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A simple model .is proposed. which allowes to describe l 

interaction of photons with nuclei in the energy reg.ion 
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The cross-sect.ions of the p.ionless photoabsorbl.ion en 
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liwjuwmjn.q bp~-1402( 13) -oc-

Uf1~mljjl iJ.11w wnwbg 111Jmbjl :Pnumlj1wbliwl1 ljmptj_Wbp[! 

l;btpqwbl.1ljl ntqnbwbuw1j>b mjl1un1i;tnul 

<{.<{wpqwu1wb, U.fi%npcuwu 

Un"""Jm!1t(wb t 111mpq umitpip[! hbwpwt(npnqtJntli t mw(}lu bljtapm­

qpt1 ... UUlllUbtpfl lflnju111qqtgn1i;>Jlllb[! Ufl2mqblipfl hlitn 200 Ub"\:S Er 500 Ob'{ 

l;blipqjtwblipfl UlltJlDlJf>DtU: 

<.w2qwb lib mwpplip Uti2n11jbtpjt tlpw1 wnwbg 111flnbjt ~mnlamlnlwli 

ljmpt(wgpblip[!. b 9DlJ9 t mpqwb pqwq_flqliJtnDbwJjl b qnqqtpfl lpiqU!tg 

111Jtnbbtplt tiiwbuwb ljw11bnpnqtJDlU[! : <.tmwqnmt1.t1 t l.hJtll2tpfl f>tll.i11fl 

ljwjumu[! Uti2mljjl qwbqtj_wbw1jlh f>tl.'19 b ~mnbjl l;blipqjlwJjlg: 

bpbwbjl ~jlqjtltm1'1 jl~jlmnun 

bpbwb 1993 

B33W>IO.Uffil:CTEHe (flcTOHOil c fl,DJXlMV. E 0::5.JiacTv. ~e3C•H1Hcm•x 

3Hepnm ll!HT8HCll!BHO Vl3Y'WJ!0Cb K3K '.)KCIT8pV!M8HT'-J.%l!C. 
T"~K ~ 

reopeTwiecKVI.. Ocol'5eHHO MHCJI"O p=:i6oT ITOHBVl..llOCb ;:; ff)c.qe1l.Hee 

.uecITTVI.JI8TVl8 6Jiaro.u.:ipn HOBblM 3KC'18pV!M8HTaM. 
Bb!TIQ,'!H8HHblM Wl 

ycKopJITeJie B 5oHH8 [ 1 '2) 11. Ha E'[:E'B3HCKDM CHHXpoTpmie '· :_>) - Y!BTet.ec 

K 3T1"lil rrpcn1ece:ill' o6yr::· ' "-;JJ8H TE'M, 
1n 01!~ I1(J3b -~r.}{JT iT,.;. ... 1ly11.~'TI: 

IDf¢0pwnJ;11JO KaK r. CTPYKTn"B H.uep. 

pe30H3HCDB B fl,U8pHO~ MaTepVlll!. 

T-3K II! 0 r:un(•lJE'tllli-1 Hy!-t.1C•HH'..X 

0)1.llll!M 1113 H311!6r)JI88 mrrep:3CHblX BODpOCOB 1,PV13Jo!JOI Hl\fl::l J-lB.,".?.8''. ::f; 

11!CCJI9,UOB3H11!8 KOpOTKO.U8~CTBY!OlllY'.X KOppe.nRUJ-ffi l:l l1Jll-'1X. Cpe ll!l!~H 

:rnepnm CBR3l'! M8l¥.Jl..Y HYK J!Ol:JaMll! H9BEUIID\.3. !.ilJ.H.'.:JKO l!\3 3'J fll(': ~u 

,UBl1lK8Hl'!ll HYKJIOHhl MOT',YT H.1xr :ll;l-frbCH · Jipyr <HHC•C'V!TE".F-'1 JI't y '. -. 

JI0CT3TO'l:HO M.'l.lJblX paccTn?.HV.RX ( l •l M ,->6!-J'13YH \'~'H:.Hl·,._'.BH3'::Hi2~:~· 

(;ll!CT8Mbl. TipWllepoM T'1KLiJi! KOp~"R .. ~Rll;lrn rs c.w•;-_in JlRYX p_y;i:," 'i 

RBJlfliOTCll ll!3BeCTmle yir.e MHOPJ .~eT KB:-]~~;.u;.ewq:.1t:i-iEblE' ._rjf,:1~·n>'Ji:h' . 

