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ON THE ACOUSTIC COMPOSITION OF ESTONIAN VOWELS
OF THREE DEGREES OF LENGTH

G. LIIV e

I. MATERIALS AND METHODS

Speech is not a sequence of sounds determined by a definite position of the organs
of speech, but a flow of continuously changing speech elements. The constant interaction
of movements belonging to different sounds as occurs during the production of connected
discourse determines changes in the geometry of a cavity system. The latter changes
are reflected in the acoustical signal as variations in the spectral composition.

What is usually regarded as the occurrence of a certain phoneme in a given word
consists in reality of a whole series of qualitatively different elements. Although we do not
very often notice the vicissitudinous construct of vowels, the data on the physical charac-
teristics of the phenomenon are of prime importance in the successful mechanical recog-
nition of speech.

The present work deals with the auditory, oscillographic and spectral analysis of the
qualitative changes occurring during the phonation of Estonian stressed monophthongs of
three phonological degrees of length. Particular attention has been paid to the acoustical
characteristics of transitional segments, and the duration of separate segments has also
been determined.

The vowels of three degrees of length have been investigated in dissyllabic words. The
{atter were pronounced by the informants not separately, but as identical portions of a
sentence: as the first words of declarative affirmative sentences in the indicative mood
that do not carry the logical sentence stress. Both syllables of the words studied were open.
The vowels contrasted with regard to quantity occurred in completely identical consonant-
al environments in all three, i. e. the short, long and over-long degrees of length.

The vocabulary used in the sentences was the following (the Roman numbers denote
the degree of quantity):

tiru ‘gland’, dial.,, Nominative Sg. — tiiru (II) ‘circle’, Genitive Sg. — tifru (I1I)
‘circle’, Partitive Sg.;

keda ‘whom” — keeda (Il) ‘boil’, Present Imperative, 2nd pers. Sg. — keeda (I1I)
‘boil”, Infinitive;

piri ‘strive’, Present Indicative Negative — kupidri (II) ’omission’, Gen. Sg. —
kupiidri (111) ‘omission’, Part. Sg.;

pora ‘noise’, Nom. Sg. — pééra (II) ‘toggle’, Gen. Sg. — poora (III) ’‘toggle’,
Part. Sg.;

kiru "hand-cart’, Nom. Sg. — kadru (I1) ’bend (in a river, etc)’, Gen. Sg. — kddru
(III) ‘bend’, Part. Sg.;

sama ‘same’, Nom. Sg. — saama (II) ’‘getting, acquiring’, Gen. Sg. — saama (III)
‘get’, Inf.;

puri ‘sail’, Nom. Sg. — puuri (I11) ‘cage’, Gen. Sg. — puuri (III) ‘cage’, Illative Sg.;
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kosi ‘ask in marriage’, Pres. Indic. Negat. — koosi (I11) ‘course (of a ship)’, Gen. Sg. —
koosi (III) ‘course’, Part. Sg.; -

modu ‘'mead (drink)’, Nom. Sg. — mdéédu (1I) ‘measure’, Gen. Sg. — mdoodu (111)
/influence’, dial., Pres. Indic. Negat.

The characteristic "and transitional segments of vowels in three degrees of length
have been subjected to auditory analysis on the basis of the pronunciation of five
informants. Oscillographic recordings of the materials obtained from three speakers
were used. Transitional segments in the pronunciation of four informants have been spectro-
graphically analyzed. All informants speak perfect Standard Estonian with a Tallinn
pronunciation and witheut any dialectal peculiarities. Subjects I, II and III are men;
Subjects IV and V are women. The ages of the speakers range from 26 to 46. Speakers
I and V have read the sentences right through silently, pronouncing aloud only the words
being analyzed (i. e. the first words of the sentences). Although the speakers are very
experienced radio announcers, the absolute lengths of the separate segments are
somewhat longer (this is particularly true in the case of female Speaker V), the relative
durations, however, being substantially the same. The other speakers have read out the
sentences in full. 2

The experiments were carried out in the Experimental Phonetics Laboratory of
Leningrad State University in 1959.

The author is sincerely grateful to Proi. L. Zinder, L. Bondarko and L. Varshavski
for their kind permission to use the apparatus as well as for their valuable advice during
the compilation of the present paper.

The actual procedure used in the present investigation was the following: Tape-
recorded speech was first subjected to auditory analysis by means of a gating circuit in
order to determine the phonetic quality and duration of different vowel segments of
relatively homogeneous quality occurring in stressed syllables of words contrasted as to
their quantity. The results of auditory analysis were compared with changes in the general
wave shape as revealed in oscillographic recordings on the basis of a rough visual esti-
mate of the frequency composition of the vowels (recognition of the presence or absence of
higher frequencies). A model MITO-2 oscillograph, a film speed of 2000 mm/sec, a vibrator
with a fundamental frequency of 10,000 cps and time marker — 500 cps were used. The
spectra of separate segments were obtained by means of a L. F. Spectrometer, model
74100-A, serial No. 22603, Standard Telephone & Cables Ltd., London, supplied with a set
of third-octave filters. A frequency range of 100-cps to 10,000 cps was analyzed (the figures
illustrating the present paper contain frequency spectra plotted only for 100 cps to
6400 cps). The changes in the spectral composition of vowels have also been observed in
sonagrams and sections obtained by means of a 48-channel dynamic spectrograph and
its sectioner.® More than 300 spectra have been analyzed in connection with the problems
discussed in this article.

The illustrations include a selection of the energy density spectra of the
separate segments of allophones only in the third degree of length of all vowels (40
different spectra are given in the present paper). In the first and second degrees of length

! In order to keep other conditions equal it was occasionally necessary to use a nega-
tive sentence. In the list of words analyzed only those meanings of polysemantic words
have been given as occur in the sentences used in the course of the present investigation.
The same principle has been observed in the presentation of word-forms.

2 The above-mentioned speakers as well as their enumeration are the same as
analyzed and presented in G. Liiv, Acoustical Features of Estonian Vowels Pronounced
in Isolation and in Three Phonological Degrees of Length. “Eesti NSV Teaduste Akadeemia
Toimetised — Uhiskonnateaduste Seeria” [“Transactions of the Academy of Sciences of
the Estonian S.S.R.”, Series of Social Sciences], Tallinn, 1962, No. 1, pp. 63—97.

3 The sonagrams may be found in G. Liiv, Acoustical Features of Estonian Vowels
Pronounced in Isolation and in Three Phonological Degrees of Length, Figs. II (Plate II),
1V (Plate III), VI (Plate IV), VII (Plate V), IX (Plate VI), XI (Plate VII), XIII (Plate
VIII), XV (Plate IX), XVII (Plate X).
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the changes as regards their general trend are roughly analogous to those in the third
degree, although qualitative heterogeneity is relatively somewhat smaller. In the figures
the so-called characteristic segment has been marked with a continuous red line. Various
types of black lines are used to denote the transitional segments between preceding
consonants and characteristic segments. The transitional segments between characteristic
segments and following consonants are marked with various kinds of green lines. The
unfilled dots on the curves denote the centre frequencies of the filters.

The phonetic quality of separate segments has been recorded on the basis of audi-
tory analysis in both the Fenno-Ugric phonetic alphabet and in that of the International
Phonetic Association (the latter is given in round brackets). In the tables the character-
istic segment of a vowel is printed in medium-faced type. The absolute duration of
separate segments in milliseconds is indicated by a corresponding figure placed above
the symbol for each segment.

At the end of the article the absolute and relative average durations are given of the
characteristic segment and transitional segments in three degrees of phonological length.

Finally it should be noted that in the present work F’, is used to denote the summary
energy concentration area formed by close F, and F, and F’; stands for the summary
expression of close-located F, and F3 (resp. of all higher formants) if they cannot be
distinguished in a spectrogram due to the relatively broad band pass of the analyzing
filters. Proceeding from a certain indeterminacy of spectrogram dimensions, in the pres-
ent work the rise of a formant (resp. its lowering) is conditionally regarded as meaning
both the shift of the peak of the reinforced band towards higher (resp. lower) frequencies
as well as, for instance, the increase (resp. decrease) in the relative intensity of the
adjacent components with a higher frequency or the decrease (resp. increase) in the
relative intensity of the components with a lower frequency, which also indicates a certain
shift in the concentration of energy.*

Notes on transcription

The phonological transcription employed in this work has been commented on in a
previous article.5 Phonetic phenomena have been represented in both the phonetic alphabet
generally used in transcribing Fenno-Ugric languages (FUT)® as well as in the alphabet
of the International Phonetic Association (IPA)7.

In the present work the alphabets referred to have been supplemented as follows. It
was found expedient to employ the following additional symbols in the Fenno-Ugric
transcription: [al denotes the corresponding front vowel, [a] denotes the corresponding
back vowel; [w] is the symbol for the unrounded sound [o] (the same symbol is used
with the same value for typographical reasons in the IPA alphabet); [w] stands for an
unrounded [u] (N. B. that it does not denote the central vowel [u], for which this symbol
is used in some sources). The diacritic mark [ ~ ] denotes a certain delabialization of the
corresponding vowel. The degree of nasalization, labialization and delabialization is
represented as follows: the smallest degree of the occurrence of the pertinent phenomenon
is indicated by a corresponding diacritic mark placed to the right at the foot of the vowel
symbol, a greater degree of the same phenomenon is designated by a corresponding mark

4 For a more detailed account of materials, methods and principles, see G. Liiyv,
Acoustical Features of Estonian Vowels Pronounced in Isolation and in Three Phonologic-
al Degrees of Length, esp. pp. 63—69. )

5 See G. Liiv, Acoustical Features of Estonian Vowels Pronounced in Isolation
and in Three Phonological Degrees of Length, p. 69. b

6 See E.'N. Setali, Uber transskription der finnisch-ugrischen sprachen. “Finnisch-
ugrische Forschungen” I, 1901, pp. 15—52; A. Sovijarvi, R. Peltola, Suomalais-
ugrilainen tarkekirjoitus. Toinen painos. Helsinki, 1958; also see references to pertinent liter-
ature in A. J. Joki, Tarkekirjoituksemme yksinkertaistaminen. “Virittdja" 1958,

. 291—298.
o The Principles of the International Phonetic Association, London, 1949; Reprinted
1958.

