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HccnenoBaH MeXaHH3M o6pa30BaHHa anep-npOll:JKTOB B MaCCOBOH o6JiaCTH 
42 !, A !, 81 B peaKUHax npoTOHOB C pa3J:(eJieHHhlMH H30TOilaMH OJIOBa npH Tpex 
pa3Hh!X 3Hepnrnx HaJieTalOIUHX npoTOHOB: 0,66; 1,0 Ii 8, 1 faB. IlonyqeHHble a6co
JIIOTHble 3Haqefflij{ ceqeHHH anep-npOll:JKTOB cpaBHHBaJIHCh C TeopeTHqeCKHMH 
3HaqeHH51MH, paccqHTaHHhIMH no KaCKall:HO-HCnapHTeJibHOH Ii CTaTHCTHqeCKOH 
MYJihTmppaIMeHTaJihHOH MO/l:eJiaM. IloKa3atto, qrn 3TH anpa npH EP = 8,1 faB MO
ryr o6pa30BaTbca KaK BCJiencrntte pacmermettna anpa, TaK H KaK napTttephl tte
CKOJihKHX cppaIMeHTOB. 

Pa6orn BhIIlOJIHeHa B Jla6opaTOpHH anepHbIX npo6JieM 0115.111. 

TTpenpllHT 06be111111e1111oro IIIICTl!Tyra ll/lepHblX IICCJ1e110Balll!H . .!ly611a, I 999 

Aleksandryan V. et al. 
Formation of Residual Nuclei with Medium Mass Number 
in the Reaction of Protons with Separated Tin Isotopes 

PlS-99-268 

The mechanism of formation of residual nuclei in the mass region 42 :s: A =,; 81 
in the reactions of protons with separated tin isotopes at three protons energies 
0.66, 1.0 and 8.1 GeY was investigated. The absolute cross sections of the residual 
nuclei were compared with the theoretical ones calculated by the cascade-evopora
tion and statistical multifragmentation models (SMM). It was shown that at 
E,, = 8.1 GeV these nuclei may arise both from disintegration of the nucleus and as 
a partner of several fragments. 

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

B nocrre.n;H~e .rom,~ BO3poc lIHTepec .K nponeccy' o6p~30B~

HlI~ JierKlIX x.n;ep B peaKUlIHX npo~OHOB C pa3HbIMlI H.ll;paMlI- . 

MIImeHHMlI [1-10], :rITO CBH.n;eTem,cTByeT o :eaxHOCTlI noHHMa:

HlIH MeXaHlI3Mci. npo~eKaHlIH ~Toro nponec~a. Bo BC~~ CJiy

qagx B KaqecTBe MlimeHeii B3HThl lI3OTOnhl HaTyparrbHOro 

COCTaBa. MHorHe aBTOJ)bI orpaHliqlIBaJilI lICCJie,nyeMYIO . 3a

pH.D:OBYIO o6JiaCTh g~ep-ocTaTKOB 3 < A' < '20 [8,10], a. Te' 

aBTOpbI, KOTOp~e lICCJie.n;oBaJilI o6pa30BaHlie cpe,nHCTlDKCJihlX 

x.n;ep-ocTaTKOB no O_THomeHlIIO K x.n;py-MHmeIIB, ,paccMaTpH

BaJIH nponecc C TOqKlI 3peHlIH .D;ByxcTyneH1IaToft, KaCKa.ll;HO

HCnaplITCJihHOII MO.ll;eJIH[ 1-7]. B noccrre.n;Hlle 15 JieT B JIHTepa

Type noHBlIJllICh TeopeTH1IeCK1Ie pa60ThI, o6'bHCHHIOillHe Me

xaHH3M o6pa30BaHHH JierKlIX g.n;ep nponecCOM MYJihTHcppar~ 

MeHTaUHH [11-14]. CorrracHo cTaTHCTH1IecKon Mo,neJIH MYJih

THcpparMeHTaUHH ( CMM), 3TOT nponecc CBH3aH c cpa3OBbIM. 

rrepexo,noM )Kll.ll;KOCTh-ra3 rrocrreKacKa,nHoro ropxqero B036y

)KJJ:eHHoro x.npa (13,14]. 
Uerrh HacTo.srrneft pa6oThl - Hccrre,noBaTh MeXaHH3M o6pa-