H33b!B38Mb19 napaMV. .~eBv.HJ])Kep::i. q_v.C' .. ~(J T<JK;.!X n-~}-i h .A lIJR 
· .. ;:1iei:e.::i.r.c··: ,.~;. 

K3K t-id ~ :.~-- L. 
RJ'~ ,:1 , '11 .1! ·:· 

rne .:.;.;.;:· ... . 1, M·~.i(·c;1.:b1..:P '!~{.'..qi·. 

.1!8BWUW.E'p3 , , -.np:>.ne ;;,,o,.,;,,ll' bC iJ•J}\'l'HUC- lb Kb-:::n··.;~PX l'~:C1~i~ 1 
"/ 

KOH¢WYP31Iml B .rvrnH C•M H.l!fX' . Y-=m6iJ.18P TifJRMblM C:'.i ,:_·1,ci ~·!'! ' [i~(' ;:c.;,c!'Z)l 

L RBJlfliOTCR 3KCil8pV!MeHTbl no Bbi.l!E"TY 6blC":'PblX HY!L~DHOB l!\3 R.UE"P ; ,, JI 

,Uel'\CTBV.8M rtJOTOHOB c :rnepnrnMV. HV.:¥.8 m,t-:iCPl oci~ ·1:Y1B3Hl-Ul ;D'i(:l![JB. t_: 

pocTOM 3Hepnrn B03HID<310T HOBb!P M8X3HV.3Mbl ~lOT<,;·ur·.nomeHll!H . K<!T' L'h!P 

cymecTB8HHO B.}[ll!HIOT H3 5('.1Wn'.:-!Y 'iV.Ce .. 1 )PF<vm:-;;:r·;:r3. V.33.18K18Mb1X '1.3 

3KC!1epm.ieHT1.%HblX .U3HHbiX' 

B H3CT0Hlll8Ji! j.J-'.lOC'TE' HJ n~-~MC>I£> 11~:,J::f':·crrn 68C:ITll!CHH -· : ·;o 

cpoTDITOr.nomeHV.R ffJK".J3.'lH0. '!T 
n ~-(~3· -H:--iH::.·u· ... ~~ ··:cs .. 1·:j'·:~1.1 :3Her: z.v. 

¢oTOHOB C8'l8Hll!.fl (.lffilCblB3iOTCR f!fJt.2·: biMV. S!-l·"! ,,.,.,_.,.._,(>f•;q:1,z .:·· [:MY""!\';-'' 
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~ n· ~hC .. rFl£ 11J..W~V. b !\'3~K::1...·~~ 

·~ t .I.~ i "/ p, ~c::r.J,B<Y~b rrro!l!cxonHW,VIe 

:i} ··1lK' ~ .. :~},,. 

f"-l''!'W•T~.W,Yi r:j:•i'i.;E" " '-' Bb!.JiE'' '·l DbitTpblX qy,rU!OHOb V13 H,:i:pa TIO,U 

,._:,pz ~· ,...t -,/f'M ~ti "Tr.<1r.1 B ... ;llt\ ... l 'Yl.hMt-1 E' 
;-

"'·"' tbe 6e3 pow..neHVIH 

r:".t. L• Hf1B B KCne rn r ·M ('.(JCF'HHID'!. Cor ·~31'1B'lHV1(' 6blCTPblX HYK.JIOHOB B 3TOV! 

6.~ ,· ~.1. 3HE"fT£.t."' rrc /.~X r)IDIT ::' - C'<eT llJlYX M8X>lHVl::'·MOB. B nepBOM 

~px -·.t1 ,ti ~-~f r · :-iC"X •. fu'~ n~ r Jjil!eHllle 'l!· , r _,w'' K. ~11 E>JJv.ron~rnttoi:i rrnpol'l 

PV b ( MeX''lrtW3M .r.eoilll.:W.8p-3 ) , 111 BK.1.11' c. : Hero B C8'18Hl18 

:e ·c -1 rA M { MOl!IHG 3.'Jffi!C3Tb B mu;,e: 

,,: N ( l 
L 

B 3TOM Bblp3lll8l!V'Jll ocTb CE"l8Hlile npouec:c'l rd ~ pn l 4J. 

