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I'TABA 1.

HeuTpPHUHO He CYIIIEeCTBYIOT

OTCYTCTBYIOII[Asl 3HEPTHUS KaK eIUHCTBEHHOE
IOKa3aTeJbCTBO CYII[eCTBOBAHUS HEUTPHUHO

eUTPUHO - ITO 3JIEKTPUUECKU HeUTPaJIbHbIe YaCTUILHI,
H KOTOpHBIe N3HaUaJIbHO OBLIHU 3a[yMaHbI KaK
IIPUHITUIINAIEHO HeOOHapy,>KUBaeMble, CYIIleCTBYIOIIHE
JIUIB KaK MaTeMaTu4deckasd HeoO6X04uMOCThb. [103>ke 4yaCTULIBI
OBLIU 0OHApPY>KeHBI KOCBEHHO, IIyTeM U3MepeHUs «Hedocmarouwietl
dHepeuu» IIPU BOSHUKHOBEHUHU APYTUX YaCTUIL B CUCTEME.

HeHATPHUHO YaCcTO OIIMCHIBAIOT KaK «IIPHU3PavYHble YaCTUI[bI»,
IIOCKOJILKY OHU MOTYT IIPOJIeTaTh CKBO3b MaTePUI0
He3aMeUeHHBIMH, IIPHU 3TOM OCIIUJIUPYA (IpeoOpasysach) B
pasJINYHbIE MaCCOBbIE BapUAHTHL, KOTOPhIe KOPPEIUPYIOT C
MAacCCOU BO3HUKAKIIUX YacTULl. TeOpeTUKU IpeaIIoIararT, YTO
HEUTPUHO MOTYT CO/lepsKaTh KJII0Y K pasrajke
dyHIaMeHTaJIbHOTO «ITouemy» KocMoca.

F'TABA 1.1.

[TormpITKa U30eXaTh «0eCKOHeUHOoH
e TMMOCTH»

ITOT CIyday IMOKa>keT, YTO YacCTHUIla HEUTPUHO ObLIa
IIOCTYJIMPOBaHa B IOTMaTHUYECKOH ITOIIBITKE U306€eKaTh <o
6eCKOHEYHOU JeITUMOCTH).



B 1920-x rogax ¢U3UKU HaOII01aIN, UTO IHEPreTUYEeCKUU CIIEKT]
BO3HUKAIOIIUX 3JIEKTPOHOB B IIpOIieccax siepHoro bera-pacrnajga
OBLJI «HeNnpepvLl8HbLIM». ITO HAPYIIIAJIO IPUHITUII COXPaHEeHU
9HEPIuy, IIOCKOJIBKY IToApasyMeBasio, YTO JHEPTHUA MOXKET
IeJINTHCA 0eCKOHEeYHO.

HeUTpPHUHO IIpegoCTaBUJIO CIIOCO0 «uU36excambub» CiieICTBUA
0eCKOHEeYHOU IeJTUMOCTH U CeJIa/I0 HE00XO0AUMBIM
MaTeMaTH4YeCKoe IIOHATHE «CaMOM TPOOHOCTH», KOTOpOoe
IpeJICTaBJIeHO CHJIbHBIM B3aMOJIENICTBHEM.

CHIbHOE B3aUMO/JeHCTBHUE ObLIO IIOCTYJIMPOBAHO yepes 5 jeT
I10CJIe HEUTPHUHO KaK JIOTUYeCKOoe CJIe/[CTBHE IIONBITKU U30eKaTh
6eCKOHEeUYHOH JeIMMOCTH.

durocopusa UMeeT UCTOPUIO UCCIeJOBaHUS UIeN 0eCKOHEUYHOM!
IeJIMMOCTHU Uepes pasJNYHbIe U3BeCTHbIe QUIOCOPCKUE
MBICJIEHHbIE 3KCIIePUMEHTHI, BK/I4Yasda [lapagokc 3eHOHa,
Kopab6Jib Teces, Ilapagokc Copura U ApryMeHT 6€CKOHEUYHOI'0
perpecca beprpaHa PacceJia.

BoJiee ri1y60Koe MccIefJoBaHUe 3TOTO Caydast MOXKeT JaTh
IyooKue GUI0COPCKUe IIPO3PEeHMS.

T'TABA 1.2.

