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AHHoTaun:n 

PaCCMOTpeH ·pH.ll MeaoaT0MHb!X H Me30M0lleKynnpHbIX rrpouecc0B B cpe.lle 
•. {1/ ' ,,., , (If (1) '-I Cd} 

naoTorroB B0.ll0po:n,a /oopaaoBaHne MeaoMoneKyn: HI" ~ fl - r, _ 1/' 
yrrpyrne CT0lIKHoBemrn H rrepeaapH.llKa MeaoaToMoB: ft;''.+- H'z' - ~,,, +- H<zJ 

/'I. "'· H'·' !''' LI (2/ . +- - A +- rt I. Orrpe.lleneHbI yp0BHH MeaoMoneKyn. Bbl'IHcneHHH rrpo-~ ~ . . 

/; 

H3BO.llHlIHCh Ha. aneKTpoHHoii MalllHHe B3CM c ytieToM rrorrpaBoK rropH.llRa '7},~ 

Ha .llBH:>KeHne _nnep. 
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Oco6eHHOCTblO Me3oaTOMOB Bo.uopo.ua SIBJlSieTCSI HX He{iTpanbHOCTb, IlOCKOllbKY 

-11 
Ha paccToSimrnx, 6onbWHX 6opOBCKOfi op6n:TbI- Me3·oaTOMa /2,56•10 CM!-, aapSI.U 

SI.upa IlO'IT!i nonHOCTblO SKpaHn:pyeTCSI aapSI.U0M Me30Ha. 3To o6cTOSITe1lbCTB~ 06yc

JiaB1IHBaE:?T psi.u MeaoMoneKynstpHbIX npouecc0B 1 npon:cxo.umun:x c /""- · -Me3oHaMn: 

B BO.UOpo.ue /n:nn:. B CMecn: H30TOil0B BO.UOpo.a,a/ I TaKn:x, KaK o6MeH 11· -Mea_o

HOM. Me)K.uy pa31lH'IHbIMH SI.UpaMH /nepe?apSI.UKa/, o6paaoBaHn:e Me30MOneKyn Bo.uo

pc,!la n: T • .u. 3TH npoueccbI BO ~HOrOM onpe.uenSIIOT KaTann:a SI.uepHbIX peaKUHii B 
/ 1 / . . /2 / . / 3 / 

BOi:lopo.ue, npe.ucKaaaHHbiii ¢paHKOM I 3e1lb.UOB~'leM H CaxapOBbIM H SKcne-

/4 5/ . 
pn:MeHTanhHO n:ccne.uoBaHHblii B pa6oTaX . • • C .upyroil: CTOpOHbI, KaK OTMe'leHO 

16-81 
B I Me30M0119KY11SipHbie npouecCbl B B0.0.0po.ue BeCbMa cymecTBeHHbl .U11SI Boa-

MO)KHOCTH 9KCnepn:MeHTa1lbHOrO onpe.ueneHHSI 3aKOHa B3.aHMO.UeitCTBHSI r• f- n t v 

IB qacTHocTn: 1 .unsi B03MO)KHOCTH sKcnep~MeHTanbHO. pa3nn:qaTb V- fl n: V + fl 
/8/ 

BapHaHTbl I • 

. He~OTOpb!e ,.- MeaoMoneKynSipHbie npoueccbI B Bo.uopo.ue. paCCMaTpHBanHCb 

B 6onee paHHn:x pa6oTax. 

/11/ B pa6oTe Bbl'ln:cneHbl ypOBHH Me30M01leKynSipHblX HOHOB· /pp} / f,:,/ J" 
I olol (r _ H ceqeJin:SI npoueccoB G(r .,f ..,,,jl"~p; !j..+p- (f'?}_;.,i cl/"_+p - {olp).I". 

BollbWOe paCXO)K.UeHiie C HaWHMH peaynbTaTaMH HMeeTCSI .unSI BepxHero ypoBHSI 

C • Ce'leHHe pacceSIHHSI Ha p. y Hae He ·cTpeMHTCSI 

K HY1ll0 C sHeprn:eil:. 

/12/ · 
B . BbI'IHCnSinacb BepoSITHOCTb nepeaapSI.UKH I'/"'+ ol -~ + ,P 

M eTO.U OM I aHanorH'IHblM H31IO)K eHHOMY B HacTOSIIUeit pa6oTe. 0 .UHaKo .UllSI IlOT.eHuH

anoB E, H E.. H .U11SI nonpaBOK ~3 t H /1.,.., 6bmn: B3SITbl 6onee rpy6bxe cpyHK" 

/14/ /15/ · /12/ . 
UHHJ qeM npn:Bea eHHbie B ' . • K po Me Toro aBTopbI npe.unonaranH, 'ITO _ 

npn: fl }) 6 pew eHHSI CH CTeMbl Bb!XO.USIT Ha a CH MllTOTHKy t 'ITO H8 Bll011He KOppeKTHO 

I CM. Ta61rnuy B011HOBb!X cpyHKUHit/.: 

/18/ B pa6oTe Bbl'IH_cneHbI OCH_OBHbie ypOBHH B Me30MOneKynSipHblJC -HOHax. npH 

STOM He Y'IHTb!BanHCb nonpaBKH nopSI.uKa ":,,,,/ I"\ ' K no;.eHUH8IlbHOJi .sHepr1rn. K po

Me Toro HaXO)K.UeHHe CO0CTBeHHblX 3H~'leHHfi .U11SI MOneKyn C pa3HbIMH SI.llpaMH Tpe-

. 6yeT pew eHHSI CHCTeMbl H3_ .UBYX ypaBHeHHfi IBBH.UY H81lll'IHSI .UHll01lbHOro MOMeHTa • 

fl /..(/ 20 · 
ocymecTBllSIIOIUero nepeXO.Ubl M~)K.UY COCTOSIHHSIMH H ..,J • B ·onpe-

.uenSIIOTCSI ypoBHH B /pp~ (f'o!J_;.. ·- ; (dc/1;,. 6ea yHeTa nonpaBoK Ha .UBHmeHHe 



l \, ,. 

""'4 -, 

, . . ,' /14/ 
si,n:ep. YpaBHeHHe AJlSI Me30HH0il cpyHKIUIH Meaee T0'IH0 tJ:eM 

/19/ B pa5oTe ,n:aHbI oueHKH 0CH0BHbIX ypaBHeHH:li Me30MoneKynsipHbIX H0H0B 

H BepOSITH0CTe:li peaKuHtt 

• 
cl+ f'/"' ~ Pf,...- f1 ; <>~ + f' - (pd~ 

PacCMOTpHM CHC'TeMy, C0CT0SIIUYIO li3 saep H30T0il0B Boaopo,n:a C MaccaMH 
JV\ ' - - ' 

/'1, H I 'z H f'- -Me3oaa. nycTb °'t , Jl, , Jl.z - KO0p,n:HH8TbI I'- ~Me~· 

xi 
30Ha H siaep • ral\,1:Hnii/TOHHaH CHCTeMbI B npeae6pe)KeHJrn CilHH0BbIMH B38HMO-

aeilcTBHSIMH HMeeT :eua: 

rae 

~ I . 

H J.A---.6...-
E - ,i! L,z. 21'1,' .,., 

.J._ ,A- - I 
21'1:r. n,. z, 

.L ... _!,_ 
?:.z.' .Jt ' 

-· -
Z,=/i-i.l; i ... 

~ 
Ii- ii,/ Jl ~-· I JJ,.z Jl, I 

/1/ 

C'IHTaSI, 'ITO I- -Me30H H8X()LJ:HTCSJ. Ha K-op6nTe, oy,n:eM HCK8Tb B0nHoByIO cpyaK

UliIO CHCTeMbI B BH,n:e: 

rae 

·y -= ':J(.fi.) ~
3 

( J1, "i) + 'H (ff) Z: .. ( Jl, z/, 121 

'!/(.ff.} H . f/ (ff) onHChIBaIOT OTHOCRien~aoe ,aBIOKeaue siaep, a 2; H. 2.,. 
npeacTaBJISIIOT BOJlHO,Bbie (pyHKUHli j.'-; -Me30Ha _B none Heno,n:BH)KHblX siaep, Ha-

1) xx/ -;, 
X0ASIIUHXCSI ,n:pyr OT APY!:,8 Ha paccT0SIHHH ./t • TTpH JL - o.o 

~ _ I ( ·- z:, · - z:z )· L-, - e + e ' 
3 $ ' z: #-

I I -&" ( e z, - e· ~,.,) /3/ 

a npu Jl~o z; H L.,. nepexoastT cooTBeTCTBeHHO B B0JIH0Bhie cpyHKumr 

2p COCTOSIHHSI, HOHa lie • 
1S H 

noacTaBiisisi /2/ B ypaBaeaue Wpeanarepa 

" flY· ;= E.Y /4/ 

xi , · ·. • + 
B aanbaettuieM Mbl 6y,n:eM l10Jlb30B8TbCSI MesoaTOMHbIMH e,n:HHHU8Mli h =l 

,' , . - , . , . ,,. . -11 
e =l, ~ = 207 m" =1. MesoaToMaasi eanauua ,n:nHHhI J<e&=2,56•10 CM~ 

xx/ , · · ·· · · . , 
0TMeTHM, 'ITO ,Il0CK0JlbKY B0,JlHOBaSJ cpyHKUHSJ (2,) 38BHCHT' OT pa3H0CT.etl: .· 

Koop,n:HHaT 'laCTliU a BbI6pa,HH0tl: HaMH' CliCTe_Me K0Op,n:HH,aT, ueHTp .,TSI:>KeCTH 

CHCTeMbI IlOKOHTCSJ• 
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li Y"lliT bIBast, "!TO Bonao Bble cpyHKUlili H L .. yaoBneTBOpSIIDT ypaBHeHHro: 

( - 1 tJ f - J_ ..: !. ~ .!.. ) 2. 
Z Z1 z.. JI, , £..(.fl)£.., (.Jl, 2) /5/ 

nony"IHM nocne YMHO)KeHHSI Ha L:J H li HHTerpHp0B8HHH·no KOopaHHaTaM E.. 
:::/(Ji) H . /- - Me3oHa CHCTeMy ypaBHeHHii ansi ff (Ji): 

rae ~ = ~~ + 
IZ. //'1 1 

i/ ·"=fl-.R. I 1'1z. I JZ 2. ' I , a eenH"!HHa 

SI BnHeTCSI MaTpH"IHbIMH sneM9HTa.MH Me)Kay cpyHKUHSIMH 

TOpOB 

I\ 

(~. r ) ..J_ /{ = .l -1,n, .f- - .1~ 
211,1, 2 /12. Jll 

Ar (- L J_ - ) . _L Q = Vj + VJf .. 
/'1,.z. I'\ ' I"\ z. 

