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0 1976 06l>f!C}UHeHHWU UHc•u•y• JfOepHWX UCCAe006QHUU Jb6Ha 

B 9rofi crarbe coaep:tKHTC51 KparKHfi o63op aay'IHbiX 
pa6or, BhlDOnH51BilllfXC51 B fla6oparopHH HefirpOHHOH ¢H31f
Kif Ol1.HI1 B 1975 r. * Maoroe H3 roro, qro 3t:leCh o6-

cy:tKaaerc51, B roil H:nH HHOfi Mepe y:tKe paccMarpHBanocb 
B CB513H c pa6oraMH npownhrx ner. 

foa B :tKH3HH na6oparopHH - cpoK He6onhwofi, If 6onh
WHHCTBO rex cepbe3Hb!X npo6neM, KOTOpb!Mif OHa 38Hif
M8eTC51, ocra1orc 5I ocHoBofi ee pa6orbr B re'IeHHe p51t:la 
ner. Ewe B 6onhwefi crerreHH 9TO OTHOCHTC51 If K pa3Bif
Tifl0 rexHH'IecKo.fi 6a3bi na6oparopHH. B qacraocrH, MHe 
y:tKe IIpHXO!lH:nOCh OTMe'I8Th, 'ITO Mbl Hay'IHnlfCb nyqwe 

ITOHifM8Tb rrpeHMyweCTBa lfMDynbCHOf'O peaKropa J1EP-30 
If cranH nyqwe ero Hcnonb30Barb. 3ror npouecc DOBhl

weHH51 9¢¢eKTifBHOCTif lfCDOnb30B8HH51 peaKropa DpO!lOn
:tK8nC51 H B 1975 roay. 

Yny'IwHnc£ If caM peaKrop. Oa pa6oran B 1975 roay 
O'IeHb cra6H:nbHO H Bhlt:lan Ha 9KCDepHMeHT 4100 'I8COB 

npH nnaae 3600. 3ro - pe3ynbrar cymecrBeHHofi Moaep
HH38UHH peaKTOpa, DpOBet:leHHOH B O'IeHb C:tK8Thle cpOKif. 
Ebrna 3aMeHeHa BC51 IIO!lBH:tKHa51 30Ha, ao aecMorp51 Ha 

38MeHy MeX8HH'IeCKifX CHCTeM, nepHO!l8 Hanat:lKif IIO'ITif 
He norpe6osanocb, c caMoro Ha'Iana peaKrop pa6oran 

cra6HnhHo. Ynyqwea TaK:tKe HH:tKeKrop K peaKropy. Ero 

MOillHOCTb llOBbiWeHa DpHMepHO BilBOe If t:lOCTiff'na B 9TOM 
roay 12 KBr. 

*I1cnonb30BaH reKCT orqeraoro aoKnaaa, npeacrasnea-

Horo XXXIX ceccHH Y'Ieaoro cosera OI1.HI1 14 £HBap51 
1976 roaa. 
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B pe)KHMe c HH)KeKropoM peaKTOp HEP-30 ceifqac, 

HeCOMHeHHO, ny'llliHH H3 CyllieCTByiOlllHX HeHTpOHHb!X cneKT

pOMeTpOB B o6naCTH 8HeprHH HeifTpOHOB HH)Ke HeCKOnbKHX 

COT aneKTpOHBOnhT. 3TO 6hinO H3BeCTHO H paHbllie H TeM 

6onee npasHnbHO reneph. 

qTO KacaeTCH MHOrHX pa60T no ~H3HKe KOHAeHCHpo

BSHHb!X cpea, ro Mbi y6eaHnHCh, 'ITO HEP npH MOlllHOCTH 

15 KBT He ycrynaer craunoHapHbiM peaKropaM MOlllHO

CThiO 40 MBr. DpH aTOM pa6oTaTh B HMnynhCHOM pe)KHMe 

B pHae cnyqaes yao6Heif. 

DepeXO)KY K 06Cy)KaeHHIO OCHOBHbiX pe3ynbT8TOB. Me

TOA nony'leHHH ny'IKOB nongpH30B8HHb!X HeifTpOHOB npo

nycKaHHeM HX qepe3 nonHpH30B8HHYIO npoTOHHYIO MHllieHb 

6hrn pa3pa6oraH B JIH¢ npHMepHo I 0 neT Ha3aa. Ceil'lac 

8TOT MeTOA CTan npHMeHHTbCH H B apyrHX HAepHb!X UeHT

paX B pa6oTaX C pe30H8HCHblMH HeilTpOH8MH, anH KOTOpb!X 

OH ocraercH yHHKanbHbiM ao CHX nop. OnbiT fpeHo6nH 

noKa3an, 'ITO OH yao6eH T8K)Ke anH pa60T C TennOBb!MH 

HeHTpOHaMH, ITOnHpH38UHIO KOTOpb!X MO)KHO rrony'laTb H 

apyrHMH MeroaaMH. B CBH3H c rrpeacTOHlllHMH pa6oraMH 

Ha peaK rope HEP-2, B JIH<t> aror Meroa 6hrn 3Ha'IHTenb

HO yCOBepllieHCTBOBaH, 'ITO IT03BOnHnO BbiiTOnHHTb H3Mepe

HHH, KOTOpble paHee rrpeaCTaBnHJIHCb HeocymeCTBHMb!Mllo 

CxeMa ycraHOBKH BHaHa Ha pH c. 1. 3aech I - aKTHB

HaH 30Ha peaKTopa, 2 - HeilrpoHosoa, 7 - MarHHT, BHYTPH 

KOTOporo HSXOAHTCH Kp!ICT8JIJI, ITOJIHpH3YIOIU!Ill HeliTpOHblo 
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Pac.l. CxeMa ycraHOBKII AJHI 3Kcnepa:-.wHTOD c rrons:rpu::Jo

BaHHbiMH Hei:JrpotWMH H srapaMH, 
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l13MepeHHSI Tpe6yiOT, 1-IT06b! 3H8K nongpH38UHH HeHTpOHOB 

