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AHHOTattHH 

BbPmcneHo aljlljleKTHBHOe ce'leHHe nepexona MeaoaTOMOB cir- a HH>KHee 

cocTOHHHe caepxTOHKOA cTpyKTyp&t I F =1/2 I aa c'leT ooMeHHbtX CTOnKHo-. 
B 9HHA C .QeitTpOHaMH. noxaaaH01 'ITO B 'IHCTOM .QeitTepHH .QOn>KHa HaoniO.QilTbCH 

npaKTH'IeCKH nonHaH nenonHpHaattHH fo -MeaoHoa. Yxaa&taaeTcH, 'ITO nepexon 

d.f<' a cocTOHHHe F =112 yaenH'IHBaeT aepoHTHOCTJ? aaxaaTa /'--+ cL~ ~n.+Y 
I a 3 paaa nns cny'l aH V-A aapHaHTal H paccMoTpeHo anHHHHe nepexona a 

F =1/2 Ha KaTanHa sne pHoA peaKttHH 
141 

R.BonbljlSHUITeitHOM • 

p + cl _.He ?I t OTM9'19HHOe 



KaK H3BeCTH0 1 MexaHH3M o6MeHa jt- MeaoHa Me:m:.uy rrpoToHaMH B :m:H.uKoM 

so.uopo.ue, yKaaaHHbiil: H.B..3enh.llOBH'IeM, rrnHBO.llHT K 6biCTpoM y rrepexo.uy aToMOB 
' 111 . p,-. H3 sepxHero COC:TOSIHHSI csepxTOHKoil: cTpyKTypbi IF =11 B HH:m:Hee IF =01 .YKaaaH· 

HOe OOCTOSITenhCTBO BeneT K ITOnHOil: nerronSipH38~HH ~ M930HOB B BO,llOpO,lle H 

HMeeT CyUleCTBeHHOe 3H8'1 eHHe .llnSI peaKUHH /'- + p _,. tl, + )J , o6ycnaBnHB8SI IT On

Hyro llpO,llOnbHyro ITOnSipH38UHID HefiTpOHOB H yRenH'IeHHe BepOSITHOCTH B 4 paaa /.ung 

'cnyqasr V-A BapHaHTal rrpM aaxsaTe ~ MeaoHa B aToMe Pfl- 12 lxl. 

B HBCTOSIUleil: 3aMeTKe HCCne.uyeTCSI rrepeXO,ll Me:m:.uy ypOBHSIMH CBepXTOHKOil: 

cTpyKTypbi I F =3/2 __,. F =I /2 I B MeaoaToMax neii:TepHSI rrpH cTonKHOBe-

HHSIX 

H era 3Ha'leHHe .unSI aaxsaTa 

H K8Tc!lnH3a Sl,llepHoil: peaKUHH !<' Me30H8MH. 

/5/ 1. Ce'leHHe rrep exona 

PaaHoCTh aHeprMil: Me:m:.uy ypoBHSIMH csepxTOHKoil: cTpyKTypbi - ~ ~ TepHSI F =8/2 II F =1 /2 I r: 5 + \.. , rne -

Ill 

121 

M roa TOM a n etl:.... 
5 -crrHH /(... · 

Me30H8, i. - CllHH .ueii:TpOHa/ cornaCHO li3BeCTHOfi clJopMyne ¢lepMH paBHa: 

Ssr 
. . 2. 

~E:. =. ~!<- {?>N ~ (2.1.-\-1.) I ~(o)\ = 131 3 

= ~ f->1'~ ~ (~i.-'"i) ~ ~ 0 1 046w 
';?, 

Q.~ (i-" \'ntc:y 
Met. 

x/ 
0THOCHTenbHO 38XB8T8 B MoneKyne PPf<- /3,4/ 

CM~ • 
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/3.uecb ~ =0,8565 - I"HpOM8I"Hlf.THOe OTHOllleHHe .unst .uefiTpOHa: 

Me30HHbiH lf st.uepHblil MOMeHTbl Eopa: afl- = t~m"'e ~ ; Yntc-
(3r-' f?'N -
Met -Macchi 

/"-' MeaoHa H .ueiiTpoHal. PaccMoTpHM rrepexo.u Me)K.uy ypOIIHstMH cBepxTOHKOil 

CTpyKTyphi,. IIpOHCXO.!lSIIUHH IIpH CTOnKHOIIeHHH MIOaTOMa .ueiiTepHst C .uefiTpOHOM,/ 1/. 

3aMeTHII, 'ITO IlenH~mHa aHeprHH ciiepxToHKOii cTpyKTyphi MO)KeT OhiTb ¢opMa1IbHO 

rrony'leHa, ecnH IIIIecTH Il3aHM6.ueilcTIIHe 

V- 4 q (), P.J 8(-z.) ( t! :-") 
- ;, ll ,-r- ,. ~ ? v \. 

l /4/ 

... 
/r .ue "Z, : lite-- R.4, \- paCCTOstHlre M e)K.uy M IOOHOM U .!l eiiTpOHOM / MO)KHO 38IIHC8Tl, 

x/ 
I"8MHnbTOHH8H CHCTeMbl, COCTOSIIUefi H3 /'- Me30H8 H !liiYX .uefiTpOHOB B BH.!le : 

H=-.!... Ai(-..L Ay:-.i.A_.._i,_i.t 
:?.Hct. I 2.M4,. ~ :t 'Z. "t~ ~~ 

.L + i q , e, t 8("t,) ,5,~ ~ ) b(-z.t\ ... :" )} 
f\, 3 d l-'f'-IN "Z :L \:: ·l.i + ~(':IL:t, 

. I ~L /5/ 

r.ue 

... .., ... 
R.i • R..t ' " -KoOp.!lHH8Tbl .uei!TpOHOII U MIOOH8 1 ~,= [i- itd ; 'l2::1~-~l; ll=IR,_ .. ~ 

~ ~ - . .. c .. • '-• 5 r - CIIHHbl .uenTpOHOB H M!QOHa • ..,!ll1HOBblMH B381IMO.!lenCTIIUSIMH Mfl~ rpr 
~~. ~, . . 

