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AKYCTOSJIEKTPOHHBIE CEHCOPLI I'A3A
CO CJIOUCTBIMHU CTPYKTYPAMUA

Ilpugeodenvt pezynromamsl pazpabomku u
UCCIe008aAHULL CIOUCBIX AKYCMOIEeKM-
POHHBIX CEHCOpPO8 2a3a C a0COPOYUOHHbI-
mu naenkamu Jlenemwopa—bnooscemm na
NOBEPXHOCMU 38YKONPOBOOQ.

ITonck HOBBIX NEPCIIEKTUBHBIX IPUHIUIIOB, MATEPU-
aoB ¥ 3(p(PEeKTUBHBIX METOIOB CO3aHUST MHKPOIJICKT-
POHHBIX CEHCOPOB ra3a 0CTaeTCs AKTyaJIbHOW 3a/1a4eil.

HccnenoBaHusM CIIOUCTBIX CTPYKTYP "'acopOLIMoH-
Hasl TUIEHKAa — MbE303JIEKTPUIECKUN 3BYKOIIPOBO 3JIe-
MEHTa Ha TOBEPXHOCTHBIX aKycTHueckux BoiHax ([TAB)"
B IIOCJIEIHEE BPEMs YIIENsIeTCsl IOBBILIEHHOE BHUMAaHHUE
[1—3] B cBSI3K ¢ BO3MOXHOCTBIO CO3/IaHHUS HAa KX OCHO-
BE CEHCOPOB ra3a, OTIIMYAIOIIUXCS OT aHATIOTOB HE TOJIb-
KO BBICOKMMM METPOJIOIMYECKUMH NapaMeTpaMu, HO U
MIEPCIIEKTHBAMH NX HHTEIUIEKTyari3arii. OcoOOEHHO MHO-
ro00eIAONUMH SBIISIOTCA CTPYKTYPHI C IUIEHKaMHU
Jlearmropa—brnomkert (JI-b) Ha moBepXHOCTH THE30-
3NIEKTPUYECKUX 3BYKOIIPOBOIOB 3J1eMeHTOB Ha ITAB.

TexHuka s3xcnepumenTa. MccnegoBaBmuecs ra3o-
qyBCTBUTEIIBLHBIE CEHCOPBI C 37ieMeHTaMu Ha ITAB c Oe-
TyIiei BOJHON MPEeICTaBIsIIM COOON 3BYKOIPOBOJ C
BCTPEUYHO-IITHIPEBBIMU MpeodpaszoBaTensimu (BILIT) u
HaHECEHHOW Ha pab0YyI0 ITOBEPXHOCTh TNICHOYHOM CTPYK-
Typoii. OnemeHTsI Ha [TAB M3roraBnuBaMch Mo TOHKO-
IUICHOYHOM TEXHOJIOT'MH, OCHOBHBIMHU OII€PAILIUAMHU KOTO-
PO SIBIISIOTCS BAKYYMHOE HaIlbUIEHHE U (DOTOIUTOTpa-
¢us. MccnenoBaivch pe30HaHCHBIE U (PUITBTPOBBIE CHC-
tembl BIIIII. Mcnons3oBanuch Nbe30KepaMHUKa CUCTEMBI
ITC u npe30KBapil pa3IMYHBIX CPE30B.

