®dizuka 11

Ypok 82 PanioakTuBHicTh. OCHOBHUII 3AKOH Pali0AKTHBHOIO PO3MALY

Merta ypoky:

HaBuaabHa. O3HallOMUTH yUYHIB 3 BIIKPUTTSM SBHUIIA PUPOTHOT paliOAKTUBHOCTI M BIIACTUBOCTIMHU
PaslioaKTUBHOTO BUIPOMIHIOBAHHS; PO3KPUTH NPUPOLY PaTlOaKTUBHUX MEPETBOPEHB; 03HAHOMUTH yUHIB
3 paJi0aKTUBHUMH CIMEHCTBAMU; O3HAMOMHUTH YYHIB 13 3aKOHOM PaJIl0aKTUBHOTO PO3May; MOKa3aTH MOTo
CTaTUCTUYHUM XapakTep.

Po3BuBasibHa. Po3BuBaTH mi3HAaBaJIbHI HABUYKH y4YHIB; BMIHHSI aHaJli3yBaTH HaBYaJbHUN Marepial,
YMOBY 3ajiadi, XiJl pOo3B’si3aHHs 3a/a4; BMIHHS CTHCIO 1 PaMOTHO BHCJIOBJIIOBAaTH CBOi MIpKyBaHHS Ta
OOTPYHTOBYBATH IXHIO MPABWIBHICTb.

BuxoBHa. BuxoByBaru yBaxHiCTh, 310paHiCcTh, CIIOCTEPEKITUBICTb.

Tumn ypoky: ypok BUBYEHHS HOBOTO Marepiaiy.

Haounictb i 001agHaHHsA: HaBYAJIbHA IPE3CHTALlIS, KOMIT IOTEp, MiAPYYHHK.

L Xin ypoky
I. OPTAHIBAIIIMHUM ETAII

II. AKTYAJIIBALISI OITOPHUX 3HAHb TA BMIHb
SIxa GynoBa aroma?
Yu MOkKe aTOM OJTHOTO €JIEMEHTY NIEPETBOPUTHCS HAa aTOM IHIIIOTO €JIeMEHTY?

III. BUBYEHHSA HOBOT'O MATEPIAJTY

1. IcTopist BiAKpUTTSI paiioAKTUBHOCTI

[Ipuponny panioaktuBHicTh BiakpuB AHpi bekkepens (1852 — 1908) y 1896 p., sikuit BCTaHOBUB, L0
cine Ypawmy cama, 6e3 eniugy 306HIUHIX aKmopis, 8UNYcKae HesuoumMe SUNPOMIHIOBAHHS, KE 3aCBIUYy€
(OTOITIBKY, 3arOpHYTY B YOpHUM mamip, Ta HoHi3ye moBiTps. [li3Hime Take BUIIPOMIHIOBAaHHS HA3BYTh
PAadioaKxmueHUM 8UNPOMIHIOBAHHSIM.

JlocnipKeHHsT paJlloaKTUBHOTO BUIIPOMIHIOBAHHS MPOAOBXKMIIN NoApy»xs Mapis Ckionosceka-Kropi
(1867-1934) Ta Il’ep Kropi (1859—-1906). Bonu BusiBuIM pajioakTuBHI BiacTuBocTi y Topioo Ta
BIIKPHWJIA HOBI pajioakTuBHI exemeHTH — [lomoniit Ta Pamiit (1898 p.).

2. Ckyaa pafgioaKTHBHOIO BUIIPOMiHIOBAHHSA

Jlocainy 3 BUBYEHHS MPHUPOAM PAiOAaKTUBHOIO BUIIPOMIHIOBAHHS MOKAa3ajH, sl
10 paJioaKTUBHI PEYOBUHU MOXYTh BHUIIPOMIHIOBAaTH IMpOMEHI TpboxX BUAIB. Ha
PUCYHKY 300pa)X€HO CXEMY OJHOTO 3 TaKMX JOCIHiJIiB: My4OK PaJi0OaKTUBHOIO
BUIIPOMIHIOBAHHSI TOTpAIUIsi€ CIOYaTKy B CHJIbHE MAarHiTHE I0JI€ MOCTIHHOTO
MarHiTy, a notiM Ha QoToruiacTuHKy. Ilicis nposBaeHHs (OTOIIACTUHKY Ha Hil
YITKO BUJHO TPU TEMHI IUISIMH.

