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Kparkoe nsnoxeHve crpsiMnsier T0T BUTUEBATbIN MyTb C OrOPoVi Ha paboTbl TEOPETUKOB, KOTOPbIN
aBTop rpowén nyTéM ux pasbickaHus C rocreayower qoopMynupoBKoN GbeHOMEHOOr M HOBO

(BononHNTENbHON) Gh/ck -pu3MKM  «CHapyXxu»  CBETOBOro  koHyca (1985-2008) Ha 6ase
OCHOBOMONarawwmx 3SKCNEepMMEHTOB  HabNOOEHWS  aHOManuii  aHHUrUAALAN 5+-n03V|Tp0HOB/5+-
nosutpoHna — CLA/1956, 1965, 1975, 1982-1989, 1990, 2003(?); Poccna/1967, 1987; AHrnuns/1975;
KaHana/1975.

OcMbicnieHne napanokcanbHOW runoressl 0 peanunsaumn agpgbekra Méccbayspa B razoobpasHom

HEOHe B «yCnoBuUSIX pe30oHaHca» cuctembl 22Na-22"Ne-HeoH (~ 9% 22Ne), noLoTBEP>KAEHHOIA
B KPWUTWYECKOM IKCMEPUMEHTE C W3MEHEHHbIM W30TOMHLIM COCTaBOM HeoHa (AP, 1987), Benét
K BK/TIOYEHWIO B KBAHTOBYIO TEOPUIO NONSA TEMHON SHEPrun/TEMHON MaTepuu.

310 pocruraercs Ha 6ase noctynata O nNpeacTaBneHum r3+-I'IO3VITp0HVIFI B KauyecTBe aHa/orosow
dhopmanusauum ctatyca gousmyeckoro HabnoaaTens.

lNonHoe nanoxeHne gpeHOMEHoOA0rMn 4aHo B rnybavkaumsx aBTopa.

1 .N3BeCcTHO (BocxoOMT K nocTynupoBaHunio M.[MnaHkOM «kBaHTa ,ue|7|CTBV|9|»h /1900 —

B nocnegylolem h), 4yTO MNyCTOe MPOCTPaHCTBO-BPEMS (BakyyMm) 3amnofIHEHO BMPTyanbHbIMU Mapamu
cTabunbHbIX WHrPeaMeHTOB MaTepuu (BelwecTsa), NPUCYTCTBYKOWMX B N0OOA TOYKe NPOCTpaHCTBA

2
B TeueHue Bpemeru tm™ h/mc , TA€ M — Macca npoToHa ( Mp), UK 3NEKTPOHA (Mg), NN HEATPUHO (M
V),
Oro ytBepxaeHne kBaHToBOW Teopumn nons/KTI BknovaeT n pensaTMBMCTCKUIA NOCTyNaT, BBEAEHHbIN
A.DliHWTERHOM B cneunanbHon Teopum oTHocuTenbHOCTU/CTO-1905.

YTBEpXAEeHne CcoxpaHsieT cuny Ans APYyrux aNeMeHTapHbIX CTPYKTyp, HO UX Mmacca He MoXeT

1/2
npeBbiWaTh nnaHkosckyto maccy Mpl = (he/G) / .

2.07cioga cnefyeT, YTO B BakyyMe HEBO3MOXHbl BUPTyasibHble napbl MNaHKOBCKOW Macchbl Mp,

_ 51/2

NMOCKONbKY B NMPUPOAE HET CTONIb Manoro MrHOBEHUS Lanpy < Doty (Gh/c”) :
3 .Bcé xe, nosieneHne B BakyymMe napbl MNaHKOBCKOW Macchbl Mp1 8 KTN BoamoxHo, ecnn
WHrpeaMeHTbl  TakoW napbl, OT/MYaloWencs KayeCcTBEHHO OT MaTtepun (BewecTsa), WMeET

NnPOTNBOMONOXHbIE 3HakKu iI"'IIP'l. Takue «napbl» MOrnn 6bl NPUCyTCTBOBaTh B BakKyymMeé BEYHO!

