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I. BeeoeHue 

XapaKTepuo:H qepTo:H npou:eccoo llloTonornoll.leHHJI, 11 -
JaxoaTa H pa.D.nau:uouuoro rr - JaxoaTa o nerKHX JI.D.pax JIBnJI
eTCJI npeHMYll\eCTBeHHOe B036y~eHHe KOnneKTHBHMX co
CTOJIHHH THna .D.Hnonl.uoro rurauTcKoro peJouauca. l-13yqe
uue CTPYKTYPM rurauTcKoro peJouauca o nepequcneHHMX 
npou;eccax Ha OCHOBe O)l.HOrO H TOrO )l(e fiO)l.XO)l.a fi03BOnHT 
rny6)1(e fiOHJITh npHpO.D.Y 3THX COCTOJIHHB H HX cneu;HiilHKY, 
CBJI3aHHYID C OCo6eHHOCTJIMH B3aHMO)l.eBCTBHJI Ka)l()l.OB H3 
nepequcneuuwx qacTHU: c uyKnouaMH JI,npa. 

JlerKHe JI.D.pa, H oco6euuo JI.IJ.pa lp -o6ono'IKH, o6na.D.aiDT 
JipKo owpa)l(eHHWMH HH.D.HBH.D.yanLHWMH cooucToaMH. HH.D.H
BH.D.Yant.uwe CBOBCTBa coxpaHJIIDTCJI H B COCTOJIHHJIX ruraHT· 
cKoro peJouauca. llo3TOMY npu TeopeTH'IeCKOM onucaHHH 
npou:eccoo o JI.IJ.pax lp- o6ono'IKH Ka)I(.IJ.Oe JI.D.PO npuxo.D.HTCJI 
paccMaTpuoaTL OT.D.ent.uo. B uacTOJill.leil pa6oTe B Ka'lecToe 
o6'beKTa uccne.D.OBaHHJI ow6pauo JI.D.PO 

0 Li. Bo36y)I(.IJ.enue 
rurauTcKoro peJouauca llloTonornoll.leHHJI o 3TOM JI.IJ.pe He
cne.D.yeTCJI y)l(e o Te'leHHe .D.nHTent.uoro opeMeHH KaK 3Kcne
puMeHTanbHO /1-4/, TaK H TeopeTH'IeCKH/5-7/. 0)l.HaKO 
HMeiDll\HeCJI K HaCTOJill\eMy BpeMeHH TeopeTH'IeCKHe H 3KCfie
pHMeHTanbHWe peJynbTaTW npoTHBOpe'IHBW H CHTyaU:HJI 
.D.OBonLuo ueonpe.D.eneuuaJI. B 3Ha'IHTent.uou CTeneuu TaKaJI 
CHTyau;HJI cno)I(H.Jiact. H3- Ja Toro, 'ITO pacll.lenneuue 3Toro 
Jl)l.pa HOCHT TpexqacTH'IHWB xapaKTep. AuanH3 3KCfiepH
MeHTanbHWX )l.aHHWX TaKOrO THna BCTpeqaeT 6onLWHe Tpy)l.• 
HOCTH KaK TeOpeTH'IeCKOrO, TaK H 3KCnepHMeHTanbHOrO 
xapaKTepa. llpJIMWe )l(e H3MepeHHJI ce'leHHJI llloTonornoll.leHHJI 
OTCYTCTBYIDT. 
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B nocne,u.Hee apeMH nonyqeHbi /B/ 3KcnepHMeHTanhHhle 
,u.aliHble o cneKTpe ao36y)K)J.eHHH npoMe*¥TO"'Horo H,u.pa 

6 
He 

B npo.u;ecce 6 Li (rr , y). C nOHBneHHeM TaKOH HH$OpMai.J;HH 
nOHBnHeTCH B03MO)KHOCTb npHMOH npOBepKH npe,u.cKa3aHHH 

61. TeopHH o CTPYKType rHraHTCKoro pe3oHaHca B H,u.pe ... 1 • 

ll. 0cH06Hble MOMeH111bl pact.tema 

1. Pa.u.Hai.J;HOHHbiH JaxBaT rr-Me3oHa 

Pa,u.Ha.u;HoHHhl:ii JaxaaT rr -Me3oHa aTOMHhiMH H,u.paMH 
paccMaTpHBanc11 B HMnynhCHOM npH6nH*eHHH. AMnnHTy.u.a 
npo.u;ecca Ha npoToHe c yqeTOM qneHoB nopH,u.Ka q/m 77 

HMeeT BH.U. 