. _
Pagjoaivsna
€40BUHA

O-BUIIPOMiHIOBaHHS — 1e NOTik saep aromiB Lexito (24He).
v o~ 10" m/c, q, =+ 2ex3, 2107 Ku, m ~4a. 0. M.~6, 610 " kr

3axucCT: 3aTPUMYIOThHCS apKylleM namepy 3aBToBiku 0,1 mm.
p-BUnpoMiHIOBAHHS:
p-BunpomMiHOBaHHSA — e MOTiK ejJekTponiB (— 10e).

vB,zS .10° M/c, q(B_) = e~ — 1, 610 " K, mez5,5-10_4 a. 0. M. 9, 1.10 M kr

3axXuUCT: 3aTPUMYIOTHCS JINCTOM ATIOMIHIIO 3aBTOBIIKH 1 MM.

p'-BunpominoBanHs — e notik mo3utpouis (+ 10e).
v<3 - 10°m/c, q(B7)=— e~ + 1,610 "Kn, m(e')~5510 "a 0. m.~9,1-10 " kr

3axucr: 3aTPUMYIOTHCA JINCTOM AJIIOMIHIIO 3aBTOBIIKH 1 MM.



Y-BHUIPOMIHIOBAHHS — Il€ €JIEKTPOMATHITHI XBWJIi HAA3BUYAIHO BHCOKOI yacToTn (monax 10"
I'n)
8
vy=c=3-10 M/c

3axXHCT: 3aTPUMYETHCS MIAPOM OCTOHY 3aBTOBIIKH JIEKIIbKA METPIB.

3. IllpaBuaa 3aMinieHHA
PanioakTHBHICTH — 31aTHICTD siep PAAiOHYKJIiIIB JOBIIbHO MEPETBOPHOBATUCH HA AP IHIIMX
eJIEMEHTIB i3 BUIIPOMIHIOBAHHSIM MiIKPOYACTHHOK.

IIpaBuiia 3amileHHs:
1. ITio uac a-posnady KiIbKiCTh HYKJIOHIB y SIPi 3SMEHIIYETBCA HA 4, Marepurcoke a-vacTuHka §He
MPOTOHIB — HAa 2, TOMY VMEOPIOEMbCs S0PO eleMeHmd, NopsoKosuti — sapo 38U &
HOMep K020 HA 2 0OUHUYi MeHuwull 8i0 NOPAOKOB020 HOMEPA BUXIOHO20 e ~
efemeHma.

A

[ovipHe

4

ZAX d 24H€ + Z - 2A - 4‘Y a0po 2gOTh

92238Ua—24He + 90234Th

[Tig yac a-po3maay MaTepHHCHKE PO CIIOHTAHHO PO3MAAEThCsl Ha
JIBI YACTHHU: 0-9aCTUHKY 1 TOYipHE (HOBE) SAPO

2. ITio uac P -po3nady KiNbKiCTb HYKJIOHIB y SIAPI HE 3MIHIOETHCS, MPU LIBOMY KUIBbKICTh MPOTOHIB
30LIBIIYETHCS HA 1, TOMY ymegopioemubcs 10po enemenma, nopsioKo8ULl HoMep K020 HA 0OUHUYIO OLibuil
3a NOPsIOKOBULL HOMED BUXIOHO20 eleMeHmA.

ZAX » — 10e + Z + 1AY

DovipHe appo 231Pa

MaTepuHcbke
anpo 234Th

90234ThB — — 10e + 91234Pa

+
n p
0/0
\\‘ Oe~-eneKkTpoH
® J-aHTUHEWTPUHO

[lin dwac P -po3mamy oaWH 13 HEHUTPOHIB MAaTEPHHCHKOTO SIpa
NEPETBOPIOETHCS HA MPOTOH, €IEKTPOH I €JIeKTPOHHE aHTUHEHTPHUHO:

B~-4acTuHka

01ln - 11p +— 10e + 00v; EIIEKTPOH 1 AQHTUHEUTPUHO  (eneKTPoR) 23471% 0 4 239pa
BUIIPOMIHIOIOTHCSI, MPOTOH 3JIHIIAETHCS B 1Pl (YTBOPIOETHCS HOBE
A7po)