3OBaHHH cpe,nHeTH)KeJibIX mep-ocTaTKOB ( 42 < A < 81) _B 

peaKUHHX IIpOTOHOB C . pa3.D;eJieHHbIMlI lI3OTOIIaMH OJIOBa npH 

pa3HbIX 3Ha1IeHlIHX 3HeprmI HaJieTaIOillHX npoTOHOB. BbI6op 
. ' ' ' 

o6oraw:eHHbIX H3OTOIIOB OJIOBa B Ka1IeCTBe MliilleHlI ,naeT BO3-
• I , , ' • ' 

Mo)K;s:ocTh HCCJie,noBaTb BJilIHHlie HYKJIOHHoro COCTaBa x.n;ep -

MliilleHeii: II. g.n;ep - npo,nyKTOB ~a BbIXO.ll;bI. o6pa30BaHlIH no-
~ 1 ' • \ ' I < •. • • • , •1 ; : , " • • • ' , ' , 

CJI~.D:HlIX. . 

·3KCIIEPHMEHTAJihHbIE PE3YJihTAThl H 
· OBCY:>KIIEHHE · 

HacTOSIIIlaH pa6oTa HBJIHeTCH rrpo,nOJI)KeHl!eM pa6oT no lIC

CJie,noBaHlIIO o6pa30BaHlIH rrerKHX g,nep-npo,nyKTOB B peaK-



D;IUIX npoT0H0B C pa3,UeJieHHhlMlI lI30T0IIaMu OJiona[15]. 

M11meHII o6orarueHHbIX lI30T0n0B 0JI0Da 112Sn, 118 Sn, 120 Sn, 
124s 6 . n 0 Jiy'laJIIICb np0T0HHhlMlI ny'lKaMII Ha qmJoTpoHe JI5III 
II CIIHxpoq>aJoTpoHe JIB3 OM5IM npII Tpex 3Ha~1emrnx :mep-

•. · -·; . ·. ' ·1 ·. . . . •. ' 

rIIft na.uaIOIUHX iipoTOHOB 0,66; 1,0 II 8,1 r3B. llrix MOHIITO-

pIIpo:ea:HIIH . ny'IKOB ·-· 6:0ma · IIciioJib3oBa:Ha peaKn;IIx 
27 Al (p' 3pn) 24 Na C . II3De~THhlMII . ce~ICHIIHMH npII yKa:1'a1rni.ix 
3Heprmix 10,7; 10,1 II. 8,i M6 [16), c'ooTDCTCTmiHHO'. O6paio

BaHHbie B MIIilleHHX 0CTaT0'lHhle x.upa IICCJIC.U0Dc}JIIICb C no..: 

MJmi,~ ~KTIIDa:UIIOHH0ro airni1:II3a. X~paKTCpIICTII~IeCKIIC -y
~IleKTp'bi 3TIIX x.uep II3Mep5.IJIII~b cncpx~rnCThlMII Ge~ .rf drc{-. 
T~paMII .. IloJiy'l~IIHbie 'crieKTJ)'.bI 06pa6aT~ma'rri1ci,' miKCTOM 
nt>o'~p~~M ;'DEIMOS" [i 7). M.ueHTIIq>II'KaD;IIH xi:i:ep.:.ocTaTKOB 
:rrpOII3BO.UIIJIOCb IIO xapaK~epHblM ')'-JIIIH1I5.IM II no' nep110.uaM 

no·Jiypacnaio~· [18f Ha6JIIO,UeHo 6oJibntoe KOJrn~teCTDO. SI.UCp- . 

