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MeTa poboTu: Ha OCHOBI cMcTeMaTu3auii 0co6/MBOCTEN MOLIMPEHHSA
AKYCTUYHMX XBWJ/Ib 3a/1€XKHO Bif, Pi3HUX CTaHIB NOBITPAHOIO
cepefioBMLLA NOKA3aHO iX BMAMB HA BUPILIEHHA NPUKNAAHUX
3aBJaHb 3HIMaHHA MOBHOI iHpopmauii Ha  BigKpwUTIN
MiCLLeBOCTi, Ta 3aNPOMNOHOBAHO ONEepPaTUBHUI LWBUAKUIA 06K
LMx GaKTOpiB y BUPILLEHHI NPUKAAAHMX 3aBAaHb.

Aunsaiin/Metoa/Niaxia AocnigKeHHA: NPW BUKOHaHHI Liei po6oTK
BUMKOPWUCTOBYBANUCA meToam aHanisy BNlACTUBOCTEW
XBU/JIbOBUX MPOLLECiB, METOAM OMNUCYy aKyCTUYHUX TONiB,
cucTteMaTtusauii Ta ysarasibHEHHA AaHUX Ta 3HaHb, MeToaun
nepeTBOPEHHA CKAAAHUX CUCTEM.

PesynbTat AOCNiAXKEHHA: CTaTTi AOCNIAMKEHO WBWUAKOCTI MOLWUPEHHA
3ByKY B aTmocdepi, WO € TONOBHOK aAKYCTUYHOM
XapaKTePUCTUKOK MOBITPAHOIO CEpefoBULLA, AKA MOBHICTIO
3aN1eXUTb Bif NapameTpis LbOro cepenosuia (aTmochepHuii
TUCK, TemnepaTypa MOBITPA, MOro BOAOFiCTb, a TaKOX
HanBHICTb [0AATKOBMX AOMILIOK). BepTuKanbHUii posnogin
WBMAKOCTI 3BYKY B MPU3EeMHUX Wapax aTMmocdepu NOBHICTIO
BM3HAYAE MOLWMPEHHA aKYCTUYHUX XBUAb | iX BUKPUBAEHHA —
pedparyBaHHA. PoO3raaHyTO NOHATTA ¢dakTopa aHomanii
NnoBiTPAHOTrO cepegoBuwia Ta Woro o6AiKy Npu BUPILLEHHI
NPUKNagHUX 3aBAaHb 3HIMAHHA MOBHOT iHbopMmaLji.

Purpose: based on the systematization of the characteristics of the
propagation of acoustic waves depending on the different
conditions of the air environment, their influence on the
solution of applied problems of capturing speech information
in the open area is shown, and the prompt rapid account of
these factors in solving applied problems is proposed.

Design/Method/Approach: in performing this work, methods of
analyzing the properties of wave processes, methods of
describing acoustic fields, systematization and generalization
of data and knowledge, methods of transforming complex
systems were used.

Findings: the speed of sound propagation in the atmosphere, which is
the primary acoustic characteristic of the air environment,
entirely depends on the parameters of this environment
(atmospheric pressure, air temperature, humidity, as well as
the presence of additional impurities) is investigated. The
vertical distribution of the speed of sound in the surface layers
of the atmosphere ultimately determines the propagation of
acoustic waves and their distortion - refraction. The concept of
the factor of an anomaly of air environment and its account in
the decision of applied problems of removing the speech
information is considered.
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TeopeTUyHa UJHHICTb AOCNIAMKEHHA: NONArAaE B TOMY, WO CKAAAHI

po3paxyHKM haKkTopa aHOMANIii NOBITPAHOrO cepeaoBULLA ANA
OTPUMAHHA OYiKyBaHOI [AANbHOCTI BUABJEHHA aKYCTUYHUX
CUrHaNiB  MOXKe BW3HaYaTMCA AK  JOOYTOK  3HaYeHHs
eHepreTUYHOI AasIbHOCTI BUABNEHHA HA 3HAUYeHHA KoedilieHTa
BMN/IMBY CepeaoBuLLa B MPU3EMHUX Lapax aTmocdepu.

Theoretical implications: is that the complex calculations of the factor

of the anomaly of the air environment to obtain the expected
range of detection of acoustic signals can be defined as the
product of the value of the energy range of detection on the
value of the coefficient of environmental influence in the
surface atmosphere.

Twn cTaTTi: HAYKOBO-MPAKTUYHA. Papertype: scientific and practical.

Knrovosi cnoea: Hap3BuuyaiiHa cuTyauis, TepopucTMuHoro akt, Key words: emergency, terrorist act, acoustic wave, air, anomaly,
aKyCTUYHa XBWAA, MOBITPAHE CepedoBULLE, aHOMAanNis, microphone.
MiKpodOH.

1. Bcmyn

3anobiraHHA HaA3BUYAMHUM CUTyaUisM TEPOPUCTUYHOrO XapaKTepy Ha 06’eKTax KpUTUYHOI
iHPPACTPYKTYpH, LLLO OXOPOHSAIOTLCA, NOB’A3aHA 3 BUKOHAHHAM MOBCAKAEHHWUX, AEMOHCTPATUBHUX
Ta HernacHMX 3axoAiB, nepeabayeHUXx 3aKOHOAABYMMM akTamm YKpaiHu [1-2]. OgHum 3 umx
HedOpPMaNbHUX 3aX0AiB € 3HIMAHHA MOBHOI Ta aKyCTUYHOI iHPopMaLji Ha BiAKPUTIA MicLeBOCTi.
OTpumaHa noAibHMM 4YuHOM iHPOpMaLisa, nicnA aHanisy Ta cucTemaTusalii, moxke 6yTu
TepopUCTUYHMX 3aaymiB [3, 4]. TexHiuHi 3acobu, Wwo 3abe3neyytoTb 3HIMAHHA aKyCTUYHOI Ta MOBHOI
iHbopMmaLii Ha BIAKPWTIM MicLEBOCTI, Le cheuianbHi eNeKTPOHHI Npuaaan, AKi Ha3mMBaroTbCA
CNPAMOBAHUMM MiKpodoHamu. B aaHmi yac ix noAinsaoTb Ha YOTUPKU BUAU: NapabonidHi, NaockKi
aKYCTMYHi — da3oBaHi peLiTkK, TpybyacTi (MikpodoHu bixky4doi xBuai) i rpaaieHTHiI [5, 6]. AucTtaHuji
OTPMMAHHA aKyCTMYHOI iHpOopMaLii cnpAMOBaHMMU MIKPpOPOHAMM, WO PO3NI3HAETLCA (NHOACHKOI
MOBMW, fIKa PO3YMIETbCA) MOXKe A0CATraTH AeKiNbKoX KinomeTpis [7-9]. OaHaK, NPy BUKOPUCTaHHI BCiX
BMAIB CMPAMOBAHMX MIKPODOHIB NOCTIMHO BWHMKAIOTb CUTyauji, 0ByMOBAEHI AK MOiNWeHHAM
AKOCTi NPUMNOMY aKYCTUYHMX CUFHaNIB i 36iNblUeHHA AUCTAHLIT 3HIMaHHA MOBHOI iIHbOpMaLii, TaK i
HaBMaKW, NOFipWEeHHAM AKOCTI NPUMOMY aKYCTUYHMUX CUFHANIB Ta 3MEHLUEHHSA 4ANbHOCTI 3HIMaHHA
MOBHOI iHpopmau,ii [10-12]. Li cuTyauii obymoBieHi 3MmiHamMM YMOB MOLLIUPEHHSA 3BYKY B MPU3EMHUX
Wwapax atmocdepu [13-16].