r ~-. _._., _.,__.., --+--+--+--+ __..,--+--+ 

f = -=-iiAat:A + B(at:A)(kq)+ C(akH<Aq)+Dit:A(qxk)l. /1/ v2 . 
T-IT -> -> 

3,u.ecb r- = x_ Y , <A H k - BeKTop nonHpH3a.u;HH H 

v2 _, 
HMnynbca yneTaiOII.J;ero y-KBaHTa COOTBeTCTBeHHO, q -

onepaTop HMnynbca rr -Me3oHa, a - cnHHOBhlii onepaTop 
HYKllOHa. ~CnOnh3YIOTCH cne,u.yiOII.J;He "'HCneHHble 3Ha"'eHHH 
KOHCTaHT gf: 

A= -0 0332m-l · 
' 7T ' 

D = 0,0117m-3 • 
7T 

B 0,0048m-;,3 C = - 0 0329 m - 3 
' 7T 

BepoHTHOCTh pa,u.Ha.u;HoHHoro JaxaaTa rr -Me3oHa aTOMHhiM 
H,!J.pOM HMeeT BH.U. 

Ane = 

r.u.e 

M 

4 

m 
77 

2 

n + "M) k 
__ N_ (-) 

k 
<1+ -) 

MN 

->_, 

mrr 

1 
<2J i+ 1)(2e + l)Jdfl k.~ I<JrM rl M!Ji M ?12, 

/2/ 

1 -ik.r -> 
i- fe ¢nero (r). /3/ 

-> 

¢nem (r).- BOllHOBaH $yHKI.J;HH 7T -Me30Ha C rnaBHbiM KBaH-
TOBbiM "'HCllOM ll , op6HTallbHbiM MOMeHTOM e H ero 
npoeK.u;Heii m. Ha 3KcnepHMeHTe o6bi"'HO H3MepHIOT BhiXO.U. 

R = ~ 
Ane 
~-(L) 

ne A nf ne 
/4/ 

y -KBaHTOB, r,u.e 
Me30HOB H,U.pOM, 

A ne - nonHa11 aep011THOCTb 3aXBaTa 7T

W ne - CHllbl nornm.u;eHHH. 06bi"'HO nona-

A nf 
raiOT, "'TO 

Ae+l,£ ------. 6L. Tor.u.a .n.nH 1 6y,u.eM HMeTb 
;\ ne 

R = R + R s p' 

r.u.e 

R ~.::.._ ~ (1) 

s 
A l s n 

ns 

Ae+l,P 

R = 
p 

/5/ 

A 
~")(•) 

- '-;;' np /6/ 
A2p 

B Ka"'eCTBe A ]s=l'ls/h H Alp= r·lp/h 
MeHTanbHbie 3Ha"'eHHH /10/ 

6panHCb 3KCnepH-

~ Mn s = 0,40 ± 0,09 
n 

H ~uJnp = 0,60 ± 0,09, 
n 

a A 1 s H A 1 P pacc"'HThiBanHCh no $opMyne /2/. 

2. BonHOBaH $yHKI.J;HH rr-Me30Ha 

/7/ 

BonHoBaH $yHKUHH rr-Me3oHa Haxo,u.Hnacb nyTeM pewe
HHH ypaaHeHHH KneuHa-rop.u.oHa c onTH"'ecKHM noTeH.u;Ha
noM, nonyqeHHhiM B pa6oTe /I 2/. Pacnpe.u.eneHHe nnoTHOCTH 

6L. HYKllOHOB B H,U.pe I OnHCbiBanOCb C nOMOII.J;biO CHMMeTpH-
30BaHHOrO $epMH-p~cnpe.u.eneHHH/13 1. IlpH 3TOM npe.u.nona
ranocb, "'TO npoTOHHbie H HeiiTpOHHble pacnpe.u.eneHHH coa
na.u.aroT. 11cnonb30aanHcb cne,u.yiOII.J;He 3Ha"'eHHH napaMeTpoa 
pacnpe.u.eneHHH: c = 1,364 (JepMu, t = 0,620 (JepMu H 
<r 2> 112 = 2,535 (JepMu, nony"'eHHbie H3 aHanHJa 3KcnepH
MeHTanbHhiX ,U.aHHbiX no pacceHHHIO 3lleKTpOHOB. 
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PacqeT CMellleHHJI ~E H WHpHHbl r 1s·ypOBHJI C napa

