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npellnO>KeHHblll HeCKOllbKO neT H838ll MeTOll pacqeTa npaselleHHbiX WHpim yposHell 

nerKHX l!llep OTHOCHTenbHO .HcnycKBHHll . a -qacTHn, lleJITpOHOS, llllep TpHTHll H llpyrHX 

/1 2/ 
",PparMeHTOS" ' n03SOllHll npasneqb 6onbWOJ! Kpyr SKCnepHMeHTBllbHb!X llBHHbiX, OTHQ-

Cl!WHXCl! K xapaKTepHCTHKBM CllO>KHOrO pacnalla llllep, K HenocpellCTOOHHOMy cneKTpOCKQ

naqeCKOMY aHanH3Y csollcTs yposHell: cnaHa, qeTHOCTH, npapollbi so36y>KlleHHll. OllHBKO llO' 

CHX nap npaKTII"'!eCKOe npHMeHeHHe STOrO MeTOlla/
3•41 

orpBHH"'IIISBllOCb rnasHbiM o6p830M 

o6nBCTblO OCHOSHbiX COCTOl!HIIll l!llep II nt!Wb He60llbWHM "'IHCllOM S036y>KlleHHbiX ypOSHell 

"pO'l'BnHOHHOll" npHpOllbl. BceM STHM COCTOl!HIIl!M CSOliCTSeHHB M8KCHM8llbH8ll CHMMeTpllll 

npocTpaHCTseHHOll .aonHosoll ,PyHKnHH (cxeMa IOHra c MaKCHManbHbiM qacnoM •qeTsepoK• ). 

Yf3seCTHO, 'iTO S TBKHX cny"'!Bl!X SOllHOBbie ,PyHKUIIH o6onoqeqHoll MOllellH OK83biS810TCl! 

O"'!eHb 6nH3KIIMH SOllHOSb!M ,PyHKnHl!M "MOllenll aCCOnHBnHH" ( Cluster model ) , . CM. Ha-

/5 6/ . 
npHMep, ' ; noaToMy HeyllHSHTenbHo, 'iTO nposelleHHbie llO cax· nap HB 6a3e o6onoqeq-

HOll MO.tienH pacqeTbl npHSOtlHllH K 6onbWHM, nopllllKB SHrHepOSCKO_I'O npellena, npHSelleH

HbiM WHpHHBM ',PparMeHTOS' • 

B nerKIIX Hllpax (3a HCKniO"'!eHHeM, KOHe"'!Ho, MaraqeCKHX 11 HenocpellCTseHHO npiiMbi

KBIOWIIX K HIIM l!llep) cueKTp S036y>KlleHIIll, COOTSeTCTSYIOU{IIX TOll >Ke o6onoqe"'!HOll KOH

,PIIrypaniiH, 'iTO II OCHOSHOe COCTOl!HIIe (Mbl 6ylleM IIX yCllOSHO H83b!S8Tb "o6onoqeqHb!MII 

. so36y>KlleHIIl!MII' ), npocTIIpaeTCl! snnoTb llO 2Q-25 Mas. '-!eM sbiWe aHepr1111 so36Y>KlleHH!j: 

TBKOrO ypOSHll, TeM MeHbWe, KBK npaSHllO, SKll8ll S ero SOllHOSYIO ,PyHKnHIO KOMnOHeHTbl 

C M8KCHM8llbHOll CHMMeTpHell, T,e, TaM MeHbWe npHSelleHHBl! WHpHHa, COOTSeTCTSYIOU{Bl! 

era cno>KHOMy pa3sany. 

8 qeTHo-qeTHb!X nerKHX llllPBX 3HepreTHqeCKa ll 'menb' Me>Klly OCHOSHb!M COCTOli

HHeM, onHCbiBBeMbiM (Ha 75-95%) CXeMOll 10Hra.(44,,,4],H 6nH>K8liWHM 06onoqe"'!Hb!M 

so36y>KlleHHeM c pa3pyweHHOll 'qeTsepKoll' cocTasnHeT 10-15 Mas. B npellenax aToll 
• + 1 + 

mena , KPOMe •poTanHOHHbiX~ yposHell 2 , 4 , cooTseTCTsyiOi.uHx TOll >Ke o6onoqeqHoll 

KOH,PHrypanHH, "'ITO H ocHOSHoe coCTOl!HHe, pacnonaraiOTCll TBK>Ke yposHH 6onee cno>KHOro 

so36y>KlleHHll, coxpaH!IIOU{He a -qacTH"'IHYIO npapolly • .HpKIIM npHMepoM TaKoro polla coc

TO!IHHll l!Slll!IOTC!I H113KO ne>Kall{He "MOHohona• 0+ -7,66 Mas s c 12 
H 6,66 Mas s o16l 71• 

npapOllB STHX COCTOl!HHll s HBCTO!Ill{ee speM!I nonHOCTbiO He l!CHa. CornacHo OllHOll TO"'!Ke 