2. lMocmaHoeka npobnemu

MeToto AaHOoi poboTH € cMcTemMaTM3aLia 0cOBINBOCTEN NOLWMPEHHA aKYCTUMHUX XBU/b 3a/1€XKHO Bif,
Pi3HMX CTaHiB NOBITPAHOrO cepefoBULLA Ta iX BMJIMB HA BUPILWEHHA NPUKIAAHMX 3aBAAHb 3HIMaHHA
MOBHOI iHpOpMaLii Ha BigAKpWUTIA micLeBOCTi.

Ona nocArHeHHA NocTaBAeHOT METU HeObXiiHO BUPILLNTM HAaCTYMNHI HayKOBI 3aBAaHHS.

Mo-nepuwe, pO3rAHYTM NPOLEC NOWMPEHHA aKYCTUYHUX XBWUJIb B CYLiIZIbHUX CEpef0BULLAX.

Mo-gpyre, 34INCHUTM ONWUC LWBWAKOCTI MOWMPEHHA 3BYKY B aTmocdepi — ros0BHOK
AKYCTUYHOI XapaKTEPUCTUL NOBITPAHOIO cepeaoBuLLa.

Mo-TpeTe, NpoaHaniayBaTM BAACTMBOCTI pedpaKLii aKYCTUYHMX XBWUIb B NPMU3EMHUX LIApax
atmocoepu.

Mo-yeTBepTe, PO3rNAHYTU MOHATTA daKTopa aHOManii NOBITPAHOrO cepeaoBulla Ta MOro
061iKy NpY BUPILLEHHI NPUKNAAHUX 3aBAaHb 3HIMaHHA MOBHOI iHbopMaLlii.

3. Pesynomamu

3.1 Mpouec nowmnpeHHA aKYCTUYHUX XBU/b B CYLLIIbHUX cepeaoBuLLLax

Y cyuinbHUX NPUPOAHMX CepenoBULLAX, A0 AKMX BiAHOCUTLCA | BOAHE cepenoBulue, i aTmocdepa,
MPYKHi i iHepUiliHi cnnm obymoBAEHi, BiANOBIAHO, NPYKHOK B3aEMO/IEID YaCTOK cepeaoBulla i
iHepujeto ix macu. B Takux cepefoBulax 3 po3noAiIeHUMU NapameTpamu MOXKHA NOPYLUIUTU
KONIMBAHHA CTUCHEHHA | PO3piAXKeHHA, WO NOLWMPIOOTLCA 3 MEBHOMO WBMAKICTIO. Y pignHax i rasax,
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IO XapPaKTEPU3YIOTbCA AnLle 06’'EMHOI MPYXKHICTIO, MOXYTb BUHUKATU MO340BXKHI aKyCTUUYHI XBUI,
B AKMX HAaNPAMOK KO/IMBAHb YaCTUHOK cepenoBuLLLa 36iraeTbcA 3 HANPAMKOM NoWKMpPeHHA xBuAi [15].

Ona aHanisy cniBBigHOLWEHb, WO 3B’A3YIOTb XapaKTEPUCTUKU MPYKHOrO cepenoBuLla 3
XapaKTePUCTUKAMM aKYCTUYHUX KOJIMBAHb, MO3HAYMMO Mannin obcar enemeHTa MPYKHOro
cepenoBuLLa, i WiNbHICTb, @ CTaTUYHUN TUCK, AKI ByNM B CTALiOHAPHOMY CTaHi A0 MOPYLUEHHA
3BYKOBWX KOIMBAHb. MopyLLYOYM KONMBAHHA, NPUKA3LEHA 30BHILIHA CUAA BUKAWKAE 3CYB YaCTUHOK
cepenoBMLLA i 3MiHIOE 0bcAr, WinbHICTb i TUCK A0 3HayeHb V, p, P, ToAji BiAHOCHI 3miHWM obcary
(06’emHa pedopmauiin) i WinbHOCTI (YLLiIbHEHHA) AOPIBHIOBATUMYTb:

AV — V_VO — ﬂ A,D — P—pPo — 6/) (1)

5 —_——— . —

Vo Vo Po po’

Lli BeYMHM MOXKYTb BYTU NO3UTUBHUMM | HETATUBHUMM.
Ona manux pedopmauin, konm AV<<l i Ap<<l, BpaxOBYETbCA 3aKOH 36eperKeHHA macu
(oV=pp Vo= const), i 3i cnisBigHOWweHHA (1) BUNAunBae, wo:

Ap = —AV (2)

Tomy npu mannx gedopmauisx ywinbHeHHA 0gHO 06’emHOI gedopmallii i npoTUNEXHO Momy
Mo 3HaKy. 3MiHa LWiNbHOCTIi enemeHTa 0b6cAry cepefoBMLLA NPU3BOANUTD A0 3MiHU TUCKY. BoHO Byae
CKNaAaTMCA 3 NOYATKOBOMO CTAaTUYHOIO TUCKY | HAA/IMLIKOBOrO AMHAMIYHOIO (aKyCTUYHOTO TUCKY),
TO06TO:

P=Py+P. (3)

