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ACOUSTICAL FEATURES OF COMMUNICATION
IN LITHUANIAN «FIELD» SINGING

The purpose of this represented scientific article is to get acquainted
with the research results of communication, based on acoustical features in
Lithuanian «field» singing, which are well-known in the development of
Lithuanian ethnomusicology. The methods of this specific investigation.
For a detailed study of the chosen topic, an integrative methodology is used,
which combines historical, theoretical, comparative research methods of
scientific knowledge. The scientific novelty of the submitted particular
research article lies in the fact that for the first time in Lithuanian
ethnomusicology the phenomenon of just «field» singing research is
considered, which is devoted to development of acoustical investigations of
singing folklore. Conclusions. Formant tuning is applied clearly in the case
of «singing outdoors», thus making the vocal technique more «economicy»
in terms of vocal efforts, whereas in the case of «singing indoorsy, the
economy of vocal technique does not seem that important. In the analyzed
examples of «outdoorsy» singing, intensification of the spectra in the singer’s
formant range is observed. This specialized phenomenon is stronger for the
male singing and weaker for the female singing. Thus, the tendency is the
same as for operatic voice. To generalize of this submitted exploration,
multiple strategies (formant technique plus singer’s formant) are employed
to intensify and «project» the voices in «singing outdoors» mode. The
professional prospects of this represented musically vocal investigation is
implementation of contemporary research works, which dedicated to
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questions about voice propagation over long distances, what is particularly
sensitive in certain cases of traditional culture where individual singers or
groups of singers who are far apart communicate.

The key words: acoustics, folk songs, melodic lines, «field» singing,
sound propagation, formant technique, singer’s formant.

AmOpa3ssaBidloc PiTic, TOKTOP ryMaHITapHUX HayK
(My3uKO3HaBCTBO), mnpodecop Kadeapu ayAioBI3yaIbHUX MUCTEITB
Kaynacbkoro TexHoJIOT14HOT0 yHiBepcuTeTy, M. Kaynac, JIutsa; npodecop
Kadeapu eTHOMY3UKOJOT1l Akanemii My3uku 1 Teatpy JIuteu, M. BinbHioc,
JlutBa

