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HccnenoBaHbl akycTUYECKHE CBOMCTBA CYCIIEH3UI Ha OCHOBE YMCTOTO MIMLIEPUHA M aJIMa3HOTO TTOpOoIlIKa
C pa3MepoM YyacTull 1—2 MKM € pa3IMYHOU KOHLIEHTpaLIMel ¢ MOMOIIBIO PE30HATOPA C TPOJAOJIbHBIM 3JIeK-
TpUYEeCKUM MoJieM. JIMCKOBBIN pe30HaTOp U3 JIAHTacUTa C KPYIJIBIMU 3JIEKTPOIaMU Ha 00erxX CTOpOHax
IUIACTUHBI ¢ yacToToi 4.1 MI11, paboTtalomuii Ha IPOAOJIbHOI aKyCTUYECKOM BOJIHE, IIOJIHOCTBIO MOrPpy-
JKaJli B XKUAKOCTHBIN KOHTEHHEpP ¢ UccaeayeMoii cycrieH3ueit. Ha ocHoBe n3aMepeHHBIX YaCTOTHBIX 3aBU-
CHUMOCTEM peajlbHOM 1 MHUMO YaCcTe| 3JIEKTPUYECKOTO UMIIEaHCA PE30HATOPA C UCITOJIb30BAHUEM SKBU-
BaJIEHTHOM 3JIEKTPOMEXaHUYECKOI CXeMBbl ObLIIN OTIpeesIeHbI TPOIOIbHBINA MOIYJIb YIIPYTOCTU U MIPOAOJIb-
HBIM KO3 (UIIMEHT BSI3KOCTH MCCIeAyeMbIX o0pa3lioB. CpaBHEHHE SKCIIEPUMEHTAJIbHO HalIeHHBIX
3aBMCUMOCTEN MPOJIOJIBHOTO MOYJISI YIIPYTOCTH, KO3(MdUIIMEeHTa BI3KOCTH Y CKOPOCTU IMPOIOJIbHOM aKy-
CTUYECKOI BOJHBI OT 0ObEMHOI KOHLIEHTPAIlUW YACTULL AJIMa3a B CYCIIEH3UU C PACUETHBIMU 3aBUCUMOCTSI-
MU TI0Ka3aJI0 MX XOpOolllee COOTBETCTBUE.

Karoueeswie cro6a: Ibe30371EKTPUUECKUN PE3OHATOP C MPOAOIBHBIM 3JIEKTPUUECKUM I10JIEM, CYCIIEH3UM, Pe-
30HAHCHAsI YacTOTa, 3JEKTPUUECKUI UMIIEAAHC U alMUTTAHC, MOMYJIb YIIPYTOCTH, KO3(PMUILIMEHT BSI3KO-
CTU, CKOPOCTh IIPOAOJILHOM aKyCTUYECKOM BOJIHBI
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BBEAEHWE

B Hacrosiiiee BpeMsi B caMbIX pa3HbIX 00JacTsIX
HaYKHM U TEXHUKU CYIIIECTBYET IpoodieMa OBICTPOTO U
TOYHOTO aHAaJIM3a Pa3IMIHBIX CBOMCTB XXMUIKOCTEM, a
TaKXe CMeceil Ha OCHOBE XXKMIKOCTEM 1 TBEPIbIX Ua-
crur [1—7]. Takas nmpoGiaemMa 4acTo BO3ZHUKAET IIpU
MOHUTOPUHIC COCTOSIHUSI Pa3IU4YHBbIX BOIOEMOB,
CTOYHBIX U TPYHTOBBIX Boa. KpoMe Toro, ¢ Takumu
3aJa4aMi 4acTO CTIKWBAIOTCS CIIELMAJIMCTHI B Ta-
KMX 00JIaCcTSIX KaK MeAUIIMHA, OMOJIOTHS, TUIIeBas,
dapmalieBTUUYECKass U HedpTerazogo0kIBalolas mpo-
MBIIIJIEeHHOCTh [8—11]. st MccieqoBaHusT pa3iand-
HBIX CBOMCTB XXKMIKOCTEId B TEUCHNE MHOTHUX OECITH-
JIETUI IIPOKO MCTIOIB3YIOTCS aKyCTUYECKIEe METOMBI
U pa3JIdYHbIe TUMBI aKyCTUYEeCKUX BoJIH. Hampumep,
TSI OTIpeAeIeHMS BI3KOCTH KMIKOCTH MCIIOJIbh30Ba-
JINCh aKyCTHUYECKUE BOJIHBI C IOIIEPEYHO-TOPU30H-
TaJIbHOI TOJIsIpu3aleil HyJeBOro IopsiaKa, pacnpo-
CTpaHSIOIINECS B ITbe303IEKTPUISCKIX IDIacTUHaX [12].
BecbMa 1epCHeKTUBHBIMUA OKa3alIMCh ITOBEPXHOCT-
HbI€ TIOTNIEPEYHO-TOPU30HTAJIbHbBIE aKyCTUUECKUE

BOJIHHI [ 13], BOJTHBI BRICIINX MOPSITKOB B ITBE303JIEK-
TpUYecKMX TacTuHax [14] MU B MHOTOCJIOHBIX
cTpykrypax [15, 16]. LLHIupoko MCIOIB3YIOTCS KW~
KOCTHBIE TaTYMKM Ha MbE302JEKTPUUECKUX PE3OHA-
TOpax C TMOMEPEeUYHbIM BJIEKTPUUECKUM BO30YXKaAal0-
muM mojiem [17—20].

Pe3oHaTophl ¢ NPOAOABHBIM 3JEKTPUIYECKUM T10-
JIeM MPENCTaBISIOT CO0O0M, KaK MpaBUJIO, TIIOCKOIA-
paUIeIbHYIO TIACTUHY MbE303JIEKTPUIECKOrO KPUCTAI-
JIa ¢ KPyIJIBIMU 3JIEKTPONAMU HAa OOEUX €€ CTOPOHAX.
OTU pe30oHaTOPhbl XOPOIIO M3BECTHBI KaK MPOCThIE,
HaZeXHbI€ U JIETKOAOCTYIHbIE aKyCTOJIEKTPOHHbBIE
YCTPOMCTBA, KOTOPBIE MOTYT MCHOJIb30BAThCS IJISI
OTMpEeNeNICHUSI MEXaHUYECKUX CBOWCTB Pa3TMUHBIX
rieHok [21, 22]. Kpucrannorpaduyeckasi opueHTa-
1S ¥ TOJIIIIMHA Cpe3a KPUCTAIIIA OTIPENECITSTFOTCS BbI-
0OpOM THUIIa YUCTOM OOBEMHOMN aKyCTUYECKOM MOIbI
1 paboyero yactToTHoro auarasoHa. I1pu uccienona-
HUY aKyCTUYECKUX CBOMCTB Pa3IUYHbIX MATEPUAIOB
C WCIOJIb30BAHUEM TaKWX PE30HATOPOB MEXIY ITO-
BEPXHOCTHIO 3JIEKTPOAKYCTUUYECKOIO MpeoOdpa3oBa-
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Puc. 1. BKCHCpI/IMCHTa)TLHaH 3aBUCUMOCTD IIJIOTHOCTHU CYCIICH3UU OT 00BbEMHOM KOHUCHTpalUWn 4aCTUILL aJiMasa.

