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• B pa3BHTHe COBpeMeHH!iX npe,li;CTaBJI9HHI 0 CTpOeHHH Sl,ll;pa H 
·.· xBaaroBHX · xapaxrepxc1:Hxax, a.ixalix ·. ypoBHel ·• ~oJILmolt. BMa.i BHOCSlr 

xccne.itoBaarut roH:xol crpyxrypl:l d.' -Hsny~eHHSl . rneJiillc H,ll;ep. 3:ro 
CBHsaao, npex,ll;e Bcero, c .rew, .tlro a.HaJIHs cl( • -cneB:rpoB .li;aeT' 

·. aenocpexcrBeHHyn HH<f>opuaiul~ 0 .. noJioieHHH' ~os'6yj:,JteHHflx coo TOSl.:. 
HHI, II03BOnSlSl O,ltH03Haqaoyc!aHaBJIHBaTL cxew ypoBHel .itOttepHHX 
Sl,ltep (B HHTepBane':v I :M3B .B6JIHSH OCHOBliOrO.COCTOHliHSl)~· Kpoife 
Taro, TeopeTHtlecoe Ope,ltCTaBJieHHSl, pa3BHTUe Ha oCHOBe, :06,o(5mea- . 

·HOlt. IIO,lte.JIH,.o6t.xcHSlllT HaCsJID,ltaewe smqeHHSl,OTHOCRTeJILHHXHH-
TeHCHBHOCTeti HeXOTOpl:lX rpynn TOHXOI!:, c'T'pyx:rypl:l 'Ot_ .:.Hszy~eHrut 
(xax "6naronpHSlTHsx" nepeioioB, ·• rax·. H pi.Jta' nepexoJJ;oB; ·He. oTHo
CSlJitHXCSl x "6naronpHSlTHI:lu"), qro. B CBOD oqepe.Jti, HrpaeT· ila~HYD 
poJIL B HHrepnpeTaUHH BpaDtaTeJILHI:lX· nonoo .B 'aeqerHI:lX ,ltecpap:MHpo
BaHHI:lX SlJJ;pax 14 B onpe,lteJieHHH napaueTpOB _ie$opMaUHR (XBa,ltpy- .. 
noJILHol!:, 24-no~LHOI!:HT.,Jt.) x.ns TeXH,ltep,y'xoTOpl:lXHSMepeHHe 

' . . .. , ' .. ' 

3THX BeJIH'lHH ,ltpyrHIIH MeTO,ltaMH · H~BO.S:MO:IHO B. HaCTOSlll!ee Bpe)(S[ 
Hs-sa 3xcnepl'lll:earani.al:lx rpy,Jtaoc'rel!:· •. BllecTe~c .Te:u onl:lTHI:le ,JtaH

> Hl:le' 06 HHTeHCHBHOCTliX He6naronpWlTHI:lX nepeXO,ltOB :uory!. 61:lTL .. 
. · HCIIOJILSOBaHI:l .ltM. ,lteTaJILHOI!: i£poBepxH .· arrinl>c OHOBCXHX BO.nHOBI:lX.' 
.«f>yHXUHI!:. }{eCnapeHH~ HY}t~OHO~.~ . · . .. '· . . 

§ I. Mero~a axcnepz:ueara . . 
HCCJI9,ltOBaHHe TOHXOI CTpYXTypl:l oL .;.H3JIYtleHRSl pH,lta HSO- . 

TOIIOB' IlpOBO,ltHJIOCL Ha 6onmo:u uarHHTHOII. ·~ -cnexTporpaipe (I-~ 
,,.. ~ 

_'),', 
. 3 



naeiopaTopzK H~epHoti cnexTpocxonHH.RA3 HM.H.B.KypqaTona. Yxa
saaautt c<.. -cnexTporpaq, HBnlleTcll B HacToSllllee npeWI nyqmo cpe
~z npzeiopon no~oeiaoro THna. no cneToczne (npozsne~eHze nno
uia.Jtz HCTO'l!H:mta Ha TeneCH!ilti yron) OH 3Ha'l!HTenLHO npeBOCXO,Jtl'IT 
nee cymecTBYDmKe uarHHTHiile cnexTporpaq,u, B TO npeus _xax nony
qeHHoe B sasope uarazTa pacnpe~eneHHe nona,. c 'nycoxon cTeneHLD 
TO'l!HOCTR conna~aDmee c sa.J(aHHw,.,.oeiecneqznaeT nosuo:a:HocTL ~o
CTHXeHHll BeCL:Ma BYCOXOlt paspemaDmeti CllOCOCiHOCTH: ~%- 6.I0-4 
npH TeneCHOM yr1te T ~ 5.Io-4 · OT 4 'JI J4 ~E/t; - l.I0-3 

npH 
tr ~ 8.I0-4 OT 4 7/ . • 3HepreTH'l!eCKHlt ~HanasoH O~HOBpe:MeHHO 

perzcTpzpyeuYx oL ~qacTHU cocTannseT ~ ICY.', npz-Qeu ymH-
peHHe cnexTpanLHiiiX JmHHlt Ha xpasx q,oxanLHoti nonepxaocTH no 
cpaBHeHHDC:JIHHHeti ~dJIH3H UeHTpanLHOlt opeiHTY He ripenumaeT 
25+30%~ )tHcnepCHll npHCiopa inn 'ex' -tiaCTHU 6. 3HeprHelt Eo(- 4500 
K3B ( lj 235) paBHa - I K3B/w: TO'l!HOCTL 'B onpe~eJieHHH :mep-
rHlt oT~enLHYX eX. -rpymi, pacno'noxeHHiiiX nein>tSH penepHiiiX· JIH-

. HHti,' He xyxe' .',.v \I K3B ~ 'B TO ie npeus' .inH ' o(~ ~rpynn, ·~OCTaTO'IJ
HO y,ll;a~eHHiiiX 0-T JIHHHti, BlleipaHHYX; B ~xat:~eCTBe. 3HepreTHtJeCXoro 

· cTaH.ll;apTa, norpeinaoo'TL n · onpe,ll;eneHHH 3HeprzH HecxonLxo nospac
TaeT· (,ll;o 2+4- isn),· 'liTO cJ3asaHo B ocHonuou'c Heoeixo,lim.locTLD .. 
3Hepre±zqecxoro "cmHnaa•m" pasJIHtJHYX yqacTitim cL -cneiTpa.Pe
rHcTpauzii o<.. -'llaCTHU'B ·cnexTporpa!fle oc.:Yiieci'nnaeTca !f>oT·onna:.. 
CTHHKa.MH ·c ll,JJ;epHolt 3MYJILCHen (THD A2, .TOJIIJlHHa 3uyJI:bCHOHHOrO 
CJIOll .::. 50 j ) . : 06cqe:r' nnac THHOK npoBO,Jtl'ITCSt DO,ll; J.GixpoCKODOJ4' 
TI.ma. Mlili-2 qepes 0,5 w~~, 
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B XO,ll;e nunonHeHHli HtlCTo.amett· 'paeiOTH 6imo npe~npHHllTO yeo.,. 
nepmeacTnonaHHe ueTo.ll;intn, · nosBonznui'ee c}mecTBeRHo (Cio.ilee,qeu 
B IOO pas) CHH?HTL !floH' JRC,qe~HHYX B xauepe cneKTporpaqa ol..· -'l!a-
CTHU H ~OBeCTH ero ~0 lle.nH'l!HHY' (4+5).IO-T . ol./10 K3B. llpH 
noM saaqen~wl-f <poHa oxasanocl, J3o3!ioxHlril perHcTpzpon~:i.TL :61. ~rpyn
nu C OTiioCHTeJILHoti· RHTeHCiriBHOCTLDf c,ooTBe:cTBYDmeti napwianL':' 
aouy nepHo.li;Y T'h napn. = 2.10 9 neT; ,Itna·zsoTonon·c nepHo-
~ou nonypacna,I~;a ' 7!;

2 
:i> 5000 neT. llplriMeHeaze B xaqecTBe no.ll;-

noxex KCTO'l!HHKOI? TOHKHX OKCH,li;HYX. nneHOK, ( . f/(2 03 , T011mKHOn 
~ 0, 05 jl ) DOSBO.nH.nO CHH_SHTL BepOllTHOC TL llOHBJieHHll "nOJ:HllX" 

rpynn . oL -'l!aCTHU, oeillSaHHIJIX ,li;H!fl4>YSHR .pa,li;HQaKTHBHOrO BemecT
Ba B MaTepzan UO,li;JIOXKH. 

