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M3mepeH BbIxon (Y, p)-peakLuuii 1U1s1 TOPMO3HBIX Y-KBAHTOB C TpPaHUYHBbIMU dHeprusimu 20, 40 u 55 MaB Ha
MUILEHSIX U3 IPUPOTHOI CMECH M30TOIOB MOJUOAEHA. DKCIEPUMEHTHI BBIIIOJIHEHBI IIyTEM U3MEPEHUS

AKTMBHOCTH 0OPa3yloLLUXCst U30TOTOB °1 ™ 95me:

96.97Nb. M3MepeHbI CpenHeB3BeICHHbIE BBIXOIbI yKA3aH-

HBIX U30TOMOB B (Y, p)-peaklusxX Ha U30Toax MOJIMOAeHa, BIIEPBbIe MOJIYy4YeHbl JaHHbIE 1JI1 SHEPTUii My4-
ka 40 u 55 M»B. DkcnepuMeHTaIbHbIE 3HAYEHUSI CPABHUBAIOTCS C TEOPETUISCKMMHU BBIXOAAMU, PACCUM -
TaHHBIMU C TIOMOIIIBIO porpamMMHoro koga TALYS 1.96 n MeTona yueTa U30CITMHOBOTO PaCIIeTUICHUS TH-

TAaHTCKOTI'O JUIIOJIBbHOI'O pE€30HaHcCa.

DOI: 10.31857/S036767652370196X, EDN: ZBBHSW

BBEAJEHUWE

Bo30yxxneHue KoJIJIEKTUBHBIX CTeTIeHEel CBOOOIbI
S7pa CYUTAETCS OCHOBHBIM MEXaHU3MOM (oTosiep-
HBIX peaKlIMii Ha CpeIHUX U TSLKENbIX saapax (c 4 > 50)
171t poToHOB ¢ 3HeprussMu 10—30 M»aB [1]. Pacriany
BO30Y>KIEHHBIX COCTOSIHUIA S1pa COOTBETCTBYIOT K-
cuToHHas [2] u ucnapurenbHas [3] mogenu. Ha nx oc-
HoBe mporpammMHbiii ko TALYS [4] paccuuThiBaeT
cedyeHUs (QOTOSIASPHBIX peakiinii. B HacTosiee Bpe-
MS$I OH YacTO MCITOJIb3YeTCs ISl aHAIM3a Pa3InYHbIX
SIIEPHBIX peaklMii, OJHAKO TpeacKa3biBaeMble UM
BBIXO/bl (DOTOMPOTOHHBIX peaKIIMii OKa3bIBAlOTCS B
pa3bl HUXE OSKCIEPUMEHTAJbHBIX 3HAYEHUM IS
CpenHUX simep [5] v Ha TTOpSIAKY — IS TsKebIX [6].
DTO paznndne oObICHSIETCS BIMSTHIEM TIPSIMOTO Ka-
Hajla ucnyckKaHusl mpoToHa. Bkianm 3Toro kaHaja B
obulee ceyeHue peakiuu (Y, p) CONOCTaBUM CO BKJIa-
JIOM CTAaTMCTMYECKOTO KaHaja 1y simep ¢ Z ~ 50 u
CTAaHOBUTCSI JTOMUHUPYIOIIUM IS OOJiee TsIKeIbIX
sanep [7, 8]. PacyeTsl KiaccMYeCKUX MPSIMBIX peak-
L1 TOKa3bIBAIOT, YTO IS saep ¢ A = 90 ux BKiaag He-
3HauuTesieH. [1oaToMy paccMarpuBaeTcsl MOJIYIIpsi-
MOI MeXaHU3M, MPU KOTOPOM MPOTOH MCIyCKaeTCsl
MO MPsSIMOMY KaHajly, a OCTaTOYHOE SI/IPO pacranaeT-
csl MO cTaTucThudyeckuMm 3akoHam [9]. Tlpu Takom
MpencTaBJIeHUN JJIs BblJeTa MPOTOHA HET MpernsT-
CTBUS B BUJIE KYJJOHOBCKOTO Oapbepa, Tak Kak OH He
ycrieBaeT chopmupoBaThesi. OMHAKO MPU 3TOM MPO-
HUCXOAWUT pacllelJieHUe TUTaHTCKOTO JUIMOJIbLHOTO
pesonaHca (I'IP) [1]. Xopoiio BuagHO 13 (OPMYJIbI

Baiiizekkepa, 4To B 3TOM cilydyae BCe 9HEPTUHU COCTO-
sHui saapa (N + 1, Z— 1) OynyT ciBUHYTHI BBEPX OT-
HOCUTEJILHO COCTOSIHUM simpa (N, Z) 3a cueT SHepruu
CUMMETPpUH, T.€. MPSIMOE UCITyCKaHWE MPOTOHA Oy-
JIET IPOUCXOAUTH O MEXaHU3MY U30CITMHOBOTO pac-
LIETIICHUSI.

HMccnenoBaHust BBIXOAOB (DOTOMPOTOHHBIX peak-
Uit Ha MOJIMOAeHEe paHee MPOBOININCH (POTOAKTU-
BaIIMOHHBIM MeTogoM. MacymoTo u ap. [ 10] mamepsim
BBIXOZIBI peakimii *°Mo(y, p)*>"Nb u "Mo(y, p)**Nb
s sHepruit 30, 40, 50, 58 1 68 MaB, ncnonb3ys Mo-
HUTOpHYI peakumio SCu(y, n)®*Cu. O6wenpuHs-
Thle 3HAYCHUSI CEYEHUI ATOI peaklMM ObUIM mepe-
CMOTpeHHbI [11], MO3TOMY IMOJIYy4YEHHBIE C €€ ITOMO-
IIIbI0 3HAYEHUST HYXXIAI0TCSI B yTOUHEHUU.

