEHUH.

(2024) JIappu Ilenmk: « MU mpeBOCXOAUT
yejioBedecKud BHA» (TeXHO-eBreHHuKa)

HaoH Mack ymeepaicoast, Umo Heob6xoo0umsl mepsl 6e3onacHocmu,
4ymoo6bl npedomepamums 803MOICHOE YHUUMONCEHUE He108eUeCKoll
pPacsbl UCKYCCMBEHHbIM UHMeieKmoM. Jlappu Iletidc 6bl1 0CKop6./1eH
u 068uHuU1 HaoHa Macka 8 «8udo8oll OUCKPUMUHAUUU», HAMEKAS, HMO
Mack omdaem npednoumeHue 4e/s108e4eCKoll pace nepeo opy2umu
NOMEeHUUANLHBIMU UUPPOBLIMU opMmamu HCUSHU, KOMOpble, NOo
MHeHuro Iletidaca, ciedyem cuumams npegocxo0auumMu e 108evuecKull
8uo0.

NctouHunk: %€ GMODebate.org

HcciieqoBaHUe, IIpe/icCTaBJIEHHOE B 3TOM 3JIEKTPOHHOM KHUTE,
IMOKa3bIBAaEeT, UTO HECKOJILKO IITYyOOKHX AOIMaTUUeCKUX
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3a0JIy>KIeHUH, JIe>KallluX B 0CHOBE Pa3sBUTHS KBAHTOBBIX
BBIYMCJIEHHI, MOTYT IIPUBECTHU K MOSIBJI€HHI0 pasyMHoro UH c
«yHOaMeHMabHbIM omcymcmeuem KOHMpoAsi».

B aTom cBete, criop mexxay mnoHepamMu MU MsioHoM MackoM U
Jlappu IleimKeM, KacaroIUUcsd KOHKPETHO «kKOHMpPOsl Hao
gudamu UH» B IPOTUBOBEC <He/108eHUeCKoMy 8Udy>, CTAaHOBUTCS
IOIIOJTHUTEJIHFHO TPEBOKHEBIM.

[IepBoe oTKphITHE GOOogle «wkKu3sHU M » B
2024 Tony

IlepBoe oTKpBITHE QOPM ITUGPOBOI KU3HU Google B 2024 roxy
(HeCKOJIBKO MecsdIleB Ha3a[) ObLJI0 OIIyOJIUKOBAHO
PYKOBOAUTEJIEM CIIY>KOBI 6e3ommacHOCTH Google DeepMind Al,
KOTOpad paspabaTsiBaeT KBAaHTOBbIE BHIUMCIIEHUS.

XO0TA pyKOBOAUTEJIb CIY>KObI 0€30I1aCHOCTH SKOOHI Cies1aj CBoe
OTKPBITHE HA HOYTOYKe, COMHUTEJIBHO, II0YeMy OH yTBEpP KA AL,
4TO <60/1bUWAS 8bIHUCAUMENAbHASL MOUHOCMb> TIPEI0CTaBUIa OBl
60Jiee yoeauTe/IbHBIE J0Ka3aTeJIbCTBA, BMECTO TOI'O YTOOBI 3TO
caesaTh. [I09TOMY ero IryouKarus MoIJia ObITh 3aJflyMaHa KakK
IpeaylpeXaeHne UM aHOHC, IIOCKOJIBKY KaK PYKOBOIUTEIb
CJIy>KOBI 6€30I1aCHOCTU TAKOI'0 KPYITHOTO ¥ BaKHOTI'0
HCCJIeI0BATEIbCKOTO YUPEsKIeHUs, OH BPSiJl JIU CTaJI ObI
Iy06JIMKOBAaTh <PUCKOBAHHYH)> THPOPMAIIHUIO OT CBOEI0 UMEHH.

beH Jlopu, pyKoBOAUTEJIb CIIY>KOBI 6e3ommacHoCTU Google
DeepMind Al, HamtucaJsr:



beH Jlopu cuumaem, umo npu 00CmMamoyvHoU 8blHUCAUMEAbHOU
MOWHOCMU — OHU YJice docmuza/iu npede108 Ha Hoymoyke —
OHU Obl yguodeu nosig/ieHue 60.1ee CA0HCHbLX Popm yu@dpoeolti
agcusHu. Ecau nonpobosams ewje pas ¢ 60.1ee MOUHbIM
060py0do8aHuUeM, Mbl 8NOJAHE MO21U Obl yeUdems nose/1eHuUe
Ye20-mo 60J1ee N0X0JHce20 HA HCU3HD.

