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npoueCCbi ¢parM9HT8UHH I HcnyCK8HHSJ cnO>KHbiX HyKnOHHbJX o6pa30B8HHHI, npOHCXO,QSJ

lllH9 npH B38HMOD,9ACTBHH SJ,llep C 'i8CTHU8MH 60JibLUHX SHeprH.fi, npHHSJTO flOD.p83.Q,9flSJTb H8 

TpH Kfl8CC8. K nepBOMY Knaccy OTHOCHTCSJ HCllYCK8HH9 cfJparMeHTOB npH pacna.ae B biCOKO BOa-

6y >K .ll9HHbiX COCTOSJHKil SJ.ll9p - eMy CBOA:CTB9 HH O flOI.fTH H30TpOOHOe yrnoeo e pacnpe.a,eneHH9 R 

OTHOCHT9flbHO MSIT'.KHA 3HepreTHI.f9C KHA cneKTp c:iJpa r MeHTOB . BTopoA OXB8TbiB89T npouecCbl Bbi-

6HB8HHSI ¢parMeHTOB H3 Rnep a p e a ynbTaT e paaBHTHH HyKnOHHO r o KacKa.a.a. K TpeTbeMy Knac

cy OTHOCSITCSI npoueccbr HenocpeacTaeaHoro / .. npsrMoro .. I c oy.aape HHH na.oatOmeA 6brcTpoR. 

l.f8CTHUbi c HYKnOHHhiMH o6paaoaaHH SIMH / .. KnacTepaM H .. I BHYTPH st.npa, Kor.aa coxpaHsteTcst 

KHH9M8THKa ynpyroro cTonKHoBeHHH c a o6o.a,HbiX "18CTHU. HacTOHWBst pa6oTa nocestweHa 

accne.LioBaHH JO sToro nocne.a.Hero xnacca npoueccoa ciJparMeHTaUHH. 

npH H3Y"'9 HHH Op0U9CCOB KB83Hynpyroro p8CC9HHHSI OC069HHO H9fl0Cp9Ll.CTB9HHO npOSIBflQ-

9TCSI CBH3b BOilpOCOB M9X8HH3M8 SI.0.9pHhiX p98KUHA npH 50flbWHX SHeprHHX C npo6neM8MH 

CTpyKTyphi S1Jl9p.Y >t<e nepBbi9 OilbiTbl TupeHa H .np . flO Bbi6HB8HIIlO 113 ner1dtX SIJl9p aneMeH

/ 1 I 
TBpHoro • <j>parMeHTa • - npoToHa B peao:uHR ( p, 2p I noaaonnnH nony"'HTb Henocpe.ncTBeH~ 

aym xapTBRy pacnpe.neneHHH HyKnOKOB 8 Rape no o6ono"'K8M. DanbHeAwee accne.a.oaaHHH aToA 

peaxuHB npoao.a.Hnoc b 8 ocHOBHOM c uenbiD uayqeHHR c:PopMhi HMnynbCHoro pacnpe.neneHHH npo· 

TOHOB 8 st.a,pe /
2 / H UpHBeno K HHT9p8CHb1M peaynbT8T8M. B M9CT 8 C T9M, B8CbM8 sQ:xPeKTHB-

HbiM O.K838nOCb HCOOnb30B8HH9 CyW9CTBf!OlllHX MO.ll9nbHbiX np9llCT8Bfl9HHA 0 CTpOeHHH fl9f"KHX 

R;:tep ;:ti!R OIIRCSHHR cnekTpOB B036y >K;:teH HR OCTSTO'lHbiX 0 R;:tep B peakUHRX ( p, 2p I R (p,ll>/
3 •4.1 

Sblno ycTaHoBneao, 1.f:TO CTpyKTypa cnexTpa aoa5y>K.neHHH onpe.a.enReTcH rnaaHblM o6paaoM He 

BTOpHqHblMH OpOU9CC8MH HCK8>K.9HHSI, 8 reHeanOrH"19C.KHMH C80ACTB8MH OCHOBH:Of"O COCTOSIHHR 

R.llpa-MHWeHH. 

HecOMHeHHO. ycnex 3KcnepHMeHT8flbHoro HayqeHHR peaKUHH / p.2p / o5ecneqano Hcnonb30B8HHe 

MeTO.llHKH H9Il0Cp9.UCTBeHHOA perHCTp8UHH / aa COB08,Q9HKR/ 060HX pa3n9T8JOWHXCSI npOTOHOB. 

B aacToHwee apeMR TaJtaH MeTOllHKa nocTeneHHO Haxo.nHT npHMeHeHHe npH Hccne.noaaHHH 

6onee cno>t<.HbiX peaxuuA Kaaauynpyroro pacceHHHH 6bicTpbiX 'f&CTHU THna I p, pd/,/a,2al 

H .np . 3TO U03BOnHeT H8.U9RTbCSI H8 B 0 3MO>K.HOCTb peweHHR B 6nH>t<.aA:wee BpeMR uenoro pH

.0.8 npo6neM, CBSI38HHbiX C 8CCOUHHpOB8HHeM HYKflOHOB B SI.Up8X, K OTOpOe qpe3BbP:t8AHO 38Tpy .a,

H9HO OpH HCU0flb3088HHH CT8pOA: SKCil9pHM9HT8flbHOft M9TOllHKH . K 1.{HCflY T8KHX Up06neM QT

HOCHTCH: COOTHQWeHH9 8epOHTHOCTeA: o6pa30B8HHK p83flH"'HbiX wKnacTepOBw B stllpe; X8p8KT9p 

llBH>K9HHSI .. Kfl8CTepoB .. BHyTpH Slll9pf xa.paKTep B 0 36y >K ll9HHH OCT8TO"'H0f"O H.apa, o6pa3yKJwe

f"OCSI npH XB83HynpyrOM Bb16HB8HHH 4JparMeHT8. 

PaaeaaaeMast a LU HpOKO o6cy>K.aaeMaH a H8CTOHUlee speMH .. Mo.a.enb accouaauaA .. 

I .. clus ter model .. I npe.ncTaBnHeTcH Mano y .no6HoA: .nnst peweanH nepeqHcneHHblX aonpocos. 

CanbHO no.nt.tepxaaaH xaxoA-nH6o onpeaeneHHbiA .. xnacTepabiA .. acneKT H.a.epaoA cTpyKTyphi, 

S T8 MO.Q9flb 38TyweBhiB89T MHOrHe npyrHe 88>KHbl9 CTOpOHbl CTpyKTypbl p8CCM8TpHB89M biX 

R.O.ep. KpoMe TOrO /eM. 06 STOM Il0llp06Hee HH>Ke/, B C0Bp9M9HHOft MO·.Q9flH 8CCOUH8UHA He 
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paapa6 o TaRbi sonpoCbJ reHeano r u<.J.ecxoA csSlaH; aTo coa.aaeT .aononHHTenbHble TPYLlHOCT H H 

qacTo npuso.aRT x cepbe3HbiM ae.nopaayMeHHRM. Hao6opoT, ncnon b30BaHHe .nnH onHca HHH ac 

/ 5 / 
COUHHpOS8HH SI HYK110HOB B S1Llp8X 060110"19"1HOR MO.aenu xa >KeTCH secbMB MHOroo6ewa10lllHM. 

T axoA no.axo.a, ycnewno o6DHCHSUI nanuqne 6onbW H X, nopst.axa BHrHeposcxoro npe.aena, npH-

se.aeHHbiX WHpHH ypOBHeA nef"KH X Sl.Qep .Q 11SI p8311HliHbiX C110>KHbJX "18CTHU, fi03B011SieT yqecTb 

aau6o n ee cywecTseHHble qepTbi accouHHposaHHSI. Ero rnasaoe .aoc TOHHCTB O cocTOHT a soa

MO )f{ HOCTH p 8CCM0Tp e Tb ol5pa30BaHH e B SIJJ.pe p8311H'-IHbiX 'K118CTepOBr H p8CC"'HT8Tb COOTBe TCT.,. 

ByiO W He sepOSITHOCTH, HCXO.QSI H3 OJJ.HOfi H TOH me B011HOBOfl ciJyH K UH H o6onot.tet.tHOA MOJJ.e11H. 

B HBCTOSIWeA pa6oTe Mbt orpaHH"'HBaeMcH s:t.apaM H 1p - o6ono"'KH. 6 onee T aro , p ac -

cMaTpHB810TCSI T011bKO nepexo,abi, ae csP.aBHHbl e c paapyweHneM BRyTpeaaeA 1 s - o6onot.tKH . 

Pac'leT nposo.aHTC:R s paMxax o6o.not.tet.taon Mo.aenH c y "' eToM HYK110HHbiX xoppenstunA H Tpe6o

saanA nepecTaHOBO lJHOfl cHMMeTpHR q1y HKUHR , cne.ay10weA H3 npnHuHna naynl!· TaKHM o6paaoM, 

caM bre ner1<KB Rapa (A ~ 5 ;. 7 } OllHCbiB8 10TCSI B p8MK8X TeOpHH cyn e p-MY11bTHfi11eTOB, 

6onee TSPK9 11ble - B p8MK8X CX9Mbl npoMe >KyTO"'H OH C BS13H . 0 .aHO"'8CTH'1Hbi9 p8LI.H811b Hbi9 BOn

HOBble Q:>y HKUHH non ara tOTCH ocuunnHTOpHbiMH. Bee xapaxTepHCTHKH peaxuufl paC C "'HT biBBJOTCS1 

a HMllY11bCHOM npH611H>K9HHH, 6e3 yt.teTa HCKa>KeHHSI BOJlHOBbtX cj1yHKUHA naLI.B IO WeA H p83119T810-

lURXCSI "18CTHU . 

§ 1 OOCBSIW9H p98KUH :RM K B 83Hynpyr'Of"O p8CCeSIHHS1 C Bb16H BaHH9M OLI.HHO'IHOT"O HyKnOHa. 

Ero U911b - BB9CTH H npOH 1111IOC T pHpOB8Tb H8 llpHMepe OTHOCHTenbHO npOCTbiX peaKUHA (p 1 2p) 

H (p 
1 

np ) npHHUHO reHeanorHH, COCT8BflRIOlU9A OCHOBY flOHSITH :R napUH811bHOf"0 HMnynbCHOrO 

pacnpe.n e neHHSI 'K118CTepa' BHyTpB SILI.p8, H906XO.QHMOrO Ll11P. flOHHMaHHSl OC06eHHOCTeA KB83H 

y npyr'Of"O paCC9SlH H 51 C Bb16HB8HH9M CflO>KHbJX q,parMe HTOB. 06utH I q,opM8flH3M TeOpHH cj1par-

M9HT8UHH a npoueccax ~saanynpyroro pacce stHHSI npoapo6Ho nanaraeTCSl a § 2 HB npnMepe 

pl>ai<UHK ( p , pd} • B § S o6cym.aaK>TCSl pe a xuun c B &r6 HsaHHeM a --qaCTHU, B § 4 - peaK-

UHH C Bbl6HB8HH9M TpHTH Sl , a T8K >K9 K0ppenHp088HHbiX npoTOH-npOTOHHbiX H HBATpOH-HBATpOH-

HbiX nap. 

OcHOBHble qacneHHble pact.JeTbi BbiOOnH e Hbl a Bbt~HC11HT811bHOM ueHTpe OVHI VL Vfcnonb 

ayeMbte B pa6oTe BOJl HOBbte <:i>YHKUH H OCHOBHbiX H B036y>K.QBHHDIX COCTOSIHHA SI LI.9p } p - 060· 

fl01.JKH B CXeMe Op0MB>f<.1'TO'IHOA CBR3H p8CC"'HT 8 Hbl H8 enexTpOHH OA BbiCI HCnHT e nbHOA M8WBH9 

'CTpena• Mn/ 61 . 

§ 1. XapaKTe p reHean o rnqecxoA cBst3B a RLI.pax 1 p - o6ono'IKH 

H CBOA:CTB8 peaK UKA ( p 1 2p ) 1 (p 1 np) 

B Ta6nuuax l a-e npuse.neHbl paccqnTaHHbte s cxeM e npoMe>KyT O'IIHOA CBH3H reHeanorH-

qecKH e KOScP4>HUH9HTbl p83110>K9HHR BOnHOBbiX cJ>YHKUHA OCHOBHb~X COCTOSIHHR Raep lp -o6o-

110"1KH 'I' (AJ • Kos,Pcj:>KuHeHTbl onpeaeneHbl o6bi'IHbiM o6pa3oM: 
oTJ 

( A) (A•J) 

'l'orix
1 

••. x A } 2 ~ C(oTJ JE 1 T 1 ] 1 ; >.1['1' (x, .. • x A 1 ]'1' (x 1\ . / 1/ 
B JTJJ; . B11jl1 • Ip A I 

(A·I) 

3 LI.8 Cb 'I' ElTIII - cj1yHKUHSI COCTOSIHHSI SI.Qp8 / A-1 / C aaeprHeA B 0 3 6y>K.OBHHH £ 1 , CDHHOM ] 1 

H naocnHHOM T
1 

; A -cnnH xaaana ; '¥ 
1
P(x A ) - oa aoqacTH'IHBSI sonHOBBSI QlyHKUHSI ayttno

HOB B 1 p - 060nOl.J.K9; cjJyRKUHH B KB81lp8THOA CK 0 6Ke 00Jl'IHH8Hbl yC110BHIO B9KTOpHOit CBH 3H 

rl~+~--XJ+i--1. 

4 

Ko3 cP¢KuHeHTbl HOpMHposaHbl c o r nacao ycnoBHIO 

' l: I C(OTJ I E,T,JI;>.)I = I, 12 1 
B1 T1JJ..\. 

r ae CyMMHpOBBHHe npOBOLI.HT C SI DO BCeM COCTOHHHSIM SI.Opa / A-1 / C HepaapyweHHOA 1s

ot5onolfxoA. 

re ueanorK'I9CI<KA 1<09 ~cpKUH9HT C(OT] I E,T,J,;>.} nponopuKouaneu SMnnKTyae npuseaeu

HOA WHpH H bl IJ BRp TyanbHoro o.nHoHy x noaHoro pa3sana R.npa A 

a auuoMy cocTORHKIO Rap a I A-l l . 

<
(A-IJ E1 T,f,>. 

(AJ ] T--(1 

I~ 

O (!T~ E 1 T1 ] 1 >.} •vn C(QT] JE 1 T 1 ]
1

;>. } 

I n a A - 4 - 'IHCno Hyl<nOHOB B lp - ol5ono'ltte I . AM nnHTY a a 

COOT B8TCTBYlOlU8 rO 

/ 3 / 

(I O!Ipea enROT BBIIII'IHJI)' 

M aTpHqHbiX sneMeHTOB napuHan&HbJX nepexo aoa s paanRqHbiX npoueccax c n e pe.aaqeA o naoro 

uyttnoaa II<Ba3uynpyr oe Bbii5HB8HKe , pe a!<UKB aoaxsaTa a T . n ./ . 