B pa6orax [12—14] npuponHbiii MOIMbaeH 00IIy-
qaJicsi TOPMO3HBIM TaMMa-M3TydeHNeM C HEeCKOJIbKH-
MU BepxHuMU rpanuiamu (19.5,29.1, 55.6 u 67.7 MaB).
M3MepstTich BBIXOOBI Pa3IMIHBIX (OTOSIIEPHBIX peak-
uii otTHocuTebHO peakuuu °Mo(y, n)*Mo. Dkcre-
pYMEHTaIbHBIC TaHHBIE CPAaBHUBAINCH C TEOpETHYE-
CKMMH, pacCUMTaHHBIMM Ha ocHoBe KoMOMHMpO-
BaHHOM  Momenn  (POTOHYKIOHHBIX  peakInit
(KM®P) [15]. B ciryuasx peakuwit (Y, p) pacueTsl B
pamkax KM®P yacto nMenu oTjimdue OT dKCIIEPU-
MEHTAJBbHBIX pe3yJbTaTOB (MHOTAA JBYKPATHOE).
s >Mo Habmonascs MOBBILIEHHBIA BbIXoI (OTO-
IIPOTOHOB. DTOT 3(h(HEKT MHTESPIIPETUPOBAJICS HA OC-
HOBE 000JIOUEYHOU CTPYKTYPHI sIapa.

1092



OOTOIMPOTOHHLIE PEAKIIMN HA MOJIMBAEHE

W30MepHbIe oTHOLIEHUSI peakimii *Mo(y, p)*>" éNb
1 Mo(y, p)°’™ ¢Nb OblIM TOJTy4eHbl B pabote [16]
IUIST TPaHWYHBIX 3Hepruii ¢poroHoB 25 u 30 M»aB.
H3omepHoe oTHOIIeHHE **Mo(Yy, p)°"™ éNb wis Top-
MO3HOTO W3JIy4YeHUs] 2JIEKTPOHOB C OJHeprueit
24 MaB Takxke usmepsiiiock B pabore [17], rme Ha
MUKPOTpPOHE o00JIydajach oboramieHHass MUIIEHb
%Mo ¢ oboranienuem Boile 95%. B uccienoBaHumn
[18] mpupomgHbIil MOIMOIEH 00Iydancs TOPMO3HBIM
M3JIydeHUeM ¢ rpaHu4YHoM sHeprueit 20, 21, 22, 24 n
25 M»aB, u npu Bcex yKazaHHbBIX SHEPTUSIX U30MEPHOM
otHomenue #Mo(y, p)°”" ENb coctasuiio 0.7 + 0.3.

W30MepHbIe OTHOLIEHMS peakimii “*Mo(y, p)*>™ ¢Nb
1 %Mo(y, p)°’™ éNb 6bl M3MepeHBI ¢ 1aroM 1 MaB B
obylactu sHepruit 14—25 M»aB B paborax [19, 20].
MCTOYHNKOM TOPMO3HOTO W3IIy4eHUSI C IIIarOM
1 M5B ciyxun mukporpoH MT-25. O6ay4dancs Mo-
JIMOMEHOBBIN TUCK ¢ yucToTot 99.99% u maccoii
0.1997 r. I1oayyeHHBbIE U30MEPHBIE OTHOLIEHUST CpaB-
HMBAJIMCh C PE3y/JIbTaTaMU aHAJIOTMYHBIX paboT, yKa-
3aHHBIX BBILLIE.

Taxcke (7, p) peakuyy 6bL1M M3ydeHbl B padote [21]
JIJISI 130TOIOB MOJIMOIeHA Y IUPKOHUS TIpU 00JIyde-
HUU MUIIEHEN TOPMO3HBIM M3JIy4eHUEM YCKOPUTEIIS
9EeKTpoHOB ¢ 3Heprueil 20 MaB. CpaBHeHue cpen-
HEB3BEIIEHHBIX BEIXOJOB C TEOPETUIECKUMU MPOJE-
MOHCTPUPOBAJIO JOMUHUPOBAHUE ITOJYIPSIMBIX pe-
akuuii. [1pencraBiasier MHTepec UCcaea0BaHUEe Map-
aIbHOTO BKJIaJIa CTATUCTUYECKOTIO U IIOIYIIPSIMOTO
KaHanoB s (Y, p)-peakumii Ipu pa3IWIHBIX Tpa-
HUYHBIX BHEPTUsIX TOPMO3HOTO criekTpa. C 3Toii 11e-
JIBIO MBI ITIPOM3BEIIM 00IydeHe MUIIIEHE 13 MOJINO-
JleHa Ha YCKOpPUTeJIe C DOHeprueil SJIeKTPOHOB
20 M»B, 4TO 1O3BOJIMJIO CPABHUTh PE3yJIbTAaThl Ha-
IIeTO 3KCIEPUMEHTa ¢ pe3yjibTaTaMM IpPYyrux aBTO-
pPOB, a TaKXKe MOJIyIMJIA CPETHEB3BEIIIEHHBIE BHIXOIbI
(GOTONMPOTOHHBIX peakIuii Ha U30TOIAaxX MOJIMOAeHA
JIJISI TOPMO3HOTO MU3JTy4EHUS C TPAHUYHBIMU DHEPIU-
amu 40 u 55 MaB.

