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I. B B E ll E H K E 

Kccne~oBaHHH ~pa c noKo~LD :raxenux HOHOB npoBo~atcSI 

B pasJIHtiHUX na6opa:ropHSIX_KHpa yxe B :reqeuHe npKMepuo 20 net. 

3a 3TO BpeKH dllJIO npo~eKOHCtpHpoBaH0 1 'ITO taKeJIH6 HOHH HBJIH~' 
·. .. . 

DTCS: YHHRa.Jl:&HW cpe,II;CTBOK ,II;JIH OOJIY'l6HH8 pa3JIH'lHOrO pO,lla Ba%-·' 

HO! HH¢opKa~HH Od aTOKHOK ~pe. KcnOJI:&30BaHHe TSI%6JIHX HOHOB 

B,II;OXHYJIO. HOByD. %H3H:& B :ra&Jll? HanpaBJiimHa . ~epHOlt cliH3HKH 1 KaK 

xynouoBcxoe ilos6y:r,~teuHe, Hcciui,n;oBauHe ,lleneuHa H pacna.~ta coc-· 

:rasuoro ·SI,n;pa, Hccne,n;oBaHHe ~epuon noBepxuoc:rH, cneK:rpoue:rpHH 

Bos6y:r,Jteuuux coc:roSIHHlt uec:radMi.uux a.~tep H :r.,~~;. B peaK~Hax c 

TSiXeJI~H HOHaKH _BnepBHe HadJID,II;aJIHC:& TaKH~ ~yn,n;aKeHTaJI:&Hl16 SIB~ 

neHHa,~K: cnou:rauuoe ,n;eneuHe asouepoB, -npo:rouuun pacna.~t pa,n;Ho-
r . 

aKTHBHUX 11,1tep, tpoRHoe ,n;eJieHHe, KBa3HKOJ16KYJISiPHii6 COCTOSiHH.Il, 

KHOrOKpaTBOC KYJIOHOj,CKOC B030y:r,Jt&HHC. C nOMODt:&D TJIXBJIHX HOHOB 

ClllJIO CHHt83HpOBaHO CIOJit.moe t!HCJIO HOBHX HSOTOflOB H H30lolepoB, 

Pea~HH C t.llXCJlliKH HOH6KH S:BJISiDTCSI cellqac 6,11HHCTBCHHiiK 

CflOCOCIOK pacmHpeHH.Il rpau~'nepHO,II;H'lCCKOlt CHCT6lolll 3JieKe~tOB: C 

nOMOII\bD nyqKOB ycKOpCHBHX HOBOB KHCJIOpo,n;a H Heoua dWIH CHHTC:- . 

3HpoBaHH B JlYCIHe 3JIC11CHTH !021 !03 H !04 (KJ'pllaTOBHlt), !05 

(uMt.c6opult} •. 

B nocJie.n;uHe ro~u onpe,~teJIHJIHC:& acnex:ru mcnon:&soBaHHSI :rs:-

xeJI!iX HOHOB )tJl.ll uapo;tHOrO X03SlllCtBa H.B Cloi6XB!iX.06JiaCT.IlX uay-
. ' . 

KB, B 3%0lol OtHOm6HHH pa6ota :ron:&KO Ha'lHBaercSI 1 HO nepcneKtHBH -

HHoroo6ell!aD~He. 

Jlo HaCtO~ero BpeueHB Q6~e~KH6HHHlt HHCTHTYT ~epHHX HC-. . .. 
CJIC~OBaHH.Il COXpaHSI6T JUQepctBO B OdJiactH ~H3HKH TD6JIHX HOHOB, 

3tO 0llJIO 06yCJIOBJlCHO C03,1taBHeU B !960 rO,ItY ~HltJIOTpoHa .Y-300, 



ItOTOpiilt 110 CBOHK napa.JieTpaK (accopUMeHT 'llac'fH~, IIH'feHCJtBBO_CTH 

ny'llKOB) saaqJtreJJ:r.ao npeBOCXO.iUrr Bee ycxopneJJx oorosapR,J;BiiX_ 

HOBOB 3a pyOelltOM. 

Tpy,~tao uepeo~eitn:r. po11:r. Tuuwx · xoaoB, xa~t· c·pe,~tcrBa .JtJia 
. . 

HCCJie,ltOBaHHII . .11,1;8pHOR. crpyKTYPW, B Teti8HHe UOCJie,J;HJIX ,lt8C.IIU JI8T • 

Onacao ne.~tooneaHT:r. wecTo ·• sToro axcnepmieman:r.aorC? weTo.~ta B 

.R,JtepHOit cPH3Hlt8 OJiuablero ,lteCII'fHJ18'fJla. uempM:&HOI upo~JleMOJI 

.~JIKra~ero Oy)ty~ero llBJI.IIe'fC.II UpoHIXBOBeHH8 B HOBY~ OOJlaC'f:& C'fa

OKJI:&B~C'flt - CHHres, K H3Yil6HHe CB~ICrB c~epxrueJlliX 3J18¥8B'fOB 

( Z•II0-126) • .AHaJIH3 UOitti.SiiMEl'f, 'll'fO e)timcrBeHHWit uy:r:r. 3)t8C:& -

HCUOJIL30BaHH8 ycxopneJieR, CU~CO~HiiX )tala;. Ka'feHCHBBWe Dy'llltH 

rueJiwx HOHOB BUJIOT:& .itO ypaua. noJIBJieaJie .raxxx ycxopneJietl cy

ll!e~rse:aao oOoranT H .itPYrH~ sanpaueaH.ir ;cc.ite.~toBaad. ,I!Jla np•-
-- ,. ·-

¥epa ¥0XHO.Ha3Btl.'f:& Cle~IIIH8 ~tl.'llH: 

. a).KY~OHOBCitOe B030yx,lteHHe COC'fOIIHHI CO cnHHaMH BUJlO'f:& .itO . . . . . . 
2on·, 

nl; 

0). HcCJ18.it0BaBHe .it8cPoPKHpY8KOcTH uep ltYJIOHOBCitH¥ UOJleK; 

B).HcCJie.JtoBaHie •rR.Jtpo.~tHBaKHKH" ~~,~tepaoro Bell!ecrBa; 

r). KYJJo~oBcxoe .JteJiene; ' 

.u;). KYJIOBOBcltoe B030yx,J;euxe •sowepo·B q,opMw:; 
e).~eJieBie upx napa~&erpax ,~t81B¥Oc'fx,npeBwm8»•1X xpxtl'llec-

x). K3yqeaxe uepec~eBHWX nporoaawx x aelrpoHa.Jix ~~,~;ep; 
3). Pacn~ COC'faBHWx S)tep C aBOKMUO BiiCOltHil yrJIOBHK MO

K8H'f0¥ II r • .Jt. 
- " ,, 

tYB.itaK8H'f8JI:r.Billt IIH'f8pec C 'fOilltX 3peBHS 3JieltTpo,ltiHti.IIH!tH Up8.itC'fti.B-

. JIJIIIT S,~tpa C . Z > 137 • HeT COKHeHJUI,. 'll'fO HanpaBJleHU Jl,ltepuoit cPH

SIItH, CB~swmwe c npHileaesHeK 'f!IZeJIHX HOHOB, HWCO.itll'fCS ce_ltllac 

aa uo.uelie; .X PaSBH'fHe, oe;ycnoBBO~ np~eceT· ellle_ ae~o BaxBWX 
".· ' . 

.. 4 

.. 
"',"'"· 

pe3yJI:r.TaToB, ItOTOpHe. npo,ltJ3HHY1' _H~me nOBiiJitl.!llf8· .R,II;epHOlt- CTpyK-

TYpl:l. -\~ 

Be,ltYJ!tHe cPH3IIXJI sana,ll;a.aro xopomo npe,ltC1'aBJIG'fe Ha Mex-: 

,JC'Htl.po,ltHOR KOHcPePeHIUfH· UO CBOltC1'BaK .R,11;8pHiiX COC'fOJIHHlt B MOH-
, - . - . ~ . - . . . - ·. . 

peaJie .(1969r.) npoq,.x.3~roys (PoqecTep, cmA).c~eJiaJI oosopawR 

,ltOKJ18,1t c "Yc~ex~ B aitcnep~e~;M!>BiiX K8TO,Itax~. IIpoq,.x. royB. ro":'~. 
BOpHT: !'He!tOTOpiie CllH'fall1', . q:ro apa BOJIHYDIIIHX C001fl'HR B ~~,~tep:.:. • -- ~. . . ,._. . . . , . . . ~ 

HOR cPH~Hite, KOH'l_HJiac:&, .H rene pi. AJIII' uee ocTaJiac~> TOJI:&Ito nposa-, 

H'll8CKM 3a)taqa BlillCHeBHS ·,lt9Ta119A. l{ He,. npK,ItepxKB~C:& 3'f0lt 

TOtlKH 3pe.HHll"~ H ,lt~ee CBO_R ,ltOXJla,lt OH npaKTHt~ecKH tte~HKOM no- ,· 

CBIITHJI nepcneKTHBaK pa3BH'fH.II HCCJle,ltOBaHHlt C nOKOIIU>Il .1'~eJIWC: . 

HOHOB, qro6Y :-. '! •• nO,ItllepKIJY1'l> Bepy B_. TO, ·qro cPH3HK8. .R,II;epJioR • ... 
~- . ·, • • • ' • .' ' 7 .. ' 

c:rpyKTypw Oy,~teT npo,~~;onxa1'I. oc:raBar~>cn-BOJIHyn~elt oOnacr:r.D,Hccne-

AOBaHHlt B ret~eHHe MHOrHX Jier~ 0H rJiy6oKO y6el[JleB,IlTO KBQ,I,'?. 

B6XBWC: pesy~:r.:raroB no. C1'pyK1'ype Jl,ltpa 6y)t8T UOJIY'Il8HO.Htl. HOBWX 

ycitopMeJIIIx. TnxeJtwc: xo_aoB (BII?IOr:& .~to YPaaa ,c aaeprMuH :B cor-. 

HH H_ 1'YCJI'IlH 1das). Uearpannolt 3a,ltallest xs. Tex, 'll1'0 acilw yxe 

cell'llac - JIBJIIIerc.ll .CHHTes H xccJie,~tOBaBHe CBORctB csepxuxeJiwc: 
. ' 

3JI8K8HTOB. 113 HOBO It .OOJiaC'fH craOHJI:r.HOC'fHo· OB rOBOPifT: "BoSKOlt- ·· 

uo, ueOy,~~;er npeyBeJIIt'lleHHeK c~3ar:r., q:ro nonyqeHHe cBepxuxe

nwx ~JieKeH'fOB .IIBJIIIeTCII O,ltBOst 1!3 nOCU,ItHHX rpaHHit B __ cPH3Hite. 

~~,~tepaoR. crpyit:ryp!i" •. 
'· 

0 _K8CTe HCCJie,II;OBaHHlt C_ .TIIX8JIWlH HOHaKH rOBOPHT .1'alt1te TOT 

q,aitr, q:ro 2:tt, Be ex, nyOJIHit~Hlt no ~epaolt cPH3HKe B 

"Phys.Rev.Lett. " CBil3aHO. c. TIIXeJIW¥11 HOBan. - • ,!" 
~ ~ . ~ ... 

llOJIHYII~aJI nepcnelt1'HBa _H3yq8HHII CB8pXT.IIX8JliiX"Jl,ltep OTM81la.;. 

.11ac:r. npoifl •. B.BaltcitOncPoK aa nauex:r.-,~tHc:ttyccHH B l!YOae B _. 

1968 to,~ty: "3ro 06JiaCTl>, B Itoropost KW HCCJie,ltYeK BOBYe llBJI8BHil, 

31'0 nO,It06HO OT!tpWTHD BOBOrO KOHTHHeHra"•· 
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I 
I. 

ITO liHeHHD npolfl.Q.Ec)pa (Koneilrareu, ,llaHH.fl);. B,ltepHa.ll lf>H3H

Ka. 6JIDB.bHX 10 Jier ~ 3t0 lfJH3HKa ro:e.nwx IIOHOBo 

_. .HHrepec sapy6ezawc yqeHHX x lf>JtSHite ro:eJiwx JIOHOB OTHII.Jtt. 

He nnarOHH'IeCitHI. CeHqac·B pezHKe YCROp8HH.fl T.fllreJIWX HOHOB pa

<lor.aer qersepn scex ycxopxrene.lt B KJI!le. Cxopo noasarca yc!a-
. . . . . ~ . 

BOBKH, cnOCO<lHWe ~Bart. JIHr8BCHBBWe_nyqltH O'l8Ht. r~eJIWX HOHOBo 

.EnH3JITC.fl It 3aB~pmeHHD peXOHCTPYx~H.fl JIHHeHHOrO YCKOpHTeJia B 

EepltJIH, B pesynuare qero 6y;zyr noJiyqeuw·nyqxx xceHOaa. BI974 r. 

scrynxr B. crpo.lt "YHHJIAK" B .Jlaplilllra,~tre (tPr), cnoco6uwl 

ycxopart. s~e xoaw snnort. .JtO ypaaa. B tPr 6y,JJ;er coopyzeu H 

oropott ycxopHreJilt raxoro una;. B CiliA o6cyX,JJ;aerca npoexr co:s

,JJ;aaHa H~HOHaJit.Ho.lt Jla6oparopHH razeJiwx·HoaoB c ycxopHr~neli 

.IVIa scex HOHOB. PacmJI!laerca ycxopHUJit.Haa 6a3a .lt.lla razenwx 

• HOliOB BO .PpaH~HH H IDlOHHHo 

IiY.Jt8T <lOJit.IIIHK npocqerow,· 8CJIH 06~eiHH8HHK.It HHCTHTYT a,ll;8p

HWX HCCJI8,JJ;OBaHHI.yrepaer CB08 JIM,ll;epcTBO B _06JlaCTH.HCCJ18,JJ;OBa~ 
. . 

HB.It .~~,JJ;pa C DOKO~l>D T8X8JIWX BOHOBo 3rO CJiyq~ca, 8CJIH B CJI8,JJ;y-

D~8H D.flTHJI8TKe He 6y~er COOpyzea ycxOpHT8JII> HOHOB BDJIOTt. ,JJ;O 

ypaHa C BWCOltOI_HHTeHCHBHOCTt.D DY'IKOB •. 

,llo aacroa~ero speKeHH Ra6oparopxa· a,JJ;epuwx peax~u.lt aBJiaerca 

e,JJ;HHcrseuaWK Kecrou. B KJI!le, r,JJ;e·HKeerca nyqox HOHOB xceuoua, 

nonyqeuuw.lt ua raH,JJ;eK-~HltJiorpoue. IlpoBe,JJ;eaw nepsWe axcnepHKeH

rw no H3Y'l8HHD B3aHKO,JJ;eiCTBH8 ItCeHOH8. C a,ll;p&IH, nepBwe ODWTH 

no cHHresy csepxrazeJiwx- aJieKeuroB. O.ltBaltO ·ara ycra.HoBKa _<ly

,~;er uexoaxypeuruo-cnoco<laa c noaBJieHHeli cne~Hl!JIDHWX ycxopBie-. 

Jie.lt O'leHlt Talr8JIWX. HOHOB, -paCC'lHT8.BHWX. Ha 60Jil>IIIH8 3BeprHH H 

HHTeHC HBHOCTH. 

6 

r 

PeltOHCTPYK~H.fl ~HltJIOTpoHa~- Y-300 B :f;-400 pacmHPHT· 3KcnepHKeH

Ta.JibHLie B03KO~HOCT H1 ~O.,H~. 'peiuHt npo6JieW · !'0Jlyq8!1H8 . CJJepxro:~-:" 
.., ~ - -. •· - . ·-· • . .- • • • - • i • 

JIWX HOHOB, H806XO,D;MKWX ~Jl.fl ceresa 3JI8K8HTOB Hi, HOBOlt o6JiacrB 

cra6Mt.~OCTH1 B' pa,JJ;a ,!tpyrui 3a,Jtaq. )lelCTBHreJII>HOI(•.ltJla- nonyqeHB.fl 
-· . - '. ·-- . "· . .- ~ ' 

,JJ;ocraroquo .swcoxol aueprHH ua:ycitOpHreJie Y•40o·:uyxuo-HKeri> ·· >r.: 

xcro'IHHKH l!ouos· c ilwcoKotr creneu»"ri HOHHS~BH: +IS ;.lt.llil itceuoua· • •.· 

H +28·)(Jia ·ypil.Ha. 3fO · 03Haqaer, 'ITO XHT8BCHBHOCTH:nyqltOB -..raKHX ~ • 
' - ••· -r~· ~- -· ·- ' • 

HOHOB ua · y;;,;400 '6y,JJ;yr' HH'ITOzHo; KMH.' 
. .-

~· .. • r> ..... -; 

•. ·B '.ltMl>HSIJiieK ,lt8.8TC.fl itjlaTKHJl·o6sOp otiHOBHHX uanpaBJieHH.It HC.;. ·' 
.. ' ~ 

cJie,JJ;OB8.HH.It. c~raze:iJ:WKH_ HOHaKH- c axneR'rOK· ua: HOBLIBiB03KOZilOCTHr .. 