6b!CTpO MeHSinCH Ha o6paTHbiH H 'IT06bi npH 3TOM a6co

niOTH8H BenH'IHH8 nonSipH38UHH He MeHSinaCbo aocrHrHyTb 

aroro nepeMarHH'IHBaHneM ~~otarHHTa aonro, npHTOM Her 

yeepeHHOCTH B nOBTOpHMOCTH pe3ynhT8TOB. 008TOMY no 

npeano)KeHHIO An~HMeHKOBa /l/ npHllinocb ocymecTBHTh, 

Ha nepBbiH B3rnHa, crpaHHbiH Meroa. Bech MarHHT, eecoM 

npHMepHO 7 TOHH, BMeCTe C coaep)K8lllHMCSI B HeM nonHpH-

38TOpOM HeiiTpOHOB nosopa'IHBaeTCSI Ha 1800 38 10 Ce

KYHA, npH'IeM TO'IHOCTb yCTSHOBKH COCTaBnSieT npHMepHO 

5 yrnOBbiX MHH. TaKHM o6pa30M, KBK 8TO HH CTpaHHO, 

HHOraa OK83biBaeTCH BbirOAHee Bp8lll8Tb O'lar BOKpyr 

sepTena. Uu~poif 8 Ha pHcyHKe noKa3aH KpHOCTaT, 

nOMellleHHhlll B MarHHTHOM none 15 K3, B KOTOpOM HCCne

ayeMblH o6pa3eu oxna)KaaercH ao 0,03 K. 3THM aocrHra

eTCH ITOnHpH38UHH Haep, Ha KOTOpbie B03AellCTByiOT nong

pH30B8HHhle HeifrpoHw. B aKcrrepHMeHTax HccneayeTCH 

nornomeHHe nonHpH30B8HHbiX HeifTpOHOB nonHpH30B8HHb!MH 

HapaMH. OponeTHaH 6a3a, Ha KOTopoif pacnono)KeH aereK-

rop 8, COCTaBnHeT 120 Mo 

KaK H3BecrHo, cnHHbi pe3oHaHCOB, soa6y)KaaeMbiX s

HeHTpOH8MH, OTnH'IBIOTCH OT CnHHa gapa MHllieHH nH60 

Ha +I /2' nH60 Ha -I 12. noaTOMY nonHpH30B8HHbie Siapa 

6yayr nornOlll8Tb B K8)KAOM pe 30H8HCe TOnbKO HeiiTpOHbl 

BnOnHe onpeaeneHHOH nonSipH38UHH B 38BHCHMOCTH OT 

TOrO, Tpe6yeTCH nH ao6aBHTb K CnHHY 1/2, nH60 y6aBHTb 

cnHH Ha 1/2. B peaynbTare npH H3MeHeHHH 3HaKa nonH

pH3aUHH HeiiTpOHOB B HeKOTOpb!X pe30H8HC8X nornomeHHe 

6yaer B03pacraTh, a B apyrHx, Hao6opor, y6biBaTh, 'ITO 

38BHCHT OT Tpe6yeMoro 3H8Ka nonHpH38UHH HeHTpOHOB. 

3ro rroKa3aHO Ha pH c. 2. HH)KHHH Kp!IBaH - KpHBaH npo

nycKaHHH anH HenonSipH30BaHHbiX HeiirpoHos. Ka)Kahrif pe-

30HaHc npOHBnHeTCSI Ha Heif KaK MHHHMYMo Ha sepXHeH 

KpHBOH - OTHOCHTenhH8H pa3HOCTb nornomeHHSI anH ABYX 

3H8KOB nonHpH38UHH HeHTpOHOB, BHAHO, 'ITO B OAHHX cny
'18SIX BHAHbl M8KCHMYMbi, B apyrHX - MHHHMyMbi. MHHH

MyMy COOTBeTCTByeT CnHH, paBHb!H AByM, MaKCHMYMY -

crrHH-eaHHHUa. Y)Ke H3 raKoro Ka'lecrseHHoro peaynhrara 

onpeaenSieTcH cnHH peaoHaHca. 3ro - pe3ynbrarw anSI 
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Pifc. 2. 3<!J<!JeKT rrporrycKaHifSI rronSipH30BaHHhiX pe3oHaHc

HhiX HeHTpOHOB .UnSI Tep6if Sl. 

Tep6HSI 
121 

1 ifCXO.llHOe SI.llpO-MifiiieHb KOToporo ifMeeT 

CIIifH 3/2 1 a pe30HaHChl 1 cne.uosarenbH0 1 CIIifH 2 ifnif 1. 
YcosepiiieHCTBOBaHHe ycTaHOBKH rro3BOnifno c.uenaTb .uanb
HeiiiiiHii IIIar 1 KOTOpbiH paaee 6hin HeB03MO)!{eH. Y .nanOCb 
anSI Toro )!{e aneMeaTa rrposecTH H3MepeHHSI B o6nacrif 

aaeprHii .no 100 KaB. 3.uecb oT.nenbHbie pe3oHaHChi y)!{e 

Henb3SI OT,llenSITb .Upyr OT .npyra 1 HO MO)!{HO BH.lleTb 1 Me

HSieTCSI nif IIOI'nOIIIeHife HeHTpOHOB B 3aBHCifMOCTH OT 3Ha

Ka rrons.lpH3aUHif. Ehmo rroKa3aH0 1 'ITO TaK Ha3hiBaeMaSI 

HeHTpOHHaSI CHnOBaSI <!JYHKUHSI C TO'IHOCTbiD 1 He Xy)!{e 1 '!:eM 

5%, He 3aBHCHT OT Benif'lifHbl CIIHHa pe30HaHCa, 3ro -

6 

CyiiieCTBeHHbiH pe3ynbTaT, TaK KBK OH .llOK83biBaeT OTCyT

CTBHe, IIO Kpai1Hei1 Mepe, 3Ha'lifTenbHOH CllifHOBOH 38BifCif

MOCTif CifnOBOH ¢YHKUifif .UnSI Tep6ifSI. DoifCKif TaKOH 38Bif

CifMOCTif Be.UyTCSI BO MHOI'ifX na6oparOpifS!X1 IIOCKOnbKY 

I'ifllOTe3a 0 TaK H83biB8eMbiX "BXO.llHbiX COCTOSIHifSIX" 

Bne'ler 3a co6oi1 npennono)!{eHife 1 'ITO raKaSI 3aBifCifMOCTb 

cyiiiecrsyer. Bee yKa3aHifSI Ha ee cyiiiecrsoBaHHe aeno

cTosepHbi. Dony'leHHbiH pe3ynbT8T - eiiie O.llHO CBif.lleTenb

CTBO OTCYTCTBifSI raKOH 3aBifCHMOCTifo 3ra pa6oTa Bhl

nonHSinaCb An<!JifMeHKOBbiM, flacoHeM, DifKenbaepoM, Wa

panoBhiM if .upyrifMif asropaMif /3/. 
B nocnenalfe .UBa ro.ua Tow )!{e rpynnow ¢1f3ifKOB ny6-

nifKOBanHCb pe3ynbTaTbl Be.llyiiiHXCSI B flHcl> if3MepeHifH Mar

HHTHbJX MOMeHTOB HeHTpOHHb!X pe30HaHCOB pe.UK03eMenbHbiX 

aneMeHTOB~V3Tif pa60Tbl Tpe6yiDT CO'IeTaHHSI MHOI'HX yc

nOBHH. Bo-nepBbiX, aeo6XO.llifM CBeroc!fnbHbiH aewrpoa

HhlH CIIeKrpoMeTp C llOCTBTO'IHO XOpOIIIHM pa3peiiieHHeM, 

,ilng 3TOI'O IIO.UXO.UHT HMeHHO peaKTOp YfEP C lfH)!{eKTOpOM, 

BepoSITHo, aro - onHa H3 OCHOBHbiX nplf'llfH roro, 'ITO 

TaKHX H3MepeHifH B npyi'IfX MeCTaX He npOBOllifTCL 

Bo-BropbiX 1 rpe6yeTCSI coBepiiieHHaSI KpuoreHHaSI reXHifKa, 

r.K. aeo6xonuMo oxnmKnea!fe o6pa3UOB no 0,03 K H, aa

Koueu, HY*Ha npeuH3HOHHaSI H3MepurenbHaSI annaparypa. 

Ha p If c. 3 noKa3aHa 'lacrb ycraHOBKlf, Hcnonb3yeMoii 

npu nonHpu3aUifOHHhlX lf3MepeHuHx. B uenoM ycraHOBKa 

O'IeHb cno*Ha, 

KaK U3Becruo, H3M~pSieMbiH MaruuTHbiH C.llBifr' nono-
JKeHHSI pe30H8HCB --10 -.:> aB IIpH IIIHpUHe pe30HBHCa 

- 0,1 aB if aueprif 11 ueHrpoua B uecr;onbKO a B. TaKaS! 

