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PeJuMe 

BoBetr 3HaqajHa mnpopMar.v1ja 3a KBaJrn­
TeToT Ha roBopoT ce A06MBa OA ~OpMaTa Ha 
crreKTporpaMOT KOJIIITO COAP)KM KBaHTMTaTMBHM 

~ 

IIOAaTOQM 3a 3B)!KOT. CrreKTpaJIHMTe KapaKTepMC-
TMKM Ha KOHCOHaHTMTe MO)Ke Aa ce aHaJIM3MpaaT 
co OApeA)'BaH>e Ha crreKTpaJIHMTe MOMeHTM. 

:U:en: U:enrn Ha CT)'AMjarn 6eIIIe Aa ce KaJI­
KynMpaaT crreKTpaJIHMTe MOMeHTM Ha MaKeAOH­
CKMTe KOHCOHaHTM M ~peKBeHQMMTe Ha ~op­
MaHTHTe OA Fl AO F5 M ocHOBHarn ~peKBeHQMja 
(F o) Ha Ha3aJIMTe H naTepanHTe. 

MaTepujaJI u MeTO,!J,H: OBaa CT)'AMja 
BKJiyq)'Ba 15 H3BOpHM roBOpHTeJIH Ha MaKeAOH­
CKM Ja3HK, rreT Ma)KM, rreT )KeHH, Ha B03pacT OA 
26 AO 50 rDAHHH (cpeAHa B03pacT 38,9±9,6 ro­
AHHH) H rreT AeQa, ABe MOMqffH>a H TPH AeBoj­
qHH>a, Ha B03pacT OA 9 AO 14 rDAHHH ( cpeAHa 
B03pacT 10,6±1,9 rDAHHH). KoHCOHaHTMTe 6ea 
CHMMeHH KaKO H30JIMpaHH ~OHeMH H aHaJIM3H­
paHH BO KOMrrjyTepcKarn rrporpaMa Praat. 

A,r\peca 3a KopecrroH,neHr(ttja: 
Jluguja PHCTOBCKA 
rpa,ncKa OilIIITa 60JIIDfQa ,,8-MH CerrTeMBpH", 
O.n,nen 3a 0TopHHonapmrronor0ja, OTceK 3a 
ay,n0onornja, yn. ,,IlapttcKa" 66. 1000 CKorrje, 
Perry6n0Ka CeaepHa MaKe,noHHja, 
e-rrorIITa: lidijaristovska@yahoo.com 
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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 Fl to F5 

and fundamental frequency (F o) 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 
38.9±9.6 years), and five children, two boys 

and three girls, aged 9 to 14 years (mean age of 
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JlE<PEKTOflOWKA CTPY'IHO-HAY'IHA nP06flEMATl1KA 

Pe1yJITaTn: Cpe.n,HaTa Bpe.n,HOCT Ha u.eHTa­
poT Ha rpaBHTaU.Hja Kaj CHTe KOHCOHaHTH 6erne 
BO oncer o.n, 428 Hz .n,o 4021 Hz. Cpe.n,HaTa Bpe.n,­
HOCT Ha cneKTpa.rrnarn crntt.n,ap.n,tta .n,eBHjau.Hja 
6erne Bo oncer o.n, 363 Hz .n,o 3108 Hz. HajBHco­
KM Bpe.n,HOCTH 6ea .n,o6HeHH Kaj <ppMKaTMBOT /c/ 
Kaj .n,eu.arn. Cpe.n,HaTa Bpe.n,HOCT Ha HaKJIOHOT Ha 
cneKTapOT 6erne n03HTMBHa Kaj CHTe KOHCOHaH­
TH. Cpe.n,HaTa Bpe.n,HOCT Ha KypT03HC 6erne HCTO 
TaKa n03HTMBHa Kaj CHTe KOHCOHaHTH OCBeH Kaj 
<ppHKaTMBOT /rn/ (-1,4) Kaj )KeHCKMTe roBOpHTeJIH. 

3aKJIY'IOK: l(eHTapOT Ha rpaBHTaIJ.Hja H 
cneKTpaJJHaTa CTaH.n,ap.n,Ha .n,eBHjau.Hja Kaj KOH­
COHaHTHTe, aHailH3HpaHH KaKO H30IlHpaHH <po­
HeMH, ce noHHCKM o.n, Bpe.n,HOCTHTe .n,o6HeHH BO 
KOHTeKCT Ha BOKaJIH 3apa.n,H e<peKTOT Ha Koap­
TMKynau.HjaTa BO Koja e.n,Ha (pOHeMa BilHjae Ha 
npo.n.yKIJ.Hjarn Ha npeTXO,D,HaTa H Ha cne.n,Harn 
(pOHeMa. HaKJIOHOT Ha cneKTapOT H KypT03HC 
ce n03HTMBHH Kaj HajroneM 6poj rOBOpHTeilH 
mrn YKa)KyBa Ha KOHIJ.eHTpau.Hja Ha eHeprnja 
BO HHCKMTe <ppeKBeHU.HH H penaTMBHO BHCOKM 
nMKOBH BO cneKTapoT. 

Kny11uu 16oposu: ciieKuipamm M0Me11uiu, 

MaKegoHCKU KOHC011a11uiu, Praat 

Boaeg 
,. 

Ilpo.n.yKIJ.HjaTa Ha roBopoT 6apa npeu.mHa 
KOHTpona Ha ,D,BIDKeH.aTa Ha BOKailHHOT rpaKT 
3a .n,a ce reHepHpaaT roBopHH 3BYIJ.H (<poHeMH) 
KOHIIITO ce opraHH3HpaHH BO KOMnileKCHH 
ceKBeHIJ.M ( 1 ). I'oBopoT ce KapaKTepmHpa co 
6p3H npoMeHH BO apTMKynau.Hjarn H Hej3HHHOT 
aKyCTH'IeH npO,D,YKT. ~HHaMMKaTa Ha rOBOpOT 
npeTcTaBYBa roneM rrpe.n,H3BMK 3a HeroBa aHa­
nma (2). KaKO KOMIIIleKCeH 3BYK, roBopOT MO)Ke 
.n,a ce aHaJIH3Hpa BO O,D,HOC Ha HHTeH3HTeTOT H 
<ppeKBeHIJ.Hjarn. OBHe aKyCTWIHH KapaKTepHC­
THKM Ha rOBOpHHOT 3BYK 3aBHCaT o.n, nOilOT, 
(pOHeMaTa, CO,D,p)KHHaTa Ha KOHBep3aIJ.HjaTa H 
eMOIJ.Hjarn (3). 

I'oBopHHTe 3BYU.H, reHepaJIHo, MO)Ke .n,a 
ce KJiaCH(pHIJ.HpaaT BO ,D,Be lliHpOKM KaTero­
pHH: BOKaJIH H KOHCOHaHTH (4). KOHCOHaHTHTe 
ce KapaKTepH3HpaaT co KOMIIIleTHa HilH nap­
IJ.HjaJIHa KOHCTPYKIJ.Hja Ha BOKailHHOT rpaKT 
npH npO,D,YKIJ.Hjarn H BHCOKO<ppeKBeHTHa eHep­
rnja (5). Ttte, reHepanHo, ce MHory noKpaTKM 
o.n, BOKailHTe H BpeMeHCKM noBapHja6HJIHH 
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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 /JI (-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). <I>peKBeHIJ;HJffe Ha KOHCOHaHTHTe MO)Ke p;a 
BapHpaaT BO 3aBHCHOCT op; npeTXO,IJ;HHTe Hop; 
cJie,IJ;HHTe rnacoBH (KoapTHKyJiaIJ;Hja) H ce jaBy­
BaaT pa3JIHKH noMefy roBopHTeJIHTe, oco6eHo 
BO 0,IJ;HOC Ha IlOJIOT (7). MaKe,IJ;OHCKHTe KOHCO­
HaHTH ce KJiacmpwu;wpaaT cnopep; 3B)"IHOCTa, 
MeCTOTO Ha apTHKyJiaIJ;HJa H Ha'IHHOT Ha apTH­
KyJiau;wja (8). Cnopep; Ha'IHHOT Ha apTHKyJia­
U:HJa, THe MO)Ke p;a ce nop;eJiaT Ha OKJIY3HBH, 
q>pHKaTHBH w aq>pHKaTH (9). 