TCJIA 1 NCCIICAYCMbBIM 00BEKTOM CO3TaETCSI XOpOH_II/Iﬁ
aKYCTI/I‘-ICCKI/Iﬁ KOHTAaKT. OTO pPCaJIN3yeTCda aBTOMAaTU -
YECKU, €CJIU UCCIIEAYEMbIM OOBEKTOM SIBISIETCS XU~
KOCTb.

PaHee [23] ObL1a TOKa3aHa BO3MOXHOCTb OMpeie-
JICHUSI TIOTIEPEYHOTO MOMIYJISI YIIPYTOCTH M TIONepey-
HOTO KO3(UIMEHTa BI3KOCTH CYCTICH3MIT Ha OCHOBE
IJIMLEpPUHA U YaCTUI CUHTETUYECKOTO ajiMasa ¢ pas-
JIMYHOI KOHIIEHTpalueil ¢ TIOMOIIbIO pPe30HATOpa C
MTPOIOIBHBIM JIEKTPUIESCKUM TI0JIEM U TTOTIEpEeIHOM
aKycTudeckoit Mmogoii. Hacrosiiast padota siBiasieTcs
IMPOAOIKEHUEM 2THUX I/ICC.HC)IOBaHI/Iﬁ 1 ITOCBJLICHA
SKCTIIEPUMEHTAIBHOMY  WCCIIEMIOBAHMIO  BIVSTHUS
yKa3aHHBIX CYCMIEH31i Ha XapaKTepUCTUKU pe30Ha-
TOpa ¢ MPOJOJBHBIM JIEKTPUISCKHAM TT0JIeM, pabo-
TaoIEro Ha MPONOJIBbHOI aKyCTHYecKOoi Mome, U
OTIpeNIeJICHNIO TIPOAOJIBHOTO MOMYJISI YIIPYTOCTA W
MPOJOJBHOTO KO3(UlIMEeHTa BSI3KOCTU MCCIEIye-
MBIX 0Opa31IoB.

MATEPHAJIBI M CITOCOb
IMPUTOTOBJIEHUA CYCITEH3UU

JI1s nccienoBaHuii UCITOIB30BAIA YMCTBIN TIIM-
neprH oobeMoM 30 M1, K KOTOpOMY J00aBIISLIM pa3-
HOE KOJUYECTBO ajiMazHoro nopomka ACM 2/1 c
pa3smepom gyactull 1—2 MmxM. Kaxxapiii oopasels nepe-
MElIWBaJIM HAa MAarHUTHON MelllaJike B TeYeHue S 4.
BbL10 ycTaHOBJIEHO, UTO BpeMsl MOJHOTO OCeIaHUs
YacTHIL ajiMa3a B INIMIEPUHE TPEeBbIIaNo 24 94 Npu
KOMHATHOM TemIiepaTtype, 4TO XOpOIlo HaOaoaa-
JIOCh BU3yallbHO. B pesysbTaTe OBLIO M3TOTOBJIEHO
IIECTh PA3JIUYHBIX 00Pa31I0OB CYCIIeH3UI ¢ 0OBEMHBI-
MU KoHlLeHTpauuamu yactuil 0.098, 0.147, 0.73, 1.45,
1.92 n 2.86%. Inst onpeneneHusT TJIOTHOCTH TIOJTY-
YEeHHBIX 00pa3loB (UKCUPOBaHHBII 00beM (1 M)
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CYCIIEH3UM B3BEIIVMBAJIM Ha aHAJIUTUYSCKUX Becax
PA-214C (“Pioneer”, OHAUS Corporation). s
TOYHOTO OTIpele/ieHUs1 0O0beMa UCIONIb30BaIu TIpe-
LIU3MOHHYIO JabopaTopHylo mumeTtky (“Komop”,
Jlennuner).

DKCcIepruMeHTalbHasl 3aBUCUMOCTb ILUIOTHOCTU
CYCIIEH3UM OT OOBEMHOW KOHIIEHTpPAlMKd YaCTHIL
npencTaBieHa Ha puc. 1. 3HaueHUs TUIOTHOCTU 00-
pas3IoB ¢ U3BECTHOM 00BEMHOM KOHIICHTpAIIEeH aji-
Ma3HOIO ITOPOIIKA, BBEIYMCIEHHBIC II0 TaOIUIHBIM
3HAYEHUSIM TUIOTHOCTH IMIMLIEpUHA 1 ajiMa3a, oKasa-
JIUCh B XOPOIIIEM COOTBETCTBUU C IKCIIEPUMEHTATb-
HbIMU. [TpOBOAMMOCTE YUCTOrO IUILIEPUHA U HOIY-
YEeHHBIX Ha €ro OCHOBE CYCMEH3Uii, omnpeaesseMas
npu momomn KoHmykroMeTrpa HI8733 (“Hanna”,
USA), xe npesbimaza 0.1 MkCM/cM BO BCex Cydasix.

YCTAHOBKA U1 UCCITEJOBAHUA
BJIIMAHUA CYCIIEH3UUA
HA XAPAKTEPUCTHUKHN PE3SOHATOPOB
CITPOAOJIbHBIM
SJIEKTPUYECKUM ITOJIEM

st ipoBeaeHUsT U3MEPEHMIT ObUI MCHOJIb30BaH
JIMCKOBBII pe3oHaTop M3 JlaHracuTa X-cpesa, pabo-
TaIIU Ha MOPOMOJBbHONM aKyCTUYECKOU BOJIHE C
KPYIJIBIMM 3JISKTPOAaMU Ha 00eHX CTOpOHAX ITbe30-
3JIEKTPUYECKOM TLIACTUHBI, KOTOPBIM OTJIMYAETCS
HU3KAM TeMIIepaTypPHBIM K03 OUIIMEHTOM U3MEHE-
HUSI pe30HaHCHOI yacToThl [22]. TommuHa pe3oHa-
Topa paBHsu1ach 706 MKM, TUaMeETp 3JIEKTPOIOB CO-
CTaBJISII 7.5 MM. DTOT pe30HaTOP ITOMEIIAIN B TIJIACT-
MAacCCOBBIN KOHTeliHep, o0beMoM 30 M (puc. 2).

