BbTPELUHA KOHBEPCUS U KOE®WULIMEHTUM HA BbTPELWIHA KOHBEPCUS
(KBK)

l. ®PUBNYECKA CBHLUHOCT HA ABJIEHUMETO BBbTPELUHA KOHBEPCUA. 0 — 0
NPEXOOU

MpexoouTe mexay Bb3OydeHUTE SAPEHU CbCTOSIHMS MoraT [da Ce OCbLUecTBsBaT Mo
OBa HauyvMHa, UNN 4ypes3 MU3NbYBaHe Ha rama-kBaHTU (paguauMOHHU Npexoau), Unu

ypes n3nbyBaHe Ha KOHBEPCUOHHU €NEKTPOHM (BBbTPELLUHA KOHBEpPCUs).

Owe npe3 1910 r. banep n O.XaH OTKpuBaT, Ye Ha POHA Ha HenpeKbCHaTUTe B-
CMEeKTPMU OT paanoakTMBHUTE npenapaTtun, ce HabngaBaT U TECHU “NMUHUK’, ObIhKaLUN
Ce Ha MOHOEHEepPreTUYHU eneKTPOHU (OaUCKpeTeH cnekTbp). [puynHa 3a noasata Ha
TakmBa fIMHMM € NPOLEeCHT BbTpellHa KOHBepCcUusi, Npu KOMTO eHeprusta Ha aapeHus
npexoa ce npefasa U3uano (M AMPEKTHO) HA eNeKTPOH OT erleKTpoHHaTa o6BMBKa

Ha aToMa.

[MbpBaTa MHTYMTUBHA npeacTaBa e Ouna, Ye BbTpellHaTa KOHBEpPCUS npencTaBnsiBa
"BbTpelueH dotoedekT", T.e. Ye npoueca npeMvHasa npes n3nbysaHe Ha Y-KBaHT OT

SOPOTO, KOMTO NpeamsBukBa PoToedeEKT BbTPE B U3nbyBalimnsa atom. No-kbCcHO, cneg
OTKpmBaHeTo Ha T.H. 0 — 0 npexoan, KOUTO Ca HaAMbIHO KOHBEPTUPaHM Tasu

npeacrtasa e Ovna nsocrtaBeHa.

Mpn npexon 0" — 0" eanHCTBEHaTa Bb3MOXHa MynTunonHocTt e L = 0; AT = (-1)0 = +1

— npexoga e ot E Tun, T.e. eaMHcTBEHUA Bb3MOXeH npexon e EO (enektpudyeH
MoHononeH). Kakto 3HaeMm, TakbB npexos € abconTHO 3abpaHeH Mo u3nbyBaHe Ha
Y-KBaHTU 1 BBLMNPEKN TOBa TOW Ce M3BbLPLUBA - Ype3 M3NnbyBaHe Ha KOHBEPCUOHHU

€JIeKTPOHU 1 CaMO Ha KOHBEPCMOHHM ENEKTPOHUN (HaMmbHO KOHBEPTUPAH Npexon).

pyba HarnegHa npeAcTaBa 3a eNeKTPUYecKM MOHOMNOJMHU KonebaHusa Ha S4poTo (Ha
KapTMHKaTa no-Hagony) gaBaT cepuvHO-CUMETPUYHUTE paguanHu konebaHust Ha
3apefeHaTa 4acT (M3MeHeHue Ha paguyca Ha 3apeneHa cdepa). B To3m cniyvan, BbH

OT rpaHnunTe Ha 44Pp0TO HAMA USMEHEeHNe Ha eNNEKTPOMarHMTHOTO norne.
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CobluectByBa 0b6aye HeHyneBa BEpPOSITHOCT HsSIKOM €neKTPOHW OT obBMBKaTa ga ce
HamMupaT BbTpPe B SAAPOTO (Ss-enekTpoHu). B TO3M cnyyah Te MoraT pfa
B3aMMoencTByBaT C SAPOTO U Aa UM 6bae npedafeHa eHeprusiTa Ha npexoaa (aopu u

npu TO3n TN KonebaHus).

MNpu konebaHns oT no-Bucoka myntunonHoct (L > 0), enekrpoMarHUTHOTO
Bb3MYyLLEHNE Ce pa3npocTpaHsBa Aarney BbH OT Nnpeaenute Ha AApPOTO W nopaau
TOBa € Bb3MOXHO HENOCpeACTBEHO B3auMOAEWCTBUE C PasfNNYHU enNeKkTPOHU OT

obBuBKaTa (a He CaMO C S-efIEKTPOHUTE).

OcBeH 0 — 0 npexoguTte, OApYyro OOKa3aTeNncTBO, Ye BbTpellHaTa KOHBEpPCUS He e

"BbTpeLleH poTtoedekT" e oTChbCTBMETO Ha "BbTpeweH KomntoHoB edekT".

Il. EHEPTA HA KOHBEPCUOHHWUTE ENNEKTPOHM

EHeprusita Ha KOHBEpPCUOHHUTE enekTpoHu (6e3 aa ce oT4yMTa eHeprusTa Ha OTKaT Ha
A4pOTO) €:

Ee = Eif- En
KbaeTo: Ee - KMHETMYHA eHeprus Ha KOHBEPCUOHHUTE enekTpoHu; Eij - eHeprus Ha

anpeHust npexon; E, - eHeprus Ha Bpb3ka Ha aTOMHUSI €NEeKTPOH, KOMTO y4YacTByBa B

KOHBepcusiTa.

Korato umame pagvMauuoHeH npexoa:



B enektpoHHaTa obBMBKa Ha aToMa CbLUECTBYBAT CrioeBe (CTPOEX Ha aToMa — KypcC
ATOMHa 1 sgpeHa m3unka) C HaMmansiBalla eHeprnsa Ha Bpb3ka kakto cnegga - K, L, M,
N,... EnektpoHute oT K-cnosi ca Han-cunHo cBbp3aHu. M3rpaxgaHeTo Ha cnoe.seTe,

KakTO U eHepruaTa Ha Bpb3Ka, 3aBucuM camo OT Z Ha aapoTo. B cnoesete, C

nsknoveHne Ha K, cowectsysat nogcnoese: Ly, Ly, Ly, M,... My, N,,... Tpsibsa ga ce

otbenexun, 4ye eHeprumTe Ha Bpb3ka E, 3a Bcekn enemeHT (Z) ca XapakTepHu

BeJNINYNHU, N3BECTHU C BUCOKA TOYHOCT (OT OJaHHW OT peHTreHoBuUTe CI'IeKTpI/I).

