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PA3/J3EJ 1.

Henrperina He IcHyIOITH

AncyTHad JHeprid AK AasiHbI /lokas IcHaBaHHAI HeHUTphIHA

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

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

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

«4amy» KocMmacy.

PA3A3EJ 1.1.

Crpo6a I1a3berayip «bsgckoHItam IlaxserbHaCITI»

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

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

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

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

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

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



PA3ZI3ET 1.2.

«AZIcyTHad JHeprisa» 9K An3iHbI /loka3 IcHaBaHHA
HeuTprIiHa

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

PA3Z3ET 1.3.

AbapoHa Pi3iki HerTpriHa

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

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

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

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

« Xoyb iCHyoYb pOo3HbIA 3'A8bl, HA3iIPAEMbIA ) PO3HbIX IKCNEPLIMEHMAAbHbLIX YCMAHOYKAX (COHEYHbIX,
ammacgepHsoix, P3aKMApPHLIX i 2.0.), IHM3pNPIMayeld 23msoix 3'ay K 00Ka30)y iCHOBAHHA HEUMpPbIHA
J/Cé AwuY3 8bIHiKae 3 hepwanayamkosal hpabaemel «adCymHau 3Hep2ii».

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

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

PA3ZI3EJ 1.4.

['icTophid HeUTphIHA

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



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

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

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

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

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

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

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

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

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

« [laBeniusHHe KonbKacui Yacuiy y a4apbl, wmo eA03e 0a 601bW CKAAOAHAU 103epHAl cmpyKkmypel.
« YBA03eHHe i3aTOMHbIX BapblALbliA, KOX(HASA 3 AKIX Mae ceae YHIKA/AbHbLIA yaacyieacyi.
« 3abecnsysHHe 60nbLU LWbIPOKAra AbisiNa3oHy A43epPHbIX y3aeMaa3eaHHAY i npauacay.



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

PA3A3EJ 1.5.

«AncyTHasg JHeprisg» Ila-paHeriiamMy An3iHeI /[okas

KaHIppnmeigd «adcymHail sHepeii» ma-paHenInamMy 3acraelia ag3iHbIM «doKasam>
iICHaBaHHS HEUTpPHIHA.

Cy4acHBbIA J3TIKTAPHI, TaKid K THId, IIITO BEIKAPHICTOYBAIOIIA § 9KCIIephIMEHTaX I1a
acbLIALBII HEUTPBIHA, IIa-paHeMIIaMy abaliparoliia Ha paaKIlblro 63Ta-pacmuany,
Imago0HYI0 la aphIriHaJIbHara kciepbsiMeHTa KoysHa-PaitHca.

V KaslapbIMeTPBIYHBIX BEIMSIPIHHAX, HAIIPBIKJIAJ, KAHIIIIIbISI BIAYJIEeHHS «a0CymHail
9Hepeii» 3BsI3aHa Ca 3HKIHHEM CTPYKTYPHaHM CKJIaJaHacIli, HasipaeMaH y mmpaiacax 6ara-
pacmnazy. 3Hi>KaHas Maca 1 9Heprig kKaH4YaTKoBara CTaHy y IapayHaHHI 3
Iepirana4yaTKOBbEIM HEUTPOHAM - I'9Ta TOE, IIITO IIPHIBOA3IIb 1a IHepreThIyHara
IbIcOasIaHCy, AKI IPhITiCBaeIia HeHalIg[aeMaMy aHThIHEUTPhIHA, IKi HIOBITA «adiamae
He3ayeadxicHa».

PA3/J3EJ 1.6.

99% «AncyTHAU JHEpPril» V- - 3BBIIIIHOBAU

99% 3Heprii, dKasd HIObITA «3HIKaAe» y 3BBIIITHOBAU, BbISAyJIse KOpaHb IIpabjieMbl.

