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CneKTpOMeTpe Hel!TpOHOB no BpeM eHV. 38M e.UJI0! IHH 1!0 llTpO HOB B CB IHI U0 .UJ151 H.Uep !J r , Rb , 

Nb , !.to 98 
, !.to 100

, Rh , Ag , ln , Sb , J , Cs , lr . flony'-!eHHbJ e 3118'10 11UH CI1Jio -

BbiX cpyHKUifll p -HellTpOHOB Cp8B HifB810 TC51 C .U8HHb!MH .npyrHX 8BTOpOB H npe,UCK838H H51MH on-

Tif'leCKOll MO.UeJIIf 8TOM HOf'O H.Up8, 

Yu P. Popov, Yu. I. Fenin 

ANALYSIS OF AVERAGED NEUTRON CAPTURE CROSS SECTIONS 

Abstract 

A method is described of analysing the averaged neutron capture cross sections in the energy region of -1-50 KeVin 

order to obtain the characteristics of p-neutron-nuclei interaction. 

An analysis has been made of the capture cross sections measured at the Lebedev Physical Institute by means of a 

neutron spectrometer based on the showing down time in lead for the nuclei of Br, R.b8 5, Nb, Mc:J 8 , Uo 109 Rh, Ag, In, Sb, ] , Cs, 

It. 

The obtained values of the strength functions of p-neutrons are compared with the data of other authors and with the pre­

dictions of the nuclear optical model. 



WHpoKoe pa3BHTHe cneKTpoMeTpHH Hei!TpOHOB B pe3oHaHCHoi! o6nacTH no3BOnHno nepei!-

TH OT npOCTOrO Ha6opa 3KCnepHMeHT8J1bHhiX Ll8HHb!X K o6o6weHHSIM H Cp8BH€'HH IO C MOAenSJ-

MH 8TOMHOrO S!Apa. 0AH8KO nony'!eHHb!e Ll8HHb!e OTHOCSITCSI B OCHOBHOM K B38HMOAeiiCTBHIO C 

8TOMH q!MH S!Llp8MH Hei!TpOHOB C HyneBb!M Op6H T8J1bHb!M MOMeHTOM, S -Hei\TpOHOB. 0TAeJ1bHb!e 

/ 1-3 / 
CBeAeHHSI 0 B38HMOAei!CTBHH Hei!TpOHOB C 60J1bWHMH op6HT8J1bHblMH MOMeHT8MH HeJ1b3 SI 

C'!HT8Tb H8Lle)I( Hb!MH, TIOCKOJ1bKY OHH B OCHOBHOM OTIHp810TCSI H8 p83AeJ1eHHe pe30H8HCOB, OTHO-

CS!WHXCSI K s- H p -Hei!TpOH8M) TIO BeJ1H'!HHe npHBeAeHHOH Hei!TpOHHOH Wl!pHHbl, 0AH8KO 6onb-

/4/ 
W8SI WHpHH8 pacnpeAeneHHH Hei\TpOHHh!X lllHpHH npH M8J10M '!HCJ1 e H86J110AeHHblX ypOBHej:\ Ae · 

naeT T8KOe pa3A e J1eHHe pe30H8HCOB He COBCeM 0AH03H8'!Hb!M, 

B HaCTOHwee speMH 6onee cywe cTseHHbie cseAeHHH o B38HMOA e ilcTBHH p -u e i\TpOHOB C 

S!Ap8MH, nO-BHLlHMOMy, MO)I(eT Ll8Tb 8H8J1H3 ycpeAHeHHhlX Ce'!eHHH 38XB8T8 Hei!TpOHOB B o6naCTH 

3HeprHil 1-100 K 3B . nony'!eHHble B pe3yJ1bTaTe T8KOr o 8H8J1H 38 CHJ10Bble cpy HKUHH Lli1SI p -Heii-

TpOHOB Sz )
15

•
61 

TIOLlTBep)I(Ll810T H8J1H'!He rHraHTCKOr o pe30H8HC8 B 38BI!C l1MOCTH sl OT 

8TOMHOrO HOMepa A 
17 ,8/ 

1 npeACK838HHOrO OTITH'!eCKOi! MOAe.'lb!O S!Apa 
1 

H yK83b!B810T H8 Ha-

J1H'!He 38MeTHOrO CTIHH-op6HT8J1bHOrO B38HMOAei!CTBHSI, 0AH 8KO p83J1H'!He B 3H84eHHHX 5 1 

/6/ /5/ 
nony'!eHHhiX B OKpHA>Ke (CWA) 11 B .[lroKCKOM yHHBepCHTe T e (CWA) 

1 
AJ1H 6onbWHHCTBa 

3J1eMeHTOB B pal!.OHe rHr8HTCKOrO pe30H8HC8 LlOXOLlHT LlO 2-3 p83 , 3TO He A8eT ysepeHH OCTH B 

/51 
BeJ1H'!HHe CTIHH-op6HT8J1bHOrO B38HMOA e itCTBHH, npHBeAeHHOH B ec TOH OM fl Ap. , fl B B b!60pe 

/9/ 
napaMeTpoB noTeHuHana c nosepxHOCTHhiM nornoweHHeM Kprorepa H Mapron1-1ca , nony'!eHH hiX 

conocTasneHHeM c Ll8HHhiMH BecToHa H Ap. 
/5/ 

1101 1111 
n.3. HeMHpOBCKHit • MoCHH-KOTHH H Ap. pewanH 38A84Y o6paTHb!M nyTeM. 0HH 

paCC4HTh!B8J1H ycpeAHeHHb!e Ce'!eHHH 38XB8T8 HeitTpOHOB, HCXOAH li3 onpeAeneHHb!X MOLleJ1bHblX 

npeACT8BJ1eHHit H napaMeTpOB Hii3KOp8CTIOJ10)I{eHHb!X Hei!TpOHHh!X pe30H8HCOB , H Cp8BHHB8J1H HX C 

3KcnepHMeHT8J1bHhiMH pe3ynbT8T8MH • .[lnH pHAa HAep cornacHe nony'!Hnocb xopoWHM. B TO )l(e 

BpeMH TIOTih!TKH npoBeCTH p8C'!eTbl Ce'!eHHit B KHJ10BOJ1bTHOH 06J18CTH LlJ1SI S!Aep C peAKO pacnono-

' / 12 / 
)l(eHHb!MH ypOBHS!MH He seer Ll8 A BlOT H8Lle)I(Hb!e pe3yJ1 bT8Tbl 

B H8CTOHllleA pa6oTe npoBOAHTCH aHanH3 3KCnepHMeHTanbHhiX ABHHhiX no 3HeprenrqecKoil 

38BHCHMOCTH ycpeAHeHHbiX Ce'!eHHit 38XB8T8 Hei!TpOHOB, ilOJ1y'!eHHhlX B ¢H3H4eCKOM HHCTHTyTe 

ll3-1J.5/ 
HM. n. H. ne6eAeBa C ilOMOlllb!O CileKTpOMeTpa ilO BpeMeHH 38MeL(neH HSI '!el!.TpOHOB B CBHHUe 

s o6nacTH 3Heprnl!. - 1-50 K3s. Uenbro aHanH 3 a SIBnSieTcSI onJJeAeneHHe cpeAHHX pe30H8HCHhiX 

napaMeTpOB, OilHCb!B810lllHX 38XB8T HeitTpOHOB C op6HT8J1bHb!M MOMeHTOM 

Hei\TpOHOB B 3TOH 06J18CTH 3HeprHl!.J C OLlHOl!. CTOpOHbl J Cp8BHHM C BKJ18Ll0M S 