r~ M3CCQR,_•e •rnc.:'!O, L •1;1c)IO J'.emm;:i~w::1f:<J, rrr.:e.neJIB1011J.ee 

' T. Tlr.'l\1:8 BOJIHDBbiX rpyHKUID\ KBS3lll,lLE'lli.TpOH3 B H.upe 111 .ll8l'rTpoHa . ~lTOT 

f't8X'Hilil3M RB..~HeTCH J(OMlilH:lilpY!Olll.l1M P.fVI 3HeprlilHX HV!llle nopor::i pow..neHlilH 

~M•lH~E. c poCTOM 3Hel.)rlillil BK.JI8.U B o6p330B3HVIE'! db!CTpblX HYK.,~OHOB 

:l:J'!if.}l3!0T ,ll3B3Tb npnuecCbl QJOTOpOlK,!1,e HJ.if! !1lilOHOB B H.npe c TIOCJle.llYlOUl.l'!M 

VIX ~8XB3TOM KB33'1il181HpDRH011 napoi:i. 

BK.'!3.U 1TDrO K3H3Jl.'l B ce·~eH:vle poCCM3TPlllB·'18MOIO npouecca MOlHHO 

rq:m6JIWHeRHO npe.ncTaBITTb B Bl1,lle .IU3YX cJJaraeMhlX 

r e~ 
< 

I _,.ti.nt{ -c• = O' \. 
n 

b 1'. r N ..... !"'N ' C' ,, ' 

" 

C ;- N ~'nN ) npe.llCT3B..~HlOT C'1Cl 

"2) 
rr 1' 

[ A - ~l ( C, _ A { l' .""1 )] t'l 
n .J n 

[A N ( ) 
A t f~) )] ( 4) 
1l J 

CO'!OHIMI !!Jr.·Tl ,1u:r.nemrn rrn:OHOB Ha 

HY!C.,'!OH3X co cpe,D:HeH KlilH9TW-!N'KO ,,ueprooR 
1 ( Tb) B nepe,D:H1010 
Tl " 

4 

-oTt l 1 , 
•...l '"' n> i i ·1Jo!B38Mbl0 (·' ,.,. J-< "' ) :1 "'S ·1lif · 1- v <Y 

<itl¢eKTlilBHbl8 HYKJ!OHHble '!~CJ13' a TC b. f p c b, z) rl::- 8 CTb npoeRUlllH 

O,D:HO'l.3CTH'l:HO'il: H,D:epHO:A. TLJIOTHOCTl1 Ha 
N 

A d 
O' = ---

71d 

LZN 
0 =-- O' • 

11d A" 11d 
nap aMeTpa 

ITJlOCKGCTb 

r.D;e N = 
d 

npM:UeJibHoro 

LZN 
0CTb --A-

s!W>eRTIIBHOe 'IBCJIO KB331tl';l;6iITpOHOB B H,I\pe' O' 11 - ce'l.E'lilre rrouecca 

nd ~ 2 N [ 6J , B KOTOpOM npH 3a.D;aHHO'il: 3Hepnm ¢• TOHa Er TlpOBO.D;>U OCb 

ycpe,D:HeHl"-e no I<lt!:H0TH'l:0CKO'il: SHe pnm TTl Illt!:OHa. 

B ITTore ce'l.emre MCKOMoro npouecca npe.D;cTaBJlf!eT co6oa cyMMY 

TpeX CJI<ffae MbJX 

yA 
0

abs 
r b 

=a +a +a 
L 11 Tl 

( 6 ) 

KalK,ll;oe J/l3 KOTOpblX l!MeeT HarJIH.D;Hhl'il: ¢w.3~ecima. CMblCJl H JieIXO 

Bbl'l.MCJI.HSTCH .IJ,7lil 33.D;3HHO'il: .R.D;0pHO'il: TLJIOTHOCTH. 

Ha pHc. I nplIB0,neHh1 pe3yJibTaTb1 pac'l.eToB ce-qemrn oecIIlt!:oHHoro 

¢OT OTIOrJiom.emrn .IJ.)IR pa3.Jllf<lHbJX H.D;ep B pe30H3HCHO'il: OClJiaC'I'H 3HepT'lt!:'il: . 