5 ENSV TA Toimetised. U-3 1962.
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to the right of the top of the symbol, the greatest degree is denoted by a diacritic mark in
the middle above the vowel symbol. The same principle is employed to represent different
degrees of nasalization in the IPA alphabet. In both the FUT and the IPA alphabet the use
of the same diacritic mark twice indicates an especially conspicuous occurrence of the
phenomenon concerned, e. g., [,i] stands for an even fronter vowel than [Ai,].“

2. RESULTS

Some Illustrations

A number of graphic examples are given in Figs. [—VI of changes occurring during
phonation in the quality of Estonian vowels of different degrees of length.

Fig. I gives an oscillogram of Estonian over-long /o::/ as pronounced in the word
/'’ko::$i/. The pronunciation of Subject I is represented in all the oscillograms contained
in this article. An examination of the general wave shape reveals an instability of the
picture of the periods. It appears to be possible in this connection to distinguish at least
four fundamentally different parts of the curve: 1. [0l ([o]) — ca 35 msecs; 2. [o]
([o]) — 75 msecs; 3. [0l ([o-1)* — 100 msecs; 4. [0~]1 ([g-]1) — 45 msecs. :

Fig. II presents an oscillogram of Estonian long /o:/ in the word /'ko:§i/. On the
basis of visual estimation it is possible to distinguish four different parts of the curve:
1. [9] ([ol) — ca 35 msecs; 2. [9] ([o+]l) — 75 msecs; 3. [o] ([ol) — 60 msecs;
4. [0~] ([oc]) — 50 msecs.

Fig. III gives an oscillogram of Estonian short /o/ pronounced in the word /'koSi/.
There seem to be grounds for distinguishing three fundamentally different parts of the
curve: 1. [Q] ([9]) — ca 30 msecs; 2. [0] ([o+]) — 25 msecs; 3. [w] ([o]) —
45 msecs.?

Fig. IV represents an oscillogram of Estonian over-long /ii::/ in the word /ku'pii::ri/.
Visual estimation of the oscillographic curve shows that five separate segments may be
distinguished here: 1. [i°] ([y»+]) — ca 35 msecs; 2. [ii.1 ([yl) — 50 msecs;
3. [1] ([y-1) — 50 msecs; 4. [iil ([y-1) — 70 msecs; 5. [ii~] ([y-]) — 40 msecs.

Fig. V gives an oscillogram of Estonian long /ii:/ in the wordr/ku’pﬁ:ri/. In this
case it seems to be possible to distinguish four fundamentally different portions of the
curve: 1. [i.] ([y»*+]) — ca 40 msecs; 2. [il ([yl) — 55 msees; 3. [ll ([y-]) —
40 msecs; 4. [ii.] ([y<—]) — 30 msecs.

Fig. VI gives an oscillogram of Estonian short /ii/ in the word /'piiri/. Three funda-
mentally different curve portions may be seen here: 1.'[iic] ([y>+]) — ca 35 msecs; 2. [ii]
([yl) — 35 msecs; 3. [ii~] ([X‘]) — 40 msecs.

The visual estimation of the general shape of the separate curve portions and their
length, on the one hand, and the determination on the basis of auditory estimation of the
quality and duration of segments isolated by a gating circuit, on the other hand, indicate
in general that there is a correspondence between the objective and subjective observations
referred to. '

Results of Auditory Analysis

In order to provide a summary survey of the quality and duration of the separate seg-
ments of vowels in three phonological degrees of length, the data obtained are presented
in the form of the tables 1—9.

—

8 The author would like to use this occasion to express his gratitude to V. Hallap of
the Institute of Language and Literature, the Academy of Sciences of the Estonian S.S.R.,
for valuable discussions of problems pertaining to transcription.

* The so-called characteristic segment of a vowel is given in medium-faced type.

9 Sonagrams of the same words as pronounced by the same subject can be found
in G. Liiv, Acoustical Features of Estonian Vowels Pronounced in Isolation and in
Three Phonological Degrees of Length, Fig. XV (Plate IX).
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It should be pointed out, on the whole, that the number of conditionally distinguishable
segments and the general tendency and range of their qualitative differences depend both
on the quality of the vowels and on their phonetic position, i. e. their different consonantal
environments. The number of segments distinguished appears, in general, to depend on the
degree to which the quality of the terminal elements of a vowel differs from the character-
istic segment. Other conditions being equal, consistent differences in the changes of vowel
quality must be recorded in their dependence on duration. Generally speaking, a lengthen-
ing of the degree of vowel length seems to be attended by a relatively greater heterogeneity
of quality. Vowel quality appears to be the least stable in the third degree of length; it is
here, on the whole, that one can distinguish the greatest number of qualitatively different
segments; the qualitative differences of the separate segments of the same vowel also seem
to be somewhat greater and one can likewise record a somewhat greater variation in the
pronunciation of different individuals.

Some Remarks on the Differences in the Spectral
Composition of Separate Segments of Vowels

In the following pages some examples are given of changes in the spectral composition
of vowels during phonation. Transitional segments have usually been compared with the
spectral composition of the characteristic segment (the latter is represented in the figures
by a continuous red line); other comparisons are referred to additionally.

These specimens are in fairly good agreement with data obtained from other speakers.
However, it should be pointed out that some elements in the spectral composition of
vowels vary to a certain extent in the pronunciation of different speakers, a phenomenon
which is in conformity with the results of the auditory analysis (see Tables 1—9). Thus,
e.g., in the pronunciation of some speakers one may observe a more distinct lowering
(resp. rise) of the first formant in the spectral composition of the plain acute vowels or
their segments, while the expected rise (resp. lowering) of certain higher formants is more
vague (or may be altogether missing); with other speakers, however, more considerable
changes can be observed in the last-mentioned spectral elements. The spectral analysis of
the flat acute vowels or the segments with a different degree of labialization shows in the
case of certain speakers, on the one hand, a considerable lowering (resp. rise) of higher
formants, and on the other hand, a more distinct lowering (resp. rise) of the first formant
depending on a closer labialization (resp. certain delabialization), etc.

In the first and second degrees of length of the vowels the changes as regards their
general trend are roughly analogous to those in the third degree, although qualitative
heterogeneity is relatively somewhat smaller.

Fig. 1 gives energy density spectra of different segments of Estonian over-long [i::/
as pronounced in the word /'ti::ru/ by Subject V. The principal difference characterizing
the elements that constitute this vowel lies in an increasingly advanced articulation as the
organs of speech pass from the preceding consonant towards the culminational phase of
the vowel and a relative retractedness during the transition to the following consonant.
An acoustical consequence of the articulatory changes first mentioned appears to be
primarily a shift towards relatively higher frequencies of the energy concentration region
located in the upper part of the spectrum (F’;). The frequencies of the peaks here are located
at about 3600 cps, 4000 cps and 5000 cps respectively in the spectral composition of the
Ist segment [i] ([i]), the 2nd segment [i] ([i+]) and the 3rd segment [i] ([i++]). The
auditory impression of the relatively more retracted and the more open articulation produc-
ed by the 4t segment [i] ([i-]) is probably due to a very marked drop in intensity in
the 3200—5000 cps frequency band, the peak here shifting to the proximity of 2500 cps.
Certain changes can also be noticed in the lower frequencies of the spectra. On the whole,
however, it is relatively difficult to observe changes in the F, region of the spectral com-
position of close vowels as produced by female Speaker V, because the fundamental
frequency of this speaker’s voice is very near to the resonance frequency of F, in the
corresponding vowels.

b*
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In Fig. 2 are presented energy density spectra of different segments of Estonian over-
long /e::/ in the word /'ke::ta/ as pronounced by Subject I (a male voice with an average
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TABLE 1