TO'IHOCTb H3MepeHHH B CBMOM aene peanu3yeTCSI H, B 

CYIIIHOCTH, 3TO YlliiBUTenbHBSI B03MO)!{HOCTb, KOTOpyiD 

orKphlBaer ronbKO ueArpoHHBH ¢u3HKa. He HY*HO 3a6hl

BaTb, 'ITO rronHaH aaepniH B036y;;:neHHSI SI.Upa npu norno

IIIeHHII He.tirpoua MO)!{eT llOCTHI'BTb 10 MnH aB H, cneno

BBTenbHO, 3lleCb H3MepHeTCSI C~BHI' R.llepHOI'O ypOBHSI HB 

BenH'IHHY -10 -I 2 
or rro.IHoit ero aaepruH. B 1975 rony 

H3MepeHbl MBI'HHTHbie MOMeHTb! 5 pe30HBHCOB Sl.llep Tep-

6HSI H I'OnbMHSI, !13MepeHHSI 3BBepiiiaJOT UHKn 113y'IeHHSI 

TeX pellK03eMenbHb!X 1130TOITOB, HB KOTOpbiX 3Tif ilBHHbie 
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ceflqac MoryT OhiTh nony'leHhi. B oomefl cno)KHOCTH cefl

qac H3MepeHbl M8T'HHTtlhie MOM8HTbi 11 pe30H8HCOB ilJ1SI 

5 H30TOITOB C He'leTHhiMH M8CCOBhiMH 'IHCJ18MH OT 159 ilO 

167. B peaynhTaTe onpeneneua cpenHSISI aenH'lHHa g -

cpaKTOpa, T.e. OTHOIII8HHe Maf'HHTHOT'O MOM8HT8 K CITHHY, 

KOTopaSI oKaaanacb paBHOH 0,3~0,2/slro 6nH3KO K reope-

rH'leCKH O)!(HnaeMo:li aenH'lHHe 0,4 • PeaynhTaThi noKa-

aaHhi Ha pH C. 4. OopamaeT Ha C80SI BHHMaHHe TO, 'ITO 

B8J1H'lHHa g, KaK npaBHJ101 ITOJ10)!(HT8J1hHaSI, T.e. TaKaS! )1(8, 

KaK ilJ1SI CaMOT'O npOTOHa HJ1H ilJ1SI Maf'HHTHOT'O MOM8HTa, 

onpenenSJeMoro ero opoHTanbHhiM nBH)!(eHHeM. CaSJaau nH 

Maf'HHTHhlH MOM8HT CO CITHHOM, ITOKa CKa3aTb TpyilH0 1 HO 

ITOX0)!(8 1 'ITO npH YB8J1H'l8HHH CITHHa B CpenHeM M8T'HHTHbiH 

MOMeHT B03p8CTaeT • .H !lyMaiO, 'ITO 9TH HTOT'OBhie peayJ1h

TaTbl OKa)KYTCSI CyiUeCTBeHHbiMH npH il8J1bHeflrneM Teope

TH'l8CKOM OoCy)!(neHHH. 

r;, tSJT6 161Dy 161Dy 165Ho 167 Er 

4.99 2.12 4.35 3.93 0.46 

41 159T6 l 159T6 161Dy 163Dy 165Ho 167Er 

335 11.14 3.69 1.71 12.7 0.58 
3 
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PHc. 4. 3Ha'leHHSI g-cpaKTopoa HeHTpOHHhiX peaoHaHcoB 

peilK03eMeJ1bHhiX Slilep, HCCnenoBaHHhiX B flH<t>. 
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Ycnemao pa3BHBanHCb HccnenoaaHHH raMMa-pacnana 
aeil:TpOHHbiX peaoHaacoa. Bonpoc, KOTOpbiH naaHo y)!{e 
BOnHyeT ljJH3HKOB 1 COCTOHT B TOM, CyUleCTBylOT nH KOp
penRUHH Me)!{ny pa3nHqHbiMH BHnaMH pacnana pe30HaHCOB, 
B nepay10 oqepenh HHTepecHo yaHaTh, cagaaH nH Heil:TpoH
HbiH KaHan C KaHanOM HCnycKaHHH raMMa-nyqei\, p AA CO
o6pa)!{eHHH no sToMy aonpocy a nocnenaHe ronhr BbiCKa
aan B.f.ConoabeB 161 • Ha pH c. 5 naHbi peaynbTaTbi 
TaKHX noHCKOB (pa6oTa foaaaTKO, Eeqaap)!{a, Tene)!{HH
Koaa H np. 171). DoKa3aH cneKTP MRrKHX raMMa-nyqeil:, 
nonyqalOUlHHCH npH 3aXBaTe HeHTpOHOB gnpoM HTTep6HR-173, 
BepXHHH cneK Tp COOTBeTCTByeT pe30HaHcy, HMelOUleMy 
HaH6onhiiiYlO aeil:TpOHHYlO IIIHPHHy. HH)!{e HnyT cneKTpbi 
raMMa-nyqeil: H3 peaoaaacoa, pacnono)!{eHHbiX B nopRnKe 
y6bmaHHR HX aeil:Tpoaaoil: IIIHPHHbi. BHnHo, qTo a caMOM 
aepXHeM cneKTpe 1 HMelOUleM HaH60nhiiiYlO HeHTpOHHylO 
IIIHpHHY, no Kpail:HeH Mepe, HeKOTOpbie H3 raMMa-nHHHH 
TO)!{e ycHneHhl. OnHaKo cymecTayeT nH KoppenRUHH STHX 
IIIHpHH1 onH03HaqHo CKa3aTb Henh3H, XOTH CT8THCTHqecKHH 

aHanH3 noKa3b!BaeT, qTo oqeHh aepoRTHO. 
DoMHMO cneKTpoa H3 oTnenhHbiX peaoHaHCOB HHTepec

HO H3yqaTh ycpenaeHHbre cneKTpbi, nonyqalOmHecg B pe
aynhTaTe nepexonos H3 MHOrHX peaoHaHcoa. B qacTHOCTH, 
TaKHM cnoco6oM MO)!{HO o6Hapy)!{HTh nepaHqHbie nepexonbr 
H3 o6paay10merocg KOMnayHn-Rnpa a KaKoe-nH6o npoMe
)!{yToqHoe cocTORHHe. QqeaHnHo, sHeprHR TaKHX nepexonoa 
6yneT TeM 6onhiiie, qeM 6onhiiie sHeprHR nana10meil: qac
THllbi, neT 10 Ha3an g npennaran nng o6Hapy)!{eHHH TaKHX 
nepexonoa HcnonhaosaTh H3MeHeHHe sHeprHH raMMa
KBaHTOB npH H3MeHeHHH 8HeprHH Heil:TpOHOB, HO 8TO He 
6hrno peanH30BaHo. Koe-qTo B STOM HanpaaneHHH noa)!{e 
cnenan a CIIJA EonnHHrep. fopa3JlO npome peanH30BaTb 
TaKOH MeTon He nng HeHTpOHOB, a nng npOTOHOB. 3To 
6hrno cnenaHo a pa6oTe lllHljlnHHCKHX H DHoTpOBCKH/8/ 
Ha 3f-5. Ha6n10nanHCh cneKTpbi raMMa-nyqeii, B03HHKalO
mHx npH 3aXBaTe npOTOHOB HJlpOM HTTpHH, 3KcnepHMeHT 
npoHaaonHncg npH pa3HbiX SHeprHRX npoTOHOB, EcnH H3 
8HeprHH Ka)!{noil: aa6n10naeMOH nHHHH BbiqeCTh 8HeprHlO 
npOTOHa H 3aTeM HanO)!{HTb cneKTpbl npyr Ha npyra, TO 
COBna}lyT Te nHHHH, KOTOpbie o6g3aHbl CBOHM npOHCXO)!{-
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aeHneM nepBH~HOMY nepexoay us KoMnayHa-Hapa npHMO 

