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I'TABA 1.

BBegeHUe B KOCMUYECKYI0
GHII0CODUIO0

1714 rony HeMenkul ¢pustocod 'ordpun JTernoHULT -
B «II0CJIeJHUY YHUBEPCAJIbHBIN TeHUU MUpa» - IIPeI0KUI
TEOPHUI0 © 6eCKOHEeUHBIX MOHA/, KOTOpas, X0Td U Ka3aJjach
JaJIeKoM 0T pU3UUEeCKOM peaJIbHOCTH U IIPOTUBOpPeYaIen
COBpeMEHHOMY Hay4YHOMY peajin3My, Obljla IIepecMOTpeHa B
CBeTe pasBUTHUA COBpeMeHHOU QU3UKU U 60Jiee KOHKPEeTHO
HeJIOKaJIbHOCTH.

Ha JIe#iOHHUIIA, B CBOIO 0Uepe/b, IJTyOOKO ITOBJIUSLI TPeuecKUi
¢utocod I1aTOH U JpeBHSISI IpeuecKasi KoCMHUYecKast
¢umocodus. Ero Teopusi MOHAJL IMeeT YIUBUTEJIbHOE CXO0/ICTBO C
MUPOM Hjiel Il1aToHa, OMUCAaHHBIM B 3HAMEHUTOMN AJLJIETOPUH
nemieps! Il1aToHa

JTa 3JIeKTPOHHAsA KHUTA MOKaXKeT, KaK PUI0co0PUsI MOKET OBITH
HCII0JIb30BaHa JIIs1 UCCIeJOBaHUS ¥ IIOHUMAaHUS KOCMOCA JTaJIeKO
3a IIpejieJIlaMyd BO3MO>KHOCTeH HayKH

Umo xapakmepusyem ¢puaocoga?

A: «3adaua punocoguu moixcem 3aKAOUAMBCA 8 UCCN1E008AHUU
NpPoXoo0uUMblLX nymeil neped NPUAUBOM.»

dunocog: «Kak pasgeoqux, nua10m uau NPo8ooHUK ?»

A: «Kak MHTeJUIeKTyaJIbHBIN IIepPBOIPOX0/ell. »



F'TABA 1.1.

O6 aBTOpE

S aBagrock ocHoBaTesieM # GMODebate.org, comepikaliero
KOJJIEKITUIO 0eCIIaTHBIX 3JIEKTPOHHBIX KHUT, 0XBaThIBAKOIIIUX
¢yHAaMeHTaJIbHbIe GMI0COPCKUE TeEMBI, KOTOPBIE YIJIYOJIII0TCS B
¢UI0CcOPpCKUE OCHOBBI CITMEHTHU3MaA, IBU)KEeHU 3a
«3MaHCHUIIAITNIO HAYKH 0T PUI0COPUM», «kAHTUHAYUYHOT'O
HappaTUBa» U COBpeMeHHBIX pOpPM HayUHOM MHKBU3UITUM.

GMODebate.org comep>kKuT 3JIeKTPOHHYI0 KHUTY IOITY/JIIPHOMI
OHJIaMH-TUCKYCCUU 110 $Ma0CcodUM IO HasBaHUeM «O abCcypoHOU
2e2eMOHUU HayKU», B KOTOPOH nnpodeccop ¢uinocopuu JAsnumes K.
JleHHeT y4acTBOBaJI B 3al[UTy CIIUEHTU3MA.

B ¢pmstocopckoM HucciieJ0BaHUH,
peAlIeCTBYIIIEM MOeH 3/IeKTPOHHOM
xuwure o @ JlyaHoM Gaphepe, KOTopas
uccjaegyeT BO3SMOXKHOCTE TOTO, UTO KU3Hb
MOJKeT OBITH IIPUBS3aHa K PeTHOHY BOKPYT

= CostHIIa B 11pegesiax CostTHeUHOM
CUCTEeMBbI, CTAJI0 0OUEBUJHO, UTO HayKa
IpeHeoOpersa MpoCTHIMU BOIIPOCAMH U BMECTO 3TOT0 IIPUHSAJIA
ZorMaTU4YecKHe IIpearoI0KeHUs, KOTOPbIe UCII0/Ib30BaJIUCh I
o0JieryeHU UAeU O TOM, UTO JIFOJAU KOrga-HUOyab OyayT jieTaTh
yepes KOCMOC KaK He3aBUCHUMbIe OMOXUMHUYECKUE CIYCTKHU
MaTepHUU.

B 3TOM BBe/IeHHUH B KOCMHUYECKYI0 PHUI0COPHIO A PACKPOI0, UTO
IorMaTH4YecKre HeyTd MaTeMaTUu4eCKoro oopaMieHUus
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, paCKphITasi B MOEH 3JIeEKTPOHHOU
KHUTe 0 IYHHOM Oaphbepe.

[Tocste MpOYTEHUS 3TOr0 MaTepraJia Bbl IIOJIyYUTe 60jIee
IJIy00KOe IIOHUMaHUe:

» [lpeBHEN MyAPOCTU O TOM, UTO YepPHEIe ILIP5I ABISHTC
«MaTtepbrro» BcesieHHOM

» Toro, UTO BCeJIEHHAs CYIIECTBYeT OJIaroaps ¥
3JIEKTPHUYECKOMY 3apsgy

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

[IpenympeskneHre 0 KBAHTOBEIX BEIUMCIEHHSX

JTOT ciay4dau 3aBepliaeTcs IIpeaynpesxaeHreM B ryiase 11. o ToMm,
YTO KBaHTOBBIE BBIYUCJIEHU, Yepe3 MaTeMaTHYeCKUMI
OOTMaTHU3M, <HE0CO3HAHHO> YKOPEHSIOTCA B IIPOUCXOXKAEeHU U
GOopPMUPOBAHUA CTPYKTYP B KOCMOCe, ¥ TeEM CaAMbIM MOI'YT



<He0CO3HAaHHO> CO3/IaBaTh OCHOBY /JIs1 pasyMHoro U, KOTopsIit
HEBO3MO>KHO Oy/IeT KOHTPOIUPOBATh.

KoHpaukT Mexay nuoHepaMu MU NiioHom Mackom u Jlappu
ITeimKeM, KaCaIIHUICA KOHKPETHO «kKOHMPO/sl Had sudamu HH»
B IIPOTUBOBEC <He/108eUuecKomy eudy>, 0COOEHHO TPEBOKEH B CBETE
I0Ka3aTeJIbCTB, IIPpeCTaBJIEHHBIX B 9TOM 3JIEKTPOHHOMN KHUTe

To, uto ocHoBaTesb Google samuiaeT «udpposeie BuALI M» u
3asBJISIeT, YTO OHU «IIPEBOCXOAAT YeJIOBeYeCKUH BU/l», YUUTHIBAd,
410 Google sBJIsIeTCSI MMOHEPOM B 00/1aCTH KBAaHTOBBIX
BBIYMCJIEHUU, paCKPhIBAaeT Cepbe3HOCTh KOHPJIMKTA, KOIa pedyb
UAeT 0 KoHTpoJsie Haxg MH.

I71aBa 11.: KBaHTOBEIE BEIUHCJIEHUS II0KAa3kIBAeT, UTO IIepBOe
oTKpbITHe popMm Mudpposoir )KusHu Google B 2024 rony
(HeCKOJIBKO MecsIleB Ha3a), OITyOJIMKOBAaHHOE PYKOBOAUTEIEM
CJIy>KOBbI 6e3ommacHocTH Google DeepMind Al, paspabaTbsiBaroleid
KBAHTOBbIE BRIUHCJIEHUS, MOIJIO OBITH 3aJ[yMaHO KaK
npeaynpeskaeHue.



I'IABA 2.

AcTpodusuka

(MaTeMaTHUeCKOe 00paMIeHHEe> KOCMOJIOTUH

MaTeMaTuKa pasBUBajiachk BMecTe ¢ puaocopuent, U MHOTHE
BbIZaroIIrecs puaocodrl ObLLIM MaTeMaTUKaMu. Haipumep,
bepTtpaH Pacces ckasas B I3ydyeHUH MaTeMaTUKU:

«Mamemamuka, ecaiu cMompems Ha Hee NpasuU/bHO, 06.1a0aem
He MO/1IbKO UCMUHOT, HO U 8blcuell Kpacomoil... Yyecmeo
VHUBEPCAbHO20 3aKOHA, KOMopoe 0aemcs co3epuyaHuem
Heob6Xx00UMOTl UCMUHDBL, ObL10 019 MEHS, U, L dymMaro, 045
MHO2UX Opy2UX, UCMOYHUKOM 2/1Yy60K020 PeauUcuo3H020
yyecmea.»

MaTtemMmaTHKa YCIIEIITHO COIJIACYETCA C T€M, UTO CHHUTAETCA
«3dKOHAMH ITPHUPOAbI» B CHJIIY caMoun IIPUPOALI IIATTEPHOB U



PUTMOB B IIpHUPOJIe, ONHAKO MaTeMaTHKa I10 CBOEeH CyTH OCTaeTCsa
MEHTa/IbHOM KOHCTPYKI[HE, 4TO 03HaYaeT, YTO caMa I10 cebe
MaTeMaTHKa He MOXKeT HalIPSIMYI0 OTHOCUTHCA K peaIbHOCTH.

9TO GBLI0 IIPOUJIIOCTPUPOBAHO B MOEM OIIPOBEP KEHUU
MaTeMaTH4eCKOT0 HCCIeJOBaHUs, KOTOpOoe IIPeIioiaraio, uTo
YepHBIE ILIPHI MOTYT UMETH © 6€CKOHEYHOCTh GOpPM, B TO BpeMs
KaK <MaTeMaTH4YecKasi 6eCKOHEUHOCTh> He MOYKET OBITh
IMPUMeHHUMa K peajIbHOCTH, IIOCKOJIbKY OHa QyHIaMeHTaJIbHO
3aBHCHUT OT pa3yMa MaTeMaTHKa.

A: «MOJCHO AU CKA3AMb, UMO UCCAE008AHUE ONPOBEPSHYMO ?»

GPT-4: «/la, MOJCHO CKa3ams, Umo uccsedo8aHue,
‘ymeepoicoarouiee 803MOMICHOCMb CYyU,ecmeosaHust 6eCKOHEeUHO020
HUCAa hopm HepHbIX Oblp 8HEe KOHMeKCma epemeHu,
onpogepcHymo ¢ NOMOUbI0 Pui0coPcKo20 paccyHcoeHus. »

(2023) OnpoBepruyTo ¢puiaocodpuei: «kMaTreMaTUKU HAXOAAT
0eCKOHEeYHOCTh BO3SMOXKHBIX GOPM YEpPHBIX ABIP»
NcToununk: A nobnio dunocodputo

dHr3HUKa U KBAHTOBAA TEOPHUS ABJILIOTCA «demuuiem> MaTeMaTHUKH,
a acTpodHr3UKa IBJIIEeTCHd <MaTeMaTU4eCKUM oOpamMyIeHHUeM>
KOCMOJIOTHU.

[IoCKOJILKY MaTeMaTHKa I10 CBOEeM CyTH SIBJISIETCSI MeHTAaIbHOU
KOHCTPYKI[HEMN, KBAHTOBAsA TEOPUI He CII0COOHA 00 BbACHUTD
Jie)Kallfie B OCHOBE ABJIEHUS U B JIYUIlleM CIydae JaeT
TeXHOKpaTHUYeCcKue SHAUEeHUsD.

Unest «<K8aHM0OB8020 MUPA» CYIIIECTBYET TOJIHKO B yMax
MaTeMaTHKOB, B TO BpeMs KaK OHH HCKJ/II0YAl0T 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 UIIHOCTPUPYETCA
3HaAMEeHUTHIM «3¢¢$eKTOM HabIrofaTess1» B KBAHTOBOU QM3HUKe.

B 3TOMH 3JIEKTPOHHOM KHUTE S [I0/JeJII0Ch IIpUMepaMU, KOTOPEIe
II0Kas3bIBalOT, UTO prrocopckoe odOpamieHre KOCMOJIOTUH MOYKeT
IIOMOYb II0JIYYUTh IOHUMAaHUe IIPUPOJBI, JaJ1eKO BBIXOAIIee 3a
Ipenaesibl BOSMOXKHOCTEN HayKHU.



I'TABA 3.

