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11 HKmoanBHble crreKrpbi 6bicrpbiX nel!rponoa H rrporonoa 
or coynapeHHH nel!rpOHOB C HMITYflbCOM 6,3 faBle C HAp8MH 
aonopona, nel!repHSI, yrnepona, aniOMIIHHSI H anct.tyra 

HccnenoaaHbi nt.trrynbCHbie crreKrpbi nporonoa u nel!rpo:ioB a Hnrepaanax 
2,6t-3,6 faBle H 4,6t-6,5 faBle, HCITyWeHHbiX B coyuapeHHSIX uel!rpOHOB 
c HMnynbCOM 6,3 faBle c HAP8MH H. D • c . AV H Bi rron yrnoM 103 Mpan 
a na6opa ropuol! eucre Me. llaMepeHHSI nposeueHbl na cunxpocjlaaorpoue OH 5H1 
c noMOillbiO onuorrne'leaoro Marnurnoro cnexrpoMeTpa c rrpoaono'lllbiMH HCKpo
BbiMH KaMepaMH ( Ap/p = !:_0,25%) na nunuu c 3BM. 

Bee H3MepeHHble cneKrpbl rrporOHOB HMeiOT M8KCHMYM IlpH -3,1 faBle 
'" IT5lflHy10 wupnuy na rronyBbiCOTe 280-300 MaBic. 3TH cnexrpw ynosner
aopurenbuo aocrrpouaaouHTCH a paMKax Monenu MHoroxparnoro nuc!Jpaxuuon
uoro pacCeHHHH HyKnOHOB, Hx cj>OpMa B OCHOBHOM onpenenHeTCH HMnynbCHbiM 
pacnpeneneuneM nyKnonoa a nel!rpoue, nopeuueaCKB ywapeHHbiM rrpu rrepexo
ne H3 CHCTeMhl ITOKOH nei!TpOH8 B na6, CHCTeMy. 

Xapaxrep BbiCOKOHMnynbCHbiX qacrel! cnexrpos sropH'IHbiX nel!rponos 
CBHileTenbCTByeT 0 B8JKHOI! pOflH MHOrOitpaTHbiX HyKnOH-nyKnOHHbiX p8CCeHHHH 
B HAepHbiX B381JMOileHcTBHSIX penSirJIBHCTCKIIX neArpOHOB IlpB nepeA8'18X HM
nynbC8 !t!..0,4 {faBic}2. B-:> scex uaMepeHIIhiX cnexrpax snnorb no 

,6 faBle na6niOil8IOTCH nenpephiBHbie pacnpeneneHHH BTopH'IHbiX neArponos, 
HCTO'IHHKOM KOTopbiX HBnHIOTCH npoTeKaiOWBe 6e3 p83BaH8 llBATpOHOB 

pOUeCCbl :>6p830B8HHH IT-Me30HOB tf pacwenneHKH HAep. 

Pa6ora Bblnonneua B na6opaTOpHH Bbi'IHCnBTenbHOA TeXHHKH 
H 8BTOM81'H38UIIH OHH'H. 

fipenpBBT 061.e .... eBBOI"O -CTBTJT& JIJlepiiiiiJl BCCMAO ...... Jbtiaa 1977 

© 1977 06MmtlleiiMWii UIICB-.)'B .ciU!piiW:Jl UCCAeOO .. IIUai)b611C1 

1. BeeoeHue 

HJyqeHHe npoueccoa, npoTeKaiD~Hx npu coy~apeHHBX 

peJIBTHBHCTCKHX ~eHTpOHOB C B~paMH, BBJIBeTCB Ba)K}lblM 

HCTOqHHKOM HHcPOpMaUBB 0 BHyTpeHHeH CTpyKType CJIO)KHbiX 

B~epHbiX CHCTeM H MeXaHH3Me HX BlaHMO~eHCTBHB. )J;o He

~aBHero BpeMeHB HCCJie~OBaHBB B 3TOH 06JiaCTH COCTOBJIH 

npeHMY~~CTBeHHO B H3MepeHHH flO~ yrJiaMH, 6JIH3KBMH K 

0°, BblXO~OB npOTOHOB H HeHTpOHOB OT CTpHllflHHra 'KO'le

peHTHOH ~Hci>paKUHOH'O' ~HCCOUHaUHB ~eHTpOHOB 1
-

3 
• 

AHaJIHl peJyJibTaTOB 1 noKaJaJI, qTo ~JIB TB)KeJibiX s~ep 
cy~eclieHeH TaK)Ke BKJia~ KYJIOHOBCKOH ~HCCOUHaUHH ~e:iiT
pOHOB 4 • llo cpaBHeHHIO C 3THMH npoueccaMH BKJia~ HeKo

repeHTHOH ~Hci>paKUHOHHOH ~HCCOUHaUBH ~eHTpOHOB Ha B~pax 
B BbiXO~bl npOTOHOB H HeHTpOHOB, HCnycKaeMbiX Bnepe~, 

cy~B no aceMy, HeBeJIHK. 

)J;pyro:ii nO~XO~ K HCCJie~oBaHHID B~epHbiX BlaHMO~e:ii
CTBHH peJIBTHBBCTCKHX ~eHTpOHOB COCTOHT B H3MepeHHH 

no~ cPHKCHpOBaHHblMH yrJiaMH HMnyJibCHblX cneKTpOB BTO

pHqHblX qaCTHU, o6pa30BaBWHXCB B 3THX B3aHMO~eHCTBHBX. 
TaKHM MeTO~OM HCCJie~OBaJIHCb npouecCbl BCnycKaHBB p , 

d , 3H, 3He no~ yrJiaMH 4,6°, 7,4°H 10,3° BO BlaHMO

~eHCTBHBX ~e:iiTpOHOB c npoToHaMH npH 2,95 F3B/cl5-7/. 
He~aBHO cTaJIH HJBeCTHbl TaK)Ke pelyJibTaTbl HJMepeHBH 

no~ yrnoM 2,5° npu 3,5 H 5,8 F3B/c cneKTpoB npoTOHOB 

OT cl>parMeHTaUHB ~e:iiTpOHOB Ha s~pax Be , C , Cu H Pb H 

cneKTpOB ~eHTpOHOB, pacceBHHblX Ha T8X )Ke B~pax/8/ • 

P73JJibTaTbl uccne~oaaHHB npouecca d p -+PX, nonyqeHHble 

a 7 , a TaK)Ke BblnoJIHeHHOe npH 3,3 F3B/c HJyqeHHe 

peaKUHB d P -+ P p n B )KH~KOBO~OpO~HOH nylblpbKOBOH Ka

Mepe /9/ ~aJIH yKa3aHHB Ha HeKOTOpbiH H36biTOK HYKJIOHOB 
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C BLICOKHMH HMnynLCaMH B npoueccax pa3Bana ,IJ;eHTpOHOB 
Ha npOTOHaX. 

OnHCblBaeMble HH)I(e 3KcnepHMeHTbl 6blnH npe,IJ;npHHJI

TLI c nenLro H3yqeHHJI CTPYKTYPhl HHKniD3HBHLix cneKTpoB 

npOTOHOB H ,IJ;eHTpOHOB B nponeccax 

d+A->P+X /1/ 
H 

d+A-od+X /2/ 

npH HaqanbHOM HMnynLce ,IJ;eHTpOHa 6,3 T3B/c B WHpOKOM 

,IJ;Hana3oHe H3MeHeHHJI MaccoBoro qHcna A JI,D;pa•MHWeHH. 

