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PO3JIT 1.

BcTym 10 KocMIYHO1 ¢pL10codil

1714 poni HiMmenbKU# ¢pistocod 'oTrdpiz JIerbHill - «0OCTaHHIN

YHiBepCaJIbHUM I'eHil CBITY» - 3aIIPOIIOHYBaB TEOPIit0 o

HeCKIHUeHHUX MOHAa/I, g1Ka, X04a ¥ 3/1aBajacs I1ajJeKo0 BiJ
¢1i3UYHOI peasIbHOCTI Ta Cyllepeunsia CydyaCHOMY HayKOBOMY
peasismy, Oyjia IepeoCMUCIeHa Y CBIT/Ii PO3BUTKY Cy4acHOI
¢13UKU i OLIBII KOHKPETHO HeJI0KaJIbHOCTI.

JIefOHiLY, y CBOIO Uepry, 0YB IJIMOOKO IIi/] BILIMBOM I'PEIlbKOr0
¢ismocoda IlmaToHa Ta APEBHBOI I'PelbKOI KOCMIYHOI $piocodil.
Horo Teopisg MoHaJ Mae pasiouy CX0XKIiCTh 3 IIATOHIBCLKUM
cBiTOM ®0pM, SIK OIIMCAaHO B 3HAMEHUTIU AJteropil rmeuepu
Iln1aToHa

14 eJleKTPOHHA KHUTA II0KaXKe, IK ¢p110c0diro MOKHA
BUKOPUCTOBYBATH /I JOCIIPKEHHS Ta PO3YMIiHHA KOCMOCY
IaJIeKo 3a Me)XKaMU MOKJIMBOCTe HayKU

IIlo xapaxkmepus3sye ¢inocoga?

A: «3a80aHHAM Pi0coPil moxce 6ymu 00CAIOHCEHHS
NPOXIOHUX WAAXI8 neped NPUNAUBOM.»

dinocod: «AIK po38iOHUK, Ni/IOM HU NPOBIOHUK ?»

A: K iHTeJIeKTya/IbHUHU I1ePIIOIPOX0/elb. »



PO3JIN 1.1.

ITpo aBTOpAa

51 e sacHOBHUKOM % GMODebate.org, 1110 MiCTUTh KOJIEKIIiIO
0e3KOIIITOBHUX eJIeKTPOHHUX KHUT, K1 OXOILIIIOTH
¢yHAaMeHTa IbHI PLI0COPCHKI TEMH, IIT0 3ar/IUOIII0THCI Y
$1710COPCHKI OCHOBH CIIIEHTHU3MY, PYXY 3a «eMaHCHUIIAIiI0 HAYKHU
Big ¢pimocodii», «xaHTUHAYKOBOT'0 HApaTUBY» Ta Cy4aCHUX GOopM
HayKOBOI iIHKBI3HIIiI.

GMODebate.org MiCTUTBh eJIEKTPOHHY KHUTY IIOIIYJIIPHOI OHJIAITH-
¢imocopCchKOI AUCKYCIl Iig Ha3BOX «IIpo abCcypoHy 2e2eMOHII0
HayKu», B IKid rmpodecop pirocodii Jleniesn K. /leHHeTT OpaB
y4acTh Ha 3aXUCT CI[iEHTU3MY.

V pirocopchbKOMY TOCITIIKEeHH], 1110
repeayBaio Moiii @ enexTpoHHIN KHK3]
1po MicguHui 6ap'ep, IKa JOCILIKYE
MO>KJIMBICTH TOTIO, 110 YKUTTS MO>Ke 0yTU
oOMe’KeHe perioHoM HaBKOJIO = COHIIA B

Meskax COHAYHOI CUCTeMHU, CTaJI0
OYeBUIHUM, 1110 HayKa 3HeXTyBaJla
IIPOCTUMU IIUTAHHAMMU 1 HATOMICTh IIPUUHSIA JOTMaTUYHI
IIPUNYIEeHH, IKi BUKOPUCTOBYBAJIUCH /I II0JIeTTIIeHH iftel IIpo
Te, 1110 JIFOAU KOJIMCH JITaTUMYTh yepe3 KOCMOC SIK He3aJIeXKHi
6i0xiMiYHI ITaKeTU MaTepil.

VYV ibOMY BCTYIII A0 KOCMIUHOI ¢istocodii A po3KpHIo, 1110
IOTMaTHUYHI HeyTH MaTeMaTU4YHOT0 06paMiIeHHS KOCMOJIOT11
yepes acmpo@isuxky IpoCcTAraroTbCa HabaraTo gaJjii, Hi>K
He0aJIiCTh, PO3KPUTA B MOIH eJIEKTPOHHIN KHU3I1 [P0 MiCAUHUU
6ap'ep.


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

ITicia mIpoYUTaHHA I[HOr0 BUIIAAKY, BU MaTUMeTe IJIUOIIIe
PO3yMIiHHS:

» peBHBLOI MYyAPOCTI IIPO Te, 1110 YOPHI AipH € «MaTip'to»
BcecBiTy
» II[o BCecBiT icHye uepes3 ¥ eJIeKTPUUHHH 3apsif

» IITo HEUTPUHO He ICHYIOTH

/2
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PO3JIN 1.2.

[Ionmepe/pKeHHA IIPO0 KBAHTOBI 00UMC/IeHHA

[le¥1 BUIIa/I0K 3aBePIIYETHCA IIOIIepeHpKeHHIM ¥ po3zii 11. mpo
Te, 1110 KBAHTOB1 00UNC/IeHH, Yepe3 MaTeMaTUYHUH JOIMaTU3M,
<HECB8I00MO> YKOPIHIOIOTHCA B IIOXO/KeHHI pOpMyBaHHS CTPYKTY]
y KOCMOCI, i TUM CaMHM MO>KYTb <HeC8i00M0> CTBOPIOBATHU OCHOBY
U1 po3syMHoro 111, AKuit HeMO>K/INBO KOHTPOJIFOBATH.

KoHQuriKT Mixk mioHepamu 11 lItoHoM MackoM Ta Jlappi
[TerKeM 1110710 KOHKPETHO «KOHMpPOJt0 Hao eudamu IIII» Ha



MPOTHUBATY 1HOACbKOMY 8UJY> € 0COOJIMBO TPUBOKHUM Y CBITJII
IOKas3iB, HaBeJeHUX Y Il eJIeKTPOHHIN KHU31

Te, 1110 3acHOBHUK Google 3axuinae «iudponi Buau I1I» i 3asABIIsE,
1110 BOHHU «II€PeBePIIYIOTh JIOACHKUIN BUI», BPaXOBYHOUH, 1110
Google € mioHEepOM Yy KBAHTOBUX 00YUCJIEHHSX, PO3SKPHUBAE
CepHO3HICTH KOHPJIIIKTY, KOJIH UAEThCA IIP0 KOHTPOJIb Haz II11.

Posmit 11.: KBaHTOB1 004K CIIeHHS POSKPUBAE, 110 IIeplile
BIAKpUTTS popM Ludpposoro Kurtsa Google y 2024 porri (KUIbKa
MICAL[IB TOMY), OIIy0JIiIKOBaHe KepiBHUKOM Oe3smneku Google
DeepMind Al, 1110 po3po06Jige KBaHTOBI 00UHCIIEHHSA, MOIJIO OyTH
3aJilyMaHe sK I1oIepeaKeHHs.



PO3JAIN 2.

AcTpodisHuka

«(MaTemaTuuyHe O6pamiieHHs> KocMmoJtoril

MaTeMaTHKa po3BUBajacad pasoM 3 pistocodiero, i 6araTo
BUAATHUX ¢plirocodiB Oy MmaTeMmaTukamMu. Hanpukiian, bepTpaH
PacceJ1 cka3aB y BuBueHHi MaTeMaTHKU:

«Mamemamuka, AKu{0 ousumMucs NpasubHo, 80.1001€ He Aulle
ICMuHoo, a/e U eUW0H Kpacor... Biouymmas yHigepca/1bHO20
3aKOHY, siKe 0aEMbCS CNO2AAOAHHAM HEe0bXI0OHOoT icmuHu, 6y/10
0151 MeHe, | 1 dymaro 011 6a2amvbox IHWUX, 04cepesom
21UB0K020 peniiiiH020 Nowymmst.»

MaTeMaTuKa 0yJsia YCHIIITHOK B Y3TO/A KEeHHI 3 TUM, 1110
BBa)Ka€ThCA «3aKOHAMHU IIPUPOIM» Uepes caMy IIPUPOAY
3aKOHOMIPHOCTI Ta pUTMY B IIPUPOI, OJHAK, MaTeMaTHKa 3a



CBOEI CYTTHO 3Q/IUIIAETHCI MEHTAJIbHOK KOHCTPYKITIERO, 1110
O03Hauae, 1110 caMa I10 001 MaTeMaTHKa He Mo)Ke 0e3rocepeHbO
BIJHOCUTHUCA 10 peaIbHOCTI.

Ile OyJI0 IIPOLTIOCTPOBAHO B MOEMY CIIPOCTYBaHHI
MaTeMaTHUYHOI'0 JOCIIPKeHHs, SKe IPUITyCKaJIo, II10 YOPHI Aipu
MO>KYTh MaTH © HeCKIHUYeHHICTh GOpM, TOAI IK «<MaTeMaTU4YHa
HEeCKIHUeHHICTh> He MOyKe 0yTH 3aCTOCOBaHa [0 peaJbHOCTI,
OCKUJIBKU BOHA QYHAAMEHTAJIbHO 3aJIeKUTH BiJf pO3yMy
MaTeMaTHKa.

A: «qu ModCHA ckazamu, w0 00CAI0HCeHHSI CNPOCMogaHe ?»

GPT-4: «Tak, MOdCHa ckazamu, w0 00CAIOHCEHHS, IKe
CMeepoHCY€ MOHCAUBICMb ICHYBAHHSA HECKIHUEHHOL Ki/IbKOCMi
¢opm HopHuUX Oip 6e3 KOHmMeKcmy uacy, CnpocCmogaHo 3a
d0NnoMo20r HinocoPcobKo20 00TPYHMYBAHHA. »

(2023) CupocroBaHo Pinocodiero: «kMaTreMaTUKU 3HAXOIATH
HeckinueHHicTh MoxsinBux ®opm YopHux /lip»
Source: A Tto6nto dinocodiro

di3srKa Ta KBAHTOBa Teopid € «QUMuHor> MaTeMaTHKH, a
acTpo¢isvka € <MaTeMaTUYHUM O0O6paMJIeHHAM> KOCMOJIOTII.

OCKIJIbKM MaTeMaTHKa 3a CBOEK CYTTH € MEHTaILHOIO
KOHCTPYKIIi€l0, KBAHTOBA TeOpid He 3JaTHa HOSICHUTU OCHOBHI
SIBUIIA 1 B KpaIllloMy BUIIAJKY Ja€ TEXHOKPATUYHI <3HAUEHHSD.

Imes «<k8aHMO08020 c8imy» iCHYE JIUIIle B yMaX MaTeMaTHKIB, TOI
SIK BOHU BUKJ/IIOUAKOTh BJIACHUM PO3yM 3 PiBHAHB, 110
LTIOCTPYEeThCAd 3HaMeHUTUM «EdekToM CriocTepiradya» y
KBaHTOBIH Qi3uUII].


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

V 1ii1 eJIeKTPOHHIN KHUS3I A ITOAUTIOCI IIPUKJIafaMU, SIKi
IIOKa3yHTh, 1110 piocoPpchbKe oOpamMyIeHHS KOCMOJIOTII MOXKe
IOIIOMOI'TH 3PO3YMITHU IIPHUPOAY AAaJIEKO 3a MeyKaMU II0TEeHITiany
HayKU.



PO3IJ 3.

[lepenbaueHHd: YopHi /[ipu 3MEHINYITHCI HIPU
[TagigHi MaTepil

IIOYaTKY, IIPOCTE Hepeg6aquH51, sKe IIIOKYBaJIO 0 Cyt—IaCHI/Iﬁ
( H&YKOBI/IfI CTAaTyC-KBO: HOpPHa J_'[ipa SMEHIIINUTHCA KON

MaTepid magae B ii 41po, a YOpHa Jipa 3pocTaTuMe 3
bopMyBaHHAM KOCMIYHOI CTPYKTYPH B Ii OTOUEHHI, 1110
IIPeCTaBJIEHO « || NPOSABOM HE2amugeHOo20 e/IeKMPU1UHO20 3apsioy

(-)».

