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Pe3uMe 

BoBeA: Pe30HaH[(MHTe BO fOB0p0T ce HapeK)'BaaT qiop­
MaHTH 11 T11e ce 03HatJeH11 KaKo Fl , F2, F3, F4 HTH., 
IJOlJH)'BajKJ1 co HajHHCKaTa q>peKBeHIJ,11ja. <l>opMaHTl1Te 
MCT0 TaKa ce )],eqmH11paHH KaK0 crreKlpaJIIDI IIMK0BH Ha 
3BYtJHHOT crreKTap Ha rnacoT. 
:U:eJJ: ~eJJTa Ha CT)'A11jarn 6erne )],a ce 0Ape,l],aT qipeK­
BeHIJ,HHTe Ha qiopMaHTl1Te 0A Fl AO F5 11 0CH0BHaTa 
q>peKBeHI..(11ja (Fo) Ha MaKe)],0HCKl1Te B0KaJlll BO KOMrrjy­
TepcKaTa rrporpaMa Praat. 
MaTep11jaJJ H MeTOAH: OBaa CT)',l],11ja BKJJY'fYBa 15 
113BOpH11 fOBOpHTem1/36op)'BalJH Ha MaKe,l],OHCKH ja3HK, 
rreT Ma)l{M, rreT )l{eHH, Ha B03pacT O)], 26 )],O 50 f0,l],HHH 
(cpeAHa B03pacT 38,9±9,6 ro)],HH11) 11 rreT Aeua, )],Be 
M0M'IBH,a J,f lpH )],eBojq11a,a, Ha B03pacT 0)], 9 )],O 14 
ro)],11HH (cpe,l],Ha B03pacT 10,6±1,9 roAHHH). T11e 6ea 
CHHMeHH rrp11 113f0Bapaif>e Ha MaKe,l],OHCKHTe B0Ka.Jill. 
AKycTHlfHaTa aHaJIH3a e H3Be,l],eHa BO KOMIIjYTepcKaTa 
rrporpaMa Praat, Bep311ja 6.0.43 . l13MepeHH ce qipeK­
BeH[(HHTe Ha qiopMaHTl1Te 0A Fl AO F5 H Fo. 

AApeca 3a Kopecnou,neuuuja: llil,n11ja PI1CTOBCKA 
fpa,ncKa OIIIIlTa 6onHH[(a ,,8-MH CenTeMBpH", OMen 38 
ornp11ttonap11HTonornja, OTceK 3a ay,n11onornja, yn. 
,,I1ap11cKa" 66, CKonje, Peny6nHKa MaKe,nott11ja 
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Abstract 

Introduction: Resonances in speech are called 

fonnants and they are labeled as Fl , F2, F3, F4 etc. 

starting with the lowest frequency. Fonnants are also 

defined as the spectral peaks of the sound spectrum of 

the voice. 
Objective: The objective of the study was to determine 

the fonnant frequencies from Fl to F5 and the 

fundamental frequency (Fo) of Macedonian vowels 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 vowels. The acoustic analysis 

was perfonned in computer program. Praat, Version 
6.0.43. Fonnant frequencies from Fl to F5 and Fo 

were measured. 
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/jEfEKTOflOWKA CTPY~HO-HAY~HA nP06flEMATHKA 

PeJyJITaTH: Cpe.11HaTa Bpe,1\HOCT Ha Fo Kaj MIDKl1Te 6erne 
I 09-131 Hz, Kaj )l{emne 6erne 205-259 Hz 11 Kaj .11e1.J,arn 
6erne 251-285 Hz. Cpe.11ttaTa Bpe,1\HOCT Ha Fl Ha cme 
BOKMl1 6erne 299-1060 Hz; cpe.11HaTa Bpe,1\HOCT Ha F2 
6erne 995-3023 Hz; cpe.11HaTa Bpe,1\HOCT Ha F3 6erne 
2404-4319 Hz; cpe,l\HaTa Bpe,1\HOCT Ha F4 6erne 3438-
5575 Hz 11 cpe.11HaTa Bpe,1\HOCT Ha F5 6erne 4344-7106 
Hz. HajH11CKMTe Bpe.11HocT11 6ea .110611em1 Kaj Ma)l{J,fTe, a 
HajBl1COKHTe Bpe,1\HOCTH 6ea .110611eH11 Kaj ,1\eJJ,aTa. 
3aKJIY'fOK: Pe3ymaT11Te 0.11 aKycnPrnarn aHanma Ha 
MaKe,1\0HCKHTe BOKanl1 BO KOMnjYTepcKaTa nporpaMa 
Praat ce cmPIHM Ha pe3yJITaTHTe 0.11 npeTX0.1\HMTe aHa­
JIH311 Ha BOKMHTe co 3ByqIDI cneKTporpaqm. HcTO TaKa, 
nocTOjaT CJII-PIHOCTl1 BO Fo H cppeKBeHJJ,1111Te Ha cpopMaH­
THTe Ha MaKe,1\0HCKMTe BOKanl1 11 BOKaJil-lTe 113fOBOpeHM 
0.11 r0Bop11Tem1/36opysa'fif Ha .11pyr ja311K. 

lviy'lHU 360p06U: rjJpeKee1-1u,uu HQ rjJopMaHii.iU, Fo, 

MQKegOHCKU 6OKQJIU, Praat 

Boseg 

3BYKOT e 6paH KOjlliTO e nepuem11611JieH 3a 'IOBe1IKOTO 
yso Kora HeroBaTa cppeKBeHu11ja e reHepanHo noMefy 
20 Hz 11 20 KHz (I). foBOpHHTe cppeKBeHJJ,1111 ce BO 
oncer 0,1\ 250 Hz ,1\0 8000 Hz (2). foBOpOT e KOMTIJieKCeH, 
BpeMeHCKM Bap11ja611JieH aKyCTWieH Cl1rHaJI. Toj CIITHan 

l . 
11Ma MHory pa3Jil1'IHl1 aKyCTI-PIH11 H Jl11HfBl1CTWIKM CBOJ-
CTBa K0111I1TO MO)l{aT .11a 611,1\aT 11HcpopMaTl1BHl1, BO pa3-
JIH'IHl1 CTeneH11, 3a .11a ce pa36epe nopaKaTa Kojauno 
caKaMe .11a ja npeHeceMe (3). CeKoj 113fOBopeH 36op e 
Kpe11paH co KOp11CTea.e cpoHeTCKa KOM611Hau11ja Ha ceT 
0,1\ BOKaJI, nOJIYBOKaJI 11 KOHCOHaHT, KaKO e,1\11HHUl1 Ha 
fOBOpH110T 3BYK (4). 
r 0BopH11Te 3ByJJ,11 ce ceHJaJJ,1111 Ha B116paumne Ha 
B03,1\yrnHMOT np11Tl1COK C03,1\a,1\eHl1 0,1\ B03,1\yx.OT KOjIIITO e 
l13.1\11IIIaH 0.11 6eJIHTe .11po60B11, Mo.11y1rnpaH 11 o6JIHKysaH 
0,1\ B116pal.l,11HTe Ha rnaCl1JIKMTe 11 pe3oHaHJJ,11jarn Ha BO­
KaJIHl10T TpaKT ,1\0,1\eKa B03,1\yx.OT ce 11CTypKysa Hl13 
ycHMTe 11 HOCOT (5). 0.11 lBBOpOT Ha 3BYIJHa B116pa1.J,11ja, 
rJiaC11JIKl1Te .11061IBaaT TpaH311eHTHM 11Jll1 KOHTl1tty11paH11 
np11po.11HM cppeKBettu1111, rnTo ce .11ecp11H11pa KaKo pe30-
HaHJJ,11ja KojarnTo Ke 611,1\e 3aCMJieHa. Pe3oHaHJJ,11MTe BO 
rOBOpOT ce HapeKysaaT cpopMaHTl1 11 Tl1e ce 03HaIJeHl1 Ka­
KO Fl, F2, F3, F4 11TH., noIJHYBajK11 co HajHMcKaTa 
cppeKBeHJJ,11ja ( 6). <l>opMaHrnTe 11cTo TaKa ce .11ecp11H11-
paH11 KaKO cneKTpaJIHM nHKOBl1 Ha 3BYIJH110T cneKTap 
Ha rnacoT. E.11eH 0.11 eneMeHrnTe Ha aKyCTl1'IHaTa aHanma 
e Mepea.eTO 11 KOMnapaJJ,11jarn Ha cpopMaHrnTe. IlpBMTe 
,!\Ba cpopMaHrn ce HajB3)1{Hl1 3a 11,l\eHT11cj>HI<ysaa.e Ha 
BOKaJIOT (7). 