.uefiTpOH8MH II 15/ IIpeHe6peraeTCst • nocKOnbKY CTOnKHOIIeHHe MI08TOM8 d.tt-
C .uefiTpOHOM IIpOHCXO.!lHT IIpH TeiinOIIbiX CKOpOCTSIX, OTHOCHTenbHOe .!liili:)KeHHe 

.ueiiTpOHOII OIIIICbiBaeTCH J!> IIOnaoil. B 9TOM IIpHOnH~eHHH IIOnHhlfi CIIHH CIICTeMbl. 

dcl.tt- r KOTOpblil MO)KeT IIpHHUM8Tb 3H8'1eHHSI d =5 /2, 3 /2, 1 /2, coxpaHsteTCSI 0 

O'leiiH.!lHO,. 'ITO rrepexo.u F =3/2 ~ 1/2 rrpH ·cTonKHOIIeHHH /1/ B03MO)Kea TOnb-

KO rrpH J =3/2 H 1/2. Bhi'IIicnHM ce'leHHe rrepexo.ua oT.uenbao .unH Ka)K.uoro 

H3 STHX 3H8'1eMIIA0 

1. B cny'lae, Kor.ua ) =3/2 cyMMapahiil crrHH o5oHx .ueiiTpOHOII Mo>KeT 

ObiTb paaea I =2,1. KaK H3IIecTao, Koop.uuaaTaast 'I acTb Ilonaoiioil cPYHKUHII 

.!l IIYX TO)l<.!leCTIIeHHbiX '18CTHU .uon)Kaa obiTb CUMMeTpH'IH8 IIpH qeTHOM H 8HTH-

ClfMMeTpH'1118 IIpH He'leTHOM IIOnHOM CIIHHe 9THX '18CTHUo Y'IHTbiB8SI 9T0 1 MOX<HO 

38IIHC8Tb IIOnHOIIYIO cPYHKUHIO cmcTeMbl cirl.~ .unSI COCTOSIHHSI d =3/2 /c rrpoeK-

u Hefi nona oro MOMenTa na ocb 2! , paiiaoA M 'j I II au.ue: 

x/ . 
VJcrronb3yiOTCst Me308TOMHbie e.UHHHUbl t "'1 t e =1 , m.r- ==t. 
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/6/ 

3.oecb [~ H Ltv xl- sonHOBbie cPYHKUHH MIOOHa B none .osyx nefiTpoHOB, aaKperr

neHHbiX Ha paCCTOSJHIIH R.. ; z~ - CHMMeTpHqHa, Lu.. -auTHCifMMeTpnqua OTHO 

~:r) (i,K;e)-crrHHOBaSJ cPYHKUHSJ CHC
'jrMJ 

CHTenbHO rrepecTaHOBKII KOOp.llHHaT .oefiTp.OHOB. 

T9Mbl 1 cooTBeTCTByiOmast rronHoMy crrnHy cncTeM bi d n rrpoexunn rromroro emma 

- CyMMa CIIHHOB qaCTHU, liH.ll9KCbl KOTOpbiX CTOHT Ha rrepBbiX M9C .. 

Tax. 3HaqKn 1,2 B KaqecTBe apryMeHTOB CIIffHOBOH cPYHKUHH OTHOCHTC Sl K .oefiTpOHaM· 
c_ (r.) 

- K M IOOHY, .fiBHbiH BH.ll CIIHHOBbiX cPYHKuHH ~ ,... (i,l'.jf.) MO>K-eT t5biTb 
. Jrnj . / 

nerxo aarrncan c rroMOillbiO xoa¢¢nun:eHToB Kne6rua-rop.oona. Tax narrpnMep, 
c!_ (.2) • 

CIIIfHOBaSI cPYfiKUIISI ~ M (i,:t i/') paBua · 
Ol 'J' , . 

J!>C'J.) (i,:t;i'-)= ;k~~ LX (i)X0(2.)+X0(1)X!.(:t)}fxV<-)-2.X1(1)X 1t2.)'f-ll,lA-)_~ 
:!lft•o/t. vS l 'J. 1. :t · . J' 17 I 

r.oe .Xh\ (m= ± 1,o) n lfv (v = ±. 1 12) CIIIfHOBbi9 cPYHKUIIH .ll9HTpona 

II j<- M930H·a. 

no.ocTaBnSJSJ cPYHKUHIO /6/ B ypaBH9HHe Wpe.onHrepa c raMHnbTOHHaHOM 151, 
~ <!_(2.) >' <:! (~) . 

rronyqiiM rrocne yMHO)KeHHSI na cPYHKuHII .W" t-J If W•· w... ..... If IfHTerpHposannH 
d ~~ HJ" "" o/~1 ,...6 

ITO KOOp.lliiHaTaM /f.- M930Ha C cyMMHpOBaHH9M ITO CIIIIHOBbiM rrepeMeHHbiM, cne.oy!O-

IllYIO CIICTeMy ypaBH9HIIfi .llnSJ cPYHKuHfi G-%. (R.) U ~1.~/:t,. (It) xx/. 

x/ 
CornacHo o6biqHbiM MonexynHpHbiM o6oaHaqeHHHM cooTBeTCTBenno . 1~~ · 

(!p6'1N • 
xx./ YqeT crrlf!IOBbiX saanMo.oeficTBifi1 B /8/ c IIOMOillbiO /4/ paayMeeTcSI neToqen n, 

BOOOille I"OBOpS1 1 He Hy:>KeH .onst .oanbHeiiwero, IIOCKOnbKy IIplf ManbiX It_ HCIIOnb-

3yiOTCSJ TOnbKO rrepBbie .llBa qnena ypaBH9HHH /8/ • C IIOMOillbiO /8/ MO>KHO, O.llHa

K01 rrposecTII HarnH.llHbii% nepexo.o x ypasnemiSIM /12/, cnpase.onuBblM rrplf 6onb
wn:x R, 
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-~~~G-)f:t.+ U~G-~/:t.-A~(iG-o/~-~ H;/~)= (t.+ ~Af.) c.~(~ 

- ~cL .6R: H;;:z, + Ll u. H~/2. +A f. ( vz G-o/.2. -t- b H~/J= (t + ~A~) H 3;~ /8/ 

r.z:te Ll~(R.) If L(I.(,(R.) -MOlieKyliHpHbie IIOT9HUif81Ibi B COCTOHHHHX i'l:JG"'j- If 2p6"~<,BM9CT€ 
C .z:tlfHBMHqeCKHMH IIOIIp8BK8Mif K HHM, yqHTbiBBIOlUHMH B rrepBOM IIOpH.z:tKe IIO tn/'/Md_ 

•. 161 "' c. .z:t BH)K9HH9 H.z:tep o ..::>H9pl"HH C OTCq HTbiB89TCH OT BepXH9I"O ypOBHH CBepXTOH-

KOii CTpyKTypbi; Llt - HHTepsan csepxToHKO:ii cTpyKTypbi 13 I. 