t+MPl_MPL = h/(+Mp; — MP’I]"C2 -
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3ametum, 4T0 B 6e3pa3MepHbIe KOHCTaHTbl PaBUTALMOHHOIO U 31eKTPocnaboro (anekTpocnaboro)
B3anmoericTBuii macca BXOONT B ksagpate: %g = szﬂm; Ow = GFmECJ'JﬁB, roe
Gp = ma. - "rlaf"'fﬁm%v e Sinzgw, a= ezjhc — KOHCTaHTa 3/eKTPOMarHUTHOrO B3aUMOOEWCTBUS,
My — macca NpoMeXyTO4YHOro BEKTOPHOro 6030Ha, Oy — yron BaiHbepra.

4. Takylo «MaTepuio/aHepruio» ¢ NPOTUBOMONOXHbLIMA 3HAKaMU COCTaBNSIOWNX €€ MHIPeaneHToB
MOXHO COMOCTaBUTb C TEMHOI aHepruneii(74%)/TéMHol MaTepueli(22%) B 6anaHce rpaBuTUpyoLeli Maccol
BceneHHoi, rpoe Habniopaembli Bknag o6bl4HOM MaTepum (BewectBa) cocTaBnsetr 4%. Bknapg
B rpaBUTUPYIOLLYO Maccy BceneHHoM He 3aBUCUT OT 3Haka Macchl.

5. HeobxoommocTb BKkAtoYaTb B BanaHc rpasuTupytoleli BceneHHoi maccbl oTpuuaTenbHOro 3Haka

+ +
BO3HMKNA nNpu HabnoaeHun aHomanumi aHHmrmnﬂummE’ -pacnagHbIx r|03|/|Tp0HOB/[3 -NO3NTPOHUSA
B 9KCMEpPMMEHTax MO W3MEPEHUID BPEMEHHbLIX CMNEKTPOB AHHUIMAALMM B HEOHe (pasMbiTMe «nneuya»
B HEOHE C MCTOYHUKOM MO3UTPOHOB 22Na: CIUA/1965 Poccuna/1967, 1987; AHrnna/1975; Kanana/1975);

+ +
no paHHbiM o gone P -MO3MTPOHOB, 06pa3yrou.u/|x."9 -MO3UTPOHMIA B HEOHE W B aproHe (CNekTpocKonus
aHHUMMNSILUMOHHBIX Ya-KBAaHTOB C MCTOYHMKOM MO3nUTpoHoB $4Cu — CWA/fNe = 55i6%, far = 3616% )
N CpaBHEHWMN 3TON BENWYMHBI MO OAHHBIM BPEMEHHOro Metoda fne = 28t3% (Poccmna/1967) un fne = 26%

+
(AHrnusa/1978); u3 paHHbIX O MPEBbIWEHUN CKOPOCTU caM0aHH|/|r|/|n;|Lu/u/l[3 -nos3ntpoHnsa Ha 0,19%

(ctatuctuyeckas owmbka 0,02% — 9,47) no un3MepeHWsM abCOMIOTHBIX 3HAYEHUN CKOPOCTM
CaMOaHHUINAAUUN (BPEMEHM XU3HU) OPTOMO3UTPOHMSA (rasoBas MeToauka) C UCTOYHMKaMM NO3UTPOHOB

+
22Na 1 68Ga (CLUIA/1982-1989) M AaHHbIX O MPEBbILIEHMN CKOPOCTU camoaHHUruasumm B -noantporus

(BakyymHasi metoamka) Ha 0,14% (owmnbka nameperuii 0,023% — 6,29).

6. B KkpuTuyeckoM aKkcnepuMeHTe NOATBEpXAEeHa runore3a O NapapokcanbHOW peanvaauuu

e LY e
. “Naf3 £ < Nefl®
acpcbekta Méccbayapa B «yCNnoBUSIX pe30OHaHca» CUCTEMBI { } { j

T g'&f‘""ﬁ 2-:;%‘-@{{}“ j

raszoobpasHbiii  HEOoH . NPV CPaBHEHWM BPEMEHHOro crekTpa obpasua HeoHa,

06enHEHHOro naoTonom 22Ne (oT 8,86% B 0bpa3sLe ecTecTBEHHOro M30TONHOro cocTtasa Ao 4,91%) siBHO

BblOENAEeTCa «MNnevyo» 1 Bo3pacrtaeT noytn BABoe (1:35 + U,l)% WHTEHCMBHOCTb l> OPTONO3NTPOHNEBON
KOMMOHEHTbI BpeMeHHoro crnekTpa (Poccua/1987).