B rrpOMe.IKyTO'·IHOe COCTOHHHe, 8TOpll~Hbie rrepexoabi Me)Kay 

npOMe.IKyToqHhlMll ypOBHHMll He 38BHCHT OT 9HeprHH npOTO

Ha n rrpn TaKoM ycpeaHeHHH pasMa.IKyTCH, PesynbTaT 

BhlaeneHnH rrepBH~HhlX rrepexoaoB anH Hapa urrpnH rroKa

sau Ha p 11 c • 6. 
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P11c. 6, CneKTpbi raMMa-nyqefi np11 saxBaTe npoTOHOB 

HapOM HTTpllH, 

Tpaa11U110HHhlMI1 anH na6oparop11n HBnHWTCH 11Ccneao

BaHI1H anbcpa-pacnaaa uefirpoHHbiX pesoHaHCOB. Cefiqac 

HaKorrneH ll OCMhlCneH 6onbWOH CT8TI1CTI1qeCKHH MaTe

paan, Uo UaCTOHWero BpeMeHI1, oauaKO, 113yqanHCb TOnbKO 

pesoHaHCbi, B036y);<aaeMbie s-HelirpoHaMn, Ha p 11 c. 7 
rroKasaH cnyqafi a-pacrraaa, Koraa Bos6y.~KaaercH p-Bon-
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P11c. 7, PesoHaHChi B (n,a)-peaKU11H Ha MOnl16aeHe-95. 

HOBofi pesoHauc 11apa Monu6neHa, Boo6IUe HellrpoHHoii: 

cneKTpOCKOnHH noKa He oqeHb MHOrO 113BeCTHO 0 B03-

6y.~KaeHI111 pe30HaHCOB p -HeHTpOHaMH. npu ManhlX 9Hep

rHHX HBHTpOHOB WHpi1Ha TaKHX pe30HaHCOB Mana, a np11 

6onbiUI1X aHepr11HX - KaK npaB11no, HeaocraroqHa paspe

mawiUaH cnoco6HOCTb cneKrpoMerpa. noaroMy HaM npen

craBnHeTCH oqeHb 11HTepeCHOH pa6oTa, BhlnOnHeHHaH B 

npomnoM roay CaMOCBaTOM 11 H11KoneHKO 191 no 11syqeH11Io 

p -pe30HaHCOB Hapa HTTpHH np11 9Hepr11H B HBCKOnbKO 

KaB, 
Orn11q11Tb p -BonuoBoli pesoHaHc or s -BonHoBor·o 

Mon<Ho no oco6euHOCTHM pesoHancHoro pacceHHIIH neiir

poHOB, Un11 s -BonnoBbiX oHo usorporrHo, a nnH p-son

HOBbiX - aHI130TpOITHO, 0Ka3b!BC18TCH, qTO Ha6nlOJl01!1!8 

DHH30Tp0ITI111 1103BOn5leT Bb!HCHf!Tb 11 TO, KaKoii Ki11!L!n 

13 



npHsoaHT K o6paaosaHHID aaHHoro peaoHaHca, TaK, Ha

npHMep, eCJIH CIIHH pe30HaHC8 OTJIH'l8eTCH OT HCXOaHoro 

Ha 1/2, TO peaKUHH MO)I{eT HaTH asyMH nyTHMH, B oaHoM 

H3 HHX HefiTpOH aaxsaTbisaeTCH TaK, 'ITO npoeKUHH op6H

TaJibHOrO MOMeHTa f pasHa HyJIID, a npoeKUHH CIIHHa 

HefiTpoHa pasHa +1 /2, BTopofi so3MO)I{HbiH cnyqafi - Koraa 

3axsaTbisaeTCH HefiTpOH C npoeKUHefi f, pasHOH 1, H 

npoeKUHefi CIIHHa HefiTpOHa, pasHOH -1/2, 

Ha pH c. 8 noKa3aHbi cneKTpbi HefiTpoHos, pacceHHHbiX 

noa yrnaMH 90 H 1300 gapoM HTTPHH. Kpeshre cMemeHbi 

oaHa OTHOCHTeJibHO apyrofi. Te pe30HaHCbi, KOTOpb!e TO'l

HO !IOST0p5UOTC5I Ha o6eHX KplisbiX, 03Ha'laiDT, 'ITO HM8eT 

MeCTO H30TpOIIHH pacce5IHH5I; 8TO s-pe30HaHChl, OHH OT

Me'leHbl cseTJibiMH cTpenKaMH, TaM, rae qepHbie cTpenKH

P -pe3oHaHCb!, n oa pa3Hb!MH yrnaMH OHH np05ISJ1HIDTCH 

5 

60 120 140 

7 

goo 

143° 

220 ~0 260 280 t,,_, 

PHc, 8. Pe3oHaHCbi s pacce5IHHH HefirpoHOB Ha HTTPHH. 
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HeoaHHaKoao, ~ccneaosaHHe yrnoaoro pacnpeaeneHH5I 

noaaonHno asropaM caenaTh Bbmoa o KaHane peaKUHH, 

Ha pHc. 9 rroKa3aH o6mHfi sHa ycTaHOBKH ang aTofi pa-

6oTbi, 
~ccneaoaaHH5I ynhTpaxonoaHhlX HefiTpoHOB aeayTC5I 

cefiqac WHpOKHM 4JpOHTOM B p5Iae 5UlepHbiX UeHTpOB: 

lly6He, MocKae, AnMa-ATe, llHMHTposrpaae, Co¢HH, 

foTOBHTC5I K aTofi pa6ore H fpeHo6nh. OcHOBHOA aonpoc, 

BOJIHyiDUIHH tPH3HKOB,- 9TO Bbi5ICHeHHe aHOM8JIHU B anH
TeJibHOCTU xpaHeHU5I ynbTpaxonoaHbiX Hel!TpOHOB, o6Hapy

)l{eHHOH y)l{e IIO'lTil B rrepBblX 9KCIIepHMeHTaX C HHMH, 

Y JlbTpaXOJIOaHbie HellTpOHbl HC'le3aiDT 6biCTpee, 'IBM ilOJI)I{

Hbl 6biJIII 6bi ITO TeOplfH, Mano KTO COMHeBaeTC5I, 'ITO 

aHOM8JIH5I CB5I38H8 C KaKHM-TO eUie He yqTeHHhlM BHaOM 

Heynpyroro pacce5IHH5I, xapaKTepHhiM nH6o TOJibKO ang 
yJibTpaXOJIOaHWX HeHTpOHOB, JIH60 cyweCTBeHHO CB5I38H

