B3AUMOJENCTBUE HA MbYEHUETO C BELWECTBOTO
B3AUMOOENCTBUE HA TAMA-KBAHTU C BELLLECTBOTO
I. OBLLA XAPAKTEPUCTUKA HA TAMA-U3JTBYBAHETO

[[ama-kBaHTUTE ca eneKkTPOMarHUTHO NbYeHne (KaTto cBeTnMHata) C MHOro Mmarka
(kbca) AbMmkMHa Ha BbnHaTa E, = ho. AapeHnTe y-kBaHTW, KOUTO LLe KOMEHTMpame, ce

n3nb4BaT Npu npexoamn Mexay B'bSGyAeHVITe CBbCTOAHUA Ha AOPOTO:

y E,=E-E,
\ 4 Ef

B 103 cmucbn Te HamaT HUWO OOWO C M3NbYBAHETO Ha pPEeHTreHoBn 1 OMNTUYHU

KBaHTW, KOETO € YNCTO aTOMEH MpoLEC, 3acsArall, enekTpoHHaTa ob6BMBKka Ha aToma.

EHeprum Ha y-kBaHTUTE: OT 10 keV go 5 MeV

OBbIMKUHN Ha BbIHUTE:! 108> Ay > 2.10M" em

Pasmepa Ha aToma > A, > 100 pasmepa Ha 54pOTO (AbMrOBLIIHOBO NPUBNIKEHME)

1eV=12410"cm:1ev=2410"s"

- E
[lama-kBaHTUTE HOCAT umMnync p =" n MOMEHT Ha KONIM4eCcTBO Ha ABuXeHue |
C

| =1 - aunonHo nanbyBaHe
| =2 - kBagpynomnHo nanbyBaHe
| =3 - OKTYnomnHo nsnbYBaHe n T.H.

| = 0 - (MOHONOMHO WM3NbyBaHe) - abCONMKTHO 3abpaHeHOo, nopaan HanpedYHus

XapakTep Ha enekTpoMmarHuTHUTE BbiHU. Bektopute E n H ca nepneHgukynspHu Ha

nocokaTa Ha pasnpocTpaHeHue.
Co6cTBEHMA MOMEHT Ha y-kBaHTa = 1 (6030HM)

dakTnyeckn nopagun HannMyneTo Ha UMNYyIicC y y-KBaHTa, eHeprmata Ha dapeHna npexon

(E; - Ef) ce pasnpeaensa mexay KBaHTa M U3NbyBaLLOoTO S4p0.



or |p,|=|P,] : E—E§ E._ & E,=E-E-E
T [P, |1=[Pglcneasa: A= o2 nnm E__ZMCZ’KaTO v = Ei- Ef- Eq

(Es - eHeprus Ha oTkaT), EglE, ~ 10°°.

EHeprnsta Ha OTKaT € HUWOXHA B CpaBHEHME C eHeprnsata Ha npexoga (M ce
npeHebpersa B sgpeHaTa CNEKTPOCKOMMUS), HO KaTo MpaBunoO € Mno-rongma oT
eCTeCcTBeHaTa LWMpUHA Ha y-NMMHUATA U 3a ToBa Npu O0OMKHOBEHM ycroBus (cBobogHM
a[pa) He ce HabnwgaBa pe3oHaAHCHO NOorfbliaHe Ha y-KBaHTWU. ToBa ce mnsbsarea npu

edekta Ha Mbocbayep, KOUTO € CbLL0 B3aMMOLENCTBMNE HA y-KBAHTW C BELLECTBOTO.
Il. POTOE®DEKT

[ama-kBaHTUTE He MoraT ga ObaaT perncTtpupaHym HenocpeacTBeHO, a caMo u4pe3
3apefeHn Yactuum (BTOPUYHKM), KOMTO Ce noslydaBaT Npu B3aMMOLEWNCTBMETO UM C
BellecTBOTO (B cnyyas getektopa). dotoedhekra e npouec, npu KOWTO y-KBaHTa ce
nornbla (u34yesBa), KaTto NpefaBa uUsnNata €Heprust Ha HAKOW OT opbutanHuTe

€J1EKTPOHN Ha aToMa.

A. KuHeTnuyHa eHeprus Ha poToenekTpoHa

Ta e Te = E, - Ej, kbaeto E; e eHeprusaAta Ha Bpb3ka Ha aTOMHUS €MeKTPOH OT i-Tus

crnomu - K, L|, L||, L|||, M, N,...
OyeBUOHM cneacTBUA:

MNpn papeHo E, (MOHOeHepreTUYHWU y-KBaHTWU) B CreacTBuMe Ha doToedekta ce

nony4yasat MOHOEHEepPreTu4iHn erieKTPpoHMN.