3Ha'lajHa HHq>OpMau;wja 3a KBaJIHTeTOT Ha 
roBopoT ce p;o6wBa op; qiopMarn Ha cneKTporpa­
MOT KOjIIITO CO,ll;p)KH KBaHTHTanrnHH nop;aTOIJ;H 
3a 3BYKOT (10). CneKTporpaMOT e cneKTpo-TeM­
nopaJIHa npeTCTaBa Ha 3BYKOT. XopH30HTaJIHaTa 
HacoKa Ha cneKTPorpaMoT ro npeTCTaBysa Bpe­
MeTo, a BepTHKaJIHaTa HaCOKa Ja npeTCTaBysa 
qipeKBeHu;11jarn (11 ). CneKTporpaMHTe ce KJia­
cHq>HIJ;HpaHH BO )];Ba rnaBHH THTia, IIIHpOKOTIOja­
ceH H TecHonojaceH cneKTPOrpaM (12). 

CneKTpaJIHHTe KapaKTepHCTHKH Ha KOHCO­
HaHTHTe MO)Ke p;a ce aHaJIH3HpaaT co o,11;pe,11;y­
BaI1>e Ha cneKTpaJIHHTe MOMeHTH. IlpBHOT cneK­
TpaJieH MOMeHT 1,feHiii.ap Ha zpaeuiii.al,{uja (W) 
HJIH Te)KJ,fIIITe e cpep;Ha Bpep;HOCT Ha qipeKBeH­
IJ;HHTe BO cneKTapoT. Toj ja peq>JieKTHpa u;eH­
TpaJIHaTa KOHU:~HTPau:wja. BrnpHoT cneKTpa­
JieH MOMeHT ciii.aHgapgHa geeujal,{uja (C,Z:O 
HJIH BapwjaHca ja peq>JieKTHpa p;wcnep311jarn 
Ha q>peKBeHIJ;HHTe BO 0,IJ;HOC Ha Qr. TpeTHOT 
cneKTPaJieH MOMeHT HaKJlOH Ha ciieKiii.apoiii. 
ja peq>JieKTHpa acHMeTpHjarn Ha qipeKBeHu;H­
HTe BO cneKrnpoT. AcHMeTPHjaTa e MepKa IIITO 
yKa)KyBa KaKO ce ,!J;HCTpH6YHpaHH qipeKBettu;H­
HTe Ha cneKTapoT OKOJIY cpep;HaTa Bpep;HOCT. 
1-IernpTHOT cneKTPaJieH MOMeHT KypUlo3uc 
e HH)];HKaTop 3a IlHKOT Ha ,!J;HCTpH6yu;wja Ha 
q>peKBettu;HHTe BO cneKTapOT (13,14). 

CneKTpaJIHHTe IlHKOBH Ha 3BYlJHHOT cneK­
Tap Ha BOKaJIHTe ce HapeKysaaT qiopMaHTH (15). 
<I>opMaHTOT e KOttu;eHTpau;wja Ha aKyCTH'lHa 
eHeprnja OKOJIY op;pep;eHa qipeKBeHu;wja Ha 
3ByqHHOT 6paH H TOj e TeMeH nojac Ha IIIHpO­
KOTIOjacHHOT cneKTporpaM, IIITO KopecnoH­
,ll;Hpa co pe30Hattu;HjaTa Ha BOKaJIHHOT TpaKT. 
<I>opMaHTHTe ce 03Ha'leHH KaKo Fl, F2, F3, 
F4 HTH. IlO'lttyBajKH co HajHHCKaTa q>peKBeH­
IJ;Hja (10). 3ByqHHTe KOHCOHaHTH, KaKO Ha3a­
JIHTe H JiaTepaJIHTe, HCTO TaKa HMaaT cneu;H­
q>H'IHH qiopMH Ha BOKaJIHHOT TPaKT KOHlIITO ce 
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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 

(COG) 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 Fl, 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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IJEIPEKTOflOWKA CTPYl/HO-HAYl/HA nP05flEMA TMKA 

KapaKTepIBHpaaT co <ppeKBeHJ..J;HHTe Ha <jJop­
MaHTHTe. THe ce pa3JIHKy'BaaT o,n BOKaJIHTe BO 
HHBHaTa rrpo,ny:KI(Hja, HO MO)KaT ,na 6H,naT crre­
I(HqJHI(HpaHH BO O.l(HOC Ha HHBHHTe <ppeKBeH­
I(HH Ha <popMaHTH (16). 

l(eJITa Ha cTy,n;Hjara 6erne ,na ce aHaJIH3H­
paar crreKrpaJIHHTe KapaKTepHCTHKH Ha MaKe­
,l(OHCKHTe KOHCOHaHTH, O.l(HOCHO ,na ce KaJIKYJIH­
paaT CIIeKrpaJIHHTe MOMeHTH: IU', C,n:, HaKJIOH 
Ha crreKTapOT H KYPT03HC, KaKO H <ppeKBeHI(H­
HTe Ha <popMaHTHTe o,n F 1 ,no F5 H ocHOBHaTa 
<ppeKBeHI(Hja (Fo) Ha Ha3aJIHTe H JiaTepaJIHTe BO 
KOMrrjyTepcKaTa rrporpaMa Praat. 

Mawepujan u Meliiogu 

OBaa cTy,nHja BK.JIY1IYBa 15 H3BOpHH roBo­
pHTeJIH Ha MaKe,l(OHCKH Ja3HK, rreT Ma)KH, rreT 
)KeHH, Ha B03pacT o,n 26 ,no 50 ro,nHHH ( cpe,nHa 
B03pacT 38,9±9,6 ro,nHHH) H rreT ,nel(a, ,nBe MOM­
'illll,a H rpH ,neBoj11HH>a, Ha B03pacT o,n 9 ,no 14 
fO.l(HHH (cpe,nHa B03pacT 10,6±1,9 ro,nHHH). THe 
6ea CHHMeHH rrpH IBroBapaH>e Ha MaKe,noH­
CKHTe KOHCOHaHTH KaKO H30JIHpaHH <pOHeMH. 
AKycTH1IHaTa aHaJIH3a e H3Be,neHa BO KOMrrjy­
TepcKaTa rrporpaMa Praat, Bep3Hja 6.0.43 (17). 
MP3 MOH03ByqHHT~ <j)ajJIOBH Ha CHHMeHHTe 
KOHCOHaHTH 6ea rrpBO OTBopeHH BO Praat 3a ,na 
ce cerMeHTHpa H MeMOpHpa KOHCOHaHTOT KaKO 
WAV <j)ajJI. 1H rrpecMeTaBMe crreKTpaJIHHTe 
MOMeHTH Ha KOHCOHaHTHTe: 1(1, C,n:, HaKJIOH Ha 
crreKTapOT H KYPT03HC KaKO H <ppeKBeHJ..J;HHTe Ha 
<jJopMaHTHTe o,n Fl ,no F5 H Fo Ha Ha3aJIHTe H 
JiaTepaJIHTe. 

IlapaMeTpHTe 3a aHaJIH3a rH IIOCTaBHBMe 
Ha CJie,nHHOT Ha1IHH: MaKCUMGJleH 6poj HQ </Jop­
MGHiuu: 5 H MaKcUMyM <jJopMaHiu (Hz): 5000 
Hz 3a Ma)KHTe, 5500 Hz 3a )KeHHTe H 8000 Hz 3a 
,nel(aTa. Bpe,nHocrn BO Ilociuaeyea1fJe Ha ciieK­
iupozpaM: Ilpe2lleg Ha oucez (Hz) 6eme HCTa 
KaKO Bpe,nHOCTa BO MaKCUMYM <jJopMaHiu (Hz) . 

PeJynwawu 

AHaJIIBHpaHH ce BKYIIHO 390 WAV <j)ajJIOBH 
Ha CHHMeHH KOHCOHaHTH. Bo MaKe,nOHCKHOT 
ja3HK HMa 26 KOHCOHaHTH. Bo Ta6eJIHTe rH 
rrpHKa)KaBMe MaKe.l(OHCKHTe KOHCOHaHTH H 
HHBHaTa rpaHCKpHIII(Hja BO CHM60JIHTe Ha 
MefyHapo,nttarn <poHeTcKa a36y:Ka (M<l>A), a BO 
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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 Fl 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 F 1 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 IPA symbols in parentheses. Mean 
spectral moments were calculated separately for 

all three groups: males, females and children. 
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TeKCTOT rH KOpHCTeBMe MaKe,D,OHCKHTe <pOHeMH 
co M<l>A cHM60Jm BO 3arpa,D,H. Cpe.n;HaTa Bpe.n;­
HOCT Ha cne3:<TpanHHTe MOMeHTH 6eme Kan­
KynHpaHa O,D,,D,eilHO 3a CHTe TPH rpynH: Ma)l(H, 
)KeHH H .n;eu;a. 

