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1. BBE,IlEHHE 
Teopen14eCKOe I ll H 3KCnepHMeHTaJlbHOe / 2/ HCCJleAOBaHHe ft-Ka

TaJ1H3a peaK~H~ CHHTe3a RAeP H30TOnOB BOAOPOAa Tpe6yeT BW4H CJ1e
HHR CKOpOCTe~ pa3J1H4HWX M830MOJ18Ky11RPHWX npo~eCCOB /S/ .K Ha
CTOR~eMy apeMeHH BWnOJlHeHO HeCKOJlbKO TaKHX paC4eTOB, OAHaKO 
AJ1R HeKOTOPWX npo~eCCOB HeO~XOAHMO 6011ee A8TaJlbHOe H3y4e-
HI18 / 4,6 / • 

B AaHHO~ pa6oTe paccMOTpeHw peaK~HI1 nepe3aPRAKH Tl1na 

•t Pf' + ~++-+ (SHeft)+ + p • /1/ 

B KOTOPWX f1 -Me30H nepeXOAHT 113 OCHOBHOrO COCTORHHR Me30aTO
MOB Pf' 1 <1ft 11 tf' 8 OCHOBHOe COCTORHI18 Me30aTOMOB SH6ft 11 4Heft 
11 a pesynbTaTe aw6blaaeT 113 npo~eccoa f' -KaTanHsa. 

CornacHo awnonHeHHWM paHee pac~.teTaM / 6,7/ cKopocTb nepe-
sapRAK11 AJlR peaK~H~ Tl1na I 1 I pasHa A e:a: -10 6 c -t 11 Mana no 
cpaaHeHI1~ CO CKOPOCTRMH OCHOBHWX npo~eCCOB 1 conpOBO*Aa~x 
f1 -KaTanH3 14 1 • Mana~ aeni14HHa 3TO~ CKOpOCTH 06~RCHAeTCR OTCyT
CT BI1eM nepece48HI1~ 11 nceBAOnepece4eHH~ Me*AY MOJleKynApHWM Tep
MOM 2po, COOTBeTCTBY~~I1M CI1CTeMe THna Pf' + SHe ++ , 11 Tep
MaMI1 CI1CTeMW (SHe f1) + + p. 

B HaCTOA~e~ pa6oTe npeAJ1o*eH HOBW~ MexaHH3M peaK~H~ nepe
sapAAKH, cxeMaTH4HO 113~Pa*eHHW~ Ha pHc. 1. CyTb TaKoro npo
~ecca, HMI1TI1py~ero npAMYO nepe3aPRA~f, 3aKJ104aeTCR B TOM, 
4TO eCJ111 8 TepMe 2po cy~eCTByOT CBR3aHHWe COCTORHI1R CI1CTeMW 
811Aa (SHe pft )+ + , TO npH CTOJ1KHO BeHHI1 Me30aTOMOB 1130TOnOB BOAO
POAa c AAPaMH 1130Tonoa renHR o6pasyoTcA npoMe*YT04Hwe KOMn
neKcw - Meso,~neKynw, KOTopwe saTeM pacnaAaOTCR Ha MesoaTOM 
rellHA H RAPO H30TOna BOAOPOAa. 

06pa308aHHe Me30MOJleKyn npOHCX0A11T B B036y*AeHHOM COCTORHHH 
2pf' /no ABH*eHI10 f1 -Me30Ha/ ! 

121 

a BWAellHBWY~CA 3Heprl10 CBA311 M830MOJleKyJ1W YHOCHT 3neKTpOH KOH
aepCHH. B AanbHe~weM aosMo*eH nepexOA MesoMOneKynw ~3 aos6y*
AeMHoro B OCHOBHOe C0CTOAHI1e, COOT88TCTBy~ee TepMy lsq, 3TOT 
nepeXOA OCy~eCTBJlAeTCR 111160 C KOH&epcHe~ Ha 3JleKTpOH8 aTOMHOrO 
HOHa, AAPOM KOTOpOrO ABJlAeTCA paCCMaTpHaaeMa~ MOJleKyna, 11116o 
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P1-1c. 1 • CxeMa MoneKyn.ApHoi1 nepe- rE 

aap.AAKH MeaoaTOMOB BOAOPOAa 
Ha .AApax renH.A. TepMw 2pu 1-1 lsa 
COOTBeTCT BYIOT npH R-+ oo CHCTe
MaM Pfl + He+ + 1-1 p + (He fl) + • 
Cneaa cxeMaTH4eCKH Hao6pa~eH 
cneKTp Y-KBa HTOB, H Cny~eHHbiX O 
npH Aeeoa6y~AeHHH MeaoMoneKyn. 

