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Ha uellTpoRROM cneKTpoMeTpe Jla6opaToplm ueiiTpoHuoll <jlu3HKH 06wnuueuuoro RHCTH-
/1/ /2/ 

TyTa RnepRbiX uccnenoaauull , AellcTBYlOIIleM ua 6aae peaKTopa HBP , 6binH npoaeneHbi 

H3M6p6HHR KpHBbiX nponyCK8HHR H KpHBbiX BbiXOna 38XB8THbiX raMMa-nyqel! nnR H9CKOnbKHX 

o6p83IlOB H3 6CT9CTB6HHOro RTT9p6HR H H3 HTTep6UR, o6orameuuoro paanH'tBbiMR R30TOil8MH. 

KpRBbie nponycKaRHR aaMepRnRcb c noMOIIlblO JKHAKOCTBoro A&T&KTopa c MeTun6opaTo~~/ 
HM6l011lero noneauylO nnomanb 500 cM

2 
u a<jl<jleKTHBHOCTb K ueiiTpoHaM sueprnu 100 s s oKono 

50%. Kp&Bbie BhiXona aaxaaTROro ·y -uanyqeuuR RaMepsmRCb c noMolllbJO nayx cnR:tTunnR-

IlROBRbiX c'teTQHB;OB c KpRCTannaMu Nal (TI) paaMepoM 100 x 100 MM. C't&T'tHKR pac nonara-

nRCb B ny'tK9 H911TpoHOB B 3811lHT9 H3 CBHHil8 H napa<jlHH8 C 6opOM, OT p8CC9RHRbiX o 6p831l0M 

uei!Tpouoa KpucTannbi sKpauupoaanucb TaKJKe napa<jleuoM c 60 poM. 0TM6THM, 'ITO suepreTH­

qecKoe paapeweaue c'teT'tHKOB cocTaBnRno npRMepao I 0% ua nHHHH ·y - nyqell Zn 135• 

HMnynbcbi co cqeT'tHKOB cyMMRpoaanecb, nopor perRCTpanee 

neB 000 K9B, 

·y nyqell 6bin ycTauoa-

HaMepeRHR nponycK&RRR 6bmR Bbinonue&bl B naanaaoue oT 6 no 150 sa c wecTblO o6-

paanaMa aa ecTeCTBeHBoro HTTep6uR B <jlopMe Yb 2 0 3 • Tonmuua o6paanos 6bma 
22 21 21 21 21 20 2 

2,64.1 0 j 9,91,10 i 4,81.10 j 2,12,10 j I, 13,10 R 5,93.10 Slllep RTTep6HR H8 CM 

nnomana o6paana, MeTonaKa aaMepeaall a Bbl'tHcneuaR KpnsoA nponycKaBRR (c owu6KaMa) aa 

aneKTpoHRO-Bbl'tRCnRTenbuoll Mawuae AOCT&TO'tHO no11po6ao onucaHbi B pat5oTe
141

• CTaTHCTH­

't&CKRe owut5KR nponycKaRuR nnR pa3BbiX o6paanos cocTaBnRIOT 1,5- 2,5%. HaMepenuR Kpu-

Bb!X BbiXOAa aaxaaTnoro ·y -uanyqeRRR 6blnu npoaeAeHbl B ot5nacTR oT 3 no I 50 sa c 

ot5p831lOM R3 9CT9CTB9HBOrO HTT&pt5RR TOnmHHOII 2,38,10
21 

Rnep/cM
2 

R C ot5p&31l8MR R3 830-

TOnoB YbiTl Ybtu ' YbiTa Yb IH ' YbtTI 1'1 BHAO Yb 2 0 3.4>opMbl AnR ot5pa31lOB t5binR 

aaroTOaneabl a BRA& nacKoB AR&MeTpoM 30 MM, Hx xapaKTepRCTRKH npaaeAeHbl a Ta6nane I. 

HaoTOnos Yb 
183 

a Yb 
110 

ae RMenocb B KonuqecTse, nocTaTo'IROM nnR uaroToaneuuR o6-

p83IlOB, ll09TOMY H3M6peRRII C HHMH He npoBOAHnOCb. 

HaMepeauu c B30Tonaua noasonuna npoaaaecTu aaoTonuqecKylO aneuTa<jlaKanHlO 40 aa 

42 ot5aapyJKOH1!biX p930H8HCOB, H 9TO, B CBOlO O't6p9J1b, J18nO B03MOJKHOCTb anepBb16 onp8A9-

nBTb napaMeTpbi cooTBeTcTBYIOIIlRX ypoauell aaoTonoa RTTept5uR, HaoTonuqecKaH npuuaAneJK­

HOCTb peaouaacoa onpenenHnacb B nonaanRlOIIleM t5onbwRHCTBe cnyqaea no uanH'tHlO peao-

H8HC8 H8 KpHBOII Bb!XOJ18 38XB8THbiX y -nyqel! AnR J18HHOro H30TOna npu .OAHOBpeMeHHOM 

OTCYTCTBHH SToro peaoaaaca aa KpHBblJ< AnR Apyrux »aoTOnoa, B Ka'lecTae npuMepa ua 

puc, I npuae11eu yqacTOK KPHBbiX BbiXoAa 

H3 eCTeCTBeRROro Yb , R3 
171 

Yb 

·y -nyqe JI OT 38XB8T8 He iiTpoHOB nnH Ot5p831l0B 

H H3 Yb 
173 

• 
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B aaepreTH'I&Citol! o6nacTH OT 3 no 150 as Yb IT 
1 

BpHIIJICaHO 22 peaoaauca, Yb 118 

IT2 IH ITe 
18 peaoaaacos, Yb - OAHB pesoaanc; peaouaacos, npHB&AneliCilliiB:X Yb 8 Yb 

ue o6uapylKeno. Tpa pesouauca (npa 22,8; 40,3 R 73,2 as) ue MoryT 6h1Tb npana:ca&hl ua 

onnoMy aa B30Tonos Yb IT 
1 

, Yb 
1
T

2 
, Yb ITa , Yb 

114 
a: Yb 1

" • 3TH peao-

uanc&l A8nH qeTitB8 DB:ItB B8 !tpHBOJ! ShiXOA8 38XB8TBblX •)' ..nyt~eJ! Arut 8CT8CTB8BBOrQ HT-

Tept5BH, llsa B3 BBX (40,3 H 73,2 as) A&nB B& ltpB:BblX nponyCit8BB:B (eCT8CTS8BBblft BTTept5aft') 

