AOPEHA CIMNEKTPOCKOMNUA
BETA-PA3IMAL. BETA-CINEKTPH

I. XAPAKTEPHU OCOBEHOCTWU HA BETA-PA3IMNALA

B nbpBaTta nekunss Beye KOMeHTMpaxme TunoseTe f-pasnag (B B+, E.3.) u
eHepreTM4yeckuTe ycnoeus 3a TaX. HAkoM Hyknuaum (HeYyeTHo-HeyeTHW) wmoraT
eAHOBPEMEHHO Ja TbpnAT U TpuTe Tuna B-pasnag. EHepruaTa Ha B-pa3naga € ToO4HO
onpeaeneHa (OUCKpeTHa) - OT pasnukata B Macute (EHeprumTe) Ha HavarnHust U KpaeH

aToMm:
Eg. = [Mar(A, Z) - Mai(A, Z+1)]c2 (Hanp. 3a B -pasnaga)
ExcnepumeHTanHu ¢paktn, JoBENV A0 BbBEXOaHe Ha HEYyTPUHOTO:

1. beta-pasnaga e otkput 1911 r. (banep, XaH n MantHep). Owe npe3 1914 r. ¢ B-

crnekTpoMeTpu ca bunu nscnenBaHu B-CNnekTpu U e HaMepeHo, Ye Te ca HenpeKkbCHaTw,

T.e. cpewar ce B-4yactuum ¢ eHeprum ot 0 go E,, (MakcumanHa eHeprug).

A

N(E)

\

\

\

\

|

i — E
Ecp. E max
®ur.115. HenpekbcHaT B-cnekTbp.

Emax = EB. X Ecp < EB.

CtaBa o4yeBugHO, Ye Npu B-pasnaga ce nosissasa aecpuumnt ("M3ye3BaHe") Ha eHeprus.

M3ka3BaHu ca XMnoTesu:

e Ye eHeprusita ce rybm npm HAKakbB aTOMeH npouec (MM B3aMMOOENCTBME Ha
eNeKTPOHUTE C BELLECTBOTO HAa MHOIro KbCu pascTosHus - J1.ManTtHep 1922 r.). Tasu

xunotesa e onpoBepraHa (1927 r. Ennc n Byctep) upe3 kanopumeTpuyHO



n3cnefBaHe Ha pasnaga Ha 210g; (RaE), E,, = 1,05 MeV. B kanopumeTbpa ce

onpeaens Ecp.ekcn. = 0,35 MeV.

e Ye 3aKOHa 3a 3alna3BaHe Ha eHeprmndTta ce HapylLlaBa. XunoTtesaTa e OTXBbpJieHa C

oTBpaLleHne, KaTo KpaiHO HenpasaonoaobHa.

2. NlaBecTHO €, Ye:

anI A 4YeTHO - OCHOBHOTO CbCTOSIHME Ha A0POTO, KaKTO U uUAnata cucrema oT

B'b36y,D,eHI/I CbCTOAHUA MMAT Uenun CnnHoBe.

anI A He4yeTHO - OCHOBHOTO U1 B'b36y}J,eHVITe CbCTOAHUA MaT nonyuesnn CrMHoBe.

Mpn B-pasnaga A = const 1 xapakTepa Ha CnuHa He ce NMPoOMeHs, T.e. npu B-pasnaga
ce OTHacs UeriovYMCcrieH MOMEHT Ha KONMMYECTBO Ha ABWXeHuMe. HO MbrHMA MOMEHT,
OTHaCsH OT eNnekTpPoHa, Moxe Aa 6bae caMmo NONyLUAn :

j=1+s

KbaeTo: | - opbutaneH MOMEHT - BUHAru Uss; s - CNMH Ha enekTpoHa - 1/2.
OueBugHo, B 6eTa-pasnaga ce "ryomu" yacrtuua c nonyussn CnuH.

3. "lN'ybewara" ce yactuua e HeyTpanHa, Tbi KaToO 3aKOHa 3a 3anasBaHe Ha 3apsja He

€ HapyLUeH.

B 1931 r. lNMaynu u3kasBa xunortesaTta, Ye B OeTa-pasnaga ydvacTByBa Olle e€OuH
EPMUOH - HEYTPUMHO V (OLLe Mpean OTKPMBAHETO Ha HeyTpoHa) C Maca, MHOro no-

Marnka OT Tasu Ha eneKkTpoHa, KOMTO oTHacsa rybeliata ce eHeprua npu B-pasnaga u

B3anmMmogeucTBa MHOro csiabo c BeLlecTBoTO.

E.®epmn pgaBa umeTo "HeyTpuMHO" Ha xunoteTudHata 4vactuua. Cnopen @.Xown
(actpocbmauk), Maynmu n bBaape (acTtpomsnk) ce obsanarar, Ye HEYyTPUHOTO HUKOra

HAMa ga Obae HabnogaBaHo ekcnepuMeHTanHo (cnopep lMaynu). 25 roanHn No-KbCHO
B ekcriepumeHTuUTe Ha PeirlHuc n KoyeH e permctpupaHo cBobogHo Ve v lNMaynu nnawa

obnora (kaca WwamnaHcKo, KoeTo 6uno NbnmoTo My nuTme).



Il. NIENTOHMW, JIENTOHEH 3APALN

JlenToHUTe ca Neku 4YacTULM, y4acTByBalLM B B-pasnaga 1 npoLecuTe, KOHTPONMpaHu

oT cnaboTto B3anmoaencTeune. N3sectHu ca Tpu “cemencrTea’ NENTOHU:
2 _
(Mec” =0,511MeV) e (lo=1) Ve(le=-1)

e (lo=-1) Vvo(leg=1) (e, Ve)
(106 MeV) (=1 v (,=-1
pily==1 vo(,=1 (1 vy

(1,78 GeV) T (=1 V(I =-1)

T (le==1) v (=1 (1, V)

CoblecteyBar 3 Tuna nentoHeH 3apsa: le, I, l;, kouTo (3acera) ce cbxpaHsBaTt

NnooTAESHO.

