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BCTVYII

3a OCTaHHE CTONITTS BHUCOKI TEMIM PO3BUTKY HAaYKOBO—TEXHIYHOIO
nporpecy 3B’si3aHl 3 JOCATHEHHAM SAEPHOI (PI3MKU 1 HAyK CIIOPIAHEHHX 3 HEIO.
3aBasiku  AnepHid (I3ULI MPOMUCIOBICTh 030poilacs MOTYKHUMH JIKEpPETaMU
eHeprii, yCTaHOBKAMHU [JIsi OIpPICHEHHsS BEJIUKUX O0’€MIB BOAM, METOAAMU
130TOMHOIO aHali3y CKIaAy 1 KOCTI pI3HUX MaTepialiiB, MEAUYHOIO 11arHOCTHUKOIO
1 Tepami€o Mpu JIIKyBaHHI 3J0SKICHUX MyXJHMH 1 1HIIE. Pa3oM 3 TUM NpHUKIaaHI
rajqy3i HayKd 1 TEXHIKH, 3B’Si3aHl 3 sJIEpHOI0 (PI3UKOI0 HECYThb 3arposy
Oyaronostyuyto 1 370poB’t0 mojaeil. 1le 3B’sA3aH0 3 BUCOKOIO 3IATHICTIO SIIEPHUX
YaCTHHOK, K1 3aBXIU CYIPOBOJKYIOTh PI3HOMAaHITHI SIACPHI UKW, BUKIUKATH
pyiiHyBaHHsS 00’€KTIB HEXHMBOI 1 ®HUBOI Mpupoau. PyiiHIBHA 3/1aTHICTh SAEPHOTO
BUIIPOMIHIOBAHHS TIOB’Si3aHA 3 10HI3alll€l0 aTOMIB PEYOBUHU (MIILLIEHI) B SIKY
NPOHUKAIOTh SFCPHI YACTUHKH, a TaKoX, KIHETUYHUMU e(deKTaMu, SKi
CYIPOBOKYIOTh B3a€EMOJIIIO SIIEPHUX YACTHHOK 3 aTOMAaMHM MIIlIeHi.

Opniero 3 obnacTeil B sIKii JIIOJIMHA CTUKAETHCS 3 JKEpEJIaMU 10HI3YI0UOT0
BUIIPOMIHIOBaHHS € aTOMHa eHepreThka. OgHaK 4YOpHOOMIIBbChKA KaTacTpoda
MOCTaBWJIA M CYMHIB iJ€l0 IIMPOKOTO BHUKOPHCTAHHS SIIEPHOI EHeprii sk
ONITUMANTHHOI aJbTEePHATUBHU MPUPOIHUM JiKepenaMm eHeprii. Kpim Toro, 3 Ko)KHUM
POKOM YHMMpa3 TOCTPIIIOIO CTAa€ MpoOIieMa MOXOBaHHS SACPHUX BIIXOIB, a siepHa
30posi JoTerep 3aIUIIAEThCS OJHUM 13 HaWHEOE3NMEeUHIMMUX BHIIB 030pOEHHS.
TexnorenHni karacTpodwu, SKi OCTaHHIM YacoOM IIOYACTIIIAIW, BUCYHYJU HOBE
3aBJaHHS — HABYMTHUCS BHUKOPUCTOBYBATH siepHY (I3UKY MaKCHMaJbHO
yOe3NeunBIIM HABKOJIUIIHE CEPEIOBUINE I JIOAMHY BiJ MOMKIUBUX HETaTHBHUX
HACJ1IKIB.

MetoauyHi peKoOMeHaarlii 0 J1abopaTopHUX pooiIT 3 Kypey «Dizuka sjpa i
€JIEMEHTapHUX YaCTUHOKY» MICTITh TEOPETHUYHI BITOMOCTI, X171 pOOOTH, KOHTPOJIbH1
3alUTaHHS Ta CIUCOK PEKOMEHJOBAaHOI JiTeparypu. TemaTwka jgabopaTOpHUX
poOIT BIAMNOBIAAE YHIBEPCUTETCHKOMY HABUAJIbHOMY IUIaHY 3 KYpCY ,,3arajibHOi
bi3ukn”

Jlani MeTtoauuHI peKoMeHAaIlli Mpu3Ha4YeHI B OCHOBHOMY JJIA CTYJCHTIB
cnemianbHOCTI «®i3uka Ta actpoHoMmisy, «[Ipukinagna dizuka Ta HaHOMAaTEpiaTN»
Ta IHIIUX CHEIIaTbHOCTEH, SIKi BUBYAIOTh KYPC ,,3araJIbHOT (i3UKH”.



Introduction

Over the last century there were high rates of technological progress related to
the achievements in nuclear physics and related with it sciences. Thanks to nuclear
physics industry is armed with powerful energy sources, installations for
desalination of large amounts of water, isotopic analysis methods of composition
and quality of different materials, medical diagnosis and therapy in the treatment of
cancer etc. However applied sciences and technologies, associated with nuclear
physics pose a threat to well-being of humans and their health. This is due to the
high ability of nuclear particles that always accompany various nuclear cycles,
cause the destruction of animate and inanimate nature. The destructive ability of
nuclear radiation is associated with ionization of matter’s atoms (the target) in
which nuclear particles penetrate, as well as with kinetic effects accompanying
interaction of nuclear particles with atoms of the target.

One of the areas in which human is faced with sources of ionizing radiation is
nuclear power. However Chernobyl disaster questioned the idea of the wide use of
nuclear energy as optimal alternative to natural energy sources. In addition, every
year more and more acute is the problem of dumping of nuclear wastes and nuclear
weapon still remains one of the most dangerous weapons. Man—-made disasters that
have recently become more frequent, put forward a new task — to learn how to use
nuclear physics securing environment and human from adverse consequences.

Methodical instruction for laboratory works on the course «Nuclear Physics
and Elementary Particles» contains of: theoretical information, instruction of
implementation, control questions and a list of recommended literature. Subject
of laboratory works conforms to the university curriculum of «General
Physics».

These guidelines are intended primarily for students of physical faculties. A
number of laboratory works may be intended for students of other specialties who
study the course of «General Physics».



IIpaBuiia TexHiku 0e3nmeKku nNpu podoTi 3 pagioaKTUBHUMH
npenapaTtamu

1. Bci pagioakTuBHI qKepena, siki BAKOPUCTOBYIOTHCS B TA0OPATOPHOMY
MPAKTUKYMYy IOBHMHHI HOCUTH XapakTep 3aKpUTHUX TBEPAO TUIbHUX JUKepen. 3
MaJiolo, ab0 CepeHBOI0 MMUTOMOIO AKTUBHICTh HE OUThIOI0 ~700BK/KT.

2. JlaGopatopHi pajioaKTHBHI JpKepena (Mpemapard) MOBUHHI OyTH
MacMoOpTU30BaHl 3 3a3HAYEHHSM TEPMIHY eKCIUTyaTalii, TUIy pPaJl0aKTHBHOTO
po3Majy 1 akTUBHOCTI Ha YaC BUKOPUCTAHHS.

3. Bci panioakTuBHI npenapaTtd MOBHUHHI IOYTH Ha CTPOroMy OOJIIKY 1
pH BIJICYTHOCTI TaOOPAaTOPHUX 3aHATH 30epiraTUCh B ceildi, mpu HEOOXITHOCTI B
CHeIiaTbHIUX KOHTEHHepax.

4, [Ipu npoBeneHHi nabopaTOpHUX PpOOIT palOAKTUBHI Mpenaparu
MOBHHHI BHJIAaBAaTHUCS CTyAEHTaM JabopaHTOM jabopaTopii, SKWiA 3a HUX Hece
BIJOBIJAIBLHICTD.

5. [Ticns mpoBeneHHs Jab0opaTOpHUX pOOIT pamiOaKTUBHI MpemapaTH
NOBHHHI OyTH 3/1aHi JIa0OpaHTy 1 Imcls JAETadbHOTO OINISALY Ha TpEAMET
TIOIITKO/IPKEHb TIOKIIaZIeH1 B ceid 1ist 30epiranHs.

6. [Ipy BuKOHaHHI JabOpPaTOPHUX pPOOIT HEOOXITHO AOTPUMYBATHCH
OCpe)XHOTO CTaBJICHHSA [0 paJiOaKTHUBHHX JDKEpeNl Ha TpeaIMeT yaapis,
CHpsIMYBaHHS BHUIIPOMIHIOBAaHHS PAJI0OAKTUBHOTO JDKEpesiia B 04l BUKOHABIIEM
1abopaTopHOi pOOOTH, TOIIIO.

7. ITicms  BuKOHaHHSA  JlabopaTopHOi  podOTHM 3  3aTyYCHHSIM
pagloaKTUBHUX JIKEPEN HEOOXITHO CTApaHHO BUMUTHU PYKH.

8. JlaGoparopis 3 saepHoi (i3uku MOBUHHA OyTH 0OJlafHaHA HATIMHUMU
JBEpUMa 3 BUKOPUCTAHHSAM 3aJI13HOT apMaTypH.

Q. B naGoparopii B JOCTYMHOMY MiCIli TOBHHHI OyTH B HasBHOCTI
CIIpaBHUM BOTHETaCHUK, BUBIIICHI HAa CTEHJI IpaBuja OC3MEeKH IPH BUKOHAHHI
71a00paTOPHUX POOIT.

10. JlaGopanT mabopartopii nmepioguyHo, AEKUJIbKA pa3 B CEMECTP MOBUHEH
MEepeBIpATH  TPUMINIEHHS 1 poOoui wicisg jabopaTopii Ha  HasSBHICTH
pamioaKTUBHOTO  3a0pyaHEHHs, Oepydd Ma3Ku 3  PI3HUX, OCOOJHMBO
HEIMPOBITPIOBATBHUX 1 MMOTAHO JOCTYITHUX MICITb.

11. Tlepen BUKOHAHHAM JTaOOPATOPHOTO MPAKTUKYMY BC1 CTYICHTU TPYIH
MOBUHHI TPOWTH KOJIGKTUBHUM I1HCTPYKT@X 3 TPaBHJI TEXHIKH O€3neKku 3
BIIMOBITHUMH BiAMITKaMu B XypHauri. IIpu HeoOXiMHOCTI TOBUHEH MPOBOJIUTHCH
IHAWBITYyaTbHAN IHCTPYKTAX 31 CTyICHTaMH MPY BUKOHAHHI JJA0OPAaTOPHUX POOIT.



Safety instruction when working with radioactive preparations

1. All radioactive sources used in the laboratory workshop should be of the
closed solid—state type. With low or average specific activity of no more than ~
700Bg/kg.

2. Laboratory radioactive sources (preparations) must have been certified
indicating the exploitation period, type of radioactive decay and activity for time of
usage.

3. All radioactive preparations need to be on a strict accounting and when
laboratory classes absent — stored in a safe, if necessary in special containers.

4. When conducting laboratory works radioactive drugs should be issued to
students by laboratory assistant, who is responsible for them.

5. After laboratory work radioactive preparations should be handed to
laboratory assistant and after being careful examined should be put in safe for
storage.

6. When performing laboratory works one must act carefully with radioactive
sources — don’t strike sources or direct radiation of radioactive source into eyes,
etc.

7. After the laboratory work with the involvement of radioactive sources wash
your hands carefully.

8. Laboratory of Nuclear Physics should be equipped with doors using iron
fittings.

9. In the laboratory in accessible place must be serviceable extinguisher,
posted on the stand safety rules when performing laboratory works.

10. Laboratory assistant periodically, several times per semester should check
the premises and workplaces of laboratory for the presence of radioactive
contamination, taking smears from unventilated and badly accessible places.

11. Before performing the laboratory workshop all students must be familiar
with safety rules with appropriate marks in the register. If necessary must be
conducted individual instruction with students when performing laboratory works.



JlabopaTopHa po6ora Nel )
3AKOHOMIPHOCTI ®JYKTYANIIU ITPU PEECTPALII
AJEPHOI'O BUTTPOMIHIOBAHHSA

Meta: o03HAaHOMHUTHCS 3 OCHOBHMUMH OCOOJMBOCTSAMHM BHUMIPIB MpHU
peecTpalii siACpHUX YaCTHUHOK, 3aCBOITH OCHOBHI METOIU OOYMCIICHHS MOXUOOK
BHUMIpIB.

TeopeTuuni BitomocTi

OcoOnuBOCTMU PE3yJIbTATIB BUMIPIOBaHb (I3MUHUX BEIUMYMH B SJICPHIN
¢i13uii, n03UMeTpli € iX cTaTUCTUYHUN xapakTtep. O3HalOMIIEHHS 3 METOJlaMHU
TaKWX BUMIPIOBaHb MPUCBSYCHA JaHA pOOOTAa.

Pe3ynpTaT BUMipy Q13M4HOT BEIMYMHU BIAPIZHAETHCS BiJl A1MCHOI BEJIMYMHH,
mo OOyMOBJICHO HAsBHICTIO MOXMOOK BUMIpiB. B ekcnepumenTtanbHiil (izuii
NOXUOKU 3BUYANHO MOJUIAIOTh HAa CUCTEMATU4HI Ta BHUMaAKOBi. CuUCTeMaTH4YH1
MOXUOKH 3aBXKJIM KOHTPOJIIOIOTHCS, BOHH MAalOTh OJIMH 3HAK BIAXWUJICHHS B OUIBITY
abo MeHIy CTOpPOHY BiJ JIHCHOTO 3HAa4YeHHS, 1 iX MOXKHa JIETKO BpaxyBaTd Y
BUTJIA/I TIOMPABOK B KIHIIEBOMY pe3yJibTaTi BUMIpy. BumankoBi mnoxuOku
pe3yiabTaTy BUMIPY CHPUYMHEHI PI3HOMAHITHUMHM BIUTMBAMH, SK1 HE MIIIAIOTHCS
KOHTPOJTO, i TOMY HOCSTh CTATUCTHUHUHN XapakTtep. B makpodizuii cama mo cobi
BUMIpIOBaHa BeJNMYMHA (Maca, JAOBXKHUHA, MIBUAKICTH 1 T.J.), MA€ JEAKE IUTKOM
NEBHE 3HAYEHHS, B TOM >K€ Yac pe3ylbTaTH BHUMIpPIB 3a3HAIOTHh (QIyKTyaIlii
BHACJIZIOK HEOCKOHAJOCTI BHUMIPIOBAIBHUX MPUIAIB, HEKOHTPOJIHOBAHUX
30BHIIIHIX YMOB. [loXuOKHM pe3yiabTaTiB BUMIPIB 3BHYANHO PO3MOIUISIOTHCS 3a
HEeMepepBHUM 3aKOHOM iMoOBipHOCTI [ayca. Teopis HMOBIpHOCTI MaTeMaTHYHO
OOTPYHTOBYE TMOCTYJIaT CEPEIHBOTO AapU(PMETHYHOTO, TOKA3YyIOUYH, IO 1A
BEJIMYMHA € HAUOLIBIIT HMOBIPHUM 3HAYCHHSM TOYHOT BEJTMIMHHU.

[TokazHuKaMu TOYHOCTI BUMIPIB CIyKaTh JUCIIEPCisi, aOCOJIFOTHA, BITHOCHA,
CepeIHBOKBAIPAaTUYHA Ta UMOBIpHA TOXUOKHU.

Ha BigMiHy Bim MakpocBiTY B MIKPOCBITI (IyKTyalii BUMIpIOBaHOI
BEJTMYMHM OB’ S3aH1 HE TUIbKHU 3 30BHINIHIMH BIUITMBAMH Ha pe3yJIbTaT BUMIpY, a 1
3 CaMOI0 CYTTIO SIBHINA, 1 iX HE MOXHA 3pOOWTH SIK 3aBrOJHO MaluMu (cama
BUMIpIOBaHA BEJIMYMHA 3a3HA€ (QIyKTyaIriif).

SIBua MIKpOCBITY TIO CBOill CyT1 CTaTUCTHUYHI. TOMY poJib CTaTUCTUYHOTO
MiAXO0AY TYT 3HAYHO TAUOIIA, HDK B Makpodizuili. CTaTUCTHKA MOTPiOHA HE TUTBKH
Ui OOpOOKHM pe3ynbTaTiB, aje 1 I BHUBYCHHS CaMOTO TPOLECY Ta MPHUPOIH
JOCIIKYBaHUX SIBHIIL.

CTaTHCTUYHI METOJIM aHaJli3y BUMIPIOBAHOT BEJIMUMHM JIO3BOJISIOTH BKa3aTH
HAWOUTBII TIPaBAONOAIOHI 11 3HAYEHHS, a TAKOXK IHTEPBAJ, B AKOMY 3 BU3HAYCHOIO
WMOBIPHICTIO 3HAXOUTHCS ICTUHHE 3HAYEHHS BUMIPIOBAHOT BETUYHHH.

B oOnacti simepHOi (Pi3UKK €KCIIEpUMEHTATOPU HAW4acCTIilIe 3yCTPIYatOThCs
31 CTaTUCTUYHUM po3noauioM [lyaccoHa (mpu omuci JUCKPETHOTO PO3MOALTY
BEJIMYMH) 1 po3noAuioM ["ayca (HenepepBHUI po3moIi).

Posnoxin Ilyaccona onucyeTbest GOpMyIioro
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g -8k, 1)
me k =nt — cepeiHE YMCIIO IMITYIbCIB, HAPAXOBAHUX 33 YaC MPOBEICHHS JESIKOTO
OJIHOTO BUMIPY, N — IHTEHCUBHICTh a00 YMCIIO IMITYJIbCIB 32 OJUHULIO Yacy, t—
4yac OJHOr0 BUMIpY, Kk — YMCIIO IMIYJIbCIB, HAPAXOBAHUX 3a 4Yac OAHOTO BUMIpPY

(BOHO MOXe OyTHM pI3HUM B PI3HUX BHUMIpax), P — UMOBIpHICTh TOSBH K

IMITYJIBCIB 3@ Yac OJIHOTO BUMIpY.

Takum 4ywuHOM, 3a (QOPMYJOI0 MOXHA OO0YUCIUTH (TIepeaOadYnTH)
AMOBIPHICTh TIOSIBU BEJIMYMHM K B JaHOMy BHMMIpi, SKIIO HaM Bigomo K.
OueBuaHo, 1o posnoAin IlyaccoHa xapakTepus3yeTbes JIMIIE OJHUM MapaMeTpoM
k, AKHi MOXe NpUiMaTH pi3Hi MO3WTHBHI 3HAYEHHS, TOMI AK Kk — TUIBKH
IIJIOYUCEIbHI (IUCKPETH1) TTO3UTUBHI 3HAUEHHS.

Amxe, K0 MU mpoBeaeMo N BHUMIPIB BEJIMYUMHU K, TO OJEPKUMO DS
3HaueHb: Kk, ...k . IIpy mpomy HMOBIPHICTh MOSIBU TOTO YW 1HIIOTO 3HAYEHHS

Oyne BuzHauaTHcs Gopmyinoro (1), B AKiii k MOXHa MPHUOJIM3HO pO3paxyBaTd 3a

- 1 N y : o L
popmynoro k== ¥ k. 3ualiiene 3HauenHs k i € HallOubW fiMOBipHUM
Ni=1

3HAYEHHAM BUMIPIOBAHOI BEIMYUHU.

st posmoxiny Ilyaccona paucmepcis HOpPIBHIOE CEPEIHBOMY YHCITY
HapaxOBaHUX YaCTHHOK D =k, a cepeqHbOKBaJpaTuyHa MOXMOKA OJIHOTO BHMIPY
JOPIBHIOE /ki (tounimre — Vk ).

Ilpn manux sHaveHHsAX k <1 HMOBIPHICTb P, MOHOTOHHO cCrajae 3i
30inbmennsM k (puc.l). Skmo k >1, P, ClOYaTKy 3pocrae g0 P - 1pn k~k,

IICJIS 900 MOHOTOHHO crnazgae. [lo Mipi 30UIbIIeHHST K MaKCHMYM CTa€ BiJIHOCHO
BCe OUIBLI rocTpuM, a rpadik — Bce OLIBLII CUMETPUYHUM BigHOCHO k =k . Ilpu
BEIMKHX K HacTa€ NpPaKTHYHO IIOBHA cuUMeTpis (I HaBNakd — MNP MaluX
k criocrepiraeThbes pi3ka aCUMETPis).

g, 7 o

a, 8 *

Puc.1. Posnooin Ilyaccona onsn éunaoxie k = 0.5 ma k = 2.



Posnoain lMayca (HOpManbHUI) OTPUMYETHCS SIK TPAHMYHUNA TEpeXil BiJ
posnoxiny Ilyaccona (poO3mOAil OHCKPETHOI BeNWYMHH Tpd Kk >>1) 110
HEMEePEPBHOIO PO3MOJIUTY BUMIPIOBAHOI BEIMYMHU. 3aMmiHIO0un k! B Gpopmysi (1)
fioro HaOMIKEHWM BHPa30M, CHPABEUIMBUM TPH BEIHKUX K, OTPHUMYEMO
HernepepBHyY (QyHKII0 po3noauy [ayca:

(k=k)?
1 o 2
o(k)=——e : ()
N 27K
B wiit ¢popmyni k — HemepepBHa BHIIAJKOBa Belu4yuHa, ¢(k) — rycTHHA

imoBipHocTi. [Ipu npomy, 3amMicTh WMOBIPHOCTI P

yucia BUIKIB (po3noain IlyaccoHa) KOPUCTYIOTBCS 1HIIOK BEIUYHHOIO —
nMoBipHICTIO ¢(k)dk TOTO, IO YMCIIO BIAJIKIB JIEKUTh B «HECKIHUCHHO MaJOMY»

ICHYBaHHSI TOTO YH IHIIOTO

+ o0
npoMiKKy Bil k 10 k+dk. Posmoain HopmoBaHo, T00TO [e@(k)dk =1. Sk 1 ans

— 0
posnoziny Ilyaccona, tak i mas posmoginy Iayca mucnepcis D =k . Ockinbku
(QYHKI CHMETpHYHA, TO BIAXWIEHHS BiJl CepeaHBbOro y=AKk=K—K OIHaKoBe
BIIiBO i BmpaBo (Mo oci 3HaueHp k). VIMOBipHicCTH momajgaHHs 710 Gyab—IKOrO
IHTEpBAIly BiJ y; MO Y, BU3HAYAETHCA IHTErpyBaHHSAM (PYHKIIIT pO3MOALTY B ILOMY

iHTepBaji (IHTerpaa moXuooK).

3HaveHHS IHTerpaty JUIsl PI3HUX 3HA4YeHb Yy TaOyIbhOBaHI.

3araqbHO TPUUHATO, 0 3a HAWOLIBIIT HMOBIpHE 3HAYEHHS BHUMIPIOBaHOI
BEJMYMHHU MOTPIOHO TpuiiMaTy 3HaueHHs K . HaailfiHicTh OTpMMaHOro pe3yiabraTy
BU3HAYAETHCS JOBIPYMM IHTEpBAIOM AK 1 BEJIMYMHOIO JOBIpYOi WMOBIPHOCTI,
TOOTO KMOBIPHOCTI TOMaJaHHS 10 BHOpaHOro MJOBipuOro iHrepBamy. OTxe
pE3YNILTAT BUMIPIB IONAEThCA Y BUMJISML: K = Ak .

Sx BuOpatu npoBipuuit iHTEepBanm Ak? Buxomsts 3 TOro, mo Mipo
daykTyaliii BAMIpIOBaHOI BUITAIKOBOT BETUYMHU CITYKUTh TUCTIEPCis, KA BKa3ye,
HACKUTPKM IIIMPOKO PO3KHJAHI 3HAYCHHS BUIAIKOBOI BEIWYMHU BITHOCHO

cepenuboro 3Hadenus k (k —Kk)2.
Hajiuacrime BenmuuuHy AK IIOB’S3yIOTh 3 JUCIIEPCIEI0 HACTYIHMM YHHOM
Ak=c=+D =k .