®unprposas cucrema BT snementos Ha [TAB nme-
JIa TOTIOJIOTUIO alloIU3UPOBAHHBIX 3JICKTPO/IOB, A IIETIbIH
3JIEMEHT — KJIacCUYECKY10 CTpyKTypy: Ba BIIII, rene-
pupyromuii u nerekrupyromuii [TAB, koTopeie BMecTe
dbopmuposan AUX y3komosiocHoro ¢uiabTpa. Takoe
noctpoeHue dreMenTa Ha [TAB mo3Bosser Jierko gpukcu-
pOBaTh U3MEHEHHE LEHTPANbHOH (paboyeii) 4acToThl,
aMIUTUTYAbl CUTHAJIAa HA LEHTPAJIBbHOIN YacToTe 1100 B
MOJIOCE MPOMYCKaHus (PUIBTpa, a MJIOMAAb 3ByKOIPO-
BoJa Mex 1y BIIIT no3BonsieT BapbUpOBaTh TOMOJIOTHIO
ajzicopoupyromiei mieHku. [ eomeTpruueckre napaMmeTpsbl
azicopOupyroIIel TNIEHKH, HAHOCUMOM Ha pabouy¥o Imo-
BEPXHOCTb 3BYKOIIPOBOAA, BEIOUPAIIICH UCXO/S U3 Tpe-
OoBaHui obecrieueHys CTabMIBHOCTH PacIpOCTPAaHEHHS
Ha MMOBEPXHOCTHU TOJIBKO BOJIHBI Panest u uckmoueHus ee
TpaHchOopMaIiK B IpyTrye THITHI BOJH [4].

Ha puc. 1 mokasana ctpykrypa snementa Ha [TAB ¢
afcopOMPYIOIIEH IIIEHKOM. 3/1ECh K€ ITOKa3aHbI BO3MOXK-
HbIC BapUaHThI TpaHCcHOpMaIuil BOIHBI Panest 1 B muc-
NepcuoHHy0 BoHY Ce3aBa 2 1100 00bEMHYIO CIIBUTO-
By10 BoaHY JIABa 3 B 3aBUCHMOCTH OT COOTHOLLIEHHUS I'€0-
METPUUYECKUX Pa3MEPOB IIEHKU U AJIMHBI BOJIHbL. KoH-
CTPYKTHBHOE perieHue aieMenTa Ha [IAB obecrieunBaer
BO3MO>KHOCTH MCIIOJIb30BaHUSI OJHOBPEMEHHO M JIBYX
MH()OPMATHBHBIX ITAPAMETPOB CUTHAJIA CEHCOPa — Jac-
TOTY U aMIUTUTYY, YTO MOXET CYII€CTBECHHO IMOBBICUTDH
METPOJIOTUYECKUE XapaKTEePUCTUKU CEHCOPOB U obec-
MNEYUTH €ro UHTCJIJICKTYaJIn3aluio C MEHBIIIEH HOTCpeﬁ
UH(QOPMATHBHOCTH W3MEPEHHH BCIICICTBAE MEHBIIETO
YrCyIa 3TaoB IIpeoOpa3oBaHus MTOJIE3HOTO CHTHATIA.
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BIIIT 1

BIIIIT 2

Puc. 1. CtpykrypHas cxema ceHcopa raza ¢ JIEeMEHTOM Ha
ITAB u ancopOLMOHHOI MIEHKOM:

BIIIT 1, BIIIT 2 — coOTBETCTBEHHO Ir'€HEPUPYIOLINI 1 JETEKTUPYIO-

muii npeobpasosarenu [T1AB; / — Bonna Panes; 2 — Bonna Ce3aa;

3 — cBuToOBast BONHA; 4 — COpOUpYIoMasi INIEHKa; 5 — 3ByKOIPOBO]

CopOLMOHHBIE IJIEHOYHbIE CTPYKTYPBI HAHOCHIINCH HA
pabodyro MOBEPXHOCTH 3BYKOIIPOBO/IA PA3ITITYHBIMU CTIO-
cobamMH — HIVION, KUCTOYKOM, IICHTPHU(PYTHPOBAHUEM,
NoJIMBOM U MetosioM Jlenrmiopa—bnomkert. B nannoi
paboTe mpeacTaBiIeHb! Pe3yAbTaThl HCCICIOBAHUN CeH-
copoB ¢ 3nemeHTamMu Ha [1AB ¢ GuibTpoBoOii CTpyKTY-
poit u menkamu JI-b.

Hus nomydenus JI-b-1mieHok nenoib30Banach ycra-
HoBka tuna Y HM-2 (HUOITHK). Onpenenenne MomeH-
Ta 00pa30BaHMs MOHOCTOS aM(pUDHUIBHBIX MOJICKYJ Ha
MIOBEPXHOCTH BOJIbI B BAHHE OCYIIECTBIISUIOCH C IIOMO-
IIbI0 BecoB Bubrennmu.

