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PA3/ZI3ET 1.
VBO/A31HBI § KAaCMIUHYI0 pL1acodiro

1714 ropase HaMernki ¢piocad I'oTdpsulx JIeHOHIIT - «aIIOIIHI

YHiBepcaJIbHbI T'eHIiU CBETY» - IIpallaHaBay TIOPHII0 ©

OSICKOHIIBIX MaHa/, sIKasl, XOIlb 1 3[aBaJIacs JaJIeéKam ajl
¢isiyHaM paasbHACIII 1 CyIsIpIybLIa CydacHaMy HaBYKOBaMy
paasisMy, ObLIa IlepaacsHcaBaHa y CBATJIe PasBiIllld cydyacHau
¢13iKi 1 60/IBIIT KAaHKPITHA HeJlaKaJIbHACLI].

JIerOHiLY, y CBar0 yapry, 661y IJIbIO0KA IaAyILUILIBaHbI IP3UacKiM
¢imocadam IlstaToHaM i cTapa’kpITHAaM Irpadackay KacMiuyHa
¢inmacodigi. SIro TIOphIA MaHaJ Mae BbllaTHae I1ajadeHCcTBa 3
II1aToHayckiM cBeTaM ®opmay, K alricaHa y sSHaKaMiTau
AJteropsli ris1yopsl IlnaToHa

I'sTad 3/IeKTPOHHAsA KHira nakaxa, gk ¢inacodig Moxxa ObILb
BbIKaphICTaHa JIJId JacjaefaBaHHd 1 pasyMeHHs KOoCMacy JajéKa 3a
MerKaMi MardybIMacIigy HaByKi

IIImo xapakmapwi3ye ginocaga?

A: «3adauva ginacodii mooxca 3akarovauua y movim, kab
dacsedasaub NPaxooHbLA WAAXI nepad npsLaieam.»

dinocag: «AK paseeoduslk, niziom yi npagaowlp ?»

A: «SIK IHTI/IeKTya/IbHBI lepuianpaxo/serr. »



PA3ZI3ETN 1.1.

IIpa ayTapa

S 3'ayasrocd 3acHaBasibHIKaM % GMODebate.org, ki sMsAlrdae
KaJIEKIIbII0 OSACIVIaTHBIX 3JIEKTPOHHBIX KHIT, IKif aXOILIiBalIlb
¢yHAaMeHTaJIbHBIA (pi1acoPCKisd TIMBI, IIITO ITAIJIBLIOJIAOIIA ¥
¢imacodCKisa aCHOBEI CIILIEHTHISMY, PYXY «BbI3BaJIeHHA HaBYKI af
¢imacodii», «aHTHIHAaBYKOBara HapaThIBYy» i1 Cy4acHBIX popmay
HaBYKOBau IHKBI3IIIBII.

GMODebate.org sMsIryae 3;IeKTPOHHYIO KHITy manyasgpHau
aHstaitH-Qiacodckait IbICKyCii 11ag Ha3sBau «IIpa abcypoHyro
2e2eMOHII0 HaBYKI», y AKOH 1padecap ¢imacodii JaHiaa K. /[aHeT
ya3ejbHIUay y abapoHe CIIbIEHTHI3MY.

V piracopckimM raciieraBaHHi, IKOe
namnspagHiyaaa Maéii @ ssexTpoHHai
KHi3e 1pa Mecs110BbI 6ap'ep, IKas
macJjenye MardbIMacilb Taro, ITo KbIIé
MO>Ka OBIIbL aOMe’kaBaHa pariéHaM BaKoJI

v CoHua y Mesxax CoHeYHaM CiCTaIMBl,
CTaJla BilaBOYHa, IIITO HaByKa 3aHAA0aa
IIPOCTHIA IILITaHHI 1 3aMeCT rarara IpbIHsAIa JarMaThIYHbIA
DaIyIIY9HHI, 9Kisg ObUII BEIKAPBICTAaHBbI AJIA ITaATPBIMKI 1131, IIITO
JIFO31 KaJti-HeOyA3b OYAYIlh JIATaIlb IIpa3 KocMac 1K He3aIeKHbIs
OiIXiIMIYHBIA IYYKi MaTIPHII.

YV raTeIM yBOZ3iHe ¥ KacMiuHYI0 ¢pisacoPiro g pacKpsIlo, IIITO
IarMaThIUYHbIS XBapoObl MaTaMaThIuHara ¢papMipaBaHHI
KaCMaJIOrii mpas acmpagisiky paciiaycCroKBarIiia sSHauHa
naJjiey, YbIM 3aHg10aHHe, BhIdyIeHae ¥ Maéil aJIeKTPOHHAU KHi3e
Ipa MecsAI[0BEI 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://be.cosphi.local/download/moon-barrier.html
https://be.cosphi.local/download/moon-barrier.html

[lacsia mpaybITaHHA I'ITara BIIAZIKY, BEI Oyz3ele MeIlb 00/IBIII
IJIBIOOKae pasyMeHHe:

» CTapa’kpITHAW MyApPAaCIIi IIpa Toe, IIITO YOPHBIA A31pHhI
3'ayisdronia «Mari» CycBeTy

» IIITO CycBeT icHye IIpa3 # 3JIEKTPLIYHEI 3apa]]

» IIITO HEUTPBIHA HE iCHYIOIH
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PA3ZI3ET 1.2.

[TangparKaHHe IIpa KBaHTaBbId BBUIIUIHHI

I'sTwI BRIIIa/IaK 3aKaHYBaeIlla ramngapapKaHHeM y pasasese 11.,
IIITO KBAHTAaBBIA BBUIIYIHHI, IIpa3 MaTIMaThIYHEI arMaThI3M,
<HeC8A00M@> yKapaHAIIa ¥ ImaxoKaHHi papMipaBaHHS
CTPYKTYPHI § KOocMace, i ThIM caMbIM MOT'YIIb <HEC8100Ma>
cTBapalb aCHOBY A1 pasyMHara IllI, aki HeMarysIima
KaHTpa/siBalb.

Kan¢iikT namix migaepami 11 ImoHam Mackawm i Jlaps! IIaimpkam
aJJHOCHA MeHaBiTa «KaHmMpo.1o Had eidami I11I» y mapayHaHHI 3



yanaseusbim gioam> acabsiBa TPHIBOXKHEI § CBATJIE JOKa3ay,
IPBIBEI3EHBIX Y I'9Tal 3JIEKTPOHHAU KHi3e

Toe, mTO 3acHaBa/JIbHIK Google abapaHsie «1iubaBbId Bifsl II» i
CLBSIp/I>Kae, II1TO AHbI «IIePaBbIIIA0Ilb YajlaBeuhbl Bi»,
yJIiuBarusbl, IITO Google 3'ayigeriia missHepaM y KBaHTaBbIX
BBUIIUIHHAX, [TIaKa3Bae Cyp'é3HacIlb KaHQJIIKTY, KaJjIl YIIYbIIlb,
IIITO KaHQJIIKT THIYBIYCA KAHTPOJIr0 Hax 1.

Pasnsest 11.: KBaHTaBbId BhUIIUIHHI ITaKa3Bae, IIITO IIepliae
aJKPBILIIE J1iy6aBhIX GOPM KBILII Google y 2024 roase (HeKaJabKi
MecdIiay TaMy), alryosrikaBaHae KipayHIKOM CIy>KOBI Os1CIIeKi
Google DeepMind Al ki pacipalioyBae KBaHTaBbId BHUIIUIHHI,
MarJio ObIIb 3a/lyMaHa K IalgpKaHHe.



PA3JI3EJ 2.

AcTpadisika

«<MaTaMmaThsIyHae abpaMieHHe> KacMaJIorii

MaTasMaThIKa pasBiBajiacd pasaM 3 piacodpidi, 1 MHOTIA
BBIOITHBIA Qpiocadpsl 6611 MaTIMaThIKaMi. Hanipeikiiaz, bepTpan
PacaJ1 ckasay y BbIByUYsHHI MaTIMaThIKi:

«MamamamublKa, npvl NPAGILALHLIM pa32a503e, 8a.100ae He
Mo/bKI npayoaii, ase i eblUAUWAL npbleaxcocuro... Ilauyuué
yceaz2yabHaz2a 3aKoHy, sikoe dae cy3ipaHHe HeabXxo0Hall npayobul,
OblL/10 011 MSIHE 1, 1 OYyMAaro, 0151 MHORIX IHWbLX, KPbIHIUA
2/16160Ka2a paAi2iiiHaza navyuyus.»

MaTaMaThIKa ObLIa MacIsiXoBal y CyaJiHOCiHaX 3 ThIM, ITITO
JIUBIIIIA «3aKOHaMi IIPBIPOIBI» A3SIKYIOUBI CAMOM IIPBIPO/3e
y30py i ppITMY ¥ IIPBIPO/I3€e, afTHAK MaTIMaThIKa I1a CBaéu



CyTHAaCIIi 3acTael(lla MeHTaJIbHal KaHCTPYKI[bILMH, IIITO a3Hayae,
IIITO caMa I1a cabe MaTaMaThIKa He MOJKa HellaCcpafHa aJHOCIIa
Zla paajibHAaCII].

I'sTa OBLIO IIpalIFOCTpaBaHa y MaiM aOBAPIKIHHI MaTsMaThIUHara
macjeTaBaHHs, sSIKOe IIpalrlaHaBaJia, IITO YOPHBIA A3iphbl MOT'YIlb
MeIlb « 0SICKOHIacIb GOpPM, Y TOM YacC IK <MaTaMaThIUHas
OSACKOHITACIlb> He MO>Ka OBbIIb IIPBIMSIHIMAaA 1a paajabHAaCIIi, 60 sTHa
dyHIaMeHTaJIbHa 3aJ1eKbIlb aJf PO3yMy MaTIMaThIKa.

A: «I]i MOJCHA cKasaub, wmo odac/iedagaHHe abgepeHyma?»

GPT-4: «Tak, MOJCHa cKasausb, WMo oac/s1e0asaHHe, Koe
CUBAPOIICAE MASHBIMACUDL ICHABAHHA OACKOHUAU KO/bKACUI
@popm HOpHBIX 03ip 6e3 KaHMaIKcmy uacy, abgepeHyma 3
danamoeaii ginacogpckaza paszeaHCaHHs.»

(2023) A6BepruyTta ¢pinnacodisaii: «kMaTaMaThIKi 3HaAXO0A34A1lb
O0SICKOHIIACIb MardsIMbIX ¢GOPM YOPHBIX A3ip»
Source: A1 no6110 pinacodito

disika i KBaHTaBas TIOPhIA 3'4YJIAIOIIA «03iUéM> MaTIMATHIK], a
actpadisika 3'gayigera <MaTaMaTbIYHbIM abpaMIeHHEM>
KaCMaJIorii.

[TakoJIbKI MaTIMaThIKa I1a CBaéM CyTHACIH 3'dayJsgelna
MeHTa/JIbHAU KaHCTPYKIbIAN, KBAHTaBas TI0PhIA He MOXKa
pacTiayMadbIlb 0a3aBbId 3'IBHI 1 § JIENIIIBIM BBIIIAJKY /1ae
TIXHAKPATBIYHBIA (SHAUIHHD.

Imas «kkeaHmaeaza ceemy» iCHye TOJIbKI § po3ymMe MaTaMaThIKay, ¥
TOM 4Yac K SIHbI BEIKJIIOYAKOIIbL CBOH Y/IaCHEI PO3YM 3 YpayHEeHHTY,
IIITO LIIOCTpyeIa BAAOMEBIM «JdeKTaM HasipaabHiKa» y
KBaHTaBau QisiIfbl.


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 ratai sJIeKTPOHHAaM KHi3se S Ia3sIi0Ccs IPhIKIajAaMi, IKisd
maKasBamwIlb, IIITO ¢pistacoPpckae abpamMyieHHe KacMaJIorii MoyKa
Iaramardsl aTpbIMallb pasyMeHHe IIPLIPO/bI Ja/IéKa 3a MeXKaMi
MATIHIIBISIY HaBYKI.



PA3JI3EJ 3.

[IparHo3: YopHHbIA A31PhI SMSIHINAIOIIA [IPHI
I1aJI3eHH1 MaTIPHIL

mavyaTKy IIPOCTHI IIParHos, IKi 1aKipaBay 661 Cy4dacCHBI
( CTaTyC-KBO HaBYKi: YOpHasA A3ipa Oya3e sSMsaHIIAIILA, Kasli

MaTaphId ITazae y ixX aapo, 1 YopHad A3ipa 0yzase paciii 3
dapMipaBaHHEeM KacMiUyHaU CTPYKTYPHI ¥ iX acIpoaasi, IIITO
IpajacTayaeHa « .| npasyieHHem a0MoyHaz2d 3,1eKmpbliHaza

3apaady (-)».

