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BUNpoMiHIOBaHHSA: HEIOHI3YIoUI Ta IOHI3YHoui.

PadioakTUBHI pe4YOBUHU AK OXKepeno IOHI3YH4MX

AN

1.
2. Twvinu ioHi3yrouMX BUNPOMIHIOBaHb.
3. EnekTpoMarHiTHe BUNPOMiHIOBAHHSI.
4. KopnyckynsipHe BUNPOMiHIOBaHHS.
S.
BUMPOMIHIOBAHb.
6. TMpoHMKatOYa 3AaTHICTb IOHI3YIOUNX
BUMPOMIHIOBAHb.
/.

3arasnibHi BNacTUBOCTI Ail IOHI3y4nX
BUMPOMIHIOBaHb Ha 6ionorivyHi 06'ekTn.
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FonoBHa 3apaua paaiobionorii - po3kpuUTTS
3arajibHMXx MexaHi3MiB 6ionoriyHoI BiAnNoBiAi Ha Aito
|OHI3YH04Y0ro BUNPOMIHIOBaAHHA A/is TOro, wob B

KIHLEBOMY pe3y/ibTaTi MaTu MOXX/IUBICTb KOpPeryBaTu |
KepyBaTW PeakLUIED OpraHiaMy npu OrnpoOMiHEHHI.
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Hanpsmku paaiobionorii:

A
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3arajbHa ((pyHIamMeHTallbHa) paaio010I0r1s: [IUTONOTs,
010X1Misl, T€HETHKA;

pajialiiiHa €KOJIOr1s;

KOCMI4YHa paa10010J10r1s;

| MeAWYHa paji1001070r1a (IMYHOJIOTIS, TIrl€HA 1 3aXUCT, Tepartis
IYXJIUH)

+ HOBMI, OKpEeMHi1 HAIPAMOK pajii001010T1i - paaio0ionoris
HE10HI3YIOUYUX BUIIPOMIHIOBAHb




N

Sources of Radiation

Medicine - 14%
L4
E,, Muclear Industry - 1%

!.l Buildings/Soll - 18%  —
._. Cosmic - 14%
'_, Radon - 42%

P FoodDrink Water - 11%

Matural
Radiation 85%
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BUnNpoMiHIOBaHHSA:
HelOHI3Yyro4l Ta IOHI3YIouI

N
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BUNpoMIHIOBAHHSA — Lie nNpouec BUBINbHEHHS i
NOLUNPEHHA eHeprii y Burnaai Xxsunb abo 4acTMHOK.

HeioHi3yroue BUNPOMIHIOBAHHSA —
BUMNPOMIHIOBAHHSA, AKe Ma€E HeAOCTaTHbO eHeprii
anst ioHizadii peyosuHu (iHppavepBoHe, BUANME |
ynbTpadioneTose).

IOHI3yLOUYEe BUNPOMIHIOBAHHSA — LiE
BUMPOMIHIOBaHHS, ke 6e3nocepeaHbo abo
onocepeakoBaHO BUKITMKAE IOHI3aLit0 OTOYYHO4YOro
cepeaosuLLa.




~ ELECTROMAGNETIC RADIATION SPECTRUM _
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EnexkTpOMarHiTHUM CnexkTp Ta CynyTHI

6i0NOoOriyHi ea

DEKTU.

IOHI3y+OYe Ta HeioHI3yroYe BUNPOMIHFOBAHHS
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2. TUnu IoOHI3YOYMUX BUNPOMIHIOBAHb
(knacudpikanis)
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be3nocepeaHbO

IOHI3yI04e
BUMNPOMIHIOBAHHSA —
TaKl YaCTUHKMN
(eneKkTpoHu, NPOTOHMN,
O-4YaCTMHKU TOLLIO),
KIHETUYHOI eHepril AKUX
[OCTaTHbO, 06
BUK/TMKATW iOHI3aUito
aTOMIB | MONEKyn
PEYOBUHMN.

3a MEeXanizmom 1ORIZauil: —
OnocepeakoBaHoO

IOHI3yI0ue
BUMNPOMIHIOBAHHSA —
He3apsaaKeHl YaCTUHKU
(HemTpoHwn) abo
KBa3iyaCcTUHKM (POTOHN),
AKI Npu 4il Ha pevyoBUHY
CMPUYNHSAIOTb NOSBY
6e3nocepeHbLO
IOHI3Y04Y0ro
BUMPOMIHIOBAHHSA abo
BUKTUKAKOTb A4EPHI
NepeTBOPEHHS.




A

3a emanom 63aEmMo0ii 3 peuoBUHOI0:

NepBMHHE — BUNPOMIHIOBaHHSA, 9Ke nepLinMm
B3aEMOJIE 3 Pe4YOBUHOIO.

BTOpUMHHE — BMHWKAE B pe3ynbTaTi B3aEMoail
NepBUHHOIO BUMPOMIHIOBaHHA 3 PEYOBUHOIO.

TpeTuHHe ...




3a 0OHOPIOHICMIO eHep2li:

A
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MoHoOeHepreTuuHe — rnpejcrassieHe GoToHaMM
OZ1HAKOBOI eHeprii abo YaCTMHKaMu OAHOro BuAay 3
OJHIEI0 M TIEIO X KIHETUYHOIO EHEPTIELO.

HeMOHOeHepreTuyHe — npeacrassieHe YacTuHKaMu
OAHOro BuAy, ane 3 pi3HOK KIHETUYHOIO EeHEPriElD,
abo (poTOHaMU 3 PI3HOKO eHepri€lo.