®oToedekTa e HeBb3MOXeH, korato E, < E;. [Jokonkoto Ex > Eyj > Ey > Epyy > Em >

En TO npu HamansiBaHe Ha eHeprusita Ha y-kBaHTa, NbpBO ce "u3knoysa" K-crnos,

nocne L-cnoda u T.H.
HeoueBupeH dakr:

doToedekTa € Bb3MOXKEH CaMo 3a CBbp3aHu enekTpoHU. PenaTtuBucTka eHeprus:



3a y-kBaHTa - E, ; 3a enekTpoHa - ———=-mgC
1-p?
E, mgBc
PenatusBucTku nmnync: 3a y-kBaHTa - —-; 3a erieKTpoHa - —
C 1- B
E -E, ; E,-mgc?|—— 1
Yy e =y e 2
1-B
P, =P E, _ meBc
Y e ’ c 2
1-B

1 B
1=
J1-B? J1-p?

Te 1- [32 =(1- B)2 KOETO € MU3NbIIHEHO 3a:

CbBMECTHO Mnonarame:

B=Velc=0 - tpuBuanto - E, = Eo = 0
B=Velc=1, T.e. Vg =C - HEBB3MOXHO

T.e. Heobxoamm e aToM 3a NoemaHe 4acT oT nMmnyrnca Ha y-KBaHTa. |_|p0LI,erT y+te—>

e e 3abpaHeH B NMNpasHO NPOCTPaHCTBO.

B. CeueHue 3a cpoToecpekT

CeueHuneTto 3a doToedekT 3a K-crnos (kato ce npeHebperHe eHeprusTa Ha Bpb3ka 3a

K-cnos) e nonyyeHo ot Xantnep (KBaHTOBa enekTpogMHamuka):

712
8 m,c?
O il = §nreZZ‘r’oc"Z"”2 [:—VJ [cm?/at]

2

.. e 13 )
KbAETO: Iy = > =2,8.10""" cm - knacu4eckn pagnyc Ha efiekTpoHa ;
mgc

2ne? 1 y 2
= h Zﬁ_ KOHCTaHTa Ha eNeKTPoOMarHMTHOTO B3anModeuncTamne ; mec™ = 511 keV
c

- eHeprusa Ha NoKow Ha enekTpoHa ; hv - eHeprus Ha y-kBaHTa.

[la ce 3anomHu:

Y
5

Y



3a manku €Heprmn Ha y-KkBaHTa - B obnactTta Ha eHeprun Ha Bpb3Ka - nMa ocobeHocTn

Ha Ce4YeHUeTO.

Go

dur.7. NoBeaeHe Ha ceveHneTo 3a hoToedEKT B 3aBUCUMOCT OT eHeprudara Ha

Y-KBaAHTUTE.

N3Boau:

5
BeposTHoCTTa 3a hoToedeKkT TBbpAE CUTHO 3aBUCU OT aTOMHUA HOoMep Z - kaTo Z°.
Fama-cnekTpomeTpusTa ce 6asmpa Ha permcTpaums Ha y-KBaHTU ype3 poToedekT -
pernctpmpa ce eHeprusita Ha potoenekTpoHmuTe. PaboTHOTO BELLECTBO Ha y-AeTeKkTopa

TpsibBa Aa uma ronamo Z (1 ronama BepossTHOCT 3a (poToedekT).

EcdekTBeH atomeH HoMep Zq¢ (3a hoToedekT): 3a BEWECTBO C pa3nnyHM ENEMEHTH:

Z ot :51/Zi:aizi5

KbAETO aj - OTHOCUTEJTHOTO TEITIOBHO CbAbp>XaHMNE B MOJIEKYJ1aTa Ha I-TUS eNEMEHT.

3a Nal : monekynHo Terno - 150 ; Na - 23 ;1- 127 ; Z(Na) = 11 ; Z(1) = 53 ; Z¢g = 51,3.

B Nal itoga (I) urpae ocHoBHa pornsi 3a poToedekTa 1 perucTpupaHe Ha y-kBaHTUTe.

MNpu E, > Ex v Harope BeposATHOCTTa 3a (poToedheKT e Han-ronsiMa 3a Hanu-CUITHO

CBbp3aHuTe enekTPoHu. [NokasBa ce, ye:

OpM) - Ogp(L) - Op(k) = 1:5:20



B. brnoso pasnpeaeneHue Ha (pOTOENEKTPOHUTE

B MyxuH e npuBegeHa ToyHa dopmyna 3a AUGEpPEHLManHoOTO CevYeHne Ha
doToedekta (3aBUCUMOCT Ha WHTEH3UTeTa Ha (POTOENIeKTPOHUTE OT brbfa CNpPsMO

MbPBUYHMUSA y-KBAHT).

3a HenonspusupaH CHOM Yy-KBaAHTU KapTuHaTa € akcuanHo CUMETPUYHA OTHOCHO
nocokaTta Ha y-kBaHTa. [py HapacTBaHe Ha eHepruaTa Auarpamarta Ha Haco4YeHOCT ce
N3Terns Hanpeq - KbM Marnku brmyv Mexay uMnynca Ha ooToenekTpoHa 1 nocokarta Ha

y-KBaHTAa.

