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IlOOJ[e OTRpHTU ,neJiemm &TCIMHHX H,D;ep npom110 n01m1 40 JieT, 11 »ce . 
D IDtTepeC cpIISmtOB R STONY nponeccy He YJ4eIU,IIIW[CfI. He rOBOp!I ye 0 

Ilp8RTlNeCRoi s:sa'llllocm nponecca ,nuemm H,D;ep, eTo o6yCJIOBJiellO HM, 

'4TO ;JJ;Uelllle - e;rtDCTBe!IBHi DlelJlldcg CIIOCoc:I ·~ nCSJmJtemm &TOMIIHX 

H,D;ep B ClfJll>HO )l9WOJJ,IHPOll&l!IRtll COCT()mUDI_; II OH ,It&OT 'fl mpop,mnm 
oc:I H,D;llPHCMI Belll8CTBa, ROTOpyll MH ae IIOlDM no.nytm'1'1> ~ JJYTeM. B 

'l'O Bpewl R8R ROJie6a.Jml:J: H,D;ep' npe,tCTa.BJmll'l.' co6oi He(foJILIIIH OTRJIOHeOS: 

0'1' paBJIOBecaol .napop,wi;1111, Tpe6YJJ11He saorpaTH euepr:im OKOJIO I MaB, 

IIPl! ;JJ;eJieBJIH npolllCXOJl,llT nepec'l'poi!:Ra s,npa, COnp0BOWDVUICfl ero pas

B8Jl<M. ~ npoTexamm nponecca ,neJiemm onpe,neJille'l'Cfl :KaR @op-
1101 1IO'f8BitH8J1I,BOI noBep:mocm, no RO'l'Opoi npol'IC:Z:OJl,ll'l' "CKa'l'HB8lll1:e" 

wa, Tax Ill CBOIC'l':eaM!ll RailJilll H,D;epHol! D,ItltOCTJI, COS)tSJJqHNll yCJIOBlllll 

~ o6Meua 8Bepr111ei Mew ROJIJleR'l'JllBBl:IIIJll.lll BHY'fpeBHlllllH CTeIIeBmm 

CBo60.u;Ho 

Oco6eRBO IIIB'l'eBClllBBO B noCJie;iume ro.u;s CT8.lllll pas:mma'l':r.Cll lllCCJ1e-

1lOB8Blll!l nponecca ,neJiemm aT<m!HZ H,D;ep B6Jm311l 6ap:&epa. STo o6yCJ10:a

J1eBo B 3Ba'lJIITeJI1,BOI Mepe nepeCMO~CMI B8IIIIIDC npe,tCTaBJieBd O CTIJYR

Type 6apLepa ,ll;eJiemm. Meoro,n o60JIO'l6'1BOI nonpaBR!ll B.M.C'l'IJY'?IIIBCKOI'O 

/ri npl!BeJl R 110,neJilll ,ltByI'Op6oro 6ap:r,epa 1teJI6BJDt, B paMRaX KO'l'Opol 

y,na.noc:r, He T~O llOHII'1'1> IIHOrllle SIBJ[eHlllll, Be fR!18,ttHJ38Jl!IIIP.CII B orpa

JtBIJ;'IIORBoe OIIlllC8.Hllle ,teJiemm, .BO Ill npe,ncitasa'l':r. neJJHi! pg,1t BOBHX oco-
. . ' 

6eRBOCTel B lIOBe,temm H,D;ep K,npeJr,Ite BCero, cyJIWCTBOBaJllre "OCTJ)()Ba 

C'l'&6lt!II,HOCTH" CBeprmzeJll,LX SJielleBTOB. 

,JlaBBall Jl,llccepor~ nocM111eHa JICCJie,noBalllDl oitOJionoporoBoro 
• A , • / 

@<>To,neJiemm Tue.ma: H,D;ep na. DitpoTpoBe. HsyqeB!lle @<>T~eJieBlllJl TDe-

.ma H,D;eP.llPH.eBeprimx 1'811Ma'.""ltBaBTOB, 6Jmmm:z: It 6apLepy,teJielllIII, 

llpltBJI6ItaTeJILBO C BeCKOllLltla '1'0'16It spemm. Bo-nep:ewc, r811118.-ltB8llTH 

C aBepmel . 5. - 7 MeB JICIIH'1'1U181l'l' Ha TJaeJlHX JJ,1ij)aX Jillllll& 8Jl6ItTPReCitoe 

,D;HilOJI:r.Boe JI[ : !)Jl6RTPR6Clt08 ~OJI:r.Boe norJ1011teB!lle • ,lI.IIfI 'IO'l'BO~e'l'-
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B!IX J!'Jt8P umneuej! 8TO npm!O,ItHT R odpaso:eamm . COCTamnDC JI,Itep JllllllI, 

B XB:fX BOSMOEHHX COCTomm.lIX 2+ l! r, JIPll'iell l!S-sa Toro, 11'1'0 ,wnma 

B0lmB l'SMMa-RBllllTOB B paCCMaTPE!S,8MOi!: odJiacn aueprrul SBa'll!T8n:&BO 

np8lllillllll8'1' paSMepa: JI,Itpa, C8'18lll!8 ltllllOJil,ROro norJiomemm JtOUHO dHTl> 

·mia'llleJU,RO d0JI1,me ce11emm ltB8.lij)yIIOJil,BOro norJIO!llemm. Bo-BTopa:x, 

Jl<M81l'l'H COC'1'8BBHX JI,Itep noc.n:e riorJ101ll8ID1JI O -KBallTOB OKaSW!aDTCSI 

mro'fPOOmmMl'I BJt0.lil, mmpaBJiemm ny'IKa qJOTOROB. an: odCTOJi'1'8Jll>CT:Ba 

mm!Dl'l'CSI 8Ha'll!T8Jll>Hl:IMH np8ntylll80TBaJm P81lltttlm ('f,t) nepe,tt .n;pyI'IOOI 

CIIocodaMll BOsdyz;itemm ,tteJiemm. 

IlpaRTll'.'18CllJI BCe CBOi!:CTBa npoi:tecca ,tt8Jl8Rl'!ll: npl! lll!SltHX aueprma: 

BO~emm onpe,ttemmrcs: qiopaol noTeRitH8JIJ,ROro dapl>epa, BOSmmaJ>-

11181'0 np:11 Jte<p0Jl,fllltHH JI,Itpa, H ,npeJille Bcero, CD,Ita OTROCSl'l'CSI B8POJiT

ROCff, Jt8JI8l!HfI H yrJioBHe pacnpe,tteJiemm OCROJiltOB. Il08TCMy, B CBOll 0118-

pea Jt8'1'8Jil>Hoe nccJie,tto:Balll!e Ka.It Bl:UIYJill8HBOro, 'l'Slt :a: sa,u;epzam1oro 

Jt8,lreBJ!ll y umpoxoro xpyra TJJZe.ma: JI,Itep nosBwmeT BOCC'l'aHOBRTl> c.n:oz

JlYll ~ dap:r,epa ,tt8Jlemm, npocJI8JtH'l'l> sa :mpaxrep011 ero RSMeuemm 

B saBHClDIOCTll 0'1' i? H A. B CJIJIY ~'l'BOCHT8Jll>ROI npoOTOTH npoi:tecoa 

JIOl'J[OJll8lmlt b -na.H'l'OB SI,t1J)QI, B8C011Hemml HB'l'epec npe,ttCTaBJIJI8T 

Tmare HOCJ18,tt0Balll!8 llaCCOBoro pe.onpe,tteJiemm OOROJiltOB npn qJOTO;lleJI8Hllll. 

3ft 88,lta'll! JI npe,ttonpe,tte.JDIJIH OOBOBB08 HAIIpaBJieBHe Hey'IEBX JICOJie,ttOBa.

Bd :aa IIHRpoTp<>Be Hffl AH CCCP, Ba'laTHe 8.BTOpa.f B 1964 r. 

Me'l'OJtH'q8CltM '18.C'l'l> padoTH COOTOS'Jla B paspadone ycROpHSeJIII R 

Jlcc.xe;llOBallHJI ero pado,mx :mpaRT8PJIOTll'.R, B ;llOO'l'HllBBRH BHCOROI 'l'O'IBOO

D adoOJIMma: RSMepelllll, cos~ Ma.TeMameollJIX Me'l'OJtOB o6padOTRH 

8KCJlepJD,1~BT8Jll,BHX ;o;ammx, a.iianaTma: oneitBi,pmte 11sy-qa.¢wx smn:em, 

}BC'J8'f8 oneRTpoB 'l'Op,tOSHoro l!S TCIJlCTHX MHlll8Hel no;o; pa3JIH1llllillJI yr-

JISIII:. 

Ha pasma: 8TaIIaX padom Ra IIJIRPO'fPOH8 BeJIJ[Ol, B oo;o;pylleCTB8 C 

JIB6opaTOPJ1el r.H.Clmpemama (~H I'KHAS), rpynnol D.n.I'anrpcxoro 

UlIP, ommj, D.A.CeJLHitKoro (Pa.ltJleBd DCTKTYT), P8,ltllOXl:DIK'lecxoA Jia-
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dopaTopxett B.B.!<YP'laTO:Ba (HAS IlGIA.3). 

.naooePT8Iijitlt COOTORT RS BOOamrJiaB, BBe.ttemm, srutlIIJIIemm H 

npRJIOllemm. B nepBol rJlaBe paCCMa'l'PRBallTCll BOSMOllCHOC'l'R Mmtp0'1'p0Ba 

Rait RBCTPYJ48BTa .nim JI,ItepBO-qiRsnecrua HCCJ1e;o;ol!811Wi. IlpeJille Boero 

Ty'1' pacCMa'l'J)RB8mCSI BOnp0m1 OnTmm~ YSJIOB yOROpHTeJIJI, npe;o;Ha.S

Ba'l8HBOro 1JlISI npoBe;o;emm npeitRsnommx axonepHMeHTOB, odecne11emm 

llmpOltOl! nepec'l'poihm SJl8ltTpoROB IIO auep~. C!Wl lie O'l'HOCSl'l'CSI i::m

pooa: BHBO;o;a, TpaBCnOPTE:POBim R qioeyonpomm DJl8RTPOHOB, MOIIHTOPJlpo

:aamm SJl8RTPOHROro R rm.iMa-ny'IROB. B 8TOI lie rJiaBepaOCJIO'l'peB BOII

poo O oneRTpe 'l'Op,tOSROro RSJIY'l8Blm 8JI8R'fPOROB R BOSMODOCTel Jmlt

poTp()Ba lt8lt m::TO'llll!lt8. neil'l'poHOl!. 

Bo·BTOpol!: rJiaBe pacCMO'l'peHH OCBOBHHe TeOpen:'leORRe npe;o;cTallJI8-

mm o npoiteocax qioTonorJIO!lle.mm R qioTo;o;eJiemm TJUeJJHX a,n;ep, Heodxo

.JtlDIE B ;o;a.,.u,uei!meM JVJJl amumsa 8RCII8JIIM8H'l'Ml>BWC ;o;ammx: :mpaRTep 

nor.1101110mm SJtP<M O -RBllll'l'OB lll!SRRX 8B8prJIII, OII8R'l'P BHSROJ182JIIHX 

COOTOIDDII.· '1'JDl8JIHX JI,Itep, IJJIOTBOCTl> YlJOBBel R ~omm:e llllqllDIH. 

IlOru>OORO paoCMOTpeua reopu RHSR09H8preTR'IHOro ,neJiemm B 110.u;e.m 

;o;BYropdoro dapl>epa ;o;Memm, ~oro B.M.CTpyTHBCDM, JI BHTe

RaDlllle JIB Hee OJte,ttCTBRII O RBaSHC'l'artROHapma: COCTOJiRBJIX BO BTOpo:I 

m,;e. MeXBBHSlle qiopmpo:i,amm yrJ10:110ro. paonpe;o;8Jlemm OCROJIROB, p:lJIJI 

sairyxamm B npoi:tecce ;o;eJiewm. 

I'JmBa fil nOCBsmt8Ba aBaJlRsy Ma'f8MaTH'l8CRRX 118'1'0,ttOB Ollpe;lleJiemm 

ce11emm no pesyJII.TaTBM RSllepewm RBTerpa.nr,mu: Bin:o;o;oB qioTQiij{epimx 

peaJatd. IlO;tU>od!IO paCOIIO'l'peBH M8TO;D; peryJIJipllsaitRH K 116TO;D; B8IlpaB.,.. 

