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ABSTRACT

An articulatory model for consonant-vowel (CV)
syllables, where C=[p, t, or k] and V=[i, a, or u],
was formulated in terms of vocal-tract (VI) area
function. Listener identification functions indi-~
cated that C with a high score (100 Z) can be syn-
thesized by manipulating two articulatory parame-
ters, the "position" along the VI length and the
Yshape" of the occlusion. The acousic effects of
these two parameters are manifested from the burst
onset to the vowel transition. The consonant iden-
tity can be predicted reasonably well on the basis
of the presence or absence of two spectral attri-
butes for the burst, in a context-independent
manner. Why the burst alone can predict the conso-
nantal place? The reason is that the effects of,
particularily, the shape can be manifested concomi-
tantly on the attribute of the burst and on formant
(F-) transitions of the vowel, both signaling a
specific consonant. It is suggested then that the
listner’s processing indeed exploits cues distri-
buted on the sound stream from the burst to vowel
transitions, in which the context-independent at-
tributes for burst may serve as an "anchor" in the
identification.

INTRODUCTION

In a previous paper [l], we have described the
mechanism of the VT excitation during the unvoiced
stop release. The source sound, of cause, under-
goes a particular spectral modification which is
interpreted as a specific consonant by listeners.
In the past decades, a great deal of research was
accumulated in search of acoustic cues that specify
place of articulation for stops. Two types of
methods were employed; acoustic analysis of natur-
al tokens to find out the acoutic correlates and
examination of listener”s responses to synthetic
stimuli in which acoustic characteristics are sys-
tematically manipulated.

This paper describes yet another approach which
consists of, first, the formulation of an articula-
tory model for the CV-tokens. Second, informal and
formal identification tests followed to determine
essential model parameters for producing the
CV-syllables with a high quality., Finally, the
acoustic manifestations of such parameters are ex-
amined closely by means of spectral analysis or of
calculation of the VI transfer functions. If a
particular manifestation can explain the listener
identification of consonants, it can be considered

as a good candidate for the cue actually operating
in the listener”s processing.

AN ARTICULATORY MODEL FOR THE CV-SYLLABLES

We assume a heavily anticipated articulation of
the vowel during the preceding consonant. The VT
area function defined by a piecewise-constant func-
tion is fixed to its configuration for the vowel,
except in the vicinity of the occlusion, where the
cross-sectional areas expand with time after re-
lease. We consider the following three different
types of closure "shapes": i) Labial (L)-type;
the area expansion is limited to a single section
corresponding to the supraglottal closure as shown
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Fig. 1 Time-varying area functions for the
three different closure types, sampled
at every 20 ms following the release.
For all cases, the target vowel is [a].

in Fig. la. We assume that this shape represents
the release gesture by the participation of the
lips. 1ii) Dental (D)-type; the closure section
and the five sections directly behind it expand in
such a way that a relatively smooth connection
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between the closure section and cavity behind
(back-cavity) is maintained through release, as
shown at Fig. 1b. D-type represents the dental
gesture by the tongue apex and blade. iii) Velar
(V)-type; The directly connected sections in both
back and front cavity expands with the closure sec—
tion, as presented at Fig. lc. V-type is intended
for the velar (or palatal) gesture involving the
dorsum,

The way of the expansion of the closure section
is specified by an exponential rise function. The
<ross-areas of the sections in the fronmt and back
of the occlusion also expand exponentially, but its
onset rise is smooth without discontinuity. The
smooth rise was necessary to prevent multiple exci-
tation at vicinity of the occlusion. Resultant
time-varying area function is fed to an acoustic VT
simulator [2] for synthesis or for VT transfer cal-
culations.,

IDENTIFICATION TEST

In preliminary experiments, the three stops [p,
t, and k] were synthesized with a reasonable quali-~
ty by appropriately varying the value of the two
articulatory parameters (the "position" along VT
length and the "shape", L-, D-, or V-type), while
the other parameters, such as VOT (=25 ms), glottal
and release dynamics, were kept to fixed values.
CV-tokens, therefore, were prepared by varying sys-
tematically the position, n, from 1 to 9, where the
closure is located at the n-th VT section from the
lips (n=1), and by varying the shape, for the three
different target vowels, [i, a, and u]. The stimu-

RESPONSE

li were randomized with five repetitions of each

token for each closure shape. 25
Three experienced and three naive listeners

participated in the test. Each listener was asked ce

to identify the consonant, [either p, t, or k], and

then type in the corresponding key on a computer 15

key-boad. The next token was presented to the lisg-

tener 1 sec after the response. The listeners were
provided also a Tepeat request option upon which
the same token is repeatedly presented. The total
number of the repeats for each token was used in
the interpretation of data as a measure indicating
a quality of consonants.

The identification score for [p, t, and k], as
a function of the position, for the target vowel
[a] is presented for L-type at Fig,
at Fig. 2b, and for V-type

POSITION OF OCCLUSION (n)

Fig. 2 The listener’s responses as a function
of the positions for the three diffe-
rent closure types, The full score,

at Fig. 2¢. The i.e. 100 7, corresponds to 30 on the

number of Tepeat requests for each token ig also ordinates (six listeners times five

plotted in Fig. 2 by the dashed lines, As expect- Tepetitions). The dashed lines indicate

ed, the position of the occlusion is an esgential the total number of Tepeat requests by

factor in the production of the stops, Notice, the six listeners for each token.

however, that [t] cannot be produced by L-type (at dari iti i

Fig. 2a). The score for this consonant is only 37 o it the extreme position (i.e., n=9).

% at best. For the same position  (ach) zith For the other two target vowels, [i and u], the

D-type (at Fig. 2b) or with V-type (at Fig: 2c), ;E:Eonzgzvzere Similar to the case of [a] described
’

: except contrast in
[i]-context, The consonant [p] with a high score
(?0 %) was prgduced only with L-type, while [t]
8core 100% was onl with D-type, for both at
the position na=j, Y ypes

It became clear that not only the position, but
;lso the shape of the occlusion is an essential
1actor for the consonants to be identified correct-
Y+ The acoustic manifestations of these two arti-

culat?ry Parameters, therefore, must be relevant to
the listener’g Processing,

the score reaches 100 2. rooial-dental
score with L~type (at Fig,
about 80 .Z. The number of repeat requests

however? 18 great, about 10 times, indicating aa
uncertain quality of the sounds as [k], (@p the
contrary, with V-type (at Fig. 2¢), the identifi-
cation function for [k], in fact for all three con-
sonants, exhibits an ideal "categorical® response

Notice that the number of repeats, shown by thé
dashed 1line, increases only at the phonetic boun-

For the velar (kl, the
2a) is relatively high,
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~onset through release.

ARTICULATORY-ACOUSTIC RELATIONSHIPS IN BURST

The concomitant acoustic effects of the posi-
tion and the shape of the occlusion are manifested
in various form through out from the burst onset to
the vowel transition. We shall attempt to sort out
the acoustic characteristics that are consistent
with the listener’s reponses.

Due to the fact that during release, the aper-
ture of the closure section is relativly small and
the VI excitation sources are located at the exit
of the closure, the acoustic characteristics relat-
ed to only the front cavity appear on the burst
[3]. The acoustics of the front-cavity is speci-
fied by the length (and thus by the position) and
by how the cross-sectional area varies along its
length. The listener’s responses indicated that
the dominant parameter for the velar, [k], is the
position. Then, the spectral attribute of burst
signaling the velar must be related to the front
cavity, more specifically, the resonances of that
cavity.

From the identification test, it is the shape
that is more critical for the labial-dental dis-
tinction. If the aperture of the occlusion is,
say, greater than 0.2 cm*, the coupling effects ap~
pear on the transfer function and thus on the spec~
trum, regardless of the shape. When the aperture
after release is still less than s say, 0.2 cm%,
the difference in the shape can manifest in the de-
gree of the acoustic coupling between the front and
back cavity. For a CV-syllable with L-type, due to
the strong area-function discontinuity at the inlet
of the occlusion (see Fig. la), the coupling is
minimal. For the same CV, but with D- (or V-) type
(see Fig. Ib), a smooth commection of the
back-cavity to the occlusion is maintained from the
The coupling, therefore, is
considerably enhanced in comparison with L-type.

In our synthesis, the rate of the area expan-~
sion at release was fixed to 20 cm*/s. The pres-
ence or absence of the coupling effect, signaling
the shape (L-type or D-type), therefore, can appear
on the spectrum of the burst within 10 ms following
the release. In other words, if the burst spectrum
contains a series of peak and dip pairs (corres-
ponding to that of pole-zero pairs in the transfer
function) which is the indication of the coupling,
then the shape is D-type or V-type. The absence of
such spectral attribute implies the L-type.

The burst spectrum, therefore, can contain rich
information to determine the position and the
shape, which is essentially vowel-context indepen-
dent, It is noted however that the effects of the
two parameters can appear on the vowel transition,
which are context dependent. In the following sec-
tions we shall examined a qualitative correspon-
dence between the consonant identity (i.e., place)
and spectral attributes of burst, and vowel transi-
tion for particular cases.

SPECTRAL ATTRIBUTES OF BURST AND PLACE

Attribute Pole-Zero for dental [t]

Burst spectra of the synthetic CV’s, where the
shape 1is D-type, and the target [i], are shown in
Fig. 3. The position is varied from n=1 (closure
at the 1lips) presented at the top in Fig. 3, to
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Fig. 3 Burst onset spectra for nine different
positions, from the lips (n=l1) to the
posterior extreme (n=9). The burst
signals were synthesized with the target
vowel [i] and the D-type closure.

n=9 (at the posterior extreme) presented at the
bottom. For the calculations, an 8 ms half Hamming
window was aligned to each release onset.,

For the position n=l shown in Fig. 3, the
front cavity is absent, resulting in a "falling"
spectrum, which might imply, therefore, the 1labial
[p]. Indeed, Blumstein and Stevens [4] has pro-
posed the "diffuse-falling" gross shape of the
burst spectrum as an invariant property for labi-
als. The identification function indicated,
however, that this token scored 100 % as dental
[t]. Notice that the spectrum (n=1) exhibits a
series of peak-dip pairs, which is a typical signa-
ture of the presence of the coupling, and thus of
D-type shape. Let us call this kind of spectral
characteristics attribute "PZ". The identical CV
token, except L-type instead of D-type, scored 90 %
as [p]. 1In this case, the attribute-PZ was absent.
It is then stated that the shape is more critical
than the position in labial-dental distinction, at
least, in this particular case.

When the position is located at a slightly pos-
terior position in the VT, i.e., n=2 or 3, a broad
peak, BP, (at around 5.5 kHz for n=2 in Fig. 3)
appears as the resultant effect of the front-cavity
resonance. Thus BP might be considered as the at-
tribute signaling dental, since the position is ap-
propriate for the dental [t]. The presence of BP
at a high frequency results in a rising
mid-frequency spectrum, which may correspond to the
invariant property "diffuse-rising" for dentals
[4]. 1In our data, however, attribute PZ predicted
more consistently the listener’s identification of
the dentals with a high score. An explanation for
this will be described latter.

Attribute Prominent-Peak for velar [k]
At the position n=4 or greater, the

length of
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the front cavity becomes relatively long, and the
resonance frequencies shift toward lower frequen-
cies and can exhibit a prominent peak, PP, as seen
in Fig. 3. The presence of PP was common to the
burst spectrum identified as [k] with a high score.
The invariant property “compact" for velars [4] may
correspond to the attribute PP. The presence of PP
means a long front-cavity, and them an appropriate
position as velar.

It should be mentioned that the CV tokens cor=-
responding to n=7, 8, and 9 were considered as , at
best, an ambiguous stop by the listeners and n?t
velar, even though the skewed but prominent peak is
present at low frequencies in each burst spectrum.
The skewed peak is due to the rapid shift of the
corresponding free-pole toward higher frequencies
as the aperture of the constriction expands follow-
ing release. When the shape, V-type, is empioyed
for the otherwise identical token, the prominent
peak is shifted toward a high frequency by more
than 1 kHz, and indicated a less skewed peak. This
is, of cause, due to the effects of the narrowed
front-cavity toward the occlusion. Except for the
extreme position (n=9) the corresponding tokens
scored 100% as [k]. An inspection of the spectro-
grams shows that the shape, V-type, places the
burst prominence at a "right" frequency in relative
to the F-pattern in the vowel transition. 1In the
case of the tokens with a high score, or in partic-
ular, of natural tokens, an appropriate position
for velar implies the appropriate shape, and then
the prominence at the right frequency.
Consequentry, the presence of the attribute PP
alone would suffice to specify velar.

Rules for predicting place

The prediction of place for unvoiced stops from
the burst spectrum became evident. First, the
presence of the attribute PP signals velar [k]. If
absent, it means the position is for dental or la-
bial. Therefore, if the attribute PZ is present,
the consonant is dental [t], since it must be pro-
duced with the shape, D-type. If absent, then it
is the labial [p].

THE SHAPE AND FORMANT TRANSITIONS

. We shall concentrate our attention to the ques~
tion why the shape is critical in the contrast la-
bial vs. dental. A pertinent example was found in
tokens with the target vowel [i]. Ag mentioned be-
fore, for the same position, n=l, token with L-type
igs identified as [p], wheares that with D-type as
[t]. .The spectrograms of the two tokens are shown
in Fig. 4. Observe that F3 (the third formant)
for the L-type at Fig. 4a is clearly rising, while
F3 f9r the D-type at Fig. 4b is slightly but
lowering. It has been demonstrated for voiced
stops.[S] that the F3 transition Plays an important
r?le in their identification, that is consistent
wity the effect of the shape described here. A
similar effect of the shape on ¥2 transition was
::;;fved for the target vowel [al, (i.e., [pa vs.

It can be stated, then, that the influenc
the shapes, L- or D-type, are manifested cohe::nt;f
on the burst and on the F-transitions, assurin Z
robust identification, This is the reason Eob-
ably, why the attribute Pz is favored over Bﬁ.p

(b) Dental-type

(a) Lobial-type
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AL e

g I8

|
I

ERIEN
Ll Bt

|
I

l
I

|
!

|
]

Frequency (1 kHz/scale)

Time (.1
Fig. 4 Spectrograms of two CV syllables where
C is identified as [p] at (a), and

s/scale)

as [t] at (b). For both cases, the
closure position is at the lips (n=1),
and the target vowel is [i].

CONCLUDING REMARKS

In informal listening, it was often found that
the identification of the stops upon signals cor-
responding to the burst alone or to the vowel part
alone was difficult or impossible. When they hal

been assembled forming normal CV-tokens, however,
the consonant was easily identified. From such ex-
perience, it is tempted to speculate that a sup-

pression and/or an enhancening mechanism over the
distributed cues are operating in the listener’s
processing. Coherent attributes found in both
burst and vowel transition enhance each other. Ot
the contrary, inconsistent attributes are sup
pressed. Such mechanisms may explain the listener
identification functions in more comprehensive way:
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OF CHILDREN’S SPEECH:
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ABSTRACT

This paper presents a model of the vibration of child-sized
vocal folds. The model reflects the -anatomical. differences be-
tween children and adults in laryngeal structure. A scale factor,
or ratio of child to adult fundamental frequency, reflects these
differences. For a one-year-old child, a scale factor of 4 is derived
from the model. Values of fundamental frequency are predicted
and are shown to be in agreement with values measured for
young children.

INTRODUCTION

Children begin to produce speech-like sounds at a very early
age. Normal children communicate with speech and language
skills which approximate those of adults by the age of two or
three years. The changes in sound production which take place
during the first few years of a child’s life result from changes in
the child’s anatomy and in motor-control and cognitive abilities.
Each of these factors constrains the sounds produced by a child.
Some of the acoustic characteristics of children’s sounds are a
direct consequence of the size and configuration of the struc-
tures involved in speech production: the lungs, the larynx, the
vocal tract. Other characteristics may be influenced most by
the motor-control skills of a young child. The.cognitive ability
to form and manipulate mental representations of words also
has a significant influence on the sound sequences produced by
a child.

One aspect of an examination of children’s speech is modeling
the acoustic characteristics of sounds. Models which predict the
acoustic characteristics of adult speech abound in the literature,
but only a few models of children’s vocal systems have been
proposed. An approach to predicting acoustic characteristics of
children’s speech is uniform scaling of all vocal-tract dimensions.
This simple model fails to predict spectra which are in close
agreement with measured spectra of children’s utterances [13].
However, vocal-tract models which incorporate more detailed
anatomical constraints, such as Goldstein’s [4], generate formant
frequencies appropriate for children.

Analyzing the source characteristics of children’s speech re-
mains problematic. A high fundamental frequency (F0) is a
hallmark of children’s speech. The mechanisms by which chil-
dren produce and control these high fundamental frequencies are
not well understood. Various models, including the vibrating
string and spring-mass models, have been proposed to account

for the fundamental frequencies used in speech. The vibrating
string model predicts the general trend of higher fundamental
frequencies of children’s speech than adults’, due to the differ-
ences in the lengths of children’s and adult’s vocal folds. The
spring-mass models have been successful in predicting values
for the fundamental frequencies of adult speech and for airflow
through the glottis during vocal-fold vibration. Difficulties arise,
though, in using these models to predict an appropriate ratio of
a child’s FO to an adult’s or in predicting reasonable values for
children’s FO as a function of anatomical measurements.

BACKGROUND

The various theories of vocal-fold vibration indicate that the
frequency of vibration and the shape of the airflow waveform
depend on properties of the vocal folds, including the dimen-
sions of length, thickness, and height (vertical thickness) and
the Young's modulus and effective mass of the tissue.

Measurements )

Measurements have been made of length and mass of the
vocal folds, the thickness of the mucosa of the folds, and the
stiffness of vocal-fold tissue. The length of the vocal folds has
been measured for newborns, children and adults. Hirano et
al. [5] report measurements of vocal-fold length, including both
the membranous and cartilaginous portions, for males of various
ages. Lengths for children and adults reported by Gedgoud [3],
Negus [12], and Kahane [7] are summarized by Goldstein [4].
Several values are available for newborns and adults; relatively
few are reported for children between the ages of one and seven
years. Hirano et al. report an average length of approximately
3 mm for one-year-old children, or approximately one-sixth as
long as the vocal folds of adult males.

The thickness of the mucosa of the vocal folds has been mea-
sured by Hirano and his colleagues for newborns, children and
adults. The vocal fold thickens somewhat with age, but the
change in thickness is not at great as the change in length. No
direct measurements of vocal-fold height are reported. We as-
sume that the change in height is comparable to the change in
thickness.

It appears reasonable to assume that the vibrating mass of
the vocal folds is proportional to the combined mass of the thy-
roarytenoid and lateral cricoarytenoid muscles and the vocal
ligament. Kahane and Kahn [8] report the mass of the vocal
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fold muscles: 0.87 g for adults and 0.08 g for infants. Kaneko
and his colleagues[9] estimated an effective mass of 0.14 g for
adult vocal folds., Based on these values for adults and infants,
we calculated effective vocal-fold masses for one- and two-year-
old children of 0.02 and 0.03 g, respectively.

Vocal-fold stiffness has been measured for adult humans and
for young and old dogs. Kaneko and his colleagues report an
effective stiffness of 7.4 x 10* dynes/cm for the vocal folds of
adult humans. Measurements of stress/strain relationships for
vocal-fold tissue of young dogs and adult dogs were performed
by Perlman and Titze [14]. They found that the vocal-fold tis-
sue of young dogs is stiffer than the tissue of adult dogs. The
vocal-fold stiffness K can be determined from measurements
of Young’s modulus and dimensions. From Perlman and Titze’s
graphs of stress vs. strain, we estimated a ratio of Young’s mod-
uli of young to old tissue of 1.3. Using this ratio, the stiffness
reported by Kaneko et al. and vocal-fold dimensions, we com-
puted a value of 2.1 x 10* dynes/em for the stiffness of young
vocal folds. This value is consistent the range of transverse
moduli reported by Kakita et al.[10],

Models

Vibrating string and spring mass models have been proposed
to describe vocal-fold vibration. For each of these models, the
fundamental frequency of vibration of the vocal folds can be
determined. The vibrating string model is a one-dimensional
model whose parameters are vocal-fold length and tension. Var-
ious spring-mass models have been proposed (for example, [6])
which model the vocal folds in terms of lumped elements repre-
senting the mass, stiffuess and losses of the vocal-fold structure,
In order to predict the fundamental frequency of the vocal folds,
only the effective mass and stiffness of the model are needed.

A scale factor, or ratio of child to adult male fundamental
frequency, reflects the differences in anatomical parameters be-
tween children and adults. For the vibrating string model, the
scale factor S Fytring depends it vocal-fold length (L) and ten-
sion {T):

FO. L, |T.
SFllrl’ng=ﬁ:=L—: IT: . (1)

The subscripts , and . refer to adult and child values, re-

spectively. Assuming that the tensions T, and T, of child and

adult vocal folds are approximately the same, we find that
" §Fstring %3 6 for a one-year-old child.

The scale factor for the fundamental frequency predicted by
a spring-mass model is

K, M,
K, M (2)

where K is the stiffness of the vocal-fold tissue and Af represents
the effective mass of the vibrating vocal fold. Solving for K in

terms of the Young’s modulus E and the dimensions of the vocal
folds gives

SFaprl'ny—mau =

FO E. kL, M,
SFopring-mare = —=% = \[Ze Zele by
pring—mass Fo, E, &, hoL, ﬁ: v (3)

“.rhere h and b are the vocal-fold height and thickness, respec.
tively. Assuming the same ratio of child to adult value for both

cross dimensions & and b, the scale factor for the spring-mass
model reduces to

E L. M,
SFapn'ng—mau= 'E;‘ 'Z; E . (4)

For the values listed above, S F,pring—mase & 1.3 for the funda.
mental frequency of a one-year-old child compared to an adult.

Both the vibrating string and spring-mass models predict
that the FO of a child's speech is greater than the FO of ag
adult’s speech. Neither prediction, however, gives a ratio which
is in good agreement with the values of FO of children reported
by various rescarchers. Typical values of FO for one- to two.
year-old children are in the range of 300 - 500 Haz, or 3 - 4
times the FO’s reported for adult males.

THEORY

The vibrating string and spring-mass models capture impor-

tant aspects of vocal-fold vibration, but fail to adequately model
some aspects of the vocal-fold anatomy. For instance, the vi-
brating string model does not take into account the effect of the
cross dimensions of the vocal folds on the stiffness of the struc-
ture. Another shortcoming of this model concerns the boundary
conditions. The vibrating string model allows discontinuities in
slope at the juncture of the cartilages and the vocal-fold tis-
sue. The spring-mass model allows for discontinuities in both
position and slope at the endpoints of the vocal folds, The spec-
ification of boundary conditions is important in analyses of the
vibration of children’s vocal folds; children’s vocal folds are rel-
atively shorter and thicker than adults’, as shown in Fig. la.
The attachments of the vocal folds to the arytenoid and thy-
roid cartilages can be expected to play a significant role in the
vibration of children’s vocal folds.

A model of vocal-fold vibration which reflects the anatomical
structure of children’s vocal folds is the bending beam model.

(a)

ANNANNY

(b) g“*

AN\

Figure 11 (a) Adult's and child's vocal-f to
-fold structures (not drawn
:ffladl:) (adapted from Bosma, 1986); (b} Bending beam model of vocal
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This model has been useful in predicting the vibratory motion -

of relatively stiff structures which are attached rigidly at their
ends and vibrate a small amount in the transverse direction (15].
The traditional bending beam model can be augmented by the
addition of a distributed stiffness along one side. Figure 1b
shows a bending beam which is fixed at both ends and which is
coupled to material on one side by means of a spring. The fixed
ends model the attachment of the vocal fold to the arytenoid
and thyroid cartilages. The spring models the lateral stiffness
of the vocal-fold tissue.

The equation for transverse motion of the vocal-fold model
shown in Fig. 1b is

E?\ at¢ K\,
(m)m—(wz—m)f—o ) (5)

where I represents the Young’s modulus of the vocal fold, K
models the stiffness of the vocal-fold tissue, b and A are the
thickness and height of the vocal fold, p is the density of the
tissue, and ¢ is the transverse displacement of the fold. Four
boundary conditions are imposed: continuity of displacement
and of slope at both ends of the vocal fold. A solution which is
a linear combination of trigonometric and hyperbolic functions
is assumed. Application of the boundary conditions results in

=0 . (6)

The variable B takes on discrete values which are found by
graphical solution; the lowest non-zero value of B is approxi-

matcly 4.73.
The values of w for which equation (5) has a solution are

given by

2 _ BY Ebch K

T TMtwM @)

The first term is the square of the patural frequency of the

beam model of the vocal fold assuming no lateral stiffness, and

is called wf. The second term, w2, is the square of the frequency

of the spring-mass model of the vocal fold. The solution of the

general equation of motion shows the combined contributions of
the beam and the spring character of the vocal fold structure:

w=\i+ul . (8)

Numerical values for w can be found by substitution of the di-
mensions and tissue properties of the vocal folds.

If boundary conditions of position continuity and no stress
at the endpoints are assumed (instead of continuity of position
and slope), the solution of equation (5) reduces to the solution
of the equation of motion for a vibrating string.

RESULTS AND DISCUSSION

The frequency of vibration, w, of the vocal fold is a combi-
nation of the terms wy and w,. The first term of equation (7)
represents the frequency of vibration due to the characteristics

of the beam, where
_ |B* Ebh
“=\N1z Toar )

For small L, as in the case of a child’s vocal folds, this term
dominates the expression for w, and w & w;. The vibration of
a child’s vocal folds appears to be most like that of a bending
beam. For a child-sized vocal fold with length 0.35 cm, height
and thickness 0.23 cm, and mass and stiffness as above, we find
wy = 2810 and w, = 1000. The child’s fundamental frequency
is thus 470 Hz.

In the adult case, or for large L, the w, term dominates, or
w N w,, where
K
Wy = A—l . (10)
The vibration of adult-sized vocal folds is similar to the vibra-
tion of a mass coupled to a spring. For an adult whose vocal
folds are of length 1.7 cm, height and thickness 0.27 cm, and
mass and stiffness as above, wy = 160 while w, = 760. The
corresponding fundamental frequency is 120 Haz.

Returning to our discussion of scale factors, we calculate a
scale factor relating the FO of the bending beam model (appro-
priate for a child’s vocal folds) to the FO of a spring-mass model

(for an adult).
Bt E.b b2
SF=\V& o & - (11)

For values listed above, SF s 4,

Measurements of F0 of comfort-state vocalizations of young
children have been reported by several researchers. Keating and
Bubr [11] report FO measurements for children of ages 8 months
to approximately 3 years. In a study of the acoustic character-
istics of vowels produced by young children of ages one and
one-half to two and one-half years, we found average values of
FO ranging between 350 and 400 Hz(1]. These values as well
as those of Keating and Buhr are shown in Fig. 2. Overlaid
on these values are predicted values at ages one, two and three
years. It can be seen that the predictions of the bending beam
model closely approximate the data for young children.

Hz
500 -+ ..
00 + x of T
X
[}
300 +
200 +
100 +
l ] [
1 i 1
1 2 3 yr

Figure 2: Predicted and measured values of F0. Predicted values
are shown by filled circles. Averages of values reported by Keating
and Buhr are shown by +'s; those of Bickley, by x’s.
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CONCLUSION

A model of vocal-fold vibration has been presented for which
the expression for the fundamental frequency consists ot: tyvo
terms. The bending beam term depends on tissue characteristics
and the connections at the ends of the vocal folds; the spring-
mass term depends of the bulk characteristics of the folds. For
young children, the bending beam term dominates; for adults,
the spring-mass term determines the fundamental frequency.
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ACOUSTIC-MECHANICAL FEEDBACK IN VOCAL
SOURCE-TRACT INTERACTION
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ABSTRACT

A new method to investigate vocal source-tract interaction is
introduced. The method is based on the usage of excised
larynges connected to an artificial vocal tract. Measurements of
one larynx with a somewhat special behavior are described and
analysed in detail. The analysed case gives clear evidence that
the resonances of the vocal tract may influence directly or
indirectly the vocal fold vibrations.

INTRODUCTION

In recent linear models for vocal fold vibration the vibratory
pattern of the folds, i.e. the glottal opening as a function of
time, is assumed to be an independent phenomenon in the sense
that the vocal tract resonator has no effect on the mechanical
vibrations of the folds. Until now the source-tract interaction
has mainly been studied on the level of acoustic impedances,
where the glottal opening and the subglottal tubes form an
acoustic load for the vocal tract. Thus some part of the energy
is lost from the vocal tract during every open period of the
glottis [1].

It is well known that the sound pressure level (SPL) in the
vocal tract just above the glottis is about 120-130 dB during
voiced sounds. This study was undertaken to determine if this
pressure is able to produce changes in the vibratory pattern of
the vocal folds by deforming the mucosa-cover of the folds or
by means of some other mechanism. In other words: Is there
any acoustic-mechanical feedback in the vocal source-tract
interaction?

We used excised larynges in our study. Thisis a legitimate
method, known for instance from the work of van den Berg and
Tan (1959) [2]. The novel methodological aspect of this study
is that we combined excised larynges with an artificial vocal
tract. This method makes it possible to control the resonances
of the tract in a known and repeatable way. Since an artificial
vocal tract is used, the changes of its profile will affect the vocal
folds only acoustically. Therefore, we are able to distin guish
between the mechanical (i.e. movements of articulators

transferred via tissues) and purely acoustical effects. In our

method only the acoustic power can affect the vibratory pattern
of the vocal folds.

However, the method of van den Berg and Tan has severe
limitations. First of all, it is almost impossible to simulate the
action of the thyroarytenoid muscle [2], [3], and second, the
dead tissue does not permit accurate measurements of the
vibratory pattern of the vocal folds over a longer period of time
[4]. The first problem is not a serious one, as the body, i.e. the
vocal muscle is not of great importance in pitch control of
phonation [5]. The vulnerability of the cover (mucosa) of the
vocal fold was pointed out already by van den Berg and Tan
[2]. The second problem may be solved by limiting the duration
of each phase of the experiment and performing an adequate

E. VILKMAN

Phoniatric Dept.
Tampere Univ. Central Hospital
33520 Tampere, Finland

numbser of repetitions and by stabilizing the arrangement of each
phase.

This study was carried out at the Phoniatric Department of
the Tampere University Central Hospital in cooperation with the
Acoustics Laboratory at the Helsinki University of Technology.
In the Phoniatric Department this study is part of a larger
long-range project investigating questions in voice physiology.
In the Acoustics Laboratory this study is part of a chain of
studies dealing with the modelling of speech acoustics.

The experiments we made produced a bulk of material that
needs to be studied in more detail. In this preliminary report we
concentrate on one of the most interesting phenomena observed.

MATERIAL AND METHOD

The effects of acoustic-mechanical feedback on the
vibrations of the vocal folds were examined in three fresh
excised larynges taken from autopsies of males. In the
dissection the vocal folds were left intact. The epiglottis and the
ventricular folds were removed in order to get a better view of
the vocal folds [2], [4]. After dissection the specimens were
stored in 0.67% NaCl solution at a temperature of +4 °C for 1-2
days. ’

One of these larynges showed an exceptional high sensitivity
to the variations of the supraglottal resonances and therefore it
was chosen for closer analysis. It was obvious that acoustic-
mechanical feedback in the vocal source-tract interaction should
be seen most clearly in this case.

The experimental arrangements are shown in Fig. 1. For the
experiment the cricoid cartilage was fixed in an air ti ght manner
on an acrylic plate just above the hole for air intake. The
supraglottal acrylic tube (length 17.5 cm, inner-diameter 2.9
cm, volume 115.6 cm3) was attached to the thyroid cartilage and
supported with a holder. An air-tight connection of the
tube-thyroid cartilage junction was obtained by using plastic
mass (Optosil®) and rubber sealant.

The glottal closure was obtained with two threads attached to
each arytenoid cartilage. A constant force was used to pull each
thread throughout the experiment., Phonation was elicited by a
constant humidified and warmed (37°C) air flow which passed
through the acrylic plate. The flow was measured using a flow
meter (AGA). Under the acrylic plate was a sampler for
condensation water. The sampler acted as the subglottal space
[6]. On the side of the sampler there was an outlet for
measurement of the subglottal pressure, which was recorded
(Frokjaer-Jensen Manophone).

The acoustic load of the artificial vocal tract, i.e. the
supraglottal tube, was varied by moving an acrylic cylindrical
block in the tube. The position of the cylinder was visually
monitored by using a centimeter scale drawn on the tube. The
block was 8 cm in length and 2 cm in diameter. This choice

Se 72.3.1 19




was made so as to reserve free space for the cable of the
photosensor (see Fig. 1). With this block we were able to vary
the frequency of the first formant from 400 to 600 Hz.

The subglottal pressure varied between 10-20 cm HyO. This
is somewhat high for speech but still within physiological
limits. The average pitch of this larynx was about 170-180 Hz,
higher than in a normal male voice.

PGG

MIC. 1

CYLINDER

o

SUPRAGLOTTAL
TUBE

MIC. 2
EGG

THYROID
CARTILAGE

SEALING
RUBBER SEALING

MATERIAL

CRICOID
CARTILAGE

1

PRESSURE ~ LIGHT SOURCE

SENSOR

Q—

FLOWMETER HUMIDIFIED AIR

Fig. 1 The experimental arrangement.

Electrical signals describing the vocal fold vibrations were
recorded by using a high-quality tape recorder (Tascam,
acoustical signals only), a FM-type instrumentation recorder
(Racal) and a digital PCM coder and recorder (Sony Digital
Audio Processor F-1 and Portable Video Casette Recorder
SL-F1E). One acoustic microphone (AKG C5657E) was
placed close to the opening of the supraglottal tube and the other
(B & K 4133) was air-tightly mounted into a hole on the side
wall of the tube just above the glottal level. The
electroglottographic signal (Frokjaer-Jensen EG 830) was
obtained using small coin-shaped brass electrodes attached with
a screw symmetrically to each side of the thyroid cartilage on the
vocal fold level [4]. The photo-electric glottographic signal
was obtained by introducing a light beam into the subglottal
space through a window (Frokjaer-Jensen Photo-electric
Glottograph). The light which passed through the glottis was
detected by a photosensor placed in the supraglottal tube.

_The vibratory pattern of the vocal folds was monitored
using a laryngostroboscope (B & K Type 4914). The recorded
signal samples were analysed at the Acoustics Laboratory of the
Helsinki University of Technology using a PC-based
(MacIntosh) ISA-system (Intelligent Speech Analyser®, Vocal
Systems, Ltd).

RESULTS

One of the larynges showed a special behgwior. Its vibrations
were typically weak and sounded leaky (noisy) and aperiodic,
somewhat creaky. Changing the flow or subglottal pressure did
not improve its performance. Only when the block was put in
the resonator did the vocal folds start to vibrate strongly with
stable amplitudes and periods. When the block was placed in
deeper, simulating a back vowel, the vibrations once again
became weak and inconsistent. The vibrations were strong only
when the block was about in the middle of the tube or in the
front.

Fig. 2 illustrates how the subglottal pressure varies when the
block is moved from a back vowel position out of the tube.
Initially the vocal folds are not vibrating properly, the glottis is
leaky and the subglottal pressure low. When the block is
moved upwards a stronger vibration suddenly starts and the
pressure increases indicating a better glottal closure. When the
block is out of the tube the vibrations are again weak and the
pressure low. This was a systematic and repeatable
phenomenon achieved with this larynx. During this experiment
the photosensor was removed to make the movements of the
block free and to ensure that the possible movements of the
sensor were not creating this phenomena.

timels 1

Fig, 2 Change in the subglottal pressure due to the
variation in the supraglottal impedance and in the
vocal fold vibration.

Fig. 3 shows in more detail how the stronger vibration

begins and ends. In this figure the DC component has been
removed.

Two spectra of the subglottal pressure are seen in Fig. 4.

€ upper part of the figure shows the si gnals where the
stronger vibrations began and the lower part where they ended.
One can note that the increase in the amplitude of this signal is
mainly due to the increase of its first harmonic. The amplitude
of the fundamental is not changed by much. The amplitudes of
the second and third harmonics have also increased. When the
block is moved out of the tube and the intensity of the subglottd
pressure signal falls off, the changes in the harmonic structure
are about the same but in the opposite direction. The intensity
of the first three harmonics are affected the most. The strongly

increased levels of the first h et g betier
closure of the glotis, armonics will also mdlcatcka

Fi Tlsle \ﬁuauons in the outcoming acoustic signal are seen if
Th%t . p ¢ general trend is the same as in the earlier figure
and lw0 TSt resonances of the tube are located at about 600 Hz

nd 1.3 kHz indicating that the block is in the back vowel
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position. When comparing the upper parts of Figs. 4 and 5 one

can note that during

strong vibration, i.e. better glottal closure

and higher subglottal pressure (indicated by the white
spectrum), the harmonic peaks in the region of the second
formant are not seen in the subglottal pressure signal, whereas
when the glottal closure is bad these peaks are clearly seen

(black spectrum).

MMAMAA Md &AMnA

WALALALRARARAA
T

MMMMMM

e
DS
==
S———
Srr——
e
==
—————

———

i

il

I
HItHIIL

ik vvVA"VA“Vh‘*nvﬁvﬂvﬂvﬁvﬁunvﬂvﬂunvﬂ

Psubgl

Fig. 3 Subglot

tal pressure wave at the beginning

and end of the stronger vocal fold vibration.

Fig. 4 Change

in the spectra of the subglottal

pressure at the beginning and end of the stronger

vocal fold vibratio

n.

Fig. 5 Change in the spectra of the outcoming

acoustic signal (mic. 1).

Fig. 6 Change in the spectra of the EGG.
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Fig. 6 shows the corresponding variations in the spectra of
the EGG signal. In the upper part of the figure (increasing
intensity) the strongest amplitude change is seen at the peak of
the fundamental frequency while the levels of the harmonics are
not affected as much. When the intensity is decreasing the
change is about the same over the whole spectrum.

Fig. 7 compares two EGG pulseforms normalized in
amplitude and frequency taken from the first low intensity
region and from the beginning of the high amplitude region.
During weak oscillations the decreasing contact (opening) forms
only about 20% of the pulse duration (pulseform 1). When the
oscillation is strong the corresponding region is about 64%
(pulseform 2). In this respect the EGG pulseform is changed
radically even if the power spectra (Fig. 6 upper part) remains
about the same. This indicates that the phase relationships are
changed. The weak pulse (1) indicates that there are some types
of acoustical forces coming from the tube resonator which are
able to make the opening of the glottis faster and the closing
slower. This breaks the vibratory pattern of the vocal folds and
gives the voice a bad quality. In the opposite case the forces are
in pngie with the natural glottal oscillations and the voice quality
is good.

C2 ~ 36% 02 ~ 64%

c2 02

1‘|_‘__I'2

EGG

C1 01

Ct ~ 80% 01 ~ 20%

Fig. 7 Normalized EGG pulseforms:
12at lqw intensity region C ¢ closing periods
2 ¢ at high intensity region O *° opening periods

DISCUSSION

.Our new method of combining an excised 1 nx wit
artificial vocal tract has given a clear indicaﬁonat;);t);hvglsx:l
tract resonator is able to produce such a high acoustic ener.
above the vocal folds that their vibratory pattern ma %}e’
radically affected. The acousto-mechanical phenomena WZ are
Investigating seems to be too complicated to be explained with
present-day linear models. According to Mozer {7] the phase
relation between the fundamental and the first harmonig ma
affect the vocal fold vibration. The pitch was relatively high ir}l'
this case and we have estimated that the formant movemegt i
question can make a phase change of about 90 weon

Titze [8] has also reported about this kind of interaction;
*_.. it would appear that the vog:ql tract pressures rcfl_ected back
to the glottis can assist in sustaining vocal fold vibrations."

Our results have confirmed this: the acoustic power in the
vocal tract can assist or hinder the vibrations of the vocal folds,
Does this feedback, which seems to be nonlinear, work directly
on the mucosa cover of the folds or indirectly via the Bernoulij
effect? This question still remains open.
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THE METHOD FOR SOLVING INVERSE PROBLEM OF SPEECH PRODUCTION
AND ARTICULATORY PORTRAY OF A SPEAKER

Yevgeni Vlasov, Natall Isayeva

Institute of Control Sciences
Academy of Sciences USSR

Moscow,

ABSTRACT

The accuracy of modern methods for deter-

, mination of area function is not sufficient

for practice. We present a numerical method
for area function calculation with suffi-
cient accuracy. Requlation continuumof this
functions in finite region is called articu-
latory portray.

INTRODUCTION

Many year modelling of speech production
processes has attracted investigators/1/,
however its complexity up to the present
does not lead to a wide introduction of
such models into practice, despite the
great efforts /2/ and intensively growing
feasibilities. It has become clear, that
the speech production processes are hie~
rarchical and closely interacting /3/. In
this case speech production model is ex-
pedient to be realized from bottom to top,
using & lower level as & tool /4/. One of
them is the articulatory model /5/, which
synthesizes speech on the basis of solving
the direct problem of speech production
(vocal tract — acoustic) /6/.

The more accurate data of area functions
have been obtained by G. Fant (1960) /7/
and up to now this work remains unique,
because of its complexity. The LPC-method
/8/ requires special measures (beforedis-
torting, etc.) for obtaining valid solu~
tions. The tomography method /9/ enables
us to determine the area in any section,
however it requires multiple X-ray photog-
raphing of such sections along the axis
for reconstructing only one area function.
It was necessary to develop the method
for an easier way of obtaining area func-
tions without accuracy loss.

The paper presents the method for solving
the inverse problem of speech production
(acoustic — vocal tract), which allows
the obteining of "smooth" area functions
and articulatory portray. The latter rep—-
regents the region of permisgsible articu-~
latory situations of a speaker. This
method is based on the idea of "analysis
from synthesis" and includes the algorithm
/6/ with two-tier adaptive progrem

USSR 117342

complex (APC) /10/. The distinct features
of the APC are automatical problem orien-
tation to the class of the problems to be
solved, supported by multidimensionsl op-
timization and associative information
processing by a computer.

INPUT DATA AND ERRORS

Input data are easily-measured spectrum-
time speech parameters: frequences, band-
widths and amplitudes of forments and al-
g0 X-ray images of vocel tracts in segi-
tal flatness of three speskers: two men
/7,11/ and one woman /12/.

The formant frequences have been determi-
ned by sonagraph, the errors were 3-7 per
cent., In future calculastions the frequen-
ces vector F'= (P , i = 1,k) will be
the standard and errors vector &% = (&%,
i=1,k) will be final accuracy.

From X-ray images we used the samples H=s
= (Hi, 1 = 1,M) of a heigt function h(x),
O<x <€ | where £ is the vocal tract
length, Samples and length errors are res-
pectively equal to 7 and 3 per cent.

THE METHOD

Taking into account the difficulty of ob~-
teining an X-ray images, the method is
realized by two varients: with X-ray ima-
ges and without them,

The first variant (with an X-ray im-
age). The area function S(x) is represen~
ted as a product of the known height func-
tion h(x) on a desired width function
The finite articulatory region determines

men o mQx,

D@:(q/(m)sq,(x) <qg(x), 0<x<l) (1)
where ‘qb)- some initisl approximation.Sa-
mpling of the all three function elong the
axis x in Dgq gives respectively the vec-
tor of the lower boundary WTL(WM® i={n),
initial control vector W2 (Wi i=4%)
and the upper boundary vector\d“ﬁé@d?“1=gﬁ
as shown in PFig. 1 M h

D (WIms WS e Wi, i=1N), (2)

3
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q(x),sM

Wine
L4
5 10 x,SM

Fig. 1. Control vector W° is the samples
of the function @(x) in known
boundaries (1)

Characteristics vector P, which characte-
rizing the class of solved problems, in-
cludes F*, £ , H:

DP:(Pf-R'- DS PKGM)': (F".. ’F"-E';Hh‘ . ,H,,‘) (3)

The mathematical statement of the speech
production inverse problem has the follo-
wing form:

CL(F,F*) =min,

)
o5 gl eI, el

F=6(8(), $6)=h()qE), 0<x<t, (&)
h(x)=RMH), 9&)=R(W),
We (Wm < Wi< W™, i=tn)

where L - functional, which depends on
calculated frequencies F, G-an operator
of the speech production direct problenm,

R -~ an operater transforming & given vec-
tor to a smooth function.

The method of solving problem is shown in
Fig. 2 and consists of the following., Each
problem is determined by concrete values
of the vector P according to (3). Initial
vector W° gives the random width function
q(x), which determines the random ares
function S(x)=h(x)q(x). The operator G
calculates F, which is compared with the
standard F* for determining L. The value
L is enalysed in the APC with the aim of
optimizing the components for findi the
minimum of L. When the final value ggia
achieved, the calculation process ig fi-
nished and the decision vector (p,w*, 1L%)
is stored,in & computer memory., For ; new
problem P? we take from the memory such an
initial W° in the get of earlier solved
problems, whose vector P is cloger to P,

The second varisnt (without an X-r
inage). The reglon is determires ar 2ol

lows:
Dy®<S)<SE),06x <t eelC ), (v
sampling of which, gives the region D, (2).,

The vector P includes the formant
cies F¥, bandwidths AF ¥ ang amplﬁ&gz:n—

=1k,

24

A%, The two latter vectors may be not
aveilable.

D?: (P’Pz,’-" ,p.}ﬂ) =(F:)AF;.:A?, , i.’1,K), (3"

In (4) the area function is formed direc-
tly from the control vector:

min o ma
$6x) =R(W),0¢x<l, ee[€, 2™ ()
In other aspects this varient does not
change and is illustrated in Fig. 3 (com-

pare with Fig, 2).
F?F*

- R ‘h(x)x G

Q&)

R L
W

H APCE
T
P W

Fig, 2. Block-sheme shows the solution
method for the first variant.

S(x) G F*

~ R

APC
T
PW’

Fig. 3. Block-sheme shows the melution
method for the second varient

REGULATION ALGORITHM

In general the inverse problems are mailt
ically noncorrect, i.e., they admit nor
unique solution, Correctness of the const
dered problem ig caused by constraining
g:igigsiblg solution region (1) and by{m
pment of n ai”
oritho: the special regulatio
1s algorithm works along contour II i
118 4, while contour I denotes the fun¢
oning of the APC without it. At first
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} y &
contour 1 W' o = Wm“anoq

c¢hoosing of W TAPC
1

transtormation

w=>q(x>or3(x)m— —

‘ t

3

calculation ofrF i %

{ [~]

‘ ©

tonor co 1P =FY
L i F

>
yes
ma may

LW o W ™ e 0E

Fig. 4. The regulation algorithm

the rough stages value of accuracy &° is
asgigned. For a given P and initial W° the
error E 1is calculated and compared with
£° . In contour I the €° is attained
(E <€° ), then contour II gives the next
accuracy &% =€°-A & , etc. It should
be noted that in contour I the boundaries
(2) are approached: W™ . &« W™, while in
contour II they are expanded: Wr¥& . = W™™
up to initial boundaries (2). The algo-
rithm is also adapted to the chenge of L:
contour II is switched over if the reduct-
ion  velocity AL less than the threshold
aLs
Thus, the reaching final accuracy &¥ is
divided into a sequential stages, each of
which gains a stage accuracy E™

£°ze'>... >€">... 2"
wWaWa. . awtrs.. 2w (5)

In this case sequence S (x) tends to opti-
mal S* (x).