··: 

Kpoue sToro, 6uno npo,ll;o1!XeHo ifc~ne.ll;oBaHHe ifoaao-onTzqecxl-fx 
CBOtiCTB cneKTporpaqa. B pesy.nLTaTe_CiliiJIH B!l6paH!l OUTHMa1lLHUe 

· ycnonzs, npH xoTopux y~anocb ,li;OCTH'l!L paspemaDme~·cnocodaocTH 
· · Af-1£ ~ 2 ~ro-4 npz oTHoczTeni.ao csoJiiniHx ::nmqeRHHx Te.necHoro 
yrna ( T ~ Io-4 OT. 4 7f ) H :3(M>eKTHBHOt1 llJIOIIIa,ll;lri HCTO'l!HHKa 
(. S 3~ "' 0,2 cu2). Yxa3aHHo_e BYme sRa'l!eHHe. 11 %: oTn'etJaeT 

·. Haznyqme~ ,li;OCTHrHyToti ~o cHx nop paspemaDmeR cnocoeiHocTH. 
· Bee HCTO'l!HHKH ,ll;nll ot. -cneKTpocxonHqec:iHX :eccneionaH'ifn 

• ' .,., < • • " ~ ' ' • 

UpHrOTOBJill1lHCb U6TO~OM BOSrOHKH BemeCTBano~ BaKyyYOU npH BY-
COKOR Te'unepaType~ Jtn.a 3ToH neim npiDleH.sinacL cneuHanT>HO CKOH
CTpyHpOBaHHM HCnapHTeJILHaH YCTaHOBKa, K03qxpHUHeHT· no.ne'saoro · 
~etiCTBM KOTOpOti npH YC110BHH HaH·nyqmen reo:MeTpHH ,ll;oCTHran ~ 30%. 
MaKCHManT>HUe 34>!fleKTHBHYe pasuepu HCTO'l!HHKOB COCTaBJI.IiJIH B HamHX 
, onYTax. ;.... 3Xr00 ~. . 

§ 2 ~ ~lriSH'46CKHe. HCCJie,li;OBaHHH . 

.... _ i oCHOBHW .. CO,ll;ep~HH~M !f>IriSH'l!eCKHX iccne,li;OBa~Hti. mmnocr, IriS~
;: 'lleHHe TOHKolt CT~tx7ypu ~ ~oc -:pacna,ll;a zsoTonon. /)a 231, Np 2 7, 

Pu 239, f1m 2 'H .f1m 243.;B pesyJILTaTe.n cnex:rpax zsnyqe~ 
HHH 3THX HSOTODOB Y,li;MOCL 06Hapy:UTb B oeimeti CJIOlltHOCTH 96 rpynn 
·:' OL -'l!aCTHU, npzqeJ.i'cymecTBOBaHiie n.a'!z~ec.aTR d ,...rpynn ycTa
HonneHo nnepliue. Jtn.a irl'snecTRux paiiee ot.. -rpym] YTO'l!HeHu· saa-
qEJHHll sHepr:el~ H OTHoo:e'unl>HYX HHTeacm!IIocTelrt •. llonytJeHHiile. 3xcne-

•• • ' • • • ' ) ' -~ •• < ' 

pHMeHTa.nLHYe ~aHHYe llOSB0111rinH He TOJILKO, cymecTBeHHo·.~onOJIHHTb 
cxeuu 3HepreTHqecKHX ypoBHelrt ,li;OtiepHHX ll,ll;ep (ncero B JtOtJepHHX 
ll~}RX,OCiHapyxeHO.Bnepn~e 42 B036yx,ll;eHHUx.COCTOllHHll),·Ho znpo
BeCTH HHTepnpeTaUHD C!onLmHHCTBa ypoBHelt Ha OCHOBe o6oeimeHHOti 
,yo~enz •. npz HHTepnpeTauzia: B03Ciyx,IteHHYX cocToHHHtt npHRHuanzcr, 
Tme l3o BHHWHMe. HssecTH!le ·cne,ll;eHHll o· · k' · ~nepexo~ax.uex,li;Y 
ypOBHlli.lH. · , . . . ; ·· . . , ' ; • . . , 

. B nsTH zsyqeHHUX H.ll;pax ycTaHonneHo cymecTBonaRze, · no ' . ' ·. . ' . ~ . . ·~ ,. .. ' . ' . . \. 

xpattHeti uepe, ~Ba.li;UaTH poTanHoHHHX nonoc; ~ecaTL HS HKX H,ll;eH-
TH!f>HuHponaHu nnepnue. llpH sTou noxasaHo~ 'liTO npe,ll;nonaraeUYe 
SHaqeHHll KBaHTOBYX xapaxTepHCTHK ypoBHeti ,li;OCTaTO'l!HO Xopomo CO
r.nacyDTCll C COBpeueHHUUH npe,li;CTaB1leHHH:t.llri 0 3aKOHOUepHOCTHX 
·oL -pacna,ll;a THXe1IYX ,ll;e!f>opMHponaHHYX s~ep. 
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a)· Pa 231~ flc227 

B Ta6JrHite. r· cy:wmpoBaHH 3B:C.nepHlleHTaJI:&HHe. ,ltaHHI:le no. TOHB:Oit 
cTpyB:Type o( , -H3JIYtieJmfi · Pa ~31 • llpKBo.Jtnca 3aatJeHWl saeprKI 

. . (K3B) H . OTHOCHTeJIEoHmt HHTeHCHBHOC Tel (~) OT.l!;e.n:&HHX rpynn. o!.. -qa
CTHit, .JtallTCli Bl:ll:!Hcneame 3Ha.qeHHH xos!MJHnzeHTOB 3anpeTaH 3Hep
rHH ypoBHeJt .JtotlepHero H.Jtpa~ B KatJecne sHepreTHtJecxoro sTanoaa 
HcnoJih30BaHa d._· -rpynna ( Eoe. ··~ ~938,0 K3B), 3Hepna KOTopolt 
H3BeOTHa H3 H3MepeHHit sa cneKTporp~e C nOCTOHHHI:lU uarHHTHI:lU 

• • • • • • •• ,. > • " * ~ . . . ' 

noneu. 
TaCIJIHita I· · 

. ToHKM CTpyKTypa o( -H3JiyqeHHH ·Pa 231 x) 

<X-rpyri~ 3Hep-
nH lrHH 

ol. -lla 
CTHit, 
K3B 

HHTeH
CHB
HOCTL, 
• % ···. 

... 
'.HHTBH 

CHB
. HOCTL

1 ., 

,. 

cLo · s04s r·r,o ~, 200 · o. · cL7 4839 · I;4 75 ' 
··· dx 50I8 ~2,5 656 ~· 2'7,4. · d. 8 ·4782 ... 4.Io-2 'Iooo~ 268 

d, ·'· 50I6 -' 2o 10 , 29,4; ··. a 9 4724 ·· 8,4 · • 2 ; 327 
· · ·c(z ?..:son - - :34? d.;o 4700 · 'r:.:· · : I2 352 

eX£· 4999 25,4 · 45 46 .. · a,/ 4668 :. 1,5 .. s .. 384 
d.·, .. 4972 !·4 soo · 73·· · ··d. · 463o· ·~o I '· ·· · 40 · 4. 22 

:5 ' ,12 ' ' 

ol.4 4962 · 0,4: I600 · :84 • d,J46I9 .:-o,I · 30 .. 434 
· d.