Pasnagw, CbXpaHABaLUU NenTOHHUA 3apsa:

n >p+e + Vv, (le — cbxpaHeH)

+ + + + ~
T op tvyip >e +vet v, (1) (lenly - cbXpaHenn)

lMocnegHus e wu3BectHuMs "m - pu - e

eKCrnepumMeHT, Konto obpaboTtBaTte B

nabopartopusita no ExkcnepumeHTanHa sgpeHa dwusunka. 3abenexka: EHepreTuyHus
+

CMEKTbp Ha € e HenpekbCcHaT, nopaan 3 YyacTuykoBaTa KMHEMAaTUKa W eHeprusaTa Ha

MOKOW Ha p-OHa ce pasnpeaeris cpegHo rno paBHO Mexay 3-Te YacTuuu.

+ + ~
T —> e + Vet v (le Ml - cbxpaHeHn)
+
no+ v+ v (I, 1l - cbxpaHeHm)
AppoHuTte (1 y-kBaHTUTE) umat O nenToHeH 3apsag.
Ako ce fonycHe, Ye Ve = V), Ce NosiBsiBa Bb3MOXXHOCT 3a pasnagu oT Tvna:

+ +
pooe +y



+ + + - ~
p > e +e + e (2) (aHuxuUnaUMs Ve M VvV, B MOMEHTa Ha
obpasyBaHeTo)

3 4
EkcnepuMeHTUTE ca nokasanu, Ye BeposiTHOCTTa 3a Ta3u peakuma e noHe 107 - 10

+ + ~
MbTW No-Marka oT CbllaTa 3a peakuusiTap —e + Ve + v, (1).

T.e. 4e Ve # V, M Ce CbXpaHsiBa He OOWWA NEenToHeH 3apsad, a UMEHHO le u |,

nootaenHo. 3a cera Llle wu34yakame [a BuAUM pe3yntatute OT NnoArorBAHUTE

eKCnepuMeHTM 3a Aoka3sBaHe Ha “ocumnaummte” Ha HEYTPUHOTO.

EKCepuMeHTarnHo [A0Ka3aTencTeo, Ye Ve £ V,

PeakumaTta n + Qe—> p + e e 3abpaHeHa - HecbXxpaHeHue Ha le. Mo NpeanoxeHve Ha

B.M.IMoHTekopBo (1946 r.) npe3 1955 r. (JeBuc) e HanpaseH ONUT 3a perncTpaumnsa Ha
PeaKkTopHU Vv, , KaTo:
Vet Cl > ¥Ar+e (Vo+n—op+e)

Ar (E.3.- 35 gHn) —» el + Ve (npu E.3. ce otgenaTt Ro-kBaHTU 1 Oxe-eneKkTpoHK)

O6nbuBaHu ca 4000 I CCly (TeTpaxnopmeTtaH). ObpasyBaHus Ar (pagnoakTuBeH) ce

yBnnya ¢ He (ras, nponyckaH npe3 obema CCly). Ar ce otgens ot He Bbpxy oxnageH

akTuBeH BbrneH (He He ce normblia), cred KoeTo ce BkapBa B obema Ha [awrepos

~ 45 2
6posiy. OueHeHa ropHa rpaHuua Ha Ce4YeHMeTo 38 Vg + N : Ceken < 0,25.10 7 cm” Ha

HEeYTPOH, KOETO € MHOIo no-mMa’siko OoT pa34eTHOTO ceYeHne, ako ce AonycHe, 4ye veE Ve

N peakundaTa He € 3a6paHeHa.
,D'OI'I'bJ'IHeHI/IeI CNTbHYeBU €NIEKTPOHHU HEYTPUHO

Mopgen Ha bete (1939 r.) 3a TepmosagpeHaTa eHepreTuka Ha CnbHUETO:

ptp—od+ e + Ve (B-pasnan); Eyecp = 0,257 MeV
p+d— He + Y

He + *He — He + 2p




6p — *He + 2ve + 2p + 2¢* +y+ Q; Q = 26 MeV

4
Ako "He e goctaTb4HO (kakTo € B CrbHLUETO), BbPBAT N peakuuuTe:

1.%He + “He > Be +v; "Be + e — 'Li + ve (E.3.)
p + 'Li - 2*He ; E, = 0,860 MeV
2.3He+4He—>7Be+y; p+7Be—>SB+y;

88 > %Be+e" + Ve (B-pasnapn); 8Be — 2'He X
Eymax = 14 MeV - 0,005% OT NbnHNA HEeYTPUHEH MOTOK.

CNbHUETO € MOLLEH U3TOYHUK Ha Ve M PEaKUMATA : Ve + N — p + € He e 3abpaHeHa.

Hensuc (ot 1968 oo 1978 r.) npoBexaa aHanorMyeH ekCnepumeHT:
Ve + el Ar+ e

O6nbysaHm ca 610000 I C,Cl4 (nepxnopetuneH) Ha 1,5 km nog 3emdara (MeTogukaTa

37 37
3a otgensHe Ha ~ Ar - cbuwata). Ob6pasyesat ce 0,3 - 0,4 atoma ~Ar Ha [feH
(pernctpmpa ce 60pHOTO HEYTPUHO). EKCnepMmeHTanHoO nonyyeHata CTOMHOCT € 2 - 3
37
NMbTM NO-mManka OT o4yakBaHata ckopocT - 0,9 “"Ar Ha OeH, kaTo ce uma npeasua

TepmosigpeHmss uukbn Ha bete (“‘gedumumta” e noTBbLPAEH B MHOMO HEYTPUHHMU
nabopatopuun). Bb3MoxHO e “ocumnauuuTe” Ha HeYTPUHOTO (MOAroTBAT cCe
eKcnepuMeHTW) Aa onpaesaT HewaTta, 6e3 Aa ce Hanara ga ce oTkassame OT LMKbMa Ha

Betel

lll. NOHATUE 3A TEOPUATA HA BETA-PA3NAOA

Teopus Ha Depmmn (1934 r.): WarpageHa € BbpXy NpPennosiokeHMeTo, uye
B3aMMOAENCTBMETO € cnabo "To4ykoBO" (KbCcoaencTBal0) B3auMogencTemne Mexay

4 cpepmmroHa (2 HykroHa u 2 rnenToHa).

