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ATOMHAA U AAEHHAA ®U3NUKA

VIIK 539.172.3

KOHKYHEHIIUS HEMTHOHHOTI'O 1 HHOTOHHOT'O KAHAJIOB
B HEAKLIUAX ®OTOHACIHEHJIEHUS ATOMHBIX AJAEH

C. C. bopoauna, b. C. Mmxanos, B. . Mokees, C. . b aBiioB

(HHHAD)

IlpeacrasieHa Moje/lh ONHCAHHS OTHOIICHHI HHTerpajibHBIX cedennii (v, Xn)- u (v, p)-peakunuii
Ha sapax ¢ 10 < A < 150. IlpemanaraeMplii MeTo/l 0cHOBAH Ha (heHOMEHOJIOrHYECKOH NAapaMeTpu3anum
OCHOBHBIX MeXAaHH3MOB (DOPMHUPOBAHMS H PACHa/ia THIAHTCKOTO JUNOJIBHOrO Pe30HAHCA ¢ HCNOJb30BAHUEM
Beeil COBOKYNHOCTH OJKCHepuMeHTaIbHoif HEdopManuu B oOmacru smepruit 10 < E., < 30 MbB.
OTHOMIEHHSI YKCIEPUMEHTAILHO H3MEPEHHBIX HHTerpaibHbIX cedennii (v, Xn)- u (v, p)-peaxnuii
BOCHPOU3BOANTCH B Hpefelax TouHocrn msmepenusi (~ 30%).

B obnactu sHepruii BO3OYXKICHHS THTAaHTCKOTO
nunonsHoro pesonHanca (I'J1H) ocHOBHEIMH KaHanda-
MU QoropaciierieHus aaep apasmorca (y,n)-, (v,p)-
u (v,2n)-peakiu [1, 2]. POoTOHEUTPOHHBIH KaHAM
(v, Xn) paBen cymme (y,n)- 4 (vy,2n)-KaHalIoB.

B mpeamaraeMoM MOAECTEHOM ONHCAHWW OTHOIICHUH
UHTErpajbHBIX ceueHUd (y, Xn)- u (v, p)-peakuuil Ha
CaMOCOTIpSLKeHHBIX sApax (N = Z = A/2) nponecc do-
TOPACIICIUICHUS PacCMaTPUBACTCA KaK BO30YXKJEcHUE H
MOCTIEMYIOIUN pacian oaHOTO 3PPEKTUBHOTO TUATIONE-
HOI'O ypOBHS ¢ H30cnuHOM Ty + 1, rae T, — W30CIUH
OCHOBHOT'O COCTOSTHUS sipa-MuiieHr. HHeprus aroro co-
CTOSIHMS COBIIQJIAET C 3Heprued neHrpa rtsokecrn ['H
E,,, KoTopas XOpoIIo anmpoKCUMHAPYETCS COOTHOITICHH-
eM [3]

E,,=31,24"31420,647Y/% (MsB), (1)
rae A — MaccoBoe YHCIIO SpA.

OcCHOBHBIM (DaKTOPOM, OTPEACTSIONIAM KOHKYPEH-
0 (POTOHEHTPOHHOTO U (POTOMPOTOHHOTO KAaHAJIOB
Ha CaMOCOIIPSKCHHBIX S7pax, SIBJISIETCS OTHOIIeHUE (a-
30BBIX OOBEMOB, 3aBHCAIlee OT MOPOroB (y,n)- H
(7, p) -peaximii 1 monoxeHus 3peKTUBHOrO TUMOIBHO-
ro ypoHsa E,, .

Poropacierienue aaep ¢ N # Z paccMaTpuBaercst
KaK BO30YKIeHUE U TOCIENYIONAN pacaj AByX pdek-
THUBHBLIX JTUIOJBHEIX YpoBHeH ¢ uzocnuamu T =T u
T, =Ty + 1. Hru ypoBHH pa3HECEHBI IO SHEPIUHU HA
BEJIMUHHY M30CTTHHOBOTO pacierieHus AFE;, u pacro-
JIOKEHBI CHMMETPUIHO OTHOCHTETRHO SHEPTHHU ICHTPA
TSDKeCTH E,, . Bemnunubsl A E;, U ceucHUS BO30OYKIACHUS
cocTosiHul ¢ n3ocnuHamu T u T (0. H o ) olpene-
JISIFOTCA COOTHOIIEHHUSAMU [4, 5]

