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B B e J! e H H e 

llpOU8CC o6p830BBHHH ~ -M830MOH8KYH HBHHSTCH qaCTb~ 

B8Cbl48 p83B9TBH8HHQJ,I uenoqKJII M8308TOMHiliX npOU8CCOB, KOTOpb18 

npOT8KB~T llpH TOpMO~SHIIIIII jU--M830HOB B CM8CIII 11130TOilOB BO~O

po~a. KoHeqHbiMH CTB~IIIHMIII 3TOH uenoqKH npoueCCOB HB1!H~TCH 11111-

60 pacna~ _,M- -M930H8, HH60 ero 38XBBT npoTOHOM H~pa O~Horo 

H3 H30T0ilOB BO~Opo~a, nH60 ~e peaKURH CIIIHT938 H~ep o6pa30BBB

Ill9~CH MesoMoneKynhi/I-3/. BepoaTHOCTH nocne.zu,mx JJ.BYX npoueccoB 

cy~eCTB9HHO 38BIIICHT OT CKOpOCT8~ o6pa30BBHHH M930MOneKyn. 

KpoMe TOrO, 3HBHHe STIIIX CKOpOCTeJ,I He06XOJJ.HMO 7J.1!H npeUHo110lltlbiX 

111311.9p8HI'I~ KOHCTBHT cna6oro B381'1M0~9HCTBIIIH B peBKUHHX 

,/A-+f--n+~ 1'1 )'<-+J-2n+~ HB HJJ.pBX JJO,l\OJIO,I\8. 

llpe!IIMy~eCTBO TBKI'IX 1'13MepeHHH no Cp8BH9HI'IIO C BHBJJOri'JqHb!MI'I 1113-

MepeHHHMH HB CHO~HbiX MPBX COCTOI'IT B TOM, qTo 0!11'1 CROOO,L\Hbl OT 

H90ilp97J.8H9HHOCT9~, 06yCnOBH9HHiliX H87J.OCTBTQqHbiM oll8HI'I8M CTpyK-

Typbl H.ztep • 

.li.O H97J.BBHero Bp91o19HI'I HMenH M8CTO 38M9THb18 p8CXOlK,l(8HI'IH 

Y8~.liY BbJqi'JCH8HHbiMI'I/l •4 'Sf 1'1 1'13M8p9HHbiMH/6-lO/ 3HaqeJIJ.IHMI'I CKO

poCTeJ,I o6pB30BBHI'IH M830MOHeKyn fd)'< • b ,L\BHHOM paCioTe STI'I 

p8CXOlK~8HI'IH yCTp8H8Hbl. KpOY8 TOrO, B pa60Te BblqHcneHhl CKOpOCTI'I 

o6pasoBaHHH Me sowoneKyn f f/<, ri ~, p-t;«, > clf;A- H f~. 

MexaHH3M oCipasoBBHHH )A -uesoMoneKyn BO,llopo.zta no.n.po6Ho 

06CYlK.liBRCH B ilp8lKHHX .PBOOTBX/I-S/. KBK HoB8CTHO, OCHOBIIYIO ponb 

111rpa10T npH aTOM aneKTplllqecKHe .n.HnonbHhle 1<;1-nepexo.zthl, Bcne.n.cT-

BIIIe qero M830M01!8KY1lb1 ff',# > pJ)A- H rt)'<, cy~eCTBY~~He 1!HU!b 

BO Bpa~aTenbHbiX cocTOHHIIIHX c op6HTanbHhiMH MOI48HTBMIII L =0 H 

L =I, uoryT o6pasOBbiBBTDCH TOnbKO H3 S;- f- H c:l- cocTo-
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RHl'li1 paCC6RHl'!R M630aTOMOB fJ'l ) d)-< l'l f;-< ' Ha npOTOHaX 

MoneRyn H
2 

• B t~acTHDCTl'l, npH ue,n;neHHbiX ( E.~ O,I 3 B ) 

CT01II\HOB6HHRX ,ll;OMHHHpy~T nepeXO,ll;bl H3 S -COCTORHHi1 p8CC6HHHR 

BO Bpa~aTellbHbl6 COCTORHHR M630YOll6KYll C op6HTallbHbiM MOU6HTOU 

L =I. Ilp!t! HanHtiHH peaoHaHca B d -BonHe (HanpHuep, npH 

CTOJlKHOB6Hl'lHX dj< +f /ll/) C 3Tl'IM nepaXO,ll;OM KOHKypH-

pyeT nepexo,n; ( L =2) -+ ( L "'I). MeaolwneKynhl del;< ) dt)'t H t"f;#, 
Kpowe BpamaTeJIDHhlX cocTORHHi! c L =0 H L =I, cymecTBYIOT B 

COCTORHHRX c L =2 l'l L =3 ( TOllbKO ,ll;liH tt_f< ) ' It! B COOTB6TCTBHH 

C 3THM B03MO~HO HX o6p830B8HH8 H3 COCTORHHJ! paCCBHHl'lR C 6onee 

BbiCOI\l'lMH op6HT81IbHblUl'l MOY6HTaUH. O,n;HaKO B HHTepecyiO!IlBH H8C 

o6nacTl'l aHeprHi1 CT01IKHOB6Hl'!H ( E< 50 aB) BepoRTHOCTh nepexo

,n;oB l'l3 3Tl'IX COCTORHHi1 Y8lla,H Mbi HX paccuaTpl'!BaTb He 6y,n;eu. 

KaK l'l3B6CTHO/I, 3 ,I2/, npH o6p830BaHHH M630M01l6KY1I B B03-

6y~,n;eHHbiX COCTORHl'lHX C M81IOH 3Hepruei1 CBH3H 3aUeTHbli! BK1I8,ll; B 

06!1lYIO BepoHTHOCTh uoryT ,n;aTb uoHononbHble EO-nepexo,n;bl. BepoRT

HOCTl'l 3Tl'IX nepeXO,ll;OB T8K~8 Bbltll'!Cll6Hbl B ,ll;8HHOH pa60Te. 

06paaoBBHHe ueaouoneKyn nyTeu EI-nepexoAa 

Ilpocne,n;HM cxeMy BbltiHCllaHHi! Ha npHuepe o6paaoB8Hl'!H ueao

woneKyn f dj< • IlpH TOpY0~6Hl'l14 _)-{- -M630HOB B CUeCH BO;AOpO;AB 

l'l ;A6HT6PHH o6paayeTCH BHaqane CY6Cb M6308TOMOB f)'< 14 d/" 1 

nocne t~ero cne,l\yeT 6biCTp!lli! nepexo;~~ p,« + d ~ ~ + f 
co CKOPOCTDIO ArJ = I, 7·IOI0 c-I /I-4,I3/. 

B ,ll;8llbH6HW6Y, npH CTOliKHOBBHHHX ll6308TOMOB o/-< C MOll8-

KYl181lH Bo,n;opo;~~a, npoHcxo.n;HT peaK~HH 

~ + Hz. ~ [ ( p «,...u / ,P e-] + + e -. <I) 

4 

TaKl'lM oopaaoM, o6paaoBaBIDaHCH ueaouoneKyna pel;< , T. e. l'IDH 

(p J;< )+ 
1 

CTaHOBHTCR H;ApOM CBOe o6pa3HOrO MOlleKyliHpHOrD l-!OHa, 

a aHeprl'liO, Bbl;A6lll'IBWYIOCR npl'l 06p830BaHl'll'l MOneKyllhl pJJ" , YHO

CHT 3ll8KTpOH KOHBepCl'll'l. Cl'lCTeMa KOOp,n;HaaT, B KOTOpoU Bbltll'!CliH-

eTCH CKOpOCTb 

npe;ACTaBll6H8 Ha 

CKOpOCTb 

ro Bo;~~opo,n;a ~ 

).. r"~" o6pa30BaHl'lR M630MOll6KYllhl 

pl'!C. !. 