RESULTS

The proximity criterion of functions S(x)
$* (x), simular to /8/, i3 the mean square
deviation, normelized by a meximum

R CINCE DAV 6

Stebility. The scatter of obtained so-
lutions S (x) under the variations of the
initial approximation W° and boundaries
W™t W™ in (2) have been estimated. For

similar phonems this scatter does not ex-
ceed 6.7 per cent with the deviation of
control vectors from the initial values
(Fig. 1) up to 120 per cent.

Convergence. The convergence to the
accurate solution S (x) is guaranteed by
the above regulation algorithm. Rejection
of this algorithm leaeds to the interrup-
tion of convergence, as shown by the dot-
ted line in Fig. 5. The continuous line
shows the normal process of convergence:
in points L, , L2, L3 correction of stage
accuracy E™ takes place by contour II.

L T,3ec
- %100 ]

2
41 \
0 50 T,5ec 5 1 V4

Fig. 5. Minimization of L shows the con-
vergence of computer process.

Fig. 6. The illustration shows the benefit
of regularization elgorithm appli-
cation.

Accuracy. Accuracy of S¥(x) is estima-
ted-Ff_T671for the first speaker, since he
has the exact area function /7/. Among
the phonems the mean accuracy equals 8.3
per cent and it varies in the range of
4.1 - 12.9 per cent., With respect to the
results /8/, where the LPC-method is used
for the seme speaker, the accuracy has
increased by 2.7 per cent.

Computer time. The application of the
requaltion algorithm provides not only re-
quired accuracy, but acceleration of the
computer processes as well, Pig. 6 shows
that the final accuracy €™ is move beni-
ficially obtained making use of this al-
gorithm since the solution time with the
algorithm application (curve 2) is meny
times reduced as opposed to the one witho-
ut algorithm application (curve 1). The
quantity of benefit is increased with the
increasing of the final accuracy, from
1.6 times at €% = 10 per cent to 4.5
times at €% = 5 per cent. Additionaly,
owing to optimal fitting of the algorithm
parameters the computer time is reduced by
2.5 =30 times, Among the phonems the ave-
rage computer time is equal to 84 sec and
varies in the rsnge of 4.5-148 sec.

Comparison of two variants. Different
input date.application (with / without
X~-ray images) leads to the average error
of 9.4 per cent in solutions. The average
computer time in the second variant is
greater by 18.4 per cent than the one in
the first variant. Hence, decreasing of
apriori information should be compensated
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at the cost of increasing the computer
time.

ARTICULATORY PORTRAY

Representation of the relationship of the
solution &(x) and input h(x) as a func-
tional dependence

S= S(h(x),:n) N

in three-dimensional space (S, h, x) leads
to a complex surface as shown in Fig. 7.

0O<xgt

Fige Te

Articulatory portray of s
gpeaker

Such surface clearly presents the region
of admissible articulatory situations of
the speaker, therefore it is called an
articulatory portray. Such protray vivid-
ly shows pharinx and oral (two saliences)
and contraction of a larinx tube, a con-
traction caused by velum (pass between
saliencea) and lips. The practical appli-
cation of such a portray psrticularly con-
sists in easy transformation of the flat
X-ray lmage of vocal tract to area func-
tion with a given accuracy.

Comparison of portrays. The degree of
indivigual distinctim between the speakers
is equal to 5.1 per cent for a diameter of
a8 vocal tract snd to 3.1 per cent for a
longitudinel dimension, that mey be inter-
preted’as a value of articulation "quanta"

/13/.

CONCLUSION

Vocal tract is usually approximated by s
few cylinder sections, but in practice, a
8 more smooth area function is required.
In proposed method there are no restric-
tions on a quentity of sections end com-
puter time does not depend on the quanti~
ty of sections. The required accuracy,
corresponding to input data errors, is
also quaranteed., The method provides the
reduction the compute time up to 4.5 sec
which equals one computer remembrance ’
time, For articulatory synthesyzer /5/
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/12/ K. Bol

smooth area function provides the improve
ment of the quality of & synthetic speect

Computer time depends on the degree of
APC-knowledge and the correct sequence of
the problems to be solved. The better the
APC is trained the shorter is the compu-
ter time. Due to the rational chqlce of
problem sequences the training time de-
creases by 1.5-2.0 times with respect to
random sequences.

In addition to it, this method may be
used in speech analysis, medicine and in
logophedia,
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1,2 1

1 3
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RESUME
Ce travail résulte d'une collaboration é&troite entre
informaticiens et linguistes. Il s'agit d'un outil de
phonétisation défini dans le «cadre de la synthése
multilangue 4 partir du texte, et ocongu pour des
applications linguistiques.

INTRODUCTION.

Un certain nombre d'outils de transcription orthographique
phonétique du Francais ont été développés dans deux
principaux buts :

~ 1'étude de la phonétisation ([9), {8], [3]),

- la synthése de la parole ([4], [5], [10]).
Dans wne optique multilangue, nous avons envisagé 1la
synthése d'une langue écrite comme wn  enchainement
séquentiel d'étapes ; & chacune d'elle correspond un module
facilement adaptable & la langue considérée : phonétisation,
caleul de la prosodie, utilisation d'un dictiomnaire (de
diphones par exenple). :
Nous nous sames tout d'abord posés le probléme du choix de
la méthodologie algorithmique qui autoriserait le
développement d'un module de transcription commm A toutes
les langues orthographiques visées (Francais, Allemand,
Italien, Espagnol...).
Nous nous scmmes particuliérement attachés au développement
d'outils conviviaux, permettant un travail de mise au point
et d'exploitation dans le cadre d'une équipe
pluridisciplinaire : phonéticiens et informaticiens. En
effet, il nous a semblé important de pouvoir utiliser 1les
campétences du linguiste en lui proposant un outil qui lui
permette de formaliser facilement sa connaissance. En
adoptant une telle démarche, nous avons pensé que les régles
ainsi obtenues seront A la fois utilisées pour la synthése,
mais aussi pour des étuda lmmst:.qus relatives & chaque
langue.

L'OUTTL DE TRARSCRIPTION

A : Choix méthologique.

lepassaged'\medhaineortl'ographique‘versladxaineda
sons  correspondants  utilise  plusiewrs niveaux de
connaissances définis chacun par leur unité linguistique
minimale (lettre,comstituant du mot, mot dans son contexte
énonciatif) .

1

2: Société CROS
ZIRST 38240 MEYLAN
FRANCE
3: Université des Langues et
Informatique de Chambéry
73000 CHAMBERY
FRANCE

le logiciel élaboré jusqu'd présent s'intéresse aux données
linguistiques dont 1'unité est la lettre. le linguiste
formalise son raisonnement sous la forme d'une grammaire
déterministe ( 3 une quelconque sous—chaine d'in  mot
correspond une seule  transcription ) de  régles
contextuelles. I1 introduit naturellement un ordre local &
chaque classe de régles : c¢'est 1'ordre d'application défini
par 1l'ordre d'écriture des régles (on peut représenter ce
raisonnement par “exceptions puis régles générales" ou bien
“si alors sinon( si...)"). Nous avons donc défini une
syntaxe pour concrétiser facilement ce raisonnement : le
langage TOPH ( voir § B: ), et réalisé un ensemble de
logiciels d'exploitation de cet outil (figure 1).

Au niveau de la méthodologie algorithmique, nous avons di
choisir entre deux interprétations possibles du mécanisme de
transcription @

1.) Un automate déterministe d‘'états finis : dans
ue étape préalable, il faut expliciter les informations
contenues implicitement dans la grammaire. Une régle se
développe ainsi en un ensemble équivalent de régles définies
exactement sur le vocabulaire d'entrée, indépendantes (le
texte d'une régle développée contient les informations
nécessaires et suffisantes pour la définir), et en exclusion
mituelle (la g¢rammaire est déterministe). Aprés avoir
construit 1'automate d'états finis équivalent au langage
constitué de 1'ensemble des régles (considérées donc comme
des mots de ce langage), on réalise un “pattern matching”
entre 1a chaine d'entrée et 1'ensemble des textes des régles
développées.

On cbtient donc un algorithme dont la complexité-temps est
en O(1), si '1l' est la longueur du texte i transcrire.

Pour construire cet automate, par exemple depuis une
grammaire décrite dans le syntaxe TOPH, on la développe :

- selon les ensembles ; soit la régle en Francais :
("Voyelle™)+ s +("Voyelle") = [z]

{c'est-d-dire : 's’ entre deux voyelles se transcrit [z])
qui est équivalente & 1'ensemble des régles :

(aAits +(a) = [z] ; (e)¢+ s +e) = [2] ; .... (si
"Voyelle"=(a,e,...})

- selon les opérateurs ; soit la régle

(a0Ue)+s+=[z] (si 'OU' est 1'opérateur logique )

qui est équivalente A 1'ensemble des régles :
{a)+s+=[z] ; (e}t s+=[z)

- selon l'ordre d'application sur les régles ;
grammaire décrite par les deux régles:

1: (a)+ s +a) = [z]

2: +8+ = [s]

soit la
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(c'est-a-dire : si 's' est dans le contexte gauche et droit
'a', il se rééerit [2], sinon il se réécrit [sl),

cette grammaire est équivalente a:

(a)+ s +() = [2] 3

("M\a™+ s +(™\a") = [s]. ,

(si "\a" = "Vocabulaire d’entrée SAUF 'a'")

On voit facilement sur ces exemp}es que la taille de
1'autcmate devient trés vite “explosive'.

2.) Un automate tramsductewr : la réécriture
contextuelle de la chaine d'entrée est guidée pas 4 pas par
la gramaire. L'ordre induit au transducteur (lecture de
gauche A droite de l'entrée), est reproduit naturellement
par la partition des régles sur le premier caractére de 1la
sous—chaine & transcrire.

On obtient alors un algorithme en O(IT), si 'T' représente
1a taille de la grammaire.

Derridre ces deux démarches, on voit apparaitre 1'inmportance
prédominante soit des lexiques, soit des régles .

Nous avons finalement choisi la solution transducteur
{figure 2), car le gain du facteur 'T' De nous semble pas
rentable devant la complexité de construction de 1'automate
d'états finis 1.).

B: Le langage TOPH, description syntaxique.

TOPH est un langage LL1.
$ ’
Def. regle >-

Grammaire :

Decl. ensemble

]

Déclaration d'un ensemble :

Un identificateur ou un élément d'ensemble sont des chaines
quelconques de caractéres.

Définition 4'une régle :
_>—I Partie gauche }—-B—-l Partie droit?l—»—
Partie droite @

—)—@—[ Chdine Transcrite I—-E]-—>—-

Partie gauche :

- _
Jelemalm

Une chaine A transcrire (Ve), ou une chaine transcrire (Vs)
sont des chaines de caractéres quelconques.

Contexte Droit ou Gauche (méme syntaxe) :

e P
Terme :

—>—,:> [} 1oent. "
EIVIE [ES GRAMMAIRES

A: La transcription du Francais.

A partir d'une gramaire de transcription initiale du
Francais [9] et des nombreux ouvrages parus{([6], (3], [7],
[13]...), nous avons affiné les régles qui se limitent au
mot orthographique.

Les listes d'exceptions ont été extraites du dictiocnnaire
inverse JUILLAND et du dictionnaire inverse @&u SCRABBLE.
Nous avons pu corrigé la grammaire obtenue en 1'utilisant
pour transcrire le "Frequency dictionary of french words” de
JUILLAND, soit prés de 5000 formes parmi les plus courantes
{(une seule forme par base lexicale). Nous allons inclure
maintenant 1'utilisation de renseignements
morpho-syntaxiques, comme par exemple les frontidres
syntaxiques (liaisons), ou bien la catégorie morphologique.
Ainsi, en exemple, 1'instanciation & "Verbe" ou "non Verbe"
d'une forme finie par -ent décide de sa prononciation en
("] ou [. Une analyse morphologique (ou lexicale) peut
suffire : exemple 'chantent'/[sa"t] et ‘souvent'/[suva’]
; mais il faut parfois remonter A 1a syntaxe : par exenple
pour 1'opposition bien connue 'président'/"Verbe"=[presid] ;
"non Verbe"=[presida”].

B:_la transcription de 1'Allemand.

La 9onversion d'un texte allemand en chaine de signes
pbgnégm correspondante  s'effectue en deux  pas
principaux:

* Le prétraitement morphologique et

* 1a transcription orthographique - phonétique.

1.) Le prétraitement morphologique
opére un découpage des unités lexicales en monémes et
morplm?s (racine, préfive et suffixe) et la détermination
automatique de 1'accent.

. La;'mcémx;e d'analyse morphologique est effectuée 2
l'aide d'un lexique d'environ 150 préfixes et suffixes, et
un ensenble de 150 rigles pour déterminer la voyelle de 12
racine qui porte 1'accent (dans tous les cas ou le préfize
e porte pas 1'accent). le systéme accomplit ainsi 12

28 Se 73.1.2

segnentation morphologique et la détermination de 1'accent
sur 1'unité d'un mot A la fois, par exemple :

Bewmnderung (“admiration™)

be - (préfixe pe portant pas d'accent)
wunder (racine + voyelle portant accent)
- ung (suffixe)

=)> be~w*under—ung (* = accent)

La méthode choisie [14] se distingue donc aussi bien

des systémes qui se fondent exclusivement sur des lexiques
{p.ex. le GRAPHON [8] & Vienne) que des systémes qui opérent
les analyses morphologiques & 100% par régles
(p.ex. le SYNTEX [12] de Bochum). Cette approche présente
trois avantages principaux :
*  les irrégularités de la prononciation de 1'allemand
dues plutét & la structure morphologique qu'aux exceptions
phonétiques et phonologiques peuvent assez facilement étre
détectées et définies ; ainsi la fiabilité du systéme
est-elle augmentée.

~*  Parallélement le transcripteur reste ouvert a de

nouvelles expansions. A chaque instant des nouveaux
morphémes peuvent étre introduits dans le lexique.

*  Fn méme temps la taille du lexique (qui ne couvre que
des préfixes et des suffixes) reste assez raisonnable.

2.) La tramscription

La chaine ainsi obtenue, toujours orthographique mais
prétraitée, sera transcrite par la suite en signes
phonétiques. A 1'aide d'un ensemble de 400 régles pour
1'allemand la qualité phonétique de chaque lettre est
recherchée.

Pour le mot <Bewunderung) 1l'ensemble suivant de régles

-est appliqué :

b."e."v."*(. "n."d."R."U. "ng"

(") 4b+ = (b.")
+et) = (0.7)

twt = (v.")
HrH("00"00") = (U.")
+ot = (n.")

("o er+("§") = (R.")

(00" H00") = (U.")
+ng+ = (ng")

Pour les cas qui ne peuvent étre transcrits
correctement, une liste d'exceptions se trouve dans la
grammaire du TOPH. Dans un premier temps nous nous sommes
contentés de remplir un lexique interne au fur et & mesure
que les exceptions se produisent. Par la suite, on isolera
ce lexique pour définir un lexique externe.

C: la transcription de 1'Italien .

La transcription de 1'Italien nécessite un nombre
relativement faible de régles en comparaison du Francais et
de 1'Allemand. Ces régles tiennent oompte de toutes 1les
distributions possibles de réalisations phonétiques pour
lesquelles nous nous sommes référés 4 la prononciation
italienne normative( Toscan cultivé ).Ainsi, wn -s-
intervocalique sera prononcé généralement non voisé, et nom
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pas voisé comme dans tout le Nord de 1'Italie. Les
phénoménes de Phonétique syntactique n'ont pas été négligés.
Ont été pris en considération, en particulier, les
phénaménes de sandhi, entrainant notamment une modification
de la consonne initiale (allongement), lorsque celle—ci est
précédée d'une unité monosyllabique, accentuable ou non @

& bello —>[¢ bb'ello)

Il en est de méme pour les groupements de consonnes aux
frontiéres de mots, pour lesquels des régles différentes omt
été adoptées par rapport aux mémes groupes & 1'intériewr
d'un mot:

sci — [5]

la mis cile —> [la mis tS'ile]

CONCLUSTICNS

Nous avons pris soin d'écrire un logiciel ouvert, afin de
rendre possible toute nouvelle extension, et surtout afin de
1'assimiler dans la synthése en parallélle aux traitements
linguistiques nécessaires A la description de la prosodie.
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FROM SEGMENTAL SYNTHESIS TO ACOUSTIC RULES
USING TEMPORAL DECOMPOSITION.

Frédéric BIMBOT, Gunnar AHLBOM, Gérard CHOLLET
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ABSTRACT

A methodology is proposed to infer automatically
acoustic rules that could be used to predict natural spectral
transitions for speech synthesis. It adapts ATAL's "temporal
decomposition” technique /1/ to compute interpolation
functions from phonetically labelled acoustic targets.
Coarticulation effects are controlled quite adequately using
such a representation. With this methodology, rule-based
synthesis will be developped more efficiently for new
languages, dialects, speakers with better control of speaking
rate, style of speech ...

INTRODUCTION

The automatic generation of "natural” speech
from a phonetic transcription is a challenging task.
Two main approaches have been Proposed:
segmental and rule-based. The segmental approach
(using diphones, demi-s llables,gl lysons, ...) offers
an easy way to intelligible speech. But the segment
Inventory is speaker dependent and control of timing
is a non trivial task.The lack of naturalness could be
attributed to uneasy analytic control of speech
parameters. A rule-based approach is more flexible,

lves more insight on the perceptually relevant
eatures of speech, and could be more easily adapted
to new speakers. Control of prosody, style of speech,
is achieved quite naturally within a unified
framework. Unfortunately, this approach requires,
so far, a leng@hy and art oriented procedure using
visual and auditory hand-tuning of the rules.

Our goal is to provide a methodology to move
%{,adually rom segmental to rule-based approaches.
e propose a number of interactive tools usin
powerful signal and data apatlyms techniques to mode
spectral evolution, infer spectral targets
automatically, and generate adequate transitions

toward these targets.

SYNTHESIS and COARTICULATION

An acoustic synthesizer is usually controlled by
a set of parameters updated at regular time intervals.
The parameters are ‘either retrieved from memory
(speech restitution and segmental synthesis) or
computed from rules. We are concerned here with
smooth spectral evolution corresponding to
articulatory dynamics. As an working hypothesis,
articulatory and therefore spectral targets are
assumed. In this paper, coarticulation is referred to
as a phenomenon of target undershoot due to
contextual effects, speaking rate ...

TEMPORAL DECOMPOSITION

ATAL's technique /1/ decomposes speech into
phone-len%th temporal events which could be
interpreted as overlapping and interacting
articulatory fgestures /2,73, 4/. Evolution of a
sequence of m spectral vectors [y;j(n)] is
approximated as a linear combination of m events
represented by known functions @y (n) (interpolation
functions) with appropriate weights yik(targets):

yim) = g‘ Yik Pk ()

The functions @y (n) are constrained to be
compact in time: that is z€ro everywhere except on a
segment. The first step of the algorithm consists in
finding a good approximation for the localization
and the extent of the @-functions. Once a set {Dy ]}
has been found, the corresponding target vectors Yk

are computed by:

Iyk] = [yik] [Bg]t (D] [D) 1)t

which minimizes the reconstruction error according
to a least square criterion.

., Iterative refinement can then be performed’
until no significant improvement is obtained.

IX =0
e

Temporal decomposition of the speech segment /ede/.

@-functions can be linearly approximated and
normalized so that their sum be constant and equal to
unity. With this approximation, temporal
decomposition of a speech segment correspond to a
piece-wise linear trajectory in the parameter space.

g2

Targ 1 Targ 2 $ Targ2
(a)
Targ t Targ2
) Targ 1
—» gt

igil lineari: imated (b -
Original (?2' ;?:o I'a’:;‘:‘ );u:%p"r::lsma (A)ssocialed trajectories in the parameter Space
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Spectrogram of , Fig. 1T patwoen log area ratios of Wﬁ%ﬁ;ﬁ%
. o e o speech segment /ui/ Typical transition between phonemes /u/ and /i g; w';"m"‘::;ui:&,"-';"&“; ze::zte intormediale target
@9 usually describe a highly coarticulated
s w COARTICULATION hon}tle with unctiﬁrshoot ?f the corgre.spondlng t_arget.f
other cases, the extra function @ is a correction o
An analysis of temporal decomposition results the trajectory between targets 1 and 3. This is the
reveals the acoustic-phonetic st?flc.ture' of speechi fase foﬁ g ra;lpid front[-bacl[c m]mferr]lent é)f[] thc; tor}llgu}el:
uasi-stationary segments ricative, nasa in such diphones as [ui], [wi], [iu], and [ju , whic
gonsonant, vowe}ynucle%) are described with a single corresponcf to a "cross]mg formant" conf}guration
function. Transitions are usualg described with two /8/. The existence of an intermediate target renders
;)evqeurilr?grllnegx t?z;i;lllxlrllggggs Z/eissol::tiaﬁgcringv igla%zlrtéozn_s more accurately the spectral transition (see fig. II).
\ SEGMENTAL SYNTHESIS
\ I Synthesis can be achieved successfully b
" Targ 1 Targ 3 concatenatmlg stored segments . A set of suc
Targ2 segments called "polysons™ is chosen in such a way
S (@) that coarticulation effects accross boundaries are
FREQUENCY iz a minimized /9/. This is achieved by placing
boundaries on_spectrally stable sounds Svo_wels,
Klgatlv%s(,),orbasal clonsonants, occlliswndoff" p ci:swes%l.
) ) out 7000 "polysons” were selected for Frenc
Fig.1 Synthetic spectrums associated to a linear trajectory @ : syni}_lem(s_. Siﬁmlf;‘%l?m im rovemlgnt 1)n_percif_ptuaal
between in di . qualty (intelligibility and naturalness) is achieve
. © t 2 targets_, in dlfffefrenf spectral spaces: 4 with ’};).olysonsg synthesis as compared to diphone
ai: auto-regressive coe » Cl: cepstral coeff, Targ 3 synthesis. Unfortunately the number of these units is
Ai: area parameters, gi: log area ratios. an order of magnitudé larger than the number of
diphones.
: 2"
ff f Targ (b) q Temporal decomegs.iti(t)ln /clzbr/x be used to
We therefore investigated the effect o encode “polysons" very efficiently /10/.
interpolating spectral pargmeters for several Targ 2
SPECTRAL REPRESENTATIONS unlabelled ~ spectral representations: LPC > g1 RULE-BASED SYNTHESIS
) o L autoregressive coefficients (a;), cepstral coefficients g _

. A description of transitions is attemRted as a Cj), area parameters (A;), reflexion coefficients "Polysons" are being classified according to
linear combination of spectral parameters. number i), and log area ratios (g;) /6/. Targ 1 T2 T2 Targ3 the structure of their @-functions /10/. For instance
of spectral representations could be used for this . . . the temporal patterns of all combinations of a v_owei
purpose /5/: Auto-regressive coefficients are inadequate 4 and an unvoiced fricative (/as/, /if/, fus/) are similar.

) ) the asspciate§ space is not linearly stable. gepstral (@) )
Formant frequencies, amplitudes, and coefficients are neither suitable since the mean of two The archetype of each group can be viewed as
bandwidths (F;, A;, BWj) are often used for speech vectors (C;) gives a spectrum which keeps the peaks a rule to synthesize "polysons” of that group. A
arameterisation, owing to their Bhﬁgncal meaning. of both original spectra. Area parameters seems "polyson” is therefore reduced to a @-pattern type
owever, they necessitate a labelling operation. more convenient, but the interpolated formant T | patterns (a) and (a') give different and a set of associated targets.

Moreover, a complex treatment must be performed trajectories are not quite linear. Reflexion emporal patte f the same trajectory (b)
in order to interpolate spectra with different number coefficients (k;) behave adequately with damped descriptions of the jectory (o). The edges of "polysons” are guasi-stationary
of formants. Poles Szi) and line spectrum pairs resonances. Log area ratios (gi)_are_the best (a) is a best description oftheadua:amculatorvgeswfe segments, described with a single él normalized to
(LSPj) have the same drawbacks. parameters we have found so far (see fig. I). P (undershat targer) unity. The concatenation of "polysons" is restricted

to those with matching targets on edges (much like
dominos).
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The (-pattern can be distorted by rules to take
care of variations in speaking rate, stress, emphasis...
Overlapping and smoothing of @-functions at
boundaries express the coarticulation effects accross
"polysons”.

CONCLUSIONS

Temporal decomposition using target spectra can
break the complex encoding of these segments. In
particular, coarticulation_effects are analyticaly
explained and modeled. It is demonstrated that these
new tools provide an adequate environment in our

search for better rules in acoustic speech synthesis.
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A New Program for Manipulation of Natural Speech :
=== Interpolation Between Two Natural Utterances ----

Maximilian Hadersbeck

Institut fiir Phonetik und sprachliche Kommunikation
der Universitit Miinchen
Schellingstr. 3, 8000 Miinchen 40, FR.G.

ABSTRACT introduced a new interpolation method in
this program. The interpolation method is
For phonetic experiments it is a means of "Spectral Envelope 1Interpola-
very important to be able to manipulate tion" :
distinctive features in natural utter- The spectra of the two utterances are
ances by not loosing the natural sound of calculated pitch-synchronously and accor-
the utterance. ding to the mode of interpolation and
In this paper the description of a number of discrete interpolation steps,
computer = program is delivered which out of the two spectra a new spectrum is
allows interpolation between two natural geometrically developed. From this spe-
utterances by means of Spectral Envelope ctrum the time signal of the new speech
Interpolation. The program produces utterance is produced by a means of Inv-
high quality synthetic  utterances, erse Discrete Fourier Transformation.
where speech  parameters like pitch, A continuum between two utterances can be
intensity and formant structure of one developed by interpolating between the
speech utterance can be adopted to the following parameters : ’
same parameters of another utterance.
You can produce a natural sounding utter- Spectral and Intonation Interpolation
ance continuum starting with the The spectral shape and the intona-
unmanipulated initial utterance towards tion of speaker one’s utterance is
a final utterance with the desired interpolated towards the spectral shape
degree of manipulation. With this kind and intonation of speaker two'’s utterance.
of manipulation you can for example change _
speaker identity, sentence intonation and Spectral Interpolation (the intonation of
stress of a natural utterance. utterance one remains unchanged)

It is interpolated between the
spectral shape of the two utterances. All
INTRODUCTION the utterances of the continuum have the
intonation of utterance one.
This program is a new solution to

interpolation between two natural utteran- Intonation Interpolation (the spectrum of
ces. The program produces higher quality utterance one remains unchanged)

Speech utterances than a former program, It is interpolated between the
developed by Simon [1}, [2] at this intonation of the two utterances. The
institute. spectral shape of the utterances is not
Simon describes the program as following : changed.

"Contours of speech parameters such
as pitch, intensity or formant
Structure can partially or totally be

imposed on utterances, thus changing THE PROGRAM [1] :

sSpeaker identity, sentence intonation,

Stress or other psychophysical Logarithmic Interpolation :

parameters. All manipulation can be The user can choose between a

done in discrete steps from the unma- linear and a logarithmic interpolation

nipulated initial utterance to  the method.

final utterance with the desired The logarithmic interpolation method has

degree of manipulation." (Simon the advantage that the steps from the

(1984)) intonation of the first utterance towards
The  program which 1 developed allows the second are not simply analytically
Speech utterances to be manipulated in the defined, but they are fitted to the pro-
same  way as Simon described, but I perties of listener’s speech perception
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Spectral Envelope Interpolation :

The interpolation method between

every single pitch period of the two
utterances is a "Spectral Envelope Inter-
polation" method. This method avoids some
disadvantages of the interpolation method,
introduced by Simon [1]. . .
One disadvantage was distortion in the
synthetic speech signal if the two utter-
ances are very different in their FO
structure.

Input and Output :

The inputs of the program are the
two speech utterances, with a description
of the unvoiced/ voiced/ pause structure.
The next input is the number of discrete
interpolation steps between the two utter-
ances and the mode of interpolation. The
last input is the kind of interpolation :
Linear interpolation or logarithmic inter-
polation.

The outputs of the program are a continuum
of natural sounding utterances with their
unvoiced/ voiced/ pause description in
accordance to the input.

Restrictions on the Phonetic Structure of
the Two Utterances :

The two utterances must have the
same phonetic unvoiced/ voiced/ pause
structure.

An example : Given is the utterance "Max",
Its unvoiced/ voiced/ pause  structure
is

P v v P U
/ M A Ks 7/
with P for pause, vV for voiced, U for
unvoiced.

The second utterance must have the same
unvoiced/ voiced/ pause structure:

P Vv vV p U
for expample : "MIx*

The program interpolates now between the
first segment (Pause in the example) of
utterance one and the first segment ip
utterance two, the second segments (voiced
segment in the example), the third and so
on.

The program cannot
utterances with different phonetic struc-
ture. The only parameter which can vary
between the utterances is the information
within the coinciding segments

The segments can have totally. different

interpolate between

length, FO0 Curve, energy distribution,
they can be spoken for example frop
different speakers. Between these

parameters the program can interpolate,

The Interpolation Between the Two utteran-
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ces Within the Speech Segments.

Pause- Segments :
To interpolate between Pause seg.

ments, the speech datas are trans?onmd
with small modifications. The duration ¢
the Pause segments are adopted to th
interpolation step.

Unvoiced- Segments :

According to the interpolatin
step, the duration of the unvoiced segment
is adopted. The speech data for the ng
utterance are calculated from the tim
signal of the two utterances, without any
spectral transformation.

Voiced- Segments : ) )
Determination of The Actual Pitch Period :

In the first step the progra

counts the number of pitch periods withi
the voiced segment for both utterances.
We call the number of pitch periods i
utterance one IANZ1l, those in utterance
two IANZ2. According to the interpolatio
step, the number of pitch periods for the
new utterance (IANZX) is calculated. (see
Formula 2 in Appendix)
Now two increments are developed to mow
through the voiced segment : INCR1 (utter-
ance one) and INCR2 (utterance 2). With
that increment you can step through the
voiced segment of utterance one and utter
ance two, meeting IANZX pitch periods ir
the segments of utterance one and ir
utterance two,

P——

2 }—3 a | s | s |

voiced
Segment
Speaker 1

~

\ increment 1

new increment witﬁ\s periods

S D

t

voiced
Seament
Speaker 2

-
~

increment 2

(figure 1)
An example: (look at figure 1)

Utterance one hag 6 pitch periods and
utterance two has 3 pitch periods.
The. interpolation step demands
Periods for the new utterance.

Now you calculate an increment for speake!
one and  two, o step through the
o mget 5 pitch periods i
- € and utterance two.

Wl§h that increment you step through the
volced Segments, and the current increment
Pointer determines the pitch periods if

5 pitch

utterance on
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utterance one and utterance
which the “Spectral
tion" is performed.
In the example an interpolation is
performed between pitch period number 3 of
utterance one and pitch period number 2 of
utterance two, to calculate the new pitch
period number 3.

two, between
Envelope Interpola-

The "Spectral Envelope Interpolation" :
The aim of this method is, to

calculate out of two pitch periods, with

their FO value, a new pitch period which

has an F0 value in accordance to the
interpolation step.

I decided to take the Discrete Fourier
Transformation and Discrete Inverse

Fourier Transformation to reach this aim

[2].

The Algorithm :

Step 1 :

Calculate the N spectral lines Ulp(n)
of the time signal ulp(n), n=1,...,N
in utterance one within pitch period p

Calculate the M spectral lines U2g(n)
of the time signal u2q(n), n=1,...,M
of utterance two within pitch period g
(See Formula 1 in the Appendix).

Step 2

Calculate the number Q of neccesary
spectral lines in the new period
according to the interpolationstep.
(See Formula 2 in the Appendix)

Step 3 :

Calculate the Q spectral lines Wlp(n)
for utterance one out of the N spec-
tral lines Ulp(n) via the "Spectral
Envelope Interpolation"

Calculate the Q spectral lines W2q(n)
for utterance two out of the M spec-
tral lines U2q(n) via the "Spectral
Envelope Interpolation®,

(See Subroutine ENVINT in Appendix)

Step 4

Calculate the new spectral Lines
Xf(n), n=1,...,Q via an inter-
polation between Wip(n) and W2q(n).
{see formula 3 in the Appendix)

Step 5 :

Calculate the time signal for per-
icd £ xf(n), n=1,...,Q for the
new utterance out of the Q
spectral lines Xf(n)

(see formula 4 in the Appendix)

IMPLEMENTATION :

The program is implemented in the
High Level Language FORTRAN 77 on a
Digital Equipment Corporation Computer
PDP11/73 [3].
The main emphasize in the program lies on
a very good readable form. Its
subroutines are clearly defined and a
programmer can understand very easy the
work of the routines.
Because of this, the computation time is
rather long : On a PDP 11/73 it takes for
example 15 minutes to interpolate between
two utterances of 5 seconds length.

SUMMARY :

I have descibed in this paper a
computer program, which is able to produce

a continuum of natural sounding
utterances. The utterance continuum
starts with an unmanipulated utterance

towards a manipulated utterance. The kind
of manipulation can be chosen manually via
program input.
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APPENDIX :

Formula 1 [2] :

N-1 .
(2) up(n) = ¢ up(l).e'l(zn/N)ln
1=0

for n=1,...,N

Discrete Fourier Transformation

Formula 2 :
Q=N+ FF * (M - N)

where :
FF ... factor of interpolation

(0.0 <= FF <= 1.0)

Formula 3 :

Xf(n) = Wip(n) + FF * (W2q(n) - Wlp(n))
for n=1,...,Q

where :
FF ... factor of interpolation

(0.0 <= FF <= 1.0)

Formula 4 [2] :

N-1
(3) xf(n) = 1/N ¢
1=0

XE (1) »et(2/M)1n

for n=1,...,Q

»Discrete Inverse Fourier Transformation
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Subroutine ENVINT
(SPECIN,ANZIN,SPECOU,ANZW’

"SPECTRAL ENVELOPE INTERPOLATION METHOY

Input :
SPECIN(I), I=1,,,ANZIN
Spectral Lines Input

Output :

SpEcou(I), I=1,,,ANZ0U
.... Spectral Lines Output

DIMENSION SPECIN(1),SPECOU(1)
INTEGER*2 ANZIN,ANZOU

XIN=2+*3,1459265/ANZIN
X0U=2+%3.1459265/ANZ0U

{ angle input
{ angle output

QQ2=ANZOU/2 1ANZOU/2 spectral lines
DIN=0.0 {Increment counter IN
DOU=X0U lIncrement counter OUT
IND=1 Ispectral line counter
SPECQOU(1)=SPECIN(1)
DO 1 I=1,QQ2
IF (DOU .GE. DIN

.AND. DOU .LT. DIN+XIN) GOTO 3
IND=IND+1
DIN=DIN+XIN
GOTO 2
GRAD=(DOU/DIN)/XIN
SPECOU(I+1)= :
(SPECIN(IND+1) - SPECIN(IND))*GRAD +

SPECIN(IND)

DOU=DOU+X0U
CONTINUE
RETURN
END
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SYNTHESE DE LA PAROLE PAR POINTS-CLES : PREMIERS RESULTATS

AGNES MANTOY

Laboratoire "Image et Parole” et Laboratoire de Phonétique (DRL)
Université Paris 7 - Paris

RESUME

Compte tenu de la redondance inhérente au signal
ge parole et de la pertinence de certains
événements, il est possible de reconstituer un

- signal de qualité acceptable a partir d'un Jeu de

paramétres attaches a certains “"points-clés” du
signal d'origine. Ce prinCipe est mis en oeuvre IC
sur des phrases simples de frangals standard : les
points-clés sont recherchés sur les représentations
temporeile et spectrale du signal. Entre ces points,
les coefficients de réflexion nécessaires 2 la
synthese par prediction lineaire sont ensuite
calcules par interpolation.

INTR CTION

La parole est dotee d'une redondance 1mportante a
quelque niveau que se gitue l'analyse et en
particulier au niveau acoustico-phonétique : la
présence d'un phone a un instant donné influe sur 1a
realisation acoustique des phonemes environnants.

Ainsi le signal de parole est constitué de
segments stables ou quasi-stables et dautres,
transitoires, reflétant un changement plus ou moins
important et plus ou moins rapide de la source
sonore et/ou des articulateurs. On peut y reperer,
quelquefois ron sans difficultes, des discontinuites
majeures comme début et fin de voisement, debut et
fin vocalique, début et fin de friction etc ... (cf Abry
&al. [

Les synthétiseurs existants exploitent la
redondance du signal pour réduire le debit
d'information trés élevé du signal dorigine en
maintenant son intelligibilité avec une bonne
qualité, mais il est encore possible de reduire ce
débit dinformation en utilisant les propriétés
acoustico-phonétiques du signal, c'est-a-dire en
tenant compte de ces événements entre lesquels le
signal évolue

Certains auteurs ont déja travaillé dans ce sens,
en particulier Olive & Spickenagel [4], et T'on se
propose de reprendre ce travail sur des courtes
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phrases de frangais standard, de fagon plus
systématique et en partant de considerations plus
phonétiques que techniques.

CORPUS

i1 est constitue d'une quarantaine de mots de type
CVCV insérés dans la phrase porteuse “C'est ----
¢a". La deuxiéme voyelle est toujours /a/, la
premiére étant /i/, /a/, /u/ ou /3/. Les consonnes
employees sont les suwvantes : /t/, /k/, /b/, /d/,
/n/, /sl /|1, Iv/, 12/, 11/ ou le glide /j/. Ce corpus
a été enregistré en chambre sourde et dans un ordre
aléatoire par un locuteur masculin.

Les phrases ont éte ensuite numerisees a 16 kHz
sur 12 bits. L'analyse LPC, effectuee par tranches de
16 ms, fourmit un jeu de 14 coefficients de
reflexion auxquels il faut ajouter le gan et le pitch.
Aprés lissage du pitch et du gain, on procede a une
synthese LPC qui restitue un signal “de base”
reconstruit directement a partir des coefficients de
réflexion dorigine

METHODE
Le traitement consiste tout d'abord a rechercher

sur les représentations temporelle et spectrale du
signal de base des "points-ciés®, c'est-a-dire des
points indispensables a la reconstitution d'un signal
de qualité. A ces points-cles sont associes les
coefficients de réflexion de la tranche danalyse
correspondante. Entre ces tranches, les parameétres
sont calcuiés par interpolation linéaire de V'arc
sinus des coefficients de réflexion. La synthése LPC
effectuée sur ces jeux de paramétres fournit alors
de nouveaux signaux "interpolés”.

La qualité de la synthése dépend bien sur du
nombre de points-clés retenus, de leur empiacement
mais aussi du type dinterpolation effectuee tant
sur les coefficients de réfiexion que sur les
parametres prosodiques. Dans un premier temps
cependant, nous avons choisi de limiter notre étude
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a l'évolution des parametres relatifs au condutt
vocal indépendamment de ceux associes a la source
sonore : nous avons donc conservé, pour chaque
signal “interpolé”, le gain et le pitch du signal de
base. Par ailleurs, les travaux de Nordsprand &
Ohman [3] ont montré que I'interpolation linéaire en
arc sinus des coefficients de réflexion donne de
meilleurs resultats que dautres methodes
(interpolation linéaire des fonctions daire ou des
coefficients “LAR" (Log Area Ratio), par exemple). Il

va sans dire que lorsque le probléme de 1a recherche
des points-cles sans prise en compte de I'evolution

des parametres prosodiques sera resolu, ceux‘-cy
devront. étre reintroduits et I on sera amene a
revoir le type d'interpolation a effectuer.

SEGMENTATION

Elle est effectuee non pas sur le signal original
mais sur le signal de base reconstruit apres
analyse-synthése LPC puisque, du fait de 'analyse
sur des tranches de 16 ms, 1l peut y avoir un
décalage entre 1a localisation d'un événement
acoustique donné sur Toriginal et sur le signal
synthétise. Par  ailleurs, on utilise Te
spectrogramme et F'édition du pitch et de 'intensite
comme aide 2 la segmentation.

La segmentation consiste ici a marquer les
frontiéres des zones stables, aucune décision
n'étant prise pour les segments transitoires quant a
leur appartenance a 1'un ou I'autre des phones qui les
entourent. Les phones discontinus teis que les
occlusives sont subdivisés en deux segments : le
premier (silence ou voisement) correspondant 3 la
tenue de Ja consonne, le second, bruité, a son
relachement.

RECHERCHE DES POINTS-CLES

Si I'on suppose que deux points-cles par phone en
moyenne sont nécessaires a la reconstitution du
signal (cf Hefler [2]), alors plusieurs stratégies
sont possibles parmi lesquelles les deux suivantes

(1) définir les points-clés comme les milieux des
parties stables et des transitions : ce marquage
Indigue bien les Cibles a atteindre mais ne rend pas
compte de la durée respective de ces parties
stables et de ces parties transitoires. De plus, la
décision concernant la localisation du point situé
dans la transition n'est pas toujours facile 3
prendre,

(11) définir les points-clés comme les extrémites
des zones stables : les cibles a atteindre aing que
12 durée pendant laquelle elles sont tenues sont bien

compte. En outre, C€S points, entre
ficients  de  reflexion  sont
lesquels les coefficien | s
intgrpolés, présentent I'avantage ' d'étre
relativement surs. Ceci suppose gue les formants
des zones de transition sont des courbes continues
et monotones dune cible a Fautre, hypothese qu
devra étre affinee , |
Cest cette deuxieme methode qui a ete retenue
Cependant, le resultat, a 'audition du signai et sur

sa représentation graphique, nest pas _toulours
satisfaisant. En effet, les courbes des formants

dans les parties transitoires n'ont pas une pente
constante. De plus, il semble que ces transitions
doivent étre interprétées plus comme des
ajustements des articulateurs en jeu, avec les
erreurs que cela comporte, que comme un
déplacement monotone de ceux-ci d'une cible a
I'autre ("overshoot"). Si tel est le cas, il faut donc
déterminer les variations pertinentes dans le
mouvement des articulateurs, c'est-a-dire pour
nous, les variations pertinentes des coefficients de
réflexion dans les zones de transition.

Pour tenter de resoudre ce probléme, nous avons
¢galement sélectionné un point-clé a l‘intérigur de
la transition. Le nombre moyen de points-clés par
phone est alors de trois et non pius de deux, ce qui
rend la synthese de bien meilleure qualité mais
aussi plus colteuse en stockage de données. Cette
méthode conduif &

(1) se limiter, sur les voyelles, uniquement au
segment ou 1a structure formantique est quasiment
constante,

(i1) marquer dans la transition le début (dans le
cas C-V) ou 1a fin ( dans le cas V-C) de la structure
vocahique (établissement ou relachement de 12
voyelle),

Sont soumis au méme traitement que les voyelles
tous les sons vocaliques (presentant une structure
formantique) tels que les consonnes nasales OV
latérales et les glides aingt que la cONSONNE
approximante /v/.

En fait,le nombre reel de points-cles déepend de 12
composition de la sequence sonore : une portion g
signal ne comportant que des sons vocaliques P&
exemple, a toujours une structure formantiqué,
variant dans le temps, mais ininterrompue. |1 ny?
donc a retenir pour chaque phone que les devt
points-clés situés aux extrémités de la partle
stable. Certains de ces sons vocaligues ont uné
partie stable trés bréve voire inexistante (le gice

/1/ ou la latérale /1/ par exemple) et un seul poirt
suffit dans ce cas.

prises en
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COEFFICIENTS DE REFLEXION ET POINTS-CLES

L'originalite de notre methode consiste a nous
appuyer aussi sur I'evolution temporelle des deux
premiers coefficients de réflexion. Le rapport entre
representation temporelle et spectrale du signal et
représentation temporelle des coefficients de
réfiexion nécessite une étude approfondie gui sera

menee ultérieurement. Cette relation n'est pas
evidente, par exemple, dans les syllabes non

accentuées et entiérement voisées qui  sont
difficiles a segmenter et dont les coefficients de
réflexion présentent des fluctuations assez
deconcertantes. Toutefois, on constate que la
visualisation des coefficients permet le plus
souvent, en cas de doute sur deux tranches
adjacentes, de selectionner I'une dentre elles

" comme point-clé

Par ailleurs, du fait du principe méme de
analyse LPC, notre méthode se heurte a un
probleme de résolution temporelle : deux
evénements successifs choisis sur la
représentation temporeile du signal  peuvent
éventuellement se situer dans la méme tranche
d'analyse ou dans deux tranches adjacentes : Cela se
produit a Ia frontiére dune consonne occlusive
suivie dune voyelle, ou nous sommes toujours
amenés a retenir des point-clés dans plusieurs
tranches contigués, I'un marquant 1a fin de ia tenue
de J'occlusive, l'autre son relachement, le troisieme
la fin du relachement de 1a consonne et le debut de
I'établissement de la voyelle. |1 est possible aussi
que deux évenements distincts solent situes dans la
méme tranche d'analyse et contribuent alors,
ensemble, aux valeurs que prennent les coefficients.
On devra, dans une étape ultérieure (segmentation

automatique par exemple), temir compte de cette
difficulté.

APPLICATIONS

Les figures | et 2 représentent I'oscillogramme
et le spectrogramme des phrases “c’est douta ¢a” et
‘c'est vida ¢a" Elles permettent de comparer les
signaux de base synthétisés & partir des
coefficients de réflexion originaux (66 jeux de
parametres) avec ceux reconstruits a partir des
coefficients interpoiés.

Ces signaux “interpolés” ont été resynthétises a
partir respectivement de 23 et 19 points-cles Le
nombre de points retenus reste donc relativement
important, mais en contre-partie la quahite de ces
signaux est trés bonne et il est difficile de les
distinguer a I'oreille des signaux de base.