onepaTopa paBHbI Hynro, a 

nerKO IlOK838Th, "!TO 

M8TpH"1Hble sneMeHTbI 

opTO.'O~anhHOCTH z; H E .. npOTHBononO)KHbI no 3H8Ky: 

161 

-/4, .. Q ij 

Lu. oT onepa-

/7 / 

/Bl, 

Q..J = Q. 
EcnH nonh30BaThCH ceoiicTBaMH CHMMeTpHli £J 

/9/ 

H z... OTHOCHTenhHO nepecTa-

HOBKH. Haep, TO MO)KHO BbraenHTh B MaTpH"IHbIX sneMeHTax 38BHCHMOCTh OT Mace: 

/10/ 
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1✓.. . = r11 -~ jz. . ( _ /j ~ ) I . of T /11 / 
l , J I"\ .. I"\, . . , Ji, J 

z 

(j · 1'1,-1'1, j L (- ~i) L. ol-r = Q Jl /12/ 

r'\;z. ,f- I"\, J . I Jl 

. T~_!UIM o6pa30M B· cny<rne O,llHHaKOBblX H.nep I"\," /Ylz. CHCTeMa ypaBHeHHfi /6/ 

pacnanaeTCSl Ha nsa He3aBHCHMblX ypaBHeHHR, ::)TOT pe3yJibTaT BnonHe noHHTeH, 

Ta"K KaK BOJIHOBaH q:iyHKUHH /2/ ,llJISI onn:HaKOBb!X SI,llep B cn:ny CliMMeTpn:n: MO)KeT 

BKJ1!0'18Tb B ceoSI TOJibKO onn:H qJieH /nn:oo LJ t JIHOO L.,. I. 1.JneHbl '/1'1.,z·/(j (1l); 
''f1 . Q (.fl.) npe.llcTaBJISIIOT cooofi nonpaBKH K a)ln:aoaTn:qecKHM noTeHun:anaM, 
/I IZ 

Y'IHTblBa!OIUHe C TO'IHOCTblO nepBOI'O nopsinKa no /77r / M,.z n BH)K eHn e SI ,ll ep. 

nocKOJlbKY nnsi Me3oHa OT HOW eHHe '7:r' / l'111. He CTOJlb Mano, KaK nnsi 9lf8KTpOHa, 

yK838HHbte qJieHbl BHOCHT cymecTBeHHblfi BKJia.ll. TT pH J[ - 00; Q - 0 ' a 'IJ19Hbl 

i;i,z !{ '.i ( c,.o) npencTaBJISIIOT nonpaBKli C TO'IHOCTb!O (m¼J\ (,,.,r;!,,iJ2. 
Y'IHTblB8IOIUlie npHBe.neHHbie M8CCbl ll30JIHpOB8HHblX Me30!1TOMOB • .QefiCTBHTeJibH0 1 

3aMeTHB, 'ITO 9HeprHSI ll30lllipOB8HHhlX Me308TOMOB /B Me3oaTOMHhlX e,llHHHuax/ 

Eo J 1"1 , ~ J_ _j_ 
:: - + 

2 - 2 21'1, t 1'1, .. 1 /13/ 

Eo = - .L 
1"1.i i. I z - + -

,Z "' 1'12.,. 1 z 2 1"1a 

ll Y'lllThlBaH, 'ITO MaTpH'IHhle aneMeHThl onepaTopa 
(-L\-) Jl, npH .n - """ 

paBHbl } /2 /CM, npHJIO)KeHHe/, MO)KHO 38IlliC8Tb: 

{ E~ ( oo > + 
..J_ 11 ( c:,O) J .. ( E ( oO) -t- _L I< ..... ( ""') J ~ l ( £ ,· / £ 

0 

) 

21"1,.z 33 ,. . 21"'\,z ~ • /14/ 

/;;,1.~~-(-=) = 2 ~'1 1-< .. 'i c oD J 
12. (} 

=L(E 0 -£
0

) 2· I .Z 
"' -} t1 E. 

/15/ 

Bbl,lleJI.SHI B BeJill'IHH8X 
E

1 
( Jl} ; £.,. ( Jl) 1.,/ ;;; !{) ( Jl} HX aHa'leHHSI npH 

,C.. IZ. 
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I . 

fJ," (il)= f'; ... ( o&>} -1- E1,u ( .Ji.) 
/16/ 

110· (.11) = /{.:i ( ~) .+ ;<<~i ( .Jl)' 

nepemnueM c11cTeMy ypaBHeHHii /6/ B BH.oe 

r.oe A £ " f. o - E,o 
~ I Z 

I 

, a aHeprm1 E oTCttHTbrnaeTcSI oT cpeQHHX ypoBHeii 

113O~HpOB8HHhlX M93O8TOMOB: 

/17 / 

E l 
/B c.r.yttae O.OHHaKOBblX SI.o.ep OTCttHThlBaeTCSI npocTd OT, ypOBHSI li3OnHpOBaH-

!IOI'O M9308TOMa/ • 

BbI.OenSISI YI'TlOBYIO 38BHCHMOCTb ~(.ii) li 

➔ 

f{ (Jl) 

~ .. (ff) ,= f· ~~ (Jl) Yi.,M'- (0, lf) 
/181. 

fl1. ( jf) ,. ~ t { Jl ) t', M, ( 0 1 'f') ; 
/r.oe . '(, (0, Cf) I - ccpepattecKaSI 'cpyHKUHSI/ nonyttHM .onSI q (Ji.) H /2 (Ji} .' 

L,1'1&. </ 

ypaBHeHHSI: 

I u/l9,_ 
- - --+ .Z/11,, q( Jiz. . 

i ,/' 
- lf..13 2M,z. 

/19/ 
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TI0TeHu1:1anhI Ej (Jl) 1:1 E., (.11) onpenem1.111:1ch nyTeM peweHl:IH ypaBHeH1:1fi /5/ 
· /17/ . • 

.MHOT'l:!Ml:I aBTopaMl:I, H8'11:IH8SI C pa6oT bI • B HaCTOSlll{el:I pa6oTe l:ICilOJlb30BaHbI 

3H8'19Hl:ISI ~(JI) 1:1 £., (7/) , B3SITbie 1:13 paoOTb/l
4 / • 3Ha'l9Hl:ISI cpyHKUl:lti: 

,/I (fl') . /I J . . /15/ I, ii 1:1 h. "" ( .ll MoryT obITb nony'leHbI nep.ecqeTOM 1:13 , a 3Haqe-

Hl:IH O (Ji), I(;, ( Jl} ' K'j .. (Jl} Bbl'll:ICJ19Hbl B np1:16n1:1:>Kemrn "coe.u1:1HeHHOr'O 

aTOMa" (t,1./1) 1:1 "n1:1HefiHofi KOM01:IH8Ul:ll:I aTOMHbIX op61:1T" ( LC.AJO} COOTBeT-

CTB9HHO nnsi:. ManbIX 1:1 6onbWl:IX 3H8'19Hl:IH .J? ·/no.upo6Hee CM. ilononHeH1:1e/ • 

·nnsi: 1:1ccnenoBaH1:1H ac1:1MnToT1:1qecKOro noBe.ueH1:1si: pew·eH1:1H np1:1 J1 ~ o0 y.uo6Ho 

BBec:T1:1 · cpyHKUl:IH 

a,(Ji) ~ { ~,• t]/1.1 t,. (Jl) .. l ~]L(Jl) - t{Jl) Jlrz. /20/ 

CpaBHl:IBaSI /2 / 1:1 /3/, nerKO 38M9Tl:1Tb, 'ITO cpyHKUl:IH q (J?) 1:1 t' (17) np1:1 J?~ ~ 
0Ill:1Cb!B8IOT COOTB8TCTB9HHO paJJ.1:18JlbHOe .llBl:l)KeHl:18 Sl.llpa C MBCCOH ,-Nlz. OTHOCl:1-

TenbHO M8308TOMa /\'J, 1:1 si:.upa C Maccofi 1'1, OTHOCl:IT~JlbHO M8308TOMa C Mac- . 

coil /Yl2 • 

cPyHKUl:11:1 /20/ yJJ.OBJleTBOpSIIOT ypaBH8Hl:IHM: 

__ / dzai. + {l{(E, + _, J<.
1

) ~ ( £: + ..L J<'~)] + -
1 

( K'.: + k':) ~ L(L+_!) + 
2.frl,z. o( 11.z 2 3 2-M,:. ~, 21'1,z. 'tft,~ a 3 21"1,.J\' 

. /21a/ 

+ Ji} C\i. ~ha tj+ 2~,z Ka;)- ( E .. ' ~ 2~,f<.:..)}- 't~p,,~ -k'..; JjeL ~ -~~ if f) == £ ~,_ ,i 

- ..L Y:- ~· j E' t K,, -I I 't- /(:... . J /( I - I<.. I + L ( L+r) :.. ~ . -f-· t [ 
1 

] 

211,. .,.[JJ.Z .Z [{ j 21'1J (E,. 2"1ll )] - fM,.i ( 3_14 
.., J 21'1,:J(Z 2. tL /21B/ 

t {l rff I + ~ .J _ {E. I +-
t. Wa 2 rt,z .. 

I . . . 

~ Jj + !- (~~ -k'..:Jja,. -M LI~)-:: £'ti.· 21'1,z 7 P1,,. "- · ;tt,z. d.Jl(. Jl. ' 

1:1 rpaHl:l'IHOMY ycnOBl:110 npl:I Jl p 0 

o. {o) " t (o) "' o /22/ 



YpaBH9HIHI /21 / npn: JJ - = H:M9IOT Bn:,u: 

.J_ Al g -;:: 
- 21"1,z ol. :nz 

{ E
1 

- i,, E) ~ 

(E'~-fAE)C 

/23/ 

n ycTb .um1 onpe.u eneHHocTn: 1'1, £ /'1
2 1 TaK 'ITO A£ >o. Tor.ua B aaBn:cn:MocTn: 

E l 
OT BO3MO)KHbl Tpn: Tmra .UBH:)KeHn:il:. 

al E~f tJE , T.e. aHeprn:H ne)Kn:T Bbrwe K ...c ypoBHH 6onee nerKoro 

M930aTOMa. MeaoH MO)KeT HaXO,UH:ThCH KaK y _H.upa t1z ' TaK n: y H,upa 111, • Ec

nn: nepBOHa11anbHO MeaoH Haxo.un:ncH y H,upa ~-i,. n: npon:cxo,un:T ~epeaapH,uKa K 

H,upy 1'12 • TO BOnHOBbie· cpyHKUH:n: Heo6xo.un:MO IIO,U'IH:HH:Tb. ycnoBn:ro, 38K1IIO'laIOme-

MYCH B T~M, 'ITO t(!<J npn: .Jl.-, """,UOn)KHO co.uep)K8Tb TOnbKO pacXO.UHIUYIOCH 

BOnHy 

a { Jl) C, 
,·11, .n ·c: -,,,t, Jl.. 

