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Pesume

BoBen: Pe3onanrmute Bo roBopoT ce HapekyBaatr (op-
MaHTH M THe ce o3Hauenu kako F1, F2, F3, F4 wutH.,
TMOYHYBajKM €O HajHMCKarta (pekBeHnuja. dopmaHTHTE
UCTO Taka ce Ne()MHUPAHN KaKO CIEKTPAIHHU MMHUKOBH HA
3BYYHHOT CTIEKTap Ha IJacoT.

Hen: Ilenta Ha crynujata Oeme ga ce ompenatr ¢pek-
BeHiuuTe Ha Qopmantute o F1 no F5 m ocHoBHaTa
¢pexsenumja (Fo) Ha MakeJOHCKUTE BOKAIM BO KOMIIjy-
Tepckara nporpama Praat.

Marepujan u meromu: OBaa crymuja BiIydyBa 15
W3BOPHU TOBOPUTENH/300pYBayi Ha MAKEJJOHCKU jasuK,
MeT MaXH, TeT JXKeHH, Ha Bo3pacT of 26 no 50 romuan
(cpenna Bospact 38,9+9,6 roamHm) M mer Jema, IBe
MOMYMIAa M TPH JEBOjUMBa, Ha Bo3pacT of 9 mo 14
roguau (cpemna Boszpact 10,6+1,9 romunm). Twe Gea
CHHMEHM MNpU M3rOBapame Ha MaKEJOHCKHTE BOKAIH.
AkycTHYHaTa aHaNIM3a € W3BEJEHAa BO KOMIjyTepcKara
nporpama Praat, Bep3uja 6.0.43. M3mepenn ce ¢pex-
BeHuuuTe Ha hopmantute ox F1 no F5S u Fo.
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Abstract

Introduction: Resonances in speech are called
formants and they are labeled as F1, F2, F3, F4 etc.
starting with the lowest frequency. Formants are also
defined as the spectral peaks of the sound spectrum of
the voice.

Objective: The objective of the study was to determine
the formant frequencies from F1 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 performed in computer program. Praat, Version
6.0.43. Formant frequencies from F1 to F5 and Fo
were measured.
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Pesyanraru: Cpennara BpenHocT Ha Fo kaj maxute Gerre
109-131 Hz, kaj xenure Geme 205-259 Hz u xaj neuara
Geme 251-285 Hz. Cpennara BpenHoct Ha F1 Ha cure
Bokamu Geme 299-1060 Hz; cpennata Bpemnoct Ha F2
Geme 995-3023 Hz; cpemnara Bpemnoct Ha F3 Gemre
2404-4319 Hz; cpennata Bpennoct Ha F4 Geme 3438-
5575 Hz u cpennara Bpennoct Ha F5 Geme 4344-7106
Hz. Hajauckure BpenHocTy Gea 100MeHH Kaj Maxure, a
HajBUCOKHUTE BpeHOCTH Oea 1obueHy Kaj aewuara.
3akuydok: Pesynrature on akycTUYHaTa aHanm3a Ha
MaKeJJOHCKHTE BOKaIM BO KOMILjyTepckara Iporpama
Praat ce ciwdHM Ha pe3ynTaTute Of NMPETXOIHUTE aHa-
JIM3W Ha BOKAJIUTe CO 3By4HHM crnekrporpadu. Mcro Taxa,
noctojar caM4HocTH Bo Fo u dpekseHumnuTe Ha Gopman-
TUTE HAa MaKeJOHCKMTE BOKAIM U BOKAIUTE H3TOBOPEHH
0J1 TOBOpHTENH/300pyBaYH Ha IPYT jasHK.

Knyunu 360posu: ¢pexeenvuu na popmaniuu, Fo,
MakegoHcku eokanu, Praat

Bosgeg

3BYKOT € OpaH KOjIITO € MepLenTHOMIeH 3a YOBEYKOTO
YBO KOra HerosaTa ()peKBEHIMja € IeHepalHO MoMery
20 Hz u 20 KHz (1). I'oBopHute (pexBeHUHH Ce BO
oncer o7 250 Hz o 8000 Hz (2). 'oBopoT & KoMIuIekceH,
BPEMEHCKH BapjabuiieH akycTiyeH curhan. Toj curHan
¥Ma MHOTY Pa3JIMYHU aKyCTMYHH U JIMHTBUCTHYKU CBOj-
CTBA KOMILUTO MOXaT Ja Ouaar MHQOpPMATUBHH, BO pas-
JUYHA CTENeHH, 3a Ja ce pasdbepe mopakara KojamiTo
cakame na ja mpeneceme (3). Cekoj msroBopen 300p e
KpeupaH co KOpucTeme (hoHeTcka KOMOMHalMja Ha cer
0J1 BOKaJ, MOJYBOKAl M KOHCOHAHT, KaK0 eIMHHIU Ha
TOBOPHHUOT 3BYK (4).

