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BBe,ll;eHHe 

HayqeHHe Haocmmouo'lt crpyKTypLI OJITHqeCKoro nOTe~ana c HC

noJILaoBaHHeM .n;~HLIX o6 ynpyroM pacceJIHHH AJIHTCJILHoe upeMH JIBJUieTCJI 

Qll;H'HM H3 OCHOBHHX npHMCHCHH'If OUTHqecKOit MQD;CJIH K aHamiay )rnpyroro 

pacceJIHHJI HYKROHOB Ha HAPax [1] ... Taxoit 'aHaJIHa npoBQD;HJICH B paMKax 

KaK cpeHOMeHOJIOrKtreCKo'lt, TaK H MHKpOCKOllHtlCCKOit"Oll~CCKOit MQD;CJIH. 

B nocne,n;HeM 'cnyqae eCTeCTBeHHO CBJI3aTL HaocnHHOBYIO crpyxzypy OllTH

qeCKoro llOTe~ana CO CBOitCTBaMH H3QBCKTOpHLlX KQMllOHCHT 3cpcpeKTH

BHLlX HYKJIOH-HJKJIOHHLIX CHJI H pa3JIHqJ~JIMK B pacnpe,n;eJieHHH HeihpOHOB 

H llpOTOHOB B JI,zq>ax. 

CoCTaBHLie qaCTJD:Oil-CHapJIALI KcnoJIL30BaJIHCL B TaKOM aHaJIH3e Bne

pBLie B pa60Te [2], r,n;e B pa.MKax cpeHOMCHOJIOrl{qCCKOit OflTI{qCCKOit MO,ll;CJIH 

npoaHaJIH3KpOBaHLI ,ll;aHHLIC no ynpyroMJ pacceJIHKIO Jl,ll;ep 3He K 3H Ha 

pH,ll;e H,ll;ep-MHmeHeit npK 3HepriDI E.a86.=33 M3B •. He.n;auHo Ha ocHoBe MH

ltpoCKonKqeCKoit Mo,n;eJIH ,LI,DoitHoit cuepnm · [3] npoue.n;eHo KayqeHKe Hao6a

pHqeCKo:H: 3aBHCHMOCTK JIAPQ-JI,ll;CpHoro B3a.KMO,ll;CHcrBHJI II.PH aHaJIKae ,ll;aH

HLIX no yrrpyroMy pacceJIHKIO 3He Ha 14C npH E.a86. 72 MaB [4] ir 14C Ha 
3H rrpK E.a86.=334 M3B [5]. 

B IIOCJIC,n;Hee BpeMJI HHTCHCHBHO pa3BKBaiDTCJI KCCJIC,ll;OBaHKJI ITO Kay

qeHHIO KBa:JKJnpyroro paCCeJIHHJI JierKHX 3K:JQTHqCCKHX H,ll;Cp TaKKX, KaK 
11 Li, 7Be, 8B,12Be, 14Be, o,n;HaKO npK aTOM B xaqeCTBe MHIIIeHH HcnoJILay

IOTCJI JIAPa c N=Z (12C ~ 28Si). YlffiTilBaJI To, ~o B JierKHX 3K:JOTHqeCKHX 

Jl)lpax cym;eCTBeHHLI pa3JIHqHJI B pacnpe.n;eJICHHH npOTOHOB K HeihpOHOB K 

aTHM JIAPaM npHcym; cpeHoMeH HJKJIOHHoro rano ( HeitTpoHHoro ,li;JIJl 11 Li H 

npOTOHHOro ,li;JIJl 8B), npe.n;CTaBJIJIJIO 6LI HHTepec K3MCpeHHe yrJIOBLIX pac

npe.n;cJieHKH (KBaaH)ynpyroro pacceJIHHJI nerKHX 3K30TI{qeCKKX JI.n;ep Ha 
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JJ,n;pe-MIDIICHH c N f. Z (HarrpHMep, 14 C). B H~cro.ffm:e~ pa60Te npe,n,

CTaBJICHH peaym.TaTLI IIpC,ll,CI{a3aTCJILHJ.IX paClieTOB yrJIOBblX pacupeJ],t:Jle

HIIft ,ll,JlJ1 paCCCJIHHJJ H306ap, BKJll01faiOIUIIX JICrKIIe 3K30THqeCKHC JIApa, Ha 

H,n;pe-MIDlreHR 11 C. BRqHcJICHHR npone,n,el{hl Ha ocHone MHKpocKoimqecKoii 

Mo,n,eJIH, paanHToii n !6], ,ll,JIJIU;erroqeK Hao6ap 7Li-7 Be, 8 He-8Li-8 B H 11 Li-
11Be--11B-11C n HHTepnaJie 3Hepmil OT 20·A MaB ,n,o 60·A MaB. B rrepnoM 

paa,ll,CJIC OIIHCblBaeTCR MCTO,ll, IIOCTpOCHHJI ceqellll:ii, BO BTOpOM aHaJIH3Hpy

IOTCR CBOHC'ffia pacrrpc,ll,CJICHIDI IIpOTOHOB H HCitTpOHOB B 3THX H306apax, 

n TPeTLCM paa,n,eJie npe,n,cranJieHu paccqHTaHHJ.Ie yrJionue pacnpe,n,eJieHUJJ 

ynpyroro pacceHHUJI H HX aHaJIU3. B aaKmoqeHHC c!popMyJIHponaHhl ocHo

BHhlc peaym.TaThl II BUBO,ll,hl pafiOTLI. 