AKYCTHYHI  0COOJIMBOCTI  KOMYHIKamii 'y  JIMTOBCbKOMY
TPAAULIHHOMY I0JIbOBOMY) CIiBI

MeToww cTaTTi € O3HAaWOMIJIEHHS 3 pe3yJbTaTaMH HAayKOBHUX
JOCIIJIKEHb  CITYXOBUX OCOOJIMBOCTEM XYAOKHBOTO CHUIKYBAaHHS Y
JUTOBCHKOMY «IIOJIbOBOMY» CIIIBI, SIKI € MEPCIEKTUBHUMU Y MOJATBIIOMY
PO3BUTKY JIMTOBCHKOI €THOMY3UKOJOrii. Metoam npociaikenus. Jlis
JE€TaJbHOTO BHUBYEHHS OOpaHOi TEMHU BUKOPHUCTOBYETHCSI 1HTETpAaTHBHA
METOJIMKA, II0 MOE€AHYE TaKl MHIAXOAH SK ICTOPUYHUN, TEOPETUYHUH,
NOPIBHSUIBHUM METOJM JOCHIKEHHS HaykoBoro mi3HaHHs. HaykoBa
HOBM3HA MPE3EHTOBAHOI CTATTI MOJISATAE B TOMY, 1110 BIIEPIIE Y JIUTOBCHKIM
€THOMY3HUKOJIOT1l PO3MISAAEThCS (PEHOMEH CaM€ «IIOJbOBOID» HAPOIHO-
MICEHHOT TpaauIlli, TPUCBIYEHUN PO3BUTKY aKyCTUUYHUX HAYKOBUX
JNOCIIIKeHb  TiceHHoro  ¢onbkiopy.  BucHoBkum.  dopmaHTHE
HaJAlITyBaHHS 3BYKOBHIOOYBAHHSI HAPOJHUX CITIBAKIB 3aCTOCOBYETHCS Y
BUMAJKY «CITIBY Ha BIAKPUTOMY MOBITP1», III0 POOUTH CBOEPIHY BOKAIbHY
TEXHIKY OUTBIIT «EKOHOMIYHOIO» 3 TIOTJISITY BOKAJIbHUX 3YCUJIb, TO1 K TIPU
«CIIB1 Yy IPUMIILIEHH1» €KOHOMISI BOKJIbHOT TEXHIKHA HE 3JA€ThCSI HACTIIBKHU
K BOXJIMBOIO. Y MpOaHaTi30BaHUX 3pa3Kax CIIBY «Ha BIAKPUTOMY MOBITPI»
CIIOCTEPIraeThCsl aKTUBHE TTOCHIJICHHS CTIEKTPIB Y (OpMaHTHOMY Jlana3oHi
cniBaka. [le siBuIe OUIBII CUJIBHIIIE BUSIBJICHE Y YOJIOBIYOMY CIIiBi, aHIK y
XKIHOUYOMY. TakuM YWMHOM, TEHJACHIlS 3BYKOBUIAOOYBaHHS HapOIHUX
CIIBAKIB € TAKOIO K, K 1 B ONEPHUX BOKATICTIB. ¥Y3arajJbHIOIOUM HAYKOBI
pe3yJIbTaTu BiA3HAYMMO, 110 (JOPMaHTHA TEXHIKA IUIIOC JOpMaHTa CIiBaKa
BUKOPUCTOBYIOThCS 3a/JI1 TOCUJICHHS Ta «IIPOEKTYBaHHS» TOJOCIB Yy
pEXKUMI «CIBY Ha BIIKPUTOMY MOBITpi». IlepcnekTuBaMu O3HAYEHOTO
HAyKOBOTO JIOCJIJIKEHHSI € MaKCUMAaJIbHICTh CHPOOM BIPOBAIKEHHS Y
MPaKTUKY CYYaCHUX HAyKOBO-JOCTIIHUIBKUX POOIT, MPHUCBIYCHUX
NUTAHHSIM TOLIMPEHHS TOJIOCY Ha BEJHMKI BIJACTaHI, IO € OCOOJMBO
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YyTJMBUM Yy MEBHUX BHUIMAJAKAX TPAIUILINHOI MY3UYHOI KYJIbTYypH, i€,
HAroJOCHUMO, XYJO0XXHbO CHIIKYIOTBCS OKpeMi MY3HKAaHTH-CITIBAKH YU
IpYNH CI1BaKiB, 110 BiJIJIaJICH] OJIUH Bl OJHOTO.

Knwuosi cnosa: axyctuka, HapOJHI IMCHI, MEJIOJINKA, «ITOJbOBHUI
CHiB, 3ByKOBH1I00yBaHHA, (POpMaHTHA TEXHIKa, CIliBoYa (hopMaHTa.

AMOpa3saBHYIOC Putuc, IIOKTOP T'YMaHUTapPHbIX HayK
(My3bIKOBeNieHHE), TMpodeccop Kapeapbl ayauoBU3YaIbHBIX HCKYCCTB
Kaynacckoro TexHosiornueckoro yHuBepcurera, r. Kaynac, JluTsa;
npodeccop kadeapbl STHOMY3BIKOJOTHMM AKaJeMHH MY3bIKH W TeaTpa
JIutBel, . Bunsnioc, JIutea

