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PadoTa BWIOJIHeHa B ~l!l3lllt0-8H8Pl'8Tlfll8CltOM WICTHTY'l'8 

()(pmU18JI&HH8 0ImOH8HTH: 

1JJieB-ltoppecno~eHTAH YCCP 

.ltOltTOp cpH31mO-:Ma.TeMa.Tll1leCKEX Haylt 

,l(OltTOp cpH3WtO-M8.T8MaTll1leCKEX Bayx 

Bemrniee JlP8,IUipWITlle : · 

B.M.CTPrnlHCKHB 

D.C.8.AM.'ITIDlH 

C.M.IIO.IIHKAHOB 

P8,IU18Bliit liHCTHTYT 11M.B.r.XJ101I0Ha, r.Jlesmpa,tt 

ABTopeqiepaT pasocJiaH ".01 " · ,X// I972r. 

8QlllHTa ,ItHCC8PTSinm COCTOllTCSi uiJ::, I/ . !97.21'. B. ff. 118.0 

na sace.n;amm 06'l>e,ItlmeHHoro YqeHoro CoBeTa JladopaTopd H.It8PllliX 

pe8KQB1t u seitTpoHHoil @ll3HXR owm (r.)ly(!sa, Moc1to:ec1toA 06.nacTB) 

0 ,ItH008PTlillU181 MOliWO 03H8.KOMllTllOn: B 6ztS.zmoTeKe liHOTHTYTa 

· ,~..a oogpo,£ BAOOBMHA a.a. 
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~eTBepToe .n;eCSITWI8T~e c aeocJiacieB8lOUUIM mtTepecoM H aenpe

PHBHO paCTYJlll™li 8KCnepm.18HT8Jil,HW4ll B03.r.mHOCTJIMll JlPOBO,IUlTCSl 

llCCJie,ll;OBaHM npouecCa'AeJieHM aTOMHHX:.~ep. ~TY8Jll,HOCT~ 8TOtt 

npo6JieW 06'I>JiCHJl8TCSl ee llCI(JI!)llllT8Jll,HOit p0JU,Jll B H,!tepaott TeXHnKe 

H, Bente 6oJU,mei1 cTenesll, aepemeHHoCTI,10 Milormt BonpocoB,cM3aH

am: c Mexaml3MOM caMOro n:MeHM. Pea.ItUWt 'A8Jieswt JlPllH8,ltJielltRT 

It '!Jll.CJIY H8li60Jiee OJIOlltlllDC: B XO,J:te Hee IIpORCXO'A:UT He qacTlltlli08 

ll3Meli8li:l:Ie HYKJIOHHOl'O COCTaBa, a ItOpeHHM nepeCTpofuta Boero R,JJJ)a. 

Tp~OCTll llOCTpoeliH.IJ.·Teopllll T8.KOI'O JlP8BPanteHM MHOl'OHYKJIOHHOil 

CllCT8Ml:I oqeru, ~eJillKll. B c~eCTBymmeM BH,ne Olia npe,J:tCT8BJlfleT co

CloA Haciop P83P03H8HHblX JIIO)l;8Jll,BJ,DC npe.n;cTaBJiemtll, C~HO ~e8Jll1-

anpym~ noBe.1:teane wa. IloaTOMY B \Pll3:uKe .n;eJieann: npeo6Jia,ttaeT· 

weHOMeHOJIOI'ztl8CKOe Oll:llC8Hll8,qTo H OJlP8):t8Jill8T COCTOrume IIp06~W 

B ueJIOM. . 

HaCTOJDIIM 'AllCC8PTSUWi JD3Jlll8TCS1 peaynTaTOM woro.neTHEX llC

CJ18'AOB8Hd ,ll;eJI8Hllll R,JJ;ep, np0BO,ll;lill3mmtcaB <Rmllllt0-8H8Pl'8TH1l8CKOM 

l!HCTllTYT8 B COOTB8TCTBllll C nporpaMMOI llO paspaciOTK8 H V..3y,18Hml 

6HCTPHX: pea.KTopo:a. Ee peaJI:imamm npe'AYCMaTpli!BaeT .n;eTam.soe HS

Mepealle MHOl'OqJ!!CJI8HHlilX R,JJ;epsmc ItOHCTaHT ll BQ80TOpoHHee 1113yqeane 

B3aI<IMO.n;eitcTBWl HettTpo?OB ll CBOitCTB H,lte~ npll ~aeprmDC B036YJK,Jte~ 

HH.ll 'AO 20. i'l13B, B03RllltaJJlllEX llPll llOl'JIOmeHllll HelTPOHOB Oll8KTpa 

.n;eJieHnn:. XOTH B aenocpe.n;CTB8HHDI pacioTe HaytlHH8 ll llPllltJI8.n;HH8 

mlTepecH T8CHO .nepellJI8T8,1ll1Cb, ll W!Ol'H8 \Pll3lltl8CJ018 pesyJI&TaTH 

HBWIUCI, CJ18,ll;C~Bli8M 8KCnepnMeHTOB , 3a,nyM81llWX O JlP8.KTlltleoim

Mll ue~, .n;llCC8pT8IUIIJ! OTP8llta8T B OOHOBHOM nepBmi. acneKT nc

CJI8'AOBBHd. C o.n;soit CTOpoHH' T8It08 pemeHe 6HJIO BimBaHO 

noTpedHOCTLil B CUCTeMaTZS~ ll o6o6memmx 01tcnepm.1eHTMl,WIX 

.n;aHiiblX, B ocodeHHOCTll, B · 0Bfl3l:t C 118,I{aBHliM nepeOMOTp0M npenoTSB

JI8H~ o 6apI>epe .n;eJieHM tr,2] . • C miyrol CTOPOHH ·, npn-,;. 

KJI8J4l{He peayJU,T~TH HaMll 'AOCTaTOqHO no.n;po6HO OCB8~8BH D ou;y6.xm

XOB8HHblX padoTax [8), a nx noBTopoHoe r.mn:0.1tesme fie nano 611 

Hllqero HOBoro H Jm111I, •III>li!Be.no 6H_ K aeonpmi,nmmol neperpysge 

o6~eM8. 'AliCCepTrunill. 

·. IlOT8HIJ,li8JI&HWl 6apLep , B08Hl1KSDl!ld B npouecce ,J:te(f)opMaIUnt 

SJ.IU)a , onpeneJilleT WIOl'He · csoAcTBa npouecca .n;en:eBH.ll :u. , npe,u,e 
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BC81'0;. ero~ B8p0IlTHOCTI,,_ KOTOpaJt, COCT8BM8T rJial3Hlill npe.JU,U'IT 

. llCCJIE!)tOBaHWi. B, ,1t8HHOll padoTe. !Ipe,1tCTSBJI8HWi 'O. 6ap1,epe ,n:eJieBWi 

Be@ CBOe Ha'llaJIO. OT. KJI8.CCR118CKlDC padoT H.Eopa u Ywrepa [ 4] . 
a. a.M.<))peHKeJIR Ls], ocnoBaBmmc KBJieJILHYJ> m.iteJIL .iteJieHllJl - wYB~ 
)taLIBHT COBP8M8HHHX Teopmt a~oro 8BJ18BM. l1sB8CTHOit 40PMYJIOit 

JtJili cpe.JtBell ,tteJmTeJILaon mnpmm _ 

r: ..\(E)-=- :6ae1,(E) "1 .. (·E-E;)·.: ')\_ (f) 'P(E-E~.)- (I) 
;. 2·r. ;r.A 2 ·Jr L r ' 

B padoTe · l 4] 6wm. TSKl!te s aJIOlteHH ocHoBH. npe.n:CT8BJ18Hd o. Bepo

aTHOCTll BHHyltJ!;8HHOl'O .. ,JJ;eJieHWi. COI'JiaCHO (I) OHa onpe,n:8M8TC/l 
.. . . ~ '• 

'lll'ICJlOM ,ttOCTYJIHWC. KBaHTOBHX . COCTOmmil .N .,_ ,tt8Jlfillt8I'OC/l smPa ll 

CSMOM "ys1toM MeCTe" npouecca ,n:e.ne_!M - Ha Bepunme 6ap1iepa (B 

08,ttJIOBO.tt TOtme) •. B qopr,iy.ne (I)· ':2>,t - cpe)tBee,paccTOJDme l'3llt

'IJ. ypo:a.wn,,m COCT8BBOI'O JI.IU)a C Kl38HTOBl™H xapaitT8Pl1CTHKBld1t A, 
a p• saM0aeao B COOTBeTCTBllll c HHTepnpeTauzen XBJrJia II Ywre

pa [ sJ Ba cyraq llpOimUaeMOCTeA CSap:WpoB C BHCOTO!t Et;~ TaitlDI . 

OCSpasoM. B. [ 4·] ~e !paKTliN8CKll 6WIO BB8,1t8HO llOWlTZEl O nepexoJ;

Hl,IX COCTOJDraSIX ,ll;BJiflllieI'OCJl JIJU)a (KaBa.nax .n:e.neHM) • 

CJleJtYIO!JV4A. maI' .. B. Pa3Bl'I.TD npe,ttCTaBJieami O K8Ban8X ,JteJieHM 

OWI C,ll;eJiaB 0.EopoM [7] cnyCTJi I5 JieT. OH np8,1UIOJl0lltlr1Jl, '4TO npJI 

,tte.nemm :s6JmsB nopora rulaHTOBUe COCTO.llHWiXOJlO)tBOI'O ,tte.llllll¥3I'O

CJl SJJU)a ,ttOCTBTO'IIBO CWll>HO pas,tteJieHU B npe,ttCT8l:IJDD)T coCSol OTBO

Cl'IT8JILBO npocme TRllil ,ttBsemm no aHSJIOI'lm.C HmtHBMll COCTOJl

amum oCSWIBHX JJJtep.- fiolil,lTita xomq>eTB3upoBaTII ,cneKTP nepexo,tt- . 

· ma COCTOJPid cswia npe,n:npmlS!Ta O.EopoM B CB.'l3B. c· ilHT8pnpe-ra

Inl8l CBOllC'l'l3 OTI£PHTOit ~83a,Il;OJII'O ,ll;O STOl'O yrJIOBOll 8Hl'l30Tp0mm 

pas.neTa ocxo.mtoB. Cor.nacao · ( 7] yrJIOBM ammoTl)Omm: ,1te.nenm1 

smmteTCJl CJie,ttCTlUiell npem.syIIteCTlleBHOil opHeBTainm yrJIOBOI'O w
WllT8 smPa 'J OTHOCllT8JILBO nyqita 6ora:::iap,1tllp;yJ)lltWC qaCTEU lr1 

B80,ttJIOp0.JU!OCTB pacnpe,tt8JI8HM ero npoeimmi I< Ha OCI, CllMM8T

po, ltO'l'OpM c.ey:uT HallP8BJ18Hm:114 l)83,11;8Jl8BHSi (paa.neTa OCF:OJlltOB). 

HeO.JU!Opo.JU!OCTl> pacnpe,Il8Jl8BHSi I< i B o6uteu CJIY1Iae oCS~C_Ilfl'lllB&-
. . J~i 

8'1'0Jl 38Bl1Ca:MOCTI,I) OT I< BHCOTB 6apt.epa ,IteJiemm E; • Ta-

DK OCSpaso11, .A B {I) ecn. JtOJ,ljllJI8IU!ll -rpex KBaHTOBWt xapait-

'1'8PJIC'?Jlllt :J • I< • . :ff • 
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K C0ll:8JI8HIOO; KOllltpeTime CJie,ItCTBM l'l3 rmIOT83H O.Eopa 

1,[taeTca: ll3BJ18"!b Jmllll, Jt,7Ili Hmtattmmc·xaHBJIOB ,It8JI8HW1 'll8THo-qeir

ma: ,mep. 3Rcnopm.ieHT8Jll,Hl,18' HCCJie,ItoBruma:, 8B8Jm3 H CllCTeMaTH-

5~ ~~.!illX noKa 8,Itl1HCTB8Hmn! llYT:&' noizy:qeamt CB8,tt8Hm!: 0 CIIeR

Tpe E1 , 6es KOTOPl:OC KOJnrCl8C'l'B8HHOe OimCaHl:te BepOSITHOCTn 

,It8Jl8HlIJI ll8B03MO,'lHO. 

Ha aKcnepm,1en;am,ma: .ttaHHWC o · ce'!leHnax a; , sa pe~llM 

ncKJIIOqeaneM, M0.1!Wo cp;eJiaT:& . Jmllll, caM&e rpydne aru::.moqemm o cnex

Tpe .t.<UH8JIOB, 0Iac1;BYJOl!llllC ·:s ;u;eJieHmx, noc1<0JII,KY B. <S;,,T_°c.~l:,1:.,, 
np0JIBJIR6TCJl me c;r..:Mapawt 8<!$3.KT ll He· ... npY.SHeJ<OD, no ltO'l'OPHM 

MOOWO CSWio du DH.~8JllTI,. l!H,IUml!,ll;yam,a:i.il BKJW,It RW...,D;Oro ll3 Hmc 

( ·G't'. li {J - - - rcor.moHeHTll ce-qem:i;: o6pa30DaHWI COCT8.BHOI'O AA-
~ :T~,~,, :,,;.;;r 

pa n napltllam,1u::e ,n;em1.ocTn J.,,,_;;r = r,.. / Gr. , fi1r - IIOJIHaR: 

nmplllia pacna,11;a cocTSBHoro .ff.IU)a). B aTOM oraowemm ropas.no doJIL

lllYJO neHHOC'l'l> npe.D;CTaBJIJlll'l' ,n;rum::e 06 yrJIOBOM pacnpe;u;eJieBD oc- . 

xoJIXo:s W' ct})~ do; /d..n. = '[_o/ J,,,_.,.. Wu. ('IJ). rro cp:>pMe 'r/ ( ~) 
CSJiarop;apa ,ItOCTaTOqao CWibH0:11 38BliCliMOCTll Bll,ll;a II8I)UiISJll,HWC pao-

npe,It8JieHlitt \{,,._ ( 1'-) OT J , IC. MOJXHo, B llPWIUWie, ycTSHOBHT1> 

RBaH'l'OBUe xapmcTepncTmtli npeodJla,Il;Bl)llllllC lt8.H8JIOB. H COO'l'B8TCTBY-
3~r · ,~~ . 

Bll!llie llM napltll8JlliHlie .iteJruMOcTn, a no HRM G :a E;. • STo . 

COC'l'aBJIJl:8'1' np'e,n:MBT Tait Ha3W386MOI'O KaHBJIOBOro aH8Jil'l3a. 

KoJIH-qecTBeHHwt 8B8JW3 BepoaTHOCTB nponecca ,It8JI8HWi B03W

J!t8H B .ttBYJC K.PattHmc c.ey-qamc: .KOr,Ita B BeM y-qacTBY8T BeCSOJILW08 

'lll1CJIO KB8.HTOBl:OC cocTOJlHWi H 1tor,ttatHailp0TH8, OHO Tait B8.1Im(O, · 

'llTO .ItJIR: OimCaH.Wl CT8.li0BHTCJl npm:io.neH CTaTHOTlitI8CKml 110,lgCO,tt, 

B IIOCJI8)tB8M CJIY'iae oCS~eKTOM liCC~8,ItOB8.HWl JiBJI!mTCJl TepMO,JUIHa

Mll'll8CKR8 xapaxTepnc-rmw B036~eHHoa CllCTBMlil: IIJIOTHOCTI, YJ)Oll

Hett p. ( V >' TeMIIepaTypa t ' IISP8MeTP 

I<,.= 1arr, t . = . t ':t. (I ;,. _A )-I ' . (2) 
0 1i;. . "'iX di, . if . 

onpe,1teJlfDllliW! .ttnonepcm>·pacnpe;u;eJiemm K ·, MOMeHTH :wiepxum 

Ji,lij)a J,, -, 'i.1. , ;f,,,,.,, n T • .u;. l1H4JOPM81Utll. ocs aaepreTWieCKott aa

BncHWcTu aTmc B8Jlliq:ru;{ .ItJIR: SIJF.8P C oduqaott .u;ecpopMSUBeA B8CLMa 

orpEUilt'qeHa B C'llJIY CSom,mmc TpY)tHocTea 8l<CII8.P:liMeHT8JILHOro BOC.ne

AOBSHM. MBEJtY T8114 OHH lil'P81lT onpe.itBJlfDlutYJO po.ill, BO BOU npB-. 

JlOJleHHa:X CT8TJ4CT:1A8CI<Oro MeTO,tta B ~mce Ji,lij)S. Jt,lm l'l3y,:18BJUI . 
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38:BllCl!.V.OCTll TepN.O.D;IJHru.mqec1mx CBOllC'r.B HJU)a 0'.C tH'(., ,[(ciJ.,op:.rauW:1 

n:pouecc .n;eJieHl!.<t n:pe.n;oc·.ra.BJIR.e'r IIOllCTl!lle YHlimaJffillYJO D03L~:iiHOCTb, 

'ITO, Bnpoqe111, EepHO TO!i.)!8 R ,1.t.JIJ{ .C::i:8!<TpOCKOilll'Jec1rnx CBO:UCTB. 

B aTOM oOn:er~ acnexTe :mat1emi:e axcnepm~HTa.iII,Horo :ucc.ne,1toBW1Wi 

nepexo.n;mnc COCTO.fllillii: BHXO.n;l!T :rn par.nm llHTepecou C06CTB8HHO 

~m.11K11 ,1.teJiemm, KOTopru:c :li3-sa cneJ.Wiimcn raexwumt.ia SaHllMaeT B 

SJJJ;epHoll qi:rui:ime noxa o6oco6JieHlioe raecTo. 