~ e -1- e 
I /24/ 

t"K& Ji 
C,, 

-t°K1 J/. t (Ji) z (, e + e 
/25/ 

r . .ue c" .. 0 J<, z ~ 21'1,z (E'- 6/) i t</ " 21'1,z (E ',. ~E) . 

n:aonn:poBaHHbLMH: M93O8TOM8MII. TTplI J{ - _. Me3OH He MO)KeT TIO aHepreTII'leCK~?,.J 

npn:'ln:HaM HaXO,UHTbCH y 6onee nel"KOI"O H,upa. dTOT cny11ail: COOTBeTC'rByeT pacceg- . 
., ~ 

HH:IO Me_a'oaTOMa C Sl,UpOM l'1z Ha H,upe 1'1, ' 6ea BO3MO)KHOCTH: nepeaapH,uKn:. Bon-. 

HOBbie cpyHKUn:n: .uon)K,HbI 6b!Tb IIO,U'IH:H9HbI ycnoBn:ro, cornaCHO KOTOpOMY cpyHKUH:H 
. . ,~ . 

. C\ (Jl) npn: Jl -. _. He .uon)KHa co.uep)KaTb aKcnooeHun:ani:iHo pacTymn:ti 
. • 

11neH . 

a (Jl) ~ c:a, e·~.R +· ";2) z e >e, 1/. 
/26/ 

(? (J1) '2)J 
-,· "'• Jl 

~ ..... ,)l :;; e . .,. ., e. 
/2.7 / 

' ':2)z " 0 zge j ~z. 
I "' - 'I<~ =- 2 .11,z {E 1 -jA£) 

.. 
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O'IeBH.aHo, 'ITO ycnoBHSI /22/ H /26/ ITO'IHO TaK;me~ K8K H ycnoBHSI /22/ H /24// 

MOryT 6bITb y,aoBneTBopeHbI npH mo6oti: 8HeprHH, B3SITOti: H3 paccMaTpHBaeMOti: 06-

nacTH 8Heprnn, H C TO'IHOCTblO i;io HOpMHpOBKH onpe.aenSilOT peweHHe CHCT0Mbi 

ypaBH0HHil /!,!l/ 0 

c/ E 1<-.L13£ ,! BBmieTCSI o6naCTblO .QHCKpeTHoro cneKTpa, COOT-. 

B eTCTBylOmero CBSl38liHbIM COCTOSIHHSIMH Me3oMonexyn. TTpH 71.. ~ od 

Ha P:?-18HH8 CHCT9MbI HaKna,abIBaeTCSI .aBa ycnoBHB: OTCYTCTBHe pacTylllHX 8Kcno-

H0HT B o6oHX cpyHKUHSlX Q. ( R. ). H C ( 71.. ) 

C( (.7l.) ~ F. e-ll!C,7l 
I 

. .,. -~e~,Jl 
/28/ 

t ( ~) ~ 
F. . -.ii,l F,. . ,,eL ~ , e ..,. t e , 

r.ae~ f; ( £') = 0 ~ (E 1
} =- O 

~r' = 211,i (le'/+ f A£); Je! 'C 2M,z ( IE'/ - f ,1£) • 
/29/ 

YcnoBHSIM /28/ H /22/ B03MO:>KHO _y,ctoaneTBOpHTb TOnbKO npH. onpe.aeneHHbIX 3H8'18-
• / , ', I 

HllBX £ 1 BBnB!OlllHXCSl 8H0J?r9Tll'I0CKHMH ypoBHSIMH M030MOnexynbI. D.nsi: H8XO>K,ae· 

HHSI p,eweHHtt, y.aoaneTBOpBlOUlHX ycnOBHSIM /22/ npH .7l .. 0 H aCHMnTOTH'Ie-

i::KHM ycnoBHSIM THna /24/, ./26 / Hn,H /28/ npH Jl-, c,P MO>KHO nocTynHTb cne-

,aylOUlHM, o6pa30M: H8ilTH ,aBa nHHeftHO H03_8BHCHMbIX pemeHHB, y,aoBneTBOpRlOUlHX 

ycnoBHlO /22/ H IlOCTpORTb H3 HHX nnHeilHYlO KOM6HHati:Hro, y .aoBneTBopsi:romyro 8CHM

n·TOTH'I0CKHM ycnoBHSIM npH . fl - °"' • 3aMeTnM, 'ITO Me>K,ay nro6bIMll .OBYMSI. pewe-

HHSIMH 6ncTeMhl nHHeil~wx .ypaBH9HHil 2-ro nopB,aKa 

Topyro nerKO. ycTaHOBHTb, 3aMeTHB,· 'ITO 

I I ~ 

/~,. - /( "/ ... -2q(,·v Q. 

.0. eilCTBRTenbHO, ecnH 1 '9. ' fi J 
. I I I 

H r~ i }(~ l 

/16/ cymecTByeT CBSl3b, Ko-

/30/ 

peweHHSI CHCT0MbI. /16/, TO 

-~· ,1-"4 
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,llmI cpyHKUIIH /20/, YLI.OBneTBOpH!OIUIIX yCITOBII!O /22/, TOlli.LJ.eCTBO /31 / !Ip!IHIIM8eT 

BHLI. 

. . . 

·rr. ala., - a of.a.) (/} olC. - /) olRi)..,. 2AI_ at. - a g ·) = 0 
Vl .t / 'I'> I + CJ, 6, IJ? (.i' ( i f Z . t. I ,, 

OI -'L of n z ,,( 7l' Ol '' 
/32:/ 

CoOTHOWeHHe /32 / MOlli. eT 6bITb HCIIOITb30B8HO LI.ITH rrpoaepKH rrpaBHITbHOCTH Bbmon

HeHHH. ~rncneHHOI'O HHTeI'pHpOB8HHH, B KatJeCTBe nHHeHHO. He38BIICHMblX pewe1rnii 

ypaBHeHIIfi /21 / MOlli.HO, HarrpuMep, BbI6paTb peweHIIH, 38LJ.8B8eMbie rrpII .7l CO x/ 

ycno BIIS!MII: 

{ a /oJ " C{o) "'0 J - h = 0 

T 
: g/(0) 

I 

.. a 1 {o) = i 'j'=h; h .,o /33/ 

F[ 
C\ (o) = C(o} = o J = h "' 0 I. 

I 

J2 a'{o) = - C1(0) :: 1 :i' = 0. ; h 
/34/ 

CetJeHIIH rrepesapstLI.KII 

nycTb B o6nacTH 9Hepr-IIH pew eHIIH /20/ ' 38LJ.8B8eMbie ycnOBII~-

MII COOTBeTCTBeHHO /24/ II /251, IIMelOT rrpII .Jl - o<> BIILI. 

[ ,,, ,,, ( -L ~ ) [ a:·• a~1 j; rt {1<, Jl - ,,L r% J Q.L z ao :Jjn, k',31- !!..._ + I ,:::- .,. 
T z E 2 

/35/. - C ,,, (,/ -L t:%.' t.. (z.) _,,·11 ( K2 Jl - "
2
L r d;_ ) L Z [,, :J/n { lt1 J{ - ~ + cf, ) - 0. 

. . ' 

x/ nocKOnbKY cpyHKUHH a (.il) H t(Jt) 9KCIIOHe11UH8nbHO 38TYX8!0T BHyTpb 

IIOTeHUHanbHbIX 6apbepoB rrpu ..11 ➔ 0. MO:>KHO rrpu qucneHHOM IIHTerpupo

B8HHH 6es·saMeTHOH OWH6KII 38·LI.8B8Tb ycnomrn(JJ,J~)LJ.nH•HeKOTOpOI'O 

MBnor-o JI t O { Jlo - 0, 2.-) • 3To COOTBeTCTByeT Sa Me He IIOTeHuHanoB 

H /( E + :.L x'. H8 6ecKOHetJHbie CTeHKH rrpu J1.. Jl., • 
.. ·2n,~ '"' 
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,, 

c·I ('J 
r .,o:e KOHCTaHT bI. a. 0' j 80 ' onpe.n:enstIDTCSI B pesynhTaTe qlfcneHHoro liHTerp!ipo-

BaHirn /21 /. CornaCHO /32/ Me:>K.,o:y K09qlqlllUH9HT8Mll H cpasaMH /35/ HMeeT M9CTO 

CBSISh 

'( 
,,, {&) • ,/ 

1 , C?0 a. :1, n 6a, + 

.r .n: e 

y ~'t-'i z 1 2 I 

17<11 0 <ii 0 
J<~ 6 0 be ;j tn. ct21 , 

~I ,: ~ - J1 • 

/36/ 

,__/ 

/37 / 

Coc:TaBnsisi liS /35/ JiliHettHym KOMOliHaUliID, y.,o:oBneTBopsimmym ycnoBliSIM /33/, 

/34/ ,Ir HOpMHpOBKe npli Ji ~ oP , nonyqn:M 

r.n:e 

, i(t<,:ll.-"L) _.,(,.,;7l-ti-} 
.o(e· z.. -e .. 

a ,;:: 
2.,'t<, 

t (Ji} ~ - 1Y, IV: .NnJl 

( , ./ -<¥, A/ _;.r~ + •"') ,_, 

12 ~- { K • .J? - ii L z + ~) 

;v, = 

IV z. e - /Vt e "' 

t.·. Nz= 
I· 

qo 
'' 

t/ 
ao z. 

o(_ ~ 

A/ ,•t,. 0

,/ fl 
/Vze -;v,e'<lz.+c"i:f 

,._/ -:.1, : . I ~.-~ 
/V2 e - ;v, e 

/38/ 

I 

/39/ 

Co!"nacHo ot5mett Teoplili Heynpyrlix coy.n:apeHiitt /naH.n:ay/ acpcpeKTliBHoe ceqeHlie 

nepE!sapst.n:KH, cooTBeTcTBymmee napu~.a~bHOli BOJIH~ L : 

6L n~;~j. 
ii I ) ( · z = ;z 12[+1 I-. /«I) :: 

I 

= 4ii(2bt} 
./1 A/t • l ./? 

/Vi /Vz .:l,n <i~z 

/4· z ~ Nzl -2 /Y, II{ Co;J (iz,-d;,) 
a ceqeHne ynpyro!"o paccestHHst: 

d, ~n,. · - ii I ' I z 
;-1 12Lft) 1- "'/ ::: 

I 

.:: f" (2L +I) 
;v,z: :f/n"t + A{\,nrr, ~2A/, 1Vz -1~"nf, 1,n,Yz ~J:, 

/Vi z: + I¼ z: - 2 ~ ,¼ co~ ( lz; -. d,, } 

K,. 