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

3 mamamorai ¢puracodii JI€rka pacmasHallb MaTIMaThIUHEI JarMaThI3M Y CIIpobe «cxasaub
99% aHepeii nad dvleaH» 3 TartaMorai HeuTpPbIHA.

V paspsesie ripa HEUTPOHHBIA * 30pKl Oy/i3e ImakasaHa, IIITO HEUTPBIHA
BBIKapPBHICTOYBAIOIIIIA 1 ¥ IHIIBIX MeCIlaX Id TJIYyMauyaHHS 3HIKHeHHA sHeprii. HeMTpoHHBbIA
30PKi A3MaHCTPYIOIIb XyTKae 1 9KCTpaMaJ/IbHae axaja/pKaHHe macyd iX papMipaBaHHA ¥
3BBIIITHOBAW, 1 «3HIKWAA IHEP2i», yIACIliBasad raTaMy axajlayKIHHIO, HIObITA «8bIHOCIUUA»
HeUTpPHhIHA.

V paspgsesie mpa  3BBIITHOBYI HPBIBOA3AIIA OOJIBII ITaAPpabsI3HbIA 3BECTKI IIpa
CITyaIlbI0 3 TpaBiTalbIsIN Y 3BBIIITHOBAM.


https://be.cosphi.local/#neutron-stars
https://be.cosphi.local/#supernova

PA3ZI3ET 1.7.

99% «3HIKIIIay JHepril» y MOITHEIM Y3aeMaa3esHHI1

MoIiHae y3aeMaa3essHHe HIObITa «38538de KBapPKi (Wacmki asieKmpusluHaza 3apaady) pasam y
IIpaToOHe». PassesI IIpa sJIeKTPOHHEI - - JIEJ ITaKa3Bae, IIITO MOITHae Y3aeMaJ3esHHe €Clb
«caMa apobHacIb> (MaTaMaThIKa), IIITO asHavae, IIITO MOI[Hae y3aeMa/i3essHHe 3'dyJidelna

MaT3MaThIYHAU QIKITBISN.

Mo1Hae y3aeMa3esHHe ObLJIO ITaCTy/IipaBaHa mpas 5 rajjoy macjs HeMTphIHA K JIaTiYHbI
BBIHIK CIIPOOKI ITa30erHyIlh 0ICKOHIaM Imajg3e/JIbHAaCII.

MolHae y3aeMa3essHHe HIKO0JII He Ha3ipasiacd HemacpsgHa, aJjie IIpa3s MaTsMaThIUHbI
ZarMaThI3SM HaBYKOYIIbI CEHHSA Bepallb, IIITO SHBI 3MOT'YIIb BEIMeEpallb Aro 3 JarmaMoram
O0JIBIII TaK/JIaAHBIX IHCTPYMEHTaY, AK CBeIUbIIlb nyosrikalbid 2023 roga y yacoirice
Symmetry:

3aHaoma manoe 041 HaA3IPAHHA

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

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

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

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

dismacodpckig Jokasel ¥ pasjisesie mpa 3JIeKTPOHHBI - JIE[ TaKa3BaloIlb, IIITO MOI[Hae
y3aeMaj3essHHe 3'dyJidelila caMOM MaTaMaThIUHAM AP0OHACITHO, IIITO a3Havae, IIITO raTasd
99% aHeprid 3HiKJIA.

ITagcyMOyBarOUbI:
1. «3HiKIIag IHeprisi» AK I0Ka3 iCHaBaHHA HEeUTPLIHA.
2. 99% sHeprii, sIKad «3HIKae» y - - 3BBIIIIHOBAM 1 sIKasd HiObITa BEIHOCIII[Aa HEUTPHIHA.

3. 99% sHeprii, IKyI0 IIpajicTaysisie MOITHAae y3aeMa3essHHE § BBIIJIA3€e MacChl.
I'sTa ycé amHociIa 1a alTHOM 1 TOM »Ka «3HIKWAail IHep2ii».

