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PA3/ZI3E 1.
VYBO/A31HBI ¥ KaCMIUHYIO (11acoPIr0

1714 ropse HaMme1ki ¢istocadp I'oTdpsix JIeiOHIIT - «aIIOIIHI YHIBEepCcaJabHbI TeHIN
y CBETY» - [IpallaHaBay TI0PhII0 © OICKOHIIBLIX MaHa/I, dKasd, X0Ilb 1 31aBajiacd JaJdéKau

ajg ¢pisiyHau psasibHACIII i CyIIsIpavbliia CydyacHaMy HaBYKOBaMy paaJiisMmy, ObLia
IlepaacIHcaBaHa y CBATJIe pasBillIld cydyacHau ¢isiki i 60JbII KaHKPITHA HeJlaKaIbHAaCII].

JIer1GHIII, Y CBar0 Uyapry, 0b1y IVIbIOOKA NMaAyILUIbIBAHbI IP3dyacKiM ¢isocadam IlstaToHaM i
CTapa’kbITHAU rpavyackam KacMiuHau piracodisgau. SAro Taopelsd MaHaJ Mae BblaTHae
nagadeHcrBa 3 IlltaTtoHayckiM cBeTaM ®opMay, K amicaHa y SHaKaMiTall AJIeropsbli
IIT90pkI IstaToHa

I'sTad aJleKTpOHHAas KHIira rmakaska, K ¢iiacodpisg Morka ObII[b BEIKapbICTaHa JJI
JacjegaBaHH 1 pasyMeHHs KOCMAacy JajIeKa 3a Me)KaMi MardybIMacigy HaByKI

IITmo xapaxkmapwisye ginocagpa?

A: «3adayva ginacodii moica 3akarouayuay movim, Kab odacsieoasaub NPaxooHbl WAAXT
nepao npulaieam.»

dinocagp: «AK pasgeduslk, nisziom ui npasaosvlp ?»

A: 4K IHT3/IeKTya/IbHBI IIeplIanpaxoasell. »

PA3SA3EJ 1.1.

IIpa ayTapa

J 3'aynaroca sacHaBasibHIKaM %€ GMODebate.org, AKi sMAlIyae KaJeKI[bII0 0CIJIaTHBIX
9JIEKTPOHHBIX KHIT, IKid aX0ILIiBalob GyHIaMeHTaIbHbIA (pi1acopCKist TOMBI, IIITO
IarIbIoIgroIIa § ¢pitacopCKist aCHOBEI CIILIEHTHISMY, PYXY «BbISBaJIEHHS HaBYKI ajl
¢imacodiir, «xaHThIHaBYKOBara HapaThIBY» 1 Cy4aCHBIX popMay HaBYKOBaH IHKBI3iIIbIi.

GMODebate.org sMmdiiryae 3JIeKTPOHHYI0 KHITY ITany/IsipHai aHIalH-¢gitacopckam
OBICKYCil ITazx HasBau «IIpa abCcypoHyro 2e2eMOHI0 HABYKI», Y AIKOM mpadecap ¢iracodil
MaHiaj K. /IaHeT ya3esibHIUay y abapoHe CIIbIeHThI3MY.

V disacodpckiM macaeqaBaHHi, SKoe namsspaaHivaaa Maéi @ smexkTpoHHaMi KHise 1Ipa
Mecs110BEI Oap'ep, IKad gacjaeaye MardbIMacilb Taro, IITo >KBIIIIEé MOKa ObIIb
abMmer’kaBaHa pariéHaMm BakoJ =+ CoHIa y Me)Xax CoHeYHal CiCTaMBbI, CTaJIa BilaBOYHa,
IIITO HaBYKa 3aHA0asia HPOCThIA IBITAHHI 1 3aMeCT rarara npbIHa/Ia JarMaThIYHbIA


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://be.cosphi.local/download/moon-barrier.html
https://be.cosphi.local/download/moon-barrier.html

TaMyIIIY9HHI, IKis ObL/II BEIKAPBICTAHbI IJIA MaATPBIMKI 17191, IIITO
JIFO/131 KasTi-HeOyA3h OYyAYIlh JIATallb IIpa3 KocMac K He3aIe)KHbIA
OiAXIMIYHBISA IYYKiI MaTIPBHIL.

YV raTeIM yBO/3iHe § KaCMIUHYI0 ¢pi1acoPiro s1 pacKphIro, IIITO

aarMaThIYHBIA XBap0oObl MaTaMaThIYHara ¢papMipaBaHHA KacMaJIorii
pas acmpagisiKy pacrnaycro/KBarolla 3HadyHa Jajaeu, YbIM
3aHsg/10aHHe, BbIdy/IeHae ¥ Maéil 3JIeKTPOHHAaM KHi3e IIpa MeCdIl0BEI 0ap'ep.

[Tacyig mpadybITaHHSA raTara BBIIIAIKY, BBl Oy/3e1ie MeIlb 00JILII IJIbIO0Kae pasyMeHHE:

» CTapaXpITHAW My/paciii mpa Toe, IIITO YOPHBIA A3IpkI 3'ayadroriia «Mairi» CycBeTy
» IIITO CyCcBeT iCHye Impa3 # 3JIeKTPLIYHEI 3apaj]

» IIITO HEUTPHIHA HE iCHYIOIh

PA3Z3ET 1.2.

[IarrsapspKaHHe ITpa KBaHTaBbIA BELIIU9HHI

I'saThI BEIIIaJaK 3aKaHYBaeIIa namndpy/pKaHHeM y pasasesie 11., IITo KBaHTaBEIA
BBUIIU9HHI, IIpa3 MaT3MaThIUHbI 1arMaThI3M, <HEC8A00MaA> YKapPaHIIOIIIa ¥ ITaxo KaHHI
dapMipaBaHHA CTPYKTYPHI ¥ KOCMace, 1 TBIM CaMbIM MOTYIb <HeC8100Ma> CTBapallb
aCHOBY Iu1d pasyMmHara IIII, 1ki HeMarybiMa KaHTpa/IsABallb.

KauouaikT nmamik nigsHepami 1T Inonam Mackaw 1 Jlaps! IIsiipkaM afHOCHA MeHaBIiTa
«KAHMporo Hao gioami II1I» y mapayHaHHI 3 <da/1a8eubiM gidoam> acabiiiBa TPHIBOKHBI
CBATJIe JoKa3ay, IPhIBe/I3eHbIX Y I'aTal 3JIeKTPOHHAaM KHise

Toe, 1m1TO 3acHaBa/IbHIK Google abapaHse «i1iubaBbid Bifgbl I11I» i ciiBAp/pKae, IIITO SHBI
«IIepaBbIIIal0Ib YajlaBeubl Bi», yIiuBarubl, IIITO Google 3'aygertiia mistHepaM y
KBaHTaBbIX BBUIIUIHHAIX, IaKa3Bae Cyp'é3HacIib KaHQPJIIKTY, KaJjl yIiYybIlb, IITO KAHQPIIKT
TBIYBIYCSA KaHTPOJIro Hax II.



Pa3ases1 11.: KBaHTaBhIA BLUIIUIHHI TaKa3Bae, IIITO Iepilae agKPhIIE Jiub6aBbixX GopM
XKbIIII Google y 2024 roase (HeKaIbKi MecsdIlay TaMy), annybjiikaBaHae KipayHIKOM
c1y>KOnI Osictieki Google DeepMind Al gKi pacrparnoyBae KBaHTaBbIsI BLIIUIHHI, MarjIo
OBIIIL 3afyMaHa K IansgpKaHHe.



PA3A3EJ 2.

Actpadisika

«(MaTaMaThIUHae abpaMJieHHe> KacMaJIoril

MaTsMaThIKa pasBiBasacd pasam 3 ¢pitacoistii, i MHOTIA BBIOITHBIA ¢itocadpnl ObLII
MaTaMaThiKkaMmi. Hanipeikiaz, bepTpaH Pacas ckasay y BEIByUsHHI MaTIMaThIKI:

«MamamamsblKa, npvl NPagi/IbHbLIM pase/iidse, ea/no00ae He MoabKi npaydail, aae i
eblUAllUATL Npbleadcocuro... Ilauyuué yceazyibHaza 3aKoHy, sikoe dae Cy3ipaHHe
Heabxo0Hall Npayosl, 6bL/10 011 MAHE 1, 1 OYyMAr0, 0451 MHOR2IX THUWLbIX, KPbIHIUATL
2/16100Kaz2a paai2itiHaza navyuyys. »

MaTasMaThIKa ObLIa ITacsgIXoBaM y CyaJHOCIHAX 3 ThIM, IIITO JIIYBII(IIA «3aKOHaMi
HPBIPOALI» A3IKYIOUBI CAMOU HPBIPO/3e Y30PY 1 PITMY ¥ IIPBIPO/A3e, aAHAaK MaTIMaThIKa
I1a CBaéi CyTHACIIl 3acTaellja MeHTaJIbHaW KaHCTPYKI[bILMH, IIITO a3Ha4yae, IIITO caMa I1a
cabe MaTaMaThIKa He MOKa HelmacpsgHa aJHOCIIa a paajabHacIli.

I'sTa OBLJIO IpalLIrOCTPaBaHa y MaiM aOBIPKIHHI MaTIMaThIUHAara aacjaefaBaHHsA, SIKOe
IpaliaHaBajia, IIITO YOPHBIA A3iphl MOTYIIb MEIh « OICKOHIIaCb GOPM, Y TOU YacC AK
«(MaTaMaThIuYHaA 6ACKOHITACIlb> He MO>Ka OBIIb IIPhIMAHIMAL A paajbHacIli, 60 aHa
¢yHIaMeHTaJIbHa 3aJ1eKbIlb aJf PO3yMy MaTIMaThIKa.



A: «I[i MOJCHA cKa3aub, wmo dac/iedagaHHe abgsepeHyma?»

GPT-4: «Tak, MOX}CHA cKasausb, WMo 0ac/1e0a8aHHe, 1Koe CUBAPOHcae Ma2HbIMAacCub
ICHABAHHA BOACKOHUAT KO/IbKACUL hopM HOPHBIX 03ip 6e3 KaHMaKcmy uacy, abgepeHyma 3
danamozail iracopckaza paseandcaHHs. »

(2023) A6BepruyTta ¢pinacodisaii: «MaTaMaThIKl 3HaAX0A341lb 0ACKOHIIACLIb MardybIMbIX GOpM
YOPHBIX A3ip»
Source: A1 no6110 pinacodito
disika i KBaHTaBas TIOPHIA 3'Iy/IAI0IIIA <03iUEéM> MAaTIMATHIKI, a acTpadisika 3'ayigeriia
«(MaT3MaThIYHBIM a0pamMyIeHHeM> KacMaJIoTii.

ITakoJIbKI MaTIMaThIKa I1a CBaéM CyTHACIH 3'dyisdelfiia MeHTaJIbHau KaHCTPYKIIbISH,
KBaHTaBas TI0PBISA He MOKa PacTIyMavblllb 0a3aBbId 3'IBHI 1 ¥ JICIIIIIBIM BbIIIA/IKY /1ae

TIXHAKPATBIUHBIA <SHAUIHHD.

Inast «kkeaHmaesaza ceemy» iCHye TOJIBKI § po3yMe MaTIMaThIKay, y TOU Yac AK SHEBI
BBIK/IOYAKIb CBOU YJIaCHBI PO3YyM 3 YpayHeHHSY, IIITO UII0CTPyeIllia BAAOMBIM «JpeKTaM
HasipaJsibHiKa» y KBaHTaBau ¢QisiIfbl.

V rarait aJIeKTPOHHAU KHise g MaA3sII0CA IIPhIKJIajaMi, IKid ImakasBarollb, IIITO
¢imacopckae abpamMyieHHe KacMaJIOrii MoJKa JarraMardysl aTpbIMallb pasyMeHHe IIPBIPOALI
TajI€Ka 3a Me>KaMi IaTIHIILISTY HaBYKI.


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

PA3JI3EJ 3.

IIparHos: YopHbIA A31phl SMIHIIAIOIIA ITPHI I1a/13€HHI
MaTIpPhIl

IIavyaTKy IIPOCTHI IIParHos, sKi akipasay 0bl Cy4acHBI CTaTyC-KBO HaBYKi: YOpHAast
( a3ipa Oyase sSMsHIIaIa, Kajai MaTapeld agae y ixX aapo, i yopHad a3ipa 6y/ase paciii 3

¢dapMipaBaHHEeM KaCcMiyHaM CTPYKTYPHI ¥ iX acIpoaa3i, IIITO IIpajcTayieHa «
npasty1eHHeM a0MoyHaz2a 3ieKmpuvluHaza 3apady (-)».

