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lo BBEAEHHE 

Hly'leHHe JIBJieHHJI cilparMeHTau;aa BbiJIBHJIO PJIA oco6eu

HOCTeH npou;eCCOB, npoTeKaiOlD;HX ITOA AeHCTBHeM 'laCTHD; 

B.biCOKHX 3HeprHH, KOTOp.ble yKa3biBaiOT Ha 3aMeTHYIO pom. 

B o6pa30BaHHH CJIO>KHbiX qaCTHD; JIAepHbiX COCTOJIHHH, AaJie

KHX OT paBHOBeCHJI /l-3/ 
0 

0AHaKo npapoAa uepaauoaecHbiX npoueccoa cl»parMeHTa

UHH eme ne ycTaHoaneHao B 3Ha'IHTeJibHOH Mepe npH'IHHoil 

3TOrO JIBJIJieTCJI OTCYTCTBHe CHCTeMaTHKH BbiXOAOB ITPOAYK

TOB pacmenneHHJI JIAepo HMeiOIUHeCJI B JIHTepaType /4-S/ 

ITOllbiTKH ITOCTpOHTb 3aBHCHMOCTH BbiXOAOB cilparMeiiTOB OT 

MaCCbl JIApa-MHWeHH OKa3aJIHCb MaJioycneWHbiMH, 'ITO CBH

AeTeJibCTByeT 0 CylD;eCTBOBaHHH CBJI3H Ce'leHHH cilparMeHTa

UHH c 6onee AeTaJibHbiMH caoilcTBaMH JIApa H cilparMeHTa, 

'leM ITOJIHOe 'IHCJIO HYKJIOHOBo 

CJieAyeT OTMeTHTb, 'ITO CHCTeMa THKa BbiXOAOB cilparMeH

TOB MO>KeT 6b1Tb ITOJie3HOH npH HCITOJ1b30BaHHH JIBJieHHJI 

cilparMeHTaD;HH B APYrHX 06JiaCTJIX HayKH, TaKHX KaK KOCMO

XHMHJI, cilH3HKa KOCMH'IeCKHX Jiy'leH, KOCMH'IeCKaJI 6HOJIOrHJI, 

paAHOXHMHJI, ITOHCKH JIAep, Jie>KalD;HX Ha rpaHHD;e CTa6HJibHO

CTHo B 3THX cnyqaJix B03MO>KHOCTb 6biCTpo H c pa3yMHOH 

TO'IHOCTLIO OD;eHHTb B.biXOAbl cilparMeHTOB MOrJia 6.bl OKa-

3aTbCJI >KeJiaTeJILHOHo 

Ceilqac MO>KHO roaopHTL JIHWL o uaqaJILHOM 3Tane co3-

AaHHJI cacTeMaTHKH B.biXOAOB cilparMeHTOBo Ecna AJIJI BbiXOAOB 

ocTaTO'IH.biX JIAep y>Ke cYIIJ;eCTByeT annpoKCHMaUHJI PyACTa

Ma 161, AaiOID;aJI B03MO>KHOCTL npeACKa3b1BaTb 3TH B.biXOAbl 

C TO'IHOCTLIO AO cilaKTOpa 3, AOCTaTO'IHOH AJIJI PJIAa npano

>KeHHH, TO AJIJI cilparMeHTOB ITOA06HOH annpOKCHMaD;HH He 

cymecTayeT o 
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0CHOBHble Tpe6oBaHHJI, KOTOpble Mbl Dpe,D;'bJIBnJieM K HC

KOMOB annpOKCHMai(HH, CBO,IJ;JITCJI K cne.IJ;yJOIUeMy: 

1. 3aBHCHMOCTL ,IJ;OIDKHa BKnJO'Ia TL MHHHMYM ,IJ;aHHbiX 

o JI.IJ;pe H tilparMeHTe. 

2. «<»OpMyna .IJ;OIDKHa 6b1TL DpOCTOB H y,no6HOB .IJ;nJI 6b1CT

pwx oneHoK c y.IJ;osneTsopHTenLHoii TO'IHOCTLIO. 

Ha .IJ;aHHOM :nane Mhl He MO)I(eM cTaBHTL nepe.IJ; co6oii 

nenL nony'IHTL tllopMyny, Hauny'IWHM o6pa30M cosna,IJ;aro

J:UYJO C 3KCDepHMeHTOM BO BCeM .IJ;OCTyDHOM H3y'leHHIO 

,IJ;HaDa30He Mace JI,D;ep H c)parMeHTOB H 3HeprHB nepBH'IHbiX 

DpOTOHOB. 3Ta orpaHH'IeHHOCTL Ja,IJ;a'IH CBJI3aHa C .IJ;BYMJI 

06CTOJITenLCTBaMH: 

1. HMeeTcJI 6onLwoii pa36poc B 3KcnepuMeHTanLHhiX 

,IJ;aHHbiX, KOTOpble 3a'laCTYJO D03BOnJIIOT BbiJIBHTL nHWL 

06JUHB XO.IJ;, HaDpHMep, c)yHKUHH B036y)I(.IJ;eHHJI. 