Buavane n3Mepssim 9acTOTHBIC 3aBUCUMOCTH pe-
QIbHOM M MHMMOM 4acTel 3JIEKTPUYECKOTO UMIIE-
JaHca CBOOOIHOIO pe3oHaTopa. 3aTeM BbIOpaHHBIM
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Puc. 2. YcraHoBKa IS IPOBENEHMS UCCIEIOBAHUI C CYCIIEH3USIMU.

oOpa3zell CycneH3MHu IIepeMelInBaaId Ha MarHUTHOM
MeIIajKe B TeYeHNE OOHOIO Yaca M J00aBJIsSIIN B KOH-
TeiHEep ¢ Pe30HATOPOM TakK, YTOOBI Pe30HATOp OBLI
MOJHOCTBIO MOTPYKEH B CYCHEH3UIO C 00EUX CTOPOH.
Taxk Kak BSI3KOCTb IJIUlI€pUHA CHJILHO 3aBUCHUT OT €TI0
TeMIiepaTtypol [24], HeIoCpenCcTBEHHO mepen KaxK-
JIbIM U3MEPEHUEM B KOHTEHHED C CyCIleH3Uuel onmycKa-
JIA CIaii XpoMeJIb—aJllOMEJIEBOI TepMOMaphl, BTOPOI
crnail KoTopoii Haxoawicst B cocyne bloapa ¢ Taro-
M JpaoM npu temmneparype 0°C. KoHupbl Tepmo-
nmapbl ObUIM TIOAKJIIOUEHBI K BOJIBTAMIIEPMETPY
(GDM-78251A, GW Instek, Taiwan), kak nmoka3zaHo
Ha puc. 2. Pe3oHaTop ¢ KOHTelitHEpOM MOMeEIan B
TEPMOCTAT, B KOTOPOM TOAEPXKHUBAJIACh TeMIIepaTy-
pa 27.30 £ 0.05°C. Dra TeMIiepatypa okKasajach OIl-
TUMAaJILHOM B TIJIaHE €€ CTAOMIbHOTO MOAASPKaHUS B
TepMmocTtate. TeMnepaTypa B MOMeIlleHUU, Tae Mpo-
BOAWJINCH U3MEpEeHUs, TOLIepXK1Bajach paBHOM
27.0 £ 0.5°C mipu atMocepHOM daBiieHH 760 MM PT. CT.
Cmaii TepMmorapbl TOrpyXajcsi B CYyCIIEH3UIO Ha
2 MUH JUJISI UBMEPEHUSI TOUHOTO 3HAUYEHUsI TeMIiepa-
Typbl cycnieH3uu. Ilociae u3BI€UYeHUSI TepMOMaphl
U3MEPSIIM YaCTOTHBHIE 3aBUCHUMOCTU pEaJbHON U
MHUMOI JacTeil 3J1eKTpUIECKOro MMIlegaHca pe3o-
HaTOpa C MOMOIIBIO aHaI3aTopa uMnenaHcoB E4990A
(Keysight Technologies, Santa Rosa, CA, USA). Bpems
OIHOTO U3MEPEHMS HE TIPEBHIIIAIO 2 C.

B pesynbsraTe OBIIM TOCTPOEHBI 3aBUCUMOCTH pe-
30HAHCHOI YaCcTOThI U JOOPOTHOCTH TTapajuIeIbHOTO
U TIOCJIENOBATEIbHOTO PE30HAHCOB, a TaKXKe MaKCHU-

MaJIBHBIX 3HAYEHUM 2JIEKTPUIECKOTO MMIIeaaHca 1
aTMHUTTaHCa pe30HaTopa OT OOBEMHOM KOHIIEHTpAa-
I YacTUIl ajiMaza B cycrieH3uu. Okazajaoch, YTO
MaKCHUMaJIbHbIe 3HAYeHUs DJIEKTPUYECKOTO HMIIe-
JlaHca M aIMUTTaHCca BHa4Yaje pe3Ko YBEIUUUBAIOTCS
JI0 TOCTUXEHUSI 0ObeMHOI KOHLIEHTpALMM YaCTUIL
0.098%, 3areM YMEHBLIIAIOTCA W IO JOCTUKEHUIO
KoHIeHTpauuu 1.45% dacTuil aiMa3a CHOBa yBEJIU-
yuBatorcs (Ta6a. 1). [Ipu 3ToM 4acTOThl NMapaielib-
Horo (4.057 MTIt) u mociemoBarenbHoro (4.06 MIt)
pPE30HAHCOB He 3aBUCETN OT OOBEMHOM KOHIIEHTpA-
MUY YaCTUII B CYCIIEH3UH B TIpeaeiiaX MOrpeITHOCTH
n3MepeHuii. Takas ke CUTyalust HaOomanach st

Taomuna 1. MakcuMaiabHble 3HAYEHUS! 3JIEKTPUYECKOTO
nMmnenaHca R, ¥ anMurranca G,,,, pe3oHaTopa u3 JlaH-
racurta, Morpy>kKeHHOTO B CYCIIEH3UIO C YaCTULIAMU ajiMa3a
C pa3IM4YHON 0OBEMHOI KOHIIEHTpAIMEN B 1 pasiMIHOi
TUTOTHOCTBIO P°

B, % p*, kr/m> Riaxs OM | Gavs MKCM
0.0 1230.3 62.5 16.44
0.098 1231.6 64.76 17.3
0.147 1232.44 63.92 17.22
0.73 1244.27 62.64 16.8
1.45 1259.3 62.15 16.3
1.923 1269.35 63.3 16.55
2.857 1290.8 64.2 16.6
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Puc. 3. DxBUBajIeHTHasI cxeMa CBOOOIHOTO pe30HaTOpa C JIEKTPOIAMMU.
JOOpOTHOCTEM TMapajienbHoro (~16) u mocienosa- . ) e
TeabHOTO (~16) pe30HAaHCOB. Z, = —iz,S / sin(k"d"). 4)

OKBUBAJIEHTHASA
BIIEKTPOMEXAHUYECKASA
CXEMA PE3OHATOPA

st TeopeTuyecKoro aHajau3a YacTOTHBIX 3aBU-
CUMOCTEM 3JIEKTPUYECKOro UMIIeIaHCa CBOOOIHOTO
Mbe303JIEKTPUUECKOTO Pe30HATOpa ObljIa UCITOIb30-
BaHa SKBUBAJICHTHAS 3JIEKTPOMEXaHUUYeCcKasl cxema
[22, 25], mpencTaBiieHHAsI HA puc. 3. DKBUBaJICHTHAas
CXeMa COCTOUT U3 BJIEKTPOMEXaHMYECKOTOo TpaHC-
¢opmaropa, BAEKTpUYECKON M MeXaHWYeCKOi 4Ya-
cTeil. DaeKkTpuyeckass 4acTh BKIIIOYAET B ceOsl mep-
BUYHYIO OOMOTKY TpaHcdopMaropa M BJIeKTpuye-
ckue emkoctu C u —C), a MexaHUYECKasi COCTOUT U3
BTOPUYHOM OOMOTKHM, aKyCTUUYECKUX HMIICAAHCOB

