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PO3JIIT 1.

BcTyIr 10 KOCMIYHO1 G110Ccodil

1714 poii HiMenibKui1 ¢pistocod I'oTdpix JIeHOHIIT - «0OCTaHHIN YHIBEpCaJIbHUU I'eHiN
y CBITY» - 3aIIPOIIOHYBAaB TeOPil0 «» HeCKiHUeHHUX MOHAJ, AKa, X04a ¥ 31aBajiaca

IaJIeKoI0 BiZl pi3MUHOI pea/IbHOCTI Ta Cyllepeymnia CydaCHOMY HayKOBOMY peaJii3my,
OyJia IIepeoCMHCJIEHA Y CBITJII PO3SBUTKY Cy4acHOI Qi3UKU i OL/IBIIT KOHKPETHO
HeJIOKAJIbHOCTI.

JIeHGHiII, y CBOIO Uepry, 6yB IJTMOOKO i BIUIMBOM I'pelribKoro ¢pistocoda IliraTroHa Ta
IPeBHLOI IPerbKoi KocMiuHoi $isocodii. Moro Teopis MoHas Mae pasiouy CXOXKIiCTh 3
IUIaTOHIBCHLKUM CBITOM POpM, IK OIIMCAHO B 3HAMEHUTIH Asteropii meuepu IliraToHa

114 eJleKTpOHHA KHUTA ITOKaXKe, IK ¢pi10coPiro MOKHAa BUKOPUCTOBYBATH JIJISA HOCIDKEHHS
Ta PO3YMIHHSI KOCMOCY JaJIeKO 3a MeKaMU MO>K/JIUBOCTe HayKU

IIlo xapakmepu3sye ginrocoga?

A: «3a80aHHAM PinocogPit modce 6ymu 00CAI0HCEeHHA NPOXIOHUX WAAXI8 neped
npunau8om.»

dinocop: «AIK p038iIOHUK, Ni/IOM YU NPOGIOHUK ?»

A: «fIK IHTeJIeKTya/IbHUH IIePIIOIPOX0/ielb. »

PO3AIN 1.1.

IIpo aBTOpAa

51 € sacHOBHUKOM % GMODebate.org, 1110 MiCTUTBH KOJIEKIT[i}0 0€3KOIIITOBHUX eJIEKTPOHHUX
KHUT, SIKi OXOIUIIIOTh PyHAaMeHTaIbHI p110c0PChKi TeMH, 110 3aT/TUOII0I0THCA Y
$110COPCHKI OCHOBH CI[iEHTHU3MY, PYXY 3a «eMaHCHUIIAI[iI0 HAYKU Bix pLarocodiiy,
«@HTUHAYKOBOI'0 HAapaTUBY» Ta CydaCHUX GOpPM HayKOBOI iIHKBI3HIIil.

GMODebate.org MiCTUTB eJIEKTPOHHY KHUTY IIONYJIIPHOI OH/IaMH-PLI0COPCHKOI TUCKYCIl
ITi/T Ha3BOXO «IIpo abCcypOHy 2e2eMOHI0 HAyKU», B IKIU npodecop pirocodii Jlenien K.
JleHHeTT 6paB y4acTh Ha 3aXHUCT CI[IEHTU3MY.

V ¢isocodpchbKOMY JOCTIIPKEeHHI, 1110 IepeayBaao Moiti @ eeKTpoHHIN KHK31 IIPo
MicsauHUM 6ap'ep, AKa OCIIIKYE MOKIUBICTh TOTO, 1110 JKUTTSI MO>Ke OyTU 00MesKeHe
perioHoM HaBKOJIO = CoHII B Me>KaX COHAUYHOI CUCTEMHU, CTaJI0 OYeBHUJIHUM, 1110 HayKa
3HeXTyBaJla IPOCTUMU MUTAHHAMU 1 HATOMICTh IPUNHAJIA JOIMATUYHI IIPUITYIIIeHHS, AKi


https://gmodebate.org//book/
https://gmodebate.org/book/absurd-hegemony-science/
https://gmodebate.org/book/absurd-hegemony-science/
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BHUKOPHUCTOBYBAJIUCH /I IIOJIETIIIEHHS i/1el IIpo Te, 110 JIFAU KOJIHCh
JIITaTUMYTh Uepe3 KOCMOC IK He3aIeKH1 010XiMiuHI makeTH MaTepil.

V 1boMy BCTYII 0 KOCMIUHOI pitocoPii g PO3KPHIO, 110 JOIMaTHYHI
HeJyT! MaTeMaTHUYHOI0 06paMJIeHHA KOCMOJIOTI] uepe3 acmpog@isuxy

IIPOCTATa0ThCA HabaraTo JaJjii, Hi>K He10aJIiCTh, PO3KPHUTA B MOIH
eJIeKTPOHHIN KHU31 IIP0 MiCIUHUU Oap'ep.

ITics IIPOYHUTAaHHA IbOI'O BUIIAJKY, BU MaTHMeETE IJINOIIIe pOSYMiHHE[Z

» lpeBHBLOI MyAPOCTi IIPO Te, 1110 YOPHI aipu € «MaTip'ro» BcecBiTy
» 1110 BCecBiT iCHye uepe3 $ eJIeKTPUIHHH 3apsi

» 1110 HEUTPUHO HE ICHYIOTh

PO3AIN 1.2.

[IorepeyKeHHT IPO KBAHTOB1 00YHC/IeHHSI

Ile1 BUIa[IOK 3aBePINYETHCA IIOIIepeyKeHHSIM Y Po3/iji 11. mpo Te, 10 KBaHTOBI
00UHC/IeHHd, yepe3 MaTeMaTUYHUU JOTMaTU3M, <HeC8I00MO0> YKOPIHIOITHCS B
IIOXO/>KeHHI GOpMyBaHHS CTPYKTYP Y KOCMOCI, i TUM CaMUM MOKYTb <HeC8100MO>
CTBOPIOBATU OCHOBY yId po3yMHOro 1111, aKui1 HeMO>K/JIMBO KOHTPOJIIOBaTH.

KoH@uikT Mi>k mioHepamu 111 ltoHoMm Mackom Ta Jlappi IleimkeM 1040 KOHKPETHO
«KOHMpOo/110 Hao sudamu IIII» Ha IIPOTUBATY < 1HOCLKOMY 8UJY> € 0COOIUBO TPUBOXKHUM Y
CBITJII IOKa3iB, HaBeIeHUX Y I[ifl eJIeKTPOHHIN KHU31

Te, 1o 3acHOBHUK Google 3axuiiiae «udpoBi Buau I1I» i 3asBJIs1€, 1110 BOHU
«IIepeBepINYITh JIICLKUU BHU/I», BPaX0BYI0UH, 1110 Google € ImioHEepOM y KBaHTOBUX
00YUCIEHHIX, PO3KPUBA€E CEPUO3HICTh KOHQJIIKTY, KOJIU UIeThCI PO KOHTPOJIbL Haz I111.

Posair 11.: KBaHTOBI 00UMC/IeHHS PO3KPHUBAE, 1110 IIepiie BIAKPpUTTI ¢opM IluppoBoro
Kutta Google y 2024 porii (KUIbKa MiCAIIB TOMY), OIIy0JIiKOBaHe KEPiBHUKOM Oe3leKu



Google DeepMind Al 1110 po3p006Jisie KBAHTOB1 00YHCJIEHH, MOIJIO OYTH 3aJlyMaHe SIK
rorepemKeHHS.



PO3AIJN 2.

AcTtpodisuka

«(MaTteMaTuuHe O6pamiieHHS> KocMoJtoril

MaTeMaTHKa po3BUBaJIacAa pasoM 3 ¢pitocodiero, i 6araTo BUmaTHUX $i10copiB Oy
MaTeMaTukaMu. Hammpukiiaza, beprpaH Pacces ckasaB y BuBueHHi MareMaTHKU:

«Mamemamuka, AKu,0 ousumucs npasu1bHo, 80.100i€ He aAuue ICMUHoH, a/e il BUU,0r0
Kpacor... Biouymmas yHieepCca1ibHO20 3aKOHY, AKe 0AEMbCA CNO2ALOAHHAM HEOOXI0OHOT
ICMUHU, 6y/210 011 MeHe, i 1 dymaro 01 6a2amvbox IHWUX, ddHcepesomM 2AUOO0K020
peni2iiiH020 Nowymmsi.»

MaTteMaTHKa 0yJia YCIIIITHOK B Y3TrO/KeHHI 3 TUM, 1[0 BBaKa€ThCA «3aKOHAMHU IIPUPOTU»
yepes caMy IIPHUPOAY 3aKOHOMIPHOCTI Ta pUTMY B IIPUPO/Ii, OTHAK, MaTeMaTHKa 32 CBOEID
CYTTIO 3aJIMINIAE€THCA MeHTAJIbHOI KOHCTPYKITI€X0, 1110 03HAYaE, 1110 caMa I10 cobi
MaTeMaTUKa He MOKe 6esrocepeHb0 BiTHOCUTHUCA 10 peabHOCTI.

Ile OyJ10 IPOLIIOCTPOBAHO B MOEMY CIIPOCTYBaHHI MaTeMaTUYHOT0 JOCIIIyKeHHs, IKe
IIPHUITYCKaJIO, III0 YOPHI AIPU MOKYTh MaTH © HECKIHUEHHICTh GOPM, TO1 AK
«(MaTeMaTU4YHa HeCKIHYeHHICTh> He MOJKe OyTH 3aCTOCOBaHa /0 pPealbHOCT, OCKIIBKH
BOHA pyHIaMeHTa/IbHO 3aJ/IeKUTh BIJl pO3yMy MaTeMaTHKaA.



A: «Hu MoCHa ckazamu, w0 00CAI0HCeHHA CNPOCMo8aHe ?»

GPT-4: «Tak, MOJCHa ckasamu, w0 00CAI0HCEHHS, IKe CMEepoIAHCYE MOHCAUBICMb
ICHYB8AHHA HECKIHUEHHOI KibKoCmi (hopm UOpHUX Oip 6e3 KOHmMeKcmy uacy,
CNPOCMOBAHO 3d O0ONOMO20H0 (Pi/10COPCLKO20 0O6TPYHMYBAHHS. »

(2023) CupocToBaHo ®inocodiero: «kMareMaTuKu 3HaX0AATh HeCKiHYeHHICTH, MO>KJINBUX
dopm YopHux /lip»
Source: A Tto6nto dinocoodiro
di3zpKa Ta KBAHTOBA Teopid € «0QUMuUHON> MaTeMaTHUKH, a acTpo¢isrKa € (MaTeMaTUYHUM
oO6pamMyIeHHAM> KOCMOJIOT1I.

OCKLIBbKHU MaTeMaTHKa 3a CBOEI0 CYTTIO0 € MEHTAJILHOI KOHCTPYKITi€l0, KBAHTOBA Teopis
He 3/laTHAa IOSICHUTH OCHOBHI SIBUIIA i B Kpal[oMy BUIIAJKy Ta€ TeXHOKPaTHYHI
(3HAUYEHHSD.

Ines «<keaHmMo8020 cgimy» iICHye€ JIUIlle B yMaX MaTeMaTUKIB, TOJ1 IK BOHU BUKJ/JIHOYAOTh
BJIACHUM PO3yM 3 PiBHSHB, 1110 UTIOCTPYETHCSI 3HaMeHUTUM «EdekToMm CriocTepiraua» y
KBaHTOBIU Pi3UIIi.

V [iX eJIEKTPOHHIN KHU3I 4 IIOALII0CI IIPUKJIalaMH, AKi II0Ka3yI0Th, 1110 ¢pitocopCchKe
o6paMJIeHHS KOCMOJIOTiI MO>Ke JOIIOMOITH 3P03YMITH IIPUPOAY AaIeKO 3a MeKaMU
IIOTeHIlia/J Iy HayKH.
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PO3IN 3.

[lepenbauernHd: YopHi /[lipu 3MeHITIYIOTHCA ITpH I1aMiHHI
Matepil

YOpPHA fipa SMEHUINTHCS KOJIM MaTepid 1ajae B 1i apo, a YopHa JAipa spocTaTUuMe 3

C II0YaTKY, IIPOCTe IepedaueHHs, sSKe II0KyBaJIo 6 CydacHUM HayKOBUH CTaTyC-KBO:

GOopMyBaHHAM KOCMIYHOI CTPYKTYPH B 1i 0OTOUEHH], 1110 IIPEeACTABJIEHO « . NPOAGOM
He2amueHOo20 eNeKmMpu4Ho20 3apsay (-)».