2. MLI C'IHTaeM )l(enaTenLHbiM, BBH.IJ;Y DOnHoro OTCyT

CTBHJI Y.IJ;OBneTBOpHTenLHOH TeOpHH tilparMeHTaUHH, DOKa-

3aTL B03MO)I(HOCTL DOCTpOeHHJI CHCTeMaTHKH BbiXO.IJ;OBtilpar

MeHTOB H DpO,IJ;eMOHCTpHpOBaTL HeKOTOpLie npo6neMbl, CBJI· 

3aHHble C H3MepeHHeM DOnHbiX Ce'leHHB tilparMeHTai(HH. 

2. BMiiOP 3MIIHPHqECKOH tPOPMYJIM ,4JI.R 
AIIIIPOKCHM~HH IIOJIHMX CEqEHHH 

tPPAFMEHT~HH 

,lJ;nJI Toro 'IT06bl no.IJ;o6paTL tllopMyny, KOTopaJI .IJ;asana 

6w oneHKY nonHoro ceqeHHJI tilparMeHTanua a /tllp/ B 

3aBHCHMOCTH OT 'IHCna HeBTpOHOB H DpOTOHOB JI,D;pa- MHWeHH 

H tilparMeHTa, MO)I(HO DpHBeCTH HeKOTOpLie C006pa)l(eHHJI, 

Y'IHTbiBaiOJUHe HOBble 3KCDepHMeHTanLHble tilaKTbl, DOny'leH

HLie npu HJy'leHHH tilparMeHTaUHH 3a nocne,nHee .IJ;eCJITHneTHe. 

3TH C006pa)l(eHHJI OCHOBaHbl He Ha CTpOrOM, B paMKaX 

KaKux-na6o MO.IJ;eneii, aHanHJe JIBneHHJI, a nHWL cny)l(aT 

KaK yKa3aHHJI Ha B03MO)I(HLie llpH'IHHbl DOJIBneHHJI TeX HnH 

HHLIX qneHoB B npe.IJ;naraeMoii tllopMyne, no.IJ;ne)l(ameii co

nocTasneHHIO C 3KCDepHMeHTOM. 

YDOMJIHYThle 3KCDepHMeHTanLHble tilaKTbl, KOTOpble Mbl 

HCDOnLJyeM DpH BLI6ope c)opMynLI ,nnJI a /tilp/, CBO,IJ;JITCJI 

K cne,IJ;YIOIUeMy: 
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1. CymecTsyeT 3KcnoHeHnuanLHaJI JaBHCHMOCTL oTHo

weHHJI BbiXO.IJ;OB tilparMeHTOB H3 .IJ;BYX MHWeHeB-H30TODOB 

OT TpeTLeB DpOeKUHH H30CDHHa tilparMeHTa t ~7 1J/ · 
2. HMeeT MecTo JaBHCHMOCTL ce'leHHJI o6pa3oBaHHJI 

tilparMeHTa QT )3enH'IHHbl TpeTLeH DpOeKI(HH H30CDHHa JI,D;pa.: 

MHWeHH T3 
17111• 

3. llpu 3HeprHJIX nepBH'IHOro npoToHa E 6onee 

0,6 F3B / 9 ,IO/ tllopMa cneKTpos tilparMeHTOB cna6o JaBHCHT 

KaK OT E, TaK H, ,IJ;a)l(e .IJ;nJI 6onee HH3KHX 3HeprHB, OT 

Maccbl A TJI)I(enoro HnH cpe,nHero JI,npa-MHWeHH. 3To oJ

Ha'laeT, 'ITO HMeeT MeCTO DpH6nH3HTenLHOe DOCTOJIHCTBO 

T .H. "341tileKTHBHOB TeMnepaTypLI" e, cny)l(ameii.IJ;nJI annpoK

CHMaUHH CDeKTpa tilparMeHTa. 

,lJ;anee pe'IL 6y,IJ;eT H.IJ;TH TOnLKO 0 Ce'leHHJIX HCDYCKaHHJI 

OCHOBHOB 'laCTH tilparMeHTOB, T.e. TaK Ha3b1BaeMbiX "Hcna

pBTenLHbiX" HyKnH,IJ;OB H TOnLKO DpH 6oM6ap,D;HpOBKe JI,IJ;ep 

npoToHaMH. Mw 6y.IJ;eM npe.IJ;DonaraTL, 'ITO JIBneHHe ucnycKa

HHJI "HCDapHTenLHbiX" HYKnH.IJ;OB, B OCHOBHOM, CBJI3aHO C 

pacna.IJ;OM /B TOM 'IHCne H HepaBHOBeCHbiM/ B036y)I(.IJ;eHHOrO 

JI.IJ;pa Ha .IJ;Ba Tena. 

