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1 . BBEI1EH~E 

B noc.neAHee epeMfl 6o.nbwoi:1 J.IIHTepec Bbl3biBaeT Ae.neHHe peao

HaHcHoro o6puaoeaHIIIH Me3oMoneKyn ddJL Yl dtp./1.2/, Ero cyTb co

CTOI-1T B TOM, '-ITO npH CTOJlKHOBeHI-1J.II t~-t- 1-1 d 11 -aTOMOB C fiAPSMVl 

Mo.neKy.n D2 npoTeKa~T peaK~"'"' 

/1/ 

c nepeAal.leH BblAe.nA~~e~cfl 3HeprHH cBR3H MeaoMo.neKy.n Ha eoa6ym-

AeHio1e KO.ne6aHHi:1 MOileKy!lflPHbiX KOMnneKCOB ({dtt.t)d2e} lo1 

[ (ddj:t) d2e]. TaKHe npoL.~eCcbl eoaMO)f(Hbl 6naroASPA cy~I.~eCTBoaaHJ.~~IO 

B cneKTpax Me30MO!leKy11 dtt.t \.1 ddtt cna60CBfi38HHbiX COCTO.RH(IIH 

C 3Hepn'lfiMH CBfl3lll € Jv = -0,64 38 lo1 lJy = -1 ,91 38, KOTOpble 

YIMetoT epall.ISTeJlbHOe -KB8HTOBOe 4111CIIO Joel 1-1 KOJle6aTeJlbHOe V=l. 

Yc.noeJ.~te peaoHaHca 3anHCbleaeTCfl c.neAYKlll.IJ.IIM o6pa30M: 

/2/ 

rAe t: 0 - 3Hepn1R CTOJlKHoBeHHA til (dt.t) 1-1 D 2 ; E 15 1-1 E0 - 3Hep

rl-11-1 OCHOBHbiX COCTORH14JII MeaoaTOMa H MOJ1eKyJ1bl, a E* = EJy + Ev + 6.E -

3Heprlllfl B036YmAeHHOrO MOJ1eKy11RpHoro KOMn.neKca ((dt/l)d2e]* /11111-

60 [(dd11 )d2e]* I,. paBHaR cyMMe 3Hepr111H Me3oMoneKy11bl EJ"' Mone-

KY11bl D 2 Ev H A06aBKIII 6-E, o6ycnoeneHHOH 3$$eKTaMH B3aHMHOH 

3KpaH111pOBKIII 3apRAOB 8 MOJ1eKyl1RpHOM KOMnJ1eKce. 

B pe3Yl1bTaTe peaK~~~~~~~ Ha B036YH<AeHHe MOJ1eKy11RpHoro KOMnJ1eK

ca nepeAaeTcR 3Hepr111R 

/3/ 

rAe E"Jy =EJv -E 15 
< 0 - 3Heprlllfl CBfi3H Me30MOJleKYJ1bl. 

nocKOJ1bKY paCCTORHHR MemAY KOJle6aTeJ1bHbiMH YPOBHfiMH MOJ1eKy

Jlbl 0 2 BCero -0,2 38, TO CKOPOCTb peaKU,H\.1 /1/ cyw,eCTBeHHO aa

BHCHT OT 3HeprHH CTOJ1KHOBeHHR E"Q·3Kcnepli1MeHTal1bHafl TeXHHKa, 

pa3BHTafl A11fl H3MepeHHR CKOpOCTH o6paaoBaHHR Me30MOJleKyJ1 dd 11 , 

n038011fleT H3MepRTb TeMnepaTypHy~ 3aBHCHMOCTb 3TOrO npo~eCCa C 

T04HOCTbiO -10°(, 4TO COOTBeTCTByeT -10-a 3B 3Heprvtvt CBR3H. 

CneAOBaTeJlbHO, A11R K011H4eCTBeHHOH HHTepnpeTaU,HH nnaHHpyeMbiX 

3KcnepHMeHTOB He06XOAHMO 3HaTb C TaKO~ me T04HOCTbiO CTpyKTypy 

ypoBHeH Me30MOJleKyi1 ddp. H dt 11 , a TaK>!<e MOJ1eKYJ1bl 0
2

• 
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CHCTeMa KOOPAHHaT AflH Mone
KynRpHOro KOMIIneKC~ ((dt11)d2e] 
/nnoo[(ddg)d2e] /: R n1- KOop-

~ ~ AHHaTbi Me30MoneKynbl; p
1 

, p 
2 

-
KoOpAJiHaTbi 3neKTpoHoB; R '"" Rd
paccToaHHe M~Y R~paMH B Mone

/&-'-(d-')--.!CRc..' --==-- d Kyne D2 • 

a 
(t) 

