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7151 KOppesiiMOHHOTO U3MePEeHHUsI TETJIOBOTO aKyCTUYECKOTO M3JTyYeHMST UCITOJIb30BaHa pelleTka,
COCTOSIIIAsT U3 TPEX NaTIYMKOB. BriepBbie TOIydYeHbI BCe KPOCC-KOPPEISIIMOHHbBIE (DYHKITUM TSI Ka-
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Te()JIOHOBOTO LIWJIMH/IPA), PACCTOSTHUE MEXITY KOTOPHIMU OBIJIO paBHO MOJOBUHE TTPOCTPAHCTBEHHO-
TO Mepuoja KpoCcCc-KOPPENSIIUOHHON (PYHKIIMY COCENHUX AAaTYNKOB. MI3MepeHHbIe KOppeIsIiIMOHHbIE
(byHKIIMY HAXOAWINCH B IPOTUBO(]A3e, YTO COOTBETCTBYET PACCUMTAHHBIM KOPPESIIMOHHBIM (DyHK-
LIUSIM TEeTUTOBOTO aKyCTUUeCKOTO u3mydeHus. JIJis mepexoia oT KOppeasiMOHHBIX (DYHKIINIA K TeMIiepa-
TYPHOMY pacrpeneeHUI0 CYMMUPOBAHBI TIPOCTPAHCTBEHHBIE KPOCC-KOPPEISIIUOHHBIE (DYHKITUN TSI
COCEMHUX U JUTsSI KpallHUX JaTYMKOB B peleTke. KoppeassiinoHHbIN TpueM MO3BOJISIET CYIIIECTBEHHO
TIOBBICUTH TTPOCTPAHCTBEHHOE pa3penieHrne MeToa.
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BBEAEHUE

B psne MenuuuHCKUX NpoLeayp — Npu TMnepTep-
MUM U TEPMOAOJISILIMU, B AUATHOCTUKE, B TOM YUCJIIE,
B paHHEM TMarHoCcTuKe, Mpu KOHTPOJIEe apecHOM 10-
CTaBKHU JIEKAPCTB B TEPMOJIMUIIOCOMAIbHOK 0000UKe
U T.J1.— HEOOXOAMMO OCYILECTBIISITh 0€3001e3HEHHbIE
HEWHBa3MBHbIE U3MEPEHUS IYOMHHOI TeMIEpaTyphbl
Tesa yejsoBeka. JIjist 3Toro cyiecTByeT psii METOIOB:
MarHUTHO-pe30HaHCHasl TepMoMeTpus [1], peructpa-
s TertoBoro usnydenust B CBU-nunamasone [2], me-
TOJbl UBMEPEHUS CKOPOCTHU 3BYKa, KOTOpasi MEHsIeT-
cd ¢ U3MEHEHUEM TeMIlepaTyphl TKaHel [3], maccuB-
Hasg akyctndeckas tepmomerpus [4]. IIpennaraembie
METOIbl UMEIOT CBOU MPEUMYIIECTBA U HEAOCTATKU.
Hanpuwmep, B uaeane MarHuTHO-pe30HaHCHasl Tep-
MOMETPUS MO3BOJIUT PEIIUTh MPOoOIeMy BOCCTAHOB-
JIEHUS] TIPOCTPAHCTBEHHOTO pacrpeneeHus youH-
HOIi TeMIepaTypbl Tejla YeJoBeKa, OMHAKO 3TOT METOJ,
TpedyeT TOpOroro 060py10BaHus, 00Y4EeHHOTO TMep-
COHaJIa U CTeLIMaIbHO MOATOTOBIEHHBIX TTOMEIIEHUIA.
IToaTomMy mpuBeTcTBYeTCsS pa3paboTka OoJiee melie-
BOro MeTola MPpU YCJIOBUU HajJiexallleid TOUHOCTH.
B yacTHOCTH, NIpeiaraeTcs maccuBHas aKycThYecKas
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TEPMOMETPUSI, OCHOBAaHHAsl Ha perucTpaiuu coo-
CTBEHHOTO TEIIJIOBOTO aKyCTUYECKOTO U3JTy4YEeHUS Op-
raHM3Ma 4JejioBeKa B MerareplioBoM avana3oHe, KO-
TOpas Mo3BoJisieT 00ecreyuTh MUJIJIMMETPOBOE pas-
peueHue [5, 6].