,t,3 

I. ·-K' I 

/40/ 

/41/ 



- 13 ~ 

nocKOnbKY CTOnKHOBBHHH rrpOHCXODHT rrpn TerrnOBhlX aHeprHHX, TO rrpaKTRqecKH 

Han5onee Ba)KeH cnyqa.i1, Korna KHHeTnqecKaH aHeprnH 5onee nerKoro MB30aTOMa 

3H8qHTBJ1bHO MBHblll8 A E ( K, <:<I) . • B 8TOl\1 CJlyqae Han6onee cymecTBBHHO 

pacceHHHe B .S -cocTOHHHH. B o5nacTn i ,:_;: J7 <.<- J_ peu;eHHH /351 ::u1H L= o 
x:, 

1IpHHHM8!0T BHD: 

I [ a:·• (n) e,''' Jl +· c/' 
{ 

a<•l ,... C <d.R_ '. •. (~J 
,;- -+ (;, 

0 - I r F 
toe,, (n.) J!. (•/ t5, (zJ,... e ,., J7_ C•I ) z C/' &t'rz [K; J?. ... z. } J,"rz {K:Jl + z. " - 3 

/42/ 

a ycJIOBHe /36 / naer: 

C ''1c <zl 
2. ' 

.,_ 

flHHBHH8H KOM5HH8UI1H, /38/ ynoBJ18TBOpH!OW8SI ycnomuo /42/ :ii coo·reeTCTByIOmHM 

oGpa3oM HOpMHp0B8HH8SI)HMB8T BHD: 

13,ti - ~ ,?., 
a ~ .Ji t 

I f!.z. e 

<Yz -~ e ,J'._, 

t "' J', r.l. :, /n . cf:, - Qi~. 
rne ti - t 

c,<·' 
Ceqemrn rrepeaapHDKH paBHo: 

I 

e 
,·(,c~ 5l +- ~) 

6,~ereJ. !, ii Ko i, 2 ¥t .Jit? 2 J7, z. },~ j a; . Vo == z. = 
K, K/+t21. -2 't, '6,. ~ <fz. V 

a ceqeHne yrrpyroro pacceHHHH: 

'l' r,2 J:z z - 25, fzf•fz. Coj~, 

6 !l'lf'. 
4q 13, l + ,/3z a1 

= /" r,z . z 
Cc,:J ti:, , + lz - 2 %,~ 

Ecnn ll, OTHOCHTenbH8H CKOPOCTh qacTHU, ,½ qncno si:nep naoTorra c 

1'12 t TO BepoSITHOCTh rrepeaapHnKH B ennHHUY BpeMeHn: 

/43/ 

/44/ 

/45/ 

M8CCOH 
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if/ i., j,n• J;, 
a;A( .. /¼ 6 , 21' = 4n ~ ~ 

/46/ w= 
'/{':1..,.'12.z. -2t,°X1CP~J?,., 

nepe3, 

I 

r- ) 

~ u_o = 
a/' - - .. 'I 

z I ,....,,.. e 

B Ta6JIHU9 1 npHB9.ll9Hbl 3Ha'ieHHl=( V', 6nope;l, H 

npoToH-TpHTHI H .llelTpoH•TPHTHI. 

f .llJlH CHCT9M npoToH-.ll91TpoH, 

Ce'i9HHe pabceRHHH H BOnHOBhle ¢YHKUHH npH pacceHHHH TH*enoro 

MesoaToMa Ha n,g_eax nerKoro H30Tona 

B o6nacTH aHeprn:I :... f A E ~ E'~ -J. il E B cnyqae Manoi KOHU9HTpauHH 

TH*enoro H30Tona BO.llopo.lla qa:116onee cywecTBeHHbIM npoueccoM nanneTcn ynpy

roe pacceHHHe TH*enbIX M930aTOMOB Ha H.llpax nerKoro H30Tona, a B .llaJlbH9lllleM, 

nocne saMe.llneHHR Me::1oaTOMa, - o6pa3oBaHHe M930MOneKyn. 

nycTb pellleHHH .. nony'i9HHbl9 nyTeM 'iHCneHHOro HHTerpHpoBaHHH /21 / C rpa

HH'iHblMH ycnoBHHMH. COOTB9TCTB9HHO /28/ H /26/, HM9IOT npH J?-,. c,,:> BH.ll! 

c,, I (1) ,.. ~,:it. I(,} ~, Jl . c J 1<:tl - >f ,,n ~, 3l 
Q L { R) ~ OILr e -t- olu e j a,_i (Jl) Z ofu e +- o/L.z. e. 

. /47 / 
I} (1/() 1 (1) ( -L (,1). ,:;,czJ 1(2.J { -L 

6L Ji. -: (7{ LJ :Jt'n J:(:z. Jl -:· :f + "-' i. t,L ~ Ofu .:Jirt Kz Jl - T + wz.) 

CocTaBngg H3 /47 / nHHelHyIO KOM6HHaun:10, Y.llOBneTBOpHIOIUYIO ycno.BHIO, pony'IHM 

C TO'iHOCTbIO .llO. IlOCTOHHHOro MHO~HTeng 

~ (fl) ~ :It'll (Kz J7. - ¥ + w) 
I. (/} ol/Z/ (t/ (l} 

Ct (R) ~ 
°' l.l . Lz - ~z ~I - ~ I J'l 

/48/ 

. '. . e r . 
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r .o e 1(1) 1<z) • (1} - 1<•) /(1} 
OIL.3 01 Lz -ii f7 W 0'(£3 (?( l.Z J,'17 W (l.) 

d, <1) I lt) (,) - I <•J I (t/ Ct>J Ge) , (Z) 
(J O'l/.z, C,o;I W OCLJ <7/lz. 

/49/ 

T z (. <•J c~, }z.. [. 1fz.) I'''] - 2, I (1}, ;<z) '/ (1) I (z.), ', ( 
" <:Au ol LZ +- Of Ll (7{ Lz. Of Lz 0( Lz. <71 L J O{ L 3 Co:;i w<z.) - c.,;/'') • 

napuHaJibHOe C0'I0Hlf9, COOTB9TCTBYl0Ul~9 L BOJIHe, paBHO 

HaH6onee Ba)KHO L(JIH L(8JlbHei1:wero 3H8Tb BOJIHOBbie cpyHKUlflf If acpcpeKTlfBHOe ce

'I9Hlf0 pacceHHlfSI B cnyqae MBJIOH KHH9Tlf'I0CKOi1: 8H9PI"'lflf M030aToMa / l<z << j_ / • 

B o6naCTlf Jl. 0 « J> <'< .l.. /47 / 5 6 IL Ka peweHlfH L(JIH' - BOJIHbI MOryT bITb npe.o-

CTaBJI9HhI B Blf.oe 

d (o/ -x· Jl e I 
I 

1(1) ~QJl 
-4- O'lz e ' 

/51/ 

nlfH911H8H KOM6lfH8UlfH /51 / 1 Y.llOBJI0TBOpSIIOUl8SI yCJIOBlfIO /26/ B o6Jia~Tii .J1o ,<JI<<~ J .. 
If ?-4 ,eeT Blf Ll: 

C:J(z.} - ZJ(I} 

Jl + 
C)/''ol'2) - 9;<zJv(/' 

dz<•J - cl/' 

HopMHpoBKa cpyHKUlfi1 /52/ Bhr6paHa TaK, 'ITO OHB cooTBeTCTByeT nplf Jl ~ <>"" 

IIJIOCKOH iwnHe OTHOClfT0JlbHOf'O .llBlf)K9HlfH H,aep /c K08<p<plfUlf0HTOM, E;lllfHHUa/ If j11 
I 

M030HY, HaXO.OHlll0MYCH y, ,.,onee TSJ)KeJioro H.opa. B Ta6JilfU_e Y npencTaBJieHbl 

BOJIHOBbie cpyHKUlflf , a (Jl) If (i {Jl) L(Jlf! ClfCT9M IIpOTOH~.oei1TpoH, IIpOTOH-TpHTHH 
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H .ueiiTpoir-TpHTHii. 3cpcpeKTHBHOe ce'leHHe paccesrmrn. Me3oaTOMOB 6onee TSI)KenhIX 

H30TOnOB Ha sr.upax 6onee nerKHX' npH Manon KHHeTH'leCKOii 9HeprHH Me3oaTOMOB 

paBHO: 

6 = {;; I 
';b. ,., ;fz_"J _ ;2) (t) cl,,., I z 

o(o, - d {,J 

z z 

-: 
J · 2 z 
't, .,I al" • /53/ 

3'Ha'leHHSI 6 ~ • . ).. npnae.ueHhI B .Ta6nnue 11.· OTMeni:M, 'ITO B cnyqae npouecca 
. - . . /11 / ',4 ~p - .o/< + ,P 3,,;.I' He SIBnsreTCSI 8HOM8nbHO ManhIM, KaK 9TO yKa3aHO B • 

iliIHHa npo6era e a To Ma d,r , nony'IHBlllerocsr B pe3yJibTaTe nepe3apsr.uKn, MO)KeT 

6bITb onpe.ueneHa no cp0pMyne 

./ · / fn 
t.·.::::. -Niv&Y"/' 

£, -c; 
/54/ 

r.ue K·- 2/Yl,z. _ .f_ 
1'1, +/"tz. - '.:) 

- cpe.uHSISI .uonsr nepe.uaaaeMOI npn CTOJlKHOBeHHH 

ol, .,. f 
'.i' 

sHeprnu, ;/ =4• 1022; E, = 45 ev - aHeprnsr, npn66peTeHHasr 

Me3oa·roMOM al,r npH nepe3apsr.uKe, 
-4 E.. "- '2• 10 ev 

2 . 
- KOHe'IHasr /Tenno-

Bast/ 9Heprnsr. /TTpn 9TOM B rpy6oM npn6JIH)KeHHH C'IHTaeTcsr, 'ITO c-fr .ll BH)KeTCSI 

no ri:pSIMOii, TaK KaK OTKnoHemrn ~ .npH CTOnKJ_IOBeumi: C npoTOHOM He MO)KeT 
0 

npenh1waTb B na6opaTopHoii cncTeMe Koop.u:irnaT .30 /. • Bennqnua npo6era cornac-

HO /54/ COCTaBJISieT t,... 0,1 MM /npo6er 38 cqeT .uncpcpy3HH ~ npH Tenno-

Boii aHeprnn TO)Ke _nopsr.uKa 0,1 MMI, 'ITO ·no-BH.UHMOMY, MeHbrue Ha6n10.uaaweii-
' 

CS! Ha onh1Te . "menu";· Benn'IHHa KOTOpoii OKono 1 MM. 