Yron Ha6nro,IJ;eHHJI, Bb16paHHLI:ii paBHLIM 103 MpafJ, Haxo,IJ;HncJI 

3a npe,IJ;enaMH KaK KoHyca, B KOTopoM cocpe,IJ;oToqeHa no

,IJ;aBnJiro~aJI qaCTb npOTOHOB-cneKTaTOpOB, HCfiYllleHHLIX B 

pe3ynbTaTe CTpHfifiHHra H KOrepeHTHOH ,ll;HI}JpaKllHOHHOH 

,ll;HCCOUHaUHH ,IJ;eHTpOHOB, TaK H ,ll;HI}JpaKUHOHHOrO KOHyca 

ynpyroro dd -pacceJIHHJI. B 3THX ycnoBHJIX MO)I(HO 6blno 

Ha,IJ;eJITbCJI, BO-nepBLIX, 06Hapy)I(HTb HCfiYCKaHHe npOTOHOB

npO,IJ;YKTOB B3aHMO)l;eHCTBHJI HyKnOHOB ,IJ;eHTpOHa C JIAPOM, 

H, BO-BTOpLIX, BLIJIBHTb B dd -coy,D;apeHHJIX 31}!1}leKTbiMHOrO

KpaTHOro NN -pacceJIHHJI, paHee Ha6nro,IJ;aBwHecJI npH 3Ha

qHTenLHo 6onLWHX HMnynLcax B pd -coy,D;apeHBJIX /10,11/. 
llpe,IJ;BapHTenbHble pe3ynLTaTLI H3MepeHHH npH 

6,3 T3B/c BWCOKOHMnynbCHbiX qacTe:ii cneKTpOB BTOpHqHbiX 

,IJ;eHTpOHOB OT dp- , dd- H dC -coy,IJ;apeHHH 6blnH OfiH
CaHLI paHee /12/. 

2. 3KcnepuMeH• 

llpBHUHnHanLHaJI cxeMa 3KcnepHMeHTa noKa3aHa Ha 
puc. 1. 

2.1. llepBHqHbiH nyqoK ,IJ;eHTpOHOB H MHWe

H H. HcnonL30BancJI nyqoK ,IJ;eiiTpOHOB c HMnynLCOM 

6,3 F3B/c, BLIBe,IJ;eHHbl:ii H3 CHHxpol}la3oTpoHa OHJIH. HH-
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TeHCHBHOCTL nyqxa COCTaBnHna /0,5-5/.10 9~eHTpOHOB 3a 
UHKn ~nHTenLHOCTLIO -300 MC npH 'laCTOTe -6 UHKnOB 
B MHHYTY. A6COniOTHOe MOHHTOpHpOBaHHe nyqxa ~eHTpOHOB 
npOH3BO~HnOCL nocpe~CTBOM H3MepeHHH HaBe~eHHOH ax
THBHOCTH H~ep 24Na B TOHKHX aniOMHHHeBLIX <PonLrax, 
o6ny'leHHLix B MecTe pacnono)l(eHHH MHllleHH. B npe~nono
)l(eHHH, 'ITO ceqeuae peaxuaa 27Af(d,3p2n} 24 Na ua 
npoTH)I(eHHH HHTepBana OT 3,8 ~o 6,3 F3B/c cna6o 3a
BHCHT OT HMnynLca na~aiOIUHX ~eHTpOHOB, BenH'IHHa 3TOrO 
Ce'leHHH 6Lina npHHHTa paBHOH /15,25±1,5/ M6 !13!. 

MHIIIeHH H3 CH 2 , CD2 , c , A e , Bi c noMOIULIO 
~HcTauuaouuo ynpaBnHeMoro ycTpOHCTBa Morna B cooT
BeTCTBHH C nporpaMMOH 3KCnepHMeHTa nonepeMeHHO yc
TaHaBnHBaTLCH B nyqxe ~eHTpOHOB B Ha'lane cneKTpOMeTpH
qecKoro TpaKTa. Tonmaua MHIIIeHeH BLI6apanacL B npe~e
nax OT 0,8 ~0 2 z/c..w2 TaKOH, 'IT06LI CBeCTH K MHHHMYMY 
BKna~ MaKpocKonaqecKoro H~epuoro MHoroxpaTuoro pac
ceHHHH npa npHeMneMOH CKOpOCTH perHCTpau;HH C06LITHH. 

HMnynLCHLie cneKTPLI npoTOHOB a ~eHTPOHOB oT d p- a 
dd -coy~apeHHH HaXO~HnHCL nyTeM BLI'IHTaHHH cneKTpOB, 

nony'leHHLIX OT 3KBHBaneHTHLIX no TOpM03HLIM cnoco6-
HOCTHM MHIIIeHeH H3 CH2 , CD2 a yrnepo~a. 

2.2.CneKTpOMeTp H perHCTPHPYIOIUaH anna
paT y p a. BTopH'IHLie npoTOHLI H ~eHTPOHLI auaJJH3HpoBaJJHCL 
no~ yrnOM 103 MpaO O~HOnJJe'leBLIM MarHHTHLIM cneKTpO
MeTpOM c HMnynLCHLIM pa3pemeuaeM ~pI p = ±0,25~. 

TpaeKTopaa qacTHU ~o H nocne MaraaTa <PaxcapoBaJJHCL 
~ByXKOOp~HHaTHLIMH npOBOnO'IHLIMH HCKpOBLIMH KaMepaMH 
K 1• . ... , K 11 c naMJITLIO ua <PeppHTOBLIX xonLuax /141, An
napaTypa C'IHTLIBaHHJI H nepe~a'IH B 3BM HHlPOpMaUHH C 
acxpoBLIX KaMep a ~pyrax ~aT'IHKOB 6Lina onacaua paaee /15! 
TparrepoM CHCTeMLI HCKpOBLIX KaMep JIBnJinCJI HMnynLC 
COBna~eHHH CHrHanOB OT CUHHTHJJJIJIUHOHHLIX C'leT'IHKOB 
C 1 •....• C 4 . Bxo~HOH C'leT'IHK C 1 6Lin pacnono)l(eH ua 
paCCTOJIHHH 23M OT MHIIIeHH H lPHKCHpOBan yrnoByiOpac
XO~HMOCTL BLI~enJieMoro BTOpH'IHOrO nyqxa BeJJH'IHHOH 
±1,7 ..wpao. 

3KcnepHMeHTaJJLHaJI HHlPOpMaUHJI /B THITH'IHLIX ycnOBHJIX 
perHCTpHposanoCL OKOnO 30 C06LITHH 3a IJ;HKJJ/, fiOCTYfiHB-
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maJI qepe3 annapaTypy CBJI3a116 •171 B 3BM li3CM-4, 3a
nacLisanacL ua MarHHTHLie neHTLI a no~sepranacL npe~
BapHTenLHOH o6pa60TKe B XO~e 3KCnepHMeHTa /18< 0KOH'Ia
TenLHaJI o6pa60TKa ~aHHLIX, C HCfiOJJL30BaHHeM BCeX KpH
TepHeB oT6opa co6LITHH, npoH3Bo~anacL ua 3BM CDC-6400. 

H3Mepeuas npoBo~anacL B HeH3MeHHLIX reoMeTpaqecxax 
ycnOBH.RX npH ~BYX 3Ha'leHHHX MarHHTHOH HH~YKIJ;HH B IJ;eHT
pe 3a3opa MarHHTa cneKTpoMeTpa. Do ~aHHLIM, nonyqeu
HLIM npa -0,8 T, 6LIJJH nocTpoeHLI cneKTPLI npoTouos a 
~eHTpoaos B HHTepsane HMnynLcos 2,6-:-3,6 F3B/c; ~aHHLie, 
nony'leHHLie npH -1 ,5 T, 6LinH HCnOnL30BaHLI ~n.R nOCTpOe
HH.R cneKTpa ~eHTpoaoB B HHTepsane 4,5 76,5 F3B/c. Ha 
npOT.R)I(eHHH 6onLIIIeH 'laCTH 060HX HHTepsanoB reoMeTpH
qecKa.R 3lPlPeKTHBHOCTL cneKTpOMeTpa 6Lina nOCTO.RHHOH H 
paBHOH 1000/o, H nHIIIb OKOnO rpaHHIJ; HHTepsanOB OHa cna~a
na ,D;O -600/o. 

