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INTRODUCTION 

BRIGHTNESS, hue and saturation of stimuli strongly depend on the way in which they ire 
presented in time. BR~CKE (1864) was the first to discover that the brightness of an illumin- 
ated rotating disk changes when the flicker frequency is varied. After him Bartley and his 
collaborators have quantified these phenomena by means of numerous experiments. 

In addition to these psychophysical experiments VARJ~~ (1964) has recently studied 
this effect by means of the pupillary response. 

The work done with black and white disks was called “Briicke-effect”. BARTLEY (1961) 
differentiated this Briicke-effect from the “Bartley~ff~t” of brightness enhancement 
obtained with episcoisters. Both effects involve bri~tness increases with respect to that 
produced by steady stimulation. We therefore indicate both effects with the term “Brticke- 
Bartley-effect”. 

According to BALL (1964), BALL and BARTLEY (1966) the brightness enhancement is criti- 
cally dependent upon the spectral composition. They found the greatest enhancements at 
wavelengths around 500 nm, only at high illuminances. Much more attention has been 
given to the effects of stimulus wavelength on the BROCA-SULZER (1903) phenomenon 
(stimulating with single flashes instead of intermittent light). It has been considered that 
the latter and the Brticke-Bartley effect are probably particular manifestations of the 
same phenomenon. 

Recently SHEPPARD (1968) has presented a general survey of both effects. The main 
conclusions con~rning the Broca-Sulzer phenomenon, though conflicting, are: 

The greatest enhancement depends upon the spectral composition, with the maxims in blue Iight (BROCA- 
SULZER, 1903); the rate of flicker for reaching the maximum Ievef is greater for red light than for green light, 
which in turn is greater than that for biue (P&RON, 1929). On the other hand STAINTON (1928) gives evidence 
that the relative maximum apparent luminosity, as well as the rise times, are independent of wavetength. WASSER- 
MAN (1966a) concludes a maximum enhancement for wavelengths that are perceived as the unique hues. 

Stimulating with coloured flickering light causes a hue shift too. Ball and Bartley have 
reported that beyond 500 nm the hue is shifting towards an invariant point at 570 nm. These 
qualitative estimates are also given by VERINGA (1961). Besides a hue shift a change in 
saturation will occur too. For this happens when one stimulates with red coloured light 
and with a waveband around 500 nm. 

First and foremost we were interested in the effect of brightness and its interaction with 
the apparent hue of the inte~ittent light. For this reason we looked for a quantitative 
description and inte~retation of the measured hue shift. Secondly we studied the Br&ke- 
Bartley effect by varying the stimulus diameter from 3 deg to 5 min of arc. 
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APPARATUS AND PROCEDURE 

The appearance of the actual stimuli is shown in Fig. 1: The upper one always served as the reference light and 
the lower one as the flickering test light. In the middle was a fixation point, which was illuminated by the reference 
light source. Its diameter was 24 min of arc. 

FIG. 1. Appearance of the stimuli to the subject. 

The maximum visual angle of the stimuli was 10.6”. The stimuli were seen in Maxwellian view. An artificial 
pupil of 1 mm dia. was used. The reference light had a fixed luminance and wavelength. The luminance level of 
the flickering light was controlled by varying the current through the tungsten ribbon-filament lamps. The light- 
dark ratio was always 1 : 1. The wavelength of the test light was varied by a monochromator. The latter was 
calibrated with the lines in the mercury, helium and cadmium spectrum. For all these lines the wavelength error 
was less than 1 nm. The wavelength of the reference light was selected by interference filters (bandwidth 11 nm). 

The relatively great distance between the two stimuli decreased the chance that mutual in~bition wouid take 
place between test and reference light. Moreover, it diminished the influence of stray-light during the dark phase 
of the flickering cycle. 

The observer adapted his eye by viewing the stimuli for about half a minute before the experiment started. 
The observer’s task was to match the reference light by manipulating properly either the luminance or the wave- 
length of the test light. No limit was set to the duration of the observation, the observer looking continuously 
at the stimuli while making a match. After having made one match he recorded the readings. The matches were 
made by the method of adjustment and at least five matches were carried out for each experimental condition, 

Our procedure was as follows: the observer varied the experimental parameters in a systematic order. Thus, 
we chose a wavelength, illumination or target size, and matches were made beginning from the lowest flicker 
frequency until the highest frequency was reached. Next the wavelength, illumination or target size was varied 
and the same procedure was repeated. We measured the brightness enhancement at different wavelengths and 
target sizes (part a and d), by varying the luminance of the test light, the wavelength of the test and reference 
light patch being the same. The hue shift was measured (part b) by varying the wavelength difference. The lumin- 
antes were now the same. 