3peHIIll, OHII COOTSeTCTSyiOT qeTb!pexqacTII"'IHOMy S036Y>KlleHHI0 0 HllH, HB !13b!Ke a -Molle .. 

nn, nepecTpoliKe reoMeTpHH S3BHMHoro pacnono>KeHHll anb<tJa-qacTHn s llllpe/
81 

Yf3secr-

Ha II llpyral! IIHTepnpeTanllll 3THX COCTOl!HIIl! - KaK llSYX"'IBCTH"'!HbiX Hllll OllHO'iB.CTII"'!HbiX 

(c H3MeHeHHeM. rnaSHOrO KSB.H'l'OSOrO 'il!Cna) S036y>KlleHHll/g/; OHa, OllHB.KO, npHSOlliiT 
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K CHObHO 38Bb!W9HHOMY 9Hepr9TII'I9CKOMY nonO>K9HIUO 9TIIX COCTOllHI!i\, VI B TOM, II B apy

roM cnyqae np11B9.Q9HH8Sl 80b¢a-w11p11H8 TBKIIX COCTOI!HIIll .QOO>KHB 6b!Tb 600bWOJl1 H1 KBK 

I2 
MO>KHO '?Y.lliiTb no aaHHbiM o pacnaae ypoBHSl 7,66 Maa a C , oaa aellcTBHTenbHO 6na3-

Ka K BllrHepOBCKOMY npeaeny, 

TaKHM o6paaoM, B03HHKaeT npencTaaneHHe o TOM, 'ITO B cneKTpax nerKHX ll.Qep cy-

wecTayeT, KpoMe 'poTaUMOHHbiX' ypoaaeii, aaa poaa aoa6y>Kaeaaii: o6onoqeqaoro 

(call3aHHoro c paao6weHI!eM naa>KeHHii oTaenbHbiX HyKnoaoa) H 'KnacTepHoro•, KonneK

THBHoro, THUS, B TO >Ke apeMll OUb!T npaMeHeHHll o6o6weHHOJl MO.QenH UO.QCK83biBaeT 1 

'ITO He38BIICHM09 paC'CMOTpeHI!e O.QHO'IBCTII'!Hb!X II KOnne!O'HBHb!X CTeUeHeJl CB060.Qbl ll.Qpa 

llBOlleTCll .QOBOObHO CIIObHOl! H.QeanH38UHeJl, B paCCM8Tp11B8eMCM cnyqae T8K>K9 HeT OCHOaa

HHll a priori OTpHUBTb CyUleCTBOBBHHe TBKOl! CBll311, 

· Ha116onee xapaKTepHoe, 'a:o6MpaTenbaoe• caoiicTao ypoaaell •KnacTepaoro• ao36y>K

aeHI!Sl - 9TO 600bWHe (HeCMOTpll HB Bb!COKYIO 9Hepr11IO B036y>K.QeHHll) 3H8'1eHHll npaae.QeH-. 

HbiX WHpiiH .QOll COOTBeTCTBYIOUliiX •¢parMeHTOB•, noaTOMY Upi!MeCb TBKIIX COCTOllHHH K 

·ypoBHllM IIHOl! npHpO.Qbl .QOO>KHB CK838TbCll npe>K,U9 acero B yc11neHHII COOTBeTCTByiO!liiiX 

MHoroqacTH'IHbiX nepexoaoa. TeM caMhiM, xoTll 6onbWIIHCTBO· ypoaHell 'KnacTepHoro• ao3-

6y>KaeHIIll 9KCUepi!MeHT80bHO ewe Henocpe.QCTBeHHO He 06Hapy>KeHO, HX CyUleCTBOBBHHe 

Morno 6bi UpOllBHTbCII KOCBeHHbiM o6p830M - B yCII09HIIlt •KnBCTepHoro' 1 B '!8CTHOCTII 1 

anb¢a-qacTII'IHOro pacnana BbiCOKIIX ypoaHel! o6ono'!e'!Horo aoa.6y>KneHMll. QqeaanHo, 

Haa6onee 'lyBCTBI!TeObHb!Mif K TBKOMY a¢¢eKTY ycnneHHll 6binll 6bl nepeXO.Qbi 1 KOTOpbre B 

'!IICToil o6onoqe·'IHOll MonenM llBOlliOTCll oco6eaao cna6biMII. 

noaTOMY B .QBHHOl! pa6oTe H8Mlt
1 

B paMKBX CXeMbl npoMe>KyTO'IHOl! CBll31f o6onoqeq

HOl! Mone-nM, J5brn npennpMHllT aHanMa aepollTHocTell (npMBeneHHbiX wnpMH) anb¢a-pacnana 

Bb!COKO B036y>KneHHbiX COCTOllHIIl! ll.Qep C12 
II Be

8
, OTHOCll!lllfXCll K KOH¢nryp8UIIllM 

(1 S ) 4 ( l p)8 If ( l s) 4 ( l p j 4 , BonHOBbie ¢yHKUIIII COCTOllHIIll 6binll B3llTbl 113 pa60Tbl 

A.H. EollpKnHo/lO/. 