70°- 80°

25°
500 keV

®ur.8. brnoso pasnpegeneHne Ha POTOENEeKTPOHUTE.
. AToMmHuU ehekTn, Kouto cneaBat cnen ¢poroedpekTa
al. XapakTepuCTUYHO PEHTIreHOBO NTbYeHune (peHTreHoBa doriyopecLeHLms)

ATtom ¢ BakaHuus B K-cnosi e BucokoBb3byaeH. BakaHuusiTa ce 3anbnBa C eNeKTPoH oT
MO-BUCOKW CIOeBe, KaTo NMpu aTOMHUTE MNPEexoau Ce M3MbyBaT PEHTreHOBU KBaHTW,

YNATO eHeprma 3aBmMcn cCamMmo OT pa3finkata B eHeprunte Ha Bpb3kKka Ha CbOTBeTHUTe

cnoese - xapaktepHa 3a gagenus enemeHt: KL, KLy, KLy, KM n 1.H. - Habop.

KaTo npaBuvno peHTreHOBOTO JTbYeHue (HUCKU eHepruu - geceTkn keV) ce nornblia B
paboTHOTO BeLLECTBO Ha AeTekTopa. AKO pabOTHOTO BeLeCTBO Ha AeTeKkTopa € MHOTO
TbHKO, MMa BEPOATHOCT XapakTePUCTUYHOTO PEHTrEeHOBO ISTbYeHMe [Aa HanycHe

AEeTeKTopa 1 fa ce NosiBAT NUKOBE Ha U3NuTaHe (MCKenn nuKoBe).



MWK Ha MbIHO
N 4 ¥ normbliaHe

\

\

‘ >
t -
Eche_EV'ERo E

@ur.9. Nogaea Ha caTenuTeH NuK crneq PoToedekT.

MUK Ha NMbnHo nornblyade: Ey = Ex.gpe + ERro

MUK Ha n3nutaHe Ha Ro: Ey ge = E, - Ero

To3n ecdbekt ce 3abensisBa nNpu rasoBuTe MNPOMOPLMOHANHM AETEKTOPU U TbHKU

kpucTtanu Nal, Hanpumep ¢ nebennHa d = 0,2 mm.
6/. Oxe-edpeKT (KOHKypupa peHTreHoBaTa hnyopecueHumns)

Mpu 3anbneaHe Ha K-BakaHuusi Hanpumep OT Ly-crnosi, eHeprusTa ce npegaBa Ha

enekTpoH oT Ly-cnosa (B L cnosa ce nosieaBat gse BakaHuuu) - KLjLy. OcHoBHaTa
rpyna Oxe-enektpoHu - KLL. EHepruata um e xapaktepHa 3a enemeHTta. TbW KaTo
OXe-enekTpoHUTe ca C TBbpAEe HUCKM eHepruu (nornbliaT Cce MHOro CUITHO), Te He
mMoraT ga obycnaBsT MMKOBE Ha M3nuTaHe B y-cnekTpockonuata. Ho Oxe-nuHuuTe ce
BMXOaT Jobpe npu HUCKOEHepreTMyHaTa [-cnekTpockonus u Tpsabea ga ce oTnvyasar

OT KOHBEPCUOHHUTE JTUHUN.



ll. PASCEMBAHE HA TAMA-KBAHTWU. E®EKT HA KOMMNTOH

Edekra Ha KoMnTOH e nbpraBo pascerBaHe Ha y-KBAHTU BbPXY €fIeKTPOHU. B To3m
cny4yam MOXeM [a pasrnexgame ernekTpoHute kato ceobogHu. lMpouecay+e > e + '

€ paspeLleH BbB BCUYKN Cry4au.

A. EHeprusa Ha pa3cesiHUs1 y-KBaHT - 3aB/CU OT bIbSla Ha pas3cenBaHe.

@ur.10. KbMm n3soga Ha eHepreTM4yHUTE 3aBMCUMOCTN HA KOMNTOHOBUA eDEKT.

OT 3akoHa 3a 3anasBaHe Ha eHeprusTa (CBOBGOAEH eNeKTPOoH):

hv:hw+1;:hw+n%c2-——l———1

1-p2

myCc°| ——— —1| - KUHETNYHA penaTBUCTKa EHePrusi Ha eneKkTpoHa

1-p2

hv hv' mgc
CtxpaHeHue Ha umnynca: —=—+ ———
C

c /1_52

mgpc
———— - penaTuBUCTKN UMMYIIC Ha ENeKTPoHa

J1-B?
B ckanapHa gopma:

mac*p?

