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Transformation of the centrifugal distortion Hamiltonian describing a random
pair resonance in non-rigid XY molecules to the form having the least number of
diagonals in the basis of rotational wavefunctions is considered. An influence of a

large-amplitude oscillation

upon  such

transformation is analyzed. The

transformation is shown to change significantly the form of the initial Hamiltonian

and to be diverging in some cases.

1. INTRODUCTION

Effective centrifugal distortion Hamiltonians H are
widely used in analysis of rovibrational molecular
spectra. Such Hamiltonians are derived using different
versions of the perturbation theory, which give
different forms of H. For an isolated vibrational state,
the Hamiltonian H is purely rotational. It can be
written as a series in operators of angular momentum
for semi-rigid molecules. It is shown!:2 that applying the
method of contact transformations to such Hamiltonian
for an asymmetric top molecule, one can transform it to
the reduced form H,q. The reduced Hamiltonian
contains only the parameters, which can be
unambiguously found from the experiment. What's
more, in the basis of rotational symmetric top
wavefunctions |/, K> this Hamiltonian has matrix
elements <J, K|H.q|J, K+AK> only with
AK =0, £2.

For non-rigid molecules of the X,Y type having a
large-amplitude oscillation this procedure has some
peculiarities. They are in the fact that starting from
some rotational quantum number J.4 the behavior of
matrix  elements <J, K| Hpq | J, K + AK>  (with
AK =0, £2) cannot be described by functions of only
one class (for example, using only exponential or linear
fractional functions). In Ref. 3 the values of the
rotational quantum numbers [/, for the ground and
(010) vibrational states of myn molecule were found
from the processing of the experimental data. For the
ground vibrational state of myn, the non-reduced
rotational Hamiltonian H, having matrix elements
<J,K |H|J,K + AK> with AK =0, +2, +4.... in the
basis of rotational wavefunctions |/, K>, is shown to be
preferable starting from J ~ 25.

Reduction of the centrifugal distortion Hamiltonian
H for the case of pair resonance interactions between the
states (V) =1 and (V') =2 in semi-rigid asymmetric
top molecules is considered in Refs. 4 and 5. The large-
amplitude oscillation introduces some peculiarities into
the reduction procedure. The aim of this paper is to
take them into account (they are partially considered in
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Ref. 6). These peculiarities are connected with, first,
divergence of polynomial representations of the
rotational operators <n| H | n> (n =1, 2) and, second,
with abnormally fast change of the series of
spectroscopic parameters entering into H.

2. PAIR RESONANCE. GENERAL RELATIONS

For the case of interaction between two rotational
energy levels belonging to two different vibrational states
(V) =1 and (V') =2, the effective centrifugal distortion
Hamiltonian H is written as a 2D operator matrix4>

[ Hyy Hyy }

H= . (1)
Hyy Hy

Here (V) = (v vy v3), v; are the vibrational quantum
numbers (i=1, 2, 3); Hy =H{; ("+" is for the
Hermitian conjugation). The matrix (1) is written in
the basis |V>, |V'>; every H,, (n,m=1,2) is a
rotational operator. In this work the principal attention
is paid to the interaction operators Hyy, therefore the
diagonal (in the basis of vibrational wavefunctions)

operators H,, are from the outset taken in the reduced
form

H,,=F") + 2 470, + 0+, + D 7%,
o)

where F(")(]Z) and x(")(JZ-H) are the generating
functions for the standard representation of the
operators H,, (see, for example, Ref. 7; the effect of
contact transformations upon the form of the rotational
Hamiltonian H(")=H,m for an isolated vibrational
state will be considered separately). The transformed

Hamiltonian H also has the form of 2D matrix

A=eSHe™S=H+1[iS, H + ... —[}f“ }f”] (3
Hyy Hy

where [iS, H] is the commutator; S is the

transformation generator,
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St Stz
S= : (4)
So1 S
and Sy :S1+2. The transformed operators meet the
following relations:

Hnn = Hn’n + i (Sn”l H”ln - Hn”l Snln) + Ty m ;t n7
Hyy=Hyy+i(Syy Hy = Hyy Sip) + ..., (5a)

where H,, = H,, + i [S,,, H,,]. Excitation of the large-
amplitude oscillation is expressed as a change of the
bending vibrational quantum number vy; it leads to a

great change of the functions F™ and X("). With
allowance made for this fact, Eq. (5a) takes the form