3. I1io uac B'-posnady KinbKiCTh HYKJIOHIB y SIIPi HE 3MIHIOETHCS, TPU IIBOMY KiIBbKICTh MPOTOHIB
3MEHIIYEThCA Ha 1, TOMY ymeoproemuvcs s0po enemeHma, nopsaoKosull
HOMeEp SIK020 HA OOUHUYK MEHUWULl 34 NOPAOKOBUll HOMep BUXIOHO20
enemenma.

[DouipHe siapo 123Te

MatepuHcbke
appo '2}1

ZAX - + 10e + Z — 1A4Y

©e*-no3uTpoH

\@"

® V-HenTpuHO

5312118 > + 10e + 52121Te

B*-yacTuHka

ITix wac P'-po3mamy OOMH i3 MPOTOHIB MATEPUHCHKOTO SIIPA  (nosurpon)
IIEPETBOPIOETBC HA HEUTPOH, MO3UTPOH M E€IEKTPOHHE HEUTPHHO:
11p - 01n ++ 10e + 00v; HMO3UTPOH 1 HEHTPUHO BUIPOMIHIOIOTHCS, HEUTPOH 3AJIMIIAETHCS B AIpI

g+
121 0 121
53l — 1ie + "53Te

(YTBOPIOETHCS HOBE SIJIPO)

Ilepioo nigpo3nady oeskux
Paodionykioie
Pamionyxmin [epion
nisposnany 7,
Hon-131 8 1i6




4. llepioa miBpo3nagy Kap6oH-14 5700 pokiB

Ilpoonemni numanns Ko6amsT-60 5.3 pOKY

* Yu MoxHa Ji3HaTHCs, fKe came AP0 B NEBHIA | [Tnyromiii-239 24 THC. POKiB
paZioaKTUBHIA pedoBHHI po3maaeThcs mnepmum? ke Oyme Paniii-226 1600 pokis
HacTynmHUM? SIke po3maneTbcst OCTaHHIM? Panon-220 56 ¢

®Di3uku CTBEPKYIOTE, IO AI3HATUCA MPO LE HEMOMIIMBO: o~ 0 7h s 3.8 1061
po3na0 mozo uu iHWo20 A0pa padioHykaioa — noois 5

. . . . Vpan-235 0,7 MapH poKiB

sunaokoea. Pa3om 13 TUM MOBE/IHKA Pal0aKTUBHOT pEYOBUHU 238 4 -
B I[UIOMY IiJUIATa€ YiTKO BU3HAYEHUM 3aKOHOMIPHOCTSIM. yDaI.{: =) MIPA POKIB

SIKIO B3ATH 3aKPUTY CKIAHY KOOy, IO MicTHTh mepny LLLE3iH-137 30 poxis

KUTbKicTh Panony-220, To BUSBUTHCS, 1110 TPUOIU3HO Yepe3 56 ¢ KUIbKICTh pajioHy B KOJO1 3MEHIIUTHCS
BaBiui. Ille yepes 56 ¢ i3 pemTu aroMmiB 3HOBY 3alMIIUTHLCSA MOJIOBHHA 1 T. . OTXKe, 3p03yMijo, YOMY
iHTepBan yacy 56 ¢ OyB Ha3BaHU nepiodom niepoznady Panony-220.

Ilepion miBpo3many T1 Pl (¢iznuna BeMUMHA, 10 XapaKTepU3y€ PalioHYKJiA i 10piBHIOE

yacy, NpOTAroM siKOro po3naJgacrbecs MOJOBHHA HAIBHOI KUIBKOCTI siiep AaHOI0 pafioHyKIia.

[T1/2] = 1c

5. AKTHBHICTH Pali0AKTUBHOIO JZKepeJia

Ilpoonemne numannsa

 Sxmo kUIBKICTh aroMiB YpaHy-238 i Paniro-226 € omHaKoOBO, 3 SIKOTO 3pa3ka 3a | ¢ BHJICTUTH
O1nIbIIe 0-4YaCTUHOK?