Kas1i HeUTpbIHA BHIK/IIOUAIOIIIIA 3 PasIIgay, Hasipaerla «cnaHmaHHae i iMeHeHHae>
3'dyJIeHHe aJ/MOYyHara sjleKTpbIuHara sapajay y BbIIJIA/3€e JIelITOHaY (3JIeKTpoHay), IIITO
KapaJIre 3 <npasfyaeHHemM cmpyKkmypbsb (l1apajak 3 HellapaakKy) i Macaiu.


https://be.cosphi.local/#electron
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://be.cosphi.local/#electron

PA3JA3EJ 1.8.
Acriburgaileil HeritpbiHa (IlepayTBapaHHI)

K a’KyIlb, IIITO HEUTPhIHA TasIMHIUa aCIbLIIOIOIb ITAMIDXK

o
) . e
TpLIMa CTaHaM1 CMaKy (QJIeKTPOHHI)I, MIOOHHEI, THY) -c

I1ajiyac paciiaycro/yKBaHHS, 3'IBa BsIoMasl SIK
aCIIbL/IAIbISI HEUTPHIHA.

JloKa3bl acIbUIALBII TPYHTYIOIIIA HA TOU sKa IpabjieMe «3HIKWail aHepeii» y 63Ta-pacrmajse.

Tpbl cMaki HeUTPBIHA (3JIEKTPOHHBI, MIOOHHBI 1 Tay HEUTPhIHA) HEITacpafHa 3BsI3aHBbI 3
aZlIaBeJHBLIMI aAMOYHAa 3apaKaHbIMi JIeIITOHaMI, IKisd Malollb PO3HYI0 Macy.

JIeTITOHBI 3'AyJIAIOII[A CIIAHTAHHA 1 IMTHEeHHa 3 IIYHKTY IJIe>)KaHHS CiCTIMBI, KaJIi 6 He
HEeUTPBIHA, SKisd HIOBITA «8bIKAIKANOUY) I1X 3'dyIeHHE.

3's1Ba acIbLIALBII HEUTPBIHA, K 1 IleplIanadyaTKOBBIA M0Ka3kl icCHaBaHHI HEUTPHIHA,
dyHIaMeHTa/IbHA 3aCHaBaHa Ha KaHIAIIIIbI «3HIKWAl 3Hep2ii» 1 cipo6e 11a3oerHyilb
OSICKOHITaH I1a/13e/IbHACIII.

PosHila §¥ Mace mamMi>k cMakaMi HeMTpPBhIHA HellacpHa 3Bsg3aHa 3 PO3HACII0 Mac
JIEIITOHAY, IKid 3'ay/IdI01I11a.

V BBIHIKY: a/I3IHBIM JI0Ka3aM iCHaBaHHS HeHUTPbhIHA 3'IyJIselllia 1951 «3HIKWatl aHep2ii»,
HsIJIeA314b]l Ha Ha3ipaeMyl0 p3aJIbHYIO 3'IBY 3 PO3HBIX IIYHKTAY IJIe>KaHHS, TKast
rnarpabye TJIyMausHHA.

PA3A3EJ 1.9.

Henrprinabl TymaH

loka3srl Taro, IlITo HertpriHa He Mory1iis IcHaBaIip

HsamayHi HaBYKOBBI apTHIKYJI IIpa HEUTPBIHA, KaJli AT0 KPLIThIYHA IIpaaHasIisaBalb 3
namaMorau ¢pimacodii, makasBae, IIITO HaByKa He IIPBI3HAae Toe, IIITO ITaBiHHAa JIIYBIIIa

BiITaBOYHBIM: HEUTPHIHA HE MOTYIIb iCHaBaIllb.