HhiM C IIOBepXHOCTHbiM CJIOeM BeUieCTBa, B KOTOpOM !IpO

HCXOilHT nx oTpa:>Kemre, TaK, HarrpHMep, g o6cy)i{nan 

BOIIpoc 0 Harpese yJibTpaXOJIOilHbiX HeHTpOHOB yrrpyrHMH 

T8IIJIOBblMH BOJIHaMH, 6eryWHMH ITO IIOB8pXHOCTH Taepaoro 

sewecrsa 'l O/, TeopH5I HX nn>~ cny'laH oTpa)l{eHH5I cseTa 

6brna pa3pa6oTaHa a Haqane aeKa PeneeM H MaHaenb

wTar-.roM. TaKHe soJIHhi Moryr 6biTh cymecTaeHHbi TOJibKO 

ilJIH ynbTpaXOJIOilHb!X Hel!TpOHOB, T,K, anH HHX BeJIHK 

Koa¢¢uuueHT oTpa:>KeHHH. 
Do-BHilH:'-!OMY, aTa 8HOM8JlH5I B CaM OM nene He eCTb 

o6hi'lHOe Heynpyroe pacceHHHe, TaK, HanpHMep, speM5I 
xpaHeHH5I ynbTpaXOJIOilHbiX HeliTpOHOB H3MepHJ10Cb B CTeKJI5IH

HO\I cocy,Je npn re:-.mepaTypax or -100 no +300°C. 3a

!l.teTHoro anuHHH5I rer-.meparypbi Ha speM5I xpaHeHH5I He 

6hulo o6Hapy:>KeHo, Me:>Kny TeM o6bi'lHOe Heynpyroe pac

ceHHue non:>KHO CHJibHO MeHHTbC5I, Dpo6neMa noKa He pe

•ueHa, HO HarrpaaneHHe IIOHCKOB 3Ha'lHTeJibHO Cy3HJI0Cb, 

He I!CK.'1ID'leHo, 'ITO s naHHOM cnyqae cymecTseHHbi He

ynpyrue npoueccbi c oqeHb ManoA nepeaaqeA aHeprHA. 

Hano!l.tHIO, .!ITO ynhTpaxononHbre HefiTpOHbi HMeiOT aHeprHID 

BC~~O 10 -. aB, KOTOpOll COOTBeTCTsyeT TeMnepaTypa 

10 K. Ecmr rrpH HeynpyroM pacceHHHH s03MO)I{Ha nepe

naqa 3HeprHH B MHJIJIHOHHhle ilOJlH SJieKTpOHsOJibTa, a TeM 

15 
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I 
6onee - erne MeHbmHe, TO 9TO aaMeTHbiM o6paaoM He 

H3MeHHT 9Hepnno Jl8)Ke O'IeHb XOJIOilHbiX HefiTpOHOB, HO 

JlJISI yJibTpaXOJIOilHbiX HefiTpOHOB H3MeHeHHe 6yJleT cymecT

BeHHb!M, Cefiqac HllYT H TeopeTH'IeCKHe H 9KcnepHMeHTaJih

Hbie ITOHCKH pemeHHSI npo6JieMbl, 

ilJISI HJIJIIDCTp8UHH llpHBelly pe3yJibT8Tbl OllHOH H3 pa-

6oT, l13y'IaJIOCb pacnpocrpaHeHHe yJibTpaXOJIOilHbiX HefiT

pOHOB ITO 3epK8JlbHOMY UHJIHHilpH'IeCKOMY Heii:TpOHOBOilY 

pa3JIH'IHOH llJIHHhl, Ha KOHUe HefirpoHOBOila H3MepSinHCh 

HHTBHCHBHOCTb H yrJIOBOe pacnpelleJieHHe HefiTpOHOB 

(pH C, 10), l1HTeHCHBHOCTb 3aMeTHO ll81l8JI8 1 a B yrJIOBOM 

pacnpelleJieHHH ITOSIBJISIJI8Cb HanpaBJIBHHOCTb Bllepell llpH 

yBeJIH'IeHHH llJIHHbl Tpy6bi, 3TO MO)KeT 6b!Tb 06'bSICHBHO 

llOBOJlbHO ecTeCTBeHHbiM o6pa30M TeM, 'ITO OTpa)KeHHB 

HefiTpOHOB B JlBHCTBHTeJibHOCTH He SIBJISieTCSI H]leaJibHO 

3epK8JlbHbiM
1 

'ITO npHBOilHT K rpaJlHeHTy ITJIOTHOCTH HefiT

pOHOB BllOJib Heii:TpOHOBOJla, BHilHMO, H3 9THX 9KcnepHMeH

TOB MO)KeT 6hlTb onpelleJieH BKJ181l He3epK8JlbHhlX OTpa

)KeHHH / 11 / • 

DoMHMO TeKylilHX 9KCnepHMeHTOB c ynbTpaxonollHbiMH 

HefiTpOH8MH BBilBTCSI llO]lrOTOBKa 9KCITepHMBHTOB Ha pe-

/ 

ft 
L-66 R-
'=-=45 J 

L=20 !> R 

L=e 
R 

PHc.lO. YrnoBhie pacnpelleJieHHSI HeiiTpOHOB Ha BbiXOile 

UHJIHHilPH'IBCKHX HefiTpOHOBOilOB, 
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aKTope l1BP-2. Ha pH c. 11 noKaaaaa 'ISCTb C03.1laaae
MOA ycTaHOBKH .lln51 H3MepeHHSI .llHnom.aoro aneKTpH'Ie
CKoro MOMeHTa Heii:TpOHa. 3TO T8K H83biB8eM8SI yCT8HOB
K8 "TpHCTOM' • 3a.ll8'18 ee C03.1l8HHSI CnO:>KHa, TeM He Me
Hee, oaa ycnewao pewaeTCSI y:>Ke aecKOlJbKO neT 112/. Ha 

CHHMKe - 8BTOp pa60Tbi JO.B.TapaH. 
KaK y:>Ke coo6wanoc&, a na6opaTopuu C03.1l8H cneKTpo

MeTp Manoyrnoaoro pacceSIHHSI aeii:Tpoaoa .llnSI uccne.llo
aaauA no MoneKyngpaoii: 6uonoruu. B 1975 ro.lly oa 6bm 
ycoaepweacTaoaaa, H aaTopbi pa6oTbi OcTaHeBH'I, 'Lfep 
H Jlp. / 13/ y6e.llHTelJbHO npO.IleMOHCTpHpOBanu 9~$eKTHB
THBHOCTb T8KOrO CneKTpOMeTpa B CO'IeTaHHH C MeTO.IlOM 
apeMeHH nponeTa. B Koaue npownoro ro.lla aaqanac& aop
Man&HaSI aKcnnyaTaUHSI aToro cneKTpoMeTpa. CxeMa ero 
BH.IlHa Ha pH c. 12. Y3KHii: ny'IOK aeii:Tpoaoa Bbi.IlenSieTCSI 
.llBYMSI KonnuMaTopaMH 2 H 3, pacnono:>KeHHbiMH sa pac
CTOSIHHH 8 H 29 M OT peaKTOpa. 3a BTOpbiM KOnnHMSTo
pOM noMewaeTCSI H3yqaeMbiii: o6pa3eu 4, TeMnepaTypy 
KOToporo MO:>KHO MeHSITb oT -5 .llO +lOOOC. PacceSIHHbie 
Heii:TpOHbl perHCTpHpylOTCSI .lleTeKTOp8MH 5, pacnono:>KeHHbiMH 