MeTpaMH onTH'Ieci<oro noTeHu;aana / 14/ 

- 1 0 08 - 1 0 0 - 4 b 0 =-0,03m
17

,b
1
=-, m

17
, ImB

0
=, 4m

17
, 

~ -3 -6 c
0

= 0,22m 
17

, c
1
= 0,18rn

17 
, ImC

0 
= 0,08rn

17 

npHBO,!J;HT I< Cne,ZJ;yiOiu;HM 3Ha'leHHJIM 3THX BenH'IHH: 

~E = ETeop -Eke= 0,4CY7 naB, 

r = 0,134 naB. 
TOOp 

CooTBeTCTBYIOlllHe 3I<cnepaMeHTanLHble ,ZJ;auuble: 

~E = 0,301±0,003 naB, 
3KCII 

r = 0,195± 0,013 naB. 
3KCII 

3,ZJ;ecL Ekc-co6cTBeHHoe 3Haqeuae 3Hepraa, nonyqaroiu;eecJI 

npa peweHHH ypaBHeHHJI Kneii:Ha- rop,ZJ;OHa c TO'Ie'IHbiM 

I<ynouoaci<HM noTeuu:aanoM; E Teop - pacc'IHTaHuoe no

no:>KeHae ypOBHJI C y'leTOM ODTH'IeCI<OrO DOTeHu;Hana, I<O· 

He'IHbiX pa3Mepoa JI,D;pa a nonJipH3aU:HH aai<yyMa. 

3aMeTHoe pacxo)I(,ZJ;euae Me:>K.D;Y TeopeTH'IeCI<HMH a 3I<c

nepHMeHTaHLHbiMH 3Ha'leHHJIMH c'Meiu;eHHB H WHpHH ypoB· 

Heii: He y,ZJ;aeTCJI YCTpaHHTL nyTeM BapLHpOBaHHJI B pa3yMHbiX 

npe,ZJ;enax aenH'IHH t a <r~ l/? llo3TOMY npa pac'leTe aon

uoaoii: «iiYHI<U:HH 1T ·Me30Ha B 1s-coCTOJIHHH «iiHI<CHpOBanOCL 

3Ha'leuae E= E3KCII H r=r~KCII H BapLHpoaanHCL napaMeTpbl 
b 0 a Im B 0 onTH'Ieci<oro noTeHu;aana. llpa 3TOM oi<a3a
nocL, 'ITO 

-1 -4 
b =-0,022rn ; 1mB =0,053m . 

0 1T 0 1T 

~nJI 2p·COCTOJIHHJI 3I<CnepHMeHTanLHOe 3Ha'leHHe WHpHHbl 

YPOBHJI paBHO r 3KCII (2•p) = 0,015±0,005 3B, a TeopeTH· 

qeci<oe r<2p) = 0,007 3B. Pacxo)K,!J;eHHe TeopHH c 3I<Cnepa

MeHTOM MO:>KHO ycTpaHHTL nepeHOpMHpOBI<OB napaMeTpa 

6 

Im Co B onTH'IeCI<OM noTeHu;aane. llpa 3TOM I<Ba,ZJ;paT 

MO,ZJ;ynJI BORHOBOB «iiYHI<U:HH 1T- Me30Ha npai<TH'IeCI<H He H3Me

HHTCJI. 0,ZJ;Hai<O OTCYTCTBHe 3I<CnepHMeHTaRLHbiX ,ZJ;aHHbiX 

o cMeiu;eHHH 2p- ypoBHJI He no3BOnJieT cy,ZJ;HTL, Haci<onLI<O 

xopowo onacaHo 3TO cocTOJIHHe. 

3. Be p 0 Jl T H 0 C T L 11 -3 a X BaT a H Ceq e H He 

«lloTonornoiu;eHHJI 

TT - - -
BepOJITHOCTL B036y:>K,ZJ;eHHJI COCTOJIHHB J = 0 , 1 , 2 H 3 

JI,ZJ;pa 6 He npH 3aXBaTe MIOOHOB JI,D;pOM 6 Li paCC'IHTbiBanaCL 

Ha OCHOBe 06bi'IHO HCDOHL3yeMOrO raMHRLTOHHaHa MIOOH· 

JI,ZJ;epuoro B3aHMO,ZJ;eBCTBHJI C yqeTOM CI<OpOCTHbiX qne,OB 

/'lneHOB, nponopu;HOHaRLHbiX HMDYRLCY HYI<ROHOB B JI,ZJ;pe/ IS( 
Bbipa)l(euae ,ZJ;nJI aepoJITHOCTH 3axaaTa B cocToJIHHJI npoMe

)l(yTo'luoro JI,D;pa CO CDHHOM J I H 3Heprae8 E f HMeeT BH,ZJ; 

J\ 3 E 
11,1= 4(aZ) R/1 (~~)2 

m 
fl. 