HapH.z:tY c ¢YHKUHHMH··C..c~t) If H (R.) yao6Ho ssecTH ¢YHKUHH i.CR.) H k(R.), 
0 IIHCbiB8IOlUH9 .z:tBH:>K9HHe_ C~oi5oaHOI"O .z:te:iiTpOHa OTHOCHT91IbHO MI08TOM8 .z:tefiTepHH •· 

H axo.z:tHmerocH cooTBeTCTBeHHO B sepxHeM / F =3 12 / H HH:>KHeM I F =1 12 I 

COCTOHHHHX CBepXTOHKOH CTpyKTypbi. BonHOBaH cPYHKUHH CHCT9Mbi 15/ ,Z:tOlf)KHB 

6biTb HB 601IblUHX paCCTOHHHHX 1\, nHH9HHOH KOM5HHBUHeii cPYHKUHii 

c:R = .L -;(_ (R.)\Vtozi.).U (i,!'-;2.)+ i._ (R.)lp("l.%.)5 (a,jc.ii) 
(3;2.") t c-l;/2.) . l;l,t) 1 
;la.,MJ VI )fa, 3Ja,,Ml' 3;.2.. % ..... J 

~Y;c.) l C..l~4) <((Ya.) ] 
'1-' = .L K tR.)lfL'•)f-) (i,f<-;.2.)+ K;, (R.)1Vc't~)~ tll/.cc.;i) 

"}'2.,HJ '/Z, '%, '¥2-,HJ . Y2. . ;la.,M6 

191 

I lp(-z,) H "tV('ta.) 

2-ro aefiTpoHa I; 
BOliHOBbie cPYHKUHH ft M930H8 COOTB9TCTB9HHO y 1-ro H 

"V( oz.)= -Jw e.- "l. • 

PasnaraH CIIHHOBbie cPYHKUHH B Bbipa:>KeHHH 161 IIO CIIHHOBbiM cPYHKUifHM /9/ 

If yqHTbiBBH, qTO IIpH R.- 00 

L ~ ~ ~ t '\ji(-z,)+ ¥tza.)) L:u. ~ ~ {_ 1tf('t,) -'l!(oz.%.)~ 110/ 

H9Tpy .LlHO IIOnyqHTb COOTHOlU9HHH Me:>K.ay cPYHKUHHMH c} (lt) • Hl, (tl) H £~,<~. K,,(l) 
Va. 1J.. t:l.. "a. l 

OIIHCbiBBIOlUHMH OTHOCHT9JibH09 .LlBH:>K9Hif9 H.aep: 
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£ o/:t, = k { G. ~~:L + V5 H ~~ J 
K3-i = k {vs G-o/~- H~,~ J 

l13 ypaBHeHHA /8/ H · I 11/ BH.UH01 qTo npH R._, oo 

BOpHIDT ypaBH9HHHM 

llnsr onpe.ueneHHH aeposrTHOGTH nepexo.ua F=312 -

/HI 

I 12·/ 

F =t 12 npH CT01IKHO-

B9HHH d.f'<- + cl _,. d.+ dtt ypaBHeHHH /8/ .ll01I)KHbi 6biTb peiiBHl>I C rpaHHqHbiM 

ycnoBHeM, Tpe5yiDIUHM, qTo6bz ~pH R. _,. oo cPYHKUHH K (R..) /_onHcbzBaiDruasr 

OTHOCHT91IbHOe .llBH:lKeHHe Sl,llep B HH:lKHeM COCTOSIHHH CBepXTOHKOit CTpyKTypbi/ HMe- • 

n a 6bz BH.ll pacxo.uHrueitcH B01IHbi 

i. K.t. R, 

KCR.) ~ t .e. R-

t, ( R.) ~ o<,_ ~ i."• R.- i i.KI R, 

ZiK1.R. 

/13/ 

HopMHpOBKa ;I_ COOTBeTCTByeT Ha 6eCKOHeqHQCTH na.uaiDIUeil: D1IOCKOR BOnHe 

- C KOScPcPHUHeHTOM 1. nycTb R.o -BenHqHHa UOpH,llKa pa.UHyca UOTeHUH61IOB 

u~(lt) H Uu.(lt) .B ypaBtieHHH 181. PeweHHSI /12/ B o6naCTH R.o<<. R.<.< t~ 
MOI'YT 6b!Tb CWHTbi C peweHHSIMH ypaBHeHHli /8/2 KOTOpble B STOH o6.naCTH HMeiDT 

BH.ll 

( fl- 'Aa)/R.. 

\ R. - ).~)/Pv 
I 14/. 
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DnHHbi pacceHHHH )..~ H 

171 
)..lA, MO)i{HO 011pB.UBJIM:Tb qacneHHb!M HHTBI'pM:pOBBHHBM 

HJIH Bb!q HCJIM:Tb aHaJIHTIJ:qeCKIIt B11!1pOKCHMHpyH !10TBHUHBJibl !1pOCTbiMH cpyHKUHSIMR, 

11 61 
KBK 9TO C.UBJIBHO B ' ·• 

8 o6JIBCTH K:~, J\.« i CWHBKB ( 13) ll ( 14) 11pH RC110Jllo30BBHHH COOTHOlllBHHit ( 11) 

.uaeT 

i ~ J R.
'!>h l 

(Ad+5:Au-)+ (:,t.K.t.A)A4.

~ + i."-ll-( 5 :Aj +:Au-) 
}-;~ 

K>;,_, ~ 
V5 (:A~- :AI4-) 

{, + '-"-.t. ( 5 .lj + )u.). 
1+ i.K.~R

Pv 
I 

1151 

OTKy.ua Herrocpe.ucTBeHHO rronyqaeTCH 3HaqeHHe ceqeHHH rrepexo.ua rrpH crrnHe 

C IICTBM bl 3 12 

r' "" 5" )f (. "'I - " ):t K. :l, 
o~, - - . .1\<t J\."' • -

7:l, 9 <I . K. ;_ I 16 I 

2. 8 cnyqae, KOf'.UB Cl1HH CHCT8Mbl J paBeH 1/21 ceqBHHB rrepeXO.UB MO

)K BT 6bJTb BbJqiiCJIBHO COBepWBHHO BHBJIOf'Hqi!Oa CyMMB CIIIIHOB o60HX ,nefiTpOHOB 

M Q)KBT 6b!Tb paBHB 0,1. noaTOM y BOJIHOBBH cpyHKUHH CIICTBMbl MO)KBT 6b!Tb 3a-

!11ICBHB B BII.UB! 

