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Abstract: This study investigates the physiological and acoustic characteristics of
Azerbaijani mugham singing through the application of Western voice science
methodologies. Mugham, an ancient and highly improvisational vocal-instrumental
tradition, has been inscribed by UNESCO as part of the Intangible Cultural Heritage
of Humanity. Despite its rich history, the vocal production techniques used by
mugham singers remain largely unexplored in a systematic, scientific manner. The
research utilizes acoustic analysis, including Long-Term Average Spectrum (LTAS),
to examine the presence of the singer’s formant in mugham performance.
Additionally, comparisons are made with operatic and belting vocal techniques to
identify potential similarities and differences in resonance strategies. Preliminary
findings suggest that mugham singers employ distinct vocal mechanisms, possibly
involving a specific “mugham formant” or alternative formant tuning strategies
beyond those traditionally associated with opera. Furthermore, physiological
investigations using high-speed video endoscopy, real-time dynamic MRI, and
flexible fiberoptic laryngoscopy have provided insights into the biomechanics of
mugham vocal production. Findings indicate that mugham singers engage in register
transition often maintaining a chest-dominant vocal mode even in the high-pitched
zil range, in contrast to the classical operatic technique. Additionally, the study
identifies parallels between mugham singing and belting, particularly in the use of
laryngeal positioning and megaphone-shaped vocal tract adjustments to enhance
resonance and projection. The research underscores the necessity of integrating voice
science into mugham pedagogy to ensure vocal health and longevity for singers. By
combining traditional oral transmission methods with evidence-based pedagogical
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approaches, the study aims to bridge the gap between historical performance
practice and modern vocal science. Future investigations will expand upon this work
to enhance teaching methodologies and contribute to the preservation of the vocal
mugham tradition.

Keywords: mugham singing, acoustic analysis, singer § formant, resonance strategies,
laryngeal biomechanics, formant tuning, vocal mugham pedagogy, belting technique

Introduction

Vocal musical genres manifest unique aesthetic, cultural, and structural
features that forge not just differences in sound but also images of ideal
performance embedded in cultural paradigms and practices. Azerbaijani vocal-
instrumental mugham, one of the genres of world vocal heritage, is an ancient
traditional form of modally-based music with a high degree of improvisation
which was ‘inscribed in 2008 (3.COM) on the Representative List of the Intangible
Cultural Heritage of Humanity (originally proclaimed in 2003)’ by UNESCO [27].
In spite of the large amount of literature and research concerning mugham, there
still remains a serious deficiency in the music science of Azerbaijan regarding the
research of acoustic and physiological characteristics of Azerbaijani mugham
singers’ voice apparatus.

In this paper, the author intends to overview the existing approaches and
methodologies applied in acoustic and physiological studies of the singing voice in
classical operatic and belting genres to reveal the most relevant and effective
techniques and methods that can be adapted and employed in the research of
mugham singers’ voices. Analysis of the acoustic and physiological characteristics
of vocal mugham will enable to objectively explain the peculiarities of its vocal
production.

Mugham

The art of vocal mugham necessitates mugham singers, known as khanende,
to master exceptional singing skills, a wide vocal range, and the ability to recite
comprehensive poetry known as ghazal [28]. They produce unique melodic
“filigree,” with “endless ornament,” and “intonational and rhythmic gestures” [18,
p.35]. During the vocal performance mugham singers start from the low range
defined as bam in Azerbaijani vocal mugham terminology and gradually shift to
the high range, defined as zil. The starting point of the mugham, the bam range,
requires the ability to produce an eloquent, soft chant-like sound. In contrast, while
singing in the zil, singers produce a loud emotionally-charged sound that demands
remarkable power [18, p.178]. The vocal craftsmanship of mugham singers and
the ability to achieve high tessitura is considered to be one of the outstanding and
impressive moments in the performance of vocal-instrumental mugham. This loud
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sound that mugham singers produce in zil is traditionally performed without a
microphone, however, in recent years, due to the concert-like format and broader
array of instruments that require a bigger stage and performing halls some young
mugham singers began to utilize the microphone. Despite that fact, the
professional mugham singers who are devoted to the traditional performing setting
prefer not to use the microphone producing notes in high range zi/l with
effortlessness that creates unforgettable experiences for the listener. However, the
secrets of achieving such a mastery remain mostly uninvestigated as the mugham
art has been traditionally transmitted orally from master to apprentice. This ancient
teaching method assumes the lack of written materials or systemised theory.
Therefore, it remains unknown which mechanisms and techniques allow mugham
singers to create such spectacular vocal effects.