( 1 )3 2 
1 + mp.l AM (G cosec "1-t ) 2mp.M(J 1), 

/8/ 
r.D;e Ev, 1 - 3HepraJI, yHoCHMaJI ueii:Tpauo. BeJIH'IHHbl M (J 1 ) 

onpe,ZJ;eJIJIIOTCJI I<OHCTaHTaMH MIOOH • HYI<JIOHHOrO B3aHMO • 

,ZJ;eii:CTBHJI a JI,D;epHbiMH MaTpH'IHbiMH 3JieMeHTaMH. Hx JIBHblii: 
BH,!J; DpHBO,ZJ;HTCJI B pa6oTe /Hi/, 

Ceqeuae .D;HnonLuoro «lloTonornoiu;eHHJI pacc'IHTbiBanocL 

no «llopMyne 

be 2 
a(E )=rr 2(-) [' (J.~J 1 ), /9/ 

y E y I 

y 
r,ZJ;e 

3 
16 Ey 

I' (J. ~ Jl) = -9 TTU---B(E1 ;J. ~ Jl) 
y I (he) 2 I 

/10/ 

H B<E1) ecTL npaae,ZJ;eHHaJI aepoJITHOCTL 3Jiei<Tpaqeci<oro 

,ZJ;HnoJILHoro nepexo.D;a. 

4. B o n H o B bl e «<I y H I< u: a a c o c T o JI H a ii: JI ,ZJ; p a 
6 Li 

CocTOJIHHJI nono)I(HTenLuoii: a oTpau;aTenLuoii: 'leTHOCTH 

H.D;pa 6 Li onHCbiBaiOTCJI B paMI<ax MO,ZJ;ena o6ono'lei< c npo-
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Me)KyToquoii CBJ13LIO. B cnyqae OCHOBHOro COCTOJIHBJI B 
COCTOJIHBH nonO)KHTenLHOH qeTHOCTB B~nOnL30BanBCL Bon
HOBble I}JyHI<IJ;BB, nonyqeHHLie B pa6oTe / 17 /.cl»yHI<UBB COCTOJI
HBii orpau;arenLuoii qeruocTB nonyqeaLI nyTeM ~Barouana
Ja~BB raMBnLTOHBaua ocraroquoro uyi<nou-uyi<nouuoro 
B3aBMO~eHCTBBJI /I<OTOpLIH BLI6BpanCJI B BB~e 06MeHHOrO 
aapaaura PoJeuwenL~a c rayccoaci<oii pa~aanLHOii JaBBca
MOCTil.ro C rny6BHOH V o = ·60 M3B/ Ha 6a3HCe BCeX 
COCTOJIHBH, COOTBeTCTBYIOIUBX 1 tw ·B036y)K~eHBIO. JIO)K· 
HLie cocroJIHBJI, o6ycnoaneuuLie 31}1Wei<TOM ueurpa Mace, 
BLI~eneHLI nonHOCTLIO. IlonO)KeHBe O~HoqacTBqHLIX ypOBHeii 
BLI6BpanOCL no 3I<CnepBMeHTanLHLIM ~aHHLIM 0 COCe~HBX 
JI~pax: pa3HOCTL O~HoqaCTHqHLIX 3HeprBH npB 3TOM OI<a
JanaCL paauoii de) - < <lp)= 12 M3BH < <lp)-dls-1>=24 M3B, 
r~e f 03HaqaeT nB60 2s , nH60 ld . ,lJ,nJI i}JBI<CBpOBaHBJI no
nO)KeHBJI ypOBHeii OTpBIJ;aTenLHOH qeTHOCTH OTHOCHTenLHO 
OCHOBHOrO COCTOJIHHJI JI~pa 6 Li HCnonL30BanBC~ 3I<CnepB· 
MeuranLHLie ~aHHLie o (p,2p) peai<u;BB ua JI~pe 7 Li : BLI6H
sanae ls -uyi<nouoB npHBO~BT I< o6pa3oBaHHIO JI~pa 6 He c 
I<OHI}larypau;aeii Is 3p 3 [3] 22P: 33 P :r- > npB 3HeprBH 13,5M3B /18/. 

IlapaMeTp ocu;annJiropuoii Mo~enB nonarancJI paBHLIM 
r 0 =1,7 (JepMu npa pacqere aepoJITHOCTB nepexo~a B co
CTOJIHBJI ruraHTCI<oro pe3ouauca, a ~nJI yposueii uopManL
uoii qeTHOCTB r 0 =1,98 (JepMU. 