llpH H3MepeHHH cneKTpOB B HHTepsane HMnynbCOB OT 
2,6 ~o 3,6 F3B/c npoTOHbi 'leTKO oT~ensnacb oT ~eHTPOHOB 
nocpe~cTBOM H3MepeHH.R speMeHH nponeTa aa 6a3e ~nHHOIO 
20 M Me)l(~y C'leT'IHKaMH Co H C4 .HMnynLCLI C 3THX C'leT
'IHKOB nocTynanH Ha BpeMH-aMnnHTY~HLIH KOHBepTOp, HH
<PopMaiJ;H.R C KOTOporo npeo6pa30BLIBanaCL B IJ;HlPPOBYIO 
<PopMy a nocTynana s 3BM ~n.R Ka)l(~oro peracTpapyeMoro 
co6biTH.R. CxeMa 6LICTPOH noraxa, o6ecne'IHBasma.R 3anycK 
HCKpOBLIX KaMep, a TaK)I(e CXeMa H3MepeHHH BpeMeH npone
Ta 6LinH C06paHLI H3 CTaH~apTHLIX 6nOKOB 6biCTpOH 3neKTpO
HHKH /19(BpeMeHHOe pa3pemeaae CXeMLI H3MepeHH.R BpeMeH 
nponeTa COCTaBJI.RJIO ±0,8 HC. 

2.3. llonpaBKH a TO'IHOCTL H3MepeHHH. B pe-
3YJibTaTLI H3MepeHHH BHOCHJIHCb nonpaBKH, Y'IHTbiBaiOIUHe 
cpa6a TbiBaHH.R peracTpapyiOU(eH annapa TYPhl cneKTpoMeTpa 
B OTCYTCTBHe MHIIIeHH /THnH'IHa.R BeJIH'IHHa 3TOH nonpaBKH 
- 30/o/, cny'laHHLie coBna~eHH.R / -40/o/, s~epaoe nornomeuae 
H MHOrOKpa THOe pacceHHHe npOTOHOB H ~eHTpOHOB B BeiUeCT
Be cneKTpOMeTpa /- 40/o/, a TaK)I(e reOMeTpH'IeCKYIOHe3<P<beK
THBHOCTL cneKTpOMeTpa OKOJIO rpaHHIJ; HHTepBanOB H3Me
p.ReMbiX HMnynLCOB. B o6nacTH cneKTpa 4,6-:-5,2 F3B/c 
cpe~H ~eHTpOHOB MOrna CO~ep)l(aTLC.R npHMeCL npOTOHOB, 
KOTOpa.R COrJiaCHO OIJ;eHKaM, OCHOBaHHLIM Ha H3MepeHH.RX 
BpeMeH nponeTa, ue npeBLIIIIana -80/o. 
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B03MO>KHaJI CBCTeMaTB'IeCKaJI OWB6Ka nony'leHHLIX a6-

COlliOTHLIX 3Ha'leHBH ,[J,BcWJepeHI.(BanLHLix ce'leHBH d2 u I d Qd p, 

o6ycnoaneHHaJI COBOKYllHOCTLID norpeWHOCTeH, CBJI3aHHLIX 

C MOHHTOpBpOBaHHeM nepBB'IHOrO ny'IKa, onpe,[J,eneHHeM Be

nB'IBHLI TenecHoro yrna, BLipe3aeMoro cneKTpoMeTpoM, 

B BLI'IBClleHBeM BellH'IBH nepe'IBCneHHLIX BLIWe nonpaBOK, 

OUeHBBaeTCJI paBHOH ±20~. 

3. CneKmpbl emopU'IHbiX npomoHOB u oeiimpoHoe 

113MepeHHLie a HHTepaanax 2,6-;.3,6 B 4,5 -;.6,5 F3B/c 
HMllYllLCHLie cneKTpLI BTOpB'IHLIX npoTOHOB B )J,eHTpOHOB OT 

npoueccoa /1/ B /2/ npe)J.CTaaneHLI Ha puc. 2 B 3. Boc

npoB3BO)J.BMOCTL cneKTpOB llpB llOBTOpHLIX B3MepeHBJIX 6Lina 

a npe,[J,enax 1 0~. 

3.1. dp- coy)J.apeHHJI. IlpB 6,07 F3B/c a cneKTpe 

BB)J,eH llBK, COOTBeTCTBYIOIUBH )J.eHTpoHaM, ynpyro pacceJIH· 

HLIM Ha npoToHax ( It I :: 0,41 I F3B/c/2) .IIIBpBHa :noro 

llHKa Ha nonyBLICOTe COCTaBnJieT 36 M3B/c B xapaKTepB3y· 

eT BMnynLCHOe pa3peWeHBe, )J.OCTBrHyToe B )J,aHHOH pa6oTe. 

Cnpaaa OT nBKa, npB -6,2 F3B/c, 3aMeTeHycTyn, o6ycnoa

neHHLIH, BB)J,BMO, MaKpOCKOllH'IeCKBM )J,ByKpaTHLI~aCCeJI· 
HBeM )J,eHTpOHOB B MBWeHB. BLICOTa ycTyna COCTaBnJieT 

OKOllO 8~ OT BLICOTLI ,[l,eHTpOHHOrO llBKa. JleBaJI CTOpOHa 

nBKa cna)J,aeT )J.O Hyneaoro ypoBHJI npB 6,0 F:JB/c. CaM 

no ce6e 3TOT ciJaKT CBB)J,eTellLCTByeT 0 TOM, 'ITO B ycnOBBJIX 

HaCTOJIIUBX 3KCnepBMeHTOB ciJoHOBLie 3cWJeKTLI He Brpana 

cKonL-HB6y)J.L 3aMeTHOH ponB. Ha'I&HaJI c 5,9 F:JB/c a 

Puc. 2. HMnYAbCHble cneKIIPbl npolfoHoe /cee11Able KPYJICKU/ 
u oeiilllp0H06 /'lepHble KPYJICKU/ 011 coyoapeHUU oeiiiiPOH06 
c npOIIIOHaMU, oeiilllpOHaMU UJIOpaMuyzAepooa npu 6,3 F3B/c. 
IlpaeaJI IUKaAa OIIHOCUifCJI K OeiillpOHaM. )!eiillpOHHble nUKU ... 
e ·d p- u d d - cne~e•pax o6eeoeHw ~epuebiMU o• pyKu. Ha r 
cneKIIpaX CnAOIUHbl€ 1CpU6ble - pe3yAblla• 6bi'IUCA€HUU no 
(JopMyAe /4/ c ucnoAb3oeaHueM eoAHoeoii t/JyHKIIUU Peiioa; 
w•puxoeble Kpueble - mo xe c eoAHoeoii t/JyHKI#Ueii Mopae'lu
Ka- FaplleHxay3a. 
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I annoTL ,[1,0 4,5 F3B/c npocTHpaeTCJI HenpepLIBHoe pacnpe

)J.eneHHe )J,eHTpOHOB. IlpBMepHO TaKOH >Ke BLICOTLI Henpe • 

pLIBHOe pacnpe,[J,eneHBe ,[l,eHTpOHOB Ha6niO,[I,aeTCJI B Ha npo • 

TJI>KeHHH HHTepaana oT 2,6 )J.O 3,6 F3B/c. 
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Puc. 3. HMnyAbCHble cneKIIIPbl npOIIIOH06 u oeulllpOH06 0111 
coyoapeHUU OeUIIpOH06 C JIOpaMU U.IIIOMUHUJI U 6UCMyllla. 
CnAOIUHble KPU6ble - pe3yAblllalll 6bl'lUCAeHuu no tJopMyAe 
/4/ c ucnoAb3o6aHueM 60AH06ou tPYHKIIUU Peuoa, ru•puxo-
6bre KPU6ble - c tPYHKijUeu Mopa6'lUKa- rapllleHxay3a. ,4.11.11 
d + Bi - coyoapeHUU noKa3UHbl IIIUKJICe pe3y.llb11UIIIbl 6bl'lUC
.II€HUU C 60.11H060U tPYHKijUeU JC10Abiii€Ha /nyHKIIIUpHaJI KpU-
6UJI/ u c 60AH06ou tPYHKJ~ueu 6 6uoe zaycco6cKozo pacnpe
oeAeHuJI /rumpux- nyHKIIIUpHaJI KpU6aJI/ CO 3HU'l€HUJIMU na
paMellp06, npu6eoeHHbiMU 6 11eKc11e. 

