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UenLro uacrox~ero 3KcnepuMeHTa xanxercx HJyqeuue 
CDeKTpOB HeHTpOHOB, B03HHKaro~HX BO B3aHMO)J,eHCTBHHX 
penHTHBHCTCKHX )J,eHTpouoa c MHIIIeHLro HJ AI. Tipu 3TOM, 

u u 

6 
!JI 

B oTnuque OT uaiiieH pauueu pa OTLI · · , r)J.e HJyqanacL 
CTpHDDHHrOBaJI qaCTh ClleKTpa, 3)1,eCb pacCMaTpHBaeTCJI 
BLICOK03Hepruquaa qaCTh cneKrpa. KaK 6y)J.eT BH)J.HO 
H3 )J,anbueHIIIero, Cnt!KTp HeHTpOHOB npOCTHpaeTCJI B HaiiieM 
3KCDepHMeHTe )1,0 HMDynhCOB, noqTH paBHhiX HMnynLCy 
uaneTaromero )J,eHTpoua, T .e. 3uaquTenLHO )J.anLme, qeM ecnu 
6hl ueiiTpOHhl BOJHHKanu a NN- B3aHMO)J.eHcTBHJIX, r )J,e O)J.HH 
HJ uyKnouoa - H3 )J,eHTpo.ua, )J.pyroii - H3 AI -Mumeua. B na
CToxmee apeMH a MHpoaoii naTepaType TaKue qacTHUhi na
JhiBaiOTCH KyMynHTHBHhiMH /2/ . KyMynxTuano po:>K)J,eHHLie 
llpOTOHLI na6nro)J,anHCh B pa,I(e 3KCnepHMeHTOB /J, B 77(:'1/)
JI)J,epHhiX BJaHMO)J,eHCTBHJIX H Ha6niO)J.anHCh, B OCHOBHOM, B 
Ja)J,HeH nonyc.epe B na6opaTOpHOH CHCTeMe KOOp)J.HHaT. 

TiocTanoaKa naiiiero 3KcnepHMeHTa no)J,po6no onucana 
a' 1 '. )J,eiiTponLI na)J,anu ua AI - MHIIIeHL, noMemennyro BHYTPL 
cuuxpo.aJoTpoua JIB3 OIUIH. 

HeiiTpOHhl H3 peaKIJ.HH d+ AI or6upanHCh no)), G° K nep
auqnoMy llY'IKY B TeneCHOM yrne --10-7 Cp. )J,eTeKTOpOM 
HeUTpOHOB HBnJinaCb O)J,HOMeTpOBa.R BO)J.OpO)J,HaJI IIYJhlpLKO
aaff KaMepa. 3KcnepHMenT Bhlnonuxnc.R npa 5 HMnynLcax 
na)J.aiOIIJ.HX )J,eHTpouoa: 2,5; 3,46; 4,46; 7,66 H 10,2 F3B/c. 

ME TOA BOCCT AHOBJIEHHJI CIIEKT POB 
HEHTPOHOB 

0CHOBHOH MeTO)J,HqecKOH npo6neMOH B )J,aHHOH pa6oTe 
.Rananocb aoccTanoaneuue HMnynLcuoro cneKTpa na)J,aromux 
na KaMepy ueiiTpouoa. CneKTP aoccTauaanuaancx nocne 
auanuJa 3-nyqeahlx 3Be3)1, np -a3aHMO)J.eHCTBHH. B ua6nro
)J,aeMLIX 3-nyqeBbiX 3Be3)1,aX B03MO:>KHhl cne)J,yiOmHe peaKIJ.HH 
np-B3aHMO)J.eHCTBHH: 
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np -+ p p rr 

pp TT -TT 0 

fi p TT+TT-

fi p TT + TT - ( k TT 0 ) k = 1, 2 ... 

nnrr +TT +TT -( k rr 0
) k = 0,1,2, ... 