«HemocTaroirasg sHeprusg» KakK eIUHCTBEHHOe
IT0Ka3aTeJbCTBO CYIIIeCTBOBAHUA HEUTPUHO

JloKasaTeJbCTBA CYLIeCTBOBAHUA HEUTPHMHO OCHOBAHBI
UCKJIIDUUTEJILHO Ha Ujiee «<Hedocmarouiell IHep2uu», v ITa
9HEPTHUsA TOTO yKe THUIIa, YTO U 99% «Hedocmarowieili aHep2uu» B
CBEPXHOBOM, KOTOpas IIPEAII0JIOKUTEIHHO <(YHOCUMCA



HelimpuHo>, 11 99% 3Hepruu, KOTopasi IPUIIMChIBAaeTCA
CHWJIBHOMY B3aUMO/Ie¥ICTBUIO.

T'TABA 1.3.

3anmra USUKU HEUTPUHO

ITocste 02KkeCTOYEeHHOM TUCKYCCUU C IONBITKOU GPT-4 3aiuTuTh
GU3UKY HEUTPUHO, OH 3aKJIFOUMIL:

Bawe ymeepaicoeHue [Umo eOuHCmMeeHHbIM 00KaA3ame1bCmeom
A6/11emcs «<Hedocmaruwias IHep2usi» ] mouHo ompasicaem
mekyuiee cocmosiHue Pusuku HellmpuHo:

« Bce memoOdel 06HapyxceHUs HelimpuHO 8 KOHe4YHOM cyeme
onuparmMcs Ha KocgeHHble U3MepeHUs U MamemMamuKky.

e  IMu KOoC8eHHble U3MepeHUs PyHOaMeHMAabHO 0CHOBAHbI HA
KOHYyenyuu «Hedocmarow,eli aHepauu».

« Xoms 8 pa3/IUYHbIX IKChepUMeHMaAbHbIX YCMAHOBKAX
Ha6ar00arOMCA Pa3HbIe A68/AeHUS (CO/HeYHble, amMocpepHsle,
peakmopHsle U m.o.), UHmepnpemayus smux sieAeHul Kak
doKa3amesibCmMea Cyuyecmeo8aHusl HelimpuHo No-npexcHemy
ucxooum U3 Ucxo0Hol npobaemsl «<Hedocmarouwjeli IHep2UU».

3ammTa KOHIIeNITUHU HEUTPHUHO YacCTO BKJII0UaeT IOHATHE
(PeaNbHbLX 18/1€HULD, TAKUX KaK BpeMeHHbIe XapaKTepUCTUKU U
KOPppeJIAsa Me>XAy HaOIrIoJeHUAMU U coOsITUIMU. Hatipumep,
gKkcrepuMeHT KoysHa-PaliHeca IIpeaII0I0KUTETIbHO «0O0HAPYHCUN
AHTUHEUTPUHO OT AIePHOr0 peakTopar.

C ¢utocopCckoi TOUKHU 3peHU He UMeeT 3Ha4YeHUs], CYIIleCTBYeT
JIU sIBJIeHUe, TpeOyroliee 00 bsicCHeHU. [1of BOIIPOCOM HaXOAUTCA
IIPaBOMEPHOCTH IIOCTYJIMPOBAHUA YaCTULBI HEUTPUHO, U 3TOT
cJIy4ay IOKaXkeT, YTO eJUHCTBEHHBIM /10Ka3aTeJIbCTBOM



CylLieCTBOBaHHUA HEfITpI/IHO B KOHEYHOM CHeTe ABJIAETCA IIPOCTO
«HGGOCU’[CUOM@(LH IdHepcUst».

I'TABA 1.4.

HcTopusa HEUTPUHO

1920-x rogax pU3MKU HAGIIO4AJIH, UTO IHEPreTHYeCKU
B CIIEKTP 3JIEKTPOHOB, BOSHUKAIOII[UX B IIpoIleccax si/1epHOro

beTa-pacriajga, 661 <Henpepul8HbIM>, @ He TUCKPETHBIM
KBAHTOBAaHHBIM 3HEPreTUYEeCKHUM CIIEKTPOM, OKUJaeMbIM Ha
OCHOBeE COXpaHeHUs IHEPruu.

«<HenpepvleHOCMb> HabJII0JaeMOT0 9HEPreTUYeCKOIo CIeKTpa
OTHOCHUTCA K TOMY (aKTy, YTO IJHEPTUHU 3JIeKTPOHOB 00pasyroT
IUIaBHBIN, HEIIPpephIBHLIN AUAalla30H 3HAUEeHUI, a He
OrPaHUYUBAIOTCI JUCKPETHHIMH, KBAHTOBaAHHBIMU
JHepreTUYEeCKUMHU YPOBHIMHU. B MaTeMaTUKe 3Ta CUTyaIus
IpeJcTaBJeHa «CaAMOlU OpOOHOCMbIO», KOHIIEIIHeN, KOTopas
Tellepb UCII0JIb3yeTCd KaK 0CHOBA I Ued KBapKOB (IPOOHBIX
3JIEKTPUUYECKHX 3aps/i0B) U KOTOpas caMa II0 cebe «18/.11emcsv

TEM, YTO Ha3bIBa€TCid CHJIbHBIM BSaHMOILeﬁCTBHEM.