Hyp=Hp+ [i Sy HP1 440 Spp, HOY + .. (5b)
The braces here are used for anticommutator, and

HO =FOU) + 2 4OU, + 0+ + D TA, (6)

where

FO = (5O 4 pOy p O @)y 1

For further consideration, we should estimate the
orders of smallness of different functions entering into
the above relations. Toward this end, we can use the

standard smallness parameter A = (B/ @)% (B is the

mean value of the rotational constant, ® is the mean
frequency of harmonic oscillation) accepted in the
molecular spectroscopy.® According to such a definition
of the parameter A, the energy of harmonic oscillations in
a molecule, as well as the energy of the large-amplitude
oscillation and the rotation energy (in the rigid top
approximation up to J =~ 10), has zero order of
smallness. The order of smallness of a function can be
estimated from the ratio of a matrix element of this
function in the basis of vibrational and rotational
wavefunctions (if known) to the energy of harmonic
oscillations. If the matrix element is unknown, then the
order of function can be estimated by the value of the
first coefficient in the Taylor series expansion of this

function. For example, F(n)(K) =
_ <],K|F(n)(]2)|],K> _ En‘f‘A(n)KZ—A(],é) K4 + .
X(n)(K +1) = (B(n) _ C(n))/4 _ 8(17? (K + 1)2 + o
here E,, is the vibrational band center; A("), B("), and

™ are the rotational constants; A(I'é) and 8(}? ... are
the centrifugal distortion constants, which are usually
known. Using the values of these constants, for
example, for myn molecule,10 we can find that
F™ 2% and (K +1)~2% for small # and up to
K ~ 10. Figure 1 demonstrates the calculated behavior
of the function 2F(K) = F{2O(k) - F1(K). The
matrix elements F(n)(K) (n=1=(100), n =2 = (020))
were determined from the processing of the experimental
data for the first triad of interacting states (from Ref. 11,
the form of the functions F has been also determined
there). Tt is clearly seen from Fig. 1 that at low values

of K FO(K) ~ 2 (determined by purely vibrational
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difference), at K ~ 10 F(_)(K) ~ 0 (random resonance),
and at K from 10 to 20 F(K) is again of the order of
L. At K > 20, according to the asymptotics, FOWK)
approaches the energy of harmonic oscillations, that is
FOw) ~ 2.
700p
soob F20—F(%) 1)
500F
L A
400} MT=20
300F s
200 P
100F -
- 5 104 15 20K

Uy o
-100F e
[ J=10
L %
_200_ /
-300F N

-400F | A4
-500F ¥

FIG. 1. Behavior of the function 2F(_)(K) = p(020) _

— FY9 4t 7= 10 (m), 15 (1), and 20 (&) for the H,0
molecule (from the results of experimental data
processing for the first triad of interacting states'!).

3. ANHARMONIC RESONANCES

According to the symmetry properties, the operator
H,y describing interaction between the vibrational
states of the same type of symmetry in X»Y molecules
can be presented as

Hyy=%o(J) + 200, + ) + w5, + 1) 2 +
+ e+ ¥ OUL e T (8)

where  Wy(/,), ‘P?)(]Z +k), k=1,2, are some
functions of the operators J2, J, (J is the total angular

momentum operator).  The functions ‘{ng)(] , TR,
k=1, 2, can be presented in the form:

WL+ R) = W, + R) £ WS, + k), 9

in which the superscripts ¢ and o denote even or odd
character of a function with respect to its argument.
Most important among anharmonic resonances are the
Fermi resonances between the vibrational states
(V) =(vyv9v3) and (V) =(vy—10y+203) with
the different quantum number o5. In standard
approximation for semi-rigid molecules!2:

Wo(],) = 1/2 [0 (vy + 1) (vy +2) /2] % x

% [F(‘),,rvr 4 F}(IV! ]g n F}]V! J2 i ], (10)

Vv’ Vv’

where Fy'', Fg”, and F]"" are the resonance

parameters. For the myn molecule F(yv'z 100 cm ™'
(Ref. 12), therefore we can believe that the operator
Hyy~X. For J~2"" the function ‘{’E?(K) can be
estimated  as 11!%?(10 ~ k2, According to the
symmetry properties, the operators Sy, from Eq. (5a) can
be written as
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iS1=go1) + U2 gSVUL + D) + gL+ 1D T+