1. MeT('),l( rrocTpoeHHH ceqeHHH 

,l(JIJI IIOCTpOCHHJI ceqeru-~:H 6y,n,eM HCIIOJlh30BaTL OIITnqecKyiO MQD;CJU,, 

_ n Ki:rr~poil: nem:ecrnenHaJI qacrL orr~qecKoro noTCHJJ;HaJia (011) nhlqHCJIJI

eTCJI B MeTO,ll,C ,ll,BOHHOH CBCJITKU. C JIBHLIM y_qCTOM a!p!peRTOB O,ll,HOHJKJIOH

HOro o6MeHa. Pea:m.HaJI qaCTL orr Tor.n:a M01KCT 6hiTL rrpeJ~CTaBJICHa B nu.n:e 
,. - < - • • 

CJMMLI 

,- U(.R) = uv(il)+ UEX (R), (1) 

. I;n,e uD(R) ;_ __ "npJIMOH" UOTCHI(HaJI MQD;CJIH ,ll,BOHHO.Ih:nepTKH II]. uEx (11) 
-~ "oo1tteHHJ.IJ1:" JIOTCHIJ,UaJI, Jl KOTOpOM OCHOBHOlf :nKJia,ll, ,ll,aKJT 3!p!peKThl 

0/l,HOHJKJIOHHOro o6M(ma. ·_ B <J?opMaJlli3MC~ MaTpHI~hl IIJIOTHOCTH uEx (R) 
MOJKCT 6J..ITh 3ClllUCClH B CliCJzylClll(CM Bii:,ll,C •17]: 

t :~,: ~ .· ~; 

uEx (11) =If p( 1 )(r1,r~ + i)ViJxCs)p(2)(1;;, r2- S)exp(ik(R)si1J)dr1 d7S, 
' ' ' (2) 

<- r.n:e < VEx ( 8) , --'--- o6MCHHaJI qaCTL a!p<J?eKTHBHLIX . HYKJIOH-'HyKm>HHLIX CHJI, 

p(i) {f, l:i) (i = 1, 2}:...:.. MaTJ.lHll,hl IIJIOTHOCTH C'l'aJIKHBaiOll(IIXCJI JI,ll,CJ> C MaC

COBhlMU quc:'Irui:n Aj lL,--12 H k(ll) - JioKaiiLHLift ii:MpYJIL~' JiiiocnTeJILm-Jro 

~IUfJilCHlDI JIJJ,ep, (mpe,ll,CJIJICMLJti C001'HOIUCHHCM , 

k 2(R) = (2rn7J/h2 )!E :::..· U(R)- Vc(R)j.: 
~-" y :--' \,_:·:· 

(3) 
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3.n:eCL 1J = A1A2/(AI + A2), i; = f2 - r1 + 11, E - aHeprHJI B 

cHc:TeMc ~eRTpa Mace H Vc(R) - KJ1IOHOBCKHH II01'eHn;Hait: TaKHM o6pa:.: 

30M, CJMMapHblM IIoTeHIJ;HClJI 'ncJie,ll,cTnHe yqeTa 3!p!peKT01i OJJ;HOHJK!IOHHOI'O 

o6MeHa 3aBHCHT OT aHepnrn. · IlOTeHll.Hrum, rrocrpoeHHble no !popM-yJiaM' 

( 1) -(3), HCITOJIL30BaJIHCL B !8] ,ll,JlJ1 HCCJIC,ll,OBaHHJI a!p!peKTOB ~epHOif: pa

n;yi'H n ynpyroM H HeynpyroM pacceJIHHH a-qaCTH~. B ,n,a.TJLHeii:IUeM ,ll,aH

HbiH !popMaJIH3M 6uJI o6o6~eH Ha· cnyqajt yqCTa al}>!peKTOB QD;HOHYKJIOH

Horo ofiMeHa B H30BCKTOJ>HOM KaHaJI~. Bnepnue 3TO 61i1JIO c,neJiaHo n pa6o

Tax. !9--10]. AHaJIH3 H:JocnHHonux cnoitcrn H,n,po-~epHux nOTeHn;HaJion ,ll,JlJ1 

H3!YfOHOB Li 6~JI nJ>'one,ll,CH B pafim·e [llj, r.n:e HCCJIC,ll,OBflHa .TruOKC 3HCpreTH

qec:KaJi 3anlrcHMocrL' HaoneK1-opHoro noTeHIJ;HaJia. Bi.mo ycr~HmiJieHo Iii],' 
qTo iq;OHCXOJI,HT:Yf!IIJICHHC ~30CIIHHOBOii: 3aBHCHMOL'TH IIOTCH~HaJIOBB3aHM0:
,ll,CHL'TBHJI coCTaBHbiX qa1-:r~Ii'n rroRepxHocnwii: o6JiacrH'~iq>a noq}miHeH'ino 

eo enyqaeM HYKJIOHOB. ' 

B Hacronm:eii: pa6oTe n 'Kaqecrne aq>q>hKTHBHhlX HYRJIOH-HYKJIOHHUX 

eHJI Heuom.:JyeTcJI M3Y IiaaHMoJl.ettcTnH~· [12], ocHonaHnoe Ha G-M-aTpHt!Hux 

:')m~:M~HTax n3aHMQD;eiicrni1JI' P~a • H 9JIJiiroTa. ilJIOTHocrn pacnpe.zi;eJieHHR · 

upoTOHOII H iJ:empoHon' J>accqHTLIBaiOTCR u' 'MCTQD;e !pyHRI~HOH~l.Jla f[JIOTH0-
CTH ( CM: : IIQD;p06HO!~ B cneeyrom:m.i" pa3.zi;eJie ). )J,!m 1 

rrocrpoenHJI 1o6M:eJi.:. 

Horo 'rfOTcHI~HaJia U EX ( R). npirMeHJICT~ · HTepaliHofiH'ali npc)r~e.nyr')a'. . 
'!{ax H:3~e(:rHo, nOTeHI.Ura.U' in!.fifqeawu M:O.neJIH naJIJiercJI KoMnm!K

CHuM. 0oLiqHo D .I\aqecrne MHHMOii; 'la~H Qfi HC:noiD.:Jyerc:JI <J?enoMeH.on0-

I'HqeeK~lR napa.MerpH:Jali,IIH noTcHUHaJm IIOI'JionieHHJI B · !p~pMc C<i.KcoHa-~'-; 
ByAc-a. B HaL'T(JHUI,CH pa60Te JIOJIHhlif uirreHIJ;Ha.ir OIITIIqeciioit MOACJIH. 6yil,eM' 
<:rpOHTh B BMC !6] . . . , , .. . . 