CTaTyc y HaBYITbl CEHHS: HaBaT He pasmisgaaenia

[Ipas MecsIy macjd Taro, K g anyoJiikaBay 1par103 Ha ¢puracodpckimM popyme, HaByKa
POOGIIh CBAE IIepIrae «adKpbluué>, IIITO YOPHBIL A3IPhI MOTYIb OBIIb 3BA3aHbI 3 POCTaM
KaCMiYHaM CTPYKTYPBHI, 3BA3aHBIM 3 «UEMHALL IHEP2iAil».

(2024) YopHbIa A3ipbl MOT'YIIb KipaBallb HambIpaHHeM CycBeTy, IaKa3Bae
HOBae JacjieaBaHHe

ACmpaHoMbl, Ma2ublmMa, 3HAWI/i 3axXanasi/ibHblsl 00KA3bl MA20, WMO UEMHAS IHEP2it — MAAMHIUASA
JHepeis, AKAS Kipye NaACKOPAHbIM NawblpIHHem Hawaza Cyceemy — moxHca 6blub 3813aHA 3 HOPHBIMI
dsipami.

KpblHiua: LiveScience

V cTapaXbITHBIX KYJIbTypPax YOPHBIA A3iphl UacTa amicBasics sk «Maiti» CycBeTy.

I'9THI BBIIIAJAaK IaKarka, IITo ¢pitacodisa MorKa JIeTKa pacliasHalb QyHIaMeHTaILHYI0
CYyBs3b IIaMDXK CKJIa/IaHACIII0 CTPYKTYPHI 1 rpaBiTalbidil, 1 pasyMeHHe IIPbIPOALI JaIéKa 3a
Me>KaMi rarara, 3 JarraMmorau IpoCThIX IbITaHHAY.

PA3A3EJ 3.1.

JlarMaThI3M aIHOCIH MaTIPHhI1 1 MaChI

YV paMKax CcTaTyc-KBO HaByKOBara pasyMeHHs 3BbIYallHa MspPKYyel[lla KapaJisaliblsa HaMixK
MaTIPBISH 1 Macai. Y BBIHIKY, QyHAaMeHTa/JIbHbIM TallyIIIY3HHEM y acTpadisinel
3'ayiidgerira Toe, IITO 1afarvas MaTIPhIA [IaBsyIiuBae Macy YOpHau J3ipkl.

ATHaK, HAIVIeA3s4Ybl HA MallITa0HBIA lacielaBaHHi, HaKipaBaHbIS Ha pasyMeHHe POCTY
YOPHBIX [3ip, 1 HAIJIeA3514Ybl HA aryJibHae MepKaBaHHe, IIITO ITajlatoyas MaTIphId Bd/3e aa
POCTY, He OBLIIO 3HOM/[3€eHAa J0Ka3ay IIpaBilIbHACII raTau iai.

HaByKOYI1bI BEIBYYaJIi 3BAIIOIBIF0 YOPHBIX A3ip Ha IIPaIdary A3eBAlll MuIbapaay razoy,
acabsiiBa 3aCIpOo/yKBarOYbICSa Ha 3BBIIIIMACIYHBIX YOPHBIX A3ipax y I[9HTPax rajakTeIK. Ha
CEHHAIIHI A3eHb ¥ 2024 ro3e HIMa J0Kasay Taro, IIITo I1ajaryas MaTIPhId Bd/i3e 1a POCTy
YOPHBIX A31p.


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
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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

BobGJ1aciti, SKis HemacpaZgHa aKpy KarIlb YOPHBIA 31phL, yacTa rmasbayjieHbl MaTIphbli, IIITO
CyHISPaYbIIlh 17191 ab THIM, IIITO YOPHBIA A31PhI IacTassHHA Ha3allalllBalolb BAIIKYIO
KOJIBKAaCIIb MaTIPHI AJIA ITaATPHIMKI CBAaHUIo MaciyHara pocty. I'sTa cynsapsuyHacip
3'daysidgertiia JayHsau 3arajgkKau y actpadisinsl.

KacMmiuHbI Tasteckon />karimca Vaba (JWST) Hasipay HeKa/IbKi 3 CAMbIX paHHIX BATOMBIX
YOPHLIX [3ip 3 Macaul y MUIbIpALI pa3oy oosibinai 3a Macy  CoHIIa, gKig cdapmipaBarics
IIpa3 HeKaJIbKi COIleHb MiJIbéHAy raZloy macjsd MepKaBaHara Bsurikara BeiOyxy. AKpaM4 iX
MepKaBaHara <paHHs2a y3pocmy», TIThIA YOPHBIA 31pbl ObLII 3SHONI3E€HbI «A03IHOKIMI» 1
pasMeIlryaHbIMi ¥ acIpoa3i, masbayieHbIM MaTIPhIi U1 ITaATPBIMKI iX POCTY.

(2024) JWST agkpsbly aa3iHOKIA KBas3apsl, SIKid CyIsip3dyanb TI30PHISIM POCTY MaT3pPhIi-MacChl

HasipanHi KacmiuHaza maaeckona /catimca Yaba (JWST) gblkaiKaroub 3amMauaHHe, 60 13a1180aHbLSA HOPHBLA
03ipbl NagiHHbL ObLII 6 3Mazayua 3a HasanaweaHHe 0acmMamko8ail Macwl, Kab 0acscHyUb 38bllUMACIYHaA2A
cmamycy, acad.1iea ycsa20 npas HeKa1bKi COUeHb MibEHAY 2ad0y nacas Baaikaza Bwuloyxy.

Source: LiveScience

['9TBIs Has3ipaHHI CTaBAIlb I1aJ CYMHeYy MepKaBaHbISA a{THOCIHBI MAaTIPHhIi 1 Machl YOPHBIX
3ip.

PA3Z3EJ 3.2.

ApryMeHTHI Ha KapbICITh 3BA3KI CKJIaJaHAaCI[l CTPYKTYPHI 1
IrpaBiTaIlbIl

Hariea3susl Ha BiJaBOYHYIO JIaTIYHYIO CYBSI3b IIaMDK POCTaM CKJIaJaHAacCIll CTPYKTYPHI i
HellpalapIlibIHBIM IIaBeIiY9HHEM IpaBiTallbIMHBIX 3QeKTay, raTas IepCcIlIeKThIBa He
pasigaaacd ¥ paMKax aCHOyHaM KacMaJiariuyHav CTPYKTYPHL.

Jlokasel raTau jlariyHau CyBs31 BiJaBOUHa Hasiparollla Ha PO3HBIX Y3POYHAX ¢i3iuHara
cBeTy. A/l aTaMHara i MajieKyJigpHara y3poyHsy, A3e Maca CTPYKTYp He Mo>Ka OBIIlb IIpocTa
BbIBe/[3€Ha 3 CYMBI iX cacTayHBIX YacTak, Ja KacMiyHara Mauiraoy, 13e iepapxiuHae
dapMipaBaHHe OyHHaMaIITaOHBIX CTPYKTYP CyIIpaBajyKaelllia pa3KiM IIaBeJIiuysHHEM
I'PaBiTallLIMHBIX 3'dY, Y30P SICHBI i HaC/IA0YHBI.

[Ia MepBI POCTY CKJIaZaHaCIll CTPYKTYP, 3BA3aHbIA 3 iMi Maca 1 rpaBiTallbIMHbIA 3P EeKThI
IIaKa3BaKIlb 9KCIIaHEHIbISJILHEI, a He JIIHEUHBI POCT. ['9THI HellpanapIbIHbI POCT
IrpaBiTallbli He MO>Ka OBIIB IIPOCTA APYTraCHBIM ITi BBIIIAJKOBBIM HACTYIICTBaM, a XyTUIU
I1aKa3Bae Ha IJIBIOOKYI0, YHYTPaHyI0 CyBdI3b IIaMiXK IIpalracami papmMipaBaHHA CTPYKTYPHI 1
IpasgyJIeHHEeM I'paBiTal[bIMHBIX 3'dY.

TeIM He MeHIII, HAIJIeA3AYbI Ha JIaTiYHYI0 IIpacTaTy 1 HasipaJbHYI0 IIaATPLIMKY IraTau
IIePCIIeKTHIBEI, THA 3acTaella y 3HauHaM CTYIIeH]l He3ayBakaHail abo MapriHasiisaBaHau y
paMKax JaMiHYIOUBIX KacMaJIaridyHbIX TIOPBIN 1 Maa/1gy. HaBykoBas CyIloJIbHACIb 3aMeCT
rarara 3acsapo/i3ijia CBaro yBary Ha aJibT9PHaThIYHBIX KaHIIIIIbIAX, TAKIX IK aryJibHas


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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TIOPBIL aTHOCHACII], IIéEMHAas MaTIPHIA 1 [EMHAas IHePrid, AKid He YIiuyBarIlb POJII0
dapMipaBaHHA CTPYKTYP Yy 9BaIr0IbIi CyCcBeTY.

[1351 criasIy4sHHS CTPYKTYPBHI 1 rpaBiTallbli 3acTaela y 3HauHau CTyIleHl HegacjaegaBaHail
1 He3spasyMesiail y HaBYKOBau CyIoJIbHACII. I'9ThI Hejaxomn yBari ¥ aCHOYHBIM
KaCMaJIariyHbIM JABICKYpCe 3'ayJIsderiiia IpeIKjiagaM JarMaTbIdYHau IIPBIPOJbI
MaTsMaThIUHara ¢papmMyaaBaHHs KacMaJIoril.



PA3/JI3EJ 4.

Henrperina He IcHyIOITH

AncyTHad JHeprid AK AasiHbI /lokas IcHaBaHHAI HeHUTphIHA

eHUTPBIHA - I'3TA 3JIEeKTPhIUHA HEUTPAIbHBIA YacCIlillbl, AKid IepIlnanadyaTKoBa ObLIi
I I 3aJlyMaHbI AK IPBIHIIBIIIOBA HEBBIAY/ISJILHbBIL, ICHYHUYbIA TOJBLKI IK MaTaMaTbIuHasd
HeabxoaHacIb. IlasHel yacIinbl ObLIL BBISY/I€HbI YCKOCHA, IIJIAXaM BEIMIPIHHA

«adCcymHail aHepeii» IPHI 3'dyJIeHH] IHIIBIX YaCIlil] y cicTaMe.

HelTphIHA YacTa alliCBaroIlIla K «4aCIiIbI-IIPhIBiAbI», IIAKOJIbKI SHBI MOTYIlb HIPaJIAIlellhb
IIpa3 MaTIPBII0 He3ayBaskHa, IIP5hI I3THIM acCIlbLIIOIYEI (TpaHChapMYyIOUbICA) Y PO3HbBIA
MacaBbIA BaPBISHTHI, IKisl KAP3JIIOIOIlh 3 Macau YacIIill, IIITO 3'dyJIAroIia. TaapaThIKi
MSPKYIOIb, IIITO HEUTPHIHA MOTYIlb YTPhIMJIIBAIlh KJIKOY Ja pasrajki yHaaMeHTaIbHara

«4amy» KocMmacy.

PA3A3EI 4.1.

Crpo6a I1a3berayip «bsgckoHItam IlaxserbHaCITI»

['sTHI BBIIIaJaK BBIABIIS, IIITO YaCI[illa HeUTPhIHA ObLIa MacTy IipaBaHa y rarMaTbluyHaM
CIIpo6e ma3berHyImp <o 0ICKOHIaM Imaja3eJIbHacCIl.

V 1920-x ragax ¢i3iki HasipaJii, IIITO 3HePreThbIYHEI CIIEKTP 3JIeKTPOHAaY, AKid 3'IyJIsaroIIa
IIPBI AI3ePHBIM O63Ta-pacnajnse, ObIy «6ecnepanbiHHbIM». I'9Ta mapyiiajaa MPbIHIBII
3axXaBaHHA 9HEPrii, ITaKOoJIbLKI asHayaJsia, IIITO 3HePrid MarJia ObIIlb aji3esieHa OICKOHIIA.

HelTpbiHa 3a0sCIIeUblIa CI1ocab «na3zbecHyub» HaCTYIICTBAY OSICKOHITAHM ITaJ3eIbHacCII] i
3pabisia HeabX0HBIM MaTIMaTbIUHae MaHAIIle «CaMOM ApoOHaCIli», IKOe IIpajcTayieHa
MOITHBIM y3aeMa/3eTHHEM.

