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HccnenoB8BBe BeATpOBBblX pe30H8HCOB smep ll03BOnHeT nonyqun, PSIA CBeneBHA 

o smepBblX ypOBHSIX npH 9BeprHHX B036y~eHHH, 6nH3KHX K aueprHH CBH3H ueATpoua. Ta

Jl'He aKcnepHM8HTbl BenyTCH y>Ke nnBTenbHOe BpeMH, OllB8KO, BCnenCTBBe TpynoeMKOCTB 

H cno>KBOCTH H3MepeBBA' B B8KonneBBblX K B8CTOlllll8MY BpeMeitH ll8BHblX HMeeTCH PSIA 

npol5enoB. Ta1t., uanpHMep, pe3ouaucB1,1e napaMeTpbl PBll8 Bl!ep, ocol5euuo B .)6naCTH penKo-

3eMenbBblX aneMeBTOB H B paAoBe 8TOMBblX B8COB oxono 100, H3BeCTBbl C ueynoaneTBOpH-

TenbBOA ToqBOCTbIO, nnH MBOrHX Bll8P H3yqeBo BCero no BeCKOJlbKO pe30B8HCOB, caene-

HHH O CllBH8X pe30B8HCOB B8CTOnbKO BenonBbl, qTo llOKa em;e HeB03MO>KBO YCT8HOBHTb 

BnHHHHe cnHHOB B8 B8>KBeAwHe Bll8PHb18 xapaKTepHCTHKB (cunoaag ~yBKllHB, cpenBHB aeA

TpOHH8B WHpHH8 H T.n.). Cym;eCTByIOm;HA aircnepHM8HT8n&BblA M8Tepuan nnu 6on&WHHCTB8 

Bllep nepuonaqeCKOA CHCTeMbl aneMeHTOB ~8KTHqecirn Be MO>K8T ll8Tb Bnonne Bane>KBblX 

caenenHA O pacnpeneneHHH PBll8 pe30H8HCBblX napaMeTpOB H Be no3BOnHeT nonyqHTb 

ynoaneTBQP.HTenbay10 ToqaocTb npH ycpenaeuau ,napaMeTpoa no peaoBaucaM onaoro Bllpa. 

BcnencTBHe aToro oqeHb orpauaqeabl B03MO>KHOCTB conocTaaneuuu peayn&TaTOB on1,1Ta c 

TeopeTnqecKHMH BbIBOll8MB, T81t K8K C0Bp8M8HH8H TeOpHH, 6ynyqH Becnoco6BoA npencKa-

38Tb napaMeTpbl BBllHBHllyanbBblX pe30B8BCOB, orpauaquaa .. TCB nHWb BblBOll8MB O ~OpMe 

lpyHKIUIA pacnpeneneHHB pe30H8BCHblX napaMeTpOB HnH >Ke oneHK8MH cpenHHX 3BaqeaHA 

9TBX napaMeTpOB B npencK838BBHMH 38BHCHMOCTH 9THX cpenanx OT cnHBa, 8TOMHOro aeca, 

1sueprBB B036y~eHHH BllP8 H T.n. 

TaKaB CHTy8llHH H8pSIAy C Beo6XOllBMOCTblO ynoBneTBOPBTb pacTym;He Tpe60B8BHH 

HnepaoA aaepreTHKH K.ToqaocTH ll8HBblX 06 9~~KTHBBblX ceqeBHSIX B38HMOlleACTBHH 

BeATpOBOB C nenHll!HMBCB'BllP8MB H BllP8MH KOBCTPYKllBOBBblX MaTepnanoB npBBena K TOMY, 

qTo.B nocnennue ron1,1 B PBlle cTpaB 6blno 3BaqaTem.ao yaenaqeBo qucno aeATpOHHblX 

cneKTpOM8TpOB H B nepBylO oqepenb cneKTpOMeTpOB, neACTBy10m;HX no MeTOny BpeMeBB 

IIJ)oneTa, KOTOpble H8H6onee nepcneKTHBBbl B o6naCTH pe30B8HCBblX BeATpOBOB. 

PaaBBTBe MeTonoa cneKTpOCKonun BeATpouoB wno a OCBOBHOM no nHHHH yco2epweu

CTaoaaBHB paBee B3B8CTBblX TH.DOB HCTOqHHKOB aeATpOHOB. B KOHll8 50-x B uaqane 60-x 

rollOB B CoB8TCKOM COI038 ll 38 pyl5e>KOM aanym;eHbl Cll8KTpOMeTpb1 C CBnbHOTOqHblMB 

3 



ycxopl!TenHMR 3apR)KeHHblX 'laCTRll, a TBK)Ke cneKTpoMeTpbl C MexaHH'leCKRMR cenexTopa

MII B CO'leTBHRR C smepHblMII peaxTopaMR HenpepblBHOro nellCTBRR. OnHaKo llOTpe6HOCTb 

B pacmn:peHRR cpeACTB HellTpOHHOll cneKTJ)OMeTpHR STRM He 6blna ynonneTBOpeHa. B 8TH 

ro)lbl llORBRnHCh R HOBble B03M0)KIIOCTR reHepann:n: RMnyn&CHblX llOTOKOB 11ellTpOHOB. 

B. 1958 r. a O61,enn:11eH110M HHCTRTyTe smep11blx n:ccnenoaa11n:ll a J]y6ne 6blno 11aqa

TO cTpon:Ten&CTBO npRHUHllRBn&HO HOBOro HMnyn1,c11oro RCTO'IHRKB 11ellTpOHOB - RMnynbCH0-
/1/ 

ro peaKTopa HB 6blCTpbIX HellTpo11ax ( MBP) • TTpenaapn:TenhHble oueHKH napaMeTJ)OB 

11ell-rpo11HbIX n:Mnyn&coa HBPa noxaaanu, 'ITO Ha ero 6aae Mo)KeT 6bITb coanaH cnexTpO

MeTp BpeMeHH nponeTa HellTpOHOB C paapemeHH9M 0,04 MKCeKIMe-rp, KOTOpoe B TO Bp8MR 

6blnO cpaBHHMO (. paapeme11HeM nyqmux nellCTBy10mn:x yCTBIIOBOK, llOSTOMY OUHOBpeMeHHO 

·co CTJ)OHTen&CTBOM HHPa llpOR3BOUHnac&_pa3pa60TKB annapaTYPbI nnu HellTJ)OHHOll cnexTpo-

cxonn:H. HccnenoaaHn:e peaoHaHCOB 11a HBPe 6blno Ha'laTo _B 1960 r. npaKTR'lecxu onHo

apeMe11110 C nycxoM peaKTOpa. B Ka'leCTBe nep~oro BBpHaHTa npHMeHeHHSI cnex-rpoMeTpa 

6blnO Bbl6paHO uccnenoBBHRe nonHblX Sqicj)eKTRBHblX Ce'leHn:ll B3BRMOnellCTBRSI HellTpOHOB 

C unpaMR. Hapuny C nony'leHHeM q>H3R'leCKRX peaynhTBTOB 8TB OllbITbl noaaonn:nu npoaepHTb 

cnena1111ble pa11ee oneHxn: napaMeTpoB cnex-rpoMeTJ)a n n:ay'lHTb ycnoauu pa60Tbl 11a HBPe. 

Hecxon&xo noanHee 6bma nneAeHa B AellcTnn:e annapaTYpa nnu H3MepeHmI pann:ann:011Horo 

aaxnaTa n: pacceHHHH 11el!Tpo11on. 3TRM 6bm 06ec_neqe11 6onee MHorocTopoHHRA nonxon x 

R3Y'l9HH10 pe30HBHCOB, cne.QCTBReM qero SIBHnaCb B03MO)KIIOCTb onpeneneHn:q CURHOB peao

HSHCOB. 

B ASHH0ll .QHCCepTallllR .QBeTCH onn:ca1111e Bblll0nH9HHblX non pyxoB0UCTBOM II npn: yqac

THR aBTopa pa60T, CBR38HHbIX c nocTaaoaxoA n: npoaeneHR9M Ha HBPe 11ccnenoaaan:ll non-

HbIX 8qicp8KTRBBblX Ce'leHRll B3aHMonellCTBHH p930118BCBblX HellTp0HOB 

3TB pa60Tbl MO)KHO pa3.Q9nHTb HS 2. STana: 

C aTOMHbIMR unpaMH. 