Bo Ta6ena 1 ja npHKa)KaBMe cpe.n;HaTa 
Bpe,D,HOCT Ha cneKTpanHHTe MOMeHTH Kaj nno-
3HBHTe: /6/ (b ), /r/ (g), /.n;/ ( d), /Kl (k), /n/ (p) H 
IT/ (t). Kaj CHTe nn03HBH, cpe,D,HaTa Bpe,D,HOCT Ha 
Te)l(HIIITeTO 6erne BO oncer o.n; 456 .n;o 557 Hz 
Kaj Ma)l(HTe, 601 Hz .n;o 773 Hz Kaj )KeHHTe H 

673 Hz .n;o 788 Hz Kaj .n;eu;arn. Cpe.n;Harn Bpe.n;­
HOCT Ha c,z:i; 6eIIIe BO oncer O,ll, 479 Hz ,ll,O 727 
Hz Kaj Ma)KHTe, 632 Hz .n;o 999 Hz Kaj )KeHHTe 
H 363 Hz .n;o 985 Hz Kaj .n;eu;arn. CHTe roBopH­
TenH HMaa no3HTHBHH; Bpe,D,HOCTH Ha HaKilOH Ha 
cneKTapoT H KypT03HC. 

Ta6ena 1. CpegHa epegHocw Ha cileKwpanHuwe MOMeHwu Kaj 
ilnoJueuwe 

<l>oneMu / roeopuTeJIH / Te:iKumTe / 
Phonemes Speakers COG(Hz) 

6/b MIDKH!Males 503 

)l(eHHfF emales 601 

)J,eQa/Children 709 

r / g MIDKHIMales 468 

)J{eHHIF emales 709 

)J,eQa/Children 680 

.n; Id MIDKH!Males 456 

)l(eHHfF emales 611 

)J,eQa/Children 673 

Kl k MIDKH!Males 557 

)l(eHHIF emales 718 

)J,eQa/Children 688 

nip Ma)KH/Males 514 

)l(emi/F emales 617 

)J,eQa/Children 696 

T / t MIDKH!Males 551 

)l(eaHIF em ales 773 

)J,eQa/Children 788 

fH rrpHKa)KaBMe OCQHnorpaMOT H cneKTpo­
rpaMOT Ha nn03HBOT IT/ (t) Kaj MaIIIKH roBO­
pHTen (CnHKa 1). H3MepeHH ce: Te)KHI.IITe 535 
Hz, c,z:i; 633 Hz, HaKilOH Ha cneKTapOT 7,2 H 
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In Table 1 we displayed mean spectral 

moments in plosives: /6/ (b), /r/ (g), /,D,/ (d), 

/Kl (k), /n/ (p), and IT/ (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 

C)JJ HaKJIOH / KypT03HC / 
SD (Hz) Skewness Kurtosis 

479 8.5 166.2 

632 8.6 164.2 

555 5.1 61.4 

554 8.1 114.4 

999 5.3 47.6 

570 9.2 148.6 

511 9.4 167.7 

750 7.0 81.0 

686 8.4 108.2 

727 7.4 92.3 

904 5.3 65.4 

712 7.1 73.3 

512 7.5 100.1 

696 6.3 80.4 

363 8.1 140.6 

692 6.1 57.6 

865 5.8 77.4 

985 6.7 65.3 
We dis 11 a ed waverorm p y and s ectro p gr am 

of the plosive IT/ (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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l)E$EKTOflOWKA CTPYI./HO-HAY4HA flP05flEMA TMKA 

0 V!Slble pall 0278960 wconds 0218980 

I~ ~ ~ ~ ~ •, 
CnuKa 1. Oc1.wnorpaM u cileKwporpaM Ha K0HCOHaH[i]o[i] /[i]/ (t) 

Kaj MawKu roaopuwen 

KYPT03HC 75,9. Ha cneKTporpaMOT HMa KOH­
u:eHTpau:Hja Ha aKyCTWIHa eHeprHja BO HHCKHTe 
qipeKBeHU:HH. 

Bo Ta6ena 2 ja npHKa)KaBMe cpep_Harn Bpep_­
HOCT Ha cneKrpaJIHHTe MOMeHTH Kaj qipHKaTH-

' BHTe: !Bl (v), /)I(/ (3), /3/ (z), /j/ (j), /p/ (r), /c/ (s), 
/qi/ (f), Ix/ (h) H /ml (f). Kaj CHTe qipHKaTHBH, 
cpeP,HaTa BpeP,HOCT Ha Te)l(HlllTeTO 6ellle BO 
oncer op_ 491 p_o 2207 Hz Kaj Ma)KHTe, 529 Hz 
p_o 2842 Hz Kaj )KeHHTe H 590 Hz p_o 4021 Hz 
Kaj p_eu:arn. Cpep_Harn BpeP,HOCT Ha C,[( 6eme BO 

Ta6ena 2. CpegHa apegHocw Ha cileKwpanHuwe MoMeHwu Kaj 
cj)puKaWUBUWe 

cl>oueMn / roBOpHTeJIH / TeJKumTe / 
Phonemes Speakers COG(Hz) 

Blv MIDKH/Males 515 

)I{ettHIF emales 692 

.z:t:en;a/Children 759 

")I( / 3 MIDKH/Males 1395 

)I{eHHfF emales 1763 

.z:t:en;a/Children 1024 

3/z MIDKH/Males 874 

)I{eHHfF emales 1312 

.z:t:en;a/Children 1592 

j I j Ma")l(H/Males 491 

)I{eHHfF emales 529 

JJE<PEKTOJ/OWKA T£0P/1JA 11 llPAKT/1KA 2019; 20(/- 2) :46-62 

Figure 1. Waveform and spectrogram of the consonant /[[]/ (t) in 
male speaker 

In Table 2 we displayed mean spectral 
moments in fricatives: IBI (v), /)I(/ (3), /3/ (z), /j/ 

(j), /p/ (r), /c/ (s), /qi/ (f), Ix/ (h), and /ml (f). 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 

CJJJ HaKJiou / KypTOlHC / 
SD (Hz) Skewness Kurtosis 

504 8.9 167.8 

682 7.1 122.0 

1007 7 89.1 

1651 2.8 16.7 

1969 1.7 6.0 

1490 3.0 10.5 

1546 3.9 19.7 

2299 2.9 8.9 

2262 4.8 37.1 

657 6.4 55.4 

745 6.6 93.2 

5/ 



,[(e1-1a/Children 590 

p Ir Ma:lKH!Males 542 

)I{eHJ1/F emales 607 

,[(e11a/Children 723 

e l s Ma:lKH!Males 2207 

)KeHHIF emales 2380 

,[(e1-1a/Children 4021 

q> / f Ma:lKH!Males 589 

)KeHHIF emales 820 

,[(e1-1a/Children 947 

x/h MIDKH/Males 549 

)KeHHIF emales 801 

,[(e11a/Children 734 

Ill/ J Ma:lKH!Males 1919 

)KettH!Females 2842 

,[(e1-1a/Children 1606 

oncer 0,11; 504 Hz ,11;0 2421 Hz Kaj Ma)l{HTe, 672 
Hz ,11;0 3076 Hz Kaj )Kemne H 533 Hz ,11;0 3108 
Hz Kaj ,11;eu:aTa. 

Cpe,11;HaTa Bpe,ll;H0CT Ha HaKJI0H0T Ha cneK­
rnpoT 6erne n03HTHBHa Kaj CHTe q>pHKaTHBH, HO 
e,11;eH MaIIIKH fOB0pHTeJI H ,ll;Be )KeHH HMaa Hera­
THBeH HaKJI0H ~a cneKTapoT Ha q>pHKaTHBOT /rn/ 
(J) H ,11;Be ,11;eu:a HMaa HeraTHBeH HaKJI0H Ha cneK­
rnpoT Ha q>pHKaTHBOT /c/ (s). E,11;eH MaIIIKH fOB0-
pHTeJI HMarne HaKJioH Ha cneKTapoT ttyJia Ha 
q>pHKaTHBOT /c/ (s) H e,11;Ha )KeHa HMallle HaKJI0H 
Ha cneKTap0T HyJia Ha q>pHKaTHBOT /rn/ (J). 