CONCLUSION

Bien que le type de synthese étudie dans cette
communication réesulte en une compression du debit
dinformation, elie apparait surtout comme un outil
bien adapté a la mise en évidence de I'importance
perceptuelie d'événements acoustiaues dans la
comprehension de 1a parole. On peut penser que les
evénements qui doivent étre retenus sont le reflet
de changements articulatoires essentiels lors de la
production. Leur détermination nécessite une etude
systematique des c¢as ou apparaissent les
phenomenes de coarticulation, etude qui devra étre
menée sur 1a production de plusieurs locuteurs. Une
analyse plus fine du comportement des coefficients
de réflexion sera alors possible et permettra sans
doute de distinguer les variations pertinentes de
celles qui ne le sont pas et de les rapprocher des
changements intervenus dans les représentations
tant temporelle que spectrale du signal.
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ABSTRACT

Vord recognition research typically focusses on the
recognition of isolated words. Yet in actual speech
perception the correct or incorrect recognition of
earlier words will be crucial to the recognition of
later words in the sentence and vice versa. Using
an ongoing gating technique, the effects of lexical
redundancy (monosyllabic vs. polysyllabic words)
and speech quality (synthetic speech, degraded
natural speech, high quality natural speech) on
vord recognition were investigated.

The results reveal that sentences composed of short
words are more difficult to understand than
sentences with longer words, as can be predicted by
e.g. the Cohort model of word recognition. Also, it
appeared that when a word could not be recognized
instantaneously (as often occurs in lowv quality
speech), chances of a postponed recognition on the
basis of following context abruptly decrease when
more than 4 words (or 7 syllables) have elapsed.
Such delayed recognition of earlier words typically
occurs at constituent boundaries.

INTRODUCTION

Vhen a listener hears a sequence of sounds like
"Inabankmanagersoff...” he can’t be sure yet
whether this would be the beginning of the sentence

(1) In a bankmanager’s office lav and order must
rule.

or

(2) In a bank, managers offer a lot of service to
customers.

A decision as to how the incoming sounds should be
divided into words can be made only when we have
heard enough of the following context to solve the
ambiguity. Such ambiguities pose problems to the
listener, especially when ‘the segmental quality of
speech is poor, e.g. as a result of background
noise or due to the fact that speech is produced by
a machine.

The number of alternative interpretations that the
listener must keep in mind during the process of
recognition " can be very large, and the listener
will need relatively much of the following context
to solve an ambiguity. These kinds of problems are
caused by the fact that the listener does not know

where to place word boundaries. When giving away
those boundaries we will help the listener to solve
ambiguities and to integrate the sounds he has
already heard. This can be done by means of
prosodic word boundary markers like a pitch rise at
the end of a phrase, a non-final pitch fall between
tvo rises or a speech pause (all three accompanied
by lengthening of the preceding syllable).

In previous research (see [1] and [2]) it was shown
that it is possible to reduce the negative effects
of poor segmental intelligibility by placing a
clear speech pause after, for instance, every
related group of words. In this research the
recognition percentage increased with 10 points as
a result of pauses edited into the speech.

When prosodic boundary markers are to be edited in
continuous speech, these have to be inserted at
those places that help the listener recognize the
speech as much as possible.

Not only does reduced speech quality affect the
intelligibility but also word length can play an
important role in the delay of word recognition.
Long (polysyllabic) words will be recognized early
relative to their word length as opposed to short
(monosyllabic) words. This effect can be explained
as a result of the inherent lexical redundancy of
longer words. Such redundancy is generally absent
in short words. When a listener hears the sound
sequence "eleph..." he will undoubtedly recognize
(under perfect listening conditions) the word
"elephant" even if he has not heard the final
syllable yet, because there is no other
(monomorphematic) word in his vocabulary that
begins with this sound sequence. The moment that a
listener has heard enough of the sound material to
determine which word it will be, is called the
recognition point of that word. It will be clear
that shorter words contain far less or even no
lexically redundant material. The lack of
redundancy in words results in a shift of the
recognition point towards, or even beyond the word
end. This tendency will even be increased by the
effect of degraded speech quality. In such cases a
listener will need more of the following context to
solve his recognition problems. :

In an experiment systematically varying word length
and speech quality we have examined the following
questions:

a. To what extent does word length (or lexical
redundancy) influence the recognition of words
in connected speech?

b. What is the maximal stretch of following
context that a listener may use to facilitate
the recognition of a word?
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METHOD

Vhen we want to establish the positions in a
sentence where most of the recognition problems
arise and how long such problems may persist for a
listener, we must be able to trace responses fr?m
the listener from moment to moment. _Thls is
possible when we use a gating techn}que in
presenting stimuli to subjects. The technique used
in this experiment presents fragments of sentences
to subjects that are lengthened on eac? followving
presentation, until eventually the listener has
heard the whole sentence. The length of' one
increment used in this particular experiment is a
speech fragment that begins in the middle of tbe
vowel of a lexically stressed syllable and ends in
the middle of the vowel of the next stressed
syllable (roughly comparable to a ’foot’). The
first fragment is of course from the sentence onset
to the middle of the vowel from the first stressed
syllable.

For each sentence three versions were constructed
with different speech qualities: hi-fi ngtural
speech, natural speech degraded by am?lltuqe—
modulated white noise, and diphone synthesis using
a Philips MEA 8000 speech chip. The rationale
behind including degraded natural speech was that
ve wished to check whether the same type of errors
wvere obtained under poor speech guallty
jrrespective of the precise type of degradation.

MATERIAL

Pairs of sentences were constructed in which we
varied poly- and monosyllabic words in the same
syntactical structure and with a similar meaning.
For example:

(3) Een knecht vond het kind op de stoep van zijn
huis.
(A servant found the child on the doorstep of
his house.)

and

(4) Een agrarier ontdekte de vondeling in een
weiland nabij zijn boerderij.
(An agrarian discovered the foundling in a
field near his farm.)

Thirty subjects were asked to listen to the stimuli
each time guessing what word the word fragment they
heard last would be the beginning of. They had to
type their responses into a computer, that was
programmed to analyse the answers on vwhat was
correct and what was not. After having been
informed what words had been correct, the subjects
listened again to the sentence now lengthened with
one 'foot’ of context, corxrrected their earlier
response when necessary and added what they had
recognized of the newly heard sound sequence. All
responses of the subjects throughout all stages of
the experiment were stored in computer memory.

RESULTS AND CONCLUSIONS

Because in the material only content words were
systematically varied with respect to word length,
we analysed only the responses to those words.

Turning to the first question of the experiment,
vhether word recognition is more d1ff1cu1§ in Fhe
versions with short words than in the versions with
long words, we find that the longer words were
indeed recognized better than the short w?rds: ‘961
versus 92.5% correct. The difference 1s fairly
small. However when we look at table I, we see that
the difference in word recognition of long and
short words is substantially larger for the
synthetic speech quality:

short vords | long vords
hifi 99.9% 99.8X
noise 95.5% 97.7%
synthetic 82.0% 90.4%
mean 92.5% 96.0X

Table I. Percentage correct recognized content words after final
presentation. N [short vords] = 2400; N [long vords) = 2400.

There is no difference at all between the wo@
recognition of long and short words under h%ﬁ
speech quality. The versions with noise were still
recognized better than the synthesized versions,
because, as we analysed, we found that listeners
get used to the noise; learning effects were much
smaller for synthetic speech. In pilots the noise
level masking the human speech was adjusted so as
to make degraded human speech as (un)intelligible
as the diphone synthesis. However, due to the much
shorter exposure times in the pilots, no
differences in learning effects were discovered
before the main experiment.

The differences between the three speech qualities
were all significant. This leads us to conclude
that words are more difficult to recognize when
speech quality gets worse. Moreover, it appears
that recognition of short words suffers more fronm
the negative effect of degraded speech quality than
that of long words.

The next question to be answvered concerns the
maximal stretch of following context that 8
listener may use to facilitate the recognition of 2
word. Consider the next figure:
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Figure 1. Vord recognition of speech synthesized from DIPHONES as a function

of the number of word boundaries

boundaries means: subject
any following context.

In this figure we have plotted % correctly
recognized targets, for synthetic speech only, as a
function of the 1length of the following speech
context (expressed in number of words following the
target in the audible fragment). Notice, €irst of
all that words synthesized from diphones were
recognized less then 40% correct when only their
first part (up to.and including half of the
lexically stressed syllable) is made audible. Even
when one foot is added (comprising the integral
target as well as at least one other word),
recognition is still at 50%. Recognition scores
continue to rise as more of the following context
is made audible, until 3 complete words have
elapsed. The curve then quickly asymptotes when
more than 3 words are added to the target.

Context further away than 3 words apparently does
not help the listener in finding earlier words that
he " did not recognize. What has happened when the
listener reaches the fourth word? Considering the
structure of our stimulus sentences we £ind that
most of the word groups (constituents) contain
three words so that the next word is the onset of a
newv constituent. We argue that later words do not
help the listener to recover an earlier
unintelligible word across a constituent boundary.
This 1is borne out by the following table which
presents percentage content words recognized with
or without later context, broken down by word
position within the phrase (constituent).

recognized recognized
at 1st partial after sdding
presentation one gate
phrasefinal vords 39x 73% 34X
80X (1280) (500) (936) (436)
non-phrasefinal vords 35X 79% 44X
20X (320) (111) (253) (142)

Table II. Recognition of synthesized vords at different positions in the
constituent. N [diphone quality) = 1600. Increased recognition
in the case of phrasefinal wvords is on basis of extra
information from a following constituent, in the case of
non-phrasefinal vords on basis of added information from vithin
the same constituent, X*(1)=7.28 (p<.01). .

folloving a target word. Zero

heard only part of the target without

A phrase-penultimate word is recognized on the
basis of later context significantly more often
than a phrase-final word, X2*(1)=7.28 (p<.01). We
can explain this effect by assuming that
transitional probabilities between words are much

higher within constituents than across constituent
boundaries.

DISCUSSION

Additional context within a constituent seems to
enable listeners to recover non-recognized earlier
wvords. We also found that non-phrasefinal words
wvere 'recovered on the basis of following context
more often than phrasefinal words. We take this to
be an indication that listeners tend to recognize
words in phrases. Therefore, if we are to help the
listener recognize words in poor speech quality
(synthesized speech), we shall have to mark phrase
boundaries with effective prosodic markers.
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ABSTRACT

The "order effect". that causes in a discr-
imination task the one presentation order
to be better discriminated than the reverse
order. was tested in the domain of pitch
perception with speech and non-speech ma-
terial as well as with rises and falls. The
results showed that (i) rises ©produce a
greater order effect than falls, (ii) non-
speech material and rises are better dis-
criminated than speech material and falls,
respectively.

INTRODUCTION

The phenomenon of "order effect"” (hencg-
forth called OE) has been well known 1in
psychoacoustics since the early thirties.
(cf. Stott (7). Zwicker-Feldtkeller (101},
Allan-Kristofferson (1]). In the same-dif-
ferent (AX) paradigm, this effect causes
the one sequence AB to be discriminated
significantly better than the. other se-
quence BA. In psychoacoustic research, this
effect has been considered to be an experi-
mental artifact and its influence was
eliminated by the following procedure: both
orders AB and BA were presented and the
mean of the discrimination for both pairs
served as criterion for e.gq. just noti-
ceable differences. threshold detection
etc, cf. (10).

In phonetic "research this effect was not
dealt with very often (but cf. Repp et al
{6). Chuang/WHang (2)). That might be due to
the experimental paradigm mostly wused in
phonetics: in an ABX-task, it cannot show
up as clearly as in an AX-task (Repp. 1981
[5)). In our investigations. we used only
the AX-paradigm, as 1t 1is known [5] that
this paradigm is more sensitive than the
ABX-paradigm. In several investigations at
the Institut fir Phonetik in Munich,
carried out during the last few years, the
OE showed up systematically 1in studies on
speaker recognition (Tillmann/Schieferys
Pompino-Marschall 1984 (9)). tactile dis~
crimination (Tillmann/Piroth 1986 (8],
breathy stops in Hindi (Schiefer. unpub-
lished). German intonation (Batliner,
unpublished). In a not yet published paper.
we show that the OE is not simply due to
the experimental design. and we summarize
possible explanations of its origin. In the

er, we want to address the ques
E;g:egg pgg from a somewhat different point
of view: (i) Does the OE behave d1fferepﬂy
with speech and non-speech materxal, i.e
is it a purely psychoacoustic phenomenon
or is there a qualitative differgnce bq-
ween speech and non-speech materxél? (ii)
Is there any difference between rxsesgm
falls as with regard to the OE~?. (iii
What, if any, is the contribution of reac
tion time to the explanation of the pheno
menon? (iv) Is there any difference betwea
the threshold for speech and non-speech m:
terial?

MATERIAL

The speech stimulus chosen was 'ja',.bt
cause the acoustic structure of this stimr
lus is simple enough so that the factors o
interest can be controlled ©precisely. Om
of the authors (A.B.) produced several sti
muli monotonously in the soundproofed roda
of the Institute. The stimuli were taped o
a Telefunken M15 recorder with a speed o
19 inch per second, digitized on a PDP11/%
with a sample rate of 20 kHz and filterd
with a cut off frequency of 8 kHz. For th
speech resynthesis of the stimuli a proc¢
dure was used where the intensity and th
sample points could be defined exactly fo
each pitch period. The stimulus chosen fd
the manipulation was segmented into singl
pitch periods. A logarithmic scale was usé
for the manipulation of Fo. The stimuli ha
a constant overall duration of 480 +/-5 ms
The first part containing the fricative
the transition and the first pitch periof
of the steady state vowel were left unmant’
pulated, whereas the remaining pitch peri
ods were subjected to manipulation. T“
target stimuli were produced. one fallin
by one semitone. the other rising by ot
semitone in its second part. A total o
12teststimuli were derived from the targe
by increasing the rising contour in s1!
steps of 1/8 tone and decreasing th
falling contour analogously in 6 steps ¢
1/8 tone. These 12 stimuli together wit!
the two target stimuli constituted the bod
of the speech material. 14 further stimull
were generated, each of which was an exacl

squarewave analog of the respective speect
stimulus.
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PROCEDURE

Four different test-tapes were prepared
for each of the subgroups (speech-rises,
non-speech-rises, speech-falls, non-speech-
falls). In the 'same' condition, each sti-
mulus was vpaired with itself. resulting in
7 combinations. In the 'different' condi-
tion, the target stimulus was paired with
each of the other stimuli. the order of
presentation being AB as well as BA, resul-
ting in 2*6 combinations. Five repetitions
of each of the 19 combinations were taped
in randomized order, with an interstimulus
interval of 500 ms between the members of a
pair. Each pair was followed by a pause of
3500 msec; after 10 pairs a pause of 10 se-
conds followed. The experiments were run in
the speech 1lab of the Institute with a Re-
vox-trainer and headphones, at a com-
fortable 1listening 1level. Subjects were
students that were paid for their partici-
pation. They were instructed to compare the
two members of a pair, to decide as quickly
as possible whether they were different or
not, and to press the appropriate button on
a box forming part of a digital data
collecting device. The responses were
collected with a PDP11/03 and prepared for
statistic analysis.

RESULTS

Figures 1-4 display the different responses
for the orders AB and BA: the number of
subjects is given in parenthesis (Fig. 1:
speech rises (n=14), Figq. 2: speech falls
(n=12), Fig. 3: non-speech rises (n=11),
Fig. 4: non-speech falls (n=14)). In all
graphs the abscissa displays the difference
in tone (1/8 to 6/8), and the ordinate the
pPercent different responses. Generally it
turned out that the order AB yields more
different responses (i.e. is more promi-
nent) than the reverse order BA. This shows
up most clearly for speech rises and non-
speech falls, less clearly for non-speech-
rises. We are at a loss for any convincing
explanation for the unsystematic results
for the speech falls.

100 _| Fig. 1: speech rises

50

percent different responses
I

1/8 2/8 3/8 4/8 5/8 6/8 tone
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variance Wwas
condition of the
two
measures (order gf
BA, difference 1n
material (speech vs.

A multivariate analysis of
applied to the different
four groups together with four factors,
of them being repeated
presentation AB and
tone); the other two, i rall)
non-speech) and contour (rise vs. a

were independent. The level of sxgnxfxcancg
was set to p < .05. The necessary assump
tions for the multivariate approach were
tested with the Cochran and Bartlett tests.
Table 1 shows the F-values and level of

significance for the effects tested.

Table 1: Statistical results. 3
BETWEEN-SUBJECTS (df: 1,47) F p <
mat. by cont. 1.42 . 240
cont. 1.57 217
mat. 4.22 046*
ORDER WITHIN SUBJ. (df: 1,47)

mat. by cont. by ord. 6. 95 .0t %
cont. by ord. .03 . 860
mat. by ord. .43 . 514
ord. 9.14 004*
PAIR WITHIN SUBJ. (df: 5.43)

mat. by cont. by pair . 87 . 507
cont. by pair .60 . 694
mat. by pair 1.96 .103
pair 29. 09 001*
ORDER BY PAIR WITHIN SUBJ. (df: 5,43)

mat. by cont. by ord. by pair . 35 . 879
cont. by ord. by pair 2.17 .074
mat. by ord. by pair 1.52 . 203
ord. by pair 1.75% . 143

Four of the effects tested turned out to be
significant: they are asterisked 1in Table
1: material, material by contour by order,
order. and pair. As there was an interacion
between material, contour. and order, the
significant main effect of order cannot be
interpreted. Therefore, Fig. 5 displays the

Fig.s : interaction

8

] *——s speech

¢---« hON-speech

50 Y

percent different responses

T T Y T

rise fall rise fali

AB BAa

i main effects for ABvand BA; the i,
:;Tziiion shows clearly up in the left pay
of the figure. Given the presentat1°n orde
BA (right part of the figure), non-speeg
stimuli yield more d1§ferent responses th;,
speech stimuli and rises more than fal)
This pattern changes for AB (left part)
where no difference between speech and po,
speech rises can be observed.

Table 2 shows the intersegtion of
discrimination function of Figs. 14 iy
the 50% line. We can see, that (i) rige

(ii) non-speech material, and (iii) stimy;
in presentation order AB can be better gj;
criminated, than falls, speech material

and BA, respectivly.
Table 2: Points of intersection between tp

discrimination function and the 50% 1line,

speech speech non-speech non-speech
rises falls rises falls
AB 2.5 4.08 2.07 1.73
BA 3. 86 2.91 2.75 3.5

Fig. 6 displays the mean reaction time (RD
for all four groups taken together. Tpeor
dinate shows the RT in ms, the abscissa th
‘same/different’' responses for the two or
ders AB and BA. It is obvious that respon
ses to the order AB require longer RTs tha

those to the order BA. and RTs are shorter
for 'different' than for 'same' responses
i.e.. hits require 1less RT than false

alarms. (In the 'same' response condition
the difference between the orders AB and B
turned out to be significant. F(1,1303):
8.89, p < .01.) These results are com
parable to those from the identical pairs,

where 'same' responses (i.e. hits) haw
shorter RTs than *different' ones.
860 4 Fig. 6 : reaction time

780 -

1 é

AB BA

"same"

reaction time

"different" resp.

DISCUSSION

As for material and contour, our results
are in agreement with the findings of Klatt
(4) and ¢t®'Hart (3], who showed that rises
are better discriminated than falls and
nonspeech better than speech material. The
OE turned out to be no purely psychoacous-
tic phenomenon, as it could be found with
the speech and the non-speech material. The

present results confirm further our hypo-
thesis, based on earlier findings, that the
order AB is better discriminated than the

reverse order BA, i.e., stimuli are better
discriminated if the stimulus with the
greater change in Fo comes last. It doesn't
seem to be the height of the offset that is
responsable, but the amount of Fo-movement,
because otherwise the OE for the falls
would favor the order BA and not AB. In the
above mentioned paper we will deal with the
origin of the OE in detail.
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i ‘ - ‘ Table 1 , 100 - 100 -

The Four-Factorial Design J i
NATION F1: ITI = 5, 10. 15, 20, 25 ms 7 4 7 1
E TRAIN DISCRIMI ~x
AN ORDBRAgFiBgIS§NOgU¥§HE ORDER ERROR F2: Step 1 (5ms) Step 2 (10ms) h ' b \“\ .
-
F3: 0C1 ITI :ITI+5 OCt ITI :ITI+lu i
HANS GEORG PIROTH HANS G. TILLMANN 8g§ I%%;S i %;% 8g§ I}%;10 3 %;; 50 — /*-!-’!\* 50 .
.. . ‘
Institut fir Phonetik und.s?rachllche Kommunikation 34. ISI = 0.5, 1.0, 1.5 s ] i
der Universitadt Miinchen F.R. G ITI: Inter-tap interval
Schellingstr. 3. 8000 Miinchen 40. . R. G. Steb: ITI1-IT % 4 4
ocC: Ordering condition B
ISI: Inter-stimulus 1§terval (a) (D) et
could also be reproduced in the auditory ther stimuli were same' or different
ABSTRACT mode wusing sequences of nine short tones (The arrangement of the factorial para- 5 18 15 20 25 5 18 15 28 25
. . 7 and it vanished when. instead of the num- meters is shown in Tab. 1). Each test of ’
During tactile discrimination tests_usin? ber of tones. the overall duration of the the experiment to a third contained pairs
the System for Electrocutaneous Stimu a- sequences was kept constant in long tone of AB-sequences being different with 100 — 100 -~
tion SEHR-2'. an order effect was re- sequences (2.5 s). Yet. it was not clear. ITICA) < ITI(B) ( first ordering condi-
vealed: ~sequences of pulse bursts W1th whether the disappearance of the =affect tion' - 1st 0C)., to one third BA-pairs N .
constant. small intervals between eacr was caused by the constancy in overall ITI(B) > ITICA) (2nd ©0C). and to one 7 : 7 x L
two of them were presented in pairs. I duration or because there are other para- third AA-pairs with ITICA)=ITICA) (3rd . T . ] x
these sequences had different 1ntervalsl meters governing the perception in a test oc) ITIs of the sequence with the smal- 4 » .
S's discriminated better when the se_ using sequences with a duration of more ler interval were 5. 10. 15. 20. and 25 e .
quence with the larger interval was pre- than 2s. ms.” Each test consisted of 60 completely 1 % \\ 7 *
sented first. In the present investiga , The present investigation uses - a randomized pairs (5 ITIs x 3 OCs x 4 re- * ~
tion the effect was tested system§t10§11Y 2IAX-discrimination experiment to test petitions). Each S underwent 6 tests dif- 50 N N 50 7] *
in a four-factorial design. A univariate the dependence of discriminability on the fering in the factors "step". i.e. : | * _
analysis of variance confirmed the order factors “inter-tap interval’ (ITD ITICA)-ITI(B) (5 ms and 10 ms) and ISI e
‘ effect, but also showed that discrimina- step' (ITI(B)-ITICA)). order of presen- between the sequences of a vpair (0. 5. . - x
: tion rate is nearly unaffected by varia= tation' (0C). “inter-stimulus inter- 1.0. 1.5 s). The interval between two
tions of the inter-stimulus interval. val' (ISI) in a b5.2.3.3-factorial design successive pairs was fixed to 3 s. The 7 7
so that the nature of the order effect tests were presented in different orders ]
and the role of the threshold for coinci- to each S so that each possible order of
INTRODUCTION dence of successive stimuli can be eva- tests was presented once (3 ISIs x 2 (e) — (9 —
. lec~ luated based on an interpretation of stgps = 6 testsi. Each test was presented .
In order to establish a sYSt?m for elec i ifi nt effects revealed bv the twice to yield 8 repetitions per S and
trocutaneous speech transmission dynamic s1gn1A1cat ) combination of factors, 5 1@ 15 20 25 S 10 15 28 25
pulse train patterns must be designed experiment. .
that serve as basic stimuli* for the
construction of tactile speech analogues L1 . RESULTS AND DISCUSSION 180 -~ 180~
(Piroth 1986 [61). Those pgt;grn:i??g:ig STIMU
be readily discriminable and 1iden . ; i ectrodes (9 For each S the 8 repetitions were pooled ] T
in a wav that is analogous to the percep- Three g?;;:tzi 31%:92 z;zfiaildgstance of to yield an  intervaloscalod depzndent 7 | 7 ]
tion of natural speech. The cSvstem fos Tm lnb tomen ihe electrodes of a pair variable. Fig. 1 shows the data for the A .
Electrocutaneous Stimulation' SEHR®2 pro- o f? tened to the dorsal side of the three ordering conditions separately for . -
duces current-controlled pxpolar‘ele??rlc we;: -fas exm They wore apranded linearly both steps. but pooled over ISIs  Data
impulses with freely wvariable 1ntgl/€ﬁs le th 2r::r distal pair was 3 cm from the did not depart from normal distribution i 7
of the form shown in Fia. 1 of plio ; 5 @ th ¢ dial and proximal ones 4 and or from homogeneity of variance i) . 50 -
Tillmann (1984) €7)  This study prove wrist. ® From the distal one. Sequences (BartlettBox~Test: F(89.2007) = 1.05752. 3
that continua of pulse train Seguinczi Br CQiﬁ:aytaps, consistina of three impul- P = 0.335). A four-factorial wunivariate g x .
that  only vary the intervals tegor ces |with an  impulse width of 200 us and analysis of variance (ITI. Step. 0C, ISI) x T N o x
pulse bursts can  produce .o ca‘ggthg inter-impulse onset interval of 2.5 ms (SPSS t4n showed significant main ) 1 7N x
switch in an identification teSt'\l ' ea hlnwere gelivered to the skin. The effects for all factors for ISI on the // i x * -
threshold of coincidence for sucaesg1vi gact . Tectrode pair received taps 1 - 5%-1level. for all other factors on the 1 /
~pulse bursts is crossed along theniﬁtwgn 3ls :he zed;al one taps 4 - 6. and the 1%-level. There was no third or higher 4 * %
lus contlnuum continuous tmOZ:| from pboximal one taps 7 - 9. The sequences degree interaction. but Step x OC and OC (e) (£) ‘ )
the skin 18 clearly iens lnde-s vread differed in the duration of the inter-tas ¥ ITI interactions were highlv signifi- € — T
discrete taps: Tests with a Wi ° the interval - (ITI) between the =successive cant. On the S5%-level the step x ITI
continuum and a 20 ms-step Dbetween hold taps 1y ' interaction 1s significant. too (Tab. 2). ‘
neighboring items indicated a thres oth aps only. The significant main effects of step. 0OC 5 10 15 20 25 5 18 15 20 25
at _approximately 18 ms. T‘llma""'plzq and ITI confirm the results of our pre- ~
(1986) [10) revealed an order <eff?? 1? PROCEDURE vious investigations (Tillmann:/Piroth
the discrimination of those stimuli: sg Q 1986) {101 In varying ISI between the Fig. 1: Percent 'Different'-
sts ( taps') ‘ - ) J ) nt'-Responses
quences of nine pulse bur ' th T cix Ss arti ting in the experi- stimuli to be compared we included a new
consisting of three impulses each wi e elx 55 participating e obe- factor in the investigation that is im- - -
intervals (ITI) Dbetween ment first underwent a calibration pro¢ € ‘ (a) I-step, OCl1 (b) 2-step, OCI
conitagab o?m:;lmlggﬁ:\gr;sented in pairs. dure to adjust subjective intensity to @ p?;tazt for the dxgcg§s1on ofsstp$ ?vder (c) 1-step, 0C2 (d) 2-step, 0C2
;;:n. if these sequences had different mid value between absolute thneshgldaigf :upggséd Ighzélzgznnéié:gtgfflgt might gz (e) l-step, OC3 (e) 2-step, OC3
[fls botp shorter than 50 me Ss MLSCTT Mslengeniness Since bhe 2IAXLest Bt HEiTnaa ‘I tarms oFihe siessieniiine
i when e . 2 ) " : e : g
zzgat§%l Eggte;resZnted first. The effect ranged in pairs and Ss had to decide whe- order error” (TOE) in duration discrimi
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Table 2 )
Main Effects_and Interactions

Main Effects:

F1: ITI F(4,.450) = 12.06453 p<0. 01 * %
F2: Step F(1.450) = 18.16458 p<0.0t1 *x
F3: ocC F(2,450) =153.10276 p<0. 01 **
F4: IsI F(2.450) = 3.65926 p<0.05 *
Interactions:

F1 x F2: F(4,450) = 2.95247 p<0.05 *
F1 x F3: F(8,450) = 15.22227 p<0. 01 fakol
F2 _x F3: F(2,450) = 23 82372 p<0.01 * %

Caption as in Tab. 1

nation (Stott 1935)  (9}. Since the over-
all duration D of each sequence covaries
with ITI (D =9 x 5.2 ms + 8 X ITI) we

may hypothesize that the Ss' judgments in

the 2IAX-test are at 1least partially
between

based on durational differences
the sequences of a pair or ITI differen-
ces, According to Allan/Kristofferson

is another effect that is
special in duration discrimination be-
sides TOE: discriminability of durations
is not influenced by variation of 1ISI
between the pairs to be compared

Now, if duration discrimination is an 1im-
portant factor in the Ss* judgments in
the ©present experiment. we should expect
that discriminability is wunaffected or
only slightly influenced by variations of
ISI and that the order effect does not
interact with ISI. This is the <case,
since the main effect of ISI is signifi-
cant only on the 5%-level and since there
are no interactions that include the fac-
tor IS (Tab. 2). The main effect of ISI
is based on a special <contrast Dbetween
the smallest . (0.5 s} and the 1largest
value of ISI (1.5 s) only (ISI%1 and ISI3

F(1:;4503=7.01085. .p < 0.01). So TOE seems
to be at least one -‘factor «constituting
the order effect

Further information is provided by the
analysis of the simple effects within the
significant main effects: Step is only a
significant factor within ITI = 5 ms and
ITI = 10 ms (F(1.450) = 23.13967. p <
0.01 and F(1,450) = 402881, p < 0.05).
In these cases ITI is. in the range of the

1974 [1) there

threshold for coincidence of successive
stimuli: Since an ITI of 5 ms and an ITI
of 10 ms are both below the threshold it

is more likely that sequences in 2-step

pairs belong to different categories
("continous movement” and "discrete
taps"). This interpretation is confirmed

by an analysis of the special contrasts:
only the contrast ITI = 5 ms vs. ITI = 10
ms is not significant (ITIt and ITI2:

F(1.450) = 0.05887. p = 0.808: ITIZ and
ITI3:. F(1.450) = 27.68914. p <« 0.01:; ITI3
and ITI4: F(1,450) = 16.42786. p < 0.01;
ITI4 and ITIS: F(1.450) = 4,08225. p <«
0. 05).

Step is highly significant only in OC1H

and 0C2 {(0C1 F(1.450) = 51.73833. p «
0.01: 0oc2 F(1.450) = 7.53802, P <
0.01). 0C3 consisted “of pairs of physi-

equal sequences. Nevertheless. step
the 5%-level in 0C3

6.53567. p ¢ 0.05). This

reveal a contextual effect

cally
1s significant on
too (F(1.450) =
fact seems to

i i o irapility: the sameness-crite-
;?ond133§:glngy1 thz Ss* (Pollagk/Pisoni
1971 [(8)) seems to depend partially on
the overall inventory of sequences pre-
sented during the test run. 0C is highly
significant for both steps anq all ITIs,
put ITI is significant_only in 0C2 and
oc3 (0C2 F(4,450) = 31.75895. p < 0.0@
oCc3: F( 4,450 = 9. 54535, p < .0.01). This
can be explained by conc;derlng Fhe form
of the discrimination curves: in og;
discriminability decays with 1lncreasing
ITI, so that a significant effect arises,
in O0C1 discriminability is bad and re-
maines nearly constant along the ITI-con-

tinuum, In OC3 the effect is QUe to a
significant variation of dlffgrenv-
answers along the continuum that yields g

peak when III is 15 ms. '
The analysis of the special contrasts
within the order effect shows that there
is a significant difference between 0C4
and 0C2 as well as Dbetween 0C1 and 0C3
(0C1 and 0C2: F(1,450) = 60.04474. p <«
0.01:; OC1 and 0C3: F(1,450) = 245.1607&
p < 0.0M1). Now, an order effect 1in the
discriminability of stimuli in a 2IAX-
diserimination test can arise if percep-
tual equality of the pairs departs fron
physical equality. Tillmann/Piroth 1986
[10) argue that in pairs of sequences of
the kind used 1in the present investiga-
tion the second sequence has to be longer
than the first to be sensed as being
“same'. From another point of view, 'this
means that the physically equal sequences
of the AA-pairs in OC3 are not ©percep-
tually equal. Additionally, the sequence
with ITI = 15 ms is in the range of the
threshold for coincidence of successive
stimuli. According to the theory of cate-
gorical perception. discriminability in-
creases near category bounderies (e.gq.
Liberman et al. 1967 [31). Since
continuous movement' and discrete taps'
are established categories in natural
cases of tactile ©perception. we can sug-
gest that there 1is a peak in discrimina-
bility, if two stimuli of different cate-
gories are presented in a pair. According
to our assumption on perceptual equality
the second sequence of an AA-pair con-
sisting of two sequences with ITI = 15 ms
will be sensed to be faster than the
first. Since ITI =5 ms and ITI = 10 ms
are clearly below the coincidence
threshold. the first sequence of the
15ms: 15ms-pair is possibly sensed to be
above and the second to be below this
threshold. This may explain the peak in
discriminability found for physically
equal pairs of sequences with ITI = 15
ms.
The discussion of order effects is not
uncommon throughout literature on normal
speech perception, too (e.qg. Ohde/Sharf
1977 €51, Uselding 1977 (111).
Even the order effect in duration discri-
mination (TOE) may be found in speech
data. Thus. Lehiste 1973 (2] introduced
the notion of final lengthening' to de-
scribe the phenomenon that in syllable
sequences syllable duration increases at
the end of the sequence. Now. our presen

tat@on of tap sequences in 2IAX-pairs
(which are at 1least minimal sequences ©
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S OF LANGUAGE ACQUISITION
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ABSTRACT

The mode of table tapping, for example, had a
striking similarity with the mode of utterance in
Japanese in terms of speed and of interstress
(-beat) intervals, which eventually concentrated
in the area,of 400-1,000 msec. in both modes. And
more interestingly, the subjects who tapped quick-
ly outstripped the slow tappers of young ages in
the ability of learning a new foreign language,
even if they are very old, i.e., 80 years old.

Other experiments revealed that, when inter-
stress intervals go out of the central rhythmic
area (400-1,000 msec.), intelligibility of the
speech abruptly falls in the case of initial stage
learners of a foreign language. These and some
other evidence seem to throw doubts on the widely-
spread ideas of gradual perception of rhythm and
of the critical period in language acquisitiom.

INTRODUCTION

Rhythm has been acknowledged to be one of the
important, probably universal, principles in spoken
-language, functioning both as an organizing factor
in speech articulation [1], and a guiding principle
in the perception of speech [2]. If there should be
a possibility that rhythm might be innately acquired
or a universal phenomenon as some phoneticians sug-
gest [3], it would possibly play a very important
role in the process of understanding sentences and
discourses, and even in the process of language ac-
quisition, both of which require far more compli-
cated strategies and cognitive actions than the
perception of sounds, or isolated words.

EXPERIMENT I

An English short story (106 words) was composed
by the use of the words and sentences which had al-
ready learned by the subjects —- Japanese high school
students (9th grade) who were learning English (n.
=120). The content of the story was original, how-
ever. This story was read and recorded by an English
speaker at three reading speeds: normal, fast and
slow. The normal speed material was then compressed
mechanically by Speech Compressor (HITACHI TSC-8800)
(Machine fast). These four modes of the material
had the following acoustic characteristics as a re-
sult of measurement by Visicorder and Electro-os-
cillograph  (Yokogawa, Type 2901, amplifier 3125):
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Reading speeds: normal=124.8 words/minute,

slow=74.9, fast=198.7, machine-fast=185.8

Frequency of juncture pauses: normal=17,

slow=35, fast=14, machine-fast=16

Total amount of juncture pauses: normal=14,098

msec., slow=32,693, fast=7,209, machine-
fast=11,071
Interstress intervals (means): normal=574
msec. (£.D.=154.8), slow=568 (S.D.=179.2),
fast=446 (8.D.=90.6), machine-fast=339
(5.D.=144.6)
(The phonetic stoppages whose duration was
jess than 220 msec. were not included in the
data on pauses, because this kind of discon-
tinuation often occurred when plosives were
made.)

Intelligibility of the four modes of the mate-
rial was got by asking questions of the subjects
in Japanese about the content of the story, as
follows:

normal> fast, p<20.01, (t=3.40)

normal >machine-fast, p<0.01, (t=6.18)
slow»normal, p<0.05, (t=2.52)

slow>fast, p< 0.01, (t=5.92)

slow> machine-fast, p<0.01, (t=8.70)

fast > machine-fast, p<0.05, (t=2.78)

(ADB in the table means A mode gave more in-
telligibility than B mode to the subjects who
were homogeneous in ability of English.)

Obviously no other factors than interstress ir
tervals (rhythm) can interpret the above-mentioned
facts. The speed of utterance and the pausing cor
ditions can never explain the phenomenon of fast>
machine-fast, but the interstress intervals can =
they are less than the central rhythmic area (400
700 msec.) suggested by Allen (1975) [4], in the
machine-fast.

The author's previous paper [5] shows that pause
help listeners' cognitive processing if normally
placed, but too many pauses which were placed at
the ends of every word, for example, hinders 1isten
ing comprehension. The paper also shows that slowl
drawled pronunciation which is too accurately ar
ticulated has the same negative effect. The reaso

for this phenomenon can be explained by the fact
that, while the interstress intervals of the forme!
material were 574.2 msec., the ones of the latﬁé
two were 1845 and 2643 respectively, both of whi
are off from the central rhythmic area. "

Several additional experiences were held iﬂts
similar way as Experiment I, changing the condition
of interstress intervals variously and revealed

that intelligibility falls when they go out of the
area of about 400-1,000 msec. It may be said in
this connection that interstress intervals of the
first cry of a newborn baby was around 756 msec. (
means).

- EXPERIMENT II

Subjects are Japanese with age variety from 18
through 79 years old (n.=30), They were asked to
tap a table at a tempo they feel most normal, and
then to read "The North Wind and the Sun" by‘Aesop
at normal speed in Japanese. The result is shown
at Table 1:

ble 1
Subjects Tapping | Reading speed| Age
(f/m) {w/m)
1 107 211 18
2 105 208 18
3 102 198 22
4 95 192 20
5 100 185 49
6 96 182 43
7 96 180 23
8 90 177 24
-9 86 175 55
10 78 173 16
11 70 170 35
12 77 170 14
13 47 170 49
14 75 167 41
15 73 165 57
16 60 164 59
17 45 . 160 - 35
18 70 155 17
19 66 148 71
20 90 145 23
21 60 143 39
22 60 143 37
23 60 140 62
24 56 140 40
25 45 136 65
26 49 135 65
27 86 ) 132 23
28 65 130 55
29 48 123 74
30 43 111 78

The rank correlation between the tap frequency and
the reading speed is very high (rs=0.78, t=4.2,
p< 0.0001), and those between tapping and age,
reading speed and age are rs=0.61, t=3.28, pg 0.02
and rs=0.57, t=3.06, pg 0.004, respectively.

Slow, rapid and normal speed tappers, 7 in total,
were then chosen from the subjects, and they were
required to learn Spanish, which was never learned
by any subjects in the past. The content of learn-
ing (testing) was. 1) to repeat some Spanish words
and sentences without models after having listened
to them by a tape recorder five times. 2) to find
some grammatical rules heuristically after having
listened to some sets of words and sentences. 3) to
repeat phonemically minimum pair words after having
listened to them five times. All the responses were
tape-recorded and scored by two teachers of Spanish.
(coefficient of objectivity=0,82)

Table 2
Reading condition
Subjects|Spanish Tapping| interstress Agd
test score interval S.D.
f/m msec.
1 108 110 412 15 |18
5 102 104 453 15 |49
8 98 96 525 21 |24
19 77 66 755 21 171
28 59 65 870 30 |55
29 51 48 931 31 |74
30 57 43 905 30 |78
EX 73 75 692 21 179
Relation between the Rhythmic Actions and Language

Acquisition

Table 2 shows the very high correlation between
the frequency of tapping and test scores, but bet-
ween age and test score, the correlation is not so
high. In order to confirm the relation of neuro
muscular ability for rhythmic action with compe-
tence for language acquisition, a male subject, EX,
who is still quick in action in spite of being 80
years old was asked to join the experiment, which
brought forth the result described in the bottom
of Table 2 -- his tapping is very smooth and his
test score is also high.

We can conclude rhythm is unexpectedly crucial
in the process of acquisition, closely connected
with human beings' motor actionms.

References

[1] J. Martin, "Rhythmic (hierarchical) vs. serial
structure in speech and other behavior'" Psy-
chological Review 79: 487-509, 1976.

[2] W. Marslen-Wilson and L. Tyler, "The temporal
structure of spoken language understanding"
Cognition 8: 1-71, 1980.

[3] M. Studdert-Kennedy, "Speech perception' Pro-
ceedings of the Ninth InternationalCoﬁg;Ess
of Phonetic Sciences II: 59-81, University
of Copenhagen, Denmark, 1979. <

[3] I. Lehiste, "Isochrony reconsidered" Journal
of Phonetics 5: 253-263, 1972.

[4] G.D. Allen, "Speech rhythm: its relation to
performance universals and articulatory
timing" Journal of Phonmetics 1: 219-237,
1975.

[5] M. Kohno, "The effects of pausing on listening
comprehension: some psycholinguistic exper-
iments in the case of Japanese learners of
English" in T. Konishi (ed.), Studies in
Grammar and Language 392-405, Kenkyu-sha
Tokyo, 1981. :

Se74.4.2 ' : _ 55




THE DESIGN OF A

SPEECH ANALYSIS WORKSTATION
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ABSTRACT

The development of a speech analysis
workstation is presented. The problems and
challenges in acoustically analyzing speech signals
are discussed. A system was developed to provide
the digital acquisition and analysis of speech with
all of the features typically required in acoustic
phonetic research.

INTRODUCTION

Speech has been acoustically analyzed by a wide
assortment of instruments including oscilloscopes,
spectrographs, and numerous computer based
systems. Typically a computer system requires a
number of peripherals to analyze speech. These
peripherals may include input modules with A/D
and anti-aliasing filter, graphic boards and special
printers. High speed array processors or special
digital signal processing boards may be added to
boost processing speed.  Software to analyze the
stored signal is typically purchased commercially
or developed by researchers.

The recent availability of general purpose
digital signal processing chips, inexpensive digital
memories and personal computers has provided
the technical capabilities for the development of a
powerful workstation designed for the analysis of
speech. A system can now be developed with the
advantages of a spectrograph {e.g. Sona-Graph and
SSD), an oscillograph (e.g. Visicorder), a feature
extractor (e.g. Visi-Pitch), and a general purpose
computer (e.g. VAX with DSP software).

DEFINING A SPEECH WORKSTATION

Before the development of a speech analysis
workstation is started, it is important that the
analysis requirements of the users are clearly
understood. Speech is analyzed by many different
professionals for many different reasons. A
phonetician may have different needs than an
speech language pathologist. Any workstation
designed for speech analysis must take these
different requirements under consideration. The
common elements for most speech analysis are

reviewed as follows:

Input .
The aliasing portion of a signal must he

filtered before the signal is digitally storeq
Low-pass filtering is the process of eliminating the
high frequency components which will creat
spurious spectra in the analysis. Providing
adequate anti-aliasing filters is a difficult, anq
often overlooked, problem especially if the user
changes sampling rates to perform different
analysis tasks. For example, the analysis of vocal
behavior (e.g. perturbation measurements) requires
very high sampling rates to achieve high timing
accuracy. Sampling rates as high as 50-100kH;
may be required. Anti-aliasing filters at these
sampling rates are quite different from filters at
slower sampling rates.

Sampling frequency must be variable and
should exceed the 50 kHz sampling rate required in
some applications.

Psycholinguistic experiments and.phonetic
transcription require a system which can store and
playback speech at high fidelity. High fidelity
playback requires high sampling rates. If the
workstation is to be used to acquire and define a
phonetic library the speech signal requires a deep
dynamic range and excellent frequency response.
Dynamic range should be above 70dB and sampling
rates above 50kHz. The speech signal storage
should be sufficient to store at least one paragraph
of speech sampled at high rates.

All of the above requirements are very
important because there is a general requirement
for instrumentation to simply acquire, filter,
amplify/attenuate, A/D, D/A and buffer speech
signals for input to computers for further analysis.
A speech workstation should be able to excel in this
limited but important function.

From the requirements explained above the
following criteria for input and signal storage were
developed:

Sampling rates: Variable with samples up to
80kHz )

‘Dynamic Range: 12 bits or >72 dB

Low pass filters: Automatic with sampling
selection, 120 dB/octave, preferrably digital
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filters.
Signal storage: At least 40 seconds sampled
at 20kHz. This requires 2 Mbytes of memory.

Displays
Graphically, speech has tradionally been

displayed as a waveform, a spectrogram, a power
spectrum (frequency vs. power) or as tracings of
speech parameters. A speech workstation should be
able to present these four standard-displays clearly
and crisply. Speech analysis also typically
requires timing and frequency measurements.
Various feature extraction techniques such as LPC
analysis has also proven itself a useful tool.
Integrating these various approaches in the
analysis of speech would be especially useful. For
example it would be useful to superimpose color
LPC extracted formant values on a wide band grey
scale spectrogram. Depending on the analysis task
it would also be desireable to be able to rapidly
switch analysis formats to find the type of display
most revealing of the characteristic under
investigation.

A workstation should allow a wide range of
display options which can be quickly performed
(less than 2 seconds). This will help users quickly
re-analyze the stored data to find the most
revealing display of the aspect of interest. Time
resolution of waveform displays must facilitate the
measurement phenomenom of both very short and
long duration. Timing accuracy should be as fine as
each data point of memory for resolution of 0.01
milliseconds. Spectrograms must include a
selection of analysis filters for the fine time and
frequency resolution frequired for the effective
formant display of low and high pitch voices.

Real Time Performance

Real time analysis is valuable for a number
of reasons, some obvious and others not so obvious.
The faster the analysis is performed the less
waiting for the user. If the user can quickly
re-analyze data he or she is more likely to explore
various analysis modes to find the most revealing
method. In any clinical setting real time analysis
is usually a requirement.

The other advantage of real time analysis is
that the data can be monitored during input and
analysis. Systems, which batch analyze data,
require the user to first store data and then analyze.
Speech is such a dynamic signal that unless the
input can be monitored during input it is very
difficult to acquire the signal without overloading
during transient peaks or underutilizing the full
dynamic range. One solution is to use input
systems with very deep dynamic range (>90dB)
which require 16 bit A/D and extremely good low
noise input circuits and anti-aliasing filters. These
systems are very expensive.

