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naHHSR pa60T8 RBflReTCR npOAOfl*eHHeM npOBOAHBWHXCR HSMH B UOCfleA

Hee BpeMR HCCfleAOBSHHll: pe30H8HCHbiX napaMeTpOB ypOBHeli RAep cpeAHero 

STOMHOI'O seca, B036Y*ASeMbiX MeAneHHbiMH HeliTpOHSMH /1/, 

nnR HCCfleAOBiiHHR 6binH B3RTbl H30TOnbi ceneaa, KOTOPbiit H3MepRnCR 

paaee (B OCHOBHOM HS ecTeCTBeHHOll: CMeCH H30TOUOB) rpynnaMH B CaKne/2 / 

/3/ 
H Aproaae • B nocneAHHX pa6oTax 6bmH accneAOBSHbi peaoaaac.hl Se-77 

B 3HepreTH'IeCKOM HHTepsane AO 1 ,5 K3B, CHnOBSR ljlyHKIIHR AflR ABYX CUHHO-

_llbiX CHCTeM Se-77 HSliAeHa pa3flH'18IOWeitCR B 7 paa /2/, Y 'leTHbiX H3Q-

TOnOB HCCfleAOBSHO UO 1-2 pe30HSHC8 ( Se-76 - 5 pe30H8HCOB) B y3KOM 

aaepreTH'IeCKOM ltHTepsane. KpoMe Toro, HMeiOTCR aeony6nHKOBaHHbie ASH· 

Hble / 4 / no qeTbipeM 'leTHbiM H30TOU8M ceneaa AflH HHTepsana •(5~o40)K3B, 

PaAHaUHOHHbie WHpHHbl H3MepeHbl /.2,3/ TOflbKO AflH ABYX H30TOUOB, Se-74 

H Se-77 , npa'leM AnSI Se-74 - nawb B OAHOM peaoaaace. B 6onee noaA

Rei!: pa6oTe rpynnbi B CaKne 6blfl0 C006WeHO 0 pa3flH'IHH paAHSUHOHHbiX WHpHH AflR 

yposaell c J m 0 H J•l /5/, 

0TMe'leHHbie B pa60T8X /2,5/ 8HOM8flHH B nOBeAeHHH CHflOBbiX ljlyHKUHH 

H UOflHbiX paAHSUHOHHblX WHpHH AflH pa3flH'IHSIX CnHHOBbiX CHCTeM Se -77, 

a TSK*e pa3pbiB no 3Hepi'HH B HMeiOIIlHXCR 3KCnepHMeHT8flbHbiX ASHHbiX0 , CTS

BRT uaoTOnbi ceneaa B pHA o6'beKTOB, npeACTasnRIOmux HHTepec AnSI ASflb-

aeitWHX HCCfleAOBSHHli, 

YcnoBHH H3Mepeault H MeTOAHKa o6pa6oTKH AaHHbiX 

HaMepeHHH npOBOAHflHCb MeTOAOM speMeHH nponeTa, HcTO'IHHKOM aeH:

Tpoaos CflY*Hfl HMnynbCHbiit peaKTOp (HEP) B pe*HMe pa3MHO*eHHH HeH-

TpOHOB, nonyqaeMbiX C nOMOIIlbiO ny'IKa TOpM03HOI'O H3fly'leHHH MHKpOTpo-
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Ha 161. npa 3TOM HHTerpanbHbiJ! BblXOil COCTaemm 3,1Q13 HeilTpOHICeK npH 

nonywHpHHe HeJ!TpOHHOrO HMnynbCa 3 MKCeK H qaCTOTe cnet:tOBaHHH 50 ru, 

EbmH H3MepeHbi nponycKaaae H panaauaoHHbiil aaxeaT HeilTpoaoe Ha 

o6paauax, o6orameHHbiX aaoTonaMH ceneaa. nopowKoo6pa3Hbii! MeTannaqecKHil 

ceneH ynaKOBb!BanCH B UHnHHllpHqeCKHe amOMHHHeBble KaCCeTbl C TOniUHHOJ! 

CTeHOK 0,5 MM, ToniUHHbl HCnOnb30BaBIUHXCSI o6pa3UOB1 CTeneHb o6orameHHH 

H KonaqecTBO HMeemerocH B pacnopSDKeHHH MaTepaana yKa3aHbl e Ta6naue 1. 

1. nponycKaHHe 

6 H3MepeHHHX nponyCKaHHH 6bin HCnOnb30BaH lKHliKOCTHblH CUHHTHnnSI

UHOHHbiJ! neTeKTOp C MeTHn6opaTOM /7 I. PaapemeHHe COCTaBnMO 6 HCeKIM, 

KpoMe o6paauoe, nepeqacneHHbiX B Ta6naue 1, B aeKoTOpbiX cnyqaSIX 

B KaqecTBe TOHKHX o6pa3UOB 6binH HCnOnb30BaHbl npHMeCI! HeOCHOBHblX 

H30TOnOB. 

HaKonneaae cneKTpOB eenocb aa 4096-KaaanbHbiX aaanaaaTopax 181 B 

pelKHMe pa6oTbl C npOMelKyToqaol! naMSITbiO npH IUHPHHe KaHana 1 MKCeK, Lfe

penyJOIUHaCSI cepaa H3Mepe8aA c o6paauoM H 6ea o6paaua nepenaeanacb no 

KaHany CBS13H Ha 3BM nnH nanhHel!meA o6pa6oTKH, B npouecce KOTopoA 6bi

na nonyqeabi H acnpaeneHbi aa npocqeTbi cyMMapHbie annapaTypHbie cneKTpbi, 

CTaHnapTHaSI OIUH6Ka cneKTpOB B pai!oae 1 K3B B cpenHeM COCTaBnHna 1% Ha 

KaHan, CneKTpbl, COOTBeTCTByiOIUHe H3MepeHHHM C o6pa3UOM H 6ea o6paaua, 

6hinH aaTeM nepecqaTaHbl B a6conJOTHoe nponycKaHHe. KpHBbie nponycKaHHSI 

nnH ecex ypoeaeA aaanaaapoeanacb aa 3BM no MeTony nnomanel! 191 c yqe

TOM HHTep«flepeHUHH MelKliY pe30HaHCHblM H poTeHUHanbHblM pacceHHHeM, He-

o6XOliHMble nnH 3Toro ceeneHHSI o panaycax Hnep R 6bmH nonyqeHbi Me-

TOliOM 4JopMbl /lQI H3 HH3K03HepreTaqeCKHX pe30HaHCOB llnSI H30TOnOB Se-77 

H Se-· , nony'leHHble 3H8'ieHHSI (7 ,2 ;t 0,3) «flepMH llnSI S. -77 H 

(7 ± 1) «flepMH nnH Se -80 cornacyJOTCSI c naHHbiMH nnH cocenHHX Sllleplll I. 

Y'IHTbiBSSI nnaeHyJO aaBHCHMOCTb nnHHbl pacceSIHHSI oT A B naHKOA o6nacTH 

aTOMH!>IX BaCOB1 3TH 3H8'ieHHSI panHyCOB 6blnH npHHSITbl H nnH OCTanbHbiX 

H30TOnOB ceneH8, 

4 

.,.,.. ... ~$,. ;· ·' . 

,,.,·· 
.'<: 

' h 

npa 06pa60TKe yqaCTK8 4f-6 K3B B Se-80 1 rne 6nH3KO nelKaT ( 

pe30HaHCbl, llpHHHManaCb BO BHHMaHHe HHTep«flepeHUHH MelKAY ypOBHHM 

K8 nonyqeHHbiX peaoHaHCHbiX napaMeTpOB npHBeAeHa B Ta6naue 2. 

2, PanxauaoHHbJil aaxeaT 

PanaauxoHHhlil aaxeaT 6bm xaMepeH c paapemeHHeM 12 HCeKIM l 

HblM CUHHTHllllSIUHOHHblM neTeKTOpOM 6onbiUOro 06"&eMa 112i 1 KOTOpbli! 