J]E<l>EK/'OJ/OWKA TEOP/1JA /1 !IPAK/'11KA 20/8; /9(3- 4):40-50 
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Results: Mean Fo in males was 109-131 Hz, in 

females was 205-259 Hz, and in children was 251-285 

Hz. Mean FI of all vowels was 299s 1060 Hz; mean F2 

was 995-3023 Hz; mean F3 was 2404-4319 Hz; mean 

F4 was 3438-5575 Hz, and mean F5 was 4344-7106 

Hz. The lowest values were obtained in males, and the 

highest values were obtained in children. 

Conclusion: Results from acoustic analysis of 

Macedonian vowels in computer program Praat are 

similar to results from previous analyses of vowels 

with sound spectrographs. There are also similarities in 

Fo and formant frequencies of Macedonian vowels and 

vowels produced by speakers in other language. 

Keywords: formant frequencies, Fo, Macedonian 

vowels, Praat 

Introduction 

The sound is a wave perceptible to the human ear when 

its frequency is generally between 20 Hz and 20 KHz 

(I). Speech frequencies range from 250 Hz to 8000 Hz 

(2). Speech is a complex, temporally varying acoustic 

signal. This signal is composed of many different 
acoustic and linguistic properties that may, to varying 

degrees, be informative for understanding the intended 

message (3). Each spoken word is created using the 

phonetic combination of set of vowel, semivowel and 

consonant speech sound units ( 4). 

Speech sounds are sensations of air pressure vibrations 

produced by air exhaled from the lungs and modulated 

and shaped by the vibrations of the vocal cords and the 

resonance of the vocal tract as the air is pushed out 

through the lips and nose (5). From the source of sound 

vibration, the vocal cord gets natural frequencies either 

transient or continuous, which is defined as resonance 

that will be amplified. Resonances in speech are called 

formants and they are labeled as Fl, F2, F3, F4 etc. 

starting with the lowest frequency (6). Formants are 

also defined as the spectral peaks of the sound 

spectrum of the voice. One of the elements of acoustic 

analysis is the measurement and comparison of 

formants . The first two formants are the most 

important for identifying a vowel (7). 
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<l>opM8HUITe M0)l(e )],a ce 0TIIUIIaT cnope)], HIIBHHTe 
qipeKBeHl~ITTI, qipeKBeHWtCKHOT oncer H aMTIJJHJYAHTe 
(8). <l>peKBeHIIHjaTa Ha qiopMaHTOT Ha B0KaJI0T e )],eTep­
MHHHpaHa 0A KOHq>HrypauHjarn Ha B0KaJIHH0T TPaKT Ha 
Kojawrn M0)l(e )],a BJIBjaaT noBeke qiaKTOpH: BHaTPeIIJ­
HaTa roneMHHa Ha B0KaJIHH0T TP8KT, roneMHHaTa Ha 
ja3HKOT, roneMHHaTa H KOHq>Hrypau11jarn Ha ycHaTa 
npa3HHHa, roneMHHaTa H KOHq>HrypauHjarn Ha qiapHH­
reanHaTa npa3HHHa H KOHq>HrypauHjaTa Ha ja3HKOT (9). 
OcHOBHaTa qipeKBeHu11ja (Fo) e npowrna qipeKBeHIIHja 
KOjaIIJTO ce KOpHCUI BO TeKOT Ha 36opysaa,ern H 'IH­
TaH>eTO (I 0). 
fpaqiwn<aTa npeTCTaBa Ha TpHTe )],HMeH3HH Ha 3BYKOT BO 
O)],HOC Ha HHBHHTe KOMTIOHeHTHH qipeKBeHUHH ce Hape­
Kysa cneKTPorpaM. Toj e BH3yenHa npeTCTaBa Ha 
aKyCTJ,flfH],!OT CHfHaJI. <l>opMaHTHTe MO)l(e )],a ce BH)],8T 
K8KO TeMHH nojaCH BO WHpOKOTIOjacHHOT cneKTPOrpaM 
(6). CneKTPorpaMOT e cneKTpo-TeMnopanHa npeTCTaBa 
Ha 3BYKOT. XopH30HTaJIHaTa HaCOKa Ha cneKTPOrpaMOT 
ro npeTCTaBysa BpeMeTO, a BepTHKanHaTa HacoKa Ja 
npeTCTaBysa qipeKBeHIIHjaTa (7). CoqirnepOT 38 )],IITH­
TaJIHa aKycTwrna aHaJIH3a Ha fOBOpOT HYAH MO)l(HOCUI 38 
aHanH3a Ha roBopHH npHMepouH 3a pa1nH'IHH ueJIB, 
BKJIYlfYBajKH eiJ,YKauHja, KnHHJ,flll{a npaKca H HCTP8)1(Y­
Baa,e (11). 
11,ema Ha CJYAHjarn 6eme )],a ce OApe)],aT qipeKBeHUHHTe 
Ha qiopMaHTHTe OA Fl AO F5 H Fo Ha MaKeAOHCKHTe 

' t p BOKanH BO KOMTIJYTepcKaTa nporpaMa raat. 

MaiiiepujaJI u Meiiiogu 

OBaa CJY)],Hja BKJIYlfYB8 15 H3BOpHH fOBOpHTeJIB/360-
pysatJH Ha MaKe)],OHCKH ja3HK, neT M8)1(],!, neT )l(eHH, Ha 
B03p8CT 0A 26 AO 50 fO)],HHH (cpe)],Ha B03pacT 38,9±9,6 
fO)],HHH) H neT Aeua, )],Be MOMtJJ,JH:,a H TPH )],eBOjtJHH:,a, Ha 
B03pacT O)], 9 AO 14 fO)],HHH ( cpe)],Ha B03pacT I 0,6± 1,9 
fO)],HHH). THe 6ea CHHMeHH npH H3f0Bapaa,e Ha MaKe­
)],OHCKHTe BOKanH. AKyCTH'IHaTa aHanH3a e H3Be)],eHa co 
KOMTijYTepcKaTa nporpaMa Praat, Bep3Hja 6.0.43 (12). 
MP3 MOHO 3BYtJHHTe qiajnoBH Ha CHHMeHHTe BOKaJIH 6ea 
npBO OTBOpeHH BO Praat 38 )],8 ce cerMeHTHpa H MeMO­
pHpa BOKaJIOT KaKo WA V qiajn. Eea HanpaBeHH )],Ba cern 
Ha aKyCTJ,flffiH Mepea,a: qipeKBeHIIID! Ha qiopMaHTHTe OA 
Fl AO F5 H Fo. BpeAHOCTHTe Ha qipeKBeHIIHHTe Ha qiop­
MaHTHTe fH A06HBMe co TIOCTaBysaa,e Ha napaM~HTe 38 
aHanH3a Ha: MaKCUMaJleH 6poj Ha popMaHiiiu: 5 11 MaK­