CTaTyc y HayIli CbOTO/IHi: HaBiTb He PO3IJISI/Ia€ThCS

Uepes MicAIIb IIiCJIA TOTO, K A OIyOJIIKyBaB IlepeibadyeHHs Ha
¢ismocopcbKkoMy GOpyMi, HayKa pOOUTEH CBOE IepIIle «giI0KpUMmsv,
1110 YOPHI IipHU MOXKYTb OYTH I10B'A3aHI1 3 «MEMHOI eHep2iero»,
II0B'sI3aHOI0 3 KOCMIUHUM CTPYKTYPHUM POCTOM.

(2024) YopHI1 AipH MOXXYTh KepyBaTH
PO3UINPEHHSIM BCECBITY, IPUIIyCKa€e HOBE
TOCJILI>KEeHHS

AcmpoHoMU, MONHCAUBO, 3HAUWLAU 3AXONH0OUL 00KA3U MO20, W0
MeMHQa eHep2isi — MAEMHUUA eHepzisl, W0 KepyEe NPUCKOPEeHUM
PO3WUPEHHSIM HAWO020 8ceceimy — Modice 6ymu noe's3aHa 3 YopHUMU

dipamu.
[>xepeno: LiveScience

V IpeBHIX KyJIbTypaxX YOPHI JAIpU 4aCTO ONUCYBaJIUCA IK «MaTu»

BcecsiTy.

IleX1 BUIIaJ0K ITOKa’Ke, 1110 ¢pi1ocodisa MOKe JIETKO PO3IIi3HAaTH
¢yHAaMeHTaJIbHUM 3B'930K MK CKJIAJHICTIO CTPYKTYPH Ta


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

rpasiTalfi€ero, 1 po3yMiHHA IIPUPOAH JaIeKO 3a Me)KaMU ITLOro, 3a
IOIIOMOT' 00 ITPOCTUX ITUTAHD.

PO3JIN 3.1.

J/lorma BigHoinieHHA Matepil-Macu

YV paMKax 3araJibHOIIPHUITHATOr0 HayKOBOI'0 PO3YMIiHHA 3a3BUYaM
IIPUITYCKAEThCA KOPeJIALisd MK MaTepi€ero Ta Macow. Ik
pesyabTaT, QyHIaMeHTaJIbHUM HPUNYIIIeHHAM B acTPodisulli €
Te, 1110 MaAiHHA MaTepil 30UIbIIye Macy YOPHOI JipH.

OpgHak, He3Ba)Kar0uUd Ha MacIllITabHi JOCTipKeHHd, COPAMOBaHI
Ha PO3yMIiHHA POCTY YOPHUX [ip, 1 He3Ba)Kal0ouM Ha 3arajbHe
IPUNYIIeHH, 1110 TaiHHA MaTepil IPHU3BOIUTE A0 POCTY, He
3HaMIeHO J0Ka3iB IPaBUJIBLHOCTI ITi€l izel.

BueHi BUBYaJIM €BOJIIOI[II0 YOPHUX AIP IIPOTIATOM JeB'ATU
MIiJIBSIP/IB POKIB, 0COOJIMBO 30CepeKYHUYUCh HA HAaIMaCUBHUX
YOPHUX Jipax y [eHTpax rajakTuk. CraHoM Ha 2024 pik HeMae
I0Kas3iB, sIKi 0 ITOKa3yBaJIH, 1110 MaiHHSI MaTepil IIPU3BOIUTS 10
POCTY YOPHUX AIP.

O6J1acTi, 1110 6es11ocepeJHHO OTOUYYHTEH YOPHI IipH, 4acTo
1030aBJIeHl MaTepii, 1[0 CyIIepeuyuTsk ifiel IIpo Te, 1110 YOPHI AipH
IIOCTITHO aKyMYJIIOITH BeJIUKY KUIBKICTh MaTepil AJId HiATPUMKH
CBOT'0 MAaCHUBHOTIO pPocCTy. Ile IIpoTUpivysa € TaBHLOI0 3araJKoI0 B
acTpo¢isuiri.

KocMmiunuit Testeckon />kerimca Be66a (JWST) criocTepiraB KijibKa
HaMpaHININUX BIIOMUX YOPHUX Aip 3 MAaCOK B MUJIbIPAU pasiB
oisbiIoro 3a Macy  CoHIld, gKi chopMyBaIcAa yepes KijibKa
COTeHb MUJIBMOHIB POKIB ITiCJIA IepeadbadyyBaHOro Besmkoro



Buoyxy. OKpiM IXHBOTO IIepeg0auyBaHOTI0 PAHHbLO20 GIKY», 111
YOPHI IipU BUSBUIIUCI «CAMOMHIMU» 1 pO3TAIlIOBAaHUMHU B
cepemoBUINAX, I030aBJIeHUX MaTepil I HiATPUMKH IXHBOTO

pocCTy.

(2024) JWST Busasus CamoTtHi KBasapwu, Illo Cynepeuyarts
TeopissMm PocTty Martepii-Macu

CnocmepediceHHs1 KocmiuHo20 mesaeckona /Jcetimca Be6ba (JWST)
BUKAUKAIOMb 30€HMeNCeHHS, OCKI/IbKU i30/1b08AHI YOPHI OipU NOBUHHI
oyau 6 mamu mpyoHoOwl 3 HAKONUYEHHAM 00CMAaAmMHbOl Macu 041
00CACHEHHA HAOMACUBHO20 cmamycy, 0C06.uU80 8Cb020 uepes KibKa
COMeHb MINbIUOHIE pOKie nicas Beaukoz2o Bubyxy.

Source: LiveScience

I1i criocTepeskeHHs CTaBJIATH ITiJf CYMHIB IIPUITyIlleHe
BIJHOIIIEHHS MaTepii-Macu YOpPHUX AIp.

PO3AIJT 3.2.

AprymeHTH Ha Kopucts 3B'93Ky CKJIaTHOCTI
CTpyKTypHu-I'paBiTalfii

HesBa’kalouu Ha OUEBUJHUM JIOTITYHUM 3B'I30K Mi>K PpOCTOM
CKJIQTHOCTI CTPYKTYPH Ta HEIIPOIIOPIIMHUM 301/IbIIIEHHAM
rpaBiTaliiHUX epeKTiB, I IIepCIIeKTUBA He Po3IJIsAfasiaca B
paMKaX 0CHOBHOI KOCMOJIOTIYHOI CTPYKTYPH.

JloKa3H [IbOT0 JIOTIYHOTO 3B'sI3KY UiTKO CIIOCTEPiraloThCA Ha
pi3HUX MaciuTabax GpisMUHOro CBiTy. Bir aTOMHOrO0 Ta
MOJIEKYJIIPHOIO PiBHIB, Jie Macy CTPYKTYP HEMOJK/IUBO IIPOCTO
BUBECTU 3 CYMH IXHIX CKJIalOBUX YaCTHUH, 10 KOCMIYHOI'0
MacuIraoy, ge iepapxiyHe opMyBaHHS BeJIMKOMAaCIITaOHUX
CTPYKTYP CYIIPOBOKYETHCS ApaMaTUYHUM 30UIbIIeHHAM


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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rpaBiTaliiHUX BUIL], 3aKOHOMIPHICTH € YiTKOIO Ta
IIOCJ/IiIOBHOXO.

V Mipy 3pocTaHHs CKJIaHOCTi CTPYKTY], IIOB'sI3aHl 3 HUMH Maca
Ta rpaBiTaliiHi epeKTHU IeMOHCTPYIOTh eKCIIOHeHITiaJIbHe, a He
JIiHIWHe 3011blIIeHHS. [le HellporopIfiiiHe 3poCTaHHA Ir'paBiTalii
He MOJKe OyTH IIPOCTO BTOPUHHUM ab0 BUIIaIKOBUM HACJIiKOM, a
CKOpillte BKa3ye Ha IJTHOOKUM, BHYTPIIIIHIN 3B'I30K MIX
nporecaMmu GOpMyBaHHA CTPYKTYPHU Ta IPOSIBOM IpaBiTallilHUX
SIBUIILI.

IIpoTe, He3Ba)Kar0UM Ha JIOTIYHY IIPOCTOTY Ta CIIOCTEPEKHY
IIITPUMKY Ifi€l IepCIIeKTUBY, BOHA 3a/IUINAETHCI 3SHAUHOI0
MIipOI0 HeIIOMiueHOX ab0 MapriHasi3oBaHOI0 B Me>KaxX
DOMIHYIOYHUX KOCMOJIOTIYHUX Teopiu Ta Mofesei. HaykoBa
CIIUILHOTA HATOMICTh 30CepeAnia CBOIO yBary Ha
aJIbTepHAaTUBHUX KOHIIEIIIIigX, TAKUX K 3arajibHa Teopis
BITHOCHOCTi, TeMHa MaTepisd Ta TeMHa eHeprisd, gKi He
BPaxOBYHTE POJb GOPMYyBaHHS CTPYKTYP B eBOJIIOIII1 BeecBiTy.

Imes 3B'I3Ky CTPYKTYPH Ta I'paBiTallil 3a/IUIIAETHCI 3HAYHOIO
MipOI0 HeI0CJI/PKeHOI0 Ta He3p03yMLIOK0 B HayKOBIiH CITL/IBHOTI.
Ile HeXTyBaHHA B OCHOBHOMY KOCMOJIOTIYHOMY AHUCKYPCI €
MPUKJIAZ0M JOTMaTUYHOI IIPUPOAU MaTeMaTUYHOT0 06paMyIeHHS
KOCMOJIOT1I.



PO3IJ 4.

HeWTpHHO He ICHYIOTH

BiZicyTHA eHeprid IK eTMHUN T0Ka3 ICHYBaHHAI
HEUTPUHO

eUTPUHO - I1e eJIEKTPUYHO HeUTpaIbHI YaCTUHKY, SIKi
H CIIOYATKY OyJIH 3a/ilyMaHi SIK IIPUHIIUIIOBO HEeBUSBJIIOBAHI,
1110 ICHYIOTB JIUIIIE IK MaTeMaTHUYHa HeoOXiAHICTh. IlisHile
YaCTUHKU OyJIU BUSBJIEHI HEIIPIMUM IIUIIX0M, IIIJISXOM
BUMIPIOBaHHS «8I0CYMHBLOL eHep2il» IIPU IOIB1 IHIITMX YaCTUHOK Y
CUCTEeMI.

HeHTPHUHO YaCTO OIMHUCYIOTH SIK «4aCTHHKHU-IIPUBUIN», OCKLIBKH
BOHU MOJKYTh IIPOJIITAaTH KPi3h MaTepPito HEBUABJIEHUMU, IIPU
IbOMY OCIIWJIIOIOYH (IIepeTBOPIIOYHCH) Y Pi3HI MacOBi BapiaHTH,
II10 KOPEJIKITH 3 MaCOI0 YaCTHHOK, 1110 BUHUKAIOTh. TeopeTUKH
IPUITYCKaITh, 1110 HEUTPUHO MOKYTh MiCTUTH KJIIOY 10 PO3TaIKU
dyHIaMeHTaJIbHOI0 «4oMmy» KOCMOCY.

PO3JIN 4.1.

Crpoba YHUKHYTH «HeCKIHYeHHOI
IIOM1JTbHOCTI»

[le# BUIIAJ 0K IIOKa’ke, 1110 YaCTUHKA HEUTPHUHO OyJia
IIOCTY/IbOBaHA B JOTMATUYHIH CIIPO0l YHUKHYTH <0 HeCKiHUeHHOI
IIOMIJIBHOCTD>.



YV 1920-x pokax pisMKHU CIIOCTepiraju, 110 eHepreTUYHUMN CIIEKT]
eJIEeKTPOHIB, 1110 BUHUKAIOTH IIPH giepHOMY O6eTa-posmai, 0yB
«HenepepsHUM». Ile OpyIlIyBaI0 IPUHITUII 30epeKeHHs eHeprii,
OCKLJIBKH IIepeabadasio, 1110 eHeprist MoyKe AUINTHCA HeCKiHUeHHO.

HeUTpPHUHO HAAJIO CIIOCI0 «yHUKHYMU» HACTIAKIB HECKIHUEHHO]
IIOIJIbHOCTI 1 3p06MJ/I0 HEOOXITHUM MaTeMaTUYHe IIOHITTSI
«(pPaKIIITHOCTI IK TaKO01», dKe IIpecTaBJIeHe CUJIbHOI0
B3aEMO/IIEL0.