npo.uyk~OB II3 -~cex MIIIIIeHeft II cmpe.uerre:abi a6c<>.TIIOTHbIC 1Ha-
1IeH~.H ~x_·~e-qemirr. B HaCTOHID;eft pa6oTe o6cy)K.Ua~>TC;5.I .uaii
Hhle;· OTHocHrnIIecx K ·x.upaM-rrpo.uyKTaM co cpe,Il:tI:rrMii · Mac
c~ni.i~~ '-qIIcrraMn ( o-rH·ocIITeJibHo n.upa::.MiirnenM)°: 3Ha"'-1eHIIH 
Ce'leHiIH. 3TIIX 51,Uep· npIIBe,UeHbI ·n Ta6.rr. 1 II ,2. B Ta6JIIID;C 1 
.uaHbI ce1IeHIIX Tex x.uep-npo.uyKTon, .urrx KOTopi;rx· 6brho 'no3-
M~.JKHO bnpe.ueJIIITb 3TII ce1IeHIIH npII .UByx'lum Tpex 3Ha"'-re
:airnx 3HeprIIM npoTOHOB. B C>T.UeJibHOM CTorr6ue .uaHbi TIInhl. 
IIX pacµa:.uon (/3+' /3-) H Ce'leHMH ( C .:. KYMYITHTIIBHbie II I - HC-
3aBIICIIMhle): KaK DII.UHO II3 Ta6JIIID;bl 1, .urix DCCX'. MIIIIICiieM 
Haoiub.uiieTCH CIIJibHaH 3HepreTII'leCKa}i 311:BHClIMO(:Tb CC"'-ICHHM 
o6pa3bBaHII5I 3THX x.uep (pocT ce11eHIIM np:ir YDCJIIIiJeHIIII :mep
rirn n:pOTOHon): Ha ·pIIcyHKe la noKaJaHa ?iTi1 :ianIICHMOCTb' 
.UJIH x.uep 81 Rb,75 Br,75 Se,69 Ge II3 MIIIIICHII ll8Sn. Hi1 :pII

cyHKe :16 :UaHa . .Ta )Ke. ::mepreTIITICCKaH :3aDMCIIM0(;Tb 0CTa

TO'lHhlX x.uep C MaCCODhlMII . 'llICJiaMII, 6JIII3KIIMII K x.upaM-
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:MIIIIIemIM (1 15
m In,103 Ag,106m Ag, lOO Pd,9!J Rb/H R11) KaK DIIll

Ho, ceqemrn IIx:,06pa3onc1HnH ·yMeHI:.i:m1IDrc51 no ::-.repe ynem1-
•1eHII5I :meprnII, '. a: ~ 06rracn1 1 :_8 T3B ocTa~T<:51 rroTITII rro
CT05IHHbIMII. 5I,tlpa-IIpOllYR;Tbl, Macc0Dbie. 'IIl:CJia: A KOTOpbIX 
6JIII3KII K At MHIIIeIIIl:, riepo~THO; o6pa3JIOTC~ KaK OCTi"lTKU 

