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BBEIEHMWE

IMpn upousBoacTBe OONBIUMX KOMWUECTB LIMKIIOTPOMHBIX PalMOHYKIIH-
OB Ha MpakTUKe Haubomnee IIHPOKO HCIIONBL3YIOT YCKOPHTEIH MPOTOHOB.
Brixonbl HYKNWIOB B ANEPHBbIX PEAKUMAX ROM, OefiCTBHEM MPOTOHOB OKa3bi-
BaIOTCH, KaK [IPaBMJIO, Bbille, YeM B peaKUHMAX ¢ IPYTHMH 3apAXKeHHbIMH
vactuuamu (d, *He, *He) /' /. Cpenu pasnuuubix TMNOB yCKOpHTeNeit -
HelHBbIA YCKODHTEeNb NMPOTOHOB ¢ 3Hepruell 100 MaB mosxer cnyxure Kak
3¢¢pexTHBHAA YCTAaHOBKA IUIA IIPOM3BOICTBA LEJIOro pAfa palHOHYKJIHAOB
ATA ANEpHO MeXMUMHBI. JHepreTHdecKHil uHTepBan ot 100 Ma3B no nonno-
O MOFJOILUEHHUA 3HEPrHM B 3TOM CllyYae OXBaTbiBaeT 001acTh, B KOTOpPOit
cpenw peakuuit Tuna (p, xY), rne Y —n, p, d, a, ¢ hauGonslueji BepoATHOCTEIO
MpoTeKawT peakuud (p, xn). BeiGop cOOTBeTCTBYWOINMX fAAep-MmulleHell U
JHEpPreTHUECKOro MHTepBana Mo3BOAAET OBECHeuHTh ONTHMAIbHbEIE YCIOBHA
IUIA MOJYYEHUA TeX MM HMHLIX HYKJIWIOB KaK C TOUKH 3PEeHHMA BbIXOOa, TaK
¥ PaaMOHYKIMAHOH 4YuCTOTHI. CredyeT TakXe OTMETUTBh, YTO Ha JIMHeHHOM
yCKOpHT€eNe npolle, YeM Ha UNKJIOTPOHAaX, pellaloTCA npoGiieMsl BHIBOAA
MyYKa YCKODEHHBIX HOHOB M, CJIeOBAaTeILHO, BONPOCH OpraHusalmu obury-
YEHMI M KOHCT PyKUHIH MULLeHexH.

B GomswmpHcTBe DaGoOT, NOCBANIEHHLIX HCCIELOBAHMIO YCIIOBHII nomy-
YeHUA PanHOHYKIMIOB, OCHOBHOE BHMMAaHWE YIENAETCA OIpelesieHHI0 ceue-
HHA peakuui uX obpasoBauudA. [IpM 3TOM OeTaNbHO H3MePAIOTCA QYHKLHH
BO30y I eHusa peaknMii Kak IUIA UcCledyeMOro HYK/IMAa, Tak M AaA rnoboy-
HbIX MPOAYKTOB C TeM, 4TOObl onpeneuTh ycioBusa, obecneurBaroLiye MaK-
CHMaJIbHBIM BbIXOI H YHCTOTY PaAHOHYKJIHIOB.

AHa/IA3 JIATEpaTYPHBIX [AaHHBIX NOKa3biBaeT, UTO B OOnacTd 3Heprui
npotoHoB oT 40 po 100 MaB, u ocobenHo B unTepsBase oT 70 xo 100 MaB,
cyluecTByeT omnpenenesHbii npoGen B takoi yvmpopmamum’!-? /. Baxaocts
MOCTOAHHOrO MOMONHEHNA cBeleHHit 06 3KCHepUMeHTANLHBIX ¥ PacYETHBIX
BeJIMYMHAX CEUeHMit oOpa3doBaHUA ¥ BHIXOXOB NPOAYKTOB ANEpPHBIX peaxluii
M HUX CPABHSHHA, B YacTHOCTH, A Hauboslee NMPHUMEHAEMBIX B FANEPHOM
Mel{LMHe PaJHOHYKIIMAOB, HEOJHOKPAaTHO OTMeYaJach 3a TocJ/iedHHe FOnbI
B MMy GIMKAIHMAX, MOCBSALIEHHbIX 3THM Borpocam’!r 2/,

IMpu BbIGOpE pPagMOHYIJIMAOB AJIA pellleHHA NPUKIIAAHLIX 3a0a4, B YacT-
HOCTH A AJEPHOH MeAHLUMHbI, KK MPABUIO0, PYKOBONCTBYIOTCA KPWTEPH-
AMH, 06eCeuHBaOLIHMH TaKHMe TpeboBaHMA, KAK:
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— DeHCTBHTENBHbI COpOC HWIM 3aMeTHBIH IOTEHUHAIbHbIA HHTEpec;

— NOCTATOYHO BbICOKHI1 BBIXOA H BO3MOXHOCTL HapaboTku Gonpmmnx
KOJIM4ECTB IIPH OTHOCHUTENIbHO HU3KOM CTOHMOCTH;

— 3nanue (YHKUHI BO3OYXOeHUA AAEPHBIX pPeaKUMid M Ha OCHOBaHHM
aToro BbIGOp MaTepvana MHUIlleHH (HpPeMMYILeCTBEHHOe HCIONb30BaHHe Ae-
L1eBbIX MATEPHAIIOB) ;

— OTHOCHTEJIbHO TNpPOCToe PaJUoXHMHYECKOe OTAE/leHHe OT maTepuasa
MHLIEHH U HAJIMUMe NOCTATOYHO MHOTOCTOPOHHEH XMMHH JUIA TIPUTOTOB/IeH!A
paguogapManeBTUYECKHX npemapaToB (POII}.

Llens HacTosueit paboTEsl 3aKmioyanach B onpeneneHun cedeHuit o6palo-
BaHMA M BBIXOAOB DAJA BaXHbIX B NpaKTHKe ANEPHON MeIHLMHLI PagHo-
HY KJIHIOB ”Fe, 17Ky (77Bl'), Ber’ 123ye (1231)’ lsza, zolTIIJI npu
obnyyeHuH MmueHeit NMPoOTOHaMHM ¢ HakaJisHOM 3Heprueir < 100 MaB mns
TOro, 4ToObl Ha OCHOBE IOJMYYEHHBIX AAHHBIX OUEHHTb MEPCTIEeKTHBA! MOaY-
4eHHsA PaJHOHY KK OB Ha NMUHEHHOM ycKOpHTene nporoHos J1Y-100.

SKCIEPUMEHTAJIEHAA UACTb

B 1abn. 1 opuBeneHbl KpaTKve CBEEHUA O ALEPHO-(HHMIMIECKHK XKapaK-
TEPHCTMKAX panuoHyITHaoB’*/ u B Tabn. 2 — AfepHble peakuMH UX MOIY-
YEHHA M IKCTepHMeHTaJIbHble YCIIOBHA.

Muwenu. CeseHnsa peakunii 06pasoBaHMA PaXHOHYKIIHMAOR OMpenesain
MetoaoM ctonkH donbr’. B kauecTBe MarepHanoB ANIST MHLIEHEH HCIIONb-
30BATH METaIbi WIHM [OpoLI KK conell KBaindHKaumy "xu’’ unk "ou’'. U3 me-
Tannuyeckux c¢onsr HaBecTHoi Tomuuubt (0,2 + 0,5 MM) Bbhipezany OUCKH
nmamerpoM 10 wnu 15 MM, M3 nopomlkoB npeccoBatd Tabmerku (0,4 +
+ 0,7 r/em? ) puamerpom 15 wim 20 mm. Tabnerku ynaxoBsiBaiu B Al-¢onb-
ry (10 mxm) u, kpome Toro, Tabnerku KBr u Nal nomemanu B ToHkYIO
repMeTUYHY0 MONMHAITHIEHOBYK 00050YKY 1A HCKIIIOYEHHMA IIOTepb palHo-
AKTHBHBIX KPHITOHA M KCEHOHa B npouecce obIyueHHA.