I'oBopHHTE 3BYLM C€ CEH3alMM Ha BHOpaluuTe Ha
BO3/IyIIHHOT IIPUTHCOK CO3Ja[IeHH O BO3AYXOT KOJIITO €
m3Mman oz 6enute 1poOOBH, MOLYIUPAH U OOJIUKYBaH
o7t BUOpalMMTe Ha ITACHIKUTE M PE30HAHIMjaTa Ha BO-
KaJIHHOT TPaKT JAoJeKa BO3QYXOT Ce HCTypKyBa HU3
ycuute u HocoT (5). O u3BOpoT Ha 3ByuHa BHOpanmja,
IJIaCUIIKUTE JJOOMBAaT TPAH3MEHTHU WM KOHTUHYHPaHH
npupoaHu (QpeKBeHIuH, ITo ce Je(uHUpa Kako peso-
HaHLMja KojamTo ke Oupe 3acuieHa. Pe3oHaHIMMTE BO
roBOPOT c€ HapeKyBaaT (OPMaHTH U THE ce 03HAYEHH Ka-
ko Fl, F2, F3, F4 urH., nouHyBajku cO HajHHCKara
(pexsenumja (6). @opmMaHTHTE HCTO Taka ce JeUHH-
PaHM KaKo CNEKTpalHH NHUKOBH HA 3BYYHHOT CIIEKTap
Ha rmacoT. EzieH off eneMeHTHTE Ha aKyCTHYHATA aHAIIM3a
€ MepemeTo M KoMmapaiujata Ha dopmantute. [IpBute
IBa (QOpPMAaHTH Ce HAjBAXHM 32 WIACHTH(UKYBame Ha
Boxkaior (7).

Results: Mean Fo in males was 109-131 Hz, in
females was 205-259 Hz, and in children was 251-285
Hz. Mean F1 of all vowels was 299-1060 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
(1). 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 F1, 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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dopmaHTHTE MOXKE fa Ce ONMILNAT CIOPE] HHUBHHTE
(pexBeHIMy, (QPEKBEHLMCKUOT ONCEr M AMILUTHTYIUTE
(8). ®pexsenmjata Ha HOPMAHTOT HA BOKAIOT € AETEp-
MHHMpaHa Of KOH(UTypanuyjaTa Ha BOKAJIHHOT TPAKT Ha
KOjallITo MOXKE Ja BIMjaaT IOBeke (PaKkTOpH: BHATpEII-
HaTa TOJIEMHHAa HA BOKQJIHMOT TpAKT, TOJEMHHATAa Ha
Ja3WKOT, TONEMHHaTa W KOH(Wrypaumjata Ha ycHaTa
Npa3HuHa, TOJIeMHHAaTa M KOH(Mrypamujata Ha (apuH-
reajHata npasHUHa U KoHQurypanujata Ha jasukor (9).
OcHnoBHara (pexsennuja (Fo) e mpoceuna (pexBeHmuja
KOjallToO Cce KOPHCTH BO TEKOT Ha 300pyBameTo M Y-
TameTo (10).

I'paduukara npercraBa Ha TPUTE JUMEH3UU HA 3BYKOT BO
OJIHOC Ha HMBHMTE KOMIIOHEHTHHM (YPEKBEHIMH Ce Hape-
KyBa cmekTporpaM. Toj e BH3yelHa INpeTcTaBa Ha
aKycTHYHHOT curHai. @opmaHTHTE MOXe Ja ce BHAaT
KaKo TeMHHU I10jacH BO IIMPOKOINOjaCHHOT CHEKTPOrpam
(6). CrekTporpaMoT € CIEeKTpPO-TeMIIOpaiHa IPETcTaBa
Ha 3BYKOT. XOpH30HTAJHATA HACOKA HA CNEKTPOTPaMOT
ro NpeTcTaByBa BpPEMETO, a BepTHKAJIHATa HAcoKa ja
npercraByBa (peksenuujata (7). CodrtBepor 3a auru-
TaJlHa aKyCTHYHA aHaJi3a Ha TOBOPOT Hy/IM MOJKHOCTH 3a
aHalM3a Ha TOBOPHM NPHUMEPOLM 3a DAsIMYHU LEH,
BKJTy4yBajku eIyKaluja, KIMHAYKa TpaKca M HCTpaxy-
Bame (11).

Llenta Ha ctynujata Geme na ce ompenar (ppeKBEeHIUUTE
Ha (opMaHTHTE ox F1 no F5 u Fo na MakemoHckurte
BOKAJIM BO KOMIIjyTepckaTa porpama Praat.