BeposiTHocTTa 3a GeTa-npexona W ce nonyyaBa oT TeopusiTa Ha Bb3MyLLeHusATa:

([l

“dn
dE

2n ~




KbOeTo <f| ||> - BBJIHOBU (PYHKLMM HA KPaMHOTO M HadanHoTto cbctosiHue; dn/dE -

N

NNbTHOCT Ha KpaVIHI/ITe eHepreTu4Hun CbCTOAHUA; HB - XaMUNToOHMaH Ha

B3aMMOOENCTBUETO.

21’[ * * * ~ 2 dn
W:7H‘I’Nf‘1’e‘PYHﬁ‘PNidt

dt - enemeHTapeH obem.

Tb KaTO BBLHOBUTE (QYHKUMM ca 4 - KOMMOHEHTHW 6ucnuvHopn, onepatopa Ha
B3aMMOAENCTBMETO NpeacTaBnsaBa CrioXkHa KoMOuHaumsi OoT Tsax. BbamoxHu ca 256
KOMOMHaLUUM NIMHENHO HEe3aBUCUMMU TUMOBE B3aMMOOEWCTBUSA, HO OT U3UCKBAHETO 3a

JlopeHu-MHBapuaHTHOCT ocTasar 5.

5
Hﬁ =2 CiHi=CsS + CyV + C1T + CAA + CpP (ch = 1)
i=1

KbAETO TpaHCOPMaLMOHHUTE CBOMCTBA HA KOMMOHEHTUTE ca :

AP | Al
S — ckanap He |0
V — BekTOp He |0
T — TeH3o0p He |0,
+1

A — akcnaneH Bektop | He |0,

P — ncesgockanap He |0

KbaeTo AP - npomMsiHa Ha YeTHoCTTa npu B-npexoaa; Al - npoMsiHa Ha CnNuHa Ha 94pOTo

npu npexoaa.

N36opbT Ha BapnaHT Ha TeopusTa e 3BbpLUEH NPWU CpaBHsABaHe C ekcnepumMmeHTa. 1o
HacTosileM e Bb3npueT BapuaHTa (V — A) (yH1BepcanHo B3ammogenctesne Ha depmu),

KOeTO onucea uo6pe BCUYKMN pa3nagn, KOHTPOJIMpaHU OT cnaboTo B3anuMoOencTeme

(BKITHOYMTENHO U HA P-OHUTE U T-OHUTE).



MpaBuna 3a oTO0p 3a pa3peLleHnTe beTa-npexoau:
Al= -] ; AP = mims

If, I; - cnuHOBE Ha KPaWHOTO W HavarnHo SApo; Tj, 7f - YETHOCTU HA HAYaINHOTO U KparHO

anpeHo cbetosHue; AP = +1 (He); AP = -1 (ga).

Mopaawn ToBa, Ye "paguyca Ha OeNCTBME" Ha cunnTe Ha cnaboTo B3auMOAENCTBUE p <<

-13
R (R~ 1,5.10 '~ cm - paguyc Ha agpoT0), B MbpBO NpUbNMXKeHne Moxe aa ce cuuTa, 4e
opbuTanHNTe MOMEHTU, OTHACSAHM OT HEYTPUHOTO U B-yacTuuaTa, ca Hyna - le = I, = 0.

B TakbB cnyyan Al ce onpefgens ot cnnHoBeTe (COOGCTBEHN MOMEHTU) HAa € U V.

1. Ako ggoiikaTa (eT, vi) ce nsnbusa B cMHrNETHO cLCTOsHME (T.€. C aHTUNapanenHK

CrnHOBE — cyMapeH cobctBeH MOMeHT 0):

Se+S,+le+l,=0,T.e. AI=0 (CNMHOBOTO CbCTOSIHME HE CE NPOMEHS)
0 0 O

Tesn B-npexoan ca PepmueBcku npexoaun - AP - He ; 0 — 0 npexoaw.

2. Ako gpoiikata (eT, v1 ) ce nanbusa B TpuNNeTHO ChLCTOsIHME (NapanenHy cnMHoBse

— cymapeH cobcTBeH MOMeHT 1):

Se + S, + le + |, =1 (cymapeH oTHacsiH MOMEHT)
1 0 O

[MpoekunaTa Ha crnvHa Ha [gBoWKaTa BbPXY CNMHA Ha AOPOTO MMa 3 Bb3MOXHU

ctonHocTu : 0, +1, -1. Te3n npexoan ca NamoB-TenepoBcku npexoau - Al =0, 1; AP -

He (Tyk He Bnu3aTt npexogute 0(I;) — 0(If), kouto ca umcto depmuesckn). Npexoante Al

=0, korato If unnI;= 0 ca oT cmMeceH Tun.

depmueBckute 1 [amoB-TenepoBCKUTE MpexoaM ce Hapuyat “paspelueHun f-

npexoamn” n 3a TAX opoUTaNHUA MOMEHT, OTHaCsH OT ABonkaTa (e, V ) e Hyna.



IV. POPMA HA BETA-CIMNEKTBbPA. TPA®UK HA KIOPW.

(O} TeopudTa Ha pa3pelleHuTe [3-cneKTpV| NbJiIHAaTa BEPOATHOCT 3a WU3JTb4YBaHE B

eaNHN4YeH eHepreTn4eH nHTepBasl 3a eHeprmmTe Ha B-‘-laCTI/ILl,aTa N HEYTPUHOTO €.

dW(E) 2r, ... , dn
_ 2 MIPSE. —E. —E.)4r2 9Mev.
gE = p |MI'8(E,-E.-Ey)dn" -2

K'bﬂ,eTO:|M| - FI)J,peH ManVl‘-leH efnieMeHT Ha I'IpeXO,D,a (B rl'prO |‘|p|/|6J'|M>KeH|/|e He

3aBUCK OT eHepruaTta); & - genrta pyHkums; Egp - MakcumanHa eHeprus Ha B-npexona;
dng,
Ee, E, - NMbnHM eHeprun Ha e n v, dE NITBTHOCT HaA CbCTOAHUATA Ha eauHuua

eHepretTn4eH nHTepearl.