TABLE 2

TABLE 3

TABLE 4

Subject Estonian -over-long /i::/ in the word /'ti::ru/ Subject Estonian over-long /e::/ in the word /'ke::ta/ Subject Estonian over-long /ii::/ in the word /ku'pii::ri/ Subject Estonian over-long /6::/ in the word /'pd::ra/
30 50 60 70 40 50 Y 60 90 40 35 50 50 70 40 30 80 80 70
Loi(i) — j(ie) = 4 ()" g ) { LY e (e )i e (e i) £(i-) I @t (y»4) = de(ys) — d(y-) — d(y-) — dnlye-) I : @(y) — G(8) — o(¢) — e(&)
40 130 80 40 40 L 40 90 30 30 40 60 30 30 70 70 50 P
I AUy — dt8) = W) = i(7) ] 1T ¢ 2 40 & Ml €8 B (1 ) 1] do(yo+) — @(y) — daly) U a4(y) — 6(f) — ¢n(g) — 9°(dec=) — 9 (&)
30 50 50 60 30 30 90 70 30 40 50 70 50 30 - 70 40 40 40
34 Y oftiey =R > ) i FUE=)- e (BN S e e ) pile) Cmm o) Mg (y») = do(y>+) — d(y) — da(ye=) W @(y) — 0o(#) — G(8) — 9(¢-) — 0nlge-)
40 10 50 40 30 50 60 40 30 30 50 70 50
v Ay Sl | ¢ St [ L B (U 2 RS (0 2 v Re(yo) b BLY) > = PR Ye=) = da(Ta=) = g (i) v a(y) — 6(4) — ¢(e-)
90 110 110 60 50 90 120 120 40 40 60 100 100 70 60 120 100 50 30
VD T ek LY e ) V. UEF = 1) o te] e H O B ~ D) v a(p) — By — A(y) = aa(ye) v ly) = 6(#) = 9(8) — on($) — is(i>)
Subject Estonian long /i:/ in the word /'tizru/ Subject Estonian long /e:/ in the word /'ke:ta/ Subject Estonian long /ii:/ in the word /ku'pi:ri/ Subject Estonian long /6:/ in the word /'pd:ra/
50 70 90 40 55 40 30 30 40 40 40 50
1 i(i) — e(e) — e(¢) I @e(ys4) = d(y) = d(y-) = Ba(ye-) | a(y) — 6(g+) — 06(4) — o0n(0c+) — . ¢(¢)
0 30 T w0 60 40 50 e 40 30 60 70 70
I i) = 008 iU ) n ele) = ele) moddg) “igle) i Bo(y2) — @(y) — @y U d(y) — 6(4) — gn(ge-)
30 40 40 30 30 60 40 : 40 _80 40
n ) — i) — QG0 i i(i-) — i(i) . — e(er) — i(i) i .1 @y) — 6(g) — Pa(de-)
40 70 40 30 40 50 40 40 40 70 40 : . 40 80 40 30
v VAN et d L3 B ot (1 BRI Y v i(i-) — e(e) — e(e) — gle-) v fo(yo) — d@(y) — js(iz-) 1y a(y) — 6(p) — ¢(d0) — ' ele)
40 80 80 30 30 60 s 60 30 40 80 70 60 g 40 70 . 40 30
v M = a) e M i) =) Vo) = 1(f) = e(e)-— ele)-= (1) v Bo(yo) — A(y) — 8(y) — &(ye-) v #(y) ~ O(#) = e(é) = ¢efe)
Subject Estonian short /i/ in the word /'tiru/ Subject Estonian short /e/ in the word /'keta/ Subject Estonian short /ii/ in the word /'piiri/ : Subject Estonian short /6/ in the word /'pora/
30 50 30 30 40 50 35 35 40 E ot 40 o
I (i) — i) — i(i-) 1 i(i) — e(e) — &(e) | do(y>4) — d@i(y) — a(ye) E. ] a4(y) — 6() — On(ge-)
30 40 40 30 40 30. 30 60 40
i HiYy 5 by ~ L) L e(e-) — ve(e) — e(ér) L Go(g2) — O(#) — Go(ge-)
30 40 . 30 30 20 30 40 30 40 50 40
fu i) — i) i e(e) — ele) — ele) i fo(y2) — () — da(xe) . Sl = O0U9). =, el fe2)
]
30 30 50 30 40 30 30 30 %0 50 50
v A = i = i) v é(e) *— e(e) v do(yp) — B(y) — eole-) v Un(ye) — 6(¢) — e(e2)
30 40 30 : 30 30 30 30 50 70 30 30 _40 40
v MHiak) el ) S 20IF) v e(e) — e(e) — e(e) — (i) ¥ do(y2) — d(y) — L(P-) v u(y) = 0(#) — da(de)
* Note. In all the tables the characteristic segment of ®

the corresponding vowel is given in medium-faced type.



TABLE 5§ TABLE 6 TABLE 7
Subject Estonian over-long /a::/ in the word /'kd::ru/ Subject Estonian over-long /a::/ in the word /'sa::ma/ Subject Estonian overjlong /uii/ in the word /'pu::ri/
~ 50 50 _60 30 50 50 30 50 60 70 50 50 50 120 60 30
I e~a(er~s) —~ 2(2) — d(®) — 2(2) — €(c) — €9 l.-e(g). — a(a) —ala) — av(a) — 3(3) I ouo(us) — u(u) — 8(8) — wn(ue-) /i— w(w)
30 30 70 40 30 40 100 60 40 40 40 40 40 40
il ele) — &fe) — 4(8) — 2z(2) — 2z(2) ll §(8=)~— a(a) == dX{a?) =" 3(3) I ue(us) — u(u) — & (%) — u(u) — un(ue)
10 50 70 50 p 30 50 50 50 A 60 50
1] e(e) — d(&) ~—id(&) — efeca) g M e(e) — a(a+) — gfa2) — a.(a>) I wo(uws) — u(u) — 8(8) — un(uc)
40 70 60 40 30 40 50 40 30 40 60 60 L 4]
v ele) —d(e) — (@) =~ efe) IV a(a+) — a(a) —a-a.) — av(a) — 3(7) V' owe(w) — u(u) — (%) — w(w)
40 5 60 90 50 60 40 45 30 70 80 40 60 60 50 100 70 30
\ efs) —@les) —~ Gty ~ @(2)— &(g)— €le) ~ efe} V. alar) = Jata) sl w5 antaT) e o) V ue(u>) — u(u) — 8 () — ulu) —w(w)
Subject Estonian long /d:/ in the word /'kéd:ru/ Subject Estonian long /a:/ in the word /'sa:ma/ Subject Estonian long /u:/ in the word /'pu:ri/
40 40 70 50 30 40 50 50 30 50 50
| g~a(er~2) — 2(2) — d(2) — 2(2) I ¢(e) — a(a) — gdas) — a°(a@») ! (u) — a@) — u(y) — tn(yes)
30 60 50 30 40 50 40 o 50 40 40
[ e(e) — d(2) — 2(z) I e(e) — a(a) — ada) — a(ad) I us(ws) — u(#) — un(e)
30 50 50 40+ 30 50 40 30 i 40 60 40
m cele) — d(2) — 2(2) — ele) i a(ar) — a(a) — a~(a) — 3(3) n uo(us) — m(8) — un(ue)
40 40 50 50 30 60 40 50 40 40 40
\% §(e-) — d(2) — 2(2) — 5(({—) v atar) = a(a) — -afa) = . T{I) IV uo(u>) — wu(u) — un(uc)
40 110 40 , 40 40 70 30 i 49_ 50 110 30
v §(e). — d(@) — 2(g) — ¢le) N aglat) — a(a) —glazy = a(aw) v uo(us) — u(u) — w(w)
Subject Estonian short /a@/ in the word /'kiru/ Subject Estonian short /a/ in the word /'sama/ Subject Estonian short /u/ in the word /!puri/
30 50 30 g 30 30 30 40 40 30
! c(er) — d(2) — 2(2) | a(at) — a(a) — ax(a¥) I uo(us) — w(wr) — un(uc)
30 40 30 30 30 30 30 40 30
1l e(e) — d(2) — 2(2) Il £(e) — a(a) — a(2.) 11 us(u>) — u(n) — wo(w>)
30 30 30 30 30 30 30 30 40
1 e(e) — d(2) — 2(2) — e(¢) m €(g) — a(a) + axvax) 1 uo( w) — u(m)
30 30 30 30 30 30 30 30 20
\Y e(e) — d(=) — €(¢) v a(a+) — a(a) — () v uo(u’) — w(B) — un(uc)
30 50 39 30 : . 40 40 40 40 40
\% e(e-) — d(2) — z(z2) — e(e) v a(at) — a(a) — as(a>) v uo(w>) — u(8) — uo(uc+)
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fundamental pitch). The principal difference in the quality of separate segments which it
was possible to record on the basis of auditory impressions in this case was a variation
in the degree of closeness of articulation. In comparison with the characteristic segment
[€] ([&]) the spectral composition of the initial transitional segment [i] ([i]) shows a
greater concentration of energy at relatively lower frequencies in the Fy region (the peak
shifts from about 400 cps to 250 cps); the peak of F’, at about 4000 cps is also somewhat
more conspicuous (the rate of decay towards lower frequencies is greater). The auditory
impression of a relatively more open articulation of the 3rd segment [¢] ([e+]) is probably
due to a marked fall in intensity in the 250 cps region, which is somewhat reinforced in
the case of [é] ([&]); thus, relatively more energy would appear to be concentrated in a
narrower and higher frequency band in the F, region. The i-like shade of the following
segment [i] ([i]) appears to be due to a lower position of F; in comparison with the
e-like segments. The greater closeness of the 5th segment '[i] ([i~]) as compared with the
preceding element is probably indicated by the even lower position of F; (shift of the peak
from about 360 cps to 320 cps), the impression of retractedness being probably caused by
a perceptible lowering of F’s.
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Fig. 3. Energy density spectra of different segments of Estonian over-long /ii::/ in the word

/ku'piiziri/. ‘Subject 11 sseeesster Ist segment [{o] ([y>+]) of 40 msecs duration; 2nd
segment [ii] ([y]) of 60 msecs duration; ~----3rd segment [ ia] ([¥<]) of 30 msecs
duration.

Fig. 3 gives energy density spectra of different segments of Estonian over-long Jii::/
in the word /ku'pii::ri/ as pronounced by Subject II (low bass voice). This vowel begins
with an over-rounded element [iio] ([y»]). An acoustical consequence of the closer and
more active labialization is the suppression of intensity in the higher frequencies (the band
2000—4000 cps). During the transition from the characteristic segment I[ii] ([y]) to the
following consonant, a weak unrounding of the element [{-] ([yc]) (accompanied by a
slightly more open degree of articulation) appears to be matched on the acoustical level
by a rise in Fy; the peak shifting from about 250 cps in the case of [ii] ([y]) to about
320 cps in that of [§~] ([y<])

In Fig. 4 are presented energy density spectra of different segments of Estonian over-
long /6::/ in the word [p6::ra/ as pronounced by Subject II. The transition [ii]- (LyDh
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from the preceding consonant to the characteristic segment is characterized by a closer
degree of labialization than it is usual for [6] ([#]) as well as by a somewhat closer
articulation (in comparison with the characteristic segment). An acoustical correlate of the
closer labialization is probably the very considerable lowering of F’; (note the conspicuously
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Fig. 4, Energy density spectra of different segments oi Estonian over-long /6::/ in_the word

/'pdi:ra/. Subject 11 ceeeeeeee st segment [ ] ([y]) of 30 msecs duration; — 2nd segment
[6] ([4]) of 70 msecs duration; 3rd segment  [0.] ([g<]) of 70 msecs duration;
===4th segment [ "] ([¢<e]) of 50 msecs duration; - -eroe-es 5th segment [0 ] ([&2-)) of

30 msecs duration.
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Fig. & Energy density spectra of different segments of Estonian over-long./4::/ in the word

/'ké::ru/. Subject 1, weeeeser Ist segment [e] ([ e]) of 30 msecs duration: ——-2nd segment

[¢] ([€]) of 30 msecs duration: 3rd segment [4] ([2]) of 70 msecs dura-

tion; « ~«4th segment [ae ] ([3]) of 40 msecs duration, =sssswse5th segment [2] ([2e])
of 30 msecs duration.