Onncrume B6p0J1THOCTll .n;eJieHIDI - lI llHTerpa.riLHOl'O' oetJeIDUI, 

ll yrJIOB!lX pacnpe,n;eJISHlli! OCitOJIKOB - tzYJ3CTBllT8JI1>110 lt ,r,opMe Oap:r,

epa ,n;eJiemm. TpMliUROHHa& KOHUeIIUIDI H.Eopa-YMepa-0.Eopa [4, 
6, 7 ],OKOJIO 30 JieT c.ny;ummaa: <pYH,li;a&IeHTOM TeopeTl!'l8CKl!X npe.u;

CTW3Jl8Hnil 06 8TEX CBO:liCTBax, OCHOBW3a8TCJIHa pesy.m.TaTwc, no

'.nyqemmx B paMKax . MO.D;8Jm .lltll,ltKO.il KaIIJill (M31{). OJJ,118!CO, He CKOJII.

KO Jre'l' H83M B~M.CTPYTHBCKUM (I] 6wm OCYIJi6CTBJI8Hl:I paC'l6Tli 110-

T8HUllaJII,HOi1 aHeprlra .n;eqx>pMaI.Um Ji,I{pa C yqeTOM H80,ll;HOpOJ),IIOCTell, 

o6yCJIOM.(3mmx HyxJIOHliliMR o60JIO'llltaMll, KOTOplie llOKaawm, tI'l'O o.n;

HOI'op6Ha nap~oJmqeclml1 6ap:r,ep, V.OT:imHpyewii M;Jili B 06JiaCTll TJI

ae.nwc SJ,ll;8P-BKTllIDI.ltOB, Jll!Jm8TCJ1 rpy6m:. npll6Jilllite1-1neM. CoI'JiaOHO 

[I] 6ap1,ep ,11e.nemm B OJ),11011'.0PHOM npe,rtCTaJ3JICHID1 llM88T B~ xp1mott 

C ,1U3j'Mli MaltCllMY},I&m ll ,JPyMB: Mmllll&yMar,m. 

~za1Necxne B,,t{en o npo~ecce .n;eJieHWI [2). CJIOl!U1.BlllHeCH Ha 

6aae nepeCMOTpa II,P6,D;CT8l3JI8100i O dap1>epe, IlOJIYlll11IH H83Brume 

w,n;aJm .1U3yrop6oro Oap:bepa. Ona moroe nepeHOCllT 113 npe:£Hero 

ormcaHM: B C.BfIBJ,, ~ ,D;8Jll1TeJII,BOU l!ll!pnuou n ·npommaeMOcTI,JO · 

(I), n O.i4HOMepaoe pacc?.IDTpeHne, n .o:pe,n;CTaBJiemm o nepexo.u,mrr 

COC'l'OHliWiX. To HODOO, 'lTO OHa ;taeT, HDJJ.iISTC.fl H6ll0Cp8,IJ;CTBeH!ill.M 

CJie.D;CTBneu.oco6eHHOCTCfi cpopY.ll dap:bepa: na.'ll!'llllI BTopofi SIMU, 

l];D'JX C6.ttJ[ODliX: T046K ll CBSI38lllllDC C Hm.nI KBa3llCT8W!OHapHI1lC co-· 
C'I'OJIHml. 0,ltHa.tO, 9TO llplIBO,mIT X IIOSIBJiemm y ,D;6.Jifllll6HC.fI CllC'l'e

w.t llpli!IUlliilla.m.HO HOBlllt CBO:llCTB. B pauxax Mo,n;eJra ,IWyropOoro 

60.p.&epa 1,148.lIOCb 06UIC1UiTI, tmorne SIBJIOlllIJI, He yx..TIB,ItW38!'JI.qil6C.fl 

B c-:ra.p:iJ) K8.pTlll!Y ;t8J:rell1Ul, ltmt-TO: ClIOHT8.llll0 ,I{e.1".Jil!lll8C.fl li30Mepli 

[ 9 ], rpymmpoBIW. aHO?,IBJll,BO CMI,m.tX BefiTpoJIHllX pesoHaHCOB ce

tremm nolt(jap:r,epaoro ,t1,eJI8H:ruI [Io], mupoKmt Mace pesonancHHX 

c-rpynyp s.n;e.nm.«>cm [n] n 8HOM8Jlllll yrJIOBHX pacnpe.ne.nenml oc-

lt0.1!KOB \./ ( 11 ) ( I2 J • . . · . 

- 7 "'.'" 

~eJierurue H&m acneitTH BCCJI8,ll;OB8HM BHH~8HH0l'O,tl,8JIS

mm onpe,n;eJIIDlT TOT KPl'I' CBJ138.lllWX co CTpyitTypqtt 6ap1iepa BOJipO

COB, KOTOpw! pacCMB.TpllllaeTC& B J1llCCepT81Ulll. P83YM88TCJI, OH cy
~8C'l'B8HHO orpB.Hz:qeH TeMH xaprucTepncTmtru.m n cnocodaMll BOa6y.g~ 

.n;emm, xo::opae. ll3yqaJ]ll:Cl> a1tcnep11r.1eHTaJII,HO. HanpaBJieHM npoBe-

. ,n;eruwx llCCJie,n;OBWlmi: T8CHO Cl3fl38Hll lt.eTIJJY co6oil n, KpoMe TOI'O, 

o6~e,ItllH8Hl:l 06utW4 llO,n;JCO,ll;OM K W!Tepn:peTmum ll 8Ha.1Ill3Y no.nyqemwx 

aKcnepHMeHT8Jll>IIHX ,n;aHHHlt, B OCHOBY KOTOP.l:IX llOJIOJKeHa MJ,tl,8JII, 

JU3yrop6oro.6ap1>epa. Ml:I ae BH,n;eJlll .11.pyroii B03MOlltHOCTn·,ItJUI aenpo

TBBopelll!Boro li 8,l\HH006p83H_Or~ O!lllCamm, COBPKynHOCTli 8KCnepn

MeH_T8JII,HHX qJaKTOB, KOTOpue. pesKO. BBila,J\aIOT ll3 n:pe.lKHeil KO~emnnt 

.n;e~~. 

.I{llcoepTauwI COCTOli'I' ll3 'l8T!ipex rJiaB. 

B rJiaBe I ll3JIBra!OTC.fl HeKOTOpue MeTO.U,Uqec.KHe BOllpOCH BHa
JmSa B :ruiuepeHYJi YI'JIOBHX pacnpe,n;eJieHllii OCKOJIKOB - OCHOBHOI'O H

Hru:60Jiee qyBCTBllT8JibHOro llHCTpyMeHTa ,IVlll llCCJI8,l\OB8HWl CTpyxTy
pa dap:r,epa. B Heli llCCJI8.D;OBaHll 38KOHOM8PHOCTB B03HmtHOB8HIDI K&

llaJIOBBX aqxlieKTOB B MO;teJIHX 0,ltHOrop6oro ll )UlyrOp60I'O Oap:r,epa JI 

oco6eHHOCTll 8.H8Jill3a llCCJie'A3'eM!JX xapaKT8PllCTllK B p83JIH1iH.l:IX 06-
JiaCTJIX aHeprllli [I~I6], .D;a.H CP8.BHUTeJibmn1 aua.mm P83J.UilIHl:IX 

cnoco6oB B036:p.r,IJ.eH.ua, np11Me1mewx .IVlll MisyqeHI!Jl ,1teJielilUl HJtep 

B6JmSll nopora, H&1etJe1W·aanpaBJI8HllJl me HaH6o.nee 6JUl!'onpruITno

ro l1Cll0Jll>30BaHM. 3.u;ec:r, ae paccMOTpeHll OCHOBHlle 11anp8BJleHllli 

P83BllTIDI 'l'8XHIIKH l!St!.epemm yrJIOB!ilC pacnpe.n;eJieHrul OCKOJIKOB, 

o6ecne'll!.Bnme nporpecc B _rtrumott 06.nacTn, npo.u;eMOHCTPl!JlOBaIIH 

npIDt.epH H8KO'I'OPliX HOBUX B03MOlltHOCTett. 060CHOB8.ll n Pa3BH'l' lllli

p0KO llpllMeHJIBllilliiCJI B .n;rumott pa60Te .M8'l'O,rt UliJlllll.IUlll1l8CltllX OT8lt

JIHHH!iX .n;eTeKTOpoB OCKOJIKOB [I?,IS]. ylillBepCBJII,mnl, qp8SBHtsail

HO npocrott i ua,nemlllll,' OllTlWaJll>lIO OTB8'iallll!d -rpe60B8lillJDJ ocy

lll8CTBJieHllllX axcnepmr.eHTOB • 

B r.naBe n npmie.u;eIIH peayJII,TaTU aKcneplU.1811TaJII,HOI'o·m,yqs

wm qiOTO.xte.nemm Wi'l'll tI8THO-Tl8TIWX M8P H. Rt239 Ba lo!Wtl)OTPO

B8 lliiC1'ilT;yT8 h3JNCCK11X npo6.neLt AH CCCP. ·0CHOBllll8 o6CyJr,ItaeW8 

BOnpocu: o6uapyzelll18 n llCCJI8.ItOBaHll8 CBOilC'l'B XBMPYJIOJll>BOro 

qiOTO.n;e.l!BBD B,lt8p [19,20]; COBMBCTBHit 8HWII!B Yl'JIOBOI Slll!30tp0-
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mm H C81l8Hlilt qi<)TO,ll;8Jl8HM H 113yqem1e YCTariODJI8HHOro B HeM 

c:wn,aoro H8COOTB8TCTBM C "TPa,lJ;lll.U!OHIU.n.1'' onucaHiieM l,~HaJIOBU:X: 

a!M,eKTOB ( I2. 14. 15], HCCJ18.ItODaJU18 a'!Ol,18JI:tru 8CllMl'/.STPlm tj;OTO,Il;e-

Jl8IDIII :a no..t6ap1,epaon 06.;~acTn sHepruil [21). · 

r.mma Ill nocBJtineaa :accJie.n;oBaHim ~a rutoMaJII,HUX HDJiemm 
npa OKOJIOIIOporoB01:.i R no.1t6ap1,epHOM ,n;eJiemm H,Itep H811TpOHru.m:, 

RaIC-TO: ·p830HaHCHOro xapaICTepa RaHaJIOBUX 31W!8KTOB li 3aBllCllMO

CTR ero OT HYKJIOHHOro COCTaBa ,n;e.mi:merOCSi H,Itpa [I2,I8,22,23], 
"no.1taBJieH1m" S-BOJllW npa IIO.n;cSap1,epHOM ,It8Jl8Hlili [I3,23,24], 
8HOM8JIJ.W "nopora" peaiunm ,IteJieHM C npe,IU3apliT8JI.bHliM llCnyCKaHll

eM HeilTpOHa ( n • n.'t) • 

B rJia.Be Ii ll3JIOlt8HH pe3yJII,T0.Tll 8KCnepm.18HT8JI&HOro ll3y<ie

Hmt n BH8JIH3a HHTerpam.HHJC 11 .m$IJepeHIU1am.HHJC ce11em .n;eJieHWl 

B pearuumx (n., J ) u (o<, J) :a ocSJiaCTZ aaeprltli, r,n;e npmaewwo 

CT8THCTH1l8_CK06 OimC8Hlil6. 3,IteOI, B ueHTpe BHlilMaHM HSXOMTCSi 

CJI8.l4YJ()lllll6 BOill)OCH: aqxlieXTH cnapID38HWi HYKJIOHOB B nepeXO,Il;HOM 

COCTOSIHmt ,It8JlllmeroCR: wa - Hll3K08H6preTIN8CK8JI CTpyitTypa IIJIOT-
~ . 

HOC'l'li yp0BH8ii '.a 1<0 , 00YCJIOBJI8Hlt'i8 ,ItllCKp8THOCTI,!J CII8KTpa B03-

6Ya,D;eHmi KBasli1lacnu · [I2, 18,25-28 j, :a qiaso:amt nepexo.1t l13 cBepx

Texyqero COCTOJIHM B HOpWl.1II,H08 [25-28], sa.mCHMOCTI, KOppeJlll-

~OHHOro napw.aTpa l:J.o o'l'.t .It64JOPM8Ulill wa ·~ aqxfieKTHBHoro MO-. 

MeHTa m1epium t»-:''f' OT 'l.1/A 11 8H6PI'lm B030~8HM [12,2;, . 
26,28,29], xoppeJifl'.U}m aaepreTn11ec1<oil saBnc~c"'lil 6i, , I<. :a 
V (Cpe;JU!ero llb.LO,Ita ML'HOB8HHIDC HeitTpoHOB Ha 8KT Jt8.n8HM) ( 4, 
3aj. . . . . 

CBO,ItRa 8KCII8.Pi!MSHTOB, Jl8~8llll,'JX B OCHOB6 ,ItllCCepT~. IlPi1-
B8,It6Ha B Ta6Jll!U8 I. Hmte' l13Jl0llt6.fm OCHOBHH8 pesyJII,TaTH pa6oTH. 

r JI AB A I. 

113 COBOKymtOC'l'H :aonpocoB, oClc~aeMllX B rJI8B6 I, Ml1 ·0C

T8HOBllMCS &Aeci; Ha ,ItBYJC, HSB60Jl68 B8l11WX ,JV1Jl ,n;am.aefunero im

JlO&eHU. 

! I Pe8K1Ulfl 

t 
I 
I 
I 
! 
I (n,f) ! 
I-
t 
I 
I 

I 
I 
l 
! 
r 
I 
I I cr,n 
I 

I 
! 
i 
I 
I <O(,f) 

I 
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TacSmma ·l. 

CBO,Il,Ka 8KCnepm.~HT8JI&HHX 'AaHHWC, 
IlOJIY'l8HlWX B 'AllCC8pTSUl'll1. 

jflm>O-MIID!6lll, 

I HccJie.ttoBamme xapaxTepHCTmtH, Mana! 30H H8HT1)0HOB, 3JI8KTp0HOB, c,(. -1l8CTllQ 
! M3B (1lliCJ!O 8KCnepmt.eHT8JII,llJDC TO'lleit) • 

! \./('9-) I d1 ! 
I 
I 

l 
I 
I 
I 
! 
I 
I 
I 
I 
I 
! 
I 
I 
! 
I 
! 
! 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
l 
I 

I 
Th.232 . I 0,9q - 2,3 (IS) i 0,6 - 3,2 
u23ji) l o,05 - r,5 c1s> 1 o,3s- 2,6 

v235*) I o,05 _ 6,0 (50) 1 
v23s I o,5o - 2,4 c20> I · 

(90) 

(86) 

Np237 j o,3 - 7,2 (55) r 
Pu.238 I 0,06 - 7,2 (63) I 
Pu.23~~) I 0,015- 7,2 (88) I 

0,3- 7,2 

0,003-19,0 

(55) 

(48) 

0,01 - 7,2 (148 

0,04 -15,0 (75) FL.24° i 0,16 - 3,2,c2s> I 
Pu.242 i 0,6 - I,6 (6) l 

· Am24I f 0,3 - 7,2 (53) I .0,01- 7,2 {63) 

Th.232 I 5,2 - 8,5 (20)7 5,2 - 8,5 (20) 

v23aa>1 4,s - 9,3 c26> I 4,6 - 9,3 c26> 

R 238 I I . 
· u. I 5,25 - 8,5 (IO) I 5,25 - 8,5 (IO) 
A 239 I I 
u. I 5,0 - 9,5 (20) . I 5,0 - 9,5 (20) 

R 240 I I 
u. ! 5,0 - 9,5 (13) I 

2~ I I Pu. I s,o - 8,5 CI2) 1 

5,0· - 9,5 . (I3) 

5,0 - 8,5 (I2) 
- ~ 

R,210 j · 29,o -45,o c23) l 29,o -45,o c2J> 

*) llJm U233, y235, Pu. 239 npoBe'AeHli 1i:3r;;e~eHR1I YB :HHTepna

Jro En.= Ot-I,5 MaB (Ot-3, .. MaD B CJIY'l88 l/2 5 ) c maroM 0,1 MaB. 
D)npn q;<)TO,Il;eJieHlili tr?.38 ll3MepeH OTHOCliT8Jll,Hlflt DWCO,It CliMM8TpM

Horo ,It8JI8H.lm B 1R811830H8 E = 4,5+6,5 Man. 
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I. KBHanOBm! aHwms peaxmm .ne~erlIDI 111 cnoco61,1 ee BO36Yl§

.nemm:. S~aqa KaHWIOBOrO BHwmsa COCTOHT B,HaJCOAl'.,!temm li3 

e1tcnepm.teaTaJU,!WJC .ttrummc o dcs;_;a..n.. IIpOHmtaer.10crea: 6ap:&epoB PJ.. 
(TO'IJHee, .lt8Jll1MOCTe.lt h.. ) C 3~aHHUM11 ICB8HTOB1Wli xap8ltTep111cu-

