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1. S0epHasi xpoHosi02Uusi

[MpeonoxeHa Yunnapaoom J1néoum B 1946 roay

(Hobenesckasa npemus no xumuun, 1960).

eXerogHad o3a nony4vYaeMana 4YenoBekom

Ao3a noy4aemMas 3a cHeT pacnafa pagHoakTUBHbBIX

_ <::| W30TOMOB BHYTpM Tena yenoseka (YK, **Uunt.a)

Ao03a noy4vyaeman 3a cHeT pacnaja paguoyrnepoja
I BHYTpW Tena 4enoBeka
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2. HeumpoHHO-akmueaUyuUOHHbIU aHaJ1u3
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Huxkuue rpanHuiiel onpeneiseMeix
conepxanuii Komnouentor (— lg (), r)
UIH HEKOTOPLIX METONOE aHATH3A

@—I—AZ—}A-'_IZ* _}.f'1+12+®

Meron HAA Geper cBoe nagano B 1936 r., korga Xepumn u Jlesn, Henonesya
Helitponsl Ra—Be-ucrounnka, onpeie/siin peiko3eMelbHbBIE 371eMEHTE
B 1938 r. HAA 0wt enepeeie npumenen Cuboprom u JIusuurynoom mna onpene-
fenus cepwl 110 peakunn “2S(n, p)*2P s Guonornueckom obpasue — Oymare
B 1948 r. bpayn u l'ongbepr, ncnone3ya HEHTPOHL PEAKTOPA, ONPEAcTHIH
M@IblE KOHLUEHTPALUHH TAIOIHHHA H NALUIAIHA B METEOPHTAX
C sroro momenta HAA Ha peakTOpHBIX HEHTPOHAX CTAT HHTEHCHBHO
HCNOMB30BATECA U1 aHATH3A pya, MHHEepw10B, OHONOIrHYeCKHX 00LEeKTOB

Momnsie peakropusie notokn (102—10" em2-¢™ 1), coueranne pasmiy-
HEIX BAPHAHTOB METOAd, MCHOMB30BAHHE COBPEMEHHBIX TOIYIPOBOAHHKOBLIX JIc-
TEKTOPOB BRICOKOTO paspetenns (~ 2 k3B), u3MepHTEIBHOH W BEIMHCIHTEILHOH
KOMIBIOTEPHOH TEXHHKH, d TAKAE NEPEIOBLHIX KOMNBIOTEPHBIX TEXHONOTHI B 00-
paboOTKe M HHTEPIPETALHH JAHHBIX ONPEIe/aioT COBpeMEHHLIH yposens HAA.

K npenmywmecream HAA oTnocaTes:

— BBICOKAS YYBCTBHTEALHOCTE U1 OONBIIHHCTBA 3/IEMEHTOB, 0COOEHHO 114
TAENBIX MeTwoB ¢ £ > 10;

— XOpOomas CeNeKTHBHOCTD, CBA3AHHAA CO CHEUH(HIHOCTHIO A1epHO-(PH3H-
HYECKHX XdPAKTCPHCTHK 2/1EMEHTOB;

— BO3MOKHOCTE OJIHOBPEMEHHOTO OonpeaeteHus DONBIIOrO YU JIEMEHTOB

— HE3UABHCHMOCTL PE3VILTATOB AHATH3A OT BHIA XHUMHYECKHX COSIMHEHHH
IIEMEHTOB;

— HEJACCTPYKTHBHEII XAPAKTEp dHATH3A H, CIIeI0BATEILHO, OTCYTCTBHE PHCKA
SArpA3HEHHI PEAKTHBAMH HIH HENOIHOTO PacTBOpeHnd 00pasuos;

— NPOCTOTA NPOLEAYPEl MOATOTOBKH 00pa3sLOB IIA aHaTHIA;

— Xopowas ToyHocTs nopanka +(10—15) % npu onpenenenun conepxanuii $
MOPSIKA 1076



Reaction Cross Sections
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Ucnonb3oBaHue saepHbIX peaktopoB ans HAA

Horizontal
Beam Tube Large Removable
Beryllium Facility

(RB*)

