BbTPELIHA KOHBEPCUSA U KOE®WULMEHTU HA BBLTPELWIHA KOHBEPCUS
(KBK)

. PUSUYECKA CHLIHOCT HA ABNEHUETO BBHTPELUHA KOHBEPCUA. 0 —» 0
NnPEXoOAn

I'IpexouMTe Mexay B'b36y,El,eHI/1Te A0PeHn CbCTOAHUA Morat Aa ce ocCbluecTBABaT Mo
ABa Ha4YuHa - UM 4Ype3 n3nbyBaHe Ha rama-KkBaHTU (pa,D,VIaLIVIOHHVI npexop,w), nin

ype3 U3NbyBaHe Ha KOHBEPCUMOHHN ENEKTPOHM (BbTpeLllHa KOHBepcUus).

Owe npe3 1910 r. banep n O.XaH oTkpuBat, 4Ye Ha (PoHa Ha HenpeKbCHaTUTE f-
CNeKTPM OT paaMoaKTUBHUTE Npenapartn, ce HabngasaTt M TECHU “NMMHUN’, ObiKalm
Ce Ha MOHOEHepreTU4HU eneKkTPOoHn (OUCKpeTeH cnekTbp). NpunymHa 3a nosiBaTa Ha
TakuBa fMHUM € NPOLECHT BbTPeLlHa KOHBEPCUs, Npu KOMTO EHeprusita Ha sapeHns
npexon ce npegasa U3Usno (M AMPEKTHO) Ha erNeKTPOH OT eneKTpoHHaTta o6BMBKa

Ha aToMa.

MbpBaTa MHTYyMTMBHA npefcrtaBa € 6una, Ye BbTpellHaTa KOHBepCcus npeacraBnsiBa
"BbTpelleH poToedekT", T.e. Ye npoueca npemMuHaBa npe3 u3nbyBaHe Ha y-KBaHT OT
SAPOTO, KONTO NpeamsBnkBa oToedekT BbTPe B M3nbyBawms atom. o-kbCcHO, cnen
oTKpmBaHeTo Ha T.H. 0 — 0 npexoon, KOMTO Ca HaMbfIHO KOHBEPTUPaHW, Tasu

npencrtaea e Ovna n3ocraBeHa.

Mpun npexopn 0" 0" eMHCTBeHaTa Bb3MOXHa MynTunonHoct e L = 0; AT = (—1)0 = +1

— npexoga € ot E tun, T.e. eguHCTBEHnsA Bb3MOXKeH npexon e EO0 (enektpuyeH
MOHonorneH). KakTo 3HaeM, TakbB npexos € abCcontoTHO 3abpaHeH No n3nbyBaHe Ha -
KBAaHTM M BbNPEeKn ToBa TOM Ce M3BbLPLUBA - Ype3 U3NMbYBaHe HA KOHBEPCUOHHMU

€JIeKTPOHMU 1 cCaMO Ha KOHBEPCUOHHW eNeKTPOHM (HanmbiTHO KOHBEPTMPAH Npexon).

'pyba HarnegHa npefcraBa 3a eNeKTPUYeckn MOHOMOJSTHU KonebaHusa Ha agpoTo (Ha
KapTUHKaTa no-Hagony) gaeBaTt cepuyHO-CUMETPUYHUTE paguanHu kornebanua Ha
3apegeHaTa yacT (M3MeHeHue Ha paguyca Ha 3apedeHa cdepa). B To3m cnyyan, BbH

OT rpaHnunTe Ha 4AapoTo HAMa USMeHeHne Ha eNneKTPoOMarHUMTHOTO noine.
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CobluectByBa 06aye HeHyneBa BepPOATHOCT HSKOW €rekTpoHW oT obBuBKkata ga ce
HamupaT BbTpPe B AOPOTO (s-enekTpoHu). B TO3M cnyya Te M™oraT pfa
B3aMMoaencTByBaT C SAPOTO U Aa UM Obae NpedafdeHa eHeprusiTa Ha npexoaa (aopu u

npw To3n TUn KonebaHmns).

Mpn konebaHma o1 no-Bucoka wmyntunonHoct (L > 0), enekrpomMarHMTHOTO
Bb3MYyLUEHNE Ce pa3npoCTpaHsiBa Aarned BbH OT npegenqte Ha SA4pPOTO U nopagu
TOBa € Bb3MOXHO HENOCpPeACTBEHO B3auMOAEWCTBUE C pPasfNYHM EfEeKTPOHU OT

obBuBKaTa (a He camMo C S-€NEKTPOHUTE).

OcBeH 0 — 0 npexoauTe, Opyro OokasaTernicTBO, Ye BbTpellHaTa KOHBEPCUS He e

"BbTpelleH poToedeKkT" e oTCbCTBMETO Ha "BbTpeweH KomnTtoHoOB edheKkT".

Il. EHEPTA HA KOHBEPCUOHHWUTE EJIEKTPOHU

EHeprusita Ha KOHBEPCUOHHUTE enekTpoHU (6e3 ga ce oTYMTa eHeprusita Ha oTKaT Ha
A4pOoTO) €:

Ee = Eif- Ep
KbaeTo: Ee - KMHETMYHA eHeprust Ha KOHBEPCUOHHUTE enekTpoHu; Eij - eHeprnsa Ha

aapeHus npexofd; E, - eHeprusi Ha Bpb3ka Ha aTOMHUS €NEKTPOH, KOWTO y4acTByBa B

KOHBepcusiTa.

Korato umame pagvauuoHeH npexoa:

B enektpoHHaTa obBMBKa Ha aToMa CbLeCTBYBaT CrioeBe (CTPOEX Ha atoma — Kypce
ATOMHa 1 sgpeHa gu13mka) ¢ HamansiBalwa eHeprnsa Ha Bpb3ka kakto cnegea - K, L, M,

N,... EnektpoHute oT K-cnosi ca Han-cMnHo cBbp3aHu. M3rpaxxgaHeTo Ha crnoe.seTe,



KakTO M eHeprusaTa Ha Bpb3Kka, 3aBucu camo OT Z Ha sagpoTto. B cnoesete, €
nsknioyeHne Ha K, couectsyBaT nogcenoese: Ly, Ly, Ly, My,... My, Ny,... Tpsabea ga ce
otbenexu, 4ye eHeprumTe Ha Bpb3ka E, 3a Bcekn enemeHT (Z) ca XxXapakTepHuU

BeJNIMYNHU, N3BECTHU C BUCOKA TOYHOCT (OT OaHHW OT peHTreHoBuTe CI'IeKTpI/I).