B HHTepaane oT 2,6 .IJ.O 3,6 T:JB/c .D.OMHHHpyeT npoToH
HbiH nHK c MaKCHMYMOM npH 3,1 T3B/c H nonHoB: mHpHHOH 
Ha nonyablcoTe oKono 280 M3B/c. HHTeHcHBHwB: BbiXO.D. 
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npOTOHOB C HMnynbCaMH, npHMepHO paBHbiMH llOnOBHHe HM
nynbca HaneTaiOruero ,IJ.eihpoHa, o6ycnoaneH, oqeaH,IJ.HO, 
npoueccaMH, CBH3aHHbiMH C pa3BanoM ,IJ.eiiTpOHOB B d P -
coy,IJ.apeHHHX. Ha neaoM cKnoHe npoTOHHoro nHKa, HaqHHaH 
C 2,9 T:JB/c, BH,IJ.eH xapaKTepHbiH ycTyn , HanHqHe KOTopo
ro CBH,IJ.eTenbcTayeT o TOM, qTo npoueccbl pa3aana ,IJ.eB:T
poHoB a d p- coy,IJ.apeHHHX a HeKoTopbiX cnyqaxx conpoao:>K
,IJ.aiOTCH o6pa30BaHHeM llHOHOB. 

3.2. dd- coy .D. ape H H H. B aepxHeii qacTH cneKTpa 
oTqeTnHBO o6Hapy:>KHBaiOTCH ,IJ.Ba nHKa. 0.IJ.HH H3 HHX, c MaK
CHMYMOM npH 6,07 T3B/c H nonHoii IIIHPHHOH Ha nonyBbiCOTe 
68 M3B/c, oTaeqaeT KBa3HynpyroMy pacceHHHIO na,IJ.aiOIUHX 
,IJ.eHTpOHOB Ha HyKnOHaX ,IJ.eHTpOHa- MHIIIeHH; BTOpOH llHK, 
c MaKCHMYMOM npH 6,18 T3B/c H nonHoii IIIHPHHOH Ha nony
BbiCOTe 36 M3B/c, KHHeMaTHqecKH COOTBeTCTByeT ynpyro
MY dd -pacceHHHIO. CornacHo oueHKaM, BKna,IJ.MaKpocKonH
qecKoro ,IJ.ByKpaTHOrO pacce.HHHH ,IJ.eHTpOHOB Ha HyKnOHaX 
pa3HbiX x,IJ.ep a MHIIIeHH a o6nacTb nHKa npH 6,18 T3B/c 
COCTaBnHeT OKOnO 15~o. 

Cneaa oT nHKa KBa3Hynpyroro dN -pacceHHHH annoTb 
.IJ.O 4,5 T3B/c Ha6niO,IJ.aeTcH HenpepbiBHOe pacnpe,IJ.eneHHe 
,IJ.eHTpOHOB, BbiCOTa KOTOporo npHMepHO B ,IJ.Ba pa3a 60nbiiie 
BbiCOTbl COOTBeTCTBYIOIUero pacnpe,IJ.eneHHH B cnyqae d P -
coy,IJ.apeHHH. Pacnpe,IJ.eneHHe ,IJ.eiiTpoHoB npHMepHo TaKoii :>Ke 
BbiCOTbl 06Hapy:>KHBaeTCH H Ha npOTH:>KeHHH HHTepaana 
oT 2,6 .D.O 3,6 T3B/c. HcToqHHKOM ,IJ.eB:TpoHoB c HMnynbca
MH MeHee 5,9 T3B/c xanHIOTCH HeynpyrHe dd -aJaHMO,IJ.eB:
CTBHH, B KOTOpbiX HaneTaiOIUHH ,IJ.eHTpOH He npeTepneaaeT 

pa3aana. 
B HHTepaane oT 2,6 .IJ.O 3,6 T3B/c co,IJ.ep:>KHTCH xpKo 

Bbipa:>KeHHbiH npoTOHHbiH nHK c MaKCHMYMOM npH 3,1 T3B/c 
H nonHoii IIIHpHHOH Ha nonyablcoTe oKono 280 M3B/c. Hc
ToqHHKOM npOTOHOB cny:>KaT npouecCbl pa3Bana,IJ.eHTpOHOB, 
Bbi3BaHHble 3neMeHTapHbiMH NN - B3aHMO.IJ.eiicTBHHMH a d d -
coy,IJ.apeHHHX. Cy,IJ.H no HanHqHIO xapaKTepHoro ycTyna Ha 
neaoM cKnoHe npoTOHHoro nHKa, TaKHe NN -aJaHMO,IJ.eB:
cTBHH B HeKOTOpbiX cnyqagx COllpOBO:>K,IJ.aiOTCH o6pa30BaHHeM 

llHOHOB. 

3.3. dC-, dAf-, dBi- coy,IJ.apeHHH. Bee H3MepeHHble 
cneKTpbl KaK ,IJ.eHTpOHOB, TaK H npOTOHOB o6na,IJ.aiOT CXO:>KeH 
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cTpyKTypo:H. B sepxHe:H qacTH cneKTPOB .ne:HTpoHOB o6Hapy

:>tamaiOTCH wupoKue llHKH c MaKCHMYMOM npu - 6,18 F3B/c. 

IlOJIHbie WHpHHbl 3THX llHKOB Ha llOJIYBbiCOTe COCTaBJIHIOT 

oKono 220 M3B/c. Cnesa nHKH nnasHo nepexo.D.HT B He

npepbiBHbie cna6oy6b1BaiOIQHe pacnpe.neneHHH .ne:HTpoHoB, 

KOTOpble llpOCJie)I(HBaiOTCH H B HHTepBaJie OT 3,6 .IJ.O 

2,6 F3B/c. Bee 3TO MO)I(HO paccMaTpusaTb KaK yKa3aHHe 

Ha TO, 'ITO B COy,D,apeHHHX C H,D,pOM ,D,eiiTpOH KaK e,D,HHOe ue· 

JIOe MO)I(eT noTepHTb tfaCTb CBOeH 3HeprHH KaK Ha B036y)l(· 

,D,eHHe H,D,pa, TaK H Ha o6pa30BaHHe O.D.HOrO HJIH HeCKOJibKHX 

nHOHOB. 

B cneKTpax npoTOHOB oT Tpex paccMaTpusaeMbiX coy

.napeHHH Ha6JIIO,D,alOTCH HHTeHCHBHbie llHKH, MaKCHMYMbi KO

TOpbiX pacnOJIO)I(eHbl B o6naCTH 3,1 F3B/c. JleBble CKJIOHbl 

3THX nHKOB no cpaBHeHHIO C npOTOHHbiMH nHKaMH OT dp- H 

dd -coy.napeHHH 6onLwe o6oraiQeHb1 npoToHaMH, noTepHB· 

WHMH 'laCTb CBOeH JHeprHH B pe3yJibTaTe HeynpyrHX B3aHMO· 

.D.eHCTBHH C HYKJIOHaMH, Ha KOTOpbiX npOH30WJia .D.HCCOUHa

UHH ,D,eHTpOHOB. 

4. AHa.IIU3 pe3y.llbmamoe 

4.1. )l;ul}><lJepeHUHaJibHble Ce'leHHH HHKJII03HB· 

H b1 x n p o u e c co B. OueHeHHble no nno~Qa.D.HM no.n paJnuq

HbiMH yqacTKaMH ClleKTpOB 3Ha'leHHJI .IJ.HQ><l>epeHUHaJibHblX 

ceqeHHH HHKJll03HBHbiX npOUeCCOB HCnycKaHHH llpOTOHOB H 

,D,eHTpOHOB B paCCMaTpHBaCMbiX COy,D,apeHHHX npHBe,D,eHbl 

B ma6.11U(ie. YKa3aHHble OWH6KH COOTBeTCTBYIOT TOJlbKO CTa· 

THCTH'IeCKHM norpeWHOCTHM H3MepeHHH cneKTpOB. 