...., 

~ . 
~ 

- ---.JI.'Io 

KaK paAHa~HOHHbiH: 

+ -( 3 Hepp) + + e ' .. 
-J + 

• [( 3 Hepp)'*e 3 )++ e- 1 + Y 
~ [ ( Hepp 

R 

P}J • He" 

13al 

/361 

B TepMe l sa HeT CB.A3aHHbiX COCTO.AHHH, 1-1 n03TOMy Me30MOJ1eKyn a 
AHCCO~HHpyeT Ha .AAPO H30TOna BOAOPOAa H Me30aTOM reJlH.A: 

( ~ep11 ) + + ... ( ~ell)+ + p . 141 

TaKHM o6pa30M, Ha KOHe4HOi1 CTaAHH ~en04KH npo~eCCOB 121-
141, KaK 1-1 a cny 4ae np.AMoi1 nepeaap.AAKH 111, 11 -Me3oH o Ka3wea
eTc.A B OCHOBHOM COCTO.AHI-11-1 MeaoaTOMa reJ1H.A . 

B pa60Te Bb14HCJ1eHbl YPOBHI-1 3HeprHi1 Me30MOJ1eKyn 3 Hepll, 4 Hep11. 
3

Hed11, 
4 He~, 3

Hetp, 4Hetp, cKopocTH o6pa3oBaHH.A 3TH X 

Me30MOJ1eKyn H CKOpOCTH HX AeB036Y~AeHI1.A B OCHOBHOe C0CTO.AH11e. 
npo BeAe HO CpaBHeHHe C 3KCnepHMeHTaJ1bHbiMH o~eHKaMI1 CKOPOCTei1 
nepe3aP.AAKH, 

2. 06PA30BAHHE HE30MOflEKYfl 

np~-1 pacce.AHHH Meao aToMoa BOAOPOAa Ha .AApax ren11R npoHcxo-
A.AT peaK~HH THna 121 , B pe3yll bTaTe KOTOPbiX o6pa3yiOTC.A CBOeo6pa3-
Hble aTOMHble HOHbl, .AAPaMH KOTOpWX .ABJl.AIOTC.A Me30MOlleKynw, a Bbl-

2 

AellHBWa.Ac.A 3HeprH.A nepeAaeTc.A OAHOMY H3 3neKTPOHOB aTOMa re
llH.A . noA06HbiH MeXaHI13M o6pa30BaHI1.A Me30MOJ1eKyn nOAP06HO pac
CMaTpHBanc.A B pa6oTaX / 3,8·10 / , B KOTOPbiX 6biJ10 OTMe4eHO, 4TO 
OCHOBHYIO POllb B 3TOM npo~ecce 1-1rpa10T 3JleKTPI14eCKI1e AHnOJ1bHWe 
E1 -nepexoAw. 

B AaHHOi1 pa6oTe Bbi4H cneHI1e cKopocTei1 o6pa3oBaHI1.A Me3oMO
neKyn , COCTO.A~HX 113 .AAep 1130TOnOB BOAOPOAa 11 ren11.A, npoBeAeHO 
Ha OCHOBe CXeMbl pac4eTOB, nocneAOBaTeJlbHO 113JlO~eHHOH B pa6o
Te / 10~ Bblpa~eHHe AJ1.A CKOPOCTI1 o6pa30BaHH.A Me30MO.JleKyJ1 C KOHBep
CHei1 3J1eKTPOHa HMeeT BHA 13 •101 

64 2 m & Z 
3 m e 4 

,\ = - "-(Noa 3) (-e) _ o II(q) 12 1<d >l2 _e_ c -1 • 
3 e m q h3 

151 

4 22 -3 
3AeC b NO = , 25 · 1 0 CM ~ - nnOTHOCT b li<H AKOrO BOAOPOAa, 
Q =(2me(Jc Jy l +£ 0 - lt I I)) - 11 MnyJ1bC 3J1eKTpOHa KOHBepCI111, ffi e -
MaCca 3J1eKTpOHa, £I = -24, 58 38 - 3Hepri1.A C8.A311 3/leKTpoHa 
B OCHOBHOM COCTO.AHI111 aTOMa ren11.A, a e = 11 

2 I me e 2 
- aTOMHa.A 

eAI1H11~a AJlHHbl, lJ T - 3HeprH.A CB.A311 MeSOMOileKyJ1W B COCTO.AHI111 
C op611TallbHWM MOMeHTOM J 11 KOJ1e6 aTeJlbHWM KBaHTOBbiM 411CJ10M 
V , l O = It 312M - 3Hep r- R 0THOCI1Te11bHOrO AB111KeHH.A Me30aTOMa 
BOAOpoAa 11 AApa ren11.A, M- 3~eKTI1BHa.A Macca CHCTeMbl Tpex Tell, 
COCTOA~ei1 113 fl- -Me30Ha , .AApa H30TOna BOAOPOAa M 1 11 .AAPa 1130-
TOna ren11A M 2 I ll /. 