Npu o6myvennn Pb_ ., oforamenHoro onHum w3 maotoros °°°Pb,
207Pb nan * °* Pb, muwens npeacrasamna coboil cTonky (OALr, COCTOAILYIO
u3 60 IMCKOB, YePeayILUMXCA APYr ¢ APYroM Tpuajamu B mopsanke *°°Pb,
207ph, 2°Pb u 1.8, (puc. 1). Takoe YCTPOWCTBO MO3BONWIO NPOBOAHTD
OOHOBpEeMEHHbIe HCCllefoBaHUA WA oboralleHHbiX MHIIEHeH CBHHUA B LIH-
pOKOM UHTepBaJie 3Hepruit nporouoB (48+100 M3B). B Heckonpkux 3IKC-
MepuMeHTaX aHanorHiHoe YepeloBaHwe 06pa3noB Helanoch B 06benHHEHHOH
cbopxe Mn__ = u Co,. . C6opky NPOHYMEPOBAHHBIX METALIHYECKHX
AMCKOB WM TabJlerOK MOMellalii B TOHKOCTEHHbIH LM/IMHIPHYECKUHA KOH-
TelfHep M3 aMOMUHHA, B nepelHel YaCTH KOTOpOro (Mo HanpableHHIo MyYKa
npoToHoB) neper obpasuaMu pacnomsaranu Al-pomsri (~0.2 r/fcm? ), MOHH-
TOPHpPYIOLLHE NPOTOHHLIA TOK.



Tabnuua 1. finepno-pusndeckne XapakTepPUCTHKH, HCTIONL30BaHHbIE
NpH OMpeneneHUH cedenuil obpa3oBaHmsA paaHoHy KnHLos '/

Hyxun, TI/Z Tan %acna.na. EY' IY'
x3B 4 ua pacrag
S2re 8,273 p'(56), 33(44) 168,7 99,2
”"'ﬁ,, 21,1 u pi(98), 33(2) 1434,1 98,3
lad . 33(99,9), #'( I 130 87,3
ng,. I,21 ( ) f( ) I3 523
57 33(99,3), pH0,7) 239 23,8
s 9 ( ) P( ’ ) 1 514
R, 25,51 23(100) -
”R% 1,27 u p“(gs), 3(5) 776,5 13,4
2 2,083 3(87), fU13) 48,9 48,6
¥
BT 13,2 ¢ 33(100) 159,0 83,3
m‘%“ 2,431  33(I00) 273 14,5
28Ce, 3,62 M F(SI), 33(49) 443 35
20147 , (100 135,3 2,8
T 7.5 (100) 167.4 10.6

O6ayuenue. Ina obnyuyeHWA aMOMHMHMEBBIH KOHTeiHep BCTaBNAMH B
KoJlTuMaTop, fHaMeTp KOTOoporo 6bum Ha 1-2 MM MeHbwe guaMerpa oGpas-
uoB Muitteny o6nyyany BbIBEIEHHBIM MyYKOM MPOTOHOB Ha JIMHEHHOM yCKO-
prutene JI¥Y-100 B HucruryTe duankm BricOKHX 3Heprwit ([Tporsitio) . Hauans-
HaA 3HepruAa NPOTOHHOro yckopuvend paBHa (100 : 0,5) M3B; maxcu-
MaisHbId Tok 2,8 MxA. TloToK npoTOHOB, NpoxoXAuwii yepes MHLIEHD,
M3MEpATH C MOMOWIBI0 MOHUTOPHOK peaxumn 27 Al (p, 3pn)? * Na’s /. Bribop
HMHTEHCHBHOCTH My4ka npotonoB (or 30 no 100 HA) » BpeMcHH 06nmyyeHnn
(ot 0,5 mo 8 yac) 3aBucen OT MaTepHala MHMIIEHH U NEPUOROB MOJNYpacnaga
panvonyxnunos (tabn. 2). ITornowenne sneprium nporonos B cHopice o6pa3-
OB PacCMHTLIBATM no TabauHBM naHHEIM /S /. Iina coennsennii, OTCYTCTBYIO-
ux B TabyMnagx, pacuers! MPOBOAMIM B COOTBETCTBHH C MPABMIOM afdNTHB-
HocTH Bparra.



Tabmuua 2. Ycnosua o6nydeHna MullleHeit OpPOTOHAMH C JHepryeit

< 100 MsB
Poaxmuz | Mars- {M3oromHos Trawerp| | Toumem Ip, Bpemsa _
| o |t Jonepunte, ot b |2 ol
r/ou
s2. | “Mnedn)  (Mnuer | “Macio0) 15 | ~II |50-70 |3-8
Fo [olp.apkn)  Fones, O8] #Co(100) o | e | |
9,84, Ly
e (p, S0t BK50,69) | 1,5 | ~1I,5 | 0 0,6-0,75
>
Ke i 25 kBr ¥8r(49,31)
15,5708 (o Yafr 272,17 | 1.6 | ~I2  |70-I00[3-8
25k 1 ipény | RECL| sitgizn, g
3| 1277 0p055) | MaI | “Pr(100) 2,0 | ~I2 30-40 | I
#28py 433Cs(pn) | CsCL | #rs(100) 2,0 |+I4  [30-100 34
206p4(p,6n) Mopo4,00® | 1,0 | ~II  |30-50 | 35
20074 *'PE(pTH) Ph,or] 'Pé(a9, 07
298 pY (p.8n) Llpgi g, 5y
| Dig; L1827
Ip : conep npyrux Haotonos Pb, % :

* 204pp (0.01); 297Ph (4,04); 29%Pb (1,96);
*+ 20%pp (0 01); 299 Ph (2,66): 12 Pb (8,24):
+x2 20%py (0,08); 29¢Ph (0,82); P °°Pb (1,6).

H3mepenue aKTUBHOCTU. AKTHBHOCTE OGNyYeHHBIX 06pa3LoB H3MEPANH
ramMma-CrieKTpomerpa,
(40 cm?) u 4096.KaHANBLHOrO AMILIMTYAHOrO aHanu3atopa. ¢ gheKTHBHOCT
perucTpaudH raMma-nyueii NereKTOPOM OINpPEAeNAnH ¢ NoMolublo Habopa
CTai:, @PTHBIX HCTOYHMKOB. Kanuiniit o6paseu namepanu 3-6 pas uepes paanmu-
Hble WIHTEpBaIBbI nocne KoHua obnyveHud, onpenenAeMble NepUOAaMH IONY-
pacnala pajuc:VvwiaMIcB, KOTopble WIEHTA(HLUNPOBAIH [0 JHEPruH H3BecT-
HbIX ramMMa-TuHuin. O6paboTky raMma<cmexKTpa NPOBOAWIM C TOMOLULID

[

noMoun

COCTOAlUEero us

Ge(Li)-nerextopa

nporpammbr ITAIT wa OBM EC1010 u CM4'7’. TNonyuennsie 3HaueHun
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P,100MsB

Al Pb

Puc. 1. Pacnonoxenue o6Gpasuos Al M Pb B MuuIeHH OTHOCHTENEHO HANPABNEHHA

nyuKa NpoTOHOB.

10
*Mn (p,xn) ***Fe a
w0l
r]
E w}
o
19,301 3Fel8.5m)
0%
-lp,n)YFel2ry)
~(p,4n] **Fel8.30}
i P A ra ] de ST n . — L
10 20 30 40 0 0 70 0 % 100
Ep (MaB)
w'f-
S9Co(p, xpyn}
- 6
m’r T \\\\
= N-lwm Sco1271.49)
‘\\‘ (p,p2n} SiCal78 80}
i w0'E ip,pn) **Co(70.8d)
° \R\
w't 1p.230) VNi(35.90)
- {p.2p8n) SFald. 30
LRI o {p,n} Hi {28410
N . . N N L /. L X A
10 20 30 @ 50 w 0 % 100
€p (MeB)

Puc. 2. Hamepenunte (TOUKH) M PBCCYNTAaHMDbIE (KpHBbie) PynKumu Bo3bGywneus peax-
wai: 8) **Mn(p, xn)5® " *Fe, x=1, 3, 4; 6) 5° Co(p, xn)%°" XNi,x=1u 3;
5% Co(p, pxn)*®~*Co, x = 1 + 3 n **Co(p, 2p6n)**Fe.
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wiowagel on (oTonMKaMH raMma-THHUH HCMo/Ib30Banu AJIA pacyeTa ceue-
HMi1 06pA30BAHNUA U BLIXOLOB PANHOHYKIIWIOB MO H3BECTHEIM (GopMynam’® /.
[IpuBeneHHble HIKE BENMYMHEI MPEACTABIAIT cpefHeapU(dMeTHUeCKHe 3Ha-
YEeHUA HEeCKONBKHMX H3MepeHHil B HeCKONbKHMX HE3aBHCHMBIX onbiTax. CraH-
[apTHbIE OTKJIOHEHMH OT cpenHeapu(pMeTHYECKHX BeNWuuH Kojnebanuce B
npenenax *10%; cucTeMaTHueckan OMIHOKa OueHMBanach BenvumHou + 20%.
M OHa OlpefeNnsA)iach, B OCHOBHOM, oWNGkaMu u3Mepenuil ad)bexTuBHOCTH
HETEKTOpA, I0TOKa POTOHOB, LaHHLIMH pacrnafa paiuoOHy KIHAOB.