1. Coonaaue annapaTypbl cnexTpOMeTpa n: ocaoeaue HBPa xax RCTO'lHRKa aellTpoH0B. 

2. HccnenoaaHn:e aell-rpoHablx peaoHaacoa. 

CpeAH pa6oT nepaoro STana U0n)KBbl 6blTb OTMe'leHbl uccne.QOBSHBH OCHOBHbIX napa

M8TJ)OB RMnyn&ca MOillHOCTH peaKTopa. Tax KSK HBP HBnReTCH nepBbIM peaJtTOpoM, pa6o

T8lOillHM B pe)KBMe nepn:onn:qecxn:x RMllyn&COB, B3y'lean:e RMnyni,coa MOillHOCTH llBKT0Banocb 

Be TOn&KO aanpocaMR aellTpOBH0ll cnex-rpoMeTJ)HR, HOH HBTepeCaMH tpH3HKR peaKTOPOB. Oc

BOBR09 BHRMARH_e 6uno o6pameHO RB 113yqea11e qiopMbl II qinyxTyanall HMnynbCOB MOillHOCTR. 

J.lng STHX n:ccne.QOBSHHll 6blnH paapa60TaHbl.CUen11an&able AST'IHKH. OCHOBHble peaynhTSTbl 

R3y'leHHR tj)opMbI RMllyn&C0B CBOURTCR It cnenyIOill9MY: 

1. HMnyn&c M0lllBOCTH HMeeT ReCRMMeTJ)H'lHYIO q>OPMY H B npenenax :t-x mn:pHH 

HMnyn&c np116nH)K8BBO M0)KeT 6blTb onn:caa tpOpMynaMH 
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f(t) = Const exp[,;- t ] ,- 0,1 t 
2(~.6) 2 

cnena OT MSKCRMyMa 

f( t) = Const exp [ ,-
t2 

2(15, 9)2 ]--0,1 t 

cnpana OT MBKCHMYMB 

( t - n Mn:xpocexyHnax). 

2. lllnpHHB HMnyn&ca HS 1/2 BblCOTbl paBH8 41 :t. 1 MKCeK, 'ITO COOTBeTCTByeT pac

'leTHblM Oll8HKBMo 

3. OTHomeHHe· M8KCRM8n&HoA 8MllllRTYllbl HMnyn&ca K llOCTOIDIHOMy qio11y npn 'laCTOTe 

HMnynhCOB 8,3 1 /cex paBHO 1,2·10
5

• 

4. npn pa60Te C 'IBCTOTOA 8,3 1/cex llOMHMO OCHOBHoro HMllyn&ca MOillHOCTH RMeeT

CR 9 nononHHTen&HbIX HMnyn&COB-C8TennHTOB,H8CKOn&KO paanH'lllblX no cnne. CyMM8pHa~ 

MOillHOCTh, BblnenmomaSICR BO BCex ca-r.ennuTax, COCTSBnHeT oxono 2,5% nonHoll MOillHOCTR. 

npn: HCCnenonaHRH.q>nyxTyauull RMnYnbCOB MOillHOCTR peaxTopa H3MepunHCb nn:cnepcn:n 

HHTeHCRBHOCTeA HHllHBRllYBn&HblX HMnyn&COB MOillHOCTH B qlyHKllRH cpen11ell MOillHOCTII. Ha

MepeHRR noxaaann:, 'ITO OTHOCRTen&HBH nncnepcHH HHT8HCHBHOCTH RMllyn&COB MOillHOCTH MO

)KeT 6bITb onuca11a 38K0HOM 

(u-\ 
2 

u· 
0 

0'.2=0'2 + _!_ 
o ·w 

sxcnepHMeHTan&Hoe 3BB'leHHe OTB0CRTen&H0ll nucnepcuu, :w - cpenHRR M0illHOCTh, 

R a - llOCTORHHble). lfnea ut . o6ycnoaneHHblll q>nyKTY8llRRMH npH 6ecxoHe'lHO 6on&-

moll CpenHeJ! M0illHQCTH, He npeUCKB3bIBBeTCH TeOpn:ell. IlO-BHllHMOMY, OH CBR38H He C nen-

HOA peaxnull, a C JtmtHMH-TO M8X8HH'leCKHMH nponeccaMH B BKTHBHOll 30He peaxTopa. Ilpu' 

cpenaell M0illHOCTH l KBT cpe.QHeKaanpaTH'lHOe OTxnoHeRHe HHTeRCHBHOCTH HMnYllbC0B 

npu6nH3HTen&HO paBHO 3%. 3Ta oneBKa cymecTBeHHa npH BbI6ope MeTona BB9U9HHH nonpa-
1 

BOK aa annapaTypaue npoc'leTbl. 

YcTaaonneaue aaxoaa R3M8B9HHH ll n:cnepcn:n: HBTeBCHBBOCTH HMnYnbCOB co cpen-

Rell M0illHOCThlO HBPa noaaonuno o6ocaoaaTb aoabIA MeT0A a6conIOTaoll xanu6poaxa MOmao

CTH HMnyn&CHbIX peaJtTOP0B no ABBHblM O tj)nyxTyBllHHX. 3TOT MeTOll aamen npaKTH'leCK0e 

npuMeaeRue npu sxcnnyaTallHH HBPa. 

O.QBoll R3 neSTpan&HbIX MeTOllR'lecxux npo6neM nepaoro sTana pa6PT no cnex-rpo-

MeTpRH p930R4HCHbIX aellTp0BOB Ra HBPe HBHn~h coonaan:e HellTp0RHoro A8T9KTOpa. Ba)K

ROCTb Bbl6opa 0llTHMan&Horo THUS AeTeKTOpa O'leBHABa. Aaanu3 CB0llCTB AeTeKTOp0B paa

nB'lB0ro Tuna npHaen 1t BbIB0AY, 'ITO a ycnoansx pa60Tbl aa HBPe (Mam,ill ·r -<1>011, aoa-
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MO*HOCTb-HCUOJil,30BaHHH mHpOKll~ fiy'IKOB) HaHnyqmHM OKa3blBaeTCH *HJlKOCTHblilCllHHTHn

nHnHOHHblil neTeKTOp c MeTenoopaTOM. IleTeKTop Ta1toro THna anepable obln paapaooTaH 

/2/ 
a ClllA • B CoaeTCKOM Co10ae anepBbie OH paapaooTaH HaMH. TpynHOCTH coanaHHH 

)leTeKTopa C MeTHnoopaTOM CBH3aHbl B OCHOBHOM C T8M1 'ITO HMnylibCbl, COOTBeTCTBYJOlllHe 

perHCTpallHH HeilTpOHOB (aa C'leT a -'laCTHll peaKUHH B
10c a, •a ) Li 

7 
), neJKBT, OObl'lHO, 

B myMaX <j,oToanexTpOHHblX yMHO*HTeneil. CepBH M0pOnpHHTBII no nOBblmeHHJO CBeTOBoro 

BbIXOJla CllHHTBnnHTOPOB C M0THn6opaTOM B no ooecne'leHBJO onTBMalibHblX ycnOBBil COOH

paHHH CBeTa Ha KaTonax <1>3Y npB OJlHOBpeMeHHOM npBM8H0HHB panuoaneKTpOHBltB, nonaanu

l01ll8il myMbl <1>3Y. a TaK*e TlllaTellbHaH HHJlBBHJlyan&HaH OTOOpKa <!>3Y nanH B03MOlKHOCTb 

JlOCTHq& npaKTH'l0CKH 100%-Hoil a<l><!>eKTHBHOCTH perHCTpanBH aKTOB pacmenneHHH 6opa Heil

TPOHaMB B CllHHTennHTope. HH*e npuaeneaw ocaoaewe napaMeTpbl paoo'lero neTexTopa. 

1. Paooqau nnoman& - 500 cM
2

• 

2. CnHHTHnnHTop conep*HT 50 % MeTHnoopaTa Ha ecTeCTB0HHOM cope. 

3. 3<1><!>eKTHBHOCTb perHCTpallHH HeilTpOHOB B oonacTB 1 9B :::. Ea -:S.. 1000 9B M0*8T 

Ob!Tb Bbipa*eHa <j,opMfnOil 
< 

11 
= 0,82 ( 0,9 - 0, 19 tg E 98 ) 

(qacnenHwe 3Ha'leHHH s<j,q,eKTHBHOCTB npB 9HeprBHX 1 9B, 10 9B, 100 9B B 1000 9B paBHbl 

COOTBeTCTBenno 74%, 68%, 42% u 28%). 