Ill . Pe3YAbmambl pac'lema 

1. Pe3ynLTaTLI pacqera senaqBHLI R no l}lopMynaM 
/2-7 I B cnyqae B036y)K~eHBJI cocTOJIHBH nono)KBTenLuoii 
qeruocTB npase~eHLI B ma6A. 1. Cpasueuae c HMeJOIUBMBCJI 
3I<CnepBMeHTanLHLIMB ~aHHLIMB /OHB Tai<)Ke npHBO~JITCJI 
B ma6A. 1/ noi<a3LIBaer, qro reopBJI ~ocrarovuo xopowo 
OnHCLIBaeT BLIXO~ )KeCTI<HX Y ·I<BaHTOB C o6pa30BaHBeM 
OCHOBHOrO COCTOJIHHJI JI~pa 6He.PaccqHTaHHOe 3HaqeHBe 
BLixo~a cornacyercJI rai<)Ke c senaqauoii, nonyqeuuoii pa
uee B pa6ore /19/. HMeeTCJI rai<)Ke cornacae c 3I<CnepBMeu
TanLHLIMB ~aHHLIMH 06 o6pa3oBaHBB JI~pa 6He B COCTOJIHBH 
J TT = 2+ ' E =1,80 M3B. 
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Pe3-ynLTaThl pacqeTa BenH'IHH An£ H R B cnyqae Bo3-

6y~~eHHH cocTOHHHH oTpuuaTenLHOH 'IeTHOCTH npHBe~eHhl 
B ma6A. 2. /B Ta6nuuax npe~cTaBneHhl TonLKO Hau6onee 

HHTeHCHBHhle nepexo~hl/. BKna~ cna6hlx nepexo~OB npo

cyMMHPOBaH H ~aH B CTpO'lKaX Ta6nHU, nOMe'IeHHhlX 3Be3-

~O'IKOH/. 

B ma6A. 3 noKa3aHhl npocyMMHpoBaHHhle no BCeM co

CTOHHHHM BepOHTHOCTH B036y~~eHHH npOMe~yTO'IHhlX co

CTOHHHH x~pa 6 
He H BhlXO~ R ~ecTKHX y -KBaHTOB. OcHoB

HOH BKna~ npuxo~HTCH Ha ypoBHH npoMe~yTO'IHoro x~pa 
6 

He co c.nHHaMH J 77
= 2- H 1-. 3KcnepHMeHTanLHoe 3Ha'IeHHe 

BenH'IHHhl R paBHo 

R = (4,4 ±0,6 lo/c, 
3KCTI 

/lla/ 

'ITO 3aMeTHO npeBLIIIIaeT BellH'IHHY 

R Teop = (2,9 ±0,6 )'7. , /116/ 

nony'IeHHYIO nyTeM CYMMHpOBaHHH no BCeM COCTOHHHHM. 

IlpHBO~HMax Heonpe~eneHHOCTL BenH'IHHhl RTeop o6ycnoBne

Ha 3KCnepHMeHTallLHhlMH norpeiiiHOCTHMH npH onpe~eneHHH 

BenH'IHH (J) , 1 1 (abs) H 1 2 (abs). 
s ·P 

3HepreTH'IeCKHH cneKTp ~eCTKHX y-KBaHTOB npHBe~eH 

Ha puc. 1. 3KcnepHMeHTanLHhle ~aHHhle npe.IicTaBneHhl B 

BH~e rHCTOrpaMMhl, a pe3yllLTaT pac'IeTa - B BH~e npHMbiX 

llHHHH. rpocc- CTPYKTypa cneKTpa B uenoM BOCnpOH3BO~HT
cx ~oBonLHO xopoiiio. IlpoMe~yTO'IHax CTPYKTypa cneKTpa 

B o6nacTH 6onLIIIHX 3Ha'IeHHH E y= 115-126 M:JB /'ITO co

OTBeTCTByeT ManbiM 3HeprHHM B036y~~eHHH E * =7 -17 M:JB 
npoMe~yTO'IHOrO H~pa 6He/~OBOllLHO 'IYBCTBHTellLHa K ~e
TanLHOH CTpyKType BOllHOBhlX ciJyHKUHH npOMe~yTO'IHOro 
H~pa 6He B 3TOH o6naCTH. IlpH MeHLIIIHX 3Ha'IeHHHX 3HeprHH 

E y cneKTP 6onee cTa6uneH H M~HxeTcx He cHnLHO npu 

BapLHpOBaHHH napaMeTpOB H~epHOH MO~enH. 