~ c! (o} l /(!.) "¥ M= G.~(R.)L .. jJY. M(i,:t·,t-)+ H~(R.) 5. (i.,:t;j<-), 
y~, j ~ ~ ~~ d . ~ .w Yl., M'J 

I 17/ 

a BOJIHOBbiB tPYHKUHR, 0111ICbiBBIOLUHB .UBH)i{BHHB .uefiTpOHB li MB30BTOMB COOTBeT

C1'BBIIHO B HIJ:)i{HBM li BBpXHBM COCTOHHHHX CBBpXTOHKOH CTpyKTypbl 0 'BHBJIOI'IJ:qHQ 

191 HMBIOT BH.U! 

t't~) . rf31~) c:~\;~J } 
cP ~ = .~i{,,(R.)lp("t·)~ (i,f-;"-)+ ix(R.)¥et.t.);:J (:t,;<-;i) 

Y.t., J ~:t L ~~ Y:t,MJ ~ Yl.,MJ 

Ui) t Q.(~) c!.. ( Y:L) J' cpy. M = \~ K~lR.)\fJ(>t,),OY. ... (1Jr-;l)+K~(R.)'i1(-z.t.).J,,. (!t,f<-;i) 
:t, J VZ :L :t., .-.~ l.. ,~,MJ 

/ 

1181 
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cPyHKUHH £Yz (~) H KY1. (R.) cBsraaHbi rrpH aToM c cPYHKuneii: G.v~.Y9 H HY1. (R)cooT

HoweHHSIMn: 

1191 

H IIOA'IHHSIIOTcsi rrpH R, .... oo rpaHH'IHbiM ycnoBHSIM BHAa I 13!. CwHBKa AaeT B 

ot5nacTH R.o << ft << t-2. 

/20/ 

CeqeHHe rrepeXOAa IIpH CIIHHe CHCTeMbi cLclr- J =1 /2, T8KHM 00p830Mt paBHO 

/21/ 

Y'IHTbiBaH CT8THCTH'IeCKHti Bee COCTOSIHHil: } =5/2; 3/21 1 /2 1 IIO.IIY'IHM 

A.IISI ce'IeHHSI rrepeXOAa BbipaJKeHne: 

l. 

~ " C"' " &:- s: ( "\ 'l -:Au.) ~"'. "i. = . 3 u~:l. + ~ .v y~ = J .llo "' 

/22/ 

d ft ( F =8 /2 - 112) . rrpn CTOJIKHoBeHHSIX cl f'- T cl BepoSITHOCTh rrepexoaa 

COCT.!!B.IISieT, C.IIeAOBaTe.IIbHO, 

/23/ 
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,. .r;;:f 
rue \1' = 2, v~ -cKopocTb Huep nocm. nepexoua , NcL -qucno Huep 

u -3 
U 9lfT9plUI B CM. 

CymecTBeHHO oTMeTHTh, 'ITO BepoHTHOCTb nepexoua F': 312 - 1/2 UJIH 

d~ Ha TpH nopHUK6 M9Hblll9 1 '19M COOTB9TCTBY!OlU6H BepOHTHOCTb 
/i/ ' 

Ml06TOMOB 

nepexoua F =I _, F =o UJIH aTOMOB p f1.- 0 KOTOpaH paBHa 

W 1 = : (_ Ac;> - :A~>) :L Ny \5r* 

/rue 
t.r; = 2, v Llf.p; 

Mp Nr -3 
- 'IHCJIO npOTOHOB B CM. 

/24/ 

"\ (P> 
/\.~ H 

.A~)-
aHanorH'IHhle /141 UJIHHhl pacceHHHH UJIH npoTOHOBI. YKaaaHHoe o6cTOHTeJibCTBO - ,~ ~w 
npoucTeKaeT rnaBHbiM o6paaoM ua-aa Toro, 'ITO UJIHHbi pa·cceHHHH /\~ u .A14.- HMe-

'l (rJ .. __ 
1 

11,61xl .. 
lOT pa3Hb!il: 3H6K 1 npH'IeM ./La B ClfJIY pe30H8HCa B~JIHKO CM. , Torua KaK 

U JIH ueil:TpOHOB A~ H ftl.\. HM9IOT OUHHaKOBb!H 3H8K _ lf 6JIH3Klf upyr K Upyry. 

/5 6 I 1 · 1. 17 I 
CornacHo ' /l~=6,67; /l"' = 5,73; no pac'leTaM_ nonyqaroTcH 6nH3KHe 

I 2 I ) - tl. Q + 1 =- £..:t>-\ a. 
3H8'1 9HHH eM. pHc. 1\ct-- .u.t'1. 2.. , J\.14- ... K. • B YCJIOBlfHX )KHUKO-

a K~O K.. ,.._..,0 

uefiTepueBoil: KaMepbi nepexou B F =1 12 He o6paTHM lf cocTaBnHeT ' npH Neil 
3,5:1o22

cM -
3 1 

' (0 i. W ~ ~·iO (.2,t(..-. 
/25/ 

OTMeTHM, 'ITO B cnyqae peaJibHOro ueil:TepHH pacceHHHe MeaoaToMoB oltc- npouc

xo~HT He ua aToMax, a Ha MoneKynax [}.2. H a¢¢eKTHBHoe ce'leHHe _Mo:m.eT OKa

aaTbCH paaJIH'IHbiM unH opTo-H napa-ueil:TepHH. Boi'IHcneHHH UJIH aToro cny'laH 

M O)KHO 6biJIO :6bi npoBeCTH MeTOUOM , auaJIOrlf'IHbiM M9TOUY ITC9BUOITOTeHillf6J16 

ell epMH 1 npeuno:m.eHHOro UJIH paCCMOTpeHHSI paCC9HHlfH MeuneHHbiX Heil:TpOHOB Ha 

M OJieKyJiaXo nocKOJibKY 1 OUH6K0 1 y'leT MOJieKyJIHpHOil: CTpyKTypbl UJIH pacceHHHH 

H - 19/ PI<-+ :L uaeT ueaHa'IHTeJibHbiA a¢¢eKT , Mo:m.Ho uy~aTb, 'ITO OH uecymecTBe-

