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l{enemrn a.nep /lBJl/l8TC/l CJIOlEHW nponeccoM, B KOTOPOM KOJIJieK

THBHOe JtBUemte. HYMOHOB I!pHBO.n;B:T ,lt TaKO?,\Y HSMeHemm rpopw 

a.npa, tiIO. npo:iwxo,1m:r ero paspHB 0Ha ,nBe npm.1epHo paBHHe t1ac:r:0. , 

llp:11 3TOM, qiopMa a,npa; MeHJI8TC/l OT. c.rpep:11t1eCKOn .liJlli 

CJ1a.60 ,,11;e(pOPMJl!PoBaHHoii B Hal:JMe . .no raHTen:eo6pasHo:ll: npH. pa3-

p1,1Be <-:0· npo~cxo.n:11T ·Kopelii-1asr . nepec:rponKa :HyKJIOHHllX ·· 

ltOHqmI"YPaill!il, He().IJ;aORPaTH~e.nepepacnpe,neJieHRe 8H8PI'Hlir·MeJUJ.Y 

. pa~ cTeneHSIMH .coodo,JJJ\[.· .. CJIOlEHoCTJ:, m>onecca: ,11;en:emm:,. . · •. ?· . 

MBoroodpasHe conpOBOJ:,ll;aDltHX. ero .a:anemnt II03BOJistDI _HCOJieJtOBaTJ:, : ... 

COBepmeHHO pasJm1UU,!e CTOpOHH aTOMHBX .a:,ll;ep (qiopMa llOTe~oi. 

no:aep;iarocn, cne1tTpY ypoBHei!: 'llllll 60JII,lll}IX .ne<I>opME!n111SX, pacna,n 

H,Itep, y,Ita.1Iemmx OT-06.naCTK ;,8-CTa<$lIJlliHOCTK H T • .u;.). Jvm:ycnem-,.: , 

Hora npo:ae.nemm. aTmc HcCJie.noBaHH:ll: Heodxo,Iti!Mo B~6paT:1:,, Taltlle- . 

SIBJl8HHJi, B'ltOTOPHX HaH60Jiee 'lseTKo'OTl)allal)TCJl J!SY1J88MHe :cBOiCTBa 

s.nep, Et . 'l'~e .,MO,ll;eJIJ:,, npa:awn,Ho H BCeCTOpoHHe 'OllHC~ · 8TH 

.a:Memm:. . ,, . 

B 110CJie,11;HHe ro.IW dWI ,u;ocTHJ:'HYT 60JW1Ioii npqrpecc . .1u1omt• .. 

l\laBlllI nponecca ,neJI8HliUl,-1toTopd,B ociioBHOM CBll3aH c pasmtTHeM 

H8111HX npe.ncTaBJie:imii.o pOJIH 060Jio'lsetJRoi CTPYRTYPH IIPK noBSJieHHol 

~eq>ol)Ma,Wm H,I\'Pa. B~M~CTPYTHHCKBM 6WI npe~QlteH MCT0,ll; .O~OJIO'lse'ls

HO! llOIIpaBKH, B ltOTOpoM llOJIHSJt, 3Hepnm HJ\'PS JiBJlfI8TCJl .. cywo! 

3Hepr.Hit mtmtott-'ItaII.mt z,,o60JIO'li81lllOtt lt llSPHOft llOIIPaBOX. MHoro-

1DICJieHHHe pac'lieTY iaacc H.Itep H 3Heprmt:;iteqiopwunm, IIPOBe.u;emme 

C llOMOIIU>D aToro·MeTo.na~nOitaSMH, 'qTQ llO'l;'0Hitl'[aJll>H8JtllOB8PXHOCTl, 

yze He JiBJlfleTCH.rJIS,ItKo:i!: q,yma.mett .neqiopwunm •. HaH6oJiee xapax

Te!)Hott oco6eHHOCTbl) 3TO! llOBepXHOCTH B aKTJiJHOK,IOmlC 3JieMeBTax 

J'il3JI/10TCJl llom3JieHRe .D;OCTSTO'IIHO rJIY601toro MHHHMYMa B paioBe 

~--~;-; ~ ·-:.:~~ . 

' 

Ovb-,,..!,i,,;~,,,c .. L, ,, ,iJT'y'ii' 

rmepm.m cr.cna;lo!.ii11HZif1 
6K6JM{')TEHA ·-------



ce.zr.noBott TO'iKll: KaIIeJil>Horo 6ap!iepa .ueJiemm (pnc.I). 8ToT MH

mrMYM MOJ:HO pacCMa.TpRBaT!i ItaK IIOTeHI.UlaJll,HYD IDKY, RMeDeyX> 

ClICTeyY KBa3HCT8.UHOHapm,cc COCTomm:lt, HHXHee HS KOTOPliX SlBJI.ll

eTCJi .HSOMepmar ... 

Pa3BRTWI Ha·OCHOBe aTRX npe,UCTa.BJiemtli MO.UeJJl> nyrop6oro 

6ap!iepa .ue.iiemm 06'.bflCHWI8. IteJWit psu: smixemnt, KOTOpHe OCTaBa

JmC!i ll8IIOW!TH!OOI B PBMMX npemmx Teopd (nmpoKHe peSOHaHCH 

B ce1:1emm'.UeJI8lll!JIH KX CTpyKTY!)a, oco6eHHOCTH.yrJIOBOro.pacnpe-,; 

,UeJiemm OCKO~OB, CIIOHTaHHO ,UeJ.tmltl![eCJi HSOMepH) • Bee 8T.H smne- · 

mm B03llltltailT BCJIEl.UCTmie,·Momoit CTpyKTYPH 6apMpa, II03TONY " 

HCMe,UOBSmre n:no3BOJill8T IIO.nytmTli BaJtHHe CBe,Uellltll O WQPM8 IIOTeH

IUiaJWIOI IIOBePXHOCTH Ji[ 0 CBOil;CTBaX H,Itep IIPR aHOMaJII>HO 6om,mmc 

.UeWQl)MaitW!:X, 

8TOHanpal!Jle.lDie HCMe.uo13amtlt D: R:BJIJieTCJi npe,ItMeTOM npe,UCTaB

JieHHOit ,IO!CC8PTB.UHD:. liCTQ1ilil!:ROM yxas~ CBe.E;emtli CJlYDJlll 

CIIOBTSHHO .UeJIRllt28CJI B3QMepH,'KOTOPH8 6wm: OTKJ)S'l'U-B·I962 ro,IIY 

B Jia6opaTOpPH,It8pH!,1X pe~ ()Hfil{ BXO,Ue pa6oT IIO.CRHT8SYH<r 

BYX TpaHcypa.Ho~··aJieMeHTOB-. HCMe.UOBaBD:8 peaRIJ;l:d! o6paaonamm 

CIIOHTaHHO .U8JUDltllXCJi HSOMepoB, cnoco60B HX pacna,na H mrrepnpe

T8.ItW? IIOJIY'{8BHHX.pesyJIJ.TaTOBHa OCHOBe M0,U8JIJI[ .JtBYI'Op6oro 6apz,.. 

epa II03B0JISIM IIOJJY'Dl'l'$ CBe.uemm O CTJ>YR-;cype 6ap!iepa ,UeJI8HJ!Jl, · 

c:aolcTBaXypo:BBel IIPH .ue(f]opwunm, :B,D;BOe npeBlm!aDlleit pamroBec

HYD" ( BO BTOpoi!: · IIOTeHmlSJil,HO! JIMe) , H O aepORTHOCTJDC nepexo.UOB, 

CBJ!3ammx. C H3KeHe.lDieM. ;a;e(f]op~ JtIIJ)a. .. 

OcHomme ltCMe,UOBamm 6HJill BlilIOJIHeHH B Jia6opaTOPHHH.lteP

H!,IX peaKild OH!lH (Ha~OTpOHax Y-300 II Y-200, MlntPOTPOHe, 

HeltpOHHOI( reHepaTope) • '!Ia.CT:& HSMepemtlt 6wta . IJI)OB8,I(eHa Ha, 

SJieKtpOCTaTll'ieCKOM reHepaTope Jia6opaTopu Hei!:-rpoHHoit qiRS:intll 
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PacnpocTpaHeHHOCT!i CllOHTaHHO .UeJUmlWCCJi RSOMepoB. 
~H B KBaJU)aTax - nepHO,UU IlOJiypacna,I(a HSOMepHliX 
COCTOJ'IIlltii B ceK. 
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omm, Ha MHKpOTJ)OHe HHCTHTy-Ta qlliSR'l'.eCIGIX npo6JieM AH CCCP, 

Ha UID(JIOTJ)OHe Y-I20 HHCTHTy-Ta aTOMHOii qlliSRKH (ByxapecT), 

Ha perutTope UeHTpaJ]l,HOro HHCTK-ryTa qiRSR'l'.eCKHX HCCJie'AO:samr:li 

(By'AaIIemT). 

)UlccepT~ COCTOHT HS TJ)eX rJiaB, BBe'AemuI H SaRJIIJtiemm. 

Bo BBe'Aemm paccMaTJ)RB8DTCSI OCHOBHHe CBO!CTBa CllOHTaHHO 

'AeJllIIItHXCSI HSOMepoB H Te CBe'AemuI O 'AeJiemm H,Itep, KOTopse 

uoryt OHtb nonyqeHH B pesynbtate HX HSyqeHHH.rnaBHOA ocoOeHHO

CtbD cnoHta.HHO ~ennmHXCH HSOMepoB HBHHercn to,qto OCHOBHW cno

co6oM RX paCIIa'Aa s.mJISieTCSI CllOHTamIOe 'AeJiemte. 3Ta oco6eHHOCTD 

ll03BOJIII8T B~eJmTD HX Ha <pOHe ,IU>Y1'IDC HSOMepHHX COCTOJIHHit, 

pacrra.u.auqHxr.SI rJiammM o6pasoM nyTeM KcnycKaHllll K -RBaHTOB K, 

peJte, o< - ~ .13-11acTHU. 