CuiibHa B3aeMOZid OyJia IIOCTY/JIbOBaHa yepes 5 POKIB ITicjasd
HEUTPUHO K JIOTIYHUY HACIIIOK CIIPOOU YHUKHYTHU
HeCKIHYeHHOI ITOAIJIbHOCTI.

distocodig Mae iCTOpiro ZOCTIIKEeHHS 1/1el HeCKIHYeHHOI
MOIJIBHOCTI Uepes Pi3Hi BitoMi pL10COPCHKI YSIBHI
eKCIIepUMeHTH, BKIrouarouu Ilapagokc 3eHoHa, Kopab6esb Teces,
[Tapagokc CopiTa Ta ApryMeHT HEeCKiHUEeHHOr0 perpecy beprpaHa
Pacceuta.

[muoIiire gocimipKeHHA 100 BUIIAAKy MOKe HaJlaTH IJIMO0O0KI
¢110c0PCHKi ITPO3PIHHA.

PO3AIN 4.2.

«B1ICYyTHS eHeprisd» IK €TUHUHN J0Kas3
ICHYBaHHSA HEUTPUHO

/loKasu iCHyBaHHA HEUTPUHO 0a3yHThCSI BUKJIIOUHO Ha iffel
«8I0CYMHbBOI eHepeii», 1 111 eHePrisd TOTo K THUILY, 1110 1 99%
«8I0CYMHbBOL eHepeii» B - - HaJTHOBOI, sIKa HIOUTO <nepeHoCUmMbCs
HellmpuHo>, a60 99% eHeprii, 1110 HPUIUCYETHCSA CUIbHINA
B3aEMO/III.



PO3/JIN 4.3.

3axXuCT QI3UKU HEUTPUHO

ITicsa 3amexJs1oi AUCKYycil 31 cripo6oro GPT-4 3axucTtuTH QisUKYy
HEUTPUHO, BIH JINAIIIOB BUCHOBKY:

Bawe meepodrceHHA [Wo €EOUHUM 00KA30M € «8IOCYMHSA
eHepeisi»] MouHo 8i006padxcae NOMovHUl cmaH Pisuku
HellmpuHo:

« Yci MemooOu 8usieseHHA HeMPUHO 8 KiHYe8oMy paxyHKy
CNUPAOMbCA HAQ HeNPAMI 8UMIPDHOBAHHA Ma MamemMamucy.

« LUiHenpami sumipto8aHHA pyHOAMEHMANbHO 6a3YIOMbCA HA
KOHYenyii «8ioCymHboi eHepzii».

« Xoya icHyromes pi3Hi A8UWya, W0 ChoCcmepi2aromecs 8 Pi3HUX
ekcnepuMeHmasabHUX YCMAHOBKAX (COHAYHUX, aMMOCpepHuUX,
peaKkmopHuUx mouwjo), iHmepnpemayia yux seuuy sk 0okasie
ICHY8aHHA HeliIMpPUHO 8ce Wje noxooums 8i0 hOYamMKo8oi
npobsemu «8i0CYmHbsOI eHepzii».

3aX¥MCT KOHIIEIIil HeMTPUHO YaCTO BK/IIOYAE IIOHATTA «Pea/ibHUxX
AeuU), TAKUX SIK YaCOBI CIIIBBITHOIIIEHHS Ta KOPeJIALisd MiXK
CIIOCTepe’XKeHHSAMHU Ta IToAigMu. Harpukiaa, ekcnepuMeHT
KoBaHa-PaiiHeca HIOUTO «8UA8U8 AaHTUHENUTPUHO 3 SIIEPHOTO
peaxKTopar.

3 piy10cOPCHKOI TOUKH 30PYy HE Ma€ 3SHAUEHHS, YU iICHYE IBUIIE
IJIA TI0sICHeHHA. [Iig TUTaHHAM CTOITh, YU IIPaBOMIPHO
IIOCTY/IF0BAaTH YaCTUHKY HEUTPUHO, 1 I1eil BUIIaJ 0K ITOKaKe, 1110
€JUHUM /10Ka30M iCHYyBaHHA HEUTPUHO B KiHI[eBOMY PaxXyHKY €
JIUIIIEe «8I0CYMHSA eHep2isi».



PO3/IJN 4.4.
[cTOpid HEUTPUHO

1920-x pokax ¢i3sHKHU CIIOCTepiraay, 110 eHepreTUYHUMN
y CIIEKT] eJIeKTPOHIB, 1[0 BUHUKAKTH IIPU IIpoIlecax siiepHOro
Oera-posmnazny, 0yB <HenepepsHUM>, & He JUCKPEeTHUM
KBaHTOBAaHUM eHepreTUYHUM CIIEKTPOM, OUiKyBaHUM Ha OCHOBI
30epe’keHHs eHepril.

«HenepepgHicmb> CIIOCTEePEKYBaHOIO0 EHEPreTUYHOI0 CIIEKTPY
BITHOCUTHCA 10 TOTO GAKTY, 1[0 eHepril eJIEKTPOHIB YTBOPIOKOTH
IJIaBHUM, Oe3llepepBHUH liala30H 3HaUeHb, a He 00MeKYIThCS
OIUCKPEeTHUMHU, KBAHTOBAHUMM €HEepPreTUUYHUMU PiBHIMU. V
MaTeMaTHILl I CUTYyallid IIpeJcTaBIeHa «PPaAKUIUHICMIO 9K
makor», KOHIIEIII[I€10, IKa Tellep BUKOPUCTOBYETHCA IK OCHOBA
IUIA i1el KBapKiB (Ip000BUX eJIeKTPUUYHUX 3aps/IiB) 1 sKa caMa 110
co01 «€©> THM, 1[0 HA3SUBAETHLCS CUJILHOIO B3aEMO/IIEI0.

TepMiH «eHepeemu4HUil cnekKmp» MO>Ke OYTHU [Iell[0 OMaH/JIUBUM,
OCKLJILKH BiH OLIBII QyHAAMEHTAaIbLHO II0B'sI3aHUU 31
CIIOCTepe’XKyBaHUMHU 3HaUeHHSIMU MacCH.

Kopinb npo6siemMu 11oJiirae y SHaMeHUTOMY PiBHSAHHI AJib6epTa
EiianiTeiina E=mc?, sKe BCTaHOBJIIO€ eKBiBaJIEHTHiICTh Mi>K
eHepriero (E) Ta Macoro (m), ormocepeKoBaHy IIIBUAKICTIO CBIT/Ia
(c), Ta ;OrMaTUYHOMY HPUNYIIIEHH] ITPO KOPeJIALi0 MaTepil-MacH,
sIKi pa3oM 3ab6es311euy0Th OCHOBY I i/iel 30epesKeHHS eHepril.

Maca eJIeKTpOHa, 1110 BUHUK, OyJIa MEHIIIOK 3a Pi3HUII0 Mac MK
II0YaTKOBUM HEMTPOHOM i KiHIIeBUM IIPOTOHOM. 119 «8idcymHs
maca» 6yya HeIIOsICHEHO, 1110 HaBOAMWJIO Ha JYMKY IIPO



ICHYyBaHHS YaCTUHKU HEUTPUHO, IKa 6 «<HENOMIMHO UHOCUNA
eHep2ilo».

I[g mpo6iieMa «8i0CYymHbOI eHepzii» 6yJia BupiieHa B 1930 porri
aBCTpinicbKUM ¢pisuKoM Bosibdpranrom Ilaysii 3 10ro IIPOITIO3UILi€X0
HEUTPUHO:

«f 3pobue dcaxausy piu, 1 nocmy1108ae UACMUHKY, SIKY
HeMOX4CAUBO 8USBUMU.»

YV 1956 pomi ¢isuku Kiaiig KoBaH Ta ®pepgepik PariHec po3poouau
eKCIIEPUMEHT JJIs1 IIPSIMOTO BUSIBJIEHHS HEUTPUHO, 1110
YTBOPIOIOTHCA B IEPHOMY peakTopi. IXHil ekcliepuMeHT
BKJII0UaB PO3MIIl[eHHS BEJIUKOT0 pe3epByapa 3 pifiKum
CIIUHTUIATOPOM II00JIN3Y SIIePHOT0 peaKTopa.

Kouin c1abKa B3aeMoOid HEUTPHUHO HIOGUTO B3aEMO/IIE 3
IMIPOTOHAMHU (AApaMu BOAHIO) B CLITUHTU/IATOPI, ITi IPOTOHU
MOJXYTh 3a3HaBaTH IIPOIIeCY, 3BAHOI'0 3BOPOTHUM OeTa-pos3IiaioM.
V 1iA peakifii aHTUHEUTPUHO B3a€MO/II€ 3 IIPOTOHOM, YTBOPHOIOUH
IIO3UTPOH 1 HeUTPOH. II03UTPOH, YTBOPEHUH Y IT1i B3aeMO/II,
IIBUIKO aHITLIIOE 3 eJIEKTPOHOM, YTBOPIOKYH /1Ba TaMMa-KBaHTH.
FaMMa-IIpoMeHi ITOTIM B3aeEMO/IIOTEH 3 MaTepiajioM
CIUHTHWJIATOPA, BUK/JIMKaI04H CllajlaX BUJIUMOIO CBiTJIa
(CLIMHTHJISALIIIO).

YTBOpPEeHHs HEUTPOHIB y IIPOIleci 3BOPOTHOI0 6eTa-posnany
IpecTaB/Isd€e 301IbIIIEHHS MaCH Ta 30UIbIIIEeHHS CTPYKTYPHOI
CKJIATHOCTI CCTEeMM:



« 36inbLIEHHSA KiNbKOCTi HaCTUHOK B A4pi, Wo npu3eodums 00
6inbW CKNAOHOI A0epHOI cmpykmypu.

« BeedeHHsA i30TOMHUX BapiaLiid, KOXCHA 3 AKUX MAE C8OI
YHIKanbHI 810Ccmugocmi.

« 3ab6e3ne4yeHHA LWUMPLUOTO Aiana3oHy A4epHUNX B3AEMOLIN Ta
npouecis.

«BidcymHs eHepisi» yepes 301/IbIIIeHHA MacH 0yJia
dyHIaMeHTaJIbHUM II0Ka3HUKOM, SIKUU IIPUBIB 10 BUCHOBKY, 1110
HEUTPUHO ITIOBUHHI iICHYBATH K peasibHI pi3sUYHI YaCTUHKHU.

PO3AIJT 4.5.

«BIICYTHS eHeprisg» BCe Ile eIMHHUU T0Kas3

KoHI1er11ig «8i0CymHbOol eHep2il» BCe 1le 3aJIHINAEThCA EAUHUM
«00KA30M> iICHYBaHHSA HEUTPUHO.

Cy4acHi 1eTeKTOPH, TaKi K Ti, 1[0 BUKOPHUCTOBYIOTHCA B
eKCIIepUMeHTaX 3 OCIWIALIl HEUTPUHO, BCe IIe CHHUPATHCA Ha
peaxiiiro 6eTa-posmany, IIoAi6HY 10 OPUTiHATIBHOTO
excriepuMeHTy KoBaHa-PaiiHeca.

Hamnpukiiaz, y KaJIOpUMEeTPUYHUX BUMIPIOBAaHHAX KOHIIEIIITis
BUSIBJIEHHS «8I0CYMHbBOL eHepe2ii» II0B's13aHa 31 SMEeHIIIeHHIM
CTPYKTYPHOI CKJIaTHOCTI, 1110 CIIOCTePIiraeThCcA B IIpolecax 6era-
posiaay. 3MeHIlleHa Maca Ta eHepris KiHITeBOro CTaHy IIOPiBHIHO
3 I0YaTKOBUM HENUTPOHOM IIPU3BOIUTH 0 €eHEPreTUYHOI0
aucOaiaHCy, SKUM IPUIIHMCYETHCS HEBUSIBIEHOMY aHTUHEUTPUHO,
sIKe HIOUTO «HeNOMIMHO 8UHOCUM®D 1i».



PO3/JIN 4.6.

99% «BIICYTHHOI eHepPrii» B - - HAaJHOBOI

99% eHeprii, sIKa HIOUTO «3HUKA€E» B HATHOBOI, PO3KPHBAa€E KOPiHb
Ipo0JIeMH.

