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Pesume

BoBen: 3nauajna mH(poOpMamja 3a KBaJu-
TETOT Ha TOBOPOT ce qo0uBa on Qopmara Ha
CIIEKTPOTPaMOT KOjJIITO COJIPIKU KBAHTUTATUBHU
MOJIaTOIIN 3a 3BYKOT. CIIeKTpaHUTe KapaKTepuc-
THUKH Ha KOHCOHAHTHUTE MOXKE J1a CE€ aHATTU3NpaaT
CO OIIpeyBame Ha CIIEKTPAITHUTE MOMEHTH.

Hen: llenTta Ha crynujaTa Oemre na ce Kai-
KyJIupaaT CIEKTPaTHUTe MOMEHTH Ha MaKeIOH-
CKUTE KOHCOHAHTH W (peKBeHIMUTE Ha (op-
manTute o1 F1 10 F5 u ocHOBHaTa (hpekBeHIM]ja
(Fo) Ha HazamuTe W IaTepaInTe.

Marepujan u wmeroau: OBaa cryauja
BKITydyBa 15 M3BOpHU TOBOPHUTEIH HA MaKeIOH-
CKH ja3uK, MMeT MaX<u, NIeT )KEeHU, Ha BO3PACT O]
26 no 50 rogunu (cpenna Bozpact 38,9+9,6 ro-
JIUHU) U TET Jiela, JBE MOMYHIbA U TPU JCBOj-
YWa, Ha Bo3pacT ox 9 mo 14 rommuu (cpemHa
Bo3pact 10,6+1,9 roguan). Konconantute Oea
CHUMEHH KaKO M30JMpaHU (POHEMHU U aHAIU3U-
paHH BO KOMIIjyTepcKaTa rnporpama Praat.
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Abstract

Introduction: Significant information about
the quality of speech is provided by the shape of
the spectrogram that contains quantitative data
of a sound. Spectral characteristics of conso-
nants can be analyzed by determining the spec-
tral moments.

Objective: The objective of the study was to
calculate spectral moments of Macedonian con-
sonants and formant frequencies from F1 to F5
and fundamental frequency (Fo) of nasals and
laterals.

Material and methods: This study included
15 native speakers of Macedonian, five males,
five females, aged 26 to 50 years (mean age of
38.949.6 years), and five children, two boys
and three girls, aged 9 to 14 years (mean age of
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Pesyararu: Cpennara BpeOHOCT Ha LEHTa-
POT Ha rpaBHUTalMja Kaj CUTE KOHCOHAHTH Oele
Bo ormcer ox 428 Hz no 4021 Hz. Cpennara Bpea-
HOCT Ha CIEKTpaJHaTa CTaHAapIHa ICBHjallvja
6ermre Bo oncer ox 363 Hz no 3108 Hz. Hajsuco-
KM BpemHOCTH Oea 0OMEeHU Kaj (pUKATUBOT /c/
Kaj nenara. CpeaHara BpeAHOCT Ha HAKJIOHOT Ha
CIIEKTapOT Oellle MO3UTHBHA Kaj CUTE KOHCOHAH-
tH. CpeHaTa BpeTHOCT Ha KypTO3HC Oelle HCTO
Taka TIO3WTHBHA Kaj CUTE KOHCOHAHTH OCBCH Kaj
(pukaruBot /m/ (-1,4) Kaj )KEHCKUTE TOBOPHUTEITH.

3akuyvok: lleHTapor Ha TpaBHTanMja U
CIeKTpaJiHaTa CTaHAapaHa JeBHjalfja Kaj KOH-
COHAHTHUTE, aHAIM3UPAaHU Kako M3oiupanu ¢o-
HEMH, C€ TIOHHCKH O] BPEAHOCTHUTE JIOOUEHH BO
KOHTEKCT Ha BOKAJM 3apaiu e(eKkToT Ha Koap-
TUKYyJIalKjaTa BO Koja eiaHa (oHeMa BIMjae Ha
MpOIyKUMjaTa Ha MPETXOJHATa U Ha CJleqHaTa
¢onema. HakinoHOT Ha CHEKTapoT W KypTO3HC
ce TO3UTHUBHH Kaj HajroyieM Opoj TOBOPUTEIH
IITO YK2)KyBa Ha KOHIIEHTpallMja Ha EHepruja
BO HHCKHTE ()PEKBEHIMM M PEJIATUBHO BUCOKHU
ITUKOBH BO CIIEKTAPOT.

Kayunn 360poBu: ciiexiupannu momeniuu,
MakegoHcKu KoHcoHaniuy, Praat

Boeeg

[IpomykirjaTa Ha TOBOPOT Oapa Tpenm3Ha
KOHTpOJIa HAa JIBU)KEHAaTa Ha BOKAJIHUOT TPAKT
3a J]a ce TeHepupaar roBOPHU 3ByHHU (poHeMn)
KOWIITO C€ OpPraHu3UpaHd BO KOMILJICKCHU
cekBeHi (1). ToBopoT ce kapakTepuzupa co
Op3u IPOMEHH BO apTHKYJIalyjaTa U HEJ3SHHUOT
aKyCTHUYeH NPONYKT. /lMHamMHKara Ha TOBOPOT
MIPETCTaByBa ToJeM IMPEIU3BHK 32 HEroBa aHa-
nm3a (2). Kako koMIieKceH 3BYK, TOBOPOT MOXKE
Jla ce aHaJM3upa BO OJHOC HAa WHTEH3UTETOT U
¢dpekBennujata. OBUE aKyCTHYHH KapaKTepHC-
TUKM Ha TOBOPHHOT 3BYK 3aBHCaT O IOJIOT,
(onemara, compkMHaTa Ha KOHBep3alujara u
emornjata (3).

[oBopHHTE 3ByLM, TEHEpaIHO, MOXe Ja
ce KiIacupuuupaar BO JBE LIMPOKU KaTero-
puu: BoKanu U KoHCOHaHTH (4). Konconanture
ce KapakTepu3Mupaar cO KOMIUIETHA WIN IHap-
LyjajiHa KOHCTPYKLMja Ha BOKAJHHOT TPAaKT
[pU POAYKLHMjaTa U BUCOKO(PEKBEHTHA €Hep-
ruja (5). Tue, reHepaiiHO, c€ MHOTY TOKPaTKH
Ol BOKAaJIUTE M BPEMEHCKH IOBAPH]jaOHITHH

10.6+1.9 years). The consonants were recorded
as isolated phonemes and analyzed in computer
program Praat.

Results: Mean center of gravity in all con-
sonants was in the range from 428 Hz to 4021
Hz. Mean spectral standard deviation was in
the range from 363 Hz to 3108 Hz. The highest
values were obtained in fricative /s/ in children.
Mean skewness was positive in all consonants.
Mean kurtosis was also positive in all consonants
except in fricative /J/ (-1.4) in female speakers.

Conclusion: Center of gravity and spectral
standard deviation in consonants analyzed as
isolated phonemes are lower than values ob-
tained in vowel context because of the effect
of coarticulation in which one phoneme affects
the production of preceding and upcoming pho-
neme. Skewness and kurtosis are positive in
most speakers indicating concentration of en-
ergy in the low frequencies and relatively high
peaks in the spectrum.

Keywords: spectral moments, Macedonian
consonants, Praat

Introduction

Speech production requires a precise con-
trol of vocal tract movements to generate speech
sounds (phonemes) which are organized into
complex sequences (1). Speech is characterized
by rapid changes in articulation and its acous-
tic product. The dynamics of speech poses great
challenges to its analysis (2). As a complex
sound, speech can be analyzed by the intensity
and frequency. These acoustic features of speech
sound depend on gender, phoneme, content of
conversation, and emotion (3).

Speech sounds can generally be classified
into two broad categories: vowels and con-
sonants (4). Consonants are characterized by
complete or partial vocal tract constriction
in production and high frequency energy (5).
They are generally much shorter than vowels
and more variable overtime (6). Consonant fre-
quencies can vary depending on the preceding
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(6). ®pexBeHIIMUTE HA KOHCOHAHTUTE MOXE Ja
BapupaaT BO 3aBHCHOCT O]l TPETXOIHHUTE M O]
CIJIC/IHUTE TJIACOBU (KOAPTHUKYIAIMja) U CE jaBy-
BaaT pasiMKH TIOMEly TOBOPHUTEIUTE, OCOOCHO
BO omHOC Ha 1oyIoT (7). MakeToOHCKHUTE KOHCO-
HaHTU ce KiacupuuupaaT CHOpe] 3BYyYHOCTA,
MECTOTO Ha apTHKYJalHja U HAYMHOT Ha apTu-
kynaiuja (8). Cropen HaYMHOT Ha apTUKYJa-
1Mja, THE MOXE Ja ce TMOJesaT Ha OKIY3WBH,
(hpukatusy u appukaru (9).