Cpe,11;HaTa Bpe,ll;H0CT Ha KypT03HC 6erne 
II03HTHBHa Kaj CHTe q>pHKaTHBH, 0CBeH Kaj 
q>pHKaTHBOT /rn/ (J) Kaj )KeHHTe. Iloe,ll;HHe'IHO 
npHKa)KaHo, Haj,ll;OBMe HeraTHBeH KypT03HC Ha 
q>pHKaTHBOT )I(/ (3) Kaj e,11;eH MaIIIKH f0B0pHTeJI 
H TPH )KeHCKH roBopHTeJIH, HeraTHBeH KYPT03HC 
Ha q>pHKaTHBOT /3/ (z) Kaj e,ll;H0 ,11;eTe, HeraTH­
BeH KypT03HC Ha q>pHKaTHBOT c/ (s) Kaj rpoju:a 
MaIIIKH f0B0pHTeJIH H ,ll;Be ,11;eu:a H HeraTHBeH 
KYPT03HC Ha q>pHKaTHBOT rn/ (J) Kaj Tpoju:a 
MaIIIKH fOB0pHTeJIH, qeTHpH )KeHH H e,11;H0 ,11;eTe. 

Bo Ta6ena 3 ja npHKa)KaBMe cpe,11;HaTa Bpe,11;­
H0CT Ha cneKTpaJIHHTe M0MeHTH Kaj aq>pHKa­
THTe: If/ (J), Isl (dz), /-i<J (c), /u:/ (1s), /q/ (!f) H II)} 
( <l3). Kaj CHTe aq>pHKaTH, cpe,11;HaTa Bpe,ll;H0CT 
Ha Te)KHIIITeTO 6eme BO oncer 0,11; 496 ,11;0 1741 
Hz Kaj Ma)l{HTe, 881 Hz ,11;0 2041 Hz Kaj )KeHHTe 
H 690 Hz ,11;0 2208 Hz Kaj ,11;eu:arn. Cpe,11;HaTa 
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748 6.2 55.5 

630 7.1 117.8 

672 6.5 91.2 

533 8.9 145.4 

2421 2.0 9.3 

3076 1.9 4.0 

3108 1.8 7.3 

755 7.5 97.9 

1035 7.8 123.7 

1339 5.4 41.4 

641 6.3 72.7 

834 5.7 89.1 

708 7.2 81 

1881 1.5 4.4 

2320 0.4 -1.4 

1999 2.3 6.4 

Mean skewness was positive in all frica­

tives, but one male speaker and two females had 
negative skewness of the fricative /rn/ (f), and 

two children had negative skewness of the frica­

tive /c/ (s). One male speaker had skewness zero 
of the fricative /c/ (s), and one female had skew­

ness zero of the fricative /rn/ (J). 

Mean kurtosis was positive in all fricatives, 
except in fricative /rn/ (J) in females. Separately 

displayed, we found negative kurtosis of the 

fricative )I(/ (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 rn/ (J) in two 
male speakers, four females and one child. 

In Table 3 we displayed mean spectral 

moments in affricates: /fl (J), Isl (dz), /Kl (c), /u:/ 
( 1s ), /q/ (!f), and /JJ/ ( <l3). In all affricates, mean 
COG was in the range from 496 to 17 41 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. 

JOURNAL OF SPECIAL EDUCATION AND REHABILITATION 20/9; 20(/-2):46--<il 



,QE</!EKTOflOWKA CTPY4HO-HAY4HA flP05flEMA Tl1KA 

Ta6ena 3. CpegHa epegHocw Ha ciJeKillpanHuille MOMeHillu Kaj 
a<j)puKailluwe 

«l>oueMH / roeopuTeJIH / Te,KHWTe / 
Phonemes Speakers COG(Hz) 

t!J MIDKH!Males 496 

)l{emi/Females 881 

.IJ:eQa/Children 690 

s /dz MIDKH/Males 876 

)l{emi/Females 997 

.IJ:eQa/Children 1585 

i</c M3)KH/Males 519 

)l{em1/F emales 1091 

.IJ:en;a/Children 795 

Q / ts Ma)KH/Males 1741 

)l{eHHIFemales 1282 

.IJ:eQa/Children 2208 

'l / !f M3)KH/Males 1359 

)l{em1/Females 2041 

.IJ:eQa/Children 1158 

I.I I CU Ma)KH/Males 957 

)l{eHHIF emales 1755 

.IJ:eQa/Children 772 

Bpe.D,HOCT Ha c,n: 6eme BO oncer 0)1, 667 Hz )],O 

1986 Hz Kaj Ma)KHTe, 1262 Hz .D,O 2288 Hz Kaj 
· )KeHHTe H 826 Hz .D,O 2511 Hz Kaj .D,e11,arn. 

Cpe.D,HaTa Bpe.D,HOCT Ha HaKnOHOT Ha 
cneKTapOT 6eme Il03HTHBHa Kaj CHTe a<ppH­
KaTH. Cpe.D,HaTa Bpe.D,HOCT Ha KYPT03HC 6erue 
HCTO TaKa Il03HTHBHa Kaj CHTe a<ppHKaTH, HO 
Haj.D,OBMe HeraTHBeH· KYPT03HC Ha a<ppHKaTOT 
/IJ,/ (ts) Kaj Tpoj11,a MalliKH roBOpHTeJIH H e.D,HO 
.D,eTe, HeraTHBeH KYPT03HC Ha a<ppHKaTOT /q/ 
(!f) Kaj .D,Baj11,a MarnKH roBOpHTeJIH H TPH )KeHH, 
KaKO H HeraTHBeH KYPT03HC Ha a<ppHKaTOT /IJ,/ 
( d:3) Kaj e.D,eH MalliKH roBOpHTeJI H TpH )KeHCKH 
roBOpHTeJIH. 

Ta6ena 4. CpegHa epegHocw Ha ciJeKillpanHuille MOMeHillu Kaj 
Ha3anuwe 

«l>oueMu / roeopuTeJIH / Te,tcumTe / 
Phonemes Speakers COG(Hz) 

Mlm M3)KH/MaJes 471 

)l{eHii/F emales 564 

.IJ:eQa/Children 587 
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Table 3. Mean spectral moments in affricates 

C,I]J Ha1rnou / KypT03HC / 
SD (Hz) Skewness Kurtosis 

667 6.8 87.3 

1262 3.7 25.1 

826 6.6 58.5 

1534 4.1 23 .5 

1490 5.4 70.8 

2209 4.6 30.7 

703 7.7 107.4 

1366 3.7 30.4 

980 5.6 45.9 

1986 3.9 50.8 

1992 3.0 10.1 

2511 3.4 14.2 

1794 2.2 8.4 

2288 0.8 0.6 

1431 3.8 26.9 

1373 3.7 28.l 

2030 2.0 6.2 

980 5.5 42 

Mean skewness was positive m all affri­

cates. Mean kurtosis was also positive in all 

affricates, but we found negative kurtosis of the 

affricate /IJ,/ (ts) in three male speakers, and one 

child, negative kurtosis of the affricate /q/ (!f) in 

two male speakers and three females, and nega­

tive kurtosis of the affricate /IJ,/ ( d:3) in one male 

and three female speakers . 

In Table 4 we displayed mean spectral 

moments in nasals: /Ml (m), IHI (n), and !H>! (p). 

Table 4. Mean spectral moments in nasals 

C.IJ: / HaKJIOH / KypT03HC / 
SD (Hz) Skewness Kurtosis 

532 7.4 111.0 

650 5.8 108.3 

614 6.2 80.9 
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H / n MIDK11/Males 428 
)I(eHH/F emales 479 

,[I;el.(a/Children 529 

H, /j1 MIDKH!Males 435 

)I(eHH/F emales 502 

,[I;el.(a/Children 566 

Bo Ta6ena 4 ja npHI<a)KaBMe cpe.D,HaTa Bpe.D,­
H0CT Ha cneKTPaJIHMTe M0MeHTH Kaj ml3aJIHTe: 
IMI (m), IHI (n) H /H,/ (p). 

Kaj CHTe Ha3aJIH, cpe.D,HaTa Bpe.D,H0CT Ha 
Te)KHIIITeTO 6eme BO oncer o.D, 428 .D,O 471 Hz 
Kaj Ma)KHTe, 479 Hz )],O 564 Hz Kaj )KeHHTe H 

529 Hz .D,O 587 Hz Kaj .D,eu;arn. Cpe.D,HaTa Bpe.D,­
H0CT Ha c,n; 6eme BO oncer o.D, 532 Hz .D,o 651 
Hz Kaj Ma)KHTe, 605 Hz .D,O 708 Hz Kaj )KeHHTe 
H 614 Hz .D,O 658 Hz Kaj .D,eu;arn. CHTe roBopH­
TeJrn HMaa no3HTHBHH Bpe.D,H0CTH Ha HaKJI0H Ha 
cneKTapoT H KYPT03HC. 