B HacTOR~ee epeMR HaaecTH~ HepenRT~a~cTcKHe 3Ha4eHHR 3Hepr~~ ypOBHeH /c T04HOCTbiO- Q, 1-Q, 05 38//S~ HX CaepXTOHKoe pac~enneHHe/4/ e~4HcneH~ penAT~BHCTCKHe nonpaaKH 1-1 nonpaaKH Ha 3neKTpOMar~I-1THYIO CTpYKTYPY R,Qep /G,S/, a TaKme y4TeHbl 3$$eKTbl 
OfnbHOrO B3a~MO,Qet1CTBHfl/?/. nonpaBKa 6-E, 9AHaKo, AO CHX nop 
Bbi4HCneHa He 6tma. KaK H3B€CTHO, B Me3oaTOMdX CABHr 3HeprHH, 
o5ycnosneHH~H 3neKTPOHHbiM 3KpaHV!POBaHHeM, COCTaBnReT aenV~-

(Z-1)3 a 2 -3 41-1HY - 2Ry-,(L) -10 aB. Ho, KaK no-Ka3biBaiOT '-H1CileHHble pac-Z2 •o 
4eTbl 131, paaHoaecHble paccTORHHR MeH<AY RAPaMH Me30MoneKyn paBHbl 
.... (2+3)aJ1, a B C11a50CBfl3aH~biX 11 pbiXIlbiX 11 CVICTeMaX d d 11 1-1 d tt.t (J=V=l) 
OHH AOCTHraiOT aenVI4HH -(5-:-S)at-t. Cne,QoBaTenbHo, MOmHo O>IU1AaTb, 
4TO 3$$eKTbl 3KpaHI-1pOBKH B MOileKynflpHbiX KOMnneKCaX, 06pa3yJO
~HXCR B peaK~HRX /1/, nO KpaHHeH Mepe Ha nOPRAOK aenH41-1Hbl npe
BbiWaiQT M€:3oaTOMHble, 1-1 no3TOMY HX He06XOAHMO Y4HTb1BaTb npVI Onl-1-
caHHH npo4ecca pe3oHaHcHoro o5paaoeaH~fl 3THX CHCTeM. 

2. nOCTAHOBKA 3AAA4H 
YpOBHVI 3Heprl-11-1 MOJleKyilfiPHOrO KOMnneKCa [(dt 11 )d2e] 

ARTeR np~ peweHHH ypaaHeHI-1R ~PeAHHrepa*: 

(H-E*)'I'*=O, 
C raMHilbTOHHaHOM 

H=Hg +Ho;,· +AH, 
KOTOpbiH B €AVIHH~ax 
BHA 

Haxo-

VI MeeT 

* 3AeCb Mbl orpaHH4HMCR pacCMOTpeHHeM m1Wb nepsoi:1 1-13 peaK~1-1H /1/, 3TO, OAHaKO, He HapywaeT o5~HOCTH paCCYH<AeHHH. 
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1 1 
-~-~1-~.,....,+ R'' 14! 
Jr- --RI 

2 

M b-Ma 

Mb+ Ma 

/5/ 

!6! 

Ha4a.no KOOPA~HaT noMe~eHO B L.leHTp MaCC Me30MOJleKYJ1bl. 8 HeM 

BbiAeneH raMJ.~~IlbToH1.1aH MeaoMoJleKYilbl H~"' raM(.IIJlbTOHVIaH 113$¢JeKTllls-

HOH11 MOJleKyJlbl D2·· OT IlH4SIOIL\ea:icR OT MOJleKyilbl 0 2 TeM, 4TO B Hei::i 

OAHO H3 RAeP d aaMeHeHo Ha 11 3C!>$eKTHBHOe 11 RAPO dtj:! c MaccoH 

Md'·""Md +Mt + m~ H 3SPRAOM zd'= 1. OnepaTop B03Myw,eHVIR 

~H=H -1\£ -Ho,. om1CbiBaeT a¢!¢eKTbl ,. o6yc.nosneHHble HeTo4e4-

HOCTbiO Me3oM6.neKyJ1bl dtM , BCJleACTBJ.IIe 4ero 3aPRAbl ee 4aCTHLI 

3KpaHI.1PYIOTCf! 3IleKTPOHaMH D2--MOJleKyJ1bl, a TaK>I<e CSMlr1 HCKa)!(aiOT 

HX npocTpaHCTBeHHoe pacnpeAe.neHJ.~~e. 

nonpaBKY tl.E K npi-16JH.1)!(eHHOMY 3Ha4eHV110 3HepnH1 E* = El/ + E Jy 

YPOBHR MOJleKyJ1RpHOrO KOMnJleKca, COOTBeTCTBYIOIL\YIO 6.H, HaHAeM 

no Teopl-11-1 aoaMyw,eHI<'1~. AnR 3Toro sblpa3\.1M peweHHe W'* ypaeHeHH.R 

WpeAHHrepa c raMHnbTOHHaHOM H: 
(H-E*Jiii•.o. 