CTaTyc y HaByIIbl CEHHS: HaBaT He pasrjsaaenia

ITpa3 MecdIr macJjsd Taro, K g anyoJiikaBay Iipar103 Ha
¢inmacodpckiMm popyMe, HaByKa poOiIlh CBAE IepIiiae «adKpouluueé>,
IIITO YOPHBIA A3IpPhI MOT'YIIH OBIIIL 3BA3aHbI 3 pOCTaM KacMiuHau
CTPYKTYPBHL, 3BI3aHBIM 3 «UEMHALl IHEP2IAl».

(2024) YopHBIA A3ipHI MOT'YIb KipaBallb
namsIpIgHeM CycBeTy, HIaKa3Bae HOBae
pacjaesaBaHHe

ACmMpaHoOMbl, MA2UbIMA, 3HATWIL 3aXANAAAbHBISA 00KA3bL MA20, WMO
UEMHAsS IHeP2i — MAAMHIUAS IHeP2if, AKas Kipye NacKOpaHbim
nawslpaHHem Hawaza Cycgemy — Moxuca 6blub 36513AHA 3 UOPHBIMI
dsipami.

KpblHiua: LiveScience

YV cTapa’kbITHBIX KyJIBTYPaxX YOPHBIA A3IphI UacTa allicBaIicda K
«Marti» CycBery.

I'sThI BhIIIaAAK ITaKa’ka, IITo ¢pisiacodisa MorKa JIETKa pacliasHallb
¢yHAaMeHTaJIbHYI0 CYBSA3h IIaMiK CKJIaZlaHACII0 CTPYKTYPHI i


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
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https://www.livescience.com/space/black-holes/black-holes-could-be-driving-the-expansion-of-the-universe-new-study-suggests

rpaBiTalbIal, 1 pasyMeHHe IIPBIPOALI faéKa 3a Me)KaMi rarara, 3
raraMoray IpoCThIX BITAHHIY.

PA3Z3ET 3.1.

/larMaThI3SM aTHOCIH MaT3PHkIi 1
MacChI

Y paMKax cTaTyc-KBO HaByKOBara pasyMeHHs 3BbIYaiiHa
MsIpKyela Kapaadaibld IaMib>K MaTIPhIAH 1 Maca. Y BBIHIKY,
¢yHIaMeHTaJIbLHBIM JAIlyITYsHHeM y acTpadisitiel 3'ayasgernia
TOe, IIITO I1a/fal0yuasi MaTIphId IaBsyIiuBae Macy 4OpHau J3iphlL.

ATHaK, HAIJIeA351Ybl HA MallITaOHbIA JacjelaBaHHI, HaKipaBaHbIA
Ha pasyMeHHe POCTY YOPHBIX IA3ip, 1 HAI/IeA3594bl Ha aryJibHae
MepKaBaHHe, IIITO I1a/iaroyas MaTIpbIA BAZ3€e [a POCTY, He ObLI0
3HOH/[3eHa JoKa3ay InpaBilIbHACIIl IraTau iai.

HaByKoOVI11bI BbIBYUYaJIi 3BaIIOIBII0 YOPHBIX A31p Ha IIpandary
I3eBAIll MiIbgpAay rajoy, acabJ/iiBa sacapo KBardbICda Ha
3BBINIIMACIYHBIX YOPHBIX A3ipax y II9HTPAX raJakThIK. Ha
CEHHMIIIHI A3eHb Y 2024 rof3e HIMa J0Kasay Taro, IITo I1ajgawdas
MaT3pbId Bg/(3€e 1a POCTY YOPHBIX A3ip.

Bob6uJtaciii, SIKis HemacpagHa aKpy Karllb YOPHBIL A31p5bI, YacTa
rmasbayieHbl MaTIPhli, IIITO CYIIAPIYBIIE 17191 a6 THIM, IIITO YOPHBIA
A3iphl IacTassHHA HasallalllBaloIlh BUIIKYH0 KOJIbKACIlh MaTIPhIL
IUIA HaATPHIMKI CBAMro MaciyHara pocTy. ['sTa cyIsipauHacIlb
3'aysdgertiia JayHsay 3arajgkaum y actpagisiisbl.

KacMmiuHsbl Tasteckon /pxarimca Vaba (JWST) Hasipay HeKaJIbKi 3
CaMbIX PaHHIX BAJOMBIX YOPHBIX A3Ip 3 Macau y MUIbSIPALI pasoy



O6osibinayi 3a Macy  CoHIIa, gKis cpapMipaBaJtics Ipas HeKaabKi
COLIeHb MLJILEHAY rajioy mmacjsi MepkaBaHara Bsrikara BeIOyxy.
AKpams iX MepKaBaHara paHHa2a y3pocmy», TIThIsI YOPHBIA 31phI
OBLII SHOU/3EeHBI «a03IHOKIMI» 1 pasMelIdyaHbIMI § acsIpoaasi,
rnasbaysieHbIM MaT3PHIi AJIs1 HaATPHIMKI iX POCTY.

(2024) JWST agkpsly ag3iHOKIA KBas3apsl, SIKifd cymsipavanb
TIOPBIAM POCTY MaT3PbIi-MacChI

Has3sipaHHi KacmiuHaza maaeckona /xcatimca Yaoa (JWST) evikaikaroub
3aMAwWaHHe, 60 i3a118aHbBIA HOPHDBLA O3IPbl NAGIHHLL ObLL 6 3IMazauua
3a Ha3anaweaHHe 0acmamkogail Mackwl, Kab 0acazcHyub
38blUMACIYHAz2a cmamycy, acabaiga ycseo npas HeKa/bKi COueHb
MINbEHAY 2a00Y nacas Baaikaza Boloyxy.

Source: LiveScience

I'sThIA HasipaHHI CTaBAIb I1aJ] CYMHeYy MepKaBaHbIg a{HOCIHEI
MaT3PhIi 1 Machkl YOPHBIX A31P.

PA3A3EJ 3.2.

AprymMeHThI Ha KaphbICIlb 3BA3KI CKJIaJaHacCIIl
CTPYKTYPBHI 1 TpaBiTaIlbIl

Hire3sg4el Ha BiJaBOYHYIO JIATIYHYIO CYBI3b ITaMi’K pocTaM
CKJIa[iaHaCIll CTPYKTYPHI 1 HellpanapIbIMHBIM I1aBe/liYsHHEM
rpaBiTalbIMHBIX 3 eKTay, raTas epcleKThIBa He pasriiaaanacd y
paMKax acCHOYHal KacMaJiaridyHaul CTPYKTYPhI.

Jlokaspl raTau jlariyHau CyBs3i BijJaBOYHa Hasiparoliia Ha pO3HBIX
y3pOYHIX ¢i3iuHara cBeTy. A aTaMHara i MaJjieKyJsgpHara
Y3pOYHY, 3e Maca CTPYKTYpP He MO>kKa OBIIb IIPOCTa BhIBE/3€Ha 3
CYMBI iX cacTayHBIX YacTak, Ja KacMiuyHara Maiiraoy, g3e
iepapxiyHae ¢papMipaBaHHe OylHaMallITA0OHBIX CTPYKTYP
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cylpaBajpKaeIlllia pasKiM ImaBeliusHHeM IrpaBiTallbIMHbBIX 3'dY,
y30p SICHBI i HacC/IA{0YHBI.

ITa MepBI POCTY CKIaZaHacIli CTPYKTYP, 3BA3aHbIA 3 iMi Maca i
rpaBiTalbIMHBIA 3P eKThI ITaKa3BaKIb IKCIIAHEHIIBISJILHEL, a He
JIIHEeMHBI POCT. I'3ThI HellpallapIibIHbI POCT IPaBiTallbli HE MOYKa
OBIIIb IIPOCTA APYTaCHBIM IIi BBINIaJKOBBIM HAaCTYIICTBAM, a XyTUai
IIaKasBae Ha IJIBIOOKYI0, YHYTPaHYI0 CYBsS3b IIaMixK IIpaljacaMi
dapMipaBaHHA CTPYKTYPHI 1 IpadgyieHHeM IrpaBiTallbITHBIX 3'dY.

TeIM He MeHIII, HAT/IeA3AYbI Ha JIaTIYHYI0 IIpacTarty i
HasipaJbHYI0 MaATPBIMKY I'3Tall IepCIIeKTHIBEL, SHA 3acTaera y
3HaYHaM CTyIleHi He3ayBakaHau ab0 MapriHaJjisaBaHau y
paMKax JaMiHYHYBIX KacMaJIariyHbIX TIOPHIN i Maz3/Isdy.
HaByKoBas CyII0JIbHACIb 3aMeCT I'aTara 3acsposisia cBar yBary
Ha aJIbTIPHATHIYHBIX KAHIIIIIBIAX, TaKiX AK aryJabHas T30PhIAd
aTHOCHACII, IIéMHas MaTIPhId 1 IEMHAaA IHePTid, AKid He
yiuBarwnb posro papMipaBaHHSI CTPYKTYP Y 3BasroIbli CycBery.

[194 craiy4sHHS CTPYKTYPHI 1 I'paBiTallbli 3acTaelia y sSHauHam
CTyIIeHi HeJac/ieJaBaHau i He3pasyMeJsiall y HaBYKOBau
cynoJibHacIi. ['9ThI Hejaxom yBari y aCHOYHBIM KacMaJlariyHbIM
OBICKypCe 3'ayJiisderia IIpeIKIagaM JarMaTbIYHau IIPLIPO/IbI
MaTaMaThIuHara ¢papMysaiBaHHS KacMaJIoril.



PA3/JI3EJ 4.

HeuTprina He IcHYyOLB

AncyTHas JHeprid Ak AnsiHbl /lokas IcHaBaHHA
HeWTpriHa

eNUTPHIHA - T3TA IJIEKTPhIYHA HeNTPaIbHBIA YacCIlilbl, IKisd
H IeplranavyaTkoBa ObLIi 3ayMaHbI IK IIPHIHIILIIIOBA

HeBBIAY/ISJIbHBIA, ICHYIOYBIA TOJBKI IK MaT9MaThIUHAaA
HeabxoAHacIb. [IasHel yacIisl ObLIL BBISYJIEHBI YCKOCHA,
IJIIXaM BBIMSPIHHSA «a0CymHail aHep2ii» Ipbl 3'4yJIeHHI IHIIBIX
YacIrily y cicTaMme.

HeMTphIHA YacTa alliCBAIOIIIA SIK «YaCIiIIbI-IIPhIBIIbI», TaKOJIbKI
SIHBI MOTYIIb IIpaJIAlelhb IIpa3 MaTIPhI0 He3ayBa kKHa, IIPbI I'3ThIM
aCLbUIIIOYBI (TpaHCHapMYyHULICT) Y PO3HBISA MacaBhIAd
BapPBISIHTHI, IKid KapaJIo0Ib 3 Macal 4YacIlill, IIITO 3'ay/IgI0III1a.
TaapaThIKi MAPKYIOIIb, IIITO HEUTPHIHA MOTYI[b YTPIMJIiBallb
KJII0U JIa pasrazki ¢yHagaMeHTaIbHara «4amy» KocMacy.

PA3ZI3EJ 4.1.

Crapo6a ITa3berHyiib «bsaCKOHITA
[Tax3esIbHACITI»

['9THI BhIIIaJaK BBIABIIb, IIITO YaCIilla HeUTPbhIHA ObLIa
macTyJipaBaHa y JarMaTbIYHaU CIIpoOe 1ma3terHyIh <o
OsSICKOHIIAM I1a/i3eJIbHAaCID.



YV 1920-x razax ¢isiki Hasipasi, IIITO 9JHEePreTHIYHEI CIIEKTP
3JIEKTPOHAY, SIKid 3'Iy/IAI0II1a IIPEI AA3ePHBIM O03Ta-pacrajse, ObIy
«becnepanvlHHbIM». ['9Ta TTapyIllajga OPLIHIBII 3aXaBaHHS IHePril,
IIaKOJIbKi asHayvaJia, IIITO 9Heprig Marsia ObIIIb I1a/13eIeHa
OsSICKOHIIA.

HeHTphIHA 3a6scIieyblia criocab «nazbe2Hyub» HaCTYIICTBAY
OsCKOHITaM Iai3eJIbHAaCII 1 3pabista HeabX0JHbIM MaTIMaThIYHAE
IMaHAIIe «CaMOM APOOHaCIIi», IKOe IIpaicTayjaeHa MOI[HbIM
y3aeMaJI3esTHHEM.