3ayBaXKMMO, WO B 33aZa4yax 3HIMAHHA aKyCTMYHOI iHGOpMaLii aKyCTUYHMIA TUCK HabaraTo
MeHLe cTaTuyHoro [12]. Y 3aranbHOMy BMMNAZKYy TUCK B PiavHi abo rasi € GyHKUiE WiNbHOCTI i
TemnepaTypu. B akyCTUUHMX XBUAAX MaNOT aMNNiTyam (p<<P) yepryBaHHS CTUCHEHHA | PO3pPiArKeHHS
BiAOYBAETbCA HACTINbKM LWBMAKO, WO Nepeaaya Tenaa mix ummm obcsramm 3a nepiog, KOMBaHb He
BiAbyBaeTbca. ToMy NpoLec NOWMPEHHA 3BYKOBOT XBUi € agiabaTniHnm. Toai BUNagKoBe TUCK, WO
€ CYMOIO CTaTUYHOTO i aKyCTUYHOIO TUCKY, B CYLi/IbHOMY cepeaoBuLLi byae oaHO3HaYHOW QYHKLIED
LWiNbHOCTI, TOBTO:

P = f(p). @

TaKMM YMHOM, aKYCTMYHA XBWUASA, LLO PO3MNOBCIOAMKYETLCA B CYLI/IbHOMY CEPeAOBMULLI, ABNAE
coboto agiabaTUYHKUIA NpoLec NOCNiIA0BHOI NepeaaYi CTUCHEHb | PO3piaKeHHA Bif, OfHI€i NOKaNbHOT
YaCTMHW cepefoBMLLA A0 iHLWOI, WO XapaKTepM3yeTbCA HAAMIPHOW (aKyCTUYHMM) TUCKOM, LLO €
0OAHO3HAaYHO QYHKLIEID LLiNBHOCTI.

3.2 LWeuakKictb nowupeHHA 3BYKY B atmocdepi — ronoBHA aKyCTUYHA XapaKTepUCTUKa
NOBITPAHOrO cepegoBULLA

3 ornAagy Ha, WO NapameTpu aKyCTUYHOI XBUAI € YHKLIED LWiNbHOCTI, po3knagemo (4) B pag
Telinopa, To610 P=P(p)

P(p) = P(po + 6p) = P(po) + (Z—Z)pzp  Sp+.. (5)

TakK AK 32 yMOBOIO 33aBAaHHA PO3rNA4A0TbCA KOIMBAHHA 3 MaIMMKW aMNAITYAaMU, TO Op<<0p.
Lle no3BonA€E NpoBecTM niHeapu3auito (5), BiAKMHYBLUM YNEHWN BULLMX NOPAAKIB, | OTpUMaATH:
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P
P(p) =Py + (- - 6p. (6)
(ap)p=po
ToAi aKyCTUYHUI TUCK, WO CTBOPHOETLCA NPYKHUMMU KONMBAHHAMM, Habyae Burnaay:
oP
P=P—%=(%) Sp=C*-86p . (7)
P=Po

BennunHa C? npeacrasnaet coboil NOCTOAHHYIO, MMeeT pa3mepHocTb [M2-c2] n asnaertca
KBaApaToOM CKOPOCTM PacrnpoCTPaHeHMsa Npoao/ibHbIX KOiebaHUM. 3aBUCMMOCTb (7) TaKXKe MOXKHO
npeacTaBuTb B BUAE:

P=x-S (8)
§p _ p—pPo _ V-V

ne x = po - C? — npyxHicTb cepenosuuia, S = e = oo = . T @KYCTMHHE CTUCHEHHA.

BennunHa, 3B0OPOTHA NPYXKHOCTI, XapaKTepPU3ye CTUCNUBICTb cepenoBuLla. JliHilHYy 3B’A30K
MiX TUCKOM i CTUCHEHHAM B (8) MOXKHa PO3rNAHYTM AK 3aKOH [yKa AgnAa 06’€eMHOro CTUCHEHHA
cepenoBuLLa 3 KoedillieHTOM NPYXHOCTI, piBHUM oC2.

[na ineanbHoro rasy agiabaTWyHi Npouecy CTUCHEHHA BU3HAYAOTbCA PIBHAHHAM:

z=(2), (©)
e 7y — NoKasHUK aAiabaTUYHOCTI, AKMUI 0BUYNCNIOETLCA BiAHOWEHHAM 3HA4YeHb TEMJIOEMHOCTI Npw
NOCTINHOMY TUCKY A0 TeNJI0EMHOCTI NPW NOCTIMHOMY 06cA3i.
AndepeHuitotoum (9) no p 3 ypaxyBaHHAM (7) i BMKOHaBLUM HeObXiAHI NepeTBOpPeEHHS,
OTPUMAEMO dopMyNy AN 06YMCNEHHA WBMAKOCTI 3BYKY B CYLiIbHOMY CEpeaoBuLL;:

c= [yX (10)
Po
Bepyun gns craHgapTtHoi atmocoepun Po=10° Na, p=1,3 %, y=1,4, OTPUMAEMO LUBUAKICTb
nowunpeHHnA 3ByKy, piHy C=330 m/c.
Bigomo, Wo cTaH igeanbHOro rasy TakoX ONUCYETbCA PIBHAHHAM:

P RT
—=—, (11)
Po M
Ae R —rasoBa nocTiiHa, piHa ,314 Ax/(monb-K);
M — monapHa maca;

T—Temnepartypa, K.

3 ypaxyBaHHAm (11) dopmyna ana BU3HAYEHHA LWBMAKOCTI 3BYKYy B aTmocdepi Habyae
BUINALY:

C= v, (12)

OetanbHuii posrnag (10) i (12) nokasye, WO WBUAKICTb NOWMPEHHA 3BYKY BU3HAYAETLCA
napameTpamu CyLiNIbHOrO cepefoBuLLA, B AKiMA NOLWMPIOIOTLCA aKYCTUYHI (MPYXKHi) KOnMBaHHSA.
36inblleHHA TemnepaTypu Bede A0 3POCTAHHA 3HayeHb LBWMAKOCTI 3BYKY, a ii cnagaHHs — Ao
3MeHLUEeHHA. HaaBHICTb B aTMocdepi aHTPONOreHHUX AOMILLOK, NapiB Ta iHWWX CKNaA0BUX 3MiHIOE
il MONAPHY Macy i, OTXKe, 3MIHIOE 3HAaYeHHA WBMAKOCTI 3BYKY [10-14].