K 4.K BH ,O HO 83 T46mtUbl 1, r e aean o rH 'I8CK8 Sl C 8SI3b OCHOBHOrO COC TORHBSI R.Opa A C 

Bo315y >~<aeunb!MH c ocToHHHMH uapa (A - I} ITan a ( h 1 4( Ip )" "'I ap attTB'Iectt • ol5p b!saeTcR y >K e 

n pH eueprKRX B03 15Y>KL1 BBHII IIOpSIJltta 15-20 M•e. E cna npeu el5p e'lb K3Me HeHHRMH ce'leHuR 

DpOTOH-DpOT.OHHOro p8CC9S1HRH, HCX:S >KB HH HM B npOTOHH biX B011R H T.n . B 9TOM H960 n bWOM DO 

c paeaeH&JO c aaeprReA na.ato10 w e r o npo T o aa H HT e p s ane &Hep r HA, aaaaqa p acq e Ta cne KTpoB 

B0315y >K 9HBR OCT8T0'1Hb!X IIJlOp B peaztUSIH ( p , 2p } CBOJlKTCR It p ac 'leTy 9HepreTH'19CltOro 

cnexTpa reHe an o reqecxo A csaa• 
1 

W( E ,J a ~ Jc ro TJ !f:,r,J,; >. JI 
r,J,>. / 4/ 

PeaynbT&Tbl pacqe T OB n p nae.n e Hbl a a p ac. 1 a-e. C n nOWH bi& K p HBbie nony'l e Hhl c yMMHpo e a a& e M 

aepoHT HOCTeA OT .nenbH biX n a puHanb HbiX nepexoaoa c Y'leTOM xapax T ep a oro anSI coapeM eH RbiX 

sxcnepn MeHT O B saepre T H'IecKoro pa3M83biBBHHSl ~ E = 4 M a e. 3 .aec& }Ke nos:.a3aHbl sxcaepa-

/1/ 14 " 
M&HTBJlbHble pea ynb TBTbl • .LlaHHbie no peaKUHH N (p , 2p) C He npase.aeHbt; cooTBeTcTsy-

IOWee o 6 cy>Kaeuue eM. B npeabraymel! pa6oTe
131 

HaHC5onee xapa.KTepHbiM csoAcTsOM scex paccM OTpeHHbiX cnyqaes HBnSleTcsr cMemeaae 

M81tCHMyMa B&pOSITHOCT H D8pUH8Jlb HbiX nepeXO.O OB B o 6naCTb B036Y>K.0.9HHbiX COCTORHHA SILI.pa 

OCT8TK8, annoT& ao s HeprRH soa6y>K.aeHHSI nopSILI.KB 10 Msa. 

PeaxRe H3MeHeHHSl xapaxTepa reaeanoruqec~eoA CBSI3H H 6onbwHe cxa"'KH aHeprRH cssan 

HYKJlOHOB npH nepexo.ae OT OLlHOrO H:,apa K LI.pyroMy H:BflSIIOTCSI npH'IHHOA X8p8KTepHbiX Bapna

UKA aKTHBBUHOHHbiX ceqeauA peaxuuA: (p 1 np J H (p 1 2p ) s o6nacTH nerJCHX Haep. B npnMe

HeHHH K peaKUUH (p 1 np) &TOT BODpOC paCCM8TpHBa11CSI paaee/
3 / npa:ae.aeHHb19 B T8611HUe 2 

HOBbie .aaHHbl9 .ll11Sl p98KUHH (p ~ 2p) DOLltt8pK.HBaiOT OTCYTCTBHe lC.8KHX-nH60 DpOCTbiX pery-

11SlpHOCTeA: s naMeHe HHH aKTI!BaUHO HH bJX ce'leHHA npH nepexone OT H.npa x R.apy. CpasaeHae 

B&n H "'HH s '. l: o' 
8

1 < 8no~or 
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npo nopu,u o uanbH bJX ce'feHHSIM axTn a aunn, c 'iHCnoM uyxnouoa np a nocneaueA o 6onol.{xe, xo-

T opoe 'f 8CTO p8C CM8TpHB89TCSI K8K 'fHCnO HyKnOHOB , "lJ.OCTyOHbiX" an st o6p830B8HHH p8lJ. H08X

THBHO I"'O SI..C.p 8 B ll8HHOA peaKUHH , He 06Hapy )f( HBae1 X8KHX - n H60 K Oppen sruHA Me>K .ay HHMH. 

§ 2. KsaaH ynpyroe pacce sruue 6biCTpblx npo Touoa ua 

nerKHX sr .ap ax C Bbl6 HBaHH9M aeATpO HOB 

B HMnynbCHOM npn6nu)f{eHHH OCHOBHbiM MexaHH3MOM peaxuuu ( p, pd ) cne.ayeT cttnTaTb 

npRMOe Bbi6nsauue na.aaJOw.HM npo TOHO M aeATpoua ua sr:ap a
17 1 

/ A / 

A 

B .aauuoll pa6o T e Mbl u e 6y .neM p a ccMaTpnsaTb D.py rux x o uxypnpy10w ux MexaHH3MoB peaxuun 

p , pd). O co6oA o ros opxn, u a ua w sarnsr .a , aacny>KuaaeT npouecc Bbi6u saunst c nepesopaqu-

sauueM cnuua . Ou coo T seT c T syeT supTyan h uoA .auccouuauna RLJ. pa A Ha srn.p o (A - 2) H 

.o,eATpOH B CHHr neTHOM COCTO HHHH / d ' I c nocn e.o.yiD WHM nepeaon oM ero a TpnnneTuoe 

cocTosruue non .aeilcTse eM n a .aa10wer o npoToua: 

~ 
p 

' 

A (A -2) 

I B/ 

K CO>K aneHH lO, B H8CTOSIW89 BpeMH HeT D.BHHblX .O.nfl K OnH'I9CTB9HHOA OU9HKH OTHOCHT9nbHOA 

ponH aT o r o npouecca B peaKUHH (p , p d) • Mo>Kuo, oauaxo, .oyMaTb, 'ITO npouecc / B / 

HrpaeT rOp83.QO M9HbW YJO ponb B p e aKUHH (p, pd) , 1.{9M qncToe Bbl6HB8HH9 • .D.eACTBHT8nbHO! 

a / H389CTH0 1 'iTO OTHOCHT9nbH8SI pOnb 06Me HH biX nponeccos na.o.aeT c y s e nntteuneM 

aueprHH saauM o.neA cTBYJOWRX l.f BCTHU, noaToMy npR aue prHR npoTouos nopsr.o.Ka cOTeH Mas 

C8M8 ClpOTOH-.o.eATpOHH8SI B8pWRH8 S npouecce / 5 / M9HbW8 flO a6conJOTHOA: B9nH'IHH9 1 '19M B 

npouecce I A / ; 

6/ sr .oepu aH sepwnua a npouecce I B I TBK >Ke MeHb we , qeM a npouecce / A/ ; 

ClOM H MO yK838HHbiX 1 MO>K HO npHB 9CT R D.O flOnHHTellbHb19 apryMSHTbi, K OT Opbie fl0K83 b1B8JOT 1 

'iTO ecnn .aa>Ke npouecc / 5 / H Rrp a e.T npa paccMaTpHsaeMbiX aaeprHSIX c x onbxo -nn6y.a h c y -

W,9CTB9H HYJO ponb, OH He MO>KeT H3M9HHTb X 8'19CTB9HHbJX peaynbTBTOB, OC HOB8HHb1X H8 yqeTe 

T OflbK O npouecca I A I ; 

s / 6naro.aaps:~ cynep- MynbTHnneTnoa CTpyxType y po suet:\: nerxn x s..oep, rnasuasr x oMnoueu

Ta B 'J nHO BbiX Q:ly HKUHI\ OCHOBHblX COC T O HHH.A 3THX SI .Qep X8p8KT9pH3yeTCst 3H8'19HHeM CCIHH8 S 

p8BH bi M 3H81.f 9 HH IO H30CCIHH8 T ; OOCK. OnbK Y .QBCCOUH8UHH Hn pa H8 .aeATpOH B TpHnneTHOM 8 

CHHrneT HOM COCTO SIHHSI X OTnH'I 89TCS1 B38HMHOA 38M9HOA: C DHH8 H H30CflH HB fl8pbi, SICHO, 'iTO 

CU8KTp S035y>K!l9HHSI OCTBTO'IHOI"'O Slllp8 B npouecce / 5 / npn5nH 3 HT enbH O / c T O'IHOCTb JO .QO 

uapyweunsr c ynep- MynbTnnneTuo.A cTpyxTypbtl cosna.aa eT co cnexTpOM s npouecce / A / ; TBKHM 

06pa30M, yl.feT npouecca / 5 / npnsen 6bJ B OCHOBHOM nH W b K R3M9H9HH IO M8CWT868 KpHB OA: 

cnexTpa; 

6 

r / HCXn iO'feHKe c o cTaBnstiOT aeqeTuo-ueqeTHbl e A .apa I Li ', B 
10

, N
1

• ••• I , r.ae CDRH ocaoe

aoro cocTOHHHR I S ""' 1 I ae pasea aHa'leHKIO naocnHHB / T • 01; a.aecb ¢lopMN cnea.Tpa ao3-

6y>t<.09 HHSI ocTaTO'IHOro H.Opa B npoueccax I A I H / 6/ pea1<o OTnR'I8JOTCR .opyr OT .opyra; TeM 

ue Meuee CHTyaUHR 31l9Cb .o.a>Ke nyqwe, 'ieM a oCSmeM cny1:1ae: ecna npn npRMOM &b16H&B.HBR 

' 10 14 
.aeRTpoua H3 R.oep L i , B I N peanH3Y JOTCA cocTOAHBR c ayneBbiM RaocnBHOM , TO 

B npou e cc e / 5 / 3TO COCTOHHHe C T "" lt B COOTBeTCTBYJOWHX OCTBTOlfHbiX S1llp8X 3TH COCTO

SIHHH pa3.aeneHbl apyr OT .opyra orpOMHbiM a aepreTH'I:fec&BM HHTepeanoM nopRll.JtB 15 M a s; 

T8XHM 06p830M, 3.Q9Cb MO>KHO 3KCfl9J)HM9HT8nbHO Bbi.QenBTb B 'IHCTOM BH.Q8 Clp0U8CC npJIMOrO 

Sbi6HB8HB.R . 

VfCXO.O.H H3 3THX C006pa >K9 HHA, Mbl 8 ll8HHOA: pa6 0 Te orpBHH'tHB89MCR Y'I9TOW TOnbXO npc.r

uecca OpSIMOI"'O Bbl6HB8HHR, \:fTO >Ke K8C89TCSI q,opM8nH3M81 TO OH B paBHOA Mepe npHW9HBM 

x o6oHM npoue ccaM I AI H /5 / I Tax l:fTO npa ueo6xo.o aMOCTH ylfeTa npouecca Bhi6Heaaa.R c 

nepeeopaqHB8HH9M CflHH8 He flOTpe6yeTCSI 8B9.Q8HKfl K.aJCHX-nH60 HOBbiX KOHU9flUBA:. 

I. reneanorH'ISCKOe paano>Keune. By.o.eneuue .aeA:TpoHHbJX accouHausA 

AccousHposause uyxnouoe a s.ape onHCbJBBeTcH no MeTo.ay, sano m eauoMy pauee
151 

npellCT8BHM BOnHOBy)() cj:JyHKUHJO OCHOBHOrO COCTOBHH.R Sl.llp8 A B BH.Q.e p83110 >K 9HHSI no nonao-

My Ha6opy opTOHopMHpOBaHHb!X cocTORHHII cxeMbl LS CBJI3H C COOTB9TCTBYIOlUHMH HHTer-

p8118MH JlBH>KeHHSI ) H T 

3.oecb I , L 

I<HA cnHH, (11 

(A) ( A) oT/ 
'1' ( "' I < n >T+t.>s+t 
oTJ:r, ... x) ~ - "'l (1s)(lp)[l1 L > 

A [t1LS lf LS I 

H S - Q011Hb1A MOM9RT 1 op6HT81tbHbiA MOM9HT H CflBH, 

-cxeMa IOura , n = A-4. Koactxt>uuaeHTbJ a (AJoTJ 
( t1 LS 

LUH9 COOTHOW9HH10 HOpMHpOSKH, 

I l a(A)oTJ, 

[t1 LS [t1 LS I = 

/5/ 

1 -H30TOUH1lec-

y aoeneTaopsno-

161 

onpe.aenR !OTCSI f'8MHnbTOHR8HOM MOLJ.811B H pBC'IHTbJBalOTCSJ C QOMOWbJO 06bJqHbiX MeTOD.OB ll.Ba

/ 6 / 
l"'OH811R3 8URH 

( A) 

PaanO >K HM 'fi
0
JT (x 

1 
••• r._J no seeM S03MO>KHb1M COCTOSIHHSIM SI.Op8 /A-2/ C Sbi.QeneaseM 

.ass>KeHHH .aayx nocneausx uyxnosoe: 

(A ) (A·>) (2) 

"'.,.<x, ... "A) = I C(OJT I E,T,J,; r,s , L,J,J['I'BTI", ... xA . }IJlT SLI("A. ,x_..J1T/ 
l l l 2 2 2 I 

171 

E 1 -sseprHR B036y>t<ll,e HHSI; BeKTOpHOe C110>K8HB9 jl + (L +5...,::!1. )_, )= / TpHBH811bHO B no.opa3y-
(A. 2) 2 2 2 

M9B89TCS! f . Cp e.OH 'I' BITI/l -pa3flH'IH ble COCTORHHSI THna (1s) 4 (Jp)"" 2 ,(1s)'(lp)""1 ;(1s) 2 (1p)". 

¢yHKUHR HHT e pecy JOW RX uac cocT OstHH A ( 1 s) 
4

( 1 p ( •
2 

n.onycx:aJOT npell.cTa&nease , aaanoraquoe 

/ 5 /: 

T or.oa 

L (A-2) E.1T11 
a [ j (1 < •·> > T + [t)L s I 1L s s ) (lp) [ I 1 I t.>S+i 

11 I 1 1 I . 

1 
1 ] 1 > 

(A · 2) 

'I' (x, ... '"·•) 
E1T/z 

(>) 

\fl T S L J (%A · 1 ' I A ) 
2 2 2 2 

2 1 T + 1,25 +1 

I ( Ip) [I 1 • • L J > • • • 

7 

181 

/ 9/ 



r e HeanorH•eC J<H R K03<Jxj) H UH 9 HT c (OIT I E,T,I,; r ,s,L, I ,) onpeaen~eT 8M n nHTyay 

npnae.aeHHOA WHpHHbl BHpTy8nbHOrO D. BYXT.f8CTH'iHOrO paasana R.apa A, COOTBeTCT B y JOLU.e r o 

cocTOHHH 10 ( E ,T
1 
I

1
) a apa I A-2 I : 

~(A-2) E1 T1 I 1 

( .4JIT--- -------.T, S
2
L,I, 

110 1 

O(JT ~ E 1 T1 I 1 ; T,S,L, I ,! ~ J n(;-l!croiT I E,T
1

I
1

;T
2
5

2
L

2
I

2
. ) . 