rAe 

H-H +Ho• 
" 2 

4epea H3BecTHble peweHH.R 'P J•m H '1'0 , An.R dtJ£- H D 2' -MoneKyn: 
J 2 

"" ="JTmJ (R,r)IJio,; <ifi,;;2,Rd). 171 
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B Ka4ecTae aonHosoH $YHK~~~ MoneKyn~ 02 ~cnonbayeM np~6n~meH
HYIO BOJlHOBYIO ¢lYHK4HIO OCHOBHOro COCTO.RHJ.IIR MoneKyilbl H

2
/S,g/: 

1J1 (p.. .. i l w 1-:! R JIJI c~ R. l n2 t'P2• d ~ o"'t' d o P2 • d • 

" zs/2 -~P -zol"t--ildl IJIO(p~,Kd)=..::.l!--:=-(e +e ), 
y'2n(l+L\) 

!8! 

Z0 =1.19, L\ =0,679, Rd=l,4 a.e. 

BonHoaaR $yHK4~<tA Me3oMoi1eKY1lb1 a npH611~t~>KeHVB1 a -Tep.Moa1101 ~~!MeeT 
ilHA 

191 
~ 

rAe 8 1-1 <P- yrnbr aeKTopa R. a ~ , 11 - c¢epoHAS!lbHble KOOPAI-1HaTbl: 

1 I~ 1 ~ I I ~ 1 ""I ~ =-( r+ -R _, r---1< ). 
R 2 2 

u(~.~;R)= :r<xjg(R)¢jg(~.~;R)+ xju (R)¢ju (~.~;R)), /10/ 

rAe <bjp , P =g • U1 - BOJlHOBble ¢lYHKLP·1U1 3aAa4H ABYX KYI10HOBCKJ.1X 
4eHTposllO/, a Xjp- BOilHOBble ¢lyHK4HJ.1 OTHOCHTenbHOrO ABH>KeHHR 
RAep B Me30MoneKyne; OHH HSXOARTCR npH peweHHH CHCTeMbl ypas
HeHHH, K KOTopoH CBOAHTCR HCXOAHOe ypaaHeHHe llipeAHHrepa AI1R 
Me30MOJleKyJ1bl /3/. 

B nepsoM nopRAKe TeopHH soaMy~eHHH nonpasKa ~E K 3HeprHH 
caR3H MOneKynRpHoro KOMnneKca [(dtM)d2e]. o6ycnosneHHaR 3$$eK-

-i' .... -i' 2 .... .... 2 L\E =<L\H>=fd~dp2 dRdrl IJI0 (j!1,Rd)IIIJI (j! ,R JI2 11JI (R;t)l L\H. /11/ ' 0 2 d JTmJ 

nnR B~4~cneH~R 3Toro ~HTerpana YA06HO npoH3BeCT~ MYflbT~nonbHOe 
pasnomeHHe onepaTopa dH: 

L\H=L\H(O) L\H(l) 'H(2) 
+ +Ll +····. /12/ 

CnaraeM~e ~H(1~e4eTHO~ MYflbTHnonbHOCTH BKflaAa e HHTerpan /11/ 
He AaiOT, a MOHOOO!lb-HbiH dH(O) ~ KBaApynonbH~~ onepaTOpbl dH(2) 
HMeiOT BHA 

/13a/ 
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/135/ 

Q(l)· QcY)= ~ Q .. (;;)Q .. (y) - ceepTKa TeH3opoe BToporo paHra; 
ij IJ lj 

Q .. (J!)= x. X. - ..!.x28. , i j- 1,2,3. noJ1Hbli1 CAB~r tlE=tlE(O\t>E(2) 
IJ 1 J 3 lj ' -

CKI18,Qb1BaeTCfl 1.13 6.E (O)=<~H(O~C,QBHra ypOBHR MOJleKy.nRpHoro KOMn

JleKCa, o6yC110BJ1eHHOrO MOHOnOJlbHbiM B381-1MO,QeHCTBI-1eM 8-H(O), \.1 

8.E( 2)=<6.H(2) > - CA-9vtra 38 C4eT KSa,qpynOJlbHOrO B38HMO,Qe~CTBIIIA 
t>H<2l • 

3. MOHOnOJlbllbiE CABHrH YPOBHE~ MOJlEKYJl [(dt")d2e]. 
H [(d~)d2e] 

Bbi41-1CJ1eHI.1e MOHono!lbHOIII nonpaBKlr1 6.E(O) K ypoBHIO 3Hepnn1 E* 

MoneKynRpHoro KOMn.neKca [(dtJ.L)d 2e]. npose,qeM a ,qsa 3Tana: 
CHS'-18118 Bbl'-ll-1CJ1VIM noTeH4l-1811bl 6. V (O)(R i ) nyTeM ycpe,qHeHHfl one

paTopa 6.H (0) no KOOp,QHHSTSM 3JleKTpOHOB P
1 

H jJ 
2

, a 3aTeM 

npose,qeM ycpe,QHeHI-1e no KOOp,QIIIHSTSM Me30MOJleKy1lbl: 