TakMM YMHOM, LWIBMAKICTb MOLIMPEHHA 3BYKY AK aKYCTMYHA XapaKTepUCTUKa cepenoBuLla
MOBHICTIO 3a/1€XUTb Bif, NapameTpiB LbOro cepeaosula. na atmochepm Le 3Ha4YEHHS OCHOBHMX
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rig4POMETEOPONOriYHMX NapaMeTpiB, a came: aTMOCPepHUM TUCK, TemnepaTypa MOBITPA, WMOro
BOJIOTCTb, @ TAKOXX HAABHICTb 40AATKOBUX AOMILLOK.

3.3 BnactuBocTi pedpakKLuii aKyCTUMHUX XBUAb B NPU3EMHUX Wapax atmocpepu

OguH 3 meToAiB ONMUCYy 3BYKOBOrO MoJIA — METOZ MPOMEHEBOi aKyCTUKM [9-16]. TyT HanpamoK
nepneHaAnKYNAPHUIA GPOHTY NOLIMPEHHA 3BYKOBOI XBWJ/i HAa3MBAOTb NPOMEHEM, a 3ByKOBe noJe
NpeacTaBAAOTb Y BUINALI NPOMEHEBOI KapTUHM, BBaAXKAto4un, WO 3BYKOBA eHepria NMOLMPHOETLCA
Y340BXK KOXHOI NnpomeHeBOi TpybKku. Lle fae 3BOPOTHUI NPOMNOPLIMHICTD MiXK LLINBbHICTIO NOTOKY
eHeprii B340BX NPOMEHI0 i NAOLWE0 nonepeyHoro nepepisy Tpyoku. [ns rapmoHiMHUX XBUANb
3BYKOBWM TUCK, LLLO XapaKTepM3y€e NONE MOXKHA 3anNncaTn y BUrNAL:

P =ae

L
—la)t+la1/)' (13)
Ae a— amnniTyaa KoamMBaHb;

() —4acToTa KONMBaHb;

Cp — WBMAKICTb 3BYKY B NOYATKOBIM TOYL;

) — eWKoHan (XxBWNbOBOI MOTeHLian, AKWMM NoB’A3aHMA 3 KoedilieHTOM 33a/0MAEHHA N
cnisgigHoweHHAam Vi = nT, npu upomy T — OANHUYHUIA BEKTOP, AOTUYHUI A0 MPOMEHIO).

MpuHunn Pepma CTBEPANKYE, WO XBMAA 3aBXKAW NOLUIMPIOETbCA B MPOCTOPiI MiXK ABOMA
TOYKAMM i LINAX, Y3O0BXK AKOTO Yac NPOXOAMKEHHS MEHLLE, HiXK y340BX OyAb-AKOro 3 iHLWKX WAAXIB,
L0 3'€AHYIOTb Lii TOYKM, BiiNOBIAAE PIBHAHHIO TPAEKTOPIT NPOMEHIO

2= %(VnN), (14)

4e 2 — KpMBU3Ha NPOMEHIO;
N — 0AVHWYHOI BEKTOP rONI0BHOI HOpMani.

BuxoanTb, WO B OAHOPIAHMX CepefoBULLAX MPOMEHI NPAMi, a B HEOAHOPIAHNX NPOMEHI
BUKPUBAAOTbCA, pedparyioT. 3 (14) BMNAMBAE, WO aKYCTUYHI MPOMEHi BUKPUBASAIOTLCA
(noBepTatoTbCcA) B CTOPOHY 3MEHLWEHHA WBUAKOCTI 3BYKY. CTyniHb LbOrO BWKPUBAEHHA
(pedparyBaHHA) Byae TMM Binblue, YAM BULLLE 3HAYEHHA rPafliEHTa WBUAKOCTI 3BYKY B CEpelOBULL.

Ona YKkpaiHn xapaKTepHi nepeBaHO PIBHUHHUIA XapaKTep TepuTopii, KOHTUHEHTA/IbHUN
KNiMaT, iKW BU3HA4Ya€ perioHanbHi 0COBAMBOCTI BEPTUKANbHOIO PO3NOAiny LWBMAKOCTI 3BYKIB
(BPLLU3) B npM3emHuMX Wwapax atmocdepwu.

Mepwwnir BapiaHT BPLU3, KoAn WBMAKICTb 3BYKY 3 BUCOTOIO HE 3MIHIOETbCA, 3a/MLLAETLCA
nocTiiHoto. MopibHe sABUWE CNOCTEPIraeTbCA B CMOKiMHY NOXMypy norogy AAA MAaTepUKOBOI
YKpaiHn. B ubomy BMNaAKy MPOMEHi MOLIMPIOTLCA MPAMOAIHIMHO, | MaKcMmasbHa AafnbHICTb
aKyCTUYHOrO BWMABNEHHA BM3HAYAETbCA BUCOTOK AXKepena 3BYKY i BUCOTOK MpuiMada 3BYKY fK
NMOKa3aHo Ha puc. 1 a. AKYCTUYHUI NPOMIHb, LLLO CTOCYETLCA NOBEPXHi 3emni, POpMy€e KOPAOH MiX
30HAMM aKYCTUYHOI OCBIT/IEHOCTI, MPOHM3aHOI MPOMEHAMM, | 30HO aKYCTUYHOI TiHi.

Opyruii BapiaHT BLUC3, KoAn WBMAKICTb 3BYKY 3 BMCOTOI MIaBHO 3MEHLUYETbCA. Takui
PO3MO0AiN WBUAKOCTI 3BYKY XapaKTePHO 415 HUMKHIX WapiB aTmochepu nicna NnonyaHA i B CNEKOTHI
NiTHI gHi. B upomy BMNagKy NpomeHi pedparytoT Bropy, iCTOTHO 3MeHLYKUYM 30HY OCBITAEHOCTI i
36inbLUYOYMN 30HY aKYCTUYHOI TiHi, AK NOKasaHo Ha puc. 1 6.

TpeTiin BapiaHT BLUC3, Ko WBKAKICTb 3BYKY 3 BUCOTOW MJIABHO 3pocTaE. Ona Teputopii
YKpaiHM Lie XapaKTepHO B PAHKOBI FOANHM Ta BHOM.