+ L g PU D+ gOU D T (11)
where g5 = g5 + ¢5% (k=1,2), and g5} and g5y
are even and odd functions of their arguments. The

operator Sy is of the order of A (what is necessary for
the contact transformations convergence), consequently,

for J~1"" goU)~n, g (J,+ 1) ~23 . that is
gor (J, + k) ~ A2k The substitution of Egs. (2) and
(11) into Eq. (5a) gives the following expressions for

the transformed operators H '
Hyy = H{, + AHp, Hy = Hy, ~ AHF, (12)

Hiyy= %) + 2300, + )+ 800, + 0 72 +

+ PG+ PO e T (13)
Here

AHp = J2 Ap(J, + 1) + Ay, + 1) T2 (14)
Ay(J, + 1) =[go(J, + 2) + goU) 1 W3(J, + 1) +
+[go(J,) = go(J, + 21 W3 (J, + 1). (15)

The transformed functions Wy,(J, + k) are defined
by the relations:

Bo(J,) = Wo(J) + 290(J,) FOU) | (162)

) =W () +g3()AFT(0,2) + g5 AF(2,0) , (16b)

F9(x) = Wo(x) + g5()AF(0,2) + ¢9(x) AF (2,00 +

+ 5(x) [golx + 1) — golx — D], (16¢)

B =¥ () + g5 (PDAFT0,4) + g5y AFT(4,0) +

+o(x) g5 (x +2) — y(x +2) g5x). (16d)

In these expressions 6, 6’ =e oro (c#2c’),x=J,+1,
y=x+1,y= X(+), and AF(i)(k, ) EAF(i)(JZ +k,J, )=
=FOU, + b - FOU, + .

Besides, the terms of the same order are left in these
expressions (apart from the underlined ones). The
order of the underlined terms significantly depends on
the rotational quantum number K. Let us consider
the conditions, under which some parameters can be

removed from the interaction operator ﬁu due to
proper choice of the functions ¢y,(J, +%k) and
transformation of the operator to the reduced form
Hﬁegd. Let us start from the approximation, in which
the interaction operator Hy in Eq. (8) includes only

the functions Wy(/J,) and q’gi)(]z + 1), and the
transformation generator S includes only the function
go(J,). There are two equations (16a) and (16¢) for
determination of this function. The function go(J,)
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cannot be determined from the condition l?’0(]2) =0,

that is go(J,) = — l}’0(.[2)/(2F(_)(]2)), because at some
values K, of the rotational quantum number K the

function F(f)(K,) ~ 0. The function g¢(J,) can be

found from the condition l?’3(]2) =0 (Eq. (16¢), where
g5 = g5 = 0), which leads to the following equation:

= P9(x) = 7(x) [golax + 1) = gola — D]. 7

This equation is the difference equation for the discrete
variable x. If the difference operator A is defined as

Ago(x) = {go(x + 1) = golax — 1)} /2, (18)
then Eq. (17) takes the form
Ago(x) = = W5(x) /[ 21 ()] (19)

Let us now pass on to the continuous variable x.
Then the difference equation (19) for the discrete
variable will be transformed into the differential

equation gy = — W5(x) /[2y(x)] for the continuous
variable (prime denotes differentiation with respect
to x), which has the solution

gola) == 1/2 [ ¥3(x) dx/x(2) + ¢, (20)

where ¢ is the integration constant. Thus, in the considered

approximation, the reduced operator Hﬁezd has the
form

HS =9, + T2 85U, + 1)+ F5(, + 1D T2, @D

in which the functions ¥y(J,) and ¥5(J, + 1) are
determined by Eqs. (16a), (16b), and (20) (in this

approximation ¥5(J, + 1) = W5(J, + 1); the operator
H5Y is referred to as a reduced one by analogy with the
semi-rigid model of a molecule). In the particular case
of the Taylor expansion, the function W5(x) =fpx+ ...
(and similarly for the function y(x))

gox) = —f12/4 f dt/[Cy— Sk t +

thg Bl £+ ]+, (22)

where ¢ = x%; Cy = (B~ C) /4, and B, C, 8, ... are
the rotational and centrifugal constants averaged over
two vibrational states. The form of the function g¢(x)
is completely determined by roots of the equation
x(x)=0. In the particular case, when centrifugal
effects in a molecule are negligible, that is when
v(x)=Cy (in Eq. (22) we should take
Sk = hg=1Ig=...=0), go(x) = c — f1p 22/ (4Cy) (i.c.
the function go(x) has the polynomial form). In the
approximation, when 8 # 0, g = Ilg = ... =0,

go(x) = f12/[4 81(] lIl | CO - 8K x2 |+ C. (23)

