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V I B R A T I O N A L  A N A L Y S I S  OF AB INITIO 
POTENTIAL E N E R G Y  SURFACES 

FOR N I T R Y L  F L U O R I D E *  

By 

M. SCHOENBORN and I. G. CSIZMADIA. 

DEPARTMENT OF CHEMISTRY, UN I V E RSI T Y  OF TOROblTO 
TORONTO 5, ONTARIO,  CANAD.4, 

(Reeeived 20. II. 1969) 

A series of selfoeonsistent molecular orbital (SCF-MO) calculations using the method 
of linear combination of Gaussian type functions (GTF), were performed on nitryl fluoride, 
using variable geemetry, in order to obtain an ab initio potential hypersurface. This hyper- 
surface was used to obtain harmonic foree constants for ah FG matrix calculation, from which 
he fundamental frequencies assoeiated with the normal modes were caleulated. The calcula- 
ions reported here found hypersurfaces for two different basis sets, containing 24 and 44 GTF, 
espectively. It was found that using the larger basis set, the values of the fundamental fre- 
quencies agreed very well with experimental values, even if the interaction force constants 
were scaled from the smallcr calculations using 24 GTF. 

Introduction 

To perform a single n e a r - t t a r t r e e - - F o c k  caleulation on the 32 electron 

molecule ni t ryl  fluoride (NO2F) requires a basis set of 112 uncont rac ted  

GTF [1]. On the other  hand  a single calculation using the most  recent  tech- 
nique, in which a basis set of 136 primit ive GTF is cont rac ted  to 40 basis func- 

tions [2], requires about  18 hours on the present generat ion of comput ing  

machinery.  I t  follows tha t  to s t udy  the general properties of ab initio surfaces, 
where m a n y  such calculations would be required, it is necessary to use a much 

smaller basis set so tha t  enough points  m a y  be calculated. Then,  if accurate  

results ate needed, it m a y  be possible to make  generalizations tha t  permit  the 
ealculation of more accurate  surfaces with larger basis sets, wi thout  having  

to ealeulate a prohibi t ively large number  of individual points. 
I n  this work,  uncont rae ted  basis sets [3] of 24 GTF were used for the 

prel iminary calculat ion of a complete hypersurface.  This basis set consisted 
of 3s-type and l p - t y p e  Gaussians on each a tom [abbrevia ted as: (3 s, lp)]. For  

the more accurate  calculations, cross-sections were taken  using 44 GTF (5 s, 2P). 
All energy values ate given in t t a r t ree  atomic units. The computa t ions  

were carried out  using a modified POLYATOM system [4] on an IBM-7094-I I  

computer .  

* Dedieated to Prof. P. GOMBXS on his 60th birthday. 

Acta Physica .4cademiae Scientiarurn Hu ngaricae 27, 1969 



378 M. SCHOENBORN and I. G. C$IZMADIA 

The FG matrix ealeulation 

(i) Fitting analytical function to ab initio surfaces 

I t  was found t h a t  the  na ture  of the surfaces made least squares f i t t ing of 
a general quadrat ie  potent ia l  impossible, even in regions very near the minima.  
The cross-sections of the surfaces eontained an inherent  and consistent asym- 
me t ry  in the vicini ty of the minima,  a n d a  "we igh ted"  parabola 

E ( X )  --= E o 4- a(X -- Xo)2 e -b(x-xo) (1) 

provided ah excellent f i t  to points on such cross-sections. This curve could have 
been used to provide anharmonic  corrections to the fundamenta l  frequencies, 
bu t  within the aceuracy of the present calculations, no a t t empt  was made to 
include such corrections. Changing the eoordinate system in sueh a way  
tha t  x = X - - X  o then  (1) m a y  be wri t ten as (la) 

E(x)  = E o 4- ax 2 e -bx. ( la)  

Diagonal force constants  can then be obtained directly from (la).  

i.e. 