Maiziepujan u meiiogu

Opaa cTynuja BKiIydyBa 15 M3BOpHH TroBOpUTENH/300-
pyBauy Ha MaKeJOHCKM jasuK, IeT MaXKW, NeT XKEeHH, Ha
Bo3pacT o 26 mo 50 ropunu (cpemHa Bospact 38,9+9,6
TO/IMHY) U TIET Jielia, IBE MOMUHbA ¥ TPH JIEBOjUHHba, Ha
Bo3pacT of 9 nmo 14 rogunu (cpemna Bospact 10,6+1,9
roguny). Tue Gea CHUMEHM IpPH H3roBapambe Ha Make-
JIOHCKUTE BOKJH. AKyCTUYHATA aHAIM3a € M3BEJIEHA CO
KoMIjyTepckata mporpama Praat, Bepsmja 6.0.43 (12).
MP3 moHo 3ByuHHTE (ajI0BH HAa CHUMEHUTE BOKaK Oea
IIPBO OTBOpPEHM BO Praat 3a ja ce cermeHTHpa U MeMo-
pupa Bokanotr kako WAV ¢ajn. bea nanpasenu jBa cera
Ha aKyCTHYHH Mepema: GpexBeHIun Ha (HOpMaHTHTE Of
F1 no F5 u Fo. Bpennoctute Ha dpekBenuunte Ha hop-
MaHTHUTe T J00MBMeE CO II0CTaBYBambe Ha NapaMeTpuTe 3a
aHanu3a Ha: Makcumanen 6poj na gopmaniniu: 5 u Max-
cumym gopmaniii (Hz): 5000 Hz 3a maxwute, 5500 Hz 3a
xenute U 8000 Hz 3a memara. Bpennocra Bo [ociua-
syeare Ha cilexiupozpam. Ilpezneg Ha oiicez (Hz) Gemue
HCTa Kako BpetHocTa BO Makcumym gopmanii (Hz).

Formants can be described by their frequencies,
bandwidth, and amplitudes (8). Vowel 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 (10).

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 F1 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
WAV file. Two sets of acoustic measurements were
made: formant frequencies from F1 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).
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Pesyninaiiu

Amnanmzupany ce BKynmHO 75 WAV (ajinoBu Ha CHEMEHH
BOKaJIM. Bo MakeIOHCKHOT ja3uk UMa MeT BOKAJIH: a, €, U,
0, y. Cpennara BpegHocT Ha (pexBeHuuure (Bo Hz) u
cranziapHata aesujanumja (SD) Gea kankymapaHu ofen-
HO 32 CUTE TpU TPYNH: MaXkH, )KeHH U fena. Mcro Taka, ro
NpUK&OKaBME M OICEroT Ha (QpekBeHuuu Ha Fo u
(pexBeHnpnTe Ha QOPMAHTHTE O] HAJHHCKATA JI0 HAjBH-
COKara BPEIHOCT Ka] Pa3NiiHU CyOjeKTH.

Bo Ta6ena 1 ja mpukaxaBme OCHOBHaTa ()peKBeHIIHja
(Fo) na BoxanuTe. Fo Ha Bokanot ,,a“ e Bo omcerot ox 98
Hz xaj maxxute no 326 Hz kaj neuara. Fo na Bokanor ,,e*
e Bo omncerot of 111 Hz xaj maxure mo 293 Hz kaj
nenara. Fo Ha Bokainor ,.u“ e Bo omnceror of 99 Hz kaj
maxute 10 300 Hz xaj nenara. Fo Ha Bokajor ,,0“ € BO
orcerot o 105 Hz xaj maxute no 299 Hz xaj nenara. Fo
Ha BOKaJIoT ,,y*“ € Bo omcerotT oz 112 Hz xaj maxwure 1o
319 Hz kaj nenara.

Ta6ena 1. Ocnosna gpexsenuuja (Fo) Ha eoxanuitie
Table 1. Fundamental frequency (Fo) of the vowels

Results

A total of 75 WAV files of recorded vowels were
analyzed. There are five vowels in Macedonian: a, e, 1,
0, 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 “o0” ranges from 105 Hz in
males to 299 Hz in children. Fo of the vowel “u”
ranges from 112 Hz in males to 319 Hz in children.

Fo Masxu/Males XKenun/Females Jlewa/Children
Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/ Cpenna Bp./ Orcer/
Mean+SD Range Mean+SD Range Mean+SD Range
ala 109+7.9 98-120 205+37.7 167-254 251445 211-326
ele 122+14.9 111-148 213420.1 184-241 253+31.3 209-293
w/ 118+17.7 99-147 230+17.5 203-250 279+18.7 254-300
o/o 119£11.5 105-133 208+22 172-229 260+25.2 232-299
y/u 131£13.8 112-151 259426.1 221-294 285+30.7 245-319

Bo Tabena 2 ru npukaxasMe QpexBeHIuUTe Ha GopMaH-
tute ox F1 no F5 Ha Bokanor ,,a“. ®pekBenuyjara Ha Fl
6emnre Bo omcer of 633 Hz kaj maxute 1o 1270 Hz kaj
neuata. Hajuuckara ¢pexsennmja Ha F2 6eme 1051 Hz
Kaj MaxuTe, a HajBucokata (pexsenimja 6eme 2039 Hz
Kaj nemnara. @pexseHnujata Ha F3 Gemre Bo omcer op
2542 Hz xaj maxwute no 3979 Hz kaj memara, ¢pek-
BeHIMjaTa Ha F4 Geme Bo omcer on 3240 Hz kaj maxwute
1o 5145 Hz kaj nenata u ¢pexsennujara Ha F5 Geme Bo
orncer on 3971 Hz kaj maxure 1o 6977 Hz kaj neuara.