[MokasBa ce, ye:

dwE)  |[M[’
dE, 2nne*

EcPE\Py

2 2
E,=Ep+ mec”™ + myc” - E¢

1
Py = E\/ ES/ - (mvC2 )2

2
rlpl/l gonyckaHe, 4e m,Cc = 0, 3a EHEPreTn4HnA CnekTbp NE nony4vyaBame:

Ng ~ ‘;—VEV:COHSH M|2 Eebe [Eo —Ee + mecz]z =

= const|M|* E  E2 — (m.c?)? [E0 ~E, + mecz]2

B nocnepgHata cbopmyna HE € OTYEeTEeHO BJIMAHMETO Ha KYJIOHOBOTO MNoOJie Ha A0poTo

BbpXYy n3numtailiarta 4actumua.

Z#+0
B Z=0
N(E)

B+
Z¥0




®ur.116. BnnsaHmne Ha KynOHOBOTO Nofe Ha SAPOTO BbPXY HEMPEKbCHATUSA B-CNEKTBbP.

Ha ropHaTa churypa e nokasaHo BRUSIHUETO Ha KyNOHOBOTO Mofe Ha s4poTo BbpXy B-
cnekTbpa cnpsiMo ycrnoBHo sapo 6e3 3apsg (“Z = 07). Mpu B- pasnaga ce nosuwiasa

+
Oposi Ha HUCKOEHEepreTUYHWUTE eneKTPOHW, Mpu B - pasnaga ce noBuwaBa Oposi Ha

BUCOKOEHEpPreTnyHnTe (CI'IeKTpl/ITe ce OTMeCTBaAT B pa3findHn I'IOCOKI/I).

Upes dyHkumnata Ha Gepmun F(Z,E), koATO € n3BecTtHa B siBeH BUA U e Tabynunpana, ce
- +
oTYMTa BNUAHMETO Ha KyrOHOBOTO none Ha aapoto. F(Z,E) e pasnuyHa 3a B n B

pa3snaga. O6pbluame BHMMaHWE, Ye Z € aTOMHUS HOMEpP Ha AbLUEePHOTO SAPO.

2
|_|pl/l n3nonsyBaHe Ha eanHuuaTa meC €KCnepmnMeHTaliHnA CNnekTbp:

N, = const|M|* &/ &2 —1(g, - €2 F(Z,E)

2 max
E. . e _MeC +Te

€= ;
0 m,c2

m,c?

KbOeTo Temax € rpaHn4yHaTa eHeprmna Ha CrnekTbpa. KOHCprI/IpaMe (*)yHKLI,VIFITaZ

1/2
K(e) = 3 N, = =€y—€
const|M| F(Z,E)a\/s -1

kbaeTo Ng € ekcnepuMeHTanHns CnekTsbp.

dyHkumaTta K(e) (Mpacdmk Ha Kiopu) e ctporo nuHeMHa no € (3a paspelueHuTe

npexoaun) n npecuyda abuucarta npu g - rpaHMyHaTa eHeprusa Ha B-npexoaa T.e.K(gp) =

const.Fg(gx1)12

2208 4

€o



®ur.117. Npaduk Ha Kiopw.

nOCTpOFIBaHeTO Ha rpacbvn(a Ha KI-OpM € eAUHCTBeHUA Ha4YMUH 3a KOPEKTHO HaMunpaHe

Ha rpaHuMyHaTa eHeprus (gg) Ha beTa-cnekTbpa OT ekcnepuMeHTanHus cnektbp Ng .

rpaH 2
Tam o = (€ - 1)MeC

Korato 6eTa-pasnaga e 3abpaHeH, rpacuka Ha Kiopu He e npaBa.

V. MACA HA NMOKON HA HEYTPUHOTO

(PewaBaHe Ha KOCMONOrM4YHM Npobremn Ypes B-CnekTpoMeTpuUs)

HesaBucumo, 4e MmMa MHOrO TEOPETUYHU CbODOpaxeHusi, crnoped kouto m, = 0

(Hanpumep TeopusiTa Ha [OBYKOMIMOHEHTHOTO HEYTPMHO), €eKCrepuMeHTUTe 3a
M3MepBaHe Ha MacaTa Ha MOKOW Ha HeyTpUHOTO npoabikasaTt. Te ce GasupaTt Ha

(*)aKTa, 4ye noBeageHuMeTo Ha rpacpvn(a Ha K+0p|/| onu3o go rpaHn4HaTa eHepruma e
YyBCTBUTEJIHO KbM m,,. O6ukHOBEHO npu Te3n naMmepBaHua ce n3nosfidysa U3TOYHUK

.3
oT Tputn “1H

3H— 3He +B~ + Ve (T1/2 = 12,9 roguHn).

18,6 keV

| Q
g

’4
I

3 2
,He

®ur.118. beta-pasnag Ha *H.

Mpexona [(1/2)+ - (112)+]; Al = 0; AP - He; Ij = 0; cBbpxpaspewleH; cmeceH @ + I'T;

mMexay "ornepganHu" aapa

Ll,enTa Ha onncBaHUTE No-Hagolly eKCnepnMeHTn € ga ce onpenesim macata Ha NOKOWN

Ha V,, ako T8 Bbo6LLE ChlLecTByBa.



3
WpeanusnpaHuns Bug Ha kpas Ha rpadmka Ha Kiopu 3a 6eta-pasnaga Ha “H e nokasaH
no-gony 3a aesa cnyyas: npy mye = 0 1 mye = 50 eV (C NNbTHA NUHKUSA), KaKTO U
0bunkHOBeHMs BeTa-cnekTbp - ¢ NyHKTUp. MNpn m, = 0 rpaduka Ha Kopu KNOHM KbM

2
rpaHnyHaTa eHeprusi Eg - myc” nepneHAMKynspHo Ha abuucara.