MopibHuiA po3noain WBMAKOCTI 3BYKY NpY3BOAUTL A0 pedparyBaHHA aKyCTUYHWUX NMPOMEHIB
Y3408 3eMHOI NOBEPXHIi | NOHaA, AaIeKOMY NMOLLUMPEHHIO 3BYKY, AK MOKAa3aHO Ha pwuc. 1 B.
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PucyHok 1 — Cxema pedpaKuii akyCTUYHUX NPOMEHIB
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YetBepTuit BapiaHT BPLU3, Konn WBKUAKICTb 3BYKY 3MEHLUYETLCA A0 MEBHOro MiHiMymy, a
noTim 3HoBY 3pocTae. [oaibHe nolwMpeHHA WBUMAKOCTI 3BYKY HasuBaloTb XBuaesBum. BoHo
XapaKTEPHO ANA PAaNoHIB PiYKOBMX NPOIMM, BOAOMM i BOAOCXOBMULL, a TaK camo nepearip Kapnar i
KpnmcbKux rip. BucoTa, Ha AKill po3TallOBYETLCA MiHIMYM LUBUAKOCTI 3BYKY, € BiCCHO XBUNEBOAY.

AKWo arkepeno 3ByKy byae 3Haxoautuca nNobausy oci xBunesoAy, TO aKyCTUYHI NPOMEH
6yanyTb pedparyBatM B MOro MeKax, K MOKa3aHO Ha puc. 2, a i 3abe3neyyBaTv NoHas Aaneke
NOLIMPEHHA 3BYKY.

C, m-c

H, m

hp

PucyHok 2 — Cxema pedpaKuii npomeHiB:
a — xBUnboBe, 6 — aHTUXBUNbOBE.
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M’ATniA BapiaHT BPLU3, KoAun WBMAKICTb 3BYKY 3 BUCOTOH 3POCTAE A0 NEBHOTO MaKCMMyMY, a
NOTIM 3MeHLUYETbCA. TakniA PO3NOAIN WBUAKOCTI 3BYKY € AHTUXBUIbOBMM, @ BUCOTA LUBUAKICHOTO
EeKCTpemMymy € BicClo aHTUXBUAI. MNoaibHUIA po3noain WBUMAKOCTI 3BYKY XapaKTepHO A8 3MMOBOro
nepioay B PiBHUMHHWUX pavioHax YKpaiHW. B ubomy BUNaaKy, AKLWLO AXKepeno 3ByKy PO3TALLOBYETLCA
HUXKYe aHTUXBWUIbOBOI OCi, TOAj YaCTMHA aKYCTUYHUX NPOMEHIB ByayTb OFMHATU 3eMHY MOBEPXHIO i
NOLIMPIOBATMUCA 33 NiHIIO TOPU3OHTY. |HWA YacTMHA NPOMEHIB, AKI NepeTHyTb BUCOTY aHTUXBUAI,
6yayTb pedparysaTn Bropy, ik NoKasaHo Ha puc. 2 6.

HeobxigHO BiA3HAYMTM, WO Ha HaBeAeHux cxemax BPLU3 y300BX aKyCTUYHMX Tpac
3a/MWAETbCA NOCTIMHMM. MNMoAibHMI po3noain WBMAKOCTI 3BYKY B MPU3EMHMX Wapax atmocdepmn
BBAXKAETbCA HADAMMKEHUM | B NiTepaTypHUX ArKepenax Ha3MBaETbCA iAeanbHUM. be3ymoBHO, TaKi
ABMLLA AOCUTb YacTO BUABNAIOTBCA B HUMMKHIX Liapax aTmochepu, ane yacTiwe BepTUKaNbHUM
po3NoAin LWBMAKOCTI 3BYKY B34OBX aKYCTUYHMX Tpac 3MIHIOETbCA. Hanpwuknag, XxBunbose
PO3MOAiNEHHA LWBUAKOCTI 3BYKY 3MIHIOETLCA Ha PIBHOMIPHWIA (BapiaHT o4MH). [Lani BOHO 3MiHIOETbCS
Ha HeraTMBHe (BapiaHT ABa). TyT aKyCTUYHI NPOMEHI, L0 BUNLWAN 3 Axepena, byayTb KaHanisysatu
Y3[40BXK OCi XBUNEBOAY, AK NOKA3aHO Ha puc. 3.

H, M C, m-c H, M o1 H, m <t

PucyHok 3 — Cxema pedparyBaHHA NPOMeHiB Npu HepiBHOMipHMX BPLL3 y300BK aKyCcTUYHOI Tpacu
(npuknapg 1)

MoTim, KONM BOHM yBiNAYTb B 061acTb NpocTopy 3 piBHOMiIpHMM BPC3, TO ix TpaekTopii byayto
NPAMONIHIMHMMKM. YacTMHA 3 UMX NPOMEHIB nige Bropy, iHWa 4YacTMHa BiAi6’eTbcA Big, 3emHOI
noBepxHi. Koan npomeHi, WO 3aAnMWKMAKCA NiginayTb A0 TPETbOrO AiNAHUI, TO BMKPUBAEHHS
npomeHiB byae BiadyBaTMCA Bropy i BOHW BCi MiZlyTb Y BEpXHi Wwapun atmocdepu. B ubomy Bunaaky
nobyzoBa 30H aKyCTUYHOI OCBITNEHOCTI i TiHi Byae 6inblw cknagHa.

IHWKA npuKknag. XBMNboBE PO3MNOAINIEHHA WBWAKOCTI 3BYKY 3MIHIOETbCA HA PiIBHOMIpPHUNA.
MoTim piBHOMIpHWIA PO3NOAIN WBUAKOCTI 3BYKY 3MIHIOETbCA HA aHTUXBUIbOBWUIA, AK MOKa3aHO Ha
puc. 4.
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PucyHok 4 — Cxema pedparyBaHHA NPOMEHiB Npu HepiBHOMIpHUX BPC3 y340BK aKyCTUYHOT TpacK
(npukrnagp, 2)

Y ubomy BMNaAKy, siK i B NepLIomMy npuKknagi, BigodyBaeTbCA CNOYATKY KaHai3alis NpomMeHis,
NoTiM iX NPAMONiIHIMHE nowunpeHHA. Ha TpeTii AinAHuUi NpoMeHi, Wwo noTpanuaun B LIApKU BuULe
AHTMXBWIbLOBOI OCi, MigyTb Bropy. NpomeHi, Wo 3a/1NWNANCA HUXKYE aHTUXBUAbOBOI OCi, NOLWKNPATLCA
OrMHA4YMN 3eMHY NOBEPXHIO.