HCnOnb30B8Tb K8K B pelKHMe COBnaneHHi! HMnynhCOB OT ll BYX 6aKOB, 1 

B pelKHMe CyMMHpOBaHHH, 

npa aHanaae H3MepeKHil paAHaUHOHKOro 38XB8T8 Mbl HCnOllb3YE 

HOIUaHHe: 

rne IN1 
I 

_c • 
r l'.Ni _Y A, T ~ r 

D(E)fy 

CyMM8 OTC'ieTOB nOA pe30H8HCOM'Ha KpHBOi! paAH8UHC 

ro 38XB8T8 ( npH BbJqTeHHOM cjloae); 

fi (E) - nonaoe qacno Kei!TpOHOB Ha 1 3B, naA8101UHX H8 BCIO 

fy 

r,. • r 
A 

IU8Ab o6pa3U8 3a BpeMH H3MepeHHH; 

9~KTHBHOCTb perHCTp8UHH neTeKTOpOM 8KTa 38XB8T 

P8AH8UHOHH8SI H nonH8H IUHpHHbl pe30KaHCa; 

cjlyHKUHH TOlllllHHbl o6p83U8 a H pe30H8HCHbiX napal 

HM eJOIU~ CMb!Cn nnomaAH npoeana Ha KpaeoA nponyc 

ITpH o6pa60TKe BpeMeHHbiX cneKTpOB p8AH8UHOHHOrO 38XB8Ta HCI 

aoeanacb MeTOAHKa nonyqeKHH nnomaneA peaoHaHCOB ( f N i ) c no 

CBeTOBoro K8p8IIA8IU8 118 3BM MHIICK-2, 

3cjK!leKTHBIIOCTb (a, )') -lleTeKTOpa llllH KalKliOrO H30TOna onpen 

C HCnOnb30B811HeM OTIIOWeiiHSI qacna OTC'IeTOB noA pe30IIaHCaMII 1 nony 

llbiX B pelKHMaX COBnSAeHHH H CyMMHpOBaiiHH, a TaKlKe 3lleprHH CBSI3li 

Tp0118, 3TH ABe xapaKTapHCTHKH n03BOllSIIOT 118iiTH 3~KTHBHOCTb ne~ 

pa H8 OCHOB8HHH 9MnHpRqaCKOrO COOTHOIUeHHSI, nonyqeJIHOrO llllSI IUHp 

Kpyra Slllep I 13/, KpoMe Taro, no cna6b!M peaoaaacaM Se - 77 c H 
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3TOM HHTerpanbHbiJ! BbiXOa COCTaBnsin 3,1013 HeJ!TpOH/CeK npH 

HeJ!TpOHHOrO HMnyn&Ca 3 MKCeK H qaCTOTe cneaOBaHHSI 50 ru, 

nponycKaHHe H paaHaUHOHHhlJ! aaXBaT HeJ!TpOHOB Ha 

.,finT"<>HTAHHbiX H30TOHaMH CeneHa, nopOWK006pa3HbiJ! MeTannH'IeCKHJ! 

B UHnHHapH'IeCKHe aniOMHHHeBble KaCCeTbl C TOniUHHOil 

ToniUHHhi Hcnon&aoBaBIUHXCSI o6paauoB, CTeneHb o6orameHHSI 

HMeawerocg a pacnopiDKeHHH MaTepHana yKaaaahl B Ta6nHue 1, 

1, nponyCKaHHe 

nponyCKaHHSI 6&In HCIIOnb30BaH JKHaKOCTHhiJ! CUHHTHnng

TeKTOp C MeTHn6opaTOM /7/, PaapeweHHe COCTaBnMO 6 HCeK/M, 

o6pa3UOB, nepe'IHCneHHhiX B Ta6nHUe 1, B HeKOTOpb!X cnyqagx 

TOHKHX o6pa3UOB 6hinH HCUOnb30BaHbl npHMeCJ! HeOCHOBHblX 

cneKTpoa aenoc& Ha 4096-Kaaan&HhlX aaanHaaTopax /8/ B 

C npoMeJKyTO'IHOii naMSITbiO npH WHPHHe KaHana 1 MKCeK, l.Je

cepHH H3Mepei1Hl! c o6paauoM H 6ea o6paaua nepeaasanHcb no 

Ha 3BM ang aan&Hellwell o6pa60TKH, B npouecce KOTopoll 6&I-

H HcnpaBneH&I aa npocqeT&I cyMMapHhle annapaTypH&Ie cneKTphl, 

B paiiOHe 1 K3B B cpeaHeM COCTaBnMa 1% Ha 

COOTBeTCTBYIOIUHe H3MepeHHSIM C o6pa3uOM H 6ea o6paaua, 

nepeC'IHTaH&I B a6coniOTHOe nponycKaHae. KpHBhle nponycKaHHSI 

aaannaHposanHCb aa 3BM no MeToay nnomaaell /9/ c yqe

HH MeJKay pe30HaHCHhiM H IIOTeHuHanbHhiM paCCeSIHHeM, ~e-

ang 3Toro CBeaeHHSI o paaHycax gaep R 6&InH nonyqea&I Me-

1101 113 HH3K03HepreTH'IeCKHX pe30HaHCOB ang H30TOnOB Se-77 

nony'leHHhle aila'leHHSI (7 ,2 ± 0,3) tJiepMH ,Qng S. -77 H 

Se-80 cornacyiOTCSI c aaaHhiMH ang coceaaax gaep/11/, 

aaBHCHMOCTb anHHhl pacceSIHHSI OT A B aaaaoll o6naCTH 

3Ha'leHHSI paaHyCOB 6hlnH npHHSITbl H anSI OCTanbHhlX 

4 

npH 06pa60TKe y'laCTKa 4t-6 K9B B Se-80 , rae 6nH3KO neJKaT CHnbHbJe 

pe30HaHChl, npHHHManac& BO BHHMaHHe HHTep$epeHUHSI MeJKay ypOBHSIMH, Csoa

Ka nony'leHHhlx peaoaaaca&IX napaMeTpos npHseaeaa B Ta6naue 2 • 

2. PaauauHOHHhiii aaxsaT 

Pa,nuauuoHHhll! aaxsaT 6&In H3Mepea c paapeweaueM 12 HCeKIM JKHAKOCT

RhiM CUHRTHnnSIUHOHHhiM l{eTeKTOpOM 6on&woro 06'beMa /12i, KOTOphlil M'OlKHO 

HCnOnb30BaT& KaK B pelKHMe COBnaaeHHil HMnyn&COB OT ABYX 6aKOB
0 

TaK H 

B pelKHMe CyMMHpOBaHHSI, 

npa asanaae H3Mepeaall paAHauHOHHoro aaxsaTa MI>I acnon&ayeM cooT-

HOWeHHe: 

rAe INI 
I 

_c. r, 
_...;._ __ e r-- A ' 

D(E)tr 
(1) 

CyMM8 OTC'IeTOB nol{ peaosaHCOM Ha KpHBOII pal{H8UHOHHo

ro aa.xsaTa ( npa Bhi'ITeHHOM ljloae) ; 

fl (E) - nonaoe 'IHCno HeiiTpOROB Ra 1 3B, nal{a!OIUHX H8 BCIO nno-

fy 

r, , r 
A 

maA& o6paaua aa BpeMSI H3MepeRHSI; 

91jl41eKTHBROCTb perHCTpauHH l{eTeKTOpOM aKTa 38XBaTa; 

P8AH8UHOHHag H nonsag IUHpHHhl peaoHaHca; 

ljlyHKUHSI TOnlllHHhl o6paaua a H pe30HaHCHhiX napaMeTpOB,t 

HM eiOlllaSI CMhlCn nnomaAH nposana Ha 'KpHBOil nponycKaHHSI, 

npH o6pa60TKe BpeMeHRhlX ClleKTpOB paAHaUHOHHOrO aaXBaTa HCnOnb-

30BanaC& MeTOAHKa nony'leHHSI nnomaAell peaoaaacos ( f N i ) c nOMOIU&IO 

CBeTOBOro Kapasl{awa sa 38M MHHCK-2, 

31jl41eKTHBROCTb (a, )') -l{eTeKTOpa l{nSI K8lKl{OrO H30TOna onpel{enS!naC& 

C HCnOnb30B8HHeM OTHOWeHHSI 'IHCna OTC'IeTOB 110):{ peaOHaHCaMH, nony'leH

HhiX B peJKHMaX COBH8AeHHSI H CyMMHpOBaHHSI, a TaKJKe 3HeprHH CBSI3H HeJ!