Marepuaa rbe303JIEKTPUKa Z;, Z, U 2JIEKTPOIOB Z,

Z5 [22]. MexaHudecKasl 4aCcTh SKBUBAJIEHTHOM cxe-
MbI, COOTBETCTBYIOIIIAsl I'PaHUIE BO3AYX—3JIEKTPOII,
CUMTAJIach 3aKOPOUYEHHOM M3-3a HU3KOTO aKyCTHYe-
CKOro UMITleJaHca Bo3ayxa. MexaHW4ecKue HMMIIe-

JAHCHI TTbe302JIEKTPUKA Z,, Z, U DIIEKTPOIOB Z; , Z5
Ha 5KBUBAJIEHTHOI cXeMe MpeaCcTaBJIeHbl U3BECTHbI-
MU BhIpaxkKeHUSIMH [23]

Z, = izStg (kd)2), (1)

Z, = —izS/sin (kd), ()
7 = iz Sta(k‘d"[2), (3)
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3nech S — TIomIamb NEKTPOIOB, kK U k¢ — BOJTHOBEIE
yucaa Ajsi MaTepualioB Mbe303JeKTpUKaA U DJIeK-
Tpona, d U d° — TOJUIMHA TbhE303JEKTPUYECKOM
IUTACTUHBI W 3JEKTpOoJa, | — MHUMAas eAWHUIA, 7 1
z¢ — yIeabHBIE MeXaHU4YeCKMe MMIEIAaHCHl IThe30-
SJIEKTPUKA M 3JEKTPOIOB, KOTOPbIE BBIPAXKAIOTCS
cJIeAyIoIIuM 00pa3oM
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2 .
z={(C+e[e+iomp)'”, (5)
e _ Ce s ey e\1/2 6
7 ={(C" +iom)p}"". (6)
3necy C — MOay/ab YIPYIOCTH, € — Mbe30KOHCTaHTA,
€ — IDUAJIeKTpUUYecKass MPOHUIIAeMOCTh, 1| — K03(-
(uLMEeHT BA3KOCTH, P — TUIOTHOCTb, () — KpyroBast
yactoTa. MHAEKC “e” o3HavyaeT MpUHAIJIeXKHOCTh Be-
JINYUHBI K 3JEKTPOAy. 3aluileM ellle BhIpakeHUS
IIJIST CKOPOCTU aKyCTUYECKOM BOJIHBI B IThE303JICK-

TPUKE v U DNIEKTPOIAX v :
v ={(C + € [e +iom)/p}"?, (7)

v ={(C +ion)/p}". (8)
IMomarasi, 4To TOMIIMHA MHE303JIEKTPUIECKOM IIIa-
CTUHBI CyIIIECTBEHHO MEHBbIIIE JruaMeTpa 2JIEKTPo.a,
BJIEKTPUUYECKYIO €MKOCTh MOXXHO MpPEeACTaBUTh, KakK
Cy, = &8/d. Tlpu 3tom KoabulimeHT TpaHchopMa-
mum onpenensicst kak N = hC,, toe h = e/ [25].
B BeipaxkeHusix (1)—(8) mast mpomosibHOKM BOJHBI B
KpucTajuie JaHracuta oynem nosnarate C = C;, e =¢;,
N =My ¥ € = €; BCUCTEME KOOPAMHAT, COOTBETCTBY-
et X-cpesy. B aToM ciyyae och X|, HopMasibHas K
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Puc. 4. YacToTHbIe 3aBUCUMOCTH (a) — peasbHOi U (0) — MHUMOI YacTeil 2JIeKTPUIECKOro UMIIelaHCa CBOOOIHOTO pe30Ha-
Topa u3 JaHracuta X-cpe3a ((h1oJeTOBbIM [IBET — 9KCIEPUMEHT, CUHUM LIBET — TEOPUS).

ITOBEPXHOCTHU ITIJIACTUHBbI, OIIPEACIACT HAIIpaBJICHUEC
pacripoCTpaHCHUA BOJIHBI M IIapali€JibHa BEKTOPY
IIoJIAprU3alii BOJIHBI. COOTBETCTBEHHO IJisi H30-

TPOIHOTO MaTepuaia snekrpona C* = C;, une=n1y,.

OINPEJEJIEHUE MATEPHUAJIbHbBIX
KOHCTAHT ITBE3O3JIEKTPUYECKOI'O
MATEPHAJIA PESOHATOPA 13 JIAHTACUTA
X-CPE3A

Bnauasie onpeaensiiu Monyib ynpyroctu Cj;, KO-
3PUIMEHT BSA3KOCTU 1, MbE30NEKTPUUECKYIO
KOHCTAHTY €}, U JUIJIEKTPUUECKYIO TPOHULIAEMOCTh
€, JJaHTacuTa, COOTBETCTBYIOIIIME BEIOpAHHOI cucTe-
Me KoopauHar. JIjis 3TOro MCIojIb30BaaId U3MEpPEH-
HBI€ YaCTOTHBIE 3aBUCUMOCTU PEaJlbHOM 1 MHUMOI
JacTeil 2JIEKTpUIECKOIo MMIIeaHca CBOOOIHOIO pe-
3oHaTopa. IlyreM aHanu3a 3KBMBAJICHTHOII CXEMbI
(puc. 3) ¢ ucnonb3zoBaHrueM obo3HadyeHuii (1)—(8) c
nomo1ibio ypaBHeHNT Kupxrogda on1na pazpaborana
ImporpamMma, I03BOJISIIOIIasl OIPEAcIsITh YaCTOTHEIC
3aBUCUMOCTU PEATBHON U MHUMOM YaCTEMN SJEKTPU-
YeCKOTo MMITefaHca B TouKax / U 2 3JIEKTpUIECKOMN
YacTH SKBUBAJICHTHOM CXeMbI. 3aTeM, B COOTBET-
CTBMU C METOIOM HAaMMEHBIIMX KBaJIpaTOB, CTPOM-
Jach ueneBasg GyHKUUS F 110 7 TOUKaM 4acTOTHOTO
Irara3oHa:

7

X

n=l1

= —-Xx"

exper

ko

F R or —

heor

n 2 Xn
Rexper + theor

31ech Rijeor U Rlpe 9TO TEOPETHYECKOE M IKCHIEPH-
MEHTaJIbHOE 3HAYEHUSI PeaJbHOM 4acTH 3JIeKTpUye-