OueBnaHO e, Ye KoraTo eHeprusitTa Ha Npexoaa e no-Marnka OT eHeprusita Ha Bpb3ka 3a
CbOTBETHUS CMOW, TO BbTpeLlHaTa KOHBEPCUSI BbPXYy HErO0 € HeBb3MOXHa (crosi ce

“nskniouBa” ot npoueca).

N3yyaBaHeTO Ha CRNeKTpuTe Ha KOHBEPCUOHHWUTE EeNfeKTPOHM, W3NMbYBaHU Mpu
pasnagaHeTo Ha AafeH paguoHyknua (EHEePrMn U MHTEH3UBHOCTU HA KOHBEPCUOHHUTE

NMHUN) e NpeaMeT Ha KOHBEPCUOHHO-eNIEKTPOHHATa CNEKTPOMETPUS.

EkcnepuMeHTanHUsi CNeKTbp Ha KOHBEPCUMOHHWUTE €ENeKTPOHM OT eOuH SApPeH

npexoA rnoHdakora Cbabp>Xa MHOXXeCTBO KOHBEPCUOHHU NTMHUK C pa3findieH MHTEH3UTET.
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dur.130. Cuctema oT KOHBEPCUOHHW JIMHUK 3@ eOUHUYEH SAPEH NPEXoa.

B 3aBucMMOCT OT pasgenutenHaTa CNoCOGHOCT Ha M3MOnN3yBaHUs B-CMEKTPOMETHP,

oTaenHute nuHum B L- n M-cTpykTypute morat ga 6baat pasgeneHun. ToBa Moxe aa ce

ocbLlecTBn c¢ bBeta-cnektporpad tvn "OaHnw" n 6GeTa-cnekTpoMeTbp “m2” (BWX
MarHuTHa BeTa-cnekTpomeTpus).
Mon3saTa oT pa3gensHeTo Ha CTPYKTypUTE € OYeBMAHA:

1. EHeprusaTa Ha gageH npexon ce onpeaens He3aBUCUMO MO HAKOMKO KOHBEPCUOHHU

NMHUKM (NPY TOYHO M3BECTHM EHEPIUN Ha BPb3Ka).



2. OTHOWeHMATa Ha MHTEH3UTETUTE Ha KOHBEPCUOHHUTE NMIMHUN 3a €O0UH U Cbll Npexon
(KaKTO e snamm I'IO-K'bCHO) HOCAT BaXHa VIH(bOpMaLI,VIFI 3a TMna " MynTuUnonHOCTTa Ha

npexopaa.

3. lNosBsABa ce BBL3MOXHOCT 3a onpefensHe Ha Z Ha atoMma (ako € HEW3BeCTEH), B
KOWTO CTaBa KOHBepcusiTa (MO pasnukaTa B eHeprumte Ha KOHBEPCUOHHWUTE MNWHUM Ha

€OUH 1 Cbly npexon).

Mpun crnoXHu cxemMu Ha pasnag KOHBEPCUOHHUTE CNEKTPU MOHSKOra ca TBbPAEe CNOXHU
(BCEKM Npexoa uMa no HAKOSIKO KOHBEPCUOHHU NuHuUM). O4eBUOHO € U3NCKBAHeTo Aa ce
paboTn c B-CNeKTpoMeTbp C BMUCOKA pasgenurenHa CnocobHOCT, 3a noflyyaBaHe Ha

MaKCMMyM MHpopMaLus.

lll. KOE®OULIMEHTU HA BbTPELLHA KOHBEPCUA (KBK)

B no-npegHun 4Yactn 6sxa KOMEHTUpaHM NpaBunarta 3a oToop Npu SApeHUTE NPexoamn
kato: Tun (E-, M-) u myntunonHoct (L) Ha npexoga. CobLinte npasuna 3a oTbop ca B
Cvna KakTo Mpu rama-npexogute (pagvauuoHHM), Taka M 3a npoueca BbTpeLlHa

KOHBEPCUS C U3KIOYeHNe Ha ToBa, Ye Tyk 0 — 0 npexoauTe 3a paspeLueHu.

|_|pOLI,eCI/ITe Ha u3nb4yBaHe Ha y-KBaHT U BbTpPELUHa KOHBEpPCUA 3a AdadeH npexon ca

napanenHu (KOHKypupawum ce). 3a BCEKN Npexoa MOXe Aa ce onpenenn BenuynHaTa:

|
o =%- MbleH KoeduuMeHT Ha BbTpelHa kousepcus (KBK)
Y

kbaeto Ice = 2I; , i = K, L, Ly,... - 06l MHTEH3UTET HA U3MbYEHUTE KOHBEPCUMOHHMU
enekTpoHu; I, - nHTeHsuTeT Ha paguaunoHHns npexop (y-keaHTu). KBK daktuyeckn e

OTHOLUEHMETO Ha BEPOATHOCTUTE 3a OCbLUECTBABAHE Ha Mnpexoda uin 4ypel3 BbTpeLllHa

KOHBEPCUSI NN Ype3 y-KBaHTM.

OcBeH MbNHUA KOeUUUEHT Ha BbTPELLHA KOHBEpCUa O, MoraT fa ce geduHupart u

napumaniu KBK 3a Bcsika OT KOHBEPCUMOHHUTE NIMHUM Ha npexoda KaTo:



OueBnaHo QL =0k + 0L, + 0l +...

MapuunanHute KBK caktnyeckn onpeensat CbOTHOLWEHNETO MexXay UHTEH3UBHOCTUTE
Ha KoHBepcuoHHuTe nuHun (K, L, Ly, ...) Ha gageH npexoa. Kato npasuno K-nnHuata e

HaW-UHTEH3NBHa (nopa,u,e TOBa, 4Ye e Han-ronsima eHeprus Ha Bpb3Ka 3a CJ'IOFI).