·. · · ··, .. dU(R) 
Utot(R) = U(ll)+z!N ... U(f:)- aR--;-;z.n·L (4) 

r;~c U(R) 3a,ll,aeTCR !popMymu.rir (1)-(3), aN ... H a- cno6QD;Hble, noo6m:e 

ro!l()pn, napaMerpu, coiYrnercrneHiio, o6'LeiDroit H nonepXHoCTHoff ~a~eH: 
um·cHu;~aJia rromom;eiilla. Ta.<~ tfH>pMa npc.zicralmcmtil Mmu.foit ~acnl' 
0 l1 < c O,li.HQjt cropo~bl CBJI3bl~aei' cc. t: BCll(CCl'IJCHHtlit tf~CfLlO oii· II; ·~JI~n~ 
llaTCJILHO, 'c ~<J?<J?ci\;'JIBiU.tMH. HJKJI~lf-HJIWOHHbiMH ~HJJa~U H p~~:~rjJ~.li,;!J;e
HUf!M IIJ;IYI'OHOB H HCWrpOHOB B,JifqJaX. e' /J.PJI'OH CTO}HlHbl aa C'lC'f ,lll'OJ>O~'O 
rmmlcMOI'O 1~ Iman:paTnon f7KOOIW uo:~mmneT MeHJITh . (pop:.;y IIOTCHIVIa~~~, 
ll~I'.JIOIII,CHHJI no epaBHCHHIO c peaiu.Hoit :HlC'fLJ()' on. OrMtrl'liJ\.1 T<Ui.l!U!. Y:ril 

HCJTOJlWOilaJUfC IIOTCHII,HaJIOB B ~UJ~C ( 1) IJ pa6oTe !6] HpHBCJIO ll }>JIJ],C, eJry-; 
' ' ' ~ . ': ' ' ~ ' . . ., 

'IaCII I~ IJIIOJIHC paayMHOMJ OIIHC:aHHIO 3KC:IICJ>HMCHTaJILHbiX /l.<'lHHbiX IIO KBa-
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3HynpyroMy paCCCH}{HR> JICrKHX 3K30THtfCCKHX HJJ:Cp H ITO IIOJIHhiM CClJ:CHHHM 

cooTBeTt:rnyiDII{HX peaKII,HH. Bu6ov uapaMerpon Nw H a JJ:JIH pacqera ce

tfCHHi!. pacceHHHH o6cy.n;m .. r B TJ>CTLeM paa.n:cne. 

2. Pacrrpe,lleJieHHe rrpoToHon, HeiiTpoHoB H 
.nemecTna 

BamHeiiurHM HHrpC/UfCHTOM noll.t~!\fO 'ltptpeKTHBHhiX cnn, BXOJVIII{HX 

B CXCMY pac'l:eTa IIO'l'CHII,HaJia, HBJIJIIDTCfl HJIOTUOCTH. pacrrpeJJ:CJICHUH rrpo

TOHOBH HCH11>0HOB n H,ll;pax~ BKmotfetrHf~ HX B cxeMy BhllfHCJTCtrHn ce'l:eHHH 

paCCC1llfH11 llO~B~~eT TaKlKC npoBOJJ:HTL arrpo6an,1fiD MOJJ:CJICH, B pa~max KO

Topux 3TH IIJI!Yl'HOCTH llOC"''pOCHU, B aHaJIH3C 3KCIICpHMCHTaJILHLIX ,n,aHHLIX 

~o pacce~IHHID.. Oco6eHHOCTLID JJ;aHHoro no.n:xo.n:a (eM. TaiOIW [61) HBJineTCH 

TO, <{TO npOTOHHUC H HCHTJ>OlfHLlC IIJTOTHOCTH BCCX GTaJIKHBaiDU{HXCJI 11JJ:Cp 

KaJ( tfaCTHil,-C~apHJJ:OB, TaR H HJJ:Cp-MHIIIeHCH Bhl'l:HCJJHIDTCH QZUIHM H TCM IIW 

li.WToii:oM ~-~- MeTo~o~ 3Hepr~tfeCKoro cpyHKn."HoHana IIJIOTH(JCTH. AHaJIH

TH'l:ec~e nupame~HJI .~ cpyHKUnOHana Mollllio Hamn,. HrurpnMep, n 113-

14j, a Hafiop_3Ha'l:CHHH COOTB~~Yloli{HX rr'apaMerpOB __:_: B l15j. 9TO'f -

CJJ:HHwt JJ:JJH. nc;m<:'JI.n:ep ~ Ha6cip rrapa~eTl10B COOTBCTCTByeT 3Ha•i:eHHID ClKH

MaeM~C'rH. H.n:epHoit MaTeplrn :K=200 M3B._ ,LI,~ yrrpmt{e~:.m n. YHHcpnKa

II.HH pac'l:eTOB acpcpeKT~HOe B3aHMOD;CtlCT~He B KaHaJie tfaC~IH~a-qac'THII,a, 
' ' ' ~ ' . ' ~ ,, ,· • • • ~ ; ' ! .•• 

IIpHBOAJIII~CP.. K IIapHhiM KOppCJJHI{HHM CBCpXTCKylfero THria B HCMarH'fCCKHX 

n.n:pax, 6paJIOcL n nn.ll.e 6--c-irn c ororoit cnnonoit KOHCTaHToit -120 M3B. cpM3 

ll,JIH HeHTpOHOB H IIpOTOHOB H BI{JIID'faJIOCL B paC'feT CaMOCOrJiaCOBaHHO Ha 

6a:mce m:ex CBH3aHHhix. OD;HO'lacwrH'fHLIX yponHeii. HnKaKHX .n:orroJIHH'l'CJih

HMX yeJIOJHfH ( THIIa 3MIIHpH'l:CCKHX 3Ha'l:CHHtl. HYKJIOHHLIX, 3HeprHH OTJJ:CJie

HHll) HC HCIIOJIL30BCIJIOCL. 