[epionu miBpo3maay NaHUX PaAiOHYKIIIAIB BiIPI3HSAIOTHCSA Maike y 3 MITH pa3iB, 3a TOM caMuii yac y
3pa3Ky pajito BigOyAeThCsl Habararo OUTbIIE a-pO3MajliB, HIK Y 3pa3Ky ypaHy.

AKTHBHICTh PaJi0OaAKTHBHOIO JkKepeja — e (i3UYHA BeJIUYHHA, SIKA YHCEILHO JOPiBHIOE
KIJILKOCTI po31najiB, 110 Bii0yBalOTHCSI B IEBHOMY PalioaKTUBHOMY JIKepeJti 32 CEKYHY.

Oounuysa akmusnocmi ¢ Cl — 6exepeJib.

1 Bk — ye axmusnicmv maxoeo paodioakmugHozo Odicepena, 6 sikomy 3a 1 ¢ siobysacmvcs 1 akr
pO3naoy:

[A]= 1Bk = 1220 = 1 ¢

. N : 10
Tozacucmemna oounuysa akmusnocmi — xiopi (Ki): 1Ki = 3,7-10 bk
SIKI10 3pa3oK MICTUTb amomu Juuie 00H020 padioHYKAi0d, TO AKTUBHICTb vl
I[LOTO 3pa3Ka MOXKHA BH3HAYUTH 32 POPMYIIOH0: N
A = AN

N — KUTbKICTh aTOMIB pa/ilOHYKJIi/Ia B 3pa3Ky Ha JaHUi yac

A — cTana paaioaKTHBHOTO PO3IATy paioHyKITiIa No/2 4-----)
Inin 2 -1 :
A= - [7\] =1c i
172 VYZE T
3 [UIHHOM 4acy B paioakTHBHOMY 3pa3Ky KiIbKiCTb sitep pagionykmigis, o/ TS
0 HE PO3MAIMCS, 3MEHIIYETHCS, BIAMOBIHO i 3MEHIIYEThCS 1 aKTUBHICTh e |
0 Tia 2Ty 3Ty t

3paska.

OcHOBHMI 3aKOH Pali0AKTHBHOIO PO3MAaxy:

t

N=N0-2 v

v — KUIBKICTb siJIep paaioHyKIIi/Ia, 0 3aJUIIAINCh Y 3pa3Ky depes vac t;

N , — T0YaTKoBa KUTBKICTB sJIED; T1 2~ nepioj miBpo3naay; t — 4yac po3mnamy.



IV. BAKPIIIVIEHHSA HOBUX 3HAHB I BMIHb
1. Anpo Panony 86220Rn BUMyCTWJIO 0-4aCTHHKY. B Sipo SIKOTO €jieMeHTa MEPETBOPUIIOCS SIAPO
Panony?
86220Rna—24He + ZAX; Z = 86 — 2 = 84; A = 220 — 4 = 216;

ZAX = 84216Po (Ilononiii-216); 86220Rna—24He + 84216Po
2. Smpo skoro eneMeHTa yTBOpHIOCA 3 sjpa i3oromy KoGamery 2760Co0 micis BHITyCKaHHS
B-uacTuHKH?

2760CoB —» — 10e + ZAX; Z =27 + 1 =28; A = 60; ZAX = 2860Ni (Hixens-60)
2760CoB — — 10e + 2860Ni

3. Busnaure 3apsa0Be 1 MacoBe 4MCIIO i30Toy, sikuid Buiine 13 Topito 90232Th micns Tphox o- 1 IBOX
[-riepeTBOpEHBD.
1 eapianm
90232Th—3 24He + 2 — 10e + ZAX
Z=90-32+21=86; A=232—- 34— 2:0=220; ZAX = 86220Rn
86220Rn (Pamon-220, macoe uncio 220, 3apsioBe 4ucio 86)

2 sapianm
90232Tha—24He + 88228Raa—24He + 86224Rna—24He + 84220Pof — — 10e + 85220A4tp - —

86220Rn (Panon-220, macoBe uncio 220, 3aps10Be yucio 86)