cuMyM popMaHiii (Hz): 5000 Hz 3a M8)1(HTe, 5500 Hz 3a 
)l(eHHTe H 8000 Hz 3a Aeuarn. BpeAHOCTa BO Jlociiia­

eyeaH>e Ha cii.eKiiipozpaM: Jlpe211eg Ha oii.cez (Hz) 6ewe 
HCTa KaKo Bpe)],HOCTa BO MaKCUMYM popMaHut (Hz). 
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Formants can be described by their frequencies, 

bandwidth, and amplitudes (8). V owe) formant 

frequency is determined by the configuration of the 

vocal tract which can be affected by a number of 

factors: the intrinsic size of the vocal tract, the size of a 

tongue, the size and configuration of the oral cavity, 

the size and configuration of the pharyngeal cavity, and 

the tongue configuration (9). The fundamental 

frequency (Fo) is the average pitch that is used during 

speaking and reading (I 0). 

A graphic representation of three dimensions of sounds 

in terms of their component frequencies is called a 

spectrogram. It is a visual representation of an acoustic 

signal. Formants can be seen in a wideband 

spectrogram, as dark bands (6). The spectrogram is a 

spectro-temporal representation of the sound. The 

horizontal direction of the spectrogram represents time, 

the vertical direction represents frequency (7). 

Software for digital acoustic analysis of speech offers 

opportunities for the analysis of speech samples for 

different purposes, including education, clinical 

practice, and research (11 ). 

The aim of the study was to determine the formant 

frequencies from Fl to F5 and Fo of Macedonian 

vowels 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 

vowels. The acoustic analysis was performed with the 
computer program Praat, Version 6.0.43 (12). MP3 

mono sound files of the recorded vowels were first 

opened in Praat to segment and save the vowel as a 

WA V file. Two sets of acoustic measurements were 

made: formant frequencies from Fl to F5 and Fo. We 

get the frequency values of the formants with analysis 

parameters set to: 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 formant (Hz). 

/iEtJJEKTOllOWKA TEOPMJA 11 llPAKTl1KA 2018: /9(3--4):40-50 
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/jEfEKTOflOWKA CTPY~HO-HAY~HA flP05flEMATHKA 

Pe1yJ1iii.aiii.u 

A1rnmrn-1paHH ce BKynHo 7 5 WA V ipajnoBH Ha CHHMeHH 
B0KaJJll. Bo MaKe):I0HCKH0T ja3HK llMa neT B0Kam1: a, e, H, 

o, y. Cpe):IHaTa Bpe):IH0CT Ha q>peKBeffi\HHTe (Bo Hz) H 
cTaH/:lap):IHaTa ):leBHjauHja (SD) 6ea KanKynupaH11 0MeJJ­
H0 3a CHTe TPH rpynH: MalKll, )l(eHH H ):leua. 11cTO TaKa, ro 
npHKa)l(aBMe H onceroT Ha q>peKBeHI..IJ'lll Ha Fo H 
q>peKBeHQHHTe Ha q>opMaHTHTe 0/:1 HajHllCKaTa /:10 HajBH­
C0KaTa Bpe;:\H0CT Kaj pa3JJWIHH cy6jeKTH. 
Bo Ta6ena 1 ja npHKa)l(aBMe ocH0BHaTa q>peKBeffi\Hja 
(Fo) Ha B0KaJJJ1Te. Fo Ha B0KaJJ0T ,,a" e BO onceroT 0/:1 98 
Hz Kaj Ma)l(HTe /:I0 326 Hz Kaj ):leuarn. Fo Ha B0KaJJ0T ,,e" 
e BO onceroT 0/:1 111 Hz Kaj MalKllTe /:I0 293 Hz Kaj 
):leuarn. Fo Ha B0KaJJ0T ,,H" e BO onceroT 0/:1 99 Hz Kaj 
Ma)l(me /:I0 300 Hz Kaj ):leuarn. Fo Ha B0KaJJ0T ,,o" e BO 
onceroT 0J:1 105 Hz Kaj Mal!<llTe J:10 299 Hz Kaj J:1euarn. Fo 
Ha B0KaJJ0T ,,y" e BO onceroT 0):1 112 Hz Kaj Mal!<llTe ):10 
319 Hz Kaj J:1euarn. 

Ta6eJJa 1. OrnoeHa cjJpeKeeHu,uja (Fo) Ha eoKaRuiiie 
Table 1. Fundamental.frequency (Fo) of the vowels 

Results 

A total of 75 WA V files of recorded vowels were 

analyzed. There are five vowels in Macedonian: a, e, i, 

o, u. Mean frequencies (in Hz) and standard deviation 

(SD) were calculated separately for all three groups: 

males, females and children. We also displayed a 

frequency range of Fo and formant frequencies from 

the smallest to the biggest value in different subjects. 

In Table 1 we displayed fundamental frequency (Fo) of 

the vowels. Fo of the vowel "a" ranges from 98 Hz in 
males to 326 Hz in children. Fo of the vowel "e" 

ranges from 111 Hz in males to 293 Hz in children. Fo 

of the vowel "i" ranges from 99 Hz in males to 300 Hz 
in children. Fo of the vowel "o" ranges from 105 Hz in 

males to 299 Hz in children. Fo of the vowel "u" 

ranges from 1 I 2 Hz in males to 319 Hz in children. 

Fo Ma)lrn/Males )i{ettu/Females ~el.(a/Children 
Cpe):IHa Bp./ Oncer/ Cpe)].Ha ap./ 
Mean±SD Range Mean±SD 

a/a ~09±7.9 98-1 20 205±37.7 
e/e 122±14.9 111-148 213±20.1 
Hli 118±17.7 99-147 230±17.5 
o/o 119±11.5 105-133 208±22 
y/u 131±13.8 11 2-1 51 259±26.1 

Bo Ta6ena 2 rn npHKa)l(aBMe ippeKBeHI.\HHTe Ha ipopMaH­
rnTe 0J:1 Fl J:10 F5 Ha B0KaJJ0T ,,a". <l>peKBeHI.111jarn Ha Fl 
6erne BO oncer 0/:1 633 Hz Kaj Mal!<llTe /:10 1270 Hz Kaj 
J:1euarn. HajHHcKaTa ippeKBeHI.\Hja Ha F2 6erne I 051 Hz 
Kaj Ma)l(HTe, a Hajs11coKaTa q>peKBeHQJ1ja 6eme 2039 Hz 
Kaj J:1euarn. <l>peKBeHQHjarn Ha F3 6eme BO oncer 0/:1 
2542 Hz Kaj Mal!<llTe /:I0 3979 Hz Kaj J:1euarn, ippeK­
BeHI.\Hjarn Ha F4 6eme BO oncer 0/:1 3240 Hz Kaj Mal!<llTe 
/:I0 5145 Hz Kaj ):leuarn 11 q>peKBeHI.111jarn Ha F5 6eme BO 
oncer 0):13971 Hz Kaj Ma)l(HTe J:10 6977 Hz Kaj J:1euarn. 