Small Vertical
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at Oak Ridge National Laboratory
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[MprMepHble YPOBHWN YyBCTBUTENBHOCTU
HAA no anemeHTam npu aHanuse
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3. HeumpoOHHbIU U 2aMMa-Kapomaix
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FTK-M (NNOTHOCTHOM ramMa-KapoTax) - MoKa3aHUs XapakTepuayoTcs B
OCHOBHOM No KOMNTOHOBCKOMY 3(P(PeKTy, NPUMEHSAIOT HA HEPTAHBIX U
ra3oBbIX MECTOPOXAEHMUSAX:

| — HabnogéHHaga kpueas, || — TeopeTnyeckoe none.
Mopoabl: 1 — nec4aHuk; 2 — yrosb; 3 U 5 — MWUHbI, CYIMNHKKU; 4 —
N3BECTHSIK.

MNOTHbIA M3BECTHSIK XapaKTepmnayeTcsl HU3KUMU 3HaYEHUsIMU, a
HWU3KOMMOTHbIW Yroflb — aHOMarbHO BbICOKMMM

HI'K (HeMTpOHHLIN ramma-kapoTax) - nopody obny4atT NOCTOSHHbIM

NMOTOKOM HEMTPOHOB U perncTpupytoT obpasoBasLLeecs raMma- N

nany4yeHue: T 1 M1

. T — II
| — HabnogéHHasa kpueas, || — TeopeTuyeckoe none. .
Mopoabl: 1 — rMKWHbI; 2 — Nec4YaHuK; 3 — N3BECTHSIK. - =,

. &

lMokasaHna meToaa CUNbHO 3aBUCAT OT COAEPKaHNSA BOAOPOAA B L z

o L &£
nccnegyemon cpefe. B rnnHe Bcerga cogepxutca 6onbluoe L F

KONM4ecTBO CBA3aHHOM BoAbl B nopax (4o 44%). B nnoTHOM
N3BECTHsIKE BOAbI M APYrMX COAepKallimMx BOOOpo BELECTB

NnpakTU4eCKn HET.




HHK-T — HenTpOH-HENTPOHHbIN KapoTax Mo
TENNOBbIM HEUTPOHAM —

BbigeneHuve YrOJibHbIX MN1acTtoB
KOMMJ1IEKCOM MeTOO0B.

| — HabnogéHHasna kpusas, Il —
TeopeTnyeckoe nore.

Mopoabl: 1, 3, 5 7 — CyrnuHkK, 2 n 4
— KaMeHHbIN Yrofb, 6 — N3BECTHSK.

U3MepPSIOT U3SMEHEHME NMITOTHOCTM NOTOKA TEMNSIOBbIX
HENTPOHOB

MHHK -- uMNynbCHBbIN HENTPOH-HENTPOHHBLIN KapoTax
- n3mMepsitoT

cpeaHee BpeEMS XXU3HN HAATENNOBbIX HENTPOHOB,
KOTOpOe 3aBUCUT

OT coAeprkaHus NnornoTuTenen (xnopa v ap.) u
Bogopoaa:

0,3-0,6 mc — nnacTbl, HacblLWEHHbIE NPECHON BOAOMN
nnn HedPTblo

0,11-0,33 mc —nnacTbl, HacbIWEHHEX
MUHEpannu3oBaHHOW BOAOW

0,6-0,8 MC — nnacTbl, HacbILWEHHbIE MPUPOLHBIM
rasom
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4. Macc-cnekmpomempusi ¢ yCKopumeJsisimu

UoHHasi macc-cnekmpomempusi WNcnonb3yeTcs Ana aHanuaa U30TOMNHOro CocTaBa BellecTBa

IneKTpoMarHUTHbIA cenapartop

HMcTouyHuk
WOHOE

Tyl
Il
=
tryd
+
SR
=)
ot
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INEKTPUYECKHIA
KOHJeHcaTop