,ll;nH C , Ar u I3i 3Ha'leHHJI .nu!}lQ>epeHuuanLHblX ceqeHHH 

HCnycKaHHH ,D,eHTpOHOB C HMnyJILCaMH B BHTepBaJie 5,9-:-
76,5 F3B/c, COOTBeTCTBYIOIQBe KBa3BynpyroMy pacceJIHBIO, 

MOryT 6b1Tb annpoKCBMBpOBaHbl 3aBHCBMOCTblO 

o.44±o,ot I 
( d aId n ) ,.. ( 9.7 ± 0,3) A M6 cp. /3/ 

)l;nH BCeX cneKTpOB OTHOWeHBe npOBHTerpupoBaHHbiX no 

HHTepsany 2,6-:-3,6 F3B/c BhiXO.IJ.OB .neiiTpoHOB u npoToHoB 

COCTaBJIHeT -1,1 fl/o. 
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4.2. B Ll C 0 I< 0 B M II y JI L C B L1 e 'I aCT B C II e I< T p 0 B. 

B paMI<aX MO,IJ,eJIB MHOrOI<pa THOrO JJ.B!l>pai<UHOHHOrO pacceJI

HBJI ynpyrse d p - coy,ll,apeHBJI MoryT 6LITL npe,IJ,cTaaneHLI 

B BBJJ.e cyMMLI OJJ.HOKpaTHLIX H JJ.BYKPaTHLIX NN -pacceJIHHB 

B BHTep!l>epeHUBH Me)K,IJ,y HHMH, a dd -pacceJIHHe - B BB,IJ,e 

cynepno3BUBB NN - B3aHMO,IJ,eBCTBHB C Kpa THOCTLIO BIIJIOTb 

.li.O 'leTLipex 1201 . CxeMaTH'IecKoe npe,n.cTaaneHHe cooTBeT

CTBYJOII.(BX npoueccoa NN-pacceJIHHJI pa3JIH'IHOB KpaTHOCTH 

,n.aHo Ha puc. 4. 
KaK IIOI<a3LIBaiOT paC'IeTid, OCHOBaHHLie Ha MO,IJ,eJIH 

MHOrOKpa THOrO pacceJIHHJI /21/, C HCIIOJib3 OBaHHeM !l>opMii>aK

Topa, Y'IBTLIBaroll.(ero S- u D - cocTOJIHHJI ,n.eiTpoHa /22/ , 

u ,IJ,aHHLIX o NN -pacceHHHH npu 3,15 F:JB/c, B ycnoBHJIX 

OIIHCbiBaeMLIX 3KCIIepHMeHTOB BKJia,IJ,bl O,IJ,HOKpa THOrO 

I puc. 4al u ,n.ayKpaTHoro I puc. 461 NN -pacceJIHBB B yn

pyrae d P- coy,n.apeHHJI rrpuMepHo o,n.uHaKOBLI. 

MO)KHO IIOKa3aTb, 'ITO B KBa3HyiipyrOM dd -pacCeJIHHH, 

IlpOHCXO,IJ,Jlll.(eM C pa3BaJIOM ,n.eiTpOHa- MHllleHH, pa3Hide TH

IILI KpaTHOCTH NN - coy,n.apeHHB rrpaao,n.JIT K pacnpe,IJ,eJieHHJIM 

,IJ,eBTpOHOB, HMeiOII.(HM MaKCHMYMLI IlpH pa3JIB'IHLIX 3Ha'leHH

JIX HMIIYJILCHLIX rroTepb. Ecna aaecTH aeJIH'IHHY f1 = 

= (Po (} )
2 I (2m) , r.n.e Po- Ha'laJILHLIB HMnynLc .n.eiTpo

Ha, (} - yron pacceJIHHJI, m- Macca HYKJIOHa Ia ycnoBHHX 

HaCTOJIII.(HX 3KcrrepuMeHTOB !\ = 0,23 F:JB/cl, TO rpal!laM 

B/, z/ puc. 4, 6y,n.yT COOTBeTCTBOBaTb pacrrpe,n.eJieHHJI 

,IJ,eBTpOHOB C MaKCHMYMOM IlpH IIOTepe HMIIYJILCa - !\ ; 

Puc. 4. CxeMamutJecKoe npeocmaeAeHue npot~eccoe MHozo
KpamHozo HYKAoH- HYKAOHHozo pacceJIHUJI, oa1014UX BKAao 
6 ynpyzoe d p - U KBU3Uynpyzoe /c pa3BU/IOM OeiimpoHa -
MuweHu/ d d- pacceJIHUJI. Fpa(Jbl a/ u 6/ npeocmaeAJ110111 
coomeemcmeeHHO ooHoKpamHoe u oeyKpamHoe NN - pacceJI- ~ 
HUJI, npueoOJIUIUe K ynpyzoMy d P - pacceJIHU10. Fpa(J e/ 
npeocmaeAJiem ooHoKpamHoe, zpa(Jbl z/, o/, e/ - oeyi(JJ(lm
Hble, JtC/, u/ - mpexKpamHble, K/ - 'l€111b.IPexKpamHoe NN -
pacceJIHUJI e cAytJae KBa3uynpyzozo dd- pacceJIHUJI. Bee 
cxeMbl, npueeoeHHble e I 18/, MOJtCHo noAy'lU111b u3 zpa(Joe 
e/ - K/ nymeM nepecmaHOBKU npomoHa u HeiimpoHa e o6oux 
C111U/IKUBU10U1UXCJI oeiimpoHaX. 
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rpac)a.M o/, e/, K/ - npa - L\ /2 ; rpac)a.M Jte/, u/- rrps 

-5 t\/8 .Tai<BM o6pa30M, IIBI< IIpB 6,07 FaB/ C B d d - CIIeKT

pe o6ycnoaneH OJJ.HOI<pa THLIM I puc. 4e/ a ,IJ,Byi<pa THLIM 

/puc. 4z/ NN -pacceJIHBJIMB; MO)KHO OlKHJJ.aTL, 'ITO oTHo-
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weHHe Me)I(.IJ;Y HHMH Taxoe )l(e, xax H a cnyqae ynpyrux 

dp -coy,IJ;apeHHH. qTo xacaeTCB nuxa npu 6,18 T3B/c, 
TO B Hero, DOMHMO ynpyroro, MO)I(eT ,IJ;aBaTb BKJia,IJ; H 

KBa3Hynpyroe dd -pacceBHHe, o6yCJIOBJieHHOe .IJ;ByKpaT· 

HbiMH I puc. 4o, e/ H qeTblpexxpa THbiMH I puc. 4K/ NN -
B3aHMO,IJ;eBCTBHBMH. 

TOT cilaKT, qTo MaKCHMYMbi ,IJ;eHTpOHHbiX DHKOB B d C-, 
d A e - H d Bi - cneKTpax pacnoJIO)I(eHbl B o6JiaCTH 

6,18 T3B/c, To ecTb TaM )l(e, r.IJ;e H MaKCHMYM aepxHero 

llHKa B cneKTpe qaCTHU OT dd • COy.IJ;apeHHH, BH,IJ;HMO, 03Ha· 
qaeT, qTo npH pacceBHHH ,IJ;eHTpOHOB Ha B,IJ;pax MHOrOKpaT· 

Hbie NN- pacceBHHB HrpaiOT He MeHLWYIO poJIL, qeM a cnyqae 

CB060.IJ;HbiX dd -coy,IJ;apeHHH. 113 COOTHOWeHHB (<b/dil)pacc.
- A 0,44 cne.IJ;yeT, qTo Taxue xpaTHble xaa3Hynpyrue NN
B3aHMO.IJ;eiicTBHB, npHBO,IJ;B~He K pacCeBHHIO ,IJ;eHTpOHa KaK 

e,IJ;HHOrO uenoro, JIOKaJIH30BaHbl B OCHOBHOM B y3KOM KOJib

ue a6JIH3H xpas B.IJ;pa. 