Bo Ta6ena 5 ja npHKa)KaBMe cpe.D,HaTa Bpe.D,­
H0CT Ha cneKTpaJIHHTe M0MeHTH Kaj JiaTepa­
JIHTe: /JI/ (1) H !Jb! (A). Cpe.D,HaTa Bpe.D,H0CT Ha 
Te)KHilITeTO 6eme BO oncer o.D, 480 .D,O 526 Hz 
Kaj Ma)KHTe, 606 Hz )],O 631 Hz Kaj )KeHHTe H 
547 Hz .D,O 621 Hz Kaj .D,eu;arn. Cpe.D,HaTa Bpe.D,­
H0CT Ha c,n; 6e{ue Bo oncer o.D, 549 Hz .D,O 591 
Hz Kaj Ma)KHTe,' 689 Hz .D,O 871 Hz Kaj )KeHHTe 

Ta6ena 5. CpegHa epegHocilJ Ha cUeKilJpanHuilJe MOMeHilJu Kaj 
nailJepanuilJe 

<l>oueMn / roBOpHTeJIH / Te,teuune / 
Phonemes Speakers COG(Hz) 

n/1 MIDKH!Males 526 

)I(eHH/Females 606 

,[I;en:a/Children 621 

Jb I Ii. MIDKH!Males 480 

)I(eHH/F emales 631 

,[I;el.(a/Children 547 

H 458 Hz .D,O 598 Hz Kaj .D,eu;arn. CHTe roBopH­
TeJIH HMaa n03HTHBHH Bpe.D,H0CTH Ha HaKJI0H Ha 
cneKrnpoT H KYPT03HC. 

Bo rn6ena 6 rn npHI<a)KaBMe Fo H <ppeKBeH­
U:HHTe Ha <popMaHTHTe o.D, Fl .D,o F5 Ha Ha3aJIHTe 
H naTepaJIHTe. Cpe.D,HaTa Bpe.D,H0CT Ha Fo Kaj 
Ha3aJIHTe 6eme BO oncer o.D, 102 Hz Kaj Ma)KHTe 
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549 8.3 113.6 

605 6.2 90.5 

658 7.5 82.8 

651 8.9 159.7 

708 6.6 93.4 

618 6.1 61.3 

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/ (I) and llli! (A). Mean 

COG was in the range from 480 to 526 Hz in 

males, 606 Hz to 63 1 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 

C,[I; / Ha1rnou / KypT03HC / 
SD (Hz) Skewness Kurtosis 

591 7.4 100.5 

689 7.0 115.9 

598 8.2 101.7 

549 8.2 135.7 

871 5.6 52.4 

458 11.6 350.4 

In Table 6 we displayed Fo and formant fre­

quencies from Fl to F5 of the nasals and later­

als. Mean F o 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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Ta6ena 6. Fo u cjJpeKeeHL,1uu Ha cjJopMaHilJuilJe Ha HaJanuilJe u 
nailJepanuilJe 

<J>oueMu / Fo Fl 
Phonemes 
rosopHTeJIH/ 
Speakers* 

F2 

Cpe,LUia Cpe,LUia Cpe,n;ua 
Bpe,n;H0CT / Bpe,n;H0CT / Bpe,n;H0CT / 
Mean±SD Mean±SD Mean±SD 

Mlm Mlm 102±1 7.8 471±114.7 

)K/f 201±20.9 696±127.1 

,n;/ch 249±28.5 758±79.7 

Hin Mlm 107±11 422±41.5 

)K/f 197±22.3 525±67.4 

,n;/ch 247±25.7 591±72 

"''Jl Mlm 104±15.8 420±88.6 

)K/f 201±19.9 478±48.7 

,n;/ch 252±23 581±83.7 

nil Mlm 103±17 451±54.8 

)K/f 191±23 540±40.2 

,n;/ch 245±19.3 683±121.9 

Jb!li. Mlm 99±11.9 392±32.2 

)K/f 197±17.1 475±81.8 

,n;/ch 243±15.8 676±219.1 

• M-Ma)Ku/m-males, )1(-)KeHuif-females, g-ge4a/ch-children 

.n;o 252 Hz Kaj .n;eu;arn, a cpe.n;HaTa Bpe.n;HoCT Ha 
Fo Kaj naTepanMTe 6erne BO oncer op; 99 Hz Kaj 
Ma)KMTe .n;o 245 Hz Kaj .n;eu;arn. 

Bo O)J;HOC Ha cpe.n;HaTa Bpep;HOCT Ha 
cppeKBeHIJ;MMTe Ha cpopMaHTHTe, Kaj ml3aJIHTe, 
Fl 6erne BO oncer op; 420 Hz Kaj Ma)KHTe .n;o 
758 Kaj .n;eu;arn. HajHHCKaTa cppeKBettu;Hja Ha F2 
6eme 1293 Kaj Ma)KHTe H HajBHCOKaTa cppeKBeH­
IJ;Hja 6eme 2216 Kaj .n;eu;aTa. F3 6eme BO oncer 
op; 2433 Hz Kaj Ma)KHTe .n;o 4067 Kaj .n;eu;aTa. F4 
6eme BO oncer op; 3395 Hz Kaj Ma)KHTe .n;o 5518 
Kaj .n;eu;arn. F5 6eme BO oncer o.n; 4488 Hz Kaj 
Ma)KHTe .n;o 6627 Kaj .n;eu;aTa. 

Kaj naTepanMTe, Fl 6eme BO oncer op; 392 
Hz Kaj Ma)KHTe .n;o 683 Kaj .n;eu;aTa. HajHMcKaTa 
cppeKBeHu;Hja Ha F2 6eme 1073 Kaj Ma)KHTe 
M HajBHCOKaTa cppeKBeHu;Mja 6eme 2321 Kaj 
.n;eu;arn. F3 6eme BO oncer o.n; 2530 Hz Kaj 
Ma)KHTe .n;o 4143 Kaj .n;eu;arn. F4 6eme BO oncer 
op; 3397 Hz Kaj Ma)KHTe .n;o 5334 Kaj .n;eu;arn. F5 
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Table 6. Fo and formant frequencies of the nasals and laterals 

F3 F4 F5 

Cpe,LUia Cpe,n;Ha Cpe,n;ua 
Bpe,n;H0CT / Bpe,n;H0CT / Bpe,n;uocT/ 
Mean±SD Mean±SD Mean±SD 

1293±147.2 2573±221.9 3535±116.6 4547±73.4 

1575±297.8 3145±280.3 4076±258.6 4856±172.7 

1925±214.3 4067±393.8 5518±531.5 6383±536.3 

1372±48.9 2586±115.6 3455±285 4595±201.6 

1626±173.7 3049±176 4211±114 4758±283.8 

1944±222.9 3650±224.2 5112±234.1 6449±492.7 

1541±49.6 2433±114.2 3395±93.9 4488±252.5 

1779±91.8 2946±68.4 4081±127.6 4934±146.9 

2216±126.3 3691±172.9 5393±221.3 6627±470.7 

1073±85.2 2713±196.9 3551±204.1 4514±171.7 

1239±155.9 31 7±83.4 4119±223.4 5026±239.1 

1575±408.3 4143±155.5 5251±327.8 6411±506.6 

1649±133.4 2530±175.3 3397±191.5 4496±160.4 

1959±82.8 2980±68.8 4150±259.6 4974±166.5 

2321±152 3761±394.4 5334±413.9 6654±479.8 

In terms of the mean formant frequencies, in 

nasals Fl 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 Fl 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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6erne BO oncer OA 4496 Hz Kaj Ma:>KHTe AO 6654 
KaJ AeIJ,aTa. 

,Quc«ycuja 

I'M aHaJIM3HpaBMe cneKTparrHHTe KapaK­
TepHCTMKM Ha MaKeAOHCKMTe KOHCOHaHTM. 
CneKTPaJIHMTe MOMeHTM Kaj CMTe KOHCOHaHTM, 
Fo M <ppeKBeHIJ,MMTe Ha q>OpMaHTMTe Ha Ha3a­
JIMTe M rraTeparrttTe 6ea KarrKynttpaHM BO Praat. 
Praat e KOMnjyTepcKa nporpaMa 3a aHaJIM3M­
paa,e, CMHTeTmttpaa,e M MaHMIIYJittpaa,e co 
roBop (18). 