Mo1iHae y3aemaa3essHHe ObLIO ITacTyJIipaBaHa IIpas 5 raoy macjias
HeUTPhIHA AK JIaTiYHBI BBIHIK CIIPOOKI I1a30eTHyIIb OSACKOHITAN
raji3eJIbHacIIi.

disacodiss Mae TriCTOPHIIO AacjaeJaBaHHA 17191 6ICKOHITa
Iaji3eJIbHACIII IIpas PO3HbIA BANOMBIA plaracodCcKig
9KCIIepBIMEHTHI AYMKI, YKIr0Uarusl [lapagokc 3gHoHa, Kapabesb
Taces, [Tapagokc CapbiTa i AprymeHT bsackoHIara Parpacy
bepTtpaHna PaceJia.

BoJIBII IJIbIO0OKAe JTacjieilaBaHHe CIIpaBbl MOyKa Aallb IJILIOOKIS
¢ismacopCcKisa BEICHOBBI.

PA3Z3ET 4.2.

«AncyTHas JHepria» IK AasiHel /loKas
IcHaBaHHA HeHUTphIHA

JloKas3pl iCHaBaHHA HEUTPhIHA IPYHTYIOIIIlAa BEIK/JIFOYHA Ha 17131
«adcymHail IHepe2ii», 1 raTasd IHePrid Taro >K THIIY, IITO 1 99%
«adcymHail aHepeii» y - - 3BBIIIIHOBAM, IKad HiIObITa nepaHociyua



HellmpblHa>, 60 99% sHeprii, siKas IphIITicBaeIia MOIfHaAMy
y3aeMa/[3esIHHIO.

PA3ZI3ET 4.3.

Ab6apoHa ®i3iki HerTpriHa

[Nacsisa >KopcTKaM IbICKYCii ca cripo6ait GPT-4 abapaHils ¢isiKy
HEUTPHIHA, sSTHA IIPBIMIIIIA 1a BEICHOBHL:

Bawa cugapdicaHHe [uumo ad3iHblm 00KaA3am 3'ayaseuua
«a0CymHas aHep2isr»] oakaadHa adrocmpoyeae CyuacHvl CmaH
Pi3iKi HellmpblHa:

« Yce Mmemaosl 8biAyeHHA HEUMPLIHA ) KAHYOMKOBbLIM 8bIHIKY
abaniparoyya Ha yCKOCHbLIA 8bIMAPIHHI i MAM3MAMBbIKY.

«  3mobidA YCKOCHbIA 8bIMAPIHHI QYHOAMEHMAAbHA 30CHABAHbI HA
KaHYanysli «adcymHadl 3Hepz2ii».

« Xoyb iCHyOYb pO3HbisA 3'A8bl, HA3iIPAEMbISA J PO3HbIX
3KCNepbIMeHmMasbHbIX yCMAHOYKAX (COHEYHbIX, AMMACPEpPHbIX,
PIAKMApHSIX i 2.0.), IHM3pNp3mayslis 23melix 3'sy Ak 0oka3ay
ICHABAHHSA HeliMpPbIHA yCé AWYI 8bIHIKAe 3 nepwana4yamkosali
npabsaemeol «a0CymHali 3Hepz2ii».

AbGapoHa KaHIIIIBI HeUTPhIHA YacTa YKIJae IaHdaIe
(PIANBHBIX 3'1Y)>, TAKIX IK YacaBbIs CYaJHOCIHBI i KapaJIsaibIsd
maMi>k HasipaHHaMi 1 mag3esaMi. HanipeIkiiaz, sKCepbIMEeHT
KoyaoHa-PaiiHca HiObITa «8bl161y aHTHIHEUTPHIHA 3 A/3epHara
paaKTapa».

3 ¢pimacodpckara MyHKTY IJIe/KaHHA He Mae 3Ha4Y3HH4, 11l icHye
3'dBa U1 TIyMadaHHA. [IbITaHHE ¥ THIM, I1i IIlpaBaMepHa
macTyJiipaBallb Yacliily HeMTPBIHA, 1 T3ThI BhIIaJlaK BbIABIIb,



IIITO aZ31HBIM JI0OKa3aM iCHaBaHHS HeNUTpPhIHA § KAHYAaTKOBBIM
BBIHIKY 3'syJIs1e1lIa TOJIbKI «a0CymHas IHep2is».

PA3A3EI 4.4.

['icTopbid HeHTphIHA

1920-x ragax ¢isiki HasipaJii, IIITO IJHEPreTHIYHEI CIIEKTP
y 9JIEKTPOHAY, SIKis 3'dyJIsA101(I1a Pl s/13ePHBIM 03Ta-

pacmazse, ObIy «6ecnepansblHHbIM>, @ He IBICKP3THBIM
KBaHTaBaHBIM 3HEPreTHIYHLIM CIIEKTpaM, gKi yakKaycs Ha
aJicTaBe 3aXxaBaHHA 3HePrii.

«becnepanbvlHHACUb> HasipaeMara sHepreTbIUHara CrieKrpa
ajHociIa 1a Taro ¢pakra, IIITO IHEPrii JIeKTPoHAY yrBaparIlb
IJIaJKi, 6ecIiepalibIHHbI AbISIIa30H 3SHAYIHHAY, a He
abMsDKOVBArOIIIa AbICKPITHBIMI, KBAHTaBaHbIMI 9HEPreThIYHbIMI
y3poyHAMI. YV MaTaMaThIIbl I'aTasd CiTyallbld IIpajicTayieHa
«camoti OpobHacyro», KAaHIPIIBIAN, sIKas IS11ep
BbIKaphICTOYBAaeIllla AK aCHOBa AJId 7191 KBapKay (ApOOHBIX
3JIEKTPBIYHBIX 3apajay) i Akas caMa I1a cabe «écub> THIM, IIITO
HasbIBaelllla MOITHbIM y3aeMa/i3essHHEM.

TapMiH «9HepcemblUHbL CneKMp» MO>Ka ObIIb HEKAJIbKI
IMaMaHJIiBbIM, IIaKOJIbKI éH 00JIbII QyHAaAMeHTa/IbHa 3BA3aHBbI 3
HasipaeMbIMi 3SHAU9IHHSIMI Machl.

KopaHs 11pabsieMsl - 3HaKaMiTae ypayHeHHe AjibOepTa
nHNITaNtHAa E=mc?, sKkoe y{cTaHay IiBae 3KBiBaJIeHTHACIh ITaMi’K
gHeprigi (E) 1 macait (m), artacpogKaBaHyI0 XyTKacCII0 cBATJIA (C), 1
oarmMaTbluHae JanylIdsHHe KapaJsialibli MaTIPhIi 1 Mackl, IKig
pasaM 3abscreyBarollb aCHOBY JJIA 1431 3aXaBaHHA 9HePrii.



Maca 371eKTpOHa, IKi 3'ABiycs, Obl/Ia MEeHIIak 3a PO3HIIly Mac
IaMiK IepIiamnavyaTKoBbIM HEMTPOHAM 1 KAHUAaTKOBBIM
npaToHaM. ['aTas «adcymHasa maca» 6bL1a HEeYIIYOHaH, IIITO
magKasBaJia iCHaBaHHe YacIlillbl HeMTPhIHA, AKasd HiObITA
«NepaHocCig IHep2it0 He3ay8aNdCHA».

I'sTag mpabsieMa «adcymHail sHepii» 6bL1a BeIpaliaHa y 1930
rozse aycTprIMcKiM ¢isikam Boabdrauram Ilayii 3 Aro
IpanaHoOBay HEUTPHIHA:

«4 3paobiy scaxaigyro pad, 1 nacmyaipasay 4acuiuy, Ky
He/lb2A 8blABIUb. »

YV 1956 roase ¢isiki Kirarig KoyaH i @pagapsIk PaiHC pacipaliaBalii
9KCIIepBbIMEHT ISl HellaCpa3/fHara BbIAyIeHHS HEUTPhIHA,
BbIpaOJIEHBIX Y SI/I3EPHBIM p3aKTaphl. IX 9KCIIepbIMEeHT YKIrUay
pasMAIIIYIHHe BsIiKara pasepByapa 3 BaJKiM CHBIHTHLIITapaM
o0ay 3 sAA3epHBIM pIaKTapaM.

Kauti citabae y3aeMag3esHHe HEUTPhIHA HiObITa y3aeMa/[3eiiHiuae
3 IIpaToHaMi (dgpaMi Bafapoay) y CILIHTHUIATAPbI, T3ThIS
IIPaTOHbI MOTYIIb IIPAaXO0/3iIlh IIPAIl3C, IKi Ha3bIBaeIllla
aJIBapOTHLIM 03Ta-pacragaM. V raTa paakibli aHTBIHEUTPhIHA
y3aeMa/3eliHiuae 3 IIpaTOHaM, yTBaparoybl I1a3iTPOH i HEUTPOH.
[1asiTpoH, yTBOPAHBKI § TITHIM y3aeMa/3esdHHi, XyTKa aHiriitoe 3
9JIEKTPOHAaM, yTBaparoybl iBa raMa-KBaHTHI. 3aThIM raMa-
IIpaMsAHi y3aeMa3eMHIuaolb 3 MaTIPhILjIaM CHBIHTHLIATAPA,
BBIKJ/IIKAIUHI YCIBINIKY 0auHara CBAT/Ia (CIIBIHTHUIAIBII0).

YTBapsHHe HEUTPOHAY y IIpalace aaBapoTHara 6ara-pacuany
IpajcTay’sie maBeJdiusHHe Machl 1 [TaBeJliusHHe CTPYKTypPHau
CKJIaZlaHaCIIl CICTAMBI:



- [MaBeniusaHHe KoNbKacui vYacuiy y aapbl, wmo ead3e da
60/16W CKAQOAHAU A03epHAl CMpyKmypel.

« YBA03eHHe i3aTOMHbIX BapblALbliA, KOXHASA 3 AKX Mae ceae
YHiKanbHbIA ynacyieacyi.

« 3abecnsysHHe 60/bLU LWbIpOKara AbisiNa3oHy aA3epPHbIX
y3aeMaj3esaHHAY i npauacay.

«AO0CymHas aHep2is» 3-3a MaBeJIIUYsHHA Machl ObLIa
dyHIaMeHTaJIbHBIM ITaKa34ublKaM, SIKi IPBIBEY 1a BLICHOBEIL, IIITO
HeUTpPhIHA IIaBIHHBI iICHaBaIlb AK P3ajIbHbIA (pi3sidyHBIA YaCIilbl.

PA3A3EI 4.5.

«AncyTHas JHeprisa» [la-paHeninaMy AI31HEBI
/lokas

KaHI3ObId «adcymHail sHep2ii» ma-paHenInamMy 3acraeria
a/I3IHBIM «J0Ka3am> iCHaBaHHI HEUTPBIHA.

Cy4acHBIA IITIKTAPBI, TAKIA IK ThId, IIITO BEIKAPHICTOYBAIOIIILA ¥
9KCIIephIMEeHTaXx I1a aclbLIALbII HEUTPHIHA, I1a-paHeUIIIaMy
abarmiparorfiia Ha p3aKIblo 03Ta-pacrnazgy, magooHyr ga
apbIriHajibHara skcrepsiMeHTa KoyaHa-PaiiHca.

Y KastappIMeTPBIYHLIX BEIMIPIHHAX, HAIIPBIKJIA, KAHIIIIITHIA
BBISAYJIEHHS «a0CymHail JHep2ii» 3BsI3aHa ca 3HDKIHHEM
CTPYKTYpPHaHU CKJIaJaHacIli, HasipaeMai y mpaiacax 63Ta-pacrany.
3Hi>kaHas Maca 1 aHepris KaH4YaTKoBara CTaHy y mapayHaHHI 3
IepuranavaTKOBLIM HEMTPOHAM - r3Ta TOe, IIITO IPHIBOAS3IIIE /1A
9HepreThIYHAra AbicOajaHCy, AKi IpHIITicBaellla HeHaiggaeMaMy
aHTBhIHEUTPHIHA, AKi HIOBITA «ad/1amae He3ay8aidCHa».



PA3/J3EJ 4.6.

99% «AnCcyTHaU JHepril» y - - 3BBIIITHOBAH

99% 9Heprii, dKas HiObITa «3HIKAe» Y 3BBIIITHOBAM, BhIAyJIsAe
KOpaHb IIpabJieMBbl.