60 
4. 3<1><1>eKTHBHOCTb x y -nyqaMB Co :E y = . 4 '1 • 

5. BpeMH *H3HH HeilTpOHOB B Jl8TeKTOpe r 11 = 2 MKCeK. 

6. CooCTBeHHHil <j,oH neTeKTOpa B CBHHllOBOli aamHTe TOlilllBHOII 5 CM =22 HMn/cex. 

Ha puc. 1 npuaeneHa onox-cxeMa cneKTpoMeTpa apeMeHH nponeTa Ha oaae HBPa. 

0cHOBHU0 napaMeTpbl CH8KTpOM0Tpa TaKOBbI: 

1. TTponeTH00' paCCTOHHH8 1000 M (npH H3MepeHHB nponycxaHH.11 H8ilTPOHOB). 

2. PeanbHble CKOpOCTB C'leTa HeliTpOHOB, nony'leHHble C onncaHHblM Bblme JleTeKTO

poM, Ha KaHan aHannaaTopa 32 MKC8K npn MOlllHOCTH w = 0,7 KBT n npH xonnHMaTope 

JlHaMeTpOM 25 CM JlnH 9Heprnll 10 3B, 100 3B H 1000 9B paBHbl 1800 1/qac, 4500 1 /qac 

n 10500 }/qac COOTBeTCTBeHHO. 

3. A6conJOTH08 aHepreTH'leCK08 paapemeHHe.ycTaHOBKB npH JlflHT81IbBOCTH uellTpOH

uoro HMnym.ca 40 MKCeK u oaae 1000 M 

~ E = 1 1 • 10-
3 E

312 
3B ' 3B. 

4. <l>ou B H3MepeHBHX nponycxaHBH ooycnosneH B OCHOBBOM 3Ana3)lb1Ba10muMH Heil

TpoaaMB u cnaAaeT B cTopoHy Manwx aHepruil, cocTaBnHH 20% npn E0=1 sa n 5 % npu 
2 

ED = 337 38- (npH paooTe c 6opHblM q,HnbTpOM a =0,21 r/cM 11: c xonnuMaTopOM nna-

MeTpOM 20 CM)• 

6 

1. 

; 

... 
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TTepeilneM K H3nOIK8HHlO <j,H3H'l0CKOil 'IU.:TH JlHCCepTSUBH. 

B K8'10CTB8 nepBbIX o6paanoa AnH HCCne)lOBSHHH OblnH BblopaBbl 

Yb • Bb!nO H3Mepeao nponycKSBHe aellTpOBOB JlnH o6p83ll0B B3 
Rhl03 

Rh , Tb , 

Prl41 , 

Pr n 

Tbl59 H 

H3 eCTeCTB8HBOil CM8CH B30TOUOB Yb • KpoMe Toro OblnB B3MepeHbl 1tpBBb18 BblXOJlS y -

uanyqeBHH paJlBSllBOHHOro 3aXBST8 HeiiTpOHOB o6pa3ll8MB 03 B30TOnOB Yb 171 
• Yb 172, 

173 174 176 
Yb Yb H Yb • .Hnpa, BblopaHBble nnu HCCil8Jl0B8HHll, HaXO)lHTCH B pailo-

' 103 
HSX STOMHblX B0COB, npencTSBflHJOlllBX OCOObll! HHTepec. .Hitpo Rh pacnono*eHO B 06-

naCTH MHHHMyMa CHnoaoll <j,yHKllHH So JlflH s -aellTpOHOB H MSKCHMyMa CHnOBOl! 

¢yHKllBH S l JlnH p -HeilTpOHOB. B 9TOll oonaCTH B03MOlKHO npOHBil0HH8 p -pe30HSH-

COB npH MSilblX sHeprHHX ael!TpOHOB, CBeJleHHII O KOTOpbIX B H8CTO.lllll88 BP8MH O'l8Hb Mano. 

)KenaTelibHO TSK*e YTO'lHeHH8 JlSHHblX O So H Sl , TSK KaK HMeJOlllH8CH 'Jl8HHhl8 0 Sl 

JlSJOT B03MOlKHOCTb CJlenaTb nHmb oneny BenH'lHBbl S1 , a JlaHHble o 

CKH npeBbimaJOT T80p8TB'leCKH8 np8JlCK83aBBII B TSK*8 O'l8Hb HeTO'lHhI. 

So CHCTeMaTB'le

Pr , Tb H Yb 

npnnaAneJKB'I' K peJlK03eMe.1IbHblM sneMeiITaM, CBOilCTB8 HAep KOTOpbIX Mano nayqeHbl. OT-

MeTHM, 'ITO Pr14!..HAPO Maraqecxoe no HellTpo~aM, n 'ITO Mpo Tb n HJlpa uaoTonoa 

Yb HaXOJlllTCH B OonaCTH CBllbHO Jl8<j,OpMHpOBaHBblX HA8Po 

IlaHHble o Rh H Tb , HM8BlllH8CH K Ha'lany Hamax H3Mepeanll, ObinH nony'leHbl 

B 1953-1955 r.r. npn pBapemeHHB B H8CKOJil,KO paa XyJlmeM, 'leM y Ramero cneKTpo

MeTpa. BcneACTBne 9TOI'O Hamn B3MepeHHH Jl8nH B03MO)KHOCTb pacmHpHTb JlHanaaoH 3HeprHil, 

rAe onpeAenHJOTCH napaMeTpbl naonnpoaaHHl.tX peaonaHcos H noMBM o sToro ooaapy:>KHTb 

oonee cnaoble peaoHaHCbl a B paHee 11:ccneAOBaHHoil oonacTn. B cnyqae Rh 9TO OCOOeH-

HO HHTepeCHO, ItaK Y*e OTMe'laflOCb1 C 7o'IKB 3peHBII nonyqeBHII HOBblX JlaHHblX O CBOliCTBaX. 

P -peaoHaHCOB. 0TMeTilM, 'ITO OJlHOBpeMeHHO C HaMH nonHble s<l><!>eKTHBHbl8 Ce'leHHH 83811:M0-
/3/ 

JleilCTBIIII HellTpOHOB C Rh 11:ayqanHCb H8 cnettTpOMeTpe B Caxne • XOTH paapeme-

HHe aToro cneKTpOMeTpa npesocxon11:no paapemeHne cnexTpOMeTpa c HBPoM, nccnenosa

HHH B Hamell naoopaTopHH BMenn, onHaKo, HeKOTOpble npenMymecTaa, Tax xax 3JleCb Ha

PHAY C nOnHblMB s#eKTHBHblMB C0'leHBHMB npOB3B0JlHnHCb H3Mep8HBH pan11:annoH1Ioro aax

BaTa B pacceHHHII HeliTpOHOB. 'iTO xacaeTCH H3MepeHnli C npaaeO)lHMOM, TO nOMHMO npa

'IHH, yxaaaHHblX BblWe, HHTepec K H0MY Obin Bbl3BaH TeM OOCTOHTellbCTBOM, 'ITO B paoo-
/3/ 

Te • BblnOnHeHHOli B 1960 r. MeTOJlOM B3MepeHHH nponycxaHBH, OblnO Haii)l0HO pa3HOrna-

CHe C naHHblMB npeJlblJlYlllHX paooT O BeflH'lHHe paJlHaUHOHHblX WBPHH pe30HaHCOB. KpoMe 

roro a yxaaanHoli Bblme paooTe obln c)lenaH BblBOJl o TOM, 'ITO pacnpeAeneHHe npuBeJleH

HblX HeliTpOHHblX wHpHH pe3oHaHCOB onHCblBaeTCH x2 -pacnpeJleneHHeM C 'lHCilOM CTene-

Heli CBOOOJlbl V a6 B npOTHBOnonoJKHOCTb ycTaHoBneHHOMy nnH JlpyrHx HA8P pacnpeAene-

HHlO TTopTepa-ToMaca ( X
2

"'.'pacnpeAenea11:e c v = 1 ). · Tax xax o6Hapy*eHHe OTKnoH, 

HHII OT aaxoHa TTopTepa-ToMaCa JlOfl*HO npHBeCTB It nepeCMOTpy TeopeTH'l8CKHX npeJlCTSB

neaaa o np11:pone <j,nyxTyaUBII wHpHH ypoaHeil, aaM npencTaanMac& aeo6xonnMoD npoaepxa 
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n, .n • ·y BhlB0Jl0B pa60Thl 0 3U8'18HB'.11 V • aHBhlX Ou B3Mepeuusx C B30T0naMB . b Jl0 Ba-

meA pa6oThl ony6nBK0BaBo He l>hlnO. 