CnoHTaHHO 'AeJililllH8CSI HSOMepH pacnOJIOJteHH B cpammTeJIDHO 

ysltoii o6JiacTH H,Itep OT (J 'AO 8H c 'IJHCJIOM HeilTJ)OHOB OT I8I 

'AO I48 (pHc.2). Hx nepHO,ltH no.nypacnB,'Aa Jieza.T B ]l;HaIIaSOHe 

ro-II - ro- 2c (mtJWSISI rpamma 8TOI'O ]l;HaIIaSOHa, llO-mI,ItHMO

MJ', OI!p8'AeJ.Ul8TCSI BOSMOZHOCTJDm aKcnepKMeHTaJIDHOit ueTo,ItHIOI). 

lfrutMeHl>llme nepno.ns IIMeDT 'leTHO-'leTHHe ~. npx 'A06a.BJ.IemtK 

He'IJeTHoro npoToHa RJIR nelTpona nepxo'A noJIYpaCIIa'Aa pacTeT 

I!pH6Jm3HTeJIDHO B ro3 pas. 3Hepnm HSOMepHHX COCTommit JieltaT 

B paitone 2,5 MaB. B pH.Ite H,Itep eeeTCSI no .ItBa xsoMepHHX coc

TOSimtSI, I!pH 8TOM BTOpoe COCTomme paCllOJIOlteHO Ha I MaB 
mmie. Ce11emm o6pasoBaHKSI CllOHTaHHO 'AeJilllqHXCSI BSOMepoB ll0,11;

'IJlIHSIJJTM onpe,11;eJiemruM SaKOHOMepHOCTSIM. B CJIY'la8 peaxnxtt, 

npoTeKaDitlll 11epes o6pasoBaHHe cocTaBHoro H,lq)a, zsoMepHoe 

oTHome:ime (oTHome:ime cetiemdt o6paaoBaHWI H,lq)a B HSOMepHOM 
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H OCHOBHOM COCTOSIHWIX) He 3aBHClIT OT BHOCHMOI'O B H,lq)O JJOMeH

Ta /I/. lianpmAep, ~ HSOMepa 242..?m OHO COCTa.BJISieT 4.I0-4 

KaK B peamtim ( ¥, n) 121, r,11;e BHOcm.ml MOMCHT I, Trut H B 

peaiaum (IIB, o< 3 n ) / 3/, r'Ae cpe.n;Hmi BHOcm.w:it MOMeHT )5. 

B TO ae ·BpeMll HSOMePHOe OTHOW0HJII0- o6Hapyu»aeT peseyJ:I SaBK

CHMOCTD OT MaltClIMBJll,HOit 8Hepnm BOS6yx,I{emm, KOTOpaH :m,meT 

MeCTO B xo,11;e 'Aam{OI pea.KD,1Dt. Hanpoep, eCJIH CllOHTaHHO 'AeJill!Jtd:

ca: HSOMep 242 11m o6pasyeTCSI B p~ PMllanilOHHOI'O Sa.XBaTa 

TellJlOBOI'O HelTJ)OBa (sHeprmI BOSOyz,IJ;eHllm !IplI 8TOM paBHa 

5,5 MaB), TO H30M6PH08 OTHOmeHHe COCTaBJUieT 5.Io-7• 3To B 

ro3 pas MelWl!e, ·'leM ~ yitaSaHHoit BNllle pear-mm (,r,11 J, r.Iie 

aHep:rim Bos6yz,n;emm 'AOCmraeT IO MaB, XOTSI B o6eKX peaIO.tWDC 

MOMeHTH COCTaBHOl'O ~ npaKTK'!ecIGt OJGUUUt()BH. 3amICHMOCTD. 

C8tJ:8mUI peamnm (n, f) , llplmO,JUmteit K 00pa30BaWII> CllOHTaHHO 'AeJ.Ul

lltHXCSI H301l8POB, OOHapymmaeT TaKOft ae noporoBwi xapaKTep, K8lt 

H peaxmm ,11;e.neHHSI H,Itep, DeDitHX oapDep 'AeJieHHSI HHXe sHepnm 

CBS!Sll BelTJ)OBa. Kopp~ npo~eccoB o6pa30BalIIISI CllOHTaHHO 

'A8JIIIiltwCCSI BSOMepoB JI Dimy.10'.temtoro 'AeJieHIDl RM88T MCCTO H B ]IJlY

I'HX CJ!Y1i8SIX• Hanpmtep, H,lq)O 
24It?m 'AeJnlTCSI T8llJIOBHMR Hefi:TJ)OHBMlt 

H IIJllI xx sax:BaTe o6pasyeTca: 'AeJISIDtHl!:CSI asoMep 242/lm. B TO ze 

BJ)8Wl MS! B.l'J)a 243/lm mreeT MeCTO o6paTBaH CH-ry~: OHO He 

)4eJililTCSI T8IL7IOB1Dlll Hel-rpoHaMH H I!pR BX SaxBaT8 'AeJISilltWlCSI lrISO

Mep 241qm He o6pasyeTCSI /II/. 

Trume CBOICTBa CllOBTaHBO ,Jl;6JllIIItHXCSI HSOMepoB HeJIDSSI 061,

aCHHTb-Ha OCHOBe I!pe'ACTaBJ.IeHHI 06 HSOWlPHHX COCTOSimtSIX C OOJu,

lllHK c~oM. '.B TO ae BpeM!i Bce·oHH aaxo~ ecTecTBeHHoe oO'bJlc-
, - ~ - . 

BeJDl8 B HO~eJIB-,m3YI'Op6oro oapbepa. IIommiemtaa: BepOSITHOCTD 

cnoHTaHHoro 'AeJiemm.cBSisaHa c MaJiol BliCOToil 6apbepa wm: aso-

5 
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MepHHX COCTommii(Ha 2,5 - 3,0 MaB HHXe, tJ:eM ~ OCHOBHHX 

COCTOJIHHii) , a sanpeT ,l{,1UI f -RSJJYtJ:eHHSI - C 60JllJIIOit pasmmei 

B ,D;eq>opwunmx OCHOBHOro H R30Mepaoro COCTOS!lDdt (aTO np:imo

)OIT K CJia.60MY nepexpi:mm rue BOJIHOBHx: q,yHKitd) • Koppe.'I.lmWl 

npoueccoB o6pasoBaHWI nsoMepoB n B~eHHoro ,D;eJieHWi 06'h

SICHSieTc.11 TeM, tJ:To OHR ID4eM O.IUJY o6JllYI) CTYllem, - nepexo.D; 

ti:epes BIJYTpeHHRa 6apI>ep , paa.D;eJIHllltKli nepBYJ) n BTOPYJ) noTeH..; 

QHaJimue HMH • .IJ.a,n:ee npn .D;e.nemm ~o npeo.D;OJieBaeT BHelllliltlt 

6ap1>ep' a npn 00pa30BaHHH H30Mepa nyTeM HCIJYCitaHR.II J'-KBaHTOB 

nepeXO)OIT B HmKHee COCTOSIHlle BTOpoi JJMH. 

Ilo.nytJ:eHHHe B IIOCJie,D;Hee BpeM.II 3KCIIepnMeHTaJil>HHe .wunme 

0 BpeMeHax JDl3HR Y})OBHeff poTaQHOHHOit.IIOJIOCU, IIOCTp08HHOil Ha 

H30MepHOM COCTOHHHH, a TaIOle 06 H3MeHemm BPBMeHH D3HH H30-

MepHoro COCTOmm:SI B ,f1-M830aTOMe lIO,ll;TBepx.IUlllT npe,D;llOJIOlE8HHB O 

llOBllmBHHOll ,ll;B~OpM!lUHH H,l(pa B 3TOM COCTOS:HHH. 

ECJIH ClIOHTaHHO ,ll;eJllllllH8CSI H30Mepu pacCMaTpHBaTl> K8.K HlDlt

HRe COCTOSIHHSI BTOporo Ml'lHl!JdY'l&l Ha 6ap1,epe ,ll;eJleHHSI, TO HCCJie

,ll;OBaHI!e me ll03BOJIII8T IIOJIY1mTI, ymmaJII,HUe CBe,D;eHR/i O M8xam!3Me 

,ll;eJIBHHSI JI,D;ep • .IleiiCTBHTeJll,HO,o TOM, tJ:TO npoHCXO,ItHT C ~y B 

npouecce ,D;eJtemm:, o6UtJ:Ho cy,ll;.IIT no RoHe"DUIM npo.ztYKTaM peaitQHB 

(yrJtoBue, aaepreTHti:ecIWe n r.&accoBue pacnpe,D;eJteHHSI ocROJIKOB, 

CII8KTpll HeffTpoHOB H f -KBaHTOB H T .,D;.), llBHS:S: llpH 3T01l 

aaqaJII,HHB YCJIOBHS: (aaeprHD B036yx,rtemm, yrJIOBOll MOMCHT H 

T.,D;.). llsy,IWI 3altOHOM8PHOCTH oopaaoBSHH.II CIIOHTaHHO ,lJ;e.JIJmtHXCSI 

H30MepoB B pasJIH1mHX JI,D;epHHX PB8XUIISIX, MOZHO BlJ,ll;eJmn HaqaJI:i,HyD 

qacr:i, B npo~ecce H3MBHBHHS:_~opw supa: or paBHOBBCHOI AB~OPllllUHH 

AO AB~OPM!lUHH,0JIH3KOll K CB,D;JIOBOll roqKe.B CBOD oqepe,D;:i,, ABJIBHHB 

HS H30MBPHOro COCTOllHWI II03BOJ1.IIBT OOJtee onpe,D;eJI8HHO CY.IJlITI, 
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06 H3MeHemm q>opMU ~a B ce,wIOBOil TOtJ:Ite. CBOilCTBa Y})OBHeil 

BO BTopoi!: IIOTBmmaJU,HOtt m.ie, CM:31, rue C Y})OBHJrMK nepBOH 

m.w ORaaHB8IlT CYDtecTBeHHoe :wmmme Ha npouecc .IteJiemm:. 