7 . 3T0 O3HayaeT, ¢ Y4YETOM ABYX ApYyrux aHomanum (n.5), HHOOXOAMMOCTb pacLUMPEHUs
coBpemeHHoN CraHpapTHou momenu/CM, nockonbky cornacHo CM usotonuueckun acpdpekt (n.6)

ucuesatowe man: 10—7-10—5.

8.B 1986 r. W.JL.Inawoy onyb6nunkoBan nNpennoxeHne Ucnonb3oBaTtb ng+-|‘|03I/ITpOHVII7I B KayecTtse
TecTa «...CyWeCTBOBaHWNS 3epkanbHOW BceneHHom — CMMMETPUYHOM Halen, HO codepXallen CBOM KBapKu
N afpoHbl CO CBOVMMMW B3aUMOOENCTBUAMMN MeXAY HUMU. <...> OTMeyaeTcs, YTO OPTOMO3NTPOHUA 3a CHET
OOHOOTOHHOW aHHUTUMASUMKN (<BUPTyanbHON>) OyneT cMewnBaTbCs C 3epKanbHOW CUCTEMOW, YTO
NPUBEOET K 9KCMEPUMEHTaNIbHO UCKMIOYEHHBIM adddpekTaM, K U3MEHEHNIO CTaTUCTUYECKUX BECOB OPTO-
1 Napano3nTPoOHUA OT HOPMasIbHOr0O TPs :SPs = 3:1 k 1,5:1 ... Tem cambim obCcy X Daemblli BApUaHT Teopuit
C 3epkanbHoi BceneHHOl WCKNOYEH akcnepuMmeHTanbHo» (M.B. PedbepatusHbiii XypHan «®dusnka»,
1986, 56, 75468).

9. B ron nybnukaumm nuen W.IMnswoy B XypHan 6bina HanpaBneHa Hawa ctatbs (MXd/Mocksa-
NMNAD/TaTunHa) ¢ pesynbTaramm aKCNeprMeHTa, B KOTOPOM 3KCNEPUMEHTANbHO YCTAHOBMAEHHbIA (hakTop
~2 (n.n.5 n 6) cBMOETENLCTBOBAN O NPOTMBOMONOXHOM — O HEOOX0AMMOCTU yuéTa «3a3epkanbs» (CTaTbs



+
onybnukoBaHa, AP/1987), kyaa ocuunnmpyet ] -NO3NTPOHUI B «YCNOBUSAX Pe30HaHca».

10. Mocnepytowee odopmneHne pacwupeHnss CM Ha ocHoBe pasbickaHus nybnukauuii N3BeCTHbIX
TeopeTunkoB (1985-2008) npuseno k Heobxoommoctn pacwupenms KTIM nytém paspabotku
(PEHOMEHONIOTA HOBOW (OOMNOMHUTENBHOM) Gh/ck -PM3MKN «CHaPY>XU» CBETOBOIO KOHYCa, MOCKONbKY
TONbKO Tak MOXHO WHTEpnpeTMpoBaTb MapambokCcanbHylo peanusaumio agpdekta Méccbayspa —
NoOCTYNMpOBaTh MosiBfieHNe «abConTHO TBEPOOro Tena» B rasoobpasHoM (!) HEOHe ecTecTBEHHOro
M30TOMHOrO COCTaBa BMECTO KOHTPNPOAYKTUBHOW (DEHOMEHONOMNN «TaAXUOH».