KBagpatnuii kopiHb 3 aucmepcii, TOOTO BeTWYMHA o, HA3UBAETHCS

CEPEeIHbOKBAIPATUYHIUM YW CTAHIAPTHUM BIAXWICHHAM (iHOAI — CTaHAapTHA
noxuOka). IaterpyBanns ¢ynkmii ['aycca (2) B rTpaHunsgx ofHiei o, ngae
+0 +20

Jo(k)dk =0.682, a B rpanuusax 2o nae  [o(k)dk =0.954 .

s -20

Ile 3HauNTh, AKII0O MU MIPOBEJAEMO JOCUTh BEJIUKE YHUCIO BUMIPIB BEIUUUHU
k, To 68.2% pe3ynbTaTiB OyAyTh 3HAXOJUTUCS B TPAHUIX k+vk (un k+0), i
95.4% — B rpannsix k +2vk .
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Sxuro BUOpaTH TOBIpYM IHTEpBaN TakK, U100 OyJI0 PIBHOMMOBIPHO MOMACTH
k

Yyl HE MomacTd B HbOro, To0To [¢(k)dk=0.5 (50) TO moxmbka Ha3MBAETHCS

HMOBIPHICHOIO.
Jlerko 3HaiTH 3B’SI30K OCTaHHBOT 31 CTAHIAPTHOIO MOXUOKOIO:
Akﬁ =0.6745 0.

ko BigomMo, 10 BUMNAJKOBAa BEIMYMHA Mijjsirae 3akoHy Ilyaccona (um
l"ayca) MoxHa OLIIHUTH CEpPEAHBLOKBAIPATUUHY MOXUOKY pe3yJbTaTy OJUHUYHOTO
BuMipy. Ilpu 1poMy BBakaloTh, mo k~Kk i Akx+k. Sxkmo Bennumna K
BUMiproBanacs N pasiB 3 OJHAKOBOKI TOYHICTIO, TO 3HAYEHHS K OHEPKYIOTH 3

Vi

TouHicTIO 10 1//N , TO6TO: K +~—
Y JN

AHaJ’IOI‘i‘{HO, SAKIIO PE3YyJIbTaT 3allUCYETHCA Y BI/II‘JISI}Ii IHTEHCHUBHOCTI N = %

(e t —yac 0JHOTO BUMIPY) OTPUMYEMO: N i“’NLt'
Ak k1

BinHocHa nmoxmuOka BUMIpPiB 3aIMHUCYETHCS K - N
k

Hamnpuxkman, skmo 3amaerbest TOYHICTH A0 5%, TO %/E =0.05, 3BiOKH

3HaXO0UMO, 1110 TOBUHHO OyTH He MeHIie 400 BumipioBanb Bemuuuuu K (N).
3ayBakUMO, IO SKIO MAEMO Bl HE3AJIC)KHI BUTIAJIKOBI BETUYMHU X 1 Y 3a

rayCOBCbKMMH 3dKOHaMH pO3HOI[iJ'Iy, TO iX CyMa Z=X+Y TaKOX pOBHOI[iJICHa 3a

3akOHOM ['ayca, mpuaomy
Z=X+y1D_=D_+D_.
z7 x 'y
VY 3arajapHOMY BUIIAJKY, SIKIIO Z = 2¢;X,, C; =const, MaeMo:

- 7 2
Z=cX, D_=>c.“D_ .
2 11’ 7z 2 RS
Bkazani  CHiBBIIHOIIEHHS  KOPWCHI, HAaNpWKIad, TpPU BU3HAYEHHI
BUMIPIOBAHOT BEJIMUMHH 1 X TOXUOOK IIPpH HASIBHOCTI POHY.a
[Ipy BU3HAa4YeHHI CHIBBIHOIIECHHS JBOX IHTEHCHMBHOCTEH TOXMOKa

/n
MiHIMaJIbHa TTPH YMOBI ti: n_2 , AKIOY, +t,, =const.
2 1

TakuM ymHOM, Mana IHTCHCHBHICTH MOBHHHA BUMIPIOBATHCS Ha MPOTA3i
OUTBIIIOTO Yacy.

3aranpHi yMOBH cripaBeITMBOCTI po3noaury [lyaccona:

1. BunagkoBa BenmuynHa MOKe TMTPUUMATH JIMIIE ITUT1 JO1aTHI 3HAYSHHS.

2. Slkmo  goBkMHA 1HTEpBady t—>0, TO WMOBIPHICTh P, Takox

HaOJIMKAETHCS 10 HYJISI, IK HECKIHUEHHO Majla MEepHIoro MopsiaKy, a HMOBIPHOCTI

11



P2,P3 1 T.J. HaOMMXKAIOThCS 10 HYJS, SIK HECKIHYEHHO Malli OUIbIl BHUCOKOTO

MOPAJIKY.

3. loxii, #AKi BIZHOCATBCA 1O IHTEpBANIB, IO HE MEPEKPUBAIOTHCI €
CTaTUCTHUYHO HE3aJIeXKHI.

3ayBa)KMMO, 110 HE 3aBXJM 3aCTOCOBYIOTh 3aKOH IlyaccoHa mpu BHBYEHHI1
paaioakTUBHUX po3naiiB. [ilicHo, po3i0’eMoO t Ha JBa MOCHIIOBHUX t, 1 t,. SAKio
Ha MpoTs31 t BIAOyAeThecs 6araTto po3majiiB, TO A0 MOYATKY t, 3aJIMIIUTHCS MEHILE
anep, SKI He po3naiucs, a 1€ NPUBOAUTH A0 3MEHIICHHS 4YHcla PO3MajiB Ha
npotsizi t, (TyT He BHUKOHYEThCS yMmMoBa 3). B upomy BuNagky po3mnoain

ONMHCYETHCA TaK 3BaHUM OIHOMIAJIbHUM 3aKOHOM, SIKMM MEepexoauTh Yy
yaCCOHIBCHKUM TIPH b ateet.
T
Xix podorn
[Tigrorysatu A0 poOOTH YCTaHOBKY (BUBUMTH IHCTPYKIIIO J10 IPUIIALIY)
2. 3po6iTu mepeBipky 3akoHy Ilyaccona. [lis mboro oGpaTu 4ac OJHOTO
BUMIpYy Tak, mo0 nt=k=4+8, 1 3poobutu 100 Bumipis. I[loOynyBaTy,

BUKOPUCTOBYIOUM III BUMIpH, (YHKIIIO pO3MOALTY P =fk), ne k — uncno

IMITYJIBCIB B OJJHOMY OKPEMOMY BHUMIpi, P, — 4YHCJIO BHUMIpPIB, B SKUX OYJO

k
oJiepKaHoO k IMITYJIbCiB, HOPMOBAaHE Ha IMOBHE YMCIIO BCiX BUMIpiB. [opiBHATH 1110
KPUBY 3 TEOPETHYHOI KPUBOIO JUIS JaHOTO nt =k . JIJIst BOrO TEOPETUYHY KPUBY
po3paxyBatu 1o ¢opmyii (1) Ta moOyayBaTH Ha TOMY X rpadiky.

3. 3pobutn nepeBipky 3akony ["ayca. s 11boro oOpaTu 4yac 0JHOTO BUMIPY
Tak, mo0 k=40+50, 1 3poobutu 50 BumipiB. OCKUIBKH KUIBKICTh BHMIpPIB
HEeJ0CTaTHS JyIs o0y 0B rpadika po3noainy ['ayca, pe3yabTaT BUMIPIB 3aHECTH
B JPYruii CTOBIUMK TaOMUII Ta OOpoOHMTH iX, K II¢ BKa3aHO B TaOJUIll Ta B
HACTYITHUX ITyHKTaX.

PesynbpTaTn BUMipiB

Tabnuys 1

N k y=k—k (k —k)?

k M (k —k)?

4. 3 pe3ynbTaTiB OCTaHHIX BUMIpPIB BHU3HAYUTH BenWYMHYy k Ta Ti

k :
— . IlopiBHSTH  OCTaHHIO 3

CepeHbOKBAPATHIHY — IOXHOKY “meop. = N

o =
eKcn.

5. 3HaWTH MPOIEHT BUMAJKIB, KOJU BIIXWJICHHS B CEPEIHHOTO 3HAYCHHS
|| = |k —k| He nepe6inbumye:

a) CTaHAAPTHOI MOXUOKHU OKPEMOTO BUMIPY o = VK ;
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0) imoBipHicHOI moxuOku 0.67456-c. IlopiBHsATH 3 Teopiero. [losicHuTu
MPUYHUHH PO301KHOCTEM.

6. IlepeBipuTu CHiBBIAHOMEHHS MIX |y| 1 BETHINHOIO

Yacto 1.4 BUKOPUCTOBYIOTH [UJIsi TEPEBIPKU  amapaTypu. SKIio
eKCil.Z > Gmeopz
J140M JIYUIIbHUKA B 3MIHU HANpPyTW B €JIEKTPOCITI, BUTIKAHHSA KOHJEHCATOpa
Opu HOro HECHpPaBHOCTI, 3aMHUKaHHS B €JIEKTPOMEpeXi B CYyCiiHIA sadoparopii,
3MiHa (oHy Ta iH.). JloOpe cmiBmajgaHHsS BKa3aHUX BEJIMYUH CBITYUTH PO
paBWIbHE MPOBEACHHS POOOTH.

7. JleTeKTopoM SIepHOTO BHUIPOMIHIOBAHHS 3apEECTPYBATU KUIBKICTb
IMIYJIBCIB Bl Paji0aKTUBHOIO Mpenapary. 3poOUTH 5 BUMIPIB MO 3 XBWIMHH
KOYKHUU.

a) BU3HAYUTH a0COJIIOTHY Ta BIHOCHY CTATUCTUYHI MOXUOKH OTPUMAHOTO
pe3ynbTary;

0) migpaxyBaTy IHTEHCUBHICTh BUITPOMIHIOBAHHS Ta ii MOXHOKY;

B) 3alMcaTd OCTATOYHI pE3yJbTaTH BHUMIPIOBAHHSA 3 3a3HAYEHHAM iX
CTaTUCTUYHUX TTOXUOOK.

8. Ha cmexTtpomeTpi Yy-KBaHTIB 3apeecTpyBaTH aMILUTITyJIHHH pPO3MOILI
IMITyJIbCIB BiJl y—KBaHTIB pajioakTuBHOro npenapary 3’Cs. Orpumanuii mik 106pe
onucyerbcs posnoauioMm ['ayca. 3HaliTH mapamMeTpu LBbOIO PO3MOALTY, Ta
HOPIBHATU TEOPETUYHI PO3paXyHKHU 3 €KCIIEPUMEHTAIBbHOIO KPUBOIO.

, TO ICHYIOTh JJOJATKOB1 (MIYKTyallii BHECEHI anapaTyporo (3MiHa

KoHTposibHI 3antuTaHHA

3arajgbpH1 yMOBH 3acTOCYBaHHs 3akoHY [lyaccoHa.
3B’s130k 3akoHy Ilyaccona 3 3akoHoMm ["ayca.
[Io Ha3MBarOTH AUCTEPCi€l0, SK BOHA BU3HAYAETHCS?
[Ilo Ha3uBarOTH aOCOFOTHOIO TOXHUOKOI0, IK BOHA BU3HAYAETHCS?
[Ilo Ha3MBaIOTh BIZHOCHOIO ITOXHUOKOIO, SIK BOHA BU3HAYAETHCS?
[Ilo Ha3uWBaIOTh CEPENHBOKBAAPATUYHOIO MOXMOKOIW, SK BOHA
BU3HAYAETHCA?

7. 1o Ha3MBaIOTh KMOBIPHICHOIO MMOXHUOKOIO, SIK BOHA BU3HAYAETHCS ?

ok owdE
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Laboratory work Nel
LAWS OF FLUCTUATIONS DURING REGISTRATION
OF NUCLEAR RADIATION

Purpose: To learn the basic features of measurements during registration of
nuclear particles, learn basic methods of errors measurements calculation.

Theory

The peculiarity of measurement results of physical quantities in nuclear
physics (dosimetry) is their statistical nature. This work is devoted to acquaintance
with methods of such measurements.

The result of measurement of a physical quantity differs from actual value,
due to the presence of errors in measuring. In experimental physics errors usually
are divided into systematic and random. Systematic errors are always controlled,
they have one sign of deviation to greater or smaller side from the real value, and
they can be easily included to the final results in the form of amendments. Random
errors of measurement result are caused by different influences, which are beyond
the control and therefore are statistical in nature. In macrophysics the measured
quantity (mass, length, speed, etc.) has some definite value, while measurements
experience fluctuations due to imperfections in measuring devices, uncontrolled
external conditions. Errors of measurement results of course are distributed by
continuous Gaussian probability law. Probability theory mathematically
substantiates a postulate of an arithmetic mean, showing that this value is the most
probable meaning of the exact value.

The indicators of measurement accuracy are dispersion, absolute, relative,
mean-square and probable errors.

In contrast to the macrocosm in the microcosm fluctuations of a measured
value associated not only with external influences on the measurement result, but
also with the very essence of the phenomenon and they can not be made arbitrarily
small (measured value itself undergoes fluctuations).

The phenomena of microcosm are essentially statistical. Therefore, the role of
the statistical approach here is much more important than in macrophysics.
Statistic is needed not only for processing the results, but also for studying the
process and nature of the investigated phenomena.

Statistical methods of the analysis of measured value allow you to specify it’s
the most plausible value and the interval in which with specified probability is the
true measured value.

In the field of nuclear physics experimenters often deal with statistical Poisson
distribution (when describing discrete distribution of values) and Gaussian
distribution (continuous distribution).

Poisson distribution is described by the formula:

—\ Kk _
P :(“T)Ie—k, (1)
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where k =nt — the average number of impulses, assessed during time of
providing certain measurement, n — intensity or number of impulses per unit of
time, t — time of one measurement, k — number of impulses accrued during one
measurement (it may be different in different measurements), P~ probability of

Impulses during one measurement.

Thus, the formula can calculate (predict) probability of occurrence value in
this measurement, if we knowk. Obviously, the Poisson distribution is
characterized by only one parameter, which can take a different positive values,
when k — only integer (discrete) positive values.

In fact, if we provide N measurements of the k, we obtain a number of
values: Ky KoKy - At the same time probability of occurrence this or that value
will be determined by formula (1) in which k can be approximately calculated by

_ N . _ .
the formula k =% > k- The obtained value k is the most probable value of the
i=1
measured value.

For the Poisson distribution a dispersion is equal to the average number of
assessed particles D=k, and mean square error of one measurement is equal to
Jk; (more precisely - JK).

At small values k <1 the probability of Pe decreases monotonically with
increasing k (Fig.1) if k >1, P
monotonically decreases. As k increasing, the maximum becomes relatively
sharper, and the schedule — more symmetrical relative to k =k . At large k occurs
almost complete symmetry (and vice versa — at small values there is a sharp
asymmetry).

Gaussian distribution (normal) obtained as a limited transition from the
Poisson distribution (distribution of discrete value at k >>1) to the continuous
distribution of the measured value. Replacing k! in formula (1) by its approximate
expression valid for large k, we obtain continuous function of Gaussian
distribution:

first increases to P at k~k, after that
maX

(k-k)?
1 - —
71 \k=0.5
Pko g 4
o.e—-/l ‘\E=2
; .
0,0 ] T |\k__$ ?\:H:——_ T T i
k
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Fig.1. Poisson distribution for cases k =0.5 and k =2.
In this formula k — continuous random value, ¢(k) — density probability. In
this case, instead of probability of existence this or that number of counts (Poisson
distribution) is used another value — p(k)dk, probability that the number of counts

lies in “infinitely small” interval from k to k+dk. Distribution is normalized, that
+ 00

IS [e(k)dk =1. Either for Poisson distribution or Gaussian distribution dispersion
— 0

D=k. As the function is symmetric, the deviation from the average value

y = Ak =k —k is the same left and right (along the axis k). The probability of getting

in any interval from y, 1oy, is determined by integration of the distribution

function in this interval (integral of errors).
The value of the integral for different values vy is tabulated.

It is generally accepted that for the most probable value of the measured
quantity should be taken the valuek . Reliability of the result is determined by the
confidence interval Ak and value of confidential probability, which is the
likelihood to hit the chosen confidence interval. So the result of measurements
provided in the form: k + Ak .

How to choose a confidence interval Ak? Comes from the fact that dispersion
is a measure of the fluctuations of the measured random variable, indicating how
widely are scattered values of the random variable, relative to the average value k

12
(k—Kk)*=.

Often the value Ak is associated with dispersion in following way -
AkIO'Z\/B:\/E.

The square root of dispersion (value o) is a mean-square (standard) deviation

(sometimes — standard error). Integration of Gauss function (2) within the
+0o

boundaries of one o gives  [e(k)dk =0.682, and within the boundaries of 2o it
-0
+20
gives Jo(k)dk=0.954.
-20

This means that if we provide quite a large number of measurements k then

68.2% of the results will be within the boundaries of k ++k (or k o), and 95.4%

_ within the boundaries of k + 2vk .

If you select a confidence interval so that it could be equally probable to get or
k

2
not to getin it ( [p(k)dk =0.5) (50) then an error is called the probability.

4

It is easy to find the relationship of last with a standard error: Ak . =0.6745-0 .

If you know that random variable subject to the Poisson law (or Gaussian law)
you can estimate mean square error of a single measurement result.
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At the same time consider that k~k i Ak~+k. If the value of k was
measured N times with the same accuracy then the value of k is obtained with

N Y
t N, thatis: k +—
accuracy up to 1/ atis +\/W

Similarly, if the result is written as intensity n:% (where t — time of one

measurement) we obtain: n J_rwaLt.
A k1

The relative error of measurements is written as e

ki

For example, if precision is set up to 5%, then }/\/f =0.05, where we find

that must be at least 400 measurements of value k (N).

Note that if you have two independent random variables x and y according
to Gaussian law of distribution, then their sum z=x+y is also distributed
according to the Gaussian law, moreover z=x+y i D =D + Dy.

In general if z =%, ¢; =const, We get:

5 _ - _ 2
Z _Zcixi, DZ —Zci DXi .
These ratios are useful, for example, when determining measured value and
its errors at presence of background. When determining ratio of two intensities

) .. ] n ]
error is minimal in case ti: {—2, if t1+t2 = const .
n
2 1

Thus, low intensity should be measured during longer time.

General conditions of Poisson distribution:

1. The random variable can take only complete positive values.

2. If the length of the interval t —0, the probability P also tends to zero as

infinitely small of the first order, and the probabilities P, Py tend to zero infinitely

small of the higher order.

3. Events that belong to the intervals that do not overlap are statistically
independent.

Note that Poisson law is not always used in the study of radioactive decays.
Indeed, lets divide t into two consecutive t, i t,. If during t a lot of decays will

occur, then before the beginning of t, there will be fewer nuclei which not
decayed, and this leads to a decrease in the number of decays during the t, (is not
performed condition 3). In this case the distribution is described by the so—called

binomial law, which goes into Poisson law at o teet.
T
Procedure

1. Prepare the installation to work (learn the device manual).
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2. Make verification of Poisson law. To do this, choose a time of one
measurement so that nt=k=4+8, and make 100 measurements. Using these
measurements build a distribution function P = f(k), where k — the number of

Impulses in one particular measurement , P~ number of measurements in which

were received k of impulses, normalized to the total number of measurements.
Compare this curve with the theoretical curve for the nt =k . For this calculate the
theoretical curve by the formula (1) and build on the same graph.

3. Make verification of Gaussian law. To do this, choose a time of one
measurement so that k =40+50, and make 50 measurements. As the number of
measurements is insufficient for the building graph of Gaussian distribution,
measurement results record in the second column of the table and process them as
described in the table and in the following paragraphs.

The results of measurements

Table 1
N k y=k—k (k —k)?

k |y (k—K)?
4. From the results of recent measurements determine the k and its mean

< . % (k k)2
square error o = /— . Compare last with & =
meop. N €KCH. N(N -1

5. Find the percentage of cases when deviation from the average |y| =|k—IZ|
does not exceed:

a) Standard error of a ingle measurement o = Vk ;

b) Probabilistic error 0.67456-c. Compare with the theory. Explain the
reasons for the discrepancies.

6. Check the ratio between |y| and \/za = \/Z\/f
T : T

Often p.4 is used to test equipment. If & 2>5 2 then there are
eKcn. meop.

additional fluctuations submitted by equipment (change counter counting from
change in power supply network, leakage of capacitor in its malfunction, circuit in
the electrical system of the next lab change of the background, etc.). Good match
of these values indicates the proper conduct of the work.

7. With help of nuclear radiation detector register the number of impulses
from radioactive drug. Make 5 measurements of 3 minutes each.

a) determine the absolute and relative statistical error of the result;

b) calculate the intensity of radiation and its error;

c) add the final results of measurement indicating their statistical errors.

8. On y—quanta spectrometer register impulses amplitude distribution from
y—quanta of radioactive drug *’Cs. The resulting peak is well described by the

18



Gaussian distribution law. Search parameters of this distribution and compare
theoretical calculations with the experimental curve.
Questionnaire

1. General conditions of Poisson law application.

2. Relationship between Poisson law and Gaussian law.

3. What is called the dispersion, how is it determined?

4. What is called the absolute error, how is it determined?

5. What is called the relative error, how is it determined?

6. What is called the mean square error, how is it determined?

7. What is called the probabilistic error, how is it determined?
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JlaGopaTopHa podora Ne2
BU3HAYEHHS EHEPT'TI AJTb®A-YACTHUHOK 3A BEJITMYHUHOIO
IX BIJIBHOI'O TPOBIT'Y B INOBITPI

Meta: o03HaHOMHUTHCH 3 YCTAaHOBKOI [JIsi BUMIPIOBAHHS MpPOOIry o—
YaCTHHOK B MOBITP1, TOOYAYBATH KPUBY MOTJIMHAHHS 0—4aCTUHOK Ta BU3HAUUTH iX
eHeprio. BcTaHOBUTH 3aKOHOMIPHOCTI 3B’ 513Ky BEJIMYMHU MPOOITY o —4ACTUHOK B
PEYOBHHI 3 11 €Hepri€lo.

TeopeTuuni BitomocTi

Anb(ha—BUNIPOMIHIOBAHHS — 1€ TOTIK SJ€p Teiilo, L0 BUIIPOMIHIOETHCS
PEUYOBHHOIO TpPH pajloakKTUBHOMY po3majai sanep. Enepris anbda—dacTok
3HaxoauThca B Mexax 4-10 MeB, mBuakicte Habmmwxkacrscss o 20000 kM / c.
Maroun BeNMKYy Macy i 3HauHy €HEpriio, BOHU ii BUTpadarOTh B OCHOBHOMY Ha
HETIPY>)KHE PO3CIFOBAaHHS HAa aTOMHHUX PEUOBHH. TakuM 4YWMHOM, anb(a—dacTHHKU
MaloTh BEJUKY 10HI3yl0uy 31aTHICTh. [loBHA 1oHI3allis, CTBOpIOBaHa aib(a—
YaCTHHKaMHU Ha BChOMY IUISIXY MPOOITYy B CEPEOBHIII, CTAHOBUTH MPHUOIU3HO
120-150 tucsta map ioHiB.

[lpu ampda posmanmi MaTepUHCHKE SIPO TIEPETBOPIOETHCS B JIOYipHE.
BuHukae HOBUH 130TOM, IO PO3TAIIOBAHWKA HA JBI KIITHHU ONIKYE JO IMOYATKY
nepioanunoi tabauii JI.I. MeHnneneeBa i Mae MacoBe YUCJIO HAa 4 OJIMHMII MEHIIIE
MaTepuHCbKOro. [lpu 1bOMY 3aKOH paal0aKTUBHOTO TMEPETBOPEHHsS (3aKOH
30epeKeHHs 3apsiIy 1 MaCOBOTO YUCIIA), SIKUH 1CTaB Ha3BY MpaBuia 3MILIEHHS JUIs
0—pO3Maay Ma€ BUTIISI:

X070+ He + ¢
e X — MaTEpUHCBKE SIAPO; 5 3Y — MOUIpHE SAPO; sHe — a—4acTHHKA, Y — raMMa
KBaHT. 3aKOH paioakTHBHOIO po3majy BupaxkaeTbcsa popmynoro: N=Noe™, ne A —
cTajia po3mnamy.

[Ipoiec a—po3mamy Mae 1BI  OCOOMMBOCTI, SKI OynM  BIIKPHUTI
excriepuMeHTanbHo. [lepmia momnsirae B ToMy, 10 MDK MPOOIrOM o —4aCTUHKH B
noBiTpi (R) 1 cTamoro pagioakTHBHOTO PO3MaTy A € IPOCTa 3aJIEKHICTh, EMITIPUIHO
BcTtaHoBJeHa [eiirepom 1 Herromom mie y 1911 porti 1 Bimoma mij Ha3BOIO 3aKOHY

I'efirepa—HerTouna:
IhAi=A+BInR, (@)

ne A 1 B — cram BeIWYMHHU, MPUYOMY CTaia B € OJHAKOBOK JUIS BCIX
pamioaKTUBHUX €IEMEHTIB; A — € CTaJIOI0 JIUIIIE B MEKax MEBHOTO Pai0aKTUBHOTO
psany. [lpu HOpMabHUX yMOBax MpOOIr « —4aCTUHKH B MOBITPI CTAHOBUTH KUTbKA
CaHTHUMETPiB. B pedoBrHI BiH 3HAYHO MEHIITUH.

I3 3akony ['elirepa—Herrona BumiamBae, MO YWM MEHII CTAOUIBHI SApa
(Oimpme A1), TMM OUTbIIA €Heprii «—4acTUHOK (Outhmmii mpobir R). Towmy,
HalOUIbII HEOE3NEYHUMU € PAAI0AKTUBHI 130TOIH, AKI IIBUJIKO PO3MATAI0THCS.

HactynHowo 0cOONUBICTIO «—po3Maay € Te, 10 €HEprisi «—4YacCTUHOK Y
MOMEHT BWJIITAHHS 13 Sijpa MEHIla BUCOTU KYJOHIBCHKOIO MOTEHI1AJIBHOTO
O0ap’epy, IO CTBOPIOETHCA HABKOJIO sA/pa, 1 3MIHIOEThCA B Mexax 4-9 MeB.
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[IpOHUKHEHHSI o —4aCTUHOK (MpU BUXOJl 13 sapa) Kpi3b MOTEHUIAIbHUN Oap’ep
IIPU €HEPrigX 3HAYHO HMXKUYMX HOTO BUCOTH BIAOYBAETHCA 32 PAXYHOK MYHENbHO20
egpexmy. IMOBIpHICTb TakKOrO TNPOHUKHEHHS BHU3HA4YaeThcsl Mmpo3opictio D
noTeHuiaibHoro 6ap’epy. Ilpu upomy crana pamoaKTI/IBHoro po3nany A, BU3HAYa€e
IMOBIPHICTb po3IaAy 1 JOOPIBHIOE AOOYTKY “‘nIpo3opocTi” Oap’epa Ha 4YHCIO
31ITKHEHb N ¢ — YaCTUHKU 3 BHYTPILIHIMH CTIHKaMHU 0ap’epa B g1pi, TOOTO

A=Dn,
D ~exp —%sza(v ~E,)-r

ae M, — Maca —4YaCTUHKM, E_, — eHeprii o—4acTHUHKM, I — WIMpUHA
NOTEHLIaIbHOTO Oap’epy Al AaHOrO 3HAYEHHA eHeprii E_ o —vacTtuHku, V —
BHCOTa MOTEHIIAJILBHOTO Oapepa.