In Table 2 we displayed formant frequencies from F1
to F5 of the vowel “a”. The frequency of F1 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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Tabena 2. @pexeenyuu na gopmaniniuiie Ha oxanoi ,,a "
Table 2. Formant frequencies of the vowel ,,a*“

®opmanTi/ Masxu/Males JKenn/Females Jena/Children

Formants Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/
Mean+SD Range Mean+SD Range Mean+SD Range

F1 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 39124276 3624-4275 5064+229.8 4754-5145

F5 4431+397.4 3971-4814 4949+253.1 4522-5040 6436+518.5 5665-6977

I'o npukaxasme Praat mpo3operoT 3a 3ByK Ha BOKAJIOT
,,a" Kaj JxeHcKu roBopuren/36opysay (Crmka 1).

We displayed Praat’s sound window of the vowel “a”
in female speaker (Figure 1).

File Edit Query View Select Spectrum Pitch Intensity Formant Pulses Help
0.360000 (2.778 / 5)

0.4151
-0.4379

5500 Hz 500 Hz

253 Hz

0 Hz| s 5|75 Hz
0 Visible part 0.360000 seconds 0.360000
Total duration 0.360000 seconds
all in out sel bak | « 1 )‘ v Group

Camuka 1. Praat tipo3opel, 3a 36yk Ha 60Kanoil ,,a " Kaj sxceHcku 208opuitien/300pyeay
Figure 1. Praat’s sound window of the vowel ,,a" in female speaker

I'opuror nen Ha Mpo30penoT 3a 3ByK IO MOKaXyBa
ocyunozpamoii. JlonHaTa TONOBMHA MOKaXyBa HEKOIKY
aKyCTHYHU aHANM3H: ClleKipozpamoii € 000eH BO HU-
jaHcu Ha cuBa 00ja, KoHillypawia Ha QpexéeHuujatia e
Hal[pTaHa KakKO CHWHA KpUBA, KOHWUWIypaula HA UHIAEH-
3uideiionl € HalpTaHa Kako jKOJITa KpUBAa U KOHULypuile
Ha Qopmaniliuilie ce HAUPTAHM KAKO LPBEHH TOYKH.
IToTemHHTE 1ETOBH OfI CIIEKTPOTrPaMOT TOKAXyBaaT IMo-
rojgeMa TyCTHHa Ha €HEepruja, a IMOCBETIMTE MEJIOBHU
TIOK&)KyBaaT IIoMaJia r'yCTHHA Ha eHeprija.

Hobuenu ce u dpexseHIMUTE Ha GOPMAHTUTE HAa BOKa-
1ot ,,e“ (Tabena 3). ®pexsenumjata Ha F1 Gemre Bo oncer

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 F1 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

(2]
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o 482 Hz xaj maxute o 713 Hz kaj nenara. Hajuuckara
¢pexseniyja Ha F2 6eme 1732 Hz kaj maxwure, a Haj-
Bucokata (pekBennuja 6eme 2900 Hz xaj neuata. Haj-
Huckata ¢peksenuyja Ha F3 Gewre 2268 Hz kaj Maxwre,
a HajBucokaTa (pekBenuuja Ha F3 Geme 4179 Hz kaj
nenara. @pexsennujara Ha F4 Geme Bo omcer ox 3275
Hz kaj maxute no 5331 Hz xaj neuata. Hajumckara
¢pexsermja Ha F5 Geme 4245 Hz kaj maxwre, a HajBu-
cokata (pexsenumja 6eme 7226 Hz kaj neuara.

Tabena 3. @pexsenuuu Ha popmanitiuitie Ha 6OKAIOW ,, e

Table 3. Formant frequencies of the vowel ,,e*“

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.

®opmanTi/ Maxwu/Males XKenn/Females Jeua/Children
Formants Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/ Cpenna Bp./ Omcer/
Mean+SD Range Mean+SD Range Mean+SD Range

F1 483+41.6 482-555 514+60.6 417-576 646+68.6 565-713
F2 179152 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 48454279 4428-5163 | 6350+£525.6 5940-7226

Bo Tab6ena 4 ru npukaxaBme (pekBeHuuute Ha (op-
MaHTHTE Ha BOKaoT ,,u"“. ®pekBenuujata Ha F1 Geme Bo
oncer ox 253 Hz xaj maxute no 519 Hz xaj nmemara.
Hajuuckara ¢pexseruuja Ha F2 Geme 2055 Hz xaj ma-
XKuTe, a HajBucokara ¢peksenHumja Geme 3248 Hz kaj

In Table 4 we displayed formant frequencies of the
vowel “i”. The frequency of F1 was in the range of 253
Hz in males to 519 Hz in children. The lowest
frequency of F2 was 2055 Hz in males, and the highest
frequency was 3248 Hz in children.

Jcnara.