Fx~--_ ( d2E(x) ) 

dx2 x-o 

: (2ae -£ - - 4  abxe -~x 4- ab 2 x 2 e-bX)x_o 

= 2a,  

a : 1/2 F~~. 

(2) 

(2a) 

I f  a two-dimensional  surfaee is now eonsidered, a s tudy  of interaet ion force 
constants  is possible. Ah analogous relative coordinate system is chosen for 
which x = y = 0 at  E00, the absolute min imum of the surface. 

E(x, y) : Eoo -4- 1/2 Fxx x 2 e -bx 4- 1/2 Fxy xy  + 1]2 Fyy y2 e-Ce. (3) 

I f  the  behaviour of (3) is studied near the minima,  for fixed values of y,  
the exponential  terms beeome approximately  equal to 1. Then, if sueeessive 
eross-seetions of (3) are t aken  at  y = 0 and y = �91 (3) beeomes (4) and (5) 
respeetively. 

E(x, O) = Eoo 4- 1/2 Fxx x 2, (4) 

E(x, 6y) = (E00 4- 1/2 Fyy 6y ~) 4- 1/2 F.~x x ~ 4- 1/2 F• x6y. (5) 
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Of these, it  can be seen t ha t  (5) is a parabola  with respect  to x with a min imum 
not  exac t ly  at  x = 0, bu t  r a the r  at  some non-zero value  of x, say  x ~ �91 o, 
which can be ob ta ined  graphieally,  or f rom a least squares curve fit.  

F rom geometr ical  considerat ion,  the equat ion of such a parabola  with 

mŸ at �91 0 is 

E(x ,  ~y) = E o + 1/2 Fxx x 2 - -  F~ x x~x  o . (6) 

Comparing terms in (5) and (6), and taking  the  l i m i t a s  £ --,- O, 

1/2 Fxy x~y  = - -  Fxx x~x o , (7) 

F x y = - - 2 F ~ x [  dx~ ] (7a) 
I d y ] y = o .  

Thus,  at  least in principle, the way  is open for a rigorous theoret ica l  s t u d y  of 
the  normal  modes of v ibra t ion  of a polya tomic  molecule like NO2F. This 
me thod  can be ex tended  to include anharmonic  in terac t ion  force constants  if 
the funct ional  var ia t ion  of the minima is considered, r a the r  t h an  jus t  the slope 

a t y = 0 .  

(iii) CaIculation o f  F - m a t r i x  elements ( S m a l l  Bas i s  Se t )  

I t  was found t ha t  unnormal ized  s y m m e t r y  coordinates could be used, 
so tha t  simple bond  s t re tching and bending could be represented  b y  them,  since 
the cons tan t  in t roduced  b y t h e  degree o funnormal iza t ion  wasinverse ly  account-  
ed for in the  calculat ion of G-matr ix  elements.  The s y m m e t r y  coordinates used 
are shown in Fig. 1. 

Calculations with a small basis set provided  results which were only qua- 
l i ta t ively  useful, as was expected f rom a basis set of this size. Four  surfaces 
were s tudied - -  the  three  pairwise combinat ions of the  three  A 1 s y m m e t r y  
coordinates ($1, So and $3), and the  pair  of B 1 s y m m e t r y  coordinates ($4 and 
$4). 

I t  should be no ted  t ha t  for bending modes in which the a s y m m e t r y  was 
small, parabola  fits were used, r a the r  t han  the anharmonic  potent ia l  previously 
ehosenin  Equ .  (1). The subscripts of  the  F - m a t r i x  elements refer to the sym- 
m e t r y  coordinates  def ined in Fig. 1. 