KaMH .A. = ( J ' /(. ' r. ) • B Odll!8M cmyqae oaa CBO,!OiTCJt K peme-

wm C111CT6MH 71- ypaBHead IlO 'IZCJIY 81CC1Iepw.ieHTWI:&!WlC TO'll8K 

(d~/d.A) C m H8li3B8CTHHMB :f >,. • YBeJW'll8H1118 'WCJia lIOCJJe'AlfBX 

P83KO YB8JIR'llHBaeT Heonpe,1te.neHHOCTL EOH8'1lH!,CC peayJI:&TaTOB 111 npaJt

Tll'q8CXH8 TPYJtHOCTH aHSJJll38. l!zc.no B03MOJlHWC KOM6Wlaum! ~ IC 
. . ~£ J& 

odemc 'll8THOCTeii 6HCTpo, rpydo KSK .Jm111t - m.ln. , pacTeT O llllil-

'pHHol paCJIJ)8Jt8JJeHWI 'J • STO o6OTOSiT8Jl:&CTBO B!lJtBHI'aeT MSKCH

MSJI:&Hoe orpa1111111eaue_11a6opa yr.no11wc wr.reHTOB B s:aqec-rBe rJiaBHo

ro YCJIOBM, 6.rmronpMTOTBYJ)lijElrO KaHMOBOMY EUl8.JW3y. Ha J)BC.I 

fiPBBe.lt8HH pacnpeJteJieHHS: 

'J ( l. ) .1lJill HBJ1CiOJI88 DIH

P0KO paonpoCTP8l:I8HHUX 

cnoco6oB BOSdYl',lt8HM, 

111cnoJI:&Syewx ..1lJill Kayqe

BM .zte.neHJIISi ~ep :s6.mmK 
uopora: r-ICBSHTOB, 

dHCTp.LDC H81TpoHOB, peaK
nd (d. ,pf) B ( t ,pf)• 

O oCSoyz,naema TO'I

ICll apemUI /j)oTO,It8JI"HH8 

liBJIJ18TCJt H8ll.Jly1illll:U cpe.zt

CT.BOM ,ItJlfl HSyq8HM K8H8-

Jl0.Bwt 8~ltTOB: q,c>l'O.Bli 

c sneprzea E ~ E.,c c aa

N.eTHol D8POSiTHOCTLD 1110-

Illl'l'HBaJlT JilillI:& 8Jl8ETJ)lI

qeC}tO8 )llllIOJI:&llO8 ( f =I) 
111 KB8,lij)ynOJl:&HO8 ( l = 2 ) 
q,c>TOnor.nolI!8ml8, npaqey 

JIOCJie'Alfee corJIB.cao aJie.1t

Tpo;iumw.mqec.1toA oueBlt8 

'P(f) ' AIVIO/tt 

0,8 

0,6 

0,4 

0,2 

·O 

er, s> . 
E5•5·7 M3~ 

o(n,S) En"'iM3& 
A (d,p~) Ed• i5M3& 
C Cl,pS) El= ·18M3& 

4 6 8 t 
Puc. I. Pacnpe,1te.11em11, op61ua.n:&HHX 

YI'JIOBHX fJOMeUTO.B lj ( { ) , ll81)8-

,l\8.B88f>WX S!,IU)Y B peam~umc ( f, f}, 
{it,.f), (d,p:f} n (t,pf} 
HEWCSOJiee mnpoKo ucnom,ayeMUX 

.ItJIJI ll3yqenu ,neJJemm smep B6mi

a111 nopora. 

- II -

Gjc,/G',ca. 
.it ' ~ ( 7[" )2 ,:_ 20 - 30 (3) 

B H8CKOJI:&KO ;tteCJtTKOB J:,83 Meli88 BepOSiTHO, T.e. sP(2) ~1-'~(l)<<-
':P(I). ~TOHH c M;y.71:&Tl!IIOJI:&HOCTSIMli E I :ta E 2 npllBO;ttiIT It :eoadyz,ne

mm KaH8JlOB ;tteJieHHll TOJI:&KO C .ItBYMf! KOMOtU1anrun.m cmma ll qetHO

CTll Jr,: r li1 2+. B nepBOM CJIY'la8 peaJm3Yi)TCSi TO.71:&KO ,ItB8 O0-

CTOSIHmt K = 0,I, BO BTOpOM TPll - K = 0,1,2. 
E.:n:aro.na.P,f! npOCTOT8 Cil8KTP8 KBJIMOB KO344)11Uli8RTH B yrJIOBOU 

paCJIP8Jt8JI8tmll OCltOJIXOB q,c>'rO,l\eJieH:ruI 

G~ . 
\-JC'IJ-)=L 0,-eJ ~ r:;,., · ~"-(rJ)=-a-t!JM&+cSul~-&-- C4) 

. .:1 /(. /( "' ... f;;c:, . . 

l!MeJJT IIp03pa"!UWil iflli3ll'll8OItlllil CMUCJI. OTHOW8Hll8 -8 /Q.. Jll3Jlll8TCJt 

KOa@lllUHSHTOM yrJIOBOll 8Hli3OTpomm ;tte.neawi W (90°)/W(O°) - I 
ll C TO'IJHOCT:&IO ;ttO ~SHOB IIOPSI,JUta oju./6,-c.1 ll!Olt8T dl1T:& JIP8,l\CTSB

Jl8HO lt8K 

_ 'vlC9r!J _ ~ J. Ji:_ -1 Et_. 
.8/~-w(o•J i 9..(r;' i)-!J.(p,, i), C5) 

T.a. He 38BliCllT Hll OT IIJIOXO llSyqeHHoro ceqeHM qJOTOIIOrJIOJ148RM 

O[c.J, HH OT mnpzu . .i'iOHRYPHpYJO!llWC npo~ecco:e G,:, B onpe.zte.ime-rca 

TOJI:&KO OTHOW8Hli8M llpO!UDl88MOCTell dap1,epo:e ,11liIIOJI:&HOro .lt8Jl8H111Si 

,Jµ!B: .ItBYJC BOSMOJltHHlt KOMOZHaulllil ':J 11 K ('Ji= (-I)'
1 

) • 

KoMJIOH8HT8 .... sif J_~ BOSH:wtaeT TOJI:&lCO npll KB8,lij)YilOJI:&HOM 

qioTonor.no114enm1 E 2, ao YJ38J111lq8Hlie ,mc.na noaMOumc 1toM6lillaI:Ull1 

Ha e.1tmnucy yze JJ;8Jl88T onp8,l\8Jl8Hll8 xapaK'l'Opl!tCTmt ltSBaJIOB . K a 

O,I l!t 2 B OdnteM c.nyqae HSBOSMOl&WlM. CoOTB8TCTB8HHO ll OTHome

Ime C/ 6 , npm.18HJI8M08 B Ka'll8CTB8 Mepll BICJI8,lt8 ltll8,lij)YllOJl:&HOA 

1toMIIOHeHTH, ne HMeeT TSKEX dJISl'OIIPM'rHHX c:eottcTB, Rait -8 I a... • 
Ec.im, O.ItHSltO, Jl;OllYCTllT:&, PYKOBO.ltC'l'BYJICl, rmroTeao:11 o.Bo:,a, 'ffO 

3,: ~o . . . r; ,( .. :<, {; , TO ..- . c;;- . f. . 
C/RJ = 5/4· /c2, '~ (6) 

(¼e, f10. 

B P88Kilill1 (n,f) C aneprnea nea-rpoHOB bn. = I'MSB, ltOTO

PWI COO'l'B8'rCTBY8T "nopory" B ce-qewm lt8~8HZSI 6O.lliimmIC'l'Ba TSI&B

JIWC "'l8THO-"tl8THHX smep-Mm!l8Hei!, ;tt8Jt8 80Jll11 m'HOPJiIPOBSTJ, l3U8Jt 
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H81TpOHO:B C f = 4, 'lll!CJlO :BOSM<WWX KO,ajllHanml rl/CK' COCT8BJJJl8T 
20. llpm.,eHJieMml B 8TEX c.nyqaax, TSX H83Im88MW! u K -noJlOCOBOI" 
K8HaJIOBidi aaamm (3I], HCIIOJil)SYl)llid I<OHiq)8TH08 npe,IUIOJlOlt8HH8 
0 38BRCHMOCTH /Ji,:r,(E ) OT ::J 

Jt<. P.,,r.'Jj"(E) .. P1:.r (E-E ) 
£ . :J-+Y.to 

EJ~ = Ji [ 'J(:J-1J)-k(k:+/)-1 a.(~-+f )(-/). 0 ] 
'-'It 

(7} 

CYl!l8CTB8HHO YIIP011188T s~ay, HO OT·ueo,ItHOSHallHOCTH pemeHM 
IIOJlHOCT.r.J) ue ll368llJifleT (rJI.ill). 

tiliCJIO COCTOsiHd ,IJ;8Jl'Jllll8roca: JJ.IU)a, BOS6YJ!(,ll;88MWC B peaitIUJ,IDC 
(cl,pJ) H \ t ,pl), 81118 B 2-3 pasa 60.1II)W8, COOTB8TCTB8HHO, dOJil)
me H MaCWTOOH H80IJp8,IJ;8Jl8HHOCTH B K8H8JIOBOM 8H8Jm38. 

llpn .D;OCTl:Il'Hy-TOM yp0BH8 axcnepm.1eHTa H COCTOJ'IHIDl Teop:im . ~~~ . 
orpaun-qeuze .D;OCTynHOro CII8I<Tpa Ef MOJ!tHO paccMaTPHBaTI, KaR 
Tp860B8HH8. 11To6u M8.KCJ4M8JII,HO ~OBJl8TBOpliTI, 8MY' npu nayqemm 
OKOJlOIIOporo:aoro .D;8Jl8Hllfl npm.18WL7IRCI, H,Iij)S-Mmll8HR C Ma.1lHMll CIIH
HaMl!l ( I 0 = o, I/2) H CIIocociu BOSdYJ!(.ll;eH:wi: c ysKwm .pacnpe.n;eJie
HMI.m !I ( e.) - f(d ) a (n, f >• 

2. KBruiTOBUe aq@KTli B MOlt8MXOJU16ropqoro ll JlByropdorq_ 
6ap1,epa. Ilpn 06utml:IX ynpo111eHMX (O.ItflOMepuoe KBasmt11accH'tlec
ItOe paccr.x>Tpeune, IIapaelOJlR'tJ:8CKaa: annpoKCEMP'UUI IIOT8HnHMI,HO:lt 
ItpHBo'i BdJlll3u Bepwmm) ~ npOHl!IUi8MOCTH O,!Uloropdoro dapl>epa 
cnpane,xi;.mma ESBOCTHaa: qJOPMYJia [ 7] ' . 

. E E , 1-i 
P(E) =/1"" exp(2'11 k~ )j (8) 

B OTJm1me OT MOHOTOHHOtt 38BllCHMOCTll (9), npoH~aeMOCTI, ~yrop-
doro dap1,epa [ .i:3] · i 

~ -
P(E)= P,.(E~l1iE){[li(E);Pa(EJJ Sui..,_Cf{E} .. Co/!f(E)} (9) 

c nsMeneH11e1.1 aueprmi HCIIHTW388T peaue KOJieelaa:wi:, .v;oc'.l'nran: 
MaKcm.uuu.HHlt.sBa't!eHml 

PmaJ< : P(E:)·= 4,q P✓(.q .. ,4 / (IO) 

., 

;1 
' 
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npn eueprm! YPOBHett BO BTOPO:ll JIM8 H w,mm.m.m,ma; 

~ = PA·Pa/4 (II) 
B npoMe.llty-TRe Y.eJlJJS Hm.m. B qJOPMYJie (IO) P,. H Pa - np0BHUae
MOCTli ropdOB - BHYTP8HHero A ll BHeWHero B, OimCI:UlaeMlle (9), a 

<J(E) = f- j /~f'[E-V(J<) i' dx (I2) no,,.~ JI · 
0 • 

Cocromnm BO BTOpoil mae E )I H COO'l'B8TCTBYl)!lll48 BM peaosas-
CH p (E), KOTopue BOSHl1K8llT "B .D;aHHO!i MO.D;8Jlll H onpe.n;eJif.lJ)TCSI 
YCJIOB118M 

Y'(E;) = o.M.dg {i/'-1[/la:J .. PeCE:>]}= Vt:(v~ f), (13) 
Ra3W38I)'l'CH BH6P8lUlOHHllMll, llOCKOJU,KY 8,IUiBCTB8H.!WM OimCHBa8MliM 
eJO T.14IIOM ~miteH:wi ruwnoTCJI npo.v;onHHe KoJieCSaama H.D;Pa • .l(Hcclllla
~ xoJie68Hm't, npo.acxo~ B peayJII,TaTe :esa.m.io.v;eilcTBJIIJlC .zu>ynt
Mli creneH!IMll c:eocio.v;an, npe~e :ecero, o uyruioBHHMH, C8Mlil4B 
MHOrO'tlllCJ18HHUMH, Iijll1BO.v;I:IT K aaTyxarullO pesoHaHCOB - YJ,!8H.t,W8HlDJ 
EX BHCOTH, ynmpeHlm 11 ,P8Clll8IIJI8Hm:>. 3aTyx8HH8 MOJmO yqecn .v;o-
6aBJl8Hll8!4 B IIOT8HIU!aJI MHHMOil 1180TH 'W" no 8HaJIOrlllll C OIWCSHReM 
norJlOlll8HiUI B OIITll'tJ:8CKOa MO'A8JIH H,Iij)a (r5]. BB8'A8H~e OTPll!IlaT8Jll,
HOil, IIOCTO:miHott 11 Ma.liott .v;oelaBKH u,., TOJII,KO B npe.n;eJISX KJiaCCB
'tJ:8CKli paspemeHHOil oci~aCTH .D;Bmit8mtl! BO,BTOpoil JlMl:I Be M8Wt8'1' 
~. HO 3KCIIOH8HIU'l8JI&HO YM8H.t,Wa8T BliCOTY pesouauca -,t . -.t 
R cw.:)= ~-4 [r/L,J./ +li"Pa)=·P.Jo)[i-+ •falw.J.} . (14) mo• 

0

0 I/ :0 4 m . ;b(P,.~ Pe) 
li Y13emromaeT llllipliBY 

'J:., ' . f (w;,) = 2/Wo/-+ :l,T(f{•Ps)= :2/w.,I + r(o), · (15) 

r.v;e ::0 .: pacCTOJ'IHH8 11,B'&]I.y Bli6,P8IlllOHH.liME COCTOJlBWIMil. BO B'l'O
pott HM8. IlOCKOJibKY r (0) ~ ( P,.. + ~ ) 11 /i,J;,/ paCTY'l' 0 Y}38Jm
'tl8Hll8M IlJIOTHOCTli HYKJIOHHI:tt COCTOJIHWi, MB.CWTOO peaouailcma ag,
qi8KTOB C POCTOM aueprnll n~aeT. B O,ItHOMepHOit MO.n;eJIH BWII8 KPSSI 
m.1li TO'iHOe peweune ociuapY1111BaeT .tmJ11I, Wla6so "onTll'tl8CIUI8• peao
Haacu [r5J. 
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EcJm pesOHSHCll npOHlll{aeMOCTll xapaKT8Pl13YIOTCSl: onpe,n;eJieH

HllM Ha6opoM RBaHTOBUX: tmceJI, TO aTo :apI1Be,n;eT K saa-imTeJII:,Hl:lM 

H80,1U!OPONIOCTJIM CIIeKTpa K. CWII,HO S8BllCSl:11!11M OT aHepr:im. Mac

WTa6 o6yCJIOBJI8IDWX ID,lli acWieKTOB ;JOJJteT ChiTI, cymeCTB8HHO 60Jll>W6 

"o6wmwc" KaHaJIOBUX: aqxpeKTOB, o6ycJIOBJI6HHWC ;D;llCKp6THOtt CT.PYK

Typoil nepexON!llX COCTOIUUlli. B CBSISll C 3'1'11M BOSHllKaeT BOnpoc, 

a Ha6JIIO.n;8JJTCSl: Jill BOo6me IIpOSl:BJI8HW1 KBaHTOBOtt CT.PYKTY.Pll 6ap1,e-, 

pa no O.Bopy? OH BIIOJIHe 38KOHOMepeH BBH.ItY T,PY){HOCT6li MO;D;6Jm 

O.Bopa, CBSl:38.HHllX C npe,n;IIOJIOllt8Hll8M KB83llCTB.UllOHapHOCTH nepe

XO,n;Hllle COCTO.IUimi [ 32 • 33]. 'ITo6u OTB8TllTI, Ha Hero, 6HJill npoBe

.n;eHH CII6URaJII,HHe OiruTll (I'JI.Il); a,n;ec1, Mli JillWI, npll13e.zteM pesyJII:,

TSTll "pacqeTnoro a1tcnepm.1eHTa", KoTopue o6JierqaT me a.Hamm H 

P.8JJ.YT. BOSIJO.:uIOCTh cpaaHllT:& SaROHOMepHOCTll B03H.WWOB8HW1 KaHa

JIOmct aqqieKTOB B MO,l'.(8Jill ONIOrop6oro 6apaepa, r.n;e peSOliaHCOB 

P (E) HeT, n MO,n;eJill P.,Byrop6oro 6ap1,epa, r,n;e OHli ecT1,. 