EXPERIMENTAL RESULTS 

a. Brightness enhancement at diflerent wavelengths 
The increase in brightness of the intermittent test light was measured at four luminance 

levels. This iuminance range extended from 4800-M trolands. We performed this series of 
measurements at three wavelengths, 476 nm, 510 nm and 575 nm, for we knew that at 
these wavelengths the Bezold-Bri.icke hue shift is minimal or zero. The brightness enhance- 
ment of the flickering light is now reflected in a reduction of the luminance of this light 
patch to make a match. The reciprocal of this reduction factor is called “brightness gain”. 
The results for observer H are plotted in Figs. 2-4. In all three graphs we see the same 
tendencies. There is no essential difference between the three colours used. When the 
luminance of the stimulus is increased the brightness enhan~ment and the frequency at 
which the maximal e~ancement occurs, increase too. This confirms the results of RARELO 

and GRUSSER (1961) and WYMAN (1966b). STEVENS (1966), interpreting the results of 
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FIG. 2. Brightness enhancement dependent on retinal illuminance at h=476 nm e 4800 
troland; --@---* 480 td; --A-++ 48 td; b 4,8 td. Obs H. 
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--* Flicker frequency (Hz) 

FIG. 3. Brightness enhancement dependent on retinal illuminance at h=510 nm -Q--Q- 4800 
troiand; --se 480 td; --&-A- 48 td; -Cc- 4,8 td. Obs H. 
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FIG. 4. Brightness enhancement dependent on retinal iliuminance at A=575 nm -_O+ 4800 
troland; --c-c- 480 td; -&--A- 48 td; -cc- 4,8 td. Obs H. 
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RAAB et al. (1962) and AIBA and STEVENS (1964) have shown the same relationship in the 
Broca-Sulzer effect. 

In addition to the above mentioned wavelength series of 476,510 and 575 nm, observer 
M carried out some experiments at h =~ 491, 560, 598 and 625 nm. The retinal iiluminancc 
was 4800 troland. The Bezold-Brticke effect was not significantly different for the wave- 
lengths used. The average curve for observer M is drawn in Fig. 5. The standard deviation 

06 -_____ I.._IiII i..LL.i..-J .._. _L- 

I 10 

-c Fltcker frequency (HZ! 

FIG. 5. Brightness enhancement at 4800 troland for different wavelengths 0 625 nm; U 598 nm; 
A575nm; +560nm: ji510nm;~491nm:V476nm. ObsM. 

of these data is in the order of 10 per cent. This means that the spectral composition has 
virtually no effect upon the Brticke-Bartley phenomenon. To cite Stainton: “The rise of 
visual sensation is primarily a function of intensity and not of wavelength”. This is therefore 
in contradiction with the findings of Ball, Bartley, Broca-Sulzer, Pieron and Wasserman, as 
discussed in the introduction. 

Besides an increase in brightness of the intermittent light patch, there is a very distinct 
hue shift and change of saturation too. We determined the hue shift quantitatively as a 
function of the flicker frequency, at seven wavelengths. It was not possible, however, to 
obtain a reliable result with the blue test light at 476 nm. This is probably due to a strong 
desaturation. The other data are plotted in Fig. 6. The results, together with the standard 
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FIG. 6. The hue shift as a function of flicker frequency for several wavelengths. Retinal illuminance 
4800 td. Obs M. 
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deviations, are also presented in Table 1. Except for h := 5 10 nm and partly for h = 560 nm 
these facts reveal a hue shift towards yellowish green. 

TABLE 1. HUE SHIFT(IN nm) As A FUNCTION OF THE FLICKER FREQUENCY. 
STANDARD DEVIATIONS IN PARENTHESES. DATA AREFOROBSERVER M 

Freq. 