CKOTO MMITeaHca Ha 1 1iare. COOTBETCTBEHHO, X (peo,

u X e"xper 9TO TEOPETUUYECKOE U BKCTIEPUMEHTAIbHOE
3HAYEHUS] MHUMOM 4YacTU DJIEKTPUUECKOTO MMIIe-
nmaHca Ha n mare. Ilyrem mepebGopa HEM3BECTHBIX
koHcTaHT Cyj, My, €15, U €;; JIAHTACUTA OTPEIEIISIICS
Takoit Habop MapaMeTpoOB, KOTOPbIii COOTBETCTBOBAJI
MUHHUMYMY LieJieBoii (pyHKImu. B aToM ciydae skc-
MeprMeHTaJbHbIC YaCTOTHBIE 3aBUCUMOCTHU peajlb-
HoMt R 1 MHUMOIT X yacTeil 3JIeKTpUIECKOTO MMIIE-
JlaHca pe30oHaTopa MakKCHMaJlbHO COBIIaiaiu C T€O-
petndyeckumu (puc. 4). B Tabn. 2 mpencraBiieHbI
WCXOOHbIE CIIpaBOYHBIE [26] M MONyYeHHbIE B pe-
3yipTare (UTUHIA 3HAYEHUSI MaTepualibHbIX KOH-
CTaHT JIaHTacuTa X-cpe3sa.

OueBUIHO, YTO JAHHYIO METOOUKY MOXHO TaKKe
NPUMEHUTD IJIsA ONPCACICHUA MaTCpUaJIbHbIX KOH-
CTAHT Cpelbl, KOTOpass HAXOAUTCS B XOPOIIEM aKy-
CTUYECKOM KOHTaKTe C OJHOM WX ABYMSI CTOpPOHAMU
pe3oHaTtopa [22, 23, 25].

OIMTPEAEJIEHME MATEPHUAJIbBHBIX
KOHCTAHT MCCIEAYEMBIX CYCITEH3UU

OmnpeneneHrue MeXaHUYECKUX XapaKTePUCTHK
CyCITeH3Ui1 ObLII0 OCHOBAaHO HA MCIOJIb30BAaHUU K-
BUBAJICHTHOM CXeMBI HArPY>KEHHOTO C 00EUX CTOPOH
pe3oHaTopa (puc. 5) U MoJIydeHHBIX Ha ITIEPBOM 3Tarie
MaTepualbHBIX KOHCTAHT X-cpe3a laHracuTa. B ciry-

Ta6mmna 2. 3HauyeHMsT MaTepUaIbHBIX KOHCTAHT JIaHracuTa X-cpesa
P, KT/M> Cyy, 101 TIa Ny, [Mac ey, C/m? g, 1071 d/m
CrpaBouHbIe TaHHBIE [26] 5743 18.93 0 —0.431 16.79
PesynbraThl huTHHTa 5743 18.88 3.8 —0.35 17.56
AKYCTUYECKHH KYPHAJTT  ToM 69 Ne 6 2023
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Puc. 5. DkBUBajeHTHasi cCXeMa pe3oHaTopa, Harpy>KeHHOTo ¢ 00eUX CTOPOH MCCIIeAYeMOi CYyCIIEeH3UEH.

yae SKBUBAJCHTHOM CXEMbl, MPEACTaBICHHOIW Ha
puc. 5, Kk obozHayeHUsIM (1)—(8) ciemyeTr 1o6aBUTH
0003HaYeHUsT W1 aKyCTMUECKOro mmiienaHca 22 u

CKOPOCTH aKyCTUYECKOM BOJIHBI v' B cycrieH3uu [23]:

Z' =78, (10)

v =G+ ion)/ 'Y, (11)

K K . s sy1/2

z ={(Cj; +iomp}. (12)
3nech MPUHAICKHOCTh BEJIMYMHBI K CYCIICH3UM
0003HaUYeHa UHIEKCOM 5.

ITyrem aHanu3a >KBUBAJIEHTHOW CXEMbl Harpy-
KEHHOTO CyCIIeH3Uel pe3oHaTopa (puc. 5) ¢ UCIOJIb-
3oBaHueM ob6o3HaueHuii (1)—(8) u (10)—(12) c momo-
mpio ypaBHeHNY Kupxroda Onlma pa3paboTaHa mpo-
rpamMma, TIO3BOJISIIOIIASI OMNpenessaTh 4YacTOTHBIE
3aBUCUMOCTHU PEUTbHOM U MHUMOM YacTeil J1eKTpU -
YECKOTO MMIIelaHCca B ToYKax / U 2 2JIeKTpUYeCKOM
yacTu cxeMbl. [To aHasornu co cBOGOMHBIM pe30Ha-
TOPOM B COOTBETCTBMM C METOJOM HAWMEHbBIIUX
KBaapaToB cTpouwjach leneBas dyHkumsa F (9) 1o
7 TouKaM 4YacTOTHOro nuamnasoHa. Ilyrem mepebopa

HEM3BECTHBIX KOHCTAHT C|| U 1|;; CYCIIEH3UU OTIpeie-
JISITA TaKylo Mapy IapaMeTpoB, KOTopasi COOTBET-
CTBOBaJla MUHUMYMY IIeneBoii ¢yHKUuu. B sTOoM
cliygae SKCIIepUMEHTaJIbHBIE YaCTOTHHIE 3aBHUCHMO-
CTH peajbHOIl R 1 MHUMOM X YacTeil 3J1eKTPUIECKOTO
UMIIeJaHCca HAaTPYKEHHOTO PEe30HATOpa MaKCUMAJTb-
HO COBIAJalM C TEOpETUYEeCKUMHU. Puc. 6 geMoH-
CTPUPYET XOpPOIllee COOTBETCTBUE TEOPETUYECKUX U

AKYCTUYECKUMU KYPHAI Ne 6

TOM 69 2023

SKCHEPUMEHTATBHBIX YACTOTHBIX 3aBUCUMOCTEN pe-
albHOI R 1 MHMMOM X 9acTeil 3IeKTpUYeCKOro UM-
meaaHca pe3oHaTopa U3 JaHTacuTa, HOrpy>KeHHOTIO B
YUCTBIU IMIMLEPUH U B CMECh INIMLIEPUHA C YaCcTULIA-
MU aJiMa3a ¢ 00beMHOM KoHeHTpanueii 1.923%. s
BCEX OCTaJIbHBIX 00pa3LI0B CYCIIEH3UI TaKXKe HAOII0-
JAJIOCh XOPOILEE COOTBETCTBUE TEOPETUUYECKUX U
9KCIIEpPUMEHTAbHBIX YaCTOTHBIX 3aBUCUMOCTEN pe-
QJIbHOW M MHMMOI 4acTeil 3JIEKTPUYECKOTO MMIIE-
JaHca.