H 9H H UJIH pacceHHHH cit'- 4- ~ ,L 

x/ /56/ 
Cornacno ' ..A = -17,3 (l.~ ·, 

~ 
.A = 5,25 ().;~ 

1.1. • 

·I 
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2. LlenommuaauHst A- M eaoHOB II· ceqeHIIe ynpyroro pacceSIHIIH 

aTOMOB d..f!: B HH::>KHeM co~TOHHHII caepxTOHKOii cTpyKTypbi 

CTonKHOBeHIIst MIOaTOMOB eLf<- c .neiiTpoaaMII, npoiicxo.nstmiie c o6Mea·oM 

M IOOHa, ocymecTBnHIOT ,llOllOnHIITellbHhiA. MeXaHH3M .nenonHp1I3aUIIH MIOOHOB Ha 

K-o6onoqKe .net!:TpoHa. 

nycTb '*'F, Ma:: CllHHOBast cpyHKUIISl MeaoaTOMa-· ct/<- c MOMeHTOM F II npoeK

UIIet!: MF Ha HanpaaneHHe nepaoHaqanbaoA nonHpHaauHH jt- MeaoHa, ·a lm.. cniiao

aast cpyHKUHH cao6o.naoro .net!:Tpoaa. Tor.zla, paanarasr cpyHKUHIO c::f:>F M Xm no cnii-
(F) . I I= 

H OBbiM cpyHKUHHM BCeft CIICTeMbi 5J,H~ i,j<-; 2,) H 3HaH aMnniiTy.llbi pacceH-

HIISl B Ka:>K,llOM II3 ClliiHOBbiX C~CTO.IIHIIH /eM~·- 1}.5/ II 1201; .nnHHa pacCeHHII.II B 

COCTOSIHIIH 1 =512. paBHa, oqeBII,llHO, ).:} 11 nerKO nonyqHTb aMnniiTY.llY pac

ceSIHHSl .nnsr COCTO.IIHHSI cf:>F',MFX m II TeM caMbiM BblqiicnHTb IIaMeHeHHe cpe.naeii: 

nonstpH3aUIIH ft Meao!la npii pacceHHIIH elf'-+ cl__, ol+ d..f<- ._ 
B KaqecTBe npiiMepa npiiBe,lleM aMnnfiTY.llY pacceHHIISI .nnsz COCTOSIHII.II 

126/ 

Via cpopMynhi /26 I BH.llHO, qTo .ll enon.IIpiiaaUII.II npOIICXO.lliiT KaK npii nepexo.ne B 

H II:>KHee COCTOSIHHe CB9pXTOHKOti: CTpyKTypbl 1 TaK II B ynpyroM KaHane peaKUIIHo 

B o6oHx cnyqastx .nenonstpHaauHH o6pamae.Tcsr B ayn:b npH .i\.~= A~· nocKonbKY B 

cocTostHHH 9:>y
4

,-V1. nonsrpHaauHst /'- Meaoaa paaaa +1 13, nepexo.n a F =1 12 

ae castaaa c nonaoa noTepeft nonHpiiaauHII. PaccMoTpeaHe, aHaiiOriiqaoe 126/ .n JISI 

pa3niiqHbiX. COCTOHH11it caepX.TOHKOit CTpyKTypbi MIOaTOMa cl.tt 1noKa3biBaeT, qTO 

c yqeToM nepexonoa F. =312 - F =112 nonsrpHaauiisr MIOOHOB Morna 6i>I 

COCTaBIITb 1 - 2% / ecnH cqHTaTb, qTo npii KacKa,llHOM nepexo.ne jt.. Me30Ha Ha 

K op6HTY ocTaeTcst nonHpiiaauHst nopsr.nKa 10- 20%i. npocToii pacqeT noKa3hiBaeT~ 

O,llHaKO, qTo .nanbHeifwHe .ynpyrHe CTOnKHOBaHHSI Meaoa:OMOB otf'i- B HH:>KHeM co

CTOHHIIH CBepXTOHKOit CTpyKTypbl npiiBO.llSIT npaKTHqecKH K nonaoit llOTepe non.IIpH-
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aaunn. D.mr Bbi"'ncneHnsr ceqeHnsr paccesrHnsr dft-(F=Ji) +cL...., d..J-L (F.:. Y:t,)+cL 
npn 9Hepi"USIX 1 3H8"'1UTenbHO MeHblllHX UHTepBana CBepXTOHKOfi CTpyKTypbl A f. 
BMeCTO l"p8HU"'IHbiX ycnOBUfi /13/ cne,nyeT noTpe6oBaTb OTCyTCTBUSI ·SKcnoHeH -

unanhHO pacTywel"o qneHa B peweHnn .nmr ;{ (R.) /eM~-- /12/; E. ~-A8 1 
~ . . 

npn R. >;:> R. o 

·"Ctrvo 
-"1(..R. 

~ 
R, "' -

K ~ (R.,- :A)/~ 

/~.ne 'X= VMd,At 
1 

I;, 

o c 1.- "J(,R.) I R, 

/27/ 

YcnOBUSl /27/ npn y"'eTe /11/, /19/, /14/ .U8IOT .z:rnsr pacceSIHUSI B COCTOSIHUSIX 

C nonHbiM CnRHOM CUCTeMbl 1 =3/2 . U d =1 /2 COOTBeTCTBeHHO: 

K % t R. - ( 5 Ad+ l"')+ Lj A~)."' "JL l /R-
~I:L {, ~X l )...j -5_:A."') J 

K' ~ { R, - (A~+ 2.A."')- 3 A~ A"'}{. 1 I Rv . /28/ 

Y:l, ~ - x ( 2.. A~ + ). k.) · j. . . 

Ananorn"'HO BbiBo.ny /26 I MO:H<:Ho nonyqnT& aMnnnTy,nbi paccesrnnsr MeaoaTOMOB 

elf<' _ B COCTOSIHUU r ,;,1 /2 

lcJ>)i, Y:t. X-~1~- tl().~2·"')<\>y~,~ X_~ + ~().~ -A~)9>y,,-JL X.} 
[<P r,. 11 :x. J - -~t.i(l!. :>.r :>.~1pll_, li l 0 + yt (A a-A ... ) cP li·-'i x~ J 
r c:p ~ Y. x 1 ~ _ .L s cs A~+)."') J.. ,.. ~ 
L ,., 1. 1 J R.l . G 't' Y:t,' ~ )\, i. J 

/29/ 

TaKUM o6paaoM, ceqeH.ne paccesrHnsr clf<-(F=Jl.)-tol- c{,._(F=Ji)+J. 
c ·nepeopneHTaunefi MOMenTa MeaoaToMa paBHO 
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1301 

nocKOnbKY BepOSITHOCTb nepeopHeHT8UHH 

I N "- =3.5.10
22 

CM.-
3 ..r~ 

. 6 

B ycnOBl:lSIX. )i{H,llKOrO .lleiiTepHSI 

5.104
c.A</(I..I(.npl:l 3H8'IeHHSIX ).:} l:l ).1..\.. 