.Llnll yno6cTsa ManomeHHll npMMeM cnenyiOUlyiO Knaccm}mKanaiO anb¢a-nepexonoa: 

a) paapeweHHbie - eCOH OCHOBI18ll KOMUOH9HT8 o6onO'I9'1HOl! BOOHOBOil ¢yHKillllf coc

TOllHifll xapaKTepaayeTCll cxeMol! I011ra, He HMeiOweil pa3pyweHHbiX •qeTaepoK", Hanpii

Mep, 'poTBUHOHHbill• ypoaeHb 2+ llnpa Be
8 

npH 2,9 Maa: 

t1 13 13 
'I' ( 2 +) = 0.985 I [ 4 ] D > + 0,003 I [ 31] ' p > - 0,124 I [31 1· D > + ' .. ,. 

6) UO.Q8BOeHHbl9 - eCnH OCHOBH8H KOMUOH9HT8 BOOHOBOil ¢YHKUI!If COCTOllHIIH xapaK

TepH3Y9TCll cxeMoll lOara c pa3pyweHHOl! •qeTBepKoll· I HanpHMep, ypoaeHb 0+ >l.llPB c
12 

npH 10,1 Maa: 'I' ( o+) a (\671 t£ 422 ] u D > - 0,557 I [ 431 I 1.3 p > + 0,390 I [ 44 1
11 s > -

(\2151[332]
13

P>-(\2:nl[422]
11 
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,-' a) -3anpemeHHhre ecnH HH O.QH8 H3 KOMUOH9HT BOflHOBOl!-¢yHKnHK COCTOHHHH He 
' ' '. . . + .• - l2 • . . 

a -ripeacTaaneaaeM, aanpaMep, ypoaeHb I a a ape C npii I2, 73 ·Maa: " 
. . ... - . . . .~~ 

COBMeCTH.Ma' C 

; 

'l' ( l':) a:.(\619 j [4-nJ 1_8 
p_ > + (\laS u .m:un > .+ (\713. ![ :ml 15 .f!> ..:(\~0~][3321 18 p '> 

.LlaaHa>l Knacca¢HKBUH>l cTpoHTCSl Ha _ yqeTe caottcTB CHMMeTpHH _aonHOBhiX ¢yHKUHll 
·_, - . ·. ~ ' - -' . . 

--cocio>IHHll 11 He. cali3aHa HenocpeacTae~Ho co cpaaHeHHeM nepexoaoa no 'IIHTeHCIIBHOC;H; 

Ha>Ke 6yaeT. p~ccMoTpeH- uenbrll 'plla a -nepexoaoa, ·3anpemeHHhlx· no:a3oTonM'!ec~·oMy 
' \ ' . 

· cnHHY. OaiiaKo Til.Koro poaa 3aripeT. nerKo CHHMaeTcil npa_ y'!eTe KynoHoacKoro ~Mewaaa-
, . . -

HHll. cocTosmi!l! c pa3HbiM H30TOUH'!ecKMM cnaiioM; noaToMy 6onbWHHCTBO nepexonoa, 3a-
,_..;_ • l ' . . • . - . 

npemeHHbr~ no T, OTHeceHo, B ·pB;MKax· aawell Knacca¢HKSUHH, -K 'noaaaneHHbiM'; 

2: P e 3 y n b T a T bi 

. . I2 ' 
Pe3yn_bT8Tbi pac'!eTa npaaeaeHHbiX a .-mapHH ypoaaell C M'cooT~eTCTBYIO!liHe 

"'aKcnepnM:HTBObHbi:_ aaHHble co6paHbl B Ta6nauy I •• 

(O\ d ); IO,I· Maa 

3Kcnep11M,eHT80bHOe. 3H8'!eHHe .. ·.a ":'UllipHHbl upeBb!Ul89T paCC'IIfTBHHOe UpHMepHO B 
' ~ . ' " . . . ' ' -

I5 pa3:.- npH'IIIHY 9TOrO.MO>KH0° UOHSlTb, 'ecnl! nouycTHTb CH.nbHoe CMeUlHB~HI!e COCTOSlHHSl' 

(l sf(lpl8. ~ ;p;aHeM. •Kn~cie{lH;~o· ao3~y>Kn~Hrlst (0+, O) ~PH. 7,B6 Msa, HMeiOmMM 
. . I . . .· . . ' 

. isonbWYIO npMaeneHHY_IO a , -wHpHHy. B nonb3y TaKolt KapTHHbi roaopHT aHanH3 · }3 -pac- _ 

