AKYCTHYECKHH KYPHAJL, 2021, mom 67, Ne 6, c. 626—638

AKYCTHUKA OKEAHA.

I'MAPOAKYCTUKA

YK 534.231

JJOKAJIBHBIE AHOMAJIBHBIE 30HbI 3BYKOBOTI'O ITOJIAA B MEJIKOM

MOPE. DKCIIEPUMEHT 1 MOAEJINPOBAHUE

© 2021 r. T. H. Ky3uenos* *, 1. B. Cemenona’, A. H. Crenanos* *

¢ Unemumym obweti pusuxu um. A.M. Ilpoxoposa PAH, yar. Basunosa 38, Mockea, 119991 Poccus

b Camapckuil HayuoHanvhblil uccredosamensvekuil yHusepcumem umernu axademura C.I1. Kopoaesa,
Mockosckoe w. 34, Camapa, 443086 Poccus
*e-mail: skbmortex@mail.ru
IMoctynuna B pegakumio 10.03.2021 r.

IMocne nopa6otku 18.06.2021 .
IMpunsara k nyonaukauuu 03.08.2021 1.

DKCNepUMEHTaJIbHO U TEOPETUUYECKU HCClenyeTcss MHTepdepeHIIMOHHAsI CTPYKTypa HM3KOYAaCTOTHBIX
MMPOCTPAHCTBEHHBIX aMIUIMTYIHBIX U (Da30BbIX XapaKTEPUCTUK CKAJISIPHOTO TTOJISI ¥ TPEX TPOEKIINi BEKTO-
pa KoJjiebaTeqbHONM CKOPOCTH, 0Opa30BaHHBIX TOHAJIBHBIMM CUTHAJIAMM OT OYKCHUpYEeMbIX HeHallpaBJIeH-
HBIX aKyCTUYECKUX UCTOYHUKOB B 30HaX BOJIM3M MHTePGHEPEHIIMOHHBIX MAKCUMYMOB 1 MUHUMYMOB 3BY-
KOBOTO AaBJICHUSI. DKCIIEPUMEHTAIbHBIC 3aBUCUMOCTH 3TUX XapaKTePUCTUK TI0JIsI OT PACCTOSIHUS, TIOJTY-
YeHHBbIE Ha YEThIPEXKOMIIOHEHTHBIX BEKTOPHO-CKAISIPHBIX MTPUEMHUKAX MPU OYKCUPOBKE M3JIydaTteseit,
CPaBHUBAIOTCS C paCUeTHBIMU B pamMKax Mojesu [lekeprica u Mojieiv BOJTHOBOA C TPEXCIIOMHBIM IPYHTOM,
ImapaMeTpbl KOTOPBIX PACCUUTAHBl Ha OCHOBE aKyCTMYECKOM KaJIMOPOBKU paiioHa paboT. YCTaHOBIEHO
YIOBJIETBOPUTEILHOE COTJIaCUe aMIUIMTYIHBIX U (Da30BBIX XapaKTEPUCTUK ITOJISI, pACCUMTAHHBIX HA OCHOBE
aKyCTMYECKON KaTMOPOBKY M MI3MEPEHHBIX 9KCTIepUMeHTanbHO. [TokazaHo, 4TO B 30HaX MAKCUMYMOB Ha-
GnofaeTcst MelJIeHHOE U3MEHEHME yIjla MPUXo/a, TpaaueHThl a3kl “Iiaakue”, a B 30HaX MUHUMYyMa (pop-
MUPYIOTCS pe3KHe CKauKM aMIUTMTYI M (a3 B TOPU3OHTAIBHOM M BEPTUKAIILHOM TJIOCKOCTSIX, TTPUBOISIIINC
NP DIYOOKUX MUHUMYMax K 00pa30BaHUIO LIMPKYJISIINIA — JTJOKaJIbHBIX BUXPE BOKPYT MOJIFOCOB. Bbimos-
HEeH YMCJIEHHBIM aHaJIN3 TOHKOM CTPYKTYPhI 3BYKOBOTO JaBJICHMS M TTPOSKIIMI KOJIeOaTeTbHOM CKOPOCTH
B 30HE aKYCTUYECKOTO BMXpSI, a TaKXKe BBIUMCIIEHBI rogorpadbl KojebaTeIbHO CKOPOCTU U TPaJUeHTOB
(aszbl 3ByKOBOTO IaBjieHUsI, TIOATBEPXKAAoIIMe GOpMUPOBaHKE B 30HE TTOIOCOB BUXPEl B BEPTUKATBHOM
TUTOCKOCTH.

Knrouesvie cnosa: Mmenkoe Mope, MHTephEepeHIINS, BEKTOPHO-CKAISIpDHbIE TIPUEMHUKHU, TPaIUeHTHI (Da3bl B
TOPU3OHTATBHOM U BEPTUKATBLHOM TIJIOCKOCTSIX, YIJIbI IIPUXO/a CUTHAJA, MOJI0Cca, CeMTOBUHBI, aKyCTUYe-

CKUe BUXPH, roforpadsl, pacyeTsl U 9KCIEPUMEHT
DOI: 10.31857/50320791921060046

1. BBEAEHHUE

I[IpuMeHeHNe BEeKTOPHO-CKANSIPHBIX TMPUEMHU-
KOB UM aHTEHH IT03BOJISIET BCKPBITh TOHKYIO TpeXMep-
HYI0 aMIUIMTYIHO-(a30BYI0 CTPYKTYpPY 3BYKOBBIX
MOJIEi U VICCIEN0BaTh 3BYKOBLIE NABIIEHUS U MIOTOKU
SHEPIMM B 30HAX MHTEP(EPEHIMOHHBIX MaKCHMY-
MoB (MMA) 1 B OKpeCTHOCTH OCOOBIX TOUYEK, B KOTO-
PBIX 3ByKOBOE JABJIEHIE CTPEMUTCS K HYJTIO. DTa BO3-
MOXHOCTb SIBJISIETCSI CJEICTBHEM MaJlbIX pa3MepoB
MMPpUEeMHUKA 10 CPaBHEHUIO C JJIMHOI BOJIHBI U pa3-
MepaMU caMUX aHOMAaJbHBIX 30H. MCIoNb3yst BeK-
TopHO-cKansipHble IpuemMHuku (BCII), Ha ocHoBe
aHajau3a TIPOCTPAHCTBEHHO-YACTOTHBIX XapaKTepu-
CTUK JIMHUI TOKA SHEPTUU MOXHO BBISIBUTb TOUKHU C
CHHTYJIIPHOCTBIO (pa3bl, B KOTOPHIX B 30HE NIyOOKOTO
uHTepdepeHunoHHoro muaumyma (MMUW) (B npe-
JieJie — HyJIsT aMITIUTYAbI 3ByKOBOTO JaBJIeHUs) 00pa3y-
[oTCs momoca (“mucinokanumu’) 1 “3aBUXPEHHOCTH”, a

B 30HE paBEHCTBA HYJIIO IpaareHTa (a3bl WK cKayka
pa3HocTu a3 MeXOy 3BYKOBBIM naBicHueM (3/1) u
BeKTOpoM KojebartenbHoit ckopoctu (BKC), kpart-
HOM Tt/2, MOXXHO OOHapyXUTbh U HUCCIEA0BaTh “cell-
JIoBBIe” TOUKM (pa3oBoro ppoHTa. HekoToprie “nmo-
HepcKre” pe3yIbTaThl aHATUTUIECKOTO M YUCIICHHOTO
pelIeHus 3Toi 3aMadr B MEJIKOM MOpe TIPU CEYCHU N
TT0JIsI B TOPU3OHTAIBHOM TIJIOCKOCTH TIPEICTABIICHBI B
[1-3]. B [4] aHaornyHBIe 3aKOHOMEPHOCTU OOHAPY-
JKeHBI 1 WCCIIEIOBAHBI TIPU CEYCHHUU TI0JI B BEPTH-
KQJIBHOW TIJIOCKOCTHU.

Pe3ynbTaThl 3KCIIEpUMEHTAIBHBIX UCCIIETOBAHUI
M UX aHaJu3 IpuBeaeHs! B [3, 5—8]. B yactHoCcTH, B
3TUX paboTax OTMEYAeTCsI, YTO CBOICTBA 3BYKOBBIX
noieit B 3oHax UMM 4yBcTBUTENIBbHBI K BapUalun
XapaKTepPUCTUK BOJTHOBOIA, HATIPUMED €T0 IIYOUHBI.
BrimonHeHo uccaenoBaHue WHTEP(EpPEHIIMOHHOMN
aMILUIUTYIHOM 1 (pa30Boii CTpYKTYphI 31 1 ITpoeKImii
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BKC mpu 0ykcupoBKe HU3KOYAaCTOTHBIX TOHAJTBHBIX
uznydareneil. [lpousBeneHo HOCTaTOYHO MHTEpPEC-
HOe CpaBHEHME IPaJeHTOB (pa3bl B TOPU3OHTATBLHOM
¥ BEPTUKAJILHOM TUIOCKOCTSIX C OOIIETEOPETUISCKI-
MU MPEACTaBJICHUSIMU O BEKTOPHOM CTPYKTYpE TUJI-
pPOaKyCTUYECKUX MOJIeii, B TOM UMC/Ie — aHaJIu3 BUX-
PEBOI CTPYKTYPBI, HO TOJIBKO IJIsI CBOOOTHOTO IIPO-
crpancTBa [6, 7]. B cBA3M ¢ 3TMM HEOOXOIUMO
BBITIOJIHUTh CPaBHEHUE SKCIECPUMEHTAJILHBIX TaH-
HEBIX C pe3yJibTaTaMUd KOMIBIOTEPHOIO MOACINPOBa-
HUSI T10JI51 B MHOTOMOJIOBOM BOJIHOBO/IE. J1J151 cpaBHe-
HUs1 OyIeM MCTIOJIb30BaTh 1BE MOAEU TepeIaTOYHOI
(GYHKIIMM BOJTHOBOMAA, IIOCTPOEHHBIC IJISI 3TOTO K€
paiioHa pabOT Ha OCHOBE aKyCTHYECKOI KaJInOpOB-
KM MMapaMeTpoB Moneau rpyHTa. CMBICT KaJTuOpPOB-
KM COCTOUT B TOM, YTO B KOHTPOJIUPYEMBIX YCIIOBH-
sIX Ha OCHOBE pellIeHUsI 0OpaTHOM 3a1a4yu — Ipu U3-
BECTHBIX T€OMETPUM aHTEHHbI U Tpacce IBUKCHUS
MCTOYHMKA, a TakKKe npoduie CKOPOCTU 3BYKa, BbI-
MOJTHSIETCS MoA0Op MapaMeTPOB IT'PYHTA, HO B paMKax
MPUHSATBIX Mofeneit BoimHoBoaa. IlepBast monmenb —
n3BecTHas Mogaelb Ilekepuca, Korma peajbHBIN BOJI-
HOBOJ 3aMEHSIETCSI OMHOPOMHBLIM KUIKUM CJIOEM,
JIeXalluM Ha XXUIKOM MOJynpocTpaHCcTBe. Bropas
MOZENIb OoJiee CI0XHASI U IIPEICTaBIIsIeT cO00il CIoii
BOJIbI, IBA XKUAKUX CJIOSI TPYHTA U YIIPYTO€ IOJIyIIpO-
CcTpaHCTBO. [lajiee ToydeHHbIE B pe3yJibTaTe Kaauo-
POBKM 3aJaHHOTO paiioHa mapaMeTphl TPYHTA UCTIOb-
3YIOTCS JUISI TIOCTPOCHUSI MOJIEIMU IepenaTodyHOM
¢YHKIIMY BOJHOBOJA W pacyeTa MHTEPECYIOIINX
XapaKTEePUCTUK, YTO ITO3BOJISIET CPAaBHUTh pacyeT-
HbIE€ 1 9KCIIEPUMEHTAJIbHbBIE BEKTOPHO-CKAJISIPHbIE
XapaKTEepUCTUKU CUTHANIOB. s CKaJlSIpHBIX TMO-
JIell Takas 3amadya HEOOJHOKPATHO U YCIIEIIHO pe-
majiach, Hanpumep, B [9—11]. Pemenus B Takoii
MOCTaHOBKE JJII BEKTOPHO-CKaJISIPHBIX TOJIEH aB-
TOpaM He U3BECTHHI.