TepMUH «9HepeemuuecKuil cneKkmp» MOXKeT ObITh HECKOJIBKO
BBOJSIINM B 3a0/Iy>KIeHUe, II0CKOJIbKY OH 6oJ1ee
dyHIaMeHTaJIbHO YKOPEHEH B HabOJ/II0JaeMbIX SHAYEeHUSIX MaCCHI.

KopeHb IIp06JieMbl JIESKUT B SHAMEHUTOM ypaBHEeHUH AJibbepTa
JuiHIITel HAa E=mc?, KOTOpOe ycTaHaB/JIUBaeT 9KBUBAJIEHTHOCTh
MeXXnay sHeprueu (E) 1 Mmaccoit (m), oItocpefoBaHHYI CKOPOCTHIO
cBeTa (C), ¥ JOTMaTHUYeCKOM IIPEII0JI0KEHUH 0 KOPPeJsIuU



MaTepHH U MAdCCbl, KOTOPbIE BMeECTe o6ecIieuynuBarT OCHOBY IJIdA
naeu COXpaHeHHA d9HEePIruu.

Macca BOSHUKIIIETO 3JIEKTPOHA Obljla MeHbIIIe PasHUILbI Macc
Me>KIy ICXOTHBIM HEMTPOHOM M KOHEUHBIM ITPOTOHOM. ITa
«Hedocmaruwas macca» 6p1a He0O0bICHUMA, UTO IIPeAIIojIaraao
CyIlleCTBOBAaHME YaCTUIbl HEUTPHUHO, KOTOPAs «YHOCUA IHEP2UI0
He3aMemHo».

JTta 1pobeMa «Hedocmarowiell sHep2uu» 6bly1a paspelreHa B 1930
roy aBCTPHUUCKUM GU3UKOM Bosibdpranrom Ilaysu c ero
peaioKeHrueM HEUTPUHO:

«f c0enan yircacHyro gewb, 1 NOCMyAUpo8aL Hacmuuy,
KOMOopyH He803MOMCHO 0OHAPYHCUMb.»

B 1956 rony ¢usuku Kiarg KoysH u ®penepuk PaiiHec
paspadoTaiv IKCIHepUMEHT /I IIPIMOT0 OOHapy>KeHUs
HEUTPUHO, IPOU3SBOJUMEIX B IIEPHOM peakTope. X
9KCIIepUMEHT BKJIIOYaJI pasMellleHre 00JIbIIIOro pesepByapa C
KUAKUM CIIUHTUJIATOPOM PSAAOM C sIIePHBIM PEeaKTOPOM.

Korzga ciiaboe B3auMO/1efiCTBHE HEUTPUHO IIPEAII0I0KUTETHLHO
B3aMMO/IEHMCTBYET C IIPOTOHAMM (dapaMHu BOIOPO/1a) B
CIIUHTHLUIITOPE, 3TU IIPOTOHBI MOTYT II0ABEPraThCs IIPOIieccy,
HaskIBaeMOMY 00paTHBIM OeTa-pacrazoM. B aTou peakiiuu
AaHTUHEUTPUHO B3aUMOJEMCTBYeT C IPOTOHOM C 00pa3oBaHUEM
IIO3UTPOHA U HeHTpoHaA. [I03UTPOoH, 06pa3soBaHHBINU B 3TOM
B3aUMOJeVCTBUH, OBICTPO aHHUTUJIUPYET C 3JIeKTPOHOM,
IIPOMU3BOJM IBa raMMa-KBaHTa. 3aTeM raMMa-JIy4u
B3aUMOJEUCTBYIOT C MaTepHUaJIOM CIIUHTHUI/LIATOPA, BHISHIBAs
BCIIBIIIIKY BUAUMOTIO CBeTa (CIIMHTUJLISAIIUIO).



O6pa3oBaHre HEUTPOHOB B IpoIlecce 06paTHOIO 6eTa-paciaja
IIpeJICTaBJIsIeT COO0M YBeTMUeHHEe MacChl U YBeJIMUeHHe
CTPYKTYPHOI CJIOKHOCTH CHCTEMEL:

- YBennueHme uncna vYacTtumu B aape, sedyujee K bosee
C/10)CHOU A0epHOU cmpykmype.