EHeprito «—4acTUHOK 3pyYyHO BHU3HA4YaTH MO iX MpoOIry B PEUOBHUHI.
[Ipoxonsun yepe3 peyOBHMHY, o —YaCTHHKH BTpPA4yalOTh CHEPTrii0, 10HIZYHOYH 1
30y/KyI0uM 3yCcTpiuHl aToMu. JlJIs PO3paxyHKy MUTOMHUX 10HI3AI[ITHUX BTpaT
BKKMX 3aps/DKEHHX YaCTUHOK TIPU €Heprisix E <<(Mc)’/m, e ¢ — HIBHAKICTH
CBITJIa y BaKyyMi, Me — Maca CIOKOIO €JIeKTpOHa, £ — KIHEeTUYHA €HEePrisd YaCTUHKH
BUKOPUCTOBYIOTH hopmyiy berre:

dE 47z? 2m_c? 32

— | =——nZrymc?| In| ——— p —In(l—ﬁz)—ﬁ2 : @)
dx /, yij |
. V' .
ae m,c’=511keB — eHepris CIOKOI eNeKTPOHa; f=—; V — HIBHIKICTh YaCTHHKH;
c

Z — 3apsA] HANITal040i YaCTHHKU B IUINX OIWHHILIX EJIIEMEHTApHUX 3apsiiB
(MOpsAKOBUN HOMEP XIMIYHOTO €JI€MEHTa YaCTHHKH); | — cepeaHiil 1oHI3aIiiHui
MOTEHITIa]l aTOMIB PEUYOBHHH, Yepe3 sKy IPOXOIAUTh dYacTUHKA: |=135-Z¢B;
e’ 13, . - dE
r,=——=2,818-10 — KIACHMYHHMMA pajiyCc eJIGKTpoHa. Benuuuny o
m.c’ X

HA3UBAIOTh TAJIbMIBHOIO 3/JaTHICTIO PEYOBUHH.

Po3paxyHok muTOMHX 10HI3aIIMHUX BTpaT 3a QopmMynor (2) MOXKIUBHUIA,
SKIIO MIBUAKOCTI YaCMHOK He Ayxke Mmani. lle moB’s3aHo 3 THM, IO MpU MajuX
IIBUAKOCTSIX MOXKE€ MaTH MICIIe 3aXOIUICHHS €JIEKTPOHIB  3apsKCHUMHU
JaCTHHKaAMU.

3anmexuicte dE/dx Big musxy, TpOHIEHOTO YACTHMHKOI B PEUYOBHHI,
Ha3MBa€ThCs KpuBOIO bperra. JIBi Taki kpuBi st pyxy a—vactok “°Po ( Ea= 5,3.
MeB) i **Po (E, = 7,7 MeB) B noBiTpi nmokasani Ha puc. 1. SIk BUIHO 3 pUCYHKa,
KpuBi bperra MarooTh HampuUKiHI MPOOIry XapakTepHUH MiAHOM, Ha3BaHUN TIKOM
bperra.
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dE/dx, MeB/cm

2 210P0 214P0

0 2 4 6 x,CcM

. . . 210 .
Puc. 1. Kpusi Bpeeea ons a—uacmunox, axi eunpomintoromocs = Po i **Po

Brpatu eneprii dE/dx 3anexaTh BiJ HUISXY HPOWIEHOTO YacCTHHKOIO B
pedyoBuHi. YuMm OUIbIIMKA NUISX MPOMILIAa YAaCTUHKA, TUM MEHILIOK CTae ii
MIBUKICTH 1, BIAMOBIIHO TUM OUIBIII MUTOMI BTPATHU €HEPTII.

3anexHICTh TYCTUHU TOTOKY YaCTUHOK (IHTEHCUBHICTH MOTOKY I), TOOTO
YaCTHHOK, $KI MPOXOASATh 4Yepe3 OJUHUII0 IUION[I 32 OJUHUII0 Yacy, BIJ
OpoijeHol  BiACTaHI X  BIA  TMOBEPXHI  PEUOBHMHU  JUJII  [OYATKOBOTO
MOHOEHEPreTUYHOTO (3 OJHAKOBOIO €HEPri€l0) MapajelbHOro My4yka 0—4aCTHUHOK
oKa3zaHo Ha puc.(2)

I/Imax, BiI[H.OI[

[

R Re X

0

Puc.2. 3anescnicmo inmencusnocmi nomoxy MOHOEHep2emuyHo20 NYyKa o—
YACMUHOK 80 WIAXY NPOUOEHO20 HUM 8 PEYOBUHL.

R — mpoOir 4acTHHOK, KU BU3HAYA€THCS BIJICTAHHIO HA KM IHTCHCHUBHICTD
MydKa YaCTUHOK CIAJa€ 0 TOJIOBMHU TIOYAaTKOBOi IHTEHCHBHOCTi; R, —
€KCTPanobOBAaHUN TPOOIT, KU BU3HAYAETHCS SIK BIJCTaHb, HA SKIM mpsMa sKa
anPOKCUMY€ CEPEIHIO TUITHKY CIaly KPUBO1 IHTEHCUBHOCTI IEPETHHAE BICH X. |

max
— IHTEHCHBHICTh Ha BXOJi B peuoBuHY (x=0); / — IHTCHCUBHICTh Ha TTUOWHI X BiX
MOBEPXHI PEYOBHHH.

BceTanoBieHo psij eMOipuyHUX CIIBBIIHOLIEHb MK MPOOIrOM G—4aCTHHOK
(cm) B moBiTpi 1 ix eHeprieto E, (MeB). Tak nns po3paxyHky E, mo mpoOiry B
noBiTpi 3acTocoBytoTh Gopmyny Leiirepa (mpu t=15°C i tucky 760 MM.pT.CT. —
HOpMaJibH1 YMOBH):
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R, ~0,31E%? (3)
a st Oyapb—sIKOi pe4OBHUHHU 3 aTOMHOIO Macoro A ¢hopmyny bpera:

R, =10°\/AE} / p,
ne R, — eKCTpamonbBaHMii MpoOir, CM; p — TyCTMHa PEYOBMHHM, I/cM’; E, —

a

eHepris anbpa—yactuHku, MeB.

Xix podoorun

1. Bxmtountu yctanoBky @IIK—-03, natu nporpituch 5 XB.

2. BceranoBuTH yac BUMiprOBaHHS, BKa3aHUN BUKJIAIayeM.

3. Bumipstu ¢on.

4, BceranoButH xepenio o—BUMIPOMIHIOBAHHS.

5. 3HATH MOKA3HUKHU 3aJI€KHOCTI IHTEHCUBHOCTI MOTOKY 0.—4aCTUHOK BiJ
BIJICTaH1 10 JpKepesa BUTPOMIHIOBAHHS.

6. 3aBepIInTH BUMIPIOBaHHS MPH TOCATHEHHI 3HaY€Hb (DOHY.

7. [ToOynyBaTn rpadik 3ajIe’KHOCTI IHTEHCUBHOCTI MOTOKY O—YaCTHHOK
BiJI BIICTaH1 10 JXKepesia BUIPOMIHIOBaHHS.

8. BusHaunTu eHeprito o—4acTHUHOK, 32 (hopmyioro (3) ikl yTBOPIOIOTHCS
pu po3Maji sijep npenapary.

9. JlaTu BiMOB1/I1 HA KOHTPOJIbHI 3aUTaHHS.

KoHTpo/IbHI 3aiUTAHHA

1. ChopMmymroiiTe OCHOBHI 3aKOHOMIPHOCT1 0.—pO3May.

2. I1lo Ha3uBalOTh MUTOMUMU 10H13AIIMHUMU BTpaTaMH ?

3. Sk BHU3HAYAETBCA EKCTPANOJHLOBAHUU MPOOIr BaXKHUX 3apsAKEHUX
YaCTUHOK?

4. Chopmymrorite 3akoH I'efirepa—HeTToua.

5. lllo Ha3UBaIOTh o —BUMPOMIHIOBAHHSAM?

6. Ska 3a71eXKHICTh MK MPOOITOM 0.—4aCTHHOK Ta iX €HEPTi€lo.

7. EHepris sikoi yacTUHKH Ha puc.l. € 6utpior? Yomy?

8. 3amuIIiTh MPaBUIIO 3MIIICHHS IS o —pO3Many.

9. lllo Ha3uBarOTH MPO30OPICTIO MOTEHITIATBLHOTO O0ap’epy?

10. SIx BU3HAYAETHCS MPO30PICTh MOTEHITIATBLHOTO 0ap’epy?
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Laboratory work Ne2
DETERMINATION OF ENERGY FOR ALPHA PARTICLES
BY THEIR FREE PATH IN AIR

Purpose: to study the installation for measuring of a—particles path length in air, to
build absorption curve of a-—particles and determine their energy. Establish
relationship between a—particles path length in matter and its energy.

Theory

Alpha radiation — is helium nuclei stream that is emitted by the matter
during radioactive decay of nuclei. The energy of alpha particles is in the range of
4-10 MeV, speed close to 20,000 km / s. With its large mass and significant
energy, they spend it mainly on the inelastic scattering on nuclear matters. Thus,
alpha particles have a high ionization potential. The complete ionization, created
by a—particles on their whole way of path length in the medium, is approximately
120-150 thousand pairs of ions. In alpha decay maternal nucleus becomes a
daughter nucleus. A new isotope appears, which is located the two cells closer to
the beginning of the D. Mendeleev Periodic Table and has a mass number, which
IS 4 units smaller than maternal. Thus the law of radioactive transformation (the
law of conservation of charge and mass number), which was named the rule of
displacement for a—decay has the form:

X5+ He +y

Where #X — maternal nucleus; 473y — daughter nucleus; ;He— o—particle, y —
gamma quantum. Law of radioactive decay is expressed by the formula: N=Nge™,
where A\ — decay constant.

a—decay process has two features, which were discovered experimentally.
The first is that between o—particle path length in the air (R) and radioactive decay
constant (1) is a simple dependency, empirically established by Geiger and Nuttall
still in 1911 and is known as the Geiger—Nuttall rule:

hA=A+BIhR, )

where A and B — the given constants, and the constant B is the same for all
radioactive elements; A — is constant only within a certain radioactive range. Under
normal conditions path length of a—particle in the air is a few centimeters. In other
substance it is much less.

From the Geiger—Nuttall rule follows, that the less stable nuclei are (greater
A), the higher is energy of o—particles (higher path length of R). Therefore, most
dangerous are the radioactive isotopes, which decay rapidly.

Another feature of a—decay is that energy of a—particles at the moment of
departing from the nucleus is lower from height of Coulomb potential barrier,
which is created around the nucleus, and varies in the range of 4-9 MeV.
Penetration of o —particles (when leaving the nucleus) through the potential barrier
at energies significantly lower its height occurs due to the tunneling effect. The
probability of such penetration is defined by the transparency of D of potential
barrier. In this case radioactive decay constant (1), defines the probability of decay
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and is equal to the product of barrier "Transparency" on the number of collisions n,
a—particles with internal barrier walls in the nucleus, namely:
A=Dn,

D~ exp[—%\/Zma(V ~E,)- r]

where m,,_o—particle mass, E, — o—particle energy, r — width of the potential

barrier for the given a—particle energy, V — the height of the potential barrier.
a—particle energy is convenient to be determined by their path length in
matter. Passing through the matter, o —particles lose energy, ionizing and exciting
counter atoms. To calculate the specific ionization losses of heavy charged
particles at energies E <<(Mc)’/m, where ¢ — the speed of light in vacuum, me —

the rest mass of the electron, E — Kkinetic energy of the particle, Bethe formula is

used:
(dEj —L;z—zzznezrozme&['n(zmeczﬂz]_|n(1—ﬂ2)—ﬂ2] (2)

dX ion |

where m.c* =511 keV — the rest mass energy of the electron; ﬂ:%; v — particle

speed; Z — charge of the incident particle in integral number of elementary charges
(serial number of the chemical element of particle); I — average ionization
potential of the atoms of matter, through which the particle passes: 1=135-Z ¢B;

eZ

m,C
stopping power of a matter.

Calculation of specific ionization losses by formula (2) is possible if the
particles speed is not too small. This is due to the fact that at low speeds electron
capture by charged particles can occur. Dependence of dE/dx on the path, passed
by particle in matter, is called Bragg curve. Two such curves for a—particle motion
?°Po ( Ea= 5,3MeB) and **Po (E, = 7,7MeB) in the air are shown in Fig. 1. As
can be seen from the figure, Bragg curves at the end of run have typical rise, which
Is called the Bragg peak.

r,=——=2,818-10"% c¢m — classical electron radius. The quantity 3—5 is called the

3

dE/dx, MeB/cm

2 210PO 214P0

Fig. 1. Bragg curves for a—particles which are radiated by *** Po and #*Po
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Energy loss dE/dx depends on the path length which has been traveled by
particle in the matter. The bigger distance has been passed, the less is its speed and
therefore the greater is the specific energy loss consumption.

The dependence of the particles flux density (the intensity flux I), it means
the particles that are passing through a unit area per a unit time, from the traveled
distance x from the surface of the matter for the initial monochromatic (with the
same energy) parallel beam of o—particles is shown on Fig. (2)

A

I

0,5 ----mm=mmmmmmemmomnonn oo

»

R Re X

I/Tmax, according a unite

0

Fig. 2. The dependence of intensity flux of the monochromatic beam of a—particles
from its traveled course in the matter.

R — the particles path length that is determined by the distance on which the
particle beam intensity decreases to a half of the initial intensity; R, — the
extrapolated path length that is defined as the distance on which the direct line that
approximates the average area of intensity curve recession crosses the x—axis. 1__
— the intensity while the entrance into the matter (x = 0); | — the intensity on a
depth x from the surface of the matter.

There are a number of empirical relationships between the path length of the
o—particles (cm) in the air and their energy (MeV). So to calculate E, on the path
length in the air we use the Geiger formula (when the t=15°C and the pressure is
760 mm Hg those are normal conditions):

R, ~0,31EY?
and for any matter with atomic mass A we use Bragg formula:
R, =10°\/AES / p,
where R, — extrapolated path length, cm; p — density of the matter, g/ cm3; E, —
o—particle energy, MeV.

Procedure

1. Turn on the installation FPC-03, heat it for 5 minutes.
2. Set the measurement time, said by the teacher.

3. Measure the background.

4. Set the source of a—rays.
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5. Write down the indicators of the dependence of a—particles flow intensity on the
distance to the radiation source.

6. Complete the measurement when it reaches the background values.

7. Construct a graph of the dependence of a—particles flow intensity on the distance
to the radiation source.

8. Determine the energy of a—particles by formula (3) which is formed during the
nuclei decay of a sample.

9. Answer the test questions.

Questionnaire
. Specify the basic laws of a—decay.
. What is called — the specific ionization losses?
. How to determine the extrapolated path length of heavy charged particles?
. Specify the Geiger — Nuttall rule.
. What is called — the o —radiation?
. What is the dependence between the a—particles path length and their energy?
. The energy of which particle is bigger on Picture 1.? Why?
. Write down the rule of displacement for «— decay.
. What is called the transparency of the potential barrier?
0. How to determine the transparency of the potential barrier?

P OO ~NNOLES WN P
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JlaGoparopHa podora Ne3
BuzHayeHHsI MaKCMMAJIbHOI eHepril f—CrneKkTpy 3a TOBIIMHOIO IIAPY
IOJIOBHHHOI'O NOTJIMHAHHSA

Meta: BcraHoBneHHsI 3aKOHY MOIVIMHAHHS S —TPOMEHIB B PEYOBHUHI 1
BHU3HAYCHHS MaKCUMAJIBHOT €Heprii B —cnekTpa izoromy “Co

TeopeTuuHi BizomocTi

Bera—po3man — 1e caMOBiIbHMIA TPOIIEC, B IKOMY HeCTaOlIbHE Sapo ;X
MEPETBOPIOETHCS HA SP0—1300ap (3 OTHAKOBOKO KITBKICTIO HYKJIOHIB — MacOBUM
YHCIIOM 1 PI3HUM TOPSIKOBUM HOMEpPOM B Tabiwmili MeHmeneesa) ,,i X abo , X .
KiHIieBUM pe3yabTaToM IIhOTO MPOIECY € TIEPETBOPEHHS B SApI HEWTpPOHA B
OpoTOH abo MpoToHa B HEWTpoH. MoOKHa cKazaTH, MO [—po3mag € He
BHYTPIIIHBOSCPHUM, a BHYTPIIIHBOHYKJIIOHHHUM mporiecoM. llpu HbOMY
BIIOYBAIOTHCS OLIBII MTMOOKI 3MIHU PEUOBUHU, HIXK MTPH O—PO3MAIL.

Po3pi3usTh Tpu BuK P—po3many, IKUM BiJINOBIAI0Th MPAaBUIIA 3MIIICHHS :

a) eJEKTPOHHHMH [~ —po3majn, B SKOMY SIpPO BUIYCKA€E EIEKTPOH, a TOMY
3apsiIOBE YUCIIO Z 30UIBITYETHCS HA OJTMHUITIO!

X, X 4B +V;

0) mo3uTpoHHHI ['—po3mam, B SKOMY SIpPO BUIYCKA€ MO3UTPOH i HOTO

3apsI0BE YUCIO Z 3MEHINYEThCS Ha OJUHUITIO:
X, X +B +v;
1€ v 1 v —HEeHUTPIHO 1 aHTUHEHUTPIHO.

B) €JICKTPOHHE 3aXOTUICHHS (e—3aXOIUICHHS ), B SIKOMY SIPO MOTJIMHAE OJMH 3
EJIEKTPOHIB €JIEKTPOHHOI OOOJIOHKM aTOMa, a TOMY 3aps/I0BE YHCIIO 3MEHIIY€EThCS
Ha OJITUHUIIIO:

2X+B >, X +v.

3a3Bryail HailyacTilie eNeKTPOH MOTJIMHAETHCS 3 K—eIeKTPOHHOT 000IOHKU
aToMa, OCKUIBKM IS OOOJIOHKA 3HAaXOJIWUTHCS HaWOImxk4e 10 sapa. B 1pomy
BUIAJIKY e—3aXOIUICHHS Ha3uBaloTh K—3aXOIUICHHSIM. EJNEKTpOHH MOXYTh
MOTJIMHATHCS TaKoXk 3 L— a6o M—00010HOK 1 T.JI., aje IIi MpoIecH 3HaYHO MEHIII
HMOBIpHI.

PanioakTuBHI aTOMU OJHOTO 1 TOTO X COPTY BHIPOMIHIOIOTH €IEKTPOHU
PI3HUX €HEprid, MOYMHAIOYU BiJ HYJS 70 JESKOTO0 TPAaHUYHOTO 3HAYEHHS, SKE
HA3WBAETHCS BEPXHBOIO TPAaHUICIO —criekTpy. [t BeMUKoi KITBKOCTI OJHAKOBUX
anep B Pe3yJdbTaTi CTAaTUCTUYHOTO YCEpPEAHEHHS BHUHUKAE TEBHUW PO3MOILIT
CIEKTPOHIB (TMO3UTPOHIB) MO EHEPrisiX. B KOKXKHOMY KOHKPETHOMY BHUMAAKY
EHEpris, SKa BUAUIAETHCA TPU B po3Maji PO3MOMUISETHCA MK EIEKTPOHOM Ta
HEeHUTpuHO. B ToMy BUNAAKy, KOJIM €IEKTPOH BHITYCKAETHCS 3 CHEPricr0 Emax, sSKa
BiAMOBIAae BepxHId rpanuul B—cnektpy (Erp), Ha A0a10 HEHTpPHHO NpHIanae
HyJIbOBa KIHETUYHA eHeprisi. UM MeHIa eHeprisi BUIYLIEHOIO €JIEeKTPOHA, TUM
Oulbllla KIHETHUYHA €HEPris Hapo/keHoro HedTpuHo. Cyma LUX €eHeprii mnpu
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KOXXHOMY 1HJIMBINYyaldbHOMY aKTl [B—pos3nany HAopiBHIOE Emax (3riIHO 3aKoHy
30epeKeHHs €Heprii).

N A 2p -
o\
100 = p
oy E .t
325
50 -
0 " 10  E MsB

Puc. 1. Bema—cnexmp i cxema posnady >°P.

Tunosuii 6eTa—cnekTp nokaszanuii Ha puc. 1. beta—po3naz 32p BiJI0OyBa€THCS
HA OCHOBHMII CTaH JI0YipHOro f/pa 32S i He CYNPOBOIKYEThCS BUIPOMIHIOBAHHAM
Y—KBaHTIB. ¥ 0araTtboX BUIIaJIKax OeTa—po3mnaj BinOyBaeThCcs Ha 30y/KEHI CTaHU
JOYIPHOTO  AApa—TIPOAYKTY. Y  IIMX  BHIIAJKaX OeTa—BHIPOMIHIOBAHHS
CYIPOBOJIKYETHCS BUIIPOMIHIOBAaHHSIM Y—KBaHTIB. [Ipu mpoMy 30yJDKeHE SAPO
MOKE TaKOX IepefaBaTH €HEPrilo €JIEKTPOHAM aTOMHHX OOOJIOHOK, 30Yy/IKYHOUH
ix. e siBumie Ha3UBaEeThCS €PEKTOM BHYTPIIIHBOI KOHBEPCIi 1 CYNPOBOIKYETHCS
BUITPOMIHIOBAHHSIM aTOMHHUX €JIEKTPOHIB.

Po3pi3HsAOTh TpHM THUMHM B3a€MOIi €JNEKTPOHIB 13 aTOMaMHM PEYOBUHU:
NpYXHE pPO3CIIOBaHHA, HEIMpPY>KHE PO3CIIOBAaHHS, pajialfiiiHe rampMyBaHHA. [lpu
IPY>KHOMY PO3CIIOBAaHHI €JICKTPOH ITICJIsSI 31TKHEHHS 3 aTOMOM 3MIiHIOE HaIlpsM
pyXy, aje cyMmapHa KIHETHYHA CHEPris eJeKTpOHAa 1 aroMa HE 3MIHIOEThCS
BiIOyBa€eThCs JIMIIE ASAKUH 11 mepepo3noain. B pe3ynbrarti HenmpyKHOI B3aeMOII,
3a paxXyHOK KIHETHYHOI eHeprii ejekTpoHa, BimOyBaeTbcs 30ymKeHHs, abo
10H13a1id aToMa.

Brpatu eneprii enekTpoHa Ha i0Hi3aIlil0 1 30y/PKEHHs] aTOMIB PEYOBHHH, B
AKIA EJNeKTPOH PYXa€ThCs, HA3WUBAETHCS 1OHI3AIIMHUMH BTpaTaMu. loHi3aIliiHi
BTpaTH, SKI 3a3Ha€ OOMOApIyIOUMi EJIEeKTPOH Ha OJWHHUII0 JOBXHHHU CBOET
TpaeKTOPii MPOMOPIIiiiHI YHCITY €JIEKTPOHIB N B OAMHHUII 00’€My pedoBHHH. YuM
OutblIe n, THM 3 OUIBIIO KUIBKICTIO CJIEKTPOHIB Ha CBOEMY MUIAXYy Oyje
B3aEMOJIISITA IMIBUAKUN €IEeKTpOH. TOMy MOXHA BBaXKaTH, IO TPAEKTOPIS PyXy
CJIEKTPOHA B PEYOBHHI 3QJICKUTH BiJ] TYCTHHH PEYOBHHH. lOHI3aIliiiHI BTpaTH
CJIGKTpOHa Ha NUIIXy O , SKWH BiH MPOXOJIWUTH B PEYOBHHI, OYCBUIHO, OyIyTh
MPOTIOPIIiitHI pd — YacTo 1eil JOOYyTOK Ha3WBalOTh MACOBOIO TOBIIMHOK IIapy
PEYOBUHH, IKUH TPOXOUTH €ICKTPOH (p—TyCTHHA PEYOBUHHM).