B maccuBHOI1 aKycTUUECKOIT TEpMOMETPUN MOKHO
KCIIOJb30BaTh KOPPEASLUMOHHBIN [7] UK HEKOppes -
LIMOHHBIN [8] mpuem TemaoBoro usaydyeHus. Corac-
Ho Teopeme Ban Llutrepra—ILlepHuke [9], usmepeH-
HOE Ha JIByX MPUEeMHUKAaX TeTJI0BOe usiydeHue (Ko-
TOpOE MPUHSTO CUYUTATh ACIbTa-KOPPEIUPOBAHHBIM
B IIPOCTPAHCTBE U BO BpeMeHU) OyIEeT KOppeaupo-
BaTh. DTO CBSI3aHO C TEM, UYTO NMTPUEMHOE YCTPOMCTBO
MMeeT KOHEUHYIO MOJIOCY IIPOITYyCKAHUS, B pe3yJIbTaTe
Yero BO3HUKAECT BpeMEHHAasl KOPPEIsIUsI PerucTpu-
pyeMoro TerjioBoro curHajna. [IpeumyiiectBo Koppe-
JISLIMOHHOTIO IpUeMa 0 CPAaBHEHUIO C HEKOPPEISI-
OHHBIM — B JIy4llleM MTPOCTPAHCTBEHHOM pa3pellle-
Huwu. [Ipenen paspeleHus: Npyu HEKOPPEISIIIUOHHOM
npruemMe o6paTHO MPOIOPLIMOHAJIEH pa3Mepy Mpu-
eMHUKa, TIPU KOPPEISILIUOHHOM IIpUEeMe — PacCTo-
SIHUIO MEXIY KpalHUMU JHaT4MKaMMu B TIPUEMHOM
pemerke [10].
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BriepBhie IpocTpaHCTBEHHAS KOPpEISILMOHHAsS
(byHKIIMS TETIJIOBOTO aKyCTUUECKOTO U3YYEHUS C MO~
MOIIIBIO IBYX TJIOCKMX IThe30Ipeodpa3oBaTeieil Obuia
usMepeHa B pabote [11]. HarpeTblit KICTOYHUK TNepe-
MelIaJii MapajuleibHO maTuukaMm. B pa6orax [12—16]
C TIOMOILBIO Mapbl AATYMKOB ObLIN TTOJTYYeHBI BpEMEH-
HBIe KPOCC-KOPPEIILUOHHbIe (DYHKIINKU TEIIOBOTO
aKycTuyeckoro usnydyeHus. B padorax [12, 13] Ob110
MpPOBEAEHO BKCIEPUMEHTATbHOE MOJAEIUPOBaHUE
MNPOLIECCOB AKTUBHO-ITACCUBHOM TEPMOAKYCTUUYECKOM
toMorpaguu. B padote [14] ObLIM HccienoBaHbl KOp-
peNSILIMOHHBIE CUTHAIIBI, TTOJIydYeHHbIE IIPU CyMMap-
HBIX 3ajepxKax. B pabote [15] koppensiust moixyde-
Ha Ha (poKycupyeMmbIx aHTeHHaX. B padote [17] Obun
BKCMEPUMEHTAIbHO PACCMOTPEHBI BOIIPOCHI KOPPEsi-
LIMU TETJIOBBIX (POHOHOB YIIPYruX BOJIH. OTMETUM, UTO
KOPPEJSILIMOHHBIN TTpUeM aKyCTUYSCKUX U3TydeHU I
pa3pabaTtbeiBaeTCs U IJis1 UISHTU(PUKAIIUU UCTOUHUKOB
B 3BYKOBOM jauarna3oHe [18].

B HacTosIei cTaThbe OCYILIECTBICH KOPPEIsIIN-
OHHBII TIPUEM TEIIJIOBOIO aKyCTUYECKOTO M3Iy4eHUS
pelIeTKOM, COCTOSIIEH U3 TPeX JaTYNKOB, BIIEPBHIC
MOJy4YeHbl BCE TPU KPOCC-KOPPEISILIUOHHbIE (DYHK-
LUK UIsT KaxKO0M Mapbl 1aTYMKOB. Pe3ynbrar moaydeH
omaronaps koanadopauuu rpynn UPD um. B.A. Ko-
teabHukoBa PAH u UT1® PAH.

