MATHUTHA BETA-CNEKTPOMETPUA
I. MAJTIKO UCTOPUA

Okono 1900 r. Pbaobpdopa npaBu ONMTU 3a OTKMOHEHUE Ha paguoaKTUBHUTE
NbYeHUss B HanNpeyHoO MarHUTHO norfie. YCTaHOBSABA, Y€ Y-KBAHTUTE He ce
OTKITOHSAIBAT, o-4acTULUMTE Ce OTKIOHSBAT MHOro crabo, a B-yactnuyuTe ce OTKNoHABaT
CUnHo (1 B obpaTHO HanpasrieHre Ha a-vactuumTte). OTKpUTOo €, Ye BeTa-yacTnyuTe He

ce OoTNinm4aBaT No HULLO OT KAaTOOAHUTE b4l (eJ'IeKTDOHVI), M3BECTHWN NO-pPaHo.

dur.76. NoBegeHne Ha sapeHnTe MbYeHNA B MarHUTHO nose.

lopHaTa knacmyecka KapTuHKa OT y4ebHuumuTe no dusmka ce nosiesisa 3a NPbB MbT B

ancepTtauuaTta Ha Mapusa Kiopu (1903 r.).

[MbpBM onuTn NO onpeaensHe Ha €HeprusiTa Ha EeneKTPOHUTEe Mo MPSKOTO UM
OTKITOHEHWE B HarpeyHo MNOCTOSSHHO MarHuUTHO none - bavep u OTto XaH (1910 r.)
OTKpUTM Cca OUCKPETHU NUHUU BbPXY HenpekbCHaTUTe B-CrnekTpu, AbiKawy ce Ha
MOHOEHEPreTU4YHN  eNieKTPOHU - KOHBEPCUMOHHM NMHUMWU. bBeTa-cnekTpomeTpuTe
nonyyaBaT 3Ha4MTENHO pas3BuUTME efBa cred OTKpuBaHe Ha npuHUMNA Ha

nonykpbroBata ¢pokycupoBka oT [JaHuw (1912 r.).

BeTta-cnekTpomeTpuTe ca MarHUTHM aHanM3aTopu Ha CreKkTbpa Ha 3apefeHn 4acTuum
no umnyncu. C TaAX ce wuacnegBar [(-cnekTpy (HenpekbCcHaTW) M CNekTpu Ha

KOHBEPCUOHHW EMEKTPOHN (AUCKPETHU, NIUHENHN).



Il. OCHOBHU CbOTHOLUEHUA U NAPAMETPU HA BETA-CNEKTPOMETPUTE

N3BecTHO e, Ye KOraTto enekTpoH CbC 3apsg e u ckopocT V ce ABWXM B €4HOPOOHO

MarHutHo none B (\7 1B ), Ha Hero My gencTeyBa JlopeHuoBa cuna
F,=eBV( LV 1B

TpaekTopusTa My € OKPBXKHOCT € paaumyc p. LieHTpobexHaTta cuna e:
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ToraBa:
mV?2 m
eBV = m= 0
P [ V1-B* J

nmv= eBp = Pe, T.€. aKO No3HaBame MarHMTHoTO none B un paaunyCa Ha KpuBMHaTa Ha

TpaektopudatTa p, MOXeM [da onpegenuam  ummnyrnca Ha eriekKTpoHa. Qpes B-

CMEeKTPOMETPUTE eNeKTPOHUTE Ce aHanmuampaTt No UMMyrc.

MbnHa penaTtuBMCTKa eHeprust Ha eneKkTpoHa:

E,= \/ (myc?)? +c?P2

PenatuBucTtka KUHETUYHA eHeprun4a:

E,=E, -m,c?= \/ (myc?)? + c?(eBp)? —m,c?

dyHkumaTa Ex(Bp) e npecmeTHaTa 1 TabynupaHa (Hanpumep tTabnuuute Ha [xenenos
n 3bipsHOBA) M NO3BOMsBa OnpefensiHe Ha eHeprusita Ha enekTpoHuTe, Korato e

N3BECTHO npounsseneHneTo Bp.

2
E, =m,c? \/1+(LJ (Bp)? -1
m,c

e=4,810"°Crce =1,6.10"° kynora = 1,6.102° CIr'CM ; mg = 9.10°% [g].

YncneHo: E[keV]=511[\/1+0,344.10‘6(Bp)2 —1} Bp - [rc.cm]



2
2e _ y
KoHcTaHTaTa npen Bp 3a o-yactuum e (—j =2,6.10", Toit kaTo m,c? = 938
m,c

MeV x 4; 3apsg 2e.

3a a-vactvum: E[keV] = 4x938|: \/ 1+2,6.107*(Bp)? - 1}

MpeacraBa 3a BeNMMYUHUTE:

enekrTpoHu: E; = 1 MeV; (Bp)2 = 2251028; Bp = 4744 rc.cm; 3a p = 20 cm (TUNWUYHK

pa3mepun); B = 237 rayca - MoXe 4a ce NOCTUrHe C NOCTOSIHHU MarHUTW.

a-yactuum: E, = 1 MeV; Bp = 143194 rc.cm; 3a p = 20 cm; B = 7160 rayca - okono 30

NbTU NO-ros1IAMO MnoJsie.

a-yactuum: Ex = 5,3 MeV - peanHa eHeprusa; Bp = 330000 rc.cm; 3a p = 50 cm —

(peanen npubop); B = 6600 rayca, KOeTo ce AocTura C ronsiMm eneKkTpoMarHuT.
MapameTtpu:

1. Bxogsiwa anepTtypa - 4acTTa OT efieKTPOHUTE, U3MbYBaHu (B 4m) OT M3TOYHMKA W

HaBfM3ally B CNeKTpoMeTbpa - AaBa ce € ) - MPOCTPaHCTBEH bIbJ1 KAaTo YacT OT 47,
nog KOmMTo €NIeEKTPOHNTE BIIN3aT BbB BXOoAAdALlaTa ,D,Vlacbparma Ha CreKkTpomMmeTbpa (OT

yactn oT % no 20%).