Apd)" , npHBe.n;eHHaH K nnoTHOCTl'l 

= 4,25·Io22 cu-3 , paBHa 

). r"'l" = o v- fl. 0-I ' 

pd)'t, 

H;Ae p JKl'l;AKO-

(2) 

r,n;e 1T - CKOpOCTb OTHOCHT6llbHOrO ;AB!t\JK6HHH M630aTOM8 oljA

l'l H;Apa uoneKYllhl Hz. , a o - nonHoe cet~eal'!e oopaaoBaHl'lR 

M630MOll6KYllb1 f~ . ~OpMyna ;AliH ;Al'!~epeH~l'!BllbHOrO ceqeHl'lH, 
~ 

COOTB6TCTBYIO!Il8H Bblll6TY 3ll6KTpOH8 B HHT6pB8ll6 l'!MllYllbCOH ~ 

H f +d.'{ 
1 

HM66T BH71./I
4

/ 

Vdo = p ~TT 3 (Ef-Et) J( · (3) 

·I: 1 S ~fJ7:'JfT<+>(z:r)r(f>(rJ RiA!t r('(f)Y(t)cz;r)l~ 
1\'lL.. 

B,n;ech BBe;AeHhl o6oaaaqeal'!H: 

cr(n c f) l'l r(+J Cf) - BOliHOBbl6 ~yHK~l'll'l Bblll6T8IO!Il6rO 

3ll6KTpOHa B HatiallhHOM ( i ) l'l KOH6tiHOM (f) COCTDR!ll'IRX; 

(),IJ~("c- .... ) ''~'"'+>c~ -) r z., f. H r z, R. - llOIJHOBhle ~YHK~l'll'l cMcTeMhl o()'< "~-f 

l'l MOll6KYllbl pd~ COOTB6TCTB6HHO; 

p - CTaTHCTl'!qeCKl'lH MHO~l'!T61lh, KOTOpbiH Ha;AO ytil'!TblBaTb npl'l 

o6paaoBBHl'll'l weaouoneKyn c o,n;l'lHBKOBhlMl'l R;Apaul'l; 
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B cnyqae weaowoneKyn c paanHliHHMH H~paMH p = I. 

CywwHpoBaHHe ~ npoBo~HTCH no Bceu ~onycTHMHU sHa-
"'L. 

liSHHilll npoeKUHH mL opc5Hran:~>uoro MOMSHTa L oc5pasoBaB-

we~cH M630MOJ16KYJIH; 

E, = E.I + E 

CHCT6MH c{,.« + Hz. 
H Ef = E,.L + } 2/2m - noJIHHe aHeprHH 

B HBliBJil>HOM H KOH6liHOU COCTOHHHH COOTB6T-

CTB6HHO; [I =-I5,44 aB - 3HeprHH CBH3H 3J16KTpOH8 B OCHOBHOM 

cocroHHHH uoneKynH rlz ~ E~L - aHeprHH CBH3H ueaouone

KYJIH pd~ B COCTOHHHH C Op6HTBJ1l>HUM MOW6HTOU L H BH6-

PBUHOHHHU KBBHTOBUM liHCJIOU 0/j ~ - Hunynl>C 3J16KTpOHB KOH-

B8pCHH, B6COJI~THBff B6JIHllHHB KOTOporo pBBHB 

- [ \1~z ~- 2.m(£-t- \EyL\-\E.I\) I 

~ - MBCCB 3ll6KTpOHB; 

T6Jll>HOro ~BH~8HHH 1.1630BTOMB 

E = kz./zM - aHeprHH oTHOCH-

c:lj't H nporoHa uoneKyJIH H
2 

; 

M - 3\PqJ8KTHBH8H uacca CHCT6MH r"'r 
eTCH qepe a waccH ,lleArpoHa Md = N1 ; 

, KOTOpBH BHpa~a

? 
npoToHa Ml' = M1.. • 

H ,;« -MeaoHa ( M/A ) no ilJopMynau/I5/ 

1.. 1 1 1. 
I ~ ..!._=-+ t1 = M. m , M. Mi 

1. 
Mz. 

-=-+--
1'11" M,... ~M. '(3a) 

MesouoneKynH o6paay~TCH no~ ~etlcTBHeu BosuymeHHH 

A 

L 
Rie 

H0.-t = 
ez. 

Rze 

ez. z. 
+-+~ 

')..e f (4) 

r~e Rie ( i=I,Z,;«)- paccroHHHe or H~ep /'( H _.M -Me-

aoHa ~o aneKTpoHa. C ylleToM HepaBeHCTBa .f' >;;- R. ' ) 
r,lle 

R,; - paccroHHHH H~ep H MesoHa or ueHTpa,uacc ueaouoneKynhl 

6 

p? , HM86M B ~HnOJil>HOM npH6JIH~HHH 

_j_= 
R,e 

1. "' /( it. 0 -- + _._J 
f 5'3 (5) lf-tl < 

OTKy~a cne~yer Bupa~eHHe 

A _.._ 

H. t =- e d f · 
V'l f3 (6) 

- - -) ,ilHilOJil>HU~ MOU8HT d = cf (z, R B p83liHllHbiX KOOp~HH8-
TBX (pHC, I) BUpB~B8TCH CJie~y~U(HM 06p830M: 

d-.= - e ( ~ + K;- R;.) = - e [ ?t f-+ ( 1 + ~ )~] = 

el~ (1- ~)f + (1+~);], 

Je.= 
M2 -M~ 

M2 +M1 

M-t = M1. + Mz. -+ M,.... • 

(7) 

BOJIHOBBH \PYHKUHH HBliBJil>HOrO COCTOHHHH 3ll6KTpOHB B MOll6-

KYll6 BO~Opo~a 6HJIB Bb16p8H8 HBI.IH B BH~e, npe~liOlK8HHOM l'atiTJie

pOM H JlOH~OHOU (B BTili.IHHX e~HHHUBX e = j; = 1'>1-= 1 ) : 

y;(i)(f) = [ r.} ]~(e_.z.f -l'.\1-R,I) 
2r0+~) + e , (8) 

r~e ~c - 3\P\P8KTHBHUH 3BpH~ npOTOH8 B MOJieKyne BOAOPOAB, 

Rp - paBHOBecHoe paccroHuHe MelK~Y npoTOHBMH. 