B c.n.a • .IJ;nJI .IJ;H41tilepeHnHanLHoro ce'leHHJI da cp I df 
TaKoro nponecca MO)I(HO JanucaTL: p 

da¢p .,. !M! 2 P (U-Q-f)fi/~ /1/ 
d£ f 

r,IJ;e M- .MaTpH'IHhlii 3neMeHT pacna,na A ... mi +m
2 

JI.IJ;pa 

c 'IHcnoM HyKnoHoB A Ha tilparMeHT m2 H JI.IJ;po-ocTaToK 

m I , U - 3HeprHJI so 36~eHHJI JI,npa A, £ - 3HeprHJI 4lpar • 

MeHTa, Q - 3HeprHJI OT,IJ;eneHHJI tllparMeHTa, P f - nnoT-

HOCTL yposHeii JI.IJ;pa m I • I M !2 MO)I(HO swpa3HTL qepe 3 

ceqeHHe nornomeHHJI tilparMeHTa a ( f )151·: 

!MI 2 
... ~ 

P. (U) 
I 

c 

I/2 
f ' 

r,IJ;e Pi - nnoTHOCTL ypoBHeii JI.IJ;pa A. 
06bi'IHO /5/ nonararoT, 'ITO a (£) 

c 

/1 '/ 

He 3aBHCHT OT 

N-Z T 
--= 3 

2 
n-z 
·~=t3 H OT u /J.IJ;eCL N H Z - 'IRena 
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Heii:TpoHoB H npoToHos JI.IJ;pa A , n H z - 'IHCJia Heii:TpOHOB 

H llpOTOHOB «llparMeHTa/. 3TO 03Ha'laeT, 'ITO ,IJ;JIJI OU.eHKH 

!M !2 
HcnoJIL3yeTcJI onTH'IeCKHii: noTeHu.HaJI W, a 3Ha'IHT, 

H K03«ll«<<HD.HeHT norJIOIU.eHHJI ko , He 3aBHCJIIIJ.HB OT U 
T 3 , t 3 • llnoTHOCTL yposHeii p( U) o'leHL cna6o 3aBHCHT 

OT H36hiTKa Heii:TpOHOB H 3TOB 3aBHCHMOCTLIO MO)I(l{O npe

He6pe'IL /S/. llOCKOJILKy, KaK CJie,IJ;yeT H3 pe3yJILTaTOB 

pa6oT 
17 

JJ/, npH6JIH:>KeHHe, HCfiOJIL3YIOI.IJ.ee He3aBHCHMOCTL 

ko oT U , 13 , t 3 He onpas,~~;wsaeTcJI Ha onwTe, a on

TH'IecKHii: fiOTeHU.HaJI ,IJ;JIJI HYKJIOHOB 3aBHCHT OT H30CRH
HOB ;1l/: 

W-W W (T.t) 
- l + 2---, 

A /2/ 

r,~~;e T - .H3ocnHH JI.IJ;pa, t - H30CRHH HYKJIOHa, B «llopMyJiy 

I 1 'I cne,~~;yeT BBeCTH nonpaBKY, y'IHTLIBaiOI.IJ.YIO H3MeHeHHe 

ce'leHHJI norJIOIU.eHHJI ac (f) I a 3Ha'IHT, H I M! 2 I 3a 

C'leT H3MeHeHHJI K03«ll«<<HIJ.HeHTa norJIOI.IJ.eHHJI Ha BeJIH'IHHY 

k+ , 3aBHCJIII(yro oT U , T3 , t 3 • B npH6JIH:>KeHHH ( T.t ) ... 
= T3· t 3 MO:>KHO npe,IJ;noJio:>KHTL, 'ITO nonpasKa k + HMeeT 

CTpyKTypy, aHaJIOrH'IHyro /2/: 

+ . T3(l) .t 3 
k = k1 ( U, f ,m1,m 2)+ 1< 2( U ,f ,m 1,m 2) -----

mlm2 
/3/ 

r,IJ;e T3 (l) =T3-t 3 • B CHJIY CHMMeTpHH 3a,IJ;a'IH OTHOCHTeJILHO 

m l H m2 MO:>KHO 3afiHCaTL CJie,IJ;yroiiJ.He COOTHOWeHHJI: 

k i ( U, f , m 1, m 2 ) == k i ( U, f , ~ ,m 
1
) 

ki -w.< r) ·w
2 

(r ), 

r,~~;e 

w. (r) =I 
J 

6 

3 

4rrr ~ (j) 

0 

r .::; R j = rO(j) 

nps r> R. 
J 

m l/3 
j 

/4/ 

'"; 

OrpaHH'IHBaJicL aHaJIH30M 

,IJ;OfiOJIHHTeJILHOe fiOrJIOI.IJ.eHHe 

MHO:>KHTeJieM npH ac( f ) 

cJiy'laJI 
OT k + 

TOJILKO S - BOJIHhl, 

6y,~~;eM onpe,~~;eJIJITL 

oo R1 +R~ 
17 + = exp I I k + ( r) d r I = exp I I k + ( r) d r , 

0 0 

T.e. 17+ 6y,IJ;eT HMeTL 3KC_?OHeHD.HaJILHhiB xapaKTep ~~'CH
MOCTH OT t 3 , HMeiOI.IJ.eH MeCTO B 3KCnepHMeHTe ' · 

KaK noKa3aHo s / 71,3aBHCHMOCTL «llopMw cneKTpa «llpar-

MeHTa oT 1 3 JI.IJ;pa-MHmeHH HeseJIHKa, H 3Toii 3aBHCH-

MOCTLIO ,IJ;JIJI OU.eHKH fiOJIHOrO Ce'leHHJI a /«<lp/ B nep-

BOM npH6JIH:>KeHHH cne,~~;yeT npeHe6pe'IL. Mo:>KHO TaK:>Ke npe,~~;

nono:>KHTL, 'ITO k i 3aBHCJIT OT m l H m 2 , KaK OT 

ml m2 mlm2 
f:l= .. 

m1 + m 2 A 
- npHBe,IJ;eHHOB MaCCLI «llparMeHTa. 