Pacuervr dpymrcyuli soabymodenus no npozpamme ALICE. ®Oyuxumu BO3-
OyIeHnA ANepHBIX peaKuuii, IPUBOAAUIMX K 06pajopaHuIo panHoHY KIIHIOB,
OBIIM paccuwTadbl o M3pecTtHol nporpamme ALICE, ocnopanHoil Ha Mexa-
HHM3Me DaBHOBECHBIX M NpeAPaBHOBECHbIX sOEPHBIX PEeaKLUHi B COOTBETCT-
BUM ¢ rubpuaHoit Monensio’® /. PacueTsl nenamu waramm 1 MaB B unreppane
s”epruit ot 5 go 10 M3B, maramu 2,5 M3B nna o6mactu 10 + 20 M3B, waramu
5 MaB mna obnactu 50 + 100 MaB. Pacuerni nmposoawmm Ha IBM CYBER
B nonbckoM HIHCTHTYTe AnepHBbIX HccnenoBaHuii (CBepk) .

PE3YJIbTATb! H X OECYXJIEHHE

Ha pue. 2-10 nokasaHr! QyHKUHH BO3IOYKIEHHA ALEPHLIX peaKuuH (p,Xn)
M, B psme cnyyaes, (p, pxn) Ha mapax *°Mn, $°Co, 7°**'Br, 85*8"Rb,
1277, 133Cg, 206py, 297Ph, 208 Ph, Touxamu oBoaHaueHs! OnpedeseHHbIe
B KCTIepHMEHTE BeTHYHHEBI, KPUBBIMH — (DYHKIMH BO36Y KO eHHA, pacCUMTaH-
Hele no nporpamme ALICE, Kak u3gecTHO, QyHKIMH BoabykaeHHA xapaKTe-
pH3yIOTCA TaKHMH NApaMeTpaMH, KaK MaKCUMAJIBpHOE 3HadeHHe CeyeHus
peaKuuy, 3HepreTHYECKoe MONOMEHHEe MAaKCHMYMa, €To UpPHHA Ha [TOOBHHE
BbICOTEI. Cllenyer oTMeTHUTh, ITO IPH PaCCMOTPEHHH De3YJIbTaTOB, OUCAHHLIX
HIDKe, Mbl He CTAaBWIH LENbI0 OGCy>XIeHHe MeXaHM3Ma ANEPHLIX PEeaKInH,
a NPOBOIWIM CpPaBHEHWE YKCIIEPHMEHTAJIBHBIX HAHHBIX C PACYETHBIMH C TOU-
KM 3PEHUA HCHONB30BAHHA MOCHENHHUX OJIA OLUEHKH OIMTHMAJIBHBIX YCJIOBHH
MPOH3BOACTBA PagHOHY KJIIHIOB,

B ta6n. 3-7 npuBeneHs! BoIXoObl PalMOHYKJIMAOB LA MullieHeil B 3a-
BHCHMOCTH OT 3HepruH NPOTOHOR.

XKenezo-52. Cpenn pa3nMuHLIX AAEPHBIX peakuMvil, MPHBOAAINMX K obpa-
30BaHmo °? Fe npH PIaauMomeNCTBHH 3apAXKEHKbIX YacTHIL C ANPAMM MUILEHei
M Hcrosb3yeMbix Ha nuigtotponax’'®/, peaxmus **Mn (p, 4n)* 2 Fe nporte-
kaeT ¢ HaubomswnM BbrxomoM (0,67 MKn/MrA-u). ®ynkuua BoaGyxaeHuA
3Toit peakumu 6bia M3MepEHa €AMHCTBEHHBLIH pa3 B MHTepBajie IHepruii
npororos 73 + 39 MaB/!!/. [pyras mnepnas peaxkuns w3 NpUBENEHHOTO B
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Tabnuua 3. Beixon °?Fe npu obnyuennu Mn u Co mnoioHamu ¢
sxeprueit 100 MaB (1Ha xoneu obnyvennn)

Mn Co

E;.MbB "Buxog ?:IcKﬁ(ch-q » ' E,MoB "Bmcog I:K}(uém-q ;

(sxen-maxon) Jondlh foiore: | (mxom-mxan) ppetit RERCTeR
99,5-95,4 40 40 99,6—97,7 7.2 7,2
95,4--91,5 40 80 97,7-93,7 5,8 13,0
9I,5-87,3 38 118 93,7--92,1 6,4 19,4
87,3-86,2 39 157 92,1—90,0 7,9 27,3
86,2—61,8 46 03 90,0—-86,8 8,1 35,4
8I,6--77,1 47 250 86,6—64,8 9,8 45,2
?7,1--73,7 62 312 84,86—8I,8 7.4 52,6
73,7--69,1 70 22 | B899 9.9 62,5
69,1-64,1 78 460 | 79,9-71,0 10,5 73,0
64,1--58,0 98 558 77,074,996 82,6
58,0--5I,9 IS0 708 74,9-72,8 7,6 90,2
51,9451 70 778 72,6~71,2 6,2 $7,0
45,1-40,5 20 798 7I,2—68,3 4,8 101,8
40,5-36,4 II 809 68,367, 2,4 4,2
67,1—63,7 1,7 105,9

pabore’'®’ comcka, a umeltnn 5°®Co(p, 2p6n)°? Fe, Gbuta payueHa MHOro
JleT Hasal LNA 3Hepraii npoToHoB 98 + 59 M3B/! 2 /. CnemomaremsHo. o ceue-
HHAX YKa3aHHBIX DeaKLMil MMEKTCA UL oTIeNbHbie CBeNeHMsa, No3TOMY
npoBeneHue MOBTOPHLIX U Gonee noiMHLIX HccnenosaHuil Gbi0 wecsMa xe-
JIaTeJLHBIM.

Dynxunn Bosbyxaenua peakuuit * ° Mn(p, 4n)* 2 Fe u *° Co(p, 2pén)° ? Fe,
M3yueHHble B Hactosmed paboTe, muBeneHn! Ha puc. 2a, 6. MakcUMalibHbIE
cevenuna obpazobanus °?Fe 6bian papubl 1,3 M6 (E ~~ 55 M3B) Hua *°*Mn
u 0,36 M6 (Ep ~ 77 MaB) ua *°® Co. Oun xopoino cornacylorcn C H3IBECTRLIMK
nauueiMu’' ' 12/ CpapHeHHMe 34CMEPHMEHTANBHBIX De3YIBTATOS C pacyer-
HbIMH KPHBbIMH UIA peakumuu * S Mn(p, 4n) (puc. 2a) noxasbipaer, YTo 1oONO-
WeHne MaKCUMyMa, TMoJTydeHHOe B HalleM JKchepuMeHte u s pabore’! !/,
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Tabnuua 4. Boixonw: "+ 77+ 7° Kr npu o6myuenun K7?*® ! Br nporo-
HaMH ¢ 3deprueit 100 MaB (Ha xonen obnyueHun)

E‘p ,MB Brxon, MK#/MiA-4

( ExXon-BHXOR) oK ke Pk
Yrouxag" "roacrasg" "rouras ‘“roacras" “rouxas" "roncrad
MHISHL  MMNOHD MENOHbE  MMIBHB MIMIOHh  MAWSHD

99,5--96,7 0,I3 0,I3 3,3 3,3 0,21 0,21
96,7—93,8 0,18 0,31 4,5 7,8 0,25 0,46
93,8~-90,8 0,26 0,57 5,1 12,9 0,25 0,71
90,8—87,3 0,22 0,79 7,8 20,7 0,24 0,95
87,3-85,2 0,27 1,06 5,1 25,8 0,35 1,30
85,3—-82,2 0,26 I.32 I0,I 35,9 0,34 1,64
82,2--78,6 0,21 1,53 §,7 44,6 0,39 2,03
78,6~-74,3 0,24 1,77 II,? 56,3 0,53 2,56
74,3--69,7 0,39 2,16 15,9 72,2 0,72 3,28
69,7--64,2 0,62 2,78 I2,7 84,9 0,70 3,98
64,2~-57,6 0,57 3,35 14,7 99,6 0,85 4,83
57,6--54,5 0,60 3,95 14,9 I114,5 0,90 5,73
54,5--50,4 0,67 4,62 13,0 I127,5 I,32 7,05
£0,4-—45,3 0,73 5,35 15,6 I143,I I,52 8,98
45,3—42,6 0,8 5,63 15,7 158,8 1,37 10,35
42,6~-39,5 u,l8 5,81 22,1 180,9 1,94 12,29
3%,5--37,3 0,12 5,93 23,9 204,8 2,06 14,34
37,3-35,1 0,07 6,00 29,4 23,2 3,10 17,45
35,1--33,0 -~ - 28,6 262,5 2,II 19,56
33,0--30,0 =~ - 25,8 288,6 2,I5 21,71
30,0--27,5 - - 18,5 307,I 2,03 23,74
27,5--22,0 ¥ - 6,2 313,3 0,77 24,51

cMellleHo Ha 5+ 7 M3B B CTOpoHy Menbluell 3HeprHH. B Bbicoka3Hepreru-
yecKoif 006sacTH maHmble xopowo copnafaloT. Jna peaxuuu *° Co(p, 2p6n)
Habmonaerca obpaTHad KapTHHa — Xopoluee Cornacde AaHHbIX B 06JacTH 00
~178 M3aB, a 3aTeM Bru1o™b 00 3Hepruu 100 M3B pacuerHana kpuBaA NPOXOLHT
CYLLIECTBEHHO Bhbllile 3KCNePpUMeHTAILHBIX Touek (puc. 26).