4.3. Hey n p y r He K ore p e H T H bi e a 3 a H M o A e B:-

C T B H B ,II; e H T p 0 H 0 B. KaK MO)I(HO BH,IJ;eTb H3 puc. 2, 
B dp- H dd ·cneKTpaX CO,IJ;ep)l(aTCB Y3KHe DHKH, 06B3aHHble 

TOJibKO ynpyroMy H KBa3HynpyrOMy pacceBHHIO,IJ;eHTpOHOB. 

qTO )l(e KacaeTCB ,IJ;pyrHX B03MO)I(HbiX ,IJ;ByxqacTHqHbJX npo

ueccoa, TaKHX, HanpHMep, xax d+P .... 3 He +rr 0 HJIH 
d + p .... 

3 H + rr+ , TO nocKOJibKY ceqeHHB HX aecLMa MaJILI 

H K TOMY )l(e 6biCTpO y6biBaiOT C pOCTOM HaqaJibHOrO HM

nyJILca1 51 , ~JIB BbiBBJieHHB 3THX npoueccoa noTpe6oaanocb 

6bi npoaecTH cneuuaJibHble H3MepeHHH. 

Hanuque a d P - cnexTpe HenpepbiBHoro pacnpe.IJ;eJieHHH 

.IJ;eHTPOHOB c aepxHeB: rpaHuueB: npH 5,9 T3B/c, qTo cooT

BeTcTayeT MaKCHMaJibHOMY HMllYJibCY ,IJ;eHTpOHa B peaKUHH 

d p -> dN TT , CBH,IJ;eTeJibCTByeT 0 3aMeTHOM BKJia,IJ;e Heynpy

rHX npoueccoa, npoTeKaiO~Hx xorepeHTHO, 6e3 pa3aana 

HaneTaiO~Hx .IJ;eB:TpoHoa. K '!HCJIY TaKHX npoueccoa, no

BH.IJ;HMOMy, CJie,IJ;yeT OTHeCTH npe)I(,IJ;e BCero O,IJ;HO" H ,IJ;Byx

DHOHHYIO ,IJ;HccouuauuJO npoToHa-MHWeHH: d + p .... d + N + rr , 
d + p .... d + N +2rr.B cnyqae .IJ;eB:TpoH·Jl.IJ;epHbiX coy.IJ;apeHHH, 

cy.IJ;Jl no .OpMe JieBbiX CTOpOH ,IJ;eHTpOHHbiX DHKOB, HapH.IJ;y 

c xorepeHTHbiMH npoueccaMH o6pa3oaaHHH nHOHOB npoTexa

IOT TaK)I(e npouecCbi, B KOTOpbiX ,IJ;eHTpOHbl 6e3 pa3BaJia TepJl· 

lOT 3HeprHIO Ha B036y)I(,IJ.eHHe B,D;ep. 
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CTaJIKHaascb c Heo6xo.IJ;HMOCTbiO o6'LBCHHTb npoucxo)I(
,IJ;eHHe .IJ;eB:TpoHoa, ucnycxaeMbiX anepe,IJ; c npoMe)l(yToqHbi

MH HMDYJibCaMH, CJie,IJ;yeT TaK)I(e yKa3aTb Ha KBa3H.IJ;ByX· 

qacTHqHyiO peaxuu10 d + p .... d + rr + N s,'B xoTopoB: O.IJ;HH H3 

HYKJIOHOB HaJieTaiO~ero ,IJ;eHTpoHa B3aHMO,IJ;eBCTByeT C 

flOKOB~MCB npOTOHOM, B pe3yJibTaTe qero npOHCXO,IJ;HT o6· 

pa3oBaHHe nuoHa, Tor,IJ;a xax HYKJioH·cnexTaTop N sYHOCHT 
npuMepHo nonoBHHY HaqaJibHoro HMnynLca !61. B KHHeMaTH

qecxux ycnoausx HaCTOB~Hx 3KcnepHMeHTOB TaxoB: npo

uecc npHBeJI 6bl K flOBBJieHHIO B cneKTpe BTOpHqHbiX ,IJ;eHT· 

poHoa MaxcHMyMa a o6nacTH -3,3 T3B/c. Cy.IJ;B no HMeJO· 

~MCB ,IJ;aHHbiM 
1231

, ceqeHHe 3TOH peaKUHH 6biCTpO y6biBaeT 

c yaenuqeHHeM HaqaJILHoro HMnynLca, TeM He MeHee 

HeJib3B HCKJIJOqHTb B03MO)I(HOCTb TOrO, qTO HMeHHO TaKOrO 

po,IJ;a npoueccbl .IJ;aiOT HeKOTOpbiB BKJia,IJ; B BbiXO,IJ; ,IJ;eHTPOHOB 

C HMDYJibCaMH B HHTepBaJie 2,77 3,5 T3B/c. 

4.4. AHaJIH3 npouecca d+A->P+X.IIpucoy,D;ape

HHH ,IJ;eHTpOHOB C Jl,IJ;paMH ,IJ;OMHHHPYIO~YIO POJib HrpaiOT 

.IJ;Be peaKUHH: 

a/ CTpHllllHHr ,IJ;eHTPOHa - npouecc, B KOTOpOM O,IJ;HH H3 

HyKJIOHOB ,IJ;eHTpOHa B3aHMO.IJ;eBCTByeT C B.IJ;pOM, TOr.IJ;a KaK 
,D;pyroi 6ecnpenBTCTBeHHO llpOXO,IJ;HT MHMO B,D;pa /24/ ; 

6/ KorepeHTHaB .IJ;HcilpaKUHOHHaJl ,IJ;HCCOUHaUHB ,IJ;eHTpo· 
Ha - npouecc, Bb13biBaeMbiB JIH6o s,IJ;epHbiM /25-271, nu6o 

KYJIOHOBCKHM/ 2S/ pacceBHHeM ,IJ;eii:TpOHa Ha B,IJ;pe, npH 3TOM 

OCB060)1(.IJ;aiOTCB o6a HYKJIOHa, o6pa3yiO~He ,IJ;eBTpOH. B o6o • 

HX 3THX npoueccax HYKJIOHbl, He B3aHMO,IJ;eHCTBYIO~He C 

B.IJ;pOM, BbiCTyflaiOT B pOJIH CfieKTaTopoa; Ka)I(,IJ;biB H3 HHX 

YHOCHT npHMepHO flOJIOBHHY HMDYJibCa na,IJ;aiO~ero ,IJ;eBTpO • 

Ha. 

IlonywHpHHa Ha nonyBbiCOTe yrnosoro pacnpe.IJ;eJieHHB 

HyKJIOHOB·cnexTaTopoa, Hcny~eHHbiX B 3THX npoueccax, 

.IJ;OJI)I(Ha cocTaBJIBTb npu 6,3 T3B/c npuMepHo 15 Mpao. 
Mo)I(HO no3TOMY cqHTaTb, qTo B HacTos~x 3KcnepHMeHTax 

Ha6JIIO.IJ;aJIHCb 60JibWeH qacTbiO He npOTOHbi"ClleKTaTOpbl OT 

CTpHnllHHra H KorepeHTHOB ,IJ;HCCOUHaUHH, a npOTOHbl, HC" 

n~eHHble B pe3yJILTaTe xaa3Hynpyroro pp- HJIH o6MeHHoro 
np ·pacceBHHH O,IJ;HOro H3 HYKJIOHOB ,IJ;eHTpOHa Ha HYKJIOHe 

B.IJ;pa-MHWeHH. Taxoro po.IJ;a KBa3Hynpyroe NN -pacceBHHe 
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MO:>KeT llpOHCXO,II;HTL KaK ITpH CTpHITITHHre, TaK H llpH He· 
KorepeHTHOH ,II;HCCO~Ha~HH .n;eif:TpOHOB H COITpOBO)I(,II;aTLCJI 
HeKOTOpOH ITOTepeif: HMITYllLCa HYKllOHOM, HCITLITaBWHM pac· 
ceJIHHe. 3Ta noTepB B cnyqae KBaJuynpyroro pacceBHHJI 
ayKnoua c HMnynLcoM 3,15 F:JB/c ua yron 103 Mpao co
CTaBnJieT OKOllO 0,05 F:JB/c. 