OueBnaHoO e, Ye KoraTo eHeprusiTa Ha npexoaa e rno-marnka oT eHeprusita Ha Bpb3ka 3a
CbOTBETHUSI CIOW, TO BbTpellHaTa KOHBEPCUSI BbPXYy HEFO € HEBB3MOXHa (Crosi ce

“‘nskntoyBa” ot npoueca).

VlsyanaHeTo Ha CMNekTpute Ha KOHBEPCUOHHUTE EeNIeKTPOHU, W3NbyYBaHN TpU
pasnagaHeTo Ha gaaeH paguoHyKnna (eHeperM N MHTEH3NBHOCTU Ha KOHBEPCUOHHUTE

NMHUK) € NPeaMeT Ha KOHBEPCUOHHO-eJIEKTPOHHATa CNEeKTPOMETPUS.

EkcnepuMeHTanHUsi CNeKTbpP Ha KOHBEPCUOHHUTE €neKTPOHM OT eAuH SAApPeH

npexoAa rnoHdkora cbabp>xXa MHOXECTBO KOHBEPCUOHHU JTIMHUN C pa3findieH MHTEH3UTET.
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®dur.130. Cuctema oT KOHBEPCUOHHU NIMHUM 3a €AUHUYEH 9O0PEH Npexos.

B 3aBMCMMOCT OT pasgenuTenHaTta criocoBGHOCT Ha u3nonayeaHus [3-crnekTpomeTsp,
oTaenHuTe nuHuM B L- n M-cTpykTypuTe morat ga 6baat pasgeneHun. ToBa Moxe ga ce

ocbluecTsn ¢ GeTa-cnektporpad Tvn "Oanuw" u Gerta-crnektpometbp “m2 7 (BUXK

MarHuTHa BeTa-cnekTpomeTpus).

Monsarta oT pa3gensiHeTo Ha CTPYKTYpUTe e oYeBmnaHa:



1. EHeprusta Ha gageH npexon ce onpenens He3aBUCUMO MO HAKOMKO KOHBEPCUOHHM

NUHUKU (NPY TOYHO U3BECTHU EHEPrnN Ha BPb3Ka).

2. OTHOWeHMATa Ha MHTEH3UTETUTE Ha KOHBEPCUOHHUTE NMIMHUN 3a €OUNH U CbLl NMpexo
(KaKTO e snanm I'IO-K'bCHO) HOCAT BaXHa Mchopmau,vm 3a TMna n MynTUNONIHOCTTa Ha

npexopaa.

3. MNosiBAABa ce Bb3MOXHOCT 3a onpeaensHe Ha Z Ha atoma (ako € Hen3BecTeH), B
KOWTO CTaBa KOHBepcusiTa (N0 pasnukaTa B eHeprumte Ha KOHBEPCUOHHWUTE JIMHUM Ha

€[IVH U CbL, Npexon).

I'Ipm CNMOXHMU CXeMu Ha pa3nan KOHBEPCUOHHUTE CHNEeKTPU NOHAKOra ca TBbpAae

CNOXHM (BCEKM Npexod WMMa MO HAKOSIKO KOHBEPCUOHHU nuHuK). OyeBuaHO e
M3NCKBAHETO Aa ce paboTu ¢ B-cnekTpoMeTbP C BUCOKA pasdenuTenHa crnocobHoCT, 3a

noJjiydaBaHe Ha MakCMMyM VIHCbOpMaLI,VIFI.

lll. KOEOULIMEHTU HA BbTPELLUHA KOHBEPCUSA (KBK)

B no-npegHu yactn 6s8xa KOMEHTUPaHM NpaBunaTta 3a oTéop Npu SApeHUTEe NPexoau
kato: Tun (E-, M-) n myntunonHocTt (L) Ha npexoga. Cuwmnte npasuna 3a otbop ca B
CuMna KakTo npu rama-npexogute (pagvauMoHHM), Taka W 3a npoueca BbTpeLlHa

KOHBEpCUS C U3KNIYeHne Ha ToBa, Yye Tyk 0 — 0 npexoanTe 3a paspeLueHMm.

I‘Ipou,ecme Ha n3nb4yBaHe Ha ramMa-KBaHT U BbTpeELUIHAa KOHBEPCUA 3a AadeH npexoa ca

napanersnHm (KOHKypupaLlm ce). 3a BCekn npexoq Moxe [a ce onpeaenv sennymHara:

- MblNeH KoeduumeHT Ha BbTpewHa koHBepcusa (KBK)

kbaeto Ice = ZI; , i = K, L, Ly,... - 0O, UHTEH3UTET HA U3NbYEHUTE KOHBEPCUOHHM

€eneKTPOoHY; IY- WHTEH3UTET Ha pagnaumoHHua npexon (rama-kBaHTn). KBK daktmnyeckm

€ OTHOWeHMeToO Ha BepPOoATHOCTUTE 3a OCbllecCcTBABaAHE Ha npexoga win 4pes

BbTpeLlHa KOHBEpPCUA Ui 4Ype3 ramMa-KBaHTU.



OcBeH MbNHUA KOeMUUMEHT Ha BbTPELLUHA KOHBepcusa O, MoraT fa ce geduHupat u

napuuvanHu KBK 3a Bcsika OT KOHBEPCUOHHUTE NUHUKU HA Npexoa KaTo:

QOueBngHo O = Ok + 0y + 0oy ...MapumnanHnte KBK daktuueckn onpepensat

CbOTHOLLEHMNETO MEXOY UHTEH3UMBHOCTUTE Ha KOHBEPCUOHHUTE nuHun (K, Ly, Ly, ...) Ha
aaneH npexon. Kato npasuno K-nuHuaTta € Han-mHTeH3mBHa (nNopage ToBa, Ye € Han-

ronamMma eHeprmgd Ha Bpb3Ka 3a CJ'IOFI).