Te)KMilITeTO Kaj nJI03MBMTe BO HarnaTa CTy­
AMja 6erne BO oncer Ha HMCKMTe qipeKBeHIJ,MM. 
Htte aHaJIM3HpaBMe monttpaHM q>OHeMM. Ttte 
He 6ea BO KOHTeKCT Ha BOKaJIM. I1JI03MBMTe ce 
npOAYIJ.HpaaT co 3anttpaa,e Ha npOTOKOT Ha B03-
Ayx BO BOKaJIHMOT TPaKT, MITH Ha noqeTOKOT MJIM 
Ha KpajOT Ha cnoroT (19). Botinis M cop. ja aHa­
JIM3Hpane aKycTlf'IHaTa CTPYKTYPa Ha rpqKHTe 
nJI03MBM BO BOKaJieH KOHTeKCT /o/. Ee3ByqHMTe 
aJIBeonapHH IIJI03MBM nOKa:>KaJie cneKTPaJieH 
IIHK BO <ppeKBeHTHMOT oncer noMefy 3000 Hz 
M 4000 Hz. 3ByqHMTe aJIBeonapHH nno3MBM 
noKa:>Karre nHK BO qipeKBeHTHMOT oncer noMefy 
2500 Hz M 4ooq Hz. Ee3ByqHMTe BenapHH nno-
3MBM noKa:>Kane eAeH nMK oKony 2000 Hz M eAeH 
oKony 4000 Hz. 3ByqHMTe BerrapHH IIJI03MBM 
noKa:>Karre nMK Ha 1000 Hz M 4000 Hz. (20). 
XonaHACKMTe nno3MBM /t/ M /d/ 6ttne MCIIH­
TYBaHM BO MHHIJ,MjanHa n03MIJ,Mja BO 36opoT. 
Te)KMilITeTO Kaj /ti 6ttno 5038 Hz M Kaj Id/ 6MJio 
4933 Hz (21). OBMe BpeAHOCTM Ha Te)l(JfilITeTO 
ce MHOry nOBHCOKM OA <ppeKBeHIJ,MMTe KOMilITO 
ce M3MepeHM BO HarnaTa CTYAMja Kaj M30JIHpaHM 
!pOHeMM. 

Lousada M cop. CHMMMJie Koprryc Ha eBpon­
CKM nopTyrarrcKM peaJIHH 36opOBM KOMilITO 
COAp:>Kene rnecT nrro3MBM /p/, lb/, /ti, Id/, /kl 
M /g/ BO MHHIJ,MjanHa, MeAMjarrHa M q>MHaJIHa 
no3MIJ,Hja. I1JI03MBOT Ip/ noKa:>KaJI BpeAHOCTM 
Ha HaKJIOH Ha cneKTapoT 6JIMCKM AO Hyna MJIM 
n03MTMBHM BpeAHOCTM, IlITO cyrepttpa n03M­
TMBHa acMMeTpHCKa AMCTPM6yu,ttja, TaKa IlITO 
HaJBMCOKMTe BpeAHOCTM Ha cneKTPaJIHa aMIIJIJf­
T)'Aa 6m1e JieBO KOHIJ,eHTpttpaHM. CnpOTMBHO, 
It/ o6Mqtto noKa:>KYBaJI BpeAHOCTM Ha HaKJioH 
Ha cneKTapoT 6JIMCKM AO ttyna MJIH HeraTMBHM 
BpeAHOCTM, yKa:>KYBajKM Ha BMCOKM BpeAHOCTM 
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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 Id/ were examined in 

word-initial position. COG in /ti was 5038 Hz 

and in /di 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/, lb/, It/, Id/, /kl, 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, It/ usually exhib­

ited skewness values close to zero or negative 

values indicating high spectral amplitude values 

concentrated to the right. Plosive /kl 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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,/1EC/IEKTOflOWKA CTPYL/HO-HAYl/HA nPO5nEMA Tl1KA 

Ha cneKrprurna aMTIJIHTy,Il,a KOHIJ.eHTpHpaHH KOH 
AeCHO. IlJI03HBOT /kJ HMaJI HeraTHBHH BpeAHO­
CTH Ha HaKJIOH Ha cneKTapOT Kaj HajroJieM 6poj 
rOBOpHTeJIH H /p/ HMaJI TI03HTHBHH BpeAHO­
CTH Ha HaKJIOH Ha cneKTapOT (22). Bo Harnarn 
CTYAHja CHTe TIJI03HBH HMaa TI03HTHBHa BpeA­
HOCT Ha HaKJioH Ha cneKrnpoT, YKa)KYBajKH 
Ha KOHQeHrpa:u;Hja Ha eHeprHja BO HHCKHTe 
q>peKBeHIJ.HH. 

HarnaTa aHamna Ha cneKTparrHHTe MOMeHTH 
Kaj q>pHKaTHBHTe TIOKa)Ka HajBHCOKa cpeAHa 
BpeAHOCT Ha Te)KJfllITe 4021 Hz Kaj q>pHKa­
THBOT /c/ (s) U3fOBOpeH OA Ae:u:arn. Gordon H 
cop. npHKa)KaJie npoceqHH :u;eHrpH Ha rpaBH­
Tan;Hja 3a /f/ 4562 Hz, 3a /s/ 5163 Hz H 3a /fl 
4679 Hz Kaj qHKaco fOBOpHTeJIH. <PpHKaTHBHTe 
BO HHBHarn CTYAHja ce nojaBYBane BO Heno­
cpeAHa 6JIH3HHa Ha BOKaJIOT /a/ HJIH BOKaJIOT 
/i/ (23). <PpHKaTHBHTe /z/ H Isl HMaaT eHeprnja 
BO q>peKBeHTHHOT pernoH OA 3500 AO 8000 Hz. 
KoHCOHaHTHTe /h/ H /f/ HMaaT noMaJIKY eHep­
rnja OA OCTaHaTHTe q>pHKaTHBH (24). 

Punisic H cop. ja OApeAHJie cpeAHarn BpeA­
HOCT Ha IIHKOT Ha npBaTa KOHQeHTpa:u;Hja Ha 
aKyCTttqHa eHeprnja Kaj q>pHKaTHBOT /fl Ha 2800 
Hz H BTOparn KOHQeHrpa:u;Hja Ha 5600 Hz (25). 

I 

CnopeA Guduric H j>etrovic 3ByqHarn eHeprnja 
Ha cpncKHOT KOHCOHaHT /f/ e BO oncer OA 400 
Hz AO 7000 Hz co CHJIHa KOHIJ.eHTpa:u;Hja Ha 
eHeprnja HaA 1500 Hz, AOAeKa /h/ HMa KOHIJ.eH­
rpa:u;Hja Ha aKycTmHa eHeprnja BO HeKOJIKY 
nojacH, noqHYBajKH OA 140 Hz AO 4800 Hz 
(26). oe3ByqHHTe q>pHKaTHBH /s/ H /f l HMaaT 
noroneMa eHeprHja, co Toa IIITO Isl e noBei<e BO 
onceroT Ha BHCOKH q>peKBeH:U:HH OA OKOJIY 3500 
Hz H nOBHCOKO, a /fl HMa HajMHOry eHepmja 
HeIIITO nOHHCKO, OKOJIY 3000 Hz (27). HHe HCTO 
TaKa H3MepHBMe noHHCKa cpeAHa BpeAHOCT Ha 
Te)KHIIITeTO Kaj q>pHKaTHBOT /rn/ (J) BO oncer OA 
1606 Hz AO 2842 Hz. 