B 3TOM npH6JIH:>KeHHH MLI MO:>KeM fiOJiy'IHTL CJie,IJ;yiOI.IJ.ee 

Bhlpa:>KeHHe ,IJ;JIJI nonpaBO'IHOrO MHO:>KHTeJIJI 

(R l +R2) 
77+=expl 3 3 

l()ol o<2> 

T t 
[a(U, 11 )+b(U,f:1) 3(1)3 ]1. 

mlm2 
/5/ 

)l,JIJI «llparMeHTOB DO BCeX ,IJ;aJILHeBmHX Bhi'IHCJieHHJIX 

llpHMeM r 0( 2) =1 ,4 H, KpOMe TOrO, Y'ITeM, 'ITO BeJIH'IHHa 

U ecTL «<IYHKU.HJI 3HeprHH E. HMeJI 3TO s BRAY, nepenHWeM 

«llopMyny /5/: 

11 + -:. exp I 
13(1) t 3 

(RI+R2)[a(E,f:1)+/3(E,f:1) m

1 

m2 
3 

r 0(1) 
/5'/ 

r ,~~;e Ko3«ll«<<HU.HeHTLI a H {3 no,IJ;Jie:>Ka T onpe,~~;eJieHHIO H3 3Kcne-

pHMeHTa. B 
B npH6JIH:>KeHHH ac(d = rrr;/A 213 (1- -f-), 

5 
r,~~;e 

c ~B, a B - KYJIOHOBCKHii 6apLep ,IJ;JIJI «llparMeHTa 
1 1

1 
, H .IJ;JIJI 

~ /8,9 
paBHOBeCHhiX 3Ha'leHHB p f B pi, KaK B3BeCTHO , fiOJiy-

'laiOTCJI pe3yJILTaTLI, npOTBBOpe'laiiJ.He 3KcnepBMeHTy. 06LJq-
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HO OTKnOHeHB.II OT paBHOBeCHOCTB tllopMbl cneKTpa Y'IBTbiBa

IOT BBe,IJ,eHBeM 3414leKTHBHOH Te.MnepaTypbl (), 3Ha'IBTenbHO 

npeBbiWaiO(UeH paBHOBeCHyiO, T.e. C'IBTaiOT, 'ITO 

pf(V-Q-£)/p.(V): expl-f+Q l. 
1 e 

Tor.n.a, nonara.11, 'ITO JaBHCB.MOCTb MaTpB'IHoro 3neMeHTa 

M OT U , BXO.IJ..IIIUa.ll B k +, TO)Ke 3414leKTBBHO Y'IBTbiBaeT B 

HepaBHOBeCHOCTb pacna.n.arome:Hc.ll cBcTe.Mbl, .n.n.11 da rp (f)/ d ( 
nony'IBM COOTHOWeHBe; p 

dacbP (f) 2A2/3 c-B + l -{c+ Q) l 
- r0 11. -

2
-TJ exp . 

de e e 
HHTerpupyJI /2 'I no c, nony'IB.M 

a rp p ... r g A 213 TJ+ f ( rp p ) , 

~,!J,Q}IBHKnBJI f /tllp/ Y'IBTbiBaeT 3aBBCHMOCTb a /l!lp/ OT 

() . 
)J;n.ll .ll.f(ep, ne)l(aiUBX B6nB3B nBHBB CTa6BnbHOCTB, BenB· 

'IBHa Q +B KaK l}lyHKnBJI (n,z) l}lparMeHTa c xopomeii Toq

HOCTLIO COXpaHJICTC.II npB B3.MeHeHBB (N ,Z) .II,IJ,pa-MHWCHH 

B,IJ,Onb nBHBH CTa6BnbHOCTB, T .e. MO)KHO C'IBTaTb, 'ITO 

expl-(Q+B)/ e l~ f /l}lp/. 

)J;n.ll .II,IJ,ep, ne)l(aiUBX ,IJ,aneKO OT nBHBH CTa6HnbHOCTB, 

COOTHOWeHHe exp{ -(Q+B)/0}:: f /I}Jp/ MO)KeT CT8.Tb CnHWKOM 

rpy6bi.M ,IJ,n.ll HCKOTOpbiX I}Jpar.MeHTOB. )J;n.11 no.n.6opa a H 

f3 B JOp.Myne /2/ .Mbl npBH.IInB, 'ITO r O B rO(l)' B COOTBCTCTBBB 

C /I , B cpe,IJ,HeM, npBHH.MaiOT 3Ha'leHB.II: 

1 ,4 - ecnB A, m I S. 27 
1,3- .ecnH 27::;A,mi::;63,5 /6/ 
1,2 - ecnB 63,5< A ,m I 

H3 puc. 6,r.n.e npBBe.n.eHbl l}lyHKnBB B036y)K,!J,eHB.II a /l}lp/ 

.n.n.11 I 8 S:( t 3 = 0), cne.n.yeT, 'ITO ,IJ,n.ll Ko34141BnBeHTa a (E, tf) 
MO)I(HO npe.n.nonO)KBTb /npB E > 0,2 T3B/ cne.n.yroiUBe 

CBOHCTBa: a ( E , J1 ) < 0 ; ! a ( E , J1) I y.MeHLwaeTC.II c 

pocTO.M E, 'ITO noJBOn.lleT socnonLlOBaTLC.II .n.n.11 a (E , J1) 
pa3no)KeHBeM no o6paTHbi.M cTeneHJIM E·: 

ai(JL) a {Jl) 
a ( E , J1) = a 0 (J1) + -- + ~ + ... 