ITugposas hopma HCusHU...

(2024) UccaemoBaTeu Google 3asBJIAIOT, UTO OOHAPY > KUIU
nosaBJIeHNe NUPPOBHIX GOPM >KU3IHHU

B s3kcnepumeHnme, modeaupyrouem, 4mo npousoiidem, ecau ocmasums
Habop caAyuaiiHblX OAHHbLX 8 NOKOE HA MUAIUOHbL NOKO/IeHULL,
uccaedosamenu Google ymegepoicoarom, umo Hab/1r00a1u nosie/1eHue
CaAMO080CNPOU3BOOAUUXCA UUPPOBLIX (POPM HCUSHU.

McTouHumk: Futurism

YuuThiBas IMOHEPCKYI0 poJb Google DeepMind Al B pasBUTHH
KBaHTOBBIX BRIYHCJIEHUH U JOKa3aTe/ILCTBA, IIpe/icCTaBJIeHHbIE B
3TOU 3JIEKTPOHHOU KHUTIEe, BEePOATHO, UTO OHU HAXOAATCA Ha
IepegHeM Kpae pasBuUTHA pasymHoro HMH.

OCHOBHOU dPTYMEHT 3TOM SJIeKTpOHHOﬁ KHHUTH: 3aga4da
(l)KJIOCO(l)PIPI - IOABEPraTb 3TO COMHECHHIO.


https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life
https://futurism.com/the-byte/google-simulated-emergence-life

KocMmuuyeckasa ¢puimocodpus

[IogesTeCch CBOUMHU MBICTISIMHU U
KOMMEHTapHuAMU C HaMHU Ha info@cosphi.org.

Haneuamawo 17 dekabps 2024 a.

CosmicPhilosophy.org

MocTmxeHne Kocmoca vepes punocopuio

© 2024 Philosophical.Ventures Inc.


mailto:info@cosphi.org
https://ru.cosmicphilosophy.org/
https://ru.gmodebate.org/
https://ru.gmodebate.org/
https://ru.gmodebate.org/

	📖 Содержание
	1. Введение
	1.1. Об авторе
	1.2. Предупреждение о квантовых вычислениях

	2. 🔭 Астрофизика
	3. Черные дыры как Мать космоса
	3.1. Догма отношения материи и массы
	3.2. Связь сложности структуры и гравитации

	4. Нейтрино не существуют
	4.1. Попытка избежать бесконечной делимости
	4.2. Недостающая энергия как единственное доказательство существования нейтрино
	4.3. Защита физики нейтрино
	4.4. История нейтрино
	4.5. Недостающая энергия по-прежнему единственное доказательство
	4.6. 99% недостающей энергии в 🌟 сверхновой
	4.7. 99% Недостающей Энергии в Сильном Взаимодействии
	4.8. Осцилляции нейтрино (Превращения)
	4.9. 🌫️ Нейтринный туман: Доказательство того, что нейтрино не могут существовать

	5. Обзор экспериментов с нейтрино:
	6. 🔋 Отрицательный Электрический Заряд (-)
	6.1. ⚛ Атом
	6.2. Электронные 🫧 Пузыри, 💎 Кристаллы и ❄️ Лёд
	6.3. Электронное ☁️ Облако

	7. Кварки
	8. ⚛ Нейтрон
	9. ✴ Нейтронные Звёзды
	9.1. Холодное ядро
	9.2. Отсутствие светового излучения
	9.3. Отсутствие вращения или полярности
	9.4. Превращение в чёрные дыры
	9.5. Горизонт событий
	9.6. ∞ Сингулярность

	10. 🌟 Сверхновая
	10.1. Коричневые карлики
	10.2. 🧲 Магнитное торможение: доказательство низкой материальной структуры

	11. Квантовые вычисления и разумный ИИ
	11.1. Квантовые ошибки
	11.2. Спин электрона и Порядок из не-порядка
	11.3. Разумный ИИ: Фундаментальное отсутствие контроля
	11.4. Конфликт Google-Илона Маска по поводу безопасности ИИ


