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1. BBe,!!,eHl'le 

CTOnRHOBeHHR e£Jk~ H ~ -aTOMOB C Mo~eRynaMH H30TOnOB BO~OpO~a 
ht:), ~a III <i)T B peaRUWOC THIIa 

1:..J'l of" XJT ~[(olt;U)t .2e); 	 (I) 

apKBOM'l' R o6pa3oBaHmIJ Me30MO~KYJISIpHlDC KOMIIJIeKCOB [(ddjW- )p 2e}, 
[(dti~)d2~I [(dd~)t.2eJ, [rdtl,(JpJ,e], [(dt-~)d .tel. 

[(dt.,M)t .tel 
B Bos 6YJQ1:e lUlJDC Ko~e6a'l'ElJIbHO-BpamaTeJIbHlDC COCTOHHIDIX (~I<) • T8.Kz e 

ROMD~eKCN RB~TCK RSOTOrIHHMH aHannr aMR Mo~eKYRH Bo~opo~a , B ROTOp oA 

O.llHl!M 1!3 JUlep RBJISIeTOK Me30Mo~eKyJIa (dd!<YIIIJm rdt~)-I- . a .npyrlllM 

- ~o lIIaOTOrIa BO~OpO~. JRepran CBKSH, oCB06o~maRCK npH o6paSOBa

HHI! MeSOMOJrexyJl ddJ< I! «rl< . lIepe,nae TCK H8 Bos6yx;nelUle Bpamaore.lll.BO

Ro~e6aTeJIbHHX COCTOHHKR (y~) MesoMo~eRynHpHHX KOMUneKCOB, III CKOP9C

'l'Z TaRWC peSOHaHCHHX IIpot:teCCOB BeCbMa BeJImUll (CM., HanplIIMep ,o 6sop£l 1,2/ ) . 

PaCl{eT CKop ocTeft pes OH8.HCHOrO 06paSOBaHM MeSOMo~eKY~ 
tit ~ , a TaJUte onpe;I{e~erme OIITilM8..n.HlD( yC~oBRit npOTeKaHI!B 

MI>OHHOr O KaTaJmsa Cl'IlITesa JUlep B MeSOMOJIeKy']Ie Tpe6ynT 

3 HSpr KR MOJIeKy,n Hs6TonOB BO.nOPO.na B MeSOMOJIeKYJIRpHUX 

dd~ R 

npolleccoB 

3HBHrur ypoBHe 

H; 

BaPHLU~HQIUI 
CIIIlOry,( 

60JllolliOC I 

JtccJleJ~OMl!I' 

KO~ITQ[eRCOB C 

HOCThIl ,.. o,oor a B/ 2,3,4/. 

BpamaTeJIloHO-KOJIe6aTe.lll.HNe YPOBHli ::lHeprl'IRI Mo~eRYJlN Bo;nopo.n8 

OCHOBHOM 3JleKTpOHHoM COCTORHHH BNl{ZCJIeHH HeCROJIbKIIIMK MeTO~, "~ 

TOPBX mm60Jlee mRpORo KCIIOJIb3J'llTOK paSJ!H1OO,Je M~'~ 
ro MeTo~a/5 ,6/ H MeTO,lla MOJleKY.1UIJlHHX op6I!TMett (CM. 'l'aKlIte 

JDlTepa'l'YPIol, npKBe.neHHt:iIt B 3'l'RIX pa60Tax). O~o BH'lHCJ1eHM, 

BH8 C rIOMOIl{l.Il eTU MeTo,ll,oB, BeCl>M8 rpoM03;utI'l, Tor,na KaR 

qeCTBO CIIICTeM, 8H8JlDrRl'DllDC Hz H JlBJlR!lIJlID(C1! Tlpe;IlMeTOM 

2 

naHHoH pa6oTe, Tpc6~T npocToro II nOCTaTO~O 3~KTHBHoro Me TOn a oa c

'leTa , o6ecne~KB~ero Heo6xo~yn TO~OCTb . 

B nam lOn pa60Te YPOBHH 3Hep r llli MOJleKYJI B30TOllOB BO,llOpo,na Ii Me30

MOJIeKy;rrJipHhlX KOMllJI6ltCOB BU'!RCJIeHH B a,Ima6a TK'IeCKOM rrpK6JIH.l!:eHRH C Y'te 

TOM IlOrrpaBOK J[a ,llBIDKeHile Mep , paCClJHTaHHHX n o Te opllli B03MYllle H~ C 

TO~OCTbIO ,..,(me/M) -'4, • r ,lle mL H M - Macca 3JIel t TpoHa J1 rrp lme

ll,eHHM Macca JUlep COOTBeTCTBeHHO. TIPH paClJeTe JIIcrrOJ1b30BaHH KPHB8Jl no

TeHQHaJIbHoR 3Heprllli , COOTBe TCTBYDmaff TepMy OCllOBHor o 3JIeKTpOHHoro CO

CTO.RHWJ MOJleKYRH 11z, H ,qlIarOHisue ~MB.6aTitlJeCKKe llonpaBKl'l Ha ABIDre 
HI'Ie ~ep, BuqllICJIeHlllie B pa60Tax 5,8,9 • ITp oBe,lle HO CpaBHeHKe nOJIY'leH

HHX pe sYJ1bTaTOB C aKCIlepIDAeHT~bHliMM naHHHMH it npe~ paClJeTaMH . 

Ilpe~cTaB.J1eHbl Ta6~ BIilJIIICJIeHllhlX 3HaqeH~ Bpama TeJIbHO-KOJIe6aTeJIbJ[]iJ( 

ypoBHeH 3Hepr KH MOJIeKYJiRPHHX CIIICTeM, Heo6xo~8liX ~ paClJeTa CKOpOC

Tel! pe30na.JICHoro 06pasoB8.HID1 MeSOMOJIeKYJI ctctj« Jt oL:tJ< . 