~. ' . ~- . 
B KacKa,llHO-IICIIapIITe_JibH0M rrpouecce II0CJie DbIJieTa HYKJIO-
HOB HJIH HJKJI~HHbIX acco'uirau11n. OTJIII'!He 3HeprcT11••iec1mx 
3aBIICIIMOCTeH · ce"<IeHIIH' i.n:ep-npo.n:yKT0D pa3HblX MctCCODbIX 
o6rracTeH yKa3bIB<l;eT Ha pa3Hble MexaHII3MI,J IIX o6pa30BclHII5I. 
B Ta6rr11ue 2 rrprine.n:eHbl ce"<ICHII5I 06pa3onamrn 5IllCp-ocTaTKon 
B Macconon o6nacTII 42 < A < 81 TOJibKO llJI5I :mcpr1111 rrpo
TOHOB Ep=8,1 f3B. Ha.n:o OTMeTIITb, •ITO II30TOITbl n o6rra
CTII Mace 42 . < A < 67 rrp:i' 3Hepri11 rrpoTOHOB 1 T3B He 
06Hapy2KeHbl 113 Bcex MIIIIIeHen. OHII He 6bIJIII 06Hapy2KeHI,J 
TaK2Ke rrpII :meprIIII rrpoTOH0B 0,66 raB, X0T5I IIHTem;:IIBHOCTb 
rryqKa rrpII 3TOH 3HeprIIII Ha TpII rrop5I,llKa DbIIIIC, •.'IeM rrpII 
8,1 f3B [15]. 3To 03Ha"<IaeT, "<ITO IIX ceTieHII5I 06pa1onaHII5I 
rrpII HII3KIIX 3HeprII5IX (0,66 II 1 f3B) 6bIJIII HC3Ha"<IIITeJibHbI 
11 pe3Ko ynerr11q11narr11c1, rrp11 8,1 f3B'. Ha pricyHKe la .IJ:JI5I 
cpanHeHII5I rrp11ne.n:eHa 3HepreTII"<IecKas:i: 3an11c11MoCTb ceqeHIIH 
.IJ:JI5I rrerKoro 51.Upa 24 Na, 06pa3onaH11e KoToporo o6'b5ICH5IeTc5I 
cpparMeHTau11en [15]. Cxo.n:cTno ncex KpIIBbIX Ha p11c. la rro-
3B0JI5IeT c.n:erraTb 3aKJIIO"<IeHIIe, "<ITO rrpII 'o6pa3oBaHIIII 51,llep
rrpo.n:yKT0B cpe.n:HIIX Mace, Hap5IllY c rrpoueccoM pacruerrrre
HII5I, TaK)Ke Ba)KHYIO pOJib IIrpaeT rrpouecc cpparMeHTaUIIII. 
Ilp11 3Hepr1111 rra.n:aroru11x rrpoToHOD 8,1 f3B, rrocrre rrpoxmK.n:e
HII5I KacKa.n:a B 51,llpe, Mb! IIMeeM 6oJibIIIJIO 3HeprIIIO B036y2K.n:e
HII5I Ha HYKJIOH, IlO,llHIIMaeTC5I TeMrrepaTypa 51,llpa, 5I,llepHa5I 
)KII,llK0CTb KaK 61,1 KIIITIIT [19], yneJIII"<IIIBaeTC5I 061,eM, crre
.n:onaTeJibHO, yMeHbIIIaeTC5I IlJI0TH0CTb 51,llepHoro neruecTBa, 
rrpOIICXO,lllIT cpa30BbIH rrepexo.n: 2KIIllKOCTb-ra3. B pe3yJibTaTe 
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q>JiyKTyaun:n: nJIOTHOCTH rop.H'IeH .H,UepHOH MaTepn:n: nepo.HT

HOCTb o6pa3o~aHH.H q>parMeHTOB YBCJIII"IHBaCTC~j; lf poIICXO

,UIIT pa3narr .H4pa iI 3TII qiparMeHThI noKII.UaroT SI,upo, T .c. 
:iipon:cxo,n:IIT Tep~II'I~CKaSI MYJibT~q>p.arMCHTa*irn rop.H11ero II 

pacmIIpeHHoro .H,npa (14]> 3aTeM II3 no36y)K.lICHHoro qipar

MeHTa n:cnap.HIOTC.H HYKJIOHbI II .upyrIIe "-IaCTII:UbI:. 51,upa-npo-
'. · f'·· , 

.UYKTbI cpe,uHeH Maccbl, perIICTpIIpOBaBliIHCCSI_ B Hacj'omue11 

pa6oTe,• MoryT _o6pa30BbIBaTbCSI ·KaK BCJie,UCTJ?IIH pacmcnrre

HII.H .H,Upa, TaK II KaK napTHepbI HCCKOJibKII~ q>parMCHTOB. 

A 6orree rrerKIIe npo,uyKThI TIIna K, Sc; V, Qr: ·u T . .u., no3-

MO)KHO, 06pa3y10Tc.H KaK 6orrhmIIe qiparMeHThI (A,fi :S At/3), 
nOKII,UaIOT "rop.H11ee" H,npo, HO 3aCTpeBaIOT B MIIillCHII II3-3a 

MaJIOCTII nepe.ua:HHOH IIM; KIIHeTII'ICC,IW;II; 3;1I~PI'IIII, •. · 

HaMH C)lCJI;:LHbI pac'IeTbI no KaCKa,UHO-IIcnapIITCJibHOH MO

,UCJIII (20] II IIO MO.UeJIII CMM .q:rr'k HamIIx MIImeHeiI npII :mep

rIIII 8,1 I'3B HarreTaIOIUIIX npoToHon. IlpII pac1:1eTe no Kac

Ka.UHO-IIcnapIITeJihHo:µ Mo,uerrn: pa3hlrpbrnarrolh 50 ThIC. co-

6bITIIH, a npII pac11e;e no CMM pa3bitphrnrirrocb 100 Thic. 