KOtOpwe Ot!tpODTCll·DpH HCnOJil>30BaHHH '<loiee Tlllt81IWX·'l8.CTHit H••·· . 
. . . ~ . - ' 

CI01I89 HHTeHCHBHWX nyqitoB, qeK HKBDJllH8C8 ·ce.ltqac. , .. 
---:· 

. ·, ~ ~ 

II. JiCCRE)lOBAHim B3AHMO,llEaCTBIDl CROEH!:IX fl.JlEP. ,~ 

Pesyi!t."rai: · croJixuo:Beuma .~tBY:X ciioxH~ ii.ltep ripH i~HHotfau~pr~~ 
saBHCHT ~T npx~en:i.~oro ~PaweTpa. ,llMI>Hiie ~PoiferH opHBO_i~r it .. , 

_:·· 1'- . 111!.-: . .. . -. . ' .. :·-- ;_ -· ~·~:- ... ~-;~ .. -~ -~·"'"-
xyJIOHOBCKOKYB036Y%.lt9HHD, rJiaBHWK o6p8.30K,KOJI1I8ltTKBHWX_COCTO.fl.:. 

HHlt. Kacaient.uwe d'onxilo»euu HJIH 6JIH3KH~ ·it· Fi~' conpoBOZJtaDrca · ' 
~. • • • • • - • • • .: • • • ~ 1 ''}. 

nepe.J;aqett ayuouo8. · JiocitO.JIDKY. :BaaHKo,Jte.ltcroyDiltRe a,JJ;pa cocroar 
.. . - .- . . ... ·.• ~ . ' . . . ; . '. ) ,...,. .. 

xs KHOrHx uyxnouoB, ItaHaJIW peax~HH nepe.~ta'IH sec~tKa pasuoo<lpas-

uw. IlpH K8Hlt,IIIHX Dp~8Jll>HWX napaKerpax o6paayDTCll COCTaBHWe, .fl,JJ;-: 

pa. Taemie HoHw .JtallT yHllxan~>HYD B03Kozuocn Hccne,JJ;oBan cra

racrH'Ie~'iile csciacrBa sos<lyX,JJ;euuoro s.l{pa. . . .. ·'' 

. PaCCKOTpHll HeC~OJil>KO. no)tpo6Jiee nepcneittHBW HCCJie,I{OBaHH.It 

OT,I{8JII>HwX THDOB-. pei!utJ.tBA,:.c 'rsi:~JIWKH HOB~~. .. . . 
• ~ ' :. < - • • 
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I. ijY~OHOBCKOe B3aBMO~eHcrBxe. 

r.r. KY~OHOBCXOe BOSO~eHHe·xo~nexrHBHWX COCTOJIHHI. 

KY~oHoBcxoe Boaoyz..euxe ypoBHel criulxHBIUlll(xx:ca BAep HBna

ercH ocii>luw ueynpyrHil npotteccoK npa aueprHz'qacrHit aae.xy-

~oHOBcxoro Oap:r.epa. CeuaJie aroro nponecca npx cronuoBeHJI 

,J;Byx ~ep Cp8,JtHel KaCCii ,JtOCrHraer BUJltlltHW !OQ-1000 0ap&.,J;41l , 

BDHHX YPOBR8H XOJIJI8JaBBHOI np!lpO,J;W. 38. cqer npottecca~ KHOroxpar

HOrO xynoaoBcxoro BoaO~euxa aacenaerca ne~aa cxcreKa..aaaxoxe

~~KX xonnexrJIBHWX cocroaRHH (Bpall(aren:r.uwx x xoxeOaren:r.uwx). 

c yBenK'leaxeK nccw OoM08p.J:HPYDIIIKX qacrxn ceqeaxe xlioroxparlioro 

xynoHoBcxoro BOaOy~eaxa owcrpo B03pacraer. 

Orc11,1;a acao, uo_xyJioaoBcxoe Bosoyz..euxe ua nyqw oqen 

ruuwx XOHOB np• aaeprn 3-5 1(3B/Iiyu. KO~er cnynr:r. a4JcllextKB

HWM.Kero.~:o• aacexeuHR xoMnRexra· xox~exrJIBHWX ypoBael Bnxor:r. .ItO 

COCTOJIHXI C BWCOltJIM CfiJIHOM (>20n) •. lOCTOIIHCrBOJl. K8TO,J;a JIUJ18TCJI 

npaltrJI'l8CU fiOJIHOe orcyrcrBBe ltaKIIX-JIJIOO cfoHOB X ltOHJtYPKPYDIIIKX 

nponeccoB, uo cylllecneaao ynpo111aer Hl:lupnperaitJD) ,J;aHHwx. 

lcnO~Io30B8HJI8 ltoBeJlo B lta'l8CTB8 KCTO'lHKlta B030~8HRWX 

J'l,Jt8p ,Jtaer B03MOJ:HOCU B8CTX MJIJrOCTO,PORR88 KCCU,ItOBaBIIe crpyx

rypw KOJIJI8lt%KBHWX COCTOJIHXI RAep, B&np&ep: 

-a).I3Kepeaxe cgexrpoa xs•yqeRXa no3soxaer ycraaoBxr:r. cxe-
. . 

MY ypoBHel. B c~yqae por~BORHWX no&oc aaeprxx nepexo.JtOB ue~ 

nocpe,~;crBtHHO onpe,~;exa~~r Be~KIIKBY KOMe8ra KHepn•• Jl,Jtpa B ~Hlt

ttn crurua. B noi:~e.~;aee ipeMa ycraaoueao, uo suxc&ocn KO

Meara KRepnxx or yrnoBOI cxopocra B~eaxa aBAaerca c~ozaol 

~HltnK81 • 3ror 34xJlexr, B03KOUO, CBJI36H c ciJa30BWK nepeXO,JtOK B 

cBepxnpoBO~II!eK H.ltPe.. HecxoJI:r.xo no,~tpoOuee oO aroK dy,~ter cJtaaauo 

8 

) . 

s o.~tHOK Ha nocne,Uilii!HX pas~e.lloB. · 3.~tec• · roJI~xo orKe:rHLI, q:ro 

KHoroxpaTHoe. xyn'alioacx~e Boady~euxe· ()q~~~-'i:Rxe~wir HOHaLtH. 

fi03BOUT HCCJ18,JtOBaU npOTJIJ:8!{HWe Bp~a:rex~Hii8 llOJIOCii BHaHOo.:. 
;. .>,,"' . . .• 

Jlee llHCtloiX yCXOBHHXo 

Ha pxc.I .!' xaqecrse.npHKepa noxaaaH ~ -cnexrp L!Horoxpa:r

uoro KY~OHOBCXOro B030y~EiHHJI BOJIIoclJpa.Ka HOHaKH 40Ar 1 -Y.CXOpeH

HOrO H6 ItHKXO:rpOHe_ Y-300 .ItO aHeprHH 130.M3B. 

o). H3Kepeuxe B~-8K8H J:B3HII.COCTOS!HHR c_ llOKO~II a!MJexra 

,Jtonnnepa sa ~pax o:r,JtallH (npil Hcnonr.sosauxx :rexHHXH. coBna.~;e-· 

HHil ~ -XBaHTOB H paCC8HHHWX·HOHOB) fi03BOJIHT-Onpe,~teJIHTL KB~py-
.. -:·~~·-~ • -- -~ -·:' - . • ....... . -_ .- . ' .•• ! ~< ,. ·~-- ·- -

llOUHWEi KOJleHTW H napaKeTpW ,l(eclJOpL!altHH1 a raue HX 3aBH-
. -. _; 

CIIKOCTL 07 .,CfiHHa. 

· B), Onpe:Uenea·~~ cra!wecioro · xsMpxno'JinorO KoKeHTG Boaop-

3){8Ci OCHOBaH Ha H3L!epeHHH npenecCHH yr~OBOrO pacnpe,Jte~eHMH. 

Rax OWJio noxa3aHo r .Epetitow, s3amto.~teRcuxe ·c:ranqecxoro, · 

KB~pynOJILHOrO KOL!eBTa-~030y~eHHOrO COCTOHHHH (2+) C anex:rpH-

qeCKHil llOJIElK THJEeJIOrO MORa K8HSI8_T BepOHTHOCTL 3anOJIH8HHS! . 

p(m) llO,JtCOCTOHHHii C paMHilHWLI m .• 3:ro npHBO,JtH:r -.K :csoero 

po,~ta cMell(eHMil yrxosoro .pacnpe,~te>ef!PIJI ~ -xBau:ros,: H3L!epSieLtwx .. 

B COBn~eHHH c pacceHHHOti qac:rHneR •. YrOJI CLie.eHHJI.OTHOCMT8AL-. . ., .. ,· .. · - ' . - .. . ' 

HO HanpasneHHJI nepuaHHOro .. Hit~y.iu.ca oxa3wsae:rca- IiponopnxoHML-

HWK KB~pynonr.HOL!Y KOL!eH:ry. Haxe:ra~~•an qacnna z co cxopoc

TLil v Ha pacc:rORHHH 1i'e:x6~n.mero ,COJI~eHK~ n· oOyCJIOBnHBaer. 
,, · .·:·::..· .·.· --, · ze· · -:" ', · -- -,,_ ·_·-. 

rp~HeHr anexrpx11ecxoro noxa IJ3 • YrJI.OBOe pacnpe,ll;e.lleHHe xsaH-

:roB oT,'nepexo.~t~ i+ ~0+ ~Ke.~aer'c~a ~~ Be~lf11~~- ~.:" :fJ , · 
. r,Jte Q • - cra:rxqecXHR KB~-.. ·' .. ,. ··-: . 

.;-,__ •-',._ . .. : .; -~ 
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3aep_reTHII8CKHR cneitrp ralllla-H:3Jiyii~HJ!Slt aaperHCTpHpOBaH-
. - -

HliA Ge(Li) cneKtpoKeTpOK npH 00Jly118HHH 8CT8CTB8HHOR. 

C~8CH H30TOOOB BOJil>tJ>~a OYIIXOJI HOHOB. 4qr . C 3HeprHeR 

130 Mas. 

, 
ol1 1 1 I. 1 ,/ c(,-JI J 

~~ - * ~ ~ w - - -
E (cucT~I'IA 4.u} {H,I} 

- ' 
PHc.2. Feayn»rar pac11era tl>YHX~HH soaOy~eHHH npo~ecca xyno-

. HOBCXOrO ,.lt8~8HH.ll ~ep 238 u ~pH pacceSIHH~ HOHOB 130xe 

ua.yron 180°-(L.Wilets et al.Phys.Rev~I56,1349,I967). 
2 . . . . !c- ceqeu_ae ynpyroro paccenuaa, t1J> - paauoc7» ,.~te-

tJ>opua~HH H,.lt8p B C8,.1t~OBOR TOIIX8 H B OCHOBHOK COCTOHHHH, 

J~)- JIOK8HT HHep~HH H,.ltpa B 3aBHCHJIOCTH.OT ,.lte¢oplla~HH 

j)· 
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pynon»HWt liOlleHr cocroaHJ(II 2+,: . _ :P . ~ nonnpaa~Hs,I _a_rorcu:.ocr~~ 
HHHSlo Jlallep8BH8ll_ .· ,.~ ·: onpe,Jt8Jlll8TCSI H8:, TOJII>XO B8JlBIIHHa,, HO .H . .~ • • •. ··•:,._ '·'"•4 ''~ ~· •-:,--. ,c,•~ '- ·>•- • ~- ~-.:; .. " 

3HaK: KBa,ipynOJl:E.HOrO ll0li8Hta.; .IlpH B030YJ;,.It8HHH ltliC~OpO,JtOJI COC-. ~ . . ~· ·- .... ~ -----·~·· -·: ~ _,_ .• .... 
. TOSIHHSI -2+ B l50sm .( ,.Q. J.D I :6_B.pHtB.8J1HIIHHa f:::. .?' 0.,?;~· _Tp_e_~y~r

CII B8Cl>lla-i YTOH118HHM 'r6XHHita,: :IITO~H .:rot_!HQ_ -1'!_3:1o!8pr.tTD T8.KOl /.> 

3tPtPeKTe (}.JtHaKO_ B8JlHIIKBa-..b.. :Jl~eltHO _saBHC~: OT ,~_:--_~o_KOa.Jl.lt~-:;: 
PYJ!Dl8R· qac.TBitlio nepexo;w;,,x,6onee_,_T$1Z8Jl~:.K.0~~6Y_A~T .• B8CJ.)(~ iJ . . . -·. . .. 

OJIO,.ItOTBOp8H ,J(JlH- aroro YBTO~a~ .:: :··; ·''.< .:t:::il::. ,.: -; :,; •. •>:.;,:, ; .. ~ 

r ). jCCJI!!J!OBaHHH B3al'!KO.Ue8CTBHH 3JI8K'!Pifli8CKJlX ~ pi'H!ftHWJC 

MOK8HTOB. uep C )1:011\HWH WrH1fX!p>llllL_l'li3~8KTPHII8CltHYH llOJlJ!l'H, 

.Jl8JiC'fB)'Il!llmDI Ha Sl,ltpO or,JtaiiH npM TOpKOJ:8HHH. B- cpuax. 
. . - ~ . . . ':. . , " 

3to oco6wH Kpyr :Hcc~e,~~;osauuR, oruoga~uRca, no~cy~ecrBY, 

It npHK8H8HHD U8TO)t0B Sl,.lt8pHOn·tJ>H3HKH ,II;JlSI J!CCJ18)tOBaHHSI TB6p,.ltOrO 
- -- . . . . . ': . . - ' ~. ... . ' 

rena B pemeHHSI pSl,.lta np06JleY arOKHOR ~H3HKH. 

1.2. netl>OpYa~HSI H,llep B npo~ecce CTOJ1EHOB8HKSI; 

xyJJoaoscxoe ,lleneHH8 a,~tep. 

O,~tHXK 1'!3 HOBHX.a~xtoB, e~e ue uaOJID.JtaBmHXca aKcnepH-

ll6HTMLHO, HO Op8)tC:tta3aHHHX TBOp6T.HII8CltH, _SIBJ1H8TCSI.,J!;HB8JIK1189.

Kall ,lle¢opKB.nHSI H,ll6p XYJIOHOBCKD nOJI8Y B npouecce. CTOJIKHOB8HHII. 

3¢qeKT.B03HHKa8% s•cJlyqae, ItOr,Jta o6a B3aHKO,.It8ACTBYJIDIHX ~pa 

06Jl~aDT·,JlOCtaTOIIHO B~COXHK-aTOilHHK HOKepOK (no 0~8HxaK 
Z> 30). ilpB 3TOM XYJIOHOBCltOB none, . .~teACTBYJl~8e ua.Kaz;J;08 Sl.lt

po, O:tta3WBa8tCS )tOCTaTOIIHO 60JJ:E.mHK, llt06li H3K8HHTL YCJlOB!iiJl 
, • ~ ' ' •• • • 0. ' ••• 

paBHOB8CHH KY~OHOBCKHX CJlJl-H CJlJl nosepXHOCTHOrO H_at11:1:8Hli1Jl B_ 

H,ll;pe x aacraBl'!n .ero npHHIITI> HOBYD IJ8:BRo_secH)'Il :clX>PYl. TaxoR 

BHBO)t CJ18,li;Y8T· H3 npe,JtDOJIOJ:8HHH 0 ItBa3HCtaTHII8CKOY xapaxorepe 

npo~acca CTOJIKHOB8HHHo. B ,Jt8ACTBHT8.l1DHOCTH npo~ecc CTOJIKHOBB-

·. II 
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aifa iB1laerca ,~;ocraroqao· dwcrpwu,• B03HH1taD:r cusSHaHe ·c· 

arJDI ·a~xrw 3anas)tW»aaxa '.Jte!JlOpwaqn, ··xyJJoBoBcxoro 'Bosdrz

Jteaxa 'iHYrpeaiuiX creneliel cBo(!o.-w .11,1;pa •• ,~~;p. llo:.en ·ycJJoz- · 

Haercg, KpoMe. roro, HBOdXO,li;IIMOCt~ll BKJJOqeHHil B pacqer ,I;HH8.-. 
... -- . - -- -- -

waqecxax xapaxrepxcrHK ll.Jtpa,-raxxx xax HHep~aJJbHWe napa-

werpw (liaccoswe · xoarppHJ:tKeHTw), a raxxe itapawerpw xecuocu;: 

0 JCOTOPWx celllac ioleerc11 de.Jtilaa HH!JlOPMB.Itllll. :3xcmipoeJrrlol. 

no noxcxy arppexroB ,JteqopMB.ItHH a,~;ep.xyJJOHOBCKJDI noJJeM xozao 

BlolDoiliBn ·. pa3JJnHiolliJi cnocodlWH: . , 

a). 13wepe.HHe ·yrJJOBWX pacnpe,JteJieBKI ynpyro pacce11mua: 

UXBJIHX .. JIOBOBI B 38.BilCDOCfH Of 3HeprHH qact~; 

·d), Haxepeaxe q,ya~HI BoadYQeBHs peund nonaoro cJIHa-

HHII C.~eJJ•Il onpe,JteJJeHKR BeJIIqJIHJol KYJJOBOBCKOro Oap•epa 

B3aHMO,J;eRcrByo~HX a,~;ep; 

B). Hswepea•e ¢ya~ll Bosd~eaxa AXIl npo~eccoB KYJJOHOB-
~ -- " . . - ' .. 

cxoro BOS(!yx,~;eu•s J~,Jtep; 

r).Onwrw no perHcr~KK KY~OEOBcxoro ,Jteneals siep. 