CornacHofi6/ npHHHThl cne~~U(He 3HBll8HHH BeJIHliHH: 

Z. 0 = I ,I9; Rf' =I ,4U; /:::. = Ll,677. ( 9) 
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e-

p 

PKc. I. R - pa.n;HyC-B6KTop, coe.n;HHHIOil\Irltl Hi'\pa d 1r1 f ; -7.,.A< H =i - p8AHYC-B6KTOpa ,/'<- -1463 0118 C H81i81IOM 

B I.\6HTp6 M8CC fl,ll;6p d H f 1rl B r601.!6TpHii6CKOM 

ueHTpe o·rpeaKa R cooTBeTCTBeHuo; f H f 
f' 

p8;D.HyC-B6KTOp8, llpOB6;Ll,6HHU6 H3 I.\6HTp8 M8CC Clr!CT6Mbl 

pd)" 1'1 OT JJTOporo fl.LJ,pa MOJ16KYilW Hz B TOiiKY 118--XO~;D,6HHH 31l6KTPOH8; R, - B61tTOp, C06.LJ,HaHIOil(HH H;D,p8 

B MO neKyne H2 • 

8 

B01IHOB8H <iJYHKI.\Hfl '1-'(f) (f) 31I6KTpOH8 c HMllY1I:bCOM i 
B KY1IOHOBCKOM none aapH.n;a Z '* , HOpMHPOB8HH8H Ha 8 ( f -f'), 
KII.66T XOpOWO H3B6CTH~M BH,ll; /14/: 

~(+len~ -f- I: i\2L+:t)e-'6"'-R'i-'-(f)PL(co~e<t-r), (1o) 

!!1T1,. L=O 

e. ~ -
r.n;e }f' - yron 11.6lK,li.Y B6KTOp81.!H ~ H f' , o·rCiilr!T8H-

H~H oT HanpaBn6HHH C{ , a /?. '1- /...(f) - KynouoBcKaH WYHK-

1.\HH, Ollp6,ll;6i!6HH8fl COOTHOilleHHfll.!H 

Rtt/... (f)== c . ' ~~-

~ L -i'I-P 
_£__.,1.(2~5') e F(L+1+iZ 2L+Z·2.:af) J 
(2.L+i.). ' , r 

(II) 

[ 
-211z)~-t L ~ 

c'J-L- = 2 lz (1- e '1 n (s
2
+z:z.) 

2 

S=f J 
z=z'?~; 

R't-'- (~) ~ if· ; s.·~ ( '1--f + Z ~ 21f - "} + f>L) · 
f~OO 

3.n;6C:b: 6 L- = OV!.-f:f r ( 1.. + :1 - o' ~) - KYi!OHOBC!t8fl waaa. l 'it'-

a!M>6KTiriBHI>H aapa.n; Clr!CT6MI> [ ( pd_,.u)+pe-] . 
Bi>,ll;6i!HH pa3M6pH~6 lo!HOXHT6i!Irl BO BC6X Bi>p8X6HHHX, CO,lJ;6pE8-

UlKX K00p,ll;HH8T~ f 1'1 l'IMllY 1I:bC I> 

_,. 
1- 31I6KTpOH8, 1'1 npOB6,ll;H 

no 111'11.! KHT6rpKpOB8HKe, llOi!YiilriM C1I6AY!Oil\66 BWp8~6Hl'l6 ,ll;1IH CKOpOCTH 

o6paaoB8HHH M630MoneKyn nyT6M KOHBepcHouuoro E1-n6p6XOi'\8x): 

x) PaawepHOCTH BOi!HOBWX <iJYHKI.\Htl (8) 1'1 (10) poBHbl ao -
3
1

2 
1'1 

t -3/2 COOTB6TC~B6HHO; npl'l BWB0;'\6 <lJOpMy1Ibl (12) yliT6HO, liTO 

KOHB6pCI'IH mo6oro H3 i'\BYX aneKTPOHOB M01I6KY1Ibl Hz Oi'\HHBKO-

BO B6pOHTH8 ( ao = tiz. I Vl1 e 2
). 
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2. z3 { z. 
~ (E1) = l3 Kn N. me z.' _o . -11(})1 . 

1 3 o 1; 3 a0 1 + A 1-
(12) 

. L f 5 ;;,{z y(+)(z: n ](r,R")1"'( 0(r, f) I z. 
~""L. 

8,l\8Cb BB8,l\8H~ D603H8qeH!tlH: 

lCt) = Ij Ct) + Iz ('}-), 

I ( ( -z.~ 
1 ~)= .)dfR.p.Cf)e , (13) 

0 

00 { ~- - I --~ r r - :c r -Rr 
Iz(cy)= 2 yif R'I-L(f) Jo<w.e.f~p e · , 

0 -j 

H BCe B8JIH'IHHbl Bblpa~eHbl B 8TOMHbiX 

e,lii1HHJ..Iax. f!BH~>~i1 BH.l\ ltlHTerpanoB Ij ( 'jt) 11 I 2 C '}) npHBe.l(eH 

B npHJIO:E6HH!tl. 

BonHOBble ~YHKL\Itll1, npe.ziCTBBJIHIO~He .l\BitllKeHHe ;u -MeaoHa H 

H,l1ep, Bhi'HlCJieHbl B ,l1ByxypOBH8BOM npH6JIHJK6HI1H M8TO,l\8 BCC/13/: 

Y (<J)(z, n = ~ Ci; F.) v:. (<~+)(f)+ v;_ CZ; R)rt~f~t) .'14 ) 

r)le 

~,2 (l; R) = ~ [ ~ (zJ) + 'fu (z; R)], 
(I4a) 

a ~ CZ; R) :~~ If~.< (z; R.) - tieTHoe 11 HetieTHoe pewe-

H11H 3D,l\8'1H 4BYX L\8HTjJOB/ll/, HOpMWpOB8HHble yCJIOBHHMI1 

Sdi~~z;R) = So{t\("'
2
(Z;R) = 1, (146) 

10 

0HH npe,l\CT8BJIHIOT ,l\BHJK6H:I!6 _}A- -ld630H8 B llOJie .l\BYX 38KpenJieH

HWl H.li8P ( d H f ) B .l\BYX H8:1!HH3W:I!X 3HepreTH'IeCK!tlX COCTO-

HH:I!HX • 
(l) ... ) (J/(/) ... • 

BOJIHOBble iflYHKI.Urn Cf. (R H T· (f<) (J- =1,2) 
d J ' 

npe,l\CT8BJIH~He OTHOC~T8JibH06 ,l\BH~8HHe H,l\ep B H8'18JlbHOM ltl KO-

H8'1HOM COCTOHH!tlltl,HM8IOT BH,l\: 

w<<J -) oo i j(n 
'J (1!. = E iL(zL+J) kR. i (~) P~.. ( w~ ekR), (15) 

L=-o 

r,l\e e· = 2/'1 £, 9kR - yroJI M8lK.l\Y B8KTOp8Mitl k 
OTC'IHT8HHblti OT H8llp8BJ18HHH k :1! 

' 

lf.(+> (f) = L j ~+( ~) Y ( e, 4>) • 
J IZ J LY\11.. 