[MbnHaTa BEpOATHOCT 3a npexopaa e:

A= Ayt Age= Ay (14 Q) = A g

A. MNMoHATMe 3a TeopusAa Ha BbTpewHaTta KoHBepcus. 3aBucumoctu Ha KBK ot

KBAaHTOBUTE XapaKTepPMUCTUKN Ha npexoaa.

3apayaTta 3a HamupaHe Ha KoedULMEHTUTEe Ha BbTpellHa KOHBEpCUs e pelleHa
AO0CTaTbyHO TOYHO, npu ToBa KBK Manko 3aBUCAT OT CTpykTypaTa Ha sapoTo. OcBeH
oT Z v eHepruaTa Ha npexona, KBK saBucar cunHo o1 tmuna v MynTUNONHOCTTa, Taka
ye ekcnepuMmeHTanHoto onpegensHe Ha KBK v cpaBHsIBAHETO C TEOPETUYHO
npecMeTHaTUTE CTOMHOCTW, TMOHSIKOra Mno3BOSiiBa OnNpedensHeTo Ha Tuna wu
MYNTUNOSTHOCTTA, a OT TaM M XapakTePUCTUKUTE Ha HMBATa, MeXOy KOUTO Ce N3BbpLUBA

npexona.
1. 3aBMCMMOCT OT eHeprusita Ha npexopaa

C yBenuuyaBaHe Ha eHeprusiTa Ha npexoda koedUUMEHTUTE Ha BbTPELLUHA KOHBepcus

O6bp30 Hamanseart. [pexoanTe ¢ BUCOKA eHeprus ce U3BbpLUBAT C rofisiMa BEPOSTHOCT

paavaumMoHHO, T.e. C U3NbyYBaHe Ha Y-kBaHTW. Ha dwuryparta no-Hagony e nokasaHo
nosegeHneto Ha napumnanumsa KBK - Ok(EL) B 3aBuUCMMOCT OT eHeprusita wu

MYNTUNOMHOCTTA Ha npexoda. C nyHKTUp ca gageHun Ok 3a ML npexogute. JInHuute ca

6n13Kku 0o npaBu B noraputMmyeH mawao.
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®ur.131. NoBegeHne Ha Ok B 3aBUCUMOCT OT EHeprusaTa 3a pasnnyHu TUNoBe n

MYNTUNOSTHOCTU Ha npexoauTe 3a 9apo ¢ Z = 33.

He TpsibBa ga ce 3abpaBs, Ye 3a BbTpellHa KOHBEPCUsi CbLLECTBYBA NparoBa eHeprus
- KOraTo eHeprusaTa Ha npexoda cTaHe Nno-Marnka oT eHepruaTa Ha Bpb3Kka, BbTpeluHaTa

KOHBEpPCUA € HeBb3MOXHA.
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®ur.132. MNoBegeHne Ha Ol B 3aBMCUMOCT OT eHeprudarta (13kntousaHe Ha K-crnos ot

BbTpeLLUHaTa KOHBepCUs).



Mpu pobnuxaBaHe Ha eHeprusiTa OO0 nparoBaTa, koeUUMEHTUTE Ha BbTpellHa

KOHBEpPCUS PpA3KO HamanaBaT. ToBa nNuyn gobpe 3a TexkuTe sapa.
2. 3aBuUcuMoOCT OoT Z Ha aTomMa

B npoueca BbTpellHa KOHBEPCUS yyacTByBaT CBBbP3aHM (aTOMHW) erekTPOoHW, 3a
KOUTO eHeprusiTa Ha Bpb3Ka HapacTBa C HapacTBaHeTo Ha Z. Han-obwio kasaHo, C
HapacTBaHe Ha Z, KBK HapactBaTt npu dukcmpaHa eHeprusi U1 MynTUNOSTHOCT Ha
npexoaa (kato ce n3knoymn obnacrtra, 6nuska go npara). Mpu nameHenne Ha Z ot 40 go

80, koe(mumeHTUTE Ha BbTpelwHa KoHBepcua HapactBat okono 10 nbTu

(npnbnusnTtenHo ~ Z3).

3. 3aBUCUMOCT OT TMNa " MyNnTUNOJNTHOCTTA Ha npexoga

Mpu enHakBa MyNTUMOMHOCT U €Heprusi, KoeUUMEHTUTE HA BbTPELUHA KOHBEPCUS

3aBUCAT OT TUNaA: 3a M-npexopwlTe T€ Ca No-rofieémMum, OTKoJ1IKOTO 3a E-npexonMTe.

Mpn HapacTBaHe Ha MYNTUMNOJIHOCTTA KOE(ULMEHTUTE Ha BbTPELLUHA KOHBEPCUS
O6bp30 HapacTBaT (M 3a E-, n 3a M-npexoanTte) . ToBa e nspaseHo Jobpe Npu HUCKK
eHeprun, KbaeTo yBenuyaBaHeTo Ha L ¢ 1 Boau po ysenuyaBaHeTo Ha KBK ¢ eguH

nopsiabk (BMx cour.131).

C yBennyaBaHeTO Ha eHeprusita pasnukata mexay koeduumeHTUTe Ha BbTpeLuHa
KOHBEPCUSI C pasnMyHa MyMTMNOMHOCT HamansiBa, KaTo B rpaHuWyHus criydyam E — oo,

KBK npecTtaBat ga 3aBUCAT OT MyNTUNOSHOCTTA.

IV. OTHOWEHUA KIL, L)Ly, Ly/Lyy W APYTU

OT napumnanHuTe KoedMUMEHTN Ha BbTPELLUHA KoHBepcust Ok, O, Ol y... MoraT ga ce

obpasyBaT OTHOLLEHMS:

L,

K. L.
- e

ay _
a,

Tesan OTHOWEHUS (aKTUYECKM Ca OTHOLWIEHUS MEXAY WHTEH3UBHOCTMTE Ha
KOHBEPCUOHHUTE NMUHUMTE Ha JafdeHus npexon. Te ca TBbpae YyBCTBUTENMHM KbM TuMNa

N MyNTUNOJTHOCTTa Ha npexona. B mMHoro cnydaun e Bb3MOXHO onpepensaAHeTo Ha Tuna



N MyNTUMOJTHOCTTa CaMO NO Te3N OTHOLWEHUA, T.€. OT eKCnepuMeHTanHn gaHHn camo

OT KOHBEPCUOHHM CMEKTPU C BUCOKa pasfenutenHa cnocoGHocT, 6e3 npusnuyaHe Ha
LaHHW OT Y-cnekTpoMeTpusita. EcTecTBeHo ycrioBue e npexofa Aa 6bae OOCTaTbYHO

WHTEH3MBEH (C ronsiMm KBaHToB J0OOMB).