Huzke nist pellieHrsI MocTaBJIEHHBIX 3a0a4 SKCIIe-
PUMEHTAILHO U PacUETHBIM ITyTEM U3ydaeTcsl Ipo-
CTpAaHCTBEHHAs aMIUITUTYyIHO-(a30Basi CTPYKTypa
BEKTOPHO-CKAJISIPHOTO IOJISI CUTHAJIOB OT TOHAJIBHBIX
uU3JTyyateseii, GYKCUPYeMBIX B MEJIKOM MOpe II0 Mpsi-
MOJIMHETHBIM rajicaM. [1pu 3ToM pe3yabTaThl aHAIM3a
9KCIIEPMMEHTAJIBHBIX JAaHHBLIX CPaBHUBAIOTCS C Xa-
paKTEepUCTUKAMU BEKTOPHO-CKAISIPHBIX TTOJICi, pac-
CUMTAHHBIMU C UCITOJIb30BAaHUEM MOJOBBIX MojIeJieit
BOJIHOBOJA, TTOCTPOEHHBIX HA OCHOBE aKyCTUUYECKOit
KaanOpoOBKHM paiioHa padoT.

[IpoBeneH TakxKe OeTalIbHBIIA pacuyeTHO-TEOpeE-
TUYECKUIA aHaIu3 BePTHUKAIbHO-TOPU3OHTAJIBHOM
CTPYKTYpBI 1081 3] 1 OpTOroHaJbHBIX MPOCKIINI
BKC B 30He ri1y00KoTr0 MHTEPp(PEPEHIMOHHOTO M-
HUMyMa (BEpPOSTHOM 30HE muciaokanuu). s aToi
30HbI BOJIHOBO/A C IIPEIeIbHBIMU XapaKTepUCTUKA-
MU BBIIIOJIHEHO MCCJIEAOBAaHME TOHKOM CTPYKTYPBI
3/1 1 BuxpeBbix KomnoHeHT BKC u rpagmenTa dasnl
3J1 [5—8]. Paccuntana uameanusupoBaHHasT UHTEP-
depeHIMOHHAS CTpYKTypa nojs 3/1 ¢ BblIeleHUEM
30H IUCJIOKAIUI U Cene, IIOJIy4eHbI ronorpadbl KO-
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JIebaTeIbHOM CKOPOCTU M rpagueHTa ¢assl 3/, mon-
TBepKIamliue GopMUpOBaHUE BUXPEl B 30HE IT10-
JIIOCOB, TIPeNCKa3aHHBIX B [1, 2, 4].

JlemaeTcss BBIBOI O 11€JIeCOO0OpPAa3HOCTH HajlbHEM -
IIMX WCCIEeNOBAaHWII M aHajin3a IPOCTPAHCTBEHHO-
YJaCTOTHBIX XapaKTepPUCTHUK moJist B 30Hax MMA ¢ nc-
nosb3oBaHueMm BCII.

2. YCJIOBUA ITPOBEAEHWA
BKCITEPUMEHTOB

I[Ipu nmpoBemeHNM 3KCIIEPUMEHTOB IIPUEM CUT-
HaJIOB OCYILECTB/ISIICSI Ha pa3HECeHHbIE B IIPO-
CTPAHCTBE HM3KOYACTOTHBIC YETHIPEXKOMIIOHEHT-
aeie BCII, Bxinoyalonme oguH CKaJISIPHBIN U TpH
OPTOTOHAJILHBIX BEKTOPHBIX IIPUEMHUKA HHEPIIH-
anpHoro tuna (puc. la, mosuuusa A). BCII pa3zme-
IIAJIMCh BHYTPU paMbl, BOKPYT KOTOPOIl KpPEIMJICS
3BYKOIIPO3pauHbIii oO0TeKaTesb, OOpa3ylolluii 3a-
CTOMHYI0 30HY (puc. 10, mo3uuus b). [IpueMHuxku
OPUMEHTHUPOBAINCH C MUCHOJIb30BAaHUEM ILUIaBy4eCTEid
B TIOJIOXXEHUU OCU Z, OJU3KOM K BEPTUKAIBHOMY
(puc. 16, nozuuus B). HuzkouacrorHeie BCIT pac-
MoJarajiuch Ha mIyonHe okojo 1 M ot mHa. [Ipunon-
HSTBIM TIPUEMHBIA MOAY/Ib YCTAaHABJIMBAJICS Ha TJIy-
ouHe 33 M. [lryGuHa Mopst B paiioHe paboT 1o JTaH-
HBIM 3XxoJioTa 53 M. OTMeTHMM, YTO TIPUEMHHUKHU B
MPOCTPAHCTBE MPaKTUYECKU HE TepeMellalicCh, U X
OpHMEeHTalsl MOocJie MOPCKOM MOCTAHOBKY ObLIa CTa-
OWJIBHOM, HO IIEPUOINYECKN YTOYHSIACH IO MMITYJIbC-
HbIM aKyCTMYECKUM CUTHajJlaM C OJHOBPEMEHHOM
OLICHKOM KOOpIMHAT WU3JydaTeiss ¢ IpUMEeHEeHUEM
CITYTHUKOBOM cructeMbl HaBuraumm GPS. Dkcriepn-
MEHTBI IIPOBOIUJINCH TPU OYKCUPOBKE Ha ITTyOMHE 24 M
€O CKOPOCTHIO 1.67 M/C Tpex pa3MeIeHHbIX Ha OMHOMN
paMe uzjiydaTesieid, u3ayJyaroiimx TOHaJIbHbIE CUTHA-
Jbl Ha yactoTax 117, 320 u 650 'y (puc. 1B). O61as
anepTrypa 1oHHOI aHTeHHbI —100 M (puc. 2a).

I'nybuHa OyKCUpOBKM BhIOMpaiach U3 MPEAIIon0-
KEHUSI, YTO IIPU BEPOSITHBIX CBOIICTBAX I'PYHTA YIIPO-
CTUTCSI MOIOBasi CTPYKTypa — aMIUIMTYObl Y€THBIX
Mon OyayT MHWHHMMaJIbHBIMU. AHaIU3 MOIOBOM
CTPYKTYPBI IOKa3aJl, YTO TPYHT OBLI 3KECTKUM U BOJI-
HOBBIE CIIEKTPHI OKa3aJI1Ch MHOTOMOIOBBIMU — IUISI
noctpoeHust monenu Ilekepuca Ha 4vactore 117 Tix
HMCIOJIb30BaIUCh 7—9 Mo, IJIsT TpeXCJIOMHOI Mojie-
i — go 11 moxn. Ha gactore 320 I'11 B pamkax Monenn
Ilekepuca dopmupoBamuch 15—18 monm, mias Tpex-
cJioitHOM Momenu — 1o 24 mon. Takoe 60JbIIOE KO-
JIMYECTBO YETHBIX M HEYETHBIX MOJI IIPUBOIUT K CpaB-
HUTEJIbHO “ImagkoMy” crnagaHuio amruiutyn 3 B
3oHax UMA u ymepeHHbIM 3HaueHusim UMU. Ot-
METHUM TaKXKe, YTO B KaXKIOM I'PYIIIIe MOIbI C HOMEpa-
MU OoubIIe 3 UMEIOT MaJICHBKYIO aMILIUTYIY U ITOJIO-
BUHA U3 HUX WM OOJIbIlle — “BBITEKAIOIIEe” MOIHI,
OBICTPO 3aTyXaloIIre YXKe Ha MaJIbIX PACCTOSHUSIX.

BykcupoBka wu3my4aTeneil IPOM3BOAMIACH ITIO
MIPSIMOJIMHEMTHBIM TaJIcaM OTHOCHUTEJTBHO TTPUEMHBIX
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KY3HELOB u ap.