2. Cgetocuna - 4yactta OT WU3NBYEHUTE W3OTPONHO OT WU3TOYHUKA ENIEKTPOHM,
pernctpupaHn B getektopa - T = Q.g, KbAETO € - YacTTa OT BNe3nmTe enekTpoHU, KOUTo
aocTturaT geTekropa un ce permctpupaTt (NpubnmsnTenHo cbBrnaga ¢ epekTMBHOCTTa Ha
aetektopa). T < Q, Tbi KaTto € < 1 NO PasnMYHU NPUYUHK - NUNCca Ha POKyCUpOBKa MO

€dHa OT KoopAunHaTuTe, HUCKa e(beKTVIBHOCT Ha M3NnofidyBaHUA Ha M3Xoda OETEeKTop U

T.H.

3. PazpenutenHa cnocobHocT no umnyncu: - MoHoeHepreTn4Hn enekTpoHn (¢ Bp),

HaBnM3awu BbB BXoadulara gnadgparMa Ha CnekTpoMeTbpa, Ha nsxoaa gasart "nmHusa"

(

C KpavHa nonywwupuHa A(Bp). PasgenutenHata cnocobHocT R:%. lMoHsikora ce
p



paboTtu ¢ "6asncHa WwnpuHa" Ha NUHKUAGTa (LWnMpmMHa B OcHOBaTa) Ao(Bp), KaTo Ao(Bp) =

2A(Bp). Han-gobpata pasgenutenHa cnocobHocT e oT nopsiabka Ha 0,01% (no-gobpa
OT Tasn Ha MNONyNpPOBOAHUKOBUTE OETEKTOpU U KpucTan-gudpakumoHHUTe

cnekTpomeTpun) oo 1%.

4. OTHoweHne T/R - ToBa OTHOLIEHWE XapakTepusmpa KavyecTBOTO Ha AafeHus
CNeKkTpoMeTbp. TO He Bapuvpa MHOMO CUSTHO 3a pPasfUYHUTE TUMOBE CMNEKTPOMETPMU,
Bbrpekn 4ye nootaenHo T v R moraT ga Bapupat Ha nopsgbuu. ToBa nosefeHve Ha
oTHoweHueTo T/R ~ const nokasea, 4ye B P-cnekTpomeTpuTe Aobpa pasgenutenHa
CNOCOBHOCT MOXe Aa ce MofyYn C LeHaTa Ha CMIHO HamarnsiBaHe Ha cBeTocunarta u

obpaTHo.
lll. KNACUDPUKALUNA

1. B = const; p - npomeHnuBeo - Tmn daHnw (npubop ¢ NOCTAHHO nore)

2. p = const; B - npoMeHn1BO - BCUYKN ocTaHanu (Npnbopwu ¢ NOCTAHHa opbuTta)

Mo KoHcurypaumsa Ha noneTo:

MarHUTHU
NJTOCKHU BUHTOBMU €JNIeKTPOCTaTU4YHMN
B = const p = const p = const
[JanunL JBoKHa abnra newa LUMNUHOPUYHA
doOoKycnpoBKa

CEKTOpPHMU Kbca newja cchepnyHm

“‘noptokan” AByneLLoBu KOaKcmanHu ¢
€NeKTPOoCTaTUYHO
ornepano
C KopurmpaHa
newa

Pa3Hoo6pasmeTo Ha ngenTe N KOHCTPYKUUUTE B -CMEKTPOMETPUATa € MHOIo rofigamMo.



BeTta-cnektpomeTpute ¢ paBHoBecHa opbuta p = const u npomeHnuso none B umar
BapuaHTL: 6e3xene3Hn (CamMO HamoTKa) U XKemne3HU (ENEeKTPOMarHUTHU C pasfnuyHa
KOHdUrypaumsi Ha noONICHUTE HakoHeyHuum). B GeaxenesHute B e cTporo
NpOonopLMOHariHO Ha Toka B HamoTKaTa (Npu aHanusa MoXe [a ce Mepu camo Toka). B
XenesHute - C No-mMarnky TOKOBe ce nocTuraT no-rofiemMm noneta, HoO B e cnoxHa
dyHKUMA Ha Toka I, nopaan XUCTEPE3UCHU SABMEHUs, ocTaTbyHa HamMarHUTEHOCT Ha
Xena30To U T.H. - HEJIMHEMHOCT U OCTaTb4eH MarHeTusbM. [1pu Tax e Heobxoaumo
TOYHO M3MepBaHe Ha nosneTo (Hanpumep € A4peH MarHUTEH pe3oHaHC) B npoueca Ha

aHanumaa.

Mpu aHanusa ce nony4asa HAKakbLB 6pon nmnyncu N, kato PyHKUMA Ha p 1 B.

3a cnekTbp no umnyricu (Pe) B =const B - npomeHnuso

X—>p x—>B
y—>N y —> N/B
3a cnekTbp no eHeprum (Ey) X > p2 x — B?

y = Nip y - N/B?

IV. CNEKTPOIPA® C MNMOJTYKPBIOBA ®OKYCUPOBKA (Ha &) - anuw (1912 )

1. MpuHUMN Ha nonykpbrosa PoOKycUpoBKa

¢ ¢

\w X2 X1 X
Il %

®dur.77. Kbm nssoga Ha npuHUMna Ha nonykpbroBaTa oOKyCUpoBKa.

B = const n xomoreHHO; B - nepneHanKynsapHoO Ha vepTexa. M3TouHnka S (ToYkoB) € B
HayanoTo Ha KoopAuHaTHaTa cUcTemMa U U3MbYBa MOHOEHEPreTUYHU EneKTPOHM B

aneptypa 2¢. Pagunyca Ha Tpaektopuute um e p.