Makpockonunyeckune, aBYy3HAYHbIE (‘_|') W orpaHuyeHHble 06nacTy nNPOCTPaHCTBa-BPEMEHM
«CHapyXu» CBETOBOr0 KOHyca, YydyacTBylowMe B NPUCYTCTBUM B+-I'I03I/ITpOHI/I9| B hopMmpoBaHuM
napanokcanbHol peanusaumn agppekta Méccbayspa B «yCNOBUSX pe3oHaHca» cucTembl 22Na(3+)-22
"Ne(2*)-ra3006pasHbiii HEOH ~ 9% 22Ne(0*) MOXHO 0603HauMTb, Kak «3a3epkanbe». Heo6XxoauMbiM

+
YCNOBMEM peannsauumn 3asepkanbs SBNSETCS NpeactaBneHne KOHEYHOr0 COCTOSHUSA B -pacnaga 22Na,
Kak Tornonormyeckoro kBaHToBoro nepexona/TKIT.

3aMeTuM, 4TO0 BCE UCTOYHUKU MO3UTPOHOB (22Na, 64Cu, 68Ga), NCMNONIb30BaHHbIE B 3KCMEPUMEHTAX
H __ X
¢ HaboneHnem aHomanuii, otHocsitest k Tuny 417 = 17,

11.91y Mmbicnb (n.10) MOXHO conocTtaBuTb C paspabotaHHoit O.B.MuHepoM KoHuenuwuei
BaKyymonoaobHbix cocTosiHuii BewecTtea (PTN/1965), noesamn A.®.Angpeesa (NPIT) 0 Makpockonuyeckmnx
Tenax C Hynesol Mmaccon nokos (1973), CNOHTAHHO HapPyWEHHOW MOMHON OTHOCUTENbHOCTbI (1982)
W KoHuenumein Hoeoro pnanbHopercteusa (J1.B.bopucosa wn [M.0.PabyHckumin/1997) Ha 6ase Teopun
XpoHOMeTpuyecknx nHeapmaHTos A.J1.3enbmaHoBa (1944).

+
12. PeHOMEHONOrns HOBOW (PU3NKM OCHOBAHa Ha npencTasineHun o6 ocumnnsaummn B -NO3UTPOHUSA
B 3asepkanbe (cp. ¢ nNn.8 m 9) B KayeCcTBe aHanorosor cpopmanm3aumm craTtyca ¢pu3nyeckoro
Habnoparens.

1 3. Bo3HnkaeT BOMPOC O JAMHaMWKe OOPMUPOBAHWS B KOHEYHOM COCTOSHMM ."-?Jr-pacnana
NPOCTPAHCTBEHHO-BPEMEHHOI pewéTkn abCcontoTHO TBEPOOro Tena. AT0 He MoXeT ObiTb raMunbTOHOBA
OnHammuka ¢ eé wmaTtematuyeckum copmanmamoMm. Ho Y.[amMunbToH aBTop Takxe Teopuu rpad
(raMMNbTOHOBBIX MYTER), KOTOPYH MOXHO MPUMEHUTb [ONA PEWEHWs MOCTaBNeHHOW 3ajaun. B aTom
cMmbicne cnegyeT obpaTuTb BHMMaHWE Ha WM3BECTHYIO MbIC/Ib O TOM, YTO TPAAWMLUMOHHbLIA ramMuibTOHOB
MeTOL Ucyepnan CBoW pecypc oNns pelweHmsa 3anay Hoson comaunkm (J1.0.Jlanpay/1959).

14.Mpn oopMMpoBaHUM CTPYKTypbl abCOMOTHO TBEPOOro Tena «CHapyXwu» CBETOBOrO KOHyca
HeobXxoOMMO WCMONb30BaTb BCE (PyHOAAMEHTa/lbHble HOBaUMU — HOBOE [HaNnbHOAENCTBME, KBAHTOBO-

Nonesble OCLUMNALMM B PEXMME raMuibTOHOBbLIX MyTel, NPUCYTCTBE CTabUnbHbIX HocuTenei (p, e, V)
BCEX DU3NYECKNX B3ANMOOENCTBUNA.