3MillaHe — npeacTas/ieHe YacTMHKaMM pPi3HOro Buay,
abo 4YacTMHKaMn i POTOHaMM OHOHYACHO
(Hanpuknaa, peakTopHe BUMNPOMIHIOBaHHS).
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3a HanpaeaeHiCmI0 ROUWLUDEHHA:

HanpaBneHe — BUMPOMIHIOBaHHSA 3 BUAINTEHUM
HaNpsAMKOM PO3MOBCIOAXXEHHS.

OAndy3He — BUNpoMiHIOBaHHSA 6e3 nepeBa)kakoyoro
HaNpPsIMKY MOLLUNPEHHS.

3a npupo0oi 6UnpPOMIiHIOBAHHA:
KopnyckynspHe
PoTOHHe (eNeKTpoOMarHiTHe)
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3. DOTOHHE BUNPOMIHIOBAHHA:

A
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Y-BUNPOMiHIOBAHHS

/ — 0,0001-0,005 HM,

EnekTpoMarHiTHe _
PeHTreHiBCbKe

BUMNPOMIHIOBAHHS 3 _
OOBXWHAMN XBUIb BUMPOMIHIOBAHHS —
| 0,005-1 HM,

0,0001 — 390 HM.

YnbTpadionerose
\ BUMNPOMIHIOBAHHS —
1-390 HM.




hxepena eneKrpoMarHiTHOro

BUMPOMIHIOBAHHSA:

A

j@pEHTFEHiBCbKe
BUMNPOMIHIOBAHHSA
YTBOPIOETLCA NpU
ranbMyBaHHI LUBUAKUX
e/1eKTPOHIB, AKi
OTPUMYIOTb Y BaKyyMi, B
PEYOBMUHI.

@V-BunpOMiHmBaHHﬂ

BUHUKAE NpU nepexoal
aTOMHUX a4ep 13 0AHOro
eHepreTM4yHoro CTaHy B
iHLWN, 3 MEHLLIOIO
eHeprieto. LlnuM npouecom
CYNpOBOAKYETLCA A- Ta B-
po3naj, a TaKoX K-
3axonsieHHs. LI KBaHTu
reHepyTbCa TaKoX Npwu
aHIrinauil napu enekTpoH-
NO3UTPOH, Npu po3naai
OKpeMUX efieMeHTapHUX
YaCTUHOK (pi-Me30HiB).




Y-BUMNPOMIHIOBAHHA

1€ - monepeuni eaexkrpoMarditTai xsuii 3 A<108 m
(10-%4 +10-1° m) i wactotoro 3-10%°-3-10%! I'ny, siki
BUHMKAIOTh IIPU BHYTPIIIHbOSICPHUX
IIEPETBOPEHHSIX BHACIIJIOK MEPEXOAY SACp 3
METACcTaOUIbHUX CTaHIB Y CTAOUIbHI;

JPKepena Y-BUIIPOMIHIOBAHHS MArOTh JITHIMHMN
CIICKTp BUIIPOMIHIOBAHHS, IPUUOMY 151 PI3HUX
JKEPEII BlH € TIOCTINHUM;

eHeprist konuBaeTbes Big 0.01 ("m'sxi" mpomeni) - 3
MeB ("xopcTki" ipomeni), 1Ho 1 A0 10 (30BcimM
okpemi Bunajaku — 100-1000) MeB.

rOJIOBHUM Jilalia30H €HEPrii JJIsi IPUPOTHIX
HykieotuaiB 0.1-2 MeB.

rojJ0BHA IIpHUYKHA IIPOMEHEBOI XBOPOOU IIpH
BHUKOPHCTaHH1 aTOMHOI 30poi
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B3aeMoaiqa y-KBaHTIB 3 peYOBUHOIO:

YTBOPEHHA napu eneKkTPOoH-NO3UTPOH




3aKOH padioaKkTUBHOIoO po3naay
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Komu N — moyarkoBa KIJIbKICTh 80
aToMiB, TO N — KUIBKICTE 50
aTOMIB, SIK1 PO3MaIal0ThCA 3a _
: L : 40
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[lepiogn

HaniBpo3naay

XIMIYHUX

eflIeMeHTIB:

TabnuuA 1. [NepBuHHI pagioHyknign 3emni

Mepiop
PagioHykniau Haniﬂpgma,uy, Tun posnaay MowwupeHictb, %
PiK

Ypan-238 4,5-10° anbdha 99,28
YpaH-235 7,1-108 anbdha 0,714
Topii-232 1,410 anbca 100,0
Kanin-40 1,3-10° beta, E3* 0,0119
BaHagin-50 6-1012 beta, E3 0,25
Py6igii-87 5-10'° beTa 27,19
IHaiin-115 6-10" BeTa 95,67
Tenyp-123 1,210 E3 0,87
NaHTaH-138 3,210™ 6eTa, E3 0,089
Lepiin-142 5-10'% anbga 11,07
Heopum-144 241019 anbga 23,83
Camapiii-147 1,3-10™ anbga 15,09
Maponinin-152 1,1-10™ anbda 0,20
MioTeniii-176 2-101°0 beta 2,588
[adHili-174 2:10"° anbca 0,163
PeHin-187 4-10"2 BeTa 62,93
MnatuHa-190 7-101 anbda 0,012

Mpumitka: *E3 — enekTpoHHe 3axonneHHs.