YpaBHeHVE Ha OKPBXHOCT B paBHUHA (X,Y)

LIeHTBP: (Xo,Yo) ypaBHeH#ue: (X - Xo)2 +(y - )/o)2 =r?
| OKPBIXKHOCT: ueHTbp: (p,0)
(x-p)° +y*=p

[l OKPBXKHOCT:  LeHTBP: (pcoso, - psing)
2 . 2_ 2
(X - pcose)” + (y + psing)” = p

[l OKPpBXKHOCT:  LEeHTBLP: (pcoso, psing)

2 .2 2
(x - pcose)” + (y - psing)”™ =p
[a Hamepum x-koopanHaTaTa Ha npeceyHuTe Touku Ha |l u [l okpbXHOCT € ocTa X:

Ot Il okpbXKHOCT nonarame y =0
2 L2 2
(x2 - pcose)” + (psine)” = p

Xo - pCOSQ = + p 1/ 1-sin?p =+ pcose

X2 = 2pcoso , 0 (kopeHa 0 e TpuBManeH — N3ToYHMKa S e B Ha4arnoTo Ha cucTemara)

Ot Il okpbkHOCT Yy =0

X3 - pCOS® =+ p 1/ 1—sin?p =+ pcose

X3 = 2pcoso - 0 - kopeHa 0 e TpuBManeH

T.e. jokasaxme, Yye X2 = X3 - NpUHUMNA Ha nonykpbroeata oOKycnpoBka. ENekTpoHu,
nmanuTawm ot Touyka c kKoopauHatu (0,0) nog vrm + @ W - @ (KPAaUHUTE BIMN Ha
anepTypaTa) OTHOCHO ocTa Y, cnej 3aBbpTaHe Ha brbfl Tt ce cbbupaTt B eHa TOYKa Ha
abuucara. UeHTtpanHute nbum (¢ = 0) nonagaT B TOYKa X4 = 2p, HaW B ASCHO NO ocTa

X. Pasnukarta x4- X2 € MHOro marnka (WWnpuHa Ha nMHUSTa) B cpaBHeHne ¢ 2p. AKO rno

ocTta X ce pasnonoxu coTonnaka, oMeBNOHO B UHTepBana [Xq, X2], KONTO OTCTOM OT
M3TOYHWKA Ha pas3cTosiHWe 2p, We ce peructpupa nuHug. EnekTpoHu ¢ gpyra eHeprus
e gagaT NMMHUA Ha OpYro pasCcTosiHue 2p' U T.H., U MO TO3M Ha4YMH BbpPXY poTonsakaTta
MOXe [a ce perucrtpupa cnektbpa Mo UMMyNcu (U eHeprum) Ha ernekTpoHuTe,
N3NbYBaHN OT U3TOYHMKA. [lencTBMeTo Ha PB-cnekTporpada tvn JaHuw ce ocHoBaBa Ha

OMnMCaHUsl NPMHLUMN Ha NonyKpbroBaTa hoKyCUMpPOBKa.



2. basucHo paspelweHue Ha cnekTporpad JaHuw

LL'I/IpVIHaTa B OCHOBaTa Ha JINHNA OT MOHOEHEepPreTu4Hn eJIeKTpoHU e:

AX = X1 - X2 = 2p - 2pcos¢ = 2p(1 - cosop)

B an6n|/|>KeH|/|e Ha HyneBa WnprHa Ha U3TOYHUKa S.

PasgenuTtenHa cnocobHOCT Mo MMMyncu:

Rzmz£=1—605(p
Bp X,
. 2(0Q) _
M3BecTHO e, Yye 2sin (5] =1 -coso
2 2
3a mankv vrnu @ : sin(gj ~ 2 ntoraea: 1 - cosg = 2(9] =9
2 2 2 2

2
3a 6e3KkpanHO TbHBbK U3TOYHUK: R ~ % ,aAx = p(p2

KoraTo n3toyHuKa e ¢ KpanHa wupuHa S (B HanpasneHue X) MoXxe a ce rnokaxe, Je:

2

AX=S +po? ; R:£+(p—

2p 2
T.e. R ce cbCcTOM OT OBe crnaraemm - NbpBUSA YMEeH € MPUHOCLT Ha LuMpuUHaTa Ha

N3TOYHMKA, @ BTOPUS YNEeH 3aBUCK OT anepTypaTta. OnTumanHo ce cuuTa ycrnoBmueTo

S 2

2—=%, T.€. Korato gBata uneHa B R ca paBHu. ToraBa npu m3bpaHa LwMpuHa Ha
p

M3TOYHMKA S, CbLLecTByBa ONTUMarnHa aneptypa ¢ =,/ Slp .

BucounHata Ha u3ToyHMKa B HanpasneHve Z, KakTo M pas3xoguMOoCTTa Ha BXOOALUS
cHor no Z CbLU0 BNUAAT BbPXY WMpUHATa Ha NuHuATa. Bnuanne Ha Z-aneptyparta (V):
h
Y=—
p
kbaeTo h - BucounHa Ha n3toyHuka. lNpuHockT Ha ¥ B WMpuHaTa Ha NUHWSATa ce aaBa

KaTo:

Ax=p(¢°+¥?) +S



YcnosueTto 3a onTuManHocT gobusa Buga: S = p(p2 = p‘~I—’2 ; Ax =3S.

3. dopma Ha nuHuATAa:

al. Mpwu HeonTManHa anepTypa:

X1

‘Xs s

Ax=pe*+S>2S

®ur.78. MNMpocun Ha NMHUATA HA MOHOEHEPTreTUYHN eNTIEKTPOHU NPy HeonTUManHa

anepTypa.

Mo ocTta X e HaHeceHO pa3CcTosAHMETO no doTonnakaTta, a no octa Y - I - NbTHOCTTA Ha

novyepHAaBaHe Ha (bOTOFIJ'IaKaTa.

o> \/E; p(p2>S; Ax=p(p2+S>28
p

B 103K cnyyan cbopmaTa Ha NMHUATA € CnoXHa — C ABe 0COBEeHN TOYKM.

X1

A

6/. MNpu onTumanHa anepTypa:



®ur.79. Mpodun Ha NUHUSTA HAa MOHOEHEPreTUYHN ENEKTPOHM NpKU onTUMarnHa

anepTypa.