3Havyajaa wHpOpMaNMja 3a KBaTUTETOT Ha
rOBOPOT ce J00MBa o opmara Ha CIIEKTporpa-
MOT KOjIITO COAPYKH KBAaHTUTATUBHH IMOJATOLIN
3a 3ByKOT (10). CnexTporpaMoT € CIeKTpO-TeM-
ropasiHa peTcTapa Ha 3ByKOT. XOpU30HTaIHATA
HAacoOKa Ha CIIEKTPOIpaMoT Io NMpeTcTaByBa Bpe-
METO, a BEpPTHUKaJHATa HAcoKa ja NpeTCTaByBa
¢dpexsennujara (11). Cnexrporpamure ce Kia-
cu(UUUpPaHH BO J1Ba TJIABHH THUIIA, IIUPOKOTIOja-
CEH W TeCHoIojaceH criekTporpam (12).

CrieKTpaJHUTe KapaKTePUCTHKH Ha KOHCO-
HaHTUTE MOXE Jla C€ aHAJIN3UPAaT CO OIpEy-
Bam-€ Ha CHEKTpaJIHUTEe MOMEHTH. [IpBuUOT criek-
TpaJieH MOMEHT yeHnitiap Ha epasuitiayuja (L)
WIN TeXKHIITE € CpelHa BPEAHOCT Ha (hpeKBeH-
LIMUTE BO CHeKTapoT. Toj ja peduiekrupa I1eH-
TpajHaTa KOHIIGHTpanuja. BropwoT crekrpa-
JIEH MOMEHT ciuangapgua gesujayuja (Cl)
WM BapujaHca ja peduieKTupa aucrep3ujara
Ha ¢pexkBenuunre Bo oxHoc Ha LII. Tpermor
CIIEKTPAJIEH MOMEHT HAKIOH HA CUeKilapoill
ja peduiektupa acuMmeTpujaTa Ha (QpPEKBEHIIU-
UTE BO CIIEKTapoT. ACUMEeTpHjaTa € MepKa ILITO
YKa)KyBa Kako ce TUCTpUOyupaHHu (peKBEHIH-
UTE Ha CIEKTapOT OKOJY CpegHara BPEIHOCT.
UYeTBpPTHOT CHEKTpaJeH MOMEHT KVpitlo3uc
€ WHIWKATop 3a MUKOT Ha JAUCTpUOylMja Ha
(pexBennumte Bo criektapot (13,14).

CreKTpaJHUTEe NMUKOBH Ha 3BYYHHOT CIICK-
Tap Ha BOKaJIUTE ce HapeKyBaar ¢opmantu (15).
@DopMaHTOT € KOHLEHTpauuja Ha aKyCTHYHA
CHEepruja OKOJNIy OjfipelicHa (PpPEKBEHIMja Ha
3ByYHHOT OpaH W TOj € TeMeH I0jac Ha LIMPO-
KOIIOJaCHUOT ~CHEKTpOrpaMm, IITO KOPECIHOH-
IUpa CO PEe30HaHLMjaTa Ha BOKAJHHOT TPAKT.
®opmanTuTe ce o3zHauenu kako F1, F2, F3,
F4 wrtH. nounyBajku co HajHuCKara (hpeKBeH-
uuja (10). 3By4yHHUTE KOHCOHAHTH, KakKo Haza-
JUTE W JlaTepajuTe, UCTO TaKa MMaar CIICIH-
(naam hopMH Ha BOKATHHOT TPAKT KOUIITO CE

and following sounds (coarticulation) and dif-
ferences occur across talkers, especially across
gender (7). Macedonian consonants are clas-
sified according to the voicing, the place of
articulation, and the manner of articulation (8).
According to the manner of articulation, they
can be divided into occlusives, fricatives, and
affricates (9).

Significant information about the quality of
speech is provided by the shape of the spectro-
gram that contains quantitative data of a sound
(10). The spectrogram is a spectro-temporal rep-
resentation of the sound. The horizontal direc-
tion of the spectrogram represents time, and the
vertical direction represents frequency (11). The
spectrograms are classified into two major types,
wideband and narrow band spectrogram (12).

Spectral characteristics of consonants can be
analyzed by determining the spectral moments.
The first spectral moment center of gravity
(COQG) or centroid is a mean of frequencies in
the spectrum. It reflects central concentration.
The second spectral moment standard deviation
(SD) or variance reflects the dispersion of fre-
quencies in relation to the COG. The third spec-
tral moment skewness reflects asymmetry of the
frequencies in the spectrum. The asymmetry is
a measure that indicates how the frequencies of
the spectrum are distributed arround the mean.
The fourth spectral moment kurtosis is an indi-
cator of the peak of the frequency distribution in
the spectrum (13,14).

The spectral peaks of the sound spectrum of
the vowels are called formants (15). A formant is
a concentration of acoustic energy around a par-
ticular frequency in the speech wave, and that
is the dark band on a wideband spectrogram,
which corresponds to a vocal tract resonance.
The formants are labeled as F1, F2, F3, F4 etc.
starting with the lowest frequency (10). Voiced
consonants such as nasals and laterals also have
specific vocal tract shapes that are characterized
by the frequencies of the formants. They differ
from vowels in their production, but they can be
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5,
f

CKome,

KapakTepusupaar co (¢pekBeHIMUTE Ha (op-
MaHTHTe. THe ce pa3iuKyBaaT 0]l BOKAJIUTE BO
HUBHATA MPOAYKIMja, HO MOXKar Aa Oujar crie-
nM(pUIIPaHd BO OIHOC HA HUBHUTE (PPEKBEH-
nmu Ha hopmanTu (16).

Lenta Ha crynujara Oemie a ce aHaIM3H-
paar CHEeKTpaJHUTE KapaKTEpPUCTHUKH Ha MakKe-
JIOHCKUTE KOHCOHAHTH, OJJHOCHO JIa C€ KaJIKyJIH-
paat cnektpanmaute momentu: LI, C/I, HakioH
Ha CIIEKTapOT U KypTO3UC, KaKO U (PPEKBEHLIHU-
nre Ha popmanture ox F1 mo F5 m ocHOBHara
(dpexennyja (Fo) Ha Ha3anuTe U JaTepaIuTe BO
KoMIIjyTepckara nporpama Praat.

Maiuepujan u meiuogu

OBaa cTymmja BKIy4YyBa 15 W3BOpHH TOBO-
pUTENN Ha MaKeIOHCKU ja3WK, MET MaXKH, IeT
JKeHH, Ha Bo3pacT ox 26 mo 50 rogmHu (cpenHa
Bo3pact 38,9+9,6 roguHM) U NET aena, 1Be MOM-
YUiba U TPH JCBOjYMIbA, HA BO3pacT ox 9 no 14
roguau (cpemna Bozpact 10,6+1,9 romunn). Tue
0ea CHUMEHHM MpPH W3rOBapame Ha MaKeIOoH-
CKHATE KOHCOHAHTH KaKO H30JIMpaHH (POHEMHU.
AKyCTHYHATa aHajliu3a € W3BEJCHAa BO KOMIIjy-
Tepckara nporpama Praat, Bepsuja 6.0.43 (17).
MP3 moHo3ByuHuTE (HajlioBM Ha CHUMEHHTE
KOHCOHaHTH Oea TpBO OTBOpeHH BO Praat 3a ma
Ce CerMEHTHpa ¥ MEeMOpHpa KOHCOHAHTOT KaKO
WAV ¢ajn. ['m mpecMmeraBMe CHEKTpaTHUTE
MoMeHTH Ha koHcoHanTute: LI, C/I, HaknoH Ha
CHEKTapOT U KYPTO3UC KaKo M ()PEKBCHIIMHUTE HA
tdopmantute ox F1 mo F5 u Fo Ha mazamute u
JaTepamnre.

[lapamerpure 3a aHanmm3a TH IOCTaBUBME
Ha CIeIHUOT HauuH: Maxcumanen opoj na gop-
maniu: S v Maxcumym gopmaniu (Hz): 5000
Hz 3a maxkute, 5500 Hz 3a »xxenurte u 8000 Hz 3a
neuara. Bpennocra Bo [locitiasysarwe Ha cilex-
wwpozpam: Ilpecneg na oiicez (Hz) Geme ucra
Kako BpemHocTa Bo Maxcumym gopmaniu (Hz).

Pe3yniuaiuu

Ananuzupanu ce BKynHo 390 WAV dajiiosu
Ha CHHMEHM KOHCOHaHTH. Bo MAaKE€IOHCKHNOT
jasuk mwMma 26 KoHCOHaHTH. Bo Tabemute ™M
MPUKaXKaBME MAaKEJOHCKUTe KOHCOHAHTH U
HUBHATa TPAHCKPUIILKja BO CHMOOJHMTE Ha
Merynapoanara ¢onercka a30yka (M®DA), a Bo

specified in terms of their formant frequencies
(16).

The objective of the study was to analyze
spectral characteristics of Macedonian conso-
nants, i.e. to calculate the spectral moments:
COG, SD, skewness and kurtosis, as well as,
formant frequencies from F1 to F5 and funda-
mental frequency (Fo) of nasals and laterals in
computer program Praat.