1. BKn8.Ll p 

:::rpyrOH CTOpOHbl - rop83Ll0 60J1bllle BKJ18Ll8 Hel!.TpOHOB C Bb!ClllHMH Op6HT8J1bHblMH MOMeHT8MH. Xo-

l /5 ,6/ 
TSI npoueAypa T8KOrO 8H8J1H38 ~"'ilHCh!B8J18Cb 1 npeACT8BJ1HeT HHTepec paCCMOTpeTb ee Hec-

KOJ1bKO il0Llp06Hee, o6p8lll8SI BHHM8HHe Ha 060CHOB8HHe HCilOJ1b3yeMhlX npeATIOJ10)!{eHHtl fl ynpo­

weHHl!. , 
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MeTOA aaanHaa 

PaccMoTpHM ycpenaeHHbie ce'IeHHSI panHaUHOHHor o 3 axsaTa neli:TpOHOB (1 

y 
B KHnOBOnbT-

HOI! o6nacTH aHeprHA. By neM C'IHT8Tb 1 'ITO BKnan npSIMhix npoueccoB B aTo ce'IenHe Man. VfcKnl<)-

't9HHSI MO)I(HO O)I(Rll8Tb TOnbKO nnSI 

J 

M8I"H'IeCKHX H 6nH3KHX K HHM Sillep IHanpHMep 1 Rb I . B 

cnyttae D << 6. E << E c; MO)I(HO 
y 

XOpOWO OIIHC8Tb ycpenHeHHOll: no 9HepreTH'IeCKOMy HHTepsa-

ny tlE 
1101 

cpopMynoll: J3peli:Ta-BHrHepa nnSI H30nHpOBSHHOro pe3oHaHca IHanpHMep, I. 

(1 

y 
= ! 
Y,, .I 

-fJJ 
(1 

y 
2rr 

2
1t

2 
}: e., 21 + 1 I 

2(21+1) 

rne ~ -nnHHa sonHhl He li:TpoHa c aHeprHell: E 1 H I 

TSBHoro Sinpa 1 j -nonHhill: MOMeHT Hel!TpoHa 1 p aB Hbi ll: I Y ± V2 I 

( 1 ) 

-cnHH bi Sinpa-MHWeHH H coc ­

rf" I rr H rr,_ 
n Y 

COOTBe TCTBeHHO napUHaJ1bH8SI Heli:TpOHHaSI illHpHHa 1 COOTBeTCTByiOLUaSI OnpeneneHH OM Y 3 Ha'leHH IO 

j 1 panHSUHOHHSSI H nonHaSI wHpHHbi pe30H8HCHor o ypoBHSI; D 1 
- c penHee pacc TOHHH e Me>rr-

n y ypoBHSIMH c onHHBKOB biM 3HS'IeHHeM I 

Mbi He 6yneM paccMaTpHBaTb Heynpyroe pacceSIHHe Hel!TpOHOB 1 TaK KaK B HccnenyeMolt • 

xl 
o6naCTH 9HeprHll: H Sinep 9TOT npouecc OTCyTCTByeT 1 T.e. TIOnHaSI illHpHHa CKJ1allbiB8e T CSI T Onb-

KO H3 HeltTpOHHOlt H p8llH8UHOHHOll: 

re'=re'+rf 
n Y 

~ rr" JI 
._ n • a I + r r 

y (2) 

3necb 

TOB 1 

a JI 
I 

-Koa¢cpHUHeHT 1 COOTB e TCTBy iOLUHlt np8BH11Y TpeyronbHHK OB npit CJlO)I{ei-IHH MOMeH-

H j B cyMMapHbilt I 

a JI = 
J 

1 TipH l j-1 l<!:_ l'!:_j+1 

0 BO BCeX OCTaJlbHhl X cny'laSIX . 
(2a) 

3ToT KoacpcpHuHeHT sBeneH B SIBHOM BH.Ge 1 'IT06hi nonqe pKHYTh 1 'ITO npH naHH OM I 11 1 

TOJlbKO onpeneneHHbie j ll8IOT BKJ1all B r p J 
n 

4epTa cBepxy B cpopMyne ( 1 ) 03 Ha'!aeT ycpenHeHHe n o pacnpeneneHnHM LUHpnH oT pe-

30HaHca K pe30HaHCy, JlnSI Hel!TpOHHbiX LUHpHH Mbl BOCTI011b3yeMCSI pacnp enene HHeM nopTepa-T o -

14/ 
MaCa C 'IHCJ10M CTeneHell: CB060llbl V "' 1, KOTOpoe SIBJ1SieTC51 o6wenpHHSITblM H XOpOLUO OnH -

CbiBaeT 9KCnepHMeHT: 

- y2 
(3) 

P (r") dr" (2rrr"r") exp l- r" 12r" I dr" 

x/ 93 
VfcKniO'leHHe cocTaanSieT ypoaeHb c E

0 
= 29 K a B Nb c o cnHHOM 112 . OnHaKo 

TIOCKOJ1bKY OCHOBHOe COCTOSIHH9 HMeeT CTIHH 912 +I HeynpyrHlt npouecc MO>I<e T HllTH ll1151 HeiiTpo­

HOB C 60J1bllll!MH MOMeHT8MH; K8K MHHHMYM He06XOllHM 3aXBaT P- C HCTiyCK8HHeM d -He ltTpo - • 

H8 HJ1H H8060pOT, TaKOll: npouecc ManoBepOSITeH H TIO O• te HK8M 1 OCHOBaHH biM H8 K09cpcpHUHeHTaX 

npH11HTI8HHSI 
1 

npHBe!].eHHbiX B MOHO~p8cpHHI l6l 1 COCTaBnSieT < 1% OT Ce'!eHHSI 3 8XB8T8 p -Helt· 

TpOHOB , 
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r.ae llH!pHH~H OT r .00 r + d r 
. n n n 

-eep051THOCTb 06Hapy)!(lfTb ypOSHH C 

ecnH cpe.aH5151 wnpHHa pasHa 

11 ~ 11 KOTOpOe nony'IHJIH 

r n , npoTHBope'IHe C pacnpe.aeneHHeM nopTepa-ToMaca npH 

1171 
s CaKne npH H3MepeHHH pe3oHaHcos Pr I Henb351 C'IHTaTb 

OKOH'IaTeJihHO .OOKa3aHHb!M. 0HO MO.>KeT 6b!Tb 06ycnOBJI9HO nponyCKOM p51.Qa cna6blX pe30HaHCOS, 

B CS513H c TeMI 'ITO cpopMyna ( 1) co.aep)!(HT 6onhwoe 'IHCno HeH3secTHhiX napaMeTpos
1 

If 

see OHH H~ MOr'yT 6b!Tb onpe.aeneHbl H3 HMeiOlliHXC51 S HaWeM pacnopSI)!(eHHH aKCnepHMeHTanb­