B3SITbiX 1:!3 / 

W '-- N I ,· 5" -.i. .tlfo~5-o~. 1311 

~ 

nopSI.llKa BepoSITHOCTH pacna.lla ~ - e.+ V.+ ')) , . MO)KHO C'IHT8Tb 1 'ITO B. 

)i{H.llKOM .lleiiTepHH, TaK }J(e K8K H B )i{H,llKOM BO.llOpO.lle, npOHCXO.llHT npaKTH'IeCKII 

nonHaSI .llenonSipH38UifSI Me30HOB. 

3<!J<!JeKTHBHOe ceqeHHe paCCeSIHHSI .llnSI· aTOMOB 

cornaoHo 1281 paBHo: 

132/ 

Cne.oyeT oTMeTHTb, 'ITO 6naro.llapSI ToMy, 'ITO A~ H .Au... 6nH3KH .llpyr K .llPY-

j..y 1:! HMeiOT 0LlHH8KOBbii1 3H8K 0 • y'IeT s<!J<!JeKTOB CBepXTOHKOH CTpyKTypbl ITpH pac-

CE.SIHHl:l cL~ + cl He npHBO.llHT K cymecTBeHHOMy l:l3MeHeHHIO Ce'IeHHSI pacceSIHifSI• 

TOP.ll8 K8K B pacceSIHlflf p~ t p HHTep<!JepeHUlfSI Be.QeT K 3H8'IIfTenbHOMy yMeHbWe-

H !flO ce'IeHHSI 
110/ 

, 113. BnnSIHne nepexonoB F: '?1~g,-. Y:t Ha 3axBaT 

A.-+oL~ ,2.n,+")). 

npe)K,lle BCero He06XO.llHMO OTMeT!fTb, 'ITO 38XB8T /'- Me30HOB B .lleii:Te-

pHii .QOn)KeH npOHCXO.lllfTb lf3 COCTOSIH!fSI 8TOM8 df<- 1 a He MOneKynhi d.d..f<- 1 

nocKonbKY o6pa3oBaHne MoneKynbi d..d...f<- IKoTopoe, KcTaTH ManoBepoSITHo I .llOn)KHO 

npuBO.lllfTb npaKTH'IeCKH MrnoBeHHO K KaTanH3Y SI.llepnoii: peaKUifl:l oltcL181
• TaKifM 

o6pa30M 1 lfHTepnpeT8UlfSI .ll8HHbiX ITO 38XBaTy ft Me30HOB B ,lleii:TepUii B HeKOTOpOM 

CMbtcne npome, qeM .llnSI 38XBaTa A Me30HoB B Bonopo:Ue, r.lle o6pa3oBaH.He 

141 . 
¥OneKyn pp,., ycnO)KHSieT KapT·IfHY • 3KCnepHMeHT8nbHOe H3y'IeHHe STHX npo-



14 

U9CCOB B rryabipbKOBOH KaMepe CTaHeT 1 II<l?"Blf.llHMOMY1 B03MO)KHbiM B 61IH)K8HWee 

BpeMS11 ecnH 6y.neT rrony'leH IIY'IOXl~ Me30HOB, O'IHIUeHHbiii c BbiCOKoii cTerreHbiO 

'IHCTOTbi OT ~ M930HOB• 

KaK 

. Ill 12 13/ 
3axBaT /"' Me30HOB B neiiTepHH paccMaTp~mancSI paHee B pa6oTax 1 1

. • 

1131 
rroKa3aHo ByxaocTOBbiM H WMymKeBH'IeM 1 BepostTHOCTb 3aXBaTa cymecT • 

B9HHO 38BHCHT OT pacnpe.neneHHSI ~ M930HOB IIO ypOBHSIM CBepXTOHKOH CTpyKTy

pbi MIOaToMa .neiiTep:HSio B '18CTHOCTH, .llliSI cnY'IaSI v- A BapHaHTa 38XBaT H3 

COCTOSIHHSI F ~12 He IIpOHCXO,llHT. noaTo~y II011Hblll nepexo.n F =3/2 ... In. 

YB91IH'IHBaeT BepOSITHOCTb 38XBaTa B 3 pa3a IIO CpaBH9HHIO C TeM 3H8'19HH9M 0 

KOTopoe rronyqanocb 6bi rrpH cTaTHCTH'IeCKOM pacnpe.neneHHH no ypoBHSJM F ~/2 
H 'F =1/2. 

EcnH 38KOH A 38XBaTa OT1IH'I89TCSI OT v- A • TO 38XB8T H3 F ·~12 B03MO

)K9H, 0nHaKo, 6y .llY'IH CBSI38HHbiM C B03HHKHOB9HH9M HeiiTpOHOB B TpHII119THOM COCT0-

!12{ 
SJHHH IKaK MO)KHO Bll.lleTb H3 pa6oTbi l06epanst H BonbcpeHmTeiiHa I, oH Bcer-

.na IIO,llaBneH IIO cpaBHeHHIO c. 38XB8TOM H3 F =1 12; TaKHM o6pa30M, nepexo.n 

F ~12- 112 rrpHBO.llHT H B aToM cny'lae K 3Ha'l HTenbHOMY yBenH'IeHHIO BepostT

HOCTH 38XBaTa. ITO'IHbi9 3H8'19HHSI BepOHTHOCTH 38XBaTa MO)KHO II01IY'Il1Tb H3 cpop

M yrr
1 131, .3aMeHS:m B HMX BepostTHOCTb HaXO)K,ll9HHSJ B cocTOSJHHH F =1 12 (p_) Ha 

9,llHHHUyl. 