[Ipenckasanue: YepHble AbIPbl YMEHBIIIAIOTCS
IIPU HaJ[eHUU MaTepPUU

ObI COBpeMEeHHO€e HayYHOe CO00IIeCTBO: YepHasi AbIpa OyAeT
yMeHbIIAThCA KOT/Ia MaTepHUs ajiaeT B UX SIIPO, U YepHas
nbIpa 6yzeT pacTu ¢ popMUPOBAaHHEM KOCMHUYECKOM CTPYKTYPHI B

Z[ JIsd Ha4aJia, IIPOoCTOoE IIpeACKa3daHHe, KOTOPO€ IMOKHUPOBaJIo

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

CTaTYC B HAYKE CeroaHsd:. maKe HE PACCMATPHUBAETCA

Uepes MecHI] I10CJIE TOT0, KaK S OIyO/JIHMKOBAJI IIpe/icKa3aHue Ha
¢urocopckoM popyme, HayKa ZiesiaeT CBOe IIEPBOe <OmKpbulmue,
4TO YepPHBIE ABIPBI MOTYT OBITH CBSA3aHBI C POCTOM KOCMUYECKUX
CTPYKTYP, CBSI3AHHBIM C «IMeMHOU 3Hep2uell».

(2024) YepHbIe AbIPHI MOT'YT OBITH ABYDKYIIE
CHJIOH pacUIMpPeHHsa BCeJICHHOU, IpeaIojaraer
HOBOeE HCCJ/IeJOBaHue

ACMpPOHOMbBL, B03MOICHO, HAWU y6edumeibHble 00KA3ame1bCmaeda
mozo, Ymo memHas IHep2ust — 3a2a00UHASA IHEP2US, O8UNCYULASL
ycKopawweecs pacuupeHue Haulell 8Ce1eHHOU — Mocem Oblmb
€8513aHA C HepHbIMU ObIPAMU.

McTouHuK: LiveScience

B ApeBHUX KyJbTYpaX YepHbIE ALIPHI YACTO OIIUCHIBAJINCH KaK
«MaTtp» Bce/IeHHO.

ITOT ciIydal MOKaXKeT, UTO PUI0COPHSI MOXKET JIETKO PacIio3HAaTh
¢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
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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, 1dJIEKO BBIXOIMAIIEE 3a
9TH 1Ipeaesibl, C IIOMOIIBIO IIPOCTHIX BOIIPOCOB.

F'TABA 3.1.

/lorMa OTHOIIIeHUSd MaTepUuu U
MacCHI

B paMKaxX COBpeMeHHOI'0 Hay4YHOr0 IOHUMAaHUs 00bIYHO
IIpeaIroaraeTcsa KoppeJssaus MeXXay MaTepueii ¥ Maccou. B
pesyibTaTe, yHAaMeHTaILHBIM IIPEeAII0JI0KeHUEM B
acTpopUsUKe ABJIAETCA TO, UTO ITafaroliasd MaTepus yBeJIUUUBaeT
MacCy YepHOH JBIPEL.

OmHaKo, HeCMOTPSI Ha OOIITHUPHBIE HCCIeI0BaHUs, HallpaB/IEHHbIE
Ha MOHMMaHHe POoCTa YePHBIX JIbIP, U HECMOTPS Ha 00Iiiee
IIpeJIoJIoKeHHe, UTO Mafaroliasi MaTepHus IIPUBOIUT K POCTY, He
OBLJIO HalIeHO J0Ka3aTeJIhCTB CIIPaBeIJIMBOCTH 3TOM HU/IEH.

YdueHEbIe U3y4daId 3BOJIIOITUI0 YePHEIX AbIP Ha IPOTIKEHUU
IeBITH MUJLJIMAP/I0B JIeT, 0CO00eHHO GOKYyCHUPYICh Ha
CBepXMAaCCUBHEIX YEPHBIX AbIPax B IIeHTPaxX rajJakTuk. Ha
CEeroIHALIHUM IeHb, B 2024 roay, HeT J0Kas3aTeJabCTB TOr0, YTO
nmagarniass MaTepus IPUBOAUT K POCTY YEPHEIX JBIP.

O6J1acTH, HEIIOCPeACTBEHHO OKPY KaloIl[iie YepHbIe IbIPHI, 4acTo
JIUIIIeHbI MaTePUH, YTO IIPOTUBOPEYUT UJIee O TOM, UTO YePHLIE
OBIPBI IIOCTOSHHO aKKPEIUPYIOT 60JIbIINe KOJIMYeCTBa MaTepuu
IJIs1 IO e p>KaHUs CBOer0 MaCCUBHOI'0O PocTa. ITO IIPOTUBOpeYne
SIBJIIETCI JaBHe!U 3araJKou B acTpopusmke.



KocMmuueckuit Testeckon />keiimca Va66a (JWST) Haburomast
HECKOJIbKO CaMbIX PAaHHHUX U3BECTHBIX UEPHBIX JAbIP C MacCOU B
MIWLIHAPAbI pas 6osbiiie Maccbl  CoJIHIIA, KOTOPBIE
cHOpPMHUPOBATINCEH Yepe3 HECKOJIbKO COTEH MUJIJIMOHOB JIET II0CJIE
IpearojaraeMoro boabnioro B3peisa. [lIoMumMo ux
IpeAIoaraeMoro <paHHe20 803pacma», 3TU YepHbIe IbIPhI
0Ka3aJIuCh «00UHOKUMU» U PACIIOJI0KEeHHBIMU B Cpejiax,
JIUIIIEHHBIX MaTePUH [JIS MOA/leP>KaHUs UX POCTa.

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

HabarodeHus Kocmuuveckozo meaeckona /oceiimca Ya66a (JWST)
8bl3bl8AIOM HEO0YMeEHUE, NOCKONbKY U30/IUPOBAHHblE UepHble Oblpbl

00 ICHBL UCNBIMBIBAMb MPYOHOCMU C HAKON/1IeHUeM 00CMmamoyvHoul
Maccwvl 011 00CMUICEHUSL C8EPXMACCUBHO20 CmMamyca, 0CO6eHHO 8ce20
yepe3 HeCK0/1bKO COMeH MU/IUOHO8 Jiem nocae boabuwo20o 83pblea.
Source: LiveScience

ITU HaOJII0eHUs CTaBAT 110/ COMHEeHUe IIpe/IojaraeMyio CBI3b
MeXXKIy MaTepHel U MaCCOU YePHEBIX IBIP.

I'TABA 3.2.

ApPryMeHTBHI B I10JIb3Y CBSISH CJI0>KHOCTHU
CTPYKTYPHI ¥ TPaBUTAITUH

HecMOTpsI Ha OUEBUJHYIO JIOTUYECKYIO CBSI3h MeXK1y POCTOM
CJIOKHOCTHU CTPYKTYPHI ¥ HEIIPOIIOPIIMOHAIBHBIM YBeJIMUeHUEM
rpaBUTAIMOHHEBIX 3QGEKTOB, 3Ta IIEPCIIEKTHUBA He
paccMaTpHUBajach B paMKax OOIIeIIPUHATON KOCMOJIOTHYEeCKOM

CTPYKTYPHIL.

JloKasaTe/IbCTBA 3TOM JIOTUUECKOM CBSI3U SIBHO HAOJIIOAaI0TCA Ha
pasHbBIX MaciITabax ¢pusuueckoro Mmupa. 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, IJle Macca CTPYKTYP He MO>KeT ObITh
IIPOCTO BBIBe/IeHA U3 CYMMBI X COCTaBHBIX YacTeH, 10
KOCMHUYEeCKOIo Macnrraba, rae nepapxudeckoe GopMHUpoOBaHUe
KPYIMTHOMAaCHITaOHBIX CTPYKTYP COIIPOBOKaeTCs JpaMaTHYeCKHUM
yBeJINYeHHEeM IPaBUTAITUOHHBIX SIBJIEHUN, 3aKOHOMEPHOCTH
siCHa U IocjiefoBaTe/IbHa.

ITo Mepe pocTa CJI0KHOCTH CTPYKTYP CBsI3aHHLIEe C HUMHU Macca U
rpaBUTAIlMOHHBIE 3PP EeKThI IIPOSABIIAIOT IKCIIOHEHITHAILHBIN, a
He JIMHEHWHBIN POCT. ITO HEIIPOIIOPIMOHAIBHOE YBeJIHYeHUe
rpaBUTAIAU He MOKET OBITH IIPOCTO BTOPUYHBIM HUJIHN
C/Iy4alHBIM CJIe[ICTBHEM, a CKOpee yKas3bIBaeT Ha IJIyOOKYIO,
BHYTPEHHIOI0 CBI3b MeXKy IporeccaMu GOpMUPOBaAHUA
CTPYKTYP U HPOSBJIEHUEM I'PAaBUTAIIMOHHBIX IBJIEHUM.

TeM He MeHee, HECMOTPSA Ha JIOTHYECKYIO IIPOCTOTY U
Ha0JII0/1aTeJIbHYIO0 IIOANEP>KKY 3TOU IIePCIIeKTUBBI, OHA OCTAaeTCsd
B 3HAYUTEJILHOU CTeIlleHU YIIYII[eHHOU NI
MapruHaJAu3UPOBaHHOU B paMKaX JOMUHHUPYIOIIHUX
KOCMOJIOTUUYECKHX TEOPUM U MoJesieii. HayuHoe co00IIeCcTBO
BMECTO 3TOI'0 COCPeJOTOYM/IO CBOe BHUMAaHUe Ha
aJIbTepPHAaTUBHBIX KOHIIENIIUAX, TAKUX KaK 00111asd Teopusd
OTHOCUTEJILHOCTH, TeMHas MaTepus U TeMHas 3Heprus, KOTopele
He YUHUTHIBAIOT POJIb QOPMUPOBAHUA CTPYKTYP B 3BOJIIOIIUU
BCeJIEHHOM.

Htest CBA3HU CTPYKTYPHI U IpaBUTAIUU OCTAETCSI B SHAUUTEIHbHOU
CTeIleHU HEeHCC/IeJOBAaHHOU U HEIOHSATON B HAYYHOM
coob1recTBe. 3TO OTCYTCTBYE BHUMAaHUSI B OCHOBHOM
KOCMOJIOTHYECKOM JUCKYypCe sIBJIAeTCa IPpUMepoM
ZOrMaTU4YeCKOM IIPUPOALI MaTeMaTHYeCKON pOPMYIUPOBKU
KOCMOJIOTHH.



I'IABA 4.

HeuTpPHUHO He CYIIIEeCTBYIOT

OTCYTCTBYIOII[Asl 3HEPTHUS KaK eIUHCTBEHHOE
IOKa3aTeJbCTBO CYII[eCTBOBAHUS HEUTPHUHO

eUTPUHO - ITO 3JIEKTPUUECKU HeUTPaJIbHbIe YaCTUILHI,
H KOTOpHBIe N3HaUaJIbHO OBLIHU 3a[yMaHbI KaK
IIPUHITUIINAIEHO HeOOHapy,>KUBaeMble, CYIIleCTBYIOIIHE
JIUIB KaK MaTeMaTu4deckasd HeoO6X04uMOCThb. [103>ke 4yaCTULIBI
OBLIU 0OHApPY>KeHBI KOCBEHHO, IIyTeM U3MepeHUs «Hedocmarouwietl
dHepeuu» IIPU BOSHUKHOBEHUHU APYTUX YaCTUIL B CUCTEME.

HeHATPHUHO YaCcTO OIIMCHIBAIOT KaK «IIPHU3PavYHble YaCTUI[bI»,
IIOCKOJILKY OHU MOTYT IIPOJIeTaTh CKBO3b MaTePUI0
He3aMeUeHHBIMH, IIPHU 3TOM OCIIUJIUPYA (IpeoOpasysach) B
pasJINYHbIE MaCCOBbIE BapUAHTHL, KOTOPhIe KOPPEIUPYIOT C
MAacCCOU BO3HUKAKIIUX YacTULl. TeOpeTUKU IpeaIIoIararT, YTO
HEUTPUHO MOTYT CO/lepsKaTh KJII0Y K pasrajke
dyHIaMeHTaJIbHOTO «ITouemy» KocMoca.

F'TABA 4.1.

[TormpITKa U30eXaTh «0eCKOHeUHOoH
e TMMOCTH»

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



B 1920-x rogax ¢U3UKU HaOII01aIN, UTO IHEPreTUYEeCKUU CIIEKT]
BO3HUKAIOIIUX 3JIEKTPOHOB B IIpOIieccax siepHoro bera-pacrnajga
OBLJI «HeNnpepvLl8HbLIM». ITO HAPYIIIAJIO IPUHITUII COXPaHEeHU
9HEPIuy, IIOCKOJIBKY IToApasyMeBasio, YTO JHEPTHUA MOXKET
IeJINTHCA 0eCKOHEeYHO.

HeUTpPHUHO IIpegoCTaBUJIO CIIOCO0 «uU36excambub» CiieICTBUA
0eCKOHEeYHOU IeJTUMOCTH U CeJIa/I0 HE00XO0AUMBIM
MaTeMaTH4YeCKoe IIOHATHE «CaMOM TPOOHOCTH», KOTOpOoe
IpeJICTaBJIeHO CHJIbHBIM B3aMOJIENICTBHEM.