The study of laryngeal biomechanics contributes to a better understanding
of the physiological processes underlying sound production [6, p. 1189; 4, p. 113],
as well as to the development of methods that help maintain the vocal health of
mugham singers, which is especially important in the context of long and intense
performances typical of mugham.

Owing to the significant progress of modern acoustic computer programming,
and medical technologies over the past decades, applying advanced research
methodologies on the vocal apparatus became possible [8, p. 155]. This is true not
only for classical but also for non-classical singing. A wealth of scholarly material has
been published on the research of the vocal apparatus of many singers including
operatic singers and belters [18, p.263].

Singer’s formant

Understanding the importance of filling this gap and the necessity of an
academic approach to the study of mugham's vocal nature, the author began her
research in this field in 2009. In the first stage of the research work the author
employed acoustic analysis of the mugham singers’ voices with the use of the
Long-Term Average Spectrum (LTAS) analysis method looking for common
factors in the distribution of the energy across frequency spectrums to identify the
absence or presence of singer’s formants [28].

Singer’s formant is a well-known phenomenon pertinent to classical singing.
It was observed by Bartholomew [1, p. 27] mostly in male operatic singers and
further investigated by Sundberg [33, p. 838], who interpreted it first as a “singing
formant” or high spectrum envelope peak near 2.8 kHz. This phenomenon later
came to be known as “singer’s formant” defined by Sundberg [34, p. 117] as the
amplification of energy near 3.0 kHz (clustering of 3™, 4™ and 5" formants)
characterised by lowering the larynx and lengthening the vocal tract that allows
the voice to be heard over the orchestra.

30



Sasin tadqiqi Uot: 784.92  Alexandria SULTAN FON BRUSELDORFF — Physiological and acoustic
 study of mugham Through the prism of western voice studies: Using insights from opera and belting

A4

According to Sundberg [33, p. 840], during high-pitched singing, the
resonance frequency of the larynx tube rises with the increase of the area of the
larynx tube opening. Sundberg [33, p. 840] points out that if the ratio between the
“pharyngeal cross-sectional area of at least 9 cm?” and the opening area of the
larynx tube of 1.5 cm? exceeds 6:1, the larynx tube acts as a separate resonator
which is possible if the larynx is lowered. So, according to Sundberg [33, p. 840],
a lowered larynx widens the pharynx cavity which is important while singing at
higher pitches.

The postulations of Sundberg about articulatory interpretation and centre
frequency of the singer’s formant were supported by Titze and Story [39, p. 2243]
who indicated that a bell-like vocal ring present in operatic singing is produced as
a result of narrow epilarynx and wide pharynx and according to many early studies
[1, 33, 39] can be seen in the spectral envelope as a clustering of the 3™, 4 and
5™ formants in the range of 2500-3500 Hz.

On the other hand, McCoy [12, p. 48] in his book Your Voice, an Inside
View’ points out that his “experience, however, refutes this.” He states an
interesting point that in his classroom some of his students “usually young tenors
- who have not yet learned to sing without raising their larynx” were singing with
a strong singer’s formant [12, p. 48]. He observed that once their larynx stabilizes
in the lowered position, they can acquire more refined tonal qualities [12, p. 48].
So, according to McCoy [12, p. 48], the ringing quality which is called the singer’s
formant can be produced only when proper sound is sent into the vocal tract by
the vibrating vocal folds.

A ‘ring’ quality perceived in Azerbaijani mugham singing, especially in a
high-ranged zil, encouraged the author to analyse Azerbaijani mugham singers’
voices to find acoustic properties that contribute to this ring production. In the
author’s preliminary research published in conference proceedings, she carried out
the acoustic measurements of the singing voices of 5 Azerbaijani female mugham
singers aged 30 to 50, who performed the pieces of Mirza Huseyn Segahi mugham
in both bam and zil ranges [28]. Applying the LTAS analysis method it was
possible to reveal prominent peaks in five samples of bam and zil for all five
singers within the range of 2.8-3.5 kHz, which was indicative of the presence of
the singer’s formant [28].

In 2022, the author conducted a similar investigation on the singing voices
of prominent Azerbaijani male mugham singers by conducting LTAS analysis
(Fig. 1) using Sopran software [30, p. 16-19]. Male mugham singers’ acoustic data
were compared to that of Azerbaijani operatic tenor.
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Figure 1. Superimposition of LTAS curves of the voices of khanende singing mugham
in high-range zil and operatic tenor singing opera [30, p. 24]