C06bITIIH ,UJI.H Ka)Kr(Oli MHIIIeHII. B. Ta6JIIIUe 2 'npIIBC,UCHbI 

pac11eTHhie 3Ha11eHII.H no -KacKa.tiH?:..IIcnapIITeJihHOH Mo,ucrrn 

n no MO,UeJIII CMM. Ha pIICYHKaX 2 II 3 npn:ne,ueHbI rII

CTorpaMMbI cpaBHCHII.H 3KcnepHMCHTaJibHbIX 3Ha"Ie:A:IIH ce1Ie

HIIH c pac11eTHhIMH, norry11eHHhIMH no CMM II KacKa,uHo

n:cnapIITCJihHOH Mo,uerr.HM. Ha ocn: a6cun:cc OTJIO)KCHhI OT

HomeHII.H (J3Kcrr./Cl-reop., a Ha OCH op,UIIHaT ~ "IIICJIO crry,:rnen. 

Macconoe 'IIICJIO .H,uep-ocTaTKOB pa3,uerreHo ~a ,une o6rracTH 

42 < A < 81 H 82 < A < 115. Ha pncyHI{C .UJI.H BTopoiI - - - -
o6JiaCT1I Mace . He, BKJIIO'IeHbI 3Ha"IeHII.H CC'ICHl-IH npoCTbIX II 

3ap.H,uoo6MeHHbIX peaKUIIH. KaK -B~,UHO Ha 3TIIX pncyHKax, 

rry11mee corrracn:e ,nJI.H o6eIIx o6rracTeH Mace norry1IacTcSI no 

Mo,uerrn:• MYJihTHq>parMeHTaun:n: ( CMM) {pIIc.3), pacnpc,ucrrc-
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5!Jlp0 Tun 
llpOJlyKT ce'!eHHll 

'-Ga c-
"'Ga r+ 
0 'Cu c-

osmzn r+ 
°'Fe c-
0°Co r+ 
"'Co c+ 
""Co c+ 

00 00 lvln C 
0•Mn IT 
•-gMn r+ 
52m!vfn c+ 
"'Cr c+ 
·•er c+ 
•ov c+ 

•
0 sc r-

'"Sc r-
••msc 1+ 
44gSc 1+ 
•Jsc CT 
•JI{ c-
•-K 1-

10.0 

8.0 

6.0 
Cl) -C: 
Q) 

> 
Q) 

4.0 

co 

2.0 

0.0 

IIponomKeHmre Ta6n1ruh1 2 

'"Sn u8Sn 1iosn 
U,M6 rr, M6 u·, M6 

exp. cascad CMM exp. cascad CMM exp. cascad CMM 
2.15±0.40 0.22 0 2.60±0.60 0.20 0.04 2.50±0.40 0.37 0.Q7 
8.10±1.00 1.62 5.87 7.60±1.20 0.47 4.87 7.10±1.50 0.87 4.82 
0.41±0.15 0.04 0.60±0.06 0.09 - 0.15 
0.50±0.05 0.65 0.07 0.76±0.15 0.50 0.16 0.60±0.10 1.12 0.H 
0.24±0.03 0.30 0.10 1.20±0.20 0.22 0.27 1.20±0.15 0.12 0.31 
6.20±1.20 1.25 3.46 6.70±0.70 0.55 3.56 4.95±0.50 0.37 3.41 
7.60±2.00 0.96 4.25 6.20±1.50 0.45 3.50 5.30±0.50 0.12 3.6q 
1.90±0.20 0.27 2.99 1.70±0.20 0 1.87 0.82±0.08 0 1.76 
0.66±0.10 0.15 0.21 1.50±0.15 0.05 0.29 1.57±0.16 0.25 0.39 
10.70±1.00 0.42 2.15 6.10±1.00 0.27 2.86 5.30±0.50 0.25 2.42 
1.95±0.15 0.07 5.21 1.74±0.20 0.02 3.75 1.30±0.30 0 2.60 