(iii) Scal ing o f  interact ion force  constants ( M e d i u m  Bas i s  Se t )  

Though  the  force constants  ob ta ined  b y  calculations using small (24 
GTF) basis sets were quan t i t a t ive ly  v e r y  poor,  it  is seen t h a t  qua l i ta t ive ly  they  
fall in the r ight  sequence.  (A tr ial  F G - m a t r i x  calculat ion using the  force con- 
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stants  f rom Table u  would give frequencies un i fo rmly  too high b y  a fac tor  
of 3, so the  force constants  are too high by  ah order  of magnitude.)  As the  basis 
set sizes for  the MO calculations were increased to 44 GTF the improvements  in 
the  diagonal  force constants  were ve ry  encouraging,  and these new force con- 
s tants  were found to remain  propor t ional  to those de termined  using the  smaller 
basis set. I r  was also found in the calculat ion with the  small basis set t h a t  even 

I 

TYPE I SYMMETRY 
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At 

COORDINATE 

NOz 
S~ = J-z (A d0+�91 symmetric 

stretch 

F -N  
Sz= AD 

stretch 

Al 
O-N-O 

I S3=-(z~~+z~~)=Z~~deformatio n I 
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FORM 

�9 - o  . . . . .  ( 
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- ~-~,,'~ 

~~-~,,r 
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E3 t I S4=-~(Z~di-Z~dz) asymmetrlc " 
I stretch 

Bi 

B2 

fluorine 
S~ = ' ( , ~ , ~ & )  wag 

o u t - o f  p l a n e  

S6= ~ deformatlon 

! 

' .~__ 
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Fig.  1. S y m m e t r y  c o o r d i n a t e s  f o r  N O 2 F  ( u n n o r m a l i z e d )  

fair ly large changes in the  in terac t ion  force constants  did not  grea t ly  affect  
predic ted  frequencies.  Thus  ir might  be assumed t h a t  the  inaccuracy  in t roduced  
using in terac t ion  force constants  scaled f rom those found with the  smallest 
basis set should be much less t han  the inaccuracy  arising f rom the  use of a 
single de te rminan t  wave funct ion cons iderablyabove  the  H a r t r e e - - F o c k  limit. 
Since using a ve ry  large basis set, calculat ion of m a n y  points on a potent ia l  
surface becomes economical ly  infeasible, ir was decided t h a t  scaled in terac t ion  
force constants  should be s tudied in some detail.  The  formula  adopted  for this 
purpose  was 

Fxv= .  FxytFxxFyyll/2,Fxx Fvy (8) 
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Table I 

E l e m e n t s  o f  t h e  G - m a t r i x *  

381 

1 
6n = - ' f  (#t (l+cos a) +/�91 

A1 type 

G,~ =/�91 cos/~ 

G22 : /�91 -~- q 

1 
G44 = - ~  (/�91 (1 - -  COS C{) -~ /�91 G45 = /�91 - - - - -  

B L t y p e  

/�91 
G 6 6 =  - 2 d 2 ~ c o s  a/2 

B t t y p e  

s in  
GI3 : - -  Hl d 

sin fl 
G~3 : 2#1  d 

2 
6.~, = -~- (/�91 (1 -- cos ~) +/�91 

sin fl (D cos fl --  d) 
Dd 

( D  cos/~ -- d) )2 /�91 P3 
Gas = #t - - D d  + ~ + 2 d ~ 

_ + . ~ ~ . . + ~ ~ .  ( D + d c o s ~ ) ,  
D 2 d z co s  2 0t/2-- 

* The numbering f,~r thereciprocal masses,/~i, is as follows: 1 : N, 2 : F, 3 : O. All other 
yrabols are defined in Fig. 1. 

where the  p r ime  represents  the  new set of  force cons tan t s  associated wi th  the  
larger  basis set.  I r  only  the  diagonal  e lements  of  the  F m a t r i x  (i.e. F~x, F~y, etc. 
were c o m p u t e d  in an a priori m a n n e r  wi th  the  large basis set (44 GTF)  then  
the  in te rac t ion  force cons tan t  for the  basis set,  F~y, is to be scaled. Since the  
coordinates  x and  y user in this descr ip t ion a te  mere ly  one of the  s y m m e t r y  
coordinates  Si(i = 1, �9 �9  6), the  force cons tan t s  ate  hencefor th  specified using 
the  subscr ipts  of  the  re levan t  s y m m e t r y  coordinates .  (8) can conven ien t ly  be  
wri t ten as (8a). 