11 if 
' 

(16) 

~YHKL\HH 

(0 .i. ( ~) 
.j ltl _f (+l 

J ( R) ilBJiiliOTCH peweHHf.llH 

CltlCT8Mbl ypaBH6HHH 

Jz..i. L(t..+1.) J J ... r .I ;.r ,; + Q ,./fz 
---{- -+" [2M£ - z. -"~ = VH..X1 -r Y:a-".z. 2 J.Z ;{If • 
dK R (17) 

cl..z.iz + [ ZM(t-t.E)- L(L+i)] 1 = V, j + V..J -+20 Jft 
d. f{z R.Z .Jz. Zi 1 2~ Z 21. ,{K 

CO CJI8~YIOillHMH rpaHH'IHhlldltl yCJlOB!tlHII!tl: 

fijJH R = 0 

npw 

.i
(i 1 (f) 
i (c.) :: JJ ( o) = 0 , 

R-+ oo ,l\Jiil aaqaJibHoro cocTOHIIIHI ( o "-. t < A E) 
.~ -L. ~ ) J. (i?.) ~ sin(H -~-ret.. , 

1 -
J,!--+oa 

J.(',(t-) ""'exF l- (2M(~>E-0]~~ ~; . 
11 

(loa) 

(186) 



npH R-oo ,l\Hff KOH6'IHOrO C OC TOffHHH ( £..,1.. <. 0) 

~u>(R.) rv e xp {- (-2M e.,.t. )tR 1, 
(I8B) 

(+> { [ -,1% l iz_ (F<)rv exp - -ZMfEvt.+t.t=)J ~Rs· 

J3 3TI'JX onpe.n;e JJe HI'JHX 3Heprl'lH CTOHKHOB6HHff E. H ::lHeprHff CBff-

31'! tv/.. OTC'IHTb!BaKlTCff OT OCHOBHOrO ypOBHff 3HeprHH H30HI'J-

pOBaHHOrO Me30aTOMa C ff.ZI;pOM M! Tfilltenoro H30Tona ( d)'< ) • 

B a~VJadaTVJ'IeCKOM npVJ6HVJJJteHVJVJ VJ30TOlll'ltJ:ecKaH pa3HOCTb ypoBHeJ;i 

Me3oaroMoB cy. H f!'t paBHa A E = - X/2.r1>0. 9\IJ\IleKTHB-

HJ.Je llOTeHJ..(Hanbl Y,_.i :: Y,_J' (!?.) H Q,i E Q,'i ( R) , KO-

TOpb!e BwpaJJtaiOTCH qepe3 repMbl E3 (R) VJ Ew. (R.) 3a,llatJ:H 

ABYX l\8HTpOB I'J MaTpl'l'IHb16 3H6M6HTU OT onepaTOpOB ~A: H ";-

no BOHHOBbiM tlJYHKUI'JffM lf'~ (z; R.) K lfw. (z; f<) , BUqHC-

neHbl B pa6orax1181. ~nff peweHVJff ypaBHeHHH (I7) c rpaHH'IHUMI'l 

yCHOBHffMI'J (I8B) Bb16paH anropHTM, HCll0Hb3YKl~I'J~ HenpepUBHU~ aHa

nor M8TO.n;a HoKlTOHa/I 9/, KOTOpbl~ odecne'IHBaeT TO'IHOCTb BU'IHCne

HI'Jff cjiyHKL\:V.tl <V IU-4 • 

rpaHH'IHble yCHOBHff (186) COOTBeTCTBYKlT ,llByXKaHanoHO~ 3a,ll8-

qe pacceHHHff c ytJ:eTOM 3aKpUTOro KaHana. nnfl ee perneHHff Obln 

paapadOTaH 3t1J4!6KTHBHb!H anrOpHTM /II/ Ha OCHOBe M6TO~a ~a30-
Bb!X ~YHKUHn/2Q~TaKJJte OOecnetJ:HBaiD~HH TOqHOCTb He XyJJte tJ:eM~Io-3 • 

.i (f) 
Cl>yHKUI'JH . (R) HOpMHpOBBHbl ycnOBHeM 

(J 

00 

sJR 1 [tft~~-)r + [x;(fl(R)t ~ = i, (19) 

0 

12 

a 4.JYHKUHH 

HOJIIHPOBaHa 

Bu.n.enHH 

,l\Hff \IJYHKUHH 

(i) 
~ .(X) 

1 
B COOTB6TCTBHH C onpe.n.eneHHeM (3), 

Ha e,ll,HHH'IHYKl aunnHTY.llY (I86) npw R-oo. 

PaauepHUe MrlO~HTeHH Q ; 3/ 2 a -I/2 H I ... • ttl .. 

(/) - (f) .;t·Y. I T.• (z · R.) _j. (K) >1 .A'· t-<) f<R. COOTBETCT-
d 'J'J "- ..... 

B6HHo,npOBO,lJ,H HHTerpHpOBaHHe no KOOp,llHHaTaU Z H ~ H 

cyuKHpOBaHHe no npoeKUHHM tML KOHe'IHOrO COCTOHHHff, npH,lleM 

K OKOH'IaTe HbHOMY BblpaJJteHH!O .1\Hff ~ ( EI): 

A (Ei):: A 32r (Nca.n(~)s: lo3 .i.ji(<~.)Iz.l<.d>lly!le't c-I (20) 
r 3 m• j+t. 'f.- r -t;3 . 

3.n.ecb: C< tfl"' = ~ :t/ m,.e \ aciJW6KTHBHBH uacca m '*' onpe.n.e-

neHa <J>opuynauH (3a), a aHaqeHHe j<d>l 2 
,llnH nepexo.n.oB 

(L=0/0 --+ (L:::f)(f) B 6.zil4HHUBX ( e = 1; = m"' = i) 
paBHO! 

l~d >lz == ~~ f.\ S dR' Q(; yct>(z; t) J(z,l) l.trl'(z: nr = 
~~ (2I) 

M 12. 
= [ t (1 - ~) J! + ( 1 + -,.f;) J ~ 1 ' 

r,lle 
oO 

I= i.. r (i('Ji(.f>+ J<<>Jc+>)RAR 
1 I< j 1. J. :. J.z_ ' 

0 (22) 
00 

I ~ J... r (i.('Ji(~- '("Jc+>) D (R.).ll?. 
z k J l. 'Z ..A_t J. 3" ' 

0 

..... 
D.,~(R) =: S.ti~(;;R)i ~'<(t;R). 

13 



Bee ~OpMyn~ OCT8IDTCH cnpa:se~nHB~M11 H ~HH nepexo~OB 
en (t) en (+-) 

(L=i) --(L=O). ,llnH nepexo~oB (L=2)-+ (L=1) 

B~pa*eHHe (2I) cne~yeT ~OMHO*HTb H8 ~Ba. 

ilp11 B~~cneHI111 CKOpOCTeH 06p830B8HI1H M630MOHeKyn C 0~11-

H8KOB~MI1 HAP8MI1 npHBe,lleHH~e ~op . .1y~ He06XO~I1MO HeCKOHbKO Bl1-

j (f) (f) 1. j(-f) 
~o11aueHHTb. B aToM cnyt~.ae '(;1(=0, 1 (!<) = 1~ (~) = ..rz 3 (R) 

11 B COOTBeTCTBI111 C 3TI1M 

'lV(f)c- -) - ) 1 J(+l Y c I z}R = ~(z;R ·R J (!?.) LmL- e,<P). (23a) 

'"")f/(if)(- .... ) 
Kpoue Toro, <l!YHKU/1111 ::c ' z} F< o6na~aiDT onpe~eneH-

HOM CI1MM6TpllleH DO OTHOllieHIIIID K onepaUH/11 nepeCT8HOBKI1 H,l{ep. ilpH 

3TO~ onepBUHH B01IHOB~e ~YHKU1111 npH06peT8IDT MHO~IIITenb/I4/ 
0 = ( -l-t e +ZI.1 -I ' r~e L .II t - op6.111TBJlbH~e 110-