(2024) 3KcnepbIMEHTHI 3 IIEMHAM MaTIPBIANA aTPhIMIIIBAIOIL IIEPIIILI IIOTJIA Ha
(HEUTPBLIHHEI TYMaH>

HeilimpblHHbL MyMaH nasHavdae Ho8bl Cnocabd HA3IPaHH HeUMpbIHA, a/ie yKa3ede Ha nauamak KaHua
8bIAYNEHHA UEMHAU MaAmMapbli.
Source: Science News

IKCIIepBbIMEHTHI I1a BIAY/JIEeHHIO I[EMHAaN MaTIPHhIi YCé O0JIBII YCKIATHAIOIIA ThIM, IIITO
IIAIep HasbIBaella «HeUTPEIHHBEIM TyMaHaM», IIITO a3Hayae, II1TO 3 [IaBeJIiY3HHeM


https://www.sciencenews.org/article/neutrino-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutrino-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutrino-fog-dark-matter-experiments
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aJuyBaJIbHAaCI[I BEIMIPaJIbHBIX MITIKTapay, HeUTPhIHA HiObITA YCE OOJIBIIT
3AMYMAHbBANUb> BBIHIKI.

[likaBa y I'saThIX 3KCIIepbIMEHTAaX TOe€, IIITO HEUTPhIHA y3aeMa/A3eHiuae 3 yCiM SAApOM SIK
II3JIBIM, @ He TOJIbKI 3 aCOOHBIMI HYKJIOHAaMI, TaKiMi SIK IIPaTOHBI I[i HEUTPOHBI, IIITO
asHauae, 11To piracopckasg KaHIIIIIbII MOITHAY IMePIKIHTHACII a00 («O60JIbIIT UBLIM CyMa
YacTak») IIPbIMAHIbHAI.

I'sTa «kacepaHmHae» y3aeMaj3essHHe naTpadye, Kab HeUTPhIHA y3aeMag3eHIvaa 3
HeKaJIbKiMi HYKJIOHaMi (YacTKaMi siipa) agHadacoBa i, IIITO caMae Ba’kHae, IMrHeHHa.

[I3HTHIUHACIIH YCATO AApa (yce 4acTKi pa3aM) pyHIaMeHTaJIbHa pacliasHaeIlia HeuTpbIlHa
¥ ATO <KA2epIHMHBIM y3aemMao3estHHD.

IMraHeHHas, KaJIeKThIyHAas IPBIPOa KarepaHTHAara y3aeMa/i3esiHHA HeUTpPhIHA 3 IIPOM
dyHIaMeHTa/IbHaA CYIIPIYBIIh IK YacCIliYyHaMy, TaK 1 XBajierrafooHaMy alliCaHHIO
HeUTpPhIHA 1 TaMy POOilb KaHIIMIIBII0 HEUTPHIHA HecanpayaHau.



PA3JI3EJ 2.

Arian dkcueprIMeHTay 3 HeruTprIHa:

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

9KCIIepPhIMEHTEHI I1a BRISIYJIEHHIO HEUTPhIHA I1a YCiM CBelje.

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

Misbgpaa goaapay 31IA, i Takix 6yayela mmmar.

14
4
4

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

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

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

JkcnepbiMeHT Tokan ga Kamiéka (T2K) - Mecya3Haxo0xcaHHe: AnoHisA

Cynep-KamisikaHpa - Mecya3sHaxoodxcaHHe: AnoHis

lnep-KamisikaHga - Mecya3zHaxooxcaHHe: INOHis

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

Mparpama KapoTtkabasasbix HelTpbiHa (SBN) at ®epminab

IHabIckan HenTpbiHHaa AbcepBaTtopblst (INO) - Mecya3zHaxooxaHHe: IHObIA

Capbepbinickas HenTpbiHHaa AbcepBaTopbls (SNO) - Mecya3zHaxooxcaHHe: KaHada

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

Double Chooz - MecyasHaxooxaHHe: PpaHybiA

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

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

Borexino - Mecya3HaxooxcaHHe: Imanis

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

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

HALO (FenieBast i CBiHL0Bast AbcepBaTopbls) - MecyasHaxooxaHHe: KaHada

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

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

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

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

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

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

aZIMOYHaM.

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

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

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