M Mo 1 1 1 
-- - =--+--, 

m ' Mo M 1 M 2 
/6/ ..!.. = _1_+ _1_. 

m mfl M 1 

3Ha1.4eHI1e l(q) B aTOMHbiX eAHHH~ax paBH0 / 10/ 

~ Zo Zo Zo 
I(q) = [ TJ 1 [(1+ -)exp(-2.,arcctg-41- - ]. /71 

(1-e-27Tl'l)(l+TJ2) Z* q z"' 

rAe TJ=Z"'I q , Z o= 1,6875 - 3~eKT11BHWH sap.AA RAPa HOHa He+ 1 1~1 
Z* - 3~eKTI1BHWH sap.AA CHCTeMW T11na ((Hepp)e1 +, 

Beni1'-4HHa I <d > 12 onpeAeneHa ClleAYIOUIHM o6pasoM: 

2 1 -+ ... (f) •.. ... ... ... .. ( I) ... ... 
l < d > l =-

4
-l: l fdRdr'fl (r , R)d(r,R)'V (r ,R) I !81 
rr m J 

... 
3AeCb R - paAHyc-aeKTOp, C0eAI1H.AIOUIH i1 .AApa BOAOPOAa H ren11.A, 
( - paAHyC-BeKTOp fl -Me30Ha C Hal.4allOM B CepeA11He 0Tpe3Ka R, 
d - Al1n01lbHWi1 MOMeHT CHCTeMW, COCTO.A~ei1 113 .AAPa I-130TOna BOAO

POAa, .AApa 113oTona ren11R 1-1 /-1-MeaoHa: 

3 



... 2m II M 1 ... 2m II .., 
d ~-e l1~(1- --)- ]R + (1 + --)r l 

2 M tot M 1 + M 2 M tot 
191 

" 
M2 - Mt 

~~· M tot = M 1 + M 2 + m 11 • 

(i) .. # (f) -+ .. 
BonH09ble ll>YHKLIHH 111 (r,K) 11 q1 (r. R) npet:~cra9Jl~IOT coor9eTcr-

eeHHO CHCTCMy MC30aTOMa BOAOPOAa (pj.~)~ ~APO renH~ (SHe ++) H o6-

pa30BaBWYIOC~ Me3oMOneKyny ( s Hep,, ). B OAHOypoeHeeoM npH6JlH)I(eHHI1 
aAHa6aTH4eCKOrO MeTOAa peweHH~ 3aAa4H Tpex Tell / 14 3TH BOJlHOBble 
¢YHKLIHH HMeiOT BHA 

'V (i' r) (;, R) ~ ¢1 ( ;; R) q}:. f) (R) • 1101 

rAe <11 1 (r"'; R) -= <11 2pa(;; R) ~8Jl~erc~ peweHHeM aat:~a4H A8YX 
lleHTPOB / !f> / H npeACTaBJl~eT A8H)I(eHI1e 11 --Me30Ha 9 none ABYX 

3aKpenneHH~>~x ~Aep I p 11 sHe++ I e cocro~HHH 2po. BonHOBble 
ll>YHKLIHH <ll i (r; R) opTOHOPMHPOBaHbl YCilOBI1eM 

J dr q, 1 (r; R) <ll J (f;R) ~ o ij . I 11 I 

4HCileHHble pac4eTbl nOKa3bi BaiOT, 4TO y4eT 8 9blpa)l(eHHH 1101 3Hep
reTH4eCKH 6011ee HI13KOrO COCTO~HH~ 1so npaKTH4eCKI1 He BllH~eT 

Ha pe3yJlbTaTbl Bb14HCJ1CHHH CKOPOCTeH o6pa3oBaHH~ Me30MOJ1eKyJl 151. 
BOll HOBble ¢YHKLII1H ¢ \i.C)(R) npeACTa8/1~10T OTHOCI1TellbHOe 

A9H)I(eHHe ~AePc 9 Ha4aJlbHOM H KOHe4HOM COCTO~HH~X H paBHbl COOT-
8eTCTBeHHO 1 

O 

</><;> (R) "' 
1 I i J(2J + 1) + x<:>(R) PJ (cosO), 

vvo J .. o ko l12al 

¢ ~f\R) = ~ X ~f)(R) Y Jm/0, <I>), 
11261 

2 
r.p.e .lt 0 = 2M t 0 , v 0 = ko I M , 0, <I> 

1 
- ..,Y rna9ble KOOPAHHaTbl eeKropa 

R "' R( R. (), <1>). BonHa9aR ll>YHKLIH~ c/> \)(R) HOPMHpoe aHa Ha eAHHH4-

HYIO nnaTHOC&t DOTaKa e naAa~eH nnocKOH eonHe 1 121,a 8011H08a~ 
¢YHKLIH~ ¢ 1 (R) - yCilOBHeM 

I dR 1¢\0 <R> 1 2 
= 1 . 

PaAHanbHble ll>YHKL11111 x <f· 0 (R) ~9/l~IOTC~ peweHHRMH ypaeHeHH~ 

4 

d2 {l,f) 
X 1 

dR 2 
+ [ 2Mt - J (J + 1) - V(R) ] X<;. f) = 0 . 

R2 
1131 

3¢¢eKTHBHbiH noreHuHan V( R) , Bbtpa>t<eHHbiH 4epea repM E 2pa 

3aA~4H ABYX ueHTpOB H 4epe3 ~aTpH4Hble 31leMeHTbl OT oneparo pa ~R 
no 90J1H09b1M ¢YHKLIHRM 1112pa(r; R~Sb14HcneH c noMOUl biO anropHTMa, 
npHBeAeHHoro 8 pa6ore1 16' . 