IIpQBan&l t5onee rnyt5oxae, '18M MHOrRe aneuTa<l>a:n•posaaable pe30aaBcbl, Onuaxo • STH naa 

p830H8BC8 1 H 6onee cna6&dl p830H8BC BpB: 22,8 3B 8AS8 B&MeTBnBCb B8 ltpBBblX 38XRaTBhiX 

'Y -nyqeft nnB Yb ITJ a Yb ITa • cosceM ae saMeTBbl ua xpBBbiX nnB npyrax B30To-

nos, c ltOTOpblMB senacJ. B3MepeunB, B TO lKe speMSJ STB pe30aancbl ue MoryT 6blTb npRDBca­

BbiBbi lt81tBM-nBt5o BpBMeCSJM, T&lt lt&lt y SC8X DpBM8Caft, B03MOlltllblX 8 RCDOnb30BaBBblX o6-

p83A8X ecTeCTB8BBOrQ BTTept5BB B BM8KUDBX pe30B8BCbl St511J13R TpeX YJt83aHBblX SBepr~ft, 

ecTb rop83AO t5onee CBnbBbl8 p830H8HCbl DpR ApyrRX aneprBHX R STB t5onee CBnbBble pe30-

BaBCbl ae npoRSRDBCb a aamax B3MepeBBBX, Tpa yxaaanable peaeuauca cnenyeT, o'!aBRABO, 

DpHDHC8Tb B30TOD8M 
ITO 

npRBannelKBT Yb 

118 ITO 
Yb R Yb , npR STOM pe30H8BC 40,3 SS1 CltOpee SC8ro, 

, B nonb3y STOre aaxnD'I8BRR rosopa:T cnenyDroee, Pesouauc 

40,3 as Xopomo BRAeB Ba ·)' -ny'laX 0'1" o6pasna eCT8CTB8BBOrO B:TT8pi5RR1 3Ba'IRTenbHO 

cnat5ee npa H3MepeBBBX c o6pasnoM Yb ITt R no'ITB ue saMeTeB npa B3MepeBRBX c ot5-

paanoM Yb
1
Ta , 3To Koppena:pyeT C B3M8B8BR8M COA8pliUL!IRR Yb ITO S AaRBhiX ot5-

IIS 
pa3uax ( 3%, 015% B 011% COOTSeTCTBeBBO), ConeplK8BRe Yb BO BC8X Tp8X ot5pa3A8X 

npaMepHO OARBaltOBO (0,1%), B DpeADOnOlK8BRB, 'ITO pe30BaBC 40,3 SB BpBB&An8lKBT Yb ITO> 

nonyqea&I era napaMeTpbl M8TOAOM nnomanel! no xpRSblM nponycxauaa: nnR 5 TOnlllRB ot5pa3-

uoa. 

Onpe1reneuae napaMeTpos pesouaacoa ua ocuoae R30TonR'Iecxoa RneBTa<!>axanaa pe3o­

uaacoa npoH3BOABnocb paanH'IHbiMB cnoco6aMB, B Tex cnyqaax, xorna pe3oaaac&I 6blnB noc-

TaTo'!ao c&n&Bbl a Morna 6b1Tb xopowo OTneneB&I oT cocenuax pesoaaacoa, o6bi'IHbiM MeTa-

noM nnomanen onpenenSJnBcb anaqeuaSJ gf n B r pe3oaaaca. Kax npaBnno, no KPH­

BbiM nponycxaaaR Bbi'IRCDSJnacb ue nonnag nnom&Ab pe3onaaca, a ee '!aCTb 6e3 yqe.Ta •Kpbtnb-
2 

!J.A -~ (_!_ + _!_ ) 
4 •• • 2 

nonpaBita Ba Kphlnbll BBOAHnaCb DO <i>opMyne ea". , r.ae l
1 

u rpaBR'IBbiX auepraa, MelKAy KOTO-eCTb MOnynB pa3BOCT8ft pe30HaBCHOJ! aueprHR • 2 
H 

pb!MR nonC'IHTbi&anacb nnomanb. npa STOM RCDOnb30BaDCIJ MeTOA nocnenoBaTenbHbiX npa6na-

lKeuan, 6naronapa '18MY nocTaranacb ueot5xoARMaSJ TO'IHOCTb, HaxolKAeBae napaMeTpoB pe3o­

uaucoa no naaHbiM o nnomaASJX pesoaaacablx nposanoa nn11 o6pa3noa pa3HbiX TOnmau aenocb 

ua snexTpoBHO-Bbi'IRCnRTenbBOJ! M8WRHe MeTOAOM HaHMeBbWBX KsaApaTOB C RCnODb30SaBB:eM 

TeopeTB'IeCitBX BblpalK8BBJ!1 Be y'IBTb!Ba!OIIlBX BBTep<j>epeBAHH MelKAy noTeBABanbHbiM B peso-
/5/ 

H8HCBbiM pacceBBB8M B MelKAy COCeABBMH pe30B8HCaMR, nporpaMM8 pacqeTOB npenyc-

MaTpBsana BbiAa'ly 3Ba'I8BBJ! f B gfn , a T8KlK8 COOTB8TCTBYIOIIlBX CpenaexsanpaTB'I-

HblX norpewaocTel! u(f) B u(gfn) B 3Ba'!eBBa 
2 

X • Owa6xa, np&senea·Bbie B 

CBOAKe napaMeTpoB p830H8HCOB (Tai5nHUa 2), 

ua&MenbwBx xsanpaTos ua <j>axTOp v y 2 

m -2 
4 

yBeDH'IeBbl cornaCBO Tpe6oBaHBSM MeTana 

, rJle m - qucno o6paaaoa. 

0nacaHHblM BbiWe MeTOAOM OnpeneneHbl DapaMeTphl p830HaHCOB 13, 
IT 1 17 3 

00,4 as Yb B p830Baacos 17,8; 31,6; 46,5; 59,0 B 86,7 as Yb 

pe3QBaHCOB gfn << f , n03TOMy npennonolKeBBe g c ~ o6ecneqa· 

TO'IHOCTb OUpeneneBBSI f ,y Ua OCHOB8 COOTHOWeBJ!g f .y • f - 2gfn • 

naanROHHbiX wapau no nepeqacneuu&IM Bblme peaoaaucaM npaseno It auaqo 
- - IT! ITa 
f .y • 84~ 11 MSS R fi • 77~7 MSB nnB Yb H Yb COOTBe'!' 

qeBRIJ 6blnH · RCnODb30RaHbl n03lKe ADIJ HOpMHpoB!tB OTC'ieTOB neTeKTopa :3 

nyqel!, 

B Tex cnyqaax, Jtorna aa ecTecTaeuuoll CMecR R3oTonoB MOlKBo 15&.!. 