1. SKCITEPUMEHTAJIbBHAA CXEMA

CxeMa 151 KOppeJSIIMOHHOTO TIpreMa TEIJIOBOTO
aKyCTUYECKOTro M3JIyYeHUs TIpeacTaBlieHa Ha puc. 1.
Hatuuku RI, R2, R3 TeIJIOBOTO aKyCTUYECKOIro 13-
JyyeHust — nuametpoMm 2a = 14.0 = 0.2 MM, paccro-
SIHUE MeXIy LeHTpamMu KoTopeix D = 16.0 = 0.3 mmM,

RI

Puc. 1. Cxema KoppeasiLiMOHHOIO MpreMa TeIIOBOTO
aKyCTUUYECKOTO U3JTyUYEeHUs PEIICTKOM 13 TpeX JaTUNKOB
RI, R2, R3; 1, 2, 3 — ocu natuukos; S1, S2 — noJyioxe-
HUSI UICTOYHMKA, 2a — TUAMeTp AaTyuka, D — paccTo-
SHUE MEXIY LIEHTPaMU TaTYNKOB, 7 — PACCTOSTHUE OT
MIPUEMHHUKOB 10 UCTOYHUKA, A7 — CABUT IIPUEMHUKA
B HaIlpaBJIEHUU aKyCTUYECKOM OCH CUCTEMBI, X — OCb,
BIIOJTb KOTOPOI1 TTepeMellaii UCTOYHUK, AX — TUaMeTp
VCTOYHUKA, X, — CIBUT MCTOUHMKA.

HaxXOAWJINCh B aKBapuyMe, 3alIOJTHEHHOM BOJOM TIpHU
kKomHaTHoIi TemIiepaTtype 21.0 = 0.3°C. Ocu gatuu-
KOB [, 2, 3 iexXaJqu B FOPU30OHTAJIIbLHOM IIOCKOCTH
U TIepeceKajnch Ha pacctossHuu z = 550 = 3 MM ot
MNpUeMHUKOB. B KauecTBe MCTOYHMKA TEIJIOBOTO aKy-
CTUYECKOTO U3JIYYEHUS UCITOJb30BaIM HATPETHI 10
temriepatypsl 50.0 = 0.3°C tedJIOHOBBII TMINHIP
anuHoi 142 + 1 mm u nuametpoM Ax = 10.8 = 0.1 MM,
PACIIOJIOXKEHHBIN BEPTUKAIBLHO B TOUYKE TIepeceYeHUs
aKycTMYecKux oceii. TemrepaTypy BoIbl U HauaJbHYIO
TeMIlepaTypy UWIMHIPA KOHTPOJIUPOBAIU LIU(DPOBHI-
mu tepmoMeTpamu DS18S20P (Maxim Integrated,
Can-Xoce, CIIIA) ¢ Tounoctsio 0.3 K.

OTMeTHM, YTO PACCTOSIHUS OT UCTOUYHMKaA S/, Ha-
XOASIIETOCsI B TOYKE INepecedyeHuss aKyCTUYeCKUX
oceil, 10 IPUEeMHUKOB He OBLIM OOMHAKOBBEIMU. DTO
CBSI3aHO CO COBUTOM AZ IPHEMHUKOB B HaIllpaBJIEHUN
AKyCTUYECKOM OCU CUCTEMbI, KOTOPBIIA TPYIHO KOH-
TPOJUPOBATh, HO KOTOPBIl 3HAYMTEILHO MEHSIET BUJL
Kpocc-KoppensiunoHHo# ¢yHkuuu. Hanpumep, casur
nprueMHUKOB Ha 0.4 MM (OKOJIO MOJIOBUHBI AJTUHBI
BOJIHBI) BBI3BIBACT CABUT KOPPEISILIMOHHON (DYHKIINN
Ha TOJIIIEpHOo/Ia.