[lepiogn

HaniBpo3naay Ta
(I3NYHI XapaKTepUCTUKK
XIMIYHNX

e/IeMeHTIB:

Tabnuua 2. disndni xapakTepucTUKM PagioHYKNigiB, AKi 3acTOCOBYIOTECA B MeAULUMHI

Mepiop,

MakcumanbHa eHepria, MeB

MoBHa ramma-

l3oTon | anisposnagy |  wacmmok (hoToHIB p_cmgﬁﬂg_m.{i
Hatpii-22 2,62 poky 0,545 1,274 11,89
Hatpiii-24 15,05 rog, 1,39 2,752 18,55
docoop-32 14,2 aHA 1,71 - -
Kanin-42 12,36 rog, 3,514 1,52 1,36
Xpom-51 27,8 gHA - 0,32 0,165
KobaneT-58 71,3 gHA 0,474 1,67 5,47
3anizo-59 45,1 gHAa 1,573 1,2 6,25
Migb-64 12,8 rog 0,66 1,34 1,12
Manin-67 779 rop - 0,388 0,866
CeneH-75 120,4 gHA - 0,572 1,94
Bpom-82 35,34 rog 0,44 1,91 14,47
Py6igjin-86 18,7 oHA 1,77 1,08 0,55
CTpoHUin-85 |64,0 gHA - 0,514 2,94
CTpoHUii-87m | 2,8 rog - 0,39 1,72
ITpin-90 64,2 rog, 2,27 - -
TexHeyiii-99m | 6,04 roa, - 0,14 1,23
Managin-103 | 17,0 gun - 0,498 0,001
Nog-125 60,2 gHA - 0,035 0,002
Noa-131 8,06 gHA 0,81 0,722 2,15
Nopa-132 2,26 rog 2,156 2,39 11,55
KceHon-133 5,65 gHA 0,346 0,16 0,145
ITepbiii-169 31,8 gHA - 0,308 -
3onoTo-198 2,7 oHA 0,96 0412 2,3
Pryte-197 65,0 rog - 0,19 0,109
Pryt6-203 47,0 aun 0,21 0,279 1,25




[locnabneHHs NOTOKY Y-BUMPOMIHIOBAHHS:

CBunelnb

woor  AJIIOMIHINT

0.30

4R

L

ITpy ipoXoKEH 1 Y-BUIIPOMIHIOBAHHSA | °*] \
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JTiHiINHKMM KoedilieHT nocnabnenHs (IpPogoBXKEHHS):
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KO€(illEHT NOCIA0JICHHS Ma€ Psif 3aKOHOMIPHOCTEH !

o JNHIWHUN KoePiieHT HOTONOTIIMHAHHS (T):
T=7,+7,
T, — XapaKTEPU3Y€ YACTUHY KOE(IIIEHTA MOTJIIMHAHHS, KA

IPU3BOIUTH 10 NEPETBOPECHHS NEPBUHHOI €HEPTii OTOHA B
KIHETUYHY €HEPT1I0 €JICKTPOHA,

T, — XapaKTEepU3ye MEPETBOPEHHS €HEPT1i NEPBUHHUX (POTOHIB
y €HEPr1i0 XapaKTEPHUCTUYHOIO BUIIPOMIHIOBAHHS
* JNHIAHUA KoedimieHT (OTOMOrINHAHHS (T):

Z5
_ E, =05+3MeB <« 7,
3.5
E, E,>10MeB ¢ 70

T



 JNHIAHUN Koe]II€HT KOMITOHIBCHKOTO PO3CiIOBaHHS (G):
T=0,+0,

G, — XapaKTEepU3ye YaCTUHY KOe(DI1€HTA ITOTJIMHAHHS, KA
MPU3BOJIUTH 0 NEPETBOPEHHS ITEPBUHHOI €HEPT1i (DOTOHA
B KIHETUYHY E€HEPTII0 €JIEKTPOHA,

O, — XapaKTepU3y€e NEPETBOPEHHS €HEPrii NEPBUHHUX
(DOTOHIB y €HEPT1I0 XapaKTEPUCTUUYHOTO
BUITPOMIHIOBAHHSI

 JNHIAHUHN KOe(IEHT KOMITOHIBCHKOTO PO3CiIOBaHHS (G):

o=—
E, E,>IMeB < o>7

E,>10MeB <> o ~0



* JIIHIMHUN KOEPIIEHT €(DEKTY YTBOPEHHS €IEKTPOH-
TIO3UTPOHHUX T1ap (K):
K=K, +K,

K , — XapaKTepU3y€ YaCTUHY KOe(II€HTA ITOTIMHAHHS, KA
IPU3BOJUTH /10 IEPETBOPEHHS MIEPBUHHOI €HEPrii (pOTOHA
B KIHETUYHY €HEPIii0 €JICKTPOHA 1 TO3UTPOHA,

K ¢ — XapaKTepU3y€e NEPETBOPEHHS €HEPT1l IEPBUHHUX
(DOTOHIB Y €HEPT1I0 aHITUIALIMTHOTO BUIIPOMIHIOBAHHSI

* JIHIAHAN KOe(IMIEHT KOMITOHIBCHKOT'O PO3CIFOBAHHSA (G):

k=27%In Ey

Ey>1OMeB O K>>0olT



z nepesaxcaromo Edexrn

100 ) ) . NMOTJIMHAHHSA

80 1 'BOPCHHS| OTOHIB 3aJIeKATH
doTtoedexr JHOP b . ’

60 - nap No-nepuie, Bij

G=1 ag=J

eHeprii Y-KBaHIB, i,

0 KomnToH-

. edlexer No-/Ipyre, Bij
0 3apaay sajaep
001 00501 05 1 >0 2 peyoBUHM

Ey . Maa

(Ta, mo-TpeTe, Bij
I'YCTUHU PEYOBUHH)

H = He + Hy
EHeprist nepBUHHOIO ()OTOHA MEPETBOPHETHCH HA
KiHeTUYHY €HEPrilo eJIEKTPOHIB 1 O3UTPOHIB,
a TAKOK HA eHepPril0 BTOPUHHOTO (POTOHHOTO
BUIIPOMIHIOBAHHS




MacoBumn koediuieHT nocnabneHHs (M.,
Ta 3aKOH rnocnabneHHs:
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: Mo =1 p
PedyoBuHM 3 0OfHAKOBUMU (MOA10HMME) €(hEKTUBHUMU
NOPSAAKOBUMHU HOMEPAMHU MAKOTh OJHAKOBI (MOM10H1) L.