ITOJIVHEHHDBIE PE3VJIBTATDI

B pe3ynbraTe npoBeIeHHbIX UCCIIEIOBAaHUIT ObLIN
MOJIyYeHbI 3HAYSHUS TTPOIOJIBHOTO MOIYJISI YIIPYyTO-

cru C}), KOabdULMeHTa BSI3KOCTH 1)), a TaKXKe CKO-

POCTH MPOIOJIBHOMN aKyCTUIECKOM BOJTHBI vy IUIsT 00-
pa3lLoB CyCeH3Mi ¢ pa3IMYHON 00BbEeMHOM KOHLICH-
TpalLMeil YaCTUL CUHTETUYECKOTO ajiMa3a ¢ pa3MepOM
yacTull 1—2 MKM. DT JaHHbBIE IIPEICTaBIEHBI B TA0M. 3.

ITo u3BeCTHBIM MaTepUaJbHbIM KOHCTaHTaM 00-
[ s N
pasuoB cycneHsuit C;), M;; ¥ p*, CKOPOCTb MPOJOTb-

HOM BOJIHBI v}, Ul KQXIOTO 06pasiia BHIYKMCIISLIACh
110 XOPOIIIO U3BECTHOI (hopmyiie [22]

G\, + 2nf,n),

p

vi; = Re (13)

CumBosioM f,, B ypaBHeHUM (13) oOo3HaueHa IeH-
TpaJibHas1 padboyast yacToTa.
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(a) @)
80 —@— DKkcnepuMeHT —1600 - —&— DKCIIEPUMEHT
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—1800
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O 40t e}
< >
—2000
20 &£
0 1 1 1 1 1 J _2200 1 1 1 1 1 J
3.5 3.7 3.9 4.1 4.3 4.5 4.7 3.5 3.7 3.9 4.1 4.3 4.5 4.7
Yacrtorta, MI1 Yacrtorta, MI1x
(B) (1)
80 —8— DKCNepruMeHT —1600 —&— DKCIIepUMEHT
—e— Teopus —o— Teopus
60 +
—1800 |
=
O 40t e}
< >
—2000 ~
20 &
0 | | | | | J _2200 Il | | | | J
3.5 3.7 3.9 4.1 4.3 4.5 4.7 3.5 3.7 3.9 4.1 4.3 4.5 4.7

Yacrora, MI11

Yacrora, MI11

Puc. 6. YacToTHbIE 3aBUCUMOCTH (2, B) — peajbHO# 1 (0, T) — MHUMOI1 YacTell 3JEeKTPUIECKOTO UMIIeaHca Pe30HaTopa 13
JIaHTacUTa, Harpy>keHHOTO C 000X CTOPOH (a, 0) — IMLIEPUHOM U (B, T) — CMECHIO MIMIEPUHA C YACTULIAMU ajMa3a C KOH-
neHrpanueit 1.923% (cuHUIA 1IBET — SKCIIEPUMEHT, KPACHBII IIBET — TEOPUSI).

CKOpOCTh pacnpocCTpaHEHUsI TIPOIOJbHON aKy-
CTUYECKOIl BOJIHBI B CYCIICH3UAX MOXHO TaKXe
OTIpeae/INTh, MCIOJIb3ys] U3BECTHBIE (POPMYJIBI YpU-
Ka (14) u Byna (15) [27]:

Jorru-al ol

Ta6auna 3. 3HaueHUS IPOAOILHOTO MOAYJISI YIIPYTOCTH Cls 1>

s —
Vii=

,(14)

(15)

s _
Vll_ >

e p¥ u p? — motHoctu, CiY u C/, — Momynu ynpy-

I o
TOCTH, & V;{ U V{] — CKOPOCTHU NIPOIOJIbHOM aKyCTHYe-

Ko3(dumeHTa BI3KOCTH 1;;°, CKOPOCTU MTPOIOJIBbHOI aKy-

CTMYECKOI BOJIHBI v} U IUIOTHOCTU P 06Pa3LOB CyCIIEH3Uil ¢ Pa3IMYHON 06BEMHOl KOHIIEHTpaLMe B 4acTULL CHHTe-

THUYCCKOro ajiMmasa

B, % ps, Kr/m? G, 10° Ma Ny’ Mac Vi1, M/c (4.06 MT)
0.0 1230.3 4.472 6.8 1907

0.098 1231.6 4.474 6.7 1906.3
0.147 1232.44 4.476 6 1906

0.73 1244.27 4.503 6.1 1902.7

1.45 1259.3 4.542 6.1 1899.4
1.923 1269.35 4.563 6.4 1896.3
2.857 1290.8 4.61 6.5 1890

AKYCTUYECKHWM KYPHAJ TOM 69 Ne 6 2023
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Puc. 7. 3aBUCUMOCTb NPOIONBLHOTO MOAYJIst yripyroctu Ci| 06pa3LioB CycreH3uii OT 06hLeMHOl KOHLEHTPAlMK YaCTU1L aiMa3a
¢ pa3aMepoM JacTuIl 1—2 MKM (3eJIeHBIi 1IBET — ucnoib3oBaHo ypaBHeHue (16) (R.J. Urick), opaHKeBblii IBET — UCIOTH30BAHO

ypaBHeHue (17) (A. Wood), cuHui1 1BeT — pe3yabTaT (DUTUHTA).

[

cKoit BosHbl. UHHIekcwl “lg” u “p” o3HaAyaloT Ipu-
HAIJICXKHOCTh BEJIMYMHBI K XUIKOCTA U MaTepuany
JacTull, a “s” NpUHAIJIEKHOCTh BEJIWYMHBI K CyC-
MEH3MU, COOTBETCTBEHHO. CMMBOJIOM (¢ 0003HayeHa

00beMHas 10151 YacTHUIl B CYCIIEH3UU.