HblX .QaHHblX 1 llOllbiTaeMCSI ynpOCTHTb cpOpMyny ( 1) C TeM 1 'IT06b! CBeCTH 'IHCJIO HeH3SeCTHbiX 

napaMeTpOS K MHHHMyMy, 

1) .[lJISI 51.Qep 1 HMe!OlliHX SHyTpeHHIOIO OCb CHMMeTpHH 1 'ITO .QOCTHraeTCSI y.>Ke npH MaJiblX 

OTKJIOHeHH51X cpopMbl SI.Opa OT ccpepH'IeCKOft 1 3aBHCHMOCTb llJIOTHOCTH ypOSHeA 

1181191 
CllHHa COCTaSHOr'O 51.apa HMeeT cne.ayiOlliHA BH.O I CM,

1 
H8llpHMep 1 . I; 

p(E*,]) 

p=l/D 1 
I 

(4) 

3.aecb c = -KnaCCH'IeCKH.ll MOMeHT HHepUHH SI.Opa B 9.QHHH~ax j, :l 

OT 

ca HyKnoHa; A -Maccosoe 'IHcno; R -pa.aHyc R.apa; r -TeMnepaTypa R.apa s aHepre-

TH'IeCKHX e.aHHHUaX, npH aHeprHH S036y)!(.Q9HHSI SI.Opa " E .. E "' 
cS 

6 ':"' 8 Mas laHeprHSI csSI3H 

He.llTpOHa S 51.Qpel seJIH'IHHa r : 1 Mas JJ.JISI A .. 100 H cna6o 3aBJICHT oT E " H A • no 

,...., · 1E" n . "" p(E") ~<<E M0.09JIH '+'epMH-ra3a r "' V • JIOTHOCTb ypOSHen npH 1!. c& MO)!(HO C'IHTaTb He 

3asHCSilllell oT sHeprHH. 3asHCHMOCTh p (]) 1 onHChisaeMaSI cpopMynol!: ( 4) 1He npoTHsope'IHT 

12 201 
OllblTHblM .aaHHbiM I • 

2) Pa.aHaUHOHHhi.ll 3axsaT o6bi'IHO conposo)!(.aaeTCSI 6oJibWHM 'IHCJIOM y -nepexo.aos Ha 

pa3JIH'IHb!e ypOSHH COCTaSHOr'O SI.Opa ( Mhl He pSCCMaTpHsaeM npSIMh!e npOU9CCb! 1 TaK KaK HX 

SKna.a .OJISI HeMar'H'I9CKHX SI.Oep HeseJIHK). noaTOMy MO.>KHO 0)!(H.Q8Tb 1 'ITO r y cna6o M9HSI9TCSI 

OT pe30HaHCa K pe30HaHCY, 3aSHCHMOCTb ry ( j) MO)!(HO OUeHHTb) BOCllOJib30SaSWHCb Sb!pa)!(eHHeM 

1211 
.ang .aHnonbHhlX nepexo.aos 

r "'f(E rE") 3 I y c / 
dE" (5) 

PaccMoTpHM !, 
I' 

cneKTP y -nyqel!: 

• TaK KSK no.ahrHTerpaJibHOe Shipa)!(eHHe npe.acTasnReT co6oA 

06JISCTH 

MOCTH ry OT j _.OOCTaTO'IHO pSCCMOTpeTb 

aKCllOHeHT 1 BXO.QSilliHX S I s sH.ae 
I' 

(]'+¥2)' 

2cr., 

"' ¥2 E cl I To .anR oueHKH 3asHcH-

, 3anHWeM pa3HOCTb llOK838Tenel!: 

I :l 
(] + ¥2) :l - (] + ¥2) ( 1 + ~) (5a) 

2cr 2cr 

r.ae !{ r m COOTSeTCTSYIOT E cb H Em I a 8 = T - T • no M0.09JIH <PepMH-ra3a 

0 014; a no M0.09JIH )!(H.QKOA KSllJIH C y'IeTOM nosepx~mOCTHblX SOJIH 0 = 013
1181

, 
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HaH6onee cywecTBeHHaSI saBHCHMOCTb ry ( J) 6y a eT npH MaKCHManbHbiX 3Ha'ieHHH.X .! 

T,e. B HaweM cny'iae ] :: 6 npHHHMaSI BO BHHMaHH e , 'iTO B HCCn eayeMOH 06nac;rH Siaep H 

3HeprHlt 
-I 

(2cr) :: 0,015 , MO)I{HO pasnO)I{HTb I 
Jl 

B pHa . OrpaHH'iH BaSicb 'ineHaMH nep-

BOrO nOpSiaKa ManOCTH,nony'iHM 

~ P 11 (Em) :: 3 [ 1 - ( l + Y2 J 
2 

0 l . (56) 

I' P1(Ec,) 2cr 

TaKaS! oueHKa noKa3biBaeT, 'iTO aa)l{ e anSI .11aep c I = 9 12 , ecnH npSI Mbie nepexoahi HrpaiOT 

ManyiO pOnb, ry anSI MaKCHManbHOrO H MHHHManbHOrO 3HB'ieHHH J OTnH 'iB IOTCSI He 6onee 

'ieM Ha 1.5-20% . noaTOMY B npeaenax 3TOlt senH'iHH bl M bl MO)I{eM C'iH TBTb r y 
OT j 

He 38BHCS!WHM 

B aanbHeltweM, B asyx sapHaHTax pac'ieTOB Mhi 6yaeM npeanonaraTb, 'iTO anSI yposneR 

c pasnH'iHOlt 'ieTHOCTbiO senH'iHHbl rry I D )p oaHHaKOBbl. nnSI Haep c He'i e TH b!M z HB ::IT O , no-

151 
BHaHMOMY, yKa3hiBaiOT pesyn bT8Tbl H3MepeHHlt B ll iO KCK OM yHHBepCHTeTe , XOTH HX ewe Hen b -

3 SI C'iHTaTb OKOH'iBTenbHb!M 3KCIIepHMeHTBnbHb!M II Oa TB e p )l{aeHHeM. 3TO T BOIIpOC Tpe6ye T aanb-

Heltwero HCCneaoBaHHSI. noaTOMy B TpeTbeM sapHBHTe pBC'ieTOB CHnOBOH cpyHKUIIH 5
1 

naranH rry I D) 0 H rry I D) I HesaBIICIIMb!MII nepeMe HHblMII. 

