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1. BBeneHiie. · 

B .u;iruHo:ll pa6oTe paccMaTpiiBae'icsr npocTM .u;ByXKaHaJihHM Mo.u;enh .zinsr 

peaKUIIII 
d + t --+ a+ n + 17.59 M3B (1) 

B o6nacTII 3Heprii:ll ~ + pe3~HaHca 5He*. licnoJih30BaHIIe n·o:ll Mo.u;eJIII Hapsr.u;y ' 

~ [1, 2, 3, 4] MO>KeT 6h1Th ni:me3HO .D;JISI y'leTa sr.u;epHOrO B3aiiMO.D;eHCTBIISI llpii 

paCCMOTpeHIIll peaKUliii JL-KaTaJIII3a B Me30MOJieKyJie dtJL. • . 
llOMIIHIIpyiOIUliMll KJiaCTepHhlMII CTpyKTypaMII 5He*. C UOJIHhlM MOMeH- , 

TOM II 'leTHOCThiO J1r = ~ + .si:BJISIIOTCSI dt- II ari_: KOHqmrypaUIIII c yrnoBhlMII 

MOMeHTaMII OTHOCIITeJihHOrO .D;BIDKeHIISI 0 II 2 'coOTBeTCTBeHHO [5]. ~ .D;aJih

He:llmeM Mhl OrpaHII'lliMCSI pacCMOTpeHIIeM TOJihKO 3TIIX .D;BYX KaHaJIOB. 8cp

cpeKTliBHOe B3aiiMO.D;eHCTlJIIe . B KaHaJiax . BhlfiiipaeTCSI .B · BII.D;e JIOKaJihH~ llO

TeHUIIaJIOB, a B3aiiMO.D;eHCTBIIe Me:>K.u;y KaHaJiaMII - B cenapa6eJihHOM BHJJ;e. 

flapaMeTphl'. noTeHUIIaJIOB cpiiTIIpyiOTCSI no 3KCnepiiMeHTanhHhlM . .D;aHHhlM. 

Dnsr cpaBHeHII.si c R-MaTilll'lHhl~ imaJIII30M [B] peaKUIIII (1) HaxO.il.siTC.si nono

:>KeHII.si nonrocoB S-MaTpiiUhl. TaK>Ke npocne>KeHhl TpaeKTOpiiii na:ll.u;eHHhlX 

llOJIIOCOBHpll yMeHhlleHIIll CB.si3ll Me:>K.u;y KananaMII .u;o''nyn.sr, 'OTKy.u;a neno

cpe.u;CTBeHHO BII.u;no, 'ITO :B paccMaTpiiBaeMoii M:o.u;enii pe30HaHC 
5
He* 1\JopMII-

pyeTc.sr 3a c'leT dt-Kanana. · 

2. OrnrcaHMe MonerrM 

ConocTamiM peaKUIIII (1) .riB)'XKaHaJihHhl:llraMIIJihTOHIIaH H, .u;e:llcTBYIO

IUIIH Ha BOJIHOBYIO cpyHKUliiO U = {u1, U2} 

H = ( H1 V12 ) , (2) 
V21 H2. · 

r.u;e H1 = - 2~1 ~r1 + ~ + V1(r1) + A17 H2 = - 2~2 ~r2 + V2(r2) +.A2, -
onepaTophl 3Hepriiii B KaHan ax 1 ( dt) II 2 (an), , me II m2 - np~Be.u;eHHIJ:e 
MaCChi, ml = 2200.879 me, m2 = 1468.512 me.' 8neprii.sr' OTC'lliThlBaei'c.sr 

OT nopora 1-roiKaHana .A1 = 0, .A2 = -17.59 M3B - nopor 2-ro KanaJia. 

OnepaTop CB.si3II KaHaJIOB v12 = v2t B~6epeM B BH.u;e nps:>CTOro onepaTopa 

paHra 1 · 
(V12u2)(r1) ={3ft (r1)(u2, hh· (3) 

ct>opM<f>aKTOphl ft {rt)n h(r2) 6y.u;eM c'lluaT:b nopMIIpoBannhlim na e.u;IInnuy; 

llfdl = 11/211 ~ 1, T<)r.u;a ~OHCTaHTa CB.si3ll KaHaJIOB {J IIMeeT pa3MepHOCTh 

3Hepriiii. 
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Y.n;oBneTBOpnTenhHhle pe3yni>TaThl nonyqaroTcg npu Bhl6op~ !1 (ri) n h(r2) 

B BH,IJ;e 
!J(rt) = Aie...:rV4at2, 

h(r2) = A2e-rif4a22' 

. (r~!J, !J}I = 5 !lJM, (r~h,hh = 3 !lJM. 