TpOH8, 3TH ABe XapaKTepHCTHKH n03BOnSIIOT Hal!TH 31jl41eKTHBHOCTb l{eTeKTo-

pa Ha OCHOBaHHH 9MnHpR'IeCKOro COOTHOWeHHSI, nony'leHHOrO AnSI WHpOKOrO 

Kpyra gaep /13/, KpoMe Toro, no cna6hlM peaoaaacaM Se -77 c HaBeCT-
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HI>JMli napaMeTpaMH 6L1na cnenaHa npoacpKa TaKoli Kana6poBKH 
1141• Peaynh

TaTI,J o6oax cnoco6on Kana6ponKH connana, 0THOCHTenhHblli xon noToKa ll(E) 

U3Mep>1IIC>l c noMollth!O 6opnoro C'leT'IHKa, HeonpeneneHHOCTh npHHHTOii Kana-

6ponKH, OUeHeHH851 B 10t-15%, B 60IIblUHHCTBe cnyqaeB npeBOCXOL\IfT CTaTifC-

TH'!C'CKY!O OIUU6Ky II COCTaBnHeT OCHOBHY!O L\OII!O B yKa3aHHblX J:\[}51 paAHUUifOII-

HblX mnpan norpetunocTHX, B aKcnepnMeHTanbHO nalineHHbte ana'leHH>l C B 

cnyqae neo6XOL\HMOCTH BHOCifiiBCh IIOUpaBKa Ha perHCTpaUHID HeHTpOHOB, n~n

pllBI<II Ha 3/lXBaT UOCIIe paCCe51HH51 6btiiH Bbl'IHCIIellbl C HCllOah30BaHHeM MeTo

JUIKU, npeUIIO)t{eHHOii B /!5/, a AII>l pe30HaHCOB, y KOTOpblX 3aXB8T llOCIIe pac

C£HIIIUH ana'IHTeJthHbtii ( • 20%), nonpaaKa Bbt'IHCIIHnach no MeTony MonTe-Kap

no iJ6/, l13MepeHUe p811H8UHOHHOrO 3aXBaTa ll03BOnHeT nony'IUTb, B 3aBHCH-

MOCTU OT COOTHOIUeHHH Me)t{ny ry a r 1 OAHY H3 tuUpHH, a B HeKOTOpblX 
II 

cnyqagx n cnan pe30Hanca. HarJI>li1HO aTo MOlKHO noKaaaTb, ncnoJib3YH B ( 1) 

nnH A <jlopMyny TOHKoro o6paaua: 

Ae2rr 2 n~ 2 gra• (2) 

rae g=(2J + 1) I 2(21 + 1) CT8THCTH'IeCKHH <jlaKTOp, I - CIIHH MHtueHn, 

J - CIIIIH ypOBH>l COCTaBHOrO gnpa, ~ - AJIHH8 BOnHbl HeiiTpOH8 anH 3Hep-

rnn pe3oHaHca E
0 

llciiOJih3yg (2), COOTHOtueHHe ( 1) MOlKIIO 38IIHC8Th B BHne; 

r r y II 
Ce2w2lt 2 n g ----r- ·, 

(3) 

:! ) , Jlml cny'l851 r D >> r y liC>Jl)'UlM: 

gry•C/2w 2 ~ 2 n coast , (4) 

T.<'. :'.!!Ul!(•HJ18 ly He 38BHCHT OT BeJIH'IHHbl r 
11 

Lln>r qeTHbiX H30TOIIOB ceneHa (cnan MHtueHH I= 0 • g= 1 l paAHa-

lU1UH!!llH WHpUHa IJOnyqaeTCSI 0Jl.H03H8t.IHO. 

6 

...-
~ ' ' 

,, 

B cny'lae Se - 71 

CUHHa: J • 0 ( 1•1/4 

( cnaa MHWena I • 1 /2) peanaayiOTCSI 

) H J • 1 ( l•l/4 ). B aToM en 

paAH81lHOHHOii WHpHHbl AIISI AaHHOrO peaouanca, nony'leHHble H3 

nono~eHHH ABYX 3Ha'leHHii CIIHHa, 6yAyT pa3IIH'I8TbCSI B 3 pa3a 

noM cny'lae "ToncToro" o6paaua aTo 3Ha'lenae UBAaeT no 1,7, 

Ha CKaaauuoro cneAyeT, 'ITO B cny'lae paaencTaa paAHan 

AIISI ABYX CUHHOBbiX COCTOSIHHii H3 SKCnepHMeHTa MO~HO onpeAE 

TaK H paAHallHOHHy!O WHpHHy, 

npa o6pa60TKe HaMH HCUOIIh30BaiiOCb ypaBHeHHe (}) 0 K01 

OTHOCHTenhHO r }' 
6). B cnyqae 

CyT HHtjJopt.t8IIHID 0 

rpacjiH'IeCKHM MeTOAOM C UOMOWb!O Ta6n 

r a << r y nnomaAH Ha KPHBOii P8AH81lHOHHOI 

1r : 
D 

I ra .. C/2• I ":a • . 

UocneAHee COOTHOWeHHe UOK83biBaeT TaK~e, 'ITO IIO cna6oMy I 

HO npOBeCTH K8IIH6pOBKY AeTeKTOpa, ecn& I r 8 

HHSI nponycK8HHSI. 

onpeAeneao 

a). EcnH rD • r y , TO AIISI nony'leHHSI napaMeTpOB yp<l 

M8 COBMeCTH8SI o6pa60TK8 A8HHbiX no PBAH8llHOHHOMy 38XBBTY 

HHIO. 

PeaynhTaTbl &aMepeHHii 

PeaynhTaTOM o6pa60TKH npOAenaHRbiX H3Mepe&Hii SIBHIIHCI 

peaOH8RCHbiX ypOBReA, co6paHHble B T86nHil8X 2,8 • .QnSI 'leTblp~ 

TOUOB Se RaliAe&bl 118paMeTpbl 56 pe30R8RCOB B HRTepoane 

TpOROB AO 10.20 KaB, a AIISI Se- 71- 87 pe30R8HCOB AO 4 

06pamaeT aa ce6B BHHMaHHe RanH"'He 6onhworo 'IHCna 

KOTOpbiX 3R8'1eHHe I r~ a S0.100 paa weRbwe cpeARero All 

TOU8, 3aMeTHM, "'TO HCCileAOB8Tb TaKHe pe30H8HCbl YA8110Cb T< 

A8pSI H3MepeRBSIM p8AH8llHORROro 38XB8T8. 
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6Lina caenaHa npoBcpKa TaKoif KaJJH6poBKII 
1141• Pe3ynb

KanH6poBKII COBII8JIII, 0THOCI!TeilbHhiH xoa llOTOKa n( E) 

6op11oro c>.JeT'li!Ka, HeonpeaeneHHOCTb npHH~Toif KanH

IOt-15%, B 6onbiiiiiHCTBe cnyqaes npesocxoanT cTaTnc-

ocHonnyiO aon10 s yKa3anHhiX an~ paaHaunoH-

CIIIHOCT~x. B 3KcnepHMCHTanbHO aaiiaeHHhle 3H8'1eHH~ C B 

BHOCI!n8Cb ll011p8BK8 118 periiCTp8UHIO Heii:TpOHOB, ll,pn

IIOCne paccemll!51 6b!nll Bhl'lHCneHbl C HCllOnb30B8HHeM MeTo

IIOii B /)5/, a anSI pe30H8HCOB, y KOTOpb!X 38XB8T llOCne pac

lblH (., 20%), nonpasKa Bbl'li!Cn51nacb no MeTony MoHTe-Kap-

paanaunoHHoro 3axsaTa H03BOn51eT nony'lnTb, B 3BBHCH-

rr 11 r , OllHY 113 IllllpHH, a B HeKOTOpblX 
n 

pecwnanca. Harn>lllHO 3TO MO:>KHO noKa3aTb, ncnonb3Y~ B ( 1) 

TOHKoro o6pa3ua: 

A=2~r 2 n;lt 2 gr., 
(2) 

I 2 ( 2 I + 1) - cTaTHCTH'leCKHli cjlaKTop, I - cnHH Mnwean, 

Bll~ COCT8BHOrO 5illpa, ;l{ - anHHa BOnHbl Heii:TpoHa an~ 3Hep-

Eo 

( 2), COOTHOWeHHe ( 1 ) MO:>KHO 381li!C8Tb B BHae: 

r r 
)' D 

C=2rr2lt
2 

ng --r-·· 

as1 r » r liU.Il) ltH!\1: 
n Y 

g r y "' C/ 2 rr 2 lt 2 n const , 

I' y He 3HBHCHT OT BE-)nHIJHHbi r 
1130Tonos ceneaa (cm!H Muwenn 

uonytiaeTcH O!lH0.'3Halfuo. 

6 

n 

I= 0 • g = 1 

(3) 

(4) 

l panna-

',' 

B cny'lae Se - 'r/ ( CnHH MBWeHB f • 1/2) peanB3YIOTCSI ABB 3HB'IeHBSI 

CnBHa: J • 0 ( &•1/4 ) B J • 1 ( & • l/4 ) . B aTOM cny<Jae aaa'leHBSI 

p8ABBUBOHHOA WHpHHhl AnSI ABHHOro pe30H8HCB, nony'leHHhle B3 (4) ·B npeA

nono~eHBB AByx 3HS'IeHBA CnHH81 6yAyT pa3nH'I8TbCSI B 3 paaa. B npeAenb

HOM cny'lae • ToncToro' o6paaua a To 3HB'IeHHe naaaeT ao 1, 7. 