. O,n;llH HS liHTepecyioll!llX Hae CJiyqaeB npe.zteJILHO npocT: COI'JiaC

HO (5) yrJioBaa: rurnsoTporms: q:roTo,n;eJieHM 8 I a.. c TO'qf!OCTbJJ J_O 

qlaKTOpa I/2 eCTI, OTHOW8Hll8 npOHllIJ;aeMOCTeil P.,Byx 6aphepoB E1 
(EJ: > E ;

0 
) • IlapURMLHlle yrJIOBlle pacnpe,1teJieHM 'AJISl: paccMaTPH-

Baewx xailaJion ,n;eJieHim W,0 = 3/4Sd-iJ hi,,= 3/4(I-$in...tZ9-) 
TaKOBll, qTO 'AJISl: 1lll:CTUX: COCTvsi:Hltl! 6/a., paaHO OC H -I/2~ 
T.e. XaHaJIOBllH aqxlleXT COC'l'OllT B 3KCllOH8HIU18JI&HO. M YB8Jm1i8H:m - I 

A U ! 
a I a.. Hmte nopora E f co JKopocTI,J), xapaKTep~yeM0:11 napa-

MST,POll KpllBHSHll 'Ii. w,, • PesyJILTaTll pac'!eTa -8 I a. H cs; c HC

IIOJILSOBMlieM (8) 'AJISl: P(E) (plic.2) noK83HBSDT, '!TO npn: reo~b 
pneCKH P83YJIIHOM COOTHOmeHmI fl."10"-fi.w,, 6/a, m1eeT IIPR E~Ef 
MrutCBM;YM (neperoo, ec.,m 1iw10 = n,w,,), KOToplltt pacnoJioiteH • 

o:apasa OT nopora, Ha6Jll0.n;aeooro n· ce11emm: 

T E'o '/iw,o, I) ~ ( ) 
Ii = I - 9.:,; C-n. f<,~ fr r;_ = r; (!6) 

IlOJiyqeB.Iilltt peayJII,TaT MOXHO KpaTKO *ptvtyJmpOBaT'b Tate: 

B W.tteJIH o.n.aorop6o.LO 6apI>epa KaHaJIOBHe aq:qieKTll B yrJionoit aHn

soTpomm .n;eJieHlIJI ,n;oJllUW Ha6Jm.ItaTI,CSI n Ha,JUioporoBo:ll no ceqeHlm 

o6JiaCTB &Heprmt. OH OIIp8.It8.7.Ui8TCSl: TOJll,KO CBOitCTBa.Mll npommaeMO

CTlil dap:&epa n IIOaTOMY liMeO'l' o6lltW1 xapaKTep IIO OTHOmemm K Bl:i

dopy cpe.ncTBa BOS6y:s.D;8HM pewa,nm ,Jt8JI8HIDI. 

k 
0 

l 
I 
I 
I 
I 

.,., 'r(&J!_~,J,, 

to 

I 

\
-&/a I 
(Tt111io>&.>11) 

\ . : __ if£, 
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0 I I e I .....___ · I 
'Ii El' Eft . 

d,5 5 ~' 6~ E,Mt& 

PHc.2. H.IIJmCTPa.QWl KaHaJIO

Blllt 8@.leKTOB B MO.D;e.Jm 

ONIOropdoro 6ap1,epa -

• npHMep pacqe-ra .tteJ.tmofQCTJI 

'5J/6,c, H Yl'JIOBOtt aHlmOTJ)O

mm .8/a. q:r<)TO.D;8Jl8Hlilllo 

liCIIOJll,SOBaH CJie,llylJDtd Bir

Clop napaMeTpoB: 

E'; = 5,5 MaB, ~=O,I 
MaB; 0,!25 U3B, 0,!50 JISB, 
Ej = 6 MaB, /u4,/2<Jr = 
0, !25 Man, f;. = r;. =(), 03 8B, 

1) = 20 a:a. 

PesyJU,TaTll paclleTa OTHOW8lillli IIpOH:mtaeMOCTett P,o/R, = 2 ~+ I 
B w.n;eJIH .n;Byrop6oro 6apbepa 'AJISl: paaJilrcIHllX :ape.lUIOJIOJJteHmt o pas

.1llIJ;e BllCOT rop6oB .1As = E;A .- E18>0 (;o;Jllt onpe.neJieHHOOTH) a XB8H-
" E" ,o · TOBOM paoiqeIIJieHBH L.lJIC, = I - E, , Clea saTyxaHWI H O sa-ryxanaeK 

W= - O,I Man llPHB8,It8HH Ha PH0.3. HCIIOJI'b30BaJIOCl, TO'llliOe peme

Hlle NliI npOH:mtaewc'l'JrI Oap1,epa, IIP8'ACT8BJieHHOro B BB,Ite TpeX co

IIJ)ID!t8HHWC napa6oJI B npe.1UIOJIOJ1temm fiwA = '/i.c.,8 n li.c.),o = fi<,)11 • 
C,Jt8JiaeM ,PSl:'A HeoClxo;a;IDAWC IIOJICSeHmt K 8TO:l1 WIJll)CTPaURli• 

B8lltHID4 OBOilOTBOM npolllll{aeMOCTB .n;Byrop6oro 6ap1,epa, Ko-ropoe 

oclaap;r.itnBae'l' .RB83m<Jla.CCWi8CK08 Oimcrume. H.B.lill8TCJI BOSMOJUIOCTl, 

npe,ItC'l'8l3.l18HJ4/l ce B Bl1,ll;8 JJ;Byx COC'l'aBJ.llmll!llX {TO'lHee, COMHOXRTe- . 

Jiefl - CM. (9) ll (II)) - I'Jl8JJ,KOil,He 38.BllCSillleil OT saTyx~fk.(E) 

n peaoHaHCHo.li. IIoaTOMY B aHepreTHll.ecitoil sanncl!MOC'l'll RolR, OT-
P._ ,o II 

nomeune mi,,. /PmJ,i. 6y;tteT BrpaT1, po.m, oceBoi1 .nmum (IIYHXTlIP ua 

pnc. 3), o-rnocnTeJ!'bHO .a:oTopoa nponcxoMT cc~ P,c, I A, , 
o6yCJIOBJI8HlW8 pesOHaHCaMll llliCJillTeJ'"u:£ li 3HaMeHaTeJUI. ;:tWlec, ne>
CKOJ!b.KY Pm.,._ OIIp81I8Jill8TCSI TOJILXO napaMeTpru.m I'Op6. OB, _no ·ne .ltll8. 

10· ,, • 
.fiM!i, OTHOW8Hlle l?.iu.. /Prnin. .IIBJISI8TCSI xapaKTepHCTllROit KSBWIO.BHX 

aqxfieXTOB IIO O.Eopy, a,00.tnIJIJmIUm - pesOHaHcma:,aipI,eXTO.D. 
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Pac.a. 11Jl:JmcTp81J,M •• 01taJI0Bwc aqxl\eRTon D MJ.IteJW .IUlY: o¢oro Clan1i
epa - 1)63YJII,T8TH paCtreTa OTH0l!leJIWl npommaeMOCTOi! 'Pio/Pa, 
Jipll l)83Jll!'mlilC 1IPe)tlIOJIOX81lllSIX O 'P83.lllIU8 DUCOT rop60D /). AQ H 
l!HCOT dapi,epoB fi:,K ll AB3X rWioTesax o coxpaH8Hlnl · K• CrµIOW-: 
aue ltplllllle - pacqeT C yqeTOM 38T;yJt8lmsl ( Wo • ... (),l M3B), 
mTpltt-~<me .:.-oea y,ieia-aaiyxa.mui. uimtm - OCOBM 
.JIJIHM Pm~/ P1

~in. • · · 
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Borrpoc o pacn:ew1emm ,Myropeioro Ciap!>epa B sa.B11c11.v.ocTu OT 
r>, 

KBa.HTOBoro 'iliCJia K 6oJiee c;roaeu, tieM B c.nyqae o~oropeloro 
elap:cepa. XapaKTepmn.m JlBJlr'!lOTC~1 CJ'.16,JJ;YlD~le ,JJ;Be KpafiHlle B03MOruiO
CTll. 

I) Bpeu.a ll(li3HH BO BTopon mt.a nemu<o no cpaDHGHmD c nepno
,JJ;OM MUrpau.nn K , 11 Ml)O "3a61maeT1

: C murnM 3HatJ:8HlleM K eluJI 
rrpo~eH nepBUil 6ap1,ep [ 2] - MO,Li8JII, c "aa6W3aHReM K" (PRC. 3 
CJieBa) • B aTOM c.nyqaa yrJIOBM aIU!30Tpomm: He tcyl3CTBUT8JII,Ha R 
cnoco6y, 1taxm.1 MPO npo111JI0 qepea 6ap:cep A. Ero MU w.o,IJ;e.mrpoBa-

p ,o n" 10 11 Jm, Ka.K noKaaWio Ha BCTaBKax. OceBM JIWIM rmn.lr;.,,,;,i.= P,JF?i, 
orrpe,D;eMeTCJI napaMOTPSMll 6ap1,epa B 11 o6JI~8:8l' omicaHHliMll Bwne 
CBOiiCTBaMH OTH01118liM I!pOHl:!IlaeM.OCTeil l3 CJIY'IM O~Orop6oro 6apI,
epa (PHC.2). 

2) BeJWq:llHa K coxpaHJie'l'ca Ha Bcex aTanax npoxoQeHM 
qepe3 6ap1,ep, T.e. K8X,IJ;Oi1 KOM6llH81U:!H KB8.HTOBWC ,mceJI COOTB6T
C'l'BY6T CBOH ,Myr'Op6aa IlOTenmm.m;Hwt KpliBM (PllC,3 CIIpSBa). 

P. /0 II AA-P.-.. 
OcenM JII1Hll!! tni,... /Pl"i'Wt. = e17(tr ,JJ;BSlK,It!,[ ncIIUTW!M'l' no,JJ;'r.eM, 
CHatta~a ll3-3a pac~eIIJieHM 6onee

1 
BHCOKOrO rop6a, 3aT8M - 60JI88 

Hll3KOro H IIpH 3HatmT8JII,HOi1 pa3Hl:!Il6 .60 iweeT Bll;lt CTyneWiE,~oa 
KPHBOi1. Pe3yJII,TaTH .D;a.HHOro paCTieTa, Ka.K H MHOr:118 ,ttpyrne B Mo
,JJ;8Jlli ,Myropeloro elap:cepa (CM, (9)-(IS)), He 38BllCHT OT Toro, 
K8KOi1 ll3 ropeloB Blllll8 (CllMMBTPlllll:W OTHOCHT8.7ll>HO' nepecTaHOBRU 
llH.D;8KCOB A, l1 B). 

113 I!pli.B8,IJ;8HHWC Ha pHC.3 pe3yJII,Ta'l'OB "pacTieTHOro 8KCll8PH
MeHTa" MOllWO 88KJ.ll0tm'.TI, CJ18,xtyl0l!l88: 

a) B o6omc paccr,10Tp8HHUX: BapnaaTax MO.D;eJIH MaI:cHMyM P,,,/P,, 
,JJ;OCTllI'ae'l'CJl IIpll auepr:im, COOTB8TCTBYl)l!l8tt Hl!l&aitllleMY 6apI,epy, 
Il03TOMY MU MOJKeM C'll!TaTI., 'ITO B OJiy'Iae ,Myrop60l'O 6apI,8pa 06a 
TWia KBaHTOBWC aq$)KTOB IIpOHCXO,ItllT B llO,IJ;elap1,epaoi1 IIO OTHOme
H:IDJ K Ha6JIIO,IJ;aewcMY B C8'I8HD nopory, KOTOpwi OIIp8.D;8M8TCJl BH-
COTOi1 60JII,mero ll3 rop6oB·; · 

6) B MO,D;eJill "c aa6W38HH8M K" KapTllHa lt8H8JIOBHX ,!MeKTOB 
no O.Eopy CHJll,HO 38BliCliT OT aHaxa ,1A8 : IIpB l1Ae>o OHB. Cmlll8-
1W B no.zmoporonyio no ceqeam:> ,IJ;eJieHM o6JIPCTb aHeprml:, TeM 
CMbaee' 'I8M 6oJibme Li As ' JipB £\ A6" 0 OHB COOTB8TCTB~ CJIY'ilm 
O,IUiorop6oro 6ap1,ep~. 
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B) JtJill paa;zteJieHWl K8H8JIOBHX a@ieKTOB ,ItByx 'l'llIIOB, neo6XO,ItH

MO np0H3B8C'l'll zsMepemm B ;ztOCTa'l'0'l!HO m:e:poKofi o6JiaCTl1 no,{l6ap:&

epmt{aaeprnl\_ ~TOCSH mo "6wro :eiiimnTI. xoi OC8BO.l! .mumu; ;zvm 

aToR ueJm aan6oJiee 6JI8I'onpMTHli II,Iij)a, y KOTopux: aaTyxrume Bli"'.' 

6p~oHH~ · peso~aacoB .aeJll!Ko. · · · · · · · 

r). paaHRUa peaym,TaT0D pac'tleTa P,0 IP,, D 1ro,1teJUIX "c sa611-

B8HireM K" li "6ea aachmBHI'!JI K" aeneJmruI, n TeM MeIU,me, qeM MeH:&

me /JAB n 11J,c • 

ECJm m.18'l'I, B BV,.Ity KOHetJHyYO uem. KaHaJI0B0ro aH8.ill13a - on

pe,IteJieane napaMeTPOB 6ap1,epa,- TO OHO ll~ CPaBH8Hl!jO C O,ItH0rop-

6w BapnauTOM P83KO YCJIOJ!tHllJlOCl'>. .Uaiite B. aau6oJiee Y.It06H0 napa

MeTJ>li3Y8MOM Bll;I{e (TPll COnpmtelllllle napa6oJIH) ll0T8HUUaJI C0.!{8!)-, 

llll'l' cew. napaMeTpoB npoTRB JJ.Dyxy o;ztHorop6oro napa60J111qecKoro 

dap1,epa: noJioxeHV./l aKCTpe~IWX · TO'llex E1" , E1a , E ]I , coo-rBeT

.::TBYJOl!lli8 lIM Kpl1Bl13Hli 1iw" , hcJ8 , liw8 n mw.an .qacn Wa • 

r i1 AB A n • 

I.06uap;mealie KB8,IJpynOJII,Horo dloToneJieHHiI. CorJiacuo ru

noTeae O.Eopa npn q>O'l'0,IteJiemm 'll8THO-lleTlillX M8P aau6oJiee wm
KllM 1m .ll,OCTymnDC ItaHaJI0B .fIBJlll8'1'C11 ~, '(. = 0, JIBJill!OlltltliCJl ruia

.nor0M nepnoro B036~eaaoro YPODIUI DO npamaTeJibH0fi ll0JI0CB oc

HOBH0ro COCTOJUIM. B npo,It0JlllteHne ;i;eCJITll JieT nco,ItiioxpaTHUe no

IIHTltll o6napy.iimTI> ll lI3yinI'l'l, CBOilCTBa KBa,IU)ynom.aoro qJOTO.}J,8JI8-

HWl D na_tt6ap1,epaoit o6JiaCTl1 aaeprml ycnexa ne ID/eJm; HecuoTpn 

Ha peaxoe ·oT.mrrme nap~aoro pacnpe.ll,eJieIU!Jl WM= f~Sui..t. ~ {}
OT i-/,0 ll \.✓,, . • CJIOlltliBlllWICJI np0Tlll30!)8'Dll!M Cl1TY8llIDI llO,lijl06HO 

OimC8lla D [34]. Hamn IlOBTOpnue OIW'l'll [19,20] ue IlO,JtTBep,nwm: 

1rex; r.ll,e dWI aw.ielleR ,11;8.!IHllll aqxpeltT; n no1uiaw, ~• eCJm OH 

m.,eeT MeCTO npn E~ 6 \faB, TO JI8 BHXO)Wr sa npe,n:e.1.lli 0llill.6ox 

m>pg,ttm uec1tOJll'>IUDC npouenroB. aw oueima c/B cooTBeTcTBY

e1r MaJIOCTB OTH0memm CJicil<5tc, (3). 

IloHClt ua.u;p3IIOJI&Hoil noimoneBTH D no,n:6ap1,epnoli o6JiacTu 

atteprmt ,!:, 6 Ma»,· l')t8 cor.uacno (6) pe3xoe ~m.:reHZe Ito /Ro 
10 I.O 

DP• AOCT81'0,1iilO_I. P88Blllt8 EI - E1 . 110r;ro KOWI8HcnpoBaT.o Ma-
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JI0CTI, °tcslO,c, • :3'1'11 coo6p8lltemm: 0 B08!.lOJKH0CTll 11 ltBaIIT0B0ro 

ycnJieHll'.1111 3<MeKT8 6Wlll B!:WlllliY'Tll B [33 ]. 3KCllepll?,1eHT Y.ltM0CI. 

ycneDIH0 ocymeCTElllT.& [19] JWl1lI, c no,rn,,eHlieM Taitl!X MOlllHUX: nc

T0"ll!11K0B T0pM03H0ro ll3JIY'36Hllfl K8K CWU.H0T0tnruii ,Mlutp0Tp0H M~II 
AllCCCP li TaK0ro HM8lltH0r0 MeTo.n:a perllvTPal.Uill 0CK0JIK0B ,lJ,6.Ue

H:IDl na rp0MB,IUi0M qi<)HB I ..:.nyqe,lt (,n:o I :. IifO B- llallleM 8KCllepll-
• 

M8HT6) KaK 'All8JleKTPlltl8Citll8 ,Jt8T8KT0Pl:l (CTeKJia). 