. (4) 

3a,n;aqa paccegung c raMnnhTOHnanoM (2) hU = EU 3annc~>maeTcg B 

BH.IJ;e 

{ 
(hi - E)u~+) + [3 !I (_u~+>, f2h =; 0 
f3h(u~+)dih +(li-z- E)u~+) = 0 

. C rpannqHhiMH ycnOBH}IMH 
,·· 

U(+).--* Ci(ktrt+7jJOg(klf~t-ktrt)} + ~Ci(ktTl ;-7j)Og2ktrt) 
1 · Tl 1 

·u(+).~ .1zl.'eik2r2 r --+ 00 
. 2 T2 I 2 ...---'-' ----:-

kl.=,.J2mlE! . k2 =:' J21}12(E- >.2), 7J = m 1e2 /ki 

(5) 

·TJ --t 001 

- ~ ;CJio~neM orp~Hn~emiocTH perneHnn u~+), u~+). ih 3TOH cncTeMhl ypaB

. HeHnil: Henocpe,n;c~Be~Ho )!~o.n;.SiTc~ aMnnnTy)J;hi. paccegHng A 11 n peaxunn 
A21 . , . . 

A :__ A(o),' !!!:1..8 2 (.P&t'(kt},/t)t(f,,.p~!'<kl.})t(g~+lh;/2)2 
11- 11 - 21r I-.82(g\+l/t,/t)t(g(+)h,/2)2 ' 

A __ !!!2_.B(.P~t'<kt},!t)t(h..P~2~<k2»2 
21 - 211' l-.B2(g\+l" dth (g~+) 12./2)2 , 

(6) 

r~e AW - .noTeHUHaJihHM aMnnnTy.n;a, a ,g~+)(E) = (E ::- H 1 + i0}':"1 n 

g~+)(E) = (E- H2 + io)-1 -IPYHKunn fpnHa .. · 
BBe,n;g o6o3HaqeHng 

' 
• . (+) .. -

ri(E) = -2 lm (gi Ji, fi)i, z- 1, 2, 

D(E) = 1 -{J2(gi+> !IJth (g~+> h, hh, 
(7) 

C~qeHne peaKUHH ( .,n:J1~ HenongpH30BaHHhlX d Ji 't ) MO:>KHO 3anncaTh. 

2J+1 ~ [32r1r2 

.ain = (2Sd +1)(2St + 1) k? IDI2 
(8) 

'. 

( J = 3/2- nonHhiH ~OMeHT, sd = 1- MOMeHT .n;eil:TpOHa, St = 1/2- MOMeHT 

TpuToHa ) .. -ling OTHorneHHR .n;n!lJ!lJepeH~HaJihHOro ceqeHng ynpyroro pacce

IDIH}IK KynOHOBCKOMY ceqeHHIOHa yron ~ = ~~2 B CHCTeMe U. M. nonyqaeM 

,- .. _.._....._~ ...... >(4" ............ .- .-,. •• '"'...,""""''_..,...~ 

: C'r~: .. ·:~;;;rJ .. ;~~z;~.:·:t.,, 
:~>~'~£; ::~1;: :"~~~:; :-!i :": ,;·~. 

:·~ ~-~~i~~~!~~~:::~~:tc(: 

\~ 

I \ ·\, r 
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('c npeHe6pe:>KeHHeM Bnni!mg KOpOTKO.IJ;eHCTBYIOIUero nOTeHUHaJia ~ (ri) Ha :' 

napunanhHhle BOJIHhl c l > 0 ) · · · 
' ' ~ - ' 

·( =.! + ~lei71log2 _ .i.(1 _ § )12 
3- 3 21l II , 

- · ·r " 2 ( <+>/ 1 ) S =e2•6o(1 -• '" Y2 2,22) 
II D ' 

) 

(9) 

r.n;e 80 -- .n;o6asoqHhiH lf>a30BhiH c.n;Bnr B BOnHe c l = 0, o6ycnoBneHHhiH no-· 
TeHUH~OM v; (ri)· . . . - . ; 

' MeTO.D: BhiqucneHH}I BCex BennqnH, BXO,IJ;}IIUHX B Bhlpa:>KeHH}I ,n;ng Uin H (, 

no.n;po6Ho onncaH B ~13]. · . 