Ha CK838HHOro cneAyeT, 'ITO B cny'lae paBeHCTBS pSAHBUHOHHhlX WBpHH 

AnSI ABYX CnBHOBhlX COCTOSIHHA 113 3KCnepaMeHT8 MO~HO onpeAenBTb KBK CnBH, 

TBK B PBABBUBOHHy!O WHpHHy. 

npH 06pa60TKe HBMH HCDOnb30BBnOCb ypaBHeHBe ( 1) 
1 

KOTopoe pewanOCb 

OTHOCBTenbHO r rpacjiB'IaCKHM MeTOAOM C nOMOillbiO Ta6nHU / 1 7.~ y 
6) • B cny'lae 

CyT BHcjlopMBUBIO 0 

r 8 « r y nnOJilBAB HB KpHBOA PBABBUHOHHOrO 38XB8T8 H~
&r : • 

cr ... C/2w 2 x1 a. (5) 

nocneAHee COOTHOIIleHBe DOK83biBSeT TBK~e, 'ITO no cna6oMy pe30H8HCy MOlK-

HO npOBeCTB Kanx6pOBKy lleTeKTOpa, ecnB I rD 
HBSI nponyCK8HjiSI, 

OnpeAeneao B3 B3Mepe-

a). Ecnx r. ., r y 1 TO AnSI nony'leHBSI napSMeTpOB ypOBHSI He06XOAB-

MB COBMeCTHBSI o6pa60TK8 ABHHbiX no PBAHBUBOHHOMY 38XBBTY B nponycKB

HBIO, 

PeaynbTBTbl H3MepeHHA 
~ 

PeaynbTsTOM o6pa6oTKB npoAenaHHbiX H3MepeHBii: SIBBHBCb napaMeTpbl 

peaoaaHCHbiX ypoaaeA, co6paHHble a Ta6nxnax 2,3. llnSI 'leTblpex 'leTHbiX 113~ 

TOnOB $e HaineHbl napaMeTpbl 56 pe30H&RCOB B IIHTepBane aaeprBB ReA-

TpOHOB AO 10.20 K3B1 a AnSI Se - 77- 37 pe30B8HCOB AO 4 K3B, 

06pamaeT aa ce6SI BHBMBHBe HBHB'IIIe 6onbmoro 'IIICna ypoaaeA, y 

KOTOpi>IX 3H8'1eHHe &r~ B 00.100 pa3 MeBbme cpeAHero AnSI ABBHOro 113~ 

TOns, 3aMeTBM1 'ITO IICCneAOBBTb TaKBe pe30B8BCI>I YABnOCb 'l"OnbKO 6nar~ 

A8pSI B3MepeHHSIM PBAHBUOBBOrO 38XBB'l"8, 

7 



HaOTon Se- 82 B Ta6nnue 2 He npeACTasnen, TaK KaK AnSI nero na

MepRnCSI TOllbKO pBAHBUHOIIHbili: 38XBBT, H pe30H8HCOB AO 3HeprHH 6 K3B He 

6bmo o6napyJKeno. 

B rex cny'laSIX, Kortta napaMeTpbl yposneli: 6binH H3MepeH<>I panee, na

WH peayllbTaTbl (ra6nuua 2) B OCROBHOM cornacy~TCSI B npettenax owu6oK 

H3MepeHHi C peayllbT8T8MH APYf'HX BBTOpOB. CyweCTBeHHble paCXOJKAeHHSI o6-

HapyJKeHbl nHWb AnSI Se -78 • KaK cne.nyeT ua pnc.1, peaoHaHcos npu aaep

ruSIX 5730 3B, 8370 as, 17150 as C HeiTpOHHblMH WHpHHBMH f'.,-28,1 as; 

14,8 as; 37,1 as COOTBeTCTBeHHO /4/ He BHAHO, XOTSI 'lyBCTBHTellbHOCTb Me

TOllS llOOBOnSieT o6napylKHTb B aTOi o6naCTH aHeprHA pe30H8HCbl C HeiTpOH

HhiMH WHpHHBMH B HeCKOnbKO as. C Apyroi CTOpOHbl, OT'IeTnHBO BHAHbl peao

H8HCbl 6171 as H 11060 as ( r., = 64,4 as H 80 as), KOTOpbie He oTMe'le-

Hbl B 141• 

Y Se -74,-76,-78 panuauuoHHble wupaHhl aaineHbi AnSI 4+6 peaoaaa

cos. Haoron Se- 80 OKaaancSI ae6naronpHSITHbJM .nnSI onpetteneHHSI panuauu

OHHoi WBpHHbl. EAHHCTBeHHSSI BOOMOJKROCTb onpettenHTb f' y C He cn&Wli:OM 

6onbwoi norpewHOCTb~ npe.ncrasnsnaCb nnSI peaoHaaca 5660 as. LlnSI ouea

KH ero aeirpoaaoi wapHHbi, npase.neHaoA B Ta6nuue 2, cjlopMa peaoHaHca 

5660 as. 6blna BOCCTSHOimeHa C Y'leTOM BKnatta OT npaMeCHblX pe30H8HCOB 

H OT pe30H8HCOB 5240 H 4270 3B Se - 80 , llpH 3TOM AnSI nocneAHBX ABYX 

pe30H8HC08 Y'fHTbiBanaCb HHTep4epeHUHSI MelKAY HHMH. 5ollbW8SI HeonpetteneH

HOCTb f' y AnSI pe30R8HCa 4720 as o6ycnosneHa 6nH30CTb~ ypOBHeA 4270 as 

B 5240 a8 C O'leHb OOllbWBMH HeATpOHHbiMH WHpHHBMH. 

PBJtBauaoHHhle wnpHHbl peaoHaHC08 Se - 77 , nonyqaeMble B npettnono

lKeHBB .ll8YX 800MOlKHbiX 3H8'1eHHi CllHHa, npH8etteHbl 8 TBOIIHUe 3. 0THOWe

HHH ( r y ) J•O ~f'y ),_1 nelKST B npe.nenax 1 ,9f.2,U, 'ITO 3H8'1HTellbHO npeBOC

XO.IlBT OWH6KY B3MepeHB.Il. Tor.na, llpBHBMBHt 'ITO { r y )J=o .,(f Y)JSJ' MOJK-

HO 6hlno, KaK 8B.IlHO aa ra6nuuhl 3, npHilBCSTb peaonancaM onpetteneHHhle aaa

'leHBK cn&H08, yKaaaRHhle B KonoHKe 6. 

llo.nT&eplK.Ile~aew npa8&llbHOCTB runoTeahl o pa8eHCT8e nonnblx pa.naa

llBORHhiX WHpBH .llnH oOOBX CllHHOBhiX CHCTeM SIBnSieTCH COBnSAeH&e HSi.lleH

HhiX 88MB T8KBM o6p830M 3Ha'leHB.Il CllBH08 pe30R8HC08 212 a8 ( J,. 0) , 

692 a8 (J .. 0) , 997 38 (J • 0) , 1271 as (J • 1) c peayllbTaTaMa 

.llpyPRX 88TOpOB /2,3/ (cw. KOnOHKy 7 TaOnBUhl 3), nony•Iel!!lhiMH 6ea HCllQnb·· 

8 

~ 

,.,.,:_ '"\, 

aosaHHSI aroA runoreabi. KpoMe Toro, nnSI peaoHaHca 212 as na6oJ 

pHMeHTSnbRblX KpHBblX &f'n • f(f') (puc.2) Re38BHCHMO ABeT 3H8'1eJ 

HB J •0 
Cnun peaonaHca 1491 as, B ornH'IHe or pa6oTbJ /2 I, oKaaancs 

Hyn~. 3aMeTHM OAH8K01 'ITO CllHHOB8SI H.lleHTH~K8UHH B aTOM cnyqa 

nacb B pa6oTe 121 MeHee HatteJKHoi. 

HaoTonaaH H.lleHTHijJHKSUHH ypoBHH 970 as (Se -77) noasonge• 

HOB8HHH A8HHbiX pa60Tbl /a/ C'IHT8Tb npeAilO'ITHTenbHbiM .llnH Hero : 

J .. 1 

Se 

06CyJK.IleHHe peaynbTSTOB 

Ha OCHOBBHHH H3MepeHHbiX napaMeTpOB pe30H8HCHbiX ypOBHei 

6binH pacc'IHTaHhJ ycpe.llHeHHbJe xapaKTepncTHKH nccnenosaHHbJ 

npnseneHHbJe s Ta6nuue 4. 

HaoTOllbl Se HaXO.IlHTCSI B o6nacTH MaccoBbJX 'lncen, rtte p 

B8H CHnOBBH ljlyHKUHH S 
1 

> 10-4 
1 H sepOHTHOCTb Ha6n~neHHSI ypOBI 

eoapacTaeT. Cna6bie ypoBHH, tteli:CTBHTenbHO, npoHBHnHcb y H30Tonc 

-77,-78. fipH nony'leHHH ycpenHeHHbiX napaMeTpOB 1 T8KIIX KBK CHnOI 

UHH H cpettHee aa6n~ttaeMoe paccTOSIHHe nnH s -yposaeli:, aeo6x 

HCKn!O'IHTb p -pe30H8HCbl. 