VfHOrLla B MecTo Koact>ct> a uaeHTO B C (O I T I £ 1 T 1 I ; T 2 S,L 2 I 2 ) 6onee y LlOOHO nortb30B8TbCH 3 K BH-

aaneHT HbiM Ha6opoM .a.py r nx KoacP¢nuneHToa: 
I 11 1 

I -L .s 
cro iT IE ,T,I1 ; T7S7L 7;>.. J =:!: ( - J 7 7 U(l

1
S,J L

2
;>..I

7
JC(OIT I E,T

1
I , ;T

2
S

2
L

2
I

2
J , 

/7 

lfTO cooTaeTc TBye T nepexoay OT npe.ncTaaneHHR nonHero MOMe nTa napbl I ] 
1 

I x: npen.-

CT aen eHHIO c nnna x: &Hana I A I /a nax:oabdl M HO>KH Te nb OTBet.t aeT cne.nyiOLUeMy nop .R.llKY s ex:-
-+ .............. -+ .................. 

T OpH o ro c n o>KeHH H : L + S = I ;>.. = L 1 + S = ]
1 

+5
2

; I =>..+L,f. 

n oLlCT8BriHH 151 H 181 a 17 I H yqHT b i B8 H I ll I , non y'laeM: 

C(OTJ I E , TJ 1 ; T2 S2L 2 ;>..) = 
1121 

= ~ (A)oTI (A - 2)E 1 T1 lt 1 - L +'-, -~(S L IL · >..L)U(L S >.,S ; I S) 
a (- J ) J :1' I I 2 I 

8
[t]Ls [t]L1 s 1 

n n-2 1 
< p [f]TLS i p [ f

1
]T1 L 1S

1
;p [£

2
] T

7
L 2S

7
>, 

r 118 < P n I P n - 2, P 2 > naaecT Hhle npoTaliynnpoaaHHble napHble re aeanorH4ecx:ne xosc:PcPnuneHT bJ 

a cxeMe L S 
181 

CBSI3 H 

npoueccbi o6paaoaaHHSI .n.eATpOHHbJX accoun aun A cnHCbJBBIOTCSl ttne HaMn paano*e HHSI / 7 I 

c T 7 = T j = 0; s7= sd = I ; rtp H 3TOM 8BTOM8THqecK H [£7] ~ [2] '8 L,= 0 HriH 2 . 

n poe i< THpy a cPYHKUH K II p '[2]
11

5> H l!p
2

[ 21" D > Ha cPYHK UH JO BHyT pe HHero LlBH>K9HRH HYK riOHOB 

B .aeATpOHe chd (I :p- r-.n l ) R npene6perast H HTerpanOM nepeKpbiTHSI .an st 2s -COCJOHHJUI 

- r + r 
OTHOCHTe n~HOf'~ .QBH>K9H H SI 1 npHXO .Q HM X H3B8CTHblM OCUH flnSIT OpHbiM cf:>yHKU H SIM \{

1
15 ( 2 __ ...!!..._) 

r +r 2 
R \1' 2D ( ~) , npe.ncTaan st JOWHM a nonnoM re neanorn1.1ecxoM p aano>KeHHH n.BR >K e Hae 

.aeATpOHHOA: 8CCOUH8UHH OTHOCRT e n b HO OCT8TK 8 ( J s ) 
4 

( J p) n-
2 

• 3 H.M9T HM npH 3TOM, 1.1 T O 

K8K KOaclxPH U H e HT bl TanbMH / Q/ 1 OITHCbiB8 IO WHe Bbl.O.eneHH e OTHOCH T~ flb HOr' O .O.BH>KeHHst HyK no

HOB1 T8K H • cpaKTOpbi OT!l81.f:K•, Y"'H T biB8JO W He .QBH>KeHHe Ue HTpa TSI>K9CTH R .O.pa B uenOM/ S/ 

OK83 bi88 '0TCH paBHbiMH Qri!I COCTOHHHA l !p 2 (2]1JS > H I Jp2 (2}1JD > • 3 TO ri03BOriH9T , 
( A ) 

p8CCM8TpHB8Sl .a,eitTpOHHblA K 8 H8n reHe8nOrH1.f.eCKOA: CBH3H, CBeCT H ~ OT] C T OqHOCTbiO .llO 

o6wero MHO>KH Ten sr , anH RlOll.lero ltH Wb Ha non Hoe •aq:,cpeKTHBHOe qacno .neATpo Hoa' a Ra p e , 

K cne.ay 10 W9MY Bbip8>K9HH 10: 
(A) 

ljl 
OT/ ~ I c ( 0 T I I E I T ,I, ; 01 L d ; >.. ) 

(A-:J) X +X 

['I' rx ... x !·'~' r~--~J ¢ r lx -x Ill 
E T I l A-:J :JLd 2 d A A - l A 

I II 

8 

113 1 

~ ~ ~ 

/Q:>yH K UHH B ICB8llp8THOA: CK061Ce OOLl lfHHSUOTCH ycnOBHJO BelCTOpHO A: CBH3H: ri,+ s .;~ >..J+ Ld =I). 

Bbipa>KeH Ji e / 13 / ne YliHTbiBBeT xapalCTepaoro ans o6onolfe lfHOit Mo.aenn ·sq:H:PelCTa oT -

Ll8 lfH•, C BH38HHOI"'O C TeM, l.fTO B STOA: MOnenH U9HTp T H>K9CTH H.Opa B U9fl0M He 381Cpennea. 

Ero yqeT npnso.aHT / S/ lC .a ononHHT enbHOMy •cpaKTopy OTLl8lfH• __ A_ ; npH aToM cpyaxunH 

A - 2 
, BX OLl HW8 H B / 13/ , 38BHCH T y>Ke Henocpe.acTB9HHO OT OTHOCHT9nbHOr'O pann yc - BeK• ljl 

7Ld 
TOp8 M9>K.O,y U9HTpOM TH >K9CTH D8pbl HyKnOKOB / aeitTpOHOB/ H U9HTpOM TH>K9CTH OCT8TK8 . 

2 . VfMnynb CHOe pacnpen e neane .aeitTpOHOB B H.Op 8X lp - o6onOlfKH. noHHT H9 

napuHanb HOro HM n yn b cHoro pacnpeae n eans 

B HMnynbCHOM np a 6nH>KeHHH: , a apeue6pe >Ke HHH KcKa >KenHeM npoTOHHblX a .neA:Tp o flloA 

B OnH 8 H8lf8n bHOM H KO H9lfHOM COCTOHHHSIX, C91f9HH9 K B83Hynpyroro Bbi6HB8HHSl .aeAT pOH8 113 

!1Llp8 A C ol5p830B8HH9 M !1Llp8 IA-2 1 B Ortp 9Lt9ri9HHOM COCTOHHHR (E 
1 

T
1
I

1
J ODp 9Ll9ri H 9 TCH 

M8TpH'IHblM a n eMeHTOM 

M( A,O TI ~ (A - 2 ) , E
1
T

1
]

1 
) = 

114 1 
(A - 2) * _,; ; _,;,-:: " I: -+ ( A ) 

ljl • I~ I d d PP A •'• ljl A 
( B 17j_J1 4> ( ' "P ) e e pde oTr' 

~ 

k' 
p 

A p d - a M nna:.y.aa p - d pacc e stHHH , k P H -aMnynbCbl na.aa10me r o R pacceHaao-

1"'0 n p OT OH8, k d -aM n y nbc Bblne Ta JO w e r o aeATpoaa . OTc JO.na, c y\19TOM / 13 / , n o n y qaeM B bl -

pa)f(ea a e .nnH ceqeassr: : 

du 
d O' d{l dE = B ( k •' k•') ~ n (n - 1) A 

7 

• d dO -- ( -- J 2 A-2 

I I crori i E , r,I, ; OlO;' J)I
7

I f'l';.r-;J e
1
·; ; d? l '+ 1151 

1 2 '" .... J : ; ... 2 
+ f 1C(OTJ I E,T1 ] 1 ; 012 ; >..J I·..i. I l f'1'22 (r) e d r I I 

5 m= -J 

3.a ec b n ~ H n d -yrnbi BbineTa npOT OH8 B .n eATpOHa, E - HX cy~M8pH8SI aaeprBH; B 
du 

OpOCTO A K.HH9M 8TBlf9CKHA cj:>aKTOp; ~ - C9 '1 9 HH 9 pac c e stHHst npOTOH 8 H8 C B 0 60,nHOM 

n(n-1) d . ~ ~ ~ ~ 
.a.eA:T po a e; - - -- - 'IHcno nap ayKnOHOB B lp - o 6 o n ott: K e H.o p a A : q = k - k '- k -2 p p d 

H Mnynb c, nepe.aasaeMblA sr.apy OT .Q 8lfH . 

Bblp8 >K QHH9 B CIC0 6JCaX, C OOT B QT CT B Y JO IUe e <llypb e - o6paay Q:>y HIC URH / 13 /, .ll 8eT On OT HOCTb 

HM DynbC HOr'O p e cnpe,neneHHR .aeAT pOHO B p ( q) = ~ B OCHOBHOM C OCTOSIHHB SI.O.p8 A, 
q ' dq 

r eaeano rHqec&.H CBst38HHhiX c o npe.ne n ea a biM cocTOSIHHeM ( E 1 T 1 ]
1 

) a: .npa I A-2 / . HaaoseM 

ero • n n oTHOCTb JO napusanbHOro HM ny n bcHo r o pacnpe.a e neHHSI• , o Ta e qa JOwero .naHROMy napu Ha n b

RoMy nepexo.ay . Bse.neM o6o3H8'1 9 RHR : 

a B 
D 

p( q ) = a
0

p.fqJ + a
2

p
2

( q ) 
1 1161 

2 
a 0 = I c ( 0 T I I E I r , I I ; 010 ; I ) I , 

a , = r I C(OTI I E,T, J, ;012;>.. J I 
2 111 1 

a
1 

,a 8 JOT OTHOCKT enbKY JO s e pORTHOCTb s H D COCTOSIHKA .a.eATpOH8 B sr:.ap e. 

9 



pL( q ) -uopM HpO BBHHhle rt 110 T HOCTH H M rt yl1 bCHOf'O pacnp e a e n e HHR 

p L ( q) 

q 2 d q 

3 
qo 

Dn ~ Bhl6pauuwx HBMH ocuunnHTOpuwx ¢yuxuuA 

s 

6 2 q 22 q 2 
P

0
(q) = -=- [ 1 - --:r ( --1 I exp [-( --·- ) I , 

" / 71 q 0 q 0 

p (q) ~ ~ ( - 'L ;' exp [-(-'LJ 2 1 
2 15 .,f7T q o qo 

H D neii: T poHoa: 

1 181 

1191 

napaMeTp HMnynbcuoro pacnpeneneHHH q
0 

CB~38H C ~BCTOTOH OCUHJlJlHTOpHo ro fl OTeHUHB-

n a: 

q
0

= J 11 hw 

120 1 
2( A -2) 

1.1. -npuae.oeuuaH Macca .a.eATpoua s Hn pe A: ll = --A-- I . 3ua~ e HHR h w , a 

cnenosaTenb Ho, H q
0 

Mory T 6btTb B3RTbi H3 onbiTOB no onpe.o.eneHHlO paaMepos s:~nep / lO / 
B '18CTHOCTH 1 H3 Ll8 HH btX liO pacCeHHHJO SJ19XTpOH OB. 

Bbrpa>Keuue 
(OL/ = n(n-!_)( --~-- ) 2 aL!(d

2

(hw); L =0;2 
2 A- 2 

I 21 I 

npellCT8Bl1SI9T co6oA rtpHB9.D.9 HHy JO WHpHHY B HpT yBJl bHOr'O HCOYCK8HHSI S HnH D -aeATpo na 

B n.auuoM napunanbHOM nepexone; !<. d ( hw) conep>KHT xos QJQ:HtUKeHT TanbMH 1 I \1 2 , nosiB

nstiOLUHAcR rtpH Bblll9J19HHH OTHOCH T 9 11bHOf"'O .QBH )t{e HHSI npOTOHS H HeATpOHS B COCTOSIHHH ( 1p) 
2 

H HHTerp811 rtepeKpbJTHSI OCU K1111H'T OpHOR ctJYHKUK H '1' 05(!; - r-+ 1) OT HO CHT ellbHOrO .Q ~H >KeHH SI 
p n 

asyx nyKnonos c sonnosoA cpyHKUH eA aef! Tpona .'( : (.~w) = YJ,( '~'.*s q, d d; } '; hw - 3 Hep-

rHR o cuHnnsrropaoro KBBHTa. CyMMa l: I (0
0

)
2 +(0

2
)

2
1 no seeM napuHanbHbJM nepexoaaM 

.naeT nonHoe •scpcpexTHBHOe l.fHCilO a eHTpoHoa• a Rape I a .oaHHOM cnyqae - TOilbKO s npe.ae -

nax 1 p -o6onol.f xH ; o6o6me HHe H8 see 060110qK H Ol.J:9BH,llHO / . 3aBHC KM OC Tb B911HqHHbl 

~ I (0 
0

! '+ ( o 2 /I 
I I 

OT E 1 e cTecTaeaao aaaa&Tb cnexTpoM reaeanorHq ecxoA cssraH. 

K a x B H .QHO H3 / 15 / , nnoTHOCTb napuHanbHo r o HMnynb cHo r o pacnpea e neHHSI p (q) ecTb 

H e qTQ H HOe, K 8K ciJop M-c}JSX T O p a e ltTpOHHOA: sepwHHbl 1 OTB 8'18KHUeA fl 0 11 10CHOA .QHSrpSMMe .O.SH

HOrO napUH81lbHOf"'O nepe X O.O.S 6ea y1.1eT a HCKS)t{eHHH'. npH HCfl01lb30B 8HH H HCK8)K eHHbiX B011H 

TSKOA npOCTOA CSSI3H y >t<.e He 6yaeT. <JTC fO.Q8 SICHO, 1-ITO H8 H 6onee .OOCTOB9pHbl9 cse.aeHHSI 06 

HMIT YJlbCHOM pacnpe.aeneHHH aeATpOHOB S SI D. pax MO>K HO nonyqHTb rtpH HCfl 0 11b30B8HHH qaCTHU 

6011bWOA 3 HeprHH 1 K0r' ll 8 p011b HCKS >K eHH SI OTHOCHTellbHO Mana . 

