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Heauneiinoe c:xxatue CBY umMnyJibCcoB B YCTPOiiCTBaxX HA
(GeppuTOBBIX IJIEHKAX

Ha ocnose ypasnenus I'unzbypea-Jlanoay nocmpoena meopusi yempoucmea cocamust CBY
umnynvcos. Ilpednoscern memoo, no360aAI0WULL NO MEXHUYECKUM MPebo8aAHUAM K YCMPOUCMEY,
onpedenums naApamempvl AKMUBHO20 2ieMeHma — Qeppumogou nienku. Pesyrvmamol
YUCTIEHHO20 MOOETUPOBAHUS YCMPOUCMEA NOKA3bIBAION B03MONCHOCTNb YAPABLEHUS BEIUYUHONU
corcamus UMnYibCa.

KaioueBble c10Ba: CIMHOBBIE BOJIHBI, (PePPHTOBbIE MJIEHKH

OpnHolt M3 aKTyalbHBIX 3a7au PajiodJIEKTPOHUKH M PaJUOTEXHUKHU SIBISETCS pa3padoTKa
ycrpoiictB cxkatuss CBY pannoumnyinbcoB. [logoOGHbIe ycTpoiicTBa IMIMPOKO HCIOIb3YHOTCS,
HaIrpuMep, I TOBBIIICHUS pa3peniaromeid CocOOHOCTH PaaUOJIOKAIIMOHHBIX CTaHIUH. B
HACTOAILIEE BPEMS CYIIECTBYIOT HECKOJIBKO MOAXO0A0B K PEIICHHIO 3TOM 3aaaun. [IepBbiil moaxon
3aKJIIOYAETCsS B HCIOIb30BAHMM JUCIEPCUOHHOW JIMHUM 33JEpPKKM Ha IIOBEPXHOCTHBIX
AaKyCTMYECKHMX BOJIHAX, B KOTOPOM pa3IW4HbIE CIEKTPAJIbHBIE COCTABIISIIOIIME HMITYJIbCa
nproOpeTaT pasnuuHyro 3axepxky [1]. K HemocraTkam JaHHOrO MeTOJa ClEAyeT OTHECTH
HE00XO0IMMOCTh MCIIOJIb30BaHMs YaCTOTHO-MOAYJIMPOBAHHOI'O CUTHAJIa U 00pabOTKy CUrHana ¢
€ro IIEPEHOCOM Ha HU3KHE YaCTOTHI.

Hpyroii moaxon, mnpeajsaraeMblii B JaHHOW pa0oTe, 3aKIIOYAeTCs B MCIIOJIB30BaHUU
HEJIMHEHHBIX yCTpOHCTB 00paboTku curHana. I1pu ucnonbp30BaHUM TAKOTO MOIX0/a KOHCTPYKIUS
PaMOJIOKALIMOHHOM CTaHIIUN MOXKET OBbITh CYILIECTBEHHO YIPOIIEeHa, a 00paboTKa CUrHajla MOYKET
OCYILIECTBIIATECS HENOCPEACTBEHHO Ha Hecymed dactore B CBY numanaszone. Cpenm Bcero
MHOTroo0Opa3usi HEITMHEWHBIX Cpejl, UCIOJb3yeMBIX B ATHX YCTPOMCTBax, cielyeT BbLIEIUTh
¢GeppuroBbie tuieHkn [2]. IIpubopsl Ha HX OCHOBE HMEIOT PsA MPEUMYIIECTB, TaKHX Kak
AJIEKTPOHHAS YIPaBIIEMOCTb, IMIUPOKOMNOIOCHOCTh, BO3MOKHOCTh 00paboTku cioxxkHoro CBY
CHI'HaJa, CPAaBHUTENIBHO HU3KHE MoTepu W Manble rabaputbl [3]. Ilpu aTOoM ycTpoiicTBa Ha
(beppHUTOBBIX MJEHKAaX HE TPEOYIOT UCIOIb30BAHUS CIOKHBIX MHOTO3JIEMEHTHBIX KOHCTPYKLIUI
MHUKPOIOJIOCKOBBIX TpeoOpa3oBaresiei, HEOOXOIUMBIX B YCTPOMCTBaX Ha MOBEPXHOCTHBIX
aKyCTUYECKMX BOJIHAX, YTO II03BOJIAET CHATh OrPAaHMYEHHUs Ha YacTOTy oOpabaThIBaeMOro
CUTHAJA.