METOAbBI 5KCITEPUMEHTA

B skcniepumenTax o0Jy4aaMch MUIICHU U3 MIPU-
POIHOI CMeCHU M30TOINMOB MOJIMOAEeHA MJINHAPUYE-
ckoil dopmbl win B dopme IJIaCTMHOK Maccamu
0.006,0.007, 0.044 1 1.68 r. UcToyHMKaMU TOPMO3HO-
TO raMMa-u3JIydeHUs CIYKWIN YCKOPUTEIN SJICKTPO-
HOB ¢ 3HeprusMu Itydka 20, 40 u 55 M»B. OoinyyeHue
MMUILIEHEN TOPMO3HBIM WM3JIYYEHUEM 3JIEKTPOHOB C
rpaHu4HOM sHeprueii 20 MaB npousBoauIoch Ha K-
HEMHOM MeIWIIMHCKOM yckoputesie Varian Trilogy.
McTOYHMKOM TOPMO3HOTO U3JIYyYEHUS JIEKTPOHOB C
rpaHu4yHoi sHeprueii 40 MsB cityXun ycKopuTelb
JIMHAK-200 (OUAN) ¢ TopMO3HOII MUIIECHBIO M3
CBUHIIA TOMIMHONM 3 MM. TopMO3HOE M3IIydeHHUE C
MaKCUMaJIbHOU 3Heprueid 55 M»sB ObUTO ToydyeHo
Ha pa3pe3HoM MukporpoHe HUUAD MIY [22] ¢
TaHTAJOBO MMINEHBIO ToammHou 2.1 MM. Topmo3s-
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Puc. 1. CrieKTpbl TOPMO3HOI'O U3JIyYEHUST UCTIOJIb30BaH-
HBIX YCKOPUTEJIEH 3JIEKTPOHOB.

HOU CIIEKTP MEAULIMHCKOTO YCKOPUTENIS C SHEPrueun
20 M»>B 65611 B34T U3 padoThl [23]. TopMO3HBIE CIIeK-
TPBI IPYIUX YCKOPUTENEH ObUIM CMOIEIUPOBAHBI C
nomol1ipio mporpaMMHoro koga GEANT4 [24] ¢ m1a-
roM 0.1 M3B. Ha pucyHke 1 mokazaHbl CHEKTPHI TOP-
MO3HOTO U3JTy4eHHUS UCITOJIb30BAHHBIX YCKOPUTEIICH.

Bpems obiryyeHNsT B 9KCIIEPUMEHTAX COCTaBJIISLIIO
ot 40 mo 80 mMuH. [ mocaeayolero u3MepeHus
CIIEKTPOB Y-U3JIY4YEeHUS] OOJIyUEHHBIX MUIIEHEN uc-
MMOIb30BAIMCHh CHEKTPOMETPHI C OEeTeKTOpaMu W3
CBEPXUYUCTOro repMaHus ¢ paspenreHuem 1.8—2 kaB
o quHuM 1332 k3B °Co. BpeMs usmepeHus criek-
TPOB 00 TyYEeHHBIX MOJIMOACHOBEIX MUIIIEHEM COCTaB-
J1s110 OT 1 9aca no 9 cyt. O0paboTKa CIIeKTPOB IPOU3-
BOOWJIACH C MCIIOJIb30OBAaHMEM MPOTrPaMMHOIO Koja
Winspectrum [25]. Kanu6poBka 1o a(h¢heKTUBHOCTH
JIETEKTOPOB ObLJIa BHIIIOJIHEHA C TIOMOIIIBIO CTAHAAPT-
HBIX 3TAJIOHHBIX UCTOYHUKOB P2Eu, 226Ra, 182Ta, ¥7Cs.

B KayecTBe MOHUTOPHOI peakiuu OblUIa BEIOpaHa
10Mo(y, n)*Mo. Dra peakius ABJISIETCS BHYTPEHHEI
IUTST 00JTydaeMbIX MULLIEHEN U B LIEIOM YACTO UCIIONb-
3yeTcs IUIS ONpPEAETIeHNs TOTOKA TOPMO3HOTO U3JTy-
YeHMUS. DKCINEPUMEHTAIbHBIE CEYEHUSI peaKLu
10Mo(y, n)*Mo w11 MOHOXpPOMATHYECKOTO Y-U3JTy-
yeHUs (G;) OBITN B3STHI M3 paboTHI [26]. XOTs B yKa-
3aHHOM MCTOYHUKE MPUBEIECHO CYMMApHOE CEYEHUE
peakumii 'Mo(y, n) u '°'Mo(y, pn), B [12] nokasaxo,
YTO BBIXOA peakuuu (Y, pn) coctapisieT meHee 1% ot
BbIXOJa peakuuu (Y, n).

JJIst MUara3oHoOB SHEPTUU Y-U3TyYeHUsl, TIe OT-
CYTCTBYIOT 9KCIIEpUMEHTAIbHbBIE CEUEHUST MOHUTOP-
HO peakliK, 3HAYEHUS G; TAKXKE PACCYNUTHIBATUCH C
rromoritbio TALYS1.96. B pa6ore [27] ceueHUSI MOHU-
TopHbIX peakuuit ¥ Ta(y, n)'®Ta u 'Mo(y, n)* Mo
paccunThiBaMCh ¢ momonipio TALYS u cpaBHUBa-
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PEMM30B u np.