An~ Ha4aJ1bHOrO COCTO~HH~ BblnOilH~IOTC~ ClleAy~He rpaHH4Hble 

yCJ108H~: 

X (i) (0) = 0 . 
1 

sin (k R - ~ + o ) 
1141 

X (i) (R) 
1 R-+OC 0 2 J . 

YpoeHH 3HeprHH Me3oMoneKyn HaXOA~Tc~ H3 ypa9HeHH~ 1131 11 

rpaHH4HbiX YCJ109HH 
. 

X \0(0) = 0. 

(f) ~ 1151 
x

1 
(R) •• exp[ -(-2M< 

1 
} R]. 

R-+ oo .v 

00 2 
¢1yHKLIH~ X \ 0 (R) .HOPMHPOBaHa yCJlOBHeM l dR LA c: >(R) I ~ 1. a ¢1YHK-

LIH~ x~i) (R) HOPMI1poeaHa Ha eAHHH4HYIO aMnnHTYAY np11 R .. "' . 
3Ha4eHH~ 3Hepr11H CTOJlKH09eHI1~ (O H CBR3H <Jv OTC411Tb1BaiOTC~ OT 

OCH08HOro yp09H~ 3HeprHI1 H30JlHP0 9aHHOro Me30aTOMa BOAOPOAa 
lp11c.11. 

~KL111H A \I, f) (R) 11 YPOBHH 3Heprl111 < Jv 6b1JlH Bb14HCJleHbl 
HaMI1 pa311114HbiMI1 MeTOAaMH. rpy6ble OlleHKH, nOAT9ep)I(Aa~l1e CyUleCT-

908aHHe C8~3aHHbiX COCTO~HHH, fiblllH naJly4eHbl npH annpOKCHMaliH11 
3¢xl>eKTH9Haro noreHLtHana V(R) e ypa9HeHHH I 131 ¢YHKL1He.:1 Mop-
3e 131. An~ 6011ee T04Hb1X Bbi4HCJleHI1.:1 ypaBHeHHe 1131 C rpaHH4HbiMH 

ycnoeH~MH 1141 11 1151 6~>~no peweHo 4HCJleHHO KaK 3aAa4a KowH 

c aaAaHHbiMH Ha4allbHbiMI1 ycnoeH~MH. 8Mecre c reM, All~ peweHHR 
ypaBHeHH~ 1131 C rpaHH4HbiMH YCllOBH~MH 1141 HCnaJlb309anc~ MeTOA 

¢a30BbiX ¢YHKLIHH 1 17/ , a 8 CJ1y4ae rpaHH4HbiX YCJ10811H 1151 61>111 
9bl6paH anrOpHT M, HCnOJlb3YIOUlHH Henpepb18Hb1H aHanor MeTOAa HbiOTO
Ha 1 13/ . Peayn bTaTbl, nony4eHHble pa311H4Hb1MH MeTOAaMI1, cornacy10rc~ 
C OTHOCHTellbHOH T04HOCTbiO -1 0-2 -10-3 . 

CornacHo eblpa)l(eHH~M 191, 1101, /12a,61 OKOH4aTellbHbiH 9HA 

MaTpH4HOrO 3/leMeHTa < d > 9 ll>OpMyJle 181 CJleAY~HH: 

< d>: J l+J2' 116/ 

rAe 
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K 2m M 1 1 ... (I) (t) 
J = [-(1- ~)- M ]-fx

1 
(R)x

1 
(R)RdR , 

1 2 M tot M 1 + 2 k o o 

2m 1 oo 
J2 - (1 + ~)- f X (i)(R) x<O (R) D(R) dR. 

M tot k o 0 1 1 

.. 1171 
R 2 .. .. .. 

D (R) - R f <l> 
1 

(r ; R) rdr . 

noAp06HOCTH Bb14H CI1CHHH 8CI1H4HH, BXOAR~HX 8 !l>OPMYilbl 151, 1171, 
npHBCACHbl B p~6ore 1 10/ , 

3. nEB036YinEHHE HE30H0flEKYfl 

PaccMorpeHHbiH MexaHH3M npHBOAHT K o6pasoeaHH~ MesoMoneKyn 

8 B036y>KAeHHOM MOI1eKyi1RPHOM COCTORHHH 2pc C Op6HTai1bHbiM MO
MCHTOM J =1 H KOI1e6aTCI1bHbiM KBaHTOBbiM 4HCI10M V = 0. 0CH08HOH 
MOI1eKyi1RPHbiH TCpM leu RBIIReTCR OTTaflKHBaTefl b HbiM / 7 , 15/ H CO