§4. BnHstHHe nepexonoB 312 ~ 1 12 Ha}(KaTanH3, 

· · I 1141 
(yKa3aHHOe BonbcheHmTeiiHoM ) 

1141 ' 
BonbcpeHmTeiiH yKa3an Ha O'I9Hb ni060IIbiTHOe cne.ncTBHe, KOTopoe MO-

)KeT HM9Tb nepexo.n F ~12 - F = 112 B MIOaToMe .neiiTepHst .nnst KaTanH-

3a SJ,llepHOH peaKUHH B CM ecH BO,llOpO,lla If Ll9HTepHSI• 

.LJ.eno B TOM 1 'ITO Sl,llepHaSI peaKUHSI p-t- ol B MOneKyne pd.j<. cymecTB9HHO 

38BHCHT OT CIIHHOBOrO COCTOSIHHSI M0119KY1Ibl 0 MoneKyna p d.J' HMeeT COCTOSIHHSI C 

16/ 
II011HbiM CIIHHOM 2, 1 I nBa COCTOSIHHSII0 0 I eM., HaiipHMep 1; 1IpH'19M 1 IIOCK01Ib-

KY paccTostHHSI Me:m:.ny ypoBHSIMH MOJ:teKyrrhi c pa3nH'IHbiMH CIIHHaMH 3Ha'IHTe1IbHO 

601Iblli9 WllpHHbi ypoBHeii, SJ,llepHaSI peaKUHSI H,ll9T H938BHCHMO ,ll1ISI K8)KllOrO H3 

aTHX, COC'f:OSIHHllo B COCTOSIHHH CO CIIHHOM 2 CyMMapHbiH CIIHH IIpOTOHa If .ll9HTpOH8 

paBeH 312, a B COCTOSIHHH CO CIIHHOM H01Ib - 112. COCTOSIHHSI CO CIIHHOM 1 SIB1ISJ-
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IOTeH eynepn03HUHeti: eoeTO·HHHti:, OTBeqarorun:x eyMMapHOMy em!Hy II .ueti:TpOHa 

COOTBeTeTBeHHO 3/2 n:. 1/2. no<?KOJI.'DKY .[l_Jlfl peaKun:n: p t cl~ He?. e KOHBepen:eti: /L 
M eaoHa pewaiOIUYIO pOJib HrpaeT nepexo.u EO , n:.uyrun:ti: npn: eyMMapHOM enn:He 

• u /151617/ ..1 ( ) 
npoToHa n: .uen:TpoHa paBHOM 1 /2 ' • • , SieHo, '!To nep exo.u v.."' F= '3-/.%. ~ Y.:l.. , 

npon:eXOLlHIUHit LlO OOpa30BaHHH MOJieKyJibi P c(j£- , yBeJIH'IHBaH eTaTHeTn:qeeKn:it 

Bee TaKHX eoeTOHHHH1 yBeJIH'Il:!BaeT, TeM eaMbiM pereHepaUHlO /<-- Me30HOB. 

)lJISl OOJiee aKKypaTHbiX OUeHOK HeOOXOLll:!MO 3HaTb Bee eoeTOSlHI:!H e eyMMapHbiM 

enHHOM npOTOHa 1:! . .[leHTpOHa eOOTBeTeTBeHHO 3/2 H 1/2 B eoeTOHHI:!SlX MOJieKyJibi 

pcLfL e llOJIHbiM enHHOM 1. Cnn:HOBbie cPYHKUI:!l:! 1 eOOTBeTeTBYIOIUHe eOCTOSlHIIIO C 

noJIHbiM cnn:HOM MoneKyJibi pd../" , paBHbiM e.uHHHue , MoryT ObiTb npe.ueTaBneHbi 

B Bl:!.[le: 

5(Yl.> . c<~l.t) xi M =- C~ 1M (p,d,;/") + C;t i)i M.,(p, cl;j<-) 
'J' ,cl 1 a 

I xi M = 
I J 

161 
/r.ue cornaeHo rpyohlM oueHKaM 

oopaaoBaHHSI MOJieKyJibi pJ..jt- npon:eXOLlHT 

/33/ 

ci. =0,41 = c2. = 0,91 '· EeJIH LlO 

nepeXOLl aTOMOB d..tt. B COCTOHHI:!e 

F =1 /2, TO B MOMeHT oopaaoBaH l:!SI MIOJieKyJibi cnHHOBbiMH cPYHKUHHMH c paB

. 
' 

HOA BepoHTHoeTblO MoryT obiTb cfvL• Y2. ( J,j<-) 'I Y:t.( I') ; <Pv.t,-!itd.,J<-) lf-r~ ( p) 

cpy2.
1
y,_(d.,t-)':f_y.2.(p) H crr,_,-J%_(c:A.1f'-)':fy.2.(p) :"HeTpy!lHO npoBepHTb 0 'ITO npaBIIJib 

HbiMH CllHHOBbiMH cPYHKUHSIMI:! CHCTeMbi, COOTBSTCTBYIOIUHMH B MOMeHT 

yKa3aHHbiM Bbillie "Ha'!aJibHbiM" cPYHKUIIHM 1 SIBJIHIOTCSl! 

L:.1. = e1,1.Lt) 

L-2, = 81,-1(-t) -t:o cp ~,-Ji ( ct, Jt-) '-f-~ ( P) 

..L) 81 0 (t)+ Xo 0 e-iEot l 
'F£l , 1 J 

t = 0 
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-i.Eot} 
~ = .i. s E\ 0 (t)- xo,o e, --:- . '*'Y:t,-'i (ol,(<-) ':f Ji (P) 
~4 Vil- 1 ~::o 

rAE 

8 M (t):: i, J 

. · -i.E 1t 

(- e;- + 2. ~ c,) X 1., "a e. + 

+ ( z~ ci. + 
C~) x' . -i.E/t.· 
"?> i I M;} e. /34/ 

f 
lrD.e E.i., £1. 1 Eo -sueprHH cocTOHHJdt 

( 

xi M., I xi .... t Xo 0 '· VIa cpopMyn 
1 ,a I P_J I 

;34/ Cll9D.yeT1 'ITO BepOHTHOCTH H6XO)KD,9HHSJ CHCT9Mbi B COCTOSJHHSJX J..i. 1 l: f 

ft O COOTB9TCTB9HHO paBHbi: 

~ 

tV ,X~ :: h ( - c 1. + :l_. Vi c 2.) ~ 01 ~ !3 j 

2. 