1-p2

CbBMECTHOTO n3nonsyBaHe Ha ABETE ypaBHEHUA NMO3BOJidBa HAMUPAHETO Ha CcriedHaTa

= (hv)? + (hv'Y? — 2hvhv'cos® — (NpaBuUno Ha TPUBLILIHMKA)

Bpb3Ka:

1 1 1
hv' hv mgc

c c h
cnep yMHoXaBaHe Nno ¢: — — — = > (1-cosB)
V' v mgc

5 (1-cos0)




h
mecC

AL=A"—A= (1-cosb)

AM - pasnuka B Ab/MKUHUTE HA BbAHUTE Ha Najallms U pascesiHnA y-KBaHT (He 3aBUCK
OT A);

_ -10
h/mec =2,4.10 "~ cm - KOMATOHOBA AbJ/PKMHA HA BbfiHATa Ha eNeKTpoHa

EHeprVIil Ha pa3cesaAHuA y-KBaHT:

E, '=hv'= hv
v hv
1+ 5 (1-cos0)
mgcC
E,.=hv-hv'= hve (1-coso) , €= hv2
. 1+e(1-cos0) m.C

3acnydaa 6 =0 ; hv = hv' - Hama pascernBaHe - Ex = 0

3acnyyaa 6=m; hy' __hv ; Epax _2hve
1+2hv : 1+2¢
meC

OT Bpb3kaTa cotgp = (1+ 8)tgg

0<0<m ;thE'ZhV = Emin
T 7142 7
T 2¢ehv
OS(I)SE y OSEkeSﬁ:Elﬂax<EY

BbB Bpb3ka C AeTEKTUPAHETO Ha y-KBAHTM HAC XMBO HW WHTepecyBa cbAabaTa Ha
KOMMTOHOBUTE €MNEKTPOHM, 3aLLOTO C rofiiMa BEPOSITHOCT ce ocbluecTBsaABa KomnToHOB
e(eKT Ha NMbPBUYHUS y-KBAHT B paboTHNA ob6em Ha AeTekTopa, Npu KOeTo pa3cesHus y-
KBaAHT Harmycka OeTekTopa, a KOMNTOHOBWUSI €NEKTPOH OoThaBa udanata Cu eHeprusi B
aeTtektopa. 3a BCAKa NMHMS MMaMe NUK Ha NbAHO nornblade E, (hoToedekt) u

HenpekKkbCHaTO pa3npegerneHne Ha KOMNTOHOBUTE E€JTIEKTPOHU

2¢hv
0<E, <EMa _
ke = 7ke 4, 2¢




- EE;ax £

dur.11. HenpekbcHaTO KOMNTOHOBO pa3npeaerieHne B CnekTbpa Ha eauHUYHA Y-NUHUS

PasnpeneneHneTo e HenpekbCHATO, Thbi KaToO Ca Bb3MOXHU bIMn Ha pa3cenBaHe 0 < 0
< w. KomntoHoBMA pbb CbLOTBETCTBA Ha OOpaTHO pa3cenMBaHe, T.e. O ~ T M Ha

MaKCMManHa Bb3MOXHA eHeprvsi (M UMMYNC) HA KOMMTOHOBUS eNeKTPOoH Eye o\ =

2¢hv/(1 + 2g) 1 MMHMManHa eHeprns (M UMMyNc) Ha BTOPUYHUS y-KBaHT. BrobLe e B

Ccuna nMmnyncHata gnarpama:

1.Ey.=hv'= hv
6.E,,=—"Y

" 1+2¢
1.E =0

2hve
6.EKT,?X=1+28

dur.12. mnyncHa gnarpama Ha KOMATOHOBUS e(PeKT Npu pasfiMiyHn bIfn Ha

pascenBaHe.

Wmnynca P, e HacouyeH B npegHaTa nonycdepa. Mpu peructpaums Ha pascesiHus y-

KBAHT ‘y' Nnpn TOYHO onpepgeneH brbll 0 OTHOCHO NMbPBUYHUA Y-KBaHT vy, CE NoJiydaBa

TOYHa eHeprmuda Ha ‘Y'. B ToBa Lwe ce y6ep,|/|Te B NMPaKkTUKyma.

b. [OudepeHumanHo ce4vyeHMe 3a KOMMTOHOBO pa3cenBaHe. dopmyna Knane-

HuwuHa-Tam.

MHTeH3nTeTa Ha KOMMNTOHOBO pascedAHnTe ramMa-KkBaHTM Ha bIbll 0 B ManbkK

npocTpaHCTBeH brbn dQ ce gaea c:



do(8) _ 1+ cos?0 1 1 e? (1-cosh)?
d@ ¢ 2 [1+e(1-cosH)]? (1+cos?0)[1+&(1-cosh)]

2
e _ hv

KbAETO Fy = 5=2,810""cm ; ¢=
m.c m,c

2

KadectBeHo:

3a HUCKUN eHeprum ¢ =

7 0 - umame 4ncto ToMCOHOBO pa3CGI7IBaHe, KaTo
mgC
e

d0'(9)_r21+00529
do ¢ 2

BepodatHocTuTe 3a pasceriBaHe Hanpes (0 = 00) 1 Hasag (6 = 1800) ca paBHW.