3 eapianm
90232Th — 24He + 24He + 24He +— 10e +— 10e + ZAX

Z=90-2-2-2+4+1+1=86; A=232—-4—4—4 =220, ZAX = 86220Rn
86220Rn (Panon-220, macoe uucino 220, 3apsnoBe yucio 86)
4. Y pe3ynbrari mectd o- i JBoxX B-po3mnanaiB yrBopmiocs sapo CuHIO-209. Busnaute BUXigHUN
€JIEMEHT PeaKIlii.
ZAX—624He + 2 — 10e + 82209Pb
Z=82+4+62—-21=92;, A=209 + 64 + 2:0 =233; ZAX = 92233U
92233U (Ypan-233)

5. Ckinpk# 0- 1 B-4acTMHOK BUMYycKae sapo ypany 92233U, mepeTBOPIOIOYHCH B SAPO BICMYTY
83209Bi?
92233U—-x 24He + y — 10e + 83209Bi

{233 = 4x + 0y + 20992 = 2:x — 1y + 83

233-209
X=—7—=6

y =83+ 26— 92 =3.

BinOyBaeTncs 6 a-po3nafis i 3 B-po3nagu.



V. HIABUTTSA NIACYMKIB YPOKY

becioa 3a numannuamu

1. Ak 6yn0 6i0kpumo ssuuge padioakmueHocmi?

2. Hageoimv npuknadu npupoonux padioakmusHux eiemeHmis.

3. Onuwims 00cio i3 8U8UEHHS NPUPOOU PAOIOAKMUBHO20 BUNPOMIHIOBAHHS.

4. Hasedimb 03HauenHs: padioakmueHOCH.

5. Axi euou padioaxmuernoco eunpominogants eu sHaeme? Akoio € ixus gizuuna npupooa? 36i0ku 6
A0pi bepymubcs enekmpoHu?

6. Ak 3axucmumucs 8i0 padioakmueHo2o 6UNPOMIHIOBAHHS?

7. ll]o iobysaemuvcs 3 s0pom amoma nio 4ac UNPOMIHIO8AHHSA O-YacmuHku? B-uacmunku?

8. Haiime o3nayenus nepiody nispo3nady.

9. ll]o maxe akmusHicms padioakmuenozo oxcepena? Hu 3amintoemsbcsa 60Ha 3 uacom?

VI. JOMAUIIHE 3ABJAHHSA
OmnpamroBaru § 40, Bripasa Ne 40 (1, 2)

Mooamkoei 3a0aui
1. ITpotaktuniit 91231Pa nignanu ogHoMy o-posnany. 1o € KiHleBUM MPOAYKTOM Lii€i peaxirii?
91231Paa—24He + ZAX; Z =91 — 2 =89; A = 231 — 4 = 227;
ZAX = 89227Ac (Aktuniii-227); 91231Paa—24He + 89227Ac

2. SIke siApoO yTBOPUIIOCS B pe3yabrari o-po3nany [lomonito-2127
84212Poa—24He + ZAX; Z =84 — 2 =82; A =212 — 4 = 208;

ZAX = 82208Pb (ILmombOym-208); 84212Poa—24He + 82208Pb

3. Ilpu PB-posmami 3 smpa IlLmromOymy-210 BHIIITalOTH €IEKTPOH 1 aHTHHEUTpHUHO. SIke sapo
YTBOPIOETHCS B pe3ynbTary -po3mnany?

82210PbB —» — 10e + ZAX; Z =82+ 1 =83; A = 210; ZAX = 83210Bi (bicmyr-210)
82210PbB — — 10e + 83210Bi

4. Ypan 92238U mignanu TpeoM 0- i TBOM B-po3nagam. BusHauTe KiHIIEBUH MPOTYKT peaKilii.
1 sapianm
92238U—324He + 2 — 10e + ZAX
Z=92—-32+21=88 A=1238— 34— 2:0=226; ZAX = 88226Ra
88226Ra (Paniii-226)

2 sapianm
92238Ua—24He + 90234Tha—24He + 88230Raa—24He + 86226Rnf — — 10e + 87226Frp — — 1

88226Ra (Paiii-226)

3 eapianm
92238U — 24He + 24He + 24He +— 10e +— 10e + ZAX

Z=92-2-2-2+1+4+1=288 A=238—4—4—4=226 ZAX = 88226Ra
88226Ra (Paiii-226)