3Kcnep:1™0HT3JibHbl0 .D;3HHhl0 Ilpe.D;CTaBJIRIOT coClo'il: pa3HOCTh IlOJIHblX 

ce'l.e!llia ¢oT onor Jiolll,eRIDl r 1 J H noJIHbJX ce-qem!:i ¢oTopolK.D;emrn Illt!:OHOB 

(2). 

Ce'ieHlrn ¢oTopo>K,nemrn Illt!:OHOB Ha HYKJIOH3X O'f<b> = c rN .. nN 

J/l3BJISKaJIHCh J/l3 KOMIIKJlRll;lm .D;aHHblX. IIplffi0.D;eHHblX B paC5oTe [ 6 l . Ilp i 

STOM Y'fiITbJB3JICH np:immm Ilay.JIH (wrrerpHpOBGlHHe no nepe.naHHOMY 

HMIJ.Y.!IbCY npoBO.D;lU!Ob B oC5JiacTH nepe.D;aHHblx HYKJIOHY HMIIY.!IbCOB 

t. > 0,04 ( r::.B )2) . 
0 c 

31WleKTIIBHhle HYKJIOHHble 'iHCJia Bbl'iHCJIRJIHCb c HCilOJlh30B3HHSM 

¢epMHBBCKO'il: IUOTHOCTH, napaMeTPbl KOTOpO'il: onpe,neJiemr B pa6oTe (7) 

Ha pHc.I nplIB0.D;eHh1 OT.D;ElJlhHh10 BKJr3.IJ,bl ( KpHBble I H 2 ) IIpRMOro 

(BblpalKSllliB (I)) H ,IU3yxCTyneH'l:aToro (BhlpalKSHIDl (2 )-(5)) npoueccoB . 

ifx OTHOCHTeJlhHhl'il: BKJI3.D; B CJMMapHOO ce'ielrn:e (KpHBaH 3) 3aBHCHT Re 
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0.L,v!dC', bE-'!!Jb!M <.:B06lJ.l.(HhlM :ldt'.-dMS 

"l1'1cJI.:J J'.eBHH.n;wpa Ko·ropoe 

~· " 

K"lK fllllJtW 

,L.; ... 'l..1- J. ....... ..J.ou.)lf!F:f "-

'>h•l<- ,l'V.lHHb!E: • ;;pit! JTOM 

JM B pacqA'• lX FBJ!.PSTCfl 3H<.l'ieH!tle 

H3XO.n;i.LJIOCb, 11CTIOJ!b3Yfl CJ!e.n.yromyro 

npou,e.n.ypy. .ll.JIH K3lH,!" IQ ~a 11 np11 T~X :::re: nrnx ~TOHa HaXO.n;i.LJll1Cb 

Te 3Ha'iSHJ"...fl • • KOTOph!S Il03BOJ!flIDT COrJI3COB3,,.,b r'WT.t::>THhlS ,U3HHbl8 ,UJifl 

o~~'> C 3KJ:::~epW1!8HT3JlbHh!Ml1 ,U3HHh!Ml1 ( B npe,neJiaX 3KCTISp11MSHT3JlbHb1X 

Ollll1C50K). 

Ha p11c. 2 IlpHBS,UeHa 3aBl1Cl1MOCTb L OT 3Hepnm ,ll,}lfl p33JIW1HhlX 

fl.D;Sp, TIOJIY'i8HH3fl T3Kl1M MSTO,UOM C Y'i8TOM 3KCil8p11M9HTaJibHhlX Ourn60K 

-vA 
ha BS.m'iHHY o~bs KaK Bl1,UHO 113 p11C.YHK3, B npe,neJiaX 

3Kcnep11MeHT"lJ!bHh!X Ourn60K 'il1CJIO JleBHH.JJ)Hepa HS 33Bl1CIIT OT 3H8p:rID!. 

IIp:11 pac'ieTax KpW3hlX, npHBS.UsHHhlx Ha p11c. I, 11cnoJib30BaJI11cb 

3Ha'ISH!tlfl 1 ( L ( c ) = 5; L ( Al ) = 6. 3; L ( Pb ) = 6. 6 ) • 

TIOJiy'iSHHblS ycpe,UHSHl18M no 3Hepr1111 MSTO,UOM X
2 

,UJifl Kal!U(oro R,IlJla. 