Koa¢¢HuHeHTbi a
0 

u a 
2 

, a BMecTe c HHMH H p (q ) , MeHRfOTCSI OT y posHsr x 

ypOBHlO B npe.o.enax O.llHOil H TOR >K e 1 p - o6onottKK. XapaxTep aasucnMOCTH p (q) oT 

S H 8pf"'HH B 0 36y>K.aeHHSI Ortpe.a.enH e T C SI f"'9H98110J"'KeH OCHOBHOrO COC TOSIHHSI Sl llpa-MHWeH H H, TS

KHM 06p830M, Tpe6yroT llllSI CS OerO O flHCSHHR KSK y tteT 8 CHMMeTpHH SOflHOSbJX c}::lyHK UH il COCTOSI

HHA:, TBK H BBe.O,eH HSI napHbiX ICOppenRUHA Me>K.a.y HyKnOH8MH. 

B 38K1110tteHHe flO.Q tt epKHeM, tJTO BCe CK838 HH09 B .Q SHH OM p83.Qene OTHOCHT CR 1lHWb It 

•MSir.K.OA" 'ISCTH HMny n bCHOr O cneK Tp8 n. eATpOHOB B Slllp~, D.nB HMOYilbCOB OOp S11lK8 q; = 100-
Mev 2 

200 -- I ~ .., 5 Mas / . nocxonbKY He yttHTbiBB IOTCSI K Oppensr uH H HY K1l0HOB HB 0tt9Hb 
c 2, 

10 

MB fl b iX paCCTORHH SIX, pacnpe.aeneHHE' / )6 / - / 19 / , nO-BH .O. HMOMy, D. BeT 38HH)f(eHHoe 3HlPt9HHe ..QnJI 

>K 9CTK 0 n lJ a CTH cneKTpa, 

3 . C nexTp soa6y>K.oeHHst oc T aTottuoro stn. pa e p e ax u HH X ( p, pd J • 

06 b JtJH8SI M9TO.O.MK8 H3yLJeHRSI KB83Hynpyroro pBCCeSIHHSI 6biCTpb1X fl p OTOHOB H8 SI .O.p8X co

CTOKT S C1.19Te C OSfJS.O.eHHA: pacc e SIHHOf"'O rtpOTOHa C Sbl6HTOR tt aCTHUeA S 3 8B HCKMOCTH nH60 OT 

y r na Me ;K.o.y HKMH I HMnynbcHoe pacnpe.a.eneHKe / , nH6o oT cy~ MapHoA aueprHH p erHCTpHpye-

M biX lf8CTHU / cneKT p B036y rt< .O.eH HSI 0CT8T OtJHOJ"'O SI.O.pa / . 

Vfa npell b i.OY W ero Oaparpacpa cneayeT, tJTO y r11 0S8H 3a B H C H MOCT b c}::l yHKUHH KOppeAAUHR 

B pe8 KUHH ( p, pd) 6y.oeT pa3nHtJHOA: anH tt aC THU, COOTSeTCTBYJOLUHX paanHtJH bJM yttaCTKSM 

c nexTpa aoa6y n<. aeHHH ocTaT 01.1Horo R.Upa. B csofO ottepe.a.b, cnexTp a o a6y>K.a,eHHSI .aon>KeH aa

euceTb OT yrna perHCTpauHH. 06bittH o npH onpe.a.ene HH H cnexTpa aoa 6y>t<.a.e HHH Bb16HparoT KHne-

M BTHttec KHe YC110B HSI , COOTBeT CT BYlOll.l H 9 q = Q • nerKO BH.OeTb, 'ITO 8 aTOM cnyttae pe8KUHSI 

H.0.9T TOllbKO aa C1.1eT CT OllKH OBe HHSI Op OT OHB C S - aeATponoM: q 
2 

(0) = o. TaKHM o6paaoM, 

B OTilHlJHe OT peBKUHH ( p 1 2p ) B ll 8HHOM Cnyttae Cfl9 KTp S036y>K,aeHHSI OCT STOtt HOf"'O 

R.apa n p H q << q 
0 

ue nepe.a. a e T s cero xapaKTepa reHea norHI.f ec K o A ca st a H . B aTOM c ny1.1 ae 

O H Onpe.Qe nsreTCSI 38BHCHM OC TbiO napaMeTpa d: O 1 8 B K OH9ttH OM C1..J9Te r'9H e a nor Htt9C KHX xoacp-

ctJHuKeHTOB 

C (OT] I E1 TJ
1

; 010 ; ]) 

(A)OT/ (A·2)E 1T
1

J1 

~a[rjLs a [<ILs U(LSJ1;] 1 SJ 
1 I I 1221 

< 1 p" [/] T LS I 1 p n •
2 

[ f 
1 

I T 1 L 1 S 1 ; 1/ [ 2 I 13 
S > 

OT aHeprHH El, 

Bb1we OTMettanocb, ttTO Mbl He y ttHTbiBaeM nepexo .n.o s c paapyweHH eM 1 s - o6onottxH, 

B 'ISCTHOCTH nepeXO.QOB THfl8 ( Js) 
4 

( lp ) n-+ ( 1 s) J ( 1 p) n -l. Vf X OT6p8CbJB8HH e onpaS.O.bJBSeTCSI 

TeM, 'ITO XOTSI COOTB9TCTByiOWH 9 ypOBHH OCTSTO'.fHOf"'O Sl!lp8 H MOryT 6bJTb reHeanOr'H'I9CKH 

C HflbH O CBSl38HbJ C OCHOBHbiM COCTOSIHH9M SI.Opa-MHWeHH 1 OHH 11 9>K ST,K8K npaBHflO, 3 H8tJHT e nbHO 

Bbiuie COCTOSIHHA C uepaapyweHHOA 1 S -o6onottKOR. Bo3MO>KHbl, OLI HSKO, HCKil lQ 'teHHSI. Bnon-

He BepORTHO, H8DPHMep, ~TO B Rape Li 
7 

ypOBHH TH08 ( 1s) 
3 

( 1p) 
4
(4J I 38 C~eT CHilhHOrO 

• 
saaHMo.a.eAcTBHSI HyKnoHos s coCTOSIHHH ( lp) [4] onycTsrrcst s paRon ue c KOnbKH X Mas. TeM He 

MI::!Hee np H q << q
0 

HMeJOTCSI .QODOflHHTeflbHbl9 apryMeHTbl, OUp8Sll blS8 JOWHe OT6p8Cb1BaHH9 

flO.ll06HbiX COCTORHHA npH pactteT e cne.KTpa B036y )f{1J.9 HHSI : B 06n8CTH M811b1X HMIIYilbCOB flflOT-

HOCTb fl8pUH8flbHOrO HMDYflbCHOf"'O pacnpe.a.eneHHSI n,eATpOHOB 

8 q 2 
pl(q) = ~ ( --- ) e 

.JJ" qo 
4 n J n-I 

(ls) (lp) ~ (ls) (1p) oTaeqarowero nepexoaaM 

>KHMO Mana DO cpaBH9HHIO C p O ( q) . 

-( - '{_ ) 2 .. 
• n ono6 uo p2(q) 

4 . CpasueuHe c e lfeHaA. peaKUHH (p, pd) n. nR paanHttH biX sa .aep 

123 1 

npe He5pe· 

Pac'feT a6conJOTHbiX auatteueA ceqeaHA peaxuaH ( p, p d) npe.acTasnsreT co6oA, no-sa.a.HMO

My , oqeub Tpyaayro aanaq y: HeJIIasec THbl a6con roT HOe a uatt eH H e ae p w JIIHbl p - d p acce stHHR , 

II 



BXoa.stweH B !Ut:arpaMMY pea:KUHK ( p 1 pd) HCKa >Ke HH e naa.a iOUJ,eH H BbiXO Ll SIW,HX BOil H 

H T • .ll. EcnH , onHaKo, rrocTynuposaTb, \fTO npH 6onbWH X 3Heprust x nan aK>wnx npo T o noa ace 

3T H cfJaKTOpbl He MeHSIIOTCSI npH nepexone OT S1 Ll p 8 K Sl llpy, T O MO )f( HO p8CC'iHT8Tb O THO WeH Re 

Ce 'i eH Hii Ll 1lR p83 1lH4H bi X RLlep . 

du 
npH q << q OT HOWeHHe cetteHHrl peaKUHH (p , pd) ---;-r"\""----- .OJt SI .08YX 

o d" 1 df1
1

dE 1 
rrepe XO!lOB CBO.OHTCR TOr.aa K OTHOWeH HIO COOT8eTCTBylOLUH X 3 H8:l{ eH K ii (0 0 ) 

5 . KonKpeTHbie pactteT bl. Cpaene uH e c onbiTOM 

I. (.i
6
(p,pd)H e

4
; Li

7
(p ,pd)H e ' 

• 

napUK 811bH bJX 

B o nHOBy iO 4lYHKUR IO OCHOBHOrO COCTO SIHHSI Sl.apa Li MO)f(HQ C XopoweA TO"'HOCTbfO npen -

4 2 13 
CTaBHTb KOH cjJHrypauHeA ( 1s ) ( 1p) [21 S • OTc!0.£18 HM nynb CHoe pacnpe .aeneHH e aei!TpO HO B 

OTHOCHTeJlbHO OCH08 HOro COCTOSIHHst fi e 
4 

X8 p 8 KTepH3yeTCR cj:Jy HKUH ei! p O ( q ) . H a pRe. 2 

npoeeneHO Cpa BHeHHe paCCl{HT8HHOH KpH BOA C 3KCrtepHMeHT8 11bHbi M H .08HHblM H, nolly'leHH biM JI 

B i ll I . npH q ~ lOCJ _Me~ COOTBeTCTBY!OWeM .£I" HHbiM no aneKTpOHHOMy pacceR HK!O I !Q I 
0 c ' 

n ocTHraeTCSI uennoxoe cornacBe c o nwT OM. 

JaMeTHMI l{TQ ciJYHKU HSI Po ( q) nan aeT c q 3H8lfHT e JtbHO 6 blCTpee, "'eM rtpOCTO 

raycc o u .oa 
- (...!L.) 1 

e •o , HCIIO/lb3Y9M 8 SI B 
I Ill 

.o mt artpOKCHM8UHII 3KCneoKM9HT81lbHbiX D.BH-

HbiX. K o H e 'IH0
1 

HH3K8SI TOq HOCT b 3KCII9 pHMeHT811bHblX ll8HHbiX It OTHOCHTeJlbHO ue601lbWOA: 

HHTe pBB Jl H3MeHeHHSI q ae noaaonunu 6bl c .:~.e naTb Bbt6op Me>K n y 3THMR nayM st pacnpene-

neHHstMH. O n uaKo npn ucnonb3oBaHHH r aycc o H D.bl napaM eTp HM nynhCHoro pacnpeaeneRRst q 0 

Olt 8 3 biBaeTcst cnnwKOM MBJlbiM ( q ,., 50 Me~ ) 
0 c 1 ttT O npoTHBopettHT naH HbrM no aneKTpon-

HOM Y pacceRH K IO. 3 .oec b >Ke npH8eneua KpH88R HMnynbcHoro pacnpe.neneHHSI 

~ - 1 q >> [ q 2 • • 112 1 
p 

0
( q) = cons t [ 1 --J-{ --) J exp -{~ 1 , paC'IHTSHHoro a KnacrepaoR MO.aenH , c TeM >Ke 

qo q 
3H 81.{8 HHeM OCUHJlflSITOpH OrO napaMeTpa. 

B Ta6nn ue 3a npnae.nenbl napaM e Tpbi HMnynbcuoro pacn p eneneHH st neA'T po n os e stnpe Li: 

COOT B8 T CT8yiOWH e CyMM HpOB8HH IO napUH811hHbiX nepeXOUOB HB HH3WHA 
r 

7 
H n e pabdi 803-

6y>K.aeHHbiA 

cxeMoA LS 

( 'fl ) yp08eHb Rllp8 /l e 
5 

• ¢> y HKUHSI OCHOB HOrO COCT O SIHHSI B CVOTBe TCTBHft CO 

4 J 11 
CBR3H Bbi6HpaeTCR B BH.ll e ( 1 S ) ( 1p) (JJ pJ /> 

0Tnowe un e ceqeuH A ~-- p.nsr st nep Li 11 Li 
6 

, paccqnTanuoe n o ¢opMy-
d.- 1dfl 7dE 1111 

ne / 24 /
1 

cocTa8JtReT 0,35. 3KcnepHMeHTBilbHOe auattenue - npu6JtH3HTenbHO 0 125. 

• 21 Be (p , pd)Li 

CocTO RHH st sr.apa Li 
7 

paccMaTpH BafOTCSI a paMKaX L S castan. ¢>yHKUHH ocuoauoro coc-

• TOSIHHSI !J e p 8CC '-IHT 8H8 B cxeMe npOMe>K yTOlfHOI\ CBH3H C napaMeTp8MH a = 2,4 /11\sa 1 

L 
.'( = -1,2 M:> a 

1 
K = 6 lo6MeHHbiA aapHaHT P o:>eHcj:Jenb .aal . 

npu pacqeT e HMITYJlbCHOro pacape.oeneHHSI H caeKTp a aoa6y>K.neHHSI npoaeneuo c yMMHpo-

88:HHe a npe.aenax rpyanbl napunanb HbiX nepe xonos , coOT8eTCTBYlOWHX OTllellbHbiM cynepMynb-

TKnneTaM H.opa Li 
7 

1Ta6nHua 3a l . 

CneKTp aoa6y>KneHHSI Li npH q =0 npnsen eH u a puc . 3 Ia uen s x uarnsr n uocTH .anR 

Ka >K.ooA rpynnbl nepexonoa saeaeuo pa3MB3biBanHe no s. ueprHH c .~£ "" 4 Mas / . 3 .n.ec b >Ke 

noKaaau c n e KTP nonuoA reueanorH'iecxoii csstaH , a TBK >Ke p a cc"'HTaHH biA cnexTp soa6y>K.oe-

12 

HHR a npu6nn li<eHnn LS- CBSI3H npH q "" 0. noaaBJJSIIOUlee lfHCJJO nepeXOllOB 8 

peaKUHH . ' Be (p ,pd) Li COOT B8TC T ByeT ll.O B O JlbHO BbiCOXO !\·IY B036y i< aeHHK> SI.O.p8 L i 
7 

I 0 I 
B (p , pd) Be 

Il " 12 10 
/J (p , pJ)Bc ; C (p , pd)B 3 1 

14 12 u 
; N ( p, pd) C ; 0 ( p, pd ) .'i 

14 

Y~taaaHH bJe pea x un u nay'ian HCb K a K no6o'ftJBR eeTBb p eaxuHA Ke aa uynpyroro paccestHKR 

I I 131 
( p, 2 P) s pa6oT ax 

1 
• PeaynbT& T bl pactteToB npnseaeubl 8 T a6nnua x 3c - n u ua p~c . 3-7. 