Jl8!1ROro paOXOJillCHmt, KCnOJI1,syeMHe.HalOI'. 1];IS! pemeHJUl BOSRlDD'IJIJtl[X w:e

·ROJ)peRTBO nocTa:BJieBJmJ: 88,Ita'I. JJ:e!CTBeBROO'fl> M8TOJtOB pememm npo:ee

puacr, Ba oneitl!8Jll,RO no,no6pammx T8CTSX, MOJteJll!PYDllHX KCltOllyD sa,u;a

-qy., 

B '18TB8PTOI rJ.lalle npl0!8Jt8lllI pesynTa'l'H 8ROII8pm48BTOB no HSMe-
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pemm ceqemm <poTO,IteJieHlilli H yrJioBoro pacnpe,1teJiemm ocxwmoB qeTHo
qe-rma: ~ep 232 Th-, 238 U' 238 Pu, 240 Pu' 242 Pu B J:tH8.IIllSOHe 

&Heprd 4,5-7 MaB, a Taue neqeTma: ~ep 235 V, 239 Pu 11 237 Np. 
B 8TOA r.naBe ,IteTSJILHO mmcrum MeTO,Itmta HSMepe:imA, IlPOaJl.aJ.IHSHPO:Ba

HH BCe qmtTOPH, HCimZllDJtJi!e yrJIOBoe pacnpe,IteJieJme OCKOJIKOB. IIPH 

mlTepIIpe~ 8KCIIepl!MeHT8Jll,HilX ,JtallllHX Hap!{,I!y C . Tpa,ltHitHOBHmm IIpe,It

na:o:oir.emmam O 3al3HCID40CTH l!ePM'?HOC'l'll ,IteJiemm OT It:BaHTOllliX :xapax
T8PJ!CTHK .1teJm111eroCJI H,Jij)a npHMeKaeTCIJ MO,IteJII, Jt:BYI'O]?doro <Sapr,epa. 

Ilporpecc B Hsy,ieJmH C'fPYX'l'YllH CSapDepa .IteJiemm·B noCJie~ee 

~eCJITlVIeTJlle BO MHorcu o6stsan HCCJie~o:samm CBOICTB CIIOHTaHHO ~eJill

llll'IXCJI HSCNepoB - H,D;ep, HaXO,ltfDllBXCJI B BOSCSyJQteHHOM.COCTomnm: C pes

KO y:seJDAeHBOl·BeposrrHOCTDI> CIIOHT8Hlloro ~eJiemm H CllJll,BliM saIIpeTOM 

no OTHomemm K pa,Itlt~OHHml nepexo,naM. B MO,IteJilll Jt:BYI'Opdoro <Sapr,epa 

CIIOHTaHHO ~eJmDtHeCJI HSOlleps TpaKTyD'l'CJI Kalt KBa3XCT~OH8pHHe coc

TQJDlllJi BO :a-ropo! .IDie. HCIIOJ!LSO:eamte cp0T08,llepma pe~ .Il,IUt IIOJJY

qeJll[.11 H,Jij)a B l'ISOMepHOM COCTOJmHH npe~CTa:BJDieT oco6Hit BHTepec, noc

R01J:r,By' OTcyTCTBHe eyioeo:scxoro _6apDepa • aHeprmi: cMsH qac'?Hll; ~

eT BOSMOZHOCTD IIQ!Iy,iaTD H,Jij)a C Hll3KOI 8HeprBe! BOsCSlitemm cpasy 

IIOCJie norJIC>llllllllUI 'f;-KBaHTOB. HamH 8KCIIepm&eHTH CSwm IIOCBIIJlleHH 

o6pasoBaHHD ~e.mmtHXCJI Ksa.epo:s Pu H Jim :s peaKitHJIX (f,n.) · H 

<t ,;'> • Pesym,TaTaM 8TKX paCSOT IIOCBIIJlleHa rM:aa Y • B Heft II0~<.>6HO 

OimcaHH MeTO,IJ,H HSMepem CBOICTB CIIORTIUIHO ~eJmlliJaCJI l'ISOllepoB C 

·IICIIOIIII,I) rauua-KBaBTOB, pesym,TaTH HSMepem H BX o6paCSOTKa, 11e:xa

Hll8M o6pasoBIUIHII Hsc:uepHHX COCTOIDlHit H onpe,IteDHHe napayeTpoB 'JI)Jy

rop6oro <Sapi,epa Ha OCHOBe n~emua ~. 

BOSMOZHOCTD ~e.n:emm ~ep qepes H8Cll8PHH8 ypoBJm·BO II J!M8 IIPH

BO~T It BeCDMa Heo6mC11Y .ltllJ.leHHI> - peSKCIIY yMeHDmeHHI> HaKJlOHa 

aHepreTUqeCKo! samICHIIOCTlll ceqemm fPOTO~eJiemm npu aHeprimx :aos

~emm OKa:o:o 4 Ma:s, nony,m:smee uas:aaHHe "11s011epHoro JOOJWla". 
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npoucxollQ:teHHe mem,qia o6yCJioMeHo npeo6Jm,na.mtea pOJrLn s~epzrumoro 

.IteJiemm Ba-roil ~c:Tlll :sosCS~, Tait Kait npH ~el)3aBHCU ,IteJie

HHH, B OTJil/11D18 OT III'HO:BeHHOro, C HSMeHeHHeM 8Hepnm npo~eMocn 

Btoporo CSapDepa .Il,IUt HSOllepma: COCTOR:HHA OCTaeTCJI o~oi H TOI ire, 

a MeBJJeTCJI JilllmD :sepon:THOCTD BX saceJiemm. H3Y'ieHH1> a-roro JIBJiemm 

ua H,Jij)aX 232fu, 236,238 U H 237 Np nocB111I1ena .mecTasr rMM. 

r~ YII IIOCBlll!leHa HCCJie,ItO:eaHHSM YaCCOBOro pacnpe,IteJiemm oc

KOJiltOB npH lp()TO,IteJiemm. 0HH B8Jilll0D B ~x nanpaMemmx: HSMepeime 

Macco:soro pacnpe,1teJiemm npo,1zy1tTOB <1><>-ro.1te•emm 238 U B ~asoHe -

rpaHH'll!HX aHeprua 4,5 - 6,5 Ma:s, H nonCK xoppe~ 11ew aimsoTpo

IIHe! :a acm.meTp:aea OCKQ!IKOB npn q>OTO,IteJieHHH 226 R,a, BOJilllSH 6apr 

epa. c.;o:soEyIIHocu :1111ellllllXCJI ,JtallllHX no H..ItPSM 238 V 11 226 R.a.. nos

BOJmJia. IIa:o:yqHTD He TOJIJ,KO HHT8rpaJII,Hlle, HOH ,ItHqXJJepe~e (ce

qemm) :x:apaxTepnc-rmw: Macco:soro pacnpe,1teJiemm ocROJIKOB H npo:secTll! 

ero aHaJIHS B .pawm.x CYII!eCTBYDlll.U Wl,IteJieii .• 

B IIOCJie~e:li (Yill) rJiaBe CHCTeMaTH314POBaHH _:see ~e O <Sapr,epax 

,IteJiemm TJilleJIHX. ~ep H npoBe,IteH :ax a.HalllIS. 

B saitlI17'leHHH ~eeeP:~ nepeqnCJieHH oeHomme pesym,Ta'rli npo

Be,IteHHol paCSOTH, a B npHJIOlreHHe BUHeeeHH :see TaCSJim:nl sxeneplill4eHT8Jll,

HllX pesy.JIDTaTOB. 

I 

IIep:sui eH.IIDHOTO'IH!lii MHKPOTPOH, noeTpOeHHHll B Hamett CTpaHe, 

CSU.JI eoopyxen B ifflSHqeexoi JiaCSopa-ropmi: AH CCCP B 1957-60 rr. no.It 

pyKOBO,IteTBOM C.II.Kamu:tli. OH m4eJI I2. Op6HT 14 CSwr paeqn-ran Ha :mep

rHI> 6 Ma» •. IIpe,Jr,1Ioll8Hlllit B.H.MeJieXHHm4 HOB!ill enoeoCS nmre~ qac-r:im 

0 HeIIOJIJ,SOBaHHeM ItHJIHB.Iij)uqeexoro yeROPf111118rO pesoHaTopa, BHyTpH 

KOTOporo 8JieKTp0Hli co:sepmam ,llOIIOJIHIITeJII,HUii IIOJJYOCSOpoT, IIOSBOJIHJI 
' a:s-ropay M<>I paCSom CYII!eOTBeHHo YB8JmtmTD no epaBHeHHD e npeJIHHMH 
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•aJPJIJlrora ycxopel'UIHI TOR ( .no CTa MWlJIH8MIIep B J!IIIlyJII,Ce} 11 o6ecne-

1Jllfi, BHCOl'tyll C'l'adl!Jll,HOC'l'b padOTH. IlomntJmCb BOSMOllHOC'l'b IIJl8Jlll01 

per,y.npomm: &Hepnm yc1topemmx TiaCTm{. 

Ha OCHOBe 8'1'HX-pesyJII,TaTO:B B !963 r. B HfflAH CCCP npll y,i:ac

Tllll aB'l'Opa OWI COSMH ROYll8ltTHHii lI 3IqleRTll:BHHI wmpoTpoH C. r-, op

Ol1T811Jl /2/ Ba HWJmaJll,Byl) 8H8p!'H?) r-, Ma:e, Ba RO'fP!)(H C !964 r •. Ba

qaJJ][ np0B0,lOl'l'bCI! qJl!Sl'l'lecue JIICCJie.u;o:eamm. TaR RaR. Rpyr npoBO,ItmmX 

Ba JOlltp0TpOH8 11CCJie.u;o:eaimA JtOCTS.TO'lHO DmpoR, o~o 113 nepma 'l'pe

cSo:eam R yCROPlll'l'eJIJ> - ymmepcanHOCTb. STO osua11aeT, 11TO yc1top11-

T6.lll, JtODeH ~Tb Ilalte'l'H pe.!IJI'l'JIBllIC'l'CltllX 8JI8K'l'p0HO:B paSJm'mol!: &Hep

l'.1111, ~HOCTK, '18.CTO'l'H IIOCWIOR. Bee c!Jiou JtCl.lllEIIH ooecne'lll:BaTI» 

decnepedol!:Byl) pa60TY B '1'811eHllle ,wm'l'eJII,HOro :epeMel!ll ( HeRO'l'Oplle 

ma:ne!Jlll8HTH BeJillCb HenpepmiRO B '1'e11eH11le 40-50 ,mco:e). 

K BaCTOlDlleMy' BpeMeHlll Ba M:a:ltp0Tp0He Hffl AH CCCP C I7.0p6HTBM11 

peausOBaRo TPllI Tmm ycxopemm: 

I) o6H'DIHI I TmI c 110SMol!Hoc'l'J,Jl nepecTpoibm no nal)811e'l'PY 

Q =E/Eo :e JlRaIIaSOHe I,I-I,4 ( E - &Hepr.as: SJielt'l'poHO:B, 

E0 •111c2 ); 

2) I 'l'lin ycxopemm c saxBallOII 118 H8ByJI8!3J,IX cpas (.Q =I,05-I,3); 

3) 11 TmI ycxopemm ( .Q = I,45 - I,9). 

HcnOJII,SOllaBJle S'l'll. 'l'peX T11IIOB ycxopemm nOSllOJ!S:8'1' nepeC'l'paH:Ba'l'b 

. &BeprDI U:8lt'l'p0HOB B IIIlilp0RKX npe.u;8J!a.X. BnJIO'l'b .u;o r-, Mall. 

JloH08H8pr8'l'FIIIOC'l'b SJieR'l'poBOB B MJmPO'l'poB8 COC'l'al!JIII8T npH-

Jlep!!O 20--30 xs:e lIPJI I 'fHJle ycxopemm 11 N 50 xa:e np:a: Il 'l'lIIIe. Saep

l'HB 8.ll8KT}ioHo:e onpe.u;eJI1IeTcs 'IKCJIOM op6:a:T, ,wmaol BOJIBH CBlI-£OJie

da.Hd H llal'HJl'l'Bml nOJiell, KO'l'Op08 llml8pli8'l'CH C TO'lHOC'l'J,Jl .u;o o,1% 
no lDIP B'. Benpepm!BO ROH'l'p0JIHpY8'l'M BO Bpellll pa60ffl ycROpJ1'1'8JL'I~ 

Cpox CJJyZOH paspadOTaHHHX Bmm xaT.e.u;o:e lIPJI Jicnom:,soB8HJlll 

deSllaC.!IIHoii O'l'R&'Dm coc-ra:eJilleT OROJIO 250 ,mco:e. 