AE;, = %(T0 +1) (MsB),

os 1 1—1,5TyA2/3

o To 1+15A4-2/3"

NZ

Hpu doropacmenienun simep ¢ SMUACCHER TPOTOHOB
3aCEJIEHUE COCTOSIHUH SMIpA-IPOAYKTa MPOUCXOAUT UEPE3
BO30YXKACHHUC U MOCICAYIONMHNNA pacnaja COCTOSHUN ¢ U30-
ciuHoM T u T~ , B TO BpeMd Kak npu ¢GoTopaciieruie-
HUM SAEP C SIMHCCHEH HEWTPOHOB pacHajl COCTOSHHM C
H30CIIHHOM 7. Ha OCHOBHOE COCTOSIHHE SIPA-TIPOAYKTA
3ampellicH MpaBuiIaMu oTbopa Mo uzocnuHy. Hostomy
3AMHUCCHS HEUTPOHA U3 3TOTO COCTOSIHHSA MOJKET IPOHC-
XOJIUTh TOJBKO Ha BO3OYKICHHOEC COCTOSIHUE SIpa-IpO-
TyKTa, UMEIOIIETo U30CiH T -+ 1/, 9HEpPrUI0 KOTOPOTo
MO>KHO OIIEHUTH [6] H3 COOTHOIIEHUS

AE=W(N,Z)-W(N+1,Z-1)+

3
+1,44(Z — Y/))A71/3 — 1,13 (M>B), ®)
rae W(N,Z) — »Heprus cBsi3U sApa-IpoOAyKTa, 3ace-
JITeMOTOo B (QOTOHEUTPOHHOM KaHAJE U cofiepkariero N
HEWTPOHOB H Z NPOTOHOB.

Hpennonaraercs, 9To sMHCCHS ABYX HEHTPOHOB SIBJIS-
ercd KacKaJHBIM IporieccoM. HoaToMy mosiHas MuprUHa
pacnaja JTHNONBHOrO ypoBHA ', ABISIOMIASICA CyMMOM
MIAPUH BCEX OTKPBITHIX MAPIUAILHBEIX KAHAJIOB, MOXCT
OBITH MPEACTABICHA CYMMOH IAPUH YMUCCHH MPOTOHA
U HEUTpOHA:

I =T%"4T? (N=2),

[ :P§”+Pg (N # Z),

rae T', '™ u TP — nonHas ¥ NaplUaIbHbIE ITHPUHBL
pacnagoB cocrosiHuid I'IH ¢ aMuccned HeWTpoHa WIN
npotoHa. MHACKCH «<» M «>» COOTBETCTBYIOT COCTO-
SHUSIM ¢ u3ocnuHamu T u T .

B pamkax chopMyIHpOBaHHEIX MPEAIOTOKSHIA OT-
HOITICHHS. MHTETPATBHBIX CEUSHHM (OTOHEUTPOHHOTO H
($OTONPOTOHHOTO KaHANOB iyt (7Y, Xn)/oint(7y, p) onpe-
JIENIOTCS CASAYIONTUM 00pa3oM:

Uint(’Y’X’n‘) — FXn (N — Z)

Oint (7a p) re
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FXn

Xn
I‘< >
r{m+ 1%

NESES T

Uint(’)/aXn) — |: + oy

Oint (7a p)

T -1
< >
X |:U<I‘Xn_|_]:‘p +U>I‘X”—|—I‘p:| (N#Z)

Hpu onucanum mMmpuH pacnaaoB I‘)>( " T% yuursl-
2 &

Batorcs 3¢G¢eKTE TPOXOXKACHUS Uepe3 TeHTPOOCKHBIH
U KyJOHOBCKHI Oapbephl, IIOTHOCTEL 3aCCNSCMEBIX CO-
CTOSIHUN SI7ICP-OPOYKTOB, & TAKXKE HU30CHUHOBAS CHM-
MCTPUSL