The acoustic analysis led to the conclusion that, affected by the tonality,
tessitura, and lyrics of the vocal mugham material, some musical excerpts showed
the presence of the singer’s formant in both ranges, low (bam) and high (zi/), and
some excerpts didn’t demonstrate singer’s formant [30, p. 25]. In contrast to the
male mugham singers, the singer’s formant was found in the sample of the operatic
tenor singing operatic aria as shown in Figure 1 [30, p. 25]. Since the
abovementioned study served as a preliminary investigation, it didn’t allow for
definitive conclusions. In this article, the author examined LTAS curves within the
2,000-4,500 Hz range to assess the presence or absence of the singer’s formant.
The results indicate a consistent pattern in both bam and zil vocal samples,
demonstrating two distinct prominent peaks, as illustrated in Figure 2. Visually, in
bam, the second spectral peak was notably more pronounced than the first spectral
peak. In contrast, zi/ samples showed the first peak with a higher amplitude than
the second peak. Compared to the singer’s formant, which appears near 3 kHz in
operatic singing [35, p. 176], these peaks most of the time were not merged into a
cluster of F3, F4, and F5 formants as in operatic singing voices but rather appeared
as two separate distinct peaks, resembling double-humped curves, probably
clustering only F3 and F4 formants. Moreover, these peaks mostly appeared within
the 2500-4200Hz range which is beyond the usual range of the singer’s formant
“2500-3500 Hz” [39, p. 2234].
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Figure 2. LTAS curves with two distinct prominent peaks in the range
of 2000-4500 Hz in bam (three graphs on the left) and zil (three graphs

on the right) samples of mugham singing
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These observations gave rise to another question: providing that revealed
prominent peaks were not in the expected range of the singer’s formant but still
existent presumably as a cluster of F3 and F4 formants can we conclude that mugham
singers lower their larynx or not? McCoy’s [12, p. 48] postulation, that it is not
necessarily the lowered larynx that makes it possible to produce a singer’s formant or
ringing sound, gives reason to hypothesize that mugham singers may produce a
ringing sound in a high-range zi/ using resonance strategies other than singer’s
formant.

Formant tuning strategies: belting and operatic singing

Vocal tract shape is demonstrative of the placement of formants which are
resonances of the vocal tract that allow singers to produce various timbres and voice
qualities as a result of raising or lowering the larynx, and changes in jaw opening or
closing, lip position, and tongue position [9]. F1 and F2 enable vowel identification
[9], while the rest formants play a role in timbre formation and amplification which
is possible only with vibrating folds otherwise, there is no amplification until vocal
folds are activated [12, p. 41]. Vocal amplification comes out when formants match
or are very close to harmonics [9] which are integer multiples of FO (fundamental
frequency or the lowest frequency unit of a sound) involved in the formation of
““colour’ or the ‘quality’ of the tone” [3, p.3].

To study the tuning strategies for ringing sound in vocal mugham
performance, the author decided to first take insights from the studies of resonant
techniques in opera and belting singing. Leborgne and Rosenberg [9] observed
various studies on formants and harmonics of belting looking for tuning strategies.
Bestebreurtje and Schutte revealed different tuning strategies including formant
tuning of F1 and F2 to the second and fourth harmonics resulting in vocal
amplification [9]. Sundberg, Gramming, and LoVetri [36, p. 303, 307] reported a
raised larynx and higher F1 and F2 in belting compared to operatic singing. The
investigation of Bourne and Garnier showed the tuning of F1 to H2 in belting and
the absence of tuning of F1 to H2 in classical singing [9]. Lebowitz u Baken
researched 20 professional singers and found out that in belting the amplitude of the
first harmonic was, in most cases, higher than that of the second harmonic and vice
versa in a few cases [9]. According to LeBorgne elite belters produce F1 frequency
higher than expected and the first peak in the spectrum significantly interacts with
H2 and H3 confirming the possibility of formant tuning [9]. In multiple studies, the
brightness in the belting production is interpreted as a result of formant tuning, jaw
lowering, and raised larynx [9]. If we turn our attention to the spectrogram of the
vocal excerpt of a mugham singer singing the vowel [a] in Figure 4, it can be seen
that the first formant matches the second harmonic, and the alignment of the second
formant with the third harmonic appears even bolder and more pronounced which
similarly allows for the possibility of formant tuning.
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The author found the interesting study of tuning strategies observed in classical
operatic singing. Miller [15, p. 2] investigated power spectra in over 80 recordings of
B4-flat, out of which Luciano Pavarotti and Placido Domingo’s results are widely
discussed. Luciano Pavarotti and Placido Domingo sang the vowel [0] on B4-flat, a
final note from "Celeste Aida" [15, p. 2]. The power spectra (Fig. 3) showed that
Domingo employs the singer’s formant strategy near 2.8 kHz with the amplification
of H6 [15, p. 2]. Whereas, Pavarotti intentionally utilizes tuning of F2 to H3,
producing H3 at 1.4 kHz which is 500 Hz above the normal speech value of 900 Hz

[15,p. 3].