(p=\/§; p(p2=S; Ax = 2S; R=§
p P

XapakTepHa ocobeHocT Ha cnekTporpad Tun JaHuw e, ye NMMHUMTE MMaT MHOTO PSA3bK
AeceH Kpai (OT LeHTparnHuTe nbyum), KOMTO ce U3nornasyBa 3a onpeaensHe Ha uMnynca

(eHepruaTa Ha enekTpoHuTe).

4. KoHCTpyKuus Ha cnekTorpad Tmun JaHuw:

®ur.80. Cxema Ha YCTPOMCTBOTO Ha B-cnektporpad tvn HdaHuw: 1 - HamoTKa 3a
npeHamarHuTBaHe, 2 — gpemMm (MarHuTonpoBoAd), 3 — MOSIOCHUM HaKoHeYHuuu, 4 —

BaKyyMHa kamepa, 5 — NOCTOSiHHU MarHuTu, 6 — dpoTonnaka.

B kategpa AtomHa cusmka (1968 r.) e noctpoeH cnektporpad Hdanuw: B = 219,5
rayca; pmin = 5 ¢M (Emin = 97 keV); pmax = 30 cm (Emax = 1500 keV); pcp = 18 cm
(Ecp = 779 keV). UsTouHMK - Pt - Rh Huwka ¢ ® 0,1 mm; BucounHa h < 10 mm.
TeopeTnyHo 6Ga3ucHo paspeweHme R = S/p = 5,5.10'4 = 0,05%. TeopeTuyHo
paspeweHne Ha FWHM - Rgpwym = R/2 = 0,025%. ExcnepuMeHTanHo paspelleHne Ha

FWHM Ha K-495,5 keV '°°Tm, p = 11,5 cm, FWHM Ax ~ 0,2mm, Rewnm = 0,07%



(okasBa BnMsiHME BUCOYMHATA Ha W3TOYHMKA), aneptypa ¢ = 0,02 (¢ = 1,30). B

nencTeuTenHocT ceetocunarta T << ¢, Nopaaun oTCbCTBME Ha cb0|<ycmp0|3|<a no ocra Z.

PekopaHu paspgenutenHun cnocobHoctn - 0,012% (19 e no-gobpa oT Tasm Ha
NonynpoBOAHUKOBUTE OeTekTopu Ha nopsabk). CBetocuna - 0,02 - 0,002% u no-

HUCKa.
5. XapaktepHu ocobeHocTM Ha cnekTorpad Tun aHuw
MuHycu:

al. OTcbeTBMe Ha hoKycupoBka no Z.

¥
ZT ; E ﬁ q.)OTOI'IJ'LaKa

S ] X

Oonadparma

®ur.81. PasxogumocT Ha cHona MOHOEHepPreTn4Hn eneKkTpoHn B NOCOKa, ycnopeaHa Ha

MarHUTHOTO none npu B-cnektporpadd Tmn JaHuLu.
Cnep Bxoaswma npouen MHTeH3MTeTa Hamansea kaTo 1/p.
6/. Manka cBeTocuna.

B/. U3TOouyHMUUTe TpsibBa fa 6baaT ¢ Manka wupuHa, ¢ ronama abcontoTHa akTUBHOCT
(nopagn mankaTta cBetocuna), ©6e3 HocuTen, "TbHKW" CReKTpomMeTpuyHu (6e3
camonornbliaHe), OBMKHOBEHO €neKTPONUTHO HaHeceHu. WM3roTBAHETO Ha TakuBa

M3TOYHNLN € U3KYCTBO.

rl. TpyoHo onpefensiHe Ha OTHOCUMTENHaTa WMHTEH3UBHOCT Ha KOHBEPCUOHHUTE
NUHUK, nopagn ocobeHOoCTM Ha doTorpadckata perucTpaumsa (NAbTHOCTTA Ha
noYyepHsiBaHe € HenvHenHa PyHKUMS Ha donyeHca). iamepBa ce 4pes poToMeTpupaHe
(vnn BpoeHe Ha cnegu) Ha npoduna Ha nuHuaTa. Manonsear ce “agpeHn” goTonnakm ¢
ronama pgebenvHa (>100 um). 3a eHeprum Ha enektpoHute nog 10 - 20 keV

YyBCTBUTEJTHOCTTA Ha CbOTOI'IJ'IaKaTa € TBbpae HUCKa.



al. npaKTVI‘-IeCKI/I € HeBb3MOXHO 13ClieaBaHETO Ha HenpeKbCHAaTU l3-CI'IeKTpI/I (CaMO

cb3aaBaTt (POoH Bbpxy coTonnakara).
Mniocose:

al. MHoro pobpa pasgenurtenHa cnocobHocT - 0,05%, aopu oo 0,01% - no-gobpa ot
TasnM Ha nonynpoBOLAHMKOBUTE LETEKTOPU M OOpPU OT KpucTan-gudpakunoHHUTE v-

CMNEeKTPOMETPU.

6/. beTta-cnekTporpadga e "MHorokaHaneH" npmnbop (portonnaka), T.e. LenMs CNEKTbP

ce pernctpupa eqHoBpeMEHHO.

B/. MoraT ga ce oTkpmBaT cnabw NUHUM NpWY ObAMM eKCno3vumm (ceamuum), Tbin KaTto

(*)OTOHJ'IaKaTa € [IETEKTOP OT UHTerpupaLy Tun.

rl. ima npocTo yCTPOMCTBO - C MNOCTOAHHM MaruuTtu (Hanpumep Al - Ni - Co).

OTHoweHuneTo T/IR ~ 0,5 po 1.

V. BETA-CMEKTPOMETBHP C BOWHA ®OKYCUPOBKA HA BI'bil 74/2

ToBa e NNOCbK CNekTpoMeTbp CbC cTabunHa opbuta (p = const) U NpoMeHnMBO
MarHMTHO none (3a aHanusa). /13non3yBaHOTO MOfie € HEXOMOFeHHO, Ype3 KOeTo ce
ocbluecTBABa (pokycuMpoBka M no octa Z (gBorHa d¢okycuposka). ToBa nogobpssa

3HaunTEnNHO ceeTocunara Ha npmbopa (B cpaBHeHUe ¢ [laHuw).