Material and methods

This study included 15 native speakers of
Macedonian, five males, five females, aged 26
to 50 years (mean age of 38.9+£9.6 years), and
five children, two boys and three girls, aged 9
to 14 years (mean age of 10.6+=1.9 years). They
were recorded saying the Macedonian conso-
nants as isolated phonemes. The acoustic anal-
ysis was performed in computer program Praat,
Version 6.0.43 (17). MP3 mono sound files of
the recorded consonants were first opened in
Praat to segment and save the consonant as a
WAV file. We calculated the spectral moments
of the consonants: COG, SD, skewness and kur-
tosis, as well as, formant frequencies from F1 to
F5 and Fo of nasals and laterals.

We set the analysis parameters in the fol-
lowing way: Maximum number of formants: 5
and Maximum formant (Hz): 5000 Hz for males,
5500 Hz for females and 8000 Hz for children.
The value in Spectrogram settings: View range
(Hz) was the same as the value in Maximum for-
mant (Hz).

Results

A total of 390 WAV files of recorded con-
sonants were analyzed. There are 26 conso-
nants in Macedonian. In the tables we displayed
Macedonian consonants and their transcription
into International Phonetic Alphabet (IPA) sym-
bols, and in the text we used Macedonian pho-
nemes with [PA symbols in parentheses. Mean
spectral moments were calculated separately for
all three groups: males, females and children.
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TEKCTOT 'l KOPUCTEBME MaKEJOHCKHUTE (POHEMU
co M®A cumbonu Bo 3arpaau. CpemHara Bpe/-
HOCT Ha CIIEKTpPaHUTE MOMEHTH Oelle Kal-
KyJHpaHa OJJICITHO 32 CUTE TPH TPYIU: MaXKH,
JKCHU | JIeTia.

Bo Tabema 1 ja mpukakaBMe CpeaHaTa
BPEIHOCT Ha CIEKTPATHUTE MOMEHTH Kaj ILIO-
susure: /0/ (b), /t/ (g), /n/ (d), /x/ (k), /n/ (p) u
/1/ (t). Kaj cute mao3uBH, CpeiHaTa BpSAHOCT Ha
TeXHIITETO Oerne Bo omcer ox 456 no 557 Hz
kaj maxute, 601 Hz no 773 Hz kaj xenute u
673 Hz mo 788 Hz kaj nenara. CpenHara Bpe/-
Hoct Ha CJ Geme Bo omcer ox 479 Hz no 727
Hz kaj maxwure, 632 Hz no 999 Hz kaj xenure
u 363 Hz no 985 Hz kaj nenara. Cute roBopu-
TEJIM MMaa IMO3UTUBHU BPETHOCTH HA HAKIIOH Ha
CTEKTaPOT U KYPTO3HC.

Tabena 1. CpegHa 8pegHOCI Ha cleKipanHuilie MOMEHIU Kaj

In Table 1 we displayed mean spectral
moments in plosives: /6/ (b), /t/ (g), /a/ (d),
/x/ (k), // (p), and /1/ (t). In all plosives, mean
COG was in the range from 456 to 557 Hz in
males, 601 Hz to 773 Hz in females, and 673
Hz to 788 Hz in children. Mean SD was in the
range from 479 Hz to 727 Hz in males, 632 Hz
to 999 Hz in females, and 363 Hz to 985 Hz in
children. All speakers had positive skewness
and kurtosis values.

Table 1. Mean spectral moments in plosives

Unosusuiue
Donemu / T'oBopurenu / Texumre / Ca/ Haxon / Kypro3uc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
6/b Masxu/Males 503 479 8.5 166.2
JKenn/Females 601 632 8.6 164.2
Jeua/Children 709 555 5.1 61.4
r/g Maxu/Males 468 554 8.1 114.4
JKenwn/Females 709 999 5.3 47.6
Jena/Children 680 570 9.2 148.6
n/d Maxu/Males 456 511 9.4 167.7
JKenn/Females 611 750 7.0 81.0
Jena/Children 673 686 8.4 108.2
k/k Masxwn/Males 557 727 7.4 923
JKernn/Females 718 904 53 65.4
Jena/Children 688 712 7.1 73.3
n/p Masxu/Males 514 512 7.5 100.1
JKenn/Females 617 696 6.3 80.4
Jeuna/Children 696 363 8.1 140.6
T/t Masxn/Males 551 692 6.1 57.6
YKenn/Females 773 865 5.8 77.4
JHeua/Children 788 985 6.7 65.3

I'n npukakaBMe OCIUIIOTPAMOT U CIIEKTPO-
rpamMoT Ha TUIO3MBOT /T/ (t) Kaj MAaIlKh TOBO-
puten (Cnuka 1). M3mepenu ce: texumTe 535
Hz, C[ 633 Hz, HakioH Ha cnekTtapoTr 7,2 u

We displayed wavetorm and spectrogram
of the plosive /1/ (t) in male speaker (Figure 1).
COG 535 Hz, SD 633 Hz, skewness 7.2, and
kurtosis 75.9 were measured. There is a concen-
tration of acoustic energy in low frequencies in
spectrogram.
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Fils Edn Query 'Weew Select Spectrum  Pich  Detensty Formaet  Pulies Hrip
0 278960 (3 584 / 5}
01946
02958
S000 Hz B 500 Hz
- 138.5 He
0 Hz . 0|75 Ha
0 Visible pant 0 278960 seconds 0.2TE980
Total duration ) 278980 seconds
a n et | oo | e |y | o] ¥ e
Cnuka 1. Ocyunorpam u cliekiporpam Ha KoHCOHaHwow /iy (t) Figure 1. Waveform and spectrogram of the consonant /w/ (t) in

Kaj Mawku rogoputiien

Kkypro3uc 75,9. Ha cmekrporpamMor mMa KOH-
[IEHTpallija Ha aKyCTUYHA €HEepTrHja BO HUCKUTE
(hpexBeHIHH.

Bo TaGena 2 ja npukakaBMe CpeaHaTa Bpea-
HOCT Ha CIIEKTPaTHUTE MOMEHTH Kaj (ppuKaTu-
Bure: /B/ (v), %/ (3), 13/ (2), i/ (), /p/ (x), /c/ (s),
/¢/ (f), /x/ (h) u /m/ (). Kaj cure dppukarusn,
CpelHaTa BpPEIHOCT Ha TEXUIITETO Oele BO
orcer ox 491 mo 2207 Hz kaj maxwure, 529 Hz
1o 2842 Hz xaj sxenute u 590 Hz no 4021 Hz
kaj nenara. Cpennara Bpennoct Ha CJI Oerre Bo

Tabena 2. CpegHa 8pegHOC Ha cleKWpanHulie MOMeHU Kaj

male speaker

In Table 2 we displayed mean spectral
moments in fricatives: /B/ (v), /x/ (3), /3/ (z), /j/
(), /p/ (1), /c/ (s), /d/ (), /x/ (h), and /ur/ (). In
all fricatives, mean COG was in the range from
491 to 2207 Hz in males, 529 Hz to 2842 Hz
in females, and 590 Hz to 4021 Hz in children.
Mean SD was in the range from 504 Hz to 2421
Hz in males, 672 Hz to 3076 Hz in females, and
533 Hz to 3108 Hz in children.

Table 2. Mean spectral moments in fricatives

¢hpukaltiuguitie
®ounemu / T'oBopuTenu / Texumre / Ca/ HaxJion / Kypro3uc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
B/V Masku/Males 515 504 8.9 167.8
Kenn/Females 692 682 7.1 122.0
Jeuna/Children 759 1007 7 89.1
x)/73 Masku/Males 1395 1651 2.8 16.7
Kenn/Females 1763 1969 1.7 6.0
JHeua/Children 1024 1490 3.0 10.5
3/z Maxu/Males 874 1546 3.9 19.7
JKenun/Females 1312 2299 2.9 8.9
Jena/Children 1592 2262 4.8 37.1
i’j Maxu/Males 491 657 6.4 55.4
JKenwn/Females 529 745 6.6 93.2
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Jena/Children 590 748 6.2 55.5
p/r Maskn/Males 542 630 7.1 117.8
JKenn/Females 607 672 6.5 91.2
Jema/Children 723 533 8.9 145.4
c/s Masxn/Males 2207 2421 2.0 9.3
Kenn/Females 2380 3076 1.9 4.0
JHeua/Children 4021 3108 1.8 7.3
b/t Masxn/Males 589 755 7.5 97.9
YKenn/Females 820 1035 7.8 123.7
Jena/Children 947 1339 5.4 41.4
x/h Maxxu/Males 549 641 6.3 72.7
JKenn/Females 801 834 5.7 89.1
Jema/Children 734 708 7.2 81
m/ Masxu/Males 1919 1881 1.5 4.4
JKenn/Females 2842 2320 0.4 -1.4
Jeuna/Children 1606 1999 2.3 6.4

orcer ox 504 Hz no 2421 Hz xaj maxurte, 672
Hz no 3076 Hz xaj xxenure u 533 Hz no 3108
Hz xaj memara.