.na.zia B
12

-+C
12+ {3-+ ii .. (Ta6n. 2): 3HS'I9HIIH log ..f.t nn>I-nepexo.O:oa Iia 9TH ns'a Y~OB:.; . . . . - . ·- . ' . . . ' 

. H>l npM6na'3HTen.blio. paaHbi. apyr apyry, Torna KBK a 'cnyqae '!HCToro '!eTbipexqacTH'!Horo 

B03~;*.cie~H>l ;; TaK)!{e a~36y>Kn:a~" THn~ {l~)a Opf(2s) + <is)
4 

(lp)
7 

(2p) I ypoBHSl 

7,66 Mas pacnan .11a .aero. 6brn .6bl ~anpemeii;·· 

. + . -
(I·; O);' I2,7 Maa 

·PaccM8Tp11B8eMb!l! nepexon OTHOCHTCSI K 'IHCny •aanpemeHHb!X'. HH. O.QH8 113 KOMU!r' 
. . . ·. . + ' . . . . . ' . 

HeHT BOOHOBOl! ¢yHKUHif COCTOHHHSl (I ,0) He .. CO.Qep:lKHT CXeMbl' lOHra· [444]. 3TO )18XO.QHT" 
• • • > ', '-.. ' • ~ ' I <' -

CSI B. COOTBeTCTBHH C Te'M o6CTO~TeObCTBOM,. 'ITO B q -MonenH H MO.ll9llll 8CC0Uif8U~Jl 
- -· . . - ·• /15/ 

_TaKoro ypoaH>I aoo6me, Her . . • . 

Ka~ aMnHo · H3 · Ta6n. I,~ peaynbT~Thl oGonoqeqHoro pacqeTa Haxon>!Tcll· a naHHoM· 
) ·, •' "' . . " . . 

".'·cnyqae B xopoweM cornacaa" c 9KCUepHMeHTOM,-. Pacnan. OK83biB8eTCH B03MO:lKHbiM sa 

. - · c~eT ;pH~~cH cocTOHH,~ll co· cxeMol! IOara [31) K ypoaaro 2+ KOH9'1Hor~ S~Upa Be. 8 

··+ . 
(I , I) j I5, I Maa 

. Anbq,a-p~crian aanpemeH no aaocnaay. Y'leT.cMewimaHa~.cocToHHH~ (t+,I) c coc-
. . . . . +: .. 12 - + . . + . ~--. 
TOllHHSIMH (I ,0) B H.Qpe C If COCTOSIHHll (2 ,0) C COCTOHHHS!Mif '(2 ,1) B KOHe'!HOM.Sl.Q-

c ~~ fu~ aa C'I~T- KynoHoa~·Kor~ aaaHMo.lleliCTBII~ npaao.z:iaT ~ xopoweMy. cornacniO pac-

C'IIIT.8HHOrO 3H8'19HRSI (32, 

a 
C 9KCUepi!MeHTOM, 

\ 

I 4 

111 
.·... , 



.. 
~ - .· +' . 

(2 ,1); .16,1 Mas ,· .:. 

ne~exoa OTHOCilTC!I K 'lncny 'noaaan~HHb!X'. 3anpe'r no ll30CnllHY CHHMaeTC!I, KaK .If 

B npe.ziblayweM cnyqae, y'!eTOM K:(nOHOBCKHX Clln, KaK. i:in!l nepexoaa Ha i?CHOBHOe COCTO!I-

Hile .: Be 8 , Ta.K ,; ,lfa nepao·e_ ao~oy~-aeHHoe· 2+, aKcnepHMeH~anb"~h;~ aHa'!eHil!l_ npn~eaeH-, 
Hhl~ a 

:' ~ 
-w!ipi!H MH~~O OOnbWe paCC'IHTSHHbiX, 

'+ ' ) . 
(0 ,·? ;' 17,8-Maa. 

,,·· 

' . ' . ', ' ' . . . . '·. • . ; 10/ 
Y!aocn!IH. cocTO!IHH!I. He .HaaecTeH,_ Y!a pac'!eTa no cxeMe npo~e>KyTO'!Holl 'ca!lau .. 

~neayeT, 'ITO. ecnH aTo ypoaeHb p ;_o6ono'!K·H, er'o H:3ocrmH itoitmeH obtTb, pa~e~ 1 ~(pac-· 
. ' .... ' + . ' . _..' ' . . • 

C'IHTSHHbll! jllpoaeHb (0 ,,0) ne)KHT -CnHWKOM ,BbiCOKO.- B 'pal!OH_e, 25 'Mas), TaKa!l H!leHTH:- · 
. . ~ I 

' · 'lPilKSUH!I'n~!lTB~p:m'aaeTC!I pac'!eTOM npHBe!lElHHOl! 