Spectrum (A) 5 kHz Cursor -9 dB 1402 Hz

WM Jﬁ (dl ﬁ A *‘ﬂ('j Hi]gﬁ \w\\Wf“\qﬂ("wm,ﬂn

Spectrum (B) 5 kHz Cursor -12 dB 2753 Hz

Figure 3. Power spectra of B4-flat, the final note of “Celeste Aida” from recordings of
L. Pavarotti (above) and P. Domingo (below) reflecting dominant harmonics [15, p. 2]

To determine tuning strategies in mugham singing, the author chose the
mugham recording of the singer of the beginning of the 20" century who was a
prominent khanende who later became a cross singer after studying the bel canto style
of singing in Italy and continued singing both mugham and operatic repertoire. The
author used the spectrogram function of the Praat software to look into the recordings
of mugham singing in high-range zi/. The spectrogram of the vocal excerpt of a
khanende singing the vowel [a] on a B4-flat note while performing high-ranged (zi/)
mugham (Fig. 4) shows the match of the first formant with the second harmonic, of
the second formant with the third harmonic, and a closer location of the third formant
to the sixth harmonic. The strong amplification of the third harmonic by the second
formant indicates similarity with Luciano Pavarotti’s tuning strategy.
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Figure 4. Spectrogram of the vocal excerpt of a mugham singer singing the
vowel [a] while performing high-ranged (zil) mugham

For the vowel [i] (Fig. 5) sung in high-range zi/, the tuning of F1 to H2, F2
to H4, F3 to H6, and F4 to HS is observed. The alignment of the second formant
with the fourth harmonic is indicative of the formant tuning strategy applied in
classical opera and belting styles.
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Figure 5. Spectrogram of the vocal excerpt of a mugham singer singing the
vowel [i] while performing high-ranged (zil) mugham
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It is possible to hypothesize that mugham singers use resonance strategies
utilized in both these styles including the singer’s formant and other formant tuning
strategies. To answer more precisely the question — which factors lie under mugham
singers’ choice to apply this or that strategy — acoustical and physiological research
requires a wider range of analyses to postulate accurate results and conclusions.

Physiological studies

Acoustical analysis fostered a need for physiological research to look into the
laryngeal biomechanics of mugham singers while singing. Thus, the author explored
the physiological characteristics of the vocal apparatus of khanende with the
application of high-speed video endoscopy (laryngoscopy) of the respiratory tract,
real-time dynamic magnetic resonance imaging (MRI), and high-speed flexible
fiberoptic nasopharyngolaryngoscopy conducted by ENT specialists and
radiologists. The analysis results were presented by the author at several conferences
[29, 31, 32].

Based on physiological investigations on mugham voices the author made
assumptions that while singing mugham professional khanende use the chest
register with the thyroarytenoid (TA) muscle in the low-pitched bam range. As
they ascend into the head voice range, they decide whether to continue with the
TA-dominant approach or transition to male falsetto using the cricothyroid (CT)
muscle or to combine both registers (TA and CT muscles) [23, p. 52], which refers
to ‘mixing’ according to Miller [16, p. 50].

To understand this fully it is more to the point to refer to ‘Resonance in
singing: voice building through acoustic feedback’by Miller [16, p. 50], where he
interprets how the chest and head registers function. The chest register is
thyroarytenoid muscle (TA) dominant vocal production with vocal folds shortened
and thickened [16, p. 50]. Head register on the other hand is described as
cricothyroid muscle (CT) dominant mode with vocal folds stretched and stiffened
[16, p. 50]. To achieve legato, beauty, and evenness of the vocal line classical
singers try to moderate the transition between chest and head registers. Singers
performing in other styles while aiming to align the registers produce sounds with
either the thyroarytenoid muscle (TA) dominant or the cricothyroid muscle (CT)
dominant mode. According to Miller [16, p. 50], muscular adjustments during the
transition from one mode to another are important for the balance and unification
of the abovementioned registration modes. Moreover, the unification of the modes,
as well as, the transition through the passagio area of the voice is also influenced
by acoustic factors [16, p. 50]. While professionally trained singers smoothly
navigate between two modes, novice singers can hardly balance the transition
between two modes without an obvious notable break in the sound [2]. To ensure
vocal stability singers often make a choice, whether to produce more of a TA-
dominant or CT-dominant voice. This preference for one mode over another is
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called mixing in vocal pedagogical terminology. In some cases, it is also affected
by the vocal repertoire, the tessitura, and the lyrics of the vocal material [29, p.
121]. Singers have to be trained to employ the chest voice in the relatively high
range of the vocal tessitura, without raising the larynx, resulting in the ‘chesty’
ringing sound that is heard over the orchestra. Unlike typical vocal transitions,
khanende maintain a chest-dominant vocal production in the zi/ range, continuing
to deploy a TA-dominant muscle position even in the high range with an extremely
high larynx position [32, p. 52]. Singing with an extremely high larynx can
encourage and/or be a sign of excessive vocal muscle tension and over time can
lead to fatigue, pain, and vocal fold damage [5, 9].