/14/ 

/14a/ 

.... -+ .... .... .... 
a eeKTOPbl Ra , Rb 1r1 Rc CBR38Hbt c r Yl R cne,qytoll.\HM o6pa3oM: 

B c¢ep01.1,QSJlbHbtX KOOP,QI-1H8TSX 

I ~ R 1 2 2 2 2 1/2 
Ra,b l=2 [1± K(1-")) ± 2"[1±K(1-")Jtry+" (t + ry -1)}, 

IRe I ={'(1-~)!K2 -2Ktry + (t 2+ ry2 -1)} 1~ 2 
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npoCTOH ·~A ¢>YHK4~~ 1jl o(p~. Rd) !8! n03BOI1ReT ""'"~CI1~T b 6 y(O)(Ri) 
a RBHOM BI-!Ae. B o6nacn1 R i s: R d 1-lMeeM 

(O) Zo 1 -2• IW (R. )= -1-H-x-e (1+x)]-· 1 1+6 X 

e -y [ 2 2 3 -2• -·-- 2+y-(3+2y)x+2(1+Y)X -•-X -e (2+X+y)]+ 
Q 3 

/15/ 

e- 2Y -2x 2x 
+--[e (3+2x+2y)-e (3-2x+2Y)+8(1+y)x]i, 

Sxy 

rAe X==ZoRi; y =Z0Rd. 06nacTb Ri 2: Rd A8eT npeHe6pe>tU1MO ManbiC1 
BKI1aA B ~HTerpan /14/. npRMaR nOACTaHOBKa 6V(O)(R;) B /14/ 
npHBOAHT K TpeXKp8THOMY a.iHTerpany no e , 7J H R, KOTOpblill MO}f(eT 
6b1Tb Bbi4HCJ1eH TOilbKO C nOMOII\biO 4HCJ1eHHOrO YIHTerplo1pOB8HH.R, ,QilR 
ynpOlJ.IeHa.-tR Bb14HC11eHI-1i1 annpOKCHMI-1 pyeM ¢lYHKLiVIIO L\ V (O)(R i) nOJ11o1HQ
MOM OT R~: 

1 
3 

',UQ) 2 Z n -y 2 2 4 6 oV' (R 1. )=--·-~(0,98(1+e ) R.- 6,5R. +40R
1 

), 
3 1+6. l 1 

/16/ 

KOT0pbli1 OTm148eTCR OT L\ V(O) (Ri) He 6onee 4eM Ha 2% 80 sceH 
o6nacT~ 0 ,;R1 ,;,0,35 a.e., AaMl~eH OCHOBHOH BKI1aA /-98%/ B ~H
Terpan /14/. TaKaR 3aMeHa npHBOAHT K TOMy, 4TO TpeXKpaTHbiC1 
HHTerpan /14/ CBOAHTCR K nocJ1eAOBaTe11bHOMY HHTerpHpOB8HHIO no e ,7J H R npoH3BeAeHHC1 Ky110HOBCKHX c¢epoHA811bHbiX ¢lYHKLIHi1 Ha 

oo n 2 1 2 nOI1HHOM~ OT /; ~ ~ : ( d/; ·/; II j (/; ;R) , ( d~ · ~n 3. (~ ;R ), AI1R KOT0-
1 -1 J 

pbiX J.13BeCTHbl peKyppeHTHble COOTHOWeHH.A /12.fi4H.TerpHpOBaHHe no R 

c)>yHK4~~ I'>.V(O)(R)= (d/;d~(f'- 17 2)¢~(/;,~;R)t>.V(O)(/;.~; R) npoeoA~
nocb 4HCneHHO, npH 3TOM HCnOJ1b30BanHCb BOJ1HOBble $YHK~HH Me3o-
M011eKyn dt 1J. H d<4£, Bb14HCJ1eHHble 9 pa6oTe /3/. (O) 

8 Ta611. 1 npHBeAeHbl MOHOnOJ1bHble nonpaBKH t\E .lv K YPOBH.RM 
MoneKyil [(d!j.<)d2e]. " [(dd,.)d2e], o6ycnoaneHHble 3¢>c)>eKTaM~ 
3~paHHPOBSHH.R B 3THX CHCTeMaX, Bb14HCJleHHble An.A pa311H4HbiX co-
CTO.AHHH Me30MOJ1eKyJl dlJJ. Ill d<I,.t • 3AeCb )f(e npHBe,qeHbl cpeAHeKBa,q-
paTio14Hble pa,qHyCbl r , R R i • KOTOpble onpeAeneHbl $opMynaMH 