Puc. 1. (a) — Pama c HuskouactotHeiM (10—1200 [11) 1 BEICOKOYACTOTHBIM BEKTOPHO-CKAISIpHbIMU TipueMHnKamu (1—10 kIir).
(6) — Pammbi ¢ BCI1 y 6opta cynHa, MOATOTOBIEHHBIE K MOPCKOI TTOCTAHOBKE; A — HU3KOYACTOTHBIN MpUeMHUK, b — oOTekarenb,
B — nnaByuecrtu. (B) — BykcupyeMblit U3iTyqatomyii KOMILIEKC ¢ U3TydaTesIsIMU M KOMILIEKTOM arrapaTyphbl.
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Puc. 2. (a) — CxeMma pasmenieHrst BCIT B BepTUKaIbHOM MJIOCKOCTH U (6) — y4aCTOK Tpacchl OYKCMPOBKU MU3JTy4aTe/Isi OTHO-

CUTEIBLHO Pa3HECEHHbBIX TPUEMHBIX MOIYJICH (YEThIPE TOUKK).

MOJIyJIeii, CXeMa PaCITOJIOKECHUST KOTOPBIX TIPEICTaB-
JIeHa Ha puc. 2a. bamxaiimmii K aHTeHHE y4acTOK
TpaeKTOpUY OYKCUPOBKU U3JTydaTest, 3aperuCcCTpUpPO-
BaHHBIII B peallbHOM BpeMeHU Ha ¢ororpadun ¢
9KpaHa KOMITbloTepa, n300paxkeH Ha puc. 26. IIpoTs-
KEHHOCTb ITPEAICTaBJIEHHOTO HAa 3TOM PUCYHKE yJacT-
Ka TpaeKTOpPMM OYKCHMPOBKM wm3iaydarteseit +250 M,
TpaBepPCHOE PAaCCTOSTHUE MO OJMKAMIIEero TOHHOTO
npueMHuka 25—30 M. [IpoTskeHHOCTb TpeacTaB-
JICHHOM Ha puc. 2 foHHoM aHTeHHBbI 100 M. [Tpuem-
HUKHU PaclojOoXeHbI CIIpaBa OT TPACKTOPUM JIBUKE-
Hust. KoopauHaThel cynqHa-0yKCUpPOBIINKA PETUCTPU -
poBanuchk ¢ ucnoiabzoBanueM GPS. BeibpanHas mist
00pabOTKM CUTHAJIOB 001Ias JJIMHA YYacTKa TpacChl
2000 M. MomMeHT TpaBep3a 0003Ha4YeH Ludpoit “0”
(puc. 3). ITockonbKy mepen 3KCnepuMeHTaMM Oblia
BBITIOJIHEHA aKyCTUYecKash KaJuOpoBKa HE TOJBKO
BOJHOBOJA, HO M aHTEHHBI, B YACTHOCTH, pacCUnTa-

HBI Teorpaduieckre KOOpAWHATHI ITPUEMHBIX BJIe-
MEHTOB, TO KOOPJIMHATHI IIPUEMHOI CUCTEMbI M KO-
OpOVHATBHI CyIHA-OYKCUPOBIIMKA W W3JTydaTeyeit
ynaeTcs MpeacTaBuTh Ha ogHOM rpaduke. Kak cien-
CTBHE, paCCUYUTHIAIOTCS KOOPAMHATHI U3JIy4aTeIst OT-
HOCUTEIBHO MPUEMHBIX Moaynieii. Pe3ynbTaTel o6pa-
OOTKM 3BYKOBBIX CUTHAJIOB HAa OJHOM U3 TIPSIMOJIV-
HEeIHBIX TAJICOB IPpUBEACHBI Jajiee Ha puc. 3.

3. AHAJIN3 SKCITEPMMEHTAJIbHbBIX
PE3YJIbTATOB

Ha puc. 3 nis yacror 117 u 320 1 npeacraBieHbI
MOJTy4EHHbIE CHHXPOHHO B CUCTEME €IMHOTO BpEMEHU
nHTephepeHIIMOHHBIC 3aBUCUMOCTH OT PACCTOSTHUS
3BYKOBOTO JAaBJIeHUsI P, BepTUKAIbHON Z-KOMITO-
HeHThl BKC, pasHoctu a3 mexny 3/1 u Z-Komrio-
HEHTOU (AQpy,), UHTETPAJIBHBIA HaOeT pasHOCTH (a3
Ne 6 2021
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Puc. 3. DkcnieprMeHTalIbHbBIE JaHHBIE 1t YacToT 117 (cneBa) u 320 i1 (cripaBa): (a) — amrumryna 3/1; (6) — Z-koMIToHeHTa KoJjieba-
TEJIbHOM CKOPOCTH; (B) — JIOKaJIbHAsI U (T) — MHTErpajibHasi pa3HOCTH (pa3 MeXIy 3ByKOBBIM IaBJICHUEM 1 Z-KOMIIOHEHTOIA; (1) — yroyu
BO3BBIIIIEHUsI BEKTOPA KOJIEOATEIBHOM CKOPOCTU B BEPTUKAIBHOM TUTIOCKOCTH. 3aBUCUMOCTH OT PACCTOSTHUST aMIUTATY bl 3/ 1 pa3Ho-
cTH (ha3 TpexX OPTOTOHATTBHBIX COCTABJISTIOIINX BEKTOPa ITOTOKA MOIITHOCTH ((€) 1 (3K) COOTBETCTBEHHO, YyactoTa 117 Iir).
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mexny 3 u BepTukanbHoii cocrabBisiomeii BKC
(ADp.), a TakKe yroja IpUXOAA B BEPTUKAJILHOM
TUIOCKOCTU 3KBUBAJEHTHOU TUIOCKON BOJIHBI (YToOJ
BO3BBILLIEHUS ). DTOT Yrojl paCCUMTHIBAJICS C UCITOJb-
3oBaHueM (opmyibl: 0 = arctan((P*V)/[(P*V,)* +
+ (P*V,)*]'/%), rie 3Be304Ka — 3HaK KOMILIEKCHOTO
conpspkeHusi. Pe3ynbTarsl aHaiM3a MHTepgepeHIun
ropusoHTaabHbIX ipoekiuii BKC (V, u V) 3nech He
MPUBOASATCS, TIOCKOJIBKY OHU /10 JeTajieii COBIaiatoT
C 3aBUCHUMOCTSIMU OT PACCTOSIHUSI UHTepdEpeHII-
OHHBIX KpUBHIX 3/1. DTO IMoaTBepKIaeTcs moaoonemM
KPUBBIX Ipoxoja (puc. 3e, 33k), HOCTPOSHHBIX MO T'O-
PU3OHTAJIBbHBIM TMpoeKLMsIM. Ha 3Tux pucyHkax
(puc. 3) mpenacTaBiIeHbl 3aBUCUMOCTH OT PacCTOSI-
HUS pa3HOCTU (a3 MEXIY 3BYKOBBIM JaBJIECHUEM U
TpeMsl TPOeKIIMUSIMU BEKTOpa KojebaTeIbHOM CKOPO-
cru V,, V, u V.. Xopouio BUIHO, YTO B TOPU3OHTAIIb-
HOI TUIOCKOCTM TIpU TPOXOJie 30H C MUHUMYMOM
9yBCTBUTENILHOCTH V, 1 V), HaGmonaroTces ckavyku da-
361 Ha 180°, a Takke 3HaKONEepeMEHHEIE CKAYKU (Da3bl
IIpU IPOX0Ie yIacTKOB ¢ riryookumu MUMMU (paccro-
aHusg 950 u 1520 m). AHanOrMyHbIE OTKJIOHEHUS
MOXHO BUJETh U TIPU aHaJIM3€ Pa3HOCTU (a3 MexIy
IABJICHUEM U BEpTUKAJIBHOU ITpoeKumeii V,.

He npuBonsitest U pe3ynbTaThl 4j1st YacToThl 650 I,
TaK KaK KauyeCTBEHHO OHU WLTIOCTPUPYIOT TaKue Xe
3aBUCHUMOCTHU, KaK M IS 0osee HU3kux yactor. Ho
MPY POCTE YACTOTHI U3-3a YBEJIMYEHUS YMCIia HOpMaslb-
HBIX BOJIH B IIPOCTPAHCTBEHHOI 00J1acTy (hopMuUpyeTcs
CYILIECTBEHHO 0oJiee U3pe3aHHasi CTPYKTypa, YTO 3a-
TPYAHSIET UHTEPIIPETALIUIO PE3YJIbTATOB.

Ha puc. 3a, 30 BugHO, 9TO B OMMKHEN 30HE Ha
PAcCTOSIHUSIX 10 MOJyTOpa TIIYOWH MOpPS COIJIACHO
JIydeBOMY HNPpUOJIV>KEHUIO HAOII00aeTCsl moaooue 3a-
BUCHUMOCTEeI1 OT pacctossHus 3 1 BepTUKAIbLHOI
npoekiuu BKC. Tlocne ¢opmMupoBaHusi HOpMasib-
HBIX BOJIH MHTep(EPEHILMOHHBIE CTPYKTYPHI IIOJISI
3/1 1 ropu3oHTaANBbHBIX ITpoekniit BKC 3ameTHO OT-
JINYAIOTCS OT 3aBUCUMOCTEM U151 BEpTUKAJIbHOM MPO-
exuun BKC. OTu 3aBUCMMOCTH pa3indaroTcs, IO-
CKOJIbKY BEPTUKAJIbHBIII BEKTOPHBIA IPUEMHUK I10-
JaBJIsieT MOJbl MEPBBIX HOMEPOB M IOAYEPKUBAET
MOMBI BBICOKMX HOMEPOB, a TOPU30OHTAJILHBIN IIPU-
eMHUK IeiicTByeT HaoOopoT. Takum obpazom, Ha
BBIXOJI€ ATUX TPUEMHUKOB CYMMUPYIOTCS pa3indaro-
IIMeCs TPYNIIbI MOA. DTO MPUBOAUT, B YACTHOCTH, K
pasmumuurio TpoTsekeHHocT 30H MMA m oTtHOCH-
TeJIbHOMY CMEIIeHUIO 30H MUHUMYMOB 3/1 1 BepTH-
KanbHOM npoekunn BKC, a Takke 30H ckaukoB ¢a-
3Bl IUIST 3TUX ABYX I'PYIII CUTHAIOB BOIM3u 30H MU
3ByKOBoOro aaBiieHusi. Kak ciencrsue, Mmexnay 30 u
BepTuKanbHoI npoekuueii BKC nabmomaiorcs pes-
KM€ CKayKu rpagreHToB (a3nl. Paznuuarorces u Kpu-
BbIE ITpOX0J1a, 0cO0eHHO B 30Hax UMU.