FŸ = Fq { FŸ161 FŸ I1/2 , 
EJ FZ (8a) 

A compar i son  of resuhs  using scaled and  c o m p u t e d  in te rac / ion  force 
cons tan ts  for the  larger  basis set  is included in the  repor ted  frequencies and  
force cons tants .  

(iv) The FG matrix formalista 

Once the  numer ica l  values for the  e lements  of  the  F - m a t r i x  are known  
the  e lements  of  the  G-mat r ix  have  to be  calculated.  These a te  given in Tab le  I ,  
using the  labels f rom 1 to 6 of  the  unnormal i zed  s y m m e t r y  coordinates  
(Si,. �9 �9  $6) f romFig .1 .  Due to  s y m m e t r y ,  t h e 6  X 6 m a t r i x  was b locked to a 3 X 3 
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(Al), a 2 •  (B1) a n d a  1X 1 (B2), block. The fundamenta l  frequencies, vi, 
ean be obtained using WILSO~'S method [5], by  solving the secular equation 

IFG - 2[ = 0 ,  (9) 

which is normally  done by  diagonalization of the  FG matr ix  product .  The solu- 
tions, 2i, of (9) are related to the vi by  the equat ion 

i . e .  

2 i -~ 4n 2 c 2 v 2 , (10) 

r i = .  (2;)1/---~2 (11) 
2Ÿ 

Equ.  (11), however, obtains 2i from an F G  matr ix  in c.g.s, units.  
I f  2i is obtained using the usual  units for such caleulations, viz., masses in 
a.m.u.,  lengths in angstroms, angles in radians,  s tretching force constants  in 
mdyne/A,  bending force constants  in mdyne  A/rad. 2 and stretch-bend interac- 
tions in mdyne/rad. ,  then  (11) becomes 

~'i = 1,302.9 V~"  (1la) 

Results and discussion 

The calculations which used only 24 GTF gave energies of the  order of 
- -284 hartrees,  or only abou t90% ofthe H a r t r e e - F o c k l i m i t . P r e v i o u s  calcul- 
ations [6] have also indicated t h a t  the force constants  found with the minimal  
basis sets have been ra ther  inconsistent with those computed with more func- 
tions. The calculations using 44 GTF gave considerably bet ter  energies, about  
99% of the Har t r ee - -Fock l imi t ,  and the forceconstants  were expectedto  be 
much better .  The energies for the various cross-sections calculated using 44 
GTF, are given in Tables I I  to VI. The set of A 1 cross-sections at  the experimen- 
tal  conformation was used together  with interact ion foree constants  scaled 
from the  minimum basis set using (8a), while the second set of A 1 cross-sec- 
tions was taken  at  the absolute mŸ of the  hypersurface,  and was used 
to calculate interact ion force constants.  The B 1 cross-sections were used with 
a scaled interact ion constant  only. 

The diagonal force constants  given in Table VI I  are in good general agree- 
ment  with experimental  values, except t h a t  the value of the F N  stretching 
cons tant  (F22) is considerably higher. This result  could arise f rom the way in 
which fluorine is represented in the present molecular orbital calculations of 
from the method  by  which experimental  force constants  are found. Since the 
determinat ion of experimental  force constants is made by  reconstruct ing the 
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Table II  
Energ ie s  for  N - O  s y m m e t r i c  

experimental 
rNO (~) configurat ion* 

1.13 - -300 .16445  

1.18 - -300 .23121  

1.23 - -300.27335 

1.28 - -300 .29566  

1.21 - -300 .30113  

1.33 - -300 .30211  

1.36 - -300 .29953  

1.39 

b o n d  s t r e t c h i n g  ($1) 

rNl~ = 1.413~., 
<~ ONO = 132 ~ 

m 

- -300 .28293  

- -300 .30310  

- -300 .30784  

- -300 .30467  

- -300 .29780  

* T a k e n  t o  be  [7]: rN~ ~ 1 .35A,  O N O  = 125 o, a p a r t  f r o m  rNO w h i c h  is 
b u t  w h i c h  a t  e q u i l i b r i u m  is 1.23A. 