nelKBo OTnenHTb pesouauc oT cocenuRx pesoaaacoa, ao peaoaauc o&In c 

UponyCKaHRB ODpenenHDHCb nRWb 3Ua'I9BHS gfn ( DDOI!laAb pe30HaUCI 

ltpRBOJ! nponycltaHRII ADIJ TOHXOrO Oi5p83Aa paBHa 2rr
2 n.\~g rn • r.D 

2 
SJnep aa CM o6pa3na, .\0 -AnHHa SODHbl H9J!TpoHOB p930HaBCHOJ! 3He 

TeropRB ·pe3oHaBCOB OTHOCIJTCIJ pe30HaBCbl 21,8; 34,7; 85,0; 89,1 aB, 

napaMeTpbl p830HaBCOB, nnoxo pa3nenSJIOIIlHXCIJ Ba o6pa3nax B3 ecT• 

6HSJ, onpenenSJDHCb no KpHBblM BblXOAa 3aXBaTHblX ·)' -nyqell, H3Mepel 

npa 3TOM nponeDbiBanacb cnenyiOmaSJ nponenypa. Cuaqana no CYMMe OTC 

ce ua xpuaoll panuanuouuoro aaxsaTa (aT a cyMMa cBSJ3aua c aei!TpoBHbiM 

napaM9Tp8MH p930HaUca f B f .y 1 nnomaAbiO peaoaaaca Ba KpHBOI! 

paana TOll lKe TOnl!lHBhl A H a<l><i>eKTRBBOCTbiO perHCTpaUHH aKTa panHa 

r 
COOTHoweuneM (I N1 )k- ll(E 0k)., __LA , rne k -HOMep pe:3 

I )' ·f 
HaHCOS, ADII KOTOpblX no KpHSb!M nponyCK8HHIJ 6 b!DH onpeneneHbl f ,y 

'IHCDIJDHCb aaa qeaag npoasseaeaall 11 ( E Ok ) • ·y , no STHM npOH3Be)l• 

axcnepaMeHTaDbHO J! KpBBO I! 38BRCHMOCTH nOTOK8 aeJ!TpOHOS n oT aae 

no >KeHHB, 'ITO ' ·y He B3M9HIJ9TCIJ OT .P930HaHC8 K pe30H8HCy, H8XOAB1 

fl(E 0k h .y npon3seneHal! n nSJ Tex pe3oaaaco s, nape MeTp bi KOTOpbiX < 
(INI)k - r:y DHTb, nocne SToro H8XOAHnl!Cb 'l8CTBbl8 ll(E - ~A llDH STH:lt 

<I< l• y 
UOMOI!lb!O r pa<j>HKOB 103 8 OnpeneDIJDHCb gfn , n pu A8HHO li ODe paUHH I< 

cpenaae 3H8'18HHIJ paAH8UHOBHbiX WHpHH H30TOnOS f .)' , onpeaeneHHbl8 p 

'181JX 0 Korna 3H8'ieBHIJ g r n OIC83biB8nHCb 6onbWHMH, B p83YDbT8Tbl BBO.D 

aa pesoaaaca&III aaxaaT nocne pacc eSJHI!SJ no MeTony, npenno>KeaaoMy s 

nony'leBHblQ napaMeTpbl ypOBHel! npaseaeHbl B Te6naue 2. Ha puc. 

HBTerpanbBbie pacnpeneneBHSJ npnseneHHbiX aei!TpoBHbi X wapaa pe3oaauco: 

3KcnepaMeHTanbable pacnpeneneuaa cornacyiOTcSJ c TeopeTH'!ecxaMa pacn 

Tepa-ToMeca ( 
2 

X 

K8JK,ll b1M 8 3 H30TOfiOB 

- pacnpeneneBHe c v • I), ecna C'IHTaTb, 'ITO n:1 
Yb ITI H Yb ITa nponymeao 3-4 pe3oaaaca, 

x/ TaiCaiJ KpHB811 6 b!na H3 Mepeaa s rpynne n.E. naxenbaepa c nOM( 
HBllhHblX 60pH bi X C1J9T'CJHKOB. 
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qecxoll o6nacTH OT 3 110 150 sa Yb IT 
1 

DpHilllca.&o 22 peaoaaHca, 
IT2 IH 

Yb - OAHH pe30BaHC i pe30B8HCOB, DpHBSAn8lKAJilHX Yb H 

Yb ITa 

Yb ITe 

TpH p830HaHCa (npB 22,6; 40,3 B 73,2 SB) Be MOryT 6b1Tb DpBilliCaBbl BH 
IT 1 IT2 ITI IH ITS 

aoa Yb , Yb 1 Yb , Yb B Yb • 3TH pe30-

ae IIJIKH aa KpHBOI! BbiXOAa 38XB8TBbiX •y .....ny'18ll AIIJI 8CT8CTB8BBOro HT-

RBX (40,3 B 73,2 SB) A8DH Ba KpHBbiX nponycxaBBB (eCT8CTB8RRblll BTT8p6Bf) 