MeTOJlHK8 H3MepeuuA u o6pa6oTKH uenocpe)lCTB8HBblX Jl8BllhlX B3M8p8HBA 0HB;ChlBa-

eTCH Jl0CT8T0'IH0 no)lpO~HO B )lHccepTanHH. npu o6pa60TK8 Jl8HHhlX HCnom.3yeTCH-anex

Tp0HBO-Bbl"IHCnHT8Jll,U8H M8WHBa. Cymec-i-BeHHO, "ITO npu Bhl'IBCneuuu KpHBhlX npollyCKaBHH 

npHM8HH8TCH CT8THCTH'l8CKHA auanH3 JlSHUhlX MHoroxa11am.uoro a11anu3aTopa, H03BonmomuA 

HCKnlO'IHTb H3 paCCMOTpeHHH Il0K838HHH KaHanoB, KOT0phle np0THB0P8'18T nonuoA C0B0KyH

H0CTH JlSHUbIX, nony'leUHblX BO BCeX 0JlHOTHHBhlX cepirnx H3MepeHHA. 
r" 

OnpeJleiieuue pe30H8HCHhlX napaMeTp0B no axcnepHMeHT8Jll,HblM KpHBhlM nponycKS!IHH 

npoB3B0JlBnoc& xopomo H3BeCTHhlM MeT0Jl0M 'nnomaJleA. Hcnruu.3oBancg BapuauT, B K0TO

poM Y'IHTb!Bancn a<j,q,eKT .nonnnepa, Bbl3B8HHhlA Tenn0BblM JlBH}K8HBeM uccne)lyeMblX Sll8p 

B o6pa3uax, H He npBHBManacb BO BH_BM8HBe BHTep<pepeHitBH pe30HE.HCH6ro B noTeHitHam.

Boro pacceHHHH. KoppeKTHOCTb npuueueuun MeT0Jla nnomalleA 06oc110Bh1Ba0Tcn npoae.neH

HhlMH B3MepeHBHMH q>OpMbl HMnyn&ca peaKTOpa •. 

.nauUbl8 0 nponycxauuu o6pa3UOB HeCKOnbKHX TonDtHH 113 Jl8UUOro aneMeUTa H03B0nH

nu onpe)lenBTb 3Ua'!eUHH ,r ~ H r pe30H8UCa. IlpHBn8'1eHB8 Jl8HHhlX O p8JlH8UH0HHOM 38~
'X) 

B8T8 H paccenHHn H8ATp0HOB H03Bonuno CHH3HTb norpemHOCTH 3H8'1eHBA napaMeTpOB pe-

30H8HC0B H1 '!TO 

Ubl pe30H8HC0B. 

oco6euuo BS}KHO, B uau6onee 6naronpusrru1,1x cnyqaux onpeJlenuTb cnn-

B .Ta6nunax 1 - 4 npHBe)leUhl nonyqeuu1,1e Jl8HHhle O pe30H8HC8X uccneAOB8HHhlX 

HJlep. B np8BhIX CTOn6nax Ta6nun 1 - 3 ASIOTCn 3H8'1euun napaMeTpOB pe30H8HCOB, onpe-

Aeneuuble JlpyrHMH 8BT0p8MH. napaM8Tphl p830H8UCOB Yb onpeAeneHbl anep,a1,1e. CneAyeT 

OTMeTHTb rop83JlO 6onea BhlC0KYIO TO'IH0CTb 3Ha'leUBA Cy a o6uapy}KeHue cna6hlx pe3o-
. /3/ /8/ 

11aucoa Ann Pr , B cpaBueuuu c u ,a cymecTBeuHoe oTnaque JlaHlthlX o peaouaHcax 

Tb /8/ 
C .E :< 50 aB OT A8HHhlX, npBB8A8H!lhlX IlepBhl8 J:(Ba, q>aKTa 061>HCHHIOTCS! npu-

MeHeHHeM MeTOAliKH H3MepeHHA Ce'leHHA paJlH8UBOHHOro 38XB8T8 B paccenHHn, TpeTBA -

6onee BhICoKHM pa3pemeHBeM cnex-rpoMeTpa Ha HBPe, xoTopoe H03Bonuno nony'IHTb nyqmue 

Jl8HB1:de. 

Pat:CMOTpeHBe IlOCTp08HHhlX no .naHHhlM Ta6nnn 1-4 rpaq>HKOB 'IHCna o6Hapy}KeHHhlX 

·pe30H8HCOB B q>yHKUHH a·ueprHH ueATp0UOB npHBOJ:tHT K BhlBOAY 1 '!TO Jlonn U83aperHCTpu-. 

poaaunwx pe3oHaHcoa B uccneA0BauuoA o6naCTU·auepruA MB BCex Sllep ueBennxa. 3To 

.naeT OCH0B8HH8 C'IHT8Tb AOCT8TO'IHO H8Jl8lK.UhlMU J:(8HHhl8 0 cpeAHBX' napaMeTpax pe30H8H

COB, KOTOphle npuaoAHTCSI UH}Ke. 

x) ···-. -- ' • /4/ 
Paapa60TK8 MeTOAHKH B3MepeUHS! napnuam.HhlX Ce'!eHBA • H3MepeHBH P8AH8UH0H-

Horo 3axaaTa u pacceHHun Ha Rh , Pr a Tb , a TaK}Ke o6pa6oTKa J:taHHhlX o aaxaaTe a 

paccenuuu H8 Rh • Pr H Tb 61,mu BhmonueHhl B rpynne n.B. nuxem.aepa. 
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3acny>KuaaeT BBHM8HHB BOnpoc O pacnpeJleneBHRX npHB8JleUHhlX ueA-rpOHHhlX mupuu 
. 159 171 173 

pe3ouaucoB. B Cny'lae 3-x Sllep: . Tb , Yb B Yb axcnepuueuTam.Hble pac-

npe.neneuun npHBeAeHHblX ueATpOHHhlX mupuu 

C~IOTCB c pacnpe.neneHHeM IlopTepa-ToMaca 

C 6on&moA CTeneHbJO J:tOCTOBepH0CTH 
A •t/2 

p(x >A)=l-J-L-e dt 
0 211 t 

corna

(KpBTe-

puA Konuoropoaa p(>.). 1 ). Ilpu ST0M HOJ:tTB8p}l{JtaeTCn pauee c.nenaHHblA BhlB0A O Ma

noA .none nponymeuHhlX pe30H8HCOB. llnB Rb B Pr uaAA8H0 OTCTyDneBUe OT pacnpe.ne

neuusr nopTepa-Touaca. B cnyqae Rh (cu. puc. 2) OTCTynneBBe OT 3axoua nopn,pa-

ToM8C8 MO}KHO YCTJl8HHTb, BCXOAB H3 npeAUon0}KeHHB O npouaneuuu p -pe30H8HC0B. 

.nnu nony'!eHHB cornacuu C 38:K0H0M nopTepa-Touaca AeACTBHIO p -ueATp0H0B Jl0CT8T0'I

H0 npunucaTb 'leThlpe-nsrr& H8H6onee cna6hlX pe30H8HCOB. .nocToBepHOCTb rHHOT83hl 06 06-
103 . , 

uapy}KeUHB P -pe3ouaucoB Rh noAKpennsreTCB nonyqeuuoA oneuxoA aHa'!eHHn cuno-

B0A q>yBKUBB AnB p -neATpOHOB s 1 • KOTOpoe H8XOJ:tHTCB B cornacHB C ApyrHMH J:t8HHhlMH 

H C Ol>lllHM XOJ:(OM S1 B q>yBKllHB 8TOMBoro aeca. 