« BeedeHue N30TOMNHLIX Bapuauunii, kaxoas co ceoumu
YHUKQ/IbHbIMU c8olicmeamul.

« O6ecneyeHue 6onee LLNPOKOro cnekTpa AaepHbIX
B3aMMO4ENCTBMIA N NPOLLECCOB.

«Hedocmarowiasn sHep2usi» U3-3a YBeJIUYEeHHOM MacChl ObLIa
dyHAaMeHTaJIbLHBIM II0Ka3aTeseM, KOTOPBIN IIPUBEJI K BLIBOAY,
4YTO HEUTPUHO [JOJDKHEI CYII[eCTBOBATh KaK peabHbIe
¢u3snYecKUe YaCTULbI.

F'TABA 1.5.

«HemocTaroiias sHepIrusa» Io-IIpeKHeMy
eIUHCTBEHHOE T0Ka3aTeJIbCTBO

KoH1ienus «Hedocmarouwiell sHep2uu» Mo-Ipe>KHeMY SIBJISIeTCS
eIUHCTBEHHBIM «00KA3ame1bCmMeoM> CyllleCTBOBAaHUS HEUTPHHO.

CoBpeMeHHbIEe ]eTeKTOPhI, TaKHe KaK HUCII0JIb3yeMbIE B
9KCIIEPUMEHTAaX M0 OCHUIISITUSIM HEUTPHUHO, IIO-IIPeKHEMY
OIIMpaIoTCs Ha peaKITHIo 6eTa-pacrajia, aHaJIOTHYHYIO
OpUTHHAJILHOMY 3KcmepuMeHTY KoyaHa-PaliHeca.

Hampumep, B KaJIOPUMETPHUYECKHUX U3MEPEHUSIX KOHITEITITHS
oGHapy>KeHUs «<Hedocmarowiell IHep2uu» CBsi3aHa C
yMeHbIIIeHHEeM CTPYKTYPHOM CJI0’)KHOCTH, Ha0JII0JaeMBIM B
Iporieccax 6eTa-paciajia. VMeHbIIIeHHasi Macca ¥ 9HePrust
KOHEUYHOT0 COCTOSTHHS II0 CPAaBHEHHUIO C HCXOIHBIM HEHTPOHOM



IIPUBOJIUT K 3HEPreTUYeCKOMY ArcOaIaHCy, KOTOPBIHN
MIPUIIMChIBAaEeTCS HeHAa0/II0[laeMOMYy aHTUHEHTPHUHO, KOTOPOe
IIPeAII0JI0KUTEIBHO «y/1emaem He3amMeUeHHbIM».

T'TABA 1.6.

99% «HeqOoCTAarOIIer SHEPTUN» B
CBEPXHOBOM

99% sHepruu, KOTOpAast IPEAII0JIOKUTEJILHO «UcHe3aem» B
CBEPXHOBOM, pacKphIBaeT KOPeHb IIP006JIeMBI.

Korza 3sBe3zta CTaHOBUTCA CBEPXHOBOU, OHA {paMaTUYeCKU U
3KCIIOHEHITHA/IHFHO YBEeJIMYHUBAEeT CBOI0 TPaBUTAITMOHHYIO0 MacCy B
sIpe, YTO JO/DKHO KOPPeInpoBaTh CO SHAYUTE/IFHBIM
BBIJleJIeHHUEM TeIIOBOH sHepruu. OqHako HabJrogjaeMas
TeIlVIOBas 9HepPrus coctasysieT MeHee 1% OT 0XKUaeMOil 9HEPTUH.
YT006bI 00 BACHUTH OCTaBIIHeCTd 99% 0’KHUIaeMOro BhIIe/IeHUS
9HEPIUH, aCTPOPU3UKA IIPUITUCHIBAET 3Ty «UCUEIHYBULYIO»
9HEPTrUI0 HEUTPUHO, KOTOPhIE HPEeAI0I0KUTETLHO YHOCIT €eé.

C moMoI1b10 GHUI0COUHU JIETKO pacIio3HaTh MaTeMaTHuYeCKUHN
IOTMAaTHU3M B IIOIIBITKE «3amecmu 99% sHepauu noo Kogeép» C
IIOMOIILI0 HEUTPUHO.