3a cbxaneHue, ekcnepumeHTanHma rpacdpuk Ha Kiopu e KoHBonwuuAa Ha "vaeanHus"
K(E) n anapaTtypHaTa fMHUS, KOATO KaTo MpaBuIio € CbC CIoXHa oopMa 1 LWMpUHa, no-
ronama oOT “"MacodyBCcTBUTENHWUS" WHTepBan. W3cnegBaHunsita B TO3M WHTepBarn
M3NCKBAT OCBEH Bb3MOXHO HaW-BMCOKa pasgenutenHa crnoCobHOCT, HO U Bb3MOXHO
Han-HUCBK POH Ha npubopa. CTaTucTUYecknTe HeonpeaeneHoCcT B Kpas Ha CnekTbpa

cTaBaTt CbLLUO TBbpAE ronemMn.

K(E)
A\
NN
\ m, =
\\\ v=0
IR\
N my=50 eV
\
\\ Ne
\ AN
\ \\
\
\\ \\\
\ NN
| \ >
18,55 18,60 18,65 keV
m,C2

®ur.119. lNoBeaeHne Ha Kpasi Ha HeENPeKbCHaTUS B-CNEeKTbP NPU OTCLTBUE N HaNMyne

Ha mMaca Ha rnoKon Ha HEeYTPUHOTO.

WNcTopus Ha onuTuTe 3a onpeaensiHe Ha m,, :

1949 r. XaHHa, lNoHTekopBO - ¢ nponopuunoHaneH 6posay (AE = 1,8 keV). OueHka m,, < 1

keV.



1969 r. - 1972 r. bepkynct — npmnbop: xeneseH 2 B-cnekTpomeTbp; pp = 50 cm;
Aplp = 0,11% (AE = 40 eV); Bxogdwa aneptypa 0,5%; doH 2,5 imp/s. OueHka m, < 55
ev.

1980 r. - 1985 r. Jllo6bumoB n TpeTakoB — npubop: TopomaaneH 6esxeneseH f-

CcnekTpoMeTbp C 4 pokyca. 4 KpaTHO OTKINOHEHUe Ha 1800; Aplp = 0,12% (AE = 43 eV);
Bxoagswa aneptypa 0,4%; Hucok doH - 0,03 - 0,1 imp/s. OueHka 14 eV < m, < 46 eV
(32 99% poseputeneH nHtepsan!). 3a NpbB NbT Ce NpMBEXAa U A0NHA rpaHuua 3a m, .

To3un pe3ynTar Bce OlLe He e MOTBbPAEH OT ApYrv aBTopW.

B ekcnepumeHTUTE OCBEH BCUYKO Apyro, ce HamecBaT U edeKkTn, ObrKawm ce Ha

3
XUMNHECKNTE BPB3KN Ha H BbB BELLECTBOTO Ha W3TOYHMKA, KOUTO W3KMBSBAT

™ =

T

L

CrneKTbpa.

®ur.120. Cxema Ha B-cnektpomeTbpa Ha Jllob1MmoB 1 TpeTsakoB.
Kocmonornyecko 3Ha4yeHue Ha eKCrnepumMeHTuTe

Mpu eBonouuATa Ha 3BE3ANTE B MHOMO OT SAPEHUTE NPOLIECU CE OTAENAT HEYTPUHO,
KOMTO ca MpakTU4eckn HeHabnogaemMu, Ho NPUCLCTBYBAT BbB BeceneHaTta cbe cBosiTa

Maca.

HawaTta BceneHa ce paswupsBa M ako T4 e "oTBopeHa", paslMpPeHneTo Le
npoabinkaBa 6e3kpan, ako e "3aTBopeHa", cnen N3BECTHO BPEME Pa3LUMPEHNETO LUE ce

npekpaTtn u e 3anoyHe "cBnBaHe".

BbnpockT 3a "oTBOpeHOCT" 1 "3aTBOpEHOCT" Ha BceneHarta ce pelsaBa oT NNbTHOCTTA

Ha BeLLeCTBOTO B HeA. KpVITVI‘-IHaTa NNBTHOCT €

Pkput ~ 102 9/0m3



n n - - 2
MnbTHOCTTA Ha "BMAMMaTa matepusa” (ranaktuku) e oueHeHa Ha 10 0. 103 g/cm3 ec

€OVH NopsiAbK MO-HUCKA OT KpuTudHata (oTBopeHa Bcenena). Ako m, = 10 eV, 10
obuwaTta maca Ha Vv (CKpuTa maTepus) e e C eauH Nopsaabk No-rofisma oT BuaMmaTta u

-29
€ Bb3MOXHO p = 10 g/cms.

VI. NMPUBEOEH NEPUWOAO HA TOJNYPA3MNAA ft HA BETA-NMPEXOAOUTE.
KINACUDUKALINA.

A. OT BepoATHOCTTA 3a pa3nagaHe Ha eauHU4YeH eHepretTu4eH nHTepBan
%jf'):consﬂ M|2 F(e,Z)e+ €2 —1(g, — €)?

MOXeM [Oa nonydYuMm nbJiIHaTa BepPOATHOCT 3a pa3fnagaHe B e€uHuLla BpeMe (7\, -

KOHCTaHTa Ha pasna,u,aHe) Yype3 UHTErpnpaHe no eHeprudra.

€
A =const|M|2 '[ F(e,2)e €% - 1(g, —€)*de
1

€
OsHauasame f(g,) = _[ F(e,2)e €% —1(g, —€)?
1

1 In2 Y2 In2

_:T_:C|M| fleg) ; Tip="—5—

Tl c |M| f(€o)

dyHkuuaTa f(gg) ~ 805 3a [0CTaTbYyHO BUCOKM TPaHUYHU EHEeprun Ha [B-CrieKkTbpa.

OueBuaHO €, Ye cblleCcTByBa TpUBMANHa 3aBUCUMOCT (M TO MHOrO cunHa) Ha Tqj2 OT

5
rpaHudHaTa eHeprus Ha B-npexoga (T2 ~ 1/€9”), Ha oHa Ha KOSATO BAUAHWETO Ha

A0peHna MmaTpuyeH enemMeHT Ha npexoga
M= ,[ ‘I’Nf* lI’Ni dt

He MOXe fa ce 3abenexu.

KoHCcTpyupa ce BenuyunHara:

In2
ft = f(SO)T1IZ = W

ft - npuBegeH nepuoa Ha nonypasnapaHe, KOMTO He 3aBUCU OT eHeprusiTa Ha [3-

npexoga, a CaMo OT CTPYKTypaTa Ha AA4POTO B HAa4YallHO U KpaVIHO CbCTOAHUE.