R-2-fd~R,.Im ...... 2 2 
1 - ar TJ (R,r)l R. H T./1. •m1 1 

4. KBA.QPYnOflbHOE PACII\EnnEHHE YPOBHE~ MOflEKYn [(dt~)d2e]. 
H [(dd,.)d2e]. 

npH paCCMOTpeHHH 3$$eKTOB 3KPSHHpOBSHlii.A, o6yCJ10BJ1eHHbiX 
KBaApynOJlbHbiM B3SHMO,qellrcTBHeM 8.H(2) /136/, He06XOAHMO npH-

HHMaTb BO BHHMSHHe CnHHOBY~ CTPYKTYPY pa311H4HbiX COCTO.RHHH 
MeaoMoneKyn /nocKOnbKY 6,H(2) - csepTKa ABYX TeH3opos/. Y4eT 
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Ta6nHn;a 

MOHOnOJihHble nonpaBKH t.E (O) K ypOBHRM MOJieKyJI 

[(dt~)d2e) H [(dd~)d2e) 

Me3oMo-
Jv t.E(O). R r R, Rb Rc 

neKyna /MsB/ 

00 0,5 2,8 I,B I, I !,7 1,8 

IO 0,7 3,! 2,0 !,2 1,8 !,9 

dt~ 20 !,4 3,6 2,2 1,5 2,2 2,1 

01 4,5 5,4 3,0 2,1 3,2 2,8 

II 25 !0,8 5,6 4,3 6,6 4,6 

d~ II 16 IO,I 5,3 5,0 5,0 5,1 

cn~HOB~X eaa~MOAe~CTB~~ a Me3oMoneKynax /np~ nocTpoeH~~ ra

MHnbTOHHaHa H~ /4/ ace 4aCTH~~ npeAnonaran~cb 6eccn~HOB~MH/ 

np~BOAHT K caepxTOHKOMY pacll.tenneH~IO cocTOfiHH-A I Jv > Ha KoM

noHeHT~ MYnbT~nneTa, Ka~AaA ~3 KOTOP~X KJ1aCCH$H4~PY€TCA Ha6o

p0M KBaHToa~x 4Hcen ~ , N , J , v , g/41 • rAe g H 5 z - nonH~~ 
MOMeHT Me3oMoneKyn~ ~ ero npoeK~HR, a HHAeKc N np~H~MaeT 3Ha-

4eHHR 1 ::.. N :::.. N MAX /N MAX- KpaTHOCTb BblpO>KAeH~R ypoaHR c AaH

HbiMH B , Bz , J , v a HepenRT~BHCTCKOM npeAene/. B npH6I1H~e
HHH 1160J1bW~X KOMnOHeHT11 /41,orpaH~4HBWHCb pa3JlO>KeHio1eM nHWb no 

a -TepMaM /S/.BOilHOBYIO $YHKI.tlo110 COCTO.AHH.R 155z NJ .Y> 3am1WeM 

(<I> ,8. 0), /17/ 

- Wa POBble CnHHOPbl: 

(<1>,8,0)=-,b..}: <s(;,JMI55 > Y (e,<l>)e~ 
V 2rr (;,M z JM " 

/18/ 

e sl 
( - OOCTORHHble CnHHOpbl, YAOBileTBOpAIO~Io1e COOTHOWeHHRM 

~2 ( si ""* 2 I sl r sl (s -sS+l))e(; =(I- (l+l))e(; =(s.-.,Je.:; =0, 

_,sJ s"I" 
e (; . e (;' =8,, /Jn' 8.:;.:;'; 
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jNJT /4/ aMnJU1TYAbl {3 si 6bi.OH BbJ4HC!leHbl B _pa6oTe , ¢lYHK~HH U JT (e-,.,;R) 
Te >Ke, 4TO H B /10/. 8MeCTO I 'I' Jym (R/)1 2 B <IJOpMyny /14/ noA-
CTaBHM J 

l'l'aa JTN (R;1:)1
2

=·CR1 uJv(~.~;R)l :£ -L.IYJM(8,<1>)1
2 

x JJZ M 21T 

x :£ (l(flj
1
NJ,)

2 <sj -M, JMI55 }). 
s I s z z 

/19/ 

OnepaToP 6.H(2) /136/ BbJpaaHM 1.1epea c¢epH4eCKio1e KOMnoHeHTbl Q q 
TeH30pOB Q: 

- 3 - . - 1 
Qo=v'2Qaa• Q±t+Qta_1Q23' ~2= 2(Qtt-Q22 ± 2 iQt2 ). 