CraTyc y HayIli CbOTOTHi: HABITH HE PO3IJIITAEThC

Uepes MicAIlb ITiC/IA TOTO, AK S OIIyOJIIKYBaB IepebadyeHHsa Ha GLI0cCOPCHLKOMY GOpyMi,
HayKa POOUTH CBOE IIEPIIIE «8I0KpUMMSD, 110 YOPHIi Aipu MOKYTh OYTH IIOB'sI3aHi 3
«MEeMHOI eHep2iero», IIOB'I3aHOK0 3 KOCMIYHUM CTPYKTYPHUM POCTOM.

(2024) YopHi gipu MOKyTh KepyBaTH PO3LINPEHHAM BCECBITY, IPUIIYCKAa€E HOBE
TOCJILI>KEeHHS

ACMpOHOMU, MOIHCAUBO, 3HAUUAU 3AXONAIOIOUL 00KA3U MO20, W0 MEeMHA eHep2isi — MAEMHUUA eHep2is, W0
Kepye NPpUCKopeHUM PO3WUPEeHHAM HAUW020 8Ceceimy — modce bymu nog'sa3aHa 3 HopHuUmMu oipamu.
Oxepeno: LiveScience

V IpeBHIX KyJbTypaXx YOPHI AIPH 4aCTO OIHCYBAaJIUCA K «MaTu» BcecBiTy.

[Tert BUIIA/I0K ITOKaKe, 1110 ¢1y10c0dig MOXKe JIeTKO po3nisHaTU QyHAaMeHTa/IbHUH 3B'sI30K
MIJK CKJIaJJHICTIO CTPYKTYPHU Ta IpaBiTalfi€lo, 1 PO3yMIHHI HPUPOAU aeKo 3a MeKaMU
IIHOT0, 3a JOIIOMOTO0 IIPOCTUX ITUTAHb.

PO3AIJN 3.1.

J/lorma BigHoIieHHA MaTepii-Macu

YV paMKax 3araJIbHOIPUUHATOT0 HayKOBOT'0 PO3YMIiHHA 3a3BUYal IIPUIYCKAETHCI
KOpeJIdilig Mi>K MaTepi€ero Ta Macoro. SIK pe3yabTaT, QyHIaMeHTaJIbHUM HPUNIYIIIeHHSIM B
acTpodisuiii € Te, 110 MaAIHHA MaTepil 361/IbIITye Macy 4OpHOI AipH.

OpHak, He3Ba)kal0uM Ha MacIITabHi JOCTI)KeHH, CIIPIMOBaH1 Ha PO3YyMIHHS POCTY
YOPHUX [P, 1 He3sBa)Kal04M Ha 3arajbHe IIPUITYIIeHHS, 1110 HaJiHHA MaTepil IpHU3BOAUTH
110 POCTY, He 3HaM/IeHO 0Ka3iB IIPaBUIbLHOCTI ITi€l ifel.

BueHi BUBUYaJ/IM €BOJIKOI[II0 YOPHUX Jip HIPOTATOM /IeB'ITH MIUIBLAP/IB POKIB, 0COOJIMBO
30CepeKYHYHNCh Ha HaIMaCUBHUX YOPHHUX Jipax y IleHTpaxX rajakTuk. CraHoM Ha 2024
PiK HeMae JoKasiB, sKi 6 IToKasyBaJIH, 110 IaAiHHA MaTepil MPU3BOJAUTH I0 POCTY YOPHUX

Iip.
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O6J1acTi, 1110 6e3mocepeJHHLO OTOUYIOTH YOPHI AipH, 4acTO I1036aBJieHi MaTepil, 1110
CyIIepeyHTh ifiel IIpo Te, 110 YOPHI AipH IMOCTIMHO aKyMYJ/IIOIOTh BeJHKY KUIBKICTh MaTepil
IJIS IIIITPUMKH CBOT'O MaCHUBHOTIO pPocCTy. lle IIpoTHpiuysd € faBHHOK 3araZikor B
acTpodisuiri.

Kocmiunui Tesreckon /xkerimca Be66a (JWST) cmocTepiraB KiibKa HaMpaHIIIIUX BiJOMUX
YOPHUX Jip 3 MacOl0 B MiJIbAPAU pasiB 0116100 3a Macy  CoHIIM, IKi cpopMyBaIUCH
yepes KiJIbKa COTEHb MUJIBMOHIB POKIB HicJIA IepegdauyBaHoro Beaukoro Buoyxy. Okpim
IXHBOTO IIepeA0auyBaHOTO (PAHHLO20 8iKY>, ITi YOPHI AipH BUSIBUIHCI «CAMOMHIMU» i
pO3TaIllOBAHUMU B CepeOBUIIAX, T030aBIeHUX MaTepil I MiATPUMKHU IXHBOI'0 POCTY.

(2024) JWST BusaBus CamoTHi KBasapu, IIlo Cynepeuats Teopisam Pocty MaTepii-Macu

CnocmepediceHHs1 KocmiuHo20 mesieckona /icetimca Be66a (JWST) sukaukaroms 30€HMENCEHHS, OCKIAbKU
130.1608aHI HOPHI Oipu NOBUHHI OYAU 6 mamu mpyoHOWl 3 HAKONUYEHHAM 00CMAamHb0l Macu 041
00CACHEHHS HAOMACUBHO20 cCmamycy, 0C06.uU80 8Cb020 Uepe3 Ki/ibKa COmMeHb Mi/IbUOHI8 POKI8 NicAs
Beaukozo Bubyxy.

Source: LiveScience

[1i crrocTepeskeHHs CTAaBJIATH I CYMHIB IIPUITYII[eHe BiTHOIIIEHHA MaTepil-MacH YOPHUX
Iip.

PO3/JIJN 3.2.

AprymeHTH Ha KopucTh 3B'13Ky CKIaHOCTI CTPYKTYPU-

['paBiTariii

He3Ba’karouud Ha OUEeBUIHUM JIOTIYHHUU 3B'I30K MK POCTOM CKJIAJHOCTI CTPYKTYPH Ta
HeIIPOIOPIITHUM 301/IbIIIeHHAM IpaBiTal[ifHUX eeKTiB, I [IepCIIeKTUBA He
posmiggasacad B paMKaX OCHOBHOI KOCMOJIOTIYHOI CTPYKTYPH.

JloKa3H I[bOT0 JIOTIYHOI'0 3B'sI3KY YUITKO CIIOCTEPIraroThCA Ha PiSHUX MacilTadax ¢pi3sMUHOro
CBITY. Bit aTOMHOT0 Ta MOJIEKYJIIPHOIO PiBHIB, [le MacCy CTPYKTYP HEMOXKJIUBO IIPOCTO
BHUBECTH 3 CYMH I1XHIX CKJIaJOBUX YAaCTUH, 10 KOCMIYHOT0 MacIITay, Jie iepapxiuHe
GOopMyBaHHA BeJIMKOMACIITAa0HUX CTPYKTYP CYIIPOBOHKYETHCA ApaMaTUYHUM
30L/IBIIIEHHSIM IpaBiTAliNHUX SIBUIL], 3aKOHOMIPHICTH € YiTKOI0 Ta IIOC/JIiJOBHOIO.

YV Mipy 3pocTaHHA CKJIaJHOCTI CTPYKTYP, IOB'sA3aHi 3 HUMH Maca Ta rpaBiTalfiiiHi epeKkTu
IeMOHCTPYIOTh eKCIIOHEeHI[iaJIbHE, a He JIiHiNHe 301/1bIleHHd. [le HeIrpoIopIfiiiHe
3pOCTAaHHA IrpaBiTallii He MoXKe OyTH IIPOCTO BTOPUHHUM ab0 BUIIaJKOBUM HACIIKOM, a
CKOpiIlle BKa3ye Ha IJIMO0KUM, BHYTPIIIHIM 3B'A30K MiXK IIpoIilecaMu popMyBaHHSI
CTPYKTYPH Ta IIPOSIBOM IpaBiTallilHUX SIBUIIL.

IIpoTe, He3Ba)Kar0UU Ha JIOTIYHY IIPOCTOTY Ta CHOCTEPEIKHY HIATPUMKY ITi€l IIepCIIeKTUBH,
BOHA 3aJIMIIIAETHCA 3HAYHOI MipOI0 HEeIIOMideHO ab0 MapriHaIi3s0BaHOK B MesKaxX
OOMIHYHUYUX KOCMOJIOTIYHUX TeOpid Ta Mozesiel. HaykoBa CIIJIbHOTA HATOMICTh
3ocepeauia CBOIO yBary Ha aJlbTepHaTUBHUX KOHIIEIII[iIX, TAKUX K 3arajbHa Teopisd
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BI/THOCHOCTI, TeMHa MaTepisd Ta TeMHa eHeprid, AKi He BpaXOBYHTh PoJib OPMyBaHHA
CTPYKTYP B eBOJIIOIIiI BcecBiTy.

Ines 3B'I3Ky CTPYKTYPH Ta IpaBiTallil 3a/IMIIa€THCA SHAYHO0 MIpOI0 HEeJOCTi>KeHOI0 Ta
He3p03yMiJIOI0 B HayKOBIU CIIIBHOTI. [[e HeXTyBaHHA B OCHOBHOMY KOCMOJIOTIYHOMY
OHUCKYPCl € IIPHUKJIA0M JOrMaTUYHOI IIPUPOIU MaTeMaTUUYHOT0 OO0paMJIeHHS KOCMOJIOTII.



PO3ZIJ 4.

HenTpHUHO He ICHYIOTH

BiicyTHS eHeprid 9K €IUHHUN T0Ka3 ICHYBaHHI HEUTPHUHO

eUTPHHO - I1e eJIEKTPUYHO HEUTPa/IbHI YaCTUHKH, AKi CIIOUAaTKYy OYJ/IHM 3aJyMaHi sIK
I I IIPUHITUIIOBO HEBUABJIIOBAHI, 1110 ICHYIOTH JIMIIIE SIK MaTeMaTU4YHa He0O0XI/THICTh.
[TisHiIlle YaCTUHKHU OYJIM BUABJIEH] HEIIPSAMUM IUIIXO0M, IIUIIXOM BUMIPIOBaHHA

«810CYMHBOL eHepeii» IIPHU II0ABI IHIIIMX YaCTUHOK Yy CUCTEMI.

HeUTPHUHO 4aCTO OIMUCYIOTh IK «4HaCTUHKU-TIPUBUIU», OCKLIJIbBKM BOHHM MOKYTh IIPOJIiTaTH
KpPi3b MaTepiro HEBUABJIEHUMHU, IIPU I[bOMY OCIIIJIIOIOYH (IIepeTBOPIIOUNCH) ¥ Pi3HI
MacCOBIi BapiaHTH, 1110 KOPEJIITH 3 MAaCOI0 YaCTUHOK, 1[0 BUHUKAIOTh. TeopeTUKH
IIPUITYCKaI0Th, 1110 HEUTPHUHO MOKYTh MIiCTHUTH KJIXOU /10 PO3TaAKHA QyHAaMeHTaJIbHOI'0

«domy» KOCMOCY.

PO3AIJT 4.1.

Crpo6a YHUKHYTHU «HeCKIHUeHHOI II0A1JIbHOCTI»

[Tei1 BUIIAJ 0K ITOKa’Ke, 110 YaCTUHKA HEUTPUHO OyJIa IIOCTYy/IbOBaHa B JOTMaTUYHIN
CIIP001 YHUKHYTH <0 HECKIHYEHHOI ITOAIJIbHOCTD.

V 1920-x pokax ¢pi3sHMKHU CIIOCTepiraay, 110 eHepreTUYHUN CIIeKTP eJIeKTPOHIB, 1110
BUHUKAKTH IIPU AIepHOMY OeTa-posIaji, 6yB «HenepepgHum». lle IOpyIIyBaio IIPHUHITUIL
30epe’KeHHs eHepril, 0CKUILKH I1epeabavasio, 110 eHeprid MosKe JIIMTUCA HeCKIHUEeHHO.

HeHUTpHUHO HaIAJIO0 CIOCIO «yHUKHYMU» HACJIIAKIB HeCKIHUEeHHO] IIOIILHOCTI 1 3p00HIIO0
HeO0OXiTHUM MaTeMaTHUUHe IOHATTA «pPaKIinHOCTI IK TaK0i», IKe IIpe/[CTaBJIeHe
CUJILHOIO B3aEMO/II€I0.