Mhi no-

3) nocKOnbKY M bl He 3HaeM pacnpea e neHIISI cpeaHIIX Hel\TpOHHb!X Wllp11H IIO j II j , T O 

e cTeCTBeHHO BBeCTII HeKIIe CpeaHIIe no j II j Benll'iiiH bi, KOTOpb!MII OIIIICb!BBeTCSI Ce'ieHIIe H 

CpaBHHBaTb HX C napaMeTpaMH, COC'iHTBHHb!MII no KBKOii-n ii 60 MoaenH. 

rae 

Onpeaen11M lnnSI cpeaHIIX no E I cpea HIOIO no s e nH'iHHY < r n (P,]) > 

If 
( 

1 

r e1 
n < r" (E]) > . I 

11 
a J 

rr 
< rn( p J) > ( 1 

2, ecnH I ] - I I ~ P ± Y.: ~ ] + I 

1, ecn11 BhmonHSieTcSI TOnbKO oaHo lf s ycnoBIIR 

I J - 1 1 :_ r + y, 9 +I 11n11 I J- I 1 ~ e - % < J + I , 

0 - BO BCeX OCTanbHhlX cnyqaSIX, 

( 6) 

TaKoe onpeaeneHHe HMeeT CMbiCn, ecn11 
rE1P + >n 
n r P1P- ~ 

He CllnbHO OTnll'iBeTCSI OT n ' 

• 1 16/ 
( OTnll'iHe o6ycnaBnHBaeTCSI CnHH-op6HTanbHbiM B 3 8HM OaeiiCTBIIeM) .B OII TH'ieCKOH Moaen11 

rae HCnOnb30BaHa KOHCTaHTB CnHH-op6HTanbHOrO B3aiiM OaeHCTBHSI 1 aaiOWBSI IIpBBHnbHyiO BenH'iH ­

HY pacwenneHHSI HH)I{HHX ypOBHelt Siaep, ::ITO B3aiiMOaeltC TBII e He BeniiKO, H COO TB e TCTBYIOLUHe 

KO::lcPcPHUHeHThi npHnHnaHHSI T J 12 H T 
~JJ 'n 

OTnH'iBIO TCSI MBKCHMYM B 2 pasa. 0aHBKO eCnH OKa-

)l{eTCSI, 'iTO r n CHnbHO saBIICHT OT j 

HnH C'iHTaTb ero BapbHpyeMbiM napaMeTpOM. 

BueaeM cpeaHHR no ] napaMeTp 

TaKOtl, 'iTO 

, T O npHaeTC SI saaaaaTb a pyr11 e 3HB'ieHHSI (d 
1 

< r" (E) I D > • cooTseTcTayiO wll ii < r re r; 1 D 
n • 1 

17 )' 2rr 2 X2 I 2] + 1 
fl 2(21 + 1) 

( ze <rn (E) I D>(rJ I D1
) • F ( - ~~D_1 _ ) 

(V< r" (f'J I D > +(r;!D'J 2f~r< r" (EJI D> 
(7) 
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/ 22 / 
r ne 11 3 -311 yc p (ef\ II CII111J ri O p£1CI IJV.'""J IPIJ H I' J n o pTie pn - TUMclC' : l l \1 111 I IC'~ T [) <l iJHJ olX JU 11 p 1HI 110\IB -

F (a ) ( I~ ) . 1' - ( 1 1 2 <~) 1 - \ ., a c "\ 1 - e r f ( \ a Bl 
I . f' 

11 

II (7a) 

erf(v; a) 
ya 2 
f e- t dt 
0 

<PyHKUHH F = 1 np11 1- << I' , T.e. a -+ oo • Ycpe.a H o? HHe uposo.aHT-
n Y I' - f ' 

n n 
HJHI npH 

C>! no pacnpe.aeneHI!>IM HeiiTpOHHb!X W!ipi!H f'} J , X OT>I rt OCJl8.llHH8 51BJl>llO TC>I CYMM8MII no j, 

B OTCyTCTBHe CllHH- o p61!T8JlbHOrO B3 8 HM O.ll0 HC T B IH 1 11 8pU11 8 JlbHbl8 H8ATpOHH bl 8 wapi!H bl C p83 Jlii'I­

HblMH j .llll51 O.llH OrO p e30H8HC8 O.ll l1H8KOBbl II O T p e 3 0 H8HC8 K pe30H81ICY M8H518TC51 HX CyMMB, 

P, 
T. e . r" . M o>KH o nonaraTb, 'ITO M a nbrli .ao6asoK cnHH-op6HTBJibHo ro B 3 aHMo.aei!cTBH51 He 

noamrH e T Ha TaKyro KOppen>IUHIO napuHBJibHb!X WllpHH. B npo TI!Bonono >K H OM npe .a e nbHOM cny'lae 

[ ' p 11 
He3aBI!C ~IM I>IX n H8.ll0 6p8Tb Kp8TH blH IIHTerpan no pac npe .a e n e H1151 M .lln51 KB>K.llO r o 

I 101 
n,3, H e MI!pOBC KIIH OTMe'!8e T, 'ITO B 8TOM cnyqae OTnll'l!i8 B F 6y .aeT He 6one e !0%, 

B n e.ae HHe He 38BI!CS!Wero OT ] napaMeTpa < In rr) I D > He npOTHBOpe'!HT p>I.ay 8Kc ne-

. /20/ 
pHMeHTanbH b tX .aaHHbrx. TaK, a pa6oTe .anR It UJ nony'!eHo, 'ITO aeJII!'IIIH8 < 1

11 
(0]) > ID 1 

He 3aB f!CIIT OT j • KpoMe Taro, ecn11 paccMaTpllaaTb CIIJIOBbie cPYHKUIIII s 

/ nponopU11 0 118JlbH ble < r" (0)/ D > /, TO MO>KHO 3 8MeTIITb, 'ITO .llJl!il COCe.llHHX 51.llep C 

A = 232-243. CiinbHO pa3JIII'!aiOWIIXC51 no I /a cne.aoaaTenbHO, 11 no J I, cpe.aH11e 

/23/ 
3 HB'l eH 1151 C HJIOBNX cPYHKUIIA oTnii'IBIOTCH acero a 1,5 - 2 pa3a. nn51 1 = 5/2 

- -4 
I 

0 
= I , 1. 1 0 , .an 51 I 

-4 
3,7.10 onycTI!Tb 3 Ha'!eHIIe 

.anR H.ae p c I 0, TO nony'li!M 

-4 
10 = 1,0.10 • 

.llJlSI 
Pu u:z 

1,4.10 

-4 
I = 0 I 0 = 1,8.10 , .llll51 a ecnH 

KOTOpoe pe3KO OTJlll'!aeTC51 OT .llpyrHX 1
0 

-4 

Bae.aeM He 3BBIIC51WIIA OT E 

2 f -J 

-J 
napaMeTp Sf= <I

11
(£)1D>·(v' E·vr),r.ae v

0 
"'1 11 

v = 
J 

(R/'X.) • [l+(R/~]. Tor.aa 113 cpaBH8HII51 Bblp8>KeHH51 ( 7) C 8KCnep11MeHTaJibHbiMII 3H8'!e-

HllllMH MO>KHO HaATII SJ ( r y I D) 1 .llJ151 .aaHHoro 5I npa-~l!we-

HI!. 

YT06N nOK83aTb CMhlCJl cpe.aHHX B8Jlii'IIIH Sf , nony'!a!OWIIXCSI B pe3yJibTaTe T8KOrO aHa-

Jll! 3 a, paCCMOTpi!M CJiy'!aA ly >> l
11 

, T.e. II a = y ae , T.e. ceqeHI!IO o6pa3osa-

Hll51 COC TaBHOfO 51.llpa : H3 (7) C y'leTOM F = 1 

(8) 

a 
e 

Cp8B HIIBa51 (8) C Bbipa>KeHI!8M .llll51 Ce'JeHI!SI o6pa30BaHI!SI COCTaBHOrO Sl.llpa, KOTOpo e nony­

/16/ 
'l.:lB T C SI B OllTii'!eCKOA MO.ll8Jlll 51.llp8 , Mbl ITOJiyqaeM, 'ITO onpe.aeneHHaSI f8KIIM o6p830M BeJII!-

x/ 
SIBJI51eTCSI CIIJIOBOA cPYHKUI!eA • •mHa s £ 

xl ·::-. I r n I 6 vTO sepHo c TO'lHOCTbiO .ao · " 2 < (t) D > , 'ITO B HaweA o nacTII aHeprl!l! He npe -

socxo.aiiT 10% /16/, n 
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se re + 1; re + '" + e. re _ '6. 