5 
4938. 22,8 · · 2o•< l:o7 ··. ·· Or..,4' 4586 I~s.ro-2 I2o. · 467 

. . ' . . .. . . . .. .. . ..... ' 3 .· 
o(
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492I . 3,0 · I20 . I27 ' · <X,5 4553 8.IO""c · I20 , 501 

ot.y · 4887 2.Io-3 -ro5 ·-I6o · d.;6 4495 3.Io-3 I40 · . 560 

x) rpynnl:l · · · ol4 , 01.8 ·-~·· ~;2~.()(16., o!.x ~ .• ex~ oCII!apy:a:e~ Bne~BI:le 
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.. ·. B ·cxeue. 3H~preTHttec.KHX ypoBHett fie. 227 Hi:nrCionee qeTKo 
uouo . Bl:l.lteJI~T:&. Bp

1
amaTe1ILHYID nonocy_ I/2 .~ ... [530], , .d..·~. pacna.Jt 

Ha KOTOPYID OTHOCi1lTCsi ·K .Tnny CIJiaronpiiRTHUX. lJJieHa¥H 3TOli nQJIOCI:l 
•. R. BJIHIDTCH.ypoBHH C 3HeprHSIMH B030YJK,JteHHJI: 326; 352, 385· H 434 

K3B .:•3KCn.epiilllettTaJILHO Hatl,JteHHlle. OTHOIDSHH~ n.pH~e,,JteHHuX .HHTeH- . 
cHBHoc-ie( .d -nepexo.~toB .ua neP.~qHcneHH~e ypo~~H ~~rP.acynreSI . 

.· ~ .c :oneHKo~ no ;¢op..i:yJie Eopa-.<PpeuaHa-M~neJILcoHa .[ 4 f -.JtJIH oTHome-
. Hlfll HiiT.eHCHBHOC Tell; ClnaronpHS!THoro. nepeXo,Jta'Ha . ypoBHR C noc~e-

• . . ··. ' 1.. .. ! . . • • . . . .. · 
.~tomiTex:bllocT:&J>' cnP!iioB 3/2,· I/2, ;7/2, · 5/2. ('!oOpanieHHI:le • ,~tyOneTu"). 
·3KcnepHMeliTaJI:&HI:le· oTHomeHHa npRBe.~teHH!lX .HHTeHcv.Biiocxelt c'ocTaB-

. Jilli>T .. IOO:I7 i·I:44,· 8:6-~8,- a, TeopeTR'Il~CKHe IOO:i7, .2:44; '4·:7,4. 
llpRIUt:me _inw pa~tieTOB 3HalleHRH ios¢¢IiuReH,TOB(,C!; ( c.z'=r',o R 
' c4 = O,I) ·noJIY'Il.eHI:l nyTeM .. OlleR. OK no coceiiJR:M •tJeTHo-tieTHllM ' 

. . ' ·.• 230. . .· 232 ... ··. 230 . 232 . ' . .. ·. '' 
s.,~tpa.M (Th ·. ,:·Th. ,.,·. Lfl;.;;·, ·U ·.,.).He ~c~_JimeHo;qTo 
cJie.UIDDtiDL 'llJiimoM; non ·:s:e . nonocu- HBJISieTca ypoBeHL . c . sHeprHelt 

E yp =. soi' x3B. (I = II/.2) ~ ; .- . .· · :. , · · . · . ·. • :· ·· ; .· .. 
~. HaRdoneii. B'epoSITHOtt 'HRJiiCOHOBCKOlt. opi511TOit' KOTOPYD 'c.Jie,JtYeT 

. npHnRcan OCHOBiioMy ;cociostHHil '; flc:27 ' JIBHste;Cl'I,.opCIHTa '·' 
: ,,.3/2 ·+ .[ 65I ] .. :~ K.ilpamaTe~bHott :Z!OJ!oce ocHoiHoro ··coc.ToSI~HSI Ml:l 

. oTHeCJI:H.Tax:a:e ypoBIJiri 34 ·xsB'(I = 5/2) :H 84 K3B. (7/2) •. cne,JtYeT 
3auetRT:&, . 'liTO Hall. ue. Y.Jt~oc L ~eTK~. Bll.~teirzT:& ... d..·. -nepexo~ aa 
ypoBell:r, 34 K3B; .z li~::orpaH:HtHiJIHc:&.JIHI!IL. y~a3aHHeu Ha·.ao3Molnloe 

'·CYI!leCTBoBa!pie cooTBeTCTBYIDI!lelt o(. "":'rpynm.r .( oLz? ) • O,~tHa~o 
HeOCIXO,lHJLOCTL COXpaHeH:Hli ClanaHca: :HHTeHCHBHQCTelt, .a TaKJKe , 
HaJIHtJHe ·CH.JI:&Horo r "':'nepexo,Jta c E''¥ = .34 K3B n~~peCioBaJIH 
BBe,JteH:Hli B03~y:m:,~teHHOro: COCTOHHHSl ·C.· Tax.Ott 3H,el>rHelt B. npe,~tna-

. raeMyll ·cxeJiy YPOBHelt •. · · . . . . . . • . 
. . . ... Elite O.ltHY BpamaTeJI:&HyD noJIOCY C 'xap~TepUCTRK~·. 3f2, ":' (532) 
. oCipa3yDT; no-BH,JtHMOMY 1 :YPOBHl'I.C·.3H.ep~HHMH;27,4 H 73.K~B •. ~ .. 

·.· :. Cpe,nH -ypoBHel.t noJio:mTeJI:&Holt qeTHOCTR. 29 ,4; 46 11 I07 K3B 
~ : • • ' < • J . ' • ' .... • •• ,·_ ' , - . - < 

He.HaCIJID,JtaeTCH.HHB:aKOI! poTaitHOHHOttCTpyKTypu.CKopee BCero,3TO 
CBH3aHO c'B3aHMO.tteltCT~He:u noxoc~ KOT~poe He.TO]JLKOHapymaeT 
·. · ' . · ,' ' ·~ ' -' ,' · . r ' ·~ ·. ' • \_ · • • 

.. npaBHJIO RHTepBaJIOB, HO "H HCKaJ:aeT · pacnpe,~te1IeHRe HHTeHCRBHO-
CTelt; ot. -nepexo.noB,::H~cenHJ:>DiHx yp~nHH o.JtHon ~- Ton JB:e nonocu. 

• • . • • . - ' ¢' • • - " ·~' "1" . .. 
·' . > . ' ~ 

'' 

" ' ~ ' ' ~ f 
;,, ' ': ~- -· -... 

.. ? 
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d)- 237~. • ·x 2.3·3 -Np · · r--a · 
HH3Ka:a y.ttenLHM aKTHBHOCTL .• f./p237 uax~rae:r. qpe3J3~qalt~o 

xecTKHe :rpe6osau:Hs( Ha t~Hc:roTy npHroToBJieHHLIX HCTotJHHKOB. B. 
CBH3K c· 3THll:CiHJIO 'y.tteJieHO CiOJILmoe .BHHMaHHeTIII8.TeJILHOH XHUH-. 
qecitoH OtiHCTKe- npemipaTa ;OT noc:ropOHHHXPaJtHOaKTHBH!lX npoe
ceH~ Kpma:e :roro,- pacTBop,: H3 Ko~oporo 'npRroTOBJISIJIHC:& :HcTot~
HHKH, 6Liil npoltOHTponi.ipoBaH c nouoii!LD.· d.. -cneit:rpoJleTp:HqecKoH 
annapaTypil ua· Bosl.loxuoe co.Jiep:EakHe' .ttpyrHx .Ot... . .;.axTHBHllX H3o
Tonc>B~ Hau ue ·y~axocb''o6HapyiH:rL. B ·npenapaTe nen:ryHHa xaxHx
miao npKMeceH, aKTHBHClCTD KOTOpinC npeBctmaJia 'CiH 0,1% OT ·noJIHOH 

aKTHBHOCTK ''Nj/3}:~: . . . . • ~· . _: ·• . . . · :' · , 
B HainHX OlliUaX 3qxpeKTHBHM fi}JOD!aJtL HCTOtiHHKa COCTaBJISIJia 

1+3 cM:2 npH 'nJIOTHOcTH aKTHBHoro CJioa' ~ '5 M!(r/~M2 • ·MHHHMa}J:&HaJI 
annapa:rypHM noxyinHpKHa JIHHHH' Ciuxa' paBHa 4 ,'4 'K3B .-;B xaqec_TBe .. 
'3Jiepre-l:~tlecR:ora· c:i:ali~apTa HcnoJIL3C.Ban.a.ci> uaHCioxee HHTeHcHBHM 

,.oL ~rpynna ;yp23 _·c 3HeprHen£«=·~?87;0-K3B. ~~cnepH..; 
~eHTaJI:&~e .JtaHHcte no .T9~oH CTWKType o{_ -H3Jiy:qeHH.Il Np 237 

'npeJ(CTaBJieHH B ·TaCiJIH~e'-2: ·• . · · . -.~: c; 