1. YcTponcTBO M NpuHUMN Ha ABoMHaTa dokycupoBka (Captxonm, 3urbaH -1946

r.)
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n
MpoussogHata: B'(p) = :—B =-n B‘I’Ef = —nlB(p) (okono po)
p p P

CBONCTBO Ha Te3u MorneTta e, Ye eneKkTpoHU C Marnka pasxogumocT ¢ (OKOmno pg) U
pasxogumoct ¥ no octa Z m3BbplUBaT 6eTaTpoOHHM KonebaHus (OKONo pg), Kato
nepuoanMyHoO ce BpbLuaT (npecuyart) ctabunHata opbuta. Nepmnoga Ha asMMyTanHuTe

‘BIU (32 BpbLUAHE Ha pg) ca:

19-1/2

D =7 1+L(p°) - 3a paguanHu konebaHus;
B(po) |
B. -1-1/2
D,=n _PB )| 3a konebaHus no ocra Z

B(po) |

1 1 1
CbluecTByBa CbOTHOLEHNETO: —— +—— = —
o P =

Heka nsbepem n = 1/2, T.e. none ot BuAa:

11I2 1
B(p)-B pmH ~—
o) TV

ToraBa: B(p,) = —LB(po)

2p,
112
1
Po _gB(Po) 1 112
D =nq1+ 0 =n(—j =2
B(po) 2
112
1
Po _gB(Po) 12
®, —n) 0 H 2
B(po) 2

T.e. O = Pz = n\/E = 254,560, T.e. boKycuTe 3a paguanHata pasxogumocT (@) u
pasxogumoctTa no Z (¥) cbBnagaTt u creq 3aBbpTaHe Ha blbil nﬁ eneKkTpoHuUTE ce

BpbLUAT Ha cTabunHaTta opbuTa po.



HarnegHo BpbLaHETO Ha OTKMOHEHUTE No Z enekTpoHu ce obsicHsABa C ToBa, Ye npu
nonera ~ 1I\/E OCBEH akcuanHarta cbcTaBsiwa Ha noneto (Bz) ce nosiBaBa 1 pagmnanHa
cbetaBawa (B;), koaTo e ¢ npotmBHa nocoka 3a +¥ un -¥ (M B gBata cnyyas

NopeHuoBaTa cuna Bpblua ENEKTPOHUTE Ha py).

KOHCTPYKTUBHO B Xerie3HUTe CNEeKTPOMEeTpPU C ABOMHA (POKyCcMpoBKa rnonetaTta oT
BMAa 1/\/5 ce nonyyaBaT, KaTO Ha MOMOCHUTE HaAKOHEeYHWUM ce npuaasa

I'IapaGOﬂVI‘-IHa ¢dopma. [lenctemutenHoTo nose Tpﬂ6Ba Oa ce naMmepBa un CTa6MJ'IVI3VIpa

C BUCOKa TOYHOCT (10'5).

TunnyHn napametpu: p = 30 cm:ceetocuna T = 5% (MakcumanHa); pasgenurernHa
cnocobHocT R =1,5% ; T/IR = 3; ceetocuna T = 0,5% ; pasgenutenHa cnocobHocT R =
0,07% (Han-pobpa); TIR=7.

PasgenntenHaTta cnoCoOHOCT € HAKOMKO MbTW No-nowia oT [anuw, a ceetocunaTta - Ha

1 - 2 nopsigbka no-ronsma.

BeTa-CrekTpOMeTpy C ABOWHA ABYKPaTHAa (hOKYCUPOBKa Ha brbl 2X 72 U TexHuka

Ha CbBMNageHUsTa - HUICKOPOHOBU NPUBOPW.

2. be3xene3Hu cneKTpomeTpu ¢ ABOMHA (hOKYCUPOBKa Ha 2 (BurbaH - 1952 r.)

HaMOTKM

®dur.83. Cxema Ha GeaxeneseH B-CNeKTPOMETHP C [BONHa (POKYCHUPOBKa Ha mv/2



Mpn nponyckaHe Ha TOK B 0OpaTHO HanpasfeHne Npe3 ABe KOoaKCUariHU HaMOTKWU, B
NPOCTPAHCTBOTO MeXAy TAX MOXe [a Cce Cb3fdafe none oT Buaa ~1/\/E . BakyymHaTta
Kamepa (Top) e KoakcuarnHa Ha HaMOTKUTeE.

3a nocturaHe Ha No-TOYHO Mofe OT UCKaHWUA BUA, KOHUrypaumaTa Ha HAMOTKUTE MOXe

na 6bae no-crnoxHa — C Kopurnpawi HaMOTKW. Mo NPUHUUN BCUYKN NPEUN3NOHHU

B6e3xenesHu [-cnekTpomMeTpu ce BIINAAT OT 3eMHOTO MarHMTHO none.

Upe3 XernMmxomnuoBu HaMOTKM M MPOMyCcKaHe Ha MnoAaxoddwm TokoBe B obractra Ha
cnektpomeTbpa (ctabunHata opbuta) TpssbBa Oa Cce KOMMNEHcUMpaT KakTo

XOpu3oHTarnHaTa, Taka u BepTtukariHaTta crnaraeMmm Ha 3eMHOTO MarHuTHO norie.

npmnbop

Xenvxosnuosu
HaMOTKM

®ur.84. Cxema 3a kKoMneHcaums Ha BepTuKariHata n Xopu3oHTaJiHa KOMIMNOHEHTAa Ha

3EMHOTO MarHMTHO norse.

B npeun3HnTe 0e3xenesHu TE\/E CnekTpoMeTpn € AOoCTurHata pasgesimTeriHa

cnocobHocT no-gobpa ot 0,02% npu manka ceetocmna u T/IR  HAKONKO eguHULN.