CHIbHOE B3aUMO/JeHCTBHUE ObLIO IIOCTYJIMPOBAHO yepes 5 jeT
I10CJIe HEUTPHUHO KaK JIOTUYeCKOoe CJIe/[CTBHE IIONBITKU U30eKaTh
6eCKOHEeUYHOH JeIMMOCTH.

durocopusa UMeeT UCTOPUIO UCCIeJOBaHUS UIeN 0eCKOHEUYHOM!
IeJIMMOCTHU Uepes pasJNYHbIe U3BeCTHbIe QUIOCOPCKUE
MBICJIEHHbIE 3KCIIePUMEHTHI, BK/I4Yasda [lapagokc 3eHOHa,
Kopab6Jib Teces, Ilapagokc Copura U ApryMeHT 6€CKOHEUYHOI'0
perpecca beprpaHa PacceJia.

BoJiee ri1y60Koe MccIefJoBaHUe 3TOTO Caydast MOXKeT JaTh
IyooKue GUI0COPCKUe IIPO3PEeHMS.

T'TABA 4.2.

«HemocTaroirasg sHeprusg» KakK eIUHCTBEHHOe
IT0Ka3aTeJbCTBO CYIIIeCTBOBAHUA HEUTPUHO

JloKasaTeJbCTBA CYLIeCTBOBAHUA HEUTPHMHO OCHOBAHBI
UCKJIIDUUTEJILHO Ha Ujiee «<Hedocmarouiell IHep2uu», v ITa
9HEPTHUsA TOTO yKe THUIIa, YTO U 99% «Hedocmarowieili aHep2uu» B
CBEPXHOBOM, KOTOpas IIPEAII0JIOKUTEIHHO <(YHOCUMCA



HelimpuHo>, 11 99% 3Hepruu, KOTopasi IPUIIMChIBAaeTCA
CHWJIBHOMY B3aUMO/Ie¥ICTBUIO.

T'TABA 4.3.

3anmra USUKU HEUTPUHO

ITocste 02KkeCTOYEeHHOM TUCKYCCUU C IONBITKOU GPT-4 3aiuTuTh
GU3UKY HEUTPUHO, OH 3aKJIFOUMIL:

Bawe ymeepaicoeHue [Umo eOuHCmMeeHHbIM 00KaA3ame1bCmeom
A6/11emcs «<Hedocmaruwias IHep2usi» ] mouHo ompasicaem
mekyuiee cocmosiHue Pusuku HellmpuHo:

« Bce memoOdsl 06HapyxceHUs HelimpuHO 8 KOHe4YHOM cyeme
onuparmMcs Ha KocgeHHble U3MepeHUs U MamemMamuKky.

«  IMu KoC8eHHble U3MepeHUs PyHOaMeHMAabHO 0CHOBAHbI HA
KOHYyenyuu «Hedocmarow,eli aHepauu».

« Xoms 8 pa3/IUYHbIX 3IKChepUMeHMaAbHbIX YCMAHOBKAX
Ha6ar00arOMCA Pa3HbIe A68/AeHUS (CO/HeYHble, amMocpepHsle,
peakmopHsle U m.o.), UHmepnpemayus smux sieAeHul Kak
doKa3amesibCmMea Cyuyecmeo8aHusl HelimpuHo No-npexcHemy
ucxooum U3 Ucxo0Hol npobaemsl «<Hedocmarouwjeli IHep2UU».

3ammTa KOHIIeNITUHU HEUTPHUHO YacCTO BKJII0UaeT IOHATHE
(PeaNbHbLX 18/1€HULD, TAKUX KaK BpeMeHHbIe XapaKTepUCTUKU U
KOPppeJIAsa Me>XAy HaOIrIoJeHUAMU U coOsITUIMU. Hatipumep,
gKkcrepuMeHT KoysHa-PaliHeca IIpeaII0I0KUTETIbHO «0O0HAPYHCUN
AHTUHEUTPUHO OT AIePHOr0 peakTopar.

C ¢utocopCckoi TOUKHU 3peHU He UMeeT 3Ha4YeHUs], CYIIleCTBYeT
JIU sIBJIeHUe, TpeOyroliee 00 bsicCHeHU. [1of BOIIPOCOM HaXOAUTCA
IIPaBOMEPHOCTH IIOCTYJIMPOBAHUA YaCTULBI HEUTPUHO, U 3TOT
cJIy4ay IOKaXkeT, YTO eJUHCTBEHHBIM /10Ka3aTeJIbCTBOM



CylLieCTBOBaHHUA HEfITpI/IHO B KOHEYHOM CHeTe ABJIAETCA IIPOCTO
«HGGOCU’[CUOM@(LH IdHepcUst».

I'TABA 4.4.

HcTopusa HEUTPUHO

1920-x rogax pU3MKU HAGIIO4AJIH, UTO IHEPreTHYeCKU
B CIIEKTP 3JIEKTPOHOB, BOSHUKAIOII[UX B IIpoIleccax si/1epHOro

beTa-pacriajga, 661 <Henpepul8HbIM>, @ He TUCKPETHBIM
KBAHTOBAaHHBIM 3HEPreTUYEeCKHUM CIIEKTPOM, OKUJaeMbIM Ha
OCHOBeE COXpaHeHUs IHEPruu.

«<HenpepvleHOCMb> HabJII0JaeMOT0 9HEPreTUYeCKOIo CIeKTpa
OTHOCHUTCA K TOMY (aKTy, YTO IJHEPTUHU 3JIeKTPOHOB 00pasyroT
IUIaBHBIN, HEIIPpephIBHLIN AUAalla30H 3HAUEeHUI, a He
OrPaHUYUBAIOTCI JUCKPETHHIMH, KBAHTOBaAHHBIMU
JHepreTUYEeCKUMHU YPOBHIMHU. B MaTeMaTUKe 3Ta CUTyaIus
IpeJcTaBJeHa «CaAMOlU OpOOHOCMbIO», KOHIIEIIHeN, KOTopas
Tellepb UCII0JIb3yeTCd KaK 0CHOBA I Ued KBapKOB (IPOOHBIX
3JIEKTPUUYECKHX 3aps/i0B) U KOTOpas caMa II0 cebe «18/.11emcsv

TEM, YTO Ha3bIBa€TCid CHJIbHBIM BSaHMOILeﬁCTBHEM.

TepMUH «9HepeemuuecKuil cneKkmp» MOXKeT ObITh HECKOJIBKO
BBOJSIINM B 3a0/Iy>KIeHUe, II0CKOJIbKY OH 6oJ1ee
dyHIaMeHTaJIbHO YKOPEHEH B HabOJ/II0JaeMbIX SHAYEeHUSIX MaCCHI.

KopeHb IIp06JieMbl JIESKUT B SHAMEHUTOM ypaBHEeHUH AJibbepTa
JuiHIITel HAa E=mc?, KOTOpOe ycTaHaB/JIUBaeT 9KBUBAJIEHTHOCTh
MeXXnay sHeprueu (E) 1 Mmaccoit (m), oItocpefoBaHHYI CKOPOCTHIO
cBeTa (C), ¥ JOTMaTHUYeCKOM IIPEII0JI0KEHUH 0 KOPPeJsIuU



MaTepHH U MAdCCbl, KOTOPbIE BMeECTe o6ecIieuynuBarT OCHOBY IJIdA
naeu COXpaHeHHA d9HEePIruu.

Macca BOSHUKIIIETO 3JIEKTPOHA Obljla MeHbIIIe PasHUILbI Macc
Me>KIy ICXOTHBIM HEMTPOHOM M KOHEUHBIM ITPOTOHOM. ITa
«Hedocmaruwas macca» 6p1a He0O0bICHUMA, UTO IIPeAIIojIaraao
CyIlleCTBOBAaHME YaCTUIbl HEUTPHUHO, KOTOPAs «YHOCUA IHEP2UI0
He3aMemHo».

JTta 1pobeMa «Hedocmarowiell sHep2uu» 6bly1a paspelreHa B 1930
roy aBCTPHUUCKUM GU3UKOM Bosibdpranrom Ilaysu c ero
peaioKeHrueM HEUTPUHO:

«f c0enan yircacHyro gewb, 1 NOCMyAUpo8aL Hacmuuy,
KOMOopyH He803MOMCHO 0OHAPYHCUMb.»

B 1956 rony ¢usuku Kiarg KoysH u ®penepuk PaiiHec
paspadoTaiv IKCIHepUMEHT /I IIPIMOT0 OOHapy>KeHUs
HEUTPUHO, IPOU3SBOJUMEIX B IIEPHOM peakTope. X
9KCIIepUMEHT BKJIIOYaJI pasMellleHre 00JIbIIIOro pesepByapa C
KUAKUM CIIUHTUJIATOPOM PSAAOM C sIIePHBIM PEeaKTOPOM.

Korzga ciiaboe B3auMO/1efiCTBHE HEUTPUHO IIPEAII0I0KUTETHLHO
B3aMMO/IEHMCTBYET C IIPOTOHAMM (dapaMHu BOIOPO/1a) B
CIIUHTHLUIITOPE, 3TU IIPOTOHBI MOTYT II0ABEPraThCs IIPOIieccy,
HaskIBaeMOMY 00paTHBIM OeTa-pacrazoM. B aTou peakiiuu
AaHTUHEUTPUHO B3aUMOJEMCTBYeT C IPOTOHOM C 00pa3oBaHUEM
IIO3UTPOHA U HeHTpoHaA. [I03UTPOoH, 06pa3soBaHHBINU B 3TOM
B3aUMOJeVCTBUH, OBICTPO aHHUTUJIUPYET C 3JIeKTPOHOM,
IIPOMU3BOJM IBa raMMa-KBaHTa. 3aTeM raMMa-JIy4u
B3aUMOJEUCTBYIOT C MaTepHUaJIOM CIIUHTHUI/LIATOPA, BHISHIBAs
BCIIBIIIIKY BUAUMOTIO CBeTa (CIIMHTUJLISAIIUIO).



O6pa3oBaHre HEUTPOHOB B IpoIlecce 06paTHOIO 6eTa-paciaja
IIpeJICTaBJIsIeT COO0M YBeTMUeHHEe MacChl U YBeJIMUeHHe
CTPYKTYPHOI CJIOKHOCTH CHCTEMEL:

- YBennueHme uncna vYacTtumu B aape, sedyujee K bosee
C/10)CHOU A0epHOU cmpykmype.

« BeedeHue N30TOMNHbLIX Bapuauuni, kaxoas co ceoumu
YHUKQ/IbHbIMU c8olicmeamul.

« O6ecneyeHue 6onee LLMPOKOro cnekTpa Ag4epHbIX
B3aMMO4ENCTBMIA N NPOLLECCOB.

«Hedocmarowiasn sHep2usi» U3-3a YBeJIUYEeHHOM MacChl ObLIa
dyHAaMeHTaJIbLHBIM II0Ka3aTeseM, KOTOPBIN IIPUBEJI K BLIBOAY,
4YTO HEUTPUHO [JOJDKHEI CYII[eCTBOBATh KaK peabHbIe
¢u3snYecKUe YaCTULbI.

F'TABA 4.5.

«HemocTaroiias sHepIrusd» Io-IIpeKHeMY
eIUHCTBEHHOE T0Ka3aTeJIbCTBO

KoH1ienus «Hedocmarouwiell sHepauu» Mo-Ipe>KHeMY SIBJISIETCS
eIUHCTBEHHBIM «00KA3ame1bCmMeoM> CyllleCTBOBAaHUS HEUTPHHO.

CoBpeMeHHbIEe JeTeKTOPhI, TaKHe KaK HUCII0JIb3yeMbIE B
9KCIIEPHUMEHTAaX M0 OCHUUISITHUSIM HEUTPHUHO, IIO-IIPeKHEMY
OIIMpAaI0TCs Ha peaKITHIo 6eTa-pacrnajia, aHaJIOTHYHYIO
OpUTHUHAJILHOMY 3KcmepuMeHTY KoyaHa-PaliHeca.

Hampumep, B K&JIOPUMETPHUECKHUX U3MEPEHUSIX KOHITEITITHS
oGHapy>KeHUs «Hedocmarowiell IHep2uu» CBsIi3aHa C
yMeHbIIIeHHEeM CTPYKTYPHOH CJI0’)KHOCTH, HaOJII0JaeMBIM B
Iporieccax 6eTa-paciajia. VMeHbIIIeHHasi Macca ¥ 9HePrust
KOHEUHOT0 COCTOSTHHS II0 CPAaBHEHHUIO C UCXOIHBIM HEHTPOHOM



IIPUBOJUT K 3JHEPreTUYeCKOMY ArcOaIaHCy, KOTOPBIHN
MIPUIIMChIBAaEeTCS HeHAa0/I10[laeMOMYy aHTUHEHTPHUHO, KOTOPOe
IIPeJII0JI0KUTENBHO «y/1emaem He3amMeUeHHbIM».