CnopeA Maniwa H Jongman, 6e3Byq­
HHTe q>pHKaTHBH ce KapaKTepH3HpaaT co 
nOBHCOKH BpeAHOCTH Ha cneKrparrHO Te)KHIIITe 
H nHK, noBei<e Aeq>HHHpaHH nHKOBH, nOMaJia 
BapHjaHca, HeraTHBeH HaKJioH Ha cneKTa­
poT, noroJieMa BKyntta aMTIJIHTy,Il,a H nOAOJifO 
Tpaea,e BO cnopeA6a co HHBHHTe 3ByqHH nap­
HH:u;H (28). Ferreira-Silva H cop. rn aHaJIH3H­
pane cneKTparrHHTe MOMeHTH Kaj 6pa3HJICKHTe 
nopzyrancKH q>pHKaTHBH. CpeAHHTe BpeAHOCTH 

,aE<PEKTOJ/Ol11KA TEOP/1JA /1 llPAKT/1KA 2019; 20(1- 2) :46-62 

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 If/ 

4562 Hz, for Isl 5163 Hz, and for /fl 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). 

Punisic et al. determined mean peak of the 

first concentration of acoustic energy in the 

fricative /fl at 2800 Hz and the second concen­

tration at 5600 Hz (25). According to Guduric 

and Petrovic the sound energy of Serbian con­

sonant If/ 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 /fl 

have greater energy, with /s/ being mostly in 

the high frequency range from about 3500 Hz 

upwards, and /fl having most energy somewhat 

lower, around 3000 Hz (27). We also measured 

lower mean COG in the fricative /rn/ (J) 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/, Iii 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 Te)l<MUITeTO Ha na6HO,ZWHTaJIHHTe, aJIBeonap­
HHTe H nocranBeonapHHTe <ppHKaTHBH BO KOH­
TeKCT Ha /a/, Iii H /u/ 6ttne 5003 Hz, 7417 Hz 
tt 4608 Hz. CpeAHHTe BpeAHOCTH Ha BapttjaH­
cara 6ttne 2862,8 Hz, 1952,8 Hz H 1850,8 Hz. 
CpeAHHTe BpeAHOCTH Ha acHMeTpHjara 6ttne 
0,25, -0,39 tt 0,88. CpeAHHTe BpeAHOCTH Ha 
KYPT03HC 6ttne 0,74, 2,76 H 1,85 (13). CaMo 
ner roBopttrenH BO Hamara CTYAHja HMaa Hera­
THBeH HaKnOH Ha cneKTapoT Ha <ppHKaTHBHTe. 
Toa yKa)KYBa Ha KOHI.J;eHTpau;ttja Ha eHeprnja BO 
BHCOKHTe cppeKBeHI.J;HH. 

Tabain ro npecMeTaJia Te)l(HllITeTo Ha 
HeKOnKy KOHCOHaHTH 3eMeHH OA KOHCOHaHT-BO­
KaJI (KB), cnoroBH H3roBopeHH OA )KeHcKH 
roBOpHTenH Ha aBCTpanHCKH aHrnHCKH ja3HK. 
CpeAHaTa BpeAHOCT Ha Te)l(MllITeTO Ha /s/ 6ttna 
6582 Hz, Ha /JI 5323 Hz, Ha /z/ 5885 Hz H Ha 
/3/ 4521 Hz (29). KopejcKHOT <ppHKaTHB /s/ e 
HCITHTYBaH BO KOHTeKCT Ha BOKanHTe Iii, /a/ H 
/u/. CpeAHaTa BpeAHOCT Ha Te)l(HllITeTO 6ttna 
6133,9 Hz H 7280,2 Hz Kaj Ma)l(MTe H 8248,6 Hz 
tt 8321,2 Hz Kaj )KeHHTe. CpeAHaTa BpeAHOCT Ha 
HaKnOHOT Ha cneKTapOT 6ttna 0,37 and 0,08 Kaj 
Ma)l(MTe H -0,44 tt -0,31 Kaj )KeHHTe (30). IlpH 
aHaJIH3aTa Ha <ppHKaTHBHTe, HHe H3MepHBMe 

I • 
HaKn0H Ha Cnf KTapoT eAHaKOB Ha ttyna KaJ 
ABaju;a roBopttrenH. Toa yKa)KYBa AeKa AHCT­
ptt6yu;ttjara Ha cppeKBeHu;irnTe OKony cpeAHaTa 
cppeKBettu;aja e cHMerpwrna. 

Koenig H cop. rH H3Mepttne cneKrpanHHTe 
MOMeHTH Ha aHrnHCKHOT <ppHKaTHB /s/ BO 360-
pOBH H3rOBOpeHH OA aAOnecu;eHTH. CpeAHaTa 
BpeAHOCT Ha Te)l(MllITeTO 6Hna BO oncer OA 
4433 Hz AO 7643 Hz. CpeAHaTa BpeAHOCT Ha 
c,r:i: 6ttna BO oncer OA 1492 Hz AO 2092 Hz. 
CpeAHaTa BpeAHOCT Ha HaKnOHOT Ha cneKTapoT 
6ttna Bo oncer OA -0, 102 AO 0,926 H cpeAHaTa 
BpeAHOCT Ha KypT03HC 6ttna n03HTHBHa Kaj CHTe 
roBOpHTenH, BO oncer OA 0,184 AO 3,389 (31). 
Jongman H cop. rH aHanH3Hpane aHrnHCKHTe 
<ppHKaTHBH H npHKa)Kane nOBHCOKO cneKTpaJIHO 
Te)l(MllITe 3a /s/ H /z/ (6133 Hz) H noHHCKO 3a 
/J/ H i3/ ( 4229 Hz). HaKnOHOT Ha cneKTapOT 6ttn 
noBHCOK Kaj /JI H /3/, yKa)KYBajKH AeKa nana­
ro-anBeonapHTe HMaaT HajcHnHa KOHI.J;eHTpa­
u;ttja Ha eHeprnja BO HHCKHTe cppeKBeHu;HH (32). 

Vujasic rH aHanH3Hpana xpBaTCKHTe nHHr­
BaJIHH <ppHKaTHBH /s/, /JI, lzl M /3/ BO noraTOMH 
co KBKB crpyKrypa. Taa npttKa)Kana HajBHCOKa 
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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 Isl was 6582 Hz, of /JI 5323 Hz, of /z/ 

5885 Hz, and of /3/ 4521 Hz (29). Korean fric­

ative /s/ was examined in vowel context Iii, /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 /JI and 

/3/ (4229 Hz). Skewness was highest for /JI and 

/3/, indicating that the palato-alveolars had the 

strongest concentration of energy in the lower 

frequencies (32). 

Vujasic analyzed Croatian lingual fricatives 

Isl, /JI, /zl 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 

/JI and /3/, and negative for /s/ and /z/. Average 

kurtosis was positive for all fricatives (33). 
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/jEC/!EKTOflOWKA CTPY4HO-HAY4HA flP05flEMA T/1KA 

npoceqHa Bpe.LJ.HOCT Ha Te)l(HIIJTe 3a Isl 8641 Hz 
H HajBHcoKa npoceqHa Bpe.LJ.HOCT Ha C,[( 3a /z/ 
3130 Hz. IlpoceqHaTa Bpe.LJ.HOCT Ha HaKJIOHOT 
Ha cneKrnpoT 6HJia no3HTHBHa 3a /JI H /3/, H 

HeraTHBHa 3a Isl H /z/. IlpoceqHaTa Bpe.LJ.HOCT Ha 
KypT03HC 6ttna Il03HTHBHa 3a CHTe q>pHI<aTHBH 
(33). 

Bo Harnarn CTY.D.Hja, HajroneM 6poj roBo­
pttTentt HMaa no3HTHBeH KYPT03HC Kaj q>pHKa­
THBHTe. Toa 3HaqH penaTHBHO BHCOKM IlHKOBH 
BO cneKTapOT. Cpe,lJ.HaTa Bpe.LJ.HOCT Ha Kyp­
T03HC 6erne HeraTHBHa caMo Kaj q>pHKaTHBOT 
/rn/ (f) H3roBopeH O.LJ. )l(eHCKMTe roBOpHTenH. 
HeraTHBHHOT KypT03HC yKa)l(YBa .D.eKa .LJ.HCTpH-
6y:u_ttjarn HMa IlOBeKe 3apaMHeTH IlHI<OBH HJIH 
cneKTap 6e3 .LJ.06po ,lJ.eq>HHHpamr IlHI<OBH. IlpH 
aHanH3aTa Ha aqipttKaTHTe, HCTO TaKa H3Me­

pHBMe IlO3HTHBHa cpe,lJ.Ha Bpe.LJ.HOCT Ha HaKJIOH 

Ha cneKTapOT Ii KYPT03HC Kaj CHTe rOBOpHTenH. 
Harnarn cneKTpanHa aHantt3a Ha Ha3anHTe 

IlOKa)l(a cpe.D.Ha Bpe.LJ.HOCT Ha Te)l(HII1TeTO BO 
HHCKHTe qipeKBeHIJ,HH 3a CHTe roBOpHTenH. 3a 
KOHCOHaHTOT /ml, Tabain H cop. npHKa)l(ane 
Te)l(HIIJTe 2657 Hz H c,z:i: 1139 Hz. 3a KOHCOHaH­
TOT In/ Te)l(HrnTeTO 6ttno 2708 Hz, a C,[( 6HJia 
1130 Hz (34). 