3. ¢MT napaMeTpOB MO,UeJIM 

<IJHTHpOBaHHe npOBO,IJ;HJIOCh ,IJ;JI}I . .D:BYX BH,IJ;OB 3!lJ!lJeKTHBHhlX g,n;epHhlX no

TeHUHaJIOB V1 (r1) n V2(r2). B nepBOM cnyqae - ,n;ng noTeHUHaJIOB IOKaBhl 

-KJTI e 
) - v; -, V1(r1 - 1 r

1
K1 

e-~<2r2 6_ 
lT( ) V:- +- 2 1 v2 r2 = 2 r 2K 2 2rrt2r2 

K! 1 = K21 = 2 !lJM, BO BTOpOM ·· ,IJ;JI}I nOTeHUHanOB faycca . . ' 

(10) 

. . 6 
~(ri) =Vle-(~<•rt}2 ,. V2(r2) = V2e-(~<'2r2 )2 + -

2 2 , (11) 
. m2r2 

Ktl = 3 !lJM, K21 = 2 !lJM. 
OcTaB:rimecg n"apaMeTphl MO,IJ;eJIH VI> v2, [3 -no.n;6upaJIUCh H3 ycnOBH}I Han~ 

nyqrnero B c~hlcne x2 cornacng c 3KcnepnMeHTaJihHhiMH .n;anHh!Mn no acTpo-

4Jn3nqe~KOMY S-!lJaK:ropy [7] 

S(E) = Eaine2
1r

11 , 

no OTHorneHHIO _( ceqeHng ynpyroro paccegHug K qncTO KYJIOHOBCKOMY pac

ce.!IHHIO Ha yron 90° [8) H no 3aBHCUMOCTH !lJa3hl B KaHane an npn 3aKphiTOM 
KaHane dt [10]. • . . 

Pe3yni>TaThl !lJnTnpoBaung npnBe.n;eHhl B Ta6!f. I. 3Haqeune !lJnKcnpoBaH

Horo napaMeTpa K1 Bhl6npaJIOCh TaKHM o6pa30M, qT06hl g,n;epHhiH llOTeHUUaJI 

Vl (ri) H ¥YnOHOBCKllll nOT£HUiian 6biJIH D.nHHaKOBhl DO ·BenH'IHHe Ha paCCTQ

.!IHHU nopg,n;Ka 5 !lJM ( puc. 1 ). 
KaqecTBenuoe noBe,n;eune 4Ja30BhlX c.n;BnroB ,n;ng dt- 'n an- KaiianoB np~ 

OT!pHTHpOBaHHhlX TaKHM o6pa30M napaMeTpax (pUC. 2) COBna,n;aeT c·no

Be;J;eHHeM !pa3, nonyqeHHhlM H3 MHKpOCKOIIH'leCKOrO paC~IeTa peaKUHH (1), 
BblllOJIHeHHOrO B pa6oTe [11]. . 

8tt\tJU11l~t .. iloeita il~=l'JT I' 
II '!l!<!,!iidX HCCJI!!A:li»iUl§i 

.SWSJlHOTEK?\ . 
·,o......n ............... ~ 



Ta5mrua I. Ha5ophl napaMeTpOB, .naromnx Hanny•nnnll: tPRT no 38 TO'IKaM 
~. M3B I "11

, .PM I {3, M3B I V2, M3B I ,:.~ 1 , .p·M I 'x2 

IIoTeHnRanhl lOKaBhi I 9. 757 12.000 I 0.8157 14.219 12.000 130.4 
IJoTeHUHaJihl raycca 7.268 3.000 0.7963 12.28 2.000 27.9 