Ha pirn.4 ll306paieuH pe3yJII,TaTll 11311\S~Hllll w' ( "IY) ;zvm 
Tpex :x:apaxTepHHX -qeTHo--qeTIWX Jmep Th. 2 , V 238, Pu.240 

{n0Be.1teane W ( #) y & 238 , FlL 240, Pu.242 npnMepHo o,n:liliaK0B0) 

lI4, I5]. Ha HeM 0T'!JeT.mmo npooJrmoTcs:t 0iltlf,ll;aei.fil:e :im t.10.n;eJra 

O.Eopa 3aK0H0MepaocTm YJ.reu1,me1me lI30Tpom1oi1 cocTaB.IDIIOUlell W(1') 
. E" no r,:epe cameHWI E,,,,u no.It nopor J- n aacTyna101Uee BCJie.It aa 

8TllM, yxe II0;zt noporoM E;: , pe3K0e y.aeJII1-qem1e BltJIMa KBa,I(l)yn0Jl:&

H0it COCTaBJimOlll8il. Ma C00THOlll8HM K0Mil0H8HT W ( t?') CJie]ISeT, 'll'l'O 

pacCT0JUIM M6JEJJ.Y nopol'a.Mli E}O - ij.O ll EJ1 - Ejo .ll:0B0Jll,

H0 CWI!,H0 :-:SaBliCSIT OT X ,It8Jllllil8r0CJl JI,lij)a, npn-qeu nepBoe C y.ae

Jm'IJ8Hll6M l pacTeT, a D'l'opoe na.ttaeT. 

2. AHoMa.™ y,,JioBoil rurn:aoTporum neJieHM~ HenpepHBHSl! sa
nnc:& cpe;ztHero ToKa a.ueKTp0H0D Ha r.mmem, noaBOJll11IB. onpe.ll,eJmTr. 

BllX0Jt pea.t.tl{IUI ( f, J )E ,..a, 
Y (E,..Qt) ~ J G;(E) f(E, Emu)ol.E (17) 

0 

ll ero yrJI0B!18 ~t0Mll0H~HT1I ½ (E,..dt), K0T0I)ll8 JI8I'KO HaiiTll, 3HM 

K0aq.qi:imneHTil ( 4) f I4 J . f1,11ii :BOCCTaH0BJI8HM ceqeuM ,neJreHWI 

UJ (E) ll ero Y!'.llO:BHX lt0?J!!0ll8H'l' cs; (E) ll3 llllTerp8Jll,H0I'0 ypan
nemm (I7) IIpillteF.Jll.!M Ma.Tpi':'i!Wil MeTOJ.( [35]. Pesy.m,TaTll MaTe

?l.!aTll'WClt0it oCipaoown - cetJ:enne qioTo,ne.rreuIDI <S; n oTnomemm 

/J;a. ll C/f; - B 38Bl.iCHMOCTl! OT aneprllll 3KBlIB8Ji'BH'iiWX 11
1.lO

H0aHepre'l'M8CltID::11 {X>Tono:a E npeJ.tcTan.11eHH na plic.5. 

0co6oro DHID.!aliM aac.,zyEHBaeT :yr;ioBM au:HS0Tponna 8/a_ , 
X0T0pasI imeeT HWI60Jlee npospa"llij'i) IDtTcpnpeTaqtlD ll onpe,1t8M8:'

CH, Kalt n nommMill®JI t1acT1:i ~ , npoc-reiimeil -ico!J6miauuett xa
H8.ll0B ,ttBnOJlI,Jl0ro .}J,eJieamt. B CO0TBeTCTBD C npeJtCTWWlHHSDm 

m.tteJm KallSJI0B .ll,8JI8Imfl (pllc.2) Ha 0IIUT8 irn.6Jm.i:t88TCII pesm 
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Pzc.4. YrJIOBJ,18 pacnpe;:teJieHHSI OCROJIROB ql0TO;:t8JI9HHSI Th. 232, U 238, 
Pu. 240 H P1.1. 239 [I4,I5,I9,20,36] B 3aBHcm.iooTH oi.r rpa

H~oa aHeprmi: TOPM03HOro CII8RTpa E ~ (MaB, ~H CJie- ' 
Ba). KPW31:l8 pacctiHTaHl:l IIO MSTO,tty HBJIMelll,lllltlC KBa,Iij)aTOB, 
IlYHXTHP - OT.ite.rrii.Iwe It0MIIOH9HTH W ( -/l ) • Be3,l{8, HCRJil>-
11811_ \>u.24

0 B OJiy11ae E~= 5,0 MaBt W (9a°) = I.: 

Pnc.5. 

8/a 
75 

50 

l5 

-2r-· 

c/6 
OJ 

0,2 

0,1 

01 t' ! , .... I. .:.c ~ :=:::::-:-1 , lo 
f.S JO 

,. I 
,. ,-, I '::----,_ 1 -j 5 t ' • o! s n 6 ---

0,5· 

, lo 
3 2 

Puua 
z 

, . ~:, I ,\. .~ . , 1: 
l<I0 

2 

5 Pu 

O 7 S 6 7 O 

3 -~~ 3 
2 \ . Z 

p~~2 
I E ... -. I 

0 , , • ,- • ,'-::i::::::r ,1 0 
!J 6 7 3 6 7 

E,M:J6 

38BllCl:!MOCTl> OTHOmemtlt R03qrl'lll:Uli8HTOB (4) ~ /a. 
C /(, H ce11eHHSI ;:t8.7I8HWI ~ {:B JIP()ll3BOJlD!WX 8,l{H-

HEUaX) OT 8HeprmI(tloTOHOB - pe3YJII,TaTH pemeHWI 
yp8BH8Hl!S: (IS) [I4,I5]. E = E ( m."-L g /a. ) H T, -
llO~JUUl ?48KC1™Y},la y!'JIODOfi AJlll30Tp0Inlll ll Ha6JDJ,Il;a-
8MOrO nopora.ltllllO.m.Horo qioro,1teJIBJU11I, coone..rcneaao. 
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no,Jt'LeM 8 /a.- C Y!,lem,meuneM aHeprllll co CKOPOCTl>:D, p83yMHO co

rJiaCYJ)ateltCSl c nMeuneM npommaewcT:a A, , n ,n;ocTRraeT MBKCR

MYJ.Ul, KOTOpwt, O]tH8KO, C TO'qltll apellll'il MO,ll;eJIR O]tHOrop6oro clapl>-· . 

epa pacnOJIO:!tBH He. "Ha M8CTe". BM8CTO Toro q,roclu clUTl> B HM

Clapi,epHOit no cetieHmo ,n;eJieHM oclJiacTn aHeprim;- cnpaaa OT aacl

Jm,n;aeMOro 110pora T, ,- MBKCHMYM 8/a, H8XO,ll;RTCS1 CJieBa OT ae

ro ll T8M ,n;8Jil>me , tl8M BHllle Z. • B CJIYtla8 fb._ MaKCIDIJYM . d-/ Q_ aa
XO~TCSl TaM, r,n;e Gj COCTaBJIJ18T MeHee I/100 B8JlllllliBH B 

11
11Jia:.. 

To". PacxoJK,11;eHne c npe,n;cTaBJieHWtMR ocl o]tHoropcloM clap1,epe BUX~ 

,ttliT sa JI!OclHe MHCJIHM!i8 norpelllHOCTll peayJil>TaTOB ll8M8p0Hltil ll llX 

MaTeMaTlltleCKOll oelpacloTKll. 

Mel!mY TeM, HaclJilO)laeMM 1tapTllHa TlllllltlHa .ItJill ]4Byrop6oro 

clap1,epa :a oelnapyxllBaeT 60JI1>moe cxo,n;cTBO c pesy.m,TaTaMR "pac

,:i;eTHoro aKcnepllMBHTa" Ha pnc.3. Ilo BeJIKlmHe,; - E (ma, &Ja ) 
WlltHO rpyelo OU8HllTl> p83HllUY BHCOT ropeloB il.Aa ( 14]' ll8M8H8Hli8 

1t0To~on OT Th. R Pa cooTBeTCTByeT -reopeTlll!ecitoMY npe,n;citaaa

mm L I,2]. KoJilltieCTBBHlllill 8H8Jlll3 npoH~MOCT8ll Ao ll A, B 

paMKax O]tHOMapHOll w,n;eJlll Tpex COnp!Illt8HHHX napacloJI 110,ll;TBBP.tnJJl 

8TOT B!lllHl:dl BW30,ll; [ I5] • KpoMe Toro' OH 110R63M, l!TO OimCaHlie 

JU?.dJm,n;aewx P880H8HCOB npOHl}UaeMOCTlit. TpeclyeT y,:i;eTa saTyxaHRS:, 

KOTOpoe B8Cl>Ma B8J.Wlt0, T.e. (CM. (I6)) ~-
1 

1t~i~I ~ i > f;. .. Pa (fw,,l ... -0,00-0,1. M3/,, '/Jo ... o,s-1.,0/tfa/,) 

BJiaro,n;aPJl 8TOMY o6CTO&T8Jil>CTBY pesoHaBCBHe a~RTH_CWI&HO no

,n8.BJI8mt n, no ·Kpalllieil Mepe, B uaneloJiee aa,:-;ellt.llo n no,n;poelHo nsy-

1taBHOM c.n:yqae U238 ( "( , f ) MOJlHO YB8P8W10 BH,n8JIBTl, B~ltT 

"KBaBTOBOro pacatellJI8HM nepexo.n;Hl:llC COCTO&Hnil - OC8BYJD JilitH}!J). 

oTOT peaym,TaT ,n;aeT YTB8P'AllT8Jil>Hw1 OTBeT·Ha llOCTSBJieHlllill BWl18 

BOIIp0C"O TOM, nposmnm:>TCJl JIB Ha OllliT8 RaB8JIOBH8 aqxlleltTLl no 
O.Bopy. 

a. (&oToneJienne AL239• OTJilll!llTeJil>HYD ,:i;epTy qioTo,n;eJiew 

B81taT!WX JJA8P OT llCCJie,nOBaBmeroCSl BHlll8 CJiy,:i;a& COCTaBJilD)T HaJill

,me l:80Tlll!8Cltl'1 pacnpe,neJieaaoro cmma I 0 n eloJiee BHCORM 11JIOT

nocT1> lt8H8JIOB BelJmSll nopora. 8TO Oclt.iiCH.118T TOT IP8RT, :irro H8 

1,lt8.BBJ1001, li6Hap;yJtllTl> yr.nOBYD 8Hll80Tpomm qx>TO.l48JI8HM AA8P 
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aToro RJiacca. Bospocnme BOSMOXHOCTll 3KCnepnMeHra BC8JifIJIH Ha

,It8iiJJ.Y Ha ycnex. B Ka1teCTB8 061,eKTa l!CCJie,nOBaHM B COOTB8TCT

BI!ll c pe11:0Meu,nau..en [ ~3] clWI 11B6pau & 239 (I/2+), o6Jia.n;~• 

elJiaro,nap.fI MaJIOCTll cmma Otielil, npoCTUM cneKTPOl:4 KW18JIOB K = 
r12- ll 3/2-' B036y:maer/U:DC npn ,n.:nOJil>HOM q>OTOllOl'JIOll18Hlm. BitJia,It 

B am.JoTpOllHYJO tiacT:& W ( rf) = a.+ GSi.n..t.'11 ,naioT JllJIIJ:r:. napuuam,Hue 

COCTaBJI.FIIOllllie ~,:. C j = 3/2. ]118.KCl,ll,laJll,Hl,16 llSMeHeHUll 8/a.. onpe

,neJIIDOTCH SHatiemUIMll ,nJill I,paiiHlllC CJIY1Ia8B truC'l'HX COCTOruinil r/2 

ll 3/2; 3/2 ll -I/2, COOTB6'l'C'l'D8Hl!O. Kruc llOK838.JIH 3KCnep:mvleHTli 

(36] (pnc.4), yI'JIOBa!l 81U!30TPOlll1fl IJ,O'l'O.J48Jl8Hllll fl239 (puc.4) 

]4B8:it,Itll MeruieT 31!8.K, tITO CBI\D;8T8J11,C'tBY8T O nonepeMeHHOM npeoel

Jia.D;aHIDI Yl<a38.!UlHX COCTOrunnl. Krut ll B CJ1Y1Iae tl8THO-tIOTH!lX R,D;ep, 

B paMKax MO.rteJIB o,n;Horopi5oro 6ap1,epa ue y,IiaeTcii: llOJlY':lliT:& o,n;uo

BpeMeHHOe onncrume cetieHll!l n yrJio:aofi aamoTpomm qioTo,neJieHM. 

Pe3K08 l18M8H8Hli8 xapaKTepa 1,.,/ (fr) B pell:OHe 5,5-5, 7 11!3B Ocl&aa

HO npOllCXOJK,n;8Hll8M peaoaaucy r:rpoanuueMOCTll P~r· 
4. AClIMMeTpM no,n:6ap1,epHOI'O dJOTOJ(eJieH1L'I. B OCHOBOIIOJI8l'a-

10meii paeloTe o KBa!iTOBOi1 C'l'PYRTYPe 6ap:r:.epa [7J O.Eop npe,n;c1ta-

3aJI sanpeT .rtJm Cli!,IMeTplltIHOro. ,n;eJieHwi tI8TH0-1t8TH!lX R,IJ;ep ,ll;l!IIOm.

Hl:lMli. ( -KBa.HTSMli. 3Ha'lflIU1e CBOiiCTB RB9,lIJ)ynOJil>HOl'O q)OTO,lleJieHmt . 

ll03BOJIMO HaM B COBMeC'l'HOit pacloTe ,C PMllOXIDillitI6CKOit rpynnoit 

l1A3 · HM.KyptiaTOBa [21] npe,n;npllHJiT:&. IIPOBSPKY B'l'OI'O ~e,n;CK83aHM 

IIYT8M l18Y1i8Hll& KOppe.7IJllUll:t ?1£'SJJ.Y OTHOCllT8Jil>HHM BUXO.D;OM OllMMBT

pI!tlHI:,IX ,n;eJieHmt YslYas •,1 OTHOlll8Hll6M C/B (B CJIY1Iae v238). _ 

Ha pnc.6 pesyJI1,TaTL1 BUllOJIH8HHllX B [21] l18Mapem 0Pamtlit

B8lOTCH c ,naHHliMll eloJiee paHHell paeloTH [ 37] • YBeJilltieHne Ys / Yas 
IIPli CS!vlUX HllSRllX Emaf 5, 3 MaB oclaapY)ltllBa8T KOPP8JUIIXEJD 0 aHa'."" 

JIOrlltIHHM XO,ll;OM C/8 B_K8tl89TB8HHOM COOTB8TCTBlW C npe,n;CKa-

3aHH8M 0.Bopa. 0,ItH8KO, Ottlipa&Ol, Ha H,ll8El 0.Bopa, H8JI1>3JI O]tHO'.'" 

BPBMeHHo Oel'LJtCHRTl> pesKHit aKcnoHeHIUWJIE,m pocT Yr/ Y4s µpH 

6oJiee BHCORBX aHe.t>rumc, aa6J110,naeMW1 TBlOlte 111.'y. . Tli. 232 [37]. 
C1topocT1> -ll3MeHeHn& Ys/Ya~ (B e pas sa nHTep»wre CIE,.,ii' o,I . 
MaB) CBOllCTBeHHa .TYH8JI&HW4 a4qleKTaJ4. B ony,:i;ae · Th.232 c t', f) 

. 8XCllOH8HlU1QJil>HQH 38.BHOllMOOT~ B8poaTHOCTH Oma.teTpIAHoro 'A8Jie

HlJJI Ha6Jil)'A88TCS1 B OclJlaOTH aaepri,:z OYI!IEIOTB8HHO·HM6ap1,epaol no , . ., . 



""24 -

Ys I T 

Yas 

PBo.6. 

I 

f8 LJ /0 £OS 

D WO 

,Lt~ -~ u 238 fy/0/ -

o, I ,, .,,Q,:" 
ol "--- 9-- ... P 'f 

' 

o:o- / 
. . I 

~I .· I 
I fos / 

•.ii I IB Th I 
/0 r J ~ · /A _ 

\ I ,A 
~ t Th232 
~ ~ 

! 
ui" . , I -

I 

1i 

·51 /0 I I I i I I 

It · 6 B ID 12 f lT101,M.J~ 

0THOmeaHJl·BHX0,ll;OB ocltOJlltOB CRMM8TPll'll!OrO ll acm

MBT!)JAHOrO ipOTO,J:teJieHml 1J 238 11 \h.2:!2 • 
O, A - (37],·· • - (21]. 

..., 25 -

mITel'pMI,HOMY cetJeHmJ ,neJieHWI, B .KOTOpoe 110.ll;aBJimlntml BRJI8,ll; 

BHOCllT ac:w.nAeTpll'iliml CIIOC06. llilaqe roBOPfl, OTBOCHTeJll,mnl Bli

XO.ll ¼ /Yas Be.n;eT ce6s Trut, Kalt ecJin 6H cHMMeTpnttHOMY ,neJiemm 

npellllTCTBOBaJI 6apDep, 6oJiee BllCOKml, qeM aCJ!MIMTpH'lHOMY• 

3TOT BllB0.1' corJiacyeTCH c pesym,TaTrum pac11eTOB noTemui

am,noil aneprlIB .neif!OPM81Ulli C yqeTOM 8CID,!MOTpH1illOtt .negiopMalUlll 

o<3 [38], BEe.nenze KOTOpott Cyn\8CTB8IlHO IIOH:m!88T BllCOTY ropda 

B (na 1-2. MaB). Ha ,naHuwc no Th.232 cJie,nyeT E,s8 - E;;~r MaB. 