(Hz) 625nm 598nm 

Wavelength 

575nm 560nm 530nm 510nm 

0 0 
1.1 
2.1 - Y.1 (1.3) 
3.2 - 9.0(1.6) 
4.2 - 10.2 (1.8) 
5.8 - 14.1 (2.2) 
7.3 - 16.0 (2.6) 
8.0 - 16.0 (2.8) 
8.7 - 17.0 (2.7) 

10.7 - 17.0 (2.7) 
13.0 - 18.0 (2.9) 
17.0 - 18.0 (2.8) 
23.0 - 15.0 (2.4) 
29.0 12.0 (2.1) 
35.0 - 7.2(1.3) 

0 
0 

~ 1.5 (0.4) 
- 2.5 (0.4) 
- 3.7 (0.5) 
- 5.0 (0.7) 
~ 7.5 (1.0) 
~ 8.5 (1.1) 
- 8.5 (1.1) 
-11.0(1.4) 
~ 12.5 (1.6) 
- 10.5 (1.3) 
~ 8.5 (1.1) 
-- 7.0 (0.9) 
~ 5.0(0.7) 

0 
0 
0.0 (0.2) 

Oi(O.4) 
- 0.8 (0.2) 
- 1.5 (0.3) 
- 1.5 (0.3) 
~ 2.0 (0.3) 
- 2.5 (0.4) 
~ 3.0 (0.4) 
~ 3.0 (0.4) 
~ 2.3 (0.3) 
- 1.5 (0.3) 
~ 1.5 (0.3) 

0 
0 

-11.3 (0.2) 
-10.9 (0.2) 
-11.2 (0.2) 
-0.6 (0.2) 

0.0 (0.2) 
0.0 (0.1) 
0.6 (0.2) 

--0,6 (0.2) 
1.3 (0.2) 

-~ 1.3 (0.2) 
0.9 (0.2) 
0.6 (0.2) 
0.4 (0 I ) 

0 
+ 0.5 (0.2) 
+ 0.5 (1.1) 

+ l.O(O.3) 
+ 1.3 (0.8) 
+ 1.7 (0.4) 

+ li(O.3) 
+ 0.5 (0.4) 

+ 0.5 (0.3) 
0 
0 
0 

0 
0 

~ 0.3 (0.1) 

- O-5(0.2) 
~ 1.0 (0.3) 
- 2.0 (0.4) 

~ 3G(O.3) 
- 3.3 (0.4) 
~ 3.5 (0.5) 
- 3.3 (0.4) 
~ 2.5 (O-4) 
~~ 1.5 (0.4) 
~~ 0.5 (0.3) 

The first explanation one is thinking of is of course the Bezold-Brticke effect. This effect 
is known as the change in hue when the luminance of a steady light patch is varied. Looking 
at an intermittent light source we observe a variation of brightness-although the physical 
energy distribution remains the same. The question arises also whether the Bezold-Brticke 
effect can give a quantitative explanation of the Brticke-Bartley hue shift or not. To test this 
assumption some data are needed about the Bezold-Brticke hue shift, measured in the 
same experimental setup. We therefore removed the rotating disk and increased the 
luminance of the test light up to six times that of the reference light patch. At a fixed 
luminance difference we changed the wavelength of the monochromator until the hues of 
both stimuli matched. 

The measurements were repeated for seven other reference wavelengths. The negative 
values of the measured hue shifts are plotted in Fig. 7. Thus a positive change of hue in 
this plot means that the hue of the test light is shifting towards longer wavelengths, when the 
luminance of this light patch is increased. No hue shift was observed at 575 nm, 491 nm and 
476 nm. In Fig. 8 the Bezold-Brticke shift is drawn for an increase in luminance by a factor 
four. This function shows features that are common to previous measurements of this 
effect : PURDY (193 l), BOYNTON and GORDON (1965), LURIA (1967), JACOBS and WASCHER 
(1967), VAN DER WILDT and BOLJMAN (1968). No shift was recorded in our measurements 
in the blue part of the spectrum. 