In the dg#0, hg=0,

lK: :0,

approximation,  when
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90(x) =~ 12/ (2 \[D) arctan [(2hy 1%~ 5x) /AD] + ¢,

(24)
where D = 4Cy hg — 812< (for D > 0). These expressions
demonstrate that if centrifugal distortion in a molecule
cannot be neglected, then the function gy(x) and,

consequently, the function Wo(/,) from the operator

red
Hi

functions Wy(J,) and ¥5(x) were polynomial.
The next functions g5(x) from the expansion (11)
in some cases can be found from the condition

have a non-polynomial form, even if the initial

$5(x + 1) =0, which significantly simplifies the form
of the interaction operator. With terms containing the
functions ¢4(y) (o =e, 0) omitted in Eq. (16d), the
following difference equation

Ag;(x) v (x) — Ay (x) gZ(x) =— ‘P(Z(x +1)/2, 6 %0, (25)
can be obtained. In this equation, the difference operator
A for the functions {g5(x), 7(x)} = ¢(x) is introduced by
the expression 20¢(x) = @(x + 2) — ¢(x). The
corresponding differential equation

[5C)] = %' (x) /7(x) g5(x) == W5 (x + 1) /[2 7(2)]

has the solution
gg(x) ={-1/2 f LPcZ(yc + 1)/)(2(3() + ¢} yx(x) (26)

provided that y(x)#0 and the functions y'(x) and
W5 (x + 1) are bounded. The function gy(x) is determined

from the condition ¥9(J,) = 0 as before; it has the form
go@) = =172 [ 1¥5) + g5IAF D = 1, + D +

+ gAF O + 1, x — D] du /1) + c. 27)
The reduced interaction operator Hﬁezd is again reduced to
the form (21). In the basis of rotational wavefunctions
|/, K> it has the matrix elements <J, K |H
| J, K+ AK> only with AK = 0, £2. The more general

solution for the functions gg(x), following from the

requirement Wi(x + 1) =0, can be formally written,
according to Eq. (16d), in the form

go(x) ={— 1,2 f"P(Z(x + Dda /1) + e y(x), (28)
in which

W) =iy + g5 AF P (0,4) +

+ g5 AF (4,0) (y=x + 1),

The functions W5(y) are of the order of A5 g3(y) ~ 2>

AF) ~ A; and the function AF(_), as was noted above,
is of the order of A for small values of the quantum

number K; AF(_)(K,) ~0 for K~ K, and for some
highly excited rotational states AF <% In the

latter case, the term containing the operator AF ) is an
order of magnitude greater than all other terms. So it
should be omitted in Eq. (28), otherwise the
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convergence of contact transformations breaks down.
The terms underlined in Eqgs. (16) cannot be removed

by unitary transformations, and therefore the reduced

red

interaction operator Hyy takes the form

Hig' = () + 7 P50, + D +
+ W, + 1) T2+ AHT (29)
The functions Wo(J,) and W5(J,+1) are

determined by Egs. (16a) and (16b), while the
operator AHYS! (appearing for those rotational states,

for which AF s comparable with the energy of
harmonic oscillations) has the form

AR = (2 AT, + 1) — AT, + 1) 5+
+UTATS(, +2) + AT, +2) T+ (30)
where

AV, + 1) = AF (2,00 g5, + 1);

AT, + 2) = AFO(4,0) g5, + 2). (31)

In this case, the interaction operator Hﬁezd in the basis of
rotational wavefunctions | J, K> has the matrix elements

<J, K| HS | J, K + AK> with AK = 0, +2, +4, ... .