Cpennara BpeTHOCT Ha HAaKJIOHOT Ha CIEK-
TapoT Oellle MO3UTHBHA Kaj CUTe (YPUKATHBH, HO
e/leH MalIK{ TOBOPHUTEIN U JBE KCHU UMaa Hera-
THUBEH HAKJIOH Ha CIICKTapOT Ha (PPUKATUBOT /111/
()) u 1Be mena MMaa HETaTUBEH HAKIJIOH Ha CIEK-
TapoT Ha PpHUKaTHBOT /c/ (S). Enen Mamku roso-
pHTEN MMalle HaKJIOH Ha CIIEKTapoT Hyja Ha
¢pukaTuBOT /c/ (S) M €AHA )KEHA MMAaIlIe HAKJIOH
Ha CIIEKTapoT HyJsa Ha ppukatuBoT /my/ (J).

Cpennara BpegHOCT Ha KypTo3uc Oere
TO3UTHBHA Ka] CHUTE (DPUKATHBU, OCBEH Kaj
¢puxaruBor /m/ (f) kaj xenute. IloennHedHo
MPUKaXXaHO, HAjIOBME HETraTUBCH KypTO3UC Ha
($puKaTHBOT %/ (3) Kaj €IeH MalIKid TOBOPHUTEN
U TPH )KEHCKH TOBOPHUTEIIN, HETATUBEH KyPTO3HUC
Ha (pukaTtuBOT /3/ (z) Kaj emHO JAeTe, HeraTu-
BEH KypTO3HUC Ha (pHUKATHBOT ¢/ (S) Kaj Tpojia
MallK{ TOBOPHTENIW M JBE Jellda U HEraTHBEH
KypTo3uc Ha ¢pukatuBoT w/ (f) kaj Tpojua
MAIlIK{ TOBOPUTEIH, YETUPH JKCHH U €IHO JIETe.

Bo Tabena 3 ja npukakaBMe cpeiHaTa Bpe/i-
HOCT Ha CHEKTPaJHUTE MOMEHTH Kaj adpuka-
tuare: /t/ (), /s/ (&), /&/ (¢), /1/ (), /a/ (f) n /1/
(d3). Kaj cure adpukaru, cpemHara BpemIHOCT
Ha TexumreTo Oemie Bo omcer ox 496 no 1741
Hz xaj maxwure, 881 Hz no 2041 Hz xaj sxenure
u 690 Hz no 2208 Hz kaj menara. Cpeanara

Mean skewness was positive in all frica-
tives, but one male speaker and two females had
negative skewness of the fricative /m/ (f), and
two children had negative skewness of the frica-
tive /¢/ (s). One male speaker had skewness zero
of the fricative /c/ (s), and one female had skew-
ness zero of the fricative /ut/ (f).

Mean kurtosis was positive in all fricatives,
except in fricative /mi/ (f) in females. Separately
displayed, we found negative kurtosis of the
fricative x/ (3) in one male and three female
speakers, negative kurtosis of the fricative /3/ (z)
in one child, negative kurtosis of the fricative c/
(s) in three male speakers and two children, and
negative kurtosis of the fricative m/ (J) in two
male speakers, four females and one child.

In Table 3 we displayed mean spectral
moments in affricates: /t/ (3), /s/ (&), /&/ (¢), /v/
(), 4/ (ff), and /1/ (d3). In all affricates, mean
COG was in the range from 496 to 1741 Hz in
males, 881 Hz to 2041 Hz in females, and 690
Hz to 2208 Hz in children. Mean SD was in the
range from 667 Hz to 1986 Hz in males, 1262
Hz to 2288 Hz in females, and 826 Hz to 2511
Hz in children.
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Tabena 3. CpegHa 8pegHOC Ha clekiparnHuiue MOMeHIU Kaj

Table 3. Mean spectral moments in affricates

aghpukatuuiie
®onemu / ToBopuTesu / Tesxxumre / Ca/ Haxaon / KypTto3uc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
r/y Masxu/Males 496 667 6.8 87.3
JKenn/Females 881 1262 3.7 25.1
Jeuna/Children 690 826 6.6 58.5
s/d Maskn/Males 876 1534 4.1 23.5
JKenn/Females 997 1490 5.4 70.8
JHeua/Children 1585 2209 4.6 30.7
k/c Masxu/Males 519 703 7.7 107.4
JKernn/Females 1091 1366 3.7 30.4
Jena/Children 795 980 5.6 45.9
/s Maxxu/Males 1741 1986 3.9 50.8
Kenn/Females 1282 1992 3.0 10.1
Jeua/Children 2208 2511 34 14.2
q/{ Masxu/Males 1359 1794 2.2 8.4
JKenn/Females 2041 2288 0.8 0.6
Hera/Children 1158 1431 3.8 26.9
u/ds Masku/Males 957 1373 3.7 28.1
Kenn/Females 1755 2030 2.0 6.2
JHena/Children 772 980 5.5 42

BpennocT Ha CJ| 6eme Bo omcer ox 667 Hz no
1986 Hz xaj maxwute, 1262 Hz mo 2288 Hz kaj
xernnte U 826 Hz no 2511 Hz kaj neuara.

Cpennara BpeAHOCT Ha HAKJIOHOT Ha
CIEKTapoT Oelle TO3WTHBHA Kaj CUTE adpu-
katn. CpenHara BpeIHOCT Ha Kypro3uc Oere
WCTO TaKa TIO3WTHMBHA Ka] CUTE apuKaTH, HO
HajJI0OBME HETaTHUBEH KypTO3UC Ha a(ppHUKaToOT
// (18) Kaj Tpojlla MaIlKd TOBOPUTENIN U €IHO
JieTe, HEeraTUBeH KypTO3HC Ha adpukaror /4/
(f) xaj ABajua MaIIKU TOBOPHUTENN U TPH KEHHU,
Kako ¥ HeraTuBeH KypTO3uC Ha apukatrotr /1i/
(d3) xaj eneH MamIKu TOBOPUTEN W TPU KEHCKHU
TOBOPUTEIIN.

Tabena 4. CpegHa 8pegHOC Ha cleKilpanHulie MOMeHIU Kaj

Mean skewness was positive in all affti-
cates. Mean kurtosis was also positive in all
affricates, but we found negative kurtosis of the
affricate /1/ () in three male speakers, and one
child, negative kurtosis of the affricate /4/ (ff) in
two male speakers and three females, and nega-
tive kurtosis of the affricate /u/ (d3) in one male
and three female speakers.

In Table 4 we displayed mean spectral
moments in nasals: /M/ (m), /#/ (n), and /s/ (n).

Table 4. Mean spectral moments in nasals

Hasanuie
®onemu / ToBopuTesu / Tesxkumre / Ca/ Haxaon / Kypto3uc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
M/ m Masxu/Males 471 532 7.4 111.0
Kenun/Females 564 650 5.8 108.3
Hemna/Children 587 614 6.2 80.9
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H/n Masku/Males 428 549 8.3 113.6
YKenn/Females 479 605 6.2 90.5
Hena/Children 529 658 7.5 82.8
B/n Maxxu/Males 435 651 8.9 159.7
YKenn/Females 502 708 6.6 93.4
Jena/Children 566 618 6.1 61.3

Bo Tabena 4 ja npukaxaBMe cpejiHaTa Bpe/l-
HOCT Ha CHEKTPaJHUTE MOMEHTH Kaj Ha3aJIuTe:
M/ (m), 1/ (n) u /w/ (n).

Kaj cure nHaszamum, cpemHara BpEIHOCT Ha
TeXUINTeTO Oemie Bo orcer ox 428 mo 471 Hz
kaj maxute, 479 Hz no 564 Hz kaj xenurte u
529 Hz no 587 Hz kaj neuara. CpenHara Bpe/-
Hoct Ha CJ[ Geme Bo omcer ox 532 Hz mo 651
Hz xaj maxwure, 605 Hz no 708 Hz kaj xeHuTe
u 614 Hz no 658 Hz kaj genara. Cure roBopu-
TEJIW UMaa TIO3UTUBHU BPETHOCTU HA HAKIIOH Ha
CHEKTapOT U KYPTO3HC.

Bo Tabena 5 ja npukakaBMe cpeiHaTa Bpe/i-
HOCT Ha CIIEKTpPaJIHUTE MOMEHTH Kaj Jarepa-
mute: /n/ (1) u /m/ (K). Cpennara BpeqHOCT Ha
TexurTero oemre Bo orcer ox 480 mo 526 Hz
kaj maxkute, 606 Hz no 631 Hz kaj xenute u
547 Hz no 621 Hz kaj neuara. CpenHara Bpe/-
Hoct Ha CJI Oemre Bo omcer ox 549 Hz mo 591
Hz xaj maxwute, 689 Hz mo 871 Hz kaj >keHure

Tabena 5. CpegHa 8pegHOC Ha cleKpanHuiie MOMeHU Kaj

In all nasals, mean COG was in the range
from 428 to 471 Hz in males, 479 Hz to 564 Hz
in females, and 529 Hz to 587 Hz in children.
Mean SD was in the range from 532 Hz to 651
Hz in males, 605 Hz to 708 Hz in females, and
614 Hz to 658 Hz in children. All speakers had
positive skewness and kurtosis values.