Crnenyer OTMETHUTH, YTO, KPOME IIpEIIaraéMoro ycTpoicrsa HenuHenHoro cxkatus CBY
panuouMITyjbca, panee OblUT pa3paboTaH psil yCTPOHCTB Ha OCHOBE TOHKUX (DEPPUTOBBIX IJICHOK
(cm. paborsl [4,5] u nurepaTypy B HUX). Hanpumep, cpaBHUTENEHO HENAaBHO OBLIH pa3paboTaHbl
HEeJTMHEHHbBIE CIIMH-BOJIHOBBIC (pa3oBpamiatenu u uHTepdepomerpsl [6,7]. YcrpoiictBa cxxarus
CBY paauonmmynbcoB Ha OCHOBE (DEppUTOBOM IUIEHKH PACIIMPAT BO3MOXKHOCTH OOpabOTKH
CUTHAJIOB HEIIOCPEACTBEHHO Ha CBEPXBBICOKUX 4aCTOTAX.

[Tpu pa3paboTke ycTpolcTBa HEOOXOJMMO OTTAJIKUBATHCS OT (DPU3MYECKHX IPOIIECCOB,
OPOUCXOIAMUX B (eppure. YKa3aHHBIE TNPOLECCH SBIAIOTCS HEIMHEHHBIMU IPOLECCAMU
pacrpocTpaHeHHs BOJIH B MArHUTHOW CIMH-cUcTeMe (peppuToBoil mieHku. I10j00HbIM SBIECHUSIM
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NOCBALICHO 0oJbIIoe Yucio pador. B ¢(heppuToBBIX U (GeppOMArHUTHBIX IJICHKAX YaCTUYHO
U3y4YeHbI COJIMTOHBI OTHOAIOIICH CIIMHOBBIX BONH [8-12]; cooctBennas [13] u uHayIMpoBaHHAs
[14] moxynsanuoHHas HEYCTOWYMBOCTH CIMHOBBIX BOJH [15], Xaoc [16] u npyrue siBieHus.
0O030p COCTOSHUS UCCIICAOBAHUH BBILIETIEPEUNCICHHBIX (PHU3NUECKUX SBICHUH MTOKA3bIBALT,
YTO MPOLECC UCCIICAOBAHMS HEJIWHEHHBIX BOJHOBBIX CBOWCTB (DEpPUTOB AAJEK OT 3aBEPIICHUSI.
Tak, 10 cux Iop BHUMaHHE HCCIE0BATENeH B OCHOBHOM OBIJIO COCPEOTOYCHO Ha UCCIIEJOBAHUHT
dyHaaMeHTaNbHBIX (OJMHOYHBIX) COJMTOHOB OTMOaroImiell CHUHOBBIX BOJIH. HenuueiiHbie
BOJIHOBBIE TIPOLIECCHI, MPOUCXOAAIINE B (EppUTOBO TIJICHKE, a TaKkKe OCOOEHHOCTH
(dopMHpOBaHUST HETMHEHHBIX BOJHOBBIX OOpa30BaHM, B HACTOSIIEE BpPEMs H3y4YCHBI SIBHO
HesocTaToyHo. [Ipr 3TOM IMEHHO TPOLIECCH pacpocTpaHeHHs HeyHIaMEHTaIbHBIX COTUTOHOB
oru0arolIeil CIMHOBBIX BOJIH MOTYT OBITh ITOJIOKEHBI B OCHOBY YCTPONCTBA HEJIMHEHHOTO CKATUS
CBY paanoumnyinbcoB. Llenbio paboThl SBISIETCS TEOPETHUECKOE HMCCIICIOBAHUE HETMHEHHBIX
CIIMH-BOJIHOBBIX IPOILIECCOB B IUIAHAPHBIX MUKPOCTPYKTYpPax, IOCTPOEHHBIX HA OCHOBE TOHKUX
(beppUTOBBIX TICHOK, U pa3paboTka ycTpoicTBa HenuHeitHoro cxxkatust CBY pagnoumitynbcoB.

PaccmoTpum usmueckue mporeccel, mpoucxozsmue B ycrpoiictee. CBY pagmonmmysbc,
HOCTYNAIOUIMA  Ha BXOJ  yCTpoiicTBa, BO30yXKAAaeT CIUH-BOJHOBOM  paJuoOMMIIYJIbC,
pacrpocTpaHstomuiics B ¢eppuroBoil mieHke. Ilo mepe pacnpocTpaHeHMs CIHMH-BOJHOBOM
UMITYJIbC TIOABEPIaeTCsl BO3EHCTBUIO PAa3IMUHBIX IMHEHHBIX U HENUHEHHBIX 3P PEKTOB, KOTOPbIE
MOTYT NPUBOJUTH K CKATUIO UMITYJIbCA.