BHBo.u; 8JI8RTp0HOB HS YCROPHTenHoi RaMepll Ocylll8C'l'BJm8'1'M C 
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'l'peX noCJie.u;mlX Op6JIIT c 3IqleR'1'11BHOCTI,D ""' 95%. Xo'l'JI npweURliH8,l!J,HO 

BOSM<mlH :mmo;u; B'. C dom:,mero 'IHCJia op6R'l', padOTa'l'b C IJY'IKOM, mme

.u;eHBHM c dOJiee pamna: op611T, 011eHb HeyJtodHo 111s-sa dom:,mol pasJmitl:I 

B mmpaBJiemm ~mm SJielt'l'pmu>:B • 3Ba'111TeJII,H08 ll3M8H8Hlll8 8H8prllllll 

MH Ocylll81DT:BJISieJ4 npoc-ro :im;!tBJIJteHllleM ycxopimnero pesoaaTopa ~ 

ycROPJll'l'eJll,HOI RBM8pll C n0140lltf,D aadopa :BOJIHOBOJtHHX BC'l'a:BOR. ~IryCR

po:exa 8JI8R'l'POHOB Ba 'l'Oll403HOI lillll!l8Hll OcyI!l8C'l'llJISI8'l'CI! ;nyc!JieTOM l033Jt-

pynom:,HHX JIIIIHS B lIJlTHO ,u;Hall8'1'P0M 8-IO MM. 

MOHlll'l'OplllPO:Ballll8 Ill DC'l'HpOBRa ny'llta np0ll3BOJtR'l'M JIH60 CllC'l'eMOI 

,tJ;lll8ij/pan,, JIH60 no CHI'HBJ!llM C HaIIepCTRO:BOil 11 'l'OHROC'l'eHHOI HOHIIIBa

~ommx Itall8p. Saplill Ba Mm118H11113Jl8plieTCI! c 'l'O'lHOC'l'bD 0,5%. 

Kalt lll JID6ol ru,yrol SJieRTpolllllll y01top11Ten, MRRPOTpoH He 'l'O,Jll,

xo CJJYD'l' lIC'l'O'IHHROII peJISTR:BIIICTCltllX 8JI8R'l'poHOB, HO H lleC'l'RIIX I'a!I

Ma-R:BaB'1'0B, pOJWIJOOlZXl'.H npH 'l'Op,!OlreHlllH 8JI8K'l'p0HO:B B Bel!l8CT:Be, lll 

H8l!:Tpo1JO:B :B pesynTaTe (t",11,) - pe~. 

Tax Rait Ba11160.1Ib1111II :BHXOJt 'l'Op,!OSHOrO HSJJY'l8Hlm :enepe.u; nonytJae'l'

CI! npJI 11CII0n30:eamm Mm118Hei! 'l'ClJIIIlllllOi! .~ . 0,3 pa.u;.~., TO Tpedy

ll'l'M cneni,mJII,HHe pac11e'l'H cnexTpa HSJJY'lemm ll yCJiommx peBJII,HDl'O 

8RCIIepHMeHTa. Il08'l'OIIIY Halllll 6WIH npo:ee~eHH pac11eTH cneRTpa 'l'Op,!03-

HOro HSJJY'l8mrJI HS TOJIC'.l'HX 1111:meHel /3/. IlpeJtIIOJiaraiI, 11'1'0 "SJieMeH

TapHHi" cne~"l'p lllSJJY'l8Hlm,, T.e. cneRTP HSJJY'l8mul 8JI8lt'l'p0HOB npH o.u;-. 

HCM.axTe.pacceamm H3B8C'l'eH, cyw.mpymcs Cll8H'.l!Jlli.'l'Oll403HOro H3JJY'le

mut HS 11ceii r.mmeimc yq:eTCM pacceJm1111I SJieKTpoHo:e, norJI0111emm 11SJJy-

11emm.B aaTepiIB.!Ie MHmeim, Bep0SI'l'HOC'1'11 Hcnycxamm !p()'l'OHOB IIO~ BaMH

·HHM yrJicu., a TaRZe noTepb anepnm SJieRTpOHaMH 11 me norJI0111emm. Pac

cim~e Halllll cneRTPH xopomo co:ena,naDT c li'!Memtm,mcs axcnep1111eH

Tanr,umm ]VlHH11MH ~ JtRanaSOHe 8Heprml I - 30 MB:B. 

:3RCIIepHMeHT8Jil,H08·ncCJie.u;o:arume BOSMOl!HOCTea LnutpOTpoua Kalt 11c

'l'O'llllllta Hel!:TpoHO:B ll0Ra38JIO /4/, 11'1'0 noTOR 6HC'l'l)HX Hel!:TpoHO:B (cpoTO

Hel'l'pOHO:B) HS CBllllnO:BOro ROHBepTepa npiI anepr.m 8JI8R'l'p0HO:B 39 ~a:e 
9 



COCTaBJIJieT 5.rr/3 Hef1Tp./c:.i2.MRityJI, lIHTerpaJII,HII:li BUXO,ll; - 5,2~roI0 

neflTp./wotyJI, a npl!l aaepnm I3 MaB - 2,5.ro9ae:liTp./wtKyJI. IlPR l!!CllOJ.llr 

30Bamm BO,n;imoro 3BJle,wnr?eJilI llOTORH TellJIOllUX HeflTpoHOB npl!l STKX 8Hejj

l'RIIX COOTBeTCTBeBHO paBBH r,r.rr/3 1!l 5.ro6 He:2Tp./c:.i2.MKRyJI. 

rr 
B pesynTaTe HSMepeHl!l:li xaxo:li-vmdo qioTope~ Ha TOp,!03HOM . y 

cnettTpe Im llOJIY'IaeM 8Ha'leH1!le llUXO,ll;a pe~ B 3aBl!!Cli!MOCT1!l 

OT lt1!llleTl!l'leCROI saepnm 8JieRTP0HOB Eo, ROTOJ)B:li BHpaXa.eTCII CJie,tzy"-

IJlllDI lIHTerpaJII,Hml .COOTHOmemreM 
E". 

Y{Eo) = Q, J S'( t) N(£,E0 ) clC, 
. E"•P 

l'J{e N (E,E0) - Topaosaott cnexTp, 6' (E) - ceqe:ime , C<. - ROHCTSRTa, 

:lapa!t'l'epJlspJila.f.[ reOMeTpm> OmtTa Jl Mlllmem,. 3Ba'lemut y (Eo) lISBeCT

BH B ,ttltCltpeTBHX 'l'O'IRaX E oi. • B Ma'l'eMa'l.'IIIKe ypa:BHemut Tmtoro TJma Ha-

. 3HBaD'l'Cll ypaBHemreM BOJil,Teppa, RO'l'Opoe SIB1IHe'l.'Cll 'l:aCTHHM CJJy'l:aeM 

JlllTerpaJII,HOro ypaBHeHml ~,ll;rOJWAa I po,!J;a. HCRCUOe ypa:BHellll'.e JieI'RO 

8Jll'edp!UISOBaTI,, H B MaTl)H'l:HO:li qiopae TOr,ll;a OHO MOJl'.e'l' dBTI, sarmcano 

B Bll;lte Y= N fr • B ~e yxe OTC~ MOJreT 6wr1, nOJ.iy'l:eao pemeHl!le 
- -.1-
() =- N Y • Qiu!alto IIJ)alt'l.'H'lecRH llPR yneJJll'l:eHll!ll TO'l:HOll:fi HSMepeHl!l:li 

K 1JJICJia TO'lex Ma'l'P~ N CTaHOBJIITCII IIJIOXO o6yCJIOB.71eHHol, H pe

JIIH'fi, 8a,118.'l,Y TaxHM odpas·OM He y,ll;aiiTCl!. B pememm 6 {£) llOJiBJilD)TCII 

Belp[9ll[lieCKllle OC~, C 'l:eM, l3 'laCTHOCTH, CBIJsaHO TO, 'ITO TaR0-

1'0 po,!J;a 38,lta'l:H HOCl!T 118.SBa.Hl!le "HexoppeRTHill". A.H.Tl!lXOHOBm4 6wm 

OOOCHOBSHH H pasBKTB MeTO,ll;FJ pemeHU ne1toppe1tTJUlX 38,lta'l C HCll0JII,SO

ll8Bll811 peI'yJI!IpHsyD!lero ~OHaJia /5/. Pery.1I!Ip1!lS~ BOSmntaeT rum 

<.48,ll;C'l'lle. llOIIU'l'OR BildpaTI, np:e:dJmxeBHoe pemeHHe HS roracca <IiYmu.tafl:, 
OO!TIW3IJIIPIX Ollpe,ll;eJieBHOSl rJia,ltXOCTI,D, ROTOJIM saBHCHT OT XOHXpeTHoro 

BJW1 peryJIHplllSYJ:ll!lero g,yllltl:tBOHaJia. · 

3:IqleitTl!l!HocTI> peryJIHpHsaxnm B 38,lUl'le o nonepe'l:HOM ceqemm qioTo-
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Jl'.,ll;epHllX peaxnmt dwra B!IepBile npo,ll;eMOHCTP1!lPOBaHa I{yltOM /6/. HeCMOTp!l 

Ha ,ll;OCTill'ByTile ycneD, BWlllJiemi:e TOHRO!ii CTpy!tTypB B pememru: HHTer

paJII,HOro ypaBHeJme C llOMOIIII>J) MeTO,IJ;0:13 peryJIHplllsrunm Bcer,ll;a ocTaeTCl! 

npo6JieMaTll'l:Hm4 B Cl!lJiy ~:aopHott rJia,1UtocTH pememut. KpOMe ·Toro, mm

M HCllOJII,SOBaHml: B MeTo.n;ax peryJIHp:e:saxnm B Ra'l:eCTBe Mepll pacXOl!;!te

mm: ,per:acTp:apyeM~:li %'lilt1.Utl4 Y (E0) ci~ TO'l:Holi npanolii. 'mCTH N 6' 

:IU!8,lU)aTl!l'lHOro ~OHBJia, BOSMOXBH OTPHnaTeJIJ,lille pememm yprume

llllil, ROTOplle He MOI'yT dHTI, TmtOBElMH npmmmmaJil',ao no CBoelii qJHBl!l'leC

ROtt_np111po.n:e. 

B 8TOM nJiaHe llpe,!J;C'l'aBJilLl[O lIHTepec l!!CllOJll,SOBa'l'I, .Il,1lS pememm lllC

xo.n:aoro ypaBHeID.JJI MeTo.n:, npe~oJrellBHSl M.3.Ta;pacxo /7/. 3ToT 111e;o.n: 
. . , 

nas:Ba.H :1114 MeTo.n:cu MHHl!lJ4llsrunm HaIIpaUeHHoro pacxol!;!teHl!l.11, nocxom,xy 

·B Ita'leCTBe MeJlil paCXOll!;lteHllll'. Mew JieBoli H npano:li qacTJD4lll ypaimemm 

HCllOJll,SyeTCII :imqio~OBmUI Mepa • 
- YC&) . 

"(YNo)- fYCE) lt,, ·· . dEo 
0 '. - ' 

0 J 6(£)N(f,E.) Jf 

l'!MeD!lasl.CMilCJI HallpaBJieHHoro pacXOl!;!temut B_rwocTpamlTBe BepOSITHOCTeii, 

PemeHHe ncxo,ll;Horo yprumemm: np:aBO.IO!T x WUllDly!lly npne.n:eHHoro Billlie . . / 

~OHaJia,.a allPROPBaSI ll:Hqio~ 0 llOJIOlll!TeJII>BOCTR RCXOl40H qjylm-

D,llR (ce'l:emm) odecne'l:l!l:aaa'l'Cl! CaMm1 BHdopOM BH.zta qiymw;eoBaJia. 

Ocia paCCMO'l.'pemmx MeTo.n:a . dllJIH B8.M1!l pea.,msoBaHH Ha Sm! . BOOM-6. 

Ilpll 8TOM _dllJI BHeCeH Pff,1t lISJlleHemrtt, ItaCaDIIHXCJI ycxope:ims·cqefa, Oite

HOROm:e:dox llOJIY'IaeMOro peme:ims, xpRTep:e:eB OCTaHOBRH :aTepaitl,IoHHUX 

npo~eCCOB. 