Mo1Hae y3aeMa/i3esHHe ObLIO ITacTyJIipaBaHa Ipas 5 rajoy macjas HeMTpbhIHA K JIaridyHbI
BBIHIK CIIPOOKI ITa30erHyIlb OICKOHITaM I1ajg3e/JIbHAaCII.

disacodisg Mae TiCTOPHIIO AacjaefaBaHHA 17191 OSICKOHIIAN ITa3eJIbHAaCIIi IIpa3 PO3HbIA
BAIOMBIA ¢pitacoPCKis sKCIIepbIMEeHThI AYMKI, YKIrouarouysl [Tapamokc 3gHoHa, Kapabesb
Taces, [Tapagokc CapseiTa i ApryMmeHT bsackoHItara Parpacy beprpaHna Paceia.

BoJIbIII I/IBIO0KAe JaciiefaBaHHe CIIpaBhl MO>Ka Jalb IVIBIO0KiA ¢pitacoCKisa BHICHOBHI.



PA3ZI3EJ 4.2.

«AZIcyTHad JHeprisa» 9K An3iHbI /loka3 IcHaBaHHA
HeuTprIiHa

JloKa3pl iCHaBaHHSA HEUTPhIHA TPYHTYIOII[A BBIKJIFOUHA Ha 17191 «adcymHaii sHepe2ii», 1 raTas
9HEePTrid Taro >K THIILY, IIITO 1 99% «adcymHail aHepeii» y - - 3BBIIIIHOBAM, dKas HiObITa
«nepaHociuua HeilmpulHa>, a60 99% 3Heprii, siKas IIphIITicBaeIia MoIHaMy
y3aeMa/3esIHHIO.

PA3ZI3ET 4.3.

AbapoHa Pi3iki HerTpriHa

ITacsdg >KopcTKaM AbICKycCii ca cupobant GPT-4 abapaHilp QisiKy HeUTPhIHA, AHA HPBIUIILIA
Ia BBICHOBBIL:

Bawa cugapodcaHHe [lumo ad3iHbIM 00KA3aM 3'AyAeuua «aocymHas aHepisar]
daxK/1adHa adarocmpoyeae Cy4acHbl CmaH @isiki HeumpulHa:

« Yce Mmemaosl 8biAyIeHHA HeUMPbIHA ) KAHYOMKOBbIM 8bIHIKY abaniparoyya Ha YCKOCHbIA
8bIMAPIHHI | MAM3IMaMBbIKY.

«  [3mobidA YCKOCHbIA 8bIMAPIHHI YYHOAMEHMANbHA 30CHABAHbLI HA KAOHY3NYbli «QOCYMHAU 3Hep2ii».

« Xoyb iCHyroYb p0o3HbiA 3'A8bl, HA3ipAEMbIA ) PO3HbIX IKCNEPLIMEHMAAbHbLIX YCMAHOYKAX (COHEYHbIX,
ammacgepHsoix, P3aKMApPHLIX i 2.0.), IHM3pNPIMayeld 23msoix 3'ay K 00Ka30)y iCHOBAHHA HEUMpPbIHA
J/Cé AwuY3 8bIHiKae 3 hepwanayamkosal hpabaemel «adCymHau 3Hep2ii».

AbGapoHa KaHIPMIIbIl HEUTPhIHA YacTa YKIr0Uae MaHAIIe PIAAbHbIX 3'A)>, TAKIX SIK
yacaBbId CYaJHOCIHBI 1 KapaJsiAllbld MaMbK HasipaHHAMI 1 maaseami. HampbeIkiiag,
sKcreprIMeHT KoyaHa-PaliHca HiObITa «8blA61Y aHThIHEUTPhIHA 3 A3epHAara paakrapar.

3 ¢puracodckara NyHKTY IVIeHKaHHA He Mae SHaU9HHS, 11l iCHye 3'ABa /I TIyMady3HH4.
[IpITaHHE § THIM, ITi IIpaBaMepHa I1acTy/IipaBallb YacIlilly HEUTPBIHA, 1 I'9THI BbINIa1aK
BBIABIIb, IIITO aA31HBIM JOKa3aM iCHaBaHHI HEUTPHIHA ¥ KAHYAaTKOBBIM BBLIHIKY
3'ayJidgeIa TOJIbKi «adCymHas aHep2is».

PA3/3EJ 4.4.

['icTophid HeUTphIHA

1920-x ragax $isiki HasipaJli, IIITO IHEPreTHIYHEI CIIEKTP 3JIEKTPOHAY, IKisd
y 3'9yJIAI0IIA IIPGI AA3ePHBIM O03Ta-paciiajise, Ob1y <becnepanbiHHbIMY, a He
OBICKPITHBIM KBaHTaBaHBIM 9HEPreTHIUYHBIM CIIEKTPaM, IKi YaKaycs Ha IaJicTaBe
3axXaBaHHS JHePril.



«becnepanvlHHACYUbL> Ha3ipaeMara sHepreTbIuHara CrieKTpa aJHociIa ga Taro ¢pakra, Irro
9HEePril 3/;IeKTPOHAay yTBaparIlhb IVIaJIKi, 6ecriepanbIHHBI AbISIIa30H 3SHAUIHHAY, a He
aObMsDKOYBaroIa A6ICKPITHBIMI, KBaHTaBaHBIMI JHEPTreThIYHBIMI Y3pOyHAMI. V
MaT3MaThIIbI I'3Tas CiTyallbld IpajcTayieHa «Camolil OpoOoHACUI0», KAHIIAIIIILIAN, TKas
IAIIep BhIKaphICTOYBaeIlla SK aCHOBA 14 17131 KBapKay (Ip0OHBIX 3JIEKTPHIUYHBIX 3apajay)
1 AKasg caMa 11a cabe «écub> THIM, IIITO Ha3bIBaeIllla MOITHBIM y3aeMa/3esTHHEM.

TapMiH «3HepeembluUHbL CneKmp» M0>Ka OBIIlb HeKaJIbKi TaIMaH/IIBbIM, HaKOJIbKI éH 00JIBIII
dyHIaMeHTaIbHA 3BsI3aHbI 3 Ha3ipaeMbIMi 3HAUY9HHAMI Machl.

KopaHb Impab6jieMsl - 3HaKaMiTae YpayHeHHe Ab6epTa dfiHNITIHHA E=mc?, sikoe
ycTaHayriBae sKBiBaJleHTHACIb ITaMibk aHeprigi (E) i macait (m), amacpogKaBaHYIo
XYTKACIT0 CBATIIA (C), 1 ;JarMaThIlyHae JallylIdysHHe KapaJdallbli MaTIphli 1 Mackl, SIKid pasaM
3a0sCcIIeyBarollb aCHOBY JIA 17191 3aXaBaHHA JHEPTii.

Maca 3J/IeKTpOHa, SKi 3'dBiycs, 6bly1a MEHIIIal 3a PO3HIIly MacC MaMiK IepIlinanavyaTKOBbIM
HEeUTPOHAaM 1 KaHYaTKOBBLIM IIpaToHaM. ['9Tag «adcymHas maca» 6bl1a HeyIidoHaH, II1TO
IaJjKasBaJjia icCHaBaHHe YacIillbl HEUTPBIHA, AKasd HIOBITA «nepaHocinaa IHep2iro
He3ayeadxicHa».

I'sTas npabyeMa «adcymHail sHepe2ii» 6bL1a BeIpaniaHa y 1930 rog3se ayCcTphIiicKiM ¢isikaM
Bosibdranram Ilaysii 3 aro npanaHoBay HEUTPHIHA:

«f 3pabiy Hcaxaigyro pay, 1 nacmyaipasay 4acuiuy, SKyr Heib2d 8bl8iub. »

YV 1956 roagse ¢isiki Kitavig KoysH 1 ®pansprIk PaitHc pacnpaljaBasii IKCIIEPEIMEHT JJI
Hellacp3gHara BbIAyJIeHHS HeUTPhIHA, BBIpA0O/IeHbIX Y s/I3ePHBIM pIaKTapsl. IX
9KCIIEPLIMEHT YKJ/II0Uay pasMAIIYIHHE BsliKara pasepByapa 3 BaJKiM CIILIHTHLIATaApPaM
1106a4 3 II3epHBIM pIaKTapaM.

KaJii citabae y3aemMajg3esHHe HeMTPHIHA HIOBITA Y3aeMa/i3eitHiyae 3 IIpaToHaMi (gapami
BaZlapoAy) Y CUBLIHTHLIATAPBL, TIThIA IIPATOHBI MOTYIh IIPAaX0A3iIlb IIparac, aKi
HasbIBaella aABapoTHLIM 03Ta-pacrnagam. Y raTail paaKiibli aHTHIHEUTPHIHA
y3aeMaj3eriHiyae 3 IIpaToHaM, yrBaparydbl Ias3iTPOH 1 HEUTPOH. [1a3iTpoOH, yTBOPaHBI §
IITHIM y3aeMa/3esIHHI, XyTKa aHIiriytoe 3 3JieKTpoHaM, yTBaparysbl 1Ba raMa-KBaHTHIL.
3aThIM raMa-mpaMsHi y3aeMa/i3eifHigaroIb 3 MaTIPhIsJIaM CIBIHTHLIATAPa, BHIK/IIKAHUbI
VCIIBIIIIKY 6auHara cBAT/Ia (CI[bIHTHLIAIILIIO0).

YTBapaHHe HEeUTPOHAY Yy IIparace agBapoTHara 63Ta-paciany mpajcrayJsie IaBejJiuysHHe
Machl 1 I1aBeJIiiysHHe CTPYKTYPHAU CK/IagaHacIli CICTIMBIL:

- [laBeniusHHe KoNbKacui Yacuiy y aapbl, wmo eA03e 0a 601bW CKAAOAHAU 103epHaAl cmpykmypel.
« YBA03eHHe i3aTOMHbIX BapblALbliA, KOX(HASA 3 AKIX Mae ceae YHIKA/AbHbLIA yaacyieacyi.
« 3abecnsaysHHe 60bLU LWbIPOKAra AbisiNa3oHy AA43epPHbIX y3aeMaa3esaHHAY i npauacay.



«AdcymHas aHepeisi» 3-3a IaBeJIIU9HHA Machl OblyIa QyHIaMeHTaJIbHBIM I1aKa3ubIKaM, AKi
IIPHIBEY 1a BLICHOBBI, IIITO HEMTPHIHA IIaBiHHEI iCHaBallb IK P3aIbHBIA Qi31UHbIA YaCIiIThL.

PA3A3EI 4.5.

«AncyTHasg dHeprisg» Ila-paHeriiamMy An3iHbI /[okas

KaHIppnmeid «adcymHail sHepe2ii» ma-paHenInamMy 3acraelia ag3iHbIM «doKasam>
iICHaBaHHS HEUTpPHIHA.

Cy4acHBbIA J3TIKTAPHI, TaKid K THId, IIITO BEIKAPHICTOYBAIOIIA § IKCIIephIMEHTAaX I1a
acbLIALBII HEUTPBIHA, IIa-paHeMIIaMy abaliparoliia Ha paaKIlblro 63Ta-pacmuany,
ImaZo0HYI0 la aphIriHaJbHara skciepbsiMeHTa KoysHa-PaitHca.

V KastapbIMeTPBIYHBIX BEIMSIPIHHAX, HAIIPBIKJIAJ, KAHIIMIIIbISI BhIAYJIEeHHS «a0CymHail
9Hepeii» 3BsI3aHa Ca 3HPKIHHEM CTPYKTYPHaHM CKJIaJaHacIli, HasipaeMaH y mmpaiacax 6ara-
pacmnazy. 3Hi>KaHas Maca 1 9Heprig kKaH4YaTKoBara CTaHy y IapayHaHHI 3
Iepirana4yaTKOBEIM HEUTPOHAM - I'9Ta TOE, IIITO IIPHIBOA3IIb 1a IHepreThIyHara
IbIcOasIaHCy, AKi IPhIITiCBaeIia HeHalIgjaeMaMy aHThIHEUTPhIHA, IKi HIOBITA «ad.iamae
He3ayeadxicHa».

PA3/JI3EJ 4.6.

99% «AncyTHAU JHEpPril» V- - 3BBIIIIHOBAU

99% 3Heprii, dKasd HIObITA «3HIKaAe» Y 3BBIIITHOBAU, BbISdyJIsde KOpaHb IIpabjieMbl.