277(2f+ l)yEve 

r.oe r, -Koa¢¢111111eHTbl nplln1HI8HIISI 1 Bbl'iHCnSieMbie i3 OnTH'ieCKOlt MO.oenll, 8 CBSI3H C TeM, 'fTO 

Mbl H8XO.ORM se He TOnbKO 1!3 orp8HH'feHHOlt o6naCTII, B KOTOpolt rn << ry , TO soo6we 

rosopSI, Se MO:>KeT HeCKOnbKO OTnll'f8TbCSI OT CllnOBOlt ¢YHK111111 1 Onpe.oenSieMOlt B OnTII'feCKOlt 

Mo.oen11. O.oHaKo np11 ysenll'feHIIH rn ce'ieHHe 3axsaTa see Menee qyscTBIITenbuo K Sp 

a npH r » r 
n y ue 38BIICIIT. Ta KIIM o6pa3oM, Ha116onee no.axo.oSiwelt .anSI soo6we oT Se 

Onpe.oeneHHSI COOTBeTCTBYIOWelt CllnOBOlt ¢YHKI111H SIBnSieTCSI o6naCTb M8nbiX 9Hepr11lt, r .oe 

e P 
ry > rn 

4) 8 o6naCTH aHeprlllt HeltTpOHOB .oo 60 Kas, r.oe pacnono:>KeHbi aHanll311pyeMbie aKcnep11-

MeHT8nbHbie TO'fKII, OCHOBHOlt BKna.o B Ce'ieHIIe .0810T HeltTpOHbl C f "" 0 H f "' 1. 8Kna.o 

sh 
HeltTpOHOB C f "" 2, KOTOpbilt np11 M8nbiX 9Hepr11SIX p8CTeT K8K E J MO:>KHO OI.teHIITb)B3SIB 

COOTBeTCTBYIOWIIe KOaqxplllllleHTbl np11nlln8HIISI no onTII'feCKOA Mo.oenll. npll E "' 60 Kas .anSI 

e .. o 11 e = 1 < rn (f) I D > >> rr y I D) e ' II noaTOMY ( CM. Bb!pa:>KeHIIe ( 7)) Ce'feHIIe 

onpe.uenSieTCSI Bemi'iiiH8MII rry I D >e; .anSI d -HeltTpOHOB nono:>KeH!e o6p8THOe' II IIX BKna.o B ce­

'ieHIIe onpe.oenSieTCSI Koa¢¢111111eHT8M11 np11n11n8HIISI, 8 <~TOM np116n11:>KeH1111 Mbi oueH11n11 .anSI K8JI<-

.ooro R.opa aHepreTII'ieCKyiO rpaH1111y, H8'fiiH8S! c KOTopo~ BKna.o d -HeltTpOHOB B CyMM8pHOe 

Ce'ieHIIe 38XB8T8 npeBbiW8eT 10%. 0K838nOCb, 'fTO .anSI 8H8n11311pyeMbiX SI.Oep T8K8SI rp8HII'fH8SI 

9Hepr11SI H8XO.OIITCSI np11 50 Kas. HecMoTpSI Ha Manyro TO'iHOCTb TaKoro onpe.aeneHII_SI OTHo-

CIITenbHoro BKna.oa d -He.ltTpOHOB, MO:>KHO OTMeTIITb 1 'iTO H81160nee 6naronp11SITHOlt o6n8CTbiO 

9Hepr11lt HeltTpOHOB .anSI 8H8nll38 napaMeTpOB s- II p -HeltTpOHOB S!BnsieTCSI IIHTepsan -l-50 Kas . 

Pe3ynbT8Tbi aHan113a 11 o6cy:>KgeHIIe 

TeopeTII'iecKa SI ¢opMyna (7) conocTasnSinacb c sKcnepiiMeHTanbHbiMII KpiiBhiMII ceqeHIIlt .anSI 

Bt 1A.Ifl , Rb.~' , TVb 93 , Rh 1o3 , In u,111 , Sb 121,o3 , ] 121 , Cs 133 lr 191,193 I 131 

u 100 I 141 1o1,109 I 151 
Mo , lifo , AA ( .aaHHbie no cepe6py yTO'fHeHbi B .a11nnoMHOlt pa-

6oTe C. PoMaHosa (¢Y1AH CCCP 1962 r.). np11 sToM nonaranocb R = 1,45. A 113. 10- 13 
eM. 

3H8'ieHIIe 2 CT (¢-na (4)) BniiSieT TOnbKO H8 Benll'fiiHY (r /D) II (r / D) 1 HO 
. y 0 y 1 

He H8 HX COOTHOWeHIIe) 'iTO nO.OTBep.olln II KOHTpOnbHbllt 06C'ieT C T = 0,5 MSB. nosTOMy .anSI 

y.ao6CTB8 Cp8BHeHIISI C pe3ynbT8T8MII, nony'ieHHbiMII .apyriiMII 8BTOp8MII nO OT.OenbHbiM pe30H8H­

C8M 11n11 113 ycpe.oHeHHbiX Ce'feHIIA, SKCnOHeHT8 B ¢-ne (4) He Y'f11Tb!B8n8Cb, 

MeTO.OOM H811MeHbWIIX KBa.apaTOB Ha sneKTpOHHOlt C'ieTHOlt M8WIIHe onpe.aenSinCSI Ha6op na­

paMeTpos, .aarow11lt Hallnyqwee cornac11e c SKcnepiiMeHTOM. 8apb11pOB8TbCSI Mornll T8KIIe napa­

MeTpbi K8K s 'rr I D) ' s ' ( r / D) • npll 8H8nll3e Y'fiiTbiB8niiCb TOnbK O cnyttaltHbJe OWII6KII 
0 y 0 1 y 1 

SKCnep11MeHT8nbHbiX TO'ieK ( - 3+5%). 8 o3MO:>KH8SI OWII6Ka B HOpMIIpOBKe ( - 10%) npiiBe.aeT 

niiWb K napannenbHOMY C.OBIIry scelt KpiiBOlt, 'fTO M8nO CK8:>KeTCSI H8 TO'fHOCTII 06C'f e Ta no MeTo-

127 
.OY H811MeHbWIIX KB8.0p8TOB. p 8C'feTbl) npoBe.QeHHbie .anSI cnyqaSI J noK838nll, 'iTO np11 c.as8-

re SKCnep11MeHT8nbHbiX TO'ieK H8 ! 10% napaMeTpbl OCT8B8n11Cb B npe.aenax IIX OWII60K, Cna-
151 

68SI 38BIICIIMOCT~ OT HOpMIIpOBKII OTMe'f8n8Cb II B pa6oTe 
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00CXOl!bXY ycpe.QHeHHbie Ce'ieHHSI S!Bl!SIIOTCSI nnaBHOH cpyHKUHeH 3HeprHH ( CM, pHC, 1-2) 1 TO 

O.OH03Ha'iHO MO)!(HO onpe.oenHTb nHWb He6onbwoe 'iHCno napaMeTpoe. B HaweM cnyqae, xax 

npaeHno, y)!(e 3 eapbHpyeMbiX napaMeTpa o6ecne'iHB810T cornac11e c axctiepHMe~ITanbHOlt xpHBOlt 

B npe.oenax 38.Q8HHb!X OWH60X, ll08TOMY BBe.QeHHe .QOnOl!HHTel!bHblX B8pbHpyeMb!X napaMeTpOB 

MO)!(eT npHBeCTH nHWb x HeO.QH03H8'iHOCTH pe3ynbT8TOB. HaH6onee HHTe pecHbiM c cpH3H'lecxolt 

TO'iXH 3peHHSI S!Bl!SieTCSI, no-BH.QHMOMy, onpe.oeneHHe CHl!OBOlt cpyHXUHH .Ql!SI p 
S /= < r" (1 J I D > . 