B xaqec'l'.Be TeCTOB .Il,1lS nporpaMM pememm: odpaTHllX sa.n:aq 8'l'llMH 

MeTO.ztaM:H w B3!Dm JtEe na:adOJiee · HHTepecmu: .Il,1lS nae CP,yHlUl,.lil!. IlepBaB: 

cpyma:tlfJI .mmT:apyf3T .ztBa pesoHaHca pasnoff 8MllJil!l'!'Y.ltH, npllflleM nepmn! pe-

88HaHC m.1eeT B 5 pas (SOJU,myJJ BMIIJIHTy,Dy H RaR-dll Macx:apyeT BTOpott 

pesoHaHc. PesyJIHam pacqeTa no1tasaJIJ11, 'l'l'O npm om:e:dxe xcxo.n:aux ,ll;aH

ma: "' 5% BTOpoli MaRCm.,yM B ceqeJmR He IIp<mBJme'?Cll mi: B 1talt1!lX ue

TO.ztaX pememm:. IlpH yYem,meHliDI OmHdltH .n:o I-2% oda MeTO,ll;a BOCnp0H3B0-
11 



]1l!T HCX01tll06 ce'leHlle, JIIIIIIII, HeWIOrO HCltalraJi qJOJUY lmHJIIIIYNa llI BTOporo 

Maltcm,ylla. 

BTopott -recT CJiyDJI Hall Jl,JI!I mmTannt no)l;IIoporoBoro ~e~emm. 

.ABa.ml:Tll'leCim ce'leHll:e sa,nallaJlOCL B' lm,Jle OOR'mOI sxcnoHeHitH8Jll,HOtt 

no~dapLepHoi npommaeuocTl1I, ua xoToPYJJ'~ozeim TPJ1I pesoHaHca, ~H

Ha ROTopm: pacTeT no Mepe yiieJIIII'lemm BHeprma:.IlpoBe~eHHHe 'lHCJieHHHe 

BRCnep1!M8HTB noxasamt, 'ITO Oda M8'1'0,nll ~OCTa'fO'lHO HaJteltHO BOCUp0H3-

B0]1l!T XO~ ceqemm llI EM8Dey1lCII Ha Hell pesOHaHCHYJ) CTPYRT.YPY, OIDll6Ial 

BOCCTaHOBJiemm ceqemm Ottemmamca ~OCTaTO'lHO H8,IJ;eJtHO. 

QitHaxo, CJI6.Il.V8'1' OTMefflTL, 'l'l'O y6eir,ntimiOCTL B npaBllJILllOCffl 11e

TO)ta naxo~emm ceqemm HS llIH'1'8~HWC BHIO~OB HM88'1'CJJ TOr.ita, xor

.na HesaBllICm.wMMH sxcnep111MeHTSMH, npoBe~e:mmMllf ro,yniu MeTo~<M, no,1t

TBel)lllJU!eTca nOJiy'leHHHii pesynTaT - oco6eBHo B CJJY1Iae ll8JlH1mll C'fPYR

T.YP• 8TO CJJYDT OltOH'laT~HOA npoBepxol Hcnom;syewn: 148'1'0,ltO:il. 

Ha pHc.r npHBe~eim BCe Hl48DJ!K8CJJ It HaCTOIDll8My l!peMeHK pesym,

!laTH no ce'leHllll qJOT0,1tMemm 238 U - Hall60J1ee HsyqeHHOYy 11s,_·Bcex 

'1'1tSeJlllX 81IeUeHTOB. 8.TlecL noita3al!I,I pesynTa'm, . nOJiy'leHHHe no MeTO.ItV 

Bil,l{eJiemm ysitHX 8H8pr6TH'l8CKHX llIHT8P:eaJIOB /8/, C nOMOJIII,Jl lt<MUTBIIOB

Clt0r0110Hoxp014aTopa /9,IO/ 11 c n<Mo111I>D cn,t)-peamtd /II/. Halml 

pesynTam /I2/ xopomo ccirJmcymcx c BTlOOI }tSBH'HIIH · JtaX no qiopae , 

T8R Iii no a6COJlD'.rHOI BeJDl'llme • XOTa, B Clt!JJ: paBml'lHHX. IIplAJilH, pas

(1poc ,naHHHX paBJ.IH1mliX rpynn 0Ita3W!a6'1'M 3B8.'ll1Te.llLBJ:111, H8C<Ef8HHO 

B6Jm3l1I dapLepa B ceqemm Ha~ca ,ltl!a·pesoHaHca npJC sHeprHIIX 

5,7 H 6,2 MsB. Peaorumc npH aHeprma: 5,7 Mall, cxopee Boero, BBJis:eTca 

,lte.JlllT~Hlill, TOr.ita Kalt 6,2 M8B-pe30HaHC CJI8.Il.V8'1' O'l'H8C'ffl ltO BXO,ltHO

My ItaHaJiy: Wrst OU'l'H'l8C1toro H13Jt6apLepHoro peSOHaHca OH CJIBJ111tOII BH

COlt, a Jl,JI!I COC'l'OlllIWI BO Il m.te - CJllllll1tOII nmpo1t. (),ltHo . JUI · 11OSMOJIHHX 

OO'Lll:CHemdt 8'l'Oi CTPYJt'l'YPLI, ~aeuoA B C8'l8BIIJDC BCeX TJae.lIHX 

H,Jlep, 6WIO :mmmmy,ro B.B.BopoHOmDI H B.r.COJlOBLellal /I3/. !Io 1i1X 

MHemID, STO MOZ8'1' 6LITL CBHSaHO C 3]1e.JDI'l6HH811 llJIO'l'HOCffl ,1tllyXKllasit-
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Ce'lemte qJO'l'(),ll;Memm 238 U B6Jmsl1I dapLepa. . . . . ' 

I 

E, HjG, 
y. - . 

CIIJIOmHOI xpimOH noxaaaim pesyn'l'a'l'I:l_HallllX axcnepmmHT~. 
X - pa.6o'l'I:l /8/ no 116'1'0,Jzy' Bll,lt8JI8mtlI yam 8HeprefillleCDX 

· HR'l'epmo:a,· .- ~-.;. JI.-.-.~.-·- pesyn-ra'l'H Ha Jtmlll'l'O

RO:SCROII MOHOxpcMa'l'Ope,/8,IO/,.o - :ea IIORORBaH'l'ax IIPJl 
~oBHa.i _sarsa.Te Hel-rpoROB /II/.· 

", .• -: .. ·'. \ . ' . . 

•. ·. •. • Si' 
'laCff'll!HX. COC~OSD!JII C 'J = r • •

0 ·si.~-

Xopomee cor.nacie HalllHX )taHHHX C 81tCnep1!MeHTBMl1I Ha· MOROltJ38JIT8X 

/8/; nO,lt'l':Seplr,l(ae'l' -~ROCTL a:cnom;syem ·m·ua'l'e»a'l'JoA8CltHX 116-

'l'O,ltO:S. 

ill 
B aaqeC'l'Be .oc11oi1Horo 06'1>8XTS.lilCCJI8,IJ;O:eamti R8Mlll dwm 'llHCSpaBlil 

'l6'l'H0-'J8'l'HH8. S'Jll)a. S'fOT :im6op o6yJ!OB1.teH '1'614, 'ITO ,1tJill 8'l'Oro uacca 
~~ H,Jlep K8B8JIO~ ireopu npe,1tcxas~-r m60J1ee 1tomtpeTHHe 

~8,ltC'l'l!lll!, 'l'l'O C:MaaRO CO cne~ol CI181t'l'pa JIX Blil'.I\Btbma yPomiel~ 
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B :KaqeCTBe ,neTeKTOPOB OCKOJiltOB ,1{8JI81Uli[ upem.1y111ecTB8HRO B HBJllei 

pa6oTe HCnOJU,30LaJIOCL CTeKJio. 06Jra,t(ag qpe3lll,NaHHO HH3KOtt 1JYBCTJ3l!l~ 

T8.7U,HOCTLIO K ·c- -minyqemm, HeiTpoHaM, d,; -qacTHI113M, CTeltJillmm:e 

,l{eTeKTOPH nOSBOJI/lllT H3rOTOBHTL KOMIIaRTHHe H3MepllT8Jll,HH8 ycTpottcTBa, 
,,. 

KOTOpHe MOlltHO yCTa.Hal!JlllllaTL B Henocpe.l{CTB8HHOtt 0Jm30CTH OT TOp,!03-

noil MH!IleHH Rax BHYTPH YCKOpllTMLHOil ItaMepH, TaR H BHe ee. 

Hs pammx paOOT no yrJIOBOMy pacnpe.l{Memm OCKOJIItOB iIPH <p()TO,l{e

Jiemm ( ,l{O I962 r.) 0W[O H3BeCTHO, qTo y qeTHO-'leTHHX H,Itep 6apLep 

,ll,IIa KaBMa (r,I) Ha HeCKOJlLKO COT KllB l3Hllle 6apLepa (r,Oi. O~o, 

.l{MeHHe KB8,IU>yIIOJIJ,HHMH KBaHTaMH He OWIO Ha,t\elltHO OOHapy:ateHO. Kalt 6H-
,, \ 

JIO y:ttasaHO B pa6oTax /I4/, OTHOCHTeJILmnl: BUaJ]; KB8,IU>yIIOJILHOro ,l{Me-

mm MOJKeT 6HTL saMeTHHM JIHl!II, npH .l{eJiel!lm llO,l{ 6apLepOM RaHaJia (r, 0) / 

eCJm paccTamme MellQJY HHllBiiJnmm KaHa.Jl8MH 2+ Hr Berno. lleffcTiiH

TCJll,HO, KaK 6wxo H.aMH nO:ttasaHO /IS/, iIPH CHDemm llO,l{ 6apJ;ep .nMe

mm B yrJIOBCBI pacnpeneJiemm OCKOJiltOB OTqeTJIH:BO llPOIIBJUieTC.S: Jaa,JU)Y

llOJILHM KOMIIOHeHTa. STOT pesynTaT .IIBWIC.S: IlpaMliM ll0,ltTBe~8HHelf l'R-
' 

ll0Te3H O.Eopa O cneKTpe nepexo,l{HHX COCTOIIHHft ,1{8JDlllteroc.a: H,Itpa /I6/. 

l'acCMOTpHM llO,l{pOOHO BOnpoC 00 OTHOCHTeJU,HOI- p0JIH KaHaJ!OB 

(I-,0) H (r,I), XRpaKTepHsyDIIIIX aml30Tpomm J:)a3JieTa OCKOJiltOB. B 

paMKaX ~OHHoro OnHcamm KaHaJ!OBHX aqqJeKTOB MaltCH118.71LHHA OTHO

CHTeJILHI,Ui BKJia,n .l{Memm qepes KaHaJl (I-,0) ,l{OJIJteH Ha6JID,naTLC.S: B6Jm-

3H · aHepro YPOBHll , ( r, O) , qTo . He na6JID,naeTc.a: na axcnepnteHTe /I7 /. 

Tax, nanpm.iep, ceqem:e .1tMemm 240 Pu B Toi Toqxe, r.1te aHllSOTpomut 

,l{OCT.IU'aeT MaltCm.iyMa, npntepHO Ha ,nBa llOPH,Itlta Mem,me, qeu OHO ,ltOJIZHO 

6HTL corJiaCHO pacqeTaM. STo pa3HOrJiacHe y;ItaeTC.S: yCTpaHHTL TOJILKO B 

M0,1{8JIH JlBYl'Op6oro 6apLepa npH EfA> EJB I H6o,corJiaCHO 8TOI MO.l{eJIII, 

nOJI0:ateHHe Ha6JID,naeMoro nopora onpe.neJI1IeTc.a: B aTCBa OJiy'llae_ 6°:'1ee BHCo

KIIM Hs 6apLepoB (A), a yrJioBoe pacupeneJieHHe - nOJiozeHlleM aHepru 

Bos6y~emm no OTHomemm K KaHaJiaM Ha 6apJ;epe B, T.e. H8,Jt6ap1>epBHe 

aibfleKTH B :vrJioBHX pacupe.1tMemmx llPOIIBJIIDlTc.a: B no.1t6aPLepnoi no ceqe-mm o6Jiacn. · 
14 

Ha OCHOBe ammepnteHTOB no yrJIOBOMY pacnpe.neJieHJDl OCROJiltOB MH 

MO:ateM BH,ll;eJmTL B ceqelllDI qioTo.1teJiemm qeT&o-qeTHHX H,Itep ero na~

m1e cocT8.l3Jilllllllile, cooTBeTCTey8llJ,Ie .1teJiemm qepes cocTaa:HM (2+,o), 

(r,O) JI (I-,I), qTO ,J(aeT B03MOJ!HOCTL npoBeCTH ROJmlleCTBeHHlm KaHa

JIOBHi aHa.llll3 /I8,I9/. CJie.JJYK COBpeMellllliM TeopeTHqeCKHM npe.l{CTaBJJe

HJIKM o CTpyKT;ype nepexo,tllmx COCTOIIHHI Ha 6ap:&ppax AH B, MH pacCMOT

pe.,m ,nBa BaPHaHTa: I) KOJIJieKTHBmle COCTOIIHIDI Ha 6apLepax AH B no

,l{06BH OCHOBHHM cocTOllHWD4 H.2) Ha 6apwpe,B npoHCXOAHT BHP~emre 

yp0BHel (r,O) (T.~. Br:= B:i°), 0Tpamlll88 MaCC-aCHMMeTpHIO H,Itpa 

Ha BTOPGI 6apLepe. TaK KaK yrJIOBoe pacnpeneJieHHe OCKOJiltOB 4lOIMRPY
eTc.a: Ha BTOpoM 6apLepe, C~TaJJOCL, qTo nepeX?A qepes nepB!ra 6apLep 

npH ,l{HllOJILHOll norJIOl!l8Hlm npoHCXO,!J;HT Bcer,l{a qepes COCTGIIIHHJI(r,o). 