1200 90° 60°
\ /

180° ——

120° 90° 60°

®ur.13. lNoBegeHne Ha AndepeHLManNHOTO cevyeHne 3a KOMNTOHOB e(eKT B
3aBUCMMOCT OT bIbfla U eHepruaTa Ha NbpPBMYUNSA y-KBaHT (bopmyna Ha KnawnH-

Huwuna).
KayecTtBeHo:

Mpwv no-ronemun eHeprum (¢ >> 1) BeposATHOCTTa 3a obpaTHO pasceiiBaHe Hamansiea -
pasnpeneneHMeTo ce M3TErns Nno nocoka Ha nagawms y-keaHT. Mpu HenonspusupaH

NbpBUYEH CHOM NMMaMe oceBa CUMEeTpPUsA Ha ,D,M(*)epeHU,VIaJ'IHOTO ceyeHune.



B. MbnHO ceyeHMe 3a KOMNTOHOBO pa3cenBaHe

MonyyaBa ce Kato ce WHTerpupa AWGEPEHUMANHOTO CeYeHMe MO  MbIHUS

NPOCTPaHCTBEH bIbfl. MI3pas3bT € MHOro crioxeH. PasrnexaaT ce npedenHuTe criyyau:

3a e<<1;0, =%"r§(1—28)

8n -24 2 y
?rezch =0,66.10 CM”/eneKkTpoH, KaTo CeYeHMeTo JIMHEeMHO HamansaBa C

HapacTBaHe Ha eHeprusaTa hv.
11
Bae>>1 : o =mri—| —+In2e
el 2
T.€., CeyeHneTo e obpaTHO NPONOPLNOHANHO Ha eHeprusTa.

Bbobuie 3a atom cbe Z enektpoHa ok ~ Z/E, (cpaBHeTe C Og ~ Zley). 3a nekute

elieMeHTUN BEepPOATHOCTTa 3a KomnToHOB e(beKT € 3Ha4YuUTenHo no-rofiamMma, oT Ta3n 3a

doToedekT.

IV. PAXOAHE HA IBOVIKA ENEKTPOH (e) MO3UTPOH (e)
A. EHepreTuka

al. [1Bonika (e',e+) MOXe Aa ce poan, caMo ako:

E, > 2mec’ = 1,022 MeV

- + o
6/. MNpoueca y —» e + e e 3abpaHeH B Npa3HO NMPOCTpaHCcTBO. [1BoVikMTe ce paxaaT
Npv B3anMOAENCTBIE Ha y-KBaHTa C KyJIOHOBOTO MoJie Ha APOTO (MMM Ha enekTpoHa
y 2
- B TO3W cnyyail nparoBaTa eHepruss e 4meC” - npoueca e Marnko BEepOosATEH).

[encTBuTenHo, OoT 3ana3BaHeTo Ha eHeprudra:

E _ m, c?  m,.c?
Y

- +
= 2 + 2 - CyMaTta OT NbJIHNTE eHeprMMn Ha e n e
\/1_ Be— \/1_Be+
P, = Pe. + Pes

EY me—c + me+c >me—Be—c+me+Be+c

o Jip Ji-pe, J1-pE J1-p,

‘Pv‘z =[Pe_| +[Pe.|



TbI KaTo Ve‘:Be_<1 " h:[3@+<1
c c
re. [Pyl > [Pe.| + |Pes|

MocneaHoTo He € BSIPHO, Tbif KaTo ||Py_|—| P, || S‘PY‘ <|Pe_|+|Pe,| - TPMBrBAHUK

M Pe‘ \\ P
C > 0 \P—l

s
Pg+ s

®ur.14. MmnyncHa gnarpamMma Ha pakgaHe OBOWKa erleKTPOH — MO3UTPOH.

OueBuOHO, SAPOTO € HeobxoaMMo 3a noemMaHe Ha 4yacT oT umnynca. EHeprusta Ha
OTKaT Ha AAPOTO € HULLOXHA (CPpaBHU CbLLUMA NpoGnem npu goToedekTa) U CNoKoMHO

MoxXe oa 6bae npeHebperHaTta (4pOTo € ¢ TBbpAE rondma maca).

hv = E, = Te. + Tes + 2mec?

KbAETO Te. U Te+ CA CLOTBETHO KNHETUYHUTE eHeprmn Ha enekTpoHa 1 No3NTpPoOHa.

2
KuHeTukata Ha npoueca e 3 4acTU4Ha U eHepruata E, - 2mec” ce pasnpenens

HeMNnpekbCHaATO MeXAy eNneKkTpoHa U No3NTPOHa, T.e.