Onpenenum pasmep A queiikn IBY3HayHOro (i) abcontoTHO TBEPAOro Tena «CHapyXwu» CBETOBOrO
KoHyca. Hamm npuHsta kybuyeckas pewértka, MNOCTOSHHAS KOTOPOA OnNpeaensieTcs BENUYUHOA
Aty = [4334) - (h/mgc) — BPEMEHEM BMPTYanbHON aHHUTMASLUNN dNEKTPOH-MO3NUTPOHHON napbl (B+—
noautporus) — 4 = €+ Aty = 5,5 - 1U_ZCM.

15.B nuHeHOW raMmMnbTOHOBOW AMHaMUKe («raMWnbTOHOB MeTOA») COCYWecTBOBaHME [OBYX

NHIpeaneHToB I'IpOCTpaHCTBeHHOI'IO,D,O6HbIX CTPYKTYp C MNpOTUBOMOJZIOXKHbIMM 3HakaMn Macchbl iI""I:[P‘l
HEeBO3MOXHO — OHW MIHOBEHHO pa3fieTalnTCA. COCYLI.I,eCTBOBaHI/Ie BO3MOXHO B CTOXaCcTUYeCKOM AuHaMuke

raMMnbTOHOBa NYyTU, MEHAKOWEro BeKTop, HanpasneHne BpawleHnusa Ha KaXxagom ware ‘d Pe3yanaT —

EBpasuincknii Hay4Hbll XypHan 3



CTOXacCTUYeCKOEe 3amofiHEHWE OrpaHUYeHHONW OBNacT MNPOCTPAHCTBA-BPEMEHU (FaMUNbTOHOB MNyTb)
OT LUeHTpanbHoro yana (22'Ne) k nepucbepuueckomy yany (22Ne) raMunbTOHOBOW CTPYKTYpHI,

3anonHsoWen TPEXMepHbIn 06bEM (2Ne). Huxe o6ocHOBaHO 6e36apbepHoe B3aMMOAENCTBME
BELEeCTBa C PelwéTKONn.

16.Paamep aToM TPEXMepHOW CTPYKTypbl onpedensietcs uncnom siueek NG)| B kaxmom yane

KOTOPbIX MPUCYTCTBYIOT CTabunbHble HOCUTENWM (PU3NYECKMX B3auMOOENCTBUA — kBasunpoTtoH (P),

kBa3manekTpoH (¥) n kesasunentpuHo (¥); nx maccel v paavycbl OeVCTBMS I paBHbl Maccam y paavycam
peanbHbIX HOCUTENeR B3aVMOLENCTBUA — CUIbHOTO (Mp /rgyy), SNEKTPOMArHNTHOMO (Mg /fem), cnaboro

(mp /rw).

(3 — 1 lY
Cnenosarensho, N = Mp1/(mp +m, +m,) =10

CTPYKTYpbI ~ 1 KM.

M ovameTp NpPoCTpaHCTBEHHOMOOOOHOM

+
17.HoBaa pusmka Takom CTPYKTYpbl, POXAOEHHOW B KOHEYHOM cocTosHum B -pacnaga (TKI)

npeactaBnsieT U3NKy aTtoma pansHogeiicteus/ALLE), uro pasBMBaeT KOHLEMUMIO HOBOro NErkoro
KanmbpoBoYHOro cynepcummeTpuyHoro 6o3oHa U cnuHa 1, peanbHOCTb KOTOPOro Jornyckaet

+
O0JIHOKBAHTOBYIO aHHmrmnqumoB -opTonosntpoHma (P.Fayet and M.Mezard/1981). B Hawem

+
npeancrtaBneHnmn C-)TO['I , npunyem KaxXxnoplhi 13 NHIpeaneHToB Ut n U™ wumeer cnuH 1.

OKcnepuMMeHTanbHoe CcornacoBaHMe npu 3TOM JOCTMraeTcs BO3MOXHOCTbIO «aHTUKOMMTOHOBCKOMO
paccesHuns» (J.L.Synge, 1974) kBaHTa sHeprumn 1,022 M3aB, peanndyemom, kak 0,511 MaB.