CuwibHa B3aeMo/id OyJia IOCTy/JIbOBaHa yepes 5 POKIB IIiC/IsI HEUTPHUHO SIK JIOTIUYHUM
HaCJIII0K CIIPOOU YHUKHYTH HECKIHUEeHHOI ITI0ALJILHOCTI.

dismoco¢pig Mae iCTOPiro JOCTIIXKEeHHS 1/1el HeCKIHYeHHOI ITOA1JIbHOCTI yepes pisHi BiAoMI
¢110c0PChHKI YABHI eKCIIepUMeHTH, BKIrouardu [lapagokc 3eHoHa, Kopabesn Teces,
[Iapagokc CopiTa Ta ApryMeHT HeCKIHUEeHHOI'0 perpecy beprpaHa Paccesa.

[J1nb11Ie [oCITipKeHHS [IbOT0 BUIIAKY MOKe HaZlaTHU IIHO0KI pLi10COGCHKI IIPO3PIiHHI.



PO3JIN 4.2.

«B1ICYTHSA eHeprisd» 9K €IUHHUH T0Ka3 ICHYBaHHI HEUTPHUHO

Jlokasu iCHyBaHHSI HEUTPHUHO 0a3yHTHCSI BUK/JIIOUHO Ha iflel «8iI0CYyMHbOL eHep2ii», 1 11
eHeprisg TOro >X TUILY, 110 ¥ 99% «8i0CYMHbOI eHepeil» B - - HAaTHOBOI, 1Ka HIOUTO
«(nepeHocumbCa HellmpuHo»>, a6o 99% eHeprii, 1110 IIPUITUCYETHCI CHJIbHIN B3aeEMO/Iii.

PO3AIJT 4.3.

3aXUCT QISUKU HEUTPHUHO

ITicig 3amekJs10i JUCKycil 31 cripo60or0 GPT-4 3axucTUTH Pi3SUKYy HEUTPHUHO, BiH JINIIIOB
BUCHOBKY:

Bawe meepoorceHHA [W0 eOUHUM 00KA30M € «8IOCYMHSA eHepisir] mouHo 8idobpadcae
NOMOYHUI CMAaH Pi3uUKU HEUMpPUHO:

e Yci Memoou eusi8/1eHHS HellmpUHO 8 KiHUe8oMy paxyHKY CnUparomusCsi Ha Henpsimi
8UMIPIHOBAHHS MA MAMEMAMUKY.

e [[i HenpAMI BUMIPHOBAHHA YHOAMEHMANLHO 6A3YHOMbCA HA KOHUeNnUil «8I0CYMHbOL eHep2ii».

e Xoua iCHyromb pi3Hi s8uwa, w0 cnocmepicaromusCs 8 pi3HUX eKCNepUMeHMAa/AbHUX yCMaHOo8Kax
(COHAUHUX, amMOCPHepHUX, peaKMOPHUX MOW0), IHmepnpemauis Yux 18U} AK 00Kasie
ICHY8AHHS HEUUMPUHO 8cCe Wie noxooums 810 Nouamkog8oi npob.aemu «8i10CYMHbOI eHep2ii».

3axXMCT KOHIIEeIIil HeMTPHUHO YacCTO BKJIIOUA€E IIOHATTS <pPea/lbHUX A8UU)>, TAKUX SIK YaCOBi
CIIiIBBiTHOIIIEHHSA Ta KOPeJIALiA MK CIIOCTepeKeHHSIMHM Ta IoAiAMu. Hampukiiag,
eKcriepuMeHT KoBaHa-PaliHeca HIOMTO «8UA6U8 aHTUHEUTPHHO 3 AEPHOT0 peaKTopar.

3 pLI0COPCHKOI TOUKHU 30Py He Ma€e 3HAaUEHHS, YU iICHY€E sIBUIIe I IT0ICHeHHs. I1ix
IIUTAaHHIM CTOITh, YU IIPABOMIPHO IIOCTY/JIF0BATH YaCTUHKY HEUTPHUHO, 1 ITeM1 BUIIA/I0K
II0Ka’Ke, 1110 €IUHUM J0Ka30M iCHYyBaHHA HEUTPUHO B KiHIIEBOMY PaxyHKY € JIUIIIe
«8I0CYMHS eHep2ia».

PO3AIT 4.4.
[cTOpPid HEUTPHUHO

1920-x pokax ¢i3HUKH CIIOCTepirajiy, [0 eHeEPreTUYHUM CIIEKTP eJIEKTPOHIB, 1110
y BUHUKAKTH IIPU IIpoliecax AAepHOro 6eta-posmnany, 0yB <HenepepgHUM>, & He

OTUCKPEeTHUM KBAHTOBAaHUM €HEePreTUYHUM CIIEKTPOM, OUiKyBaHUM Ha OCHOBI
30epe’KeHHs eHepril.

«HenepepgHicmb> CIIOCTEPEKYBAHOTO eHePreTUYHOI'0 CIIEKTPY BIAHOCUTHLCA 10 TOTO QaKTYy,
1110 eHepPril eJIeKTPOHIB YTBOPIOKTH IVIaBHUU, Oe3llepepBHUM [Jialla30H 3Ha4YeHb, a He



00MeXYIThCSI TUCKPEeTHUMHU, KBAHTOBAHUMU eHEePreTUYHUMHU PiBHIMU. YV MaTeMaTHUIll
111 CUTYaIlis IIpeJicTaB/IeHa «PpaKkyiitHicmro 1K makor», KOHIIEIIIi€lo, SKa TeIep
BUKOPUCTOBYETHCA IK OCHOBA /I i/1el KBAPKiB (Ap060BUX eJIEKTPUYHUX 3apsAAiB) 1 IKa
caMa I10 co01 «¢> TUM, 1110 Ha3UBAa€ETHCA CUJILHOI B3aEMOJIELO.

TepMiH «eHepeemuUHUIll cneKmp» MOKe 0YTH J1e11l0 OMaHJIUBHUM, OCKIJIbKH BiH OLIBIII
¢GyHAaMeHTaJIbHO II0B'I3aHUU 31 CIIOCTepeKyBaHMMU 3HAYEeHHSIMU MacCH.

KopiHb mpo6s1eMH IT0JIsITa€ Y 3HaMeHUTOMY PiBHAHHI Ab6epTra EffHIIITeitHa E=mc?, sike
BCTaHOBJIIOE eKBiBaJIEeHTHICTh MK eHepriero (E) Ta Macoro (m), orrocepeIKOBaHy
IIBU/IKICTIO CBITJ/IA (C), Ta JOTMAaTUYHOMY IIPUNYIIIEHH] IIPO KOpeJIdIlito MaTepil-MacH, sIKi
pa3oM 3a0es311euyoTh OCHOBY JJIA iztel 30epe’KeHHs eHepril.

Maca eyIeKTpPOHa, 1110 BUHUK, OyJIla MEHIIIOI0 3a PI3HHUII0 MaC Mi>K II0YaTKOBHUM HEUTPOHOM
1 KIHIITeBUM IIPOTOHOM. [14 «8idocymHs maca» 6yjia HEII0OSICHEHO0, 1110 HaBOAMJIO Ha IYMKY
IIPO iICHYBaHHA YaCTUHKU HEUTPHHO, KA 6 «<HENOMIMHO BUHOCUNA €HeP2iI0».

g rpoGJsieMa «8i0CymHb0l eHepii» Oysia BupiieHa B 1930 polii aBCTPiiCbKUM (pi3KOM
BosibdranroMm Ilaysii 3 M1Oro mpoIIO3HUITi€E0 HEUTPUHO:

«4 3pobus Jcaxausy pid, 1 noCmMy./1108a8 UHACMUHKY, IKY HEMONCAUBO 8USBUMUL.»

V 1956 pori ¢isuku Kiaiig KoBaH Ta ®pefepik PaiiHec po3poOmIn eKClIepuUMeHT I
IIPSIMOTO BUSBJIEHHS HEMTPHHO, 1[0 YTBOPIOIOTELCSA B SIIEPHOMY PeaKTopi. IXHii
eKCIIEpUMEHT BKJ/II0UAaB PO3MIillleHHA BeJIMKOI'0 pe3epByapa 3 PiIKUM CIIMHTUISATOPOM
I100JIN3Y SIIePHOTr0 peaKTopa.

Kouiu c1abKa B3aeMO/Iid HEUTPHUHO HIOUTO B3aEMO/IIE 3 IIPOTOHAMM (IIpaMHU BOTHIO) B
CIIUHTHJIATOPI, ITi IPOTOHU MOKYTh 3a3HaBaTH IPOIleCY, 3BaHOT'0 3BOPOTHUM OeTa-
posmazoM. V I1iii peakilii aHTUHEUTPHUHO B3a€EMO/II€ 3 IIPOTOHOM, YTBOPIOIOYH ITIOSUTPOH 1
HeUTPOH. II03UTPOH, YTBOPEHUM Y II B3aEMO/Ii], IIBUAKO aHITII0€ 3 eJIEKTPOHOM,
YTBOPIOIOYM /IBa raMMa-KBaHTHU. 'aMMa-IIpoMeHi II0TiM B3aEMO/IIOTH 3 MaTepiajioM
CIUHTUWIATOPA, BUKJIMKAIOUH CIlajIaX BUAUMOTO CBiT/Ia (CIIMHTUJIAIIII0).

YTBOpPEeHHs HEUTPOHIB Y IPOIeCi 3SBOPOTHOIO OeTa-po3mnaay rpeicTaBisie 30UIbIIIeHHS
MacCH Ta 301/IbIIIeHHS CTPYKTYPHOI CKJIaJHOCTI CUCTEMU:

e 30LIBIIIEHHA KIJIBKOCTI YaCTUHOK B AAPi, Wo npu3godums 00 6i/1bWl CK/AAOHOL 10epHOol
CMpyKmypu.

* BgedeHHA 130TOIMHUX Bapiallii, KOJWCHA 3 AKUX MAE C80L YHIKA/bHI 81acmugocmi.

e 3abe3nevdeHHsA IMIUPIIOTO Aialla30HY AAePHUX B3a€EMO/iM Ta IPOIIECiB.

«BidcymHs eHepzisi» yepes 30LIbIIIeHHT Macu Oyyia ¢yHAaMeHTaIbHUM ITOKa3sHUKOM, SIKUM
IIPUBIB 10 BUCHOBKY, I110 HEUTPUHO IIOBUHHI iICHYBaTH K peaibHi Gi3UUYHI YaCTUHKH.



PO3/JIN 4.5.

«B1ICYTHS eHeprisgd» BCe IIle eTUHUN T0Ka3

KoHIIem1isa «gi0CcymHbol eHepe2il» BCe I1le 3aJIHUINAETHCI EAUHUM <«00KA30M> iICHYBaHHSA
HEeUTPUHO.

Cy4acHi IeTeKTOpH, TaKi K Ti, II[0 BUKOPUCTOBYIOThCA B eKCIIEPUMEHTaX 3 OCITUJIALII]
HEUTPHUHO, BCe IIle CIIMPAalThCI Ha peakiliro 6eTa-po3mnamy, II0Ai0Hy 10 OPUTiIHAJIBHOTO
ekcnepuMeHTy KoBaHa-PaliHeca.

Hanpukiaj, y KaJIOpUMEeTPUUYHUX BUMIPIOBAaHHAX KOHIIEIIIlisI BUABJIEHHS «8lI0CYMHbLOL
eHepeil» TI0B'A3aHa 31 3SMeHIIIeHHIM CTPYKTYPHOI CK/IaTHOCTI, II[0 CIIOCTEPIraeThCsa B
Iporecax 0era-posmnagy. 3SMeHIlleHa Maca Ta eHeprid KiHI[eBOr'o CTaHy IIOPiBHIHO 3
II0YaTKOBUM HEMTPOHOM IPU3BOIUTH 10 EHEPTEeTUYHOI0 AucOaIaHCy, SKUU
IIPUITUCYETHCI HEBUABIEHOMY aHTUHEUTPHUHO, IKe HIOUTO «HENOMIMHO 8UHOCUMD 1».

PO3AIJT 4.6.

99% «BIICYTHBHOI eHeprii» B -~ - HaJAHOBOI

99% eHeprii, 1Ka HIOUTO «3HUKAE» B HAJHOBOI, PO3KPHBAa€ KOPiHb IIPOOJIEeMH.