, 'Krut 'BMJtHO M3 ':i:adJtHJ:Vl~ :pa3HH~a 3HeprHH ·ueKOTOpLIX·: .; ':· · ... 
·' ex:·~rpynn· Iie:ripeBWriae:r·3..:.5 K3ii.'J1os:roMY- saxJIDt~enlie oei~Hx : 
·cymecTBoBaHHH .ttexaiiac'i: •. JIHm~ ua ocHoBe auaJIH3a ¢opYil -.z .noJIJ'm:a
pHHhl cneKTpaJILH!l£':iiHHHit;; OqeBHJ(Ho;·· tiTO TQqHoCTL:'onpeJ(eJieHHSt 

'sneptHH:no,ItoCiilux rpynn\ oL .;;;qacTHil• ue BHCoxarH,·cocTaBJISieT 
· JIHmL 3+4 x3:B~ .·. c -·neeiox:&mott To'mocTl.D·. ( ~•··20+25%) .· onpe.ttexenll · 

TaKXe H OTHOCHTeJI:&HI:le HHTeHCHBHOCTH 3THx::ol,:,.:.rpynn. Ji!C~JIDqe
HHe COCTaBJI.IllOT .~pynnhl :a6 H''d?' ;~ JtJI.Il KOTOpllX•oKa3~JIOC:& B03-

. _J.roxHHM npoa.ecTH"~ocTa:i:~t~ilo c,:i:poroe rpa~Hqecxoe pa3JIOlf:~HMe'.• · 
B cxeue sHepreTHqecxHx ypoBHeti Pa 83 'JloXHo BHJteJIHTD TpH 

ilpauta:i:ex:r.ucte· noJiooii:•c ixBali:i:oln.ri.i:I.f;xapakTepHcTiutaUH 112~· [.53o] , 
5/2'~'[642);H:3/2:+ [65!].~'-·.-: _': '. 

· Bo :BpamaTeJibHoH.noxoce I/2 .::··[530] , cBa3aHHott c ocnoB-
. Hllll COCTOSI.RHeu llJ(pa Pa233; 'ocyineci:Bnae:i:ca:HHBepcHa ypoliiteli~' 

DpHBOJtSllllaJI K DOffBJieHH!O "oCipaD!eHHI:lX J(yCiJieTOB" C DOCJieJ(OBaTeJII>
HOCTI>~ CDHHOB 3/2, 1/2, 7/2, 5/2 H T.~. ~JieHaMH 3TOli DOJIOC!l 
llBJI.IlDTCll ypOBHH C 3HeprHSIUH: 0,3+4,57,71 K3B H,B03MOXRO; 168 

\ (I = !I/2) H 182(9/2) K3B. 
8 
I· 

j 
I 
l 

1 

i ~ 

I 
I 

" :rl r 
\j 
~ 

'f 

., · • · · TaCixHua 2 

ToHKM cTpyx~y~. · ·;x_ · -H3xYqeuH.R. Np237 x) ' 

<X-rpyn-,3Hep.:. . HHieu-
na · rH.Il CHB-·· 

oL-qa Hoc±:&,. 
CTHU,· % 

.3Hep- HHTeH 
rHll CHB
,d.-qa HOCT:&, 
. CTHU, . %.· . 

Ko- 3Hep
s4>4>. rHa 
3a-. ypoB
npe- · ua, 

K3B K3B' Ta K3B 

oLo 4B72 0,4 · .. '·2ooo -v· o · ;-:d.;a· .4G93 . 0,3 : 250 182 
'· ·• ... -.• 

:•0( "4663 d., 4869 :o,9 ·· ' 1000 -3•4 1,6 ·. . 20 . 213 
: II 

d2 4862 •. 0,2 ··. 3500 ·~II • • C(,2 4658 . ' 0,6 . 55 217 
,oC3 .. 4816 ,' ,1,5 300 57 a,, 4638 4,6 5 238 

d.." 4802 1~6 200.: ·71' d~· 459~ . 6~06' 200 279 
' o( • 4787"'51 4 .... ~.: 5 86· . 'ct,$·4594 .~·-0,08 . 150 283 

5' < ' I . 
:·0( ' 4770 19,4 ' ''· 10 '104 ... ' .' 'd..,6: 4580 0;02 350.; 297 
'• ''j.· 6. ·.•. . ,. . .. ; 
'0( .4765. 16 8 10, : 109' . · cx,7 45~3 _: p~o5 . r.5~ •· 305 . '7. ' "· , ,, ·'· , .. 
: 9,(8; ;.740, 0,02 i ·6500 NI34 d.,8 45!4 : o,or · roo -365 
•· cf · .. 4707 o 45 200 . 168, '·a?-4385 .:.:o,o2 :'3o'-495 

9, ' '. \ <")'! 

;. " . 
x) rpynm.r OL~ ; . oti .. , ·dj

2 
/ct;4 - d_

17 
-~CiHapyllteHU BnepBHe.r' 

' 1, ' ~. -•' 

· .. OcoeieH~ooTLD Bpama.fexbHo« nonocu,_5/2+ [6~2] , ocnoBaH
Hott ua ypoBHe .87 K3B,.aBxaeTca uapymenHe uoplia.ir&Horo pacnoxo
:i:eima ypoBHett. J{ettCTBHTeJILHO, HCXOJ(Sl H3 CiJiaronp~UiTHOrO xapaK
'Tepa nepeXOJ(~B; BTO~~ qJieHOM 3TOH noJ1oc~'co :CnHHOl! I =:7/2 

. . . .,. . . . . .1 ' '.' _', ., • -

· cxe.ttyeT cqHmTL· ypoBeH:& c 3HeprHeH I04,·.K3B' a: ,TpeT:&HM qxeHoM 
. (! = 9/2)YP<?BeHL.l09 K3B. Corxacuo'pacqeTaMCTecpaHc'a [5) ,· 

orileqeHHOe HCKaEeHHe yKa3aHHOti DOJIOCCI CBll3aHO C HaJIHIJHeM .• 
CHJI:&Horo KOpHOJIHCOBoro :B:l~o.ttetiCTBHH ~elB:JtY siott noxo~oli H' 

. ;noJIOOOtl 3/2-((65!]: • _UpH .3T.OM y DOJIOCil 5/2+,(642] MOXa~ . 
" ocymecTBJISITMlSl npeJ(JIOXeHHiltt BI:nlle nopaioit YPOBHeti. ~TO, Kaca~- .. 

E)TCH noxocll 3/2+ [651] , • To B Hell B3aHMOJteHCTBHe MO:ateT BH3~ 
BaT:& ,JJ;a.i:e HH:BepcHJO BpautaTex:onux ypoBne« co cmilnao7/2 H 9/2: 

9 



•. 

·O 

K noJioceZ?/2+··[6SI]uu oT~~cJiJ(yp~~ii·H· c _:meprH·H~H Bo36ylt.Ite~HH · 
2!3. (I = 3/2}, 328 .. (5/2),. 297(9/2} H 305(7/2) K3B.. · .. · .. 

_ B)O,Pu.239~v23?; · · · · . _ .. 

H3ytieHHe . ToHiton cTpyxiypu .. o( ~pacna':aa· Pu· 2.39. 6~o :·B~}'' 
noJIHeiio c · odpasna.m~,. H:u:eBuim.ur JB3Ime xoHueHTpanHH ·• H30TOIIoB · 

· · Pu 239 · H · Pu 240• · Heci.llHHaKoBo·e npoHc x'oic,D;eHHe .· o6pa~I\oB, :. a 
mx:i:e TIJiaTeJiiHa.s XH:u:Htiecxasi otiRCTKa HX oT coJielt-· H ocodeHHo oT 

. pa,n:HoaKTHBHilX npH:u:ec.elt. ,D;OCTaTOIIHO .aa){e~o rapaHTHp·o~aJIH np~- .. 
- ,-.-. . . • ' ;: ; . ' • • . ' ,· ' .: - . ·: . . ''\ . . 1. ~- . • ' 

. BHJILHOCTL rrOJIYIIeHHIDC. HallH . pe3;1JILTaTOB. ... . ' . . '· .•. 

t ! 

·:--· 

ol-rpyn 
na- · 

~ t '~ 

i '· 
_. . ., 

.• Ta6JIHna 3 

·'· 
· · ToHKaH C~·pyKTypa eX -H,3JIY~e~~H p;_;.·239 ·X~ :': 

. .. ' - ... . .. ~ . . ' . ~' , .,:,._ ~ . . _..:. 