OTO BJIWnDie Ta.IOlte tJ:BTKO npoCJie~eTCSI npH lICCJie,IJ;OBaHIDI 

CIIOHTWIHO ,D;eJIRlllHXCSI H30MepoB. 

B nep110:a rJtaBe OIIRCW3aDTCSI OIIHTU no onpe,D;eJtemm q>opMU 

Oap:i,epa AeJIBHHS: nyreM HCCJIB,D;OBaHHS: S:ABPHHX peaxr.mn,npHBO,ll;S:IllHX 

R o6paaonamm CIIOHTaHHO ,Il;e.JimltHXCJI R30MepoB. B MO,Il;BJlH .ztBYI'OP-

6oro 6ap1,epa l!CJIOJIJ,3YBTCJI e.mnrall IIO,Il;XO,ll; ,wr.11 OIIRCaHH.II peaKUHft 

,Il;BJleHWI lI o6pasoBaHR.1I KSOMepoB. Cwn.Hoe B38RMO,ll;BHCTBHe MeJIJJY 

KOJIJieKTlIBHmm H 0,ll;HOtJ:aCTKintl:IMlil CTBIIeHRMII CB060,Il;ll npHBO)OIT K 

3aTy.XaHHI) ROJie6a.mnt BO BTopoi IIOTBHUHaJII,HOil m.ie. B pe'ayJtI,TaTe 

&Toro o6pasyeTCSI o6wmoe cocTrumoe ~o c ,aaep:raeit Bosoyx

.zteHHH, YJ4BHI,meHHoit Ha aHeprmo BToporo Ml!lllIMyMa, Hoc ,1teqiopr.ia

QHel, B,ll;BOB 60JII,me:lt, tJ:BM Pal3HOBeCHBJ1. TaKoe COCTaBHOB ~O 

BMBBT BCB Te lite IJYTH pac~. "ITO lI o6HtJ:Hoe ~o (,ll;BJIBHHe, 

:11cnyclt8lllle He!TpoHOB HJlH K -KBaHTOB) H, · KpoMe Toro, OHO 

MOltBT ll03BpaTHTI,CJI B COCTomme C HatJ:aJII,HOii .Jteq>oPMa.URel. CooT

HomeHHe Mez.IIY aTmm nyTm.m pacna,n.a BO MHor?M onpe.D;eJtSieT xapaK

Tep npouecca ,D;BJiemm Toro :wm HHoro ~a. Ilpn TaKOM MexaHHsMe 

peaKQHll ceti:emm ,D;eJieHHH 6' f H o6pasoBaHHSI ,ll;eJIRlllHXCSI Hao14epoB 

(5', ID.!BIJT BJm: - _. /"j /ff 
0-: - 5 -,-----:-- . -=--- ' 'f - C r: + fi-,1 I; ~ /;; -1-r,,,:1 

l.f .I (I - --
r.D;e -

G'· - 6'. r;- ru"' 
,- C _. -- - ' 

rj -I- ry r,, + /;; +f"c,d 
6"'c - ceti:eHHe 06pasoBaHR.1I- cocirumoro ~. -rj H rff - npHBe,IteHHUB nmpmm ,wr.11 nepexo~B ti:epes 
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pemmil: 6ap1,ep :e:s nepBoit mm BO BTOJ>Yll H o6pamo, /$ 
npRBe.n;e~.HruI nmpmta Mil nepexo.ita 11epes BHelllHHil 6ap1,ep 

(,n;e.mTeJlbHaJl nmpmm ypoBHett BO BTOpott llOT6Hnll8.lll,HOH SIMe), 

/j-q' H fjd - npHBe.n;emm:e nmpmtH Mil :e:enyeRalmll qae~ 

e ypoBHett nepBoii :e: BTOpo:ll mm. B TJDlteJIHX souiax npaitTR'l'.eeKH 

llM66T MeeTO TOJII,KO HenyeEaime HeitTPOHOB lIJIII ( -KBaHTOB, 

ll03TOL\Y': 

fd =t"n +~ 
' (3) 

r,n;e t°n H fr - eooTBeTeTBeHHO H6ilTPOIDlruI H Pa,Jn'IaIO!OHHall 

nmpmm. Bapalltemm Mil npRBe.n;emwx nmpmI BO BTOpott llOTemtHam.

HOtt m.re HMelDT TOT xe Im.It, "lTO H Mil o6wnmx: uoeTosmmi souia. 

TOJlbKO saepI'lUI B086y.E,IJ;emm OTe'IHTHBa6TCJI OT 'Alia BTOpott mm. 

Ilp:e: 6o~ee lllISKHX 3Hepl'Rl!X B086Yl(,ll;6HWI BM6CTO CTanrcm-

11ec1toro no,IOCo,Ita nenom,syeTCJI Teo:pruI BOBMYUteHHit H eeqeH:e:a 

.n;eJiemm H 06paso:arums1 :e:soMepoB onpe.n;eJI2ll'l'CJI MaTp:e:q:HH!,! s~eMeH

TOM CBII8H MeJIOzy" YI)O:BWiMH ll6PBO:ll H BTOpol SIM. 

Ms paccMoTJ)eHHoro BH!lle Mexrumsm pe~ .IteJiemm :e: o6pa

sol38HRfI enOUTaHHO 'AeJUJ!ltHXCJI H80MepoB BH,ItHO, "lTO ce11emm: 3THX 

nponeeeoB :e: :e:x HBMeHeHHe e saep:raeit B036T-l,}temm cyll{ecTBemio 

8aBHCJIT OT CTJ)YKTYI)H 6ap1,epa ,IteJiemm • .n,ra Toro, 1JT06H BWI

BHTl, KOmtpemyD WoPL\Y' 3TOit 8aBHCHMOCTH, MOJtHYI) WoPL\Y' 6ap:&

epa ,;teJiemIJI ayltHO on:e:eaTI, C llOMOIIII>J) PJma napar,reTJ)OB. a,cy 
q>OPL\Y' annpoKC:e:MHpYJJT C llOMOJJtLll "l6Tl:lp6X napa6M, IIJiaBHO ne

pexo~ 'JJJJYr B 'APJra (p:e:c.I), n pesym,TaTe 11ero qiopyy 

6apI>epa M01KHO OllHCaTI> c llOMOJJtLD 7 napaMeTpoB: BHCOTH mryT

peHHero (EA) :e: BHelllHero C¾) 6apI>epoB H nMOJlemm: 'Alia 

8 

BToporo ~ (E[) OTHOeHTeJII>HO oeHOBHOro COCTOIIHHJI, a 

Tarote 8Ha1JeHHit /i t.,J , xapaKTepH8ymtWC KpHBH3HH 060:e:x llOTeH

umull>HHX m.!. H 6ap1,epoB .n;Memm. 

Ha p:e:c. 3 npe.n;cT~eHH pacc"lHTa.HHlie e llOMOJJtLD BupalteHWI 

(2) ~ B086y.E,IJ;eHHJI peaxnufi,o6pa80B8HIDI CllOHTaHHO ,IteJI.lI

IIIHXCH H80MepoB. Bu6HPruI pasJIH'llil:le HHTepBMU 8Heprmx B086YJ1-

,IteHRll, a Truate llO,IOCO.wmtl!e pearonm (c HCIJYCKaHHeM TOJII,KO 

f -KnaHTOB HJIH HeitTpOHOB H cl" -Kl38HTOB) , MOlmO onpe.n;eJmTJ, Bee 

JKa3amme BH!lle napa.MeTJ)H 6ap1,epa .n;e~eHWI. 3TH napaMeTPu onpe-
' ' 

,IteJWDTCJI H8 xapaKTepHHX H3~0MOB Kp:e:nwc H HX HaMOHa (p:e:c.3). 