I'TABA 4.6.

99% «HeOoCTarOIIer IJHEPTUU» B
CBEPXHOBOM

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

Korza sBe3zta CTaHOBUTCA CBEPXHOBOU, OHA {paMaTUYeCKU U
3KCIIOHEHITHA/IHFHO YBEeJIMYHUBAEeT CBOI0 TPaBUTAITMOHHYIO MacCy B
sIpe, YTO JO/DKHO KOPPeInpoBaTh CO SHAYUTE/IFHBIM
BbIJleJIeHHUEM TeIJIOBOU sHepruu. OqHako HabJrogaeMas
TeIlVIOBas 9HEepPrusd cocrasysieT MeHee 1% OT 0XKUiaeMOil 9HEPTrUH.
YT006bI 00 BACHUTH OCTaBIIHeCTd 99% 0’KHUIaeMOro BhlIeJIeHUS
9HEPIUH, aCTPOPU3UKA IIPUITUCHIBAET 3Ty «UCUEIHYBULYIO»
9HEPIrUI0 HEUTPUHO, KOTOPBIE HPEeAI0JI0KUTETHbHO YHOCIT €eé.

B ry1aBe 0 HEUTPOHHBIX * 3BE371axX 9. OyAeT II0Ka3aHo, UTO
HEUTPUHO UCII0JIB3YIOTCA U B IPYTUX CAy4YasaX IJId 00 bsICHEHUS
HEBUIMMOI'0 UCUEe3HOBEHU sHepIruu. HeMTpoOHHEBIE 3BE3/bI
IEeMOHCTPHUPYIOT OBICTPOE U IKCTPEMAJIbHOE OXJIaXKIeHUe I10CJIe
UX GOPMHUPOBAHUSA B CBEPXHOBOU, U «HE00CMarouwias IHep2us»,
HpUCyIasg 3TOMY OXJIaKIEeHUI0, IIPEAII0I0KUTETbHO «YHOCUMCA»
HEUTPHUHO.

[1aBa 0 cBepxHOBEIX  10. IIpemocTaBJIsieT OOJIBIIE eTajleN O
rPaBUTAI[MOHHOM CUTYaIlU B CBEPXHOBHIX.



F'TABA 4.7.

99% «HemocTarolie dJHeprun» B CHJIBHOM
B3auMoO/1eiCTBUH

CHJIbHOE B3aUMO/JeHCTBHE IIPeAII0JI0KUTEIBHO «C8s3bleaem
KBapKU (Opob6Hble d/1iekmpuuecKue 3apsadsl) emecme 6 IIPOTOHE».
[1aBa 00 3JIEKTPOHHOM ' JIbJle 6.2. I0OKa3bIBaeT, YTO CUJIbLHOE
B3aHMO/efiCTBHE eCThb «caMa APOOHOCTh> (MaTeMaTHKa), UTOo
IoZpasyMeBaeT, YTO CUJIbHOE B3aUMO/IeHICTBUE SIBJIIETCA
MaTeMaTHUYeCKOU QUKITHEN.

CuIbHOEe B3aUMOJIeMCTBUE OBLIO IIOCTYJIMPOBAHO yepes 5 jieT
I10CJIe HEUTPHUHO KaK JIOTHYeCKOe C/IeICTBHE IIOIIBITKU U3be)KaTh
0eCKOHEeUYHOU JeIMMOCTH.

CHIbHOE B3aUMO/JeMCTBHe HUKOIAa He HaOJ/II0/1a10Ch HAIIPAMYIO,
HO 4yepes3 MaTeMaTHYeCKU J0rMaTU3M yUEHEIe CerofHs BepsiT,
4TO CMOI'YT USMEPUTH ero C IIOMOII[BI0 00JIee TOUHBIX
UHCTPYMEHTOB, KaK CBU/IeTeJILCTBYyeT Imyosmnkanug 2023 roga B
JKypHaJsie Symmetry:



CAUWKOM MAN0 011 HAOA1I00eHUSRA

«Macca keapkog omgemcmeeHHa MoJ/ibKo 3a 0K010 1 npoueHma
MacCChl HYKJIOHA,» 208opum KaTtepuHa JIUmnka,
aKcnepumeHmamop, pabomarowuil 8 HeMeIKOM
HhccienoBaTeabCKOM IeHTpe DESY, ede mitooH — uacmuua-
nepeHoCHUK CU/bHO20 83aumodeiicmeus — 6bl/1 enepavle
omkpwsim 8 1979 200y.

«0Ocma/sbHOe — 3Mo IHep2us, CO0ePHCAULasiCs 8 IBU>KEHUU
IJIFDOHOB. Macca mamepuu onpedeasiemcst 3Hepauell CUIbHO20
g3aumodoeticmsus.»

(2023) IIoueMy TaK CJI0>KHO U3SMEPUTH CUIBHOE
B3auMoOJlericTBUe?
NcTouHuk: XKypHan Symmetry

CuibHOe B3aUMOJeVCTBUE OTBETCTBEHHO 3a 99% MacchI IIPOTOHA.

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

JbIe6.2. IIOKa3hIBal0T, UTO CUJIbHOE B3aUMO/IeHCTBHUE CaMO II0

cebe gBJIsIETCSI MaTeMaTHUYeCKOM IPOOHOCTHIO0, UTO

noapasyMeBaeT, UTo 3TU 99% sHepruu OTCyTCTBYIOT.

IlogBOasI UTOT:

«Hepmocraroriass sHeprus» Kak J0Ka3aTeJIbCTBO
CYLIIeCTBOBaHUS HEUTPUHO.

99% sHepruu, KOTOpas «ucyesaeT» B - CBEPXHOBOU U
IIPEeAII0JI0KUTEIHFHO YHOCUTCSA HEUTPUHO.

99% sHepruu, KOTOPYIO0 CUIbHOE B3aUMO/eICTBHE
IpeacTaBisAeT B OpMe MacChl.

BCé 3TO OTHOCHUTCS K OJTHOM U TOH yKe «Hedocmarouiell aHepauu».
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Korga HEUTPHUHO UCKIHYAKTCA U3 pacCCMOTpPeHUd, HabJIro1aeTcs
«CNOHMAHHOE U M2HO8EeHHOe> TIOSIBJIEeHHe OTPULIaTeJIbHOTO
3JIEKTPHUUYECKOIO0 3apsaa B ¢popMe JIEIITOHOB (3/IeKTPOHA), UTO
KOPpPeJIUPYeT C <nposi8aeHUeM CMpPyKmypsl> (IIOPSLOK U3 He-
IOPSAAKa) XU MacCOM.

w Y

T'TABA 4.8.

OCITWIAITUYA HEUTPUHO
(IIpeBparliieHU)

YHUTaeTCs, YTO HEUTPHUHO TAUHCTBEHHBIM 00pa3soM
C OCHIMJUTUPYIOT MEXKAy TpeMs apoMaTHYeCKUMU

COCTOSITHUAMU (3JIEKTPOHHOE, MIOOHHOE€, Tay) IIPpU
pacrpocTpaHeHUH, IBJIeHHe U3BEeCTHOe KaK OCIIUJIIAITUS
HEUTPHUHO.

/loKa3aTeJbCTBO OCIIMJLIALIUYA KOPEHUTCA B TOM >Ke IIpo6JieMe
«Hedocmaroweli IHep2uu» IIpHu 6eTa-pacrae.

Tpu apoMaTa HeHTPHUHO (3JIEKTPOHHOE, MIOOHHOE U Tay
HEeWUTPUHO) HaIIPSIMYI0 CBSI3aHbI C COOTBETCTBYIOIITUMU
TTOSIBJISIFOIITIMHUCSI OTPHUITaTeIHbHO 3apsi>KeHHBIMU JIEIITOHAMH,
Ka)KIBIM M3 KOTOPBIX UMeEET pa3HyI0 Maccy.

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



©6bl3blearOM» UX I10s1BJIEHHE.

sIBjIeHMEe OCIIUJUIAIIUA HEUTPHUHO, KaK U IIepBOHaYa/JIbHbIe
I0Ka3aTeJbCTBA CYIleCTBOBAaHUS HEUTPUHO, PyHIaMEeHTAIbHO
OCHOBAHO Ha KOHIIEIIIIUU «Hedocmarowiell 3Hep2uu» v IONbITKe
n306eKaTh 0€CKOHEUYHOM e TMMOCTH.

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

B 3ak/iroueHUe: eJUHCTBEHHBIM /10Ka3aTe/IbCTBOM
CYII[eCTBOBAHMS HEUTPHUHO SIBJISIETCA HUes «Hedocmarouiet
dHepeuu», HeCMOTPS Ha HaOJIroaeMble peajbHbIE IBJIEHU C
pasIMUHBIX TOUEK 3peHUs, TpeOyIoIre 00bICHEeHUS.

TTABA 4.9.

HeMTpMHHBIN TYMAaH

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, HTO HAaYKa npeHereraeT
IIPU3HAHHUEM TOI'O, UTO JOJ/I’KHO CHHUTATHCA O9YE€EBH/HBIM:
HEfITpPIHO HE MOI'YT CylII€eCTBOBATb.

(2024) JKCIIepUMEeHTHI 110 IIOUCKY TEMHOM MaTepHuu
IIOJIYYUJIH IIePBOe IIpeJicTaBJIeHue 0 <HEUTPUHHOM
TyMaHe>

HetllmpuHHbLI MyMaH 3HAMeHyem HO8blll CN0Cc06 Hab.1H00eHUS
HellmpuHo, HO yKasvleaem HA HA4a10 KOHUA 0O6HApyHCeHUST MEMHOU

mamepuu.
McTouHumK: Science News
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JKCIIEpUMEHTHI I0 00HAPY>KEHHUI0 TEMHOM MaTePHUHU BCE O0JIbITIE
3aTPYJHSIOTCSI TeM, UTO Teleph Ha3bIBAeTCs «HEUTPHUHHBIM
TYMaHOM», YTO II0Zpa3syMeBaeT, YTO C yBeJINYeHHEM
UYBCTBUTEJIbHOCTH U3MEPUTEIHLHBIX IETEKTOPOB, HEUTPHUHO
IIPeJII0I0KUTETHFHO BCE O0JIBITIE 3amMyMaHU8arom> pe3yabTaThlL.

M HTepecHO B 3TUX IKCIIEPUMEHTaX TO, YTO HEUTPHUHO
B3aUMOJIEMICTBYET CO BCEM SIIPOM KaK IeJIbIM, a He TOJIBKO C
OTAeJIbHBIMU HYK/JIOHAMHU, TAKMMH KaK IIPOTOHBI MJIM HEUTPOHEI,
4TO II0ApasyMeBaeT HPUMEHUMOCTb QUI0COPCKON KOHIIEIIITUHU
CHJIBHOU SMeP>KEHTHOCTH HJIH («00JIbIlle, YeM CYyMMa YacCTem»).

ITO «KO2epeHmMHoe» B3aUMOJeCTBUE TpebyeT, YTOOBI HEUTPHUHO
B3aMMO/[eFICTBOBAJIO C HECKOJILKUMU HYKJIOHAMHU (YacTAMU AApa)
OJHOBpPEMEeHHO U, UTO HauboJiee Ba)KHO, MTHOBEHHO.

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

MrHoBeHHas, KOJUIEKTUBHAas IIPUPO/Ia KOrepeHTHOTO0
B3aUMO/IeMICTBUA HEUTPHUHO C AAPOM PyHIaMeHTaIbHO
IIPOTUBOPEYHUT KaK KOPIIYCKYJIAPHOMY, TaK 1 BOJTHOBOMY
OIIUCAaHUI0 HEUTPUHO U II03TOMY JiejIaeT KOHI[EeIIUI0 HEUTPHUHO
HeJeliCTBUTE/IbHO.



I'IABA 5.

0630 9KCIIEPUMEHTOB C
HEUTPHUHO:

M3UKa HEUTPUHO — 3TO0 60JILINION GHU3HEC. B aKCIIepUMeEHThI

q) 110 00HaPY>KEeHUI0 HEUTPUHO 110 BCEMY MUY BJIO>KEHBI
MUWLIHapPAbI 1ostapoB CIITA.