Ta6muna 1. Mzyyaemble peaklMy U UX KJIIOYEBbIE XapaKTePUCTUKHU

Peakiius OHeprerudeckuii nopor, MaB | Tlepuon nonypacnana, 4 | XapakTepHas ramMMma JUHUS, K3B (1)

2Mo(y, p)°'""Nb 7.56 1460.64 1204.7 (2.0%)
%Mo(y, p)°>"Nb 9.53 86.64 235.7 (24.8%)
%Moy, p)°***Nb 9.30 839.78 765.8 (99.8%)
9Mo(y, p)°**Nb 9.23 23.35 460.0 (26.6%)

568.9 (58.0%)

810 (11.1%)

U ap.

%Mo(y, p)’’Nb 9.79 1.20 658 (98.2%)

JIMCh MEXIy co0Oi Ha muamna3oHe SHEPTU TOPMO3-
HOTO U3JlydeHus BIUIOTh 740 90 M3B. OHu okazanuch
B XOPOILIEM COMIACUU MEXIY COO0M. DTO CBUIETEb-
CTBYET O KOPPEKTHOCTU pacyeTa CEYEHWIl NaHHBIX
peakimit TALYS npu aHeprusix Boiiie obaactu [IP.

JInsi HaXOXIEHUs CPEIHEB3BEIIEHHBIX BBIXOIOB
peakiu '“’Mo(y, 7)Mo npousBoaMIach CBEPTKA
3HAYEHUIi O; TI0 CMEKTPAM TOPMO3HOTO M3Iy4eHUsI
YCKOpUTENE:

Y = z Gi(pi(Enop; Ee) ,
z(pi(Enop;Ee)

rme Y — cpenHeB3BelleHHBbI BBIXOH peakuuu (0);
(; — BECOBOI KO3(p(PUILIMEHT, OoTpaxarolluil AOJIO
($OTOHOB HAHHOM PHEPTUU B TOPMO3HOM CIIEKTpE.
CyMMHpOBaHMe IIPOU3BOJIUTCS OT SHEPIeTUYECKOTO
nopora peakuuu (£,,,) 10 MaKCUMaJIbHOW SHEPIUU
(OTOHOB, COOTBETCTBYIOIIEl SHEPIUM YCKOPEHHBIX
3JIeKTpOHOB (FE,). PaccuuTaHHblE CpenHEB3BELIEH-
HbIEe BBIXOJAbl MOHUTOPHOM peakIMy cocTaBuian 56.7,
44.6 u 35.7 M6 11 TOPMO3HBIX crieKTpoB 20, 40 u
55 MsB cooTtBeTcTBEHHO. DTH BEJIMYUHBI IaBad
BO3MOXHOCTb OIIPEASIUTh ITOTOK TOPMO3HOIO M3JTy-
YeHUs Yepe3 MOHUTOPHYIO MUIIIEHb B KaXKIOM 2KC-
nepumeHTe no popmyne (2) [27]:

— ASM
F= Yo N p (1 _ g M ) o Mou (1 _ o Muow ) onek » ()

(1)

rae F — noToK TOPMO3HOTO U3IyYEeHUSI BhIIIIE ITOpora
peakimu (Y- cM~2 - ¢1); S — ruromanb mmKa B CIIeKTpe
00JTydeHHOI MUILLIEHU (OTCUeThl); Yy, — CPEIHEB3BE-
meHHbIi Boixon '’Mo(y, n)*’Mo peakuuu, paccuu-
TaHHBINA 110 dopmye (1) (0); m — macca MUIICHU,
HOPMUMPOBaHHAas Ha eIMHULY Itomanu (T - cM~2);
M — aToMHast Macca MaTepuaga MUIIEHH (a.e.M.);
N, — noctosgHHas ABoraapo, paBHas 6.02 - 10%3;
p — IOJIST U30TOIa-MUIIEHN B MPUPOTHON cMeCH;
A — MOCTOSAHHAA paclana o6pas3yIoLIerocs painuo-
uzorona (¢71); #,p foxy Y ty — BPEMEHA aKTHBA-
WU, OXJIAXKIESHUS U U3MEPEHUSI CITIEKTpa O0TyYeH-
HO#l MUIIIEHW COOTBETCTBEHHO (c); 6 — OTHOILIEHE
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JKMBOTO BPEMEHU 3aIMCH CTIEKTpa K peaTbHOMY; 1| —
KBaHTOBBII BBIXOJ Y-JIMHUU U30Toma; € — addek-
TUBHOCTb PETUCTPAIIUM TaMMa-JTUHUHN AETEKTOPOM;
k — Kk03dOULMEHT CAMONOIIOLLEHUS Y-TMUHUU B MU-
meHu [28]. Puznyeckre KOHCTAaHThI ObLIU B3SITHI U3
pa6ortsr [30].

M3ydaemble peakiiny 1 HEKOTOPBIE MX XapaKTepH-
CTUKHU TIpuBeAeHBI B Taba. 1. MHmekc m obo3HavaeT
M30MEPHOE COCTOSIHUE SiApa, MHIEKC g — OCHOBHOE.
IMocne nepeHOpMUPOBKY MOTOKA MPU MTOACTAHOBKE B
dopmyty (2) 3KCHEepUMEHTAIBHBIX JAHHBIX U KOH-
CTaHT KOHKPETHOI peaKlM1 MOXHO OIIPENe/IUTh ¢¢
9KCHEPUMEHTAILHBIN BBIXOI.