Tab6ena 4. @pexsenyuu Ha popmaninuitie Ha 6oxanow ,,u "
Table 4. Formant frequencies of the vowel ,,i"

®opmanti/ Maxwu/Males XKenn/Females Jeua/Children
Formants Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/
Mean+SD Range Mean+SD Range Mean+SD Range

F1 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 30744163 2914-3320 | 4289+350.1 3828-4777
F4 3438+131.1 3281-3611 4258+240.1 3961-4613 | 5401+231.4 5159-5730
F5 43444308.3 3807-4537 4873+180.6 4571-5021 | 6788+502.9 6039-7400

Hajuuckara ¢pexsenimja Ha F3 Geme 2658 Hz kaj
MaxkuTe, a HajBucokata (pekBeHuuja Ha F3 Geme 4777
Hz xaj nenara. @pexsenimjara Ha F4 Geme Bo omcer ox
3281 Hz xaj maxxute 0 5730 Hz kaj neuara. Hajuwckara
¢pexsenmmja Ha F5 Geme 3807 Hz kaj maxwute, a
HajBucokata dpexsenuuja 6eme 7400 Hz kaj nenara.

@pexBeHnuuTe Ha (OPMAHTHTE Ha BOKAJIOT ,,0° ce
npukaxanu Bo Tabena 5. @peksennujara Ha F1 6eme Bo

The lowest frequency of F3 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 “0” are displayed in
Table 5. The frequency of F1 was in the range of 379
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oncer o 379 Hz xaj maxure mo 797 Hz kaj pmenara.
Hajuuckata dpexBenmuja Ha F2 Geme 827 Hz kaj
MaXkuTe, a HajBUCOKaTa (pekseHupja Oeure 2579 Hz kaj
nenara. Hajuuckata dpexsenumja Ha F3 Geme 2254 Hz
Kaj MaxuTe, a HajBucOKaTa (pekBeHimja Ha F3 Geme
4390 Hz xaj neunara. ®@pexBeHimjata Ha F4 Geme Bo
oncer o 3366 Hz kaj maxwute no 5760 Hz xaj nemara.
Hajuuckara ¢pexsenuuja Ha FS5 Geme 4394 Hz kaj
MaxxuTe, a HajBUcoKaTa (pekBeHuuja bewe 7013 Hz kaj
Jenara.

Tabena 5. Opexeenvyuu Ha gopmaniiuiie Ha 60kanoi ,,0
Table 5. Formant frequencies of the vowel ,,0“

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.

®opmanty/ Maxu/Males XKenu/Females Jleua/Children
Formants Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/ Cpenna Bp./ Omncer/
Mean+SD Range Mean+SD Range Mean+SD Range

F1 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 177345193 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

@pekBeHIUUTe Ha (OPMAHTUTE HA BOKAIOT ,y* ce
npukaxany Bo Tabena 6. @pexsennujara Ha F1 Geme Bo
oncer ox 306 Hz xaj maxure mo 607 Hz kaj pmemara.
Hajuuckara dpexsenmmja Ha F2 Geme 809 Hz kaj
MaKuTe, a HajBUCOKata (pexBeHuja Oeme 2099 Hz xaj
Jenara.

Tab6ena 6. @pexsenyuu Ha gopmaninuive Ha 6okanoi ,,y"
Table 6. Formant frequencies of the vowel ,,u*

Formant frequencies of the vowel “u” are displayed in
Table 6. The frequency of F1 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.

®opmanTy/ Maxwu/Males XKenn/Females Jlena/Children
Formants Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/ Cpenna Bp./ Oncer/
Mean+SD Range Mean+SD Range Mean+SD Range

F1 367£55.5 306-456 422461.5 360-518 530+85.2 399-607
F2 995+172.6 809-1272 1410+218.1 1233-1721 1801£191.8 1647-2099
F3 2615+152.3 2438-2772 3136+288.1 2844-3523 4319+455.3 3694-4867
F4 3572+176.1 3310-3764 4220+225.5 4022-4574 5748+176.4 5575-5999
F5 4482+137.3 4284-4631 4928+101 4800-5052 7106+598.1 6113-7564

Hajuuckara ¢pexsennuja Ha F3 Oeme 2438 Hz kaj
MakuTe, a HajBucokara QpekBeHnuja Ha F3 Geme 4867
Hz xaj neuara. ®peksennujata Ha F4 Geure Bo oricer ot
3310 Hz xaj maxxute 1o 5999 Hz kaj nenara. Hajuuckara
¢pexBennmja Ha FS5 Geme 4284 Hz kaj maxute, a
HajBHCOKaTa (pekBeHuyja Oeme 7564 kaj neuara.

The lowest frequency of F3 was 2438 Hz in males, and
the highest frequency of F3 was 4867 Hz in children.
The frequency of F4 was in the range of 3310 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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Huckycuja

I'm oppenuBme Fo u Qpexsenuute Ha HOpMaHTHTE O
F1 mo F5 Ha MaxenoHCkuWTe BOKamyW M3roBOpeHH of 15
M3BOPHM TOBOPHTENN/300pyBaull Ha MaKEJOHCKM jasuK.
AxycTiyHaTa aHanu3a € HampaBeHa Bo Praat. [lapa-
MeTapoT 3a aHanmza Makcumym ¢popmaniu (Hz) to
nocrasuBMe Ha 5000 Hz 3a maxure, 5500 Hz 3a xenute
n 8000 Hz 3a neuara cmopen MHCTPYKIMUTE BO BOBE-
HHOT 1N 3a Praat.