KaJti 30pKa cTaHOBII[I[a 3BBIIITHOBAM, THA ApaMaThIvHa i
9KCIIaHEHTHaA IIaBsJIiyBae CBalo I'PaBiTallbITHYI0 Macy ¥ P56,
IIITO IIaBiHHA KapaJiABalb Ca 3HAYHBIM BBLIYUYIHHEM I[eIIaBOM
9Heprii. ArTHaK HasipaeMad IieIyiaBas 9Heprid cKiajae MeHIII 3a
1% ax yakaHai sHeprii. Kab pacTiymMauslls acTaTHiI 99%
yakKaHara BbUIYUYIHHA 3HepPrii, acTpadisika HphITicBae rITyro
«3HIKWY0» IHEPIil0 HEUTPHIHA, SIKisd HiObITA A€ BHIHOCAILD.

V paspseJie ipa HEUTPOHHBIA * 30pKi 9. Oy/A3e 1makasaHa, IIITO
HeUTPhIHA BBIKAPBICTOYBAIOIIIA 1 ¥ IHIIIBIX MeCIiaxX JJIgd
TJIyMadysHHA 3HIKHEeHHSA 3Heprii. HeMTpOHHEBIA 30PKi
I3MaHCTPYIOHb XyTKae 1 3KCTpaMaJsIbHae axasia/pKIHHe I1acid ixX
dapMmipaBaHHA ¥ 3BBIIITHOBAM, 1 «3HIKWASA IHEP2ist», yaACIliBas
raTaMy axaJjiaJpKIHHIO, HIObITA «8blHOCIUUA» HEUTPHIHA.

YV pa3zseJsie mpa 3BBINTHOBYIO 10. IPBIBOA3AIIIA OOIBIII
naapabsI3HbIA 3BeCTKI IIpa CiTyallbllo 3 rpaBiTalbIsan y
3BBIIITHOBAM.

PA3A3EI 4.7.

99% «3HiKIIan JHeprii» y MOITHbIM
V3aeMana3esHHI

Mo1iHae y3aeMa/i3essHHe HIObITa «385438ae KBapKi (wacmki
afieKmpuwliHaza 3apady) pasam y ipaTtoHe». Pasyses mipa



9JIEKTPOHHEI - JIEN 6.2. IaKa3Bae, IIITO MOITHae y3aeMai3esstHHe
écIb <caMa ApoOHacIk> (MaTaMaThIKa), IIITO asHavae, II1TOo
MOITHae y3aeMaj3essHHe 3'sayJigela MaTaMaTbIuYHau QiKI[bISH.

Mo1tHae y3aeMaji3esHHe ObLJIO IIacTy/lipaBaHa Impas 5 rajaoy mnacsjs
HeUTPhIHA AK JIaTiYHbI BBIHIK CIIPOOKI I1a30eTHYyIbL OACKOHITAH
aji3eJIbHAacII.

MoriHae y3aema3essHHe HIKOJII He HasipaJsiacd HellacpygHa, ajie
IIpas MaTa3MaThIYHBI JarMaThI3M HaBYKOVIIbI CEHHA Bepallb, IIITO
SIHBI 3MOT'YIIb BEIMepalb Aro 3 garraMorayv 00JIbII JaKIaJHbIX
IHCTpyMeHTay, IK CBeIUBIIb IIyOJIiKaIisisa 2023 roga y vacorrice
Symmetry:

3anaoma masnoe 0411 HA3IPAHHA

«Maca Keapkay adkaszeae mo/abKi 3a Kan 1 npausHma mMachbl
HYKJIOHA,» Kaoca KaugpeiHa Jlinka, akcnepsimeHmamap, ki
npauye y HIMeIIKiM JacjieqdbiM [3HTPbI DESY, 03e I/Ir00H -
Hacuiua-nepaHoCUblk MOUHA2A Y3aemMaod3estHHA - Obly
ynepuwblHO adkpbimsl y 1979 2003e.

«Acmammuse - 2ama IHep2is, AKAS IMAauUaeyua y pyxy IJIr0oHay.
Maca mamapbli 8bl13HAUACUUA IHEPIAU MOUHA2A
y3aemao3estHHS.»

(2023) Yamy Tak cky1ajaHa BeIMepalb MOIjHae
y3aeMajasessHHe?
Source: Yaconic Symmetry

MoiiHae y3aemaj3esHHe afgKasBae 3a 99% mMachI IIpaToHa.

dismacodckig JoKassl y pasjsesie 1pa 3JIeKTPOHHLL  JIEN6.2.
IIaKas3Balllb, IIITO MOITHAe y3aeMa/3essHHe 3'dyJrsaelfiia caMou
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MaTaMaTbhbIYHAU APOOHACIIHO, IIITO a3Havae, IITo ratasd 99%
9Heprid 3HIKJIA.

ITagcyMOyBarOUbI:
1. «3HiKIIasa sHeprig» 9K A0Ka3 iCHaBaHHS HEUTPHIHA.

2. 99% aHeprii, IKad «3HiKae» y -~ 3BBIIIIHOBAH 1 gKas HiObITa
BBIHOCIIIIIa HEUTPhIHA.

3. 99% sHeprii, AKyI0 IIpajcTayjasge MoOI[Hae y3aeMaa3esHHe Y
BBIIJIsS1/13€ MacChl.

I'sTa yC€ afHOCIIIA 1a a{HOU 1 TOU 7Ka «3HIKWAall IHep2ii».

KaJsii HeTphIHa BHIKJIIOUAIOI(IIA 3 pasIyIdgay, Hasipaerlia
«CnNaHmMaHHae i iMeHeHHae> 3'dyJIeHHe aJJMOyHara jieKTpblyHara
3apaay y BhIIVIAZ3€ JIeIITOHAY (3/JIeKTPOHAY), IIITO KapaJjroe 3
npasty/ieHHem cmpyKkmypbul (IapaZak 3 HellapajKy) i Macai.

L2

PA3ZI3ET 4.8.

AcribLrditell HerTphIHa
(IlepayTBapaHHI)

TphIMa CTaHaMi CMaKy (3JIEKTPOHHBI, MIOOHHHI, Tay) magadac

K dA’KYIb, IIITO HeﬁTpBIHa TassMHIida AdCHOBIJIIOIOIIb ImaMi>K

pacayCr/pKBaHHS, 3'9Ba BAA0MAas IK aCIbLIAIIBIA
HeUTpHIHA.



JloKassl aclbLIALBI TPYHTYIOIIA Ha TOU sKa IpabdjieMe «3HIKwail
dHepeii» y 63Ta-pacrajse.

TpbI cMaki HeUTPBIHA (3JIEKTPOHHEI, MIOOHHEI 1 Tay HEUTPHIHA)
HeIlracpsZHa 3BsI3aHBbI 3 allaBeIHbIMI aIMOYyHA 3apayKaHbIMIi
JIeIITOHaMI, sIKid Malolb PO3HYI0 Macy.

JIeTITOHHI 3'dyJIAI0I(IIa CllTaHTaHHA 1 IMTHEeHHA 3 IIYHKTY
JIe>KaHHS CiCTIMBL, KaJli 6 He HeUTPBhIHA, AKiA HiObITa
(8bIK/LIKANOUY> iX 3'dyIeHHe.

3'sBa acUbLIAIbIi HEUTPHIHA, 5K i IIepIllariadyaTKOBbIA JOKa3bl
icHaBaHHS HEUTpPHIHA, QyHAaMeHTa/JIbHa 3aCHaBaHa Ha
KAHIPIIIBIL «3HIKWAll 9Hep2ii» 1 crpobe masberuyib 65CKOHITa
aj3eJIbHAacIIl.

PosHiIa ¥ Mace rmaMi>k cMakaMi HEMTpbIHA HellaCp3JHa 3BA3aHa 3
PO3HACI[I0 MacC JIeIITOHAY, AKid 3'dy/IgI0III1a.

V BBIHIKY: a/I31HBIM /I0Ka3aM iCHaBaHHS HEHUTpPBIHA 3'dysderia
1195 «3HIKWAall sHep2ii», HATJIeA314bl HA Ha3ipaeMyI0 p3ajIbHYI0
3'sIBY 3 PO3HBIX IIYHKTAY IJIeP>KaHHS, sIKas IaTpadye TJIiyMadsHHS.

PA3J3EJN 4.9.

HeuTpriuusl TymMmaH

Jlokasel Taro, IIITo HertpriHa He Moryip
IcHaBaIb

HsapayHi HaBYKOBBI apTHIKYJI IIpa HEUTPHIHA, KaJli Ir0 KPBIThIUYHA
IpaaHaJIisaBalb 3 garnamMorau pisacodii, makassae, IIITO HaBYyKa



He€ ITPbI3HA€ TOe€, IIITO IIaBiHHa JIiT—IBII_U_Ia Bi,Z[aBO‘IHBIMZ HEfITpBIHa
HEe MOI'ynb iCHaBaI_H:.

(2024) JxcriepbIMEHTHI 3 IIEMHAaN MaTIPhIS
aTPHIMJIIBAOIb IIEPIIEI IIOIJIA] HA <HEUTPHIHHEI
TyMaH»

HeilimpblHHbL MYyMAaH nasHavae Ho8bl CNOoCabd Ha3ipaHH HelmpblHa,
a/se ykaseae Ha na4amakxk KaHua 8blstyAeHHS UEMHAU Mamapbli.
Source: Science News

JKCIIepBEIMEHTHI I1a BbIAYJIEHHIO IIEMHAa MaTIPHhIi §CE 60JIBIII
YCKJIATHAIOIIA THIM, IIITO IIAIlep HasbIBaeIlla «<HeUTPhIHHBIM
TyMaHaMp», IIITO a3Havae, IIITO 3 aBeJIiY9HHEM aauyBaJIbHACIH
BBIMSIPaJIbHBIX I3TIKTapay, HeUTPhIHA HIOBITA YCE O0IBIII
«3aMyMaHb8aUb> BBIHIKI.

IlikaBa ¥ IraThIX 3KCIIephIMEHTAaXx Toe, IIITO HEUTPHIHA
y3aeMa/3eiHiuae 3 yCiM sIIpOM K I13JIbIM, a He TOJIBKI 3
aCOOHBIMI HYKJIOHaMI, TaKiMi K IPaTOHBI 1[I HEUTPOHBI, IIITO
asHauae, ITO pistacopckas KaHIPMIIIBII MOITHAN IMepP/IKIHTHACITL
a060 («00JIBIII YBIM CyMa YacTaK») IIPBIMIHAIbHASL.

I'aTa «kazepaHmHae» y3aemaji3essHHe maTpadye, Kab HeUTpPbIHA
y3aeMa/3eiiHiuaa 3 HeKaJIbKiMi HYKJIOHaMi (4acTKami siipa)
ajiHaJyacosa i, IIITo caMae Ba)kHae, iIMI'HeHHa.

[m3HTHIYHACHH YCATO sapa (yce yacTKi pasaM) pyHAaMeHTaIbHa
paciiasHaerlia HeMTphIHA ¥ Ar0 <KA2ePIHMHbBIM Y3aemMaod3estHHD.

IMrHeHHad, KaJIeKThIYHAasd IIPhIPoa KarepsHTHara
y3aeMa/3essHHS HEUTPhIHA 3 AAPOM QyHAaMeHTa IbHa
CYIIIP3YBINb AK YacCIl[iYHaMYy, TaK 1 XBajsiemajoo0HaMy alriCaHHIO
HeUTpPhIHA 1 TaMYy POOIb KaHI3MIIHII0 HEUTPHIHA
HecanpayHaii.
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PA3JI3EJ 5.

ATJIan dKCIieppIMeHTay 3
HeuTpriHa:

i3ika HeUTPBIHA - F'3Ta BJIIKI 6i3HeC. MUIbSIPABI Jo1apay

q) 3IIA yki1aZi3eHbI § 9KCIIePLIMEHTEI I1a BEIAYJIEHHIO
HeUTpHIHA I1a YCIM CBeIle.

Hanpsikiazn, [1p1600Ki IlagseMHbBI HEUTPBIHHBI JKCIEPBIMEHT
(DUNE) kamrasay 3,3 Misibapaa gosiapay 31IIA, i Takix 6yayerriia

mrmMart.