For many applications it is important to
monitor the analysis in order to select the correct
data for analysis. For example if the researcher is
investigating an acoustic phenomenon which is

clearly displayed spectrographically, but is
difficult to hear, real time capability allows the
user to scan the input speech signal to select the
appropriate segment.

Some systems will analyze in real time, but
can not simultaneously store the speech signal.
This is obviously undesireable because the user
must re-enter the signal to re-analyze. A true real
time system must be able to simultaneously low
pass filter, acquire, store to memory, analyze and
display in real time.

Graphic Resolution
" As mentioned above the graphic displays are

an important component in any speech analysis
workstation. High resolution graphic displays are
technically difficult. Typical microcomputers
video graphic standards fare not good enough to
replicate the display resolution of even 1950 style
hard copy spectrograph. The selection of grey
scales available are insufficient to display
spectrograms. The fine timing and frequency
measurements require a more robust display
standard with more than 32 shades of grey for each
element and a display resolution of at least 640(H) x
480 (V). Hard copy resolution must match the
standard set by the commonly available hard copy
spectrographs. A color display would also be useful
to display speech parameters (such as LPC extracted
formant frequencies) and grey scale spectrograms
simultaneously. Color is also required when
multiple traces are displayed.

Interface to Computers

A speech workstation should be able to
operate inside a microcomputer, or be easily
interfaced to microcomputers. For a number of
reasons discussed in more detail in another section
of this article currently available microcomputers
can not become practical speech workstations.
Despite these limitations inexpensive
microcomputers can serve valuable functions if
interfaced to a speech workstation. The
availability of inexpensive file management, data
storage and software complement the analysis and
display power of a speech workstation. An
interface to these microcomputers should be very
fast to facilitate rapid exchange of data files and to
increase the utility of the speech workstation as a
data acquisition peripheral.

Programmability
The rapid advances in digital signal

processing of speech necessitate that a speech
workstation can be updated to apply new
algorithms to speech analysis. Often users are only
interested in a single speech analysis measurement
and may require adjustments to currently
available programs to best extract this
information. It would be desirable for the user to be

able to change programs and a requirement that the
vendor can upgrade without using software rather
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t allow the simult
microcomputers do 0o aneous because of the upward migration path TI has  large PROM board to facilitate updates as the
than hardware replacement. transfer of datalx f;iosmnilr(lfililtlgozrr?aggsﬁe?gghinpm produced with the 32%020 and %2030. P scignce of digital signal processing dgvelops.
- Friend g;)sarlgytr% e‘rinrti'}y- It can not, even with the ad dfn;g Two separatg bl.'lrsr(lis for data;) acgulsidtion anac} When interfaced to computers the speecrlll
Aﬁ@———?——d-!A speech analysis system will often be used P hics, input and digital signal process; analysis were used. is "extra bus" and spect workstation can also be used for input, speec
by speec}? scientists, speech language pathologist gf gr;pdo true real time acquisition, analysis a:lxlg high speed DMA ;:hipbs were used tofgacilitate high selection ‘and buffering, display and grey scale
: t oards ’ speed data transfer between the different system printing. Users can then use the programming
and phoneticians who may not be instrumen .
o rien’g: d or computer specialists. They also may displa:}; Most computers have insuffictent mem modules ( A/D to memory, memory to DSP circuits, tools available on their computer for other digital
only perform acoustic analysis infrequently in 1 ble for sl gnal storage. As noted previously 3 DSP circuits to graphic circuits and DSP circuits to signal processing or file management programs.
it i available 10T . g printer). These DMA chips allow a 4 Mbyte/sec
their work. In this working enviroment, least 2Mbytes of signal stoage are required pp transfer rate. The system management is SUMMARY
important that a specch workdsrti;\irggna;fdexansgﬂig&sgi addition to 512K bytes of ditghtal lsignal analysis pl;i'formed by a Motorolay68000 and ghe system
The system should be megu lectronically storable  work space and 384kK bytes of display memory, architecture has been defined to include up to 8 The system succeeds in meeting the design
anglysistr{di:gi:ysgh&iltdusirz eccz—m repeat analysis 4. The d;g(;%alusring;altggo:?s:;nfgo rsfi%‘;‘l'l itsinilt Mbytes of RAM and 2 Mbytes of PROM. criterion for a general purpose standalone
and retriev: least 100 to ¢ The graphic resolution required for both the workstation. State of the art technology and
methodologt' extziicr?y‘envirornent acoustic analysis analysis. Accelerator bo;fards ca{)l bi added but the real time display monitor and hardcopy were the multiple processing modules were required to meet
tots "ate aten tised 1o teach students about  speed s SW IO R UIEA,  most diffeut o achiev, The system wa designed - his criteria, To faitate s utiy s o periphral
rkstation to be . with a grap s S o common computers such as the -PC an
acousticds t Itfmggéeﬁ:fgsﬁrb?“srgoﬁng precisely microcomputers are not ablel to disply and a special monitor to provide graphic VAX, software is being written to exchange data and
S:;é%xtlsbleoaciixsltic analysis experiments. spectrogralr)ns with f?'rcl?:ngth gl;iiro lslgaol: ml\/}ime resolutions of 6140fx 480hwith 125'?h values ofal ciolor allow these computers to easily use the powerful
(horizontal}, or sulll . any and/or grey scale for each pixel. e sytem allows graphics, data acquistion and digital signal
Dual channel Capablili computers restrictththev“;lser ;otr _Sﬁ)ecifc °°I13f simultaneous grey scale and color displays because processing capabilities of the standalone speech 4
lections. because the €0 controller can only the monitor and video driver are capable of both workstation. : X
Speech is often investigated in conjunction se p n RBG output guns. Th :
h turn on or off eac put guns. This analog and digital display. Because the extensive - i
e statiom ;;lhysl:iolggigbls;gg)alsi)erag iipiﬁfal restriction does not allow the subtle variation of graphics routines required in a speech workstation :
e 3 01: : lyze electroglottograph, hue or grey scale necessary in some applications, can not processed quickly through the CPU the ' i
cpannel mcl) e ot anadyother signals of interest The more powerful systems are costly and not graphics hardware was designed to perform most of "
A erogltfl ?11:1 g h signal widely or consistently available for many potentid the graphics displays without CPU intervention. :
in conjunction wi @ speech signat users. Even these more powerful systems (VAX et The hardcopy print capability is based on a
Affordabili are too slow for the real time digital ‘signi new thermal printer and this print quality matches
—Lﬁaﬁﬂand performance have obvious processing required. Array processors would need the quality of Kay sonagrams™ which have become
tradeoffs in any development but a speech to be added to achieve real time performance an, the standard for spectrographic display. The
rarkesc;atsion can Kot be beyond the reach of most  in some cases, the system architecture can not printer produces true (not imitated with a
‘:;eech scientist no matter how wonderful the transfer data blocks at the required rates. collection of dots turned on or off) grey scale at 120
roduct is . These technical and cost considerations aside, i dpi. ;
P ) must still be emphasized that it is important The system requires multiple processing ]
EXPLORING THE AVAILABLE TECHNOLOGY have high speed interfacing between the standalon modules to achieve the speed and performance :
speech workstation and the widely available required. The relatively slow CPU is relieved of
Once the outline of the features and gy pe type microcomputer and VAX virtually all of the processing, except for
specifications were established the commercially — ;n0omputers.  High speed interfacing controlling the other modules.
available technology was investigated to determine o)y ateg the need for the workstation to inclu The system meets all of the criteria set above
the best approach to accomplish the design o 5y qisk drives and allows access to avallabk for a speech workstation. It can not be programmed
criterion. One approach which was considered in DSP software and previously digitized data. by a novice and is, therefore, limited to the
detail was the packaging of the hardware/software programs available from Kay or programs
for this workstation inside a standard DEVELOPING THE WORKSTATION developed by programmers familiar with the TI ,
microcomputer. In this configuration the 320 code. There are over 320 design teams working i
hardware would plug into the backplane of the DEC The result of the exploration has led to;i with this chip according to TI. How many are ;
Q- Bus, the IBM-PC bus or directly connect to a high standalone system based on a commo working in the speech field is not known but the
speed port of other computers. DEC, IBM-PC ATs,  microprocessor, powerful digital signal processiré TI320 family represents over 65% of the digital
Amigas, Apollo, Sun, Masscomp, MacIntosh and integrated circuits, high resolution graphit signal processing chips sold in 1986. It has become
others were evaluated. displays and high speed DMA capabilities. The a standard for digital signal processing A
Incorporating the workstation in these  digital signal processing chip selected was the development and there are numerous plug-in |
comon computers was rejected for technical and/or 32020 from TI (Texas Instruments). Two 32020s a boards for computers designed for 320 code : B
cost considerations. The widely available used to further increase the processing speed to te development. Kay has developed a series of
inexpensive computers (IBM-PC, Amiga, MacIntosh million instructions per second. The 32020 at programs to implement all of the features discussed
etc.) were not powerful enough even with added capable of many parallel operations and include? in the the section "DEFINING A SPEECH
hardware. The technical limitations of  fast single-instruction multiply operation. The WORKSTATION". Along with the development of
inexpensive microcomputers to perform as a speech features are extremely useful because of tht numerous speech analysis programs continuing at
workstation are as followys: repetitive nature of the instructions and the mani Kgy ot}}er groups, including the University of
1. The bus of microcomputers has a very  multiplications required in digital sig Victoria’'s CSTR (Centre for Speech Technology
limited bandwidth and it can not, therefore, processing. These features combine. to plfo"ldeer Research), are working on LPC analysis /
acquire signals at the sampling rates required for  digital signal processing speeds equivalent to o modification/ synthesis programs. Kay will
many speech analysis tasks. o 50 million instruction per second in a genewl commercialize the programs developed by CSTR.
2. The bus and DMA capabilities of purpose computer. These chips were also selec The system has all of the programs stored on a
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THE SPEECH LAB

Jan Sedivy, Jan Uhlir

Czech Technical University. Prague

pepartment of

Introduction.

This contribution describes a 51mgle
programming environment called Speech ua?
(SL). The system is designed for persona
computers cperating under CP/M-80 or
" Dgie SL was designed at the Depart@ent
of Circuit Theory of Czech Technical
University in Prague for thg speech
processing. The scope of task being solvgd
is very large. It jncludes the basic
signal processing algorithms, w§ve—shape
coding methodes, LPC analysis etc.
Recently a simple knowledge base was added
to support works in speech synthe51s:

SL is used in all speech oriented
works in our department. It is used by
students, by after graduate students and
by staff of the department. It enables
easy way of data and program exchange.

The SL structure.

The SL is structured program%ng
environment. It consists of the following
building blocks:

User interface

Data Acquisition system
Data Processing Package
Grarhics Package

The SL is controlled trough the User
Interface. It is made up from powerful
commands. Commands can be divided in
following groups, which correspond with
the building blocks:

Database Commands

Data Acguisition Commands
Data Processing

Grarhics Commands
External Procedures

Help Menu System

The first set of commands are database
commands. They are used to display the
database records, to retrieve, erase and
update records. Other commards are devoted
to get and put the data on the disk.
Special command serves to import and

Ccircuit Theory

SCII files. "
expo;;eA Data Acquisition Commands

th the D/A and D/A convertors,
;ﬁg?erZZZu:i a fast data acquisition ang
the immediate check of ?rocessed speech. A
simple command "SPEAK is very useful iy
many speech applications. .
For simple data Pprocessing are
available many commands. Some of them are
build-in and some are external commands,
They are used for signal processing.
A very important feature of the SL is
the simple ability to. make‘ up o
procedures. The whole SL‘ is written in
TURBO Pascal [2]. This 1m?1ementat10nff
rograming language 1s very popular
Eisiii gC 5ompatib1es and CP/M—SO' worlq
The user created procedures ertten}n
TURBO Pascal can be called from SL with
single command. They can use the same data
as SL. It is an easy task to go back to SL
after processing the déta in a common
block. This is accomplished using the
TURBO Pascal command chain. In this way
the user can use all the SL commands and
create his own procedures. The burden of
all data housekeeping and many processing
is minimized. .
User interface is equipped with large
help menu system. This help can be called
time.
i The SL uses a 20k or 32k long buffer
for the data storage depending on t&
particular implementation. This buffer}s
used as above mentioned common block which
ijs used by both SL and user-writ@n
procedures. To simplify the orientation in
data, the buffer is divided in particular
number of 128 bytes long sectors. Every
byte in any sector is user accessible. The
same structure of the data pointer is us@
in all commands. The data pointer.ls
composed from two numbers. The first
number is.used for-a sector and the seco@
for a byte in the sector. We found this
type of pointers useful for the sort of
applications the SL was designed for.

The data structure.
The data in the buffer are speech
samples or any other type of data. For
example the LPC coefficients, spectrum
histogram etc. This data can be processe
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and then graphically displayed on the
screen. There are 'available different
graph shapes for the spectrum, histogram
or the speech time series. User can chose
to display the data in any shape. The
graphs  can be print out. Simultaneous
display of different records is possible.

The file structure.

The SL record consists from two files
a data file and a dictionary file. The
dictionary file <carries +the information
about the data like the sampling
frequency, the date of creating the
record, remarks etc. The data file
contains pure data. Both files are
automatically maintained wusing the SL
commands. The dictionary file is short and
it is presented in the SL on line to speed
up the directory operation. The data file

is updated after any changes has taken
place.

A/D D/A converters.

The SL system - enables an easy
installation of A/D and D/A drivers. The
drivers must be written in assembly
language and must be patched in the SL.
The SL supports any sampling frequency for
data acquisition. We usually use double
sampling frequency then required, to
decrease the analog filter requirements.
The final data are the digitally filtered
with FIR filter. Simultaneously 1is the
signal decimated in frequency. In this way
the linear phase response can be
preserved.

Graphics.

The SL uses Graphical Commands to
display the contents of the BUFFER on the
screen. The way how it is displayed
depends on the hardware abilities. The
graphical system is a separate part of the
SL. It is written for different graphical
systems. The CP/M versions are not so rich
in graphical abilities compared to MS-DOS
version. Both versions give the same type
of the printer output.

The user can chose a proper
the graph different types.
designed to display a speech wave-shape,
the power spectra, the histogram, the
autocorrelation function etec. In the
graphical part of the SL are .also included

shape of
Shapes are

commands to display a difference of two
signals.

Graphs can be send to the printer or
plotter.

Data processing.

The SL has build-in the most important
signal processing procedures. They can be
applied to active buffer. These procedures
are:

Histogram

Autocorrelation

Windowing

FFT

External procedures are in the

processing library. It contains a large

set of algorithms for spectral and LPC
analysis.
Different algorithms for speech

wave-shape coding can be called. For
example different types of PCM and DPCM
quantization, adaptive versions of PCM and
DPCM etc.

We also developed a package of
clustering algorithms for the purpose of
vector quantization of descriptors or

wave~shape of speech.

For the purpose of synthesis by rule
we developed a special package with a
simple knowledge database. It is used for
development of synthesizers with 1limited
number of words and high quality of
speech. The knowledge database simplifies
the construction of similar sounds.

User written-subroutines.

A very important feature of the SL is
the ability to include a user-written
subroutine and to -use the facilities of
the system too. The whole system is
written in Turbo PASCAL. The data buffer
can be equally accessed from the main SL
system and from the user written routine.
The user-written routine can be debugged
separately in Turbo Pascal environment and
then translated as a CHN file and executed
from SL. This simplifies the development
and debugging very much. The user-written

procedure is dinvoked from the system
command line.

The system is designed +to receive
different data in the form of ASCII

string. This way of transfer represents an
easy link to large set of

other programs
written in different languages. These
commands are used to transfer data from

other programs. For example with SL we use
the standard library of signal processing
programs for digital filtering, FFT etc.
{1].

Conclusion.

The SL system was successfully used in
our department to solve various tasks. The
SL is a very simple system but gives the
user many capabilities and simplifies the
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overall development.
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WHTEPAKTHBHAA JIABOPATOPHASI CHCTEMA
)il AHAJIM3A W OGPAGOTKH PEUYEBHIX CHI'HAJIOB

C.Jl. T'OH4apoB,

B.A. Yyyynan

BHUYHUCIUTENBLHEN LIeHTP
Axanemuss Hayk CCCP

Mockea,

PE3iOME

Joknan COomepXHMT OnuUcaHHe MIPOrpaMMHOroO
ofbecrieyeHuss MHTEPaKTHBHON CHCTeMH 18 aHa-
nu3a ¥ nudpoBor O6paBOTKH pPEeueBHX CHI'HAJIOB
Ha maJsio 2BM ofuwero Ha3lHaueHUuA, OCHaumeHHOH
rpaduuyeckum pucrneem. CHcTeMa NpencTaBiisieT
cOB60OM KOMIUIEKC nporpaMM, B KOTOPHH BXOOAT
xaKk 6HOJMOTEeKa Mnpoueayp, peasyH3yomHx BHIION-
HEeHUue CTaHIOapTHHX (yHKUHUE 110 06paboTKe CHI'~
HaJIOB, TaK H nporpammul, NO3BOJAKMHE, B AHA~
JIOCOBOM DeXHMe, C HCNoJIib30BavueM rpaduye-
cKOro H3o0paxeHHa pedueBOT'0 CHTrHana H ero
napamMeTpOB Ha 3KpaHe [OHCIUIes BHIOJIHATL aHa-
JIN3 pPEeYeBHX CHCHAJIOB, BHOENATh 3HAYEHHUSA
UX TapaMeTpPOB H COXPAaHATH 3TH 3HAYEHHSA B
ase OmaHHHX, @ TaKXe BHIIOJHATL HEKOTOpHEe
(YHKIIHK MO O6paboTKe peyvYeBHX CHI'HanoB, Ha-
npHMep, NPOU3BOOUTH aHaJIN3 3auymMiIeHHHX ¢o-
HOrpaMM C UeNbR YJYyUWeHHA HX KadecTsa.

BBEAEHHUE

HcecconenosaHuss B 06J1aCTH  aBTOMATHYECKOTIO
pacno3HaBaHHuA, UUOPOBON 0O6pPaGOTKH CHIHAJIOB
H 3DKCNEepHMEeHTANbHON QOHEeTHKEe 3a4YacCTyl HOCAT
TPYLQOEMKHH H PYTHHHHI xapakTep, TaxK Kak
CBfizaHH C OONBWHM OObeMOM DPYYHOHR paboTH,
Tpebywpuencsi, HanpuMep, NpH IOArOTOBKE 3KC—
NepUMEeHTAJIbHOI'O MaTepuana, a Takxe OLeHKe
pe3ynsTaTOB paboTH. C Havana 80-x romos B
BHYHCIINTENBHOM LEeHTpe AkagmeMMu Hayk CCCP
paspataTHBaeTrcs crienanu3upoOBaHioe Ipo-
rpaMMHoOe ofbecrneueHue i LUHPpOBO# obpaboT-
KM pPeYeBHX CHIHAJIOB Ha Majaux 3BM. Lensw
pa3paboTKH ABJIAETCA MaKCHMaNpHOoe obJjerue-
HUEe YCHJIMH noJsip30BaTeslel IIpH INIporpamMMupo-~
BaHHH M OTJIagKe Ipouedyp akaH3a H ob6paboT-
KH peueBHX CHIHAJIOB, B YaCTHOCTH, cO3IaHHe
NporpaMMHOro ob6eclieyeHHs1 paboyero mecrta Jnns
aHaJIu3a pedeBhX CHUrHaNnosB,. [loslyyeHHHe k Ha-
CTOAuWEeMYy BpEMEeHM F pe3ynpTaTe NnpoaejlaHHOA
pPaboTH NporpaMMHHE CPpEencTBa OnpaBlald OXHU~-
OaHUA pa3paboTUHKOB, KaK CyuwecTBEHHO MNOBH-
CHB MNPOM3IBOAHTENILHOCTEL TpPylha CHEeuHaJlIuCTOB,
TAK M BHIIOJHATE HCCIIENOBAHHA, paHee Ipak-—
THYECKH HEeBO3MOXHHE.

CCCp

APXUTEKTYPA CHUCTEMLI

Ha puc. 1 unsobpaxeHa CXEeMAaTUYECKH apXuH-
TeKTypa CHCTEeMH, BKJIKWNYasg KaK nporpamMHoe
o6ecneveHHe, TaK H anmapaTHy® 4acTb. Tex-
HHYeCKOl Ga3zon misg patoyero mMecTa fABHICH
N3MEePHTENILHO=BHYHCIIUTENBHHA KOMIIJIEKC, BKJIIO~
yawmHi B cebs MEHM 3BM, annapaTtypy BBOIa-
BHBONA pPeuYeBHX CHTHAJNOB M IpafHUYECKHH OUC—
mne#t. Bcé paspaoTaHHoe nporpamMHoe obec-—
neyeH”e ¢yHKUHOHUPYET B CcpenLe onepalHOHHON
CECTEeMH DPeaJlbHOr'O BpPEeMEHH. IlporpamMMHOe O&-
ecrreyeHde NOCTPOEHO MO MepapXHYeCKOMY NMPHH-
LHIy. B 3TOM CMHCJE CHCTEMY MOKHO paccmart-
PHBATh KaK COBOKYNHOCTBh 4YeTHpeX OCHOBHHX
KOMITIOHEeHT - "yposBHen". YPOBHK OpraHu3OBaHH
TakuM 0OEpa3oM, UTO MOAYJIM BepPXHEX YPOBHEH
CCHUIAITCA NPpH paboTe Ha MOLYJIH HHXHHX YpPOB-
Hel M MOryT O6MeHHMBATBLCA HHPOpMaLHUEN C HH-
MH; OLHAKO NpPH 3TOM nepejaBaemMne napameTpnl
CTaHnaApTH3HUPOBAHH TaK, YMTO CTPYKTypa Momay-
Jleil HUKHEerO YPOBHA OCTaeTCH CKPHTOM OT MO-
nyJjen BepxHero ypoBHA. MOLYJAM HUXHHX YypPOB-—
Hen, B CBOW ouepeLnb, HeJOCTYNHa HHpOpMauus
O cyuwecTBOBaHHH Gonee BHICOKHX YPOBHER .
BHYTPH KaXOoro YPOBHA co6/momallcd MOOYJbHHHN
[PMHLHUN NOCTPOEHHA NPOorpamM, B COOTBETCTBHH
C KOTOPHM Kaxgzasa nporpamMa BHINOJIHAET CBOW,
HOCTATOYHO aBTOHOMHYI GYHKIKI O6paboOTKH H
TONBKO ee. [lomo6Has apxXUTekTypa obecneunna
6ONBUIYX® CTEeNneHb HEe3aBHUCHMOCTEK NPOrpaMMHOIO
oGecneyeHua, INO3BOJIHB CPasBHHTEJNIBHO JIETKO
npUcnocatnHeBaTh €ro Kak K HOBHM anmnapaTyp-
HHM pecypcaM, TaK H K HOBHM OOGJIACTAM NpHU-
MEHEeHHA .

BA3SOROE HNPOI'PAMMHOE OBECHEYEHHE

35Ta 4acThk NPOrpaMMHOIO o6ecneveHlust npeg-
cTapyisgeT COGOH COBOKYMNHOCTB NATH OHOGAHOTEK
(0B6beKTHRX MOAyJ/ieR), Ha OCHOBE KOTOPHX CO-
30aHO BCE nporpamMMHoe ofecnedeHue 6onee BH-
COKOI'0O YypOBHs. BHOGIHOTeka CTaHHapTHHX Moo~
nporpamM LHPpPOBOH OCPabOTKH pedveBHX CHIHa-
JIOB COHIEPXHT CTaHZAPTHHX T[OLNpPOrpaMM YHC—
JIeHHHX npeotpa3osBaHull (ajJropHTMH BLIYHUCIIE-
HuA EBI® 05 KOMIJIEKCHHX, JelCTBHTEJNBLHHX H
LUEJIOYHCIJIEHHHX OaHHHX, OLEeHKH CHeKTpPajlbHHX
XapakTePHCTHK cCurHana, orutawoumel crnekrpa,
JYacTOTH OCHOBHOI'O TOHA, napamMeTpOB JIMHEeH-—
HOrO IpencKasaHHusA peueBOoro CHrHasna, CHHTe-
3a UHOPOBHX (HABTPOB H OQHABTPALHAM peyvYeBHX
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BuGIIHOTEKA nonnporpaMM

CHTH&JIOB M T.I.) .
Hatop npoue-

MaTpHUYHON apuUPMEeTHKH BKJIOYAET
x omnepauu#t Ha
IYyP i BHIOOJAHEHMA MaTPHYHH
MHHH DDBM, He uMewuek crieynponeccopa. He-
nonb30BaHMe 3THX MOANPOrpaMM noanonger B
4-6 pa3s YCKOpPHTBL npouecc BHUMCJIEHHH IO
CpaBHEHMI0 C OGHYHHMM NpouLeaypamH, Hanucan=
HEIMH, Harpumep, Ha A3HKE ¢opTpaH-4. Bub6-
nHOTEeKa MOANPOrPaMM BBOLa-BHBOAA peveBHX
CHTHAJIOB NnpenocTasidaeT cpencTea mid ob6ciy-
xuBaHHAg AL u IIAII. Ilpp 3TOM BBOA (BuBOM)
IaHHHX MOXeT NpOH3BOOHTHCA KaK B onepaTHB~
Hy® namaTe 3BM, Tak X B yKa3aHHHA dann Ha
HOCHTEJIe NPAMOro HOocCTyha. PeueBoil CHIHal
B nocienHeM ciiyuae XpaHUTCA B gopmaTte 06~
muHOro (OBoMuHOro) o¢anna nogcucTeMd ynpas-~
yeHus odanmamMr onepanHOHHOK CHCTEMH.

HaGop nonnporpammynpaaneanxoxHaMHanm—
yaeT B cebsa npoueaypH., npenocTaplAnmpe Han=
Gonee yLOOGHHA HMHTepdens Mexuy aNropHTMaMn
0O6pabOTKH PEYEBHX CHI'HAJIOB (HCcronp3yuMx
OBHYHO nomaropyi 0EpasoTky OaHHHX) H caMi-—
Mi{ OAHHHMM, COIepXawuMMHCHA B pannax Ha HO-
cuTesle NpAMOrO AocTyna. B ajropuTMax obtpa-~
60OTKH pEeuYeBHX CHIHAJIOB OLEeHKa 3HayeHUA na-
paMeTpoOB CHIHana H ot6paboTka CHrHala O6HY -
HO BHIMOJIHAKNTCA B NOHLIATOBOM DpeXHME, Korua
pedyeBof CHTHaJ paccMaTpHBaeTcd Kak Inocine-
NOBaTEeJIbHOCTh NepeKpHBaluixca Mexny cobon
cermMeHTOR ("OKOH") MOaHHHX. Kaxauit TakoH
cerMeHT o6pabaTuBaeTCA &JIrOpPHTMOM OTIHEeNIbHO
H, B GonpuMHCTBE CJIy4Yaes, obpaGoTka Cer-
MEHTOB BHIOJHSAETCA OLHOTHUMHHM OGpas3oM. C
TOYKY¥ 3peHdd NONnporpaMM yrpasJieRHA OKHaMH
$aiy1, comepXauwMh pedyeBol CcHIHan (unu danna,
COCTOSAMMA H3 IapaMeTpoB pPeueBoro curHaia)
HMeeT CTPYKTYDPY MaTpulu, Kaxinaasd CTPOKa KO-
TOPOK = BEKTODP 3HaueHUt napaMmeTpOB DPedYeBO~
ro CurHasa, COOTBETCTBYRLMHA onpeneyieHHOMY
MOMEHTYy BDEMEHH. B uacTHOM Ciyuae, KOrua B
daitsie COHCPXKUTCH peUYeBOX CHIHaJjl, YHCJO 3Jie~
MEHTOB B KaxyoH CTPOKe pasBHO 1, TO ecThb 3TO
- oLHOMepHad MarTpuua. llpuxinanHad nporpamMMa
OOJXKHA COOepPXaTh ONMHCAaHWE HCNONb3yeMHX eRr
IaHHHX M npaBHiia, NO KOTOPHM fyneT BHIOJN-
HATHCH pas3CHeHHe ¢alta LAHHHX HA CEerMeHTH
g o6paBoTkH. C 3TOH UEIBW B OPHKJIAOHONU
nporpaMMe CIHEeLHaNbHEM 3anpocoM co3ganTcA
6ydepa - "oxHa", B KOTOPHX CONEpXaTCA naH-
Hee. OKHA LaHHHX MOrYT OHTDb cOo3maHy s
BCeX BXONHHX, BHXOIHHX H NPOMEeXYTOYHHX IO-
TOKOB JAaHHHX aJlTOpPUTMA. TOCKOJIBKY JHOakHue
onucaHu kaxk ¢adsu, TO [0CJIEeZOBaTeJIbHOCTDh
LePMCTBHA O ONHCaHXW ¥ YNPaBJIeHHD TOTOKOM
LadHHX B &lrOpHTME BKJINYaeT B cebsa cregykp-
mue STanu:

- onHcadye OKOH B NIPHKIAJHOH nporpamme;

- ycTaHOBJIeHHe CBA3HK MeXIY OKHaMM H OTO-
OpakeHHHMK B 3TOM OKHe QaiamH;

- MHHUHHPOBAHHE Olepalli nepenavn JaHHux
MEeXLY OKHOM H CBf3aHHHMH C HUM dannamu
B COOTBETCTBHI C TPeCOBAHUAMU aJICOPKTMA.

IporpamMa coofmaeT pasMep Kaxaoro OKHa
(B cexkyHzax), mwar, € KOTOPHM OHO CMeuaeTcs
MO HaHHHM, MO CHTHaNy (OH MOXeT H3MeHAThCHA,
KakKk M OJuHa OKHa B Ipouecce o6paboTk#), TUIN
OkHa (OKHO IJIA YTEeHWs M 3anHCH NaHHEX HIK
TONMBKO OJA YTEeHMA HWIKX 3anMcH), a Takxe xa-

JKH OTOGpaxaeMHX B 3POM OKHE Jay.
OTy LHCKPeTH3aUMH, KOIHYeCTEO pa-
[locsiie TOr'O, KaK MNpPOTrpamyy
Cc Ha YCTQHOBJICHME CBA3N Mexyy
co3faHHEM €10 OKHOM H (QanyiOM NaHHHX, OHa M-
KxeT IOJIHOCTBI KOHTPOAHPOBATh BCe dyHkuuy
no o6MeHy RaHHHMH, c EOMOMb? 3anpocos Typy
llnosHuHoHHpOBaTb QKHO ", “C.uBHra'rx, OKHg
gpepx", "cnBAraTb OKHO BHH3 "nonywun
BpeMA NO3KLHOHUPOBAHNA oxuf H T.N. Korg
nporpamMa pugaeT 3anpoc TIO3HUHOHKPOBaTy
oKkHO", OHa cootuaeT TOYKY IO3UIIHOHHDOBaHKy
(8 cexyHmax oOT Hauasia 3alMCH) M B O6Macy,
OKHa BHIMOJHAETCH nepenava JHaHHHX W3 danny
[aHHHX, KOTOPHE COOTBETCTBYOT  YKa3aHHOMy
nporpaMMon ppeMenn. COBHT OKHA HALIAr BBepy
noxpa3syMeBaeT cMeneHde NAHHUX B OBydepe 1a-
KuM 06pa3oM, HYTO HayaJjlo 6ydepa cMmemaeTrcs n
dajtny DaHHEX Ha NpPOMeXyTOK BPEMEHH, pabuuy
wary CMemeHH® OkHa B CTOPOHY BO3pacTanug
ppemeHH. CABUT OKHA BHM3 AHAJIOTHUYEeH CIBHry
BBEpX, HO IpH 3TOM OKHO CMemaeTCA B CTOpo-
HY yMeHbUEeHHHA BpeMeHH, TO eCTh K Havamy
¢ansia ZaHHHX. IporpamMMa MOXET MMOJIYUYUTH Bpe-
M, KOTOpoe cooTBeTCTBYyeT Hauany pacnono-
XEeHus OKHa B Qanye AaHHHX BHOATH 3anpoc
"nonyudTs Bpema” . .

[pyu TaKHX YCJIOBHAX paboTH &JICOPHTM, Ko-
TOpH peand3yeT NOouaroByw O6pabOTKY CHIHa-
na OT Hauajla AO KOHNa, LOJKeH NMPOCTO nocne
ouepeAHOr'o LHKIa 06pabOTKH CHIHAJIA BHIABATh
3anpoc Ha CHOBUL OKHA BBEpPX. OnucCaHHWA Bhie
NoOxof MO3BONWI He TOJIBKO Pe3KOo YCKOPHT,
npolecc CO3naHusA nporpamMm o6paboTKK CHIHa-
508 {BKIRYAA HX oTinajakKy), HO H O6ycnosun
CyuecTBeHHYKW I'MOGKOCTDH 3THX MPOTPaMM 3a cuer
OTCYTCTBHR HeOOXOOHMMOCTH B HX Mo drKatu
B ciyyae H3MeHeHHdA [apaMeTpOB aHansa cur-
Hanos (Hampumep, JUJIMHE aHaH3HPYEMOTO Ccer-
MeHTa HaHHHX) HIH XapaKTepHCTHUK Camoro Cur
gana (Hanpumep, ¥HacTOTH LHACKpEeTH3alky),
Gaiyid JAaHHHX, Kak yxe OO YIIOMAHYTO, MO*
ryT comepxaThb He TOJNBKO JHAHCKPETHHE 3Haue:
HHS CaMOro pevyeBoro CHUrHasma, HO Takxe €0
CTOATH K3 MPOHM3BOJILHHX IapamMeTPOB PEeYeBor
cHTrHana. DTHMH napaMeTpaml MOTYT BHTb KaK
3HauyeHHsl napaMeTpOB MOLENH pedeoOpa3oBaHi,
K3MepeHHHEe HAa MHTepBaJlaX aHalusa, Tak u 60
Jlee CJIOXHHE JIKHIBUCTUYECKHE XapaKTepHcTH
KM, TakMe Kak TOUKHM Havasla WM KOHIa Ofmpe
neneHHNX ®oOHeM, IpPaHHIE ydacTKOB nays, CM"
YyekK, 3BOHKHX HJIHM TIJIYXHX 3BYKOB H T.m., dat-
NH JaHHHX, cOIepxamHe 3HaueHUus napameTpos
pEUYEBHX CHIHAIOB, MNOJIYYEHHHX B pe3yibTar
KPATKOBPEMEHHOI'0 CHneKTpaJllbHOro aHaJu3y,
yao6HO ofBpabaTHBaATh C IIOMOWBI npencTapnes
HHX BHIle QYHKLMI yNpaBJeHUS OKHaMu LaHH.
OLHaKo mif opraHMzalud paBoTH C  JaHHHM,
XapaKTepH3YNIMMH JIMHIBHCTHYECKHE  XapaKre
PHCTHKUM pedYeBOr'O CUTrHana, Gosee  yLOGHM
ABNASETCA NOMOJHUTENBHO K 3TOMY HCMONbB30BT
HHEe ChneuxanbHHX (YyHKUHR cHCTeM yrpasnent
6a30M JaHHHX. OCHOBHHX (QYHKLHMH HECKOJBKY
3TO IIOHMCKW-T'O BXOXHOEHHA CTPOKH napamerTpo

(MeTOK MM MapkepoB) B ¢aity napameTpos, i
ypHasgt ¢ yxas3aHHON TOYKH ITIOMCKa. B 3TOM cay
yae B NPUKIAOHYK NporpamMy nepenawTca B¢
MeHa, COOTBEeTCTByKLHEe TOYKaM Hauala H KO¥

paKTepHUCT
Bux: dYacT
pameTpoB ¥ T.Il.

BHOACT 3anpo
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A pra- HuTepakTuBHaR
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g;ggﬁgfrauinggg— MaTpuuHas IoanporpamMMe Cnenuanu- | Homnpo-
mpo osgggorx ueno- yrnpasJsieHHus 3MpOBaHHAaA | rpamMu Baa?soe
¢ H YHCJIeEHHAaA OKHaMH Cyen nporp Hoe
DeUYeBuX CHI'HANOB | apHPMETHKA rmoaa obe
suBORA CIieYeHHe
4 1
Onepanuou
parn Haa cucrtema pPeanbpHOI'O BpEMEeHH OnepauuxonHnas
cHCcTeMa
Y
MuHEH 3BM T eanpa
PadrueckKHulr nucnien 30BaTeNH Annapartypa
AII-IIADT

Puc. 1. HepapxHueckasa cxema OpIr'aHHu3

alMuy ou
BOTKH peveni Crrmanan AHAJIOTOBOA CHCTEeMH UHPPOBOR obpa-

ﬁg:;gg BXOXOeHHA B daiyl napaMeTpos onpepe-
nenso ny:;xn HIIH INTOCTIENOBATENbHOCTH METOK
M NPHKJIaOHAs nporpamm .
a MoXeT, Ha-
npHMep, nocrenosaTeJl ' AuTepaxTABHAA
BCEeM CermMeHTam peuesg?g gggﬁqurb N eomamsas TnaaBnReT HOHBSOngzgzq:gxaﬁ socts. muaere-
WM KBASHCTALHONADAL yaoon aina, comepxa- HHA, B JAHAJIOTOBOM DPEeXHMEe HHgOPMATHE I
HOM "a’ s Ko meon yan OK ynapHOH rnac- PaMeTpPOB peyeBHX CHIH L x na”
UM OMPOReTOH, cnora:T:a¥:nCOO§geTCTBY‘ JIYYEeHHHX TaKHM ospasoing:éqesggﬁfgeuue an-
Tenb MONGT Tars cneunanbaam. 583052330::: HEIX H HCIIOJIb3OBaHHE 3THUX 3HAYEHHH i;:{ng;:
HECTH 3HAaYeHHe onpeneneHHOoro napamMeTpa B noB, Texyian paib,o0PacOTHH peuesux curaa-

HHTEPAKTUBHASI I'PACUYECKAS CUCTEMA

yKalsaHHoe MecTo (n J1oB. Tekymas
POB. CepBHCHHeE néoze;pemeuu) daina napaver- 65 npnxniﬁumessggzxa:z:TeMu SomaET B cen
YHTh IepedyeHp 3Haqeﬂugpia;:§;?nﬂmr nony= CHT'HaJIOB, KOTOpHEe gosnonéﬁfa6orxu i
KAUMXCA B yKa3aHHOM Qatne naHHPOB’ conep- PaGOTKY 3aWyMIEeHHHX pPevyeBHX panonnaTy 06"
OTMETHTB, YTo 6a30BOG  HRO ux. Crnenyet TpaLMio CHIrHANA U3 CMecH CHTHanos (¢uan=-
ueHHe HHKAK HE WHTEPNDETHDYGS B ne oeroner MOM) , a Takke BH o QITHBHLM oy~
3yeT CeMaHTHKY napaﬁegerupyeT n He mcnons- Meé pasMeTKy peqeggnHHTb B A ATIOrOBOM e
baftne namHHx: 3TO uenﬁigé Sonepxaunxca b 6ase AaHHHX caenea;g‘;?gaana, Sapanaz 2
: onpe CHOBHH
NONb30BATEND . penensetr cam CHrHana (kak-ToO: 3HaveHHe npnsﬂxa:aazg:?;pax
L]
n0n2n GYHKUHOHANBHUR ypoBeHb" (cM. puc. 1) HacTOTW X aMNAHTYmH QOPMaHT, YacTOTH ZZ:
H NPOUERYypPH, peainus ° y HOBHOI'O TOHa u
yorHe T. I.) 4TO _
AITOPHTMH O6paboTKH peqengz o] Sakounuente JI€3HBEIM IIPH CO3OaHUH cée H poReT SuTh Mo
TaB 3TOrO yPOBHS 3ABHCUT Hrranos., Coc- OaHHWX I8 TecTHpopan LHAJTH3MPOBAHHHX 6a3
OT NpOGJIeMHOR OpH~- KA K OTJaIKu yCT=—
@HTALMK CHCTeMH. B JaHHOM Cilyyae Hau6osee POACTB M QJrOPHTMOB OBPabOTKH H pacnosHa-

BaHHA pevH.

Cucrema paer BO3MOXHOCTSL BHIIOJIHATE NOJIb~
30BaTEJI® Clenywume HeXCTBUA:
= CO3xaBaTh Ha 3KpaHe rpaduyeckoro aguc-

HHTEHCHBHO HCNOJIb30BAIOCE MPOrpaMMHOE O6e-

§geqegue AN KOPPeKUHH 3ayMIeHHHX CHITHa-

an.cug::Ko NPpH BCeX BapHaHTAaxX MCNOJIbL30Ba~
M B 3TOT YPOBEHB LEJIeCcoo8pasHo

BKJIOYATH IPOL : oA M

(pion) peieggﬁgp:ér:gsgnequaammne BBOO THK peizgg§§e2:§;:iﬂguumxxapaxrepuc-

3B, mpoueuypu, oGecneqnnéLdaﬂnm ayammonay ' Do ITATY AHOTO cnex. 2, spewention

w0 pevenore. Chrnane. (ep yne Bu3yanu§a- bOPMH pevesoro curaa;pa’ BpPEeMeHHOR

npouenypn IJiAd reHepanHy ¢ O S ame T YRROTO CreKT “ontyba xpatko

HOro BHOa (TecTomue c T, Comtt o BbemMennon u motmy
UIrHayu, Cenmit mym, po- - enoanpocTHi

23:2§HM§Z£B;::ZiHEaCHPHanN): MPORE Ry ggg;:zgﬁigioﬂegocpencrseHHo Ha 3KpaHe
sana, S AnORo Ranom Cheranonx n: N s
OrnHOM M3 HauGonee HHTechSg;mrHanosu s Hopoon Deuesux curﬁang:mmusﬂux wnat
npouenyp ¢yHKUHOHAABHOTO o e mmemon parfieniue HaueHua 5a3;{ aaHOM?HaTb
HMHTepaKTHUBHad rpaduyeckas Zicinx ?BHHGTCH oD DPOCMOTDOM CHIH na, ek

TH3a pevenix Crogomae eMa Anﬂ.aHa- asg CMOTPOBHIE OKHa B Hymugﬂaéagggggz:

HHH HWIH rIOSHI.IHOHprH HX B HHTe ecyloueﬂ
P t
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- KM3MEHATH THN oroﬁpamaemxanaﬂmﬁ MO~
MEHT XapaKTEPHCTHK CHTHanaj

- NPOCNnyuHBaThb peuyeBoOit CHUIrHaJ B ykasaH-=
HLX TMoJBp30BaTeneM parmeHTaxy

- yKa3uBaThb I'PaHHLIH yuacTka o6paboTKH H
o6pabaTHBATh BLUIEJIEHHH Yy4acTOK c no-
MOuBI0 3anaHHHX nonp3oBaTeseM npoueLnyp .

Nepen Havasiom paGoTH B cucTemMe B OHano~
TOBOM DEeXHMe NOoJIb30BaTesleM yCcTaHaBNIHBaNTCA
OCHOBHHE napameTpu paboTH C cucTemolt, K KO~
TOpLIM OTHOCATCA, HanpHMep, yacToTa KBAHTO™
BaHHA, IJIMHA ¥ cMeweHdHe OKHa, TUN BECOBOR
OYHKUHH  (MPAMOYIOJIbHOE OKHO UM OKHO Xem~
MHHTa) , HaJduyHe MM OTCYTCTBHE KOpPEeKUHH
BEepXHHX YacCTOT H T.M.

AHaJIM3 CHI'HAJIOB B HHTEpPaKTHBHOM pexume
OpOXOOHT CJlIeRYIUHM oEpasoM. H3o6paxeHre Ha
akpaHe nucmiesn Moxﬂopaccmarpusarbxaxcoso-
KYNHOCTb HECKOJBKHX Ppa3nHYHHX npeacTasne~
HUP CHrHasna, KOTOpHE n3obpaxawTcH cooTBET™
CTBEHHO, B PasJAMYHLX o6sacTAX 3kpaHa IAHCT
nnef:

- oToGpaxeHHe rpadHka Rparxoapemeﬂnon

nHTeucuBHOCTnpeqeaorocxruana(OKHO3L

- oToGBpaxeHHe rpadHKa peyeBoro cursana

(oxHO 2),
- oTOBpaxeHHWe aMIIHTYRHOTO crieKkTpa CHr-
pana (oxno 1).

Npy padoTe B CHCTEMe nonp3oBaTenky HoJ-
KEeH HHPOPMHPOBATH CHCTEMy O TOM, C KakKiM
OKHOM OH pa6oTaeT B JaHHOe BpeMi, TO €CThb
" AKTHBH3UPOBATh" OKHO. OCTAIBHHE OKHa, BO
BpeMA AKTUBHOCTH OZHOTO H3 OKOH, IaCCHBHU.
CymecTByeT Habop KOMaHA paboTH C OKHaMi.
BuMONHEeHHE KOMAaHIH NPOHCXOOMT no HaxaTHy
onpenesieHHON KJIaBHuUH Ha QYHKIHOHAIBHON KJla=
BHaType IpaduuecKoro INHCIIed. cucreMa HMeeT
B CBOEM PacCHOpAXeHHH CclenywuHe KOMaHIx pa-
GOTa C OKHOM: NO3HIHOHHPOBaHHE OKHa, COBHI
OKHa BBEpX (BHH3) MO CHTHaIY, nepexon Kk OK=
HYy 1 (2 u 3).

Illocne TOro, Kakx OKHO aKTHBH3MPOBAHO, MOX=
HO NMEpEeXOIHTh K 3a/aHH0 napamMeTpoB CHTHana
B HHTEDaKTHBHOM pexume. i sanaHH:d IaHHHX
B pacnopﬁxexﬂunonbsonarenaumeerca (B Kax-
OM OKHe CBOH) KYPCOP. llonp30BaTENB MO~
XeT yKasaThb HHTEpPeCcyruyio ero TOYKY clenyil-
MMM CrrocobaMu :

1. NomorHaTh Kypcop B HYXHOe MecCcTo C
[1OMOLIBLK KOMAaHL NepeMeueHHs Kypcopa.

2. Yka3aTh 3JeMEHT H30CpaxeHHd CBETOBHM
nepoM.

3. Cuauana "rpyGo" yxasaTk MHTepecyulH
Hac 3JIeMeHT u3o6paxeHusr, a 3aTeMm "roHko"
NOANPABHTH NOJIOXEHHE Kypcopa.

KpoMe KOMaH NepememeHHa Kypcopa (BBEDPX,
BHA3, BJEBO, BNPaBO) B PacnOpAXEHHH MNOIb=
sopaTens HAXOOATCA cilefywuHe KOMaHLH (3TH
KOMaHOH BHITOJIHAKTCA KakK HaXaTHEM KJIaBHull Ha
¢YHKUHOHAILHOR KJaaBsvaType rpaduueckoro guc-
nnes, Tak M yKa3aHHeM CBETOBHM I1€POM Ha KO-
MaHOy B ME@HK, PacnoJIOXeHHOM Ha 3KpaHe JHC=
nnes): ouxcauus TOYKH, TPHBA3KA K TOUKe,
ynanesnde TOYKH.