CJIY'!att U238 CJIOJtHee ns-sa 6oJiee Hll.SKoro rop6a B H na.mr<ma 
"peso1mnca" Ys • On Ha6Jl!O~aeTCH y BCex Tpex HSY1i8.BlltiOCCH oc.s:0.11-

KOB Cd II5 
t Cd. II?' .Ag1Il ll, llO-B:lf,ItHMOMY, CBO.ltCTB8H8H BC8MY 

crumeTpl1'lHOMY TWIY ,It8JI8Hllli B USJIOM. He llCKJIIO'tiSHO, TIO 8'1'0 pe-

30HWIC npommaeMOCTR C:0MM8Tpli"lllOro 6ap1,epa. 

r __ .ll_A BA Ill. 

I. 1IeJiem1e Th. 232 B6Jinsll nopora n KaHaJIOBIDi aH8.Jill3. 

Th. 232 
rrp~8,IV!elltHT x tiHCJIY .neJIJilltlllCcn: a,nep c SiPKO Blij)8llte.llHm4ll 

KaHaJIOD!lMll aqxlieKTa.Mll D yrJIOBOti 8.HR30Tpomm 11 ceqeHmI .ne.nelllifl, 

miieeT IIpOCTYJ) ll ,ItOCTaTO'iltO xopomo HayqeWI~ CX8MY. ).t,>OBHett 00-

TaTO'lHOro srmia B HeYIIpyror.i pacceruum Ti-e32 ( n, n'), Hll3Rol1 

.I(6JIID.'k:>CTJ:,JO ( f,:,. Ci.) - Bee 8TO 6JI8I'OI!pMTCTByeT KaHEIJtOBOMY rum
Jll'I3Y {22] • K HaqaJiy pa60Tll l1M8JWC:E, .nawme o IIOJIHOM yrJIOBou:· 

pacnpeJJ;eJiemm OCKOJIKOB ,7.tJI/1 e,nliHCTB8HHOll aHeprnn HeilTPOilOB E "' 
= I,6 M:rn n ceqemm .n;eJieHM Jllllll:E, Ha'tlllHBJI c En= I,2 MaD. 3Kc-_ 

IIepHMeHTaJlbHHe l!CCJI8.I(OB8'111ll CTaBMH CBOei1 Q8JI!,D DOCIIOJIHllTD 

aTOT npo6eJI. PeayJIDTaTll Ha6JIIO.zteHHtt ~✓( 19-) n :we aH8Jlll3a I!pl1B8-

.I(6Hll Ha pnc. 7. B H8CT0Silll8i1 padoTe 8li8JIE3 np0ll3BO,Il;WICH cnoco

·6oM, npe.JJ;JIO)KeHHllM D [II,39], I!pll KOTOPOM Ha XO.It npOHllU86MOCTll 

fl 1r (En.) HaKJI8,ll;I1BaJOTC.fl JllilllJ, orprum11emm:, CB/l3aHllile on1:ie.n;eJieH

HID,, npe.nnoJIOJKeHneM 01'flOCllT8JlbHO 8aBllCllMOCTll p OT ':J cor.nac
uo (8). 

AHa.nna noKaaaJI cJie.IJ;yiontee. 

I) l!AeHTI~}Utamm ,1J;8J!t6 . npeo6JIEm8IOntmC Ka.H8JIOB .n;eJieHrm 

CBOLlCTDCHJra H80.ItH03Ha'iliOCTD •. He y.naeTcn: onpe.IteJillTl> 1i0THOCTD 

• 
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PeayJU,TaTH 113ue~emm yrJIOBllX pacnpe,D;e.neHd ocKoJI

ltOB .tte.nemm Th. 32 H8HTJ)C)Bru.m (BB6PXY) H K8118Jl0BO

ro aHaJW3a perua.om Tl--232 (l\ ,1) :.. npomfi.iaeMOcTI> 

P1:1r(E ) t 22) • 
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COCTOaHd K = I/2, BllOC~ 3HatmT8JlliHW BlLJI8,lt npn b~ex 

ll3jti8fllllllC aHepr:rui:x; TPY)UIO ,Pa3JllillllT:& COCTOaHWI K:r..:. 3/2+ l4 

5/2-. 5/2+ u 7/2-, COOTB8TCTBeHHO, no STOtt npB:tllUle Ha plic.7 

np:1:!BOMTCJI na B8PllaHTa pe3y.lll,T8TOB 8Ha.Jll138 ,ll;JIII K:c = I/2+(a} 

u I/2- (CS), a Ha KaE,ItOM ll3 aTnx: pl'ICymtOB B OT,D;em,1wx OCIJiaCTHX 

En. - ,nBe B03MOlltHOCTll ~:r , ,D;8l0lll11X npm.ie_t>HO O,ll;lllla.KOB08 corJJ:a

cne C OIIHTOM (nyHKTll})HaJI ll ~IIJlOlllHW! Kl)UBU8}, llCTO'qllmtOM omn

CIOR LIO.ll8T · JlBl'ITl>CJl T8D8 He,D;OCT8T01' mlqK)PMalUlll O CnIDIOBOtt aa-

BliCllMOCTR ~ ( 0 ) • B '118.CTHOCTH H80IIP8,D;8JI8HHOCTI, napaMeTpa 

t.72 Ji. llCCJI8,ll;OB8Hll!O lla,D;8JKHOCTll pesyJlliTaTOB KaHaJIOBOro auaJill-

38 npelit,D;e Y'A8JIJIJIOC:& HeonpaB,D;aHHO MaJIO BHllMBHWI. 

2) i»rutTOM, H8 8aBUCJllllllM OT H80IIP8,D;8Jl6HHOCT8ll: KaHaJIOBOI'O 

8HSJill3a, JlBJIJi8'l'CJl HaJili'tlll'.8 peaOHBHCOB ~,.. (E.,J • :3TO rJiaDHllli 11C

TO"IHUK H80,ll;HOp0,ll;HOCTll pea,mayiomeroCJI pacnpe.zte.neHWI K ll ooyc
JlOBJieHHWC eE> KBaH'l'OBllX aqdleKTOB B w (ff}. liaCIJllO,ll;aeMM B Ha.It

IIOporoBo.ll . oCSJiaCTll aHeprllil pesOHaHCHaJI CTPYKTY.Pa e;; (En.) npe,D;

CT8BJI/leT TPY,D;HOCTll ,ll;JISl.OilUCaHWI B Pa.MRBX 0,ll;HOM8,PHOll: w:i.zteJlll 

,ll;8JI8HllJl • 

2, KaHaJIOB!le acfipeKTbl ll HyttJlOHHIDl COCTaB neJiruljerocJI AAPa• 

Bcero B paiioHe no~Jra yrJionue pac1IPe,D;eJieHWI ocxoJIRon B peruc

nnn (n.., J } CIUJIH ll3M8,P8HH ,ll;JIII .zteCJlTll sme1>: Tpex 'i8THO-'tl8THWC, 

,nByx He'tl8THO-H8'tl8T1WX, IIIITll He'tleTlWX (TaCS~a I}, Hau6oJiee 

BU,PaB:UTeJU,HaJI xapTHHa CWII,HOi!.3aBllCHMOCTll KaHaJIOBb!X a4l:'Pe1tTOB 

OT 2 11 A B031lmt8e'l' y CaMOi\ MHOrO'tlliCJieHHOti rpymm He'tleTHWC 

iteJIJlllt11XCJI sme-i:. Ha pnc.8 yrJioBaa aHHaOTl)OIIWI )\eJieHM W{o0)j'vl{90°) · 
8TlilC smep npe,I{CTaBJI81i'O. Kalt <J?ymmrut c1.ie111eHM aHeprmx H8iiTpoHOB 

OTHocuTem.ao nopora E.,. - En.5 • C yneJill1JeuneM 2 n N nponcxo

.IO!T CSucTpoe yM8HI>WeHli8 BeJIR'llliH11 11 li3M6H8Hmi Wco0 )/.W(90°), 
KOTOpoe B y:t'JIOBOU pacnpe,zt8JI8H111l OCKOJIKOB COll,POBOJQtae·Tca 110-

CTenelilllll,l llC'tl83HOBeHiireM aepery.napHOCTett2 xapaxTepma: Mil BH

.zteJI8HJWX KBWITOBWC cocTOJIHd (Ro.227 - lf 37 ), H CTa6Wlll38Ul!8:I! 

qiopw, KOTOPaJI B npe,D;eJiax oll!H60K Olll1CllB8eTCJl KBa,D;PaTJ41lllO:I! sa

BliCllMOCTl,E) OT (DJ i9 (1130'l'Oilbl Pu. ) • llor<aaaao, 'tl'l'O llOCJie,D;Hee 

CBOiiCTBO CBJ138HO He co ClleUliq)mtO.ll aaelopa yi'JIOEWC MOMeHTOB npH 

Hll3Rl!X En.~ Enf ~ I MaB, a 113MeHeHHeY pacnpe,zteJl8wra K. Y Hall-
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aH~OTPOmm ,IJ;eJ18HIDI C H3MeH8HlI8M HYKJIOHHoro COCTaBa 

suu>a ,IJ;8Ml!UOCCii.JI,It8P, Ilo OCll a6cnucc OTJIOllteHO CM811l8Hll8 
eaoprnu HeilTpoHOB OTHOCRTeJll,HO aHeprWl nopora E .,_ - E"'i • 
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6oJiee TJDltBJlliX MBP OHO CTaHOBllTCii 6Jlll3KllM K CT8TllCTlf48CKOMY 
(rayCCOBOMY) [ 8 ], • 

STO ill3JI8HHe o6CY)lt.It8JIOCL B [2] ll 6HJIO 06MCHBHO KaK CJie,n;

C'l'Bll8 yaeJIU-qeHWI Pa3H~ BHCOT I'Ope!OB C pOCTOM Z9/ A • Y ll30-
TOIIOB Pu. ona, IIO-BH,l{liMOMY, ,n;ocTaTO'tJHO BeJWKa, '!T061,1 B6Jlxl3ll 

nopora En.J , onpe,n;eJIHeMOI'O BH_COTOil rop6a A, tIBCJIO COCTOiiHml B 
npe,n;IIOJIOlltemm MeXaHUSMa sa6HBa.HM K BO BTOpOil SIM8, onpe,n;e

JmeMOe SH8PrIIBil B036Yllt,It8HlUl Ha 6ap1,epe B, 6HJIO 3H8'tlllT8Jll,HID4, 
B TY lite C'l'Opoay 11pa60TaeT11 ll yaeJI,1-qeH11e C poCTOM .2 J4 N aa

Ty:JCaHWI BllOpanuommx. pe30118HCOB, lIOJIY'tleHO YK838Hll6, 'tJTO y TJ1-

llt6JIUX ii,JJ;ep xapaKTep:ra:cTruta K npH saTy:icaHWI pesOHaHCOB He cox

PaH!lBTC!l. 

KaHMOBHe, aqxlleKTH B 38BllCJ4MOC'l'll OT 'tle'l'HOCTH 'l!HCJia HYRJIO
HOB B ,JJ;6Jm11!11XCii MPax. MoryT 6HT:& KJiaCCHqillUllpOBWW CJie,JJ;Yl)lltRM 
oopasoM. Y HetJ:eTHWC JI,It8P C ,n;ocTaTO'tJHO IIJIOT!lllM cneRTPOM nepe

XO.n;HHX COCTOHH:ml Bll6panuoHHH6 pesOH8HCH ll lDC CBOilCTBa lll'PSDT 
onpe.u,BJlfllO!llYD pom, B qx:>pMllpOBaHWl HaOJIIO,n;aer,n,cc aqxlleKTOB. 8TO 
38.KJIIO'!BHlle TeM 6oJiee CnpaBe,n;.mmo ,n;Jm He'tleTHO-H8'!8TIIW: Mep, 

cneKTP YPOBHeil KOTOPHX eme 6ora'!e • .l.lJ)yroe ,n;eJio·tJ:eTH0-11eTHH8 
ii,n;pa. EJiaro,n;apii HaJmtnnO'SHepreTll'!eCKOil llleJm B_ cneKTpe YPOB

Hett BHYTPBHHero B036Y)lt,IteHWI ii,JJ;BP STOro KJiacca, BIIvJIHe OT'!BT
JIHBO npO!ll3JmeTCii ,JJ;HCKPBTHM CTPYJtTypa ltaH8JIOB O.Eopa. 

3. 06 a KTe "no aBJIBUWI", -BOJIHl,I B e· n. 
B JllITepaType [40 ueo.n;HOKpaTHO 00CY)lt,It8JIOCL ,JJ;OJII'O He IIOJIY'tlaB
mee Y,JJ;OBJI8'l'BOPHT8Jll,HOtt llHTepnpeTanuu paCXOlit,Il;8Hll8 Melit,Il;Y ,n;eJm
TOJII,!illMll 11HpllHaMU y noporoBmc MBP~ nenocpe,n;cTBSHHO Ha6Jlll,n;ae-r"'e9~ 
MUMll. If Ha Y3KOM arrnTellJIOBOM y-qaCTK8 En. l'I 3KCTpaIIO.IIlipOB8H-

r: ~ . . 
HHMll 'J . (0) ll3 06Jia.CTli En~ EnJ-, r,n;e sHa'!RTBJI&Ha npm.iec:& Hen-
TPOHOB C e /: 0. KaK BlW!O H3 Ta6JnIUH 2, ;rI.,1ISI COOTHOW8HWI 8TUX: 

r-'1'9' r ~HOfP. 
B8JW'lllli xapaKTBPHli pe3R.Ie HepaBeI.JTBa, KaK IIpaBllJI0,/14'- 'J (0), 
B Cl3/13l1 C 'IBM 6HJia Bbl,ItBl1IiYTa I'WIOTesa O llO,lJ;aBJieHWI s -BOJIHH 
B pearuniu (n, f ). 

B MO,n;emi ,JJ;Byropuoro 6ap:&epa STOT SKCIIBPliMellTaJI:&Hllll ~SET 
llOJiy,IaeT Henp11.u:piqeuuoe 06MCH8lllie KaK -qacTHOe CJIB,lJ;CTDlle 60-
Jlee odmero JIBJ!BHM - rpynmtpOBKll ru!OMa.Jll,HO CWHWC pesoHaHCOB 
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· !Ipli IIO'A6ap:r,epHOM ,n;eJieHim. IlocJie.naee COCTOllT B yCWieHim Ha.6-

JID,D;aeMWC lllllplill B ( ,;:;ax/~ )I/Z pas B6JW3ll KB83llCTaullOHapm.tX 

COCTOJIHlilt BO BTOpoil fiMP ll B OCJia6JI6HIDi BO CTOJII:,KO lite pas,-

B !IpOMelltYTK8 Mellt,lcy' mn.m. B OTJlli'll!e OT paCCMaTpllBaBlllllXCH npext-

'A8 BHOpaunOHHlllC COCTO.fIHmi 3'A8CI, peqr, ll,Il,8T O KB83HCTauROHapHliX 

COCTOSIHMX HyxJlOHHO!i npnpo)U1. ECJlli paCCTOS1Hll8 MelliJU' HllMll 1:, 
MHOrO OOJII:,W8 Wllplilill r , TO CJia6He pe30l:18HCH 6yJJ.YT BCTpeti:aT:&-

ca B 7:)/r pas ti:ame, 'IBM CWll,Hl18. Il03TOMY HeMHorne nepB!:18 

pesOHaHCH, no KOTOPHM npOllSBO'AllTCJl oneilfta r; 11
~" , 6YJI,YT c 6om.

DJOP!_ B61)0JlTHOCTbil !IpllH~Jl8lltaT:r, K 1caTerop1m CJia0lllC, T.e. t;liei~f(~fo 
~ r , a B pe,IUttlX C~MX, KOr'Aa 3llllT8MOBOit p830H8HC ID3.JIJI8TCH 

cwu,HUM, OYJJ,eT uMeTI) r.recTo ooprTIIoe pes·xoe aepa:aeHCTBO. B cpe,n;-

11eM llO'A8BJI8HllB: S-BO~l,I He .ztOJDKHO 6HTJ,. 

~8HHH8 corJiaCyYOTCH C 3TllM npe~cKasaHneM: y BCex BOC!,Mll 

l130TOllOB Th. - Pu:. Ha0J!KlJiaeTCSl CWThHaa: pasu~a r;''llt ll r;~ro,, 
npnqeM mi, y Th.232 r;"'t; [j.."

41(0). Ycpe.naean:e t/~A no nHTepna

Jry A En.> 1) yc•rprurneT paammy 3TllX BeJilltmH {CM. ,n;Be IIOCJI8)'.tHll8 

KOJIOHitll Ta6Jlll!J;li 2) • ECJill 11eno.na.ne1ty OT En..= 0 llM88TCSI Bll6pan;n

OHHUit pesoaaac. TO 3KCIIOH8HD;ll8JU,HyYO 8KCTPaIIOJlfllUii) npBMelliiTl> 

· aeJII,sa. 3TIW oocToffTeJIIic.TBCM 061,iiCHJ'!BTca saMeTHoe pacxo.'!'Aenne 

/j. 611(0) ll < fi.""'" > B ,n;Byx CJly-4amt lJ" 234 'H At_Z4Z • Y CEU&OC TSl

iK8JfilX ll30TOllOB Jim. - Cm, HeT 3&18THOro paCXOli{'A8Hllll C (j. 64,cT(O) 
He TOJII:,KO y < r;Ht1">, HO ll t;J4tgA .ItJlH YSKOR 8llllT8lIJIOBOi1 oCSJiacTll. 