2. C TeMH ~e caMbiMH napaMeTpaMH H~epHOH MO~enH 

paCC'IHTbiBanaCL KpHBaH ciJoTOnorno~eHHH H CKOpOCTL no-

15 



Ta6nHua 4 
CeqeHHe ~oTonornomeHHH B ~pe 

J 
TT E* ( 6Li), ay' 

Ng MaB M6•MaB 

2 I7,5 6,5 
3 27,0 2,7 

o- 6 3390 8,I 

* I,3 
[ I8,6 -
I I4,0 3,3 
3 I7,5 I3,2 
6 26,5 6,4 

r- 9 33,0 4,7 
IO 35,0 I9,0 

* 5,4 

I 52,0 

I 15,0 ro,.r 
2 I7,0 20,I 
6 24,5 5,3 
7 25,0 2,4 

2- I2 36,0 6,5 
I3 37,0 I9,8 
I4 39,0 I1,3 
IS 40,0 5,5 

* 2,5 
L 83,5 

TionHag cyMMa 154 
16 

6Li 

r,KaB 

0,78 
0,58 
2,30 

O,I5 
I,I4 
I,30 
I,29 
6,45 

0,55 
1,78 
0,85 
0,41 
2,I8 
7,08 
4,45 
2,30 

rnoi.QeHHJI MIOOHOB. Pe3yJILTaTLI pacqeToB ce'ieHHB <!loTo

nornoi.QeHHJI npHBe)l.eHLI B 111a6A. 4 H Ha puc. 2. HHTerpanL

Hoe ce'ieHHe <!loTonornoi.QeHHJI .D.O 40 M3B oKa3anocL paB

HLIM fa y<Ey)dEy = 154 M6 •M3B. B npeHe6pe)KeHHH 06MeH

HLIMH CH!IaMH H3 npaBHJI CYMM C!le)l.yeT, 'ITO 3Ta BeJIH'IHHa 

paBHa 90 M6 · M 3B. 3KcnepHMeHTanLHOe 3Ha'ieHHe I 2/ HH

TerpanLHoro ce'ieHHB fa <E )dE = 97+12 M6 ·M3B. TaKHM 

o6pa30M, KaK 3TO 06bi'IHd HJ'ee-1 MeCTO -B MO)l.e!IH 060JIO'ieK, 

llO!ly'ieHO 3aBLIWeHHOe 3Ha'ieHHe HHTerpa!ILHOrO Ce'ieHHB. 

CKOpOCTL nornoi.QeHHB MIOOHOB B.D.POM 
6 Li C B036~)l.e

HHeM COCTOBHHH OTpHD;aTe!ILHOH 'ieTHOCTH npoMe)KyTO'IHOrO 

B.IJ.pa 6 He oKa3anacL paBHoii A =2500 c-! C y'ieToM nepe

xo)l.a B OCHOBHOe COCTOJIHHe llOJIHaB CKOpOCTL 3aXBaTa OKa-

3LIBaeTCJI paBHoii A = 4100 c-1
• K CO)KaneHHIO, 3KcnepH

MeHTanLHoe 3Ha'ieHHe llO!IHOH CKOpOCTH 3aXBaTa /21/ 

A11 ,3Kcn 

6100 ± 1400' 
I 

5700± 1200 

onpe)l.eneHo c 6onLwoii norpewHOCTLIO, 'ITO He no3BOnJieT 

KpHTH'ieCKH OD;eHHTL llOJiy'ieHHbiH pe3y!ILTaT. 