Ha paCCTOSIHHH npHMepHO 13 M 38 o6p83UOMo .UeTeKTOpbi 
(pH C • 13)· - 9TO Ha6op C'leT1HiKOB 1 fi03BOnS1~fHX H3Me-
pS1Tb p~cceSIHHe cpa3y .llnSI 7 yrnoa oT 5·10 no 
16 • 10 pan. Ha pH c. 14 noKa3aHa perucTpupyeMaSI 
Ka:>K,IlbiM H3 C'leT'IHKOB 3aBHCHMOCTb C'leTa Heii:TpOHOB OT 
apeMeHH nponeTa. 06pa3UOM cny:>Kuna B3BeCb a TSI:>Kenoii: 
aone 50S cy6'1aCTHUbi pu6ocoMbi. ConocTaanSISI naHHbie 
p83HbiX C'leT'IHKOB B Ka:>KJlbiii: H3 MOMeHTOB apeMeHH, 
MO:>KHo'onpenenHTb yrnoaoe pacnpeneneHue, a H3 Hero 
TaK Ha3biBaeMbiii: panuyc HHepuuu uccnenyeMoro MoneKy
nSipHoro KOMnneKca. TaK KaK pe3ym.TaTbi nony'lalOTCSI 
Cpa3y .llnSI pa3nH'IHbiX MOMeHTOB Bp8M8HH, TO 'IHCnO To
'leK paBHO 'IHCny BpeMeHHbiX KaHanOB. 3TO fi03BOnSieT 
nony'laTb O'leHb TO'IHbie naHHbie. HacKon&Ko xopowo no
:>KaTCSI 9TH TO'IKH a Y3KYlO nonocy anSI aena'IHHbi panuyca 
HHepUHH, fiOK83aHO Ha pH C • 15. 

Pe3yn&TaTbi nony'leHbi nnSI o6'beKTa, SIBnsllOillerocSI 
ceii:qac npenMeTOM npucTan&Horo H3y'leHHH B pa3HbiX 
ueHTpax, npu'leM ace oau npoTuaope'IHBbi. ByneM Hane
HTbcH, 'ITO pa60T8 Hawero J1 HCTHTyTa B CO.Ilpy:>KeCTBe 

18 

Puc. 11. YcraHOBKa nnH H3MepeHHH aneKrpuqecKoro AH

rronbHOro MOM8HT8 HefiTpOHa. 

19 



I 

Puc. 12. CxeMa cneKTpoMeTpa Manoyrnosoro pacceRHHR 
HeHTpOHOB ~nR HCCne~OBaHHH no MOneKyngpHOH 6HOnOrHH. 

c 11HCTHTYTOM 6enKa AKa~eMHH HayK CCCP npHBe~eT K 
RCHOCTH B 3TOH npo6neMe. CTaTHCTHqecKaR TOqHOCTb pe
aynbTaTOB B MeTO~e BpeMeHH nponeTa OKa3biBaeTCR B 
CaMOM ~ene nyqwe, qeM Ha aHanorHqHOM cneKTpOMeTpe, 
pa6oTaiOmeM aa cTauuoHapHbiX peaKTopax. EcTeCTBeHHO, 
qTo ropaano yno6Hee pa6oTaTb TaKHM MeTOAOM Ha HM
nynbCHOM peaKTOpe, a He npepbiBaTb nyqoK Ha CTaUHO
HapHOM peaKTOpe • .H XOTen 6bi OTMeTHTb, qTO pa6oTa no 
ManoyrnOBOMY pacceRHHIO - 3TO He pemeHHe KaKOH-TO 
qacTaoA aanaqu, a HayqHoe HanpasneHHe, aa KOTopoe Mbi 
soanari:ieM Hane:lKAbi B nanbHeAweM ero pa3BHTHH. Paay
MeeTcR, OHO Tpe6yeT TeCHOrO COTpyAHHqeCTBa C 6eono
raMH. noKa TaKoe COTpyllHHqeCTBO pa3BHBaeTCR ycneWHO, 

npyraR cneUHanbHOCTb cneKTpOMeTpa COCTOBT B HeHT
pOHQ-CTpyKcypHblX HCCnellOBaHHRX MeTO~OM AB!llpaKUBH 
non ManbiMH yrnaMH. 3To noasonseT BB~eTb CTpyKcypy, 

20 
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I 

' PHC. 13. neTeKTOpbl B cneKTpOMeTpe Manoyrnosoro pac

ceRHHR HeHTpOHOB. 
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P HC. 14. CneKTpbi ManoyrnoBoro pacce.HHIHI HeilTpoHOB 

{lJI.H 508 cyqqac THUbl pH60COMbi, 
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PHc. 15. Pe3ynbT8Tbi JlJIH paJ.myca HHepuHH 50S cy6qac-

T11llbl p!160COMbi. 
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HMe~my~ nepHOaHqHOCTb B COTHH 8HI'CTpeM, HCTIOJ1b3y.H 
seATpOHbi C ,ClJIBBOA BOJIHbi ~cero B HeCKOJibKO 8HI'CTpeM, 
TaKasr B03MO>KHOCTb npoae~oHCTpapoeasa sa eccnenoea
HHH CTpyKTypbi Konnaresa. Ha pH c. 16 aaas&I aa<tJpaK
IlBOHH&Ie M8KCHMyMblo 0HB O~q~TJIHBO npOSIBJISI~TCSI, XOTSI 
nepaoa peweTKH paeeH 630 A . 3aec& TaK>Ke eo3Mo>Kso 
pa3BBTBe HOBOI'O HanpaaneHBSI pa60T, cymeCTBeHHbiX anSI 
6aonor&H, a oso &aMeqeso. 

300 

200 

100 

I .. . ·~ 
- W' •,- r t 1 1 A f ., II I I ~ 

0 I ,.,....... I ~ - H - , 1U 1'1 AA 
2 3 4 a 

Pac. 16. HeATposorpaMMa Konnaresa. 

nepexoast K pe3yJibT8T8M MeToasqeCKHX .[lOCTH>KeHHH, 
XOqy OTMeTHTh pa3pa60TKY T8K H83biBaeMOI'O KOppenst
IlBOHHOI'O cneKTpoMeTpa, KoTopy~ eeayT Kpoo, lJep 
a ap. /l 4/. 06&xqs&IA MeToa H3MepeHH.H seynpyroro 
pacceSIHHSI HeATpOHOB Tpe6yeT HX MOHOXpOM8TH38IlHH, 
qTo6bi MO>KHO 6binO onpeaenBT:b, K8KOe B3MeHeHHe 
SHepi'HB npOH30WnO npH pacce.HHHH, nps STOM 
Ilp0&3BOa&Tent:.HOCT:b MeToaa, KOHeqHo, CHJibHO CHH>KaeTCSio 
KoppenSIIlHOHH&IA cneKTpoMel'p nooeonsteT &36e>KaTt:. aToA 
TpynsocTB, acnont:.3yst cpa3y eect:. cneKTP seATposoe H 
Tepstst H3 aero se 6onee, qeM nonoeasy ecex seATposoa. 
He axoa.H e paccMOTpesee TeopHH aToro cneKTpoMeTpa, 
cKa>Ky, qTo sa nana~maA seRTpos Ka>KaoA aseprHH eTa-

23 



BHTCH KaK 6hl CBOe06pa3HaH MeTKa, TaK qTQ 3aTeM ero 

MOMHO o6aapyMHTb rrocne pacceBHHB, Ceifqac yMe MOMHO 

CKa3aTb, qTO MeTOJl rronHOCTblO ce6B OIIpaBJlbiBaeT, llnB 

HarnHAHOCTH IIpHBeJly HeCKOnbKO HnniOCTpaUHH, Ha pH C ,17 
IIOKa3aH poTop, IIpOIIyCKaHHe HeHTpOHOB qepe3 KOTOpb!H 

H orrpeAenHeT MeTKy, o KOTopoH: B roaopan. Ha cneAyiO

meH: HnniOCTpaUHH IIOKa3aHa CXeMa CIIeKTpOMeTpa (p ac,l8). 