B nepeolt cepHH pac'ieTOB npHHHManocb (ry /D) =(ry /D)
1

= Sy (eM, BhiWe), a CH-

0 1231 
(IOB8SI cpyHXUHSI s 

0 
6panacb H3 pe3ynbTaTOB .opyrHx aeTopoe • Tax onpe.oenSinHCb .oea na-

paMeTpa S 
1 

H 5 y , 0.QH8XO Ha.QO OTMeTHTb, 'iTO TO'iHOCTb onpe.oeneHHSI 5O npH A 

T.e. B o6naCTH MHHHMyMa 5
0 

(A) 1 ewe O'ieHb nnoxa, a .Ql!SI HeXOTOpb!X SI.Oep 3XCnCpHMeH -

TanbH hie .oaHHbie eoo6we oTcyTCTBYIOT, noaToMy npHxo.oHnoc b nonb3oBaTbCSI axcTpanoJISIUHeR 5
0 

~3 3Ha'ieHHlt .onSI coce.oHHX SI.oep. B CBSI3H c aTHM 6hlna npoee.oeHa BTopaSI cepHSI Bhl'iHCJieHHlt, 

B KOTOphlX Onpe.oenSIJIOCb 3 napaMeTpa sy 
( r I D) = (r I D J 

y 0 y 1 

, J..1,H8XOHeU, nOCKOJ!bXY HeJib-

351 C'iHTaTb OXOH'iaTeJibHO .QOX838HHb!M 1 'iTO 

/5/ Z , XOTSI Ha aTo ecTb yxa38HHe , TpeTbSI cepHSI pac'ieTOB npoeo.oHnacb npH 3axpenneHHOM 

; onpe.oenSIJIHCb sl ( ry I D) 0 H ( r y I D) 1 • Pe3yJI bT81'bl ecex Tpex cepHR 

pac'ieTOB cee.oeHbi B Ta6nHuy. 

B TabnHue eo 2-4 cTon6uax npHee.oeHbi 3Ha'ieHHSI napaMeTpoe H CCbil!XH, yxa3biB810WHe B xa­

XHX pa6oTax OHH nony'ieHbi. B nocne.oy10WHX 4-x cTon6uax .oaHbi napaMeTphi, nonyqeHHbie HaMHt 

XaX<.QaSI CTpOX8 OTHOCHTCSI X Onpe.oeneHHOlt cepHH 06C'ieTa, 

EcnH paccMaTpHB8Tb pe3yJibT8Thl pa3JIH'iHhlX cepHlt pacqeToB c TO'iXH 3peHHSI onpe.oeneHHSI 

CHJ!OBOH cpyHXUHH .QJ!SI p -HeltTpOHOB, TO OX83b!B8eTCSJ 1 'iTO. BO BCeX TpeX cepHS!X 3H.'l'ieHHSI 

S COBna.QOIOT B npe.oenax HX OWH60K (aCXlliO'!CHHe COC1'8BJ1HCT Ag IO?,IOP H Rb U )X/ 
1 

H8CMOTpS! Ha TO, 'iTO BeJil1'iHHbl S 1 a 1'8X)Ke COOTHOWeHl!e (r /D) H (ry/D) MOI'YT HHOI'-
0 y 0 1 

.a a cywecTeeHHO MeHSITbCSI (eM. Ta6mwy). Taxoe noJio)!(eHHe n03BOJISieT roeopHTb o6 O.OH03Ha'i-

HOCTH onpe.oeneHHSI 5
1 

nyTeM aH8J!H3a ycpe.oHeHJ:IblX Ce'iCHHlt 3aXBaTa B 06JiaCTH 8HeprHlt 

1-50 Kae. B xa'ieCTBe oxOH'iaTenbHhiX 3Ha'ieHHlt S 1 npHHSJTO cpe.oHee 3H8'ieHHe H3 Bbi-

'iHcneHHlt no TpeM cepHS!M, a HHTepBan OWH60X onpe.QeJISIJ!CSl I'p8HHU8MH OWH60X KpaltHHX 3Haqe-

(nocne.QHHH CTon6eu). 

AHaJIH3 pe3yJibTaToB o npe.oeneHHSJ oc,TanbHhiX napaMeTpoa, npHee.oeHHhiX B Ta6nHue, noxa-

3hlB8eT, 'iTO noJiy'ieHHhle HaMH 3Ha'ieHHSl , xax npaeHno, 6nH3XH x pe3yJibTaTaM .opyrHX 

H3MepeHHlt H 8XCTpanOJISlUHH CO CTOpOHbl COCe.QHHX 3JieMeHTOB, XOTSJ eCTb H CHCTeMOTH'ieCKHe 

pacxO)!(.QeHHSJ B 1,5-2 pa3a ( In Sb j ) , 3.oec b 1 nO)!(aJiylt, He CTOHT OCTOHaBJII1B8TbCSJ 

Ha aTHx pa3n!1'IHSJx, nocxonbxy HaCTOSJWHH aHaJIH3 He npeTeH.oyeT Ha fla.oen<Hoe onpe.oeneHHe 5
0

; 

Ta K X3X B 8H8l!H3HpyeMOM .QHana30He 3HeprHlt OTCYTCTBye'l' H8H6onee nO.QXO.Q51Ul811 .QJ!Sl 3TOI'O 

o6JI8CTb 3HeprHlt, I'.Qe ,ll.J!Sl . S -eoJIHbl r n < r y 

x/ 
no p51.0Y coo6pax<eHifH pe3 yn bTaTbl aHaJIIi3a ycpe.oHeHHb!X Ce'ieHHR 3axeaTa .QJ!Sl Rb IS 

MeHee H8.Qe)!(!lbi
1 

'ieM .QJ!Sl OCT8J!bHbiX SJ.Qep, .H.opo Rb 86 
SIBJISJeTCSl OXOJIOMai'H'ieCKHM C M8J!Olt 

nnOTHOCTbiO ypOBHeH, T.e, 3.QeCb B03MO)!(eH 60JibWOlt BXJ!8.Q np51Mb!X nepeXO.QOB, H B 06JiaCTH 

HecxonbXHX Kae nnoxo BblllOJIHSJeTcSJ ycnoBHe D 1 << 11 E << E 
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En a ron apH Koppe nHUHH so . r ; 
H ( y I D )0 3TH pBC XOrKLlGHHH CK83 b! BB!OT C H II HO p 03ynb-