3HeP
rHH 
d...;.: 
qa..; 
CTHU, 
KSB ·,,.,.! 

eX_ ·

1
}.5155, 7. - -~L ·~ ' : Q ) , d. IO 496! .. ~:!o-3_·_· ;45.00. 198 0 . ·, . • ' . .. . .. . , , 4 . . '. 

cJ. 0 . • 73,3 . .. 3. <0,08 , c{ 11 4955 , ;5,~!0:3 ?4000 . 204 ·. 
d.., 5143 15,1. ,12 12,7 d.t2. 4935;•· 3.10 ':. 2800 224. 
d.. 5r'05 · II 5 . '10 • 5!. 'cc'·49I2 8~:to-=-4:>8000 248 

2 .. · ' 2 : " . 13 . •' 4 . .· 
c/..3 5076 3,2.!0-. 2!00 8!: · ·d14.4871· 7.!0- 4700:'290 
d..lf? 5064·· 9.ro-4 65ooo 93.? ''ct·~s.4828 r;5:Io-3 ·~ 1200 333. 
d..s · 5054 2,r:r'o-2 ~25oo"103; · :rd/6 4799 6;1o-4 !BOO 363 

d6' .. 50~9 ~> 5.1o-:
3 
.. · ,·6a.oo ·:!·2 .. 9 . · .. ''C( . . a 47_41·1·. '· ···· ... ·. ·:.· .. ·-. . 422,. 

• ,'' : . ,, . . ... ' .· ' ' •' .. · . . 2,6.Io-3 ; ...... 
d

7 
5608 8.Io~3 · 32oo I 5o· 'd.,s .4.737 · .. >..:.:,:.·. 426 

cf..8 ·4999· . 6do-4 4oooor6o:··: ·di; 4693;. 4.ro-4 ~:soo·:4~o 
d 9 4986~ ··5~io-3 '38o'OI72. < :01.2~ ·4634 ·.·2.10 ... 4 · 3oo ·536 ........ ,. ' ,.. . ' .... ' . ' 

x) rpynnu . cl6,', '!-s ; · 0<.;1 ·,' d 13 ," 0,4 , Of.-;6, d.;;> Of.,~~ ot2~u ~? 
o6HapyxeHu BnepBue. · · · · • ·• · . · · · ·· "· ·' · · ·· 
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'MRHIU!aJILHaH ·annapaTypHaH llOJiymlip~Ha CI:IeKTpaJI:&HOll JIHHHH · 
. . IipH ,llJ:CC_Jie,D;O:BaiiHH. YllaC TKa: cneKTpa·, i c o,D;epmll{ero. HaH6.oJiee. HHTeH-

' · c~rBHile. :c:t: • ..,-rpymni .Pu·2~~ R. Pu?~O; .cocTaBHJia·2,3 X3:B~ ,; 
3TO · :no3BOnH110 :noJiHOCTLD pa3pemHTL yxa3a.HJrue rpynnu . oL. ;.,llaCTHU. 
11 B CBH3H c : 3THU · yToqHHTL 3HatieHHH H·x · oiaocz~e~LHmc RHTeiiczn'-

• H~C',felt. Pa3HOCTL 3HeprHit ,OCHOBHIDC· oC ~rpy~ri oOOHX H30TOliOB~ . 
, .. c.otJI?.CHO,H~DiHU·~HHw,'o~a3a.JiacL paBHolt: AEoc:. ·=12,! . .!, 0,3:K3Bj · 

liTO :~aXO,ll;HTCst B npeKpaCHOY COrJiac~m C .pe3yJI~TaTa.:u:H H3i.lepeHHit 
a6c oiril~H11X ·. 3iteprHll .. 3TH X rpynty · ( E bt_:B. o = 5!67, 7. ·::!:.. 0, 7 K3,B ·H : .· · 
.E7·~~5I557·+·06I·"n)·xJ ... " ..... , .......... ,· ·.····· 
Lc(~-~ ' ' "' ..• , ... ·'· ., , .. , 

. ' Be ~ro < npH: H;ytteHHH ol.· ·: -cn~KTpa: Pu 239, B. ,ll;Hana3oHe . 3He~ 
rnn .460~5200· K3B · 6uJio' o6mpyxeilci •20 ·rpynri ·d.. -llacTifn •. •JlaHillie · 
no. roHitotLcTpyx:rype d. -H3JIYIIElHHH Pu239'cBe,D;eHu B Ta6JIHne· 3. 

. Ka!C .JierKO,BH,ll;&TL, ·. o(_ , : -nepeXO,ll; Ha ypoBeHL' C 3HeprHelL .. 
< 0,08. rK3B. '(i /j 2~.5,1'[.!;, ) g~kocHTCH K Tlrizy: 6naronpHSITHHX. ITo-. 
3Touy .. ecTeCTBeHHo'·:ou,D;a~:& ~.~To yKa3aHHilti·. yponeHb':HBJIHexcsi O,D;Ho-

:. qacT~IIHW coc!o.aH~re':u:,c:BSI3aHH11M. c .Tolt .xe 1HliiJILcoH'oncxon:·op6HToll 
I/2~ +· (631] ,:liTo z ocHosHoe cocToHHHe pli.cna.i~Dmim:icH H,D;pa~: 
K poTauH.oHiiOtt noJioc e, ocHoBilliHoll Ha 31:o:u: ypoBHe, MoryT 6ttT:&. oT
HeceHR cne.n:yDDtze Bo36yx,D;eHHile. coeToJiHv.JI \ · U 23,5 ·; < o,08 (I=I/2), 
.13(3/2)~. 5!(5/2), .81(7/2), .!50(9/2)"~ 'r98Cri;2\ 29o(i3/2) 11, 

·rro-BM,D;i1uoMy~ 363(15/2) .x3a: 3xcrrepHu~H!ani>Ho 'HaJ.i,D;eHHUe oTaome- . 
sli~: ri:p~~~,D;inilimc HHTeHcRimoo Ten: d.. . ..:nepexo,D;oB · Ha ,ypoBH* noJiocli 

.~_·· 1/2+ '·[631) ·:'cocT.alln~i>T .. 100:2~·,9~3I ,7:0,14:0;09:0,067.:0,064, ·a 
, '_'ireopeTHIIecxHe 100;25,2;37 ,8:0~09:0,II:0,'66o~.0,070~ ·npz 3Tou' · 
. .D:JIH :dd':&HCHeHMH. HHTeHCHJ3HOCTelr nepeXO,ll;OB ;c. L ·~ .i BUOJIHe ,ll;OCTa

T?~H?.:npH~R,~~- 'l!e~~~Hf c2 ;;.'· o464,~ o~p~ieJie,iiHy~ H3:.~oCe)(HH~· 
. IJeTHo-lleTHIDC .ll,D;ep CPu 3~,pu2 0). qTo·xe xacaeTCH,K03cW>TiinHeH

TOB c4 (2~Io.;.3 ) ,Ji C6(1,3.1o-:3),To OHH' o'xa3B:JIHCL B HeCIWJx:&K~ 
pa3_ :u:eHLme. Tex, CKotop~e cJie.n:yDT H3· ,D;aHIWX nococe,D;~llllLH,n:pa:u:. 

... :B COOTiO.eTCTBHi'co cxeuott HzJi:bc'oHa OCHOBHOllY COCTOHHHD . 
U. 235. npHriH.CtlBaeTCH ~p6HTa 7/2- .·· (743). ~ qJieH~H:·poTanHO.~HOlt 

noJiocu ocHoi:moro ·c:oc:i:ciHa~rsi HiinirilTc.ll ypoBHH;46(1=9/2) H · 
103(II/2) K3B. EcTeCTBeHHo, liTO B Hanm~ 3xcnepHueHTaX .d -nepe
XO,ll; ( d~) B OCHO~HOe. COCTOHHHe H,D;pa He MOr 61lTL OT,ll;eJieH. OT nepe-
0~ B'H30:U:e HOe COCTOHHHe. AJI -r yn COOTBeTCTBYDIJIYD 

x qzH ~aH neaHr Opc3, ~paHnHH , qacTHoe cooc5meHMe. 