3xcnepHMeHT8llbB(?8 pacnpeAeneuue npBBeAeHBhlX neATp0HBhlX mupuu pe30H8BCOB Pr141 

T8K}Ke Be A88T xopomero cornacusr c KpHBoA IlopTepa-ToMaca. B npOTHBononoJK.UOCTb nono-
103 141 

}K0BHJO, BMeJOIIl8MY M8CT0 B cnyqae Rh I MB Pr Hellb3Sl yny'IWBTb cornacue 

38 C'l8T OTueceUHB '18CTB pe30H8HC0B K ueATp0H8M C f I O • Manau CTSTBCTHKa pe3o-

H8UC0B Be Il03BOJIBeT CAenaTb J:tOCT8T0'IH0 onpeAeneHBhle BhlB0Ahl O npB'IBBaX pacxo}l{Jte-
141 

BBB. Tpe6yJOTCB .nam.Beilmue uccneA0B8HHS! pe30H8BC0B Pr ' C rop83A0 6onee BhlCO-
. P 141 

KBM pa3pemeUHeM. nocxom.Ky BAP0 r BMeeT MaruqeCK0C 'IBCno ueATp0H0B, Be 

BCKnlO'leBa B03M0}KBOCTb ua6n10.neBHB auouanuA B CT8TBCTB'l8CKBX CB0fiCTB8X pe30B8BCOB. 

no ASBHhlM Ta6nun 1-4 6hlnB BafiAeHhl cpeJ:tBBe xapaKTepuCTBKH peiouaucoa u cuno

Bhle q>yHKUBB uccnei:tOB8HHhlX B.Qep. 3TH pe3yn&T8Tbl DpBB8A8Hhl B Ta6nune 5. 

Ha pnc. 3 ( 381fMCTB0B8H B3 
/7/ 

pal>OThl ) npuBeAeHo C0DOCT8Bn8HB8 uamux A8HHhlX 

0 < ry> C J:(8HBhD,IB i:tml Apyrux Sll8p. BBJtB01 '!TO HamB A8HHble pa3yMHO cornacyJOTCB 

C o6meli K8pTBHOli. KoHe'IHO, B3-38 6on&mux axcnepBMeHT8nbHhlX omu6oK MB0rux 3H8'18-

HHA ~y > aTo cornacue C KaKofi-TO CTeneHB_ MOJK.U0 C'IBT8Tb ycnoBHhlM. HBTepecuo, '!TO 
142 

DO B8WBM J:tBHHhlM 3H8'18HB8 <ry > Sllpa Pr 1 6nB3KOrO K MarB'!eCKOMY, B npe.nenax 

8KCH8pBM8HT8nbHhlX \JWBl>OK paBHO 3H8'18HlfHM < r y> 
160 172 

AnB Sllep Tb • Yb B 

Yb 
174 

• KOTOphle Aanexu OT o6naCTB MarB'IHOCTB • .naHHhle O cpeABBX paCCTOS!HBBX Me}l{Jty 
171 173 

pe3oBaucaMB Yb u Yb 61,mu ucnon&3 oaaBhl Ann oneuxu 3H8'!euuu napaMe-rpa u 

B cjlopMYne DnOTHOCTB ypoaueA, OCH0B8HHOll Ha M0Aenu <pepMB-r838. 

;,= _£_ (2J+l)exp[-_L_J(J+l)+2(aU)~], 
U 2 2u 2 

r.ne c 

su;pa, 

B a ecTb HeKOTOphle KOHCTBl'Thl, CBB38HHhle co CTJIYKTypoll Jlllpa, j - CDHH 

u - napaue-rp • onpeAenmomull 38BBClfMOCTb OT cnuea, u - auepruu B036y}l{Jte-

9 



BUSI, 3Ta oneaxa npelXCTaBnSieT H8COMB8HHl,di IIHTepec, TaK KaK TO'IBbIX onpeneneBHII napa-

MeTpa 

Yb 172 

CT· ue HM88TCSI, OcaoBaBll8M nng npOB81X8BHSl Oll8BKII nocnylKBno TO, 'ITO Sl)lpa ' 
174 . 

11 Yb HM8JOT 6n11aKHe uaccN a 6na3KHe suepr1111 CBst311 uellTpouoB, naneue 
171 173 

OT o6naCTII Milrll'l8CKIIX S!ll8p, a !IX cnBHbI S!ll8P Yb II Yb c11m.uo · pa3nll'IHbI 
172 174 

(1/2 II 5/2). B rrpennonolK8BHII, 'ITO Sl)lpa Yb II Yb IIM8IOT OIXIIBaKOBbI8 a 

OIXIIH8KOBbI8 

Ybl72 H 

c, 
Yb 174 

MbI nony•mnH, 'ITO CT' ,;.2,5, 10%-Bag pa3BHIXa B 3Ba'l8Bll!IX 

npllBOIXHT K cne1Xy10m11M rpau11naM JXnH CT 

CT· = 4 5 
+:1,8 

- 1,5 / 

a 

H 

JXnst 

0Tuoc11Tem.uo 3Ha'leBIIII c11noBbIX cpyBKllBII cnenyeT 3aM8TIITb cnenyromee, HaMII YTO'I

H8Bbl c11nOBbI8 cpyBKllllll Rh • Tb II Pr II BBOBb onpeJXeneBbl CHnOBbI8 cpyBKllllll 2-x 1130-

TonOB Yb , STII ll8HBbI8 YKnallhIBalOTCSI B 06my10 COBOKynHOCTb IIM810m!IXCSI IX8BHbIX, 

,CymeCTB8BHbill" cp113H'18CKHll pe3yllbT8T 113 IX8HHbIX O CHnOBbIX cpyBKllH!IX MOlK8T l>bITb · nony

'18H nHIIlb npH 3H8'1HT81lbHOM nOBbIW8BHII TO'IHOCTII SKCnep11MeBT81lbHbIX ll8HBbIX, 3Ta TO'I-

HOCTb, no-.BHJXHMOMY, H81XOCTynBa JXalKe JXnH cneKTpOMeTpoB, HMe.romux ropa3JXO 6onee 

BhICOKOe paapewea11e, '18M 0,04 MKCeKIMeTp, xax Ha HBPe, 

Paaee OTM8'1anocb, 'ITO ltOMl>Huanan peayllhTaTOB, nony'l8BBbIX B pa3nH'IBblX Tunax 

H3Mepeaull, noaBonana onpenenHTb cnuabI neKOTOpbIX peaoaaacoB (CM. Ta6r., 1-4), XOTH 

nonyqeHHbI8 )l8HHbl8 OTHOCBTCSI K ManoMy 'IIICny peaoaaucoB, !IX MOlKBO ucnOllb30BaTb 

JXnH npoBepxu npaBBnbHOCTII nepena'IH nnoTBOCTII yp0BBell OT cnuua np11B81X8HHOII BbIW8 

cjiopMynoll nnH 

p( I - ½) 
r =· ---

p (I+½) 

nnOTHOCTell ypOBBell, cpaBBHB 3KCnepHM8BTanhHbI8 3Ha'leBIISI 0THOW8HHll 

JXnH JXaauoro S!llpa C OTHOW8HIISIMH, BbI'IHCneuubIMII no T"eop8TH'l8CKOil 

cjiopuyne. 3TO cpaBH8HH8 npHB81X8H0 B Ta6n11ne 6. Ha Ta6n11nhI BIIIXHO, 'ITO cornac11e M8lKIXY 

TeopeT11'1ec1t11M11 u sic"cnepuMeHTanbHhIMH auaqeaBBMII HMeeTCH JXnH Tb • TeM ue Meuee, 

Ta6nuna ue ll03BOllS18T CJXenaTb BbIBOIX O IX811CTBIIT8m.'BoM OTCTynneBIIH OT paC'l8THbIX 

aaaqeaull r , TaK xaK aa6n101XaeMoe paan11q11e MOlK8T l>bITb BbI3Baao n1160 annapaTYpHblMII 

scpcpeKTaMH ( Rh ) , nB!>O Manoll CTaTIICTHKOll p830H8HCOB, Bonee llOIXpOl>HO 3TO paCCMOT-

peuo B IXHCCepT81lllB, 

X X 

X 

nepe'IHCnllM OCHOBHbI8 HTOrH pal>OT, OllHCaHHblX B IXHCCepTaIXHH, 

I. Ha 6aae HMnym.cuoro peaKTopa HEP C03JXaB CD81tTpOMeTp BpeMeHH DponeTa JXnH uccneno

BaHIISI DOnHbIX alj,cpeKTHBBblX C8'18HHII B38HMOJXellCTBHSI peaouaaCHbIX uellTpOHOB C 8TOMBblMH 