AKycTHYeCKHEe OCOOCHHOCTH KOMMYHHMKAIMM B JIMTOBCKOM
TPAAULMOHHOM «I10JIEBOM» NEHUU

eablo cTaTbM SABIACTCA O3HAKOMIIEHHE C HAYYHBIMH PE3YJIbTATAMU
UCCIICIOBAHUN  CIYXOBBIX OCOOCHHOCTEH OOIIEHUS B JIMTOBCKOM
«TOJIEBOM» TIEHWU, KOTOPBIC SIBISIOTCS HanOoJiee MEPCIEKTUBHBIMU B
JaJIbHEUIIEM  Pa3BUTUM  JIMTOBCKOM  3THOMY3BIKOJOrMH. MeToasl
ucciaenoBanus. J[Jisi MakCUMalbHO JETATbHOTO H3YyYE€HUS BBIOpAHHOM
TEMbl  HCIIOJB3YETCS  HMHTETpaTUBHASA  METOAMKA,  COYETArollas
VCTOPUYECKUN, TEOPETUYECKUM, a TaKKE€ CPABHUTEIbHBIM METOJbI
VCCJIEIOBAHUSI HAYYHOrO no3HaHus. HayuyHass HOBM3HA MPEACTABICHHOU
VCCIIEIOBATEIBLCKOM CTAThU 3AKIIFOYAETCS B TOM, YTO BIIEPBBIE B JINTOBCKOU
STHOMY3BIKOJIOTUH PACCMATPUBAETCA MY3bIKaJIbHBIA (PEHOMEH HMMEHHO
«TIOJIEBOM» HAPOJHO-TIECEHHOW TPAAULMHU, IIOCBAIICHHBIA PAa3BUTHUIO
aKyCTHYECKHX HAYUYHBIX UCCIIEIOBAHUN MTEBYECKOr0 (hoabKiIopa. BbIBOABI.
dopMaHTHasT HACTPOMKA W3BJICYCHUS 3BYKA HAPOJHBIX IIEBUOB SIBHO
MPUMEHSIETCA B CIIydyae «IEHUS HA OTKPBITOM BO3AYyXE», UYTO JEJIAET
BOKAJIbHYIO TEXHUKY 00Jie€ «IKOHOMUYHOI» C TOUKHU 3PEHUSI BOKAIbHBIX
YCHUJIMH, TOT/Ia KaK B CIIy4ae «II€HUs B MIOMEIIECHUN» YKOHOMUS BOKAJIbHOU
TEXHUKH HE KAXXETCAd TAKOW BaXXHOMW. B NMpoaHaIM3UPOBAHHBIX ITPUMEPAX
NEHHUSI «HAa OTKPBITOM BO3IYyXE€» HAOIIOAAETCS] AKTUBHOE YCHIICHUE
CIIEKTPOB B (D)OPMAHTHOM JHara3oHE TeBIa. DTO SIBJICHUE 3HAUYUTEIHHO
CUJIbHEE JJISI MY>KCKOTO TIeHHS U clladee i KeHCKoro. TakuM oOpasom,
TEHJCHLNS U3BJICUCHUS 3ByKa HAPOJHBIX NIEBIOB SBJISCTCA TAKOU K€, KaK U
y OIEPHBIX BOKAJIMCTOB. B 11e10M OTMETHM, 4YTO (pOopMaHTHAs TEXHHUKA
Troc (hOpMaHTa TeBIa UCTIOJIB3YIOTCS I YCUIICHUS U «ITPOCIIUPOBAHMS»
TOJIOCOB B PEXKHME «IICHUS HA OTKPBITOM BO31yxe». [lepcnekTuBbl JaHHOTO
HAyYHOTO HCCJICIOBAHUS BKJIOYAIOT B CE€OS peann3aiuio COBPEMEHHBIX
HAyYHO-UCCJIEOBATEIILCKUX PAOO0T, MOCBSIIEHHBIX MHOTHM BOIIPOCaM
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pacnpocTpaHeHHs] rojioca Ha OOJIbIIME PACCTOSIHUS, YTO, MOTYCPKHEM,
OCOOCHHO BaKHO B HEKOTOPBIX CIydyasx MY3BIKUIBHOW TPaIUIIMOHHON
KYJIbTYpBI, KOTJa OOIIAOTCS OTACIbHBIC MY3BbIKAHTBI-TICBIII UJIH TPYIIITHI
MEBIIOB, HAXOSAIIUXCS JAJTIEKO APYT OT JApyra.

Kniwwuegvie cnosea. akycTuka, HapOJHBIE TE€CHH, MEJIOAMNKA,
«TOJIEBOE» TIEHWE, M3BJICUCHUE 3BYKa, (POpMaHTHAs TEXHUKA, MEBUYCCKAs
dbopmanTa.

Statement of the problem. How to sing so that the voice propagates
as far as possible? The simple answer would be — louder. From our
experience, and especially from fieldwork, we know that traditional singers
sometimes sang so loud that “the lamps were shattering”, whether it was
indoors or outdoors. However, is just intense singing enough to make the
voice heard far away?

The relevance of the study is presented in the analytic, acoustical,
comparative, historical and typological studies of communication, based on
acoustical features in Lithuanian “field” singing tradition.

Literature review. Among the works on the Lithuanian
ethnomusicology we note the publications of sound recordings edited by
G. Cetkauskaité [5; 6], A. Nakiené, and R. Zarskiené [15]. The research in
the theoretical part of acoustic investigations was based on general
knowledge about the physics of sound propagation (diffraction and
absorption). A number of studies on formant tuning and singer’s formant in
western operatic vocal, including those by L. Dmitriev, and A. Kiselev [9],
H. K. Shutte, and R. Miller [20], T. Millhouse, F. Clermont, and P. J. Davis
[14], (especially) J. Sundberg [21; 22; 23; 24; 25; 26; 27], and others, were
reviewed. The academic writings in the field of acoustic analyses of non-
western singing by G. Chrysochoidis, D. Delviniotis, G. Kouroupetroglou,
and S. Theodoridis [7], R. Sengupta [18], N. A. Joshi, and M. A. Raju [12],
R. Ambrazevicius [1; 2; 3; 4], R. Budrys [4], A. Johnson, J. Sundberg, and
H. Wilbrand [11], G. Kovaci¢, P. Boersma, and H. Domitrovi¢ [13] have to
be admitted here as well.