4. CORIOLIS INTERACTION

The operator H;y describing the interaction
between vibrational states of different types of
symmetry in X,Y molecules, according to the symmetry
properties, can be written in the form

Hp={,cPQr+nD-cPQr,+1Jy+
+icPern+3-cenL T, (32

C2k+1(2-]z + 2k + 1)

functions of the operators J? and I,
presented  as  CSpuy = Coper £ Coprt,
superscripts e and o denote even or odd character of the
function with respect to its argument. In semi-rigid

molecules, for interacting states (V) = (v; vy v3) and
(V") = (v — 1 vy vg + 1) (with the same v5)

CiQ,+1)= Gy /2 C(¥1V, LRI

where (k=0,1) are some
They can be

where  the

vy’

Cl QI +1) =g, /2C QL+1D+..., (33)

where g, = [0 (03 + 112 /2. This is so-called
Coriolis resonance of the first type.  The Coriolis
resonance of the second type involves vibrational states
(V) = (01 vy v3) and V) = (04 03 — 2 v3 + 1) with
different values of the quantum number v,. In the
standard approximation, Eqs. (33) are used for them,
where gy, =1/2[(vy (03 = 1) (03 + 1) /212, For the
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vv'

myn molecule!2 [CyY | ~2em™, ]} 1~0.3cem™.

Consequently, one can think that for J~ 3!
@7, + 1) ~ 2% and C§, 27, + 1) ~ 2372,

According to the symmetry properties, the operator
Sy from Eq. (4) can be written in the form

iSp=1, 0P+ 0@, + 1) I+
w3 0P@r, +3) -0 @, + 3 Py (34)

where Bgi)ﬂ = 095,41 = 05,41 and superscripts e and o are
again for the even and odd character of the function

with respect to its argument. The operator S5 is of the
order of A and, consequently, for J ~ 3! 65&1 ~ 212k
Substitution of Eq. (34) into Eqgs. (5a) gives the
following expressions for the transformed operators

Hnm:
Hy = H{y + AH¢, Hyy = Hyy — AHe, (35)

Hyp=Hp+ . CPVW - P 1y +

+ (2 8P -V Py (36)
Here

AHc = AFc + {2 Ay(x) + Ay(x) T2 (37)
AFc=2 (% = 7% F = 27, 5F7; (38)
— a(0) = 0$7() V() + 07 () Vs (39)

SF =082 V) + 0y - 2) Py - ),
and x=J,+1, y=2/,+1, z=2J,+3. For the

functions C§, C9, and C3 (6=¢, 0) we have the
following expressions:

CS(y) = CS(y) +05(y) AF (0,1) +

+ 05y AFT (0,1) + ACS(y); (40)

CUy) = CUy) +05(y) AF (0,1) +

+ 0%y AFT (0,1) - ACS(y); 1)

CUD=CHU)+07(+2) x(x) —x(x+1)07(y) +

+0%(2) AF (0,3) + 03(2) AF (0,3) . (42)

In Eq. (40)
ACT(y) =07 (y + 2) 2(x) o(x) —
-0y —2) x(x — 1) ¢(x — 2), (43)
and 9, -1 =J,J-=F -], J,-1D. Let us

consider the conditions, under which the interaction
operator H,y can be reduced to a simpler form by proper
choice of the functions 6 entering into the
transformation generator. In the first approximation,
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two functions C§{(y) and C{(y) are related by the
function 0{(y). The analysis of the first two equations
(40) and (41), in which 0] =05=0%5=0, depends on
the order of the operator AF®) and, consequently, on
the type of resonance interaction. For the Coriolis
resonance of the first type, the bending quantum
number v, is the same for both interacting states (V)
and (V'). In this case, AF” ~ % for any K. For the
Coriolis resonance of the second type, the quantum
number v is different for the states (V) and (V'). The
order of the operator AF ) is determined by the value
of the quantum number K, arising in the processing.
Figures 2 and 3 show the behavior of the matrix
elements AF"(K) for three vibrational states of the myn
molecule (from the results of Ref. 11),
which  determine the behavior of the function

AFOW®) = (FV(K) = FY2(K)} /2 (for J = 15).

9000 cm-1 /

8500f

| (o //

&

8000}

F //x//(100)
7500} AF

; P
7000} .;;;>/‘

e /.7

6500 i :'Vl’:r/:;//Al 1 1 1 1 1 1 1 1 1 1 1 Kl

0 2 4 6 8 10 12 14 16

FIG. 2. Behavior of the functions FUO%K)  and
F(OOD(K) (for J =15) involved into the Coriolis

resonance of the first type in the HyO molecule
(from the results of Ref. 11).
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FIG. 3. Behavior of the functions FOK)  and
F(OOD(K) (for J=15) involved in the Coriolis
resonance of the second type in the HyO molecule
(from the results of Ref. 11).