B xadecTBe cCOpOLIMOHHBIX MaTepUAJIOB UCIIONB30Ba-
JIUChH pa3IMYHbIe [TOJIMMEPHI, HEOPraHUYECKHE COEANHE-
HUSI, a TAKXKe HOBBIN KJ1acC NEPCIEKTUBHBIX MaTepPHAJIOB
— KOMIUIEKCOHaTOB repManus [5]. CeHcopHble CBOM-
CTBa 00paslOB MCCIEIOBAUCH B CpeAe MapoB BOJEI,
napoB ammuaka (10%), nzonponunosoro cuupra (96%)
U yKCycHOM KHCHOTHI (50%).
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Pe3ysibTaThl Hcciie10BaHuii 1 X 00cy:KkaeHue. Pe-
3yJBTaThl HKCIIEPUMEHTAIbHBIX UCCIIEAOBAHUM ITOKa3a-
HBI Ha npuMepe ceHcopa ¢ JI-b nenkoil u3 creapara
narpust CH,(CH,),,COONa.

Hcxons 3 akTyalbHOCTH 3a/1a41 HHTEJUIEKTyalu3a-
LMY CEHCOPa, B KAUECTBE OCHOBHOI'O IIapaMeTpa BbIXO/I-
HOTO CHTHaJIa ObLJIa MIPUHSTA YaCTOTa CUTHAJIA, JETEKTH-
pyemoro BeixogabiM BIIIT smemenTta Ha ITAB. Taxkoit
moIxo/] odecreunBaeT OoJiee MPOCTOe pelicHNE 3a1a9u
compspKeHust ceHcopa ¢ DBM.

Ha puc. 2 mokazan [TAB-otkmwik ceHcopa ¢ JI-b-1ien-
koii CH,(CH,),,COONa Ha KpaTkoBpeMeHHOE (7) IeiicTBHE
mapoB amMmmuaka. BuiHo, 94To ceHcop 001aaeT BHICOKOH
YyBCTBUTEJILHOCTBIO IO OTHOILIEHHIO K IIapaM aMMHUaKa.
MeHee yeM 3a 5 ¢ iepeTHUA (PPOHT OTKITMKA BO3pAcTacT
1o 2 x['n m3menenus (Af) pabGodei 4acTOThl ceHCOpa
(10 MI'm). [Tocne oTkITIOYEHNST ICTOYHUKA ITAPOB aMMHa-
Ka CUTHaJl Pe3KO CHMKAETCSl — IMPHUMEPHO B JIBa pas3a
npuOIIM3uTeBHO 3a 1 ¢. CyIecTBEHHO, YTO TeCOPOIHs
rasa U3 IUICHKH TIPOUCXOIUT O3 00T peBa.
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Puc. 2. [TAB-otkmmk cencopa ¢ JI-b-mmenkoit
CH,(CH,),,COONa na napel aMmmuaxa:

* — MOMCHT OTK/IFOYCHHS NUCTOYHHKA ra3a
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Puc. 3. 3aBucuMocTh cMelleHHs paboyeld 4acTOThl CeHcopa
¢ JI-b-mnenkoit CH,(CH,);;COONa 0T KOHIEHTpaluu am-
muaka C
Ha puc. 3 npuBeneHa 3aBHCUMOCTS U3MEHEHHUS pabo-
Yyel yacTOThI CeHcopa OT KOHLEHTpaLuu rasa. CTojb Bbl-
COKHE YYBCTBUTEIBHOCTh M OBICTPOJCHCTBHE CEHCOpPa
OTIPEIETISFOTCA IIIABHBIM 00pa3oM PelieNTOPHBIME CBOM-
ctBamu JI-b-menxn CH,(CH,),,COONa, npuoasiu-
MH BCJIEJCTBHE Ipoliecca COpOLMuU-IecopOIun raza K
W3MEHEHHIO YCIIoBUH pactipocTpanenus [IAB u, cooTser-
CTBEHHO, K aJJCKBaTHOMY U3MECHEHHUIO pabodeii 9acTOTHI.
W3meneHnnem MaTepuaia IICHKH Ha paboueii moBepx-
HocTu [TAB MOXHO JOCTHYB N3MEHEHUS «y3HaBAEMOCTI
HHBIX MOJIEKYJI Ta3a.
Kak nokassiBaeT aHain3, XapakTEepUCTUKH CEHCopa
TaKOBBI, UTO PHOOPHOE pEIIeHIE U3MEPEHIUI KOHIICHT-