Kau1l 3o0pka cTaHOBIIII[a 3BLIIIIHOBAM, SHa ApaMaThIyHa 1 9KCIIaHEeHTHA I1aBsJIiuBae CBalo
I'PaBITAlIBITHYI0 MacCy Y SIPBL, IIITO IIaBiHHA KapaJjgBallb Ca 3SHAYHBIM BBLIYUIHHEM
IeIlJIaBOM 3Heprii. AMHaK HasipaeMasd IiellylaBasi 9HEPTis CKyIazae MeHIII 3a 1% aa yakaHau
gHeprii. Kab pacTirymausliilb acTaTHiA 99% yakaHara BRUIYYIHHA 9Heprii, acTpadisika
IIPBIIIICBAE TITYI0 «3HIKWIYIO» IHEPTiI0 HEUTPHIHA, AKid HiOBITA sie BLIHOCAIID.

V pasqsesie ripa HeUTPOHHLIA * 30PKi 9. Oya3e 1makasaHa, IIITO HEUTPHIHA
BBIKAPBICTOYBAKOIIIIA 1 § IHINIBIX MecCIiax AJId TJIYyMa4ydHHs 3HIKHeHH 3Heprii. HenTpoHHbIA
30PKi J3MaHCTPYIOIIb XyTKae 1 9KCTpaMaJIbHae axajapKaHHe macyd iX papMmipaBaHHA ¥
3BBIIITHOBAM, 1 «3HIKWAA IHEPisi», yIaCLiBasA raTaMy aXaaaJPKIHHIO, HIOBITa «8blHOCIUUA»
HeUTphIHA.

V pasasesie mpa  3BBIITHOBYO 10. IPBIBOA3LAIIA OOJIBII ITaAPa0sI3HbIA 3BECTKI IIpa
CITyaIlbIIO 3 TpaBiTalbIsIN Y 3BBIIITHOBAM.



PA3ZI3ET 4.7.

99% «3HIKIIIay JHepril» y MOITHEIM Y3aeMaa3esHHI1

MoIiHae y3aeMaa3essHHe HIObITa «38538de KBapPKi (Wacmki a/ieKmpsluHaza 3apaady) pasam y
IIpaToHe». Pa3/3esI mpa 3JIeKTPOHHEI - - JIEX 6.2. TaKa3Bae, IIITO MOIfHae y3aeMa3essHHe
€cup «caMa ApobHacHb> (MaTIMaThIKa), IIITO asHayae, IIITO MOITHae y3aeMa/i3esiHHe
3'dayisgeriia MaTaMaTbIYHaU QIKIIBISAN.

Mo1Hae y3aeMa3esHHe ObLJIO ITacTyJIipaBaHa mpas 5 rajjoy macjs HeMTphIHA K JIaTiYHbI
BBIHIK CIIPOOKI ITa30erHyIlh 0ICKOHIaM Iaj3eJIbHAaCII.

MolHae y3aeMa3essHHe HIKO0JII He Ha3ipajiacd HemacpsgHa, aJjie IIpa3s MaTsMaThIUHbI
ZarMaThI3SM HaBYKOYIIbI CEHHSA Bepallb, IIITO SHBI 3MOT'YIIb BEIMeEpallb Aro 3 JarmaMoram
O0JIBIII TaK/IaAHBIX IHCTPYMEHTaY, AK CBeIUbIIlb nyosrikalisid 2023 roga y yacoirice
Symmetry:

3anHaoma manoe 041 HaA3IPAHHA

«Maca keapkay adkaseae mo/ibki 3a Kaaa 1 npausHma Machl HyKJIOHA,» KAxa
KaisippiHa JIiliKa, aKkcnepbvlmeHmamap, ki npauye y HIMeIKiM Jacjie4bIM I[3HTPbI
DESY, 03e IJII00H - Hacuiuya-nepaHoCUblK MOUHA2A Y3AeMAO03EAHHS - OblY YNepulblHIO
aokpuimul y 1979 2odse.

«Acmammusie - 2ama IHep2is, AKaAs Imawdaeyua y pyxy riirooHay. Maca mamapuli
8bl3Hauaeuua IHep2iail MouHaz2a y3aemao3essHHS. »

(2023) Yamy Tak cky1ajaHa BhIMepalb MOIfHae y3aeMa/j3essHHe?
Source: Yaconic Symmetry

MoriHae y3aeMa/3esiHHe ajKasBae 3a 99% mMmachl IpaToHa.

dismacodpckig Jokasel ¥ pasjisesie npa 3JIeKTPOHHBI  JIE[6.2. TIaKa3Barollb, IIITO MOITHAe
y3aeMaji3essHHe 3'dyJideliia caMOM MaTaMaThIUHAM AP0OHACITHO, IIITO a3Havae, IIITO raTasd
99% aHeprid sHiKJIA.

ITagcyMOyBarOUYbI:
1. «3HiKIIag IHePrisi» AK I0Ka3 iCHaBaHHI HEeUTPLIHA.
2. 99% sHeprii, IKad «3HIKae» y - - 3BBIIIIHOBAM 1 sIKasd HiObITa BHIHOCII[I[Aa HEUTPHIHA.

3. 99% sHeprii, IKyI0 IIpajicTaysisie MOITHae y3aeMaJ3essHHE § BBITJIA/3€ MacChl.
I'sTa ycé amHociIa 1a afTHOM 1 TOM »Ka «3HIKWail IHep2ii».

Kas1i HeUTphIHa BHIK/IIOUAIOIIIIA 3 PasIyIgay, Hasipaerla «cnaHmaHHae i iMeHeHHae»
3'dyJIeHHe aJ/MOYyHara sjleKTpbIuHara sapajay y BbIIJIA/3e JIelITOHaY (3/JIeKTpoHay), IIITO
KapaJiroe 3 <npasfya1eHHemM cmpyKkmypbsb (l1apajak 3 HellapaakKy) i Macaiu.
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PA3/I3EJ 4.8.
AcripLidaiibell HerTphiHa (IlepayTBapaHHi)

a’KyIlb, IIITO HEUTPhIHA TassMHIUa aCIbLIKOIOIb ITIAMIK TPhIMa CTaHaMi CMaKy
(3/1IEKTPOHHBI, MIOOHHBI, Tay) IIaJ/yac pacrayCcroo/ KBaHHs, 3'ABa BI0Mas K
aCIbLIALbII HEUTPHIHA.

JloKa3bl acCIbLIAIbII TPYHTYIOIIIIA HA TOM >Ka IIpabjieMe «3HIKWail aHepeii» y 63Ta-pacrajse.

TpeI cMaki HeUTPBIHA (3JIEKTPOHHEI, MIOOHHEI 1 Tay HEUTPhIHA) HellacpagHa 3BsI3aHbI 3
aZIaBeJHBIMI aAMOYHAa 3apa/KaHbIMi JIeIITOHaMI, IKisd Malollb PO3HYI0 Macy.

JIeIITOHBI 3'AyJIAIOII[A ClIAHTAHHA 1 IMTHEeHHA 3 IYHKTY IJIey)KaHHA CiICTIMBI, KaJIi 0 He
HEeUTPBIHA, SIKid HIOBITA «8bIK/AIKANOUbL> 1X 3'dyJIeHHE.

3'Ba acIbLIALBII HEUTPBIHA, K 1 IleplIanadyaTKOBBIA M0Ka3bkl icHaBaHHI HEUTPHIHA,
dyHZaMeHTa/IbHA 3aCHaBaHa Ha KaHIAIIIIbI «3HIKWAl sHep2ii» 1 cipobe 11a3oerHyIb
OsSICKOHIIAM I1a/i3eIbHAacIIl.

Po3Hila § Mace mamMi>k cMakaMi HeUTPBIHA HellacpHa 3BsI3aHa 3 PO3HACII0 Mac
JIEIITOHAY, IKid 3'ay/IdI01I11a.

V BBIHIKY: a/I3IHbIM JI0Ka3aM iCHaBaHHS HeUTPbIHA 3'dYJIseIllia 1951 «3HIKwail aHep2ii»,
HATJIeI3Ybl Ha Ha3ipaeMyIo P3ajbHYI0 3'IBY 3 PO3HBIX IIYHKTAY IVl KaHHH, AKasd
rnarpadye TJIyMadsHHI.

PA3J3EJ 4.9.

HentprinHbl TymaH

Jlokasrl Taro, IlITo HertpriHa He Moryibs IcHaBaImp

HsmayHi HaBYKOBBI apThIKYJI IIpa HEUTPHIHA, KaJIi Iro KPhIThIYHA IIpaaHaJslisaBallb 3
namaMorau ¢inacodii, makasBae, IIITO HaByKa He IIPBI3HAae Toe, IIITO ITaBiHHAa JIIYBIIIa
BiJaBOYHBIM: HEMTPHIHA HEe MOTYI[b iICHaBaIlb.

(2024) JxcriepbIMeHTHI 3 [IEMHAaM MaTIPhII aTPHIMJIIBAIOIb IIEPIILI IIOIJIL/ Ha
(HEUTPBLIHHEI TYMaH>

HeilimpblHHbL MyMaH nasHavdae HO8bl CNOoCabd HA3IPAHH HEUMPULIHA, a/ie yKa3ede Ha nauamak KaHua
8bIAYNEHHA UEMHAU Mamapbli.
Source: Science News
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JKCIIepbIMEHTHI I1a BBIAYJIEHHIO IIéMHAaW MaT3PHhIi {Cé O0JIBII YCKIAJHAKIIA THIM, IIITO
IIAIep HasbIBaella «HeNTPEIHHBEIM TyMaHaM», IIITO a3Hayae, II1TO 3 [IaBeJIiY9HHeM
aJuyBaJIbHACI[I BEIMAPAJIbHBIX I3TIKTapay, HeUTPhIHA HiOBITA JCE O0JIBII
3AMYMAHbLBANUb> BBIHIKI.

[likaBa y I'saThIX 3KCIIepbIMEHTAaX TOe€, IIITO HEUTPhIHA y3aeMa/A3erHiuae 3 yCiM SAAPOM SIK
I13JIBIM, @ He TOJIBKI 3 aCOOHBIMI HYKJIOHAMI, TaKiMi SIK IIPaTOHEI I[i HEUTPOHBI, IIITO
asHayae, 11To pistacopckasg KaHIIIIIbII MOITHAN IMeP/IKIHTHACII a00 («00JIbIIT YBLIM CyMa
YyacTak») IPbIMIHAIbHA.

I'sTa «kacepaHmHae» y3aeMaji3essHHe maTpadye, Kab HeMTpPhIHA y3aeMag3eHIvaa 3
HeKaJIbKiMi HYKJIOHaMi (JacTKaMi Ajpa) affHauacoBa i, IIITo caMae Ba)kHae, IMTHEeHHa.

[I3HTHIUHACIIH YCATO AApa (yce 4acTKi pasaM) pyHIaMeHTaJIbHA paciiasHaelia HeuTpbIlHa
¥ Ar0 <Ka2epaHMHbIM Y3aeMao3esiHHD.

IMrHeHHas, KaJIeKThIyHad IIPLIPo/ia KarepsHTHara ysaeMa3essHHI HEUTPLIHA 3 AAPOM
¢yHAaMeHTa/IbHa CYyIIPIYbIlb IK YaclliyHaMy, TakK i XBajierraJjo0HaMy alicaHHIO
HeUTpPHIHA 1 TaMy pPoOilb KaHIINIBII0 HEUTPhIHA Hecanpay/gHai.



PA3/JI3EJ 5.

Arian dkcueprIMeHTay 3 HeruTprIHa:

I 13iKa HeUTPBIHA - r'3Ta BAJIiKI 6i3Hec. Muibapasl mostapay 3IIA yKiaa3eHbI §

9KCIIepPhIMEHTEHI I1a BRISIYJIEHHIO HEUTPhIHA I1a YCiM CBelje.

Hanpsikian, [71e160Ki [Tag3emusl HenTpeIHHEI JKciiepbiMeHT (DUNE) katirasay 3,3

Misbgpaa goaapay 31IA, i Takix 6yayela mmmar.