Bi1anmoBigHO, MOYKHA TIEpENMCcaTH 3aKO0H MOCJIA0JIeHHS
_ —Hmity
n=n,e
e T

Hy =pd
- maca (1),

g N/2

JAKa B1AIIOB1JIA€ %Nﬂ L

1 cm? minneHi 3

TOBIIMHOKO d.

d maicm’



[lesiki MOKa3HUKMU:

TDJ’[]_L[HHB. CJIOA ITOJJOBHHHOTO TIOTJIOHNICHHA T'aMMa-HU3JIVICHHA Ppa3HbIMH MATCpHaJIaMH

DHeprus ramma — | Tonmuua cnos BeniecTsa, 0cnadbIAIOMIEro NOTOK Y — U3ayueHus B 10, cM
kBanToB, M>B Bona beron CeuHen

0.5 24 12 1.3

5.0 76 36 4.7

JIuneitnpie kK03GPUIMEHTRI NEepeaayuu L U JUHEHHBIE KO3(D(MHUIIHMEHTEI
' -1
ocnablieHus |1, B Pa3IMYHBIX CPelax, CM

Oueprus Y-/ Boma ATHOMHHMH CBuHely
VoB | u Mk T M T
0.1 0.0253 (0.171 0.1002 0.444 24494 160.0
0.2 0.0299 (0.137 0.0742 0.323 6.645 11.8
0.5 0.0330 (0.097 0.0775 0.228 1.022 1.72
1.0 0.0310 1(0.0706 10.0726 0.166 0.435 0.79
2.0 0.0260 (0.0493 10.0613 0.117 0.218 0.51
5.0 0.0189 (0.0302 |0.0486 0.075 0.308 0.49
10.0 0.0154 (0.0221 10.0451 0.062 0.372 0.60




PEHTreHiBCcbke BUNpoMiHioBaHHSA (PB)

PB — BuUIIpOMIHIOBaHHS, SIK€ PO3TAIlIOBYETHCS
B COEKTPabHIA 00JIACTI MK Y-Ta Y-
sunpominoBanHsaM, 3 A= 0.005 (0.001) — 1
(100) HMm:

* 10 0.2 HM - "M'AAKe" BUIIPOMIHIOBaHHS,

* monan 0.2 HM -"sKOpCcTKe' BUITPOMIHIOBAHHS

IBaH [lynon, Bunbrenbsm KoHpag

1895 p. Penren, 1895 p. Eneprernunnii alanazon 0.1 KeB - 0.1 MeB

PB (3asie;kHO B1J1 MEXaH13MY 1X BUHMKHEHHS) MOXKYTh MaTH
HenepepBHUN (rajJibMiBHE BUIIPOMIHIOBAHHS) 200
THIAYAacTUM (XapaKTepucTHYHe BUNPOMIHIOBAHHSI) CIIEKTP



XapaKTEPUCTUYHE PEHTreHIBCbKe BUMPOMIHIOBAHHS

2

Lnrocmpauyis
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ATOMHBIA HOMED

* Xapakrepucruune PB —
CJICKTPOMArHITHE
BUIIPOMIHIOBAHHS, SIKE
BUIIPOMIHIOETHCS MIPH MEPEX0aax
€JICKTPOHIB 13 30BHIIIIHIX
CJICKTPOHHMX O0OJIOHOK aToMiB  °
Ha BHYTPIIIIHI
(XapaKTEepPUCTUYHUM CIIEKTP)

e XapaKTePUCTUUYHHUN CIIEKTP —+

JTHINYaTHN PEHTTE€HIBChKUHT
CIIEKTDP, SKWH BUHUKAE TIPU
nepexoaax eJIEKTPOHIB BEPXHIX
00OJIOHOK aTOMa Ha OUIbIII
HHU3bKO PO3MIIIEHI 110 siapa K-,
L-, M-, N-00omoHkwu.

YacToTH N1HIA
XapaKTEPUCTUIHOI'O CIIEKTpa
XIMIYHUX €JIEMEHTIB
BIAIIOB1AAIOTH 3aK0HY Mo3.1i:

Jv =AZ +B
7€ V — YacToTa JIiHII COEKTpa, A,
B — mocTiit|1 1 KOKHOI JITH1T
CIIeKTpa, Z — aTOMHUHA HOMEDP



OTHOCHTENBHER MHTEHCHBHOCTh

[[@NbMiBHE pPeHTreHiBCbKe BUMPOMIHIOBAHHS

BuHuKae npu rajbMyBaHHI €
IPU 1X CTUKAHH1 3 YACTUHKAMU

Xapaxkrepuc- PEYOBUHH.