5. Pamon 86222Rn 3a3HaB OMH 0-po3MaJ i Ba 3 -po3maau. Sapo sKoro ereMeHTa CTajio MPOyKTOM
IUX po3najis?



1 sapianm
86222Rn — 24He + 2 — 10e + ZAX

Z=86—-2+4+21=86; A=222—-4—2:0=218; ZAX = 86218Rn
86218Rn (Pagon-218)

2 eapianm
86222Rna—24He + 84218Pof — — 10e + 85218Atp — — 10e + 86218Rn

86218Rn (Pagon-218)

3 sapianm
86222Rn —» 24He +— 10e +— 10e + ZAX

Z=86—-2+1+1=86; A=222—-4=218; ZAX = 86218Rn
86218Rn (Pamon-218)

6. Sxuii 130T0N YTBOPIOETHCS 3 ypany 92239U micnst n1BoX B-po3maaiB i O4HOTO o~ po3namgy?
1 sapianm
92239U—-2 — 10e + 24He + ZAX
Z=92+4+21-2=92;, A=239 — 20— 4 =235, ZAX = 92235U
92235U (Ypan-235)

2 sapianm
92239UB - — 10e + 93239Npp — — 10e + 94239Pua—24He + 92235U

92235U (Ypan-235)

3 eapianm
92239U —» — 10e +— 10e + 24He + ZAX

Z=92+1+1-2=92;, A=239 —4 =235 ZAX = 92235U

92235U (Ypan-235)
7. TIpogyKToM TpbOX 0-po3majiB 1 ABoX P-po3namiB € sapo Ilononiro-213. BusHaure BuXiIHUN
€JIEMEHT PeaKIii.
ZAX—-324He + 2 — 10e + 84213Po
Z =84+ 32—-21=88, A=213 + 34 + 2:0 = 225; ZAX = 88225Ra
88225Ra (Paniii-225)

8. SAnpo 84216Po yrBOpmiOCS TICHS JBOX TMOCHIJOBHUX O-pPO3MAJiB. 3 SIKOTO sApa BOHO
yTBOpHIIOCS?
ZAX—224He + 84216Po

Z =84+ 22 =288 A=216+ 2:4 = 224; ZAX = 88224Ra

88224Ra (Paniii-224)
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9. VYpan 92238U y pe3ynbTari KUTbKOX 0- 1 B-po3mamiB mepeTBoproeThesi y CBunerns 82206Pb.
CKiITbKY 1 K1 paiiloaKTHBHI po3Maay BinOymucs?
92238U—x 24He + y — 10e + 82206Pb

{238 = 4x + 0y + 20692 = 2:x — 1y + 82

238-206
X =—7p—=238

y=82+28—-92=06.
BinOyBaeThcst 8 a-po3nafis i 6 f-po3nais.

10. Ckinbku o- 1 B-po3maniB mae BinOytucs, mo6 IIporaktuniii 91231Pa neperBopuscs B Topiit
90227Th?
91231Pa—x 24He + y — 10e + 90227Th

{231 = 4x + 0y + 22791 = 2:x — 1-y + 90

231-227
x=—p—=1

y=90+21-91=1.
BinbyBaetncs 1 a-po3nazm i 1 B-posman.
11. PapioaktuBHe saapo 90232Th meperBopuiniocs Ha saapo 83212Bi. Ckinbku BifOynocs a- 1

B-po3maziB y X0/1 IIbOTO MEPETBOPEHHS?
90232Th—x 24He + y — 10e + 83212Bi

{232 = 4x 4+ 0y + 21290 = 2:x — 1y + 83

232—-212
x =22 5

y =83+ 25 —-90 = 3.
BinOyBaetnes 5 a-posnanis i 3 f-po3nanu.
12. Ckinpku 0o- i1 B-po3maaiB Mae BigOytucs, mod sjupo Topiro-232 mepeTBOpHBCS Ha SIPO

[TmromOymy-208?
90232Th—x 24He + y — 10e + 82208Pb

{232 = 4x + 0y + 20890 = 2:x — 1y + 82
232—208
y =82+ 26 — 90 = 4.

BinOyBaetncs 6 a-posnanis i 4 f-po3nanu.