/1/ 

/2/ 

/3/ 

/4/ 

/5/ 

ll3 o6mero qucna 3- nyqeabiX 3Be 3.D. npu .nann oM Pcl oT-

6upaJIHCb 3Be3)l.bl C CyMMapHbiM HMUYJibCOM BU)l.UMbiX Tpe-

- ~I 
KOB P~ > ps +2Ll P s U owu6KOH 8P~ = -- < 10o,/o, r.ne 

~ n n ~ p~ 
.... - s 

pn - cpe.nuee 3Ha4eHUe UMUYJibCa CTpUllllUHrOBbiX HeiiTpOHOB, 

a t-.P;- wupuHa cTpunnuHroaoro cneKTpa. Cpe.nHee 3Ha4eHue 

OTHOCUTeJibHbiX OliiU60K oPL B OT06paHHOH rpynne C06bi

TUH He OTJIU'-IaJIOCb OT oPL )l.JIH .IJ.pyroii: npOU3BOJibHO Bbi6pau

HOH rpynnbi co6biTUH. KpuTepuu oT6opa co6biTUH peaKuuu 

/1/, r)l.e Pn=PI , COOTBeTCTBOBaJIU KpUTepUKM, UCUOJib30-

BaHHbiM B pa60TC/l/. lfMUYJibCbl HeHTpOHOB, KOTOpbie o6-

pa30BbiBaJIU 3Be3)l.bl peaKI.J;UH 2,3,5, onpe)l.eJIKJIUCb U3 ypaa

HeHUH 6anauca 3Hepruu )l.JIH )l.aHHOH 3Be3)l.bl npu COOTBeT

CTBYIOJUUX npe)l.UOJIO)KeiiUHX 0 Maccax BU)l.UMbiX U HeHTpaJib

HbiX '-laCTUII / 4/. qT06bi U3 HCCKOJibKUX rUUOTC3 0 C06biTUU 

Bbi6pa Tb npaBUJibHYIO, UpOBO)l.HJiaCb U)l.eHTU4JHKaiiUH UOJIO)KU

TeJibHbiX '-laCTUII B 3BC 3)l.e /UOHU3aiiUK, rr-u.-e- paella)]. U T . .IJ../. 

~OllOJIHUTeJibHaK U)l.eHTU«iJUKai.J;UH 6biCTpbiX '-laCTUII B03MO)f(Ha 

llOCJie cpaBHeHUH UMllYJibCHbiX CUeKTpOB llOJIO)KUTeJibHbiX 

u oTpuua TeJibHbiX qacTu.u;. IlpuMep TaKoro cpanuenuH npu

ne.neu ua puc. 1 .D.JIK P cl = 4,46 T:JB/c. 113 pucyuKa nu.nuo, 

'-ITO BCe llOJIO)KUTeJibHbiC '-laCTUI.J;bl C p + > p _[P MO)KHO 

C'-IUTaTb npoToHaMu. Owu6Ka, KOTopaH MO)KeT 6hiTb npu 

3TOM )l.OllYIUCHa, COCTaBJIHCT B cpe)l.HeM 2o,/o. B CJiyqae, 

ecnu C06biTUe Y.ll.OBJieTBOpHJIO HeCKOJibKUM runoTe3aM, npe)l.

llO'-ITCHUe OT)l.aBaJIOCb TeM U3 nux; r.ne IIYKJIOHbl B C.II.M. 

neT HT n pa3Hbie nonyc«iJepbi I 41. 
MaKCUMaJibHbiMU 3Ha4eHUHMU .IJ.JIH ~ C'-IUTaJIUCb 3Haqe

HUH UMllYJibCOB Ua)l.aiOII.J;UX )l.eHTpOHOB. runoTe3a, flO KOTOpOH 

p n > pcl ' OT6paCbiBaJiaCb. Ecnu UOCJIC npuMeHeHUH BCCH 

4 

BbiWeyKa3aHHOH npo.u;e,n.ypbl ,IJ.JUI C06biTHJI: OCTaJIOCb n rn

noTe3, TO naii:.neHHbiM Pn npunucwaanucb aeca 1/n. Cpe.n

Hee qucno runoTe3 o co6wTnu n KYMYJIKTHBHOH o6nacTu 

OKa3aJIOCb paBHbiM 1,4. ~JIH onpe)l.eJICHllJJ: Ol{eHO'-IUOrO llM

nynLca n runoTe3e /4/ a ypaaHeHne 6ananca :meprnu 

3aKJia.D.biBanacb Macca M, pannaH cpe.nneMy 3naqenu10 :Jlb
<lJeKTHBHOH MaCChi yneTCBIUHX ueii:TpOHa H 7P-MC30HOB 

141 
. 