“TraHi JTiHiT Hanpuknas, oTprumMaHHs
rajabMiBHOTO PB y
PEHTIEHIBCHKIM TPYOIll — Uyepes
OoMOapayBaHHS METAJIEBOTO
€JIEKTPOJia B BaKyyMHII TpyOI1l
0,2 'Dl.-lir DI.E ﬂ_lB 1.IEJ 1.12 1.14 1,6 1,8 20 quKOM HpHCKOpeHHX e- (KOJ_‘[I/I
Ania ponis, 10 e IIPUCKOPEH1 € MarTh HAATO
3Ha4YHY eHeprio, PB
EePEXOAUTh B CHEPIreTUUYHUI
CIIEKTp Y-BUIPOMIHIOBAHHS)




4. KopnyckynsipHe BUNPOMIHIOBAHHSA:

S
/1o HOTO HaNeKaTh: * 3QJIC)KHO B1J MacH, 3apsay 1
Oi-BUIIPOMIHIOBAHHS, mBUAKOCTI yacTMHOK KB
EJIEKTPOHHE BUITPOMIHIOBAHHS, IOIUISAFOTh Ha:
IIPOTOHHE BUITPOMIHIOBAHHS, * JIerKi 1 JKOPCTKI (A1ana3oH
HEUTPOHHE BUIIPOMIHIOBAHHS, E . 0.015-0.05 MeB
ME30HHE BUIIPOMIHIOBAHHSI. ("merke") - 3-12 MeB

("xxopcTke").

Y BUIIAAKY, KOJIM YACTUHKHU E — mv7
MarOTh 3apsi/l, BOHU € 2

0€3M0CEPEIHBO 10HI3YIOUHUMU,
He3apsKEH1 — 1L .
OMOCEPEAKOBAHO 10HI3yI0Ul * IOBLIbHI 1 IIBUAKI.

3aps/KeH] 1 He3apsiiKeHi,




Annda pacnay ypana 238

MarepunckHit ) SHe

Ad-4YaCTUHKN.

g S0TOI anbga yacTHua

© NpOTOH

c D O neiiTpon

Jouepuuit
H30TOI

-4YACTUHKMU — MOTIK SIIEP
TOMIB IeJiiio (CKIagarThCs 3 2
POTOHIB 1 2 HEUTPOHIB), IKUM |

. . O-po3maja — TUM po3naay spa,
UIIPOMIHIOETHCS P O-pO3Mail .
: IIpU SIKOMY B1J10YBA€THCS
KPEMHUX paJl0aKTHUBHUX

BI/IHpOMiHIOBaHHH O-HaCTHUHKMU.

TOMIB.
A A-4 4
3apsi +2. ; X=7,Y +a (;He)
maca 4.003 a.0.M. NPUKIAo .
. 238 234 4
cHepria 2 (4) —11 (9) MeB (a4 »UJ > Th+,He
KOKHOTO 130TOIY € MOCTIMHOIO).
(-PO3MIA XaPAKTEPHUIA ISt [Tpu a-po3manl MacoBe 4KCIIO
eJIeMEHTIB 3 Z ToHaa 82 ta A sinpa (A) 3MCHIIYETbCS HA 4, a

rmonax 200. aToMHUI HOMED (Z) — Ha 2.



Ad-4YaCTUHKN.

A
J

. . A-{l
O-Po3IMaJl € MOXKJIUBAM, OCKIJIBKHA Maca (a 3Ha4uTh 1 z-2”

CyMapHa €Hepris) o-pagloaKTUBHOIO sapa Olibiia Bl
CYMH MacC 0-4aCTHMHKH 1 I041pHBOTO siapa. Hagmumok
€HEeprii BUBUILHAETHCS B (DOPM1 KIHETUYHOI €HEPTIi O-

YACTHHKH 1 B1AAA41 AOYIPHBOTO SApa 230 1p
§2-10% nem
Binnosinno, V=15 000-20 000 xkm/c 6432(75.39)
1 4765 (23,4 I,
I po0ir a-yacTuHKN B N -:;zf?fi ff?£ }j

£182(0077)

MOBITP1 — 9-8 CM,

BoAl — 30-50 MxM,

meTaal — 10-20 MKMm 226 Ry

Takum yMHOM, O-4aCTUHKU MarOTh MaJly IPOHUKAIOUY
3/IaTHICTh



Ad-4aCTUHKMW.

» JlopxkuHa mpoOiry | o-gactnakm (3akoH I'elirepa):

| =kV,°

ne V, —IoYaTKoBa MBUAKICT YACTUHKH, K — KOHCTaHTa,
k=9,25*10-28 cex3/cm?.

« Emmipuune npaBuJjio bperra-Kiimenra:

| =0.003*1,AY2/ p

ne |, — noBxxuHa mpoOiry B MOBITPi, p — TYCTUHA PEYOBUHU,
A — aTOMHHM HOMEDP €JIEMEHTA, IKMHA YTBOPIOE PEUOBHUHY.



d-4aCTUHKMW.

Ha 1 akT 10Hi3a11ii BUTpada€eThcs 0au3bKo 35 eB.

A

[IpoOir 1 cM B moBiTp1 3a0e3neuye ctBopeHHs 10 50 000 nap 10HIB.

BDDDD - 1.{:l - 2|D : 3:0 - 4 6000
5000 | / - 5000
4000 - 4000
3000 - 3000

2000 1 2000 T1MIOMIHA

YaenbHaa MoHWU3aUMA, Nap MOHOB/MKM

i IIPOHUKAHHA
1000 4 1000
I O0-YdCTHUHKU
N I \ ] N I \ 41/
% 10 20 30 20 ° B PCUOBHHY

[nuHa npobera, Mkm

3anescHicms numomoi ioHizauii 8i0 npoobiey 0-4acCmuHKU
(kpuea bpezza)




Ad-4aCTUHKMW.

o EHepri}I, sIKa BUBLJIbHSETHCA IIpU a-pO3HaI[i, BHU3HAYAETHCHA
_ 2
E _[MA_MA—4_Ma]C

ne M, —Maca MaTepuHCBKOTO siapa, M, _, — Maca J04IpHbOTO
anpa, M, — Maca o-4aCTHHKH.