Mbl npe.llllOnOJKHnH, 'ITO ypOBHH, nnH KOTOpblX cr• -'0,02'1F0 
n · 11 

woli: eepoS!THOCTb!O S!BnmoTCSI p -sonnoBbiMH. B Ta6nnue 2 3TH pe~ 

IlOMe'leHbl 3Be3.1(0'1KOA. no HHM Obin8 .C.I(enaaa oueHKB p -sonHOBOil 

ljlyHKUHH H8 OCHOBSHHH'COOTHOWeHHSI: 

rtte 

rl 
nl 

-1 
51·(21+1) I r 1 

I nl I A E, 

• ro·[(_!_ )• + 1 11 ( _R_)2 
nl lel X, 

9 

• 



a ra6naue 2 ue npencraaneu, TaK KaK nnH Hero ua-

KO p8AH8UHOIIHbiH 38XBaT, H pe30H8HCOB AO 3HeprHH 6 K3B He 

cny'laHX, Korna napaMeTpbJ yposueli ObiiiH H3MepeH<>I pauee, Ha

(ra6naua 2) B OCHOBHOM cornacy~TCH B npenenax OWHOOK 

peayllbTaTaMH npyrnx aaropos. CymecrseHH&Ie pacxolKneHHH o6-

Se -78 • KaK cnenyeT H3 pnc,l, peaoaaacoa npH aHep

c HeATpOHHblMH WHpHH8MH r 
11

-28,1 3Bi 

/4/ He BHAHO, XOTH 'IYBCTBHTellbHOCTb Me

o6aapylKHTb B aroA o6nacTH aaeprnA peaoHaHCbi c Helirpou-

B HeCKOllbKO 3B. C llpyroA CTOpOHbi, OT'IeTUHBO BHilHbl peao

H }}()60 3B ( r 11 = 64,4 SB H 80 3B), KOTOpb!e He OTMe'le-

-74,-76,-78 p8JlH8UHOHHble WKpHKbl H8AileHbl JlllH 4+6 pe30H8K

OK838UCH ae6naronpHHTHbiM llllH onpeJleneaas paJlHaun

EnaHcTaeuuas B03MOlKHOCTb onpenerrHTb r y c He CllHWKOM 

'"""...._~ npeJlCTaBI!HnaCb nns peaouauca 5660 sa • .Qns ouea-

WHPHH&I, npnBelleKHOA B ra6naue 2, cjlopMa peaouauca 

C Y'leTOM BKU8Jl8 0T UpHMeCHbiX pe30H8HCOB 

5240 H 4270 3B Se - 80 . , IIPH 3TOM UUH IIOCrreJlKHX llBYX 

TbtBanaCb HHTeptjlepeHUHH MelKJlY HHMH. E011bW8SI KeonpeJlerreH

peaonauca 4720 sa o6ycnoaneua 6nnaocTb~ ypoaHeA 4270 aa 

O'leHb 60llbWHMH HeATpOHHbiMH WHpHKBMH, 

wapKHbl peaonaHcoa Se - 77 , uOrry'laeMble B upeJlnono-

3Ka'leHHA cnnua, npHBelleHbl B Ta6nnue 3. Oruome

Ary)J•J neJKaT B npeJlenax 1,S.2,9, 'ITO ana'IHTenbao upeaoc..,. 

H3MepeHHA, Torna, upauut..tas, 'ITO ( f y )J"'O •(f Y)J•J' MOlK-

BHUHO H3 ra6nnubl 3, npanncan. peaoHaucaM oupeJleneuuble aHa

yKaaannble B KOliOHKe 6. 

upaBHnbHOCTH runoTeabl o paaencTae uonablx paJlHa

o6enx CIIHH08biX CHCTeM HBnHeTCSI COBU8JleHHe H8AileK

o6pa30M 3Ha'leHHA CUHHOB pe30H8HC08 212 98 ( J • 0) , 

, 997 38 ( J • 0) , 1271 a8 ( J • I) c peaynbTaTaMH 

/
2
,3/ (cr.t, KOliOIIKy 7 T80ITHUbl 3), nony•IeH!lbiMH 6e3 HCUOllb·· 

8 

aoaaHHH aToA rauorea&I. KpoMe Toro, llliH peaouauca 212 aa Ha6op aKcne

paMeHTarrbHbiX KpllBbiX I rn • f(r) ( pHC,2) He38BHCHMO Jl8eT 3H8'1eHHe CIIH

Ha J -o 
CrrHH pe30H8HC8 1491 SB, B OTllH'IHe OT paoOTbl / 2 /, OKa3arrCH paBHblM 

Hyn~. 3aMeTHM OllH8K00 'ITO CIIIlKOB8H HJleHTH~HK8UHH B 3TOM Crry'lae C'IHTa

li8Cb B paooTe 121 Meuee KalleJKuoA. 

H30TOIIH8H HJleKTH~HK8UilSI ypOBKSI 970 SB ( Se -77) U03BOUHeT Ka oc

KOBaKHH Jl8KKblX p800Tbl /S/ C'IHT8Tb upeJliiO'ITHTerrbKbiM JlliH nero 3H8'1eHHe 

J- 1 

06cylKneuue peaynbTBTOB 

Se 

Ha ocuoaanull ll3Mepeuu&IX uapaMeTpoa peaouanCHbiX ypoaHeli uaoTonoa 

o&Inll pacc'laTaHbi ycpenueuu&Ie xapaKTepucTHKII nccnenoaauu&IX Slllep, 

upuaeJleHH&Ie B Ta6nuue 4. 

Haoron&I Se uaxonHTCH B o6nacTH Maccoa&IX queen, rne p -aonao-

B8H CHUOBaH ~YKKI.IHH S I > 10-4 
, H BepOSITKOCTb ua6n~neKHH ypOBKeA C J • 1 

aoapacTaeT, Cna6bie ypoauH, nei!cTBHTenbuo, npoSIBHrrHCb y H30Tonoa Se-7~, 

-77,-78. Opu nonyqeuuu ycpenuennhiX napaMeTpoa, TBKHX KaK cnnoaaSI ~HK-

UHSI H cpenHee ua6n~JlaeMoe pacCTOSIKHe llllH s -ypOBKeA, HeOOXOJliiMO 

HCKlllO'IHTb p -peaouaHChi. 

M&I npeJlnonoJKilrrH, 'ITO ypoBKH, llliH KOTOphiX lr• -~>0,02 g-ro ' c 6om>-
ll · II 

wott aepoSITHOCTb~ HBllHIOTCH p -aonuOBbiMH, B Ta6nuue 2 STH peaouaucbi 

UOMe'leHbl 3B83JlO'IKOfi, Oo HHM 6hlll8 .Cil8118H8 01.18HK8 p -BOllHOBOil' CHllOBOli 

~YHKI.IIIH HB OCHOB8HHH COOTHOWeHHSI: 

rne 

r• 
nl 

-1 s
1
-(2l+l) I 1 r 1 

Ill Ill E ' 

• r o· [( __!_ ) 2 + 1 1 1 ( _R_ ) 2 
nl lt X 

l I 

9 
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J]nH HaoTonos Se -76,-77,-78 nony'ieHhi 3Ha'!eHHH 1,6,10-4, 1,5.10:-4 H 

2 ,5,1 o-4 COOTBeTCTBeHHO, 3TH OUeHKH nO.QTBep>K.QSIOT pe3yMHOCTb KpHTepHSI
1 

npHHHTOPO .QnH paa.QeneHHH 

Cnnoehie ljJyHKUHH S 0 

s- H p -BOnHOBbiX ypOBHell, 

Bbi'IHCnHnHCb KaK I r 0, Ill E. Bbi6op HHTep-
1 .. 

aana !l E , B KOTOpOM nponyCKH ypOBHell He BnHSIIOT Ha 3HS'ieHHe S
0 1 Ocy-

I r 0 
Ill 

wecTensmcSI no PHCTorpaMMaM HapacTaHHH B 3SBHCHMOCTH OT SHep-

PHH, 

0IUH6KH CHnOBbiX ljJyHKUHli Bbi'IHCneHbl C yqeTOM pacnpe.QeneHHli npHBe

.QeHHbiX HeilTpOHHbiX WHpHH H paCCTOHHHli Me>K.QY ypOBHHMH H OTBe'ISIOT HH-

Tepeany, B KOTOpOM 3SKniO'ieHO 3HS'ieHHe s 0 C BepOSITHOCTbiO 0,683 /18/ 

Bhi'!HcneHHhie 3Ha'!eHHH S 0 H30Tonos Se cornacyiOTCH c .QaHHhiMH 

.QnH COCe.QHHX H.Qep / 1 / H TeOpeTH'ieCKHM paC'!eTOM /19/ (pHc,3), 

nnSI He'!eTHOPO H30TOna Se- 77 Hali.QeHHbie HSMH 3Ha'ieHHH CUHHOB 

CHnbHbiX ypOBHell .QSIOT B03MO>KHOCTb npoaHanH3HpOBSTb BOnpOC 0 CUHHOBOil 

3SBHCHMOCTH CHnOBOil ljJyHKUHH B 6onee WHpOKOM HHTepeane 1 '!eM B pa6oTJ2~ 

B HHTepeane .QO 4 KSB Mbl HMeeM: 