0 - (t) IJacmUijbl 

III-X"- MBOHbl 

Puc. 1. HMnyAbCHbie pacnpe6e/le1tu.R no/IOJICII1!1e/lb1tbiX u on

puLJaTTJe/1 b HbiX 'la cmu11 113 3- Ay'leObiX 3EW36 I OAR Pd = 
= 4,46 T:JB/c/. IloAOJICWIW/Ibllble •tacTUtlJbZ c p > p rP!yr.a3a1w 
cmpe/IKOU/ C'lUTfiQ/IUCb npOT:IOHQMU. 

)J,nH 3Ha4eHuii IIMnynhCOB .n;eH:Tponon 4,46 n 7,66 T:JB/c -
M = 1,21 T:1B, a .D.JIH Pd = 10,2 T:1B/c - M = 1,34 T:1B. 
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IJ03TOMY, ecnu HAeHTHcPHKa~HJI llOllo:lKHTenLHhiX qaCTH~ He 
npoTuuopequna runoTe3aM /3,4/, TO C'-IHTanocL, '-ITO co6w
Tue o6pa30BaHO Heii:TpOHOM C MHHHMallhHhlM /3/ H O~eH0'-1-
HhiM /4/ HMllYllLCaMH, B3JIThiMH C BeCaMH, COOTBeTCTByiO
~HMH Ce'-leHHHM KaHanOB /3,4/.Cel.leHHJI pa3llH'-IHhiX KaHa
llOB,HCllOllh3yeMLie 3AeCL H B AanLHeHWeM, B3JIThl H3 pa60T 5~ 
Omu6Ka B onpeAeneuuu uMnynLca ueiiTpoua, CBH3aHHaJI c 
H3MepuTenLHhiMH OWH6KaMH, HeOAH03Ha'-IHOCThlO onpe
AeneHHH THna peaK~HH B AaHHOH 3Be3Ae H C B03MO)I(HhiM 
pO)I(AeHHeM 2- X HeHTpanLHhiX 'laCTH~ COCTaBnHna B cpeAHeM 

AllH Bcex pd - 0,17 F3B/c. 
3Be3ALI c PL > i\" + 21\P~ ~6pa3yiOTCH TonLKO qacTLIO 

KyMynHTHBHO pO>KAeHHhiX HeHTpOHOB, ApyraH HX 'laCTh 
AaeT 3Be3Ahl c PL HH>Ke yKa3aHHoro 3Ha'leHHH. Ha TaKue 
HeHTPOHLI 6Lina CAenaua nonpauKa. ,ll.aHHLie AnH uaxO>KAeHHH 
nonpaBOK 6hinH B3HTbl H3 o6ny'leHHJI 55 CM nponaHOBOH Ka
Mepbl WHpOKHM cneKTpOM HeHTpOHOB. J1CllOllb3yeMOe HaMH 
pacnpeAeneHHe CYMMapHbiX HMnynLCOB H3 KaHallOB /3,4/ 
npu HMnynhce naAaiO~ux ueiiTpouou 7 F3B/c noKa3aHo 
B Ka'leCTBe npuMepa ua puc. 2. TaKue )l(e pacnpeAeneHHH 

6wnu nocTpoeuw AnH Kauanou /2,5/ AnH pa3nH'-IHhlX Pn 

B npuu~une onpeAeneuue uenH'lHHhi nonpaBKH CBOAHnocb 
K cneAYIOrneMy: ecnu BCIO nnowaAb llOA rHCTOrpaMMOH Ha 
puc. 2 o6o3Ha'lHTh qepe3 x+y, rAe y- AOnH nnomaAH B 
npo~eHTax, ne>Ka~aJI HH)I(e Bbi6paHHOH rpaHH~hl AnH P L , 
a X - AOllJI nnowaAH BbiWe 3TOH rpaHH~hl, TO nonpaBKa 
pauHa y/x +y. )l.nH ucex HMnynhCOB AeHTpOHOB nonpaBKa 
COCTaBHna /20-30/~. IlpHMep BOCCTaHOBlleHHOrO Ha6niO
AaeMOrO B KaMepe cneKTpa HeHTPOHOB npu Pd =4,46 T3B/c 
npuBeAeH Ha puc. 3. CneKTp COCTOHT H3 ABYX 'laCTeH: 
OAHa 'laCTb - Kpau cneKTpa HeHTpOHOB OT peaK~HH CTpun
nuura u ApyraH qacTh - KyMynJITHBHO po>KAeHHLie ueiiTpo
Hbl. 113 pucyHKa MO>KHO Bbi6paTh HeKOTOpOe pa3AellHIO~ee 

rp rp HX Pn . /B AallbHeHWeM Bbi6op P n 6yAeT o60CHOBaH/. 
)l.nJI pa3HhiX uMnynLcou naAaromux AeHTpouou Pnrp 6wnu 
B3HTLI paBHhiMH 1,6; 2,15; 2,8; 4,7; 6,2 T3B/c AnH Pd=2,5; 
3,46; 4,46; 7 ,66; 10,2 T3Bjc, COOTBeTCTBeHHO. 