Moreover, based on the observations of the vocal tract changes the author
presumes that in the low-ranged bam, chest resonance is enhanced by slight
constriction of the pharynx and shortening of the vocal fold, creating a “speech-like”
quality, while the vocal folds are stretched and stiffened during the transition to the
head voice. In the high-ranged zi/, mugham singers exert maximum muscular effort
in the head and neck for heightened emotions, involving intense constriction of
vocal muscles, including the ventricular folds [32, p. 52]. While switching back and
forth rapidly between two adjacent notes using the technique of "zengule," the
ventricular (or false) vocal folds are actively moving, showing noticeable dynamism
and even some aggressiveness in their movements, but at the same time never
touching each other [32, p. 52]. Mugham singing predicts some parallels with the
belting style. Belting is defined as follows:

A manner of loud singing that is characterized by consistent use of "chest"
register (>50% closed phase of glottis) in a range in which larynx elevation is
necessary to match the first formant with the second harmonic on open (high F 1)
vowels, that is, -G4-D 5 in female voices. [26, p. 147]

It may not be the most contemporary or the most complete definition of
belting, but it's one of the most frequently cited definitions of belting in recent
articles. Belting is characterized as a “yell-like, or shouting voice production” [37,
p. 44] involving a raised larynx, a high position of the tongue base, and a narrow
pharyngeal lumen as discussed by many notable scholars and pedagogues such as
Doscher, Lawrence, McChesney, McKinney, Meyers, Titze, Wilkie [13, p. 68], and
Bozeman [3]. Attempt for the most pronounced sound on high notes by raising the
larynx and increasing the tension in the vocal apparatus is also evident in mugham
singing.

In their article Titze and Worley [40] using MRI investigated the vocal tract
shape of a lyric baritone who wasn’t a belter or an operatic singer but a classically
trained German lieder and early music performer. The subject pronounced and sang
various vowel and consonant sounds, with a wider opening of the mouth and throat
when singing the vowel /a/. The subject didn’t demonstrate a pronounced vocal ring
which may indicate a “relatively wide epilarynx tube (0.8—1.0 cm?),” especially
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pronounced in singing compared to normal speech [40, p. 1536]. Titze and Worley
[40, p. 1536] aimed to determine whether the vocal tract of this subject was similar
to that of opera singers. For this, they compared the mouth shapes of this baritone
with the mouth shapes of male operatic singers Luciano Pavarotti and Roberto
Alagna, jazz singer Cab Calloway, and musical theatre singer Tony Vincent. Titze
and Worley [40, p. 1537] analysed pitch A4 which was taken from the repertoire of
the singers according to their style. The authors used MATLAB script to determine
‘the ratio of mouth area to frontally-projected head area’[40, p. 1536]. The authors
assume that Pavarotti as a large man with a wide neck possesses a wide pharynx and
narrowed epilarynx tube which contributes to the ring in his voice [40, p. 1537].
Pavarotti’s supraglottal vocal tract length was similar to that of the baritone’s which
can be seen from “the approximate 10 cm? mouth area” taken from the MRI shape
of the lyric baritone [40, p. 1537]. Titze and Worley [40, p. 1537] postulate that
classical male operatic singing shape refers to the inverted megaphone mouth shape
and the vocal tract modification typical for classically trained operatic singers
involves slight larynx lowering ‘by shortening the trachea by 1.5 cm’. In the case of
Calloway on the same pitch and vowel, the shape of the mouth is nearly three times
larger than Pavarotti’s [40, p. 1537]. According to Titze and Worley [40, p. 1537],
the slightly raised larynx is a part of belt phonation which is “simulated by
lengthening the trachea by 1.2 cm and shortening the supraglottal tract
proportionately.” The authors conclude that the shortening of the supraglottal tract
is caused by “mouth-corner retraction” which is also part of belting [40, p. 1537].
Calloway’s spectrum indicated strong second harmonic as a result of the high larynx
and megaphone-like mouth shape [40, p. 1537].