Y HirlX aqqieKT rpynIIllPOBKli ,Bepo.aTHO > CJ1a6ee 113-sa CSOJn,WOli pas-

. HlllUl .1A8 > 0 {E1a <.. B11.)• 

- I 
4. AHOMrunm nopora peamu,m < n, n.f}. B H~6ap1,epuoii oCS-

JiaCTll 3Heprnii Gj. = <Jc. rr¥·r: = <Je.f = '¾0 
M8HH8'l'Cii C 13H8P

rHeii CJia6o ll,Ka!, II.PlUUITO I'OBOPllTI,, ID,188T "IIJiaTo" • Era IIJ>O'l'Sl

Zt8HROCTl, onpe,n.eJllleTCJI aaepr11ei1, n~::a ltOTOpOtt CTaHOBllTCii '38.WT

HOli Beposi:THOCTl> ,n.eJ1eHJ1UI SI,IU)a-11rume1m X A IIOCJ18 ncnyci-aHwi 
,A•I · 

aeRTpoaa 113 11a-qam,noro cocTaBHOI'O MI)a X ... npouecca (n. ,TL'J>• 
. IIopor peruunra ( 11. ,-n!J), ecJru lllieae6pe'll. TywI8JIJ;iHon npoa:imae

OOCTl,Jl CSap1,epa ,neJiemUI JI,IU)a X , B llllta.ne Ew p8l3ea .ero BUCO

-re E;. Ilpu E11 :> E1 <Sj pac'l'eT, norm He BwuteT ifa HOBOe "IIJiaTo•. 
B iieM noJIHoe. ce<Jemre .zteJiea:wi panno 
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a. 

o;.= d;+on!1 = o/[f++ (I -r>f], (IS) 

a B nepexo,wioa o6JiaCTll - we'Jl.JJ.Y ~YMII WiaTo - onpe.n.eJISieTCR 

cneKTPOM 1-1cnyc1taeMHX ;,.o .n.eJiemm HeilTpOHOB JI ( e ) 
E:n. 

q,J= ,fer - f') j f (En - c ).#( €.)de.. (19) 
o A•t 

r.u;e s»a'tlltOM + o6o3HatJeHl:l xapaKTepnCTllKH ~a X • 

SKcnepm.10nTam,n11e .n.rumue o cetJ:emunc 'AeJieHHR pMa M8P 

l/ n Pu. HeilTpoHa.M11 [4I] B pailone nopora pearu.ura ( n, ~f) 
npEDe.n.eHH na pzc. 9. IIopor11 E; n .zteJmMOCTJ. f MElP X A , :ite-

A·' 
~ca B pe~I (n,n'f ), xopowo l13BeCTHl:l 113 peaKUlifi X (n,J), 

X (d..,pf), X (t,pJ). Hs pnc.9 BlWiO, 'llTO pemmwi: (n,n'f) 

y 1moTonoB Pu. .n;aeT 3aMeTHl:lil BKJIS.It B 6J. cyuteCTBeHHo pam;me, 

'18M 6~eT ,Il;OCTHI'HyT Ha6JIIO.n.ae1'11:lil B ce-qeHiisDC YK83aruWX peruuunt 

nopor, paBHl:lil EfAt npn-qeM TeM pa.Hi.we, -qeM 6om.me pasmw;a 1!.1,6 ~· 
. I 

11 C11.e111eHze" nopora peruaum ( n, n J) no.u;TBePJ!UtaeTCR 'AaHHliMR 06 

yrJIOBOii 8Hl13OTporum .n;eJieHHR, BeCJ.Ma 'iYBCTB:11T8Jll,HQ}i KO BKJia.rtY 

8TOI'O npouecca. lllTpmc-nyHKTllpOM IIOKa3aH!i pesym.TaT!i pac'ieTa 

O,..•; (El'L) no q,0PMYJie (I9) c .H ( c) = e;te·1/t ( t = 0,5 M:rn) µ 

8KCll8PIDv!8HT8Jll,Hl1Mli ,Il;aHHl001 0 gJYHKURJl,. f (E) B ( t , p I )-pearu:µm 

[ 42] , cpe,Itllllil yrJIOBOli MOMeHT B KOTOpoil 6JnmOit K nepe'Aa.Ba8MOMY 

6hlCTPW4 neilTpOHOM c aHeprneil 5 - 6 Man. Pacxollt,lteHlle n pailoae 

nopora o-qeH1> neJiliKo nae MoxeT 6uT1> ycTpaHeHo pasj'MHoil Bapna-

UReil napaMeTJlOB. • 

HTrut, B Mo.n;eJW O.LV{orop6oro 6ap1,epa Ha6mo.n.aee acppeKT 

Cwr:&HO 3aIIp8Ul8H ero IIpoHimaeMOCTI,lO,; BliXO'A, IIO-B~My. o.n.na,

.n.onycTH'l'J. 8aM8THYJO BBPORTHOCTJ. HCllYCK8Hllil HeiiTpOHa yxe IIOCJie 

IlpOXO:at,IteHM -qepes 6ap1,ep. ,n.im 8TOI'O llOTpe6yeTCR Ilp8,ll.llOJI0X6Hll8 

0 Cyut6CTBOB8Hlm
0 

aa Hl!M IlpOMelltyTO'illliX. COCTORHmi D ItOTOPIDC M

po MOI'JIO 61:! ,Il;OCT0.TO'iHO ,ll;OJII'O lltl'!TJ.: ti.;r,,_ ~ ro-ri+ ro-16 CeK. 

B L-t>,n.eJm ~yrop6oro 6ap1,epa aTo npouecc ,u;e~elillll nocJie icnyc

KaHM neilTpoaa BO BTOPYJO H.M:f ( n, n;f) - "n 06xo,u;11 rop6S: A. 

Ilpouecc (71., n.!f) T8M 6o~ee B8p0JlT6H, 'Ci8M 6OJILW8 IIJIOTHOC:'l'I, 

conTORHml BO BTopoa iINie Pu ' . T. e. "iBM Olia rJIY6llt8' li '18M 60JII,-

I 
1 

I 

I 

I 
I 

P11c.9, 

- 3~ -

61,r---.--...--.:______,_--,.-~Yo~ -6~p• 
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J 
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CetJeHM ,u;e~eH:rui: TiDlt8Jll:llC R,Itep G"f KOK W~ 3H8PI'IDI 

HSHTPOHOB E 1'\, - ,Il;8MOHCTPaII1Iil a!!OMBJiroI nopora neaxunn 

("-, n'.j) • IlyUKTliP -aKCTPaIIOJifIIUlfI S¼~ B II8PBOM 1111Jl8TO11 

BUllle nopora ("',~t } • lllTpmc-nyrucTlrD - pac11eT <;; , ecJm 

ltICnyc1m1me HeltTpOHOB llpollCXO,IµiT TOJI&KO B nepnyx, flJ8Y • 

CTpeJ!lC8Ml1 IlOK83aHH no~OXOHIDI BUCOT rop6oB AZ B. 
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we BepoSITHOCTJ, neB03DpaTllT.&CSI B uepByx> i!MY ( Pa / ij + ij + /¼.1.) t 

T.e. qeM 6om,me paamma AAe" o. Ha6JIJO.l{aeMuii nopor peaimim 
( n. ni f) onpe.l{eMeTCfl 6ap1,epoM B, npHtieM .l{eJieune a Toro Tmia 

6y,l{e'r llM6Tb 3filll8THYJO nepO.fITHOCTb, no1ca ,4 He Cl)aBH.fieTCR C '¼.a.. 
Ilpli E,a ,~ E1A ll ~TeM 6oJiee, o6paTHOM COOTHOW6Hllll .l).46 "'- 0 B~ 
"aHOIAflJU,HOI'O" upouecca ( n., n1J) no cpaBHeHmo c 0611tnioit perut
L(l1ell ( n. , n; J) c .11cnycrtrurneM neftTpoHa B nepnyio ilMY MM Itait 1 . t . 3TO OO'hflCil.fieT OTCYTCTBlle 06cy-lK,Il;aer,10ro aq.qieKTa y 

601ree Jierm.cr rutTlli!m.tOB ( Th., lf ) • 113 cpaBHOHHH c aeponTHOC
T:&D B036y;uem1JI CllOH'raHHO .l{eJIHlllllXC.fl ll30MepOB llOJIY'I6lla P83YJ>4-

uo corJiacyi'.lll\aJIC.fI c ollllTOM onemm ~l1 / 6j • 
TaIU!U o6p830M, llOJI~eHO HOBOe, BBC:&Ma HaI'JUUl,HOe aKcnepn

MellT8J11,H06 CBll,II,eTeJI:&CTBO B nom,ay ,JJ;Byrop<Soa CTPYKTYPU dap1,epa. 

l'_Jl A B A IY,, 

r. /llaaoBuit nepexo,g w;ma us cBep,cTeKyqero cocTO.fIHim B 

g.epMH-1'830BOe. YrJIOBaJI aHll30TpOllWl ,1{8JI6Hlill aB,mi:eTC.fl Y'A06ID.ll4 
ZHCTPYfJ8HTOM ,ItJIII 1131,'!BHIDI 8TOro CDOi!CTBa, npe.LlCKa3UDa8MOI'O ' 
w,neJIJ,D CBepxTeK~ero MPa (43] , 6Jiaro.l{a.P.fl TOMY, l!TO .11erKo · 
onpe,neJUieMWt ll3 aee napaMeTp K! (2) Dl11116 11 Hlliitf: ICpllTH'iBCKO.li 
aueprllli 4}asonoro nepexo,na, B npn6.1Illlitemm nenpep1maoro cneKTPa 

CO CT 8BJUiillll8il • , 2 
l:"P = 0.?79J,.(A 0 ). , (20) 

"' • lt no pasnoMY aan:acn.T OT E : np11 E L. E~ npm,repuo ;umellHO 11 na-

/I 

i: 
l I 

pa60Jm11ec11:u B uo.n;eJm ipepr.m-rasa (E. > E:,.) [ 44]. 3TO CBOiiCTBO 
npo,neMOHCTplllpOB8li0 Ha pnc. ro. r.n;e np1'1B6,1{6Hll J(811lli16 0 K~. B pe

ay.m,TaTH mc aH8.Jlll38 wm JU3:VX ncc.ne,n;onrurnux. Hm,;:1 fl,llep Pu.24
0 11 

Po 210 • .BoJiee oT'i6TJIW30 ipaaoauit nepexo.n; npoauNic:TCSI D Ter.mepa

TypHott 3aBllCIDM)CTll lwf \) aa BCT8BK8 It nepxHO\Y pncy1rny. B 
oe!onx CJJ~amc B8JlllllllHB E f:f> COCTaBMa np1u.1epll1J IO iil3B (;t 15 + 

2s%>- I -- ·····-···-·---·· I 11cCJie,!l;OB8HH npninuw pacXOlit,ll8Illlll C peaym,, tlTUMll upODOJl,llB
meroca npeJ:Jte aH8Jll!38 K~ Pu.240 (44], D KOT,'i ~M 6wro neJiJJ,e110 
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P:uc.ro. 38BllCIDOOCTI, K2 OT aHepr:m B036ya:£tel!M ;:µm Pu..240 [26] 
(BBepxy) n Po 2IO [28) - 'A6WHCTPaIUIII tpa:3oaoro nepexo
.l{a ll3 cnepxTeKyqero COCTOJiHM B HO,PMalll,HOe. Ha BCTamtS 
BBepxy - Te11mepaTypHaa 38.BlllCIDJOCTl> d391-{ t. ) • 
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II' 
no H8.lll8MY M!l8!Ull0, 38B!illl8HH08 3Ha'ielil18 El<p = !9 M3B. 113 noJiyqeH-
nott ll8Mll B8Jll1'1:llill:J E:p corJI8Cll0 (20) CJie-p,yeT 3Ha'i"Hl10 A! = 
o, 8-0, 9 MaB (,JµR; llJIOTHOCTU O-P,HO'tlaCTlflllih1X COCTOHHmi na rpam1ue 
oepMll 91 = 6/,r.t QJ = 3/4,r:.,:i, A, a..,= A/8), ItOTOpoe, B~Tll-
BO:IOJIOlltHOCTl:> BllBO"/1,aM [44], 6.1.ill3ICv It 3llB'tl8H:14lO L\! = IlA- ~ 
o, 7 MaB ,JµR; J1,1J.'Jp J?BB!iOBeCHOil qJOp!t.!:. 

'2. H¼3K0:rnepreTW'.!8Cltafr CTPy:KTYQB K~i!Lh He38BllCUMruI 
OU0HK8. Ao =(E.u - E.,)/2 '!OCTO np0113BO-P,UTCSl no Eu - 110JIOllt8HHXl 
"cKa'tIKa" 1{2 qe'.rHO-"lBTHllX ;mep 'AO ]U3yxKBa3li'iBCTll'll!OrO 3HB"l0-
lllill 2 I~ Ha rpruuru;e aHepreTi1:qec1toi1 ll.i0Jlli 2 A! [ 45,46]. Tami:e 
oueHIDl HBPMY C BWlO,lJ.e.Mil [44J llOCJiy,lUIJUI OCHOB8llll8M l1,JlSi pac
npOCTpaHem~::iH I'll10T83ll O 3Ha'lwrem.HOll pasHH!.\0 .1! II tit • OHll 
ropas-p,o 6oJiee "lYBCTBllT8JX:&Hll It B0Jrn'Il'JI0 E1 ,Jµ/1 OCHOBHOI'O nepe-• XO)!.HOI'O COCTO.flliM, qeM onpe,n;eJiemre E,cp ll rtOCJie"/1,Yl)~ oneRKa 
ll ! corJiacao (20). B MO,IJ;eJifIX o,n;uorop6oro 11 .ll,Byropooro 6ap:&e
pa lll:!TeprrpeTarum Ha6JJIO;n;aeu.wc noporoB pasmlfl 11 aTo Tpc6yeT ne-

. f 
p8Cl.'0Tpa 8H8Jlli38 .ll,Jill do . 

B pacloTe pacCMOTpeHa BOSMO:KHOCT:& onpe;n;eJiel:ll:1Sl ' A! ' ItO
TOpaa ae TOJ",J,KO ,He Tpe6yeT 3HaIUlSl E1 , HO 11 II03D~Jlll0T aTY 
Ba;iuIYl) BeJlllqlll:ly HailT.11 ll3 OI!hlTa O)!.HC...lpe1,1e:mo. C Ao • Oaa llC
nom.ayeT npe,n;CK83a.Hl1Yl) B [ 47) ll o6HapyJit8HHYl) B. [ I2, 18,25 ,26] 
una .. oal!epreTll'l"lCKYiO CTPYKTYPY K~. 3qxpeKT nPQJlBWICJ! y Bcex na
Tli liCCJI8.ItOB8HHWC B pe8Kl.Ulli (It' J ) smep u236' Np 238' R.i_239' 

Pu. 240, .Jlrr~24z, mt.eIOUUDC pasuy-..o tt~THOCTl> n-yKJIOHOB, Ha 'pnc.II 
3KCIIepm.ieHTM:&HUe )J;aliHlle ,Jµ/1 uav.6oJiee nop;po6HO liCCJI8,Il;OBaliHOI'O 
"l8TliO-tteTHOrO fUUJ8 fu 240 cpaBHY.BaKlTCJl c ·ceMeilCTBOM .KpllBWC, 

pacc~Taru1w: corJiacuo: 
nmu [ I * f ]Sln.•i, 

- n,:_a. 9 L ~J\E-.£nA) -l<J. E ... il. p I '"\..- ;)_ ii.. IC,). 
· ( ~ - P(E*) -n! (n-1.) ! (2.n.-1)! ..._.. r 

. ll.•I 

(2I) 

I 

r.ne '11. - 'll1CJIO BO&OY)it,Il;0HHh1X nap HYIOlOHOB (ItBa3littaCTl!:U) l1 
A* = A! = Ccn. d. • Bup8lltem1:e (2I) noJIYtJeHo B paMKax MO,IteJm 
[47], cnm.uo ynp01!$l0Ul8ll B38l™O,Itell~'l'Bl:18 H-yKJIOHOB, HO KOTOJ?M, 
Ka.K llOK83UBaeT OllllT, B ueJJOM. npaBM:&HO nepe.ll,aeT I'JI8BHYJO ttePTY 
Mexaml3Ma ,ltliCKpeTHN'O Y.Sl'/.SHeHWI 'lliCJla B030YlK,ll;6lllilDC K.,a3littac- .· 1 
Tl/!U - H8JUJ:tm6 CTP'YRTYPll K~ CTynenttaTOI'O T:tma, B KOTOpoil nopor, 
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"paspUBa" BTopoil napu E "" ~ E1 + 4A ! .ll,OCTaTOttliO '!STKO 060:a
HB'<leH. 

k13 cpa:aneHllJl C aKcnepIIM811TOM ceMtlHCTBa KP11BHX, B KOTOPOM 
nopor ,I.U3yxKB83U"laCTllttHOI'O B030YJK.ll,8HI!Jl Eu (En.=-0,5 MaB) 381plI
KCllJ)ODaH n nnpauieTpoM JIBJI!!~TCSl A! ( 9 = 3/4~- ar) CJie,-yeT, 
'ITO 11HaMy'lllleii~ eCJW npminTl:> DO Bmn.iamro YM8HI·'.ll8HZ8 A C auep-
rne:il, ill3Jlfl8TCJI KpllBM 3, ll3 KOTOpoil CJie,nyeT fl~ = 0,8 MaB n 
E, = 5. 3 MaB ( Bn. = 6, 5 MaB). 0'!8BlT,Il,HO, 'CITO 3TO BUCOT8 dapi,e-
pa B. Ona COBIIa,naeT c peayJI&TaTaMH' aH8Jil:!3a pearuum p<I.. 239 (d,pf) 
[48). !IonHTKa upm.1euKT:& BMecTo EJ BHCOTY .npyroro rop6a E1A = 

=6,0 ± O,I MaB [48], Krut c.TJ.e,nyeT ll3 RpHBott I, np:ime.IteT R pesKo-

r<: 
~o 

30 

"[ 
10 ~ i " 3 ~ ! o L_LJ 

.,,.'f 1 z! t ✓ r ,,,,,.- ~J 

,, { J// H i_,,,.- " 
/~i:ff'~Jl~~U) 

Jt+~r}f 
/ I 

.i..: ~H•µ~ / .~. 
·2 -1 0 l 2 3 4 s {) £ n. M.,8 

PHc.II. CpaBHeHne ceMeilCTBa KPlmHX i2' (En., ll ) o a1tcnepn&ie11-
T8JThH!iMll ~aHHUMli o K_~ 'AJIIl . R..t_ 240 [ 26]. IlOJIO:iteH~e, ,IU3yxit1383ll
tiaCTlltt!i0I'0 IIOp<.ra E,2.,4 a84'?mtcnp0B8H0 (En.= 0,5 M3B). K8l!t'AO
'MY 3liatI8HIDl il O;n;HOo1lla"lHO COOTB8TC't'BY8T onpe.zteJieRH08 3Ha
't18Hlle BblCOTU 6a.r,.;epa E;.. 