S!IIPSMH, npu 3T0M !>bin paapa6oTaH nepBbll!. B CoBeTCKOM Col03e lKHIXKOCTBblii IX8T8KTOP 
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/n/ 
M81Xn8BBbIX uellTpOS:OB 6ollbmoll nnomaJXH H BbIC01toll scjicpexTHBBOCT>I • CymecTB8BHOll ".aCTblO 

aToro aTana pal>~ sm11nocb ua}"leHHe cBollCTB. HEP a xax ucio'lu11xa uellTpoRoB, HayqeBHe 

IIMnym.coB HBPa noaBonuno o60CBOBaTb M8TOIXbI o6pa60Tltl[ naHHbIX II nposepHTb npaBHllb'...: 
I 

BOCTb pealtTOpBbIX paC'l8TOB, t:faCTb pe3yllbT8TOB Kamna npHM~B811118 B npa1tTHlt8 31tcnnya-

Tan1111 peaxTopa (o6ocuoBaBHe uonoro MeTona a6conIOTuoll xanu6ponxu MomuocT11), 

2, BNnH paapal>OTaBbI M8TOIXbI MaTeMaTl1'18C1tOII o6pa6oTKII peaym,TaTOB C nOMOIIlblO 

sneKTpOBBO-BH'IHCnHT81lbBOll MSWIIBbl, Oco6oe BBHMaHHe o6pameuo ua CT8THCTll'l8CKHll aaa.:: 

n113 uenocpeJXCTB8BBbIX ll8BBbIX annapaTYpbI, 

3. Bbinll npOB81l8BbI 113Mepeuun KpHBbIX nponycKSHIISI JXnst o6pa31lOB 113 Rh •. Pr , Tb, 

Yb u xpHBble BblXOlla ·Y -ny'lell paJXHaIXHOBHOrO 3SXBaTa ua o6pa3IXaX H3 8CT8CTB8HBOro 

Yb u ua uaOTonoB Yb , 3TH B3Mepeuna D03nonunu Dony'IIITb, PBIX BOBhIX nauuhIX. o peao

BIUlcax, B TOM qucne nnepBbie npoBeCTB uaoTonuqecKyro B1XeBTBlj,uKanu10 peaoaaucoB Yb 

B onpeJXenHTb DapaMeTpbI 3THX pe30B8HCOB, 

4, CoBM8CTBhiil·auanua JXaHBbIX o nponycxauuu JXaHBhIX o pa1X11anuouuoM aaxnaTe 

B yIXpyroM pacceBBHll uellTpOHOB JXan B03MOlKHOCTb YM8BbWHTb 3KCD8pllM8HTanbHbl8 ow1161t11 

11 onpe1Xen11Tb CDIIBbI peaouaucoB Rh Tb II Pr 

5, no JXaHBbIM O napaMeTpaX peaouaHCOB onpeJXeneBhI cpellH118 napaM8TpbI S!ll8P (cu

nOBbI8 cpyBKnua, cpeJXBBe pacCToBHHB M8lKIXY. peaouaHcaM11, cpe1XB11e pa1XHan11ouubIe m11p11ub1), 

H3y'l8BbI cpopMbI pacnpe1Xeneu11il npllB81l8BBbIX uellTpOBBbIX 

npeJXeneBIIH npllB81X8HBbIX aellTpOBBbIX m11puu peaouaucon 

m11p11H, O6uapylKeuo, 'ITO pac-

Tb 159 Yb171 11 Yh
173 

ODD-

CblBSIOTCH 38K'i1.\~M noPTepa-ToMaca, 8 p8CDp81X8n8BIIB Dp11B8JX8HBbIX uellTpOHHbIX WHPIIH 
103 · 

Rh II Pr ue cornacyJOTCu c aaxouoM nopTepa-Touac"!• 

171 
6, no JXaHBbIM O CP81XBHX pacCTOBBII~ M8lKIXY peaouaucaMII Yb 11 

173 
Yb CJXena-

ua oneaxa napaMeTpa CT· , onpeJXenmomero 3aBIICIIMOCTb nnoTHOCTII ypoBHell OT cn11Ha B 

cpopMyne nnoTHOCTII ypOBHell, OCHOBauuoll ua MOIX8nll $epuu-raaa. 

7. CpaBH8Bll8 'IHCna pe30H8BCOB co CDBBOM I+½ C 'IBCnOM peaouaBCOB co cnHBOM 

I - ½ Tb 159 
D03BOnuno no1XTBepn11Tb DpaBllllbBOCTb npe1XC1taaau111! YDOMSIBYTOii lj,OpMYnbJ 

nnOTBOCTII yp0BB811 0 3aBIICBMOCTII 'IBCna YPOBH8ll B IXSBBOM auepreTH'18C)tOM IIHT8pBane 
' 103 141 

OT cn11ua, Auanor11'IHhie 1XauubIe o peaouaucax Rh n Pr pacxoJXHTCH c rrpe1XC1taaa-

BIIIIMII T80pHH; 8 cnyqae Rh paauornac11e·MolKBo o6~BCHHTb •uepanuonpaB!leM• ypoBuell· 

co cnHBOM OH I DO OTHOW8HHIO It B03MOacBOCTII 3KCD8Pll!I.J8HT8nbHOro onpe1Xeneu11a-cn11aa, 

X X 
X 

11 



IlpoaeneHHhlA IIHKn uccnenoaaauA aa cneKTJ)OMeTpe peaoaaacahlx aeATpoHOB c HEPoM 

noKaaan, 'ITO OH lIBil!10TCH Bnonue pa60Tocnoco6HhlM H n03BOn!leT nony,rnTb H0Bbl0 A8HHhl0 

n pewaTb aKTyan&Hhle aana'IH ueATpoauoA cneKTpOM0TJlHB. OcymecTaneHHhlA B Hl64-65r.r. 

non'l>eM MOIIIHOCTH peaKTopa no 6 KBT yaennqnn TeMn nony'leHHH naHHhIX. EnaronapH STOMY 

yaenH'IBnacb ll0HHOCTb Cn0KTJ)OM0Tp8. 

OnuaKO B H8CTOHI!l0e BpeMH COBepmeHHo HCH8 Heo6xonuMOCTb yny'IW0HBH napaM0T

poB cneKTPOMeTpa. B ~epayro oqepenb STO OTHOCHTCB K paapeweauro cneKTJ)OMeTpa. Bo

nee BhlCoKoe paapeweuue noaaonnT pacwupHTb o6naCTb uccnenoaaunA, yaenB'IBTb '!Beno 

uayqaeMhlX pe~ouaucoa nnH nauuoro !!Apa, n 6naroiiapH sTOMY noBBHTCH B03MOlKHOCTb 

6onee H&AelKHhlX S8KnIO'l0HHA O cpenanx napaM0TJ)8X HO CT8TBCTH'l0CKHX CBOACTB8X peso

HSHCOB • .ilnH cneKTJ)OM8Tp8 Ha HEPe 0AHHCTB0HHhlM pannKanbHhlM pemeHB0M BOIIpOC8 06 

yny'IW0HHH paspeweHBH SIBilH0TCB nepeaon peaKTopa B pelKBM pasMHOlKBT0IlH npu 'acnphl

CKHBSHHH' HeATpOHOB KOpOT~HMH HMnyn&caMH OT Apyroro HCTO'IHBKS. no npennoJKeHHIO 

4>.n.illanupe, B nH4> npOBOAHTCH pa60Thl no COIIpHlK0HHIO HEPa C MBKpOTpOHOM0 0nhIThl 

lIOKasanu, 'ITO B TSKOA KOM6uaanuu peanbHO COKpameaue HMnyn&ca AO 1-2 MKC0K npn 

cpenaeA MOIIIHOCTB nopHAK8 100-200 BT. 3TO ll03BMH0T nOBhlCHTb paspeweHH0 cneKTpO

MeTpa npHM0pHO B 20 pas. B HaCTOHI!lee BpeMH pa60Thl C MHKpOTpOHOM HSXOAHTCH B CTa

AHH nycKa lj>BSH'l0CKBX 9KCnepHM0HTOB. 3necb yMeCTHO ynOMS!HyTb, 'ITO nnH pa60T C MBKpO

TpOHOM JKenaT0nbHO coanauue H0ATpOHHhlX A0T8KTOPOB C 6onoweA nnomanbn, '10M y cyme

CTBYIOill8I'O A0T0KTOpa. B03MOJKHhl8 nyTH peweHHH STOA sana'IB'.OTM0'10Hbl B nuccepTanuu. 