•ny6oKB91 '18M t.morBe BA9HTB<jlBilBpC>BaRRb18 p830B8RCbl, 0AR8KO B STB ABa 

ee cna6blll p830B8BC npH 22,6 SB 8AB8 BaMeTBliKCioo B8 KpBBbiX 38XBaTBbiX 

Yb ITI H Yb 118 
B cosceM B8 38M8TBbl aa xpBBbiX Ana Apyrax B30T0-

88nHcb H3M8peaas. B TO JK8 Bp8MII STH pe30aa.&cbl R8 MoryT 6b1Tb npanHca­

> DpBM8CBM 0 TalC KaK )" BC9X DpBM9C8111 B03MOliUiblX II BCDOnb30BaHRbiX o6-

IHOro BTT&p6H!I B HM910DUIX pe30R8BCbl B61IJ13B Tp8X YK838RBhiX SB&pr,BII, 

!88 CBni•Rbl8 p830B8HCbl DpH ApyrBX SBeprBIIX B STB 6onee CBIII>Bbl8 p830-

UICb a aamax aaMepeaHax. Tpa yxaaaRBhl8 peaoaaaca cneAy8T1 O'I8BBAHo, 

laM Yb 
1118 

B Yb ITO • npa STOM peaoaaac 40,3 911, CKOp88 BC8ro, 

ITO 
B nonb3y SToro aaxnJO'I&RBR roBOpBT C1181l)"JOIII88, P830aaac 

·BA8B Ha ·Y -ny'I8X OT o6p831la 8CT8CTB8RBOrO BTT8p6RB1 3Ra'IBT81II>BO 

peRHBX c o6paanoM Yb 
111 

B no'ITB ae 38M8T81! npa aawepeaxax c o6-

• 3To KOppenxpy8T C B3M8R8RB8M COA8p~BB Yb ITO II AaBBbiX 06-

R 01 1% COOTB9TCTB9RBO) • CoA8pliUlRB8 
Yb~ 

eo BC8X Tpex o6paanax 

>BO ( 0, 1%) • 8 np81lDOnOJK8RBB, 'ITO p830B8RC 40,8 SB npBBSAn8JKBT Yb ITO> 

pa.MeTpbl M&TOllOM nnom81l811 no xpBBhiM nponycxaaa11 nn• 5 TOnmBR o6paa-

e napaM&TpOB p830R8BCOB Ba OCBOB8 B30TOnB'I8CKOil HA8RTB<jlBKallBB p830-

nOCb paanB'IRbiMB cnoco6aMB. B Tex cnyqasx, xorna peaoaaacbi 6blna aoc-

' Morna 6 b!Tb Xopomo OTA&n&Rbl OT COC8llHBX p830HaBCOB 0 06bi'IBblM M8TO-

penenRnHCb 3Ra'I9HDB gl D H f p830H8HCa, Kax npaBBnO, no KpD-

Bbl'IBcnanac& ae nonaas nnomSAb p eaoaaaca, a ee 'laCTb 6ea y'le.Ta 'Kpbinb-
2 

Kpb!JibSI BBOJIBnaCb no <jlopM yne f1A -~ (_!_ + _!_ ) 0 rne < 1 
4 'I l 2 

!OJI)"JIR pa3BOCT811 pe30HaiiCBOi! aaeprHB H rpaHH'IBblX SH&prall, M8lKJI)" KOTO-

nacb nnomallb, npH STOM HCnOnb30BanCII M8T01l nocnenoBaT&nbHhiX DpB6nB-

'19M)" nocTaranac& aeo6 xoABMaa TO'IBOCTh, HaxoJKAeaae napaMeTpoa peao-

4 0 MOmaJIRX pe30HaHCHb!X nposanOB Ana o6pa31lOB pa3Hb!X TOniiiHH B&nOCb 

l'UICIUIT&nbBOII Mamaae M8TOAOM BaHM8BbiiiBX KBSApaTOB C HCnOnb30BaBB8M 

ipalK9BBII, Be )"'IBTb!BaiOIIIBX BHTep<jlepeH!lHB M8JKA)" noT&HilBanbHbiM B p830-

i8M B M8JKll)" COC8AIIBMH p830B811CaMB, nporpaMMa p8C'I8TOB/S/ np&A)"C-

Y 3Ha'I8HBII f B gfD , 8 TaKJK8 COOTBeTCTB)"IOIIIBX Cp8llB8XBaapaTB'I-

II u(f) H u(gf 0 ) B 3Ba'I8BJUI X 2 
• 0mH6xH, npaeeaeaHbie a 

)8 p830H8HCOB (Ta6nana 2), 

paToB aa <jlaxrop ~ X2 

m -2 
4 

yaena'I&Bbl cornacao Tpe6oaaaaaM MeToaa 

• r.a;e m - 'IBCnO o6pa3nOB, 

0llJICaHHblM Bbllll8 M8TOAOM onpeaen&Hbl napaM&Tpbl p830B8HCOB 13,!3; 28,2; 41,5; 
lT 1 IT a 

60,4 38 Yb H p830IIaiiCOB 17,8; 31,6; 45,5; 59,0 B 66,7 SB Yb , Dm1 BC&X STHX 

p830Ba.HCOB ,r « r 
D 

TO'IBOCTb onpeAeneHBB 

, nOSTOM)" llpeanonOJK8HB8 

f Ha OCBOBe COOTHOIII&Ill!B 
·Y 

g c ~ o6ecn&'IBB8nO aoCT8TO'IHyiO 

r.y - r - 2&:f0 • YcpeAaeaae pa-

aBa!lBOHBbiX mBpHB no nep&'IHCD8HHbl M Bb11118 p830BaHCaM npHB8DO K 3B8'18HHSIM 

- - ITI IU 
f .y • 84! 11 MSB H f i • 77! 7 MSB nna Yb B Yb COOTB8TCTB811HO, 3TH 3H8-

'18HHSI 6blnH · BCnonb30BaHbl no3JK8 llnB HOpMBpoBKB OTC'I&TOB aeT&KTOpa 3aXB8THblX raMM8-

nyqell. 

8 T&X Cny'laax, KOrna Ha 8CT&CTB8HHOII CM&CB B30TOnOB MOJKHO 6biJIO aOCT8TO'IHO H8-

a&JKBO OTll&nBTb p830RaHC OT COC&AHHX p830RaRCOB 0 HO p830HaHc Ob!JI Cna6biM
1 

no KpBBblM 

nponycxaaaa onpenenanac& nawh aaaqeaaa &:fa (nnoman& peaoaaacaoro npoaana aa 

KpHBOII nponyCK8HHSI ana TORKOrO 06pa3!l8 paBHa 2" 2 
D A 2 &: of 0 rne D -'IHCDO 

2 0 D 

aaep aa CM o6paana, >. 0 -anaaa eonRhi aeiiTpoaoa peaoaaacaoll aaepraa). K aToll xa-

T&ropaa ·p830HaHCOB OTHOCIITCSI p830H8HCbl 21,8; 34,7; 65,0; 69,1 38, 

nap&M8Tpbl p&30HaHCOB, nnoxo paanenSIIOIIIHXCSI Ha o6paanax H3 8CT8CTB8HHOro HTTep-

6Ba, onpeAenanHCb no KpBBblM BblXOaa 3aXBaTHb!X •y -ny'leli, H3M8p&HHblX Ha H30TOnax. 

npa 3TOM npoaenbi Banacb cneayJOma!l nponeaypa. Caaqana no C)"MM& OTC'I8TOB B peaoaaa­

ce Ha KpHBOII paaHal!HOHBOro 3aXBaT8 ( STa C)"MMa CBSI38Ha C H&I!TpoHHblM DOTOKOM Jl (E) > 

ll8paM&Tp8MB p&30H8HC8 f H f .y , nnomaa&IO peaoaaaca aa xpaaoll nponycxaaaa o6-

paana Toll lKe TonmHHbl A a a<jMI>eKTHBHOCThiO peracTpanaa axTa paAaanaoauoro aaxeaTa 

l 
cooTaoweaaeM (7 N1 \ = Il(Eotky ./ ' A , rae k -HoMep peaouauca) ana peao-

aaacoa, ans KOTOpb! X no KPHBbiM nponycxaaaa 6 bi DH onpeaeneHbl r.y ' r H &: r D ' Bbl -