6. B bl a o a bl 

Y tK e a npocTe 1i we~ cnytta e peaxuu H l..i 
6 
(p, pd) .'fe 

4 
B H.a u o , '-ITO paccttHTaHnoe HM-

nynbcHoe p ac npe.nen e HH e .oenTpou o e aa:-.teTHO OTllHt.ta e T cR OT pea y nhT8TOB "xnacTepuofi" Mo-

112 I 
aenn 

HaM K8 ti< eTCH, 'fTO 3.QeCb HHT epe CHO He CTOnbKO TO , lfTO 0 6onotte'iHbJe 08C1.f9Tbl Ll8lOT 

He CKOJlb K O ny qw ee co r nacu e c axcnepnMeHTOM, CKOJJbKO caM cf:>a KT p a cxo >K .n euusr . Ha nepabiA 

sarn St!l OH npOTHBOpettHT M388CTHOMy nonO >K eHH IO 0 TO ,KLl8CT8eHHOM COBfl8 .Q8 HKH BOJlHOBbJX 

~YHKun n o6ono'i e ttu oA H "KnacTep uon• Monene n e ocunnnstTOpH OM npn6nH >Ke HHH npn p a senCTs e 

scex ocunnnHT OpHbiX ttacToT l u Me n n o a 3TOM npn6nH A<e HHH pacctt ~tTSHhl o6e xpHBbre ua p nc .2/. 

B .aefiCT8HTeJ1bHOCTU paCXO'>K.Q8HH e Bbi3B8 H,O T eM , \fTO ciJy pbe-o6pa3 ct>YHKUHH OTHOCHTeJJbHOrO 

llBH ,Ke HHSI a + d r
2 expi· 'J ( .!L ) 

2
\ B03HHK 810WeA B OCUH1lJ1SITOpHOH "Kn acTepHOA" MO!le/lH B 

q, 
peay J1 bT8T 8 nocne.aOB8T 8llbHOfi 8HT H CHM M e TpH38UKH, H e C OOTB 8 TCT ByeT rt8pUH 8 1lbHOMy HM-

nynbCHO~y pacnpeneneHHIO ael1TpOHOB B Li' OTHOCHTellbHO OC HOBHOJ"O COCTOSIHHR Hllp8 /Je ~ 

.Qeno, T8KHM 06pa30M t He B TOM, lfT O OllHB H3 .OByX Mon,enefi He sepHa l 8 B TOM, lfTO B 

"xnacTeouon• MO..J.enu, KaK H B n106o ii .a pyroA , sonpOCbi reneanor H'Ie c xoA cestan He MOryT 

6b1Tb 06 '1 11Ue HW K Tpe6)'lOT IlOflOJJHHTenbHOR paap a 60TKH . 

npu OflH C8 Hif H cneKTpOB B036y>K.Oe HHH B peaKUHRX K B83H-ynpy roro 6 bl6H B8HHA CllO>KHbiX 

lf8CTH U B03HHKHYT e we 60 11 Ge p e 3KH e paCXO >I{lJ.e HHH 060llO'f9'fHbiX pactteTOB C TeM, q e ro MO >K 

HO Oii<. H !J, 8Tb HB OCHOBB HHH CJJ H W KOM 6yKB8llbHOro 80CllpHSITHSI "K1l8CT 9pHoA " MOD.eJlH. KaK no

K83bl88eT npose..a.eunbu1 pactt e T, stnpo-npoay xT peaxunH (p, pd) ocTaeTCSI rnaBH biM o6paaoM ue 

B .OCHOBH OM 1 8 8 B036y >K.Oe HH bi X COCT ORHHSIX. TaKHM 06pa30M, ecTeC TB e HH8SI , C TOlfKH apeHHSI 

, 14 1 2 
K11 1CT epHoii • MO.D.el1H 1 Tp 8 KTOBK8 , H8flpHM e p I Hllp8 N K8K C B OCHOBHOM COCTOSIHHH 

nnJOC !leii TpOHI npBBHJlbH8SI B CM bi CI19 80 3MO>K HOCT H T8K0f'O npe a CT8B1leHHR 8 HTHCHMMeTpH3Q-
14 

BBHII Ofi POn HO DOH c\:>YH K UU H RLl p 8 N I a LS -csRan / 1 cTaHOBHTCH cosepweuuo Hecoc-

TORTe .'l b H OA. ecnH non neA noapaayM ·~ eaTb H CTHHHbtA xapaxTep reueanor utt ec K oA CBH3K. 

.fi ,'JSI TOf'O, lfT 0 6bl Y K83 8 HH bl e 8bJWe a cPtJ·· e KTbl He HClfe3JJH 8 "KI18CTepHOA" MO .O. eliH, ueo6-

XO.O H M n o cnenoaaTenb Hblfi ylieT HyxnoHnor o o6Meua Me:>Kny "' KnacTepaM H ". O'tesn .a Ho, tt T O see 

pe3y'lbT8T bl TBKH X pac tteTO B f KOTOp blel no-BH.QHMOMy, OKB>K y TCSI TeXHHlf8CKH OlfeHb CllO i>K HbJ

MU: / CO BITB.:J.Y T C 0 6 0l10 '-Ie'fHbiMH, ecnH pa60T8Tb B OCUHilliRTOpHOM n p n 6 1lH ?K eHH H OpH p a seHCTBe 

e cex tt acTOT. BoaMo a<. HO, ttTo a ae !1 cTBHTenbHOCTH a nerKH X Rapa " "'xnacT e pbl" o6oco 6 neHbl 

HeCKO.'lbKO 6oJ1 bW e , 4eM 3 TO nae-r o6o nott e "'HBSI :-..1 o.nenb. B paMKax • xnacTepnol1" Monenn 3 TO 

npu HeaeT x y;..-teH b we HHIO HHT erpanoa o 6Meua, a cne.n.o8a T e nbH0 1 H x necpopMaUHH cnexTpa re

Heanorull ec x ol1 C B S13H !1 119 C OOTBeTCTBYIOW HX " xnaCT e poa• . T a KH.M 06pa30M 1 HapSI.!ly C H3ytte-

HUeM u;..Jn y llbCHO r o p a cnpene.1eHHst " KnacTepoa", u ccneaoeauue cnexTpa a o a6y >K .n e uHR s:t n pA 

13 



llpH ab16HaaHHH •xnacTe p a" MO .-t< 9 T JJ.8T b ueHHY IO HH<f"Y>pM8UHIO ., .Q e T Bfl SI X 8CCOUHHpOB8 HKSI 

uyxnouoa a Hapax. 

lfT O K BC & e TCSI cpaaHeHH'R C 3 Kcnep HMeHTOM B paCCMOTpeHHbiX cny "' 8'RX peaKUHH ( p 1 pd) , 

TO apR.O nH 3.Q e Cb MO .>K HO C D.enaTb K a KHe -nH6 0 OKOHlf4TenbHbl e BbiBOll.bl: c nH W KOM 6e!lH bl 

3KCII e pHMeHT8fl bH ble li.BHHble. noxa ace H3BeCTH ble peaynbT8TbJ, K8 C8fOLUKeC SI Mstf"KOfl 'i8CTK 

HMnynbc noro pacnp eaen e unst a e ATpouoa a srn.pe, x apaiT e pa aoa6 y >t< .oeunsr HLipa-ocTaT x a H 

C00 T HOW9HHSI CelJ:eHHA peaKUHH JJ.nR pa3nH"'HbiX Rll ep, Ka .>KyTCSI ano nue COBMeCTHMbiMH C 

06bllfHbiMH np e.O.CT aeneHH RMH 0 CTp09 HHK n e rKHX st.nep H MOf"YT 6 •~tTb flO HSITbJ B p8MK8X 

o6onoqequoA Moaena. 

ro sOp H 0 !lBnbH9HWHX 3 KC n e pHM 9 HT8X, Heo6XOLlHMO 06p8THTb BHHM8HHe HB TO, 'fT O B 

0 6bi'IHOA M9TODKK e Clf9T8 COBIIB!leHHA/}} / rnaBHbtA M8KCHMYM p eaKUKH (p,pd) , KBK DOK83bi-

B89T p8C"'9T, COOTBeTCTByeT DpHMepHO TO R >Ke CYMM8pHOA: 3HeprHH perHCTpHpyeMbiX "1 8CTHU, 

KOTOp8 R OTB9lf8eT s - RKI<Y OCHOBHOl! BeTBH ( p , 2 p ) • 3TO, OO- B K Ll HMOMy , c.aenaeT 0'19Hb 

38Tpy LlHHTenbHbiM Bbl.Q e neHHe BeT BH ( p 1 pd) 8 T8KOA M9TO.QHK9 H IIOTpe6yeT 6onee CnO >K HOA 

sxcnepH '-'19HTBnbuon 11poue.o.ypbl c onp e nen e uneM saeprnn x.a >KaoA ua perucTpupy e MbiX "'BCTHU, 

ycnewHo npH..,.HeHHOil B pa6oTe
1111 

§ 3. Kea3Hynpyroe Bb16HBBHBe a -q a CTHU 

Vfano>KeHHble Bblwe npe.ncTaeneHHH, 8K.ni0'18R nOHRTHe oapuuanbuoro HMnynbcHoro pac

npe.o.eneHHR, npH MeHHMbl K It p98 KUHSIM KB83HYIIpyrOI""O p8C C 9HHHH C 8bi6HB8HH eM a -qaCTHU. 

0T.nenbHb19 npHM9pbl cneKTpa B036Y>K.lleHHSI /c n a ttTpa reH98110r"K'f9CKOA: CBH3H/ B peaKUHHX 

( x, xa J 6blnH npHee.aeabl B npea hlnyw e A: pa6o Te 
131 

Hame npH8e.neHbl peaynbTBTbl n o nHblX 

pac'leTOB LlnR RLlpa 1 p -o6ono'I1<H / pHc . Sa- d Ta6nBUbl 4a- d I . 

VfMeiOW H 9 CS1 B H8CTOH1Uee ape MH 3KC09pHMeHT8nbHbl9 ll8HHbl8 HOCHT B OCHOBHOM flHWb 

xat~eCTBeHH biit xapaK.Tep. lfallle 8 Cero HccnenyeTcH a o6cy>K.aaeTCH Bb16HeaHR e a -tt:aCTHU 

Ha Tax H 83b1eaeMbiX " a -q:acTH'IHbiX" H.aep C 
12

, 0
16 

H T.n . PaccMOTpHM 9TR cny'faK 

fi0ll.p06HO. npH 3TOM fiy,aeM Y 'IHTblB8Tb, qTQ IIpOB9ll9HHbl9 HBMH p8C'IeTbl He HC'IepDbiB810T 

eaea npo 6neM&I - ocTaeTcst pTKpblTblM sonpoc o sx:nane Bhl~ox o 8 0 a6y m.neHHhiX cocTO HHHA 

OCT8TO'IHOrO sr.apa, OTBe'IB.fOlllHX paapyWeHH IO 1 s -o6ono'IKH. PeweaHe nocneaaero eonpoca 

o co6euao sa >K HO .o.nA HHTepopeTaUHH .aaHHbJX, nonyqeHHbiX MeTo.noM uenocpen.craeaaoA perac

TpaUHH 3B83ll, B03HHK810LUHX npH CTOnKHOB9KHH 6bJCTpOA '18CTHUbJ C SlllpOM /Q:x>T03MY11bCHH, 

KSM9pbi/. TaKSH IIOCTBHOBKS 0 0b1T8. B DpHMeHeHH H It peaKURHM C Bb16HB8HHeM a -'IBCTHU 

COOTB9 T CT8ye T H3Ylf9HHIO fl011HOrO cnexTpa reaeanOJ""H'f9CKOA CBH3H. KaK cneayeT H3 Ll8HH.b1X, 

npase.aeHKbiX aa pRe . 8 a - d K B Ta6nauax 4 a- d , .aa>Ke npu y'feTe TOnbK O nepexo.no8 B 

npe.o.enaX Jp -o60nO'IK.H 60nbli.J8H lf8.CTb CIIBKTpa n pHXO!lHTCH H8 B036y >KlleHHbl9 IIOpH.O,JC8 

1 Q M3B C OCTORHHSI 0CT8TO'IKOro srn.pa /yqeT COCTOHHKA C p83p1W9HHOA 1 s -o6o n O'IKOA DpH

BOli.HT 11HWb It ycaneHHfO 3TOt'"O acpcpeltT8/. 3TO 03H8'189T, 'ITO Bb15 HB8HHe B peayn&TaTe K8a-

aaynpyroro pacceRHKH H3 Hn pa o.nuoA a -qaCTHUbl ene'feT 38 co6o A a 6onbweM 'IRene 

cnyqaee nanbHeA w aA paasan ocTaTO'IHOro sr apa, T . e. nposrenHeTcH a o6paaosaHHH MHoronyqe-

BblX 3 B93ll. 

Vf H8S1 K8pTHH8 Ll0fl>KH8 Ka6nlO!l8T bCS1 IIpH H3Ylf9HHH Bb16HB8HHH a -tt:aCTHU M9TOLlOM 

14 

O c y wecTe ne aHe KH H eMaT H't: ec Kor o ycnoBHH q Q, 'IT O C 0'1T B9 TCTByeT Bbl6H-

8HHJ0 T OnbKO a -qaCTHU, H8 XO!l H lllHXCR B S -coCT O SIHHH OTHOCHTenb HO OCT 8TK8, o6p b1-

e T re H88110 rH<t: eC KY 10 CBH3b OC HOB HOrO COCTO SHIHR R.!lp B -MH W e HH C 6 0 ilbWHHCTBOM 803C5y a< 

eHHblX COCT O SIHH fl OCT8TO'fHOrO Slllpa. npH TSKOA IIOCT B HOBKe 0DblT8 perHCTpHpy 'OTCSI cny'fSH, 

KOriJ.a OCT8TO 'fHOe H.O.pO 06paayeTCSI rna&H hJM '1 6p830M B OCHOBHOM COCTORHHH. Qnpeae n eHHe 

yrnoeon x. op p en sruHK pac ceauuoA 6wcTooR 'f a CTHUbl c B b16HTofi -'IBCTHUe A C ~OTBeTCTByfO-

weA 3 HepreT Hlf8CKOit rpynnbl 0 0 3B OnHT 110.006H O TOMy, JCaJt 3T O .nenaeTCR B peaJtUHRX (p , 2p) 

H (p.pd) • onpe.nenKTb ctx>PMY napuHaJtbH 'H'"O HMnyn&cuoro pacnpen.eneHHR a -qaCTHU B 

H npe OTHOCKT 9tlbHO OCHOBHOI""O COCTORHHSI OCT8TOI.fHOrO Rll pa. CoOTB9TCTByfOutH e KpH8ble LlnR 

12 " p C K 0 DpHB9.0,9Hbl H~W:C. 9 : 3Hil'i9HHSI napaM e Tpa q
0 

COOTB 8 TCTByiOT ll8HHbiM 

pacc e HHH K> 3 /1 9 KTpOHOB,.: q .,f IJ. !rw • 
o a 

11 HTepec H o conocTa8ne HHe peaKUHR 
12 I' 

C ( x, xa) H 0 (x, xa) Me>KLlY co6o A. Ce'!eHHe 

KB 8 3Kynnyroro Bbt6HB8HHR a -'laCTHUbl IlpH yCnOBHR 06p83088HHSI OCTSTOlfHOr'O H.Op8 B 

OCROBHOM COCTOARHH B nepBOM Cllytfae IlO'IT. B TpK pa3a lSOnbW9, '19M 80 8TOpONx/; BM9CTe 

c T eM , nonKoe "a rP<t-Je KTHBHoe 'IHcno" a -qacTKU 8 STHX aeyx sr.apax npH6nH3HT e llbHO ona-

H8Jt0BO. 3KcnepKM eHTanbuas:r npOB9pK8 9TOrO H9TpKBJI811hHOrO o6CTOHT9flbCTB8 nana 5bt ueH-

H bt e c ee.ae HKR o cTeneHH o6oco5neHHR a -'faCTNU e s:rnpax . 