OTMETHM TaKXe, UTO aMIUIMTYIbl BEPTUKATbHOM
npoekunu BKC yObIBaroT 1pu yBeIMYEHU M PACCTOSI -
HUS 6bicTpee, yeM 3/ ¥ TOpU30HTAIBHBIX MPOEKIIHIA
BKC. Hammpumep, Ha gactore 117 I'm Ha mHTepBaie

KY3HELOB u np.

paccrosiauit 1600 M 3]1 ocrabnstercst Ha 22 n1b, a Bep-
tukanbHas npoekuuss BKC — Ha 28 nb. Ha yacrore
320 I 5TH ke BETMYNMHBI UMEIOT, COOTBETCTBEHHO,
3HauyeHus 19 u 27 nb. IIpyyrHa COCTOUT B TOM, UTO
BepTuKanbHas npoekusts BKC dopmupyercsa moma-
MU BBICOKMX HOMEPOB, KOTOpPBIE IIpU YBEIUYCHUU
pacCTOsIHUST 3aTyXaloT OBbICTpee, YeM MOJbI ITePBBIX
HOMEPOB. DTOT BBIBOI, XOPOIIIO COIIACYETCSI C PE3YIIb-
TaTaMU KOMITBIOTEPHOI'O MOAECIMPOBaHMSsI, TIPEACTaB-
neHHBIMU B [12, 13].

AHanu3 3aBUCUMOCTEN OT PACCTOSIHUS JIOKaJIb-
HBIX 3HauyeHUll pa3HocTeil (a3 IOKa3bIBAET, 4YTO
BOom3n UMM rpagneHTsI (pa3bl OBICTPO BO3pacTaioT
U CTAHOBSTCS HEOoINpeaeJeHHbIMU (HEMpenckasye-
MbIMHU). [IpryeM, yem ri1y6:ke MUHUMYM 3aBUCHUMO-
ctu P(r(t)), TeM OoJIbllle BeIMUMHA CKAavyKa Pa3HOCTU
da3z. U3 teopun cneayert [1, 2, 4], 4TO B 3aBUCUMOCTH
OT PACCTOSIHUSI TOPU3OHTAJILHOTO WJIM BEPTUKAJIbHO-
T'O CeYEHUSI TI0JISl OT PACIIOOKEHHBIX HA OTIpeIeIeH-
HBIX MIyOMHax IMCIOKalui (MOJII0COB) BO3MOXKHBI
OIMHOCTOPOHHME CKAYKM Pa3HOCTHU (a3 Ha BEIUUYNHY
o T panuaH. Ho mockosibKy ceyeHue Ha TIyOuHe
OYKCHPOBKM 24 M HEIIOCPEACTBEHHO HE IepeceKaeT
TOPU3OHT PACIIOJIOXKEHUSI NUCIOKALIMIA, TO CKAYKOB
¢a3, paBHbIX T, He HaOmogaercsi. MOXHO OTMe-
TUTb, 4TO Ha paccTostHuAx 400, 950 1 1550 m (yacToTa
117 Tin) u paccrosgamsax 350, 700 u 1450 m (wacTtora
320 I'r) ckauku (a3 BepTuKaibHOU npoekiu BKC
MPUBOAST K BapHalliM yIiaoB Impuxona +(75°—80°).
Ho rimybokue MUHUMYMBI OTCYTCTBYIOT — 3TO OOBsIC-
HSIETCS TeM, 4TO Tojie ¢GopMUPYETCI MOJAMU Kak C
YEeTHBIMU, TaK M C HEYETHBIMM HOMEpaMHU, IIPO-
CTPaHCTBEHHbIE MEPUOJbl UHTEPGHEPEHIIMU KOTOPBIX
He coBnajamT. Ho npu yBeaudyeHUM AUCTAHLIUU U
BBIPOXJIEHUU MO BBICOKX HOMEPOB IiyornHa UMW
MOXET yBEJIMYMBAThCS, €CJAU CUTHaJl MOIIHbIN, a
BOJIHOBOJI PETyJISIpHBI. B HEperyJIsipHOM CTOXacTH-
YECKOM BOJIHOBO/I€ MO/JIbl TOJIKHBI TEPSTh KOTEPEHT -
HOCTb, U MUHUMYMBbI B 3HAUUTEJIbHOU CTETIEHU OYIyT
“3amMa3biBaThCs”.

M3 Teopun Takxke ciaeayer, YTO NpU CEYEHUU He-
MOCPEACTBEHHO 30HBI JUCIOKAIMU (ITyOOKOTO MU-
HUMyMa), T.€. TIPU MPOX0oAe “IUCIOKAIIMU~’ ITOJKEH
HabJIoAaThCsl MOJHBINM MOBOPOT HAIlpaBJIeHUS TMO-
TOKa MOIIHOCTU M u3MeHeHue (asbl Ha 21 [1—4].
OIHOBpPEMEHHO MPOSIBJISIIOTCS U OTKJIOHEHUS OT JIU-
HEWHOI 3aBUCUMOCTH UHTerpanbHoi (asbl ADpy, —
mpHu 00xoze 0coboit Touku (auciaokanuu) dasa us3-
MEHSIETCS Ha BETMYUHY +27 i —27 (puc. 3B, 3X) — B
3aBUCHMMOCTHU OT THUIIA TOJ10coB [1, 2, 4]. B akcme-
pUMEHTe K 3TUM 3HA4YCHUSIM “CKadyku (da3” MOTYT
TOJIbKO CTPEMUTHCS, TOCKOJIBbKY JaXe B 30HaX, B KO-
Topbix BenuuuHel P, |V, |V)], |V ctpemsaTcs x Munu-
MaJIbHOMY 3HadyeHuio, “rmyomHa” UMW HesHaum-
TenabHas. Ho Bce ke HabomaaTcsi OMTHOBPEMEHHbIE
CcKauku a3kl B FOPU3OHTAJIBHON U BEPTUKAILHO
TUIOCKOCTSIX, KOTOpble UMEIOT pa3jinyHble rpaaueH-
AKYCTUYECKUI KYPHAJ Ne 6
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Thl U 3HaAKMW. CJICZ[OBaTeJ'ILHO, II0JIroCa MOTYyT Haxo-
JIUThCS Ha TOCTAaTOYHO OJIM3KOM pacCToOAHMUA.

OTMETHM, YTO B OTAETBHBIX 30HAX TPaIUEHT (pas3bl
HenpepbiBEeH U TIPU CMeHe 3Haka (pa3bl MPOXOIUT
yepe3 HyJb. B 3Tux Toukax obOpasyiorca “cemiaa”
(puc. 3 u 4).

BaxxHo, 4TO 30HBI ¢ TITyOOKMMU MHTEePdEepeHIIM-
OHHBIMYM MUHUMYMaMU Pa3aeJIsiioT 30HBI, B KOTOPBIX
¢dopMupytoTcs sIpKo BeipaxkeHHbIe UMA. B atux 30-
Hax (OpMUpPYIOTCSI Oojiee BaXXHBbIE ISl PEIICHUS
MpPaKTUYECKMX 3ama4d MPOTSDKEHHBIE 30HBI C ITOBbI-
IIIEHHBIM OTHOIIIEHUEM CUTHAaJI/TIOMeXa, TIagKuMU
rpagdeHTaMu (as3bl, MEIJICHHBIM U3MEHEHHEM Ha-
MpaBJICHUs] IIPUXO0Ja CUTHAJIA B BEPTUKAILHOM IJI0C-
KOCTH 1, COOTBETCTBEHHO, O0Jiee MEeIJICHHBIM H3Me-
HEHMEM yTJjia BO3BbIleHUs (CM. puc. 3 u 4). [TosaTomy
B 3TUX 30HAaX JUIUTEILHOE BpeMs 3BYKOBasl SHEPTHUS
MPUXOIUT B TOUYKY MPHEMa TI01 TMTOCTOSIHHBIM YIJIOM
npueMa, 4To MO3BoJIsIET e¢ 9PPEeKTUBHO HaKaIIu-
BaTh ISl YBEJIWUYCHUSI OTHOIIEHUSI CUTHAJI/TIoMexa.
IIpu pazmenieHnun anTeHHBI B 30HaX UMA u yudete
peanbHOTO paclpencicHUsT Ha anepType aHTCHHBI
rpagueHToB (Pa3bl U aMIUIUTY/ 3ByKOBOTO JaBJICHUS
GOpMUPYIOTCST XapaKTEPUCTUKU HATIPABIIEHHOCTU C
HEeCMEIIeHHBIMU OlleHKaMU meJjieHra [14]. OTtu BbI-
BOJIbI Aajiee TOMOJHUTEIbHO 000CHOBBIBaOTCS. OT-
METHUM ellie pa3, 4TO B pailoHe paboT OblJ1a MpeaBapy-
TeJIbHO BBITIOJIHEHA aKyCTUYecKash KaJuOpoBKa, Ha
OCHOBaHUM KOTOPOM OBLIO MOCTPOEHO HECKOJIBKO
MoJelieil TpyHTa U MePeaaTOUYHbIX (DYHKIINA BOJIHO-
BOJa, B YACTHOCTU, MPUMEHUTEIbHO K BOJHOBOIY
Ilexkeprica ¥ BOJIHOBOLY C TPEXCIOMHBLIM T'PYHTOM.
IMokaxeM, 4TO TIpUMEHEHHE aJeKBAaTHBIX MoOJesiei
MO3BOJISET MOJYYUTh YIOBIECTBOPUTEIILHOE COIIacue
pacueTHBIX M 3KCIIEPUMEHTAJIbHBIX XapaKTepUCTUK
HE TOJIBKO JIJISl CKASIPHBIX, HO W JJisl BEKTOpHO-(da-
30BBIX XapaKTepUCTUK T10J1s1. Mcriob30BaHUe TaKKe
MOIIOBBIX MOHEJIEH, HO C APYTMMU NapaMeTpaMu
IPYHTa, HE MO3BOJISIET MOJIYYUTh MPU CPaBHEHUU
SKCIIEPUMEHTAIbHBIX 1 PacuyeTHBIX 3aBUCUMOCTE
Jaxke TIpUOIKaloIecs ApyT K APYry pe3yabTaThl.