1/E<JJEKTOJ/OWKA TEOPMJA M flPAKTMKA 20 /8; /9/3- 4):40-50 
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Oncer/ Cpe;:\Ha sp./ Oncer/ 
Range Mean±SD Range 

167-254 251±45 211 -326 
184-241 253±31.3 209-293 
203-250 279±18.7 254-300 
172-229 260±25.2 232-299 
221-294 285±30.7 245-319 

In Table 2 we displayed formant frequencies from F 1 
to F5 of the vowel "a". The frequency of Fl was in the 

range of 633 Hz in males to 1270 Hz in children. The 
lowest frequency of F2 was 1051 Hz in males, and the 
highest frequency was 2039 Hz in children. The 
frequency of F3 was in the range of 2542 Hz in males 

to 3979 Hz in children, the frequency of F4 was in the 
range of 3240 Hz in males to 5145 Hz in children, and 
the frequency of F5 was in the range of 3971 Hz in 
males to 6977 Hz in children. 
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Ta6eJJa 2. <PpeKeem1,uu Ha popMaHiiiuiiie Ha 60KGJ1oiii ,, a" 
Table 2. Formant frequencies of the vowel ,, a" 

<fJopMaHTW Ma)KJ1/Males 

SPECIAL EDUCATION PROFESSIONAL AND SCIENTIFIC ISSUES 

)Kem1/Females ,[(e1.1a/Children 
Formants CpeAHa Bp./ Oncer/ CpeAHa Bp./ Oncer/ CpeAHa Bp./ Oncer/ 

Mean±SD Range Mean±SD Range Mean±SD Range 
Fl 710±69.7 633-822 836±130.2 671-985 1060±144.9 896-1270 

F2 1129±45.2 1051-1167 1469±196.3 1288-1720 1563±271.5 1348-2039 
F3 2686±135.1 2542-2861 2894±229.1 2627-3039 3530±358.8 3020-3979 
F4 3440±198.5 3240-3704 3912±276 3624-4275 5064±229.8 4754-5145 
F5 4431±397.4 3971-4814 4949±253.1 4522-5040 6436±518.5 5665-6977 

fo npm<a)KaBMe Praat np03opeu,oT 3a 3B)'K Ha BOKaJJOT 
,,a" Kaj )KeHcKJ1 roBop1-nenh 6op)'Baq (Cm1Ka 1 ). 

We displayed Praat's sound window of the vowel "a" 
in female speaker (Figure 1 ). 

Help 

0 Visible part 0.360000 seconds 0.360000 

Total duration 0.360000 seconds 

I ►Ip Group 

CJJHKa 1. Praat upowpeu, 3a 3BYK Ha eoKaJ1oiii ,, a" Ka} J1CeHcKu 2oeopuiiieJ1h6opyeatJ. 
Figure 1. Praat 's sound window of the vowel ,,a" in female speaker 

fopH110T AeJI Ha np03ope11OT 33 3B)'K ro TIOK3)KyBa 
OCU,UJ/02pGMOW. JJ:oJIHaTa TIOJIOBHHa TIOK3)KYBa HeKOJIKY 
aKyCTJ,jqHJ,j aHaJJ11311: cueKiiipozpGMoiii e o6oeH BO tt11-
jaHc11 Ha CHBa 6oja, KOHiiiypGiiiG HG ppeK6eHu,ujGiiiG e 
HaQpTaHa KaKO CHHa KpHBa, KOHuiypGiiiG HG UHiiieH-
3Utueiiioiii e Ha11pTaHa KaKO )KOJITa KpHBa 11 KOHiiiypuiiie 
HG popMGHiiiuiiie ce HaJ..IPTaHH KaKO 11pBeH11 TO~. 
IloTeMHHTe AenOB11 OA cneKTPorpaMoT noK3)KYBaaT no­
roneMa rycTHHa Ha eHeprnja, a nocBern11Te AeJIOBl1 
noKa)KYBaaT noMaJJa rycnrna Ha eHeprnja. 
JJ:0611ett11 ce 11 cppeKBeHJ..111HTe Ha cpopMaHTHTe Ha BOKa­
JIOT ,,e" (Ta6ena 3). <l>peKBeHJ..111jarn Ha Fl 6erne BO oncer 
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The upper part of the sound window shows the 
waveform. The lower half shows several acoustic 
analyses: the spectrogram is painted in shades of grey, 
the pitch contour is drawn as a blue curve, the intensity 
contour is drawn as a yellow curve and formant 
contours are plotted as red dots. Darker parts of the 
spectrogram indicate higher energy densities, lighter 
parts indicate lower energy densities. 
Formant frequencies of the vowel "e" were also 
obtained (Table 3). The frequency of Fl was in the 
range of 482 Hz in males to 713 Hz in children. The 
lowest frequency of F2 was 1732 Hz in males, and the 

P,E<J)EKTOJ/OWKA TEOPHJA H llPAKTHKA 2018: /9(3-4):40-50 

DOI: 10.190571ser.2019.39 



1/E•EKTOflOWKA CTPY~HO-HAY~HA flP05flEMATHKA 

OA 482 Hz Kaj Ma)KJ,!Te AO 713 Hz Kaj Ael.\aTa. HajHHcKaTa 
qipeKBeHJ.J,11ja Ha F2 6erne 1732 Hz Kaj Ma)KJ,!Te, a Haj­
BHCOKaTa q>peKBeHJ.J,Hja 6erne 2900 Hz Kaj Ael.\aTa. Haj­
HHCKaTa qipeKBeHJ.J,Hja Ha F3 6erne 2268 Hz Kaj MIDKHTe, 
a HajBHCOKarn q>peKBeHJ.J,11ja Ha F3 6erne 4179 Hz Kaj 
Ael.\aTa. <l>peKBeHJ.J,11jarn Ha F4 6erne BO oncer OA 3275 
Hz Kaj Ma)KJ,!Te AO 5331 Hz Kaj Ael.\aTa. HajHHCKaTa 
qipeKBeHJ.J,Hja Ha F5 6erne 4245 Hz Kaj Ma)KJ,!Te, a HajBH­
coKaTa q>peKBeHJ.J,Hja 6erne 7226 Hz Kaj Ael.\aTa. 

Ta6eJJa 3. <PpeK6e1-1u,uu HQ rjJopMQHutuiiie 1-1a 60KaJ1oiii ,, e" 

Table 3. FormQnfjrequencies of the vowel ,,e" 

<l>opMaHTW MalKtt/Males 

highest frequency was 2900 Hz in children. The lowest 

frequency of F3 was 2268 Hz in males, and the highest 

frequency of F3 was 4179 Hz in children. The 

frequency of F4 was in the range of 3275 Hz in males 

to 5331 Hz in children. The lowest frequency of F5 

was 4245 Hz in males, and the highest frequency was 

7226 Hz in children. 

)Kemi/Females ,[(eQa/Children 
Formants Cpe,nHa sp./ Oncer/ Cpe,nHa sp./ Oncer/ Cpe,nHa sp./ Oncer/ 

Mean±SD Range Mean±SD Range Mean±SD Range 
Fl 483±41.6 482-555 514±60.6 417-576 646±68.6 565-713 

F2 1791±52 1732-1853 2385±165.8 2209-2602 2706±149.3 2526-2900 
F3 2404±166.4 2268-2694 2923±143.8 2720-3068 3629±330 3297-4179 
F4 3465±222.4 3275-3784 4190±273.8 3902-4641 4919±258.8 4679-5331 
F5 4487±162.9 4245-4701 4845±279 4428-5163 6350±525.6 5940-7226 

Bo Ta6ena 4 r11 rrpHKIDKaBMe q>peKBeHI.\HHTe Ha qiop­
MaHrnTe Ha BOKanoT ,,11". <l>peKBeHJ.J,Hjarn Ha Fl 6erne BO 
oncer 0,1:1 253 Hz Kaj Ma)KJ,!Te AO 519 Hz Kaj Ael.\aTa. 
HajHHCKaTa q>peKBeHJ.J,Hja Ha F2 6erne 2055 Hz Kaj Ma­
)KJ1Te, a HajB11co~-arn qipeKBeHJ.J,11ja 6erne 3248 Hz Kaj 
Ael.\aTa. 