In Table 5 we displayed mean spectral
moments in laterals: /n/ (1) and /m/ (K). Mean
COG was in the range from 480 to 526 Hz in
males, 606 Hz to 631 Hz in females, and 547
Hz to 621 Hz in children. Mean SD was in the
range from 549 Hz to 591 Hz in males, 689 Hz
to 871 Hz in females, and 458 Hz to 598 Hz in
children. All speakers had positive skewness
and kurtosis values.

Table 5. Mean spectral moments in laterals

nalueparnuiue
Donemu / T'oBoputenn / Texumre / Ca/ HaxkJion / Kypro3uc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
n/l1 Masku/Males 526 591 7.4 100.5
JKenn/Females 606 689 7.0 115.9
Hera/Children 621 598 8.2 101.7
b/ K Masku/Males 480 549 8.2 135.7
Kenn/Females 631 871 5.6 52.4
JHeua/Children 547 458 11.6 350.4

u 458 Hz no 598 Hz kaj aenara. Cure roBopu-
TeIT UMaa TTO3UTUBHU BPEAHOCTH HA HAKJIOH Ha
CITEKTApOT U KyPTO3HC.

Bo Ta6ena 6 tu npukaxxasme Fo u ¢ppexBeH-
nuute Ha popmantute ox F1 mo F5 Ha Hazanure
n narepanute. CpemHara BpegHOCT Ha Fo kaj
Hazanute Oeme Bo orcer ox 102 Hz xaj maxure

In Table 6 we displayed Fo and formant fre-
quencies from F1 to F5 of the nasals and later-
als. Mean Fo in nasals was in the range from 102
Hz in males to 252 Hz in children, and mean Fo
in laterals was in the range from 99 Hz in males
to 245 Hz in children.
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Tabena 6. Fo u (hpexseHyuu Ha (hopmaHitiuiie Ha Hasanuie u

Table 6. Fo and formant frequencies of the nasals and laterals

Naluepanuiue
®onemu / Fo F1 F2 F3 F4 F5
Phonemes
T'oBopurenn/
Speakers*
Cpenna Cpenna Cpenna Cpenna Cpenna Cpenna
BPEIHOCT / BPEIHOCT / BPEIHOCT / | BpPEOHOCT / | BpemHOCT/ | BpemaHOCT /
Mean+SD Mean+SD Mean+SD Mean+SD | Mean£SD | Mean+SD
M/m M/m 102£17.8 471£114.7 | 1293+£147.2 | 25734221.9 | 3535+116.6 | 4547+73.4
x/f 201+20.9 696:£127.1 | 1575+297.8 | 3145+280.3 | 4076+258.6 | 4856+172.7
1/ch 249+28.5 758+79.7 | 19254214.3 | 4067+393.8 | 5518+531.5 | 6383£536.3
H/n M/m 107£11 422+41.5 | 1372+48.9 | 2586+115.6 | 34554285 | 4595+201.6
x/f 197+£22.3 525467.4 | 1626+173.7 3049+176 4211£114 | 4758+283.8
1/ch 247+25.7 591472 | 19444222.9 | 36504224.2 | 5112+234.1 | 6449+492.7
B/N M/m 104+£15.8 420+88.6 | 1541+49.6 | 2433+114.2 | 3395+93.9 | 4488+252.5
x/f 201£19.9 478+48.7 | 1779+£91.8 | 2946+68.4 | 4081+127.6 | 4934+146.9
1/ch 252423 581+483.7 | 2216+126.3 | 3691+172.9 | 53934+221.3 | 6627+470.7
/1 M/m 103+17 451+£54.8 | 1073+85.2 | 2713+196.9 | 3551+£204.1 | 4514+171.7
x/f 191423 540+40.2 | 1239+155.9 317+83.4 | 4119+223.4 | 5026+239.1
1/ch 245+19.3 683+121.9 | 1575+408.3 | 4143+155.5 | 5251+£327.8 | 6411+506.6
Jb/K M/m 99+11.9 392+432.2 | 1649+133.4 | 2530+175.3 | 3397+191.5 | 4496+160.4
x/f 197+17.1 475+81.8 | 1959+82.8 | 2980+68.8 | 4150+£259.6 | 4974+166.5
n/ch 243+15.8 676+219.1 2321+152 | 37614394.4 | 5334+413.9 | 6654+479.8

* m-maxu/m-males, x-xeHu/f-females, g-geua/ch-children

1o 252 Hz xaj nenara, a cpeqHara BpeIHOCT Ha
Fo kaj narepamute Gerie Bo omcer ox 99 Hz kaj
Maxwure 10 245 Hz kaj nenara.

Bo omHOC Ha cpemHara BpEAHOCT Ha
(hpexkBeHIIIIIITE HA (POPMAHTUTE, K] HA3AIINATE,
F1 Gemre Bo omcer ox 420 Hz kaj maxwure 10
758 kaj nemnara. Hajauckara ¢pexBeniuja va F2
Oemre 1293 xaj MaxuTe U HajBUCOKaTa (hpEeKBEH-
uuja Oemre 2216 kaj neuara. F3 Oeme Bo omcer
on 2433 Hz xaj maxkure 10 4067 kaj nenara. F4
6emre Bo orcer on 3395 Hz kaj maskute mo 5518
kaj nerara. FS Gemre Bo omcer on 4488 Hz xaj
MaxkuTe 10 6627 Kaj nenara.

Kaj narepanure, F1 Gemte Bo omcer on 392
Hz xaj maxwute 10 683 kaj nenara. Hajauckara
¢dpexsennuja Ha F2 Oeme 1073 kaj maxute
U HajBucokara (QpekBeHImja Ocmre 2321 kaj
nerara. F3 Oemre Bo omcer ox 2530 Hz xaj
Maxkute 10 4143 kaj nenara. F4 Geme Bo omcer
on 3397 Hz xaj maxkure 10 5334 kaj nenara. F5

In terms of the mean formant frequencies, in
nasals F1 was in the range from 420 Hz in males
to 758 in children. The lowest frequency of F2
was 1293 in males and the highest frequency
was 2216 in children. F3 was in the range from
2433 Hz in males to 4067 in children. F4 was
in the range from 3395 Hz in males to 5518 in
children. F5 was in the range from 4488 Hz in
males to 6627 in children.

In laterals F1 was in the range from 392
Hz in males to 683 in children. The lowest fre-
quency of F2 was 1073 in males and the high-
est frequency was 2321 in children. F3 was in
the range from 2530 Hz in males to 4143 in
children. F4 was in the range from 3397 Hz in
males to 5334 in children. F5 was in the range
from 4496 Hz in males to 6654 in children.
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Oermre Bo omcer on 4496 Hz kaj maxkxute 10 6654
Kaj jenara.

Huckycuja

I'm ananu3upaBMe CIEKTPAJIHUTE Kapak-
TEPUCTUKA Ha MAaKEJOHCKUTE KOHCOHAHTH.
CrnieKTpalHUTe MOMEHTH Kaj CHTE KOHCOHAHTH,
Fo u ¢pexBenuuure Ha (opMaHTHTE HA Haza-
JUTE U Jarepanure Oea KalKylmupaHu Bo Praat.
Praat e xommjyrepcka mporpama 3a aHaJH3HU-
pame, CHHTETHU3UpPAlBE W MaHUIIYJIHpame CO
rosop (18).

TexumreTo Kaj MI03UBUTE BO HAIIaTa CTY-
Jvja Oele BO OICer Ha HUCKUTE (DPEKBCHIIUU.
Hwue amamusmpaBme wm3omupann ¢oHemu. Tue
He 06ea BO KOHTEKCT Ha Bokanu. IlmosuBure ce
MPOIYLMpaar co 3alupame Ha MIPOTOKOT Ha BO3-
JyX BO BOKQJTHHOT TPAaKT, MJIK HA MIOYETOKOT MU
Ha Kpajot Ha ciorot (19). Botinis u cop. ja aHa-
JU3Upale aKyCTHYHATa CTPYKTypa Ha I'PYKHTE
IJIO3UBU BO BOKAJICH KOHTEKCT /0/. be3Byunure
QJIBEOJIApHM IUIO3UBHU TIOKa)KaJle CIIEKTpaJieH
MUK BO (pekBeHTHHOT omcer nomery 3000 Hz
n 4000 Hz. 3ByuyHHuTE ajBeoNapHU IJIO3UBU
MoKakalie MK BO (PPEKBEHTHUOT OIICET ITOMeEry
2500 Hz u 4000 Hz. be3ByuHuTe BeapHU ILIO-
3UBH MOKaxkase efeH nuk oxkony 2000 Hz u enen
okony 4000 Hz. 3ByuHuTe BENapHU IJIO3UBU
nokaxkane nuk Ha 1000 Hz u 4000 Hz. (20).
Xomnagjackure 1wio3uBu /t/ m /d/ Owie wcnu-
TYBaHH BO HWHHIIMjaJHA TO3WIKja BO 300pOT.
TexwumreTo kaj /t/ 6mno 5038 Hz u kaj /d/ 6umo
4933 Hz (21). OBue BpemHOCTH Ha TEKHIITETO
ce MHOT'Y TIOBUCOKHU Ol ()PEKBEHIIMUTE KOUIITO
ce U3MEPEHHU BO HAIllaTa CTy[uja Kaj U30JUpaHH
¢donemu.