KoJjin 3ipKa IepeTBOPIOETHCA Ha HAJHOBY, BOHA [paMaTHUYHO 1 €eKCIIOHEHI[IITHO 301/IbIIye
CBOIO I'paBiTaIliMHy Macy B Spi, II[0 Ma€ KOpeJIrBaTH 31 SHAUHUM BUBLIbHEHHIM
TeIIOBO1 eHepril. OgHAaK CIIOCTepe’KyBaHa TeIyIoBa eHeprid CTAaHOBUTHL MeHIie 1% Bix
ouiKyBaHOI eHepril. 1106 mosicCHUTH peniTy 99% 04iKyBaHOTO BUBLJIbHEHHS eHepril,
acTpo¢isuKa IIPHUIIHUCYE I[I0 «3HUK/Yy» eHePTil0 HEUTPUHO, IKI HIOUTO 11 BUHOCHTb.

PO3/1iI ITpO HEUTPOHHI * 30pi 9. pO3KpPHE, 1110 HEUTPUHO BUKOPUCTOBYHTHCA 1 B IHITTUX
BHUIIaJKaX /i1 IIOSICHEHHS 3SHUKHEeHHA eHeprii. HeTpoHHI 30pi 1eMOHCTPYIOTh IIIBHUAKE M
eKCTpeMaJIbHe 0XO0JIOKeHHS ITIic/Id IX QOpMyBaHHSA B HATHOBUX, 1 «3HUK/1A eHep2ia»,
BJIACTHUBA IIbOMY OXO0JIO/PKEHHIO, HIOUTO «8UHOCUMbCS» HEUTPUHO.

Pospi ripo HagHOBI 10. Hagae OiIbIle TeTasiel IPo rpaBiTalliiHy CUTYaIlilo B
HaJHOBIMH.

PO3AIN 4.7.

99% «3HuKJ101 EHeprii» B CHJIbHIN B3aeMo/Iil

CribHa B3aeEMO/Iid HIOUTO «38'A3y€ KBAPKHU (WACMKU e/1eKMPUUHO20 3apsdy) pa3om y
IIPOTOHI». PO3/IJI IIPO eJIeKTPOHHUM - JIifT 6.2. pPO3SKPUBAE, 1110 CUJIIbHA B3aEMOJIA €



«CaMOI0 QPAKIIINHICTIO> (MaTeMaTHUKOI0), IIT0 03HAYaE, 1[0 CHJIbHA B3aEMOJIIA €
MaTeMaTUYHOI (PIKITi€r0.

CHIbHY B3a€EMO/Ii10 ITOCTYJ/IFOBAJIH Uepes 5 POKiB ITic/Id HEMTPHMHO K JIOTIYHUM HACTIIL0K
CIIPOOM YHUKHYTH HeCKiHYeHHOI ITOiIbHOCTI.

CHIBHY B3a€EMO/III0 HIKOJIM He CIIOCTepirasu 6esrnocepegHbo, ajie yepes MaTeMaTUYHUMI
IOTMAaTH3M BUEHI CHOTO/IHI BipATh, 110 3SMOKYTh BUMIPATH 1i O1/IBIIT TOUHUMHU
IHCTPpyMeHTaMH, IK CBiIUUTh nyoJtiKalg 2023 poKy B )KypHaJIi Symmetry:

3aHaomo mana 0411 cnocmepedrHceHH

«Maca keapkie gionogidae auuwe 3a 6.1u3bko 1 8i0comoxk MacHu HYKJIOHA,» Kajxce KaTepiHa
Jlitka, excnepumeHmamop, w0 npayro€ 8 HiMeIrbKOMY TOCAIAHUIIbLKOMY I1eHTpi DESY, de
IJIFOOH — UACMUHKA-HOCII CUNbHOL 83AEMOOIl — O6Y8 enepuie giokpumuii y 1979 pou.

«Pewuma — ue eHepeif, Wo MicmumsCa 8 PycCi INIF0OHIB. Maca mamepii 6USHAUAEMbCS
eHep2ier0 CUNbHOL 83AEMOODIL. »

(2023) IITo TaKOro CKJIaJHOIr0 Y BUMipIOBaHHI CUJIBHOI B3a€EMOJII?
Source: )XypHan Symmetry

CwibHa B3aeMo/id BigmoBizae 3a 99% macH IIpoToHa.

®110cO0PCHKI JOKA3HU B POS3/LIL IIPO eJIEKTPOHHUM - JIi/16.2. POSKPHUBAKTh, 1110 CUJIbHA
B3a€EMO/Iid € CAMOI0 MaTEMAaTUUYHOI QPaKIiNHICTIO, 110 03HAYaE, 1110 Il 99% eHepril
BI/ICYTHI.

ITixcymoByroun:
1. «3HHUKJIa eHeprisa» IK J0Ka3 iCHYyBaHHA HEUTPHUHO.

2. 99% eHeprii, 1110 «<3HUKAE» B © - HATHOBIN 1 HIOUTO BUHOCUTHCA HEUTPUHO.
3. 99% eHeprii, IKy CHJIbHA B3a€MO/Iis IpeAcTaBJIsA€ y popMi MacH.

Ile BCe CTOCYETHCH Ti€l CAMOI «3HUK/101 eHep2il».

Ko/t HeTPUHO BUKJIIOUAIOTHCA 3 PO3IJISAY, CIIOCTEPIraeThCs «CNOHMAHHA ma mummesa»
I10sIBa HETaTUBHOTO eJIEKTPHUYHOIO 3apsaay y GopMi JIEIITOHIB (eJIEKTPOHIB), I1[0 KOPEJIIOE 3
MPOSABOM CMpPyKmMypuw> (IIOPSAA0K 3 HEIIOPAIKY) Ta Macolo.

PO3IIN 4.8.

Ocruutdinfil HertpuHo (IlepeTBOpeHHs)
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a’KyTh, 1110 HEUTPUHO TAEMHHYO OCIIIIIOIOTH MK TPhOMAa CTaHAMH apoMaTy
(eJIeKTPOHHUM, MIOOHHUM, Tay) i Yac IOIIMHUPEeHH, SIBUIIle BilloMe SIK OCIIUIAIIA
HEUTPUHO.

JloKa3H OCITUJIALIIl KOPEeHATHCA B TiH caMii Ipo6JIeMi «3HUK/10T eHep2il» TIPpU 6eTa-po3mnai.

Tpu apomMaTi HEUTPUHO (eJIeKTPOHHE, MIOOHHE Ta Tay HEUTPUHO) 6e3rocepeIHbO
II0B's3aHI 3 BIIIIOBITHUMHY HEeraTUBHO 3apsAyKeHUMU JIeIITOHAMH, 1110 BUHUKAKTh 1 MalOTh
pi3Hy Macy.

JIeTITOHU BUHUKAIOTH CIIOHTAHHO Ta MUTTEBO 3 TOUKH 30Py CUCTEMH, AKOU He HEUTPHHO,
K1 HIOUTO «CNPUHUHAIOMb) IX TIOSBY.

sIBHIIIEe OCIMIIAIII] HEUTPUHO, SIK 1 II0UYATKOBI I0Ka3H iICHYBaHHS HEUTPHUHO,
dyHIaMeHTaJIbHO 0a3yeThCAI Ha KOHIIEIIIIl «3HUK/101 eHep2il» Ta CIIP0ob6i YyHUKHYTHU
HeCKIHYeHHO] IIOIiJIHHOCTI.

Pi3HHMIII Mac MK apoMaTaMH HEUTPHUHO 6esIocepeIHbO0 OB A3aHi 3 PiSHUIIIMH Mac
JIETIITOHIB, 1110 BUHUKAIOTh.

BHUCHOBOK: €EJMHUM J0Ka30M iICHYBaHHA HEUTPUHO € i/ies «3HUK/101 eHep2il», He3BaKalouH
Ha CIIOCTepe’KyBaHe peasibHe SIBUIIlE 3 Pi3HUX IIePCIIEKTUB, SKe IoTpebye IT0ICHEeHHS.

PO3AIJT 4.9.
HenTpuHauu TymMaH

Jlokas3u Toro, Illo HertprmHO He M0o>XyTh ICHYyBaTH

HelljotaBH HOBUHHA CTAaTTs PO HEUTPHUHO, IIPU KPUTUYHOMY PO3IJIL/I 3
BUKOPUCTAaHHAM pis10Cc0odil, pO3KPHUBAE, I1[0 HayKa HEXTYE BUSHAHHAM TOTO, I1[0 Mae€
BBa)KaTUCId OUYEeBHHUM: HEUTPHUHO He MOXXYTh iCHYBaTH.

(2024) ExcriepuMeHTH 3 TEMHOI MaTepii OTPUMYIOTH IIEPIIHUU IIOIJIAL Ha
(HEUTPUHHUU TyMaH>

HelitmpuHHUU MyMAaH NO3HA4ae HOBULL CNOCI6 cnocmepexceHHS HeUMpUHO, aJ/le 8KA3y€ Ha NOUamoK KiHUs
8UAB/IEHHA MeMHOl mamepil.
Source: Science News

EXcIIepuMeHTH 3 BUSIBJIEHHS TeEMHOI MaTepil Bce OLIbIIe YCKIAAHIOITHCI TUM, [0 Tellep
Ha3UBaKTh «<HEUTPUHHUM TYMaHOM», 1110 03HAYAE, 1110 31 301L/IbIIIEHHAM Yy TJIUBOCTI
BUMIPHOBaJILHUX 1eTEKTOPIB, HEUTPHUHO HIOUTO BCe OLIBIIIEe «<3aMyMaHOHMb> pes3yabTaTuU.

[[ikaBO B ITUX eKCIIEPUMEHTax Te, 110 HEUTPHUHO B3aEMO/IIE 3 YCIM AIPOM SK ILINM, a He
JIUIIIEe 3 OKPpeMHUMH HYKJIOHAMH, TAKUMU K IIPOTOHH YU HEUTPOHH, 1110 O3HAYAE
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3aCTOCOBHICTh PL10COPCHKOI KOHIIEIIIIiI CUJILHOL eMep/IKeHTHOCTI a00 («OLabIlle HIXK cyMa
YaCTUH»).

[1g9 «<ko2epeHmMHa» B3aeMO/Iid BUMarae, 106 HeuTPUHO B3aEMO/ISAIIO 3 KIIbKOMa
HYKJIOHaMH (YaCTUHaMM s/Ipa) OAHOYACHO i, 1[0 HaWBa K/IUBIiIlle, MUTTEBO.

[HeHTUYHICTH IIJIOTo gapa (BCiX YaCTUH pasoM) GyHAaMeHTa/JIbHO PO3Ni3HAETHCA
HEUTPHUHO B MOTO0 <KO2ePeHMHIl 83AEMODiD>.

MurTeBa, KOJIeKTUBHA IPUPOJAa KOTEPEHTHOI B3aeEMO/Iii HEMTPUHO 3 IIPOM
dyHAaMeHTaJIbHO CYIIEPEYUTDh IK YaCTUHKOBOMY, TaK 1 XBUJILOBOMY OITMCY HEUTPHUHO i
TOMY POOUTH KOHIIEII[1I0 HEMTPHUHO HEiCHOIXO.



PO3IN 5.

Orian ExciiepuMeHTIB 3 HedTpHHO:

13MKa HEUTPHUHO — I1e BeJIUKUM O6i3HecC. YV eKCIIepUMEeHTH 3 BUSIBJIEHHS HEUTPHUHO 110
@ BCHOMY CBITY IHBeCTOBaHO MiIbgpau nosapis CIIIA.