Ta6eJJa 4. <PpeK6e1-1u,uu HQ rjJopMQHutuiiie HQ 60KaJ1oiii ,, u " 

Table 4. Formant frequencies of the vowel ,, i" 

<l>opMaHTtt! MalKtt!Males 

In Table 4 we displayed formant frequencies of the 

vowel "i". The frequency of Fl was in the range of253 

Hz in males to 519 Hz in children. The lowest 

frequency ofF2 was 2055 Hz in males, and the highest 

frequency was 3248 Hz in children. 

)KeHw/Females ,[(eQa/Children 
Formants Cpe,nHa sp./ Oncer/ Cpe,nHa sp./ Oncer/ Cpe,nHa sp./ Oncer/ 

Mean±SD Range Mean±SD Range Mean±SD Range 
Fl 299±28.4 253-321 300±35.5 266-353 393±86.8 295-519 

F2 2116±93.3 2055-2278 2401±197.7 2245-2688 3023±253.5 2614-3248 
F3 2799±133.5 2658-2978 3074±163 2914-3320 4289±350.1 3828-4777 
F4 3438±131.1 3281 -3611 4258±240.1 3961 -4613 5401±23 1.4 5159-5730 
F5 4344±308.3 3807-4537 4873±180.6 4571 -5021 6788±502.9 6039-7400 

HajHHCKaTa q>peKBeHJ.J,11ja Ha F3 6erne 2658 Hz KaJ 
Ma)KHTe, a HajBHCOKaTa <j)peKBeHl\Hja Ha F3 6erne 4777 
Hz Kaj Ael.\aTa. <l>peKBeHJ.(Hjarn Ha F4 6erne BO oncer OA 
3281 Hz Kaj Ma)KJ,!Te .no 5730 Hz Kaj .nel.\aTa. HajHHcKaTa 
<j)peKBeHl\Hja Ha F5 6erne 3807 Hz Kaj MIDKHTe, a 
HajBHCOKaTa <j)peKBeHJ.J,Hja 6erne 7400 Hz Kaj ,[lel.\aTa. 
<l>peKBeHJ.J,HHTe Ha <j)opMaHTHTe Ha BOKMOT ,,o" ce 
rrpHKIDKaHH BO Ta6ena 5. <l>peKBem.-111jarn Ha Fl 6eIIIe BO 
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The lowest frequency ofF3 was 2658 Hz in males, and 

the highest frequency of F3 was 4777 Hz in children. 

The frequency of F4 was in the range of 3281 Hz in 
males to 5730 Hz in children. The lowest frequency of 

F5 was 3807 Hz in males, and the highest frequency 

was 7400 Hz in children. 
Formant frequencies of the vowel "o" are displayed in 

Table 5. The frequency of Fl was in the range of 379 
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oncer O.LI 379 Hz Kaj Ma)lrnTe .LIO 797 Hz Kaj tieuarn. 
HajHHCKaTa qipeKBeHUHja Ha F2 6erne 827 Hz Kaj 
Ma)l<HTe, a HajBHCOKaTa q>peKBeHI.I_Hja 6erne 2579 Hz Kaj 
tieuarn. HajHHCKaTa q>peKBeHUHja Ha F3 6erne 2254 Hz 
Kaj MmK11Te, a HajBHCOKaTa q>peKBeHU11ja Ha F3 6erne 
4390 Hz Kaj tieuarn. <DpeKBeHU11jarn Ha F4 6erne BO 
oncer O.LI 3366 Hz Kaj Ma)l(l,!Te .LIO 5760 Hz Kaj tieuarn. 
HajHHCKaTa q>peKBeHUHja Ha F5 6erne 4394 Hz Kaj 
Ma)l(HTe, a najBHCOKaTa q>peKBeHUHja 6erne 7013 Hz Kaj 
tieuaTa. 

Ta6eJia 5. <l>peK6e1-1u,uu HQ <jJopMQ1-1iiiuiiie HQ 60KaJWiii ,, o " 

Table 5. FormQntfrequencies of the vowel ,, o" 

CfJopMattTw' Ma)Kw'Males 
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Hz in males to 797 Hz in children. The lowest 
frequency of F2 was 827 Hz in males, and the highest 
frequency was 2579 Hz in children. The lowest 
frequency of F3 was 2254 Hz in males, and the highest 
frequency of F3 was 4390 Hz in children. The 
frequency of F4 was in the range of 3366 Hz in males 
to 5760 Hz in children. The lowest frequency of F5 
was 4394 Hz in males, and the highest frequency was 
7013 Hz in children. 

)l{emi/Females ,I(eQa/Children 
Formants Cpe.z:1tta Bp./ Oncer/ Cpe.z:1tta Bp./ Oncer/ Cpe.z:1tta Bp./ Oncer/ 

Mean±SD Range Mean±SD Range Mean±SD Range 
Fl 501±80.6 379-597 526±33.2 479-572 727±54.8 666-797 

F2 1002±245.4 827-1413 1227±194.5 984-1475 1773±519.3 1296-2579 

F3 2671±250.5 2254-2869 3128±115.8 2954-3270 4008±362.8 3562-4390 
F4 3561±112 3366-3643 3985±186.2 3703-4205 5438±291.5 5016-5760 
F5 4538±121.1 4394-4703 4927±261.5 4483-5121 6445±404.1 5954-7013 

<DpeKBeHI.I_HHTe Ha q>opMaHTHTe Ha BOKaJlOT ,,y" ce 
npHKa)l(aHH BO Ta6ena 6. <DpeKBeHURjarn Ha Fl 6erne BO 
oncer O.LI 306 Hz Kaj Ma)l(]1Te .LIO 607 Hz Kaj tieuarn. 
HajHHCKaTa q>peiqieHU11ja Ha F2 6erne 809 Hz Kaj 
Ma)l(l,!Te, a HajBHCOKaTa q>peKBeHUHja 6erne 2099 Hz Kaj 
tieuarn. 

Fonnant frequencies of the vowel "u" are displayed in 
Table 6. The frequency of Fl was in the range of 306 
Hz in males to 607 Hz in children. The lowest 
frequency of F2 was 809 Hz in males, and the highest 
frequency was 2099 Hz in children. 