(ry / D)
0 

T8T8X 8H8llll38 npH p83 LlBllbH OM B8pbHpOB8HHH H (f' / C) y l 
, npHB OLl 5l K T OM y 1 

'ITO Lll!H 3THX Hnep nony 'l8BTCH rr I D) < rr I D) • B e CbM8 B BpOH TH O , 'ITO 3TO Hepa Be HCTBO y • y 1 

OTP 8*8BT ~e ¢H3H'lBCKy~ CTOpOHy HBliBHHH, 8 CKopee HBTO'lHOB 38Ll8HHB 3H8'lBHHH S
0 

ConocToaneHHe a6con~THWX senH'lHH panHBUHOHH WX CHnoawx ~yHKUHA c p e3ynbTBTBMH cneKTpo­

/ 24 / 
eKOllHH HeltTpOHOB B pe30H8HCHOlt 06l!8CTH (HllllpHMep, ) llOK83biB8eT, 'iTO OH R 6l!H3Kil. 0 . . ' 
6enbll!eM rOBOpHTb llOK8 ·pOHO, ilOCKOllbK)' Lll!H 60l!bWHHCTB8 Hnep TO'lHOCTb• onpeneneHHH 

( r / D) llC> napllMeTp8M OTLl8.'1bHblX pe30H8HCOB 51BHC aeuoc·l'Cl T-O':U8. 
y 

.[lnst LlBllbHeltlllero yTv'lHBHHH CHliOBb!X cpyHli.UHH Ll i1H p -HeATpOHOB (KBK HBATpOHHOlt, 

TBK H p8LlH8UHOHHOlt) , nonyqaeMbiX H3 8H8l!H3ll ycpenHeHHblX CB 'lBHHlt 38XB8T8 1 f!OMHMO yTO'lHe-

HHH KpHBOlt C€'lBHHH 38XB8T8 Cyll!BCTBBHHY!O ponb HrpaeT 3 H8HHB TO'lHbiX 3H8'l eHHH s 
0 

H 

rr I D) ' KOTOpbie, cyns:r n o pHny nocnenHHX pa6oT n o cneKTpOCKOfiHH HBltTpOHOB B peaG-

y 0 i3 17 25 26/ 
HBHCHOlt 06l!8CTH ' ' ' ) MOryT 6biTb nonyqeHbl C XOpowell TO'lHOCTbiO, 

CpasHeHHe H8ll!HX peaynbTaTos no onpeneneHHIO cHnoaolt cj:>yHKUHH nnH p -HeltTpo­

HOB C npyrHMH LlBHHblMH n pHBBLlBHO H8 pHC. 3. BHLlH O , '!TO HBWH 3 H8'lBH HH xopowo cornacy lOT­

/ 6 / 
CH c naHHbiMH rH66 o Hca H np. (38 HCKli iO 'lBHH BM Sb ' Dr ) H, KBK npaBHliO, pacx o-

/5/ 
Lls:ITCH C U8HH blM H • 3TO p8CXO*LlB HHe Hel!b3s:I oGbHCHHTb p83l!H'li!BM MB T OLli!K onpenenBHI!H 

!51 
S no KpHBhlM CB 'lBHI!H 38XB8T8 (aBTOphl pa60Thl npOH3BOLllllll! 8H8l!K3 CB'lBHI!A Bpy q -

1 . 

Hy!O, C'lH T8H 3TO T MBTOLl 6onee HBrliHLlHblM), nOCKOllbKY li8WI! p8C'lBTbl no 3KCnepHMBHT8llbHbiM 

/ 5 / 
TO'lK8M pC60Tbl Ll8l!H 3H8'leHiiH SIt 6llll3Kl1B ll. i1pHB 0 Ll l1 MbiM 8BTOp8Mil, 

06ll!8H 38BHC>IMOC Tb H 8WI1X 3H8'leHHA st OT &TOMHOrO HOMepa B i!BpBOM i!pH6llrt.tKB HHH 

O!IKCbiB88TCH TeopeTl1'lBCKC.i1 Kpi!BOlf, p8CC'lHTOHH0rt DO K03rpcp!!UI!BHT8M 11pHt1H!ICH11H, fij::JHBBLlBH ­

/1 6/ 
HblM B MOHOrpGrpHH n.3. H GMi1pC>l3C K Oro • Hal!6onee cyw~.eCT13BHHOe pacXO*LlBHHB c TeopeTH -

qecKow KpHBoA Ha6monaeTcg 0 Kono A :: 100, r ue 3KcnepHMBHTanbH biB 3H8'IBHHH sl Llll5l 

Rh H OCOOBHHO .LlliH Uo 98 H .'to too i1B X< OT HH>KB Kpi!BOH. ,'V\anb!B 3H8'IBHHs:I S
1 

Lll!H 

Mo 98 I{ .~to 100 
HBllb3H C BH3 b!B 8Tb l!Hlllb C T B M ¢ 8KTOM , '!TO B OTliH'lliB OT OC T8llbHb!X He-

qeTHo-·JeTHb!X H30TonoB oHu HBl!HY;TCH ' IBTHO-•!eTHbiMH. KaK Y*e OTMe•1aaoc b B b!llle ( rrpH aHanu -

38 38BHCUMOCTH CI! :J OBOlt ¢ YHKI!HH so OT j s 
0 

npaKTH~BCKH HG 3 8BHCHT OT ~eT-

HOCTH 'lHCna llpOTOHOB Hl!U HeitTpOHOB B Hnpe; HeT OCHOB 8HHA C~HT8Tb 'ITO Ll:J5l s, neno o6-

C T OHT no-npyroMy • 

8 TO *e BpBMH rl8Ll0 O T MG T HTb, '!TO 1!3MepeHUH C M8t'1 b!MH KO.'II!'l B CTB8 l'v!H p83 LlGlleHH biX 

1!30TOnOB Mo 98 · U !:to IOO , cna6o 3 8X!38Tb!B810WI!X HBitTpOHbl, B b!IIO t'1H B H b l C x y nweA TO'l -

/ 14/ K " 
HOCTb~ , 'l~M ..'J.:J H OCT8ll bH biX 3l!eMeH T OB • pOMB T OrO, M8li8H lll!OTHOCTb ypOBHBU 3THX 1130-

TOn OB He o Gecnequaae T Hane)KHOro ycpenHeHIH! ce~eHHH B o6nacTH Maa brx 3He prHii> xoTH cj:>nyK -

Ty8UI!<l !3 li:JO'fHOCTH ypOBHelt, KOT0p8H 11pH BeJ18 Gbl B OUOUX l130TOI18X K !18.Li e HHlO s 1 D 

5-10 po3, Ma.,oaepoi!THa. Ow11 GKy B on p eueneHHii S
1 

u3-3a 11::vxo ro ycpenHeHH\1 ce<JeHHH 

- 98 100 
OUeHHT b He npe.!..!CT8BJIHBTCH B 03MO* H b!M , U03TOM:f 3H8'1~HHHM S I jli'!H .lfo If ~~to 

nprHI I!CllH b ! .111w b owuGKu U3 pe3yn bT8TOE pac•:.,Toe. 