On the Acoustic Composition of Estonian Vowels ... 279

greater rate of decay in the 2000—4000 cps band); the more active labialization and the
greater closeness of articulation may likewise be responsible for the relatively greater
reinforcement of the lower frequencies in the F; region. The auditory impression of the
comparatively more open and slightly unrounded 3rd segment [§-] ([¢]) may be caused
by the relatively greater intensity of the frequencies at about 500 cps in the F; region.
The increasing delabialization of the vowel during the following segment [§°] ([g«-])
possibly leads to an increase in F,, the acoustical consequence of a somewhat retracted
articulation may be a somewhat greater intensity of the relatively lower frequencies (below
1800 cps) in the F’, region. The even more retracted articulation which is noticeable
immediately during the transition from the vowel to the following consonant — 5th segment

[81 ([=-1) — probably causes the F’; region to shift towards lower frequencies.

Vee

Fig. 5 presents energy density spectra of different segments of Estonian over-long
/a::/ as pronounced by Subject II in the word /'kéd::ru/. The articulation of this vowel is
characterized by a movement of the organs of speech from a relatively close and front
position in the initial portion of the vowel towards extreme opefiness in the culminational
phase of phonation; this being followed again by a narrowing of articulation during the
transition to the following consonant (with a supplementary shade of somewhat retracted
articulation in the final portion of the vowel). These changes in the cavity system are
matched by the following changes in the spectral distribution of acoustic energy. In the
case of the Ist segment [e] ([e]) F: is the lowest and F’, the highest, the e-like quality
of the segment being indicated also by the reinforcement region at about 4000 cps. In the
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Fig. 6. Energy density spectra of different segments of Estonian over-long /a::/ in the word

/'sa::ima/. Subject V. <<esie- Ist segment [a] ([ a+]) of 50 msecs duration; ----2nd seg-

ment [a] |([a]) of 70 msecs duration; 3rd segment [a~] ([a~]) of 80 msecs duration;

- =« 4th segment [@~] ([@~]) of 40 msecs duration; «sas.s.er 5th segment [53] ([3]) of 60
msecs duration. 1

spectral composition of the 2nd segment [€] ([e]) F, increases and F’y decreases (in
comparison with the preceding segment). In the case of the characteristic segment [4]
([#1) the interval between F, and F’, is relatively the smallest. In the following segme;lt
[#] ([2]) F decreases again and the intensity level of F’; grows. The spectral composition
of the final transitional segment [2] ([2-]) shows a further decrease in the F, region and
a fall in the relative intensity of the F’, region (it is possible that in the case of the last
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two segments the auditory impression of their more advanced and retracted articulations
respectively, may be connected with the respectively greater and lesser intensity levels
of the F’; region).

In Fig. 6 are presented energy density spectra of different segments of Estonian over-
long /a::/ in the word /'sa::ma/ as pronounced by Subject V. The initial transition of this
vowel from the preceding consonant is characterized from the articulatory aspect by a
relative closeness and advanced character, the auditory impression of its quality is
approximately that of [a] ([a+]); as regards its acoustical aspect, the initial segment has
a relatively low F’; (at about 1000 cps in this pronunciation). The relatively somewhat
more open and less advanced articulation of the 2nd segment [a] ([a]) is probably
matched by the greater concentration of energy in the relatively higher frequencies (in the
proximity of 1280 cps) of the F’, region. The articulatory features of the 3rd-segment [a_]
([a.]), 4th segment [a~] ([a~]), and 5th segment [3] ([3]) of this vowel are the
location of the narrowest supra-laryngeal stricture within the pharynx and the gradual
narrowing of this constriction. These features are matched on the acoustical level by a
fall in the intensity of higher frequencies in the F’; region (cf, e, g., the relative intensity
at about 1280 cps with the level of the peak of the formant region in the spectral composi-
tion of the 3rd, 4th and 5th segments respectively).
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Fig. 7. Energy density spectra of different séegments of Estonian over-long /u::/ in”the word

/'puiiri/. Subject 11, -eeezeeee 1st segment [u.] ([u2]) of 40 msecs auration, ---- 2nd seg-

ment_[u] ([u]) of 40 msecs duration; ——— 3rd segment [u] ([y-) of 40 msecs

duration;==~ 4th segment [u] ([u]) of 40 msecs duration; - 5th segment [y.]
5 ([ye]) of 40 msecs duration.

It is of special interest in this connection to observe the possible acoustical correlates
of nasalization. An acoustical consequence of the widening of the velic stricture, i. e. of
the coupling of the nasal, oral and pharyngeal cavities, seems to be the occurrence of a
supplementary so-called nasal “formant” (at about 320—400 cps in the case of the given
pronunciation). The intensity of this nasal “formant” increases and the intensity of the
F’y region decreases with an increase in the degree of nasalization (cf. the change in the
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relationship of the relative intensity of these formants in the spectral composition of the
3rd, 4th and 5th segments respectively). [A certain reinforcement at about 400 cps in the
case of [a} ([a+]) and [a] ([al) is probably merely a reinforced 2nd harmonic (note
that its relative intensity is smaller than the intensity levels of both the fundamental pitch
and the F”; region) which is present quite consistently in the case of vowels with a relatively
more open articulation. One is led to the tentative assumption that this fact may also be
connected in some way with the incompleteness of the velic closure present in the
production of open vowels.!° This may or may not be the case.] It is also noteworthy that,
in distinction from unnasalized segments, nasalized segments have a more conspicuous
supplementary reinforcement likewise in the proximity of 2500—3200 cps (note that the
relative intensity of the peak of this region in comparison with the dip at about 2000 cps
is higher in the case of the more nasalized 4th and 5th segments than in that of the 3rd
segment).

A broadening of the reinforced F’, region towards relatively lower frequencies in
connection with nasalization has also been recorded in some cases when the same word
was pronounced by different speakers.

Fig. 7 gives energy density spectra of different segments of Estonian over-long /u::/
in the word /'pu::ri/ as pronounced by Subject II. The vowel begins with an over-rounded
element [u.] ([w]); it is the smaller lip orifice that probably causes a decrease in Fi:
the peak of this resonance region is located at about 250 cps, whereas in the case of the
characteristic segment [u] ([u-]) it is at about 320 cps. As regards its tongue-position,
hearing this initial segment in isolation produces the impression of a relatively more open
narrowest stricture and of a somewhat more advanced articulation (in comparison with
the characteristic segment). It may be assumed that these articulatory features have as
their principal correlate the occurrence of F, as a separate reinforcement region at about
640 cps (F; and F, have merged in the case of the characteristic segment). The relatively
higher F, and F; occurring in the spectral composition of the 2nd segment [u] ([u]) are
probably responsible for the auditory impression of a relatively more open and more
advanced articulation. The acoustical correlates of the somewhat more advanced artic-
ulation of the 4th segment [u] ([u]) (in comparison with the characteristic segment)
seem to be the relatively higher position of F, and F,. The certain amount of delabialization
observed in the case of final transition [u.] ([u<]) apparently causes a shift of F,
towards higher frequencies.

In Fig. 8 are presented energy density spectra of different segments of Estonian over-
long /o::] as pronounced in the word /'ko::§i/ by Subject II. The transition [9] (Lo-])
from the preceding consonant to the characteristic segment is characterized by a rela-
tively closer (and possibly also a somewhat more retracted) articulation, the acoustical
consequence of which may be observed in the Figure as a notable shift of the F; region
(500—800 cps band) to the immediate proximity of F,, and also as a relatively greater
reinforcement of the lower frequency components of the F, region. It is possible that the
delabialization recorded on the basis of auditory impression during the transition [o]
([©]) from the characteristic segment to the following consonant is represented :in the
spectrogram by a perceptible increase in F;: the peak occurs here at about 800 cps as
compared with 640 cps in the case of the characteristic segment.