. =j-,1\.1!,r,wJ _mV
E gE

MarHuTHBIRA
aHanuMzartop

M, m/q WvoHa
M

Bnepsbie HAa BO3MOXKHOCTE IPHMEHEHHS YCKOPHTE-
JI51 NEMEeHTAPHBIX YacTHLL 151 U3MEPEHUS H30TOMHBIX
OTHOLUEHUWH yrazanu J1. AneBapec (L. Alvaretz) u P. Kop-
Hor (R. Cornog) B 1939 roayv.
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SNeKTpoCcTaATHYECKMIA

Macc- cnekTpoMeTp TaHOEMHBIA Macc-cnekTpoMeTp

HW3KOW SHEPTHK YCEOPUTENE BRICOKOR aHEprK

SNEKTPOMATHWTHEIA |_ 0 SNeETROMAErHWTHEIA

cenaparop cenaparop
HAuernxa
nepe3apRakn
\Jﬂ L+
AE-E-

MoTounme

HWOHOB AeTeKTop

Bnok-cxema ycTaHOBKM ONA YCKOPUTENLHOIA
mMacc-cnekTpoMmetpum (YMC)

Tadumua 1. XapaktepucTHkd ¥ MC 1ipu pervcrpauii KocMo-
reHHLIX HYKJIHI0B

Hywmo | EE | e | remmocnt
"Be BeO 1 107"
e C 2 107"
Al AlLO, 0,1 10
*Cl AgCl 0,5 10"
= Agl 0,5 107"

ref. units

10"

12

13
mass

Macc-cnexrp Ha
MaJIo¥ YHEPTHH

Ha BrIxof€
VYMC anaamsatopa



5. Paduou3omonHasi OuacHocmuka e sidepHolUu mMmeduyuHe

Ymo makoe sdepHas meduyuHa?

=flaepHas MeauumHa - 3T0 MeAMUUHa,
KOTOpast UCMOJIb3YET paAMOaKTUBHbIE
M30TOMbl ANS MOCTAHOBKW AMarHo3a u
neyeHus 6onesHen (Tepanus).

=flaepHasi MeauUmMHa NO3BOSIET NOJyYaTb
AaHHble 0 (PYHKLUMOHMPOBAHNM OpraHa 1 ero
CTPYKTYPE Ha MOJEKY/IIPHOM YPOBHE.

=flaepHas MeauumnHa Ucnonb3yeT
OTHOCUTENbHO HebonbLUNe KONMYECTBa
OTKPbITbIX PaAMOAKTUBHBLIX MaTep1anos
(pagnodapmMnpenapaTtos) AN
ANArHOCTMPOBAHMSA U neYeHns 6onesHen.

= PaamodapMnpenapaThl - 3TO BELLIECTBA,
KOTOpPbIE JTOKANN3YIOTCA B OTAENbHbIX

OpraHax, KOCTAX UWIN TKaHAX .

Wcnonb3oBaHWs pagmMoHyKnMaoB A4S AUMarHoCTMKM in vivo

1-123, Tc-99m (Mo-99) ﬁé;\
Js el 1-131, 11123
\ o/ :

1-123, TI-201,
Tc-99m (Mo-99)

1-125

Tc-99m (Mo-99)

OcHoeHble MemoO0dbI NoJly4YeHusi uzobpaxkeHul e si0epHol

MeoduyuHe:

[MpoeKuMoHHas peHTreHOBCKas BM3yanmsaumsa opraHoB 1
TKaHen

PeHTreHoBCkasi kKomnbloTepHasa Tomorpacums (KT)
PaguoHyknugHas nnaHapHasa cumHTurpadumsa

OQHOMOTOHHAs 3MUCCUOHHAsi KOMMblOTepHas ToMorpadust
(OP3IKT)

[Mo3nTpoHHasa amuccnoHHast Tomorpadus (M3T)
AnepHaa marHuTo-pe3oHaHcHas Tomorpadmsa  (AMPT)

KomGurHupoBaHHas KomnbtoTepHasa Tomorpadgus (Fusion):
KT / N3T; KT/AMPT; KT/O®3KT

12
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CpaeHeHue 003HbIX Ha2py30K Yesioeeyecmea

lonizing Radiation Exposure to the Public

Man Made Radiation Sources ~- 18% Other - <1%
Nw'wM’Z’YS This Includes:
ear one al - 0.3%
Consumer Products Oomo_:o 3%
Other Nuciear Fuel Cycle - 0.1%
Consumer 00:;\!: Torrestrial Miscellaneous - 0.1%