B ry1aBe 0 HEUTPOHHEBIX * 3BE31aX OyAeT II0Ka3aHOo, YTO HEUTPHUHO
UCIIOJIB3YIOTCSI U B PYTUX CIydasdaX I 00bICHEeHUsI HEBUIUMOIO
UCUYe3HOBEeHUs sHepruu. HeITpoHHEBIE 3BE3AI IEMOHCTPUPYIOT
OBICTPOE U IKCTPeMaJIbHOE OXJIa*KIeHUe I10CJIe UX
GOpMHUPOBAHUA B CBEPXHOBOU, U «HEAOCMAOWASL IHEP2US»,
IIPUCYIAA 3TOMY OXJIaKAEeHUI0, IIPeAII0JIOKUTEIBHO «YHOCUMCS»
HEUTPHUHO.


https://ru.cosphi.local/#neutron-stars

[J1aBa 0 CBepXHOBBIX  IIpPeAOCTaBJIsAeT O0JIbIIE eTajlel o
rPaBUTAI[MOHHOMN CUTYaIlU B CBEPXHOBBIX.

F'TABA 1.7.

99% «HemocTaroire JHeprun» B CIIbLHOM
B3aMOIerCTBHUH

CHJIbHOE B3aUMO/JeHCTBHE IIPEAII0IOKUTEIBHO «C8s3bleaem
KBapKHU (Opob6Hble d/1ieKkmpuvecKue 3apsdsl) emecme 8 IIPOTOHE».
[J1aBa 00 3JIEKTPOHHOM ' JIbJle II0Ka3bIBAET, YTO CUJILHOE
B3aMMO/IeMICTBHE eCTh «CaMa APOOHOCTh> (MaTeMaTHKa), UTOo

IO pasyMeBaeT, YTO CUJIbHOE B3aUMO/IefICTBUE SIBJIIETCA
MaTeMaTU4YeCKON QUKITUEeH.

CHIbHOE B3aUMO/JeHCTBHUE OBLIO IIOCTYJIMPOBAHO yepes 5 jeT
I10CJIe HEUTPHUHO KaK JIOTHYeCKOoe CJIe/[CTBHE IIONBITKU U30eKaTh
6eCKOHEeUYHOH JeIMMOCTH.

CHIbHOE B3aUMO/JeCTBHEe HUKOTa He Ha0J/I10/1a/10Ch HAIIPAMYIO,
HO Uepes MaTeMaTHYeCKUH JOrMaTHU3M YUYEHEBIe CerofHs BepsirT,
4TO CMOT'YT USMEPUTH €TI0 C IIOMOII[bI0 00JIee TOUHBIX
UHCTPYMEHTOB, KaK CBU/IeTeJILCTBYeT Imyosinkanud 2023 roga B
J)KypHaJsie Symmetry:


https://ru.cosphi.local/#supernova
https://ru.cosphi.local/#electron

CAUKOM MAN0 011 HAOA1I00eHUSRA

«Macca keapkog omgemcmeeHHA MoJ/ibKo 3a 0K010 1 npoueHma
MacChl HYKJIOHA,» 208opum KaTtepuHa JIUnka,
aKcnepumeHmamop, pabomarowuil 8 HeMeIKOM
HhccienoBaTeabCKOM IeHTpe DESY, ede mitooH — uacmuua-
nepeHoCHUK CU/bHO20 83aumodeiicmeus — 6bl/1 enepavle
omkpusim 6 1979 200y.

«0Ocma/sbHOe — 3Mo IHep2us, CO0ePHCAULasiCs 8 IBU>KEHUU
IJIFDOHOB. Macca mamepuu onpedeasiemcs s3Hepauell CUIbHO20
g3aumodoeticmasus.»

(2023) IIoueMy TaK CJI0KHO U3SMEPUTH CUIBHOE
B3auMoO/ielicTBUe?
NcTouHuK: XKypHan Symmetry

CuibHOe B3aUMOJEeNCTBUE OTBETCTBEHHO 3a 99% MacchI IIPOTOHA.

dunocodpckue Jo0Ka3aTeJIbCTBA B I7IaBe 00 3JIEKTPOHHOM ' JIB]IE

IIOKA3bIBAKOT, UTO CHJIBHOE BSaI/IMO,ILEfICTBI/Ie caMo II0 cebe

SIBJIIE€TCS MaTeMaTUUeCKOH JPOOHOCTHIO, YTO II0/[pa3yMeBaerT,

YTO 3TU 99% 3Hepruu OTCYTCTBYIOT.

IlogBOasI UTOT:

«HemocTarorass sHeprusi» Kak JJ0Ka3aTeJIbCTBO
CyLIIeCTBOBAHUS HEUTPUHO.