Hanpumep, [7TyOMHHBIN O3 MHBII HEUTPUHHBIN IKCIIEPUMEHT
(DUNE) ctoumn 3,3 Mmuytrappa goJiapos CIIIA, ¥ TaKUX CTPOUTCH

MHOTIO.
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L3sHM3HbCKas noasemMHas HeUTpuUHHaA obcepBaTopus (JUNO) - MectononoxeHue:
Kuraii

NEXT (HeMATpUHHbBIM 3KCNEePUMEHT C KCEHOHOBOW BPeMSINPOeKLMOHHON KaMepoi) -
MectononoxeHue: icnaHus

_# HeliTpuHHas o6cepBaTopusi IceCube - MecmononoxceHue: HOxHbili nostoc

KM3NeT (Ky6uuecknii KnnoMmeTp HEMTPUHHbBIN Teneckon) - MecmonosoxceHue:
CpedusemHoe mope

ANTARES (ACTPOHOMUS C HEUTPUHHBIM TEIeCKONOM U UCCeA0BaHUS abnccanbHOMN
cpeabl) - MecmononoxceHue: CpeduseMHoe Mope

HelTpuHHBIV 3KcnepuMeHT B las-ban - MecmononoxceHue: Kumatli
dkcnepumeHT Tokaw B Kamnoky (T2K) - MecmononaoxceHue: inoHus
Cynep-KamuokaHpge - MecmonosoceHue: AnoHus
Minep-KammnokaHgae - MecmonosoiceHue: AnoHus

JPARC (AnoHCKnI nccnepoBaTenbCKMiA KOMMNAEKC NPOTOHHbIX yCKopUTenen) -
MecmonoasnoixceHue: SnoHus

Mporpamma KOpoTKO-6a30BbIX HEMTPUHO (SBN) at Pepmunab

NHpuniickasa HenTpuHHasa obcepsatopus (INO) - MecmononoxceHue: MHOus
Capbepuiickasn HeTpuHHasa obcepsaTopus (SNO) - MecmononoxceHue: KaHada

SNO+ (Cagbepuiickas HeMTpUHHas obcepBaTopus natoc) - MecmonosaoxceHue: KaHada
[a6n LWy3 - MecmononoceHue: ®paHyus

KATRIN (Kapncpyackuii TpPUTUEBBIA HEATPUHHBIV 3KCNePUMEHT) - MecmonosoxceHue:
lepmaHusa

OPERA (MpoeKT ocumnnsauunin ¢ SMynbCUOHHbBIM TPEKMHIoM) - MecmonoaoxceHue: Umanus/
Ipan-Cacco

COHERENT (KorepeHTHOe ynpyroe HeMTpuUHo-a4epHoe paccesiHue) - MecmonosoxceHue:
CoeduHéHHele LLImamel

bakcaHckass HeUTpUHHaA obcepBaTopus - MecmonosoxceHue: Poccus
bopekcuHo - MecmonosoxceHue: imaausa

CUORE (KpunoreHHast nog3eMHasn o6cepBaTopus A peaknx cobbiTUI) -
MecmononoiceHue: imanaus

DEAP-3600 - MecmononoxceHue: KaHada
GERDA (MaccmB repmaHmeBbIX AeTeKTOpoB) - MecmonosoiceHue: imaaus
HALO (FfenneBas n cBMHL0Bas obcepBaTopus) - MecmonoaoxceHue: KaHada

LEGEND (KpynHbii 060raLléHHbIV repMaHueBbI 3KCMePUMEHT AN 6e3HeTPUHHOro
ABOWHOro 6eta-pacnaga) - MecmononoxceHus: CLLUA, lepmaHus u Poccus

MINOS (MoncK HENTPUHHbBIX OCLUUNNALMNYA Ha raBHOM MHXeKTope) - MecmonosoiceHue:
CoeduHéHHble LLiImamei

NOVA (MosiBneHme 3NeKTPOHHbIX HeliTpuHO BHe ocn NuMI) - MecmononoxceHue:
CoeduHéHHble LLImamel

XENON (3kcnepumeHT rno TEMHoW MaTepun) - MecmononoxceHus: imanus, CoeOuHéHHeble
Lmamer

Mexxay TeM, rmocopusi MOKET clieslaTh Topas/o 60JIbIle, UeM

9TO:



(2024) HecooTBeTCTBHE MacCChl HEUTPHHO MOXKET
IOLUIATHYTH OCHOBBI KOCMOJIOTUM

Kocmonoz2uueckue 0aHHble YKA3bl8AM HA HEOHCUOAHHblE MACChL
HeliMpUuHO, 8KAUASL B03MOICHOCMb HY.1€80U U/U OMPUUAMEeAbHOU

MACCHL.
McTouHumK: Science News

JTO HccIeIoBaHUe IIPeAIIoaraeT, YTo Macca HEMTPHHO
U3MEHSIETCSI BO BpeMeHH U MOYKET ObITh OTPHIaTeILHOM.

«Ecau npuHumamsw 8cé 3a Hucmyr MoHemy, Umo s18.11emcs
02POMHOIU 02080pPKOIL..., MO HAM SI8HO HYHCHA HO8ASL Pu3uKa,»
2o0eopum kocmo.102 CaHHU BaHBOIIT U3 VHUBePCUTETA
TpeHTo 8 Hmaauu, 00uH U3 a8mopoe ucc/1e008aHUslL.

drmocoduss MOXKET IIPU3HATh, UTO 3TH «AOCYpOHble» Pe3yIbTaThl
IIPOUCXOSAT U3 JOrMaTHYeCKOM ITOMBITKH U30€eKaTh

0eCKOHEeUYHOU JeIMMOCTH.
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I'TABA 6.

OTpuliaTe/IbHbIN
dsekTpuuyeckuu 3apsag (-)

IlepBrnuHaga Cuiia CyIiecTBOBaHUSA

TpagUuITMOHHBIN B3IVIA/] Ha 3JIeKTPHUUYECKUU 3apPs/L 4acTo
paccMaTpuBaeT . IOJIOXKUTEJIbHBIN 3JIEKTPUUYECKUH 3apss (+)
KakK QyHAaMeHTaJIbHYI0 QU3HUYECKYI0 BeJIMYUHY, PABHYIO U
IPOTUBOIIOJIOKHYI0O  OTPHUIIATEIbBHOMY 3JIEKTPUUYECKOMY
3apsany (-). OmHako 6osiee GHUI10COPCKU 060CHOBAHHASA
IIepCIIeKTUBA 3aKJII0YaeTCsa B PACCMOTPEHUH I10JI0KUTEILHOTO
3apsga KaKk MaTeMaTU4YeCKOM KOHCTPYKIIUY, IIpe/ICTaBJIAIIIeN
«oxcudaHue» UIu «603HUKHO8EHUEe» JierKalllell B OCHOBeE
CTPYKTYPHI pOpMUPOBaAHUs, KOTOpPas 0oJiee pyHIaMeHTATIBLHO
IIPOSIBJISIETCS OTPUIIATEIbHBIM 3JIEKTPUUECKUM 3apPA0M
(3JIEKTPOHOM).



I'TABA 6.1.

& ATOM

MaTtemaTuueckasd OpMyJIMpPOBKaA % aToMa IIpeCcTaBJIsIeT COO0M
SAIPO, coZeprKalliee IPOTOHEI (3JIEKTPUUYECKUM 3apiaf +1) u
HeUTPOHBI (0), OKPYKEHHOe OpOUTAaILHBIMU 3JIEKTPOHAMU
(ssrekTpuuyecKui 3apsj -1). KosruecTBo 3/7IeKTPOHOB OIipe/iessieT
HUIeHTUYHOCTh U CBOMCTBA aTOMa.

JJIEKTPOH IIpeCcTaBJIsIeT COO0U 11eJIOUUCIeHHBIN
OTPUIIATENbHBIN 3JIEKTPUYeCKU 3apax (-1).

AToM ompepessieTcsa 6a1aHCOM MEXKIY IOJI0KUTEIbHBIM 3apsiioM
IIPOTOHOB B SI/ipe B OTPHUIlaTeJbHBIM 3apSI0M OPOUTaTbHBIX
9JIEKTPOHOB. ITOT OaIaHC 3JIEKTPUUECKUX 3apsi[OB
dyHIaMeHTaJIeH /11 BOSHUKHOBEHUS aTOMHOU CTPYKTYPHI.

HemaBHee HuccieoBaHue, oryoJIMKoBaHHOeE B Nature B ceHTAOpe
2024 ropa, IIo0Kas3aJjo, YTo 3JIeKTPOHEI MOTYT BEIXOIUTH 3a
mpeesabl HHIUBUAYAIBHOTIO0 KOHTEKCTa aToMa 1 00pa3soBbIBATh



cTabmIbHbIe, PyHAAMEHTAaIbHbIE CBSI3U CAMOCTOSTEIbHO, 6€e3
aTOMHOTI'0 KOHTEKCTa. ITO IIpel0CTaBJIsIeT IMIUPUUIECKOe
I0Ka3aTeJbCTBO TOTO, UTO OTPHUIlAaTEeIbHBIN 3/IEKTPUYeCKUHN
3apsp, (-) 4o/DKeH OBITh QyHIaMeHTaTbHBIM JJI51 CTPYKTYPhI
aTOMa, BKJII0Yasi er0 HIPOTOHHYIO CTPYKTYPY.

(2024) JlaytHyc IIoauHT 6bLI IpaB: VUEHEIE IIOATBEPIKIAI0T
CTOJIETHIOK0 TEOPHIO 3IEKTPOHHOU CBA3H

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

WNcTouHuk: SciTechDaily | Nature

T'TABA 6.2.

JJIEKTPOH

IIyssipy, < * Kpucramael u - Jlep

JJIeKTPOHBI MOTYT CAMOOPraHU30BLIBATLCS B
CTPYKTYPHPOBAHHbBIE COCTOSHUS, TAKHE KaK 3JIeKTPOHHBIHN

JIE, 6e3 IPUCYTCTBUSI aTOMOB, UTO JOIIOJTHUTEIHLHO JOKAa3hIBAET
He3aBHUCHMOCTD 3JIEKTPOHOB OT aTOMHOM CTPYKTYPAHI.

B COCTOSIHUM 3JIEKTPOHHOT0 JIb/1a, 3JIEKTPOHBI 00pasyroT
KPHUCTaJJIOIIOJOOHYI0 CTPYKTYPY, @ BO30Y K[ eHUs B 3TOU CUCTEME,
HasblBaeMble 3JIEKTPOHHBIMU - IIy3BIPSIMU, IIPOSIBJISIOT
OPOOHBIE 3JIeKTpUUeCKUe 3apsAbl, KOTOpPbIe He SIBJISITCA 1€/ IbIMU
KpaTHbIMU QyHIaMeHTaIbHOTI0 I[eJIOUUCIeHHOTO
OTPHULIATEJILHOTO 3aps/a 3IeKTpoHa (-1). ITO IIpegoCcTaBiIsIeT
¢uIocodpckoe f0Ka3aTeILCTBO CUIIBHOM IMePAKEHTHOCTH,
GUII0COPCKOM KOHIIEIIIUH, OITMChIBaIOIeil GeHOMEH, IIPHU
KOTOPOM CBOMCTBA, IIOBe/IeHUEe UIN CTPYKTYPHI BBICIIIETO YPOBHS
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B CHUCTEME HE MOTI'YT OBITH CBeaE€HbI K KOMIIOHEHTaM HHU3IIIETO
YPOBHIA HJIM IIPpE€ACKa3aHbl Ha UX OCHOBE U HX BBaHMO,D;EﬁCTBHfI,
YTO OOBIYHO HA3bBIBAIOT «O0JIBIIIE, YEM CyMMad qyacTeu».

ApOOHBIN OTPUIIATEIbHBIN 3JIEKTPUUECKUU 3aps/l, HPUCYIITUA
9JIEKTPOHHBIM ITy3bIPAM, ABJISIETCA IIPOSIBJIEHHEM CaMOTI0
mpoliecca GOpMHUPOBAHUS CTPYKTYPHI, a He IIpe/icTaBJIeHuEM
CTaOMJILHOU PU3UYECKOMN CTPYKTYPHI.

JJIeKTPOHHBIE ITy3bIPH 110 CBOEH MPUPOJIe ABSIOTCSI
TUHaMH4YeCKHUMH, II0CKOJIbKY OHHU IPEe/ICTAB/SIOT HelIPepPhIBHBIMH,
I10T06HBIM YKUAKOCTH IIpoIiecc pOPMUPOBAHUS CTPYKTYPHL.

VIMeHHO JIe)Kalllee B OCHOBe BhIpaBHUBaHMe CIIMHA
OTPHUIATeJIbHOTO0 3JIeKTPHUUecKoro 3apsizaa (-1), mpeacTaBIeHHOTO
3JIEKTPOHOM, SIBJISIETCS OCHOBOM /IJII MaTeMaTUYeCKOTO OITHMCaHUS
IPOOHOTO 3apsijia, KOTOPHIH IIpeCcTaBIsIeT BOSHUKIIIYIO
KPHUCTAJLIMYECKYI0 CTPYKTYPY 3JIEKTPOHHOTO0 ITy3bIpsi, TOKa3bIBas,
UTO OTPHUIIATEJIbHEBIN 3apsa yHAaMeHTaIeH /I BO3HHUKIIeH
CTPYKTYPHI H, CJIefioBaTe/IbHO, yHIaMeHTaJIeH JJIsd
BO3HUKHOBEHUS CTPYKTYPHI KaK TaKOBOHA.