CnenyeT YK8S8Tb HHS H8KOTOphle B03MOlKHhl0 IJYTH pacwnpeHHH ljlpoHTa uccnenoaa

HHA pesouaHCOB. KaK BHAHO B3 npeAhlAYI!lero, aHanns naHHhlX O peSaHSHCaX naeT ropasno 

6onee onpenen8HHhlA MaTepuan, ecnu HA8HTHlj>Uit811HH '18THOCTH pesOHSHCOB 6yA0T npoao

AHTbCH 6onee OAH03Ha'IHO u ecnn 6ynyT onpeiiensrn,cg cnnHhl He TOn&KO Hau6onee cuno

HhlX peSOH8HCOB, HO H 6onbWHHCTB8 cna6hlX peSOH8HCOB • .ilnH 3THX neneA MOJKHO p0KO-
'J,, 

MeunosaTb nsyqeHue cneKTJ)OB ,y -nyqeA panuannoHHoro saXBaTa c noMOillbIO nonynpo-

BOAHBKOBhlX A8T8ItTOpOB Y -B3ny'l8HUH, KOT0phl8, It8K BSB0CTHO, CO'l0TaIOT B ce6e pas-

pewenne, 6nusxoe It paspeweHBIO M8I'HBTHhlX 'cneitT}JOMeTJ)OB,c npBHUBnua_IlbHOA B03MOlK

HOCTbIO nony'l8HBH BhlCOitnX s4>4>e1tTBBHOCT8A C'leTa. Yunsepcan&HblM M8TOAOM onpenene

HBH CIIHHOB pesouaHCOB BBnHeTCB HCDOilbSOBanue uongpusoBSHHhlX IJY'IKOB pe30H8HCHhlX 

ueATpOHOB. B na6opaTOpHH ueATpOl!HOA lj>BSHKH B0AYTCH pa60Tbl no pa3BUTHIO o6oux yKa

SSHHblX M8TOAOB. 0TM8TBM, 'ITO MH nony'l8HBH nongpHSOB8HHhlX ny'IKOB p830H8HCHbIX 

ueATpOHOB no npennoJKeHBIO 4>.n. lIIanupo IIpHM0HH0TCH nponyCK8HH0 ueATpOHOB qepes nonH

PBSOB8HHhl8 BOAOpOAOCOA8pJKaIIIB8 lj>HilbTphl0 

IlposeneHBe ItOMnne1tca MeponpBHTBA DO YB0nH'l0HHIO paapeweHHH cneitTPOMeTpa B 

BH0np8HHIO HOBhlX 9KCD8PHM8HT8IlbHhlX M8TOABit SHa'IHT0nbHO pacwupuT o6nacTb uccne

AOB8HHA ua HEPe. 
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Ta611:m.\a I. 

l 
Taonmta 2. 

~aHHHe O pe30HaIICax pO)UIH 
toa J;'eaoHaIICH npaaeo,ZJ;irna Pr

141
• Rh • 

; 

E0 (3B) P. (!.!3B) r (llSB) J rr ]Jf;rHe anlio] 
E0 SB gI',. MSB r. MSB ]J.aHl.bl} ,Zl;p. U"J3tO]OB ·r 

J ] ,r."'6 I:'y 6 I:'y 3 

I,257 0,39±,0,005 50,5:t,0,2 0,030±,0,005 

34,3.±,0,I O,OII±,0,002 85,I±,0,2 3,2±.0,4 80±,20 !50±,30 73-:-12-
46,7±,0,I 0,37±.0,03 I55+I6 I55±,I6 0,28±,0,03 - II2,0±.0,3 0,23±0,03 
69,3:t.0,2 0,!5±0,0I O,I2±.0,02 
95,5±,0,4 I,7±.0,I !50±,!5 0 !43±,15 0 I,65±.0,45 2!6,7:t.0,8 570±_40 7I.±,I5 3 340±,2IO 

98,4:t_0,4 0 ,06±,0.,02 234:!:I 460:t.25 93±,!5 (3) 370:t.!50 -
IIO, 7-:t_0,5 0,!2:!:_{),02 

359:!;.2 790±,50 60:t.15 3 
II4,0±,0,5 O,I0±0,02 
!25,3±.0,6 6,I±.0,4 !75±_!5 I I67±,I5 I,9±.0,7 384:t,3 27±_4 125:t,30 

!54,5:t,0,6 46.±,5 280±,30 0 96+36 55:t_S 4II±.5 I,2±.0,2 
!78,7-:t_I O,I0±.0,03 

470+_5 I,7±.0,3 
187 ,0±.l 30±.2 182±.IO I I42:tI3 1 . 28±4 
205.±,1,I 0 , 20±.0 , 05 515±4 380±,25 75:t,15 3 

253,7±.1,6 20±.1,5 190±,20 I 163±_21 23±.9 631:t,5 1200±,50 107+20 -
263±.l, 7 l ,5±.0,4 
272,5±1,8 4I:t,3 300±,15 0 · !36±,20 

718±6 1200±,60 68±_15 

290,2±1,9 II±.l 160.±,40 0 II6±.40 839:t,7 2200±.IOd 83:tl5 3 

320, 7±_2,3 57:.t_IO 380±,50 0 152±,63 942±_8 1470±_70 1C7±_20 2 
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Ta6mn~a 3. 
Ta6Jm~a 4. 

IlapaueTpH peaoHaHCOB Tepolifl Tb 
lDD IlapaMeTpH pe30HaHCOB li30?0IlOB liTTep6HH. 

E
0 

3B ,r M3B r M3B J l{aHHHe pa60Tbl [3] ia·:~ :E
0 

3B Li30TOil r M3B el: M3B 2cr 0 

D ·r rm n, D ' 

E0 3B ,rn M3B 

3,340±,0,005 0,21±,0,02 80±,IO 2 3,35±,0,03 0,21±.0,03 I. 7,93±,0,02 171 l ,44:t_O, 17 1,03±0,12 

4,98:!:,0,0l 0,032±.0,003 l 4,99±,0,05 0,028±0,004 2. 8,13±0,02 171 0,49±0,06 0,34±,0,04 

II,05:!:,0,02 5,0±,0,2 87±,6 2 II,14±0,l 4,6±.0,9 3. 8, 85:!:.0 , 04 I7I 0 ,025±,0 ,OIO 0,017±.0,007 

14,38±0,03 0,084±,0,008 14,4±0,2 0,27±,0,06 4. 13,B±.0,07 171 93:tIO 2,5:::,0,I I,38:t_Q,06 

2J,20±,0,05 0,62±,0,06 2I,4±,0,2 I,I±.0,l 5. 2I,8±,0,I I7I O,I9:t,G,03 0,08I±_O,OI3 

24,6±,0,07 2,7±.0,2 76:t.II 2 24,7±0,3 2,6±,0,4 6. 28 ,2:t,O ,l 171 70±10 I ,8±.U ,I 0,68±,0,04 

27,6±,0,08 0,47±,0,05 . 27,8±0,3 0,45±,0,06 7 • 34, 7::t.0,2 171 3 ,8:::,0 ,8 1 ,3±.0,3 

33,9±,0,II 1,4±.0,2 81±.15 I 34,1±0,4 1,6±.0,4_ 8. 41,5±.0,2 171 168±,70 7,2±.0,7 2,2±.0,2 

40,7:t,0,15 0,29±,0,05 9. 46,5±.0,3 I7I 0,90:!:,0,15 0,26:!:,0,04 

43,7:t0,17 2,5±.0,2 76±,16 2 44,2±,0,6 2,8±,0,4 IO. 53,2:t0,3 I7I 5±1 1 ,'~:::.O ,3 