~-fly. C '!' B ~ls/2~, v2l+p~ ( Taqn~ 3 ); .t{Tci iacaeTC!I a 

npoToHHoll wHpHHbt, oTaeqarowel! pacna.., 

-umpHH·,. TO HX. aKCnepllMeHTanbHble aHa-

'!eHH!I OK83b!B810TC!I Ha, HeCKOnbKO noplt!lKOB· OOn';'We paCC'IHTaHHb!X• 

- ' ' + . ' .. -
(2 1 ?); 18,3 Mas -.· 
3Ha'!eHHe .. HaocnHHa -TllK>Ke HeHaaecTHo, OitHaKo, . .a .. oTnH'IHe oT ·npe!lbi!lywero cnyqag; 

' , • . . .: . . ~- - ·. . . , ·,. _.. . , . , . . . . . I 
ll!leHTillPHK8UH!I npOCTO Ha . OCHOBaHilll, paCC'IHTSHHOl! CXeMbl ypOBHel! \3!leCb HeB03M JD?KHa 1 • 

• ;., --· ·\ • '• • I • ' ~ • - - \ '. '. , + ·, I 

nocKonbKY ,a o!CpecTHOCTH aa!lHor·o_. y·poaH!I pacqeT . .ciaei KaK cocTo!IHHe (2 ,0); "17,6 .. Msa; 
'' . . . +'' ' ,.· . ' / . . < ' . ' . ' ' . ' ' ·, 
· TaK: a· (2 ,1 ); 18,8 Mas,' AH.anHa -npoTOHHoro p.:~cnaaa: ( Taon •.. 3) roaopHT .a nonb3y' aHa-

, ' '~-~ \ I ' . ( . ' I • , . I • : ' • • ·•· \ • '- • 

; '!eHH!I •T '"1•.' B. aTOM :cnyqae paCC'{llTSHHbte 3HS'!eHH!I a" -wllpllH. OK83b!B810TC!I MHOrO MeHb• . 

. i.i:t~ aKcnepaMeHTanbHbiX Ccoo1:HoweHHe Teotmw H aKcnepnMeHTa TaKoe .lKe, KaK an11 ,cocTo

·!IHHft:_(2+:l) npH 16:·. Mas) •. 3~MeT;M-, '!TO·B cnyqae T-oO H.e TonbKO B~3HilKnll Obl~pacxo:>K .. 
.• . ' ._ -- . . 

aeHH!I :paCC'IIlTBHlioro ll aKcnepnMeHTSnbHOro. 3H8'!,eHHll npOTOHIIOJl WllpllHb! 0. HO H1· B Hapy

WeHHe oowell ;eliaeHUHH, pacc'!HT~HH~e . sHa'!eHHe anb¢a-nmpil:libt . ltn!l pacnaaa Ha- nepa~ll-
. ' . - 8 • . . . 

aoa6ymaeHHhlll ypoaeHb S.apa ·Be OKaaanocb Obi oonbwe _aKcnepHMeHTanbHOro. • < 

. KpoMe: onilcaHHbiX .cnyqaes a -pacnaaa H!lpa C 
12 

1 OXBaTbiBSIOWHX BCe ll3BeCT-

Hbte' 9KCnElpHMeHTanbHbte !laHHbte, Obtn_paccMOTpeH TSK>Ke' .anb<Pa-pacnaa' B~ICOKO aoaoy'm-: 
"' ' . '_: ·. . • . 8 ' . ' ' - .. .- / -
!leHHb!X COCTOS1Hill!_.Sl!lp8 -Be , 3KcnepHM9HTanbHhie !lSHHbte HMeiOTCSl !ln!l JlBYX COCTOSlHHll 

2 + B pan'olie' 16~17 Mas
171, KOTOpb;M tlnH>Ke 'a~ero noax~AHT paCC'IHTaHH~e ypoBH~ (2; 0 ;-. . . + .·- . -. . .· .. 

npH'17,0 MasH (2 ,1) npH 15,9 Mss;CKopee·acero,.oaHaKo,-a<nncocToHHHH-CHnbHo· 

CMeW~H~ itpyr 'c; apYr~M ~a C'!eT .. KyrioHOB~KOro B381lMOJlellc~B~Sl. no~Tatdy He H~eeT_ 
.C-Mbtcna. paccMaTpHBSTb. pacitaa', )lnH, KB>K!lOro .ll3 HHX · B OT:lenbHOCTH, .3KcnepHMeHTl!nbHOe 

... . ·.· . . ' . . - . .• ' ·-2 :·· 
3HB'IeHHe ayMMbl npHBe!leHHb\X. WHpHH !lnH aTHX !lBYX ypOBHeJl COCTaBnHeT OKOnO '2,10 

1 
' ' ·- ' ' ' ' --3 ' . 