OueBngHO MeToAa Ha OTHOLWIEHUSATA € Npunoxmm 3a eHeprum go 1 MeV 3a Texkute
saapa, oo 500 keV 3a pegkoszemHute enemeHtTn u go 200 keV 3a nekute sgpa. lNpu
BMCOKN €HepPrunm koepnuneHTMTe Ha BbTPELLHA KOHBEpPCUSA BbOOLLE cTaBaT Manku un 3a

Han-4ecTo cpelaHntTe myntunonHoctn E1, M1, E2.

Ha ¢wur133. e nokasaH xoga Ha oTtHoweHueTto K/L 3a EL npexog 3a Z = 33 - 3a
nnioctpaums Ha ngesta. 3a ML npexogute xoaa e npubnuanTenNHo CbLymnsl, HO KPUBUTE

ca OTMeCTEeHMN.

BbTpewHuTe oTHOoweHus Ha L ctpykTypata Ly/Ly n Ly/Ly; ce n3ameHaT B oule no-Lumpoku
rpaHuumM - 0o 2 nopsiabka. TeopeTuyHO npecMeTHaTuTe KoeuuUeHTU Ha BbTpeluHa

KOHBepcus ca TabynupaHnu (Hanp. "amma nyun" nog peaakumnata Ha J1.A. Cnu.).
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®ur.133. MNoBeaeHne Ha OTHOLLEHNETO Ok/Ol B 3aBMCUMOCT OT eHeprusTta 3a E-

npexoau ¢ pasnuMyHa MynTunosiHocT npu Z = 33.



KOMeHTVIpaHVITe OTHOLWUEHNA Ca TOJIKOBa YYBCTBUTEITHMU,

ye

NOHAKOra pgaBaTt

Bb3MOXHOCT 3a onpeaendHe Ha npoueHTa Ha npexoaa C Nno-BMCOKa MYNTUNOJIHOCT B

cmeceHuTe npexoau (ot Tuna M1 + E2 n E1 + M2).

EavH npumep: npexoga 26,2 keV B 205Pb, 3a KOMWTO ca Habnwogasanu L, Ly, Ly,
M;,...My.
TeopeTuiHa OTHOCUTENEH NHTeH3nTeT
MYJTUNOJSTHOCT
L Ly Ly
E1 560 730 1000
E2 22 880 1000
E3 12 880 1000
M1 100000 | 10800 1000
M2 1800 90 1000
M3 120 5 1000
€KCNepUMEeHT 1610 50 1000
13+
1013 >
26 keV
M2
\ 4 9-
987 5

N3cneaBaHus npexoq e M2 mexay HuBaTa nokasaHu no-rope. CbLioTO € NOTBbPAEHO

N OT HabngaBaHUTE NHTEH3UTETU Ha KOHBEPCUNOHHUTE NMNHNN B M-CprKTypaTa.

Bbvobuwe wn3cnegBaHeTO Ha CbOTHOLWIEHMATA HA WHTEH3UTETUTE Ha pas3nn4yHuTte

KOHBEPCUMOHHM NIMHUKW Ha eOWH U Cbll, NPexod € MOLLeH MeTOA 3a onpeaensiHe Tuna u

MYNTUNOJTHOCTTA MY, KOETO OolNnpaBaBa CbleCTBYyBaHETO Ha nNpeun3noHHaTa B-

CNeKTpOoCKonna ¢ BUCOKa pa3aerimTenHa CrnocoBHOCT.



V. EKCMMEPUMEHTAJIHO ONPEAENAHE HA KOE®PULUMEHTUTE HA BbTPELUHA
KOHBEPCUA

YecTo BMECTO KoeduumneHTta

ce nsnonaysa koedumuneHTa

— I'ce __4a
ly+lce 1+0

T.€. OTHOWLEHNETO Ha MHTEH3NTEeTa Ha KOHBEPCUOHHUTE ENNTEKTPOHU ICE KbM MbJTHUNA

nHTeHsnTeT Ha npexopa (Ice + 1)

A. Han-npoct meTton 3a onpegensaHe koeduUMEHTUTE Ha BbTPELUHA KOHBepcusi e

NPAKOTO M3MepBaHe Ha MHTEH3NTeTa Ha Y-KBaHTUTE U KOHBEPCUOHHUTE €NEeKTPOHU Ha
AafeH npexod B cxemaTta Ha pasnag (abconoTHW WHTeH3uTeTun). Mauckea ce Y-

CNEeKTPOMEeTbp U B—cneKTpowlepr, TOYHO KanMbpoBaHu No edeKTUBHOCT (CBeTOCMNA),

Tbi KaTo B Cly4ada ce Kacae 3a abconoTHO n3mepBaHe Ha UHTEH3UTETUTE.

AKO B cxemarta Ha pa3nag mMmMma eguH WM HAKOJIKO npexoga C TOYHO WU3BECTHU

KOe(*)I/ILI,l/IeHTI/I Ha BbTpellHa KOHBEpPCUA, Te€ MoraTt Aa nocnyxat 3a NpuBbLpP3BaHe Ha

OaHHUTe OT Y- U KOHBEPCUMOHHO-eNEKTPOHHATa CMNEeKTPOCKOMMA no MHTEH3UTETU N B

TakbB Cnydai He e Heobxoanmo abconTHO n3MepsaHe Ha uHTeHanTeTute Iy n Ick.