KauectBeHo: Korato [B-npexoga ce u3BbpliBa 63 ronsiMo MNpeycTpoMcTBO Ha
CTpyKTypata Ha agpoTo (MMa CWUMHO MPUNOKpMBaHe Ha BbIHOBUTE YHKLUMM Ha
Ha4YanHOTO U KpPaWHO CbCTOsIHME) |M|2 e 6nusko oo eguHuua un ft e manko. Mpu
ronsima npomMsiHa Ha CTpPyKTypaTa \M\z << 1 un ft HapacTBa cunHo. Buga Ha \M\z

3aBUCU OT Bb3NpueTna sna B3auMMoOEeNCTBME.

BenuunHata Igft (necetnueH noraputem ot ft ) e BaxHa xapaktepucTuka Ha GeTa-

npexoauTe, NpuBexaa ce B CXeMUTe Ha pasnag U 3aBUCKU OT CTerneHTa Ha 3abpaHaHa

npexoga. BennunHata T2 ce onpegens ekcnepumeHTarnHo, a f(gg) e TabynupaHa.

EgHa nnioctpauus: NapameTpun Ha HAKOM "cBpbXpa3speLlieHun” B-npexoau:

Iini Ifmc Al | AP T12 Emax Igft Twn
MeV
i 12 | 12| 0 | me | 11,7min | 0,78 | 3,07 | ®+T
n—>p
, P, 127 112 | 0 | me | 124a | 0018 | 31 | o+T
1H2 — “oHeq
. P ot | 1 | 1 | ne| 08s | 322 | 29| T
oHeyq — “3li3
+
y y 32 | 327 | 0 | we | 204min | 099 | 359 | o+T
6Cs5 >  5Be
+
” 2 ot | ot | 0| we| 64s 32 | 348 | o
13"Al13 > “"1oMg14

HesaBucnmo oT orpomHuTe pasnuku B T2 U eHeprumte Ha BeTa-npexoauTe ce BMXAA,

ye Igft ~ const (3 - 3,5) 3a usnara rpyna.

"CBpbxpa3peweHn" npexoan ce Habnwogaeat npu nekute sgpa ¢ A < 40. Te ce
n3BbpLUBaT 63 M3MEHEHWEe Ha CTPYKTypaTa Ha sa4pO0To, Npu ToBa 0CO6EHO onbekyeHu
ca npexoguTte, KOrato nNpoTOHa M HEYTPOHa, yyacTByBalln B [3-B3anMoaenctemeTo (B
Ha4anHo M KpamHO CbCTOSIHWME) Ca B €AHO U CbLO KBAHTOBO CBLCTOSAHUE (CIOUCT
MoAen Ha aA4poTo — “npToHHaTa” M “HeyTpoHHaTa” AMW ce 3anbfiBaT MOOTAESHO).

OueBunaHoO TOBa e Bb3MOXHO, korato Z ~ N (Ha4ano Ha nepuoguyHaTa cuctema).

3a "HopmanHo" paspeweHuTte npexoaun lgft ~ 5. Te ce HaGnogaBaT npu TeXKuTe

aapa, korato N > Z 1 npoToHa 1 HeyTpoHa, y4yacTByBallu B B-pa3naga He moraT fa ce




HamupaTt B €4HO N CbLW O KBAHTOBOMEXaHNYHO CbCTOAHME, TbW KaTo "MoTeHumanHute

AMK" 32 NPOTOHUTE U HEYTPOHUTE Ca PasNNUYHO 3anbIIHEHN.

Bb. Hakou npakTnyecku npaBuna

3a npecmsataHe Ha Igft ce wusnonsysa dyHkuuata f(gg,Z), koATO e TabynupaHa

(Oxenenos u 3bipsiHOBa) 1 Nnepuoga Ha nonypasnagaHe Tq2 B CEKyHAN.

B mHoro cnyyan mmame B-npexoau OO0 Bb3OyAEeHU SAPEHU CBbCTOSHUSA C PasnuyHu
eHeprun (rpaHVyHN) N UHTEH3UTETU (napuwanHu B-cnektpu). B Te3n criyyam npwm
npecmsiTaHe Ha Igft ce nsnonsysat rpaHuyHaTa eHeprua Ha CbLOTBETHUSA B-npexon U

HeroBMsi NnapuuaneH nepvoa Ha nonypasnagase Tqj2", KaTo:

I 100
12 = T2 _E ; T2 =Tu| 4 o ; (T > Ty)
In 15 %

KbaeTo: T2 - MbeH nepuoq Ha nonypasnajaHe Ha CTapToBus Hyknua; Ig - mbneH

MHTEH3UTET Ha 6eTa—npexo,u,a; IBn - MHTEH3UTET Ha CbOTBETHUA 6eTa-npexo,u,, aKo Iﬁn e

B % Ha 100 pasnaga.

EanH npumep:

24Na T1/2: 15 h

ITC

+
\4E2 E[MeV]

4,15 47
>
(0]
=
8 B
w +

1,35 2
v Bo 0 0"

24 Mg

dur.121. beta-npexoan npu pasnaga Ha %4Na.

Erp I, T12" Al | AP | Igft Tun
[MeV] [%] [s]

Bo | 555 | 10" | 54.10" | 4 | He | (20) | (3abpaHeH — 4 nopsiabK)

B4 4.2 10° | 54.10° | 2 | He | 12,7 | (3abpaHeH 2 nopsabK —
HEeYyHWKaneH)




B | 1.4 100 | 5410* | O | He | 6,1 (®+I'T HopmaneH —
paspeLleH)

B. Knacudmkauma Ha B-npexoaute. CteneH Ha 3abpaHa.

OcBeH paspelleHnte (U cBpbxpaspelleHute) depmueckn U [amoB-Teneposcku u
CMeCeHU B-npexoan C Beye KOMeHTUpaHuTe npasuna 3a otéop Al = 0; Al = 0, 1; AP -
He, CblUecTByBaT p-npexoauM C rMo-rofisiMa MpoMsiHA Ha CNuHaA W U3MEeHeHue Ha

YeTHOCTTa, HapeyeHu (ycnoBHo) "3abpaHeHu". Npun 3abpaHeHUTe Npexoan ABovkaTta

(e,v) ocBeH cobCTBEHUA CU CMMHOB MOMEHT Se + S, OTHacs u onpeaeneH opouTtaneH

MoMeHT : | = lg + |, (uan), kouTo onpenens creneHTa (nopsabKa) Ha 3abpaHa.