II 



nepexo~ aa yposeHL 46 K3B, Taxxe He y~axocL o6HapyXHTL, 
HeCUOTpSI Ha' 6xaronpHSITHhle . YCJIOBHSI·· KOHTpOJILimX '· OriHTOB. ITo HamHIL 
oneHKaM; OTHOCHTeXLHaSI HHTeHCHBHOCTL nepexo~a-Ha 3TOTcypoBeHL 
He MoxeT npeBmuan ·(2-3).ro-2%. B To ie BpeiLH nepexo~ Ha ypo
BeHL !03 K3B ( d..s ·, · • 7;;. = 2 .w-2%), qeno BH~eH B .cnex:rpe 
HsJiytJeHHSI Pu 239;: : . · .: . 

Cpe.JtM ypoBHe~, .·pacnoxoxeHH!lX~ B HHTepBaJie. 3HeprHlt sos6yx~e
HHSI !30+250· It3B, ILOxHO B!l~eXHTL B.PaiJl8,TeJiLHYD: no.irocy:c· xapattTe
pHCTHKalm 5/2+ [622]: •.. K.He~ oTHOcHTCH.ypoBHif 129(!,;,5/2), 
!72(7/2) H 224(9/2) x3s. l{x.PacuycceH (qaCTH'oe C006DteHHe): . 
HCllOJIL30BaJI ~aHime RaCTOSIDteR pa6oT!l ~Jili pricqeTa sepoHTHOCT.el.t 

d. .-nepexo~os aa yxasaHHue Bll!De coc!ostHHH.~olloJiyt~eHHoe HIL 
.. BnoJIHe. y~oBJieTBopHTe~Hoe c orxacv.e: axcnepll:ILeHTaxLH!lX · H · BlltJHC~ 

, .... xeHHmc. · ~aHH!lX. cxe~eT: paccua:rpHBaTD • KaK · no~:rsepx~eHHe npe~xo-
xeHHOD H~eHTH!fJHKan:HH. ·, . ;. . . ' • . c: 

.Bo36y:r~eHH!le. COCTOSIHHSI • U ·•23.5, C aHeprHOH 426-;470 ,H 
530 K3B , o6pa3yDT, :·· ll~BH~OILY, eDte O~Hy.· Bpauia TeXLHYD 'llOXOC y. C 
K = 5/2. 3:roll .spaD\B.TeXLHolLnoJioce npHnHcaau KBaa:rosue xapax!e~ · 
pHCTHKH 5/2+ [633) ,· · ''' ·• :· , ' ' : · •.· 

. • .:." 24I::ol '·237"' ' 
.; ·. r) · . Jlm ·----c-Np · , , 

~ ., ·'' ,'• '·:·-'·, :.i ~ ( :···.·~· ... '".~ { r "";;'..;: f '' -,. f ~ • /,' , :.''~ 
· 3uepreTHtJ ecKHI.t '~Hanasoa ,-. ·s KoTopou .·Hsyqa~cH cnex:rp · oL · .;.li3-

JiytieHHH. flm 241 ,'coc!aBu ·;.. i2oo·x3n·CEec :_~~44oo.556oicaB). 
B yicasaHHOIL '~Hana3oHe ·: 3HeprHlt y){8.xocL: saperifcTpHpoBarJ, .·22 rpyn
nu . o( .;.qacTHn'r np:Htleil· 15·· H3":HHX~ ciimH 'o6HapyxeH!l ·Jim)psue~ 'B ·roa
tJeCTBe amxoaa. • licrioxLso~a~aci:. :, aali6o~~e · liu!eilriHsHaa d_ -~rpyniia 
. flm241 ' aoc OXDTHaSI; aiie'priDl'KOTOpoit E'':x ~. S48G~0,9 '!taB 6uJia 

, , .···r'"·· ·,~- .. •'·;' i_ :,- • . ,, _·;..·-~~,- .··~"' ~ •• _, -- • -.·.-(·--

H3MepeHa He~asao lJHH'qiaH'Jleaarou~ Ycpe~Heaaue·no·HecxoxLKHM 
axcnosHnlimi ~aitaue no xoHK~n ·cTpyitType : .01..· .::HsxyqeHHH f1d4~ 
c'ymmpoBaabi B Ta6Jrinie 4. · · :· ·· · ' ' '··· :· . •· · · ; . . ' : ·' fi'' 

B COOTBeTCTBHH co cxeuolt HimLCORa 'ocH6BHOMY COCTOHHHD'·~·} 
Np 237

. npH~HCHBaeTCSI,opOHTa 5/2:.:· ,, :r 642]. 'itie~au~ 'ipa~TeXLHOli 
noxcicu, cliHsaaHoH c arHit · cocTcinaHeiL~' SIBHH!lTCSI yposHH 1 

0(!=5/2),. 32~5(7/2)'H ?6~·5(9/2)' KaB. • . ,. . •.· ~•· 1 ,,; ... \.~::; 

'." 

- ~ {: ' '!! 

I2 
' ~ . ...· ~ ·-, 

' 

, ... 
Ta6HHna 4 

TomtaSI C TpyKTypa "c{ -H3JiylleHHSI , · flm24I x) . ~ 

cXo, 5545. 0,25 . ;•: 930 , . 
a/ 5513 .. O,I2 ... : .• I300 32,5, 
d..2,, • 5486 ; . ( 86,0 : ;, .. 1,3 I 59;6'. 
dj · 5469 · . ~o,04: .. - . 76~5 
d.4 544~· .• :· I2, 7 . .' 4, 7' I03 
d... · 54I7 . .:.w-2 ·.·:.. ~129: 

, X: , , ~ "- . {~ " . 

d... 5 . 5389 I,3 . · 2L . I58 
d.6 ., 5322. 1,5.1o-2. .. aoo'. ·226; 
a:·· 5279 · 5.1o-4.• .I3ooo, 27o 
c/ 5244 2 '4•I0.:.3 ; 1700 

IJ . " • ' ~3. .·. 
. d 9 . 5223 I ,3.IO . ~·.2400 

• ... ·' '' v :, ~·. • ! . ·-· ' 

3Hep 
rHSI 
YPOB 
HSI, 

' 1K3B 

5I94 6.ro-4 33oo .357 .. . .. . ' 4 ... . '. ' 
c:::f..u 5I82 9~Io:4 : _}8()(). 369 

,c:J.. 12 5I78_ 3.!0~1(,:. ?090 373 
d.,3 515.6. 7 .IO ; .. I700 ,.395 . . ...... . 4" . .. ... 
d..t~t 5II4 4.10- I6oo. 438 •' . . . . ·.• · .. .:.4 .. , . . 
d 15 5096 4.IO ... "71200 -:-456 .. ' .. ·•' . •' 4 " ..... 
d.. 16 ?089 "74.~Io- .4IIoo 0~63 
d,7 .5CX58 ~;4.1£~, ~200 485 

,d.18 ~ 5004 I.IO, .. I200 549 . . . . . 4"' " . 
,.' d,g 4834 .. 7.10- ·: 13 723 •. . . ···"· ... 5 .. ' . 
d20 4Booa,5.~o::: .. 60 .• 758' 

.· · x)'·rpy~~u· ·o(; ;·&;~.d.;~··~20 : '.o?~ ,o6irapyltem/BI1ep~ue. 

;,•···· '>t: 

, . ' ... .. . . t • " ' • ~' ' ... > ' " ~ , "'> • ~. 

Cxe~e:r oTMeTHTL; q:ro·sosuoxHoCTL'perHc:rpanHH s.aamHx·onu:rax 
o(~ .;;,rpynriu_- CEYJi .,;76,5 K3B,), 

1HaTe.HcHs~oc~L KOT?po~ He 'np~~u
mae:r 0;04%, 6uxa · o6ycxosxeHa, · noMII!Mo ·oTHOCHTeXLHo Bucoxoro 
paspemeHHSI, npHMeHeHHeM B KatJeCTBe llO~XOXKIII.HCTOtJHHKa TOHKOil 
OKCH~Holt'nxe~H ( fle2 03), tlTO npHBeJIO K 'yueHLmeRHD "XBOCTa" 
,OT~ cX2 -:: rpynnu •. K BpaDtaTeX:&HOlt llOXOCe .5/2+;(642] :OTHOCHTCH,. 