CneKTp, noKa3aHHLIH ua puc. 3,coAep)I(HT ynoMHHYThie 
BhiWe nonpaBKH, BBeAeHHLie AllH C06LITHH C p n > p ~P. 

6 

N 

Pn-7~ 
np- npx•x-(!cz:•) 

Puc. 2. PacnpeoeAeHue cyMMapHbrx uMnYAbcoe OAJI co6br•uu 
KaHaAa np-onp~t+IT-(k" 0 ) c Pn = 7 T3B/c; k=0,1,2, ... 

Ta6A. 1 AaeT npeAcTauneuue o6 ucnonL30BauuoM Ma
Tepuane. B nepuoi cTpoKe npuBOAHTCJI nonuoe qucno 3-
ny'-leBbiX 3BC3A npH AaHHOM pd , DO BTOpoi - '-IHCnO 3-ny
'-ICBbiX 3BC3,1J,, o6pa30BaHHLIX KyMynJITHBHLIMH HCBTpOHaMH, 
B TpeTLCB - Ta )I(C BenH'-IHHa C nonpaBKOB. 0THOWCHHC 
'-IRena 3BC3A, Ha6nro,D,aCMLIX B KaMepe OT KyMynJITHBHLIX 
HCBTpOHOB KO BCCM 3-ny'-ICBLIM 3BC3,D,aM npu ,D,aHHOM pd 
COCTaBnJieT - 0,5~. B Ta6nu~e npHBC,IJ,CHbl CTaTHCTH'-ICCKHe 
OWH6KH. 
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N 
120 

115 

15 ·-

10 

5 

2.0 

~(~) 

#,1 

Hc 

JYc 
c nonp. 

8 

3.0 

2.50 

15BO 

5±3 

0±3 

Pd=4.4b r~e, 

Puc. 3. YIMrrynbCHbifi 

CII8KTp H8HTpOHOB, BOC

CTaHOBneHHbiH ITO 3-rry

'I8Bb!M 3B83):{8M B KaMepe 

an.H P d = 4,46 f3B/c. 
CTpenKoil OTMe'IeHo ~'P. 
CrreKTp rrpeacTaBneH 

c rrorrpaBKOH B o6nacTrr 
p > prp. 

4.0 ~ (tt1) n 

Ta6nrrua 

3. 4o 4.46 ?. 6 fj i0.20 

75&0 8323 13000 7430 

39±6 52±? 29~5 i7:t4 

j3:t8 6B.5±9 49:t8 28.4!-7 

Ha puc. 4 ,AaH npa.w:ep pacnpe,AeJieHH.II HeiiTpoHoB npaBoii: 
'laCTH cneKTpa OT peaKUHH CTpHnflHHra (Pn < p~P) B HHBa-

u u b u 6 '/6/ B paaHTHOH nepeMeHHOH 1 I, npe,AJIO)KeHHOH B pa oTe • Ha-

weM cnyqae b1 I paBHa KHHeTH'IecKoii 3HeprHH Heii:TpoHa T B 
CHCTeMe flOKOJI ,AeBTpOHa. 3TH cneKTpbl, onpe,AeJieHHble no 
peaKUHH pprr- H flOJiy'leHHble ,AJIJI BCeX 3Ha'leHHB pd , pe3KO 

o6pb1BaJOTCJI npa T , cooTBeTCTBYIOll\eM Bb16paHHOMY p~P . 
llpH annpOKCHMaUHH 3THX pacnpe,AeJieHHB ~YHKUHeB BH,Aa 
AI e -A 2T 3Ha'leHHJI A2 /eM. ma6A. 2/ B npe,Aenax owa6oK 