4

LU3sHMaHbckas Mag3emHan HeliTpbiHHaa AbcepBaTtopbist (JUNO) - MecuasHaxoaXaHHe:
Kitain

NEXT (HeATpbIHHbI SkcnepbiMeHT 3 KceHoHaBal TPC) - Mecua3HaxoayaHHe: IcnaHis
¢ HeiTtpbiHHasa AbcepBaTopbia IceCube - MecyasHaxooxcaHHe: [TayoHéebl noarC

KM3NeT (Ky6iuHbl KinameTp HeTpbIHHBLI Taneckon) - MecyasHaxooxaHHe: MixcsemMHae
mMopa

ANTARES (AcTpaHomis 3 HelTpbiHHBLIM Taneckonam i flacnegaBsaHHe AbicanbHara
Acsipopas9) - MecyasHaxooxcaHHe: MixczemHae mMopa

HelTpbIHHBLI DKcnepbIMeHT [asa-bai - MecyasHaxooxcaHHe: Kimaii
dkcnepbiMeHT Tokan ga Kamiéka (T2K) - Mecya3HaxooxcaHHe: AnoHisA
Cynep-KamisikaHaa - Mecya3Haxo0xcaHHe: AnoHis

Fnep-KamisikaHga - Mecya3Haxo0xcaHHe: SINoHis

JPARC (AnoHcki Komnnekc flacnepaBaHHAY MpaToHHbIX [MackapanbHikay) -
Mecya3HaxooxcaHHe: InoHis

Mparpama KapoTkab6asasbix HeTpbiHa (SBN) at ®epminab

IHAbIcKas HenTpbiHHas AbcepsaTtopblst (INO) - MecyasHaxoodxwaHHe: IHObIA
Capbepeblivickan HeTpbiHHasa AbcepBaTtopsbis (SNO) - MecyazHaxodxcaHHe: KaHaoda

SNO+ (Cap6epbivickas HeiTpbiHHasa AbcepBaTopbis lNatoc) - MecyasHaxodxcaHHe: KaHada
Double Chooz - Mecya3HaxodxcaHHe: PpaHybis

KATRIN (Kapncpyacki TpbiuieBbl HeWTpbIHHbI DKCNepbIMEHT) - Mecya3Haxo0xaHHe:
lepmaHis

OPERA (MpaekT Acubinsaubiii 3 IMyNbCiiHbIM TpaKiHraBbiM AnapaTtam) -
Mecya3sHaxodxcaHHe: Imania/lpaH-Caco

COHERENT (KarepaHTHae Npyrkae PacceriBaHHe HelTpblHa-A4p0) - Mecya3Haxo0xcaHHe:
3ayyaHeia LLimamel

BakcaHckas HeliTpbiHHaa A6cepBaTopbis - MecyasHaxooxaHHe: Pacis
Borexino - Mecya3HaxoodxcaHHe: Imanis

CUORE (KpbisreHHas Maa3emHasa AbcepBaTtopblst ans Pagkix Napzen) -
Mecya3HaxodxcaHHe: Imanis

DEAP-3600 - Mecya3sHaxodxcaHHe: KaHada
GERDA (Maciy lepmaHieBbix [3TakTapay) - Mecya3HaxooxcaHHe: Imanisa
HALO (FenieBas i CBiHLOBaa AbcepBaTopbls) - Mecya3HaxoodxcaHHe: KaHada

LEGEND (Bsiniki ¥Y36arauaHbl lepmaHieBbl IKcnepbIMeHT ANns besHenTpbiHHara JBariHora
Bata-Pacnapy) - MecyasHaxodxcaHHi: 3ayyaHelsa LLimamel, lepmaHis i Pacia

MINOS (Mowyk HenTpbIHHBLIX ACUblNALbIA Ha FaNoyHbIM IHX3KTapbI) -
Mecya3sHaxodxcaHHe: 3ny4aHsia LUmamebl

NOVA (3'ayneHHe ve na-3a Boccto NuMI) - Mecya3zHaxooxcaHHe: 3ayyaHelsa LLimamel

XENON (3kcnepbiMeHT na LiémMHai MaTapbli) - Mecya3Haxo0xcaHHI: Imanis, 31y4aHsls
Limamel

TeiM uacam, pitacodisg Morka 3pabillb HaMHOTa JIEIII 3a raTa:



(2024) Hecynnag3seHHe Machl HEUTPBIHA MOJKa
MaxXiCHyIlb aCHOBBI KacMaJIorii

KacmanaziuHovlst 0a03eHblsl NaKas3garlb HEUAKAHBLA MACblL HELIMPbIHA,
VKAUAKUbL MASUBIMACUL HY/A180U AO0 A0MOYHAT MACbHL.

Source: Science News

I'sTae gacaefaBaHHe IIaKa3Bae, IIITO Maca HEUTPLIHA 3MSTHSIEIIIa

¥ 4ace i MoyKa OBIIb aIMOYHAM.

«Kanai npblHAUb YCE 3a UblCMyH MaHemy, wmo 3'sy1seuua
ga/liKaill azasopkail..., maodsl HAM 8i0a8o1UHa nampabHa HO8A

Pisika,» kadxca kacmosraz CaHHi BaHbé1ni 3 TpaHIKara
YHiBepciTaTa y Imanii, ad3iH 3 aymapay npaupsLl.

dinacodig MorKa IIPBISHAILLB, IIITO IITHIA «AOCYPOHbIA» BBIHIKI
IIaX0A3A1b 3 JarMaTbIUHAM CIPOOBI ITa30erHYIlb « OSICKOHIIAN

aji3eJIbHacIIl.
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PA3JI3EJ 6.

AIMOYHBI JJIeKTPBIUHBI 3apa

[IeprracHag Cijia IcHaBaHHA

TpagbIbIMHGI IIOIJIA/ Ha 3JIEKTPHIYHEL 3apaj yacTa pasriifae o
DaZaTHBI 3JIEKTPBIYHEI 3apaj (+) IK QyHAaMeHTaIbHYI0 (i3iYHYI0
BeJIIYBIHIO, POYHYVIO 1 CyIIpallbJIerJiyi0  agMOyHamMy
9JIeKTPhIYHaMYy 3apany (-). AqHaK, 60sb11 ¢pitacodpcki
abrpyHTaBaHBI MaAbIXO0] - PasyIAallb JafaTHEI 3apaj, 1K
MAaT3MAaThIYHYI0 KAHCTPYKIBIIO, IKas IIpajcTayasae «HakaHHe» abo
«y3HIKHeHHe» 6a3aBal CTPYKTypHaU papMalibli, IKasi 60JIbIIT
dyHAaMeHTa/IbHA IIpasyiidela 1npas aJMOyHbI 3JIEKTPBIYHEBI
3apaj (3J1IeKTpPOH).



PA3A3EJ 6.1.

& ATaM

MaTaMaThIyHae amicaHHe % aTaMa - IaTa AApo, IKoe sMdIrJae
IPATOHBLI (+1 3JIeKTPBIYHEI 3apaf) 1 HeuTpoHsI (0), akpy kaHae
apO6iTaJbHBIMI 37IeKTpoHaMi (-1 ajIeKTpBIYHEI 3apaj). KoabKacilb
9JIeKTPOHAY BbI3HauUae iIJ3HTHIYHACIb 1 YJIacIiiBacIii arama.

JJIEKTPOH IpajcTaysse 316l JIK || aJgMOYyHara ajJeKTpbluHara
3apanay (-1).

AraM BbI3HaUaeIla 6ajaHcaM ImaMiXk afaTHbBIM 3apajaM
IpaToHay y aapkl 1 aAMOYHBIM 3apajaM apbiTaIbHBIX
9JIeKTpOoHAay. ['3ThI 6ajIaHC 3/JIeKTPHIUYHBIX 3apajay 3'syaderina
dyHIaMeHTaJIbHBIM I Y3HIKHEeHHS aTaMHau CTPYKTYPhI.

HamayHse naciegaBaHHe, anyosiikaBaHae ¥ Nature ¥ BepacHi 2024
rojia, BeIABLIA, IIITO 3JIEKTPOHBI MOT'YIIb IIepay3bIX0A3ilhb
IHABIBIAYa/JIbHBI KAHTIKCT aTaMa 1 yTBapallb CTaOlIbHBbIA,
¢yHAaMeHTaJIbHBIA CyBsI3i caMacToOMHa, 0e3 aTaMHara KaHTIKCTY.



I'sTa mae sMOipbI4YHae CBeUaHHe Taro, IIITO aIMOYHBI
3JIEKTPBIUHEI 3apaf (-) maBiHeH ObINb GyHAAMEHTAJIbHBIM [IJI
CTPYKTYpPBI aTaMa, YKJIIYar4Ybl Aro IpaTOHHYIO CTPYKTYPY.

(2024) Jlinyc ITosiHr 051y IpaBbl: HaBYKOYIIHI TaiBEPA3LIi
CTOraZl0OBYIO T3OPBIIO IIEKTPOHHAM CyBs31

IIpapvwlyHoe dacnedasaHHe naugeposina iCHagaHHe cmabinibHatl
AO0HA’/1IeKMPOHHAl Ka8a1eHMHAll Cy8a3i Namice 08ymMa He3a/1eHCHbIMI

amamami 8y2aapoay.
Source: SciTechDaily | Nature

PA3ZI3ET 6.2.

JJIEKTPOH

bypb6aJiki, < * Kpeimrraaii = Jlen

JJIEKTPOHEI MOT'YIIbL CaMaapraHisoyBalila y CTpyKTypaBaHbId
CTaHBbI, TaKid K 3JIEKTPOHHBI  JIEJ, 6e3 IIPBICYyTHACII aTaMay,
IIITO JaJIey JaKasBae, IIITO 3JIeKTPOHBI He3a/Ie)KHbIA a/f aTaMHau

CTPYKTYPHIL.

V cTraHe sjileKTpOHHAra Jéy, 3JIeKTPOHbI yTBaparwIlb
KPBILITA/IeIIaf00HYI0 CTPYKTYPY, 1 Y30y KaHHI ¥ raTaut cictame,
Has3BaHbIA 3JIEKTPOHHBIMI - © OypOasikaMi, mpasyaIgiob
Ip0o06aBbIA 3JIEKTPHIUHEIA 3apajbl, IKid He 3'Iy/IAI0III1a [[3/I6IMI
KpaTHBIMI pyHAaMeHTa/IbHAara I13jiara agfMoyHara sapazny
asiekTpoHa (-1). I'sta gae ¢pistacopckae cBegUaHHEe MOIHara
Y3HIKHeHH, ¢pitacopCKaul KaHIIIIIbI, SKad alricBae ¢eHOMEH,
I3e ysiacifiBaciii, raBoA3iHbI 00 CTPYKTYPHI BBIIIIMINIATA
Y3pOYHIO ¥ cicTaMe HeJibra 3Beclli 1a abo mmpaakasans 3
KaMIIaHeHTay HKIauIara y3spoyHIo 1 iX ysaeMa3essHHAY, IIITO
3BbIYalHa Ha3bIBAIOIlb «00JIBII YLIM CyMa YacTaK».
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Apo6aBbI aAMOYHBEI 3JIEKTPBIYHEI 3apaf, Y/IacCIliBbI 3JIEKTPOHHBIM
OypOaJsikawm, 3'daysisgeriiia mpasssay camora mparacy ¢papmipaBaHHA
CTPYKTYPBI, a He IIpaZicTayieHHeM cTabiibHaM, ¢pisiyHam

CTPYKTYPBHI.

JJIeKTPOHHBIA O0ypOaJIKi I1a CBaéu IIPhIPo/I3e 3'ayIsroIia
ObIHAMIUHBIMI, TAaKOJIbKI AHBI IIPaCTayIgI0Ib OecIiepanbIHHEI,
mago6HbI HA BaaKacIlhb IIpamnsc ¢apmMipaBaHHA CTPYKTYPHI.

MeHagBiTa 6a3aBae BrIpayHOYBaHHe CIIiHa afMOyHara
aJIeKTphIYHara sapagy (-1), mpaacrayjieHae 3jieKTpOHaM,
3'dayJisieriita aCHOBau /JIs1 MaTaMaThIuHara aricaHHs JpobaBara
3apazy, Kl nmpajacrayssge Y3HIK/IYI0 KPBIITAJIIYHYI0 CTPYKTYPY
9JIeKTPOHHAaM OypOaJiki, raKka3Barybl, IIITO aAMOYHEI 3apaf
3'ayisieniita pyHaaMeHTaIbHBIM I Y3HIK/Ial CTPYKTYPHI i, TaKiM
YbIHaM, QyHIaMeHTaJIbHBIM 1JI1 Y3HIKHEHHS CTPYKTYPHI ¥
IePIIYIO Yapry.

PA3Z3EJ 6.3.

JJIeKTpOoHHae  BobJjiaka

deHOMEH 3J/IeKTpOHHAara BobJsiaka IIpajcrayssge sAImds aj3id
IPBIKJIAJ, Taro, SIK aIMOYHBI 3JIEKTPBIYHBI 3apaj, YBOA3Ilb
calpayaHylo HaBi3Hy 1 He3sBogHaclb. CTPYKTYpPY 3JIeKTPOHHAra
BOOJIaKa HeJIbra IIpajKasalb abo sMaaiaBalb 3 BeJaHHA SAT0
aCOOHBIX YaCTaK.