B cityuae ¢ uzotornoM °"Nb onpenesieHre BBIX0Aa
OCJIOXHSIETCS 0Opa3oBaHKEM B peakuuu “>Mo(Yy, n)
sanpa *"Mo B KOPOTKOXUBYLIEM U30MEPHOM COCTO-
sanr. OHo B 49.9% ciydaeB pachiaga IpeBpaliaeTcs
B ?'"Nb. Ceuenue **Mo(y, n)°""Mo paccunuTHIBAIOCH
o popmyiie (1) Ha OCHOBE BKCIIEPUMEHTAJIBHBIX Ce-
4yeHuit peakumu **Mo(Yy, n) u3 paboTsl [26] u 3KcIe-
PUMEHTAIbHBIX U30MEPHBIX OTHOILIEeHU [19] oOpa-
30BaHMA B YKa3aHHOI peakuuu sapa *'Mo B OCHOB-
HOM M HM30MEpPHOM cocTOosSHUsX. KopoTkoe BpeMst
KU3HU g1apa °” Mo M03BOJISET UCITONB30BaTh (hOPMY-
11y (2) npuOMIKEeHHO, TIoApa3yMeBasi B KAUeCTBe ¥ CyM-
MY BBIXOIOB MaT€pMHCKOTO 1 godepHero siaep. [locie
BBIYMTaHUA NapLUaJILHOrO Bbhixoma °”Mo ocraercs
SKCIEpUMEHTANBHBIN Bbxon °Nb. IlorpenrHocts
orpeieieHus Bbixoza peakuuu “>Mo(y, p)°’'"Nb o06y-
CJIOBJIEHA MPEUMYIIECTBEHHO HEOIPEeACICHHOCThIO B
BBIUMCJIEHUM BbIxoza *""Mo.

Ceuenune °*Nb oIpenensioch IyTeM pacyera I1o
dopMyse (2) cpenHeB3BELIEHHOrO BeIxoaa *>"Nb u
MOCTEAYIONIEeT0 MCIOAb30BaHUsl (OPMYJIbl JJIs Ha-
XOXKIIEHUST U30MEpPHBIX oTHolueHuit [31]. YuuTsiBa-
Jlach pa3HU1Ia dHEPreTUYECKUX IMOPOTOB PeaKIIUiA.

TeopeTnyecKre BHIXOALI, COOTBETCTBYIOLIME CTA-
TUCTUYECKON MOIENH, ONPENEISIINCH C TTOMOIIBIO
TALYS1.96 1o popmyite (1).

Yuer uszocnuHoBoro pacuerieHuss I'JIP mpo-
U3BOMUJICS 110 METO.MY, U3JIOXEHHOMY B padote [21].
Ne 8
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Ta6muua 2. CpenHeB3BelIEHHbIE BBIXOIHI (Y, p)-peakUuil Ha siipe Mo

CpenHeB3BellIeHHbII BBIXOO, MO
Peaknnsa
Creprimopuomione | e | TP | e
(TALYS1.96) Bo3Oyxaenust [IP [21])
2Mo(y, p)°""Nb (20 MaB) 23.0+ 15 18.7 -
2Mo(y, p)°” T 8Nb (20 MaB) - 20.3 16.0
2Mo(y, p)°""Nb (40 MaB) 23.7+2.0 22.8 -
2Mo(y, p)°'" T &Nb (40 MaB) - 25.7 12.7
2Mo(y, p)°"""Nb (55 MaB) 154+23 19.4 -
2Mo(y, p)°'" T 8Nb (55 MaB) — 22.1 8.8

Anpa c N # Z1uMeroT B OCHOBHOM COCTOSIHAM U30CITHH
T, = 0.5(N — 2). Ilpu nornoiienuu E1-dotoHa MOryT
BO30YKIAaThCs 1BE IpyIIbl coctoguuit: T.=Tyu T, =
=T, + 1[32]. KomnoneHnts! 7. u T5 IpUMEPHO COOT-
BETCTBYIOT (POTOHEUTPOHHON U (POTONPOTOHHOM
peaknusaM. OTHOIIEHWE BEPOSITHOCTEN BO30OYKIC-
HUS 3TUX KOMITOHEHT 3aBUCUT TOJbKO OT U30CITHU-
Ha sgApa 1 ero aTOMHOM MacCHI:

S(T.) 1 [1—1.51“014‘2/3}

S(T.) T\ 1415477

M3ocnmHoBOE paciieIuieHHe CMellaeT IT0JI0XKe-
HHE KOMINOHEHTHI 7 OTHOCHUTENIbHO 7. B OoJiee BBI-
COKORHEPTreTUYECKYI0 00JIacTh HA BeTUYUHY A E:

_ 60T + 1) .
I 4)

CpenHeB3BeUIEHHBI BbIXOH peakuuu (Y, n) Ha
nzoromnax ¢ %7 %Mo, KOTOpBIIi MOXHO ONpENEINUTh
no popmyie (1), cBsI3aH CO CpeaIHEB3BEIIEHHBIM BhI-
xoaoM peakuuu (Y, p) [1]. Koaddunmentamu npo-
MOPLIMOHAJIBHOCTU CIIYXXUT ¢opmyna (3) u pasHulla
3(HEeKTUBHBIX TOTOKOB TOPMO3HOTO W3JTyYEHUs,
00yCJIOBJIEHHAsl Pa3jIMuYUEM DPHEPTreTUYECKUX MOPO-
roB (DOTOHEUTPOHHOI 1 POTONPOTOHHOI peaKIuii U
cMmereHueM AE.