Pnc. 1. 3.P.PeKTRBHhiH IIOTe~~an B KaHane dt"nim napaMeTpax R3 Ta5n. I 
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Pnc. 2: <l>a30Bhle c.nsnm B KaHane dt (81) R KaHane an (82)' 
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Pnc. 3. AcTpo«!Jron•recKRH S-«lJaKTOp R OTHomemm ( ynpyroro dt- paccegHRg K 
KynoHOBCKOMY paccegmno Ha yron.7r/2 · · · ' 
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4. ilOJIIOCa 8-MaTpM:Qbl 
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Mhl 6y.neM ncnoJih30BaTI. cne.nyromne o603aaqeanK .nnK JIHCTOB pnMaHOBOH 

noBepXHOCTH KOMIIJieKCHOH aaeprnn [9] - !IJn3nqecKHii JIHCT P ( Im k1 > 0, 

1m k2 > 0 ), 6JIH:lKaHmHH K 1! ne!IJn3nqecKHH JIHCT U(n,d) ( 1m k 1 < 0, 

Im k2 < 0 ), H ae!IJH3HqecKHe JIHCThl u(d) ( lm kl < 0, lm -~ > 0), H U(n) 
( Im k1 > 0, Im k2 < 0 ), Bcero qeThlpe JIHCTa. 

113 R-MaTpnqaoro aaaJIH3a peaKunn (1) H3BeCTHO [6], qTo S-MaTpnua B 

paccMaTpnBaeMoii o6nacTn aaeprnn nMeeT .nBa.nonroca (:Ta6n: II), pac

nono:lKeHHhiX aa Ji~cTax: aa U(n,d)·'- OCHOBHOH nonroc, n aa U(n) ;:- .TeHeBOH 
nOJiroc·. TeneBoii nonroc Jie:lKnT pK.nOM c .neiicTBHTenhnoii ochiO aaeprnn n 

o6ycnaBJIHBaeT 6JIH3Koe K yanTapnoMy npe.neny ceqeane peaKUHH'(1)."' · 
B paccMaTpnBaeMOH .llBJXKaHMhHOH · MO.IleJIH nono:lKeHne nonrocoil onp&

.nenKeTCK KOpHKMH !IJYHKUHHD(E) (7), aHaJIHTHqeCKH IIpO,IlOJI:lKeHHOH BKO~
IIJieKCHJIO nnocKOCTh aaeprnn. KaK BH.IlHO H3 Ta6n. II, ~aH.neHHhle 3naqeanK 

aaeprnii, B KOTOphiX S-MaTimua nMeeT 'nonroc,· y.noBJieTBojmTeJihHO corna

cyroTcK c pe3yJihTaTaMHR-MaTpn-.:iH:oro aaann3a [6]. ,' · 
IloB'e,n;eane !IJa30BhiX C,llB:RroB B KaHanax dt H an Kap,llHHaJihHhiM o6pa30M 

3aBHCHT OT Toro, aa Ucr.> nnn na'Ucd) pacnono:lKeH TelieBoii'nonroc[i2]. CKa
qoK !IJa3hl B KaHane an Ha 7r THDa "cTyneBhKa'? OTJmqaeTCK OT pe3JJihTaTOB 

!IJa30BOro aHaJIH3a, IIpOBe,lleHHOro B pa6oTe [10] ( Ha OCHOBaBHH,3KCII1!pHMeH

TOB no aJr pacceKHHIO ). YMenhmeanel'.! 3HaqeaHK !IJnKcnpoBanaoro ~apaMe-: 

5 
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Ta6mu~a II. IIoim:EeiDle nomocoB (K:~B) 
PRMa.HOB n:HCT. 
R-MaTplPIHLIB no,IlX<>.n, [6] 
10-Kaii<WhHLIB MBKpOCKOIIB'leCKliH pac'IeT, [11) 
,IJ;aHHaJI pa60Ta, UOTeHUIIa.Jlhl lOKaBhl 
,IJ;aHHaJI pa60Ta, D~TeHUIIa1Ihl raycca 

U(n,d) · U(n) · 

46.97 - i37.10 81.57 - i3.64 
43.51 - i37.40 81:70 - i3.38 
47.95- i38.00 78.60- i7.71 
48.08 - i38.09 80.79 - i6.37 