Fig. 9 presents energy density spectra of different segments of Estonian over-long
/6::/ in the word /'m&::tu/ as pronounced by Subject I. The most probable acoustical

correlate of the nasality of the initial transitional segment [;t:e] ([§»+]) of this vowel is
the noticeable reinforcement at about 320 cps; an additional reason for that may be a
certain labialization of the tran.sitional sound. It is possible that an acoustical consequence

9 For details of the occurrence of this articulatory feature, see G. Liiv, On
Qualitative Features of Estonian Stressed Monophthongs of Three Phonological Degrees
of Length. “Eesti NSV Teaduste Akadeemia Toimetised — Uhiskonnateaduste Seeria”
[“Transactions of the Academy of Sciences of the Estonian S.S.R.”, Series of Social
Sciences], Tallinn, 1961, Nos. 1, 2, pp. 41—66, 113—131.
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Fig..8. Energy density spectra_of’diiferent’segments of Estonian over-long /o::/ in the word

/'ko::8if. Subject H,  co---e 1st"segment [0} ([ 0-1) of 70 msecs duration; 2nd seg-

ment [ 0] ([0%]) of 130 msecs duration; i 3rd segment [wT ([w]) of 70 msecs
duration.
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Fig. 9. Energy density spectra of different segments of Estonian over-long /6::/ in the word

/'mazitu/. Subject I ceeveees Ist segment [g.] ([82+]) of 50 msecs duration: - --2nd seg-

menl [s] ([é-]) of 70 msecs duration; 3rd segment [¢] ([&-1) of 70 msecs dura-

tion; ==« 4th segment [e] ([€]) of 70 msecs duration:. ........5th segment [e] ([é+]) oi
70 msecs duration. %
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C

of labialization may be seen in the decrease of F,: the peak occurring here in the proximity
of 1280 cps as compared with about 1600 cps in the case of the characteristic segment
[g]; ([&-1)- The relatively more advanced placement of the tongue may be responsible for
the higher position of Fs: the peak of this reinforcement region is at about 3200 cps in
comparison with about 2500 cps for the characteristic segment. The auditory impression
of the somewhat more open phonation of the 2nd segment [¢] ([€-]) is probably due to a
relatively higher position of F;: the peak occurs here at about 500 cps, the weighted average
of the visible maxima occurring at 320 cps and 500 cps in the spectrum envelope of the
characteristic segment, however, is about 416 cps. It is possible that the greater rein-
forcement of the relatively higher components of the F3 region indicates a somewhat less
retracted articulation in comparison with that of the characteristic segment. The auditory
impression produced by a relatively more open articulation of the 4th segment [e] ([€])
can probably be attributed to the relatively higher position of F, at about 500 cps (it is
possible that a certain reinforcement at about 250 cps in the case of the 4th and 5th
segments is merely a reinforced 2nd harmonic). The shift of F,"and F; towards relatively
higher frequencies is probably an acoustical correlate of the more advanced articulation
recorded as the result of the auditory estimation of the final transitional segment [¢]

([e+])."

The Duration of the Characteristic Segment and Transitional
Segments of Vowels in Different Degrees of Length

The average absolute duration of the characteristic segment is about 40 msecs in vowels
of the first degree of length, 63 msecs in vowels of the second degree and 77 msecs in vowels
of the third degree. Consequently, the ratio between the average absolute durations of
the characteristic segments of vowels of the first, second and third degrees is
1.00 : 1.58: 1.93; the ratio of the corresponding durations of the characteristic segments
of vowels of the second and third degrees is 1.00: 1.22. The duration of the characteristic
segment constitutes, on the average, 37% of the total duration of vowels of the first
degree of length, 36% of the total duration of vowels of the second degree and 31% of
the duration of vowels of the third degree. Thus, the relative duration of the characteristic
segment in vowels of the first and second degrees of length is approximately the same,
decreasing, however, in the case of vowels of the third degree.

The average absolute durations of the transitional segments between preceding con-
sonants and the characteristic segments are about 32 msecs in vowels of the first degree of
length, 53 msecs in vowels of the second degree and 75 msecs in vowels of the third
degree. The ratio of the average absolute durations of the transitional segments referred
to in the case of vowels of the first, second and third degrees of length is 1.00: 1.66 : 2.34.
In vowels of the second and third degrees of length the ratio of the corresponding tran-
sitional segments is 1.00:1.42. The duration of the transitional segments between a
preceding consonant and the characteristic segment represents 31% of the total duration
of a first-degree vowel, 30% of that of a vowel in the second degree and 30% likewise
of the duration of a vowel in the third degree of length. Hence the relative duration of the
transitional segments mentioned is approximately the same in all three degrees of length.

The average absolute durations of transitional segments occurring between a charac-
teristic segment and a following consonant are: 35 msecs in vowels of the first degree of
length, 63 msecs in vowels of the second degree and 104 msecs in vowels of the third
degree. The ratio of the average absolute durations of such transitional segments in vowels
of the first, second and third degrees of length is 1.00:1.80 : 2.97; the ratio of the corre-
sponding transitional segments in vowels of the second and third degrees of length is
1.00: 1.65. Thus the increase in the absolute duration of transitional segments between

I The continuous spectral display of the changes in the quality of the same vowel
in the pronunciation of the same speaker is given in G. Liiv, Acoustical Features of
Estonian Vowels Pronounced in Isolation and in Three Phonological Degrees of Length,
Fig. XVII (Plate X).
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the characteristic segment and a following consonant in the longer degrees of length of
vowels is markedly greater than the corresponding increase in the absolute duration of
transitional segments that come between a preceding consonant and the characteristic
segment. This difference is especially striking if one compares vowels of the second and
third degrees of length. The average duration of the transitional segments between the
characteristic segment and a following consonant constitutes 32% of the total duration
of vowels of the first degree of length, 35% of that of vowels of the second degree and
39% of the total duration of third-degree vowels. Thus the relative duration of the tran-
sitional segments referred to grows with an increase in the degree of length of vowels
(see Fig. 10 illustrating the above-mentioned facts).

110
100

A B

Fig. 10. Average absolute durations

(A) and relative durations (B) of the

characteristic segment and the tran-

sitional segments of vowels in different
degrees of length.

msecs

A continuous line —— denotes over-long
vowels, a broken line - -- stands for long
vowels, and a dotted line ... for short

vowels. The ordinate denotes the absolute
duration in milliseconds or the relative
duration in percentage respectively. 1 —
duration of transitional segments occurring
between preceding consonants and the
characteristic segments; 2 — duration of the
characteristic segments; 3 — duration of
10 4 54 transitional segments between the character-
istic segments and following consonants.

The data presented above suggest that there is a comparatively loose (open) contact
in the longer degrees of length. This difference seems to be most prominent between
vowels of the second and third degrees of length. The evidence proves once again a
relatively greater heterogeneity of the acoustic composition of vowels in the third degree
of length.

3. SUMMARY

The auditory, oscillographic and spectral analysis of experimental language material
has shown convincingly that the characteristic segments of stressed vowels in three phono-
logical degrees of length also possess regular qualitative distinctions!? which are in
agreement with articulatory data obtained in the course of a series of experiments involv-
ing réntgenography, palatography and the filming of the external organs of speech.!

12 In the present article the qualitative differences of the characteristic segments of
vowels have largely been neglected in transcription. Transitional segments have been
compared, above all, with the characteristic segments of the corresponding vowels and,
consequently, the addition of diacritic marks to all symbols representing the characteristic
segments would have rendered the transcription even more complicated (on the whole
it has not been considered expedient to use different symbols to designate allophones in
different degrees of length).

13 For acoustical data on the qualitative differences of the characteristic segments
of vowels in three degrees of length as well as on the acoustical features of isolated
vowels, see G. Liiv, Acoustical Features of Estonian Vowels Pronounced in Isolation
and in Three Phonological Degrees of Length. “Eesti NSV Teaduste Akadeemia Toimeti-
sed — Uhiskonnateaduste Seeria” [“Transactions of the Academy of Sciences of the
Estonian S.S.R.”, Series of Social Sciences], Tallinn, 1962, No. 1, pp. 63—97. An articula-
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From the point of view of the phonological system, however, the differences in quality
of vowels in different degrees of length are considered to be primarily concomitant
phonetic phenomena that do not play a decisive role in the perception of the correspond-
ing degrees of quantity.

In a brief summary of the analysis of the quantity of Estonian vowels ', it should
be reiterated that the average figures for the absolute duration of Estonian vowels in
stressed (first) syllables are: first degree of length — 118.8 msecs, second degree of
length — 204.4 msecs, and third degree of length — 240.4 msecs (each of these figures
being the average of about 300 measurements). The ratios of the absolute average
durations of the degrees of length in vowels of stressed syllables are as follows:
1.00: 1.72: 2.02 in the case of the first, second and third degrees of length; 1.00: 1.18 in
the case of the second and third degrees. The length contrasts given in earlier
investigations based on measurements of words pronounced in isolation are evidently
much exaggerated. The duration of a vowel in an unstressed (second) syllable is in
inverse proportion to the duration of a vowel in a stressed syllable, whereas the total
duration of the words (of the same structure) is approximately the same in all the
three degrees of quantity. The average absolute duration of the vowel in a second
syllable is 1629 msecs in words of Quantity 1, 127.1 msecs in words of Quantity 2
and 93.1 msecs in words of Quantity 3. One may thus speak of three phonetical
lengths of second-syllable vowels. Statistical data show that the mean values given
are wholly reliable as regards the different durations of vowels in both stressed and
unstressed syllables.!

The three degrees of quantity in Estonian are attended by different kinds of pitch
patterns. Different pitch patterns in different degrees of duration do not play, how-
ever, a decisive role in the perception of the corresponding degrees of quantity,
consequently, they have no phonological relevance. This is confirmed above all by

tory analysis of vowels of different degrees of length is given in G. Liiv, On Qualitative
Features of Estonian Stressed Monophthongs of Three Phonological Degrees of Length.
“Eesti NSV Teaduste Akadeemia Toimetised — Uhiskonnateaduste Seeria” [“Transactions
of the Academy of Sciences of the Estonian S.S.R.”, Series of Social Sciences], Tallinn,
1961, Nos. 1, 2, pp. 41—66, 113—131.

" An analysis of the durational differences of the three degrees of length and the
accompanying pitch patterns may be found in G. Liiv, Eesti keele kolme viltusastme
vokaalide kestus ja meloodiatiiibid [The Duration and Pitch Patterns of Estonian
Vowels of Three Degrees of Length]. “Keel ja Kirjandus” [“Language and Literature™],
Tallinn, 1961, Nos. 7, 8, pp. 412—424, 480—490.