Ta1toil IJYTI, H 6WI HCllML30naH Mil onpe.n;eJiemm napa.MeTJ)OB 6ap1,

epa B peaKitWDC C ( -I"..BaHTm.nt. HeitTJ)OHaMH :e: (X -qacTHIJ;a,WI. 

lllHpomtli ,ItHanasoH npeMeH ll!Jl:8HH enOHTBlmO .IteJUJ!ltHXCJI H30-

M6POB (oT rn-9 ,Ito rn-2 e) :e: pasHoo6pas:e:e 6oM6ap,ItHpYJ.I40.X 

qacmn -rpe6o:BaJIH pa.3Jm1lHOtt 8KCnepHMeHT8Jll,HO:ll M6TO,ItHKH. 0,n;HaKO 

Bee am MeTO'AHKH .n;ommu y.n;oMeTBOpsi:TI> PH.UY 06111HX TJ)e6oBa.Hltii 

(Ha,ne:moe Bll,Ite~eHHe oeKOJIKOB ,IteJieHHJI Ha q>OHe .60M6ap,ItHpYJllllll 

"laCTHU lI ellJll,HOro o(-H3JJY"l8HWI H8 Mmll81llI, ~KTHBHOe pa3,IteJie-

HHe OeKMKOB J.II'HOB6HHOro H H30MepHoro ~eneH:e:a).B CJJY'Ul8 H30MepoB 

C nep:e:o,n;aMK nOJJy:paena,Ita 6Mee 10-4 e :e:ellOJII,30~eI> M6TO,ItHKa 

MexaHlI'IeeKoro nepeHoea npo;eyitTOB pearonm K .n;eTeKTOpaM oeKOJIJ,:OB, 

KOTOpruI ll!HpOKO npHMeWIJiaCl, n Jia6opaTOpnll H,I{epHHX perummt n 

pa6oTax no CJ!HTesy HOBUX 3~8M8HTOB • .I{.rut perneTJ)an:e:H oeKOJIKOB . 
.n;e.neHHJI B 8TOit M8TO'AHK~ :e:ell()Jil,80BaJmeI, ,ItH3~6KTJ)H"l8eKHe .n;eTeK-

TOPH foHJIHKaTHOe H q>Ocq>aTH08 eTeKJia, CJW,Ita, ~eaH). OeKo~ 

,Il;eJI8HWI OCT8llJIWIH Ha 8THX ,J.t8T8KTOpax TJ)eKH, llOCJie COOTBeTeTBY

Ditett o6pa6oTKH BH,ItHMHe n onTH1JecKHI MHKpOeKon. Pacnpe.n;e~eHHe 

8THX TJ)8KOB no ~e .n;eTeKTOpa ll08BOJlSIJIO cy,ItHTl, 0 nepno,Ite 
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IIOJJYPaCIIa,M (R TeM CaMW4 ll,I(eHTRq:ImHpOBa.Tl, IIOJJY'I8llllllliCSI B pea.K

mm :e:aoTon), a 'l!l!CJIO 'l'peKoB - o ce-qemm pea.KIUm. 

.u,m lICCJie'JI,OBalmll CIIOHTaHHO 'Jl.eJIRIItllXCSI R30JAepoB C 6oJiee 

KopoTron.m: IIep:e:o.wn,m 6wra paapa6oTa.Ha HOBaJt MeTo~. B peait

mmx C trac~. m.temim,m 60JII,myll JipOHHKaJll!YD CIIOC06HOCTI, 

(Heit'l'pOHH, t-KBaHTH), lICIIOJI!,30BaJICJI MHoro:imTeBoi!: HCKpoBoi!: 

c"leT"ll'tK / 5/. 06.ny'laeMaJI MHl!lem, HaXo,nwrac1, BHYTPR c"leTtnma, 

ll KIJJIJI.OMY BWieTeB111e14Y lI3 Jmlllelill: OCKOJIKY COOTBOTCTBOBaJI m.myJII,c 

Ha BHXO'JI,e C"l8T"llllta. llo'JI,6l!p8.fl OIITm&UII,HOe pacnOJIOJte:ime 3JIOKTpo

'JI,OB C'q8T'Dllta, COCTaB rasa H pa6o"lee HanpmteHHe, MOXHO '}I.06HTI,CJI 

BHCOKOi!: CTeneHH paa'}I.eJieHHSI OCKOJIKOB H o( -'taCTllll ( ajxlleKTllllHOCTI, 

pernc-rpai.nm o<-traCTHU 6wra B roIO paa mme. '18M . .Ir,)IJl OCKOJIKOB) 

H MaJIOI'O paapemaDJtero BpeMeHPI ( 20-30 H c) • C IIOMOIIll,lO HCKPOBo

I'O C"leT"llIKa JipOBO.nHJJRCI, HCCJ18'}I.OB8Hlffl CIIOHTa.HHO 'JI,eJilllllKXCJI lI30-

MepoB C nepHO,Wll,m IIOJJYPaCIIa,7.ta '}I.0 IQ-? C • 

)vul naoMepoB c 60J1ee KopoTKmm nepRO'A8MR 6wra paapa6oTa

Ha MOTO'AHKa R3Mepemm BpeMeHH JipOJieTa R,l!;ep OT'Aa'l!l! / 4/_ Bu6HTH8 

Il3 Mml!eHPI JI.IU)a JipOJI8T8JilI MmdO 'Al!3JI8KTPR1I8CIWX '}I.eTeKTOPOB, lI 

JipO.eyKTH HX pacIIa,M (ocKOJIIm 'JI,eJieHPISI) OCTaBJijlJI]if Tperot Ha 8THX 

'JI,8T8KTOpax. Ilo paCIIOJIOJtemm 'rpeKOB Ha '}I.eTeKTOpax MOlmO 6wro 

CY'Al!Tl> 0 paCCTO.mnnt, JipOJieTaeMOM R~pou OT,Ita"lll '}I.O pacna,na,R, 

CJie'JI,OBaTeJII,HO, 0 BpeMeIDI JipOJieTa. 

3TH M8TO'AlIIOI ll03BOJWJIH lI3M8PJITl, ce"leHWl o6paaoBaHWl 

CIIOHTa.HHO ~eJIRIItllXCJl lI30M8poB BIIJIOTI, '}I.O ro--30cM
2 

B pe~ 

C H8fl:'l'pOHaml lI (-KBaHTaMH H 'JI,O I0-32cJ? B peaKUWDC C 

a{ -'laCTHIJ,aMK. TaKHe R8Mepemm. 6wm JipOBe'JI,eHH B 'AllaIIa30Hax 

l3Heprllll, I''JI,e HMelOT MeCTO xapaxTepHUe lI8JIOMH q;yHKI.oni II036~e

HWl. Pe~ C o( -'lac~ HCCJie.IJ;OBaJIRCl, Ha nmtJIOTPOHa:x: 
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Y-200 (Jia6opaTop:wi: smeplillll: pe~ Ollilli) H Y-120 (HHCTHTYT 
Ta6JIH!!@: I x) aTOMHOtt qllrnmm, ByxapecT) C lICIIOJil,30:aamieM M6TO,ItmW -BpeMe-

Im I!pOJieTa 16 ,71. 3Hep:rn.a: ey,ma lI3MeHJL7IB.C:& c IIOMOIIlI>ll a.mo-
IlapaMeTpli 6ap:&epa .J,te.rreHIDI 

Mlml!eBI:DC nor~ornTe~ett II ROHTpomrpo~c:& nyTeM H3Mepemm lfaoMep PeaRI.Om Ila~te!!2li 6a:QMEa , M 38 
cnoRTpoB pacceJIHHl:lX Ha yr~epo~ott ilJleHKe cx-tmc~ IIOJJYIIPO- IIOJIY'l8HIDI EA .Ea Ei '"1:w11 '"two 
BO.n;mntOBllM .J,teTeRTOPOM. 23Spu 233U(rx.,2n) 4,7 

OllllTli C ¥ -KBaHTaMH I!pOBO,D;WIHC:& Ha MmtpOTIJOHe HHCTH- .237p" 23Slj {cl, 2n) 5,7 5,3 3,3 0,6 
TYTa WH3H1IecRHX IIP06~eM AH CCCP 18 ,9 ,IO/. ,ll.7IJI per11c:rpa1Ut11 23.9p" 2-'tOp(l(J',n) 5,I 2,5 (I ,0) C,6 

i OCKO~OB HCIIOJI:&30B8JICJI HCKpOBOH cqeT'mR. IlpH HCMe).tOBaHHH 239p(/ (i,t') 6,3 (I,O) 
H30MepoB C BpeMeH8Mll Jm3HH MeHee ro-4 C BliCOROe HaIIpmteHHe 240p(./ 238u (ol, 2n) (5,8) 5,4 2,4 (0,8) 0,75 
Ha cqeT'IliRe C~OCI, Ha BP6MII HMIIY~Ca /{-KBaHTOB, t!TO 3Ha- 21ttpll 2"t2pu(¥,n) (6,2) 5,I 2,6 q,I) 0,6 
'IHTe~Ho CHl!lKaJIO ero Meprnoe BJleM!I. z39Am 23 ~ {of, 217) 4,7 2,5 

06JIYlleHHe TeWIOBl:lMlI H6HTIJOH8Mll IJpOBO'AWJOC:& Ha UHRJIOTpoHe 2-'to/lm r!t'llm ( ;r, 11) (6,4) 5,I 2,7 (0, 7) 0,4 
Y-200 in/ (11ettTPOHH IIOJIYllaJilic:& B peaimmt 9Be +d H saMe.zum- 2-'121/m 2+3/lm ( J-', 11) 5,0 2,4 0,4 
JillC:& B napaqJHHe), a 6HCTPl:lMlI H6~TIJOHaMII 1121 -·Ha 8JI6RTIJOCTa- v~111m {n,r) 6,4 0,6 
rnt1ecROM reaepaTope JiacSopaTOPHH H8HTIJOHHO:ll WHBlIRlI OIDIH (He- 2*~m 2+31/m (J',,r') 6,0 4,9 (0,7) 0,55 
TO"'llllmaMH aettTPoHoB c sHep:ram.m 0,5 - S,O MsB CJIYDJIH pearoum u~m 2-'t3/lm (17,J' J 6,2 4,8 0,6 0,4 

7Li +p lI 31f +p ). B 3TIDC OllllTax TaIOlt8 l!ICIIOJil,30B8JICSI 2"tlt:n, 23.9pv (o<,i!n) (6,I) 4,2 2,4 (I,I) 0,7 
HCRPOBOH CtJeT'mR. 2-'t3Cm 2+.2p'-' (ot, 3n) (6,0) 4,0 2,3 (I,I) 0,7 