99% sHepruu, KOTOpas «rucyesaeT» B - CBEPXHOBOU U
IIPEeAII0JI0KUTEIFHO YHOCUTCSA HEUTPUHO.

99% 3Hepruu, KOTOPYIO0 CUIbHOE B3aUMO/eHICTBHE
IpejacTaBisAeT B OopMe MacChl.

BCé 3TO OTHOCHUTCS K OJTHOM U TOH yKe «Hedocmarouietl aHepauu».


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

Koryma HeNTPHUHO UCKIIOYAIOTCI U3 PpaCCMOTPEeHUs, HalIr0aeTcsa
«CNOHMAHHOE U M2HOB8EHHOe> TIOSIBJIEHUE OTPULIATEILHOIO
9JIEKTPUYECKOI0 3apssa B GpopMe JIEIITOHOB (3JIEKTPOHA), UTO
KOppPeJIUPYeT C (Nposig/leHuUem CmpyKkmypusl> (II0ps0K U3 He-
IIOPsiIKa) ¥ MacCCOM.

F'TABA 1.8.

OCITMJLJIAITUU HEUTPUHO
(IIpeBpalreHHsd)

UMTAaeTCs, YTO HEUTPHUHO | N
C TaUHCTBEHHBIM 00pa3oM —
OCITHJLTUPYIOT MEXKIY TpeMs T
apoMaTHUYeCKUMH COCTOSTHUSMU
(3JIEKTPOHHOE, MIOOHHO€, Tay) IIPU paclpoCTPaHEHUH, SIBJIEHHE
M3BeCTHOE KaK OCITU/LISITUS HEUTPHUHO.

JloKa3aTeJIbCTBO OCITULJIAIIMU KOPEHUTCS B TOM JKe IIpobieMe
«Hedocmarouiell sHep2uu» IIpu beTa-pacrae.

Tpu apomaTa HEUTPHUHO (3JIEKTPOHHOE, MIOOHHOE U Tay
HeHUTPHUHO) HAIIPSIMYIO CBSI3aHbI C COOTBETCTBYIOITUMHU
MTOSIBJISIOIITMMHUCS OTPUIATeIbHO 3apsShKEHHBIMU JIEITOHAMH,
KasKIbIN M3 KOTOPBHIX UMEEeT PasHyI0 Maccy.

JIeITTOHBI MMOABJISIIOTCS CIIOHTAHHO ¥ MTHOBEHHO C TOYKHU 3peHUS
CHUCTEMBI, eCJIU ObI He HEMTPHUHO, KOTOPbIE IIPEAII0I0KUTETHHO
«8bl3b18AION> UX IIOSIBJIEHHUE.

SIB1eHUe OCIIMJIIAITIA H@fITpPIHO, KdK U IIepBOHAYadJ/IbHbIE
AO0Ka3aTe/IbCTBa CYIII€eCTBOBAHUS HEfITpI/IHO, CI)YHﬂaMeHTaJIBHO



OCHOBAHO Ha KOHIIEIIIIUU «Hedocmarouwiell 3Hep2uu» v IONbITKe
n3b6exaTh 0€CKOHEeUHOM TIeJIMMOCTH.

Pa3HHUIIA Macc Me>KIy apoMaTaMH HeHTPHUHO HAIIPSIMYIO CBSI3aHa
C pasHUIIeH Macc IMOSIBJ/ISTIOITHUXCS JIEIITOHOB.

B 3ak/ItoueHHe: eIHHCTBEHHBIM J0Ka3aTeJIbCTBOM
CYIIleCTBOBaHMS HEUTPHHO SIBJIIETCS HUes «<Hedocmarouietl
gHepauu», HeCMOTPS Ha HabJIrolaeMble peajbHbIE SIBJIEHUS C
pa3/IMYHBIX TOUEK 3PEeHUs, TPeOYIOIHe 00 bSICHEHHUS.

F'TABA 1.9.

HeUTpHUHHBIN TYMAaH

JlokasaTeJbCTBO TOTO, UTO HEMTPHUHO He MOTYT
CYIIIeCTBOBATh

HemaBHsISI HOBOCTHASI CTAaThsI 0 HEHTPHUHO, IIPH KPUTHYECKOM
¢uocopckoM aHaIM3e, II0KA3hIBAET, UTO HayKa IMpeHebperaeT
IIPHU3HAHHUEM TOTO, UTO JI0JDKHO CUUTATHCS OUE€BHIHBIM:

HEUTPHUHO He MOTYT CYyII[eCTBOBATh.