2. 	~SoTouR'{eoK}!.e aWKTll B MOJIe KYJIaX R30TOUOB BO~OpO,lla II' 


MeSOMOJIeXYAApBHX KOMIIJleKcax 


IIepeJLfITI'IBHcTcK~ r 8Ml'lJII,TOHHaH CHCTeMU, coc ToIDI1eH 1!3 ABYX Mep C 

MaCcaMR /VIa... III M" sapMaM.I!: r a. - 2, "'" R ,IT,BYX 3JIeKTpOHoB C Mac

co! t7?6, nocJle OT~eJIeHIDI nBHJKeHl'lf! ueHTpa l'lHepI.Um IDAeeT BVJJ1./5/: 

= fie + 1I~h-., 
rne BBeneHbl 0603HalJeHy'!R (B e~rufl'liiaX e _"A::.. me." .1. ): 

/I I 2 ~) U ~ - ..ne = - ;c- ('V" + Vz + ('rf' 'r2..1 1<..) j 
(2) 

'¥t == 'Vg ) ~ == V~ 
...~ ;;t ... ~ _) 

- T'aMl'lJIbTOID18H MOJleh.Y·1lN C !f)KKCJllPOBBJUWM.I! f!.IlpaMH, U("t:t I "'2.. I R- 
DOT8IUlH.8JIl,HM 8HepT'IDI MOJIeltYRH , 7t - panKYC-BeKTOp, coe~H~ . 

R;I1.pa MOJTeKYJl~ , ~. - panKYC-BeKTOp l ' - r o 3JleKTp OHa (i =1,2) C Ha

qMOM II rCOMCTpH'leCKOM uelt'rpe OTpeSKa R , 

'.2 '( 2H =--v 	-- liZ +Vo)2M eM" I., 

-h - -~(~+~)v, 

\7' - \7." H-'=H.- f H - { 
R., 4,+" 	 (3) 

- (M, - Ma.) 	/(M, +Ha). 
l ' I"III!l mlH YI)lIUIIOII~1 IUpOJlI1HT'apa 

( X -E ) Y-"r-i;, ~, It) -0, 	 (4) 

:3 	 "
- .~~ 

:..-:, KlICT1!TJY, 
~ C!!'~ ret _.. .~ 

~ " ft 
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rne £ - ITOJlllaR 3HeprM I a <p(-i;, ~ • ~) - BOJll-IOBM rPylllUUUl: MOJle
[- 2.~H '7 2 

-t Co CR-) -t 2~ ~o (/l)-E]W,(RJ=-/H? l;n. V'Pn., ( 9)
KyJIbl, illile M B BMe pa3JIOJKeHlffi n o a.II.Ha6aTHtfeCKOMY 6a3HCY 

'In. ( it) =: - [ 2H{c" -£0)] 
-(

B:o \11fo (It ) , (10)y;(~) ~ > /ZJ= :E. ~ (it) ~ r~/~; 10), (5) 
-..;, ~ 

r n e BOJllIOBbie r!JynKUruI ~ ( 'tt , ~:L j ~) RBJIiIIOTCJI neHCTBHTe.JThll1lMH 

p eme m t ffiAH ypaBHe HIDI H1pe,l\ IUIrepa .nJIJI MOJIeKYJill Bo,nopo,na C He nO,lUUilKlllIM>I rrpl!l'leM 
RJJ;paMH 

( II ),( ~ - . ) IIJlie ~~, ~~~) = C<'lCR) ~ (~, ~ ; /?) , (6) 2 M ~ Bo't. 'V~ ~ ( F;K -t A'K +Q('K ~o \71(' / 0 , 

r,lleKOTOPIlM COOTBe TCTBYDT 'repMbl en ( fl,) . IIo,nCTaHOBKa pa3JIOJKeHl1JI ( 5 ) B 

ypaBHeH Vle (4 ) JI! y c pe .Il.Hemm ITO K OOp.Il.HHa TaM 3 JeKTpOHOB npIDlonHT K CJIe
5 ( 12 ) ,l\yJO'Jlei! CHCTeMe J\wlxpep e m:\Ma.JThlrux ypaBHe HifM/ : F :: -~ - -I'D 9, -t + 'V -t- 'Q (~ J 

2.<
0 

) 011~K 2 MsE 
~ 

(e" eo) C , ).,,/ '1,.(" Vu )no 
( ifl ':)"'0' 

2
[ - 2~ '\7 + £n (R J ~ 2.~ fI"" -£] ~ (It) = p / - - ( 

.OK :: - -; L ( £ ", -£0) C ~ )Oll CV'..J"0 ,
H n, ~ ~ 

(7 ) ~ -2.H E (H"ht + hnM + Bnm. \7) 'Pht ( R- ) Qlle = -~~ ~ {£" _6'~)-f( V'" . -t- ~..).,n (~~ of ~Z,,,JI)D )m~~ J 

r,l\e BBe,neHll 0 603Ha q e m tfI 
Z ~m = j d :t., ~ ~ V~m J (,>K) ..,. ( X" 11- :c),J{ho == f!,,1n (,t&) ;a -J~~ ~ [ V + ~ ( ~ +~ )<} ~ , 