MbnHaTta BEpPOATHOCT 3a npexoaa €:

1+

A=Ay +Acg=A, (1+0)=Ag o

A. lMNMoHATMe 3a TeopuMA Ha BbTpewHaTa KoHBepcusa. 3aBucumoctn Ha KBK ot

KBaHTOBUTE XapaKTepPUCTUKHM Ha npexoaa.

3agayata 3a HamumpaHe Ha kKoedULMEHTUTEe Ha BbTPELlHA KOHBEPCUS € peLleHa
AO0CTaTbyHO TOYHO, npu ToBa KBK Manko 3aBUCAT OT CTpykTypaTta Ha aapoTto. OcseH
OoT Z n eHepruaTa Ha npexoda, KBK 3aBUCAT CUMHO OT Tuna 1 MynTUNOSIHOCTTA, Taka
4ye ekcnepumeHTanHoto onpegensHe Ha KBK u cpaBHABaHeTO C TeopeTu4yHO
npecMeTHaTUTE CTOMHOCTM, TMOHSIKOra MO3BOSIsiBA OnNpedensHeTo Ha Tuna wu
MYNTUMNOMHOCTTA, @ OT TaM U XapaKTepUCTUKUTE Ha HMBaTa, MeXay KOUTO Ce U3BbpLUBa

npexoaa.
1. 3aBUCUMOCT OT eHeprusiTta Ha npexoaa

C yBeJin4aBaHe Ha eHeprudTa Ha npexoda KOGCbI/ILI,I/IGHTVITe Ha BbTpellHa KOHBepCUA
6'bp30 HamanaBar. I'Ipexo,u,VlTe C BUCOKa eHeprna ce n3BbpLuBaT C rondMa BepOATHOCT

pagMauMoHHO, T.e. C M3NbyBaHe Ha y-kBaHTU. Ha durypaTta no-Hagony e nokasaHo
nosegeHveto Ha napumanHua KBK - og(EL) B 3aBUCMMOCT OT eHeprusta u

MynTUNonHocTTa Ha npexoga. C nyHKTUp ca gageHun ok 3a ML npexogute. JluHuuTe ca

6nun3ku go npaBn B nNorapuTMmnyeH MaLuab.
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®ur.131. lNoBegeHne Ha Ok B 3aBMCUMOCT OT eHeprusita 3a pasfuyHn TUNoBse u

MYNTUNOMHOCTU Ha npexoauTe 3a s4po ¢ Z = 33.

He TpsibBa ga ce 3abpaBs, Ye 3a BbTpeLUHa KOHBEPCUS CbLUECTBYBA NparoBa eHeprus
- KOraTo eHeprusTa Ha npexofa cTaHe No-Marnka OT eHeprusta Ha Bpb3ka, BbTpeluHaTa

KOHBEpPCUA € HEBBb3MOXHAa.
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®ur.132. lNoBegeHne Ha Ok B 3aBMCUMOCT OT eHeprusita (uskrnoyBaHe Ha K-cnos ot

BbTpeLHaTa KOHBepCI/IFI).



|_|pl4 aobnmxkaBaHe Ha eHeprudta Ao nparoparta, KOGd)MLl,VIeHTMTe Ha BbTpellHa

KOHBEpCUS1 PA3KO HamManaBaT. ToBa nuumn gobpe 3a TexkuTe sapa.
2. 3aBucumocT oT Z Ha aToMa

B npoueca BbTpellHa KOHBEpPCUS yyacTByBaT CBbP3aHM (aTOMHW) €MEeKTPOHW, 3a
KOUTO eHeprusitTa Ha Bpb3Ka HapacTBa C HapacTBaHeTo Ha Z. Han-obwo kasaHo, C
HapacTBaHe Ha Z, KBK HapacTtBat npu dukcupaHa eHepruss U1 MynTUNOSHOCT Ha
npexoaa (kato ce n3knum obnactra, 6nmska oo npara). Npu nameHeHune Ha Z ot 40 go

80, koedhmumeHTMTE Ha BbTpelHa KoHBepcua HapacTtBat okono 10 nbTu

(NpnBnManTenHo ~ 23).

3. 3aBMCUMOCT OT TUNa U MyFfITUNOJNIHOCTTa Ha nNpexoaa

Mpn egHakBa MyNTUMOMHOCT M €Heprusi, KoeuUMEHTUTE Ha BbTpEeLlHa KOHBEpCWUs

3aBuCAT OoT TMNna: 3a M-npexoauTe Te ca no-rofsieMu, OTKOMKOTO 3a E-npexogute.

[Mpy HapacTBaHe Ha MYNTUMONHOCTTA KOe(MUUMEHTUTE Ha BbTPellHa KOHBEpCUS
O6bp30 HapacTBaT (M 3a E-, u 3a M-npexogute) . ToBa e n3paseHo Jobpe npu HUCKK
eHepruu, KbaeTo yBenuyaBaHeTo Ha L ¢ 1 Boan pgo yBenuvaBaHeTo Ha KBK ¢ eguH

nopsigbk (BuMx cur.131).

C yBEJIM4aBaHETO Ha €eHeprudta pasfimkata Mexny KOGC*)I/IU,I/IGHTI/ITG Ha BbTpeLuHa
KOHBEPCUA C pa3findyHa MYITUNOJTIHOCT HaMalnsdBa, KaTtTo B rpaHUYHUA cnyqa|7| E > oo,

KBK npecrtaBat ga 3aBUCAT OT MynTUNOSMHOCTTA.

IV. OTHOLWIEHMS KIL, Ly/Ly, Ly/Lyy Y OPYTU

OT napumanHuTe KoeduLUMEHTU Ha BbTPELLHa KOHBEpCUs Ok, Ol j, Ol y... MOraT ga ce

obpasyBaT OTHOLUEHUS:
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Te3n OTHOWEHUS q.')aKTI/I‘-IeCKI/I Ca OTHoWweHuAa wmexay WUHTEeH3UBHOCTUTe Ha
KOHBEPCUOHHUTE NMMHUNTE Ha OadeHUNA npexon. Te ca TBbpAe 4YyBCTBUTEINHN KbM TUNA

N MyNTUNOJTIHOCTTA Ha npexoaa. B MHoro cnydan € Bb3MOXHO onpegenAaHeTo Ha Tuna



M MyNTUMNONHOCTTA CaMO MO Te€3W OTHOLUEHMS, T.€. OT eKCrepUMEeHTarnHn AaHHU camo
OT KOHBEPCUOHHU CNEKTPU C BUCOKA pasfenuTerniHa cnocobHocT, 6e3 npuBnvyaHe Ha
[laHHM OT y-CreKkTpomeTpusita. EctecTBeHo ycrnoBue e npexoga Aa 6baoe gocTaTbyHO

WHTEH3MBEH (C ronsim KBaHToB JOOMB).