4. PESYJIBTATbI MOJEJIMPOBAHUA
BEKTOPHO-CKAJIAPHOI'O
ITOJIA B BOJIHOBOJE

PaccMoTpuM pe3yabTarbl KOMIIBIOTEPHOTO MOJIE-
JIMPOBaHUSI BEKTOPHO-CKASIPHBIX XapaKTePUCTUK
3ByKOBOTO MOJIsI B BOJHOBOJE. AHaJIU3 BbHIMOJIHEH
IS BOJJHOBOJA C 3KBHMBAJIEHTHBIMU TapaMeTpamu
IPYHTa, pacCUYUTaHHbIMU st yacToT 117 u 320 I u
Mojiesieli rpyHTa, pa3paboTaHHbIX Ha OCHOBE BKCIIe-
PUMEHTaJILHOM aKyCTU4eCcKoi KanopoBku [9—11].

Ha puc. 4, 5 npencraBiieHbl KPUBBIE, pACCUMTAH-
HbIe IPU NPSIMOJIMHEITHOM IIPOXOJIe UICTOUHNKA MU~
MO HENOABMXKHOTO BEKTOPHO-CKaJISIPHOIO ITPUEM-
HUKA TIPU CIIEAYIOUINX YCIOBUSIX: NIyOMHA BOIHOTO
ciiost h = 53 M, CKOpPOCTb 3ByKa B Bojie ¢, = 1470 m/c,
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1yOMHA UCTOUYHUKA Z, = 24 M, IIIyOMHA NPUEMHUKA
z,=33 M, IIMHA yJacTKa MPSIMOJIMHEITHOTO rajica uc-
TOYHMKA 10 TpaBep3a — 1600 M, [UTMHA ydacTKa ITOCJIe
TpaBep3a — 400 M, TpaBepcHOE pacCcTOsTHUE OO OJIM-
xkaitmero BCII #, = 40 m. 1o ropuzoHTanbHOi ocu
OTJIOXKEHO PACCTOSIHUE OT ABMXKYIIETOCsS UCTOUHUKA
JI0 TOYKU TpaBep3a. PacyeThl BBITTOJHEHBI MJIST ABYX
MoOJIeJIel ¢ mapaMeTpaMU: AJIs1 OMHOCIOMHON MOAeau
[Mekepuca: p = 1.5t/cm>, ¢ = 1650 m/c, o =Im ¢/Re ¢ =
=0.008; mia TpexcloiiHOiI MoOeaMW TpyHTa: CJIOi
rpyHra 1: Ah =2 M, p = 1.51/c™m?, ¢ = 1608 M/c, o0 =
= Im c¢/Re ¢ = 0.008; cnoit rpyHTa 2: Ah =150 M, p =
=2.0 r/eM?, ¢ = 1694 m/c, o = 0.008; ogHOpOIHOE
MOJIYTIPOCTPaHCTBO 3: p = 2.5 r/em?, ¢ = 2890 m/c,
o= 0.008, ¢, = 448, o, = 0.012. Ha puc. 4, kak u Ha
puc. 3, mig gactotT 117 u 320 I'm (cieBa u copaBa)
MPUBEIEHBI 3aBUCUMOCTHU OT PACCTOSIHUS aMIIJIM-
tynsl 3/ (puc. 4al, 4a2) u Z-komrnoHeHTsl BKC
(puc. 461, 462), moxanbHbEIe Pa3HOCTH (pa3 3BYKO-
BOTO JaBJICHUS W Z-KOMIOHEHTHI KOJIeOaTeIbHOMN
CKOPOCTH B IIpenaeiax oT —n go +7 (puc. 481, 482),
a TakxXe MHTerpajabHbI Haber pa3HoCcTU (a3 3BY-
KOBOTO HABJICHUSI U Z-KOMIIOHEHTHI KOJeOaTeIbHOIM
ckopoctu (puc. 4rl, 4r2). Ha puc. 4 rpacduku 4a2—4r2
COOTBETCTBYIOT TPEXCIIOMHOI MOJIENIM TPyHTa, a rpa-
¢ukn 4al—4r1 — monenm I1ekepuca.

Ha pwuc. 5 takxke o gactot 117 m 320 I'tg ipuBe-
JIeHBbI: (a) ToKalibHas pa3HocTh a3 arg(PV,) mexay P
u V, [pan.]; (6) mokanbHas pasHoCThb a3 arg(PV)

mexny Pu V, [pan.]; (B) I — (p', TOpPU3OHTAJIbHAA U

2— (p'z BEepTUKAIbHAS MPOEKIIMU IrpagrMeHTa (as3bl
31; (r) 3 — acdbdexkTuBHas pa3zoBasi CKOPOCTh, pac-
CuMTaHHas KakK cpedHEeB3BellleHHast (a30Basi CKO-
pocTtb Mon, 4 — addexkTuBHaAs (pa3oBast CKOPOCTh,
paccuMTaHHas ¢ UCTIOJIb30BaHUEM I'PAIMEHTOB (ha3bl
B 3oHax UMA [14, 15], (x) yroa Bo3BBIIIEHUS (YIOJI
MpUXOAa KBUBAJIEHTHON IJIOCKOM BOJIHBI) OTHOCH-
TeIbHO TOPU30HTAILHOI TJIOCKOCTHU [rpan.]; (e) me-
JICHT Ha OBMKYIIUICS UCTOYHUK [Tpaf.].

W3 cpaBHeHMST puc. 3—5 ciemyeT: SKCIIepUMeH-
TaJIbHbIE M PACYETHBIE 3aBUCUMOCTU P V, B OCHOB-
HOM XOPOIIO COMIACYIOTCSI MEXIY COOOM Kak Mo UH-
TepdepeHIIMOHHBIM KPUBBIM U JOKAJIbHBIM 3Hade-
HUSIM TpagueHTOB (da3bl, TAK U 10 HAWOOJIBIIEMY
Habery MHTeTrpajabHOH (has3bl U MO CPeAHUM 3aKOHAM
crnamaHus aMItIATyx 30 ¥ BepTUKATBHOM MIPOeKITNT
BKC. Habern unterpanbHOi ¢haspl ADpy(r(7) 1
pPaCCTOSTHUS, TIPU KOTOPBIX (DUKCUPYIOTCS MOMEHTHI
rnepeceyeHusi 30H ¢ MUHUMYMOM YyBCTBUTEIbHO-
creit V, m V), (ocu purmosieit), MpakKTUIECKU COBIaIa-
1o1. HaGmrogaeTcs corstacue MOMEHTOB TIPOX0aa Tpa-
BEP3HOI'O PACCTOSIHUSI, HA KOTOPOM DPa3HOCTh (a3
ADpy,, MuHUMaNBHA, arg|PV,| — min. PacueTHble 30-
HBI CMEHBI 3HaKa TeJIeHTa Ha UCTOYHUK W 9KCIIepH-
MEHTaJbHble 3HAYEHUSI 3TUX XapaKTePUCTUK TaKKe
COBMAAAIOT. 30HBI CKAYKOB (ha3bl P MPOXOAE TITy-
OMH C MUHUMAJIbHBIMU 3HAYEHUAMU V, 1 V, 6nusku,
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KY3HELOB u ap.
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Puc. 4. (a—r) — Paccuuranusie qiisg monenu I[lekepuca (a2—r2) u TpexcioitHoro rpyHTa (al—rl) 3aBucumoctu (a) — 3/1 ot pac-
crostHus 1uist yactotT 117 u 320 I, (6) — Z-KOMITOHEHTHI KoJlebaTeIbHON CKOPOCTHU U (B) — JIOKAJIbHOM U (I') — MHTErpaJIbHOM
pa3HocTu a3 MexXIy 3ByKOBBIM JaBlIeHUEM U Z-KOMIIOHEHTOM.
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Puc. 5. IpencrapieHbl pe3yJIbTaThl pacyeToB Aj1s1 BoJaHoBoaa Ilekepyica ¢ SKBUBaJIECHTHBIMM XapaKTepUCTUKAMM IpyHTa: (a, 6) —
JIoKasibHas pa3HocTh (a3 Mexay 3/1 u ropusoHTasbHBIME TTpoekiusiMu BKC, (B) / — ropu3oHTabHas U 2 — BepTUKATbHAS
npoekinu rpagreHTta dasbl 3/, (r) 3 — ahdekTuBHas (pa3zoBasi CKOPOCTh, pacCUUTaHHAsI KaK CpelTHEeB3BellleHHasT (ha3zoBast
CKOpOCTh Mojl, 4 — addekTuBHas ¢a3oBasi CKOPOCTh, paCCYMTaHHAsI C UCMHOJIb30BaHUEM IrpaaueHTOB (da3bl B 30Hax UMA,
(1) — yroJt BO3BBIIIIEHUSI OTHOCUTEILHO FOPHU30HTAIbHOM TUIOCKOCTH, (€) — TEeJICHT Ha ABMXKYIIUNCS UCTOYHUK. CBepXy IJIst
yactotsl 117 I'n, BHU3Y — st 320 I,
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HaImpuMep, MOBOPOT rpagrieHTa (a3bl Ha paccTosi-
Huu 400 M (vacrota 117 Tir), HO COBMAAAIOT HE BCe-
rna. bosee cioxHast U 6osiee ageKBaTHasi MOAEIb C
TPEXCAOMHBIM TPYHTOM JIyYllle COIIACYETCS C DKCIIe-
PUMEHTAILHBIMU JaHHBIMU, YeM Mojesb [lekepuca.
Oco06eHHO 3TO pasinyre 3aMeTHO B 30HE TpaBep3a.
IMpuumHa — npu pacyeTax ¢ UCIOJIbL30BAHUEM YIIPO-
meHHoi Momenu Ilekeprca Ha MaJbIX PACCTOSTHUSIX
He y4uThIBajlach OOKOBasl BOJIHA, a MCITOJb30Baach
TOJIBKO JUCKpPETHas MOJeNb 3aXBAaYE€HHBIX MO
[9, 10]. Hekotopoe paznuuue MHTEp(HEPEHIIMOHHBIX
3aBUCUMOCTEII — 3KCIIEPUMEHTAIBHBIX M PACUETHBIX —
MOXHO OOBSICHUTh TaKXKe MOTPEIIHOCTIMU OLIEHKU
TEeKYILETO PACCTOSIHUSI MEXIY IMMPUEeMHUKAMU U OyK-
CUPYEMBbIM U3JTydaTesieM. DTO MOATBEPXKIAECTCS yBe-
JINYEHUEM YKAa3aHHOIO Pa3jIMuKsl KPUBBLIX ITPOXOIa
P UCITOJIb30BAHUY BHICOKMX YaCTOT U3JTyYeHUS 110
CPaBHEHUIO C HU3KOYACTOTHBIMU CUTHAJIAMMU.