Comparing Figs. 6 and 7 we see that the Bezold-Brticke effect alone cannot give a 
quantitative explanation of the observed hue shift at intermittent light stimulation. 
There seems to be an extra hue shift towards shorter wavelengths. This is clearly demon- 
strated at h = 575 nm. This is an invariant point for the Bezold-Brticke shift. But because of 
the brightness enhancement of the flickering light, it is now shifting towards green. The hue 
shift at 598 nm and 625 nm is also much greater than one could expect on a basis of the 
measured Bezold-Bri.icke effect. 
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'62Snm 

FIG. 7. The hue shift according to the Bezold-Briicke effect for several wavelengths. Obs M 

470 500 550 600 

_j Wave length ( nm) 

FIG. 8. Bezold-Briicke hue shift. Luminance of the test light patch four times that of the reference 
light patch. Obs M. 

c. Speculations about the hue shift 
As discussed before we distinguish two effects (a) the Bezold-Brticke phenomenon (b) 

an extra hue shift towards shorter wavelengths, depending on the flicker-frequency. 
WALRAVEN and LEEBEEK (1964) have shown a basic phase shift between the red and 

green colour systems. They found differences in latencies of about 30 msec. We suggest 
that the extra hue shift is possibly due to these phase shifts. 

We restrict our speculative calculation to the red (R)-green (C) colour system, assuming that the ratio 
R:G, in which R and G are the quanta inputs in the red and green receptor systems, is unique to the apparent 
colour sensation. For sinusoidally modulated light the input in both systems is therefore: 

R ~~ Ro (sin (wf cp,) 1 I) 
G Go (sin (at / cp,) I) 

The apparent hue, averaged over one cycle, is governed by the chromattc response: 
R Ro I 271 sin(ot s-9,) 1~ I Ro 
-~ _-_ -__-~.-~ d(d) ~: -~- cos(cp, ‘p2) 

G Go 2rr ,, sin@ i (p2) 1 GO 
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Since ~0s cp .C 1, this means that at increasing phase difference between the red and green colour systems the 
ratio a/G is decreasing. This implies a hue shift towards green! 

In a theoretical analysis of the Bezoid-Briicke effect, WALRAVEN (1961, 1962) described this effect on a basis 
of saturation differences in the stimulus-response relation for each of the receptor systems. SO the ratio R/G, 
when not equal to one, tends with increasing intensity to change towards one. Red and green change thus towards 
yeiiow if the latter is produced by equal stimulation of the red and green system. We may describe the Bezold- 
Briicke effect therefore as: 

R f&O . R, 
-: ~, wberef3(I) is the increase in R,, at the intensity I, for a fixed luminance increment AI. Suppose 
G .&(O . Go 

we are dealing with a red-coloured stimulus, i.e. R,, > G,. Increasing the luminance of this stimulus the response 
of the red channel (f$) will be saturated much faster than that of the output of the green channel (6,). This 
means that f,(l) < f,(l), so that for a fixed luminance increment the increase in the response of the red 
system is less than the-increase in the green system. The functionsf,(l) and&(0 describe this saturation effect for 
the red and green coiour channels respectively. At a fixed wavelength LO only the ratio of these functions~~(~ 
andyi is important. We may write therefore: 

R 
; = f,vl $ 

Proceeding from the average brightness enhancement as a f&tion of flicker frequency (Fig. 5), we constructed 
the hue shift according to the Bezold-Briicke effect by means of Fig. 7. At a reference wavelength & and a fixed 
frequency v this calculated hue shift may be Aho. With PITT’S (1944) sensitivity curves, as revised by WALRAVEN 
and BOUMAN (1966), we transformed these wavelengths into the units of R and G. Thus h,+ (R,, Go) and 
Ah,+ (AR,, AGO). Next we calculated the value off&Z) from the relation: 

R G, R,i-AR, G, 
,j#+--.-_=-------.- 

G R, G,+AG, R, 
We made these calculations for all frequencies used (at a fixed wavelength h& This yields finally an empirical 
relation between&(l) and the frequency. 

In addition to the Bezold-Briicke effect we assumed an extra hue shift owing to the phase shit? in the red 
and green coiour channels. This may be written in the analytical form: 

~=~(~.~cos(~~-~~). 

The hue shift for the total Briicke-Bartiey effect is piottez in Fig. 6. We transform the hue shift dh, (using the same 
reference wavelength h,) into (dR,, dG,). 
This procedure was repeated for every frequency. The phaseshift Acp as a function of the frequency may be 
calculated from the following expression : 

RG, 
cos(Aq,)_=-w--l-w..__-._._ 

R,+dR,G, 1 

G R,.,fM Go+dGc R,_fX4 

In the case that the Bezold-Briicke hue shift is as great as the Briicke-Bartley shift, i.e. (AR,, AGJ=(dR,,, dG& 
the phase difference Acp is zero. Ail these calculations were repeated for three other wavelengths. 