V1MeeM 

3 t'l_q citd J 
-·-· --·--·1· 

2 [ max(R; ,Rd)]5 

__ Q_q Ci>\l_ -· 
[max(Ri'pk)] 5 

/20/ 

npw ycpeAHeHHH ~H(2 ) no yrnaM C <!>YHK~Hei'i (YJM (6,<1>)1 2 oTnW4-

Hbli1 OT HYJlR BKna,q B AE(2 ) ,qaeT .ni-1Wb Q cR. ) c q ... o. c yl.leTOM 
3TOrO o6CTORTeJlbCTBa BblpameHHe ,q.nR KBa~py~O.nbHOi1 nonpaBKH 
~E(2)=<~H(2) > npwHWMaeT BHA 

(2) 2 jNJT 2 ~E = -:£ Z. :£ :£ (<sj -M,JMijj > :£ ({3 ) ) x 
1 1 M 8 z ' z 1 sl 

X ( dR(~ lr d~d~(~2 -~2 )(u Jv(~.~; R)) 2 
( d@ sin® d<l>d¢ x 

/21 I 

X -
1-1 YJM (El,<l>lQO(R;)~V(2 ) (R; ), 

2" 
r,qe a HHTepecyJOw.eH Hac o6nacTH Ri .::;,Rd 
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/21a/ 

OQ e-t -y 
+ 4[a(y)e-y lny+a(-y)eY ( dt--J + 4e (y 2+5Y+ll)+ 

2y t 

3e-2
Y a(\¥) ~\ + --{- -(E4(2x)-E 4(-2x))+ (E3 (2x)-E3 (-2x))+ 

8x5 8 
-2(X+y) 

+ c(2Yl,(2(E
2

(2x)-E 
2 

(-2x))+E
1 

(2x) -E 
1 

(-2x))l+ _.:. __ [ •(2Yl.+ 
M 8 X 

c'2 2 1 e-2(Y-•l a(2y) c(2y) 1 ,3' 1 
+s.;Q: .(2+-)l- ----[--·-·--·(2--)l-1!-·v---;:a·· 

4x2 x 8 x 4x2 x 2 Rd 

3AeCb HCnOJ1b30BSHbl CJ1e,Qy10(4He 0603Ha'-4eHHfl: 

n k 
En(z)~1-e-z :E ~·. a(z)~z2 +3Z+3, 

k=O kl 

b(z)~z3+7Z2 +18Z+18, c(z)~b(z)-a(z), x~Z0Ri, Y~ZaRd. 

npRMSR nO,QCTaHOBKa 3TOro Bb1PS>KeHJ.1fl AI1R 6. V(2
) (Ri ) npi-1BeJ1a 6bl 

K TeM me 8~4HCJ1HTeJ1bHbiM npo6JleMaM, 4TO H 8 CJ1Y4Se MOHOnOJlbHOH 
nonpaBKH, no3TOMY A11R ynpo11.1eHHfl Bbl4vtcneHH(I Mbl aocno.nbaoaam1cb 
annpoKCHMau.Hel1 

3 zs ~ _, 
~-v2-0 ~{4[ a(y)e -y !ny+a(-y)e" ( dt ~ +e-'(a(yXln2+C)_j22/ 

1+~ y 2y t 

-y(1._y2+3y+6))) -"' (2y)!-v 3 .-1-
3 -a 2 R3 

' d 
f /rAe 0=0,577 - KOHCTaHTa 3t;l.nepa/ ,KOTOpaR cnpaBeAJH1BS C T04HOCTbiO 

- 1 0%. ,llnR BOJ1HOBOH <f>YHKI.V114 0; MOJl-eKy!lbl /8/ nOJlyi.ISeM 

~V<2 l (0)~-0,234. 

0KOH4aTe11bHoe BblpameHHe AI1R 6.E (2
) npHHio1MaeT BHA 

O. J=O, 

A~Nlv[~zl ~E~2)' J 2,1, 
/23/ 
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6E'< 2Ly'..it_l.(!.t!l--6v<2) (O)f dR(.!i.)
5 fd(d~(e-~ 2)x 

8 (2J-1)(2J+3) 2 /23a/ 

x (uJv (/;. ~; R))
21 (1-2~-1'2)(1;2+~2-2(2~ 2-1)+ 4K (1-~ )21;~ +4+2K 

2 (1-~ ) 21. 
Ha paeeHCTBa /23/ B~AHO, 4TO y4eT KBaApynonbHOro eaaHMOAeHcT
BHR ~H(2) npHBOAHT K pac~enneHH~ ypOBHelit MOneKy!lflPHOrO KOMn
neKca, TO eCTb CHHMaeTCR B~pO~AeHHe no KBSHTOBOMy 4HCI1Y npOeK
ll,l-11-1 nonHero MOMeHTa MeaoMOileKyJlbl 3 z • BbiPO)I(AeHI-le no 3HaKy Bz 
OCTaeTCR. 