Ilim pamiamifiHuM — TadbMyBaHHSAM  PO3YMIIOTh  B3a€EMOJI0  IIBHIKHX
€JIEKTPOHIB 3 KYJOHIBCBKUM TIOJIEM aTOMHHUX SIJIEP, BHACIIAOK SIKO1 BiIOYBa€ThCsS
rajbMyBaHHS PyXy €JIEKTPOHIB (CIOBUIbHEHHS X IIBUJKOCTI) 1 BUIIPOMIHIOBAHHS
€JIEKTPOMArHITHUX XBWIb (3T1IHO €JEKTPOAMHAMIKH, BCSKUN MPUCKOPEHUU PyX
3apsIKEHUX YacTUHOK 3 JOJaTHIM a00 BIJ €MHUM HPUCKOPEHHSIM 3aBXKIU
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CYNPOBOJIKYETbCS  €JIEKTPOMArHITHUM BUIIPOMIHIOBaHHSM). Brpatum eneprii
€JIEeKTpOHAa Ha BUIPOMIHIOBAHHS (SIK MPaBWIJIO, B PEHTIEHIBCHKIM 00JacT1) AicTanu
Ha3By pajlauiiiHux BTpar. PagiamiiiHi BTpaTH pOCTYyTh NPOMNOPUIAHO €Heprii
€JIEKTpPOHA 1 KBajJpaTy MOPSAKOBOIO HOMEpa aroMa CepeloBUIIA, B SKOMY
pYyXa€eThCsl €NeKTpOH. EHepris enexkTpoHa, mpH sKiM 10HI3alldHI BTPATU CTaIOTh
PIBHUMH pajialliiHuM BTpaTaMm, JicTajia Ha3By KPUTHYHOI €HEeprii.

SIkuo eHeprisi eNeKTpOHA HIXKYE KPUTHUYHOI, TO BTpaTH €Heprii, B
OCHOBHOMY, HOCATH 10HI3allliHUK xapaktep. [Ipu eHeprisix Bule KPUTUUHOI Ha
nepile Miclie BUXOAATh pajlialliiiHi BTpaTH €Heprii eIeKTpoHa.

[oHizariiiHi 1 paaiaiiiiHi BTpaTH €Heprii BU3HAYAIOTh MPOOIr €JEeKTpOHA B
pedoBuHi. I1ix goBxunHo0 pobIry (L) po3ymitoTh Taky TOBIIMHY IIapy PEUYOBUHU
(o mpsMild, sika criBNaJae 3 TOYaTKOM BXOJy €JIEKTPOHA B PEUYOBUHY ), MPOXOASIUH
yepe3 SKy eJIeKTPOH 3MEHIIY€ CBOIO IIBUKICTH /10 TEIJIOBOI IBUAKOCTI. JloBXHnHA
npoOiry ejeKTpoHa CYTTEBO BIAPI3HAETHCS BiA AIMCHOTO MHUIAXY MPOWUIEHOTO
EJIEKTPOHOM, TaK SIK MPU KOXKHOMY 3ITKHEHH1 €JIEKTPOH 3MIHIOE HAINpsiM PyXy 1
PYXa€eThCs 1O JTaMaHil JiHIi.

Konu IIIBUOKUH eJIEKTPOH

3MEHIIIUTEh CBOIO IIBUJKICTEL JIO0 TEILJIOBOI

Vo v, Vi, TO BIH HIYUM He Oyle BLIPI3HATHUCS
S, ' BlJl €JIeKTPOHIB PEUYOBMHU 1 MOKe OyTH

3aXOIIJIEHUH OJHHM 13 aTOMIB PEUYOBUHU.
B mamomy Bumamgky TroBOpSTbH, IO
€JIEKTPOH IIOTJIMHAETHCS PEUYOBHHOIO.
L [lornmuHawHsa  MBUIKHX  €JIEKTPOHIB
PEYOBHHOIO JOCHTH TOYHO OIKUCYETHCS

eRCHOHeHHiaJIBHI/IM 3aKOHOM:

Ng=Noe *d=Nge (*P)pd (1)
ne No — moyaTkoBa 1HTEHCHUBHICTH Iyyka OeTa—4acTHMHOK, Ng — IHTCHCHUBHICTH
mydka TICIsS TPOXOKEHHS Imapy pedoBUHU ToBIMHOIWO d, k — miHIHUWK

Koe(iIieHT MOTJIMHAHHS.

[TapameTp k/p HazuBaroTh MacoBUM Koe(illieHTOM moriauHaHHSA. JIiHIHHUN
Koe(dimieHT Kk ays pi3HUX PEYOBHMH Ma€ CBOE€ 3HAYCHHS, MACOBUN KOE(IIIEHT
MOTJIMHAHHS ISl OJTHOTO 1 TOrO0 ¢aMoro OeTa—BUIIPOMIHIOBAHHS IPHUOJM3HO Mae
OJIHAKOBE 3HAYCHHS B PI3HUX pedoBUHAX. lle MOACHIOETBCS TUM, MO JUIS
OJIHaKOBOi MacoBOi TOBImMHM pd B pI3HUX pEYOBMHAX 10HI3AIliiHI BTpaTH
MpPaKTUYHO  ojauHakoBi.  Jly’ke  4Wacto  TOTIMHAaHHS  OeTa—TIPOMEHIB
XapaKTepu3yeTbcss HE KOE(IlIEHTOM TMOTJIWHAHHSA, a TOBIIMHOIO Iapy
MOJIOBUHHOTO mormuHaHHS dop, TOOTO Takoro MmIapy, MPOUIIOBIIN SKUH
IHTEHCUBHICTh O€Ta—4aCTUHOK 3MEHIIY€EThCS BABOE. [IpHITHATO MI1ap MOJIOBUHHOTO
MMOIJIMHAHHS BU3HAYATU B MAcCOB1M TOBIIMHI:

A = pdo, do=A/p (2)

B 6u1b110CTI BUNIAIKIB A BUMIPIOETHCS B OJMHMITIX Mr/cM>.

3B’S130K 1Iapy MOJOBUHHOIO MOTJIMHAHHS 3 MacoBUM koediuientoMm k/p, sk
ciinye 3 popmyd (1) 1 (2) BupakaeThCsl CHIIYIOUUM PIBHSHHSIM:
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No/2=Noe **? ago 2=ek (3)

[Iponorapudmysasiu Bupas (3) orpumaemo: In2 = EA . 3BiAcH

Yo
k In2
x_nhe 4
Py (4)
Bpaxysasumm ¢popmyiny (4), piBHsiHHA (1) MOXHA NEpeNnuUCcaTi y BUTIIAI:
NdzNoean(—pd IA)— N0_2—pd/A (5)

MacoBa TOBIIIMHA PEYOBMHU Ha LUISIXY BiA Mpenapary A0 poOodoro o0’ eMy
JTYWIBHUKA BU3ZHAYAETHCS (POPMYIIOI0:

pd = (pd)nos + (pd)s + (pd)noer (6)
ac (pd)noe — MaCOBa TOBIIIHMHA I_Hapy HOBiTpSI MI}K J:[}KepeJIOM Ta Hin/IHBHI/IKOM;
(pd)s — wMacoBa TOBIIMHA BiKHA JIYMIBHHKA, (pd)no; — MACOBA TOBLIMHA

norfivHauy (B JaHiii poOoTi moriauHaueM € amoMmiHiid). CyMyBaHHS MacOBHX
TOBIIMH 32 (OPMYII0I0 (6) TOMYCTUMO JIUIIE JJIs JIETKUX Ta CEPEIHIX €JIeMEHTIB. Y
dbopmyni (6) 3HaYCHHS MAaCOBUX TOBIIMH HA PI3HUX IUISIXaX MOXKHA BU3HAYUTH 3
dopmynu (5), 3Hat04u A Ha IIUX HUISIXaX.

ToBmpHA mIApy TOJOBUHHOTO TIOTJIMHAHHSA O€Ta—BUIPOMIHIOBAHHS B
PEUYOBHHI 3aJIeKUTh BiJI MaKCUMaJbHOI €Heprii OeTa—cmekTpa. 3B’S30K IIapy
TOJIOBUHHOTO NOTNIMHAHHA A (Mr/cM?) 3 MaKCUMAaIBHOO eHepriero Geta—crexTpa B
(MeB) BupakaeThcsi HAOIMKEHUMH €MITIPUYHUMU PIBHSIHHSIMMU:

npu 0,15 MeB < Epax < 0,7 MeB A (mr/cm?) =55 - (Emax) -,
(7a)

npu 0,7 MeB < Emax < 2,5 MeB A (mr/ecm?) =53 (Emax)™*'.
(70)

[Iposnorapudmysasiiu Bupas (5), orpumaemo: 1gNq =lg No - pd/A-1g2 (8).

BukopuctoBytoun (8) TOBIIMHY IIapy IOJOBHHHOTO MOIJIMHAHHS MOXKHA
BU3HAUUTH 3 PIBHSIHHS:

__pdlg2 03
(gN,~lgNy)" = Ny
N,

3naroun A, o popmynax (7a) i (70) MokHA BUBHAYUTH MAaKCUMAIIbHY
eHeprito 0era—creKTpa.

B nmaGopatopHiii poOOTI MPOMOHYETHCSI BU3HAUYUTA MaKCUMAIbHY €HEPTiio
OeTa—creKTpa pagioakTBHOro izoromy °°Co METOJOM BHMIPIOBAHHS TOBLIMHU
1apy MOJOBUHHOTO TMOTJIMHAHHS O€Ta—TIPOMEHIB.

Xin podorn
1. OsnalioMuTHCh 3 OYJOBOK 1 TPUHIMIIOM POOOTH pajioMeTpa.
[TigroTyBaTu pamioMeTp 10 BUMIpIOBaHHS.
2. Bi3pMiTh y KepiBHHUKA 3aHATH PAAI0AKTUBHUN MpemnapaT i MOMICTITh HOTo
Ha BiJicTaH1 3—5 cM BiJ JIIYUIIbHHUKA PaJlOMETpa.
3. B po06oTi BUKOPUCTOBYETHCS Mpemapar i3otony ~Co. Ilei i3otom, KpiM

O0eTa—MpOMEHIB, BUIIPOMIHIOE TamMMa-TipoMeHi. Jlins Toro, mo0 MoxxkHa Oyio
BpaxyBaTh MOXUOKY, 3B’Si3aHy 3 raMMa—TIPOMEHSAMH 1 TPUPOJHUM (POHOM, MIXK
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npenaparoM 1 JIYUIBHUKOM PO3MICTITh (PUIBTP, SIKAM MOBHICTIO MOIVIMHA€E OeTa—
BUIIPOMIHIOBaHHs. 3HIMITh MOKa3u pagiomerpa Ng (BOHM BIANOBIAAIOTH (OHY,
00yMOBJIEHOI'O FaMMa—BUIIPOMIHIOBaHHAM 1 TPUPOAHOMY (DOHY).

4. 3amicTh (QuIbTpa MDK M[penapaToM 1 JIYAIBHUKOM pO3MILIANTe
MOCJIITOBHO MJIACTUHHU AJIOMIHIIO, 3HIMat04uu nokasu paaiomerpa. (Ilepumit gocnia
BIJIMOBIZA€ BUIAJKY, KOJIU MDK IpPenapaToM 1 JIYMIbHUKOM BIJCYTHI allOMIHI€B1
nucTku). JIJisi BU3HAYEHHS 1HTEHCUBHOCTI O€Ta—TIpOMEHIB HEOOX1JHO Bl MOKa3iB
paaioMeTpa BiIHATH (POH, 3B’s3aHUI 3 raMMa—BHUIIPOMIHIOBaHHSAM 1 MPUPOJHUM
dboHOM:

5. Pesynbratu 3anucatu y Tabdauiio 1.

Tabnuys 1
IHoxasu
K= d Hoxasu agiomeTpa Bi
aJIoMiHieBUX P ? paxiomeTtpa Bix pai pa Bii Nd
. Mr/cm npenapary 0e3
JIUCTKIB npenapary 3 ¢goHom
pony
6. [ToOynyBaTu KpUBY NOTJIMHAHHS OeTa—TpoMeHiB B

HaniBiaorapupmiunomy wmacmrabi. Ilo oci abcumc B miHiIHHOMY MacmTabi
BIZIKTalal0Th 3arajibHy TOBIIMHY IUIACTMHOK B OJIMHUIIIX MAacOBOi TOBIIMHH
(mr/cm?), o oci opauHaT — IgNQ.

/. Bu3HAUWUTH TOBIIMHY IIApy MOJOBHHHOTO TMOTJIMHAHHS IJIs ACKUIHBKOX
BUIIAJIKIB, SIK1 BIIPI3HAIOTHCA MK COOOI0 KUIBKICTIO JIMCTKIB.

A=|gz pdz_pdl zols lajz_lajl
lg Ny, =g Ny, Ig Ny, —lg Ny,
8.BuzHaunTu cepeaHe 3HaYEHHS A.
9. TIlo TOBmMHI Iapy TOJOBUHHOTO IIOTVIMHAHHSA, KOPUCTYIOUHCH

dopmynamu (7a) Ta (70), BU3HAUUTH MaKCHUMaJbHy e€HEprito OeTa—creKTpa.
[lepeBipuTH OTpHUMaHi pe3ynbTaTH 3 JTAHUMHU TAOIHII 2.
Tabnuys 2
3ajesKHicTh IAPY MOJTOBUHHOTO NOTJIMHAHHA 0€Ta—4ACTHHOK BiJ
MaKCHMAJIbHOI eHeprii 0eTa—CNneKTpy

A, EBmax, A, EBmax, A, E[imax,
mr/cm | MeB mr/em? | MeB mr/em? | MeB
2
0,1 0,01 6,3 0,28 159 2,3
0,3 0,02 7,0 0,30 168 2,4
0,5 0,03 9,0 0,35 173 2,5
0,7 0,04 11,7 0,40 180 2,6
0,8 0,05 14,6 0,45 190 2,7
1,0 0,06 17,5 0,50 195 2,8
1,3 0,07 24 0,6 200 2,9
15 0,08 30 0,7 210 3,0
1,6 0,09 37 0,8 218 3,1
1,8 0,10 45 0,9 223 3,2
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2,0 0,11 53 1,0 230 3,3
2,2 0,12 62 1,1 238 3,4
2,3 0,13 70 1,2 244 3,5
2,5 0,14 /8 1,3 250 3,6
2,6 0,15 87 14 260 3,7
2,8 0,16 97 1,5 265 3,8
3,0 0,17 107 1,6 270 3,9
3,3 0,18 117 1,7 280 4,0
3,6 0,19 121 1,8 290 4,2
3,9 0,20 130 1,9 305 4,4
4,5 0,22 140 2,0 320 4,6
5,0 0,24 147 2,1 335 4,8
5,6 0,26 150 2,2 350 5,0

KoHTpoO/IbHI 3aIUTAHHA

1. Sxi 0cobmMBOCTI criekTpa eHeprii 0era—4acTHHOK? SIK MOSICHUTH HOTO

MMOXOJDKEHHSA ?
2. lllo Ha3uBarOTh MaKCUMAJIBHOIO €HEprieto OeTa—crnekTpa?
3. 3anuiniTh npaBuiIa 3MIMIEHHS )i 0€Ta—BUITPOMIHIOBAHHS.
4. SIki BTpaTH HA3UBAIOTHCA 10HI3AITHUMU ?
5. Sxi BTpaTH Ha3UBAIOTHCS paaialiitHUMK?
6. Illo Ha3uMBarOTH €EKTPOHAMH KOHBEPCii?
7. lllo Take KpUTHYHA EHEPTis eIeKTPOHIB?

8. BuBenite ¢opMyny i OOYHMCIEHHS TOBIIMHHM IIapy IOJOBHHHOTO

ITOTJIMHAaHHA.

9. Illo Ha3UBaIOThH JIOBXKUHOIO IIPOOIry eJIEKTpOHA B PEYOBUH1?

10./le B Haymi, TexXHilll, MEIMWIIMHI BHKOPUCTOBYEThCS ramMma— 1 Oera—

pasiaris?

33



Laboratory work Ne3
DETERMINATION OF THE MAXIMUM ENERGY OF B-
SPECTRUM BY THICKNESS OF HALF-ABSORPTION LAYER

Purpose: Establishment of rule of p-rays absorption in matter and
determination of the maximum energy of g—spectrum of *Co isotope.

Theory

Beta decay — a spontaneous process, in which an unstable nucleus /Xx turns
into an isobaric nucleus (with the same number of nucleons — mass number and
different serial number in the Mendeleev table) ,.{x or ,{x. The end result of
this process is the transformation of a neutron into a proton in the nucleus or vice
versa. We can say that B—decay is not inter—nucleus but inter—nucleon process.
During it more profound changes of matter occur than during the o—decay.

There are three types of p—decay, to which the rules of displacement are
equal:

a) electron B~ — decay, in which the nucleus emits an electron, so the charge
number Z increases by one:

X, X+ +V;

b) positron B* — decay, in which the nucleus emits a positron and its charge
number Z decreases by one:

IX—, X P +v;

where v and v _ neutrino and antineutrino.

c) electron capture (e—capture), in which the nucleus absorbs one electron
from the electron shell of an atom and therefore the charge number decreases by
one:

AX+B >, X +v.

As a rule in most cases electron is absorbed from K—electron shell of an
atom, because this shell is closest to the nucleus. In this case, e—capture is called
K—capture. Electrons can also be absorbed from L— or M-shells and so on, but
these processes are much less likely.

Radioactive atoms of the same sort radiate electrons of different energies,
ranging from zero to a certain limit, which is called upper limit of p—spectrum. For
a large number of identical nuclei, as a result of statistical averaging, there is a
distribution of electrons (positrons) at energies. In each specific case the energy,
which is released during B decay is shared between the electron and the neutrino.
In the case where the electron is emitted with Emnax energy, which is equal to the
upper limit of B — range (Erp), neutrino has zero kinetic energy. The smaller
energy of the emitted electron, the larger kinetic energy of newborn neutrino
iIs. The sum of these energies during each individual act of p—decay is Emax
(according to the law of conservation of energy).
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Fig.1 Beta—spectrum and scheme of 3?P decay.

A typical beta spectrum is shown in Fig.1. 3P beta—decay occurs as a
reaction to the main state of daughter nuclei 32S and is not accompanied by
emission of y— quanta. In many cases, beta decay occurs as a reaction to excited
states of daughter nuclei—product. In these cases, beta radiation is accompanied by
emission of y—quanta. Herewith an excited nucleus can also transfer energy to
electrons of atomic shells, exciting them. This phenomenon is called the internal
conversion effect and is accompanied by emission of atomic electrons.

There are three types of interaction of electrons with atoms of matter: elastic
scattering, inelastic scattering, radiation braking. During elastic scattering electron
after collision with an atom changes its direction of movement, but the total kinetic
energy of the electron and atom does not change, happens only its redistribution.
As a result of inelastic interaction due to the kinetic energy of the electron,
excitation or ionization of the atom happens.

Energy losses of electron on ionization and excitation of matter atoms, in
which the electron moves, is called ionization losses. lonization losses which an
incident electron undergoes per unit length of its trajectory are proportional to the
number of electrons n in volume unit of a matter. The larger n, with more electrons
the fast electron will interact on its way. That’s why one can consider that the
trajectory of electron motion in the matter on the density of matter. lonization
losses of electron on the path d, which it passes in the matter, obviously will be
proportional to pd— often this product is called mass thickness of the matter, which
the electron passes (p — density of matter).

Braking radiation is an interaction between fast electrons and coulomb-field
of atomic nuclei, as a result of which the inhibition of electron motion takes place
(slowing their speed) and radiation of electromagnetic waves (according to
electrodynamics, any accelerated motion of charged particles with a positive or
negative acceleration is always accompanied by electromagnetic radiation). Energy
losses of electron for radiation (usually in the field of X-—ray) are called radiation
losses. Radiation losses grow proportionally to the electron energy and the square
of the atomic number and its medium, in which an electron moves. The electron
energy at which the ionization losses are equal to the radiation losses is called the
critical energy.
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If the electron energy is below the critical, the energy losses as a rule have
ionization character. At energies above the critical come first radiation energy
losses of the electron.

lonization and radiation energy losses determine electron path length in the
matter. Under the path length (L) people understand such layer thickness of matter
(in a straight line which coincides with the beginning of the entrance into the
matter of the electron), passing through which the electron reduces its speed to the
speed of heat. The electron path length is significantly different from the actual
length, passed by the electron, as with each collision the electron changes its
direction and moves along the broken line.

When the fast electron reduces its speed

v, to heat speed Vi, electron will not differ from
e— v+ electrons of matter and can be captured by one
M/ of the atoms of matter. In this case it is said that

the electron is absorbed by matter. The

. » absorption of fast electrons by matter is
accurately described by an exponential law:

N4=Noekd=Nye K)o d (1)

where No — initial beam intensity of beta particles, Na — the beam intensity
after passing the layer of matter by thickness d, k — linear coefficient of absorption.

The parameter k/p 1s called the mass absorption coefficient. Linear
coefficient k for different matters has its value, mass absorption coefficient for one
and the same beta radiation approximately has the same meaning in different
matters. This is because for the same mass thickness pd in various matters
ionization losses are almost the same. Very often the absorption of beta rays is
characterized by not absorption coefficient, but by the layer thickness of half-
absorption do, so by a layer, having passed through which the intensity of beta
particles is reduced by 2 times. Half-absorption layer is determined in the mass
thickness:

A = pdo, do=Alp (2)

In most cases A is measured in units of mg/cmz2.

Relation between half-absorption layer and a mass coefficient k / p, as
follows from formulas (1) and (2) is expressed by following equation:

No/2=Noe ¥V abo 2=ekAp (3)
Having taken the logarithm from expression (3) we obtain: In2= EA. So:
Y2
k In2
S )
Taking into account the formula (4), equation (1) can be rewritten as:
Na=Noeln2pd /H= N, -2-pd/A (5)

Mass thickness of matter on the path from the preparation to the working
volume of the counter is determined by the formula:
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pd = (pd)nos + (pd)s + (pd)noer (6)
where (pd)... — mass thickness of the layer of air between the source and the
counter; (pd)s — mass thickness of counter window; (pd)..., — mass thickness of
absorber (in this study the aluminum is absorber). Summation of mass thicknesses
by the formula (6) is only allowed for light and medium elements. In the formula
(6) values of mass thicknesses at different intervals can be determined from
equation (5), knowing A on these intervals.

The layer thickness of half-absorption of beta radiation in matter depends on
the maximum energy of beta spectrum. Realtion between the half-absorption layer
A (mg / cm?) and the maximum energy of beta spectrum E (MeV) is expressed by
approximate empirical equations:

at 0,15 MeB < Emax < 0,7 MeV A (mg/cm?) =55 (Emax)'%, (7a)
at 0,7 MeB < Enax < 2,5 MeV A (mg/cm?) =53 (Emax)*4’. (7b)
Having taken the logarithm from expression (5) we obtain:

1gNa =lg No - pd/A-1g2 (8)

Using equation (8) the layer thickness of half—absorption can be determined:
_ od-lg2 Aw 0,3pd
(IgNo_IgNd)’ |g&
Nd
Knowing A, by the formulas (7a) and (7b) we can determine the maximum
energy of the beta spectrum.
In laboratory work the maximum energy of beta spectrum of radioactive
isotope %°Co is offered to be determined by measuring the layer thickness of half
absorption of beta rays.

Procedure
1. See the structure and operation principle of radiometer. Prepare a
radiometer to measure.
2. Ask laboratory assistant about radioactive preparation and place it at a
distance of 3-5 cm from the counter of radiometer.
3. The preparation of isotope XCo is used in progress. This isotope in

addition to beta rays emits gamma rays. In order to be able to take into account the
error linked with gamma rays and nature background, between preparation and
counter place the filter, which completely absorbs beta radiation. Check radiometer
indications Na (they correspond to the background, conditioned by gamma
radiation and natural background).

4. Instead of the filter between the preparation and the counter consistently
place aluminum sheets, writing shows of radiation (The first research conforms to
the case, when between the preparation and the counter there are no aluminum
sheets). To determine the intensity of beta rays one should subtract the background
from the radiometer shows, which is bound to gamma radiation and natural
background.

5. Write down the results in table 1.
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Table 1

Radiometer screens [Radiometer screens
Number of . ) .
: dp of interaction of preparation
aluminum : i Nd
sheets mg / cm? |between preparation without
and background background

6. Build a curve of beta rays absorption in a half logarithmic scale. On the
horizontal axis in a linear scale write the total thickness of the sheets in units of
mass thickness (mg / cm2), on the vertical axis — IgNd.

7. Determine the layer thickness of half-absorption for several cases which
differ from each other with the number of sheets.

A=|92 pdz_Pdl ~0,3 pdz_pdl
lg Ny —1g Ny, lg Ng; —1g Ny,
8. Determine the average value A.
9. According to the layer thickness of half—absorption using formulas (7a)
and (7b), determine the maximum energy of beta spectrum. Compare the results to

Table 2.