B OMNKCHBAEeMyB CHCTEMYy BCTPOEHH ABe Cep-—
BHCHHE nporpammMa Oo6mero Ha3HaueHHsa, KOTOphe
TpebyrwTCsa NpakTHYECKH NPH BCeX BHAAX pabdoT.

9ru nporpamMl BHIIONHAKT CJEeRnyolue OYHKIuy;
KonupoBaHue ~ pBeleHHad TO4YKAa HHTepnperu-

pyeTca Kak Hayasno KONMHPYEMOro CHIHana,
Tekyuee [OJNIOXEHNE KYPCODPa Kak KOHell yyactka
KOMUPOBaHHA; BHBOA ~ Ha DA C uensw npo-
cnyuMBaHUA WiId 3anUcy Ha MarHUTOYOH Bupo-
muTCA CHUrHAal Ha YKa3HBAaeMOM IONb3OBaTeney
cermMeHTe . Texyllas BEPCHf CHCTEMH BKIKYaer
B ceba pAR npouenyp 06pabOTKH  BaAYMIEHHHY
peueBHXx cUrHanoB. DTH MPOLERYPH Dean3osa-
Hn B BHAe KOMaHA cucTeMs, 3aOaBaeMHX Kak ¢
KJ1aBHATYPH rpa¢HYECKOro mMCIied, TaKkH Cpe-
TOBMM NepoM B MEHD Ha ®kpaHe gucnnes, Cuc-
TeMa HMEET cnenyiomue KOMaHIH:

- "pyym" (ywacTox OT 3a0aHHOM  TOYKH fo
Texymero TOJIOXEeHH Kypcopa HCnons3yercy
IJ1A OLeHKH anpHOPHHX CBeIeHHH O napa-
meTpe uyma) s

- "naysa" (aHAJIOTUYHHA YYaCTOX CHIHala
HHTepnpeTHPYeTCa KakK naysa. Coorser-
CTBEHHO MHTEHCHBHOCTD CHTHaina
cHuXaeTCA Ha 3alaHHYR BEJIHYHUHY) ,

- "puymraHune” (Ha AHAJIOTHYHOM  Y4acTke
NPOUCXOIUT BHUYHTAHHE AMIUTH TY OHEX CNek-
pos) ,

- "punpTp" (HAa AHANOTUYHOM Y4YACTKE B
noJHaeTca o6paboTKka CHI'HAJIOB KBasHon-
THMAIBHEM QHABTPOM OJIA  CTaulOHapHOR
rayccoBOR TIOMEXH . IIpu 2TOM Tpeobyercd
sanaHue eue OXHOH TOYKH — LEeHTpa OQuip-
Tpaudu) .

Npu pa6oTe C peyeBEM CHIT'HAJIOM C IIOMOLb
HHTEepPaKTUBHON CHCTEMH OBHYHO HCIIOJIb3YITCA
mnBa Tdma (QannoB: 3TO dann, comepxaumh co6-
CTBEHHO 3HauyeHHe peueBoro curHana, KOTOpue
HCNONBL3YWTCA 1A nocnenympuelt o6padoTKH W
aHaJM3a peyeBOro CHrsajla, H daiin napamer-
poB, B KOTOPHH MOTYT 32HOCHMTBCA 3HaueHud
napamMeTpoB CHIrHalna, HapgeHiHue B npouecce
ero aHainusa. K TakMM 3HaYEHUAM MOTYT OTHO-
CUTHCA MEeTKH aKyCTHYeCKHX cobumTuit  (Havano
K KOHel yYacTKOB onpeieJleHHHX doHeM, nay3,
cMHlyek, NpH3HaKH TOH/WYM 4 T.M.). Gadn na-
paMeTpoOB KCIOJIL3YeTCA IPH peleHHH  3anauw
HaKornJleHnss B 6a3e JAaHHHX 3HauYeHut napamer:
poOB, MNONYYEHHHX B XOLE& pPYYHOH HJIM TOJIYaBTO
MaTHYECKON Pa3sMeTKH (aHanu3a) peueBHX CHI”
HaJOB. B HacTosiiee BpeMA peuaeTcs 3az3ud
ABTOMATHUYECKOTO CEOpa CTaTUCTHYEeCKHX cpe-
neHudil O HaKOMJIEeHHOA TaKHM o6pa30M HHPOPME™
LKH, HanpuMep, C TOMOMBK ayirOPUTMOB  KJac”
TEepHOr'O aHajih3a.

K cucTeMe MOTYT NpHCOEI{HATBHCA HOBHE
IpHKSIaGHHE Mporparml nosb30BaTeNsd . [ipH 3T
OHH AOMXHH HAXOLKHThCS Ha OUCKEe B BHje 33
IPYy304YHOTrO MOonysa. OcuoBHas nporparmMa CHC”
TeMd NPH 3TOM 3anovHHaeT CBOE Tekyuee ¢0°
CTOAHHE, MO3TOMY BO3MOXeH BO3BpaT 13 TpH”
KJIQQHOH NporpaMMHl B CHCTEMY .

3AKJIOYEHNUT

B Ookjame onucaHo nporpammMHoe obecneye”
HHe HHTEPAaKTABHON JiabopaTOPHOM cuctemd WA
aHanM3a ¥ OGPaBOTKM peueBHX CHTHAIOB. Cy
LeCTBYRLMI BapHaHT CHCTEMH Hanpaslel Ha 06"
pPaBOTKy 3aWyMIEHHHX CHIHanoB, ORHAKO Tpk
HEKOTOPHX M3MEHEeHUAX ClCTeMd OHa CTaHeT 60
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KUM o6pa3oM, MH HageeMcsd,
Hasg CHCTeMa aHanudsa H
CHCHAJIOB fABJAETCA YHHBEepPCAaJIbHEIM HHCTPYMEH—
TOM B pPYKax uccienosaTesiell peur.

Jlee yHUHBepcCaslbHOH. Pa3spaboOTYHKH BUIOAT Clle—
OywwHe BO3MOXHOCTH NMpPHMEHEeHHsi CHCTEeMH:

- nonyasBToOMaTHUecKass pa3MeTKa CHI'HaJIOB.
[IpH 3TOM OJMH H3 CHUrHAJIOB pa3MmevuaeTcda
BPYYHYW, OCTajJlbHHE TakHe Xe CHIHaJH
(nonyYeHHHe OT pa3HHX AHKTOPOB) pa3s-—
MEYaKnTCA C MCNOJib30BaHUeM aJIrOPHTMOB
OMHAMHYECKOT'O NpOrpaMMHpPOBaHuA,

- co3maHHe GaHKOB QOHEM, CJIOrOB, CJOB
A3HKA. OTH 6aHKH JAaHHHX MOTYT GHTB HC-
NMoJILb30BaHH B Of6yyawriMx CcHCTemax mis
aBpTOMaATHYECKOTO pacno3HaBaHHA pevuH.

BO3MOXHH TakXe H JApPpyTruHe NpHJIOXeHHs. Ta-
YTO MHTEPaKTHB~
06paboOTKN peyYeBHX
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ABSTRACT

The International Phonetic Alphabet (IPA) is
the standard reference as a transcription system.
With only minor variants, it is commonly used by
linguists to record the pronunciation of la?guages
whether they are supported by an orthograp?ic
tradition or not. The scope of this paper is to
transpose the IPA to a computer-oriented'coding
system in order to use phonetic records in data
bases and expert systems.

INTRODUCTION

A computer-oriented coding system for the
representation of sounds should be viewed as an
interface between linguists faced with the repre-
sentation of a wide range of sounds and a Data
Base Management System.

First the code corresponding to each sound
must be a key to its major characteristics and,
consequently, to the way it patterns with other
sounds. The binary distinctive features theory
seems to be the natural interface between phone-
tic analysis and the binary logic of computers.

It turns out, however, that there is no clear
agreement on how a number of complex or rare sounds
should be treated in this approach; furthermore
the built-in definition of some features is costly
since it precludes some combinations ~ for. ins-
tance [+High] is exclusive of [+Low] - op hardly
satisfactory to account for some sounds - such as
flaps and trills. On the other hand an IPA based
classification presents several advantages : it
is independant of any particular theory ; it asso-
ciates phonetic interpretation and a graphic re-
presentation in the same table ; it allows a more
compact code. This code can be easily converted
into a matrix of distinctive features so that the
exploitation of the data can be independent of the

coding system.

Secondly, the coding system must fit one of
the standard formats for computer words. It should
also be used to classify phonetically recorded
words in the data bases in the same manner as the
ASCII code is used to classify orthographicalu
recorded words. If the data base is organized iy
n-ary trees, the algorithm will find all the
relevant information necessary for the equilibra-
tion of the trees in the set of codes forming
each word.

GENERAL ORGANIZATION

For maximal -efficiency, each segment is coded
in a short integer (16 bits word) noted by 4 hexs-
decimal figures. Consonants and vowels are coded
independantly of each other, thus it is necessary
to know if one given code refers to a consonant
or to a vowel before being interpreted. For lan-
guages - such as Bantu - in which words are built
after a strict syllabic pattern, the data base
may determine the fields composing the records as
corresponding either to a consonant or to a vowel;

in languages where no such syllabic regularity pre-

vails, the first field of the record (a long in-
teger) will in the first byte determine the number
of segments included in the record and, in the
three following bytes, select the V/C choice (bits
8 up to 31 set to 1 when the segment should be
interpreted as a vowel and left at 0 if it isa
consonant). Suprasegmental information - stress
and pitch - is normally associated with vowels;
provision is made however for consonants bearhg
a tone. A set of diacritics is used to give maxi-
mal versatility to this coding system which was
designed both for narrow and broad transcriptions.
Coding of morpheme boundaries for morphophonemic
representations was not examined but could be
accomodated.

CONSONANTS

A - Basic consonants are coded in the least
significant byte of the short integer. Table 1
yields the phonetic interpretation of the coding
and illustrates some of the realizations. The 4
most significant bits correspond to the lines‘
(manner of articulation) and the 4 remaining bits
to the columns (place of articulation) :
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Phonetic symbol Code Phonetic interpretation

b 0041 bilabial voiced stop
m 00cC1 bilabial nasal stop
kp 001C labiovelar unvoiced stop

Sonorants (lines B to F) are assumed to be voiced;
implosives and ejectives are respectively voiced
and unvoiced. For clicks, which may be voiced, as-
pirated, murmured etc., further qualification is
needed. In order not to have more than 15 places
of articulation, some choices had to be made; thus,
apico-~labial sounds, which are to be found in Umo-
tina [1], are not included in the set of basic
consonants but could be handled as a special case
(see section F). To facilitate the editing on the
lineprinter, it is convenient to have each basic
symbol occupy one space only even if it is
commonly transcribed as a sequence of two conso-
nants (such as kp or ts).

B - Double consonants, geminates as well as
complex segments, are coded in two morae and occu-
Py two spaces:

bb 4143 geminate bilabial voiced stop
mb Cil4l bilabial prenasalized voiced stop
nt Chly alveolar prenasal. unvoiced stop
nts Cu7y alveolar prenasalized unvoiced

affricate

C -~ A release, transcribed by a right-adjacent
diacritic occupying half a space, is coded in the
least significant byte: the most significant bits
refer to Table 2; the final hexadecimal zero is a
flag indicating that the basic consonant (coded in
the first byte) is followed by a release, the in-
terpretation of which is given in Table 2:

kY 1B90 velar stop/palatal release
b ui1co bilabial stop/labiovelar release
d"  uyFo alveolar stop/alveolar trill release

Codes which are left free may be defined as neces-
sary.

D - A segment synchronic property,transcribed
by a subscribed diacritic, is coded in the most
significant byte. The initial hexadecimal zero is
a flag indicating that the first byte is to be
interpreted as shown in Table 3:

y 0CB9 nasalized palatal approximant
z 0DAY lateralized alveolar fricative
m ouC1 unvoiced bilabial nasal stop

Provision was made to code the lenis quality on a
par with the fortis. However, the lenis quality is
assumed to be the unmarked case and it is not asso-
ciated with a graphic diacritic:

t  o0liy
t 021y

lenis t
fortis t

E - Consonants may be syllabic and bear tones.
The syllabicity is coded by the least significant
byte set to zero:

C100 syllabic bilabial nasal stop

“n~3

9400 syllabic alveolar unvoiced frica-
tive

Tones on consonants are coded as they are on vowels

(see VOWELS, B); tone bearing consonants are assu-~

med to be syllabic.

C104 syllabic nasal stop/high tone

EN

e

c102 syllabic nasal stop/low tone

F - The overwhelming majority of known conso-
nants may be coded according to the preceeding
conventions. However it may be crucial in some
languages to handle difficult cases as accurately
as possible. We shall resort to the following
System: the most significant byte is used as a
pointer to a specific filter corresponding to the
primary consonant coded in the second byte. One
has access, through this filter, to a complement-
ary code, so that the resulting code is extended
to 3 bytes; the flag set to detect this situation
is the zero corresponding to the least significant
bits of the first byte:

nd’ 10C4
Prenasalized stop/ filter Cu/1 : 4YF0
trill release
extended code : CuuyFoQ

Qe 10CB
Murmuréd prenasal- filter CB/1 : 0567
ized click
extended code : CB0567

e 20CB
Voiced prenasal- filter CB/2 : 0467
ized click extended code : CBO467

VOWELS

A - A short vowel - one mora - is coded on a
short integer. A long vowel or a diphthong is
coded as two morae. The most significant byte
corresponds to segmental information. Vowels are
Plotted on an articulatory space defined by two
axes: height (5 degrees) and tongue position in
the oral cavity (front, central, back):

Front Central Back

height

N FEWN
> O oo
Mmoo w

The most significant bits are interpreted as
follows:

bit 0 - approximant-like vowel
1 - marked tongue root
2 - nasal
3 -~ round

The bit 0 is used to mark superclosed vowels (like
reconstructed proto-bantu §/y ) or, more generally,
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the non syllabic part of a diphthong:

zi 0A00 8100 diphthong with gliding i
i 0100 8800 diphthong with gliding @

The bit 1 is used to interpret marked tongue.root
position (emphatic vowels in the Berber-Arabic
domain or the harmonic set of vowels character-
ized by Advanced Tongue Root in a number of sub-
saharan languages). Nasality and roundness may
combine with this feature:

i 0100 (unrounded) i
1B00 (round) u

[=1

i 2100 nasalized i
u 3B00 nasalized u
I 4200 ATR I

Basic symbols corresponding to the set of un-
rounded vowels and of rounded vowels are shown in
Tables 4 and 5 respectively.

B - Suprasegmental information is coded in the
second byte. Tonal languages use up to 5 levels
of pitch, represented henceforth as accents. The
code 06 is reserved for a downstepped High:

0101 Falling low 1
0102 Level low 1
0103 Mid i
0104  High {

0105 Suprahigh
0106  Downstepped High ¥i

Contour tones are coded by reference to their
source/target pitch:

0142 Falling high-low
0124 Rising low-high

[P

The bit % is set to 1 if the corresponding tone
is floating:

01%A High + Floating low i
012¢ Low + Floating high 1°

Double contours require two morae; we propose the
convention that the first mora bear a level tone
and the second a'contour tone:

0104 0124 Falling-rising long i it
AaA
1

0102 0142 Rising-falling long i

C - In order to maximally compact suprasegment-
al information the bit 0 is reserved for stress:

0180 stressed i i

If the stressed vowel bears a tone, the code is
modified accordingly:

70
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0182 stressed i/lov tone 3

01C2 stressed i/falling tone 1
The code A0 is assigned to pitch accent ag requirg

by some languages:

01A0 i associated with pitch accent I

D - Hexadecimal codes 7 and F are left free i
our system. Corresponding combinations will be
used to account for marked voice quality:

unvoicing 0107 unvoiced i i
0147 unvoiced i {

high tone retained °

creaky voice 012F creaky i/low tone  }

breathy voice 0172 breathy i/low tone 1

Special cases may be treated with an extended code
as proposed for consonants: a flag (hexadecimal
F) indicates that one has to go through a filter
table, access to which is given by the code of
the vowel mora and a pointer:

01F2 : go to case 2 of the filter table cor-
responding to vowel i.

Rhotacized vowels, for instance, could be conve-
niently dealt with in this way.

CONCLUSION

It is indeed possible to rely on the Interna-
tional Phonetic Alphabet to propose a comprehen-
sive and versatile computer oriented coding systen
The fact that the code is phonetically motivated
makes it particularly attractive for expert sys-
tems aiming at comparing data or reconstructing
proto-languages.

Reference

1] P. Ladefoged, "Preliminaries to Linguistic
Phonetics", The Univ. of Chicago Press,197l.
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b T - T - = - T - PO - T O <
S13 (sl 2 8|e|a |22 |8 |23 |8]%
RN EREAENR Y 8o Bgl 8ol Pal Sl 3pl Bl
unvoiced consonants 1 P t pt t c k kp q ?
aspirated 2 ph th kh ]
ejectives 3 p’ t? k?
voiced consonants y b a bd g gb G
implosives 5 B g g
clicks 6 0 |13 5 ¢
unvoiced affricates 7 pf ts tf kf
voiced affricates 8 bv dz dz gv
unvoiced fricatives 9 o |f 0 |s 1) o x X | h h
voiced fricatives A v z z 3 Y g | © f
approximants B v x y w
nasals C m n n N
laterals D 1 £
flaps /taps E r
trills F B r R
Table 1
Symbol Example Code Phonetic interpretation Symbol Example Code Phonetic interpretation
? t 1410 unreleased 0114 lenis
h tsh 7420 aspirated release 0214 fortis
? ts? 7430 glottal release m 03C1 wunvoicing
k¥ 1B90 palatal release ; 04394 voicing
4 x4 1BAO0 labiopalatal release b 0541 murmur
n th 14B0 nasal release s 0A9% rounding
w bv 41C0 labiovelar release ; 0B14 velarization
1 el 14D0 lateral release & 0CBC nasalization
° £° 14E0 pharyngeal release % ODA4  lateralization
¥ ar LYF0 trill release t OE pharyngalization
R. OF41 laryngalization
Table 2 Table 3 -

Unrounded vowels

i i u

b 3 u

e E) ¥

€ e A

@ a Q
Table 4
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Round vowels

y 8 _u

v v U

[} =) [}

e ES o

e o )
Table 5
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ABSTRACT

Phoneticians generally expect that laxer
adjustments of the vocal cords will produce
lower F,. Hence, languages with phonological
contrasts between syllables with tense
(somewhat creaky) and lax (somewhat breathy)
phonation would be expected to show a
difference in pitch between them. We measured
Fo in several minority languages of China with
contrasts that have been described as tense vs
lax. Our results show that a pitch difference is
only sometimes present. The patterns are, in
part, explicable in terms of different phonetic
realizations and different diachronic sources of
the tense/lax contrast, and in terms of its
phonological function.

A tendency for different phonatory settings to
be associated with pitch differences has been
noted by many observers. For example, Laver
(1980), in his discussion of laryngeal tension
settings, remarks that "there is a strong
possibility that in tense voice the pitch range
will be higher than in lax voice". Later he

' comments that "lax voice tends to be
accompanied by a low pitch-range”. But he goes

on to note that there is nothing necessary about
the association of laryngeal tension with pitch,
commenting that "it is certainly possible to
compensate for these tendencies."

Laver is discussing tense and lax laryngeal
settings as attributes of individal voice quality.
However, a number of languages use tense and lax

U
THE EFFECT ON Fg OF THE LINGUISTIC

SE OF PHONATION TYPE

SUSAN A. HESS
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phonation for linguistic contrast betwee,
vowels. This phenomenon is quite common among
languages spoken in Southwestern China ang
adjoining parts of Southeast Asia. We have beg
conducting studies of the phonation type contrag
in several of these languages, and have reporte
some of our results elsewhere (Maddieson §
Ladefoged 1985, Maddieson & Hess 1986). In th
present paper we focus on the relation between
Fo and phonatory tension in five of the languages
in question. We hypothesized that pitch woulg
correlate with tension, following the tendengy
noted by Laver, in languages which did not als
have tonal contrasts. In languages with tona
contrasts with a high functional load and
phonological systems in which phonatory tension
is not an aspect of particular tones, we
anticipated that the need to maintain the
separation of tonal registers would inhibit this
tendency. Instead, speakers would draw on the
compensatory mechanisms available to
counteract it.

Our data consists of measurements of Fo from
5 languages - Wa, Jingpho, Yi, Lahu, and Lisu. Wa
is @ non-tonal language of the Mon-Khmer family
(Diffloth 1980, Qiu, Li & Nie 1980). The others
are Sino-Tibetan languages with tonal systems
with a high functional load. Yi (Liangshang
dialect, Li & Ma 1983) and Jingpho (of Yunnan, Lu
1984) have similar tone systems, distinguishing
high, mid and low-falling tones. In these two
languages the phonatory contrast is independent
of the tone system, although it is limited 10
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particular syllabic nuclei in Yi. Lisu is usually
analyzed as having a 6-tone system in which
tense phonation is characteristic of two of the
tones (Mu & Duan 1983). These two tones are
mid-level and mid-falling, and can be matched
with two of the "lax" tones, also mid-level and
mid-falling. Mu and Duan transcribe the pitch
height of the tense tones as 44 and 42, and the
paired lax tones as 33 and 31, implying that the
"tense” tones are indeed higher. Lahu has a
system of seven tones, two of which are
variously described as being checked by a glottal
stop (Matisoff 1973), or having tense vowels (Ma
1984). These two tones, high-falling and
low-falling, can be matched with two of the
tones that occur non-checked or lax. Whereas
Matisoff gives the same pitch values for tense
and lax tones, Ma transcribes the tense tones as
54 and 21 but the lax tones as 53 and 31,
indicating a smaller pitch range for the tense
ones.

3 speakers of each language were recorded
with the assistance of Ren Hongmo. The speakers
read a wordlist containing 8-10 pairs of
monosyllabic words with a minimal tense/lax
contrast. Each list was read twice, giving 48-60
examples of each 'contrast (except for Lahu
where only one repetition was recorded, giving

30 cases). F, was measured at the onset and
offset of the vowel from narrow-band
spectrograms. If a more extreme value of Fo

occurred after the vowel onset that value was
also measured.

The F, measurements in each language were
examined in a 3-way analysis of variance,
specifying speaker, word pair and tension as
main effects. In Table 1 the mean onset and
offset Fy values are shown for the tense and lax
vowels in each language. Significant differences
(at the .0001 level) are printed bold. All other
tense/lax differences are not significant (fall
below the .05 level). Measurements of the peak Fg
value did not show a different pattern from those

made at the onset, hence these mfeasures are not
reported.

Table 1. FO measures on tense and lax vowels.

Wa Jingpho
onset offset onset  offset
"tense” 146 112 157 128
"lax” 145 115 145 126
Lisy Lahy
onset - offset onset  offset
"tense” 147 119 213 195
"lax" 148 122 214 126
Yi
onset offset
"tense” 157 153
"lax” 152 154

In Wa, words in citation form are spoken with
a falling intonation. No pitch difference between
tense and lax vowels was observed at either the
onset or offset of the vowel. On the other hand,
in Jingpho, a significant pitch difference at the
vowel onset was observed. The Jingpho wordlist
includes pairs of words with all three tones, but
pairs with low-falling tone predominate (6 out
of 10). Because of this, the mean offset value is
low. The word pairs examined in Yi were all
mid-level tone, hence onset and offset values are
close. The onset Fo differs between tense and
lax syllables by a small but highly significant
amount in Yi. In Lisu there is no significant
difference at either onset or offset, despite Mu &
Duan's indication to the contrary. Since phonatory
tension is a property of particular tones in this
language we had expected no effort to avoid a
pitch distinction. Lahu shows a significant
difference in Fo at the vowel offset. The mean
offset value in the two lax falling tones is
considerably lower than in the tense tones.

Our results are thus generally counter to our
hypothesis, which predicted that an Fy,
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difference would occur in the nontonal Ianguag.e
Wa, and in Lisu and Lahu where phonation.type is
an aspect of tone, but not in Jingpho or Yi where
phonation type is independent of tone.

Are there historical or synchronic facts about
these particular languages which enable us to
understand this result? Jingpho and Wa share a
similar historical origin for the tense/lax
contrast, namely, the somewhat breathx .léx
syllables are those which used 0 have initial
voiced consonants. However, synchronically, the
phonation type contrast is more salient in
Jingpho than it is in Wa. We have used the
difference in amplitude between the second
harmonic and the fundamental, Hp - Fo, a@s our
measure of phonation type. This measure has a
higher value for tenser phonation than for laxer
phonation (Maddieson & Ladefoged 1985). In Wa
the mean difference in the Hp - Fp measure
between lax and tense vowels is just under 2 dB,
whereas in Jingpho it is just over 7 dB. In
addition, the tense/lax contrast in Wa is
accompanied by some vowel quality difference:
tense vowels have a higher first formant than lax
ones, i.e. they are lower in the perceptual vowel
space. In Jingpho, vowels in tense and lax
syllables do not differ. It may therefore be the
case that in Wa the small pitch difference that
might have been expected from the
not-very-salient phonation type contrast is
counteracted by the effect of vowel lowering in
tense syllables. In Jingpho on the other hand, the
phonation type contrast is made salient enough
so that the conditioning environment for any

! allotonic variation can be readily recognized.

Lisu developed tense phonation in syllables
which were originally checked (i.e. stop-final). In
Lisu we found that the mean difference in the
Ho-F, measure between tense and lax was about
3 dB, confirming the existence of a moderately
salient phonation type difference. Since there is
no pitch difference, this suggests that the
system should be reinterpreted as one with four

tones in which a phonation type contrag
operates within two of the tones, rather thap as

one with six tones, two of which have a Markeq

phonation type.

Lahu shows no reliable evidence of ,
phonation type difference based on the measy,
we have used, nor is there us:ually any auditoy
impression of one. Instead, in the historically
checked syllables, a final glottal stop usualy
occurs and the vowel is considerably abbreviate
(about 275ms shorter than in "lax" syllables). Tn
much lower offset pitch in the two falling "lay
tones seems simply due to their much greaty
length; the pitch continues to fall and reaches j
much lower level. In Lahu, phonation type is ony
marginally involved in syllabic contrasts,
Duration, extent of pitch change and glottal sty
are more central to the contrast which has bee
described as “"tense” vs “lax". Matisoffs
representation of the "tense” syllables as having
a final glottal stop is more accurate than Mas
account, though Ma correctly indicates the
greater pitch range of the "lax" (unchecked
syllables (cf Hombert 1983).

Yi is again somewhat different. Although the
difference between "tense" and "lax"™ vowel pais
is quite distinctive, with an auditorily "harshe’
quality for the tense members, the H;-Ff
measure does not distinguish them. Perhaps this
measurement is simply not appropriate fo
detecting phonatory differences in the rathe
unusual range of “fricative vowel" segments
found in Yi. We think that it is more likely tha
the tense/lax contrast is produced in a differen
way here. We speculate that the "tense” vowes
employ a supralaryngeal mechanism like thd
used in the "strident" vowels found in some
the Khoisan languages, which involves
narrowing between the base of the epiglottis ar
the upper part of the arytenoid cartilages. Th
use of this mechanism in [Xoo has been describéé
in some detail by Traill (1985). Traill ha
listened to our Yi recordings and agrees that
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there is an auditory similarity between the
strident vowels of IX63 and the tense vowels of
Yi. However, in IX43, strident vowels have
somewhat lowered pitch, rather than the slightly
higher pitch found in Yi "tense" vowels.

In the meantime, we find that, particularly in
the data from Jingpho, we have provided a
phonetic basis for a different hypothesis. This is
the diachronic hypothesis that tonogenesis and
splitting of tones in tone languages can arise
from phonation type contrasts on vowels, as has
been proposed by Pulleyblank (1978, 1984) for
Chinese. Previous work has concentrated on
consonanta! sources for tones, and the effect of
contrasts on vowels has largely been ignored. We
now see that such effects can be significant.
However, as data from Wa and Lisu demonstrate,
phonation type may be contrastive in vowels
without any accompanying pitch differences.
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ABSTRACT

The speech material of the Northern )
Russian dialects was investigated. A com
plex of the phonetic phenomena was found_
testifying to the existence of the corre
lation of the tense-lax consonants in .
those dialects. Since analogous phonetic
features are observed in the Western and
Southern Slavic languages, it may be sug-
gested that the peculiarity discoyered
in the Northern Russian dialects is pra-
Slavic and pra-Indoeuropean heritage.

1. As we know, the consonants of Standard
Russian are opposed on the basis of voice-
lessness-voiceness. The voiced consonants
differ from the voiceless ones also by the
level of tenseness: the voiceless conso-
nants are more tense. This is manifested

in the greater tension of the muscles of
the articulatory organs.

One of the most difficult tasks of instru-
mental phonetics is the direct establish~
ment of the level of tenseness. However,
one can judge of the degree of tenseness
Or nontenseness on the basis of some inde-
rect data. Specifically, the tense conso-
nants compared to the lax ones are longer
and the noise constituting them is more
energetic /1/.

In standard Russian the feature of tense-
ness is closely related to the feature of
voicelessness, and the feature of nontense-
ness - to the feature of voiceness: tense
consonants are voiceless and lax ones are
voiced. It should also be borne in ming
that voiceness-voicelessness is the major
feature in the opposition, while tensenesg-
nontenseness is an accompanying feature
/2/. In some languages these phonetic fea-
tures are correlated otherwise than in Rus~
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ch languages tenseness-nontep-
:iigéslgi:g at the bottom.of the oppositj-
on. As examples one can cite English,
Frénch, German, Finngjh, Estonian and many
es .
gthgg %:?ggnguséién dialects have been
déscribed where the principle of tenseness
-nontenseness of consogants manlfested}t-
self differently than in Standard Russ?an,
Such dialects are to be fognd on the river
of Mezen in the Leshukon district of the
Arkhangelsk region. Our‘primary auditory
impression was checked instrumentally when
the length of consonants of these dialects
ured.
gfi.??aiccording to the data recieved by
Zlatoustova for Standard Russian the
length of voiceless fricative consonant§
in the intervocalic position can vary wi-
thin the range of 167 mc to 213.mc. The
voiced consonants show a variation from
93 mc to 127 mc. The ratio of the leng?h
of voiced consonants to that of the voice-
less ones is approximateiy 0.56-0.65 /4,
p. 57/. .
The proportion of voiceless and v01ceq
fricative consonants in the intervocalic
position in the Mezen dialects differs
from that in the literary languagg. Thg
difference is a greater contrast in their
length. Thus the length of intervocalicu]
varies within the range of 95-100 mc; whi-
le [3] in the same position is characte-~
rised by the length of 45-59 mc; the tay
poraly characteristics of the intervocalic
is] are from 110 to 180 mc, and'those of
[z] - from 50 to 60 mc. The ratio of th%
length of voiced consonants to that of the
voiceless ones in the Mezen dialects is
about 0.46 on the average.
2.1.2.An even greater difference betwgenv
the literary language and the Mezen d%a-
lects can be observed in the stops which
are longer in the Mezen dialects. i
The length of the voiceless stops differs
from language to language., In some langud
ges these consonants have a longer phase
of contact, which results in geminates.
Estonian and Finnish are examples Of'thls
phenomenon. In other languages (English,
German) the occlusive consonants have a

6.2.1

longer postexplosive phase leading to as-
pirated consonants.

Both types of prolonging of the voiceless
stops can be observed in the Mezen dia-
lects. Thus sometimes these consonants are
pronounced with a long contact:(a P’ ifnof,
‘etogo, oto “1lok, ka’koi]. But more often
the length of the voiceless stops [p, t,
k| and [p’, t’, K’| appears in aspiration:
{’phom’or, naphal, ’naphpl; tham, ’thoie,
photho lok; a-khak, khudy, a p’hec-tu,"
ku‘p’hila, ‘n’ep’hili; “t’hanut, ‘mat’ hi;
muzy‘k’hij.

In”Standard Russian the duration of post-
explosive phase of the voiceless stops is
quite insignificant: [p, t] - 20 mc, and
ik} = 35-40 mc /5/. If one takes into con-
sideration the fact that the duration of
{ps t, k) in the intervocalic position
varies from 153 to 200 mc /4, p._571/,
then the postexplosive phase of LP, t) is
equal to 0.1 of the length of the whoile
consonant and that of { k] - to 0.17-0.25.
According to our data the_duration of the
postexplosive phase of [p] in the Mezen
dialects is 42-95 mc, that of [ t] is 65~
70 mc, and that of [k| - 54-76 mc. The
measurement of their relative length sho-
wed that the postexplosive phase of these
consonants may constitute from 0.4 to 0.7
of the entire length of the consonant,
2.2.1. One can also see the difference be-
tween Standard Russian and the Mezen dia-
lects in the proportion of the consonant
length in clusters.

In Standard Russian the first consonant
of the cluster is typically shorter than
the second one /4, p. 59/. This regulari-
ty is proved by our measurements of the
consonant length in such groups as | ks],
[sk], [psli, [sp},LkshJ, [shk], [kt], '
Lft), [g9z], [29), [2b’} , [ db]. There is a
law in Standard Russian according to which
the first consonant cannot be longer then
the second one even if the first consonant
represents the combination of two identi-
cal phonemes: the long consonant loses its
length when it occurs beside another con-
sonant; compare: knaccu {s:] - xnaccuum
[s] /6, p. 136/.

The situation is quite different with the
Mezen dialects, where the first consonant
may be much longeg than the one YP?EP fol-
lows. Compare: [UJ’;a, u kpm, t|” is ta,
1’ e5’na, p’es %kom, fsu’botu}. The length
of the voiceless stops in clusters as well
as in the intervocalic position may come
up in aspiration or in the longer contact
phase: [okh‘no ; nak “laz’ daj. The first
consonant is longer than the second one
even in the case when the former is a so-
norant and the latter a voiceless conso-
hant, while in the intervocalic position
the voiced consonants including sonorants
are much shorter than the voiceless ones.
The average length of the second conson-
ant compared to the first one varies from
0.4 to 0.7. The voiceless stops are non-

aspirated in the pPostconsonant position,
Therefore the first or the second position
of the consonant in the clusters differs
to the tenseness-nontenseness. From this
point of view the position of the first
consonant in the group is strong, and the
second one is weak.

2.2.2. Another peculiarity of the Mezen di-
alects that is the progressive devocaliza-
tion of the sonorants. This phenomenon is
observed both in the middle of the word
and in juncture: [ ‘profiyi, “utrom, /pramo,
d’ek ‘r’et, sus’lon, ﬁj’}'i,‘vyprjut, ’

sof “3o[]. The same devocalization is obser-
ved in the sounds of (v, v/] , which are
pronounced in the dia ects; this is also
true of the more ancient [w, w/] : L kfam,
dak f l'e’sax, vo’z’ it’ {lotkax, sfo“jo7.
Completely voiceless sonorants and [f, f’J
according to [v, v{)occur much rarer than
partially devocalized sonorants, The inst-
rumental analysis of these sounds showed
that such sonorants have voiceless begin-
ning and voiced ending. The degree of the
devocalization of the sonorant and [ v] in
Fhe position after the voiceless consonant

of tension of the speech organs. When used
emphatically or in the strong phrase posi-
tions the sonorants are devocalized for
the greater part of their duration and the
sound [ f | is pronounced instead of {v]. In
other cases the devocalization may extend
over the initial phase of the second con-
sonant only. There may be no progressive
devocalization of these sounds in the weak
phrase positions,
The strong voiceless consonants may influ-
énce not only the next sonorants but also
the vowels. In such cases vowels are pro-
nounced without voice though pPreserving
the rest of their typical characteristics:
[p;@gy‘la, pr’ iflo, ‘wyp’ito], This effect
can be observed frequently at the end of
syntagma. Sometimes several successive
words may be pronounced as if they were
whispered, with the strong tension and in-
tensive noise.
In the group of two consonants, as it has
been shown above, the first consonant is
tense and the second one is lax. That is
why if the first sonorant or [vj is follow-
ing the voiceless consonant the progressi-
ve devocalization is observed quite frequ-
ently. It almost never happens if the sono-
rant or [ v] is placed after two voiceless
consonants: the second sound is lax, it
cannot assimilate the next sonorant and
[VJ; compare:L’trojo-étroimJ.
2.3. The prolongéd consonants in the Mezen
dialects frequently occur at the end of a
word before a pause: [ 1’eg, bo’jus’, mox,
‘viidli }. The stops are pronounced with a
long contact and explosion: [ i d’o%, pesok '
or with aspiration: [thuth, o’p’et’h, poto-
lokh7]. Quite frequently the voiceless
stops "are implosive. This may evidently be
explained by the fact that the general ab-
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atement of the intensity at the end of 2
syntagma weakens the end of the consolriant
as well that is why the strength of t ?
contact is greater than the ;trength o .
the explosion and the explosion does no
take place. .

The vgiced consonants in the Mezen dia-
lects are lax. They are much shorter than
their voiceless correlates. Besides non-
tenseness manifests itself in the common
flabbiness of their articulation. We have
often noted the pronunciation of [j | and
[?'] instead of [d]:[1ajila, ?U?Ot]5t3}
in place of [d] : [“edak]; Lw, w’]in place
of [ b, b'] : [ nara‘wotu, w'un’tom}; [}] in-
stead of | g]: ! ‘mnohoj. _

2.4, In some cases in the Mezen dialects
the pronunciation of voiced consopant in
place of the voiceless ones and vice ver-
sa can be observed and also the pronuncia-=
tion of semivoiced consonants in place of
voiceless and voiced ones: |'star’in 92,

(g k), Po’tumat’ (t<d), po’rato, za’ga-
d3val]. '
2.5. Implosive consonants, spirantization
of voiced explosive consonants, intercha-
nge of voiced consonants and voiceless
ones and the existence of semivoiced con-
sonants have been noticed in different Nor-
thern Russian dialects by other dialecto-
logists, The auditioning of the tapes of
the Northern Russian dialects accumulated
in the Laboratory of experimental phone-
tics of the Russian Language Institute of
the USSR Academy of Sciences showed that
they share some other features with the
Mezen dialects which have been described
above.

3. All this testifies to the fact that in
the Northern Russian dialects there exists
opposition on tenseness-nontenseness, but
not on voiceness-nonvoiceness as is the ca-
se in other Russian dialects and the lite-
rary language.

When making phonological conclusions some
phoneticians proceed from the principle of
phoneme neutralization /3;7/. However the
fact of neztralization as such cannot al-
ways clarify the nature of the phonetic op-
position, Thus [t] and {d] coincide in the
sound! t] in the final position both in Ru-
ssian and in German. Yet in Standard Russi-
an the opposition on voiceness-nonvoicen~
ess is considered to be neutralized in the
final position, while in German the opposi~
tion of tenseness-nontenseness igs neutrali-
zed in a tense variant. The fact of neutra-
lizatign is an evidence that the phonemes
are p;lrgd apd that they are opposed on
one §1st1nct1ve feature. But it may mean
nothing as to the nature of this feature,
The Mezen dialects as well as the majority
of the Northern Russian dialects do not di-
ffer from other Russian dialects from the
point of view of the nature of neutraliza-
tion of the consonants discussed above He-
re the noise consonants cannot be distin_
guished in the final ang pPreconsonant posi-

tion. At the end of thﬁ woid and befOrethe
voiceless consonants tfey u;n 1nto vojce.
less consonants and before the voliced ¢qp.
sonants they turn into voiced ones,
The difference between the two types of 4.
alects lies in how the contrast of the op-
posed phomenes 1 O some diajesr ol B
s ot is realized. S as
;;;iogs in Standard Bussian the cgntrastm
the consonants on voiceness-nonvoiceness j
more evident than on tenseness-nontensep.
ess. In other dialects the contrast of the
consonants on tenseness-nontenseness is mg.
re evident than on voicgness—nonvoicene“,
That is why the opposition of these cong.
nants is rooted in tenseness-nontenseness,
The feature which forms the basis of copg,.
nant opposition in thgt?bsoiutelz strong
ition may give up it's place to some a.
gg;;anying grinciple under other conditi-
ons. Thus in Standard Russian the differe.
ce between{ p ] and L?]:Lt1 and Ld], [s] ang
[ZJ, etc. in whispering, when there is'p
voice, is evident only from tgnsenessor
nontenseness of the corresponding sounds
/6/. In those Northern Russian dialects
where the leading principle of phoneme op-
position is usually tense:ess-nogtensamsa
in the postconsonant position, where voi-
celess gtops lose aspiration and fricative
consonants lose their length, the major
contrast between the corresponding sounds
is on voiceness-nonvoiceness,
4. What is the origin of the dialect pecu-
liarity described above? Speaking about the
vocalization of the voiceless consonants i
the intervocalic positions and the existen
ce of the semivoiced consonants some inves-
tigators proposed that it is a feature of
the Finnish substratum /8/. This proposal
has some validity. It is possible that the
other features of the described complex
are also of Finnish origin.
However there is some counter evidence too,
The Komi Republic Academy of Sciences gave
us an opportunity to listen to the tapes of
different Komi dialects including the dia-
lects on the river of Mezen, neighbouring
on the Russian Mezen dialects. In none of
these tapes could we find the most typical
feature of the Russian Mezen dialects - as
piration of the voiceless stops. Yet some
of the manifestations of the opposition on
tenseness-nontenseness in the Komi dialects
do exist, for example the prolonging of the
first consonants in clusters.
There may be another explanation of the de
scribed Northern Russian phenomenon. Many
indoeuropean languages have the same fea-
tures. Thus for example the tense voiceless
consonants significantly exceed in thei;
length the lax voiced ones; the aspiration
of the voiceless stops occurs at the begit
ning of the word and in the intervocalic
Positions (while it is absent in the post-
consonant position); cf. also the progres
Sive devocalization of the sonorants, the
prolonging of the ending consonants, the
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spirantization of the voiced stops in Eng-
lish and German /9/.

Many of the described phenomena are known
in the Slavic languages. According to our
data [p, t, k| in Polish are more tense
than in Russian. The voiceless stops are
aspirated in Polish. There is also the pro-
gressive devocalization of the sonorants

in some Western and Southern Slavic lan-
guages /10/. For Czech the relevance of

the opposition on the "lenes-fortes" of

the consonants was discussed /11/.
Consequently the discussed features of

the Northern Russian dialects connected
with the opposition of the consonants on
tenseness-nontenseness, may be one more fe-
ature linking the Northern Russian dia-
lects with the Slavic West., This feature
may be praindoeuropean,

References

/1/ P.dxo6coH, I'.daHT, M.Xansne. Beenme-
HYe B aHaNHU3 pedYH. PasjMYHTesNbHHEe NpH3Ha-
KH M HX KOpPPeJATH. Iy, [I. OnHT onucaHug
Pa3JIMYHTEJILHHX NPHU3HAaKOB, — B KH.: HoBOe
B JIMHIBHCTHKE, Bum. . M,, 1962.

/2/ N.I'.3y6koBa. dOHETHUECKAs peanu3a-
UMA KOHCOHAHTHHX MNPOTHBONOJIOXEHHN B pyC-—
CKOM AASHKe. M., 1974, c. 10-11.

/3/ H.C.Tpyb6eukoi#. OCHOBH (OHOJOTHH.

M., 1960.

/4/ Jl.B.3naToycroBa. GOHETHUYECKAST CTPYK—-
Typa CJioBa B MOTOke peud. KasaHb, 1962.

/5/ J1.B.BoLaapko. 3BYKOBOH CTpPON CoOBpe-
ME@#HOT'O pYyCCKOro fa3mka. M., 1977, c, 143.

/6/ M.B.llaHOB. COoBpeMeHHHII DPYCCKHP S3uK.
doHeTHKa. M., 1979,

/7/ N.C.Ky3sHenos. O mOudpdepeHIHAIbHEX
nIpusHakax ¢oHeM. — B KH.: A.A.PedopMaTCKui,
U3 HCTOpHH OTeYecTBeHHOM dononoruu. M.,
1970, c. 491.

/8/ B.B.Konecoe. CeBepHOpPYyCCKHE yepeno-
BAHHUA COTJIACHHX, TAapHHX IO TJIYXOCTH-3BOH-
KOCTH. — BecTHHK JII'Y, 1963, N2. Cepus uc-
TOpHH, A3HKA U JIKTEPaTypH, BeI. 1, C. 108;
P.d.NaydoummMa . HekoTOpHe BOMNPOCH, CBA3HHHHE
C KaTeropuel rJIyXOCTH-3BOHKOCTH B TOBOpax
PYCCKOTr'O fA3HKAa. — B KH.: DKCnepHMeHTajlIbHO-
PoHETHUECKOEe H3yYeHHe PYCCKUX I'OBOpPOB. M.,
1969, c. 214.

/9/ A.C.Gimson. An introduction to the
pronunciation of English. London, 1970,

p. 159, 161, 164; B.M.KupMyHCKHI. Hemeukasn
AuanexTtonorusa. M.-~JI., 1956, c. 251-252,254,

/10/ B.Hila. Uvedeni do fonetiky &edti-
ny na obecné fonetickém zaklad&. Praha,
1962, s. 362; J.Beli&. N4stin Seské dialek-
tologie. Praha, 1972, s. 59; A.M.Cesumes.
CnaBsauckoe SISHKO3HaHHe, T.I. 3anagHoclaBsH-
CKHe A3mku. M., 1941, c. 300,327, 335,

/11/ Y.Vachek. K zn&lostnimu protikladu
souhldsek v CeZtin& a v angli&tind. - Stu-
die ze slovanské jazykovédy. Praha, 1958.

Se 76.2.4

79




OX TEE PHARYNGEALIZATION IN TUNGUS-KANCHU LANGUAGES
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ABSTRACT

The paper presents scze resu%ts of
the experirmental study of the Naray
and Udehe phonetic systexs. The obt-
ained results ccncern the nature and
the function of the prharyrgeal/lary-
rgesal phorexmes and their influence on
the vowsl and conscnant pattermns. The
proposed apprcach allows a sitple so=
luticn of some disputadle phencmorph-
ological phencmena in Tungus-Manchu
languages, Tkhe new interpretation of
the vowsl ratterns of Nanay and Udehe
languages is given, It is shown that
pharyngeal/laryngeal phoneres are rs-
rked by funciicnal amdiguity, serve
&s reans of distinctive and delirita-
tive function on seszental, supersez-
rental and proncmerphological levels.
The presence of morpacnological cons-
tructive elerents in the phcremic pa-
tlerns of Tungus-Manchu larguages is
& feaiture typical of the syllabomorp-
hexic language type.