BenHLII-1Ha KBaApynonbHoro pacutenneHJ.1R - nopRAKa t!.E (2) H npe-
BblwaeT 1 M38 JU.1Wb AI1fl cna60CBR3SHHb1X COCTORHHiir Me30MOJ1eKYI1 

dtp: H ddt.t C KB8HTOBbiMH 4HCJ1SMJ.1 J :aoV -1. 
3Ha4eHJ.1R ~E{2) Bb14J.1C!lR!lHCb TeM }f(e cnoco6oM, 4TO "' AE(O) • 

BenH4HHbl pac11.1enneHHR 6E(2), a TaK>Ke 6E(2) H ABNJvl Bz I npw 
BeAeHbl A!lR 3THX Me30MO!leKy11 B TS6n.2. 

5. 06CYHilEHHE PE3YilbTATOB 

Pac4eTbt, npoeeAeHHble e ASHHoH pa6oTe, noKa3biBSIOT, 4TO 3<l>
¢leKTbl 3KpaHHP08aHH.R aapRA08 8 cna6oC8R3aHHbiX COCTORHHRX Meao-

MOJleKy.n dd(.t H dtt.t C K8aHT08biMH 4HCJ1aMI-1 J=V =1 npi-180ART K 

CA81-1ry YP08HeH MOJleKynRpHbiX KOMnJleKCOB [(dtt.t)d2e)* 1-1 
((ddtt)d2e]* Ha- 25 M38 1-1 .... 16 M38 COOT8eTCTBeHHO, "'TO 3KBI-1-

BaJ1eHTHO CMe~eHI-1~ pe30HaHCHOH TeMnepaTypbl Ha .... 200° 1-1 100°(. 
CneA08aTe.nbHo, 3TOT 3¢l¢leKT Heo6XOAI-1MO y41-1TbiBaTb 8 npe~l-131-iOHHbiX 
3KCneplo1MeHTaX npl-1 H3y4eHHH peaK~H~ /1/. 

80 BCeX OCTaJlbHbiX COCTO.RHH.RX Me30MOJ1eKYJ1, rAe HX cpeAHe

KBaApaTH4Hble pa3Mepbl 3Ha4HTeJ1bHO MeHbWe /CM. Ta6.n. 1/, 3TH 3$-

ij)eKTbl no nopRAKY 8eJ1H4HHbl He npeBOCXOART norpeWHOCTYI 

/-HeCKOJlbKHX M38/ B 3Ha4eHHRX 3HeprHH ypOBHe~ MOJleKyJlbl 3a 

C4eT norpeWHOCTeVJ npH 4HCJ1eHHOM peWeHHYI HepeJlRTHBYICT.CKOrO 

ypaeHeHHR UJpeAHHrepa Allfl Me30MOJ1eKYJ1bl/4/ Yl MOJleKyJlbl D2·· a TaK

>Ke Hey4TeHHbiX AO CYIX nop pellRTHBYICTCKYIX 3¢l¢leKTOB /7/. 

KaaApynonbHaR nonpa8Ka L\E <2
) He npeaocxoAHT - 2 M38, Aa>Ke 

A11R CJ1a60CBR3aHHb1X COCTORHHVI Me30MO/leKyll; TeM He MeHee, 3TO 

B3ai-1MOAeVICTBHe MO>KeT npHBeCTI-1 K 3aMeTHbiM 3¢¢eKTaM. npe>KAe ace

ro, BblpO>KAeHHe YPOBHeH MOJ1eKyl1RpHoro KOMnJleKCa no KBaHTOBOMY 

41-1Cl1Y!5z \CHHMaeTCR; HapRAY C TOHKI-1M H CBepXTOHKHM pac~en.neHH
eM /4/ ao3HHKaeT 11 KBaApynonbHoe 11 pacw,enneHHe ypoaHeVI no I 5 z \. 

Y1 TeMnepaTypHaR 3aBHCHMOCTb CKOPOCTH np6~ecca pe30HaHCHOrO 

o6pa30BaHI-1R Me30MOileKyJ1 dd(.t H d~ MO)f{eT HeCKOilbKO H3MeHHTb

CR. 0co6bltf HHTepec npeACTaB.nReT TaKme B03MOmHOCTb 11CJ1yl.laHHord
1 

nepece1.1eHI-1R ypOBHeH 3HeprHH COCTORHHH C pa3HbiMH K&aHTOBbiMH I.IHC-

naMH (BNJv~z) H(BN'Jv.'Jz)• CornaCHO HaWHM pac4eTaM C T04-
HOCTb~ -0,05 M38 CoanaAa~T 3Ha4eHHR ypoeHeH KOMnneKca [(d4£)d2e]* 

10. 