O~oBpeMeHHO C H3MepeHHeM Bl:lXO,Ita H BpeMeHHoro pac!Ipe.J,te- 24281{ 2 "''11m ( of, 3n) 3,9 
~eHIDI OCRO~OB OT pacII~ H30MepoB I!pOBO,ItlIJIHC:& H3MepeHHSI oc- U 38K 2 "''11m (or,2n} 4,0 2,2 0,6 
KO~OB MI'HOBeHHoro ).teJieHIDI. Bmco.J,t 3THX OCROJIROB OI!p6).teJUL11 2++91( Z"t~m (o(, 3n) 3,9 
cetJeHHe o6pa30BaHHJI COCTaBHOro H).tpa B HCMe,nyeMHX peaRUHJIX. 2t~l1' 2t-3,,?m {ot,211) 4,I 2,3 0,6 
Ha plIC. 4 I!p6).tCTailJieHli IIpHMepH llCMe).tOBaHHWC pe~ C 

o( -t.ac~, J"-KBaHTa.Mll ll H6HTIJOHaMH. B Ta~e I I!plIBO- x)B CR06Ra.X - 3HatJemm: napaMeTIJOB 6ap:&epa, IIOJIY'l6HHHX ny:reu UCCJie-
).tRTCJI CBO).tKa IIOJIY'l6HHWC pesy~TaTOB - HCM6).tOBaHHlie pearoum ~OBaHHH W-HOB8HHOro ~eneHHH. 
H OI!pe.J,teJieHHlie R3 8.HaJIH3a ~ B036Ylt,ZteHHSI IIaPaMeTPH 
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6ap1>epa .n;e.11emm. 3m napa.MeT!)H o6HapyxHBaDT xopomee cor.zracHe 

c nOJJY1IeHHmm B ~oc-A.7.!aMoce npn nccne.n;oBaHHH H3ouepoB c nouo-

1!11>D miyrott MeTO.I\HKH (IlOJJY1IPOBO.n;HlIKOBli8 .n;eTeKTOPli H nym,cnpyil

nnra nytiOK 3apmteHHIDC qacTHU), ,a TaKllte npH HCCne,nOBaHHH·BWIYX

.n;eHHoro .n;e.n:emur H,Itep. 1lacT1> arnx .n;aHHWC (BHCOTa H ltplml!3Ha 

BHYTPeHHero 6ap1,epa) TaIOte npe.n;cw.BJieHa B Ta~e I. 113 Ta6-

JI!U-OI I MOJJtHo cy.n;HT1> o TOM, KaK MeHJieTCJI q>OJ)Ma 6ap1,epa ,JteJiemur 

C H3MeHeHHeM A H Z . • 

I. BucoTa BHYTPeHHero CSap:r,epa, Kpmm:saa 060:e:x 6ap1>epoB, 

::mepI'RS! BToporo ~ MeIUDOTCJI cpammT8JII,HO MaJIO BO BC8M 

.n;HanasoHe JICCJie.nyeMHX H,Itep ( OT Pu .n;o BK) • 

2. BliCOTa BHeIUHero 6ap1>epa YM8H1>ma8TC!l OT 5,5 - 6,0 MaB ~ 

Pu .n;o 4,0 - 4,5 MaB MSI BK. 

3. BliCOTli OOOHX 6ap1,epoB nprut~ecKH O,Il;llllaKOBli ,IPllI H,Itep c 

qeTHWill H HeqeTHliMll l H "· B TO llte BpeMII napaMeT!)li KpHBHSHll 

6ap1,epoB (a CJie.n;OBaT8JII,HO:H HX IlpOHl!lU18MOCTH) SaMeTHO mme 

,IPllI HeqeTHmc H,Itep. 

3Haqemm /;w. xapaKTepHSYJiltHX KpHBHSHY nepBott H BTOpoii 

llOT8mtHWII,HWC RM, onpe.n;eJISDOT H3 3Heprmt KOJie6aT8JII,HllX ypoBlleil 

B 8THX JIMax. B nepBofi m.te /i'4.J- I MaB, a BO BTopoii ,., O,? M8B 

(3TO 3HaqeHH8 nonyqeHO Ha OCHOBe HCCne~OBaHHR IIU!pOKHX ~enHT8nL-

HWC pe30HaHCOB B pea.KUHR cl, pf). 

Bo BTopoii rJiaBe .n;HccepTamm OIDICHBalJTCJI OIIHTli IIO RCCJie.n;o

BaHHD CBOHCTB ypoBHeii BO BTOpott IIOTeHD;R8JII,Hott JIMe. 8.Itec1> 

MOJltHO Bll.rteJIHTI, TpH Hanpa.BJieHHJI HCCJie.n;ol38.lll!il: cneKTpoCKOIIHqeC

KHe CBOHCTBa HmiWHX COCTOJIHlitt (CIIOHTaHHO .D;eJIJIJltHXC.II R30MepoB), 

cneKT!)li ypoB11eii: np:e: HlISKHX aHepl'WlX oosCS~emm (0 - I,5 MaB) 

H CTaTHCfflqeCKHe CBOilCTBa ypoBHett np:e: 3HepI'lm 3 - 5 MaB. 
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0.ItHH HS 3THX CBOitCTB'H8IIOcpe.n;cTB8HHO CBJISa.Hli C HSOMepHID.m 

COCTOmntm.m, B .D;PYI'HX CJIY'!allX CllOHTaHHO .n:emmtHeCJI HSOMepli 

II03BOJIID)T BH.rteJmTJ, TY HIIg)opwmim, KOTOpa.lI OTHOCHTCJI K ypoB

WIM BO BTopo~ noTeHqHaJII,Hott SIMe. 

JJ.amme O CIIHHaX CIIOHTaHHO .n;eJilllllHXCJI HSOMepoB MOJXHO IIO

nyqHTL nyTeM HCcne.n;oBaHHR yrnoBoro pacnpe.n;eneHHff ocKonKoB Aene

mur H,Itep B 3TlIX COCTOJIHWDC. HsBeCTHO, qTo .n;eJieHHe JI,Jtpa nponc

XO.n;HT B.n;OJII, ero OCH CHMM8T!)HH, ll03TOMY, eCJIH Hanpa.BJieHHe 

cmma HSB8CTHO, TO HSMepeHHe yrJIOBoro pacnpe.n;eJieHHJI OCKOJIKOB 

IIOSBOJIR:eT onpe,lteJIKTJ, 3HaqeHHe CIIHHa Hero npoero.um Ha OCI, ClIM

MeTpHH H,I\Pa. Truto! cnoco6 nmpoKo HcnoJII,syeTCJI ;i.Jm onpe.n;eJiemm 

cmma COCTOJIHHJI, HS KOTOporo IIpoHCXO.n;HT .n;eJieHHe noCJie 3axBaTa 

HeitTpoHa wm K-KBaHTa. B ~ae cnoHTaHHO JteJIRll(HXCJI IISOMepoB 

IIOJIOJlteHHe yCJIOJltHJI8TCJI, T.K • .n;eJieHHD npe.n;mecTByeT ~cnycKa.HHe 

HeitT!)OHOB H ( -KBaHTOB, qTo Be.n;e'!' K qaCffiqHOft llOTOpe opneHTa

J.Um H.I\Pa• Ilo8TOMY 6wm Bli!IOJIH8Hll KOHKpeTHlle pacqeTH yrJIOBliX 

pacnpe,1te.11emitt OCKOJIKOB C yqeTOM npe.n;mecTBymiero HCflYCICa.HWI 

HettTpoHOB lI t -KBaHTOB. a Taitllte BnHRHHR xaoTH"leCKll Hanpa.BJieH

Horo BJieKTpoWU'HHTHOro llOJISl, BOSHRKallltero BCJie.n;cTBHe llOHH3aIOIH 

BJieKTPOHHO! o60JI011KI!: H,I\Pa OT,IJ;atm /IS/. 3TH pactieTH CJJYXlIJlll oc

HOBOtt ,IPllI cpaBHeHHJI C axcnepHMeHTOM •. YtieT fKaSa.HHWC ajxpeKTOB 

CYlll8CTBeHHo YMeru,maeT aHHSOTpomm yrJIOBOro pacnpe.n;e.n:eHHJI, 'iTO 

c:mmaeT onpe.n;eJieHHOCT1> sHatieHHtt cIIHHa. 

Bwm H3MepeHH yrJIOBHe pacnpe.n;eJieHHJI OCKOJIKOB CIIOHTaHHO 

.D:eJlHiltHXCH lISOMepoB 286p"' 23'?ou • 240pu' 24¼' 243~' o6pa3YJJ

~CJI B pe~ ( o< ,2n) n (c( ,Sn) /I3,r4/_ B OIIHTax :e:cno.n.-

30BaJiaCJ, OIIHcaHHaJI Blillle MeTO.n;HKa llSMepemur BpeMeHH npoJieTa ~nR 

15 



: ! 

i 

I, 

pa3A8R8HHH OCKORKOB MrHOB8HHOro H H30M8pHoro A8R8HHH. 

OCKOJIKll H30MepHoro ,!\eJieima: pel'HCTplIPO:ea.7lRCl, ,lJ;l!MeKTplltJ:ec

IWMlI ,!\8T8KTOpaMlI, OXBaTHBaJJitm.m ,IOl:aIIa30H yrJIOB 80°-I050 H 

I5o0-I75°. B Ta~e 2 npe,ItCT~eHH H3Mepemra:e 3Haqemm 

yrJIOBOfi aHH30TpOIIHH OCKOJIROB. H3 Ta.6Jm:Ini Bli,ltH0 1 ~O NIH 

JJ.Byx 'leTHo-qeTHHX H,D;ep, 236P~H 240Pu,sHaqemm rumsoTpo-• 

mm pa3.7Ilf'llIH. B c.nyqae 240Pu yrJioBoe pacnpe.1teJieH1Ie H3oTpon

Ho. a B c.nyqae 236Pv HMeeT MeCTO 3HaqJIT8JII,HaJl aHH30TpOIIRfI. 