INTRCDUCTICN

Fharyrgealizaticn kas wice pacretic ra-
rpifestation rangirg from aspiration of
corscrants %o pharyngeslized accent in
Tungus-Mancku languages. The rharyngeal
/ h / was found in scme Turngus-Manchu
languages: Everki, Even, Solen axd scme
dislects of Croch /1/. The occurences
of sspirstion of vciceless stors were
menticred in certain dislects of Everki
axd Even /2/. Tte aspirsted and glotts-
lized vowels with the glottal step or
expiraticn of breath in the midile of
vowel phcratica were Cescribed by E.R.
Shni e%erﬁ{%.kBut on the whole, refere-
nces to txe pharyrgeslizastion in Turgus
Manchu ls~gusges sre scanty.
The present psper concerrs the theretic
mature, phonological status a=gd functi-
cn of the pharyrgealization in Yangy
a:dtt.’dehe languages, which enter the
scuthern group of Tongus-¥anchy largus-
Sese The ixvestigstizg is based on ;E:
*3 obtsirned exreriventally. The list
cf 300 ¥azay azd Ulshe words w3s read
¥r 10 irformants, adout 45<5Q yeaxs olg

not phonetically trained, all of then y,
aware of the purpose of the experiment,
Recordings of this material were made by
reans of oscillograph, intonograph, at

250 mm/sec and were also ireated by gpe.
ctrograph.

ACQUSTIC MANIFESTATIOR

It is traditionally accepted that there
are voiced and voiceless stops in Tungys
Manchu languages. On the acoustic spect
ra of the Naray and Udehe words the two
sets / bdg / and / ptk / initially are
produced with silent closure intervals
and ought to be classified as voiceless
whereas in medial position / bdg / are
voiced and / ptk / are voiceless. The ¢o
nscnant spectra of / ptk / are characte-
rized by postaspiration which manifests
itself as higher frequency noise /fig.1/
According to L.Lisker and A.S.Abramson
the difference between voiced and voice-
less conscnants is in the timing of voi-
ce cnset relative to release: / bdg /
are distinctevely marked by low frequer-
€y harmonics preceding the burst of the
release and / ptk / are distinctevely ra
rked by an interval of higher frequency
noise irrediately following the burst/4/.
For Tungus-Msnchu languages this differ-
ence works only in part, In initial pos=
ition / ptk / and / bdg / are voiceless
and / ptk / distinguishes from / bdg /
by an audible explosicn and an intervsl
of mid-higher frequency noise within the
range corresponding to the frequency har
monics of the following vowel, i.e. asp=
irstion /fig.2/.

“he pharyngeal / h / and the glottal

/ ? / occur at the begirning of a stem-
morpkere before s following vowel or at
the morphere bourndary serving as a word
boundary rarker, e.g. Nanay: / Tanis /
‘motler®, / ?ob;oka / 'gmall fish'; Ude-
Le: / ?asa / 'bay’, / tunah / 'fingers’,

/ za?u / *cock and hen®, / inshji / 'dog’
Cn the spectra the glottal stop manifests

itself in the delay of Fo from the first
and second formant frequencies /fig.3/.
This is due to the delay in vioce ozset.

In the weak position, i.e. between vowels
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and as a finale of a syllable the phary-
ngeal / h / and laryngeal / ? / are rea-
lized as sonants: ?~h~w~ n~y~J (e.g.
Nanay:/wonemi ~7onemi~ ?onemi/?long?’;
Evenki:/alaA:algga'alakA»alah/'motley’).
These vocalized laryngeals are often om=
itted giving rise to long vowels and di-
phthongs: Negidal: /adaxu~ adaku/ *twin’,
Oroch: /adawu~ adau/, Udehe: /adtau/,
Ulchi: /adau~adu/, Orok: /adaw~adau/,
Nanay: /adao/. In Udehe language we obse-
rve the process of transition of / h /
and / ? / from phonemic to prosodic le-
vel: the firat or the last syllables of
a stem are marked by the pharyngealized/
laryngealized accents. These accents are
characterized by the double peak funda-
mental tone (circumflex) which marks the
consonant and the vowel of a syllable
/fig. 4-8/. The experimental dats have
shown that the pharyngealization/laryn-
gealization in Udehe language is the
distinctive feature of a syllable but

not of a vowel as it was siated on the
bagis of the auditory analysis by E.R.
Shneider.

R govwes o R
ttannnr AN e Am e
o ra

Fig. 1. Spectrogram of the Nanay word
/tora/ *he goes hunting®

Fig. 2. Spectrogram of the Nanay word
/dansAa/ 'balance’

LTLTU7L7L s s
o— .1

F:l.g,v 3. Spectrogram of the Nanay word
/exon/ *settlement?

Se 76.3.2

100 msec

—_—

Hz 2

L

ikl

° é °

Lr‘L' ‘]

Fig. 4, Fe-curve of the Udehe word

/gobo/ *£1y?
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Fig. 5., Fo=curve of the Udehe word
/imoho/ *fat?®
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Fig. 6., Fo-curve of the Udehe word
/ hobo/ *hard?®
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Pig, 7. Fg=curve of the Udehe word.
/da/ *cotton wool?
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Fig. 8. Fo-curve of the Udehe word
/adahu/ *twin’

FUNCTION

The pharyngeal and laryngeal phonemes fu-
nction as boundary markers between two
morphemes, one ending with a vowel and
the other starting with a vowel, These
phonemes may be consgidered as morphonolo-
gical constructive elements, serving to
link a stem and a suffix. For example,
the initial glide / w / of many verbal/
noun suffixes in Nanay may be omitted.
Its presence depends on the syllable st-
ructure of a stem., If the syllable of g
stem has a long vowel or a diphthong which
are always marked by the doubge peak ac-
cent, the morpheme and syllable metanaly-
sis is not possible, If the 8yllable of

a stem is not stressed the morpheme met-
analysis is possible, e.g. Nanay: /buwu-
ri/ *to give?, /xolaori/ *to read’, In
Udehe the unstressed syllable of a stem
form a fusion with the vowel of the fol-
lowing suffix, In thig case the pharyng-
eal / h / and the laryngeal / ? / which
are the markers of the Pagt Indefinite
and the Past Perfect correspondingly, are
manifested as pharyngealized/laryngeali—
2ed accents linking the stem with the gu-
ffix: Udehe: /wa?tsl / ’they had killeq?,

82

'he had taken?’.
{;Sggzg{usion it should be stateqd that
/h /and /7 / became isolated in the
attern of consonent phonemes. Thig 180
gation wag due to the functional ambi gy,
ty as these phonemes serve both ag Teany
of distinctive and delimitative functiy,
The presence of such morphophonemic elo.
ments in the language is a featuretym_

cal of the syllabomorphemic languaget”&

REFERENCES

/1/ B lmsunyc, "CpaBHUTENbHAA foney,
Ka TYHIYCO-M8HBUKYPCKMX A3EKOB", Jewyy.

% "A.A. Topuesckuit, "®oneTmueckue TRy
HOCTY TipM OGYUEHUN OBEHKOB /Tgﬂl‘yco;;/y
ycckomy aspky", Jenunrpan, I939% K 4,
Eosmcoaa, "[lpoexT enuHOl (oHeTuueckoy

TpaHCKPMHﬁMM INA_TYHI'YCO-MaHbURYpCKuy

A3LKOB" , ocxaanIel;}MHrpan, I96I.,

/3/ E.P. lkeitnep, "HKpaTkuit yEalcKo-pyee.
kuit crosaps”, MockBa-lleHuHrpan, 1936,

L. Lisker, A.S. Abramson, "Stop Cats.
éggization ané Voice Onset Time", The
Fifth International Congress of Phonetis
Sciences. Proceedings, Basel-New York,

Se 76.3.3

P T e

SR A ==NTF - O DO S RS L e 03 e



lii

DAS KONSONANTENSYSTEM DER DOLGANISCHEN SPRACHE
( NACH EXPERIMENTALEN ANGABEN )

NATALI BELTJUKOWA

Die Tomsker Staatliche
Kujbyschew~Universitat
Tomsk, UdSSR 634010

Die vorliegende Arbeit ist der Erfor-
schung des Konsonantensystems der Spra-
che der Dolganen gewidmet und sieht die
Aussonderung des Konsonantenbestandes,
die Bestimmung des Untersystems der Kon-
sonantenphoneme des phonologischen Sys-
tems der dolganischen Sprache, sowie die
Hauptmerkmale der artikulatorisch-skus-
tischen Grundlage dieser Sprache auf dem
Gebiete der Konsonanten vor.

Die Dolganen sind eine kleine ( 4877
Mann stark ) turksprachige Volkerschaft
im Hohen Norden, die im Taimyrer (Dolgan~
Nenezker) autonomen Bezirk des Krasno-
Jarssker Regions in den Bezirken Dudinka
und Chatanga leben,

Die Sprache der Dolganen, die men am
Anfang ihres Bestehens als ein Dialekt
der jakutischen Sprache mit bedetitenden
Archaismen betrachtete, loste sich seit
langem unter den Bedingungen der langwie-
rigen historischen Entwicklung vom ganzen
System der jakutischen Sprache ab und ver-
lor die Eigenschaften eines Dialekts., Der
moderne Stand der dolganischen Sprache
laBt uns sie als eine selbstandige Spra-
che betrachten /1/. In einigen Schriften
ater wird Dolganisch bis jetzt noch als
ein Dialekt der jakutischen Sprache er-
lautert /2/.

Das Sprachmaterial, welches als Grund-
lage fur die erste Analyse und Verallge=-
mginerung diente, wurde den Texten (Er-
zahlungen, Marchen), einzelnen Satzen und
Wiortern entnommen, die die Sprachexpedi-
tionsteilnehmer S.Demjanenko, T. Kosche-
werowa und der Autor dieses Artikels un-
ter der Leitung des Professors A.Dulson
1970 und 1971 festgelegt haben.

Seit 1973 begann der Autor das Sprach-
material nach einem speziellen Programm
2u sammeln, welches im Laboratorium der
éxperimental-phonetischen Forschungen des
Instituts fur Geschichte, Philologie und
Philosophie der Sibirischen Abteilung der
Akademie der Wissenschaften der UdSSR un-

ter der Leitung von W.M.Nadeljaew zusam-
mengestellt wurde, sowie auf der Halbin-
sel Taimyr (wahrend der sprachlichen
Dienstreisen des Autors) als auch in No-
wossibirsk im genannten Laboratorium im
Laufe der Arbeit mit funf vom Taimyr an-
gekommenen Dolganen.

Die erste Forschung der dolganischen
Sprache hat E.I. Ubrjatowa durchgefuhrt.
Sie nennt 21 typische Konsonanten /3/.

Im Lautsystem der nahverwandten Jjaku-
tischen Sprache nennen verschiedene Auto-
ren von 19 bis 23 typische Konsonanten/4/.
L.N,Charitonow /5/ zahlte in der jakuti-
Schen Sprache 20 Konsonantenphoneme und
teilte sie in Gerauschphoneme und sonore
Phoneme ein; Gerauschphoneme werden wei-
ter in stimmlose und stimmhafte einge-
teilt. P.P. Baraschkow nennt im Jakuti-
schen 27 Konsonantenphoneme /6/, E.I. Ub-
rjatowa -~ 21 /7/, N.D. Djatschkowskij -

- 20 /8/.

Die Bestimmung des Bestandes der Kon-
sonantenphoneme hat der Autor auf drei
Stappen verwirklicht (im Laufe der Arbeit
haben sich diese Etappen gemischt).

Auf der ersten Etappe wurden alle Kon-
sonanten schriftlich festgelegt, welche
wahrend des Aufschreibens der Texte, ein-
zelner Worter und beim Lesen der Texte,
die die anderen Expeditionsteilnehmer
aufgeschrieben haben, fixiert wurden,
was man eigentlich auch als Gehoraufnah-
me bezeichnen kann. Man stellte im Dol-
ganischen folgende Konsonanten fest, die
durch das Konsonantensystem der russi -
schen Sprache aufgenommen wurden: 6 ]
n’n’MonJIv%,T,’TvﬂvH
C,C,P,p,.ﬁ,',ﬂ,Hb,,nb,ﬂT
qb,Tb,J,H,,I‘,K,b_,/( » Kty FF
¥_» /1y fi (nach der Transkription von
A.P, Dulson). .

Die zweite Etappe ~ die Prufung des
Konsonantenbestandes mittels Analyse der
aufgeschriebenen Texte (Vergleich der
Vortformen eines Lexems und der der ver-
wandten Lexeme mit verschiedener Seman-
tik, das infolgedessen einen vollen Kon~
sonantenbestand im Dolganischen gegeben
hat. Unten ist der ProzeB der Arbeit auf

- ® v e
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der zweiten Etappe dargestellt (in d
Tat war es viel)komplizierter und nicht
o systematisch). _
° BZim Vergleich der Wortformen"mit/Ge
nerabedeutung masta: "hack Ho%z /9t ;
mastan "versorge dich mit Holz", masta
"pitte, daB man dir Holz hackt", mas %s
vhack Holz mit jemand zusammen" ste%l in
man 3 Konsonanten - n, t, s fest, die
diesen Wortern mit den Gengrabedeutungen
der Reflexivitat, Kauiaéitat und Koopers:
tivitat zu beziehen sind.

Die Gegenuberstellung der Gleichstamm-
lexeme masta : "hack Holz" - masta:r
"hack Holz spater"™, masta:q "derjenige,
der Holz hat" macht uns die Konsonanten
"r" und "q" bekannt, der erste von ihnen
ist die obligatorische Komponente des
Morphems - a:r mit der grammatischen Be-
deutung des zukunftigen Imperativs, die
zweite - die obligatorische Komponente
des Morphems +ta:q des wortbildenjen
Postfixes der Adjektive des Bezitzens. In
den Wortformen maspen "mein Holz" (Akk),
maskzn "dein Holz" (Akk) sieht man die
Konsonanten p und k, der erste - im Mor-
phem des Akkusativs der Personalpossesi-
ven Deklination der ersten Person S5g.,
der zweite -~ im Morphem des Akkusativs
der personalpossesiven Deklination der
zweiten Person Sg. Das Vorhandensein des
Lautes k wird auch mit dem Stamm des Ad-
jektivs ilimnz:k "derjenige, der ein Netz
hat" bei der Gegenuberstellung mit der
verbalen Wortform flimnz: "fang Fische
mit einem Netz" bestimmt. .

Die Wortformen tabam "mein Hirsch"
und tabap "dein Hirsch" mit grammati-
schen Bedeutungen der personlichen Ange-
horigkeit heben bei der Gegenuberstellung
miteinander und auf Grund des Ausgang -
stamms taba "Hirsch" die Komponenten m
und n hervor, dementsprechend sondern die
objektiven Personalpossesivformen dieses
Lexems tababzn "meinen Hirsch" (Akk),
tabagzn "deinen Hirsch" (Akk), die Xon-
sonanten b und g aus.

Aus dem Vergleich der lLexeme égaj
"Tee" - /14 ajda "Tee", #Agaja "sein Tee"
sondert man den Konsonanten 4 aus, als
eine obligatorische Komponente des Pogt-
fixes da im Vergleich zu dem Postfix der
Personenangehorigkeit der dritten Person
+a.

Aber nicht alle Konsonanten nehmen an
den fur ihre Vergleichabsonderung beque-
men Positipnen teil; in solchen Pallen be~
nutzt man die Methode der Gegenuberstel-
lung von nahlautenden Wurzelstammen mit
verschiedener lexischen Bedeutung(die Me=-
thode der Pseudohomonyme), Auf solche Wei-
se hebt man Konsonanten hervor, ohne die
die Lauthulle des gegebenen lLexems mit
ihrer lexischen Bedeutung nicht unter-
stutzt wird. Der Vergleich von Wortern
ahsa "Darm", ala "Trager", aga "Vatery
ajz: ‘"helliger Anfang", a,i» "Sunde",
hion "Volk", hon "Ober’bekle:I.dung"7 ébe
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wGroBmutter", &Ae "GroBvater 188t ung
dje Layte 7g, 1o o d o7, 5, g
/i anfuhren, Genauso werden das harte )
und das weiche 2 beim Eerglﬁich der giy,
stammigen Lexeme bult ™"Jagd" und bvlhew
nJager" hervorgehoben.

Die auf der zweiten Etappe der For .
schung festgelegten 25 typischen Kongo.
nanten wurden fur die Bequemlichkeitih.
rer kunftigen Analyse in 6 Gruppen nagy
dem aktiven Organ der Artikulation vep.
eint: Lippen = By B o o i Y oeqpnigen -
t,d,n)s'.’ ; on -

» J.v 1 A ; Hinterz N
]P:ﬁ*q: h:;);’; Zazi’chen-q ,g,:}n?
Rachénlaute - h , .

Auf der dritten Etappe wurde der Be.
stang der Konsonantenphoneme der dolgs.
nigchen Sprache bestimmt, hauptsachlicy
nach den Regeln der Aussonderung der Ph.
neme von N. Trubezkoj /10/ mit Analyge
der morphologischen Struktiur der Wort.
formen, wo es notwendig war. Auf solche
Weise werden in jeder Artikulationsgnmm
folgende Konsonantenpﬁéﬁemevgggg;sommrh
Lippen = PJq» 29 ; erzungen -
It f, [thE,]'-h[sJ ,P[%], [%]3 " [f'J ﬁ iﬁ%g;:‘ﬁgﬁen
- ') '.' b3 -
el B et iy B
Rachenphoneme - . e der
weitergn Analyse zeigen, daB die Hinter.
zungen - [k]1,[E]g,digliagfcgenphonggzi

und im Verhaltnis der zusatzli.
gﬁg& Distggiation zueinander stehen, Dag
laBt uns eine weitere Phogemgeraligemﬂm
nerung machen, indem die beiden Phonen-
paare [k]1, [k}> und [q]1, [q]2 zu einm
Paar ver%i?t wegd?gf aug dleigegiggtt?g
Symbole [kJ4 un aber m edeuten
vggallgemeiAerterem fnhalt verbreitet
werden. Im allgemeinen unterscheidet men
im Dolganischen 17 Konsonantenphoneme.

Der Autor halt sich an jege %uf§?$7wg
des Phonems, die von L.W.Tscherba
formuliert und von L.R.Sinder /12/ in un-
serer Zeit entwickelt wurde.

Die durchgefuhrte experimental-phone-
tische Forschung laBt folgende SchluBfol-
gerungen ziehen.

Fur das System der Konsonantenphonene
der dolganischen Sprache ist die Eintei-
lung in zwei phonetische Gruppen nach der
Spannungsgrad des aktiven Hauptorganseign
schwache %Gerausch;aute) - 10 Phoneme uni
gghr schwache (gerauscharme Laute) - 7

oneme.

Die schwachen Phoneme werden ihrer -
seits in lange (5 Phoneme) und kurze (5
Phoneme) eingeteilt.

Die Tonungen der ersten Phoneme in det
folgenden Pearen [p]q - [plo, [t]1-[t12)
[ﬁ]1-[h]2, fk]1-[kJ2 werden vom Forscher
dessen Mutterspraché Russisch ist, als
stimmhafte, und die Tonungen der nachste
Phoneme alg stimmlose Laute aufgenommen,
obwohl in einzelnen Tonungen der ersten
Phoneme die stammhafte Komponente nach
experimentalen Angaben zwischen 34,2 -

-100,0% der gesamten Lautlénge, und in
den Tonungen der nachsten Phoneme die
stimmhafte Komponente zwischen 0,0-35,7%
der gesamten Lautlange schwankt, Aber das
Vorhandensein solcher stimmhaften wie ¢ h»
und stimmlosen wie «hy» der kombinatori-
schen Positionstonungen beim Phonem [h)
stort die eben bemerkte GesetzmaBigkeit
in der phonetischen Gegenuberstellung der
dolganischen Konsonanten nach den Merkma-
len der Stimmlosigkeit - Stimmhaftigkeit,
Was aber die Gegenuberstellung nach der
Lange anbetrifft, so ist sie in der Tat,
wie die experimentalen Angaben zeigen,
ausnahmlos, indem sie alle Gerauschkonso-
nanten in 2 Gruppen einteilt ~ in kurze
und lenge: (p], [t1, [#], (k], [h]; [p],
(3, [(nd, (s, (ki) . .

Zum Beispiel haben die Tonungen des
Phonems [t] in der intervokalen Position
=V Cv:= eine relative Lange (nach verallge-
meinerten Angaben von 3 Sprechern) etwa
38,0-108,0% der mittleren Lange des Lau-
tes, und die Tonungen des Phonems [t:] in
derselben Position Ve vz eine relative
Lange von etwa 96,3-168,0% der mittleren
Lange des Lautes,

Die Teilubereinstimmung der Zonen in
konkreten Schwankungen der relativen Lan-
gen von Tonungen kurzer und langer Ge~
rauschphoneme 1laBt sich bei der exakten
Zonenverteilung ihrer relativen Mittellan-
gen dadurch erklaren, daB Dolganisch,
welches der Jakutischen Sprache nahver-
wandt ist, sich als Sprache in einer ver-
haltnismaBig kurzen historischen Frist,
ungefahr im Laufe von 3 Jahrhunderten,
und dabei unter komplizierten etnogeneti-
schen Bedingungen bei Teilnahme verschie-
dener Gruppen der turkischen, tunguBer-
mantschurischer und samojedischer Sprach-
familien herausbildete.

Fur alle Gerauschkonsonantenphoneme der

dolganischen Sprache ist die Mundartiku-
lation charakteristisch; die Mundartiku-
lation ist das obligatorische Hauptmerk-
mal dieser Gruppe von Konsonantenphoneme,

Die Analyse der ubereinstimmenden Den-
topalatogramme der Tonungen der Phoneme
)77 1t:l, [h) //1h:l zeigt nur einen ge-

ringen Unterschied in der Form des Ab-
drucks auf dem kimstlichen Gaumen, daB
die Muskelspannung bei der Artikulation
der inneren stimmlosen VerschluBkomponen-
te in den Tonungen der Phoneme [t 4£# 3
sich nicht wesentlich von der Muskelspan~
nung der inneren VerschluBkomponente in
den Tonungen der Phoneme [tl, [A] unter-
scheidet, Die Vordergzungenkonsonantenpho-
neme [t] und [t und die Mittelzungen-
phoneme [h] und [h:] werden also nach
Starke und Schwache nicht gegenuberge~
stellt.

Der Vergleich von Ergebnissen der in-
tervokalen homorganen Phoneme [pJ, Ipd ;
[tl, it sEhl, [Py 5 [k, [k] » die wir mit-
tels eines Oszillographen bekommen haben,
zeigt, daB auf der Mundlinie dise Segmente

dieser Konsonanten mehr oder weniger Enge-
komponenten haben - minimal fur die Tonun-
gen der Phoneme Lpg y B, Py, ki,
etwas mehr in den Segmenten der Phoneme
b]s Bl, 5] , [k], die neben den Engeab-
schnitten aich schwache VerschluBasbschnit-
te haben, die intervokalen Tonungen der
Phoneme gg], 1, Izj, [k] konnen nur
schmale gen haben,” aber” der Experiments-
tor unterscheidet nicht vom Gehor die Kon-
sonenten mit dieser schmalen Engeartikula-
tion von Konsonanten mit VerschluBartikula-
tion, wobei er sie miteinander vermischt,
darum werden in der vorliegenden Arbeit
diese Konsonanten als VerschluBlaute be-
zeichnet. .

Diese fakultative Enge in den Gerausch-~
phonemen zeugt undirekt von der verhalt-
nismaBig schwachen Muskel spannung der ak-
tiven Organg bei ihrer Artikulation. Eine
verhaltnismaBig groBere Engeartikulation
in den Segmenten der kurzen Phoneme @1,

1, 7], k] im Vergleich zu den Segmenten
der langen Phoneme [pi], [t he, ki
laBt sich nicht nur durch groBere Span-
nung der letzten erklaren, obwohl auch
das moglich ist, sondern auch durch tem-
porale Bedingungen, welche die Verwirkli
chung dieser ihrem Wesen nach VerschluB-
artikulation der langen VerschluBphoneme
sichern., Die analysierten Angaben der ex~
perimentalen Forschung lassen behaupten,
daB die mogliche Gegenuberstellung der
homorganen Konsonanten nach dem Spannungs-
grad des aktiven Organs, die den anderen
turkischen Sprachen eigen ist, fur das
golganische Kongsonantensystem irrelevant

st.

Die Aspiration oder ihr Fehlen konnen
auch nicht als Hauptmerkmale dienen, weil
sich einerseits vom Gehor die VerschluB-
laute der dolganischen Sprache von den
russischen VerschluBkonsonanten nicht un-
terscheiden und andererseits im experimen-
talen Stoff, welchen man mit Hilfe eines
Oszillographen bekam, die fur die aspi~
rierten Konsonantenkomponenten charakte-
ristischen Abschnitte nur in zwei Positio-
nen entdeckt wurden: im Auslaut und, in
einigen Fallen, auch im absoluten Anlaut,
und dabei kann ein und derselbe Sprecher
den Laut entweder schwach aspiriert oder
gar nicht aspiriert ausgprechen.

Zehn dolganische Gerauschkonsonanten
haben eine verschiedene Positionsvertei-
lung in der Lautstruktur des Wortes, AuBer
einem kommen alle langen Gerauschphoneme
in einer beliebigen Position vor: im An-,
In- undAuslaut; das lange Phonem [ i
wird im Auslaut nicht gebraucht. AuBer
dem Auslaut werden alle kurzen Gerausch-
phoneme in den Positionen=CV= und =V V=
gebraucht,

..,Die Phoneme mj, Mml, [1], [, [»],
[3]» 7] kommen hauptsachlich in Stifmhaf-
ten Tonungen vor, manchmal aber auch_in
stimmlosen und zum Teil stimmlosen Tonun-
gen., Infolgedessen werden die genannten
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Phoneme nicht als_sonore, sondern als
sehr schwache gerauscharme Phoneme be-
stimmt. Gewohnlich sind die obengenarmten
Merkmale miteinander verbunden; dabei
wird das _zweite Merkmal vom ersten be-
dingt. Fur die dolganischen Laute m, 1,
Ss.ns 1, v, § ist wirklich, wie es vom
Gehor bestimmt wird, ein kleinerer Ge=
rausch im Vergleich zu den Phonemen, die
als Gerauschphoneme bezeichnet werden,
charakteristisch, deshalb kann man diese
Gruppe der Phoneme als sehr schwache ge-
rauscharme Phoneme nennen. e

Der Autor meint, daB es zweckmaBig wa-
re, die gerauscharmen Phoneme der dolga-
nischen Sprache in zwei Gruppen einzutel-
len: Nasale-und Mundphoneme.

Fur die nasalen gerauscharmen Phoneme
I, i, [ ,[7] ist in artikulatorischer Hin~
sicht folgendes typisch: a) ein sehr
schwach gespannter VerschluB in der Mund-
hohle, der in gewissem MaBe durch einen
EngeverschluB erganzt, sehr oft auch
durch den letzten ersetzt wird, was nur
bei schwacher Muskelspannung des aktiven
Organs moglich ist; b) der Abgang des
weichen Gaumens von der hinteren Wand
des Pharyn’s.

Die gerauscharmen Mundkonsonanten 1,r,
j vereint artikulatorisch folgsndes: as
Enge in der Mundhohle b) VerschluB des
weichen Gaumens mit dem hinteren Teil des
Pharynx'’s, wobei die Luft durch die Nasen-
hohle nicht stromen kann.

Diese drei Phoneme unterscheiden sich
voneinander durch die Arten von Hinder-
nissen mit entsprechenden akustischen Ef-
fekten - Artikulation der Seitenenge (En-
gen) beim Phonem([l, der Mittelzungen-und
Vordergaumenenge bei[ﬂ, Mittelvorderzun-
gealveolarenge bei [1.

Die Konsonantenphoneme der dolgsni-
schen Sprache werden nach dem Hauptorgen
und den entsprechenden passiven Organen
in funf phonematische Gruppen eingeteilt:
3 Phoneme der ersten Artikulation (Lip-
penphoneme), 6 Phoneme der zweiten Arti-
kulation (Vorderzungenphoneme), 4 Phoneme
der dritten Artikulation (Mittelzungen-
phoneme) 3 Phoneme der vierten Artikula-
tion (Hintergzungen-und Ovularphoneme), 1
Phonem der funften Artikulation (Rachen-
phonem).

Die Hauptmerkmale der artikulatorisch-
akustischen Basis der dolganischen Spra-
che auf dem Gebiet der Konsonanten sind
folgende:

1) Bei der Aussprache der Konsonanten
werden die Sprachorgane verhaltnismaBig
wenig oder kaum gespannt,

2) Fur den Sprechapparat ist das Vorhan-
densein von einfachen und kombinierten
Artikulationen eigen. Ein besonders brei-
ter Diapason ist nach dem aktiven Organ
den Konsonanten der vierten Artikulation
eigen. 3) Das Vorhandensein von 7 Artiku-
lationsreihen der Konsonanten: a) Lippen-
konsonanten, b) Vorderzungenalveolar-oder

talalveolar-hauptsachlich Dorsallay
lg?nmittel zungen~, Alveolar-und Vordergail
menlaute, d) Hinterharten aumenlaute,e)
vorderweichgaumenlaute, f) Hinterzungey.
Hintergaumenlaute, g) Rachenlaute,
4) Es gibt wenig Zisch-, besonders Gg -

rauschlaute.
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QOHOJIOTVUECKAAL MHTEPIIPETAINIA 3BYKOB "CJABOA" IOBVLVI
/HA MATEP/AJIE BE3YIAPHHX TJIACHHX ¢PAHIY3CKOIO ASHKA/

AKYEKEEBA MAPYA CYJITAHOBHA

Kadempa %gaﬂuyacxoro ABHKA

Kvprusck

TOCYIapCTBEEHH YHUBEDPCUTET

¢pyHse, Kuprmsua, CCCP 720024

Padora mocaameHa npoduaeme QOHEMHOI
MHTEepIpeTammn G6e3yIapHHX IVIACHHX Cpel-
Hero morwema (paHIy3CKOTO fA3HKAa, & TaK-
Xe aHaM3y COOTHOWEHUA (POHOJOTHMIECKOTO
BOCIDHUATUA B 8KyCTWYSCKUEX XADAKTEDUCTUK
3BYKOB. OmNpadAcCh IPU ONPENCJeHUN (HOHO—
JOTUYECKOT'O CTATyCa Oe3yIapHHX IVIACHHX
Ha DeueBOe NOBRIeHiMe HOCHUTeNell sa3HKa,
npenjaraeTed UX OINHO3HAYHadg (PoHeMHad
TPaKTOBKA; BHACHAIOTCS TOPH, IeiCTBy-
oIye Ha MCHOJB30BaHMe (POHEM B Ge3ylIap-
HHX CJIOTaX, a Takke DPOJb B 3TOM GoJee
BHCOKUX YPOBHe#l S3HKOBOTO CTPOS.

Omnoit ¥3 Hambosee CJOKHHX (HOHOMOTH-
9eCKIX HDPOGJEeM IV MHOTUX A3HKOB, B TOM
qucJae U QPaHIy3CKOI'0, ABIASTCA QOHEMHAaA
TPAKTOBKA 3BYKOB, HAXONAINXCA B TaK Ha-
-3HBaeMoii "cmado#" mosmmuE, T.e. B 03U~
I, T'le OTCYTCTBYWT HEKOTODHE IIPOTUBO-
[OCTaBNEHNA (POoHEeM. I[PDUMEHUTENBHO K ¢paH-
I[y3CKOMy ASHKY 9TO OTHOCHTCH, B OCHOB—
HOM, K onpeneJieHIm0 GOHEMHOR HpUHALICX~
HOCTH TWIaCHHX /e-£/, /#-e/, /o0-2/ B
0e3yIapHHX CJOTaX. QOHOJOTMYECKad TpaK-—
TOBKA 9THUX IVIACHHX Yy DAasHHX MCCJeNOBa-
TeJell HeOMUHAKOBA, YTO CBA3RAHO C pas3iid—
HEM HOIXOLOM K DeleHIo pAna 06medoHOI0~
THYECKUX NpoGJeM /HeiTpaJm3almnd QOoHeM—
HHX TDOTUBOIIOCTABJIEHN!, depeloBaHue ¢o-
HeM, THIH IPOMBHECEHWA ¥ CTIIM IPOM3HO-
merusa/. CyWecTByeT MHEHWE, COIVIACHO KO-
TOPOMYy IDOTHMBOIOCTABJIECHMUE IVIACHHX CPEI-
Hero IofpeMa B Oe3yLapHoiff mo3miuy Heij-
TpaJ3yeTcd, NPUYEM HCIIOJIB30BaHue Tol
I MHOX (POHEMH IOINYMHAETCA I'apMOHUM
TJACHHX TI0 NOABEeMy, T.€. OCYCJOBIEHO Ka-
.4€CTBOM_TJIACHOT'O NOCJENYHIET0 yIAPHOTO
crora /I /. JilaHHAg TOYKA 3pEHUT BOCXO-
uT ¥ M.Ipamvory /2?.

YTHE I0JaranT, YTO HPOTHBOIOCTABJIE—
HIAL (QOHEM IO NPU3HAKY IOIheMa B 3TOH
NO3SWIMMY COXPaHANTCHA, TaK KAK HeBO3MOXHO
OOBACHUTD BCE CJyYayl IyOJETHOTO IPOU3—
HOMEHUA CJIOB. rapMOHMe# TJacHHX /3/.

CoryiacHO TpeThe#l TOUKe 3PeHUs, Cyme-
CBYlT "cpenHue" IJIacHHEe, IDPOMEXyTOYHHE
II0 CBOEMYy KaueCTBY MEXIYy OTKDHTHMU ¥ 34~
KDHTHMU. Taxue (ODMYJMPOBKY IpPHHAIJICKAT
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aBTOPaM-IOQOHOJIOT'aM WJIM %€ aBFOpaM,

He pemaomM QOHOJOTWYECKUX Ipodaem /4/.
JI.B.llep6a IomyckaeT CpelHue IJACHHE

JUIb B HeODPEXHOM IIPOU3HOWEHWH; B OTYET—
JVBOM IIDOM3HECEHUN OHK TPOSACHANTCH B
OTKDHTHE WM 3aKpuTHe /3/. CJjeloBaTeJrHO,
no J.B.llepde, QoHeMHad TPAaKTOBKA 3BYKOB
JOJIKHE ONMPAThCA Ha OTYETIUBOE INIPOU3HO-
meHue.

M.I'pavmoH, He NpuUHABLUE (GOHOJOrMIEC-
KUX uue#t, pesko BO3DAKAN IPOTUB CPEIHNX
TJacHHX, O4eBHIHO, N[OTOMYy, YTO €TI0 He-
NOCPEICTBEHHOe BOCIPUATHE HOCUTEJA SA3HKA
TpeCoBaN0 OTHECEHMA 3ByKa K TOIl WM UHOH
YEeTKO OIpPEeleJeHHO! 3BYKOBO# enuHMIE —{o-
Heme /2/.

ABTODH, MCCJEINOBABINE OCBEKTUBHHE Xa-
PAXTEPUCTUKN Oe3yIapHHX IJIACHHX CDPeIHEeTO
moIbeMa BO (PAHIY3CKOM A3HKE, He ofpama-
JUCh K UX BOCIDUATIN HOCUTEJIAMU A3HKA,
YTO ITO3BOJIIO OH PEUTH BONPOC 06 UX
(PoHEMHO} MHTepIpeTannu, lIpUHAIIEXHOCTH
TJIACHOT'O K TOMX WM MHOZ OHeMe cuuTanach
IMMI_3apaHee 33JaHHOM.

Taxmu ofpasoMm, LA PeleHUs CIOPHHX
QOHOJIOTMYECKUX BONPOCOB HEOGXOIMMO o0pa-
LeHNe K WUPOKOMY ayIUTOPCKOMY aHAJIN3Y
HapAIy C MUCCISIOBAHUEM aKyCTUYSCKUX Xa-
PaKTEePUCTHK COOTBETCTBYWIUX 3BYKOB.

PacxoxIeHNA MexIy DASHHMU CJIOBAPAMM,
MEXLY CJIOBapAMU ¥ DPEKOMEHIAIUAMUA OPHO-
SMIMYECKUX IO0COo0uil, HEeCOBIANSHNE TeX U
IPyTUX IaHHHX ¢ QOHOJOTMYECKIMM ONUCAHU-
AMU, B KOTODHX COLEPXATCA yTBEPRICHUA O
HeliTpayrusaiyy HEeKOTODHX ONIO3ULMA B 663~
YIapHOM cJIoTe, TDPeOylT CIelmaJbHOTo ada-
JU38 YHOTPEeCJeHUA IVIACHHX.

B kauecTse marepmasa mia Taxoro aHa-
J3a OHJY MCIOJB30BaHH IaHHHe CJoBapd
A.MapruHe u A,BanbTep, He IpeImuCHBaNLE-
T0, 2 ONNCHBAOWEI'0 NMPOU3HOCUTENBHYHD HOD-

M o
Hg OCHOBE CTATHCTHUECKON 06paloTKEM 3TUX
JAHHHX CHJIN BHABJEHH 38KOHOMEPHOCTM MC—
TIOJIb30BaHNA HOCHUTEJAMA A3HKA TeX Wi
MHHX QOpM IIPOM3HOWEHUA. IIOICYNTHBAINCH
BCE CJy4Yay pPE3HOrO BHOODA MHPOPMAHTAMH
TJIACHHX ?g—e/, /8-0e/, /o-3/"B Gesymnap-
HHX CJIOTaX. JYUTHBaJIUCH, KDPOME TOTO, pa-
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3JMYHHe OyKBEHHHe 0G03HaueHHA HTUX Tvac-

HHX, & Takke IDyTHe (AKTOpH, CIOCOCHHE
BIATH HA TIpOU3HOmeH1e Oe3ylIapHHX PﬂaCHﬁg’
KayeCTBO IVIACHOTO yIapHOTO CJOIra, Haﬂﬂqo
WIX OTCYTCTBHE COOTBETCTBYMUEI'0 yIapHOT
KODHA, THI CJOTA.

pyHOTpeOﬂeHKe TJIAcHHX (oHEM cpelIHeI‘gHTI>
oonpeMa B 0e3yIapHHX CJIOrax He MOXeT
ONHACAHO IPOCTHMHU XECTKUMM IIPaBHIaMH Hnro
IJIs1 TPYHNOH TOBOPAIMX, HM Jaxe LA OIHO
HOCHTEJIA fA3HKA. 1I03TOMy HeJb3d T'OBODATE
¥ O HellTpaim3amyy IpPOTHBONOCTABJEHMM IO
IOIBEMY. B COBpeMeHHOM JHMTEPaTypHOM HBHKg;
JOIlycTVMa JOCTATOYHO WHXPOKAsA BAPUATUBHOC
QOHEMHOT'O COCTaBa CJOBA.

AHaJ¥3 MPOM3HOMEHUA KaRIOTO K3 MHGOD-
MaHTOB NO3BOJWI I'OBODHTEL O IPEMMyUlECTBOH-
HOM HKCIOJb30BAHMM OTKDHTOR WM 3aKpHTOH
foHeMH: B nape HETyOHHX IVIACHHX IIePeJHEero
pALa TPeINIOYTATEJEHEM LA COJBIAHCTBA IHK-
TOPOB ABJIAETCA B OTKPHTOM §e3yIapHOM CJO-
re donema /e/, mepel codeTaHEEM COTJACHHX
- /¢/; B mape TJIAaCHHX 3aIHero pAla B 0e3-
yIapHO# 103 IPEHMYIECTBEHHC HCIOJB3Y~
eTca Qorema /o/; Iua napH /@-oe/ B OTKDH-
TOM CJIOT'€ X3DSKTEeDHO HECKOJBKO 00J]ee da-
CcToe yunoTpelneHuwe PoHemw /oe/ mepeld CJO-
TOM C OTKDHTHM TJIacHHM, /g/ - mepen cJo-
T'OM C 3aKDHTHM IVIACHHM; IIepel COUYeTaHueM
gcoraac PeMMymEeCTBEHHO UCIOJB3yeTCH

PMa gﬂ7¢9. Taxymm oCpasoM, aHamms JAaHHHX
JIOBADA TIO3BOJIET TOBOPUTL O HEKOTOPO#
TEHICHIIMY K TAQPMOHNU II0 NOIBEMY JVlb 1A
nocJienHefl mapH IVIACHHX. .

Lna Budopa m3 IBYX foHeM B Ge3ynapHOi
IOBWIMA MMENT 3HaUEH!e K JIpyrue 00CTOA-
TEJbCTBA: BAXHYWD DOJb UIPAeT MOPHOJOTH-
YeCKad aHaJorud, T.e. PacHpOCTPaHEHHHM
ABJIACTCA NPOU3HOWEHHEe TOTO IVIACHOTO B
Ge3yIapHOM CJIOTe CJO0BA, KOTOpHA 3ByYdT B
COOTBETCTBYWIEM yOAPHOM KODHE. CymecTBeH-
HHM ABJAETCA BJMAHNE opforpafum Ha Ipo-
WM3HOmEHWe ,

B T0 ®e Bpema To odc'rome.nbc'rBor YTo
goHETHYECKNe CJOBApM HE (QUKCHPYOT "cpel-
HUX" TJIACHHX, IPOM3HOWEHHE KOTODHX OIMCa-
HO B pAlle MCCJeNOBaHMi ¥ NOCOCHEA, 3acTaB-
JIAET NOCTABUTH BONPOC: B KakKOi Mepe OTpa-
XeHHad B CJIOBapAX KApTUHA COOTBETCTBYET
DeanbHO NPOU3HOCHMHM 3ByKaM? Kak (oHeMHag
KIaccuduxamma, mpoBeleHHAA Ha OCHOBAHUK
BOCIDUATHA CJOBA B IEJOM, COOTHOCHTCA C
AKyCTIISCKIMYA XADAaKTEPUCTUKAMA 3BYKOB I C
X BOCIHDUATHEM BHE CMHCJIOBOT'O KOHTEKCTAT
AJIA BHACHEHWA YTUX BONDPOCOB OHJI IIPEIIpH-
HAT AyIUTODCKMA SKCHEPVMEHT ¥ UCCIeNOBAHN
OCBEKTUBHHE CIIGKTDANBENE XaDaKTEPUCTHKH
TJaCHHX , Bocnpuarye ruacHHx asamman-
poBaJoCh B IBA 8Tana: I/ BOCHDUATHE Iila-
CHHX, BHIESJEHHHX U3 M30JUPOBAHHHX CJOB X
CJOBOCOYeTanuit; 2/ BoCmpuATHe TJIACHHX,
BHIEJCHHHX 3 (pas, B COCTaB KOTOPHX BO-
LT Te Xe CaMHE W30JUPOBAHHHE CJIOBA. Bce—
TO GHJO NOJOGDaHO 555 MB30JMPOBAHHNY CJIOB
1 CJOBOCOYETaHNH, U3 HUX 92 GCHJM BBeICHM
B cocraB ¢pas. IJacHHe GHIM IpelCcTaBICHH
BO BCEX BOBMOXHHX NOSMIMAX, ODH 3TOM y4u-
THBAJMCH DPa3/IMIHHE (PAKTODH, CIOCOGHHE B~

BuéOp (oHEMH OE3YIADHOTO ciorg,
HTBﬂiﬁ TOTO? gTO0H IMKTODPH He CDaBHuByy
7p aTeHME OYKBEHHHE OCOBHaueHms, gpg
MOTJIO ¥M HOACKA3aTh TO WM MHOE Ipousyg.
meHue, CIUCKX CJIOB, BRJNYABMNG Dasmpy,
TJaCHHE, OHM COCTaBIEHH B CIIydaitHoy po.
pAIKe. 1MACHHE, BHIGJCHHHE 3 STIX ooy,
makge B CJIyJalHOM HODANKE IDENbABImIye;
Ha ONO3HAHWE ayNATOPaM. KaXIHA Iuacmyf,
pHIeMeHHNA U3 KOHTOKCTA IIDH OLHOBpeMexyy,
CJIyXOBOM ¥ BE3YaJbHGM KOHTDOJE, ORI pe-
pellical Ha 9ECTYR JICHTY g HOBTODAJICH My
pasa. aTeM CJeloBala HeCOoJbliad naysa
ITETEJbHOCTED B HECKOJBKO CEKYHI, BO Bpe.
M7 KOTOpO# AyIMTODH 3AINCHBAJHA CBOE Orpg,
B ravecTBe 3alaHnA CHJIO IPEIIOKEHO 060m
3HAYZATH TOT IJIACHHE QPAHIy3CKOIO A3uka,
koTOpHEt OHE CJHmAT. lIpE 9TOM 3apakee
IpemuoJarajoch, YTO MMA MOTYT OHTDH Boc-
IPHHATH IVIaCHHE, KOTODHX HET B BKCIepy-

TC,

MeHPﬂacaue, BHIEJCHHHE N3 M30JMPOBAHHKY
¢J0B, CJIOBOJOPM M CJIOBOCOYETAHNHM, BI%&
M3HOMEeHMM KaXIOTO IMKTOPa COCTaBWM [
cepuit A NPOCHYNMBAHKMA IO 35 CTUMYJIOB
B Kawno#; mBe cepmu mo 31 CTUMYJIY E omm
cepusa ¢ 30 CTIMyJIaMA COIEDPXAJHK TJIACHHS,
BHIIGJICHHHS X3 pas.

B OmHT&X DO BOCHDHATUO YYaCTBOBAI0 2
YeJIOBEK, XuTeJeil Da3JMYHHX I'OPOJOB $pay-
IM¥, U3 HEX NOJIOBUHA IIPOCJYUWANa TJVIACHHE
B TPOU3HOWEHE! ITMKTOpa 1, OCTAlbHHE
- TIaCHHEe, IPOU3HECEHHHEe IMKTOPOM 2. Bee
TO 00 IByM JUKTOpaMm odpadoTano .12920 or-
BETOB.