+ ™ T
C oroii noauumm B -pacnag Tuna A" =1" pzorona Z Tenepb OONXeEH OblTb NMpencTaBNeH Tak:

et 4vrpt

Z)———@Z -1+ D

+
1 8 . CynepcnmmeTpnyHas npmponaU W CBS3AaHHOTO C NErkMM HelTpanbHbiM  GO30HOM

CynepcMMMETPUYHOrO B+-I'IO3I/ITpOHVIF| NoOLOEPXMUBAETCA TakXe Teopueln, B KOTOPOW npeacTaBneH
npeueneHT MOMHOrMO  BbIPOXAEHWs napa- wW  opTto-cynepnoautpoHus  (P.Di Vecchia and
V.Schuchhardt/1985: «...complete degeneracy for para- and ortho-superpositronium») — oTcyTcTBME
AW = TW— W =7/12 - (¢*m.c?) = 8,4- 107%

+ +
Oro 03Hayaer, 4TO CBEPXTOHKOE paclienseHne OCHOBHOro coctosims P -opToO- np™-

_ T S — 4 2y — -4 -
napanoantponus AW = "W-— W =7/12(a"m.c”) = 8,4 - 10 38'1164{]0;38:&1{]0,

BblpaXXeHHOe B rpajycax TemnepaTypbl MOXHO TpakToBaTb, Kak TeMnepaTtypHyilo HeonpenenéHHOCTb

+ +
ponnu B -MO3MTPOHOB, 00pa3yoWNX CynepcMMMEeTPUYHbI B -MO3UTPOHMIA B ycnoBusix nabopartopwuii
(cm. n.5), B koTOpbIX TemnepaTypa 06pas3LoB razaoobpasHOro HeoHa He N3Mepsinach U He oMKCUpoBanach.

+
19. ObpatleHne K BONPOCY O TEMMNEPATYPHOI 3aBMCMMOCTU BPEMEHHbIX CMEKTPOB aHHUTUASLMN B

+
I'IO3VITpOHOB/|£ -NO3NTPOHNA BO3HUKIO Nocne aHanmaa BO3MOXHOM npupoabl BCEX 3KCNepuMeHTanbHbIX

aHoManuin BPEMEHHbIX CNEeKTPOB B «YyCNOBUAX pe3oHaHca». [1ockonbky BCe W3MEPEHMs B CUCTEME
———— . TT=—

ZIaT Wy TEETET ¥ CEINT Ay
BNp{3Ty TN -~ 99N ()

e 27 o
o raszoobpasHblii HEOH

NPOBOAVNCHL C HEOHOM 0CO60IA
YACTOTbI, BO3HUKNA MbICNb O BMSIHUM HA (DOPMY BPEMEHHOro criekTpa B o6nactu «nneya» cnemyoulei
3a HVM N0 BPEMEHW UHTEHCUBHOCTU l» OPTONO3MTPOHMEBON KOMMOHEHTHI.

Ora Mbicib noggepxxaHa COO5pa>KeHMﬂMM o TeMﬂepaTypHOﬁ 3aBncnumocCTu BaKyyMOﬂOﬂ06HOﬁ

+
cocrasnmomeﬁA,ﬂ,ﬂ,(i) (U ), Kak cnencTteus  TemnepaTypHOM 3aBUCUMOCTM  napagokcanbHOMn

4 EBpasnincknin HayuHblin XypHan



o
peanuaaunm agppekta Méccbayapa 1 NnpuBeAEHHbLIM Bbile apryMeHTOM 410 (n.18).

20. Tak ccoopmuposaHa lNporpamma pelwatowero sKCnepMmeHTa: Hapagy ¢ onbiTOM Mo OeACTBUIO
9NEeKTPUYECKOro nons B OWMOOYHOM BbIBOAE (OTCTYMHUYECTBE) MUYMFAHCKOW Tpynnbl Ha OCHOBE
akcnepumeHta (CLIA/2003?), BknoyaeT TakXe W3yyeHWe TemnepaTypHON 3aBUCUMOCTU BPEMEHHbIX
CMeKTPOB.