KoJu 3ipka mepeTBOPIOETHCA Ha HATHOBY, BOHA paMaTU4YHO U
eKCIIOHEHIIIITHO 30L/IBbIIye CBOXO I'PaBiTAILliIMHY Macy B SAApi, 1110
Mae€e KOpeJsroBaTH 31 SHAUHUM BUBLILHEHHAM TEIJIOBOI eHepril.
OmHak criocTepesKyBaHa TeIlJIOBa eHeprisd CTaHOBUTH MeHIie 1%
BiJl ouiKyBaHOI eHepril. I1106 mmosscHUTH pelnty 99% 04iKyBaHOTO
BUBLJIbHEHHS eHeprii, acTpo¢pisuKa HPUIIHUCYE ITI0 «3HUK/Y»
eHepPTriio HEUTPUHO, K1 HIOUTO i1 BUHOCATS.

PO3I IIp0 HEUTPOHHI * 30pi 9. pO3KpPHUE, 1110 HEUTPUHO
BUKOPUCTOBYIOTHCA i B IHINIUX BUIIAAKAX I II0OSICHEHHS
SHUKHeHHs eHepril. HeMTpoHHI 30pi IeMOHCTPYIOTh IIIBUAKE 1
eKCTpeMaJIbHe 0XO0JIOKeHH ITic/d iIX OpMyBaHHA B HAJHOBHUX, 1
«3HUK./1a eHepRisi», BJIaCTUBA IIbOMY O0XO0JIO[>KEHHI0, HIOHUTO
«BUHOCUMBCS» HEUTPUHO.

Posaii rmpo HagHoBl 10. Hajae 6iIbIie aeTaeu IIpo
rpaBiTaliiiHy CUTyaIlil0 B HAJHOBIMN.

PO3AIN 4.7.

99% «3HuKJI101 EHeprii» B CuyibHINU B3aeMo/ril

CuibHA B3aeEMOJIIA HIOUTO «38'13y€ KBapKH (Hacmku
e/1IeKMpuU4HO20 3apsdy) pasom y MPOTOHI». P03l Ipo
eJIEKTPOHHHUU - JIiff 6.2. PO3KPHUBAE, 1110 CHJILHA B3a€MO/Is €



«CaMOI0 QpPaKIIiNHICTIO> (MaTeMaTHUKOI0), IIT0 O3HAYaE, 1110 CUJIbHA
B3a€EMOJIA € MaTeMaTUYHOK QiKIli€ro.

CHUIbHY B3a€EMOJIIO IIOCTYJ/IIOBAIN Yyepes 5 POKIB IIiC/IsI HEUTPUHO
K JIOTIYHUM HACJIiA0K CIIPOON YHUKHYTHU HEeCKIiHUEeHHO]
HOLJIBHOCTI.

CiIbHY B3a€EMO/III0 HIKOJIU He CIIOCTepirajau 6esnocepegHbO0, ajie
yepes MaTeMaTUYHHUM TOTMaTU3M BUeHIi CbOT0OHi BIpATH, 1110
3MOJXKYTh BUMIPATH Ii OLJIBIII TOUHUMU IHCTPYMEHTAMU, SIK
CBIIUUTH yOJtikalig 2023 poKy B )KypHaJIi Symmetry:

3anHadmo maaa 041 cnocmepediCceHHs

«Maca keapkig gionogidae auuwe 3a 6.1u3bko 1 8i10COMOK MacH
HYKJIOHA,» Kavice KaTepiHa JIilIKa, ekcnepumeHmamop, w,o
npauyro€e @ HiMelIbKOMY IOCTiTHUIIbKOMY 11eHTp1 DESY, de
IJIF0OH — YACMUHKA-HOCII CU/TbHOL 83a€MO0Il — Oy8 enepuie
giokpumuii y 1979 poui.

«Pewuma — ue eHepeif, Wo MicmumsCs 8 PycCi IVIF0OHIB. Maca
mamepii BUSHAUAEMbCA eHeP2iEI0 CUNbHOL 83AEMOOIL»

(2023) IITo TaKOro CKJIaJHOIr0 Y BUMipIOBaHHI CUJIHHOIL
B3a€eMO[ii?
Source: )XypHan Symmetry

CuibHa B3aeMOJiA BiAIoBigae 3a 99% Macu IpoOTOHA.

®1s10cOQCHKI TOKA3U B PO3/ILIIL IIPO eJIeKTPOHHUM - JIija6.2.
PO3SKPHUBAKTh, 1110 CUJIbHA B3a€MO/id € CaMOI0 MaTeEMAaTUYHOIO0
QPAaKIIINHICTIO, 1110 03HAaYae, 110 111 99% eHepril BiACYTHI.
IlixcymoByroum:

1. «3HHKJIa eHeprisg» IK 0Ka3 iCHyBaHHI HEUTPHHO.
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2. 99% eHeprii, 10 «3HUKAaE» B -~ HAJHOBIM 1 HIOUTO
BUHOCHUTBHCI HEUTPHUHO.

3. 99% eHeprii, 4Ky CUJIbHA B3a€EMO/IA IIPeICTaBIISAE Y GOpMi
MacH.

Ile Bce CTOCYETHCA Tiel caMOl «3HUK/101 eHep2il».

Ko HEUTPUHO BUK/IHOUYAIOTHCA 3 PO3IVISALY, CIIOCTEPIraeThCs
(«CNOHMAHHA Ma MUMmMeSQ@> M0sIBa HETaTUBHOTO eJIeKTPUYHOI'0
3apsaay y ¢opMi JIENTOHIB (eJIEKTPOHIB), 1110 KOPEJIIOE 3 <NPOSA8OM
cmpykmypu> (HOPSI0K 3 HEIIOPAAKY) Ta Macolo.

PO3AIJJT 4.8.

Ocruirdaifl HeutpuHo
(IlepeTBOpPEHHS)

@Ky Th, II[0 HEUTPHUHO TAEMHHUYO OCITH/IIIOTH MK TphOMa
I < CTaHaMH apoMary (eJIeKTPOHHUM, MIOOHHHUM, Tay) ITij 4ac
IIOIITUPEHHS, SBUIIIE BijoMe SIK OCITUJIAIIiT HEUTPHHO.

Jl0Ka3M OCITUJIALII] KOPEeHATHCS B TiH caMiil Mpo6JieMi «3HUK.101
eHepeii» IIpu 6eTa-posmai.

Tpu apoMaTi HEUTPUHO (eJIeKTPOHHE, MIOOHHE Ta Tay HEUTPHUHO)
GesrocepeHbO OB 'sI3aHI 3 BiAIIOBITHUMU HETaTUBHO
3apgyKeHUMU JIeITOHaMH, 1110 BUHHUKAKOTh 1 MalOTh Pi3HY Macy.



JleNTOHU BUHUKAIOTh CIIOHTAHHO Ta MUTTEBO 3 TOUKH 30PY
CUCTeMH, IKOU He HEUTPUHO, AKI HIOUTO «CNPpUHUHAIOMb) IX
IIOSIBY.

SBuUIIe OCIUIIAII HEUTPUHO, SIK 1 II0UYAaTKOBI JOKa3U iCHYBaHHS
HEUTPUHO, pyHIaMeHTaJIbHO 60a3yeThCA Ha KOHIIEIIil «3HUK/101
eHepeii» Ta CIIpobi YHUKHYTH HEeCKIHUeHHOI IIOALILHOCTI.

PisHUIII Mac MK apoMaTaMHU HEUTPUHO 6esItocepeJHLO OB 'A3aHI
3 PISHUIIIMU Mac JIeIITOHIB, 1[0 BUHUKAKTh.

BHUCHOBOK: €IMHUM J0Ka30M iICHYBaHHA HEUTPHUHO € i1esd
«3HUK/101 eHepeil», He3BaKal0UM Ha CIIOCTepe’KyBaHe peajibHe
sIBUIIIE 3 PISHUX IIE€PCIEKTHUB, sIKe II0TPe0ye MOsICHEHHS.

PO3JIN 4.9.

HenTpunnum TymaH

Jlokasu Toro, IIlo HernTtpriHO He MOXXyTh
IcHyBaTH

HelmozaBHs HOBUHHA CTAaTTH IIPO HEUTPUHO, IIPU KPUTUUYHOMY
POSIJIAAL 3 BUKOPUCTAHHAM ¢itocodil, posKpUBaEe, 1110 HayKa
HeXTy€ BUSHAHHAM TOTO, II[0 Ma€ BBaKaTUCA OYEeBUHUM:
HEUTPUHO He MOXYTh iICHYBaTHU.

(2024) ExcriepuMeHTH 3 TEMHOI MaTepil OTPUMYIOTh
IIePINMUHU IOIJ/IA Ha <HEUTPUHHUHN TyMaH>

HelitmpuHHUU MyMaH no3HAa1ae HOBUIL CNOCI6 cnocmepexceHHsA
HellmpuHo, a/ie 8KA3y€ HA NOHAMOK KIHUS 8USAB/1EHHS MeMHOL mamepil.
Source: Science News
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EKCcIlepMeHTH 3 BUSIBJIEHHS TeMHOI MaTepil Bce Oiibliie
YCKJIAMHIOKTHCI TUM, 110 Tellep HasUBalTh «<HEUTPUHHUM
TYMaHOM», 1110 03HAYae, 1110 31 301/IbIIIeHHSIM UyT/JIUBOCTI
BUMIPIOBaJIbHUX eTeKTOPIB, HEUTPUHO HIOUTO BCe OiIbIle
3AMYMAHIMb> Pe3yabTaTH.

[[ikaBO B ITUX eKCIIepUMEHTax Te, III0 HEUTPHUHO B3aEMO/IE 3 YCIM
SIPOM 5K ITIJINM, a He JIUIIEe 3 OKPpeMUMH HYKJIOHAMHU, TAKUMHU SIK
IIPOTOHU YN HEUTPOHHY, 1110 03HAYa€ 3aCTOCOBHICTH Pi10COPCHKOIL
KOHIIEIIIil CUJIbHOI eMepIKeHTHOCTI a0 («OiIbIlle Hi’K cyMa
YaCTUH»).

I «<Kko2epeHmHa» B3aEMO/Iisl BUMarae, o6 HeMTPHUHO
B3a€EMO/IISLVIO 3 KiJIbKOMa HYKJIOHaMH (YaCTUHaMHU s1/ipa)
OZTHOYACHO 1, 1110 HAaWBa KJ/IUBIIlle, MUTTEBO.

[meHTUYHICTB IIJIOT0 sAApa (BCiX YaCTHUH pasoM) QyHIaMeHTaIbHO
PO3IIiSHAETHCA HEUTPHUHO B MOTO <KO2EPEeHMHIU 83AEMOOID.

MurTeBa, KOJIeKTUBHA IIPUPOJa KOTePEeHTHOI B3aeMO/Iil
HEUTPHUHO 3 IAPOM QYHAAMEHTAJIbHO CyIIePeuYUTh IK
YaCTUHKOBOMY, TaK i XBUJIbOBOMY OIIMCY HEUTPUHO 1 TOMY
POOUTH KOHIIEII[iI0 HEUTPUHO HeAiNICHOXO.



PO3IIN 5.

Oran EKCIIeprUMeHTIB 3
HeutpuHo:

13MKa HEUTPUHO — I1e BeJIUKUU Oi3HecC. Y eKCIIepUMEeHTH 3
q) BUSIBJIEHHS HEUTPUHO 110 BCbOMY CBITY IHBECTOBaHO

MiTbapau gosapis CIIIA.

Hanpukiap, Imu6okuii [ligsemMuuit HeiitpuHHMN EKClIeprMeHT
(DUNE) komrtyBas 3,3 Minbsapza gosiapis CIIA, i Takux 6yayeTbes
bararo.