* EHepria a-4acTUHKU! M
A-4

°* YMoBa o-po3nany:

M,>M, ,+M_

e 3arajiom, 10 o-po3Maay 37aTHi sijapa 3 Z>82.



B-BMNPOMIiHIOBAHHS:

* [le — KOpnyCKyJIsipHE BUIPOMIHIOBAHHS 3 HEIIEPEPBHUM
CHEPIETUYHHUM CIIEKTPOM, SIKE€ CKJIAJIa€ThCS 3 HETaTUBHO
a00 MTO3UTUBHO 3aAPSIKCHUX YACTUHOK (EJIEKTPOHIB a00
MIO3UTPOHIB) 1 IKE BUHUKAE IPU PaJl0aKTUBHOMY [B-po3magy
AzEp.

* [(-po3maa — caMOBLIBHE IEPETBOPEHHS SJIED, SIKE
CYIIPOBOJI)KYETHCS BUIIPOMIHIOBAHHSIM (200 MOITIMHAHHSIM)
CJICKTPOHA 1 aHTUHEUTPHUHO a00 IO3UTPOHA 1 HEUTPHUHO.
[Ipu npomy: -, =

b1 ILOMY n® > p*+e +0,
pt ->n’+e’ +0p,

* BigoMo Tpu Tunm B-po3naay: €eIEKTPOHHUN PO3IIa/l
(mepeTBOPEHHS HEMTPOHA B MPOTOH), ITIO3UTPOHHUM PO3Ma/l
(mepeTBOPEHHS IIPOTOHA B HEUTPOH) 1 €JICKTPOHHE
3aXOILICHHS.



B-BMNPOMIiHIOBAHHS:

e IIpoHuKaroya 3J1aTHICTD:

1 e 3 enepriero 1 MeB mpu mpodiry 1 ¢cm cTBOproe
npuOau3Ho 90 map 10H1B (Ha CTBOpPEHHs 1 mapu 10HIB
BUTPAYAETHCS y cepeiHbomy 32,5 eB).

e 3aKOH MOCIa0JIEHHS MOTOKY [J-4aCTHUHOK:

_n ot
n=n,e

nie:
Ny — HOYATKOBUHU MOTIK, N — IIOTIK ITICIIS IPOXOKCHHS 4epes

[OTJIMHAIOYY PEYOBUHY TOBIIMHOKO d, | — IMHIAHUH
KoedimienT nocmabiaenus (cMm™?)



He3apsaKeHi iOHI3YyoYi YAaCTUHKN (HEUTPOHM) :

A

L

TennoBi HEUTPOHWN - MalOTb EHEPTitO TEMIOBOIO PyXy
(npun TkiMH=0.25 eB)

[oBiNbHI HEMTPOHU - eHepria <1 KeB
[TpOMi>KHI HEUTPOHU - eHepria 1-100 KeB

- lLIBnaKi HeuTpoHu - eHepris >100 KeB
Haawswmaki HenTtpoHu - eHepria 10-50 MeB




4R

PadioaKTUBHICTb, aKTUBHICTb Ta OAUHULI BUMIPIOBaHHS:

L/
PajioakTUBHICTB — [I€ CAMOBUIBHE IEPETBOPEHHS SIACP

CJIEMEHTIB, TIPU SIKOMY SIJIpa MEPETBOPIOIOTHCS Y OLIBIII
CTaOUIBHI; LIEH MPOLIEC CYIPOBOIKYETHCS YTBOPEHHAM
KOPITYCKYJISIPHOTO 200 XBHUJILOBOTO BUITPOMIHIOBAHb.
AKTHUBHICTh PE40BMHM — 1€ KUIBKICTh aKTIB MOT0O po3naay 3a |

CEKYHJY.
OauHnni aKTUBHOCTI:

cucteMHa - bekepeusb (Bq, bk): 1 bk - akTMBHICTh HYKITIY, B
palloaKTUBHOMY JKEpeEIll IpH IKOMY B10yBaeThes 1 po3mnaz 3a 1

CEeKYHY

no3zacucteMHa (Tpaguiirnaa) - Kwopi (Ki, Ci); 1 Ci - taka
KUIBKICTh PaJ10aKTUBHOI PEUYOBHHHU, KA PO30AAE€THCS 3
akTuBHICTIO 3.7°1010 posmazis/c.




[1o3n (ekcno3uuinHa Ao3a):

[
Excno3uniina 103a —
XapaKTePUCTUKA MOJIS
BUIIPOMIHIOBAHHS .

1 Ki/kr —y 1 xr cyxoro
aTMOC(EPHOrO MOBITPS
10H13Y0Y€ BUIIPOMIHIOBAHHS

IHJIYKY€ 10HH, SIK1 HECYTh
EIECKTPUYHUU 3apsi KOKHOTO
3HaKy B | Kn .
1 A/kr = 1 Kn/c*kr — .

HOTYKHICTh €KCHO3ULIIAHO1
JO03H.

1 P (pentren) — no3a
(3a3BUyYaii, XapaKTepU3ye
PEHTICHIBCHKE Ta Y-
BUITPOMIHIOBAHHS ), TIPH SIK1A B
cM3 CyXOro arMoc(epHOIo
noB1Tps npu Temneparypl 0°C 1
Tucky 760 mM pt.cT. (101,3
klla) yTBOpIOIOTHCS 10HM 3
sapsigoM 0.333*10% K
(2.082*10° map iouin).