B. Mo 6anaHca Ha UHTeH3UTETUTE 3a Ja[leHO HMBO (JaHHWN OT Y-CNEeKTPOMETpUNATa).

CE1 CE2




AKO JaAeHO HUBO ce 3apexda OT HAKONKO rama-npexoaa, 3a ropHus cnyvav — asa (Ys,
Y2) ¢ oTHocutenHu uHTeHautetn L, Lp n useecTHu koeduumeHT Ha BbTpelwHa
KOHBEpPCUS,, a HMBOTO Ce pa3pexpa caMo OT eauH npexon ‘Ys C OTHOCUTEmNeH

MHTEH3UTET 173 N HEN3BECTEH KOGCbVILl,I/IeHT Ha BbTpeLlHa KOHBepCus, TO:

Ig + Icgr + Lo + Icgo = Ig + I3
La(1+ o) + 1p(1 + 02) =I5 (1 + 03)

OT KbJeTo ce onpeaens 0.

MNpuHUMNBT e: CymaTta OT MbIHUTE MHTEH3UTETM Ha MpexoauTe, 3apexaallm ganeHo
HMBO (MOXe Oga uma u [-npexoam n O-MPEXoaM), € paBHa Ha cymarta OT MbIIHUTE

MHTEH3UTETU Ha pa3pexgallnTe HUBOTO nMpexoaun.

To3n meTtoq ce npunara B nabopatopudatra no ExkcnepumeHTanHa sigpeHa dusunka 3a

onpegensHe Ha NMbiHUA KOeUUMEHT Ha BbTpellHa KOHBepcus Ha npexopda 122 keV

(E2) B sgpoTo Ha 528m.

B. Upes cpaBHsiBaHe Ha MHTEH3UTETMTE (NrowWmTe) Ha HenpeKbCHaTUA B-cnekTbp

M KOHBEPCUOHHUA CMEKTbLP (JaHHU camo oT [3-criekTpockonusTa).

Metoga ce 6asvpa Ha (pakta, 4ye KOHBEPCUOHHUTE NMHUM (AMCKpeTHaTa 4YacT Ha

CreKkTbpa) NTeCHO MoraT [ja ce OTAENAT OT HenpekbcHaTtaTta yacT ([3-cnexkTbpa).

Korato umame npoctmsa criydam Ha cxema Ha pasnag, nokasaH Ha ¢wur.133 (rope),

nacneasaH c [B-cnektpomeTbp (cnekTbpa-gony), MoraT ga ce Onpeaensr: Iy -

WHTEH3UTET (nnow) Ha HenpekbcHaTus B-cnektbp n Ige = Ik + I + Iy — vHTeH3uTET

(nnoL) Ha KOHBEPCUOHHUTE NNHUK, TOraBa:

- - 1+0

OT KbAeTo ce Hamupa OL.
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®ur.134. OTaensiHe Ha KOHBEPCUOHHUTE €NEKTPOHN (OUCKPETEH CNEKTHbP) OT

HenpekbCHaTUSA B-CnekTbp.

Mpn pobpo pasgensHe Ha K, L, M nuHuuTe, moraT ga ce onpeaensaTt Oopu wu

napumanHute KBK - Ok, O, Olym.

3a no-crnoXHW cxemMmn Ha pasnag ¢ Hskonko [-npexoda, meToaa cpelia onpeaerieqHmn
TpyaHocTu. B To3M cnyyaih cregBa ga ce npaBu 6anaHC Ha WHTEH3MBHOCTUTE, HO

pasaenaTHeTo napumandute B-cnekTpy (HempekbcHaTU) e TBbPAe TPYAHO.

I'IpvmaraHeTo Ha TexXxHUuKata Ha cCbBhnageHudtTa MOXEe 3Ha4YuTernHo pnga OoOrnpocCcTU

HamupaHeTo Ha KBK npu cnoxHm cxemu Ha pasnag.

I Mo cpaBHABaHe Ha WHTeH3UTeTa Ha Y-Nnpexoga C WHTEH3UTeTa Ha

XapaKTepUCTUYHOTO PEHTFeHOBO NbYeHune.

MeToaa e Bb3MOXEH NpY NPOCTM CXeMU Ha pasnag c eauH npexoa.



CE

Cnepn BbTpellHa KoHBepcua Ha K-cnos, B Hero ce nosieABa BakaHLUMSA, KOATO ce
3anbnBa 4pe3 nanbysBaHe Ha K-xapaktepuctnyHo Ro-nbyeHue unu Oxe-enekTpoHW.
BeposATHOCTTa 3a aBaTa (KOHKypupallM ce) npoueca € XapakTepHa 3a [afeHus

€NeMEeHT 1 He 3aB1CK OT TOBA, MO KakbB Ha4YMH € Cb3JadeHa BakaHuusaTa. Toraea:

| - IKR'O
KCE™
WKRt)
IkcEe - HTeH3nTeT Ha K-KOHBEPCUOHHUTE eNeKTPOHU (MHTEH3MTET Ha obpasyBaHe Ha K-
BakaHuunn); WkRro - BEPOATHOCT 3a u3nbyBaHe Ha K Ro npu 3anbnBaHe Ha BakaHUusTa

(u3BecTHa oT cnpaBovHUUM); Ikro - UHTEH3UTET Ha xapakTepuctuyHata K Ro nuHus

(M3mepeH oT cnekTbpa).

AKO OT crneKTbpa ce onpefeny U MHTeH3uTeTa Ha ‘y-npexoga I, To:

.= IKCE= I
K

Iy  Wigrs ly

KRO

Mpu CrOXHM CXEMW Ha pas3nag MeToda € HEenpunoXum, Tbi KaTo BbTpellHaTa
KOHBEPCUS OT BCUYKM TMNpexoauM Lie [aBa MNPUHOC B VHTEH3UTeTa Ha
XapakTePUCTUYHUTE PEHTIEHOBM NHUKN. 3abenexeTe, Ye B raMa-cnekTbpa Ha ganeH
M3TOYHUK NPaKTUYECKM BUHArM nNPUCHLCTBAT [PyNu NUHUKW, ObMKaly ce Ha
XapaKTepUCTUYHO PEHTFeHOBO JTbYeHue, KoUTo He BumBa Oa ce ObpkaT Cc rama-

JIMHUNTE.



VI. MPOLIECH, CBNPOBOXOALUN BHbTPELLHATA KOHBEPCUA. ECTECTBEHA
LWUMPUHA HA KOHBEPCUOHHATA JINHWUA.

3a n3NbYBAHETO Ha XapakTEPUCTUYHO PEHTTEHOBO NbYeHne n Oxe enekTpoHu Beye
Belue cnomeHaBaHO BbB Bpb3ka ¢ poToedekTa (Bex BaanmogencrTeme Ha Y-KBaHTUTE

C BEeLeCcTBOTO).