Kpl!BM I - 0,5 !i:3B ___. 5,9 MaB, 2 - 0,65 1.13B -s,6 M3B, 
3 - 0,8 1.13B --5;3 MaD, 4 - 0,9 MaB ---s,o M3B 
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MY paCXOJK.D;eHlm C OIIllTOM 11 CJmlllKOM Hl'IS.i.,OMY SHatieHmo Ai = 
0,45 M3B. 

TBKill.1 oC5pasoM, Mil llOJiytiaeM llpm.X>il apryM£HlT B llOJll>SY MO
.n;eJill C SMllBaHlieM K BO BTOpoti JIMe. B KOTOpoil Ha'IaJIOM OTcqeia 
aHepr1m Bose5y-,K,Jteuxm, onpe.n;eMIO~en 'IIICJIO n WioTnocT:& nepexo.n;
HHX COCTOHHml. .f!BJIJieTCJI C5ap1,ep B HeSaBllCllMO OT SHf~a /:i ,A& • 

Oueima A! corJiacyeTC.fi C llOJiytiBHHOil :03 KPilTll'I8CKOfi SHeprim 
cpasoBoro nepexo,Ita. AliaJiorn'!Iuze oueinw A~ :a E;a , .n;aBl!IBe pa
syMHHe peayJll>T8Tli, C.D;8JlruiH 11 )V[fI )U)yrmc llCCJle.n;OBaBlllllXC.fi n.n;ep. 

3. 3qxpeRTll cnapI'BaHllli Hyp!OHOB 11 OC50JIO'I8tIHlle aqx!JeKTll.B 
8em1MOCTH .smep. IlpoBe.n;eH aHamm COBORYilHOCTlI _rtrurnux: o f':i.lr;. 
B oe5Jl8CTR n.n;ep Th. - Bk n BOSC5YlR,IteHm1, r.ite np:ru.1eHBMO cTa
TllCTR1Iec1toe ollllcaHne [29]. OH noxasBJI, '!TO pasmma .1! lI Ll ! , 
1t0Topan .JtOJDKHa nposm11T:&CH B tieTHo-HetieTIWX pasJll!tIF.JDC r;,_ Ir;. 
COCT8BJ!fieT He C5oJiee 20%. IC Ta.KOMY ,xe BllBO.JtY npHBOW1T 8Ha.Tm3 
HlISR08HepreTllliOCKOI'O yqaCTKa {j / r,.._ 11 Jierxmc R,n;ep B panoue 
CBllHWl (27,28] .. B KOTOpOM .npollBMeTCH CTPYKTYP8, IIO-BH,D;HMOMY, 
CBHSBlWaH C .iincxpeTHOCTI>D npouecca "pacnapHB8Hl!JI11 HYKJIOHOB 
f 47 J. 3Ta Wl'l8P!IPeT8.1UlJI Be.n;eT It nepeCMOTPY onpe.n;eJielll!fi nopo-
roB .n;eJIOHl-lH ( 27]. . 

IloitasaHo, liTO lJO.n;eJll> q,epr.ru-rasa C llOCTOIDIHllM napaMeTpOM 
IIJIOTHOCTB ypoBHeil nenpl!I'O.n;Ha .n;JIJ{ OlllICaHwt aaepreTllqecKOii sa-
Bl1CW4'.>CTH lj I Ci_ [ 27 J. IlapaMeTP a. no.Jt BJIMHHeM a<'fq,eKTOB 
cnapxmruum HYKJIOHOB ll oe5oJioqeqgux: 844)8Kl'OB CyitleCTBeHHo 38Bll

ClJT OT aHepI'llll BOSC5YlR,IteHim [27,28]. Ha pllc.I2 mse,Jtena BOC
CTSHOBJ18HHW1 113 .JtaHIWX o /j I~ B pea.Kwm P!l- (<X, f ) sa
BllCID.IOCT» OT aHeprnn B0~6J.ll(.IteHEJI napruJJeTpoB llJIOTHOCTll ypoBHefi 
B nepexo.n;HO!J COCTO.fillilll .It8Jlfilll8r0C~ MJ)a R,210 .. al ll OCT8l'O-' 
qnoro H.JU)a noCJie ucnyc.KaHM HeiiTpoHa Po209 - a.IL [28]. B nep
BO:.t c.n:yqae xopomo B~es q;asoBH.0 nepexo.Jt JWH :maprlllIX, 6JI11SKHX 
K suaqesmo E:P. noJiytieHHOJAY m a118.7Il!3a ~ .IVIR Po ZIO, Bo BTO
po1,1 - ,t{OCTaTOliHO ClL!IbHa.fl 88BllClll>lOCTil a11 ( U), P83YMHO cor.nacy-
lll!laSICfl c TeopeT11'leCKID-m pac11e-rar.m [ 49 J ii aKcne pnueUTaJII,lillMR • 
naaum.m npn Oo;ree HB3KHX aseprWIX: w..a: coce.n;HI:!X M8P, Kowpue 
c.ne~ H3 JJJlOTHOCTB Heil:TpoHHHX peaOHaHCOB. 
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3Ta .n;euoucTparum noKaaW3aeT, 'ITO aHaJillS fi I r,._ M:>llteT 
ilBllT:&C.fi B8CI,Ma 8qlp8KTUBllllM cpe,D;CTBOl/1 ;It.lilI llCCJie,ll;OBaHll.fi aHepre

Tli'leCKOii 88Bl!CllMOCTl1 IlJIOTHOCTll ypoBHeil:'Mep. 
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3HepreTITT.ecru,.:=r SaBllCID.x>CTI> napruaeTpoB llJIOTHC,.}TB 
ypoaueit Po 2ro B nepexo,IUIOl.! COCTO.fIHllll - a.,. B oc
TaTO'lllOro am>a nocJie ncnycKaBllll HellTpoHa A,

2
0

9
- a.,.:. 

[2a]. E - aHeprllll BOS6y;it.IteHm.t COCTaBHOrO JiIU)8 Po
2r0• .. E = E - E1 - ero aHepI'WI B nepeXO,IUIOM COCTO.fiHi:"!, 

u = E - B:i. - a~KTilllll8.fi aHeprmi BOSC5yli,IJ;Brllm OCT&-

TOllHOrO MPS Po D: • 
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4. 38.Bl1CllMOCT!, nana.MeTpa .d O OT .n;ecpopraagmi: wa. AHamm 
o6umpHoro KPyra axcnepm,•11mTaJll,HllX .ItaHHUX .ItaJI corJiauYJOumecg pe-

1-
3YJrbTaTH O napaMeTpe t:,.,, , KOTOplie CB~STSJI!,CTBYJOT, '1:TO C TO'IJ:-
HOCT:010 20% .ci: <:: 6! , ll TeM C8ME.M OTBepra:iClT rimoTesy 06 8HO

M'8..T.u,HO oom,moU aHepreTnti:ecKo11 mem1 B nepexO.ItHOM cocTO!iHID! [ 44-
46]. B pa6oTax [45,46] 8H0Ma.r.Y.FI ,1~ (Y Po 210 ..1:/A:~ 2,5 [46]) 
CBJI8UB8JI8.CI, C y:ae.irn:-qemteM llOBepxnOCTll !i,Itpa [ 50]. lIOil'.a38HO, 'tl:TO 

aTo coo6p8.lltem:re ItO.lll!.liecTBelillo He npoxo,i:t:u:T. IlocJie.ItHl:le pesyJIJ:,Ta
TN llCCJie,ItOBaHrul 8.BTOPOB [48,5I], Bl:l,!tBliHYl3W:llX r1:1n0Tesy 9.HOMS.Jll,

HO oomimoH auepreTll'IJ:SCKOil n:eJIH, W~SHO pacneHI!BaTI, Kax 0'1'Ka3 OT 

Hee, ~"TO CTaBHT TO"llty B MHOrOJI6THett ,ItliCKYCCllll no STOMy Borrpocy 
{I2,25-29]. . 

5. Mow.eHTli llliepglili ce,gJIOBh!X TOti:eK. PesyJrbT8.'1'li 8KCIIePll- . 
MeH'J:'aJil,HH:X liCCJIS,ItO.DaHIDI 38.BllCHMOCTll a®ieKT11BHOI'O M0MeHT8. D.HeP-

0 R · 
Uill! J3 'I' OT Z!/A ,n;e.nmrierOC!i !i,ItPa rrp:u 3H8.'lliT6Jll,1_;WC B036~emi:-

ror [ 53J COOTB6TCTBYJOT npe.n;CK8.3aIIm) Ml[!{ [54]. Js<P'P ,ItOCT8TOlll!O 
cmn.no 38.BllCll'l' OT .Iteqx>pM8l.Uill !:l:,ItPa, a .o;eqxipMaIUm 3KCTP6MaJI:&IWX 

T0
1
Je1t B MO,It6J!ll .n;Byropooro 6ap1,ena ll /&KK OT.lllI'CiaIOTC!i CYlll6CTBeH

HO ll IIO-Pa:3IIOMY 38.BllCJIT OT Z. I1 A • EcTeCTBeH.HO BOSmIKaeT BO
npoc - tJ:'l'O aTO B03p8l!teHR6 MO,ll;6.1lli .n;Byiopoo ... o da.p1>epa HJm B6Jnf

'IlUia J.! xapaxTep 38BllCUMOCT.J: fs,,,,.oT HYKJ!OHHoro COCTaBa Ilpll Il:03-
ru-ix: D036yx,n;eHl!ID' .u;eJIJIIqerocH JI,IWa mme, tJeM npu Bucox:wc? 

Ha puc.I3 38.BliCRMOC'l'I, ( ,'1:,,-r, H~SHHM Il3 l:!3B6CTHOit co
BORy:nHOCTH ~8.HH.WC o ~ l1,1I1i :E1i: 4 MaB, CPaBHIIB8.6TC!i, c :pesyJIF,Ta
TBl,W pactJeTOB l1,1I1i rop60B A ll_B [52] u Ce,nJIOBOit TO'CiKR B liDlU{ [54]. 
Pac-qeT llp0l:!3BO,ll;MC!i llO.(j>opMyJie: 

• 0 

" r:-a£ Efc • 2 ,,.. cli/ l k_ 
~(ti ) = 7? K0 (tiip) = 0,7I5•t; lj/1o • "Ii.'.,!, (22) 

4' . . . 

lCOTOpBJJ: 1e,ItIIOJiaraeT JIRHelliilill: XO.It K~ IrpH_ Ef!t !::. ~p n HeaB.Bncn-
1'.~CT.& Ll.. OT 2 ll / • /4WI BbltmCJieHM pjf- llCllOJII,30B8Jll1CI, :rna
t{S!mst E;e, , l13B6CTHJ16 I13 JmTepa.Ty:pl:l ll ·11arunx .Itru!HWC, 

llil puc.I3 CJie,ItyeT, '1:TO a<.@eKT.11B.Eill6 MOMeHTl:l IDieplUill np:u: 

Hll3Kltx: aueprnmc JIOJitaTC!i B6~li. ~TlipHO.tl: JW.Hllll ic.,11;,., ::I,55 
~ 6ap:i,epa B. 3To sna'iemre ifc.,,IJ~<P" 6wro rrprumTo Ha.Mll He sa:a:u:
CRIIUD,I OT l. :u: A Ha OCl!O.B8H.llll peayJibT8.TOB pactJeTOB n [52 ]. 

}ctf, 
7;,<P 

2.0 

1.0 . 

D 34 

Pnc.13. 
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35 36 37 z,¼ 
0 

06pa'l'!llltt a@leitTllBHHil MOM8HT IDiepmraJan (B 8l'.ilHlIU8.X 

MO.tM8HT8.X RHepUIW paBHOBeJWKOtt cwepll.}ry,) Ka.It g)ynKJ.Um 
2. '/A • 0 - tieTH0-'1:8THRe ,11;8JI!illtli8CSI sm:pa, D - 11eqeT
HR8 A , t,, - aeqeTHO-H8"3'.8TH!i8 Jt.IU)a. CllJIOWHM. K!)llBM.

MO,ll;8JI& llt!W<Oil KaIIJm [54], xry:utTHP - MO,ll;OJIL ,JtByrop6oro 

dap:i,epa [52]. 

TrutHM odpaaoM, Bli,Il;llMOe pacxo~emre [531 c Mo.u;eJI&ll p;syrop6o~ 

6ap1,epa ycTpaH!ie'l'C!i. PaaHWi xapSKTep 38,BllCliM<.,CTli if.,,,,PT ;_ 7A 
rrpn Hll3KllX ll BliCOKllX B036yJK,IteHWIX,CKOpee ncero>06'LJICH.fi8TCJl 

OCJia6JieHll6M o60JI.O'Cie1ll!lilC a@leKTOB C pOCTOM aHepr:rm:. 

l1T8K, li ll3 peayJII,T8.TOB 8.Ii8.Jlll3B J~q,(.IteqiopM.81Ulli sm:pa). 
11 na auepreTII'tieCKl:IX coo6pSEeHmt (1IYHKT 2, rJI.IY) w wxeu 

BaKJllltnlTI,, qTO OTBeTCTB8HHOI 38. pe8.Jlll3yioumilca Y aRTmuutOB 

CII8KTP K !iBM8TCSl liTOpruJ. Ce,ItJIOBM TO'liKS. 



- 42 ·- .-:-'-

llOCKOJll,KY qacTHlie BliBO,IUJ 6UJlll c.n;eJiaHU Ha.Ml! Bllllle IIPll 

RSJIO.lltemm Hfil16onee B8lltHWC paa.n;eJioB pa6oTu, w cyw.mpyeM me 
B ,IU3a 6oJiee o6mux: saKJI10qeaW1. 

I. Mo.n;eJll, ,IU3yrop6oro 6apbepa .n;eJieHM oqeah llJio.n;oTBopua 

,IVllI o6~JICH6lllill MHOrnx: 38KOHOM8PllOCTeil: OKOJIOnoporo:aoro .lt6Jl8HM, 

8HOMBJII,Hla: C TOtmli speHM IIPeJJtHnx: npe.itCT8l3JI6Hm!:, 11 B .ltaHHOtt 

pa6oTe, B CBOD oqepe.IU,, llOJiy,IaeT PJI.lt BeCKHX: aprYM9HTOB .rvm ee 
8XCll8pm.!eHT8Jll>HOrO 060CHOBaHWi. 

2. PeaIOUI/1 .n;eJieHWi .IIBJISieTca :aec:E.Ma aqxileKTll.BHliM cpe.n;cT
BOM .IVlli ll3y,IeHHJI CBOiiCTB B036y>Jl,IteHHHX H,D;ep C 60Jll,llllIM11, He 

BCTpeqruomm,mCJI B npnpoJte ,Iteqx>pMal.U1f™ll. HeKOTOplle 113 STlIX 
CBOttCTB - !p830Bmi nepexo.tt 113 CBepxTeKyqero COCTOHH:ml B HOp

MaJII,HOe, s<WexTH ,JtliCKpeTaoro RSueaeHWi q:ac:Jia Bos6y>J1,IteHHHX 
.KB83111laCTllU, aaepreTzqecxaJI 38.BllClWOCTb napru.reTpa WlOTHOCTll 

ypoBHe.!tl ll .JU>•. - DP8JtC'.1'8BJIID)T 3Ha1lRT8Jll>lllle TPYJUIOCTll .IVlli HC

bJieJtOBamm C JI.ltP&m pamIOB8CHOit qic>pM!l. 

0CHOB!lll8 peayJll,TSTH .Itll~C8PT81.Ull1 ony6JlllKOB8Hll B pa6oTax: 

(12-30,36,40] H 6.wm IIP8.ItCT8BJl8Hli B JtOKJia.ztax: Ha MeJK,nyaapoJt
HOM KO_urpecce no cp1I3mce H,D;pa (Ilaps, 1964), Mel!i,ltYHapo,ItHmc cBM

noany?,4BX no qllmmce ia: xm.mn JteJieHM (8am,noypr,I965) ll (BeHa, 
1969). . 
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