(I ro 
) J .. 1 = 440 MSB, 

15 nl 

(I 0 
r .. 1 ) ' = o = 580 MSB, 

s 

(I r o ) = 18 MSB, 
17 

g 1>1 ( OCTanbHbie) 

O'ieBH.QHo, 'ITO cnoco6 paa.QeneHHH no cnHHOBbiM CHCTeMaM "ocTanbHbiX" ypoe

Hell, M.HOPHe H3 KOTOpb!X HBnHIOTCSI p -BOnHbBbiMH, He MO>KeT CyiUeCTBeH-

HO noSnHSITb Ha senH'IHHY CHnOBOli ljJyHKUHH H CKS3biBaeTCH TOnbKO npH pac-

qere QWH6KH SO , B TaOnHUe 4 npHBe.QeHbl 3HS'ieHHSI S0 H HX OWH6KH, 

pacc'!HTaHHhie B cnyqae J ~ 1 .QnH 20 ypOBHell H 7 ypOBHeil .QnH J ,. 0 • 

TaKHM o6paaoM, aHa'!eHHH cnnOBhiX ljJyHKUHil, Hali.QeHHhie anH o6oHx cnyqa

ee B sHepreT.H'iecKoM HHTepeane ao 4 Kse, T,e, 6onee '!eM s .~:~sa paaa npe

BhiWaiOweM HCCne.QOBBHHblil paHee, He nO.QTBep>K.QaiOT CnHHOBOil 38BHCHMOCTH 

cnnoeoil ljJyHKUHII .QnH Se- 77 /2/, 

10 

.-. 

I 
~~ 

1 

Cpe.QHHe paccTOHHHH Me>K.QY ypos·HIIMH D , npHBe.QeHHbll 

4, Hali.QeHW H3 PHCTOrpaMM HapaCTSHHH 'IHCna ypOBHell B 3SBHC 

sHeprHH, 3KcnepHMeHTanbHhie aHa'!eHHH D noasonHIOT Bhi'IHI 

MeTp a nnOTHOCTH O.QHO'ISCTH'!Hb!X COCTOHHHli B6nH3H UOBepXH 

BXO.QHIUHli B ljJopMyny BeTe .QnH nnOTHOCTH ypOBHell COCTSBHOPO 

PHH B036yJK.QeHHH U 

P (a) • I 

r.Qe 

2 J + 1 
ex p I 2v'-;;-

24v2 al/4 a a/4 a. 

6 I -
a·l • --<II >v 8U • ,.• 

J(J+l)l 

2 a 1 

no HOBbiM yTO'IHeH.HbiM ,ASHHbiM1 cornacHO pa6oTe /20~ Mbl npH 

<m 2 >• 0,24 A a/s 

( KOSijlljJHUHeHT 0,24 BMeCTO npe>KHero 0,146); B paMKBX MO.QenH 

MbiX 'ISCTHU C y'ieTOM BnHIIHHH o6onoqeK .QnH napaMeTpa a 

ljJopMyna /21/. 

a•a2(lz+lN+1) 'A,US, 

6: 

P,Qe J z H j N - cpe.QHHe MOM9HTbl npOTOHOB H HeliTpOHOB ,QI 

B6nH3H SHeprHH 4>epMH 1 a = 0,0374 - KOHCTSHT8 1 nonyqaeMSl 

MeHTa, He.~:~asHee nccne,~:~oeaHHe 1221 noKaaano, 'ITO scne.QCTBHE 

npoTOHHOll H HeliTpOHHOil o6onoqe'!HbiX CTPYKTYP B03HHKaeT en' 

aaBHCHMOCTb napaMeTpa a B (7) OT N - Z , 3ToT sljJijJeKT 11. 

OUHCSH cne.QyiOIUeil nonysMUHpH'i9CKOli ljJopMynoll /22/: 

11 



OB Se -76,-77,-78 rrony'!eHhi 3Ha'!eHII.11 1,6,10-4, 1,5,10:"'4 11 

aeTCTBeHHo, 3TH oueHKII rroaTaep)f(aaroT peayMHOCTb KPI!Tep11.11, 

.11 paaaeneHI!.Il s- 11 p -aonHoahrx ypoaHeJ!, 

so Bbl'Il!Cn.llnl!Cb KBK I ro, I/';. E. Bbr6op IIHTep-
1 ll 

IIpOIIYCKI! ypoBHeJ! He Bnl!.lllOT HB 3HB'IeHI!e S 
1 

ocy-
. 0 

no ri!CTorpaMMBM HapaCT8HII.11 I r 0
, B 38BIICIIMOCTI! OT 3Hep-

l ll 

cHnoahrx tPYHKUI!ll Bhi'!IIcneHhr c y'leToM pacrrpeaeneHHJ! rrpHae

hiX illllpi!H II paCCTO.IlHI!J! Me)f(ay YPOBH.11MII II OTBe'IBIOT IIH-

s 0 C BepO.IlTHOCTbiO 0,683 /18/ 

3HB'IeHII.11 So 1130TOIIOB Se cornacyroTC.Il C aaHHblMII 

11/ 11 TeopeTH'IeCKI!M pac'!eToM /19/ (pac,3), 

Se- 77 HaJ!aeHHhre HBMII 3HB'IeHH.11 CIIIIHOB 

J! aaroT B03MO)f(H0CTb IIpOaHanH31!pOB8Tb BOIIpOC 0 CIIIIHOBOJ! 

tPYHKUIIII B 6onee illl!pOKOM IIHTepaane, '!eM B pa6oTef2~ 
e ao 4 K3B Mbl IIMeeM: 

o: 
IS 

(I 

(I 
17 

g r o ) 
nl 

ro 
Ill ) J 

"' I 440 M3B, 

0 r,. 1 ) J ., O "' 580 M3B, 

( OCTBnbHb!e)"' 18 M3B, 

paaaeneHI!.Il ITO CIIIIHOBb!M CIICTeMaM "OCTBnbHblX" ypoa

' KOTOPhiX .11Bn.l1roTc.l1 p -sonHOBbiMII, He MO)f(eT cywecTaeH-

aenii'!IIHy CllnoaoJ! tPYHKUIIII II CK83biB8eTC.I1 TOnbKO IIpll pac-

J = 1 
IIPIIaeaeHb! 3H8'!eHII.11 S

0 
II IIX OIIJH6K11

1 

an.11 20 YPOBHeJ! II 7 YPOBHeJ! an.11 } • 0 • 

, 3HB'leHII.11 Cllnoahrx tPYHKUIIJ!, HaJ!aeHHhre an.11 o6o11x cny'la

ecKoM IIHTepsane ao 4 Kaa, T,e, 6onee '!eM a t:taa paaa rrpe

oaaHHhrll paHee, He IIOATB8plKA810T CIIIIHOBOli 38BIICHMOCTII 

Se-77 121, 

, 

CpeaHHe paccTO.IlHH.Il MelKay ypoa·H.11MH D , npllaet:teHHbre B Ta6n11ue 

4, HaJ!aeHbl 113 riiCTOrpaMM HapaCT8HII.11 'IHCna ypOBHell B 38BHCHMOCTH OT 

3HeprHH, 3r<cnepHMeHTanbHhre ana'!eHH.Il D 
II03BOn.I1IOT Bbl'IHCnHTb napa-

MeTp 8 IInOTHOCTH OaHO'I8CTH'!Hb!X COCTO.IlHHJ! a6nH3H IIOBepXHOCTH <l>epMH
1 

BXOa.lliiJHll B tjJopMyny BeTe an.11 IInOTHOCTH ypOBHeJ! COCT8BHOro .11Apa IIpH 3llep

rHH Boa6ylKaeHH.11 a 

rae 

P (a) • I 
J 

2 J + 1 

24v2 al/4 u a/4 o• ex P I 2v-;g _ J 0 + 1 >I 
2 o 1 

6 2 -17.a•--<m >vau. 
,a 

no HOBblM YTO'IHeHHb!M ,A8HHhlM1 cornaCHO pa6oTe /20~ Mbl IIpHHHMBeM: 

<Ill 2 >• 0,24 A U3 

(6) 

(6a) 

(66) 