I'Ipm BCEKM aKT Ha BbTpPeLlHa KOHBepCUusd ce noJjiydaBa BakaHUMA B CbOTBETHUA cnon

Ha eNnneKTpoHHaTa obBuBKa Ha atoma. ATOM C BakaHUUS1 € CUITHO Bb36yﬂeH aToM.

Pa3pexpaaHeTo (4MCTO aTOMEH npoLec) cTaBa no ABa HayuHa:
1. Upes m3nbyBaHe Ha XapaKTePUCTUYHU PEHTreHOBM KBaHTWU (eHeprusita 3aBucwu
camo oT Z) Npu Npexoan Ha eneKkTpoHUTE OT NO-BUCOKM HMBA Ha MO-HUCKU:

o Ky : npexoa Ly — K - Han-UHTEH3UBHU

o Ky2:npexoagl;—-K

e Kg: npexoan My , Ny, — K - Haid-BucokoeHepreTuyHu

C'bLLl,eCTByBaT Tabnuum c eHeprmmTe n MUHTEH3NBHOCTUTE HAa PEHTreHOBUTE JIMHUN.

2. Ypes Oxe edheKT: paspexgaHe 4ype3 npefaBaHe Ha eHeprnara Ha efleKTPOHHUS

npexo4 B atoMHaTa obBMBKa Ha eQnH eNeKTPOH OT cbluata obsmBka. Hanpumep npu
npexoga L — K eHeprusita ce npepasa Ha L -enektpoH (rpyna Ha KLL-oxe-

€reKTPOHN).

Oxe edekta He e "BbTpeweH doToedekT", a "aTomHa BbTpelIHa KoHBepcus" -

npeaaBaHeTo Ha eHeprusaTa cTaBa 6e3 NoCPegHUYEeCTBOTO Ha PEHTreHOB KBaHT.

Oe-eneKkTpoHUTE Ca MOHOEeHepreTu4Hu (obpasyBaT rpynu JMHUM) C WU3BECTHU

€HEePrMm N UHTEH3MBHOCTU, KOUTO 3aBUCAT caMo OT Z (T.e. U Te ca “XapakTepucTniHn’)

Oxe nuHUMTE npedaTr nNpu  npeumsHaTa HUCKOEHepreTU4yHa KOHBEPCUMOHHA
cnekTpockonust - mMoraT ga ObaaT OObpKaHW C HUCKOEHEPreTUYHU KOHBEPCUOHHU

nmHun. Ho “Oxe-eneKTpoHHaTa cnekTpockonua” e ob6bp aHannTn4eH MeToa.

EcTecTBeHa WMp1MHa Ha KOHBEPCUOHHUTE JIMHUM (KAYECTBEHO)



Beye Gelwe otbensasaHo, Ye ectecTBeHaTa LWWMPUHA HA SAapeHuTe Y-npexoan e TBbpae

Manka u ce Habnogasa AVPEKTHO MpU SOPEHOTO Pe30HACHO NorfblyaHe - edekT Ha

Mbocbayep.

[Mpoueca BbTpeLLUHaA KOHBeEpCcUS € (pakTU4eckn npexod OT SAAPEHO CbCTOsAAHUE (C
Manka wupuHa) A0 Bb3OyAeHO aTOMHO CbCTOslHMEe (BakaHuMsi B oOb6BuMBKaTa).
Bb3byaeHOTO aTOMHO CbCTOSIHME MMa 3HaYUTENHO no-ronama "WwupuHa", nopagu
TBbpAE KbCOTO BpPEME Ha XMBOT OTHOCHO PEHTreHoB npexod. B kpanHa cmeTka
LUMPMHATA Ha KOHBEPCUOHHATa NUHUSA Ce onpeaensi OT LWMPUMHATA Ha KpauHOTO

aTOMHO (Bb30yaeHO) CbCTOSAAHME.

Mopagn ToBa, 4ye K-BakaHumdATa ™KuBee" 3HAYMTEPHO MNO-KbCO Bpeme (no-rofisMma
eHeprms Ha Bb3byxaaHe)oT L-BakaHumATa TO MOXe pda ce o4akBa, 4ve K-

KOHBEPCUOHHUTE JIMHNU LLIE€ Ca NO-LLUNPOKUN OT L-KOHBepCI/IOHHI/ITe JINHUN.

[enctButenHo, nNpu npeumnsHa KOHBEPCUOHHA CMEKTPOCKOMNSA Ha 239Np € OTKpUTO, 4e
K-nununsarta (87,95 keV) Ha npexoga 209,75 keV e okono gsa nbtu (¢ 90 eV) no-
wmpoka ot Ly-nuHuaTa (83,87 keV) Ha npexoga 106,14 keV. B cnyyas gencrBUTenHo

ca HabnogaBaHn ecTeCTBEHUTE LWMPUHUN Ha KOHBEPCUOHHUTE JTTMHUN. Tes3n gaHHM ca B

cbrnacue c WWnpunH1NTE Ha peHTreHoBmuTe JNIMHUN.

VII. PEBOHAHCHUW OETEKTOPU 3A MbOCBAYEPOBA CIEKTPOCKOINUA

(3a nonsarta oT rofieMmnTe KoeULMEHTN Ha BbTPELLHA KOHBEPCUS)

119 m Sn
11-
— 1
> 89,
65,3 keV
M4
.
% Y 23,8
T+ 23,8 keV
— 0
2
119 Sn
119m
®ur.135. Cxema Ha pasnag Ha nsomepa Sn.