MeHT~ OTHOC.IIIT81lbHOrO ~BHEeH.IIIH H~ep Ill M830H8 COOTBeTCTBeHHO, 

Ij .11 I - cn.IIIH H,l{pa .111 cyMMapH~i-1 cn.111H HAep cooTBeTCTBeHHO, 

Ill f"Yt C H,l{pBI!.H-np.111t1.eM 0 = -I .ll.1lfl KeaouoneKyn f {'I' 

llJepM.IIIOH8MIII Ill O = +I ,l{1IH 116301101!eKyn~ J d,J-< C H,l{p81l.i!•6030-

HBMIII. ilOCK01lbKY WYHKUIIIH COOT-~ C( !?.) Ill <f .. ( i; R) 
.111 f=i. ji?f, 38KHilli.Bell OTCID,l{a, BeTCTBYIDT 3H8ll.eH.IIIHII (:0 

li.TO Bpa~aTenbH~e COCTOHHHH Me30M01!eKyn C Hell.eTH~Illll 3HBll.eHIIIHI!.III 

op6KTB1lbHhiX MOMeHTOB L = I ,3, ••• :soaMo~H~ n111mb np.111 cyKwapHoll 

cmme H~ep I= 1. • III nocK01lbKY aHall.eHKH 'f .111 I coxpaHHIDT

cR, TO ~KnonbH~e nepexo.n.~ .1113 cocTOHH.III~ L = 0,2, ••• Henpep~B-

HOrO Cll8KTpa B03MO*Hbl 1!11illb 113 COCTOHHIIH 'f'" (z; f{) 11e3oa-

Horo ~BK*eHIIIH, B cooTBeTCTBIIIIII c aT11M nonHaH :sonHoBaH llJYHKU11H 

H8ll.81lbHOrO COCTOHH.IIIH 11MeeT B.lll,ll 

'I// l<> ... ')"' 1 j
1'J' p I (z,R)=\(('l;R)L/(2L+J.)J<{{ w lR) L(unel<,),. 

L=O (236) 

14 

~ 

l 

(<') 

r~e lPYHKUHH _( ( K) HOpMI1pOB8H8 BCI1MDTOTI1ll.eCKI1M YC1IOBI1eM 

j~<i (!?.) =;. S•i' ( kR - L:: -r b"'). (23B) 

~opuyna ~1IH < J > B 3TOM cnyqae BI1A0113MeHHeTCH 

cne,llYID~HM o6paaoM: 

ex> 

<d) = (1 + ~) ~ ) ~~~d~n(!<) ~..(R) d R. 
c 

CTBTI1CTHll.eCK11M Bee COCTOHHI1~ ~ = (~I+t)/(2I1.-tj/ 

(24) 

c cyMuapH~<M cn.i!HOM H,l{ep I= 1. pa:seH f' = 3/4 B CJryqae Me-

30MoneKyn ffl" Ill tt)-< .111 I/3 B cnyqae d-0. 

06paao:saHI1e MeaoMoneKyn nyTeu EO-nepexoAa 

SneKTP.illl.eCK.IIIi-1 woHononbH~~ EO-nepexo,l{ c KOHB8JJC.IIIell Ha 

aneKTpOHe M01!eKy1lbl BO)J.OpO,ll8 MOn\eT, B nplilii..(I1De, )1.8Th ;JaMeTHLIH 

BK1!B~ B 06~yD CKOpOCTb o6pa30B8H.IIIH Me30M01!eKy11 np.lll nevexo,I\8X 

.1113 S -GOCTOHH.IIIH Henpep~BHOrO CneKTpa BO Bpa~aTeTibHble COCTO-

HHIIIH ueaowoneKyn c L=O c MaJJO~ 3H8prHeil: CBH3111 

/I2/ (HanpHwep, d. ,jl"' ~ Jt)A :> tt)-'- ). 

B aToll cnyt~.ae .n.na KeaoKoneKyn~ ti)A B03MOJKHO T01IDKO 

CI1Hr1!eTHOe COCTOHHI18 CD.IIIHOB H)J.ep I=O 11 COOTB8TCTB8HHO 

~ = I/4, a .ll.1IH Jd)A - COCTOHHIIIH I=0,2 ( ~ =2/3). 

CKopocTb EO-nevexoAa no-npeJKHeYy onpe,l\enaeTCH i))opuynoU 

(3) C T8M, 0,1\H8I!O; OT1!11ll.l1814, li.TO onepaTOp B03MY~8HI1H (4) cne-

.llY8T Yli.I1T~BaTb nl1mb H oCinacT/11 R, ~ s> <.< 1 (eM. pv.c. I), 

T,e, B npe,I\81!8X M83DM01!8KY1111, t 3TOI1 Ot.ii!3C1'll aneKTpOHHbl8 

WYHKU~'H1 (8) 11 (IO) YOlKHO aaMeHMTb 11x 3HatJeHI1HM~I np11 f = 0. 

15 
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..... ' I!pOBO,iUI IIIHTerplllpOB8HIII6 B ( 3) DO KOOp.lliiiH8T8M f' Ill 11114DYJII>C8M 
-+ 
~ Ill Bbl.ll6JIHH pa3M6pHb16 I&HOlKIIIT6JIIII, llOJIY'IIIIM 

8 z ( v"T 3 j + e-Z,,{<p Z 
~(·Eo) =s~ (N.a3) ~ _b_ \< Q >\ ,..ett ~215) 

F 9 • trt"' 1+~ 1 -e-2r2 " 1;3 c, 

r.lle 

< > J. J ... - -ll/(f)j .... ... ) ! z z z) we.:~ ... -) 
Qc = -;::::: dl.. Jz r tz,K \1?1 +Rz -~ 1 \.Z~ R = (26) 

~Tr 

= Jj J1 -r o/.2. J2 + o/.3 J3 , 

2 0 /'111.) A ( H
2

) I :- M +f1. -~ d. = - 11 -t-M -1'1 -t- ~ 
C><J. M C1 2. A.l ) 2. 11 J. :a .i" M , 

t ~"~t t n+ 
(27a) 

J = 1'1,-Hs. (1 + _&)' 
-~ Mt Mt 

00 

== 1- r (.t.,J. ct>+ jt'"JJ.(+>) Kz.J R 
~ ,_ ) 1. t /!. 2. 

I' G ' 

Iz = f f (~~·>;_j(f>+ ~ti.~(t>) I;+>(,)ri~ + 
G 

+t f (J/'>Jz(tl+ J:i>~(fi)IC: (r.)olR, 
(276) 

0 

""' r = .i- r (J{:)Ju)_ ,<..,.;(+>)n (R)dK. 
3 k j Z ,{ Z A! .)J. j"- ' 

< 

I
(t-l. Rz J' ... 1.( :z. •) I' (K) = Z + clz 'Z lfj +'f.,- , 

r;-)(1{) = ) el-i -zz (If/- '(..,2 ). 

16 

I 

l 
i 
I 

B cnyqae O.l!IIIHBKOBUX H.ll6P 

< Q0 7 = oL1 I 1 + d2 Iz , 

- 00 ~ r "(i) ,(+> z ,{ S m.~ (+> . 
I1 = f ~ ~ ~ K J /?. J I z = k ~ .-KJ ~ ( K) o( R , 

0 

(27B) 

1/' (R) == ;

2 

+ Z S Ji 'Z
2 ~ 2(i; R). 