OueBnaHO mMeTOoA4A HAa OTHOLWIEHMATA € NPUIOXNM 3a eHeprum o 1 MeV 3a TexkuTte
saapa, oo 500 keV 3a pegkosemHuTe enemeHTn n oo 200 keV 3a nekute sgpa. Npu
BMCOKN eHeprnm koeuuneHTUTe Ha BbTPELLHa KOHBepCcUs BbOOLLE CTaBaT Manku 1 3a

Han-4yecTo cpelwaHnte myntunonHoctn E1, M1, E2.

Ha ¢wur.133. e nokasaH xoga Ha oTtHoweHneto K/L 3a EL npexog 3a Z = 33 - 3a
unoctpaums Ha ngesta. 3a ML npexoguTte xoga e npubnmn3anTenHo CbLUUs, HO KpUBUTE

Ca OTMEeCTEHMW.

BbTpewHute oTHoweHusa Ha L cTpyktypaTta Li/Ly n Ly/Ly ce n3ameHAT B oLle No-LUnMpoKu
rpaHuumM - o 2 nopsgbka. TeopeTU4HO npecMmeTHaTuTe KoeduUMeHTU Ha BbTpeluHa

KOoHBepcusa ca Tabynupanu (Hanp. "lamma nyun" nog pepakuuaTa Ha J1.A. Cnus).
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dur.133. MNoseaeHne Ha oTHoLweHneTo o/ol B 3aBUMCMMOCT OT eHeprusaTa 3a E-

npexoau ¢ pasnmMyHa MynTunosiHoCT npun Z = 33.



KOMeHTMpaHVITe OTHOWWEHNA Ca TOJiIkKoBa YYyBCTBUTEJIHN,

4ye nNOoHAKOora pasat

Bb3MOXHOCT 3a onpepgenddHe Ha npoueHTa Ha npexoga C no-BMCOKa MYJITUNOJIHOCT B

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

EanH npumep: npexoga 26,2 keV B 205Pb, 3a Kkonto ca Habnwogasanu L, Ly, Ly,
M;,...My.
TeopeTtnuha OTHoOCUTENneH UHTeH3nTeT
MYNTUNONTHOCT
L, L L
E1 560 730 1000
E2 22 880 1000
E3 12 880 1000
M1 100000 10800 1000
M2 1800 90 1000
M3 120 5 1000
eKCnepuMeHT 1610 50 1000
13
1013 >
26 keV
M2
A 9
987 >

N3cneaoBsaHusa npexon e M2 Mexay HMBata nokKa3aHu no-rope. CbwoTto e noTBbpaeHO U

OT HabnogaBaHUTE NHTEH3UTETU Ha KOHBEPCWMOHHUTE JIMHNN B M-CprKTypaTa.

Bvobuwe wu3scnegBaHeTo Ha CbOTHOLWEHMATA Ha WHTEH3UTETUTE Ha pasnnyHuTe

KOHBEPCUMOHHW NUHUM HA €AMH U Cbll NPExXod € MOLWEH MeToA 3a onpeaensiHe Tuna u

MyNTUMONHOCTTA My, KOETO OnpaBAaBa CbLECTBYBAHETO Ha MpeumnsvoHHaTa [-

CNEeKTpPOCKoMnmna ¢ BUCOKa pa3gernnteriHa CnocobHOCT.

V. EKCNEPUMEHTAJTIHO ONPEOENAHE HA KOE®UUMEHTUTE HA BbTPELLHA

KOHBEPCUA



YecTo BMecCTO KoeduumeHTa o=—

I o
ce usnonsysa koeduumeHTa o'=—=CE -
I, +1lce 1+0

T.e. OTHOWEHNETO Ha WHTEH3UTETa Ha KOHBEPCUOHHUTE eNeKTPOHU Igg KbM MbJIHUA

WHTeH3nTeT Ha npexoda (Ice + Iy).

A. Han-npoct meton 3a onpegensHe KoedUUMEHTUTE Ha BbTPELLUHA KOHBEPCUS €
NPAKOTO U3MEepBaHe Ha MHTEH3UTEeTa Ha Y-KBAHTUTE N KOHBEPCUOHHUTE €NEKTPOHU Ha
AafeH npexon B cxemata Ha pasnag (abconoTHM WHTeH3uTeTu). M3nckea ce v-
CMEKTPOMETBHP U B-CNEKTPOMETBHP, TOYHO KanumbpoBaHW No edeKTUBHOCT (cBeTocuna),

TbW KaTo B Clny4yada ce Kacae 3a abconoTHO namepBaHe Ha UHTEH3UTeTUTE.

AKO B cxemaTa Ha pa3nag mMa egunH Ui HAKOJIKO npexoda C TOYHO W3BECTHU
Koed)VILI,I/IeHTVI Ha BbTPpellHa KOHBEepCuA, Te Morat ga rnocsiy>aTt 3a npuBbp3BaHe Ha

AaHHUTe OT Y- U KOHBEPCUOHHO-ENEKTPOHHAaTa CNEeKTPOCKOMNnUA no UHTEH3UTETU N B

TaKbB CJ'Iy‘-IaIZ He € HeobxoanmMo abCcontTHO n3mMepBaHe Ha MHTEH3UTETUTE Iy U Ice.