V3BecTHO, YTO IPE BHMUEJEHUU IJIACHOT)
MH JUIIaeM ero TeM CaMHM BCAKUX YyKa3aHm
Ha TO, 4TO ONpElEJIeHHHE aKyCTWIECKHe
cBOjficTBa 3aBUCAT OT (POHETUMYECKOTO KOH-
TEKCTa. OTO B JAJbHeilleM NOBINAIO Ha
BOCIDUATHE : TaK, IVIACHHE /e-¢/ BOCIpHHE-
MAJHUCh KAk COOTBETCTBYWUME I'yOHHE B I0-
JIORSHUM MeXIy I'yOHHMHI COTJIACHHMM, & TJa-
cHHE /0-3/ - Kak COOTBETCTBYMUME TJACHH
NEepelHero pAla B NOJOXSHNYM MERIY Iepel-
HEA3HYHHMN COIVIACHHMU. HO IIOCKOJBKY IJak-
HO# 3amadell uccaenoBaHuA OHJ QHAJA3 BO-
CIDUATHA NPU3HAKA NONLEMa, HA3BaHHHE
OCOCEHHOCTH BOCHPUATUA HE. MellaM MHTED-
OpeTalyyl pesyJbTaTOB ayIUTOPCKOTO aHa-
JK3a,

AHaym3 pesysbTATOB BOCIPUATHA GHI
IPOBElEH C IOMOLBK KPUTEPHUA 3HAKOB.
Ecom w3 pmecatu ayamTopoB ceMb WM 00Jee
YHasHBaJIM Ha 38KDHTOCTH IJIACHOTO, 3T0
CIATAJNOCh NOCTATOYHHM OCHOBAaHUEM LA
JTBEDRIEHUA, UYTO IIOJyYCHHHI pe3yabral
He clyYaeH, T.e. 4TO IVISCHHII B JAHHOM
KOHKDETHOM CJIOBE OLIEHWBAJICS KaX 3aKpH-
THA. COOTBETCTBEHHO TJIACHHH CUMTAJICH
OTKDHTHM, €CJM He MeHee CeMy 9UeJIOBEK
OIOSHaBaJU €r'0 Kak OTKpHTHi. Ho ecin
OKOJIO TOJIOBHHH ayIuUTODPOB /dYeTHpe, NATh
W WEeCTh 4YeJoBeK/ yKa3HBaJy HA OTKDH-
TOCTH TJVIaCHOTO, & OCTANbHHE CBULETEJb-
CTBOBAIX O €r'0 3aKPHTOCTH, TO BOCIpPUA-
THe NIPM3HAaKA NMOIBeMa TAKOT'0 IVIACHOTO
CYMTANOCEH CJIyYaliHHM,
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CnygailHoe BOCIpMATHE, CBABAHHO® ¢ HEyBe-
PEHHOCTBI ayIMTOPOB B CBOEM BHOODE, yKa-
BHBAET Ha CpeJiHUE (QU3NYEeCKNEe XapaKTepPucTH-
K¥ IVIACHOT'O. MHHMEI CJIOBaM:I 3TO TO, YTO
uHOTIa QOHETHCTH Ha3HWBawT "cpe TJyac-
HHA". U OCO3HaYeHUA IVIACHHX, XapaxkTepu-

BYWIMXCA CJIAyJailHHM OIOBHAHMEM IPU3HAKA
noubeMa, B JalbHEMeM MCIONB3YeTCA TEPMIH
"cpeIHuu", a TAKKe IPUMEHAWTCA 3HAKA: E

- LJA CPEIHETO IJACHOTO W3 mapH /e-g/, OE
- A TJIACHOTO u3 napu /g-oe/, 0 -mia cpem-
HeT'0 IVIACHOTO ¥3 napH /o-2/.

Hg ocHOBe aHaim3a BOCIPUATUA IVIACHHX
/e-g7 ORI nonyqe§ BHBOX O IPEUMYyLIECTBEHHOM
MCTIONB30B3HMA /©/ B OTKDHTOM Ge3yIapHOM
ciore, /&/ - HEPel COUeTaHNEM COTJIACHHX.

IlpousHOmEeHue /£/ B OTKDHTOM Ge3yLapHOM
CJIOT'€ MOXHO OCBACHUTH BIUAHNEM MODPOJOTH—
9eCKO} aHaJIOTVH: y IepBOTO IUKTODPA 77%
CJIOB, THe Oe3yIapHHil TulacHHI OHJI BOCHDU-
HAT QyIUTOPAME KaK OTKDHTHi, mMewT /¢/ B
COOTBETCTBYWIMX yIApPHHX KOgH%X: ¥y IuxTOpAa
< Tarue cJayyam cocraBaapT 90%. B pame clos
IPOM3HOWEHNE OTKPHTOr'O TJIACHOTO HEBO3MOKHO
00BACHATE MODPOJOTHYECKON aHajsoruell, HO
TOTJa OUeBUJIHHM ABJIACTCSH BIMAHKE OpPHOTrpa-—
¢uu Ha TPOMBHOWEHHE : A57 IPOM3HOCUTCA Ha
MecTe Opporpaguieckix ai, al, 8, ei.

OIHAKO HEpeIKM caydau, KOTJIA, HecMOTpd
H3 BO3BMOXHOE BIASIHUE MODYPOJOTMIECKOl aHa-
JOTUZ ¥ opdorpajuu, IJIaCHHE BCe %€ IPOU3-
HOCUTCA KaK 38KDHTHIl: guépidre, (ils) vi=-
naigrérent 72.1/, faiblesse, algrette
/n.2/ ¢ /e/ B GesylapHOM cJaoTe. LONOGHHE
caIydau CBUIETEJIBCTBYHT O Haﬁn;ﬁn yepeno-
BaHua /£/ YIAPHOTO KODHA ¢ /e/ GesymapHiM.
Ho BO3MOXHOCTH IPOMBHECEHUA OTKPHTOTO IJIAC-
HOTO B Ge3yNAapHOM CJIOTE 10 AHAJOTME C yIap-
HHM /&/ WII LOX BJMAHWEM OpQOTpaduu IelaeT
9TO YepeliOBaHNEe He0o0A3aTeNbHHM, (axyJbTa—
TVBHHM.

AymuTopckuil aHaMM3 TVIACHHX /0-9/ TOKa=-
3al, 4YTO B IIPOM3HOWEHMM I.l dame olo3Ha-
eTcA />/ B 6e3yIApHOR NOBUIMU, ¥ .2 -

o/. BaKpHTHI TJIaCHHI NIPOU3HOCUTCA, KaK
ngaBmxo, Ha MecTe opdorpajuiecrux au, eau,

s & OTKDHTH — Ha MecTe GYKBH 0, 4YTO CBA-
3aHO C MCTODUYECKUMA NpuyuHaMi. Kax u B
IpeiecTBymNe# nape, CYmECTBEHHYD DOJb IIpH
BuOOpe (oHemMH G€3yNapHOT'O CJIOTA UIPANT
MODYOJIOTMYCCKNS OTHOWEHNA., ['apMOHMA IJac—
HHX 3IeCh TAKKe HE HAXOIUT NOILTBEDKICHNA,
YTO OTHOCUTCA M K TpeThell mape IVIACHHX

-06/, OKCIEPMMEHT IO BOCIDUATHO TJIACHHX
#-0e/ BHABWI CyUECTBOBAHUE QNpeNeJeHHOR
SaBUCHMOCTH BHOOpa Oe3yIapHO# (POHEMH OT
nosumm: /oe/ ONO3HAETCH IPENMyLECTBEHHO
Iepes cOYeTaHHEM COTJACHHX, T.€. B NO3UINH,
B KOTOpDO# BO3MOXEH BaKpHTHY cJaor, /4/ - B
OTKDHTOM CJIOTE.

JAaCHHE CO CJy4YailHO BOCHDUHATHM IpPU3Ha-—
KOM IIOIbeMa 3afMKCUPOBaHH BO BCEX TPEX INa-
Pax, XOTA M B OYEHDb HE3HAUYUTEJBHOM TUCJE
ClIy4aeB. [IPOLIEHT CpeIHUX TJIACHHX HECKOJb-
KO BHIIE BO (pasax, YeM B H30JUPOBAHHHX
CJIOBaX, YTO MOXET CBUIETEJBbCTBOBATH O MEHb-
meil YeTKOCTU 3BYKOB, IIPOM3HECEHHHX BO (pa-
3aX. J CpeIHNX TJIACHHX CJy4aifiHO OIo3HaBaj-
CA HE TOJBKO IOLBEM, HO U IPYyTUe IPU3HAKU

/pana u orydaerHocTH/.

TpalmImOrHHe, WMPOKO DACIpOCTPAHEHHHE
B3IVIATH, CBABHBALINE OTKDHTOCTE WIM 3aKDH-
TOCTH TJIGCHOTO C KaYeCTBOM yIapHO# (foHeMH
He TIONTBEPENANTCA B PE3YJabTATAX KCCJIASIO~-
BaHUA: 3@BHCHMOCTH BHOODA (OHEMH Ge3yIap-
HOTO CJIOTa OT Ka4yecTBa IVIACHOTO IIOCJeIyl-
lero YIApHOTO CJIOTa He CyueCTBYyeT. DPOHEM-
HOé IPOTUBONOCTEBJIEHNE IVIACHHX COXPAaHAeT-
CA B 0e3yIapHOl NO3WIMH, NPX 5TOM cymecT-
ByeT NDEeNMyUECTBEHHOE MCIIQJIB30BaHME (POHEM
B TOX WM uHOK moswImm: 1) LA IVIACHHX Ie—
PEIHETO pAlld XapaKTepHO NIPeVMyLeCTBEHHOE
yHooTpeGJieHne 3aKpHTHX /e, B OTKDHTOM
CJOTe, OTKDHTHX /£, 0e/ — mepeln COYeTaHu-
€M COTJIaCHHX; <) IV IJIACHHX 3aIHETO pala
MORHO TOBODATH O 3aBHCMMOCTH BapBUPOBAHUA
foHeM OT MHIVBHLYAJIbHEHX OCOGEHHOCTEi Ik~
TOPOB /A X.1 IDeIMOYTHTENBHA dopma ¢
/2/, mma 1,2 - gopma ¢ /o/.

takm 00pa3oM, HECMOTpA Ha BHEIHOW CHM—
METPUYHOCTE STUX TPeX Iap IVIACHHX /¥X
O0BeJIMHAEeT IPOTUBOIOCTABIEHHOCTD IO Ipu-
3HAKy IOIBeMa/, C TOUYKM B3DEHUA dyHRIIO~
HaJBPHOM OHM He aHAJOTWYHH, YTO CBA34HO C
PasJIMIHON INCTPUOyIHMed TUIACHHX IIepelHero
I 3a0HEeTO pdAla. B nape TUIAcHHX 3aIHeTo
DAlla OTDaHNYeHNe, CBA3gHHOE C NO3MmMeil B
caose, mmeeT QoHema /O/, B mape HETyGHHX
TJIACHHX IMCTPUCYTUBHO OTPAHWIEHA OTKDHTHM
caorom goHema /e/. UMEHHO DTH (POHEMH OKa-—
BHBANTCA NIPeINOYTUTENBHEMY B G€3yIapHOi
HO3WIINL

A BHACHEHIA BOIPOCA, YeMy OGHeKTHBHO
COOTBETCTBYeT CDeJHUA IVIACHHI ¥ YTO 3aTpy-
JHACT BOCIDUATHE NPU3HAKA OTKPHTOCTH-38—
KDHTOCTZ, CHJI_NPOBEJESH CISKTDAJBHHE aHa-
JII3 TVIACHHX. BHiO cHATO 1290 crexTporpamm
TIna "Bummas peus". lccaeloBaTUCh CIEK-
TDalbHHE XaDaKTEeDUCTHMKN CTAUMOHAPHOR wacTu
TJVIACHOT'0, M3MEPANNCE YACTOTHHE SHAUSHUS
FI u Pz, a TaKKe YYUTHBAJIOCH IBUREHUE P2

B TeX cJaydadx, Koria (GODMAHTHHE IIeDeXOIH
COCT €T0 3HAYUTEJBHYW YacTh /He Me-
Hee 40% mmreasHOCTH/.

B pesyabrare IpOBEIEHHOTO aHaIN3a OHJIO
OCHapyXeHO, UTO BOCIPUATHE TORX WM MHOM
QOHEMH JNOCTATOYHO OIDENEJeHHEM 06pa3oM
CBABAHO C OCBEKTUBHHMY AKYCTWUYECKUMZ Xa-
PaxKTepuCTNRaMI 3ByKa. lIpy OTCyTCTBHH
KaKOH-JM00 MHPOPMALMM CMHCJA AyIATOD IpH-
HIMaeT DelleHne O QOHEeMHO!l NpMHALIEXHOCTH
3BYKa Ha OCHOBAHMM TOJBKO 3BYYaHUA CaMOTO
IJIaCHOTO. B Taln. I IpuBeIEHH CpelHVEe 3Ha-
UYeHNsA QOPMaHT Oe3yIapHHX IJIACHHX, B TOM
9UCJIe ¥ TVIACHHX CO CJYYailHO BOCIDUHATHM
IPU3HAKOM IIOIELEMA., '

o P r gadnnna I.
eIHe 3Ha4YEeHUA u i €3y OapHHX
PEaCHHX /B T/ I 2 ¥
TJaCHHEe  IMKTOD I INKTOD 2
HEMH
%0 b1 Fy F1 Fy
/e/ 445 2000 450 2290
/e/ 530 1850 525 1970
E 475 1860 470 1900
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450 1550 455 1490

/oé/ o0 1390 929 1580

0 470 1500 475 1420

7
9

0 485 1130 475 1070

Cry4aiiHoe BOCIpUATHE IpE3HAKA NOXHEMA
CBA3aHO, BO-TIEPBHX, CO CPEIHEM KaueCTBOM
camoro IJacHorTO /F] Taxoro IJacoro, Has—
BQHHOTO H "HCTEHHO cpelfHuM", DaBHA
485-500 , & BO-BTODHX, C BJIUIHEEM CO-
CeIHEX COTJIACHHX, 4eMy OCBEKTHEBHO COOT-
BETCTByeT IBMEESHME I'o IJIacHOIO.

OmHako B pAlle CAyYaeB Tak0e BOCHDUATHE
OKa3aloCch HEeOOBACHUMHM C TOYKE 3PEeHKA
CIeKTPAJbHHX XapaKTEPHCTHEK #3-3a COBIALE-
B7 ¢ QOPMAHTHHMY 3HAUEHEAMM 3aKDHTHX,
peRe OTKDHTHX, IJAcHHX. Tak, 0e3yhap
TyIacHHEl B cJoBax désarmer, (ils)révérent,
férie /n.§7 GHT BOCIPMHAT ayIATODaMH
KaK 3aKpHTHil mpm Pr=450 I'm, Fo=I930 Ih, a
B CJIOBaxX testacé, %' est ici, c’est assez,
¢’est-3-dire IpH TeX Xe 3HAYEHUAX
fopMaHT OHJI BOCIPHHAT CJIy4YaftHO.

AHaJM3 KOJWMIECTBEHHHX XapaxkTEPHCTUK
CPeLHEX TJQCHHX IOKa3aJ, YTO ¥MX LJITEJ]b-
HOCTE B 1,5~2 pasa MeHmNe IJHTEJBHOCTH
TJIacHHX, BOCHBEHHTHX KAk OTKDHTHE WM 3a-
KDHTHE /Tada.2/.

Tagmuna 2.
38BHCUMOCTD BOCIDHATHA IPH3HAXA
OomneMa OT IJMTEJBbHOCTH IVIACHHX

BOC— cpenHad
pige)od I‘I P2 IIUTEJBHOCTD
HATO B MCEK
/e/ 440-460 1950 100

E 450-460 1950 65
/&/ 485 1950 I00

E 485 1950 80

Taxmv o6pazoM, OIHU Jvmb QOPMEHTHHE
XapaKTepUCTUKA He O0EeCHeYuBaNT yBEDEHHOH
POHEMHOR HICHTUIMKAIWME, LA KOTOPOX HeoG-
X0IyMa elie B JOoCTaTouHaA I IITEJBbHOCTH
TJIACHOTO. AKyCTHYECKHE XaPaKTePUCTHKH
CpPeIHMX TJIACHHX OCBACHAKNT, HOYEMy ITE 3By-
KJ yame IPYTHX XapaKTepH3yNTCA CJyJaiHHM
BOCIPUATHEM He TOJBKO IONBEMA, HO M Jpy-
THX [pU3HAKOB. BocHpuaATEe TOTO M JPYIOTo
OpU3HAKA 3aBUCHT OT moJoxeHUA Ig9. J cpel-
Hux E Fp w00 UEJMKOM CIBMT'aeTCA BHU3, JU-
6o nmee% ITeNbHHE NepeXOInHi yIacToK C
GoJilee HM3KUM IOJIOXEHUEM STOH PopMaHTH. ¥
cpenayx O, HampoTuB, P9 LEJNKOM CIBHHyTA
KBEPXy WM Ke FMeeT G0Jiee BHCOKO Daclojio-
KeHHHM Iepexoll, B OTCyTCTBUE HMHQODMAIXH O
TOM, YTO Takad OCOCEHHOCTDH 3BYUYAHUA BH3-
BaHa (OHEeTHMIECKUM IOJIOXEHUEM, ¥ IpH Jefu-
IUTe BPEMEHHU ayIuTOp IPUHUMAET CJydaliiHOe
pelieH¥e O COOTBETCTBYKIEM IpH3HAKE TJac-

. HOTO,

B pesynbrare NpPOBEIEHHOTO UCCJIECIOBEHHUA
OHIO OCHapy%eHO, 4TO (OHEMHOe IPOTHWBOIIO-
CTaBJEHUE IO IPU3HAKY OTKPHTOCTU-3aKDH-
TOCTHA TJIACHHX CDEIHETO NOTBEeMA BO (PaHIy3-
CKOM fA3HKe COXpaHAeTCA B 0e3yIapHOK NO3M-
n. lIpeIIOYTHTENbHEME SBIANTCA T€ QoHEMH,

KOTOpHE MMERT JTUCTPUCYTHBHHE OTDaKHimye
oTd B cHCTeMe ABHKA IJIACHHE ng

D /e-¢)
/d-oe/, /o0-5/ TPOTHBONOCTABJEHH N0 Ollﬂor%'
% oMy % IDA3HAKy, IMCTPEOYTUBHHE OTpg.
HyueH7A y HUX Das/IMIHH, X TOBTOMY B ooy
I Toi e (QOHETHYECKO!l IOBUINIM IpeImoyry.
TeNLHHME OKA3HBATCA TJIACHHE G Dasimpyy
IadbepeHIAIbHHMA IDUSHAKANEA /3aKpumi) p
nape Heryo M _OTKDHTHI.B IlaDe Tiachyy
3aTHETO . 9TO OGCTOATEJBCTBO Cilefyen
pMeTh B BUAY IPX_DaCCMOTDEHUZ CHCTEeMHyy
oTHOmeHHA MexIy GOHEMAMA ¥ aHAIM3E UX dyy.
KIMOHEPOBAHIA CJOBaMH, ONDEleJekyg
mhpepe HIualbHEX TPU3HAKOB HeIOoCTaTogHy
Tng Toro, YTOCH OMUCHBATD QYHKIMOHAIEHYe
OTHOWEHUA B CHCTEME.

AHaym3 ynoTpeCJeHud IJIACHHX CpefHero
mombeMa B 0€3yIEDHHX CJIOT&X BHABILI
KOHOMEDHOCTe#, XOTODHM NOMYMHAETCA BHGOp
OppOSMIIECKIX BEPUAHTOB y I'OBODAUMX, Jry
3aKOHOMEPHOCTH O?pGHEJUHOTCH HE TOJBKO (o~
HeTWY4eCKH, HO ¥ /B TeX CIydafdX, Tle 3ro
BO3MOXHO/ CMHCJIOBHME ¥ MOD(OJOTEYECKIy
OTHOWEHMAMHA, Haumraue TOM WM MHORX (fomemy
B yIapHOM KOPHE CIOCOOCTBYET COXpaHeHMy
ee ¥ MpW Ge3yIapHOX HMOBWIMM TOTO Xe CJora,
CJie[0BATEJBHO, DY HAIU3E COOCTBEHHO (-
HeTUdeCKRX 3aKOHOMEDHOCTE! CJelyeT Ipup-
MaTh BO BHEMAHEE ¥ G0JIee BHCOKWE YDPOBHH
A3HKOBOI'O CTPOA, T.€. MODPOJOTHUECKUE o7-
HOMEHNA o

KagecTBO TJIACHHX OIIOBHAETCHA JOCTATOgHy
yBEPEHHO, IPWYEM VMEHHO IOINBEM, T.e, ToT
Ipu3Hay, 1O KOTODOMy, KaK 9YacCTO yTBEDRIa-
0T, HefTpaym3yBTCA 5TU ONNO3MIMYA, ONO3Hz-
ercd Jydme, 4YeM JpyTue NpH3HaKW. Tepuuy
"HeltTpasm3aimA" HE MOXeT OHTBH MHTEpIpeTH-
POBaH KaKk OTPAHMICHHOCTH YUOTPECJEHUA fo-
HeM, IOTOMy YTO, KAaK IOKA3HBANT Y aHAM3
(POHETMIECKAX MCTQUHMKOB, M MUCCJICIOBAHUE
BOCIIPUATHA, B JIOOH HO3MINKM BO3MOXHA Ji-

G6ad n3 IByX (PoHEM.

HeyBepeHHOE BOCIDUATHE IIPU3IHAKA TOTHe-
Ma HaGJWIAJOCE TOJBKO B TeX CJY4adX, Ko-
TIa TJacHHH o0JiamaJs MaJioff IJIUTENBHOCTER,
I Jub B OYeHb HeOOJBUIOM YHCJIE CJIyYaes
TaK¥e CPelHne IVIACHHEe MMEJM M CpelHee 3Ha-
vyennd Iy, T.e. MOTVIM PacCMaTpWBATBCA Kak
KEMeCTBRHHO DPeIyLMPOBAHHEE /YTO 3aBUCEN
OT X yHOAJeHHOCTX IO OTHOMEHM K YIApeHm
¥ TaKkke CHJIO CBA3AHO C UX KPATKOCTHL/.
Tarxm oCpasoMm, cpelHue TJacHHe IpAKTHIeC-
KM OTCYTCTBYT B HCCJISIOBAHHOM MATEDHATE,
BocmpuATue Xe CpeIHMX IVIACHHX CBA34HO ¢
KOJIMYECTBEHHON, JUGO - pexe — C KadecTsel-
HOM pelyrimei#t, T.€. C HEIOJHHM THIOM Ipo-
U3HECEHNA, ]

/1/ A.Meprune, "HefiTpasm3almsa ¥ CHHKDETH3Y X
BonpocH A3uKO3HaHMA, 1969. '
/2/ M.Grammont, "Traité pratique de pro-

nonciation francaise", Paris, 1951,
/3/ I.B. %pda,"QOHegnxa @ﬁanuyscxoro fA3b- I
ka", Mockma, I955. :
/4/ A.Lombard,"Remarque sur le e moyen & ,
francais. Mélanges de linguistique ofr  °
ferts a Dauzat", Paris, I95I. 1

/5/ AMartinet, H.Walter,"Dictionnaire d
la prononciation frangaise dans son
usage réel", Paris, 1973.
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BTOPM{HHE TVIIH CJIOTOBHX VIHTOHAIVEL B JMTOBCKIX LYATEKTAX

AJIEKCAC TVPJEHUC

BunsEnc ekt ToCyHUBepcHTeT
Kadempa muToBCcKOTO fi3nKa
Burrmoc, Jn1CCP, CCCP 232055

O. Peswme. B moxname mpmsozarcs sxcme—
PYNEHTANTbHEE IAHHHE, CBUIETENLCTBYOMIE O
CyWeCTBOBAHAN B JINTOBCKNX IMAlEKTaX IByX
BTOPUYHEX THUNOB CJIOTOBLX KHTOHSIME, BHIIOJ—
HAOMIX PasJMMUTENBHYD QYHKIMD Kak B axyTu-
DOBayHHX, TaK u B OUPKYMJVIE KTUDOBAHHKEX
cIoTax.

I.I. B ceBepOREeMallTCKUX THATEKTAX Jy—
TOBCKOTO fA3HKE HENABHO OTMEUEHO GYLECTBO-
BaHye IBYX BTODPUYHHEX THIOB CJHOTOBEX MHTO-
Harit (axyTa ¥ nmprymivrexca) , IPOTUBOIO-
CTaBIAEMHX B OAMHAKOBHX (OHETHYECKNX yo-
mopusx /I/. MOKHO BHEEINTH CIeLyOUME 0C-
HOBHHE CIydYan ¥X QyHKIMOHMDOBAHNA:

a) "Gepmronmdeckue" (I m 2 axmenTHas
napamurva) # "okcuToHmieckume" (T. e. mo-
IBMKHEE; 3 M 4 a. m.) nMeHHHe 9acTd pedn,
cp.: ka'lts '(cyml) BOXOTO' : ka.dts ;)
"( mpirg., ) GuT(uﬁ)',svg;ists(l)'(cym.)(CﬂM—
BOYHOE) Macao' : sve.ists ,y '(mpid.) Ku-
HyT( Hil) ', si'usi(l) '(BuH. 1n.) sHBapB' :
s§.u.si(2) '(BzH. m.) TaIR';

6) TIaTOJH ONHOPA30BOTO U MHOT'OKpaT-
HOTO [neficTBUS, Cp.: tré'uke(l) *1amnya(a)!
(nHd. tri‘ukte) : tra.ﬁkg(z) 'neprai(a)
(uud. tra.dxi‘te), brd‘uke 1y 'Tepevepk-
Hyn(a) * (uad. brd‘ukte) : br.u.ke(py 'me-
peveprmpam(a) ' (uud. brauki‘te);

B) 3 Jmio HACTOAWETO ¥ GymylWero Bpeme-—
HM, HAalp.: HacT.B. ké'ié(l "yueTuT (-AT)
: 6yI. B. ka.ié(z) '6ymeT 8-yT) YUCTUTE !,
HACT. B. mg'id , ‘cvemmBaeT (-oT) ' :
m%.i.é(e) 'Cymer 8-yT) CMEUBAaTE ' .

liprpefienrne MEHAMAIbHEE TapH  XOpOmO

TEHOBAATE KAYKIKEHE

Wy st o kuit NeMHCTATYT
Kadempa smToBCKOTO s3HKa
Wsyasit, dntCCP, CCCP 235419

PasImianTea ayImTOpaM# - IpelcTaBETEIAME
CeBEepOKEeMAlTCKIX TOBOPOR, Luprymdueken
BTOPOTO THIa (”“(2)) a8yIUTOPH B HONABIR0~-
meM CONBUMHCTBE CIyyaes BOCIDUHUMANT Kak
ZHTOHaUU®, CoJee OIN3KyD K urpKynfuekcy
(Bocxonamedt, mrammoi ZHTOHAUVMH) JUTOBCKO~
TO JIATEPATYDHOTO fA3HKa; ayIuTOpH, BIAICH-
Ixe JIaTHUCKAM A3HKOM, CUMTAQT BTOD MY KL
RemaiiTekml akyT ( (3) UTEHTUYHEM IpepHBH-
cTo#t (lauztd) mHTOHAMMM JaTHUCKOTO JuTe—
PaTypHOTO sA3mKa (c.-xeM. bﬁ'S'dyneT(—yT)’
= JaT. bls 'r.x.'), g BTOPUIHK Linmp Kym-
drexe ~ matemexof JIATENbHOM (stiepta)
MHTOHAIN .

B mMaxponmdeckom mrame OCOCEHEO gHTe-
PECHEM TpencTaBnderTca mepsiit (a) cyvai,
TK KaK OH CBHIETENBGTBYeT o BO3MOKHO}
TCHeTMYECKO! CBASM BTOPMYHEX Tamop MHTO-
HaUMil C HOIBURHEMU ("oxcmronmyec Kumn")
8KUCHTYaUMOHHEMA NADa M TMaMK npadaJrTumit—
CKOTO fA3bKa (cM. Huxe, § 3), ‘

1.2. Heckonbko mosze CXOIHOEe sARIeHMe
OCHADYEREHO 1 B BOCTOYHO-TUTOBCKMX "yTaH~—
CKIX" I "naHeBexcrux" Tosopax (em. ,mamp. ,
12/, /3]). AyIuTuBHNE OKCIIEPIMEHTH, BH-
[IOIHEeHHEE € NpencTaBuTesaMy CEBEPHHX Ia-
HEBERCKUX TOBOpOB, CBANETENBCTBYNT O Bech-
N& 9YeTKOM IpOTMBONOCTARTEHuY: 2y IUTOpH
IPaBUTBHO DaCIosHamm 1o 84,5% mpemiarae-
MHX MYHIMATBHEX nap Tuna plﬁﬁ.ke(l) ' IUTH -
a(a)r (mud, plf—"lﬁ.kt}:) : pléﬁ‘ke(z) "I~
Bax(a)' (uug, pPXauki*ty) g lé'uée(l) ' 10—
va(a)' (mup, 14°usip) . la.ﬁée(g)'pasﬂa—
MuBan(a)' (mud. a.4%ets). Ocodemmo XOpO-
10 pasnAdanTCA NEePBUYHEA M BTOpHYHLi Lyp-
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KyMQUIEKCH - IVIg HEKOTODPHX Nap MONydYeHo JO

94,37 TDaBWIBHEX MICHTAQUKANME.
Ileppuyrnit ( "GapuToHmdecknit") BOCTOUHO-

ayKuTailTCKml aKyT ayIMTOPH MOYTH eIMHONIy-

IIHO OUEeRMBaLT Kak CoJee pEe3Ko  Iajapiyn
MHTOHAIMO, & BTODMUHHA ("oKcHTOHMYeCKMA")
UUPKYMEIEKC - KAK PE3K0 BOCXOIAIYD MHTO-
Hammo. Ilo-BuImMoMy, 3TO OGBACHAETCA NPEX-
Z€ BCET0 DaB3JMYHHM COOTHOMEHHEM JIMTEIb-
HOCTH (M axycTmdeckoif SHEPTMM) KOMIOHEH-
ToB IudToHra. llo Hammm IpeBapATeIbHEM
00CIe IOBAHUAM B TAHEBERCKUX TOBOpAX Iep-
BHIf KOMIOHEHT Okasaicad Gonee HJIYIT&HBHEM
IIOX nepBMYHEM aryToM (cp.: J'(I=189 MC 7 X
=175 mc; t=2,25?>to,05=1,97), a BTOpMYHHH
HAPKYMONEKC HECKOMBKO yBeNMuMBaeT LINTEIb
HOCTB BTOPOTO KOMIIOHeHTa (cp.: X, =166 Mc
7 X=I50 mc; t=3,482>t0’001=3.34) [3/.
2.0. bosee nompoGumii amanus axyeTHIE-
CKUX IDU3HAKOB BTODPUYHEX THIOB  CJOI'OBHX
MHTOHAUMA npoBoImwIcs Ha 9BM Tuma EC-I060.
0% no mporpamme "EGLE", COCTABICHHOR HAMM
Ha fA3HKe NpoIpammmpopanna PL/l. B mamuHy
(KaK nepBimYHBe IAaHHHE) BBOIAIACH pesyab-
TATH DY4YHOTO WSMEPEHMs OCLUmLIOTpamM (u3-
MEPANACH aMIIATYJA M LIATEIBHOCTD OTpes-
KOB BOKaJIMYECKOTO CeIMEHTA B 2-3 KBasume-
puoza). Bea nanbmeiimas apannTmueckag pa-
0oTa BEMONHEeHA HA OBM, Haummas o TpaHc-
fopmanum mepBIYHEX n3MepeHuil B §uaudecxKue
emHH (JennCesuIH, TepUH ¥ T. X.) X KOH-
Hasg [OCTpOeHHEM "TOoYegHHX" yope IHeHHHX
Tpa¢nKOB IBUXEHNS OCHOBHOTO TOHA I WHTEH-
CUBHOCTH (TpIYeM Ha JUCTUHTAX Tare Ieya—
TaliCh TOYHHE CPeIHME 3HAUEHHS NBGDAHHHX
TOUEK Ipafuia M UX IOBEPATENBHHE 95-mpo-
LUEHTHHE MHTEDPBAJH). ABTOMATAYECKY onpene-
JAJIOCH PacCTOAHAE OT Havala BOKAINYECKOTO
CEeTMEeHTa N0 IMKa VHTEHCHBHOCTM N OCHOBHO-
TO TCHa, TOYKM IVIOTTANU3ALAM, IATA30HY W
KPyTA3HA "BOCXORNEHMA" ¥  NANCHUA HHTEH-
CHBHOCTMA X TOHA W T.H. Kpome oOwuEEX cra-
THCTIMECKNX TapaMeTpos (cpemnmx apudme Ty
YeCKIX, CTAHIAPTHHX OTKIOHEHI, ToBepH~
TEIbHHX MHTEDPBAIOB X Ip. /4/),  yampma
Takke omnpelesana KosdduumenTy KOppeJsm

TaxuX SBNEHNA, KaK OCHOBHOM TOH u pynpe,
CHBHOCTH, OCHOBHO# TOH X mwremnocn,
VHTEHCHBHOCTE ¥ MIHTENBHOCTE,

llpeIpapUTENBHAA BKCIEPUMEHTANBHAS pg.
Gora mpoBomrack B JladopaTopum 9KCIepy-
weHTaIBHO! QOHETUKM, MATEMATHYECKAR ofpg.
GoTKa IAHHHX - B BHUMCIMTENBHOM LeHTpg
KOLIEKTUBHOTO NOIB30BaHAA  BIY  (komcyyy.
rauT - Zom. B. Ymmzenac).

2.1.I. B ceBepOReMaliTCKUX TOBOpax (yug.
cle IOBaNInCh ITMaroJbHHe $OopMH THI‘Ia‘-Oy,n. B,
ka.gé(g) 16ymet (-yT) ?Ac'rn'rb' » TRiUs,
*OyzeT (-yT) PHIB', kudS 5y 'Oymer (-yq)
IefuTH' ¥ HACT. B. ké'iék(l) "ameTHT( a7y,
ra‘us(yy 'poeT (-o1)', kUOS (4, 'memin(-any
1 Ip.), BauGoJIEe YETKO DaBINIanTes Tiep-
BryHEl 1 BTODMYHNR aKyTH, peanusyemue xay
TpepHBACTad MHTOHAUUA. B TeX caywaax, go.
TZa CIOTOHOCUTENEM ABIAETCS CIORHHY  Iyj-
ToEr (/2u/, [ai/ u mp.), BTOpMUHME agyy
OTIMYaeTCsd OT NEPBUYHOTO INATENBHOC TR
onororocutens (%,=365535 mc, Xp=400%32 yg
t=4,18 >to,05=2 ,00), paamfneﬁ OCHOBHOT)
TOHA M HHTEHCHBHOCTU TIEPBOX X BTODOH mo-
JIOBEHH Iadronra (CoOTBETCTBEHHO %,=6,I m
m X=5,2 0T, X%=2 1B u %; = 2,6 15), pas-
JAYHEM OTHOCHTENBHHM "paccTosgnmem" Io
TOUKU TMoTTAMMBauMN (X,=521147, X =68t
167, t/7/=2,03 >%9,0552,00), Kpy TH3HO}
Nanesusa MHTEHCUBHOCTH M TOHa (COOTBETCI-
BeHHO X,=I00%32 1B/c; X; = 8133 1p/c, t-
2,25>% 05=2,00; X,=93135 nr/c, %=78%
nr/c, t=2,95 >t5,05=2,04).

pakTuuecku Bo Boex cayvyasx Gojee uel-
KM OKA3alnCh NPU3HAKM MHTEHCUBHOCTIH (o
pnc. I) - ocHoBROM TOH BymomEFeT Kax G
BCTIOMOTATENBHYL POXB.

Pesxnmii momem MHTEHCUBHOCTH K Koy
AndToHTa - HochTenm BTOPMYHOTO akyTa, Io-
BAIUMOMY, ¥ NPOM3BOINT BLEYATIGHAE CWib-
HOMl TuoTTanmsamum ("mpepmBa®), ormeuaenol
MHOTWMY aymiTopamd., Ha KpMBEX  OCHOBHOTO
TOHA (CM. pue. 2) 370 sRTeHMe He HAGDIA-
©TCA: BCE TOHOBHE OTMNMMA CKOHLEHTPPOBA-
HH B HAYalBHOM OTPESKe CJIOTOHOCHTENA.

PesynpraTy ananmsa aKy TMPOBAHHEX CJAT-
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Puc. I. OCoCueHHNe XpuBHEe IBIKeHRS IHTEeH=-
CHBHOCTY CJORHHX aKYTUPOBAHHHX JMPTOHIOB
CEBEPOXEeMal TCKUX TOBOPOB.

P W W s

- 15:‘_

V
ar
Puc. 2. 0606uwenune KDHABHE IBUXEHNS OCHOB~-

HOT'O TOHA CIOKHHX 8KyTHDOBAHHHX IMPTOHTOB
CeBepoxeMailTCKIX T'OBOPOB.

mx mngrorros (/ie/, /fuo/) CBUIE TEJbCTBY -
OT O Tex ¥e TeHIeHMAX. Ul B IamHOM cuyuae
BTODUYHEE THANH aKyTa pasIMdanTCsi IJIATENb-
HOOTER (%,=R71%38 mc, X7=312%4I mc, +t =
2,74 >to’05=2,06) » COOTHOWEHUEM MHTEHCHAB-
HOCTH mepBo#t ¥ BTOPO# NONOBMHH CJOTOHOCU—

Se 77.1.3

Tens (%=613 1B, %=8%2 1B, t=2,70 >t

0,05

=2,06), oTHOCUTENEBHEM "paccrosHmeM" 10
TOYKM TIOTTanu3armn ( J?2=53t14%,i1=68t18%,
t=2,54 ”70,05‘2 ,06) , a Taxke kpyTUBHO! ma-

IeHUA VMHTEHCUBHOCTH (1‘(2=II4“582 IB/c, Xr

83522 1B/c, t=2,93 >t0,05=2,06). OcHoBHOH

TOH ToJoca oxasaJjcg COBCEM HE3HAQYMMHM

necuenyenue TPOCOIEMH, 1O Beeit BEpOSATHOC-

T, XapakTepusynTCs JMUb
IpA3HAKaMHA,

JNHAMIY e CKAMA

<.1.2. Broprynwe Tumm ceBepoxeMait Tcko-

ro mmpxymbexca (ecam cymTs mo pes3yabTa-

Tam Hamero SKCIEepUMEeHTa) pasiNYanTes 3Ha-
UATENBHO cnadee. OGHApy®EHH Jumb cJe oy—-

- DiIYe CTaTUCTHYECKN SHaYNMHE Da3Imyyg; Pl

TEJBHOCTE CJIOTOHOCHTES (J?2=3811L37 MC, }'{I
=431%39 mc, t=3 A3>%;, 5=2,06), manazon

usmeHeHna ("Bocxommenug™)

VHTEHCEBHOCTH

(X=4 1B, %=2%I 1B, =3,00>%, 5=2,00)
u KpyTU3HA "BOCXORIeHMA" MHTEHCHBHOCTU( X,
=41 15/c, iI=2I mb/c, t=2,21 » & =

2,08). 220
2.2.1. B BOCTOYHO-ayKmTaATCKKX (nane-

BEXCKIX) ToBOpax (ucciemoBanucs TJIaTOJH

OZHOPa30BOI0 ¥ MHOTOKDATHOTO IeficTeug

bréfi.ke(l) 'nepevepkuya(a)t (mad., braj.-
kts), tré‘uke(l) 'ragyn(a)! (und., trécu-

kth), bréﬁ’ke(2) 'nepedepruBan(a)'  (uap.
brauki‘ts), tra.ﬁke(2) ‘mepran(a)  (mud.
IIpe IN0JIaTano0cs

tra.ikets) u mp.), rax u

IO pesyabTaTam npenBapuTeNBHOTO aympopa-
HUA, Jydlle PasimdanTcs BTODAYHHE TAMY Ivp-

KYM@HGRC&.

OcoGenHo werko basnnmiaeTea cpermHee 3Hs-

9eHME OCHOBHOTO TOHa (%=-2,1%0,9 pr, Xy=
-2,5%0,8 nr, t=2,29 >t4,05=1,98), cpemumi
TOH BTODO# NONOBUHN IMbTOHTa (%,=2,3%0,8
0T, Xp=-2,7%1,1 nr, t=2,44 > to,05=1,98),
MUHMNANBHOE 3HAaYeHWe TomHg (J?2=—4,IiI,9nT,

X7=-5,8%3,2 nr, t =3 <0>t5 15=1,98), or-
HocuTesbHoe "paccrosHue" mo MIHEMyMa TOHa

(%,=67,2%28,4%, % =80 ,8523,8%, t = 2,32~
L) T

to,05=I »98) , HaKoHeN - pasmrgHL IVanasoH
nelenns Tora (%,=3,9%2,5 pr, X = 5,3%1,3

HT, t=2 ,14 >to’05=I ,98) .
Becoma 3HaumMa n oluag

\
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CJIOTOHOCHTEJA, TOABKO B IAHHOM CIy4ae (B
OTAMYEE OT KeMailTCKMX TOBOPOB) Ooxee IUHE-
TeJbHHEM OKa3aJCs BTOPUYHHIM umpxym@zexc(xz
=296163 mc, X=280%43 mc, t; F2,987% o5
=2,0I).

0GoOmeHEHE KpUBHE MHTEHCUBHOCTH MHOTydH
JIVCH TIOUTHM M30MOpQHEMM, & KpHBHE OCHOBHO-
TO TOHA CBUIETEJBCTBYDT O BechMa CymECT-
BEHHOM pasiudim (oM. puc. 3).
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Puc. 3. OGoGueHHEe KpuBHE IBUREHNUA OCHOB-
HOTO TOHA CJIOKHHX P KyMEIe KTUP OBAHHEX

BOCTOYHO-AYKIMTaATCKIX IuPTOHTOB.

2.2.2. B axyTupoBapHHX cJOTaxX BOCTOU-
HO-ayKmTaliTCKX (INaHeBEeXCKUX) TOBOPOB yo-
TQHOBJNEH JMWMEL ONMH CTATHACTHYECKM 3HAYUMHH
OpM3HAK - DasJrdHOe "pacCTosHME" MUHIMyMa
YHTEHCHABHOCTH OT Hadana 1nudToHra (ié=88t
1%, %;=95t10%, t=2 JI6>t5 05=1,99); o
CXOIHO{t TEeHIEHUVN CBUIETENILCTBYET ¥  IOJNO-
KEHUe MUHUMYMA OCHOBHOTO TOHa (X,=72%24%,
iI=82t22%,-t=I,96>to’l=I,66).

3. Urak, B JUTOBCKAX I'0BOpax IPOTHBOTNG-
CTaBISNTCA HE TOJIBKO NEPBNYHHE THUIH CJIOTO-
BHX MHTOHanmil (axyT ¥ Lupkymfuiekc), HO U
BTOPVYHHNE VX THIH (NepBHYHHE ¥ BTOpUMHEI
axKyT, NEePBNYHH{ 1 BTOPUWYHBI Lupxrymfnexc).
Tounuit foHoMOTMYECKU CTATYC BTOPMYHHX WH-
TOHAIVA IIOKa He NPEeICTaBIAETCA BNOJHE fAC-
HHM: BO3MOXHO, UTO VX ONNO3MUIMK CBOZATCH
K TPOTMBONOCTSBJIEHVO IBYX DA3NNYHHX THUIOB
CJIOBECHOTO yIapeHua (CyuecTBoBagme KOTO-
PHEX B JMTOBCKUX IHMAJIEKTAX yKe IOKa3aHo),
XOTS NPOTUB TaKO! TPAKTOBKMA MOXHO BHIBU-
HYTH ¥ HEKOTODHE BO3paXeHUA.

B IMaXPOHWYECKOM ILIAHE HanGogee Baxey
Bompoc O CBA3M BTODIIHHX MHTOHALZH ¢ pg
Sanrmtoxuma (¥ TPavHIOEBDONERCKAME) gy
11 HTya[OHHEMA napaliurmMamMn 1, Coxee kopy.
peTHO, C nepeMeleHAMY YIAPEHNUS B Dasyyy.
HEX (popMax, OTHOCAIMXCA K OLHO! M Toft g
aKTeHTyalMOHHOH napalarMe .BOSHUKaeT cepp-
e3Hag IATEMMa, 4TO CIMTATH TEPBAYHHM: "o
cuToHmdecKoe" yIapeHue CroBodOpM, OTHOCE-
meecs ¥ GanTuiCKOX noIBIEHOR (" OoKcuTOMm-
geckolt") mapaiuIMe, WM ®e BTODUUHHE Cio-
TOBHe RETOHAIMM. BTOPMYHHE NHTOHAIMU MOR-
HO OOBSACHATH Kak Pe3yJABTAT DETDAKUMK yia-
peHmA C KOHEUHHX CJIOTOB (cp. BO3HUKHOBe-
Hye CpelHesaTHICKOR IPEPHBUCTOR MHTOHAIMy
7 cXoIupe ABIEHUA B JATOBCKUX "Capuromn-
yecKuX" TOBOpAxX), HO NDUHUUIKANBHO BO3MO-
KHA W [POTUBONOJIOKHAS TOUKA 3PEHAA: YIa-
peHze MOIVIO OK23aTbC Ha KOHEUHOM  Core
n3BeCTHHX GIOBOJOPM B pe3yJabTaTe eIo mne-
peMelleHys] ¢ OCHOB, OGIalaBlVX IDPOTOTHIANE
COBPEMEHHEX "BTOPMYHEX" MHTOHAILA (cp.
cxXomHoe Gofiee To3lHee fBJIEHUE, OIHACHBAE-
moe 3aKoHOM ®opryHaToBa -~ Ie Coccmpa).

MH CHIOHAEMCS K [IEpBO#i  axbTepHaTIBe,
X0TH IOKa3aTh ee "eIUMHCTBEHHOCTH", NO-Bi-
IEMOMY , NIOK& HET PeajbHO!l BO3MORHOCTH.
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AVHAMMKA OIMOBVAY CIOTOBHX JHTOHALIA! B COHOJOTMYECKIX CHCTEMAX JMAJEKTHOM!
1 TOPOICKOR PEYM /HA MATEPYAJE JWTOBCKOLO S3HKA/

JAMMA TPYMAIEHE

VHCTUTYT JIMTOBCKOTO A3HKA I
JurepaTypd AH JCCP

Buwrrine, JurCCP, CCCP 232043

PESME

B moxnrane NPUBOIATCA IKCIEPAMEHTANLHHE

JaHHHE, CBUIETENILCTBYRIEE 06 OTHOCHTENBHO
MaJO SHAYMMOCTH HNPOCONMYECKNX XapaKTepHUC-
TuK (DO-BHIEMOMY, 3a MCKIDYEHUEM IIpH3HAKA

IUIATENBHOCTH) CIOTOBHX MHTOHAUMA IUPTOHTOB
He TOJBKO B JUTOBCKOX roponckoi peus, HO
I - B MeHbIEX CTENEHM — B BOCTOYHOM JHa~
JeKTe .