OT8eTCT8yeT HenpepbiSHOMy CneKrpy CHCTeMbl ~-Me30aTOM reiiHR + 
R~PO H30TOna 80AOPOAa. nepeXOA 1-13 COCTORHHR 2pc C ypOBHR Jc1, 
V = 0 8 COCTORHHe 18C7 C J • 0 B03MO>KeH KaK 3I1CKTPHI.fCCKHH AHnOnb
HbiH nepeXOA E1, conpOBO)I(AaiO~HCfl KOHiilepCHel1 3I1eKTpoHa 13al HIIH 
HCnycKaHHCM y -KsaHTa 136/, 

np04eCCbl ACB036y)I(ACHHfl Me30MOI1CKYI1bl C KOHSepcHeH Ha 3I1CKT

POHe paccMOTpeHbl B pa6orax 1 3•9 •20 I . CKOpOCTb AeB036Y>KACHHR, 
COOTBeTCTBy~afl OTHOCHTeflbHOMy ABHlKCHHIO l.faCTH4 B KOHel.fHOM CO
CTORHHH B HHTepeane HMnyflbCOB k H k + dk pasHa / 20/ 

32 2 m 2 zs l< d>l2 .. m e 4 
dA (k) - _!!._ (-e ) _o II(q) 12 dk _ e_ c -1 

e 3 m q 2J+1 hs 1181 

3AeCb HCnOI1b30BaHbl 0603Hal.feHHfl ~PMYilbl /5/ H onpeACIICHHfl /6/
/8/. 

( I) .... 
80I1H08afl !l>YHK4Hfl ~ (r,R) Hal.faflbHOro COCTOfiHHfl Me30MOI1e-

Kyf1bl S MaTpHI.fHOM 3IleMeHTe AHnoflbHOrO MOMeHTa /8/ eCTb !l>YHK4Hfl 
~(t)(~R), onpeAeflCHHaR ewpa)I(CHHeM /10/. BonHOBafl !l>yHK4Hfl 

'I' <O(r, R) . npeAcraBilfl~afl CHcreMy MesoaroM ren11fl + RApo 1130ro
na BOAOPOAa, e aAHa6ar111.1ecKoM npH6I1HlKCHHH 6es yl.fera saKpwroro 
eepxHero KaHana 2pu pasHa 

'I' (t) (;, R) - <l> 2 (;; R) ¢ ~t) (R) 
/19/ 

6 

rAe 80ilHOBaR !l>YHK4HR ¢ 2 (r': R) <I> 150 (t; R) RBilReTCR no-npe>K

HeMy peweHHCM 3aAa4H ABYX 4CHTPOB, AflR KOTOpo~ OCTa~TCR cnpa
BCAfll-1 BbiMH coorHoweHHR I llj. 

BOilHOBaR !l>YHK41-1R f,/> .~ f)(R) OnHCbiBaeT OTHOCHTeflbHOe ABH>Ke-
HHe RAep e KOHe4HOM cocrORHHH 1-1 AOillKHa HMeTb 8HA ' 12 ' 

... 1 "" J - th J 1 
¢ ~() (R) = - ~ i (2J + 1) e - x ~r> (R) P J (cosO), 

4rrk J -o R 

rAe k 2 = 2Mf, 0- yron MC>KAY eeKropaMH k'H R. <l>yHK4HH 
HOpMHP08aHbl Ha 0 (k - k' ) . 

<l>yHK41-1R x ~) (R) R8IlRercR peweHHeM ypa8HCHHR I 1 31 c 
HbiMH YCI108HRMH 

X ~O (O) = 0. 

<oc 2 J X 
2 

R) - y - sm ( kR - -"- ~ 0 ) 
R ... oo 1T 2 J ' 

1201 

<-'><n(R) 
2 

rpaHH4-

/211 

.. .. 
HHrerpHpyR no KOOPAHHaTaM r 1-1 R 1-1 ycpeAHRR no npoeK4HRM mJ 

Ha4aflbHOrO COCTORHHR B ¢opMyi1e 181 , nOI1y4HM 

rAe 

l< d > 12 

2~ 
- J 2 

48fT 2k2 12. 

2m~ ":" (() (t) 
J 12 ~ (1 + -M--) J X 2 (R) X 

1 
(R) D 

12 
(R) dR, 

tot 0 .. 
Dt2(R) 

R ... • -+ ... 
R { dr<l\

50
(r; R) r<l> 2po (r; R) 

• 
1221 

1231 

2 
C yl.fCTOM Bblpa>KeHHR 1221 H COOTHOWCHHR k = 2Mf CKOpOCTb nepe-
XOAa 1181 pasHa 

Z3 4 
8" m 2 0 2 2 m e 8 - 1 dA (d =- ( - 9

) - ll (q) I J , p(ddt - - c 
e 9 m q 12 h 3 

rAe 

p(l ) = .;.2L 
2( 

1241 

1251 
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¢QpMyna AnR CKOpOCTH AHnOnbHOro paAHa4HOHHOrO nepeXOAa, 
COOTBeTCTBy~aR pasneTaHH~ 4aCTH4 B HHTefteane HMnynbCOB ~ 
H k + dk, HMeeT XOpOWO H3BeCTHbiH BHA 1 18• g;: 

d>. y (k) = 16~r aEY s 3 ( ---) 
<m 

l< d >l
2
dk me

4 
c -1 

2J + 1 1) 3 • /26/ 

rAe Ey- 3HeprHR HcnyllleHHOro 4>oTOHa /pHc.l/ , a=e 2/ 1lc -

~~:~=~H~=T~~:=~~ ~~~~=:~p~~~~b:::: ~~:eHTa-<~~~H:~= ~H:p:~;-
4ae nepexoAa c KoHeepcHe~, onpeAenReTcR ¢opMynaMH /8/, /22/. 
B BblpaH<eHHH /26 / BbiAeneHbl pasMepHble MHOH<HTenH: a-;,312 , a;S/ 2 