5 As the variation dispersions of the durations in stressed vowels of the

2

o
second and third degrees of length do not differ essentially (F=—f‘,L =~ 1.08), there were
Oty
grounds for doubting whether the results of the series of observations referred to
constitute two independent series or whether there is variation of one and the same
phenomenon. It therefore proved necessary to compare the arithmetical averages of
these series of observations by means of the Student #-test. Since in this case

t= __E_‘:_'_x"i____ﬁ . BEL L SO
Z(X”—fl)z—i—.‘:(x?i—iz)? n, + ny P
n‘+n2-—2

where X; is the arithmetical mean of the first series of observations (of the durations
of vowels of the second degree of length); X, — the arithmetical mean of the second
series of observations (of the durations of vowels of the third degree of length);
x;; — the value of the i-th observation of the first series; x;; — the value of the i-th

observation of the second series; n; — the number of observations in the first series;
ny — the number of observations in the second series; — consequently the arithmetical
means of the series differ essentially. As the dispersions of all the other series of
observations already differ considerably from one another, there is no need to compare
their arithmetical means.
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auditory tests where a definite pitch pattern when changing durational relations is not °
an insurmountable obstacle in identifying a word with a shortened vowel as being of
a different degree of quantity than the original word. A further corroboration of the
same is the relatively greater variation of pitch patterns.

One may also assume that the differing contact between vowel and following
consonant [tight (close)/loose (open) contact] plays a certain role in distinguishing
first and foremost the second and third degrees of quantity. This opinion is corroborated
by the facts mentioned above in this paper as well as by a series of other observations:
auditory tests, approximately the same duration of vowels in the third degree of length
before stops and spirants, some visual observations from the sonagrams, kymographic
and oscillographic curves, certain evidence of a relatively consistent and conspicuous
drop in intensity in the last portion of third-degree vowels. <

From the point of view of the perception of the quantity of a word the ratio of
the duration of the vowel in the stressed syllable to that of the vowel in the unstressed
syllable appears to be the most significant feature. The ratio of the average durations
of vowels in stressed and unstressed syllables is approximately 0.73:1.00 in the first
degree of quantity of words (the mean value of the ratios of single measurements is
0.75:1.00); 1.60:1.00 in the second degree (the mean value of single measurements
is 1.58:1.00) and 2.58:1.00 in the third degree (the mean value of the ratios of single
measurements is 2.76:1.00). It is obvious that the ratios for the durations of vowels
in stressed and unstressed syllables of different degrees of quantity contrast much
more markedly than do the durations of vowels in stressed syllables alone. This seems
to suggest the greater importance of such contrasts in the process of the perception of
different degrees of quantity. This opinion is corroborated by auditory tests, where
possible changes have been observed in the perception of degrees of quantity under
different conditions when certain segments of vowels in stressed or unstressed syllables
were removed from-a magnetic tape by gating out, thus reducing the vowel durations.
A further corroboration of the same is the relatively smaller variation of these ratios
(this is true with regard to both the mean values of observations as well as the
ratios of single measurements).'® From the point of view of language structure it is
interesting to note in this connection that there are no ternary quantitative appositions
of Estonian monosyllabics as there is no support contributed by a second syllable.

The analysis of any relative figures shows that the first and second degrees of
quantity are more contrasted as regards duration than are the second and third degrees,
whereas the differences in many qualitative features associated with quantity appear
to be comparatively greater between the second and third degrees of quantity.

There seem to be suificient grounds for believing that the ratios between the
durations of vowels in stressed and unstressed syllables may be interpreted phono-
logically as three supra-segmental quantity structures of Estonian words, consequently,
the quantity in Estonian seems probably to function first of all on the level of word
structures.'?

Academy of Sciences of the Estonian S.S.R., . Received
Institute of Language and Literature Feb. 6, 1962

8 The range of variation (comprising 90% of all single measurements) of the
ratios of the duration of a vowel in a stressed syllable to that of a vowel in an
unstressed syllable is 0.45:1.00 to 1.13:1.00 in the case of words of Quantity I;
0.93:1.00 to 2.24:1.00 for words of Quantity 2 and 1.83:1.00 to 3.97:1.00 in the case
of words of Quantity 3. The overlapping of fluctuation ranges of ratios referred to in the
case of words in the first and second degrees of quantity (0.93: 1.00 to 1.13: 1.00) includes
anroximately 14% of single measurements for words of Quantity 1 and 8% of words
ol Quantity 2; the corresponding overlapping between the words of the second and third
degrees of quantity (1.83:1.00 to 2.24:1.00) comprises approximately 20% of single
measurements of words of Quantity 2 and 18% of ratios for words of Quantity 3.

7 In view of what has been said above, one cannot agree with, e. g,
R. T. Harms's treatment along structuralistic lines which phonemicizes both long
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EESTI KEELE KOLMES VALTUSASTMES ESINEVATE VOKAALIDE
AKUSTILISEST STRUKTUURIST

G. Liiv
Resiimee

Kéesolevas toos jalgitakse eesti keele kolmes fonoloogilises viltusastmes esinevate
pearohuliste monoftongide kvaliteedi muutumist fonatsiooni jooksul auditiivse, ostsillo-
graafilise ja spektraalanaliiiisi pohjal. Lahemalt on analiiiisitud siirdesegmentide akustilisi
tunnusjooni. On maéiratud vokaalide karakteerse segmendi ja siirdesegmentide nii abso-
luutne kui relatiivne keskmine kestus kolmes fonoloogilises viltusastmes.

See, mida me tavaliselt moistame teatava foneemi esinemuse all teatavas sonas, moo-
dustub tegelikult tervest reast kvaliteedilt erinevatest elementidest (nditeid eesti keele
erivalteliste vokaalide kvaliteedi muutumisest fonatsiooni jooksul on ostsillogrammidena
esitatud joon. I—VI). Kuigi me konevoolus oige sageli ei marka-vokaalide struktuuri hete-
rogeensust, on konesoleva nahtuse fiiiisikaliste karakteristikute tundmisel kone automaatse
(masina)analiiiisi seisukohalt esmajarguline tihtsus.

Kolmes fonoloogilises viltusastmes esinevaid eesti keele pearohulise silbi monoftonge
vaadeldi kahesilbilistes sonades, mille molemad silbid olid lahtised. Viimaseid ei hdilda-
nud katseisikud kui iiksiksonu, vaid kui lausefoneetiliselt enam-vdhem identseid lauseosi:
kindla koneviisi jutustavate jaatavate lausete esimeste sonadena viljaspool loogilist lause-
rohku. Kestuselt vastandatav vokaal esines kolmes viltusastmes tapselt samasuguses
konsonantiimbritsuses. Keelematerjali analiiiisil on piirdutud eesti iihiskeele Tallinna
héildusega.

Kolmes viltusastmes esinevate vokaalide karakteerseid ja siirdesegmente analiiiisiti
kuuldeliselt separaatori abil viie katseisiku hédilduse pohjal. Ostsillogramme valmistati
kolme isiku poolt hddldatud keelematerjalist. Siirdesegmente on spektraalselt analiiiisitud
nelja isiku hdidlduse alusel. Aparatuurist kasutati separaatorit (segmentaatorit), ostsillo-
graafi MITO-2, firma Standard Telephone & Cables Ltd. (London) helisageduste spektro-
meetrit, mudel 74100-A, seeria Ne 22603, ja 48 filterkanaliga diinaamilist spektrograafi ning
.selle lisaseadist, mis vboimaldab saada amplituudvéartuste 14dbiloikeid. Katsed tehti Lenin-
.gradi Riikliku Ulikooli eksperimentaalfoneetika laboratooriumis 1959. aastal. Kdesolevas
.artiklis kdsitletavate probleemide raames on analiiiisitud iile 300 spektri.

and over-long vowels as geminate clusters, the over-long degree of length being due
only to postposed stress, i. e. stress on the second component of the cluster. The over-
long degree of length is represented in -phonological transcription by two letters and
a grave accent above the second element (see R. T. Harms, A Descriptive Grammar
of Estonian. Chicago, 1960). A similar phonological manner of the notation of vowels
in the third degree of length was suggested by V. Hallap in a paper read on
February 18, 1962, at a meeting of the Society of the Mother Tongue (Emakeele Selts).
V. Hallap regards vowels of the second degree of length as geminate clusters and
third-degree vowels as geminate clusters to which a “supra-segmental phoneme denoting
the third' degree of length” has been added. The present writer finds that experimental
data do not warrant such a theoreticized distinction and interpretation. At any rate
one cannot speak of the incidence of stress on the second component of the so-called
clusters (i. e. on the second half of the third-degree vowels) because the possible
acoustical correlates of stress are all contra-indicated in this case (a fall in fundamental
pitch and a fall in intensity, a certain blurring of vowel quality).

As regards the changes in intensity as a whole within vowels of different degrees
of length, the experimental material of the present work (visual estimation of about
200 oscillograms) in no way corroborates I. Lehiste's assertion that there are
as many clearly discernible peaks oi energy within a vowel as are designated by the
numeral of the degree of length of the pertinent vowel (see I. Lehiste, Segmental
and Syllabic Quantity of Estonian. “American Studies in Uralic Linguistics”, Indiana
University Publications, Uralic and Altaic Series I, 1960, pp. 21—82, esp. p. 25). On
the contrary, one may actually note with interest that there is a certain diiference in
the dynamics of changes in intensity within vowels of different degrees of length, the
general trend of the rise and fall in intensity appearing to coincide somewhat with
simultaneous changes in fundamental pitch . (for pitch patterns, see G. Liiv, Eesti keele
kolme véltusastme vokaalide kestus ja meloodiatiiiibid, pp. 488—490, Fig. 9). The fore-
going statement may, of course, prove to be but a tentative suggestion, and a reliable
determination of the phenomenon calls for a further series of experiments.
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Andmed kolmes fonoloogilises viltusastmes esinevate vokaalide eri segmentide kvali-
teedi ja kestuse kohta esitatakse iilevaatlikkuse ja lithiduse huvides tabelitena (1—9).
Uldiselt voib markida, et eristatavate segmentide arv ja kvalitatiivsete erinevuste pohi-
tendents ning maéar soltuvad nii vokaalide eneste kvaliteedist kui ka nende foneetilisest
positsioonist, s. o. erinevast konsonantiimbritsusest. Muudel vordsetel tingimustel tuleb
jarjekindlaid erinevusi vokaalide kvaliteedi muutumises registreerida soltuvalt kestusest.
Pohijoontes voib Gelda, et viltusastme pikenemisega kaasneb vokaalide akustilise struk-
tuuri suhteliselt suurem heterogeensus. Koige ebastabiilsem nidib olevat vokaalide kvaliteet
ITT véaltusastmes: iildiselt voib siin eristada koige rohkem kvaliteedilt erinevaid segmente,
sama vokaali eri segmentide kvalitatiivsed erinevusedki ndivad olevat ménevorra suure-
mad, sageli voib registreerida ka monevorra suuremat varieerumist eri isikute haaldustes.
Niiteid vokaalide spektraalse koosseisu muutumisest fonatsiooni jooksul vt. joon. 1—9.