E E 
/7/ 

8 

... 

• 

.~. 

OrpaHB'IBBaJicL B pa3nO)I(eHBB /7/ nepBbi.MB .IJ.BY.M.II 

'lneHa.MB /'ITO CHB)KaeT TO'IHOCTL npB Manblx E I, Bl aHa

nB3a .n.aHHbiX no ce'leHB.II.M a ( I8 F) , a(3H) , a (1 Be)/5/, 
.n.n.11 Ko34141BnHeHTOB a B f3 nonyqae.M cne.n.yroiUBe oneHKB: 

a(E, J1) 

fL 

= - (0,0072 ± 0,0010)- 0,0432 ± 0,0050 
E /8/ 

f3(E,J1) 

J1 
= + 4,32 ± 0,20. 

HcKo.MaJI 3aBHCBMOCTb, CB.II3biBaiOIUa.ll a /l!lp/ c N B 

Z .II,IJ,pa- .MBWeHB B ( n , z ) l}lpar.MeHTa npBo6peTaeT cne
.IJ.YIOIUBH BB,IJ,: 

2 2/3 Rt +R2 
a(rpp )=r

0
A f(rpp )exp{J1 

3 
[-(0,0072± 0,0010)-

r O(l) 

/9/ 

0,0432 ± 0,0050 
E 

+ (4,32±0,20) T3(l). t 3 ] l 
mi+m2 

N-Z n-z n-z I mi + m2 =A, T3 (l)"" -z-- -r , t3 =___,.- E - B e.n.B-

HBnax T3B/ npB 3Ha'leHB.IIX r0 B r 00 ), YKaJaHHbiX B /6/. 
IlpB no.n.6ope n~pa.MeTpOB l}lop.MyJibl /9/ .Mbl orpaHB'IHnBCL 

ycnoBBe.M m 
2

::; 3 A , 'ITO Bb13BaHo cTpe.MneHBe.M C'IBTaTb 

I}Jpar.MCHTOM ,!J,OCTaTO'IHO .ManyiO 'laCTb BCXO,IJ,HOrO .II,IJ,pa. 

B ma6A. 1 npBse.n.eHbl 3Ha'leHB.II f /l}lp/ .n.n.11 HeKoTop~a~x 
l}lpar.MeHTOB, nony'leHHble H3 conocTaBneHB.II l}lop.Mynbl /9/ 
c 3KcnepB.MeHTanLHbi.MB .n.aHHbi.MB .n.n.11 JI,IJ,ep-.MBWeHeil, ne)Ka

IUBX Ha nBHHB cTa6BnLHOCTB / 5 • I3 I. C 3TB.MB JHa'leHBJI

.MB f /I}Jp/ 6hlnB Bbi'IBCneHbl I}JyHKnHB B036y)K,!J,eHB.II a /l}lpj 

,IJ,n.ll nerKBX HeHTpOHOH36biTO'IHbiX I}Jpar.MeHTOB 
3H , S,Li 

HeHTpOHOHe,IJ,OCTa TO'IHOrO I}Jpar.MeHTa 7 Be B T JI)KenbiX llJpar-
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TAliiiHQA I 

3HaqeHH.II tPyHK~HH f.. (!W) MOH .1WI II8KOTOp,IX 
!WaiMeHTOB 

~parMeHT h12. t?l f (ct>p)MdH IlpHMeqaHHe 

2H 2 0 IOO E =0.I57~.I9 raB 
3H 3 +l/2 3.52 ± CJ.8 E ,..,;0\ =0.45 raB 
4Ie 3 -I/2 5.04 .:t I.O E l'ftil"'. =D.I9 raB 
4He 4 n 40.0 .:t IO.O E ~ I.O raB 
6se 6 +I o.I3 ± 0.06 E ~ I.O raB 
7Be 7 -I/2 o. 74 ± 0.20 E ,.,; .... = 0.4 raB 

7 Li 7 +I/2 0.77 ± O.I5 E = I,O raB 
9 Li 9 +3/2 o.DIS± o.D4 E = 2.8 raB 

I3 N 13 -I/2 0.08 ± 0.02 E,..,;., = 0,94 raB 
I? N I? +3/2 0.026;t(J.007 E = 2.8 raB 
I6c I6 +2 0.023,:t0.006 E = 2.8 raB 
I8f I8 0 0.20 ± 0.04 E ~ I.O raB 
22 No.. 22 0 O.I6 .:t 0,02 E ~ I.O raB 
24 No.. 24 +I 0,089+0.0II 6ea A~ O.ICJ5±0,0I5 c ~<} 