pamyu ra3oB ¢ IpUMEHSHIEM MUKPOIIPOLIECCOPHOI TeX-
HUKH 00ecIieurnBaeT ero paboTy B pexxume on-line.

Ha xapakTepucTiKy ceHCOopa B HEMAIIOH CTETICHH BITH-
SIOT DJIEKTPO(U3NYECKHE TapaMeTPhl U aKyCTHYECKUE Xa-
PaKTEPHCTUKH ITbE303JIEKTPUUECKOT0 3BYKOIIpoBozia. Ma-
TEpHAaJbl, OTHOCSIINECS K CHIBHBIM IHE303JIEKTPHKAM,
HarpuMep mbe3okepamuka cuctembl LI TC (Gombimoe 3Ha-
YeHre Ko PHUIMEHTA JTEKTPOMEXaHHIESCKOH CBSI3H Kp),
00€eCITeunBaloT, B YaCTHOCTH, JOCTIDKEHHE 00JIee BBICO-
KHX 3HAYECHUI 1yBCTBUTEIBHOCTH ceHcopa. CyIecTBeH-
HYIO POJib B (DOPMHPOBAHUHU XAPAKTEPUCTHK CEHCOPOB
UTPAIOT TEOMETPUICCKUE MapaMeTpsl aIcopPOIIOHHOMN
TUICHKH, COOTHOIIICHUE 3HAYECHIH aKyCTHIECKIX IMITCIaH-
COB IUICHKH H TIbE303IEKTPHYECKOTO 3BYKOIIPOBOIA.

OnHUM U3 CKPBITHIX (JAKTOPOB HEraTUBHOT'O BIMSTHUS
HA XapaKTePUCTUKU CEHCOPOB, KaK YKa3bIBaJOCh BHIIIIE,
spisiercs: TpaHcopmanus [IAB Panes B nucnepcnon-
Hble BOTHBI Ce3aBa WK CABUTOBBIE BOJHBI (CM. puc. 1).
B nanHoM ceHcope 3TH 3P PeKThl MAKCHMATBHO YUTEHBI,
YTO ITO3BOJIWIO 00ECIIEUNTh afekBaTHOCTb [IAB-0oTKIN-
Ka N3MEHEHHUIO [TapaMeTPOB I'a30BOi CpeIbl.

Puc. 4. OnbiTHBIN 00pasen ceHcopa rasa

KoncrpykTrBHO ceHcop (puc. 4) BHITTOIHEH B METaJ-
JIOCTEKJITHHOM KOPITyCE C OTBEPCTUSIMH B KPBIIIIKE.

3ak0ueHne. AKyCTOJIEKTPOHHBIE CEHCOPBI Fa30B
co CTpykTypo# "rueHka Jlenrmropa—bnomkert — mo-
BEPXHOCTbH MbE303BYKOIMPOBO/A" B CUITY BBICOKHX MET-
POTIOTHYIECKUX ITapaMETPOB SIBIISIOTCS BECEMA IIEPCIICK-
TUBHBIM KJIacCOM CeHCOPOB. OCOOEHHOCTh UX €IIIe U B
TOM, YTO MPOIECC AIACOPOIMH-AECOPOIHH TIPOUCXOTUT
JIOCTAaTO4HO OBICTPO 6€3 MoIorpeBa, 4yeM o0ecreynBaeT-
Cs1 BO3MOXHOCTB paboThI B pexxuMe on-line.
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