Internal
1%

Natural Radiation
Sources - 82%
Radon
Internal
Terrestrial
Cosmic

Radon
55%

The above chart is taken from the National Council on Radiation Protection and Measurements
(NCRP) Report No. 93, “lonizing Radiation Exposure of the Population of the United States,” 1987,

This chart shows that natural sources of radiation account for about 82% of all public exposure
while man-made sources account for the remaining 18%.
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KomnbromepHasi Tomozpacpus (KT)

MeToa NoCNoNHOro PEHTFEHOBCKOMO UCCNEeA0oBaHNsA BHYTPEHHEN
CTPYKTYpbl 0ObEKTa

MpeanoxeH B 1972 rogy Noadgpu XayHchomngom n AnnaHom
Kopmakom (H.n. no cpmsmnonormum n megmnumnHe1979r.)
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MazHumo-Pe3oHaHcHas Tomozpachusi (MPT)

TOMOrpaguyeckmm MeToa nccrnegoBaHns BHYTPEHHMUX OPraHoOB N TKaHen ¢
NCNonb30BaHNEM S0epPHO20 MazHUMHO20 pe3oHaHca (SIMP). AMP -
pe30oHaHCHOe NOrroLeHne NnNn usrnyvyeHne aneKTpoMarHMTHOM 3Heprum BeLecTBOM,
cogepxalimm aapa C HEHyreBbIM CMIMHOM BO BHELLUHEM MarHMTHOM rofe, Ha YyactoTe
v 06ycrnoBneHHoe NnepeopueHTaumen MarHMTHbIX MOMEHTOB S4ep C NoNyLerbIM
cnvHom 1/2, 3/2, 5/2

N306peteH B.A.MBaHoBbIM B 1960 T.
Mumep MaHcgund v MNon Jlomepbyp nonyumnu B 2003 roay Hobenesckyto npemumto
B 0bnact1 meanumHbl

mg =+ 1/2
>
g - E=E4q2-E
PacluenneHne aHepreTUYeckux o AE=E4q/2-Eqp2
ypoOBHeN aapa co cnnHom 1/2 8 ™
MarHWTHOM norse
mg = - 112
By = By#0 Magnetic Field

the heart " —
sorla . cross section

laft ) of the abdomen
~entricle

INapmopoBCcKue 4YacToTkl AOeEp

A0po 0,5 Tecna 1Tecna 7,05 Tecna

'H (Bopopon) | 21,29
2D (Oedtepui) | 3,27
*C (vrnepon) | 5.36
“Na (Hatpwit) | 5,63
K (Kanwin) | 1,00

o
)

42 58 300.15
6,03 46,08
10,71 75,51
11,26 79.40
1,99

T T T T T
9.000 8000 7000 EO00 5000

T T
4.000  3.000

T 1
1.000

AMP cnektp 'H  4-3TokcnbeHsanbaernaa
(M.4. — MUNNMHHAs ons YacToTel npubopa)
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OO0HOhOMOHHasi IMUCCUOHHasi KoMnbromepHass momozpagusi (OPIKT)

o 1-123, Tc-99m (Mo-99) _fil 1131, 1423
InnnEn i
} H |
- |

N
1-123, TI-201, ) / Xe-133

7 Photomultipllers Tc-99m (Mo-99)
‘4— Tc-99m (Mo-99)

:7( 2

|
il
‘ Ga-67
T — Scintillator 1125

[ 7—

_-Organ to be
7 imaged

lamma-kamepa
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FeHepamop Tc-99m

A ... vacuum vial

sterile saline .-

Mo |~ Pom T

67h
65 35 1.11
2673 1 0.922
i 0.513

79 21 0.1811

0.1427

9mre g0h

YV ¥yo

43Tc9®
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lNo3umpoHHas amuccuoHHass momozpacpus (M3T)

O Proton 180°
@ Neutron

e Electron

>hoton

‘gamma ray)
511kev "B

e': Positron

llc

B* decay %
e

Photon
(gamma ray)