Xopowo M3BECTHO, 4YTO MPOLECChl 3BOJIOLNMM  Orubaromiedl  CIHMHOBBIX  BOJIH,
PacIpOCTPAHSIOIIUXCS B IUICHKE, MOTYT OBITh ONMCaHbl C NMOMOIIBIO ypaBHEHUs [ 'mH30ypra-
Jlanpmay [17]. YucneHHOe pelieHHE STOTO ypaBHEHUs MO3BOJSIET HAWTH COOTBETCTBUE MEMKIY
BXOJIHOH M BbIX0JIHOU (opmoit orubatomeit CBY nmnynbcea. 3anumemM Ha3BaHHOE ypaBHEHHE:

(ou ou D &% ) .
i| —+V. —+au |-—=—+(N+iv,)|ufu+iv, |ul*u=0,
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2 2
r/ie U - HOPMUPOBAHHAs AMILTMTY/A CIIMHOBBIX BOJIH, ONpeie/ieHHas Kak |u” = |m| / 2MZ, mu
M, CyThb NepeMeHHas HAMArHUYEHHOCTh M HAMATHWYEHHOCTh HACHIIEHHMS. B ypaBHeHHM

BBEJICHBI CIIEAYIONIMe O0O03HAUCHUS: Vg =0w/dk — rpymmoBas CKOpPOCTH CIHMHOBBIX BOJIH,

. 2 N
D =0°w/ ok® — nucnepcnonnsii kodddumment N =dw/ 8|u| — HeJIMHEWHBIN KOdhPUIHEHT, o
— IeKPEMEHT JINHEIHOTO 3aTyXaHus, v, — IEKPEMEHT HEJTMHEHHOT0 3aTyXaHHsl TPEThEro NOopsIKa,

Vv, — ACKPECMCHT HEJIUHEWHOro 3aTyXaHUWs IIATOrO IOpAaKa, 3aBUCUMOCTD (W ( k) ABJIACTCA 3aKOHOM

mucriepcud. KoaduuumeHTsl ypaBHEHHs 3aBHCAT OT IMapaMeTpoB (eppUTa W BBIYUCISIOTCS
UCXOJIS U3 IUCTIEPCUOHHON XapaKTePUCTUKH.

B mpouecce paboTel OBLIO MPOBENEHO HECKOJBKO YHCIEHHBIX SKCHEPUMEHTOB JUIS
uccnenoBanus d(dexkra HENMMHEHHOTO CXKaTHS WMITYJbCOB. [IpH STOM cHCTeMaTHYeCKu
BapbUPOBAIKCH MapaMeTpbl (peppUTOBOIl TJIEHKH. B pe3ynbrare ObUIO YCTaHOBIEHO, UYTO BECh
MyTh PacpOCTPAHEHUS CIIMH-BOJIHOBOI'O UMITYJIbCAa MOXKHO Pa3J/IeIMTh Ha y4acTOK MpeodiaiaHus
HEIIMHEHHOTO CXKaTHs HaJl JAUCIIEPCHOHHBIM PACIUIBIBAHUEM M YYacCTOK, XapaKTepU3YIOIIUKCS
npeobyiajaHieM pacIUibIBaHUS Haja cxkathueM. Ha mepBoM ywacTke Onarojaps JeHCTBHIO
HEJTMHEHHBIX  3(P(EKTOB  BXOJHOWM  HMITYJIIC  NPUOOpeTaeT HEIMHEHHYI0  (Da30BYyIO
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caMOMOAYJISLUI0. [IaHHBIN IpoLece pa3BUBAETCS 0 TeX IO0p, IOKa IO AeHCTBUEM JIMHEWHOIO U
HEJIMHEHHOI0 3aTyXaHUs aMIUIMTYyJa PaclpOCTPAHSIOLIErOCs CIUH-BOJIHOBOIO HMIIYJIbCA HE
CTaHET HUXE IMOPOroBOi. B 3TOT MOMEHT BpeMeHH pacpOCTPaHSIONTUICS B PeppUTOBOI IIICHKE
UMITYJIBC IEPEXOJUT B PEXUM paciuibiBaHusA. Huoke IpencTraBieHbl TUIIMYHBIE DPE3YJIBTATHI
YUCJICHHBIX PACYETOB.

B Xxome 4YHCICHHOTO MOJCIUPOBAHUS YCTAHABIMBAIUCH CICAYIOIINE MapaMeTPhI:
M,=1890 Ic, H=2500 O, L=5 mxm, =056 MIn, v,=18 ITu, v,=03 Tl

Orubaromasi BXOJHOTO pPaJHOMMIIYJIbca B O3TOM CiIydae 3agaBajack B (opme (yHKIHH
runepGouyeckoro  cexanca: Uy (X,0)=u, Sech(—ZX/ ngO). Ucrionb30Banuch  00paTHbIE
OOBEMHBIE CITMHOBBIE BOJHBL KBagpaT aMIUIMTYbl HMMITYJbCA YCTaHABIMBAICS PaBHBIM
|w0|2=4.2~10’3, mmtenbHocts — T,=11.5 He. Ilpouecc cxatus yKasaHHOrO HMITYJIbCa