'IHCJISIJIHCb 3H8 '19HHSI DpoD3B&a&HHI! 11 (EOk k y • no STDM llpOD3B8aeHHSI M C nOMOIIIb iO 

x / 
oT aueprHH , a npea no-SKCI18pHM8HTaJibHO i! KpHBOll 3aBifCHMOCTH noTOK8 H8l!TpOHOB n 

DO lK8HHH 0 'ITO• <,y He H3M8HSI9TCR OT .P830Ha Hca K peaoaaacy, H8XOaHJIJ!Cb 3H8'18HHR 

n poaaaeaeaal! fl( E ) , an>~ T ex pea oaaaco a, n a p a M eTpbi x oTo p b iX cneaoaano onpeae -
o• ·Y (lN,), r: 

DHTb, nocne 3TOrO uax oaanHCb '18CTH bl8 Jl( = ~A anR STHX p830H8HCOB II C 
E<lt )< y 

noM OIIIhiO r p a <jlaxoa IOa a o n pea enRnHcb gf0 • npa aaaao li one pan au ucno nb3oaanucb 

cpeaaue 3Ha'leHHR panaanHOHHbiX WHpHH H30Tonoa ry ' onpeaeneHHbl8 pane e, B T&X cny­

'laRx, Korna 3H8'18HHR g f OKa3biB8JIHCb 6on&WHMH, B p83)"DhTaTbl BBOAHnHCh nonpaBKH 
D /7 / 

Ha p830HaHCHbllt 3 aXB8T nocne p8CC8RHHR no M&Toay, npeanOlK8HHO M )" B pa6oTe • 

nonyqeHHbi8 napaMeTpbl ypoaael! DpHB8A8Hbl B Ta6nane 2. Ha puc. 2 H 3 H3o6p'a lK8Hbl 

171 173 
HHTerpan&Hbie pacnpeaeneaaR npaeeneHHbiX ael!TpoHHbiX wapnu peaoaaacoa Yb u Yb • 

3xcnepHMeHT8DbHbl8 pacnpeneneHHSI COrnaC)"IOTCll C T90p8TU'I9CKHMH pacnpea eneUHliMH nop-

Tepa-ToMaca ( • X 

IC8JK...ll blM H3 H30TODOB 

- pacnpeaeneHHe c 

Yb ITI B Yb 113 

V • 1), ecna C'IHT8Tb1 'ITO npH 113M9p9HHliX C 

nponymeuo 3-4 peaoaauca. 

x/ TaxeR KpHBaR 6blna H3Mepeaa B rpynne n.E. nuxen&aepa c noMOUlhiO nponopnao­

HAn.hH bi X 6 o p H biX cqeT'tHKOB. 

5 



npa paapeweRBB 0,04 - 0,06 MKCeK/MeTp DpoDyCI TaiOro KonBq&cT88 peaoaaHCOB 

npencTaBnBeTCB ecTeCTB8HHWM. rpa~BIB aaBBCKMOCTB qacna OOHapy~eBB~X yposaeA OT aaep-

raa ( pac. 4 a 5) a Me lOT naaeAa~A xapaxTep (no 130 as y Yb 178 a no 100 a11 Yb11 1 

a nonTBep*Oa~T, qTo B axcnapaMeHTax ae ohmo nponyweao aaaqaTenhHoro xonaqecTBa 

yposaeA. Cpenaee paccTosaae M8*DY ypoBHBMB cornacao rpa~axaM oxaawBaeTca paBBNM 
lT 1 lT I 

5,8 + 1,3 as nns Yb a 8,5+ 1,5 as nns Yb 083 DODpaBOK Ra nponymei!Hb18 ypoB-

HH H- 5,5+ 1,3 H 7,3+ 1,5 311 c yq;TQM nonpaBOK. nocKODbKY Mace~ snep Yb 111 B Yb
11

• 

- - 112 IH 
onaaKR a onaaxa aaepraa csaaa aeATpoHOB B Yb a Yb (8,0 Mas a 7,5 M as 

COOTB8TCTB8HHO ), a CDBHW Yb
111 

B Yb
178 

paanaqabt ( 1/2 B 15/2 COOTB8TCTB81!-

ao), naHHbte o cpennx paccTOaaaax Me*Oy ypoBH>IMB noaBOnaiOT nonyq&Tb oneaxy napa-

MeTpa 0 B ~pMYne BeTe nna nnoTHOCTB ypoeaeA 

p 
c( 2 J + 1 ) J (J + 1) ur- e:op[- --

2
-] exp (2y'aU) 

2o 

rne U -aaepraa BOa!Sy~eaaa anpa, a 0 • c • a -aexoTopbte xoacTaBT~. Ecn. 

cqnTaTb 1 qTo c • a OnBHSIOB~ nna YbiTI B Yb 118 
, To nns o nonyqa-

eM aaaqeaae 2,5, KOTOpoe COrnacyeTCR C naHBbiMB, nonyqeHBbiMB npyrHMB MeTOnaMB ( CM, 
/8/ 18/ 

ooaop ) • npa BblqacneHJlll 0 aaaqeaJle a !SbinO B3BTO 113 pa!SoTbl • Ecna no-

nyCTHTb npa 3TOM paan11qae 11 aaaqea11ax a nna Yb 
111 

a Yb
173 

B npenenax 10%, 
+1 8 

TO MOlKHO nony'[JlTb COOTB8TCTBYIOII!Il8 rpaHBilbl napaMeTpa 0 ( 0 • 2,5 _
1
:
3 

), 

0 
rpa~HKII 38BHCBMOCTII l: 2 Cf" OT aaeprllll (pile. 6 a 7) noaBOna~T onpenenllTb ca-

DOBbie <j>yRKilHB (B npennono~eHBB 0 'lTO 'lllCD8 p830HaRCOB CO CDIIHOM I + 1/2 B I - 1/ 2 
ITI · -4 IU -4 

onaHaKOBbt) So • (1,1 j; 0,4),10 II So • (2,4 j; 0,9) , 10 • norpewaoc-

TB aTIIX aaaqeHRA BblqBCD8B~ B npennono~eHBH CnpasennKBOCTB pacnpeneneHBB nopTepa­

ToMaca nna aeATpoHBbiX WllpBH a pacnpeneneaaa Baraepa nns paccTOaaaA Me~ny ypoBBBMB. 