YpoEHl:I 9Heprnn Me3oMoneKyn 

TTyCTh B o6nacTH 9Heprnii £ / <' - f. A£ peweHHl-1 ypaBHeHHii 

/21 / npH Ha'lanbHb!X ycno BHSIX qooTBeTCTBeHHO / 33/ n /34/ HMeIOT .ll ,TISI Jl...,. = 
cne.uy10mntt nn.u: 

a, (11.) 
>,..<iJ (E') .. -:.lt,.11 

~ ;. ·e .. + 
I l • 

'J;m(E') e:ie,Jl. 

f,(J/) ~ r,<•"J {.E') exiJl +. r._''1 (E') exi.Jl 
J . ' 'r ' 

/55/ 



- 17 -

Torna, C0CTaBJHHI mrneil:Hy!O KOM6:rrnam:110, M0:>KH0 no6MTbC5l MCKnioqeHMH paCTYIUMX 

9KCII0H9HT rrpM ycnoBMM! 

I J;''J ( E') 

7.,"' ( E') 

y;(i} ( £') 

y;<i) (£') I :::: 0 

Ycnomre /56 / orrpenenHeT ypoBHM 9Hepr1rn Me3oMoJieKyn. npoBonsr qMcneHH'1>e 

/567 

I 
MHTerpMpoBaHMe CMCT9MbI /21 I nnH pa3JIMqHbIX E ,. M0:>KH0 rrono6paTh 3HaqeHMst 

E' , ynoBJieTBopsriomMe ycnoBMIO /56/. nonyqeHHbie TaKMM o.6pa30M ypoBHM sHep-

rMM M930M0JieKyn YK838Hbl B Ta0JIMUe 111. Ha pMC. 1 IIpMBeneHbl 3HaqeHMSI 

q:iyHKUMM Q. (Ji.) M ft {Jl) nnsr CBSI38HHoro C0CT0SIHMSI £ = 98 ev M930M0JieKynb4 

(;of~ 
1 

H0pMMp0B8HHbie ycJI0BM9M 

/57/ 

0 

YpoBHM 9HeprMM M930M0neKyn C 0llMHaK0BhlMM srnpaMM 

KaK y:>Ke 0T!'vf9qaJI0Ch Bbillle ,nnsr M930M0neKyn C onMHaK0BbIMH srnpaMH CMCTe.,. 

Ma pacrranaeTcst Ha nBa He3aBMCMMbIX ypaBH9HMst. 3q:iq:ieKTMBHbie II0TeHuMaJibl 

· x/ I J 
B38HMoneficTBMst C rrorrpaBKaMM, yqHTbIB8!0IlliiMM nBM:>K9HMe .Hnep £, .,_ ..J-

. 21'1,r. 
C xopow e:il: ToqH0CTb!O amip0KCMMMpyeTcst M3B9CTHOll q:iyHKUMefi Mop3a: 

/58/ 

3HaqeHHSI 9q:JcpeKTMBHblX II0T9HUM8JI0B B3aMM0neficTBMst rrpencTaBneHbl B /8, 13/' 

TaM :>Ke yKa3aHbI rrapaMeTphI q:iyHKUl!fi Mop3a, ocymecTBnstiomnx arrrrpoKcil:Mauuio. 

OTKnoHeHHst cpyHKUMM Mop3a oT HCTIIHHbIX 3HaqeHMfi sq:iq:ieKTHBHbIX rroTeHuManoB 

B38Hi:,1oneiiCTBMst He MoryT cymecTB9HH0 M3M9HMTh BeJIMqMHY ypoBHe·it, TaK KaK 

9TH 0TKn0H9HMSl 3aMeTHbI nMlllh B Tex o6naCTSIX /npM oqeHb 0OJihlllMX H rrpM oqeHb 

xi /18/ 
Cp. c , rne arrrrpoKCMMauMsr rrpoBonMnacb 6e3 yqeTa rrorrpaB0K Ha 

nBM:>KeHMe srnep. 
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ManeHbKHX :ii /, r.ue BOnHOBbie cpyHKUHH 9KCIIOHeHunanbHO crra.uaIOT. Benn'IHHbl -yposttel rrpnee.ueHhl e Ta6nnue 111. 

PacceflHHe M93OaTOMOB Ha g,upax TO:>K,uecTBeHHbIX fl.UPY M93OaTOMa 

D.nfl ManhIX 9Heprnfi OTHOCHT9nbHOf'O .umr:>Kemrn ( KJ1 •. << i.) H9TPY.UHO Bbl-

. r1-.r1-. • • . xi 
'IHCnHTb 9'+''+'eKTHBHO9 cetJeHne pacceflHHfl Me3oa'TOMOB Ha fl,upax Toro :>Ke H3OTorra 

D,nfl E/ ,> o peweHHe ypaBHeHHfl Wpe.umtrepa c rroTeHuHanoM /58/ HMeeT BH,u: 

e ¾ ,· [j ,·~ e-,·'f T ( - J 21;,,11-+- -J, + ,·~ i I +2,·llf , j) -g"' 
/59/ 

- }'~ e'·rp T (- h1'1,,II J. - ,·¥, . 
+ .2 I "' ' 

l-2<"ac;t)l, 

r.ue 

J z ;;;r,Ji" -()(Ji 
... e ; ~= 

c<. 

JzM.£'. 
oc. 

1<. e2 •·'f' /'(it-21;,e)r(-.rz;:,:,,.,..L -,·cl() 
c( I -= o< :? 1/ 

I (1- 2,jc_) r (- Jvt-;i + .1. +,Je) /59a/ 
"' 2 

npn ..Jl .... o&> (j ➔ 0} 9TO pewemre aCCHMIITOTH'IeCKH paBHO: 

j -;: J/17 (Kc -
~ ) K.t'n2 V ~ - Ji! f?o +- 'f 

o<: 

/60/ 

EcnH SHeprHfl OTHOCHTenbHoro .UBH:>KeHHfl .uocTaTO'IHO Mana ( X .Jl,. << I ) ' TO B 

o5nacTH 

xi 

Jl.o <( .Jl. <( L 
I( 

;J ,.._ J[ ). 3 
/61/ 

3HeprHfl OTHOCHTenbHOf'O .UBH:>K9HHfl .uon:>KHa 5bITb BMeCTe C TeM 3Ha'IHTen1:r 

HO 6onbwe SHeprHH CBepXTOHKOf'O pacmerrneHHfl B MeaoaTOMe /'ITO COCTaB~ 

nf!eT B cnyq~e aToMa p,.,.. rrpn6n~anTenbHO 0,2 e.v I. 3cpcpeKThI rrpH 6onee 

HH3KOI SHeprHH pacCMOTpeHhl B I. 

, ~·;,'' 
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L(nHH8 pacceSIHHH }. J MO.lKeT 6b!Tb rrony<IeH8 H3 /64a/' /65/: 

}q ~ { Y{- rz;;:I +- ;. ) - 2 'f(, J _,_ ell 2 JvM c _ ot + Jl. 
0 ~ z ,,,: J 21'1..II O ' 

/62/ 

rne "'f (x) = i'{x) 
r{x) 

6nH3K8 K uenaMy qHcny /aTO COOTBeTCTByeT HanHqHro y ~e30MoneKynhl ypOBHH 

peanbHOI'O HnH BHpTyanhHOI'O C aneprHeit, 6nH3KOil: K 0 I, TO 6naronapH HanH

• snaqeiiHe ).
3 

qH ro rromocoB y cpyHKUHH ,Y{x) rrpH uenhlx OTpHUaTenbHhlX X 

MO)f{eT 6b!Tb BeCbM8 BenHKO. Bo3MO.lKHOCTb T8Koro pe30H8HC8 6bma 38Meqena 
[2] 

eme B • 

PeweHHe BToporo H3 ypaBnenHil: /21 / MO.lK eT 6bITb TaK.lKe nerKo rrony•rnHo, 

ecnH noTenuuan V .. = [ E: (:n) + ~ J.!....._ (Jl.) J arrnpoKCHMHpoBan BKCITOHeHToit: 

/63/ 

qTo MO:>KHO cnenaTb c xopoweil: ToqnocTbID B o6nacTH cymecTBeHHbIX nnH ·pacceg

HHH 3HaqeHHil:_ Ji . YpaBHeHHe Wpenirnrepa c rroTeHuHanoM /63/ rryTeM BBene

HHH HOBOii rrepeMeHHOit CBOLlHTCH K ypaBneHHID EeccenH OT MHHMOI'O apryMenTa. 

TaKHM. o6pasoM, nnH E'=o 

- ,,4.17) 
e z 

1 
cpyHKUHH ranKenH OT MHHMoro apryMeHTa • HopMHpOBKa cpyHKUHH h (Ji) 

Bb!6pana TaK, 'lT06bI rrpH .fl -? 00 pemeHHe HMeno BHLl: 

/y'lHTbIBaH, qTo rrpH t-..o 
3il:nepa/ nony'lHM 

/64/ 

Ko (t)-,1> fnj -C, rne C = 0,577. - rrocToHnnaH_'' 

) .. = J [c + /65/ 

Y'lHTbIBaH, 'ITO Me30HH8SI cpyHKUHSI CHMMeTpllqHa OTHOCHTenbHO rrepe-

CT8HOBKH sinep, a z: (~. J7) - 8HTHCHMMeTpH'lHa, MO.lKHO 38KnroqHTb, 'ITO B 5 

BOnHe OTHOCH,:enbHOe ,llBH.lKeHm~ TO.lKLlecTBeHHblX sinep 6yneT OITHCbIB_aTbCH cpyHK

,rrneit :J ( .Ji) ' ecnH CYMMapHblit CITHH sinep qeTHbiit, H q:ijtKuHeit lr(Jl) •ecnH 

CYMMapHb!il: CITHH ·Hnep He'leTHbiit. 3cpcpeKTHBHOe ce'leHHe pacceSIHHSI Me308TOMOB 
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aonopona Ha npoToHaX IH Me3oaT0M0B TpHTHH Ha Hnpax TpHTHSI/ npH Manhlx 8Hep

rHHX noiDKHO HMeTb BHn: 

6 2;; ( ~ >'-s .. 
+ i<.• ,";, 

+ ~ 
i, 

>-": \ 
-t- rc:Z. )..'Z...._ ) 

B TO BpeMH, KaK nnH pacceSIHHSI Me3oaT0M0B nefiTepHH Ha nefiTpOHax: 

6 = 2n (; ~\ 
/t1tz_A3 

... 1. 
..3 

)...2..... ) 
-t J(Z ft._ 

/66/ 

/67 / 

ct>opMyna /66/ aHanorH'IHa qiopMyne nnH pacceHHHH HefiTpoHoB Ha npoToHax, npH 

6onbWHX ..A3 cornacH0 /66/ 6yneT pe3oHaHc B pacceSIHHH npH K - 0 • LJ:neHbI 

K2),: B /66/ 3anHC8HbI nnH 6onbwefi aHanorrrn C H3BeCTHOH nefiTpOHHOH qiop-

Mynofi; yqeT HX npencTaBmieT no cymecTBY npeBbrWeHHe T0'IH0CTH, TaK KaK ) .. 