Y ppyromy npuknagi, Tak camo AK i nepwomy, HaaBHICTb AaHux npo BPLU3 y3po0BiK
aKYCTMYHOI TpPacu A03BOJIAE 3 BUKOPUCTAHHSAM METO/IB NPOMEHEeBOI Teopii BUpobnaTn nobyaosy
KOHirypauii akyCTU4HOro Noss, BU3SHAYaTM 30HU aKyCTUYHOT OCBIT/IEHOCTI i TiHi.

IHWKMMK cnoBamM, perioHanbHi ocobanBocTi YKpaiHM BU3HAYalOTb iCHYBAaHHA B MPU3EMHMX
Wwapax atTmochepun n’ATM OCHOBHUX BapiaHTIB BEPTMKANbHOIO PO3MNoAiny LWBMAKOCTI 3BYKY, @ CaMe:
PiIBHOMIPHUWIA, NaBHO-yOyBatouMii, MIaBHO-3POCTAlOYNIN, XBUIBOBUN | aHTUXBUIbOBUIA. 3HaAOUM
PO3MOAiIN WBUAKOCTI 3BYKY i KYTU BMXOAY aKyCTUYHMX MPOMEHIB 3 A)Kepena MOoXHa nobyaysatu
KOH®Irypauito akyCTUYHOTO NONA | BU3HAUYUTM 3HAXOKEHHA 30H aKYCTUYHOT OCBITAEHOCTI i TiHi.

TaKMM UMHOM, BEPTMKANAbHUIM PO3NOAIN WBMAKOCTI 3BYKY B NMPU3EMHMX LIapax atmochepu
MOBHICTIO BM3HAYAE NOLIMPEHHA aKYCTUYHUX XBWUAb i IX BUKPUBAEHHA — pedparyBaHHA B NPOCTOpI.

3.4 NoHAatTa ¢aKTopa aHoOMmaii NOBITPAHOro cepepoBULLA Ta MOro 06niKy Npu BUpilLEHHI
NPUKAAAHUX 3aBAAHb 3HIMaHHA MOBHOI iHpopmauii

Ona BUPIWWEHHA NPUKNAAHUX 3aBAaHb Ha eTani iX naaHyBaHHA HeobXiAHO 3HATW 3HAYeHHA
PO3paxyHKOBOI UM OYiKyBaHOI Aa/IbHOCTI NMPUAOMY aKYCTUMHUX CUFHANIB. Y METOAMKAX BiTYM3HAHMX [8,
11, 13] Ta 3apybikHux [4-6, 7, 10, 14] daxisujiB, AK NpaBWUIO, POBAATLCA NPUNYLLEHHS, WO Ha AaHWUM
nepioA Yacy BCi MapameTpu, WO BU3HAYaloTb CTaH Gi3MYHOI cUCTEMM MOCTINHI | BepyTbea TinbKK ABa,
OJIVH 3 SIKNX € apPryMEHTOM, a iHWWIM — BianosiaHa ¢yHKUjA. PakTop cepeaoBuLLa B LbOMY BUMAAKY HE
BpaxoByeTbcAa. CepedoBuile BBA*KAETbCA OE3MEeXHOi i oAHOpigHOO, B AKiA 3aracaHHs 3BYKY
BiAOYBAa€ETbCA Ha MNOCTiIMHY BEAMYMHY, 3HAYEHHA AKOi BWM3HAYAETbCA LIEHTPA/IbHOK YacTOTOH
NPUIManbHOrO NPUCTPOIO.

CYKYMHICTb TEXHIYHMX GaKTOpPiB NPUMMMANbHOIO MNPUCTPOID  BBAXKaTMMEMO MOCTIMHUMMU
Be/IMYMHAMW. [epelKoau, AKi BU3HAYaAOTbCA BAACHUMM LYMaMM, TaKOXK BBAXKAaTUMEMO NOCTIMHUMMU.
3HayeHHA PiBHSA LWWYMIB B CMY3i MTPUIAOMY A19 KOXKHOI aKyCTUYHOI MeTU iHAMBIAYanbHO. BianosigHo, Yum
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BULLLE piBEHb LWYMIB, TUM BinbLue AanbHICTb BUABAEHHSA. Lie onucye BMpa3 (15), AKin NpUNHATO HAa3MBaTK
HECTPOrMM HEpPIBHICTIO AaNbHOCTI Aji (EHepreTUYHOT AaNbHICTIO AiT) aKyCTUYHOro 3aC06U BUSABEHHS.

20- g+ alle +K << (10-1g85+20-lgP, —10-1gJ, —20-lgP.),  (15)

ne [ —Haibinblue 3HaYeHHA AUCTaHLIT, NPU AKOMY AOCArAETbCA PiBHICTb 060X YaCTUH;

(¢ — Be/IMYNHA 3aracaHHA 3BYKY;

K=10lg4m = 10,98 nb.

6 — KoediLieHT po3ni3HaBaHHA NPUINMANbHOTO NPUCTPOID;

Jup — KOEQILEHT CIPAMOBAHOI Aji CNPAMOBAHOTO MiKPOHOHa;

P, — iHTEHCMBHICTb aKYCTUYHOrO BUNPOMIHIOBAHHA METWU B CMY3i YaCTOT NPUIAMANbHOIO
AKYCTMYHOrO MPUCTPOIO;

P — piBeHb micLLeBOro akyCTM4HOro GoHy B CMy3i NPUMMANBHOTO NPUCTPOLO.

Mpu3emHi wapw atmochepw, AK i Bce NOBITPAHE cepeioBULLE, HIKONN He ByBae 6e3amekHUM
(3aBXAau € niagcTnnaroya 3emHa NoBepxHsA) i oAHOPiAHO. PO3Mnoain oCHOBHUX Gi3YHMX NapaMeTpis
TemnepaTtypu, rycTMHM, aTMmochepHOro TUCKY i NOXiAHOM Bif, HUX LIBWUAKOCTI MNOLWMPEHHSA 3BYKY HE
byBa€ B peanbHOMY cepeoBuLLi 0A4HOPiIgHMM. BOHO abo 3pocTae, abo 3meHLWyeTbCA 3 BUCOTOHO, LLO
NPU3BOANTb A0 NO3UTUBHOI (pedpakLii — BUKPUBNEHHA aKYCTUYHMX MPOMEHIB Y340BX 3€MHOI
noBepxHi) abo HeraTMBHOO (BUKPUBAEHHA NPOMEHiB Bropy) pedpakuii, AK 6yno po3rnaHyTo paHiwe.