3. PaccMoTpHM .D.eTanLHee HH3K03HepreTH'IecKyro o6-

nacTL B036Y>K.D.eHHB B.IJ.ep 6 Li H 6 He.Ha puc. 3anpe.IJ.CTaBneHLI 

B BH)l.e BepTHKaJILHLIX !IHHHH pe3yJILTaTbl pac'ieTa ClleKTpo

CKOllH'ieCKHX <!laKTOpOB OT)l.eneHHJI HYK!IOHOB OT ls -o60JIO'IKH 

H3 BOJIHOBoii WYHKUHH ocHOBHoro cocTOBHHB JI.IJ.pa 
7 Li 

CnnowHaJI KPHBaJI - H3MepeH~e ;:e'ieHHe peaKD;HH (p, 2p) B 

o6nacTH 3HeprHii 12-20 M3B 22 
,KoTopoe nponopu;HoHaJILHO 

pacc'IHTaHHLIM cneKTpocKonH'ieCKHM <!laKTopaM. KaK y)Ke 

OTMe'ia!IOCL BLIWe, OTHOCHTe!ILHOe llOJIO)KeHHe ypOBHeii OT

pHu;aTenLHoii 'leTHOCTH JI.IJ.ep 6 He H 6 Li ycTaHaBnHBanocL 

nyTeM coBMei.QeHHB MaKCHMyMa 3KcnepHMeHTanLHoii KPHBoii 

C MaKCHMa!ILHbiM cneKTpOCKOllH'ieCKHM <!laKTOpoMOT)l.eJieHHJI 
TT -

HYKJIOHa OT 1s -o6ono'IKH. B pe3ynLTaTe ypoBHIO J .T=<2 ,1> 
2 

6Lina npHllHCaHa 3HeprHB 17 M3B OTHOCHTeJILHO OCHOBHOrO 

COCTOBHHB B)l.pa 6 Li /HJIH 13,5 M3BOTHOCHTeJILHO OCHOBHO

ro COCTOBHHJI Jl)l.pa 6He/. 

Ha puc. 36 npe.IJ.cTaBne~Q B ~H)l.e BepTHKafLHOii JIHHHH 

HHTerpanLHoe ce'leHHe tlloTopaci.QenneHHB JI.IJ.pa Li. no KaHany 

17 
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y + 9 Li , 3H + 3 He. /11/ 

CnnowHaJI KPHBaJI - pe3ynLTaT H3MepeHHJI/3/. PacC'IHTaHHoe 
HHTerpanLHoe ce'leHHe no KaHany /11/ oKa3anocL paBHLIM 
9 M6· M 3B H o6ycnoaneHo pacna~oM cocTOJIHHJI (2 -, 1) 2 . 
3KcnepHMeHTanLHOe Ce'leHHe no O~HHM H3MepeHHJIM/3/ pas· 
HO 17±1 M6:M3B, a no ~pyrHM/4/ • 4,9±2,5 M6•M3B. 

Ha puc. 3e npeAcTaaneHo a BH~e aepTHKanLHLIX nHHHH 

pacc'IHTaHHoe HHTerpanLHoe ce'leHHe <}>oTopacmenneHHJI 

:0 
:::r 
:::, 

~ 
~ 
ClJ 
~ 
l: 

~ 
QC) 

~ 

~ 

( p,2p ) 

4 8 12 16 2 0 24 E M ( 6 JL) M 3 B 

' Puc. 3a. CneKmpocKonu'lecJwe (/jaKmopba omoeAeHu.R ls-
HYKAOHa U3 OCH06HOZO COC1/IOJIHUJI .ROpa 7 Li. 

:() 

~ 
~ 
~ 
~ 

~ 
~ 

t:::: 

( f ':sHe )3 H 

12 20 28 EX", M3B 
Puc. 36. Cnentp .ROep 3 H, o6pa3YIOJIIUXCJI e peaK(lu'iJ 
y + 6 Li .... 3 He + 3H. 
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4 12 20 28 
Et, M3B 

Puc. 3e. Ce~eHue ,PomopacUienAeHUJI ROpa 6 Li no l<aHaAy 
(y,n) e HU3KO:JHepzemu~eclwil o6Aacmu. 

HApa r, Li no KaHaJiy ( y, n). Cnnouman KPHBaH - 3KcnepHMeH

TaJILHoe celfeHHe /I I. 
llOJIO)I(eHHe pacclfHTaHHbiX ypoBHeu, «lJopMHPYIOJ.UHX ceqe

HHe npouecca llpH HH3KHX 3HeprHHX, OKa3aJIOCh HeCKOJibKO 

JaBblllleHHbiM. YMeHLilleHHeM OAHOlfaCTHlfHLIX 3HeprH8 co

CTOHHHH ld H 2s , B npHHUHlle, MO)I(HO DOHH3HTh DOJIO)I(eHHe 

ypoaHeu OTPHUaTeJILHOH lfeTHOCTH, B ~OTOP_!>IX n~eo6"!_aAa
IOT yKa3aHHLie KOMDOHeHThl, - 3TO (2 )I , (1 )I, (2 )

3
, (1 )

3 
H 

T .A. llpH 3TOM llOJIO)I(eHHe ypOBHeH, B KOTOpbiX npeo6Jia

AaeT KOMDOHeHTa C B036Y)I(AeHHeM HYKJIOHa H3 ls -o60JIOlfKH, 

H3MeHHTCH CJia6o, T.e. peJyJILTaTbl, npeACTaBJieHHble Ha 

puc. 3a H 36, npaKTHlfeCKH He H3MeHHIOTCH. 

llo 3TOH )l(e llpHlfHHe HeCKOJihKO o6eAHeHHOH OKa3biBaeTCH 

H BhiCOK03HepreTHlfeCKaH lfaCTh CDeKTpa }' -KBaHTOB B pa

AHaUHOHHOM rr - Jaxaa Te. 