B aaKn~qeuae aBTOpbt Bblp&~IOT CBO~ npB3B&T8DbBOCTb H.IO. WapaKoBoA a H.H. We­

noaueey aa noMOmb 11 oopa!SoTKe aKcnepaueaTanJoa~x naHB~x. 

n B T e p 8 T y p 8 

I. r.H. 3a6HBKHB, n.B. n•xen&aep B np. XapaKTepBCTBKH HBPa ][8I aeATpoaaoro cneKTpo­
MeTpa. MaTepaanht paooqero cosemaaaa no <Paaaxe MenneHHbtX aeATpoaos. 7-12 ne-
xaopa 1961 r. npenpHHT OHHH ,956, llyoaa 1 1962. • 

2. r.E. BnoXHH • n.H. Bnoxaauee H np. ATO MHaJI aaepraa, J.Q.... 437 ( 1961). 

3. H. Baaa, r.n. )f(yKoB H np. Nuclear Elechonics , I, 27, IAEA, Vimna, 1962. 

4. Baa Hall-aab , H. Baaa a n p. )f(3T<I>, ~ 1743 ( 1963). 

5. 3 . H . K a p>Ka eaaa, A.B. n ono e n np. n penpaaT OHHH, P- 2198, lly oaa , 1965. 

6 

6. B.H. E<j>BMOB, H.H. WenoaueB. npenpBHT OHH11, P-641, 1961. 

7 • . j.E.Duper. Nucl.Sci. md ED&-, N 6, 552(1956). 

8. J .A.Harvey, Neutton time-<>f-8i&f!t lletbods, 23, EAEC, Brussels, 1961 • 

0CHOBHO~ H30TOD 

ITI 
Yb 

IT I 
Yb 

IU 
Yb 

ITa 
Yb 

YbiH 

ITt 
Yb 

PyxonBCb DOCTYDBDa B aanaT8DbCKRA OTJ 

5 Mall 1965 r. 

Ta!Srurna 1 

TOJIIIIHHa oc>pa3~a 
S~,IJ;ep H3orona/cM2 

I,2I.Hfl 
2,55.ro2I 
3,IB.Icfl 
I,97.Icfl 
J,I5.lcfl 
I,76.Icfl 
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J9HBB 0,04 - 0,06 MKC&K/ M&Tp DpoiJYCI TaKOro KOIDI'I&CTB& p&30HaHCOB 

~CT&CTB9HH~M. fpa~BKB 3aBBCHMOCTH 'IBCna o6Hapy~eBH~X YJlOBH&II OT aaep-

BM&IOT DBH&IIH~A xapaiT&p (no 130 aB y Yb 113 
B no 100 aB Yb1

T 
1 

'ITO B aKcnapBM&BTaX He 6~0 nponylll&HO 3Ha'IBT8DJ.BOro KODB'I&CTBa 

paCCTOBBB8 M&~y ypoBHBMR COrnaCBO rpa~BiaM OKa3~BaeTCB paBB~M 
tTt aa 

Yb a 8,5+ 1,5 ae nnB Yb 6ea nonpaBOK sa nponymexa~e ypoB-
- Rl Ra 

7,3+ 1,5 9B c Y'I9TOM nonpaBOK. nociODbKY Mace~ BAep Yb B Yb 
- R2 R4 

aaeprBB CBB3B aeiiTpoHOB B Yb B Yb (8,0 Mae B 7,5 Mae 

, a COBB~ Yb171 
B Yb ITa pa3DB'IHbl ( 1/2 B 5/2 COOTB&TCTB&H-

?&nHBX paCCTOBHBRX M&~y ypoBHBMB D03BODBIOT DOIJY'IBTb Oll&Hiy napa­

~puyne BaTe nnB nnoTHoCTB ypoeaell 

c( 2 J + 1 ) J (J + 1) _ 
~ exp[- --

2
-] exp (NaU), 

2o 

prBR B036y~&BBJI Bnpa, a u • c • a -aeKoTOpbl& KOHCTaHT~. Ecnx 

Jl a onHH&IOB~ nnB Yb
171 

Jl Yb IT! , To nnB u nonyqa-

•, IOTOpoe Cornacy&TCB C AaHHblMH 1 DOIJY'I&HHbiMH npyrHMH M&TOnAIIlH ( CM, 

e~qacneHBH u aaaqeaae a 6bmo B3BTO aa pa6oT~181 • Ecltll no-

•M p&3DB'IB8 B 3Ha'I&HHBX a nnB Yb ITI 

ITb COOTB9TCTBYIOillB9 rp&BBil~ napaM&Tpa U 

B Yb
1
n e npenenax 10%, 

2 5 +1,8 ) 
0 

- ' -1,8 . 
0 

BHCHMOCTH l'; 21r a OT aB&prHH (pBC, 6 B 7) D03BODRIOT onpenenBTb CH-

B npennonolK&BBB, 'ITO 'IRena peaoaaacoe co CDBBOM I + 1/2 • I - 112 
ITI · -4 ITI -4 

So • (1,1.:!; 0,4),10 B So • (2,4 j; 0,9),10 • florpemBOC-

11! Bbi'IHCD&B~ B np&llDODO~eHBR CnpaB&nltliBOCTH pacnpenen&BBB flopT&pa­

rpoHB~X mapBB B pacnpeneneaxs Baraepa AnB paccTOBBHII Me~y ypoBBBMB, 

aae aBTOpbl B~palKAJOT CBOIO npaaaaTem.aocTb H.IO. lllapaxoeoll a H.H. llle­

:>mb B o6pa60TI8 aiCD&pBM&BTaDbB~X naHB~X. 

n B T e p a T y p a 

H, n.B. flHK9DbH&p H np. XapaKT&pHCTBKB HBPa K&I uei!TpoBBoro CD&ITpo­
.aTepaanbl pa6oqero COBemaBHJI DO ~B3HK9 M&nn&BH~X H&IITpoBOB • 7-12 ne-

161 r. flpenpHHT OHSIH ,956, Dy6ua 1 1962. ' 

• n.H. BnoXHHUeB H np. ATO MHa!l aaeprHB, ..llL 437 ( 1961). 

)f(yKoB H np. Nuclear Elecbonics , I , 27, IAEA, Vienna, 1962, 

, 11 . Bna u 11 n p. )f(3T¢>, iQ, 1743 ( 1963). 

IHa, A.B. n ono B II a p. flpenpBHT 0115111, P- 2 198, D y6aa, 1965. 

6 

e. B.H. E~HMOB, 11.11. lllenoHUeB, flpenpHHT OHSII1, P-641, 1961. 

7 • . J.E.Dnper. Nucl.Sci. a~d En&-, N 6, 552(1956). 