B. Mo 6anaHca Ha MHTEeH3UTeTUTE 3a AafEeHO HMBO (AaHHMW OT y-CMEeKTPOMEeTpUsiTa).

CE1 CE2

AKO [aOeHo HMBO ce 3apeXda OT HAKOMKO rama-npexona, 3a ropHust criydam — aea (yq,
Y2) C OTHOCUTENHU WHTEeH3UTeTn Iyq, Lo U M3BECTHM KOedUUMEeHTW Ha BbTpellHa
KOHBEPCUSI, @ HUBOTO Ce pa3spexaa caMo OT e4UH NPEXOA Y3 C OTHOCUTENEH MHTEH3UTET

IY3 n Hen3BecTeH KOG(*)I/ILI,I/IeHT Ha BbTpellHa KOHBepCU4d, TO:

Iyq +Ice1 + Iy2 + Ice2 = ;3 + Ice3

La(1+ o) +L2(1 + a2) = L3 (1 + ai3)



OT KbETO Ce onpeaena o3.

MNpuHUMNBT e: CymaTa OT MbIIHUTE MHTEH3UTETU Ha npexoauTe, 3apexaally ganeHo
HMBO (MOXe Oa MMa U B-NpexoauM U a-npexoau), € paBHa Ha cymaTta OT MbiHUTe

MHTEH3UTETU Ha pa3pexgalnTe HUBOTO npexoan.

Toan meTon ce npunara B nabopaTtopusta no EkcnepumeHTanHa sgpeHa dusunka 3a

onpefensHe Ha MbiHUA KoedUUMEHT Ha BbTPeLlHa KoHBepcusl Ha npexoda 122 keV

(E2) B sgpoT0 Ha 1525 m.

B. ‘-Ipes CpaBHsiBaHe Ha UHTEH3UTeTUTe (I1.l10LI.|,VITe) Ha HenpeKbCHaTUA B-CNEKTbP

N KOHBEPCUOHHUSA CNEeKTbP (AaHHM caMo OT B-CreKTpocKonusita).

Metoga ce 6asvpa Ha (pakTa, 4Ye KOHBEPCUOHHUTE IMHMM (OMCKPeTHaTa 4YacT Ha

CreKkTbpa) ecHoO MoraT [ia ce OTAENAT OT HenpekbcHaTaTa YacT (B-cnekTbpa).

Korato Mmame npocTusi criydam Ha cxema Ha pasnag, nokasaH Ha ¢wur.134 (rope),
nscnedsaH C P-cnekTpomeTbp (CnekTbpa - Aony), moraT ga ce onpegenar. Ig -
WHTEH3UTET (NoL) Ha HenpekbcHaTuA B-cnektbp U Ice = Ik + I + Iy — MHTEH3UTET

(NnoL) Ha KOHBEPCUOHHUTE NNHUK, Torasa:

ool 41 =] HO
p=ly tlce=lce

OT KbJEeTO Ce Hamupa Q.
Mpn pobpo pasgensHe Ha K, L, M nuHuuTe, morat ga ce onpenensat nopu U

napumanHute KBK - ok, o, Olm.

3a no-croXxHW CXxemMu Ha pasnaf C HSKOMKO B-npexoda, MeToda cpella onpeaenexHu
TpyaHocTU. B To3u cnydyar cnegBa ga ce npaBu 6anaHC Ha WMHTEH3UBHOCTUTE, HO

pasnensaTHeTo napuunanHuTe B-cnekTpu (HenpekbcHaT) e TBbpAe TPYAHO.
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®dur.134. OTaensiHe Ha KOHBEPCUOHHUTE eNTeKTPOHU (ANCKPETEH CNEeKTbp) OT

HenpekbCHaTunA B-cneKpr.

FlpvmaraHeTo Ha TeXHUuKatTa Ha cCbBnageHusaATa MOXe 3Ha4YuTernnmHo [Ja omnpocTu

HamupaHeTo Ha KBK npu cnoxHu cxemun Ha pasnag.

. Mo cpaBHABaHe Ha WHTEH3UTEeTa Ha y-Npexoga C WHTeH3UTeTa Ha

XapakKTepncTtn4yHOTO PEHTreHoOBO NTb4€eHue.

MeToga e Bb3MOXeH npu NpPoCcTn CXeMn Ha pasnaj ¢ eaunH npexoa.

CE

Cnen BbTpellHa koHBepcus Ha K-cnos, B Hero ce nosiBABa BakaHUUS, KOATO ce
3anbnBa ype3 manbyBaHe Ha K-xapaktepucTnyHo Ro-nbyeHue unm Oxxe-eneKkTPOoHW.
BeposaTHocTTa 3a [gOBaTa (KOHKypupaliu ce) npoueca € xapakTepHa 3a OafdeHus

€NeMeHT M He 3aBUCKU OT TOBA, MO KakbB HAaYMH € Cb3JagdeHa BakaHuusaTa. Torasa:



| _ I KRo
KCE —
WKRo

Ikce - HTEeH3uTeT Ha K-KOHBEPCMOHHUTE eneKTPOHN (MHTEH3UTET Ha obpasyBaHe Ha K-
BakaHuun); WkRro - BEPOATHOCT 3a nanbyBaHe Ha K Ro npu 3anbnBaHe Ha BakaHUMATa

(u3BecTHa OT cnpaBoYHMUMN); Ikro - MHTEH3UTET Ha xapakTepucTuyHata K Ro nuHua

(M3mepeH OT cnekTbpa).

AKo OT cnekTbpa ce onpeaeny U UHTeHauTeTa Ha y-npexoaa Iy, To:

lkce __ lkro

I, Wikro ly

ok =

Mpn CNOXHW CXeMXM Ha pasnag MeToda € HEenpuroXum, Tbi KaTo BbTpelluHaTa
KOHBEPCUST OT BCUYKM MNpexoAau e [daBa MNPUHOC B WHTEH3WTeTa Ha
XapaKTepUCTUYHUTE PEHTIeHOBM NHMKU. 3abenexeTe, Ye B rama-cnekTbpa Ha AafeH
M3TOYHUK NPaKTUY4ECKM BWUHArM nNPUCHLCTBAT T[Pynu JNUHWMM, Obikawm ce Ha
XapaKkTepUCTUYHO PEHTFeHOBO JTbYeHue, KouTo He 6BuBa Oa ce ObpkaT Cc rama-

NMHnnNTE.