,.,.., - -
YqHTHBaR cl1MMeTp mo 3JIeKTpOHHOii BOJIHOBOM 1>YlIKllH.H ~ ("Co#, "tL ~ ..B) 

n o OTHOllleHIOO K m-me pc iJIH KoopJUllHaT 3JIeKTpOHOB hllhl 'S~hl>f{P-) ::: - ~jd~ ~ ~ (~"",~)V ~, 
~ (-~, -;;c: i ~) =J-h ~ (~, ~ i ~) J .in. =:t '. (13)~:= B"jR,):: -Jd~~ f/1J2. TV + ;pc~ + "7/J tp~ . (8) 

JIerKO y 6e,llHThCJI, 'ITO F::K - 0 , ITOCKOJIDKy lAaTpIt'l J-lNe ~.IIeMe HTll 170,,
,ll;m:r o n HcallM np0I:\eCCOB pe 30HaHCHoro 0 6pa30BaHHfI Me30MOJIe KYJI ,no HC \7.. + V.z. ) "0 lie MorYT 6HTI:. O,llHOBpeMeHHO OT.IIl1'lJ-lli OT HyJIJI B CIWY 

CTa Totnro 3HaTI:. p e meHR.'1 CHCTeMbi ypaBHe HIDf ( 7 ) B6ID!3ll: nOJIOJKeHlUf paBHO CBOMCTBa ( 13) . V!cnOJTh3 YJI COOTlIo we HM 
BeClffi R- "",eo R- 1. 4 a. e. MOJleKYJill BO.Irop O,lla B OCHOBI!OM COCTOJIHHll: n_ 0 . [ ~ -+ ;:;(2. > I-h ] = v,. t ~ , 
B 3 TOM c.JIY'la e C'" ( I<)~8n (Ro) ~ e'L . n OJIHaR 3 H6p r nH CHCTeMN (14 ) 

- --> ] ... .....,.)E ~ eo , a KO.1Ie6aTeJThHO~ 3HeprHei!: Mep <O[-IV~"iX 0> ...... 0,3 3Il [ "C-f -+ "(~ III. == (c:,.. - £"4 ) { "Cf + 'Yz... n,..,. 
, /')nt.

MomlO rrpeHe6po 'fb no CpaBJl6HHlO C 3 ;lJ'eKTpOIIHoti 3Hwrl'[e~ €,,- Co <V 10 ::lB. 
I'I npaBlUJO CyMM, H~.neM. 'ITO 

KpoMe Toro , ITpH In ~ ft crrpaBe,ll)lJmN CooTHoweuru/ / 

;e' (15 )QC:K v.. Vc tf'o 
~M2. 

\72. ~ .(21'1')-/ll1 J «En-Ce,m 
[1PIlliIDAaR TaKlKe BO BHl1J.laHl'Ie paBe HCTBO 

r,ne ;finn -- f I-intl't, hn~) 8h-M]' 
(~')DIt = - ( '\7., )"0 ( 16)C Y'feToM 3TKX rrpR6JIrureHHH c RcTimy YpaBHeH~ ( 7) C 'I'O'IITOC'I'hlO 

cr CM -2.) MOlKHO npe,l\CTaBRTI:. B BJ;me 
I'I rrp eHe 6peraJI npOH3BOnHHMR OT yr.lloBoii 'laCTH ~ (~), MeHRDme~CJI 

5 
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c.lOJlCe Ale,lUle HlJO rro cprumeliloo C pa,IUffiJIbHOi1, rrOJl:'{'lm.1 OROJ r-raTeJIbHO 

, --5> I 2. - 2. " ,..,- 2: f3Cn. \1 ~.... <= - {r -I-.;e)R, _01 (~-2 _0'_) \b (17) 
,2. H ..... H2. q of<.- B il T D 
r ,ns 

2-( 'd) I;r =2. ~~ - £ 0) I ( 'Oft, no . ( 18)
h 

noc.ne OTlleJleHlUI YT'JIOBUX rre per,lemrwc ( (),P) BSRTopa -Z B ypaBllemB'I 

( 9 ) pa,zU1aJ\bJ!M 'faC Tb 7G ( R.) BOJIHOBO~ !P3'llliUHHYK 

'IL, (.R:J = ~-f.y CR,) 'I (& (l) \ ( 19 ) 
To /,-y~ kHk ' ~ 

COOTBe TcTByr.JII !sii COCTOITHHID ROI.1ILIl8KCa B ROJIe6aTeJIhlIOM cocTomnm )J C 

Op6J1 T8JIhHW' r.1OtIeHTor,\ ~) ynoBJleTBOpJIeT ypaBHeHHID 

rv ,..., 

[ 
! til. J((KU) "'" ( <1 9-:) E ] '11 

-2'j:f clI?2. + 2NR,z +Co(l~) +z;:, (/(Il - )I~ j"--"YK..= O. (20) 

r;ne 
If _ _ ,I 2 ( ~2.)M - M - H2. . J" + 

q I 


""" 
C o ( !?-) = Co C~ ) +1. , 

z I 2 I (2 1)1Y(/?,) = !Ioe(PJ) -1100 (00);: -1- < '7 >-E <~ > -~ <~~V'z~ 

1100 (~) Orrpe)l9JIeHO IjioPMYJIOt-t ([1) , a yrJlOBhle CKo6RI\ 060 3Ha'faJOT ycpe,n

HeHl-l8 no OCHOBIIOMY 3 JIel CTpOHHOMY COCTomnrn • 

.", II COOTBeTCTB1Hr C OrrpS)\8 JI81IHeM rrOTe rmHaJIa ~ypaBlisRIU1 (20) 

Co(fo)+/M fY(~)..e=7_0 aHeprID! CBfISH CY.t:. OTC'lliTlffiaeTCH OT 

c YlAMapHoii a Hspr ~ 1I 'l:H 1130.1llipOBa H/-!H.X aTOMOB Bo,no pO){a C R.l\paMl'\ !"fa.. 