:3xcnepHKeHtW, nepeqHcJieHBiole B nyaxrax·a)·Jl·(!) 1 -JDiellt 

Bazaellllee aaaqeaxe .usi :roqiloro onpueneallil ocHOBBWX napuer
poB noreH~•aaa Jiamo.~telcnlla cJloxawx .a,~;ep. 1x aeooxo~JDio 

BwnoJJHIIU · Oe3onocneJiuo x npoOJJexe no11cxa ltfJJOHOBCEOI ,~;e..; 

!JlO~u R.J;ep. B 'fO xe apewa onwn aroro rma, BOallOuo, He. 

CfOJJb qyBCfBHteJJ.Biol 1t odaapyxeHJ[I) ,I;HHaMJlqecxol ,l;eqopM~KH, 

nocxonbxy·ae(!on•••e R3MeBeHHS napaxerpa pa,J;JYC8. noregq•a.a 

Dpll II8p8XO,I;e X BCe OOJJee fJIJ:BJJWII doxOap.lxpJDIIDI q&cfJilt8Jl 

MOryt Rain· O(!'IJJICHBHH8~ He CBJI38HBOB C ,J;DaQqeCJCOI ,1;8!JlOpMa

~el~ 
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r· BswepeHHB .3HBprerHqBCXOit 3aBHCHii0CrH CBtlBHHit KYJIOHOB:- . 

cxoro aoa(!yX.JtBHHII .B· odn_acrH aaeprx!t. BdJIH3H dap•epa. npeJtctaB.na

er 3HaqHTBJlbHHI HH:repec JtJIS odaapyxeHHII HHtepqepeHnHH,KYJlO~. 

HOBCKOrO.H ll,ll;ep~OrO ~~~Jl~,Jt8ICTBKI •. OrCil,Jta KOJ:HO IIO~YtlHTh 

cBeJteHHH o nporDBHHocrH "xBocra" a,JtepHoro. no:reHUHaJJa. B ;ro 

J:B. Bp8MII IIOJiftlBHHB ,Jt8.HHWX 0, ·,ltHH8.JiHqeciC011 ,JtB¢Gpli8.UIIH: S,ltep 113 · 

IIO,JtOdHWX OnHTOB 3aTpJ,li;HBHO. reK, tlTO noxa OTCYTCTBYBT TO'IH8.11 

TBOpHII KHOrOxparHOrO XYJIOHOBCXOrO B03(!yl!tJtBHHII_ C yqe:rOK a_rppeK;. 

TOB·,Jte!JlOpM8.UHH B3aHKO,ltBi!CrBYDlllHX II,Jtep. , 
~ . - ... . 

lf.YJJOHO.BCXOB JtBJleHH8 KOXBT, cran HaH(!OJIBB ,JtOCTOBBpHW ,li;O-. ' . ., -

xaaarex»CTBOK cy•ecrBgaasxa ~e¢DpKanxx cxoxuwx ajep a npon~c

ce CTOJIKHOBeHH8o lf.YJIOHOBCKOe ,1;8Jl9HHB.- HeO(!W'CIHOB ·¢H3Htl9CKOB 
~ - . ; 

SBJJ8HHe, OdJJa,Jtall.BB ~8JIWM ps~OK xapaiCTBpHWX KHHBiiaTHtlBCKHX. 

oco(!eBHOCreR, tlTO n03BOJIIIBf nocraBHU, ODilfW 'taKHM odpa30K, · 

tltOdll HCIUIIltlHU- HBOnpe,JtBJIBHHOCT~ B B~BO,Jta~' C;. ero H8.0JJD,1;8HHH 

H~H BBHa(!JJil~BHHH. KOJIHtlBCTBBHHOe x3yqeu~e 3aKOHOKepBO~tel KY

~OHOBCKOrO ,JteJI8HHJI, taKHX K8.K 38.BHCDOCTH- C81lBHHII OT 3HeprHH, 
. ' 

yr.11a paccuufl qacnl\ ~~- o:r aroKHoro uowepa 11,11;pa KJIIIeBH, -y~no-

swe· KOppe.limHH 'OCKOJJKOB )t8JJ8HH8 · H pacceaHHOI qactHUil· ,JtOJJJ:HW 

,1;8.U BUHWe Cle,I;BHHS 0 ~HH8.1iHK8 npo~ecca ,J;eJieHHa. :3TH HCCJI9,JtO

BaHHS MOryr ,J;at• :raiCYD .BBXHYil HHqopwaUHil 0 CBORCTBax a,Jtpa,xaK 

J:9CTXOCU, la3K0Crh S,JtepHOH XH,JtKOCfllt B9JJHtliiHa MaCCOBHX K08¢IPH

~H8RTOB B K0JlJ18KTHBHOit KHHBTHtl8CKOR .3HeprHH S,Jtep H r.,~~;. 

2. PeaKYHI neWaaqx •. 

PeaKUHH nepe,Jtaqx ua %axe.11wx zoaax odJI~aor pa,~;oK:ocodea

aocrelt rio Cp8.BHBHHil C npaKYKH pea~HlUtH Ha JlefXHX qaCTHnax. 

3uaqH:reJJ»HWI aapa,Jt x wacca RaJie:rao~ero xoaa npHBO,II;HT x pe3KOKY 
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BO~paCTaHHD ponK xynoHOBCKHX H ~eutpoOezHHX CK! BO B3aHKO~ell

CTBHH. nsa ctOJIKHYBmJDCca a,itpa ue scer.~ta cJIKBaDTca ~aze_,.np• 

CKIII>HOM nepeKpw:rmr SI,Jtepuwx noBepXHoctel!. )!.lla xaz,JJ;ott napw 

H,~tep cy~eCTByet XpHTHli8CKHI yr.llOBOl! KOWBHT, B~e XOTOporo 

odpa3oaanu XOWIU1-YHJJ;-H.Jtpa ae npoucxo,ut. C poctow A H z HOHa 

.no11a xolinayH,D;-SIJtpa B nonuow ceqeHHH peax~Hl na.naet, H. ,JVIa Ta

KHX: HOHOB, K8X Kr, Xe , peaxnHH nepe,.aiiH CT6HOBllTCJI .. OKHHHPY

D~HM a,~tepuw:u npo~eccow. 

B _ uacroa~ee Bp8!oill B H3Yl18HHH peaK~idt nepe,lt61lH KOJ:HO · BW

,~tenHT& ,Jtaa HHT8HCHBHO p!!.3BHBaD~HXCll HanpaB.118HHR. O,~tBO H3 HHX 

CBll3aHO c·nO.IlYII8HH8K HHqopK~HH 0 CTPYKType H3B8CTBWX H,~tep,;tpy

roe .. C CHHT830K H H3YII8HH8K CBOitCTB HOBWX H30TOUOB H 3.11e:UeH

TOB. 

2~1. Hcnon3osasHe peaxnztt nepe,~taliH ~S:I H3yqeuHa 

c:rpyxtypw suep. 
•. 

.. Xopomo H3aectuo, liTO peaxnHH cpwsa._H no,~txaata ua nerxHX 

qacunax: (d,p), (d,n ), (p,d ) UJIRDtCR 3rppeKTHBHWK KeTO,ltOK 

H,Jtepuolt cneupocxonHH. IloJJyqaeKas HH<lJopKanza otpazaet _npeoy

mec:rseuuo o,.HollactHIIHWI acnext a,Jtepuwx coctoauHil. -Peaxn•H ne

pe,Jtal!H ua THJ:eJlwx HOHax no3BOJiaDt c,JteJlau cne,JtyDIIHl! mar. Cpw

_saa".H UO,ltXB~WBall ,JtelttOH,napw HBltTpOHOB, npOTOHOB H, B OC008H

HOCTH, c( -llacTKtlW;_ .KOJ:BO. UOJIYliHU BBZHLie. CB8Jt8BHll 0 KOppeJIRitH

llX HYX.IlOHOB B H,ltpax. OcoOLllt HHTepec B noCJI8,ltH88 speKa BW3WBaDT 

ll8tBBPHLI8 KOppeJIRitHH " d. - qaCTHIIHOro" THna. Bo30yJ:,It8HH8 taKHX 

cocrosiHHlt H8,lt0Ctynuo ,ltJlll Jier:rilix qac;mn •. O,JtBa.ItO nepe,Jtaqa 

d -qactlfilW ue npe,~teJI ,~tJia tazeJIHX HOHOB npH B030~eHHH Knactep-_ 

HWX COCTOllHHlt. H60JlD,It8BH8 KBa3HKOJI8KYJlllpBWX COCTOllHHlt npH pac-
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c ua 12c x 16o ua 16o no3sonaet JtYKat& o ao3woxuocTH 

nepeJtMH xpynuwx :ico:unnexcoa uyuouoa, oOna;taDIIIHX noa~euuolt 

BuyTpeHBelt npO\!BOCTitD (ci2 ,0!6). 

BCnon•3oBauRe peaxnHI nepe,ltaqR .ltJla H3yqeuHa ctpyx:rypu SI,Jtep 

tpeOyet xopomero auepretHl!ecxoro pa3pe•euHa. C03,Jtau•e KOIIIHoro· 

ItHltJIOTpoHa TJIZSJlWX HOHOBC·BWCOXOlt HHT8HCHBHOCUD nyliKOBU03-

BOJ1HT saecrH llouoxpoMaTop H .teir ca~tw:u co3,JtacT OnaronpHRtHLie yc-: ... -- . . - - _,., . . 
JlOBHa JtJia pa3BHtHa Hccne.~tosasHlt no MepuoH. cnexrpocxon:m:B 

paccworpeuuwx swme uanpaaneHMX •. _,·:__ 

2.2. MuorOHYitlOBHWe nepe,lta\!H 

JlHOrOHYitlOHHiie nepe,JtaqH HBJlHDtCa CU8ItH!PHKOii THX8JlWX HOHOB. . . 
g ' 

H60JID~MHC~-peaKitHH, B KOTOPWX OT H,Jtpa K H,ltpy nepe;taBanHC& ,ItO 

2-x, 3-x ~ecatxoB uyuouos. MexauH3M atmc peaxuHtt ue Jyeet aua-

Jiora cpe.ltn peaxnuM ~ JierxHX qacnna.x. IlpR ctonxuoBeHHH c auep

rmeA awme xyJiouoacxoro Oap•epa H yrnoaw wo:ueurow,oon•mHY KpH

THl!ecxoro, uo 0JIH3KHY K ue:uy, OoJu.mB.H qacn XHH8tHllecxolt. aueprHH 

cOpacwsaerca, nepexo)ta B B036yz,lteHHe H,Jtep.· cxopocn onocHten:&

uoro .,ltBHX8HHSI H,ltep· pe3XO Ua,ltaeT-,·li OHlt, nO-B~HKOKy, o0pa3yDt 

cHc:re:uy ,· uano:UHH81lli!YD rame.iz&, xot.opaa noaopaqJIBaercH· xax e,ltHHoe 

tteJioe. rrosopaqnaac~, cHcTeKa ,Jteqop:uHJlyercli~ H, uaKOiiett~ pa3pwsa

erca~ taK XaK &yJlOHOBCKH8 H neutpo0e:&HW8 CHJII:i npeBOCXO,ItllT npH

tSI%8HH8 K8J:,ItY·HJtpallHe· QneHKH noKa3WB6Dt~ i:[TO' Bpeli:a-:i:H3HH ,ltBOlt

HOll H.Jtepuolt cHcteww KUoro. Oon&me· xapatttepuoro H,Jtepuoro speKeuH. 

B pesyn:&tate B CHCT8Ke ycnesaeT YCT6HOBHt•ca UO,Jt00He CtaTHCTH

qecxoro p6BHOB8CHH H ceqeHHe pa3JIHTlHWX KaHMOB peaxttHI nepe.v;aqH 

6y,Jt8T onpe,Jte1IHT&C8 n1IOtHOCt&D KOH8\!HWX COCTOHHHI. 3TO U03B01Ill8t 

noHHu Hai,JteHuyD s IDIP 3aBHCHKOcn ceqeHHlt peaKitHlt nepe,JtaliH ot 
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CHANNEL 'NUMBER CE-liEt 

iHxO.It H30rOnOB Mg 1 Al 1 51 1 · P, Ol,Ar B peaKitHBX ne

. pe,Jtaqx npx oOnyqeHHH 232rh HOHaMH 40Ar c aaeprxeR 

_290 Mas. Bnepawe 3aperHcrpHposaaw H3oronH 29,30Ug, 
3I,32,33A1 33,34,35,36.31 35,361 37,38 p 39•lj() s 

' - ' ' . . ' ' 
40,4Icl_ • ~8HTH4}HK&\Hll H30TOrlOB OCY~8CTBJIS~aciJ KOK-

dHHaUH81 KarHHTHoro aHa.I!Haa H ueto,Jta t:.. E,E. YroJI Hall

JIIl.J;eHHB npo,JtyKTOB- 40°. Y.Kaaaaw aapa,Jtoswe cocroaHHa, 

B xoropwx pencrpHpoaa~xc» H30ro_nw. 
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~g_:_ Qo - aaeprxx, JJ.ItYII!el Ha nepecrpoRKy su;ep ua aaqaJiuwx . 

B.xoaeqawe (cM.pHc.9). 

MHoroHyxnoHHWe nepe~aqK npx r~ydoxoHeynpyrux cro~xHoBe

HKsx Y~HBJil'e~.&HWM Odpa30M COe,JtHH.IIIlr B cede CBOstcraa KOJLnayH,It-o 

a,Jtpa H npawwx npottecco B. H . 3aHl0(81lr _ np9~_~roqaoe no.11ox:eaxe 

wez.zy arHJLH xnaccuqecx~H wexaHH~~l-~~~PH~ peaxttd • 

PeaKitJ:H MHoroayxnoHHwx~epe~aq woryrJd~.r. iro~oJI.&30Bauw xax 

· cnocod no~yqeHHR Haoronoa. Tax,np~ o~.11yqea~u 23~ Houruor 

~r HMJlll.ltaJIOCL ~dpa30BaHH8 J:3 lfClr -'ke~KHk~ ::iJieJleHTOB or do-, - 1 

pa ,~to HHlte~R. ConpaeHHwe rax:e.11we fipo,zyirw' B aroJL cnyqae HJle

mr z , ~~x:a~~~ee weQy 80 ir !03." .. TJew 'do~»~e .w_acca ·HaJieram111ero 

a.Jtpa, rew npe ,Jtuanaaoa 3Haqe~mit A Hz xoHe'lHWX fiPO.ItYKTOB .• 
" . ·' . 

Hcno~•30aaaxe HHreHCHBHWX nyqxoa tax:eiwx HOBos, ycxop&HHWX aa 

~o~HOM ItHKJiorpoae, CYII!ecraeHHO pacmHpHr raxHe soawox:Hocrx. 

3. COcraaHoe Jl!20• 

. 3.!. He,;e~sll!&ecR Sl,ll;pa. 