I 

HHe rH H3MepHB,Me npBHOT Ii BTOpHOT cneK-
TpaneH MOMeHT KaJ naTepanttTe BO onceroT Ha 
HHCKMTe qipeKBeHI..1,HH. Tabain H cop. H3MepIDie 
Te)l(HrnTe 2704 Hz H C,[( 1100 Hz Ha naTepanoT 
/1/ BO noe,lJ.liffeqffH 36opOBH (35). 

Bpe.LJ.HOCTHTe Ha npBHOT Ii BTOpHOT cneK­
TpaneH MOMeHT npHKa)l(aHH O.LJ. .D.pyrH aBTOpH 
KOHIIITO rH aHanH3Hpane KOHCOHaHTHTe BO 
BOKaneH KOHTeKCT 6ea IlOBHCOKM O.LJ. Bpe.LJ.HO­
CTHTe .LJ.06HeHH BO HamaTa CT)'.D.Hja. Htte rH 
aHanH3HpaBMe KOHCOHaHTHTe KaKO H3OnHpaHH 

qJOHeMH tt ro m6erHaBMe eqieKTOT Ha KOapTH­
Kynau,Hja. Toa e qieHOMeH Kaj KOj e,lJ.Ha qJOHeMa 
Bnttjae Ha npO.LJ.YKQHjaTa Ha rrpeTXO.LJ.HaTa H 
cne,lJ.HaTa qJOHeMa. ApTHI<ynaTOpHHTe .LJ.Bli)l(eH>a 
npH npo.D.yKu,Hja Ha O.LJ.pe.D.eHa q>oHeMa ja MeHy­
BaaT apTHKynau,HjaTa Ha coce,lJ.HHTe qJOHeMH. 

ftt H3MepHBMe Fo H qipeKBeHll,HHTe Ha 
qiopMaHTHTe O.LJ. Fl .LJ.O F5 Kaj HaJanttTe H naTe­
panttTe. 3a npO.LJ.YKQHja Ha Ha3anHHTe KOHCO­
HaHTH npOTOKOT Ha B03.LJ.yx BO ycTaTa e Bpe­
MeHO 3arrpeH. MeKOTO Herru,e e crryrnTeHO TaKa 
II1TO B03.LJ.yxOT MO)l(e ,lJ.a H3ne3e e,lJ.HHCTBeHO 
npeKy HOCHaTa npa3HHHa. Ha3anttTe 6apaaT 

IJE<PEKTOJ/OlllKA TEOPHJA 11 llPA KTHKA 2019; 20(/-2):46-62 

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 /rn/ (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 /ml Tabain et al. reported CoG 2657 

Hz, and SD 113 9 Hz. For the consonant In/ 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 /1/ 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 Fl to F5 in nasals and laterals. For the pro­

duction of nasal consonants the oral airflow is 

temporaily 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-
1~ 

plex way (36). 

Tabain et al. measured nasal formants of the 

nasal /ml Nl 308 Hz, N2 1402 Hz, N3 2603 Hz, 

and N4 3726 Hz (34). In laterals Tabain et al. 

obtained the following formant frequencies: Fl 

374 Hz, F2 1619 Hz, F3 2839 Hz, and F4 3804 
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KOpHCTeH>e Ha ,n;Be pe3oHaHTHH npa3HHHH, ycHa 
H HOCHa, KOHIIITO ce KOM6HHHpaHH Ha KOM­
nneKCeH Ha'IHH (36). 

Tabain H cop. rn H3MepHJie Ha3aJIHHTe q>op­
MaHTH Ha HaJanor Im/ Nl 308 Hz, N2 1402 Hz, 
N3 2603 Hz H N4 3 726 Hz (34 ). Kaj narepamne, 
Tabain H cop. rn .n;o6HJie cne,n;HHTe q_>peKBe~HH 
Ha q_>OpMaHTHTe: Fl 374 Hz, F2 1619 Hz, F3 
2839 Hz H F4 3804 Hz 3a aJIBeonapHHOT nare­
pan Ill H Fl 339 Hz, F2 2104 Hz, F3 2896 Hz H 

F4 3998 Hz 3a nanaraJIHHOT narepan IJJ (35). 
Rodrigues H cop. rn H3MepHJie q>peKBeHI~mne 
Ha q_>OpMaHTHTe Ha npBHOT, BTOpHOT H TpeTHOT 
q_>OpMaHT Ha narepaJIOT /1/ BO BOKaJieH KOHTeKCT. 
Cpe.n;HaTa Bpe,n;HOCT Ha Fl 6HJia BO oncer o.n; 
377,79 Hz .n;o 554,77 Hz, cpe,n;HaTa Bpe,n;HOCT Ha 
F2 was 6Hna BO oncer o.n; 947,70 Hz .n;o 1108,67 
Hz H cpe.n;HaTa Bpe.n;Hocr Ha F3 6Hna BO oncer 
o.n; 2831 ,37 Hz .n;o 3147,89 Hz (37). OBHe Bpe.n;­
HOCTH ce CJIH'IHH Ha Bpe,n;HOCTHTe .n;o6HeHH BO 
Hamara cry.n;Hja. 

Kostic ja HcnHryBaJI aKycrH1IHara CTPYK­
rypa Ha cpnCKHTe KOHCOHaHTH. 3a Ha3aJIHTe 
Im/ H In/ roj ja o.n;pe,n;HJI npBara KOHQeHTpa­
U:Hja Ha aKyCTH'IHa eHeprnja Ha OKOJIY 500 Hz, 
BTopara KOHQeHTpaQHja 6Hna o.n; 1000 Hz .n;o 
1200 Hz H rpe'l!ara KOHU:eHTpau:Hja o.n; 2200 .n;o 
2500 Hz. 3a Ha1anor /pl rrpBara Ko~eHTpau:Hja 
Ha aKyCTH'IHa eHeprHja 6HJia Ha HHBO OKOJIY 
500 Hz, BTOpara KOHQeHTpau:Hja 6HJia o.n; 600 
Hz .n;o 1000 Hz H rperara KOHQeHTpau:Hja Ha 
aKycTH1IHa eHeprnja 6Hna BO onceror o.n; 2700 
.n;o 3000 Hz (38). OBHe HaO,n;H ce CJIH'IHH Ha 
q>peKBe~HHTe Ha npBHOT, BTOpHOT H rpeTHOT 
q_>OpMaHT .n;o6HeHH 3a Ha3aJIHTe KaJ MamKHTe 
roBopHTeJIH BO Hamara cry.n;Hja. 

3at<ny'IOK 

U:eHrapor Ha rpaBHTaU:Hja H cneKrpan­
Hara CTaH,n;ap,n;Ha ,n;eBHjau:Hja Kaj KOHCOHaH­
THTe aHaJIH3HpaHH KaKO H30JIHpaHH q_>OHeMH 
ce nOHHCKH o.n; Bpe,n;HOCTHTe .n;o6HeHH BO KOH­
TeKCT Ha BOKaJIH 3apa,n;H eq_>eKTOT Ha KoapTH­
Kynau:Hjara BO Koja e,n;Ha q_>OHeMa BJIHjae Ha 
npOAYKU:Hjara Ha nperxo,n;Hara H Ha cne.n;Hara 
q_>OHeMa. HaKJIOHOT Ha cneKTapor H KypT03HC 
ce n03HTHBHH Kaj HajroneM 6poj roBOpHTeJIH 
mTO yKa)KYBa Ha KO~eHTpau:Hja Ha eHeprHja 
BO HHCKHTe q>peKBe~HH H penaTHBHO BHCOKH 
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Hz for the alveolar lateral I ll , and F l 339 Hz, 

F2 2104 Hz, F3 2896 Hz, and F4 3998 Hz for 

the palatal lateral /JJ (35). Rodrigues et al. mea­

sured first, second and third formant frequencies 

of the lateral /1/ in vowel context. Mean F 1 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 283 1.37 

Hz to 3147.89 Hz (37). These values are similar 

to values obtained in our study. 

Kostic examined the acoustic structure of 

the Serbian consonants. For the nasals /ml and 

In/ 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 Ip/ 

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 F o and formant fre­

quencies of nasals and laterals are measured in 

children. 
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,QE<PEKTOflOWKA CTPYI./HO-HAYYHA flP05flEMA T/1KA 

illlKOBH BO cneKTapOT. HajBHCOKaTa cpe,!],Ha 
Bpe,!1,HOCT Ha Fo M <ppeKBeHI~HHTe Ha <pOpMaH­
THTe Ha Ha3ailHTe M naTepanHTe ce H3MepeHH 
KaJ ,!l,eu,arn. 
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