Eksperimentaalsete materjalide analiiiis andis jargmisi preliminaarseid andmeid vokaa-
lide karakteerse segmendi ja siirdesegmentide kestuse kohta eri viltusastmeis. Karakteerse
segmendi keskmine absoluutne kestus I viltusastme vokaalidel on ca 40 msec, Il valtus-
astme vokaalidel 63 msec ja III vidltusastme vokaalidel 77 msec. I, 11 ja III valtusastme
vokaalide karakteerse segmendi keskmise absoluutse kestuse suhe on seega 1,00 : 1,58 : 1,93;
II ja III viltusastme vokaalide karakteerse segmendi vastava kestuse suhe on 1,00:1,22.
Karakteerse segmendi kestus moodustab I valtusastme vokaalide kogukestusest 37%,
Il viltusastme vokaalide kogukestusest 36% ja III viltusastme vokaalide kogukestusest
31%. Seega on karakteerse segmendi suhteline kestus I ja Il valtusastme vokaalidel umbes
sama, kahanedes aga III valtusastme vokaalide puhul.

Eelneva konsonandi ja karakteerse segmendi vaheliste siirdesegmentide keskmine
absoluutne kestus on I valtusastme vokaalidel 32 msec, II valtusastme vokaalidel 53 msec
ja III valtusastme vokaalidel 75 msec. I, II ja III véltusastme vokaalide nimetatud siirde-
segmentide keskmise absoluutse kestuse suhe on 1,00:1,66:234; Il ja III véltusastme
vokaalidel on vastavate siirdesegmentide kestuse suhe 1,00: 1,42. Eelneva konsonandi ja
karakteerse segmendi vaheliste siirdesegmentide kestus moodustab vokaali kogukestusest
I viltusastmes keskmiselt 31%, 11 vialtusastmes 30% ja 111 vialtusastmes samuti 30%.
Seega on nimetatud siirdesegmentide suhteline kestus koigis valtusastmetes umbes sama.

Karakteerse segmendi ja jargneva konsonandi vaheliste siirdesegmentide keskmine
absoluutne kestus on I viltusastme vokaalidel 35 msec, I véltusastme vokaalidel 63 msec
ja III véltusastme vokaalidel 104 msec. I, I ja I1I véltusastme vokaalide nimetatud siirde-
segmentide keskmise absoluutse kestuse suhe on 1,00:1,80:297; Il ja IIl véltusastme
vokaalide vastavate siirdesegmentide kestuse suhe on 1,00:1,65. Seega on karakteerse
selg(mendi ja jargneva konsonandi vaheliste siirdesegmentide absoluutse kestuse juurdekasv
vokaalide pikemates viltusastmetes mérEatavalt suurem vastavast juurdekasvust eelneva
konsonandi ja karakteerse segmendi vaheliste siirdesegmentide absoluutse kestuse osas;
see erinevus ilmneb eriti selgesti II ja 111 viltusastme vokaalide vordlemisel. Karakteerse
segmendi ja jargneva konsonandi vaheliste siirdesegmentide keskmine kestus moodustab
vokaalide kogukestusest 1 valtusastmes keskmiselt 32%, 11 viltusastmes 35% ja III viltus-
astmes 39%. Seega pikeneb nimetatud siirdesegmentide suhteline kestus vokaalide viltus-
astme suurenedes (vt. ka joon. 10). :

Eksperimentaalne materjal viitab vokaali ja jargneva konsonandi suhteliselt 1odvale
seondusele pikemates viltusastmetes, seejuures ndib nimetatud erinevus olevat markantsem
just II ja III valtusastme vokaalide vahel. Samuti kinnitavad esitatud andmed III valtus-
astme vokaalide akustilise struktuuri suhteliselt suuremat heterogeensust.

Eesti NSV Teaduste Akadeemia Saabus toimetusse
Keele ja Kirjanduse Instituut 6. 11 1962

K BOMPOCY Ob AKYCTHYECKOM COCTABE 3CTOHCKHX TIJIACHBIX
TPEX CTENEHEHW JOJIirOThb!

I'. Jluie
Pestome

B paGore npuBOAATCS HEKOTOpble AaHHble O HEOJHOPOAHOCTH KayecTBa 3CTOHCKHX
YAapHbIX MOHO(TOHrOB Tpex (OHOJIOrMYECKHX CTeNeHeil AOJAroThl, HCXOAs H3 CJAYXOBOro,
ocumJsIorpadHyeckoro M CHeKTPaJbHOro aHain3oB. Dosee mnoapo6HO NpoaHaJH3UPOBAHBI
aKyCTHYeCKHe NPH3HAKH NepexOAHBIX cerMeHToB. PaccmarpuBaioTcsi cpeAHss abcosioTHas H
OTHOCHTENbHAS JJHTeJbHOCTH XapaKTePHOrO CerMeHTa H IepeXOAHbIX CEerMeHTOB B Tpex
(OHONIOrHYECKHX CTENEeHAX AOJrQTHI,

@oHema, Kak Obl Mbl HE BOCIPHHHMAJH €€ B TOM HJIH HHOM CJOBE, B A€HCTBHTEJbHOCTH
CKJIa/IbIBA€TCH M3 LIeJIOr0 Psijla 3/JeMEHTOB, pas/HYaeMbiX MO KayecTBY (HEKOTOpbie NMpHMeph
HEOHOPOIHOCTH 3BYYaHHS 3CTOHCKHX IVIACHBIX Pa3HLIX CTeneHed NOJArOTH NpHBeAeHH B rpa-
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¢uyeckom H3obpaxkeHHH Ha ocumagorpammax puc, [-—VI). Xorsi B nmoToke peuu Mbl 4acTo
He 3aMeyaeM HEeOJHOPOIHOCTH COCTABA TIJ1ACHBIX, (DH3HUECKHE XAPaKTEPHCTHKH 3TOrO siBJe-
HHSI HMMEIOT NepPBOCTENeHHOe 3HAYEeHHWe /Ui YCIEIWHOTO pPeleHHs] 3a7ay 4aBTOMAaTHYECKOTO
Pa3JIHueHHs] pPeun.

Ynapuele MOHOQTOHTH Tpex (OHOJOrHUECKHX CTeneHeii /10JroThl HM3yyajuch B ABYX-
CJIOXKHBIX CJ0BaX (06a cJora KOTOPbIX GBLIH OTKPHITHIMH), MPOH3HOCHMBIX B ONpeJeNeHHOM
KOHTeKCTe, NMpHYeM HX CHHTAKCHYecKasi poJb H (oHeTHUecKoe MoJOXKeHHe BO ¢pase OblIH
10 BO3MOXKHOCTH TOX/ECTBEHHBl [JIsi BCeX cJyuyaeB (mepBbleé €JOBa TOBECTBOBATEJbHBIX
YTBePAMTEJNbHBIX TPeJJOKEeHHH H3IBSBHTEJBHOrO HAKJIOHEHHs BHE JIOTHUYECKOTO YyAapeHHs
npepjoxkenus). InacHbiit (OHOJOrHYECKH NPOTHBONOCTABJEHHBIX CTEMeHel [0JTOThl HaXo-
JIMJCS B OJIHHAKOBOM KOHCOHAHTHOM OKpy:KeHuH. MccsegoBasoch TaJJHHCKOE NMPOH3HOLIEHHE
3CTOHCKOTO JIHTEPAaTYPHOTO SI3bIKa.

Ilpu cayxoBoM aHajau3e (C NMOMOILBIO CelapaTopa) XapaKTePHbIX M MEPEeXOAHBIX cer-
MEHTOB IVIaCHBIX TpPeX CTenekeil J0JroThl GblH HCNOJL30BaHBI 3BYKO3AMHCH TISITH AHKTOPOB.
Maruutodonnas 3anuch peyeBOro MartepHana B MPOM3HOIIEHHH TpeX AMKTOPOB Oblia MOA-
BePrHyTa OCUMJJIOrpadHueckoil cbeMke. [laHHble O CNEKTPAJbHOM COCTaBe MEPeXO/HbIX Cer-
MEHTOB IIOJIyYeHbl Ha OCHOBE aHaJH3a NPOH3HOLIEHWS YeTHIPEX AHKTOPOB.

OnbITH MPOH3BOAKANCL B JIaGopaTOpHH SKCMepHMEHTa bHOH (POHeTHKH JIeHWHrpaacKoro
TOCyAapcTBeHHOro ynuBepcutera B 1959 r. npu nmoMoluu cenaparopa (cerMeHTaTtopa), OCIUMJI-
Jgorpada MITO-2, TtpeTh-okTaBHOTO cnekTpomerpa ¢upmel Standard Telephone & Cables
Ltd. (London), mozxeab 74100-A, cepusi Ne 22603, u 48-KaHaJbHOrO AHHAMHYECKOTO CMEKTPO-
rpada c ycTpoiCTBOM /s MOJyYyeHHSI MTHOBEHHBIX CMeKTpoB. Bcero mnpoaHaJn3aupoBaHo
Gosiee 300 cnekTpos.