It is seen from Fig. 3 that for the Coriolis
resonance of the second type the behavior of the

function AF(_)(K) is similar to that of the function
AF(K) for the Fermi resonance (see Fig. 1); and in
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asymptotics AF(K) can have zero order of the
parameter of smallness. For the Coriolis resonance of

the first type, the function 0{(y) can be found from the
condition C {(y) = 0, that is
05(») =~ C{() /AFT(0,1). (44)

The reduced interaction operator takes the form:

A =g, CoQnL+1+CSQIL+1 T (45)

For the Coriolis resonance of the second type, the
function 0{(y) cannot be found from the condition

C§(y) =0, that is by Eq. (44), because for some
K=K, AF(_)(O,1) ~ 0. This function can be determined
from the condition C {(y). The approximate analytical

expression

05 =~ Cy) /1AF0,1) + 2Cy y] (46)
for this function can be derived, if the approximate

expression AC () =205(y) Cyy is used in Eq. (43).
The reduced interaction operator in this case has the form

A =g, CSQL+1) - CSQI,+1 T (47)

The following two functions 0{(y) and 05(y)
(entering into the transformation generator S;5) for the
Coriolis resonance of the first type can be found from

the conditions 5;(2) =0 (o =e¢, 0), which result in
the equations

- C5(2) =09z +2) y(x) —y(x + 1) 09(») +

+ 052 AF (0,3) ; (48)

- C3(2) =05(z+2) y(x) —y(x+ 1) Oy +
+05(2) AF™P (0,3). (49)

For the presented difference equations, the
corresponding differential equations can be found, from
which the solutions for 09(y) and 05(y) can be
determined. The analytical expressions for these
solutions are not presented here; it is important that at
x(x) # 0 these solutions exist. Thus, for the Coriolis

resonance of the first type the reduced operator H1

can be again transformed into the form (45), which has

the matrix elements <J, K| Hﬁd | J, K + AK> with

AK =+1 in the basis of rotational wavefunctions
| J, K>.

For the Coriolis resonance of the second type, this
procedure is valid for such quantum numbers K, for
which AF(K) ~ & (or AF(K) ~ 0). For the values

of K, at which AF(_)(K)~kO, the terms
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underlined in Eqgs. (40) — (42) and (48) cannot be
removed, because this breaks down the convergence of
the contact transformations. In this case, the reduced

operator Hﬁezd takes the form

HNFFSZ{]Jr CN?(Z.]ZJ"1)—5?(2]2+1)]7}+AH€3(1, (50)

in which the operator AHEezd should be taken into
account for those rotational quantum numbers, for

which AF(_)(K) ~ 2% 1t has the form

AT = (1. ACY QT+ D)+ ACT 7, + 1) T} +

+J3ACS (21, +3) —ACS QL+ DT+ .., (51)

where

ACT QI+ 1) =05 QL+ ) AFT (U, 1, + 1),
ACS (21, +3) =05/, +3) AF T (1, 1, +3). (52)

In the basis of rotational wavefunctions | J, K> of a
symmetric top, the operator Hﬁezd has the matrix elements
<J, K| H'$' | J, K + AK> with AK = +1, +3. The matrix
elements with AK = £3 should be taken into account in
analysis of resonance interactions in high-excited states.

5. DISCUSSION

The large-amplitude oscillation in non-rigid
molecules of the X,Y type introduces some peculiarities
in the procedure of Hamiltonian transformation to the
reduced form, having the least number of rotational
diagonals in the basis of symmetric top rotational
wavefunctions. For the case of resonance interactions
(particularly, when the vibrational states with different
values of the bending quantum number v, are involved in
the resonance), this oscillation results in the following.
The matrix elements of the interaction operator (starting
from some value Jp, of the rotational quantum number
J) cannot generally be described by functions of the
same class (for example, only polynomial functions with
respect to rotational quantum numbers). This means
that the procedure of the Hamiltonian transformation
to the reduced form is ill-defined (diverging) starting
from Jg,. In this case, the matrix elements with
AK = 4, ... for Fermi resonances and AK =%3, ... for
Coriolis resonances should be included in consideration.
The values of the quantum number Jy,, starting from
which these effects manifest themselves, can be
determined from the processing of the experimental data
for a particular molecule.
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