HlAeeT MeCTO pa3Jmtme H 3Heprmt B036YJK.I4emm 8THX H30Mepon 

(NIH 249oa Ha I MaB mme). Bee aTo nosBoJllleT npe,ItrIOJIOmITl>, 

qTo .ItJllI 24% H30MepHoe COCTomme J!BJLIIeTCJI HHltHHM ypoBHeM BTO

pott llOTeHitHanHott mm, a OTCYTCTBHe aim30Tpomm MOllteT yita3H

BaT1, Ha TO, 'l!TO CUHH ero - o+. KaK H NIH. OCHOBHHX COCTOlllmtl: 

qeTHo-qeTHHX H,D;ep. B TO llte. BpeM!I NIH 239-0u 600Il>lllaSI aHepl'lIJI 

B036YJK.I4eHWI H aHH30TpolllIJI B yrJIOBOM pacnpe.IteJiemm, llO-BH,ItR

MOMY, COOTBeTCTByeT He OCHOBHOMY, a KBa31il118.CTi!~OMY COCTOHHHD 

BO BTOpoa m,:e. 

B c.nyqae He'leTHHX H,D;ep Ha6.nJ:wmTCJI pasJilIIIHHe sHaqe:mm 

aHHSOTpomm OCKOJIROB, ~o. oqeBH,ItRo, CM3aHO C pasmmm (KaK 

~o,He6QJII,mm.m) sHaqelllIJil,!H cmmon mmma: cocTOJIHltii no 

BTopott mm. 

Sm pesyJII,TSTH HaIIIJIH KaqecTBeHHoe llO.ItTBepJIU{eHHe B pa6o

Tax MxlHXeHCKOtt rpymra, llCllOJII,30BaBille:lt l{pyryD MeTO.IOIKY 

(SI.Iij)a OT,ItaqJI B6.HBaJ.IHCl, B CBHimOBYJJ no~o.mcy-, H OCKOJIIGI ,!\Me

mm peI'HCTplIPO:ea.71RCl> llOJIYIIPOBO.I\HHKOBHM .Jie~eKTOPOM). Ko:mcpeT

HUe 3Haqemm aHH30Tpomm, ecTeCTBeHHo, OTJIH1iall'l'CJI HS-Sa 

pasJIHtl'.Horo BJIHJIHruI BHeH,IJ;epHHX B03MYJ]lellllit. 

16 

. Cne,IteHWI O cxeMe HDHHX B036YJll:,I4eHHHX COCTommmc BO BTO

poa IlOTeHnHaJILHOJ:l m.Le MOXHO nony'l!HTL nyTeM H3MepeHHH cneKTpOB 

t --JIY'l8ll H aJieKTpoHOB BHYTPSHHeil KOHBepcHH, HcnycKaeMHX • 

IIPH saceJiemm HSOMepHoro COCTOJIHRfl. 3TH t-JIY'IH n aJieKTPOHH 

MOJEHO Bil,W!JmTl> C llOMOII!l>D sanas.rnraa~ COBna.IteHHil C OCKOJ!Ka

MR ,ItMeHWI. TaKHe OllHTH 6wm npo,IteJiaHH Ha perutTope l.lHg)If 

(B,rnanemT) NIH CllOHTa.HHO .IlemmteroCJI HSOMepa 236u, o6pasynite

roCJI B peamnm; pa,IOiauHOHHOro 3axBaTa TeMOBHX HeitTpOHOB /I5/. 

llsMepeHHHe cneKTpll (-JIY'leit H 3JI8KTpOHOB XOHBepcHH CO,Ite~ 

60Jil,lll08 quQRQ .mm:rut. AHa.mis 3THX cneKTpoB llOKaSaJI, qTo 60Rl>

lllHHCTBO 3THX .mm:ru1 HBJUieTC.fl cl>oHOBW.lH, BOSHHKa!JitHMH J"IMe,ItCTBHe 

CJIY'lSttHHX COBlla,IteHRil. STo He ll03BOMeT llOCTpOHTl> cxeuy HHlltHHX 

ypoBHei BO BTOpoi llOTemntam,Hott HMe. 

IfsMepemm cneKTpOB J'--JIY'Ieit H aJIOKTpOHOB KOHBepc:im:, 

HCnyCKaeMUX npu aacMemm HSOMepHHX CCCTOHHHtt, IIPOBO~Cl, B 

~eJIOM pH,IJ;e pa6oT. 0,ItHaKO JIHWl> B O.ItHOil 113 Ill'IX, BllllOJIHeHHOli 

Ma:nrxeHCKOit rpynnoll, 6UJIH Bll.IteJI8Hll KOHBepcHOHHUe JIHHWI, CB.fl3aH

HUe C nepeXO,ItaMJ! MeJOJY pOTrunIOHHW.W YPOBHl'IMI! BO BTOf,Ott llOTeH

~aJll,HOH HMe B SI.Iij)e 240ptl (B peamnm; 238U ( o( ,2n) • 0Ka3aJIOCL 1 

qTo MOMeHT HHepJ:tHH .fllI;PS ARH 3THX COCTOHHHJ:l BABOe dOnLme,'lleM 

NIH ypoBHeil OCHOBHOil POTrunIOHHOtt llOJIOCll. 

CBe,IteHH.fl O CTamc~eCKHX CBO!CTBaX YPOBHeii BO BTopol 

IlOTe~Hott SIMe
0

(npn 3HepI'HR B036YJll:,I4eHH.fl 3-5.MaB OTHOCHTeJII,

HO ,ItHa m.m) MOJEHO llOJIY'IHTl> H3 3HaqeHRtt .IteJIHTeJil>HHX H HeiiTpOH

HHX IIIHPHH ypoBHeii: BTopott m.m. 3TH IIIHPHHll, KaK BH.ItHO H3 BHJ)a

XeHH.fl (2),onpe.IteJimOT 3HaqeHH.fI ceqeHRtt o6pasoBaHHH cnoHTaHHo 

,IJ;eJilill!RXCJI H30MepoB. EcJm napaMeTp!i 6ap1,epa H3BeCTHll (R3 cl>oPMll 
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Ta6Jnma 2 

Yrr.oBHe pacnpe.zteJieHWI OCKOJIKOB CllOHTa.HHO .zteJIIIlllliXCJI KSOMepoB 

HsoMep ~,. £,' Peam.nm W(l70°) 
C MaB no.nyqeHHSI 1,./(.900) 

23o/'u 80 3,6 23su (ct,3n) 0,70±0,I5 

237pll 70 2,3 235U(ot,211) 0,9ot,O,I5 

uo/)u 4 2,4 23aU(o<,t2n) I,02±0,05 

Z'ttCm 20 2,4 239pu {«,t:?n) I,8±0,4 

2HCm 80 2,3 Zf,1.p</ (o<, 3 n) I,2±◊,2 

Ta6mma 3 
3anpe·1'l:l .I1JIR nepexo.ztoB, cBHsaHHHX c pacn~oM H saceJieHReM 

CilOHTaHHO .zteJllil!llJXCJI H30Mepon 

Ilepexo.zt 
Tt 

IA!, o'...l. (lr}a2 8(£2) o( 

.zWt-
( ""'

2

)2.1. 
(fr},s 8(£2}~/f. 

2.4Zml,4, CX 23¼ I4 MC ,-2 <5.I0-4 m--i, :,l' <I,5.IO 

24om14. °' 2 3~ 
111 - p 0,9 MC ~ 2.I0,-2 d0-3 

23ePa ~ .z34,,,,<J 2,3 Milli ro-7 ro-3 

i!36Pci _:::'! 236ml' U 9,I Mlm ro-B 3.I0-5 

231ml'u -4 zny 800HC 0,9 ro-6 
2fOmf/1n, ~ 2-S-"/lm 0,9Mc < 0,5 <IO-IO 
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~ B036y,ir,D;eHWI),TO 3Ha'leHHe .IteJIHTeJII,HHX H HettTpOHHliX 

mlqmH (:wm JDC omomeHHJI) Il03BOJIID)T cy,ItRTJ, 0 IIJIOTHOCTll ypoB

Heil BO DTopoa: SIMe H Ha BHemHeM 6ap1,epe HO SamICHMOCTH 

ee OT aaeprmr B036yz,IteHHJI. AHSJm3 HeitT!)OHHHX H .IteJIHTeJIJ,

HHX nmp:im IlOKaSaJI, 'ITO IIJIOTHOCTJ, ypoBHett BO BTOpoit mm OilH

cmmeTCJI MO)teJIJ,D C llOCTOJIHHOtt TeMIIepaTypoil IIPK SHa'lelmH 

T = 0,5 MaB. 
TaKHM o6pasoM,cneKTP ypoDHeil BO BTopott llOTeHI.OlaJII,HOtt 

JIMe Twtott lite, ruut H B nepBott. lfMeeTCJI POT8ltll0HH8Jl IlOJIOCa C 

MOMeHTOM :imepitm, B,ltBoe 60Jll>Dlm,t, 'leM .Il,1IJl ypoBHeit B nepBoti 

.m.i:e, BR6P8ltllOHHHe ypomm, KOTOpHe IlPOSIBJI.fmTCJI B ~e nmpo

KHX peSOHaHCOB D ce'leHRH .zte~elIIJ.tt, KBaall'laCTlfCllllie COCTOJIHHJI. 