[a pasrmegame W3TOYHUK OT °™Spn — wuMpoko u3non3eaH B MbocGayeposaTa

cnekTpockonua (npexoga — 23,8 keV):

Mpexopn 65,3 keV:

Al =4 ; ATt = -1 (ga), (-1)4+1 = -1 npexog M4. TunuyeH usomep (M4-npexoante Beve
6sxa KOMEHTUpaHU Npwu ABMEHMETO M3OMeEpUs - ronsiMa MynTUMOMHOCT NpU Marnka

eHeprus). Tqj2 = 245 gHn. IHTeH3nTeTa Ha rama-npexona - 1,8.10'4 Y-KkB/pasn.

| |
Y -1 _-1810%; 0=55.103-C
Inpex  1+0 ly

KBK e MHOro ronsMm m npexoga nNpakTU4eckn € HanbfIHO KOHBepTupaH. ToBa ce

ABbIDKM OTHOBO HAa HMCKaTa eHeprus n Bucokata MynTUMnosTHOCT.
Mpexopn 23,8 keV (MbocbayepoB)

Al=1; ATt =+1 (He); (-1)1+1 =1 - npexog M1 ; Bpeme Ha XuBOT — t4)2 = 1,85.10'8 s(F

= 2,5.10'8 eV) ; HTeH3uTeT Ha rama-npexoaa - 0,163 'y ke/pasnag.

KoecmumeHT Ha BbTpeLLHa KOHBepCcUa Ha npexopa:

|
1 ; =513 T1.€ —or - 0.837

0,163 = —— & 10763

Cnepn 3acenBaHe Ha HuBoTO 23,8 keV (agpeHO pe3oHaHCHO nornbliaHe), B 84% ot

cnyyaunTe TO Ce pa3pexaa 4pe3 un3nbydBaHe Ha KOHBEPCUOHHWU €eJ1IeKTPOHU, a camMoO B

16% - ype3 nsanbyBaHe Ha Y-KBaHTW.

Naes 3a pe3oHaHCHU AeTeKToOpu:

Ako B obema Ha geTekTopa ce BbBede BewecTBO (C goctatbyHo ronsm f') n cnep

ANPEHO PEe30HAHCHO MOorMbliiaHe ce perncTpupal KOHBEPCUOHHUTE erneKTPOHWU, ce



nony4yasa AETEKTOP, C KOMTO Liie ce perucTpupart u3bupaTtenHo MMeHHO 6e30TKaTHUTe

(pe3oHaHcHM) 23,8 keV y-KBaHTM.

OueBnOHO pe3oHaHCeH OEeTEKTOP C BUCOKa edpeKTUBHOCT (M3bmnpaTenHa) Moxe aa ce
peanuaupa camo npu ycrioBue, Ye koeduumeHTa Ha BbTpellHa KOHBEPCUS Ha npexoaa

(MbocbayepoBus) e [OCTaTbYHO ronsm (KakTo € B criyyas).
EHeprus Ha KOHBEPCUMOHHUTE ereKTPOHM (3a npexoaa 23,8 keV):

EHepruarta Ha Bpb3ka 3a K-crnoda 3a Sn e 29,2 keV - T.e. BbTpelwHa KoHBepcusi Ha K-

CNnosi € HeBb3MOXHa. ManbyBart ce KOHBEPCMOHHN eNeKTPOHU KaKTO creaBa.

EHeprua | UHTEeH3UTET
L, | 19.41keV 61,3%
L, | 19,72 keV 5,0%
Ly | 19,95 keV 1,3%
M | 23,01 keV 13,4%
N | 23,74 keV 2,6%
2 =83,6%

Cnep BbTpelHa KOHBEPCUA, OCBEH TOBa Ce U3nbyBa:
PeHTreHoBo nbyeHue - LX - rpaHnyHa eHeprma 4,6 keV

Oxe enektpoHu - LXY - rpaHnyHa eHeprua 4,6 keV

1963 r. - PeanusnpaH 3a nNpbB NbT pPe30HaHCEH pgetektop - MwuTpodaHoB,

WnapuoHoBsa, LnnHen. MNasopa3psaaeH 6posy ¢ koHBepTop (BbTpe B Hero) 1,5 mg/cm2

SnO, - oborateH 75% 9.

1964 r. - JleBn, MutpaHn, OpmaHIXNEB - CUMHTUNALUUOHEH Pe30OHaHCEH AeTEeKTop -

nnacTmacoB cumHTunartop + Sn0; (oboraTteH).

1967 r. - boHueB, bypuH, BypkoB - pe3oHaHCHa MOHU3aLMOHHA Kamepa



1981 r. - MaHnpxykoB, MaHgxykoBa, >eneB, MapkoBa - BuUcokoedeKTUBEH

pe3OoHaHCeH CUMHTUNAUMNOHEH [OeTeKTop = nonukpuctaneH aHTpaueH +

duHogucnepceH SnO, (oboraTteH).

Pe3oHaHCHa e(hpeKTUBHOCT Ha AeTeKTopa:

T T
= e g %P (To)1-exp -2 1o 2

kbaeto: a/(o + 1) = 0,84 - BEpoOATHOCT 3a M3NbyYBaHE Ha KOHBEPCUOHEH EIeKTPOH cref

PE30HAHCHO MornbluaHe; Mce - BEPOSITHOCT 3a perucTpaums Ha KOHBEPCUOHEH

€NeKTPOH.

MHoxuTtensa

pros( )02

€ BEepOsiITHOCTTa 3a S4peHO Pe30HAHCHO NornbliaHe B AeTekTopa Ha 6e3oTkaTeH rama-
kBaHT; Ip - Mmoguduumparna Becenesa cdyHkumna ot 0 nopsavk; Tp = fod - edekTBHA
pebenuHa Ha getekTopa (pe3oHaHcHO BellecTBo); f - chakTop Ha Jlemb6-Mbocbayep Ha
PE30HAHCHOTO BeLLEeCTBO; G - MaKpoceyeHne (MakCMMariHO) 3a pe30HaHCHO S4peHO

119

nornbLiaHe (611 [cm2/g] 3a ectectBeH Sn - 8,6% ' "Sn); d - gebennHa Ha geTtekTopa

no Sn [g/cmz]

Hepe3oHaHCHa echeKTUBHOCT:

MakpoceyeHneTo 3a aTOMHO nornblyaHe (potoedekTt) 3a 23,8 keV rama-kBaHTK 3a

2 n n "~
Sn e 13,2 cm/g. (B pe3oHaHcHUS cumHTUnatop "pabotn" Sn, Tbi KaTo ocTaHanuTe
CbCTaBKM ca NeKN - MPUNOMHAME 3aBUCUMOCTTa 25)
N==Npe [1-exp(-Tg)]

1 - exp(-TE) - BEpPOATHOCT 3a aTOMHO MornbLLUaHe Ha Y-kBaHTK B obnactTa 23,8 keV; Tg
= Ud - edpektmBHa pAebenvHa 3a artoMHO nornbliaHe; W - KoedUUUEHT 3a

doTonornbLaHe; Npe - BEPOSITHOCT 3a perncrpaums Ha poToenekTpoHuTe.