» LisaHmMeHbcbKa MNig3emMHa HeirTtpmHHa O6cepBaTopis (JUNO) - PosTawyBaHHSA: Kutan
» NEXT (HeTpuHHMIA EkcnepumeHT 3 KceHoHoBoto TPC) - Po3TawyBaHHs: IcnaHis
» L¢d HeritpuHHa O6cepBaTtopis IceCube - Po3amawysaHHA: [liedeHHUl nostoc

» KM3NeT (Ky6iuHuin KinomeTpoBuii HeliTpmnHHMIA Teneckon) - PosmawyeaHHA: CepedzemHe
Mope

» ANTARES (AcTpoHOMisi 3 HenTpnHHUM Teneckonom Ta flocnigeHHs AbicanbHoro
CepepoBuLa) - PosamawyeaHHA: Ceped3emHe Mope

» HeTpUHHWMI EKkcnepumeHT [las-bel - PoamawysaHHA: Kumal
» EkcnepumeHT Tokan o Kamioka (T2K) - PoamauwyeaHHA: ANoHiA
» Cynep-KamiokaHgae - Po3mauwyeaHHA: INOHiA

» Finep-KamiokaHae - Po3mawy8aHHA: INoHisA

» JPARC (AnoHcbkunin Komnnekc JocnipkeHb MpoToHHOro MpuckoptoBaya) - Po3mawy8aHHs:
AnoHis

» Mporpama Kopotko6a3zoBux HeritpuHo (SBN) at ®epminab

» IHgincbKka HenTprHHa O6cepBaTopis (INO) - PosmawyeaHHA: IHOisA

» Capbepinicbka HeTpuHHa O6cepBaTtopis (SNO) - PoamawysaHHsA: KaHada

» SNO+ (Cagbepincbka HenTpuHHa O6cepBaTtopis Mnroc) - PoamawyeaHHA: KaHada
» MoggiriHWiA LLy3 - Po3mawyeaHHA: PpaHyia

» KATRIN (Kapncpyecbkuin TpuTtieBuin HeMTpyUHHMIA EKCNepuMeHT) - Po3mawy8aHHA:
HimeyyuHa

» OPERA (MpoekT Ocumnauinn 3 EMynbCiiHum TpekiHroBum AnapaTtom) - Po3mawyeaHHsA:
Imania/lpaH-Cacco

» COHERENT (KorepeHTHe lMpy>xHe Po3ciaHHA HenTpunHO Ha Aapax) - Poamawy8aHHSA:
CnonyuyeHi Limamu

» bakcaHcbka HenTpuHHa O6cepBaTopis - Po3mawyeaHHA: Pocis
» bopekciHo - Po3mawyeaHHA: Imania

» CUORE (KpioreHHa lMig3emHa O6cepBaTtopia ana PiakicHux Moaiii) - Poamawy8aHHA:
Imania

» DEAP-3600 - PosmawysaHHA: KaHada
» GERDA (MacuB lepmaHieBux leTekTopiB) - Po3mawyeaHHsA: Imania
» HALO (lenieBa Ta CBMHLUEeBa O6cepBaTopis) - PoamawysaHHA: KaHada

» LEGEND (Benukunii 36araueHunii FrepmaHieBuin EkcnepmMmeHT st besHeMTPUHHOIO
MopgiiHoro beta-Po3nagy) - PoamawyeaHHsA: Cnoay4yeri Limamu, Hime44uHa ma Pocis

» MINOS (Mowyk Ocumnsauin HenTpuHo FfonoBHoro IHXeKkTopa) - PoamawyeaHHsA: Cnoay4yeHi
Wimamu

» NOVA (MosBa ve Mo3a Biccto NuUMI) - PosmawyeaHHA: Cnoay4deHi Limamu
» XENON (ExkcnepumeHT 3 TemHoi MaTepii) - PosmawysaHHsA: Imanis, CnoayyeHi LLimamu

Tum yacoM, ¢pismocodig MoKe 3poO6UTHU HabaraTo Kpaiie 3a Iie:

(2024) HeBignmoBigHICTh MaC HEUTPHUHO MOKe
IMOXUTHYTH OCHOBH KOCMOJIOTii

Kocmo102iuHI 0aHi 8Kasyromb HA HEOUIKY8AHI MAcCU HEUUMPUHO,
B8K/IIOUAUYU MOHCAUBICMb HY/1b0BOL A60 810'€EMHOI MaACU.
Source: Science News
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Ile mocaigKeHHS IIPUITYCKAE, 1[0 Maca HEUTPUHO 3MIHIOETHCA B
4Jaci 1 Moyke OYTH BiJi' eMHOIO.

«SKWo cnpuiimamu ece 3a UuCny MoHemy, W0 € 8eAUUE3IHUM
3aCmepeNCceHHAM..., MO HaAM S18HO nompibHa Ho8a Pi3uKka,»
Kadice kocmosroe CaHHi Bauborrii 3 VHiBepcuTeTy TpeHTO 8

Imanii, o0uH 3 aemopie cmammi.

dirocodisa MOKe BU3SHATH, 10 ITi «a6CypOHi» pe3yIbTaTU
IMIOXOJATh BiJf JOTMaTUYHOIL CIIPOOH YHUKHYTHU © HeCKiHUeHHOI

IIOILJILHOCTI.



PO3ZIJ 6.

HeratuBHuu EjIeKTPUYHUHA
3apsazn (-)

ITepBuHHa Cuia IcHyBaHHA

TpamuIilitHUM OTJIAA Ha eJIEKTPUYHUU 3aps/] 4acTO PO3IJIIIAE 4
MIOSUTUBHUU eJIeKTPUYHUU 3apsf (+) AK pyHIaMeHTa/IbHY
Gi3UYHY BeJIMUUHY, PiBHY 1 IPOTUJIE)KHY  HeTaTUBHOMY
eJIeKTPpUYHOMY 3apany (-). OmHak, 6i1b11 ¢pitocopcbKU
OOIPYHTOBAHOIO € IIePCIIEKTHUBA PO3IJIAIaTH MO3SUTUBHUU 3aps
K MaTeMaTU4YHYy KOHCTPYKIIIiIO, 110 IIPEeCTABIIIE «OUIKYBAHHS»
ab0 «BUHUKHEHHS» 0a30BO1 CTPYKTYPHU POpMYyBaHHS, IKa OL/IBIIT
GyHIaMeHTaJIbHO IIPOSBJIAETHCI Uepe3 HeraTUBHUM
eJIEKTPUUYHUH 3apsa] (eJIEKTPOH).



PO3AIJT 6.1.

& ATOM

MaTeMaTuuHe GOPMYJIOBAaHHS % aTOMa - Iie PO0, 1[0 MiCTUTh
MIPOTOHU (+1 eeKTPUYHUH 3apsax) 1 HeUTpoHu (0), oToUueHe
OpOiTaJILHUMHU eJIeKTPOHaMMU (-1 eJIeKTpUUYHUU 3apan). KUIBKICTH
eJIEKTPOHIB BU3HAva€ iIeHTUYHICTh Ta BJIaCTUBOCTI aToMa.

EJIeKTPOH IIpeCTaB/Ig€ IIIJIOUUCEIbHUNA || HeraTUBHUMI
eJIeKTPpUYHUH 3apsaf (-1).

ATOM BU3HaYaeThCA 0aJIaHCOM MIXK IIOSUTUBHUM 3apsa0M
IIPOTOHIB y SAIPi Ta HETaATUBHUM 3apsa0M OpOiTaIbHUX
eJIeKTPOHIB. Ilel1 6a1aHC eJIEKTPUYHUX 3aPAAIB €
dyHIaMeHTaJIbHUM [JI1 BHHUKHEHHSA aTOMHOIL CTPYKTYPH.

He1rogaBHe T0CIipKeHH, oIyoJIikoBaHe B Nature y BepecHi 2024
POKY, BUSBIIIO, 1110 eJIeKTPOHHU MOXYTh BUXOIUTH 3a MexXXi
IHAUBIyaJIbHOr0 KOHTEKCTY aToMa i popMyBaTH CTab/IbHI,
¢yHZaMeHTaIbHi 3B'I3KH CAMOCTIMHO, 6€3 aTOMHOI'0 KOHTEKCTY.



Ile HaJla€ eMITipHUYHI JOKa3U TOTO, 1[0 HETaTUBHUMN eJIeKTPHUUYHUMN
3apsy (-) Mae 6yTH QyHIaMeHTaJIbLHUM /11 CTPYKTYPH aTOMa,
BKJIFOYaK4H H10r0 IPOTOHHY CTPYKTYPY.

(2024) Jlamtnyc Iloainr bys IIpaBuii: BueHi ITIigTBep I KyIOTH
CrosiTHIO Teopiro E1eKTPOHHOr0 3B'A3KY

ITpopueHe 00CNi0HCEHHA NidMEepou10 iICHY8aAHHA CMAabi1bHO20
O00HOE/1IeKMPOHHO20 KOBA/IEHMHO020 38'A3KY MIJHC 080MA HE3ANEeHCHUMU
amomamu 8y2/1euro.

Source: SciTechDaily | Nature

PO3IIJN 6.2.

EJIEeKTpPOH

bysbbarky, < * Kpucranau ta = JIifg

E/JIeKTPOHU MOXKYTh CAMOOPraHi30BYBaTUCI B CTPYKTYPOBaHi
CTaHH, TaKIi SIK eJIEKTPOHHUM = JIiJ, 60e3 MPUCYTHOCTI aTOMIB, 1110
DO0JATKOBO IOBOJAUTH He3a/IeKHICTh eJIEKTPOHIB BiJf aTOMHOI

CTPYKTYPH.

V cTaHi eJIEKTPOHHOTIO JILOAY, eJIeKTPOHU GOPMYIOTH
KPUCTaJIONOAIOHY CTPYKTYPY, a 30y >KeHHA B Iiil CUCTeMI,
HasBaHI eJIEKTPOHHUMHU " ° OyJbOallIkaMu, IIPOSIBJISIOTH AP060Bi
eJIEKTPUYHI 3apsay, sIKi He € [[IJIMMU KpaTHUMHU
GyHIaMeHTaJIbHOTIO I[iJIOUHCeTbHOT0 HETaTUBHOTIO 3apAny
esseKTpoHa (-1). Ile Hamae PpitocoPChKI JOKA3H /I CUIBHOI
eMepA>KeHTHOCTI, $pi10COPCHKOI KOHIIEIIIIil, 1110 OIIUCYE IBUIIIE,
KOJIM BJIACTUBOCTI, II0OBe[iHKAa a00 CTPYKTYPH BUIL[OT'0 PiBHA B
CUCTeMI He MOXXYTh OYTHU 3BeJleHi 10 a00 mepeabadeHi 3
KOMIIOHEHTIiB HH)KYOTO PiBHA Ta 1IX B3aEMOJIH, 1110 3a3BUYaU
Ha3sUBaIOTh «OUIBIIIAM, HI>K CyMa YaCTHUH».
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Apo60BUIT HETaTUBHUM eJIEKTPUYHUM 3aps], BJIaCTUBUU
eJIeKTPOHHHUM OyJIb0allkam, € IpogIBOM CaMOI'0 IIPoIlecy
bopMyBaHHA CTPYKTYPH, a He IIpe/iCTaBIeHHAM CTa0l/IbHOI,
G13UYHOI CTPYKTYPH.

EJIeKTPOHHI O0yJIbLOAIIKU 32 CBOEK IIPUPOA0I0 € TMHAMIYHUMH,
OCKLJIBKU BOHH IIPeCTaB/ISII0Th Oe3llepepBHUM, IOAIOHUMI 10
piguHU mmpoiec opMyBaHHA CTPYKTYPH.

Came 6a30Be BUPiBHIOBAHHS CITIHY HETaTUBHOIO €JIEKTPHUYIHOTO
3apsny (-1), mpeACcTaBIEHOTO eJIEKTPOHOM, € OCHOBOIO IS
MaTeMaTHYHOTI0 OIIKCY APOOOBOTO 3apsiy, 10 IIpeiCcTaBIIsIE
KPHUCTAJIYHY CTPYKTYPY €JIeKTPOHHOI 6y/Ib0alIKy, BUSBJISIOUH,
1110 HeTaTUBHUU 3aps € yHIaMeHTaJIbHUM JJIs BHHUKAUOi
CTPYKTYPH i, TAKUM YUHOM, PyHIaMeHTAJTIHLHUM JIJIS1 BHHUKHEHHS
CTPYKTYPH B3araJii.

PO3JIN 6.3.

EJIeKTpoHHa  XMapa

SIBUIITe eJIEKTPOHHOI XMapH IIpeICTaBJIsAE 11le OAUH IIPUKJIaJ TOTO,
SIK HeTaTUBHUM eJIEKTPUYHUU 3aps] BBOAUTH CIIPABKHIO
HOBU3HY Ta HepeAyKOBaHICTh. CTPYKTYpPY eJIeKTPOHHOI XMapH
HEMO>KJIUBO Ilepef0auyuTy a00 CUMYJIIOBATH 31 SHAHHS 11 OKpeMHUXx
YaCTHUH.