Lousada u cop. cHUMUIIE KOPITYC Ha €BPOII-
CKM IOPTYraJICKd peajHu 300pOBU KOHUIITO
cofpene ImecT Tuo3uBu /p/, /b/, /t/, /d/, /k/
u /g/ BO MHULMjalHA, MEAMjajHa M (hUHAIHA
no3uuyja. [1mo3uBoT /p/ mokaxkan BpEIHOCTH
Ha HaKJIOH Ha CIEKTapoT OJMCKHU J0 HyJa WU
MO3UTHUBHU BPETHOCTH, INTO Cyrepupa To3u-
THBHA aCHMETpPHCKAa TUCTPHOYIHja, TakKa IITO
HajBUCOKUTE BPEIHOCTH Ha CHEKTpaJiHa aMILIU-
Tyna Ouje JieB0 KOHUEHTpupaHu. CHpOTHUBHO,
/t/ OOMYHO TOKa)KyBaj BPEAHOCTH Ha HAKJIOH
Ha CIEKTapoT OJMCKU J0 Hylla WIM HETaTHBHU
BPEIHOCTH, YKa)XyBajkl Ha BHCOKH BPEAHOCTH

Discussion

We analyzed spectral characteristics of
Macedonian consonants. Spectral moments
in all consonants, Fo and formant frequencies
of nasals and laterals were calculated in Praat.
Praat is a computer program for analyzing, syn-
thesizing, and manipulating speech (18).

COG in plosives in our study was in low-fre-
quency range. We analyzed isolated phonemes.
They were not in vowel context. Plosives are
produced by stopping the flow of air in the vocal
tract, either at the beginning or end of a syllable
(19). Botinis et al. analyzed acoustic structure
of the Greek plosives in the vocalic context /o/.
The voiceless alveolar plosives showed a spec-
tral peak in the frequency range between 3000
Hz and 4000 Hz. The voiced alveolar plosives
showed a peak in the frequency range between
2500 Hz and 4000 Hz. The voiceless velar plo-
sives showed one peak around 2000 Hz and
one around 4000 Hz. The voiced velar plosives
showed a peak at 1000 Hz and 4000 Hz. (20).
Dutch plosives /t/ and /d/ were examined in
word-initial position. COG in /t/ was 5038 Hz
and in /d/ was 4933 Hz (21). These COG values
are much higher than frequencies measured in
our study in isolated phonemes.

Lousada et al. recorded a corpus of European
Portuguese real words containing the six plo-
sives /p/, /b/, /t/, /d/, /k/, and /g/ in initial, medial
and final position. Plosive /p/ presented values
of skewness close to zero, or positive values,
which suggested positive asymetric distribution,
so the highest spectral amplitude values were
left-concentrated. In contrast, /t/ usually exhib-
ited skewness values close to zero or negative
values indicating high spectral amplitude values
concentrated to the right. Plosive /k/ had neg-
ative values of skewness in most speakers and
/p/ had positive values of skewness (22). In our

study all plosives had positive skewness values
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Ha CIEKTpaJHa aMIUIMTya KOHIEHTPUPAaHU KOH
necHo. [Tno3uBot /k/ uman HeraTMBHU BPEIHO-
CTH Ha HAKJIOH Ha CIEKTapOT Kaj Hajrojem Opoj
TOBOPUTENN M /p/ WMMall TIO3UTHBHU BPETHO-
CTH Ha HAaKJIOH Ha crekrapot (22). Bo mamara
CTy[Wja CHTE TUIO3MBH WMaa TIO3UTHBHA BpE/l-
HOCT Ha HAaKJIOH Ha CIIEKTapoT, YKaXyBajKu
Ha KOHIIGHTpalHja Ha EHepruja BO HHUCKHTE
(bpexBeHIHH.

Hamrara anannsa Ha CIEKTpaTHATE MOMEHTH
Kaj (pUKaTHBUTE TOKa)ka HajBHCOKa CpermHa
BpenHoct Ha Texumte 4021 Hz kaj ¢puxa-
TUBOT /¢/ (s) m3roBopeH oy nenara. Gordon u
COp. MpHKaXkalie TPOCEYHU LEHTPH Ha I'PaBU-
tanuja 3a /f/ 4562 Hz, 3a /s/ 5163 Hz u 3a /f/
4679 Hz xaj Ynkaco roBopurenu. Opukatusure
BO HHMBHATa CTyAHja C€ TOjaByBalle BO HEIO-
cpeqHa ONHM3MHA HA BOKAJOT /a/ WM BOKAJIOT
/i/ (23). ®pukaruBute /z/ ¥ /s/ UMaar eHepruja
BO (pekBeHTHUOT perroH ox 3500 mo 8000 Hz.
Konconanture /h/ u /f/ umaar nmomanky eHep-
THja ol OcTaHaTUTE hpuKaTHBH (24).

Puni$i¢ u cop. ja ogpenune cpemHara Bpe-
HOCT Ha NHKOT Ha IpBaTa KOHICHTpaLdja Ha
aKyCTH4YHa eHepruja kaj ppukarusort /f/ Ha 2800
Hz u BrOpara konuentpamnuja Ha 5600 Hz (25).
Cnopen Guduri¢ u Petrovi¢ 3ByuHara eHepruja
Ha CPIICKHOT KOHCOHAHT /f/ ¢ Bo orcer ox 400
Hz mo 7000 Hz co cuiHa KoHIEHTpaiuja Ha
enepruja Han 1500 Hz, nonexa /h/ uma koHIieH-
Tpalnyja Ha aKyCTHYHa CHEpruja BO HEKOJIKY
nojacu, nouynyBajku on 140 Hz no 4800 Hz
(26). besyunute ¢puxaruBu /s/ u /[/ nmaar
rorojieMa eHepruja, co Toa IITo /s/ € TIoBeKe BO
OIICEroT Ha BUCOKH (hpeKBeHLUH 0f1 okoxy 3500
Hz u noBucoko, a /[/ uMa HajMHOTY €Hepruja
HemTo moHucko, okoiry 3000 Hz (27). Hue ucto
Taka M3MEpPHUBME IOHHCKA Cpe/lHa BPEIHOCT Ha
TEXUIITETO Kaj pprukatuBoT /m1/ () BO OIICeT o1
1606 Hz no 2842 Hz.

Cnopen Maniwa u Jongman, 06e3Byu-
HUTe (QpUKAaTHBH C€ KapakTepH3Hupaar co
MOBHCOKH BPEJHOCTH Ha CIEKTPATHO TEXKHUIITE
Y THK, TMoBeke ne(UHUpaHW THKOBH, IOMala
BapHjaHCa, HETraTUBEH HAKIOH Ha CIIeKTa-
pOT, morojieMa BKyIHa aMIUIATYZa W TIOIOJITO
Tpaeme BO cropenda co HUBHUTE 3BYYHH Map-
nuim (28). Ferreira-Silva u cop. ru ananmusu-
paJjie CIeKTpalHUTe MOMEHTH Kaj Opa3uIICKHTE
noptyrancku GpukaruBu. CpeTHUTE BPESIHOCTH

indicating concentration of energy in the low
frequencies.

Our analysis of spectral moments in frica-
tives showed the highest mean COG 4021 Hz
in fricative /c/ (s) produced by children. Gordon
et al. reported average gravity centers for /f/
4562 Hz, for /s/ 5163 Hz, and for /[/ 4679 Hz
in Chickasaw speakers. The fricatives in their
study occurred adjacent to the vowel /a/ or
vowel /i/ (23). Fricatives /z/ and /s/ have energy
in the frequency region of 3500 through 8000
Hz. The consonants /h/ and /f/ have less energy
than the rest of the fricatives (24).

Punisi¢ et al. determined mean peak of the
first concentration of acoustic energy in the
fricative /[/ at 2800 Hz and the second concen-
tration at 5600 Hz (25). According to Guduric¢
and Petrovi¢ the sound energy of Serbian con-
sonant /f/ ranges from 400 Hz to 7000 Hz with
strong concentration of energy above 1500 Hz,
whereas /h/ has concentration of acoustic energy
in several bandwidths starting from 140 Hz to
4800 Hz (26). Voiceless fricatives /s/ and /[/
have greater energy, with /s/ being mostly in
the high frequency range from about 3500 Hz
upwards, and /[/ having most energy somewhat
lower, around 3000 Hz (27). We also measured
lower mean COG in the fricative /m/ () ranging
from 1606 Hz to 2842 Hz.