H, HaKOHeU, Ha IIOCneAHeH IIpHBeAeHa JlHCIIepCHOHHaB KpH

BaH pacceBHHB aeil:TpOHOB B aniOMHHHH (pac. 19). Ha 

peaynbTaTOB accneAOBaHHH BHAHO, qTO MeTOJl AeHCTBH

TenbHO II03BOnHeT, IIpHqeM C HeiinOXOH TQqHOCTbl0 1 OIIpe

AenHTb cpaay 6onbwoe qHcno ToqeK Ha AHCIIepcaoaawx 

KpHBblX, 
BaMHaB COCTaBHaB qaCTb o6opyAOBaHHB COBpeMeHHbiX 

peaKTOpOB - 8TO 3epKanbHbie HeHTpOHOBOJlbl 1 HCITOnb3yiO

IUHe rronaoe BHyTpeHHee OTpaMeHae, C IIOMOlliblO KOTO

pb!X KOnnHMHpOBaHHbiH nyqoK XOnOJlHbiX HeHTpOHOB MOMeT 

6biTb JlOBeJleH OT peaKTOpa JlO AeTeKTOpa rroqTH 6e3 

noTepb. B cTpaaax - yqacTHHuax OH5IH TaKae aepKanb

awe HeHTpOHOBOJlhl, HaCKOnbKO HaM lf3BeCTH01 IIOKa He 

IIpHMeHHIOTCH, flonaraiO, qTQ B AanbHeHWeM IIOTpe6yeTCB 

OCHaiUeHHe HMH lfCCneAOBaTenbCKHX peaKTOpOB, llnH peaK

Tapa HEP-2 oaa coBepweaao aeo6xoAHMbi. B CBB3H c 

8THM IIOJl pyKOBOJlCTBOM B.M.HaaapoBa 6hma paapa6oTa

aa MeTOJlHKa H3rOTOBneHHB TaKHX HeHTpOHOBOJlOB, HaH

nyqWHM JlnB HHX OKa3anHCb HeHTpOHOBOJlb! CO CTeHKaMH 

aa crreuHanbHoro copTa cTeKna, aaroTaBnaBaeMoro B 

YexocnoBaKHH. Ha cTeKno pacnwneaaeM aaaocHTCB HH

Kenb, flepBhlH TaKOH HBHTpOHOBOJl H3rOTOBneH li HCIIWTaH 

aa rryqKe peaKTOpa HEP-30. Ha p If c. 20 rroKa3aHa ceK

UHB aeil:TpOHOBOJla AnHHOH B rronMeTpa. HcKpaBneaHe 

CTeKna - 8TO AecpeKT cpoTorpacpHH. Ha cneAyiO!.ijeM CHHMKB 

AaHa ycTaHOBKa JlnH HaiibJneHHH HHKenH Ha CTeKnO 

(pH C , 21 ) , H aKOHeU, Ha rrocneAHeM ( p H C , 22) - roTOBb!H 

aeil:TpOHOBOJl aa nyqKe B sKcrrepHMeHTanbHOM aane HEP-30. 

Y CITe WHO pa3BHBanHCb pa60Tbl ITO cpH3HKe KOHJleHCHpO

BaHHhlX cpeJl, llBa rOAB TOMY HB3BJl coo6wanOCb 0 HB-

6niOABHHH 6oae-KOHJlBHCBTB B renHH, B HCTeKWeM rouy 

pa6oTa 6wna B0306HoBneaa. ABTopw ee TiapcpeHOB H 

KoanoB ITOCTBBHnH rrepeA C060H 3BJlaqy Bb!HCHHTb, KBK 
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Pac. 18. CxeMa Koppen5IUHOHHOro cneKTpoMeTpa 

BeneT ce65I 6o3e-KOHDeHC8T npH H3MeHeHHif TeMnepaTy
pbl reJIH5I. B pe3yJibTaTe H3MepeHHi1 npe~:KHHH BbiBOD o 
cyrueCTBOBBHHII 6o3e-KOHD8HCBT8 ITOJIHOCTbiD nODTB8P*DeH. 
4TO KacaeTC5I TeMnepaTypHOH 38BIICHMOCTH, TO OH8 6wna 
o6aapy*eHa, HO aBTOpbr npenrronaraiDT H3MepHTb ewe 
HeCKOJlbKO ToqeK If rrposeCTII KOHTpOllbHhlH 8KCnepHMeHT, 
noaTOMY noKa rrpe*nespeMeHHO coo6waTb o pe3ynbTaTax. 

B rpynne npo¢eccopa HHHKa rrponon*anocb Hccneno

saHHe Ha cneKTpoMeTpe o6panwi1 reoMeTpHH. H.Matiep 
11: M.CynHHK-XpwHKeBHq H3yqaJIH MeTaH npH TeMnepaType 
4,9 K. 06Hapy*eHO HOBOe B036Y*DBHHe (pHC, 23), COOT
BeTCTByiDwee nepeXODY H3 OCHOBHOPO B TpeTbe pOT8UHOH
HOe COCT05IHHe, MeTODOM Heynpyroro pacce5IHH5I H3yqaJIHCb 
T8K/K8 aHTH¢eppOM8PHHTHbie cnnaBbl C npHMeCbiD 6epHJIJIH5I /1 c;/ 
(pa6oTa <t>enbDMaHHa, Xeaaara, MaTua H up. asTopos) ''· 

npH5ITHO OTMeTHTb, qTO rrpHMeHBHHe DH¢paKUHH HefiT
pOHOB C HCITOJib30B8HHBM MeTODa BpeMeHH nponeTa CT8Jl0 
Tenepb 06bJqHb!M Dll5I MHOPHX HCCJieDOB8HHH, BbiiTOJIH5IeMb!X 
s fla6opaTopHH. Ewna rrpoDOll*eHa pa6oTa HHTUa no HC
cneDoBaHHID reMaTHT8 B CHJlbHhlX HMnyJibCHhlX M8PHHTHhlX 
ITOJI5IX. npe!KHHB ero pe3yJibT8Tbi, B KOTOpbiX o6Hapy*eHa 
aHoMaJIH5I B none 35 KaB, noDTBepaHJIHCb, 3KcrrepHMeHThl 
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PHC. 19. llHcnepCHOHHhle Kp!IBhle ¢0HOHOB B MOHOKpHCTaJI

Jie 8JIIDMH Hlf 51, 

11: HX HHTepnpeTaUH5I ewe He 3asepweaw. MccnenosaHa 
MarHHTHa5I cTpyKTypa opTo¢eppHTOB PrFeO 3 H NdFeO 3 

(Pa6oTa XeHHHra, flHnnonbaa, MaTua H K'l.yHa) /lfi/. 
npHMep onaoro H3 nonyqeaawx pe3yJibTaTOB noKa3aH aa 
p If C. 24. M3yqaJIOCb COOTHOWeHHe 8MDJIHTYD DH¢paKUI10H
HhlX ITIIKOB npH pa3HhlX TeMITepaTypaX, qTO no3BOJI5IeT 

Dena Tb BbJBODbi o CTPYK Type aHTH¢eppoMarHeTHKa. 
3aaqHTeJibHOe pa3BHTHe nonyqHJI MeTOD ynpasneHH5I 

BKCnepHMeHTOM C nOMOWbiD M8JlhlX BhlqHCJIHT9JlbHhlX MB
WIIH. 8 na6opaTOpHII cetlqac HCDhlThlB8IDTC5l If HCITOJib3y-

27 
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p HC. 21. Y CT8HOBK8 AJHI H8ITbiJ18HHSI HHKenSI H8 CTeKnO. 