0 < Te+ < E-Y = 2mecz

2
3a eHepruun, KOUTO HU MHTEpeCyBaT B siapeHaTa uamnka, 0bmkHoBeHO hvimec™ < 6
C ysenuyaBaHeTo Ha eHeprusaTa hv cpeaHuna brun 6 mexay Pe., Pe+ 1 Py, Hamanssa.

Pa3npeneneHveTo no by ce M3TErns no rnocoka Ha nagawms y-KBaHT, Kato <0> =~

2
mec /E., kbaeTo E. e eHepruaTa Ha enekTpoHa (No3uTpoHa).

B. MbnHO ceyeHue 3a paxaaHe Ha ABOWKU B MOJSIETO Ha A4POTO

B'bl'lpOC'bT He € pelleH OKOH4YaTeJIHO - HAMa aHalmiMTU4H1N nU3pa3n 3a BCUYHKN EHEPIUn.

MpuBnMxeH n3pas 3a TECEH eHepreTMyeH UHTepBaan e:

z? ,(28, 2E, 218
== 2 Zn—L =2 [cm?at
Oae =437 e( 9  myc? 7 [ ]



3a mec2 << E, << 137mec22'1l3

511 keV 30 MeV 3a Al ; 10 MeV 3a Pb
B. filBneHusa cnepn paxaaHe Ha ABOMKa (B AeTeKTopa)

ENeKTpoOHBbT U NO3UTPOHBLT NyBAT KMHETUYHATa CU eHeprusa (MOHM3aLMOHHKN 3aryGu) no

e[VH U1 Cbll HauuH. Ho 33 NO3UTPOHBT B MOKOI HAMA MSACTO B HALUUS CBAT. MO3NTPOHBLT
+ -
aHNXWIMPa C eneKTpoH: € + e  — 2y (BbaMoXHa e 1 3-poToHHa aHuxunaumst). E, ™

= 0,511 MeV, Taka ye E;, = Te+ + Te. + 2 x 0,511 MeV. ColiecTByBaT noHe Tpu

Bb3MOXXHOCTU:

al. Il pBata aHUXMNauuoHHM y-KBaHTa ce nmornblaT (Ype3 goToedekT) B paboTHOTO

BELLeCTBO Ha AeTeKTopa - ToBa BOAM A0 MbIHO nornbliaHe Ha E, - pernctpaums Ha

CcbbuTne B NMKa Ha NbIHO NOrMbLaHE.

6/. EavHna aHuxunaumoHeH y-kBaHT Hamycka Kpuctana, a gpyrusi ce nornblua.

Peructpupa ce cbbutre E, - 0,511 MeV - nuk Ha eAUHUYHO U3nNuTaHe.

B/. I gBaTa y-kBaHTa (aHMXMNaumoHH) HanyckaT paboTHOTO BELLLECTBO Ha AeTeKTopa.
Peructpupa ce cvbutne E; - 2 x 0,511 MeV - nuk Ha ABonHO usnutaHe. OceeH ToBa e

2 o
Bb3MOXHO (KoraTo E, > 2mec”) paaaHe Ha OBOMKM B OKPbXKaBaLLOTO AeTeKTopa
BeLeCTBO (3awmraTa). AHMXunaumaTa gaBa aHUXUNAUNOHHN y-KBaHTW, KOUTO nonagat
B JeTeKTopa, Nopaan ToBa e Bb3MOXHa nodsaTta Ha nuk ¢ eHeprus 0,511 MeV. Mexay

aHNXunauymoHHUTE y-KBaHTU CblLLEeCTBYBa abconTHa brnoea Kopenauus.



EJ"= 511 keV

AN

E, - 511 keV

-

\

\

|
E, - 2511 keV tgmax E [keV]

®ur.15. CatenuTHU NMKoBe B CneKkTbpa Ha enHN4YHa y-NinHUA C eHeprnyd Ha y-KBaHTa

no-ronsama ot 1022 keV.

. Mopou ot ABOMKN. [leTeKTopM Ha Nopou.

PaxpaHeTo Ha r|0p0171 OT €NEeKTPOHHO-NMO3UTPOHHN ABOWKM € Bb3MOXHO npu y-KBaHTU

CbC CBPBXBUCOKM eHeprin (pranka Ha enemeHTapH1UTe YacTuum).

o + -
ama-kBaHTa paxga fBoKka (e ,e) ¢ TBbpAe BUCOKA EHEpPrusi, KOUTO Npu 3abaBsaHETO

CV [aBaT ChvpayvyHO INbYeHue, KOeTo CblIo MOXe Aa poau Asonku. lMpoueca Ha

pa3BuTne Ha nopod 3aTuxea, KOrato eHeprndata Ha cnunpadyHute (bOTOHM cnaga Ao

2
2mec”.

cnMpayHo

nbyeHune

[BoliKa i
v

et

MWL,

®ur.16. Passutne Ha enekTpomMarHMTeH nopowu.