3a paspeweHute npexoaun | =0 (P, I'T)

3a egHOKpaTHO 3abpaHeHuTe npexoam | =1

3a aByKpaTHO 3abpaHeHuTe npexoan | =2 n T.H.

Mopagn MHOro mankma "paguyc Ha gencteune" Ha 6eTa-B3anmMogencTesmeTo (MHOro no-

ManbKk OT pa3MepuTe Ha SAPOTO), BEPOATHOCTTA 3a npexoan C u3HacsaHe Ha | = 0 e

MaJika U HaMmansiBa C HapacTBaHe Ha l.

C HapacTBaHe Ha cTerneHTa Ha 3abpaHa HapactsBa u Igft, npu koeto npexogute ce

roynmupart no cnegHnda HavynH:

pas3peLueHum 3abpaHeHum

CBPBbX HOpMarnHu 1 2 3
nopaabk | Nnopagbk | NOpsiabK

Igft cpeqHo 3a rpynata 3,5 5 9 15 18

Ot ropHata Tabnuua ce Bwkaa 6bPI0OTO HapacTBaHe Ha Igft ¢ HapacTtBaHe Ha

nopsabka Ha 3abpaHa (npuBeneHus nepuog ft HapacTsa cpegHo ¢ no 104).



O6wa knacudukaumsa Ha B-npexoguTe:

3abpaHa | AP =(-1)" | AI=n, n#1 Tun Hyknug (lgft)
Al=0 depmun
paspeLueHu He (0—0)
n=0 Al=0, 1 Munctuun | 2*Na (6,1); 2Na (7,4);
(6e3 0 — 0) CmeceHn %co (7,5)
3abpaHeHun Al =0,1 HeYyHu1KarnHm
fa
1 nopsiAbK Al =2 YHUKamHU 137¢s (9,6); ¥sr (9,4);
n=1 90y 9,2)
24
3abpaHeHun Al =2 HeYHUKaHu 137Na (12,7) (cnab)
He Cs (12,1) (cnab)
2 nopsaabk
n=2 Al=3 YHUKaNHN
3abpaHeHu Al =3 HeyHWUKanHu
fa
3 nopsiabK Al =4 YHVKarHm Ok (18,1)
n=3

. NMpaBuna 3a oTOOP NO M30TONNYECKU CNUH

BbBexpaa ce BenuumHata 3a HykroHute T = 1/2

Tz=1/2 - npoTtoH; Tz =-1/2 - HEyTPOH

T=>t>
i

2Z-A
2

2Z-A

‘ - 32 AP0

T=T, ; T,

3a ®epmueBckute npexoam (0 > 0) AT =0; ATz= 1

- 3a A40pP0 B OCHOBHO CbCTOAHNE

3a NamoB-Teneposckute 1 3abpaHeHute npexoan AT =0, £1; ATz = +1




BbBexgaHeTo Ha npasuna 3a oTbop No M3OCMNMH Ce € HanoXuno nopaan oTKpuBaHe Ha
+ + o
B-npexoan ot ®epmueBckn TMn 00 — 0 kouTo BMecTo obuyanHoTo Igft =3 nmar Igft =

9.

+

170

Mpumep: 17071Lu - 70Yb ; 0" > 0" HO AT = 1 - 3abpaHeH No M3ocnuH 1 nopagu

TOBa CUITHO 3abaBeH.

Mpwn aHanu3a Ha B-npexoauTe no Igft Tpsabea aa ce umaTt npeaBua 1 Te3w npaBunia 3a

oT60op, KaKTO U HSKOM OOMbNHUTENHM 3abpaHn 3a gechopmupaHuTe sapa.

Tpsabea ga ce otbenexun, 4ye 3a 3abpaHeHUTe "yHUKanNHU" npexoan rpadukbT Ha
Kiopy ce oTnmyaBa OT npaBa nuHUA. Yecto no dopmata My (NonpaBbyHU

KoenuneHTn) MoXe fa ce Cbam 3a nopsigbka Ha 3abpaHara.
MpakTu4yecku usBogn;:

M3cnenBaHeTo Ha chopmata Ha rpadumka Ha Kiopu, KakTo 1 onpeaensiHeTo Ha Tuna Ha
B-npexopa (lgft) Hocu ueHHa MHOpMauna 3a CTPyKTypaTta Ha S4pOTO B HaYasnHo u

Kpal7|H0 CbCTOAHUE.

EkcnepumeHTanHuTe B-cnekTtpu (Mo eHeprst UnmM MMNync), a oT Tam M rpaduka Ha
Kiop, BUHarm ca KOHBOMKOLMS OT MCTUHCKOTO pasnpegeneHve u dopmaTta Ha

anapatypHaTa nuHus ("oTKnMKa" Ha CNekTpoMeTbpa Ha MOHOEHEePreTUYHU eNeKTPOHN).

[eTtann BbB (hopmaTa Ha B-cnekTbpa U HEroBoTO noBeaeHve 65M30 A0 rpaHuYHaTa
eHepruss morat fa ce nonydyat camo npu paobpa paspgenureriHa CnocoBHOCT Ha
npubopa - Manka nonywmpuHa Ha anapaTypHata nunHus. [logobpsiBaHETO Ha

pasgenuTenHaTta crnocobHOCT Ha PB-CNEeKTPOMETPUTE He € CaMOLIESHO.
VIl. KOHCTAHTA HA CNNABOTO B3AMMOOENCTBUE

Beue Gelle nokasaHo, 4e:

In2

ft=————
cmf

KoHctaHTaTa C' cbabpxa B cebe cn KoHCTaHTaTa Ha cnaboTto B3anmoaencteune G:



¢ - Gmec? [s™]
2n3h’

3a Hskou ocobeHo NnpoCcTU cnyyvyam Ha [B-npexodn, 3a KOUTO € WU3BECTEeH AapeHus

2
MaTpuyeH ernemMeHT ‘M‘ , C' MOXe Oa ce cMeTHe TOYHO M OT Tam Aa ce HaMepu

KoHcTaHTaTa G.