§ 4. npo'IH9 peaKUHH 

I. Kea3Hynpyroe Bb16HBBHHe R.apa TpHTHA H • !l e 

Uen b fO nauuoro paa.a.ena HBnHeTCR .o.ononHKTenbHaR anntacTpauHst opKHUKOa reueanorn

q ecxofi C8H3 H a npHMene HHH K npo6 neMe ~parM e aTaunn . B nuTep aType uepeaKo ecTpeqaeTcR 

T 4 Jl 1 
•rtnacTepuast• Tp a KTOB Ka sr.nep: Li - KBK He nn10c T B - K8K Be nn roc T H T .. .O.. 

Yc noBHOCT b T 3. KOll npoue .ay p bl BK.O Ha Ha npKMepe peaKUHK 8
11 

(x, xT )!le ' . K8K BH.O.HO 

H3 pHC .. 10c, reueano rH"'9C K8R CB.R3b H.O.pa 8 II Ia OCHOBKOM C '>CTORHHHI C Sl.C.pOM !J 1 
00 

060HM K 8 HanaM f T = 1 H f T = 3 COOTB9TCTByeT f"1188Hb1M 06p830M B036y ac .neHH biM C 0 CTOA-

H.O.p8 Be ' npas.na, c yaenHlf9HH8M o6oco6neHHSI 8C C OUH8UH R', no-BH.llHMOMy, B03HHK-

HeT, noao6Ko o6c y>«.o.aeMOMy BblWe cny'fata c .neATpouaMH, .neq,ooMaunH cnexTpa reHeanoru

'f eC Koi:t C BH3H 8 DOnb3Y OCHOBHOrO COCTOHHHSI OCT8TO'IH0t'"O H.Op8 . 0TCIO.ll 8 CT8HOBHTCR 01.{9BK!l 

H b1 M, H8CK OJlbK.O B8 >K HbiM .llnH IIOCTpOeHKR T80pHH nerKHX R.oep 5bl110 6bi H3 ytt:eHHe STOlt peaK

UKH. Oco 6biA KHT e p e c npe.ncTaBnHeT napannenbaoe H3y'leuue ttaaauynpyroro B&lt5HB8HHH H3 

RLlep 8 I I a -'laCTHU H TpKTOHOB. 

Ha pHc. lOa - d npuaeaeHbl .aaHHble .nnH KB83Hy npy roro B bt6a-

HKSI R .ll9 p TpHTHH H 

H e Ta6nsuax 5a- d 

He' H3 LlPYrRx RLlep lp -o6onOlfK H. 

2. 0 6HnpOTOHHblX H 6KH9ATpOHHbiX KOppenRUHA B R!lp8 X 

Ycnex o C5onotf e tfHOA MO.aenH B 051aoHCHeHHK 60nbWOH COBOKYDHOCTH .0.8HH blX 110 .'lerK.HM .s:r.a-

PaM /cnexTpoa ypoeae A, sepORTHOCTeA: y -nepexoaos, npnee.ae KHbiX wnpHH .a.nR uyxnoaos K 

HYknOHHbJX 8CCOUK8UHA H .np. / IIOK83blB88T, '-ITO C H n bHhl e k Oppen st U HK Me>Kny HyKnOH8MH, 06o-

x/ Cne.a.yeT .nyMaTb, 'ITO npu Man blX sueprKAX 6oM6a p.o.upyiOWHX "'BCTHU, Korna auep

reTHqecx.ne ¢aX.TOpbl 06pb1B8 10T reueanorK'I e CKY IO C8SI3b C B036Y>Kll8HHbiMH COCTOHHHSIMH 

npoMemyyoquoro / supTyanbHOro / R.o.pa, Taa:o e cooTHOUJ e Hae a -wupuu a C 1 ' H 0" 
HCTO'IHHKOM yM8HbW8HKH C 8'19HHR peaKUHA (p,a) , (He J , a ) H T.n. Ha Slllpe 

110 Cp 8 8HeH HtO C RllpOM C 12 
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rawast C OCTOSIHHSI S1Llp 8 6onbWHMH H.vt ny 1lbC8M H , He H&pyW S JOT 060n0"19"1 HOA CTpyKTypbi UCHOB

HOA, 'MSirJtoi\' KOMOOH9HTbl st .nepH OA BO!lHOBOR cJlyH K UHH. 3 T O 06CT OstTe!l b CTB O OTKpbJB8 9 T aa

M8H'fHBbJ9 nepcn eK TH Bhl O"'eHb npOCTOf"O y 't e Ta napHbiX 6nH3KO.Oe ll: CT8YlOWUX K Opp911 SIURA B 

RO.pax nyT eM HCJta meHHSI Ia ayxe 'Moa enH H938BKCHMhlX nap• I BO !lH OBoA cPY HKUllH OTHOCH

T e !lbHOf'O naH >K eHHSI nsyx HyxnoHOB, nony"' e HHoH a pe3y nbTaTe o 6 t:.t 'fHO r o reHe a norHttecxoro 

paa no>KeH HSI o6ono"' e "'HOA sonHoson <IJY HX UH H S~:npa. H e n ocpeacTBeHH OA nposepxo A TaxoA s o 3-

MO tK HOCTH 6&1110 6hl YCT8HOBll9HHe C OOMOW b iO st .nepHbiX pe&KUHA H8 6biCTphlX "18CTHU8X Cfl e KT

p8. reue a norH"' e CKOA CB SI3H .Ull SI HeCT86 H!l b Hbi X 6u n pOT O HHbiX H 6HH9 i!TpOHHbiX 06p83088HHA. 

npoueCCbl JCB8.3HynpyrOrO Bbi6 H B8H HSI T BKOA CHllbHO CKOppenHpOBSHHOA 08p b1 OpHHUHOH8llhHO HH-

'f e M ue oTnHttB IOTCSI OT paccM o TpeunoA Bbtwe I § 2 / ' pe&KUHH ( p , pd) • .QOOOllHHTenbHbte 

Tpylli.H OCTH HX TeopeTH\f 9CKOf'O O OHC8HHSJ B03HHK8 10T H3-38. 60 llbWO fi HeonpeaeneHHOCTH HHTerpa-

118 n e peKpblTHSI BOllHOBOfi. ~""YHKU HH napbJ HY KllOHOB B Sl a pe H QJy HX UH H CB0601lHOA napbl. 3TO, 

e cTeCTBeHHO, 0C ll0>KHR9 T 381l&tty p8.C'f9Ta 8.6COlliOTHbJX 3Ha'I9HHA" C9lf.9HH A" TaKHX npOU9CCOB, HO 

He M9W89T paCC"'HT8Tb OTHOCHTellbHble BepOHTHOCTH BbJ6HB8HHst fl8phl B 38BHCHMOCTH OT 3H9prHH 

B036y .>K ll9HHSI OCTaTO'IHOrO Sl.£lp8 H npH n e pex: oae OT S1.£lp8 X srnpy. Y'fHTblBSSI TpynHOCTH Heno

cpe.acTB9HHOA perHCTpBUHH X:OppellHp OBBHHblX nap H y KnOHOB , Mbl paCC"'HTallH anSI pS1.08 H8H6onee 

HHTepeCHbiX Clly'I89B CYMMapHylO ~epORTHOCTb nepeXO.OOB H8 OO.ODOpOrOBble COCTORHHR OCT8TO'I

HbJX gnep: DpH 9TOM HMee TCR B BHllY KCOO llb30B8HH9 .O.nJI HX Onpe.oeneHH.R M9TOll8 8JCTHB8UHH. 

. . . 
3TH aaHHble npaseaeHbl a Ta6nHuax 6a-c, ( fJ

0 
1 H ( /3 1 1 -cyMM a npaaeaeHHbix WHpHH anR S 

8 D -6HHyK1lOH8 no BCeM napuua n bHbJM nepexoaaM, COOTBeTCTBYK> W HM no.onoporOBbiM COCTOSI-

HHRM OCT8TO'I HOf'O SI.O.p8; 3Ha'I9HHSJ {3 aaHbl B OTHOCHT9nbHbiX e .QHHHU8X - 38 9LlHHHUy Bblt5-

. . 
paHa aenH'IHHa ( fJ 0 1 +(fJjanR peaxUHB 

U 14 
0 (p , 3pl C . Pa3yM e9TCR, npH BHanH3e COOTBeT-

CT ·BYJOlllHX 8KTHBBUHOHHbJX C9'19HHft OpH.aeTCSI Y'IHTbiB8Tb T8K >Ke BK1la.O K8CK 8 !1Hb1X flp0 U9CCOB, 

npHBOLUIWHX X TOMy >K9 p8..0H8XTH B HOMY npOllYKTy , 'ITO H OpOU9 CC 'npHMOf'O' BbJ6HBaHHSJ U8pbl. 

ConocTaaneHHe ce"'eHHA nnSI uenon cosoxynHOCTH Slnep c pacc"'HT&HH biMH 3H&'Ie HHHMH npHse-

.aeHHblX WHpHH LI Oll )i{HQ flOMO'fb UpH p83.09119HHH BX1la.O.OB 9THX llBYX M9X8HH3MOB. 

3 a K n 10 'I e H H e 

OcHOBHble BbiBO.Obl MeTo_nnlfecxoro xapaxT e pa, cnpaseanHoble .anSI npo6n eMbJ s uenoM, 

t5blllH C.0.9118Hbl B ft 2 npH o6cy >KlleHHH 1l8 HHbiX, OTHOCSIUlHXCSI X KB83HynpyrOMY Bbi6HBAHHIO 

.aeATpOHO B. n onTsep >K.aaeMble M HOI"'OttHC 119H H biM H npHMepaMH I § s H D 4 /' OHH Tpe6yJOT npH 

noCTpoenHH T eo pHH ¢ parMeHTaUHH o6st3aTenbHO r o co6niOneHHst npnuuHna reae anornH. B aToR 

CBSI3H CTBHOBHTCSI SICH biM, "'TO p8311Hl.fHO rO pons 01lHOlf.8CTHlfH bl9 OU9HKH npH BeneHHbi X W H p HH 

anst HyxnoHHbi X accouuauHA / ua Sl3blK e 'nncnepcnoHHoA T eopnH•
1141

- npueenenH biX sepwHH 

nHarp8M M /, npOBOllHMbJe B p8MX8X KBX • Klla CTepHOR' , T S K H OfiTI.f'I 9CK O A M O.O.eneR. , 38Cny m H

B810T B9CbMa KpRTH\f eC K.O f'O OTHOW9HH SI. KoHe'IHO, H31lO >KeH H 8 SI TeOpHSI T8K >K e BeCbMa npn6nH

>KeHH8. MnorHe HHT e peCHbJe sonpoc &J MexaHH 3 Ma paccMOTp eHHblX pea K u HH, H B n epsy ro O"' e pe.ab 

BOOpOCbJ B llH SIHHSI HCK8 >K9HHA, ewe >KZIY T CBOOf'O p8CCMOT p9HHSI. B .08KHOR. pa60Te r118BH0 9 BHH

MaHH e 6bJllO 06paweHO HB BbUICH 9 HK9 llHWb HeKOero ' MRHH M yMa' Tpe60B8HHA:, KOTOpbiM non>K

HO 'JTB e "'aTb OORC8HH9 OpOUeCC 'JB K B8.1HynpyrOrO Bbi6HBaHHR dJparMeHTOB 1 Cll91lyf0 ll..lero H3 

cospeMSHHbJX n pencTaBneHaA o CTPYKType ner&HX saep. 
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llp '"l Be.aeHHOe DO XOD.y H3llO.-KeHJfR cpaBHeKHe TeOpHH C HM910W HM HCSI, OOK8 Kp8 R:He He

M H Or O"'KC119HHbiM H, 3KCnepHM9HT81lbHbiMH ll 8.HHhJMH 00K83bJBA 9T, 'ITO llOno »<. eHHSSI B OCHOBy 

Te Op HH o60110'19'1H8SI M0 Ll9llb MO>KeT cny>KHTb XOpoweR 6&30A H e T O ilbKO K8"19CTB9HHOrO, HO 

H K01lHtt eCTB9HHOf'O OOHCaHIHI npO U9CCOB Qlp8 r'M 9 HT8UHH. E e c cnOpHO, OC HOBH bT M .aO CTOHHCTBOM 

o6 o nO't 9 "1HOA MO.LlellH st Bn SJ e T CSJ B 0 3MO >K HOCTb p8CC"'HT8Tb, HCXO ll R H3 on uoA. H TOll >Ke BOnHO

BOH cpyH Jt UHH gapa, eepOSITH OCTH o6paaos aunSJ a ueM pa3nH'IIIbiX 'KnacT e poe•. C 0 oTseTCTBy JO -

Ill H e aaH Hble n nst a -"'&CTH'fH biX , T p HTOHH hlX H aeA TpOHHbiX npnseae HHbiX WHpHH C06paHbi 

a Ta6n u ue 7 . K comaneHHiO, nx 9 Kcn e pHMeHT811bHBSI npoeepKa c n 0 MO il.l b iO peaKuHfi KBa3Kynpy

r o ro pacce stHHSI / xaK H e oo6we nanbHeHwee paaenTne TeopHH QJparMeHTBUHH I yanpae Tcst e 

OTCYTCTBH 9 Heo6xonHMbJX CBe.aeH Hii 0 cett: e HHSIX '3119M9HT8pHOrO' B36 H MO.QeAcTBHSI 6biCTpbiX 

npOT O HO B H !lpyrHX 'f8.CTHU C COOT BeTC T BYlOlU HM H CB060.a H biMH 8CCOU HBUHR M H : 
3 

uaM K , sr a paMH TPHTHR , He H T . .a. 

a -'f&CTH-

B aaKmoqeHHe npHHOCI<M rny6oKy 'o 6nar oaapHOCTb B.r. H eyaa'IHHY H 10.¢. CMHpHoa y 

38 oone3 H bie a ucxyccnu, a T &K>Ke coTpy n HHKBM Bbt'fHCnHTenbHoro ueHTpa 06'benM:ueuuoro 

H HCTKTYT B sr .aepHbiX HCCnenOBS HH A 38 601lbWYK> fiOMOUJ.b B npoae.aeHHH Bbl'IHC119HHi:\. 
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Ta6nKua Ta6.ID!Ua I B 

reH&anor~~ec&•G K013 q,tlHUK8~~bl II np•&~1ll&HHbl8 wrrRHbl HYitii '> HOB llnR Rll&p Jp -o6o-
nO'lltH : a-Lt , b -Be , c- B , d - B , e - C . 