Our hypothesis now enables us to obtain the curves drawn in Fig. 9. Since there is no 
contribution of the blue cone system to colour vision in this part of the spectrum, the 
phase shift should be the same for each wavelength. This is obviously not the case though 
all curves have the same tendency. But as we remarked already there is still another 
difficulty. Besides the change in hue there is a change in saturation too. According to 
NEWHALL et aE. (1943), the hue in the red end of the spectrum is shifting towards longer 
wavelengths when the saturation degree is decreased. Desaturation caused no hue shift in 
the yellow, including 560 nm and 575 nm. We observed a certain amount of desaturation 
at the Briicke-Bartley effect. This implies that correction for the change in saturation 
will decrease the total hue shift for the red colours (598 nm and 625 nm). It will therefore 
decrease the phase-shift for both colours too. We may expect also that the “saturation 
correction” curves for 625 nm and 598 nm from Fig. 9 will come closer to the yellow 
curves, and because of this our speculation may become more reliable. 

Finally a remark about the Iatency time differences in both colour systems. As follows 
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598 nm 

0 5 10 15 20 25 30 

---w Flicker trequency (Hz) 

FIG. 9. Phase shift between the red and green colour signals as a function of frequency for four 
wavelengths. 

from Fig. 9, the mean slope of the four curves between zero and 7 HZ is 69 per sec. 
That means a difference in latencies of 17 msec. This value is of the same magnitude as 
Walraven and Leebeek have found. 

d. Target size 

We made some measurements in which the dia. of the steady light patch remained 3: 
and the dia. of the flickering test light was decreased from 34,‘ down to 5’. The distance 
between the centers of the two stimuli remained 7.35’ . The fixation point (24 min of arc) 
was opaqued now. The wavelength of the stimulus was 575 nm. The results are presented 
in Fig. 10. As RABELO and GR~~SSER (1961) have shown, a decrease of the test field caused 

not only a decrease in the brightness enhancement but also in the flicker frequency where 
the Brticke-Bartley effect is maximal. For dia. sizes of 24’ and smaller, there is no change 
in this particular flicker frequency. It seems that the whole curve, including the Talbot 
plateau, is shifted upwards. We assume that this typical character is due to some contrast 
effect. Lateral inhibition may be responsible for this. 

VON B&&Y (1960) proposed a simple model of lateral inhibition by means of a “neural 
unit”. Applying his unit, which is one-dimensional in space, to our case we expect that the 
brightness of the little test spot is increasing when the radius of the test field decreases 
below the width of the refractive area of this neural unit. When the radius $khe light patch 
is approaching zero the brightness gain will be, according to this model, ~. This ratio 
S/R is the sensation area divided by the inhibition area. 

SIR-- 1 

We shall illustrate this by means of Fig. 11. The data plotted in this figure are taken from 
a vertical cross section in Fig. 10, at 0 Hz (with the addition of some measurements at 10. 
19, 28 and 41 min of arc). The crosses drawn in this figure are from similar measurements 
at h =:: 476 nm. The solid line is the best fit for the theoretical curve based on von BCkCsy’s 
model. This brightness of the test light is increasing below a visual angle of 26’. The width 
of the refractive area is therefore 15 x 26’ = 13’. The brightness gain for an infinitesimal 
small light patch would be 2-35. This means that the ratio S/R appears to be 1.74. These 
values are in agreement with the finding of von Bekesy. 

W~~IMER (1967) measured the increment threshold for small brief stimuli. He too 
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- Flicker frequency (Hz) 

FIG. IO. Brightness enhancement dependent on the target size. Retinal illuminance 4800 td. Obs H. 