He.n;asuo npo~ecc /1/ 6Lm npoauanH3Hposau liepTOKKH 
H Tpenuauu 

1291 
B paMKax Mo.n;enu MHoroKpaTuoro pacceJI· 

HHJI C yqeTOM penJITHBHCTCKOH .n;e<)lopMa~HH BOllHOBOH <)lyHK • 
~HH .n;eif:TpOHa. Pa3BHTaJI HMH MO.n;enL ITpHBO,II;HT K HMITYllLC • 
HOMy pacnpe.n;eneHHIO ITpOTOHOB B na6. CHCTeMe, KOTOpoe 
Mo:>KeT 6LITL Janucauo B BH.n;e 

d 2a E *p2 --> --> --> 

ctndp =Cct--E [¢:(tp,£p) at-2¢d(t ,£) (¢ (q,P) da(tp-q) d2q 
u p p d p dq + 

2 --> d a ( tp - q) 
2 + ( ¢> ( q • fp ) --T- d q ] , 

d d'f 
/4/ 

r.n;e C d - HOPMHPYIO~Hii MHO:>KHTeJIL, E H p - nonHaJI 
JHeprHJI H HMITYllLC llpOTOHa B na6. CHCTeMe, E * H p* 
TO :>Ke B CHcTeMe noKOJI .n;eB:Tpoua; t p H P p - nonepequaJI 

--> H llpO,IJ;OllLHaJI KOMITOHeHTLI HMITYllLCa p; Q • nepe.n;aqa 
HMITYllLCa. BonHOBaJI <)lyHK~HJI .n;eiiTpoua 1>ct (t p • r p) BLI· 
'fHCllJillaCL llpH 3HaqeHHJIX HMITYllLCa p *, OITpe.n;enJieMLIX 
COOTHOWeHHeM 

---------------· 
2 2 2 n 2 ME * .. E 0 y p0 + t P + P P -2 p0 C P + m + Po tp - P

0 /5/ 

r.n;e m H M • MaCChi HYKllOHa H .n;eihpoHa COOTBeTCTBeHHO, 
Po H E 0 - HaqanLHLIH HMnynLc H nonHaJI JHeprHB .n;eiiTpoua. 
IlpH 'fHClleHHOM MO.n;enHpOBaHHH CITeKTpOB llpOTOHOB ¢d ( P *) 
annpoKCHMHposanacL: a/ MHororayccoscKHM npe.n;cTasne
HHeM <)lyHK~HH PeB:.n;a c MJirKHM cep.n;e'fHHKOM /c yqeToM 
S-u D-cocTOJIHHB:/ 

1301 
; 6/ <)lyHK~HeB: MopaB'fHKa-rap

TeuxayJa 
1311 

; s/ <)lyHK~Heii XIDnLTOHa c napaMeTpaMH 

a = 0,232.10
13

cM ·
1 

H f3 = 1 ,202.10 13cM · 1 H r/ rayc
coscKoB: <)lyHK~HeB: co 3Ha'feHHeM pa.n;uyca .n;eiiTpoua Rd = 
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= 2,28.10" 13cM. Ilonuoe ceqeuue at HyKnoa·JI.n;epuoro 
B3aHMo.n;eiicTBHJI H .n;ul}xllepeH~HanLHLie ceqeHHJI d a I d q 
ynpyroro nn10c KBa3Hynpyroro npoToH·B.n;epuoro pacceJI· 
HHH npH 3,15 F:JB/c BLI'fHCnBnHcL cornacuo'321. IIpu JTOM 
aMnnHTy.n;a HyKJioH·HyKnouuoro pacceBHHJI JaiTHCLIBanacL 
B BH,II;e 

(i+P)kaNN 1 2 
f NN( q) = exp (- _ b q ) , 

417 2 /6/ 

r.n;e npHHHManocL, 'fTO ycpe.n;HeHHLie .n;nB P P-H n p- pac
ceJIHHH 3Ha'feHHJI nonuoro ceqeHHJI aNN= 43,6 M6, OTHo· 
weHHJI peam.~HOH H MHHMOH qacTeii aMnnHTy.n;LI NN - pac-
ceJIHHJI snepe.n; p = -0,43 H napaMeTpa HaKnoua b 
= 6,7 I F:JB/c/ - 2 . 

Pacnpe.n;eneHHJI llllOTHOCTH Be~eCTBa B B.n;pax c . A e , 
Bi OITHCLIBanHcL <)lopMynoB: By.n;ca·CaKcoua c napaMeTpa
MH, llpHBe,II;eHHLIMH B pa6oTaX /32-351. 

)J.nB d d - coy.n;apeuuB: 3Ha'leHHJI at H d aId q BLI'fHCnB· 
nHcL cornacuo 134 1 · Cl>opMciJaKTop .n;eB:Tpoua npe.n;cTaBnBnCJI 
Bhlpa:>KeHHeM, ITpHBe,II;eHHLIM B /22/. 

B pa6oTe 1291 
.n;nB cornacosaHHJI pacc'fHTaHHLIX pacnpe

.n;eneHHH C JKCITepHMeHTallLHLIMH ,II;aHHLIMH, nonyqeHHLIMH B 
liepKnB 

181 
.n;nB JI.n;ep Be , C B Pb sycnoBHJIX, Kor.n;a KBa.n;

paT nepe.n;auuoro BMnynLca B HyKnoa- JI.n;epuLix coy.n;apeua.Rx 
cocTaBn.Rn scero !fBWh 0,06 BnH 0,016/ F:JB/cj2, npawnocL 
Bhl'fBCllJITL HOpMBpOBO'fHhle MHO:>KHTellH C d ,II;llJI Ka)I(,II;oro 
B3MepeHHOrO CITeKTpa. TaK KaK B OITBCLIBaeMLIX JKCITepH· 
MeHTaX KBa.n;pa T nepe.n;aHHOrO BMITYllLCa B HYKllOH • JI,II;epHOM 
coy.n;apeuaa 6hln pasea npaMepuo 0,104 I F:JB/c/ 2 H, cne.n;o
BaTenLHo, JciJ<jleKT B3aBMO,II;eHCTBBJI HYKllOHOB B KOHe'fHOM 
COCTOJIHBB ,II;OJDKeH 6LITL MeHee 3Ha'fBTellLHLIM , TO OKa3a· 
llOCL B03MO:>KHLIM C TO'fHOCTLIO ITOp.R,II;Ka 10~ npBHJITL C d= 1. 

Ha puc. 2 a 3 rpaciJaqecKa noKa3aHhl peJynLTaThl pac
'feToB. ConocTasneuae HX c JKcnepaMeHTanLHLIMB .n;aHHLIMB 
IT03BOnBeT c.n;enaTL BLIBO.n;, 'fTO pacnpe.n;eneHBJI, paccqa
TaHHhle c acnon~aJosauueM <)lyHK~Bii PeB:.n;a a MopaB'fBKa· 
rapTeHxay3a, y.n;osneTBOPBTellhHO BOCITpOB3BO,II;JIT <)lopMy 
ITpaBLIX CKllOHOB BCeX npOTOHHLIX ITHKOB. TaK :>Ke Be,II;eT 
ce6JI a pacnpe.n;eneuae, nonyqeuuoe c ciJYHK~eiiXIOnLTOHa 
/peJyn~aTaT npase.n;eu TonLKO .n;n.R .R.n;pa Bi I. C .n;pyroB: 
CTOpOHLI, pe3yllLTaThl pacqeTOB C cpd (p*) B BH,II;e rayc· 
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coscKoil WYHK.UHH, npuse.neuuble onJITb TOnbKO ,nnJI JI,npa 
Bi , nnoxo cornacyroTCJI c 3KcnepuMeHTanbHhiMH ,naHHhiMH. 