8 , J .A.HIIM!y, Neutton time-of-Oiejlt llethods, 23, EAEC, Brussels, 1961 • 

Pyxonac& noCTynana B aanaTen&cKHII oTnen 
5 MaR 1965 r, 

Ta!Sm!na 1 

-
OcHOBHOil H3oron TOJIJIIHHa o6pa3na 

.~~,D;ep H3orona/cM2 % oOOraJlleHHll 

ITI if. I Yb . 1,21.1 95% 
ITJ 2,ss.rif1 90% Yb 
tn J,IB.Iifl 90% Yb 

ifl 77,6% ITa 1,97.1 Yb . ifl 96% Yb IH 3,15.1 
tTl I, 76.Iifl 90% 

Yb 
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~It 
n/n 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
ll 
12 
D 
14 
l5 
16 
17 
1b 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
J~ 
34 
35 
36 
37 
38 
39 
40 
41 
42 

E 0 , 3B 

7,93,:0, ~ 

B, IJ,:0, 02 
8, 55,:0, 04 
IJ,lJ! O, 07 
21, 13! 0, 1 
2U , 2,!0,1 
34, 7,!0, 2 
41,5!0,2 
46,5,!0,3 
53, 2,!0,3 
54,4!0, 3 
60,4,!0,4 
65, 0,!0, 4 
77,3,!0,6 
62 , 6!0,6 
64 , 7: 0, 7 
96 , 1!0, u 
108!1 
ID! 1 
12tJ!I , 2 
141,!1,4 
147,!1, 5 
4, 53! 0, 0! 
I7,U0!0,07 
3!,6!0,!5 
35, !J!0,2 
45,5,!0,2 
53 , !J! 0,3 
59 , 0,!0, 4 
66 , 7,!0, 5 
69,1,!0,5 
74 , tl,!0,6 
76,7;!0, 6 
97,5,!0,8 
I06zi 
Il2+I 
I25!I,2 
DO,!I,2 
40,3,!0,2 
73,2.!0,5 
22,6,!0,! 
141;!1,5 

Ta6runta 2 

!IapdlleTpb! pe 30Ha HCOB K30TOflOB KTTep<lKll 

l13oron 

171 
171 
!7! 
171 
171 
171 
171 
171 
171 
17I 
171 
171 
!71 
171 
17! 
!71 
171 
171 
171 
171 
!71 
171 
173 
173 
!73 
173 
173 
173 
!73 
173 
173 
173 
173 
173 
173 
173 
173 
173 
170 
170? 

172 

r. ll3B 

93! 10 

70!10 

16tlz70 

143;!36 

1UU.!IO 
165,!14 

104,!16 

141,!65 
143,!24 

306,!46 

• 

,r., M3B 

1,44tO,l7 
U,49;t0, 06 
0,025;tO,OlU 
2,5!0, 1 
0,19zO,OJ 
I,!l!0, 1 
3,ti!O,u 
7,2;!0,7 
0, 90,!0, 15 
5!1 
16+3 
4,3!0, 3 
7,!1 
Il+2 
2,4z0,3 
2,5! 0,4 
3,0z0,4 
37,!7 
14,!3 
20+5 
!0+2 
7,!2 
0,002.!0,01.)9 
14+1 
36+3 
24+4 
15,!1,4 
6,6.!!,2 
4, l!_!O, 7 
!5, 6.!1, 2 
5,3!0,7 
4, 1_:0,7 
15+3 
6,4z0, 8 
26+5 
5,4zO,a 
9,4z1,4 
13,6zi,a 
197,!14 
77,!12 

2r,r.o 

1,03,:0, 12 
0,34,!0, 04 
O, 017 r.U, VW 
1,3!J!O,U6 
o,oo!o,uiJ 
0,6!J:!:0,04 
1,3:!:0,3 
2, 2:!:0, 2 
0, 26:!:0,04 
1,4z0,3 
4,3.!0,!! 
1,1o:!:u,oo 
1,74,!0,25 
2,5!0,5 
0,53.!0, l17 
0,54,!0,09 
0,61:!:0, 00 
7,1:!:1,4 
2,6:!:0,5 
3,5!0,9 
1, 7:!:0,3 
1, 2:!:0,3 
o,077:!:o, uoo 
6, 6! 0,5 
12 , !!!1, 1 
8, 0:!:1,3 
4,4!0,4 
.i. , !J.!0, 3 
I, 0,!0, 2 
3, 8:!:0,3 
! , 3.!0,2 
0,95:!:0, 12 
4,1.!0,7 
! ,3:!:0, 2 
5:!:1 
1,!0,2 
1,7!0,2 
2, 4! 0,3 
3!,!2 
9, 0! 1,4 