PaCC'fHTaHHUC TO'l:ClfHUe npOTOHHhie H'HCHTJ>OlfHhle IIJIOTHO~ npeD;

C'l'~JICHLI ;,r~: p~c:l-J, a JfHTerpaJILHUC xapaKTCpH~l'~IKH IIJIOTHOCI'CH -- B 

TafiJIH~~e·. • M~i~o uH:;l,ei-i,, 'l:To JJ;JIR pnA~ pa~cMa'_rpnnaeuux H30Torron nMe-
. K>Tcn xar)akrepH~c· i>c:o6~imocTH ·n p~~rrpeAeJicHHH npoToHon H: HcitTpo

Hou. • Ta~, lwn MB, 11 Be n,' ~c~6e~~, !'!He·~ 11 LiH'a6nro.n:aeTcn npOTmueH

uuii. He.ihvo~m..lii XBOCT, B 'To npe~H Iia.K JJ:JIH 7Be':H 8B - npOTHlKCHHUH 

rrpiYroHHhlH XnOC:T. ·8;m oc~6~HHO~HBpacWeJi~~'lcHHH Ben~ecrna n pac

CMa'q}I{BaeMUX n,rq)~ corrrutirt:rByiD'f, ITJ>Cl!;L"TaBJIC!fHHM 0 CytlJ;CC'l'BOBaHHH 

HCHTJ>O~Horo,raJI() n 8Hc H 11 Li .1{ 3~a~HTP:ill.HOH IIpoTOHHOH my6u B 8B. 
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10 .... 

Ta6JIHn,a. CperoreKna.n:paTHl.fHhlc pa.n;HyCLI pacnpe.n:eneHHH 

niiO'rHOCTH HeiiTpoHon, npo'ToHon H neu{eCTBa (n <f>M) 

! l!Jwo I ~ r~ >'~ < r2 >1/2 I < r2 >t/2 lir / 

' I m "' I 
I _ .. __ l · r--- 1 

I ;Li I 2.509 2.343 

I 
~.J~~ 0.266 .• I Be j 

2:237 2.549 2.420 -0.312 8He 3.233 1.943 . 2.963 1.290 
I 8Li I 2.599 2.187 2.453 0.412 
i 8 B i 2.190 2.680 2.507 -0.490 I ' 

I 
1.020 I I uLi : 3.255 2.235 I 3.011 

! 11 Be 2.658 2.247·· 2.517 0.411 
nB 2.369 2.278 2.328 0.091 nc 2.326 2.456 2.398 -0.130 

I 14C 2.579 2.398 2.503 0.181 

I I 

I p,q>:M-3 

7Li 

to .. f"'''''"I''''"'''"""''"'''''"''"'"''''''I 
Ill 

r,qal 

PHc.l. llnOTHoCTL. pacnpe,n;CJieHRH He:hpoHoB (nyHKTHpHaH JIHHKH), 

npOToHoB (Tolfel.fHas) II nem;eCTBa (cnnoiUHas) B K~o6apax c A=7 
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PHc.2. To )Kc, l:fTO H Ha pHc.1, .n;JIH H3o6ap c A=8 

ll r,til 

CpanHeHHe pe3J1ThTaTon, rronyqeHHLIX n .n;aHHOM rro,n,xo,ll,r. ,n;nn R,ll,cp 
8He H 11Li, c JIHTepaTypHLIMH o6cym.n;aJIOCb B pa60Te [6]. 3;~eCL KpaTKO 

OCTaHOBHMCJI Ha cpanHCHHH c:pe,D,HeKBa.n;paTH'IHJ.TX pa,I!,HJC:OB JJ.JIJI~R.n;ep 8He 

H, 11 Be, nonyqeHHhiX n HaCTmnu;eii pa60Te, c H3BCC'l'HL1MH H3 aucnepHMCH

TaJibHhiX H TCOpeTJfl:fCCilHX HCCJICJJ.OBaHHif. llciiOJih301JaHHC IIpCJJ.CTaBJICHHR 

rayccoK,ll. H ocllJ'[miJITopHoro rrpe.n;<.'TanJJeHHR n pa6o-re [16] JJ.JIH aHaJrn3a 

c~cHHii: n:tanMo,.a;eitCTBHJI npn cmepnrn 800 M3B/HyxnoH ,n.ano ,n.JJJI 8Hc, 

COOTBCTCTBCID£01 .R,.. = (2.52 ± 0.03) cpM; B pafiOTe [17) HOJJJ'ICHO OJJH3KOC 

aHa'leHHe R.n = (2.49 ± 0.04) cpM. HaKoHeu;, n ne.n;aBJ:ieii pa6oTe [18] Hai1:

/1.CHO JJ.JIH 8
He R;,. = (2.45 ± 0.07) cpM. TeopCTH"leCKHC pacqem n pa6oTax 

[19] H. [20] IIpHBCJJH K 3Ha'ICHHJIM; COOTBCTCTBCHHO; 2.40 H 2.73 cpM. llo

CJJC,ll,Hec, 6ml3KO R 3Ha'lcHHIO, IIpCJJ.CTaBJJeHHOMY n Ta6JJHu;e. BcJJHl:fHHa 07"n, 
paCC'llfTaHHaR B paMKaX KJiaCTCpHo-opfiHTaJihHOH o60JIO'IC'tfHOH MOJJ.CJJH B 