YroObl n30eKaTh “IapasuTHBIX”, HE aKyCTUYECKUX
KOppEsaMid, Mbl IPOBOJUIIU U3MEPEHUS TEIIOBOTO
aKyCTUYECKOTO MU3JTYyYSHUS IBaKIbl: KOTJIA MEXIy Ha-
TPETHIM UCTOYHUKOM U MIPUEMHUKAMU HAXOAUJICS OT-
paxaresib U Korma ero He Obl10. B pesynbrare 6panu
Pa3HUILY MEXITY KOPPEISIIIMOHHBIMU (YHKIIUSIMU, TT0-
JIyYeHHBIMU 0€3 oTpaxaTess U ¢ oTpaxkareiaeM. M3me-
PEHUS MPOBOAWIMN TP IBYX MOJOXEHUSIX BEPTUKATb-
HOTO MCTOYHMKA: B TOUKE MepeceuyeHust aKyCTUUECKUX
oceil U Mpu CABUTe B HaIlpaBJeHUU, MEPIEHAUKY-
JIIPHOM aKyCTMYEeCKO# OCHU LEHTPaJIbHOIO JaTynKa
Ha pacctostHue X, = 11.0 £ 0.5 Mm. OTO paccTosHME
MIPUOJIM3UTETHLHO PAaBHO MOJIOBUHE MPOCTPAHCTBEH-
HOTO Tepuoaa Kpocc-KoppensiiMOHHON (GYHKIIMN CO-
CeIHUX NaTYMKOB. [loaTOMY M3MEepeHHbIE MPU ABYX
MOJIOKEHUSIX UCTOYHUKA KOPPEISILIMOHHbIC (DYHKIIUU
JOJKHBI OBITH B IPOTUBO(da3e. DTO TakXKe ITO3BOJISIIIO
yOemuThCsI, YTO U3MEPSUINCh aKyCTUYECKHE, a He “Tia-
pas3utHble” curHajibl. Bpemst omHoro usamepenust — 4 ¢
(3a 310 Bpems TemnepaTypa TeJIOHOBOTO LWIMHAPA
MEHSJIach HE3HAYMTENbHO), U3MEPEHUsI TTOBTOPSIU
MSITh pas.

H7ns n3MepeHU TeTI0BOTO aKyCTUYECKOTO M3-
JIydeHMsT OBIT MCTIOJb30BaH MHOTOKAHAJBHBIM aKy-
crorepmorpad [19, 20], pazpaboranHbiii B UT1D
PAH rpynnoit mox pykoBoactsoM A.Jl. MaHchenb-
na (rmonoca nmponyckanus 1.3—2.4 MI, moporoBas
JYBCTBUTEILHOCTh TTPU BPEMEHU WHTETPUPOBAHMUS
10 ¢ — 0.2 K). IIpuHumaemble aKyCTUUYECKHIE CUTHAJIbI
MMpeoOpa3oBHIBAINCH B DJIEKTPUIECKUE, YCYIINBAINCH
U MoaaBajauch Ha 14-pa3psaHbiii 4-kaHanbHbI ALLTT
ADM 414 x 65M (Insys, MockBa, Poccust) ¢ yactoToit
nuckperusanuu 15 MI't Ha onnH KaHait. PazpaboraH-
Hble MPOTpaMMbl MIPOBOAWIU JaJbHEHIIYI0 00pabOTKY
JTaHHBIX.

AKYCTUYECKUM XYPHAJT Tom70 Nel 2024
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2. MATEMATHUYECKAA MOJEJIb

CornacHo [10], Kpocc-KOppeastiMOHHYI0 (PYHKIINIO
TEIUIOBOTO aKyCTUYECKOTO U3JTydeHM s

K(t) =

e { — BpeMsi, T — BPEMEHHOM CIBWT, p,, p, — laB-
JIEHVsI, U3MEPEHHBIC MEPBBIM U BTOPHIM TaTYMKAMHU,
yepTa CBEPXY O3HAYaeT yCPEAHEHWE 10 BPEeMEeHH,
pi(t) = py(¢) = 0, st cxembl, MOKa3aHHOI Ha puc. 1,
MOXKHO TIPEICTABUTD BbIPAKEHUEM:

N(Dx _ . Az
K(t)~ ToSIHEAff(EJXOOffAZJH

p(O)py(t+71)= pi(2) pa(2),

X

f (1)
sin(nggJ
Az D x Az
aniAxcos{Zn(xé)—fr— Tﬂ’
Az

rae Af — nojioca NponycKaHus AaTuuka, A u f — cpel-
HU€ JUIMHA BOJHBI U 4aCcTOTa MIPUHMUMAEMOIO CUTHA-
na, D — paccTosHUe MeXIy AaTYUKaMU, 7 — PacCTosI-
HUE OT JaTYUKOB 10 UCTOYHMKA CUTHaja, A7 — CIBUT
MpUEeMHMKa 10 HaIpaBJIeHUM aKycTU4eckoit ocu, 7,
X,, Ax — Temnepartypa, MoJoKeHue LIeHTpa, Mornepey-
HBI pazMep UCTOYHMKA. 3/1eCh MPeArnoaaraeTcs, 4ro
TeMmrepaTypa UCTOYHUKa 7|, MOCTOSIHHA U alepTyphbl
JATYNKOB Ha PACCTOSTHUU Z COBMaAaloT. MHOXUTETb

. A_f DXO AZ
Sln[nf(kz - fT - 7\,):|

AZ) onpeaecjadaeTcd KOHEY -

A

HOII moJjiocoii Af poIycKaHusI IpUeMHUKA, MHO-

sin(nDAx)
Az
DAx
Az

(zp-r-%)
UCTOYHMKA, MHOXUTENb COS|2T| —— — f1— —

KUTCIIb — KOHC€YHBIM pasMEpoM Ax

oIpeneNsieT OCUMUTUPYIONINIT XapakKTep KOppenr-
poBaHHOTO curHaaa. Beipaxenue (1) cnpaBemiuso,

Ax XO
ecii — <1 1 — <« 1. B Hammumx akcnepuMeHTax

% =0.020 £ 0.001, x_zo =0.020 £ 0.001 . Or™eTnM,

YTO BEPTUKAJIbHBIM pa3Mep MCTOYHUKA MPEBHILIACT
MOMEepPeYHbI pa3Mep arepTyphbl JaTYUKaA, ITO3TOMY
BbIpaxeHue (1) He 3aBUCUT OT KoopAauHaThl y. [Ipu
IIMPUHE UCTOYHUKA, PAaBHON MPOCTPAHCTBEHHO-
D’
KOppEeJISIMUOHHBII CUTHAJ paBeH Hy/0. [1pu mpounx

MY MEpUOAY KOPPEISIHIMOHHON (YHKIUU Ax =
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Puc. 2. Kpocc-koppensiimoHHble (DYHKIIMY TETIJIOBOTO
aKyCTUYECKOTO M3JTyYeHUSsI, TIOJlydeHHbIe Ha JaTInuKax:
(a) — RI, R2; (6) — RI1, R3; (B) — R2, R3 ipu pa3HBIX
MOJIOXKEHUSIX UCTOYHMKA ST 1 S2 (HymepalMIo 1aTYNKOB
U TIOJIOKEHUM UCTOUHMKA CM. Ha puc. 1).

PaBHBIX YCIOBUSIX KOPPENSIIUOHHBIM CUTHAI MaK-
cUMaJieH, KoTna IMprHa UCTOYHMKA paBHA TMOJOBH-
He TIPOCTPAHCTBEHHOTO Mepuoaa KOPpeassIMOHHON

. D Ax
¢byakmm. B Hammx aKCriepuMeHTax sin| m—— | =

Az
=0.97 £ 0.02 — m1dg cocequux gatyrikos u 0.44 =+ 0.04 —
JUIST KpaHUX.

3. PE3VIJIBTATBI 1 OBCYXIEHUE

HM3MmepeHHbIE KPOCC-KOPPEIIIUOHHbIE (DYHKIIUN
NpeacTaBiAeHbl Ha pUC. 2 C YYETOM CABUTa BIOJb aKy-
CTUYECKOI OCH.

COBUT MCTOYHUKA M3 LIEHTPAIbHOTO TOJIOXE-
HUSI, Ha MepeceYeHuM aKyCTUUECKUX OCeil TaTYMKOB
(S17 na puc. 1), B CTOpOHY, Ha paccTOosdHHUE X, (S2 Ha
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ABTO-KOppesILMOHHAas (YHKLIMS, OTH. €/I.

Bpewms, Mkc

Puc. 3. ABToKOppensiiMoHHbIe (GYHKIIMU TEMJIOBOTO aKyCTMUYECKOTO U3YyYeHUs aTIMKOB R1, R2, R3 (HymMepaluio CM. Ha

puc. 1).