!:! M, : 
- <I -Irv 

c: - J.... ( .( + L) - - : (f+!:-) = - 1. + L of cr{N-z) (22)CM ~ - /"16Ha. 2M ' 

YprumeIrne ( GO) OrrHCblBaeT J1130TOrrJII'teCRRe aQfeKTN B ,llByxa ToMRlDC MO
-21 ~ 

JIeKYJIax C T01ffiOCTblO (7CM ./. )(;m BHtUlCJIeHlUI £ V.t:. C TaKoH lKe TO\{-

HOCTblO Heo6xOlUU.10 pelllHTb yp8,!!H9RJlle (20) C rrOTe HUII8JI8MR Eo (R.) JII 
5~{~J , KOTopble Hai1,neHH B/ , 8 .9/, orrpe,neJIl'lB rrpellBap JIITeJlbHO rrapa

MeTp 1" !:!3 3RCrrepHMeHTa.JI:bHbIX .n;amrnx , Ha n pl1Mep . lTO MOJleKy;re H2• 

6 

W 3Toro p emmA Blta'laJIe ypaBlIeH!1e (20) C H 
~ 

= M , KOTOPOI,'Y COOT-

BeTcTByeT 3Hepr l1R E YK 11 BOIDIOBlle <PYmmIUl rVI<' Tor.n:a B nep

BOM rroPMRe Te Op JIIJII B03MYUle HID1 H3 YPaBHSHI1H (20 ) CJIs.n:yeT COOTHOlIleHHe 

rv - 2. 2. - ' ofl. , 
£YK,=EyK - M ('d''''~)<1-)lKI-iH~z. X-Yj:.>~ 

, 2. V 1/ ' 

t;::f Ey~ -1-14'2. ('i" + ~ ) Co (!~ ) C» -+ 1.). (23 ) 

:3x(eCb nCrrOJIb30Ba HO l'a pMOl1l'll{eCKOe n pJ.'!6Jll1l1t8HPle .rvm 3 !f!JElRTPl.BJlOrO rrOTeH

u naJIa Co (.e) , c npaBe.rr;JU{BOe rrpl!l 'Y~5". ( 3aBII:ClIMOCTb OT K., rrpo 

HBJlHeTCH TOJIbKO B 'v reHax rv 14-2 ). CorJIaClJO ,naHHhlM paOOTIl/9/8. :: (~o) = 0, 33, n 03ToMY H3 COOTHOmeHID! (23) CJIe){ye T ypaBHel!ne ,UJIH 

onpe){eJIeJlIDl r: 
'" rv - - o, S"f ~ Z.
L1 YD = ( EyO -£DO) - (Eye - Eoo) -= - h¥2. ( 'd'of- -;;-)Y. (21) 


rv '" 
IIpnp aBmma.fl pa3lJOCTH £ y o - £00 3I<Crrepl!!MeHTa.JI:bHO H3Me pellHblM 'H l epr H

JIM Bpallla TeJIbRO-ROJleOaTeJIb HlDC B036yJl1,I\eHl'ili . 11'3 3TOro COOTHOl1Ie HI1R MOlKHO 

Hai:tTn 'r' . 
HaA HC . I rrpe.ncTaBJIeH8 ipyHI<I:\1ffi {) Yo ,UJIH 3Ha 'feHll)';\ -y =I -t8 MOJIe 

KYJI HZ 1/, ROTOpl:le up!:! Yk: 5 xopomo arrrrpoRcmmpYJOTcH npJIMo~ (24 ) 

rrpl!l 3Ha'IeIDHI napaMeTpa 

.-r = 0 , 2o:!:O , 02. ( 25 ) 
-2. 

3TO 3Ha\{ejlle r He 3aBI!ICl'lT OT Macc Mep MO.lleKyJIH C TO'n10CTb lO "" M . 
(B pa60 Te 12/. r.n:e pacCMOTpel! c.JTY'Iaii paBHIiX Mep ( Z :: 0 ), nOJTy'!eHo 

OJIH3I<Oe 3Ha'le ~me --r :: 0,23 ) . IlOACTaBJl.flJl?" B y paBl!.tIfHe (20) H p ewan: 

ero rrp'" 3a,naHHbIX I-f H :;e , MOlKl-lO HaHTH 3Heprl!Yl E y~ Bc ex MOJIe 

RYJI fl 30TonOB Bo.nopO){a n cooTBeTcTByx>IUHX ffM Me 30MOJIel{YJIHpnux KOMIIJIeR-

COB. ~ 

np3 M =- M 11 '1Y{I?-) =o ypaBHellHe (20) CO O'l'BeTcTByeT rrpnOJJl.Il!:e 

Rloo b opHa-OrrrreureRMe pa. PelUl'lB er o B 3TOM rrpI10Jll1~ Hl'\1I 11 Bhl'fI1Cmm 

:meprl1l1 , a HaJIOrJ{IIRO (23) n OJIY'lHM cooTHorue HHe:E.:; 
"'V &-0 0 l,I~g _ O,3~ ~ D; ~!):;ez. (y + 1.)EYK = £ v..-:: + -"~H- M$/.(, 2.. , 

..-v 

KOTopoe T8.KJKe MOl!:eT 6b1Tb lwrrOJ]l>30aaDO ,!T.JIH Blilfl1CJIeHlUI E v.t • '"'-" 
8 TadJl . I Bhf'll'ICJISRHHe 3Ha<reHI1R 3 HeprH~ ,nRCCOUIla:Il1U1 ;000 =- Eoo 

~oJIeRYJI K30TorrOB BO~OPO~~ CpaBHRBaIDTCR C pe3YJIbTa TaMI1 3KCnSprnMenTOB 

/I3/ 11 )l.pyrlU pa6oT/~ 14/ . 