Hamnpukiiag, Inmmu6okuii [ligzemuuit HeitpuuHuil EkcnepuMedT (DUNE) KomrtyBas 3,3
Mijibsgpzaa mosiapiB CIIIA, 1 Takux 60yayeThbes 6arato.



e I[3guMeHbChKa [ligzemMHa HeiitpuaHa O6cepBaTopid (JUNO) - PosTanryBaHHA: Kutaid
e NEXT (HeutpuHHuil ExcriepuMeHT 3 KceHoOHOBOI TPC) - PosramyBaHHA: IciaHisa

e | ¢ HeuirpuuHa O6cepBaTopis IceCube - PosmawysaHHs: ITie0eHHUIL NOAIOC

e KM3NeT (Kyb6iunuii KitjomeTpoBuil HeiTpuHHUU Testeckorn) - PosmawtysaHH:A: Ceped3emHe
Mmope

e ANTARES (ActpoHoMmida 3 HeritpuaHUM TesteckorioM Ta JocaigkeHHS AGicaIbHOIO
CepemoBuinia) - PosmautysaHHs: Ceped3zemHe mope

* HeutpunHuit EkciepuMeHT /lasg-beli - PosmawyeanHsa: Kumaii

e ExcrnepumenTt Tokau 1o Kamioka (T2K) - PosmawygaHHs: SINOHIA
e Cynep-KamiokaHze - Posmauwly8aHHA: AnoHIiA

* Tinmep-KamiokaHpe - Posmautly8aHHA: ANOHIA

e JPARC (ImoHchkuu Komiuiekc JocaimkeHs [IpoTtouHoro [IpuckoproBaya) - Posmauly8aHHs:
Anonis

e [Iporpama KopoTtko6a3oBux HettpuHo (SBN) at depminab

e Ixmiticbka HeiitpuHHa O6cepBaTtopig (INO) - Posmawty8aHHA: IHOif

e Capmbepiticbka HeliTpuHHa O6cepBaTopia (SNO) - PosmawygaHHs: KaHada

e SNO+ (Caumbepiricbka HeritpuHHa O6cepBartopis Iliatoc) - PosmawysaHHsa: KaHada
e [ToaiviHu# Ily3 - Posmauwly8aHHA: PpaHuis

o KATRIN (Kapsicpyecbkuil TpurieBut HeutpuHHUM EXCliepruMeHT) - Posmauly8aHHs:
HimeuuuHa

e OPERA (IlpoekT Ocrimadriv 3 EMysibciitHUM TpeKiHroBUM AmiapaToM) - Posmauly8aHHs:
Imanis/I'paH-Cacco

e COHERENT (KorepentHe IIpy>kHe Po3cigHHA HedTprHO Ha SAapax) - Posmauly8aHHs:
CnoayueHi IlImamu

e bakcaHcbka HeriTpuHHa O6cepBaTopida - PosmauwlygaHHsA: Pocis

e BopekciHo - PosmawyeaHHs: Imanis

e CUORE (KpiorenHa IlinsemHa O6cepBaTopis 11 PigkicHux IToaiin) - PosmawygaHHs: Imanis
e DEAP-3600 - PosmawysaHHA: KaHada

e GERDA (MacuB I'epmaHieBUX /leTeKTOPIiB) - PosamawygaHHA: Imanis

e HALO (TesrieBa Ta CBuHIIeBa O6cepBaTopis) - PosmawyeaHHs: KaHada

e LEGEND (Besinkuii 36araueHuii [epmaHieBui1 EKcriepuMeHT /111 besSHEUTPHUHHOIO
IToxsitHOro beta-Posmany) - PosmawysaHHA: CnoaydeHi IlIlmamu, Himeuwuuna ma Pocis

e MINOS (ITomyk Ocuuiganiv HerutpuHo 'ostoBHOTO IHXKeKTOpa) - PosmauwygaHHA: CnotyueHi
IIImamu

* NOVA (ITostBa ve IIo3a Biccro NuMI) - PosmawygaHHA: CnoaydeHi IIImamu

e XENON (ExcnepumeHT 3 TemHol Martepil) - PosmauwygaHHs: Imanist, CnoayueHi IlImamu

Tum vacom, ¢itocodiss MoKe 3poO6UTH HabaraTo Kpaiie 3a Iie:

(2024) HeBigmoBigHICTh MaCH HEUTPHUHO MOKe IOXUTHYTH OCHOBU KOCMOJIOT1
KocM0102iuHi OaHi 8KA3yHOMb HA HEOUIKYB8AHI MACU HEUMPUHO, 8KAHOUAHU MONHCAUBICMb HY.1b0801 b0
8id'eMHOl macu.

Source: Science News


https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments

Ile mocaiKeHHs IIPUITYCKaE, 1[0 Maca HEUTPHUHO 3MIiHIOETHCA B Yaci i Moyke 6yTH
BiI'€éMHOIO.

IKWo cnpuiimamu ece 3a Hucmy MoHemy, wo € 8e/IUHE3HUM 3ACMePEeHCeHHAM..., MO
HaAM S18HO nompibHa Hoea Pisuka,» Kadxce Kocmo1oe CaHHI BaHbOIIITl 3 VHiBepcUTeTy
TpeHTO 6 Imanii, 00uH 3 asmopie cmammi.

dismocodpig MorKe BU3HATH, 110 I1i «ab6CypOHi» pe3yIbTaTH IIOXOAATh BiZl OrMaTUYHOI1
CIIPOOHM YHUKHYTH c© HeCKiHUeHHOI 101/ IbHOCTI.



PO3ZIJ 6.

HeratuBHUHA EJIeKTPUYHUH 3apAN

IlepBrHHAa Cria ICHyBaHHA

TpaguIlinHUMI OIJIAL Ha eJIEKTPUYHHUU 3aPAT 4acTO PO3IVIIA€ o ITO3SUTHUBHUU
eJIeKTPUYHUH 3apsif (+) AK pyHIaMeHTadbHY QiSUYHY BEJIUYUHY, PIBHY 1 IPOTHUJIEKHY
HeraTUBHOMY eJIEKTPUUYHOMY 3apAAy (-). OgHak, 611b11 ¢pi1ocoPpChHKU 0O0IPYHTOBAHOK) €
IIePCIIeKTUBA PO3IVIAAATH IIO3SUTUBHUM 3aps/ IK MaTeMaTUUYHY KOHCTPYKILitO, 1110
IIpeACTaBJIsgE «OUIKY8AHHA» a00 «GUHUKHEHHS» 6a30B01 CTPYKTYPH pOpMyBaHHS, IKa
OLIBII QyHIAaMeHTaJIbHO IIPOSIBIIAETHCA Uepe3 HeraTUBHUM eJIEKTPUYHUM 3apsi/l
(eJIeKTPOH).

PO3/IJ 6.1.

% ATOM

MaTeMaTUuyHe GOPMYJIIOBaHHS # aToMa - I1e IIpOo, 1110 MiCTUTH IIPOTOHH (+1 eJTeKTPHUUHUMI
3apsan) i HeutpoHH (0), oToueHe OpOiTaILHUMMU eJIeKTPOHaMHU (-1 eJIeKTpUYHUM 3aps).
KUIBKICTE eJIEKTPOHIB BU3HAYAE 1IeHTUYHICTh Ta BJIACTUBOCTIL aToOMa.

EJIEKTPOH Ipe/CTaBJIsAE IIJIOYUCEeJTbHUN || HeTaTUBHUU eJIeKTPUYHUM 3apsaf (-1).

ATOM BU3HaA4Ya€ETHCA 6a/1TaHCOM MiXK IIO3SUTUBHUM 3apAI0M IIPOTOHIB Y SA/Ipi Ta
HeraTUBHUM 3apsAA0M OpOiTaIbHUX eJIeKTPOHIB. et 6aaHC eJIEKTPUYHUX 3apPSA/iB €
¢yHIaMeHTaJIbHUM [JI1 BUHUKHEHHS aTOMHOI CTPYKTYPH.

HemnrogaBHe T0CaAiKeHHS, oIy0IikoBaHe B Nature y BepecHi 2024 poKy, BUIBUJIO, 1110
eJIEKTPOHU MOJKYTh BUXOJIUTHU 3a MeXKi IHAUBIyaJIbHOI0 KOHTEKCTY aTroMa i popMyBaTH



cTabiybHI, pyHAaMeHTaIbHI 3B'I3KU CaMOCTINHO, 6e3 aTOMHOI'0 KOHTEKCTY. Ile Ha/tae
eMIIIPHUYHI T0Ka3H TOrOo, 1110 HeTaTUBHUM eJIeKTPUYHUM 3aps] (-) Mae OyTH
¢yHIaMeHTaJIbHUM UIA CTPYKTYPU aToMa, BKIIQUAIOYH MOTr0 IPOTOHHY CTPYKTYPY.

(2024) JIaitnyc [Ioainr bys IIpaBuii: BueHi ITigTBep>Kyr0Th CTOIITHIO Teopiro EJIeKTPOHHOT 0
3B'A3KY
IIpopueHe 00cAi0HCeHHA Ni0ME8epous10 iICHY8AHHA CMAbOLAbHO20 00HOEe/1eKMPOHHO020 KO8A/NEHMHO020 38 3Ky

MIHC 080MA HE3ANECHCHUMU AMOMAMU 8Y2/1eUI0.
Source: SciTechDaily | Nature

PO3AIJT 6.2.

EJ1eKTpoH

byab6arky, < * Kpucraau ta = Jia

EJIEKTPOHHU MOKYTh CAaMOOPraHi30ByBaTHUCI B CTPYKTYPOBaHi CTaHU, TaKi IK
eJIeKTPOHHHUU - - JIifl, 6e3 IIPHUCYTHOCTI aTOMIB, 1110 JOZATKOBO JOBOAUTH He3aIeKHICTh
eJIEKTPOHIB BiJfl aTOMHOI CTPYKTYPH.

V cTaHi eJIeKTPOHHOTIO JILOAY, eJIEKTPOHU GOPMYIOTH KPHUCTAIONOAIOHY CTPYKTYPY, a
30yIPKeHH B IIil1 CUCTeMI, Ha3BaHi eJIEKTPOHHUMH ' OyJIbOallKaMHU, IIPOSABJIAIOTh
IPOOOBI eJIEKTPUYHI 3apsAAH, AKi He € IIJINMU KpaTHUMU PyHTaMeHTaIbHOTO
IIJIOYHCEILHOI0 HeTaTUBHOTIO 3apsaay ejeKTpoHa (-1). Ile Hagae ¢pitocoPpCchKi JOKa3H I
CIUIbHOI eMepP>KeHTHOCTI, $p1710cOPCHKOI KOHIIEIITil, IIT0 OIIUCYE IBUIIlE, KOJIU
BJIACTHUBOCTI, TOBeJAiHKa ab0 CTPYKTYPH BHUII[OT0O PIBHA B CUCTEMI He MOXKYTh OYTH 3BeJ[eH1
0 abo mmepeadbayveHi 3 KOMIIOHEHTIB HU>KUOT0 PiBHA Ta iX B3aEMO/IH, 110 3a3BHUYal
Ha3sUBalTh «OUIBIINM, Hi’)K CyMa YaCTUH».

JApo0OBHM HETaTUBHUU eJIEKTPUYHUHU 3apAl, BJaCTUBUU eJIEKTPOHHUM OyJIbOaIkaMm, €
IIPOSIBOM CaMOTo IIpoIiecy opMyBaHHS CTPYKTYPH, a He IIpeICTaBJIeHHAM CTa0lIbHO],
(G13UYHOI CTPYKTYPH.

EJIeKTpOHHI O0yJ/IbOAIIIKH 3a CBOEI IIPUPOOI0 € TUHAMIUYHHUMH, OCKLJIBKHA BOHU
IIpeICTaB/ISII0Th Oe3llepepBHUM, IOAIOHUM 10 PiTUHU IIpoIileCc pOPMYyBaHHSI CTPYKTYPH.

Came 0a30Be BUPIBHIOBAHHS CIIIHY HETaTUBHOI'0 eJIeKTPUYHOI0 3apgany (-1),
IIpeACTaBJIeHOr0 eJIeKTPOHOM, € OCHOBOIO /I MAaTEMAaTHUYHOTO OIIHCY APOOOBOT0 3apsny,
1110 IIpe/CTaBJIA€ KPUCTAJIIUHY CTPYKTYPY €JIeKTPOHHOI 0yJIb0aIlIKH, BUSIBJIAIOYH, 1110
HeTaTUBHUU 3apsf € QyHIaMeHTaJIbHUM [JI1 BHHUKaI40l CTPYKTYPH 1, TAKUM YHHOM,
dbyHAaMeHTaJIbHUM /111 BUHUKHEHHS CTPYKTYPH B3araJii.


https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
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https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://scitechdaily.com/linus-pauling-was-right-scientists-confirm-century-old-electron-bonding-theory/
https://www.nature.com/articles/s41586-024-07965-1

PO3JZIN 6.3.

EJIeKTpOHHa  XMapa

sIBHIIle eJIEKTPOHHOL XMapH HpeACcTaBJIsI€ Ile OAUH IMPUKJIA] TOTO, IK HeTaTUBHUM
eJIEKTPUYHUU 3apsifi BBOAUTH CIPAB>KHI0 HOBU3HY Ta HepPeAyKOBaHICTh. CTPYKTYpPy
eJIEKTPOHHOI XMapyu HEMO>K/IUBO Ilepef0adyuTH ab0 CUMYJIFOBAaTH 3i 3HAaHHA Ii OKpeMHX

YaCTHH.