- 0.41±0.08 C 

6.30±2.00 0.57 7.72 5.30±0.60 0.37 5.52 2.20±0.50 4.99 
1.40±0.24 0.05 1.22 0.43±0.05 0 0.60 0.39±0.09 0 0.35 
3.15±0.15 0.05 6.62 2.80±0.30 0.02 3.62 1.90±0.20 0 3.22 
0.24±0.13 0 0.07 0.50±0.07 0 0.11 0.70±0.15 0.12 0.23 
2.90±0.30 0.15 2.32 4.10±0.40 0.D7 2.04 3.60±0.20 0.25 2.30 
2.30±0.20 0.05 4.96 1.95±0.20 0 3.96 2.10±0.40 0 3.50 
1.30±0.30 0.93±0.20 1.00±0.10 
2.10±0.30 0 1.95 0.84±0.12 0.03 1.04 0.23±0.05 0 1.19 
0.68±0.03 0 0.25 1.20±0.10 0.05 0.41 1.23±0.15 0 0.49 
2.10±0.30 0.02 0.80 2.50±0.10 0.05 1.19 2.15±0.10 0.25 1.56 

16.0 

a) 12.0 
6) 

Cl) -ai 8.0 
> 
Q) 

4.0 

10.0 20.0 30.0 40.0 50.0 0.0 10.0 20.0 

PIIc.2. CpaBHeHIIe 3KcrrepIIMeHTaJil>HhlX 3Ha't!eHIIH ce't!eHIIH 
C pac't!eTHI,IMII, rrorry't!eHHI,IMII IIO KacKa,UHO-IICIIapIITeJII,HOH 
Mo.uerrII rrpII Ep = 8, lI'3B: a) o6rracTl> Mace 42 ~ A~ 81, 
6) o6rracT:r:, Mace 82 ~ A~ 115 

· '"Sn 
- _d,1116 

.. exp: casc;ad CMM 
2.80±0.20 0.49 0.16 
4.80±0.50 . 0 .. 24 3.60 
0.70±0.18 0.25 
0.76±0.10 . 0.61 0.30 
l.40±0.20 0.16 0.46 
3.50±0.90 0.20 2.95 
3.00;1:0.30 0.24 2.42 
0.79±0.12 0.04 1.36 
1.90±0 .. 20 0.12 0.56 
3.80±0.40 0.16 2.05 
1.00±0.10 0 2.25 
0.19±0.05 
2.70±0.20 0.08 4.39 
0.20±0.03 o. 0.27 
lA0±0.20 0 2.55 
1.10±0.20 0.04. 0,16 
3.30±0.30 0.08 2.39 
2.10±.0.80 o. 2.96 
0;10±0.30 
0.29±0.07 0 0.70 
1.56±0.15 0 0.64 
2.40±0.20 0.08 1.51 

30.0 
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HII5I II1Ie10T MclKCIIMa.JihHOC 'IIICJIO c:;iy,rncn rrpu CT:~Kcn./ CT-reap. 

=1 - 1,5. KacKa.IlHO-HcnapIITCJihHct5! 110.IlCJlh (pnc.2) xopomo 
onIIChlDclCT 3Hcl'IeHII5I CC'IeHIIII OCTclTO'IHhIX 51.IlCJ>, 6JIII3KIIX K 

A, MIIlliCHII o6rracTh 82 :::; A:::; 115, r.ue 1rnKcmrn.JihHQe 'III

crro CJIJ'IaCD npII CT-:,Kcn./ CTTeop. =0,5~ 1,5 D TO DpCM5I KaK pac-
'. 

npc.UeJICHIIe HC IIMCCl' MaK_CIIMyMa .IlJI5I 06.JiaCTII 42 :::; A :::; 8I 
II OTHOlliCHII5I CT =->Ken./ ireoiY'. U1ICIOT .~OJihlliIIC 3Ha'ICHII5I. 113 Ta
fimIUhl 2 crrc.uyeT, 'l·TO,pac~IeTHbIC 3Jla"!(:'.HII5I C(''ICHIIll" 113 DCCX 

'WThipcx MIImcHe11 .IlITH 11Hon~x 51.Ilep~ ITJ>O.IlYKTon panH~ nm1 
·,: .. ;· ,:.. ''" -\ ,• 