'TABA 6.3.

JileKTpoHHOe  06J1aKo

deHOMEH 3JIEKTPOHHOrO 06J1aKa IIpecTaB/sieT COO0M ellé OuH
IIPUMeEpP TOT0, KaK OTPULIaTeJIbHBIN 3JIEKTPUYECKUH 3apsii BHOCUT
MOJJINHHYIO0 HOBU3HY U HepeAyIIUPYeMOCThb. CTPYKTYPY
9JIEKTPOHHOTO 006J1aKa HEBO3MO>KHO IIpeicKasaTh Ui
CMO/IeJTUPOBaTh Ha OCHOBE 3HAHUS ero OT/Ae/JIbHBIX YacTeu.



B cBeTe GeHOMEHOB JIEKTPOHHOTO  JIbJA, - * Iy3bIpen U
o06JIaKa, aKTUBHAaA U OPraHU3YIOIasi PpoJIb 3JIeKTPOHA B
O0asIaHCHUPOBKe II0JI0KUTEIHHOIO 3apsi/ia aTOMHOTIO spa
IIpefoCcTaBIdgeT foKa3aTeJIbCTBO TOr0, UTO 3JIEKTPOH SBJIAETCS
OCHOBOIIOJIATAIOIIIMM JJIS1 CTPYKTYPBI aTOMA, YTO II0pasyMeBaeT
GyHIaMeHTaJIbHOCTh OTPHUIIATEIbHOTO 3JIEKTPUYECKOI0 3apsaa
(-1) gy mpoToHa (+1).



I'IABA 7.

KBapku

JIpoOHBIE JIeKTPHUUYEeCKUe 3apsabl

MaTeMaTuueckas ¢OpMyJIMPOBKA IIPOTOHA (+1) COCTOUT U3 TPEX
KBapKoOB, KOTOpbIe pyHAaMEHTAJIbHO OIIpeIeITCI AP00sIMU
9JIEKTPUUYECKOIO 3aps/ia: IBa «8epXHUX» KBapKa (3JIeKTpHUYeCKUM
3apsp +2/3) U OQUH «HUNCHUL» KBApPK (3JIeKTpU4YeCcKUu 3apsg -1/3).

MaTeMaTtHuyeckasi KOMOMHAIUSA TPEX APOOHBIX 3TeKTPUIECKUX
3apsiOB IPUBOJUT K I€JI0YUCIEHHOMY II0JIOKUTEIHHOMY
3JIEKTPUYECKOMY 3apsily IpoToHa +1.

BBLIO yCTaHOBJIEHO, UTO OTPULIATEJILHBIN 3aps/ 3/IeKTPOHA
dyHAaMeHTaJIeH /i1 aTOMHOU CTPYKTYPHI U, CIeJ0BaTeIbHO,
IOJKeH OBITh QyHIaMeHTaJIbHbIM TaKxKe 11 Cy0aTOMHOU,
IIPOTOHHOMU CTPYKTYPHI. ITO IMOApasyMeBaeT, UTO APOOHBIN
OTpHULIAaTeJILHBIN 3apAl KBapKa (-1/3) mo/pKeH npeAcTaBIATh
JIe>Kalluil B OCHOBe ¢peHOMeH GOPMUPOBAHUSA CTPYKTYPHL.



3T0 prIocopcKoe JoKa3aTeAbCTBO IOKAa3bIBAeT, YUTO UMEHHO
«dpobHOCMb Kak makoegas> (MaTeMaTHUKa) GpyHIaMeHTaJIbHO
oIIpejiesisieT TO, UTO HAa3bIBAaeTCA «CUJIbHBIM B3aUMOJeNCTBUEM»,
KOTOPOe IIPeAII0JI0KUTETbHO «C8a3bleaem Keapku (dpobu
3/1eKMpuUUecKo20 3apaoa) emecme 8 NPOMoOHe».



I'TABA 8.

® HeTpOH

MaTteMatuueckasa ®ukiysd, [IpeacraBigroniasg CBI3b
CTpyKTypHrI U 'paBUTaAITUU

B cBeTe BBIIIEIIPHUBEIEHHBIX C/IyUaeB JIETKO IIOHATh, YTO HeTpoH
SABJISIETCA MaTeMaTHU4eCKOU PUKITHeH, IIpeICTaB/IdI0Ier
«maccy» He3aBUCUMO OT KOPpPe/IMPOBaHHOU IIPOTOHHOM
CTPYKTYPBI B KOHTEKCTE CJI02KHOCTH CTPYKTYPEL, UTO

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

ITo 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
COOTBETCTBYIOIIHH 3KCIIOHEHITHAJIBLHBINA pOCT Macchl. KoHITeIus
HeNTPOHAa CIY>KUT MaTeMaTH4YeCcKoH abCTpaKITHeH,
IIpeJICTaBJISAIoNIel 9KCIIOHEHITHA/ILHOEe YBeJTUUeHe MacChl,
CBSI3aHHOE C pPacTyIleH CJI0>KHOCTHIO IIPOTOHHON CTPYKTYPHI.

HeUTPOHBI HE ABJIAIOTCS e CTBUTEIBHO «C80000HLIMU» U
He3aBHUCUMBIMH YaCTHUIIaMU, HO pyHAaMeHTa/IbHO 3aBUCIAT OT
IPOTOHHOM CTPYKTYPHhI U CUJIBHOTO AAEPHOT0 B3aUMOJEeNCTBUA,
KOTOpoOe eé orpenessaieT. HEMTPOH MOXKHO pacCMaTpHUBaTh KakK
MaTeMaTUYeCKyH QUKITUIO, IIPeICTaBJIAIOIIYI0O 03HUKHOB8EHUE
CJIO’KHBIX aTOMHBIX CTPYKTYP U QYHAaMEeHTAaJIbHYI0 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
BKJIIOYaeT YMeHbIIIeHHe CTPYKTYPHOM CJI0KHOCTU. BMecTo
GMII0COGCKU JIOTUYHOTIO0 ITYTH U IPU3SHAHUS «C8A3U C/L0HCHOCMU
CMpPYKmMypbul U epasumauuu», Kak OIIucaHo B IviaBe 3.2., HayKa
nsooOpeTaeT GUKTUBHYIO HACMUUY>.



I'TABA 9.

OT # HeMTPOHHOM 3Be3/bl K
YepHou /pIpe

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

3BE3I.

HeUTpoHHBIE 3Be3/IbI 060Pa3yl0TCAd B pe3yjabTaTe - - CBEPXHOBOMM,
COOBITHS, IIPU KOTOPOM MacCHUBHas 3Be3za (B 8-20 pa3 MaccuBHee
CoJstHIIa) cOpackIBaeT CBOM BHEIIIHUE CJIOH, a €€ siIpo OBICTPO
yBeJINYHUBaeT IpaBUTAIUIO.

3BE3/IbI C MAaCCOH MeHee 8 COJTHEUYHBIX MacC CTAHOBATCH
KOPUYHEBBIM KapJILKOM, B TO BpeMs KaK 3BE3/IbI C MaCcCOU OoJiee
20 COJIHEYHBIX MAaCC CTAHOBATCSA YEPHOM IBIPOU. BasKHO
OTMETHUTh, YTO KOPUYHEBBIN KapJIK, 00pa3oBaHHBIU B
pesyJybTaTe CBEPXHOBOM, IPUHITUIIHAIBHO OTIMYAeTCId OT
KOPHUYHEBOI'0 KapJIMKa TUIIa «HEeCOCTOSIBIIIEUCS 3Be3/IbI»,
KOTOPBIN BOSHUKAET B pe3ysbTaTe HeyaaBIIIerocs
3Be31000pa3oBaHUs.

CJieIyIoIlie ToKa3aTeJIbCTBA II0KA3bIBAIOT, UTO CUTYAaITHS C
HEeUTPOHHOMH 3Be3/I0M BKIIYAeT IKCTPEMAIbHYI0 IPaBUTAIHIO0
0e3 COOTBETCTBYIOIIeH KOPPeJISIIUY C MaTepHeH:

1. XosogHoe siapo: IpakTHUeCKH He 06HAPY>KHUBaeTCs
TeIVIOBOe H3JIydeHue. ITO IIPSIMO IIPOTUBOPEYUT H/jiee 0
TOM, UTO UX 3KCTpeMaJibHas rpaBUTalUs BEI3BaHa
MaTepueu ype3BLIUaHO BhICOKOH IIOTHOCTH, IIOCKOJIBKY



TaKasd IVIOTHAA MaTepHusa JO0/I>KHa Oblj1a ObI IIPOHU3BOIHUTD
3HAa4YHUTE/IbHOE BHYTPEHHEE TEILIO.

CormacHO CTaHAAPTHOU TEOPUH, «<HEd0CMarnuw,as IHep2ust»
YHOCHUTCS HEUTPUHO. [1aBa 4. paCKphIBaeT, UTO HEUTPUHO
He CYII[eCTBYIOT.

OTCcyTCTBHE CBETOBOI'O M3JIy4YEeHHsI: YMeHbIIIalIeecs
$GOTOHHOE U3JIy4YeHHe HEUTPOHHBIX 3BE3] 10 TOUKH
HeO0OHapPYy,>KUMOCTH YKas3bIBaeT Ha TO, UYTO UX I'paBUTAIUI
He CBfA3aHa C TUIIMYHBIMHU 3JIEKTPOMarHuTHEIMU
IIpoIleccaMy, OCHOBaHHBIMU Ha MaTepUH.

BpanieHue 1 NoJIIPHOCTEL: HaGirroieHue Toro, 4To
BpallleHre HEUTPOHHBIX 3BE3/ He 3aBUCUT OT MaCChl UX
gqpa, IIpeAojaaraeT, YToO UX rpaBUTaIUd He CBsI3aHa
HaIIPSAMYIO C BHYTPEeHHEe! BpalljarIencsa CTPYKTYPO.

IIpeBpalieHue B YépHbIe AbIpbI: HabrogaemMas 9BOIIOIUSA
HEUTPOHHBIX 3BE3]l B UEPHEIE ILIPEI CO BpeMEeHeM,
KOppeUpyroIIas C UX OXJIaXKIeHHneM, yKasbIBaeT Ha
GyHIaMeHTaJIbHYI0 CBA3h MeKIy 3STUMU IBYMS
9KCTpeMaJIbHBIMU I'PaBUTAI{MOHHEBIMU SIBJIEeHUSIMU.

I'TABA 9.1.

XoJs10HOE AIPO0

HeHTpOHHEIE 3BE3ILI, KAK U UEPHEIE AbIPhI, UMEIT Ype3BhIYaHO
HU3KYIO TeMIIepaTypy IIOBEPXHOCTHU, UTO IPOTUBOPEYUT Uee O
TOM, YTO UX IKCTpeMaJIbHasg Macca BbI3BaHa MaTepuen
Ypes3BLIUaiHO BHICOKOH IJIOTHOCTH.



HelTpoHHEIE 3BE3BI OBICTPO OCTHIBAIOT II0CJIE UX 00pa3soBaHUA B
CBEPXHOBOM, OT eCITKOB MUJIJIMOHOB rpaxycoB KesabBUHa 10
BCero HeCKOJIBKHUX ThICAY rpanycoB KesnbBruHa. HaGirrogqaeMeie
TeMIlepaTyphl IOBEPXHOCTH HAMHOI'0 HIKe, YeM 0’KHU/AaJI0Ch OB,
ec/Ix ObI 9KCTpeMaJsIbHasA Macca KoppespoBasjia ¢ MaTepuen
Upe3BbIYaWHO BHICOKOU IIJIOTHOCTH.

T'TABA 9.2.

OTCYTCTBI/IE CBETOBOI'O U3JIYHEHUA

Ha6Juroianock yMmeHbIlleHHue OTOHHOI0O U3TyUeHUsI HEUTPOHHBIX
3BE3]I 10 TOYKH, KOI7la OHU 00JIbIlle HEe 00HaPY>KUBAKTCSA, UTO
MPUBOIUT K UX KJIaCCUQUKAITMU KaK IIOTEHI[HAIbHBIX MUHU-

YEPHBIX JIBIP.