46,1±0,IS 6,7±.0,5 89±II 2 46,6±0,6 7,5±1,5 II. 54 ,4±.0,3 I7I 16±,3 4 ,3!0 ,8 

50,3±,0,20 I,3±.0,3·, 51,I;tO, 7 I,9±,0,4 12. G0,4±.0,4 I7I I43:t_36 4,3:t.0,3 I ,I0±.0 ,08 

51,6±0,20 0,54±,0:,07 13. 65 ,0±.0,4 171 7:tl I, 74±,0,25 

54,2±0,23 0 ,30±,0 ,05 54 ,9:!:,0, 7 0,8±.0,3 14. 77,3±,0,6 171 II:t2 2,5±.0,5 

57,3;t0,25 0,66±,0,07 IS. 82,6:t0,6 I7I 2 ,4±.0 ,3 0 ,53:t,O ,07, 

58,7±,0,25 0,85±0,IS 58,7±.0,8 2,3±,0,6. 16. 84,7±.0,7 I7I 2,5±,0,4 0 S4+0 09 ' - ' 
65,5±,0,30 5,0±.0,5 92±,20 17. 96,I±.0,8 I7I 3,0:t.0,4 0 ,6I:t0 ,08 

66,8±,0,30 1,2±.0,l 66,l±,l,l 7,5±.2 IB. 108±,l I7I 37±_7 7,1±,l,4 

74,0±,0,35 8,5±.0,6 87±_16 2 74,6:t,l,3 I0±,3 19. II3:tl 171 14±,3 2,6±.0,5 

76,8±.o,4 20. 128:tl,2 171 20±:5 3,5±,0,9 

78 ,0±.0 ,4 78,2±,1,4 7 ,5±,2 2I. ll~I::!:,I ,4 I7I I0±,2 1,7±.0,3 

88,8±,0,5 1,8±.0,2 22. 147±,I,5 171 7±2 I,2±.0,3 

90,6!±,0,5 3,8±0,3 23. 4,53±,0,01 173 0,082±.0,009 0,077±.0,008 

97,5±0,5 14±1 103:!:,14 I 24. 17,80:t.0,07 173 IOQ±IO 14±1 6,6±.0,5 

25. 31 ,6:J:.O ,IS 173 165±,14 36±,3" 12,8:t,I,l 

26. 35 ,8:!:.0 ,2 173 24:t.4 8,0±1,3 

27. 45,5±,0,2 173 104±,16 15:!:,I ,4 4 ,4±.0 ,4 

28. 53,8±.0,3 173 6,6:t.1,2 1,8:!:,0,3 

17 
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1!212 :E
0 

311 1iaOTOII •r M3B P,. M3B 2p: M3B IIII 

29. 59,0±_0,4 173 I4I:t,65 4,0:t,0,7 I,0±.0,2 
30. 66,7:t0,5 I73 I43±,24 I5,6±,I,2 3,8:t,0,3 
3I. 69,1±,0,5 I73 5,3±.0,7 1,3±.0,2 
32. 74 ,8:tO ,6 173 4,1±0,7 0,95±_0,I2 
33. 76,7±.0,6 I73 IB±.3 4,,I±.0, 7 
34. 97 ,5±.0,8 I73 6,4±,0,8 I,3:t0,2 
35 •. I06±_I I73 26±_5 5:tI 
36. II2±.I I73 5 ,4:tO ,8 I±0,2 
37. 125±,1,2 173 9,4:tI,4 I,7±.0,2 
38. 130±.I ,2 173 13,6±.I,8· 2,4±.0,3 
39. 40,3±.0.,2 I70 306±_46 I97±,I4 3I±.2 
40. 73,2±.0,5 170 77:t,I2 9,0:tl,4 
4I. 22,6:t,O,I 
42,. 141±.I,5 I72 

Ta6Jrnua 5. 

Ycpe,IlHemrne xapaKTepHCTHKH peaoHaHCOII H;iWP 

li,IlpO 
-!.I!1llleHI, 

uRh ioa 

p 141 
51 r 

e,.TblH 

TO Yb IT.I 

'Ill Yb.lU 

---. 

(no ,IlaHHb!M Ta6nHU I¼4) 

Cpe,IlHHH Cmro11aH ~ymm1rn 
pa;zu,1au110H- so.ro4 s, .ro4 Ha_!l. llll'lpHHa 
<r'l'> M3B ' 

I48±,IO 0,46±.0,18 I,8±.I,4 

81±6 3,6±1,4 

86±.4 0,9.±,0,3 

84±,II I,1±.0,4 

77±,7 2,4±.0,9 

18 

Cpe,IlHee paCCTOHHHe 
Me~y pe30H8.HCaMH 

D 3B 

I7±,4 

64±.13 

4,2±.0,6 

5,8±.1,5 

8,5±.I,3 

I Ta6Jll'!Ua 6. 

~aHHli8 0 q11cne pe30H8.HCOII C 113MepeHHliM11 
:1 3HaqeHHHMH CIIHHa. 

I 
ff,Ilpo- Cmrn tJ:HCHO :Q830HaHCOII 0THOlll8HH8 r 

l.Ullll8HI, H,Ilpa- co co 3ltCIIepHM8HT no LUflll8HH CIIliHOM 1-¾ CIIHHOM I+:½ q>OpM. 

Rh1oa I/2 5 3 5/3 I/3 

TblH 3/2 3 6 3/6 3/5 
Pr 141 5/2 I 4(5) I/4(1/5). 5/7 
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r-----,---------------------------~flXJO,---------

Pile, 1. Coman CX8Ma ycTSH0BKll )lnB H3M8p8HHB nonHblX 3<p<p8KTllBHbIX Ce'l8Hllll. B381lM0JiellcTBHll Me)lneHHblX 

HellTp0H0B C 8T0MHb!Mll llJipaMll, 1 - 8KTHBH8B "30H8 peaKTopa HEP i 2 - )lST'lllK CTapT0BbIX llMnynb

C0Bj 3 - 38MeJinHTenbj 4 ~ cqeT'lllKll MOHllTOpOBj 5 - 3Il8KTp0HH8B annapaTypa M0HHT0P0Bj 

6 - 6opHbii! cpHl:bTpj 7 - KonnHM8T0p H3 napacpHH8 H oopa; 8 - CBHHil0Bblll K0nnHM8T0pj 9 - anna

paTypa )lHCTSHilll0HH0l'0 nepeMemeHllB oopaanOBj 10 - HCCileJiyeMbli! oopaaen; 11 - K0nnHM8T0P 

H3 napacpHHa C KapoH)lOM oopa; 12 - K0HT8i!Hep aellTpOHHOl'O neTeKTopa; 15 ·- ~OTOY~fOJKllT8Illlj 

16 - 3Il8KTp0HH8B annapaTypa HellTpOHHOl'O )l8T8KT0pa; 17 - BpeMeHH0ll 8H8nll38T0P ; 18 - onoK 

pacnpeneneHHll CT8pT0BbIX llMnynbC0Bj 19 - nepeC'l8THbie CX8Mbl H HyMepaTopbl, lllTpllX8Mll C 0)lH0i! 

T0'IK0ll 0003H8'18Hbl K0MMYHHK8UllH CTapT0bblX :1MnynbC0Bj mTpHXaMH C JIBYMll T0'IK8Mll - K0MMYHll

KaUllll llMilYnbC0B )l8T8KT0pa H M0HHT0p0B, 

x) 
B paooTe HCnonb30Bancll 1000-KSHanbHblll 8H8IlH38T0P, ll31'0T0Bil8HHblll Il0)l PYK0B0)ICTB0M 

MaTalIHHa n.11. (nT3 Ng 3, 54 ( 1960)). 

0 Q5 (0 (5 2,0 

103 
Puc, 2, Pacnp8JI8Il8HH8 npllB8Jl8HHb!X HellTp0HHb!X WllPHH pe30H8HC0B Rb , rna)IKH9 KpHBb18 

0OCTp0eHbl no 38K0HY nopTepa-ToMaCa H H0pMHp0B8Hbl HS nonaoe 'IHCno p830H8HC0B 

14 H 18 C0OTB8TCTB8HH0, ~ 
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Pnc. 3. IlaHHbie Cl cpeAHHX paAHBUHOHHblX WHpHHBX SIAep. PncyHOK 38HMCTB0B8H 

/7/ 
H3 pa60Tbl • Hawn ABHHbie H306palKeHbl CBeTnbIMH KpylKO'iKBMH. 