OmlcaHHe axcnepm,ieHTaJJLHHX .J(aHllHX y.l{aeTc.a: npoBecTH Y.ltOBJieT

BOPHTem.Ho ~-o60J1X :eapxaHTax pacqeTa. PaccuoTpim n~~ cTpyK-
• ' ; ; ' ~ .- ; ; • f '.' ', : • . i.' ~. ·,_;' \ ·; 

'eypy nepeXO,JJ;HHX COCTOIImtii H CpaBIUIM ee C H3B8CTHHMH .namim,tll no oc- . 

HOBHEM · COC'l'ammaM . .(' •pllci.2) ~ . 06palllaeT na' ceOO' 'Bmi'.MaHHEl; CJie,uyi)l!tHtt 

qrutT: ana.,ms axcnepDeHTaJJJ;JmX ,nammx 11 upenno.iioie'i1n 1• o,ni!:HaXoBott 

CTpyKm,>H ~epexowua 'co~TOII!lldi na 6ap~pax iii 
0

H (Ba~T I) npHBO-
< ;', ', •~t•,.•A•,: ,,, '•'~ ••'' \•',I' ;'••J ~ •, ,:•, •:• :'.•", 

,!{HT K pesxott saBHCID40CTH.,8Hepl'Hll (I:-,o) ..:. ypOBHll, OT aTOllQ!Oro HOMe-

IB, npoTHBopeqamel m'li:bMepel!HID4 3Re~rmt'ypoBHei .i3 oc1o~HOM COCTOII

mn:. ,( _B, r aue)/. TaK ~- ,HB;JlllW )>11I11D(npe~CTaB.lle~. ,o, qlOIJ,mPOBamm R,ClJI~ 
JI8KTHBHBX COCTOIIHRtt. YqeT :BHpO~eHHJI (2+,0J H (I-,0) n,>.O:aJiei ~•. . 

6apLepe B l. Bap:ll8.H'l,' 2) IIPHBO.l{HT, K pasywmu snaqeHH!lM imepr:e:H Bqex 
- . . . : •. . ' , . i, • ; ' ; • • • ~:. . - •, ' '. ~ ' , . 

Tpex cocTOIIHHi ·B· cewi:oBoi! T.oqxe. 3ToT pesyJILTaT ,nocTaToqno y6eAH- ,, ., 
• ' • .( • ' • "' ~ 7 • • • •• < , •· • JC , I , ,'-• • • C <, •·'• •• ; r ; • ~ • r • < 

TeJILHC>,, 1IO,l{~~epllf,Wi8T . ~Ei~ ,1!3 ~eq~'.,l;H'l8CltlU pacqe'l'PB' l:l.CmlMeTPH'l:-

HOCT~ 'kJµ>a np~ .n*~,,"co~TBeTCT:aymtei 6apLepy B.' '.' . : 
:. ::,.:·· : ,' ,·. ···•. ·,,· ·: : , ..... , • '·• ·• . ·. . . , .. ,,. 2'!°0 1,0 

.:1!-~e~e ,:e:s. ~~B_orq ~311,s~qemm l!Hep:i:'i{l,:J3,., ,: B.f ·.· .· 
1-t:·< ,... T 

:e: B ;. , '.;,,~ ,6-~PL!'J>OB: .A _:e: B ~~~,C;';BeHll<> ,11prunt1II,JIO, OT~; -reopeTH:-

qec~e, ~cqe'ftl: wm· ... Tl:t 61:'-,f¥P Bi,BimI~. 6ap~pa ,A ~;11~~11epe Yl36Jlll'.-:-
. ~ ! . ' . ._ .. 

; ,,: -~ .. t • It.'·~ ~ \. .. 7 -i '.~ ,: :_, /./;, ;J• is 
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· P.lc.2. SIie~ BU8fflX XOJIJleKTDJIHX COCTOIODII Ba 0aJ>I,epax 

:a 38BIICIIIIOC'lJI O'l' · aTaimoro HCllepa: 
■ 11 • ~ aHepl'JIII ypollHel cr,r> 11 cr~o> :a ocaollJlCll 
COCTOfIBJlll, X JI O - COOTBeTCTBYJlll1fe 8liepl'Jdl nepe%0,1t-
ma: COCTomml; eymt'l'JIP(II · lIOKasaBa sau:cuocu, O'l' 

8KeprJIII (r,O)-ypo:au lipJ( !-<Jll llllplWl're pacq&a~ 
. . 

1JeBJIB .t . xaprua Me&eTCI! ~ ·~ Jl80'l'OlIOB llJIY'lOHlm B8JIBBCIIIIIII .IIB1JJ!eT

CII nepml. d&J>I,ep. 

PacCIIO'fpiDI pesy.,a,TaTH KSMepead Ce'lemdt t0TO,JtUeBJlll .'JUeJ.llilX 

qep :a no~pi,epaol OC1nacn:~. B . CJI,y1ia8 'l8TH0-'leTHHX JJ,ll;ep B ailepren

'IBCXOI 88.lll[CJDlocn· upomia.eii:ocn .11MJ1TenBoro 6apt,epa im o<SJiapyn
llllell PQt peSOWJICOB,' ft'.11-QJJqJX~JI .JiplDISI( CJle,JtCTUeJI M<me.lDI JU!1l'OI)doro . 

. ' . . ·, .... "- ,. . . . . . 
6apl,epa. PesynTa'l'H ·JlalllllX 8KClI8J>11118BTOll 11 &TOI 06'Iacu aaeprd M0a-

BO. cpumilfi TO.II>K0° C pesy.ia.Tafflllll: XSllepeDI Ba sa~mim: .. · ~cn-

QIX na (t,pf)-peaKitlDI~ mm Qo Ba npaepe ~ 232Th( imc.3), 

:B HCla~B'f&X C Q -.JJY118111(. y;iiaeTCI! npo.uDy'fl,CII &HaUTULJlO BUe 
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Pac.3. !IPOHJII1':\8MOCTI> dap1>epa JteJielDIII smia 
232Th, II.>JJY'lemaiI 

BH81111IX 8KCII8pm18B'f8X H. B pe~ C 88p,ll(eBJDAIH 'laC'fH-

IJIUIII• 
no·· &Hepl'JIJI :aoSCSys.tteJlllll, qe11 :a. ~ i-a~x. · lllllpOKHI aaepre'lll'lec-

xd ,orauasoH B8IIIIIIX J1SMepeHHI JtQeT :a~Sl&ODOCT~ cpa:eHllTl> ~~~epm&eH

'f8JlldlHe ~e IIO IIPOBJIIilellOC~ 6a~pa Cl' ~opeTH'i8C~: pac~eT~.' 
' > • • ., • ' ~ • 

no 11epe yuenmeHU aHepro :aos6~BHll cooTHomemte 11e11JJY napa-

.11e-rpa1111 ypoBHel B I JI ~ n SJMe npe~~e~~'l' Ka'l8C'l'Beiiime 
0

ll81&eH8HBli. 

Ec.D 
0:e6ml3JI cSap1>epa. ,JteJit!BlUl B Oiq)eC'l'HOC'f~ &Heprim CBll8~ Heih'paJJa . . 

coc-r~ x~-sJJ."Pll ii·~ :ao n ~ uepe~~.·-. ;~ sa~ 
. . ,, . " -. ; ,. . . - , ' , .. ' ': ,. ' .. • , ' ' . ,'- ~, ·, .. ~·.; .. '• ~""" ~.-.. ' ' 
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saTeM MOlleT HaCTyIIHTl, C.HTYB.IXWI, ROr,lla DmP.lilla COCTOSiimn BO II JD4e 

6y,J.eT SHa'illTeJII,HO Melil,me pacCTOJIHKll Mew ypO:BHIOOII BI JWe, JI TOr

,lla »samao;nettCTBHe l11f1X C.HCTeM ypOBHell Heo6XO,Il;l'IMO,OII.HCW3aTl, Ha HSH

Re Teopu B03MYllleH.Hll corJiacHo TeopeTJllleCRoll pa6oTe Jimrna /20/. Ka
'l:eCTBeHRo ST.II (p()p,!y.ml no;n06Bll OII.HCamm npommaeMOCT.H ,mJyl'Op6oro 

6ap1,epa ;ne~eH.HH B KBasmt.11accJilll:ecROM np.116.mutemm H rJJy6oRo no;n 

6ap1,epOM oHa nponop~OHaJII,Ha npo.asBe;nemno npommaeuocTell rop6oB 

pA.pB. ~emm noxaSHBaDT, 'l:TO ~a:TL Teop.H.H BOSMYllleH.Htt ;nomma 

Ha'illliaTLCSI np.a aneprmu: BOS6y:z;tterum Melil,me 5 MaB~ 

SRcnepHMeHTaJil,HO 8TH TeOpeTnecue COOTHomerum npoBepstlmCl, 

HaM.H np.a aHaJmSe Ce'l:erum qxi"6;nMeHHH JJzj>a 23_7N p. · He'l:eTHoe HJU>O 

011eH1, y;tl06Ho )I.]IH aT:ax rteJiell, Tax RaR Bero ceqemm He ;nOJllll!H npo

SIBJIIITLCSI peSOHaHCH npo~eMOCT.H B CD:J.cy: ~OJD:,mOilpIOTHOCT.H ypOBHell 

.II TeM CaMI& CUl,HOJIY paSMammamm BH6~0HHHX peSOHaHCOl!l no 'JI.PY-
' •• 'C 

rma CTeneRSM CBOOO~. Ilpo»e;neHHHll HSM.H IIO Teop:rm · B03MYllleimll pac'l:eT 

;neJW40CT.H HJU)a ~? Np BnOJIRe y;noMeT:eop.aTe:11I>HO corJiacyeTCII c aRc

nepmaeHTOM. CJiem<eT oco6o no~epRHyTL, 'l:TO np111 STOM HaM.H KCnOJD:,

so:BaJI.HcL Te :m riapaMe~pu 6~p1,epa ;nMe:iµut, >i:To·.a np:a on.acamm ceqe

mm: ;neaeH.HH B oxoiionoporoBoll o6JmcT.a. 

IY, , , 
~ ., ·.: : : ,: • ' '.' ; • • ' :- , ',... ·, •. ' ; ' ' ·: ·i 

COBMeCTHOe .HCnOJD:,SO:samte lreTO;ita s;nepHID:: pe~ H uo;ne.,m 11:B1-
~· 

rop6oro 6api.epa llp.HH8CJIO 6o.ill,1111te yr::nexm:' B nommamm CllOllCT~ ,cnoii- . " 
; ' ,; , : . ,'. :, ' " : : • •.. 1 , , ' • • ' • ·, ,• : . , • · ~ , • J~ '•, . , ;'>.; • , -'·:• '. . •,_, l ~ '·:: • • 

TaHHO ,lteJISD]llDCCSI .HSOMepoB. PasB.HT.He .HCCJie,no:eamin, llJJIO_ OT .asyqerum 
. • . . . ' , . ' . . - ,• ." - . • . . . . ;. , ',; .. : .. : : ·' \! , ~~ ·, ' ~ . . . 3 " •• : • :: ! 

pe~il: c·~ I'IOmu.m R peaimimu c 6cinee.:~erxmm ,i:ao~ •. 
• •I • ·· '~- i '·' · • . u,· ·1, ·,· •·•• ,...,;,;,f•J1.,. r ; '; .,::?r . · .'-< ,' __ ., ., 

3RcnepHMe,HTH noxasau, 'l:TO c_ yMe~memi;eM ~CCH,t,;,,sa~ ,60M61iP.IUI-
' ,. •· , .. ·:, ., . • ,_. .,_>'·_.:··· ·:: ~ -·" ··.~·t, 1- ,.-.-~,.., .,.,_, •,, .,J..:;., ': -t n.~, ,.~:• 

PYJlllll tm.CT.HU ~o~oTae'l' ceqe_H}Je. ~pa~9~ .a;npa B .asOMepBa( coo~ 
' - ' ' . . ' ~ ' - · · - '• -...- • · -• .,. .! · ••·, s'«"' .• '. .. .i,. di _._ ,;, ,., . i ; (~ . ·; -;,. .,, , l ., 

TOSIHllll(. 3To o6'I>IICBHe'l'csi: ·ooxpa111eBl1e'4'l:HCJia ItaBa110B· 1toHR,yPl!pyJlllHX • 
~n. ~;noTaUaJio·~Te~c ~:~-~~J;-~~o;~.'.~e~~s~~~ ~~~- · 
s;nep~ peaimd, ·~~CR~ ~;cy'l'~;~~'·';;;OH~:B~~o;~,~~~;. ~-;~~;_. 