IOTCSI 3BM pa3~biX THITOB: 3neKrpoHHKa-100, M-400, TPA, 
PDP ( p 11 c. 25 yp' .OAHaKo HaM ocrpo He XBaraeT ueHTpanb

Horo rrpoueccopa, KOTOpbiti cMor 6hi "rrepeBapuBaTb" HH

cpopMaUHIO, ITOtlf'OTaBnuBaeMyiO 8TUMII MalllHHaMu. Borrpoc 

0 T8KO!"i 6onblll0H 3BI'v\ ITOtlHUMaeTCH y)!{e HeCKOnbKO neT, 

HO rroKa ellle He nony'-lun CBoero pellleHUSI. Me*AY reM 

pa5oTa Tb aa peaK rope VI EP-2 6e3 6on:o!llofl MalllHHbi npoc

ro HeB03MO)!{HO. Bo BpeMH ITOtlf'OTOBKil AOKnaAa K 

cecci!H Y'-lelwro coBP.Ta OVI flli OtlllH H3 cpH31!KOB na6opa

ropu H nepeAan MHe lllyTO'-Idb!H pucyHOK ( p 11 c. 26): VI EP 

11306pa:>KeH B Bll.l8 tlUH03aBp8 C Of'pOMHblM TynOBU!lleM 

H ~1aneHbKOii ronOBKOti, ITO 06beMy M03f'OB COBeplll8HHO He 

COOTBeTCTBYIOlllP.t'I TynOBHlllY• '-IT06bi V!EP-2 He ITOCTHrna 

y•IaCTb AHH03aBpa, B HB'll BeK rexHfiqecKoro rrporpecca 

eMy He06XO;]IIMbl H COOTB8TCTBYIOlllH8 3neKTpOHHbi8 M03f'll. 
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PHc. 23. CneKTP Heynpyroro pacceSIHHSI TennoahiX HefiT

poHOB H8 MeTaHe. 

Mbi HaJleeMcSI, 'ITO c noMOUlb!O JlHpeKUHH OVI5H1 yJlaCTCSI 

pelliHTb 9TY 38Jl8'ly. 
DocneJlHHfi aonpoc, KOTOpbifi He06XOJlHMO paCCMOTpeTb, 

KacaeTCSI coopy)KeHHSI VIEP-2 c HH)i{eKTopoM. B oTnH'!He 

OT VIEP-2, coopy)KeHHe ycKopHTenSI flVIY -30 HJleT noKa 

HeJlOCT8TO'lHO 6hiCTpO, HO li 3)leCb eCTb p5IJl ycneXOB. 
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Puc. 24. MarHHTHbie pe¢neKCbi B opro¢epp11Te HeoaHMa. 

B 3Ha~HTenhHOH Mepe peweH aonpoc o6 HH*eKTope aneKT
poHOB anH TaKoro ycKopurenH. 3aaa~a o~eHb He npocraH, 
T.K. HH*eKTop pacc~HTaH Ha TOK OKono 250 A. Ha pH c .27 
noKa3aHa c6opKa aKcnepHMeHTanbHoro o6pa3Ua aneKTpoH
HoH nywKH ycKopHTenH. K HaCTOHWeMY apeMeHH npeoao-

·.t, 
neHW OCHOBHhle TpyaHOCTH no pa3MeweHHID 38Ka30B Ha 
ycKopHTenh. 4ro KacaeTC51 caMoro YIEP-2, To B 1975 ro
IlY pa6ora no ero coopy*eHHID wna Bb!COKHMH TeMnaMH. 
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Puc. 26. WyrKa: 6y.oylllee l1EP-2 6e3 ueHTpanbHoro npo

ueccopa B H3MepurenhHOM ueHTpe. 

0CHOBHhle CTpOiiTenbHhle pa60Thl 38KOH~eHhl 1 If 3A8Hife 

11 EP-2 Y*e If MeeT TOT BHeWHifH BlfA, KOTOpbiH .oon*eH 

6wrb rrocne 3aaepweHHH crpourenbCTBa. Ha nepBOM nna
He ( p If C • 28) BlfAHO 3A8Hife ynpaBneHif H If TeXHif~IGCKifX 
cny)K6 peaKTOpa, OHO He TOnbKO 38KOH~eH0 1 HO Y*e rron

HOCTbiO 3KCTinyarupyeTCH. 3a HlfM Blf.OHO 3.08Hlle C8MOI'O 

peaKropa. Ha puc. 29 noKa3aH KOMrrneKc l1EP-2 co 

c ropoHbi 3.08HifH liH*eKropa fll1Y -30. Or.oeno'-IHhie pa6oTbi 

BHYTPH 3QaHHH pea;<:ropa, B r.~. If B 3Kcnepl!M•~fiTaJibHbJX 

3anax, Bille He BDOnHe 3aKOH~eHhl. OauaKO C.OBHO UeHT

paT!bHOe TIOM•~WeHHG- peaKTOpHb!H 3an !16P-2. (pHc.30-

(ororpa¢HH, c.oenaHHaH B cepe.OHHe .oeKa6pH 1975 ro.oa, 

Kor~1a He sce pa60Tbi 6hinu ewe raM 3aKOHLJeHbi). H a 

nepnoM rrnaHe Blf.OHa cymecrseHHaH ~acrb 6y.oywero pe-

34 

PHc. 27. C6opKa aneKrpoHHOH nylllKH ycKOpHTenH fll1Y -30. 

8KTOp8 - ITOJ:lBH)!{HbiH OTpa)Karenb, C TIOMOlllbiO KOTOpOrO 

6yner MonynHpoaarbCH peaKTifBHOCTb ycraHOBKif. Oa Y*e 

nonHOCTbiO co6paH If IIpOXOAifT HCITbiTSHHSle 3ro nepBbiH 

yaen peaKTOpa, KOTOpbiH BCTYTIHn B CTSJ:lHIO HCITbiT8HifHo 

Ha pH c. 31 noKaaaao ro Mecro peaKropaoro aana, rne 

6yAeT CMOHTHpOB8H8 8KTHBH8Sl ~aCTb peaKTOpa (CHHMOK 

cnenaa B HHBape 1976 rona). B .oanbHeiillleM HaM npeA

CTOHT IIpHCTYIIHTb K HS"lany IIYCKOBbiX pa6oT. TpyJ:lHOCTeH 

TipH 9TOM B03HHK8eT O"leHb MHOI'01 H IIpeo.ooneBSTb HX 

npHXOAHTCSI no xo.oy neiicTBHSI. 3To y.oaercSI 6naronapH 

rrOCTOHHHOH H O"leHb onepaTHBHOH TIOMOlUH l1HCTHTYTY CO 

CTOpOHbi focynapCTBeHHOI'O KOMHTeTa ITO HCITOnb30B8HHIO 

aroMHOH aaeprHH CCCP. Coopy*eHHe l16P-2 acrynaer 

B 1976 I'OAY B CBOIO 38Beplll8IOlUYIO CTSAHIO. 
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PHC. 31. TiollrOTOBKa K MOHTa:lKy KOpnyca 8KTHBHOH 30Hbl 
peaKTOpa 11BP-2. 

AaTop 6narollapea 3.11.lliapanoay aa pgll aaMeqaaHi!: 
H noMOWb B nollrOTOBKe pyKonHCH K neqaTH • 
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