3)

AE

OBCYXIEHHNE
ITOJIVHEHHDbIX PE3YJIIbTATOB

[MonyyeHHBIe pe3yIbTaThl IpUBEACHBI B Ta0I. 2—4.
BunHo, yto B HacTosel padoTe BBIXOIBI MCCIIEaye-
MBIX peakKlrii Ipyu O00JIydeHUM Ha YCKOPUTEIE K-
TPpOHOB ¢ 3Heprueii 20 MaB BEIIIIE, YeM B MCCIIeIOBa-
HUM [21], XOTSI OHO MPOBOAMIOCH Ha YCKOPHUTEJNE C
TOI XXe 0003HaueHHOM sHeprueit. McToyHuKoM pac-
XOXKIEHWI MOXET CITY>KUTh pa3imdure B (popMe TOPMO3-
HBIX CIIEKTPOB Y-U3y4eHus1. Kak BUTHO U3 CpaBHEHUS
TOPMO3HBIX CIIEKTPOB Ha pUC. 2, MaKCUMaJIbHAasI SHEp-
T'UsI TOPMO3HBIX (DOTOHOB MCITOJIE30BAaHHOIO HAMM Me-
JIUIIAHCKOTO ycKopuTtenst cocrtasisger 18.50 MbB.
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Cseprka 1npousBoamiaachk ¢ marom 0.05 MsB. B pa-
oore [21] mar cocraBmsur 1 MaB u 3amMeTHOE YmCio
¢oToHOB obnanano sHeprueit 19 MsB.

B Tabn. 2 mpencraBiaeHbl pe3yabTaThl BBIUMCIC-
HUI cpeHEeB3BEIIEHHBIX BBIXOA0B peakuuu (Y, p) Ha
nzorore >Mo. BuoHO, YTO BBIXOOBI pEaKLUU
2Mo(Yy, p)°""Nb H10BOJILHO TOYHO PACCUUTHIBAIOTCS
CTaTUCTUYECKUMM MOIEISIMM, 3aJIOXKCHHLIMUA B
TALYS. M30oTon MoanbaeHa ¢ MaCCOBBIM UYMCIIOM 92
SIBJISIETCS CaMbIM HPOTOHHO-U30BITOYHBIM CpPEaU
CTaOMJIbHBIX U30TOIOB 3TOTO XUMNYECKOIO BJIEMEH-
Ta. DHEPreTMYECKUiA MOPOT OTASIACHMS IIPOTOHA HU-
Ke Topora oTlejeHus HeliTpoHa. Brixon ¢oTtorpo-
TOHHOI1 peakIu1 “aHOMAaJIbHO” BBICOK.

C npyroit CTOpOHbI, paCCUYUTAHHBIN MO METOIU-
Ke ydera m3ocnuHoBoro pacmerieHus NP cym-
MAapHBINA BbIXon u3ortomna ' *&Nb okasaycs B pasbl
HMKE 3KCIIEPUMEHTAIILHOTO BbIXoAa sapa °"Nb. B

—
o
S

ITorok, Ny

103

16
E,, M>B

Puc. 2. CpaBHeHUE “XBOCTOB” TOPMO3HBIX CIIEKTPOB
YCKOPHUTEJIEH 2JIEKTPOHOB ¢ 3Heprueit 20 M»sB u3 pador
[23] m [21]. CrieKTpbl HOPMUPOBAHBI TAKUM 00Pa3oM, 4TO
¢; Tpy 3HEprUK 5 M3B paBHBI OHO BEeTMYMHE.
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PEMM30B u np.

Ta6mmua 3. CpenHeB3BellleHHBIE BbIXOAHI (7Y, p)-peakluii Ha siape %Mo

CpenHeB3BellIeHHbII BBIX0O, MO
Peakuusa -
(oreprus TopNOsHOrO 5KCIIEPUMEHTAIbHbBINA TEOPETHHCCKHIt nof;r?gsﬁziglﬁg(;iizma
W3TydeHs) (TALYS1.96) Bo3Gyxkaenus TIIP [21])
%Mo(y, p)?>"Nb (20 MaB) 1.99 +0.06 0.034 -
%Mo(y, p)**Nb (20 MaB) 0.74 +0.03 0.037 -
%Mo(y, p)?>" *&Nb (20 MaB) 2.81£0.07 0.07 1.66
%Mo(y, p)?>"Nb (40 MaB) 2.75+0.14 0.11 -
%Mo(y, p)?>*Nb (40 MaB) 2.00 £0.17 0.20 -
%Mo(y, p)?>" *$Nb (40 MaB) 4.86 +0.22 0.31 2.97
%Mo(y, p)*>"Nb (55 MaB) 1.61 +0.12 0.10 -
%Mo(y, p)**Nb (55 MaB) 1.73 £0.30 0.21 -
%Mo(y, p)°>" *&Nb (55 MaB) 3.38 +0.32 0.31 2.78