C00TBeTcTByeT 0TTanKHBaHH!O H non:>KH0 no nopHUKY aenH'IHHbl C0BnanaTb C panH-

ycoM neficTBHH CHn: .x .. ~ :R.o • 8To KaK pa3 HMeeT MeCT0 B pacceHHHH 

I;,. -f-? ~ ?,,.,. + ,P , nocKonbKY Me3oMoneKyna ~P?-, HMeeT BHpTyanbHhlfi ypo-

BeHb C aHeprHefi 6nH3KOH K O • 8qiqieKTH BH0e Ce'!eHHe pacceHHHSI /-'./" -t- p 
/7 / 

BhI'IHcneHH0e cornacHo /66/, xopowo coananaeT c ce.'!eH11eM, npHBeneHHbIM B 

B pacceSIHHH cf;,. + cl C e'IeHHe. Bbl'IHCneHH0e no /67 /, OK83bIBaeTCSI B n Ba pa3a 

/7 / 
6onhwe npHaeneHHoro B pa6oTe • 

O6pa3oBaHHe Me3oMoneKyn 

DBHraSICb B aemecTBe I Me3oaT0Mbl Bonopona B CHny CBoefi HefiTpanbHOCTH 

MoryT cao6onHo npoxonHTh qepe3 aneKTp0HHhle o6onoqKH MoneKyn aonopona H, 

npn6nH)K8SICb K HnpaM I o6pa30BbIBaTb Me30M0neKynhI, T0'!Hee Me30M0neKynHpHbie Ho.

Rb! (,Pp t ; ( f of); H T.n. IHanono6He H3BecTHbIX MoneK,ynHpHbIX H0H0B II/ 
f/2Y H T.n,/. 8HeprHH CBH3H Me30MoneKynb1, B npHHuHne , M0)KeT 6bITh oTnaHa 

H3ny'IeHHIO, aneKTp0l-lY 06ono'IKH, a T8K)Ke Hnpy, CBSl38HH0My XHMH'IeCKHMH CHna

MH C TeM, K0T0pb!e o5pa3y!OT Me30M0neKyny. nocm~UHHH nepexon, 0UH8K0 1 MO-

)KeT HMeTh KaKoe-nn6o 3Ha'!eHHe T0nbK0 B cnyqae, Karna Me3oMoneKyna 06pa-

3yeTcSI B C0CT0SIHHH C 0'!eHb ManeHbKOH aHeprHefi CBSI3H /nopHnKa 9HeprHH CBH3H 

o6bI'IHOli MOneKynhr/. KaK BHUH0 H3 Ta6nHUbl 111 9T0 ycn0B'IIe He BbIII0nHSieTCSI 

HH nnSI OUHOH H3 M0neKyn /aa HcKnIO'IeHHeM 6bITb M0)KeT { cld 0 I. 

~I' 
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n ocKonhKY paaMepbI MeaoMoneKyn M0Hhwe aTOMHbix, cooTHowemrn: Me)Kny Bepo~T

.HOCTHMH o6pa30BaHHH M030MOneKynhl panHaUHOHH~M oyTeM H oyTeM oTnaqu 9Hep

I"HH 9neKTpo~y o6onoqKH, MOI"YT 6b!Tb Bblpa~eHbl C DOMOlllhlO CTaHnapTHO~ TeopHH 

BHyTpeHHeA KOHBepcnu aneKTpOHOB npH HnepHhlX oepexon~x. DnH paccMaTpHBaeMoii. 

o6nacTH oepenaBaeMbIX arieprHii / necHTKH' COTHH ev I KoacpqmuHeHTbI BHyTpeH-

Heil KOHBepCHH BeCbMa-B9J1HHH; ooaToMy, BepoHTHOCTh panrrauHOHHoro o6paaoBa-

HHH Me30MOJieKyn HecpaBH9HHO M9HbW e KOHBepCHOHHOii. nocKOllhKY o6paao BaHHe 

M930MOJIBKYll oporrcxonHT ripH MallhlX OTHOCHT9nbHhlX 9He~I"HHX M930aTOMOB, Harr-

.6onee cyruecTBettHbIM 6yneT aneKTprrqecKHii nrroonhHbiii oepexon H3 .S BOllHbI 

CD110WHOI"O cneKTpa C KOHBepc11eii Ha 9llBKTpoHe; oy_CTb .f, '· fi , ~-paCCTOHHHH, 

COOTBBTCTBeHHo, OT Hnep 1'1J 1 ;V(.z H -~ - MB30Ha no I1pOH3BOllbHOH TQqKH; Ter

na KYJIOHOBCKOe none CHCT9Mbl Ha. 60JibWHX pacCTOHHHHX HMeeT. BHn: 

e 
+ 

f, 
e 

..f2. 
+ 

rne j'-paccTOHHHe OT U9HTpa TH)KeCTH Hnep,_ a 

CHCTeMbI: -· 1'1.z - ,fr{ I -ol :: - e .R ~ (;, + 2 ,Nlz. +-;vt, 2 

- ~ -
-'Zl. 

. Jl ~ JI? - ff, - ...,. - - ~ 5lz. I -z:, "'z. - Jl, Zz. = z -

I 681 

-· 
d - nHoonbHhrii MOMeHT 

) 
/69/ 

EcnH B KaqecTBe_ BOnHOBbIX cpyHKUHH aneKTpoHa B3HTb_ ToqHbie KynoHOB_CKHe 

cpyHKUHH aToMa ,Bonopona, To attanorHqHo BepoHTHOCTH KOHBepcHH opH HnepHOM 

oepexone nonyqH\\f .nnH BepOHTHOCTH o6pa30BaHHH Me30MOJ19KynbI oyTeM nHITOJib

HOH KOHB9pCHH: 

w' 

rne Cfe = 

f!O nnep B 

/70/ 

Macca H cKopoCTh/lY- qHc-

. MaTpHqHblH ·aneMeHT nHDOJ1hHOI"O MOMeHTa, B3HTblil Memn,Y 

BOmtoBbIMH cpyHKUHHMH MB30MOJ19KYllbI, op1rnanJie)Ka1UHM COOTB9T°CTB9HHO conourno

MY H nHcKpBTHOMY crreKTpy 
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< o( > .. f "11 f * I ' . , ..... e ·ot . :'f ,_e (olJi) (ol~) /71/ 

IIIHTerpIIpoBaHIIe ·npoBO.llIITCH B /71 / no Koop.aIIHaTaM ,/1- -Me3oHa II H.aep/. vlH-

TerpIIp0BaHIIe II0 M830H!!bIM K00p.llIIHaTaM B /71 / nµr B0.llIIT K IIHTerpany: 

'ofa", = .f ~ f (z,+ Zz) £:.. ( olY'}. /72/ 

vf3 coo5pa:a<eHIIM CIIMM8TpIIII HCH0, ~TO ol'J .. 
i{~) ~eK0T0paH ¢YHKUIIH Ji • B IIpII5JIII)K 8HIIII 

HanpaBJieH no Jl o1, .. = ¥ {J1) :il, 
'_r.ae 

f {JI) = - L . J. ~- L· 
I 

Z J/ . -Z7l ( Ji½Y 
2, f-e . ltJl+ 

/73/ 

flpII5JIH:a<emi:e L( .,,to HecnpaBe.llJIIIB0 IIpII MaJlbIX .fl I 0,llHaK0,SlCH0, '{TO II0CK0Jib• 

KY cpyHKUH~ If (ll) , COO~BeTCTBYIOlUaH COCT0.HHIIIO 0TTaJIKIIBaHIIH . r" 1 IIpII Ma -

JibIX Jl aKcnoHeHuaanbHO c_na.aaeT, Manbre .Jl. BH0CHT HesHatJIITenbHbri!: BKna.a B 

M8TpII'IHbIM aireMeHT. < o{ > • OTM8TIIM I 'ITO IIpII5JIII:a<emre >/:::: - ½ xopowo Bbl"'." 

IIOJIHHe·TcH II IIpII · MaJibIX Jl , ecnII BbltJIICJieHIIe ola.. np~BO.llIITb C TOtJH b!MII 

16 
¢YHKUIIHMII z; I z:... . CyMMIIpOB8HIIe B /70/ IIpOB0,llIITCH IIO BCeM B03M0:a<Hb!M 

K0H8tJHblM C0CT0HHIIHM M830MOJieKyJibI. npII BbltJIICIIeHIIH npe.anonaraeTCH, 'ITO Hop-

MHpOBKa BOJIHOBOM ¢YHKUHII cmioWHO 1"0 cneKTpa Bhl5paHa TaK, 'ITO Ha 6ecKo-

~etJH0CTH ecTb,IIJI0CKaH B0JIHa C Koa¢¢nuHeHTOM e.aHHHua, a B0IIH0BaH ¢YHKUIIH .llH

cKpeTH0I'0 cneKTpa, ecTeCTBeHH0, HOpMIIp0BaHa Ha .e.llHHHUY, npII .aT0M MaTpII'IHb!M. 

aneMeHT (ol-;,, 6y.aeT HMeTb paaMepHOCThe~ff(~:: h/1'}-ez • Bbr.aenHSI 

pasMepHbIM MHO~IIT8Jlb1Y.ll06Ho· nepenncaTb ¢opMyny /70/ B BH.ae 

y.j , J ( t/4;) ('" )' __<:_'._ .. 2, e' e-
47-0 ? 

mi ·tae (1rf')(1-e~z.,;?) 
{f /<of> ;z· } . 

I,. ' 

/74·, 

r.ae M8TpH'IHb!M 9118MeHT <ol> Bb!'IHCJieH _B 6espa3M8pHb!X /"MesoaTOMHbIX7 e.aHHII .. 