PeaxnHH c odpaaoaaaxeM cocrasaoro n.~tpa- O.ltHH xa.ocHOBHWX 

rHIJOB B3aHJlO.It8Sf~rBJIJI CJIO~HWX su;ep. XOU KHOro yx:e H3B8CTHO Od 

3rOM rHne p8aKitHHr e~e .OOJI •• e npe,I;CTORr yaaau., 00'.&8M H 3Ha

tiHMOCU HHtiOPMattJ:H CYIII8CrB8HHO B03pacram:r npH nep8XO,Jte K HC-: 

C~e,J;OBaHHJII( c dOJf88·TU8~WMH .H.dOJiee· 3H8PrBIIHWMJ: HOHIWH. 

E111e MHOro H8JlCHOro OTHOCHT8UHO nepaoro arana peaE[tHJI -

cr~J:H CJIXRHJIJI su;ep. TJro npoxcxo~xr, xor,Jta cramxxsam:rca ,JtBe 

KanJIH su;epHoro Bell(ecrsa? Kax onx .JteqopMHpyllTca? Kax nepexe~

mrca HX cocraBHHe qacrx - aestrpoHw H npo:roHw? Kaxoaa "r .. po.~tx

HaMHita" Jl,JtepHOH -KarepllfH? · Jil aroit CTa,JtHH KOHXYPHPYIIT npotteccw 

'1'1:. 
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PH c. 4. )lHarpa~uaa pacna,lta cocraBuoro JI,npa c BHCOKHIL cnHHOIL. 

napaC!oJia Ej ~ npoxo.nwr qepe3 3HaqeHHj{ ~HeprHK,,one-
. . - .. - -~ .,· 

.,llBillllHX ILHHHilaJibHOit .~JIOTHOC'lH ypoBHeit JI,Itpa. IlpJlllOyrOJib-
• - .,,> • • -

HHKH, BBepxy.noKa3HBaDT pacnpe,neJieHHe cocraBHHK, JI,nep 

H3 ;~aKnHH Nd + 12c. (95 Mas) no c~~. ~aqane :JT,D;er 
' ' . . :· . . . ... -. . . 

H~~TpoHH~It KacK8Jt,(3aTell xacK~ ~ ~AYilel H3 COCTO~~Hit, 

\ orJIHilaDlllHXCH or E j npwep~Q .. ll~ aueprm> .c~H3H :Heltrpoua. 

... : 
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nOJIHOrO CJliiJlHBJl g,nep H "npJlllOro" B31!UDIO,IteRCTBHS roro HJIII HBO

ro ti!Da. Cse,neHKH o ,nHHSKI!Ke nponecca cJIBJIHHJl ·MOrYT Clwrb noxy

qeuw 113 H31lepeHHlt 3aBHCHILOCTH ceqeHBJ'l CJIHJIHHH OT 3Heprllll K 

lm.CCH CIOIIIC!ap.J;IIpYJllllHX qacnn. 

Ilp8xTHileCXH He H3Yil8H BOnpoc 0 npe.npaBBOBeCHOH 31LHCCHH 

qacnn ll3 CHCTellH ,nByx. g,nep, npe.l(llleCTBYillll8H UOJIBJleHHD COCTaBHO-. ' . . . . 

ro JI,npa. )lJIJI axcnepHKeHTOB a·~tOIL aanpaB1leHHH rpeC!yDtCJI xBTeH-

cHBHHe nyqKH HOHOB C 3HeprxeH·2o-30.!IaB/HYKJIOH • 

co_crasHLie s.npa, oC!pa3yellLie tDeJIWH • :aoua~~H, xapaKTepH3YDT:-· 

CH C!OJibWOI 3HeprHelt B03Cij'x,neHHH H BWCOKHK yrJIOBIDI: llOlleHiOIL 

(HCilKCJIJiellWIII ~ecstKallH h ). CxeKa7mec~ • .nuarpawa pacna.na 

Bpa.ut!WJileroc·a COCTaBHOrO JI,Itpa_ no~aaHa Ha pzc. 4 • Ha nepBOlol 

3Tane HCnyCKaDTCJl HYKJIOHU, YHOCIIlllHe CIOJlbWYD qact~ 3HeprKH B03-

C!y~eHHHo 3atell Jl,ltpo OKa3HBaeTCH B HeatpOHHO-IIIetaCTaCIHJibBOU 

COCTOHHHli, HUeD!llell B03Ciyx,neHHe, npeBbllllaDlllee. :meprHD. CBH3H Beit

TpoBa, HO ILMYJl BeittpoHHYD mHpHHY H3-3a .BLICOKOrO yrJIOBOrO J40-

ll8HT a. IIepeXO.lt. B. OCHOBHOe COCTOHHH8 npOHCXO.ltHT nyTell KaCK8,lta .. 

~ -KsaBToB~ 3Tor KacKa.lt ua ,nHarpi:uole E- ;1 JT,D;er .sCIJIH3H JIHHIIIH, 

COOTBeTCtBYDllleti 0 XOJIO,JtHOIIIY" spaJiieHHI) g,npa " yrast . "~JIMHHHo . . . 

:no - xaqecneuaoe .npe.ncraBJiesHe o pacna,Jte BpallaD!IIe.rocs cocra.s-
• ' • . • o'· -.: ,.· 

aoro JI,npa. KoJIHil8CTBeHRHe ,ltaHHHe no pg,ny BSXHHX nyHKTOB secb-... ' ~ . . ' -. . . . . ,: ~ 

Jla orpasmeRH •. HaH6onee cnaelo ,uayqeHa nocne,nBJIH cta,JtHJI· pacna

,ll;a - raiDla-:-xacK8.Jt. HeoC!xo,nHILH ,netaJibHLie HCCJie.ltOBaHHH cneKrpoB, 
' •', 

. yrJI,OBHX pacnpe,ll;eJieHHti, ILHOXeCTBeHH~CTH 't -Jiyqeit. ; 

' ..• PacqetLI n~~aSWBaDT 1 ~~0 Bpall!aD~eeCJI g,npo ,ltO~HO. :~tBitXlPJlH-

posanca no~ ,nelcnHeJl _neurpoele_xuwx cu. IIpa JlaJI~ aseprHax spa

JteHHJl B03Ciyx,lteBH08 g,npo H11188T ~PIIIY cnJIDCHYTOrO c<J>epoH,Ita •. C 
. .. . . 

yseJIKileHKew 3seprHH s~eRKJI ,neqopKanxa nocreneBuo pacrer, 
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f,yHK~HH B030f,l~eHMa peaKqHI 130re(I2,I3c,xn) npH qP.c~e 
HeHtpOHOB X OT 3 JtO. I2, H3llepeHHWe Ha nyqxe IUtUOTpoBa 

ruiP Y-200. IJyHKTHpou no~taaaaw xpxlwe raycca, cosmu;an

~•e C '3ltC08pHueHTOll B0BK3H MaKCP.MyMOB ~YHK~P.R I030~e

HH.IIo I\PHBaa I - pacqe'r ceqemra oopaao'B8.HK.II coctaBHOro 

a..pa oea yqeta KPH'rllqecxoro yr~oBOro uoueiaa. 'KpxBaa 2 

npoae.a;eHa no 3ItcnepHUeutunwu Totilt8M, ouyqeBJiwu CYJDIH

pOMHHeM ceqeaHR Bcei peaxitKR tHna ( 12• I3c;m) 1 

( I2'' J?c ,ex' xn.). · I\PHBas. 3 - cy1111apuo e c.eqeHJie peaKqll 

(I2,I3c, xn·). . 
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noxa aueprHa BpameHH!l (B e~HHH~ax noBepxaoctaoH · aaeprHH) -ue · .· 

~OCtHruet H8KOTOporo. KPHTK'118CKOro .· 3HaqeHHlli '·J{ani.aebee none

,ll;8HH8 R,lr;JR 3aBHCKT OT BeJIHqHHH napa.Ketp~ ~eJI~OCTH: •. TSIJ:8JlH8 

a~pa pa3pLIB8.11TCll ~eHTp008J:HHIIK CHJIB.llH1 ~Jill H8~8Jlllll!HXC!l ll,lt8p 

paBHOBBCHOA ¢opuoH CTaHOBHTCR aKCHaJI»HO H8CHKK8TpHqaaa KOH~H

ryp!UU!Si - nceB,Jt03JlJIJIIICOwt. HccJie,JJ;osaHHe ,JJ;eqopua~KK spall!Silllle

roca ll,ltpa ~aJIO Ow B8ZHYD HHifOP~~HD· 0 CBOACTBax Sl,ltBpHOH ua:re:

pHH. ·3KcnepHMeHTaJILHO a~KT ~eqopK~HH KOJ:et Ow:rL xayqea no 

3llHCCHH aapaxeaHHX qact~ •• 3TOT a~ttt·Oy~et 'BLI,ll;eJieH OoJiee. 

qeTK0
1 

eCJIJI y,JtaCTC!l paOOTaTL c·opH9HTP.pOBAHHLlllH Bp~Sil~MllHC!l 

R~paiiHo CoctaBHL19 ll,ltpa, 00p~3YDIIIHBC!l B.p9aK~HllX C TSJ:8JILIMH HO:

H!WJI~ HJIBDT _yrJIOBW9 MOII9HTH
1
H30TpoUHO pacnpe~9Jl8HHLI9 B WIOC

KOCTH,nepneH,JtHKYJI!lpHOA nyqRy • ECJIH HCOOJIL30B8.TL peaKitKD. qac-:

TH'IIHOrO CJIHRBHR, TO perzctpa~Hll ~parwea:ra Oou0ap,JtHPYDIII8A qac-. 

T~Ll BLI,ll;9JIHT B030~eHH~e ll)tpa C yrJIOBLlll~ llOll9HTaMH, nepn~H,JtH

KYJillpHHMH OJIOCKOCTH peaK~HH •. MoXHO Ha,JteRtr.Cll, 'liTO HCCJ19,D;OBaHH9 

HCllapHTeJILHLIX cnextpoB aapSXBHHLIX·qacT~ OO,Jt pa3JIH'IIHLlllH yrJia

UH K 3TOA n~OCKO~TH ~acT HHifOpU~HD 0 ,Jteqopll~HH Bpa!llaDIII8rOC!l 

ll,ltpa· •. Taxxe axcnepxwea:rH tpe6ynt 6oJlee sucoxoA xa:reacHBHOCTH 

nyqJtOB, qew oO_Hqawe onw:rw no HCCJle~OBaHHD. pacmua coctaBaoro 

a,J;pa. . .. 

CYIIIBCTB9HH08 OOBHm9HH9 HHT8HCHBHOCTH nyqltOB TSJ:BJIHX HO

HOB n03BOJIHT HCCJI9,D;OBaTL H ,JtpyrHe _B03UOXHil9 OOJI8pH3~HO~HLl9 

3~_KTH: OOJIRpH3a~HD HCnapHTBJILBWX HeA'rpOH_OB, H ~- -JiyqeA. 

0QeHKH noxa3wBant, qto npx BLI,ll;eJleHHH noJiapx3oBaHHHX BP~IIIHX

ca ll,ltep llOJ:HO OXM.ItaTL 3HaqHT8JI»HOA nOJI.IIpH~HH HBATpOHOBo 
'. . - ' -~ . -· . 

3xcnepHMBBTW no HCCJIB,ltOB8.HHD.nOJIIlpH3~HH HBATpoHOB, Jtcnycita-
, . ,. '. :"'· . -' . . . 

8llWX B036yJ:,D;BHHWllH ll,ltpaiiH C BHCOKHll yrJIOBHII llOll8HTOll, CJIOJ:HH, 
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O,ltHaKO . OHH OTXPWB8.DT HOBI>IIt DO,IIXO.lt It R3ytl8HKD .CDHH·Op0Hr8.JU>HO-

ro B3aKYo.JteRcr»Ha BYRnOHa c R.ltPOY. 

3.2. J{eJieHHe R.Jttlp. 

J{8JI8HH8. RBJIRBTCH OCHOBHIDL CDOCOt:lOK pacna,lta TJI%8JlWX B03ClYJ:-
•. 

.lt8HHWX COCTaBHWX ·a,ltep. ilpH nepeXO.lt6 K 01l8HI> TJ!%8JIIDL YCKOp8HBW 

HOHSK, raKHH KaK KCBHOH H ypaH, ,lt8Jl8HHB .ltOJIXHO CTaTl> e~e OOJiee 

YHHBepcaJII>Hmt npotle cC::ou, HrPaJJIIIKY c~ecneH.HYD pOJII> npi!. Oouoap

.ltHpOBKe DpaKTH1l8CKH BCBX .ltOCTYDHWX JlHmBH6Ro ll.PH .3TOJl OCOOWI HH

repec npe,JtcraBJiaer xccJie.JtOBaHHe rHraarcxux cocraBHWX R.Jtepawx , 

CHCTBK, CO.ltBP:E8liiHX OOJIBB I50'npOTOHOB H OoJiee 250 HBITpOHOBo 

TIOB8,lt6HHB .TaKHX CHCTBJl .ltOJIXHO CYIIIBCTBBHHO OTJIH1la'f:&CR OT npHBHq

HWX npe.JtcTaBJIBHHR, xoropWKH xapaKTepHayerca oOpaao»aHHe H pac

na.Jt COCTaBHWX R,ltep. 0.JtHaKO Oea 3KCnepweHTaJIJoHHX HCCJIB,ltOBaHHR 

B aacrOaDtee BpeKB· BBC:&Ma.'.:rpy,ltHO BHCKa3a.TI> CKOJil>..;HHOy,ltL .ltOCTO

BepHWe npe,ltnoJioxeHHR .Jtal:e o rno6aJII>HNX xapaxrepHcTMKax npotlecca. 
. . . 

B3aKYO.lt6RCTBHli ,ltByx TJIXBJILIX R,ltep, HB rooopa yxe 0 KHO'rHX Bai:HWX 

,lteTaJiax.·MoZHO JIHml> C~pyYJII'IpOBaT:& HBKOTOplie OCHOBHUe sonpocw, 

Ha KOTOpWe TpeOyeTCR OTBBTHTl> H KOTOpWe yxe H3Y1laJJTCa CBR1lac B 

J{yOae C HCDOJII.30BaHHel( DY1lKOB HOHOB KCBHOHa H KPHDTOHa, DOJlYllBH

HWX Ha TaH,ltBK-IlHKJIOTpGHB; 

a). OOpaayerca JIH npH B3aKYO.ltUCTBHH .JtByx rue1ua: H.ltBP npo

uezyroqaJ.IR oo~exr ~ cocraBHaa cHcreKa, HJIH npotlecc HOCHT xapax

rep xBaaHYnpyroro pacceaaHa c KanHK oo~euoK uaccoR a xxaeraqec

Kol aHeprHeR? EcJIH oopasyerca, ro: 

0). KaKOBO Bpeua ZH3HH COCT~BHO! CHCTel(W H B XaKOR creneHH 

cnocoo ee pacn~a HeaasHcHK or cnocooa oOpaaoBaHHa? 

. 22 
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B).KaKOB BH,Jt pacnpe,ltBJIBHHH KaCCH, 3apR,Ita H KHH8TH1l6CKOR 

3HeprHH npOAfXTOB pacna,lta H aaBHCHKOCTH HX OT xapaKrepHCTHK 

COCTaBHOR CHCTeKw? 

Rpowe 001118~3H1l6CKOR 3~~~HKOCTH ~a~HYX HCC~B.lt~BaHHR H3y1le

HHB ,lt8JI8HHR R,Itep DO.lt .ltBRCTBHBM oqeH:& TREBJ!liX HOHOB .KYeet OOJ!i-
l • :., : '.::.. ~ •. ' ' • 

moe 3Hat18HH8 .ltJIR paapa00TXH HOBOrO Jl8TO,Jl;a CHHT83a H30.TODOB H 
•.. .: 

3JI8K8HTOB, B TOM 1lHCJI6 H CB8pXTHX8JIHX 3JI8MBHTOB. 3T~ npOOJI8Ma 

OOCYX.JtaBTCa ,l(BT8Jli>HO B OU8JliHO~·.pa3,ItBJI8. 