3aKA10~eHue 

KaK noKaJhiBaiOT paclfeThl, rpocc- CTPYKTYPLI B npouec

cax «l!oTonornomeHHH H paAHaUHOHHoro ..- - JaxaaTa YAaeTcH 

DOHHTb B paMKaX TpaAHilHOHHOrO DOAXOAa, OCHOBaHHOrO 

Ha MOAeJIH 060JIOlfeK C ylfeTOM BCeX COCTOHHHH, COOTBeT-

20 

CTBYIOJ.UHX 1 hw-ao36Y)f{AeHHIO. llpoMe)f{yTOlfHaH CTpyKTypa 

CDeKTpa OKa3hlBaeTCH OlfeHb lfYBCTBHTeJILHOH K napaMeTpaM 

MOAeJIH. BMAeJieHHe napuHaJILHbiX KaHaJIOB pacmenneHHH 

HAp a 6 Li , T. e. KaHaJIOB C o6pa30BaHHeM KOHelfHbiX HAep 

B onpeAeJieHHOM KOHelfHOM COCTO.HHHH, BO MHOrOM 6bi cno

C06CTBOBaJIO BbiHCHeHHIO CTPYKTYPhl rHraHTCKoro peJoHaHca 

B HApax 
6
Li H 

6
HellpHMepbl TaKOrO aHaJIH3a HMeiOTCH /2/ . 

0AH03HalfHOe HX BhlAeJieHHe B pa3JIHlfHbiX npoueccax ll03BO

JIHT llOJIYlfHTb HeAOCTaiOJ.UYIO HH«iJopMaUHIO, 6e3 KOTOpoii BPHA 

JIH MO)I(HO 6yAeT pelllHTb BOllpOC 0 CTPYKType rHraHTCKOrO 

pe3oHaHca B HApe 
6Li. 

ABTOPbl rny60KO npH3HaTeJibHhl r .r .EyHaTHHY 3a OKa-

3aHHYIO llOMOIUb npH llOCTpOeHHH BOJIHOBOH «iJyHKUHH llHOHa. 

flPI1flO)KEHI1E 

0CHOBHbie KOMDOHeHTbl BOnHOBb!X <iJy HKUIIH HeKOTOpb!X CO

C:TOSIHHH oTpHuaTenbBOH lfEiTBOCTH smp .... a .... 6 Li ..... CxeMa 

CBSI3H MOMeHTOB S + L = J . 

~3 33 
tjf(2 )I -0,665\1p2s: P>- 0,584\1p1d: P> + 

-1 3 22 33 31 
+ 0,332\1s 1p [3] P: P> -0,242\1p1d: D>; 

t/J (2 ) 2 
-1 3 22 33 31 

0,912\1s 1p [3] P: P>+ 0,217\1p1d: D> + 

33 33 
+ 0,205\1p2s: P>+0,180\1p1d: P>; 

-
tjf(2 )6 

-1 3 42 33 33 
0,613\1s 1p [21] P: P> + 0,464\1p1d: P > + 

-1 3 24 35 33 
+ 0,395\1s 1p [21] P: P>-0,351\1p2d: P> + 

+ 
-1 3 2 4 33 31 0,213\1s 1r [21] P: P>-0,189\1p1d: D>; 

t/J (2 ) 7 
-1 3 24 35 

0,901\1s 1p [21] P: P>; 
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-1 3 22 33 
1/1(2 >1o = 0,878lls lp [21] P: P> + 

-1 3 42 33 • 33 
+ 0,282lls lp [21] P: P>-0,230ilpld: P>; 

-
1/1<1 )1 

31 33 
0,594llp2s: P>-0,443llp2s: P>-

31 33 
0,42lllpld: P>- 0,328llpld: P> + 

+ 0,299lls-
1
lp

3
[21] 42 P: 31 P> + 

-1 3 22 31 
+ 0,229lls lp [3] P: P>; 

- -1 3 22 33 33 
1/1<1 >2 = 0,83llls lp [3] P: P>-0,332llp2s: P>-

- 0,259llp2s:31 P>-0,243Ilpld:33P>; 

31 -1 22 31 
1/1<1 > 4 = 0,615llpld: P> +0,605lls lp[3] P: P>-

33 
0,356llp2s: P>. 
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