Ta6eJia 6. <l>peK6e1-1u,uu Ha </JopMaHiiiuiiie 1-1a 60KQJ1oiii ,,y" 

Table 6. FormQntfi·equencies of the vowel,, u" 

CfJopMattTw' Ma)Kw'Males )l{ettw'Females 
Formants Cpe.z:1tta Bp./ Oncer/ Cpe.z:1tta Bp./ Oncer/ 

Mean±SD Range Mean±SD Range 
Fl 367±55.5 306-456 422±61.5 360-5 I 8 

F2 995±172.6 809-1272 1410±218.1 1233-1721 
F3 2615±152.3 2438-2772 3136±288.1 2844-3523 
F4 3572±176.1 3310-3764 4220±225.5 4022-4574 
F5 4482±137.3 4284-4631 4928±101 4800-5052 

,I(eQa/Children 

Cpe.z:1tta Bp./ Oncer/ 
Mean±SD Range 
530±85.2 399-607 

1801±191.8 1647-2099 

4319±455.3 3694-4867 

5748±176.4 5575-5999 

7106±598.1 6113-7564 

HajHHCKaTa q>peKBeHU11ja Ha F3 6erne 2438 Hz KaJ 
Ma)l(l,!Te, a HajB11coKaTa q>peKBeHUHja Ha F3 6erne 4867 
Hz Kaj tieuarn. <DpeKBeH1.1_11jarn Ha F4 6erne BO oncer O.LI 
3310 Hz Kaj Ma)l(l,!Te .LIO 5999 Hz Kaj tieuarn. HajHHcKaTa 
qipeKBeHUHja Ha F5 6erne 4284 Hz Kaj Ma)l(]1Te, a 
ttajBMCOKaTa q>peKBeHUHja 6erne 7564 Kaj tieuarn. 

The lowest frequency ofF3 was 2438 Hz in males, and 

the highest frequency of F3 was 4867 Hz in children. 
The frequency of F 4 was in the range of 3 310 Hz in 
males to 5999 Hz in children. The lowest frequency of 
F5 was 4284 Hz in males, and the highest frequency 

was 7564 Hz in children. 
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~uc«ycuja 

fH OApeAilllMe Fo H q>peKBe~m-!Te Ha q>opMaHmTe OA 
Fl AO F5 Ha MaKeAOHCKMTe BOKaJIH H3rOBopeHH OA 15 
H3BOpHH fOBOpHTem1h 6opyBa':IH Ha MaKeAOHCKM ja3HK. 
AKycm'IHaTa aHaJima e HanpaBeHa BO Praat. Ilapa­
MernpoT 3a aHaJima MaKCUMYM popMaHw. (Hz) ro 
nocTaBilllMe Ha 5000 Hz 3a M3)KHTe, 5500 Hz 3a )KeHJ!Te 
H 8000 Hz 33 Ael_\aTa cnopeA HHC'fPYKI.\HHTe BO BOBeA­
HHOT Aen 3a Praat. 
Praat e KOMnjYTepcKa nporpaMa 3a aHaJIIT3Hpag,e, CHHTe­
Tl13Hpag,e H MaHHnynnpalhe co roBop. Praat He e CHCTeM 
3a CHHTe3a Ha roBop, HO co Praat MOlKe Aa ce reHepHpaaT 
MHory BHAOBH 3BYI.\H (13). 
Bo HalllaTa CTYAHja cpeAHaTa BpeAHOCT Ha Fo Kaj )KeHHTe 
6ellle noBITCOKa OA cpeAH3Ta BpeAHOCT Ha Fo Kaj 
M3lKHTe, a cpeAH3Ta BpeAHOCT Ha Fo Kaj Ael_\aTa 6ellle 
HajBHCOKa. Fo Ha BOKaJIOT ,,a" Kaj lKeHJ-!Te e BO oncer OA 
167 Hz AO 254 Hz, a cpeAHaTa BpeAHOCT Ha Foe 205 Hz. 
Finger IT cop. npHKalKaJie CJJH':IHH BpeAHOCTH Ha Fo 3a 
BOKaJIOT ,,a" Kaj 56 lKeHH OA Iipa3HJJ, A06HeHH BO Praat 
nporpaMaTa. Bo HmiHaTa CTYAHja Fo 6Hna BO oncer OA 
164,60 Hz AO 268,94 Hz, a cpeAHaTa BpeAHOCT Ha Fo 
6Hna 210,92 Hz (14). Bo HalllaTa CTYAHja Fo 3a CHTe 
BOKann Kaj Ael.\aTa e BO oncer OA 209 Hz AO 326 Hz. 
Cartei (KapTeH) H Pe6H (Reby) npITKalKaJie Fo Kaj Ael.\a 
Ha B03pacT OA 8 ·roAHHIT eKCTpaXHpaHa BO nporpaMaTa 

t . 
Praat. )];el_\aTa ':IHTaJie Kp3TKM 360pOBH Ha aHrnHCKH Ja3HK 
H Fo 6Hna BO oncer OA 237 Hz AO 304 Hz (15). 
CnopeA CaBHI.\Ka H CnacoB, cpeAHaTa BpeAHOCT Ha Fo Ha 
BOKaJIHTe BO pa3JJWIHH no3Hl.\HIT BO 36opoT H3HeCYB3 193 
Hz (16). feHepaJIHO, Fo Kaj Ma)KHTe e 80 Hz AO 180 Hz, 
Kaj lKeHHTe 180 Hz AO 230 Hz, a Kaj Ael_\aTa 230 Hz AO 
300 Hz (17). Wmurn (Shipley) IT MeK Aq>eH (McAfee) 
npHKalKaJie cpeAHa BpeAHOCT Ha Fo 3a MalKH Ha pa3nwrna 
B03pacT BO oncer OA 107 Hz AO 146 Hz, cpeAHa BpeAHOCT 
Ha Fo 3a lKeHH BO oncer OA 188 Hz to 233 Hz H cpeAHa 
BpeAHOCT Ha Fo 3a Ael_\a Ha B03pacT OA eAHa AO 14 
fOAHHH BO oncer OA 210 Hz to 400 Hz (I 0). HalllHTe 
H30AH Ha cpeAHa BpeAHOCT Ha Fo ce BO cornacHOCT co 
cpeAHITTe BpeAHOCTH Ha Fo npHKalKaHH BO JlHTeparypaTa. 
CpeAHaTa BpeAHOCT Ha q>peKBe~HHTe Ha q>opMaHTITTe 
BO HalllaTa CTYAHja e npITKalKaHa noce6HO 33 MalKHTe, 3a 
lKeHHTe H 3a Ael.\aTa. THnwmo e ma IllTO Fl Kaj BOKa­
nnTe ,,H" H ,,y" e MHory cnH':leH Ha Fo, a Fl Kaj BOKaJIOT 
,,a" e MHory noBHCOK OA Fo. HajroneMa pa3nHKa noMefy 
q>opMaHTHTe e pa3nnKaTa noMefy Fl H F2 Kaj BOKaJIOT 

KepaMHT':IHeBCKM rn npHKalKaJI pe3ymaTHTe OA aKyCTH':I­
H3Ta aHaJIH3a Ha MaKeAOHCKMTe BOKanH co 3BYlfeH cneK-
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Discussion 

We determined Fo and formant frequencies from Fl to 

F5 of Macedonian vowels produced by 15 native 
speakers of Macedonian. The acoustic analysis was 
done in Praat. We set the analysis parameter Maximum 

formant (Hz) to 5000 Hz for males, 5500 Hz for 
females and 8000 Hz for children according to 

instructions in introductory tutorial to Praat. 
Praat ts a computer program for analyzing, 

synthesizing, and manipulating speech. Praat is not a 
text-to-speech system, but one can generate many 

types of sounds with Praat (13 ). 
In our study mean Fo in females was higher than mean 
Fo in males, and mean Fo in children was the highest. 
Fo of the vowel "a" in females ranges from 167 Hz to 
254 Hz, and mean Fo is 205 Hz. Finger et al. reported 
similar values of Fo for the vowel "a" in 56 women 

from Brazil, obtained in Praat program. In their study 
Fo was in the range from 164.60 Hz to 268.94 Hz, and 

mean Fo was 210.92 Hz (14). In our study Fo for all 
vowels in children ranges from 209 Hz to 326 Hz. 
Cartei and Reby reported Fo for children aged 8 years 
extracted in Praat program. Children read short words 
in English and Fo was in the range from 237 Hz to 304 