mol ! l : ~ I ~ IYI'wl ~-T 
j 

5001 ~~4J~~ 
~ 

vt/1~ 

500
1 I I I i I I 1 1 1 

~~~35.~ ~ i 
Y&em~Kma.-u 

28,2 

-1 ~VI - I VI\Jl.{ ~'\fi 
I 

I ~~ .;.f . J-1 ••• ..... • • • 

I 

I I I 
I I 

flJ 

f 

500 000 700 800 900 NKOI'f 

P R c. I. Y'I&CTOX speMeaaoro cnexTpa swxoae aaxsaTBbiX raMMa-n 

llrut OOJ)831lOB B:3 8CT8CTB&BBOI'O B:TTepfiR>I R oooramea Bb!X 
Yb tn R Yb tn • 
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Ts6rutas 2 

!Jap&~eTpH pe30HaH COB 1130TOIJOB IITTepOI!l! 

E0 , 3B H30TO!l r , ll:JB ~r •• ll:JB 

7, <}3zO, l.le 171 1,44tO, l 7 B, I3z0, 02 171 0,49±0,06 a,e5z0, 04 171 0,025tO,OIU IJ, DzO, ll1 171 93ziU 2,5!tJ,1 21, Uz0, 1 171 0,19!0,03 2U, 2z0, 1 171 70!!0 1,8!0,1 34,7!0, 2 171 3,U!O,tJ 41,5!0,2 171 16!!!70 7,2z0,7 46,5!0,3 171 0,90!0,15 53,2!0,3 17r 5!1 54 ,4!0, 3 171 16!3 60,4!0,4 171 143!36 4,3!0,:3 65,0!0,4 171 7!1 77,3!0,6 171 II!2 !!2, 6!0, 6 171 2,4!0,3 84,7!0, 7 171 2,5!0,4 96,1!0,U 171 3,0!0,4 108!1 171 37!7 1D! 1 171 14!3 12tJ!1,2 171 20+5 141,!1,4 171 10+2 147!1, 5 171 7!2 4,53!0,01 173 O, 002! 0, OU9 17 , !JO! O, CJ7 173 100! 10 14!1 31,6!0,15 173 165!14 36!3 35, tJ!0, 2 173 24!4 45,5!0, 2 173 104!16 15!1,4 53, !!! 0, 3 173 6,6!1,2 59,~0,4 173 141,!65 4, D,!O, 7 66 ,7!0, 5 173 143!24 15,6!1,2 69,1!0,5 173 5, 3! 0,7 74,8!0,6 173 4,1:0,7 76,7!0, 6 173 1!J!3 97,5!0,8 173 6,4!0,8 106!1 173 26+5 li2+I 173 5,4!0,8 125_!1,2 173 9,4!1,4 13~1,2 173 13,6!1,8 40,3,!0,2 170 306,!46 197!14 73 ,2!0,5 170? 77!12 ~2,6!U, 1 
[41!1,5 172 

• 

21r.o 

1,03z0, 12 
0,34!;0,04 
O, 017 .t0, 007 
1,3!J!O,U6 
O,OO!O,oiJ 
0,6Cl!0,04 
1,3!0,3 
2, 2!0, 2 
0, 26!0,04 
1,4!0,3 
4,3!o,u 
1,10!0, O!J 
1,74!0, 25 
2,5!0,5 
0,53!0, 07 
0,54!0,09 
0,61!0, 00 
7,1!1,4 
2,6!0,5 
3,5!0, 1} 
1,7!0,3 
1,2!0,3 
O,CJ77!0,0lll 
6, 6! 0, 5 
12 , U! 1, l 
!J,D,!1, 3 
4,4!0,4 
l, !J!0,3 
I , D,!0,2 
3,!!!0,3 
1,3!0, 2 
0,95!0,12 
4,1!0,7 
1,3!0,2 
5!1 
1!0,2 
I, 7!0,2 
2, 4!0,3 
31,!2 
9,0!1,4 

l I : '11'7/ 

tooo I 
a 

11 . ~ .. . \. . A .I\. -"L .... ru ~\.t..... ... k.. . ·rt:., ,00 ... . 7""· ,, .. "!· •• l" - ·r... . . r 

- ~~ A 
eoo . 1ft J \ 
f(}(j(J - ..,...a •v l ... ~ ..,_ ·:~ ... ~ . r~·-· . . ~ ~:ld ~ 
!j(}(} 

~s 11(535.• rl'fl . Y&-• -u 
I 

! 6 28.2 fl8 36 

~~ n 
IOOOr- lA I \ 

~ \ 
.. ~ v l 'I 2~ 2l8 J 

500 "'! I " I ~,. .. .. ~ ... Jr.J\.;....~,.J/- ~ ... I •• , 

500 

p R c. I. 

1 I 
()()() 700 BOO 900 N KQHQ/10 

Y'I&CTOK BpeM&BBoro cneKTpa Bwxo.na 3aXBaTHblX rauua-ny'lell, nony'I&HBblll 

.lllUl o6pa31lOB R3 &CT&CTBeHHOl'O RTTep6R>I R o6oral!l&H HbiX R30TOD8MR 

Yb IT"! R Yb ITa • 
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0 q.s ' (5 2,0 2,!5 40 fiiiT 
p H C . 2. J.1HTerp8llbH08 pacnpe.aeneH.He npRBeA8HH bl X HeA:TJlOHRb!X WHpH H .anA pe30H8H CO B 

YbiTI • 

" 

to 

15 

fO 

5 

0 2 ~ II >/ltlif' 
P H c . 3. J.iaTerpannaoe pacnpc.aeneuue npuseaeHHblX ueATpoHH biX umpun .nnR peac.HaHcoe 

"' Vb 

10 

N 

.D~~I. t (J 

.!)I I 1/a 'I 

fOI I.V I I 

0 40 If)() 151. 
p H c. 4. rpa<jJux 38BHCHMOCTH 'IHCna 38perHCTpHpoB8HHblX p930H8HCOB­

H9ATpOHOB. 

pH C. 5. 

N 
D·l.5~~ 

0 50 100 f~t. 
rpa<jJHX 38BHCHMOCTH 'IHCna 3 8perHCTpHpoB8HHblX p930H8HC 

rHH aeATpo!IOB. 

11 



f{ 

0 44 ( (4 2.0 2,~ ~0 fiiiT 
2. HuTer panbaoe pac npenenesHe npHsen.eHHbl x HeA:TpoHRblX wHpHH .a n A peaoaa acoa 

Ybn 1 
• 

N 

Y& ,.,_, 

~I I ~ ... I I I 

0 

3. 

2 , 11 >fz,r;;' 
HaTerpallb HOe pacnpeJie.neHHe npuaeneuHbiX HeltTpoHHbiX um pHB Ami pe3c.noucos 

"' Vb 

10 

N 

!J 

2!JI I 1 /s'l I 

j;71 IV I I I 

0 40 II'JO 150 £~v 
p H C, 4, rpacj>HK 38BHCHMOCTH 'IHCna 38p8rHCTpHpoB8HHblX p830H8HCOB Yb IT l OT 3 HeprHII 

HOIITpOHOB, 

pH C . 5. 

N 
D•l.$t1,5 

0 50 100 f$0 
rpa~HK 38BHCIIMOCTH 'IHCna 3 8p8rHCTpHpoB8HHb!X p830H 8HCOB 

rBH H8l1Tpo!IOB, 

II 

[t!V 
lT 3 

Yb OT 3Hep-



10~ -
$•!:~n.• .~((ltqq) · ., ..... y8111 . . 

~ 

p B C . 6. 

I 

rJ 

~,.. -
I/O 

~ lO .,r 
20 

L_ 
tO 
~ " ~ 

0 60 100 lSD 
3asacaMoCTb cyMMbJ npasene aabJX ae iiTpoBBhJX wapaa 

He iiTpOHOB. 

I 

. 

£~11 
IT I 

Yb 

•t 
~ 

y!Jn~ s. • r~trn• •flllt4f1./o .. •~ 
IE 

.t 
/ 

Lr--
..IIIII 0 

r7" .w 
~ / 

t7 

" 
60 

60 

If() 

10 

10 

10 / 

l6-
lr7J -tiM MD D -- --- -- ITa 

P a c . 7. 3aBHCBMOCTb c y MMbi npas eneHBbiX aeiiTpoHHh!X wapaB Yb 
ue iiTpoHOB. 

I 

oT auepr BB 

.,. 
OT 9BeprHH 