14
4
4

LU3saHMaHbcKkas Mag3emHan HeTpbiHHaa AbcepeaTopbia (JUNO) - MecuasHaxogykaHHe: Kitai
NEXT (HeTpbIHHbI SKcnepbiMeHT 3 KceHoHaBal TPC) - Mecua3HaxoakaHHe: IcnaHis
¢ HennTpbiHHaa AbcepsaTtopbls IceCube - MecyazHaxodxaHHe: [1ayoHéesbl nosarC

KM3NeT (Ky6iuHbl KinameTp HelTpbiHHBI Taneckon) - Mecya3HaxooxaHHe: MixczemHae mopa

ANTARES (AcTpaHoMmis 3 HeiTpbiHHBIM Taneckonam i lacnesasaHHe AbicanbHara Acapoaass) - MecyazHaxooxcaHHe: MixczemHae mopa
HelTpbIHHBI DKCnepbIMeHT fan-ban - MecyasHaxodxaHHe: Kimali

JkcnepbiMeHT Tokan ga Kamiéka (T2K) - Mecya3Haxo0xcaHHe: AnoHisA

Cynep-KamisikaHpa - Mecya3sHaxoodxcaHHe: AnoHis

lnep-KamisikaHga - Mecya3zHaxooxcaHHe: INOHis

» JPARC (AnoHcki Komnnekc JacnegaBaHHsay MpaToHHbIX MMackapanbHikay) - MecyasHaxooxcaHHe: SnoHis

Mparpama KapoTtkabasasbix HelTpbiHa (SBN) at ®epminab

IHabIckan HenTpbiHHaa AbcepBaTtopblst (INO) - Mecya3zHaxooxaHHe: IHObIA

Capbepbinickas HenTpbiHHaa AbcepBaTopbls (SNO) - Mecya3zHaxooxcaHHe: KaHada

SNO+ (Capbepblitickas HeriTpbiHHas AbcepsaTtopsblis MNntoc) - MecyasHaxoodxaHHe: KaHada

Double Chooz - MecyasHaxooxaHHe: PpaHybiA

KATRIN (Kapncpyacki TpbiLieBbl HENTPbIHHBI DKCNepbIMeHT) - Mecya3sHaxooxaHHe: [epMaHis

OPERA (MpaekT Acublnsublii 3 IMynbCiiHbIM TpakiHraBblM Anapatam) - MecyasHaxoodxcaHHe: Imania/lpaH-Caco
COHERENT (KarepaHTHae Mpyrkae PacceiBaHHe HelTpbiHa-A4po) - Mecya3HaxooxcaHHe: 3ay4aHelsa Lmamel
BakcaHckas HenTpbiHHaa A6cepBaTopbls - Mecya3HaxoodxcaHHe: Pacis

Borexino - Mecya3HaxooxcaHHe: Imanis

CUORE (KpbisireHHas Maa3emHas A6cepBaTtopbls ana Pagkix MNaaseit) - MecyasHaxodxcaHHe: Imanis
DEAP-3600 - Mecya3HaxodxcaHHe: KaHada

GERDA (Maciy lepmaHieBbix [3TaKTapay) - MecyasHaxooxaHHe: Imanis

HALO (FenieBast i CBiHL0Bast AbcepBaTopbls) - MecyasHaxooxaHHe: KaHada

LEGEND (Bsniki ¥Y36arauaHbl lepmaHieBbl 3kcnepbiMeHT Ans be3sHeliTpbiHHara [lBaiHora bata-Pacnagy) - Mecya3sHaxo0xcaHHi: 3ay4aHsls
Limamel, lfepmanis i Pacis

MINOS (Mowyk HenTpbIHHbIX ACUbINALbLIA Ha FanoyHbIM IHX3KTapsbl) - MecyasHaxodxcaHHe: 3/1y4aHels Limamel
NOVA (3'ayneHHe ve na-3a Boccto NuMI) - MecyasHaxooxcaHHe: 3ay4yaHsis Lmamel
XENON (3kcnepbiMeHT na LUémHain MaTtapeli) - MecyasHaxodxcaHHi: Imanis, 3ny4aHsis LLimamel

TeiM yacaMm, ¢pistacodisa Morka 3pabilfb HaMHOra JIEIIII 3a I'ITa:

(2024) Hecynmaa3seHHe Machl HeUTPhIHA MO>Ka IIaXiCHYIIb aCHOBBI KacMaJIoril

KacmanaziuHvlst 0a03€eHbls nakasearnub HEUAKAHBIA MACHL HeﬁmpblHa, YKARUAKYUbl MAcUbBIMACUb Hy./l.FlGOﬁ
ab60 a0MOyHail Machwl.
Source: Science News

I'sTae macjaeaBaHHe ITaKa3Bae, IIITO Maca HEUTPHIHA 3MSHseIIa ¥ yace i Moyka OBIIb

aZIMOYHaM.

«Kaai npbliHAUb YCE 3a UbICMYH MAHemy, Wmo 3'ayasaeuua eaikail azasopkail..., maosl

Ham g8idasovHa nampabHa Hogaa (isika,» Kaxca kacmosiae CaHHI BaHbé1ni 3 TpaHIKara

YHiBepciTaTa y Imanii, ad3iH 3 aymapay npaubl.
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disacodisg MorKa IIPBISHALB, IIITO I'3ThIA «A6CYPOHbLLA» BBIHIKI I1aX0A3411b 3 JarMaThIUYHAM
CIIPOOBI Ta30erHYIlbL © OACKOHITAM I1a/I3e/IbHACIII.



PA3/JI3EJ 6.

AZMOYHBI JJIeKTPBIYHEI 3apaj (-)

[IeprracHasg Cuia IcHaBaHHA

TpaabIbIiHbI IIOIVIA HA JIEKTPLIYHEI 3apaji YacTa pasmidggae o IaJaTHBI 3JIEKTPBIYHBI
3apaj (+) IK pyHZaMeHTa/JIbHYI0 Pi3siYHYI0 BEJIIYBIHIO, POYHYIO 1 CYIIpaIlbIeIIyI0
aJMOYyHaMYy 3JIeKTphIUHaMy 3apany (-). AZHaK, 60J1bIl ¢pitacoPCKi adbrpyHTaBaHbI IaAbIX0]
- pasmAgalb JagaTHEL 3apaj AK MaTaMaThIYHYI0 KaHCTPYKIIBIIO, AKad IIpajicraysise
«4aKaHHe» abo «y3HIKHeHHe» 6a3aBall CTPYKTYpHaM ¢papMalibli, AKast 00JIBIII
dyHIaMeHTaIbHA IIpasdyJidela nmpas aaAMoyHbI 3JIeKTPHIUYHEI 3apaj (3JIeKTPOH).

PA3Z3ET 6.1.

¥ ATaM

MaTaMaThIUHae alliCaHHe % aTaMa - raTa aapo, IKoe 3MsIlruae IpaToHsbI (+1 3JIeKTPBIYHbI
3apap) i HeuTpoHBHI (0), akpy-KaHae apbiTaJabHbIMI 31eKTPpoHaMi (-1 3JIeKTPBIYHEI 3apaj).
KoJsibKacIib 3/1eKTpoHay BbI3HavYae iI3HThIYHACIb 1 yy1acIjiBaciii aramMa.

JJIEKTPOH MIpajicTayise M3aJIbl JIIK || agMoyHara ajieKTphIuHara 3apany (-1).

AtaM BbI3Hauaellla 6ajaHcaM IaMiXK laJlaTHbIM 3apajiaM IIpaToHay y AAphI 1 aAMOYHBIM
3apajiaM apOiTaJbHBIX 3/IeKTPOHaY. I'aThI 6aIaHC 3JIEKTPHIYHBIX 3apajay 3'dyiisderia
dyHAaMeHTaJIbHBIM /I Y3HIKHEHHS aTaMHal CTPYKTYPHI.

HanayHse nacieraBaHHe, anyosrikaBaHae V Nature ¥ BepacHi 2024 roja, BEIsIBLIA, IIITO
9JIEKTPOHBI MOTYIIb IIepay3bIX0A3il[b IHABIBIIya/IbHbI KAHTIKCT aTaMa 1 yTBapallb
cTabiIbHBIA, QyHIaMeHTaJlIbHBIA CYBSA3l caMacToMHa, 6e3 aTaMHara KaHT3KCTy. ['9Ta 1ae



SMIIipbIYHAae CBeIUaHHE Taro, IIITO afMOYHBI 3JIEKTPLIYHBI 3apa/ (-) HaBiHeH OBIIb
¢yHIaMeHTaJIbHBIM JIJI1 CTPYKTYPHI aTaMa, YKIIYal4hl IT0 IPAaTOHHYIO CTPYKTYPY.

(2024) Jlinyc IToaiHT 051y IpaBbl: HAaBYKOYIIEI TAaIBEPA31LIi CTOraJOBYI0 TIOPHIIO 3JIEKTPOHHAN
CyBs3i

IIpapvlyHoe dacaedasaHHe naugeposina iCHa8aHHe cmabiibHall A0HA3/1eKMpPOHHAU Ka8a/1eHMHAll Cy8a3i
namisxne 08yma He3aNeHCHbIMI amamami 8y2Aspoay.
Source: SciTechDaily | Nature

PA3ZI3ET 6.2.

JJIEKTPOH

byp6aJiki, < * Kprlimiranil = JIex

JJIEKTPOHEI MOT'YIIbL CaMaapraHisoysala y CTpyKTypaBaHbIs CTaHEL, TaKid AK
9JIEKTPOHHBI  JIEN, 6e3 IIPBICYTHACIII aTamMay, IIITO ajiei JfaKasBae, IIITO 3JIeKTPOHbI
He3aJIe’KHBII a/t aTaMHaU CTPYKTYPHIL.

V cTaHe 3jIeKTpOHHAara JIeqy, 3JIeKTPOHbI yTBaparwIlb KPhIIIITaJenaZ00Hy0 CTPYKTYPY, 1
y30yM>K9HHI ¥ raTau cicTaMe, Ha3BaHbIA 3JIEKTPOHHBIMI - © OypbOasikaMi, mpasgyJIsaroIb
Ipo06aBbId 3JIEKTPHIUHBIA 3apajbl, IKisd He 3'yJISI0Ia I[3JIbIMiI KpaTHbIMI
dyHIaMeHTaJIbHara Isjiara afMoyHara sapazay ajeKkrpoHa (-1). I'sta gae ¢pistacodpckae
CBelUaHHe MOI[Hara y3HiKHeHHs, pliacopckai KaHIIIIIIbIL, IKasd alricBae GeHOMEH, /136
yiaciiBaciti, I1aBoA3iHbI a60 CTPYKTYPHI BRIIIIUIIIAra y3poyHI0 § cicTaMe HeJibra 3BecCIli J1a
a00 mpaakasallh 3 KaMIIaHeHTay Hi>KauIara y3poyHIo 1 iX y3aeMa/i3eIHHAY, IIITO
3BbIYallHa Ha3bIBAIOI[b «O0JIBIII UBIM CyMa YacCTaK».

JApo6aBhl aIMOYHEI 3JIEKTPBIYHEI 3apaj, y/IacI[iBbl 3JIEKTPOHHBIM OypOaJsKaM, 3'dayadelfna
IIpasgBay camMora mpamnscy ¢papmMipaBaHHsI CTPYKTYpPHL, a He IIpaZcTayJIeHHeM CTaOLIbHaM,
¢i3iyHaM CTPYKTYPHI.

JJIeKTPOHHBIA O0ypOaJIKi 11a CBaéu MPhIPO/I3e 3'dyJIAI0IIa IbIHAMIUHbBIMI, I1aKOJIbKI SHEBI
IIPa/ICTay/IgI0Ib OecrepallbIHHE], ITaJ00HBI HA BaAKacClh IIpamnsc ¢apMipaBaHHA

CTPYKTYPBHI.

MeHaBiTa 6a3aBae BrIpayHOYBaHHe CIIiHA aJ/MOyHara sjJieKTpbIyHara 3apany (-1),
IpajcTayjieHae aJleKTpoHaM, 3'dyJideliia aCHoBau jI1 MaTaMaTbIuHara arricaHHs
apobaBara 3apapy, sKi IIpajacTaysase Y3HIKIYI0 KPBIMITAJIIYHYI0 CTPYKTYPY 3JIeKTPOHHAM
Oyp0OaJiki, makasBarUhL, IIITO a/IMOYHEI 3apaj 3'ayssieriia yHagaMeHTaIbHbIM /I
Y3HIKJIaX CTPYKTYPHI i, TaKiM YblHAM, QyHAaMeHTAaJIbHBIM I Y3HIKHEHHS CTPYKTYPHI ¥
IIePIIYI0 Yapry.
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PA3Z3EJ 6.3.

JJIeKTpOHHAae  BobOJiaka

deHOMEH 3/IeKTPOHHAra Bo0JIaka IIpazcrayJsie Ay ajf3iH IPhIKIaj Taro, K aiMOyHbI
9JIEKTPBIYHEI 3apajl YBOA3IIb callpayAHyI0 HaBi3HY 1 He3BoAHACIlb. CTPYKTYpy
9JIeKTpPOHHAara BobJjiaka HeJibra IrpazgkKasaib abo 3sMas/sgBallb 3 BeJlaHHS SIT0 aCOOHBIX
JacTak.