:!ITO npeBbiW89T pacc'!lfTaHHOe 3HB'!eHHe 4,10' , 

. '-
•·• f ~ .I a·. BbtBO!lbl 

· nposea'eHHbll! ablwe · aHanna noason!leT • ycTaitoaHTb. cneayrowy10 oowyro. aaKoHoMep-:: 

-I . 
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)leHHOl! I?HpHHbl HB 'nopH!lOK llliH Ha HeCKOn:t>KO nOp!l!lKOB ?onbwe pacc>iHT8l!HOro; B cnyqa- •.. - . ' 

HX. 'aanpeweHHhtX' nepexoaoa pac'!eT xopowo .cornacyei-cH c sKcnepHMeHTOM, .. · ,. 
\ . . . ' / - ~ . . ~. . 

' . . /2/ . . -. ' '.· . ' '. ' 
Y!aaecTHo, · 'ITO rnaaHaH KOnH'!ecTaeHHa!l He.onpeaeneHHOCTb _o6ono'le'!Horo pac'!eTa • 

ltpHBe!leHHbiX WllpHH ..; KBK O!lHOHyKn.OHHbiX,.TC!': H iuHp~H !lnH cnO>KHbiX, 'ISCTHn;-' COC~OHT B .Bbl

.· 5ope' ycnoaa!l ~wHa~ii~H s~yTpeHHel! a BJ!ewHel! aomioaoll ¢yHKUHH ~.!lpa a c~oTaeTCTByrol'ueM 

. ;K~Haile, n~ll ·~TOM· HCHO, 'ITO Ha~~raeMoe_: 00bl'l~1~ y~noa~~ .BilrHepoB~Koro ,npeaena !ln!l pa-
. . ' .· . -. . . . . ' ' '· - - . . ~ . . ' 

!lHanbHoll BOnHoaoll <PYHKUHH' '!aCTHUbl Ha rpaHHue :Hapa V2 al.u( a) I =1 .· ,B co'!eTBHHH c He..; __ _ 

nonb30B8HHeM OCUHnnHTOpHbiX lPY~KUHJl BO BHyTpeHHelt ~on~~.X:u, cnobooCTayeT 38B~WeHHIO - -. ' . . . . ' 

. TeopaTH'I~CKHX 3HS'!eHHJl npHBe!leHHhiX WHpHH no CpBBHeHHIO C HX aeJlCTBHTenbHb!Mil 3Haqe-

--HHSIMH~ ,. 

YcTa~osneHHaH- a·blwe TeHaeHuH!I npo~naonono>KHoro poaa. KpoMe Toro, pacxoma~-
- "j - • • • • 

HHe ·pac'!eToB H aKcnepaMeHTa B cnyqae 'noaaaneHHbtX' 'nepexoaoa aaneKO·BbiXO!lHT aa· 
. . . -. " / 
- paMKli,.aoaaoneHHbte HeonpeaeneHHOCTbiO. a~a'!eHHH paaayca . a . • Bee aio. aacTaanHaT He-

-. t. • 

·KaTb ·HCTO'IHHK·. paCXO>K!leHHSl- He B_ ¢opManbHOM OOOnO'Ie'!HO·~ pac'!eTa, a B lPH3H'!eCKOj\- npH ... 
I -- • - ' • ' j • • . --. . - . • 1 - • • •• • ~ • 

poae CBMHX paccMaTpHBaeMb!X. c'ocTOSlHHA. HaM KB>KeTC!I, <iTo O!lHOl!. ~3 HaHoonee BapOHT-: 

Hhix npH-'IIlH yc~neliHdt ··~o.llaaneHHbtx' nepexonos no cpaaHeHHro c. ~eM, 'ITO aae1-. oocinoqeq-: . 
\ • • ¥ • , •• ~ '- • ' • - • • I - • 

Hblll. pacqeT, Mo>KeT' Ob!Tb CBS13b Memay , ooonoqe'!.HbU.tll' ll 'Kn~cTepHbiM~· aoa6y~!l9HHH-
. . - t, . . • . - • '·- -

.Mil B !l!lpax, nocKOnbKY .aoconiOTHbie' 3H8'!eHHSI. npHaeaeHHbiX . ~a -wHpRH anH _•noaaan.eH-· . . ~ .. . . - - . ' . . . - -
-· HbiX~ n~pexciaos' oqeHb.'Manhi, aocTaToqH; ~eoonb~oll .npaMecH Konn~KTHBHoro, • anbq,~.:: . ~: :· .·. ·: : -~-- : ' . - -. __ . . ·. - . - .· -

'lll_CTH'!Ho.ro'. aoaoy>KaeHH!I, ·'ITOobl paaaKanbHO HaMeHHTb 9TH aHa'!eHn~, B 1-o ?K'e ·apaMH 

HCHo, qTo a paccM_OTpeHHbiX paHee cnyqagx 'paapeweHHblx' nepexoaoa, rae ooonoqeqHa!l 