[21], panna 1.06 <f>M, 'ITO 6J!H3KO K 3Ha'ICHHIO 1.29 cpM, IIOJIJ'ICHHOMJ B Ha

(;'fOJIU~CH pa60Te. LI,JJR R,ll:pa 11 Be n yme yrroMimanmeikn pa60Tc [16] .npH 

HCll0Jib30B<iHUH rayccona H OCI~HJIJIJI'l'OpHOfO IIJ>C,li,CI"aRJICHHJi IIOJIJ'ICHO, CO

OTBeTCTBCHH01 R.n = (2.71 ± 0.05) H (2.52 ± 0.03) qlM. AnaJIH:I TCX »lc 

"JRCIICJ>HMCHTaJibHhlX .n;aHHhiX B fJMIKax MHOI'OTCJU.HOI'O llQliXO,ll,a B [22] IlpH

IlCJJ K ana'leHnm Rm = (2.90 ± 0.05) q>M JJ.JIH 11Be:" 
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PHc.3. To m.c; •ITO ~ Ha pHc.1, .ll,JUJ- H9oG~p c A=ll 
t • ' ., ' ' ' - : ' ' ~ < ~ ; ,· • ~ ' ' • 

3~ YrJioBLie pacnpe.l{ene':HIIH H Hx a.Ha.rrHa 
'· , , !_,': '.•f:I :.: , .. 

· l1:1 H3JI01KCHHoro u 'ncpnoM pa:J~TJ;ene · cnc,nycr, ttTo JJ.JUI nor.rpoen'un 

.ll,llq>qH:peHu;tmJlbHLix 1:ettcH~~ yl•pyJ·orl~ pacc:t;smnn·n .riaJ:IHoM nomc:~),n,e Hym.
no ui.IfipaTL :JHaqeHHn· mtpa~u~rpllii Nu," n ex. • IIpw an./um:Jc ai.:cJiejm~,;;H
TanLuL!~ fl.ilHHhiX :-l'l'lf mtpaMeqthl HRJJJII<n'(:n·:CHOOOfl.Hhl~llf' H impe;~CJUII(ri·(:JJ 
H:J Hall Jl.)'ttlliCI'O COl:!IaCUH TCOpC'l'H'lCCilHX H 3RCIICJ>UMCHTaJILHbiX CC'lCf!Uii. 

lJOMHMO JI'JJOBLIX paC:HJWf~CJJCHHi! JllpJI'OI'O pat:CCHH11JI I{ llOTI!Hl(11aJiy IIO

I'JIOiltCHllJI YJIICTIHITCJlLHLl IIOJIHLIC C:Ct{CHHJI pCaKIJ;UJI rTn. limoJTOM,Y ,Ll,JIJI JIY'l

IHCH anpofia1vnr Teop<~H'tfec:Imii Mo.n;enn u H:JnncqeHnn Gonce .IHH:ronepuofi 

Uf!(}>opMarvm o napaMCTpax lVw u a HJIKHO UMCTL 3Kc:nepnMeH1'aJU.Hhle 
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.n;aRHLIC l(llK no yrJIOBLIM pacnpe,ll;CJICHHHM, TaK H no Un. chi!: .D:aHHLIC .ll:llil 

JICf'KHX 3K30TH'ICCKHX .JI,ll.Cp, B3aHMO,ll.CHCTBYR>ll(HX C 11Jl.POM-MHIJICHLID, y Ko

TOporo N f:. Z, noxa OTcyTCTBYIDT. Hanm pacqeru HOCHT rrpe,ll.CKa3aTeJn.

Ruit xapaKTCp. <PHxcHpyeM 3HalleHH.JI Nw=0.3 H a=0.05, TaKHM o6pa3oM, 

BLifiHpaCM HX 0,/J;HHaKOBLIMH AJ111 llCCX CCMCHCTB K306ap. 9TH 3Ha'ICHIIJI 

6JIH3KH K 3Ha'ICHH.JIM, IIOJIYliCHHLIM B pafiO'l'C [6] IIJ>H OIITHMaJILHOM OliHCa

HHH 3KC:IICpHMCHTaJILHLIX .n;aHHLIX ITO KBa3HyrrpyroMy pac:ceHRHID JICf'KHX 

3K30TH'ICCKHX .JI,ll;Cp. C IJ;CJILID HCCJIC,ll.OBaHHSI BJIHHHHSI IIOTCHll;HaJia ITOf'JJ()

ll(CHllJI Ha yrnonLie pac:npe,ll.eJieHHH B tWrOM cnyqae (AJlll H3o6ap 11 Li-n C) 

BLI<I.HCJICHHSI IIJ>OBC,li;CHLI ,ll;Jl.JI .n;BYX 3Ha'ICHHH 0'=0.05 H Q =0.025. 

Pe3yJILTaTLI pac:lleTOB rrpHne.n;eHLI Ha pHc:.4-8. 0THomeRHJI u I u n; 
paccliHTaHHLie ·.n;m~ pacc:eHRHJI H3o6ap c 3HeprHeit 20 M3B • A H 30 M3B • A 

Ha H,ll;J>C~MHIIICHH 14 C B Yf'JIOBOM .n;Ha1Ia30HC ,ll;O 45°, npe,n:CTaBJICHLI, C:OO'l'

BCTCTBCHHO, Ha pHC:.4 H pHc.5. AfiaJIOf'H'IHLIC pe3yJILTaTH, nOJIY'ICHHLIC ,ll.JISI 