an,p = O / > aB""(¢R)p(E) dE x
l
X <TﬁnMﬁn 1/2 Min|T’inMin>a

rie B;"’(¢gR) — NpOHMI[AEMOCTb MOTEHIHATLHOTO
bapbepa ¢ paauycoM KaHama R i HeWTpoHa (Tpo-
TOHA), BBUJICTAOMETO ¢ UMIYIBCOM g W OpOUTATBLHBIM
MomeHTOM [. Hasmyc kaHaga R onpeensiercss COOTHO-
menueM R = Ry—R,, = (1,18 41/3-0,48)—0,5 (pepmm),
e Ry — paauyc aapa, OMpeNieNeHHBIH B JKCIepH-
MEHTaxX MO PACCeTHUIO DNIEKTPOHOB ¢ (HepMU-TIIOTHO-
CTBIO paclipe/ie]ieHHus 3apsna, R, — CpelHHil paauyc
HykiaoHa [7], p(E) — IIOTHOCTH 3acelseMbIX YpOB-
Hell KOHEUHOTO sifipa, OmpesieNigeMas B MOAETH dep-

B 35-
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MH-Ta3a. MHTerpupoBanye MPOBOJMTCS MO BCEM KHMHE-
MATHYECKH DPa3pELICHHBIM JHEPTUSAM BO3OYXKICHUS SI-
pa-npoxaykra. Hpeamonaraercs, Yro 3HEPrUsl COCTOSHUS
Apa-TIPOAYKTA, 3aCeIsIeMOro B GOTOHEHTPOHHOM KaHa-
ne ¢ usocuaoM To + Yo, pasna AE (3). Koaddurm-
etsl Cy"’ OIpenensior BepoSTHOCTH BBLIETa HYKIIO-
Ha C MMIIYJILCOM ¢ TIPH PACHA/E 3aCENsIEMOrO COCTOS-
nus. Benencreie M30TONMAYECKOM MHBAPUAHTHOCTH OHH
OJIMHAKOBHI /I MPOTOHA M HedrpoHa. Kosdduimen-
TBl ; ONPEAETSIOT JOII0 HyKJIOHOB, BBIIETAIOIUX H3
JHIIONLHOTO COCTOSIHUS ¢ OpOUTAILHBIM MOMEHTOM .
HpoBeeHHbIE pacueThl MOKA3aJI1, YTO JOMUHHPYIOIITIA
BKJIAJ B IIMPHHBL I‘gn BHOCUT SMHCCHSl HYKIIOHOB C

MUHHMAJIEHEIM OpOHUTATLHEIM MOMEHTOM [, UTO JEIAET
OTHOIIEHHUS 0Oint(7y, Xn)/oint(y,p) cnabo 3aBUCAIMMU
oT BEI6Opa KOH(HUTYPAITMOHHOM CTPYKTYPHI UITOILHOTO
cocrosmus, KoahUIMeHTE o ONEHHBAINCH B IPENIIO-
JIOKEHHH PABHOMEPHOTO CMEIIMBAHMS BCEX ONHOUACTHY-
HBIX KOH(HUTYpalui, BHOCSIIUX BKIaT B (POPMUPOBAHUE
JIMITONLHBIX BO30YXKICHUH.

HszocriiHOBasT  CHMMETpHSL  YUUTBIBAETCS — H30-
cnuHOBEIME  koaddummentamu  Kiebma-Topiana
<TﬁnMﬁn 1/2 Min|1—1inMin>a rae T1in u Min — H30CTINH
U TIPOCKINS HAYAIBHOTO COCTOSIHHS SITpa-MHITEHH,
Yo u M, — W30CIHH U TPOCKITHS U30CIHHA HYKIIOHA,

14 16 18 24 26 28 31

C O O MgMg Si P 8 S8 Ar Ca

32 34 40 40 51

T L

52 54 58 59 60 89 90 92 93 98 107 142
Fe Ni Co Ni Y Zr Mo Nb Mo Ag Nd
A

V Cr

OTHOUICHUS Ting (Y, X 1)/ 0int (Y, p): PE3YIBTATH PACIETOB NPH BBIMUCICHHEIX 1O (Gopmyie (1) (MepHBIE KPYKKH) H IPH
IKCIICPUMEHTAIIEHO ONPEIEIEHHBIX (CBETIIBIE) IOIOKEHHUSIX ILeHTpoB Tsbkectn [P E,,; 3BE3MOYKM — OIPEICICHHBIC
M3 IKCIEPHUMEHTA OTHOIICHHS