18 24 
MeHTOB F H Na , noxa3aHHLie aa puc. 1- 7. M O)I(J{O 
BHAeTL, qTo WOpMyna /9/ IT03BOnBeT oneHHBaTL ceqeHHB 
wparMeHTOB B WHPOI<OM AHana3oHe 3HeprHi E . ,I(ns Tex 
wparMeHTOB H BAep-MHWeHei, AnB I<OTOpLIX noxa He cyll(ecT
BYeT ITOAp06HLIX H3MepeHHB ciJyHI<nHi B036y)I(AeHHB, B 1106.11. 2 
npHBeAeHLI 3I<CnepHMeHTanLHLie H paccqaTaHHLie no WOp
Myne /9/ OTHOWeHHJI ceqeHHB npH pa3nHqHLIX 3HeprHBX 
E, annoTL AO 300 F3B. 

B 1106.11. 3 AaHLI OTHOWeHHB BLIXOAOB 3epi<anLHLIX H30-
6ap - WParMeHTOB, o6pa3yroii(HXCJI npH 6oM6apAHpOBI<e pa3-
naqaLix nerxax H TJI)I(enLix JI.l(ep npoToHaMH. BenaqaHLI 

10 

TAEDHIV. 2 
OTHorneHHa ceqeHHI ~ PHAS ~rMeHTOB rrpe paanHqHHX 

sHaqeHH.RX aaepres npoToHoB E raB 

J 

~pa.rMeHT .H,ltpo-Mirllllem, G (f, )/6(f._) axcn. G(E,~{E.J pacl.l, 

~e Cu. E1=D.94 0.50 0,64 
A~ 0.57 .±,20% 0.54 
p Ez=I.84 0.48 0.47 

n} 0.305 0.5!0 
c~.~ 0.240 0,470 
~~ EI=1.0 0.210 0.320 

9 0.210 ±25% 0.290 
L£ CJ Ez=2.8 0.175 0.290 

0.2IO 0.260 
lA 0.203 0.240 

fl v 
E1=3.0~ E-:=29.0 0.69+0.!0 0.78 

7!!il '
9 

Co E1=1I. :Ez:300.0 0.85±0.12 0,93 

nJ 
0,328 0.350 

C~.t.. E1=1.0 0.2II 
:t 25% 

0.280 
I6c A3 O.I60 O.I40 

La. E2=2.8 0.144 O.II5 
Pt.. o.rso O.II4 
'w' O.II8 0.090 
1.(, 0.170 0.080 

5
' V E1=3.0; Ez=29.0 0.62+0.!0 0.66 

~! . 0.40- • 0,34 
I3N :Jn Ei=I.O 0.30 

.:ti5% 
0.25 

P6 o.ro O.IB 
Ll E;..=I.84 0,33 0.18 'nl E1=I.O 0,26 0.24 
~2 E.~=2.9 0.21 O.I7 

0.07 O.II 
Ll. 0.20 O.IO 

T'f 
0.40 0.34 

~u. Er=1.0 0.23 
:t 25% 

0.27 
o.16 0.13 

1~y Ll E2=2.8 0.16 0.10 
P't 0.14 O.IO 
\oV' o.n 0.08 
u. C. I? 0.07 

I 
3KcnepHMeHT8JILHYe Jl8HHY.e B3.11TY H3 /5/, /I3/ • /14/, /!5/, 

II 



TAEJIHUA 3 

OTHoiileHHH ce'!{eHifl aepRani:.HYX aao6ap <fO.,j:ffij) 

~!3o6apu II.IlP~ 
MIIJJDeHI:. 

E, raB Pac'leT 3KcnepBMeHT 

~n A~ 5.0 0.387 0.361±0.06 

Jrl/Hea A£; 0.6 I.I9 I.I8± 0.20 

" Je.. 0.6 1.59 I.4I ,!0.30 

n p~ 0.6 6.69 6.10 ±1,20 

8BI\< A~ 5,7 0.14 0.1- 0.3 

7LiF& A} 
n 3.02 3.90 ,±0.60 

8n fL; u " 0.04 0.06 ,±0.0!5 

7 Li /7Be ll " 17.3 9.3 

EB/IIc 'U, n 18.9 .!3.3 

Ta&Ju~a 4 

0~H0.8BB8 ceqeHKI Wp8rM8H!OB BS ~BJX BSO~ODOB ~ep-MH.eHel. 

(Ep = 0.66 raB} 

~parMeHT IOB;IIr/8/ 58 Ni/64 Ni /7 I II2 s !J ;124 $1'1.. /7 I 
3RCn. 

I H 1.23±0.04 
2 H I. 02,±0. 04 
3 H 0.84,!0.04 
3 He I.15;t0.03 
4 He I. 07,!0. 02 

~e 
6Li 

7 Li 
8 Li 
?ne 

12 

pac'l. 

0.95 

0.96 

0.80 

I.I7 

0.98 

3RCII. 

1.14,±0.05 

0.66,!0.03 

1.52±0.08 

I. 17,±0.03 

0.5,!0.1 

I.34±0.I3 

0.87,!0.12 

0.52±0.!0 

2.2 ±0.5 

pacv. ap;crr. 