Ha puc. 2a, 6 TaxKe nokasaHbl paccUMTaHHble DYHKUKH no30yOeHHA
ONA HEKOTOPbIX ApPYrHX AAEepPHLbIX peaxlMii, ceveHUsi KOTOPbIX B IKCNepH-
MeHTe e uaMepanuck. Ham npeacrapnsiiock noneaHsiM caenarsk npubanan-
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TeNbHYI0 OLEHKY cedeHHi 06Pa3oBaHMs TaKUX HYKIINAOB, kak ° ° Fe (puc.2a),
7Con S 'Ni (puc. 26).

Boixon *?Fe npvsened B Tabn. 3. Ou papen 0,8 mKu/MxA-u u3 *5Mn
v 0,1 MKu/MkA-u uz °°Co B wHTepBanax sHepruu nportoHcos 100+ 35 MaB
v 100 » 65 MsB coorBercrBenH0. Mcxona M3 3THX HaHHBIX, IS NOJMYyYeHUA
*?Fe ua nporonHoM myuke ¢ E_< 100 MaB pasymHo Mcnonb3oBaTh peak-
umto *SMn(p, 4n)°*Fe, u ua ycxopurene JI¥-100 npu cpefiHeM Toke RpPOTO-
HOB 2 MKA 3a 15 uvacop 06nydYeHUA (3TO BPEMA MOXHO CUMTAThL OITTUMAIIh-
HBIM 11 HaxorieHuA °*Fe B Muulend) mMoxHo Gyzer monyuuts ~ 24 MKu
*?Fe. Takoe KOJMYECTBO [OCTaTOUHO IUIA TPUrOTOBJEHHA [eHepaTopa
StFe/f*™Mn!' ! Ilpu atom npumecsio * * Fe (Ty,9 = 2,7 n), cocrapnmoueit
no ouerkam pabor/'!/ 14/ 0,45 = 0,7% or axTuBHOCTH °* Fe, Mo#HO npeHe-
6peun B TOM ciyuae, Koraa ° * Fe wucnoseayercA kak reHeparop mia °*™Mn.

Kpunron-77/6pom-77. KocBeHHbI# (reHepaTOpHbIA) MeTOR MOSYYEHUA
""Br us ""Kr B peaxumax '°+®'Br(p, xn)”” Kr omican B uemoM paAzme pa-
60T’'* "%/ OpHaxo onpeneneHHbie PazsHLIMH ABTOPAMH CEYeHMA peaKuHit
CYLIECTBEHHO pa3jadyasuck No BenwuuHe: oT ~ 100 mo ~ 500 mM6. BosmoxHo,
ofHa W3 NpUYMH Gornbiloro paszbpoca AaHHBIX — HeKOHTPOJMPYEMbIe [0TepU
KPHIOTOHA M3 MHULLEHe Bo Bpemsa obyvYeHus.

B Hacroaued paborte gna peakuuit %« %! Br(p, xn) wuccenenonan Gonee
LWHPOKHMI 3Hepreruueckuii HHTepsan (<100 MsB) no cpaBHeHuro ¢ 1eM, uTO
6blT0 cnesaHo paHee (<52 MoaB, <65 MaB umn <85 M»aB)/!¢,17,20/,
OnpeneneHHble B 3KcnepuMeHTe s deKTUBHbIE” CeueHuA 0Opa3OBaHHA pa-
mmonyksnpos "¢ Kr, "TKr u "?Kr uz ??: ®'Br u paccumtamnnie yHKuum
Bo3bymOeHusa NoKasaHbl 4a puc. 3a, 6, B. Buauo, uro o Hanbonee ynonner-
BOPHTEIbHO COrJIACYIOTCH APYT ¢ LPYyroM B oGnacTu Gonee BLICOKMX 3Hep-
Ml [IPOTOHOB. MakcuManbHoOe ceueHHe o6pasoBadua '’ Kr pasuo 107 m6
B obmacty E_~ 35 MaB, "°Kr — 28 M6 B ofmactun Ep ~49 M3B u ana
72 Kr — 215 M6 npu E, ~ 32MsB.

B T1abn. 4 npuBemenbl Bbixomsl papgMonyxaugos '¢Kr, 77Kr u "*Kr
us muweneih KBr, MNpumvecu "*Kr u 7° Kr otHocurensHo axTusHoctH ' Kr
(313 mKp/mMxA-u), KaK MOXHO BuAeTh M3 Tabnpubl, COCTaBAMOT HA
koHeu o6myueHHA ~2% (6 MKu/mkA-u) u ~8% (23,5 mKu/mMxA-u) coor-
BETCTBEHHO.

Ina nonyvesus "7 Br remepatopHniM MertomoM M3 '’ Kr omrmmanshoe
BpeMA OOJIyueHHs H BPeMA HaKOIUIeHMs, paBHble 2 4 K 6,8 U COOTBETCTBEHHO,
PLIOHUPAIOTCA C TAKMM pacuerom, urobul nmpumMecs ~ ° Br (T1/2 = 16,1 4), o6pa-
ayloweroca npw pacname '*Kr (T,;, = 14,6 ), Gbura MumumansHoin’*? /.
CornacHO HaWIMM JKCIEPHMEHTANLHBIM De3ysibTaTaM, KOJHUeCTBO ' Br,
KOTOpOe MOXeT GbITh nmonydeHo Ha JIY-100 npH Toxe 2 Mx A, speMetin ofy-



79+BIBr (p, xn) Tk

20 3 0 50 % 70 30 % 100
Ep [ MsB)
6
0°F
79+81Br {p,xn) 7BK"
] w0t
o ttigy
w0k ’ W FL;_LH
40 510 60 70 BLO 90 100
Ep l MaB )
ol 794815 (p,xn) ke ®
§ , /’/ RS
107 1
= / 1 ++
o ey 44 )
LI
10' T
n 20 ) 20 % 50 70 ) W00
Ep (M2B)

Puc. 3. U3amepennnie (TOuKH) H paccuHTaHHble (XpHBbie) DyHKUMu ggaSymnemm peak-
umii: a) "p“p‘Br(p_ xn)”Kr, ©) np"p‘Br(p, )m)76 Kr, B) m.‘"'“."‘Br(p, xn) Kr.
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YeHHA 2 4 MU BPEMEHH BbIIEPKKH paaHOKPHIITOHA B JIOBYIUKe ~ 7 U, COCTaB-
naer okoso 25 MKuH. 3a 2-3 TakHMX nocllefosaTeNlbHbIX UMKIa ~0obnydeHne —
HaKorienne’” MoxHo napaborars 50 + 75 mKn 77 Br.

Crponyun-82/py6udui-82. Ha puc. 4 mpenctaBneHa paccudTaHhas 3¢-
dexTHBHAA' PYHKUNA BO3DYKIEHHA U IKCIIePHMEHTANbHbIe Pe3yabTaThi IUTA
peakuui (p, Xn) Ha MPUPOSHO# cMecH U30TonoB pybunua. Ha puc. 5a, 6 npu-
BeleHbl paccydTadHHble PYyHKUMM Bo3OyxdleHua peaxkuMit (p, Xn) Ha Adpax
"3 Rb u *’Rb K nokasanbl uaBecTHble M3 paboTel’??®’ sxcnepuMenTanbHEIE
peaynbTaThl Ana peakuuu °° Rb(p, 4n)*2Sr npu E, <70 M3B. B nocemiem
cnyuae vabrmonaerca xopolllee corsiacMe MeXny 3KCIEPHMEHTATbHBIMH M
paccyYTaHHbIMH RAaHHBIMH B 0o6sacTH Ep > 45+ 50 MaB, Huxe 45 MaB akcre-
PpHMMeHTaJIbHLIe BEJIMYMHB] CEYEeHUI OKa3allMCh 3HAYMTEIbHC MeHblle pacyer-
HBIX. MakcuManbHoe cevenne obpazosanns ®2Sr u3a "PHP-Rb y ua oborauuen-
Horo **Rb’?*/ npaxruueckn 6buto onMHakoBhM (18 M 200 M6 npw E, ~
~ 52 MaB).