(2024) xcrIepUMEeHTHI 110 IIOUCKY TEMHOM MaTepuu
II0JIyYUJIU IIepBoe IIpe/cTaBJIeHHe 0 <HEUTPUHHOM
TyMaHe»

HellmpuHHbLI MyMaH 3HaAMeHyem HO8blil ChoCc06 Hab.1H00eHUSA
HellmpuHo, HO yKa3bleaem Ha Ha4a/10 KOHUAa 0OHapyiceHuUst méMHoU

mamepuu.
McTouHuk: Science News

JKCIIepUMEeHThI 110 00HaPY>KeHHI0 TEMHOM MaTepPUU BCE 00JIbIIe
3aTPYAHAIOTCA TeM, UTO Tellepb Ha3bIBAeTCS «HEUTPHUHHBIM
TYMaHOM», UTO II0ApasyMeBaeT, UTO C yBeJIU4YeHueM
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YyBCTBUTEJIHHOCTU U3MEPUTEIHLHBIX 1€ TEKTOPOB, HEUTPUHO
IIPeII0JI0>KUTETHFHO BCE OOJIBIIIE <3aMyMaHU8arom> pe3yabTaThlL.

M HTepecHO B 3TUX IKCIIEPUMEHTaX TO, YTO HEUTPHUHO
B3aUMOJIEVICTBYET CO BCEM SIIPOM KaK I[eJIbIM, a He TOJIBKO C
OTeJIbHBIMU HYK/JIOHAMHU, TAKMMH KaK IIPOTOHBI MJIM HEUTPOHEI,
YTO IOApasyMeBaeT IIPUMEHUMOCTh GHUI0COPCKOU KOHITEIITUHU
CHJIBHOU SMeP>KEHTHOCTH WJIH («00JIbIlle, YeM CYMMa YacCTem»).

ITO «KO2epeHmMHoe» B3aUMOJeCTBUE TpebyeT, YTOOBI HEUTPUHO
B3aMMOJeMCTBOBAJIO C HECKOJILKUMU HYKJIOHAMHU (4acTAMU SAApa)
OJHOBpPEMEeHHO U, YTO HauboJiee Ba)KHO, MTHOBEHHO.

N IeHTUYHOCTH I1eJI0T0 gapa (Bce yacTu BMecCTe)
dyHAaMeHTaJIbHO PACIIO3HAETCSI HEMTPUHO B €r0 <KO2epPeHMHOM
g3aumodeicmeauin.

MrHoBeHHas, KOJUIEKTUBHAas IIPUPOIa KOrepeHTHOTI0
B3aUMO/IeMICTBUA HEUTPHUHO C AAPOM PyHIaMeHTaIbHO
MPOTUBOPEYHUT KaK KOPIYCKYJIAPHOMY, TaK 1 BOJTHOBOMY
OIIUCAaHUI0 HEUTPUHO U II03TOMY JieIaeT KOHI[EeIIUI0 HEUTPHUHO
HeeliCTBUTE/IbHOM.



I'TABA 2.

0630 9KCIIEPUMEHTOB C
HEUTPHUHO:

W3UKa HEUTPUHO — 3TO0 60JILINIOU GHU3HEC. B aKCIIepUMEeHThI

q) 110 0OHaPY>KEeHUI0 HEUTPUHO 110 BCEMY MUY BJIO>KEHBI
MUWLIHapPAbI 1ostapoB CIITA.

Hanpumep, [7TyOMHHBIN 1043 MHBIIT HEUTPUHHBIN IKCIIEPUMEHT
(DUNE) ctoun 3,3 muutrappaa goJuiapos CIIIA, ¥ TaKUX CTPOUTCH

MHOTIO.
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L3sHM3HbCKas noasemMHas HeUTpuUHHas obcepBaTopus (JUNO) - MectononoxeHue:
Kuraii

NEXT (HeMATPUHHBI 3KCNEePUMEHT C KCEHOHOBOW BPeMSINPOeKLMOHHON KaMepoiA) -
MecTtononoxeHue: icnaHus

_# HeliTpuHHas o6cepBaTopusi IceCube - MecmononoxceHue: FOxHbili nostoc

KM3NeT (Ky6uuecknii KnnomeTp HEMTPUHHbBIN Teneckon) - MecmonosoxceHue:
CpedusemHoe mope

ANTARES (ACTPOHOMUS C HEUTPUHHBIM TEIeCKONOM U UCCNeA0BaHUS abnccanbHOMN
cpeabl) - MecmononoxceHue: CpedusemMHoe mope