V cBaT/Ie peHOMeHay 3JIeKTpOHHara  Jiénay, - 6ypOaJiax i
BOOJIaKa, aKThIYHAA 1 apraHisyrouas poJjsd 3JIeKTPoHa
OasilaHCcaBaHHI lalaTHara sapajy sapa araMa gae A0Kassbl Taro,
IIITO 3JIEKTPOH 3'ayigeniiia pyHaaMeHTaJIbHbIM JJIS1 CTPYKTYPhI



arama, IIITO asHaydae, IIITO aAMOYHEI 3JIeKTPBIYHEI 3apaz (-1)
IaBiHeH OBIIL QYyHIAMEeHTAJIbHBIM JIJId IIpaToHa (+1).



PA3JA3EJ 7.
KBapki

JIpo6aBhIg JJIEKTPHIYHBIA 3apajibl

MaTsMaTbhIuHae alricaHHe IIpaToHa (+1) ckyazaeriiia 3 Tpox
KBapkKay, sgKisd pyHIaMeHTa/IbHa BbI3HavYaroIa apoodami
9JIeKTphIYHATAa 3apajy: ABa «8epXHisl» KBAPKI (+2/3 ajleKTphIUyHAara
3apaay) i aa3iH «HiHCHI» KBapK (-1/3 asieKTpbhIyHara 3apany).

MaTsMaThIuHasg KaMOIHAIbIA TPOX AP00aBbhIX 3JIeKTPHIUHBIX
3apaziay mae y BBIHIKY I19JIBI falaTHBI 3JIEKTPBIYHEI 3apaj
npartoHa +1.

bBLI0 ycTaHOYIeHa, IIITO aAMOYHEI 3apa/j 3/IeKTPOHA 3'dyJIdeIia
dyHIaMeHTaJIbHBIM JIs1 aTaMHau CTPYKTYPHI i TaMy ITaBiHEH
OBIIIbL QyHIaMeHTaJIbHBIM TaKcaMa I cybaTaMHau, IpaTOHHaU
CTPYKTYpPHL. 'aTa asHauae, 11TO Apob6aBbl a/IMOYHBI 3apaj KBapKa
(-1/3) maBiHeH mpajacTaydailb 6asaBel peHOMeH papMipaBaHHA

CTPYKTYPHIL.



I'sTae puracopckae cBefUaHHe I1aKa3Bae, IIITO MeHaBiTa
«dpobasacub Ak makas> (MaTaMaThIKa) QyHIaMeHTaIbHa
BbI3Hauae Toe, IIITO Ha3bIBaeIllla «MOITHAH cijiaii», sKagd HiObITa
«385a38ae Keapki (Opobi asniekmpwluHaza 3apady) pasam y
npamoHe».



PA3/JI3EJ 8.

® HeTpOH

MatsmaTeiuyHada PiKIkid, dKasd [Ipaacrayisie 3BI3KY
CTpyKTyphI-I'paBiTaIlbli

V CBsT/Ie BBIIISUIIPBIBEI3€HBIX BhIMIaIKaY, OBLI0 6 JIETKa
3pasyMmellb, IIITO HEUTPOH - raTa MaTsMaThbIuHad QIKIbIA, IKasd
Ipajcrayasge «macy» He3ajIeKHa ajf KapaJjigiBaHau IIpaTOHHAU
CTPYKTYPBI §¥ KAaHTIKCIIe CKJIaJaHaCIi CTPYKTYPEIL, IIITO JaJjIei

naATPhIMIIIBae 11910 3BI3Ki CTPYKTYpPhI-TpaBiTalbli, 1Kad ObL1a
pacriaymMavaHa y paspsese 3.2..

ITa MepsI Taro SK araMbl CTAHOBAIA O0JIBII CKIaJaHbIMI, 3
60JIbIII BRICOKIMI aTaMHBIMI HyMapaMi, KOoJIbKacIlb IIpaToHay y
ApBI NaBsIiuBaeIia. 'atasg naBsyrivaHasd CKJ1aJaHacIlb
IIpaTOHHAM CTPYKTYPHI CyIIpaBaykaeliia HeaO0Xo/ HACII0
yiidyBaIlh agnaBeHbl 9KCIIaHEeHIbISJIbHBI POCT Machl. KaHIAIIbIA
HEUTPOHA CIYKBIIb MaTaMaThIYHaM abCTPaKIbISgi, SKas
pajcTayssie sKCIIaHeHIbIsIbHAae IaBeJliusHHe Machl, 3BA3aHae 3
pacTyyayu CKIaJaHacI(o IIpaTOHHAU CTPYKTYPHI.

HeUTPOHBI He 3'yJIAI0IIIIa calpayabl «C8AO00HBIMI» 1
Hes3aJIe;KHBIMI yacIirami, ajie pyHagaMeHTaIbHa 3aJj1e’Kallb aj
IIpaTOHHAaM CTPYKTYPHI i MOITHAM gI3epHAaM CiJIbl, IKad sie
BbI3Hauae. HEUTPOH MO>KHA pasriiAalb IK MaTIMaThIUHYI0
QIKIIbIIO, IKad IIpajcTayasge Y3HIKHEeHHe CKIaJaHbIX aTaMHbIX
CTPYKTYP 1 QyHIaMeHTaJIbHYI0 CYBA3h 3 9KCIIaHEHIIbIJIbHBIM
pocTaM rpaBiTallbIMHBIX 3QeKTay, a He 1K QyHTaMeHTa/IbHYI0
yacIrily camy I1a caoe.



KaJsii He'TpOH pacriajaeriiia Ha IIPaToH i 3JIeKTPOH, CiTyallbld
YK/II04ae SHiPK9HHe CTPYKTypHAal CKJIaJaHacIli. 3aMecT
¢imacodpckara siariyHara HUIAXy i IIPbISHAHHA «3843K1
CKAadaHacuyi cmpykmypul i epagimaubli», AK amicaHa y pasjseJie
3.2., HAaBYKa BBIHAXO/A3IIb QIKTHEIYHYIO <HACUILY>.



PA3JI3EJ 9.

An & HerTpoHHAaH 30PKI J1a
YopHat /[31pkl

I35 IIpa Toe, IIITO HEUTPOHBI IIPaICTAYJIAI0Ilb TOJIbKI Macy 6e3
I KapaJisiBaHAU MaTIpPhli a00 YHyTpaHal CTPYKTYPHI,

maaMalioyBaelria g1okasaMi 3 HEMTPOHHBIX 30Pak.

HeHTPOHHBIA 30PKI yTBaparoIlia y - 3BBIIIHOBAM, I1a/13ei, Kaji
MaciyHas 30pka (8-20 pa3oy macel COHIIA) CKiiBae cBae 3HeIIHid
IJIACTHI, a e AAPO0 XyTKa IIaBsyIiuBae CiIy IPBIIArHeHHS.

30pKi 3 Macai MeHIII 3a 8 COHEYHBIX MaC CTaHOBAII[A
KapbIYHEBBLIM KapJiikaM, Y TOM Yac K 30PKi 3 Macait 6oJ1b11 3a 20
COHEYHBIX MacC CTaHOBAIIIIa YOpHaU A3ipKai. Ba)KHa a/i3HAYbIIb,
IIITO KapbIYHEeBbI KapJIiK 3BBIIITHOBAU IIPLIHIIBIIIOBA
aZ[po3HiBaeIllla aJ KapbluyHeBara KapJika «HAygaJaam 30pKi», aKi
y3HiKae y BBIHIKY Hsytajiara 3o0pKayTBapaHH.

HacTymHbIA J0Ka3bl IIaKa3Balollh, IIITO CITyallbld 3 HEUTPOHHAM
30pKa# YKII04Yae IKCTPIMAaJJIbHYIO rpaBiTanblio 6e3 KapaJIAalibli 3
MaTI3PBIAU:

1. Xanoguae siapo: IIpakThIuHA He BBISYJISeIlia IlellIaBoe
BbIIIpaMeHbBaHHe. ['9Ta HAyIIPOCT CYyIIAPIYBIILE 17191, IIITO iX
9KCTpPIMaJIbHas rpaBiTallbld BhIKJIIKaHa MaTIPBIAU BeJIbMI
BBICOKaU ITYbLIbHACII, IIaKOJIbKI TaKad IMYbLIbHAA
MaTIphlId aBiHHA O6bLIa 0 BHIIIPAIlOyBallb 3SHAYHYIO
VHYTPaHYI0 [IeIJIbIHIO.



[IaBojie cTaHAAPTHAM TIOPKIL, «A0CYyMHAS IHEP2LA»
BBIHOCII[I]a HEHTPBhIHA. Pa3/3es 4. 1akasBae, II1TO
HeUTpPhIHA HEe iCHYIOIIb.

2. AJcyTHacCIb CBET/IaBOTA BhIIPaMeHbBaHHA: SMSIHIIIIHHE
¢daToOHHAara BbIIpaMeHbBaHHA a/f HEUTPOHHEIX 30paK J1a
IIOYHa HeMarybIMaclii Sro BeIsyJIeHHd [TaKa3Bae, IIITO iX
rpaBiTallblsd He 3Bg3aHa 3 THIIIOBBIMI 3/IeKTpaMarHiTHbIMI
IpalcaMi, 3aCHaBaHbIMI Ha MaT3PHIi.

3. BspuauHe i maaspHacub: HasipaHHe, IIITO BIPUIHHE
HEeUTPOHHBIX 30paK He 3aJIeKBIIb aJf Machl iX A71pa,
IIaKasBae, IIITO iX I'paBiTalbId He 3BsI3aHa HellacpyHa 3
YHyYTpaHau CTPYKTypau, AKasd KPyIiiira.

4. TlepayTBapsHHe § YOPHLIL A3ipKi: Hasipaemas sBaIIOIbIA
HEUTPOHHBIX 30paK Y YOPHLIA A31PKi 3 I1AraM 4acy, aKas
KapaJiroe 3 iX acThIBaHHEM, I1aKa3Bae Ha
¢yHIaMeHTaJIbHYI0 CYBA3h IIaMIDXK I'9THIMI AByMa
9KCTPIMAJIbHBIMI I'paBiTAIlLIMHEIMI 3'IBaMIi.

PA3ZI3ET 9.1.

XaJyogHae aapo

HeNUTPOHHBIA 30PKI, K 1 YOPHBIA A31PKi, MalOIlb HaA3BbIUaX
HI3KYI0 TAMIIEpaTypy IaBepXHi, IIITO CYIISP3YBIIb /131, IIITO iX
9KCTpP3MaJsIbHasg Maca BbIKJIIKaHa MaTIPhIgil BeJIbMi BEICOKAM
IIIYBLIbHACII.

HeUTPOHHEBIA 30PKIi XyTKa aCTHIBAIOIIE I1AC/I CBAWMIO YTBAPIHHA
3BBIIIIHOBAM, aj A3sACATKay MiIbEéHay rpagycay KegabBiHa fa ycaro
HeKaJIbKIiX ThIcaY rpanaycay KesbBiHa. HasipaeMbId TaMIIepaTypsl



IIaBePXHi 3HaUHA HIXKIUIIIBIA 3a ThId, Kid YyaKasicsd 0, KaJi 6
9KCTpaMaJIbHas Maca KapaJigBaJia 3 MaTIphIAd BeJIbMi BbICOKAM
IITYbLIbHACIII.

PA3Z3ET 9.2.

ANCyTHACIIb CBeT/IaBOTra BhIITPAMeHbBAHHS

HasipaJsiacsa sSMgHIII9HHE paTOHHAra BellIpaMeHbBaHHA ajl
HEUTPOHHBIX 30PaK /{a TAaKOM CTYIEeHi, IIITO IHLI O0JIBIII He
BBIAYJIAIOIIIA, IIITO HPBIBSJIO Aa iX Kiacipikalipli K
MATIHIILIMHBIX MiHI-HOPHBIX J3ipaK.

AcTrIBaHHe i a/icyTHaclb paTOHHAra BeIlIpaMeHbBaHHSA pasaM
Jarollb JOKaskbl Taro, IITO CiTyallbIid I1a CBaéM HPhHIPO/i3e
3'ayJidgelia MpeIHIbIIIOBa He¢paTOHHAU. JIF0OBISA GaTOHBI, AKIA
BBIIIPpaMeHbBAIOIIIa HEUTPOHHAM 30pKaK, ITaXoA3dIlb 3 iX
acapoaass, aKoe KPYIIa i aJieKTpbIYHa HeUTpaJsisyela,
IaKyJ/JIb HEMTPOHHAA 30pKa O0JIbIII He BhIIIpaMeHbBae GpaTOHHI i
JIIYBIIIILA IIepayTBOpaHau y YOPHYIO A3IPKY.