D X0
puc. 1), COOTBETCTBYeT CABUTY 110 (ha3e Ha 211—7.

A

B menom pesyabrat oxXugaeMblil: y COCEIHUX T1ap AaT-

YUKOB, pacCTOSIHUE MeEXAY KOTOpbiMU D = 16 MM,
CIBUT MCTOYHMKA ObLI MogoOpaH Tak, YTOObI CIBUT
KPOCC-KOPPEISIIUOHHBIX (DYHKIMI BO BpeMEHU
Dxy _
s
aJlbHO KPOCC-KOpPEISIHIMOHHbIE (DYHKIIMU BBITJISI-
IST, KaK Haxonsdinuecs B mpotuBogdase (puc. 2a, 20).
VY napbl KpailHUX JaTYUKOB, PACCTOSIHME MEXIY KO-

ObLI OJIN30K K (2T 0.85m) . IIpu aTOM BU3Y-

TOopbiMU D = 32 MM, COBUT 110 (pa3e COCTaBUII ~ 3%

D
(2Tt—xz—0 = 1.7m). IIpu 3TOM BU3yaJIbHO KPOCC-KOp-

A

peTSIIMOHHbBIE DYHKIIUU BBITISIASIT CABUHYTBIMU TTPU -
OJIM3UTENILHO HA YETBEPTh nepuoaa (puc. 2B).

ITonydyeHbl TakXXKe aBTOKOPPESILMOHHbBIE (DYyHK-
oy gaTyukoB (cM. puc. 3). B kauecTBe mpuMepa st
natuuka R2 paccuutan criekTp (cm. puc. 4). Crnekrp
M0 aBTOKOPPEISILIUOHHON (yHKIMU (HA30BEM €ro
WHTETrpaJbHBIM CIEKTPOM) OMpeaessieTcsi CBOYi-
CTBAMM JaTdyMKa KakK MPUEeMHHMKA aKyCTUYEeCKOTO
W3JTydeHMsI, a TaKXKe YJAaCTOTHBIMHM CBOMCTBAMU YCH -
JIUTENS CUTHaNOB. YTOOBI MONIYYUTH CIIEKTpP, KOTO-
pblit onpenensieTcs UCKJIIUYUTEIbHO aKyCTUYECKUMU
CBOMCTBAMU JaTyrKa, HEOOXOIMMO B3STh Pa3HOCTD
WHTErpaIbHBIX CIIEKTPOB, MOJYUYEHHBIX [IJIS1 CIyYaeB,
KOT/Ia U3MEePEeHHUS MPOBEACHBI C HATPETHIM UCTOYHM -
KOM U 0e3 MCTOYHMKA. AKYCTUIECKUI CITEKTP MOX-
HO TakXe MOJYYUTb U3 KPOCC-KOPPEISILIMOHHOMK

(byHKIIMY TaTYMKOB (€C/IU TMpearnoiaraTb, YTo CIieK-
TPHI TaTYNKOB MPaKTUIECKN OOUHAKOBHI). U3 puc. 4
BUIHO, YTO aKycTudeckuii criekrp (~1.3—2.3 MTI)
CYyXEH MO CPaBHEHUIO C MHTErPaJbHBIM CIIEKTPOM
(~1.3—=2.4 MTI1). BTO OTYETAUBO MPOSBISETCS Ha
BBICOKMX YaCTOTaXx, TJIe BEpXHUE IPAHULIbI CIIEKTPOB
paznauyatorcs Ha ~0.1 MI.

[IpuMepsl pacyeToB KPOCC-KOPPETSIIIUOHHBIX
¢yukumit mo popmyie (1) mpeacraBiieHbl HA pUC. 5.
B pacuerax Mbl MCTIOJIB30BaAIM MTapaMeTPhbl CXeMbI pac-
MOJIOKEHUS JaTYMKOB, MPUBEIESHHbBIC BBIIIE, a TAKXKE
XapaKTEePUCTUKU MOJOCHI TPOMYCKaHUs AaTYUKOB, MO-
JlydeHHbIE T10 criekTpaM. BuaHo, 4To B 11eJI0M pe3yiib-
TaThl PAaCYETOB COOTBETCTBYIOT SKCIEPUMEHTATbHBIM
JaHHBIM.