CornacHO ypaBHEHUIO YpHUKa JIJIST CKOPOCTH ITPO-
JIOJILHOM aKyCTUYECKOil BOJHBI B cycrieH3umn (14),
MOJIYJIb YIIPYTOCTU CMECH MOXET OBITb OMpeesieH Mo
dopmyne:

1 1
o — |+ (1-9)—
Cll C]l
W3 ypaBHeHnus Byma (15) nias momyiist yrnpyroctu
MOXKHO TIOJIYUUTH CIeayIollee BhIpaKeHHE:

s _ 1

A7)

2
p(,p
Y (Vl 1)
Ha puc. 7 npeacraBiieHbl 3aBUCUMOCTH IIPOIOJIb-

HOTO MomyJist yrpyroctu C;; 06pa3iioB CYyCIIEH3HiA OT
00BEMHOI KOHIIEHTPAIIMM YaCTUI] CUHTETUUECKUX
aJIMa30B C pa3MepoM JacTHUIl 1 —2 MKM, TTOJTyIeHHBIE
B pe3ynbTare (UTUHTa (CUHUI 1IBET) U pacCUMTaH-
Hble B COOTBeTcTBUE C (opmyioit (16) (3eraeHblit
uBeT) u popmyJioii (17) (opamkeBsbiii LBeT). Cliemyet

OTMETUTb, YTO MPH BhrarciieHuu C;, mo popmyie (16)
HCITOJIb30BAJINCh CHPaBOYHBIC 3HAUYCHUST MOMYJIS
YIIPYTOCTU DIMLIEPUHA IPU TeMIiepaType okoJjio 15°C

[28] u anmaza [29]. A nipu BbrauciaeHuu Cp, 1o $hop-
myiae (17) ObUIM KCIOJNB30BaHbI IKCIIEPUMEHTAb-
Hble 3HAYEHUSI TUJIOTHOCTU U CKOPOCTU TPOAOJIbHOMN

AKYCTUYECKHNU KYPHAJ Ne 6
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aKyCTUYECKOI BOJIHBI IS IMLIEPUHA U CTIPABOYHbBIE
3HAUYEHUS TJIOTHOCTH U CKOPOCTU BOJIHBI LISl ajiMa-
3a. B pacyerax ucnoab30BagoCh CIpaBOYHOE 3HAUEC-
HUe TwIoTHOCTH anMasa 3400 kr/m> [29]. 3HaueHuUs
IUIOTHOCTH TJIMLEPUHA KaK 3KCIIEPUMEHTAIBLHO MO-
JIydeHHO€, TaK M M3BECTHOE U3 JuTepaTyphl [29],
okasamuch paBHbiMu 1230.3 u 1260 kr/m3, cooTBer-
cTBeHHO. CKOpOCTb TIPOJOJbHONM aKyCTHUYeCKOM
BOJIHBI B UMCTOM TJIMLIEPUHE OMpPEaesiid KCIepr-
MEHTAJILHO MyTeM M3MEPEHUs] BPEMEHU 3aACpPXKKU,
3aTpavyMBaeMoOro Ha IMPOXOXIEHUE BOJHBI OT U3JTydya-
Iol1ero npeodbpasoBaresisi K MpUeEMHOMY Ha 4acToTe
~1 MI11 1ipu U3BECTHOM pacCTOSTHUM Mexkay Humu [30].
IlocnenHsss mpouenypa OCYIIECTBASIACh MHOTO-
KpaTHO IIpM KOMHaTHOM Temnepatype 22—27°C. Pa3z-
JINYMe CIpaBOYHBIX U peajbHbIX 3HAYEHUI MaTepU-
aJIbHBIX KOHCTaHT, a TakXKe pasjinuyue TemIiepaTyp,
MpY KOTOPOM YKa3aHbl 3TU MaTepUaIbHbIe KOHCTaH-
ThI, B ipeAenax 13°C aBasiroTcsl MPUUUMHON OTINYUS
3aBMCUMOCTEH, TIpeaCcTaBIIEHHBIX HAa pUC. 7. DTO OT-
JImaue He TipeBbinaet +3%.

[Mpu BeramcieHU vy, 1o popmyie (13) ucronbzo-
BaJINCh 3HAYEHUS TPOJOIBHOIO MOIYNISI YIPYTOCTU

C|;, koadduimeHTa BSI3KOCTH M;;° ¥ IUIOTHOCTH,

npencTaBieHHble B Ta0. 3. [Ipyu BBIYMCIEHHUH V| C
MMOMOIIbIO BbhIpaxkeHus (14) ucnoab30BaIuCh IKCIIE-
PUMEHTaJIbHbIE 3HAYEHUS TJIOTHOCTU IMLIEpUHA U
CpaBOYHbIE 3HAYEHUST MOILYJISI YIIPYTOCTU IJIMLIEPU-
Ha (mpu T = 15°C), a Takke CIpaBOYHbIC 3HAYCHMUSI
TUIOTHOCTHU Y TTPOJIOJILHOTO MOJIYJIS1 YIIPYTOCTH ajiMasa.

Jlnst onpenesnenus vy, o dopmyie (15) 6bun uc-
MOJIb30BaHbI BKCIIEPUMEHTAIbHbIE 3HAUEHUS TIJIOT-
HOCTU U CKOPOCTU MPOJIOJbHONM aKyCTUUECKOI BOJHbBI
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Puc. 8. 3aBUCMMOCTbL CKOPOCTH MPOJIOJILHO# aKyCTUYECKO# BOJIHBI V| B CYCTIEH3UU OT 06GEMHOM KOHLIEHTPAIIMK YaCTHIL aJl-
Masa c pazMepoMm yacTtull 1 —2 MKM (3es1eHbIi LBEeT — ucrnoib3oBaHo ypaBHeHue (14) (R.J. Urick), opaHxeBblii — UCITOIB30BaHO
ypaBHeHue (15) (A. Wood), cunuii — ypaBHeHue (13) ¢ uCosib30BaHUEM pe3y/IbTaTOB (PUTUHTA).

7.0 -

ng, 10°Mac

5.8 !

0 1

2 3

O0ObeMHas KOHIEHTpanus, %

Puc. 9. 3aBUCHUMOCTb NONEPeYHOro KoadhuireHTa BI3KOCTH nfl 00pasloB CyCIIeH3U il OT 00BEMHOI KOHIIEHTPALIMM YaCTUIL
ajgMasa ¢ pa3MepoMm JacTull | —2 MKM, TOCTPOEHHAsI TI0 pe3yJbraramM (UTUHTA.

IUISL YMCTOTO MIMLEPUHA, SKCIEPUMEHTAIbHbBIE 3HA-
YeHMs IUIOTHOCTU 00pa31oB CYyCIEeH3U U CIIpaBOY-
Hble 3HAYE€HUS TIOTHOCTU U CKOPOCTU BOJHBI MPO-
JIOTBbHOM aKyCTHMYECKOI BOJIHEI JUIST aiMa3a. DT 3a-
BUCUMOCTU TIpeACTaBJIieHbI Ha puc. 8. OlLeHKU
noKa3aju, YTO OTJIMYME ITPEACTaBIEHHBIX 3aBUCHUMO -
creit He npesbimraeT +2%.