C KBaHTOB~MH 4HCnaMH /11110/ H /12110/ /CM. Ta6n.2 H pa6o
Ty/4/ /. 3TOT $aKT HHTepeceH TeM, 4TO BHeWHee MSrH~THOe none 
MO}I(eT Bbi3BaTb OCLV•IJlnfllJ,I'U1 Mem,Qy ASHHbiMI-1 COCTORHI-IRMH C 4SCTO

TO~ ~1 Qll c-1, cpaBHHMOa:1 CO CKOpOCTbiO ,QeB036ym,QeHHR COCTOFIHHH 

-10 11 c-t, 4TO MOmeT npHBeCTH K HeKOTOpOMY ysenH4eHHIO 3$$eK

H1BHOJ.1 CKOpOCTI-1 peaKLJ,HIII CHHTe3a B Me30MOJ1eKyne dt/l, 

He3oMo 
neKyna 

dt~ 

Ta5nHIJ;a 2 

KBaAPYllOJihHoe pacm;ennemie ypOBHeH MOJieKyn ((dtg)d2e] 
n [(dd~)d2e] 

1\E (~~ = 2' I M3B' 1\E ~2~~ = I '4 M3B' J - v = 1 

N 

0 I,2 

I I 

I 2 

I 3 

I 4 

2 I,2,3 

3 I 

I/2 I,2 

3/2 I 

3/2 2 

5/2 I 

0 

0 
I 

0 
I 

0 
I 

0 
I 

0 
I 
2 

0 
I 
2 
3 

I/2 

I/2 
3/2 

I/2 
3/2 

I/2 
3/2 
5/2 

0 

0,992 
-0,496 

-0,49I 
0,245 

-0,500 
0,250 

O,IOO 
-0,650 

0 500 
o:250 

-0,500 

0,400 
0,300 
0,0 

-0,500 

0 

I/2 
-I/2 

-2/5 
2/5 

2/5 
I/IO 

-I/2 

0 

2,I 
-I, I 

-I,O 
0,5 

-I,I 
0,5 

0,2 
-O,I 

I, I 
0,5 

-I, I 

0,8 
0,6 
0 

-I,I 

0 

0,7 
-0,7 

-0,6 
0,6 

0,6 
O,I 

-0,7 

/M3B/ 
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0TM€T~M, 4TO B~4~CD€HH~e nonp8BK~ K ypOBHflM MOneKyn~pH~X 
KOMnneKCOB ~E (0) H ~E(2) H€Db3~ HHTepnpen1pOB8Tb KSK nonpae

K~ K ypOBH~M M€30MOD€Kyn, nOCKODbKY none 3D€KTPOHOB H BTO

poro ~Apa MOJ1€KYDbl 02 H€ ~Bn~eTCR BH€WH~M H C8MO ~CKamaeTC~ 
npocTpaHcTB€HHbiM pacnpeAeneH~eM aap~Aa a MeaoMoneKyne. 

8 p8C4€TaX M~ 38M€H~J1H BODHOBY~ $YHK~~~ 3D€KTPOHOB B035ym

A€HHOrO KOne6aT€11bHOro COCTO~HH~ D2 MOJ1€KY11bl Ha 311€KTPOHHYIO 

$YHK4H~ OCHOBHOrO COCTORH~R H2 , npeHe6pera~ np~ 3TOM KSK J.13Q

TOnH4€CKHM CABHrOM /-1 M38/, TaK H 38B~CHMOCTbiO paBHOB€CHOrO 
paccTo~HHR R'""Rd OT v. 3Ha'-leH~~ ~E(O) aaaHc~T OT Rd cna6o, HO 

8 OKpeCTHOCTH TO'-IKH 1,4 B€111-1'-I~Ha ~E(2 ) B€CbM8 4YBCTBHT€11bH8 K 

H3M€H€HH~M Rd: 

~ (1\~..:.?..<!:'!J.!... - 0,6 M3B. 

8CJ1€ACTB~e 3TOrOL_a 

npH Bbi'-IHCD€HHJ.1 ~E(2) 
~X ~E( 2 ) COCT8BJ1~€T 
He npeBbiWaeT - 5%. 

T8K}!(€ Ha-aa OTM€'-I€HHbiX paHe€ npH6J1H)I(€HHali 

norpeWHOCTb B npHBOAHM~X 3H8'-I€HH-

15-20%. notpeWHOCTb B 3H84€HH~X 1'\E(O) 

B 38K1110'-I€HHe 8BTOpbl BblpamaiOT 6narOA8PHOCTb n .1-1. noHOMapesy 

38 HHT€P€C K pa60T€ VI none3H~e o6cymA€HJ.1~, C.I-1.8J.1HH4KOMY, 

T. n. nyabiHHHOc:i' n. H. COMO BY' H. n. Cl>a~$MaHy a a noMOW.b B pa6oTe. 
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