3. OcobeHOCTM Ha cneKTpomeTpuTe 2

al. Mianckeat BMCOKa CTAaOWMHOCT Ha TOKa M MarHUTHOTO Mnone.

6/. CnoxHwn npmubopw.

B/. CnoxHa hopMa Ha nuHMATa U crnoxkHa dbopma Ha naxogHarta gnadparva.

rl. B'bI'IpOC'bT C N3TOYHULUNTE € NO-NPOCT, OTKOJIKOTO Npu HaHnw: LLIMPpNUHA Ha U3TOYHUKaA

- HAKOJNMKO MUJTTMMEHTa, BUCOYNHA - CAHTUMETPMN.



VI. CEKTOPHU BETA-CNEKTPOMETPWU. MOPTOKAI.
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®ur.85. Cxema Ha CEKTOPEH B-CNeKTpoMeTbp (MarHUTHOTO Nose € B CeKTopHaTa

HaMOTKa, NeprneHauKyrsipHO Ha YepTexa).

AKO nmame obnact ¢ XOMOreHHO MarHWTHO none, 3akoHa Ha bapbbp B MarHuTHaTa
OnTKKa rnacu, 4e U3TodHuka, pbba Ha "MarHutHata npuama" n ndodbpaxeHneTo (PoKyc)
nexart Ha egHa npasa. B To3n cnyyan u3TouHMKa M OEeTEKTopa ca BbH OT NONeTo
(ronsmo npeumyliectBo). CeKkTOpHUTE [B-CNEKTPOMETPU ce W3Non3ysaT LUMPOKO B
YCKOPUTENHUTE EKCMEPUMEHTU, KaTO €eneMeHT OT MOHHaTa ONnTuKa Ha CbOTBETHMS
KaHan. B nsBecTHUTe ekcnepuMeHTn Ha XodwiaTtep (pascerBaHe Ha eneKkTPOHU BbpXy

si4pa) e U3non3yBaH TakbB CNeKTpoMeTbp Cp = 1 m.

Mpn n3nonsyBaHe Ha HEXOMOreHHW nosieta (OT Tuna 1/\/5 nnu 1/p) dokycnpaHeTo B

ABe HanpaBsfeHUss MOXe [a Ce OCbLUeCTBM 4Ype3 noaxoasu, nogbop Ha "Bxogawms
npodun" Ha cekTopHoTO nose. Pokycmpawo gencrteme numat u "kpaesute" edektn Ha
noneto. CeKToOpHO nosie OT TO3M TUMN MOXe Ada ce MNoSlyyu C €QUHUYHU HaMOTKK, npes

KOUTO ce npornycka ToK (MokKasaH Ha YepTexa).

EaHo pa3Butne Ha wunaedtra Ha CEeKTOPHUTE CrNeKTpoMeTpun € TopouaanHuaAa B-

cnekTpomeTbp TUN “noprokan” (6eaxeneseH).

CBetocunata Ha "noptokana" ce yBeNnu4yaBa MHOIOKPAaTHO B CpaBHEHWE CbC
CEKTOPHUA CNEeKTPOMETBbP, Tbh KaTo "paboTaT" BCUYKM npoueny Mexay HaMOoTKUTE.

KOHCTPYKTUBHO "HamoTKMTE" ca edMHMYEH MNPOBOOHMK, MU3PHA3aH UMW LWaHuoBaH OT



neben megeH nuct. 3a owe no-rofisiMa cBeTocuna ce npasBaT "OBOMHM nopTokann” -
N3TOYHMKa ce "rnega" oT ABa TopouaanHu crnekTpoMeTbpa (Morat ga 6baaTt BKHYEHU

Ha CbBMageHuna nnn napanenHo).

HaMOTKHN

|
— > TOpOoMaAanHo
Y MarHUTHO
none

0

anepTypa

®our.86. Cxema Ha B-cnekTpomMeTbp TUN “nopTtokan” (besxeneser).

3a eaunHundeH “noptokan”: Ceetocunata goctura go okono 20%; pasgenutenHarta

cnocobHocT - okorno 1% (He mHoro gobpa); TIR ~ 20.

FnaBeH npo6nem npu "noptokana" e 3axpaHBaHeTO. M3nckeart ce roremm Tokoee (4o

1500 A) 3a (pokycmpaHe Ha BUCOKOeHepreTuyHu enektpoHn (oo 1,2 MeV), kato
CTabunHOCTTa Ha Toka TpsibBa ga e BUCoKa (10'4 10'5). ToBa e gocTta TpygHa 3agava.

HamoTkuTe ca BbTpe BbB BakyyMHaTa kamepa — U3nckBa ce ronsim obem.

VIl. BUHTOBU CNEKTPOMETPWU. BETA-CNEKTPOMETbLP C "OBJIIA JIELLIA™

®ur.87. Cxema Ha B-CneKkTpoMeTbp € Ablra newa (BUHTOB).



Upes gbnra HamoTKa OT CONleHOMAEH TUM B CMeKTpoMeTbpa ce cb3dasa none B, -

XOMOreHHo. ToBa none HaAMa pagumanHn cbectasawm - B, = 0.

EnekTpoHu cbe ckopocT V HaBnuaaT nog brbi o CnpsaMo ocTa:

V V,=Vsino B B;=0
Va, =Vcosa B,#0
2
38 Vr J_ Ba eBaV — mvr , — mvr
P eB,
Torasa: P, =epB, ; P= !D’ P :e‘_)i
sina sina

B cnyyvyada Ha BUHTOBUTE CMNEKTPOMETPU TpaeKTopudTa Ha EJIEKTPOHUTE € BUHTOBA

JINHUA. EJ'IGKTpOHVITe, M3NbY4€HN OT OCTA Ha CNEKTPOMETbHbpPA, clnel 3aBbpTaHe Ha blbll

21 ce BpbllaT OTHOBO Ha OCTa.