6mn1m K Hy;rm. ,: · 

Ha IJIICYHKC _4 npnne.ucHa 3anncmrocTh 1H/t'ICHIIH ~Kcne-: 
IHIMCHTaJihHhIX n pac'IeTHhIK (no o6cnM MO.IlC,TI5IM) ce,ICHIIII 

~ ':t 

o6pa:mnaHIIH 51.IlCp-np9.l:iy1don .,cpc.uHen: 1rncconof1 o6rracTn OT 
NI z npo.uyKT a, II3 51.Ilpa-MII~CHII I lll s Tl. 113 :noro pncyHKa 

TaIOKC DH.IlH0, 'ITO MO.IlCJlh CMM xopomo 0IIIIChIDaeT :msnepn
MCHTaJihHhie 3Hcl-CJCHII5I CC'ICHIIII, Tor.ua IGlK paC'IeTHhIC .IlftH

Hhie no KaCIGl.IlHO-IIcnapIITCJihHOII 1\10.Il('.TIII 3HiVIIIT('.TihH0_HIDKC 

( Ha 1 - 2 no1>H.IlKa). 113 nccro :noro c.rrc.uy('T, 'ITO npn 06pa10-

naHIIII 51.IlCp-npo.uyKT0D Mc1CCODOII o6mt<_:TII 42 ::; A ::; 81 Da)K

HY10 poJih 11rpaeT McxaHII3M cpparMCHTaum1. IIo pac'ICTaM 
M0.IlCJIII CMM T0JihK0 37,8 % 06pa1onaHHhIX DhIIIIC yIGl3aH

HhIX 51.Il~P •~6'h5ICH5I~Tc5I pac~e~~e~HeM, a ocTa.TihHhI~- 63,2% 

= ipparMeHTau11eiI. · Ta.Kofi )l(e p('3YJihTaT norrrrncT~.H · npn 

oueHKC 3KcnepIIMCHTa.JihHhIX .uaHHhIX. Ec.rrn npc.unoJIO)l~UTh, 
'IT()' p:ac·:tje.TbI no 1fac1rn.riiio-ncmipuTeJihHoi'1 Mo,tie.rin muof' c:e

'H~HI1~ · c>6p,11onaHIIH H.ricp-ocTaTKori, ,o6ycrron.rreHiihIX io.TihKO 
i>,icrucn.i:reHIICM, To n npoueHTHOM cooTHoIIIcHmr 3T0 · t:ocTa.:. 
DJIHCT 40% OT 3KcnepIIM(mTaJihHhIX 1Ha~1cm1ix CC'ICHIIII n · Mac:.. 

conm1: ·ofirracTII 42 :::; A :::; 81. 

Kai~ OTMC'ICHO DhIIIIc, IIcnoJih30DaHIIC MIIIIICH('JI 66ora.IU('H-' 
HhIX II30TOnOD .uaeT D03MO)KHOCTh II3)"IaTt TaK irn,3hIDH.l'MhIII 
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Pnc.4. 3aDI:ICI:IMOCTb 3Ha'IeHI:IH 3KCITepI:IMeHTaJibHhlX I:I pac

'ICTHblX ce'IeHI:Ill o6pa30BaHI:ISI s.r.uep-np·o.uyKTOB OT N / z ITpo

llYKTa ITpii EP = 8, 1 r3B .urrs.r s.r.upa-MnmeH~ llS Sn n o6rracTI:I 

Mace 42 ~ A ~ 81:A - pac'IeTbl ITO M0,lleJII:I CMM, ■ - pac-
~- .. 

'ICTbl ITO KacKa,llHO-I:ICITapI:ITeJibHOH
0 

M0,D:eJII:I, • - 3KCITepI:IMeH

TaJibHble 3Ha'IeHI:ISI KYMYJISITI:IBHhlX ce'I~HI:Iii, -□ -3KCITepI:IMe~-.. . ; . ' . . 