Table 2
The dependence of layer of beta particles half-absorption on maximum
energy of beta spectrum

A, EBmax, A, EBmax, A, Eﬁmax,
mg/c | MeV mg/cm2 | MeV mg/cm? | MeV
m2

0,1 0,01 6,3 0,28 159 2,3
0,3 0,02 7,0 0,30 168 2,4
0,5 0,03 9,0 0,35 173 2,5
0,7 0,04 11,7 0,40 180 2,6
0,8 0,05 14,6 0,45 190 2,7
1,0 0,06 17,5 0,50 195 2,8
1,3 0,07 24 0,6 200 2,9
1,5 0,08 30 0,7 210 3,0
1,6 0,09 37 0,8 218 3,1
1,8 0,10 45 0,9 223 3,2
2,0 0,11 53 1,0 230 3,3
2,2 0,12 62 1,1 238 3,4
2,3 0,13 70 1,2 244 3,5
2,5 0,14 78 1,3 250 3,6
2,6 0,15 87 1,4 260 3,7
2,8 0,16 97 1,5 265 3,8
3,0 0,17 107 1,6 270 3,9
3,3 0,18 117 1,7 280 4,0

38




3,6 0,19 121 1,8 290 4,2
3,9 0,20 130 1,9 305 4,4
4,5 0,22 140 2,0 320 4,6
5,0 0,24 147 2,1 335 4,8
5,6 0,26 150 2,2 350 5,0

Questionnaire

1. What are the features of energy spectrum of beta particles? How to
explain its origin?

2. What is called the maximum energy of the beta spectrum?

3. Write the shift rules of beta radiation.

4. What losses are called the ionization?

5. What losses are called the radiation?

6. What are the conversion electrons?

7. What is the critical energy of the electrons?

8. Write down the formula for calculating the layer thickness of half-
absorption.

9. What is the path length of electrons in matter?

10. Where in science, engineering, medicine are used gamma and beta
radiation?
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JlabopaTopHa podora Ned
BUBYEHHSA HOI'JIMHAHHSA y-ITPOMEHIB PAJIOAKTUBHOI'O
IIPEITAPATY B METAJIAX

Meta: BcraHoBuTH 3aKOH TOCIA0JIEHHS IHTEHCHUBHOCTI »—IIPOMEHIB B
MeTanax 1 00YMCIAUTH MacoBl KOe(iLi€EHTH MOTJIMHAHHS

TeopeTuuni BitomocTi

I'amma—eunpominennam Ha3UBAIOTh €IEKTPOMArHITHE BUIIPOMIHEHHS, SKE
BUHUKAE MPU MEPEeX0/l aTOMHUX SAEp 13 30yPKEeHUX y OUIbII HU3bKI €HEPreTUyHI1
ctanu. [Ipu BUIPOMIHIOBaHHI Y—KBAHTIB YMCJa MPOTOHIB 1 HEUTPOHIB Yy SApPI HE
3MIiHIOIOTBCS. CHEKTp Y-BUIPOMIHCHHS 3aBXJIW JHUCKPETHHUH, TOMY IO
JUCKPETHUMHU € EHEpPreTW4Hi piBHI camoro sapa. EHepris y—KBaHTIB, sKi
BUIPOMIHIOIOTBCS ApaMU, JICKUTh 3BHYaiiHo y Mexkax 10 keB < h <5 MeB (10°
8cm <A<2-10Hem).

[epexin siapa i3 30yKEHOTO CTaHy Y HOPMaJIBHUN NP Y—BUIPOMIHIOBAHHI
MOJKe OyTH OJTHOKpPATHHM i KaCKaJIHUM. B ocTaHHROMY BHMAJKY SJIPO TOCIITOBHO
BUITPOMIHIOE JICKIJIbKA Y—KBaHTIB Pi3HUX CHEPTii.

[30/1bOBaHMI BUIBHMA HYKJIOH BHIIPOMIHIOBaTH Y—KBaHT HE MoOXe, 00
iHakIIe Oyyo O MOpPYIIEHO OJHOYACHE BUKOHAHHS 3aKOHIB 30epeKeHHs eHeprii Ta
iMmnynecy. HaBmakw, y siapi mpoliecC BHUIPOMIHIOBaHHS BIJOYBaTHUCS MOXeE,
OCKUTBKM Yy—KBaHT Ma€ MOXJIMUBICTb OOMIHIOBATHUCA IMITYJIbCOM 3 IHITUMH
HYKJIOHAMU SI7Ipa.

30ymKeHl sifjpa BUHUKAIOTh NMpU 3—po3nadi y TUX BUIAJKAX, KOJIU PO3Ma]
MATEPUHCHKOTO si/Ipa B OCHOBHHI CTaH JOYIPHBOTO sijipa 3a00pOHEHUi. Y 1bOMY
BUIIAJIKy JOYIPHE SIIPO MOKE YTBOPHTHCS SK Yy HIDKHBOMY 30YIKEHOMY, TakK 1y
OJIHOMY 3 BEpXHIX 30y/pkeHux cTaHiB. [lami BimOyBaeThCs KacKaJaHHUH IIPOIECC
NepexoiB MK 30yMKCHUMU CTaHAMHU JOYIPHBOrO sApa (KO0 TaKi MEpeXxoau
no3BoJjieH1). [Ipu ux mepexoaax i BimOyBaeTbcsl BATIPOMIHIOBAHHS Y— KBaHTIB.

30ymKeHil sAnpa, 37aTHI BHUIPOMIHIOBATH Y—KBAaHTH, MOXYTh TaKOX
BUHUKATH BHACIIJOK  O—pO3nady, 34XON1eHHA HeUmpoHié, a TaKOXK
KYJI0HIBCbKO020 30Y0)ceHHA A0ep TIPU CHIiBynapax 3 3aps/KEHUMH YaCTUHKAMH Y
PI3HUX STEPHUX PEAKITIfAX.

30ymKeHe SIPO MOXKE TICPEHTH y OCHOBHUM CTaH 1 IIIIXOM Oe3mocepeIHbOT
nepemadi  eHeprii OJHOMY 3 EJIEeKTPOHIB aToMHHX 000moHOK (K-, L—, M-
eNEeKTpoHy, To1o). Lleit mporec, sikuii KOHKYpYy€E 3 BUIIPOMIHIOBAHHSM Y—KBaHTIB,
HA3WBAETHCS 6HYMPIWHbOI0 KOHEEPCiel. 3p03yMiso, 10 eJIeKTPOHH BHYTPINIHBOT

KOHBepcii MoHoeHepreTwyHi, 60 Fe = E — E36, ne E—eHepris elekTpoHa
KOHBEpCIi., a £36— eHepris 3B’ 13Ky I[bOTO €JIEKTPOHA Y aTOMI.
BryTpinmmas KOHBEpCis CYTIPOBOJIKYETHCS PEHTTeHIBCHKUM

BUIIPOMIHIOBaHHSM, a TaKOXX BUKHAOM Oke—enekTpoHiB. OOuaBa 111 MPOIECH, K
B1IOMO, BIIOYBalOThCS IMpPU HASABHOCTI BaKaHCId y TIUOOKUX EJIEKTPOHHUX
000JIOHKAX.
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Jlocnian moka3zyroTh, 110 MPU MPOXOJKEHHI Y—KBAHTIB Kpi3b HEAKTHBHY
PEUYOBHUHY IHTEHCUBHICTb HOTOKY 3MEHILYEThCS. Jst BY3bKOT'O
MOHOEHEPre€TUYHOI'O0 TOTOKY Y—KBAaHTIB MOKHA BBa)KaTW, IO 3MEHILIEHHS
KiTbKocTi y—kBaHTIB (—0ON) y moTomi, SKWil TPOWIIOB Yepe3 Mmap PEUYOBHHH
TOBIIMHOIO  (0X), TPOMOPIIIIHO KUIBKOCTI aKTiB B3a€MOIi Yy—KBaHTIB 3
€JIEKTPOHAMU Ta SAPaMH. YCBOIO Yepry, KUIbKICTh aKTiB B3a€MO/IIi MpOMOpIiiiHa
KiTbKocTi KBaHTIB y moToii (N) Ta toBrmmHi mapy (dx): — dN ~ Ndx , a6o

dN = —uNdx (1a)

KoedimieHT mponopiiifHOCT1 I BU3HAYAETHCS BIACTUBOCTSIMH PEUOBUHU, B
AKIHA PO3MOBCIOJIKYETHCS MOTIK Y— KBaHTIB, 1 HA3UBAETHCSA JIIHIMHUM KOE(1LIEHTOM
OCJIa0JICHHS y— IPOMEHIB.

Ha BigMiHy Bif 3apsii>KeHUX YaCTHHOK (€JIEKTPOHIB, 10HIB, TOIO), Y—KBAHTU
OpH MPOXOJKEHHI KPI3b PEYOBUHY JAOCUTH PIIKO CIIBYAAPSIIOTHCS 3 €JIEKTPOHAMHU
Ta AaTOMHUMH fJipaMd, TOMY IO B3a€EMOJIS Y—KBAaHTIB 3 HUMHU OOMeEXeHa
BiZICTaHSMH, JOBKUHU SIKHX MAIOTh MOPSTOK KOMITOHIBCHKOT TOBYKHHH XBUJII.

Hanpuknan, ans enekrpona ne AC = 107 cm. Ilporte, Taki cniBymapu, sik
PaBUJIO, CYMPOBOKYIOTHCS 200 PI3KOI0 3MIHOKO HANPSIMKY PyXy Y—KBaHTIB, a00
B3araji iX 3HMKHEHHAM. TakUM YWHOM, HaBEACHI BUIIE MIPKYBaHHS BIpHI Y
NPUITYIIEHHI, 110 BHACIIOK OJIMHUYHOTO aKTy B3a€MO/I1i Y—KBAHTY 3 €JICKTPOHAMU
YM SAPaMU TaKUM Y—KBaHT BUOYBA€ 3 BY3bKOTO MapajlIeIbHOTO MOTOKY. PiBHSIHHS

(1la) MoXHa epenrcaTH y BUTJISI:
p=- N @)

3BiZICK CTa€e 3pO3yMUTHMM (I3UYHHN 3MICT KOE(QIII€EHTY OCIaOJIeHHS L.
Koe(irieHT ociiabjieHHs |\ BU3HAYAE GIOHOCHY 3MIHY KilbKOCHMI Y —KBAHTIB IpHU
IPOXO/KEHH] TTIOTOKOM y PEUYOBUHI 0OUHUUL ULTIAX) .

Posmipnicts [u] = (noBxkuna) . Y snepHiil ¢isuii npuifHATO BUMipIOBaTH L
y obepHEHUX caHTuMeTpax: []= (cm) ™.

OueBHIHO, TIOTIK Y—KBAaHTIB MOYKHa XapaKTEPH3yBaTH HE TUIBKH KUIBKICTIO
gacTuHOK (N), SKi 32 OJUHUINIO Yacy MEPETHHAIOTh MEPICHIUKYISIPHUN mepepis
onuHUYHOI TUToNIl, a i eHeprieto (I), ssky y—(hOoTOHM mpU BOMY MEPEHOCHTh: | =
Nhv. Taka Benmuuna (1) Ha3UBaETHCS CHEPTETUIHOIO IHTCHCHBHICTIO TTOTOKY.

SIKo0 MOTIK  y—TIPOMEHIB  PO3MOBCIOMKYETHCSI Y  TUIOCKOIApaseNbHii
wractuHi ToBHIMHOKO (d), sKka po3TamoBaHa MEPICHIUKYISAPHO 0 BY3BKOTO
MOHOCHEPTeTHYHOTO MOTOKY, TO IHTETpyBaHHSAM piBHIHHS (1a) Maemo:

{N =Nj eXp(_ﬂd) (2)
=1, exp(~4d)
ne No (a6o lp) — iHTEeHCUBHICTH HeocabIeHOTo OTOKY Y—BunpomineHHs; N (a6o 1)
— IHTEHCUBHICTH TOTOKY Y —IIPOMEHIB ICJSI MPOXOKEHHS TUIACTUHUA TOBITUHOIO
(d).

3 piBHsAHB (2) BUIUIMBAE, IO JIHIHHUN KOCQIIEHT OCIA0JICHHS |I MOYKHA

o0uHCcIUTH, KOO Oe3nocepenHbo BuMIpATH No (Ha NLIAXYy Y—TIPOMEHIB Bif
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JpKepena 70 JNYWIbHHKa Hemae pedoBrHHM) Ta N (Ha NUIAXy po3TanioBaHa
ITACTHHA TOBIIUHOKO d).

Kpim ninifiHOro koediiieHTa OCHaOJeHHS | KOPUCTYIOThCA 1 Macosum
Koeghiyienmom ocnadnenns

Hn =2 3)
yo)

Je p — TyCTUHA PEUOBMHU. TakuM YMHOM, fm BU3HAYAE BIJHOCHE OCIAOICHHS
BY3bKOTO MOHOGHEPreTHYHOIO IIOTOKY Y—KBAaHTIB oOunuueio macu. Woro
PO3MipHIcTB, Ak BummBac 3 (3), [um] = cm? r 1. Ha BigMiHy Big W, BeAMYUHA Um Bil
arperaTHOro CTaHy He 3aJIeXKHTh.

Amomnuii  Koeiuiecnm ocnabnenHs pla  XapakTEpU3y€e€  BIAHOCHE
OCJIa0JICHHS MOHOEHEPreTUYHOro IOTOKY Y—KBaHTIB (3 mepepizom 1 cwm), 110
NpUIIAJIa€ HA OOUH AMOM.

=L (4)

ne Na — uucino ABorazpo, A — Maca OJHOTO MOJISI peuOBUHU. Sk BUIuBae 3 (4),
pO3MipHICTh [pa] = cM? 3a 3MICTOM L 30iracThesi 3 eghekmuenum nepepizom
amoma. Voro MoxxHa BU3HAUMTH TaK: Hexail Ha 1 cM Iepepi3y MOTOKY y—KBAHTIB
NpHITaJla€ OJWH Y —KBaHT 3a CEKYHJy, a Ha OJWHUII IUIONII JCSIKOTO Iapy
PEYOBUHM 3HAXOJIUTHCA JIMIIE OAUH aToM. To/1 HMOBIPHICTh B3a€MOJIT y—KBaHTa 3
aTOMOM y OJMHHIIO Yacy, sika Bele /10 BHOYBaHHsS y—KBaHTa 3 MHapajeiabHOro
MOTOKY, YACEIbHO JIOPIBHIOE Lla.

OcHOBHUMH TIpolleCaMM, BHACHIAOK SIKUX Y—KBaHTH BHOYBAalOTh 3
napajgejabHOr0 TMOTOKY TpH TPOXOKEHHI uYepe3 pEuoBUHY, €: ¢pomoegexm,
edhexm Komnmona i HapoOiceHHs e1eKmpoH—no3umpoHHUX nap.

Buympiwnin (a6o amomnum) pomoeghexmom Ha3uBAETHCA TAKUU MPOLIEC
B3a€EMOJIII aromMa 3 Y—KBaHTOM, B pe3ylbTaTi SAKOTO (OTOH MoOGHicHiIO
NO2IUHAEMBCA, A ATOM GUKUOAC €1eKMPOH 3 TIEBHOIO KIHETUYHOIO EHEPTIEIO.
OuyeBuJIHO, KIHETHYHA EHEPris BWIIITAOUOro elekTpoHa ((oroenekTpoHa),
JIOPIBHIOE

W, =hv—E, (5)
ne Ei — eHepris ioHi3arii Tiei ooomonku atoma (I = K, L1, Lo, L3, M1, My, ...), 3 sKoi
OyB BUpBaHUN eNEKTPOH. Po3paxyHKH TMOKa3ylOTh, IO 3AJICKHICTH KOedilli€eHTa
ocnabnenns u® , symosnenorodoroedexToM, Big aTOMHOrO HOMEPA PEYOBMHM Z
Ta CHEprii y—KBaHTy NV Ma€ BUTJIS:

Z° :
1 ~ L5 (uepenstusictcpka o6macts hv<mqc?) (6a)

A(hv)z
u® ~ %% (HepensaTUBiCTCHKA 001acTh hv>m,c?) (6h)
SKicHO 3’4CyeEMO TIPUYMHM TaKOi 3ajie’)kHOCTI. OYEeBUIHO, B aKT1 B3aeMOii
dboTOHa 3 aTOMOM IOBHHHI BHUKOHYBATHUCS 3aKOHU 30€peKEHHS IMIYJIbCy Ta
eHeprii. OJHOYACHICTh iX BHUKOHAHHS BHMAarae, mo0 IMIylbC MOIJIMHYTOrO Y —

KBaHTa OOOB’SI3KOBO PO3MOJUISBCS MK BUJIITAIOUUM €JIEKTPOHOM Ta yTBOPEHUM
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ioHoM. (Came 3 wiei npuurHU (OTOE(EKT HA BUIBHUX €JIEKTPOHAX MPUHIIMIIOBO
HEMOXJIMBUM ). UuUM CuHIIBbHINIE €JEKTPOH 3B’S3aHMM 3 aTOMOM, TUM OuiblIa
IMOBIPHICTh Mepefayl IMIYJIbCy YTBOPEHOMY 10HY, a 3HayuTh, 1 OuIbIlIa
IMOBIpHICTB caMoro (poroedekty. ToMmy L 3pocTae npu 30uIbIIeHH] Z — 00 3pOcTae
enepris 3B’s13ky (Ek, EvL1, EL2, Er3, Emy,...TO1I10); u‘b 3MEHIIYEThCS MPU 30UIbIICHH]
hv — mpu 1bOMY €JICKTPOHH aTOMa MOXYTh PO3TJISIAATHCH BITHOCHO OiIbII
KBUTBHUMHU».

Egpexmom Komnmona Ha3uBaeThCs MPOIEC B3AEMO/IIT Y —KBaHTA 3 GLIbHUM
€l1eKmpPOHOM, B PE3yNIbTaTl SIKOTO yacmoma (Homona 3MeHuiyemvca 1 BiH
Po3cilveEmpcea i NEBHUM KyTOM JI0 MOYaTKOBOTO HAMpAMKY pyXy. Baxiuso, 1o
OpHU PO3IJIAJl TaKOi B3a€MOJ1i BUIbBHUMH MOXHa BBa)KaTH 1 3B’s3aH1 €JIEKTPOHH,
[0 HaJeKaTh aToMaM, SKIIO TUIBKM BUKOHYEThbcs ymoBa hv >> E;. B
eJIeMEeHTapHIN Teopii ePeKTy po3rIIAIaeThCs NPYKHUHN CIIBYAap MK Y—KBAaHTOM 3

. _ . . hn
erepriero Eq=hv, iMmnynbcom p:7 (i — opr y HampsMKy pyxy (¢oToHa) Ta

HEPYXOMHM BUIBHUM €JIEKTPOHOM. 3 3aKOHIB 30€pEKEeHHS IMITYJIbCY Ta €Heprii Jyis
TAKOTO CITIIByJapy MOXKHa OTpPUMaTH BEJIWMYHMHY 3MIHM JIOBXKHHH XBHJII Y—
BUIIPOMIHEHHS:

A =2 —/I:L(l—cose)) (7

m,C

A, A — JIOBKXUHH XBHJIb JIO 1 IICJIA po3CifoBaHHs, 0 — KyT po3citoBanHs. [TapameTp
Ac=h/(MmC) Ha3uBaeTbCI KOMRMOHIBCbKOIO 0062 cunolo Xeuai. (J1Jis eneKkTpoHa Ac
= 2,4-107 ¥ ¢m, ana mporona Ac=1,3-1071 cm). Crporuii TeopeTnuHmii aHami3
SBUINA JO3BOJIUB BCTAHOBUTH 3aJICKHICTh Koe(illieHTa ociableHHsl y—TPOMEHIB,
syMoBiieHOro edexrom Kommnrona, Bim eHeprii (OTOHIB Ta aTOMHOIO HoMepa
enemeHnTa. Sk 1y Bunanuky goroedekxry, MoKHa BUIUTATH ABI 00J1aCTi €HEPTIH, JIe:

u* ~ %(B ~hv) (HepenaTuBicTchka obnacTs hv<moc?) (7a)

(pensTuBicTCHKa 001acTh hv>moc?)  (7b)

B — nesaxa crana.
3 dbopmyn (7) BUIUIMBAE, IO MPH YCiX MOXKJIMBUX €HEPrisfiX Y—KBaHTIB 30UIbIICHHS
BEJIMYMHU NV CyNpOBOMKYETHCS 3MEHIIEHHAM Koedimicnra ocmabmenns pk.
Jliniiianii 38’430k Mk pX Ta Z, oueBHIHO, € HACTIAKOM TOro (hakTy, IO 332 YMOBH
hv >> Ei 3pocTaHHs MOPSIKOBOrO HOMepa elieMeHTa Z MPOCTO MPHU3BOAUTH 0
301UTBIIIEHHS KUTHKOCTI €JICKTPOHIB, Ha SIKUX MOJKJIMBE PO3CIFOBAHHS Y—KBaHTIB.
Ymeopennsa enekmponno—nozumponnoi napu — 1e mporec, B pe3ysbTari
SKOTO Y—KBAaHT 3HUKAE, TIEPETBOPIOIOYUCH HA HAPY YACMUHOK — e/1eKMmpOoH ma
no3umpon. llei mporiec eHepreTMYHO AO3BOJICHUM, SKIIO €HEprii y—KBaHTa HE
MEHIIIa 32 CyMapHY €HEpril0 CIOKOI €JEKTpoHAa 1 MO3uTpoHa. OCKUTBKH A
CIICKTPOHA 1 IIO3UTPOHA €HEpris crokoo Eg=mec? = 0.51 MeV, To mna yTrBopeHHs
napu y—>e~ + e* meobximno, mo6 hv > 2mc?. Takum YMHOM, TPaHHYHA E€HEPTis
Hapo/keHHsT mapu nopiBHioe 1.02 MeV. Sk i y Bumaaky edekry KommroHa,
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HEOOXIIHICTh OJHOYACHOTO BUKOHAHHS 3aKOHIB 30€pPEKEHHS €HEPTii Ta IMIyJIbCy
3a00pOHsA€ MOXIIMBICTH HAPOJXKEHHS Napu Oe3 mepenadl JEaKOro IMIyJbCy
CTOPOHHBOMY TLIY.

TakuM 4YMHOM, MNpPOLEC YTBOPEHHS EJIEKTPOHHO—TIO3UTPOHHHUX Map
BIIOYBA€ThCS NPHU B3a€EMOAIl 3 aTOMHHUM SIIPOM UM €JIEKTPOHAMH. IMOBIPHICTH
MpOLIECY BU3HAYAETHCA IMOBIPHICTIO Mepefadi €Heprii CTOPOHHbOMY TuLy, a
OCTaHHA Oylie TUM OUIBIIOI0, YUM CHIIBHIIIE MOJIE AApa 1 YUM OUIblIE €JIeKTPOHIB
y aroMml. 3BIICHM, MOXHa SKICHO 3pO3yMITH TaKy 3aJIeKHICTh KoedilieHTa
ociabnenns p', 3yMoBI€HOrO mporecom y— e~ + et

ﬂ”~§zzln(hv) (8)

KoxHuii 3 po3rissHyTUX BHIIE MpPOIECiB OCHA0JEHHS Y—TPOMEHIB [a€ CBIU
HE3IC)KHUM BHECOK Y 3arajibHUi KoedIIieHT ocIabIeHHs:
p=u® "+ )
CrHiBBIIHOIIEHHS MDK OKPEMHUMHM [OJaHKaMu y piBHSAHHI (9) 3anmexuTs Bif
NOPSIKOBOIO HOMEPA €JIEMEHTa—TIOTJIMHAYA Ta €Heprii y— KBaHTIB.
3anexHICTh KOXHOTO 3 KOe(IieHTIB Ta 3arajibHOro KoedilieHTa
NOTJIMHAHHS B CBUHIII B/l €Heprii Yy—(OTOHIB MMoka3aHo Ha puc.l.

g / Hnlp
VARN
: ~
> ~
Hy
N, » Ey, MeV
0.2 I 2 10 20

Puc.1. 3anesxcnicmo koeiyicnmie noenuHauua p,,, w, ,M,,, Ma p 6i0 eHepeii

Y—8UNPOMIHIOBAHHSL OJIsL CRUHYIO

JIist  y—BUTIPOMIHIOBAaHHS BBOJATH TOHSATTS ,,[IAPY HAMIBIOTJIWHAHHS ,
TOOTO TOBIIMHHM TIOTJIMHAYA, TPHU SKIA 1HTEHCUBHICTh Y—BHUIPOMIHIOBAHHS
3MEHIIY€EThCS BJBIYI.

Xix podoorun
O3HaOMHUTHUCS 3 JIYWJIBHOI YCTAHOBKOIO 1 BCTAHOBUTH MPHU3HAYCHHS
OKpEMHX €JIEMEHTIB OJIoOK—cXemu (puc.2).
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I I III1 - 16 bitok xxuBneHHA
— i

Puc.2. broxk—cxema eumiprosanbroi ycmanosku

BumipaTy mTaHreHIMpPKYyJIeM TOBUIMHY MIACTUHOK MOTJIMHAYA.

BumipsaTu ¢os.

BusHaunTH IHTEHCUBHICTD My4Ka Y—TIPOMEHIB 0€3 MorinHayva.

3HATH 3aJE€KHICTh IHTEHCHUBHOCTI | Tydka Y—TIPOMEHIB BiJl TOBIIMHU
MOTJIMHaYa.