7 
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Ok ~ 6 8 10 V ~E III / H BWfl1CJI8HRHMH 113 ypaBHeIDlfI (40) 

vo~ 

upH M = M 3Ha 'l8H1HIMIf E V 0 ,lHeprHi M0JI8

- 2 KYJIbi H2• BeJrn'lKH8 '6 Onp8.n.9JUISTC.fi yrJIOM 

HaKJIOHa npm,WH TIO 4loPl.1;YJIS (24 ) . 'I 
- 4 ,II 

",-6 ,, 

,
,-8 , , 

e. .., tO - :1 9 

PHC . 2 ._Pa3Hoc TII lileJK.D;y BJ:lIll!ICJI8HlruMH 3Ha'I8

HHRMl<! E~ K , ::lKcn ep HMeHTaJU,HbIMIf .n.mllihlMK 11 

.n.pyrIlMll paC'leT8MI1 ,!WI MOJISKYJI 1I<! , HJ) H]>1.' 

B8JI.lfllliHa All pamm 

0 , "V rv 
.6 )1 '" E yo - E()O - (~y'o -C:DO ), 

r.n.s e)) 0 i 6 Q % - 3Ha '1Srm.fl H3 3KcneDH
MeHT~lhHHX 11,1 ,16/ li T60PSTK'l6CKHX p a60T / S/ 

I -#'Z ~ :2 ~ v ( IIyHKTRp) • 
.rv rv 

Ea pHC. 2 Ha}\.n8 mrue !laJHI 3Ha'l81U1.H £'>'0 r £ YO -£00 npR 0,3

JIVI'l!nDC )J CpaBILIffi8J{lTC.fl C 1Kcn epHMeHTor/ I5 , I6/ .vi ]~pyr.HMil paC'1eT~ 5/ 
.nJIR MOJIeKY.J[ fIz. I If'£) 11 ~2 • Bo Bcex CJIy'lMX pacXoli\lleHfle pe3YJThTa TOB 

He npeBuma8T Be~'l.vlHH 5 ' IO~ aD , 'ITO n OC TaTOt[HO .nJIR paCqeTa CKopOC Ten 

P830H8HCH!:lX npoueCCOB Tlffia (1) . KaK 11 CJle,IlOBaJIO OlKH.Il.aTb , TOqHOCTb pac

t[eTOB TIOBlil~aeTCR C yBeJmqe HlleM TIp'!Be.neHHoif 'laCCh! rotep M . . 
B Ta6mm8X 2- 5 npe.ncTaBJleHH pe3YJI:bTaTH Bli'Il'ICJleHmt '>HepI'IDt nepexo

.n.OB -'"'-" ..... 
£ ,,)(. ;:. E YK - £ 00 

(25) 

.I\JIR I{= O( 1)9 H HaHOOJlee BaJKHhIX 311aqeHill1 Y MOJle RYJl /I 'i) J fi)z ,.i)T H 

Bcex Me30MOJleKYJIRpHhIX CHCTeM, OCi pa3YJ011 1I~XCR B pe 30llallcHHX peaKUYJIX TH

na (I). 

3Haqemle E o o , npl1Be.ll.eHIlOe B TaOJIHUaX, paBHO 3He pI'IHil ]U!CCOIIl1a 

Uill! MOJle KYJI 11 KO~mJIeKCOB , OTCqHTallllo i-l OT oonero HaqaJIa OTC'le Ta Eo=-~ ' 

paElloI'o aHeprHI1 .llBYX >l30JIHpOBaHHhIX aTOHOB Bo.n.0p0,l\a C 6eCROlle 'lllblMI'I I 
MaccaMH Mep. CorJIacllo 3TOMY onne,1le JIemlJO H COOTHOlUe!lH10 (?2 ) 

frv (
+- +Eoo ::: Eoo 2 M 

()(M- 2
). (27) 

(TaRoe o npe.neJIeliHe E ~o ynpOJl{ae T HaXOlf;neHl1e YCJIOB m1 pe30HaHca .ll1IR 

p eaKIlrut nma (I)) . 

8 

TadJIHua I 
JIlCPJ'lut ~.,o ( aD) = - EoC) .IJ;HCCOUIffilVUI OCHOBHoro COCTORlrnR 

MOJIeKYJI H30TonOB BO.llOpO.lla 

Wolnl ew1cz Hunt et al Jl.aHHM 
l1erzberg (1 970) (1983) (1984) pa60Ta 

4,4?81~O , OOO05 4,47810 4,47804 4,47815 H2 
lID 4,51 38~O,OOOO5 4,5137 7 4 , 51 ; 82 4,51573 

4, 55632!O,OOO05 4 , 55625 4,55623 4,556jOD2 
HT 4 ,52689 4,52702 - -
DT 4,57267- 4 ,57278 -
T2 L---- ___ _ _ 4,59093 4,59103-

_ . - - 

.p HBe.n.eHlrue 3Haqeurur !O"., BIi'Il'lCJIellU B ra6 0Tax/5/ H/I 3/ C yqe ToM 

H oe3 yqeTa He3.ll.~6aTl'!'1eCKHX nOrrpaBoK c ooTBe TC TBeHHO. 