¥ax. JierKO 3aMeTII1:b, 'ITO 11epBb!M t{Jl8H B .llIIII0JlbH0M .M0MeHTe /69/ IIMeeT 0TJIIIt{-

.... 
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H bl9 OT Hym1 MBTpH"!Hbie 9.II9M9HTbl T
0

O.IIbKO Ll.lISl rrepeXOLlOB C M93OHHbIMH cpyHKUHSI- , 

MH onHHaKoBoil: "!eTHOCTH LJ - z-, , L.., - L.., • B To BpeMst KaK BTopoil: "!nea 

naeT rrepeXO.[lbl TO.IIbKO M9:>KLlY M93OHHb!MH cpyHKUHSlMH pa3.IIH"!HOH "!9THOCTH' 

• .LlHIIO.IIbHbie rrepeXO.[lbl H3 5 BO.IIHbl CII.IIOlliHO-z-.. _;~ ,-~-:> £.. 
ro crreKTpa MoryT rrpoHcxon~Tb TonbKO so spawaTenbHOe cocTostHHe c· L = 1. via 

Ta6nHUbl !.!J. BH.[lHO, "!TO Ll.lISl Bcex M93OMO.IIeKyn IKpOMe {tt )/" / rrepexon 

ocymecTB.IIS19TCSl B OCHOBHOe BpawaT9.1IbHO9· COCTOSlHHe / L ... J . i n • 0 / • .Llnst 

M93OMOJ19KYJI (tt )/" BO3MO:>K9H T8K)K9 rrepexon B KOne6aTenbHO-BpamaTenbHOe 

COCTO5IHH9 ( L = / · 
I 

• BepoRTHOCTb o6paaoBaHHSl M93OMO.1IeKyn C 

O.[lHHaKOBb!MH stnpaMH MO)K9T 6b!Tb Bbl"iHC.IIeHa aaanorH"!HO To-

MY, KaK 9TO cnenaHO .[lJlSl M93OMOJleKyn (' o a) . / l S / B 6 
1 1 • epostTHOCTH O paaoBaHHSl 

9THX MO'JieKyJI IIpHB9.[l9Hbl B Ta6n11ue 4. B cny"!ae M93OMOJleKyn C pa3JIH"!Hb!MH 

Sl.[lpaMH H8H60JlbWHH HHTepec rrpencTaBJISleT Bbl"!HcneHHe eepOSlTHOCTH o6pa30B8HHS1 

M93OMOJl9KYJibl, Korna IIpOHCXO.[lHT CTOJIKHOBeHHe M93O8TOMa 6onee TSl)Kenoro H3o

Torra c 6onee nerKHM SlLlpOM, HaIIpHMep, ~ +p - ( olp~ · /rrpn CTO.IIKHOBeHHH 

;0,... + of 3H8"!HT9Jlb.HO 6onee BepOSlTHbIM rrpoueccoM SlBJI~eTCSl rrepeaapstnKa 

~/" + o! - of/" -1- p I. Bonaoaast cpyHKUHSI Ha"!aJibHoro cocTostHHSI .HMeeT BH.u: 

+ /75/ 

CBS138Hbl C cpyHKUHSlMH Q 0 [.Jl} t t:, (.fl) , COOTHOW9HH9M 

/20/. BonHoBast cpyHKUHSI KOHe"!Horo cocTOSIHHSI , cooTBeTcTBYIOIUast apawaTeJibHOMY 

ypOBH!O M93OMQJl9KYJlbl C L = 1, HM99T BHLl: 

/76/ 

TTpOBOLlSl HHTerpHpOB8HH9 no yrnaM H cyMMHpOB8HHe ITO /'1, t rrony"!HM B M93OaToM

HbIX 9LlHHHuax 

/77 / 

vfHTerpanhl B /77/ Bhl"!HCJ19Hhl "!HCneHHOw BepOSlTHOCTH o6paaoBaHHSl M93OMOJleKy.lI 

(,Pd?- i (pt~ i (olt)I" , Hail:neHahle cornacao /77/ H /74/, yKa3aHhl 

B Ta6JIHU9 4. 
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nPvinO)KEHvIE 

¢yHKUHll l{,J (Jl} H J/ ..... (fl} BbI'IMcnettbI a 
1151 

c IIOMOIUbIO TO'IHbIX 

-r ~ /14/ 
BOlIHOBbIX cpyHKUHil LJ M ..:::.... , IIpHBe,o:eHHblX B • np0:ae.o:eM .o:mr cpaBHeHMH 

3H atJeHMH l<;J { .Jl) H f( .... ( fl ) , BbI'IHCn eHHbie a rrp11611M)K eHHH ( l C .J? 0), 

crrpase.o:1111aoM .o:mr 6011bw0:x Ji 

i:
1 

- [ 2r. { ~ .s) (' ( e - '· _, e '• ) 
n. 1 

!.CllO 

£. · { b ( I - 5) r', ( e-•, - e-'•J ,[l.2 

( 

l ) - ~ 5 ... , + Jl + Jl/2 e 

H' a 11p11611H)KeHHM l( JI , crrpase.0:110:aoM rrp11 MallbIX Jl , Kor.o:a L, n £..._ 
rrepexo,o:HT COOTBeTCTBeHHO a i. s Fl 2 ..l• ypoBHH He 

I _ (r,.,. Zz ) 
-= - e ;v, £. ;J 

z: ... = -
/\I .. 

e-½. (7, + '°z) ( 'Z, CO:$ 0 I - Cz C,Cj e) 

dz n -2Jl 
J =-ie (1+2Jl r j Jll ) 

11'/..,. ::: 4r, ( i + Jl ~ 2! 1lz -,. :o !JlJ + ..LJZ"')e-Jl 
&0 

B rrp0:611F1)KeHHH LC.110 

I{ -= J. -
.s I 

Jl,. ( I 1- Jl ) ,. - zx 
- - e 

JJ 2 2 (!+ .s) ,36 ( (-t- !,)l 

~ = J. + 
,s - J_ 

1/.z (f+Jl.)2 _ 2 Jl 
e 

..... 2 2 ( ,-s) 3G ( {- .5 ) z 

,[l.3 

,[l.4 

Ll.4' 

,[l.5 

Ll.5' 
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B npH6JJH )K eH HH · U . .I 

l<j,1 = 1 (ffi /l ,,..._ i /6 J?z -/\; .11~0. 
j n.a 

. It: .. = 2 1 -(,v./ z L + "' + n.a' .Jli. r "' Jl' 't Ncc • J?-,.o 

Dm1. CpaBH0HHH Ha pHC, 2, 3 npe,llC
0

T8BJ10Hbl 3H8'10HHH , Bb!'rncneH-
irn1 . ··. .· L 

Hbie a , H cor-nacHo annpoKCHMBUHH C .;f O H 

nm1 BeJJH'IHHbI. 

_{Lr f!O) 

(UJI) 

a (fl) BbI'IHCJ19HHSI .ll8IOT: 

/J -:: 
,4' 

M -/'1 / ·.1-z. I 

0TMeTHM, 'ITO Q, Bbi'IHCJJeHHOe COI'J18CHO (L[_.;fO ) t npH· J/.- 0 .llOBOJJb-

HO xopowo. coana.uaeT co 3HatieHHeM BbI'IHCJ10HHbIM COI'J18CHO {u.,, J Ji -.. o 

/G . .Ji 
ii 

' = - o,zsg 

: - o, 2 8 

TaKHM o6paao M, Bo acett o6nacTH Jl MO)KHO npHHSITb an.npoKCHMBUHIO Cl= (),c.Ao. 

' . 

BeJJH'IHHbI 1"' (Jl) H Ku3{fl} aannpoKCHMBUHH (LC.,;10} H(LIJ) 

COOTB0TCTB0HHO paBHhl: 



}[ .so'o ~ 

I 'W-+ 2 W 
i£' t. 9 'o 

'W.- 2 W ~ 

·w .. ~w 1£ { 

Z I '! ·w-zw T ~ 

Sf' 

y 5' 

81 l£y:-; 

lt 18 
!J'?9' 

. 

'w+ 2w 
'w'-lW 

'w+zw 
·w-zw 

(r 11) 

~ ( rn) 

.;-- ( Of'J?) f..,}'I 

.. 

~ ( rn) ~c~I 
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T a 6 n. H n a 1 

Ce<remrn nepeaapHD.KH H ynpyroro pacceHHHH 

3 

3,42 • 10-13 ..£M...;... 
. ceK 

T a 6 n Hu a 11 
Ce<reHHH ynpyroro pacceHHHH Me3O8TOMOB 

)\ 2 ,03 6,7 

xi_ BenH<rHHbI nony,:Ie_HbI npH ;<,, = O . BbI'!HcneHHH c npaBHnbHbIM 
.a.nsi: ~ . 3Ha<reHHe - 10, 'ITO Ka:>KeTCH HaM COMHHTenbHbIM. 

-T a 6 n Hu a 111 

Ypoe~H MoneKyn a ev 

Kaa .a.anH 

/ nnsi: MeaoMoneKyn C paanH'IHbIMH si:.a.paMH ypOBHII aHeprHH OT_?'IHTbIBSIOTCSI OT 

ypoBHH 6onee TSI:>Kenoro H3OTona I. 

L. fJ L = I. l•l l.=3 

n•O n•I n•o . n• / n=d r,r: 0 

(PP); 252 109 

(rial)+ 330 40 227 7 88 
. '/'4 

(tt); 367 86 288 45 170 60 

fl>-'F .. ·-r 220 90 

(rt}: 213 98 

fdtJ; 318 32 232 102 
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'L ~a 6 n H u a 1 Y 
~.-. 

6 -1 
BepOHTHOCTll o6paaoBaHHH MoneKy,ll B 9,llHHHUaX JO CSK B );{H,llKOM BO.llOpone. 

(P,o~~ (dc1J; 
.,. 

(tt~· .f ?rAl +-
. :I"' 

(,ttJ; 
. .,. 

(pt),. 

1,53 0.006 0,38 0,7 ,..Q,001. 0,25 

,. B .llBHHOit paooTe BSpOHTHOCTH o6paaoBaHHH M930M0119Kyn cne.nyeT paccMaTpH-. 

.BaTb TOllbKO no nopH.llKY BSlIHqliHhl, TaK KaK npH BhlqHClISHllll He yqHThlBanac& CBH3b 

H.llep Bonopona B MoneKynax H2 · , qTo1 no-BH.llHMOMY, npHBO.llHT K yBenHqemno W: 

B cnyqae M930MOll9KY11HpHOI"O HOH8· (rAtll),14 · ll (cit~ ua-aa HannqHSI 01IH3-

KOI"O K HYlIIO Koneoa':rem,Horo ypOBHH / c- L ~ 0 I B BepoHTHOCTb o6paaoBaHHH 

M oneKyn MoryT .ll8Tb BKlla,ll u- 0 nepeXO.llbI. 

B TonbKO qTo nonyqeHHOM aBTopaMH npenpnHTe KoaHa, IOnna H PHn.o.enH 

BOlIHOBaSI ¢yHKUliH npH BbiqHcneHHH BepOHTHOCTll o6pa30B8HHH M930MOlleKyn C O,llH-

H8KOBbIMH H.llpaMH HOpMlipOBaH_a Ha i/i_ I a He Ha 1, qTo 38BbIWaeT B,llBOe· \V . 