Mpn gocTaTbyHO ronsiM o6em Ha OeTekTopa eHeprusita Ha MbPBUYHUS y-KBAHT UMK

€I1eKTPOH Cce norjibllia B pa6OTHOTO BeLWleCTBO Ha AeTeKTopa.

V. NMbJIEH KOE®UUMEHT HA TMNOrMrMbWAHE HA TAMA-KBAHTU BbB
BELUECTBOTO.



A. lNNbnHO ceyeHne 3a nornbLiaHe Ha Y-KBaHTH

Onbnn = Ot Ok + Opg

(MpouecuTe ca He3aBUCMMU U BEPOSATHOCTUTE Ce CyMupar.)

3akoHbT 3a nornbliaHe Ha Y-KBaHTUTE B 3aBUCMMOCT OT AebenvHaTta Ha cnos
BELLECTBO € eKCNOoHeHUnaneH:

I(d) = I,e™
kbaeTo: I(d) - uHTEH3NTET Ha NpemmnHanoTo nbyeHue ; Ip - MHTEH3UTET Ha NagaloTo

nbyeHune ; d - pebenuHa Ha cnosi ; p - koeduuMeHT Ha nornbwaxe. u 1 d moraT ga ce
MepsIT B pasfMyHM €QUHMLKM, HO CTENeHHWs nokasaTen TpsibBa ga e 6e3pasmepHa

BEeJIM4YNHA - ereKTVIBHa aebennHa.

7 cm’ cm2/g cm?/at

d cm d/cm2 at/cm2

B nocnegHusa cnyyam p € MMKpOoCe4YeHUeTo G [cmz/at], KaTo
Onbnu = Ot Ok + Ope
Torasa: d [at/cm?] = (Na/Muon) [at/g]. p [g/cm>].d [cm] = (Na/Myon)-p-d [at/cm?]

B 1 g BewecTso: (Na/Myon) [at/g] ; Na = 6,0.10%% [at/1g mol], Muon - MONEKYTHO Terrio,

N, - yumcno Ha ABoragpo.

EdektnBHa gebenvHa:
Teff = Gupo [cM7/at] (Na/Myon) [at/g]. p [g/cm°] .d [cM] = Gyakpo [cM?/g] .d [g/cm?] =

= fIMHeeH KoeduuneHT Ha oTcnabsaHe p [cm'1] .d[cm]

B TabnuuunTe ce cpellat BCUYKM eQUHULIN.

AKO BeLLLECTBOTO € CINOoXHa CMeC OT enieMeHTU (CrnoXHa Monekyrna), Toraea:
Teff = X Terfi
1

- Cymata oT ereKTVIBHMTe nebennHn 3a BCEKN ENEMEHT.



Bb. Xoa Ha NbNHOTO cevyeHUe C eHeprusaTa Ha Y-KBaHTa

5

HanomHswme: O ~ S - Hamarnsiea
Y
Z

Ok ~ E— - HamarnsaBa

¥
Ope ~ Zzln2Ey - cneg 1 MeV HapacTtBa

al. TlbnHOTO ceyeHve 3a B3avMoeiiCTBME C HapacTBaHeTo Ha E, go 2 - 5 MeV

HamarnsiBa, nopagmn G4 U Ok, CJi€[] TOBa HapacTBa, Nopaan HapacTBaHETO Ha Opp.

6/. 3a uHTepecysalimsa H1 ananasoH (0,10 < E, < 2 MeV) oT eHepru CbOTHOLWEHNEeTO

Mexay cevYeHmaTa Ogp N Ok Ce pa3ninvyaBaTt ApPacTU4HO 3a JNTIEKNTE N TEXKKUTE EINEMEHTU

(smx Al n Pb).

3a nekute . OglCk << 1 0,1<E,<5MeV
3a TeXKuTe: Oglox > 1 E, < 0,5 MeV
s ©1 100
s |/ Al i
e, |
NE -
[$]
S 50
° 24 o
b 8 —
\J\I T T Em— — T T | Ea—— T AB
01 02 05 10 20 50 100 01 02 05 10 20 50 100
E, [MeV] E, [MeV]

®ur.17. NoBegeHne Ha NbIIHOTO CeYeHne fa B3aMmodencTesne Ha y-kBaHTu 3a Al u Pb.

ToBa ce oTpassiBa Ha KapTuHaTa, Korato CrneKTpoMeTpupame y-KBaHTU - Hanpumep

Y¥cs - E, = 662 keV
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®ur.18. OTKNMK Ha eaUHUYHA y-TIMHUA Ha CUMHTUNALMOHEH OeTEeKTOpP CbC

cumHTunatop: a). Nal(Tl) (Zeg > 50) 1 6). cTun6eH (aHTpaueH) ( Zgs < 6).