VI. MPOLECU, CBMNPOBOXAOALUN BbTPELLUHATA KOHBEPCUA. ECTECTBEHA
LWWMPUHA HA KOHBEPCUOHHATA JIUHUA.

3a n3NbYBAHETO Ha XapaKTEPUCTUYHO PEHTreHOBO JibyYeHne u Oxe enekTpoHU Beye
Gelle cnomeHaBaHO BbB Bpb3ka C poToedekTa (Bex Baanmogencreme Ha y-KBaHTUTE C

BELLLECTBOTO).

npl/l BCEKM aKT Ha BbTpellHa KOHBepCusA ce rnorjiydasa BakaHUuUA B CbOTBETHUA cnou

Ha eJieKTpoHHaTa obBuBKa Ha aToma. ATOM C BakaHLMsl € CUITHO B'b36y.ﬂ,eH aToM.

Pa3pexaaHeTo (YMCTO aTOMEH npoLlec) cTaBa No ABa HayuHa:

1. Llpes n3nb4yBaHe Ha XapaKTepuUCTU4HU PEeHTreHOBU KBAHTU (eHepI'MFITa 3aBucu

CaMo oT Z) npu npexogn Ha enekTpoHnTe OT NO-BUCOKN HMBA HA NO-HUCKN:

o K1 :npexog Ly — K - HAn-MHTEH3MBHMK

o Ky2:npexoglL;— K



e Kgp: npexoan My 1 , Njin = K - Han-BncokoeHepreTuyHu
B ’ ’

C'bl.l.l,eCTByBaT Tabnuum ¢ eHeprmmTe " MHTEH3MBHOCTUTE HaA PEHTIEeHOBUTE JIMHUN.

2. Ype3 Oxe edhekT: paspexgaHe ypes npefaBaHe Ha eHeprusTa Ha eneKkTPOHHMUS
npexo B aToMHaTa o6BMBKa Ha e4MH eNeKTPOH OT cbliaTa obBmBKa. Hanpumep npu
npexoga L — K eHeprusta ce npepasa Ha Ly -enektpoH (rpyna Ha KLL-oxe-

€NEKTPOHMN).

Oxe edekta He e "BbTpelweH doToedekT", a "atoMHa BbTpellHa KoHBepcus" -

npeaaBaHeETO Ha eHeprusitTa cTaBa 6e3 NocCpeAHNYEeCTBOTO Ha PEHTFEHOB KBaHT.

Oe-eNneKkTpoHMTe ca MOHOeHepreTU4YHuU (obpasyeaT rpynu NUHUM) C W3BECTHU

€HEPrMm N NHTEH3UBHOCTM, KOUTO 3aBUCAT camo OT Z (T.€. 1 Te ca “XapakKTepPUCTUYHN")

Oxe nuHMMTE npeyat npyv  nNpeuu3Hata HUCKOEHepreTMyHa  KOHBEPCUMOHHA
cnekTpockonust - moraT ga 6baat o06bpkaHM C HUCKOEHEPreTUYHW KOHBEPCUOHHU

nnHUK. Ho “Oxe-eneKkTpoHHaTa cnekTpockonua” e 4oObp aHanNnUTUYEH MeToa,.
EcTtecTBeHa WUMpPMHA HA KOHBEPCUOHHUTE JIMHUM (KAa4YEeCTBEHO)

Beue Gewe oTbenasaHo, Ye ectecTtBeHaTa LWUMPUHA Ha SOPEHUTE y-Npexoaun e TBbpae
mManka u ce HabnogaBa OUPEKTHO MPWU SOPEHOTO Pe30HacHO NorfbliaHe - edekT Ha

Mbocbayep.

MpouechbT BbTpelwHa KOHBepcust € hakTU4eckn npexon OT AAPEHO CbCTOosiHMe (C
Marnka wupuHa) A0 Bb3OyAeHO aTOMHO CbCTOAHME (BakaHuma B oOBMBKaTa).
Bb3byaeHOTO aTOMHO CBbCTOSIHME MMa 3HAYUTENHO no-ronsiMa "wupuHa", nopagu
TBbpAe KbCOTO BpPEME Ha XMBOT OTHOCHO PEHTreHoB npexod. B kpanHa cmeTka
LUMPMHATA Ha KOHBEPCUOHHATa NUHUSA Ce onpeaens OT LWMPUMHATA HAa KpauHOTO

aTOMHO (Bb30yaeHO) CbCTOSAAHME.

Mopagn ToBa, 4e K-BakaHuusATa "XuBee" 3HAYUTEPHO MO-KbCO BpemMe (Mno-rondma
eHeprna Ha Bb3OyxgaHe) oT L-BakaHumATa TO MoOXe pJda ce o4vakBa, 4e K-

KOHBEPCUOHHUTE JTIMHUA L€ Ca NO-LUNPOKUN OT L-KOHBepCVIOHHI/ITe JIMHUN.



[enctButenHo, npu npeumnsHa KOHBEPCUOHHA CNEKTPOCKONUS Ha 239Np e oTKpuTO, Ye K-
nuHusaTa (87,95 keV) Ha npexoga 209,75 keV e okono gsa nbth (¢ 90 eV) no-wmpoka
ot Lj-nuHuara (83,87 keV) Ha npexoga 106,14 keV. B cnyyas gencrtBuTenHo ca

HabnogaBaHN eCTeCTBeHUTe LWUMPUHN HA KOHBEPCUOHHUTE JTUHUW. Tes3n gaHHM ca B

cbrnacue c WWnMpunHnTe Ha peHTreHoBuTe JIMHUN.

VIl. PEBOHAHCHU AETEKTOPU 3A MbOCBAYEPOBA CIMNEKTPOCKONUA

(3a nonsara oT ronemnTe KoeUUMEHTH Ha BbTPELLHA KOHBEPCUS)

119 m Sn
11~
> 89,1
65,3 keV
M4
N
% y 23,8
T+ 23,8 keV
— 0
2
M9,
119m
®ur.135. Cxema Ha pasnag Ha nsomepa Sn.

119ms

Ha pasrnegame U3TOYHUK OT n — WWPOKO Wu3nofi3BaH B M'bOC6ayGPOBaTa

cnekTpockonusa (npexoga — 23,8 keV):

Mpexopn 65,3 keV:
Al =4 ; An = -1 (na), (-1)4+1 = -1 npexoa M4. TunuyeH nsomep (M4-npexoanTte Beve
6axa KOMEHTUpaHuU Npu SIBNEHNETO U3OMepUsi - ronsiMa MyNTUMOSTHOCT MNpU Marnka

eHeprus). Tqj2 = 245 gHU. HTeH3nTeTa Ha rama-npexoaa - 1,8.10'4 y-KB/pasn.