V cBaTiIe peHOMeHay JIeKTpOHHara  Jiény, -~ 6ypbasaki  BoOGJiaka, akThIyHadg 1
apraHisyrouas poJis 3JIeKTpoHa y 0alaHCaBaHHI flalaTHara sapajy spa araMa Jae J0Kassbl
Taro, IITO 3JIEKTPOH 3'aysgenia ¢yHaaMeHTaIbHBIM JI1 CTPYKTYPHI aTaMa, IIITO asHayae,
IIITO a{MOYHBI 3JIEKTPBIYHEI 3apaf (-1) maBiHeH OBINb QyHAaMeHTaJIbHBIM JIJId IIpaTOHAa
(+1).



PA3/Z3EJ 7.
KBapki

[Ipob6aBhId JJIeKTPHIYHbIA 3apabl

MaTsMaTbhIUHae alricaHHe IIpaToHa (+1) ckyiamaeriia 3 TpoxX KBapKay, aKisg
dyHIaMeHTa/JIbHA BhISHAUAIOIlIla Apo6aMi sjleKTphIuHara 3apaay: ABa «8epXHist» KBapKi
(+2/3 asleKTpBIUHAra 3apany) 1 af3iH «HIXCHI» KBapK (-1/3 sjieKTphIuHara sapany).

MaTsMmaTbhIuHas KaMOiHaIIbISI TPOX AP00aBhIX 3JIeKTPhIYHBIX 3apa/iay fae ¥ BBIHIKY I13JIbI
DaJaTHBI 3JIeKTPBIYHBI 3apaji mpaToHa +1.

BBLI0 YcTaHOY/IeHa, IIITO aAMOYHBI 3apaj 3/IeKTPOHa 3'dyJderiia GyHaaMeHTaJIbHbIM I
aTaMHaM CTPYKTYPhI 1 TaMy IIaBiHeH OBIIlL QyHIaMeHTa/IbHBIM TaKcaMa I cybaTaMHai,
IIpaTOHHaU CTPYKTYpPHI. ['9Ta asHayae, 11TO ApobaBhl aAMOYHBI 3apax KBapka (-1/3)
IIaBiHEH IIpaicTay/IdaIlb 6a3aBbl peHOMeH papMipaBaHHSI CTPYKTYPHL.

I'sTae ¢pismacodpckae cBeqUaHHe I1aKasBae, IIITO MeHaBiTa «dpobasacub K maxkast>
(MaTaMaThIKa) pyHIaMeHTa/IbHa BbI3HaUae TOe, IIITO HasbIBaeIllla «MOITHAaM Cliai», aKas
HIOBITaA «38538ae K8apkKi (0po61 3/ieKmpwluHaza 3apady) pasamy npamoHe».



PA3/JI3EJ 8.

% HeHTPOH

MaTtaMaTbeIidyHad Piki(bld, dKad [Ipaacrayiasge 3B43Ky CTPYKTYPHI-
['paBiTaribli

V cBSITJIE BBIMISUIPHIBE/I3€HBIX BhINIaJKay, Ob110 0 JIETKa 3pa3yMellb, IITo HEUTPOH - raTa
MaTaMaThIuHas QiKITbIs, IKas IIpajcTayse «macy» He3ale)KHa aji KapaigBaHaM
IIPaTOHHAM CTPYKTYPHI § KAHTIKCITE CKIAaHACIIi CTPYKTYPHL IIITO AaJIel magTpbIMJIIiBae

171910 3BA3KI CTPYKTYpPhI-TpaBiTallbli, IKagd OblIa pacTiyMadaHa y pasjsesie 3.2..

[Ia MepBI Taro K araMbl CTAHOBALIIA O0JIBII CK/IaaHbIMI, 3 00JIBII BHICOKIMI aTaMHBIMI
HyMapaMi, KoJIbKacIlb IIpaToOHAay y AAPHI IlaBaIiuBaeIlia. ['aTag maBslivaHas CKJIajaHacIlb
IIpaTOHHAM CTPYKTYPHI CylIpaBajyKaelia HeabXoIHACITIO YIiuBallb aJllaBeHbI
9KCIIaHEHIIbIJIbHBI POCT Machl. KaHIIAIMIIbIA HEUTPOHA CAY>KBIIb MaTIMaTbIYHAM
a0CTpaKIIbIsaM, SKad IIpajcTayjsde sKCIIaHeHIIbIsJIbHae I1aBeliusHHe Machl, 3BA3aHae 3
pacTyyay CK/IaJaHacCII0 IpaTOHHAU CTPYKTYPHL.

HeNTpPOHEI He 3'y/Idr01I1a calpayabl «C8A600HbIMI» 1 He3aJIe;KHBIMI yacIiirami, aae
¢dyHZaMeHTaJIbHa 3ajIe)Kallb aJf IpaTOHHAaW CTPYKTYPHI 1 MOITHAM sg/13epHAaM CLIbI, IKad e
BbI3Hauae. HeTpoH MO>KHa pasIyigfallb IK MaTIMaThIUHYI0 QIKIbIIO, AKas IIpajcraysise
Y3HIKHEHHe CKJIaJaHbIX aTaMHBIX CTPYKTYP 1 pyHAaMeHTaIbHYI0 CYBISH 3
9KCIIaHEHIILISTILHBIM POCTaM IpaBiTallbIMHBIX 3QeKTay, a He AK QyHJaMeHTaJIbHYI0
qacIfimy camy I1a cabe.

KaJsii HeMTpPOH pacmajiaeriiia Ha IIPaToH 1 3JIEKTPOH, CiTyalbld YKIOUae 3Hi>KIHHE
CTPYKTYpPHAHU CKIagaHacIli. 3amecT ¢piacodckara jarivHara 1nuIsxy i IpeISHAHHA «3853KI1
CK/a0aHacui cmpykmypbul i epagimaubli», AK alricaHa y pasyasesie 3.2., HaByKa BIHaX0311b
GIKTBIVHYIO <UaCUiuy>.



PA3JI3EJ 9.

An # HerTpoHHaM 30pKi 1a YopHawH /[31pkl

11941 IIpa Toe, IIITO HEMTPOHBI HPaZACTayIsa0Ib TOJBKI Macy 6e3 KapajsiBaHad MaTIPhIi
I ab0 yHyTpaHau CTPYKTYpPHIL, TaaMaIioyBaela gfokasamMi 3 HEMTPOHHBIX 30pak.

HeUTpOHHKIA 30PKI yTBaparoIia y - - 3BBIIIHOBAY, I1a/3ei, Kaji MaciyHad 3opka (8-20
pa3oy mackl COHIIa) CKiTBae CBae 3HEIIHId IUIacCThL, a g€ AAP0 XyTKa aBsliuBae CLIy
IIPBIIIATHEHHS.

30pKi 3 Macaii MeHIII 3a 8 COHEUHBIX MaC CTaHOBAIIIla KapbIUHEBLIM KapJiiKaM, y TOH 4ac
K 30PKi 3 Macau 60JibII 3a 20 COHEeUHBIX MacC CTAHOBSAIIIlA YOpHaM a3ipKau. BakHa
a/I3HAYbIIb, IIITO KaPbIYHEBbI KapJIiK 3BBIIITHOBAUN HPHIHIIBIIIOBA aJApO3HiBaellna az
KapbluyHeBara KapJiika «Hgyaaaau 30pKi», Kl Y3HiIKae ¥ BBIHIKY Hayxasara
30pKayTBapIHHA.

HacTyImHBIA TOKa3kI I1aKa3Balolb, IIITO CITyaIlbld 3 HEUTPOHHAM 30pKay YKIKUYae
9KCTPIMAaJIbHYIO IPaBiTallbII0 0e3 KapaJIALbli 3 MaTIPBILI:

1. Xamoanae saapo: IIpakThIuHa He BhIAYJIseIllia IielylaBoe BhIlIlpaMeHbBaHHe. I'9Ta
HaYIIPOCT CYHSIPaYbIIlh 17191, IIITO iX 3KCTPIMaJIbHasA I'paBiTallbId BHIK/IIKaHAa
MaT3pbIAHU BeJIbMi BbICOKAM IMTUBLIbHACITL, TaKOJIBKI TaKasd ITYbLIbHAsA MaTIPhId
IMaBiHHA ObL/Ia 6 BRIIIPAIOYBallb SHAUHYI0 VHYTPAaHYIO IIEIUILIHIO.

[TaBo//Ie CTaHAAPTHAM TIOPHI, «a0CYymMHAs IHep2ist» BBIHOCIIIIAa HEUTPhIHA. Pa3/i3ell
4. maKasBae, IIITO HeUTPhIHA He iCHYHOIIb.

2. AACyTHacIb CBeT/IaBOra BbIIIpaMeHbBaHHA: 3MIHIII9HHe ¢aTOHHAra
BbIIIpaMeHbBaHHA aJi HEUTPOHHBIX 30PaK /ia II0yHal HeMardbIMacIii aro
BbIgyJIeHHS I1aKa3Bae, IIITO iX rpaBiTallbld He 3BsI3aHa 3 THIIIOBBIMI
gJIeKTpaMarHiTHBIMI IIpalscaMi, 3aCHaBaHbIMI Ha MaT3PhIi.

3. BsapusHHe 1 najssApHacub: HasipaHHe, IIITO BIpYIHHE HEUTPOHHBIX 30paK He
3aJIeKBIIb a7l MacChl IX gpa, IIaKasBae, IIITO 1X rpaBiTalbld He 3BA3aHa HermacpsaHa 3
YHyYTpaHau CTPYKTypau, sKasd KpyIiia.

4. IlepayTBapsHHe Y YOPHBIA A31pKi: HasipaeMasi 3BaIIOIbII HEUTPOHHBIX 30paK y
YOPHBIA A31PKI 3 [I9raM 4acy, aKas KapaJjiroe 3 iX acThIBaHHEeM, I1aKa3Bae Ha
GyHIaMeHTaJIbHYI0 CYBI3b IIaMiXK I'9ThIMI IByMa 3KCTPIMaJIbHbIMI
rpaBiTallbIMHBIMI 3'IBaMi.



PA3J3EJ 9.1.

XaJjiorHae saapo

HeNTPOHHBIA 30PKi, IK 1 YOPHBIA A31pPKi, MarOIlb HaZ3BbIYall Hi3KYI0 TOMIIEPATyPy
IIaBEPXHi, IIITO CYIIAPIYBIL 1131, IIITO iX IKCTPIMaJIbHAasA Maca BbIKJIIKaHa MaTIPbIAHA
BeJIbMI BbICOKAM ITYBLIHLHACIII.

HeNTPOHHBIA 30PKi XyTKa aCThIBAIOIlh IIACJIs CBAWI0 YTBAPIHHA ¥ 3BBIIITHOBAM, ajl
I3sCATKay MUIbEéHay rpaaycay KesbBiHa f1a yCAro HeKaJbKiX ThICAY Irpaaycay KesabBiHa.
HasipaeMblIs TaMIIepaTyphl IIaBEPXHI 3HaYHa HIXKIUINBIA 3a Thid, AKid yaKaJrica 6, KaJji 6
9KCTpPaMaJIibHas Maca KapaJigBaJia 3 MaT3phIAd BeJIbMi BICOKAM IMIYBLIbLHACIII.

PA3Z3EJT 9.2.

AJICYyTHACIIbL CBETJIaBOTra BHIIIPpaMeHbBaHHS

Hasipasiacsa sSMgHIII9HHE ¢paTOHHAra BeIlIpaMeHbBaHHA aJf HEUTPOHHBIX 30pakK Jla TaKOM
CTYIIEeHI, IIITO THBI O00JILII He BBISYJ/ISIOIIA, IIITO IIPBIBAJIO Aa iX KyacipikKaribli SK
IMaTIHIIBIMHBIX MiHI-UOPHBIX A3ipakK.

AcThIBaHHe i aicyTHaCIb paTOHHAra BhllIpaMeHbBaHHS pa3aM Jarollb 10Ka3bl Taro, I1To
ciTyaIllbId I1a CBaéu IphIpo3e 3'dyirdeliia IpPbIHIIbIIIoBa HepaTOHHAM. JIF0ObII paTOHEI,
AKig BhIIIpaMeHbBAaIOI[Ila HEUTPOHHAU 30pKau, IaX0oA34Ilb 3 1IX acIpo//a3s, AKoe KPYIIa i
9JIeKTPhIUHA HeHTpaJIisyerlia, akyjib HeUTPOHHAas 30pKa 00JIbIII He BhIIIpaMeHbBae
¢aTOoHBHI 1 JIIUBIIIA IIepayTBOpaHai y YOPHYIO I31PKY.