The purpose of the article is present the idea to consider the
“indoors” voice to be a voice that has no intention of propagating over long
distances, and the “outdoors” (or “field”’) voice is to consider a voice that is
formed to propagate over long distances.

The object of study there are the acoustical features in Lithuanian
traditional “field” singing. The subject — particular traditional “field”
singing.
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Presenting main material. “Indoors” and “outdoors” (“field”)
voice. The issue of voice propagation over long distances is particularly
sensitive in certain cases of traditional culture where individual singers or
groups of singers who are far apart communicate. Such are, for example,
Lithuanian rye harvesting or mowing songs. By that I don’t mean that all
the songs of these genres were performed in some special voice. Some of
the songs (sub-genres) do not require long-distance communication.
Moreover, with the disappearance of the traditional way of life and the
singing situations caused by it, the singing styles of these genres have
become faded (i.e. from ceremonial or directly related to the work action
situation they became lyrical), and this can be felt from the examples of
singing recorded in the last century. However, there are still a number of
examples in which specific “field” voice quality has survived, to a greater
or lesser degree. This paper is devoted to the investigation of such cases.

Let us agree that, within the framework of this article, we will consider
the “indoors” voice to be a voice that has no intention of propagating over
long distances, and the “outdoors” (or “field”) voice is to consider a voice
that is formed to propagate over long distances. Again, it doesn’t just
correspond to a weak and strong voice.

Sound propagation. The first question would be: what features
facilitate vocal communication in long distances? Of course, this is a
sufficient sound intensity. Obviously, the farther the sound source and sound
receiver are, the weaker the sound. However, the efficiency of sound
propagation also depends on the sound frequency: sounds of different
frequencies are heard differently over long distances. There are two
phenomena relevant in the context of this paper that determine sound
propagation; namely absorption, and diffraction.

The attenuation of sound due to absorption in the air over short
distances is small, but in the case of long distances it must be considered.
High frequency components are highly absorbed; this is why high-
frequency speakers are built away from the sound source in large arenas or
stadiums to maintain frequency balance. This attenuation and dependence
on frequency is quite complex and depends on air pressure, temperature, and
humidity. To estimate this phenomenon, we will use an online calculator
here.®

Diffraction works in the opposite way: the low frequencies behind the
slit (in this case the singer’s mouth) are spread more evenly in all directions,

3 http://www.csgnetwork.com/atmossndabsorbcalc.html
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while the high frequencies propagate more directionally (Fig. 1). Thus, due
to diffraction, the high-frequency components of the voice in front of the
voice source will be better heard on axis than the low-frequency

components.

(((((((([[[[l[liu

Figure 1. Diffraction of low frequency sounds (long wavelength; top) and high frequency

sounds (short wavelength; bottom) through slit.

Fraunhofer diffraction by a circular aperture is described by the
following simplified formula:

-

here | stands for maximum relative intensity (i.e. compared to the
intensity of the source) on axis, A is area of the aperture, 1 is wavelength,
and ro is distance from the source and receiver [19, p. 14]. Thus, the change
in sound level from source to listener is as follows (here the wavelength 4 is

rewritten as the ratio of the sound speed v and frequency f):
A
AL = 20lg (v—r’;)

Suppose one group of singers stands at a distance of 200 m from
another, the air humidity is average (50%), the air pressure equals standard
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atmosphere (101,325 Pa), mouth aperture(s) is 20 cm?, and temperature is
20°C (i.e. sound speed is 343 m/s). Fig. 2 indicates a decrease in sound level.
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Figure 2. Dependence of sound level attenuation on frequency; for options,
see the body text.

Fig. 2 shows that in the considered case, the components of about 2-5
kHz have the least intensity loss. Interestingly, this coincides with the
frequency band to which human hearing is most sensitive. Thus, in order to
enhance the propagation of voice over long distances under the conditions
in question, it is necessary to intensify the voice components of this
frequency band in some way. In the following sections of the paper, we will
examine how this can be done.