In this respect, when observing mugham singers who possess unique ring in
their voices, especially in the zi/ range, it was obvious that they also maintain a
megaphone mouth shape, mouth-corner retraction, and wide opening of the mouth
typical to belters. However, it is important to note that this mouth shape can be
noticed only during singing in high-range zi/ never in low-range bam. In terms of
voice production strategy, it is important to study the transitions between registers,
especially when singing in the high range, to avoid over-opening the mouth and to
maintain the authenticity of the sound. To train mugham singers, exercises should
be developed that will help balance the work of the resonators, minimise air loss,
and prevent vocal folds from overstraining. This will also allow to avoid the
formation of yelling in less experienced singers while preserving the characteristic
style and phonation of mugham.

Conclusion

In this paper, the author reviewed the studies and methods in voice science
that can be useful for investigating the physiological and acoustic properties of the
voice apparatus of Azerbaijani mugham singers, particularly for researching a
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unique “ring” quality in mugham singing. Accordingly, the author referred to
previously developed and established Western voice analysis methods such as
LTAS, spectral analysis, spectrogram, high-speed video endoscopy, real-time
dynamic MRI, and high-speed flexible fiberoptic nasopharyngolaryngoscopy.

As of now, the author can only assume that the source of this unique acoustic
phenomenon could be either a specific “mugham formant” which is manifested in
mugham singing only, or be associated with formant tuning strategies or other
particular characteristics related to physiology or acoustics of the voice apparatus.
However, it cannot also be conclusively claimed that the formant (“mugham
formant”) observed in most of the mugham spectral data is unique only for mugham
vocal performance. This formant is placed in a bit higher frequency range than that
of the singer’s formant which requires further investigation.

The author presumes that a specific “ring” in the voice could be due to the
vocal tract shape involving a raised larynx, and a megaphone-like mouth which is
observed in both mugham singers and belters. The megaphone-like mouth shape
can be regarded as an articulation with a particular acoustic factor not dependent
on genre. Classical singers, in contrast, use an inverted megaphone-like mouth
shape which creates another acoustic effect.

Thus, to achieve reliable results, a deeper analysis and a complex approach
including both acoustic and physiological investigations on a larger number of
mugham singers (more than 500) are of high significance. The application of
Western studies and methods in the studies of vocal mugham within a complex
approach combining acoustic programs and medical technologies along with
traditional methods will be fundamental for the research of unique vocal
characteristics in traditional mugham performing art. This knowledge can be
integrated into mugham pedagogy to improve pedagogical approaches in teaching
mugham. Particularly, providing that young mugham singers mostly wear and tear
their voices due to the intense performance schedule, lack of proper voice care,
relevant warm-up exercises, and awareness of their voice apparatus it is important
and urgent to develop theoretical and practical aids that will ensure correct mastering
of vocal skills for the sake of voice health and wellbeing of young generations of
mugham singers and preservation of this traditional musical art.

Towards a Scientific Approach to Vocal Mugham

The study of mugham singing requires an interdisciplinary approach,
necessitating collaboration with specialists in acoustics, radiology, and
otolaryngology. The integration of modern acoustic technologies, including high-
speed video, fiberoptic laryngoscopy, and real-time dynamic MRI, plays a crucial role
in advancing this research. To facilitate the application of these technologies, in 2019,
the author organized a scientific expedition to the University of Freiburg Clinic in
Germany, where dynamic real-time MRI techniques were employed under the
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supervision of German radiologists and ENT specialists. This investigation focused
on analyzing the khanende voice apparatus, providing valuable MRI videos and
images that enabled the measurement and observation of articulatory structures such
as the tongue, lips, jaw, palate, and larynx. These observations were further refined
through consultation with an Azerbaijani radiologist.

Further efforts to institutionalize voice research led to the establishment of the
Voice Research Scientific Laboratory at the Azerbaijan National Conservatory in
2022. This laboratory serves as an academic platform for the systematic study of
voice parameters while introducing faculty and students to contemporary voice
science, vocal health, and modern pedagogical approaches. Its mission aligns with
the Evidence-Based Voice Pedagogy model proposed by Kari Ragan and her
colleagues [20, 21, 22, 23], which combines scientific research, pedagogical
experience, and student-centred learning strategies.

Workshops and conferences organized by the author within the framework
of World Voice Day and other significant events have provided opportunities to
educate students and young mugham performers on the anatomy, physiology, and
acoustics of the voice apparatus. Moving forward, further acoustic investigations
will be conducted to deepen the understanding of phonation and respiration
mechanisms, leading to the development of innovative teaching tools that integrate
traditional mugham vocal techniques with contemporary scientific methodologies.
Such an approach will not only enhance vocal hygiene and health but also
contribute to the refinement of vocal techniques, ultimately supporting the
preservation of mugham singing while expanding its theoretical and pedagogical
foundations. This synthesis of tradition and science will ensure the longevity and
sustainability of mugham as a vocal art form while minimizing the risk of vocal
strain and damage during both learning and performance [4, 5].