CrnenyeT, 0OOHAKO, OTMETUTb, YTO UHTEp(EepeH-
LIUOHHBIE CTPYKTYphl BEPTUKAJIBbHOM IPOCKILUU
BKC, paccuutaHHBIe IO IBYM MOZEISIM, 3aMETHO
XYK€ COINIACYIOTCSI C BKCIIEPUMEHTAJIbHBIMU KpPU-
BbIMHU, yeM i1t 3/1. OTcrona cieayeT, YTO MOJbI BbI-
COKMX HOMEPOB OLIEHMBAJIMCh IPU aKyCTUYECKOI
KaMOpoBKe ¢ GOJIbIIIEH IMTOTPELIHOCTHIO, YeM MOIbI
MepPBbIX HOMEPOB.

Ha pwnc. 5 npuBenens! Takke misg 117 m 320 I 3a-
BUCUMOCTH I1€JIEHTa OT PACCTOSIHMS, @ TAKKE pe3yib-
TaThl paCUYEeTOB I'pagreHTa (pa3bl B TOPU3OHTAILHOMN U
BEPTUKAJIBHOM TTOCKOCTSIX. DTU JaHHbIE UCITOJIb3Y-
JOTCS B CJIEIyIONIEM pa3jesie B KaueCTBE OCHOBBI [1JIsI
nocTpoeHus rogorpada rpagueHToB ¢a3sl. BugHo,
YTO Ha JBYX YaCTOTaX OLICHKU ITeJICHTa W 30HbI TIPO-
XoJa TpaBEpPCHOM TOYKM NPaKTUYECKU COBIIAAAIOT.
ITpousBogHble a3kl B TOPU30HTAIILHOM IJIOCKOCTH

@, B30HaX MMA 10CTaTOUHO YCTOIUMBBIE, CITAGO 3a-
BUCSIT OT YaCTOThI U PACCTOSIHUSI. DTO MTO3BOJISIET BbI-
MOJIHUTh OLIEHKU JIOKAJIbHBIX 3HAUYEHUIT rpaJlieHTOB
da3bl U 3P deKTUBHOM Ha30BOI CKOPOCTU, KOTOPHIC
PEKOMEHIYeTCsl UCIOJIb30BaTh MpU (POPMUPOBAHUUI
XapaKTePUCTUK HAIIPABJIEHHOCTU B TOPU30OHTAIBLHOIM
ninockocTtu [13—15]. CpenHue mpou3BoaHbIC (Da3kl B

BC])TI/IKaJIBHOfI IINIOCKOCTHN (p'z OJIM3KM K HYJIIO, 4TO
IpeacCTaBIACTCA BAaXXKHBIM PE3YJIbTATOM, ITOCKOJIbKY
MOXKET MUCITOJIb30BAaTHCA BEPTUKAJIbHBIMU ITPUEMHDbI-
MU MWW U3TydarOlIMMU aHTCHHaMU IJ1A (l)OpMI/IpOBa—
HUA IIPOCTPAHCTBEHHDBIX OTKIIMKOB.

W3 cpaBHEHMSI 5KCIIEPUMEHTAIBHBIX PE3yIbTaTOB
U JaHHBIX MOAEIUPOBAHUS C OOILIETEOPETUYECKUMU
MpEeACTaBJIEHUSIMU MOXHO TaKXKe clejiaThb BBIBOI,
YTO KaK Ha PACUYETHBIX KPUBBIX, TAK U B 9KCIIEPUMEH -
Te HabJIogaeTcss HEOOIbIIOe KOJMYECTBO IIYOOKUX
MUHMMYMOB — B OTJIMYME OT JAHHBIX, IPHUBEIEHHBIX
B [9], rne Ha Hu3Koi1 yactote 48 Il uHTepdepeHIrs
onpenensuiach nHTepdepeHMel HeuyeTHbIX Moa. Ha
OoJiee BBICOKMX YaCTOTaX B MHOTOMOIOBOM BOJIHO-
BoJie CMH(MA3HOE CIIOXEHUE BCEX HOPMAJIbHBIX BOJIH
HEBO3MOXHO B IPUHLIMIE — U3-3a HEKPATHOCTH I1€-
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puoa0B UHTEp(epeHIIM HOPMaJbHbBIX BOJH C YeT-
HBIMM 1 HEYETHBIMU HOMepaMu. Hampumep, B [16]
MOKa3aHo, YTO, MPOCTPAHCTBEHHBIM MacITad 30HbI
UHTEepDEPEHIIMOHHOTO MaKcuMyMma IJjis TepBOil U
TpEThel MOI A | 5 = H?/\., a 111 1IepBOIA U BTOPOIi MO
Ay, = 8H?/3\, tne A = 2n/k, k — ropusoHTanbHas
MPOEKIIMS BOJHOBOrO umuciia, H — 3KBUBaJIEHTHas
mTyO1Ha BOJIHOBO/A C IBYMS Ml€aIbHBIMU IpaHulla-
mu [17]. Takum obpazom, 3o0H61 UMA, obpa3oBaH-
HbIEe MOJIJaMU C Pa3HbIMU HOMEpaMu, 1eMCTBUTEbHO
HE KpaTHbIE.

5. AHAJIM3 CTPYKTYPbHI
IMoJIA BBJIIN3U JUCIIOKALIMA

PaccMoTpuM BHavalle yKpymHEHHbIE TIpeacTaBiie-
HUS O TIPOCTPAHCTBEHHOM cTpyKType 1ojs 3/1 ¢ BbI-
JIeJIeHUEeM 30H MOJIFOCOB M ceMIoBUH (puc. 6a). Ilo
OCSIM Ha TPEXMEPHOM pUC. 62 OTIOXEHO: PACCTOSTHUE
or 4.5 1o 5.5 xm, mryouHa nzaydaress ot 0 mo 100 M u
ammuutyna 31 [ab]. ns ynpoleHust aHajaIn3a MO0~
BOMM M HMHTEPHEPEHIIUOHHOMN CTPYKTYpPhl pacyeThl
BBITIOJTHEHBI Ha HU3KOM yacTote 25 ' rpu riyounHe
BosHoBoAa 100 M, korga B BOJHOBOIE OOpa3yloTcs
BCEro IBe HOpMaJjbHbIe BOHbL. [IpreMHUK pacroa-
raeTcd Ha IHe, IyOWHA M3JIydaTeliss U3MEHSIEeTCST OT
IMOBEPXHOCTH JIO THA, YTO MO3BOJISICT Ha Pa3HBIX pac-
CTOSTHUSIX MOJIyYUTh CEYEHMST 3ByKOBOTO TI0JIsSI B BEP-
TUKaJIBHOM TI0cKocTU. Ha prcyHke nryboKMMHM BIia-
JIVMHaMU 0003HAYEeHbI 30HbI JUCIOKAIIUi, a YepHBIMU
TOUKAMU — CEIUIOBUHBI. BUIHO, 4YTO OMCIOKALIMM 10~
KaJIU30BaHbI HA OIpeaeIeHHBIX TOPU30HTAX U TOJIBKO
Ha HUX MOXKHO TIOJIYYUTh TITyOOKHMEe MUHUMYMBI. Ko-
OpPAVHATHI 3TUX 30H 3aBUCST OT YACTOTHI 3ByKa U, KaK
CJIeICTBUE, 30HBI C MUHUMAJIbHBIMU 3HAYEeHUSIMHU 3]
“pa3Ma3bIBalOTCsI” B YaCTOTHO-IIPOCTPAHCTBEHHOM
objacTtu. B ¢BI3U ¢ 3TUM, UCHONIL30BaHME 3aKOHO-
MEPHOCTEM 3aBUXPEHUI IJISI OOHAPYKEHUS LIIMPOKO-
MOJIOCHBIX CUTHAJIOB, O HAIlleMy MHEHUIO, He TIpe/I-
CTaBJISICTCS] BO3MOXHBIM.

Ha puc. 66 mpencraBieHbl pe3yjbTaTbl pacdeTa
M3MEHSIIOIIMXCS MO IIPOCTPAHCTBY HaIlpaBJICHUMA
BEKTOpa KOJIEOATEeIbHOM CKOPOCTH, BBIYMCIEHHBIX
BOJIM3M JIEBOI HUXKHe# nuciaokauuu (puc. 6a). s
9TOr0 B OKPECTHOCTU 3TO1 IUCIIOKALIMM BEIpe3aHa B
BEPTUKAIbHON IJIOCKOCTH IUIOIIAAKA C pa3MepaMu
10 X 10 M. BunHo, Kak BIaju OT JUCJTOKAIIMU KOJe0-
JIIOIIMECST YaCTULIBI XKMAKOCTU Ori0aloT 30HY JIMCIIO-
Kaluyy, oopasys BHE 3TMX 30H T'OPM3OHTAJIBHO pac-
MIPOCTPAHSIOLIMIACS ITOTOK 3ByKOBOI 3Hepruu. Hero-
CPEICTBEHHO BOJIM3M OUCIOKALIMKM KojebaTeIbHbIC
YacTULBI U3MEHHIOT HampasiieHue Ha 90° u naxe 180°,
T.e. popMUpyeTCS 3BYKOBOM BUXPb. DTU Pe3yabTaThl
XOPOIIIO COITIACYIOTCS C JAHHBIMU Ha pUC. 7, Te Tpe-
CTaBJICHBI ITIOJIyYeHHbIE PACUECTHBIM ITyTEM 3aBUCHMO-
CTU OT DIYOMHBI U PACCTOSIHUSI 1O MCTOYHMKA aM-
IUTATYOBI U JIOKAJIBHOM (ba3bl 3ByKOBOTO JABJICHUS, a
TaK:Ke€ 3HAYCHUM TOPU3OHTAIBHBIX U BEPTUKAJIHLHON
AKYCTUYECKUN XYPHAJ Ne 6
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Puc. 6. (a) — PacnipeneneHue B BEpTUKAJIBHO-TOPU30HTAILHOM TJIOCKOCTH aMIUIUTY bl 3/1 B 3aBUCUMOCTH OT IJTyOMHBI U pac-
CTOSTHMSI 10 UCTOUYHMKa. (6) — PacnpeneneHre B IpOCTpaHCTBE BEKTOPOB KOJIeOATETbHBIX CKOPOCTE BOJIM3M TUCIOKALNH.