(am =R2
f..me

2
) H 1 COOTBCT CTBeHHO AnR ¢YHK4Hi1 <l>j(~;R) , ¢\i)(li) 

H ¢~ (R). COAepH<atllHXCR B onpeAeneHHH /8/ eenH4HHbl < d> . 
CKopocTb paAHa4HOHHOro nepexoAa c y4eToM Bblpa~eHHR /22/ 

H aaMeHbl nepeMeHHol1 k 2= 2Mt pasHa 

) 4 aE Y 3 2 me 4 -1 
d>.y (< "" 9 (--) J 12 p(ddc -- c 

c m 1t 3 /27/ 

K03<1>¢H4H6HT KOHBepCHH B cny4ae 3neKTPH46CKOrO AH nOnbHOrO nepe 
XOAB E1 paeeH 

• .\ l m 
f:3(E1) = -

6
- = 217(--

6
-) 

>.y aE y 

z 3 
2 _ _ o I I(q) i = 

q 

2 
3 4 2m6 c 7/ 2 2 

.. ~z 0 a <--) I I (q) l , 
8 1\ w 

/28/ 

rAe < m = mee 
4

/ 71 2
, w = E y/fl, C - CKOPOCTb CBeTa. 

4. 06CY*~EHHE PE3YflbTATOB 

B Ta6n.1 npH BeAeHbl Bb14HCneHHble YPOBHH 3HeprHI1 Me3oMOneKyn, 
COCTORUlHX H3 H30TOnOB BOAOPOAa H renHR. Me30MOneKynbl 3Hep~ 

H 
4 Hep~ CYUleCTBy~T B ABYX epatllaTenbHbiX COCTORHHRX C Op6HTaJ'lb -

HbiMH MOMeHTaMH J = 0 H J = 1 H KOne6aTenbHbiM 4HCnOM V = 0. JlnR 
MeaoMonet<yn 

3 
He<1,.t , 4Hedfi, 3Hell-t, 4Het1-1 B03MOH<Hbl TPH 

CBR3BHHbiX COCTORHHR: no OAHOMy YPOBHIO (v = 0) B COCTORHHRX 
J = 0,1,2. 0co6o cneAYeT OTMeTHTb CYUlCCTBOBaHHe B MC30MOnet<y
nax YPOBHR B COCTORHHH J = 1, Ha KOTOPbiH npH CTOnKHOB6HHH MC30-
BTOMOB BOAOPOAB C BTOMBMH renHR B03MOH<6H AHnOnbHbiH nepeXOA, 
o6ecne4HBB~Hi1 3<1>¢eKTHBHbl~ MeXaHH3M MOnet<ynRPHO~ nepeaapRAKH. 

8 

., 
.) 

Ta6nHua 1 

3HeprHH CBR3H Me30MOneKyn 

~ . 3Hepp.. "Hepf 3 Hedf-t 
.. 3

Hetf-i "~etf Hedf - -~-0 67 ,2 73,9 69 ,5 77 ,6 7I ,6 80,5 
I 34,2 4I,6 46 ,5 55 ,9 52 ,4 62 ,9 
2 - - 7,25 I6 ,7 I8 ,2 30,8 

-MeaoMoneKynbl CYIIlCCTByOT nHWb e cocTORHHRX v = 0. B Bb14Hc ne
HHRX ~HHRTbl CnCAY~He 3Ha4eHHR Mace /B eAHHHUaX MaCCbl 3neKT
poHa/ 

221
: m11 .. 206,769; Mp = I836,152 ; Md= 3670,398; M t = 

= 5496,918; M3 = 5495,882; M
4 

=7294 , 195. 
He He 

Ta6nHua 2 

CKopocTH o6paaoeaHHR MeaoMOneKyn >., I 0 8 c-1 

~ 
-

3Hep~ "Hep~ 3 Hedp ~Hedfl 1ket,at C;~e.tf 

0 ,004 0,91 0 ,47 I,77 J ,J7 14 ,2 2,84 
0 ,04 0,87 0,44 I ,48 2 ,03 5,62 1,98 
O, I 0,83 0,41 I ,22 I,29 2,98 1,34 
1,0 0 ,57 0 ,27 0 ,47 0,28 0 ,51 0,26 
IO ,O 0 ,18 0 ,085 O, IO 0 ,050 0 ,085 0 ,039 
20 ,0 0,09 0,044 0 ,052 0,025 0 ,041 O,OI8 

. -Bb14HcneHHble 3Ha4eHHR cooTeeT cTey~T E1 - nepexoAaM H3 co
CTORHHR J =0 HenpepbiBHOrO cnet<Tpa B COCTORHHR J = 1, V = 0 
Me30MOnet<yn, 3HeprHH CBR3H KOTOpbiX npeACTaBneHbl B Ta6n. 1 . 