3pob6uBIIK monpaBKy Ha ¢GOH, MOOYTyBaTH 3aJIEKHICTH In (I / IO) Big d. 3

rpadika BUSHAYUTH L .
3a manumu i metaniB miactuHok Al, Cu, Pb, ski BUKOpHCTOBYBaJINCh B
po0OTi, 00YMCIUTH MACOBI KOS(IIIIEHTH MOTIMHAHHS.
Kopucryrouncr momaHow HIK4YE TaOJIUIEI0, BU3HAUUTH CHEPril0 Y—
(G OTOHIB.
Tabnuys 1
Macosi koedinieHTH mocjaadjaeHusa u/ p(CM2 /2) BY3bKOI'0 Iy4YKAa

Y—-TIPOMEHIB

Enepris AJTIOMiHIH Minn CBunenn
y—npomenis, MeB (2,7 r/em?) (8,9 r/em®) (11,35 r/em®)
0,1 0,169 0,459 5,46
0,2 0,122 0,157 0,942
0,4 0,0926 0,0937 0,229
0,5 0,0844 0,0834 0,159
0,6 0,0779 0,0761 0,0123
0,8 0,0683 0,0658 0,0875
1,0 0,0613 0,0588 0,0704
15 0,0500 0,0479 0,0517
2,0 0,0431 0,0420 0,0454
3,0 0,0355 0,0359 0,0416
4,0 0,0310 0,0332 0,0416
5,0 0,0284 0,0318 0,0424

KoHTpo/IbHI 3a1UTAHHA
1. B yomy BiAMIHHICTH 3aKOHIB TOTJMHAHHS Y—KBAHTIB 1 3apSIKEHUX
YAaCTUHOK PEYOBUHOKO?
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2. JloBectu, 110 BUTLHUM €JIEKTPOH HE MOKE MOTIUHYTH (POTOH.

3. Homy HUMOBIpHICTH poTOEdEKTy 3pocTae Npu 30UIBIIEHH] OPAIKOBOTO HOMEPA
aToMa Z 1 3MEHILYEThCS IPU 30UIbIIEHHI €HEPril y—KBaHTIB?

4. 3a KM 3aKOHOM B1I0YBa€ThCA MOCHA0JEHHS raMMa—KBaHTIB?

5. BkaxiTh MeXaHi3M NocJIa0JeHHs TaMMa — KBaHTIB.

6. SIxi mpouecu BiA0yBalOThCS MPU MPOXOJKEHHI FTaMMa—KBaHTIB Kp13b PEYOBUHY.
7. BkaxiTh yMOBH BUHUKHEHHS €JIEKTPOH MO3UTPOHHUX Tap.
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Laboratory work Ned
INVESTIGATION OF y—-RAYS RADIATION SOURCE
ABSORPTION IN METALS

Purpose: Establish a law of weakening the intensity of y—rays in metals and
compute the mass absorption coefficients

Theory

Gamma radiation is electromagnetic radiation which occurs during the
transition of atomic nuclei from the excited into the lower energy states. During y—
radiation the number of protons and neutrons in the nucleus does not change. The
spectrum of y—radiation is always discrete, because energy levels of the nucleus are
discrete. The energy of y—quantum, which are emitted by nuclei, is usually within
10kxeV < hv <5 MeV (10%cm <A<2-10cm).

The transition of the nucleus from the excited state into normal at y—
radiation can be unitary and cascading. In the last case, the nucleus emits
consistently several y—quantum with different energies.

An isolated free nucleon cannot radiate y—quantum otherwise it would be a
violation of the simultaneous implementation of energy and impulse conservation
laws. On the contrary, the process of radiation can occur in nucleus, as y—quantum
has the ability to exchange impulse with other nucleons of the nucleus.

Excited nuclei appear as a result of 3—decay in cases, when the decay of
parent nucleus into the ground state of daughter nucleus is forbidden. In this case,
the daughter nucleus can be formed either in the lower excited or in one of the
upper excited states. Then the cascade process of transitions among excited states
of daughter nuclei happens (if such transitions are permitted). During these
transitions y—radiation occurs.

Excitation of the nucleus, which are able to emit y—quantum, can also occur
as a result of a—decay, neutron capture, coulomb excitation of nuclei as a result
of strikes with charged particles in different nuclear reactions.

An excited nucleus can move into the ground state by direct transfer of
energy to one electron from nuclear shells (K-, L—, M—electron, etc.). This process,
which competes with radiation of y—quantum, is called internal conversion. It is
clear that electrons of internal conversion are monochromatic, because Ee = E —
End, Where E— energy of electron conversion, Ens— bidding energy of this electron
in an atom.

Internal conversion is accompanied by X-rays, and by emission of Auger
electrons. Both of these processes are known to occur at presence of vacancies in
deep electron shells.

Experiments show that when y—quantum passes through an inactive matter,
the flux intensity decreases. It may be considered that for narrow mono energy flux
of y—quantum reducing the number of y—quantum (—dN) in the flux, which has
passed through a layer of material with thickness (dx), is proportional to the
number of acts interaction of y—quantum with electrons and nuclei. At the same
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time, the number of interaction acts are proportional to the number of quantum in
this flux (N) and the thickness of a layer (dx): dN ~ Ndx, or
dN = —uNdx (1a)

The coefficient of proportionality p is determined by the properties of a
matter, in which the flux of y—quantum extends and is called the linear attenuation
coefficient of y—rays.

Unlike charged particles (electrons, ions, etc.), y—quantum when passing
through a matter rarely clash with electrons and atomic nuclei, because the
interaction of y—quant with them is limited by distances, lengths of which are of the
order of Compton wavelength.

For example, for electron A, = 107! cm. However, such clashes as a rule are
accompanied by an abrupt change of direction of y—quant, or even by their
disappearance. Thus, the above arguments are faithful in assuming, that as a result
of a single act of interaction of y—quantum with electrons or nuclei, such y—

quantum leaves the narrow parallel flux. E(quatio)n (1a) can be rewritten as:
dN/N
p=—m 1)

It becomes clear what the attenuation coefficient p is:

the attenuation coefficient p determines the relative change in the number
of y—quantum when the flux in a matter passes a unit of a distance.

The dimension of [u] = (length)™. In nuclear physics p is generally
measured in inverse centimeters: [u] = (cm)™.

Obviously, the flux of y—quanta can be characterized not only by the number
of particles (N), which per unit of time cross the perpendicular section of a single
area, but also by energy (1), which y—photons carry: 1 = Nhv. This value (1) is
called the energy intensity of the flux.

If the flux of y—rays spread in plane—parallel plate with a thickness (d),
which is perpendicular to the narrow mono energy flux, by integration of equation
(1a) we will get:

N =N, eXp(_ﬂd)
i @
I =1, exp(- )

where No (or lp) — intensity of not weakened flux of y—radiation; N (or 1) —
flux intensity of y —rays after passing through a plate with thickness (d).

From equation (2) reflects, that the linear attenuation coefficient pu can be
calculated if to measure directly No (on its way of y—rays from the source to the
counter there is no matter) and N (on the way a plate is located with a thickness d).

Except the linear attenuation coefficient u the mass attenuation coefficient
Is used:

o =2 (3)
yo)

where p — density of matter. As follows, un defines the relative weakening
of narrow mono energy flux of y—quantum by the mass unit. Its dimension as
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follows from equation (3) are [um] = cm? gX. In contrast to p, the value pm does
not depend on the aggregate state.

Atomic attenuation coefficient describes the relative weakening of the
monochromatic flux of y—quantum (with cross section of 1 cm) per one atom:

=2 (4)

PN,

where Na— Avogadro’s number, 4 — the mass of one mol of a matter. As it follows
from the equation (4), dimension of [ua] = cm? According to its meaning p, is
similar to effective cross section of the atom. It can be defined in such a way: let
on 1 cm of cross section of y—quants flux we have 1 quantum per second, and on
area unit of some layer of a matter there is only one atom. In this case the
probability of interaction between y—quantum and atom per unit of time, which
leads to elimination of y—quantum from parallel flux, is numerically equal to .

The main processes, due to which y—quants are eliminated from the parallel
flux when passing through a matter, are: photoelectric effect, Compton Effect and
the birth of electron—positron pairs.

Internal (or atomic) photoelectric effect is a process of interaction between
the atom and the y—quantum, as a result of which the photon is completely
absorbed, and an atom emits an electron with a kinetic energy. Obviously, the
Kinetic energy of emitted electron is

W, =hv-E, (5)
where Ej — ionization energy of an atom’s shell (i = K, L1, Ly, L3, M1, Mg, ...), from
which the electron was taken. Calculations indicate that dependence of attenuation
coefficient u, which is caused by the photoelectric effect, on atomic number of a
matter Z and energy of y—quantum hv is as follows:

® pZ°

u® ~ — (Non-relativistic region hv<m.c?) (6a)
Alhv)z
5
u® ~ E—-% (Non-relativistic region hv>m.c?) (6b)
14

Qualitatively let’s find out the reasons for such dependence. Obviously, in
the act of interaction between photon and atom must be performed the laws of
momentum and energy conservation. Simultaneity of their implementation requires
that momentum of absorbed y—quantum must be distributed between emitted
electron and formed ion (For this reason, the photoelectric effect on free electrons
Is impossible). The stronger electron bound to atom the greater probability of pulse
transmission to the formed ion and thus the greater probability of the photoelectric
effect. That’s why p increases with Z — because binding energy is increasing (Ex,
Ei1, Ev2, Eis, Em1,...); p decreases with increasing of hv — in this case the electrons
of an atom can be considered relatively "free".

Compton Effect is the process of interaction between y—quantum and the free
electron, as a result of which the photon frequency decreases and it dissipates at
some angle to the initial direction of motion. It is important that when considering
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such interaction, bound electrons, belonging to atoms, can be regarded as free, if
the condition hv >> E; is fulfilled. In the elementary theory of effect is considered

an elastic collision of y—quantum and energy Es=hv, momentum pthn (A and

motionless free electron. From laws of momentum and energy conservation one
can get the magnitude of change in the wavelength of y—rays.
/ h

AL =X —/l_m—oc(l—cos@) (7
A, 2 —wavelengths before and after scattering, 6 — angle of scattering. Parameter
Ae=h/(mc) is called Compton wavelength (For electron A, = 2,4-10 1° cm, for
proton Ac=1,3-10"1 cm). Rigorous theoretical analysis of the phenomenon revealed
the dependence of attenuation coefficient of y—rays, caused by the Compton Effect,
on photon energy and the atomic number of the element. As in the photoelectric
effect, there are two energy regions, where:

u ~ %(B—hv) (Non-relativistic region hv<myc?) (7a)

Kk _ PL

H~ (Non-relativistic region hv>mqc?)  (7b)
1%

B — certain constant.

From the formulas (7) it follows that under all possible energies of y—rays
the increase of value hv is accompanied by a decrease of attenuation coefficient uX.
Obviously, linear relationship between uX and Z is a result of the fact, that under
condition of hv >> Ei growth of atomic number of element Z leads to increasing
the number of electrons, where scattering of y—quanta is possible.

Creation of electron positron pair — is a process, in which y—quantum
disappears, turning into a pair of particles — electron and positron. This process is
energetically possible, if y-quantum energy is not less than the total rest energy of
the electron and positron. As for the electron and positron rest energy is Eo=moc? =
0.51 MeV, so for creation of pair y—>e~ + e* it is necessary that hv > 2mc?. Thus,
the maximum energy of new pair creation is equal to 1.02 MeV. As in Compton
Effect, the need for simultaneous compliance with laws of momentum and energy
conservation prohibits the possibility of pair birth without momentum transfer to
other state.

Thus the process creation of electron—positron pairs occurs as a result of
interaction with nucleus of an atom or electrons. The probability of the process is
determined by the probability of energy transfer to foreign body, and the energy
transfer to The probability of the process is determined by the probability of energy
transfer to foreign body, will be the greater, the stronger will be field of the nucleus
and the more electrons in the atom. From here, we can qualitatively understand this
dependence of the attenuation coefficient u'!, caused be the process y— e~ + e*

i ~§Zzln(hv) (8)

Each of considered above processes of y-rays attenuation gives its
independent contribution to the overall attenuation coefficient:
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p=u® "+ 9)
The correlation between single summands in equation (9) depends on the
atomic number of the element—absorber and the energy of y—quantum.
The dependence of each coefficients and overall absorption coefficient in

Lead on the energy of y—photons is shown in Figure 1.

4

1.0 7

027

, By, MeV

0.2 1 2 10 20

Fig.1. Dependence of the absorption coefficients 4, , 44, , u,,, and x on the
energy of y~radiation for lead

For jyradiation is introduced the concept of “half absorption layer”, that is
the thickness of the absorber, at which the y—radiation intensity is reduced by half.

Procedure
1. Study the measuring installation and set the appointment of single
elements of block diagram (Fig.2).

I ITIT - 16 power supply
o— — unit

Fig.2. Block diagram of measuring equipment
2. Measure thickness of absorber plates by the caliper.
3. Measure the background.
4. Determine the intensity of the y—rays beam without absorber.
5. Write dependence of the intensity of y—rays beam on the thickness of
absorber.

A\ 4
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6. After making the amendment to a background, build dependence of
In(l/lo) on d . From the graph define x .

7. According to the data of metals, calculate the mass absorption coefficients
for plates Al, Cu, Pb, which are used in the work.
8. Using the table below, determine the energy of y—photons.
Table 1
Mass attenuation coefficients ,u/p(cmz /g) for narrow beam of y-rays

y-rays energy,  Aluminum Copper Lead
MeV (2,7 g/em?) (8,9 g/em?) (11,35 g/emd)

0,1 0,169 0,459 5,46

0,2 0,122 0,157 0,942

0,4 0,0926 0,0937 0,229

0,5 0,0844 0,0834 0,159

0,6 0,0779 0,0761 0,0123

0,8 0,0683 0,0658 0,0875

1,0 0,0613 0,0588 0,0704

1,5 0,0500 0,0479 0,0517

2,0 0,0431 0,0420 0,0454

3,0 0,0355 0,0359 0,0416

4,0 0,0310 0,0332 0,0416

5,0 0,0284 0,0318 0,0424

Questionnaire

1. What is the difference in absorption laws of y—quanta and charged
particles by a matter?

2. Prove that the free electron can not absorb a photon.

3.Why the probability of the photoelectric effect increases with the atomic
number of the atom Z and decreases with increasing of y—quanta energy?

4. By what law the weakening of gamma—quanta happens?

5. Indicate the weakening mechanism of gamma — quanta.

6. What processes occur during the passage of gamma rays through a
matter?

7. Indicate conditions for the creation of electron positron pairs.
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JlabopaTopHa poGora NeS
COHUHTUWISIHNIMHUU TAMMA-CIIEKTPOMETP

Meta: Bu3HauuTH CIEKTPU BUIMPOMIHIOBAHHS y —KBaHTIB PaJl0aKTUBHUMU
JpKepenaMu. BCTaHOBUTH €HEPrilo y —KBaHTIB 1 MPUPOJY JKEpena y —[IPOMEHIB.

TeopeTuuni BitomocTi

Snpo K KBaHTOBOMEXaHIYHA CHUCTEMa HYKJIOHIB Ma€ IUCKPETHHH CIIEKTp
eHepreTHYHuX ctaHiB. CTIMKUM, CTAOUIBHUM CTAHOM € CTaH 3 MIHIMYMOM €Heprii
(ocHOBHMIA cTaH). 30yKCHHS sI€p BUHUKAE TIPU PATI0aKTHBHUX MEPETBOPEHHSX,
10 MalOTh Miclle B siaepHUX peakuisax. [Ipu eneprii 30yakeHHs siapa, MEHIIIN 3a
€HEPril0 3B’S3KYy HYKJIOHA B SApi, MEpexil B OCHOBHUN CTaH BiIOYBAa€ThCS, SIK
paBUJIO, NIJISXOM BUIPOMIHIOBAHHS OJHOTO a00 KUIBKOX Y—KBaHTIB (3BUYANHO,
SIKIIO 1Ie¥ TIpoliec He 3a00POHEHM paBuiIaMu BiIOOpY).

TakuM 4YMHOM, BHBYAIOUM CHEPIeTUYHI CIEKTPH Y—BHUIPOMIHIOBAHHS,
BITHOCHI Ta aOCOJIOTHI IHTEHCHBHOCTI Y—JIIHIA B CHEKTpaX, a TaKOX CXEMH
po3naay, MOKHA OJepKaTh LIHHY 1H(OpMalilo npo 30yIKeHI CTaHu fAnep, iX
€Heprii, IMOBIPHOCTI MEPEXO/IiB 1 1H.

Ha npoTs31 KiAbKOX JecsATUPIY, 1 HaBITh CHOTOAHI, B €MOXY 1HTEHCHUBHOI'O
PO3BUTKY HOBUX METOIB JCTEKTyBaHHS, OJHUM 3 HaWOUIbII edEeKTHUBHUX Ta
HaWOLIBII PO3MOBCIOKEHUX CHEKTPOMETPIB Y—TIPOMEHIB € CIUHTUJIAIINHUN Y—
cnexktpomeTrp Ha ocHoBi kpucrtany Nal(Tl) ta doToenekTpoHHOro MOMHOXYyBaua
(DEID).

Ile mosicHIOETbCA ~ KUIbKOMA  MNpUYMHamMu. Hacammepen  BHCOKOIO
e()EeKTUBHICTIO peecTparlii, ika J0CIATa€ThCS IS Y—KBAHTIB 3 CHEPricro mopsaky 1
MeB 20-30% HaBiTh a1 TOPIBHIHO HEBEIMKUX 3a PO3MIPOM KpPHCTAIIB
cuuatuisatopa (~ 40 x 40 mwm). EnepreTuuna po3aiibHa 3/aTHICTH CyYacHUX
CHMHTWJISALINHUX Y—IETEKTOPiB (1[0 BU3HAYAETHCS BIIHOCHOKO IIUPHHOIO (POTO—
MKy Ha MOJOBUHI HOTO BUCOTH) CTAaHOBUTH 8—10% (1151 KpUCTaiB BUINE3TaIaHUX
pO3MIpiB).

KpiM TOro, CHMHTWISIIHHUN Yy—ACTEKTOp NPOCTUH B EKCIUTyaTallii, He
BUMAarae CreriaTbHuX TeMIEepaTypHUX YMOB Ta PEKUMIB, MA€ BUCOKY aMILTITYTy
CUTHAJy Ha BHXO[ll, SIKa CTAHOBUTH JEKUIbKAa BOJBT, IO JO3BOJISIE HAJIHHO
MPaLoOBaTH 3 CTAHAAPTHUMU €JIEKTPOHHUMHU MTPUCTPOSIMH.

CUMHTUNSIIHHAN Y—CIIEKTPOMETP CKJIAAa€Thess 3 MOHOKpuctamy Nal,
AKTUBOBAHOTO TaJIEM (CIIMHTHIATOPA), 1 (HOTOTIOMHOKYBAava.
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Caitnoninfueaiove doTOKATON
NOKOUTTA

$OTOENEKTPOHK
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CLMHTUNATOR
ONTUHHWA KOHTAKT
{MacnAHa nniexa)

['aMMa—KBaHT, MOTPAIUISIIOYA B KPUCTAN, BTpadae CBOIO €HEPTil0 YacTKOBO
a00 TOBHICTIO B OCHOBHOMY BHACIIJIOK TPbOX TpolieciB: a) (oroedexry; 0)
KOMIITOHIBCHKOT'O PO3CIFOBAHHS 1 B) HApOJKCHHS CJIEKTPOH—TIO3UTPOHHUX map. Y
BCIX BHUIIQJIKaX YTBOPEHI BTOPHHHI €JEKTPOHU 30Y/KYIOTh Ta 10HI3YIOTh aTOMH
KPHUCTAITy, SIKi IEPEX0/IT9U B OCHOBHHI CTaH, BATIPOMIHIOIOTH CBITJIOBI KBAaHTH.

HapomxeHHss CUMHTHIALIMHUX (POTOHIB B CIMHTHIATOPl BiIOYBa€ThCs
IPOTSATOM JIESIKOTO XapakTepHOro yacy — yacy BucpiTiaoBanHs. s Nal(Tl) ueit
4ac CTaHOBUTH O1M3bKO 2.5%107 ¢; cydacHi MIACTHKOBI CHIMHTUIATOPH MAOTh 9ac
BUCBiTIIOBaHHS 1-2%107% ¢

Momnoxkpucran Nal(Tl) Ta QoTrornoMHOXKyBau 3axXWIleHI HEMPO30PUM
repMETUYHUM KOKYXOM BiJ] BIUTUBY 30BHIIIHBOTO OCBITIIEHHA Ta Bosiorocti (Nal —
KpUCTal TIrPOCKOIMIUHMM). MDK KOXYXOM Ta KPHUCTaJIOM CIMHTHISTOpA
PO3TAIIOBYETHCS CBITIIOBIIOMBAIOYE MOKPUTTS (SIK MPABUJIO OKCHJ MAarHiro) aiis
30UTBIICHHS] KUTBKOCTI (DOTOHIB, IO JIOCATAaIOTh (PoTOKaTo/a (POTOCIESKTPOHHOTO
nomMHoxyBada (®EIIT). Jlns 306imbmIieHHS MPO30pPOCTI  BUXIAHOTO  BIKHA
CIMHTWIATOpPAa MDK CIHUHTWISATOPOM Ta (OTOMOMHOXKYBau€M CTBOPIOIOTH
ONTUYHUN KOHTAKT — TOHKUHA Iap pPIAMHU (K TPaBWIO, IyXKE B’ SI3KOTO
OpPraHi4HOTO Macjia) 3 TOKa3HUKOM 3aJIOMJICHHS OJHM3bKUM JO TOKa3HUKA
3JIOMJICHHS CKJ1a (TOOTO MaTtepiaiy, 3 IKOro 3p0o0JIeHO KOpITyc (pOTOMOMHOXKYyBaya
Ta BUXIJHE BIKHO CHUHTHIISITOpA). [Ipy mbOMy 3HAYHO 3MEHIITYETHCS KOEPIIIEHT
BinOiBaHHS (GOTOHIB Bif IpaHmIli BuXigHe BikKHO — Maciio — DEII i 30umbnryeThes
KUTBKICTB (DOTOHIB, 110 Aocarae GOTOKaTOAA.

Ha ¢orokaroni 10-20% (3anexno Bing tumy (orokaroma PEIly) ¢ortonis,
aki pocsrnu  ¢doTtokatoga K, MOrMMHAIOTBCS 3 YTBOPEHHSM (OTOETIEKTPOHIB.
YTBOpeHi Ha KaTOAi (HOTOCNCKTPOHN (HOKYCYIOTBCS 1aQparMor0 i MOTPAMIISIOTh
Ha TepIuii AMHOA. IX eHeprii JoCTaTHBLO Al TOTO, W00 MPH TOTPAIIAHHI HA
JIUHON 3aBOSKKM €(QEeKTy BTOPUHHOI EINEKTPOHHOI eMicii BHHHKIO KiUTbKa
BTOPMHHHX €JIEKTPOHIB (3a3Buyail 3—10 eNeKTpOHIB 3ajie’KHO Bil MaTepiany
JUHO/A Ta CHEPTi CICKTPOHA).

Hexait Ha mepmomy AuHOA1 i A1€:0 OJHOTO (OTOEIEKTPOHA (PO3ITHAHOTO
B CJICKTPUYHOMY TI0JIi) BUHHUKJIO N BTOPUHHUX €JEKTpoHIB. [lpu 1pboMy BOHU
MOYNHAIOTh TMPUCKOPIOBATHCH B HAMPSMKY AWHOAA J[2 3aBAsSKM TOMY, IO MDXK
auHogoM JI1 ta J12 icHye pi3HuUI moTeHIiamiB. Jlocsary Apyroro JUHOAA KOXKEH
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€JIEKTPOH CHPUYMHUTH BUHMKHEHHS N BTOPUHHUX €JNEKTPOHIB. TakuM dYUHOM
MICHST MPOXOJKEHHS BCIX JAMHOJIB HAa aHOJ MOTPANHUTh NM €JIEKTPOHIB (A€ m —
KUIBKICTh JUHOMIB Yy (OTO MOMHOXKYBadi) CTBOPIOIOYM BIANOBILAHUN IMITYJIbC
HaIlpyry Ha BUXO/1 ()OTO MOMHOXKYBAaya.

B pe3ynbTaTi KO)KHOMY Y—KBaHTY, SIKUW MPOB3aEMOJISB 3 KpUCTaJIoM, Oyje
BIJIMOBIATH €JEKTPUYHUNA IMIOYJIbC Ha BHUXOJ1 (oronomHoxkyBada. Tomy,
MPUPOAHO, IO SKICTh €HEPreTHYHoi iH(opmaiii Oyae 3anexaTd BiJl TOTo, SK
TOYHO AaMIUIITyJa LbOr0 CHUTHAJIy MpomnopuidiHa 10 eHeprii y—kBaHrta. g
MPOMOPIINHICT, OyJe, OYEBHIHO, BHU3HAYATUCA JBOMAa SIKICHO BIAMIHHUMH
NPUYNHAMU

* 3QJIEKHICTIO €Heprii BTOPUHHUX €JIEKTPOHIB BiJ] €HEPrii Y—KBaHTIB,

* “CHEeKTPOCKOMIYHUMHU ~ XapaKTEPUCTUKAMU CIIEKTPOMETPA.

Jlo ocTaHHIX BIIHOCATHCSA TaKl OCHOBHI (DaKTOPH, SIK BETMYMHA KBAHTOBOTO
BUXOJy KpHUCTally (KUIBKICTh KBAHTIB CBITJA, SIKI YTBOPIOIOTHCSA B KpUCTaJl IpPH
NOMa/IaHH1 y—KBaHTa) Ta SKICTh (OKyCyBaHHs 1 30MpaHHs CBiTJa Ha (OTOKATOI,
0 BHU3HAYa€ KUIbKICTh KBAHTIB CBITJIa, fKa TIOMAaJae 3 KpUCTANy Y
¢dortonomHokyBay. binbi getanbHo OyaoBY 1 HmpUHIMN Jii (HOTOMOMHOXKYBayda
MO>KHA 3HAUTH B JTiTepaTypi [5].