Formant technique. One way to intensify the voice is formant
technique (or formant tuning). This technique is widely studied for operatic
voice (starting with “classical” studies, such as [23; 24; 25, p. 5-9; 26,
p. 124-129], and continuing with the numerous studies in recent decades).

The formant technique can be briefly explained as follows. If no
additional maneuvers are applied, when singing in a high voice (so this is
especially true for sopranos), harmonics of the voice do not match the
formants of vocal tract. So, the voice does not resonate, is not intense. To
amplify the voice, the formants are “attracted”, tuned to the harmonics. This
usually enhances the fundamental tone by matching the first or (if singing
very high) second formant to it. This result is achieved with widening the
jaw opening, either vertically or horizontally. Of course, this also changes
the phonetic quality of the sung vowel.
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There is a lack of research of formant technique for other (than
operatic) vocal styles. One of the studies | would like to mention here is
about the specific style of Swedish traditional singing, kulning [11]. It is the
singing of women, mountain shepherds in a high voice, communicating over
long distances. Among other things, the authors of the paper found that
kulning differs from ordinary singing by intensely applied formant
technigue. Formant technique was also detected in Byzantine chant [7].

In previous papers (cf. [1-3]), | have examined how the formant
technique 1s applied in Lithuanian traditional singing. Let’s look at the
example of one female singer. Two songs were considered, children’s and
rye harvesting (Fig. 3). The first five structural pitches of each song were
analyzed, their fundamental frequencies (fo), and frequencies of the first and
second formants (F1, F2) were measured (Fig. 4). We can clearly see that in
the rye harvesting song the formants correspond to the harmonics much
more accurately than in the children’s song.
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Figure 3. Transcriptions of two songs: Turéjo babuté pilky ozélj, children’s song, and Zalias
Zolyneli, Zalias diemedeli, rye harvesting song (first melostrophes).**

4 The metrics: Agota Voldemarien¢; Dysna, Svencionys Dst., Vilnius Governorate, rec. 1908. [15,

Nos 7 and 2].
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Figure 4. Fundamental frequencies and frequencies of the first and second formants. Five pitches
from two songs each, Turéjo babuté pilky ozélj (top) and Zalias Zolyneli, Zalias diemedeli (bottom).

Analogous measurements of singing examples of nine other singers
from various regions of Lithuania were performed. That is, in each case, two
songs were taken — one regular (“indoors”), the other a “field” (“outdoors™)
song (mostly rye harvesting or mowing). We can introduce a quantitative
index that shows how much the frequency of the certain formant and the
nearest harmonic do not match. If the formant and harmonic frequencies
coincide perfectly, the value of the index is 0. If the frequency of the formant
Is exactly in the middle between the harmonics, the value of the index is 1.
Thus, if the formant technique is not applied, the average value of the index
should be 0.5.
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The measurements showed the following average results: for
“indoors” 0.32 (F1 mismatch) and 0.5 (F2 mismatch); for “outdoors™ 0.19
(F1 mismatch) and 0.31 (F2 mismatch). Thus, it is obvious that in the case
of “outdoors” the formant technique is applied much more intensively.

Singer’s formant. The singer’s formant, a specific formant occurring
at approximately 2 kHz — 4 kHz frequencies (Fig. 5), is widely discussed,
starting from the seminal studies published several decades ago (cf. [9; 20;
21; 22]) and continuing up to the present (cf. [10; 14; 16]). Presence of the
singer’s formant is considered in fact an obligatory requirement for operatic
male voices. In addition, more recent studies found possible manifestations
of the singer’s formant in operatic female or castrato voices as well, though
to a lesser extent (cf. [27]). Several techniques were proposed for evaluating
intensity of the singer’s formant and for differentiation of the true formant
from other phenomena responsible for some intensification of spectra in the
2 kHz — 4 kHz range.
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Figure 5. Spectrograms of voice without singer’s formant (left) and with singer’s formant (right).
The range in which harmonics are enhanced by the singer’s formant is marked.

This peculiar voice quality is important, first of all, for large acoustical
spaces without artificial sound reinforcement. Most probably, it is not that
urgent for smaller chambers and for contemporary environments with sound
reinforcement. Also, it is not clear whether the singer’s formant is relevant
for other than operatic (or academic) vocal styles. For instance, traditional
and generally non-Western singing is barely studied in terms of the singer’s
formant (cf. [8; 12; 13; 18]). One could expect that, at least for certain
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acoustical conditions and certain styles of traditional singing, the technique
that is normally applied to operatic singing could be applied as well.