Cpe,ltH nepellHCJIBHH~ BwMB·BonpocoB KJimqeBOB wecro 3aHHUaeT 

BOllpOC 0 BpBMBBH XH3HHiCOCTaBBOR CHCTBMH B peaKilHRX C 01l8HI> 
. ' 

THXBJII>IKH HOHaMH, DOCKOJll>K,y ~peKR XH3HH CHCTBMH B KOHBtiHOM HTO-

' re onpe,Jt8JI88T OCHOBHWB CTOpOHW pa3BHTHH.npOil8CCa. D HaCTOiilliBB 

BpeMH B J{y0H8 BI>IDOJIHHDTCR 3KCnepHM8HTW no·HauepeHHD y~I>TpaKOpOT

KHX BpeMeB ZH3HH ,ltBJIR~HXCR COCTaBBWX li,ltep B ,ltHana30H8 

(I0-!7 - I0-18)ceK C DOMOIIIiD HOB.~r~ M8TQ~a, HCDOJiiaYillliBrO 3qxp8KT 

· TBHBR B a,JtepHHX peaKilHRX Ha MOHOKpHCTaJIJlHlJBCKHX'MHmBHRX.· 
' ' . 

TIOJIYtiBHH ,ltaBHI>IB 0 BpeKeHaX XH3BH 1[ COCTaBHHX R,ltep; oOpaayD~X-

ca npH OOJiyqein!H BOuq)paxa H T8HT8Jl8 HOHSKH IIB, 1~Q, I6o,
2

tNe 1 

31 P. B ,JJ;aHHWX aKcnepHMeHTax' Hawep~erca cpe.l(Hee" cue~eHHe cocras

HWX a.Jtep sa ct~eT cxopocrH Ot.Itat~H Vc H3 yaJIOB KpHctaJI~HllecxoH 

pemeTKH, paBHOe Vc-1:.. 'lfawepHMH! .JtHanaaoH c:u:eJilBHHR palleii-· . 

5. IQ"":IO CM(Vd[< 10-,q cw; OTCD,Jta H3KepHUHR ,JtHana30H BpeKeH npH 

CKOpocrn OT.Jt8.itH. Vc =5~io8 ·cw/ceK, ·(xapaxTepHaa cxopocu' ,JtJia 

peaKilHR'··THlllf' W+2~Ne ) JI8XHT' B nHTepBaxe. IQ!.I~ cez<<T(2. I0-17 

C8K. QqeBH,JtHO;.llTO npH HCD0111>30BaHHH:'CB8pXTBX8JIWX ·HOHOB CKOpOCTI> 

or,~;aqil · ,, cocraBHI>IX a,Jtep·caHat~HreJI:&HO. BoapacreT H H3MepowR 

,ll;Hall830H BpeMBH C,l(BHH8TC8 B CTOpOHf Ofii{BCTBBHHO 001188 'KOpOTKHX 

Bp8MeH (OKOJIO 10-19 ceK) • 
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PHc.6. Pe3yJinar ~Jilocuo:rpa :reanoa. xap:rxuw (~parxeH:rorp8.100i) 

B yrJIOBOII pacnpe~eJl8HD- OCKO.IJtOB .-eJI8HHJI·'npH OOJI)'IleHHH . . . ' . 

· KOHO!tpKcTaJIJla BO.IL~pa.Ka, xoaii.Mx 2~e c aHepuea. - , > . 

I74 J13Bo. Pa3HOCU r.11yOKH TeHelt flj. , 3aperKCTPHpOBaHHWX- ..-. 

no.- yrJiaxK 90° ·.H Ifi:P- 1t _ fi)'ll!tY OoKOapAJIPYlllUX qac:rxn,_ 

CBJ13aHa C Bp8118H811 · ltH3HH COCTaBHOrO AApa 7: COOTH0-

116HH611: a J = con$t (Vctt . 
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BliiiOJIH8HH8 3TKX .. KCCJie.-oBaHKII·· - JipHM8HHT8Jli>HO It p8aititHJIII 

co csepxro:eJIWH HOHWlH ·KOlter ,~tat~ caxy.i CYJilecrileauio HHqop:..

KattHil o ·xexaux3lle ~poneccos s~aDo~elcrBHa .itBYx t.fllteJiwx .ll,l{ep. 

Ha pHc. 6 ~~~ HJJJillctpaqHH npHBe.~teHw pe3y.111>rarw npocxorpa :re-
• ' • J' 

H8BOSi xaprHHW, 3aperxcrpHp<iBaHHOI.C%8KJU1HHWil ~8%8!t1'0pOK OCKOJI-

XOB ,lt8Jl8HH11 DPH 00Jiyti8HHH llOHOitpHCTaUa BO-JII>!PJl8ll& ycKOpeHHW.!H 

HOHaKH 22 Ne o -~ 
·· .. 

m. HCCJIE.I!OBAiUm fl.llEP, YJ{AJIEHHIDC- OT JimiiDI EETA-CTAliiDihHOCTH. 

PRe. 7 fiOK&3WBMT Kapry H30T~llO·B, BKJillqaliiiiYJJ Ka!t yze OT-. - ~ .' , ... : ·- •. .. ~. . ' ~ . 

xpwtwe xaoronw, taK x e~e He oOuapyJteuuwe. CorJiacHo onesxe, 
• .· ! : ~-- . • • : ,. . • . ' . 

nO.IIH06 qxcJio· B03llOKHHX p8,UOaK%KBHWX H30TOOOB_ paBHO""' 6000. 

K uacrOJIII!eK.Y ilpeJieHK xsuecrao ae. OoJiee ria or aroro iulc.11a. 

HO rJiaBHOe 3aKJillqll.eTCJ1 He B %OK,. UO pamiHp!JHHe XOJIJieK!lKH pa
.ltHOaKIHBHWX H30TODOB 000rautaer CHCT8KaTKKY CBOJlCTB B,D;ep. Y,Jta