CpesienHss 0 KayecTBe M JJIMTeNbHOCTH OTA€JNbHBIX CETMEHTOB TMpHBEAEHb JIs Kpat-
KOCTH W HarJsiiHocTH B BHJe Tabaun 1—9. B o6uieM MOXHO CKa3aTbh, YTO YHCJIO pasJiH-
yaeMblX CerMEHTOB, OCHOBHA$l TEHJEHLHsI M CTeNeHb KayeCTBEHHBIX Pas3JHyMil OT/eJbHBIX
CerMEHTOB 3aBHCAT KaK OT KauyecTBa CaMHX TJIACHBIX, TaK H OT HX (POHETHYECKOro mnoJo-
JKeHHUs], T. €. OT Pas3JHYHOTO KOHCOHAHTHOTO OKpy»eHHsi. IIpu mpounx paBHBIX YCJOBHSX cJe-
JIyeT OTMETHTb TI0CJe/loBaTe/bHble Pa3JjiHyHsi B HEOJHOPOAHOCTH COCTABAa TIJIaCHBIX B 32BH-
CHMOCTH OT JJIHTEJBHOCTH. B o6uieM oGHapy:KHBaeTcsl, YTO CPABHHUTEJBHO GOJbIIAS HEOMHO-
POJHOCTb 3BYYaHHs TVIACHBIX COMYTCTBYET yBeJHYEHHIO CTEeMeHH A0AroThl. HauMeHnbluas cta-
OMJILHOCTb KauecTBa IJIaCHBIX BbIPaxKaeTcss B TpPeTbeH CTeMmeHi [A0JroThl: 3/1eCb OOHApyXKH-
BaeTcsi HaHOoOJIbIIee YHCJIO Pa3jHuaeMblX MO KayeCTBY CErMEHTOB, HECKOJBKO 0oJiblie 3/ech,
BHAMMO, H KauecTBEHHOe pa3/jHuyHe OT/JeJbHbIX CErMeHTOB TOro e TIJacHOro; CpaBHeHHE
SKCePHMEHTA/BHBIX JAHHBIX, MOJYYEHHBIX OT PA3HBIX JHKTOPOB, 4acTO o6HapyKHBaeT He-
CKOJIbKO Goablumit pasGpoc, ueM B ciyuyae NepBOi H BTOPOil creneneii 104roTsl. Hekoropsie
OpHMepBbl H3MEHEHHSI CTIeKTPaJbHOrO0 COCTABA TJIACHBIX HA NPOTSKEHHH HX 3Byqanun npHBe-
AeHbl Ha puc. 1—9.

AHa/H3 3KCIEePHMEHTAJNbHBIX MAaTepHAaJoB /[aeT BO3MOXKHOCTb TPHBECTH CJCAYIOMIHE
TepBOHayalibHble JaHHble O [JHTEJbHOCTH XapaKTePHOro CerMeHTa H TNepexojHbIX CerMeH-
TOB B PasHbIX creneHsx AoaroThl. Cpeansis aGCcosCTHAasl AJIHTENbHOCTb XapaKTepHOro cer-
MEHTa IJIaCHBIX TepBOii CTeNeHH A0JrOThl cocTaBiaseT npumepHo 40 Mcek, BTOPOH CTeneHH
63 Mcek M TpeTbeil cTenmeHH AoaTOoThl 77 Mcek. CpeaHHe aGcosOTHbIE AJHTENbHOCTH Xapak-
TEPHOTO CerMeHTa IJIaCHBIX NMepBOi, BTOPOH H TpPeTbeil cTemneHeil N0JArOTHI COOTHOCSTCH Kak
1,00: 1,58 :1,93; oTHOmeHHEe IJHTEJBHOCTH XapaKTEPHOrO CerMeHTa TJIaCHbIX BTOPOH H
TpeTbeii crenedeil noarotsl paBHo 1,00:1,22. JlauTesibHOCT XapaKTEPHOrO CerMeHTa COCTaB-
JiseT B cayuae nepBou CTelNeHH A0JroTHl B cpeaHeM 37%, B cayuae BTOpoii crenesn — 36%
M B CJavyae TpeTbell creneHH A0JAroThl — 31% obuweit aanTenpHOCTH raacHeix. Cienosa-
TeJIbHO, OTHOCHTEJbHASI [JHTEJbHOCTb XaPaKTEDPHOTO CerMeHTa TIJIacHbIX NepBoii M BTOPOH
CTeneHeil J0JrOThl IIPHMEPHO PaBHA, HO YMEHbIIAeTCS B TPeTbeil CTeneHH A0JIOTHI.

Cpennsisi  aGCOMOTHAS JIHTENBHOCTh  NEPEXO/IHBIX  CErMEHTOB OT MNpEeIIeCTBYIOWero
COTJIACHOrO K XapaKTePHOMY CerMeHTY IJIACHBIX NEepBOH CTeNeHH JOJroThl paBHa 32 Mcek,
BTOPOIi CTeNeHH — 53 Mcek H TpeTbell cTeneHH — 75 MceK. OTHouenue cpennei abcomoT-
HOH JJIHTEJbHOCTH YKa3aHHBIX NEpeXO/JHbIX CerMeHTOB TJIaCHBIX NepBOi, BTOPOil H TpeTbei
creneneii jpoarotel cocrasiasier 1,00 : 1,66 :2,34; oTHOmeEHHe IJIHTEIbHOCTH COOTBETCTBYIO-
UIMX Mepexo/HbIX CErMeHTOB TJacCHBIX BTOPO# M TpeTbeil creneneii pasno 1,00:1,42. [dau-
TeJIbHOCTh NMepPeXOAHbIX CEerMEeHTOB OT Mpe/IIecTBYiOIero COrJIaCHOrO K XapaKTepHOMY cer-
MEHTY COCTaBJIsleT B cJyuyae MepBOH CTeNeHH J0JrOoTHl B cpeaHeM 31%, BO BTOpPOH cTe-
neun — 30% u B TpeTweil Takke 30% oOuiel AJHTENTbHOCTH TiacHbiX. CiefoBaTesNbHO, OT-
HOCHTeJIbHASl JJIHTENBHOCTh YNOMSHYTBIX INEPeXOJHBIX CerMeHTOB NPHMEPHO TOXKJIeCTBeHHA
BO BCEX CTEMEeHsX JO0JTOTHI.

Cpennsisi aGCcoMOTHASI AJHTENIbHOCTb NEPEXOAHbIX CerMEHTOB OT XapaKTEePHOTO CerMeHTa
K TOCJe/lyiolleMy COTJIaCHOMY B cJlyuae IVIaCHBIX MepBOii CTENeHH AOJArOTH paBHA NPHMEPHO
35 Mcek, BTOpOil cremeHH — 63 mcek M Tperbeii — 104 mcek. OTHomenHe cpesHeit abco-
JIOTHOW JIIHTENbHOCTH YKa3dHHBIX TePeXOJHbIX CerMeHTOB TIJIaCHBIX TepBOii, BTOPOil H
TpeTbel creneneit aosarotel cocrasaser 1,00: 1,80 :2,97; oTHomeHHe AJHTEAbHOCTH COOTBET-
CTBYIOIIHX CErMEHTOB TIVIaCHBIX BTOpPOii M TpeThel cremeneit pasuo 1,00: 1,65. Mrak, yBeau-

6 ENSV TA Toimetised. U-3 1962.
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yeHHe aGCOJIIOTHON JJHTENBbHOCTH NEPEeXOAHBIX CEerMEHTOB OT XapaKTepHOro cerMeHTa K Mo-
cJeayloleMy cornacioMy B GoJiee JOJATHX CTEMEHAX IJIACHbIX 3HAYMTENbHO OOJblle, Yem
COOTBETCTBYIOlIEe yBeJqHYeHHe aGCOMIOTHOM IJHTENbHOCTH NepeXoAHbIX CerMeHTOB OT Mpea-
LUECTBYIOIIEr0 COIVIACHOTO K XapaKTepPHOMY CEerMEHTY. YKa3aHHoe pasjiHuHe oGHapyXUBaeTCsH
0CcOGEHHO OTYETJIMBO NPH CPAaBHEHHH TIJIaCHBIX BTOPOH M TpeTweil cremeneii poarotel. Cpen-
HSSl JITHTENBHOCTh TEPEXOIHbIX ~CErMEHTOB OT XapaKTePHOTO CerMeHTa K IOocjeaylolleMy
COTJIACHOMY COCTaBJIsieT B, cjy4yae MepBOi CTelleHH J0JroThl B cpeaHem 32%, BTOpOil cTe-
nenn — 35% u Tpetheit — 39% ANMTENbHOCTH Beero raacHoro. Cile0BaTeNbHO, OTHOCH-
TeJbHas JJHTEJbHOCTb YKA3aHHBIX MEPeXOJHBIX CErMEHTOB yBeJHuHBaercsi B GoJee MOJTHX
crenensix ryacHeiXx (cMm. takike puc. 10).

V3yueHHBIi MaTepHas yKasblBaeT Ha CPaBHUTENbHO CJabblii OTCTYN TJIaCHOTO Mepex
nocaeayomuM. corgacusiM  [loser Anschluss; loose (open) contact]l B Goamee moarux
CTeNeHsiX, TMpHYeM 3TC paszjnyue, BHANUMO, Goble MeX/y TIJIaCHBIMH BTOPOH H TpeTbeit
creneneil poarothl. IlpHBeJeHHble JaHHble IOATBEPIKAAIOT TaK¥Ke, UYTO TIVIaCHble TpeTbei
cTeneHH AO0JTOTHl XapaKTepH3YIOTCs HauGOJbIie HeOJHOPOAHOCTBIO aKYCTHYECKOTO COCTaBa.

Hucturyr ss3slka u AuTepartypol TocTynuiaa B peaakuuio
Axkademuu nayx Icrounckod CCP 6. IT 1962
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