· · .• no-BH~HILOILY ,· H .yposeHL I29(II/2) KaB, xoTSI (laM cflaKT cymec:r- · 
BO~aHHSI 3TOrO.YPOBHSI eme,Hyx~aeTCSI.B.~OllOJlHHTeXLHOlt"3KCne~; 
pHMeHTaHbHOH npoBepite •.•• • • ·· • 
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. ·.· BpautaUJILHa~ . noiioca. 5/2- .. ( 52S] ·.,. Ha. KOTopyiD HJ\Y: dJ!arO-; . 
npnliTHHe nepexo.JJ;u:, ~KJimaeT n· .cer:5si cJie.JJ;YJ:>Jlll1e ilo:3r:5yx,iteHHl:le·. · • . 
COCTOllHiill;· 59 ~6(17'5/2),103(7/2) ~I58(9i2),226(H/2),306(I3/2) .. 

· n 395(15/2) xm:i •. OTHomeliru~. n:tnu3e.JJ;eJiHb1x· nHreHcliniiocTeti f:X. ~ne;... · 
. pexo.JJ;on ·Ha yxasaiiHJie. ililme yponHn -ra.xoini: ioo.:28:6·,r:o,16:. 
· 0,08:0;06.: Butznc~eHlll1e ~t~o:nimiii:l HHUHcnnHocTeR r:5~ro~BnH:r~ux. 
nepexo.JJ;~B -~~33TH ypoB~~ .JJ;JI~:'CfY~aJI. Cz =.p,57.; C4~5.IO_ . H.: :. 
c5. = 1,3.10:. o~a3~JI~CI>; pan~mmJ00:2_4,:_8_,3:0,16:_o,o75:~,o2_3.· .· 
. ·: JlltHHCTBeHHHY Ha.JJ;eXHO ycTaHOBJieHHID.l. tzJieHOY npautaTeJII>HOR . 
noJioou ·112 ... [530)HnmieTc~ ypon'eHI> p .3H~prHett· 27o ·K3B~: 3!o . 

no3r:5~x.JJ;eHHoe coc:roaime' ·~OP?~o n;mec:rHo ~3 !'?3_Ytze~nJI.f_ +P17~1ta.JJ;a · 
~ "lj .3? .. Hrum dl:lJia .~nepB~e .Or:5HapyXeHa Ta:KXe ~: ,o( .,"':rpJ:nna . · 

·: '(· c:X 7);· ilaceJljl~illa.s( yponeHI> 270. x3n :co,c:ropoHH: Jl1cna.iia • flm2~~~ 
' KnaHToime xapazt:replicrMKH 3Toro y-p"oimii:: 3/2.;..1/2•'. . ... , . ·· :-. 

CJre.JJ;yiOBtyiO Bpall{a:reJILH710 nonocy. I/2+ . [ 400]. ·f. or:5pa3JDT. -BO~~ 
. r:5y:a:.JJ;eHHile c'ocxollHHJI.Np 23 9 3~epr.HiYIU '327.(1.;,1/2),369(5/2),, · 

. 373(3/2), 456(9/2)j(463(7/2) K3B. ~HTepOOHO~. tzTO ·jKa3aHHM 
llllllle op6HTa xapaK:rej;nia )tilJl. odmlCTii :si.JJ;ep 5o ~/z ·~· 82 H He : 

· aar:5~10.JJ;aJrac• paRae· ·n · Pl.ttoHe · :i:pailcypaHonlnc. 3Jiel.leH:ron •. · .. ·:. · .. · .. · · 
. . ::B!Jepnue or:5Hapy_~ElH~Ile 'Iirumjponmi B_os6yx.JJ;eHHS( Np23'! c·: .. : 
3HeprHm 438,485 H • 549 It3B : OTHOC llTC·ll· K . nJITOR. :BpaD!a:reJxb:HOtt .. 

·noJioce c ~~pazt:repifc~imaw 3!2;;..~_'[521F. ; · •. !.-· .: .::~. 
' . ·' •' . - ' ~ ; . '. ' . ~ , ' ·•. ·• • . ' I' 

Kait lilli.JJ;HO. H3 :ra6JII1Itl:l 4' YPOBHH 723 H. 758 x'3i:l Bl:l.JJ;eJieHl:l 'l13 
tzHcJI~·.JJ;pyrnx :reu, ii:ro ·c(~iiep,ex~.JJ;Lt Ha,.H~x.mpax!:ep~·sin'!c~· o:r- .. 
HOCHTeJILHO ·yaJI!l!LH 3Ha_tzeHHllYH _KO~tfxiJHr.tHeHTOB 3anpeTI3:• 3:ro· Or:5CT.o.;. 
llTeJILCTBO, a TaKXe.cpaBHeHHe· C. 3ItcnepH!ieHTaJILU!lYH . .JJ;aHHI:lYH·no 
COCe.JJ;HHM ll.JJ;paY, U03BOJlH~O. H~ _c.JJ;eJiaTL npe.JJ;nOJIOXeiDte 0 j3 .;,Bit~. 
6pan~oHHou xapazt:repe !Iepetracften.IHL!X ypon~ett (, j3 '·-:BHr:5panHif, B 

. COCTOllHiiH 5/2-. [523) .. ;·).·.B 3TOY CJIYtzae HX KBa.HTOB!le·-xapaKTe-
- ' • ' •• ' • • • • • • • '. • ··~ ~ • ' ' < • ' • • ., • 

pKCTHKH .JJ;OJiltH!l. r:5RTL COOTBeTCTBeHHO. 5/2-5/2 ·l'i,.7/2':'5i2. ·. ~ ." .. 
.JJ;)' : ' 24~ .o( ·, 239, '•' '.·" .. ·.:' : ... · . . ; ,. '":': 

flm ·--:--- Np · .. . . . .. , .. ,r , :': ;· ... 

. IIpenapa:r, licnoJIL3onaiimR ~JIJI:~sy.tzeHHH··c( ;_pacn~afltn243 ,' ''; · 
He HBJillJICll Ii30TOlllitreCitli,tzHCTWi Ilpe,JJ;BapHTeJII>HHll aHaJIH3 nozta3aJI, 
q:ro .. :aeconoe · co.JJ;ep:a:a,Hne 3Toro H3oTona. B · cuecH · c oc:raBJillJIO;.; 851t. 
TaKHY or:5pa3oM, npnuecb Rm241·( .... I5%-no·necy) ooycnon.ruma.na 

I4 

.; 

noqTH .. 75~ .. o:r or:5!11ero qxcm. pacna.JJ;oB. B cnasm c 3TmL .JtJill o.JJ;Ho
sHaqaott HJteHTHIPiiztanmt cX. ~JiliHnD' r:5Hn:o npone.JJ;eHo cpaBHeHme no
JIYtreHHoro 'o( -cnezt:rpa. co cnezt:rpoK H30TOIIHtzecxm qmc:roro Rm241

, 
CHllTW n·:roK xe 3HepreTHtzeCKOK. ,ltB8JI8.30He. B.pesynuaTe-HBJl YJta
JIOCL n~Ueirzu 15 o<. -rpynn, o6sisaHHilX Hsnytzemtm llm 24

3 
(cK • 

:rar:5Jiiuzy 5). 3Hepre:rlitleCIOIWH a:raJIOHaKH CJIYDJIH H3nec:rHHe JII4HHH 241 ... · .. , • . . 
flm· ~ . . . ·: ~· Tar:5JIHna 5 

T6HKM c:rpyx:rypa d... -R3JIYtzeHH.I1 /Jm243 x) ., 

d., 5321 
d2 5276' 
G\3,.5234 
ct.lj-, 518! 
d..s 5II3 · 

··d.. '5088 
-6 

O,I2 ' 16'00 
87,9 I,2 
10,6 5, 7. 
.1,1 : 25 

5',4.'1o-3 1900 
4~1o-3 19oo 

320 '; . . . . . 3 
5035\ .• ,,; . ·. 