- 18' " 

r:rm CMS.H Ba.CT.HU ,llae'l' BOSMOlEHOOTl, nOJJy'l:aTL COCTaBHHe HJU)a O BllSROi 

anepneit BOs6yJJr;lleHM cpasy noCJie n,orJIOIIl8HM RBaBTOB. 3TO o60'l'OSITeJII,

CTBO OBO,lt.HT KM.HiillMyMy 'l:.HCJIO npOMelll,YTO'l:Blll CTY1I8H8li nponecca, Beli:,-
1!18ro It saeMemm .asa.!epHoro ypo:eHSI. 

MH .11cCJie;no:sa.m1 :eos6y:z;tt~H!le onoaTaBHo .lteJIIDll.HXCH · .aswepoB Pu :r.t 

Arn B pesyJila'l'aTe pe~n (f,n,) .a (f,f) /21-24/. Bo :ecex Hall!llX aRo~ 

nep.aueniax ;neTeR'l'Op(II OCROJIJIOB CJJyDJI JmOrOD'l'.HeBO!HORpO:BOit O'l:eT-
'l:IIR. ·.•. 

B pesynTaTe aRonep.aueaTOB MH nwiy,raeM 'i.HCJIO axfoii ;nMemdi (sa

;nepmuumx .II III'HOBeBBWC) B samtOIIIMOOTlt OT 8Hepriua: aJieR'l'p0BOB. H.neH'l'lll

qJlfR8ltllJI maOMepo:e npo.11s»o,1t11Jiac1, no me nep:r.to,ltEIII nOJJypaona,na. Ha p1110.4 
239fi Zlilpu 29241"!. 
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Plio.4. PesyJJI,TaTLl axonepmeHTOB no Hsy'l:8HID) OBOICTB cnoH
TaBHO ~~ .HSOMepo:e: RpJlllHe paona,na, ImT8rpaJil,HHe BHXO~ .II 
oe,i:emm o6paso:eamm ia:scuepoB :ape~ {t,n.). 19 



npHBe,1J;eHH pesyJll,TaTH 11SMepeID1i,11 nOJJY'lemme aa HX ocnosqceqeBBX odpa

soBIUmlI IISOll8p0B th B peaxwm ( r, n>-. 06palJl9._8T Ha cedll BHD8lm8 

HaJJll'll!e MaXclllllyMa B Oi. npuepHO np11 anep:t'llll -C- -JOl8B'lOB .Ha 2 - 2,5 

MaB BHIIle nopora pe~. 

lIOJD!JieHHe Taxoro 118XCIDlyJIB. qD!Sneca :anOJIHe nol!llffo. IIOCJie·m1-

JieTa neii'rpona H,1IJlP BC6 e11te OCTaeTCII B BOS6~eHHOII COCTommt II sa 

cqe-r ' 'f -i!SJJY'i8HJIJI OHO· nepeXO,IlJIT Ha HJISmee 11sc.epaoe COCTOIDll[e BO 

BTOpol JlMe. 0,ttHaKO, lt8t')ta anepru 8TOr0.BOS6~eHHoro COCTOl!lllI1[ 

6Jmaxa It BHCOTe BHenmero 6ap1,epa, pestto :nospac-raeT ,IJ;8JIIIITeJIJ,HM llllil

PHHa, 11 ceqe1me peaxxtr,m o6paxo:samm 11sai1epa JJB,ItaeT. Taitm4 odpascu, 

B MaltCBMyl4e qiymaxma: -BOS6~emm -nposn!JllieTCII &q4leltTDHM Bl,ICOTa BHem

aero 6apLepa, T.e. Ta 8H8prHJI BOS6~emm, IIpJII KOTOpOi pa,!OUUt!IOHHM 

IIIIIPHHa 6Jmsxa It ,IJ;eJIHT8.lll,HOi llllq)lU.!e. 

HcnOJII,sy.11 nOJJY'lemme na OnHTe omomemm 0i./6f ( ~ I0-8 ) 11 :11s-

Bec-rim:e snaqemm . r"' / r S. , 11osao nony,mTL OTHomemm ceqemdl: odpa-

soBIUmlI SJApa B us'011epHC11 II OCHOBHCM COCTOlmllll. Bffl ouomemm npaK

-rnecltll -rama:e e, KaK x B pe81tIV1f!X c sapiaeIUUAIII qac'filll8J[II H npmaep

HO pal!Hli 10-s. 
IlOCKOJII,BY ceqeHJlll npo~ecoo:a ,IJ;eJI8Hllll II oc!paSOMHllll cnOB'1'8HHO 

,IJ;eJI.SlllllXCII llSOMepoB BHpammTCK qepes llllilPllllli nepexo,n;o:a SJApa qepes miy

Tpemmil: ll BHelllHd 6apLep,. ll~epeHJISI STHX caqend nosB01lJDl'r IIOJ!y1iHTI, 

CB8,IJ;8Hllll o napa11eTpa.JC ,IJ;BYI'Op6oro 6ap1,epa. H8.1160Jiee 01Ipe,IJ;eJI8HHO llS 

B'l'BX OIIHWOB HaXO,IJ;ll'lCJI Bl,ICOTH BHllmmtX 6ap:&epoB ( C TOJIBOCTLJI "'0,3 

MaB), B TO BpeMS ItaX Jipll Oup8,IJ;eJI8HIIII anepro HSOMepma COCTosmlil B 

mm,m-remmol CTenein{saimcllIT OT· mi6opa IIO;it8JIIII;. OJipe,1J;eJlltllll61 saBHCII

MOCTL ceqe1m£0~ 8H8PI'llll BOS~eHllll, T.e. B':KoHeqnoil cqeTe OT JIJIOT

HOC~ yp~BHeit. II08'1'0My H80Iq)e,IJ;8JI6HHOCTi 8Beprd 8Tll COCT0.IIJ!d COC

TaEJis:eT 0,5-0,6 MaB. 

y 
, Cor.imca<? 110,1J;eJI11 ·,1U!YI'op6oro 6ap:i,epa u~-~ocTaToqno HJISltllX aae~ . ..,., . 

nmx BOs~emm :a ceqemm ,IJ;eJiellllll: .TJl%8JISX s,1tep upen6na,MUJtY:ll pOJIL 
- 20 . . . . . '. . : , , , 

,IJ;OJillliO IIIrpaTL ,sa,IJ;epJraHHoe ,IJ;eJI8Jille I/IS KBaSllCTSitilOHapHHX COCTO!lHllli 

BO II JWe, Ha qxo Bil8PBii8 yxasaJI i:ioyMaB /25/. Ha 8KCJiepmteHTe Jipll 

8Hepnm BOS6yiQemm OltOJIO 4 .MaB ,IJ;eifoTllHTeaHO 1taR BoyJ4aB /26/, '1'aR 

H MH /Zl/ Ba~ Ha :p9',/l8 .l!,ltep ,IJ;OBOJII,HO pesxoe YJ4eHLmeH11Ie CltO

pocm CllB,lta ceqemm cpoTo,1J;e.nemm, JIOJiy'lllllmee nas:eaHlle 11s011epaoro . 

IIIEW4>a. a-.ro meHIIIe. xopomo J'llWiO na JW8X 232 Th, 238 U 11 237 Np. 
(p11c.5), J1cc.ne,1J;OJ1aB11111XCS :a muuel pa60Te /Zl/. 
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·Pllc.5. liHTe!'PMI,HHe mao.u;s q>oT0,1J;e.ne111111 AU s,1tep 232Th, 237 Np 
11 238 V . :a rJI7601tono~oporo:aol o6Jmcor11. · 

I{aqec'1'lleBHO IIOIIU8De KS<mepKoro lll8Jll4a llIIOJille JIOJmTllO. J{.nlJ 

.l!,ltep TsaeJiee TOplIJI BepaHTHOCTI, paSJleJDITI,CII llS COCTOl!lllm BO II me 

(T.e. ye n6.na,MJJ[li,JX ,IJ;•p,l8Il;llel, COOTB8TCTBYDlld BTOpouy IIHmDIYJIY) 

Ollpe,IJ;eJtlleTCII TOJILltO ltOmtypeBI:Olel ~OKBOI II ,IJ;e.nHTeJlI,BHT IIIIIPIIH• · 

no 11epe yMElHLllleHlllJI aaepr:rm BOS6~Hll!JI 1102T BaCTymlTL CIITyaitllJI, 

ltOl',IJ;a pa,D;llru:tilOHHaJi lllllpllBA CTaH8T CpaBHJOIB. JltlIK ,lt8ze 60JILme ,IJ;eJIHTeJII,

HOill, lil B BTCM c.nyqae J!,1tp0 llpelllQ'llleCTBeHHO 6y,IJ;e-r IIy'leM pa,IOiaitllOHHHX 
. ~ 



nepeXO,ll;OB nepexo~TI, B OCHOBHOe COCTOl'llme BO rr F.Me, a He MI'HOBeHHO 

,ll;eJillTLCJI ( c 3THM J£e acJxI,eKTCH l'l 6WIO CM3aHO nommeHl'!e MaltC~a 

B ce'leHl'll'l o6paso:samm CilOHTaHHO ,ll;eJIJml]iIXCJI HSOMepoB} • ECJIR aanpeT 

,Il,1Il{ uepeXO,ll;OB o6paTHO B I miry ,ll;OCTaTO'lRO BeJmK, TO B ,ItaJII,HeilmeM, 

H,IU)O 6y,11;eT l'ICIIHTHBaTL ,ll;eJieHHe 1'13 3Toro l'IKOMepaoro COCTOJml'lli C nepHo

,ll;a.!, COOTBeTCTBYJ)lill!M npomm;aeMOCTK qepes BTOpott 6ap1,ep. ECJIR OT6op 

aKTOB ,ll;eJiemm: BO BpeMeHl'l B 3KCnepl'lldeHTe He npOl'ICXO~T, TO Mil 6y,11;eM 

Ha6Jm,naTL B Ce'leHl'll'l npomm;aeMOCTL_Jil'lllI& nepBoro 6ap1,epa, 'ITO l'l npl'l

BO~T R nOHB.neHl'ID HsOMepnoro meJII,i_pa. 

B c.n;rrae 'leTHO-'leTHHX H,1tep RMHTOBHe xaPaK-repzcTHim imzaiimero 

COCTOflllllll BO Il,JD48 (Q+,0) l'l IIO3TOMY yr~OBoe pacnpe,11;e~eH1'le OCR~OB 

npH ,11;e~eHHH HS l'ISOMepROro COCTOll:Hl!lt _,IJ;OJIEHO 6HTL n~OCTLD H3OTpon

HBM •. SKcnepmJeHTanHas: npoBepxa aToro cpaRTa, npo11e,11;eHHM HBWI }J,1IJt 

H,llpa 238 U , ,11;eiicTBHTemmo noxa~, 'ITO B ~cTK l'ISOMepaoro meJIL

cpa lpOTO,ll;e~eHlle l'ISOTPOnHO. TeM Caw& IlO,IJ;Tl!!ep~ YRasamJYJJ Blil!l8 HH- . 