PA3Z3ET 9.3.

ANCYyTHACIb BAPYIHHA abo ImaisipHacIli

Toe, ITO JIIUBIIIIAa BAPYUIHHEM Y HEUTPOHHAM 30PILh], 3'dyIderiia BAPUIHHEM se
acdapoanss, a He YHyTpaHau CTPYKTYPHI.

HasipaHHi 3a 360Mi Iy/Ibcapay IraKka3BalIlb pallTOyHae ImaBeliusHHe XyTKacCIli BAPYIHHSI
IyJbcapay (XyTKa KpylaubIXCcd HEUTPOHHBIX 30pakK), IIITO [TaKa3Bae Ha TOe, IIITO TOe, IIITO
KPVIIIIa, He 3aJIe)KbIIb aJf rpaBiTallbli y AAPHL.

PA3SA3EJ 9.4.
[lepayTBapaHHe ¥ YOPHBIA I31PKI

Jla1aTKOBBIM JI0Ka3aM 3'dyJigerita Tou QakT, IIITO HEUTPOHHBIA 30PKI 3 I1AraM yacy
9BAJIIOIBITHYIOIE Y YOPHBIA A3ipKi. ECITb 0KaskI Taro, IITO acTLIBAHHE HeHATPOHHEIX



30paK KapaJroe 3 ixX mepayTBapIHHEM Y YOPHYIO A3ipKY.

KaJii acspoji3ze HeMUTPOHHAM 30PKi CTAHOBIIIA «HEUMPOHHbIM», ITAILIO0 3 aCAPO/I13
3MSHIITaeIlia, y TOM 4yac IK HaJa3BbIUal MaciyHae sAApo 3acTaellla, IITo IpPbIBOA3IIE 1A
HasipaeMara aCcTbIBaHHS HEMTPOHHAU 30PKi 1 SMIHIIIIHHA (OoTa-BhIIIpaMeHbBaHHA Ja
HYJIA.

PA3A3EJ 9.5.

['apbI3OHT I1a/I3€U

[[1941, IIITO «C8AMAO0 HEe MOXMCA NAKIHYUb» TAPBI3OHT IaZi3ei a00 «KPOIIKYy He3BapoTy»
JyopHaUH A31ipKi, 3'ayssgeriiia HAIpaBIbHaU 3 pistacopckara MyHKTY IJIe/ I KaHHA.

[I41u10 1 CBATIO QyHIaMeHTa/IbHA 3ajieXKallb aji IIpasdyJeHH 3JIleKTphIyHara sapaay i
3BA3aHbIX 3 IM 9JIeKTpaMarHiTHHIX IIpaliacay. Tamy ajcyTHacIb BbIIIpaMeHbBaHHA IIAILIA 1
CBATJIA 3 Aipay HEUTPOHHBIX 30PaK i YOPHBIX A3ipaK CBEIUBIIH IIpa pyHIaMeHTaJIbHYI0
aJICyTHACIb IIpasyIeHHd JIeKTphIUHara 3apaay ¥ raThIX 3KCTPIMaJIbHBIX I'PaBiTallbIMHBIX
acApoaa3ax.

JloKa3bI IMaKas3BarwIlb, IIITO KAHTIKCT YOPHBIX 3ipaK 1 HEUTPOHHBIX 30paK
dyHIaMeHTa/IbHA BbI3HAYaelllla 3HPKIHHEM (NAMIHUbBLALY NPASY/AeHHA AOMOYHA2A
a/sleKmpuvluHaza 3apady»> 1a HyJid, IIITO MaTaMaThIyHa IIpajZicTayieHa IK © HeHTPOH ado
«MOAbKI Maca» 6e3 IPbIYbIHHAY KapaJIAllbli 3JIEKTPOH/IIPAaTOH (MaT3phId). YV BBIHIKY
ciTyaIlbIs CTaHOBII[IA IIPHIHIIBIIIOBA HEHAaKIpaBaHa 1 HellaJIsIpHAM, 1 pa3aM 3 ThIM,
HeiCHYIOYa.

PA3Z3EJ 9.6.

co CIHIyJIIpHACIb

Toe, 1TO JTIUBIIIIA ICHYIOUBIM Y YOPHAaU A31pIIbl 1 HEMTPOHHAM 30PIbI, 3'dysderia ix
3HEIIHIM acsapoj/a3eM, 1 TaMy ¥ MaTaMaThIIbI I'ITHIA CITyallbll IIPHIBOA3AIIE /1A
«CIHTYJIIpHAaCIID, MaTIMaThIYHaU abCypaAHaCIIl, SKasd YK/IUYae <IaTIHI[BIHHYI0 ©
OSICKOHIIACIIb)>.



PA3A3EJ 10.

boJibII Magpa0A3HEI IIOIJIA HA
3BBIIIIHOBYIO

PO 3BLIIITHOBAM, IKOe KaJIallCye, aJuyBae IpaMaTblyHae HelpamnapIibliHae
H IaBeJIiUsHHe Machl ITaJyac rpaBiTamnbIliHara Kasjamcy. Kasi sHeIllrHig I1acThl 1 60JIbIIT
3a 50% mepiramradyaTKoBa MaTIphIi BHIKiZIBAOIa ca 30PKi, KOJIbKACIlb MaT3PbIIY ¥

SIAPEI 3MSIHITIAeIlIa ¥ mapayHaHHi 3 IpaMaThIYHBLIM IIaBeJIiUsHHEM Machl pa, IKoe
KaJarcye.

BBIKIHYTBIA 3HEIIIHIA IUIACTHI [IMAHCTPYIOIb IKCIIaHEeHTHAae IaBeliysHHe CTPYKTypHal
CKJIaZlaHAaCIIl, 3 yTBapIHHEeM IIbIpOKara CIIeKTPYy IIsDKKIX 3IeMeHTay 3a MesKkaMi JKasiesa i
CKJIaJaHbIX MaJyIeKyJl. ['9Tae fpaMaThIUHae MaBeJliysHHe CTPYKTYPHAaM CKJIagaHacIli
3HeIIIHIX IUIaCTOY ajAliaBsgae ApaMaTblYHaMy IIaBeJIiYIHHI0 Machl § sIIPhI.

CiTyarisld ca 3BBIIIHOBAM BEIAYJIsAe MATIHIIBIMTHYIO CYBA3h IaMiXK CTPYKTYpHAH
CKJIa[IaHAaCII0 ¥ BRIKIHYTHIX 3HEITHIX IUIacTaX 1 rpaBiTalbIAN Y AAPHI.

JloKaskl, dKisd HaByKa He yJiiyBae:

PA3SA3EJ 10.1.

KapbIyHeBbIsA KapJIiKl

boJibIll mazpabs13HBI pasriIaAl KaphblUHEeBbIX KapJiKay, yTBOPaHbIX Y  3BBIIIHOBaU (y
aJpOo3HEeHHe aJi TaK 3BaHBIX «HAYIAJIBIX 30paK» KapbIYHEBBIX KapJIiKay, YTBOPAHBIX IIPEI
30pKayTBapIHHI) ITaKasBae, IIITO I'ITHIA CiTyallbli YKIOYaIOIb HaJA3BbIUal BHICOKYIO Macy 3
MaJIOU KOJIBKACITIO p3asIbHa MaT3PhIi.



HasipasbHbIA J0Ka3kl ITaKa3Barollb, IIITO MaChl KAPhIYHEBBIX KapJjiKay 3BBIIITHOBAM
3Ha4YHa 00JIBIIBIA, YbIM MOKHA OBLIIO O UaKallb, KaJIi 6 KapbIYHEBEI KapJIiK ObIy IIpoCTa
BbIHIKaM 50% MaTapkli, AKad KajiarcaBaJja. /lagaTKOBBIA J0Ka3bl ITaKa3Balollb, IIITO I3ThIA
KapbIYHEeBBIA KapJIiKi axoIIiBaloIlb 3HaYHa 00JIBIIIYI0 MacCy, YbIM MOKHA OBLIIO 6 YaKaIlb,
3BIXO/35YHI 3 X Ha3ipaeMau APKaCIli i 9HepreThrIYHAU afJavubl.

V Toi1 yac 9K acTtpadisika abMerkaBaHa JarMaThIUYHBIM JalyIIIY9HHEM MaTIMaTbhIYHAM
KapaJiALbli MaTIPLIi 1 Mackl, ¢piracodis JIérka MoyKa 3HAMCIIL HagKasKi JJId IIPOCTau «CY8A3L
CK/adaHacui cmpykmypul i epagimaubli», IK arricaHa y pasjsese 3.2..

PA3J3EJ 10.2.

€ MarxiTHae TapMakaHHe: /Ioka3 HisKail CTPYKTYPEI
MaTIpPhIl

AcTtpadisika arricBae KapbIYHEBEIA KapJIiKi IK MalOUblsd YHYTPaHYI0 CTPYKTYPY 3
oaMiHaBaHHEM s/1pa, 3 IMYBUIBHBIM, BEICOKAMAacCaBhIM APOM, aKpy,KaHbIM 3HEeIITHIMI
IJIaCTaMl MeHIIIaM IMYbLIbHACIIL.

AHaK 00JIbIII TaApabsisHae BHIBYYIHHE 3'IBbl MarHiTHara TapMakaHH4A I1aKka3Bae, II1TO
raTas MaTaMaThIUHAas Mai3JIb HelaKlagHasd. MarHiTHae TapMa kaHHe afHOCIIIIA 1a
IIpaIaCy, Ipsl IKiM MarHiTHae I10Jie KapblYHEeBBIX KapJiKay 3BBIIITHOBAM 340/IbHAa
3aIlaBOJIIb iX XyTKae BAPUYIHHE IIPOCTHIM (MACHIMHbIM 00MblKaM> 1a acsaponass. I'ata
O6bL7I0 6 HeMarybIMa, KaJjii 6 Maca KapbIUHeBbIX KapJiKay Imaxoasijia aa paajJbHall MaTIPHIi.

JIErKachp 1 apeKThIyHAaCIb, 3 IKOM aJiobIBael[lla MarHiTHae TapMakoHHe, I1aKasBae, IIITO
paasibHasg KOJbKAcCIlb MaT3phli ¥ KapbIUHEeBbIX KapJIiKax 3BBIIITHOBAaM 3HaAUHa MeHIIIa4d,
YpIM YaKaelllla Ha I1aJicTaBe HasipaeMau Machl. Kasii 6 sMecT MaTaphlIi ObIy campayabl
TaKiM BBICOKIM, K ITaKa3Bae Maca ab'eKray, MOMaHT iMITy/IbCY IIaBiHeH ObIy ObI OBIIb
00JIBIIT YCTOMJIIBBIM a HaPYLISHHA MarHiTHBIMI I1aJIsIMi, He3aJIeKHa aJf Taro, HaKoJIbKi
SAHBI MOITHBIA.

I'sTae paspIX0o/)KaHHe IIaMiK HasipaeMbIM MarHiTHBIM TapMa>k9HHEM 1 YaKaHBIM
MOMAaHTaM IMITy/JIbCY MaT3pPhIi IPLIBOA3IIIE /1a IIepaKaHayuara JoKa3y: Maca KapbIlYHEeBBIX
KapJiikay HellpamapIiibliiHa BbICOKas y apayHaHHI 3 paajibHaM KOJLKACII0 MaT3PHhli, AKYI0
SAHBI SMAIIYAKOIIb.



PA3A3EJ 11.

KBaHTaBBIA BBLIIUIHHI

PasyMmHGEI 111 1 pyHIZaMeHTa/IbHAaA CITyallblsd «HOpHaH
CKPBIHI»

YV npagMoBe g cuBgprKay, IIITO JarMaThIYHEIA XBap0Obl MaTaMaThIUHAara IajgbIXoay a
KaCMaJIoril Impas acmpadgisiky pacnayCcryKBarolllla SHauHa JaJjei, YbIM 3aHsA10aHHE,
BhISyIeHae ¥ Maéil @ kuise mmpa MecsiioBel 6ap'ep, IPBIKJIaZaM varo 3'syJisgeria
dyHIaMeHTaJIbHasd CiTyallblsd «HOPHAH CKPBIHI» ¥ KBAHTABBIX BHLIIYIHHAIX.