B HacrosAmee BpeMa MOXHO CYHTATh NOKA3aH-
HHM, 9TO CJOI'OBHE MHTOHALMA CeBEepo-3alaf-
HHX (XeMaffTCKUX) IMANEKTOB JHUTOBCKOTO A3H-
K3 HOCAT NpPEVMyWMECTBEHHO JEHAMIYEeCKH:, &
He MySHKaJbHHR xapakrep /I/. Ipupoza cio-
TOBHX MHTOHAUM! BOCTOUHEX (M HEHHNX) OUa-
JEKTOB ABIAETCS GoJee npodaemaTugsol, 0co-
OeHHO BaxHuM (M, KpoMe TOro, BeCEMa IHC-
KYCCHOHHHM) IO CHX IIOD OCTAeTca BONpPOC 00
OTHOCETEJBHO! HUBEJAUMM NAHHOH IpOCOAZIeC-
KOl ONNOSMIMYM HA BOCTOYHO-JMTOBCKAX MOHOD-
ToHrax /2/. CywecTBeHHNE W3MEHEHWS aKLUeH—
TYalOHHO! CHCTEMH, HadIbIaeMHe B I'OpOLC-
kot peun /3/, yKasuBawT Ha OnpeleNeHHHE
CYWeCTBEHHHE CIBUTM B CHCTEME CJIOTOBHX HH-
TOHAalk,

B IaHHOM uCCHIENOBAHEM CONOCTABAARTCH MpPO—
COIMYECKHE XapaKTePUCTUKM CJOIOBHX MHTOHA-
L B peuM mpencraBuTedell BOCTOUHHX ayKim-
TallToB M ypoxeHueB I'.Bursunc. LA MHCTDY-
MEHTANBHOTO aHANU3a GHAM MOJOGpaHH CI0Ba C
Iupronramy ai, au, ei, CIOTOBHE HHTOHA -

BOHUQALIAC CTYHIER

BunpHnCCKME T'OCYyHUBEpCHTET
elipa JUTOBCKOTO A3HKA
Bunsape, JurCCP, CCCP 232017

A KOTODHX BIOJHE YETKO bas3auvanTca Kak

BO BCeX ILuanexTax, Tak X B rOPOLCKO#X peun,
lupronrn a1, au, ei OHIM DEaNM30BAHH MeX-
,IU' DIy XUMA COI‘JIaCHHMH WX nocJe nayau

taiko - ngglto, taiko - ﬂalko, kai“ -
Baic'o, tauko - taqu, sauk - ‘saulf kg.uke-
kauke, kaubg - auso, avtk - auc, keikia -

peikia, keike - pelfke, kéik - pely. daHime
CJI0Ba "Bcrannﬂnucs B KpaTKUE NpeLIOXeHUs
B KOTODHX OHE 3aHWMAJM CDPeIHOD NO3MIED, X
OWIM 3auymMTaHy ¢ Bocxomameidr () ¥ Hucxo-
oame# (+) $pasOBHME UHTOHAUUAME G€3 JOTH-
YECKOI'0 yIapeHni Ha HCCAELYeMHX CJIOBaX, a
Takke B CBA3HOM Tekcre (4 ) mox Heamparm-
9eCKEM QpPa3OBHM yIaperueM, JMKTOpaMH GHIIH
ABa OPelCTaBHTEMI BOCTOYHO~-AYKUTaiTCKOro
YTAHCKOTO HHUANEKTa ¥ IBa YpPOXEHIA I',BHab-
HOC, He BJIaleniue HM ONHMM TpalyMOHHKM
JUTOBCKUEM IUAJIEKTOM,

IleppuuHHe HaHHHEe BU3YAJIBHO M3MEDEHHHX 264
OoCLWLIOrpaMM ORI INOABEPIHYTH MATeMaTHKO-
CTaTUCTUYECKOMY aHaau3y B BHYUCIUTSABHOM
LIeHTpe KOJLMIEKTUBHOI'O INOAB30BanHuA BIY no
nporpamme "EGLE" (ASHK IpOIpaMMIDOBAHUA
PL/1; coctasma A,l'upnesuc), KOTOpas aBTO-
MaTUYECK! ONpeneysieT U CTATUCTUYECKE Of-
padaTHBaeT BCe OCHOBHHE NIPOCOJMYECHE Xa-
PaKTEePUCTUKE MHTOHaumi (cM./4/).
PeaynpraTh aHanm3a CBUNETENBCTBYRT O TOM,
9TO CaMHM IOOCTOSHHHM [POCOMUYECKAM UHIAKA-
TOPOM CJOTOBHX HHTOHalu# IUPTOHTOB HCCAE-
IyEeMHX BOCTOYHO-IMTOBCKUX I'OBOPOB M peuY:
BIWIBHDCLEB ABIAETCA LIUTEABHOCTH (aKyTum-
BaHHHE IUPTOHTM 00 olmell IJAUTENBHOCTH fB=
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HD TPEBCCICIET SOCTESTIIZYIRES :z;z:;u;‘.fe-
seEDessEEus IECPosTE (Ea T20 exd B 192D,
yra:aaz ?.3x°y™ /5/, cp. rezxe /8/). lai-
222 DEITFSES SIS CLTE0 B TCPOLCEOZ po-
TE: e2IT Y TpOICTESIPTSIsd IEaISETa ICESH-
TEILERS EETSIBEAIN CpRlEEX saarae.—:zcﬁ gézei
IIPTersEOCTE 51, £ds £1 ¢ 35, 23 €1 B€”
nesczapeas (B 7eE0ee - I 3EZTETEIRE), 0

y TpeIST2EETEISE TopcIoxck pSIE 3TOTO HE
gs<rr-zeTos EE B or=ck coscmre (oM, T80~

:—‘mn
fz2% ITETSYREOCTS CICEIRX IEFTCETOB
21, 2, 21 ¢ 21, 2B, 2
".:T v =7 t> T A
"h:r- a *9&‘ < O:
= - ZEYsTT
24 Zs—l.a -hwaw}‘d‘.? Q < Cz
b 25 T9407 1238419908 1.97¢2.
ST 133 T™3 3:279.8 o -
¢ g IEd iRt oms2
b 23 32,7 IR.3HUR.2 5 g3.¢2.0I
24 I53,8 I48,54.30.2
PRl
20 174.4 155.44183.5 - crwn n
boZY 13307 12333577303 5.55>2.C2
21 1757 157.44186.0 ¢ rreo
Vo3 o1ind ENIEESS S.84>2.02
21 175.9 I85.3:058
HE I5E iRinEdamam

LOCESIIED 2IFT B BOOTOIERX ICRCpEX X Io-
porcxol pEIE Earseros MEZEFQOBEIENN LISTM
SE=EspEcf TDOSCIEISIECE CITSIITERZ,OCIRIFD
SITTEIRSIOTH EFFTEDCBIESHX IEPTCETOS CIe-
IJeT o=ZTeTs =ox=s semoztmspaczl (B3 za-
I2TFYX YRAISETEX, II2 METIZPCBEIHN  YIe-
SOM SSIFESTOS DELITMLILIEED, ZWSEST 2070 05~
perEse cocrEomezze /7/; 3 E3scimyx mocze-
IOBEITEX JIBSDESESTOE, IO B IETEDATYRECH
E3XFS ZIFTEIRIOCTE TEPTOETCR - ZIselzas-
==xf DDE3ZE® SISTOEX ZEToE=—wd /3/).
SCESTEZISCRCE Ipeioiarnsi SirmmEl rirerie
CIE EXyTEDCSEI=NX ZEJTCENCB ESOCNIEIHO

CI2IFeT CIETETH TSTIEYD DIAIEEIIFD X 32Mo-
BOS JAIZESZES ISIRCTD ESMToEsaTa. Tamdey:
JE=:2ZZS, C3CEOTH2EIOS 3OSTOIINM B LEILM
ZESISFTEN, CXS2TESEST TIFXS E IEPTCITE TE-

— 'xparmc’fb' (zr#, TOuHeEe, EeHampg o
geqH0CTE) i, u B HOPMATZBHOZ ZZTeparypyy
peaz /' 9/.

PeseBaHTHOCTD LPYTZX ODOCOLZIECKEX Ipr3gy
goB - HHTEHCZBHOCTE, OCHOREOIO TOE -

GoIpUZHCTBE CIy9aeB 32BZCHT OT KOHKEDerHo}

[O3XIEH. . :
4Yro Kacaercd npeLcTaBZTeled LZaXerra, mg

MAKCENAIBHOE TACAO PEIEBAHTHHX Dpas.tauzi
godmraerca B Tercre (KOMIEECANZA OTCyTC.
rpEd SHAYZMOCTE PA3IZTEA EXJTZDOBAHANX §
[¥pEyMENeKTEPOBAHENX LZITOETOB L0 IIUTeR-
HoCTZ?): AXyTEDOBEHEERE LELTOETZ OTJAYAN.-
ca MEEBIZM PACCTOAHZEM USXTy HAUATIOM IE-
roHTa B MAKCIyMOM EETEHCZBEOCTZ (30.4%),
uen EpKyAiTesTEpozanEne (46.6%), a rtame
Gonee Y3KZd LZANR30HOM BOCXJEISHZA K (o-
nee gu3koft PropoZ “acTED KPEBOZ OCHOBHOIY
roga. Lzpxyminexcy cBoZcrBersa (ocobexs
B DO3EUZE ¢ HECXoLixed §pasoBoi EZToRapH)
66xpman pasEEna MexTy I ® 2 uacrad mire
CEBHOCTHE, LAA SKYTZDOBEHHHX CIOT'OB B LZa-
JZeETe XaDAKTepHH CZIBHHE FOPPeSAIZE Mexy
cpersed LAZTENBHOCTRD ¥ CpPelHed ZHTEHCES~
HOCTBD ZIE TOHOM, MEeXIy CDSLEEZ EHTEHCE-
EOCTED E CpeIHZM TOEOM (32 ECEITYeRZeND-
sEmER ¢ HEcxojsmed §pa3omod exrozanged),
TOrLa Kak AA9 CEPKYMIJSRTZPCBEEEHX - IID
TOCXerHAsa ROppeXalEd.
B peuz REapEDCHeB (KpoMe 3HayZuMOCTE 00zed
IIFTENBHOCTE) CIEIYeT YKA3aTh Ha CRIBHYD
FOPPEXdLED MeKry EHTEesCZBHOCTED X 0CH0B-
KXM TOHOM; OEA OOHApyXZEaeTCH B OCHOBHOM
TOXLEO0 B LEDEYMIJSETZDOB2ESNX CJoreX, Ea-
opEvep, Op2 HECXOnA=ZeZ §pasoBol EETOHAN:E
OH3 fRIIeTCA OYeHp CETnE0Z (2 = 0.3882°>
>0,1600), a B DpenI0ZeHEEAX C BOcxondzel
$pa30omo EETOREIEeX OTCYTCTEyET.
CpaBses¥e DPOCOLEYECKEX CBOZCTB peE
ICTaBETeNed LEaXexkTa ¥ IOpoI2 NOE3dL-
3aeT, YTO IEITOHTE al, su, ei B BZED
CIDE DeYE ARIADTCA GO0Xee KparrmdE, e
COOTBRTCTRYINYE LEITOETE BOCTOUSO-aYED =
T2ITCROTO IEavexra (passEna CTATECTEIECH

e e e s 2 SEAYEMA, 33 ECRIDYCEE TENO B2 IEEX [P
zs 33, 8655, LY {, Lp), SrRm- ' W e
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TOHTOB B TEKCT€ (KOHKDETHHE RaHHHE Cp. MO

radnume)).
MakCHMAaJBHOE WUCIO DEJNEBAHTHHX pa3JHMumi

MeXLy IUAJNEKTHOX B IOpOICKOR peusid Hadum—

naeTCd ¥ aKyTUPOBAHHHX ITUPTOHI'OB, pPeatd -
3yeMHX C HACXOIAwel} ¢pasoBoit muTOHaumelt ,
B 3To#f DO3MUMA JaHHNE ITUPTOHTHE BOCTOYHO-
aYKUTAATCKOTO IUANEKTA OTAKYADTCH MHOTH-
ME X8PaKTePUCTHUKAMU MHTEeHCUPHOCTH (Ham -
puvep, donee Hu3kOR I YacThO KprBOl,Mes-

mei pasHuueR MexTy I X 2 uacTAME CJIOIOHO-
cuTend, GONBIEM DaCCTOAHEEM IO HAYANA MU—
HIMyMA M MEHBUMM DACCTOAHMEM MEXIy Hadua-

JIOM TUPTOHTa B MAKCUMYMOM, GOJ€e y3KEM
Iuana3oOHOM BOCXOXIEHMA ¥ MeHbme# KpyTH3 =
polt maneHuws) X OCHOBHOTO TOHa (HampmMep,
GO NBUIM DPacCTOAKUEM MERNY HavajoM IUPTOH-
ra ¥ MaKCUMyMOM, MeHblelt KpyTusHof  Boc-
XOxneHud, OoJiee Y3KUM IUANSSOHOM HUCXOX —
IeHus B 1p.). Kopperanms ¥HTEHCHEBHOC—
TH ¥ OCHOBHOI'O TOHA KakK B JUANEKTHOR, Tak
M B FOPOACKOX peun cjadad., MHOTMe pasuy -
yud, NO~BANMMOMY, OCBACHAKLTCA BO3NeicTmEM
fakropa ILAUTEIBHOCTH,

Urpxymivre KTEpOBaHHNE NUPTOHTE NOK HUCXO -
IAmeit MHTOHAUME! MeHee Da3iuyHH. Kpome To-
o, ¥ B JUAIEKTE, ¥ B IOPOICKO# peunm Ha-
GnnnaeTCad CWIBHAA KODPpeJALUAd MeXNy HHTEH-
CHBHOCTBI ¥ OCHOBHHM TOHOM. Llupxympiexcy
BOCTOYHO-AYKUTAATCKOTO RHANEKTA XapaKTe-
pHO Gonbliee pacCTOAHEME IO Havala MAHIMY -
Ma MHTEHCUBHOCTY M OCHOBHOI'O TOHA&.
[IpaMepHO Te ®e pas3auyusd B IPOCOLAYECKUX
OCOCEHHOCTAX LUPKYyMIVIEKTUDOBaHHHX IUPTOH-
TOB JUANEeKTHO! ¥ IOPOLCKOR peur Hadania-
PTCA N ¢ Bocxozame# MHToHamwmelt, Toasko B
JNaHHOM cJaydae L9 IUAJIeKTa XapaKTepeH 6o-
Jee UMPOKMA LUAaNa30H NaneHWA MHTEeHCEBHOG-
TE ¥ OCHOBHOI'O TOHa, & TaKge COJbWAS KDy
TU3HA NaneHUd OCHOBHOI'O TOHA,

UT0 xacaeTcs SKYTHPOBAHHHX IUPTOHIOB B
no3MMKE ¢ BOCXOZAwel mHTOHauMel, TO OCHO-
BHHE Pa3nuyud XapakTepUCTEK OCHOBHOLO TG6-
Ha MeXny IUANEKTHOX M I'OPOACKO# Pedsrk Co=
XpaHANTCA, & DasJUYUA XapakTepUCTHK HH-

TEHCHBHOCTM OTCYTCTBYNT, 3a UCKINYCHUEM
paccTofHEA 10 Havala MU_HAMyMA.

50 100 150 175 M

-5 4
nb , “

Puc.I. OGoCWEHHNE KDUBHE NBUREHEA Wi
TEHCUBHOCTH CJIOXHHX IUPTOHTOB ¢
HucxonAme#t gpasoBoit MHTOHAUmEl,

0 50 400 150 175 MC
. ~ :-"’Nvﬂbv.
-4 | A\ﬂ \-.\_ﬂr/. ladd
N\ —~—_
-2 ‘\\“_// °
31 .
-4}
-5T
cr |

Puc.2. 06oGmenmue KPUBHE IBHEEHUA OC-
HOBHOTO TOHa CNOXHHX IUPTOHTOB
C HECXOnAme# ¢pasopolt MHTOHANMEL
—— =~ aKyT
BOCT, ayKuraitru
-—- w«pwexc} i
Sr e .. aB am

BHIBHOCIIH
~~~ - nnpwmexc}

MaTemaruro~-craTucTUYECKH! ananH3 OCLIIIO~
rpafUYecKuX NaHHHX CBULETEJIBCTBYET O TOM,
9TO B NUANEKTHOX CHCTEME CJOTOBHX MHTOHA-
Lz} NUPTOHIOB COXPaHWIOCH GOabIee uumcao

PEIEBAHTHHX NPOCOAAYECKUX XADPAKTEDECTHK »
Y€M B I'OPOACKOR peur, IocTosuuuM oduuM pu-
SHAKOM OCeHX CHCTEeM SARIAETCH LIUTENBHOCTE,
N0 BCe#t BEPOATHOCTE, BHTEKAKmas M3 pas-
JAYHOTO KaveCTBa MEpBOTO KOMIOHEHTa aKy -

THPOBAHHNX U IMDKYMIIEKTEDOBAHHHX AZp-
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TOHTOB. CJENOBATENBHO, Ha BOCTOKe JHTOBC-
KOTO A3HKOBOIO apeaja IPOCONEYecKEe pad-
JUYRTEABHNE NPU3HAKUH CIOTOBHX zHTOHAIER
[OCTENEeHHO TEepADT CaMOCTOATENBHYD  3HA=
YAMOGTH Laxe Ha NHPTOHTax, OpaieM B IO-
POICKOX peud 2TOT OPOLECC IPOHCXOLUT do-
Jee BHEPTHYHO M NOCJEIOBATENBHO., JT0 AB-
JeHMe Hema3GexHO MOJNXHO NpMBECTH K ocuad -

JIEHED ¥ JaXe MCYe3HOBEHHD OIIO3MUA CJIOTO-

BHX MHTOHauu#t Ha MoHofroHrax, I'Ze Ipoco-
IRYEeCKHMe NPU3HaKM He KOMIEHCHpYyRTCA  Ka-
9eCTBEHHNMA, [o-BHOUMOMY, 3THM MOXHO 00%-~
ACHUTDH DPe3YAbTATH HOPEJUMMHEDHOI'O  ayIuo-
TEeCTEPOBaHMA, yKasHBammue Ha TO, 4TO B

BOCTOYHOM JIATOBCKOM (B UaCTHOCTZ YTAHCKOM

TOBODE CJIOLOBHE MHTOHAIMK MOHOPTOArOB ( X
ig, uo) Jyume pasimyawTcA B TEX CIYUAIX,

ROTJla GIOFOHOCHTENB, HampuMep, Q ¥ uoy MO-
EeT JeIKO MEeHATH XauecTso (57 °a, 1o/ H)
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DURATION OF LONG STRESSED VOWELS IN PRESENT-DAY
LITHUANIAN UTTERANCES

LILIJA ANUSIENE

Dept. of Foreign Languages
Vilnius Civil Engineering Institute
Vilnius, Lithuania, USSR 232040

ABSTRACT

This paper reports on the results of an
investigation into the duration of acute
end circumflex vowels and vocalic diph-
thongs 1in extended speech contexts. The
results obtained lead us to the conclusion
that duration is not the main factor in
the differentiation of accent type.

In Lithuanian, long monophthongs, and vo-
calic or mixed diphthongs (vowel plus ei-
ther liquid or nassal consonant) in stress-
ed position may have falling or rising ac-
cent, The terms "falling" and "rising" re-
tain musical connotations, and the actual
nature of the intonation is in doubt, so
for practical purposes it is better to use
the neutral terms "acute™ and "circumflex®
/I/. These terms refer only to the names
of the signs used to mark the accent /2/.
Some investigators have proposed that the
most notable prosodic feature of Lithua-
nien accent is vowel duration /3/, with
the circumflex vowels being longer than

acute ones /4/,

The duration of syllabic neuclei in the
Lithuanian colloquial language has been
experimentaly investigated by many lin -
guists., Previous studies used the follow=-
ing as test material: 1) isolated two-syl-
lable words /5/, 2) minimal pairs in iso-
lation and 3) minimal pairs placed at the
beginning, in the middle, or at the end of
short phrases /6/.

The purpose of this research was to study
the duration of acute and circumflex vo=-
wels and vocalic diphthongs. The experi-
mental data consisted of 128 utterances,
typical of the Standard Lithuanian langu-
age, recorded on magnetic tape by 3 male
and 2 female subjects, Measurements were
obtained from intonograms,

In the experimental material the vowels
and diphthongs under investigation are
found in various pPhenetic environments and
in various positions in the phrase. The
vowels in question are found in sll possi-
ble positions in the word and in the phra=-
se. S0 as to compensate for the influence
of the position of the word in the phrase

the experimental phrases were constructed
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so that the vowel is found en equal number
of times in each position, In order %0
compensate for differences in absolute du-
ration in different positions computations
are baséd on relative differences in dura-
tion. The data for each subject were indi-
vidually analyzed, but since the same cor-
pus was used for each subject we can also
contrast the data on vowel and diphthong
duration for all the subjects as a groupe.

Previous studies which examined the dura-

tion of 1long stressed vowels revealed

that: 1) in isolated two syllable words
the duration of circumflex vowels is al-
ways greater than that of acute vowels /7/,
2) in short phrases material results indi-
cated that duration of circumflex vowels
is greater in 86.7% of the cases /8/.

The results of the present research re-
vealed that there is almost no difference
in the duration of circumflex and acute
vowels in extended speech contexts.
Lehiste /9/ claims that in the range of
the durations of speech sounds - usually
from 30 to about 300 msec - the just-no-
ticeable differences in duration are be-
tween 10 and 40 msec, In our experimental
material the difference in duration of
vowels with different accent types is less
than 10 msec in 53.3% of the cases, is
less than 20 msec in 40% of the cases, and
slightly exceeds 20 msec in 6.7% of the
cases. In subject 3 there is o substantial

difference in duration between acute and

100

2

cireunflex /i/ (1:1.23) but there is .
most no difference for subjects 1 and 4
(1:1,02; 1:1.01). The two /u/’s with gy,
ferent accent types do not differ for gy,
jects (1:1.05; 1:1.04), but g
differ substantially for subject 1 (11,

3and 4

There are no other cases of clear dify,
rences in duration between acute and i)
cunflex vowels.

The results obtained revealed that thep
is no significant difference in duratiy
of the acute and circumflex vowels, Thi
leeds us to the conclusion that duratig
is not the main factor in the differentis.
tion of accent type in the Lithuanian col.
loquial language.

Some Lithuanian 1linguists /10/ claim that
circumflex diphthongs are longer than acu
te ones. Pakerys, Plakunova and Urbelien
/11/ claim that the diphthongs /au/, /aij,
/ei/ are almost equal in duration, irres
pective of the type of accent. The resulls
of the present research revealed that th
acute diphthongs are longer than the cin
cunflex ones. Substantial differénce in
duration between different accent typesis
characteristic of the pronunciation of all
the subjects in the case of the diphthog
/ai/, for three
/eu/
/ei/. As only one

subjects in the cased
subject in the case d
out of Zfiftex

shows substar

and for one
case
(i.es 6.67% of the cases)
duration of i

tial difference in the

diphthongs /ei/, /ie/, /uo/ in favourd
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the acute accent type, we nay claim that
there is essentially no difference in the

duration of the above mentioned circumflex
and acute diphthongs. It should be noted

that the range of duration of circumflex
in female

small, so that in their

diphthongs subjects is wvery

speech there is
no significant difference in duration for

all the under in-

¢ircumflex diphthongs
vestigation,

The given data allow us to arrange the

diphthongs, irrespective of the accent

type, in order of decreasing duration:
au — ai - ei — o —» ie,
From the

that:

above evidence we may conclude

1, There is no significant difference in
duration between acute and circumflex
vowels,

2, There is a substantial difference in
the duration of the diphthongs /ai/ and
/eu/ pronounced with different accent
type.

3e Where (2) is relevant, acute diphthongs
are longer than circumflex ones,

4. There is no signiflicant difference in
duration for the diphthongs /ei/, /uo/,
/ie/ pronounced with different accent
type.

5¢ According to their duration, diphthongs
may be classified into three groups,

irrespective of accent type: /au/, /ai/

~ the lei/ /uo/,

/ie/ - the shortest.

longest, ~ medium,

Se 77.3.3

3
6. Circumflex diphthongs in the speech of

female subjects show no difference in

duration,
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PITCH ACCENTS IN STANDARD LITHUANIAN

VALERIJA VAITKEVICIOTE

State Conservatoire
Vilnius, Lithuania, USSR 232000

ABSTRACT

In Standard Lithuanian there is no
overall scheme for the realisation of
pitch accents. A common feature in speak=-
ers of the Standard language and also in
those of various dialects is the constant
presence of opposition of gcute and circum
flex accents, while the choice of phonetic
characteristics used in opposition and the
way they were used varied from diaglect to
dialect. Prosodic distinctions are found
in the difference in level of amplitude
end fundamental frequency and not in their
contours.

INTRODUCTION

Contemporary researchers into Standard
Lithuanian pitch accents /1,2,3/ have
attempted to find an overall scheme for
their reelisation in the parameters of
difference in fundamental frequency, in
intensity and in duration. They took
averages of data received from speakers of
both sexes (with varying diaposon of
voice) who also had different dialect
origins. Their estimates of durational,
fundemental frequency and amplitudinal
difference in pitch accents of vowels

were based only on the number of cases
eand did not take into account whether or
not such differences were of any signifi=-
canse for perception. Researchers have
also failed to attach significance to the
following remarks of the well=known
dialectician 2.Zinkevidius /4/: "Speakers
of diglects who subsequently learn Stane
dard Lithuanian pronounce monophthongs and
diphthongs with the pitch accents of that
dialect. They do not acquire the pitch
accents of Standard Lithuasnian, that is of
the language spoken in the southern part
of Western Aukstailiai."

Pitch accents were studied from oscillo=
graphic recordings of normal and whispered
speech and from listening tests using
Segmented quasi~homonyms as stimuli. The
following parsmeters were investigateds
duration, amplitude, fundamental frequency
proportional energy of stressed vowels
(the amount of total energy per msec),
total energy of unstressed vowels as well
88 pitch fluctugtion in adjacent syllables,

Se77.4.1

The work presents data from a recent osci-
llographic study of pitch accents in
isolated disyllabic quasi~homonyms of
speakers of Standard Lithuanian from die
fferent regions that has shown all the
dialects to have a continual opposition of
accent, while choice of phonetic characte=
ristics and the manner of their use varied
from dialect to dialect. Two speakers
spoke the Kapsai dialect: Sp.l, 4; the Ve-
liuoniSkiai dialect was represented by
Sp.23 the Dzikal dialect by Sp.5. Ampli-
tude, fundamental frequency and proportio~
nal energy were measured for vowels as a
whole and for vowel parts (I, II, ITI): of
the first and second components of diph-
thongs and monophthongs. This method was
used to gather information concerning
amplitudinal, fundamental frequency and
proportional energy difference in differ-
ent pitch accents of vowels in identical
parts of the vowels. This identified the
part which carries information about di-
fferences between the pitch accents in
each of the various parameters. Analysis
of the vowel part by part makes it
possible to define the difference between
pitch accents occuring, not in the con-
tours of amplitude and fundamental fre-
quency, but in the uneven level of these
parameters as a whole. Only in this way

is it possible to identify the particular
part of. the vowel where compensation of
one parameter another takes place, to find
out where correlation between them occurs
and to find out which parameter is most
important.

Differences of pitch accents in duration,
amplitude and fundamental frequency were
expressed in per cent and compared in
pairs by the sign criterion (sign test)

P = 0,05, Pirst and foremost, we estimated
all the differences revealing this tenw
dency, disregarding their contribution to
perception. The significance of differ-
ences in duration and amplitude as postu=
lated by Weber and Fechner, and the signie-
ficance of differences in fundamental fre=
quency (tone) as postulated by Flanagan
and Saslaw. Only these perceptually signie
ficant differences were later taken into
consideration. Data on duration differw
ences also included a record of the dif=-
ferences in the type of vowels under gtudy
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PITCH ACCENTS IN SPEAKERS OF KAPSAI
ORIGIN (Sp.l AND 4)

In kapsai dialect (Sp.l and 4)'dth?egggf
important features were amplltule Nty
ciglly for Sp.4) and duration. In voweg
nunciation of Sp.1l, information on % tne
differences in amplitude, depen@lng gn y
type of pitch accent, was contalng nthong)
an entire vowel (monophthong or d Pt come”
2)an entire monophthong or the firs ¢
ponent of a diphthong, 3)the first agif-
third parts of a vowel. Sp.l showed
ferences in whole vowels in 82% of t%e p
cases, significant differences in_55d gs%
the cases. For 2) we obtained 91% -an o ’
respectively. For 3) 82% and 64% for the
Ist part of a vowel and 91% and 73% fOI‘i
the EIIrd part of a vowel. In all the si~
tuations mentioned above, the stressed
vowel with acute accent had greater inten-
sity than the vowel with circumflex ac=
cent. Data values expressing the tendency
shown in points 1),2),3) by the §i§n cri=-
terion (P = 0.05) were labelled "4", and
the significant difference in amplitude
was called "wm,

Therefore, the gmplitude in phonetic reg-
lization of pitch accents in the pronun=-
ciation of Sp.l is highly important. Om
the one hand, it is distinguished by a
stable level within the vowels and exprese
ses the tendency. On the other hand, the
small number of quasi~homonyms where dif=-
ferences in amplitude were significant,
indicates g certain lack of 1ndependeqce
of this parameter. The same may be said
concerning the differences in duration of
vowels with various pitch accents. Dur-
ation differences in vowels were expressed
in 100% of the cases; differences were
gignificant in 64% of the cases, while dif
ferences significantly correlated with the
character in only 55% of the cases. The
expressed duration differences by the sign
criterion (P = 0.05) were considered "+",
and significant differences in all the
previously mentioned cases were "=", )
Comparison of data on the ratio of ampli-
tude and duration legds to the following
conclusion. In the pronuncigtion of Sp.l
the uneven level of amplitude within vo-
wels with different pitch accents is sup-
ported by their difference in duration:
the proportionsl energy of the whole gtres
sed vowel with acute accent ig greater
then that of & corresponding vowel with
circumflex accent in 91% of the cases. The
Ist, the ITIrd parts in 82% of the cases.
In all cases data values for the gign crie
terion (P = 0.05) were "4, indicating the
correlation of these two parameters.
Difference in fundamentgl frequency of vo=
wels with different pitch accents for Sp.l
in 64% of the cases were expressed and
significant only in the Ist part of the
vowels. In both cases data values for the
sign criterion (P = 0.05) were ", Face
-tors that witness its participation were

s.First, the shift of maximy, .
agiigzgozo the first part of the vowe] ﬂ
phispered gpeech. Secondly, the lack ¢f
Nignificant differences in' these vowe,

s ﬁﬁs in amplitude and in duration, Thirg
53 gome extent the test values for Pere
ception: pitch accents in quasi<homo
with deleted initial consonants ang Ollm
glides of vowels in some pairs were pe.
cognized as different, while in otherg
they lost information concerning diffen.
ences and weri)taken for identical acut,

Fi . .
gﬁkent:uécigtion of Sp.1l, the difference
in fundamental frequency between syl
lagbles acted as an auxiliary: the diffen
ences in fundamental frequency between th
last part of the vowel with acute accent
gnd a following unstressed vowel was
greater than the corresponding differenc
between the vowel with circumflex accent
and a following unstressed vowel in 73 ¢

the cases.
4
4crof

gor /

$oF =T~~~ -1 -
N < s
o \ e s
70| V /./
~ P

eo TN, 7
501
40
30}
20F

10F

Fig.l. Speaker 1. Difference between vo-
wels with acute accent and the  corres-
ponding vowels with circumflex accent,
—--- amplitude difference showng——-—---
significant amplitude difference;——
broportional energy differencej ------::-
significant fundemental frequency differ
ence; I,TI,ITT corresponding parts of Vo
zeési----—positive data value for P =

- 50 R
In the pronunciation of Sp.4 duration dif«
ferences of vowels were expressed in 1
of the cases, significantly so in 92%,and
significantly corresponding to the charat-
ter in 84% of the camses. Data values (P*
0.05) in all three cases were " "y ind%ﬁ
cating the independence of durational d
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ferences in vowels. Information on ampli-
tude differences in pitch accents was Ccare
ried by 1)the whole vowel, 2)the whole mo~-
nophthong or only by the first component
of the diphthong, B{iét and TInd parts of
the vowels. Differences in whole vowels
were marked in 75% of the cases, signi-
ficantly so in 50% of the cases; in mono-
phthongs and only the Ist componentsg of -
diphthongs they were expressed in 5% of
the cases, significantly in 58% of the
cases, in the Ist parts in 84% of the
cases, significantly in 50%; in ITnd parts
differences were expressed andsignificant
in 84% of the cases. Data values €Xpress—
ing the tendency shown in points 1),2),3)
by the sign criterion (P= 0.05) were "iW,
Data values of sgignificant differences in
amplitude in all the aforementioned points
by the sign criterion (P= 0.05) were oy
excepting the IInd parts,where data values
were "£". The fact that amplitude differ-
ences are of prime importsnce in the oppo-
gition of pitch accents was confirmed by

- the perception tests. In the pronunciagtim

of Sp.4, the listeners could not discrimi-
nate even dynamically marked differences
in the stressed syllgble. .
Difference in fundamentgl frequency of vo=~
wels with different pitch accents in 58%
of the cases_were expressed and signifi-
cant in the IThd end IIIrd parts of the
vowels (Fig.2),

g
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?;g.%. Speaker 4. Explanatory notes as at
ig.1,

PITCH ACCENTS IN SPEAKER OF VELTUONISKIAI
ORIGIN (Sp.2)

The most important features were duration

and fundaemental frequency. Duration dif-
ferences of vowel sound were significant-
ly marked and in keeping with the genersl
character in 100% of the cases. Datg vg~
lues of significant difference according
to the sign criterion (P= 0.05) were e,
Difference in fundemental frequency level
occurred in all parts of the vowel, and
greater amplitude and higher fundamental
frequency were characteristic of certain
parts of the vowel with acute accent in
comparison with the vowel of circumflex
accent. Differences in vowels with various
pitch accents were marked and significgnt-
ly 80 in-90% of the cases of whole vowels
and monophthongs on the same grounds with
the Ist components of diphthongs. In the
Ist, IInd and IIIrd parts of vowels, dif-
ferences were expressed and significantly
0 in 80% of the cases. Data values for
the sign criterion (P= 0.05) were "gu,
Difference in amplitude of the whole vowel
Wwas expressed in 90% of the cases; differ-
ences in monophthongs in the same manner,
with the TIst components of the diphthongs
in 80% of the cases; of the first parts

in 90% of the cases.Data values pressing
tendency for the sign criterion (P= 0.05)
were "W", significant differences in all
the points were "~", In addition, the dif=-
ferences in vowels with acute and ' circum-
flex accents were supported by the differ-
ences expressing the tendency, of post=
stressed syllables in total energy (in 80%
of the cases), and also by the differences
inclined toward tendency of the funda-
mental frequency between syllables (70%2).
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Fig.3. Speaker 2. Explanatory notes as at
fig.l.
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PITCH ACCENTS IN SPEAKER OF DZUKAI
ORIGIN (Sp.5)

In the speech of Sp.5, a representative of
the dziokai dialect, the importaunt role in
phonetic realization of vowels with dif-
ferent pitch accents was played by dif-
ferences in duration (These were expressed
in 90% of the cases and significantly cor-
responded to the character in 80% of the
cases), by differences in fundsmental fre=
%uency modulation between syllables (Dif=-

erences in fundamental frequency between

vowels with acute accent and post-stressed
vowels in 80% of the cases were smaller
than those between vowels with circumflex
accent gnd post-siressed vowels), and by
differences in total energy of post-sires=-
sed vowels (After acute accent the total
energy was greater than after circumflex
accent in 80% of the cases). Data values
of significant differences in all sfore-
mentioned cases by the sign criterion (P=
0.05) were "4" (Fig.4).
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Fig.4. Speaker 5. Explanatory notes as at
fig.l.

CONCLUSION

The data which we have obtgined gppe

to show that the hitherto preVailgggars
theory of the exixtence of an oversll for
the realisation of pitch sccents of spegke
ers of Staendard Lithuanian irres ective of
their original dialect is groundless. How=-
ever, these investigations can at best
serve only as the starting point of g ’
great deal of further work for those Tree
searchers investigating the pProsody of Lie
thusnian, both in the standard language

gnd in its dialects.
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TYPES OF SYLLABLE TONEME IN THE ZIEMERT VARIANT OF
HIGH LATVIAN DIALECT

DACE MARKUS

Dept. of Languages and Literature
Latvian State University
Riga, Latvia, USSR 226000

ABSTRACT

The research permits to confirm the
supposition concerning the functionating
of two types of syllable toneme in the
Eastern variants of the High latvian dia-
lect. The answer to the discutable ques-
tion on the place of glottalization in
the monophthongs and diphthongs with a
broken (acute) syllable toneme is sear-
ched for.

INTRODUCTION

At present the amount of experimental
phonetic research in the field of Latvia
dialects leaves much to be desired. We .
have attempted to investigate a variant
(sub-dialect) of a very peculiar and only
partly explored High Latvian dialect cal-
led AugSzemnieku. The sub-dialect under
consideration is still widely used bagi=-
cally in everyday life. The Ziemeri sub-
dialect may be heard in the north-eastern
part of Latvia adjacegﬁ\to the border of
the Estonian SSR. However, the Estonian
language has rot affected the Ziemeri sub-
dialect to any notable extent.The variant
in question belongs to the eastern group
of High Latvian dialect. A distinctive
feature of these sub-dialects is the mo-

nophthongization of the common Latvian
diphthong ie (>I) and uo (> ), e.g. s}va
< sieva w1fe'° ﬁla<:uola 'egg!'.

7ﬂﬁd types of syllable tonemes functi-
on in the Ziemeri sub~-dialect, namely,
the so-called falling (\) and broken (glo-
ttallzed sNA), e.g. rélt 'to swallow' and
reft 'Yomorrow'. The level syllable tone-
me (~) occurring in the Latvian standard
language is substituted by the falling
syllable toneme in the Ziemeri sub-dig=-
lect, e.g. lalme 'happiness', mate 'moth-
er', sallle 'sun', in the Ziemeri sub-

dialect are pronounced as lalma, muotg or

muota, saula. The two types of the sylla-
ble toneme were likewise distinguished by
us in the sub-dialects used in the areas
adjacent to that of the Ziemeri sub=-dia=-
lec%, namely, the sub-dialects of Altiksne,
Jaunlaicene, Jaunroze, Karva and Veclai-
cene. To differentiate and identify a va-
riety of syllable toneme, we investigated
the fundamental pitch, intensity and the
spectrum dynamics of vowels (vocalic cen-
tre of syllable).

So in the Ziemeri sub-dialect two ty=-
pes of syllable pitch are most strikingly
correlated according to the dynamics(cha-
racteristic motion) and direction of the
fundamental pitch in vowels. They are as
follows:

1) the syllable pitch specified by a
rather narrow range and l e v e 1 chan~-
ges in the fundamental pitch, and also a
falling, rising, or rising=-falling direc=-
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tion of tome. .

In the latvian standard language, 1n

which the falling, drawling and broken
syllable toneme is contrasted, the fall=-
ing toneme is more distinctly realized
(with a falling direction of the fundame=
ntal pitch). Be it otherwise, it would
coincide both, with a broken and drawling
syllable toneme. In the system of two
types of syllable toneme, functioning in
the Ziemeri sub=-dialect, it is essential
that the falling syllable toneme should
not coincide with the broken syllable to-
neme. Therefore, the falling syllable to-
neme is subject to greater variations -
obtaining the characteristics similar to
the drawling syllable toneme of the stan-
dard languages

2) a very distinct syllable toneme
specified by a wide range and acute
changes in the fundamental pitch, and,
likewige, a snift falling tone.

There are cases when the direction of
the tone is sniftly falling in the first
half of the vowel, but rising - in the
second half of it without reaching the
maximum frequency.

The second type of the syllable tone=-
me is specified by a decrease in the re=-
gularity of vocal=chords vibrations, the
so—-called glottalization, pointed also
out by A.Abele, A.Laua, I.lehiste, M.Nei-
lande, M.Vecozola, and others. The design
of the irregular vibrations of this kind
bears resemblance to the broken toneme
(the so-called stod) of the Danish.

Until all the variants of the High
Latvian dialect are not examined experi-
mentally, it is disputable in which part
of the vowel with a broken syllable to-
neme, in Latvian sub=-dialects, the loss
of regular vibrations occurs, or where
there is a complete discontinuation (bre-
ak) of voice.

The analysis of spectrum dynamics of
the vowels in the Ziemeri sub-dislect

proves the weakening, or even fading o7
formants, in the case of the broken sylis.
ble toneme, e.l. an & c u t e  change iy
the dynamic design can be observed. In thg
sub~dialect under consideration, acute chg.
nges of the spectrum design are observeq
in the transition part of a diphthong, gp.
metimes the fading of formants is somewhgt
delayed, e.i. it occurs at the beginning
of the second element. After the break go-
me spectrograms all the three constituent
parts of the formant are distinctive enou-
gh. In the monophthongs with a broken gyl-
lable toneme, of the Ziemeri sub-dialect,
irregular vibrations or a complete disap-
pearance (break) of voice occurs at about
the end of a third part, or in the middle
of the syllabic element.

When investigating syllable toneme by
auditive methods, Latvian philologist 4,
Breidaks expressed a view that in many
variants of the High Latvian dialect, the
disappearance, or acute shanges in voice
occur in the first (prolonged) element of
a diphthong or a diphthongal combination
having a broken syllable toneme /1/. A,
Breidaks refers also to the research made
by A.Avele and M.Lepika /2/, who had ana-
lysed by auditive method the texts of the
Jaunlaicene, Jaunroze and Veclaicene sub-~
dialects, which are adjacent to that of
Ziemeri. Yet in another contribution /3/
concerned with the Aldksne sub-dialect,
which is also adjacent to its Ziemeri co-
unterpart, on the basis of the experimen-
tal data obtained by kymographic analysis,
A.Fbele states that acute changes occur
in the final part of a diphthong. In the
course of the experimental investigation
of the other three variants of the High
Latvian dialect, I.Martinsone observed ace
ute changes in the middle or the second
element of g diphthong uttered with a bro-
ken syllable toneme /4/. Summing up the
statements mentioned above, we may conclu-
de that the experiméntal research of the
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vocalism used in different variants of the

High Latvian dialect proves the occuren-
ce of acute changes, or disappearance of
voice, in the case of the broken syllab-
le toneme, in the transition part,or the
beginning of the second element of a di=-
phthong. The fact is contradicted by au-
ditory percéption and, therefore, must
be subjected to a careful experimental
test. Experimental research of uninvesti-
gated variants of the High Letvian dia-
lect is left for the future.

In the spectra of the vowels with
a falling syllable toneme, a distinct re=
levant feature - acute changes - are ab=-
sent. The changes in the dynamic design
of the spectra are 1 e v e 1.

These occurences testify to the fact
that, in the Ziemeri sub-dialect,the bro-
ken syllable toneme is a marked element
of opposition with regard to the unmarked
toneme of the first type. This kind of
toneme corresponds to the conventional
term used for the broken syllable toneme.
The first type of toneme is conventional-
ly called falling, it would be more pre-
cise, from a phonological view point, to
call the first type - unbroken or level.

According to dynamics and intensity
direction in the vowels of the Ziemeri
sub-dialect, two types of syllable pitch
can be contrasgsted:

1) the syllable toneme specified by
level changes in intensity and also
by & rising-falling direction of intensi-
tys .

2) the syllable toneme specified by
@ cute changes in intensity, and, al-
80, by an acute falling or rising=falling
direction of intensity. In some cases in-

tensity may have a quick fall in the first

half and a rise in the second half of a
vowel without ascending to a maximum in-
tensity of the first half of a vowel.

We may conclude that in both types of
syllable toneme a rising-falling intensi=-

ty occurs, consequently, intensity direc=
tion (as well as the direction of the fun-
damental pitch) is of no significance in
the differentiation of the types of sylla-
ble toneme in the Ziemeri sub-dialect.
Both types are contrasted to each other

by the presence or absence of a specific
prosodic distinctive feature = an a ¢ u-
te or 1evel characteristics of
intensity changes (as well as the funda-
mental pitch charnges).

Depending on the syllable toneme in
the Ziemeri sub-dialect, long monophthongs
differ as to their duration: long monoph=-
thongs with a falling gyllable +toneme
(Mf) exceed long monophthongs with a bro-
ken syllable toneme (Mb) in their durati-
on. An avrage correlation ig: Mf H Mb T M
= 1,7 ¢ 1,2 ¢+ 1 (M - short monophthongs).

In the sub-dialect the duration of
diphthongs is close to that of loné mono=
phthongs.

The differentiation of the syllable
toneme types in the Ziemeri sub-dialect
is based on the spectrum, fundamental
pitch, intensity and duration of vowels.
Each of these parameters plays a certain
role in differentiating toneme. For exam-
ple, the acute changes in the fundamental
pitch and intensity, the decline in the
tembre of monophthongs (reflected by the
lowering of formants in a spectrum) and
the reduced duration may signal the pre-
sence of a broken syllable toneme. Yet
not a single parameter functions as the
only, basic and reliable indicator. The
spectrum, fundamental pitch, intensity
and duration seem to compensate each othe
er. It is credible that in certain phra-
ses or intonation patterns the decisive

role is played by one or the other of the=
se distinctive features (for instance, it
may be considered by preliminary observa-
tions that in interrogative phrases pitch,
to a certain extent is deprived of its
ability to differentiate syllable tonemes).
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The syllable tonemes of monophthongal oT
diphthongal syllables, in fact, do not
bear distinction among them = their dis-
tinctive features fully coincide. Judg-
ing by auditory perception, the distinc-
tive features of the same kind are pre-
sent in diphthongal clusters,which were
not investigated by us.

We may conclude that both types of
syllable toneme are contrasted to each
other by the presence or absence of the
gpecific prosodial feature ~macut e
or 1l evel changes in the fundamen-
tal pitch, intensity and spectrum. See
also some illustrations (Fig. 1, 2, 3,
4) of the fundamental pitch and intensi-
ty of vowels with the both types of syl-
lable toneme.
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Fig.l. Diphthong g@_in the word spiéra
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