,AJIJI pa3JIH'IHbl!._ pd COBfla,AaiOT. Cpe,AHHB HaKJIOH ~ COOT
BeTCTByeT T0 =A2I, paBHoii: -3 M3B, 'ITO xopowo cornacy

eTcJI c 3Hepraeii: CBJI3H HYKJIOHa B ,Aeii:TpoHe - 2,2 M3B. 
3HaJI T 0 , MO)KHO onpe,AeJIHTL cpe,AHee 3Ha•IeHHe KBa,Apa Ta 

HMnynLca <l>epMH HYKJIOHa B ,Aeii:TpoHe <P~ >. B ,AaHHOB 

d.N -d'T' 
R-4.46~ 

2. 
''0:-11 I I I I I I 
.&,! - --- - A.Jft A All!!!' • AAA. .... I ___ , 

Puc. 4. PacnpeoeAeHue 'IUCAa HeiimpoH06 ompeaKI.IUU cmpun
nuHza 6 3Q6UCUMOC1/IU 0111 KUHe1/IU'IeCKOU 3Hep2UU HeiimpoHa 
6 cucmeMe noKOJI oeiimpoHa OAJI Pd = 4,46 F3B/c. 
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Ta6nHu;a II 

~ ( r~B) 2.50 3. 4 B 4.46 7. 65 10.20 
A2. 3?2~50 359!32 33&!34 399!71 29fi:t51 

reOMCTpHH OUbiTa Cpe,D.HCC 3Ha"'CHHC HMUYllbCa cl>epMH y-P1> paBHO - 70 M3B/c. 
EcnH npHHflTb, "'TO 3KcnoHeHIJ,HanbHOe noBe,D.eHHe cTpHn-

' nHHrOBbiX cneKTpoB coxpaHHeTcfl H npH 6onbiiiHX T /eM. 

puc. 4/, T.e. B KYMYllflTHBHOH o6naCTH, TO npH npaBHllbHOH 

HOpMHpOBKC BCCX CUCKTpOB cpe,D.Hflfl ,D.llfl BCCX pd npHMCCb 

ueiiTpoHoB oT CTpHnnHHra B KyMynHTHBHYID o6nacTb co

cTaBHT - 120/o. TeopeTH"'CCKHe cneKTpbi cTpHnnHHrOBbiX ueii

TpoHOB, nony"'CHHbiC npH paC"'CTC noniDCHOH ,D.HarpaMMbl C 

HCUOllb30BaHHCM BOllHOBbiX clJyHKIJ,HH ,D.CHTpOHa MaK- rH H 

XronbTeHa 7 I , ,D.aiDT cpe,D.HIDID BenH"'HHY npHMCCH - 130/o. 

B pac"'eTax npH Ja,D.aHHbiX napaMeTpax nonyqaeTCfl JaBbi

IliCHHafl BCllH"'HHa IliHpHHbl CTpHUUHHrOBOrO CUCKTpa DO 

cpaBHCHHID C 3KCUepHMCHTanbHOH 1/. 
Il03TOMY TCOpCTH"'CCKHC paC"'CTbl HC06XO,D.HMO yTO"'HHTb 

/uanpHMep, KaK B /8/ I, H 3TO yTo"'HCHHe npHBe,D.eT K 

yMeHblliCHHID BKna,D.a yKaJaHHoro clJouoBoro npou;ecca B Ky

MynRTHBHYID o6naCTb. 

,4HC/XPEPEH~HAJibHOE H HHBAPHAHTHOE 
CEtJEHH.JI OEPA30BAHH.JI KYMYJI.JITHBHbJX 
HEHTPOHOB 

B ,D.aHHOM 3KCnepHMCHTC He H3MCpflllCfl UOTOK ,D.CHTpo

HOB Ha MHiliCHb. Il03TOMY HOpMHpOBKY CC"'CHHfl KYMYllflTHB

HOrO po:>K,D.CHHfl HCHTpOHOB npOH3BO,D.HllH, HCXO,D.fl H3 H3BCCT

HbiX xapaKTepHCTHK npou;ecca CTpHUUHHra ,D.CHTpOHOB H "'HCna 

3aperHCTpHpOBaHHbiX 3BC3,D. OT CTpHUUHHrOBbiX HCHTpOHOB. 
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\ 