Ta6J1HIIa 2 

YpOBHH 3 Heprm! £:0/1( (3B) MOJIeKYJJ H3 0 TOTIOB BO.ll.OpO.ll.a B 

COCTOJIlHlH C KOJIe6aTeJIb HblM t[lWJIOM -y = 0, OTCqHTaHHHe OT 

3Ha'leHl'l.fl E 00 

lID D2 DT 

lA (aT . e,n. ) 1223,899 1835 , 240 2200 , 879 

~ -4,5027 -4, 5489 -4,5666 

0 
1 

2 

3 
4

5 
G 

7 
8 

9 

0 
0,0111 

0 , 0331 
0 , 0660 
0,1095 
0,1633 
0,2271 
0, ; 004 
0,3829 
0,4741 

0 
0 ,0074 
0,0222 
0, 0443 
0,0756 
0,1 100 

0 ,1 533 
0,2033 
0,2599 
0 , 3227 

° 0,0062 
0 ,0185 
0 ,0370 
0,0615 
O, O,}20 
0,1 284 
0, 1704 
0 ,2180 
0,2710 
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Ta6 .mma 3 

Yp OBJIJ1 :m eprJ{n E VK (3B) Me 30MOJIeKYJIfIpHHX KOMlTJIeKCOB 

[c d t-~ )p .2e] 11 [CC;{d;u)p ~e] 

[("'-t;«-),P 2 eJ [(dd,.,.,<jp.2e] 
rll (aT .e,n,) 1535, 406 1476 , 871 

Eoo - 4 ,5298 -4,5254 

~ 1 2 3 4 5 6 7 8 
-~ -

0 0,4042 0,7908 1, 1602 1, 5126 1 , 8792 2 , 2021 2 , 5075 2 ,7953 
1 0 . '.127 0 , 7990 1 ,1 680 1 , 5201 1 , 8866 2 , 2092 2 , 5143 2 , 8017 
2 0, 42 97 0 , 8153 1 , 1837 1 ,5350 1 , 9014 2 ,2233 2 , 5277 2 , 8144 
3 0 , 4550 0,8396 1 , 2070 1, 5574 1 ,9235 2 , 2444 2 , 5477 2 , 8334 
4 0,4885 0 ,8718 1, 2379 1, 5870 1 , 95GB 2 , 2723 2 , 5743 2 , 8586 
5 0 ,5301 0 ,9117 1 , 2762 1, 6237 1, 9891 2 ,3069 2,6071 2, 8897 
6 0, 5794 0, 9591 1, 3217 1, 6672 2, 0321 2 , 3479 2, 6461 2, 9266 
7 0 ,6364 1,u138 1 ,3741 1,7174 2, 0816 2. 5951 2 , 6909 2 ,9690 
8 0,'1006 1, 0754 1, 4332 1,7740 2 ,1374 2,448~ 2 ,741 4 3,01 6'1 

9 u , '1718 1,1 l t3tl 1 , 498'/ 1 , 8367 2 ,199~ 2 , 507u ~, 7971 3,0694 
- -- --_.. _

Ta6.mma 4 

YpOBHl1 3 HepnU\ £ YX (3B) Me3Otr.OJIeRYJIfIp HblX ROlillTJIeRCOB 

[(dtJ-l- ) d .2e] J1 [(dd.~)d.i.e) 

[(dtj'<)d2e] [(dd-Jf"-)~ .Ee] 
263'7,b8? 2'169 , ~38M(aT.en . ) 

-4, 5'/7u-4, 5826Eoo 

1 ~ 3 4 5 6 7 8~ ... 

1 . 5003 1, 7684 2 , 0261 2 ,27340 0,3117 0,6131 0, 9043 1,1855 
1 0 ,3167 0, 6179 0 ,9090 1 , 1900 1 , 5050 1 ,7730 2,0305 2 , 2776 
2 1 ,5144 1 ,7820 2 ,0393 2 , 2860 0,3267 0 ,6276 0 , 9184 1,1 992 

0,~~17 0,6422 0 , 9325 1 , 2128 1 ,52e4 1. 7956 2 , 0525 2 , 2986 3 
4 0 ,3617 0, 6615 0, 951 3 1 , 2310 1, 5471 1 ,8136 2 , 0697 2 , 5154 

0,3864 0,6856 0 , 9746 1 ,2536 1, 5703 1 , 8360 2 ,O~1 3 2 .33625 
0 ,4160 0,7142 1,0024 1, 28056 1 , 5979 1,8627 2 , 1171 2 , 3610 
0,4503 0,7475 1,0}46 1,3117 1, 6299 1 ,8936 2,1469 2 , 3897 7 

8 0,4891 0, 7851 1, 0711 1,5471 1, 6662 1 ,9286 2,1807 2,4222 
0,5324 0,8272 1 , 1118 1 ,5e65 1 , 7066 1,9676 2 , 2183 2 , 45849 
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Ta 6.mma 5 

JpOBIIK 3J!e p r JU! E y ,f( (aB ) Me3 0HOJIel(YJUfPlWX KmmJIeRCOB 

[{dt:,IU)t-.,'le] 11 L (dd.,H) -t~e] 

[(dt~)t c2e ] [(cxcL;r-<-J-t o?e] 
I.HaT.e)( ) 3465,048 3180 , ~5~ 

£00 -4,60'+1 -4 ,59'77 

~ 1 2 3 4 5 6 7 8 

0 0,2731 0,5384 0 , 7958 1 , 0456 1,3389 1,5818 1 , 8165 2, 0452 
1 0 ,2770 0 , 5421 0 ,7995 1 ,0492 1 ,3427 1 ,58)4 1 , 8200 2, 0466 
2 0, 2847 0 , 5496 0,8068 1 , 0562 1 ,3501 1, 5927 1, 827 1 2,0534 
3 0 ,2962 0 , 5608 0.8177 1. 0669 1 ,36'13 1 , 6055 1,8376 2, 0655 
4 0 , j 11 4 0 , 5757 0.8321 1, 0810 1,3761 1,6'17'.! 1 ,8515 2,0871 
5 0,5305 0 ,5942 0, 8502 1,098? 1 ,3946 1, 6.556 1 , e 689 2 , Q'}39 
6 0, 3532 0, 6164 O, 871[ 1, 1195 1, 4166 1 , 6572 1 , 8: 97 2 , 1 i40 
7 0 , 5796 0,6421 O,t96t 1 , 1439 1, 4422 1,6820 1 , 9 137 2 , 1573 
8 0 , 4096 0,67 /13 O , ~252 1 , 1715 1,471 2 1, 7102 1, 94 11 2 ,16 58 
9 0 , 4431 0, 7039 0 , 9570 1 ,2024 1 ,5056 1 ,7417 1 ,9715 2 , 1933 