In the current paper, two typical traditional Lithuanian “outdoors”
song performances are chosen for the investigation, a mowing song (male
singing) and a rye harvesting song (female singing); see the transcriptions
in Fig. 6.
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Figure 6. Transcriptions of two songs: Valioj pievy, pévytati, mowing song, melostrophe 1; and
Vaikstinéjo tévulis, rye harvesting song, melostrophe 2.%°

The obtained results show more or less prominent intensification of
the spectra in the 2—4 kHz range (Fig. 7). As expected, this quality is more
distinct in the case of the male voice. Incidentally, the female example is
characterized by two spectral peaks. The same tendency was observed by
Seidner et al. [17]; they found that for female singers, two peaks can occur
at frequency ranges of 2.5-3 kHz and 3-4 kHz. Aural impression suggests
that both examples are characteristic of resonant voices and possibly
singer’s formant is responsible for this. At any rate, intensification of the
spectra in the discussed frequency range found for the examined vocal
performances suggests that discussed vocal quality is somewhat specific and
partly marks a certain quality of the resonant voice.

% The metrics: Valioj pievy, pévytalj. Puponiai singers; Kupiskis Dst. [6, N 18]. Vaikstinéjo
tevulis. Ona Jauneikiené; Masaliskés, Varéna Dst. [5, N 14].
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Figure 7. Smoothed LTAS spectra; the male song Valioj pievy, pévytatj, melostrophes 2 and 4, and
the female song Vaikstinéjo tévulis, melostrophes 2 and 5 [4].

o

Discussion and Conclusions. Formant tuning is applied clearly in the
case of “singing outdoors”, thus making the vocal technique more
“economic” in terms of vocal efforts, whereas in the case of ‘“singing
indoors”, the economy of vocal technique does not seem that important. In
the analyzed examples of “outdoors” singing, intensification of the spectra
in the singer’s formant range is observed. This phenomenon is stronger for
the male singing and weaker for the female singing. Thus, the tendency is
the same as for operatic voice.

For vocal communication over long distances, ways to enhance vocal
transmission over long distances are particularly important. Several
strategies can be used. First, intensification of voice can be achieved via
vocal economy. That is, the formation of the voice does not increase vocal
effort, but the vocal tract is modeled so that the voice becomes “flying”,
resonating. This is exactly what the formant technique (formant tuning)

85



provides. Second, the propagation of voice can be facilitated by the
enhancement of spectral components of a particular frequency band
(roughly 2-5 kHz). This is exactly what the singer’s formant provides.
Although in the case of female singing the singer's formant effect is
seemingly weaker, it is important that this case is characterized by a second
maximum, about 3.5-4 kHz. And it is at these frequencies that the voice
components propagate best (as shown by estimating the dependence of
propagation on absorption and diffraction). In addition, it is to these
frequencies that hearing is most sensitive. By the way, the formant technique
should be mentioned here again. Although the range of the first two
formants does not reach the maximum of “best long-range propagation”, it
is still close to it.

To generalize, multiple strategies (formant technique plus singer’s
formant) are employed to intensify and “project” the voices in “singing
outdoors” mode.

The prospects of this investigation is implementation of
contemporary research works, which dedicated to questions about voice
propagation over long distances, what is particularly sensitive in certain
cases of traditional culture where individual singers or groups of singers
who are far apart communicate.
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MOBCTAHCBKI IIICHI CEPEJIHHOI BOJIUHI
B KOHTEKCTI HATPIOTUYHOI'O CIIPOTUBY
YKPAIHIIIB

MeTor0 HOCJiIKEeHHS € BHSIBICHHS OCOOJMBOCTEW MOOYTYyBaHHS
IIOBCTAHCHKUX IIiCEHb Ha TepUTOpii cepenuboi Bomumi*®,  ixmix
TEKCTOJIOTTYHUX 1 MY3WYHUX XapaKTepUCTHUK, aHalli3y HaOyTUX 3a 4Yac
ICHyBaHHsl TpaHChOpMaIIMHUX 3MIH. MeT010J10Til0 HayKOBO1 PO3BIIKHU

00yMOBJIEHO ITOTPEOO0I0 BCEOIUHO 1 00’ €EKTUBHO MPOAHAII3yBaTH MaTepialii,

4 Kopeupknii, ['omaHcekuii paiionn PireHCHKOi 06macti, CnaBybkuil paiioH XMemTbHHIBKOT
oOumacri Ta 3axinHi cena HoBorpaa-Bonuucekoro paitony JKuromupcbkoi obacTi.
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