06CYEA6HIII6 peayJioTBTOB 

B ra6JUI!.\6 I npe,ll;craBne Hbl 1113MepeHiwe 111 Bbi'II1C neHHble paaHbl-

1.1111 8BTOp8MI1 CKOpOCT\1 00p830BBHIIIH 1&6301&0JI6KYJI f f)" 11 P 0~. 
J!erKO Blll,l(6Tl>, 'IT 0 B OOOIIIl~ CJIY'IBHX peayJII>T8Tbl Bbi'II1CJI6H11li ,ll;8HHOH 

pa60Tbl xopowo COrJiaCy~TCH CO BC6H COBOKYDHOCTI>~ 3KCll6piiiM6H

TBJII>HbiX ,l(8HHbiX. ilpiii'IIIIH8 OTRIII'IMH OT npe~HIIIX pacqeTOB He BC6r,l(a 

HCHB, UOCKOJILKY ~JIH TBKHX 38KJI~'I6HIIIH HBOOXO~IIII&O 3H8HIII6 ,l(6Ta-

JIBH qiiiCJI6HHbiX p8C'I6TOB, KOTOpb16 1 K8K Up8BIIIRO, He COOO~a~TCH. 
'It/('' f) .... -) 

B .llBHHott paoore i1JYHKUH11 r ' ( z, /?. Ill COOTB6TCTBYIO~I16 

ZHTerpBJibl OT HIIIX Bbi'II!C JI6 Hbl C TO'IHOCTI>IO rv 10-~ 

0CHOBH8ll norpeWHOCTI> npiiiBO,l(IIIMbiX B6JIIII'IIIIH CBH38H8 C He,l(O

CT8TO'!Hblllol 3HaH1116M BOJIHOBOtl i1JYHKU11111 3JI6KTpOH8 KOHB6pC11111 B IllJJI6 

140 JI6Ky JIHpHOrO HOHa [ (pdrt) + f e] + . B HBUIIIIX Bhi'IIIICJI6 HIIIHX 

3TOT KOI&TIJI6KC 38M6HHJICH KYJIOHOBCKIIIM U6HTpOIIol c 3~6KTIIIBHbiM 38-

Pll.l!OM Z>¥= I. Bapupo:BBHIIIe 3H8'16HIIIH z.• B npe,ll;enax 16 r."'~ Z.
0 

npiiiBO.llHT K yBe JII1'16HHil cRopocreU Af'd_.M 111 ).. f'rJA. .llO 

3H8'16HIIIt1 6,14•!06 c-l H 2,26"!06 C-l COOTB6TCTB6HHO. 0TC~
~a MOaHO 38KJI~'IHTI>, 'ITO norpeWHOCTL, o6yCJIOBH6HHBH H6AOCT8TO'I-

17 



llbiM 311811HeM '((~) (f), COCT8BhHeT He donee 5-10% OT npH-

Be,iJ,eHIIOrO 3HaqeiiHH, 

B T801IHI.\e l1 peay ,TbT8 Tbl 118WHX llbltmCneHHH Cp8BHHB810TCH C 

pe3ynnT8T8MH npe~HHX pacqeTOB CKOpOCTeH o6pa30B8HHH Ye30YOHe

Kyn f~ J J cfj', d ~ H t~ . KaK H cne,iJ,OB8liO OXH

~8Tb Ha OCHOB8HHH paHHHX Ol.\6HOK 1 CKOpOCTn EO-nepeXOAOB M8A8 1 

XOTH H npeBbiW8CT CKOpOCTb E1-nepexo~OB npH Odp830B8HHH MOneKyn 

d f_,M H c{ d)A- X) • 06p8l!I810T 118 C60H BHHY8HHe 3H8qHT8HnHble paC

XO~,iJ,811HH ue~~Y npe~IIHYK H BHOBb BblqHcneHHbiMH aHaqeHHHMH Af~ 

H ~t'0 
KaK y~e oTueqanocb paaee, o6paaoBaHHIO ueaouoneKyli f~~ 

H fl;< npe~WeCTByeT CT8,14HH H30TOllHOrO OOYCH8 

. fr' + q{ ~ c/j" + f (HHH f~ -r f ._ ~ + f 
B peayHbT8Te KOTOpO~ o6p83YIOTCH ue308TOYbl ~ H 

), 
yc 

llaqanoHOH 3116prHei1 48,3 aB H 49,5 aB COOTBCTCTB6HIIO. Kpoue TO

ro, H3B8CTIIO/ll/, qTO B J -BOAHC ynpyroro paCC6HHHH 

olj<+f-+ ~k<-t-f' H ~+r-.Y.+r HUCIOT 

MCCTO pC30118HCLI, KOTOpL!e HBJIHIOTCH il_l;OHBA8HH6Y KB83HCT81.\HOH8p-

HbiX COC TOHHHH B CHCTCM8X dj. + f H -/:;;- + f' C 3H6 prHeH 

55,6 a.B H 44,9 aB COOTBCTCTBCIIIIO/Z
3
/. KaK CJICt(CTBHC 3TOrO, 

BKna~ nepexo,14a (. )
(<") ( )(t) " L "' 2.. ~ L = 1. ' KOTOPbiH OQblqHO 

ll0~8BHCH, B 3TOH OOH8CTH 3HeprHH CHHbiiO B03p8CT8CT H noqTH 118 

X) 0TUCTHM, qTO 6nar0~8pH CYii1CCT.BOB8HHIO CII800C.i.lH3811HOrO COCTO

HHHH ( 1T=1, L =1) MC30MOJieKyJibl cJ ct;.< /Z1
/, onpe,L4CiiHIOI!IH14 

uexaHH3M?M ee o6paa OBaHnH annaeTCH, no-BH.l\Hl.IOMY, ue E1 -ne

pexo~, a nepexo~ c B036yJK.l(eHHCM KOne6aTe1InllbiX ypOBHe~ cHc

TCMbl [(d't")r c/]2e/25~ 

18 
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PHC, 2. a) 08BHClll\!OCTh CKOpOCTCll OOjJ830B8Hl'!H M830M01l8KY1ILJ fo/ 
( rn ( )r+> tn (·il 

npH nepexoAaX L=o) ---... L""1 , (L=2) --.(L"'1.) 

ll llOiliiOH CKOpOCTH ).f'J/" OT 3118 iJrHl'! CTOJIKHOB8-

HI1H £ , 

b) ::JaBHCHuocn rrapl.\l181Ihllh!X H nonuoro ceqeuHH () ynpy-

roro pacceHIIllH cf;. -r p OT 3HeprHl1 CTOiiKIIOBCHHH c. 
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11 ~ )..pt.fl, t01cfK·• 
~--, 

10 

10 

0.,.,.10'"<•• 

10 

a.) I \ 
I \· 

I \' I ,. 
I \' 

I ~ 
I ~ 

I ~ 
I ~ 

/ \ 

/ 
/L·2 

/ 

20 

8) 

30 40 

/~"---. 

/ """ 1 
I 

/ 
/t:-2 

.// l!'O l!'1 £<"J 

40 50 

PHC. 3. 8) 38BHCHMOCTb CKOpOCTe~ o6p830B8HHH M630MOR6KYR~ 

pf/" npH n6p6xo;n;ax ( 

(i) (t) 

L=O) ~ (L=i) > 

(i) (f) 
( L=2) ._(L=i) H nORHOlt CKOpOCTH A r-tr OT 3Hep-

rHJII CTOnKHOB6HIIlH £, 

6) 38BII!Cli!MOCTb napl\lll8Rbii~X Ill nORHOrO Cet!6HIIIH 0 

ynpyroro pacceHHIIlH -t/' +- (' 

IIOB61111lfl £ • 

20 

OT 3H6prHH CTORK-

no pH,l\OK np eB~Ili86T BKna;n; oT n6pexo,l\a ( Lc:.o)(i) ~ (L""i/+! 