Y ubOMy BUNAAKY, KON CepenoBULLE HifAK He BMN/JMBAE HA NOLIMPEHHA 3BYKY B NPU3EMHUX
Lapax, AaNbHICTb BUABMEHHA ByAe BU3HAUYATMUCA EHEPreTUUYHOK AA/bHICTIO Ail aKyCTUYHMX 3acobiB.
MPUIHATO rOBOPUTY, WO B LbOMY BUNAAKY KoediLieHT BNAMBY cepeoBULLA AOPIiBHIOE OANHUL.

Mpwn HeraTuBHIN pedpaKuii, KON WBNAKICTb 3BYKY 3MEHLIYETbCA 3 BMCOTOK, NMPOMEHI
pedparytoTb Bropy QJa/ibHiCTb aKYCTUYHOrO BUABNEHHA 3MeHwWyeTbcA. KoediuieHT BnAMBY
cepefioBuillia B LUbOMY BMMaAKy 6yae meHwe oauHMUI. |HWMMK cnoBamu ¢dakTUYHA AanbHiCTb
BUABNEHHA Oyae MeHwe eHepreTMyHoi. CuTyauia pPO3BMBAETLCA MO-iHWOMY MPU MO3UTUBHIN
pedpaKuii, KON WBUAKICTb 3BYKY 3POCTAE 3 BUCOTOLO, i NPOMEHi pedparytoTb BHM3, OTMHAOTb 3eMHY
noBepxHto. Toai @aKTMYHA [anbHICTb BUABAEHHA 36inblyeTbcA. TyT KoedilieHT BNAMBY
cepenosuila byae 6inblue oauHuLj.

Tob6To OuviKyBaHa [aNbHICTb BUABNEHHA BW3HAYaTMMETbCA, AK A0OYTOK eHepreTuyHoi
OANbHOCTI BUABNEHHA Ha KoedilieHT BNNBY cepenosuLLa. besymosHo, Le cnpaseanmeo 15 yMOB,
HabaueHnx [o igeanbHuUx. Po3rnagatoum bBinbli CcKNagHi KapTUHWU aKyCTMYHMX NOAiB, AKi
BM3Hau4atoTbcA BignosiaHMmm BPLU3, noBoanTbca roBopuTN NPo GOKYyCYyBaHHA aKyCTUYHOI eHeprii B
NPU3eMHUX Wapax aTmocdepwn, No aHaNOrii 3 aKYCTUHHUMW NONAMMU Y BOAHOMY cepeaoBuLLi. Toai
KoedilieHT BNAMBY cepepoBuwa byae y oKpemux Bunagkax nposasy daktopa ¢OKycyBaHHA
aKYCTUYHOI eHeprii B NpM3eMHUX Wapax atmocoepun. CTporo Kaxkyyuun, GakTop GOKyCcyBaHHA — ue
bYHKUIOHAN, AKUIA 3aneXnTb Big, KOHGirypauii akycTMYHoro nons, sBusHadeHux BPLU3, sBucoToro
AXKepena, WWPUHOK AiarpaMu CNpAMOBAHOCTI MOro BMMNPOMIHIOBAHHS, BUCOTOH (FOPU3OHTOM)
po3TawyBaHHA NpuiiMaya, KoHirypauii akycTMMHUX MPOMEHIB B MICLEBOCTI, A€ BMPILIYETbCA
npuKnagHe 3aBaaHHA. PakTop GOKYCyBaHHA NMOKA3YE Y CKi/IbKM pa3iB iIHTEHCUMBHICTb aKyCTUUYHOTIO
nons B AaHili Toyui npoctopy (W0 NOLWMPIETLCA B peasbHOMY cepefoBulli) byae 6inbwe abo
MeHLWe B MOPIBHAHHI 3 IHTEHCUBHICTIO AaKYCTMYHOro MNOAA, WO MNOWMUPIOETLCA B O4HOpIigHOMY,
H6e3mexkHOMY cepeoBuLi B LIl Ke Touui npoctopy. PakTop $OKycyBaHHA aKyCTUYHOroO nons y
BiANOBIAHICTb 3 METO4aMM NPOMEHEBOI TEOPIi PO3PaXOBYETLCA AK AUCKPETHO 3MiHIOBaHA PYHKLIA Y
BiZINOBIAHICTb 3 MOKPOKOBUM AMCKPETHOI 3MiHOW AMCTaHLIT (BiAcTaHi Big Axkepena 3BYKY).

MpuKnag po3paxyHKYy 3HayeHb ¢akTopa ¢OKycyBaHHA MpeacTaBlAeHU Ha puc. 5.,
po3paxoBaHuit ans BucoT h, i h, Buwwe i HUXKYe axkepena 3BYKy.
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PucyHok 5 — KoHoirypauis akyctuuyHoro nons i rpadik BignosigHoro nomy ¢paktopa GpoKycyBaHHA
AnA BucoT h, (Buwwe mxxepena 3ByKy) i h, (HUKuUe Akepena 3ByKy)

Ha BifacTaHi 2 i 4 Km Big, AxKepena 3ByKy Ha BMcOTi h, oaeH NpoMiHb He NPOXoauTb Yepes
TOYKY NPUMNOMY, BHACNILOK YOro 3Ha4YeHHA PpaKkTopa GOKyCyBaHHA AOPIiBHIOE HYA0. OTPUMYEMO, LLLO
reomeTpuyHa AanbHiCTb Aii BM3HA4YaeTbcA AK A0OYTOK eHepreTMYHOi AanbHOCTI Ha 3HayeHHsA
daKTopa PoKycyBaHHA B AaHil Touui npoctopy. [ns ymoB, HABAMKEHUM A0 ideanbHUX, GakTop
dOKycyBaHHA NPOABNAETbCA AK KoediuieHT BRAMBY cepegosuwa. PakTuyHa, To6TO peanbHO
OTPUMYETBLCA AaNbHICTb MPUMOMY aKyCTUYHUX CUrHaniB byge BM3HaAyaTUCA Ai€E0 TPbOX rpyn
UMHHMKIB, @ Came TeXHiYHMX MapameTpiB NpuiMaya CUrHanie (cnpAMOBAHOro MarHiTopoHa),
aKyCTUYHMX MapameTpiB AxKepena 3BYKY i BNMBY cepefoBuLLLa — NPUMOMHUX LWApiB aTMocdepu.
Cnpouwytoun Le 3aBAaHHA, NapameTpu BCiX TPbOX rpyn 3aaMWatoTbCA HE3MIHHMMM B 4aci, Tob6To
NPOTArOM 3HIMaHHA MOBHOI iHbOpMaLii oAeH 3 MapameTpiB He 3MIHIETbCA. Kpim uporo vy
BiANOBIAHICTb 3 MeTOAaMWM MPOMEHEBOI aKyCTUKM MA€EMO AXKEPEeNo i Mpuimay 3BYKY, TaK fK
BUMNPOMIHIOBAHHA B4 [A)Kepena NAae B YCiX HANpPAMKAX, a aKyCTU4HMW NPUMNOM CUTHanis
CNPAMOBAHUINA, OBOMENKEHMMN TPAHUYHUMMU  AKYCTUYHUMM MNPOMEHAMM, fAKi  PopmyroTbCcA
XapaKTEePUCTUKOK CNPAMOBAHOCTI.