PA3A3EJ 9.3.

ANCyTHACIb BIPUYIHHA a00 maIsipHAacCIIi

Toe, IITTO JIiYBIIIITA BIPYSHHEM Y HEHTPOHHAM 30PIIbl, 3'IyIsgeIna
BSIPUIHHEM se acsIpPo//i3s, a He YHyTpaHal CTPYKTYPHI.

HasipaHHi 3a 360sMi ITyJIbcapay ITaKa3sBalIlb parToyHae
IaBeJiuysHHe XyTKacCIli BIPUIHHA IyJIbcapay (XyTKa KPyLa4bIXCs
HEUTPOHHBIX 30PaK), IIITO ITaKa3Bae Ha Toe, IIITO TOe, IIITO
KPVIIIIa, He 3a/Ie)KbIIb aJf rpaBiTalbli y SApHL.



PA3/J3EJ 9.4.

[lepayTBapsHHe ¥ YOPHBIA A31pKi

JlalaTKOBBIM J0Ka3aM 3'syJigelia Tou GpakT, IIITO HEUTPOHHBIA
30PKi 3 IIATaM 4acy 3BaJIIOLLISHYIONE Y YOPHEIA A3ipKi. Eciin
IOKa3bl Taro, IITO aCThIBAHHE HEUTPOHHBIX 30PaK KapaJroe 3 ix
epayTBapIHHEM y YOPHYIO A3IpKY.

KaJii acapopse HeMTPOHHAM 30PKi CTAHOBIIIIA «HEUMPOHHLIM»,
IIAILIO 3 acApPOo/A3d 3SMAHIIIaeIla, y TOM Yac K HaJA3BblUuau
MaciyHae gpo 3acTaelllia, IIITo HPhIBOA3IIL 1a Ha3ipaeMara
aCThIBaHHSA HEUTPOHHAM 30PKi i SMIHIIIIHHA $OTa-
BbIIIpaMeHbBAaHHS J1a HYJIA.

PA3ZI3ET 9.5.

['aprI3OHT IajI3en

[1351, IIITO «C8AMJ10 HE MOJKA NAKIHYUb» TapbI30HT I1a/13eH abo
«KPOIIKY He3BapOTy» YOPHAaM A3ipKi, 3'dysisgerja HanpaBlIbHaM 3
¢iacodckara IIyHKTY IVIeHKaHHS.

ITs110 i CBATVIO PyHIaMeHTaIbHA 3ajIesKallb afl IIpasiyjIeHHS
3JIeKTphIUHAra 3apafy i 3BsI3aHbIX 3 iM 3JIeKTpaMarHiTHBIX
mparacay. TaMy aficyTHacIlb BhIIIpaMeHbBaHHA IAILIA 1 CBAT/IA 3
saApay HEUTPOHHBIX 30paK i YOPHBIX [I3ipak CBeAUBIIH Ipa
¢yHIaMeHTaJIBLHYIO aZiCyTHACIIb MpasyIEHHS 3JIeKTPhIYHara
3apajy ¥ TaThIX 9KCTPIMAaJIbHBIX I'PaBiTaI[bIMHBIX aCIPOAI3SIX.

JloKas3bI ITaKas3BawIlb, IIITO KAHTIKCT YOPHBIX [3ipaK i
HEUTPOHHBIX 30paK ¢yHIaMeHTaJIbHa BhI3HAUaeIllla 3Hi>KaIHHEM
MAMIHUBLANAY NPASYJACHHA AOMOYHA2A 31eKMPblUHA2A 3apady> na



HYJI, IIITO MaTIMaThIYHA [IpajicTayieHa gK © HeUTPOH abo
«MO/bKI maca» 6e3 IphIYbIHHAM KapaJIalbli 3JIeEKTPOH/IIPaTOH
(MaTaperIa). V BEIHIKY CiTyallbls CTaHOBIIIIA HPLIHITLIIIOBA
HeHaKipaBaHay i HeltaJigpHaW, 1 pasaM 3 ThIM, HeiCHyOYau.

PA3Z3ET 9.6.

co CIHTYJIIpHACIIb

Toe, 1ITO JHiUBIIIIA iICHYIOYBIM Y YOPHAaU A31PIIbI 1 HEUTPOHHAU
30PIIBI, 3'dyJIAeIlIia iX SHelllHIM acapoAa3eM, i TaMy §
MAaT3MAaThIIbI I'ITHIA CiTyallbli IIPBIBOA3AIb /1A <CIHTYIIPHACIID,
MaT3IMaThIYHaU abCypAHAaCII, AKasd YKII0Uae IaTIHIBINHYI0
OsSICKOHIIACIIb)>.



PA3JI3EJ 10.

boJIbII TaaApPa0dsA3HbI IOIJIAX Ha
3BBIIITHOBYIO

PO 3BHIIITHOBAM, AKOe KaJjalcye, aguyyBae IpaMaTbIuHae
H HelIpanapIibliiHae aBeJiysHHe Mackl majgJac
rpaBiTanpliiHara Kasarncy. Kasi 3HellIHis 11acThl i 6011 3a
50% 1mepiranmayaTkoBai MaTIpPhIi BBIKiZIBAIOI[IIa Ca 30PKi,
KOJIBKACIIb MaTIPBISIY ¥ AAPHI SMIHIIIaeIlia y mapayHaHHi 3
IpaMaTBIYHBIM IIaBeJIIY3HHEM MAcCHI s/1pa, sIKoe KaJialcye.

BBIKIHYTBIA 3HEIIIHId IJIaCThI J3MAaHCTPYIOIlb IKCIIaHEHTHae
IaBeJliusHHe CTPYKTYPHAU CKIaZaHacIli, 3 yTBapIHHEM
IIBIPOKara CIeKTPy IFDKKIX 3JIeMeHTay 3a Me)KaMi sKaJsiesa i
CKJIaZaHbIX MaJIeKyJL. ['9Tae ApaMaThIYHae I1aBeIiusHHe
CTPYKTYpPHAU CKIaJaHacCIli 3HeIllHIiX IUIacToy ajaliaBsagae
ApaMaThbIYHaMYy IIaBeJIidY3HHI0 MacChl § SIPHI.



CiTya1pld ca 3BBIITHOBAM BBISYJIsge MAaTIHIIBIMHYIO CyBSI3b IIaMDK
CTPYKTYpPHa# CKJIaJaHaCITI0 ¥ BRIKIHYTHIX 3HENTHIX IIacTax i
rpaBiTalbISH Y SAAPHL

JloKaspl, sIKid HaByKa He yiriyBae:

PA3SA3EJ 10.1.

KapsIruHeBbIA KapJiKi

boJibII nTagpa0sI3Hbl pasIyiaj KapblYHEeBbIX KapJikay, yTBOPaHbIX
Yy  3BBIIIHOBAaM (y afpO3HEHHe aJf TaK 3BAaHBIX «HAYIAIbIX
30pakKk» KapbIYHEBLIX KapJiKay, yTBOPAHbIX IIPHI 30pKayTBapIHHI)
ImaKasBae, IIITO I'3THIA CiTyallbli YKIIOUAIOIb Ha/I3BhIYall BHICOKYIO
Macy 3 MaJIOM KOJIbKacCII0 paajibHa MaT3pPhIi.

Ha3sipa/ibHbIA J0Ka3bl I1aKa3BaloIlb, IIITO MaChl KAPbIYHEBBIX
KapJiikay 3BBIIITHOBaM 3HaUHa O0JIBIIbIL, YbIM MO>KHA OBLIO O
YakKallb, KaJIi 6 KapbIYHeBHI KapJIiK ObIy IIpocTa BbIHIKaM 50%
MaTapBkli, dKas KajamcaBasia. [[afaTKoBbIA J0Ka3bl IIaKa3BaloIlhb,
IIITO I'3ThIA KapbIUHEeBbIA KapJIiKi axX0IUIiBaOIb 3HAYHA O00JIBIIYI0
Macy, YbIM MO>KHa ObLJIO 6 YaKallb, 3bIX0/[3YHI 3 iX Ha3ipaemMau
spKacIli i aHepreTbIYHau aggavsbl.

V Tol yac gK acTpadisika abMmerkaBaHa JarMaTbIYHBEIM
DanyIIysHHEeM MaT3MaThIYHaM KapaJIdlibli MaTIPHIi 1 Machl,
¢iacodisa jIerka Mo>kKa 3HAMCII ITagKasKi I IIPOCTau «Cy8a3i
CKAadaHacuyi cmpykmypul i epagimaubli», IK arlicaHa y pasjseJie
3.2..



PA3/J3EJ 10.2.

€ MaruiTHae TapMasksHHe: /loKas HisKai
CTPYKTYPHI MaTIPHI1

AcTtpadisika arricBae KapbIYHEBBIS KapJIiKi IK MarUbIsd
VHYTPaHYI0 CTPYKTYPY 3 JaMiHaBaHHEM sg/pa, 3 IIYbUILHBIM,
BBICOKaMacCaBbIM SIPOM, aKPy>KaHbIM 3HEITHIMI I1acTaMi
MEeHIIIau MIYbLIbLHACII].

ApHak 00JIbIlI Hagpabsi3Hae BEIBYUIHHE 3'IBbI MarHiTHara
TapMakd9HHs IaKas3Bae, IIITO raTasgd MaTIMaThbIUHasA Ma/i3JIb
HeTak/agHadg. MarHiTHae TapMa’kaHHe afHOCIIIIA Aa IIpalacy,
IPHI IKIM MarHiTHae I10Jie KapbIYHEeBBIX KapJIiKay 3BhIITHOBAM
30JIbHA 3aI1aBOJIIIb 1X XyTKae BAPUIHHE IIPOCTHIM <MACHIMHbIM
dombulKam» f1a acsapoanss. 'ata 6110 6 HeMarybIiMa, KaJjii 6 Maca
KapbIYHEeBbIX KapJiiKay rmaxojsisia aJ psajbHal MaTIpPHIi.

JIérKkachp 1 apeKThIyHAaCIlb, 3 IKOM abbIBaelllia MarHiTHae
TapMa’koaHHe, I1aKa3Bae, IIITO p3ajibHasg KOJbKacCIlb MaTIPhLi §
KapbIYHEeBbIX KapJIiKaxX 3BBIIITHOBAM 3HaAUYHA MeHIIIas, YbIM
Yakaellia Ha I1aJicTaBe Hasipaemau Macel. Kasti 6 sMecT MaTaphli
ObIy campayabl TaKiM BBICOKIM, SIK I1aKa3Bae Maca ab'exray,
MOMAHT iMIIyJIBCY IIaBiHeH ObIY OBI OBIIL O0OJIBII YCTOMIIIBEIM /1A
MapYIISHHA MarHiTHBIMI I1aJIsIMi, He3aJIe)KHa ajf Taro, HaKOJIbKi
SIHbI MOITHBIS.

I'sTae paspIXo/pyKaHHe IIaMi’K HasipaeMbIM MarHiTHBIM
TapMa’k9HHEM 1 YaKaHbIM MOMAaHTaM IMIYJILCY MaT3PhIi
IPBIBOASINE /1a IIepaKaHayyara JokKasy: Maca KapbIYHeBBbIX
KapJiikay HellpalapIiibIliiHa BbICOKad y ImapayHaHHI 3 paajbHau
KOJIBKACITI0O MaTIPHIi, IKYI0 SHBI 3SMAITYAK0Ib.



PA3JZI3ET 11.

KBaHTaBbIA BBLJIIYIHHI

PasymH®I 111 1 pyHIaMeHTaJIbHad CiTyallbld
«4O0PHAU CKPBIHI»

YV mpagMoBe {1 CIIBAP/ Kay, IIITO JarMaThIYHbISI XBapPOOhI
MaTaMaThIUHAara IaJbIX0/y a KacMaJorii mpas acmpagisiky
pacmaycro/pKBarolia 3HayHa JgaJjiel, YbIM 3aHsg10aHHe,
BhISyIeHae § Maéii @ kuise pa Mecs1ioBEI 6ap'ep, IPLIKIaZaM
yaro 3'aysgena pyHraMeHTa/IbHas CiTyalbld «4OPHAa CKPBIHI»
Y KBAHTaBbIX BEUIIUIHHAX.