EHeprumte Ha cboToenekTpoHuTe, n3dutn ot Sn (ot 23,8 keV rama-kBaHTK) cbBnagaT ¢

eHepruMTe Ha KOHBEPCUOHHUTE eNeKTPOHU, Taka Ye T\ce = MPE-
“CobcTBeH eheKT” Ha geTeKkTopa:

RD

«—>
Vv

®ur.136. lNoctaHoBKa 3a cHeMaHe Ha “‘cobcTBeHns” MbocbayepoB CnekTbp Ha

pe30HaHCeH OEeTeKTop.

S — n3To4HuK, RD — pe3oHaHceH aetektop, V — ckopocT (Bubpatop).

EkcnepumeHTanHo, MakcMmanHusa cobcTBeH edekT:

_Ng-N.,

€ N_

ce namepBa C gageHarta no-rope nocraHoBKa.

TeopeTnyHO € ce NpecmdATa No crnegHata npocrta gopmyna:

n
£=qn—R

poll

KbOeTo:

_ IMfS

ot
e napameTbp Ha nagaliMs cHon (3aBUCU OT M3TOYHMKA M duntpaumsaTta); Iy -
UHTeH3nTeT Ha Mbocbayeposute 23,8 keV rama-kBaHTh; fs - cdaktop Ha Jlemb6-

MbocGayep 3a U3TOUHMKa; liot - TOTANEH MHTEH3UTET Ha Y-KBaHTUTE B obnacTTa Ha 23,8

keV.



AMNNUTYOEH cNeKTbp Ha PE30HAHCHUS AETEKTOP C NOMMKPUCTANeH aHTpaueH:

2119

HeTexkTopa cbabpxa: 2 mg/cm sSno? + 20 mg/cm2 aHTpaueH. CHona cuntpupaH ¢

76 mg/cm2 Pd (meTan)

fonamMo NpeguMMCTBO Ha ONUCBaHUA pe30HaHCEH OETEKTOp B CpaBHEHWe C apyrute e,
Yye B aMNUTYOHUA CMEKTbP ce Habniogasa Aobpe oTaeneHa oT wymoBeTe "NUHUMA"

(No), Obmxawa ce Ha KOHBEPCUOHHUTE €eNeKTPOHWU, M3NbyBaHWM Ccreqd SapeHo
pe3oHaHCHO nornbuwaHe. PoToenekTpoHuTe (aTomMHO nornbliaHe - N,) cbwo gasaT

"MMHMS", YUMTO MaKCMMyM CbBMaga C MakCMMymMa Ha KOHBEPCUOHHUTE enekTpoHu. L

CTpykTypaTa, kakto 1 M n N KOHBEPCUOHHM NMHUN He ce pa3nensT.

Niimp] T
2.10°%}

Nng

50 100 KaHanm

®ur.137. ExkcnepymeHTanHn aMmnnnTyaHyu CNeKTpu Ha pe3OHaHCeH AeTeKTop C 119SnOz:

No — B pe3oHaHc, N, — BbH OT pe30oHaHcC.



MapameTpu Ha Han-4o6pPKU NOSyYeHN OT HAac Pe30HAHCHM CLUMHTUNATOPMU:

3a 2,5 mgicm® 11°Sn: Mg = 40%; MR = 2,3%; €=800%

A
N[imp]
¢ €5=10,16(q=0,42)
1.10°|
— <« My = 1,385(+0,005)[mm/s]
05 I, = 0,991(£0,003)[mm/s]
s =0,49
0 1 1 1 1 d 1 ! | I \

[
Ll

4
V[mm/s]

13 ” 11
®ur.138. ExkcnepumeHTaneH “cobCTBEH” CNEKTbP HAa PE30HAHCEH OETEKTOP C 98n02

Moka3aHna Ha curypata makcumaneH cobctBeH edekt € = 1000% e nonyyeH c

2119

petektop ¢ 1,5 mg/cm Sn.

Ob6ptbliame BHMMaHMe, 4Ye nuHuaTa Ha SnO3 e HepaspelleH AybneT ¢ KBagpynosiHO
pasuensaHe 0,50 mm/s. lNo-TacHa nuHua gaBaT getektopute ¢ CaSn0O3. Taka 3a

aeTekTop ¢ 2 mg/cm2 CaSnO;3; (ectectBeHa usortonHa cmec) I' = 0,81 mm/s; € =

230%.

MpunoxeHne Ha pe3OHAHCHUTE OEeTEeKTOpPMU:

1. B TpaHcmucmoHHata  MbocbayepoBa  cnekTpockonuMsi Ha  npobum  cbe

cnegHuTenpeanMMmcTBa:

al. Edpexta Ha npobaTta moxe ga gocturHe 100% (c obukHoBeH getekTop - ao f').
6/. TacHa nuHua - 1,471, Bmecto 2I' 3a OOMKHOBEH OeTeKTop. ToBa MNO3BOMsBa

nojstydaBaHe Ha NPpUHUMUMHO HOBU pe3ynTaTu.



RD

S A
«—

®ur.139. Cxema Ha NOCTAHOBKA 3a CHEMaHe Ha CMNeKTpu Ha Npobu ¢ pe3oHaHCeH

\Y

aeTekTop: S — n3TouHmk, A — abcopbep, RD — pesoHaHceH peTtektop,V — ckopocT

(Bubpatop).

2. B ekcnepMeHTM No KOXepeHTHO pa3cenBHe (PeneeBCKOTO KOXEPEHTHO pascerBaHe

nHTepgepmpa ¢ MbocbayepoBOTO pascerBaHe 1 NornbLUaHe).

3. Metoa 3a uamepBaHe Ha Marnku OTMECTBaHMUS Ha NuHMATA Ha npoba OTHOCHO

pe30oHaHCeH feTekTop. TemnepaTypHO YepBeHO OTMecTBaHe — edyekT Ha [onnep oT

BTOPY NOpsSiabK.