JieHHe OT JlKHHH craOH.IlloHOCTH OTKpWBaer HOBW8 B03MOZHOCTK fiOJIY

qeHHJl HHtPoPM8llKX o .a.Jtpe, H_e~ocrynawe paaee. 3.~teci> · ecn HOBWe 

.lti8XAW KarH'l6CKHe AApa1 HOBWe 00Jli!.C%K ,Jte~pKHpOBaHHWX uep, 

.BOBwe rxnw pa,ltHOaKTHBHoro pacn~a. TszeJiwe xoaw - seci>Ka a<P4eK

TKBROe cp8.-cno noJiyqea~-ne.pecwll!eam. nporoa~x B,D;ep. 3-.ro -s~-
146 . -

HO H3 CJ16)tyll11!6.f0 npDepa, r,Jte Yb DOJIY'lll.eTCJI· 3a C'll81'. peaK-

~~~ BLI·3~BaeM~ npOTO.HOK, 12c, 28s1 H 58Ni 

I69Tm. +~ I46yb + '24 n. 

!52Gd ~ I2e_: I%Yb + IBn 

I30Ba ·.;.- :28 Si;..j_ I46yb +' 12il· 

92Jio + · 58Ni - I46yb +. 4~ • 
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l'Rc.7 • Kapra H30TOnOB. YKa3aHH craOHJJ»HHe H HCKYCCTBBHHO no-
. .· ., . . . p; '· .. 

JJYt!BHHHB pa,D,HOaKTHBHHe H30T_QnH, a rara:e DOKa3aH!l rpa-

HHUH ayxnouaoR craOHn»HOCTH iAep. 
c • ' ~ • 
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PHc.B. 3HepreTHt~ecxHR cnexrp sana3A~o~BaD~HX_nporouoB npH pac

naAe Hsorona 109Te. 
~ .< ~~ 
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.. IDIT&HCHBHHB- DytiKH ta:ux JIOHO_B, _Kax _ 5fk1 ll 00.11~6 T~BJllie1 ,: 

HB.l{OCTYnHH CBAtlac~ 'Jiwecre C IBM HMBHHO OHH D03BO.Il.flr npo.ltn: . -

BDJIOU .1{0 rpaHHUH Sl,l!BpHOH ycrolqJ!BOCrH:cocropOHliH30HTKa, 

IIPOTOHOB. llpH HCDOJJ»30B~KH nyqJCa S!}ii li30!0D I46tb, .. JiezaJJtHR 

sOnxsK rpau~H oOJiacra pa.JtaoaxrHBHWX .fl.ltep, noJiyqaerca Hcnape

HHew TOJI&KO 4-X HBITpoHOBj B peaKqHRX C npoTOHOM Tpe6yerca BH

JIBT 24 HelrpOHOBo 

Hel!Tpouuoa~Owroqawe.s.Jtpa·woryr Our» nonyqeuw sa cqer-pe~

UHI nepe.Jtaqa ueHrpouos, JIH6o ooweua nporoaos H.aeRrpouos. 

3qlqleKTHBHilll CpB,ll;CTBOlol CHUT93a R30TODOB HBJIJIBTCaraae ,ll;BJJBHHBo 

MaceO BOB. H H30TOOHOB pacnpe,ll;SJlBHHB OCXOJIKOB ,ll;BJleHRJl UJ:BJIWH . 

HOHaMH Cy~BCTBBHHO mHp~, qeJl DpH OO!it!HOM .l{BJIBHHH. 3rO D03BO~ 

JUler paccqHTHB~» Ha 3<flclleRTHBHOe HCOOJl&30BaHHB ,ll;BJ!BHH$1 ,ll;JIJI 
. -

DOJ!Yt!BHHH He!rpoHHOH36HrOt!HWX H30TODOB. 

I. llporoauwe H3JlyqareJlH • 

B 1962 ro.Jty B. IDIP .OIDIK 6LI.'IH orxpurw xsnyqareJIH 3ana3.JtHBBil

lliliX nporo:HOB. Sa- .ltBCSIU JIBt, npomeAJ~~HX c ,aroro· woweara,stBJIBHHe 

mHpoxoo xcc.ie.~toBaJioc~o B fpa:;~te .1186oparopuH 'npa. CeHqac H3Becruo 

yxe. oxoJio rpM.Jtnan H3JI~qareJJU sana3,ll;WBaJliiiHX nporo~os -o~· 9c ·· 

.ltO 
18~. noxasaao, qro npaxnqecxu ;ltJIR JlD6.oro an_eueJrra sruion. 

;~to BHCifYra npH .JtOcraroqaow o6e;~tueHRH uelrpouaxx ,ll;OJIJ:Hi.r nosBHT»;.. 

Cst H3JIY'CiaTBJIB 3Ma3;1t:WBaDIIHX npotOHOBo 

B u.acroJIIIIee Bp~ua nporoHBwe x~yqareu yxe ue axsonqec

xoe stBJI_BHHe, a CpB.l{CtBO ,J;JIJI ,DOJiyqeHHst· ltBHHOI Jl,ll;_BpHOI HB.~pwa

ltHHo ,Wist Z<30 npOtOHHHB H3JiyqatB.IH HUBDT . Z>N • B 3TOM CJlY

qae cpe.l{B np~tOHH~-HBC!MHIU.HWC COCTOHHH!f 1 sace.Jl$1BMWC B 003H

'fpoHHOM paCnfUe t H8XO,J;HTCst B306apH!ollt aRMOr. IlepeXO.l{ B 3TO . 
" • • - ~ • ~ ' < • 
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cocTollaxe stBJUieTca cBepxpaspemeaaw. AHMHS npoToaame cnex

TpoB ll03BOJUl8T ycTaHOBHU · "qzctoTy"' B036y:QeHHioiX COCTOSHHI 

B OTH0.8Hlll H30TOiiJiqecxoro CllHHa. · 

·· .JVta··60Jiee TU8JlloiX 3JI8Jl8HTOB' B JUIP pa3BHTa CTaTHCTHq80ltM . 

Jl0)1;8Jilo HCUYCxaBHSI 3M8.3)tliBallii!HX npOTOHOB'o·STa KO)I;eJlb HK88T 

.~teJio c ycpe.Jtaealimiz no· ypoBao xapaxTepxcTHX8.JlH J '~--pacna,Jta, 

npOTOHHIBlH H '6 -mHpHH8.JlHo Q6pa60Ua UpOTOHHioiX CUBltTpOB 0 

UOKO~D 3TOI KO,JteJIH U03BOJISI8T H3BJI8X8XIo CHJIOBYD ~Hlt~HD 

fo -pacnaJta - BennHHY, xapaxnpwsyDJIIYD pacnpe)teJieHHe KBB,ltpa

TOB MaxpnHYX 3JlelleHTOB fo -nepeXO)ta no B036yz.J;8HHiill COCTOSIHH

Slll .~toqepaero a,Jtpa. 

Ha pRe. a npHBe.JteH tHnHqaal .J;Jia cpe.JtHHX Sl.Jt8P cneKTp sa

nas,JtWBaDIIIHX npoTOHOB ~09Te. ,qeuo B~Ha rpocc-ctpYKTypa: 

YB8JIHqeHH8 HHT8HCHBHOCTH, B cpe,JtHeK, C pOCTOK 3HeprHH OT 

2,0 .JtO 3,5 YsB, sateK cna.~t. Taxol ~O.lt cBasaa c ,JtettcTBHeM 

.ltB1X npon~OdOpCTBYDIIIHX qaKTOPOB: C O.lt~OJl CTOpOH~ C pOCTOK 

3HeprHH npOTOHa yBeJIJI11HBa8TCll BepostTHOCTl> TYHH8JIHpoBaHJISI npO

TOHa CltB031o 6apbep, U03TOJli B03~CTa8T rp /r j C ~yrolt CTOpo-, 

aw, c l>octoM ~ ~eat.maetca saeprHSI p-nepexo.B;a, • pesxo 

na,Jta8T ero B8pOstTHOCT». B pattoae 3,7 M3B BBX8H npoll8ZYTO~Iilt 

pesoaaac, xotopaR npxnHcwBaetca BJIKaHHD TpexxBasnacTzqaoro 

cocToaaHSI, seceJiaeKoro npH j -nepexo.~te npoToaa Hsg 912 B 

aeHtpoa_B g712 
109Te. Hsyqeaze noxanhHYX,pesoaaacoB B 

cHJIOBOit <PYH~HH j3 -pacnMa !ieceT ~euayD HHqOPli8.UHD o BsaHKo

.JtelcTBHH npocTYX cocTo'aalil H ypoBael cocTaBaoro Sl,ltpa~ OaR 

aaanornali BXO.ltH~ ~OCT~~~HSIM SAElpHIDt pea~mt. 
··EoJibmoit HiiTepec -llpe.B;cTaBJISieT Hsyqeawe Toaion ctpyxTypu 

npoTOH~YX cneKTpoB. Oaa CBst3aHa C tPJIDKTY8.UHSIJlJI nap~HaJIIoHLiic 

28~' 

J 

nepeXO,JtOB. !BaJIH3 TOHKOI-CTPYKTYPH U03BOJIHT DOJIYIIHTI>_nJIOTHOCTb 

ypoBaelt B ~H~HH aueprHH B .~txanasoae 3 - 8 MsB. ~o 

CIX nop He CYIII8CTBOBaJIO Jl8TO.B;a Onpe,JteJI8HHS nJIOTHOCTH a.B;8pHYX 
' - ' 

cocroaaxlt s aTOM HHTepBane saeprzJl Bos<Syx,~teHHSI." · 

Hsxepeaae cneKrpa·npotoaoB B coana,JtaHHK c nosHTpoBaMH-

H O -JiyqaMH D03BOJIS18T YCTaHOBHrlo pasH~ .JtetlJeKTOB Mace aa

qaJIIoHOro H KOH8'1HOrO a,Jtpa_. Sro ~ElHH!ill KaTO.lt npo:BepKH ~C'18TOB 

Mace a,Jtap. Oelqac H3B8CTHO 60Jllolll08 IIJICJIO tPoPKYJI ~SI pacqera 

ocaoBaoH xapaxtepxcTHKH a,Jtpa-xaccw. Hsoronw, y,Jtaneaawe oT .ltO

IlHHiol j> -CTa6HJID.BOCrH1 aa~dOJlae UO,JtXO,JtSIII{Hl 06'b8KT ,JtJISI. npo_BepxH 

3THX qopuyJI,_ ToKe B SrOK CJlyqae .J;Ocrxraerca KaXCHKaJlloHM IIYB

CTB_Hr8JlbHOCrlo X Bli<Sopy napaKaTpoB. . 

ltBteHCHBJUie nyqxx TIIZ8JIYX HOHOB, xorop!ie 6YAY'f .ltOCTJDH!i 

H8. HOBOK YCKOpHT8JI8,.lt8.1tYT B03KOXHOCU mHpoKO JICCJla,ll;OBara npo-

1'0HBW8 xsnyqaxenx • 

lf3yqeaxe asoronoB aa rpaBH~e HOBO! o<Snacn .~te<Papaun MO

zer ,Jtar» KBtPopKa~HD 0 S,!t8plUIX nepexo,Jtax Ke~ COcfOBHHSIMH. C 

pasJIKtlHOJI .Jta<Poplla~Helt •. Aklzao raxze pacct~HrliBan. ua noJlyqeaxe · 

onpe,JteJl8HHWX 3KCUepBMearanloB!iX ,Jt8.BHWX 0 npoTOHHOK pacna.~te H3 

OCHOBHOro COC1'0SHHS • .ltBY%UP01'0HHOM pacn~e •. sro SIBJiaBHe OZH

,Jtaetca .~tna YJILtpaaeHrpoHuo:,~tetlJx~HiiX zsotonoB,.ceqeaxe odpa-

30B8HM KOTOpliX Epa!He BH3KO.' · B IDIP yze UOJIY'II&Hii riepBHe 3It~ 

cnepHMeHtaJILHwe yxa38.BHSI ua Hac!JJD.JtaHHe nporoaaoro pacna,~ta _:us 

OCHOBHOro.COCTORHJIS ~erXIX H301'0DOB.p8,JtKHX 38Jl8JIL. B 3THX;3KCne

piDI8B1'8.X.·JICDOJllo30BaJlBCio nyq1ur 32 8 : • .JVta ,J;MioH8bero npo.JtBH-: 

zeHaa ueo<Sxo.JtHKK cy11ecrseaao 6oJlee-HHtaHcHBB!ie nyqu. H 6oJiee 

rueJiwe JIOHW •. 
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2. ll.llpa C 60JI:&ml!il H36w:TKOil HeA'rpOHOBo'• 

llpoBe.J(eJiHw:n B JUIP l.lHltJI axcnepaeutoB noxasan, ttTo· peaxttHll 

nepe.J(aqH ua. TsxeJIWX HOHax aBJiaDTca· ~K"rHBHWK cpeAC"rBOK noJiy

. tJ6HH8 H30TOilOB C 60JILIIIH1I H36HTXOK He!TpOHOB. 

llpH OOJiytteHHH 232 Th HOHaKH ISO H 22 Ne 6111JIH CHHTe311IPOBaHH · 

OJtHHHa,J{ltaTL HOBWc :raxeJIW:X H30"rOIIlB: !80, go,2IN ,' 22,23,240 , 
' 2 . : . . 

23,24,25F , 5, 2~e • EW:JIH llOJiyqeHH TaKXe BCe H3B8CTHW:8 .1(0 

aToro caKw:e uxeJIHe l!soxonw: reJixa, JIH"rHll, 6ep:iuiJIHa H 6opa~ 

FerHCTpMpyewR BW:XO,lt 3THX H30TOnOB OKa3aJICSI B COTHJ'( pa3 60JIL

me ,· tteu B peaxnHllx rJiyOoxoro paciJieilJieHHa ua aaeprilquwx npo:ro

uax:. Teu cawww o:rxpWJHCL OoJILmxe B03KOXHOCTH ·AJla xsyqeuxa J~JteP

HW:X CBOICTB 3THx c:Boeo6pa3HW:X HYltllltltOBo 

ll0116KY HHTepeCHW: ~TH H30TOnw? 

EoJILmOe p!l3JIHtJHe 3HeprHR CB83H He!TpOHOB H npOTOHOB B TaKHX · 

B,ltpax npHBO,ltH-T K TOllY,. 'ITO liX noBepXHOCTHHit CJIOtl COCTOHT 'npa.K

TH116CKH H3 O)tHHX HeRTpoHOB, a pasue_pH a,ltep CYil!eCTBeHHO B03paC

TaDT no CpaBH8HHD CO CTa6M:&HWH H306apaMH. llpJI ,J(OCTaTOtJHOll · 

H36W:TKe uel:rpouoB ~osxoxeu HOBUI THn pa.~txoax:rHBHoro pacna.~ta -

HCUYCKaHHe nap Hel:rpoHOB. KaK UOKa3aJI aHaJIH3, Blin0JIH6HHWI B . 

paOoTax A.R.Easa H .ltP· , xsyqeuxe ,cBoitcn H3oronoB c 60JI:&!JIHM ms

ow::rxox HeR:rpoHOB IIOXeT ,lt8.Th U6HHYD HH~p¥artHD 06 · 3iMJeKTHBHO¥ 

HYKnOH-HYKJIOHHOll B3aDO.J(encrBHH B·~pax. BaxHOe 3Ha~eHH6 HKee:r 

npoOJieKa rpaH~W: aAepuoA yc!Oit'IHBOCTHo B CJlytJae JIBrKHX a,Jtep 

ee noJioxeuxe·uoxet Owt:& npoBepeuo 3KcnepBKeHTaJiaHO. cYil!eC~BOBa
HHe :raKOit rpauHitW ,li;Jla B,ltep C 60~hmH¥ HS~HTKOII npoTOHOB HB BH-

3HBaeT co¥HeHHB. HYJIOHOBCKHB cKJIW ,ltOBOJihHO 6Hcrpo c:r6Ba:r npe,lteJI 

yBBJIHtJeHHD qHCJia npOTOHOB npH ~HKCHpoBaHHOK QHC~e HBITpOHOB. 
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PHc.9. Ceqeaxa o6pasoBaHill xaoTonoB c, B,: Be,Li · H He 

i:Jp11 o6JiyqeHHH 232Th BOH8JIH 15N ·· c aaeprH~It !45 ll3B •. 

CeqeHHll ')taaw: B 3aBHCDOCTH OT Qgg -:- 3H9prHH, ueooxo~ 
AHKOR ua nepecTpoRKy aAep x3 aaqan:&HYx B xoHeqaw:e. 

Yitasauw :Bepxuxe rpaHHJ.llol ceqeHHll oOpa30BaHHii IOHe'~ 
13Be' HBe . ..;·• "rOttix· co cT'peJI'KaKH. Qgg ,JtJla· oopa3oBa.ii~a 
3±Hi H3oionoi3· COOTBel:cnye:r no'poraw me AA6PHOR 'ycTOit-

''"' .... : 
'IHBOCTH. 
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a.xs6wrxox Heltpouos ~e~o o6croxr c~ozuee. Ope~• reopetKKOB 

no 3TOMy Bonpocy Her IIoiHOrO 8~HHO~KHH. BHCXa3RBaHOCi MHe

HHe o BOSMozuocrx ~epuol ycroRqHBocrx 10He x 22ne. Kax xa

secruo, B xocxoce cy~ectBYDt o6~exrw,noqrx nenHKox nocrpoeu

HRe H3 BeltpoHOB ,- 3%0 0%0z,JtectMJI8MRe C JJY.IIiCapalia HelttpoH

HWe 3Be3~W. Mozer 6wri,H B 3eMHWX fCJIOBKRX y~acrcs CHHte3H

poBatJ. ~pa, COC%0811Jie Il011%H qe.IKX(IM X3 Hell1'poBOB
1 

. - cJioero 

po~a ~epuwe ·aeRrpouHile xa.IIJIK. Be~•. ;. lile ttacJio ueJtrpouoB B 

rpx paaa npe_BWII!aer ttHC.IIO npo~oaoB; 

3HaqJrreJIJ.HWI BWXO)t B peaKI{HHX. nepe~811H H30TOIIOB JieriCHX 

~ep c 60.IIJ.mHM xs6wrxox HelrpoHOB nosson~ HattaTJ. axcnepHKea

rw IIO npo,JtBHI:eRHD K rpaRHitB ~~.~tepHOtl CT8.0JIJILHOCtH, npe~cxa.:;n.rsa

ewl B pa,Jte reopHii, a ~SI z =2 H 4,.~tax:e nepecettL ee. 

lt:nOJIJ.30BaH,H8 .1(1111 o6nyqeHJISI KIIIBH8ll 60.11ee TDBJIWX JIOHOB 

onpwsaer e~~te 6oJiee m~~poue soaxozuocrlf no.tylleHKll s peaxm~ax 

nepe,~taqx .11erxxx ~~.~tep c Cloumxx J!a6wrxox HeiTpoHoB. Tax,npx 

Od.lyqeuu 2J2
Th H~HaMK 40Ar 6WIIO. CHH%831!p~BaR~ I7 ROBWX rue

.twX xao~ono~: 29,30.Ig, 3I,32,33Al, 33,34,35,3681 , 

35,36,37,38p 39,408 41,42
01 -t - -' • 

0o3AaHH8 KOIIlHOrO_ ItHXIOtpoHa TUBJIWX MOHOB Il03BO~XT IIOJIY

ttau KRTeHcKBHw~ ~qu ·.OHOB 48ca x 6o.11ee rae~wx xouoB. B · .. • ·.. '., _.' . - .,. 

%aKHX IOHax qKC.tO R81TpoHOB 3Ha•XT8JiiHO npeBOCXO,J;HT 'IHC.IIO . . . - .. ; .. 

npoTOHOB. 3%0 ,J;acr B03MOZHOC%i CBH%83KpoBatJ.·e•e 6oJiee 31t30%H~ 

qecxxe Jieroe .ll,ltpa c 6onma K36RtKOM uellrpoHOB• OzJrAaeMWI! 

3B8'1HT8JIJ.HRI BLIXO~ HelrpoHOH36RTOllHRX H30%0IIOB Il03BOJIHT Ha

ttati •xpoxHK.~poHroM ABTAJIJ.uoe xsyqeHxe HX ~epawx CBOHcrs, 