PET image

511 keV

y~ \

T i S
[ A=A t

e } —

‘ 5 l ) A e l . ’
LTI g
PET detector

Table 2. Radio-isotopes used in PET

Isotope Half life | Decay | Proton energy
Utilization
range [MeV]
. 20.4 Indicator of cellular
C ) B+ 6-25
min activity
s . Indicator of tumour
0] 2.1 min | B+ 5-21 )
necrosis
18 . Metabolism  of  the
F 109 min | B+ 3-20
glucose
81 46 . .
Rb p+ >20 Myocardium and brain
hours

N3T/KT
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lMpou3eodcmeo paduoghapmnpenapamos

Paguoxumms - 06nactb XMum, U3ydaroLias XuMmio
pPaanoaKTUBHbIX U30TOMOB, 3NIEMEHTOB U BELLLECTB, 3aKOHbI
UX PU3NKO-XMMUYECKOTO NMOBEAEHUS, XMUMUIO SOEPHbIX
npeBpaLLeHunii 1 COMyTCTBYIOLLME UM (PUSUKO-XMMUYECKME
npouecchbl

Paanodapmnpenapatbi
- 3TO paaMoaKTUBHbIE U30TOMbI UK

Computer
VX COEAMHEHNA C Pa3NN4HbIMU Terminal Bib syntHiesizef; Gyclovron
HEeopraHNYeCKMMM U1 OpraHNYecKMm
BellecTBamu, NpegHasHa4yeHHble AN detectors
[ANArHOCTUKU U NeYeHUst PasinyHbIX

3aboneBaHui colncidence
electronics

reconstruction

751 kevy epectron
\ T

positron - J\— —;& ~T,:“-SI 1 kev

nucleus
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99mTc-MIBI, °°™Tc-TeTpodOCMUH — nNpuMepbl HecneundunuHbix POI; NpOHMKHOBEHME
MOJIEKYJT U3 KPOBU Yepes KNeTOoUHY MeMbpaHy HOCUT XapakTep naccuBHoOM anddysnm no
FPaANEHTY KOHLUEHTpaLuumn
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Yepe3 pa3beM USB nokaTop noAKItYaeTcs RIR
K KoMnbtoTepy. CreumnanbHoe NporpaMMHoOe el
obecneyeHne No3BOJIAET OCYLLECTBUTb —
MHAWKALUWUIO pe3ynbTaTta, peryimpoBKy HH—

Hanpsa>xXeHuna u noporos AUMCKpMMMHaLnn.
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6. PaduayuoHHasi mepanusi

Jlyyeeast mepanus

Total

Pion
beam

Radiation dose

Pions

Nuclei, A = 2 “)\

Protons

Neutrons { Sta%‘y
k it

Normal Tissues

X-Rays Proton beams
X-Ray Spread Qut Erage Peak
irradiation damages Iradiation damages b [80BP]
a
--__-
<~ X-Rays - ./- 4~ Proton Proton Beam
beams 's'
Cancer Y Cancer \g{ \
X-rays go through the nidus. Proton beams stop at the nidus.

Depth from Body Surface



CYCLOTRON
Accelerates protons
1o great speeds.

ENERGY SELECTION SYSTEM
Sebects profons at the comed
welocity to treat o pasticular tumos

npomOHHbla E%N,TE
mepanesmu4yeckuu LB et ks

komnnekc (Qumumpoeepad)

BEAM
TRANSPORT
SYSTEM

Proton beam zips
through & wacumm
inside a stainbess-steel
pipe lined with
high-tech sensors.

FIXED BEAM
Used for certain
tumars that don’t [
[ R T ) ———— |


http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiF85PbgeDJAhUjd3IKHSVaDCoQjRwIBw&url=http%3A%2F%2Fwww.komonews.com%2Fliving%2Fhealth%2FCancer-treatment-with-fewer-side-effects-Proton-therapy-comes-to-NW-204525041.html&psig=AFQjCNEnZbW8zOLzdNF49y4XNLukLba6Fw&ust=1450342538298612

BbinyckHmkn MUADU nnaHupytoT nyyeByto Tepanuio ¢
nomoubio Knbep-Hoxa B LleHTpe aeTckon oHkonornm
n rematonornum um. Omutpmna Poradesa

U
mﬂu‘;.‘.ﬁirﬁ!’