3HeprHit 40 M9B • A H 60 M9B · A n yrnonoM .n;Hana3oHe .n;o 30°, npHne

.neau, COOTRCTCTBCHHO, Ha {>H!:.6 H J>HC:.7. 06cy,n:HM JlC3YJlLTaTH BLI'IHC:Jte

HHH. )J.im 6onee HH3KHX 9HeprHit {20 M3B ·A H 30 ).hB ·A) ymonue pac

npe,n:eneHHSI, B OCHOHHOM, ITO,ll;06HY. l<aK H CJIC,ll;ODRJIO mKH,ll;llTL, O'I"HOIIJOHHII 

u I un yMeHLmaroT~H c: pocroM Z. CTpyi\Typa ymon~x pacnpe.n;eneHHit cra

HOBHTC:H 6onee nupameHHoit c yneJIH'ICHHeM A (pacreT 'IHCJIO MaKCRMYMOB 

H MHH.HMyMon). l1pH yneJIR'ICHHH Z )~Jm ¢u:xcHponaHHoro A MaKCHMYMLI 

B yrnoBLTX pacrrpe,nCJICHHJIX C,n:BHl'aK>'l'C.JI B CTOJ>OHY fiOJILIIIHX yrJIOB, H 9TOT 

C,n:BKI' yBeJIH<m:Ba(!TC.JI C J>OCTOM A-· 
.li,JIH 6oJILIIIHX 3HalleHHi1 aHeprHit 40 M9B · A H 60 M3B · A c:,n:nu:r 

yrJIOllhlX pacrrpe,neJICHHH IIO ¢a3C C:TaiiOllKTC.JI 3HH'IHTCJILHCH, oco6cmm y 

U3o6ap c A=ll. KoJrnqec-rno MaKCHMYMOB u MHHHMYMOB yMeHLIIIaeTcH, 

KapTHHa .yf'JIOllhlX pacupe.n;eJieHHit C;l'aHOBHTC.JI OT.irn:'IHOH OT .n;H¢plll\ll;HOH

HOH H rrpHo6pCTaCT pa;zymHo-no,no6HLIH nH:.n. Oco6eHHO HpKo 3TO HBJICHHC 

nupaa\eHo · AJIII. • H3o6ap 7Bc n 1Li npu :mcpnm 60 1-hB • A. Oi'MCTHM, 

liTO H IIpH MCHLIIIHX 9HCJ>f'HHX 3aMCTCH nepeXOA l{ pa,lzylllliO-HQZJ;06HOH Kap-

- THHC B yrJIOBLIX paCII{>C,ll.CJICHllJIX, HO OH npo~CXO,ll;ll'l' IIJ>H fiOJILIIIHX yrJiaX 

pacce.JIIiH~. 9TO 06CTOHTCJILt."''BO HaXO,ll;H'l'C:.JI B COOTRCTCrBHH C Ofill~HMH 3a

IWHOMCJ>HO~.JIMH llpO.JIBJICHHJI .JI,ll;CJ>HOH pa.n;yrH B ynpyr~M paCCCSIHHH [23]. 

8 

'··ll l 
I 
·r· 

j 

r----------------,IOr----------------, 

"" b 1 

' b 

altX. rrpa,q.) 

Puc.4. 0THOIIIeHHe a/ an .n;JIH yupyroro pacceHHHJI .JI,ll;ep-:-n3o6ap c: 

- A=7,8,11, coOTBCTCTBeHHo, Ha HJl.PC-MumeHH 
14
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,ll;JISl 3HeprRH E=20 M9B·A 

~ 1 

' 
b ~ v 

10 •• j ~ 
• 

t ' 10 .. 

-PKc.5. To me, l{T() u Ha pHc.4, ,ll;Jl.JI 3HeprHH E=30 M3B·A 
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1ci --I ·'-, "'- ~·d. 
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a!IJ(.{rpa,q.) c • 

PHc.6. To me, 1.1.-ro u Ha pHc.4, .ll,JUiaHcpruu E=10:M3B·A 

r---------------~10~----------------, 

f() . :··:z:_ 
911Ji. ( rpa,Q.) 

PHc.7. 'l'o me, •cro H Ha pHe.4, !VI11 3HeprHH E=60 l\hB·A 

Ha pHc.8 rrpc,li,C'raBJICHhl peaym;raThl BhiYJH:JteHHii fT / fT 11 .rvu1 n:106ap 
11 

Li n 
11 

C o:=0.05 n o =0.025. l\1mlilio nu;~eTL, •no nmtnHne Bhlfiopa a 
cKa3hlBat-'TCH lia 6om.nmx yrJiax paccCHHHH, npH yMcnLmcHIUI lY OTHonreHIDI 

rT/au paC'rJ'r, H Kap'l'HHa yrJIOBhlX pacnpc.n;encmm necKoJILKo pa3Ma:n.ma

trrCJJ.. 0,li,HaKo BCC O'l'MC'-l.CHHLIC Bhlll!e 3<UlOHOMCpHOC1'lf OC'l'aK>TCH R Cl!JU~. 
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10 _, 
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...... "' 
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11

Ll~a=0.025~ ---
11 Li a=0.050 

-
11c a=0.025 

-·-· 
11 C a-0.050 . 

10 -· 
10 .-· 

M:>B 

\/\/'\_., 
........... \ 

'--. ~ 
'\...._ 

.I ---
11 Li a=0.050 - "Lila=0.025l \. 

~ ::c a-0.025 
--· C a-0.050 

10' 20 30 

E/A=60 M3B 

.-~ -. ::u~a=0.02!S~ --- 11 Li a=0.050 
- 11C a-0.025 
. ·-.- C a-0.050 

40 

,o-•6 ..... II ''I'd I ...... 20 ...... 'So1o -~6· .'." .... 'l'o ·~·. '! ••. 20 ..... ··s· 
. e~.~o~.(£'pa,t~;.) 