4 . 3a.K.mo'IelBie 

]'I3JIo~Hmm B .n:aHHo~ paCi oTe npocTo~ Me TO.n y-"-!e 'r a JoI30TOTIlftle CKIDC a\l>

!peKTOB lT03BOMeT pacC'IHTUBa Tl> YPOBHI1 3Uepr l1J1 MOJleKYJI H r.1e3 0MOJIeKyMp

HbIX KOMllJleKCOB kl.30TOnOB BO,ll.opo.n:a. CpaBlleUHe C aKcnepnMeH TaJJ1,HliMH ,ll.aH

llb!MH H .n:pyr i'IM.H TeOpeTH'leCKl!MJ1 paC'leTaMH .neMoHcTpRpyeT ,nOCTa TO 'llIO Bli

cOKylO TO'1HOCTb MeTo.n;a ('" 10-4 3B) . llpl1Be.n:eHlme SIJa'leIl IUI ypoBHelt aHep

NII1 Me30MOJIeRYMpIlUX CIICTeM OTKPliBaJOT B03MOllffiOCT], .IlJUI rrpOBe.n:eHM .ne

TaJlbllllX pIlc't{eToB CKop o cTefJ pesOI laHCHor o 06pa30BaHJ1R Me 30MOJIeKYll cld.r< 
II o(-cJ4. r,IO'I'O)l MOJ!(eT OblT.D HCnOJJb30BaH TaKJKe J].JIH paC'Ie Ta xapa RTe p Rc TRK 

npyrilx II CIl IM1("l'nWIII!1X no Maccru.l M(lJIeKY.1f. 

AJ:j'rnplI (\-'II IPOJ(lII 'lllj HI'ITlI'fT[JtoMY c.n. I '~eJIeilUfKY B. C., Pa.n;UMrY A.A. R 

COMOBY JI.II. :11 , III1Mnllll , Iill P: ,:1Jll1 111 11lX ''l'o.nliX pa60TH. 

II 
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ITPl1.JIOlK8HJlI8 

Ypa BH8rrrr 8 (20), KOTOP08 HOlKHO rrp8,J:(cTaBI!Tb B BfUl8 

~ J _ ~(Kr~ 	 (IT I)[	 -2MV(~)] V (1<,)=0,~'l- + 'f'K 2.MIJ2.. AVK 

r.ne 

J y~ 12M = ! E yK. , Ey,#: J, 
c pa3.Jlli'lliww-I sqxpElKTHBlillMH nOTeHqi!allaMl:l' V( R) p elIlallOCb 1lliCJIeHHO. 

YCJIOBIDI peryJIJ'rpHOCTH H orpaHllqemrOC'rH BOJIHOBIiX ~ iVK (A.,) 
Ha 	rrOJIYOCM O~ R. <00 3aMeHHJlI'lCb rpaHff'IRUMH YCJlOBllilMft 

(IT2 ) t	 v!'. (o j : C~ 1- V-JYt:~) XVK(!G )=0 

Ha OTp 83K8 0'" R. :6R. = .{0 • YCJlOBHe n pPl R- = i[ cOOTBeTCTBy e T 3 RC

n OHe JlUlffiJThHOMY y61:l:Ba HillO p8JlleHKl\ np ll R __ oJ!:> • 

TIoTe lII.U(!BJI tJ{.R,) 33,Il,aFi Fia o Tpe3K8 0 ~ R., ~ -1O B BWle Ta6.ill1I!1:l: 

C HepaBHOMep HI:l:M war OM • .lLnR Herrpepl:l:BHOrO npO,J:(OJIJlteHM llOT81InJifBJIa Ha ~-
/ I7T8pBBJIe 0 50. R. ~ -10 npIDIleHRlOTCH KyOJlI'IeCRaf! cnJIafiH-HRTeprroJlfInJlIR

lla o Tp e3Ke O. ~ ~ ~ 9 

v	 CIG J ='St, (~ ~) (f13) 

It HH TeprrOJIRUJlIH lIa oTpe3Ke 9£ R~ 10 C rroMoUlblO qlYl!KItlU\' 

rv 
r...r (.R-)= I96,03IIR.-7exp (-O,OO83825 R) . (IT..J,) 

Ornl'I6Ka B co6cTBemThlx 3HaqeHlI/JfX rrp .JII TaKO}! saMell e JlJIfl' 3a,ua'I c rrOT f' HUl'Ia
- ht ~~ 

JI8Jl\\ MMeJl)IllJIIMPI aCI'lJ.1TITOTRKY TIpH R-...., ~~B>!.lIa.f? e , COT'JI8.C

HO I I yCilma8T 118 r.le)l.JleHHe8, '18M e {J, ..,/= ) R.- , r,ne c (~V j:: »O 
- KOHC'l'aHTa, He 3aBI1CRlI\3R OT R.- • B rrepBOM rrp H6.ffiUi1:eHIDI ODJJII61<y .nJIH 