EnHepris BTOpMHHUX €JEKTPOHIB OyJe 3B si3aHa 3 €HEPri€l0 Y—KBaHTIB, Ha
’KaJlb, HEOJJTHAKOBO, B 3aJIEKHOCTI B/l XapaKTepy B3a€MO/I1i Y—KBaHTa 3 pEYOBUHOIO
kpuctany. B pesynpraTi doroedekTy eHepris enekTpona W Oyne MeHIIa 3a
CHEprilo Y—KBaHTA JIMILE Ha BEJIMYMHY E€HEPrii 3B A3KY €JEeKTPOHA B aTOMi, TOOTO
s peanbHux eHeprii W¢ =~ Ey . Ognak HaBiTh y 11boMY BUManKy (komu W =
const) Ha Buxoai ®EIl orpumyemo neskuii po3kua AA amIuniTyn iMIynbCciB A
(puc.).

II"= const

2Nmesx | — —

I
|
I'
|
A

>V

Puc.1 Posmomin ammumityn immysnbsciB Ha Buxomi DEIl mpu peectpartii
MOHOCHEPTeTHYHHX 3aPSKECHUX YACTHHOK.

KoMmnToHiBcbKe pO3CisTHHSI Y—KBaHTIB Ha BUIBbHHX (200 KBa31BUIBHUX) €JIEKTPOHAX
3a0e3mnedye mepeady OCTaHHIM €HEprilo, sKa 3alieXUTh B KyTa PO3CISHHS,
TOOTO, SKIIO T KyT HE (PIKCYETHhCS, TO CHEKTP BTOPUHHUX EJICKTPOHIB Mae
HernepepBauil po3noAin (Big 0 10 Wk max). [Ipy mboMy IMOBIpHICTH PO3CISIHHS Y—
KBaHTIB Ha3aJl (Ha KyT Onu3bko 180°) nmemio Oulblia, HIXXK Ha MeHIIl KyTu. B
pe3yibTaTi eIEKTPOHHUM CIIEKTP Ma€ MaKCUMyM B pailOHI MaKCHUMalbHOI €Heprii
KOMITOHIBCHKUX €JIEKTPOHIB,

10 JOPIBHIOE:
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_ By

WK max = 2 >
1+ 10¢
2E,
IIpu eHeprii KBaHTIB, KA iCTOTHO MEPEBHUILYE €HEPIiO CIIOKOIO €IEKTPOHA (moC?),
MaKCHUMaJIbHa €HEPTisl JOPIBHIOE:

m,c’

2

YTBOpEHHSI €NEKTPOHHO-TIO3UTPOHHUX TMap Mae€ MOPOTOBUN XapakTep 3
€HEPri€l0 Mmopora, 110 BIJAMOBIJAE TMOJABO€EHIA Maci CNOKOW eneKTpoHa (Epp =
1,022 MeB). [lo3utpon, 30y1Kyl0uHd aTOMU KpPHUCTally, BTpada€e CBOIO €HEPriio, 1
Opy LbOMY 30UIBIIYETHCS IMOBIPHICTh HOro aHiruvmsiuii 3 enekrpoHoM. Ilpu
aHiriIAnii HalyacTime yTBOPIOEThCS 2 KBaHTH 3 eHepriamu moc? (0,511 MeB). B
3QJIEKHOCT1 BIJ] TOAQIBIIOI TMOBEAIHKM IIUX KBAHTIB, B CIEKTPl BTOPUHHUX
€JIEKTPOHIB CIIOCTEPIraeThCs TPH JIIHIL:

a) Wo= E; — 2MoC? — 0OMIBA aHITLISIINHI KBAHTH BHJICTLTH 3 KpUCTamly,

6) W1= E; — MoC? — O/IUH 3 MX KBaHTIB BUJIETIB 3 KPUCTAJY,

B) Wo= E;, — BinOysocs morfimHaHHs 000X aHITIISAIIMHUX KBaHTIB.

3BUYAHO, aHITUIALIIHI KBAaHTH MOXYTh 3a3HaBaTH I11€ ¥ KOMITOHIBCHKOTO
PO3CISIHHSA, 1 TOJI1 BTOPUHHI €JIEKTPOHHU MOTPAIIISAIOTH 10 HEMEPEPBHOTO PO3MOALLY.

OTxe, HaBITh MOHOCHEPIeTUYHI Y—KBAaHTU JAIOTh CKIAQAHUA CHEKTp
BTOPUHHHUX €JEeKTpoHiB (puc.). Ha HacTymHOMy puC HaBelIE€HO XapaKTepHU

CIIEKTp, 10 OyB OTPUMAHH 3a JOMOMOTOI CIUHTHIISAIIHHOTO CHEKTpOMETpa Ha
ocHoBi Nal(Tl).

WKmax zEy -

1,x1034
3 13705

2'zg J

1 -

1 | | 1
0 200 400 600 Evee

Puc.2 Amnaparypumii crniektp y—kBaHTiB 137Cs, M0 OTpMMaHW 3a JOTIOMOTOIO
CIMHTHIAIIINHOTO Yy—creTpoMeTpa: a — (oTomik, 6 — Kpalli KOMITOHIBCHKOTO
PO3MOIUTY, B— MK 3BOPOTHOTO PO3CISTHHS Ha KOHCTPYKTUBHHX €JIEMEHTax (KOXKYX,
BxigHe BikHO DEII Ta iH.), T — MK BiJl pEHTT€HIBCHKOT'O BHUIPOMIHIOBAHHS Oapito
(33 keB) Ta cBuHIIEBOrO 3aXUCTy (OTOUEHHS JIETEKTOPA).

[TonoxxeHHs 110 COpPOUTYEThCS MPU BUKOPUCTAHHI TaK 3BAHUX KPHUCTAIIIB
MMOBHOI'0 MOTJIMHAHHS, TOOTO KPUCTAJIIB 3 BEJIMKOI IMOBIPHICTIO MOTJIMHAHHS IBOX
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aHITUIALIMHUX ~ KBAaHTIB Ta Y—KBaHTIB, 10 YTBOPWJIHCH B  pe3yJbTaTl
KOMIITOHIBCBKOTO ~ po3CisiHHA. IIpy 1bOMY ICTOTHO 3HMXKYETBCS BHECOK
KOMIITOHIBCHKOT'O PO3MOAUTY 1 30UIbLIYETHCS BIAHOCHA IHTEHCUBHICTH (DOTOMIKY,
AKUN HA3WBAETHCS IMIKOM MOBHOIO MOTJIMHAHHS.

NA

KoMmnroHiBchKe doToIiK
PO3CisIHHA

\J

Puc.3 Enepeii 6mopunnux eiekmpomie npu pizHux 6uoax 63aemooii y—
K8aHMIG 3 pe408UHOIO

OpnepxaHHS CHEPTETUYHUX CIIEKTPIB Y—TIPOMEHIB 3BOJIUTHCS, K OAUUMO, 110
aHajJizy AaMIUIITyJAHOTO PO3MOALTY eJeKTPUYHHMX IMIYJIbCIB Ha  BHUXOJ1
¢dboTOomOMHOKYBaua.

CUMHTWISAIIMHAN ~ JHYWIBHUK, TOpWIaa I peecTparii  sSaepHUxX
BUIIPOMIHIOBAaHb 1 €JIEMEHTApPHUX YacTOK (IMPOTOHIB, HEHUTPOHIB, €JIEKTPOHIB, Y—
KBaHTIB, ME30HIB 1 T. 1.). OCHOBHHUMH €JE€MEHTAaMH TaKOro JIYHJIbHUKA €
pEUYOBHMHA, SKa JIOMIHICHUPYE TiJ JIEI0 3aps/HKEHUX YacTOK (CHUHTHIATOP), 1
(dboTOeNeKTPOHHMI TOMHOXKYBad. Bi3yanbHi CIIOCTEPEKEHHS CBITIOBUX CIIaJlaxiB
(CUMHTHIIALIN) T €0 10HI3YIOUMX YaCTOK (@ —4aCTUHOK, YJIaMKIB MOAUTY sep)
OyiIM OCHOBHMM METOJOM sifepHOi ¢i3uku Ha modatrky 20 cr. Ili3nime BiH OyB
MOBHICTIO  BUTHCHCHHMHM  10HI3AI[IHHUMU  KaMepaMH 1  TPONOPIIHHUMHU
niunnpHuKamMu. Moro moBepHeHHs B sAnepHy (isuKy cramocs y Kimmi 40—x pp.,
KOJM I peecTpalii CIUMHTWIALNIN Oymu BuKopucTani Oaratokackamuni ®DEIT 3
BETUKUM KOe(DIIieHTOM MiACUIICHHS, 3aTHI 3apeeCcTPyBATH HAJI3BHUYAHO CIIa0Ki
CBITJIOBI CTIAJIaXH.

Xin podorn
1 O3naitomutrch 3 ycranoBkoro OITK-13.
2. BcraHoBuTH 9ac 1 HampyTy, BKa3zaHy BUKJIAJa4eM.
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3. Haruckannsm knaBimi ENter 3amycTuTd pexuM BHMIPIOBaHHS Ta
IHAMKALIl 3apeecTpOBaHMX YAaCTUHOK. BuMIpIOBaHHS MOXKHAa MPOBOJUTU [0
MEePENOBHEHHS OYb—IKOr0 3 255 KaHaIiB IpUiIagy

4. 3a 1onoMoror Mapkepa, KM KepyeTbes KiaBillaMu “‘¢— 7, “—7
MIPOBECTH aHali3 GoHY (IxKepena).

5. BumipsaTu crextp °Co.

6. [loOynyBatu onepKaHUil CIIEKTp HAa MUIIMETPOBOMY Marepi, BU3HAYUTH
HOMEPHU KaHaJIB, 110 BIANOBIIAI0Th MAKCUMyMaM (POTOIIKIB.

/. 3naroum eHeprii y—kBaHTiB Jpkepena 60Co E1= 1,17 MeB, E2= 1,33 MeB,
noOyAyBaTH TpaayloBajibHy KpuBY y—crekrpomerpa Ey(N), ToOTO 3amexHicTh
€HEprii Bil HOMepa KaHay.

8. Hakomuuutu 1 po3npykyBaTH CHEKTP Y—BUIPOMIHIOBAHHS HEB1IOMOTO
JpKepena, BIAHATH (OH.

9. BusHaunTii HOMEpH KaHaJjiB, [0 BIIMNOBIIAI0TH MaKCUMyMaM (DOTOMIKIB.

10. 3a momoMororw rpagayroBadbHOI KPUBOi BUSHAYUTH CHEPTiI0 y —KBAHTIB
BIJINMOB1IAJIBHUX 32 (DOTOMIKH HEBIIOMOTO JIXKepera.

11. 3a crieKTpoM Y—BUMNPOMIHIOBAHHS 1JIEHTU(DIKYBATH Y—aKTUBHI JIpa.

12. OumiHUTH €eHepreTHuYHy pPO3AUIbHY 3/aTHICTh Y—CIIEKTPOMETpa, TOOTO
MHUpUHY (HOTOMIKA HA TOJOBUHI BUCOTH. OCKIIBKH BOHA, SIK TIPABUIIO, 3MIHIOETHCS
opyd  3MIHI  €Heprii y—KBaHTIB, pO3JIUIbHY 3JaTHICTh CHUHTHISI[IHHUX
CIEKTPOMETPIB MPUUHATO BUpaxkaTu B %o BiJ eHeprii Ey.

13. OrinuTH cepeiHIo KUIbKICTh (POTOHIB, III0 BUHUKAIOTH IIPH peeCTparrii y—
KBaHTIB 3 eHeprieto 1 MeB.

14. Ouinutu eheKTUBHICTh peecTparlii y—kBaHTiB 0.66 MeB, 1.17 MeB, 1,33
MeB nans Kpuctamly CUMHTWISATOpa, IO BUKOPHUCTOBYBAaBCS B JaHIA pOOOTI.
[TosicHuTy OTpUMaHi pe3yibTaTH.

KoHTpo/ibHI 3antuTAaHHA
[Io Ha3MBaIOTh CIUHTHIISAIIISIMU ?
[TpuHIMN 111 CIUMHTUIISALIHOTO CIIeKTpoMeTpa?
[Tpunnun xii ®EIT?
SIxi mporiecu BiOYBarOTHCS MPHU MPOXOKEHHI raMMa—BHUIIPOMIHIOBAHHS Yepe3
pedyoBUHY?

RN
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Laboratory work Ne5
SCINTILLATION GAMMA SPECTROMETERS

Purpose: Determine the emission spectra of y—quantum by radioactive
sources. Identify energy of y —quantum and physical properties of y —rays.

Theory

The nucleus as a quantum— mechanical system of nucleons has a discrete
spectrum of energy states. Stable, steady state is a state of minimum energy
(ground state). Excitation of nuclei arises at radioactive transformations, occurring
in nuclear reactions. When energy of nucleus excitation is lower than binding
energy of nucleon in the nucleus, transition to the ground state as a rule occurs by
radiation of one or more y—quantum (Of course, if the process is not prohibited by
the rules of selection).

Thus, studying the energy spectra of y—rays, relative and absolute intensities
of y—lines in spectra as well as decay schemes you can get valuable information
about the excited states of nuclei, their energy, the probability of conversions, etc.

For several decades, and even today, in the era of intensive development of
new methods of detection, one of the most effective and most widespread y—ray
spectrometers is the scintillation y—ray spectrometer on the basis of crystal Nal (TI)
and photomultiplier tube (PMT).

There are several reasons. Above all high efficiency of registration, which is
achieved for y—rays with the energy of about 1 MeB 20-30% even for relatively
small scintillator crystals (~ 40 x 40 mm). Resolution of modern scintillation y—
detectors (which is defined by relative width of the photo—peak at half of its
height) is 8-10% (for crystals of size which is listed above).

In addition, the scintillation y—detector is easy to operate, does not require
special temperature conditions and modes, it has high amplitude of the output
signal which is several volts that allows working with standard electronic devices.

Scintillation y—ray spectrometer consists of monocrystal Nal, activated by
thallium (scintillator) and photomultiplier.

retro-reflective photocathode
covering

photoelectrons

y-quanta anode

oW

dynodes

N AN =
y J\,\..\_,\.J‘

Scintillator . contac
(oil film)
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Gamma quantum entering the crystal loses its energy partially or completely
mainly as a result of three processes: a) the photoelectric effect; b) Compton
scattering; c) birth of electron—positron pairs. In all cases, created secondary
electrons ionize and excite atoms of the crystal, which turning to the basic state
emit light quantum.

Birth of scintillation photons in the scintillator is occurring during some time
— lighting time. For Nal(TIl) this time is about 2.5*10's; modern plastic
scintillators have a lighting time of 1.2 109,

Monocrystal Nal (T1) and photomultiplier are protected by opaque protective
guard from external light and moisture (Nal — hygroscopic crystal). Between the
guard and the scintillator crystal is retro—reflective covering (usually magnesium
oxide) to increase the number of photons, which reach a photocathode of
photomultiplier tube (PMT). To increase the transparency of output window of
scintillator between the scintillator and photomultiplier tube is created an optical
contact — thin liquid layer (usually very viscous organic oil) with a refractive index
close to the refractive index of glass (the material from which are made the
photomultiplier casing and the output window of scintillator). Herewith is
significantly reduced the reflection coefficient of photons from the border of an
output window — oil — (PMT) and is increased the number of photons reaching the
photocathode.

At photocathode 10-20% (depending on the type of PMT photocathode) of
photons which have reached photocathode K, absorbed with the formation of
photoelectrons. Formed at the cathode, photoelectrons focus by diaphragm and fall
on the first dynode. Their energy is enough for several secondary electrons are
appeared due to the effect of secondary electron emission, when they reach to
dynode (usually 3—-10 electrons depending on the dynode material and the electron
energy).

Let on the first dynode under a photoelectron action (scattered in the electric
field) appeared secondary electrons n. Herewith they begin to accelerate towards
the dynode D2 thanks to that between dynodes D1 and D2 there is the potential
difference. Having reached the second dynode each electron will cause the
emergence of secondary electrons n. So after going through of all these dynodes to
the anode fall electrons nm (where m — number of dynodes in photo multiplier)
creating an appropriate voltage pulse at the output of photomultiplier.

As a result each y—quantum, which interacted with the crystal, will match an
electrical impulse at the output of photomultiplier. It is therefore natural that the
quality of energy information will depend on how accurately the amplitude of this
signal is proportional to the energy of y—quantum. This proportionality is obviously
determined by two qualitatively different reasons:

« dependence of secondary electrons energy on energy of y—rays,

* "spectroscopic" characteristics of the spectrometer.

The latter include such key factors as the value of quantum vyield of the
crystal (number of quantum light generated in the crystal when hit y—quantum) and
quality of focusing and collecting of light on the photocathode, that determines the
number of quantum light, which falls from the crystal to photomultiplier.
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Unfortunately energy of secondary electrons will be related with energy of
y—quantum differently depending on the nature of y—quantum interaction with the
crystal substance. As a result of the photoelectric effect the electron energy W is
less than the energy of y—quantum by the amount of the binding energy of an
electron in an atom, for real energy W = Ey. However, even in this case, (where W
= const) at the output of PMT we get some distribution of AA amplitude pulses A

II" = const

1/2Nmax

Fig.1 The distribution of amplitude pulses at the output of PMT when
registration of monochromatic charged particles.

Compton scattering of y—quantum on free (or bound) electrons provides
energy transfer to the latest, which depends on the scattering angle, it means that if
this angle is not fixed, the spectrum of secondary electrons has continuous
distribution (0 to Wk, max). Thus the probability of y—quantum back scattering (at
an angle of about 180 °) is slightly higher than the lower corners scattering. As a
result the electronic spectrum has a maximum number of Compton electrons in the

region of maximum energy, that is:

EY
WK max = 5
1+ 20¢

2E,

When quantum energy is significantly higher than the rest energy of the
electron (moc?), maximum energy is:

m,c’

2

The formation of electron—positron pairs has a threshold character with a
threshold energy, which corresponds to redoubled mass of an electron resting state
(Enap = 1,022 MeB). Positron, exciting atoms of the crystal loses its energy, and
this increases the probability of its annihilation with electron. When annihilation
occurs often are formed 2 quanta with energies m0Oc2 (0,511 MeV). Depending on
the future behavior of these quanta, in the spectrum of secondary electrons are
observed three lines:

a) WO = Ep — 2moc? — both annihilation photons flew out from the crystal,

b) W1 = Ep — moc? — one of these quantum flew out from the crystal,

c) W2 = Ep — absorption of both annihilation quantum was occurred.

Of course, annihilation photons can also be subjected to Compton scattering,
and then the secondary electrons reach the continuous distribution.

WKmix zE}/_
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Thus, even monochromatic y—quantum give a complex spectrum of
secondary electrons (Fig.). In the next Fig is given typical spectrum, which was
obtained by scintillation spectrometer based on Nal (TI).

I.:,x103‘

-

1 | 1

0 200 400 600 Ekev

Hardware spectrum of y—quanta ¥’Cs, which is obtained by scintillation y—
spectrometer: a— photo peak, b— Compton edge of distribution, c— peak of inverse
scattering on structural elements (casing, the input PMT window, etc.), d— peak of
X radiation of barium (33 keV) and lead protection (surrounding of detector).

Position is somewhat simplified when using the so—called crystals of full
absorption, that is crystals with a high probability of absorption of two annihilation
quanta and y—quantum, formed as a result of Compton scattering.

This significantly reduces the contribution of Compton distribution and
increases the relative intensity of photo peak which is called peak of complete
absorption.

Compton Scattering Photo peak

Peaks of pairs
A I
] l

WP’ “]ll"wk max Ey E

i)

Fig.2 Energies of secondary electrons in different types of interaction y-rays
with a matter

Obtaining energy spectra of —yrays comes down to the analysis of the
amplitude distribution of electric pulses at the output of photomultiplier.

Scintillation counter is a device for registration of nuclear radiation and
elementary particles (protons, neutrons, electrons, y—quanta, mesons, and so on).
The main elements of this counter are a substance, which luminesces under the
influence of charged particles (scintillator), and photomultiplier tube. Visual
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observations of light flashes (scintillations) under the action of ionizing particles
(o —particles, nuclear fission fragments) were the main method of nuclear physics
in the early 20th century. Later it was completely supplanted by ionization
chambers and proportional counters. Its return to nuclear physics happened in the
late 40°s, when for registration of scintillations were used multistage PMT with
large gain, able to register extremely weak light flashes.

Procedure

1. Study the PMT-13installation.

2. Set the time and voltage specified by the laboratory assistant.

3. Press “Enter” to start mode of measurement and indication of registered
particles. Measurements can be performed up to overflow of any channel among
255.

4. With help of marker, which is controlled by keys “< ”, “—” analyze the
background (of source).

5. Measure spectrum of %°Co.

6. Build obtained spectrum on graph paper, determine the channel numbers
that correspond to the maximums of photo peaks.

7. Knowing the y—quantum energies of a source %°Co E1=1,17MeB,
E2=1,33MeB, construct a calibration curve of y-spectrometer Ey (N), that is
energy dependence on channel number.

8. Accumulate and print y-radiation spectrum of an unknown source,
subtract the background.

9. Determine the number of channels corresponding to the maximums of
photo peaks.

10. With help of calibration curve determine the energy of y-—quantum,
which are responsible for photo peaks of unknown source.

11. Using spectrum of y—radiation identify y—active nuclei.

12. Evaluate energy resolution of y—spectrometer that is width of photo peak
at half of its high. As it usually changes when changing energy of y—quantum,
resolution of scintillation spectrometers are usually expressed in % from energy of
Ey.

13. Evaluate the average number of photons arising at the registration of y—
guanta with energy 1 MeV.

14. Evaluate the effectiveness of registration of y—quanta 0.66 MeB, 1.17
MeB, 1,33 MeB for Crystal of the scintillator, used in this study. Explain the
results.

Questionnaire
1. What is called scintillations?
2. Operation principle of scintillation spectrometer?
3. PMT operation principle?
4. What processes occur during the passage of gamma radiation through a
matter?
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JlaGopaTropHa podora Ne6
BU3HAYEHHS YACY KUTTA MIOOHA

Merta: 03HalOMUTHCH 3 MPUHLMIIOM i1 TEJIECKOMNa JIYUIbHUKIB. JTOCTIAUTH
KYTOBUM PO3MOJIUT KOPCTKOIO KOMIIOHEHTa KOCMIYHHUX IPOMEHIB Ha TMOBEPXHI
3eMu1l 1 BU3HAYUTH Yac KUTTS MIOOHIB

TeopeTuuni BitomocTi

KocMiuHe BUNIPOMIHIOBaHHS — 1€ MOTIK YaCTUHOK, 110 HAIXOASTh Ha 3€MITIO
3 MDK30pPSIHOTO TIpocTopy. [IepBUHHI KOCMIYHI TPOMEH1 CKJIAJal0ThCsl TOJIOBHUM
yrHOM 13 mpoToHiB (~90%), o— yacTMHOK Ta OUTbIN Bakkux saep. OcCHOBHA
YacTHHA TEPBUHHHMX KOCMIYHMX mOpoMeHiB Mae eHepriro 10°-10° eB, ane
3yCTpiualoThCs TAKOXK YACTMHKM 31 3HAuHO Oinbmioro esepricro (mo 10%° eB).
Yactunku 3 eHeprismu menme 10° eB BiAXunsioThCS MarHiTHUM moseM 3emii i
HE nonanarTh Ha Hei. [ToTik MPOTOHHOT KOMIOHEHTH 3 eHepricro Bumie 2-10° eB
CTAaHOBUTh NPHOJM3HO OAUH HPOTOH Ha 1 cm?/c. V pesynsTari B3aemMomii
NEPBUHHUX KOCMIYHUX TPOMEHIB 3 sAApaMu atMocdepu 3 SBISIOTHCS HOBI
(BTOpWHHI) YaCTHHKU — ME30HH Pi3HUX THITIB, PO3MAJ SKUX MPUBOJAUTH JIO TIOSIBH
MIOOHIB, €JIEKTPOHIB, MO3UTPOHIB 1 (POTOHIB BeNMKHX eHepriil. Takum 4uHOM,
BTOPUHHI KOCMIYHI IIPOMEHI, CHocTepexyBaHi Ha BUCOTI 10 10 kM, 30BCiM He
CXOX1 Ha TIepBUHHI KOocMiuHI mipomeHl. KocmiuHe BHUNpPOMIHIOBaHHS, IO
NPUXOAUTHh Y HWXKHI Iapu arMocdepu, NMPUHHATO AUIMTA HA M’SIKYy ¥ KOPCTKY
KOMITOHEHTH.

M’sika KOMIIOHEHTA CKJIa/Ia€ThCA 3 €JIEKTPOHIB, TO3UTPOHIB i Y—KBaHTIB, SKi
CWIBHO TOTJMHAIOTHCS B pedoBHHI. [loriMHaHHS YacTUHOK M’SIKOi KOMITOHEHTH
ICTOTHO 3aJIe)KHUTh BiJl IOPAIKOBOIO HOMEpa Z pEeUYOBHHU-TIOTIMHAYA. YacTHHKHU
M’SIKOi KOMITOHEHTH Maii’Ke€ MOBHICTIO MOTJIMHAIOTHCS IIAPOM CBHUHIIO B JIECATH
CaHTUMETPIB.