\AT X~ = ii2. ( 2. V:i C i. + C :z.) ~ 0, ?>Co j 
/35/ 

\.U Xo = ~ · 
OueHKH nepoHTHOCTH HD.epf!6fi peaKunn c noMOUlhlO fiD.epubrx MOD.enefi necbMa 

· E n1 
H9Hll!l9»<H'plo CllH 1 O!lH6l<0 1 !lOBepHTb peaynhTllTllM 1 MO)KIJO 36KlliO'IHTb 1 'ITO 

uauoonee BepOSIT!IbiM B peaKUHH p+ cl- H el + t SlDllSI9TCSl nepeXOD. M i 
HD.YlllHfi H3 COCTOHHHSI p+ cl CO CnliHOM 1/2. 06031Jll'IHD B9pOfiTIIOCTb 9TOT'O 

nepexoD.a 'lepea R 0 , a nepoRTf!OCTh nepexoD.a EO c Konnepcuefi ,/"- Meao

ua qepea A/' 1 nony'IIIM D.llSJ BbiXOD.a peaKUIIR n M930M0119K,Ylle pclr- /oopaao -

nannofi ua rJ../<- (F =i) I 

'·' 

-----.... ~--~·--·---------·-·- - --·-
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y~ .y 
0 

/36/ 

- BbiXO.ll peaKUHH p+ c{_ ~He3B MO~eKyJie pc(jt- COOTBeTCTBeHHO C KOH-

1 6 ··-1 ~ BepcHefi /'- Me30Ha H HCIIYCKBHHeM O KBaHTa; .f\.
0

=0,45.10 CeK. -BepO.HT-

~ HOCTb pacna.a a /1.-- M eaoHa. B cpopMynax /36/ npeHe6peraeTc.H Bepo.HTHOCTblO 
~ 
~ nepexo.aa M 1 H E 2 Ha cocTO.HHH.H p+ ol co crrHHOM 3/2 H KOHBepcHeii /<- Me-

~ aoHa aa cqeT rrepexo.aa M 1 • BbiXO.ll peaKUHH cornacHo /36/ rrpeBbiUiaeT cooT -

BeTCTBylOIUYlO BeJIH'IHHy .llJl.H MOJieKyJI: pclj<- 1 o6pa30B8BWHXC.H H3 aTOMOB c)._/<- CO 

cTaTHCTH'!eCKHM pacrrpe.a eneHHeM rro ypoBH.HM F =3 /2 H . F =1 /2. B rrocne.a-

HeM CJIY'lae I B yKaaaHHbiX BbiWe rrpe.arroJIO)KeHH.HX/ BbiXO.ll peaKUHH paBeH: 

~ ~ 

R. {.1.. . C.i. + ..L. __ C~:t ____ ._ + .i.. 
o '-t :Ao+ ciz.(Rr+A~<-) .lt A0 + e~(R.0+Aj(-) i2. 

&: /37/ 

R..r 

lJ:HcnoBoe aHa"! eHHe Bepo.HTHOCTH rrepexo.aa d..~ ( F.: 'I~ __. F = V:z.,) 
/eM. /25/ !, rro-BH.llHMoMy , cornacyeTc.H c rrpe.arrono)KeHHeM BonbcpeHIUTefiHa 141 

o TOMt 'ITO B CMeCif ~O.ll0pO.ll8 C .Qeii:TepHeM rrepeXO.ll 3/2 ~ 1/2 IIpH KOHUeHTpa

un.HX .aefiTepH.H IIOp.HAKB rrpoueHTa He rrp·oncXO.llHT, B TO BpeM.H KaK IIpH fiOJibWIIX 

KOHUeHTpaUU.HX .aeii:TepU.H rrepeXO.ll 3/2 ~ 1/2 ycrreBaeT IIpOH30H'rU .llO o6paao

B8HII.H MroneKyn p rl.f<- • YKaaaHHbifi acpcpeKT o6'b.HcH.HeT HeKoTopoe yBenuqeHue Bbixo

.aa peaKUIIH p+d...., \..fe~ IIpH fiOJibllliiX KOHUeHTpaUII.HX .aefiTepH.H
1 

O.llHBK0
1 

rrpe.ll -

/18/ 
CTBBJI.HeTC.H eme He,llOCTBTO'!HbiM .ll1I.H IIOHHMBHH.H pe3y1IbTa':'OB t eCJIII IIpiiHHMaTb 

J 17 19/ BepO.HTHOCTH o6pa30B8HII.H M!OJieKyJI p O..f'. 1 Bbi'I HClleHHbie B 1 

· n~he.1nmeHHL.Jil 11ncnnyr I 
~ ':C~IU,]X m:c.lle~Oll:lHHil 

5£·'~611M5TEH:A . , 
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Cne~yeT OTMeTHTb, 'ITO, ecnH H~epHan peaKUHH H3 COCTOHHHH CO CITHBOM 

P+ J., , paBHOM 3/2) aHa'I HTenbHO MeHbllle, qeM Ha cocTOHHirsr 1/2, To nepexo~ 
aTOMOB eir-e- B HIOKHee COCTOHHHe CBepXTOHKOH CTpyKTypbi O~HHaKOBO yBenH'IH 

BaeT BbiXO~ peaKUHH KaK C KOHBepcHe:ll: /<- Me30Ha, TaK, H C HCnycKaHHeM !"" 
KBaHTOB, TaK 'ITO KoacpcpHUHeHT KOHBepcHH ocTaeTcH nocToHHHbiM. EcnH Obi peaK-

UHH p +d. ~ He~ + (". run a B OCHOBHOM H3 co CTOHHHH p + ct co CUHHOM 312, 

To nepexo~ d...ft, B HH:lliHee cocTOHHHe F =1 /2 ~on:llieH Obm Obi npHBecTH K 

yBenH'IeHHID.KOacpcpHUHeHTa KOHBepCHH 3a C'IeT cymeCTBeHHOrO yBenH'IeHHH BepOHT-

HOCTH EO nepexo~a H yMeHbrueHHH BepoHTHOCTH pa~HaUHOHHoro. B npHHUHne 

yKa3aHHbii!: cpaKT MO)KHO 6bmo Obi aKcnepHMeuTanbHO npoBepHTb, Hayqan BbiXO~ 

peaKUHH P+ cl _, He3- + r" B cMecH Bo~opo~a c ~eH:TepHeM, KaK aTo ~e-
. /20/ 

nanocb B 1 HO npH OOnbWHX KOHUeHTpaUHHX ~ei!:TepHH 0 

B aaKnroqeuHe Bbipa:lliaro rny6oKyro 6naro~apuoc·Tb aKa.rteMHKY .H.B.3enb~OBH

'Iy, yKaaaBrueMy Ha B03MO:lliHOCTb ooMeHHoro nepexo~a H c~enaBrueMy pn~ ueu 

HbiX aaMe'IaHHi!:, a TaK:llie n.I1.nanH~ycy, A.A.noryHoBy, .H.A.CMopO~HHCKOMy H 

I1.M.WMyillKeBH'Iy aa noneauoe o6cym~~;m~re • ABTop rny6oKo npHaHaTeneu 

n.Bo.itbcpeHriiTe:ll:uy aa HHTepecHbie coo6pa:>KeHHH, BbiCKaaaHHbre B ero mrcbMe. 
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