c HcnouaoBauaex xacc-cenaparopa, pa6oram•ero •s .IIHHo• c yc-

I ;) 

KOPHTMeK. :f.ite·ceJtqac' Ha TaKoro po~a ycraHOBKe ll Jl.HP no~yqeH . 
' ~ "- ~- . ~ 

p~ Ite:Hilwx ~aHHRX o· cxexax pacha,~;a s,~;ep~ 

IY. CITOHTAHHO nEJIHmHECH~RSOMEP~~ 

CnoHTauuo .~te~SI•xecSI xaoxepw 6w~B.orxpwrw B. Jia6opar~pHH,, 
• • -~ - • • • • • < •• • : ~ • ~---~ 

SI,~tepHRx peaKJ:tBR ORffY B I962 ro,J;y. 3Tx H30Kepw iapaxrepH~ymrca 

p~OK He06W11HWX CBOICrB: IIOBYmeHHOR B8p08THOC%im;cnOHT8HH~ro. · 

~BUHHSI; 60nmHII 3MpeTOJl ~1\ ~ •JrMftlBHHH :npll KMOK CrlHH8 H. 

6oumoR auepr1u'1 Boa6yz~e~HSI C---2, 5 M3~) ~ xoppe~SIItHeR ~poqecc~B 
06pa30BaHKSI H30Kepa H· BHKYx.J;fiHROrO ,J;MeRHSio :.TilJtHe CBO~C%.88 

H30KepoB 06-bSICHSIMCSI CJIOZHOI qvp:aiort 6ap~epa ,lt8J18HHll, .HKBillllero 
. ' _, 

BH,It ,ltByrop6olt KpBBOI C MHaHKfKOK B paROHB CB~OBOI roqJtH 

(pHc. IO). B COOTBeTCTBHH c oOU\enpHHS1TOR JtO.I(eJILD cnon:raHHO '.l(e:.. 
__ ..,..,, 

JISI!IlBICSI H30Mep SIBJISieTCSI HHJ:HHM ypOBHBK BO BTOpOII IIOT8HI{H811LHOti 

liKe. Hccne.I(OBaHHll cnouraaa6 .~te.liSili!HxCSI Ha~wepoB no.aBOJillllT no.11y- · 
. - . 

ttaTL Otl8Ht. 'BaZHLIB CBB,J;BHHSI 0 qvpwe IIOTBHilHMJ.H.OrO 6apt.epa, 0 

cBolicrsax ypoBHel npH aaowanlio BwcoKin .~te~pwanHHx H o nepexo-. 
. -. -. ' 

,Jt8X MBI:.JU' COCtOIIHHSIKH,. OtlBHL CHJILHO pa3JIHll8mii!HMHCli,_I!O ,Jtecpopwa-

IlHH. 

}tJISI 3THX JIICC~B,J;OBaHHII HCIIOJii3YilTCll pa~HtlHWe, r~aBHWI.Oelpa-

3QM, .11erxxe 6oMClapAHPYillllHe qae 'ruuw, OAHaxo B p11~e cnyqaeB HaH-

60JI8e nepcneKTBBHLIK SIBJISIBTCSI npHKeHeHH8 TSIXBJIRX. HOHOB. 

·YIIOKSIHBK CJIB~Il~ee: 

I. YcraHoBneHHe o6JiacrH pacnpocrpaH.eHHR CIIOHTaHRO ,~teJIIID!HX

cSI H30Mepoil, Bee H3B8CTHhl8 B H8CTOHII!88 BpeKSI CflOHTaHHO ){8~11-
. ' . 

lllHBCSI H30Mepw (B 11,11pax OT U ,110 Bit) pacn0110!:8Ht.l B It.~H:rpe ,AOnH- , 

HLI CT86HJIJ.HOCTH~ Jl.IISI: npO,ltBHJ:BHHJl B CTOpOuY SI)tBp C ClO~J.mHK 

H3ClLITKOK · npOTOHOB · HJIH HetiTpOHOB HaHClO~ee BHi'O)tHWI JlMSI-
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PHc.IO.CRcteYatHKa nepHO~OB CnOHTaHHOro ~eneHHH OCHOBHWX 

·C~CTOHHHit (sep~HHH noXOBHHa ~HarpauYH) H-CnOHtaHHO

~ena~HXCH H3ouepos ~ep-aKtHHO~os. Cxe»atRQecxH 

H30C!paEeH.~ByropdH!l .dapaep ~eX~HHH, cnOHTaBHO-~enamHM

CH H30Mepa» OtseqaDT CQCTOHHHH BO BTOpOU YHHHMJMe 

noteHUHa.JILHOit 3HBprHH npH ~eqopua~HH OKOJIO 0,6. 
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I 
etCH HCOOAL30BaHHB TSXBJIWX HOHOBo 3TH HCCHB~OBaHHR 003BO~HT 

yctaHOBHTL rpaHHqy Od.llaCTH pacnpocTpaHeHHa CDOHTaHHO ~e~a

~HXCH H30KBpOB 1 a Taxxe npoc•e~XTL,KSX MeHHeTCH r~ydKHa BTO

polt IDTBH~Ha.Jlnol ow c JisxeaeHHeK A H z (3Ta rnyelna onpe,ll;e

naet spewa XH3HH H ceqeHHe peax~HH odpa30BaHHa H30KepHoro coc~ 

TOHHHH), 

2. RY~oHoBcxoe B03C!YXABHHB cnoHTaHHO ~ena~xxca Hsoxepos. 

H30ilepHOe COCTOKHHB saceJlaBTCK. npH JcyJJOHOBCKOW BOSC!~BHIIH 

ypOBHeit BO BTOpoit OOTeHIUmJILHOlt awe, .H3W8P8HHe ceqeHHH XYJIO

HOBCKOrO B03dyx~eHHH 003BOJIS8T nonyqHtL CBe~eHHH 0 .B8pDHTHOC-

rHX nepexo~a wex,Jty ocuosHWK coc-roaHHeK (WIH KaKHM-JIHOo ,~tpyrHM, 

ypoBHeW B nepBOil HKB) H COCTOHI{HHKH BO BTOpol! awe, T.e •. COCTO- ·,· · . ' 

HHHHKH,CKnLHO pa3JIHqaDmHMRCH no ~eqopK~HH, ITepexo~W ~ex~y 

TaKHMH coctoauuaui nossonHDr cy~HTI> o raxxx csoncr!iax a,Jtep, · 

EaK CT8n8HL CBH3H K8XAY_O~Hoqacrl'iqHJIDlH K KOJJJI8KTHBH~H crene-

. HHKH csoe!o~w:, ~eqopuupyeuoct:r. H sasxecri> a,Jtpa~ Ce~IeHHH xy.iio.: .. 
. . 

HOBCKOrD,B03dy~eHHH ypoBHBR BO B!Opoit sue Moryr 0HrL ~OctaroqHO 

C!OJILJIIHllH npH HCOO_JJL30_Ba.HHH TaKHX TSIJ:eJIWX HOHOB, xax Kr WlH 
Xe. 

Y. HCCHE~OBAHHE HKIHHX B03EY.lnEHHHX COCTOHHHR fllEP. 

r. rrpotaxews~ llR,&ljatenuse_m>J!2£!: 

B OOCJI8~Hee B~eKH CTaJIO B03WOXHWK HadJID~aTL B peaX~HHX 

r~ma (o£,xn ) H (HI~ :m ) Bpall!areni>HWe cocioaHHa c sHcoxHMH 

yrJIOBWH KOKBHTIWH nopuxa 20 n • C TOQKH 3peHHH HCCJI8,lt0BaHHH 

CTPYKTypw R,~tpa 3XCnepHKeHtH no H3yqeHHD BHCOKOCnHHOBWX Bpama

TBJil>HWX COCTORHHit Qqea. HHtepeCHH rex, qto npH HBKOTOpOK 

"xpHtaqecxoK" saaqeHHH cnHBa npe~no~araerca uaC!nD,JteHae ¢aso-
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PKc.II.3aBBCHKOCT~,MOM8HTOB XatpUKH SAep I64Yb H,I32oe or 

XBa,Jtpara qacroiw sptl.l(eoa, noJiyqeHuwe '11a .~;tuniHX oCS 

3Hepro nepeXO.J:OB B npoTU8HHOit por~BOHBOI ~O.IOCI 

OCHOBHOrO COC!'OAHKio YpgBBX 38.C8.1a.IXC~ B pe~IIX 

I2<Sn (160 4n) IS~b (IIB 6n) IS?Gd (12c 511). (JlaHHWI , ,, ' ' t t ' ' ' t ' 

'• 

B3 paCSor P.H.IIokler et. al. Phys~Rw.Lett.29,B27(1.972), 

J.Rafelski et al. Phys.Rev.Lett.27t958(1970)) •. 
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soro nepexo,J;a 1!13CBepxTeeyqero B uopMMLuoe cocroaHxe (xa-aa 

rurrxcnapxsaTeJinoro a!lJqexTa CI!I.IIW Rop.ionxca);.· CyllleCTBOBaaxe 

raxoro ~30BOro nepexo~a ,J;OJIZHO npollBnllT~CH B CHnhHOM H3~~He

HHH 3Jiaqeuxa xolleHTa _xuepnmt a.it·pa·. IIoJiyqeuui.le ~o cxx ri?P aK-

cnepxxeura:liuwe ,~~;oouwe o · hiicoKocnxuoswx porai:txoiuiwx x KBa3H

porazixouullCC.~ocroBHHmc tie;uo-qeTH~ ~e~p},(JiPoaaau~ ~~P x 

a.xep nepexo.iao! oCSJI~T~ noKa3waallr /~To .~teRcrBHreJino· ~eeTca 
oqea& cJI.ouaa. 3aax~HMoci~ xoxeHTa xliep~HH o~ • qacrorw KOJIJieK-. 

THBHOro BPBDt8HHH ~,Jtpa. oita:liisaerca, qTo KOM8HT HHepnHH .. HBnSieT.:. 

CH Jta.J:e MHOr03H~~HOR cl>YH~HeJI yrJIOBOJi qacr.OTW apS.eHH.fl H COOT~ 
:BercrBYilDtaa KpHBaa xueer ;,· s • •-o6paaiiyll <lOPilY. 0 xapaKrepe 

aToR aasxcHMOCTH H o ~rpyKiype_ ypasaeJt Blmle xpxrxqecior<i aaa

qeaxa CDHH8. .HM8DTCH noxa pa3JIHQHH8 npe,JtnOJIOX8HHH. KpoMe 8.HTH

cnapHB8.TeJILHOrO a«<>¢exTa cHJiw Ro~oJixca.paccxarp~Ba&rca, ll qacT

uocrx,' B03MOXHOCTL cxnuoro. xsu:eHeHHa 3uaqeHHH xolleHTa HHeprtHH 

H3-38. B38.HMO,Jtei!CT~Hil C ypOll~llKH riOJIOC paa.izxq'aw'x ,II;~~KB8.3HQac-:
THIIHHX KO~cl>Hryp~xl. Bwacueuxe raKHX,oco6euaocrel B crpyKrype 

BWCOltOCnHHaBWX B~II!8.T8JILHHX codroaHHH ~pe6yer ,!(aJI&HeJI~Hx 3KCrie

PHK8Hf8.JI~HWX · H ~eoperxqecxu xccJie,Jtosa~xl. PeaknHH c rioJiee· ra~ 
Z8JiwKH HOHa~X MOryr )t8.U 'npu ,itaJII;HebeM YC~BeplleHCTBOBaHHH 3K

cnepHMeritMUWX xero.~tos H'Hrepecawe u aeo~H.itaaawe c:Be,~teuxa o 

llp~a.teJlliHWX COCTOHHHilX C 811!8 60Jiee JIWCOJtHMH ·3H8.ll8HHHKH yrJIO-

BOrO MOK8HTa, B TOll: qxcJie 0 BpeMeHax J:H3HH HX no M8TO,J;y )tOUnJie

poBCKOro c~sJ!ra. PeaxnxH c oqea& ·rueJIYJlH HoHau:x a:OJiallTca ,~;a~ 
~ee 8,J;IIHCTB8HHWK H oqeuli. nepcneKTHBHiilt Cp8)tCTBOK ,J;JIH H3yqeaxa·· 

no&a e•e noqrx ae· uecJie,~;o8aHaoH o6.11acrx rax Ha3HBaeu:wx 

• yrast •-ypoBHeA, ,II;JIIl BWSICHeH_KH M8XMII3Ka B036yz,u;eHHII IX II· 

IIX CtpyittypH~ 
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CJi B peaKI\HJiX C TJiZBJli&H HOHallH, D03BOJIJieT npO,ltBmtYUCJi BO Bpe-

lleHHOH ,II;Hana30H !Q-12/[ /_ 10-9 celt. llpH 3TO_ll-~~3KOXH~ ~~y-~a:r:r. 
Ji,D;pa, y,~~;aJIBHHHe OT JIHHHH C!e:ra-c:raell!JILHOCTH, _KOTOpWe OC!pa3YJl!CJi 

' ··, . -·· . ;_ . ' . . . .· ·, 

B peaKI\HHX OOJIHOfO CJIHllHHJi H HcnapeHH.Il HeCKOJILKHX He!TpoHOB. ' . <, .. , . .· .. • 

3,1J;eCL Hltee'l;~{l_ YHHKa.JlbHall B03llOXHOCTh DOJIY'IIHT:r. B .Op.ll:WWC H3~BpBHH-

IlX OCHOBHHe CDBKTpOCKODH'lBCKHe ,JtaHHW:e 0 S~,~tpax H3 H~_BWX OC!JiaCTBI 

,~~;eqop:Wal\HH, KOTOpW:e HeB03llOXHO H3Y'QaTL KJiaCCH'IlBCKHllil llBTO,ltallH 

S~,~tepHOH cneitTpOCKOOHH H3-3a HX KOpOTXOfO ._BpBllBHH %H3HH. BTOpOH 

aaxHoH ocoeleHHOCTLil :raxux omrroa aBJiaerca :ro oelcroa:renr:.c-rBO, 

'11~0 Bpe3yJILTa:re_peaKI{HI c_ razeJIWKH.HOHallH 38;CBJillllTCJi C C!OJIL~OI 

Bepoa:rHOCTLil ·coc:r_Ol!Hilll c_npe,ltBJILHO BWCOltilll CfiHHOll, &ellliiHB 

KOJI~eKTHBHYD npzp~,D;y. 

Tiepexo,~~; K.peaKnHall c eme C!oJiee r~eJIHKH y~KopeHHHKH_HOHallH 

D03BOJIHT npO.ltBHHYTbCJi K_ 3Ha'llHTeJ!bHO C!OJI~e KOpoTKHll.BpBllBHall 

XH3HH B~OTL,ltO 10-!S CBK H, CJie,II;OBaTeJ!bHO, ~ H3llepBHHil nepHO

,D;OB noJiypacn!l,ll;a C!OJ!ee BbiCO!tOB030YJ[,II;eHH!a ypOBHeH. KOJIJieKTHBHOI 

npHpO,D;bl. 3TH ,D;aHHlle npe,D;CTaBJI.IlDT 3Ha':IHTeJILHWlt. HH:repec ,IJ;J!Ji no-'· . -. ' ' 

HHllaHHJi 3aBHCHllOCTH KOKeH:ra HHepl\HH Mpa OT BeJIH'lHHbl CllHHa 

Bpama:reJI!>HbiX COCTOJiHHn, H llHOrOrO ,~~;pyroro. 
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Puc.I2.3HepreruqecKHe cneKtpw raw:wa-HsJiyqeHHa a,~~;pa 164 Yb, 

o6pa3YilliiElfOCJi B peaxt{Hil. 128Te (40A~ , 4u) • TipH yBeJIH~ 
, IIBHHH pacCTOJiHHJi .Jl llBZ,II;Y llHDIBHLil il CTODnepo:W Sl,ltep _-• 

ot.Jta'IIH uaelnll,~~;ae:rca pacutenJieRHe KaJ:.JtOlt raw:wa-~~~~~~ 

ua ,~~;Be: ClleuteHHYil sa cqe:r 3!WJeK:ra .n:onnJiepa ,D;JI.Il S~,~tep,. 

pacn!l,ll;allJIIHXCJi Ha ne:ry, H HeCKellleHHYD, COOTBBTCTBYIIJIIYil 
. . 

pacna.,Jty 3a:ropllozeuawc a,Jtep or,~~;aqH. 
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il~ 

Ha pxc. 12 xna annDctpa~xx noxasaaw cnextpw ~ -xanyqeaxa 

~pa 164rh, oopaayD~eroca B peaxnXH 128~(~Ar,~). ~eMOHcrpx
pyerca pac~enxeaHe ~ -nxaxx aa cxe•eRHYD sa cqer a~xra 

~onnxepa nHHHD x Hecwe~eHHYD npx uaweaeHHH paccroaHHH nponera 

sxep or~a~ B ~axyyu~. 

H3BBCTHO, litO B peaxnHHX C UJtBJIWKH HOHe.MH C Oon:r.molt BB

poHTHOCT:r.D B030yUaDTCil BWCOKOCDIIHOBHB H30K8pHHB COCTOHHHH 

paanHqaoJt crp)'ItrypH. OcoOHit xarepec BHSWBaer JICCJie,~tonaaiie ra-

KHX xaoxepawx c~ctosaxlt, xoropHe _DeDr ilaoroqacixqHYD KOH~ry

panHD. Toni>KO HS,ItMHO OW!H 00Hapyzeaw, aaripDep, ·-BHCOKOCDHHO-

BWe qerwpexxsaaxqacruqaye xaowepw B aeqerao-aeqerawx H,Jtpax Bi 

Ha pxc. 13 npe,~~;ctaBJieaa B xaqecrne npoepa cxeKa pacna,~~;a xaouep

aoro cocrosaxa co cnHHox I '1 .. 16+ H.lt~ 20\1. Hcc.ile.r.toBaHHe 

KHOroqacrJAHWX KOH~HrypanHJt B Jl,ll;pax, 0nH3KJIX X ,II;B8Z,II;K KarJiqecKO

liY s.i;py ~08 Pb , Hayqeaxe HX xyJILTHnleraoro pac~~tenxeaxa · ,J;aer 

BazHyD XH~p~~HD 0 npHKeHHKOCTH oOonoqeqaoR KO,J;BnH B 3aBKCJDlOC-. 

TH OT qxcna HYKnOHOB BHB 3aDOJlHBHHWX OOOJIOQBK. lloXyq&mTCH TaK-

ze CBB,II;BHHH 0 xapaxrepe ocratOQHWX B3aBKO,ItBRCTBHR K8Z,II;y HYKJIO-

HBMH, Hanpoep, 0 pn - B3aHKO,J;BICfBHH B UZBJIWX H,ltpax. 

B s,~tepawx peaxnlilsx c Oonee razeiwxx HOHBMH a'aaqHteJI~HO pacmli~ 

~llercK;oonacr:r. xccJie,Jtyeilwx a,~tep, a·rme ''y:seJixqxsaerca··B03110J:

aoe aaaqeHHe nepe,~taaaoro -yrJiosoro·KOKeHTa·• rex c~ sepoarHocr:r. 

,ItXH · B030YJ:,J;BHJIIJI ·K30KBPHWX "COCTOilHXlt C oqem. OonmHKH CDHHa-
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4 • ll3KepeHH6 Kai'Hli!THWX llOKBHTOB BOS6yx;t6HHWX COCTOIIHHit. 

Onpe~eJieHHe uarHHTHWX UOKBHTOB aBJilleTCII O~HHK HS B8XHWX 

cnoco6oB usyqeHHH crpyxrypu BOS6~enawx cocroHHHit ~ep. 

3KcnepUYeHTaHbH~e KeTO~U S~eCb OCHOB6H~ Ha HCOOJibSOBaHHH 

BSaKUO~eRCTBHII KOKeHTOB c.uarHHTHUUH OOJIIIKH. llpH HSUepeHKK 

Mai'HHTHHX KOYeHTOB Ha nyqKe ycKOpHTeJia HCUOJibSyeTCII uero~ 

BOSUY~BHHHX yrnOBWX.KoppeJIIIUHR. PacCKOTPHK ypOBHH pOTanHOH