Dyukuun Bo30yxIeHUA, paccUMTaHHbIe IJIA peaKLHi (p, Xxn) Ha ARpax
®5SRb u *7Rb, nossonawT ouexurh npumecu *2Sr u *?Sr no orHOoweHwo
Kk ®?Sr (puc. 5a, 6).

B 126n. 5 npusenen Bbixon ®?Sr 3 Muweneit "PHP-RbCI, oTkyna cneny-
eT, 4To Ha yckopuTene JI¥-100 npu roke 2 mMxA 3a 100 yacos oARnyueHna
MoxAHO HapaboraTs oxono 80 mKu 82 8Sr.

85+87Rb(p, xn} 825y

g w0}
o .
10°+
30 4“0 50 50 70 80 90 100

Ep(NsB )

Puc. 4. U3meperinaa (Toukk) u paccuuTtanHan (KprBaR) GyHKUMM POa6yXOeHHs peaxunit
MPHP-Rh(p, xn)*28r. x = 4 M 6.
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P5Rb{p, xn ) 8*gr a

Ap.snl®’Sr125a)
=" {p,3n) Sr (324n)
i@, 501 Sri26m}

i s
. .l *Sr168m 64 80)
" . P . . " b
10 20 30 «a 50 60 70 () ) W E, MaB)
7Rb (p, xn) 8- ¥s, 6
W -
§ : \\» =TT N
wE T i
- { © o p.Se) Pler 132.uns
o / = Ip.6nt ¥Se (25q)
/ = (p.3n) #55r168m, 64 Ba}
't //
Ep {MaB')
20 0 0 50 B0 70 80 30 00

Puc.5. Paccuntantple yHicupy Bo36yxaerun pearunii: a) ®*Rb(p, xn)® %S, x = 1,3+ 5;
6) 8 7Rb(p,xn)“_ XSr, x = 3,5, 6. Touxu — n3 paﬁorm/” /.

Ta6nmua 5. Beixon ®?Sr npu obsmyuenru RbCl nporoHamu ¢ 3Hep-
rueit 100 MaB (Ha xownen o6nyvenns)

Ep.l\bB Buxon, MxKa/MxA-9
{ axon-puxon) “poHKAA" MEMBHB “poncras” MEmMEHD
99,5—95,6 21 21
95,6—82,0 2 42
92,0-87,3 23 65
87,3—83,I 25 90
83,I1—79,0 25 115
79,0—~74,6 27 142
74,6—70,2 27 169
70,2—65,7 0 I99
65,7--60,5 33 232
60,5—54,8 35 267
54,8-—48,6 106 373
48,6—42,7 45 418

42,7—36,5 II 429
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Kcenon-123/ti00-123. Oynkuna posbyxaennna peakuun ' 2 7I(p, 5n)! 2° Xe
6LITa HEOAHOKPATHO HCCAENOBaHa IKCTIEPHMeNnTaNsH0 2~ 28 / 1 oreHena pac-
yerHbIM MeTonom’? 7/ mpu sHeprum npotonos Hwxe 70 MaB; npu Gonee Bui-
COKHX DHepPrHAX M3BeCTHbl 3KCMEPHMEHTAIbHBIE Pe3yJIbTaThl HECKOIbKUX
pabor’!7.28-39/ Bo Bcex 3TMXx pabGoTax M3yyanach TaKXke peaKLMA
127(p, 3n)' ** Xe, npusoasan npu pacnage '**Xe (T;,, = 16,9 4} x o6
pa3ocBaHMI0 HexemaTenbHoro Hywumma '2°1 (Ty;3 =60 n). Pesymratel
HCCTIeNOBaHMit MOKAa3bIBAIOT, YTO MAKCMMyM (QYHKLUHH BO3OyxIeHHA peak-
mu (p, 5n) nexur B o6mactn E_ = 55 + 58 MsB, a ero Benwuuma, ornpene-
JIeHHAA Pa3sHBIMU aBTOPaMH, KoneBaercs ot ~ 250 1o ~ 480 ME! 7,2 4-26,28-30 7,
CTonb 3aMeTHoe pasNiyde ceueHmii obpasopanua '*?Xe obocHoBuiBano He-
06X0ANMOCTS NOBTOPHBLIX  MCCAelOBaHMH  QYHKLUMH po36yxIeHHA
127](p, 5n)' 23 Xe, xoTopble ObLTH CAENaHbI B MoCnelHee BPEMSA UIA 3Heprul
nporouos 67,5 > 5,3 MaB/?¢/ u 100 » 45 MaB/2°/,

Ha puc. 6 moxasaHbl 3XCNepPMMEHTATEHbIE ceueHun obpasosanma '3 Xe
n '?5Xe u paccumranHbie pynximu Bo3byxknmenus peaxumit '?71(p, 5n) u
127(p, 3n). ViaMepennble MaxCUManknHble CE4eHMA 3THUX peaKumil, paBHuie
350 M6 mpu Ep ~ 57 MaB u 730 m6 ipu E_ ~ 30—32 M3B, cooTBerCcTBEeHHO,
cornacyloTca ¢ aaHHbiMu pabor/2°: 2¢/. Ha puc. 6 npubeneHa ta Yacrb (pyHK-
umu Boabyxnenws peaxuuu (p, 3n), a umenro mna E_ 2 40 MeB, xoropan
BaXHa TIPH OlleHKe cofepskaHna npumecy ' 2318 1231,

CpaBHeHHe 3KCITEpMMEHTANbHbIX CeYeHHE peaxiMH (p, 5n) ¢ pacueTH:i-
MM DOKa3biBaeT, YTO LONOXKEeHMe MaKCHMyMa Ha KpuBoii CABHHYTO B CTOPO-

{p.5n)"?xel2.1h)

i
(p, an)'?®

Xel17h]
T S k. A ' 1 L n
L0 50 60 70 80 S0 100
Ep(usB )
Puc. 6. Hamepenubie (TOYKK) H pa TaHHble (Kp ) bynkuxH Bo30y*NeHHA peak-

oot P2 71(p, xn)' 3% XXe, x = 3 u 5.
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Tabnuua 6. Beixoant 2T u !'?51 npu n6nyuenun Nal npotoHamu

c sHeprueii 100 MaB (ppemsa obGmyuenna 2 u, BpeMA Hakon-
neHud 6 v)
SueproTAIeCKU} Buxoxm, MEa/mrA~v 125 Corika
mHTepBRan, MsB g
1231 1251 4211'
I00—48 27 0,038 0,14 HACTOoAmAN
pagdoTa
65—46 21 0,021 o,I ?25/
67—46 21 0,021 0,I /26/
66~-46 19-20 0,019-0,020 0,I /31/
65—46 20 0,018 0,09 /2/

Hy Gonee HHU3KOIl 3HEPTHH (Ep = 50-+52 M3aB), a BcA Kpupasa Npox-u0MT He-
CKOJIBKO BBIIle 3KCMEPUMEeHTaNbHbIX ToueK. na peaxuuu (p, 3n) nonyueHo
Xopolliee COrjacHe 3IKCNEePHMEHTAIRHBIX BEJIHYMH C PACYeTHOH KPHBOK.

Tlo aKCrepHMEHTANbHLIM BEAMMMHAM ceueHnit obpasopaHma '2°Xe u
125 Xe 6bu1H paccuutaHb! Brixoabl 231 p 1251 gna maccuBHoi (~9,6 r/em?)
mumenn Nal (tabn. 6). Hamo orMerurs, uTo HCIob30BaHHe Homee IMHUPOKOH
JHepreTMdeckoil obracTy npu obnyuenun Homa nporoHamu (100 > 48 M3B)
B onpeneneHHoi Mepe obneryaer peuleHHe BOMPOCOB, CBA3aHHLIX C KOHCTPY K-
uHeit Mumenn’3 0/,

Onenxa noxassiBaer, yTo Ha JIY-100 npu Toxe 2 MKA MOXHO nony-
‘yaTb npumepHo 110 MmKu '?3I npu ycnoBuM 06nyueHHs MHLIEHH B TeueHue
OBYX 4acoB M HaxorvteHuH '2°I ua '23 Xe B Teuyenre wectn yacos. [Iposons
riocnenoBaTeNbHo 2-3 TakMX HUKia “'obJIyveHHe — HAKOIUIeHHE' , MOXHO Ha-
paboTtartk 3a 6-yacoBoit ceanc paborsl yckopurensa 200 + 300 mKu 1231730/