COOCTBelllloro 3!lUqermJl, 0 6 y CJlOBJIe H~ 38J.le Ho M L/ Ha V , MOlKHO OI!e

HftTb C n Ot lOI'[blO COOTH OWelUIJI! I 9 I 
~ 2 	 3 

J b JVI( I~ IJ AlJ{R.) X- CR-)dR- J flI !;T , (f15 ) 
Yt: 

~ 0 / 	 \ r 

r,J:(8 1:>1.7~ Lr- lY '11.. r - I~ar ~6JIJmbl, '1'.8 • .b.ll YK,-v 10-" . 
3~a'l/ (ITI ) - (TI2 ) n p R VUe) - '1.)(R) arrrrpOKC llMJ1POBaJJaCh c xeMo !1 Jiy

MepoBa 20 , o6ecrre 'l.ID3a mue l1 TO'!HOCTb pe3YJrbTa Ta t7( It.vj , r,J:(8 Iv - mar 

pa3HocTHO~ C8TKH. 

TarulM 06pa30M, npJII 1,18.1111X 3H3 '!eHY.Lf!X Iv rrorpelITHOCTb .JIICKOMOro c o 6

CTBeHHoro 3Ha '!eHJIIR, 06YC.JlOBJleHHaH l1HTepnOJUlIlftef.t llCXo,nHoro nOTeHUKBJIa, 
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onptl.l\!'J()lI "fCn BIlpi lJlleltU8M (IT5 ) PI ~ BeJIl1tmH E y~ He npeBlilliaeT 2. ro-5
8 J3 . 

H '1"' I(l,ntru,O G Jl PI~BC)lellll 3HaqeHM F.O t; .J.\JUI MOJl8KYJThl llo.llopo)l;a , BIl'UlCJlelI 

illIG 1111 nOCJlC)lOBFlT8JIbHOCTl'! B)lB08 cr ymalOl!\W-C.fI C8TOK. 0MHO, 'ITO CXOJf, JII 

Moen paSIIOCT lIoro p CmeI'ltH ypaBlleHM (III) PlMee T rro p JU(oK ~ ~ • 8.J.\ecb lIIe 

.II)UT cPirueHltR ITpJlIBe.J.\eRhl 3KCIIep IDMlRTa.JIbHHe 3Ha'IeHIDI 3 HeprID1, D3iITbl8 l~3 

paCioThi 

JIY'lme , 

TIl . lb Ta 6mmH 

'1eM '" ro 3 sB. 

BM HO, 'ITO TO'In OCTh paC'IeTa YPOBFi8H 3Hepr ~H\ 

Ta6,JIJma 6 

XapaKTepftCTilltlt p a3HClC'l'Irli CXeMI:l: peDJe lillR ypaBJ'emw OU ) ,UJUI 
;J x ) 

MOJl8KYJIbl 112 

3KCll 
.y E Eh E2h E4h a-

0 0 0 0 0 

1 0, 5159 0, 51592216 0,5159221 2 0, 51592153 20,0 

2 1, 0027 1 ,0026854,5 1, 002685 3 j 1,00268342 19 , 0 

:> 1,4608 1,46091570 1 , 46091543 1 ,46091010 17, 6 

4 1,8908 1 ,89092965 1,89092916 1, 09092140 19, 5 

5 2 ,292 7 2,29287257 2, 29287182 2,29285978 '16,1 

6 2 ,6664 2,66658847 2,66658742 2 , 6665'/060 16,0 

7 3.011.3 3,01 159191 3, 01159056 3, 01156f.86 16 ,7 

8 3, 3267 3 ,;26,:)6063 3,326')5900 3,';26')3286 16 ,j 

9 } ,6110 3,61 131562 3, 6 11 j 1678 3, 61128721 16 , 4 

x) 	3Ha'iemm 3ueprilli npJme,IJ;eHbl B 3B. BeJtlI:'lYIHa 6" = (E~ -E.2~)/(Ezh-tf.~), 
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P4-85-555HI~ II"'LIII 
,V \I t) ,II I II 1IC' I{'YWI \lII IoIK I{ OMTIn eK CO B H30TonOB B OAopOAa 

.1'I ' II 'leCKOM npl-lfirrHJKeHHI-I YPoBHeii 
'1 11 1;) Mo n e Kyrr 1-130'T'OnOB B OAopOAa. 

" \1' ' II' t. YJ I 	 1I 1 (lTOn0I1 BOA opoAa If Me30

AflH pac~eTa CK o pocT e ii 

del/! I-l elw nony~eHHble 

O T"I1acYJO'T'C fC c xopoUle i{ 

I"!:III I' ll 'I "IHII I l3blt{IlCJ1H T e IlbHoi{ T e Xl-lHKH 

~11'11 ~1 1 il{t',v ,., T. vi 0 1. P4- 85- 555 
Energy 1.. ; \11.· 1/1 of Hydroge n I sotope Me s i c Mol ecule Compl exe s 

'Pi tt, IlII·thou fo r c a l cu la ting the i sotope correc t ions to 
Cll(!I ' t;y ll·vcls o f dia tomi c mes i c molecu l a r sys t ems i s develop 
I!d ,i tl udi ;lbatic approximat i on. The en e r gy level s o f t he mole.
cul~~ of hydrt)gen isotopes and mes ic mo l e cu lar complexies, 
which are neces s e ry fo r cal cu l at ing of the r e sonant f ormation 
ra t es of mesic mole cul es ddp. and d til' The obtained values 
and expe r i ment a l da t a a r e in good agr eement with an accuracy 
of -0 . 5' 10-4 eV. 

~J'lli~ i llVf~S t iga.tion has been pe r f ormed a t t h e Laboratory 
of C(JlllpUC!.II& 'fl:chniques and Aut oma t ion . l TNR. 
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