I
vy _ 1 =1,8.107% a:5,5.1o3'£
Inpex 1+ Y

KBK e MHOro ronsam u npexoga npakTU4yecku € HanbJZIHO KOHBepTupaH. ToBa ce

OBJTXN OTHOBO Ha HUCKaTa eHeprna n Bucokata MynTUMNOJIHOCT.

Mpexon 23,8 keV (MbocbayepoB)

Al=1; At =+1 (He); (-1)1+1 =1 - npexog M1 ; Bpeme Ha XuBOT — tq)2 = 1,85.10'8 S



(r= 2,5.10'8 eV) ; MHTeH3nTeT Ha rama-npexoaa - 0,163 y ks/pasnag.

Koe(tWIU,VIeHT Ha BbTpPellHa KOHBepCua Ha npexoaa.

0,163 = 1 ;. a=513 ; lee 0837
1+a I 0,163

Cnepn 3acenBaHe Ha HMBOTO 23,8 keV (agpeHO pe3oHaHCHO nornbliaHe), B 84% ot
cnyyamte TO ce paspexia vpes3 M3nbuBaHe Ha KOHBEPCUMOHHU ernekKTPOHW, a camo B

16% - Ypes3 nanbyBaHe Ha y-KBaHTW.
Npes 3a pe30HaHCHU AETEKTOPMU:

Ako B obema Ha geTekTopa ce BbBefe BewecTBO (C goctatbyHo ronam f') u cnen
A0PEHO PE30HaHCHO MOrnbliaHe ce pernctpupaTr KOHBEPCUOHHUTE eneKTPOHU, ce
nony4aBa AETEKTOP, C KOWTO Le Ce perucTpmpaTt nsbmpartenHo MMeHHO 6e30TKaTHUTe

(pe3oHaHCcHMU) 23,8 keV y-KBaHTM.

OueBnOHO pe3oHaHCEeH OEeTEKTOP C BUCOKA edheKTMBHOCT (M3bmnpaTenHa) Mmoxe ga ce
peanuaupa camo npuv ycrnoBue, Ye KoeduumeHTa Ha BbTPELUHa KOHBEPCUSI Ha Npexoda

(MbocbayepoBus) e 4OCTaTbYHO roNsAM (KakTo e B cny4vas).
EHeprmua Ha KOHBEPCHMOHHUTE eneKTPOHM (3a npexoaa 23,8 keV):

EHepruaTa Ha Bpb3ka 3a K-cnos 3a Sn e 29,2 keV - T.e. BbTpelwlHa KoHBepcus Ha K-

CIos € HeBb3MOXHa. ManbyuBaT ce KOHBEPCUOHHWU ENEKTPOHU KaKTO crieaBa:

EHeprua | UHTeH3UTET
L, | 19,41 keV 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%

X =83,6%




Cnep BbTpeLllHa KOHBEPCUA, OCBEH TOBA Ce U3NbyBa:
PeHTreHoBo nbyeHue - LX - rpaHnyHa eHeprus 4,6 keV

Oxe enektpoHu - LXY - rpaHnyHa eHeprus 4,6 keV

1963 r. - PeannaunpaH 3a npbB MbT pe3oHaHceH aeTtektop - MutpodaHos, MnapuoHosa,
WnuHen. Masopa3spsapeH 6posv c koHBepTOp (BbTpe B Hero) 1,5 mg/cm2 SnO; -

119

oboraTteH 75%  Sn.

1964 r. - JleBn, Mutpanun, OpMmaHOXMEB - CUAHTUIIALMOHEH PEe30HAHCEH AeTeKTop -

nnacTtmacoB cuuHTunartop + Sn0; (oborateH).
1967 r. - boHyeB, bypuH, bypkoB - pe3oHaHCHa MOHM3aLMOHHa Kamepa

1981 r. - MaHgxykoB, MaHgxykoBa, >Xenes, MapkoBa - BUCOKOe(EeKTUBEH

pe3oHaHCeH CUMHTUNAUNOHEH [OeTeKTop = nonukpuctaneH aHTpaueH +

duHoamncnepceH SnO, (oboraTeH).

Pe3oHaHcHa eheKTUBHOCT Ha AeTeKTopa:

% o exol -T2 ) (o
nR—ncEaHP exp( ZJIO(ZH

KbOEeTo. = 0,84 - BEPOATHOCT 3a M3JTb4BaHE Ha KOHBEPCUOHEH ENEeKTPOH cnepn

o+1

PE30HAHCHO MOrMbluaHe; Mce - BEPOSITHOCT 3a perucTpauusi Ha KOHBEPCUOHEH
€NEeKTPOH.

TD TD
MHOXuUTENAT | 1—exp D I > € BEpOSATHOCTTAa 3a SOPEeHO PEe30HaHCHO

nornblaHe B AeTektopa Ha 6e3oTkaTeH rama-kBaHT; Ig - moamndumumpaHa bBecenesa
dyHKuma ot 0 nopaawvk; Tp = fod - ecbekTuBHa aebenuHa Ha geTekTopa (Pe3oHaHCHO
BewecTtBo); f - daktop Ha Jlem6-MbocbGayep Ha pe3OHaHCHOTO BELLECTBO;, G -

2
MakpoceyeHne (MakcuMarnHo) 3a pe3OoHaHCHO saapeHo nornblaHe (611 [cm/g] 3a

119

ectectBeH Sn - 8,6%  “Sn); d - pebenuHa Ha geTekTopa rno Sn [g/cmz].