According to Maniwa and Jongman voice-
less fricatives are characterized by higher spec-
tral mean and peak values, more defined peaks,
less variance, negative skewness, larger overall
amplitude, and longer duration compared to
their voiced counterparts (28). Ferreira-Silva
et al. analyzed spectral moments in Brazilian
Portuguese fricatives. Mean values of the cen-
troid of labiodental, alveolar and postalveolar
fricatives in the context of /a/, /i/ and /u/ were
5003 Hz, 7417 Hz and 4608 Hz. Mean values of
variance were 2862.8 Hz, 1952.8 Hz and 1850.8
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Ha TeXKULITETO HA JTa0OMOIEHTAIHUTE, alBeoap-
HUTE W TOCTAIBEOJapHUTE (PPUKATHBU BO KOH-
Tekct Ha /a/, /i/ u /u/ 6une 5003 Hz, 7417 Hz
u 4608 Hz. Cpennute BpeIHOCTH Ha BapHjaH-
cara Oowre 2862,8 Hz, 1952,8 Hz u 1850,8 Hz.
CpenHuTe BpeIHOCTH Ha acuUMeTpujara Owmie
0,25, -0,39 u 0,88. Cpeanure BpeIHOCTH Ha
kyprosuc oune 0,74, 2,76 u 1,85 (13). Camo
MeT TOBOPUTENH BO HAIllaTa CTy/lWja UMaa Hera-
TUBEH HAKJIOH Ha CMEKTapoT Ha (ppUKaTHBHTE.
Toa ykakyBa Ha KOHIIEHTpaIlfja Ha €HepTHja BO
BHCOKHUTE (PPEKBEHITUH.

Tabain ro mpecmerana TEXKHUILTETO Ha
HEKOJIKY KOHCOHaHTH 36MEHH O]l KOHCOHAHT-BO-
kan (KB), cioroBn u3roBOpeHM OO KCHCKHU
TOBOPUTENIM Ha aBCTPAJIMCKH AHTIUCKH ja3uK.
CpenHara BpeTHOCT Ha TEXHINTETO Ha /s/ Onia
6582 Hz, na /[/ 5323 Hz, na /z/ 5885 Hz u Ha
/3/ 4521 Hz (29). Kopejckuotr ¢pukarus /s/ e
WCTIHUTYBaH BO KOHTEKCT Ha Bokamute /i/, /a/ u
/u/. CpenHara BpEIHOCT Ha TSKHMINTETO OuIa
6133,9 Hz u 7280,2 Hz kaj maxxute u 8248,6 Hz
n 8321,2 Hz xaj xennre. CpegHaTa BpEIHOCT Ha
HaAKJIOHOT Ha criektapot ouna 0,37 and 0,08 kaj
maxure u -0,44 u -0,31 kaj xxenure (30). [Ipu
aHanmM3ara Ha (QpPUKATUBUTE, HUE H3MEPUBME
HAKJIOH Ha CIIEKTapOT CJHAKOB Ha HyJla Kaj
IBajiia ToBopuTenu. Toa yKakyBa JeKa IHCT-
pubynujata Ha (QPEKBEHIIMHUTE OKOIY CpeaHara
(pekBeHIja € CHMETPUYHA.

Koenig u cop. ru uzmepuiie CreKTpasHUTE
MOMEHTH Ha aHIJIMCKUOT (ppuKaTB /s/ BO 300-
pPOBH M3rOBOpeHW on anmonecreHTH. CpemHara
BPEIHOCT Ha TEXHWINTETO OWJIa BO OIICEr Off
4433 Hz no 7643 Hz. Cpennara BpegHOCT Ha
CJl ouna Bo omcer on 1492 Hz no 2092 Hz.
Cpennara BpeHOCT Ha HAKJIIOHOT Ha CHEKTapoOT
6wra Bo omcer ox -0,102 no 0,926 u cpennara
BPEIHOCT Ha KYPTO3HC OMIIa TIO3UTHBHA Kaj CUTE
roBoputenu, Bo omncer ox 0,184 no 3,389 (31).
Jongman u cop. ru aHanu3Mpane aHIIUCKUTE
(pUKaTHBU M TIPUKaKaJIE TIOBHCOKO CIIEKTPAIIHO
texumire 3a /s/ u /z/ (6133 Hz) u nonucko 3a
/f/ u /3/ (4229 Hz). HaknoHOT Ha CIIeKTapoT O
MOBUCOK Kaj /[/ M /3/, yKaxkyBajKu JieKa mana-
TO-aJIBEOJIAPUTE HMMaaT HajCHIIHA KOHIIEHTpa-
L[Mja Ha eHEepruja Bo HUCKHUTE PpekBeHnnu (32).

Vujasi¢ ru aHamu3upana XpBaTCKUTE JIMHT-
BajHu (hpukarusu /s/, /[/, /z/ v /3/ Bo noratomu
co KBKB crpykrypa. Taa mpukaskania HajBUCOKA

Hz. Mean values of asymmetry were 0.25,
-0.39 and 0.88. Mean values of kurtosis were
0.74, 2.76 and 1.85 (13). Only five speakers in
our study had negative skewness of fricatives.
It indicates concentration of energy in the high
frequencies.

Tabain computed COG of several conso-
nants taken from CV syllables produced by
female speakers of Australian English. Mean
COG of /s/ was 6582 Hz, of /[/ 5323 Hz, of /z/
5885 Hz, and of /3/ 4521 Hz (29). Korean fric-
ative /s/ was examined in vowel context /i/, /a/
and /u/. Mean COG was 6133.9 Hz and 7280.2
Hz in males and 8248.6 Hz and 8321.2 Hz in
females. Mean skewness was 0.37 and 0.08 in
males and -0.44 and -0.31 in females (30). In
fricative analysis we measured skewness equal
to zero in two speakers. It indicates that distribu-
tion of frequencies around the mean frequency
is symmetrical.

Koenig et al. measured spectral moments of
English fricative /s/ in words produced by ado-
lescents. Mean COG was in the range from 4433
Hz to 7643 Hz. Mean SD was in the range from
1492 Hz to 2092 Hz. Mean skewness ranged
from -0.102 to 0.926, and mean kurtosis was
positive in all speakers, ranging from 0.184 to
3.389 (31). Jongman et al. analyzed English
fricatives and reported highest spectral mean
for /s/ and /z/ (6133 Hz) and lowest for /[/ and
/3/ (4229 Hz). Skewness was highest for /[/ and
/3/, indicating that the palato-alveolars had the
strongest concentration of energy in the lower
frequencies (32).

Vujasi¢ analyzed Croatian lingual fricatives
/s/, /f1, /z/ and /3/ in logatomes with CVCV struc-
ture. She reported the highest average COG value
for /s/ 8641 Hz, and the highest average SD for
/z/ 3130 Hz. Average skewness was positive for
/f/ and /3/, and negative for /s/ and /z/. Average
kurtosis was positive for all fricatives (33).
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MIPOCEYHA BPEIHOCT Ha TexwuITe 3a /s/ 8641 Hz
W HajBUCOKa mpoce4yHa BpenHoct Ha CJI 3a /z/
3130 Hz. IIpoceuynara BpeqHOCT Ha HAKJIOHOT
Ha CIIEKTapoT Owsia Mmo3WTWBHA 32 /[/ u /3/, u
HeraTWBHa 3a /s/ 1 /z/. IIpocednara BpeqHOCT Ha
KypTO3UC OWja TIO3UTHBHA 32 CUTE (PPUKATHBU
(33).

Bo namara crymuja, HajrojieM Opoj ToBoO-
pUTEIN MMaa MO3UTUBEH KypTO3HUC Kaj (hpuka-
tuBuTe. Toa 3HAYM pEeNaTMBHO BHCOKU TTHKOBHU
Bo crektapoT. CpemHata BpemHOCT Ha Kyp-
TO3UC Oellle HeraTUBHA caMO Kaj (PPUKaTHBOT
/m/ (f) W3roBOpPEH O] KCHCKUTE TOBOPUTEIIU.
HeraTuBHHOT KypTO3HC yKa)KyBa JAeKa AUCTPHU-
Oynujara uma IoBeke 3apaMHETH MUKOBH HIIH
criektap 0e3 moopo meduHMpanu nukoBu. [Ipm
aHaim3ara Ha adpHUKATUTE, UCTO TaKa H3Me-
pHUBME TO3UTHBHA CpellHa BPEJHOCT HA HAKJIOH
Ha CIIEKTapoT M KypTO3HUC Kaj CUTE TOBOPHUTEIH.

Hamara crnekrpanHa aHanu3a Ha Ha3aluTe
MOKaka CpelHa BPEAHOCT Ha TEXKHIITETO BO
HHUCKHUTE (PPEKBEHITMHU 3a CHTE TOBOPHTEIH. 3a
KOHCOHaHTOT /m/, Tabain u cop. mpukaxaine
texxutnte 2657 Hz u C/1 1139 Hz. 3a xonconasn-
TOT /n/ Texwumrero owmno 2708 Hz, a C/I 6una
1130 Hz (34).

Hue ru uamepuBMe NpBUOT ¥ BTOPHUOT CIICK-
TpaJleH MOMEHT Kaj JaTepaliTe BO OTICEeTOT Ha
Huckute gpekBeHnuu. Tabain u cop. usmepuie
texxute 2704 Hz u CII 1100 Hz na narepanot
/1/ Bo noeauneunu 30opou (35).