0.95 I.25:tU.I3 

0.69 0.76±0.UG 

I.3I I.73±Q.17 

0.95 l.G2±L.05 

0.49 ,.., 0.30 

0.98 1.26±0.07 

0.70 0.64±0.04 

0.49 0.35f0.06 

1.40 

pac'!. 

0.95 

0.6I 

I.49 

0.97 

0.38 

0.99 

0.62 

0.38 

1000 

~500 

X: 
5 

1DOt= 

H
3
U3Ai 

t A 

A P+At-fl+ ... 
50 

~ 

10L__ ~.-L~~----L--L~ 
a1 as 1,0 s 10 £ , r 11 

Puc.l-7. 3aeucuMOCIIIb ce'-leHuu o6pa3oeaHUJI tfipazMeHmoe U3 
pa3AU'-IHbiX JIOep KaK tftYHKl#UJI 3Hepzuu HaAel/laiO~X npomo
H08. 3KcnepuMeHmaAbHble 1110'-IKU 83.111/lbl U3 pa6om 5 •13- 15/. 
CnAoWHble Kpueble - pac'-lelll no tjopMyAe /9/. 

Ce'leHHH B3JITbl H3 3KCnepHMeHTa H paCC'IHTaHbl no cllopMyne 

/9/ B npH6llH)I{eHHH paBeHCTBa f /clip/ .IJ;llJI 3epKallhHbiX 

H3o6ap ( f ( +t
3

) = f ( -t 
3 

)) • CpaaHeHHe 3KcnepHMeHTanh

HbiX H pac'leTHbiX OTHOWeHHH Ce'leHHH, npHBe.IJ;eHHbiX B 

ma6A. 2 H 3 ,noKa3biBaeT, 'ITO cllopMyna /9/ nparo.nHa .nn11 
oueHoK 3THX OTHomeHHii. OTMeTHM npH 3TOM, 'ITO ce'leHHJI 

BbiXO.IJ;OB cllparMeHTOB, .IJ;llJI KOTOpbiX npHBe.IJ;eHbl .IJ;aHHble 

B l/la6A. 2 H 3, lle)l{aT B .IJ;Hana30He OT e.IJ;HHHU .IJ;O COTeH M6H. 
B ma6A. 4 noKa3aHbl pe3ynhTaTbl conocTaaneHHJI OTHome

HHii Ce'leHHH cllparMeHTOB H3 pa3.IJ;eneHHbiX H30TOnOB-MHWe

Heii C pac'leTOM 3THX OTHOWeHHH no cllopMyne /9/. B npe.ne

nax TO'IHOCTH 3KCnepHMeHTa pac'leTHble OTHOWeHHJI, B OCHOB

HOM, COBna.IJ;aiOT C 3KCnepHMeHTallhHbiMH, XOTJI HMeiOTCJI H 

OTKllOHeHHJI, KOTOpble OTHOCJITCJI K .IJ;aHHbiM .IJ;llJI cllparMeHTOB 

C t
3 

_s; 0, .IJ;llJI KOTOpbiX OC06eHHO aenHKa pa3HHUa B 3Ha-

13 
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Puc. 2 

'leHHJIX Q Ha I<paiiHBX HJOTonax Ni a Sn /7 ~ 3Toro 34Ml>e1<
Ta cne~osano O:lK11~aTJ., acxo~JI H3 Toil cxeMbl nony'leHHJI 
l)opMynbl /9/, I<OTopyro Mbl acnonL3oBana, HeCMOTPJI Ha 
B03MO:lK110e BblpaBHHBaHHe 3HeprHH OT~eneHHJI I<aCI<a~HbiM 
nponeccoM. 

Tai<HM o6pa3oM, 3Ha'leHHJI napaMeTpos a a f3 , no
~o6paHHble ~nJI l)parMeHTOB 3 H , 7Be, 1Bf a JI~ep-Mawe
Heii OT Al ~o Pb , oi<a3biBaiOTCJI nparo~HbiMH ~nJI oneHoi< 
ce'leHalf 6onLworo 'IRena l)parMeHTOB H3 JI~ep-MaweHeii 
OT 10 8 ~0 U. 

3. 3AKJIIOlJEHHE 

<l»opMyna /9/ no3sonJieT c ~ocTaTO'IHOii ~nJI ee npano
:lKeHaii TO'IHOCTLIO oneHHBaTL BbiXO~bl HCnapaTenLHbiX Hyi<
nH~OB npa 6oM6ap~HpOBI<e Jl~ep OT I 0B ~0 238 U npOTO-

14 

! l { 6Al l t Be
7

u3 •Au 
-..10 
I' 

Ill 

L P+At-Be '~ ... 
A -- 7 P~AJ-Be • ... 