. . .. . • 2,2.ro-
d{5o29 · ·>. . . - -326 
c( 5ooa·r ·6~ro-3 r5oo 348 

9 '; .; .! ·.•. 
d. 4997?. - ; .·· ... - -359 

10 . .. .. '4' . 
. d 1; 4946 _3,4.!0 2600 4II . .. . -4 .•. 

d 12 4930 !,8.10 3700 427 . . • . ,• 5' . 
d..,3 ·4919 a,~~1o- , 7ooo. 438 
d14 4695 6,4.1o-4 · 24 666 

· x). rpynnu cl_,- d 1" o6aapyxeau nnepnue. · ,(<<'"' 

. BBHJ\Y notlxn nonlioro o:rcy:rc:rn~ .JJ;onoJIHHTeJILHHx· 3KcnepueH
:raJILinnc .JJ;aHHIDc im mcnonr,sonaJIM npM HHTepnpe:ranMH Bo3dyJ:.JJ;eHHl:lX 
COCTO~HMD paccuaTpMBaeKoro·a.JJ;pa aaaJIOrHID B CXeMaX ypriBHeR M30-
:ronon .Np 237 n Np23~~ o:rJIH~a~II\MX~ll .JJ;pyr:o:r .JJ;pyraHa 2·Iiett:r
poHa. CJie~e:r saue:rz:rr,, tz:ro 3Ta aHaJiorMll nu:reme:r zs :reope:rH-

• . ' • •. 1 ; 

qecKHX npe.JJ;nocuJioK lf.• KpoKe :roro, no.JJ;TBE/p:&:.JJ;B.eTcJI ~Kcne~ueH-
TaJII>HO a.HaJIH30M HaHdOJiee MHTeHCHBHl:lX c{ -rpynn · flm 2 I_ M 
flm 243 • Teu ,He MeHee, Ybl cqn!aeu, q:ro ny:rr, 3aKJimeHHit no. 

a.HaJiorHH He .I!BJIJie:rcJI n.JJ;eaJILHW H no3TO~ paccua:rpnaeM·npe.JJ;no-
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xeHHYD H,IJ;eHTll!pHKm~HD ·aelHapyxeHHHX' HaW HOBIDc ypoBHelt·:ro.nLKO ItaK 

paelol.!Yil rHno:resy. . · .·. · · . • · . 
..• Kax. H B .c.nyqae Np237,. ocHoniioe coc:rostm!Ei · Np 239 ,IJ;ae:r· Ha

l.!aJio spa~reJILHoli noJioce_ 5/2+ [642] ; npHt~eM B Hac:rostmee npeMst 
n:3necTHH JIHmL· )(sa ttJieHa 3Tol1 no.1Ioou co cnnmJ.rn 5/2. n 7/2: · 
3HepreTHtiecxoe paCCTOSIHHe' ue:a:,IJ;y ypOBHSIJ.rn ( AE~p =30,I .K3B~ 
MeHee, l.!eM Ha I a% o:rJIHqae:rcSI or aHaJiorHt~Hon BeJinttHHii B NP.. 3?, 
q:ro yxasunae:r Ha ClJIH30C.TL MOJLeH';l:ilB HHep~HH ·Np 237 :a Np239 B 
OCHOBH!IX COCTOSIHHSIX. , 

BpamaTe1Ij,HaSI UOJIOCa ,C Xapax:repHCTHital.Ui 5/2- [523l CHJILHO 
pa3BHTa.' K Heli OTHOCSITCSI ypOBHH: 76,5(I=:5/2),~I8,S(7/2)~ 
172(9/2), 24I(IIf2), 320(13/2) :a4II(I5/2) K3B. 0THomeHHSI H~~ 

.. ClJIIl,li;8HHIIX npHBe,IJ;eHHIIX HHT8HCRBHOC Telt . c{ -nepeXO,li;OB. H?\ ·.3TH ·, 
ypOBHH. COCTal:!JistDT I00:21,4:4,8:0,063:0,04+0,08i0;050, 'a BII
U.HCJI8HH!IX- I00:2I, 7:7:0,073:0,047:0,023. Ilp:a nou npRHstT!le ,IJ;JISI 
pactteTOB 3Hatl8HHSI K0_3qxpli~He.HTOD C2 (0~55) li C4(0~00~) Haxo,IJ;SITCSI 
B xopomeu corJiacHH c ,IJ;aHH!IMH no coce,IJ;HHM ~erHo-l.!eTHIIM.st,IJ;paM 
( Cm 242, Cm 244). BeJI:itt~:aHa· c6 nsst:ra npm.ie.pHo :raxolt :a:e, xax 

11 '?4I · ·· · ·· 
:a ,IJ;Jist nrrr, • · . . . . . . 

ITo aHaixorHH c . ,Np_ 237 ·ypoBHil c 3HeprHe~. 267 K3B .MalmO 
npHnHCaTL, opelHTY I/2- [530] H.'cnHH I:;: 3/2. Boselyx,IJ;eHime COCTOSI

.HHSI C 3HeprRSIMH 348 H 359 K3B oelpa3yDT, n~BJ.f,IJ;HMOMY ('BTopo~ 
·" oelpameHHutt ,IJ;yelJier" ··yxasanHott · noJioc u .H ~xapax:repHsynTcn ·cn:aHauH 

, 7/2 ·H 5/2 coo:ri:lercTBeHHd. PesyJILTaru cpanneHHst ocno:BHmc mipa-
.. MeTpOB ·( !z.f2; H . a ) noJICicu I/2- (530]. 'B Np 239 H co

Ce,IJ;HHX C HlW st,D;pax fiO,li;TBeplii:,ll;aDT npaBHJILHOCTL npe,JtJIOllt8HHOlt H,IJ;eH-
THtf>HK~HH • , · . : . . . < , . 

. Ilp?,D;OJIEa.SI paccuo:rpeHHe. no aH~o~HH, ypoBiiH Np 23~ c · 3Hep-. 
nunm ~ 326 H 438 K3B cJie,IJ;ye:r x;naccH(pH!lHpcma!I>~Kax Ha11ammte 
coc:rosi:HHst Bpa~areJI:i.nHx noJioc I/2+. [400] z 3/2- [52r]·:'/YposeHL 
666 K3B, d._:..: nepexo,IJ; Ha"'KoTopHR xa}la,KTepH3yeTCSI uanot!BeiDttlHHOtl 
Ko3qxp:a~:aim:ra sanpe:ra~ orBe~ae:r·, Bepoaiiio, '· j3 -~li.Clp~Honn:n'· . 
KoJieelaHHHM H.ltpa Np . ~9 B c?croHHH~ 5/2- · (523] .. · • . . . · . 

.. B :raelJIH~e 6 ,IJ;JIH st,D;ep Np _237 :a_· Np 239 yxasaHu HHJILco
HOBCKHe opelHTH, COOTB8TCTBYDD!He lW BHeprza B03Cly%,ll;eHHH O,li;HO
tiacTHtlHIIX cocroSIHHR. H · orHoca:reixr.Hue HHTencl!siloc:ra d. -nepexo
,IJ;OB Ha 3TH COCTOSIHHSI. 
16 
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N, 237 

OpelHTa 
3HeprHH-B03ClyJ:- liHTeHCHB-
,n:eHHH O,li;HOtla- HOCT:b 
CTHQHOrO COCTo- c/... -nepe-
HHHSI,K3B XO,IJ;a,% .. 

TaelJIHna 6 

Nr239 

3HeprHst B03- ... liHTeH
Clyllt,IJ;eHHH ' .. . CHBHO.;. 
O,ll;liOQaCTHtl- 'CTD cl..
Hero cocroH- ·nepexo-

HHst,K3B wad-. 
"' '"'. 

r12.Z :. [530] ' "'270 5~ro-4 . ;_ 267 · 4:ro-s 

5/2+. [642] 0 
5/2- [523) 

. ; 
59,6 

I/2+ [400) 327 
3/.2- (52I) 438 

j3 ~BH-
Clpa~HOHHast 

noi~~~ or I 723 

o;25 • 
86,0 •. 

I,3.I0-3 

4.ro-4 

7 .ro-4 
., 

0 
75,6 
-326? 
. 438?. 

666 

O,I6 
: 87,9 
<I.I0-3 
a,5,.ro-5 

6,4~10-4 

•:, 't' 'J ' ' 

PesyJILT~TII HCCJie,IJ;oBaHHn,'Bome,IJ;mHe B ,IJ;HCcepTa~D;',IJ;oKJia.ltll
BaJIHCL.Ha XI,XII,: Xlll exeroiHIIX COB811!aHHHX no H,D;epilon cneKTpo-
CKOnHH' H onyelm1KoBaHII B. paelo:rax ( 6-IO) . ~ ' '· . · . . 

' ·:\ 

.. 

•. 
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