Tab le  I l I  
Energ ie s  for  N - - F  b o n d  s t r e t c h i n g  ($2) 

exper imenta l  rNO ~ 1.33 ~ ,  
rNp ('~) conformat ion  <~ ONO = 132 ~ 

1.25 

1.30 

1.333 

1.35 

1.373 

1.40 

1.413 

1.443 

1.45 

1.473 

- -300 .24245  

- -300.26201 

- -300 .27335  

- -300 .27793  

- -300 .27725  

I 

- -300 .29926  

- -300 .30448  

- -300 .30586  

--3OO.3O484 

- -300 .30230  

v a r i e d  here  

* F i r s t  s e x p o n e n t  on n i t r ogen  t a k e n  as 0.42 i n s t e a d  o f  0.425 r e su l t s  in  s l igh t  ene rgy  
d i s c r epancy .  

Table IV 
Energ ies  for  O N O  b e n d i n g  (S.~) 

e x p e r i m e n t a  
c o n f ~ u r a t i o n  

- -300 .26667  

- -300 .27335  

- -300 .27526  

- -300 .27459  

ONO 

120 ~ 

125 o 

127 ~ 

130 ~ 

132 ~ 

135 o 

137 ~ 

r N o ~  1.33 ~ ,  
rNp = 1.413 

- -300 .30727  

- -300 .30784  

--30O.3O566 
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Table V 

Cross-sections of B 1 surface* 

SJS, 0 • �9 +0.1o & 

0 o 

~:5 ~ 

~10 o 

--300.30701 
--300.30472 
--300.29815 

--300.30180 --300.28893 

* ~ ONO = 132 o, rNF = 1.418 Zk, rNOl + rNO2 - -  1.329 A 
2 

F G  matrix  from the observed frequencies (and hence the known eigenvalues),  
some suitable way  of est imating the signs and magnitudes  of the off-diagonal 
force constants  must  be determine& Although it is possible then to reconstruct 

the observed frequencies, ir these off-diagonal force constants are substantial ly  
inaccurate,  the numerical value of  the resulting diagonal force constants  will 
also be greatly changed. 

W 

~K 

I 

(D 

Z 
W 

_J 

0 

-300"26 

-30C~2E 

E x p e r i m e n t a l  

Conf igurat ion  

.Ÿ 
0" 125~ : '0 

1.418 s 

I'2 I '3 I'4 

INTERATOMIC DISTANCE (.�91 

Fig. 2. Parabola fit to S 1 and S~ potential curves 
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Table VI 

Total energy for out-of-plane bending (Ss) 

S 6 t o t a l  energy  

0 o 

•  ~ 
-4-10 ~ 

-}-20 ~ 

~ 3 0  ~ 

--300.27289 

--300.27213 

--300.27059 

--300.26488 

--300.25491 

For example,  the off-diagonal force constant for the interaction between 
the asymmetric stretch ($4) and the asymmetric bend ($5) , was taken [8] 
to be + 1 . 2 4  mdyne/rad.,  giving as the diagonal stretching and bending con- 
stants 21.9 m d y n e / ~  and 2.81 mdyne _~/rad. 2, respectively. This result is rather 
unusual in the sense that normally, a lower force constant is expected for an 
asymmetric stretching mode than for the corresponding symmetric one. The 