Ta6mmua 4. CpenHeB3BelIEHHBIE BBIXOIHI (Y, p)-peakluii ¢ 00pa3oBaHUEM 96.97Nb

CpenHeB3BelIeHHBI BbIX0I, MO
Peakumst S TeopeTHYecKuil (ydeT
(aHEprusi TOPMO3HOTO U3JyYCHHU) SKCIIEPUMEHTAIbHBII P MOJYIPSIMOTO MeXaHM3Ma
(TALYS1.96)
Bo3oyxnenus I'IP [21])
9Mo(y, p)?*Nb (20 M3B) 1.7£0.2 0.05 0.43
9"Mo(y, p)°**Nb + %Mo(y, pn)*°Nb (55 MaB) 0.91 +0.02 0.22 -
%Mo(y, p)°’Nb (20 MaB) 1.4+0.2 0.01 0.74
%Mo(y, p)’’Nb (55 MaB) 3.02+0.06 0.16 1.76

paborte [21] OBIITO TIPEAITOJIOKEHO, YTO BBIXOI peaK-
. ?Mo(y, p)°""Nb paBeH CyMMe MaplualbHbBIX
BBIXOIOB CTATUCTUYECKUX U MOJIYIPSMbIX MEXaHU3-
MOB IIPOTEKAHU JaHHOM peakuuu. Hawm pesysbra-
TbI CBUIETEILCTBYIOT CKOPEE O TOM, UTO B spe “>Mo
POJIb U30CIIMHOBOIO pacllelIeHns He3ameTHa. Ha
UCCIIENOBAHHOM IMaIa30He SHEPTUil POTOHOB peak-
1L(MsI C UCITYCKAHMEM ITPOTOHA ITPOUCXOIUT YEPES CO-
CTaBHOE SIIPO U JOBOJILHO TOYHO OIMUCHLIBAETCH CTa-
TUCTUYECKUMHU 3aKOHAMM.

B Tabn. 4 mpuBeneHbl pe3yabTaThbl BBEIUMCICHUS
BLIXOJOB (DOTONPOTOHHBIX peaklMii Ha M30TOIe
%Mo. Boixon peakimu **Mo(y, p)?>” * ENb He siBisieT-
sl TIPSIMOiA CyMMOIA BBIXOIOB OCHOBHOTO M M30MEp-
HOTO COCTOSTHUIA siipa > Nb, a HOpMUPOBAH Ha IOPOT
peakuuu **Mo(y, p)**Nb.

IIpu sHeprusx ¢oroHoB Beimre 20 MsB smpa
95m, ENb MOryT 06pa30BbIBATHECH HE TOJILKO B PEAKLIMU
%Mo(Y, p), Ho u B peakumu *’Mo(Yy, pn). YauTbiBasi pas-
HUILLY TIPUPOIHOTO COEPXKaHUSI UB0TOTIOB-MUIIIEHEH 1
pasHuLy 3(PHEeKTUBHBIX TOTOKOB IS TIPOTEKAHUS pe-
aKIIMiA, MbI OLIEHMBAEM BbIXoI peakiu °’Mo(Y, pn) Ha

MN3BECTHUA PAH. CEPUA OPUINYECKAA

ypOBHe, He mipeBbImaioneM 10% ot BbIXoma peaKInu
%Mo(Y, p). DTOT BKJIaJl yIUTHIBAETCS B IOTPELTHOCTH

BBIXOIOB “°Mo(Y, p) MUl 3KCIIEPUMEHTOB Ha ITyYKax
¢doronoB 40 1 55 M»B.

st rpapnyHO 3Heprun GotoHoB 20 M»B u3o-
MepHoe oTHoueHue *>™ §Nb cocrasuio 2.6 + 0.1. B
pa6ote [19] oHo paBHo 1.4 £ 0.1. Tam xe MpoaeMOH-
CTPUPOBAHO, YTO U3OMEPHBIE OTHOIIEHUS, TTOTyIeH-
Hble pa3HbIMU JIAOOPATOPUSIMU, YAaCTO HE CoIlacy-
IOTCST MeXny coboii. [lamee B cTaTbe BUOHO, YTO Ha
sHeprusgx 22—24 M»sB nzomepHoe OTHOIIEHHE JI0-
cturaet MmakcumymMma (2.2 £ 0.2) u cnagaet. Mbl ornpe-
nem 3HadeHus 1.3 £ 0.1 aj1st rpaHUYHOM SHEePTUU
40 M>3B 1 0.9 =+ 0.2 — o1 55 M»B. Ilpu o6aygeHun
MOJIMOAeHAa TOPMO3HBIM CHEKTPOM C TPaHUYHOI
sHeprueii 67.7 M>B uszoMepHoe OTHOIIIEHIE COCTaB-
qset 1.08 £ 0.15 [12].

B Ta671. 5 moka3zaHbI pe3yJibTaThl BEIYMCICHUNA IJIS
peakuuii ¢ o6paszoBaHueM u30TonoB °Nb u *’Nb.
CpaBHUTENBHO BbICOKasi MOTPENIHOCTh OIpeAese-
HUS BBIXOJOB B OKCIIEPUMEHTE C ITyYKOM TOPMO3HO-
ro nanydeHus 20 MaB oOycioBieHa yCIIOBUSIMU 3a-
MUCU CIEKTPa 0OJyYeHHOW MUIIIEHU.

Ne 8
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Puc. 3. ®parMeHT crieKTpa MOJIUOICHOBOM MUTIIEHU, 06~
JIy4eHHOII TOPMO3HBIM CIIEKTPOM YCKOPUTEIISI BJIEKTPO-
HOB ¢ 3Heprueit 55 MaB.