Ha p11c. 3 Ilpll!BS,UeHa 33Bl1Cl1MOCTb L OT aTOMHOro BS Ca R.upa 

MJ.lll.ll9Hl1. Kp11Bafl COOTBSTCTBYST 3KCTpOTIOJ!flll,1111 3TOJ!: BSJll1'il1Hhl 
~ 

Bhlpa>KSH11SM L= ;, . BeJM'lJllHa TIOK333TSJIR ~ OKa3aJiaCb paBHOJ!: 

=2 . l 0±0 . 06. KOTOpaR B npe,UeJiaX Ourn60K cor JiacyeTCfl co 3H3'ISH!t!SM 

4 I • HaJ!:,USHHhlM 113 aH3Jll13a TIOJ!Hh!X ce-ieirn:a cj>OTOTIOr JiomsHl1fl Ha 

R.upax d oc5JiacT11 3Heprma HWKS nopora cjloTopolR,Ilemrn c Er• .~0-140 M"B> 

8) 

Ha p11c.4 npHBS.UeHa 3aBl1Cl1MOCTb CS'l:SH'lllfl c5ecrrn:oRHoro 

cj>OTOpaclll,eTIJieHl1fl OT A. IIp11 napaMSTpl13all,1111 A-3aBl1Cl1MOCTl1 CS'l:SH!tlfl 

c58CTil10HHOrtl cj>OTOTIOrJIOlll,SH!tlfl B Bl1,U9 o~~s - A
0

, I10K333TSJ!h a - 1 ,4 B 

06JiacT11 JierKlt!X si.nep 11 ct - 1. 2 :B 06JiacT11 cpe.um'IJ( 11 TfllKsJ!h1x si.nep. 

6 

IIpeBb1111eH11e ct Ha;i; eii;mnru;~a o6yc.JioBJieHo KaK 3aBRCVIMOCTbID '<11CJia 

JieBJIB.JJ)Hepa OT aT OMHoro HOMepa ' T aK Ill .D;BYXCTyneH'iaT hlM MexaHR3MOM 

cj>OTOpOl!U\8 HJllfl C TIOCJIS.IJ.YIDlll,JIJM 3 3XBa T OM Ill10HOB B fl.D;pe. 

TaKV!M o6 pa3oM MolKHo YTBSPJ!U\aTb , 'ITO paccMoTpeHHhifl Bh!llle 

MexaHH3M B 06JiaCTJIJ pe3oHaHCHhlX :meprma .uaeT .D;OMIDrnpyrouum BKJia.u B 

CS'iSHJIJS 6ecmrnHHoro cj>OTOjJ3Clll,8IlJISH:lrn Ill ero Y'JeT H806XO.D;V!M Ilplll 

:11ICCJie;i;oBaH11n BhIJis Ta 6hJCTphlX HYKJIOHOB >-13 si.nep. 

ABTOpbl BhipalKaIDT r JIY60KYID 6Jiaro;i;apHocn r. p. f yJIKaHRHY 3a 

HHTSpec K pac5oTS Ill TIOJ!e3Hh!S o6cyl!U(e H:lllfl. 

? 
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3.3BV'ICIDllCJCTb ceqeHV'll1 deCIDIOHHOTO 

11.npax c. AL, Pb CJT 3Heprllrn (flOTOHa. 

KpHBaH I - pacqeT Ha (flopMy.Jle (I) 

KpHBa11 2 - pac1ieT no (flopMy.Jle (2} 

KpHBa11 3 - pacqeT no (flopMy.Jle (5} 
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11.Uep C, AL, Pb. 
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!'He. 3. 3aBMCID!lOCTb ycpe,D;HeHHoro no Er 'l:MCJia JieBIDI.mKepa OT 

aTOMHOro HOMepa. 

IO 

PHc.4. 
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4ll 
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3aBMCIDl10CTb 

6!:, lmGJ 

E1•3f9:!:f5M«V 

' 

v~f5,..ev 

Jl! PS--R 

Ce'ieHMR 6eCTIMOHHoro !f>oTonorJiow.elrnR 

aTOMHoro HOMepa. 

0 - 31\CnepMMeHTaJ!bHble ,I(aHHble IlpM Er= 234 ± 15 l'faB 

ll - 3RcnepMMeHTaJibHble .naHHb1e npM Er= 319 ± 15 lfaB 

• - 3RcnepMMeHTaJ!bHble .I(aHH~e np11 Er= 376 ± 15 lfaB 
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