MMPEACTaBJICH HA PUCYHKC 1.
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Pucynok 1. Cxxatue ummysbca qmutensHocthio 11.5 He. Ha yactu pucyHka (a) mokaszan
o 2 _
HOPMHUPOBAHHBINA HA aMILTUTYy |u| =9.3-10"° npo¢uib UMIyIbCAa B MOMEHT HauGOIBIIErO

oxarus, ipu t = 122 He. Ha wactu pucynka (0) n3o00paxeHa 3aBUCIMOCTb JUTUTEIIbHOCTH
MMITYJIbCA OT BPEMEHH PacpOCTPAaHEHUSI.

B nmaHHOM 4YHCIEHHOM SKCIIEpUMEHTE HaOII0Jaloch CXKAaThe MMITyibca mpu 122 He 1o
mumTensbHocTH 3.3 HC TO ecTh B 3.4 pasa. [Ipum 3TOoM HaOMr0manoch 0Opa30oBaHHWE COJTUTOHA
orubaromeil CIUHOBBIX BOJIH YeTBepTOro mnopsaka. CONHTOH IOCIIEAOBATEIBHO IMPOXOIHI
COCTOSTHUE CXaTthsi C 0Opa3oBaHWEM OOKOBBIX IIHPOKUX HMITYJICOB, pAaCHIMpEeHHE C
o0pa3oBaHUEM JIBYXITMKOBOTO MMITyJIbca. Jlajee CONMTOH CTPEeMHIICS MEPEUTH B TPEXITUKOBOE
COCTOSIHHUEC, OAHAKO €0 aMIINIMTyda B 9TOT MOMCHT I1aJiaJla HUXKE HOpOFOBOﬁ, 1 UMITYJIBC BBIXOJHJI
U3 COJIMTOHHOTO PeXHUMa.

Crnemyer Takke OTMETHTh BaXXHYIO OCOOCHHOCTH IPEICTaBICHHOTO pacyera. B mMomeHT
HarOOJIBIIIETO CHKATUS aMIININTyJJa UMITYJIbCa CTAHOBUTCA 0oJIbIIIe BXO)IHOI\/'I AMIIIUTYBI. HaHHafI
0CO0EHHOCTH 00YCIIOBJICHA TEM, YTO Ha MaJIBIX JUIMHAX MPOoOera SHEPTHs HMITYJIbCa HE YCIIeBaeT
paccesThCs 1MoJ1 BO3ACHCTBUEM 3aTyXaHHs.

KpOMe TOro, B IIPOLECCE HCCICAOBAHUA OBUIH BBIIIOJIHEHBI APYyruc 4YHCJICHHBIC
OKCIICPUMCHTHI, ITOKa3aBIINE, 4To.

1) UMITYITECBI, KOTOPBIE PACIIPOCTPAHSFOTCS B 00Jiee TOHKHX IJICHKAX, ITOJBEPTAOTCS OOIbIIEMY
CKATHIO;
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2) UCHOJB30BaHUE NPAMBIX OOBEMHBIX BMECTO OOpaTHBIX OOBEMHBIX CHHUHOBBIX BOJIH
oOecrieunBaeT 6osiee BBICOKYIO CTETIEHb CHKATHS,

3) yBenMYE€HHE MOIIHOCTH BXOJHOTO HMIIYJbCAa NPUBOAUT K TOMY, YTO OH IOABEpPraercs
0O0JIbIIEMY CIKAaTUIO HA MEHBIIIEM BPEMEHHOM IIPOMEKYTKE.

B nmanno#i paboTe ObUIM BBHIMOJHEHBI TEOPETUYECKHE MCCIEOBAaHUS, HANpaBIICHHBIC Ha
pa3paboTKy ycTpoiicTBa HenumHelWHoro cxarus CBY pammommnynbscoB. beima paspaborana
nporpaMma, IO3BOJIAIONIAs ONHUCHIBaTh 3(P(GEKT HETUHEWHOro CXaTus, a TaKXkKe Jarolas
BO3MOKHOCTb I10 33/IaHHBIM TpeOOBaHUAM K YCTPONCTBY OIPEACIIUTh MTApaMETPhl €r0 OCHOBHOTO
AJIEMEHTa, PePPUTOBOM TUICHKH.

Pabora BrImonHeHa npu puHaHCOBOM monaepkke rpanta [Ipesunenra PO mo momaepxkke
Beaymux HayuHbix mkon P®, HII-4109.2014.2 u Poccuiickoro ¢onaa ¢yHIaMeHTaIbHBIX
uccienoBanmii B pamkax rpanra Ne 14-02-31638 mon_a.
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