1 P =3876 Ki/kr

1 gep (pizMuHMI eKBIBAJIEHT
PEHTreHa) — €KCIO3UIIINHA
1032 OyJIb-SIKOTO 10HI3YK0YOT0
BUIIPOMIHIOBaHHS — aHanor 1 P




[o3n (nornuHyTa Ao3a):

e Iornmuyra 1o3a — « 1pan=0,01 Ix/kr=0,01
XapaKTEPUCTUKA 00’ €EKTY, I'p
SKWU MITAEThCA e 1 pan/c — DOTYXHICTb
OIIPOMIHIOBAHHIO: MOTJTHHYTOT 03H

« 1I'p (rpeu) =1 Jx/Kr

e 1I'p/c=1 JIx)/C*Kr —
HOTY>KHICTh HOIIMHYTOI
HO3H.




[lo3n (ekBiBaneHTHa 403a):

* 13iBepT (3B, SV) — KUIBKICTh
CHEPIii, sSiKa MOrTUHAETHCS |
KI 010J10T1YHOI TKAHUHHU, Ta
dKa B1AMOBLIAE Ii1
norsimHeHo1 no3 1 I'p.

olx

Pentrenisceke, v-, -
BUnpoMiHoBaHHA = 100
oep/T'p (1 6ep/pan)
. . 5 e IloBinbH1 HeWiTpoHHU = 300
* 1 6ep — Giosoriunmii oep/T'p (3 Gep/pan)
eKBiBaJIeHT PeHTreHa — *  O-BHIIPOMiHFOBAHHS
TaKa MOIJIMHYTa 1034 WIBU/KI HEHTPOHH, ’

IEBHOTO B mBUAKI npoToHu = 1000

BUIIPOMIHIOBAHH, [0 oep/I'p (10 Gep/pan)
CIPUYHHSE 010JI0TTYHHAN [IpoJIyKTH oMLY Saep
edexr, exBiBase i mii 1 ’ T
P<:1) KT, CKBIBAJICHTHHM 11 2000 6ep/Tp (20 Gep/pa)

° D _D k

morJi



N

5. PaaioakTUBHI pe4yoBMHU AK OKepeno
IOHI3YI0UYMX BUMPOMIHIOBAHb

L

hxepena paaioaKTUBHOINO BUNPOMIHIOBAHHSA — Lie
06’eKTH, SKi MICTATb padioaKTUBHUM MaTepian
(paploHYKAIAHI pxepena), abo TexHIYHI NPUCTPOI,
AKI 30aTHI Fipy NEBHUX YMOBaX BUMNPOMIHIOBATH
IOHI3Y0Y€ BUNPOMIHIOBAHHS

3aKpuTi BiaKpUTI




XapaKkTepHUCTHKH W30TOIHBIX Y-TIperapaToB.

[>xepena

Y-BUMNPOMIHIOBAHb

PannoakTuBHBIN | AKTHBHOCTb, Pasmepsbl, MM Obonouka
JIEMEHT -9KB g;r-arcs) Jrep— BLICOTA
0.002, 0.004 4.5 5
"0y 0.02, 0.1 7.5 8 ATFOMHHUIA
0.5 12 10
0.05, 0.1 7.5 9.5
"Se 0.02, 0.1 12.5 12.5 ATIOMUHUIA
0.5 16.5 16.5
0.01,0.1 4.5 5
921y 0.5,2.5 4.5 5 AJTFOMHHAH
20 7.5 8
0.0001, 0.0005 6 9
0.001, 0.005, 6 9 Hep KaBeroIas
s+ 'Ba 0.01 6 9 CTalh
0.05,0.1,0.5 7.5 14
2 16.5 18.1
10, 20
¥ Cs 0.01, 0.5 7.5 8 ANFOMHHHI
2 12 10
"“*Eu 05,1,2 7.5 8 ATIOMUHHI
0.0001, 0.0005
P Eu 0.001, 0.005 7 27 ATFOMHHHI
0.01
(0.1, 0.25, 2.5) 0.7 2 0e3 o0oouek
(0.5, 1, 2) 0.7 5,10,20 | HepxkaBeromias
“Co (3.5) 0.9 30, 50 CTalb
(2,5, 10) 0.9 10 —"—
10, 30, 50 0.9 20, 60, 100 —"—




[kepena

-BUMPOMIHIOBaHb

’

L

M30TOMNHbBIC NICTOYHUKH -M3TyUCHU.

PanuoaktuBHBIM H30TOM AKTHUBHOCTBE, MKH JlmameTp akTUBHOM
4acTH, MM
"“'Pm 1-50 10 -50
4TI 100 — 1000 50
5-25 10
20, 40, 1000 20
PSr+ 0y 0.02 — 2000 1050
HCe + MPr 1100 10— 50
"“Ru + '"Rh 1-100 10 - 50




PeakTopHe BUMNPOMIHIOBAHHA

i
\

YcnoBus 00ydeHHs: B aTOMHBIX peaKkTopax.

[TapameTprl 00yYeHHS B AKTHBHOM BHE
30HE AKTHBHOM
30HBI

[ITOTHOCTE MOTOKAa TETUIOBBIX HEWTPOHOR,

n/cm™*c 10"%- 10" 10"-10"

[ImOTHOCTE TOTOKA OBICTPBIX  HEHUTPOHOB,

n/cM>*c 2.5%10" -

MouiHocTts IKCIIOZUIITMOHHON 71036l V-

u3ydeHus, P/c 110 10 107

Temmepatypa, 'C 250 - 500 100




6
B

. [1pOHMKalO4Ya 34aTHICTb IOHI3YHOYO0ro
UMNPOMIHIOBAHHSA

A
\

L/
ITpoHukar4ya 31aTHICTD - 1€ ULIAX, SIKUHA XBUJIS 200

YaCTHHKA 3/1aTHA MPOXOJIUTH B PEYOBHHI.