HOR OOJIOCH.-_ .llpH JID60K cnoco6e BOS6ylt~BHHII 3THX ypoB~eR (xyno

HOBCKHY non·eu, WIH sa cqer pacriJ~a cocraBHoro 11~pa) _ nonyqa.Jlr

Cll "BUCiTpoeim~e" a~pa (c yrJIOBWH KOKeHTallH B6JIH3H nJIOCKOCXH, 

nepne~HKYJillpHOR nyqKY)• 3TO o6ycnoBJIHBae:r yrJIOBYD aumso:rpo

nHD HSJIY~BHHII OTHOCHTeJibHO nanpaBJieHHa nyqxa. ECJIH ecrL BHem

aee uarnHrHoe none, :ro sa c~er napKopoBcxon npeneccHH warnHT

noro Mouen:ra yrnoBOe pacnpe~eJieHHe cKemae:rca na yron A 8 .. 
w'r: =9M~/-([ . , r~e 9-- rmpouarHHTHoe o:ruomenHe, 

rr - BpeMa XH3HHo ,Una npHKepa yKazell, QXO ~a 't =10-g CBK H 

~ =1o-12 ceK cue~eaue yrnoBoro pacnpe~enenHa Ha 10-u~. rpe

oyer noneR 57 5 Kraycc H 5,5 uraycc COOTBerc:rBeHHO. DOJibmOR HH

repec npe~ctaBJIIIDT BpeMeHa XH3HH B paAOHB 10-12 CBKo TaKOfO 

nopll~lta Bpe:u:en.a XH3HH OXlf,lta.JlTCII ~Jill BBPXHHX ypoBHBlt BpaJi!MBJI:&-

HWX llOJIOC, r,Jte KOXBT npoHCXO~HT~ cPa30B~R ~epeXO,It B ~CBepxnpOBO
~a~eu" ~pe. HSKepenme uarHHTHWX :u:ouen:roB ~ll poranHoanwx coc

roanun c BHCOKHU criHHOK uec:&Ka B8ZHO ~a nonm:u:anua roro, q:ro 

npoHcxo~Hr u ll,ltpe npH oom.mmc. qacrorax BpallteHHH. TIPH pa6ore co 

CT01IL ltOpOTltHUH upeKeHauH XH~HH BHyTpaHHHe :u:arHHTH~e nona, ~ei

·CTBYD~He B qeppoKarnerHKax ua a~pa-npH:u:ecH,oKas~BaDtca ne~ocra-

roqa~H. 3~ecb npe~c:raBnaerca nepcnexrHBH~ Hcnon:&sOBaHHe nepe

xo~wx none!, KOTOpWB ,~te!CTBYDT Ha ~pa-or~aqH, .ltBHXY~HBCII 

qepes ~ppowaraerHK. Ha pHc. 14 noxasaa~ pesynuar~ Hs:u:epeHHH 

w! = :f (t) ){Jill ~eTHLIX npOTOHOB pt , BHe.~tpeHHWX H ~BHXYIIlHX-
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PHc.I4.3aBHcH:u:ocra c:u:emeHHII yrnoBoro pacnpe.J{eJieHHii ralOla-ny

qeJt CA.8..; w't ) or BpeueHir xHsHH ypoBaen C't' ). 
Pa3HHna uelr,l{y .~taH~~H, nony~eliH~H B xynoaoBcKOK Bos

O~eHHH H C pa;!tHOaKTHBHWH HCTOQHHltallH,COCTWlJIHeT 

. a~xr nepexo,D;Horo nona (w!)t =-~4, 6 Kpa,ll. · (PJicyHoK 

HS paOoru H. w.Kugel N:ucl.Pbys~ A137, 500 (1969)) ~ 
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CH qepe3 cpeppou:araeTHKo t{eTKO B.H,JteH 3~KT .ltOOOJIHHT9JJI>HOrO, 

nepexo,Jtaoro KarHHTHoro nona. 

B TaKHX H3KepeHHHX npHK9H9HH9 Oti9HI> TBX91JUX HOHOB ,ltJJH 

B03~yZ,JteHHH poT~HOHHWX COCTOHHHR OKa3HBaetca pemaD~HM, ToKo 

3~KT nepeXO.ltHOrO OO~H OKa3HBaetCH ~OJI:&mHK, H K9TO.lt CTaHO

BHTCH ~OJiee t1YBCTBHT9JII>HWK npH ~OJILWHX RYOYJILCax H,lt8p OT,JtatiHo 

lPYrHK Ot19HL nepcneKTHBHHK K9TO.lt0K H3K9P9HHH ~ -¢aKTO

pOB Ha nyqKe HBJIH9TCH 149TO.lt, CBll3aHHiift _c B~HBaHH914 H,ltep OT

,JtatiH B ras HJIH Baxyyll. B 3T014 cnyqae npmie~eHHe ~onee :rsa:enwx 

HOHOB TOll:8 ,!tacT CYilt9CTB9HH09 pacmHP9HH9 B03KOXHO.ctett. 

Y1. HEKOTOPHE IIPOEJJEM!i ATOilHOJi ~HSHKR' H 3JIEKTPOJlmiMIHKII. 

llOCBHTHB 3TOT .ltORYK9HT nepcneKTHBaK pa3BHTHll HCCJI9.ltOBa

HHR CTpyxtypli H,!tpa C OOKO~D THX91JUX HOHOB, Kli H9 KOZ9M He 

ynou:aayr• o·aexotopux YHHXaRLHiiX B0314oxaocrax, xotopwe .JtaDT 

TBX9JIH8 HOHH .lt.nsl CK8XHWX O~JiaCtelt ¢1!3HltHo 

ilPH CTOJIXHOB9HKHX THX8JIWX HOHOB C atOKaKH npOHCXO.ltHT 

HOHH3anHll BHYTP9HHHX aTOKHHX O~OJIOti9K B3aHKO.lt9RCTBYD•KX qac~ 

'l'Hno .. Bo3HHltall~99 xapaxrepHC'l'.Ht19(1K09 peHTr9HOBC_KOe H311Yt19HH9 

u:oxer ,Jtar:& xa~pu:anHD o u:exaHHSKe npone~ca HOHHsanHH. Ha 

pHc. 15 ,npe,~tctaBJieaw. B .xat~ecne npoepa .ceqeaHa o~pasoaaHHSI 

XX -JiyqeJt_ npH 06JIYt18HHH pa3JIHQHWX TOJICTWX IIHIII9H_elt J!OHaKH Xe 

c aaeprHelt 150 llaB. na n•uorpoae Y-300 JIMoparopHH ·suepnwx 
. . . . ~ : . . 

peaxnxlt •. Me~aHH3K XOHHsanHH. BHY'l'p8RHHX B:OKHWX Q~OJIOqeK npH . 

ctollKHOBeHHHX raxenwx KOHOB c aroKaKH aBJJaerca e•e npe~erou: 

.ltal.HeltmHX HCCJI9,ltOB8HHit. HsyqeHH9 ero KU98T ~oJI•moe 3HaqeHHe 

.ltJIH ps.Jta BOnpocos ~HSHKH nllaSKH H acrpo~HSHKH. Kpou:e roro,oao 

HKeet npaxraqecxoe saaqeaHe .JtJJa pa3BHTHll ycxopHteJI•aoH rexaH

JtH KHOrosapB,J;HWX HOHOB (nepesapH,JtKa HOHOB). 
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PHc.I5.Cet~eHHa o~pasonaaHa KX-nyt~en np11 o~JIY99HHH pasnHt~HUX 

roJictlix KHmeae~ HOHaKH 13f?xe c aaepruelt 150 lrfaB. 
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PHC • 16. Pacqe:raHe 3aBHCHKOCTH 3HeprHH CBH3aHHHX POCTOHHHR 31JeR

.TpoHOB.OT 3~pH,Jta H,ltpa Z • CnnomaHe KPHBH9 COOTB9TCTBY

DT H8JIHHeRHOit T80pHH Eopna-RH<IJe11L.lta, llYHKTHPHW9 KpHB_We 

:reopHH Kaxcsen11a. 
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Hexoropoe xaqecrneaaoe·oo~acueaue,npo~ecca HOHR3a~HH nuyr

peHHRX aTOKHUX 00on0119K KOXHO nonyqHT» C nOKO~Il KO~enH KBaSH-. . . 

aTOLIOB, KOTOpaa 6Wia pa3BHTa B 1965 ro~y 'PaHO X JlwcteHOK~ 

no 3Ton uo~eJIH arou YHmeHH c nopAAKOBWll uouepoli Z1 H uaneran

lltH~ HOH 7.2 liOfYT B onpe~eneHHiiX YCJIOBHHX oOpasoBati. BO Bpeya 

CTOJIKHOBeHHil KBa3HaTOK C nopAAKOBWll HOYepoli Z1+Z2·H C 06~R

MR 3JI9KTpOHHUliR 060n011KaYR. B npo~ecce o6pa30BaHHH KBa3HaTOlia 

qacth snexrpouoB HS ssyrpeHHHX o6onoqex ~onxua no npHH~Hny 

rraynH nepexo~HT» aa 6oJiee ascoxHe o60JIO'IKH KBasuarowa,· rax 

'ITO B npo~ecce CTOJIKHOBeHH.H C 6oumott B8po.HTHOCTbll B03HHKaDt 

saxaHCHH no BHYrpeuaux o6oJioqxax pasneraD~~tRXC.H qacTH~.EcnH Ba

xaucua o6pa~yerca H y xsasHatoYa, to UYeerca uexoropa.H Bepoar

HOCTh ~Jill OOHapyxeHHH xapaKrepHC'l:H'IeCKOfO RSJIY'IeHH.H KBa3MatO

ya C nopMKOBiiY HOliepOli Z1+Z2 • CJia6Hit 3~Kt Ha6JIIl~8JICil ~0 

CHX nop TOJibKO ~Jill M-060JIO'IKH KBasaaTolia. 

:3KcnepHKe HT8JibHOe Ha6JIIl~eHHe xapaxtepHctH'Iecxoro pearre

HOBcxoro R3JiyqeHHa, OC06eHHO L - H K-JiyqeR, 6RJIO OW RCKJIIl'IH

TeJlbHO · HHtepecH!iY no cne~YDlllHM rrpH'IHHaY: 

I. OHO uorJio 6I:.ITb RCKJlll'IHTen»HI:.IM cpe~ctBOK ~a usyqeHRa 

CBOitCTB 3Jl9KTpOHHOH 060JIO'IKR, a taKXe li9TO~OY ~eHTH~Ka~HH 

CHHT93HpOBaHHHX B AA9PHHX peax~H.HX CBepxTaXeJIHX rpaucypaHOBKX 

3JI9KeHtOB. 

2 •. ~y~aKeHt8JI»H09 3Ha116HHe HK9JIO 6li Ha6JID~eHH9 xaytlK~ 

TtlpidCTH'IeCKOfO I\-H3JIY'IeHHil KBa3HatOJlOB C nopAAKOBWJl Houepou 

z> 150, rax Itax sto osHa11aer rrponepxy KBaHTOBOI! sneitrpo~HHa

YRKR B 06JiaCtH CBepXCHJibHHX nOJieit. PaC118T CBa3aHHI:.IX COC'l:O.HHHt{ 

sneittpoHOB no JIHHettHOit teopuu MaxcBenna H no aeJIHHeHaoH teopHH 

l 
EOpaa-HH4Jeu~a rroita3HBaer ~ uo yxe ,11;Jia Z =164 pa3HHitfl B 

3uepruax K-nyqeH no. srHM reopHHK cocraBnaer oxono_ .roo xaB •. 

pesyJiuatli arHX pacqeroB npe,~~;craBJieBH ua pHc. 16. B- saBHCH

uocn or npe,11;nonozeaHI pacqera _cBasaaaoe /s -cocroaHHe npH 

pa3HiiX 3H6.118HHliX Zc onycxaerca B OTPH~areniDlit KOHTHHYYK 

(E .;.::.moC~ ). HaJIHliH8 npH. Z) Zc · uesanoJIHeHHOH K-o_60~_()11KH 
KBa3HaTOKa ,li;OJIXHO.npHBO,JI;HT» K po~eHHD 3Jl8KTpOH-1103HTPOHHOR . - . ~ ·- . - . - . ' . ~ 

napw, npxqey sJiexrpoHH ca.~tarca .sa K-o_6oJIO'IKY, a ·nosHrpoaw ,: 

yxo;s;ar B 6ecxoaequocn. YcnoBHa cnoatauuoro . po~eHK.H: nosxrpo~. 

I!OB npH CTO~KHOB6HHH · T.HXe.IWX HOHO_B no~po6HO paCCliOtpeRW B 

pa;s;e teoperxqecxn. pa6oT B CCCP .H .a~-:py6exo_u. 

,llJI.Il- 3ltCnepKY8HTM»HOro 'HCCJle,li;OBaBU :3TOro )tpyra .HBJieHHit 

He06XO.IUDIO HM8T~ 0118Hb TJIZ8Jlil!3 BOHY,.' BllJIOU JJ;O ypaua C. ,I!;OCTa

TOqHO 60Jiamol 3ReprHelt nopa~xa 5 M3B/HYKJIOH. 

YII. 3AKRDqEHliE 

Bwme p80CMOTp8HW TOJI»KO OTJ1;9JlaHH8 npHKepY HCCJI8~0BaHHH 

B o~Jiacn crpyltrypw li,ll;pa H atolniol !PHSHKII c nolio~·D uxenwx 

HOROBo IIHoroe H3 TOrO, QTO C,ll;eJiaHO .JIH60 KOX8T 6WU C,lt8JlaHO t 

,~taxa ae yno»aBYTO xs-sa ae.~toctaTxa wecta; .. :Ho aecoliaeaH)()( aB

Jiaetca CJie,I!;YD~ee. ,llsa,JI;~at» Jier cy•ecrBOBaHHa ~H3KKH raxexwx 
~ 

HOHOB np0,1!;8KOHCTpHPOBMX HCKJIDQXT8JI»Hyll IlJlO,ItOTBOpHOCT» 3T0f0 

HanpasJieBHa. ORo ue ron»KO He Hcqepnaxo ~e6a, ao,aanporx~ 

aaxo,~tXTca ceHqac:aa no,~~;~eye. llpoBe,JI;eBHe B 6y;s;y~eli npo~paKYW 

HCCJieJJ;OBaHHR,-Koropaa .HCHayxe ceBqac, npuaecet KHoro pesyJI»

TaroB,BaXHWX ,li;Jl.H 110HKYaHH.Il AA8PHOR H aTOKHOB crpyKTYP"'• 

Ha DYTH OCY.8CTBJieHKil 3TOI nporpaYKW KOfyT BCTp8TKT»Cli H H8-



3WIJiaHifpoaaHHiie HeOxJJ,JtaHHOC'J:H, K8K 3TO yxe He pa3 CJIYllaJIOCL, 

nocxonuy llHoroe · ,JteJiae:rcs ·• liriepaue · H nocxonxy · ail;epn~e Belllec:r

BO HCCJie.JtYeTCS B 3xc:rpellaJILHWC YCJIOBHJIX:'npe,JteJI:&HWe 3HaqeHHJI 

Z (rpOll8JtHW8 3JieKTpHqeCKHe llOJISI), aHOMMl>HWe COO'J:HOmeHHSI npo.;. 

TOHOB H'HeltrpOHOB, npe,D;eJILHW8 yrJIOB!le llOlleHTll, BliCOKHe:sneprHH 

B030yX,D;8HHSI H T • .lt. 

O,D;Haxo . Ha.Ito qe:rxo o:r.~taaan cede one:r B :row, qro nep-

cnex:rRaw .pa3BHTHSI qiH3HKH .'l:SIXeJIWC·HOHOB HepaspWBHO CBSI38JUi.C 

B03llOXHOCTl>D HCllOJIL30BaT:D OOJree TRJ:eJIWe OoJiOap,~tHpyDlJIHe qacTH.;. 

nu, qell ,D;OCTYUH!le Celqac, ,H dOJiee HH'J:eHCHBHWe nyqxH HOHOB,yxe 

HCUOJIL3yewwx B 3XCnepHlleHTe. Pa3BHTHe ··a:roro HanpaBJieHHSI npHBe- . 

JIO K HeOOXO,ItHllOCTH C03.1taHH.II YC'l:aHOBKH, CllOC00HO~ YCKOpST:D ace 

HOHW.BnJIOTJ: )tO ypaua npH HHTEiHCHBHOCUX IOI3-IOI4qacT/CeK. 

PyKOllHC:D llOCTYllHJia B H3,D;aT8Jil>CKHI OT,D;eJI· 
· I2 anpens 1973 ro,Jta. 
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Y CJIOBHH . 06MeHa 
IJpenpHHTl>L H~C006llleHHH .OflHif paCCl>IJiaiOTCH 6ecnJiaTHO, Ha OCHOBe 

B3aHMHoro o6MeHa; YHHBepcHTe:reM, HHCTHTyTaM, na6opa:ropHHM.· 
6H6JIHOTeKaM, HaY'llfl>IM rpynnaM H. OTJleJII>Hl>IM ytieHI>IM 6oJiee 50 CTpaH. 

MI>I O)I(Hl{aeM. q:ro·.nonyqa:renH.H3JlaHHii OH.HH'6yJlyT caMH npo.IIB
JIHTI> HHHUHaTHBY B 6ecnnaTHOH llOCl>IJIKe ny6]1HKaUHH B ,ll;y6Hy. B' llOPHJlKe 
06MeHa llpHHHMAIOT.CH HaytiHl>Ie· KHHrH; )l(ypHaJII>I, npenpHHTl>I: H HHOI'O 
BHJla ny6nHxanHH no TeMaTHxe OH:HH. 

EJlHHCTBeHHbiH BHJl ny6JIHKaUHH,KOTOpl>IH HaM: npHCl>IJia Tl> He CJiel{y
eT ,- JTO penpHHTI>I · / OTTHCKH c:ra :reii, y)l(e ony6JIHKOBaHHI>Ix B HaytiHI>IX 
)i(ypHanax/. · · · · · 

B. PHJle cnyqaeB Ml>I caMH o6pa111aeMCH K nonytiaTeJIHM !Iallllix H3Jla
HHii C npOCl>OOH• 6ecnnaTHO npHCJiaTJ>, HaM, KaKHe-JIH60. KHHrH. HJIH 
BI>mHca TI> JlJIH Hallie iii 6H6nHo:rexH HaytiHbHi: )KypuaJil>I, H3JlaiOILIHecn B· Hx 
c:rpaHax .• . 

0T.QeJibHbie: 3anpoci.r · 

lf3JlaTeJII>CKHH OTJleJI e)l(el'OJlHO .Bl>IllOJIHHeT OKOJIO 3 000 OTJleJibHl>IX 
3anpocoB• Ha Bl>ICl>IJIKY npenpHHTOB H coo6111eHHii OH.HH. B :raKHX 3a
npocax cne,nye:r . o6n3a:renbHO yxa3biBaTI>· HHJlexc 3anpawHBaeMoro 
H3JlaHHH. 

A.Qpeca, 

IlHCI>Ma· no BCeM BonpocaM: o6MeHa ny6JIHKaJ1HHMH, a TaK)I(e 3anpo-
Cbi Ha OTJleJil>Hl>Ie. H3JlaHHH' CJie.l{yeT HanpaBJIHTl> no al{pecy: 

101000'MDCKBa, 
FAaeHblil·nottmaMm; n/Jl,79. 
H3oamellbCKui1 omoell 
06oeOUHI?HHOZO UHCIIIU111yma 
JlOI?PHblX UCClleooeaHuil~ · 

AJlpec JlJIH .noci>IJIKH• Bcex ny.6JIHxau»ii: B nopHJlKe o6MeHa, a TaJ()I(e 
JJ;JIH 6ecnnaTHOH nOJlnHCKH Ha· HaytiHI>Ie· )l(ypHaJibi: 

101000 MocKea, 

f .i . :· 

F/laeHblil nottmaMm, n/Jl 79. 
HayttHo-·meXHUttecKaJl 6u6lluomeKa 
06oi?OUHI?HHOZO UHC111Umyma 
JlOI?PHblX UCC/li?OOBQHUU. 
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