12 BMY, ¢usnka, acrporomus, Ne 4
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Tﬁn u Mﬁn -
COCTOSIHUSL.

B paMkax oONUCAHHOU BEIINIC MOJICIA  BBIMOJ-
HCHEI pacueThl OTHOIICHUH HUHTETPAIbHBIX — Ceuc-
HUN (HOTOHEUTPOHHOTO M (HOTOMPOTOHHOTO KAHAJIOB
Oint (7, X1)/0int(y, p) AT sAEP ¢ MACCOBBIMHU YUCTAMU
10 < A < 150. B pacyer BKIIOUYEHBI BCE H30TOIIHI,
PACIIONOKCHHEIC B YKAa3aHHOM MHTEPBAJIC MacCCOBBIX
YUCEN, A KOTOPBIX HUMEIOTCS JKCICPUMECHTAILHEIC
JTAHHBIC 110 UHTETPATBLHBIM CCUCHUSIM COOTBETCTBYIOIIHAX
peakmuii 1, 2].

Kak crenyer W3 JaHHBIX, MPHUBEACHHBEIX HA PUCYH-
Ke, U1 OONBITUHCTBA SIEP PACCUUTAHHBIC OTHOIICHUS
oint (7, Xn)/oint(7y, p) coraacyrores B mpeaenax 30% c
OTHONICHUSIMHU JKCICPUMCHTANBHBIX CCUCHUI, UYTO COOT-
BCTCTBYET TOUYHOCTHU UX U3MEPCHHUM, B TO BPeMsI KAK CaMH
3HAYCHUSI ITUX OTHOIICHUHN pa3ziuyaioTcs Ha MOPSI0K
BEIUYUHBL, OTKJIOHCHUSI OKa3BIBAIOTCA HAHOOILITUMH
JIIS HEKOTOpBIX siaep ¢ A < 40. Hro c¢Bsi3aHO C TeM,
uTOo TpHW 3Heprusx Beimie 30 MaB ceuenme doropac-
MIETUICHUS 3TUX S7Ep CII¢ 3HAUUTCABHO Beauko. Hror
adpexT 00yCIOBIEH KOHPHUTYPATTMOHHEIM PaCIeTICHH-
eM I'’/1IH— mepexonamMu HyKJIOHOB U3 IyOOKOH p-000-
JouKkd. HKcriepuMeHTaIbHEIC CCUCHUS MapIUaIbHBIX Ka-
HaJIOB (OTOPACIIEIUICHUS B OCHOBHOM TIOJIYYEHBI TS
sHepruu Huxe 30 MaB, mo3ToMy CyIIecTBYIOT TONOIHU-
TCIALHBIC HCOMPEACACHHOCTH B M3MEPCHHBIX BEIUUMHAX
WHTETPATBHBIX CeUeHUN (POTOHEHTPOHHEIX U (POTOIPO-
TOHHBIX peakiuid Ha sgapax ¢ A < 40.

Heuio uccienoBaHo BAMSIHUC BBEIOOpA TMOJOXKCHUS
aHeprud nieHrpa tsokectu A FE,, Ha orHOIEHWE ce-
qeHUuH o (y, Xn)/oint(7y, p). A1 3T0r0 OBLIN BHIION-
HCHEI PACUCTHI 3TUX OTHOIICHUH KaK MPH PACCUATAHHBIX
o ¢opmyre (1), Tak U MPH IKCIEPUMEHTAITLHO OTIpeTie-
JIEHHBIX TMOJIOKeHUIX MeHTpoB Tsokectu I'JIH E,,, (coot-
BECTCTBCHHO UCPHEIC H CBETIBIC KPYXKKHU Ha pucyHKe). Co-
[JIACUE MEXK/TY PACCUUTAHHBIMHU U HKCIICPUMEHTAIBLHBIMA
OTHOIIECHUSIMU CeUeHUH oipni(y, X n)/0int(y, p) yayuma-
CTCSl IPU UCTIOJB30BAHUN U3MCPSHHOTO 3HAUCHUS IHEP-
rud neHrpa Tsokecra TAH

Anssaep ¢ N = Z OTHOWIEHHUE Oint (Y, X 1) /0int(Y, P)
VMCHBIIIAETCSL ¢ POCTOM MaccoBoro umcia A or 1
ot 10 go 0,2 g 9Ca. Hro cBS3aHO ¢ TeM, 4TO
aHeprus IlieHTpa Tspkectu I'JIH atux sdmep MeHsercs
HE3HAYUTENBHO, B TO BpeMsl Kak MOPOru (7, p)-peakimit
CHUJILHO YMEHBIIAIOTCS, YTO U MPUBOIUT K BO3PACTAHUIO
ceueHUH (vy, p)-peaKiiuid.