BpenHoctute Ha MPBHOT U BTOPUOT CIICK-
TpaJleH MOMEHT TpPUKaXaHW O JIPYTH aBTOPHU
KOWINTO TH AaHAJIW3Wpane KOHCOHAHTUTE BO
BOKaJICH KOHTEKCT Oea MOBUCOKH O]l BPEIHO-
CTHTe AOOWMEHH BO Hamara cryadja. Hue ru
aHaNM3UpaBMe KOHCOHAHTUTE KAaKO H30JUpPaAHH
(oremn u ro m3derHaBMe €PEeKTOT Ha KOapTH-
kynanuja. Toa e peHOMEH Kaj koj eqHa (GoHeMa
BIMjac Ha TPOMYKIMjaTa Ha IPETXOAHATa U
cienHara poHeMa. APTUKYJIATOPHUTE JIBHOKEHHa
MpY MPOAYKIIMja Ha ofpeneHa GoHeMa ja MeHy-
Baar apTHKyJalujara Ha COceqHUTE (POoHEMHU.

I'm wm3mepuBme Fo wm ¢pexBenmunre Ha
(dopmanture ox F1 no F5 kxaj nazanure u nare-
panmure. 3a MPOMYKIMja HAa HA3aTHUTE KOHCO-
HaHTU MPOTOKOT HA BO3IyX BO ycTara € Bpe-
MEHO 3ampeH. MeKoTo Hemlle € CITyIITEHO TaKa
IITO BO3AYXOT MOXE Ja H3Je3¢ EIMHCTBEHO
MpeKy HocHara mnpasHuHa. Hazammre Oapaar

In our study, most of the speakers had pos-
itive kurtosis in fricatives. It means relatively
high peaks in the spectrum. Mean kurtosis was
negative only in fricative /m/ (f) produced by
female speakers. Negative kurtosis indicates
that the distribution has more flattened peaks, or
a spectrum without well-defined peaks. In affri-
cate analysis we also measured positive mean
skewness and kurtosis in all speakers.

Our spectral analysis of nasals showed mean
COG in low frequencies for all speakers. For the
consonant /m/ Tabain et al. reported CoG 2657
Hz, and SD 1139 Hz. For the consonant /n/ CoG
was 2708 Hz, and SD was 1130 Hz (34).

We measured first and second spectral
moment in laterals in low-frequency range.
Tabain et al. measured COG 2704 Hz and SD
1100 Hz of the lateral /I/ in single words (35).

First and second spectral moment values
reported from other authors who analyzed the
consonants in vowel context were higher than val-
ues obtained in our study. We analyzed the conso-
nants as isolated phonemes and avoided the effect
of coarticulation. It is a phenomenon in which one
phoneme affects the production of preceding and
upcoming phoneme. The articulatory movements
in production of certain phoneme change the artic-
ulation of neighbouring phonemes.

We measured Fo and formant frequencies
from F1 to F5 in nasals and laterals. For the pro-
duction of nasal consonants the oral airflow is
temporally blocked. The velum is lowered such
that air can escape only through the nasal cavity.
Nasals require the use of two resonance cavities,
oral and nasal, which are combined in a com-
plex way (36).

Tabain et al. measured nasal formants of the
nasal /m/ N1 308 Hz, N2 1402 Hz, N3 2603 Hz,
and N4 3726 Hz (34). In laterals Tabain et al.
obtained the following formant frequencies: F1
374 Hz, F2 1619 Hz, F3 2839 Hz, and F4 3804
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KOPHCTEH-E Ha JBE PE30HAHTHU NPa3HUHHU, YCHA
W HOCHA, KOHMIITO C€ KOMOWHUpAaHH Ha KOM-
IeKkceH HaduH (36).

Tabain u cop. ru m3mMepmiIe Ha3aTHATE POp-
MaHTH Ha HasajoT /m/ N1 308 Hz, N2 1402 Hz,
N3 2603 Hzu N4 3726 Hz (34). Kaj narepanure,
Tabain u cop. ru o6use cneaHnTe HPEKBEHINH
Ha ¢opmantute: F1 374 Hz, F2 1619 Hz, F3
2839 Hz u F4 3804 Hz 3a anBeonapHUOT JaTe-
pan/l/ u F1 339 Hz, F2 2104 Hz, F3 2896 Hz
F4 3998 Hz 3a mamaramauor marepan /A/ (35).
Rodrigues u cop. ru m3mepuiie GpeKBEHIIUNUTE
Ha (popMaHTUTE HA TPBUOT, BTOPUOT U TPETHOT
(hopmaHT Ha JaTepaior /I/ BO BOKaJIeH KOHTEKCT.
Cpennara Bpemunoct Ha F1 OGmma Bo omcer on
377,79 Hz mo 554,77 Hz, cpenrara BpeIHOCT Ha
F2 was 6una Bo orcer ox 947,70 Hz no 1108,67
Hz wu cpennara Bpennoct Ha F3 Guna Bo ormcer
on 2831,37 Hz no 3147,89 Hz (37). OBue Bpen-
HOCTH C€ CIIMYHM Ha BPEITHOCTUTE AOOHMEHH BO
HaIara cTyuja.

Kosti¢ ja mcnmTyBanm akycTHYHATa CTPYK-
Typa Ha CpIICKHTE KOHCOHAHTH. 3a Ha3aJINTe
/m/ m /n/ TOj ja ompenua mpBaTa KOHIIEHTpa-
LMja Ha aKycTH4Ha eHepruja Ha okoiy 500 Hz,
BTOpara KoHIieHTpanuja Owita ox 1000 Hz mo
1200 Hz u Ttperara xonuentparmja ox 2200 mo
2500 Hz. 3a Hazanot /pn/ mpBarta KOHIIEHTpaIlja
Ha aKyCTHYHA €Hepryja Ouia Ha HHUBO OKOIY
500 Hz, Bropara xoHueHTpanuja ouna ox 600
Hz no 1000 Hz u Tperara KOHIIEHTpaluja Ha
aKycTH4YHa eHepruja Omna Bo orceror o 2700
mo 3000 Hz (38). OBue Haomwm ce CIMYHU Ha
(bpexBeHIUTE HA TPBHOT, BTOPHOT U TPETHOT
(dbopMaHT NOOMEHHM 3a Ha3aJlUTE Kaj MAIIKUTE
TOBOPHTENIM BO HallaTa CTy/uja.

3akny4ok

LleHTapoT Ha TrpaBUTalMja M CIEKTpPaI-
HaTa CTaHAapAHa [eBHjalHja Kaj KOHCOHAH-
THTE aHAJIM3MPAHU KaKo HW3OJIMpaHH (OHEMHU
ce TIOHHCKH O]l BPEAHOCTUTE AOOUMEHH BO KOH-
TEKCT Ha BOKAlM 3apaju €EeKTOT Ha KOoapTH-
KyJanujara BO Koja eqHa QoHeMa BiHjae Ha
MPOIYyKIIMjaTa Ha MPETXOJHATa W Ha CcieHaTa
¢onema. HakOHOT Ha CIIEKTapoOT M KypTO3WC
ce TO3WUTHBHH Kaj HajroieM Opoj TOBOPHUTEIH
IITO yKa)KyBa Ha KOHLEHTpalMja Ha CHepruja
BO HHCKHTE ()PEKBEHIMH M PEJIATHBHO BHCOKHU

Hz for the alveolar lateral /l/, and F1 339 Hz,
F2 2104 Hz, F3 2896 Hz, and F4 3998 Hz for
the palatal lateral /&/ (35). Rodrigues et al. mea-
sured first, second and third formant frequencies
of the lateral /1/ in vowel context. Mean F1 was
in the range from 377.79 Hz to 554.77 Hz, mean
F2 was in the range from 947.70 Hz to 1108.67
Hz, and mean F3 was in the range from 2831.37
Hz to 3147.89 Hz (37). These values are similar
to values obtained in our study.

Kosti¢ examined the acoustic structure of
the Serbian consonants. For the nasals /m/ and
/n/ he determined first concentration of acoustic
energy at about 500 Hz, second concentration
was from 1000 Hz to 1200 Hz, and third concen-
tration from 2200 to 2500 Hz. For the nasal /j/
first concentration of acoustic energy was at the
level of about 500 Hz, second concentration was
from 600 Hz to 1000 Hz, and third concentration
of acoustic energy was in the range from 2700 to
3000 Hz (38). These findings are similar to first,
second and third formant frequencies obtained

for nasals in male speakers in our study.

Conclusion

Center of gravity and spectral standard devi-
ation in consonants analyzed as isolated pho-
nemes are lower than values obtained in vowel
context because of the effect of coarticulation
in which one phoneme affects the production of
preceding and upcoming phoneme. Skewness
and kurtosis are positive in most speakers indi-
cating concentration of energy in the low fre-
quencies and relatively high peaks in the spec-
trum. The highest mean Fo and formant fre-
quencies of nasals and laterals are measured in

children.
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MMUKOBU BO cHeKkTapoT. HajBucokara cpenHa
BpenHocT Ha Fo n ¢pexBenuuure Ha hopman-
TUTE HAa HazaJMTe W JaTepalluTe ce U3MEPEHU

Kaj merara.
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