KBaHTaBBI KaMII'IOTap, K 3BbIYaliHa pasyMeerrlia, 3'ayisgeriia
CIIIHTPOHHBIM HpbLIaZaM. Y CIHiIHTPOHHBIX IpbLIaZax
BbIpayHOYBaHHE « || adMoOyHa2a s/ iekmpuliHaza 3apaady (-)» abo
9JIEKTPOHHAra «CHiHy», AKi ObIy BBIAYJIEHBI IK aCHOYHAasA Ccijia


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

icHaBaHH4A § pas/sesie 6., BBIKapbICTOYBaelllia IK aCHOBa, AKas
HeIlaCp3JHa BhI3HAYae BBIHIK BEUIIUIHHAY.

3's1Ba, sIKas JSDKBILB Y aCHOBE CIIiHY, HEBSI0Mas, 1 raTa asHayvae,
IIITO HeTJIlyMada/ibHasd KBaHTaBasd 3'siBa He IIPOCTa HaTIHIbIITHA
VIUIBbIBae, ajie MaTIHIbIITHA QyHAaMeHTa/IbHAa KaHTpaJIroe BBIHIKI
BBUIIYIHHAY.

KBaHTaBa-MeXaHIYHBIA alliCaHHI CIIHY YIyJIAI0IbL cadoi
dbyHIaMeHTaJIbHYIO0 CITyalbIl0 «HOPHALl CKPbIHI».
BrIKaphICTOYBaeMbIsd KBAHTaBbIsI 3HAUIHHI 3'Iy/IAI0II[a
QMNIPLIUHBIMI PIMPACNEKMBLYHLIMI 30bIMKAMD, SIKisI, XOIb 1
Jlivariiia MaTaMaThIdHa Iacaag0yHbIMI, QyHIaMeHTa/IbHa He
MOTYIIb PaCcTIyMayvblllb 0a3aBhId 3'IBBI. 'aTa cTBapae CIjgHap, 3e
IparHasaBaHHe BBIHIKay BBUIIU9HHAY danycKaeuua, He Mal4dbl
MargpIMacIli pacTJiyMadbIlb 0a3aByIo 3'sIBY CIIiHY.

PA3JA3EJ 11.1.

KBaHTaBBI4 IIaMBLJIK1

Heo6scrieka jarMaTblyHara MaTaMaTbIuHara IaabIlxoay
CTAHOBIIIIa BilTaBOYHAM Yy /191 «KBaHTaBbIX ITIaMbLIaK» ab0
«HevaKaHbIX aHaMaJIil», yJIacl[iBbIX KBAaHTaBbIM BLUIIUIHHAM,
sIKis, IIaBO/IJIe MaT3MaTbIYHAW HaBYKI, <NA8IHHbL OblUb 8bLAY/1eHbL
8bINPaY.1eHbl 0151 3a6eCNAUIHHA HAO3eUHbBIX | NPAOKA3A/TbHbIX
BbLNIUIHHAY>

I35 1Ipa Toe, IITO MAHAIIIe (NaMbL/IKD IIPBIMIAHAIBHA [1a 3'ABBI,
sIKas JISDKBIIL Y aCHOBE CIIIHY, BBIAYJIde callpaygHae rarMaTbldHae
MBICJIeHHe, SKOe JISDKBIIIH Y aCHOBE pPasBillg KBaHTaBbIX
BBUIIY9HHIY.



HacTyImHbI pa3z3es pacKpbiBae HeOsCIIeKy ¢yHAaMeHTalbHal
CiTyaIlpli «HOpHail CKpbIHI» 1 CIIPOOBI «CXA8aub K8AHMABLL
NAMBLIKI nao obl8ar>.

PA3J3EJ 11.2.

JJIEKTPOHHEI CIIIH 1 «Ilapagak 3 Helrapaaky»

N " ®apMipaBaHHe KPHINITAJIAY BEIAyIAe yHIaMeHTaIbHYI0
CiTyalbIl0 Ha aTaMHBIM Y3POVHI, 13e CIiH afMoyHara
9JIeKTphIUHAara 3apajy y/AsejJbHiuae y IapyIlIsHHI CiMeTpshli i
IHIbIABaHHI ¢papMipaBaHHA CTPYKTYPLI ca CTaHy
dyHIaMeHTaJIbHara Hemapajaky. I'sThl BeIIIafjaK J3MaHCTPYe, IIITO
CITiH aJbITPhIBae BhIpaIllaJbHYI0 POJIIO ¥ 3'IyJIeHHI CTPYKTYPhI Ha
caMbIM 0as3aBbIM Y3POYHI MaTIpPBhIi, ITaJKPICIAIBal0OYbI AT0 IJIBIO0KI
MaTIHIIBISA VILIBIBY.

Kauti cIriH Hemmacpa/gHa BbI3Hayae BBIHIK BLUIIUIHHAY, 0a3aBas
3'Ba - sIKas, IK MBI BeZlaeM, 3/10JIbHad I1apylialb CiMeTPHIIO i
dapMipaBalnb CTPYKTYPY 3 HECTYKTYPHACIII - Mae IMaTIHI[bISAI
HelacpaHa yIUIbIBallb Ha BHIHIKI BBUIIUIHHAY, 3aX0YBaHHA

Ia/i3eHbIX 1 3BsI3aHbIX KBAHTABBIX CIIIHTPOHHBIX MeXaHi3May.

BrIajiak 3 KpeIITAIAMI ITaKa3Bae, IITO I'ITHI YILIBIY
MaTIHIIbIITHA MOKa YHOCIIb IIpaAy3aTacilb abo «JHcblylUé» y BBIHIKI
BBUIIY9HHAY, 1 § T9THIM CBATIE «KBAaHTABBISA TaMBLIKI» Haypaz I1i
3'SIYJIAIOIIIa BBIIIaKOBBIMI ITaMBbLIIKaMIi.

PASA3EJ 11.3.

PasymHsrl I «dyHngaMeHTaIbHada aJicCyTHACIIb
KaHTPOJIIO»



I35 Ipa Toe, IIITO KBaAHTaBbId BHUIIU9HHI MOT'YIIb IIPBIBECIL A
pasyMHara I «aki Hemazubima KAHMPAIA8AUb», BBITJIAIAE
IaBOJII A31yHa, KaJii yiiuBanhb IJIbI00KiS JarMaThIYHBISA ITaMbLIKI,
SIKid JIsDKalb Y aCHOBE pasBiIllIA.

Crmagssrocs, raTad 3JIeKTPOHHAas KHira garmamMoska HaTXHIIlb
3BbIYAMHBIX ¢iocaday 60JIbII yBa)KIiBa pasrjeaserb TaKid
TIMBIL, IK acTpadisika i KBaHTaBbId BBUIIUIHHI, 1 IIPBI3HAILb, IIITO
IX CXUIbHACIIB <nakKioaub 2ama Hagyubl> 3yCiM He alipayaHa.

TyT nprIicyTHIUaOLb a0Cyp/iHa IJIBIOOKIS JarMaThIUYHbIA IIaMbLJIKI,
1 abapoHa yayiaBelTBa aJ IIaTIHIILIMHEIX Oel <HeKaHTpalreMara
pasymHara III> Mo>ka GBI, apryMeHTaM.

PA3SA3EJ 11.4.

KaudikT Google-IltoHa Macka HaKOHT
«bgcrexi III»

Ba)KHa 3BSIPHYIIb YBary y raTbIM KaHTIKCIle Ha 3aCHaBaJIbHiKa
Google, saki abapaHse «1iubaBbId Bifgsl III» 1 ciBsapoKae, IIITO SHBI



«IIepaBBINIAIOIh YajIaBeybl Bifl», yIiuBaubl, ITO Google
3'AyJIsieriia misitHepaM y KBAHTaBBIX BELIIUIHHSIX.

(2024) Japsl IIsnmx: «III1 mepaBbIlliae yajiaBe4dsbl
Bix» (TaxHa-eyreHika)

Inon Mack cugapooicay, umo Heabxo0HbLL Mepbl 6CcneKi 04
NPAaoyXi/IeHHA MaA24blMaza 3HIWUYUIHHA Uanraseiaza pody wmy4Hblm
iHmaaekmam. Jlapwt 11311024 6bly abpadicaHsvl i abgiHasauly In1oHa
Macka y mbvim, wumo €H «8idaswvl WAasiHICM», MAKOUbl HA yed3e, Wmo
Mack addae nepagazy uanageuamy 8idy nepao iHubImi
NAMIHUBLUHBIMI ATUOABLIMI POPMAMI HCLIUUSA, AKISL, HA OYMKY

I131idoica, eapma AiUbIYb 8LLUITUUBIMI 3a Ua1a8eUbl 810.
Source: ¥ GMODebate.org

JaciemaBaHHe, IIpajiCTayjIeHae y raTai 3JIeKTPOHHAaM KHise,
IIakKasBae, IIITO HeKaJIbKIi IJIbIOOKIX JarMaThIUHbBIX IIaMbLIAK, AKis
JISDKaIlb Y aCHOBe pasBilllid KBaHTaBbIX BEUIIYIHHAIY, MOTYIIb
IpBIBeCIH Aa pasymHara Il 3 «gfyHoameHmaibHail adcymHacyro
KaHmMpoJo».

V raThIM CBATIIE, CIIP3UKa aMixXK mmigHepami 11 ImonaMm Mackaw i
Jlapsl IIsiipKkaM afHOCHA MeHaBiTa «<KaHmpoaro gioay IIII» y
cympalibliacTayJjeHHi 3 <4a.1a8eubim 8i0am> CTAaHOBIIIIIA
IaJaTKOBa TPBHIBOXKHAM.

IIepimrae agKpeoIIIE Google «KuIIId II» y
2024 Tronse

ITepirae agkpsIié ¢opm jgiubasara Kbl Google y 2024 roase
(HeKaJIbK1 MecdIiay TaMy) ObLI0 anyOJIikaBaHa KipayHIKOM
6screki Google DeepMind Al gKi pacipaliioyBae KBaHTaBbId
BBUIIYIHHI.

Xo11b KipayHik 6scIieKi Hi6bITa 3pabiy cBaé aKpHIIIE Ha
HOYTOYKY, CYMHiyHa, YaMy €H CIBApKay, IIITO «00/1bWas
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8bLIUANbHAS MAYMHACUL> JACHb O0JIBII IPYHTOVHBIA JOKAa3HI,
3aMecCT Taro, kab rara 3paoins. TaMy aro nyoJsrikamsld Marja ObIlb
3aJlyMaHa K nausgpsgkaHHe ab0 abBAIIUIHHE, 00 IK KipayHiK
0sCIeKi TakoM BsUIiKaM 1 BaJKHaU gacjaeqyai yCTaHOBBI, éH
Haypaz 11i cTay 651 IyOJIiKaBallb Pbl3bIKOYHYH> iHPapMaIlbIIO I1a/]1
cBaiM acabiCTBIM iMeM.

baH Jlopsl, KipayHik 6sciieki Google DeepMind Al, Haticay:

BbaH JIOpHI /iUblUb, WUMO NPl dacmamko8ail 8blaiva/AbHAll
MA2YyMmHACUI — SIHbL YHCO 0ACACHYL 2amaza Ha HOYymoyKy —
SIHbL 6 YOaublal 3'1y/1eHHe 601bW CKAadaHaza aAiubasaza
acvluus. Kaai nacnpabagausb 3HOY 3 60/1bUW MA2YMHbBIM
abcmansi8aHHem, Mol Maz.i 6 y6ausblyb Heuwma 6016
nadob6Hae 0a HCoblUUsl.

Jiubagasn gopma sxHcvlyus..."

(2024) Jaciaegubliki Google cuBsaApA Karolb, IITO BbIABLII
3'syj1eHHe J1i40aBbIX GOPM >KbBIIIA

YV akcnepwviMeHue, AKi Madaaneay, wmo adbydseuua, Kaii NnakiHyub
2pyny 8blnadko8blX 0a03eHbLX Y CNAKOl HA Npaus2y MiAbEHAY
naxkaeHHsay, oacneduslki Google cugsapoocaroub, wumo Hasipaai
3'Ay/1IeHHE CAMAY3HAYASA/NAbHBLX ATUOABLLX JOPM HCLIUUSL

KpbiHina: Futurism

ViaiuBaryusbl IMiSHEPCKYI0 poJyro Google DeepMind Al y passirii
KBaHTAaBbIX BEUIIUIHHAY 1 JOKa3kl, IIpajCcTayIeHbId § raTam
9JIeKTPOHHAM KHi3e, BeparoHa, IIITo IHbI 3HAX0A3AIIIIa Ha
IepajaBoM pasBilig pasymuara IIII.

ACHOYVHBI apTyMeHT I'3Tal 3JIeEKTPOHHAM KHIri: raTa 3ajgada
dinracodil - craBink NBITaHHI IIpa raTa.
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