npoekiuit BKC u rpaguenTa ¢assl. Ha puc. 7 Takke
paccMaTpuBaeTCd BepTUKAJIbHOE CeUYeHUe IT0JIs OT
CBOOOMHOI TIOBEPXHOCTU [0 JIHA, BKJIOYAlOIICce
YY4aCTKU ¢ MHTepPEepeHIIMOHHBIMU MaKCUMYMaMU 1
MUHUMyMaMHu. Paccuntanbl rogorpadbl BEKTOpa KO-
JedaTeIbHOM CKOPOCTU U BEKTOpa IpaaueHTa ¢asbl.
PacueTs! BeiTioTHEHBI B BoJHOBoAE Ilekepuca co cre-
JIYIOIIMMHU XapaKTepucTUKaMu: TojmurHa 100 M, cko-
pOCTb 3ByKa B Bozie ¢, = 1450 M/c, mapaMeTphl TPyHTA:
OTHOIIIEHUE TUIOTHOCTEl I'pyHTa U BOAbI m = 1.8 1 OT-
HOIIIEHWE CKOPOCTEI 3ByKa B BOJE U B IPYHTE n =
= (.725; xoadpPpnumenT nornomenus 0.02. xsa mo-
JIydyeHusl 6osiee peabedHON CTPYKTYPhI BHITTOJTHEHBI
pacyeThl IJisl CPAaBHUTEILHO HU3KOM 4acTOThI 25 I1I.
I'myomnna npuemnawnka 100 M, rmyOrHA U3 TydaTeI s U3-
MEHSIeTCsI B Ipeesiax OT HYJIS 10 TJTyOMHBI BOTHOBO-
J1a, paccTostHUE 10 mpueMHuKa 20 KM.

W3 coBMecTHOTO aHanmM3a pyuc. 3—7 TakKe clIeIyeT:

— B 3onax UMA 3BYKOBOTO IaBJICHUS TPaqUEHThI
¢a3bl B TOPU3OHTATIbHON TJIOCKOCTU CTPEMSITCS K
MOCTOSIHHOM BEJIMUKMHE, 2 B 30HE INTyOOKOT0 MUHU-
MyMa IpY U3MEHEHU U TTyOWHBI U3JIydaTesisi BCero Ha
HECKOJIbKO METPOB BeJIMUMHA (ha3bl CKaYKOOOpa3HO
n3MeHsieTcd Ha 180° (cm. puc. 7, kpuas 4). B BepTu-
KaJIbHOM MJIOCKOCTU T'paaueHThl a3bl B 30He UMA
MMPaKTUIECKN paBHBI HYJTIO (KpUBas 6), YTO TTIO3BOJISI-
€T Ha BEPTUKAJIbHBIX aHTEHHAaX KOTEPEHTHO CyMMU-
poBaTh CHUTHaJbI, TPUXOASIINE HAa pa3HECEHHBbIE B
npeneirax 3061 UMA runpodoHBbI.

— B 3onax UMA nipoexkiiny BeKTopa KoJiebaTesb-
HOM cKOopocTU (KpuBBIe 2 U 3) MOTYT OBITh CMH(pa3-
HBIMHU, & MOTYT OBITh U B IPOTHUBO(da3e — B 3aBUCH-

AKYCTUYECKUN XYPHAJ Ne 6
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MOCTHU OT PACITOJIOXKEHUSI MTPUEeMHUKA WIW U3JTyJdaTe-
JISI OTHOCUTEILHO KOOpAUHAT auciiokanuii [1, 2, 4],
HO B 30HE IIyOOKOro MUHUMYyMa MPU NIYOUHE U3JTy-
yeHust 37.2 M (kpuBasi ) obe mpoekuuu, Kak u 3]/1,
cTpeMsTcd K Hyo. B 3oHe MMA ropu3oHTaibHasI
cocTaBJisIollasl BeKTopa KoJjiebaTelbHOI CKOPOCTU
3aMETHO TMPEBBIIIACT BEPTUKAJIBHYIO COCTaBJISIIO-
myo. M 3ToT pe3yabTar SIBISIeTCS TUIIAYHBIM IS
MEJIKOTIO MOPSI.

— I'panueHThl (pa3bl B TOPM3OHTAIBLHOM MJIOCKO-
CTU B 30He I1yookoro MMMU pe3ko Bo3pacTaroT U U3-
MEHSIOT 3HaK (KpuBas 5). I1pu ipoxone 3061 UMU
rpaaueHT (a3bl B BEPTUKAJIbHON INIOCKOCTU ABa Kbl
U3MEHSIET 3HaK U Pe3KO YBEIUUMBAETCS 10 3HAYESHU
*7 (kpuBas 6). 3a npenesamu UMMHW a1t rpagneHTh
JIOCTaTOYHO CTaOUJIbHBI.

— Yrbl BO3BBIIICHUS (HAIIpaBJIeHUsI TIPUX0Ja B
BEPTUKAJIBHON TIJIOCKOCTH) MOJHOTO BEKTOpa I'paau-
eHTa (pa3bl (KpuBasl 7) 1 HaIipaBJieHUs (yIJia IIPUXo1a)
nonHoro BKC (kpuBas &) paccunThIBaIOTCA 10 (pop-
mynam: § = arctg ¢/9,, { = arctg V,/V, [pan.]. Pacue-
ThI ITOKA3bIBAIOT, YTO B 30HE MEPBOr0 MaKCUMyMa
3BYKOBOTO JAaBJIEHUWsSI 3TU YIJIbl COBITANAlOT MO Ha-
MPaBJICHUIO, YTO CBUIETEJIBCTBYET O BO3MOXHOCTU
KCIOJIb30BaHUSI B 30HE MAKCUMyMa MOJIE]IV 9KBUBa-
JIEHTHOM Tu10CcKO# BOJIHEI [10, 11] m hopmMupoBaHust
IMOTOKA MOIIHOCTU B TOPU3OHTAILHON IJIOCKOCTM.
B 30He BTOpOro Makcumyma nocje NiyooKoro MUHM-
MyMa HaIllpaBJICHUSI BEKTOPOB TpagueHTa (pa3bl U
KoJiebaTeIbHO# CKOPOCTH MapauIeIbHBI, HO pa3HO-
HanpaslieHbl. [IpyyrHa B TOM, YTO BOKPYTI TOYKU
IIyOOKoro MuHUMYyMa (I1ojroca) oopasyercs 3aBUX-
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Puc. 7. PacripeaenieHus 1o riyOuMHe BOJIHOBOAA aMILIUTYIHBIX U (Da30BBIX XapaKTePUCTUK 3BYKOBOTO JIABJICHUSI, TTPOEKIIAMN
BEKTOpa KoJiebaTeJIbHOI CKOPOCTHU U YIJIOB MPHXO0/1a CUTHAJIOB, a TakKe rogorpadbl BEKTOpa KojiedaTeabHOH CKOPOCTH U Tpa-

nueHTa ¢dasbl (0003HaYEeHUST KPUBBIX YKa3aHbI B TEKCTE).

PEHHOCTb U ITOTOK MOII[HOCTH COBEPIIIAET Pa3BOPOT
Ha 180°.

— Iogorpad BekTOpOB KonedaTeTbHOIT CKOPOCTH
B3oHe UMM (kpuBas 9) Takxe CBUAETEIbCTBYET 00
W3MEHEHUU HallpaBJIeHUsI KOJebaTeIbHOTO IBUXE-
HUS M (GOPMUPOBAHWU AKYCTHYECKOTO BUXPST —
IUPKYJISIHAM TTOTOKA MOIIMHOCTH BOKPYT MOJIOCa
(auciaokauuu).

— Tlonorpad BekTopa rpanueHTa (asbl (KpuBasi 10)
TakKe 3To ToaTBepxnaeT. Ha puc. 7 0003HaYeHHBI 110
ocH abCIMCC TOPU3OHTATbHASI TIPOU3BOIHAS (), TIO OCU
OpIVHAT — BePTUKajbHad @,. O0e IIPOEKLMY IPaIueH-
Ta (ba3bl (POPMUPYIOT MOJIHBII BEKTOP IPaIUeHTa.

— Kpusas 11 moka3siBaeT romorpad BeKTopa Ko-
JiebaTeIbHO CKOPOCTH, HO TOJIBKO B Y3KOU 30HE ITy-
0OKOro MUHMMyMa — Ha OTpaHWYEHHOM WHTEpBaJie
m1youH usirydaresis oT 30 o 40 M. O003HaYeHO: IO OCU
abcuycc — ropuzoHTaIbHas V,, Mo ocu opavHaT —
BEPTUKaIbHAsA I, KOMIIOHEHTBI KOJ1eOaTeIbHOM CKO-
poctu. [TonHEIA BEKTOp KOJieOaTeIbHOM CKOPOCTH B
3oH¢e UMM 3ByKOBOTO HIaBJIEHUSI MPAKTUYECKU HO-
CTUTAET HYJIEBOTO 3HAYCHUS.

— l'onorpad BekTopa rpagreHTa a3bl BOJIU3U 30-
HBI TTTyOOKOro MUHMUMyMa (IJTyOMHBI U3TydaTesisl OT
30 mo 40 m) mpencraBieH KpuBoii /2. Ha ocu abcuuce
OTJIOXKEHA TOPU3OHTaIbHAsA (,, IO OCU OPAWHAT —
BEPTUKAJIbHAsL (), KOMIIOHEHTBl BEKTOpa IpalueHTa
¢a3bl. DTO MOATBEPXKIAET HATUUKE B 30HE 3aBUXPEH-
HOCTH OOpaTHOIO IMOTOKAa MOIIHOCTHU, TaK KaK Ha-
npasjieHus BekTopa YMoBa—IloiiHTUHIa 1 BEeKTOpa
rpagueHTa das3bl 3/1 coBIIamaioT.