Ta.I\HM oGp830M , !1p0!30JI 3H8 '{8HUil - sl npl! A :.: 100 MO .' KB T YKD 3b! B i1Tb Hli VO.I tee Cfi:Jb-

11 0 8 c rruH-opGrnanbHOe B:3llHM o neAcTBue, 'lBM 3 T O npHHHTO B/ I G/ ( 8 p a 6oT e BecToHa H Lip/5 1 

e n HH - o p6uTallbHOe s 3 aH MO.::I.ei1c T Bife B3HTO Ha nopHnoK Gon bill 11M), n116o Ha Heo6xontiMO·:: Tb ewo 
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60/Iblll9H LJ,9T8/IH38UHH OllTH'I9CKOrO 110T9HUH81I8, H8npHMep, BBe Ll CIIIIH ll 0 !3 9pX11 0CTHO r O norno­
/ 9/ 

LUeHHSI, KllK 9TO caenaHo MapronHCOM H KpiOrepoM Heo6 x0 .'1HMO oTMeTHTb, 'ITO sse-

LJ, 9HH 9 llOBepXH OC THOro norn oLUe HHSI H HCI10/Ib3088HHe B9.'111'1HHbl CllaH- op6HT8Jlbl< OI'O B38HMOLJ,ei\ -

CTI3HSI H3 p8C lll9ll/10HHSI HIOKHHX ypoBH9H S!D.p8 eLUe He LJ,89T p8CLU9111iCHHH rH r8H .TCKOr o pe3o-

H8HC8 s 1 (A) r.p11 A "" 100/
9
/. 
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1,4 24 0,05[6] 1,4 6,5z.0,3 2,3z.0,3 2,7 +I,O 

B't79l8I 
. .. 

2,3 6 '7 (24] 1,9±.0,4 5,6±,0,6 3,0z.0,7 -(),7 
1,4 6 ,40z.O ,34 I 5 ,6±.0, 7 2 '7 £0,5 • 

RB ss 0,5 I,33z.0,06 4,5z.0,5 7+6 
2,5 0,15[2~ O,IIz.0,07 I,35z.0,04 10,2±:3,3 -4 
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10,8 +3,2 N893 O,I I,0(24] 6,0z.0,2[27} 0, 37 ±.0, I I,2Iz.0,03 I0,3z.I,9 

4,6z.1[1] 0,35 . I, Iz.O, 3 I I,23z.0,06 II,5.:t,2,5 -2,4 
-

0,5 I,Iz.0,2 I,3z.0,6 
2,I +2,7 Mo 98 0,06z.O,I6 I,Oz.O,I 2 ,4z.2 

0,5 0,5z.0,7 I I ,Oz.O' I 2,6z.2,2 -1,7 
--- ~ 

0,5 I ,0 I.:t.I [5] 0,5 2,9±.0,I 0,48z.0,05 
0 7+0,5 

/'1o 100 6z.I2 I, 7 z.O, 3 0,9±.0,3 ' 0,5 2,7z.0,2 I I, 7 z.O '4 0, 7 z.O, 2 -0,3 
-

Rhro3 
0,5±.0,1 4:~ ( 281 0,44 13,2±,0,9 6,4±.0,6 5,4 +1,6 
0,44 J25] 

2 '5±,1 '~ [ 5] o, 20 0,53±,0,04 I4:t,I 5,2.:t,0,6 -1,4 
0,7 15[241 0,44 I8 ,6±.2' 5 ji3,7.:t,I,2 4, 7 .:t.O, 7 
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---
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pH C. 1. 

ConocTasneHHe sKcnepHMeHTanbHbiX 3Ha'l.eHHa ce'l.eHJHI 3llXBaTa HeaTpoHoB s Rh 103 c 

TeopeTH'I.eCKoa KpHsoa. CnnowHaSI Kpi!BBSI nOAC'I.I1TBHa no napaMeTpaM, npHBe.aeHn bi M a Ta6JIHUe. 

llnSI napaMeTpOB BCeX Tpex cep11n p8C'I.eTOB KpHBhle ycpe.n.HeHHhlX Ce'l.eHHfi COBDBnl! . nyHKTHpOM 

DpOBeJ].CH8 KpH88SI, COOTBeTCTBYJOW8SI BTOpOfi Cepl!ll p8C'leTOB
1 

HO S I 113MeHeHO HB BeDH'liiH Y 

OWH6KH-51 =7·JO-.f 1 13 1 IS/ / o/ 
0 - 9KCnepaMeHT8DbHLIB 'C'O'lKH 0 - , /1. 

• 
6"~ ' $N 
iO 

(,0 

--_:'p_ 60AHa. 

' ... ,, 
.. ' .., , 

..._ ' ..... ::--,-6 
', 

s-60Jl~<a 

0, 1 L __ j__.L_..,L_l__L_LL~/0~-__J-_j_...L_...J._..__.~:::.· 
I 

P a c. 2. 

~ ioJS 

ConocTaaneHHe sKcnepaMeHTBrrbHhlX 3Ha~CHK~ ce'lBHaA 3ax~aTa Hefi ·rpoHoB a k c 1eo pe­

·rl!'l.ecKaMH KpHB !'.!MH, CnrrOWHD.SI KpHBD.S! DOLI.C'iH'ldHS. ilO p83YJibTa 'raM BTOpoi! H ·rpeTbel\ <.:e]:.JHH pac ­

'leTOB I cM.Ta6m1uy/ , nyHKTHpHaSI - no pe.Jyr.bTaTaM nepaoa. npaao.awr c H T a Km e napuaanbHbi e 

ce •I e HI!H 3axnaTa, o6ycnoaneHHbJe s - H p -HefiTpOHBMI! /s T o paH cep11S1 pac'ie Toa/ Q - 9 Kc -
nepnMeHTarrbHbie TO'IKH/(3/, 0 - /5/ 11 !\ _ / 6/, 
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3aBHCHMOCTb CHilOBOH cp yHKUHH .Q ilH p -Hei1TpOHOB OT 8TOMH ':J f'O BeCa H.UpB-MHWElHH, 

• - pe3 yilbT8Tbl H8 C TOH Wei\ pa60 T bi, 0 - B3HTO H3 pa60Tb/5/ 
1 

/1,. /6/ , 
CnnowHaH Kp11B8H llOLlC 'HIT8H8 no K 03cpcp 11 Ul!eHT8M npHm!ll aHHH. B3H'Cb!M y n .3. H eM H pOBCKOf'O/ 16; 
/ noTe Hu11an c p83M biTbiM Kpe eM , o6beMHoe n o rno ute HHe / . 

1 0 . 
J !y HKT11pH b!8 Kpi!Bb!e B 3H Tbl U3 pa6or<,!' u/ / i10tt:HU11G.-: C p03 ivib!Tb! M l~ paeM 1 il 05ep..;H CC THOe llOf'ilO-

W e !lne / . Kp!-!1' 3 11 /G/ COOTBe T C T :Jye T '3;Jsue 60.'1bW ei-.!)' C ll>!H-op6aT.:J.'JbHOIVi)' B3dHMOL:.elk'I·BRI0
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<teM 

' a / fl / 16/, 31l&'-;KI I CO C Tpe nK 8M II B Hfl 3 110K83 bl !: 8!0T BepXH 1010 T'p8HI!Uy S I 

Pa6oTa nocTynHna B H3.QaTenbCKHH oT.aen 
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