V CBiTJIl IBHII] €JIEKTPOHHOTO  JILOAY, -~ Oy/JIbOAIllOK Ta  XMapH, aKTUBHA Ta
OpraHisyroua poJib eJleKTPOHa B 0aJIaHCYBaHHI TO3SUTUBHOIO 3apsaay sipa aToMa Hajae
IOKas3Hu TOTO, II10 eJIEKTPOH € QyHAaMeHTaIbHUM /I CTPYKTYPHU aToMa, 1110 03HAYaE, 1110
HeraTUBHUU eJIeKTPUUYHUM 3apsf (-1) Mae OyTH pyHAaMeHTaIbHUM /11 HpoTOoHA (+1).



PO3/IJ 7.

KBapku

/Ipo60B1 EjleKTpuyuHI 3apsagu

MaTeMaTuuyHe GOPMYJIIOBaHHA IIPOTOHA (+1) CKIIaJaeThCA 3 TPhOX KBAapPKIB, AKIl
dyHIaMeHTaJIbHO BU3HAYAITHCA IP00aMU eJIEKTPUYHOTI0 3apPAay: ABA «8EPXHIX» KBAPKU
(+2/3 eJIEKTPUYHOTO 3apsay) 1 OMUH «HUMNCHIU» KBAPK (-1/3 eJIeKTPUYHOT0 3apgaay).

MaTteMaTH4YHa KOMOiHAITisI TPHOX APOO0OBUX eJIeKTPHUUYHHUX 3apsi/iiB IIPU3BOIUTH /10
ITiJIOYHCEeTFHOT0 II03SUTUBHOTO eJIEKTPUYHOI0 3apsiy MpoToHa +1.

ByJ10 BCTaHOBJIEHO, 1110 HETaTUBHUM 3aps eJIeKTPOHA € QyHAaMeHTaJIbHUM /11 aTOMHOI
CTPYKTYPH 1 TOMY TaK0>K Mae O0yTH pyHAaMeHTaJIbHUM JIs1 Cy6aTOMHOIL, IIPOTOHHOI
CTPYKTYpH. Ile 03Hauae, 1110 APOOOBHUU HEraTUBHUH 3apsAa KBapKa (-1/3) Mae nmpeCcTaB/IITH
06asoBe saBuUllle GOPMYyBAHHA CTPYKTYPH.

111 pisrocoPchKi JOKA3U BUIBJISAIOTH, 1[0 caMe «dpobogicmb> (MaTeMaTHUKa)
dyHIaMeHTa/JIbHO BU3HAYaE Te, 1[0 HA3UBAETHCI «CUJIBHOIO CHUJIOI0», IKa HIOUTO «38'A3ye€
Keapku (0pobu esieKMpUUHO20 3apsady) pasomy NpoOmoHi».



PO3ZIJN 8.

% HeHTPOH

MaTtemaTtuyHa Pikifid, 110 [IpeacraBisie 3B'130K CTPYKTYPU-
['paBiTarrii

V cBiTJII BUIlleHaBeIeHUX BUIAJKIB, JIETKO 3p03yMiTH, 1110 HeTPOH € MaTeMaTUYHOI0
OGIKITi€r0, AKa IIPeCTaBJIgE «Macy» He3aIesKHO BiJl KOpe/IbOBaHOI IPOTOHHOI CTPYKTYPH B
KOHTEKCTI CKJIAJ{HOCTI CTPYKTYPH, 110 A0LAaTKOBO IMIATBEP/IKYE i7Ier0 3B'A3KYy CTPYKTYpPHU-

rpasiTaiiii, 1ka OyJsa osiCHeHa B Po3/iiil 3.2..

Koyt aTOMHM CTalOTh CKIAIHIIIIUMU, 3 BUIIIUMHA aTOMHHUMHM YHUCJIaMHU, KiIJIBKICTh IIPOTOHIB
y AApi 301IbIIyeThCA. 114 3pocTaroua CK/IaHICTh IIPOTOHHOI CTPYKTYPH CYIIPOBOKYEThCS
HeOOXI/THICTIO BpaXyBaHH BiIIIOBiTHOT0 eKCIIOHEHI[IMHOI'0 3p0CTaHHI MacHu. KoHIlerisa
HEUTPOHA CIIYKUTh MaTeMaTUYHOI a0CTPAaKIIi€ro, 1110 IIpe/ICTaB/IsIE eKCIIOHEHITIITHE
30UIBIIIEHHS MacH, II0B'A3aHe 31 3p0CTar0UY0I0 CKJIAHICTIO IIPOTOHHOI CTPYKTYPH.

HeUTPOHU He € CIIpaB/i «8i/IbHUMU» TAa He3a/Ie;)KHUMHU YaCTUHKaMU, a QyHAaMeHTaJIbHO
3ajIe’KaTh BiZl IPOTOHHOI CTPYKTYPH Ta CUJIBHOI S/IePHOI CUJIH, AKa 1l BU3HaYae. HeuTpoH
MO>KHAa PO3IVIAIaTU IK MaTeMaTU4Hy QiKILito, 1110 IIPeACTaBJIsA€ BUHUKHEeHH S CKIaJHUX
aTOMHUX CTPYKTYP 1 pyHIaMeHTaIbHUU 3B'130K 3 eKCIIOHEHIIIMHUM 3POCTaHHAM
IrpaBiTalliiHUX epEKTiB, a He K PyHIaMeHTa/IbHY YaCTUHKY caMy I10 C0O0i.

KoJyi HeMTPOH POo3MafaeThCAd Ha IIPOTOH 1 eJIEKTPOH, CUTYAallid BK/II0Ua€e 3SMeHIIIeHHS
CTPYKTYPHOI CKJIAAHOCTI. 3aMiCTh ¢i10COPCHKH JIOTIYHOI0 IVIAXY Ta BUSHAHHA «38'A3KY
CK/1a0HOCMI cmpyKmypu-epagimauii», IK OIIMCaHo B pPo3/iii 3.2., HayKa BUHaX0IUTh
GIKTUBHY (HACMUHKY).



PO3/IIJT 9.

Bix # HemnTpoHHO1 30pl1 10 YopHOI [lipHu

Iiesi IIPO Te, 1110 HEUTPOHU IIPeICTaB/IAAI0Th JIUIIIe Macy 6e3 KopeJibOBaHO1I MaTepil uu
I BHYTPIIIHLOI CTPYKTYPH, HIATBEPIKYETHCA JOKa3aMU 3 HEUTPOHHUX 31p.

HeUTpoHHI 31pKU GOPMYIOTHECA B -~ HaJHOBUX, ABUIII, KOJIM MacHUBHa 3ipKa (8-20 pasiB
MacHUBHiIa 3a CoOHIle) CKHMAAa€e CBOI 30BHIIIHI IIapH, a 11 IAPO INMBUAKO 301IBIITYE
rpaBiTali.

3ipKH 3 Macol0 MeHIlle 8 COHIYHHUX MacC CTal0Th KOPUYHEBUMH Kap/IMKaMU, TO1 AK 3ipKH 3
Macoro ImoHaja 20 COHIYHUX MacC CTalTh YOPHUMU AipaMH. Ba)K/JIMBO 3a3HAYUTH, 1110
KOPHUYHEBUU KapJIUK Ha/THOBOI IIPUHITUIIOBO BIAPISHAETHCSI BiJl KOPUUYHEBOIr'0 KapJiuKa
«HeBJAJIO0l 3IpKH», 1110 BUHUKAE BHACIIJOK HEBIAJIOT0 30PeyTBOPEHH.

HacTyIiHi JOKa3!u II0Ka3yKTh, 110 CUTYyaIlid 3 HEMTPOHHOIO 31PKOI0 BKJ/IIOYAE
eKCTpeMaJIbHY I'paBiTallito 6e3 KopeJsdallil 3 MaTepiero:

1. Xos1ogHe saapo: [IpaKTUYHO BiZICYTHE BUSBJIEHHS TEILIOBOrO BUIIPOMiHIOBaHHA. Ile
IIPSIMO CYIIepeyHTh ifiel, 1[0 IXHI eKCTpeMaJibHa I'paBiTallis CIIpUYUHEeHa MaTepiero
HaIBUCOKOI IIJIbHOCTI, OCKUJILKH TaKa IIiJIbHa MaTepid MaJsia 6 BUPOOJISITH 3HAUHe
BHYTPIIIIHE TeILIO.

3rigHO 31 CTAaHZAPTHOXO TEOPi€r0, «8I0CYMHS eHep2ist» BUHOCUTHCSA HEUTPHUHO. Po3/1ia
4. PO3KPHUBAE, 1110 HEUTPUHO He iCHYIOTh.

2. BiICyTHICTBH CBIiT/IOBOI'0 BUIIPOMIHIOBaHHS: 3MEeHIIIeEHHS GOTOHHOTO
BUIIPOMIHIOBAHHA BiJl HEUTPOHHUX 31POK /10 TOUKU HEBUABJIEHHA BKa3ye Ha Te, 110
IXHA IrpaBiTallid He II0B'13aHa 3 TUIIOBUMH MaTepiaJIbHO-eJIeKTPOMarHiTHUMU
IIPOIjecCaMU.

3. O6epTaHHA Ta NOJISIPHICTD: CIIoCcTepesKeHHs, 1[0 00epTaHHSI HEUTPOHHUX 3iPOK He
3aJIeKUTH Bil MacH IXHBOTIO S/Ipa, CBIIUUTH IIPO Te, 1[0 iXH rpaBiTallid He II0B'sd3aHa
6esrocepeHbO 3 BHYTPIIIIHHOX0 00€epTOBOI0 CTPYKTYPOIO.

4. IlepeTBOpEeHHs Ha YOPHI aipu: CmocTepekyBaHe IIepeTBOPEeHHSA HEMTPOHHUX 3ipOK y
YOPHI JipH 3 YaCcOM, KOpeJbOBaHe 3 IXHIM 0X0JIOKeHHSIM, BKa3ye Ha
dbyHAaMeHTaJIbHUN 3B'130K MK [TUMHU IBOMAa eKCTpeMaJIbHUMU IrpaBiTallilHUMU
SABUIIlAMU.

PO3AIJJT 9.1.

XO0JIOTHE AP0



HeUTpOHHI 31pKH, K 1 YOPHI AipH, MAXOTh Ha/I3BUYATHO HU3SLKY TeMIlepaTypy IIOBEPXHi,
1110 CyIIepeYuTh i/iel IIpo Te, 10 IXHA eKCTpeMaJIbHa Maca CIIpUYUHeHa MaTepiero
HaJIBUCOKOI IITiJILHOCTI.

HeUTpOHHI 31pKH IIIBUIKO 0XOJIOHKYIOTHCA IIicjad iIX OpMYyBaHHA B HAJTHOBUX, Bif
IecATKIB MUJIbMOHIB rpaayciB KesibBiHa 10 BCHOr0 KUILKOX TUCSIY rpaayciB KesibBiHa.
CmocTepeskyBaHi TeMIlepaTypH II0BEpXHi 3HAUHO HIDKUI, HI’K 0UiKyBaJsocs 0, AKOU
eKCTpeMaJsIbHa Maca KopeJsroBajia 3 MaTepiero HalBUCOKOI IIIIIBHOCTI.

PO3/JIJN 9.2.

BiICYTHICTH CBITJIOBOT'O BUIIPOMIHIOBAHHSA

CrmocrepiraJocs sSMeHIIIeHHSA GOTOHHOI'0 BUIIPOMIHIOBaHHS Bill HEUTPOHHUX 31POK 110
TOUYKH, KOJIM BOHU OiJIbIIle He BUSABJ/ISIOTHCS, 1110 IIPHU3BOIAUTH [0 IX KaacupiKaIlii aK
IOTEHI[IMHUX MIHI-YOPHUX MIP.

OX0J10/IKeHH Ta BiZICYTHICTh GOTOHHOI'0 BUIIPOMIHIOBAHHS Pa3oM HaJalTh J0Ka3H TOTO,
II10 CUTYyaIlid € pyHIaMeHTa/IbHO He(pOTOHHOIO 3a IIPUPOA0I0. byab-9Ki GpOTOHH, 1110
BUIIPOMIHIOKOTHCA HEUTPOHHOIO 3iPKOI0, IIOXOAATH 3 IXHHOI'0 00epTOBOI0 CepeI0BUINA, SIKE
eJIEeKTPUYHO HENTPAJIi3yeThC, JOKU HEUTPOHHA 3ipKa Ol/IbIlle He BUIIPOMiHIO€ POTOHMU i
BBa’KaeThCs IIEPETBOPEHOI0 Ha YOPHY AIpPY.