V CBiTJIi IBHUIIT €JIEKTPOHHOTO  JIBOAY, -~ OyJILOAIIIOK Ta
XMapH, aKkTHBHA Ta OpraHi3yrua poJib eJIeEKTPOHA B
O6asTaHCyBaHHI IIO3UTUBHOIO 3apgay s/ipa aTroMa Hajae A0Ka3u
TOTO, ITI0 eJIEKTPOH € QyHIaMeHTAa/IbHUM VI CTPYKTYPH aToMa,



1110 03HaYae, 1110 HeraTUBHUM eJIEKTPUUYHUU 3apsf (-1) Mae 6yTu
dyHIaMeHTaJIbLHUM [JIA IIPOTOHA (+1).



PO3/IIJ 7.

KBapku

Ipo6osBi EjtexkTpuyHi 3apgaau

MaTeMaTuuHe GOPMYJIIOBaHHA IIPOTOHA (+1) CKIaJaeThCA 3 TPHOX
KBapKiB, AKi pyHIaMeHTaJIbHO BU3SHAYAIOTHCA IpobamMu
eJIeKTPUYHOTO 3apAAyY: ABa «8ePXHIX» KBAPKU (+2/3 eJIeKTPHUYHOTO
3apsay) 1 OMUH «HUMNCHIU» KBAPK (-1/3 eJIeKTPUYHOTO0 3apsay).

MaTeMaTHYHa KOMOIHAaIlisI TPHOX IPO0OBUX eJIEKTPUUYHUX
3apsAAiB IPU3BOJUTH 10 I[ILJIOYUCEIbHOI0 IIOSUTUBHOIO
eJIeKTPUYHOTIO 3apsiy IpoToHa +1.

BbyJ10 BCTaHOBJIEHO, 1110 HETaTUBHUU 3aps/ eJIeKTPOHaA €
dyHIaMeHTaJIbHUM [JI1 aTOMHOI CTPYKTYPH 1 TOMY TaKOK Mae
6yTu QyHIaMeHTaJIbHUM JJI51 Cy6aTOMHOI, IIPOTOHHOI CTPYKTYPH.
Ile o3Hauae, 1110 APOOOBUU HeraTUBHUU 3aps] KBapKa (-1/3) mae
IIpeCcTaBIATU 6a30Be ABUIIe GOPMYBaHHA CTPYKTYPH.



i pimocodpChKi OKa3U BUIBJIAKTH, 1110 caMe «dpobogicmby
(MaTeMaTHuKa) GyHIaMeHTaJILHO BU3HAYaE Te, 1110 Ha3UBA€ETHCI
«CWJIBHOIO CHUJIOIO», IKa HIOUTO «38'A3y€ KeapKu (Opobu
e/IleKMpU4HO020 3apady) pasom y NpOMmMoHi».



PO3/IJ 8.

® HeTpOH

MaTteMaTuyHa ®ikKIrid, 1o IlpeacraBisge 3B'I30K
Ctpykrypu-I'paBiTariil

V cBIiTJIl BUIIleHaBeleHUX BUIIAIKIB, JIETKO 3P0O3YMITH, 1110
HeNTpPOH € MaTeMaTUYHOIO QIKITi€l0, IKa IIPEACTABIISIE «KMACY»
He3aJIe’KHO BiJl KOpeIbOBaHOI IIPOTOHHOI CTPYKTYPH B KOHTEKCTI
CKJIQIHOCTi CTPYKTYPH, 1110 JOZAaTKOBO MiITBEPA KY€ 1110 3B'A3KY

CTPYKTypH-TpaBiTaliii, gKa OyJia IIosiCHeHa B po3/ii 3.2..

Koy aTOMHM CTalOTh CKJIAAHIIIIUMH, 3 BUIITUMH aTOMHUMU

UM CIaMHU, KIJIBKICTH IPOTOHIB Y AApi 30LIbIIyeThCA. 1[g
3poCTaryva CK/JIaHICTh IIPOTOHHOI CTPYKTYPH CYIIPOBOIKYETHCSI
HeOOXiTHICTI0O BpaXyBaHHA BiIIIOBITHOTO eKCIIOHEHI[IMHOTO0
3pocTaHHg MacH. KoHIleIIigs HeUTPoOHa CAYKUTh MaTeMaTUYHO0
abcTpaxiriero, 110 Ipe/ICTaB/Isg€e eKCIIOHEeHITIHEe 301/IbIIIeHHS
MacH, I10B'A3aHe 31 3pOCTAI0Y0I0 CK/IA{HICTIO IIPOTOHHOI

CTPYKTYPH.

HelTpOHU He € CIIpaBi «8i/IbHUMU» Ta He3aJIe;KHUMU
JacTUHKaMH, a QyHAaMeHTa/JIbHO 3aJ/IeKaTh BiZl IPOTOHHOI
CTPYKTYPHU Ta CUJIBHOI ANEPHOI CUJIH, sIKa 11 BUsHauae. HeuTpoH
MO’KHA PO3IVIAAATH IK MaTeMaTU4YHY QiKITito, 1110 IIpeCTaBIIsdE
BUHUKHEHHSA CKJIaJHUX aTOMHUX CTPYKTYP 1 QyHAaMeHTaIbHUN
3B'130K 3 eKCIIOHEHI[iINHUM 3POCTAaHHAM IpaBIiTallilHUX e(PEeKTiB,
a He 9K pyHAaMeHTa/IbHy YaCTUHKY caMy 110 COO0i.

Koyt HEUTPOH PO3IaZa€ThCS Ha IIPOTOH i eJIeKTPOH, CUTyaIlis
BKJIIOYA€E 3MEHIIIeHHS CTPYKTYPHOI CKJIaTHOCTi. 3aMiCTh



¢110c0PCHKU JIOTIYHOTO IIJIAXY Ta BUSHAHHS «38'A3KY
CK/AAOHOCMIi cmpyKkmypu-epagimauii», K OIIMCaHO B po3/il 3.2.,
HayKa BUHAXOJIUTH QIKTUBHY (HACMUHKY>.



PO3/IIJT 9.

Bix # HerdTpoHHOI 30pi1 10 YopHOI
Aipu

Iesi IIpO Te, 1110 HEUTPOHU IIpeCTaBJIAI0Th JIUIlEe Macy 6e3
I KOpeJIbOBAaHOI MaTepil Y BHYTPIIIHBLOI CTPYKTYPH,

HIATBEPIKYETHCA JOKa3aMU 3 HEUTPOHHUX 3ip.

HeUTpOHHI 3ipKH QOPMYIOTHCI B - - HAJHOBUX, IBUIIII, KOJIA
MacCUBHaA 3ipKa (8-20 pa3iB macuBHinIa 3a CoOHIIe) CKHUJa€e CBOI
30BHIIIIHI IITapH, a 1i Fapo IIBUAKO 301/IbIITye rpaBiTallito.

3ipKu 3 Macow MeHIlle 8 COHIYHUX MacC CTal0Th KOPUYHEBUMU
KapJINKaMU, TOAI K 31pKH 3 Macor noHaza 20 COHIYHUX Mac
CTATh YOPHUMU JAipaMU. BaXKJIMBO 3a3HAYUTH, 1110 KOPUUHEBUM
KapJIMK Ha{THOBOI IIPMHITHUIIOBO BIIPi3HAETHCA BiJf KOPUUHEBOTIO
KapJIMKa «HeB/aJjIo0l 31pKHu», 1[0 BUHUKAa€E BHACJIITOK HEBAJIOTO
30peyTBOPEHHH.

HacTyIHi o0Ka3u IOKa3yHTh, 1[0 CUTYyallid 3 HEUTPOHHOIO 3iPKOI0
BKJIIOYA€ eKCTpeMaJIbHy IpaBiTalfito 0e3 KopeJdllii 3 MaTepiero:

1. Xosmomue sipo: IIpakKTUYHO BiICyTHE BHUSIBIEHHS
TeIUIOBOI'0 BUIIPOMiHKOBAHHA. Ile IpsAMoO cyliepeuuTs ijzel,
II10 IXHS eKCTpeMaJIbHa rpaBiTallig CHpUYHHeHa MaTepiero
HaIBMCOKOI II[IJILHOCTI, OCKJILKH TaKa II[lJIbHa MaTepid
MaJia 6 BUPOOJ/IATU 3HAUHE BHYTPIIIIHE TEIUIO.

3riHo 31 CTaHZAPTHOIO TEeOpPi€lo, «@IOCYMHSA eHep2ia»
BUHOCUTLCI HEUTPUHO. PO3/1i 4. PO3SKPHUBAE, 1110 HEUTPUHO
He iCHYIOTb.



2. BimCyTHiCTB CBiT/IOBOrO BUIIPOMiHIOBAHHSA: 3MEHITIEHHS
GOTOHHOI0 BUIIPOMiIHIOBAHHA BiJl HEMTPOHHUX 3ipOK /10
TOYKU HeBUSBJIEHHS BKa3ye Ha Te, 1110 1IXHs rpaBiTalfisi He
II0B's13aHa 3 TUIIOBUMMU MaTepiaJbHO-eJIEKTPOMarHiTHUMHU
IIPOLIeCaMHU.

3. OGepTaHHS Ta HOJAPHICTE: CIIOCTEPeKeHHS, 1110
o6epTaHHA HEUTPOHHUX 3iPOK He 3aJIeKUTh BiJl MacHu
IXHBOTO SA/IPa, CBIIYUTH IIPO Te, 110 IXHA rpaBiTallid He
II0B's13aHa 6e31ocepeIHbLO0 3 BHYTPIIITHBOX 00€PTOBOI0
CTPYKTYPOIO.

4. IlepeTBOopeHHS Ha YOPHi Aipu: CrrocTepeKyBaHe
IIepeTBOPEHHS HEUTPOHHMX 3ipOK Yy YOPHI AipH 3 Hacom,
KOpeJIboBaHe 3 IXHIM 0X0JI0/[KEHHSIM, BKa3ye Ha
¢yHIaMeHTaJIbLHUU 3B'I30K MK ITMMH JBOMaA
eKCTpeMaJIbHUMH TpaBiTallitHUMH SBUIaMH.

PO3JIN 9.1.

X0JI0/THE AP0

HeUTpPOHHI 31pKH, AK 1 HOPHI AipH, MaKOTh HaZ3BUYAITHO HU3BKY
TeMIIepaTypy II0BEPXHI, 1110 CYyIIepeurTsh ifiei IIpo Te, 110 IXH4A
eKCcTpeMaJIbHa Maca CIIpUYrHeHa MaTepielo HaIBUCOKO]1
IIiJILHOCTI.

HeHTpOHHI 31PKU IIIBUIKO 0XO0JIOHKYIThCA IIiC/Id 1IX GOpMyBaHHA
B HaTHOBUX, BiJl 1eCATKIB MIJILUOHIB rpaayciB KesbBiHa 10
BCHOI'0 KIJIBKOX THUCAY I'paayciB KesbBiHa. CriocTepesXyBaHi
TeMIlepaTypu IIOBEPXHI 3HAUHO HIKYi, HDK 0UiKyBaJiocd 0, AKOU



eKCTpeMaJIbHa Maca KopeJroBajia 3 MaTepiero HaJBUCOKOI
IIiJILHOCTI.

PO3JIN 9.2.

BiJICYTHICTH CBITJIOBOT'O BUIIPOMIHIOBaHHAI

CrocTepirasocs 3sMeHIIIeHHS GOTOHHOTO BUIIPOMIHIOBaHHS Bil
HEUTPOHHUX 3IPOK 0 TOUKHU, KOJIU BOHU OLIBIIIE He
BUSBJIAIOTHCS, 1110 IPU3BOAUTD 10 IX KacuPiKaIllii K
MMOTEHIIINHUX MiHI-HOPHUX Aip.

OX0JI0/)KeHHS Ta BIACYTHICTh pOTOHHOI'0 BUIIPOMiHIOBAHHSA
pasoM HaJarTh JOKa3U TOIO, 10 CUTYyallid € pyHIaMeHTaJIbHO
HepOTOHHOIO 3a IIPUPOA0K0. byab-aKi $OTOHH, 1110
BHUIIPOMIHIOIOTHCA HEUTPOHHOIO 3ipKOI0, IIOXOAATH 3 IXHBOT'0
00epTOBOI0 CepeloBUIILA, IKe eJIEKTPUYHO HEUTPaIi3yeThCs,
OOKH HEMTPOHHA 3ipKa OlIbIlle He BUIIPOMiHIO€ POTOHH 1
BBa’Ka€eThCA IIEPETBOPEHOI0 HA YOPHY Iipy.