Pagvoxnpyprudeckas cuctema
«KunbepHoxy», ncnonbayrouias
PEHreHOBCKOE U3nyvyeHne

X-Rays Proton beams

kradiation damages

4~ Proton
beams
Cancer

X-rays go through the nidus. Proton beams stop at the nidus.

MpoToHHas Tepanusa B PHL UTO®

Normal Tissues

K-Ray Spread Out Bragp Peak
2 [S80BF)
f=1
[=1
[ ——
Proton Beam

Depth from Body Surface
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Bbpaxumepanus

Bua paguotepanuu, Korga UCTOMHUK nanyyvenuns (Ra-226, Ir-192, 1-125, Cs-137, Co-60) BBOANTCSA BHYTPb NOPaAXXEHHOrO opraHa.
[MpenmyLLecTBO MeTOAa 3aKNio4aeTCcs B BO3MOXHOCTM NoABEAEHMS MakCMarbHbIX 403 fy4eBOn Tepanumn HENOCPEeACTBEHHO Ha
ONyXOJieBbIN OYar 1 B 30HY MHTepeca Npu MUHUMMU3aLNN BO3OENCTBUSA Ha KPUTUYECKNE OpraHbl U CMEXHbIE TKaHMW.

WzoTon|Mepuog nonypacnaga|/CpeaHAs 3HepruA||MornoweHHan 4o2a Npu NeYeHnn (paka NpeacTar. Kenezsl)
I-125  ||60 gHen 25,5 k3B 145160 Tp

Pd-103 |17 aHeR 20,8 k3B M0-115Tp

Cs-131 ||9.7 aHeR 30,4 kabB 90100 Ip

Bacino Vescica

Bones = = > / Bladder

Mirino di

lescicola seminale
Seminal vesicle

Retto
Rectum
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HelumpoH-3axeamHasi mepanusi

0,84 MeV - V& X-ray
v I.l 4 \_ 7.88 MeV
@ @964 -fcd |
‘YO 48 MeV \\__M_,\,» \\f\:gir&Coster-Kromg (CK) electrons
D %, €7 5-9 keV
) e \\
o
= 2. Intemal Conversion electrons
vale = 194 MeV A5 R Lal/ e

Q... =2.79 MeV Q
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7. Cucmembi 6e3onacHocmu

X-Ray Imaging System for trucks and containers
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Ray Imaging:
2 mm Resolution

X

9 MeV
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Vehicle Portal Monitors for detection of Nuclear Materials

(2amMmMma-cnekmpomempusi)

TSA/LAURUS Systems LUNDLUM

Canberra




Active Interrogation Systems for identification chemical explosives and nuclear materials

Gamma-ray detector(s)

Nuclear Material
Smuggling Detection

Neutron generator

— = 1
vy N -
An Employee-Owned Company

Beta
Particle

Prompt
Gamma Ray
Target

Nucleus /
® )
/ o
m. \ e, / ot Product

PO Nucleus

‘:l’:".‘-"!:
%%e®
Compound Delayed
Nucleus Gamma Ray

Neutron Activation Analyses



Monitoring nuclear reactors with neutrino detector

neutrinos/MeV/fission

18 0 1 2 3 4 5 6 7 8
Energy (
32 Neutrino Spectra from fusions
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MeV)

Detected v candidates per day

@ Sandia National Laboratories
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BMECTO 3AKJIOYEHUWA:

Camoe rnpekpacHoe, 4mo MOoXXem 8blriacmb Ham Ha OO0/, - 3MOo mauHa.
CmpemreHue pa3zadampb €€ cmoum y Korblbernu noosriuHHO20 UCKyccmaea
U rnoonuHHouU Hayku. Tom, Kmo He 3Haem 3moeo Yyscmea, ympamurl
nroborbimemeo, HecriocobeH bornbuie yousrnsmbcs, 8ce pagHo 4mo

3adymas ceeuva.

Anbbepm SuHWMeUH
1931 a.
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