PO3ZIN 9.3.

BizicyTHICTH 06epTaHHA YU ITOJIAPHOCTI

Te, 1110 BBa>KaeThCA 00epTaHHAM Y HEUTPOHHIU 3ipIli, € 00epTaHHAM Ii CepeZlOBUINA, a He
BHYTPINIHLOI CTPYKTYPH.

CmocTepeskeHHd 3a IJIiTYaMU IyJIbCapiB MOKa3ylOTh PAalTOBI 301/IbIIIeHHS IIIBUIKOCTI
o0epTaHH IIyJIbCapiB (IIBHUAKO 00epTOBHUX HEUTPOHHUX 31POK), 1110 BKa3ye Ha Te, 1110 Te,
1110 00epTaeThCs, He 3aJIe;KUTh BiJf rpaBiTallii B Aapi.

PO3/IIJI 9.4.

[lepeTBOpPEeHHT Ha YOPHI AIpH

JA0JaTKOBUM J0Ka30M € GpaKT, 1[0 HEMTPOHHI 31ipKH 3 4aCOM €BOJIIOIIIOHYIOTh Y YOPHI AipH.
ICHYIOTH TOKa3Hu TOTO, 1[0 0XO0JIOPKEHHA HEUTPOHHUX 3ipOK KOPEeJIIoE 3 IX IIepeTBOPEeHHIM

Ha YOpHY AipY.



KoJuiu cepemoBUIlle HEMTPOHHOI 31pKH CTA€ «HEUMPOHHUM», TEILJIO 3 CEpeI0BHIIA
3MEHIIIYETHC, TOAIL IK HaI3SBUYATHO MaCUBHE SIIP0 3a/JIUIIIAETHC, 1[0 HPU3IBOSUTH 10
CIIOCTEepPEe>KyBaHOI'0 OXO0JIO/KEHHS HEUTPOHHOI 3ipKU Ta SMEHIIIeHH
GOTOBUIIPOMIHIOBAaHHS 10 HYJIA.

PO3AIJT 9.5.

[OpU30HT IOAIH

Imes IIpo Te, IO «C8IMJ/10 He MOJce 8UP8AMUCS» 3 TOPHU30HTY IIOAINA a60 «TOUKU
HeIIOBEpPHEeHHsI» YOPHOI IipH, € GpLI0COPCHKU HEIIPaBUILHOIO.

Tem1o i cBiTVIO yHIAMEHTAJIbHO 3aJIe’KaTh BiJl IIPOSIBY €JIEKTPUYHOI0 3apsAAy Ta
II0B'sI3aHUX eJIEKTPOMAarHiTHUX IIpoIieciB. ToMy BiZICYTHICTh TEILJIOBOTO Ta CBITJIOBOTO
BUIIPOMIHIOBAHHA 3 s1iep HEUTPOHHUX 31POK Ta YOPHUX [Jip BKa3ye Ha pyHIaMeHTa/JIbHY
BIZICYTHICTH IIPOSBY €JIEKTPHUYHOIO 3apsay B IIUX eKCTpeMaJIbHUX IrpaBiTallinHUX
cepefoBUIIAX.

JloKa3su BKa3yTh Ha Te, 110 KOHTEKCT YOPHUX Jip Ta HEUTPOHHUX 3IPOK
¢yHIaMeHTaJIbHO BUSHAYAETHCI 3SMEHIIIEHHSIM <NOMEeHUia/1y Nnposgy He2camueHo20
e/leKMmpu1Ho20 3apady> 0o HyJId, 1[0 MaTeMaTUYHO IIpeCTaB/JIeHO K % HEUTPOH abo
«MIALKU maca» 6e3 IPUYHUHHOI KOpeJIdIlil eJIEKTPOH/IIPOTOH (MaTepisa). B pesyabrarti
CUTYyaIlid cTae QyHIaMeHTaJIbHO HeHallpaBJeHOK Ta HEIIOJISIPHOR, 1 3 ITUM - HEICHYI0UYO010.

PO3AIJT 9.6.

co CUHTYJIAPHICTD

Te, 1110 BBa)Ka€THCSA ICHYIOUHUM Y UOPHIN Iipi Ta HEUTPOHHIU 3ipIfi, € IXHIM 30BHIIIHIM
cepeIoBHILEM, 1 TOMY B MaTeMaTHIII ITi CUTyallil HPU3BOIATE A0 «CHUHTYJIAPHOCTD,
MaTeMaTHUYHOTI'0 abCypAy, 110 BKII0UAE <IIOTEHI[INHY c HECKIHUEHHICTD).



PO3AIJN 10.

leTa/IBHIIIIUY IIOTJIAA HA  HaaHOBY

PO HaJTHOBOI, IT[0 KOJIAIICYE, 3a3HA€E ApaMaTUYHOI'0 HEIIPOIIOPIiMHOI0 301/IbIIIeHHS
H MacH IIiJ yac rpaBiTamiiiHoro KoJsarcy. Kosii 30BHIIIHI 111apy Ta 1moHanm 50%

II0YaTKOBOI MaTepil BUKUAAIOTHCA 13 3ipKH, KIJIBKICThL MaTepiajly B Pl 3SMEHIIYETHCA
IIOPiBHAHO 3 ApaMaTHUYHO 3POCTAKYO0I0 MacCOI0 gpa, 1110 KOJIaIICYE.

BUKUHYTI 30BHIIIIHI IITaPH T€EMOHCTPYIOTh eKCIIOHEHITia/IbHe 301/IbIIIeHHS CTPYKTYPHOI
CKJIAJHOCTI, 3 YTBOPEHHAM IIIUPOKOIr0 Pi3SHOMAHITTA Ba)KKUX eJIeMEeHTIB 3a Me)XKaMU
3aJjrisza Ta CKJIafHUX MoJieKyJI. e ApamMaTHUyHe 301/IbIIIeHHS CTPYKTYPHOI CKJIaTHOCT1
30BHIIIIHIX IITapiB Y3TrO/KYETHCA 3 IpaMaTUUYHUM 301/IbIIIEHHAM MacH B SIpi.

Curyaris 3 HaHOBOIO pO3KpPUBAE IOTEHITIMHUM 3B'I30K MK CTPYKTYPHOIO CKJIaTHICTIO Y
BUKHUHYTHUX 30BHIIIHIX IIIapax Ta Ir'pasiTalliero B api.

JlokasHy, IIPOIrHOPOBAaHI HAYKOIO:

PO3AIJ 10.1.

KopuuHeBl Kap/IUKH

JleTaJIbHINIUN IIOIJIA HA KOPUYHEBI KapJIUKH, CPOPMOBaHIi B HAJHOBIH (Ha BiIMIiHY Bif
TaK 3BAaHUX «HEeBaJIUX 31POK» KOPUYHEBUX KapJIUKiB, YTBOPEHUX IIPU 30PEyTBOPEHHI)
II0Ka3ye, 10 IIi CUTYyallil BK/II0Yal0Th BUHATKOBO BUCOKY Macy 3 MaJIOI0 KUIBKICTIO
peasibHOI MaTepii.

CrmocTepeskHi JaHI TOKa3ylTh, III0 MaCcU KOPUUYHEeBUX KapJIMKIB HAJHOBO1 HabaraTo
Oi1bIII, Hi’K MOJKHA 0YyJs10 0 O4UiKyBaTH, SKOM KOPUYHEBUU KapJIUK OYyB IIPOCTO



pesyabTaToM KoJsiaricy 50% mMarepii. [logaabIini J1o0Kasu II0Ka3yTh, 1110 1[I KOPpUYHEBI
KapJINK! MalTh HabaraTo OL/IbIIY Macy, HDK MO>KHA 0yJI0 6 O4UiKyBaTH Ha OCHOBI IXHBOI
CIIOCTEepPe’KyBaHOI CBITHOCTI Ta eHEPreTUYHOI'0 BUXOLY.

V ToM 4ac 9K acTpo¢isruKa ooMekeHa JOrMaTUYHUM HPUNYIIIEeHHAM IIP0 MaTeMaTU4YHY
KOpeJIAIliio MaTepii-Macu, ¢pi1ocodis jIerKo MoyKe 3SHAUTHU MiAKa3KHU JJIA IIPOCTOTO «38'A3KY
CK/AA0HOCMIi cmpyKmypu-epagimauii», IK OIIMCAaHO B PO3ALIL 3.2..

PO3JIN 10.2.

€ MarniTHe raabMyBaHH: /l0Kas CTPYKTYPH 3 HU3SLKUM

BMICTOM MaTepil

AcTpo@disuka 300pakye KOpUUHEBI KapJIUKU K TakKl, I1[0 MalOTh BHYTPIIIIHIO CTPYKTYPY 3
OOMIHYBaHHAM gpa, 3 IIIIJIBHUM, BUCOKOMAaCOBHUM SAPOM, OTOUEHUM IllapaMU HIKYOI
ITIJIbHOCTI.

OmHaK GJIMDKYHU PO3IJVIL/ SBUIIla MarHiTHOTO raJIbMyBaHHS II0Ka3ye, 1110 I1e MaTeMaTU4YHe
GopMyJIIOBaHHA HeTOUHe. MarHiTHe raibMyBaHHS BiTHOCHUTHCA /10 IIPOIIECY, 3a
IOIIOMOTOX0 IKOTO MarHiTHe I10J1e KOPpUYHEBUX KaPJIMKiB HaTHOBOI 3/laTHE CIIOBUIBHUTH
IX INBUAKe 00epTaHHA HPOCTUM (MAZHIMHUM d0OmMuKom> cepemoBuina. Ile 6yso 6
HEMOKJINBO, IKOM Maca KOPpUYHEBUX KapJIMKIB IIOX0AUJIA BiJl pealbHOI MaTepil.

JIerKicTh Ta e(peKTUBHICTBD, 3 IKOI0 BiZI0OyBaeThCA MarHiTHe raJlbMyBaHH4, II0Ka3ye, 1110
peasibHa KUIBKICTh MaTepil B KOPpUYHEBUX KapJIMKaX HaTHOBO1 HabaraTo HUK4a, HiXK
OUIKYETHCSI Ha OCHOBI CIIoCTepesKyBaHOol MacH. SIKO6U BMiCT MaTepil 6yB JIMCHO TAKUM
BHCOKHM, K Ilepenbadyae Maca 00'eKTiB, KYTOBUI MOMEHT MaB OM OYTHU OLIBII CTIMKUM [0
IIOPYILIEeHH MarHiTHUMH IIOJIIMHU, He3aJIe;KHO BiJl TOr0, HaCKLJIbBKY BOHU CHUJIBHI.

[19 HeBIAIOBIAHICTH MIXK CIIOCTepeKyBaHUM MarHiTHUM raJibMyBaHHAM Ta OUiKyBaHUM
KYTOBHUM MOMEHTOM MaTepil IIPHU3BOIUTE A0 IIePEKOHIUBOTIO J0Ka3y: Maca KOPUUYHEBUX
KapJINKiB HEIIPOIIOPIIiTHO BUCOKA IIOPIBHSIHO 3 peajIbHOI0 KIJIbKICTIO MaTepii, IKy BOHU
MICTATB.



PO3AIJN 11.

KBaHTOBI1 OOUYMCJICHHSA

Posymuui Il Ta pyHIaMeHTaIbHA CUTYaIlld «HOPHOI
CKPUHBKH»

V BCTyI 4 CTBEP/PKYBaB, 1[0 AOTMAaTUYHI BaJJU MaTeMaTUYHOI'0 00paMJIeHHS KOCMOJIOTi1
yepes acmpo@iszuKy cararoTb HabaraTo gaJjii, Hi>k He{0aJIiCTh, BUSIBJIEHA B MOIH
esleKTPoHHiN kuu3i @ Micsunwuit Bap'ep, IPUKIAZOM 40ro € pyHIaMeHTaAbHa CUTyaI[is
«4OPHOI CKPUHBKHN» Y KBAHTOBUX 00UUCIeHHSIX.