Bapuii-128/ye3uii-128. Ha puc. 7a, 6 npupenens: paccunranHele pyHk-
MK Bo3b6yxaenna peaxumit '?3Cs(p, xn)'**~*Ba u '*3Cs(p, pxn)'*3"*Cs
H pe3yJbTaThl 3KCNEPHMMEHTAIILHBIX OIpeleneynii ceueHH obpa3oBaHuA HYK-
auaos '**Ba, '-*Ba, '3?Cs, nony'leHHble Opi Pa3NHUHBIX HaYaIbHBIX SHep-
ruAax npotonop: <100 MsB (HacToawas pabora) m 65 MaB/*2’. Mpexne
BCEro Ciefyer OTMETHTh Xopolllee COrjacHe 3KCHEePUMEHTAILHBIX Pe3yJIbTa-
ToB obeux pa6oT; HanpuMep, MaKcHMalbHOe ceueHue obpazomauma '?®Ba
pasHe 322 mM6 npu Ep ~ 63 M3B (H2 :ToAwana pabora) u 298 M6 npu Ep =
= 65 MaB’??’. CpaBHeHHe e 3KC2pUMEHTA C PacueTOM MOKa3blBaeT pa3-
JMYHe B BEJMYMHAX CeueHMii 0Opu3opBaHMA AnA Hykmuaos '2%Ba, '®!'Ba
(puc. 7a) u '*2Cs (puc. 76). M3 puc. 7 BURHO, UTO OCHOBHLIE PARMORYKITHL-
Hble MPUMECH NpPH NPHrOTOBJIEHHH renepaTtopa '®®Ba/'2®Cs oGycnoBieHkl
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Puc. 7. Uamepennsie (TOYkH) M paccuMTauHble (Kp.sbie) PyHkuuy Boabyxaesns peax-
umit: a) '23Cs(p, xn)! 3" *Ba, x =1, 3, 5, 6; & ’ — uacronuwan pabora, & , § —
pagora’~?7; 6) 123Cs(p, pxn)'33%Cs, x =1+6. f ~ uacTonmas paGora, * — pa-
na!

6ora

L29Baf'2%Cs u '3 Ba/' 3! Cs. Ho B Bhimenenuc yepes 20-24 4 nocne KoHug
o6nyuyeHna pamMoaKTHBHOM Oapuu w3 mMuulend CeUl mpukTvuecku He Gymer
%% Ba. Barpsssen amu xe '?1Cs (T, = 9,7 1) MoxHC npeHeGpeus, T.K.
€ro HaKomwieHwe npu pacname '*'Ba (T, 2 = 11,8 1) npoucxonuT Ha He-
CKO/IbKO NMOPAAKOB MenjeHHee, yem '*®Cs (Tyjp = 3,6 M) u3 128 Bg (Ty)9=
= 2,4 ou).

Ha ocnoBe 3KCrepHMEHTANBHBIX CeueHMit oGpaiopaHnA GblN onpenenex
Bhixox '*®*Ba npu obinyvennmn mmmenu CsCl mpoTowamm ¢ 3ueprueif
<100 M3B (tabn. 7), paBHeIl B HHTepBane 3ueprnii 100+ 43 MsB
8,4 MKun/MkA-u. Koauyectso '?®Ba, xoTopoe MOXHO NONy4HTs Ha JIY-100,
npu Toxke 2 MKA, Byner sasHcers orT BpemeHM 06nyuenns. Hanpumep, 3a
24 u paGoOTHl YCKOPHMTENA MOXGIO MOAYuYMTh MpuMepHo 400 mMKu '?°Ba.
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Tabnvua 7. Beixon '?®Ba npy obnyuennn CsCl npoToHamu ¢ 3Hep-
rueit 100 MaB (Ha KoHell o61yueHnsn)

,MeB Buxon, mKu/MiA-g
(Bxox-Buxon) "oOHKAA" MALSHD "roaCTAR" MEMEHH
99,6--96,2 0,35 0,35
96,2--92,8 0,41 0,76
92,8--89,3 0,48 1,24
89,3—85,7 0,50 I,74
85,7--81,4 0,56 2,30
81,4—77,5 0,61 2,91
77,573, 2 0,74 3,65
73,2—68,7 0,90 4,55
68,7—64,7 I,43 5,98
64,7--60,4 I,56 7.54
60,4—54,9 0,70 8,24
54,9—-49,6 0,15 8,39
49,6--43,4 0,04 8,43

Taaaui-201. Tipy obnyuenuy CBHMHUA NpoToHaMu c 3Heprues <100 MaB
2°! T] nonyuaeTcA NPeMMYLUECTBEHHO B PeaKUMAX Ph(p,xn)’°'Bi+ *°!Pb»
s¥91T), Jipyrve mnepHoie peakuuu Tuma  Pb{p, pxn)*°'Pb~ 01Tl g
Pb(p, axn)?°! Tl (raba. 8) mair sxnan B obpasosauue *°’ Tl B 3HaUHTENEHO
MeHbuwieli cTenenu. Ilpu npousBofcTBe MeanuMuckux npemaparoB °'Tl
obA3aTenpHa OLEHKaA anMeceﬁ BO3MOXHbBLIX pasOHY KIMIAHLIX 33rpﬁ3HeHHl:l
200TI(T, 5 = 26,14) n ?°2TI(T, , = 12,2 an).

AHanu3 UTEpaTypPHLIX NAHHBIX NOKa3LIBAET, 4TO 40 HACTOAILErO BpeMe-
HN cBeleHMA O GYHKUHAX BoabyxHeHHA ANEPHBIX PeaKUHii Ha CBHHUe orpa-
HMYeHbl HeMHOT OYHCITEHHBIMH pe3yibTaTaMK ABYX pabor/3? .24/,

Ha puc. 8-10(a, 6) npusemeHs! pacCuyMTaHHbie HaMH (YHKLUHH BO30YX-
neHms peakuuit (p, xn) u (p, pxn) Ha CBHHlle, OOOTaLIEHHOM H30TOMAMH
206ph 2°7Ph uan 2 °®Pb (1abn. 2). CpaBHeHHe pacueTHbIX JAHHBIX C H3BECT-
HBIMY 1A PeakiiMil (p, XNn) 3KcrnepHMeHTaIBHLIMK pesynsTatamu’?? / noka-
3pIBaeT, YTO TNOJIOKEHHe MaKCHMyMa KpPHBBIX cMeuieHo B Cropony OSonee
HM3KHMX 3Hepruit (puc. 8-10a). [na peaxumin Pb(p, pxn) MblI He Hawau
AUTEPATYPHBIX JAHHBIX.

Hicxona w3 ¢ynxkuuid Bo3OyxneHusa peaKuMHA NPOTOHOB CO CBMHIIOM,
MOHO OXHMIATh CPABHHTENBHO BBHICOKHX BBRIXONOB AAep c¢ Maccoit 201.
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Tabnuua 8. finepuste peakuun oBpasoBaHua pagnoHyknuiaos Tannna-200, 201 u 202 nmpu
oBIyYeHHH CBHHLA NPOTOHAMY ¢ 3Hepryeii <100 MaB

S 206y, 207y 208py, [pOYKTH ANeDPHHX peaximi
Ayxmi, (-0, 6B) (-0, B) (=0, loB) FORYITH AIGPENX P
». Tn0(53,06)  p,en(59,80)  p,9n(67,17) 2005, 36M 200y, 21,59 200m) (26,1 1)
200y,  P.pén(46,07)  p,pTn(52,61) p,pSn(60,18)  2%pp_.?%m
P.dIn(16,80)  pui4n(23,34) pA5n(30,71) 2907
p.6n (44,04)  p,70(50,78)  p, €n(58,15)  207py 1.8 HOM201p 9,89 201y (73,5 q)
B,  ».50038,83)  p,pén(45,57)  p,pTn(52,94)  2Opp—?0Mny
pai2n(8,40) p.din(15,14)  p,a4n(22,51)  20Mp1
2 Ps5n (36,33)  p,6n(43,07)  p,Tn (50,44)  202py 1.7 3 _202p50403 ngr)
201 p,p4n(30,17)  p,p5u(36,91)  p,péu(44,28) 2”"'?1:%0%—‘1-—”211(12.2 o
pool n(1,53) p,o{2n(8,27)  p,d3n(15,63) 292m

3uauenun (-Q, MaB) BanTe! u3 padora’>?/,
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Puc. B. Paccuuranmsie QyHKIMH Bo3Gy><ReHHA peaxKUHi: a) 208py(p, xn)
=1+8; 6)27“Pb(p, pxn)*°® " *Pb, x = 1,3 + 7. Touxu — u3 paGorut’33’.