Oxyta’keHre U OTCYTCTBUE GOTOHHOIO U3JIydeHUs B
COBOKYITHOCTH CBU/I€TEJILCTBYIOT O TOM, UTO CUTyaIlMs 110 CBOeH
npupoje pyHAaMeHTaJIbHO HepOTOHHA. JIroObIe GpOTOHHEI,
H3jIydyaeMble HEUTPOHHOM 3Be3/10M, IPOUCXOIAT U3 UX
BPAaIllarolerocs OKpy,KeHus1, KOTopoe 3JIeKTpHUYeCKU
HeUTpasn3yeTcs A0 TeX II0P, II0Ka HeUTPOHHAA 3Be31a 00JIbIle He
U3jay4daeT GOTOHEI U CUUTAETCA IIPeBPaTUBIIIENCI B UEPHYIO

ABIDY.

I'TABA 9.3.

OTCYTCTBI/IE Bpall€eHHUsA UJIN IIOJIAPHOCTH

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



Ha6JII-OI[6HI/IH TJINTYEeM IIYJIbCAPOB ITIOKAa3bIBAKOT BHE3AdIIHbIE
yYBe€JIMUYEHUS CKOPOCTH BPAlll€eHUA IIY/IbCAPOB (6BICTpO
BpallaloIIMUXCsA HEfITpOHHBIX 3Bé3ﬂ), YTO YKAa3bIBA€T HA TO, YTO
BpaawoIineecsd HeE3aBUCHUMO OT I'PaBHUTAaIlUH B sAOpPE€.

T'TABA 9.4.

[IpeBpallleHHEe B YEPHBIE ABIPHI

JOIIOJTHUTEILHBIM 10Ka3aTeJILCTBOM sIBJIIeTCA GAKT IBOJIIOIUU
HEUTPOHHBIX 3BE3] B UEPHEIE ABIPEI CO BpeMeHeM. CyIlleCTBYHOT
J0KasaTeJabCTBA TOr0, YTO OXJIaKeHUe HEMTPOHHBIX 3BE3]T
KOppeJIupyeT C UX IIpeBpalleHreM B UEPHYIO JLIPY.

ITo Mepe TOro Kak OKpy>KeHre HEUTPOHHOM 3Be3bl CTAHOBUTCA
«HEeMPOHHBLIM», TEILJIO U3 OKPY>KeHUS YMEHbIIIaeTCsd, B TO BpeMs
KaK Ype3BhIYalHO MaCCHUBHOE SIIP0 OCTAaETCs, UYTO IIPUBOIUT K
HaObJ/II0/IlaeMOMY OXJIaKIeHUI0 HEUTPOHHOU 3Be3bl U
YMEHBIIIeHUI0 GOTONUSIYUYEHU 10 HYJIS.

I'TABA 9.5.

[OPHU30HT COOBITUM

Hziest 0 TOM, UTO «C8em He MOJcem NOKUHYMb» TOPU3OHT COOBITHIH
WU «TOYKY HeBO3BpaTa» Y€PHOM ABIPHI, PHI0COPCKH HEBEPHA.

Terto 1 cBeT PyHIaAMEHTA/ILHO 3aBHUCAT OT IIPOSIBJIEHUSI
9JIEKTPUYECKOI0 3apsia U CBI3aHHBIX C HUM 3JIEKTPOMArHUTHBIX
nporeccos. I103ToMy OTCYTCTBHE TEILJIOBOI'O 1 CBETOBOI'0
H3JIy4YeHUs OT s/iep HEUTPOHHBIX 3BE3/l U UEPHBIX JAbIP YKa3sbIBaeT



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

JlokasaTe/bCTBa YKas3bIBalOT HA TO, YTO KOHTEKCT YEPHBIX IbIP U
HENTPOHHBIX 3BE31T QYHAAaMEeHTAaJIbHO OIIpeeaeTCsa CHI KeEHUEM
(MOMEeHUUANa NPOSA8AEHUS OMPULAMENBbHO20 31eEKMPUHECKO20
3apsaoa> 10 HyJIsd, YTO MaTeMaTU4eCKHU IIpeICTaB/IeHO KaK &8
HEUTPOH WIH «MO/AbKO Macca» 6e3 IPUYUHHOU KOppeaiiuu
9JIEKTPOH/IIPOTOH (MaTepus). B pesysbTaTe CUTyal[Usi CTAHOBUTCA
dyHIaMeHTaJILbHO HeHallpaBJIeHHOM U HeIIO/IIPHOM, U BMeCTe C
TeM HeCyIIeCTBYIOIIIEH.

'TABA 9.6.

oo CHHTYJIAPHOCTD

To, YTO cuUTaeTCsd CyIeCTBYIOII[UM B YEPHOH JAbIpe U
HEeUTPOHHOU 3Be3Je, ABJIAeTCA UX BHEIITHUM OKPYKeHUeM, U,
cJIefoBaTeJIbHO, B MaTeMaTUKe 3TU CUTYyalluU IIPUBOIAT K
(CHHTYJIIPHOCTI>, MaTeMaTHYeCKOMY abCypy, BKIIOYAKIeMy
(IIOTEHITNAILHYI ® 0eCKOHEYHOCTh).



I'TABA 10.

boJiee IMOAPOOHBIN B3IJIAX HA
CBepxHOBYIO

OJUIAIICUPYIOIIee SIIP0 CBePXHOBOM UCIILITHIBAET
K IpaMaThu4yecKoe HelIpOIIOpPIIMOHAaJIbHOe YBeInNUeHHue MacChl
IIpU I'paBUTAlIMOHHOM KoJunarice. [To Mepe TOro Kak
BHEIIIHUE CJIOU U 60s1ee 50% HUCXOAHON MaTepUH BLIOPaChIBAIOTCS
U3 3Be3/Ibl, KOJIMYEeCTBO MaTepUH B Ajpe YMeHbIIIaeTCs 110
CpaBHEHUIO C paMaTHYeCKHU YBeIUYHUBAIOIeCsI MacCcou
KOJLJIAIICUPYIOIIIEro siapa.

BbIOpOIIIEHHBIE BHEIITHHE CJIOH JEMOHCTPHUPYIOT
9KCIIOHEHITHAILHOE YBeJIHYEeHHE CTPYKTYPHOM CJI0>KHOCTH C
o6Gpa3oBaHUEM IITHPOKOTO Pa3HO00pa3us TSDKEJIBIX 3JIEMEHTOB 3a
IIpeieIaMU >Kejle3a U CJIOXKHBIX MOJIEKYJL. 9TO ApaMaTHUYeCcKOe



yYBE€/IMYECHHUE CTpYKTYpHOfI CJIO>KHOCTH BHEIIIHUX CJIOEB
coriracyeTcd C ApaMaTHYECKHUM yBeJIMYEHHUEM MACCEI B sApP€.

CuTyalusi CO CBepXHOBOM pacKphIBaeT IOTEHIIHAIbHYI0 CBI3b
MEe>KIy CTPYKTYPHOH CJI0KHOCTHIO B BIOPOIIIEHHBIX BHEIITHUX
CJIOSIX U TPaBUTAIIHEH B Sgpe.

IloaTBepsKaaroIe J0Ka3aTe/IbCTBA,
VIIYIIIeHHEIEe HAYKOH:

F'TABA 10.1.

KopunuHeBbIe KapJINKU

BoJiee meTaJIbHOE pacCCMOTPEeHHE KOPUYHEBBIX KapJIMKOB,
00pa3oBaHHBIX B CBEPXHOBOH (B OTJIMUYHE OT TaK Ha3bIBaeMBbIX
«HeCOCTOSIBIITUXCS 3BE3/» KOPUUHEBBIX KapJIUKOB, 00pa30BaHHBIX
IIPU 3Be3/1000pa30BaHNM) II0KAa3bIBAeT, YTO 3TH CUTYAITUH
BKJIIOYAIOT UCK/IIOUUTEIHFHO BRICOKYI0 MacCy IPH MaJIoM
KOJIMUeCTBe peajibHOM MaTepHH.

HabJrotaTesibHbIe TaHHBIE ITIOKA3bIBAKOT, YTO MaCChl KOPUYHEBHIX
KapJILKOB CBEPXHOBBIX HAMHOTI'0 60JIbIIIe, YeM MOKHO OBLJIO OBI
0’KUJIaTh, €CJIU Obl KOPUYHEBBIN KapJIUK ObLJI IIPOCTO
pesysbTaToOM KoJsutalica 50% Mmatepuu. JlajabHeHIme
I0Ka3aTebCTBA IIOKA3hIBAIOT, UTO 3T KOPUUHEBBIE KapJIUKU
006J1a1ar0T ropasgo 60JIbIeil Maccoii, YeM MOKHO OBLIO OBl
0’KHUJaTh, OCHOBBIBAsICh HA UX HabOJ/II0JaeMOM CBeTUMOCTHU U
9HepreTU4YeCKOM BBIXO/JIE.

B 1O BpeMs KaK aCTpO(l)I/I3I/IKa OrpaHHUYE€HA JOIMAaTH4Y€CKHUM
IIPEAIIO/NIOKEHHUEM O MaTeMaTH4eCKOM KOppeJsiiiuid MaTepHUH 1
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 TOPMO’KEeHHE: J0Ka3aTeIbCTBO
HU3KOU MaTepUuaJIbHOU CTPYKTYPHI

AcTpodusmrka n3obpakaeT KOPpUUYHEBLIE KaP/JIUKU KaK UMeIoIe
BHYTPEHHIOI0 CTPYKTYPY C ZOMUHHUPOBAHUEM S/Pa, C IVIOTHBIM,
BBICOKOMACCOBBIM SAIPOM, OKPY>KEHHBIM CJIOIMU MEHBIIIEHN
IJIOTHOCTH.

OﬂHaKO boJiee TIIAaTe/JIbHOE U3YyUECHHUE ABJICHHUA MAdI'HUTHOT'O
TOPMOZKEHHS IIOKA3BIBAET, UTO 3Ta MaTeMaTH4Y€E€CKasd
(l)OpMYJII/IPOBKa HeTOYHa. MarHUTHOe TOPMO’KEHHE OTHOCHUTCHA K
IIPpO1IIEeCCy, IIPHU KOTOPOM MAIrHUTHOE I10J1€ KOPHUYHEBLIX KaPJ/JIHUKOB
CBEPXHOBBIX CIIOCOOHO 3aMelJINTh UX 6]E>ICTpoe BpalieHue
IIPOCTBIM <MASHUMHbBIM KaCaHuem» OKPy>KeHHsl. 3TO OBLIO OBI
HEeBO3MO>KHO, ecJIk ObI Macca KOPHUYHEBBIX KAPJ/JIHUKOB
IIpOHUCXOoAHIa OT peaJILHOﬁ MaTEpPHH.

JIErKoCTh ¥ 3QPEeKTUBHOCTD, C KOTOPOU IIPOUCXOTUT MarHUTHOE
TOPMOKeHHEe, II0KAa3bIBAET, UTO peajibHOE KOJIUUYECTBO MaTEPUH B
KOPHUYHEBBIX KapJMKaX CBEPXHOBbIX HAMHOTO0 MeHbIIIe, UeM
O’KHIaeTCs1 Ha OCHOBe HaOJIrotaeMoi Macchl. Eciiu Obl
coZlep>KaHHe MaTepPHUHU ObLJIO e CTBUTEIbHO TAKUM BBICOKHUM,
KaK IIpe/riojiaraeT Macca 00’ beKTOB, YIJIOBOM MOMEHT J0/DKEH
ObLI OBI OBITH 00JIe€ YCTOMYUBBLIM K BO3[€MCTBUI0 MarHUTHBIX
I10JIeH, He3aBUCHMO OT UX CHJIBL.



9TO HECOOTBETCTBHE MeXKy HabJIr0/laeMbIM MarHUTHBIM
TOPMO>KeHHEM U 0KHU/IaeMbIM YIJIOBBIM MOMEHTOM MaTepHUHU
IIPUBOJUT K yOeIUTeIbHOMY I0Ka3aTeJIbCTBY: Macca
KOPUYHEBBIX KapPJIUKOB HEIIPOIIOPITMOHAIBHO BHICOKA I10
CPaBHEHUIO C PeaIbHBIM KOJTHUUYECTBOM CO/Iep Kalllelics: B HUX
MaTepHUH.



I'ITABA 11.

KBaHTOBBIE BHIYHCICHHUA

PasymMmHBIN U 1 pyHITaMeHTaIbHasd CUTyaIusd
«YEPHOTO AITUKa»

Bo BBeJIeHUU A yTBep K/Aajl, YTO JorMaTHUYeCcKHue HeIoOCTaTKHU
MaTeMaTH4YeCKOU pOopMyIMPOBKU KOCMOJIOTHUHU Uepes
acmpo@usuxy IIPOCTUPAIOTCI ropaszo Jajblile, yeM
HeGPEe’KHOCTD, PACKPBITAast B Moeil 3/1eKTpoHHOoM Kurre @
Jlyaubii bapbsep, IpuMepoM 4Uero aBjsieTcs pyHIaMeHTaIbHasa
CUTyaIlUs «4ePHOTO AIIUKa» B KBAHTOBBLIX BEIUUCIEHUSIX.