PHe.8. Bmramre su6opa mipaMerpa • noTCH~a.Jia noncpxm}<-"THoro 

ITOI'JIOII~CHHH Ha Jl'liOBhlC pacnpCll,CJieHHH ynpyroi'O paeCI!HHHH vi3o6ap 

l1 Li H ll C Hll 1l,li,PC-MIUllCHH l4 C 

3aMeTHM, '-l.To nee BLI'-l.HCJieH~m (3a icxmoqcHne!.l pe:JyJILTaTon. rrpe.n;

nanncHilhiX na pHe.8) upono,li,l!JflfCh Jl,JIJI <tJHKCiq~OBaHHLIX 3HaqeHHil Nw 
M a. B nell:CTBHTCJThHOC'I'n, mm noKa:nanaCT aHaJIH3 3KcnepHMCHTallhHHX 

LT,aHHhiX {6J 11 UaK. CJIC,nyeT ~3 (pH3HI.{CCKHX co96p<UKCHHil: 3Hlli.{ClUlii Nu, ll 

n 110I',YT 1WHJITI.CH H :JaRHCHMOCTH OT '-l.iiC'l'HIVJ-CHHflJI)l,a I! ··mepnm HaJH~
'!'atOII~dj 4i1CTHI~Ll. HoctWJihKY. U(R) ammeH'l' OT 3HCJli'HH. ro H3 t}>opM,YJlhl 

(1) C::IC/lj'<~T, '!T<i H noTell~HaJI iwmmiJ,CHUH npH <tJl!KCHJ>OBaH~hlX Nu,' H Cl' 

:mnHenT ~rr •:meprHH. Ho ,ncn~ec·rneHHHH u MHHMaJI 'IHC'I'H on HM.I!IOT pa:J

HLlH xapai\Tep 3HepreTHqeeTwll :J<lBUCliMoC"I'H, Iio3ToMy.napaMeTJH.l Nu. Jf ll' 

Tome MOI'YT :mn~CL'Th oT 3Hepnm. O;J,Hmw Hm.1eHeHHH N.,.n a npmteXOJiftT 

n y:JT<OM /J.Hana3oHe :JHa'leHnl\ H cyuJ,ecrne~mo BIDrJIIOT Ha ymonue pacnp<~:: 
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.n:eneHHJI Jrn:lllL np}f 60.'ThlllHX ymax pacccJIHHJI. KpoMe Toro, OT Nw tt u: 
~-- '~ ' > • 

3a.BHCJIT, KaK OTMCt{aJIO<:L ~LilllC. :IHa'iCHHJI an. 
: · Pa:JJIH'ilfJI s _ yrnosux pacnpeJ~CJU!HHJix ynpyropacccJIHHLIX n3o6ap 

orrpe,n:eimJOTcJI KaK KYJJOHOBCKHM B3aHMOnCH<-"'l'BHeM, TaK H H3oBeKTOpHoli 

~mCI'LIO HJWD-JI)l.CpHOfO IIOTC.f!U:HaJia. flocKO.iiLKJ KJ.iiOHOBCKOe B:JaUMO)l.CH

CTBHC )l.OCTaTOt{HO XOpomo H3BCCTHO; cpaBHll'l'CJILHLIH aHa!IH3 paCCCJIHHJI 

u3o6ap Ha O)l.HOM u TOM iKe n.n:pe-Ml!:meHH c N f= Z, npoac,n:eHnuH: B pa~max 
MHKJlOCKOIIH'iCCKOH MOJJ;CJIH, MOil\(~' JJ;a.Ba'J'L HH$opMaU,HIO 00 H:IOBCK'l'UpHOH 

qaCTJi 0fl, a CJIC,ll;OBaTCJILHO, 0 CBOifcT~ax H30BCKTOpHLIX 3$q>CKTIInHLIX 

HJKJI()H:-HJKJI~hlX CHJJ H pa3Jli.l.t{IUIX II pac;npc,n.eJicHHU_IIpO'fOHOB H HCH
TpOHOB B JI)l.pax. 

JlaHee_ IIpOBC)l.CHHLle HCCJIC,ll;OBaHHJI JI)l.epnoro pa,DylKHOfO paeceJJHHJI 

HfJOJJ;CMOHC'f}JHJlOBaJIH B03MOlKHOL"'l'h HOJl)''feHHJI ll3 aHaJlll3Cl 3KCIICpHMCH

TaJILHUX ,li;<IHHLIX HHq>opMai~HH 0 JIOBC)l.CHHH IIOTCHU:RaJia Ha paCC'fOJIHHJIX, 

CJlltf!C'fBCHHO MCH.blllHX, t{CM. Jla)l.lf)'l. Cll.iiLHOI'O JIOfJIOlll,CHH11. 06Hap)'II\CHlle 

B HaUTHX par.•IC'rax a$<!>eKTOB Jlt~epHOH pa,uyru (pan.ee ,li.Jm 6He TaKHe 3<1>-

cpm{'I'hl fihlJIH II}JC,li.CI{<I3aHLI B pa50TC (24]) )l.aCT B03MOlKHOCT.b IIJlC)l.IIOJiara'l'b, 

'iTO MOiKeT . 6UTh IIOJI)'t{CHa HOBM HHq>opMaiVJJI 0 CBOikrBax IIOTCHU:HaJIOB 

IIerKRX 3U30'I'H ticcKnx JI,.a;ep npn anaJm:Je · )'I'Jlonux pacnpe.n:eJieHnli: n cHTy

a~na ( COO'l'BC'l't:fBJIOJlVI.C 'iaL"'l'HU:U:_CHapn,n:u, aHeprHH H Jl'JIU paCCCJIHHll), 
UOIWt IIJ>OllBJIJIIOTC11 Pa.n:JlKHLle aq,q>cuTu. ' 

.L(JIJI IIOJIY'feHRJI 6oJiee )l.OL"'l'OBCJl!fOH HHq>OpMall:HH 0 CBOHC';BaX 011 

HC06XO)l.HMO HMCTh 3UCIICpHMCHTaJThHLIC )l.aHHUC IIO (KBa3H)ynpyroMy pac

CCJJHHIO B )l.~C'fa'l'O'lHO lliHpOKOM Jl'JIOBOM )l.Haiia30He, a TaKlKC H3MCpCHHUC 
llOJIHUC. CC'iCHRJI peaKlVIJi fTR. 