J T -en••· 1130CliWH OCT4T01UIOrO sr a pa, c.\ -ra tr eanora1feC&K A a:oa¢¢RUH8HT , ). -cnKH 
a:aHana, 8' - np•ae.aeHHAII wwpHHa . / ypoeH• , .an a ltOTop~o~x f I CA l' < 0,005 
a TaiSnH uax He np11ne.aeHwl. 

Ta6.1mua I a 

-------------------------~---~-----~--

OcTaToqHoe n.npo He', Li' I c.._ I c.. I I 
Lo' -"TT.---~-~~---;:r.-r---1 I , I 0.L I G'" 

-~r £-~~l!._,..,.rl'lft'JI E- c11evJ 1-~ .. r~-1 A - J-z 1 -t-~:4-.:.-~~-
I,o o I o 1 p,5I36 1 0,0643 ! o,804 1 

I,O 5,5 I 5,7 I p,0022 1-0, 0746 I O, OI7 I 
2,0 4,52 I 4,4 I p, 09lti !-O,I420 I 0, 086 II 

3,0 2,I8 I 2,2 I l p,4443 I - I 0,593 
O,I 3,56 3,4 0 0 I - l-0 , 5343 I 0,285 I 0,57! 

2,I 5,:_:j_~li,7: I,79 ____ ±~=~~t0,42~-J~~_:_~_24I6_ 

-- , __ 91 ________________ ~·-z. -----
----~::~::~~~~=-~~~--~!-~---+--------~--------~~,. GP 

__3_T--~~ [M•':!_J.::"'PCM•~~-~~ - i ~~ J. i --t- -------
3/2 I/2 l 0 ! 0 I u,42IO 0,532 

t I I I 

___ _J_ _________ {-_~~~--~----- -o, 0742 __ -f o,o:7 _____ _ 
I I I I I I 2 , 4~ II 2,3 - 0,2035 I -0,3581 I 0,509 

5/2 , I/2 l I 5,7 I - 0,0625 ,, -O,I282 l 0,06I 
! I 13,3 I -0, 0624 -0,2324 I 0,174 
I I 17,5 I - 0,0260 I -O,I496 L 0,069 
I I I 

--------L---------4--r9 ~~--t--=~~~~--~--=~~~~-- --~~:~----------
! ! 6 ,0 l - 0 ,2627 I -O,II60 I 0,248 
I : I0,7 : 0,1413 II -0,0170 ,~ 0,061 
I j1 II,O l 0 ,42U8 0,0736 0,568 
I I 
I l I7 ,4 I - 0,3508 -0, 0304 I 0,372 
I I I I I l I 2I,9 I -0 , !055 -0,0779 0,052 

----------------------------L-----~--------_.__ ________ _ 

7/2, 1/2 

TaOn11ua I r 

Ta6.1mua I o 

----------------------.------------ ----B , ., I 

-~::~~~~-~£~---~_:-~---- -----t - c.. 0~' G/" 
I :&' I .&' u• u' ----+-----+--- - ----1 -- . :L 

~L~~ftk~ r....,rttrtJ ~ ~,..,.r~~+-__'2:~_: -~:_-~_ 
o.o r o o I _ 1 0,2715 : 0 ,369 i 

2!~_l ______ + I9,~ ___ ------~=~~~~~-+---~IO::..-}--~~~-L----
2,0 I 2,9 I 3, 0 11-0,27 77 II - 0,2559 I 0, 7!3 ! I I I I 

I 
I 17 , o 1-0 ,2626 I 0, 0162 I 0, 346 I 
1 I I I 20, 0 - 0 , 0502 l 0, 0934 I 0, 057 _______ 

1
, --------t--2I,~ __ ------~-~~I 007_~--~007~--+--~~~~-l------

~- _____ J_ 19 ,6 --- -----+=~~~:~-~---=----i--O ,I~--~-----
I,I 'I I7,64 I I7,I (0, 9 ) I,2 l-0 , 0032 I - 0,3442 I U,l98 I 0,395 

I I 8 ,9 . 3 , o ! o, 0298 o, 09I 9 

1
1 o, ul5 1 o, 03I 

----t! -----t--=0,5 ---- -~~--~=~~~=~~--~--:~=~~=-- -~~~=-1-~~=~-
2,I hi6,67 

1 
I 5, 9 o o 1 0, 4099 ! c- ,u3os 1 

0, 401 ! 0,002 
I 9 ,3 3,4 :-0 , 0958 I - 0 , 0950 l 0, 030 l 0, 061 

! 2I,3 5,4 l-O,I002 I - 0, 0!38 I 0, 017 l 0 , 034 
l 22,1 6 ,2 l 0 , 0466 I 0,1901 I 0, 064 I 0,128 

------ --------t-26,~- --- 0~~-----1'=-0-~~96 -+--~~~: __ j_~!~--1~-~~~~:_ . 
3,I 9 ,22 I I t ,7 2 ,26 2 ,8 0 ,2596 I - I 0, 143 0 ,226 

________ i _________ __j 20 ,~- -- ~~=----_j=~~=~~~-_1-----=-----J-~~~~--1_~~=~-

=~ OcT;::~rH~~~~~ B~~!~f=~~ T=&~-=F~-c~ ----~=~ ,- 0~ z --r: 
------'-------~---~-----+------~ 1· ..J - i. .t . v•!.. 1 : " 

J, T I£- [l'f<IV) IE,..,.[N<VJ! E-[rt<lljl E,..,. [l'k~ .L .L I I ---------r-------r-------r------=t-- -T~- -----4------t---
3. 0 I 0 I 0 I I I 0,4I07 - I I ,lSI I 

I I I ~ j -------1-----~~~-tl ----+-----+~'I02~---= - 0,073 -+-----
1 I I I - I I 

________ _j~~~-~ o, 5:+----+----t=~~~~-~ -o,2897 o, 725 ---L--- . 
I I I I I 

I,O i 2,15 i 2, 0 II I I O,II80 ,-0,0838 O,I46 I 
: I 18 , 0 I ,-0,0501 I 0,!33911: 0,144 
l II 34,1 ·I : 0,0573 I 0,0476 0,039 . 
I I I I 

_______ _L ____ _J_35 , ~_J_ ____ _J_ ____ l:~~~~1l:O,II20 I--~' 09~--l----, I I I I I I 
2,0 l 3, 58 l 3,5 I I I O,II93 :-0,0798 I 0,144 

I I 6,51 I 0,0686 I 0,0450 0,047 I 
---------+--------r~ 26.~ ,----1----~-~~~-~~~~~:~~~1~i----
o.r 1 r, 74 r,sr 1 o I o , -

1
-o,29za 1 o,200 

1 

0,401 
~~-------JL ________ , _ _:~~~~------+---~~--~=~~0878 --~=~:~~6 0,083 0,16~ 
2 ,1 I 5,I6 

1 
4,9 l 3,6s 1 3,5 ,~ - 0 ,5206 1-0,1343 o,06c o,I35 

I I 7,4 I 5,7 -0, 023I l-0,!875 0, 004 0,167 
l I 12,8 I I II ,I 0,2551 : 0,0372 0,155 0,3IO 

---------+------+-~~-+-----t---:~~: __ TI -o. ~84 _J:o· 0576 ~-o~~~--~~~ 
3 ,I I I I0,9 I : 9 ,2 O,I743 I - I o, 071 I 0,142 

. I I I I I I I 

i I I6 ,7 ! I 15, 0 l 0, 0705 - 1 o,OI2 I 0,023 ------------ -_______ .L.-::: ___ ...1..---~-------------~----- ______ _._ ___ _ 
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l' Ta6Jlllua I .ll Ta6.oqa 3 o ____________________________________ J________ -----------------------
1 H I 

OcTaTO'!HOe HJ\PO ; PJ c,~. I t 2. ______________ __,_ ____ _ .,._________ --------- --- -• !9,.= op 
--~~---------+~~[N<V] 1--Er":E..£.~~ --~:__?.:_!. ___ -i2:_!...:_1 _ _ ._ ___________ , 
3/2, I / 2 I 0 I 0 I - 0, 79IO I - I 2 , 500 

I I I I 
p ,8I I 6 ,9 I 0,4435 I - I 0, 756 
I I I I I --------------t-------.,.----------1-------l---------r--------------· 

I /2. I/2 ? ,I3 II I , 9 I - I 0 ,4062 ! 0 ,660 
________________ _L_ _ _ ____________ _ _____________ __ J_ _____ _____ ~--------------------

Ta6na u a 

0 6 p 830 8 8HH 9 p8 .0 H8JtTHBHbJX H30T Ofl08 B pe& K U K K (p 
1 

2p) H8 Jt&rKH X A.Opax 

/ 8
2 •zr~ a0J - C YMM 8 OpOTOHH bfX OpHBe.aeHHbiX W Hp HH flO BC&M OO.QilOporOBbtM COC -

t nopor 
T O SIHHAM OCT&T O"'. HO rO A.apa, n P -no nH Oe 'IH CJtO npOTO HOB 8 J p - o6onO"I X e/ . 

-------.--1.--- I I I - ., /""\ <!. 

CocTORIIH!l Lt I E30'< [~V) I Ereop [ MeV) I oe.% I <X.% \.7 

' J 22 '7'1 I I I I I 0 (J 1""3f._ . 0 I 0 I 2,5 I 22,2 ,584 
I I I I 

_ _E~:_~-J---~~----~~- I I_ 

[JJ .u r.,._. I 4,63 I 4, 0 I - ! 6,I r 0,390 

[J]""F'iL +- I 5, 9 t----~--------~----· 
--c.;;J-;;; I . --+ 8 -;- II + 25,2 I I0,5 + 0,997 

c;i~:~!=~=--+-:~~~ n _i-__ --__ ~a ---~-~a,5 -- I -o:;;;;------~ 
r.:~JuP-+- ______ 11_:~-~--~- 6_,3 -+-~!.~--~-~2_6_5 ___ _ 

[.1.1)""']) I I7 -:- I 9 I 0,2 ! 4,6 I O,I43 __________ J__________________ -,- ·-------
Ta6Jlllua 2 

------------------,---------------------,------------------------· 
PeaKII,IIH 1 nP I 0 z. 

·--------------------1----------------------------r---------------------------
Lit _, He 4 • p I I I 0,472 
b<!~ __.. Li'. p I 2 I I ,20 
JY' __, B"'~op I 3 I I , I 9 

·--------------- ----------------------'--------------

Ta6nHua 

nap&M&T pbl C8 pU K8JtbHbi X HMflY llbC H biX p a c npe.aen &HHA H Op H B809H H bf9 WHpHHbl .aeAT po-

TaClJIHqa 3 •. 

CocTo~~~T~~c;:~-E~;tv::% ~--:.% -re:--1- -
----~----~---i--------- -------r-------,----------t-----------[VJ~ I 0 I 0 - 4, 7 O,I95 I 

['t]"j) I 2,9 I 3,0 I,6 I2,6 0,592 I 

[1(]'"4 III,? I IO,O I 0,3 I4, 4 0 ,613 I 
[~1]"/) ! I I7 -;'- I9 I 0,3 I0,2 I 0,434 I 
LJ1] ''j) I 1-20 14,8 I 8,6 i?·557 I 

If I 22-:- 40 7,5 35,0 ~,776 1 _____________ .J_ ____ _J _______ _ , ------- --- ---- ----------
HO B B Slll p&X J p -oiS OJtO'IKII 

., , 10 , , ,, l.f , . 
a - Li b - Be , c - B , d - l1 , e - C , I - N , A - 0 . ~Ce OCTaJIDH~e ypOBHl1 

E -a H ep r HA OCT8T O "'' HOr O Rll p 8 , a L -np HB9ll9HH8.:ll W KpUHf B O THOC HT & JtbH DIX eQ HHKU& X , 

L -opC5HT&nbHWA MOM eHT BbZneT a JO weA «< a c THUbt, A "' ~ OL - npu eeaeuHB w HpHHa • 

Ta6n11ua 3 a 

-------------------------------------.-------------------------------------s I o I o I z. 
CocTOHID! e f-Ie I oc:.% 1 ex'~% I G 

-----------------~------------L------__._ __________________ __ 
zz I I I 

[3 ] P.yL '!., I' 55 I 45 I I , 486 
-------------~----------------------!------------~-----------------------

Ta6Jlllqa 3 r 

---- ------T----------------r-------------------------
CocTOHHHH &'I ~K< (NtV)! ET<Dp [Nell} oc:.,% ! ()(, % I 0 ' 
--(¥1:1~~~-~----;------r----;-----i---~~;--t---~~ ----~500 ________ _ 

[~1]"1'1'. j I I 4, 7 

--m1-;;~=- ----;~~-+--;~~-~--I ---~;- -;~;;-------
n~Ju.D,I. ! 4, 4 1 1 1 

~-~_:lk,~tl-==::r:~~-=:+;:;=:t-~~l-0,8~== 
---~~~i\t.~ ______ _j_:-_2~~---j~---t' --I7 ,a j _ __: · :~~--------

* I 15~ 30 9,I 30,8 I I, 995 ---------- _____ --1.._____ ----------~------------.-
1/BC e OCTanDH~e COCTOHHHH 

21 
20 



TaCi.JUrua 3.11 

_-_-.J_~~~~=r~;~~~;~;~~J--~~~----~--===-=-----~~==--~-----~-
1,0 I 0, 72 I o,s l1 25 ,7 I 0, 362 

I I I 
12, I5 I 2, 7 I 65 ,! I 0,9!4 
I I 9,8 I 0 ,6 I O, OUt; 

------~--!_: ____ , b . 7 l 0,!24 -- -----·----· 

*{Bee ocTali:&Hbl€. ypoBHl! c E > AO l'fd': 

Ta6Jlllua 3 e 

---- -------. 
q T I E,..~rrt.vJjl fRopCM~ ex.% I 8 ... 