( K03tPtPIIUHeHT 0,24 BMeCTO IIpelKHero 0,146); 8 paMKaX MOAenll He38BHCH-

Mb!X '18CTHU C y'leTOM BnH.I1HH.11 o6ono'!eK An.ll rrapaMeTpa 8 

tjJopMyna 1211· 

••a2(Jz+JN+l) !At~"~, 

6hrna nony'leHa 

(7) 

rae j z H j N - CpeAHIIe MOMeHTbl IIpOTOHOB II HeJ!TpOHOB an.11 COCTO.IlHHll 

a6nH3H 3HeprHH <l>epMH 1 a = 0,0374 - KOHCTaHTa, rrony'!aeMa.ll 11a 3Kcnepri-

MeHTa, HeAaanee accneaoaaHHe 122/ rroKaaano, 'ITO acneacTaHe HanolKeHH.Il 

IIPOTOHHOJ! H HeliTpOHHOll 060nO'I8'1Hb!X CTpyKTyp B03HHKaeT crreuHtjJH'!eCK8.11 

38BHCHMOCTb rrapaMeTpa a B (7) OT N - Z , 3TOT atjJ«jleKT MOlKeT 6b!Tb 

OIIIICaH cneayromell rronyaMrrHpH'IeCKoll tjJopMynoll /22/: 
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a•a -{3 sill!~ 
0 20 

Ao 
A (1-y 2) ( N- z ) 

----------1~·1~ l 
A-A 0 20 A-A 2 

[l+y-] [l+y A] 
2 2 

rne a 0 - 0,038, {3 = 0,0125, A 0 80, 

6,7.10 nns 
y• 

{ 

-3 
A> 80, 

A< 80. 0 nns 

(8) 

H3 pacyHKa 4, rne rpa~H'leCKH npencTasneHa 38BHCHMOCTb (8), BHJ:IHO, 'ITO 

npH H3MeHeHHH N - Z Ha nsa pa3nH'!He 3Ha'leHHli napaMeTpa a MOJKeT no

CTaraTb 5t-7%, To'IHOCTb aKcnepHMeHTanbHbiX 3Ha'!eHHli a B HaCToswee spe

MH TOI'O JKe nopHJ:IKa, n03TOMY Ka'leCTBeHHO 3~~KT nerqe 06HapylKHTb no 

H3MeHeHHIO 3HaKa paccnoeHHH a B 3aBHCHMOCTH OT N- Z. 

I lis 
Ha pHc,5 npencTasneHbi aKcnepHMeHTanbHbie 3Ha'!eHHH a A , B3H-

Tbie H3 pa6oT I 1,201 H naHHOli pa6oTbi (3Ha'!eHHH a H3 111 nepec'!HTaHbi 

cornacHo (66)). BHnHo, 'ITO aKcnepHMeHTanbHbie TO'IKH o6HapyJKHBaiOT pac

cnoeHHe npH A < 60 H TeHJ:IeHUHIO K H3MeHeHHIO 3H8Ka 38BHCHMOCTH a OT 

N- Z npH A> 60, 

CpenHHe nonHbre panaauHOHHbie mHpHHbi qeTHbiX H30Tonos ceneHa cos

nanaiOT MeJKJ:IY C060li (eM, Ta6nHUy 4) H COOTBeTCTBYIOT 06WeMy ypOBHIO 3Ha

'leHHli r y , nony'leHHOMY nnH 3TOli o6naCTH MaCCOBb!X 'IHCen B nocnen

HHX pa6oTax 111• CnaHosoli 3aBHCHMOCTH panHaUHOHHoif wapHHbi y Se -77 

He o6HapyJKeHO, 06pamaeT Ha ce6g BHHMaHHe TOT ~aKT, 'ITO f y y Se -77 

3aMeTHO npeBOCXOJ:IHT 3Ha'!eHHH r y COCe}:IHHX Hll~p. 
B 3aKmoqeHHe Mbi C'IHTaeM CBOHM npHRTHbiM nonroM no6naronapHTb 

B.C.3onoTapesa H era coTpyliHHKOB 3a mo6e3Hoe npenocTasneHne H3oTonoa, 

H.H.WenoHuesa, H. IO.WupaKosy, II. C. He~enbesy u A.n.neMH'lesa 3a no

MOWb npa o6pa6oTKe naHHbiX Ha 38M. B o6cyJKneHHH sonpoca o paccnoeHnH 

a B 38BIICHMOCTH OT N - z CTI!MynnpyiOWHM 6bmo yqacTHe !A.B.Manbrmesa~ 
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f1 

Ao 
A (1-y T) ( N- z ) 

---Ieos(..!!... 
A-A 0 20 

[l+y--] [l+y 
2 

A -A ~12 
2 

{8) 

{J = 0,0125, A 0= 80, 

{ -3 80, 6,7,10 AITH A> 
y• 

0 JWH A< 80. 

rpa~HqeCKH npeACTasneHa 3aBHCHMOCTb {8), BHAH0
0 

qTO 

aaa paanHqHe aHaqeHHli napaMeTpa a Mo*eT ao-

3KcnepHMeHTarrbHbrX 3HaqeHHJi a B HaCTOSI!Ilee Bpe

' IT03TOMy KaqeCTBSHHO 3~~KT nerqe 06Hapy)I{HTb no 

B 3aBHCHMOCTH OT N - z . 
I 2/s •neucTasneHbi 3KCnepHMSHTarrbHbie 3HaqeHHll a A , B3H-

aaHHoli pa6oTbi {aHaqeHHH a H3 /I 1 rrepecqHTaHbi 

06Hapy)I{HBaiDT pac-

H TSHASHUHID K H3MSHSHHID 3HaKa 38BHCHMOCTH a OT 

paAHaUHOHHblS lllHpHHbl qeTHbiX H30TOITOB ceneHa COB

{CM, Ta6ITHUy 4) H COOTBSTCTByiDT 06!IleMy ypOBHID 3Ha-

HHOMy AITSl 3TOJi 06naCTH MBCCOBbiX "lHCen B ITOCITSA

WHpHHbl y Se - 77 

aeT Ha ce6SI BHHM8HH8 TOT ~8KT0 qTo f y y Sa -77 

f y COCSAHHX llAep, 

CBOHM rrpHilTHbiM AonroM rro6naroaapHTb 

ero COTpyAHHKOB 3a IT!0683HOe npeAOCTaBneHI!S 1!30TOITOB
0 

11. C. He~enbesy a A.n. LleMuqesa aa rro-

Ha 3BM. B o6cy*ASHHI! sonpoca o paccnoemm 

CTnMynupyrownM 6hrno yqacTue /A.B.ManbrwesaJ 
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" TaClJIH~a I 

XspaKTepHCTHKH HCnOHD80B8BmHXCH oClpaa~oB ceneaa. 

OcHOBHOii H30Ton Se-71t • Se-76 Se-11 Se-18 Se-80 .Se-82 

tORHNH B6C O~paa~a 
no aneueHTY , r. 5,00 24,86 !7,56 56,43 67,!3 24,37 

Co~epaaHHe OCHOBHOrO 
H30TOna, % 40,9 75,2 68,2 87,8 94,3 7!,4 

c;; 
Ton~Ha B HBMepeHHHX 

0,00235 0,00396 0,00250 0,0!02 0,0!27 npOnY.CKBHHH, H~oHBO-
Tona7Clapa 0,0!36 

Ton~Ha B mauepeHHHX 
(n,y), 0,000446 0,00396 0,00250 0,00286 0,00608 0,00342 ern T"o::tnrnnno /rl!:lnu 



). 

-
--

Ta6JIHua I 

XapaKTepMCTHKH HCITOX&80B8BmHXCH o6paauo:s ceneaa. 

Ocao:saoii HaoTon Se-71t • Se-16 Se-11 Se-18 

J!OJIHJ:dl :sec o~paaua 
(no aneueHTY , r. 5,00 24,86 17,56 56,43 

COAepaaHHe OCHOBHOro 
H30TOITB, % 40,9 75,2 68,2 87,8 

c;; § 

TOJI~Ha B HSuepeHHHX 
0,00235 0,003% 0,00250 0,0102 ITpOITY.CKBHBH, HA.HSO-

Torra76apa 0,0136 

TOJI~Ha B HSM8peHHHX 
(n, r)' 0,000446 0,00396 0,00250 0,00286 HA.HSOTOITa/6apH 

• 

Se-80 

67,!3 

94,3 

0,0!27 

0,00608 

01 

""' -.... 
10 
01 

$ 

.Se-82 

24,37 

7!,4 

0,00342 



Ta6JIH~8 2 

ilapaueTpH He~TpoHHHX pe30H8HCOB H30TOUOB ceneaa I Se-77 II2 0,00!3 0,0002 
15!,6 I,O o,ooor~ 0,00006 

£. 4E. 117r A9f"n rr 4/j 
S~po- l !?6,4 I,O 0,0003~ O,OOOI 
uumea:& 3B 8B 3B 3B 8B 3B 212 0,8 0 0,380 0,02 0,380 

Se-74 z?,I O,I O,I? 0,025 0,280 0,080 29I 0,8 0,0093 0,0009 

2?1~5 I,O 4,?5 0,18 0,300 0,045 34I,5 I,O 0,065 O,OI2 

!029 3,6 2,3? 0,38 0,300 0,045 369 0,8 O,OOI2il 0,0006 

I386 6,0 !,22 0,09 0,320 0,048 443 I,O 0,004~ 0,000? 