IIponnkaroya 31aTHICTh 3HAXOJIUTHCS B 3BOPOTHIM
3aJ1€)KHOCTI Bl MacH BUIIPOMIHIOBaHHS Ta Bl B1JCTaHI
poOoIry:

1()=1(0)*e"(-k*l), ne k - nmiH1iHNI KOEeDILIEHT MTOCIA0JICHHS
(mornuHaHHA) Marepiany Ta | - TOBIIMHA MaTepiaiy.

Y BUIIAJKy €IeKTPOMArHITHOIO BUIIPOMIHIOBAHHSI IIOBHOTO
NOIJIMHAHHS JIOCSATTH ITPOOJIEMAaTUYHO, BUKOPUCTOBYIOTh
IIOKA3HUK JIHIUHO20 KoeiyieHma nociabients - BIHTHOCHE
3HMIKEHHS €Heprii BUIIPOMIHIOBAHHS MICJS MPOXOHKEHH1 1cMm
PEYOBHHU.




HaniBoc/1absieHHS KBAHTIB 3 MOYaTKOBOIO
eHeprieto 2.5 MeB:

# maTepian @ TOBLLMHA
NoBITPA 200 M
aepeso 25 cM
6eToH 10 c™
CBUHELb 1.8 MM




[TpOHMKalo4Ya 34aTHICTb KOPMNYCKYNAPHOIro
BUMNPOMIHIOBAHHSA

A

%Biﬂ,HOCHO BeNIMKa NpOHMKaro4va 34aTHICTb Y
He3apaAMKEeHMX YaCTUHOK (HEUTPOHIB), a AN
3apPAmXKEHUX YaCTUHOK BOHA BM3HAYAETbCA MAcCOlo,
eHeprieto Ta WBUAKICTIO PYXYy YaCTUHKMN:

%B-HaCTMHKM MaloTb Masly Macy Ta BeWKY LBUAKICTb -
TOMY BOHWM C/1TabKO BTPayatoTb €HEPrito Ha iOHi3aLlito
PEYOBUHU | 34aTHI NPOXOANTU AOCUTb BEUKI BIACTaHI.
TpaekTopia pyxy B-4aCTUMHOK 3BUBUCTA BHAC/IAOK 3MiHU
eNeKTPUYHUMU NONAMU 3YCTPIYHUX aTOMIB.




/. 3aranbHi BNAaCTUBOCTI Ail IOHI3y4nX
BUMNPOMiHIOBaHb Ha 6iosioriyHi 06'ekTn

OcobnnBocCTi, SIKi BApTO BpaxoByBaTU Npv aHanisi
pafiobionoriyHnx npoLecis

3akoH FpoTryca (3aranbHuin 3aKoH hOoTOXiMil):
XIMIYHY peakuito B pe4oBUHI MOXe BUKIUKATU TINIbKK
NOrAMHYTa YacTUHa CBITNa.

PagiobiosioriuHnm napagokKc: nornMHaHHa ayxe
HEe3HAYHOI KiJIbKOCTI eHeprii Mpu3BOANTb A0 3HAYHOI
peakLii opraHiamy, a)x 4o noro 3arnbeni.

CnagkoBa fifl IOHI3YHOUMX BUNPOMIHIOBAHD.
KyMmynauifa go3: HakornnyeHHs eekTiB.

HasBHICTb NaTEeHTHOro nepioay (aeKinbka XBUINH —
[ECSATKN POKIB): XapaKTepHa A1 ONpOMiHEHHS AOCUTb
HEBEIMKMMM [O03aMWN TPpUBaNUKM 4ac .




PagiouyT/IMBICTb - rONI0BHUN KpUTEPIN ePeKTUBHOCTI A
_BUNPOMIHIOBAHHS - YyT/MBICTb 6ionoriyHux 06'ekTiB A0
BMJ/IMBY BUMPOMiHIOBAHHS.

LD50 - n03a BUNPOMIHIOBAHHSA, siKa CNPUYKHSE 3arnbenb
MOOBUHU AOCNIAXKYBaHUX O6'EKTIB - MOKA3HUK, SKUU
Han4acTille BUKOPUCTOBYIOTb A1 KifTbKICHOI
XapaKTEPUCTUKK paaiovyTIMBOCTI.

Pafiope3ncCTeHTHICTb - MOHATTH NPOTUIEXHE A0
pPadioyyTAMUBOCTI.




PadIoOYyTNINBICTb

A

Tun JUT 50, I'p Cpennsas semmanna J1II s,
[Ipocteiimne
bakrepnodarn 220 - 8400
Bupycei 62 — 4600 3300
bakrepun 17 - 3500
Pacrenus
Bogopociu 300-1700
JInmraieKH 5000 = 10000 7500
[TokpeITOCEMEHHBIE 10=1500
I"omoceMeHHBIC 4-150 } 400
becnozroHO4HEIE
Yepeu 500 — 1600
HacexoMmere 580 — 2000 900
Monnocku 120 — 200
[TospoHOYHEIE
Pernrunun 15-500 250
Amudnn 7-30
PriOgI 6—55 20
[TTmien 6—14
Miekonuratoume
Menkme 8-15 §]
Kpynusie 1,5-27
Yenopek 2,5 2.5




PadIoOYyTNINBICTb

4R

L

' lz:i::l 4

10 102 107 104 10° 10° 107 JIXA sn. pan

PMHDQYBCTEHTCH BHOCTB Pa3JIMYHBIX OPraHU3MOB! I — MHKPOOPIaHU3MBI,
2 - PacTCHHA, 3 - XOJIOAHOKPOBHBIC YKHBOTHLIC, 4 — TCILIOKPOBHBIC
FHKHBOTHBIC, 5 — 4YeJlOBEK.




N