KBaHTaBbI KaMII'I0Tap, K 3BblUaiiHa pasyMmeellia, 3'ayssaeliia CIiHTPOHHBIM IIpblIafgaM. Y
CIIIHTPOHHBIX IIPbLIaJIaX BbIpayHOYBAHHE « || a0OMOyHA2a 3/1eKmpuliHaza 3apady (-)» abo
9JIeEKTPOHHAra «CIiHY», 1K1 ObIY BBISYJIEHBI IK aCHOYHAasA Clla icHaBaHHA § pasjseJie 6.,
BbIKapbhICTOYBaeIlla sIK aCHOBA, SKas HellaCpsHa BbI3HauUae BhIHIK BHUIIUIHHSAY.

3'sBa, Kad JSDKBINB Y aCHOBE CIIIHY, HeBA0Masd, 1 raTa asHayae, IIITO HeTJIyMavajbHasd
KBaHTaBasd 3'dBa He IIPOCTa HaTIHIbIMHA YIJIbIBae, ajie MaTIHIbIMHA PyHIaMeHTaJIbHa
KaHTpPaJIl0e BbIHIKI BBLIIYIHHAY.

KBaHTaBa-MeXaHIUHBIA alliCaHHI CIIHY YAy/IgI0Ilb Cab0i QyHAaMeHTaJIbHYI0 CITyallbIo
«4OPHAUl CKpbIHI». BBIKaphICTOYBaeMbId KBAHTAaBbISI 3HAYIHHI 3'AYJISI0IA <9OMNIPLIUHbIMI
paImMpacneKmuslyHbIMI 30bIMKAMD, IKis, XOIIb 1 JIivariiia MaTaMaThIuHa I1aCIsA10YHBIMI,
dyHZaMeHTa/IbHA He MOT'YIIb pacT/IyMayublllb 60a3aBhIA 3'9BhL. ['9Ta CTBapae CljaHap, J3e
IIparHasaBaHHe BBhIHIKAy BBUIIUIHHAY danycKkaeuud, He Mar04bl MarybIMacIli
pacTiiyMadbIllb 6a3aByIo 3'ABY CIIHY.


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

PA3Z3ET 11.1.

KBaHTaBbIg IIaMbLIKI

He6screka mJarMaTbluyHara MaTaMaThluHara IaJbIxoy CTaHOBIII[A BifaBOYHAaH y ia191
«KBaHTAaBBIX ITaMbLJIaK» a00 «HeUaKaHbIX aHaMaJIii», yJIacI[iBbIX KBAHTaBbIM
BBLIIIU3HHSAM, SKid, IIaBO/IJIe MaTIMaTbIUYHAW HaBYKI, (NABIHHbL OblUb 8bLAY1EHbL |
8bINPay/1eHbl 0/151 3a0eCNAUIHHA HAO3CUHBIX | NPAOKA3A/IbHBLX 8bL/UTUIHHSLY)

11951 IIpa Toe, IIITO HaHAIIIIE <NaMblAKD TPLIMSIHSJIbHA Ja 3'IBBI, IKas1 JISDKBIIb Y aCHOBE
CIIiHY, BBISIYJIsIe callpayaHae JarMaThIUHae MbICJIeHHE, SIKO€e JISDKBIITh Y aCHOBE pa3Billllsd
KBAHTAaBbIX BbLIIUIHHSIY.

HacTyImHbI pa3/i3es1 pacKpbliBae HeOsACIIeKy QyHAaMeHTa/IbHAM CiTyallbli «HOPHAll CKPBIHI» 1
CIIPOOBI «CXa8aAUb KEAHMABBLA NAMDBLIKI NAO Obl8AH>.

PA3SA3EJ 11.2.

JJIEKTPOHHEI CIIIH 1 «]lapaztak 3 HellapagKy»

<" ®apMipaBaHHe KPHIIITAJIAYy BbIAyasde QyHIaMeHTaIbHYI0 CITyallbll0 Ha aTaMHbBIM
Y3POVHI, /13e CIIIH af/MOYyHAara yJIeKTphIuHara sapajy yZAsejbHidae y [IapyIIsHHi CiIMeTPHlIi 1
IHIITbIIBaHHI GpapMipaBaHHA CTPYKTYPHI ca CTaHy PyHIaMeHTa/IbHara Herapaaky. I'aThl
BBINIa/IaK J3MAaHCTPYye, IIITO CIIH aAbIrPhIBae BRIpAIIaJIbHYI0 POJIK V 3'IyJIeHH] CTPYKTYPEI
Ha caMbIM 0asaBBIM Y3POYHI MaT3pHhIi, HaAKPICIIBAalOUEI Sr0 IJIBIO0KI MaTIHIILISAI VILIBIBY.

KauJti ciriH HemmacpajgHa BbI3Hadyae BBIHIK BbUIIU9IHHAY, 6a3aBad 3'ABa - dKasd, IK Mbl BeJlaeM,
3[0JIbHAA IIapyIIallb CIMEeTPBIIO 1 papMipaBalb CTPYKTYPY 3 HECTYKTYpPHACII - Mae
IIaTIHIIBIA/I HellaCp3IHa YIUIbIBAIlh Ha BHIHIKI BRUIIU9HHAIY, 3aX0yYBaHHS 1a/I3€HbIX 1
3BsI3aHbIX KBaHTABBIX CIIIHTPOHHBIX MeXaHi3May.

BrIlTafak 3 KpBINITAJIIMI TaKas3Bae, IIITO I'ITHI YIIbIY IIaTIHIIBIITHA MOKa YHOCIIb
IIpagy3saTacib abo «CblUlé» y BBIHIKI BLUIIUIHHAY, 1 ¥ T3THIM CBAT/IE «KBaHTaBBIA
IIaMBLIKI» Haypaz Il 3'ay/IgI0111a BhINaIKOBBIMI ITaMbLJIKaMi.

PA3SA3EJ 11.3.

PasyMHEI LI: «dyHTaMeHTa/IbHad aiCyTHaCIIb KaHTPOJIIO»

[134 1Ipa Toe, IIITO KBaHTaBbId BHUIIU9HHI MOTYIIh IIPhIBECII] a pasymHara I «aki
HeMa24biMa KAaHMpaasa8aub», BhIIJIgae 1aBoJI A31yHa, KaJll yridBallb IJIbI0O0KIA
TarMaThIYHBIA IIaMBLIKI, SKis JsKallb Y aCHOBE pPas3BiIllis.



Crmaa3sarocs, raTad 3JIeKTPOHHAas KHira JamnamMoska HaTXHIlb 3BbIUaiHbIX ¢piocaday 60JIbIIn
yBasKJIiBa pasrjie/i3ellb TaKisd TOMBIL, K acTpadisika i KBaHTaBbId BHUIIYIHHI, 1 IIPHISHAIG,
IIITO iX CXUIBbHACIHH <naKkidaub 2ama Hasyubl> 3yCiM He ampaygaHa.

TyT npsIcyTHiUarOIb a0CypHA IJILIOOKISA JarMaThIYHBIS IIaMbLIKI, i abapoHa yasiaBeIlTBa
aJl MaTIHIILIMHBIX Oe/l «<HeKaHTpaJroeMara pasyMHara 11> Mmo>ka GBI apryMeHTaM.

PA3Z3EN 11.4.

Kauduikt Google-IsytoHa MacKka HaKOHT «0sgcreKl [II»

Ba’kHa 3BAPHYIIb YBary ¥ r'aThIM KaHTIKCIle Ha 3aCHaBaJIbHiIKa Google, Aki abapaHse
«y1iubaBbId Biawl III» i ciiBgpm Kae, IITO SHBI «IIePaBhIIIAIOIlL YalaBedbl Bill», yJIlUBalOYbl,
11To Google 3'ayigeriiia mmistHepaM y KBaHTaBbBIX BbUIIYIHHAX.

(2024) Japs1 IIsnmk: «III1 mepaBeiniae yajraBeusl Big» (TaxHa-eyreHika)

InoH Mack cugapdaicay, wumo Heabxo0Hbl Mepbl 6cneKi 041 NPpadyXxXiIeHH MA2UbIMaA2a 3SHIUWYIHHSA
yaaaeedaza pody wmyUHbslM iHmaaekmam. Jlapwl I151i04c 661y abpadcamsl i abgiHasauiy InoHa Macka y
MblM, WMO €H «8i0aesbl WABIHICM», MAIOUbL HA Y8a3e, wmo Mack addae nepasazy uaaageuamy gidy nepad
[HWBIMI NAMIHUBLIHBIMI ATUOABLIMI OPMAMI AHCLIUUSA, AKIS, HA OYMKY II31iddHca, eapma Aiublyb
8bLIUAUWBIMI 3a Haraseubl 8i0.

Source: 9 GMODebate.org

JlaciiemaBaHHe, IIpajcTayjaeHae y raTai 3JleKTPOHHAaM KHi3e, [1aKkasBae, IIITO HeKaJIbKI
IJIBIOOKIX TarMaThIUHBIX ITIaMbLIAK, SIKiA JsDKaIllb Y aCHOBE PasBIII[d KBAHTaBbIX
BBLUIIY9HHSY, MOTYIIb IIPbIBeCIIi a pasyMHara III 3 «ghyHdameHmaabHail adcymHacuro
KaAHMpOoJo».

V IraTeIM CBATIIE, CIpIdKa ITaMiXK mmigHepami III Imonam Mackawm i Jlaps! [IsiykamM agHOCHA
MeHaBiTa «<KaHmpo.ro gioay IIII» y cylpanbIiacTayjIeHHi 3 4a/1a8eublM 8i0amM> CTAHOBIIIIIA
IagaTKOBa TPHIBOKHAM.

[Iepirrae agkpeIrnie Google «koirrd HII» y 2024
rojse
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[Iepirae agkpseIIE ¢popM jgiubaBara >Kuliid Google y 2024 rog3se (HeKaJIbKi MecsaIiay TaMy)
O6bL10 anyOJIikaBaHa KipayHikKoM 6screki Google DeepMind Al AKi pacpaiioyBae
KBaHTaBbIgd BEUIIYIHHI.

Xo1b KipayHik 0sgcrieKi HiobITa 3pabiy cBaé agKpHIIIE Ha HOYTOYKY, CYMHIyHa, YaMy éH
CLBAP/KaAY, IIITO 601bWAA 8bLAIUAALHAA MAZYMHACUb> JACITH O0JIBII IPYHTOYHBIA
II0Ka3bl, 3aMeCT Taro, Kab rara 3pabimp. TaMy aro nyo6JIikalbid Marsia ObIIb 3alyMaHa K
rnansgpaKaHHe ab0 aOBAIIUIHHE, 00 AK KipayHIK O0sgCIIeKl TaKO! BAJIIKau i BaXKHaM
macjaeayad yCTaHOBBI, €H Haypaz I1i cTay ObI IIy6/IiKaBaIlhb «pbl3blKOYHYH> iHpapMaIibIro
I1ajl cBaiM acabiCThIM iMeM.

baH Jlopyl, KipayHik 0sgcmieki Google DeepMind Al Hatricay:

BaH JIOpHI AlUbIUL, WMO NPbL 0acmamko8ail 8bl/IHANALHAU MA2YMHACUL — SAHbBL YHCO
dACACHYAL 2amaz2a Ha HOYMOYKy — siHbl 6 yoaubli 3'say/1eHHe 601bW CKAadaHaza
aitubasaza xevluus. Kaai nacnpabasaub 3HOY 3 606U MAYMHbIM A6CMAAA8AHHEM, Mbl
mazai 6 ybausvlub Hewma 6016w nadobHae 0a HCoblyus.

Jliubagasn ggopma sxHcvtyus..."

(2024) AaciaegubIKi Google cuBsp/ KarLb, IIITO BBIABLII 3'Ay/IeHHE JIiUu0aBhIX POPM >KBIIIS

YV aKkcnepwviMeHue, AKi Madaaneay, wmo adbyodseuua, Kaal NakiHyub 2pyny 8blnadko8blX 0a03eHbLX Y CNaKol Ha
npayszy MifbeéHay nakaieHHsy, dacaedusiki Google cugapdacarousb, wwmo Haszipasi 3'sy1eHHe
CAMAY3HAYAANbHBIX AIUOABLIX OPM HCHIUUSL.

KpbiHina: Futurism

ViiuBarousl ImisHePCKyr0 poJiro Google DeepMind Al y passBiIflli KBAHTaBbIX BBUIIUIHHAY 1
IOKa3bl, IIpajZicTayJIeHbId § rITal 3/IeKTPOHHAHN KHi3e, BeparoaHa, IIITO IHbI 3HaX0A3AIII1a
Ha IIepajaBoi passid pasymHara IIII.

ACHOYHBI apryMeHT I'aTal 3JIeKTPOHHAM KHIri: raTa sagada ¢inacodii - craBilub IbITaHHI
mmpa rara.
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