)J.nH .D.HcbcbepeHu;HanbHoro ce"'eHHH KyMynHTHBHO o6paJo

BaHHbiX HCHTpOHOB C ,D.aHHbiM HMllYllbCOM p. MO:>KHO HallHCaTb 
I 

d 2(1 0°,P. 
I I 

c do dP 

~2 N Ml,P; 
---1 
~p.~o c 

~o 

o s 
/1/ 

/ 3,D.ecb as - nonHoe ce"'eHHe cTpHnnHHra Ha H,D.pe Al npH 

,D.aHHOM P d , 1f s- cpe,D.HHH TenecHbiH yron yrnoBoro pac

npe,D.eneHHfl npou;ecca CTpHUUHHra ,D.CHTpOHOB,i\0- Tenec

HbiH yron Ha KaMepy' ~ N I ~ 0 - nonHoe "'HCno CTpHUUHHro-

\ 
I 

~2 N i\0,1'; 

BbiX HCHTpOHOB B TeneCHOM yrne /',(}, -----1 - "'HCllO 
AP • /\0 ,. 

KYMYnHTHBHbiX ueiiTpOHOB c HMnynhCOM Pi B HHTepBane 

!\ P; , An 
4Hcno CTpHDUHHrOBbiX H KyMynHTHBHbiX HCHTpOHOB UpH 

,D.aHHOM P,1 MO:>KHO Bbipa3HTb qepe3 "'Hcno 3-ny"'eBbiX 3BC3.D., 

o6pa3oBaHHbiX 3THMH ueiiTpoHaMH B KaMepe. 

d 2 O~P. 
-~--~ I 

dn dP •· 

!\ N III 
--I 
i\P e 

alJI (P") ·a 
s n s 

------~--·~ 

0 !11. N \Ill • O 
c s !0-t 

/2/ 

Ill(-" 
r ,l].C <T" p n ) - CC"'CHHC 06pa30BaHHfl 3- ny"'CBbiX 3BC 3.11. 

npH cpe,D.HCM HMDYllbCC CTpHUUHHrOBbiX HCHTpOHOB, a alii 
" cpe,D.HCC 3Ha"'cHHC CC"'CHHH o6pa30BaHHJI 3-ny"'CBbiX 3BC3,D. 

B KyMynHTHBHOH o6nacTH 

2 2 
__ 2 <P.!q? 774<PJ.cp> 
n . - 77 o "77 --- = ---------" " p s2 P2 

n • ,) 

TaKHM o6pa30M, 

Ill -s ...2 
a (P )·a ·Pd' s n s --------------

N I III -III 4 p 2 
s . ac. rr< .Lcp> 

d 2a Oo,P; ~N III 

do dP I c = ~P-I" /3/ 

(<P.l2cp>=213<p2q?, r,D.e < P¢> -- Haii.D.eHHoe HaMH 3Ha"'eHHe 

HMI1ynbca cl>epMH HyKnoHOB B .D.CHTpoHe ) • 
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Ceqeuue CTpunnuura d Ha Al 6Lmo nonyqeuo B pa6o
Tax 191 . HJ 3THX .naHHbiX cne.nyeT, 'ITO a 

8 
cna6o yMeHL

WaeTCJI C yBenu'leHHeM HMnynLCOB .neiiTpOHOB. 3aBHCHMOCTb 
as OT P d 6Lma annpoKCHMHpoBaHa npsMoii H uaii.neuo ceqeuue 
CTpHnnuura .nns uawux 3Haqeuuii P d I CM. ma6A. 31. 

Ta6nuua I I I 

pel (r~e/c) 2.50 3.45 4.45 Z56 10.20 

b
5 
(M6) 320±20 305:t20 295:t25 2?Q:t]Q 2bO±bO 

Ha puc. 5 npuae.neuo .nucWJepeuu;uanLHoe ceqeuue KyMyns-
THBHO po>K.neuHLIX Heii:TpOHOB B peaKD;HH d+Al no.n oo. 
BH.Il.HO, 'ITO OHO CHnbHO pacTeT C yBenH'IeHHeM pd · fionuoe 

da \. 10,2 T3B/c B 70 pa3 6onLwe, 'leM npu ---- npu pd = 
dO 0 

P d = 2,5 T3B/c. HuaapuaHTHoe ce'leHue f KyMynsTHBHbiX 
ueiiTpoHoB B nepeMeHHLIX T B aHTHna6opaTopuoii cucTeMe 
HMeeT BH.D.: 

2 
f =L d a =~N_m 
a P dO dT 11 T \c 

a a 

m-s ' _2' 
a ( P ) · a · P.ld • P 

8 n s a 

-;.u:-iil- '4 <P2 7. 
s •ac • TT lcp>· JI 

141 

B lbopMyne I 41 - Pa - HMnynLc ueiiTpoua B auTuna6. cucTeMe 
PJI - B na6.cucTeMe. 