8 Ta6n.2 npeACTaBneHbl CI<OPOCTH o6pa3PBBHHR Me30MOnet<yn B 
3BBHCHMOCTH OT 3HeprHH CTOnKHOBeHHR Me30BTOMa H30TOna BOAOpo
Aa H RAPa r enHR. 0CHOBHOI1 norpewHOCT bO e npHBeAeHHbiX eenH4HHax 
RBnReTCR 3aMeHa HOHa THna (( 3Hepll)e )+, B none KOTOporo ABH
H<eTCR 3net<TPOH KOHBepCHH, KYnOHOBCKHM ueHTPOM C 3<l>¢et<THBHbiM 
sapRAOM Z* = Z 0 . Tat<ol1 Bb16op npeACTaenReTCR onpaeAaHHbiM BBHAY 
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TOrO, 4TO pa3Mep~ Me30MOneKyn Ha ABa nopRAKa MeHbWe aTOMH~X, 

a 3HeprHR, nepeAaBae MaR 3 neKTPOHy KOHBepCHH, npHMepHO paSHa 
erO 3HeprHH CBR3H B aTOMe renHR 1 T.e. AnHHa BOnH~ HCny~eHHOrO 
3neKTPOHa cpaBHHMa C pa3MepaMH aTOMa. 

npH eapbHpo eaHHH 3Ha4eHHR Z"' e npeAenax 1 ~ Z ·~ ~ Z 0 eenH-
4HH~ CKOpOCTeH o6pa30BaHHR Me30MOneKyn H3MeHROTCR Ha 20 - 40%. 
Ha PHC.2 npeACTaeneH~ CKOpOCTH o6pa30BaHHR Me30MOneKyn 3Het~ 
4 H~ KaK $yHK~HH 3HeprHH CTOnKHOBeHHR c 0 • Ha Ta6n. 2 

H PHC. 2 BHAHO , 4TO CKOPOCTH A 3 , A 4 , A 3 
--- Hedj.l lledft Helf' 

A4H elf' CHnbHO 3aBHCRT OT 3HeprHH CTOnKHOBeHHR lO· ) TO 
oObRCHReTCR HanH4H e M B CHCTeMaX Me30aTOMa H30TOna BOAOPOAa 
(t~, d~ ) + RAPO H30TOna renHR B COCTORHHH C J "' 0 BHpTyanb
HOrO ypOBHR C ManoH 3HeprHeH, acneACTBHe 4ero B 3TOH o6naCTH 
3HeprHH CKOpOCTH o6pa30BaHHR Me30MOneKyn pe3KO B03pacTaOT. 

npH B~4HCneHHI1 CKOpOCTH AeB030Y~AeHHR Me30MOneKyn B OCHOB 
HOe COC TORHHe HCnOnb30 BaH npHH~Hn ~paHKa-KOHAOHa, cornaCHO 
KOTOPOMY H3-3a ManOCTH OTHOWeHHR Mace~ Me30Ha K MaCCaM RAeP 
nono~eHHe RAeP e Me3oMoneKyne 3a epeMR nepexoAa npaKTH4eCKH He 

MeHRe TCR. 

l.O, ~.tO' c-1 

16 

11 

O&l 

]He .!1!_ 

/ 

~ 

0 

3aMeHa a e~pa~eHI1H 12 7 I p (c) d c .. p (c )L\c, ma 1 
rAe lmax OTBe4aeT MaKC11ManbHOMy B~XOAY y -KBaH-
TOB, Ac - nonyWHPHHa nHHI111 H3ny4eHHR lpHC. 11, 
npHBOAHT K cneAY~eH O~eHKe AnR eenH4HH~-cKOPocTeH 
Aeeoa6y~AeHHR Me3oMoneKyn: 

Ay-10 12 c-1 . 

rlp11 TaKOM nepexoAe IE Y "' 7 K3B, 1112 II(q) 1 .. 1/ onpe
AeneHHe 1281 coanaAaeT c e~pa*eHHeM AnR o6~4Horo 
K034l$H~HeHTa KOHeepCHH AHnonbHoro RAePHOro nepe
XOAa ! 21/ & , 4TO eCTeCTBeHHO, nOCKOnbKY pa3Mep~ 
Me30MOne Kyn 3Ha4HTenbHO MeHbWe pa3MepoB 3neKTPOH

HOH o6ono4KH: 
Z 3 2m c 2 7/ 2 fJ "' __ Oa4( a ) 
4 h w 

8 paCCI-IC>TpeHH~X 

8 11 16 

npo~eccax AeBo36Y*AeHI1R K034l$H
~HeHT KOHBepC1111 {J ,. 0,15 , 
H, TaKHM 06pa30M1 Me30-

20 MOneKyn~ nepeXOART B 
Eo()£11 

PHC.2. 3aBHCHMOCTb CKOpOCTeH 06pa-
30BaHHR Me3oMOneKyn 3 Het~ 11 

*8 OTnH4He OT RAepHOrO 
nepexoAa a AaHHOM cny4ae 
KOHBepCHR npOHCXOA11T Ha 
OAHOM OCTaBWeMCR 3neKT
poHe K-o6on04KI1. 