TaJibHhle 3Ha'IeHI:ISI He3aBI:ICI:IMhlX ce"IeHI:Iii. Kpnnas.r ITpone-

.ueHa OT ·PYKI:I ITO pac'IeTa~ CMM' 

12 

II30TOIT-3<p<peKT. J,b Ta6JII:Ill;bl 2 BI:I,UH0, 'ITO 3KCITepI:IMeHTaJib

Hbie 3Ha'ICHI:ISI CC'IeHI:III s.r,uep C {J- (fJ+)-pacmi.uoM yneJII:I'II:I

mtK>TCSI (yMCHbillaK>TCSI) ITpH µepexo,ue OT MI:IillCHI:I 112 Sn K 
124Sn. IlpH"ICM_yneJII:I'IeHHe (yMeHnmeHrre) TeM 6orrbme, 'IeM 

60Jibille pa3HI:Ill;a ( t3 - t3cT.) (r,ue t3 - TpeTMI ITp0eKUHSI I:I30-

CITHHa s.r.upa-ITpo.uyKTa, a t3CT. - TpeTbSI ITpoeK:o;I:ISI I:I30CITI:IHa 

CTafoIJibHOro II30;fOIJ;a.,TOro· )Ke ~JieMeHTa), T :e. 'IeM ,lla~bille 

HaX0,llI:ITCSI x.upo in: ~QJI~~bl j,J:-cTa6IIJibHOCTIL Ifa Ta6JII:I:Uhl 

T,UOKe BI:IllHO, 'ITO B pac-creTilbIX.[3Ha'IeHHSIX ce'IeHI:IH ITO o.u-
~·· - \ -~~- • 1 i ' > ' 

Hoii I:I3 Mo.uerreii, a I:IMemi8 'e:rvf-M, 3~0 mriieHne J'ITeHo. IIrrs.r 

6orree Harrrs.r,n:Horo ITpe.ucTa_·_nrreHI:ISI Ha pnc.5 .. ITpnne,ueHhl 3a-' . ' 

BI:ICI:IM0CTI:I OTHomeHI:Iii 3KCIIepnMeHTaJibHoro 3Ha'IeHI:ISI ceqe-

HI:IH K pac_'IeTHhlM ITPH. ~p = B; lr3B, ITO MO~eJII:I CMM, ,UJISI 

MI:ImeHeii 112 Sn n 124 Sn OT t3T3/ A, r.ue T3 - TpeTbSI ITpoeK

:UI:ISI I:I30CITI:IHa MI:ImeHI:I. Bn,uHo, 'ITO .urrs.r MHornx s.r.uep - ITpo

.UYKT0B 3T0 0THomeHne 6JIII3Ko K e.unHn:o;e, o,uHaKo MHoro I:I 

crryqaen, Kor,ua OHO ,U0CTI:IraeT 6 - 7. BepoSITHO, n MO.l(CJIH 

CMM Heo6xo,unMo YT0'IHI:ITb 3aBI:ICI:IM0CTb 3Ha'IeHI:ISI ceqemrii 

OT HYKJI0HH0ro C0CTaBa MI:ImeHI:I II 0CTaT0'I'IHhlX s.r,uep. 

ABTOpbl Bbipa)KaK>T 6rraro,uapHOCTb ITepcoHaJiy <pa30TpOHa 

I:I cnHxpo<pa3oTpoHa 3a 06ecITe1IeHHe xopomnx ITapaMeTpon 

ITY'IKa no npeMSI o6rry-.creHI:ISI MHmeHeii. O.urrH I:I3 anTopon (IIa

Haryrrs.rH A.C.) 6rraro,uapI:IT MnHI:ICTepcTno HayKI:I I:I Bhlmero 

o6pa3onaHI:ISI PecITy6rrI:IKI:I ApMeHI:ISI 3a <pIIHaHconym IT0.U.Uep)K

KY, a TaK)Ke .unpeK:o;I:Im Jia6opaTopnn s.r.uepHhlX ITpo6rreM I:I 

OH5UI 3a ITpe,uocTanrreHHYIO B03M0)KH0CTb BhlIT0JIHemrn 3KcITe

pnMeHTa B OH5IH. 
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Pnc.5. 3aBlIClIMOCTb OTHOmeHlIH 3KCIIeplIMCHTaJibHhlX 3Ha-

1ICHlIH ce11eHnn: K pac11eTHhlMn no Mo,ueJin CMM rrpn Ep = 8, 1 
r3B .UJI5I MnmeHeH 112Sn Il 124Sn OT TpeTbilX rrpoeKUilH Il3O-

CillIHOB 51,Uep 
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