TepnpeTaIJ;ID!l /'213/. 
O,ll;Blll(O Ro.im'leCTBeHHHfl: 8HBJIH3 Ha6~ewott aHOMaJmll 11 Ce'leHHl'! 

rJJY6oaono,11;6ap1,epHoro ,11;eJieHIDI KaK l'ISOMepaoro mem,qia cpasy xe HaTM

Rl'IBaeTCJI mi 3Ha'll!TeJILHHe TPJ,ll;HOCTl'l, H6o: 

I} pa.!UJartaOHHas: l'l ,ll;MHTeJILHas: llll'lpHHa cor.iiaCHO oneBRaM CpaBHH

BllIDTCJI np!4 SHeprIDJ: IlOJ)!Wta 5 Mall ( ,Il,1Ill H,llpa 238. LJ } ; npaml'JII,HOCTL 

TaKHX OIt8HOR IlO,ll;TBeplQtaeTCJI axcneplJMeHTa&m no·HcCJie,11;OBaBlllO CIIOHTaH

HO .IJ;8JIIDIIHXCJI l'ISOMepoB, B TClll 'lHCJie l'l c raMMa~RBaHTmm /24/; 
2) HaRJIOH ceqerum B.o6JracTH :o:sa.a:epuoro meJI$ onpe,iieJmeTCJI nep

BW 6ap1,epou~ o,IJ;HaKo na axcnepHMe~Te B o6Jra~TH SS:OMaJU,Horo·c~qemm 

HaMOH COO;!leTCTBYU Iqll'IBl'ISH~ iwA= 2 Ma~~ TOI',lla ltlllt l'IS OROJionopo

romao aRcneplll4eHTOB CJie,cyu, 'IT~ 
0

1.'wA =0,9 Ma»; a-ro nody,ll;l,IJio Eo~-

Ha np11 aHaJil'ISe ,IJ;aHHHX 3Ha'll'ITeJILHO_OTtibli OT napa6Ml'l'leCROro 6ap1,epa, 
' .. . . _. ' . ~ 

sa.naBaB: npn pasma aneprmu: pasHHe Itplll!IIISHH. B TO llEl_!lpe~, ItaR w 
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noitasa.;m, OIIIIC&llll8 ceqemm .IJ;eJiemm BO3Momi.o c o,nmD,1 aa6opc:u napa

MeTpoB B llll!lJOKOtt O~CTH aaeprntt BO36yJr;D;eHllll. 

IlpoTlll3Ope'll'IBOCTL CJIOJmBmel1Cll ClilTyartlll! no6y,JVVIa aac OTKa38.TI,Cll 

OT HHTepnpeTartill!., paSBlilTOll EoyJlaHOM, ll Ilpe,ll;Ilpm!JITI, IIOlilCR sa,nep:mH

HOro ,ll;eJI8HIDI npH 60Jiee BHCOKlilX auepl'WlX, 'l8M TO'lKa l'ISJICH!l ceqemm. 

Ocno:eoll }J.1IH. Taxoro IIOl'ICKa CJiyDJia Hall ,D;ORaSaH!IBJi 8KCnepl'IM8HTBJlI,HO 

H3OTp0IIIUI S8,ll8PzaHHOro ,ll;eJI8Hl'III • 

Yr~oBoe pacIIpe,1J;eJI8Hlil8 OCKOJIKOB Ilpl'l lpOTO,ll;eJI8Hl'll'l O6H'lHO OilHCHBaeT

C/l COOTHOmeJmeM W(0)=0., + Bsi.rte+csi,l.ZO B HOJ;J,mPOBKe a.,+{,= I. 
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PHc. 6. Ko~em yr~oBoro pacnpe,11;eJiemm OCKMKOB tf.(oJJiI ~ Co) ( BBep:xy) , 
liIHTerpaJU,lllll :ewco,11; liI ero naproi:SJII,lllle coCT8l!Jilmlllle Ya. ( •J., 

Y, (x} , Ye (o) liI ce'le1me cpoTo,neJiemtH 238 U ~ IlYHKTJiIPOM noKa-
SaHH pesyJII,TaTH EoyMaHa. ·23 
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Ha pitc.6 noxasaHa saBKClrDIOCTI> xo~/fa a, OT ai=tepr:rm BJiex

'fPOROB MJ'[ smpa 238 u ,xopomo KsytreBBoro BalUl B MJIOrO'lllCJieRHHX 8KC

nepm.teRTax. Ilpit cmmemm no,u; 6ap1>ep xo~eHT a., Bua'lSJle n~

eT B corJiacmm C pacnOJIO.ll8Hlil8M KaJlBJIOB Ha 6ap1>epe ( lilSOTp0IIWI BOS

lmltaeT RS-sa ,ne.nemm liepes KaHaJI (r ,:E)), RO saTeM noCJie 5 MaB 

OHa Ha'DIHaeT OmtTI> BOspacTaTI>. 06'bil:CHlilTI, 'l'aKoe no:ee.nemie lilSOTpOnROi 

COCTa.BJIJllllt81,l MOllRO TOJII,KO BR,l[a,J{OM Sa,!lepzrumoro .ne.nemm. 8TO Ee 

none,neHlile HsoTponnoi cOCTal!JI/lDilen xopomo Bll,IUlO H B napma:a.nI,HHX· coc

Ta.BJISDllllHX Blll:o,na, noxasaHHoro na TOM ze p:acymte. 'l'8l:tlill4 oopasOM, 

Jlll~B!!,A_lil~.!!P!!B!! l!!~ npOJ1BJ11IeTCS1 npez,t1;e ncero B HSMeHemm 

Ba.RJIOHB. HSOTponnoit COCTaBJIIWllleil :a:wco.na ya, B . o6JIB.CTlil aneprmi: 

nop!l'Jl;Ka 5,5 Ma:e. IlpoBe,nemme RaMlil ,Il,7lll nponepltH aToro BHBO,na lilcCJie

,noBaBHSI yr.nonoro pacnpe.ne.nemm oc1tCJIKOB npH <paTo,neJiemm 236 U 
noxasa.m Taxoe ze no:ee,neHlile :asoTponnott cocTaBJIIUXlleil. HaxJioa ce"ie

mm B o6JIB.cTH HOp,IaJII,Horo HsOMepaoro ll!eJI$ xopomo corJiacyeTM c 

BeJIH1DmOi -J;.wA = 0,9 MaB. 

06.JiaCTI, aneprHit Hllllt8 4,5 MaB TeM aaMHM CJie;oyeT HaSHBaTI, 

.26:[a2,T;e_D_8.!!~!!0,tO_~JI!!!m • Cor.nacHO IUllIIHM ,nammM B 8TOi 06JIB.CT:II 

HMeeTCll pesoHB.Hcnaa: CTPYKTJ'l)a B ce"iemm <paTo,nuemm. Mo:mo npe,n

nOJIODTI>, 'ITO a-ra CTpylt'eypa CBlISaHa co BXO,lUIHM ItaRMOM, T.e. o6yc

JIOB.neHa lipaMHM BOS6y~emteM 1tOJIJI81tTHBllllX COCTOJlHliltt .ne~eroCSi smpa 

BO n aMe. lls npeo6Jla,Jlamm KB8,l(pyIIOJII,ROtt ltOMilOReHTH cpe,n;:a aJmSOTpon

ma COCTaJl.lISlXllllX B:WCO,D;a y (E m•x) nepe,n 8TOii o6JIB.CTl>D MOJEHO ~ 
'114TI>, 'ITO B qx>p,mpo:eamm peSOHaRCa onpe,neJUIIlley'l) pOJIJ, lilrpaDT KBa,Jl

pyllOJII,HHe raMMB.-ItBaRTH. Q6pasyD11HeCS1 npit norJI0111emm TaKlilX KBaRTOB 

. f - H 't -Blil'.6paUHOmme 14SOMepHHe ltOJIJieK'l.'lDlHHe COCTosmml: ,ttOJIJKHH 

6!l'l'1> cocpe,noTotieHH m,ieaao npm aHepl'HllX nos6~emm I - I,5 Man 

Ra,Jl ,nHOll BTopoft m.m. 
, 
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YI 

q>op,mpoBaHlile oc1tOJI1toB .ne.nemm no MaCc:aM o6yCJiaBDBaeTM D;eJIHM 

PllJtOll qaRTOPOB, TaKlilX ltaK nOBep:mOCTI> no-re~aJIJ,ROit anepr:rm, )Omal,m

·xa npoD;ecca, caWlM aRTOll pil.SBaJia smpa, CTPYKTYPHHMH oco6eRHOC'1'JIMJI[ 

ocxOJIKo:e, KaRaJiaM11 ,neJiemm. noaTOMy npe,ncTSBJISieT oco6uil lilHTepec lilC-. . 

CJie,noBamle Macco:eoro pacnpe,ne~emm ocxOJIKoB npH qx>To,neJiemm, npit 

ltO'l'OpOll ReltOTOpue HS 8THX qaRTOpo:e SHa'll!TeJIJ,HO ynpomamM. H8M14 

6wm npo:ae,neBH Jt8T8JIJ,BH8 pa,n;HOXl4MH"i8Cltlle HSMepemm MaCCOBOro pacnpe

.ne.nemr.e: ocxOJIKoB np14 qx>To,neJiemm 238 1/ :e·paitone 6ap1,epa /29,30/ 

Jr CB!ISI> Mew acm.we-rpHe:it H aI1Hso-rpo1I11Iel! npx qx>To,neJiemm 226Ra/3I,32/. 
Ilpll JrcCJie,no:eamm Macco:eoro pacnpe,tte.nemm ocxOJIKo:e 238 U HaMH 

6wm o6napyzeBH CJie;oyD11Re mpaxTepHHe oco6eRHOCTH: 

I) B paitone 6 MaB HMeeTCll MaltCm.iyM :e:wco.na C:IIMMeTp14'1HHi OCltOJIKOB; 

2) Ilpit YJ(em,memm SRepr:rm 'g' -ItBaRTOB mute 6 MaB OTROCHT8Jil>mnl 

:e:wco,u; ClrDIM~Tplil"iRoro ,u;e.ne~ pesito CHHllaBTM, YJ(em,maa:c1, :a 30 pas :e 

llHTePB8,Jie 5,3-5,8 Ma:e; IIpll 8TOM OTHOmeHlile El,'XD,l{OB B lllillt8 It Bna,n;:ane 

,D;OCTlll'a8T 5000. 

3) IIpx )iam,aeAmeM YJ(em,meHJrlil aaepr:rm r -ltBa!lTOB lla,JleHJre :e:wco,na 

Cm.lM8Tplil"iRWC OCltOJIKOB npeKpaDtae!!'CJl:, npil'leM na6Jn:wieTCll :enOJIHe saMeT

HaJI TeH,1!;e~ It YBeJilil'l8RIDl :eepOJITHOCTH Cm.tMeTplil"iROro ,D;eJieHWI. 

HamK 81tCnepHMeRTB B !973 r. 6wm: IIOBTOpeHH .MI,MCM B IIIBeJl;l(ll /3$/. 
8TH axcneplrDleam Taitae npoBo,D;11JI11c1> sa MlilltpOTpoae x nOJIHOCTl,JI) no,ttT:eep.- 0 

,D;IIJill nepe'l!4CJiemme mmie pesym,TaTu. l'pymiofl: A.1II,Ma HSMepeHlll/l npo:eo,ltll

JIHCI> np14 'APYI'BX anepI'llltlt BJie1tTpono:e,H aTo o6CTOJ1TencTBO nosBOJIHJIO 

~OCTaTO'IHO Ha,Jl8lllHO BOCCTaHOBHTI, xo,n "ClilMMeTpH'lllOro" Jr "aCHMl48TP14'1HOJ!Ofl 

ce11e1ml. Pesym,TaT~ BOCO_TaHOB.nemm noxasaBH Ba pllC. 7. 

MaltCJIMY)I B OTROmeHHH Cli!MM8Tplil'IHOI It aC!4MlleTp:aqHol 1tOMIIOReRT8 

llpll 8Hepr:rm 6 Ma~ COxpaHII8TCll Jr npa nepexo,tte OT HRT8I'l)aJII,HHX BHXO,D;OB 

It cetieBllSM. C1t0pel! BCero 8TOT MaXCIDfY)I.CJie;oyeT OTR8CTH sa C'l8T peso

HaHCa CBMM8TpllliHOfl: ltOMIIOReRTH. ·EoJiee onpe,neJiimw:e BlmO,D;IiMOlllHO c,ne

JIB.TJ, 0 llp0HCXO:Q8HD peSKoro YJ(eRl>memm OTROCHT8Jil>ROJ! p0Jill ClilMM8T-
25 



Pli'l:HOro ~e.,remm B OMaC'l'll Meru,nmx 8Heprmt. Kalt BH,!UlO ll3 pnc.7, Rl)ll

Bll3Ha 6apLepa ,n1ui: Cl!MM8TPH'l:H0i KOMIIOHeHTH npwepHO B 2 pasa MeHLme, 

qeM acm.111eTpl!'l:Hoi, q'l'o n o6'L!lcHJieT Ha.6Jm.ItaeM!ili aHepreTH'l:eCKllli xo~ 

OTHOCll'l'eJ!LHoro BKJia,na CllMM8TPH'l:HOro ~e.,remm. PaSJmqne B KPHBH3Ra.X 
. ~~ 

MOllte'l' 6H'l'L CBII3aHO c pa3.liiI'Dll,IMll TpaeKTOp:wnm cnycxa JI,Iij)a OT ce,wro-

:eoa TOqxn K Toqxe paspHBa. CyllteCTBeHByD pOJIL, KOHeqHo, MOEe'l' Hrpa'l'L 

H pa3Jmlme B MaCCOBWC napaMeTpax. 