Ha puc. 6 npe.ncTaaneuo HHBapuaHTHoe ce'leHue KyMyns
THBHLIX Heii:TpOHOB .IJ.DJI pa3DH'IHbiX ~ • TO'IHOCTb B onpe.ne
neHHH T8 B cneKTpe ueiiTpOHOB cocTaBnseT .nns MeHLWHX 
P d - 0,03 F3B H .nns 6onLWHX - 0,02 F3B. 
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jj 1.5 3.5 \.5 

Jl-IDl~ 

P.(~) 

IJ.j 73 

jj b} -~-j 

:c IJ.j 7.' ~ ll:i P. (rp.l 

Puc. 5. PacnpeoeAeHue ou¢¢epeHijUQAbHblX cet.teHUU KyMy
AJITJJUBHblX HeUTJJpOHOB npu pa3AU'IHblX pd • 

AnnpOKCHMaD;HH pacnpe.neneHHH CHOBa npOH3BO.Il.HDaCb 
lbYHKn;Heii BH.D.a A1 e -A 2f. 3Ha'leHHH napaMeTpoa npHse.neHLI 
B TJJa6A. 4. B TpeTLeii CTpOKe Ta6nHD;bl llOKa3aHbl BeDH'IHHbl 
T0" = 1 I A 2 • XoTH owH6KH H aenHKH, BH.IJ.HO, 'ITO JHa'leHHH 
T0Mano MeHHIOTCH c JHeprHeii H He npoTuaope'laT TeM, Ko
TOpLie Haii.neHbl B .npyrHX 3KCnepHMeHTaX, HCCDe.D.OBaBWHX 
.naHHLiii JlblbeKT. KoJ!lllbHn;HeHTLI A2 .nnx HHBapHaHTHoii lbYHK
D;HH B CTpHllllHHrOBOH o6naCTH B npe.nenax OWH60K He JaBH
CHT OT 3HeprHH H paBHbl B cpe.nHeM 270±40, T.e. 6onee 
'leM Ha nOpH.IJ.OK OTDH'IaiOTCH OT HaKnOHOB .ll.DH KYMYDHTHBHOH 
qacTH cneKTpa. 
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f 

l z 

Jr 5 -

2. 

m 
1.10 

•-P4-t0l~ 
v-Pc~.= 7.6fir~• 

• 

t\1 N X .---3.itb 

I 
2.50 

Puc. 6. JIHaapuaHIIHOe ce~eHue KYMYAAIIU6HWX H€UIIpOH06 
e nepeMeHHt.ax T OAA pa:JAU~Ht.ax Pd .llpAMble - pe:JyAt.llall 
annpOKCUMU{#UU pacnpeOeAeHUU 3KCnoHeHIIOU. 

Ta6naua IV 

pd. ~36/c) 2.50 3.40 4.40 7. o5 10.20 

A1 5QOz 60 3 SO±iOO j2Q:t2fi0 750±1~0 710±l00 

A2 l&:ti4· tj! 3 17! g 20:t It 19! ~ 

ifA2 (M3&) 3~±iB fi7±13 5g:t30 ~0:!:10 5Z± 13 ! 