MOJlE!nb npHBO!lHT K oolibwHM 1-nopHaKa. anrHepoacKoro npeaena~ ani.q,a.;.wHpHHaM, .STH He-

oon~uiue npaMecn He MornH noanHHTb Ha peaynbTaT 'pacqeTa,. 'iTo KacaeTCH·- 'aa~peiu~H-Hb!X~ 
.. # . . ' ' ' i . . . . '· 

· ~nepexo:O.oa c·ypoaHett'(l+J'gapa cu-.·, TO .zing HHx ycHneHHH. HeT no 'Toll npocTollnpli<m-' 

He, '''ITO _KonneKTHBHble ypOBHil' T.SKOI'_O THna OTCyTCTBYIOT,. TaKHM .. oopaaoM·, yen ex, pacqeTa 

'aepoHTHocTell ~aanpeweHHbtx' ~epexoaoa He cnyqae~, oH' nHwb noa'lepKHaaeT 'IHCToT~ 
OooriO'IeqHolt CTpyKTYPbi COOTBeTCTBYIOWHX COCTOHHHJl, . . ___ ., ,, 

4. 
:"'.· 

3KcnepHMeHTanbHbte aaaa'IH• 

B aaHHoll paooie Mhi He. npecnea_oaanH uenH BblaCHHTb caM MexaHHaM cMewHsaHHH 

' . B~aoymaeHHll ' ooono~q'aoro' H 'KnacTepl!oro• THna, ', MomeT ObiT!>,_ nOCTllHOBK8 TaKol!. aa-
1" . ~ ,. • • • .. - • -( 

. · .. aa'!H .sooowe ·ohlna Obi np~maeapeMe_Haoll, n,ocKonbKY ao _cax nop HeT 'eaHHoll MoaenH 

caMHX y'poaHell •KnacTepHoro• B030Y>KJleHHS1 ll O'!eHb oe,llHhl !lBHHbte oo' HX CBOl!CTBSX, 
. . . - ~ " •.,' 

. -'TeM oonee a·amitci aecTH ·noHciCH: HoBbiX ypoaH.ell TaKoro THna: 
/ . 

+ ' ' . . 
<l>aKT ycHneHH!I anb¢a-nepexo.ooa c ypoaHell 2 ·· Hapa C 12 aacTaBnHeT mKH!lBTb. Ha-

·. .. . ·. . l2 . . ... - . . '· . + / ' . . 
- nH'IHH B cneKTpe aoaoymaimnH ·C • anb¢a-qacTH'!Horo• ypoaHH ·2 , noaooHoro ypoBHIO . <{!·"' i 

HOCTh: ao .acex. cnyqagx 'noaaaneHHhix·· nepexoaoa axcnepHM8HT8nbHoe aaaqeaHe npHBe~ ·. \:·~ . . " 

L.......··._._ .. ·.·· .... ·. __ ._·· .. _ ... ···, .. 6 ., . ' " ·!\ ·1. 

. ' .... · .. ' ·- ~ .• . ·'t . 

' .. · .. · ·. ·_.··_-_.· _- \ . ·t -. __ ... . ·; ~ . 



. I 

'.a+_ npll 7,66 Mss, :oo~aaaJOUle~o OOllbWOlt npl!aeaeHHOlt 'allb¢a-imi-~iHolt (He IICKliiO'IeHo,· 
_ . I · .. ' • · ' - _ . ·, ' • , / . ' _ . +' - · r, ·, • , 

'ITO sTo Mo:w:eT.obiTb 'poTaunoHHbllt' ypoileHb·Ha 6aae ypoBHll Q_· np11 ?,66 Ms~). Cxopee·_ 

a~~ro,· ero clle.ityeT".IICKaTb a peaxu11·ll~ 'xllacTepHoro' saM'eiueHI!·, Tl!na. B. (a, T) c .-. . . . ' . . 

/, 

·c,~~.~ 
IIlii! . c'~(_a, a •) C 12 ·* 

(xOTll B nocllea)uiM Cllyqae •. ~o:w:eT Ob!Tb noMexoll_npllMOe IIlii! ynpyroe paccellHI!e) • 

B '_a.aKliJO'IeHI!e ·abipa:w:~e~ ollaroaapHOCTb A. H. · BollpKIIHOlt sa ·npeaocTaalleHI!e paC:-
, 1 - - ' , • -· - ~ • • • • , • - • • 1 r 

'leTOB BOliH~BbiX _cpyHKUI!lt ll.!lep 1 p ·-ooOliO'IKII 1 a TaK:w:e _coTpy.!lHIIKSM .Bbi'II!Clii!TellbHOro· 
'~ 