B pa6ote [21] mi1s toKanu3alyuy MUCTOYHMKA Harpe-
Ba OBUTO TIPEITOKEHO CKIIAIBIBATh KPOCC-KOPPETISIIH -
oHHbIe ¢yHKIMU. [Tepexon oT BpeMeHHOTo CIBUTA T
K KOOPJUHATE X OCYILIECTBJISLICSI COIJIACHO BbIpaxke-
Huto (1):

14
X =1,

D (2
rae ¢ = 1500 M/c — cKopocCTh 3ByKa B Bojue. Takum
00pa3om, eciiu BpeMeHHbIE KPOCC-KOPPEeJSILIMOHHbIE
(byHK1IMYM J11060# TTapbl JaTYUKOB XapaKTepu3oBa-
JIUCh OJHOM 4YaCTOTOM — CpeIHEN YacTOTOU npuema,
TO Mpu nepexoae (2) K IpocTpaHCTBEHHOMY pacrmpe-
JIEJIEHUIO0 POCTPAHCTBEHHAsA YacTOTa KOPPEJISIIU-
OHHOI (YHKUUU JIs1 1aTYuKoB R2 n R3 (KpaitHuUX
B pelIETKe) YBeJIMuMBajgach BIBOE. DTO COOTBET-
CTBYET 3aMeYaHMIO, cIeJlaHnHoMy B padote [10], uto
napa NpUueMHUKOB OTpeesisieT MPOCTPaHCTBEHHYIO
AKYCTUYECKUN XYPHAI Ne 1
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Puc. 4. CriekTp, TTOJTy9eHHBIN M3 aBTOKOPPEIAIMOHHON yHKIMY natanka R2 (1), 13 Kpocc-KOppesiIMOHHON hyHKITNT
RIw R2(2); pa3HOCTD CITEKTPOB JaTunKa R2 C ICTOYHUKOM U 6e3 (3).

rapMOHUKY MCCIEAYyeMOTo M300pakeHUsl, KOTO-
pas 3aBUCUT OT PACCTOSHUS MEXIY MPUEeMHUKAMM.
Ha puc. 6 niasa npumepa nokasaHa CyMMa 9KCIIepH-
MEHTaJIbHBIX JaHHBIX U PAcUYETOB, MPOBENEHHBIX MO
dopmyne (1). CymMmMupoBalu KpOCC-KOPpPEeasiiu-
OHHBbIe (DYHKIIUU JJIsI COCEAHUX AaTUMKoB RI u R3
¥ 711 KpallHUX B pelleTKe JaTIYukKoB R2 u R3, Korna
MCTOYHMK HaxomauTcd B nmojioxeHuu S/. Eciu B pe-
1IeTKe J0CTaTOYHO JaTYMKOB, TO B PE3yJIbTaTe TAKOTO
CYMMUPOBAaHUS MOXHO OIpPeIeSUTh MOJOXEeHEe Ha-
rpeToro o0beKTa ¢ TOUHOCTHIO JIyUllIei, YeM Ta, KO-
TOPYIO MOXET JaTh OMWH JaT4uK. g cpaBHEeHUS Ha
puc. 6 nokasaHa anraparHast QyHKIIUs IIAPOKOIIO-
JIOCHOTO JaTyrKa AuaMeTpoM 14 MM, MoJocoil mpo-
nyckanus 1.3—2.3 MI Ha paccrogHuu 550 MM OT
npueMHuKa [22].

PaccMatpuBaeMblil MOAXOM AeTaeT BO3MOXKHBIM JIO-
KaJIM3alMIo HarpeToii 00J1acTu, T.K. CUTHaJIbI U3 00Jia-
CTeli, rae anmnapaTHbie PYHKIMU JaTYUKOB He Iepece-
KarTCsl, He KOPPEJTUPYIOT.