OTHOIIEHHS MHTErpaibHbIX ceueHUd (y,Xn) u
(v,p)-peakumii Ha sgpax 4C, ¥0 u *Mg (N # Z)
B HCCKOJBKO pa3 MPEBHIIIAIOT 3T OTHONICHUS HA SApax
¢ N=2 (10 u ?*Mg), uro obycnoBneHo ’Heprucii

HU30CIIMH W MPOCKIHA 3aCCISICMOro

cuMmerpud. [ saaep ¢ HeHTpoHHBIM H30BITKOM (14 C,
180 u ?°Mg) xapakrepHBl BBICOKHE MOPOTH (v,p)- H
HM3KUE MOporu (vy,n)-peakimif, B TO BpeMs Kak A
anep ¢ N = Z noporu (v, p)-peakuuil HUXe MOPOroB
(v, n)-peakuuil. Ha sapax ¢ A < 40 moporossle 3¢-
thexTEI 1 0OYCTOBICHHBIC MU pa3TUus (pa3oBBIx 00be-
MOB JIJI51 HOHTPOHHBIX U IPOTOHHBIX PACHA/IOB SIBJISIOTCS
OCHOBHEIMH (pakTOpamMu, ONMpPEACTSIONIMA KOHKYPEH-
0 QOTOHESHTPOHHOTO W (POTOMPOTOHHOTO KAaHAJOB.
Ha sapax ¢ A > 40 xoHKypeHITHA (POTOHSHTPOHHOTO
1 (OTOMPOTOHHOTO KAHAIOB B OCHOBHOM OIIPE/IEISET-
¢Sl M30CTIMHOBEIMU 3¢dekTamMu. HMUCCHS HEUTPOHOB U3
COCTOSIHUH ¢ U30CTHHOM T, /IS 3THX S/Iep OKa3bIBaeTCA
MOJABICHHON BCIC/ACTBUC OONBINON BEIUYUHEBL SHEPTUA
AFE, onpeaengeMoii BepaxkeHueM (3). Hro obcrositens-
CTBO B COUYCTAHUH C BBICOKHUM KYJOHOBCKUM OaphbepoM
JUISL DMUCCUU MIPOTOHOB MPHUBOUT K JOMUHHUPYIOMICMY
BKJIQJly HEATPOHHON 3MHUCCHU W3 COCTOSHHUHN C H30CIU-
HOM T :
rir=0, II">T%.

W3 HepaBeHCTB BUAHO, YTO (OTONPOTOHHAS De-
aKIUSl TPOTEKAeT MPEUMYIIECTBEHHO dYepe3 BO30YXK-
JEHHE COCTOSHMH ¢ u3ocnuHOM 75, a ¢oTOHeHT-
ponnasg — ¢ uzocnuHoM 7. HosTOMy OTHOIICHHUSA
Oint (7, Xn)/0int(7y, p) OKa3bIBAIOTCS PABHBIMU OTHOLIIE-
HUSM 0~ /0. (2) U Malo 3aBHUCAT OT APYTUX IapaMer-
poB Mojienu. TakuMm oO6pa3oM, 3aBUCUMOCTh OTHOIIICHUH
Oint (7, Xn)/oint(y,p) OT MaccoBoro umucia A Ha H30-
Tonax ¢ A > 60 00yCloBIcHa U3MCHEHUEM H3ocnuHa Ty
W MOXKET OBITH UCNOIB30BAHA /IS OIPeCTIeHNS CEUeHHI
B0o30yxaeHHs cocrosHuil I'/1H ¢ n3ocnunamu T u T
W3 YCITOBUA HAWIYUIIEro BOCIIPON3BEACHNI H3MEPEHHBIX
OTHOWEHUH oyt (y, X 1)/ oint(Y,P) -
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