207-Xp; 4 =

OnHaxo Co cTONMb Xe GOMBLIOK BEPOATHOCTHIO C YBEIHIEHMEM 3HePTHU Npo-
TOHOB obpaayirca Anpa ¢ A = 200. Ha puc. 11 (a, 6, B) nokasaHbi -bIXOflbI
200T], 20Tl 4 2°2 T} ya mueneit 06oralleHHOro CBMHLA B 3aBHCHMOCTH OT
3Kepruu NpoToHop. JlpuBeneHHkie peaynpTaThl NPEACTABNAIOT KYMYJIATHBHDBIE
BLIXOAb PAAHOHYKIIHAOR TAUIHA, 0019 /IOLIMXCA B peaKuuAx tHna (p, xn),
(p, pxn), (p, axn) (tabn. 8). Jna "“*'Fl u ?°°Tl onpenensmowmil BrIAN
aaoT peakuuM (P, Xn), Ce¥eH1A xo1OPbIX B HUTepBane asepruii 100 > 50 MaB
COCTABJIRIOT HeCKONbKG coT mwinuGapH (puc. 8-10a), Torma xak ons peak-
umit (p, pxn) H (P, axn) ceueHus pPaBHbl HECKOJBKHM MACHATKAM WIH €OHHH-
nam munmnbapu (puc. 8-106) u /*%, 35/, Husknit suixon * °* Tl obycrnonnes
KaHaJlaMH ero o6paaopanma (tabn. 8).

Yuserora *°'T), nomyuaemoro npH obnyuenuu mumeHeit, oboraies-
Hbix 2%SPb, *¢"Pb # 2°*Pb, ompenenneTcA 3HEPreTHYECKUM WUHTEPBATIOM
nporoxoBn. 'lyuume ycnosna mns nomyvyenua 2°' Tl coanaiores npu obnyue-
HuM 29 ¥h gpo- vyamu c 3ueprueit <65 MaB/?% - 3%/, B a1om cayuae axTup-
Hocts *' 'T1 B BbLZeneHHoM npenapate cocTaBnfna Menee 4% aKTHMEHOCTH
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*01T], BhUlo MOKA3aHO, YTO OBIYYEHME TPEXCIIOMHON MHIEHH W. BHICOKO-

oborawmennbix 2 Ph, 2°7Ph, ?°® Pb konnUMHPOBaHHBIM NMYYKOM [POTOHOR

npyM MCMONB30OBaHMM 3HEpPreTHYecKoro MHTepBajta 76 * 50 MsB mnoasonser
p p

nnBoe yBenHuTh BhixoA 2 °'Tl (8 MKu/MkA-4) Mo CpaBHEHMIO C MULISHBIO

2104Ph (65 + 50 MaB, ~4 mKn/MxA-u) ¥ ccta=h~k npu 3ToM npumeck Y% Tl

n Tl na ToM xe yposHe (~4,5% m ~0,5% coorBe:cTBeHHo) 3738/,

3AKJIOUEHHUE

B 1aba. 9 cyMmMupoBaHb! pe3yabTaThi, NOJy4YeHHbIE IpYU 3IKCIEPHMEH-
Ta;,IbHOM OfpeAesIeHyH ceyeHUi oGpaaoaaH::ﬂ “ 8blXOMOB psAna WHNpPpOKoO
NMPUMEHAEMbIX B AJEpHON MeauuMHe paAHOHYKIMIOB npH oOmyueHMu t'p-
uteHeit npotoHamu ¢ aHeprueii <100 M3B. Tam e xnA cpaBHeHHA NMpUBeLeHbl
U3BECTHbIE JiMTepaTypHble AaHHble. Kax BHoHO M3 Taba. 9, €onbuHHCTBO
AKCTIePUMEHTATbHBIX peaynsTaToB anAa obnacty Ep > 70 + 100 M3B nonyue-
Hbl 3nepgble. AHaIM3 3TUX AaHHLIX MNOKa3bIBaeT, UTO HCMNONALIOBAHMUE my4yxKa
NMPOTOHOB C HauyaIbHOM 3uepruei 100 M3B nosrosnsier B piiie CayvaeB yBenaH-
YMTb BhLIXON PaXMOHYKJIHAA NMPU COXPaHEHHH AOMYCTUMOro YpOBHA par :o-
M3IOTOMHBIX 3arPAIHEHMUH.

Pynxunn po3bykaeHHA ANEpHHIX peaKuuM, M3yueHHLIX v pabote, pac-
cuuranb! 1o nporpamme ALICE B 6onsuivHCTBe Ciy4YaeB BrnepBbIE B HHTep-
Bajfie 9Hepruil oT mopora peakuuH xo 100 MaB. OHu paloT HoBble cBeReHHA
WIM AJIA BCEro M3y4YeHHOro MHTepBana 3Hepruil MpoToHOB (Mo <100 MaB),
W4, B pAde chyvyaeB, B obiactu Gonee BLICOKMX 3Hepruit (Ep> 65 +
+ 100 MsB), uvem 310 OBULIO CHENAHO [0 MOCAegHEro BpeMeRwn (Ep <
< 70 M3B) ’*°’. CpapHenHe pacCUMTaHHBIX (YHKLMII BO36y>IeHMs ¢ 3KC-
MepUMEHTANLHbIMH pe3y/ibTaTaMN [MOKA3biBaeT B OOHHUX CNyYaAX yAOBIer-
BOpHTeNIbHOe corfnacue, B JPYrUX — PacCXOKAeHHe KaK B 3HePreTHYeCKOM Mo-
SOXeHNN MaKCUMyMa CeyeHHil, TAK ¥ B BeJHuUMHaX ceveHui peaxnuit. Kaca-
ACh CMEILEHUA MAaKCUMYMa KDWBOW, clefyeT CKa3eTh, YTO ero Habmozanmu u
apyrue nofsaonatennu nporpammbl ALICE, nanpumep, aBTopm’*? /.

MonyyenHble pesynsTaThl MOJE3HBI IUIA BbIOOpa YCNOBHMH NOnyueHHs
HM3YYEHHBbIX PaJHORYKJMOOB NpH OONyYeHHH MHUIEHeH MPOTOHAMM C 3Hep-
rdeit < 100 MaB (onTumanbHbli HHTEPBA 3HePrHH, BhIXOA PaAMOHYKINIA,
BKNan NpyMeceil OT APyrux HM30TONOB) M OLEHKH aKTHBHOCTH, KOTOPAA
MoMeT ObITh HapaboTaua B KOHKPETHLIX YCIOBUAX.

ABTopbl Beipawkalor 6naropmapuocts  A.A.Haymopy, K.A.I'pomosv,
B.A.TernaxoBy 3a NoafiepkKy 4 MHTepec K pabore; MepcoHamy ycwcpuTens
JIY-100 3a nposenenue obsyuenmit Muuleteil; 3.Xapatumy 3a BbiflOndeHHe
pacueron; B.B.Bpyaaumuy, A.®.HoBroponoey 3a obecnewenne pabornt u3-
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Tabnnua 9. Ceuenusa oOpa3oBaHNA M BEIXOAbI PAIHOHY KIINAOE NMpH 06NyueHHH MHMLLUEHe IPOTOHAMH C
Ep < 100 MaB

Pagwo— nPeamezgx Hacrosmaa padora JIrTeparypHHe IAHHKS CowrEa
HyLINT y JHepreTAY. a"“,(Ep) MEm/MrA-9  OHEDIOTEI. Gpax (Ep). uKR /MrA~T
megm. IETBBBBJI.
Mo u6(MoB) " uo (MoB)
2y un(p,4n) 100--36  1,3(55) 0,8 73-=39  1,45(55) 0,61 11V
390 (p,2p6n) 100--64 0,36(77) 0,1 100--58 0,3 (77 - 112/
Ty 1385 (p,3n)s  100--22 107(35) 313 45--32  100(35) 63 118/
+ (p,5n) 88--24  150(35) 324 /4
gy B38Tpp (p.an)e  170--36 180(51) 0,43 70--37  200(51) 0,50 /23/
+ (p,6x}
123ry  1271(p,5n0) 100--48  350(57) 270 67--46  380(56) 196  j26/
128y,  13304(p,6n) 100--43 322(63) 8,4 67--47  29B(65) 3,0 /32/
201y 206)(5,6n)~ 57--49 3,5 65--50 45 /31
207 p (5, )+ 68--57 3,0
208pp( p,8n) + 76--68 1,5
» (30714 2015, 201y




MepuTenbHoro ueHtpa; B.M.CoBonesy, A.Péw, Ex Cun Xad 3a nomoum B
pabore; M.A.Ky3Heuopoil 3a npocMOTp PYKOMMCH M MOMNe3Hble 3amMeyaHusd.
Oavx M3 nac (O.Pypax) Onaromapur B.I'.KanuuuukoBa 3a noagepxKy H
NOMOLb.

N —

=

w

RO

10.
11.
12
13.