- 3 0 0 . 2 6 .  = 

I.LI 
QŸ 

I 

(.9 
QŸ -300"27C 
LLI 
Z 
LLI 

.--I 
<~ 
I-- 
<D 
I-- 

-300"275 

I I I I 

. ff _ 

o~o 
o 

t 31 .2  ~ 

I I I I 
1 2 0 "  125"  130  ~ 135  ~ 

O - N - O  ANG/E 

Fig. 3. Potential  curve for variation of S 3 
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T a b l e  V i l  
Force constants for nitryl  fluoride* 

F~j 

F u 

~2 
F13 
F 2 2  

F2a 

F= 
F44  

F 4 5  

F55 

F~6 

24 GTF 
calculated 

81.69 

3.61 

1.94 

27.25 

--2.38 

3.60 

78.12 

--5.41 

5.366 

44 GTF 
scaled 

22.26 

1 .05  

0.572 

8.478 

--0.75 

1.149 

15.432 

--1.649 

2.524 

(O.859) 

44 GTF 
calculated 

22.26 

1.6 

1.0 

8.478 

--0.73 

1.149 

reported [81"* reported [91"* 

18.8 

1.49 

--1.57 

4.57 

--0.583 

1.36 

21.9 

+1.24 

2.82 

25.5 

0.0 

1.82 

2.66 

--0.808 

2.235 

19.36 

0.0 

2.63 

0.501 

* Units are mdyne/A for stretch, mdyne A/rad. 2 for bend and mdyne/rad for stretch- 
bend interaetion. Subscripts refer to the symmetry  coordinates given in Fig. 1. 

** Values r from va]ence force constants with appropriate charges of norma/i- 
zation for the symmetry coordinates used (Fig. 1). 
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Table VIII 

Ca]eulated fundamental frequencies ( cm-0  for nitryl fluoride 

scaled calculated reported [I0] reported [9] 

v I (Al) 1480 

v t (Al) 1030 

v 3 (Al) 510 

v 4 (BI) 1740 

v 5 (Bx) 465 

~e (Bt) (880) 

1415 

1060 

510 

1312 

822 

460 

1793 

570 

742 

1310 

822 

568 

1792 

560 

742 

Table IX 

Summary of normal coordinate analysis* 

N 

F 

01 

O~ 

QI 

~k 1.2889 

v k 1480 

"Ax 1 0.0 

Ay  1 --0.2097 

Az 1 0.0 

A x  2 0.0 

A y  2 0.0847 

Az~ 0.0 

"Ax.~ 0.0777 

A y  3 0.0415 

Az 3 0.0 

"Ax 4 --0.0777 

Ay~ 0.0415 

Az t 0.0 

(?, 

0.6300 

1030 

0.0 

--0.0514 

0.0 

0.0 

0.1420 

0.0 

--O.1195 

--0.0619 

0.0 

0.1195 

--0.0619 

0.0 

Q, 

0.1549 

51O 

0.0 

0.0972 

0.0 

0.0 

0.0995 

0.0 

0.1045 

--0.1016 

0.0 

--0.1045 

--0.1016 

0.0 

Q, QJ 

1.7869 0.1271 

1740 465 

--0.2293 --0.0569 

0.0 0.0 

0.0 0.0 

0.0238 0.1392 

0.0 0.0 

0.0 0.0 

0.0862 --0.0578 

0.0220 --0.1224 

0.0 0.0 

0.0862 --0.0578 

--0.0220 0.1224 

0.0 0.0 

* In this notation, the relative values of the cartesian displacement coordinates are 
given in such a way that the moleeule is lying in the xy  plane, with N at the origin and F on 
the pasitive x-axis. 

c a l c u l a t e d  surface  sugges ts  t h a t  th is  i n t e r a c t i o n  force c o n s t a n t  is a c t u a l l y  

n e g a t i v e ,  and  i f  t he  c a l c u l a t i o n s  are r e p e a t e d  a s s u m i n g  - - 1 . 2 4  m d y n e / r a d ,  for 

t h i s  c o n s t a n t ,  ir is f o u n d  t h a t  g r ea t l y  c h a n g e d  v a l u e s  of the  d i a g o n a l  force 

c o n s t a n t s  (see T a b l e  V I I ) ,  are  o b t a i n e d ;  viz.  F44 = 16.5 m d y n e  X a n d  Fs5 = 