PaguanHata komnoHeHTa - V, "pabotn" cbBMecTHO C¢ noneTto B,. lNMpoekumsta Ha

mV,
eB,

TpaeKTopudaTa BbpXYy paBHUHA, NepneHgukyndpHa Ha OCTa € OKPBbXHOCT C p=

Mon pencteve Ha akcmanHarta cbeTaBsLwa V, EJ1IEKTPOHUTE Ce OBWXaT paBHOMEpPHO

no octa Ha npubopa (Va Il By).

[a npecmeTHeM pascTosiHMeTo L, 3a BpbliaHe Ha ocTa:

2mtmV,
ObrmknHata Ha okpbXHOCTTap e | =2np=——=—
a
| 2am
BpeMeTO 3a 3aBbpTaHe t=—=
V., eB,
L, =tV, - 27tmV, _ 2mtmVcosa

eB, eB,

YcnoBue 3a cnektpomeTpupaHe: EnekTpoHn ¢ pasnuyHm eHeprum (M ckopocTtun V) we

ce BpbllAaT Ha OCTa Ha pa3nu4Ho pa3scTosiHue L,, kaTo:

_ LaeB, ( oTP = epB, J

P=
27Ccosq sina

Hamupame Bpb3kata mexay La, p v o



L.eB, epB, L _ 2mpcosa

= : ; L, =2mpcotga
2ncosa  sina a sino a peotg

O6ukHOBEHO ce paboTu C bInK o, OT 40° ao 30°.

BuHTOBMTE cCnekTpomeTpn ca npubopn cbc crtabunHa “"opbuta" Ly, p M a ca
domkcnpaHm ot reomeTpuaTa Ha npubopa. NoctpossaHeTo Ha cnekTbpa P (No umnync)

cTaBa 4pe3 usMmeHeHue Ha B, (T.e. upes nsmeHeHune Ha Toka I B HamoTkara).
(1] n
KpbroB dokyc" npu newoBute 6eta-cnekrpomeTpu

‘brbna Ha BNu3aHe Ha enekTpoHUTe no paguyca e npoussorieH (o1 0 o 2x). brbna Ha

BMNM3aHe CNpsiMoO ocTa e OT a. + @ 40 o - @ (anepTypa 2¢) - BXOASLL, KOHYC.

>3 JerT.
f=2,5D

La=3,74D

v

®ur.88. Kbm nonyyaBaHeTo Ha KPbroB POKyC Npy BUHTOBUTE [-CMEKTPOMETPM.

Mpn 3agageHo pa3xoguMOCT MO bIbST CNPSMO OCTa Ce NnokasBa, Ye pasxoAdaLnsa CHON
ce "ctecHsaBa" (cbbupa) Ha pasctosHue 2,5D (D = 2p), 3a a = 400; L, = 3,74D nu
obpasyBa T.H. "KpbroB ¢okyc". Ha ToBa MACTO ce MocTaBs KpbroBa auadparma,
KaTo TOYHOTO W MOMOXeHMe W pasMep ce noadupar ekcnepumeHTanHo (M3xogsawa

anadparma).

ﬂpes TO3U I'Ipl/l60p ce npemnHasat egHOBPEMEHHO N1 €NIeKTPOHU N NMO3UTPOHU (663
CMAHa Ha I'IOJ'IeTO), KOeTo He e xenartenHo. B cnydyaa Te onumceBaTt AdCHa WU JidBa

BMHTOBA JIMHUA CbOTBETHO.



OTpensaHeTo Ha €J1IEKTPOHN OT NO3UTPOHU Ce NnpaBy C BUHTOBA ,qwa(bparma, KOATO B
3aBUCMMOCT OT NOoCOKaTa Ha U3KpuBABaHE Ha "nonatknTte" € HanbLIIHO Npo3payHa 3a

€NIeKTPOHUTEe N HaNBJTHO Henpo3payHa 3a NO3NTPOHUTeE.

CmsiHaTa Ha nocokaTa Ha MnoneTo JaBa oGpaTHUS Cry4yunii — moraTt aa ce aHanuaupat
camo noauTpoHu. Mpu nnockuTe B-cnekTpomeTpu npobnema 3a pasgensHeTo Ha

EJTIEKTPOHNTE N NOIUTPOHUTE HE CbLLECTBYBA.

B newioBute (BUHTOBM) B-CNEKTPOMETPU Ce M3MNON3yBaT M HEXOMOreHHW aKcuarHo-
cumeTpuyHM noneta. CbliecTByBa rofnsiMo pasHoobpasne Ha KOHCTPYKTUBHU

peweHnd:

S D 7z

TeopeTuyecku, none oT Buaa nokasaH no-rope nma Han-godbpu gokycupalim CBOMCTBa

N pasgenuTernHa cnocobHOCT.



a/. TbHKa (kbca) newa:

B(0,2)
e - . B} -—f-—
S D

- ronama cgepudHa abepaunsa (o6paTHO Ha “TeopeTUYHOTO” none).

6/. AByneLLos:

- No-Aobpun cBoMNCTBA (C KopUrMpalla HamoTKa).

B/. C pasnpegeneHa HamoTKa:

- owe no-gobpu ceoncTea — Aobnmxaea ce A0 TEOPETUYHOTO none

JlewoBuTE CNEKTPOMETPU Ca TBbPAE TPYAHU 3a TEOPETUYHM pa3deTu. [NapameTpute nm
ca npubnuantenHo: ceetocuna - T » 5% ; pasgenutenHa cnocobHocT - R~ 1 + 3% ;
TR ~ 2 + 5. [pn HamansBaHe Ha cBeTocurata MOXe Ada ce nomny4u no-gobpa
pasgenuTtenHa cnocobHocTt. [lapameTpuTte MM He ca MHoro p[obpu, Ho ca

KOHCTPYKTUBHO NPOCTU 1 NECHM 3a nspaboTka.



VIIl. ENEKTPOCTATUYHU BETA-CMNEKTPOMETPMU (3a nbriHoTa Ha U3NOXEHUETO)

[BmxeHneTo no Kpbroea Op6l/ITa cé ocCbuectBdABa B MNMosieto Ha UUnUHApuUuYdeH

(cpokycmpoBka Ha 2 ) wnu cdpepuyeH (pokycupoBka Ha ) KOHAEH3aTop.
(YpaBHOBecsiBaT ce LeHTpobexHaTa u KynoHosata cuna.) C nogbop Ha paguyca Ha

KpuBUHA Ha enekTtpoaunTe ce JoCcTturat n ycrioBnudata 3a (*)OKyCI/IpOBKa.