The ultimate objective remains the preservation of the authenticity of
mugham singing while simultaneously enriching its pedagogical, theoretical, and
practical framework. By bridging traditional vocal artistry with scientific
advancements, this research establishes a foundation for a more structured and
sustainable approach to mugham vocal training.
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OPERA VO BELTINQ UZRO QORB VOKAL TODQIQATLAR
PRIZMASINDAN MUGAMIN FiZiOLOJi VO AKUSTIK TODQIQATI

Xiilasa: Bu tadgiqat Qarb vokal elmi metodlarindan istifads edarak Azarbaycan
mugaminin fizioloji va akustik xiisusiyyatlorini arasdri. Mugam, yiiksak daracada
improvizasiyaya malik gadim va ananavi vokal-instrumental musiqidir va UNESCO tora-
findon basariyyatin qeyri-maddi madani irsi kimi tamnmusduwr. Biitiin tarixi ahamiyyatina
baxmayaraq, mugam ifacilarinin vokal texnikalart elmi va sistemli sakilda hala do yets-
rinca tadqiq olunmanugdir. Tadqiqat ¢argivasinda mugam ifasi zaman sas _formantinin
moveudlugunu arasdirmaq iigiin uzunmiiddatli orta spektr (LTAS) analizi totbiq edilir.
Bundan alava, opera va belting vokal texnikalart ilo miigayisa aparilaraq rezonans stra-
tegivalarinda oxsarhqlar va farqlor miiayyanlasdirilir. Ilkin naticalor onu gostorir ki, mu-
gam ifagilart ¢ox giiman ki “mugam formanti” adlandirila bilacak xiisusi vokal mexa-
nizmlarindan va ya operaya xas olan formant tonzimlonmasindon forqli olan sas forma-
lasdirma strategiyalarindan istifads edirlar. Bundan basqa, yiiksak stiratli video-endos-
kopiya, real zaman rejiminda dinamik MRT va ¢evik fiberoptik laringoskopiya vasitasila
mugam ifacilarimin vokal aparatimin biomexaniki xtisusiyyatlori aragdirilib. Noaticalora
gora, mugam ifacilart registr kegidlori zamani, klassik opera texnikasindan farqli olaraq,
yiiksak zil diapazonunda bels, asason dog (sina) registrindon istifads etmoaya davam
edirlar. Bundan alava, rezonansin artirdlmasi va sasin proyeksiyasini giiclondirmak iigiin
qurtlag movgeyi va meqafonsakilli vokal traktinin istifadasi baximindan mugam ifagilig
ila belting texnikasi arasinda miiayyan paralellor miiayyan edilmisdir. Bu aragdirma mu-
gam pedaqogikasinda vokal elminin inteqrasiyasimin vacibliyini vurgulayir ki, bu da xa-
nondalorin sas saglamliginin va sas uzunémiirliiltiyiiniin qorunmast tigtin miihiim shamiy-
yat kasb edir. Onanavi sifahi otiirma metodlarmm elmi asasl pedaqoji yanagsmalarla bir-
lagdirmakla, bu tadqgiqgat mugamin tarixi ifa praktikasimi miiasir vokal elmi ilo uzlagdur-
magi hadaflayir. Bu istigamatda aparilan arasdirmalar davam etdirilorak tadris metod-
larimin takmillosdirilmasi, vokal mugam ananasinin qorunub saxlanmasina téhfs vermayi
nazarda tutur.

Agar sézlor: mugam ifagiligl, akustik analiz, sas formanti, rezonans strategiyalari,
qirtlaq biomexanikasi, formant tonzimlonmasi, vokal mugam pedaqogikasi, belting texnikasi
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PyxoBonutens Hayanoit Jlabopatopun NccnenoBanus I'onocos (AHK)
O-mouta: alexandriasultan@outlook.com

OU3NOJTOI'NYECKOE U AKYCTHYECKOE HCCJIEJOBAHUE
MYTAMA YEPE3 ITPU3MY 3ANIAJTHBIX BOKAJIbHBIX HCCJIEJJOBAHUI
OIIEPBI U BEJIBTUHTA