— W3 puc. 7 TakxKe ciaenyeT, UTO B 30HE I'TyOOKOTO
muHumymMma 3/ (kpuBas [, IyOMHA UCTOYHUKA Zj =
= 37.2 M) K HyJIeBOMY 3Ha4eHUIO cTpeMsTcs 31 1 o6e
npoekiiuu BKC (kpuBsbie 2, 3u 11).

6. BAKJIFOYEHUE

B MenkoM Mope 3KCIEpUMEHTAJbHO U pacyeT-
HBIM ITyTeM MCCIIeT0BaHbl aMIUIUTYIHO-(ha30BbIe Xa-
PaKTEpUCTUKN HU3KOYACTOTHOTO BEKTOPHO-CKAJISP-
HOT'O 3ByKOBOTO TOJISI B 30HaX MHTEp(hEPESHILIMOHHBIX
MaKCUMYMOB 1 MUHUMYMOB. YCTaHOBJICHO, YTO aHAa-
JIN3 BEKTOPHO-CKAJIIPHOI CTPYKTYPhI O3BOJISIET MO-
JIyYUTh NpeAcTaBicHUe 06 OOQHOHAIIPABIEHHBIX MO-
TOKaX aKyCTUYECKOI HEPIUU, YCTAHOBUTH UX CBSI3b
AKYCTUYECKUM KYPHAT Ne 6
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C HaImpaBjIeHUsIMU BeKTopa YMmoBa—IloiiTuHra u uc-
cJ1e10BaTh MPOCTPAHCTBEHHYIO CTPYKTYPY MOTOKOB
MoIHocTH. [10 OTAETBHOCTH HH ONMCAaHUEe CKaJIsIp-
HbIX, HU BEKTOPHBIX I10JI€il TAKMM Ka4eCTBOM He 00-
nagaet. [IpuyeM, Takasi BO3BMOXHOCTb peaIM3yeTCs
MpU KCITOJIb30BAHUN MaJoTabapUTHBIX BEKTOPHO-
CKaJISIPHBIX IIPUEMHUKOB C pa3MepaMu MHOI'O MEHb-
e UIMHBI BOJHBI M MPOTSDKEHHOCTU aHOMAJIbHBIX
30H TI0JISI B BEPTUKAIBLHOM U TOPU3OHTAIBHOM TIOC-
KOCTSIX. DTO IMO3BOJISIET ACTAJIbHO MCCIEAOBATh Xa-
PaKTEePUCTUKU 3THUX 30H, B TOM YMCJIC B 30HE BOJIU3U
muHumMymoB 3/1 u BKC.

YcraHOBJIGHO XOpolllee corjacue UHTepdepeH-
LIMOHHBIX 3aBUCUMOCTE 1 SKCTpEeMAaIbHBIX 30H MaK-
CUMYMOB ¥ MUHUMYMOB, MOJYy4YeHHBIX SKCTIEpUMEH-
TaJIbHO Y paCUETHBIM MMYTEM, HO TOJIBKO ITPU UCITIOJIb-
30BaHUM MOJeei IIepefaTOYHOi GYHKUIWU B
BOJIHOBOZE, IOCTPOCHHBLIX MO JAHHBLIM aKyCTU4e-
CKOM KaJIMOPOBKU BOJIHOBOAA U aIcKBAaTHBIM OLIEH-
KaM ITapaMeTpoB MoIelu TpyHTa. [loaTBep:kaeHo,
YTO B 30HAaX MAaKCUMYMOB HAaOJIOMAIOTCS DIaaKue
rpaaueHThl (pa3bl, KOTOPbIe MOXHO OMUCATh aHAIW-
TUYECKU M allIIPOKCUMUPOBATh C MCITOJIb30BaHUEM
s dexkTnBHOI (pa3oBoii ckopocTu. B 30Hax mry6o-
KMX MUHUMYMOB (POPMUPYIOTCS TTOJI0CA U BOZHUKA-
10T cKauku g0 180° ropu3oHTaNIbLHOIO rpaaueHTa ga-
3bI 1 10 = 180° BepTUKaabHOro rpaareHTa dasbl.

JleTaibHO M3y4eHBI IIPOCTPAHCTBEHHBIE XapaKTe-
PUCTUKM MPOCSKIIMI BeKTopa KoJjiebaTeIbHOM CKOPO-
cTu ¥ TpagueHTa ¢das3bl 3/ 1 paccyuTaHbl UX TOPU-
30HTAJIbHBIC U BEPTUKAJIbHBIE MPOEKIUU. DTO I103-
BOJIMJIO TOCTPOUTH rogorpadbl yKa3aHHbBIX BEJIMUMH,
Ha OCHOBaHUM aHajM3a KOTOPBIX CAeJaH BBIBOI O
¢hopMHpPOBaHNUY B BEPTUKAIBHON MJIOCKOCTU 3aBUX-
PEHHOCTHU — LUPKYJISILUU B 30HE MoJjitoca (AuciaoKa-
uii). B ropu3oHTaIbHOM IJIOCKOCTU IMPU U30TPOII-
HOCTH NepenaTOYHbIX (PYHKIIMIT aKyCTUIECKUE BUX-
P¥ TOJKHBI OTCYTCTBOBATb.

Hamnpasnennsa rpagmenTa das3sl 31 OTKITOHSIOTCS
OT TOPU3OHTAJILHOIO TOJILKO B 30HE IUCIOKALMUA U
M3MEHSIIOTCS B 9TOM 30HE B Ipeaenaax OJIM3KuX K L.
HanpasiaeHust BekTOpa KoJIeOaTEIbHON CKOPOCTU
CYLIECTBEHHO 3aBMCST OT IIYOMHBI BOJIHOBOAA, ITO-
CKOJIbKY TIPY BapHalLlMU TJTyOUHBI U3MEHSIETCSI COOT-
HOIIIEHWE MEXIY TOPU30HTAILHBIMU U BEPTUKAJb-
HbIMM KOMIIOHEHTAaMU KoJjiebaTeJIbHON CKOPOCTHU.
Monyiib HOJTHOTO BEKTOpa KOJiebaTeIbHOI CKOPOCTU
MPUOIMXKAETCI B 30HE MUHUMYMa aMIUIATYAbI TaB-
JIEHUSI K HYJIEBOMY 3Ha4YEHUIO.

AHain3 xapakTEepUMCTUK 3BYKOBOI'O MOJIsl B 30HAX
MU umeert, nipexae BCero, TEOPETUYECKUI UHTE-
pec. C mpakTU4eCKOil TOUKU 3peHMsI BaKHee MCCIIe-
JIOBaHUE XapaKTepPUCTUK 3BYKOBOTO MOJsI B 30HAaX
MNMA, noCcKoJIbKY B 3THX 30HaX HE TOJILKO UMEIOTCS
MaKCHUMaJIbHbIe 3HA4Y€HUSI OTHOIICHUSI CUTHAJI/TIO-
MexXa, HO M HaOJIIoIaloTCsl CTaOMIbHBIC U TIPEICcKa3y-
eMble 3HaueHus TpaareHToB ¢a3bl 3/1 1 MakcuMaib-
HBIE 3HaUeHUsI ropu3oHTanmbHOII mpoekumm BKC.
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DTU (pakTOphl MO3BOJSIOT IIPU PACHOJOXEHUU aH-
TeHH B 30Hax MMA ¢dopMupoBaTh HeCMEIIEHHbBIC
OLICHKMU TIeJIEHTa U MOoJy4aTh HauOOJIbIIIe 3HAYSHUSI
KO3(DPUILIMEHTOB OCEBOM KOHIIEHTPALMU JaXKe Mpu
KOCBIX yIjlaX ItageHusl BOJHBI. Bektop VYmoBa—
IMoitHTHUHTa B 30HaX MHTep(hEPEHLIMOHHBIX MaKCH-
MYMOB HMMeEET TOPU30HTAIbHOE HAIIpaBJIEHUE, YTO
CBUJIETEJILCTBYET O TOPU3OHTAILHOM PaCIIPOCTpaHe-
HUM 3BYKOBOI1 9HEpPIruu B 3TUX 30Hax. Mcrmoab3oBa-
HUE 0cOoOBbIX CBOMCTB 30H UMA — ¢opmupoBaHue
“rpedHei” — MO3BOJISIET C YYETOM 3aKOHOMEPHOCTEM
9HepreTMYeckoro MHBapuaHta YympoBa HpOU3BO-
IUTh 3¢ hHEKTUBHOE OOHApYXeHME, ITeJICHTOBAHUE U
OLICHKY PAaCCTOSIHUSI 1O IBMIKYIIETocsl MCTOUYHMKA
[18, 19]. B cBsI31 ¢ 3TUM, II0 MHEHUIO aBTOPOB, OOJIb-
1IIO€ 3HAaUYEH1E IPUOOPETAIOT NOMOTHUTEIbLHbBIE UCCIIE-
JIOBaHMSI 3aKOHOMEPHOCTell M3MEHEHUsT “TIOBEpPXHO-
cTeil”, 00pa3oBaHHBLIX UMEHHO 30HaMu UMA, B yacT-
HOCTHU IMHAMUKU “VMHTepPEPESHIIMOHHBIX TpeOHel”.

IIpu pelieHUM TaKKUX 3a0a4 UHTEPECHBIC HayYHbIe
pe3yabTaThl MOXKHO MOJIy4uTh, ITpuMensiss BCII, ko-
TOpbIE NAlIOT B IMPOCTPAHCTBEHHOI 00JIACTU CYILe-
CTBEHHO OoJibllie MHGpOpPMAlIMM, 4YeM CKaJsipHbIe
MIPUEMHUKMU.

Pa6ota BEITIONHEHa NpU (UHAHCOBOI MOMIEpPKKe
nporpaMMbl “AKyCTHKa MEJIKOIO MOpsI, HeJIWHeiHast
aKycThJyeckasl ITUarHOCTMKa, HeJIMHEelWHas IUHaMUKa
BOJIH” (HOMEp rocydapCTBEeHHOI peructpaimu AAAA-
Al18-118021390174-1) n Poccuiickoro ¢oHaa ¢pyHIaMeH-
TaJIbHBIX MccaenoBaHuii (mpoekt Ne 19-08-00941).
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