= 3.58 m d y n e  A/ rad .  2. I t  m i g h t  be  a s s u m e d  t h a t  s imi la r  changes  w o u l d  occur  

if  t h e  s y m m e t r i c  s t r e t c h - b e n d  i n t e r a c t i o n  c o n s t a n t  (F13) h a d  b e e n  t a k e n  [8] 

as pos i t i ve  i n s t e a d  of n e g a t i v e .  
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Fig. 7. Normal coordinates for NO2F 

A computer program was used to calculate numeric values of G-matrix 
elements and the FG matrix. The FG matrix was diagonalized, yielding the 
eigenvalues and eigenvectors. The results of this calculation ate given in 
Tables VII I  and IX and shown in Fig 7. 

C o n c l u s i o n  

I t  can be seen that  although theoretical surfaces using the smallest basis 
sets give force constants which ate too high by ah order of magnitude, surfaces 
found even with the next larger basis set provide a very reasonable quantita- 
t ire estimate of force constants and fundamental frequencies. In particular, 
the calculated interaction force constants could be used together with experi- 
mental frequencies and FG calculations to give a more unique set of experimen- 
tal force constants, while the theoretically predicted frequencies might occa- 
sionally be helpful in clarifying assignments of the fundamental  frequencies. 
I t  is hoped tha t  further calculations using larger basis sets would give even 
more aceurate predictions. 
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BHBPAUHOHHblI~I  A H A J I H 3  HOBEPXHOCTEI~I  AB INITIO 
HOTEHI~HAYlbHOI~I 3 H E P F H H  ~YI~  H H T P H Y I O ~ Y W O P H ~ A  

M. tLI3HBOPH rt H. F'. LIH3MA,IXH~ 

P e 3 l o M e  

FlpoBe~eHa cepH~ fl~qHcJ1eHHfi caM0c0r~ac0BaHH~X M0aeKyanp~Hx 0p‰ (SCF--MO) 
~J1~ HHTpH~0qbJ1y0pH~a, npHMeHfl~l MeT0~ JIHHe~H0,~ KOM‰ (l)yHKI~I4fi THrla Faycca 
(GTF). ~a f l  noayqeHu~ rHnepnoaepxHocTH ab initio noTeultnaaa npHMeH~eTC~ BapbHpyeMa~ 
Fe0MeTpH~I. ,J~aHHafl FHHepn0BepXH0CTb HCl]0JH,30BaHa ~J]fl r]0~yqeHHfl FapMOHHqeCKHX CH~0- 
BbIX KOHCTaHT ~.rIH F ~  MaTpHqHOF0 BblqHCJIeHH~~ H3 KOT0p0F0 onpeAea~mTC~ 0CHOBHble qac- 
TOTbI~ CB~13flHHble C H0pMfl.rlbHbIMH qaCTOTflMH. I-Ipe~cTaBJ~eHnb~e B ~aHHOH p a l o t e  BblqHc2IeHH~ 
pe3yJ1bTHpyIoT rHnepnoBepxHocTH ~Jl~ ~Byx pa3J]HqHblX £215 ceTefi, co~epx<amux 24 
H 44 GTF C00TBeTCTBeHH0. Haª  qT0 IIpHMeHflH mHp0Kylo 6a3HcHyiO CeTb, 3HaqeHHH 0CHOB- 
HblX qaCTOT 0qeHh x0p0III0 c0rJmcytoTcfl C 3KcrlepHMeHTa.rlbHbIMH ~aHHbIMH~ ~,a>Ke B T0M C.rly - 
qae, ecJ~H CHJ~0~I~e KOHCTaHTbl B3r onpe~eneHM npHeMOM, HCHOJIb3yl0IMHM 24 GTF. 
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