Mpumep: o 5 “N M| 2-2 umet 0" —> 0" depmueBckM npexon,

In2

> =1,4.10"s"
ft| M|

M3mepeHo Igft = 3,4; ft = 2500 s; C' =

G, =

C 2" (mec?)? _ J C'27%17 (m,c?)?
(mgc)’ ¢ c

KbOETO Ag =

- KOMNTOHOBA ABbJTXKUHA Ha €JIeKTPOHa.
mgC
e

3

Toraea: Gy = 1,4.10'49 epr.cm3 = 8,8.10'38 eV.cm™. - rno6anHa KOHCTaHTa Ha Pepmu,

XapakTepuaupalla crnaboTo B3aMMoaencTBMe u B sapeHnTe B-npexoau, U B pasnaguTe

Ha nentoHuTe (p, T).

BriM3ka no CTOMHOCT KOHCTaHTa ce noJjiy4yaBa n 3a ["amoB-TenepoBckuTe -npexoau.

BespasmepHaTa KOHCTaHTa Ha cnaboTo B3aumoaenucTBme:

h -3
] =22.107"?

9= J2 mc? [ mec

Xapaktepusnpa cnaboTto B3aMMoAeWCcTBMEe B CpaBHEHME C ApYruTe W3BECTHU B

G, 1

npupoaara.
BespasmepHaTa KOHCTaHTa Ha rPaBUTALMOHHOTO B3aumogencTeme:

GN(mp )2 h

2
mpc mpc

=5,8.107%

Gn = 6,7.10'8 [cm3/g.32] - HroTOoHOBaA rpaBUTaLMOHHA KOHCTAHTA

GNm?) -52
—— =1,2.107" [cm] - rpaBUTaLMOHEH paanycC Ha HYKNoOHa

mpc



y— ho_ 2.1.107
p —m—c =4,1. [Cm] - KOMNTOHOBA ABbJTXXKMHA HA BbJ1IHATA HA HyKnOHa
P

bespasmepHaTa KOHCTaHTa Ha eNieKTPOMarHMTHOTO B3aMMmogencreme:

2 -1
a=—_[ " | _7410°-_1
mg.Cc” | myC 137

re =—— =2,8.107"° [cm] - KNacM4eckn enekTPOMarHTeH paguyc Ha enekTpoHa
m¢C
h -1
Re = = 3,8.10 ' [cm] - KOMNTOHOBA Ab/MKWUHA Ha BbJIHAaTa Ha efleKTpoHa
m.c

BespasmepHaTa KOHCTaHTa Ha CUNTHOTO (AApPeHo) B3auMoaencTeme:

2
F=9N 15
hc

gN2 = 4,7.10'16 epr.cm = 2,9.10'4 eV.cm
hc = 3,15.10'17 epr.cm = 1,97.10° eV.cm

Paauyc Ha genctBue Ha B3aumogeuctTBusaTa: - Onpegens ce OT MacaTta Ha NMOKOw
Ha OO030Ha - nMpeHocuTen Ha CbOTBETHOTO B3aMMOAEWCTBME, 4pe3 HeroBaTta
KOMNTOHOBa AbJ/IKMHA Ha BbIHaTa (BENUYMHA, KOATO MMa 3HAYMTESNTHO No-Abnbok

PU3NYNCKM CMUCBI OTKOMKOTO Ce € npegnonarano NbpBOHaYasnHo):
FpaBUTaLMOHHO - rpaBUTOHKU (6eamacoBu) - 6e3kpaeH paanyc Ha OencTBme

EnekTpOMarHUTHO — €efekTPOMErHUTHN KBaHTK (6e3amacoBu) - GeskpaeH paauyc Ha

nencreune

CUNHO -  7-MEe30HY; mnc2 =140 MeV

h
m,c

Ry ~ =%, =1,4.10"[cm]

Cna6o - W' BEKTOPHM 6O30HWK; ch2 = 80 GeV

R, =" =%, = 25107 [cm]

Y myc



CnaboTto B3anmogencTBMe € 3HAYUTENHO NO-KbCOAEUCTBYBALLO OT SAPEHOTO,
3 n n A
(okono 10 nbTK), Taka Ye TeopusiTa 3a "TOYKOBO" 4-EPMUOHHO B3aMMOLENCTBUE Ha

E.®epmu e onpaegaHa post factum.

Teopuss Ha BanHb6epr - Canam (1967 r.) 3a “enekTpo-cnaborto” B3anmoaencreme:
BbuBexaar 4 kanmbpoBbyHM GO30HM - 2 3apeneHu w* (cnabwu 3apeneHn TokoBe) n 2
HeyTpanHu W? 1 B®. OT tax moxe Aa ce nocTpou eguHHa Teopusa Ha crnabute wm
erneKkTpoMarHuTH1 B3aumogencTeus ¢ 4 Bo3oHa - v, ZO, W, W (nocnegHuTe Tpn -
HOCMTENN Ha cnaboTto B3aumogencTeue) - BanHbepr, Mewoy, Canam - Hobenosa

Harpaga 3a 1979 r. ToBa e NbpBOTO 06eAMHEHUe Ha B3aMMOAENCTBUATA, OYaKBaT ce

“BENUKOTO 0beanHeHne” (+ agpeHo) 1 ...”Teopus Ha BCMYKO” (+ rpaButTaums).

1983 r. - W n Z° - otkputn B LUIEPH npu B3aumopenctBne Ha HacpeliHW MNpoTOH-

aHTunpoToHHN cHonoBe 270 GeV Bceky; mWJ_rc2 = 81 GeV; my, = 94 GeV — K.Pybuna un

BaH pep Meep - HobGenosa Harpaga 3a 1984 r. Bce owe cme paned ot

EeKCnepuMmeHTuTe Heobxoaumun 3a cnegBawmuTe obegnHeHus!
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