SAKJIIOYUEHUE

[IpoBeneHo KOPPENSILIMUOHHOE U3MEPEHUE TeTI0-
BOTO aKyCTUUYECKOTO M3IYICHUS PEIIETKOM, COCTOSI -
e U3 Tpex JaTYMKOB. BriepBbie MOTyYeHbl BCe TPU
KpOCC-KOppeIsiHMOHHBIe (DYHKIMUY AJIST KaXKIOW Mapbl
JaT4nuKoOB. YTOOBI UCKIIOUYUTH BO3MOXKHBIE “TIapa3uT-
Hble”, HEaKyCTUYECKKMe KOPPEJSIUU, PACCUUThIBAIU
pPa3HUILY MEXIY KOPPEASLUOHHBIMU (DYHKIIUSIMHU,

AKYCTUYECKUN XYPHAI Ne 1

TOoM 70 2024

MOJYYeHHBIMU C HArpeThiM UCTOYHUKOM U 0e3. st
MPOBEPKU MPOBOAUIN U3MEPEHUST TIPU ABYX MOJIO-
JKEHUSIX UCTOYHUKA, PACCTOSTHUE MEXIY KOTOPBIMH
ObLIO PaBHO MOJIOBMHE MPOCTPAHCTBEHHOIO TIEPUO-
Jla KpOCC-KOPPEISIMOHHON (hyHKIMU. M3MepeHHbIe
KOppesiIMOHHbIE (DYHKUIMU HAXOAUIUCH B IPOTUBO-
(aze, yTo TMONTBEPKIAIIO TIPABUILHOCTh U3MEPEHUIA.
briiu paccunTaHbl KpoCC-KOPpeIsIIUOHHbIE (hYHK-
LIMY TETIJIOBOTO aKyCTUUYECKOTO MU3IYyYEHUSsI, B LIeJIOM
COOTBETCTBYIOIIIME IKCTIEPUMEHTAJbHBIM JaHHBIM.
st ToKamu3aly UCTOYHMKA HarpeBa ObUTa TTOCTPO-
€Ha cymMMa MPOCTPAHCTBEHHBIX KPOCC-KOPPEISIIIMOH-
HBIX QYHKUMHI IJ151 COCENHUX W IJI KpalHUX AaT4M -
KOB B pelieTke. [1py 3ToM 13-3a pa3HOTO PacCTOSIHUS
MEXIY TaTYNKaMU TTPOCTPaHCTBEHHAs YacTOTa KOp-
PeAIMOHHON (PYHKIINU 1T KpaitHUX JaTYMKOB ObLIa
B JIBa pa3a Ooubllle, yeM IJIsT coceAHUX. B pesynbraTe
TaKOro CyMMUPOBAHUSI MOXKHO OIpPEIeTUTh MOJIOXKe-
HUe HarpeToro oObeKTa.

Ha ocHOBe M3MepeHHBIX aBTO- U KPOCC-KOppe-
JIIUMOHHBIX (DYHKIMN ObLIM MOCTPOEHBI CIEKTPHI
nprueMa akKyCTMYeCKUX CUTHaJIOB 6e3 ydeTa IIyMOB
YCHITUTETIS.

ITpennonaraioTcs naabHee uccaenoBaHus Kop-
PEJSILIMOHHOTO TTpYeMa TEeIJI0BOr0 aKyCTUYECKOTO M3-
JIyUeHUs pelIeTKOM, coCcTosIIIeil U3 0OJbIlIero yncia
MPUEMHUKOB.

PabGora BrImoJiHEHa 3a cyeT rpaHTa Poccuiicko-
ro HayuyHoro ¢oHaa No 23-22-00175, https://rscf.ru/
project/23-22-00175/.
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Puc. 5. PaccuntanHble 1 MU3MepEHHbIE KPOCC-KOPPEISILUOHHbIE (DYHKIUN TEIUIOBOTO aKyCTUYECKOIO N3IYUYeHHUs], TOIy4eH-
Hble: (a) — 11st JaTYukoB R1, R2, ictouHuk B ueHTpe (S7); (6) — mist R1, R3, ucTouHuk caBuHyT Ha 11 MM (S52); (B) — mis

R2, R3, uctouHuk B ieHTpe (S7).
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Puc. 6. MiamepeHHbBIC TPOCTPAHCTBEHHBIC KPOCC-KOPPEISIIIMOHHBIC (DYHKIINH, TIOJYYCHHBIC TSI COCETHUX M KpaHUX 1aT-
yukoB RI u R3 (1), R2wm R3 (2) u ux cymma (3). PaccuntaHHast cyMMa Kpocc-KoppeasiuMoHHbIX hyHKuui (4). [TokazaHa
TakKe paccuMTaHHas annapaTtHast ¢GpyHKuus gatavka (5). McTtouHuK B rojoxeHuu S1.
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