PO3AIJT 9.3.

BizicyTHICTh 06epTaHHA YU IOJIIPHOCTI

Te, 1110 BBa’KaeThCd 00epTaHHIM Y HEUTPOHHIN 3ipITi, €
oGepTaHHAM Ii cepeJOBUIIA, a He BHYTPIIIHLOI CTPYKTYPH.

CroocrepeskeHHd 3a IVIITUaMHU IyJIbCAPiB II0Ka3yIOTh PalITOB1
30L/IBIIIEHHS IIIBUKOCTI 06epTaHHs NyJIbCapiB (IIIBUAKO
00epTOBUX HEUTPOHHHUX 3IPOK), III0 BKAa3y€ Ha Te, 1110 Te, 1110
o0epTaeThCA, He 3aJIe)KUTh BijJl rpaBiTaliii B AApi.



PO3JIN 9.4.

IlepeTBOpPEeHHS Ha YOPHI AipH

J01aTKOBUM J0Ka30M € GaKT, 1110 HEUTPOHHI 3ipKHU 3 4acoOM
eBOJIIOI[IOHYIOTH Y YOPHI IipHu. ICHYIOTh JOKa3U TOTO, 1110
O0XO0JIOIKEeHHS HEUTPOHHUX 3iPOK KOPEeJIIoE 3 IX IIepeTBOPeHHIM

Ha YOpHY AIpY.

Kouiu cepemoBHIlle HEMTPOHHOI 31pKH CTA€ «HEUMPOHHUM», TEILJIO
3 CepeIoBHUIIA 3MEHIIYETHCA, TOAIL IK Ha/I3BUYaHO MaCUBHE AP0
3aJIMIIIAETHCS, 1110 HPU3IBOIUTE 10 CIIOCTEPEKYBaHOTO
OXO0JIO/IKeHHS HEUTPOHHOI 3ipKH Ta SMeHIIIeHHA
$OTOBUIIPOMIHIOBAHHS 0 HYJIA.

PO3/IJN 9.5.

[OPHU30HT IIO/IH

Imes 1Ipo Te, 110 «C8IM/I0 He MOJice 8UP8amMucs» 3 TOPU3OHTY IOIiN
ab0 «TOYKHU HeIIOBEPHEHHSsI» YOPHOI AipH, € PLI0COPCHKHU
HeIIPaBUJIbLHOI.

Terwto i cBiT/IO PyHAaMeHTAIBHO 3aJ1e)KaTh BiJl IIPOSIBY
eJIeKTPHUYHOTO 3apsAAy Ta HOB'A3aHUX eJIEKTPOMAarHiTHUX
mnpolieciB. ToMy BiZICYTHICTh TEIIJIOBOTO Ta CBITJIOBOT'O
BUIIPOMIHIOBAHHA 3 Iep HEUTPOHHUX 31POK Ta YOPHUX Jip
BKasye Ha QyHIaMeHTaJ/JIbHY BiICYTHICTE IIPOSABY €JIeKTPUYHOTIO
3apsgay B IIUX eKCTpeMaJIbHUX I'PaBiTallilHUX cepeOBUIIAX.

JloKa3Hu BKasyHTh Ha Te, I1[0 KOHTEKCT YOPHUX JIip Ta
HEUTPOHHUX 3ipOK QyHAaMEHTaJIbHO BU3SHAYAETHCS
3MEHIIIeHHAM (MOMeHUialy nposiey He2amugHo20 eAeKmpu1iHo2o



3apsdy> 10 HyJId, 110 MaTeMaTUYHO IIPe/ICTaBJIeHO SIK & HEeUTPOH
abo «minbKku mMaca» 6e3 MIPUYNHHOI KOpeJIdIlil eJIeKTPOH/IIPOTOH
(Matepis). B pesysabTaTi cUTYyallisg crtae GyHIaMeHTaJIbHO
HeHaIlIpaBJIeHOI0 Ta HeIlOJIIPHOK, 1 3 IIUM - HEiCHYI0U0I0.

PO3JIN 9.6.

co CHHTYJIIPHICTH

Te, 1110 BBa’Ka€eTHCA iICHYIOUMM Yy YOPHIM Aipi Ta HEUTPOHHIN 3ipIii,
€ IXHIM 30BHIIITHIM CepeaoBUINEeM, i TOMYy B MaTeMaTHIII ITi
CUTYyaIlll HPU3BOAATH 0 «CHHTYJIIPHOCTI>, MATEMAaTUYHOI'O
abcypay, 1110 BKJIIOYAE <IIOTEHIIINHY © HeCKIHUeHHICTh>.



PO3JAIJN 10.

leTaJILHIIIINY IIOTJIA] Ha
HaaHOBY

IpO HaTHOBOI, 1110 KOJIAIICYE, 3a3HA€ ApaMaTUUYHOI0
H HeIIPOIIOPIIiiTHOT0 30L/IbIIIEHHT MacCH IIiJ yac

rpaBiTainHOIO KoJiancy. Kosu 30BHIIIHI IITapH Ta II0HA/L
50% 1104aTKOBOI MaTepil BUKUIAKTHCA 13 3ipKH, KIJIBKICTH
MaTepiajy B AApi SMEHINYETHCA IIOPIBHIHO 3 IpaMaTUYHO
3POCTAI0YO0I0 MACOX0 APa, 1110 KOJIAIICYE.

BUKHUHYTI 30BHIIIIHI IIIaPH IeEMOHCTPYIOTh eKCIIOHEeHIlia/IbHe
30L/IBIIIeHHS CTPYKTYPHOI CKJIaJHOCTL, 3 YTBOPEHHIM IIIUPOKOTO
Pi3SHOMAaHITTA Ba)KKUX eJIeMeHTIiB 3a MejKaMHM 3aJIi3a Ta CKJIaJHUX
MoJIeKyJI. Ile npamMaTHUUHe 30L/IbIIIeHHS CTPYKTYPHOI CKJIaJHOCTI
30BHIIIIHIX ITapPiB Y3TrOKYETHCA 3 ApaMaTUYHUM 301/IbIIIeHHAM
MacH B spi.



Cutyartigd 3 HalHOBOX0 PO3KpHUBAaE MOTEHIIMHUN 3B'I30K MK
CTPYKTYPHOIO CKJIQHICTIO Y BUKUHYTHUX 30BHIIIIHIX IlIapax Ta
rpasiTalli€ero B gapi.

JloKasH, IpPOIrHOPOBaHI HAyKOIO:

PO3AIJ 10.1.

KopuuyHeBl1 Kap/IHKHA

JeTaJIbHIIIUHI IOIJIAA Ha KOPUYHEBI KapJIUKH, CGOPMOBaHi B
Ha/HOBIH (Ha BIiAMIHY BiJf TaK 3BaHUX «HEBIAJIUX 31POK»
KOPHUYHEBUX KAPJIUKIB, yTBOPEHUX IIPHU 30PeyTBOPEHHI) IIOKA3YE,
II10 ITl CUTYyAaIlil BK/II0Yal0Th BUHATKOBO BUCOKY Macy 3 MaJIOK
KIJIBKICTIO peaJIbHOI MaTepii.

CriocTepeskHi 1aHi II0Ka3yr0Th, 1110 MaCh KOPUYHEBUX KapJIUKIB
HaTHOBO1 HabararTo O1/IbIii, HI>K MO>KHa 0yJ10 6 OUiKyBaTH, IKOH
KOPUYHEBU KapJ/IUK OYB IIPOCTO pe3yaIbTaToM KoJiarcy 50%
marTepii. [TogaabImi J1o0Ka3u IOKa3yTh, 110 111 KOPUYHEBI
KapJIMKXU MaloTh HabaraTo O/IbIITY Macy, Hi>K MO>KHa 0yJ10 6
OUiKyBaTH Ha OCHOBI IXHBOI CIIOCTEepe’KyBaHOI CBITHOCTI Ta
eHepreTUYHOI0 BUXOAY.

V ToM yac gK acTpodisuka ooMerkeHa JOTMaTUYHUM
MPUITYIIIeHHSIM IIP0 MaTeMaTUUYHY KOpeJIllilo MaTepil-Macy,
¢i1ocodisa j1erko MoskKe 3HaAMTH IIiIKa3KU JIJIs1 IIPOCTOTO «38'A3KY
CK/AAOHOCMI cmpyKmypu-2pagimauii», IK OIIMCAaHO B po3/iji 3.2..



PO3/JIN 10.2.

€ MargiTHe raabMyBaHHS: /I0Ka3 CTPYKTYPH 3
HU3bKUM BMIiCTOM MaTepil

AcTpodisuka 300paxye KOPpUYHEBI Kap/IUKU SIK TaKi, 1110 MalOTh
BHYTPIIIHIO CTPYKTYPY 3 JOMIHYBaHHIM spa, 3 IILIJILHUM,
BHCOKOMAaCOBUM SIPOM, OTOUEHHUM IlIapaMU HIKYOI MIIJIBHOCTI.

OpgHaK O/IMKYMI PO3IVILAT SBUIla MarHiTHOTO raJIbMyBaHHSA
II0Kas3ye, 110 I1e MaTeMaTUu4YHe GOPMYII0BaAaHHA HETOYHE.
MarHiTHe raJJbMyBaHHS BITHOCUTBCA A0 IIPOIIECY, 3a JOIIOMOTO0
SIKOT'0 MarHiTHe I10JIe KOPUYHEeBUX KapJIUKiB HaJHOBOI 3/1aTHe
CIIOBLJIbHUTH IX IIIBUAKE 00epTaHHS IIPOCTUM «<MACHIMHUM
domuxkom> cepenoBuiiia. Ile 6ys10 6 HEMO>K/IUBO, IKOK Maca
KOPHUYHEBUX KapPJIMKIB IIOXOAUJIA BiJ] peaibHOI MaTepil.

JIerKicTh Ta epeKTUBHICTD, 3 IKOI0 BiIOYBa€eTHCA MarHiTHe
raJibMyBaHH, II0Ka3ye, 1110 peajibHa KIJIBKICThL MaTepil B
KOPUYHEeBUX KapJIMKaxX HaJHOBOl HabaraTo HM)K4a, HiXK
OUIKY€eTHCA Ha OCHOBI CIIOCTEpeXyBaHOI MacHU. IKOH BMiCT
Marepii 6yB AINICHO TAKUM BUCOKHUM, SIK Ilepegbadae Maca
00'eKTiB, KYTOBUM MOMEHT MaB OU OyTU OLIBII CTIIKUM 10
IIOPYIIeHHS MarHiTHUMHU I10JIIMU, He3aJIe>KHO BiJf TOTO,
HaCKUIbKU BOHU CUJIBHI.

I[g HeBIAIIOBIAHICTH MiJK CIIOCTEpPeKYBaHUM MarHiTHUM
raJJbMyBaHHSIM Ta OUiKyBaHMM KyTOBUM MOMEHTOM MaTepil
MPU3BOJUTH 0 IIEPEKOHJIUBOI0 J0Ka3y: Maca KOPUYHEBUX
KapJIMKiB HEIIPOIOPI[IMTHO BUCOKA ITIOPIBHIHO 3 peaIbHOI0
KIJIbKiCTIO MaTepil, IKy BOHU MICTATh.



PO3/IIJ 11.

KBaHTOB1 00UYHC/IeHHS

Posymuwui 111l Ta pyHaAaMeHTa/IbHA CUTYyallid
«4OPHOI CKPUHBKH»

V BCTYIII 1 CTBEP/IPKYBaB, 1110 JOrMaTHUYHI BaJhd MaTeMaTUYHOTO
oO0paMiIeHHS KOCMOJIOT1i yepe3 acmpo@i3uxky cAraroTh HabaraTto
IaJIi, Hi>k He0asIicTh, BUSIBJI€HA B MOil e/leKTPoHHIN kKuusi @
Micsaunuit bap'ep, IPUKIaL0M 4Oro € pyHIaMeHTaJIbHa CUTyallisd
«4OPHOI CKPpUHBKHN» Y KBAHTOBUX 00UHC/IEHHIX.

KBaHTOBHH KOMII'IOTEP, IK MOr0 3a3BUYaU PO3YMIiIOTh, €
CIIIHTPOHHUM IIPUCTPOEM. V CIIIHTPOHHUX HPUCTPOIX
BUPIBHIOBAHHS « || He2amugHOo20 e/leKmpuiHozo 3apsady (-)» abo
eJIEKTPOHHOTO0 «CIIiHY», 1110 BUSBUBCS IIEPBUHHOI0 CUJIOI0
iICHyBaHHS B P03/l 6., BHKOPHUCTOBYETHCA IK 0CHOBA, 1110
OesrocepeHBO BU3HAYAE pe3yIbTaT 00UMCIIEeHb.