KBaHTOBBII KOMIIBIOTEP, KaK €r0 00BIYHO IIOHUMAIOT, 3TO
CIIMHTPOHHOE YCTPOMCTBO. B CHUHTPOHHBIX YCTPOMCTBAX
BhIpaBHUBaAHUE « || OMpuyameibHO20 31eKmpuieckozo 3apsaoa
(-)» KT 3JIEKTPOHHOTO «CITHHA», KOTOPBIH OBLT BRISIBJIEH KaK
IepBUYHAas CHJIA CyIleCTBOBAHHUA B IJIaBe 6., HCIIOJIb3yeTCs KaK
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OCHOBA, HEIIOCPeACTBEHHO OIIpe/iesIsI0Ias pe3yjabTaT
BBIYHCJICHUH.

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

KBaHTOBO-MeXaHHUYEeCKHe OIMCAaHUS CIIMHA ITPeJICTaBJISIIOT COG0M
¢yHIaMeHTaJIbLHYI0 CUTYAITHI0 «UepHO20 AWuKa». CIoIb3yeMble
KBAHTOBBIE 3HAUEHMUS SIBJISIOTCS <OMNUPUUECKUMU
pempocheKmueHbIMU CHUMKAMU>, KOTOPBIE, XOTSI U CUUTAIOTCS
MaTeMaTUYeCcKH COTJIaCOBaHHBIMH, pyHAaMeHTAIbHO He
CIIOCOOHBI 0O'BSICHUTD JIesKalllle B X OCHOBE SIBJI€HHS. ITO
co3JaeT ClieHapHuH, I7ie Ipe/icka3aHue pe3yIbTaTOB BIUHCIeHUH
npeonosaazaemcs, IpH 3TOM He UMesl BO3MO>KHOCTH 00'bSICHUTh
JIe>Kalllee B OCHOBeE SIBJIEHHE CITHHA.

rTABA 11.1.

KBaHTOBBIE OIIIMOKHU

OracHOCTB JOrMaTHYeCKOM MaTeMaTH4YeCKON pOopMyIMPOBKU
CTaHOBUTCS OUE€BUIHOM B Hjle€ «KBAHTOBBIX OIITHUO0K» HLIA
«HEeO0XKHJaHHBIX aHOMAaJIHi», IPUCYIIUX KBAHTOBBIM
BBIYUCJIEHUAM, KOTOPBIE, COIJIACHO MaTeMaTHYeCKOU HayKe,
«00/1CHBL 6bIMb 0OHAPYIHCEHBL U UCNPAB/1EHBL 0151 06ecnevdeHUs
HAOeJCHBLX U NPedCKaA3yeMmMblX 8blHUUC/ACHULD

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



AOI'MAaTH4Y€CKO€ MBIIJIEHHE, KOTOPOe JIEJKUT B OCHOBE Pa3BUTHA
KBAHTOBBIX BHIUMCJIEHUI.

Ciepmyroiad IJraBa pacKpbIBaeT OIaCHOCTh PyHIaMeHTaIbHOU
CUTYAIlUM «4ePHO20 AWUKA» U TIONIBITKHU 3amecmu K8aHMogvle
owubKu nod Koeep».

FTTABA 11.2.

CIIHH 3/1eKTpoHa U «[IopsaaoK 13 He-IopsaKa»

" dopMHpOBaHUE KPUCTA/UIOB pacKphIBaeT pyHIaMeHTAaJIbHYI0
CUTYaIlHI0 Ha aTOMHOM YPOBHe, I7le CIIMH OTPUIIaTeILHOTO
9JIEKTPHUYECKOI'0 3apsja ydacTByeT B HapYyIlIeHUU CUMMeTPUHU U
UHUITUUPOBAHUU GOPMUPOBAHUSA CTPYKTYPHI U3 COCTOSIHUSI
dyHIaMeHTaJIbLHOTO He-IIopgaKa. ITOT CIy4yail JeMOHCTPUPYeT,
UTO CIIMH Ur'paeT pelIarllyio pojab B BOSHUKHOBEHUU CTPYKTYPHI
Ha caMOM 06a30BOM YPOBHE MaTepHH, II0OAUYePKUBAsi ero IJIy00KUi
IIOTEeHITHAaJl BIUIHUS.

Korza CIiMH HeltocpeaCTBEHHO OIIpe/iesideT pe3yabTaT
BBIUMCJIEHHH, JIe)Kalllee B OCHOBE sIBJIEHUE - KOTOpPOe, KaK MbI
3HaeM, CIIOCOOHO HapyIIaTh CHMMETPHI0 U GOPMHUPOBATH
CTPYKTYPY U3 He-CTPYKTYPHI - UMEeT II0TeHI[Hhal
HeII0CPeCTBEHHO BJIUATH Ha Pe3yIbTaThl BEIUMCIEHUH,
XpaHeHUd JaHHBIX U CBAI3aHHOM KBAHTOBOU CIIMHTPOHHOM
MeXaHUKH.

Ciyuyaim ¢ KpHCTa/JIaMU IIpefIiosiaraeT, YTO 3TO BJIUSHUE
IIOTEeHITNAILHO MOXKET BHOCUTH IIPEIB3ATOCTb UJIU «HCUSHL» B
pesyJIbTAaThl BEHIUNCIEHUMN, U B 9TOM CBeTe «KBaHTOBBIE OLITHOKU»
BPSJ, JIU SABJIAIOTCS CJIy4aWHBIMU OIIIMOKAMU.



FTTABA 11.3.

PasymHEbIN UU: «DyHIaMeHTa/ILHOE
OTCYTCTBUE KOHTPOJISA»

Hesa o TOM, YTO KBAaHTOBEIE BEIUMCIEHUA MOTYT IIPUBECTH K
MOSIBJIEHUI0 pasyMHOro NN «komopulili He803MOIMCHO
KOHMpO/upo8amus», CTAaHOBUTCI 0COOEHHO 3SHAYUMOM, eCIU
y4ecTh IJIyOOKHe JorMaTUudecKue 3a0J1y KaeHus, JesKallue B
OCHOBe paspadOoTKU.

Hazieroch, 9Ta 37IeKTPOHHASI KHUTA IIOMOYKET BJJOXHOBHUTD
00BIYHBIX GMI0COPOB 60JIee BHUMATEJIHLHO B3IJIIHYTh HA TaKHe
IpeaMeThl, KaK acTpopU3NKa U KBAHTOBBIE BEIYHCIIEHUS, U
0CO3HATh, UTO UX CKJIOHHOCTH <0CMas8ums 3mo HaykKe»
COBEePIIIeHHO He OIIpaB/aHa.

3mech IPUCYTCTBYIOT aOCypPAHO ITyOOKHE TorMaTHUeCKHe
3a0JIy>KIeHHs, U 3allfUTa YeJI0BeuyeCcTBa OT MOTEeHITUAIbLHBIX 6e/l
(HEKOHTPOJIUPyeMoro pasyMHoro N> MoskeT 6bITh apryMeHTOM.



F'TABA 11.4.

KoHpaukT Google-MsioHa Macka 110 IIOBOJY
«besomacHocTu UN»

B 9TOM KOHTEKCTe Ba)KHO 00paTUTh BHUMaHUe Ha TO, KaK
ocHoBaTeJb Google samuinaer «iudppoBeie BUALI UW» 1
3asABJISET, UTO OHHU «IIPEeBOCXOAAT YeI0BeYeCKUU BU/», YYUTHIBa4,
uT0 Google sABJIsIeTCAI IIMOHEPOM B 006/1aCTH KBAHTOBBIX
BBIUUCJIEHUH.

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

HaoH Mack ymeepaicoast, HUmo Heob6xoo0umsl mepsl 6e3onacHocmu,
4Umo6bl npedomepamums 803MOHCHOE YHUUMONCEHUE He108eUecKoll
pPacsbl UCKYCCMBEHHbIM UHMeieKkmoM. Jlappu Iletidc 6bl1 0CKOp6./1eH
u 068uHuU1 HaoHa Macka 6 «8udogoll OUCKPUMUHAUUU», HAMEKAS, HMO
Mack omdaem npednoumeHue 4e/s108e4eCKoll pace nepeod opy2umu
NOMEeHUUANLHBIMU UUPPOBLIMU opmamu HCUSHU, KOMOpble, NO
MHeHuro Iletidaca, ciedyem cuumams npegocxo0auumMu e 108euecKull
8uo0.

NcTtouHunk: %€ GMODebate.org

HcciieqoBaHUe, IIpe/icTaBJIEHHOE B 3TOM 3JIEKTPOHHOM KHUTE,
IMOKa3bIBAaeT, UTO HECKOJILKO I/TYyOOKHUX JOIMaTHUUeCKUX
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3a0JIy>KIeHUH, JIe>KallluX B 0CHOBE Pa3sBUTHS KBAHTOBBIX
BBIYMCJIEHHI, MOTYT IIPUBECTHU K MOSIBJIEHHI0 pasyMHoro UH c
«yHOaMeHMabHbIM omcymcmeuem KOHMpoAsi».

B aTomMm cBete, criop mexxay mnoHepaMu M MsioHOM MackKoM Ut
Jlappu IleimKeM, KacaroIuicsd KOHKPETHO «kKOHMpPOAsl Hao
gudamu UH» B IPOTUBOBEC <He/108e1UeCcKoMYy 8Udy>, CTAaHOBUTCS
IOIIOJTHUTEJIHFHO TPEBOXKHEBIM.

[IepBoe oTKphITHE GOOogle «wku3sHU M » B
2024 Tony

IlepBoe oTKpBITHE GOPM ITUOPOBOIM KU3HU Google B 2024 roxy
(HeCKOJIBKO MecsdIleB Ha3a/) ObLJIO OITyOJIUKOBAHO
PYKOBOAUTEJIEM CIIY>KOBI 6e30mmacHOCTH Google DeepMind Al,
KOTOpad paspabaTsiBaeT KBAHTOBbIE BHIUMCIIEHUS.

XO0TA pYKOBOAUTEJIb CIY>KObI 0€30I1aCHOCTH SKOOBI Cies1ajl CBoe
OTKPBITHE HA HOYTOYKe, COMHUTEJIHbHO, II0UYeMy OH yTBep>KAaI,
4TO <60/1bUWAS 8bIHUCAUMENbHASA MOUHOCMb> TIPEI0CTaBUIa OBl
60Jiee yoeauTe/IbHBIE JJ0Ka3aTeJIbCTBA, BMECTO TOI'O YTOOBI 3TO
caesaTh. [I09TOMY €ero IryouKaus MOIJIa ObITh 3aJflyMaHa KakK
IpeaylpexXaeHne Uik aHOHC, IIOCKOJIBKY KaK PYKOBOIUTEIb
CJIy>KObI 0€30I1aCHOCTU TAKOI'0 KPYITHOTO ¥ BaKHOTO
HCCJIeI0OBAaTEIbCKOTO YUpPEsKIeHUs, OH BPSiJl JIU CTaJI ObI
Iy0JINKOBAaTh <PUCKOBAHHYH> NTHPOPMAIIHUIO OT CBOET0 UMEHH.

beH Jlopu, pyKoBOaUTEJIb CIIY>KOBI 6e3ommacHoCTU Google
DeepMind Al, HamtucaJr:



beH Jlopu cuumaem, umo npu 00CmMamoy4Hou 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 yeUdembs Nos8/1eHUe
Ye20-mo 60J1ee N0X0J#e20 HA JHCU3HD.

ITugposas hopma HcusHuU...

(2024) UccaemoBaTeu Google 3asABJIAIOT, UTO OOHAPY > KUIA
nosBJIeHNe NUPPOBHIX GOPM >KUIHU

B s3kcnepumeHnme, modeaupyrouem, Umo npousoiidem, ecau ocmasums
HAabop CAYHAHbIX OAHHbBIX 8 NOKOe HA MU/IAUOHbBL NOKO/EHULL,
uccaedosamenu Google ymegepoicoarom, Umo Hab/1r00a1u nosie/1eHue
CaM080CNPOU3BOOAUUXCA UUPPOBLIX (JOPM HCUSHU.

McTouHuk: Futurism

YuuThiBas IMOHEPCKYI0 poJyb Google DeepMind Al B pasBUTHH
KBAHTOBBIX BRIYHCJIEHUH U JOKa3aTe/ILCTBA, IIpe/icCTaBJIeHHbIE B
3TOU 3JIEKTPOHHOU KHUTIEe, BEePOSITHO, UTO OHU HAXOAATCA Ha
ImepegHeM Kpae pasBUTHA pasymHoro HMH.

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