XopcTka KOMITOHEHTA CKIIAJAETHCS 3 MIOOHIB (CTapa Ha3Ba —|l—ME30HH), SKi
c1abKOo TOTJIMHAIOTHCS PEYOBUHOIO, TIPUTIM MPUOJIHU3HO OJIHAKOBO PEYOBHHAMHM 3
pi3HUMH Z.

HacTinpku Benuke poO3XOKEHHS MPOHMKAIOUO1 3MaTHOCTI YacTOK 000X
KOMIIOHEHTIB IOB’S3aHE 3 TUM, IO €JIEKTPOHHU ¥ MO3UTPOHU M’ SKOi KOMIOHEHTH
Py B3aEMOJIT 3 PEUOBMHOIO BUTPAYAIOTh OUIBITY YAaCTUHY CBO€i €Heprii Ha
BUIIPOMIHIOBaHHS, a BTPAaTH MIOOHIB Ha BHUIIPOMIHIOBaHHS MOpiBHAHO Maui. Lle
MOSICHIOETBCSA THM, IO KUTBKICTh BUIPOMIHEHOI €Heprii mporopiiiiiHa KBaapaTry
3apsay Ta OOEpPHEHO MPOMOPIliiiHA KBaJpaTy MAacH YacTKH, a MIOOH MPHOJIM3HO B
207 pa3iB BayK4e €ICKTPOHA.

Brpatu eneprii Ha ioHi3amito Ta 30y/JKEHHS AaTOMIB PEYOBHHHU IS
€JIEKTPOHIB Ta MIOOHIB KOCMIYHUX IMMPOMEHIB Ha PiBHI MOPSI MPUOIM3HO OJTHAKOBI i
nopiBHAHO Manii. OcOOJMBICTIO MIOOHIB € iXHIA po3maja Ha €JIEKTPOHU, HEUTPUHO
Ta AHTUHEUTPUHO:

H e v, 4V,
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B noBiTpi npoOir MIOOHIB BEJIMKUH, & Yac KUTTS MOPiBHAHO Maiuil. Tomy
MOTPIOHO BpPaXOBYBAaTH 3MEHIIEHHS IXHBOI KUIBKOCTI B TMOTOII KOCMIYHUX
MIPOMEHIB 32 PaXyHOK CLIOHTAHHOT'O pO3May.

Mo>kHa BBa)KaTH, 110 OCHOBHA YAaCTMHA ME30HIB HapOKYEThCA y BEPXHIX
mapax atMocdepu i mae eneprito 1+10 I'3B. MiooHu, 10 BXOASATh A0 CKIATy
KOPCTKOI KOMIIOHEHTH, BUHUKAIOTh Y PE3yIbTATI PO3Maay T—ME30HIB — IPOAYKTIB
AJIepHOI B3a€MO/111 MEPBUHHUX KOCMIYHUX IPOMEHIB 3 SiApaMu atMochepu:

Tt >t vy, r=26-10%¢c

OTsKe, MIOOHH TIPOXOAATH Mailxke Bech map armochepu (~900 r/cm?). Tlpu
bOMY BOHH YaCTKOBO MOTJIMHAIOTHCS, YAaCTKOBO pO3MaJaloThcs. MIOOHH, IO
pyxatotbes min kyrom O go Beprukanmi (Puc. 1) Ta moxondars o0 piBHS Mops,
npoxoAsTh B armocdepi musax B 1/ cos 6 pasis Ginbluuii, HiK MIOOHH, IO
pyxalwTbcsl MO BepTUKadi. ToMy WMOBIPHICTh pO3Maay [IJsi MIOOHIB, IO
pyxatoTbcst mig kyrom 0O Oyne Outbmioro. Ilpum 30uibmieHHi kyta O Oyne
30UTBIIYBATHCS TAKOX Iap TMOBITPS, SKAW TMOBUHHI mpoith MrooHu. lle
IPUBOJUTH J0 30UTBIICHHS MOTJIMHAHHS 32 PaXyHOK 10HI3aI[IHHUX BTpaT.

IIlap reHepanii MIOOHIB

~900 /e’
~15KM
~900/cos6 r/em’

Pigens Mopsa

Puc.1. KyroBuii po3mnosiiji MIOOHIB.

Takum uywmHOM, 00HMABa (HaKTOpPU TIOBMHHI TIPHBECTH JIO 3MCHIICHHS
IHTEHCUBHOCTI MIOOHIB 31 30LIBIIEHHSIM 3€HITHOro Kytra 0. MokHa, OJIHAK,
BUJUTUTA Ty 4YACTUHY MIOOHIB, SIKi TOIVIMHYJUCS 3a PaxyHOK 30LIbIICHHS
KUIBKOCTI peYOBHUHU. BUMIpH IHTEHCUBHOCTI BEPTHKAJIBHOT'O MOTOKY [ —ME30HIB,
BUKOHAHI Ha PI3HUX TMIMOWHAX TiA 3eMJICI0, MOKa3alH, M0 YUCI0 MIOOHIB N(X)
3MEHIIYEThCS K (QYHKIS KiTHKOCTI MPOIIeH0i PEYOBUHHU 3 TOBIMMHOKIO X (I/cM?)
3a HACTYITHUM 3aKOHOM:

N(x)=

900 ¢ (900 T‘G
000+ x

\ A

o
13
2

He E=90+x — moBHA KUTBKICTh PEUOBHHH, SIKY MPOWIIIOB MIOOH BiJ MICIIS
re’epaiii 1o MicIlsl TOTJIMHAHHS (Maca BEPTUKAIBHOTO CTOBIIA MOBITPS MPUKHATA
piBHoi 900 1/cMm2). 3 Puc. 1 Bugno, mo & = 900 / cos O . TakuM YMHOM, YHUCIIO
MIOOHIB, IO TIAIUIA 1O JIYMJIBHUKA Ha PiBHI MOPS, 3MEHIIYETHCS 32 PaxXyHOK
MOTJIMHAHHS B PEUYOBHHI 32 3aKOHOM:

B (0) ~ (cos 0)1°

MMoBipHicTh TOro, MmO Me30H Ha mUIXy L He posmamaerhes, 6yne

JIOPIBHIOBATHU
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. L L
W(L)= exp( _ﬁ] =exp 7 1)

})03}?

/[ )
B:V!‘J{’: T=Tp/ 1-p~ o .
i (S , Lposn — IUISIX, SIKKI MPOJTITa€ MIOOH O MOMEHTY
CIIOHTaHHOTO PO3Majy, V — MBUJKICTb MIOOHA, To — Yac KUTTS MIOOHA, 10
3HAXOJIUTHCI B CTaH1 CIIOKOIO.

Taxkum yuHOM:
I _BTC— BCTO _B('TOEFL _TOP:[L
posm T - 2
\ 1-B~ m,c m,

)

P m,V r - m“c2
f B u 2

1e VP iMmynse L — Me30Ha; VI=B™ _jioro nosma CHEPIis.

VIMOBIpHICTb CIIOHTAHHOTO PO3MANy |I-ME30Ha Ha MUXyY L TMM MeHIa, anm
cwibHIIa HepiBHICTh L << Lpozn . B cBoto yepry HMOBIpHICTh pO3Maay 3al1€KUTh
BiJi MacoBOi TOBHIMHM pd Cepe/oBHUINA, SKE MPOJiTa€ MIOOH. J[JIsl MIBHUAKKX
MIOOHIB MMOBIPHICTh CITOHTAHHOI'O PO3Majay MOKHA HE BpaxOBYyBaTH, KOjau pd
~10-3 r/cmM2 . llro ymMOBY 3aJIOBOJBHSAIOTH YC1 KOHIEHCOBaHI CepeoBHIIA.
3p03yM110, IO B ra3zax Il yMOBa CIPABIKYETHCS 111€ Kpallle.

BBenemo Taki mo3HaueHHS:

N(0) — KiITBKICTh MIOOHIB B IOTOIIl, SIKHH MOTPAIUIsiE HA BHUMIPIOBAIbHUMN
npwiIaa mija KyroM 0 mo BepTtukaii. B meoMy mortomni Ha nuisixy L Big miapy, me
HAPOJKYIOTHCS MIOOHH, IO BUMIPIOIOYOTO MPHUCTPOIO iX KUTBKICTh 3MEHIIYETHCS
SK 32 paxXyHOK 10HI3aI[IHHUX BTPAT, TaK 13a paXyHOK paJiil0aKTUBHOT'O PO3IAIy;

N(0) — moTik MIOOHIB, SIKi MOTPAIUIAIOTh B MpHiiMay mig KyroMm 6 = 0 10
BEpPTHUKATI;
N1(6) — moTik MIOOHIB B HampsMKy O 10 BepTHKaji, B SIKOMY BPaXxOBaHO

3MEHIIICHHS KUTHKOCTI MIOOHIB BHKJTIOYHO 32 PaxXyHOK 10HI3aI[IHUX BTpAT.
BcTranosneno, 1110

_ \L6
N,(8) = N(0)(cos6) 3)
3MEHIIICHHS MIOTOKY MIOOHIB 32 PaKXYHOK iX CIIOHTAHHOTO PO3Many

AN = N,(6) — N(6) )
3 iHmoro OOKy, OCKUTBKM WMOBIPHICTH TOTO, IO MIOOHMHM Ha muisixy AL wHe
PO3MAAYThHCS:
W =exp| ——

posn

TO WUMOBIPHICTh IXHBOTO CIIOHTAHHOT'O PO3Maay Ha LIbOMY HUISIXY JOPIBHIOE
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, ; - ; AL
H’pan =1-W= { l—eXD( _L—]] (5)
posn

AL=L(0)— L(0)=ZO _ 10)= £(0)1=050

cosO cos

B usomy Bupasi

(6)
TakuM YMHOM, 3MEHIIEHHS] MIOOHIB 32 PaXyHOK iX CHOHTaHHOI'O PO3Naay MOXHa

BU3HAYUTHU 1€ U TaK:
l—exp| ———
Lposn

j\fl(e){l—exp[—gin = N,(6)— N(8) :

posn

AN = Ny(6)7,,.,, = N1(6)

posn

3
2

[TopiBHtotouu Bupasu (4) ta (7), maeMo:

J\f’l(e){l—exp(—gin = Nl(e)( 1- N ©) } . (®

posn j\rl(e)
N® _ . {_ AL J
———=exp —| . 9)
1\“1(8) Lposn
3 Bupazy (9):
Lposn = L (10)
N,(6)
In——
N(6)
BpaxoBytoun criBBiiHOMIECHHS (2)
BCIOE;L _ AL

5 (11)
nyc” 111( N, (G)J
N(6)

MiHiManbHa €Heprisi MIOOHIB, HEOOXiHA A1 TOTO, 00 BiH MIr IPOUTH i KyTOM
9
510 eV

. . H ’ ‘o
0 kpi3p ycro atmocdepy AOPIBHIOE cos® | 3a mux eHepriit f g MrOOHa
HaOJIMKEHO MOXKHA BBaXKaTH TaKuUM, IO JOpiBHIOE ommHMIN. Tomi Bupas (11)
MO>KHA TIePENrCaTH y BUTIISIL:
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o m,c” L(0)(1-cosB) 20705107 15km(1—cosB)
’ Nl(ﬁ)]

N(©)

N,(8)
N(®)

cE In

o8

]cose 3-105;(7”.-"(’-5-109eV-lll(

—104.10-% 17999 | (12)
lll—Nl(e)

N(6)

Xix podorun
KyTroBuii po3noaun MIOOHIB AOCTIKYIOTh 3 BUKOPUCTAHHAM MpUiaay, SKUN
3BEThCSl TEJIECKONOM JIYWIBHUKIB (puc.). BiH ckiagaeTbcss 3 ABOX Tpyn
reiirepiBcbkux JumiabHUKIB MC-9. B KOXHIA 3 rpyn — TpW JIYMWIBHUKH, SKI
3’€THAHO MapaJIeIbHO Ha CHUIbHE JUIsl JaHOI Ipynu HaBaHTakeHHs. OOUBI rpynu
JYUIBHUKIB MinkiaroueHo a0 cxemu criBnaganb CCA. [Ipu nboMy BUKOPUCTaHO
7B €JIEKTPOHHI MPUCTPOT, K1 POPMYIOTh IMITYJIHCH MICJIS JTIYMIBHHUKIB.

Teneckon
TIYHIBHHKIB

Q.U.D
[7,2&} e

BXK

CCA

o%o

Puc.2 biiok—cxeMa ycTaHOBKH JJIsl pEECTpaIlii MIOOHIB.

Teneckon Moxxe OyTH 30pIEHTOBAHUM i PI3HUMHU KyTaMH JI0 BEPTUKAIBHOT
IUIOMMHN. Takui MpWIIaN PEECTPYE JUIIEC Ti MIOOHH, IIISAX SIKAX TPOXOIUTH
B3JIOBXK OCI Teleckomy (ToOTO mepeTuHae OOWIBI IPYNU JIYWIHHUKIB). MIOOHH
MalOTh JOCTATHIO €HEPTiio, 00 BUKIUKATH PO3PAI B JIBOX JIYMIBHUKAX PIZHHUX
rpyn, MPaKTUYHO, OJHOYACHO. «M’sKa» CKJIaJoBa KOCMIYHOTO BUIIPOMIHIOBAHHS
MOTJIMHAETHCS KOHCTPYKITISIMU TIPUMIIIICHHS 1 HEI0O MOKHA 3HEXTYBATH.

J171s1 BUKOHaHHSI poOOTH HEOOX1AHO:

1. O3HailoMuTHCS 3 00TaAHAHHSIM.

2. BcranoButu po6ouy Hanpyry U,uss I8 BEpXHBOT HAa HHMXKHBOI TpYyMIl
JIYUITBHUKIB.

3. [IpoBecTr BUMIpH KITbKOCTI CIIBIIA/IaHb 71 PI3HUX KYTiB 0.

4. Pe3ynbpTaT BUMIPIB 3aHECTH 10 TaOJIHIII.
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Tabnuis. Pe3ynbTratt BUMIPIB KUIBKOCTI CIIBIaIaHb

e

6° tpmy . XBHIL Negen - Tg- ¢ cosO (cosﬁjl'ﬁ
IMII.

0 30 1 |
30 30 0.8660 0.7943
45 30 0.7071 0.5743
60 30 0.5000 0.3299
90 30 0 0

6. Po3spaxyBatu 19 m1s1 KOXHOTO 3 HampsiIMKIB 0, 3HAWTU cepeqHe

3HAYEHHS Yacy *KUTTS MIOOHIB BUKOPUCTABIIM CHiBBiIHOIIEHHS (12).

[Ipu upomy Tpeba matu Ha yBasi, mo mig kytom 0=90° cxema cmiBnajaHb
JIETEKTYy€e€ BHUMNAJKOBI criBnagaHHsa. Taki cmiBmajgaHHs Tpedba BUKIIOYUTH 3
po3paxyHkiB. Tomy

j\vr(e) — Nexen (e) _ Nexen (909) . (13)
7. Ile 3ayBaxkeHHs ctocyeThes 1 Beauunuu N1(0) 3 ypaxyBanusm (3) ta
(13):
Nl )= {Nefccn(e)_f\rexm (900 )} (cos 8)] 6 14)
8. 3a pe3ynbTaTamMu 0OYMCIIEHb BU3HAYUTH CepeIHI 3HAUYEHHS To

KoHTposibHI 3antuTaHHA

1. SIki YacTUHKH BITHOCSITH 0 M’ SIKOTO Ta )KOPCTKOT'O KOMITOHEHTIB
KOCMIYHHX IPOMEHIB?

2. 3a paxyHOK SIKHX MEXaHI13MiB 3MEHIIY€EThCS MOTIK MIOOHIB B atMocdepi ?

3. SIk BU3HAYAETHCS IIISAX, IO MTPOXOANTH MIOOH J0 TTOBEPXHI 3eMITi
3aJIeKHO BiJI 3€HITHOTO KyTa?

4. Sk BU3HAYAETHCS YaC KUTTSI MIOOHA y BIIACHIN CHCTEMI BiITIKY?

5. B yomy nonArae npuHIMI pOOOTH TEIECKOIMY Ta CXeMH 301riB mpu
peecTpartiii MIOOHIB?
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Laboratory work Ne6
DETERMINATION OF MUON LIFETIME

Purpose: Understand the principle of operation of telescope counters.
Investigate the angular distribution of the hard component of cosmic rays on the
Earth’s surface and determine the lifetime of muons

Theory

Cosmic radiation — a stream of particles arriving at Earth from interstellar
space. Primary cosmic rays consist mainly of protons (~ 90%), o— particles and
heavier nuclei. The main part of primary cosmic rays energy is 10°-10'%V, but
there are also particles with much more energy (up to 10'%V). Particles with
energies less than 10%V deviate from Earth’s magnetic field and do not fall on it.
Flow of proton component with energy higher than 10%YV is about one proton on
lem?/s. As a result of interaction of primary cosmic rays with nuclei of the
atmosphere appear new (secondary) particles — different types of mesons, decay of
which leads to the emergence of muons, electrons, positrons and photons of large
energies. Thus, secondary cosmic rays observed at an altitude of 10 km, are not
similar to the primary cosmic rays. Cosmic radiation coming into the lower layers
of the atmosphere, is divided into soft and rigid components.

The soft component consists of electrons, positrons and y—quantum, which
are strongly absorbed in a matter. The absorption of particles of soft component
depends strongly on the atomic number Z of absorbent-material. Particles of soft
component are almost completely absorbed by the lead layer of ten centimeters.

The rigid component consists of muons (formerly — p—mesons) which are
poorly absorbed by the matter, but almost equally by matters with different Z.

Such a large difference in penetrating power of particles of both components
is related to the fact that electrons and positrons of soft component when
interacting with a matter are spending most of their energy by radiation, and losses
of muons when radiating are relatively small. This is because the amount of
radiated energy is proportional to the square of charge and inversely proportional
to the square of the mass of particle, and muon is about 207 times heavier than an
electron.

Energy losses on ionization and excitation of atoms of a matter for electrons
and muons of cosmic rays at sea level are approximately the same and relatively
small. The peculiarity of muons is their decay into electrons, neutrino and
antineutrino:

+ - =
H e +v +V,

In the air muons have a long path length and a relatively small lifetime. So
you need to take into account reducing their number in the flow of cosmic rays due
to spontaneous decay.
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One can assume that most mesons born in the upper atmosphere and have
energy of a 1 + 10 GeV. Muons which are part of the rigid component arising from
the collapse of =—mesons — products of nuclear interaction of primary cosmic rays
with the nuclei of the atmosphere:

nt —>11i+v 1=2.,6-10"¢

e

So muons pass almost the entire layer of the atmosphere (~900 g/cm?). Thus
they are partially absorbed, partially disintegrate. Muons moving at an angle 6 to
the vertical (Fig. 1) and reach the sea level, pass in the atmosphere a distance,
which is 1 / cos 0 times larger than muons do, moving vertically. Therefore, the
probability of decay for muons, moving at an angle 6 is greater. When the angle 6
will increase, the layer of air which muons must pass through, will increase too.
This leads to increasing the absorption by ionization losses.

Layer of muons generation

g | ~900g/cm?
~15km ~

~900/cos0 g/cm?

Sea level

Fig.1. Angular distribution of muons.

Thus, both factors should lead to a decrease in the intensity of muons with
increasing zenith angle 6. However, we can allocate the part of muons, which were
absorbed due to increasing the amount of substance. Measurements of the intensity
of the vertical flow of u—mesons made at various depths underground, showed that
the number of muons N (x) decreases as a function of quantity of passed matter
with thickness x (g/cm?) under the following law:

(900 \*° [900)°
N(x)= [ =
900+ x,

=
=
=

where £=90+x — total amount of matter which muon passed from generation
to absorption place (mass of vertical air column is taken equal to 900 g/cm?). From
Fig. 1 is shown that £ = 900 / cos 0. Thus, the number of muons that have come to
counter at the sea level decreases due to absorption in the material under the law:

B (8) ~ (cos0)L-¢

The probability that the meson towards L does not decay will be:

W(L)= exp( —%] = exp[JE L J (D

posn
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/[ 2 . .
where B=7/c: T=To/NIBT o — path that muon flies until the
spontaneous decay, v — muon velocity, to — lifetime of muon which is at rest.

As follows:
Lbo-sn = BTC = ECTO = BCTOE“ = TOF;L
."II l_B ’ iF"l”"'uc-‘ H?LL
¥ ' | 2)
p - m,v £ _:ﬂpl
BT 5 BT B
h VI-p* imoulse: VP |
where — 1 —meson impulse; — its full energy

The stronger is inequality L << Lposn, the smaller is probability of
spontaneous decay of p—meson towards L. The probability of decay depends on the
mass thickness pd of environment that muon flies. For fast muons probability of
spontaneous decay can be ignored when pd~10-3g/cm? All condensed
environments satisfy this condition. It is clear that this condition comes true in
gases even better.

We introduce the following notation:

N (6) — number of muons in the stream, that falls on the measuring device at
an angle 0 to the vertical. In this flow towards L from the layer, where muons
produced, to the measuring device their number is decreased either due to
ionization losses or radioactive decay;

N (0) — flow of muons which reach the receiver at an angle of 6 = 0 to the
vertical;

N1 (8) — flow of muons in a direction 6 to the vertical, in which is taken into
account reducing number of muons exclusively due to ionization losses.

Established that

N1(6) = N(0)(cos8)* 3)

Reducing the flow of muons due to their spontaneous'decay

AN = N,(6)— N(9) (4)

On the other hand, the probability that muons towards AL will not decay:

W =exp| — AL
Lposn |-

the probability of their spontaneous decay on this path is equal to

Woosm =1—=W = l—exp[— AL ] (3)
J]:posn

In this expression
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@—L(O):L(O) l1—cos6

CcOos cos

Thus, reduction of muons due to their spontaneous decay can be defined also
as follows:

AL=L(0)—L(0)=

(6)
AN = ‘Ml (B)H;I_)osn - ‘Ml (8)[ 1—33113[— LAL ]} @)
posn
Comparing expressions (4) and (7) we have:

Nl(e){l—exp( —gi]] =N;(6)-N(0) :

posn

N (9){1_%1 (_ Li N _ Nl(e)(l_ N<e>) e

posn ‘er(e)
N(8) { AL J
. =eXp . (9)
N l(e) Lposn
From the expression (9):
AL
Lposn - (10)
N,(0)
In——
N(®)

Taking into account the relation (2)
BCIOEH B AL

m,c’ - ( NI(G)J
- In;
N(B)

Minimal energy of muons is required in order to pass through the whole
510°er
atmosphere at an angle 6 is " cos® . Under such energies [ for muon can be

approximately regarded as equal to one. Then the expression (11) can be rewritten
as:

(11)

B mucll(ﬂ)(l—cosﬁ) ~207.0510%715km(1—cos@)

To
N, (8 N6
chln( 1l )]COSG 3.105,{-;”.-'0.5109€;f_1n(ﬁ]
N ®) N(8)
L cosO
~ 1041075 —— | cex. (12)
N{(8)
In——
N(6)

Procedure
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The angular distribution of muons is explored using the device, which is
called telescope of counters (Fig.). It consists of two groups of Geiger’s counters
MC-9. In each group — two counters which are connected in parallel on common
load for this group. Both groups of counters are connected to the coincidence
circuit CCA. Herewith are used two electronic devices that form pulses after
counters.

Telescope of
counters

b

CCA

b P)d

Fig. 2 Block diagram of the device for muons registration.

The telescope can be oriented at different angles to the vertical plane. This
device registers only muons, path of which runs along the axis of the telescope
(that crosses both groups of counters). Muons have sufficient energy to cause
discharge in two different groups of counters, almost simultaneously. "Soft"
component of cosmic radiation is absorbed by constructions of room and it can be
neglected.

To perform the work it is necessary to:

1. Study the equipment.

2. Install the operating voltage Uus: for upper and lower groups of counters.
3. Perform measurements of quantity of coincidence for different angles 0.
4. The results of measuring enter up to the table.

Table. The results of measuring the number of coincidence

Y

6° tpmy . XBHIL Nexen - Tg. ¢ cosf {COSB]LI&
1MII.

0 30 1 1

30 30 0.8660 0.7943

45 30 0.7071 0.5743

60 30 0.5000 0.3299

90 30 0 0
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1. Calculate 1o for each of the directions 6, find the average value of the
lifetime of muons using relation (12).

Pay attention that at an angle 6 = 90 ° scheme of coincidence detects random
coincidences. These coincidences must be excluded from the calculations. So

‘\T(e) _ ‘?\.rercm(e) o j\ren‘m(goa) . (13)

2. This remark applies to the value N1 (6) with taking into account (3) and
(13):

N,(8) = [Nexcn(8)_Nexc‘3.r(900 }} (cos@)L-6 (14)

3. According to the results of calculations determine average values 1o

Questionnaire

1. What particles are referred to the soft and hard components of cosmic
rays?

2. Due to what mechanisms decreases the flow of muons in the atmosphere?

3. How is determined the path that the muon passes to the earth surface
according to zenith angle?

4. How is determined the muon lifetime in its own reference frame?

5. What is the working principle of telescope and coincidences circuit at
registration of muons?
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NUCLEAR PHYSICS AND ELEMENTARY PARTICLES
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