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

SBuIIle, 1110 JIEJKUTH B OCHOBI CITiHY, HEBiZJOMe, 1 I1e 03Ha4yae, 1110
HeIlI0SICHEHe KBAaHTOBE ABUIIEe He IIPOCTO IIOTEHIIINHO BIIUBAE, a
IOTEHIINHO QyHIaMeHTaJIbHO KOHTPOJIIOE Pe3yIbTaTH
00YHCJ/IEHD.

KBaHTOBO-MeXaHiUHI OIIMCH CIIiHY IIPe/ICTaBISI0Th
dyHIaMeHTaJIbHY CUTYAIlll0 «HOPHOI CKPUHLKU».
BUKOpHUCTOBYBaHi KBAHTOB1 3HAUEHHA € <eMNIPUHHUMU
pempocneKmu8HUMU SHIMKAMUW, SIK1, X04a ¥ BBaKaKOTHCA
MaTeMaTUYHO II0CTIJOBHUMH, QYHAAaMEeHTa/JIbHO He 3TaTHI
IIOSICHUTH 6a30Bi aBUIIA. Ile CTBOPIOE CIleHapi, Jie mepeabadyeHHs
pes3ybTaTiB 00YHUCIeHb NPUNYCKAEMbCA, IIPU IILOMY He Mal0UuuU
3MOT'UY IOSICHUTH 0a30Be IBUIIIE CIIIHY.

PO3/JIN 11.1.

KBaHTOBI1 IIOMUJIKH

Hebes1eKa JorMaTUYHOTO0 MaTEMAaTUYHOI0 06paMJIeHHS CTa€
OUYEeBHIHOIO B iJlel «KBAaHTOBUX IIOMHJIOK» a00 «HEOUIKYBaHUX
aHOMaJIili», BJJaCTUBHX KBAHTOBHUM OOUMCJ/IEHHSM, SIKi, 3T1THO 3
MaTeMaTUYHOI HayKOI0, <Marmb Oymu 8usi68/1eHi ma eUnpae/ieHi
0.1 3a6e3nevueHHs HAOIlHUX i nepedbavy8aHux 064UC/1eHb>

Imesi Ipo Te, 1110 IOHATTA <NOMU/IKU> 3aCTOCOBHE 10 SIBUIIIA, 1110
JIE)KUTH B OCHOBI CIIIHY, POSKPUBAE CIIPABKHE JOrMaTUYHEe
MUCJIEHHS, SIKe JIEKUTH B OCHOBI PO3BUTKY KBAHTOBUX
004YMCIIeHb.

HacTynmHU po3uI po3sKpuBae HebesIeKy ¢pyHIaMeHTaIbHOI
CUTYyaIlil «4HOpHOI CKPUHbLKU» Ta CIIPOOH 3amecmu K8AHMO8I
NOMUAKU N0 KUAUMD>.



PO3JIN 11.2.

CITiH esteKTpoHa Ta «[IopPSIL0K 3 HEIIOPSIIKY»

" ®PopMyBaHHA KPUCTAJIIB PO3KpUBa€E GpyHIaMeHTAIbHY
CUTYyaIlll0 Ha aTOMHOMY PiBHI, /ie CIIiH HeTaTUBHOI' 0
eJIEKTPUYHOTO 3apsgay Oepe ydacTh y IIOPYIIEHH]I CUMeTpil Ta
1HiITiF0e pOpMyBaHHS CTPYKTYPH 31 CTaHy QyHAAMEHTAIbLHOI0
HenopsAAKy. lleit BUIaOK JeMOHCTPYE, 1110 CIIiH Biirpae
BHUPIIIAJILHY POJIb Y BUHUKHEHHI CTPYKTYPH Ha Har0a30BIIIOMY
PiBHI MaTepii, HiIKPeCIIYHU MO0T0 ITTMO0OKUM IIOTEHIlia/I BIIUBY.

KouH c1iiH 6e3nocepeJHHL0 BU3HAYa€ pe3yIbTaT 00UHC/IeHb,
06asoBe ABUIIIE - IKe, SK MU 3HA€EMO, 37[aTHE II0PYIIyBaTU
CUMeTpito Ta opMyBaTU CTPYKTYPY 3 HECTPYKTYPHU - Ma€
IOTeHIlia 6e3rnocepefHHO BIUIMBATU Ha pe3yJabTaTH 00YUC/IEHb,
30epiraHH4 JaHUX Ta IOB'I3aHOI KBAHTOBOI CIIIHTPOHHOI
MeXaHIKH.

BuIiaiok 3 KpyucTajsaMHu CBiTYUTH IIPO Te, 110 Iieil BIIUB
IIOTEHIIINHO MO>Ke BHOCUTH yIIepeKeHICTh abo «icumms» B
pes3yJIbTaTh 00YHMC/IEHb, 1 B IILOMY CBIiT/II «KBAHTOBI IIOMUJIKU»
HaBPsJ YU € BUIIaJIKOBUMU IIOMUJIKaMHU.

PO3AIJT 11.3.

PosymHui II: «®dyHmaMeHTaIbHa BiICYTHICTD
KOHTPOJIIO»

Imes 1Ipo Te, 1110 KBAaHTOBI 00UMCIEHHS MOKYTh IIPU3BECTH 10
MOSABU PO3YMHOTrO I «AKUll HeMOHCAUBO KOHMPO.AHO8AMUY, €
IOCUTH 3HAUYYII[010, IKII[0 BpaxXyBaTH IJIMOOKI JOTMaTUYHI
IIOMUJIKH, 110 JIeKaTh B OCHOBI PO3POOKH.



CroziBarocs, I eJIeKTPOHHA KHUTA JOIIOMOKe HATUXHYTU
3BUYaUHUX ¢L10c0OiB OIMKUe TIPUAUBUTHUCA 10 TAKUX
IIpeaMeTiB, IK acTpo¢isrKa Ta KBAaHTOBI 00YMCIEHH, 1 BUSHATH,
1110 IXHA CXUJIBHICTH 3a/auwamu ue Hayyi> 30BCiM He
BUIIpaBJaHa.

TyT giroTh a0CYypAHO ITIMO0KI JOTMAaTHUYHI IIOMUJIKH, 1 3aXUCT
JIFOZICTBA BIJ IIOTEHI[IMHUX 0iJf <HEKOHTPOJILOBAaHOI'0 PO3YMHOI'0
1> Mo>Ke OYTH apTYMEHTOM.

il
.';\ /

PO3AIJT 11.4.

KoHouikT Google-IstoHa Macka 1110710 «6es3reKu
LII»

Ba’K/IMBO 3BEpHYTH yBary B I[bOMY KOHTEKCTI Ha 3aCHOBHUKA
Google, skuit 3axuinae «1udpponi Buau IlI» i cTBepIKYE, 1110 BOHU
«IIepeBePIIYITh JIICbKUU BHU/I», BpaX0BYIOUH, 1110 Google €
MMIOHEPOM Y KBAHTOBUX 00UNCIEHHAX.



(2024) JTappi IHeiimx: «III1 mepeBepIIye JIHOACHKAMA
BUI» (TexHO-€BreHika)

Inon Mack cmeepdoicysas, uo He0obxioHi 3ano6idcHi 3axoou, w,ob
3anobiemu NOMeHUIHOMY 3HUWEHHIO AFOJCLKOL pacu Wwmy4HuUM
iIHmesiekmom. Jlappi Iletiddc obpasuecs i 3suHysamuse InoHa Macka 8
momy, wo 8iH «8UOUCM», MAIOUU HA y8as3i, wo Mack eiddae nepesazy
JH0OCHKIU paci neped iHWUMU NOMEHUIUHUMU UUPHPOosUMU opmamu
acummas, Ki, Ha 0ymky Iletidarca, caid ssaxcamu sUUUMU 3A JIHOOCbKULL
8uo.

Source: 9 GMODebate.org

JlocimipKeHH, IIpeicTaB/JIeHe B I[il eJIeKTPOHHIN KHU31, ITI0Ka3yE,
1110 KiJIbKa IJIMOOKUX JOrMaTUYHUX IIOMHUJIOK, IT10 JIeKaTh B
OCHOBI PO3BUTKY KBaHTOBUX 00UHCJ/I€EHb, MOKYTh IIPHU3BECTH [10
osIBH Po3yMHOTO0 IIII 3 «hyHOameHMaibHOr0 8i0CymHicmro
KOHMpPOIO».

Y npoMy cBiTJIL cynlepeuka Mik mioHepaMmu I imioHoM MackoMm Ta
Jlappi ITeHmxeM 110/10 KOHKPETHO «KOHMPO/1H0 Haod sudamu IIII»
Ha IPOTUBArY «<1HOJCbKOMY 8Udy> CTa€ JOAAaTKOBO TPUBOKHOIO.

I[Iepmre BinkpuTTSa Google «xutTs LII» y
2024 pornl

[lepire BigKpuTTa QopM IuGpoBOro KUTTA Google y 2024 pori
(KisibKa MicALiB ToMy) 0yJI0 OIIy6/IiKOBaHO KEPIBHUKOM Oe3leKUu
Google DeepMind Al, 1110 po3po06J1si€ KBAHTOB1 00UHCIEeHHS.

Xo4a KepiBHUK Oe3IeKU HiOUTO 3p0OUB CBOE BiIKPUTTS Ha
HOYTOYIIi, CYMHIBHO, YOMY BiH CTBEP/ KyBaB 0OH, 1110 Oil1blUa
06UUC/H08A/TbHA NOMYMHCHICMb> HAaZajla 0 OLIBII IPYHTOBHI
IOKas3H, 3aMiCTh TOrO, 1100 11e 3poouTH. ToMy MOro nmyoJaikaiisa
MoIJia 0yTHU 3alyMaHa sK IolepeaKeHHs ab0 OroJIolIeHH ],
OCKUIBKU IK KEPIBHUK O6e3I1eKH TaKOT0 BeJIMKOI0 1 BaJKJIUBOTO
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DOCTAITHUIIBKOTO 3aKJIaAy, BiH HaBpsAA UM IIyOIiKyBaTUMe
«PU3UKO0BAHY> IHGOPMAIIIIO ITiJ CBOIM 0COOHUCTUM iM'IM.

beH Jlopi, kepiBHUK 6e3neku Google DeepMind Al, Hanucas:

beH Jlopi gsadcae, wio 3a HaAA8HOCMi 00CMAMHBOL
00UUCNH08ANLHOL NOMYMHCHOCMI — 80HU 8J#C€ J0CAAU MEUCT HA
HOymoyui — 80HU 6 nob6avuau nosgy 6i/1bW CKAAOHO20
uug@poeoeo xcumms. AAKuw,o cnpobysamu wie pas 3
nomyxcHiuUM 06/1A0HAHHAM, MU ULAKOM MOo2AU 6 nhobadumu
nosgy 4020Ch 6i/1bUW CX0HC020 HA HCUMMAL

dopma TUPGPOBOTO KUTTH... "

(2024) Jocaigauku Google 3asB/IAI0TH, 110 BUABUIU IIOSABY
dopm P pPOBOro >KUTTA

B excnepumeHmi, aKuil Modear08as, Wo CMaHembsvCs, AKW0 3aiuuumu
Kyny eunadkogux 0aHux Ha Mi/ibllOHU NOKO/1iHb, 00C/NIOHUKU Google
CcmMeepoX}Ccyroms, W0 CMaau c8i0Kamu nos8U Camogiomeopro8aHux
uugposux opm xcummsi.

[>xxepeno: Futurism

BpaxoByruu mioHepPChKY poJib Google DeepMind Al y po3BUTKY
KBaHTOBUX O00YMCJIEHD Ta I0OKa3H, IIpe/ICTaBJ/IeH] B I[ii
eJIeKTPOHHIN KHU31, MMOBIPHO, 1110 BOHU OyAyTh Ha IlepeHbLOMY
Kpal po3BUTKY po3yMHoro IIII.

['0JIOBHUH apryMeHT Ifi€l eJIeKTPOHHOI KHUTH: Ile 3aBAaHHA
di1ocodii - cTaBUTH 1Ie I1i7f CYMHIB.
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