I1pu sxeprum poronos 55 M»3B Bkitag peaximii
"Mo(y, p) u **Mo(y, pn) B BbIxon uzororna **Nb coro-
craBuM. I[looTOMy B KadecTBe siaep-MUIIEHER pac-
CMaTpUBAIOTCS 00a YKa3aHHBIX U30TONAa MOJIUOIeHa,
a 3a DHEPTeTUYCCKUI MOPOT IIPUHST HOPOT peaKIuu
"Mo(Y, p). Ha puc. 3 mokasaH CHeKTp Y-H3aydeHusT
00JIy4EHHOI'O TOPMO3HBIM Y-U3JlyyeHUueM 55 MaB mo-
IUOIeHa ¢ MMKAMU, XapaKTepHbIMU 14 gaep 2> °’Nb.
Jna ompeneneHnd BeIxoma nsotomna °"Nb ¢ goarnm
IIEPUOIOM ToJIypacrana ObLI 3alrcaH OTHAETbHBINA
CIIEKTD.

CpaBHeHUe CpeIHEeB3BEIICHHBIX BBIXOIOB
%Mo(y, p), ’Mo(y, p) u *Mo(y, p) ¢ pesyiabratamu
TALYS 1.96 neMOHCTpUpyeT 3HAYMTEIbHBIM BKJIAI
MOMYIPSIMBIX MEXaHU3MOB B UTOTOBBIN BhIXOH (hOTO-
MPOTOHHBIX peakuuii. Bkiaag cratucTmyeckux mpo-
LIECCOB OKa3bIBAeTCSI MHOTOKpaTHO MeHbIUM. Ha-
LIV PE3YJILTATHI CBUAETEILCTBYIOT O TOM, UTO IIPSIMOE
HWCIyCKaHWe MPOTOHA B pa3bl U Ha TOPSIAKU TIPEBbI-
IIaeT BEPOSITHOCTb BbLIETA MPOTOHA U3 COCTABHOTO
saapa yxe st MoinubaeHa ¢ Z = 42 (3a UCKII0YCHUEM
nsororna *?Mo).

TeopeTtuueckune pacueTbl BBIXOJOB peakIUii Ha
nsoronax Mo, npMHUMalOLI1e BO BHUMAHUE 110-
JIynpsiMoii MexaHu3M Bo30yxaeHust ['JIP, Huke aKc-
NepUMeHTAIbHBIX 3HaUeHMIi. Y aBTOpoB [21] Teope-
TUYECKUE pacyeThl HAXOAATCS B XOPOLIEM COIIacuu
C DKCIIEPUMEHTAJIbHBIMU pe3yiabTaTaMUu. BeposiTHO,
pa3HUlIa OOBSICHSIETCS HAUIMYUEM B CMOAEIUPOBAH-
HOM MMM CIleKTpe (POTOHOB ¢ 3Heprueit 19 MaB, ma-
TOM CBEPTKU U pa3indyHbIMU Bepcusimu TALYS.

B pabote [12] skcniepuMeHTAIbHBIE BBIXOIBI (PO~
TOIIPOTOHHBIX peaKIlvii Ha MOJIMOIeHe CpaBHMBAIOT -
cd ¢ TEOPETUYECKUMM, PACCUUTAHHBIMUA Ha OCHOBE
KM®P [24]. OTHOCUTENBbHOE CpeaHEKBAAPATUIECKOE
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OTKJIOHEHUE TEOPETUUECKUX BEJIUYUH OT SKCIIEPU-
MEHTAILHBIX cOCTaBWIO 65.5%. B HalleM ucciienoBa-
HUU aHAJIOTUYHAas BeJIM4MHa coctasuia 46.6%.

3AKJIFTOUEHHME

M3mepeHsbl cpeaHeB3BELLIEHHBIE BBIXOARI (Y, p)-pe-
aKIIMI Ha TIPUPOTHOM MOJIMOACHE MO ICHCTBIEM TOP-
MO3HBIX Y-KBaHTOB C TpaHUYHbIMU sHeprusimu 20, 40 u
55 MsB. IIpoBeneHo cpaBHEHUE TIOJTYIEHHBIX PE3yihb-
TaTOB C TEOPETUYECKMMU, OCHOBAHHBIMU Ha KOJLJIEK-
TUBHOM MOIEIU SIApa W TOJYIIPSIMOM MEXaHU3ME
Bo30yxneHus I'J1P. [lokazaHo, 4To (hOTOIIPOTOHHBIE
peakuuy Ha u3orore >Mo IMpOoUCXOIAT MPENMYyILE-
CTBEHHO IIO0 CTaTMCTMYECKMM 3aKOHaM, a B ciiydae
n30TOMO0B Mo NOMUHUPYET MOJIYNpPSIMOil Mexa-
HU3M BO3OYKIEHMUS s1Ipa.
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Photoproton reactions on molybdenum
P. D. Remizov* *, M. V. Zheltonozhskaya®, A. P. Chernyaev“, S. A. Zolotov*, V. N. Yatsenko’

4 Lomonosov Moscow State University, Moscow, 119991 Russia

b Russian State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency,
Moscow, 123098 Russia

*e-mail: pd.remizov@physics.msu.ru

The yields of (y, p)-reactions for bremsstrahlung y-quanta with boundary energies of 20, 40, and 55 MeV
on a natural mixture of molybdenum isotopes targets were measured as well as the activity of the resulting
9lm, 95mg, 96, 9TNb isotopes. The weighted average yields of these isotopes formed in (y, p)-reactions on
molybdenum were measured for the first time. The experimental values were compared with the theo-
retical yields calculated using the TALYS1.96 program code and the method of the consideration of the gi-

ant dipole resonance isospin splitting.
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