4 Het11 OT 3HeprHH CTOnKHOBe-
HHR (O , 
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i 

IICtO'fiiU 

Schiff ( 1961) 

3abu~rora 
I .-p. 963) 

Placci et al. (1962) 

reprrela (1962) 

llat888HIO ~ 
Dosowapea 1972) 

)laa&aa paelota 
np• s. = 0,04 3B 

Ta6nH~a 3 
8 -1 

CKopocTH nepesapRAKH A , 10 c 
8:1 

Pft ._ 3ue p }A -t- 'ile dp + 3ae df! + 'ile t}J. .. 3ue 

"- IO 

-
<.1 -

"'0,1 

"'I0- 3 -

0,063 0 ,055 O,OIJ 0 ,010 

0,87 0 ,44 1,48 2,03 5,62 

t)l. + 'ile 

-

-
-

1,98 

OCHOBHOe COCTORHHe 6onbWeH 4aCTbO 3a C4eT paAHa~HOHHOrO nepe
XOAa CO CKOPOCTb~ Ay ~10 12 c -1 . 0TCOAa cneAYeT, 4TO CKOPOCTb 
nepe3apRAKH 111 OnpeAenReTCR CKOpOCTbO o6pa30BaHHR Me30MOneKyn. 

B Ta6n.3 npHBeAeH~ H3MepeHH~e 11 B~4HCneHH~e cKopocTH ne
pesapRAKH. 0TMeTHM HMe~HeCR paCXO*AeHHR MB*AY 3KCnepHMeHTanb
H~MH O~eHKaMH / 28/ H eenH4HHaMH, 8~4HCneHH~MH B HaCTOR~eH pa6oTe. 
npi14HHa *e OTni14HR OT npe*HHX TeOpeTH4eCKHX paC4eTOB 3 aKn04eHa 
8 TOM, 4TO B AaHHOH pa6oTe paCCMOTpeH HOB~H MeXaHH3M nepesa
PRAKH - MOneKynRpH~H . anR nOATBeP*AeHHR Cy~eCTBOBaHHR TaKOrO 
MeXaHI13Ma H ycTpaHeHHR paCXO*AeHHH C 3KCnepHMeHTanbH~MH O~eH 

KaMH 6~no 6~ *enaTenbHO npoBeCTH npRMOH 3KCnepHMeHT no H3Me
peHHO CKOpOCTeH nepeaapRAKH Me30aTOMOB H30TOnOB BOAOPOAa Ha 
RApax renHR. 

5. 3AKJI)4EHHE 

8~4HCneHH~e B AaHHOH pa60Te CKOPOCTH nepeaapRAKH npeACTae
nROT onpeAeneHH~H HHTepec AnR 3KCnepHMeHTOB no H3y4eHH~ noee
AeHHR ~--Me30HOB B CMeCH 1130TOnOB BOAOPOAa H renHR. nocKOnbKY 
CKOPOCTH o6pa30BaHHR Me30MOneKyn dt ~ H ~ed~ , 4 Hed~, 8 Het/l 
4 Het~ npHMepHO OAHHaKOB~, TO nepe3aPRAKa Me30aTOMOB BOAOpo
Aa Ha RApax renHR cy~eCTBeHHO BnHReT Ha KHHeTHKY npo~eCCOB, 
conpOBO*Aa~HX ll -KaTanH3 B CMeCH AeHTepi1R 11 Tpi1T11R I S / , 
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~OCT~rHyTy~ B AaHHO~ pa60Te T04HOCTb B~4~CJ1eH~~ np~ He06-
XOA~MOCT~ MO~HO nOB~C~Tb, Y4~T~Ba~ B pa3J10~eHH~ /10/ B~CWHe 
COCTO~HH~ 38Aa4~ ABYX ~eHTpOB, a TaK~e paCCMOTpee nepeXOA~ 
p- -Me30H8 H3 B036y~AeHH~X COCTO~H~H Me30aTOMa BOAOPOAa B B03-
6y~AeHH~e COCTO~H~~ Me30aTOM8 renH~. 

B 3aKJ1~4eH~e aBTOP~ e~pa~a~T rny6oKy~ 6naroAapHOCTb 
C.C.repwTeAHy, H.B.KoMapoey , n.H.noHOMapeey 3a MHOr04~CJ1eHH~e 
none3H~e o6cy~AeH~~. C.H.B~H~~KoMy, T.n.ny3~H~Ho~ ,n . H.CoMOey 
3a noMO~b Ha pa3n~4H~X 3Tanax pa6oT~. 
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