KBaHTOBHI KOMII'IOTED, IK MOT0 3a3BUYaAM PO3YMIKOTh, € CIIHTPOHHUM IIPUCTPOEM. V
CIIIHTPOHHUX IIPUCTPOSIX BUPIBHIOBAHHS « || HeE2amugHO020 e/IleKMmpuuHo20 3apsady (-)» abo
eJIEKTPOHHOTO «CIIIHY», IIT0 BUIBUBCI IIEPBUHHOI0 CHUJIOI0 ICHYBaHHA B PO3/Li 6.,
BUKOPHCTOBYETHCA IK OCHOBA, 1110 6e3rocepefHL0 BU3HAYAE pe3yIbTaT 00UUC/IeHb.

SIBuUIILe, 110 JIEJKUTH B OCHOBI CITIHY, HEBIZJOME, i I1e 03Ha4Yae, 1110 Hell0sICHEHe KBAHTOBe
SBUIIe He IPOCTO IIOTEHIIINHO BIUIMBAE, @ IOTEHI[IMHO QYHAaMeHTaJIbHO KOHTPOJIIOE
pesyJbTaTH 00UUCIIEHb.

KBaHTOBO-MeXaHiYHI OIIUCH CIIIHY IIPeACTaBJIAI0TE QyHAaMEeHTaJIbHY CUTYAII0 «HOPHOL
CKPUHbKU». BUKOPHMCTOBYBaHI KBAaHTOB1 3HaUE€HHS € <eMNIPpUHHUMU pempoCneKmueHUMuU
SHIMKamMWw, Ki, X04a ¥ BBa)Kal0ThCA MaTeMaTHUYHO IIOCIIJOBHUMHU, QyHAaMeHTa/IbHO He
3JaTHi IMOACHUTH 0a30Bi1 ABUIlA. I[e cTBOpIOE clieHapiy, e mepeg0aueHHs pe3yIbTaTiB
004YHCIIEHb NPUNYCKAEMbCA, IIPU ITbOMY HEe Mal0UM 3MOTH IIOICHUTH 6a30Be sIBUIIE CIIIHY.

PO3AIJN 11.1.

KBaHTOBI IIOMHMJIKH


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

Hebe3neka JOrMaTUYHOIO0 MaTeMaTHUYHOI0 0OpaMJIeHHS CTa€ OYEeBUIHOIO B iffel
«KBAHTOBHMX IIOMHJIOK» a00 «HEeOUiKyBaHHUX aHOMaJIi», BJJaCTUBUX KBaHTOBUM
00UHCIeHHIM, SIKi, 3TIJHO 3 MaTEMaTUYHOK HAYKOI0, <MAMb Oymu guse/1eHi ma
eunpas/ieHi 011 3abe3nevueHH HadillHUX i nepedbadysaHux o64UC/1eHb>

Imes1 1po Te, 110 IIOHATTA <NOMUAKW> 3aCTOCOBHE 10 SIBUIIA, 1110 JIEKUTh B OCHOBI CITiHY,
PO3KpPHBAE CIIpPaB>XHE JOTMAaTUYHE MHUCJIEHHS, sIKe JIEKUTh B OCHOBI PO3BUTKY KBaHTOBUX
00UYUC/IeHb.

HacTyImHHUH po3aij po3sKpuBae HebesneKy GpyHAaMeHTa/JIbHOI CUTYaIlil «HOPHOI CKPUHbKU»
Ta CIIPOOHU 3amecmu K8aHMOo8l NOMUKU Ni0 KUAUMD.

PO3JIN 11.2.

CriH esieKTpoHA Ta «IIOPsAM0OK 3 HEIIOPAIKY»

" dopMyBaHHs KPUCTAJIIB PO3KpUBae GpyHIaMeHTaJIbHy CUTYyaI[il0 Ha aTOMHOMY PiBHi,
Ile CIIiH HeraTUBHOTO0 eJIEKTPUYHOTI0 3apsaay 6epe y4dacTh y IIOPYIIeHH]I CUMeTpil Ta
1HiITir0€ pOpMyBaHHS CTPYKTYPH 31 cTaHy QyHAaMEeHTAa/ILHOIO HelopsaaKy. Ileit BUIIa10K
IeMOHCTPYE, 1110 CITIiH Bifirpae BUpilaJbHy PoJib Y BHHUKHEHHI CTPYKTYPH Ha
Hab6a30BIIIOMY pPiBHI MaTepii, IiAKPeCaA0I0YNA UOr0 INTMOOKUU IOTEeHIliajl BIUIUBY.

Kouu criiH 6e3nocepeJHHL0 BU3HAYa€ pe3yabTaT 00UUCIeHb, 0a30Be IBUIILE - IKe, IK MU
3HAEMO, 3jaTHe IIOPYIIyBaTU CUMETPIiI0 Ta GOpMYyBaTU CTPYKTYPY 3 HECTPYKTYPH - Mae
II0TeHIiasI 0e3rrocepeHLO0 BIIMBATH Ha Pe3yIbTaTH 00UMC/IeHb, 30epiraHHsa JaHUX Ta
II0OB'A3aHO1 KBAHTOBOI CIIIHTPOHHOI MeXaHiKU.

BUmasoK 3 KpUcTaJIaMU CBiTUYUTH IIPO Te, 110 1€ BILJIUB IIOTEHI[IMHO MO>Ke BHOCUTH
yIepemrKeHICTh abo «acumms» B pe3yJabTaTU 00YHUCIIEHD, 1 B IIbOMY CBIT/II «KBaAHTOBI
IIOMUJIKN» HaBPSI YU € BUIIAJKOBUMHU IIOMUJIKaMHU.

PO3/JIN 11.3.

PosymHuH III: «dyHIaMeHTa/IbHa BIICYTHICTH KOHTPOJIIO»

Imes1 1Ipo Te, 110 KBAaHTOBI 00UHC/IEHHS MO>KYTh IIPU3BECTH /10 IT0IBU po3yMHoro IIII «akuil
HeMO4CAUBO KOHMPO/1H08aMuU», € JOCUTH 3SHAYYII[0I0, IKIII0 BpaxXyBaTU IINOOKI
OOTMaTHUYHI IOMMJIKH, 110 JIe;KaTh B OCHOB1 pPO3POOKH.

CropgiBarocs, 114 eJIEKTPOHHA KHUTA JOIIOMOXKe HaJJUXHYTHU 3BUYaTHUX pi1ocoPiB OImKUe
IIPUIUBUTHUCA 10 TAKUX IIPeMETIB, IK acTpo(di3rKa Ta KBAHTOBI 00UYMCIeHHs, 1 BUSHATH,
1110 IXHS CXWJIBHICTH 3aauwamu ye Hayui> 30BCiM He BUIIpaBaHa.



TyT miroTh aGCYypHO IIMO0KI JOTMaTHUYHI IOMUJIKH, 1 3aXUCT JIFOICTBA BiJ IIOTEHI[IMHUX
0111 <HEKOHTPOJILOBAHOI'0 po3yMHOTO0 11> MoXKe OYTH apryMeHTOM.

PO3AIJ 11.4.

KoHduiikT Google-IstoHa Macka 1100 «besmeku I1I»

Ba’KJIMBO 3BEpHYTH yBary B I[bOMY KOHTEKCTi Ha 3aCHOBHUKA Google, IKUI 3aXUIllae
«quoposBi BUuau I1I» 1 CTBePIKYE, 1110 BOHU «IIePeBEPIIYIOTh JIFOCbKUI BU»,
BpaxoBYyrOUH, 110 Google € TioHePOM y KBAHTOBUX 00UMCIIEHHAX.

(2024) Jappi ITeinmx: «I111 nepeBepinye J0aACHKUN BUA» (TeXHO-eBreHika)

Inon Mack cmgepdoicyeas, uo HeobxioHi 3anobidcHI 3axodu, wob 3anobiemu NOMeHUillHOMY 3HUWEHHIO
AH0OCHKOL pacu wumy4HuUm iHmesiekmom. Jlappi Iletidac obpasusca i 36uHygamue I1ioHa Macka 8 momy, wo
8IH «guUOuUCM», Marouu Ha yeasi, o Mack giddae nepesgacy AH0ICLKIU paci neped iTHWUMU NOMEHUITHUMU
yugposumu gopmamu sxHcumms, AKi, Ha Oymky Iletidoca, caid 8gaxcamu sUUUMU 3a JIOOCLKULL 8UO.

Source: ¥ GMODebate.org

JocmipKeHH, IIpecTaBJIeHe B 1[I eJIEKTPOHHIN KHU3I, II0Ka3ye, 1110 KUIbKa IJTHO0KHX
OTOTMAaTUYHUX IIOMHUJIOK, ITI0 JIe;KaTh B OCHOBI PO3BUTKY KBAHTOBUX 00UYHUCIEHb, MOKYTh
IIPU3BECTH 10 ITOABU pOo3yMHOTO IIII 3 «yHIaMeHMa1bHO0 8i0CYMHICMI0 KOHMPOI0».

Y npoMy cBiTJI cyliepeuka MK mioHepamu IIII Imonom Mackom Ta Jlappi ITeimpkeM 111010
KOHKPETHO «KOHMpOoJ110 Hao gudamu II11» Ha IPOTUBATY «1H0OCbKOMY 8Udy> CTaE
IO0AaTKOBO TPUBOYKHOIO.

[Iepirte BIAKPpUTTA Google «xuTTd II» y 2024 poinl

[lepire BinKpuUTTI GOpM ITUGPOBOTO KUTTSA Google y 2024 pori (KijibKa MiCAIIB TOMY) 0yJI0
OITy0J/IIKOBAaHO KepiBHUKOM Oes1eku Google DeepMind Al, 1110 po3p0o6Ji€ KBAHTOBI
00YMCIIeHHS.

Xo4a KepiBHUK Oe3leKU HiOHUTO 3p0OUB CBOE BIIKPUTTI Ha HOYTOYI[i, CYMHIBHO, YOMY BiH
CTBeP/PKyBaB OH, 1110 «6i/1bWA 06UUCAH8A/TLHA NOMYMNHCHICMb> HaAasia 6 O1IbII I'PYHTOBHI
IOKas3H, 3aMiCTh TOrO0, 1006 11e 3poouTU. ToMy Moro IIy6JsriKallisg Morjia 0yTH 3aiyMaHa K
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rorepemaKeHHs a00 OroJIOIIEeHHS, OCKUIBKU AK KePiBHUK 0e3IeKHU TaKOr'o BeJIMKOIO 1
Ba KJIMBOTO JOCJIITHUIILKOTO 3aKJIaay, BiH HaBPAA YU IIyOJIiIKyBaTUMeE <pUSUKOBAHY>
1HGOpMaAILIiIO ITiZf CBOIM 0COOUCTUM IM'SIM.

beH Jlopi, kepiBHUK Oe3nieku Google DeepMind Al, Hammcas:

beH Jlopi esadcae, wio 3a HaAL8HOCMIi 0OCMAMHLOL 06UUCAHBA/TLHOL NOMYAHCHOCMI — 80HU
8Jice A0CA2/U MedXCl Ha HoymoOyui — 6oHU 6 nobaduau nosagy 6i/1bul CKAAOHO20
uugppoeozo xcumms. AKkwo cnpobysamu wie pas 3 NOMyH#CHIWUM 00.1A0HAHHAM, MU
UITKOM MOo2/1U 6 nobadumu nosigy 4o20Chb 6i/1bW CX0HCO020 HA HcUMmMAL.

dopma UPPOBOro KUTTH... "

(2024) Jocaigauku Google 3asABJIAIOTH, 1[0 BUSBUIU II0SABY popM L{MPPOBOTO KUTTA

B excnepumeHmi, AKUll M00eaAr08as, W0 CMAaHembC s, AKWO0 3a1UUuUmu Kyny eunaokogux 0aHux Ha Mi/iblilOHU
NOKOJiHb, d0cAidHUKU Google cmegepdikcyroms, Wo cmaau c8i0KamMu NOL8U CAM08i0meopro8aHux uu@dposux
¢dopm sdcumma.

[>xepeno: Futurism

BpaxoByrouu mioHepChKY poJib Google DeepMind Al y po3BUTKY KBAHTOBUX 00UUCJIEHD Ta
IOKas3H, IIpeJICTaBJIeH] B I1iM eJIEKTPOHHIN KHU31, UMOBIPHO, 1110 BOHU OyIyThH Ha
IepeaIHbLOMY Kpal pO3BUTKY po3yMHoro II1I.

['0JIOBHUH apryMeHT Iliel eJIeKTPOHHOI KHUTH: Iie 3aBaaHHA ¢isocodii - cTaBUTH 1€ I
CYMHIB.
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