Pnc. 4. llBnlKeane nomocoB ·npn II3MeBeiDlii BeJill'IIIBhl KOBCTa.HThl CB.Il3II K~arroB 
(3 oT ayn.11 ,IJ;o I\Jll3n'lecKoro 3Ba'leall.ll ( nOTeHUIIa.Jlhl lOKaBhl ) ··. 
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Tpa 11;1 B (10-11) MO:>KHO ,IJ;061IThCK Toro, 'ITO npii I!JIITIIpOBaHIIII ocTaJih
BhiX napaMeTpOB TaK :>Ke, -KaK II3JIO:>Keao B naparpai!Je 3, TeHeBoii nomoc 
OKa3hiBaeTcK aa U(d)· Ilp1I 3TOM noBe,n;eaiie I!Ja3hl B KaHane an cornacyeTcK 
c [10], no B TO :>Ke BpeMK npona.naeT cornaciie 3aBIICIIMOCTII I!Ja3hi B Kaaane 

dt c [6] - CIITyauiiK, aaanorii'IHM [11]. 
Ha. p1Ic.4 noK~aao .li:BH:>KeHIIe nonrocoB npii II3MeaeHIIII BeJIH'IIIHhi KOH

CTaHThi CBK31I KaHanOB {3 OT BYJIK .,li;O !lJII31I'leCKOrO . .3Ba'leHHK ,li;JIK CJIY'IM 
TIOTeHUHanOB lOKaBhi ( ,li;JIK TIOTeBUIIaJIOB raycca KapTIIHa Ka'leCTBeHHO Ta 
:>Ke ). B npe,n;ene cna6oii CBK31I _Me:>K,li;Y KaaaJiaMII {3 ~ 0 nono:>KeHIIK ocaoB
_aoro H TeHeBOrO TIOJIIOCOB CTpeMKTCK K 3Ha'leHHIO Eo = 6~.40- i22.71 K3B . 
( Eo = 69.24 - i23.22 K3B ,nriK noTeHUIIaJIOB raycca ) - npn 3TOH 3Hepm~· 
HMeeT nonroc 'IIICTO noTeaunanhBM aMTIJIHTY.ll:a pacceKHHK A~~). Ilpu 3TOM 
ocaoBHOii nonroc ne:>KIIT aa Ucn,d), TeHeBoii - aa ([(d). TaKHM o6pa3oM, pe-
3oaaac.accou1InpoBaH c dt-KaaanoM [9]. Ilpn yBeJin'leHHII {J".ll:o !lJ1I31I'lecKoro 
3Ha'leHHK OCHOBHOH TIOJIIOC OCTaeTCK Ba TOM :>Ke JIIICTe, a TeHeBOH TIOJIIOC 

6 

,, r ' 

!' 

.. < • , • 

,li;OCTIIraeT ,ll;eHCTBIITeJihHOH OCH, BCTpe'IMCh CO CBOIIM COllpK:>KeHHhiM, II ne-
pexO,li;HT aa JIIICT V(n)· . . , 

5. 3aKmoqem-re 

PaccMoTpeaHM .li:ByXKaaanhHM MO,ll;em, peaKUIIII (1) npii aa.zine:>KameM" 
Bhi6ope napaMeTpOB 3!lJ!lJeKTIIBHoro .ll.ll:epaoro B3aiiMO.ll:eiicTBII.Il y.ll:oBnei'Bopn
TeJihHO oniiChiBaeT 3KCnep1IMea'raJihHhie ,ll;aHHhle no ynpyroMy n aeynpyroMy 
ce'leHH.IlM. Ha:ii:AeHahle nonmieHII.Il nonrocoB S-MaTpiiUhl cornacyroTC.Il c pe-
3YJihTaTaMII R-MaTpn<Iaoro aaami:3a (6]'1I c pe3ynhTaTaMn 10-KaHanhiioro 
MIIKpOCKOTIII'leCKOrO _paC'leTa (11], Bhln:OJIHeHHOrO B paMKaX MeTO,ll;a pe3o
H1IpyiOIUIIX rpynn. B ,ll;aaaoii Mo.tieJIII. ~ + pe3oaaaac 5He* accOUIIIIpo:Baa 'c
dt-KaaanoM. 

ABTOp 6naro,ll;ap1IT C. 11. B:HmmKoro, <I>. M. IleHhKOBa II H. B. Ily3hiHHHa 
3a TIOJie3Hhle 3&'-l:e'laHII.Il II TIO,ll;,ll;ep:>KKY ,ll;aHHOH pa60Thl, 
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