Ha puc. 8 nipencraBieHa 3aBUCUMOCTD ITPOIOTb-
HOro Ko3@duireHTa BSI3KOCTH, OMNpPEIEIEHHOIO C
IMOMOIIIBIO pe30HATOpPa ¢ MPOAOJLHBIM BJIEKTpUYC-
CKUM TIOJIeM, OT KOHIEHTpalMy 4YacTUl] ajaMasa.
BunHo, 4T0 ¢ pOCTOM 0OBEMHOM KOHLIEHTPALIY Ya-
CTHI] BI3KOCTh BHAaYajle YMEHBIIIAETCSI C POCTOM 00b-
€MHOI KOHIIEHTpallMW YaCTUIl ajiMa3a d0 JTOCTHUKe-

Hus KoHueHTpauuu 0.147%, nocie 4ero MOHOTOHHO
yBenuunBaeTcs. [IpyurHa TaKoro moBeAeHUs Tpeby-
€T IPOBEICHUS JOIOJIHUTEILHBIX UCCIIEOBAaHUIA.

SAKJIIOYEHHUE

HccnenoBaHo BiAMSIHUAE CyCTIeH3Wit HA OCHOBE YU-
CTOTO MIMIIepUHa M aaMa3Horo 1opoiinka ACM 2/1 ¢
pa3MepoM YacTull 1—2 MKM ¢ pa3IM4HOi 00beMHOIT
KOHIIEHTpAaLlUEel YacTHUIl HAa XapaKTEPUCTUKU Pe30-
HaTopa C MPOJOJIbHBIM 3JEKTPUUYECKUM MOJIEM, 13-
TOTOBJICHHOTO W3 IUIACTUHBI JIaHTacuTa X-cpe3a u
paboTalolero ¢ Mpoa0abHON aKyCTUUECKOI BOJTHOMA.
ITonyyeHBl 3aBUCMMOCTA MaKCUMAaJIbHBIX 3HAYEHU
AKYCTUYECKHWM KYPHAJ Ne 6
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BIIEKTPUYECKOT0o UMIEAAHCA M afMUTTAHCA JIAHTaACH -
TOBOI'O PE30HATOPA, TOIPYKEHHOTO B CYCIIEH3UIO, OT
00bEeMHOII KOHIIEHTpAIUK YacTull anmasa. [lokaza-
HO, YTO MaKCHUMAJIbHbIE 3HAYEHUS DJIEKTPUUECKOTO
MMITeJaHCa M afMUTTaHCa CHayajla YBEJIMYMBAIOTCS
P U3MEHEHUU OOBEMHOM KOHLEHTPALUM YaCTUIL
ot 0 10 0.098%, 3aTeM YyMEHBILIAIOTCS, a TTO TOCTUKE-
HUU KOoHIIeHTpaumu 1.45% cHoOBa yBeJIMYUBAIOTCS.
YacToThl U JOOPOTHOCTH MapajjIeIbHOTO U TTOCJIEN0-
BaTEJIbHOTO PE30HAHCOB MPAKTUYECKU HE 3aBUCST OT
00BEMHOIT KOHIIEHTPAIIMY YACTULI B CYCIIEH3UH.

C nomoIIbi0 5KBUBAJIEHTHOM CXeMbl CBOOOIHOTO
pe30oHaTopa 1 pe3oHaTopa, IIOTPy>XKeHHOI'O B CYCIICH-
3110, a TaKXe C MCMOJb30BaHMEM U3MEpPEHHbIX Ya-
CTOTHBIX 3aBUCUMOCTEN pealbHOM 1 MHUMOM YacTeil
BJIEKTPUYECKOTO UMIICIaHCA ObLIN ITOTyYeHbI 3HAUe-
HUSI IIPOAOJILHOTO MOAYJISI YIIPYTOCTU, IIPOIOJIHLHOTO
K03 GUIIMEHTa BI3KOCTU U CKOPOCTHU pacIIipocTpa-
HEHMs IIPOMOJIbHOM aKyCTMYECKWIA BOJHBI IS MC-
clielyeMbBIX 00pa3lloB cycleH3uii. MaTepuanabHbIe
KOHCTaHTBI OIPEAe/ISIINCh IMMyTeM ITIOATOHKU Teope-
TUYECKUX YACTOTHBIX 3aBUCUMOCTEMN AEMICTBUTEILHOM
M MHUMOM YacTeil 3JIEKTPUYECKOIO COIPOTUBIICHUS
pe3oHaTopa, KOTOPbI€ PACCUUTHIBAJIMCH C UCIOJIb30-
BaHHWEM 3KBHUBAJICHTHOI CXEMbI, K 3KCIIEPUMEHTAIIb-
HBIM. BBUIO yCTaHOBJIEHO, YTO C POCTOM OOBEMHOI
KOHIIEHTPAIlUM YacTUI] CUMHTETUUYECKOTO ajiMa3a C
pa3MepoMm JacTull 1—2 MKM B CyCIIEH3MM Ha OCHOBE
gucToro runeprHa ot 0 mo 2.86% 3HadeHMe TIPO-
JIOJIBHOTO MOMYJISl YIIPYrOCTU OOpa3loB CYCHEH3UIA
YBEJIMYUBAETCS, a 3HAUEHNE CKOPOCTU IIPOIOIHLHOM
aKyCTUYECKOII BOJIHBI yMeHbIIaeTcs. [1pononbHbIil Ko-
3(GULIMEHT BI3KOCTU HWCCISAYEeMBIX OOpa3loB CyC-
MEH3Uil ¢ POCTOM OOBEMHOM KOHIIEHTPAIlMM YaCTHIL
CHMHTETMYECKIX aJIMa30B BHaYajle yMEHbBIIIACTCSI 1O A0~
crickennst koHuenrpaumu 0.147%, a ¢ majpHENRIINM
POCTOM KOHIIEHTpALIMX YaCTULI YBEJIMINBACTCS.

IIpoBeneHO cpaBHEHUE 3HAYCHUI CKOPOCTH pac-
NPOCTPpAHEHUS MPOJOJbHON aKyCTUUECKUI BOJIHbBI B
oOpa3nax ucciIeayeMbIX CyCIIEH3M1i1, ITOJIy9YeHHBIX Ha
OCHOBe (hUTHHTA U 110 PopMyiaM Ypuka u Byna ¢ uc-
MOJIb30BAaHUEM CITPABOYHBIX 3HAYEHUI MaTeprUaIbHbIX
KOHCTaHT YMCTOTO IMIIEpUHA U MaTepuaia 4YacTUll.
Oka3zajioch, YTO MaKCHUMaJIbHO€ OTHOCHUTEIHLHOE OT-
KJIOHEHME 3HAYeHUI CKOPOCTHU BO BCEX ClIydasix He
npeBbimaet 2%. [1pu 3ToM MaKCUMalbHOE OTHOCH-
TeJIbHOE OTKJIOHEHME 3HAYEHUI1 IIPOAO0IBHOIO MOIY -
JIST YIIPYTOCTH 00pa3loB cyclieH3uu paBHo +3%.

Pa6oTa BBIIOIHEHA TIPY (PUHAHCOBO MOMIEPKKE
rpanta PH® Ne 21-49-00062.
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