Y caMoil sepxueil rpaHH.Uhl Bhi<JHcneuuble pacnpe,neneuuJI 
,nnJI JI,nep C , Af , Bi TOnbKO Ka<JeCTBeuuo cornacyroTcJI 
C 3KCnepHMeHTanbHbiMH cneKTpaMH llpOTOHOB. 

B npu6nH)I(eHHH paccMaTpusaeMoil Mo,nenu /29/ lliHpuua 
npOTOHHbiX llHKOB Ollpe,nenJieTCJI B OCHOBHOM HMnynbCHbiM 
pacnpe,neneuueM HyKnouos BHYTPH .neiiTpoua, nopeu.u;escKH 
YlliHpeHHbiM npH nepexo,ne OT CHCTeMbl llOKOJI ,ZJ;eHTpoua K 
na6. cucTeMe. llpe,ncKa3aHue Mo,nenu o cna6oil 3aBHCHMo
CTH lliHpHHbl npOTOHHbiX llHKOB OT A B 06IUeM llO,ZJ;TBep)I(,ZJ;a • 
eTCJI HaCTOJII.QHMH 3KCllepHMeHTaMH. 

~pyraJI OC06eHHOCTb MO,ZJ;enH COCTOHT B TOM, 'ITO OHa 
ue npeTeu,nyeT ua onucauue neBbiX CTopou npoTOHHhiX nu
KOB, r.ne npoJIBnJIJOTCJI 34>4JeKThl, o6ycnosneHHhle o6pa3osa
HHeM nuouos uyKnouaMH uaneTaromero .neiiTpoua. tiTo6bl 
o.u;eHHTb senuquuy .nu4>4Jepeu.u;uanLHhlx ceqeuuil ucnycKaHHJI 
llpOTOHOB, COOTBeTCTBYIOIUHX TOnbKO npo.u;eccaM KBa3Hyn
pyroro pacceJIHHJI uyKnouos .neiiTpoua ua uyKnouax JI,npa
MHllleHH, pacc<JHTaHHhle c WYHKIJ;Heil Peil.na pacnpe,neneHHJI 
6omB npouuTerpuposaHbi no HMnynLcy B npe,nenax oT 2,5 
.no 3,6 F:JB/c. llony<IeHHLie TaKHM nyTeM 3Ha<JeHHJI 
( d a I d n ) Bbll! TaK)I(e npuse.neubl B ma6AUije. ~nJI Be ex 
JI,D;ep, KpO:Me BO.ZJ;Opo,na, HX MO)I(HO annpOKCHMHpOBaTb 3aBH· 
CHMOCTbiO 

0,44±0,01 
( d aId n) "" (240 ± 6) A M6/cp. 

Bbll! /7/ 

TaKHM o6pa3oM, uccne.nosaHHhle B 3THX 3KcnepuMeu
Tax npo.u;eccbl pacceHHHJI .neiiTpouos Ha B,npax H ucnycKa
HHJI npOTOHOB C HMnynbCaMH, npHMepHO paBHbiMH llOnOBHHe 
HMnynLca na,naJOI.Qero .neiiTpoua, xapaKTepH3YIDTCJI o.nuua
KOBOH A- 3aBHCHMOCTbiO .nu4>4Jepeu.u;uanbHhiX ceqeuuil. 

Puc. 5. PacnpeoeAeHUJI UHeapuaHIIIHblX ou(J¢epeHijUQAbHblX 
ce'leHuu npo1.1ecca d + A .... P+ X u ynpyzozo d p-pacceJIHUJI 

no npoooAbHou 6brcmpome y = 1 en[(E+pcose)I(E -pcos8)] ~ 
pezucmpupyeMou 'laCIIIUl#bl. 3Ha'leHue y omee'laem 6brcm-
pome naOa10UjUX oeumpOH08. 0 
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Pacnpe~eneHHB HHoapHaHTH~x ~H~~epeHuuanbH~x ce

'ICHHii npouecca /1/ H ynpyroro dp -pacceaHHB no npo

.u.onLHoii 6~cTpOTe HCllYJ.UCHHOH 'laCTHU~ H306pa>KeH~ Ha 

puc. 5. Tiono>KeHHB MaKCHMYMOB y ocex pacnpe~eneHHii 
llpOTOHOB fillH3KH K 3Ha'leHHIO 6~CTpOT~ na~aiOJ.UHX ~CHTpO· 
HOB, KaK 3TO H ~Oll>KHO 6~Tb, llOCKOllbKY npOTOH~ BB· 

nawTca npo~yKTaMH ~parMeHTaUHH ~eiiTpoHOB. He6onLwoii 

C~BHr MaKCHMYMOB B CTOpOHy MCHbWHX npo~OllbH~X 6~CT • 
POT o6yCllOBlleH HMCHHO llOTepeii HMllYllbCa B pelyllbTaTe 

KBaJuynpyroro pacceaHHB Ha Ja~aHH~ii yron HYKllOHa ~eiiT
pOHa Ha HYKllOHaX B llOBCpXHOCTHOM CllOC B~pa. 

5. 3aKA10'leHue 

HacTOBJ.UHe 3KcnepHMeHTbi npo~eMOHCTpupooanu paJHo

o6pa3He npoueccoo, npoTeKaiOIUHX npu BlaHMo~eiicTBHH 
penBTHBHCTCKHX ~eihpOHOB C nerKHMH H TB>KCllbiMH B~paMH. 
06Hapy>KeHHaa CTPYKTypa B~COKOHMnynLcH~x o6nacTeii 

CllCKTpOB paCCCBHH~X ~eiiTpOHOB, OC06CHHO ~llB Clly'la11 

d d • coy~apeHHH, npe~CTaBll11CT HOBbiH 06'beKT ~llB Ka'ICCT • 

BCHHOH npooepKH npe~cKalaHHH MO~CllH MHOrOKpaTHOro 

~H~paKUHOHHoro pacce11HH11. B paMKax 3Toii Mo~enu oxa

Janocb BOJMO>KHbiM ~n11 ocex uccne~ooaHHbiX coy~apeHHii 

Y~OBllCTBOpHTCllbHO BOCllpOH3BCCTH HMllYllbCH~e cneKTp~ 

RpOTOHOB • npo~yKTOB ~parMCHTaUHH pell11THBHCTCKHX ~CHT • 
POHOB. Cne~yeT, O~HaKo, OTMCTHTb HC06XO~HMOCTb HOBbiX 

uccne~oBaHHii - 3To KacaeTC11 B nepoyw oqepe~b Heynpy

rux npoueccoo, npoTeKaiOIUHX 6e3 paJoana ~eiiTpoHoo, -

npe>K~e 'ICM llp011CHBTC11 OCHOBH~e 'ICpT~ 11~CpH~X B3aHMO • 
~CHCTBHH pen11THBHCTCKHX ~eiiTpOHOB. 

ABTOpbi Bbipa>KawT 6naro~apHOCTb A.M . .6an~HHY, 
H.H.CeMeHIOWKHHY H JI. r .MaKapooy 3a npe~OCTaoneHHYIO 
B03MO>KHOCTb npooe~eHH11 3KCnepHMCHTOB Ha CHHXpO~aJo· 

TpoHe, IO.r . .6y~11wooy u B.r .3HHooy Ja noneJH~e cooeTLI 

npu HacTpoiiKe 6noKoo 6biCTpoii 3lleKTpOHHKH H A.B. Tapa

cooy Ja nno~oToopHoe o6cy>K~eHue peJyllLTaToo. 
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