!630 ?,0 O,I4il 0,04 
483 1,2 0,0083 0,0012 

!?46 8,0 9,86 0,60 0,2?0 0,054 51? I,3 o,oozsil 0,0005 

2303 24,0 !,61 0,44 0,280 0,050 552 1,4 0,004~ 0,0007 

?216 68,0 20,64 3,90 692 2,0 0 0,60 0,03 0,330 
864 2,8 0,46 0,08 

s.-76 3?8 0,8 0,336 0,020 0,220 0,033 9?0 3,3 (I) 0,095 0,030 

864 2,8 3,31 0,24 0,220 0,033 997 3,5 0 2,20 0,40 0,450 

920 3,2 0,040-K 0,008 I090 4,0 0,0?5 0,025 

!2!0 4,6 0,02~ o,oos 12?1 8,0 I 0,86 0,08 0,460 

I355 IO 0,02~ 0,004 1300 5 0,00?6« 0,003 

!480 !2 o,orG?£ 0,004 1333 5 0,009il 0,003 

!646 7,4 o,oo8M 0,004 
1402 6 O,IO 0,03 

2!20 !3 O,IO? 0,0!5 1466 6 0,0!4 0,005 

2575 14 14,24 0,85 0,230 0,046 I49I 6 0 0,240 0,035 0,350 

3!'70 20 0,049il 0,010 1530 ? o,oo58• 0,001 

3363 2! 14,0 0,9 0,250 0,050 1687 8 I 0,52 O,IO 0,520 

3940 27 01,220 0,050 I795 8 O,IO 0,05 

4313 31 4,0 2,0 ( 0,210 0,050 1860 r:~·· 0,024 0,007 

5020 39 (0,5 
1880 9 o,o.Itl 0,004 

538? 48 38,5 8,4 
2040 IO 0,25 O,IO 

643? 5? 18,0 2,0 
2.267 I2 I I,I5 0,24 0,390 

?I48 66 22,8 3,5 
2.32I 12 I 3,5 I,O 0,350 

8480 129 2,? 1,3 
2540 28 I 2,5 0,5 0,340 

10210 II3 20,8 4,? 
2664 23 I 0,86 0,22 0,390 

II320 200 2,3 1,5 
3034 27 I 0,60 0,20 0,600 

1328I 251 25,2 9,1 
3I97 20 I 2,2 0,3 0,440 

3342 2I 0 I,20 0,25 0,360 

3554 23 I 1,85 0,30 0,380 

3919 40 I 2,0 0,4 0,390 

17 -
16 

~ 

• 



Tac5JIHI.t8 2 

paueTpH H8MTpoHHHX pe30H8HCOB H30TOUOB C6n8HS - Se-77 II2 0,0013 0,0002 
ll9r, I 

I5I,6 I,O 0,000!~ 0,00006 'J il7c rr 4/j- 176,4 1,0 0,0003~ O,OOOI aB 3B SB SB 
212 0,8 0 0,380 0,02 0,380 0,060 0 117 0,025 0,280 0,080 291 0,8 0,0093 0,0009 

4,?5 O,I8 0,300 0,045 341,5 I,O 0,065 0,012 
2,37 0,38 0,300 0,045 369 0,8 0,0012ie 0,0006 
1,22 0,09 0,320 0,048 443 I,O 0,004~ 0,0007 
O,I4i!: 0,04 483 1,2 0,0083 0,00!2 
9,86 0,60 0,270 0,054 517 1,3 o,ooe 0,0005 
1,61 0,44 0,280 0,050 552 !,4 0,004~ 0,0007 
20,64 3,90 692 2,0 0 0,60 0,03 0,330 0,050 

864 2,8 0,46 0,08 
0,336 0,020 0,220 0,033 970 1,3 (I) 0,095 0,030 
3,31 0,24 0,220 0,033 997 3,5 0 2,20 0,40 0,450 0,080 0,040* 0,008 1090 4,0 0,075 0,025 
0,02'f£ 0,005 I27I 8,0 I 0,86 0,08 0 •'~60 0,080 0,023* 0,004 !300 5 0,0076* 0,003 
o,orG?£ 0,004 !333 5 0,009i( 0,003 
0,008~ 0,004 1402 6 o,ro 0,03 
0,!07 0,015 1466 6. 0,014 0,005 
14,2'+ 0,85 0,230 0,046 1491 6 0 0,240 0,035 0,350 0,100 0,049i( O,OIO 1530 7 o,0058i( O,OOI 
14,0 0,9 0,250 0,050 1687 8 I 0,52 O,IO 0,520 0,!50 ai,220 0,050 1795 8 O,IO 0,05 
4,0 2,0 0,2!0 0,050 1860 9 0,024 0,001 

<0,5 1880 9 o,o~ 0,004 
38,5 8,4 2040 IO 0,25 O,IO 
18,0 2,0 2267 12 I I,IS 0,24 0,390 0,060 
22,8 3,5 232I I2 I 3,5 I,O 0,350 0,050 
2,7 !,3 2540 28 I 2,5 o,s 0,340 0,050 
20,8 4,7 2664 23 I 0,86 0,22 0,390 0,060 
2,3 1,5 3034 27 I 0,60 0,20 0,600 0,250 

25,2 9,! 3197 20 I 2,2 0,3 0,440 0,080 
3342 2I 0 1,20 0,25 0,360 0,050 
3554 23 I 1,85 0,30 0,380 0,060 
39I9 40 I 2,0 0,4 0,390 0,060 

16 .. ~ 17 



Se-ll 384 0,8 0,33 0,03 0,180 0,030 
850 4 o,o22• 0,004 
1350 8 0,0~ 0,005 
2027 15 o,15o• 0,030 
2397 20 o,~ 0.,025 
322? 20 12,3 0,7· 0,260 0,055 
3852 40 0,36 0,18 
4626 35 0,39 0,17 
5673 47 1,8 I,O 0,230 0,050 
6171 54 64,4 3,0 Ta6mtU8 3 

6857 63 3,5 1,8 0,220 0,050 
9250 98 39,0 6,0 
II060 129 80,0 6,0 
19100 292 23,0 8,0 
20150 316 17,0 5,0 

£, 11Jm l=O llmll=1 

3B r; A/j 'i- A/i JlaBBSB 
8B 8B 8B 8B paCSM8 

Se-30 1470 10 0,05~ 0,013 
1970 19 55 4 
4270 31 59 I3 
4720 36 4,8 2,4 
5100 liO 74 19 
5240 43 <O,~ 
5660 46 7 4 
6120 52 <. o, rfS-
8150 80 <.o,rJS-
12632 !56 26 8 
20300 320 123 23 

23122 390 48 I5 

0,250 0,100 

0,210 0,055 

212 0,380 0,060 0,200 0,030 0 
692 0,330 0,050 0,160 0,025 0 
997 0,450 0,080 0,220 0,044 0 
1271 1,080 0,170 0,460 0,080 I 

1491 0,350 0,100 0,120 0,040 0 

1687 1,360 0,300 0,520 0,150 I 

2267 0,960 0,210 0,390 0,060 I 
2321 0,850 0,120 0,350 0,050 I 

2540 0,800 n,IIO 0,340 0,050 I 

2664 1,040 0,150 0,390 0,060 I 

3034 1,700 0,700 0,600 0,250 I 

3197 1,150 0,150 0,440 O,CEO I 

3342 0,360 0,050 0,130 O,OlO 0 
3554 0,960 0,200 0,380 0,060 I 

3919 1,150 0,150 0,390 0,060 I 

~ 18 
18 

t ~. .. . 



384 0,8 0,33 0,03 0,180 0,030 

850 4 o,ozz• O,oCJ4 
1350 8 0,026" 0,005 
2.02.7 IS o,rso• 0,030 
2397 20 o,w 0.,025 

20 12,3 0,7· 0,260 0,055 
40 0,36 O,IB 
35 0,39 0,17 
47 I,S I,O 0,230 0,050 
54 64,4 3,0 Ta6JIBU8 3 
63 3,5 1,8 0,220 0,050 
98 39,0 6,0 
129 80,0 6,0 
292 23,0 8,0 
316 17,0 5,0 

£ .. ll.u l=O 1Lmt 1=1 ? 
3B r, A/j fj A/i JlaBBaa J{auuwe 

8ll Bll BB 8B pacscm~ •n_r(jorm 

10 o,oso" 0,013 
I9 55 4 
31 59 I3 
36 4,8 2,4 
40 74 19 
43 < o,(-« 
46 ? 4 
52 <. o, rf« 
80 <O,f.ll-
156 26 8 
320 123 23 

212 0,380 0,060 0,200 0,030 0 0 

692 0,530 0,050 0,160 0,025 0 0 

997 0,450 0,080 0,220 0,044 0 0 

12'71 1,080 0,170 0,460 0,080 I I 
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