Ha plllC. 2 a,6 H 3 a,6 npe;LICT8BR611bl: a) CKOpOCTH 

H 6) C64eHHH ynpyroro pacC6HHHH ~+ p H 

~YHKI.\HH 3116prli!H CTORKHOB6HHH £ 

>. r"J< ){j >.~,~ 
~+ f K8K 

046BH,ll;HO, 4TO C 3KCn6plllM6HTOM CRe;Liy6T Cp8BHHB8Tb 311846-

HHH >.Po/' H '>. p~ , ycpet~H6HHhl6 no BC6MY HHTepBany 

3HeprHii 0,04 ~ f ~ 45 3B C BeCOM f(E) > nponopulllo-

li8RbllhiM Bp6M6HH li8XOJK,ll;6l!HH CHCT6Mbl Jl COCTOH!!J/111 C 3116 prHeii £, 

Harrl1411e rny6oKHX MII!HHMYMOB B ce4eHHHX ynpyroro pacc6HJUIH 

dj~ + p Ill ~ + p npH f.~ 0,6 aB 11 E ~ I ,6 aB cooTB6T

CTB6HHOx) (CM. pHC. 4 J.1 5) npi1JJO,ll;II!T K TOMJ~ 4TO ycpe,n;H611Hbl6 

CKOpOCTH o6p830B8HIIlfl M630M01!6KYR ,ll;OIIJKIILI OhiTb llpli!M6pi!O paBHhl 

cpe;L~HII!M 3H846HHHM Af"/- H Apf;-< npH £.1o I ab. 

3aKRI046HIIle 

,l{OCTIIlrHyTBH B ,ll;8HHO~i pa6oTe T04HOCTb Bhi411!CR6HIIlfl CKO pO

CTelt o6pa3oBaHII!H ueaoMoneKyn B nacTOH~ee BpeMH Bnonue y,n;oBne

TBOpHeT noTpe6HOCTHM Ill B03MOJKHOCTHM 3KCnepHMeHT8. llplll HeOOXO

)l;J.IMOCTH T04HOCTb Bbl411lCR8HIIlM MOJKHO nOBbiCII!Tb 1 BhiXO)l;fl 38 p8MKI/l 

,l\BJXypOBHeBOrO npHORII!JK6HHH 38)1;841/l Tpex TeR, T.e. BKRI048fl B 

p83ROJKeHH8 (I4) BhiCUII/le COCTOHHHfl 38,ll;8411! ;n;Byx l\6HTpOJJ/Z
5
/. C 

3TOU l\6Rbl0 He06XO)l;II!MO uy;n;eT T8KJKe H8llTI/l BORHOB~e ~YHKI.\HH aneK-

X) 8TH MHHII!MyM~ flBI!fl~TCfl CII6;LICTBH6M H3B6CTHOrO 3~eKT8 P8M38-

yapa-TayHCeH;n;af5,II/ Ill 06bHCHfliOT 60RbUIHe npoo6rH ~-aTO-

MOB, OOH8pyJKeHHLI6 yJKe B nepBhiX onhiT8X AllbBapeua Ill ;n;p./
24

/. 
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8 

6 

4 

2 

0 

1,5 

0 

P~c. 4. llapl.\~Si!:OHble ~ nonuoe ceqeH~R ynpyroro pacceRH~R cf;< -t-f 
~ CKO poe T:O ). p~ np~ !.18 ilb!X SH6 pr>!RX CTOIIKHOB6H>IH 

(M~H~!.IYM E)ynp. np~ £~ 0,6 sB), 

L•1 ---
0,2 

6 
ApdJ< ,1 OceK"1 

0,4 

7 
Apt}', 10 COK"

1 

0 0,6 

3 

0,8 

4 

~2 ((ev) 

1,0 

P>"Ic. 5. Ilapl.\~an:ouue ~ nonuoe ceqeu~H ynpyroro pacceRH~H -;..+f 

>'! CKOpOCT:O '). pt-_,u 

H~R £, (M~HHMYM 

npH M8i!UX SH6prHRX CTOIIKHOB6-

6"ynp npH E.~ I ,6 sB). 

22 

TpOH8 B none MDII6KYi!RpHOro HOH8 H2+ , I.!TD cau.o no ce6e 

RBIIR6TCR ~OBOII:OHO Ci!O~HO~ H ~0 CHX nap H6 pemeHHO~ 3aAa46~ 

8TOMHOH ¢M3~KH, 

B 38Ki!~4eH~e aBropaw np~RTHD no6naro~ap~Th B.Il.~~enenoBa 

~ B,B.~HI!bqeHKOB8 38 nDCTORHHUW CTHMYII~py~~H~ HHTepec K pa6o

T6, c.~.BHHHI.\Koro H c.c.repwreHHa - 38 nno~oTBopuue o6c~~e

HHH Ha BC6X STanax pa60TU, T.ll.Ily3UHHHy, ~.B.Ily3UHHH8 H 

R.H.CowoBa - 38 6on:owyD nowo~:o npH npoBe~eHHH I.!HCneHH~x pacl.!e-

TOE, 

llpHi!OE6HH6 

~i!R H8X0~6HHH CKOpOCT6H 06p830B8HHH M630MOI!6KYII H606XO

~H!.IO BU~Ci!HTb HHTerpan 

........ 
r = ) <rc+>"'(f) ~~ r(')(p) Jf, (ll.I) 

r~e WYHKUHH lf(c') (F) H Cfd+J (P-.) onpe~eneHu cooTHo-

weHHfiMH (8) H (IO), a Sil6U.CHT 06'b6M8 B CHCTCM6 KOOp~Hli8T C 

oc:oD z E,l.lon:o uanpaBI!eHHH i{ paBeu df = fzs.,."e~fdfdew""'r 
B p83i!Oa6HHH (IQ) KOH64HOMY COCTOHHHD Sil6KTpOH8 C Op6HT8i!:OHUM 

MOM6HTOM L = I COOTB6TCTBY~T WYHKUHH 

'f C+> = _l_f_ e -t'~ R'tf (f) U') eH · 
~711--

(Il.Z) 

-+ Y4HTUBaH, 4T'o nocne ycpe~HeH~H no Koop~HHaTaM ue3oHa <-

~Hnon:oHuii MDMCHT HM66T OTII~4HYIO OT HYIIH KOMnOHCHTy IIHWL B H8-

np8BJI6HHH BeKropa l , a TaKll:e Hcnon:o3yR H3B6CTHY~ rpopwyny 

CtP6PH46CKOii TpHrOHOM6TpHH 
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r,ZJ;e 

paM II 

r.z~e 

c~ GyR = U1 e~f U"> e]'R +S,'n qf Si>~ ~~ s,·., <Pj:. , 
(ll.3) 

6)f£ 
1 

8tf J 9 yR. - COOTB8TCTBYIOI!\lil8 yrJihl MeJK,liY BeKTO-
~ .... _.. t, f , R , np11,11eM K peaynbTBTy: 

z3 ]t --I= -ie_.:c3 [2tr(~+A) ~f[IJ(iJ.)+Iz('})], (!1.
4

) 

00 

I/ 'It)= ) Jf R~ 1 (~) e-lo~ = 
0 

[ 

~ Yz (!1.5) 

= (1•!')(1- e-"!)1 [ (1 +l./i)e21~'t,!+1-l.(;oj. 
tlTOpOH IIHTerpaJI onpe,li8JIH8TCH COOTHOlli8HII8M 

00 Jf -+1 
3 I R r -~o\f-Rp\ (H.6) 

Ij<J-)= JJTrc¥> 81-~< ~dp ~/f) ~e CA\ef~s .... e~fd6l1l'J<t>~. 