·. ueHTpa Ol1HJ.-f .sa npoaeaeHI!e 
. / . / 

'IIIClleHHbiX pacqeTOB, 
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\J,T 

o,o 
4,0 

o,o 
1,0 
I,I 
2,I 

O,I 

2,I 

2,0 

o,o 

T a 6 n H q a I. 

npaaeaeH&ble WBpHHbl 8
2 

.c.ng C
12 

.. ·Be
1 

..... a. 82 
B eauaanax BuruepOBCJtOI'O 

npeJJ.ena, ~ • 21P 8 2 v:~...La ( p. - npuae.c.e&&ast Ma~ca pacnanaJOwRxcst 'IBCTRil, 
l a~ 2 J 

- a -paJJ.ayc), l• -f 2p E 1 P -1 I ( q + F: ) . - xynosoacJtae aon&oawe ¢lyHKUHR ). 
t l .t. 

napaMeTphl npoMe>KyTO'IHOA CBSI3H: L/K -6,0 ·" ~ -1.2MeV • 3xcnepaMeBTa1IbHble a&a-

•e••• r., H3 cneJlyJOtuBX pa6oT: a) H3/7/' b) &3/ll/, c) &31121 ,. d) B3/ 1S/ , 
J -n --• 

BeZR'IRHbl 8a p8CC"lRTaBLI H3 B91IR'IliH ra c a-4.10 CMXU 2a-5.10 'CM. 

nocJtOIIbltf DOIIY'I9RHble B91IH111HHbl 0Trui'I8JOTCSI T01Iblt0 Ha MHO>KHT~itb ~ 1,5, B Ta6,lUI119 npu:
Be.O.eHhl cpe.aaae aena:'IHBbl. 

YposaH ~pa c~~ 
YpoBHII JI,Jtpa Be 

E31<c[1'1eVJ Encp[Ne.V] V,T 1"1 ~ { 3K<) [kelt 1 6?,.'-( 31<<) f3.,;<.( T~op) 

7,66 o,o 0 ~.I0-3 '9 2 
I2,4 o,o 4 10-2 tl, 

2,0 4 ~.s 
IO,I !3,8 o,o 0 2.I03 ";) o,8 p.I0-2 
I2,70 15,0 2,0' 2 2,2 <1) 3,5.!0-: 2.Io-3 
I5,II 14,1 2,0 2 ... 1 .1o-3 tX.J f='2.1o-6 2.Io-6 
I6,II I5,0 o,o 2 0,29 ..4) 4.1o-5 ~.Io-6 

2,0 2 6,3 -9 I,5.IO- 2.I0-5 
I7,77 16;5 o,o 0 I8 c) 2.Io-3 ~.I0-7 

2,0 2 . 86 :) I,5.Io-2 o.Io-7 
I8,34 I8,8 o,o 2 28 ~ 3.I0-3 1.I0-5 

2,0 2 234 ~ 3,5.Io-2 2.10-5 
I7,6 o,o 2 I.I0-3 

. 2,0 0,2 j2.I0-2 
25,I 0,0 0 7.I0-3 

2,0 2 6.!0·3 
--

10 

V,T 

o,o 
2,0 
o,o 
o,o 

--

\J,T 

O,I 
2,! 
2,0 

T a 6 n n n a 2. 

lo• It .nnst Bit( 1,1) .. c~ f3 -+ v- H N
11 1,1) .. d 2+ fJ++v. TeopeTR'IeCKHe 

3HS'I9HHSI paCC'IBT8Hhl B paMK8X CX9Mbl DpOM91KyT0'1HOll CBSI3H 060110'19'1BOA MOLleJtB. napa

M9Tpb1: l/K • 6,0, K .. - 1,2 Mev • 3KcnepnMe&Tan.bHble ana'le&Hst aa pa6oT/141. 

YpoBHH JI.lijla cu log {t ( :Jif<} 

E .. ICC [Me-V] ET«>p [MeV] _ :B''__, C"+ p-+ v N"~ c·z ... pr+ \J 
log p (TtOp) 

0 0 4,I+O,I 4,I7 4,3 
4,4J 4,0 5~!+0,2 4,4 5,I 
7066 4 +-0 3 4,4 -
I ,I !3,8 4;I! o:4 3,8 

T a 6 n u u a 3. 

0pHBell9BHbi9 WHpHHbl 

3KCDepHM€HT81IbHbi9 3H8'19HHH 

fl .O.IIH C
12

-+·Btt(3/2.t/2)+p. 
P E) 2 - H3 pa60Tb/ 12/. 

napaMeTpbl - CM. TB6n. 1. 

YPOBHII JI~Oa 012 

E.ICC [Me..V] E7ecp [MeV] G"' [keV) Gp' ( 3~<<) e; (Teop) 

I7,77 I6,5 6 4,0.I0-3 4,3.10-3 

I8,34 !8,8 58 2,7.Io-2 7,5,.Io-2 

I7,6 I,9.IO-I 
-- ---