Praat e xommjyTtepcka mporpama 3a aHaJM3Uparme, CHHTe-
TH3UPAkbE ¥ MAaHUIYJIMpame co roBop. Praat He e cuctem
3a CHHTE3a Ha TOBOp, HO co Praat Moxe Jia ce reHepupaar
MHOTY BH/10BH 3BYy1H (13).

Bo nHamara ctyzuja cpeHaTa BpeqHocT Ha Fo kaj xkeHute
Geme mNOBMCOKa Of CpeaHaTa BpeaHOCT Ha Fo Kkaj
MaxkuTe, a cpefHaTa BpeiHOCT Ha Fo kaj menara Geme
HajBucoka. Fo Ha Bokanor ,,a“ kaj eHHTe e BO Ofcer Off
167 Hz no 254 Hz, a cpennara Bpexnsoct Ha Fo e 205 Hz.
Finger u cop. mpukakane cinwuHd BpenHocTd Ha Fo 3a
BOKAJIOT ,,a“ Kaj 56 skenut ox bpasun, nobuenn Bo Praat
nporpamata. Bo nuBHata crynmja Fo 6una Bo omcer on
164,60 Hz no 268,94 Hz, a cpeguara BpensocT Ha Fo
6una 210,92 Hz (14). Bo namata crymuja Fo 3a cure
BOKany kaj Aeuara e Bo omcer ox 209 Hz mo 326 Hz.
Cartei (Kapreu) u Pe6u (Reby) npukaxane Fo xaj nena
Ha BO3DACT Of 8 TONMHM EKCTPaxupaHa BO IpOrpamara
Praat. Jleniata untane kpatky 300pOBH Ha aHINIMCKY ja3HK
u Fo 6una Bo orcer ox 237 Hz no 304 Hz (15).

Crnopen Cagmika u Criacos, cpeziHata BpeaHocT Ha Fo Ha
BOKAJIMTE BO PA3NIMYHH TO3ULMK BO 300poT n3HecyBa 193
Hz (16). I'enepanno, Fo xaj maxute e 80 Hz no 180 Hz,
kaj xenute 180 Hz no 230 Hz, a xaj nenara 230 Hz no
300 Hz (17). Ilumm (Shipley) u Mex Aden (McAfee)
TIpUKaXXalie Cpe/iHa BpeHocT Ha Fo 3a Maku Ha pa3nuyHa
Bo3pact Bo omcer o 107 Hz 10146 Hz, cpenna BpenHocT
Ha Fo 3a senu Bo omcer ox 188 Hz to 233 Hz u cpenna
BpenHocT Ha Fo 3a jgema Ha BospacT on egHa 1o 14
roguan Bo omcer ox 210 Hz to 400 Hz (10). Hamwre
HAOJIM Ha cpeqHa BpenHocT Ha Fo ce Bo cormacHocT co
cpenHuTe BpeHOCT! Ha Fo npukaxaHu BO JUTepaTypara.
CpenHata BpeqHOCT Ha (pekBeHLMHTE Ha (opMaHTHTE
BO Hallara CTy/ija € IpHKakaHa Toce0HO 32 MaXHTE, 3a
JKeHHTe W 3a Jenarta. TwnmyHo e Toa mTo F1 kaj Boka-
mre 1 1 ,,y“ e MHory cnideH Ha Fo, a F1 kaj Bokanor
»a" € MHOTY TIoBHCOK 0fi Fo. Hajronema pazmika momery
(opmanTute e pasnukara nomery F1 u F2 xaj Bokanor
I

KepaMuTYneBCKY TH IPHKaXKal pe3ynTaTiTe Off aKyCTHY-
HaTa aHaJKM3a Ha MaKeJOHCKUTE BOKAIIMA CO 3BYYEH CIIEK-

Discussion

We determined Fo and formant frequencies from F1 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 is 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 formant frequencies in our study are separately
displayed for males, females and children. It is typical
that F1 in vowels “i” and “u” is very similar to Fo, and
F1 in vowel “a” is much higher than Fo. The largest
difference between formants is the difference between
F1 and F2 in vowel “1”.