14,
. Nozaki T., Iwamoto M, Itoh Y. -- Int. J. Appl. Rad. Isotopes, 1979, v.30, p.79.
16.
17.
. Weinreich R., Knieper J. —Int_J, Appl. Rad. Isotopes, 1983, v.34, p.1335.

1

€

19.
. Dik%éM, et al — Phys. Rev., 1979, v.C19, p.1753.

2

=

21.
. Qaim S.M., Stocklin G., Weinreich R. — Int. J. Appl. Rad. Isotopes, 1977, v.28, p.947.
24,
24,
25,
26.

JVT=PATYPA

. Gandarias-Cruz D., Okamoto K. — Status on the Compilation of Nuclear Data for Me-

dical Radioisotopes Produced by Accelerators. Report INDC(NDC)-209/GZ, Vienna,
1988.

. Proceed. IAEA Consultant's Meeting on Data Requirements for Medical Radioisotope

Production (Tokyo, 20-24 April, 1987). Report INDC(NDC)-195/GZ, Vienna, 1988.

. Silvester D.J. — Radiopharmaceuticals and Labelled Compounds. Proceed. Symp.

Copenhagen, 26-30 March, 1973, v.I, Vienna, 1973, p.197.

. Reus U, Westmeier W, — Gamma-Ray Catalog from Radioactive Decay. Atomic Data

and Nuclear Data Tabl s, v.29, partsI, II, 1983.

. Tobailem J., Lassus St.-Gznies, Leveque L. — CEA-N-1466(1), Saclay, 1971.

Janni J F, — Atomic Data and Nuclear Data Tables, 1982, v.27, parts 1, II.

Fonbiw [1.M. 1 ap. — Coeewanrde No NMPOrpaMMHUPOBAHHI0 H MaTeMATHYECKHM MeTO-
namM peweHun  dusiieckux aanau.  Hy6ua, 20-23 cenrabpa, 1978. OWAH,
110,11-11264, 1978, ¢.330.

Lagunas-Solar M.C. et al. — Int. J. Appl. Radiat. Isot., 1978, v.29, p.159.

Blann M. — Overlaid ALICE Code, CCO/3194-29, Rochester, 1976,

Tendow Y, et al. — RIKEN Accel. Progr. Rep., 1986, v.20, p.154,

Suzuki K. — Radioisotopes, 1985, v.34, p.537.

Sharp R.A., Diamond R.M_, Wilkinson G. — Phys. Rev., 1856, v.101, p.1493.

Alcher R.W_, Friedman AM,, Huizenga J R, — Int. J. Nucl. Med. and Radiology, 1980,
v.7,p.75,

Ku T .H, et al, — Radiology, 1979, v.132, p.475.

De Jong D., Brinkman G.A., Lindner L.—Int.d. Appl. Rad. Isotopes, 1979, v.30. p.188.
Lundquist H. et at, — Int. J. Appl. Rad. Isotapes, 1979, v.30, p.39,

Diksi¢ M. et al. — Int. J. Appl. Rad. Isotopes, 1977, v.28, p.885.

Sakamoto K., Dohniwa M., Okada K. — Int. J. Appl. Rad. Isotopes, 1985, v.35, p.481.
Horiguchi T. et al. — Int. J. Appl. Rad. Isotopes, 1980, v.31, p.141,

Wilkins S.R. et al. — Int. J. Appl. Rad. Isotopes, 1975, v.26, p.279.

Puans A.M.J. et al. — Int, J. Appl. Rad. Isotopes, 1978, v.27, p.465,

Lagunas-Solar M.C. et al. ~ Appl. Rad. Isotopes, 1986, v.37, p.823.

23



27.
28.
29.
30.

31.
32.
33.
34.
. Jackson J.D. - Can. J. Phys, 1956, v.31, p.767.
36.

37.

38.
39.

40.
41.

42,

Grabmayr P, Nowotny R. — Int, J. Appl. Rad. [sotopes, 1975, v.29. p.261.

Dikgil“M., Yaffe L. —J. Inorg. Nucl. Chem., 1977, v.39, p.1299,

Syme D.B. et al, -~ Int. J. Appl. Rad. [sotopes, 1978, ¢.29, p.29.

3aigesa H.I'. u ap. — [penpuut OWAH, P6-85-803, IlybHa, 1985; Paanoxumusa, 1987,
T.29, ¢.391.

Weinreich R, et al, — Proceed. Int, Conf. Radiupharm. Labelled Cowmp. (Tokyo, Oct,
1984) IAEA.CN-15/60, p.55, Vienna, 1985

Lagunas-Solar M.C_, Little F.S., Moore H A, — Int. J. Appl. Rad. Isotopes, 1942, v.33,
p.619.

Bell R.E., Skarsgard HM. — Can. J. Phys., 1956, v.34, p.7-15,

Lagunas-Solar M.C, et al. — Appl. Rad. lsotopes, 1987, v.38, p.129,

Bimbot R, Lefort M. — 4. Physique, 1966, No.7/8,p.385.

Baiuesa H.I' » ap. — MNpenprat OUAY P6-85-254, Jly6ua, 1985; Pamnoxumua, 1987,
T.29,¢.247.

3anuesa H.I'. i np. — Ipenpunr OUAH P6-85-804, y6HHa, 1985.

Lagunas-Solar M.C., Little F.E., Jungerman J. A — Int. J. Appl. Rad. Isotopes, 1951,
v.32,p.817.

Nowotny R., Uhr M. - Haandbook on Nuclear Activation Data, Techn, Rep., No.273,
1AEA, Vienna, 1987 p.44}.

Jmurpren T1I1. — Bblxof panvoHYK/HAOB B PEAKUMAX € NPOTHHAMW, REeHTPOHAMH,
anbda-uactHuamu M renuemM-3. M.: SHeprousnar, 1986, ¢.158.

Michel R, et al, — Nucl, Phys., 1979, v.A322 p.40.

PYKOMHCh NOCTYIINIE B H3NATENLCKKIA OTACHT
26 despana 1990 roaa.

24



3anuesa H.T'. n np. P6-90-128
Ceuennst 06pa3oBalHA H BbIXOAb! PallHOHY KIIUNOB
LJTA AAepHOH MeIHUMHE], NoJyYaeMblX B AIEPHbIX PeaKLHMAX
non OefcTBHEM NPOTOHOB ¢ 3Hcpriteit <100 M3B

IpuBousATCca Pf syJIbTAaThl IKCIIEPUMEHTAJIBHOI'O OllpelleJleHHA ce-
4eHHit 06Pa3OFaHUA H BBIXOMOB PAaSHOHYKIHIOB, BaKHbIX [71A Anep-
Hoil MeovumHbr (2 Fe, ""Kr/""Br,828r, '23Xe/'?%1,'2%Ba, *°!Tl),
H paccuuTanubie N0 nporpamMme ALICE dyaxumn po3byxnrenusa B
06JIaCTH 3Heprui [IPOTOHOB OT Mopora peakuuit o <100 MaB. [Tpn-
BOOMMBIE Pe3ynbTaThl MOJIe3Hb] ANA BbIGOpa YCIIOBHI MONyYeHHua pa-
OHOHYKJIMOOB MpH OO6/yYeHun MHUllieHelf NMPOTOHAMH C 3Heprueit
<100 Ms3B.

Pa6ota BeinonHeda B Jlaboparopuu anepHeix npobnem OKMAM.

[MpenpunT O6benHHEHHOrO HHCTUTYTA AlCPHBIX HecnenonaHui. Jy6ua 1990

IlepeBon M.H.ITotanoea

Zaitseva N.G. et al. P6-90-138
Cross Sections for the 100 MeV Proton-Induced
Nuclear Reactions and Yields of Some Radionuclides Used
in Nuclear Medicine

Cross sections and yields have been determined for some radio-
isotopes, used in nuclear medicine (*?Fe, "7Ky/"’Br, ®2Sr,
123Xa/t231 128 Ba, 2°!'TI), in bombardment of targets with protons
of energy <100 MeV, The experimental cross secticns are compared
with the excitation function calculated by the ALICE program  in
the energy interval from the threshold to 100 MeV. The obtained
results can be used for radioisotopes production in bombardment of
target with protons of energy <100 MeV.

The investigation has been performed at the Laboratory of
Nuclear Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1990




31 kon.

Pepaxktop M.H.3apyGusHa. Maxer T.E.lNoneko.

[opmucano B neyars 11.05.90.
®opmar 60x90/16. Ocdcetnan nevars, Yy.-uansmcroB 2,03,
Tupax 1375, 3axa3s 43462,

Haparensckuit ornen O6benHeHHOrO HHCTUTYTa ANePHBIX MCCIICHOBAHMI.

Ny6na MockoBckoil obnacru.