~--- ---- -- - ~ 
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Ha puc. 7 npe,n:cTaBneHa 3aBHCHMOCTb <I> = r f dT OT 
aMnynhca na,n:aromero ,n:eiiTpoaa. Orna6Ka, yKa3aHHbie aa 
rpadJHKe, CO,n:ep)l(aT, DOMHMO CTaTHCTH"'eCKHX, H MeTO.D:H"'e
CKHe norpernaocTH. H3 pacyaKa cne,n:yeT, "'TO, Ha"'HHaH 
npaMepao, c Pd = /5-6/ F3B/c, 3aBHCHMOCTh HHTerpana 
HHBapHaHTHOH ~YHKI.(HH OT 3HeprHH, B npe,n:enax OlliHfiOK, 
HC"'e 3aeT. KaK 6binO BH.D:HO H3 ma6A. 4, HC"'e 3aeT 3aBHCH
MOCTb OT 3HeprHH ,n:nH yKa3aHHOH o6naCTH H K03«txl>HU.HeHTOB 
A1 u A2 B .n:u«W>epeauaanhHOM HHBapuaHTHOM ceqeauu. HHTe
pecHo DOBe,n:eHHe HHBapHaHTHOrO Ce"'eHHH DpH yMeHbllieHHH 
pd -0HO TaK)I(e yMeHhlliaeTCH H, B03MO)I(HO, CTpeMHTCH K Hymo 
npH HeKOTOpOM 3Ha"'eHHH 3HeprHH B3aHMO,n:eHCTBHH. 06bHC
HHeTCH nH 3TO TeM, "'TO KyMynHTHBHbiH 3~eKT HBnHeTCH 
noporoBhiM una TaKoe noBe,n:eHue CBH3aHo c orpaHH"'eHHHMH 
no ~a30BOMY o6beMy - npe,n:MeT ,n:anhae8rnux 3KcnepuMeH
TOB u 6onee ,n:eTanbHoro aHanu3a. 

~ t 
21-

10it:-

5t 
I-

21-

10°L.J. 
i 2 

1 
! 

L_l 

3 4 

! 

1 
j 

.l 
6 

! 

..L_l 
? 3 

! 

1 I I 
g 10 Pd(~) 

Puc. 7. 3aaucw~cocmt. uHmezpaAa uHaapuaHmHozo ce~eHUJI 
<1> = [ f d T KYMYA.RmuaHbiX HeumpoHoa om P d • 
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BhiBO)J,hl 

1. B HMnynhCHOM cnexTpe ueiiTpouoB B peaK:U.HH d + Al 
llO,IJ. 0 ° ua6mo,IJ.aiOTC.H ueiiTpOHhl, 3HeprH.H KOTOpbiX 3Ha'IH
TeiThHO npeBhiiiiaeT KHHeMaTH'IeCKHii npe,D.en .D.IT.H N N -
B3aHMO,IJ.eHCTBHH. 

2. HaxnoHhi pacnpe,D.eneuuii no nepeMeuuoii T cTpun
nuuroBoii qaCTH CTieKTpOB HeiiTpOHOB He 3aBHC.HT OT HMllYITh
COB ,IJ.eHTpOHOB H COrnacyiOTC.H C 3HeprHeii CB.H3H HYKITOHOB 

B ,IJ.eiiTpoue. 
3. IlpH annpOKCHMa:U.HH HHBapHaHTHhiX Ce'ICHHH lPYHI<:U.H.H

MH BH.D.a A1 e -A2T uaii,IJ.euo, 'ITO K03¢¢u:u.ueuThi A2 n Ky
MYIT.HTHBHOii o6naCTH Ha llOp.H,D.OK MCHbiiie, '!eM B CTpHllllHH

roBoii o6nacTH. 
4. IlapaMeTphi HHBapuauTuoro ceqeuu.H KyMyn.HTHnuoro 

o6pa3oBaHH.H ueiiTpouoB nepecTaiOT, B npe,IJ,enax oiiiu6oK, 
3aBHCeTh OT HMllYITbCOB na,IJ,aiOII.J.HX ,IJ.eHTpOHOB, Ha'IHHa.H 

c P d =/5-6/ T3B/c. 
5. HuBapuauTuoe ceqeuue KYMYIT.HTHBHoro o6pa3oBauu.H 

ueiiTpouoB na,IJ,aeT npu Pd <4 T3B/c c yMeHLIIIenueM uM
nynLca na,IJ.aromero ,IJ.eiiTpoua. Bo3MO)I(HO, 'ITO KyMynRnm
Hhiii 3¢¢eKT - noporonoe RBneuue. O,IJ,uaKo 3TOT BhiBO,IJ, Tpe-
6yeT 6onee TII.J.aTeiThHOH 3KCTiepHMCHTaiTbHOH nponepKH. 

B Jaxnroqeuue aBTOphl 6naro,IJ,apRT C.E.repacuMona, 
B.C.CTaBHHCKOrO 3a none3Hble o6Cy)I(,IJ.eHHR, r.r.Konhl
noBa, M.C.ReBH:U.KOrO - 3a TIOMOII.J.h B COCTaBITCHHH npo
rpaMM, na6opaHTOB RB3 H RBT A - 3a TIOMOI.I.J.h B o6pa60TKe 

MaTepuana. 
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