06paTRMCll TenepL K 8KCnepnMeH'l'aM c 226Ra. B COOTBe:CTBne c Tc0-

P8Tli'l:8CKf4Ml! pacqeTaMH 6apLep CnMMeTpHqffOro ~eJiemm ~OJI%8H 6HTL Ha 

I - 2 Man Bimie acm.iMeTpnqHoro. Y 6apLepa lll!RSOTpomm ~To~e;remm 

qeTHo-qeTBHX H,IJ;ep B HeCKOJILKo pas 60JILme, qeM npn ~eJieHnn qac~

n. 3TO ll03BOJmJIO ~ea:TLCJI Ha o6HapyJEeHH8 60Jiee SaMeTHOi pasmmt1 

B lll!RSOTpOmm CllMMe'l'pli'l:HOi H acnMMeTpnqHoi KOMIIOH8HT, qeM B pa60Te 

/34/. Bzme.,reime ROMnOHeHT cnMMeTpnqHoro H a9HMMeTpnqnoro ~e.,remm 

npOH3BO,ItWlOCL no pesyJILTaTaM H3Mepemm cneKTpa ~aMeTpOB TpeKOB oc

ROJIROB B CT8KJI!IHHOM ~eT8KTOpe, aHaJIOrnqao ll3Mepemm cneKTpa KHH8Tll

qecxnx aHeprnii. ,3Rcnepm.leHTaJILRH8 pesyJILTaTH CB~8T8JILCT:ayDT O TOM, 

qTO yrJIOBM aRH30Tpomm Cm.lM8TPHqffOil ll acli!MMeTpnqHoil KOMnOH8H'l' o~-. 

Haitona, TO-eCTL cxopee ncero KOMnOHBHTaM cllMMeTpnqnoro n acm.«MeTpnq

JIOro ~e.n:emm COO'l'B8'l'C'l'l!y8T O,JUfa H Ta lite Ce,IVIOBaa Toqxa. Tor~. RaK 

CJie~CTBH8, HX ~SOTPOmut O~aROBa, a OTHOCll'l'eJILH&II npe~CTaBll'l'eJIL

HOCTL, lilJlll Rl)Hl!He mao~ ,n;im HHX, ·onpe~eJISmTCJI npn cnycxe c 6apLepa 

K TO'll(8 paspHBa. 

3aKJDoqeHne 

Ilpone~eHRHe Halim ncc;re~o:aamm noxasaJIH, _q'l'o raMMa-KBaHTH npe~

CTaBJIIDIT co6oi necLMa ll1IO~oTBOPRHi n nepcrieRTHBmlii'MeTo~ ncc;re~ona

:a:im npo~cca ~e.,remm aTOMRHX H,IJ;ep. TOJILRO C ttOMOIIILXl t ..;.KBaH'l'OB y~a-

8'l'Cll B HaC'l'Olilllee BP8Mli :asyqa'l'L CTPYRTypy 6apLepa ~e;remm npn 8Hep- . 

l'RIU: Bos6yimemm llOl)IJ,ltRa 3-4 MaB.IlpllBJI8KaT8Jll,HOC'l'L llCll<>JIL30BaHWi 
' ' 11,r. 

~ -RBaH'l'OB B Ka'liC'l'Be 60116ap~ qac'l'mt saitJil>'laeTCll B TOM, qTo 

OHR nor.nOllllU)'l/Cll J1JU)0M npeHMy1118C'l'B8HHO co CllHHOM I wm 2 H TeM CaMI&! 
26 
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~eCTB6HHO ynpoinaeTca: aHaJIHS BKCnepZMeHTaJII,HliX ,nammx; 

IlO,nBO,ll,II IIITOr npoBe,nerum.x HawI IIICCJie,no:eamm, nepe,mCJmM OCHOB

HHe pesyJILTaTH pa6OTH! 

I. rro.nnoporoBoe cpoTo,ne.n:erui:e JtBJJJieTca: ajxpeKTRBHHM cpe,nCTBOM Rsy

qemm: CBOftCTB BOS6yir,neHHI:lX CHJII,HO ,necpop.mpoBaHJIHX H,Jlep. Bee Ha6JIJo

,naeMHe saKOBOMepHOCTH OKOJIOnoporoBoro .ne.n:emm: HaXO,Jl,IIT Be TOJILKO lta

'i6CTBeHHoe, BO '!/I. KOJm'ieCTBeHHoe O6'EJICHeHHe B MO.D;eJm ,u;ByrOp6oro 6ap1,

epa. 

2. MOHOxpOMaTH'iHOCTI, '!/I. BHCOKali HH'1'8HCHBHOCTl,_8JieKTPOHHOro nyq

Ka M'flI.KJlOTPOHa nosBOJIID'.lT np0BO.!J;HTI, npe~S'!/I.OH!llle axcnepJ,WeHTH BIIJIOTI, 

.no ceqerui:ll peax~il: w-33 - w-34 CM2• 3TR pesynTaTH CTSJIH HTorOM 

paSB'!lI.TRf.l M8TO~OB H,llepHoqi'!/I.S'!lI.'i8CKHX '1/I.CCJie,no:eaimil: Ha MmtpoTpOHe. COBO

KYUHOCTl> neioro psma KOHCTpyKTOpcruu: H MeTO.D;H'iecrou: paspa6OTOK nos-
' BOJIHJUl npeapaT'!lI.Tl, M'!lI.KPOTPOH B COBpeMeHHllil: HHCTpyM8HT H,llepHOH qiHslllltll. 

3. Paspa60Ta!lll MeTO,nH 'lllCJI8HHOro pac'ieTa cneKTpa TOll4OSHoro 

IIISJIY'i8Hmt HS Mlllmeae:li paSJIH'iHOro COCTB.Ba, MaTeMa'l'H'i8CKIIIe M8TO.!J;H Ha

xoir,nemm ce'iemm: cpoTo,ne.n:emm: no HHTerpam,HHM SHa'ieHMM BHXO.D;OB cpo

'l'Of.f.IJ;epHHX pe~il:. 

4. IlpoBe,neHH ,neTaJILHHe '!lI.3111epeHHII yrJioBoro pacnpe,neJiemm: OCKOJI

KOB npH !p()TO,ne.n:emm. BnePJWe o6uapyz.eHa KBa,IUlYIIOJILHrul KOMilOHeH'l'a 

B yrJIOBOM pacnpe,ne.n:emm 'i8'l'HO-'i8'l'HHX H,llep. IlOKasaHO, 'iTO HeperyJmp

HOCTH B aHHSOTPOll'!lI.'!lI. paSJieTa OCKOJIKOB npOllllJIIIJJ'l'CJI mme 6ap1,epa, 'iTO 

COO'l'B6TCTBY8T-cpopapoBamm yrJIOBoro pacnpe,neJieJmll Ha 6ap1,epe B. 

5. IlpoEa,neHHHH KaHallOBHa amums ceii:emm: cpoTo,ne.n:emm B OKOJIO

noporoBott o6JiacTH no,nTBepJr;ItaeT acHMMeTJllil'iBYl) <POIHY a.,npa IIPH .necpoP

MallllllI, COOTB8'l'CTBj'Dlleil BTOpOMy 6ap1,epy. 

6'. licCJie,noBaHH ceii:emm cpoTo,neJiemm: H,llep 232 Th, 235 • 236 • 238 V, 

238,239,240,242 Pv' 237 Np • B 'ie'l'BO-'ieTHHX HJJ,paX, B OTJIH'llle OT 

neii:eTHHX, HMeeTca: pesoHaBcHaSI C'l'PYK'fYPll B no,n6ap1,epBott O6.nacn. 

PH,ll pesoHaHco» O6Hapy2Ho :snepwe. 
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7. l(Jili OnHCamut ceii:emm: ,neJiemm: rJIY6oxo no,n6ap1,epHoll o6JiacTH 

npHBJI8'i8HH pesynTaTH paC'i8TOB npOffllI(a8MOC'l'III no TeopllIIII B03MYD1eHRtt. 

IlOKa38.HO, 'iTO OllllICatme ceii:emm (p()TO,ne.n:emm: y,naeTCli nplll STOM npoBeC

Tl!I BO BCeL! IIICCJie,nol3aHHOM ,nHanasoHe SHeprnll C nOMO!ltI,D O,nHHX H TeX 

:ze napaMeTl)OB ,nBYrOpljoro 6ap1,epa. 

8. BnepBHe HCCJie,noBaHO o6pasoB8.IU1e cnoHTaHHO ,neJIJ'IIIIHXCli llISOMepoB 

P1.1 III Am » peaxnwix - ( 'f, n,) H ( 't, r'). 06HapyllteH,_ llaKC:imyM B 

ceii:emm o6pasoBaIDIJ:1 HSOMepoB, o6yc.noBJieHHHil KOHKYPe~ett MellQIY .ne

JieHReM H pa.nllanROHHHMll nepexo,nm,m BO BTOpoii J!Me. 

9. 06uapyzem HSOMepHHtt meJII,p B ceii:erum (p()TO,ne.n:emm: H,llep 232Th.., 

237 Np, 238 U , o6yCJioBJieHHHil sa,nep:!aHllHM ,ne.n:erui:eM ns KBaSHCT~o

uapHHX C.OCTOJJHHli BO BTOPOR m.ie. B CJIY'iae 232 Th. ,neJieHHe HS nso-

Mepaoro COCTOJJHIDl O6HapyEeHO BnepBHe. 3KCnepID46HTaJil>HO .D;OKasaHO, 

'i'l'O yrJIOBOe pacnpe,neJieHHe OCKOJIKOB np'!lI. sa.ne~OM ,ne.n:emm III8OTpon

HO. BCJie,ncTBHe sToro sa,neplE8.Hlloe .ne.n:erui:e nposi:BJmeTca: npel'!MYlllecTBeB

HOB HSOTPOIIHOli COCTaBJIIIDll8H nOJIHoro BHXO,na, aero ycuerui:e nplll 

SHeprim OKOJIO 4 MBB o6yCJIOBJI6HO Ilpm.wM BOs6yir.neimeM KOJIJieKTRBHHX 

COCTOJJHIIIll BO Il SiM8. 

IO. liCCJie,noBaHO 1\18.CCOBOe pacnpe,ne.n:eHHe OCKOJIKOB npH !p()TO,neJie

HIIIIII 238 U B ,nHanasoHe saeprnll SJieKTPOROB 4,5 - 6,5 MaB. Ilo:itasa

Bo, 'iTO pesxoe yMeH1>merui:e BKJia,na cHMMeTPIII'iROro ,ne.n:emm B no,n6ap1>ep-_ 

Roil: o6JiacTH o6yCJIOBJieHO paSHO:li anepre'l'H'i8CKOli SaBHCIIIMOCTl,l) npOHIII

naeMOCTeil: CllMMeTplll'iHOH H acHMMeTplll'iHOli KOMIIOHeHT. O,nHOBpeMe1rnoe 

'1/I.SMepemm aHIIISO'l'pOnllIIII H_acm.!MeTpllIIII OCKOJIKOB npH !p()TO,neJiemm 226 RA
llOltasaJIO, 'iTO cpopmpoBaHHe MaCCOBoro pacnpe,v;eJieHIIIli OCKOJIKOB npo1rn- _ 

XO.D;HT, rJiaBHHM o6pasOM, Ha CT8.!J;HIII cnyCKa H,JlPa HS ce,wIOBOli TO'iKIII K 

TO'iKe paspHBa. 
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OCHOBHoe co.n;el)llllUme .n;HCC8PTanmt l!SJIOlleBO :e pa6o-rax /2-4, ·r2, 

I5,I7-I9,2I-24,2'7-32/ I! .D;OXJia,Jl;llllaJIOCL Ba Mewaapo.n;HHX KJI$peBit11-

JDC no 4Ji!Smte R :xm.nm .n;eJieHHJI B I965'r. /35/ RB I969 r. /36/, Ba 

YI BcecoDSHOtt M8l!J!Y30BCROtt ROHq)epe~ no T80Pl!lit 3JleM8HTapmix -irac

~ /37/, Mewaapo.n;Hoii xoepepe~ no 3JI8RTPOWU'ImTIWM BS8J!Mo.n;eA

cTmmM /38/, CeMHBape no 3JI8RTpoMal'Bll'.THml.BsallllO.n;eiicT.BRm,t IIPH MaJIHX 

H Cpe.n;HRX 8Heprll'.JDC (MOCRBa, I975 r.), CoBefllB,HIDI no IIOHCRy H CHHTesy 

TpaHcypaHOBWC 3JI8M8HTOB (JJ16Ha, I976 r.) • 
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