21.Ha ocHOBe WM3N0XEHHON (PEHOMEHONOornv npemnnoxeHa MoAefnb eauvHOW npupoabl TEMHOM
SHeprun/TEMHOI MaTepun.
CyuwecTtBo moneny B CAeAyoIEM:
Pagnycbl  dousnyecknx B3aMMOOEWCTBUA  KayeCTBEHHO pasnuyatoTcd. [ paeBuTaumMoHHoe
o o Iy, Tapy, —* 00
N 3NeKTpOMarHWTHOe B3aMMOOENCTBUS WMEIOT HeorpaHuyeHHble paguycbl OENCTBUS — B’ Em ,
-13 -16
panuycbl CUNbLHOrO U cnaboro B3aMMoaEeNCTBUIA YNbTPaMUKPOCKONMYECKNE — Tepp~10" "7y, Ty~ 10
CM.

Mockonbky non adeiicteuem rpasutaumn Ha ALOE) (~ 1019 yanos/sueek) wHrpeaveHT
nonoxuTtensHoro 3Haka AOO™) napaer, a oTpuUAaTEeNIbHOrO 3Haka ADOC), HaobopoT, NoAHUMaeTCS,
rpaBuTaumMs OOCTATOYHOM cunbl (Ha 3emne 8 = gBlCM/CeKZ) 3a BpeMs XU3Hu B+-I'IO3I/ITpOHI/I$I (1'[3'_ln
cex= Tgt-ps = 1U_TC€K) BbimenseT sopo AL (=53 - 10° y3noB/siueek, anameTp ~ 1 cM), ecnu
9TOT cHBUr no Beptmkann 6onble I"s1rr’\’1'[3'_lgcm. Tak doopmupyeTcsi TéMHas maTtepusi, crnocobHas
6e3bapbepHO B3auMMoOLeiCcTBOBaTb C O0ObIYHO MaTepuei (BewecTtBoM) 3a c4yeT OOMEHHOro P-P-
B3aMMOENCTBUS C KBA3UNPOTOHaMM p A0ep aTOMOB BeLeCTBa.

KynoHoBckuii 6apbep 06HynsieTcsl SNeKTPOMarHUTHbIM NONEM UHFPeaMeHTa OTpMUATENbHOMO 3Haka
).

Ecnu cuna rpasutaumm HegocTartoyHa (actepouabl CPpaBHUTENbHO HEBONbLIWIOK MacChl, KOCMMYecKas

A0OC) (HeorpaHuyeHHble paanycbl AeNCTBUS Tg:Tem = &

(+) . B+ d]? — 1.1'
noinb) n agpo AOOYT) He BbIOENATCA CUNOA TAroTeHusa, To ' -pacnapn Tumna dopmumpyeT
TEMHYIO SHEPruio.

+
Cnegyer rnog4YepkHyTb, 4TO GbOpMUPOBaHNE A,D,ﬂ,(i) B KOHEeuHoM cocTosHum P -pacnaga (TKII)
03HavyaeT nosiBNeHue B rpaBuTaunoHHom none BceneHHol maccbl 2Mp) He3aBUCUMO OT TOro aTo TéMHas

matepusa wunu TémHaa sHeprusa (n.4). Mpu 3TOM Aﬂ,,ﬂ,(i), Kak 0ObEKT, WMMeeT HyneBylo Maccy
Mapp) = (+Mpy) + (=Mp) = 0,

+
22. Kak Bo BceneHHoli chopmmpyeTtcs TéMHas sHeprus/TémMHas matepus? lNepsbiii B -pacnag tuna
™ 119 o
A" =17 ¢ ne6onbuwoii BeposATHOCTblO (0,23%) dhopmmpoBancs B 3MoOXy MEPBUYHOrO HYKNEOCUHTE3A
B peakumm obpasoBaHus JenTpoHa (d) npuv CTONKHOBEHUN NPOTOHOB (p):

T lrnt + + +
— ' - o u .
PP ':U } dtl }+Eﬂ +v+U . CoBpeMeHHbIli BKNad B TEMHYIO SHEPruto/TEMHYIO MaTepuio
BO BceneHHon chopmmpyeTcs, HaUMHAs C MOMEHTA B3PbiBa CBEPXHOBbLIX 3BE3N.