!tlcnoJib3YH paaJiolKeHIIe e4f { -lo[ f- Rr I! no noJIIIHOMBM 

JlelKBH,ZJ;pa/5/, MOlKHO TIOK838Tb, 'ITO JJKJI8,!{ B IIHTerpaJI (!1.6) ,li88T 

TOJibKO nepBblg 'IJI8H p83JIOlK8HIIR, T.e. 

00 d. . 'U} Iz(~)=f ~dfR,,(f) )'.tt-exr{-l .. (f 2
-ZfRri+R;)I! • cn.

7
) 

c -j 

liiiCJieHHhle aHatJeHllR llHTerpanoB Ii ( }) II I,l'l-) B 8TOM-

HbiX 8,1(11HIIU8X B Cl!Y'I88 o6pa30B8HIIR 14830MOJieKyJI pd;t np11 

~ = 2,343 ( E = 0,04 aB) cooTBeTCTBeHHO paBHhl! Ii =0,414, 

Iz. =0,158. 
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Ta6Jilll.l,8 I 

CKopocTII o6paaoBaHIIH MeaoyoneKyJI ppj< II f~ 

i1:CTO'IHIIK 

]ll!tenenoB 11 .liP· (1962) 

Bleser et al. (1963) 

Conforto et al.(I964) 

Ey,!IRIDOB II AP· (1968) 

EhiCTplll.I,KII~ II .ziP· (1975) 

3eJib,li;OBll'l II 

repmTe£!H (1960) 

Cohen et al. (1960) 

,llSHH8H pa 60T8 

np11 f,. =0,04 aB 

Arr~'•Io6 c-I 

I,5tcl,6 

r,s9±o,2o 

2,55"tcl,I8 

2,74±o,25 

2,34"tcl,I7 

2,6 

3,9 

2,20 

~ pcl_.u~I06 c-I 

5,8tcl,3 

6,82±o,25 

5,53±.0,16 

1,3 

3,0 

5,91 

Bhi'IIICneHHble aHatJeHIIH cooTBeTCTBYJOT EI-nepexo,n;aY 11a coc-

TOHHIIH L=O HenpepbiBHoro cneKTpa B cocTORHIIR v- = 0, L = I 

ueaoJ.IoJieKyn {' Pf< ( £..,.L = IOI, 7 aB) H p d_P 

£vL = 90,1 aB/21/. B Bhi'IIICJieHHRX npHHRThl aHatJeHHR yacc 

Ml" = 206,769; Mp = 1836,109; HJ = 3670,3981221. np11 

aHepriiH CTOJIKHOBeHHH f = 0,04 JB BeJIH'IIIHhl i I l('ft)l2 

H <.d > ,n;na Mea ouoneKyJI p pft H pd,rt cooTBeTcT-

BeHHO paBHhl: o,I36 H I5,o; 0,140 H -21,7. BeJIII'IHHa )..rrJK 

HS pa6oTbl /5/ HCnpaBneHa B cooTBeTCTBII.ll c aaMetJa-

HHRMll pa60TFJ/I/. 
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Ta6mm,a IT 

CKO pOCTH o6pa 30B8Hl1R Me 30MOii8KYJI A 106 c-I 
? 

T11n 
nepe-
xo,na UCTO'IHHK 

EI 3en:&,noBH'I 11 
repli1Tel1H (I%0) 

Cohen et al. (I%0) 

J.\811H8R pa60T8 

np11 f:.=0,043B 

EO 36n:&,noB~'I (1954) 

,ll8HH8R pa60T8 

npH E =0,04 ~B 

p~ dd)A- dij'< 

0,4 O,OI 0,002 

- 0,034 

6,49 0,013 5'10-4 

- 0,03 0,03 

- 0,029 0,033 

tt)A 

0,65 

2,% 

0,002 

B~:<'IHC ii6 HH~:<e B ,naHHol1 pa 6oTe 3Ha'!eHHR A (E1) cooTB6TCT

BYIDT nepeXO,li8M 113 S -BO]JH!i Henpep~:<BHOrO Cll6KTp8 B COCTORHHH 

( 1f" :::0, L =I) 1.163 OMOii6 Kyn, 3116 jJrl1l1 CBR3l1 KO TOp~:< X p8BH!i/2I/ 

£01=92,2 sB, 224,I aB l1 229,7 sB ,lliiH Mf3301.10116KYn pt;J-t, d d;;. 
11 df,P- cooTB6TCTBeHHo; npHBe,lleHH06 3H811eHHe >.+-~ cooT

BeTCTBye T nepexo,ny B cocTOHHHe ( v- =I, L =I) c sHe prHe~ 

£n=43,I sB; cKopocT:& nepexo,na B cocTORHHe 11 = 0, L =I, 

£01 =287,9 sB p8BH8 AH/"' =2 1 7'I03 C-I • 3H8'18Hl1fl ). (Eo) 

cooTBeTCTBYIDT nepexo,llaM B cocTORHHR (tr=I, L =0) we3oMoneKyn 

c/c/f', dfjA- It! tf,-« , SHeprHH KOTOpbiX COOTB8TCTB6HHO 

p8BHbl eio=33,2 sb, ~o=3I ,8 sB l1 Cro=81 ,8 sB/2I/. 
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Y CJIOBHSI 06MeHa 

llpenpBHTbl B coo6~eHHJI OHJIH paccwnaJOTCJI6ecnnaTHO, Ha ocHose 
B3aBMHOrO 06MeHa, YJIBBepCBTeTaM, BHCTBTyTaM, na6opaTOpHJIM, 6B6· 
DBOTeKaM B Hay'IHbiM rpynnaM 6onee 50 CTpaH. 

flOMBMO perynJipHOH pacc~KB B nopJI~Ke 06MeHa,H3~TeDbCKHH 
OT~en e:lKerO~HO BbiDODHJieT OKODO 4000 OT~eDbHbiX 3aDpOCOB Ha Bbl" 
cwnxy npenpBHTOB B coo6~eHBi OHJIH. B TaKBX 3anpocax cne~yeT 
06JI3aTeDbHO yKa3biBaTb BH~eKC 3anpaWBBaeMoro B3~HBJI. 
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101000 MocKea, 
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H30allfellbCKuii o•C>ell 
067>eOUHeHHOZO UHCllfU•y•a 
JIOepHbiX UCC/IeOOBaHUii. 

A.llpec ~· nocwnxB scex ny6nBK8JlBi s nops~e o6MeHa, a TaK:lKe 
~n• 6ecnnaTHoi no~BCKB Ha Hay'lllwe :lKypHanw: 

101000 MocKea, 
FAaBHMii no'lllfaM•, n/11 79. 
llay'IHo-•exHu'lecKaJI 6u611uo•eKa 
067>eOUHeHHOZO UHCllfU•Yllfa 
JIOepHbiX UCC/IeOoeaHUii. 