Hz (15). 
According to Savicka and Spasov, mean Fo of the 
vowels in different positions in the word is 193 Hz 
(16). In general, Fo in males is 80 Hz to 180 Hz, in 
females 180 Hz to 230 Hz, and in children 230 Hz to 

300 Hz (17). Shipley and McAfee reported mean Fo 
for males of various ages in the range of 107 Hz to146 
Hz, mean Fo for females in the range of 188 Hz to 233 
Hz, and mean Fo for children, aged 1 to 14 years, in 
the range of 210 Hz to 400 Hz (10). Our findings of 

mean Fo are in agreement with mean Fo values 

reported in literature. 
Mean fonnant frequencies in our study are separately 
displayed for males, females and children. It is typical 

that Fl in vowels "i" and "u" is very similar to Fo, and 
FI in vowel "a" is much higher than Fo. The largest 
difference between formants is the difference between 

Fl and F2 in vowel "i". 
Keramitchievski reported results from acoustic analysis 

of Macedonian vowels with sound spectrograph. He 
obtained the following results: · for the vowel "a" he 
measured Fl 230 Hz to 680 Hz, F2 780 Hz to 1130 Hz, 
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'IpOrpaqi. Toj rn )l,o6irn cJJe)l,HHTe pe3yman1: 3a B0KaJJ0T 
,,a" TOj IBMepJ,jJ] Fl 230 Hz )l,0 680 Hz, F2 780 Hz )l,0 
1130 Hz, F3 1280 Hz )l,0 1600 Hz tt F4 2300 )),0 2700 Hz; 
3a B0KaJJ0T ,,e" Fl 190 Hz )l,0 700 Hz, F2 1600 Hz )l,0 
2050 Hz, F3 2100 Hz )),0 2680 Hz tt F4 3000 Hz )l,0 3600 
Hz; 3a B0KaJJ0T ,,11" Fl 200 Hz )l,0 600 Hz, F2 2180 Hz )l,0 
2800 Hz, F3 3300 Hz )l,0 3700 Hz tt F4 3700 Hz )l,0 4280 
Hz; 3a B0KaJJ0T ,,o" Fl 180 Hz )l,0 580 Hz, F2 750 Hz )l,0 
1180 Hz, F3 2100 Hz )),0 2550 Hz tt F4 2750 Hz )l,0 3200 
Hz; 3a B0KaJJ0T ,,y" Fl 150 Hz )l,0 480 Hz, F2 530 Hz )l,0 
880 Hz, F3 2100 Hz )l,0 2300 Hz 11 F4 3000 Hz )l,o 3400 
Hz (18). OB11e Bpe)l,H0CTl1 ce ITOBeJ<e CJJH'lHl1 Ha cpe)l,H8T8 
Bpe)l,H0CT Ha qipeKBe~11Te Ha qiopMaHTl1Te Kaj Ma)KHTe 
0TK0JJKY cpe)l,H8T8 Bpe)l,H0CT Ha q>peKBeHJ .. {JrnTe Ha qiop­
MaHTHTe Kaj )KeHHTe 11 )l,eQaTa BO H8IIl8T8 CTy)l,11ja. 
Mmrnc11 (Minissi) H copa60THHL1HTe ja rrpHK8)KaJJe cpe)l,­
HaTa Bpe)l,H0CT Ha qipeKBeH'--11111Te Ha qiopMaHTHTe Ha 
MaKe)l,0HCKHTe B0KaJJH. 3a B0KaJJ0T ,,a" Tl1e 113Mepttne Fl 
750 Hz, F2 1300 Hz 11 F3 2450 Hz; 3a B0KaJJ0T ,,e" Fl 
400 Hz, F2 2050 Hz 11 F3 2600 Hz; 3a B0KaJJ0T ,,tt" Fl 
250 Hz, F2 2100 Hz 11 F3 2900 Hz; 3a B0KaJJ0T ,,o" FI 
450 Hz, F2 850 Hz 11 F3 1400 Hz; 3a B0KaJJ0T ,,y" Fl 300 
Hz 11 F2 750 Hz (19). OB11e Bpe)l,Hocm ce HajcnH'lHM Ha 
cpe)l,H8Ta Bpe)l,H0CT Ha qipeKBeH'--llfMTe Ha qiopMaHmTe 
Kaj M8)Kl{Te BO HalllaTa CTy)l,Mja. 
Kocmk rn rrpHK8)KaJJ pe3ymamTe 3a aKycTwrnaTa 
C1PYKTYP8 Ha cprrcK0XpBaTCKMTe B0KaJJM Kaj M8)Kl1Te. Kaj 
B0KaJJ0T ,,a" Fl e 624 Hz )l,0 905 Hz, F2 e 1080 Hz )l,0 
1390 Hz H F3 e 2345 Hz )l,0 2576 Hz. Kaj B0KaJJ0T ,,e" 
TOj rn rrpMK8)KaJJ cJJe)l,HMTe Bpe)l,H0CT11: Fl e 446 Hz )l,0 
665 Hz, F2 e 1759 Hz )l,0 2036 Hz M F3 e 2241 Hz )l,0 
3566 Hz. Kaj B0KaJJ0T ,,M" Fl e 177 Hz )l,0 335 Hz, F2 e 
2040 Hz )l,0 2523 Hz 11 F3 e 2590 Hz )l,0 3130 Hz. Kaj 
B0KaJJ0T ,,o" Fl e 430 Hz )l,0 665 Hz, F2 e 780 Hz )l,0 981 
Hz M F3 e 2382 Hz to 2626 Hz. Kaj B0KaJJ0T ,,y" Fl e 279 
Hz )l,0 488 Hz, F2 e 632 Hz )l,0 814 Hz M F3 e 2299 Hz )l,0 
2470 Hz (20). OBtte Bpe)l,H0CTH ce CJJH'lHl1 Ha cpe)l,H8T8 
Bpe)l,H0CT Ha qipeKBeHI_\MHTe Ha q>OpM8HTl1Te Kaj Ma)K),!Te 
BO Harnarn CTy)l,Mja. 
Bna)l,11C8BJbeBMK H8fJJ8CYB8 HeK0l1 KapaKTepMCTMKH Ha 
cprrCK0XpBaTCKHTe B0KaJJM. Fl Kaj B0KaJJ0T ,,a" e 0K0JJY 
900 Hz, a F2 e 0K0JJY 1300 Hz. Fl Kaj B0KaJJ0T ,,e" e 
0K0JJY 600 Hz, a F2 e 0K0JJY 2000 Hz. Fl Kaj B0KaJJ0T ,,M" 
e 0K0JJY 250 Hz, a F2 e 0K0JJY 3000 Hz. Fl Kaj B0KaJJ0T 
,,o" e 0K0JJY 500 Hz, F2 e 0K0JJY 800 Hz, a F3 e 0K0JJY 
3000 Hz. Fl Kaj B0KaJJ0T ,,y" e 0K0JJY 300-400 Hz, F2 e 
0K0JJY 600 Hz, a F3 e 0K0JJY 2400 Hz (17). 
Cy)l,MMaK (Sudimac) rn rrpe3eHTMpa pe3yJJTaTMTe 0)l, 
K0H'Ip8CTMBHaTa 8HaJJM38 Ha BMC0KMTe (3aTBopeHH) B0Ka­
JJH Ha aHrJJHCKHTe H cprrCKHTe ,,i" 11 ,,u" 113fOB0peHH 0)), 
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F3 1280 Hz to 1600 Hz, and F4 2300 to 2700 Hz; for 
the vowel "e" FI 190 Hz to 700 Hz, F2 1600 Hz to 