~ 
'cs 

o.s 

0,1 

0,05 

• 

QOfl I I I • I 1 L.Ll.J 
Q1 0.5 1 

L__L_! J I I I I I I I 

10 E,r34 

Puc. 3 
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10E 

st LL
8 U3A~Br f 

P+{¥}-u8+ ... 
1,0 

Q5 

0,1ci1-

Puc. 5 

uaMu c 3Heprueii OT 0,2 .no 300 F3B. liom.woii ,nuana3ou 
.nauublx, onucblaaeMwx l)opMynoii /9/, no3Bon.s:eT npe.n
nono~HTL, qTo 3Ta l)opMyna ue TOnLKO .s:an.s:eTc.s: y,no6uoii 
3aDHChiD 3aBHCHMOCTH ceqeHHJl OT qucna HyKnOHOB B JI,IJ;pe 
u l)parMeuTe u 3Hepruu nepauqubJx npoTouoa, uo u co,nep
~HT l)u3uqecKyro uucllopMau;uw o npou;ecce cllparMeuTau;uu. 
IIo-au,nuMoMy, ue3aBHCHMOCTh a /clip/ B npe,nenax ToquocTH 
3KCnepHMeHTanLHbiX ,IJ;aHHbiX no ceqeHHJIM cllparMeHTaD;HH, 
KOTOpble 6blnH HaM .IJ;OCTynHbl ,nn.s: auanH3a, OT xapaKTe
pucTHK, oTnuqawlu;Hxc.s: OT A , T

3 
u r0 , MO~eT cny~HTL 

yKa3auueM ua To, qTo npou;ecc cllparMeuTau;uu conpoao~a
eTc.s: cunLuoii nepecTpoii:Koii .s:,npa. TaKHM o6pa3oM, H3yqe
uue ceqeuuii o6pa3oaauu.s: " Me,nneuublx" cllparMeHTOB MO~eT 
,naTL uucllopMau;uw o penaKcau;uouuwx .s:aneuu.s:x B cunLuo
B036y~euublx uyKnouuwx cucTeMax, oco6euuo npu 3Hepru.s:x 
nyqKa npoTouoa uu~e 1 F3B, r.ne oTKnoueuu.s: napaMeTpa 

17 
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E,nfJ 

e OT rrpe~CKa3hlBaeMhlX KaCKa~HO·HcrrapHTellbHOH TeOpHeH 

TeMrrepaTyp JI~pa oco6eHHO aenHKH I 4,5,91. qTO KacaeTCJI 

HJyqeHHJI CTPYKTYPhl JI~pa, TO, no-BH~HMOMY, 3KcrrepHMeHThl 

DO KBa3HyrrpyroMy Bhl6HBaHHIO 4JparMeHTOB ~aiOT 6onee He

ITOCpe~CTBeHHYIO HH4JOpMaiJ;HIO, qeM H3MepeHHJI ITOllHhlX Ce

qeHHH 4JparMeHTaiJ;HH. H3 rrpHBe~eHHhlX Ha puc. 1-7 H B 

ma6A. 2-4 ~aHHhlX BH~Ho, qTo ~nJI Toro, qTo6bl ynoBHTb 

6onee TOHKHe ~eTanH rroae~eHHJI a /4Jp/, qeM Te, KOTOphle 

OITHCbiBaiOTCJI 4JopMyllOH /9/, He06XO~HMO CyJ.IleCTBeHHO ITO· 

BbiCHTb TOqHOCTb H3MepeHHJI 4JyHK:u;HH B036y~eHHJI O~HO· 

apeMeHHo ~nJI 6onLmoro qHcna nerKHX H TJI:>KeJibiX 4JparMeH

TOB, HcrronLJyJI, HarrpHMep, TeXHHKY .~ E-E- E Tene
CKorroa 17 I. 

II pH MallOH TOqHOCTH H3MepeHHH ~a:>Ke HJyqeHHe ~eTa
lleH CITeKTpOB 4JparMeHTOB He MO:>KeT rapaHTHPOBaTb HJ· 

BneqeHHJI Ha~e:>KHOH HH4JOpMaiJ;HH 0 CTpyKType TJI:>Kelli>IX 

JI~ep. B BH~e ITpHMepa yKa:>KeM Ha TO, qTo TaKHe 34>cileKTbl, 
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KaK HeKOTOpoe palnBtfBe cneKTpOB riJparMeHTOB, o6pa30BaH
HhiX Ha MBWeHJIX- HlOTonax o,lUioro 3neMeHTa /7 I , B pal
nBtfBe cneKTpOB riJpar:MeHTOB-B30TOUOB O~HOrO 3ne:MeHTa, 
~6pa30BaHHhiX H3 O~HOrO Jl~pa·MBWeHB, MOryT 6WTL Ha 
xaqecTBeHHOM yposHe noHJITW, ecnu yqecTL B riJopMyne /3/ 
BTOpoe npB6nB>KeHBe, npBBO~JI~ee K 3aBBCBMOCTB k + OT 

( 

AsTopw swpa:lKaiOT npB3HaTenLHOCTL H.A.TiepriJunosy 3a 
HHTepec K ~aHHoi pa6oTe, B.K.JiyKLJIHOBy, B.,IJ;.ToHeesy, 
IO.A.IiaTycosy - 3a none3Hwe o6cy~eHBJI, 3a:MetfaHHJI B 
COBeThl, ytfaCTHBKaM CeMBHapa JleHBHrpa~CKOrO YHBBep
CBTeTa /6-7 BIOHJI 1974 r./ no BlytfeHBIO CBOiCTB Jl~epHOi 
UOBepXHOCTB :MeTO~a:MB BhiCOKBX 3HeprBi, Ha KOTOpOM 3Ta 
pa6oTa 6wna ~ono>KeHa, 3a BHBMaHBe. 
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