OcHOBHOit oco6eHHOCTJ,D ypomieil BTOpon JIMH ~eTCR :we BHCOKBJI 

)teJ!HTMJ,HaJI nmpm!a, KOTOP8JI OKaSUJ3aeT CYJileCTBeHHoe BmIJIIme 

Ha np~eMOCTJ, JtBYI'Op6oro 6ap1,epa • 

B TP8Tl>eit r.1ume OilHCH:Bal>TCJI OnHTH no l!3Mepemm BepORTHOC

Teit nepexo.ztOB Mez,cy- ypoBHJDIII pa3HHX llOTeHI.Ola.JlliHHX .HM. HcMe

.ItOBaJIRCJ, Me.rzyD!llle BR.ItH nepexo.ztoB: 

I. o( -nepexo.zte C RSOMepHoro ypoBHR B OCHOI3H08 COCTomme. 

2. .fi -nepexo,ItH Ha HaoMepHHil ypoBeHJ, :wm .l@YI'He ypoBHH 

nToporo MRlnl'.MyMa. 

3. (-nepexo.ItH c nsoMepHoro Y,PODWI Ha ypo:mm nepBoil JIMH. 

4. 0 -nepexo,ItH C BHCOKOD036yz,IteHHliX COCTOmmil Ha H30-

MepHHil _:wm .l{Pyrne ypoBHH DToporo Mli!HHl,ij'Ma. 

IloHCKH «-nanyqemm npn pac~e CllOHTaHHO .IteJIIDltWCCH ll30Mepon 

U , Pu H /Im 6~ npoBe.zteHH c llOMOlllI>D 60JIJ,filoro nponopnuoHaJIJ,

Horo C'leT'llllta, BH:yTpK KoToporo HaXo~c1, o6Jly'laeMaJI 
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MlillleHI, /IG/. .u,m 3a!qliThl tiyBCTBliTeJII,HOro 067.eMa Cll8T'llma OT 

HHTeHCHBHoro c:;( -HSJzy-g:eHlIJI HS MmlleHH noCJie,ltHJlfi SrutpWlaJiaCI, 

8.JillMlnllieBUM norJIOTHTeJieM • o( -llaCTHIUi, CBR:samme C pacna,noM 

HSOMepa,IDl!eJIH 8Heprmo Ha 2,5 - 3,0 MaB Blillle H MOrJIK llpOXO,ItllTI, 

llepes norJioTRTm. HcCJie,nyeMUe nsoMepu 6wm no.ny-qeHU B perut

n:im (n,2n) npn 9Hep:r.im HeiiTpOHOB I4,7 MaB Ha HeiiTpOHHOM reHe

paTOpe Jia6opaTOPlili MepHHX pe~ Ol1m1. HR Ml! o,ItHoro ns nc

cJie,nyeMUX nsoMepoB He 6wro o6HapyzeHo BeTllli oC-H3JIYllemm: (Bepx

wm rp~ HHTeHClIBHOCTR 9TOii BeTmt COCTaBJlfIJ!a I0-2 - IQ-3 

OT llliCJia OCKOJIIWB ,n;eJieHHJI). 

Bwm npoBe.n;eHhl Taru![e OllliThl no IIOHCKaM B6TBR (-ll3.lJY'lemm 

npR pacna,ne CllOHT8HHO ,ll;eJIRl!lWCCJI HSOMepoB /I?/. BoJII,lliett tzyBCTBR

TeJII,HOCTR RSMepemrii MOlltHO ,ll;OCTR!'HyTI,, eCJIR pernCT!mPO:BaTI, 

SJI0KTpoHU KOHBepcRR. Buxo.n;·aJieKTPOHOB ROHBepcim ns OCKOJIKOB 

.n;eJieHIDI (OCHOBHoro HCTOl!HliKa q>oHa) B HeCROJil,ItO pas Mellldlle, ll0M 

K -K:saHTOB. KpoMe Toro, · pace Tomme MeJ!OJY K-, l. - H M-Jil!Hl1IIMR 

llOSBOJIIIeT ~eH~BaTI, aTOMHWi HOMep Ha6.m:\mleMoii 8KTBBHOC

TH. lISM0p!JJIRCI, cneKTphl 8JI0KTpOHOB KOHBepce, ncn:ycitaeMHe B peart

ItWIX ( r, n ) H ( a, o1
) • AHa.,ms RX nOita3aJI, 'ITO B c.nytrae 238tJ 

1'130M8pH!Iit ypoBeHI, m.rner D0TBI, f -lI~JJYlleHl!lt, llO RHT0HCRBHOCTlI 

BIO pas npeauwaDntYD BeTB1, cnoHTaHHoro .n;Memm. B c.nyqae nso

MepoB 
240.#m n 24Ipu npeo6.mi ,taQqHM cnoco6oM pacna,na .fIBJif!eTCJI 

cnOHTaHHOe .n;eJieHHe. lIHTeHCHBHOCTI, BeTBH cY-HSJJYllemm C llSOMep.. 

Horo Y,POBllli II03BOJ.If.[0T nOJJYl!HTI, CBe.n;emm: 0 Sanpere Ml! ('-nepe

XO,ll;OB MeJ!OJY Y,POBHRM!r, CYIIl0CTBeHHo OTJilillamtm,mCJI no .n;$pMa.Imn. 

.ZWYI'lIM ncTo'llllIItoM cBe.n;emtlt o sanperax Ml! nepexo.n;oB, 

CBR:SaIIHllX C lI3MeHOHHeM ,ll;0qlOPMB.ImlI ~a, SIBJ!mJTCSI ,,,B- lI ('

-nepexo.n;u Ha HSOMepHI:tit Y.POBeHI, RJm .n;pynre COCTOJIHHSI BTopott 
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mm. B BTOM c.nyqae Hall8JI&HOe COCTMIDie Sa,ItaeTCJI (Bhl60poM IIO,l{

xo.wmieii pe~), a o nepexo.n;e B nsoMepaoe cocTomme MOJmo 

CY.ztllTI, IIO Ilpo.IIYRTaM ero pacna,Ita - OCKOJIRaM cnoHTaHHOro ,l{eJieHRSI. 

HHsmnt Y.POBeHI, q>oHa npn pemcTJ)8Iijm OCKOJIKOB .n;eJICHRSI (no 

cpmmemw C /f -ltBal!TaMI! HJm <X. :-'iB.CnmaMR) nOSBOJISieT ,l{OCTlI!'HYTI, 

BHCOKOil tzyBCTBHTeJll,l{OCTR nsuepemtii. 

B ~e SI.l{ep BHepI'RSI _,6'-pacna,Ita Bl11118 8Hepnm: CIIOHTaHHO ,l{8JISI

lll8roCSI HSOMepa ,ll;Ollepaero ~a. K TaRRM JI.lU)aM OTHOCJITCJI 238Pa 

(TI/2 = 2,3 MHH, ~.,e=4,0 MaB) R 236Pa (9,I wm; 3,I MaB), 

npH J-pacna,ne KOTOpwc MOryT saceJUITI,CSI RSOMepaue COCTOJIHHJI 
238u H 

236u. Il09TOMY 6wm npoBe,l{eHhl IIOHC:Kll OCKOJIKOB ,l{e.nemm 

npR _,fi -pacna,ne HSOTOIIOB Pa /IS/. 8TH llSOTOnhl 6wm Il0Jzyll6Hhl 

B pe~ 238U (fl,p )238Pa (Ha l\RMOTpOHe Y-200) R 238u ((, fl/J ) 
236Pa (Ha MmtpoTpoHe H/bII AH CCCP). 06JJyqemme MmIIeHH nepeHOCHJmCI, 

It ,Itll9JI0KTpll'leCKRM .n;ereKTOPaM OCKOJIKOB. B o6emc peaKUWDC 6wm 

06HapyzeHI1 OCROJIKH ,l{eJiemm, llHT6HClIBHOCTI, KOTOPWC COCTaBJIHJia 

COOTB0TCTB8HHO IQ-8 H I0-9 OT IIOJIHOro 'IRCJia /J -nepeXO,ll;OB lI Me

H.WiaCI, co BpeueHeM C II8Pll0.l{OM IIOJiy:pacna,na yxasaHHUX: Blillle HSOTO

IIOB. 

B ra6JIHne 3 npe.l{CTaBJieHU OTHOCHTeJII,HHe HHTeHCllBHOCTlI BeT

Beit o( - H ?/-lISJJYll0HHJl C lISOMepHUX Y.POBHeii, K BeTBR _,P-KSJJY'l0HHSI 

Ha KSOMepHHll: Y.POB0HI,, a Taiute SHal!eHRSI aanpeTOB Ml! 8TlIX nepe

XO,ll;OB. 8TH sanpem no.ny-qeHU IlPlI cpmmeHHH: 

I • .ll,m 't-nepexo.l{oB c o.ItHollacml!HhlMll: nepexo.l{&!K no Battc

Ronqiy ~. 

2. .ll1IJI o( -nepexo.l{OB c npKBe.l{eHHhlMH umpmia.Mll npK c< -pacna

.n;e ll8THO-ll0THHX SI.l{ep. 

21 



3. ,llnlI /3 -nepexo.n;oB co 3HatJeHltlOOI ,/T npH pacna,Jte 

Ha ypoBim C TeM Jlte CllllHOM B nePBO:i! HMe. B c.nytme ..ft-IIepexo

.n;oB IIOJJY'IeHHUe qia.ItTOPll sanpeTa CRe,llyeT paCCMa.TJ)llBaTl, ruut 

HUHHe ~. T.K. Ha6Jm,IJ;aewe npn _/1-pacna,Jte oCKOJIIGI 

'laCTR'lHO MOryT 6UTI> CBSI3aHll C MI'HOB8HHUM ,IJ;Me!llleM C BllCOKO

R~ ypoBHe:i! nepBo:i! mm. 
Ms Tae!JlmtH 3 BRJJ;Ho, 'lTO Bce·nepexo,IJ;U c H30MepHoro ypoBHH 

(HJIE: Ha H30MepHU:i! YIJOB8HI>) xapaKTePll3YJ)'l'CJI 60JII,lllRM sanpeTOM. 