U3oTorbl aToro Tnna, reHepupyemsbie BO BClbIlWKax CBEPXHOBbIX —
10c(19,48 c), 12N(~10— 2¢), 140(71,3 «¢), 18F(109,87 ™), 2'Na(23,0 c), 22Mg/22Na(2,58 n),
2BMg(12,1 c), 26Si(2,1 c), 27Si(4,33 c), 28P(0,28 c), 22P(4,19 c), 305(1,4 ¢)30P(2,497 w), 31S(2,61 c)
32¢1(0,306 c), 35Ar(1,804 c), 37K(1,25 c), 38K(7,67 ™), 40S¢(0,179 c), 43S¢c(3,84 u), 47V(32,0 W)
51Mn(45,0 w), 33Fe(8,5 M), 3¥Co(1,5 M), 35Co(17,53 u), 37Ni(36,5 u), %9Cu(81,5 c), 80Cu(23,4 w),

I

I
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61Zn(1,475 ), 62Zn(9,33 4)/82Cu(9,76 ™), 83Zn(38,47 m), 84Ga(2,5 m), 85Ga(15,2 m)/85Zn(245,7 o),
66Ge(2,7 4)/88Ga(9,57 u), 67Ge(18,7 m), 88Ga(67,7 M), 73Se(7,1 u), 74Br(36 M), 75Br(100 M), 7Br(16,2 u),
77TKr(1,185 4)/77Br(58,0 u),’8Br(6,5 ™), 7°Rb(20,9 Mm)/79Kr(34,92 u), 80Br(17,55 ), 80Rb(34 c),
81Rb(31,5 M), 82Rb(6,3 u) 83Sr(32,9 ), 85Y(35 m), 86Y(14,6 u), 87Y(80 v).

23. Detanun obocHoBaHUS peHomeHonoruv NMpoekra HOBOW (LOMOMHUTENBHON) Gh/ck -pn3nKN

«CHapyXu» CBETOBOro koHyca comepxartca B moHorpacum (ISBN 978-620-0-32558-7), B XypHanbHbIX
N 9NEeKTPOHHO-XYpPHanbHbIX Nybnukaumnsax asropa:

SlnepHas chmsmka (7: 1981-1995);
ArXiv (5: 2003-2007; orthopositronium, Title);

«NccnepoBaHus B obnactn €CTeCTBEHHbIX HayK» (1 5 :2012-2015
http://science.snauka.ru/Xxxx/xx/xxx);

«CoBpeMeHHble Hay4Hble UCCNeaoBaHMA U MHHOBaUUK» (21: 2017-2020;
http://web.snauka.ru/issues/xxxx/Xx/xxxx );

«HAYKA XXI BEKA» (2: 2019);

«EBPABUNCKUWN HAYYHbIV XYPHAJT» (8: 2020-2021); www.http://journalpro.ru

n B KHUrax:

b.M.JlesuH, J1.b.bopucosa, [M.M.PabyHckui. OpTONO3UTPOHUI U MPOCTPAHCTBEHHO-BPEMEHHbIE
agppekTbl. M.-CI16., 1999.

B6.M.JleBuH. Npobnema opToOnoO3UTPOHUS M SKCMIEPUMEHTaNbHAs «/10Ka/lbHas» ¢ytyponorus. Crl16.,
1999.

E.M.JleBuH. ®usuka v cosHaHue /HoBbii acriekt/. Cl16., «JIMCC», 2002.

B.M.JleBuH. Havano BeeneHHoui, 3Bé3nHoe Hebo n  gpuandeckmi Habntogarens.
MexauncunnnnHapHoe ncenegosarue. Cl16., «Hecrop-Victopusi», 2009.

b6.M.JleBuH. XusHb n/vnn Hebbitne? Cr6., «Hectop-Uctopusi», 2011.

E.M.JleBuH. «MupoBoii acpup» u TEMHAsS oHeprus/TéMHas wmarepus: noruvka A.OUHWTeNHa
n uHtynums A.N.MeHgeneesa. Cl16., «Hecrop-Uctopus», 2020.
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