3a.KJIJO'!eHHe 

B 3aKJIIOqeHHe cq>opMyJIHpycM OCHOBHUe pe3yJILTaTU u BUBQLJ;LT pa-
6oTI.l. . 

. 1. )J.JIJJ ceMeitCTB u:m6ap, BKmoqarom;mc nermrc 3K30'THtie'cxue n.n:pa, 
7
Li-

7
Be, 

8
He:..-'

1
Li--!!B u 11 u...:.u Be-1i B _u C B paMKax 3HeprernqecKoro «PYH

KimoHaJia IIJIOTHOC'fH paC:C'iHTaHLl npOTOHHUe, HeJi'I'pOHHJJC H MaTepHaJIL

HUe IIJI(ITHOCTH H HX HHTcrpaJILHI.Ie xapaKTCpHCTHKH, IIpH ino:M: HCIIOJIL3o

BaJICJJ · eromuli Ha6op rrapaMP.Tpon q>yHuu:nonaJia. Patnpe.n:eJICHHJI IIJIOTHo

creil: ,li.JIJI 
7
Be, 

8
B H 

11 Li xopomo comacyroTCJI c BLlBQIJ.aMu aK<-iiCpHMCH

Trun.nux H TCOpCTHl{CCKHX pa50T 0 L-yti~CI:TBOHaHHH B 9THX JJ)l.pax, COOO"HCT
C"l'BCHHO, IIJ>OO'OHHOH my6u H HCHTJlOHHOro rano. 
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2. Ha ocHone M3Y aq>q>exTnnnor~ n:JanMo,n.eil:CTBn'JI c yqeToM a¢

q>eKTon OAffOHJK110HHOI'O o6MeHa Bhll{RCJICHLI CC'ICHHJI ynpyroro paCCCJIHUJl 

paCCMa1'pHUaCMUX Cf!MCHC'fB H3Qfiap Ha ll)J,pe-MHIIICHII 14 C B JIHTCpBaJIC 

aHepruli _OT 20 MaB · A .n:o 60 MaB • A. MccJie.n:osano BJJHHHHe Hhlfiopa 

uapaMCTpOB ITOBCpXHOCTHOl'O llOI'JIOlll,CHHJJHa OTHOillCHHJI u/UR· 
3. Y CTaHOBJICHO, t{TO C Jl0C'l'0M 9HCJll'HH KaJlTHHa ,IIQIJ.OfiHJI B Jl'JIOBLIX 

pacrrpe.n:cJiernmx II3o6ap, rrpli:Ha.n:neH<aiiV~X K )l.aHHOMJ ceMelicrsy, Hapyma

CTcJJ. ,l],JIJJ orrpe.n:eneHHUX 3Ha'ieHHil: aneprHH H yrJioB pacceJIHHn ymonue 

pacrrpe,.a;eJieHHJJ crauonJJTCJI pa,nymuo-nQIJ.o6Hh1MIL Oco6emm HpKO 9TOT 

aq>q>cKT supamen ,li.JIJI paccCJI~HJI 7Be, 8 B u 8He npu anepr:nH 60 MaB · A 

B ymoBOM )l.Halla30HC OT 10 lJ.O 20 rpa)l.YCOB. . . 

4. lipe,n.e·nmneHhl HCIUYropue llpC,li.JIOiKCHH11 IIO HCCJIC,li.OBaHHIO 

CBOikrn H30llCKI'OpHOJi: '1aC'rH ll,ll.pO-Jl,li.C}JHOI'O n:JaJIMO,ll.CJiCTBIUI U a~CIICpH

MCHTax IIO KBa:mynpJI'OMJ paCCCJIHHIO JICI'KHX ::l((30TH'!CCKHX ll,li.Cp IIpH HH3-

I\ILX. aneprHJIX. 
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1113A3TCnb_CKHH OTACn 

06'bCAHHCHHOfO HHCTHTyTa HACPHbiX HCCnCAOB3HHH 

npCAnaraCT BaM npH06peCTH nepe'IHCnCHHbiC HH>KC KHHrH:· 

t-iHAeKC KH~nl HaJBaH~e KH~m 

94-55 Eoromo6oBCKI!e '!Tl!Hllil. Marepuarru Me~apoAHoro cosem:uurn. ,Uy6mt, 0 

1993 f. 216 C. (Ha pycCKOM II aHfJI. l!3.) 

IC!mra B.C.EapamenKosa <<Ce<JeHllil BJaHMOJieiicTBllil <JaCTl!U 11 l!Jlep 
c l!Jlpa.\-111»: 1993 r. 346 c. · ' 

E7-94-270 Tpynhi MeJK.UYHapoJinoro pa6o<Jero co~emaHllll <<<l>HJli<JecKl!e 3KcnepuMeHThi 
1i nepBb!e pe3YJibTaTbl Ha HaKOnl!TeJihHbiX K011bUax Tl!JKeJibiX UOHOB>>. 
CMorreHIIUe, 1992. 324 c. (ua aum. l!3.) 

E2-94-347 TpyJlbi MelK)l)'HapoAHoii KOHcpepeHUllll <<MeTOJlhi Cl!MMeTpllll B ·cpuJHKe>>. 
Uy6ua, 1993. 602 c. (2 TOMa, uaal!rrr. l!3.) · 

E4-94-370 Tp}'Abl IV MeJK.UYHapOJIHOii KOHcpepeml:~u no l!36paHHbiM sonpoca.\-1 
CTpYJCTYPbll!Jlpa. Uy6ua, 1994. 412 c. (ua :Uim. l!3.) 

' ' 

E17-94-386 Tpynhi 6-ro repMaHCKo-poccliiicKO-YJCpmucKoro ceMuHapa no BhiCoKo
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