;~--t---;- ----;r-----;~;-1 o.~-----------
1 I O,I !0,5 I ,6 I 0,0!5 
I I lf I 5,4 I 0,054 

------4-------r--~--~-- --------------------------1 I I I 
I I 2,731 13, 0,1 I 7, 6 I 0,!65 
I I ! 9 ,5 !4,6 I 0,137 
I 1 * 3, 7 . o, o34 

t----;~;i--;~6 I 0,296 

1 I6 ,I 1 I7,6 I 6 , o I o, o56 
I I!J ,40 l 2I,5 I 0 ,6 I 0, 006 
1
1 1 * II5,9 1 o, I 49 

--------------~----------'------------------------

I , O 

2, 0 

Ta6nw ua 4 

napaweTpw. napuRam.awx awayn::"0cRblX P'fnpe.a1~neswl ,I npaaea eaabla wapaaw a -•u:tc 
T•u a HapaX lp -o6ono•ut8 : a- 8 , b -B ,c - C 1 d-0 I E -&KeprHa OCT8T O'IHOrO 

•.a.pa, a L -npa&e .0. 9ftft&R Wi1fHH8 8 O~HOC1CT9nbHWX 8.Q8HRU8X, L -op6RT8nbHbll MO-

weBT IU•IIl8'T810Wel '18CTKUW, a .. ~ OL - noKB8.ll8HKaR WKpHHa l. 

'l'aOJIIIUa 'I a 

·--------------~--------~------------~------------------------------------------------· 
CocTOHHIIH 1 , 1 1 1 I ~ 

Li' I £, .. , [H~II}! Er"'f' [N~V] I c;<.% 1 c;<z% l eX•% G 

[.ZJ"J. I 0 I 0 I - I 0,3 I 0,9 O,UI3 
[.l}'l])J I 2, I8 I 2,2 I I6 , I I 16 ,1 I I , I 0 ,372 
[.t) •JDL I 4, 52 I 4,4 I - 3I . 7 I 0 ,4 0, 359 
[.zl'·j). I 5, 5 5, 7 I - I 7,3 I 26 ,3 0, 375 ____ ______ __j _ _______ _t_ ___ _ 

~aCiJlllua 4 o 

'"""":'_~+~_!'_""'I:._":!,,.,, 
(J ) 2Z P'l'._ I 0 0 

u I 
(JJ PyL I 0,478 0 ,64 

0 , 554 

eX.% ot,% otv% G'-

13,2 31 ,2 

[ J] ;.-;:~----r--~~63 I 4, 0 

f3J "f~ 1 ~ 5 ,9 

.f1~~-;~--J=~~~;C;/ ;-;~II 
[Zf)Zt]) 

---- -· 
[ .t1J " ? t 1 6 .;. I7 ----------- --------- ------
[J.1] " j) 7 .:.. I8 

I I,9 ~~ 33 , 7 ! 0,445 
I I 

;~~----~--;~;---- --~;----~063 
-------~--------T-------~------
0 ,6 1 2 , 0 7, I 1 o,I2I 

~~;------r--~~-r----=--- -~-;~;~ 
--------t---------~---------r---

2 , 8 I 0 , 4 I 0 , 04I 

%ce ocTali:&Hble ypoBHI! c E > W l1tJI _ I Ta CiJlllua 4 11 

Coc~~HI!H IE- [HtV)j E,..,. [N<V} I 0(. % ! a ,% I cXy % l o~ 

--------------------~~~~~-------------------------- -c;;"s.---r~--r---0 
1 

22 ,8 ,_ , _ , ~ , 542 
.:J,T ! E.....,[H<vJI E_, CMJ 1 oC.'- 1 ex,% 1 0~ cW'J).. 

1 
2 ,90 1 3, 0 -

1

28 ,6 1 - . 
1 

,677 
I I I [V]"'G. II, 7 I IO, O - - I 2b , 9 I 0,685 

I, O I 0 I 0 I 0,6 I !5,0 I 1,843 (Jf)";:> I I ! 7 ~ 20 I' !,3 4 ,2 ! - I 0,!30 
r, o 1 3,9 1 3,9

1 
1! 5,5 1 r,o r, 906 CJfJflr 22 .;- 26 _ · j o,7 1 I2 ,3 o,309 

2 , 0 I I 5,! - I 28 ,2 I 3,260 [LZJ"j) 20 7 30 I - I O,I I 0,8 0, 023 
3, 0 I I II,5 ,_ I 39 ,4 I 4,560 [.t2] ".5 2!, 0 I - I O,I I - 0 , 003 

I I I 8 ,3 !,3 I 0,8 I o, 232 [.lZ]"]) 35,5 ! - I O,I I - I O, OOI 
- ---------4---- --------------------

22 

4 , 43 4 ,0 
I2 , 0 

OCT8lll>Hble ypOBHII 

I ,3 

29 ,3 

4,2 

2S 

56 ,6 

3 , 8 0,399 



Ta6nHua 5 

nap8MeTpb! napuH8nbHb!X KMn ynbCHhiX p8COp9.Q9n8HHft H npNB9D.9 HHbl 9 WKpHHbl T p HT OH08 ... He :J BSI !:lp& X lp - o(5 ~ ;10'UC: H : a -Be',b-B 10 ,c-B 11,d-0 11
• 

E - aaeprH R OCT&TO'lHoro ~.apa, a
1 

- opese.aeaaaA
2

w HpHHal B 0 THOCHT e n b HbiX e.aHH Huax, 

aal. L - op6HTanbHhiR M OMeHT Bhln&TaiOweA 'fi!CTHU W, A "' ~ 0 L - npqee.aeHH&A wHoH-

Ta6mnra 5 a 

cocz.~iiiiili'i-1- -£-::c--------~-------------.--------,------------------------------ ':!111 

[.2]'3..> 

c.zJ"'s: 
[2] ' '14,~J 
(.ZJ "D, 
[441JJP..~· 

U41""P, 

0 

156 
, 2 .;. 5 , 5 

5 , 35 

0 
3 ,4 

2 
5 , <; 

I O +- I3 
I6,4 

' 6,2 I 
I 

I , I I 
I 

6 I 23,9 I 
I 
I U,2 
I 

: 26,7 
I 
1 8 , 2 

I - O, I25 I 
I 

G, 02I I -I 

I I9 , 4 O, c:;52 
I 
I 5,9 0 , 281 
I 
I 0 ,7 0 , 547 I 
I 

0 ,2 0 ,1 68 I 
I __ _______ _L _______ L _________ J ___ 

Ta6mma 5 o 

Coc TOHHilH Li ~~ E.- [H<V] j £1"1' [N<V) I ex~% I ol.J% I G.? I 

---------~----------4------· 
pJ"P7: I o I o i 3,4 ! U, 7 i 0 , 23'1 " I I 
[J)., ?'/.., I 0 ,478 I 0 ,64 

[.iju~:-r--~:~---r----~:=- I 8 ,9 I II , I I ll , 39I 
[J)" r.f.,_ I I 5 OJ : 

----r----------1------~-----~~---

-----------

8 + 13! 30 ,2 1 24 , 2 I I ,U59 
---- ---------~-------------------
7 , C ! I 

I 6 -'- I 8 ! 6 , 5 I O, c63 I 

Ta6Jm ua :, B 

-----------------------t-----------------------------1----------------------
,, 1 - 1 1 E ,,I "" • ~1 "" ./ 1 e ~ .OC TOHHllfl I EJI(C [N~V I T""'' [M<VJI -., % "'3 'C ' -

---~.!...---~-----------+----------~---------~--------4-- ··----------------------
['l) '"S I o I u I 5 1 ! I u ItA 
(~J "..D I I I 

0 
I I t 

I I 2 , '1J I 3 , U : I2 , 3 : 2 , 4 I lJ , '+75 
C~J«G ! n ,7 I I u , u I - I I2 , .:, 

1
1 u , 4J6 

! I I I 
,. I I l (; ;-40 I ~7 , 5 I I5 , 0 I i , 003 

I I T7 4''' I I4 I 2' " I - --I' -.If I ..L. ...;- v I , ~· I U , U I .i. , .1. bV 
I I I I I 

----------~------------~----------J_--------~---------------------------------· 
;, .:c· CCT::!JII>H!.!C c~cT~HIIilil c T ~ 0 
** Bee ~uSTOH :III fl c T- rf 

24 

Ta6naua 6 

0THOCHTeltbHbl8 a ctJCPeKTMBHbl9 'f,Kcna •15aapOTOHO B • • • 15H H 8 ATpOHOB • D.nSI riOD.OOpOrOBbiX 

COCTO ~HH A OCTI!TO'CHOI"'O SID.p8 I fJ O - OTKOCHT 9 1lbH08 sq,4l eK.THB H08 'CHCnO S - •15Knpo-
TOHOB• KitH •f5KH9ATp0HOB "', fJ :l + {3 l - nonH09 OTHOCHTe n bH09 a cJ::4le s.TR8H08 'f HCllO 5 - H 

D - •15HnpoTOHOB • H " 15H~eATp6aoe" I . 

~' 
.:B"" 
c•z 
0~ 

'fa6miUa 6 • 

----------------------------T------------,------------------
(p, Jp) I <r,I2 '"'"J 

;---r------;---L--------r------z-----1-------~-------
~ I (3. + fL I (3. I p. •fSL 

-------~~------- -------t-------------t---------------
1 I I 

I I 
I I 

I o,ora I o , I37 
I I 

. o , 049 1 - 1 0,045 
O,I69 I 0, 565 I O,I 69 I O, I32 
O,II6 I I I O,II6 I -_______ L ____________________________ j _______________ _ 

Te 6n H ua 

Cp 1 B HHTen b HI'lA Ta6nHua npaae.aeHHbiX wKpKH aeATpoaoa, TpHTOHOB (He 
1

) 11 a -'lac-

THU .QnSI A.0.9p :l Jp- 060nO'f&H. 8~C H.co'CT .npH88.0 8 HHI1H W HpKH8 OT HOCBTenbHO OCROBHOrO 

COCTO RHKR. 8 l, - cy:.tMI! npHB8.0.8HHbi X W ilpHH riO BC9M ypOBHRM 0 CT8TO"'' HOI"'O R.Q.p8 8 

npe.aenax 1 p -o6onO'CK.H. 

Ta6m!Ua 7 . 

----------------,------------------r-------------T------------------- -----------
(p,pd) 1 (p,p1~(p,pHcJ) 1 (p, pot.} 

~~~~~~----------l~~~~~==J===~~=====r-:g~~~J==~}====c-~~~~=~==~~=======--======= ' I I I I I I 13~ II 0 , 584 I 2 ,949 I O, I23I 1 , 992 I 0 ,532 I 1,379 
..,.,. I I I I I 
~ I O, I 95 I 4 , 167 I 0 , 2371 I , 950 I O, OI3 I I , II9 
13'• ! o , 500 ! 5 , 007 l o,I64 I 3 ,2I41 o , 554 I 1,250 
C.tL I I I I I I I 0 , 574 1 5 , o74 1 1 1 o , 542 1 2 , 370 
o•" 1 ' I 1 I o 2310 I 4 422 , I I t I t 

I I I I I ------------------------------------------------------------------------------------· 

25 



PR e. I 

CneETp Bo36 y>K aeHHSI Ha ep 1 p - o 6 on o qKu s pealtUUSIX (p , 2 p )' Q- Li 
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( p , 2 p 1 He ' 

9 ' 1 0 " 11 10 ,, 11 
b- Be (p , 2p)Li , c-B (p ,2p)Be , d- B (p , 2p)Be , e -C (p ,2p )B . 
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napUH8flbHOe HMriYIIbCHOe pacnpe.aeneHHe .aeATpOHOB B SI.Upe Li 
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OTHOCKT91IbHO o c-

HOBHOrO cocTORHHSI He 4 ( h fJ = sUeY I 10 / , pa3HHU8 ocuunnRTO pHbiX ttaCTOT .an H s - H 

p -o6ono'lelt He Y'IHTbi:aeTcSI). 3xcnepHMeHT81lbHbJe T O"''KH H3 pa60Tb/ll/. nyHKTHpOM 

YK838HO HM~YilbCHoe pacnpeneneaue, pacC'IHTBHHOe a •KnacTepuoA• Monenu
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Cne xTp soa6y>KneHKH Hnpa Li 7 B peaxuuu !Je 
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(p, pd) Li 
a - n o JTHbiR cnexTp reHeanorKl.f.eCKOA CBR3H. 

7 
( \ E ~ 4 MeV). 

b - cneKTP soa6y>KneHAH npu q = 0. 
C - cne KTp B036y >«..a eHHSI B CJT}' "''Ae LS - CBH3H 1 q = 0 · 

2. CnexT o soa6y )!{ neHHH npu q = 0 
t.tK BB HKeM cnHHB /npoueccy E I . 

, COOTBeTCTBYKHUHA rtpoueccy BbJ5HB8HHSI C 
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p98KUKH 0
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( p , pd) N 14 (tlE ~ 4.1/eV) ·!1 - nonHbiA 

CRQKTp reu e anor K't 9CKOA CBR3H, b - Cll91tTp B0 36y >K .aeHRR DpR q K 0 c -cneKTp 
so a6y>K.aeHHR e cny qae j - j - CB SI3H ( q ~ 0). 

p H C. 7 

Cp'lBHeHHe aHepreTnttecKoro nono>Ke HHSI MBKCHMyMOB BbJXo.aa peaKuHR (P.,,d) u (p, 2 p), 
M nweHu: C 12, N 14 , 0 16 • CnnowHaR nHHHSJ - 3KcnepuMeHTanhHbie .naHHbie/1 1 , nyHKTHpOM 

o603H8't9H bl p 93 YflbT8T bl .08HHOI"'0 p , cqeTa tl llst pe8KUHH (p, pd) ( '-\f. == 4 .UeV } . 
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CneKTpbl soa6y >Ktl BHKSJ st .o ep 1 p -o6onO'IK H a peaKUMK (p, pa): 8 - B 10 
(p, p a) Li 6 
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b - 8 
11 

( p , p a ) Li 
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1 2 

( p , p a ) Be 1 
, d - 0 1 6 

( p , p a ) C 1 2 

CnnowHa R KpHBSH - cneKT p soa6y :-t<Ll. BHHR npn q ::II 0 , nyHKTKpHaR xpnsast - nonHbiH c nexTp 
reHB8JlO rH'IBCKOii C BR3H ( t\ £ "" 2 .tfeV). 
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napUH8nbHOe HMnynbCH09 p8COpea e neKH 9 
TenbHO OCHOBHOrO COCTOSIHHSI OCT 8 TQqH oro Hapa 
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-qaCTHU B SI.Qp8X 
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C l.1 H 0 " OTHOCH-

p H C, )0 

CnexTpbl s oa6y>KlleHHA All ep Jp - o6'> nO'<XK B peai<U HRX ( p , p T ) H (p, p He' ) 

, 6 10 , 7 tl , If 3 11 
a - Be (p, pT )Li , b- B (p,pile ) L; , c- B (p,pT) Be , d- 0 (p,p H e )C . 

Cnnowa , sr xpHBSSI - cneKTp Boa6ya<.a.eHHR npH q == 0 , nyHJCTHpHasr KPKB8.A - nonHhlA: cne~~:Tp 
renaanorn'<ec l<oa CBR3R (A£ ~ 2tleV). 
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