"'"· 



T a c5 JI H g a y 
B0JIH0BL!e 1pyHKl\llll M830MOJI6KYJIS!plih!X H0H0B (HeHop1,mpoBaHHixe) B C0C:l'0SIHHSIX C L =. I 

(P«J:. (Pt): {eft ~ 
YpoBeHb 90 ev Ypo1:1eHb 98 e,, YpOB8Hb 232 1W 

3l. "(.1t) I (JI.) Q. (JI.) G (.1l.): Q. {Jl) I I.Jl) ·;i 

0,3 o, II4• I0-2 o, iro-ro-2 O,II6•I0-2 o, rog. rn-2 +o, 772•ro-3 o, s23. ro-3 • . o,j 
0,5 o,530•ro-2 0,5I6•I0-2 0,554•10-2 0,53I.I0~2 0,427•IQ-2 • 0,420.ro-2 0,5 
0,7 O,I32•IO-I O,IJO•I0-1 O,I4I•IO-I O,IJ7•IO-I 0.122 •IO~I O,I2I•IO-l .o, 7 
0,9 0,256•IO-I 0,254.IO-I 0,277•IO-l 0,273•IO-l 0,246 -ro-1 o, 260· ro-1 · 0 9" 

O, 423• ro-I 0,424•IO-I 0,462•IO-I 0,462•IO-l 0,464.ro-I o, 462• ro-1 · . ' 
I,I I,l 
I,3 0,625•IO-l 0,632•10-I o, 687, ro-I 0,697•10-1- 0,7I8•IO-I O, 719.10-I I,3 
I,5 0,849.IO-I 0,869•10-I 0,936•10-l 0,964•IO-I o,roo O,IOI 15 ' I,7 O,I08 O,II2 O,II9 0,125 O,I29 0,131 I,7 
I,9 o,no 0,137 U,144 O,I53 0,156 O,I59 I,9 
2,J O,I5I o, 160 0,165 0,179 0,179 0,183 2,I 
2,3 0,168 O,ISI 0,183 0,202 0,196 0,2~2 2t3 · 
2,5 0,182, 0,198 O,I97 0,221 0,207 0,214 2,s 
2,7 O,I9I 0,2n 0,206 0,235 0,213 0,219 2,7" 
2;9 0,197 0,221 0,2IO 0,245 . 0,2IO 0,2.I9 2,9 
3,I 0,198 0,226 o,2ro 0,250 0,203 0,213 3tl 
3,3 0,196 0,228 0,205 0,251 0,193 0,204 3,~ .. 
3,5 0,191 0,226 0,198 0,249 0,179 0,191 3,S 
3,5 0,184 0,221 0,189 0,243 0,164 0,176 3,7 
3,9 0,175 0,215 0,177 0,234 0,148 0,160 3,9 
4,1 O,I64 0,206· 0,164 0,224- O,D~ 0,143 4;1 
4,3 0,152 0,196 0~ 151 0,212 o,ns 0,127 4,3 
4,5 0,140 o, 184 0,137 0,200 0,100 O,III 4,5 
4,7 0,128 O,I73 0,124 0,187 0,866•10-I 0,969•IO-I , 4, 7 
4,9 O,II6 0,161 o,rn 0,173 0,74I•IO-I 0,838,IO-I 4,9 
5,I 0,104 0,149 o,9s9.10-1 0,161 0,630•10-I 0,719.ro-I 5~I 
5,, 0,935•!0-I 0,137 0,875•10-I 0,148· 0,532,IO-I 0,6I4~IO-l 5,3 
5,5 0,833•IO-I 0,126 0,770•10-I o, 136 0,447•10-I 0,52I•IO-I 5,5 
5,7 0,738•IO-I o,n5 o, 673• ro..;1 0,125 0,373•10-I 0,440•10-I 5,7 
5,9 0,650•10-I o,ro5 0,-586• 10-I O,II4 I o,.37I• ro-1 5",9> 0,3IO•IQ'." 
6,0 o 609• ro-1 O,IOG 0,546•10-I 0,109 ·o,2s3,ro-1 0,340,IO-I 6,0 
6,2 . 0:534.10-1 0,908•10-I 0,471•10-I O, 993. ro-I. 0,233,I0-1 0,279,ro-1 . 6,2 
6,4 0,465•Io-I 0,822•10-I o, 404. ro-1 0,905•IO-I 0,193•10.;;.r 0,237•I0-1 6,4 

· 6,6 0,403•10-I 0,742•10-I 0,344•10-I 0,823• ro-I o,rss.ro-1 0,197,I-0-1 6,6 
6,8 0,348• 10-I 0,669•10-I 0,290.ro-I 0,749•Io-I O,I29•IO-I 0 164•10"".I 6,·a 
7,0 0,299•10-I 0,60I•IO-I 0,242• ro-I 0,681,IQ-I 0,106•!0-I o: 135• ro•l . _7, o, 
.7,2 01255• ID::.1 0,539•10-I O,I98•IO-I 0 618•10-I ·o,a65•ID-2 O,III•IO-I 7,2 ' . 

_7,4 0,216• ro-I 0,48J•IO-I O,I58•IO-I 0,562•Io-I 0,70I•IO-2 0,9IO~I0~2 7,4 
7,6 O~I8I•IO-I O, 432·• ro-I O,I22•I0"".1 · 0,5II•IO_.I 0,569iI0-2 0,738•!0-2 7,6 
7,8 ,O, 150• ro-I 0,385• ro-I o,880• ro-2 0,464•IO-· I 0,45I•I0-2 0 596•I0-2 7,8 
8,0 0,122,IO-I 0,342•IO-I 0,557.10-2 o, 422• ro-I o, 381• rn-2 · o:41s.ro~2 8,0 
8,5 . 2 0,253•10-I O, I36oI0-2 0,33.'.3•10-I 0,2I2•I0-2 0,25~•I0-2 8,5 . 0,677-IO-
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T a Cl JI H g a :J. (nJ;!O,!!OJilltelrne 2 
BOJIHOBble cpyHKI.{1111 CHCT6Mbl Tpex '!laCTl11{. Me30aTOM C CloJiee TSJ:.teJiblM n.n;poM pacce11BaeTC/I .. Ha H.n;pe nerKoro 11s0Tona np11 HyJieBo~ 3HeprH11 • 

~.,. p ~+p t.,.. +d 

J1 4 (rn) l(R) a. (R) t(:Jl) R(J/) 1(71.) . Jl 
0,3 -0,469•I0-2 -0,454•I0-2 -0,IlO•IO-l -O,I04•IO-l -0,824• ro-2 -o, f:l08• ro-2 0,3 
0,5 -O,l8l•IO-l ..:p,I78•IO-l . l -0,423•IO-l ~0,382•10-l -0,377•10-l 0,5 -0,435•IO-
0;7 -0;386•10-1· :...o,3s2·ro-1 -0, 950• ro-l -0 935•IO-l -o, 946• rn-1 -o, 939.ro-1 0,7 . ' . . 
o,9 -0,655•10-1 -0~655-10-1 -0,164 -0, 164 -0,178 -0,178 0,9 
l,l -0,965•rn-l -0,974~IO-l -0,245 -0,248 -0,281 -0,281 l,l 
1,3 .-0, 129 -0,IJl -0,329 -0,337 -0,387 -0,390 1,3 
l,5 -0, 159 -0,163 -0,4.07 -0,423 -0,477 -0,487 l,5 
l,7 -O,I83 -0,190 -0,470 -0,496 -0,540 -0,550 ·l, 7 
I,9 -0,201 . ~. -0, 2IO -0,5IJ -0,549 -0,560 0,573 l,9 
2,1 -0,210 -0,221 -0,532 -0,576 -0,533 -0;55 ·2, l 
2,3 -0,2IO .:.0,222 -Q,526 -0,577 -0,462 -0,480 2,3 
2,5 -0,202 -0,2IJ -0,498 -0,549 -0,353 '."'0,371 2,5 
2,7 -O,I86 -0,195 -0,449 -0, 496 -0, 217 . -0,233 2,7 
2,9 -0, 163 -0, 168 -0,385 -0,420 

. l -0,772•1{)-l 2,9 -0, 661°10-
3,1 .. o, I'.37 -0,135 -0,310 -0,325 +o,a,92. ro-1 +0,847•IO-l 3,1 
3,3 -0. 107 -0.948•10""1 '-0.229 -0,215 0,239 0,242 3,3. 
3,5 -0,754.10-1 ~o,508.10-1 -0,145 -0, 940• ro-l 0,374 0,385 3,5 
3,7 -0,440•IO-l -0,378•I0-2 -0,63l•IO-l +0,34I•IO-l 0~491 0,5IO 3,7 
3,9 -0,136•10-l +0,451•10'."'1 0,142,10-l 0,166 0,585 0,61~ 3,9 
4,I O,l48•IO-~ 0,948•IO-l 0,849• 10-l 0,299 0,65~ 0,685 4,1 
4,3 O, 407 • ro- o, 145 O, 147 0,431 o, 70'_ 0,734 4,3 
4,5 0,636d0-I 0,194 0,201 0,561 o, 729 ·0,757 4,5 
4,7 0,832,10-l 0,242 0,245 0,687 0;737 o, 757· 4,7 
4,9 O, 996• ro-l O, 289 O, 280 0,808 0,729 0,737 4,9 
5,1 O,II4 0,334 · O,J.06 0,925 0,709 0,698 5,I 
5,3 0,123 0,378 0,325 l,04 0,679 0,644 5,3 
5,5 O,IJO 0,420. u,J37 l,15 0,642 0,577 5,5 
5,7 o,IJs 0,461 0,342 1,25 0,600 0,499 5,7 
5,9 O,IJ8 0,500 0,343 l,35 0,556 0,4IJ 5,9 
6,0 O,I'.39 0,519 0,341 l,40 0,533 0,367 6,0 
6,2 0,139 0,556 0,335 l,49 0;487 0,270 6,2 
6, 4 . · o, I'.37. 0,593 0,326. l,58 ·. o, 443 0,170 6,4 
6,6 0,134 0,628 0,314 l,67 0,399 0,653•IO-l 6,6 · 
6,8 D,IJO 0,662 0,300 I,75 0,358 -0,421.IO-l 6,8 
T,O 0,126 0,696 0,284 I,84 0,319 -0, 151 7,0 
7,2 0,121 o, 729 0,269 l,92 0,284 -0,262 7,2 
7,4 O,II5 0,761 0,253 1,.99 0,251 -0,374 7,4 

·7,6 o,no 0,793 0,237 2,08 0,221 -0,486 7,6 
7,8 o,I04 0,824 0,221 2,15 0,194 -0,599 7,8 



· B, 0 0,98I•IO-I 0,855 0,205 2,2.3 D,170 -0, 7I2 8,0 8,5 o, 84'i. rn-l o, 931 · O,I7I 2,42 0,120 -0;994 8,5 9,0 O, 724• IO-I I,Ol O,I42 2,60 0,8.36,IO-I -I,27 9;0 9,5 0,623• rn-l 1,08 O,II6 2,78 0~57I•IO-l -1,55 9,5 IO,O 0,545•IO-l 1,15 0,939•IO-I 2,95 0,.385.IO-l -1,8'.3 ro,o I0,5 0,488.ro-l 11 22 O, T39•IO-I '.3, 13' 0 259•10-l -2-,II I0,5 
' I n,o 0,457•IO-I l,30 0,5'.38•10-I 3,31 D,l76•IO- . -2,38 II,O II,5 0,453•IO-l I,.37 0,122,IO-I : 

-2,66 II,5 12,0 o, 476• ro-1 · I,44 O,B.34• I0-2 -2, 9lt . 12,0 
. -2 

-3,49 l3,0. · . 0,388•IO 