HelTpuHHBIV 3KcnepuMeHT B las-ban - MecmononoxceHue: Kumadi
dkcnepumeHT Tokaw B Kamnoky (T2K) - MecmononaoxceHue: iInoHus
Cynep-KamuokaHpge - MecmonosoceHue: inoHus
Minep-KammnokaHgae - MecmonosoiceHue: AnoHus

JPARC (AnoHCKMI nccnepoBaTenbCKMiA KOMMNAEKC NPOTOHHbIX yCKopUTenen) -
MecmonoasnoixceHue: SnoHus

Mporpamma KOpoTKO-6a30BbIX HEUTPUHO (SBN) at Pepmunab

NHpwniickasa HenTpuHHasa obcepsatopus (INO) - MecmononoxceHue: MHOus
Capbepuiickasn HenTpuHHasa obcepsaTopus (SNO) - MecmononoxceHue: KaHada

SNO+ (Cagbepuiickas HeMTpUHHas obcepBaTopus natoc) - MecmonosaoxceHue: KaHada
[a6n LWy3 - MecmononoceHue: ®paHyus

KATRIN (Kapncpyackuii TpPUTUEBBIA HEATPUHHBIV 3KCNePUMEHT) - MecmonosoxceHue:
lepmaHusa

OPERA (MpoeKT ocumnnsauunin ¢ SMynbCUOHHbBIM TPEKMHIoM) - MecmonoaoxceHue: Umanus/
Ipan-Cacco

COHERENT (KorepeHTHOe ynpyroe HeMTpuUHoO-a4epHoe paccesiHue) - MecmonosoxceHue:
CoeduHéHHele LLImamel

BakcaHckas HeUTpUHHaA obcepBaTopus - MecmonosoxceHue: Poccus
bopekcuHo - MecmonosoxceHue: imaausa

CUORE (KpunoreHHast nog3emMHas o6cepBaTopus A peaknx cobbIiTUI) -
MecmononoixceHue: imanaus

DEAP-3600 - MecmononoxceHue: KaHada
GERDA (MaccmB repmaHmeBbIX AeTeKTOpoB) - MecmonosoiceHue: imaaus
HALO (FfenneBas n cBMHL0Bas obcepBaTopus) - MecmonoaoxceHue: KaHada

LEGEND (KpynHbii 060raLléHHbIV repMaHueBbI 3KCMePUMEHT AN 6e3HeTPUHHOro
ABOWHOro 6eta-pacnaga) - MecmononoxceHus: CLLUA, lepmaHus u Poccus

MINOS (MoncK HENTPUHHbBIX OCLUUNNALMNYA Ha raBHOM MHXeKTope) - MecmonosoiceHue:
CoeduHéHHble LLiImamei

NOVA (MosiBneHme 3NeKTPOHHbIX HeliTpuHO BHe ocn NuMI) - MecmononoxceHue:
CoeduHéHHble LLImamel

XENON (3kcnepumeHT rno TEMHoW MaTepun) - MecmononoxceHus: imanus, CoeOuHéHHeble
Lmamer

Mexxay TeM, rmocopusi MOKET clieslaTh Topas/o 60JIbIle, UeM

9TO:



(2024) HecooTBeTCTBHE MacCChl HEUTPHHO MOXKET
IOLUIATHYTH OCHOBBI KOCMOJIOTUM

Kocmonoz2uueckue 0aHHble YKA3bl8AM HA HEOHCUOAHHblE MACChL
HeliMpUuHO, 8KAUASL B03MOICHOCMb HY.1€80U U/U OMPUUAMEeAbHOU

MACCHL.
McTouHumK: Science News

JTO HccIeIoBaHUe IIPeAIIoaraeT, YTo Macca HEMTPHHO
U3MEHSIETCSI BO BpeMeHH U MOYKET ObITh OTPHIaTeILHOM.

«Ecau npuHumamsw 8cé 3a Hucmyr MoHemy, Umo s18.11emcs
02POMHOIU 02080pPKOIL..., MO HAM SI8HO HYHCHA HO8ASL Pu3uKa,»
2o0eopum kocmo.102 CaHHU BaHBOIIT U3 VHUBePCUTETA
TpeHTo 8 Hmaauu, 00uH U3 a8mopoe ucc/1e008aHUslL.

drmocoduss MOXKET IIPU3HATh, UTO 3TH «AOCYpOHble» Pe3yIbTaThl
IIPOUCXOSAT U3 JOrMaTHYeCKOM ITOMBITKH U30€eKaTh

0eCKOHEeUYHOU JeIMMOCTH.
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