Hepe3oHaHCHa e(heKTUBHOCT:



MakpoceyeHneTo 3a aTOMHO nornbliaHe (poToedekT) 3a 23,8 keV rama-kBaHTK 3a

2 y
Sn e 13,2 cm/g. (B pe3oHaHCHUA cumHTUnatop "paboTn" Sn, TbM KaTo OCTaHanuTe

5
CbCTaBKM ca Neku - NPUNoMHsAMe 3aBucumocTtTa Z°)
Ng =Mpe [1_ exP(_TE)]

1 - exp(-Tg) - BEPOATHOCT 3a aTOMHO NorfbLiaHe Ha y-kBaHTU B obnactTa 23,8 keV; Te
= ud - ecdexktmBHa pebenvHa 3a aTtOMHO MOMbLiAHE; p - KoedUUMEHT 3a

doTonornbLaHe; Mpe - BEPOATHOCT 3a peructpaumns Ha OTOENEeKTPOHNUTE.
EHeprumTte Ha dpoToenekTpoHute, n3dutn ot Sn (ot 23,8 keV rama-kBaHTK) cbBnagar c
eHeprumTe Ha KOHBEPCMOHHUTE ENeKTPOHU, Taka Ye MNce = NPE-

“CobcTBeH echeKT” Ha geTeKTopa:

RD

“—>
\

®ur.136. MNocTtaHoBKa 3a cHeMaHe Ha “cobcTBeHna” MbocbayepoB cnekTbp Ha
pe3oHaHCceH aeTekTop. S — n3tovHuk, RD — pe3oHaHceH getektop, V — ckopocT

(Bubpatop).

EkcnepvmeHTanHo, MmakcumanHma cobcTBeH edexT:

o No-N,
N

o]

Cce n3amMepBa C gageHata no-rope nocrtaHoBKa.

TeopeTnyHO € ce npecmMmsTa no crnegHara npocrta opmyna:

g=qlR

Nr



I f
KbaeTo. Q= Mse napamMeTbp Ha nagawma CcHon (3aBI/ICI/I OT MU3TOYHUKaA ="
tot

duntpaumusaTa); Iy - mHTEeH3uTeT Ha Mbocbayeposute 23,8 keV rama-kBaHTtu; fg -

dakTop Ha Jlemb-Mbocbayep 3a U3TOYHUMKA; Iiot - TOTANEH UHTEH3UTET HA Y-KBAHTUTE B

obnactTa Ha 23,8 keV.

AMI'IHVITyJ:I,GH CNeKTbpP Ha PE30OHAHCHUA OETEKTOP C NONMMKPUCTAIeH aHTpaLUeH:

2119

[eTtekTopa cbabpxa: 2 mg/cm Sn0? + 20 mg/cm2 aHTpaueH. CHona dunTpupaH ¢

76 mg/cm2 Pd (metan)

N(imp] *
2.103}

50 100 KaHanm

119
®dur.137. EkcnepyMmeHTanHn amnanTyaHn CNekTpu Ha pe3oHaHceH getektop ¢ Sn0y:

No — B pesoHaHc, N, — BbH OT pe30HaHC.

lonsamo npeanmMmcTBO Ha ONMUCBaHUA pe3OHaHCEH OETEKTOp B CpaBHEHWE C Opyrnte e,

4ye B aMnNnMTYOHUA CNEKTbP ce HabnogaBa Aobpe otaeneHa ot wymoBeTe "NUHUA"

(No), AbmKawa ce Ha KOHBEPCUOHHUTE EeneKTPOHWU, M3NbyBaHM cned SOpPeHo

pe3oHaHCHO nornbliaHe. PoToenekTpoHuTe (aToMHO nornbliaHe - Ny) Cbllo gaBaT



"MMHMSA", YUMTO MaKCUMyM CbBMaga C MakCMMyMa Ha KOHBEPCUOHHUTE enekTpoHu. L

CTpykTypata, kakto 1 M 1 N KOHBEPCUOHHM NUHWUM He ce pa3densT.

MapameTpu Ha Hal-goOpPK NOMyYeHM OT Hac Pe30HAHCHU CUMHTUNATOPW:

3a 2,5 mg/icm” 1°Sn: Mg = 40%; M. =2,3%; €=800%

A
N[imp]
& €0=10,16(q = 0,42)
1.10°F
> «— Iy = 1,385(x0,005)[mm/s]
0.5 M= 0,991(+0,003)[mm/s]
s=0,49
0 1 1 1 1 d 1 | | . L
4 3 2 A 0o 1 2 3 4
Vv[mm/s]

13 ” 119
®ur.138. EkcnepmmeHTaneH “cobcTBeH” CNEKTbP Ha pe3oHaHceH getektop ¢ SnO»

MokasaHna Ha curypata makcumaneH cobctBeH edekt € = 1000% e nony4veH c

petektop ¢ 1,5 mg/cm2 "9sn.

O6ptbliame BHMMaHWe, 4Ye nuHusaTa Ha SnO3 e HepaspelleH aybneT ¢ kBagpynosiHO
pasuensaHe 0,50 mm/s. lNo-TacHa nuHna pasaTt getektopute ¢ CaSnO;. Taka 3a

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

230%.
MpunoxeHue Ha pe3OHaAHCHUTE AeTEeKTopu:

1. B TpaHcmucuoHHata  MbocbayepoBa  cnekTtpockonusi Ha  npobu  cbe

cnegHnTenpeanmcTea:

al. Edexta Ha npobata moxe aa gocturHe 100% (c obmnkHoBeH aetektop - o f').



6/. TacHa nuHua - 1,471, Bmecto 2 3a OBMKHOBEH OeTekTOp. ToBa no3BonsiBa

nony4vyaBaHe Ha NPUHUMMNMHO HOBWU pe3ynTtaTi.
S A
+—>

®ur.139. Cxema Ha NOCTaHOBKAa 3a CHEMaHE Ha CNeKkTpu Ha Npobu ¢ pe3oHaHCeH

RD

/

\Y

aeTekTop: S — n3touvHuK, A — abcopbep, RD — pesoHaHceH aeTekTop,V — cKopocT

(Bnbpatop).

2. B ekcnepvMeHTU Mo KOXePEeHTHO pa3sceliBHe (PeneeBckoTO KOXEPEHTHO pasceriBaHe

nHTepdepupa ¢ MbocGayepoBOTO pasceirBaHe 1 NormbLiaHe).

3. MeTtoq 3a u3aMmepBaHe Ha MankM OTMECTBaHWS Ha NMHUATA Ha npoba OTHOCHO
pe3oHaHceH AeTekTop. TemnepaTypHO 4YepBeHO OoTMecTBaHe — edpekT Ha [onnep ot

BTOpPM Nopsiabk.
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