EJ'IeKTpOCTaTMLIHVITe B-CI'IeKTpOMeTpI/I HAMAT ronsaAmMo pa3npoctpaHeHue nopaaun
TPYyAHOCTWN NpK TOYHaTa Vl3pa60TKa Ha enektpoaumTte 1 nogabpXaHe Ha BUCOKO U

CTabunHoO HanpexeHue.
IX. USTOYHUUU U OAETEKTOPU B BETA-CMNEKTPOMETPUATA
A. N3TOYHMUM

YcnoBsusita, Ha kouTo Te TpsibsBa ga oTroBapsiT, ca NPOTUBOPEYNBU:
1. Ja ca “TbHKWN”, cNeKTpOMeTPUUHM (T.e. be3 camonornbLLaHe).
2. C BMCOKa aKTUBHOCT (abcontoTHa)

3. C Bucoka cneunduyHa aKTUBHOCT (TbW KaTO reoOMeTpuUYHUTE pasmepu Ha
M3TOMHWKA Cca Marlku), KOeToO TpygHO Cce cbYeTaBa C W3UCKBAHETO 3a

CNEeKTPOMETPUHHOCT.

MoAnoXKn Ha U3TOYHULMUTE:

1. Hucko Z, 3a ga HaAmMa obpaTHO pascerBaHe Ha ENekTPoHMTE OT nonsoXxkaTa.

Moaxoasawm ca Al n C nnu opraHmyHa umna (anymMmHu3upaH maunap).

2. Vi3TouHuKa TpsibBa Aa 6bae npoBoAsLy, 3a Ja He Ce 3apexaa enekTpocTaTUYHO npu
abnra pabota (M3nbyBa enekTpoHu!). 3apexgaHeTo U3KpuBsABa B-CNeKTbpa M Briowasa

pasgenurenHata cnocobHoCT.
B. leTekTopMn

[leTekTopuTe Ha Wu3xXoda Ha [B-CNekTpomMeTpuTe He e Heobxoaumo pna Obaar
CNEKTPOMETPUYHN, HO € XenaTenHo Aa vMaT edHakBa e(eKTUBHOCT B Lenus
AvanasoH Ha U3MepBaHUTe eHeprin. ToBa ycrioBne OGUMKHOBEHO HE € U3MOSHEHO B f3-

cnekTtporpacute ¢ dpotonnaku. TpsGBa Oa ce cTpou KanubpoBbyHa rpaduka



“UHTEH3UTET — NoYvepHsiBaHe” B 3aBMCUMOCT OT eHepruaTa. PoTonnakute 3a eHeprum
nog 10 - 20 keV umat MHOro HmMcka eekTMBHOCT, a cbwo n Hag 1 MeV (3aBucu ot

aebenuHaTta).
[leTekTopuTe NoYTUN BMHArK ca pa3nosioXXeHn B o6nacTra Ha CUNTHO MarHMTHO norne.

1. MasopaspsagHu 6posium - 0BUKHOBEHO MPOTOYHU. PaboTtat gobpe v B MarHUTHO
none. MNMpobnemute Npu TSX ca TbHKUTE npo3opuyeTa, KoUTo TpsibBa Aa nponyckat
HUCKOEHEpPreTUYHM €eneKkTPOHW, HO Ada ca 3ApaBu, 3a [Aa u3gbpxarT pasfnukata B
HanaraHeTo mexay obema Ha bposiya (Hakonko geceTkn mm Hg cTtbnb) u Bakyyma Ha
kamepaTta (0BMKHOBEHO 10* = 10° mm Hg). Te ca cpaBHuTenHo "6aBHN" geTekTopu -

HerogHu 3a BPEMEHHU M3MEPBAHNSA) N N3UCKBAT ra3oBo "CTOMaHCTBO".

2. CuMHTMNAUMOHHM aeTeKkTopu: 3anon3esaT ce opraHMYHM CLUMHTUNATOPU: KpUcTanu -
CTUNOEH, aHTpaLeH, U NnacTMacoBu (HUCBbK KBaHTOB Aobus!). [pobnemnte npun TaXx ca,
ye cTunbeHa n aHTpaueHa ce uM3napsABaT BbB Bakyyma Ha KamepaTa - cnej Bpeme

Kpuctana "nsdessa".

®OTOENEeKTPOHHN YMHOXUTENMU - He MoraT Aa paboTaT B MarHuTHo none. Manonaysar
ce AbNrM cBeTOBOAMU Mexay cunHTunaTopa u ®EY 1 marHMTHa ekpaHvMpoBka Ha OEY.

CseToBOAUTE CUMHO HaMansaBaT CBETIIMHHUSA CUrHarn.

3. OTkputute (KaHanHW) enekTpoHHu ymHoxutenun (KEY) ca noytu wgeanHus
aeTektop 3a p-cnekTpomeTpuaTa. Te paboTtar B MarHUTHO none, umat [obpa
€(EKTUBHOCT, BKIHOYUTENTHO M 3a HUCKOEHEPreTUYHW enekTpoHu. HamaT BxogsL

npo3opeLy, (MbpPTHLB Cron) n ca "dobp3an" aeTekTopu.
[Mpn BCcUyukM GeTa-cnekTpoMeTpu ce U3NCKBA:
¢ [eTtekTopa Aa e MHOro gobpe 3almTeH OT NPSAKOTO NMbYeHMUe Ha U3TOYHMKA.

¢ [lpe3 Bpeme Ha u3amepBaHETO Bakyyma B KamepaTa TpsbBa ga 6bae He no-now ot
-4 o
10" mm Hg (npepoTtBpatsiBa pascenmBaHeTO W 3arybute Ha eHeprus oT

€NeKTPoHUTE).