2050 Hz, F3 2100 Hz to 2680 Hz, and F4 3000 Hz to 
3600 Hz; for the vowel "i" Fl 200 Hz to 600 Hz, F2 

2180 Hz to 2800 Hz, F3 3300 Hz to 3700 Hz, and F4 
3700 Hz to 4280 Hz; for the vowel "o" Fl 180 Hz to 

580 Hz, F2 750 Hz to 1180 Hz, F3 2100 Hz to 2550 
Hz, and F4 2750 Hz to 3200 Hz; for the vowel "u" Fl 

150 Hz to 480 Hz, F2 530 Hz to 880 Hz, F3 2100 Hz 

to 2300 Hz, and F4 3000 Hz to 3400 Hz (18). These 
values are more similar to mean fonnant frequencies in 
males, than mean fonnant frequencies in females and 

children in our study. 
Minissi et al. reported mean fonnat frequencies of 
Macedonian vowels. For the vowel "a" they measured 
Fl 750 Hz, F2 1300 Hz and F3 2450 Hz; for the vowel 
"e" Fl 400 Hz, F2 2050 Hz and F3 2600 Hz; for the 

vowel "i" Fl 250 Hz, F2 2100 Hz and F3 2900 Hz; for 
the vowel "o" Fl 450 Hz, F2 850 Hz and F3 1400 Hz; 
for the vowel "u" Fl 300 Hz and F2 750 Hz (19). 

These values are most similar to mean fonnant 
frequencies in males in our study. 
Kostic displayed results for acoustic structure of Serbo­
Croatian vowels in males. In vowel "a" Fl is 624 Hz to 

905 Hz, F2 is 1080 Hz to 1390 Hz, and F3 is 2345 Hz 
to 2576 Hz. In vowel "e" he reported the following 
values: Fl is 446 Hz to 665 Hz, F2 is I 759 Hz to 2036 
Hz, and F3 is 2241 Hz to 3566 Hz. In vowel "i" Fl is 

177 Hz to 335 Hz, F2 is 2040 Hz to 2523 Hz, and F3 is 
2590 Hz to 3130 Hz. In vowel "o" Fl is 430 Hz to 665 
Hz, F2 is 780 Hz to 981 Hz, and F3 is 2382 Hz to 2626 
Hz. In vowel "u" Fl is 279 Hz to 488 Hz, F2 is 632 Hz 

to 814 Hz, and F3 is 2299 Hz to 2470 Hz (20). These 
values are similar to mean fonnant frequencies in 
males in our study. 

Vladisavljevic emphasized some characteristics of 
Serbo-Croatian vowels. Fl in vowel "a" is about 900 
Hz, and F2 is about 1300 Hz. Fl in vowel "e" is about 
600 Hz, and F2 is about 2000 Hz. Fl in vowel "i" is 

about 250 Hz, and F2 is about 3000 Hz. Fl in vowel 
"o" is about 500 Hz, F2 is about 800 Hz, and F3 is 

about 3000 Hz. Fl in vowel "u" is about 300-400 Hz, 
F2 is about 600 Hz, and F3 is about 2400 Hz (17). 
Sudimac presented results from contrastive analysis of 

high (closed) vowels of English and Serbian "i" and 
"u" produced by native speakers, aged 14-15 years. 

Mean fonnant frequencies of Serbian long and short 
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1/E~EKTOflOWKA CTPY4HO-HAY4HA nP06flEMATHKA 

113B0pH11 roBOp11Te.Jrn!36opyBalfr! Ha B03pacT 0A 14 AO 15 
ro)J,11Hl1. Cpe)J,HaTa BpeAH0CT Ha cppeKBeHIJ;1111Te Ha 
cpopMaHTl1Te Ha cprrcK0TO )J,0Jir0 11 KpaTK0 ,,i" 6mm 
cne)J,HaTa: Fl 397,47 11 415,96; F2 2402,60 11 2310,48 11 
F3 2964,21 11 2922,23 . CpeAHaTa BpeAH0CT Ha cppeKBeH­
l.(1111Te Ha cpopMaHrnTe 3a cprrcKoTo )J,onro 11 KpaTKo ,,u" 
611na: Fl 429,27 11 435,71; F2 947,30 11 1013,86 11 F3 
2654,36 11 2503, 71 (21 ). OB11e BpeAH0crn He ce cnwnm 
Ha HaUrnTe Ha0)J,11 3a MaKe)J,0HCKl1Te B0KaJIB ,,11" 11 ,,y" 
BepoJaTH0 rropa)J.11 pa3nwrno rrocTaBYBalhe Ha rrapa­
MeTP11Te 3a cpopMaHrnTe BO Praat. 
EaKpaH (Bakran) ja rrp11Ka)l{an cpeAHaTa BpeAH0CT Ha Fl 
11 F2 Ha )J,0nrnTe 11 KpaTKHTe B0Kanl1 BO )J,B0Cfl0)l{H],I 
36opoB11 113roBopeHH 0A Maunrn roBop11Tenh6opYBaq 0A 
XpBaTCKa. Kaj B0Kan0T ,,a" Fl e 707 Hz 11 691 Hz, F2 e 
1371 Hz 11 1374 Hz. Kaj B0Kan0T ,,e" Fl e 471 Hz 11 511 
Hz, F2 e 1989 Hz 11 1754 Hz. Kaj B0KanoT ,,11" Fl e 238 
Hz 11 329 Hz, F2 e 2264 Hz 11 2213 Hz. Kaj B0Kan0T ,,o" 
Fl e 461 Hz 11 499 Hz, F2 e 905 Hz 11 983 Hz. Kaj 
B0KanoT ,,y" Fl e 379 Hz 11 375 Hz, F2 e 822 Hz 11 886 
Hz (22). OB11e Ha0)J,11 ce Cn11'IHl1 Ha cpe)J,HaTa BpeAH0CT 
Ha cppeKBeHI.1;1111Te Ha cpopMaHTl1Te 113roBopeH11 0A Marn­
KHTe roBop11Ten11h 6opYBalfr! BO Harnarn cry)J.11ja. 

3aK11y'IOK 

Pe3ymarnTe 0A aKyCTl1'IHaTa aHanl13a Ha MaKe)J,0HCKHTe 
B0Kanl1 BO KOMJJjYTepcKaTa rrporpaMa Praat ce Cn11'IHl1 Ha 
pe3ymarnTe 0A rrpeTX0)J,Hl1Te aHanl1311 Ha B0Kan11Te co 
3ByqHl1 crreKTporpacp11. I1.cTO TaKa JJOCTOjaT Cfll1'IH0CTl1 
BO Fo 11 cppeKBeHI.1;1111Te Ha cpopMaHrnTe Ha MaKe)J,0HCKHTe 
B0KaJIB 11 B0KaJIBTe 113roBopeHH 0A roB0pHHl..(11 Ha Apyr 
ja:mK. Cpe)J,HaTa BpeAH0CT Ha cppeKBeHl.(1111Te Ha cpopMaH­
THTe Kaj )KeHCKHTe roBop11Ten11h 6opYBaq11 e rroB11coKa 
0)1, cpe)J,HaTa Bpe)J,H0CT Ha cppeKBeHl..(1111Te Ha cpopMaHrnTe 
Kaj MaUIKHTe roBop11Ten11h6opYBa'Il1, a Bpe)J,H0CTHTe Kaj 
)J,el.(aTa ce HajBl1COKl1. 
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