Ane paKkTopu cepenoBULLA MiXK AXKEPESNIOM i NPUMMAYEM, LLLO HE 3MIHIOKOTLCA B Yaci, MOXYTb
3MiHIOBATMCA MO AMUCTaHUIi y340BX aKyCTUMYHOI Tpacu i BignoBiAHMM YMHOM AiATU Ha NpPUAOM
aKyCTUYHMX curHanie. Mpobnema nonsrae B TOMy, WO KOHTPOAOBATM abo 3HATU NPO 3MiHY CTaHy
cepenoBuLLLa cama no cobi 4OCUTb TPYAOMICTKe 3aBAaHHA. TOMy aKycTMKamm 6yno 3anponoHOBaHO
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CYKYMHiCTb pakTopiB (B TOMY umchi i dakTop GOKYyCyBaHHA), BUKIUKAHUX NOCTIMHO 3MiHIOETLCA B Yaci
i NpocTopi MapameTpamu cepefoBMLLA BigHOCUTM A0 daKTopy aHOManii cepeposuwa. Mpouec
BM3HAYeHHA aHOMaii cepenoBuMLLLa CaMa MO CYTi € OAHUM 3 HaNPAMKIB Mi3HAHHA HAaBKOJINLWHbLOIO
Hac CBIiTY, TO € A4OCTaTHLO 06’emHOI0 Npobnemoto gocnigrkeHb. OgHaK, Ha NpPaKTULI BNaAMB ¢aKTopa
aHOManii cepeoBMLLA MOXKeE BPaXOBYBaTUCA 33 JOMNOMOToto KoedillieHTa BNMBY CEPeaOBULLa, AK
OKPEMOro BUNAgKy.

TakMM UYMHOM, OYiKyBaHa AaNbHICTb BUABJIEHHA AKYCTUYHMX CUTHANIB 3 ypaxXyBaHHAM
daKTopa aHomanii noBITPAHOrO cepenoBULLA MOXKe BU3HAYaTMCA SK A00YTOK 3HaYyeHHsA
eHepreTMYHOI AaNbHOCTI BUABNEHHA HA 3HAYeHHSA KoedilieHTa BNAMBY cepeaoBumla B NPU3EMHMX
Wapax aTmocdepu.

4. BucHosKu

1. AKyCTM4HA XBWASA, WO PO3MNOBCIOAKYETbCA B CYLIi/IbHOMY CepefoBulli, ABNAE coboto
agiabaTMyHMN npouec NocAiA0OBHOI Mepeaadi CTUCHEHb i po3pigXKeHHs Big ogHiei noKanbHOI
YacTMHWU cepefoBULLA A0 iHLOT, WO XapaKTepM3yeTbCA HAAMIPHOK (aKYCTUYHMM) TUCKOM, WO €
O0AHO3HAYHO PYHKLIEH LWiNbHOCTI.

2. WBKMAKICTb NOWMPEHHA 3BYKY AK aKYCTUMYHA XAPAKTEPUCTUKA CepenoBuLLd MOBHICTIO
3a01eXUTb Big, NapameTpiB UbOro cepegosuwa. Ona atmocdepn uLe 3HAYEHHA OCHOBHMX
riApOMETEOPO/IONiYHMX MapameTpiB, a came: aTmocPepHUn TUCK, TemnepaTtypa noBiTpsA, Moro
BOJIOTiCTb, @ TAKOXX HaABHICTb 40AATKOBUX AOMILLOK.

3. BepTMKanbHMA pO3NoAiA WBUAKOCTI 3BYKY B MPM3EMHUX LWapax aTMocdepun NOBHICTIO
BM3HAYa€E NOLIMPEHHA aKYCTUUHUX XBW/b i iX BUKPUBAEHHA — pedparyBaHHA akyCTUYHOI XBUAI, L0
PO3MOBCIOAKYETLCA B CYLiZIbHOMY cepefioBuLLi, ABNAE cobOoo afaiabaTMYHMI npouec NocnigoBHOI
nepegadi CTUCHeHb i poO3pigXKeHHA Bi4 OAHIEI NOKAaNbHOI YAaCcTMHM cepeaoBMLLa A0 iHWOI, WO
XapaKTepM3YyeTbCA HAAMIPHUM (aKYCTUYHMM) TUCKOM, WO € OAHO3HAYHO QYHKLIE LWiNbHOCTI B
npocTopi. Ana YKpaiHu xapaKkTepHi N'ATb OCHOBHUX BapiaHTiB BEPTMKA/IbHOrO PO3N0Ainy WBMAKOCTI
3BYKY, a came: PiBHOMipHMIA, nNNaBHO-ybyBalo4Mii, NAABHO-3POCTAOYUN, XBUNLOBUM i
aHTUXBUNbBOBUMN.

4. OvikyBaHa AaNbHICTb BUABNEHHA aKYCTUYHUX CUTHAAIB 3 YpaxyBaHHAM paKTopa aHOManii
NOBITPAHOIO CepefoBULLLA MOXKE BM3HAYATMCA AK O0OYTOK 3HAYEHHA EeHepreTUYHOI AaNbHOCTI
BUAB/MIEHHA Ha 3HaYeHHA KoedilieHTa BNANBY CepeaoBMLLa B NPM3EMHUX Lapax aTmocdepu.

5. ®iHaHcysaHHA

Lle pocnigyKeHHA He OTPUMANO0 KOHKPETHOI PpiHAHCOBOI NIATPUMKM.

6. KoHKkypyroui iHmepecu

ABTOPM 3aABAAIOTD, WO Y HUX HEMAE KOHKYPYHOUYUX iHTEpeCIB.
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