Annomayusn: [annoe uccnedosanue usyuaem @uuonocudecKue u axKycmuyeckue
XApaKxmepucmuky azepoatiodcancko20 My2ama ¢ NpuMeHeHueM Memooono2uti 3anaoHol
60KanbHOU Hayku. Myzam — Ope6Hsia 80KANbHO-UHCIPYMEHMATIbHAS MPAOUYUsL C BbICOKOU
cmenenbvio umnposuzayuu, komopas owvina eéxmovena FOHECKO 6 cnucok nemamepuansro2o
KYIbMypHo20 Hacieous yenosevecmsa. Hecmomps na eco bozamyio ucmopuio, 6okabHbvle
MEXHUKU, UCHONb3YeMble UCHOTHUMENAMU My2amd, OCIAlOMCs 6 3HAUUMENbHOU CTHeneHU
HEU3YYEeHHLIMU 6 CUCTNEMATUYECKOM HAYYHOM KoHmexkcme. B pamkax Hacmosweeo
UCCIe008aHUsl NPUMEHAEMCS AKYCIMUYECKULl AHAU3, 8 YACHHOCIU Memo0 00N20CPOYHO20
cpeonezo cnekmpa (LTAS), onsa eviagnenus Hanuyus negueckozo QopmManma 6 UCNoIHeHUl
myeama. Taxoice npoooumcs cpagHeHue 60KAIbHbIX MEXHUK Onepvl U OelbmuHea ¢ Yebio
BbIABNIEHUS BOZMOJCHBIX CXOOCME U PA3IUYULL 8 PE3OHAHCHbIX cmpamezusx. 1Ipedsapumens-
Hble Pe3yIbmambl CEUOCMENbCMBYION 0 MOM, YMO UCHOTHUMENU My2aMd UCHONb3YIOMm
0Co0Oble BOKAbHBIE MEXAHUIMbL, B03MOJICHO, BKIIOUAIOWUE CHEYUDUUECKULl «MY2amMHblil
Gopmanmy unu anemepHamueHvlie cmpameuu HACMPOUKU QOPMAHm, OMIAUYHbIE OMm
mpaouyuonnelx onepnwix. Kpome moeo, gusuonocuueckue uccie008anus ¢ UCNONb308aHUeM
BbICOKOCKOPOCHHOU 8Udeo3HO0cKonu, ounamudeckot MPT 6 pesxcume peanvHozo epemeru
u eubKou hubpoonmuyeckoll 1apUHOCKONUY NO360UNU NOTYHUMb OaHHble O OUOMEXAHUKE
BOKAILHO20 annapama ucnonHumenei my2ama. Pezyibmamsl nokasbieaiom, 4mo my2amHsie
nesybl 80 8peMs NEPexo0a MedxHcoy pecUcCmpamu Yacmo COXpansiom epyoHoU pecucmp oaxce
8 BbICOKOUACMOMHOM OUANA30He 3Ulle, YMO KOHMPACmupyem C KIACCUYECKOl ONepHOl
mexHukou. Taxoice 6vlAGNeHbl NAPANLeNU MedHcOy MY2AMHbIM NeHueM U OelbmuHeOM, 6
YACMHOCIMU, 8 UCHONb308AHUU NOJIONCEHUSL 2OPMAHU U Me2ahoHO00pasHou hopmbl 6oKab-
HO20 mpaxma ONA YCUNEHUs Pe3oHanca U npoekyuu 36yka. HMccredosanue nodueprueaem
HeobX00UMOCMb UHMeSPayUuL 80KAILHOU HAVKU 6 nedazosuiecKue mMemoosbl npenooasanuis
myzama 0ns obecnedenust BOKAIbHO20 300P0BbSL U O0N206EHYHOCIU 2010CO8 UCHOTHUMEIEU.
Ob6veounss mpaouyuoHHvle Memoobl YCMHOU nepeoaiu 3HaHUll ¢ OOKA3aMenbHOU nedazozu-
KOU, OaHHOe UCCIe008aHUe CMPEMUMCA NPeodoNemb paspbl MexNcdy UCMOPUHecKol
UCNOTHUMENILCKOU NPAKMUKOU U COBPEMEHHBIMU  HAYYHbIMU HOOX00aMu K 6okany. B
oanvHetweM NIAHUPYEMCs.  pACUUpUms  UCCIe008anUs, Umobbl YCOBEPUIEHCTNBOBAMD
MemMOOUKYU 00yUeHUs U BHeCmU 6KIA0 8 COXPAHEHUE MPAOUYUU BOKATBHO20 MY2aAMA.

Kntouegwie cnosa: myzammnoe nenue, akycmuyeckuii aHau3s, nesueckas popmanma,
cmpamezuu pe3oHanca, OUOMeXAHUKa 20pmanu, GOPMAHMHAS HACMPOUKA, NedazouKd
BOKAILHO20 My2ama, MeXHUKa belvmurnea

Roaycilar: sonatsiinasliq tizra falsafs doktoru, professor Fattah Xaliqzado
sonatsiinasliq lizra folsofs doktoru, professor Lalo Hiiseynova
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