FIG. Il. Brightness enhan~ment under steady conditions (0 Hz flicker) as a function of the target 
size. The solid line is drawn according to the prediction of von B&k&y’s neural unit model. Width 

of the refractive area& 13, S/R= f,74. 

shows an increase in the threshold as the diameter of the illtlmmated patch is decreased 
down to 5 min of arc. But he argues that this threshold raising effect is not due to the 
“border effect” of the light patch. His conclusion differs from the quantitative agreement 
of our data with the theory of von B&k&y. As was to be expected the increment threshold 
will drop after he decreased the dia. below 5 to 2.5’. Although we did not measure this 
we may also expect that the brightness gain will drop somewhere below 5 min of arc, 
owing to the diffraction and scattering of light. 
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Abstract-The brightness enhancement of flickering light was measured as a function of illuminance, 
wavelength and target size. Data obtained with stimuli of seven different wavelengths show that 
the spectral composition has virtually no effect upon this Briicke-Bartley effect. When the illumin- 
ante was decreased the frequency at which the enhancement was found to be maximal, decreased 
too. In addition to the brightness gain the apparent hue shift was determined too. This shift might 
be explained by the Bezold-Briicke phenomenon and a possible phase shift between the different 
colour signals. Von Btktsy’s model of a neural unit accounts for some of the details when the 
target size is decreased below 30 min of arc. 

R&&+-La luminositi: apparente d’une lumibre papillotante est mesurk en fonction de la 
luminance, la longueur d’onde et la dimension du test. Les donn6es obtenues aver sept longueurs 
d’onde diffi?rentes indiquent que la composition spectrale n’a pas d’effet sur le phdnomkne de Briicke- 
Bartley. Quand on diminue la luminance, la frbuence, prh de laquelle la luminositt est maximale, 
diminue aussi. En dehors de la luminosit& le changement de couleur &ait mesun? aussi. Ce changement 
est expliquk parle phhomtne de Bezold-Briicke et un changement eventuel de phase entre les 
signaux color&s diffkrents. L’inhibition lattale, comme pr&.e.nt& dans le mod&le de von Btktsy, 
rend compte de quelques particularitts, quandles dimensions du test sont diminu&s sous un angle 
de trente minutes. 
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Zu~m~nf~g-Die subjektive Helligkeit von Fiimmerl~cht wurde untersucht in Abh~ngigkeit 
von der Beleuchtungsst~rke, Wellenlinge und FeldgrGBe. Messungen an Lichtreizen mit sieben 
verschiedenen Welienl%ngen zeigen, da8 die spektrale Zusammensetzung keine Wirkung auf den 
Brticke-Bartley-Effekt hat. Wenn man die Beleuchtungsstiirke vermindert, verringert sich such die 
Fhmmerfrequenz, bei der die Heiligkeitsverstlrkung maximal ist. AuSer dieser Verstlrkung wurde 
such die Farbverschiebung gemessen. Diese Verschiebung wurde auf das Bezold-Briicke-Phanomen 
und auf eine mogliche Phasenverschiebung zwischen den verschiedenen Farbrezeptoren zuriickge- 
fiihrt. Von Bekesys Model1 der lateralen Hemmung erkllrt einige der Einzelheiten bei FeldgroBen 
unter 30 Winkelminuten. 

Pea&se - Iiblna u3MepeHa cy6aemue~aa RpKocTb (ycwetsie) Murawwero CJW-or0 
crmyna B 3aBHCHMOCTH OT sfHTeficHBHocTsi, AJUiHbI BOAHbl cBera &i BeJwniHbI nons. 
,lJanHue Ao6bmsHHbre AAI 7 pa3nnuvsbrx ~nkiH 5onfi noKa3bwawf 9~0 c~e~~nbHb1~ 
cocTaB cwhfyna He Ae~cTByer Ha (< Eproxe-E;apTnw 344e~m. Ctiwxasi HHTeHc~BH~Tb 
wihiyna, wscrwxfb M~raH~K, npw ~010pofi ycunefiue AocTHrHeT MaKc~MyM, Tome 
CHHXCaeTCSL OnHOBpeMeHHO C yCwAeHHeM H3MepBH 6bm CAB&W B BOCnpHKTHH UBeTOl.0 
TOHa. Moxceo 06IdiBJIliTb 3TOT CABIW Ha OCHOBaHWH XBJEHHR ~UO~Ai3-6pKlK~ M 

B03Momoro passoro cnenra 4a3 pa3ne4Hbrx peuenropoe U~T~B. MoAenb 330~ 

~KtXUK 0 HepBHOM 3AeMeHTe o6alrcmer KOnHWXTBeHHO HeKOTOpble OCO6WWXTH 
yCUAeHUnCy6WKTABHO~ffpKOCTUnpHsenH~HHaX nOJIll MaJlee 30MHHyTyNIa3~HHII. 