Keramitchievski reported results from acoustic analysis
of Macedonian vowels with sound spectrograph. He
obtained the following results: for the vowel “a” he
measured F1 230 Hz to 680 Hz, F2 780 Hz to 1130 Hz,
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tporpad. Toj ru 106N cnefHATE pe3yNTaTh: 3@ BOKAIOT
»a“ 10j mmepun F1 230 Hz no 680 Hz, F2 780 Hz no
1130 Hz, F3 1280 Hz no 1600 Hz u F4 2300 mo 2700 Hz;
3a BokaioT ,,e“ F1 190 Hz no 700 Hz, F2 1600 Hz mo
2050 Hz, F3 2100 Hz no 2680 Hz u F4 3000 Hz mo 3600
Hz; 3a Bokanor ,,u*“ F1 200 Hz g0 600 Hz, F2 2180 Hz no
2800 Hz, F3 3300 Hz no 3700 Hz u F4 3700 Hz no 4280
Hz; 3a Bokarnor ,,0“ F1 180 Hz no 580 Hz, F2 750 Hz no
1180 Hz, F3 2100 Hz no 2550 Hz u F4 2750 Hz mo 3200
Hz; 3a Bokanot ,,y“ F1 150 Hz no 480 Hz, F2 530 Hz no
880 Hz, F3 2100 Hz mo 2300 Hz u F4 3000 Hz mo 3400
Hz (18). OBue BpeHOCTH Ce TOBEKe CIMYHU Ha Cpe/iHaTa
BPEJHOCT Ha (PpEKBEHIMHUTE HAa (POPMAHTHTE Kaj MaKUTE
OTKOJIKY CpeJJHaTa BPEJHOCT Ha (ppeKBEeHIUUTE HA (op-
MaHTHTe Kaj JKEHHUTE ¥ JieliaTa BO HalaTa CTy/iuja.
Musnncu (Minissi) u copaboTHULIUTE ja NPUKaKaNe cpe-
HaTa BPEAHOCT Ha (peKBEHIMHTE Ha (OPMAHTHUTE HA
MaKeIOHCKUTE BOKANH. 3a BOKAJOT ,,a“ Te u3mepuie F1
750 Hz, F2 1300 Hz u F3 2450 Hz; 3a Boxanor ,,e“ F1
400 Hz, F2 2050 Hz u F3 2600 Hz; 3a Bokanot ,u“ F1
250 Hz, F2 2100 Hz u F3 2900 Hz; 3a Bokanor ,,0“ F1
450 Hz, F2 850 Hz u F3 1400 Hz; 3a Bokainor ,,y* F1 300
Hz u F2 750 Hz (19). OBue BpeaHOCTH ce HajCIMYHH Ha
cpefHaTa BpEJHOCT Ha ()peKBEeHUIMHTE HAa (OpPMaAHTHTE
Kaj MaXWTe BO HAIlaTa CTy/IHja.

Koctuk ru mpukaxan pesyiaraTdte 3a aKyCTHYHATa
CTPYKTYpa Ha CPIICKOXPBATCKATE BOKAIM Kaj MaxcuTe. Kaj
BokanoT ,,a“ F1 e 624 Hz no 905 Hz, F2 e 1080 Hz no
1390 Hz u F3 e 2345 Hz no 2576 Hz. Kaj Bokanor ,,e“
TOj T NpuKaxan ciennute BpenHoctu: F1 e 446 Hz no
665 Hz, F2 e 1759 Hz no 2036 Hz u F3 e 2241 Hz no
3566 Hz. Kaj Bokanor ,,u“ F1 e 177 Hz no 335 Hz, F2 e
2040 Hz no 2523 Hz u F3 e 2590 Hz mo 3130 Hz. Kaj
Bokanor ,,0“ F1 e 430 Hz no 665 Hz, F2 e 780 Hz mo 981
Hz u F3 e 2382 Hz to 2626 Hz. Kaj Bokasor ,,y“ F1 e 279
Hz o 488 Hz, F2 € 632 Hz no 814 Hz u F3 e 2299 Hz no
2470 Hz (20). OBue BpefHOCTH C€ CIMYHM Ha CpeaHaTa
BPEJTHOCT Ha (ppeKBEeHIMHTE Ha (HOPMAHTHTE Ka] MaKUTE
BO Halara CTyauja.

BrnanucaBbeBuK HarjacyBa HEKOM KapaKTepUCTHKHM Ha
cprckoxparckute Bokamu. F1 kaj Bokaior ,,a“ e okomy
900 Hz, a F2 e okomy 1300 Hz. F1 xaj Bokanor ,e“ e
oxoiny 600 Hz, a F2 e oxomy 2000 Hz. F1 xaj Bokanot ,,1*
e oxory 250 Hz, a F2 e oxomy 3000 Hz. F1 xaj Bokanor
,»,0“ e okomy 500 Hz, F2 e oxomy 800 Hz, a F3 e oxomy
3000 Hz. F1 kaj Bokanor ,,y“ e oxomy 300-400 Hz, F2 e
okomy 600 Hz, a F3 e oxomy 2400 Hz (17).

Cymumak (Sudimac) v mpeseHTHpa pe3yiTaTHTE OJ
KOHTPAaCTHUBHATA aHaJIM3a HA BUCOKUTE (3aTBOPEHH) BOKa-
JIi Ha aHTJIMCKUTE W CPIICKHTE ,,i“ W ,,u“ U3TOBOPEHH Of

F3 1280 Hz to 1600 Hz, and F4 2300 to 2700 Hz; for
the vowel “e” F1 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” F1 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 “0” F1 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” F1
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 formant frequencies in
males, than mean formant frequencies in females and
children in our study.