3TOT sanpeT o6HapymmaeT KoppeJIHU;IW c npommaeMOCTl,J) BllYTP8H

Hero 6ap1>epa. HanpRMep, napaMeTP Kpmm3Hll BHYTPeHHero 6apI>epa 

B nsoTonax Am MeHI,llie, 'lB1,i B RSOTonax U ( Ta6Jmlta I) , H sanpeT 

,IWI cl' -nepexo.n:oB c 11soMepHWC ypoBHe:i! !Im imatJRTeJII,HO Bmne, 

11eM B cnyttae V • 

r-nepexo.n;u, COilpOBOE,IJ;aDmHeCa H3M8H8HH8M ~OplW a.n;pa, HM8DT 

Mecxo npn saceneamr ,ll;eJIJllllliXCJI H30MepoB c ypomi:e:it, ooa-

6yz.n:ae~ B-pa8JIR'lllllli H,ll;epma: pearummc. EwIK H3MepeHH BepOJIT

HocTH o6paaoBaHWI R30MepoB B TaIOIX peamtWDC, Kor~ llpOHCXO,ll;RT 

B036pt.IteHRe cpaBimTMI>HO HR3KOJiexantKX ypoBHeii (npR aHeprmr 

· 5-7 MaB). McMe.n;oBaJmc1> peaKURH (n, 0 ) /II,I2/, ( o.r'/IOI, 
( d, p ) R ( "'i ) /I9/, Ky-ROHOBCKOe B036yx.n:eHRe HOHaJ.m 12c H 
136xe 1211, peruaom cpa::ea n IIO,IOCBa~a HettTPOHa TJllteJIHMH HOHSWI 

l2ol. Bo Bcex CJiy1IMX Ha6Jm.n;aewe ce11eHHJI peaKiijtit (MR nx 

BepxHRe I'!)aHHlnl) MOZHO 6wro o6'LSICHRTl, 60JIJ,mm.m aanpeTaMK 

'A1III cY-nepexo.n;oB C B036y.t.n;aeM!ilC YIJOBHett B H30M8PH08 COCTOJl

HRe ~ ,I\Pyr:l!8 COCTOJIHWI BTOpoil IIOTeHIJ;Ham.Hott mm. IIPR 8TOM 

sanpeT 'A1III J" -nepexo.n;oB IIpaKTK"4ecmt He saimceR OT xaprutTepa 

Boa6yz.n:aeMUX ypoBHeit, a onpe.n;eJ11IJICJ1 me aHep:rae:it 1221. 3aIJ:peT-
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6UCTPO YJ.{eHI,llianCJI c pocToM aHeprnR Bo36yJK,IteHHJI, H npn aHep

I'WIX Blillle BBYTPeHHero. 6apI>epa BepOJITHOCTI, o6pa30Ba!illJl CllOH

TaHHO ,IJ;eJllilltWCCJI H30MepoB onpe.n;eJUIJia.CI, IIJIOTHOCTl>ID YIJOBHe:i! BO 

BTOpoil .RMe H ornomeHReM P8.DJialUIOIIlIOH lI .n;e.mtTe~HOil llllIPllH 3TllX 

ypoBHeil. 

B aaRJlll'lemm npoBo,ll;RTCJI cpamle:ime llOJIY"IeHHwc nyxeu nccne

.n;oD8HWl CIIOHT8HHO .n:eJmlltlIXCJI H30MepoB napaMeTPOB 6ap1>epa ,n;Me

HHJI, CBO:itCTB ypoBHett BO BTOPOH noTeHil;H~HOH .RMe H qia.KTOpOB 

sanpeTa 'A1III nepexo.n;oB c naMeHeHReM .n;eqiopMB.UHH H,IU>a c pesy~Ta

Tru.m m>Y1'iCC aKcne1nn,mHTOl3 (naMepeHHJI ce11eHRH, yrRoBwc pacnpe

.n;MeHHii OCKORKOB Bmzyx.neHHoro .n;Memm) H C TeopeTll'l8CKlIMH 

pactJeTawt, OTMetJaoTCJI xopomee corRacne c .n,a.HHHMlI m>YI'RX axcne

pm.teHTOB H pesy~TaTaMl'l TeopeTR'lecxmr. pactJeTOB, 'lTO J'Ka3HBaeT 

Ha BHYTPeHHJJD corRaconaHHocT1> Mo.n;e;m .n;Byrop6oro 6ap1>epa. 

06Cyx,nal)TCJI nr,e.n;eJIH npmteHHMOCTR 3TO:it MO,ll;MH, a TSKEe Te CBOii

CTBa H,ll;ep, KOTOpue HIDI60Jiee tJeTKO llpOJIBIDil)TCJI B .n;Memm a.n;ep: 

06Mo11e'lHWI CTPYKTYJ)a H,ll;ep npn 6o~ll!HX .n:eqiop~, cKopocT1> 

.n;irccoi:nianmi: KOJIJieKTKBHO! 3Heprmi: B TeIIJIOBYJ) H o6paTHO, CTelleHl> 

co.xpaHemm opneHTanmt JI,I\PS npn naMeHemm ero .n:eqiop~. 

OcHOBHUe peay~TaTU npe,IJ;CTSBReHHOH pa6oTU 3altJID'llaDTCJI 

B Me.DYIIlleM: 

I. Paapa6oTWia aqq>eKTHBHWI MeTO,ll;RKa HCM8,ll;OB81ll1Ji CllOH

TaHHO JJ:eJVnllBXCJI H30MepoB, 06pa3ylJltl{XCJl B peaK[(HJIX C paa~

HIOOI: 6oM6ap,ItHpyllqHMH .tJaCnu.taJ,m B IIIHpoKOM .n;iranaaoHe BP8M8H 

D3HH, 

2. M3MepeHll qiymtUliilI B036yl!t,l\emut peaKUW! C o(-tJaC'rlm8.MK, 

HeiiTPOHSJGI H f -RBaJJTaJ,lH, npHBO;n,miµDC K o6pa30BaHlll> CllOHTaHHO 

.n:eJmlltlIXCJI :e:aoMepoB B H,IU>ax Pu, ,4m, Cm n BK. 
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3. IIo.nyqe.1UWe pesyJII,TaTa o6pa6oTaHH Ha oCHoBe MO.lte.im 11.BY._ 

rop6oro 6ap&epa, onpe~enena napru.ierpa, OilHCHBalllIIHe ~OPKY 6ap&epa' 
~eneHHJ'I. 

4. lfaMepeHH yrJIOBHe pacnpe,IteJI6HWi OCKOJIROB CnOHTaHHO 

,IteJiffiI!HXcH H30MepoB C ~eJII,D onpe,IteJiemm: KllaHTOB~ xapaxTepRCTHK 
R30MepHWC YPOBHeii. 

5. Onpe,IteJieHH .lteJmTeJil,W,te IIIHPHIIH wm KBa.3HCT~OHapHHX 

COCTOJIHHi!: BO BTopott noTe~aJII,Hoii .HMe Ha.'6apbepe ,IteJiemm:. 

6. lfaMepeHH HHTeHCHBHOCTR (:wm RX BepxHHe I'l)almIUl) 

BeTBcit o< - R .r -Rs~emm IlPH pacn:a,n:e cnoHTaHHO .IteJlRiltl'IXCH 
H30MepoB lj , p R /Im • 

7. 06HaPYJteHo .ltMeHHe noc.rre _jl -pacn~ lil30TonoB 236Pa 
ll 238Pa. ,';< 

8. lfaMepeHH Bel)OR:THOCTH saceJiemm: CllOlITa!llIO .lteJlRiltl'IXCH 

H30Mepon C ypoBHeit, B036YJlf,ItaeMHX B pa3Jllil"mmC H,ItepHHX ·pearo:nui:x: 

( 11,j'), ( J': J'
1
), (ti,/' ) , ( d, 't ) , IlpH KynOHOBCKOM B036j'll,ll;eHHH. 

9. Ilo.nyqew sHa'leHHH qnKTopoB sanpeTa wm pa.IUtaltiiommx 
nepexo,Ito:a, cMaaimmc c HSMeHeHHeM ,Iteipo~ SJ,Iij)a. 

IO. IIpoBe,ItelIO '06c~eH11e no.nyqe:mmx: pesym,TaTOB Ha OCHOBe 

MO.lteJIH .ltByrop6oro 6apbepa, c,PaBtieHHe c pesym,TaTa:MR TeopeTR'lec
KRX pactJeTOB. 

OcHOBHHe peayJII,TaTH ,ItHccepT- H3JIOJJteHH :a pa6oTax /I-22/, 

a TalO!te ,ltOKJia,D;m3a.1mcb Ha BCeCOD3HHX H Mex~yHapo~HHX KO~pe~ 

xx, XXI, XXIY, WI H XXYII KoH@epeimrunc no stii;epHoit cneKTpoCKOIDm 

H CTl)yKType H,llJ)a, Ha I, III H · JJf KoH@epemnm ao HeitTPOHHoii qmsHKe, 

Ha KoHqJepemnm no qmaRKe TiDlteJimc HoHo:a ()Jy6Ha, 'I97Ir.), Ha Me.E

,ItyHapo,ItHoit KOH~epeH~HH no qlH3HKe H XHMm1 ,IteJieHHH (PO'leCTep, 

I973r. ) , Ha III MeJK,eyHapo,ItHoM ce:MHHape no :meKTPOMarHllTHJiM · :aaamao-
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.neiicTBruIM (MocKBa, I975r.), Ha MelI.lry:tmpo,ItHoit KOHq,epemum 

no H86pWIHHM BOfiPOCaM CTPyKTypli SJ,Iij)a (,Ify6Ha, 1976r.). 
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