Mpw opraHWYHMTE CUMHTUNATOPK POTOMMKA OTCHCTBYBA MPAKTUYECKM HAMbITHO.

VI. KOXEPEHTHO PA3CEMBAHE HA TAMA-KBAHTU

- \'
A. lMpepeneH criyyan Ha MarikKm eHeprum €= 5 <<1
mgc

®opmynaTta Ha KnanH-HuwuHa-Tam 3a gmdepeHumanHoTo ceyeHue 3a pasceniBaHe
npemvHaBsa BbB ¢opmyrnata Ha TomcoH (TOMCOHOBO pa3sceriBaHe BbpXy CBOOOAHM

€IeKTPOHN):

do(0) _ 21+ cos’0
—'e

30 V4 [cm2/at] Ha 1 NPOCTPAHCTBEH bIbil

AKO ce orpaHuyMm C pascenBaHe Hanped (Npy MHOro Marnku brim 0), npepapeHus
MMNYNC Ha enekTpoHa (HampeyeH) MoOXe [[a CTaHe no-mManbK OT uMMyfnica Ha
CBbp3aHus enekTpoH. B TakbB cnyyan atoma pascenBa kaTo uUano (NbpraBo TAM0), a
aKko e 34paBO CBbp3aH B KpucTanHaTa peweTka (b6e3oTkaTHO pascenBaHe), TO TS
noema kKaTo Usano HanpedHus nmmnync. PascensaHeTo (PeneeBcko) ce ussbpluBa 6e3
3aryba Ha eHeprMs Ha NbPBUYHUA Yy-KBaHT, KaTto ce 3anasBa M (pasaTta. TakoBa
pa3sceriBaHe Hapud4amMe KOXepeHTHO M npu Hero Morat fa ce HabnwogasaT

MHTEP(EPEHLIMOHHN SABINEHNUS.

O
D)
O




®ur.19. KbMm nssoga Ha ycrnosumeTo Ha bpar-Bynd npu KoOXxepeHTHO pa3cenBaHe Ha y-
kBaHTWU. Pa3nukarta B xoAa Ha nbunte 1 n 2 e 2dsing
NHTepdhepeHumoHeH makcumyM ce Habnogasa (ycnosue bpar-Bynd):
ni = 2dsing
3a n = 1 - WHTepdepeHUNOHEH MaKCUMyM OT MbpBU MNOPSAbK. HABNeHneTo e

aHaJorm4Ho c D,McppaKLl,VlﬂTa Ha PEHTIreHOBUTE JTb4N.

CnupamMe ce BbpxXy ToBa pasceliBaHe, Tbil KaTo Bbpxy Hero ce Gasupa Kpucrarn-

AMdpakuMoHHaTa Y-CNekTpOMEeTpUsi, C KO\TO (MpyM MHOrO BMCOKa pasgenutenHa

CrnocobHOCT) ce onpeaenaT no abcontoTeH HauYnH eHeprumte E, (No-To4HO A).
1eV =12,3977,10”° cm ; koHcTanTata AE = 1,2.107 keV.cm

I/IsmepBa Ce TOYHO brbla ¢ (Ha nbpBUA I/IHTepCbepeH'b‘-leH MaKCI/IMyM) n € N3BEeCTHO

ToyHO d - MEXAOYNIOCKOCTHUTE pPa3CTOAHNA B KpUCTanHaTta pelleTKa. OntumarnHo

ycnosue e, korato A, = d. [pu:
d~Rar~10%cm n Axd~10°cm; E, ~ 10 keV

T.€. MEeTOoda Ha KOXEPEHTHOTO pascerBaHe (Kpuctan-angpakunoHHus) pabotn gobpe

Npw HUckn eHeprum. Mpun A << d TpsAGBa Aa ce paboTh NpY MHOTO Marnku bW,

b. OucepeHunanHo ceyeHne 3a KOXEPEHTHO pa3cenBaHe

dOyox _ 21+ cos?0
e

2 2
= F(q,Z cm~/eneKkTpoH
a0 2 |F(a,2)[" [ POH]

kbaeTto F(q,Z) - atomeH hopmdakTop, KOUTO JaBa BEPOSATHOCTTA 3a pa3cenBaHe npu
npegaBaHe Ha UMMynNc q Ha Z enekTpoHU Ha aToma 6e3 nornbliaHe Ha eHeprusaTa.

Toan dopmdaktop F << 1 3a ronemm brnn Ha pascenBaHe (OCBEH Npwu pascenBaHe

Hanpep,) N Hamansea C yBeliM4aBaHe Ha eHeprudata EY Ha nagawiunsa y-KBaHT.

Peneesckn pascesHute y-kBaHTU (6e30TkaTHO) HTepdhepmpaT ¢ APEHOTO PE3OHAHCHO

nornbLjaHe n pasceMBaHe Ha y-KBaHTUTE.
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