Minissi et al. reported mean format frequencies of
Macedonian vowels. For the vowel “a” they measured
F1 750 Hz, F2 1300 Hz and F3 2450 Hz; for the vowel
“e” F1 400 Hz, F2 2050 Hz and F3 2600 Hz; for the
vowel “i” F1 250 Hz, F2 2100 Hz and F3 2900 Hz; for
the vowel “0” F1 450 Hz, F2 850 Hz and F3 1400 Hz;
for the vowel “u” F1 300 Hz and F2 750 Hz (19).
These values are most similar to mean formant
frequencies in males in our study.

Kosti¢ displayed results for acoustic structure of Serbo-
Croatian vowels in males. In vowel “a” F1 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: F1 is 446 Hz to 665 Hz, F2 is 1759 Hz to 2036
Hz, and F3 is 2241 Hz to 3566 Hz. In vowel “i” F1 is
177 Hz to 335 Hz, F2 is 2040 Hz to 2523 Hz, and F3 is
2590 Hz to 3130 Hz. In vowel “0” F1 is 430 Hz to 665
Hz, F2 is 780 Hz to 981 Hz, and F3 is 2382 Hz to 2626
Hz. In vowel “u” F1 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 formant frequencies in
males in our study.

Vladisavljevi¢ emphasized some characteristics of
Serbo-Croatian vowels. F1 in vowel “a” is about 900
Hz, and F2 is about 1300 Hz. F1 in vowel “e” is about
600 Hz, and F2 is about 2000 Hz. F1 in vowel “i” is
about 250 Hz, and F2 is about 3000 Hz. F1 in vowel
“0” 1s about 500 Hz, F2 is about 800 Hz, and F3 is
about 3000 Hz. F1 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 formant frequencies of Serbian long and short
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H3BOPHH roBopuTeNn/300pyBaun Ha Bo3pact o 14 mo 15
roguHn. CpenHaTa BpeqHOCT Ha (DpEKBEHIMUTE Ha
(opMaHTUTE HA CPICKOTO HOJNTO M KPaTko ,,i Owmia
cnennara: F1 397,47 u 415,96; F2 2402,60 u 2310,48 u
F3 2964,21 u 2922,23. CpenHata BpelHOCT Ha ()peKBeH-
uuTe Ha (OPMaAHTHTE 3a CPIICKOTO JOJIT0 M KPartko ,,u‘
owna: F1 429,27 u 435,71; F2 947,30 u 1013,86 u F3
2654,36 u 2503,71 (21). OBHe BpemHOCTH HE CE CIHUHH
Ha HallUTe HAOAW 3a MAKe[OHCKUTE BOKIH U W ,y“
BEPOjaTHO TMOpajM pa3IM4HO IIOCTAaBYBame HA IMapa-
meTpute 32 GopMaHTUTe BO Praat.

bakpan (Bakran) ja mpuxaxan cpennata BpenHocT Ha F1
u F2 Ha ponrute M KpaTKuUTe BOKANM BO JBOCIOXHHK
300pOBH M3rOBOPEHHM OJ] MAIIKK TOBOPHTEN/300pyBay of
Xpsatcka. Kaj Boxanor ,,a“ F1 e 707 Hz u 691 Hz, F2 e
1371 Hz u 1374 Hz. Kaj Bokanor ,,e“ F1 ¢ 471 Hz u 511
Hz, F2 e 1989 Hz u 1754 Hz. Kaj Bokainor ,u“ F1 e 238
Hz u 329 Hz, F2 e 2264 Hz u 2213 Hz. Kaj Bokanor ,,0“
Fl e 461 Hz u 499 Hz, F2 e 905 Hz u 983 Hz. Kaj
Bokanor ,,y“ F1 e 379 Hz u 375 Hz, F2 e 8§22 Hz u 886
Hz (22). OBue Haoau ce CIMYHU Ha CpPEIHATA BPEOHOCT
Ha ()peKBEeHUMHUTE Ha (POPMAHTUTE M3TOBOPEHH OJ Mall-
KHMTE TOBOPUTENN/300pyBayy BO HAILIATa CTy/Hja.

3akny4ok

Pesyntarute o aKycTHYHaTa aHANKM3a HAa MaKeJOHCKHUTE
BOKAJIM BO KOMITjyTepckaTa porpama Praat ce ciuysu Ha
pe3yaTaTuTe Off MPETXONHUTE aHATM3HM Ha BOKAIHUTE CO
3By4HH chektporpadu. McTo Taka mocTojaT CIMYHOCTH
Bo Fo n ppexBenuyuTe Ha GOpMaHTUTE HA MAKEIOHCKHUTE
BOKAJIM ¥ BOKAJIUTE M3TOBOPEHH OJl TOBOPHHUIM HA ApYT
jasuk. CpenHaTa BpeIHOCT Ha QpexBeHIMUTe Ha (hopMaH-
TUTE Kaj JKEHCKHTE TOBOPHUTENH/300pyBaud € MOBHUCOKA
OJ1 cpeqiHaTa BPeHOCT Ha (hpeKBEHIUUTE Ha (JOPMAHTHTE
Kaj MallIKuTe TOBOPUTENN/300pyBauyl, a BPEIHOCTHTE Kaj
Jenara ce HajBHCOKH.
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