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Pedepar:

H3o6peretrie OTHOCHUTCH K MeaHLIHe, K CpeCTBaM CTUMY/THPYIOLIero
BO3/IeICTBHA Ha GHONOIMYEcKYIO TKaHb. CTUMY/ALIMA OCYIIEeCTB/IACTCH
BO3/IeMCTBHEM YLTPa3sBYKOBbIX M MAarHUTHLIX KO/leOGaHHH Ha YacToTax, B
obleM cyyae pasHbix, Ha Orpee/ieHHbIA Y4acTOK GHO/IOTHUecKo TKa-
HH, 78 CO3/aHUA B HEM 3/IeKTPHYECKOro TOKa. YCTpOMCTBO, ocyilect-
BAsilOLIee CIIOCO0, COAePKUT MCTOYHHUK BHelIHero MarHWTHOIO Mo/, a
TaKXKe HWCTOYHHK U YCTPOMCTBO (DOKYCHPOBKHM Y/IBTPa3BYKOBLIX BO/H.
HcrnionssoBanne M3obpereHUs MO3BO/AET MPOBOANUTbL 3/1EKTPUYECKYIO
CTUMY/IALIMIO OGUONOTHUECKUX TKaHel 6e30repallMOHHbBIM ITyTeM.
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O6bhnacTb TeXHUKH

H3ob6perenre oTHOCHTCA K CNOCOOY MarHUTOAKYCTHYECKOro BO3deit-
CTBHMA Ha Y4acCTKH OHO/IOTMYEeCKUX TKaHeH, HarpuMep — CTPYKTYP HepB-
HOWM CHCTeMbl, WK TKaHeM APYruX OpraHoB XXUBOTHBIX M Ye/loBeKa, a Tak-
XKe YCTPOWCTBY, ero peanusyiolieMy, 6e3 UCMOo/Mb30BaHUs BXKHUB/IAEMbIX
3/1eKTPOZAOB. JTO MO3BO/IAET A0OUTHCA HeHMHBA3HBHOCTH BO3AEVCTBHA.

MpeawecTBYIOLUMH YPOBEHb TEXHUKH

B MeanimHe usBecteH criocob neyebHOro U UCC1ea0BaTeIbckoro Bo3-
OeMCTBHA Ha Orpeie/leHHble YHaCTKU HepBHOM CHUCTeMbl 3/1eKTpUUeCKH-
MM UMITY/IbCaMH, MOABOAWMBIMH 10 UMIVIAHTUPYEMbIM B OpraHM3M 3/1eK-
TpoaaM. BaxkHO OTMeTUTB, UTO 3/IKTPOCTUMY/IALIMA ABIACTCA Hanboree
a/leKBaTHOM, IMOCKO/IBKY OO/BIIMHCTBO MO3TOBIX (OYHKLIHMH peant3yioTcs
yepe3 reHepaLMio U paclpocTpaHeHHe 31eKTPHYeCKHX MOTeHLIMa/IoB.

OcHOBHOM HeOCTaTOK 3TOro Crocoba — TPaBMUPOBAHHE OpraHHU3Ma
nauveHTta. KpoMe Toro, HeMipoXHpypr Jazieko He Bcerza TOYHO 3Haer,
KyZa OaHHOMY MalkeHTy HeoOXOAWMO MMIVIaHTUPOBATh 3/1eKTPObl U
HYXKHO /1 BooOue 3To aAenath. [IoHATHO, YTO 31O upeBaTo Headdek-
THBHOCTBIO OfepallvH, YTO OC/IOXKHACTCH Ha/UUHheM [0BO/MBHO OO/BIIMX
MaTepua/nbHBIX PacXoa0B Ha /ledeHHe, BC/IeNCTBUE BBICOKOM CTOMMOCTH
HIMITIQHTUPYEMBIX 3/IeKTPOCTUMY/IATOPOB H UX 3/IeKTPOAOB.

B HepBHOI cHcTeMe HaxoauTcs 60/blIoe KOTMYECTBO HEMPOHOB U UX
AaKCOHOB, KOTOpbIe C (pU3UUECKOM TOUKH 3peHHA SIB/AIOTCA MPOBOAHHKA-
MM U Ha KOTOpble HallpaB/ieHO BO3/eHCTBHE 3/IeKTPUYEeCKOro ToKa IpH
crioco6e BXHB/AEMBIX 3/1eKTPOAOB.

HeitpoHb! 1 akCOHBI MOKHO pacCMaTpUBaTh Kak GHO/IOrHYEeCKHe Mpo-
BOAHUKH, B KOTOPBbIX LIMPKY/UPYIOT TOKH B BHUAe HEPBHBIX WUMITY/ILCOB,
onpeensoIMX HEPBHYIO AesATe/IbHOCTh OpraHusMa. B criocobe BxkuB-
NfeMbIX 371eKTPO/IOB “OCYIIECTB/AIOT 3/IeKTPHYECKH KOHTAKT TaKoro
6HOIOrMYEeCcKOro MpoOBOAHKUKA C 3/IEKTPO/IOM, IMPpH Iogaye BHEIHEero Ha-
MpsXKeHHA Ha KOTOpPbIM B OGHMO/IOrMUeCKHX MpOBOAHUKAX HaulHaeT Tedb
TOK OT BHEIIHEro MCTOYHHKA. DTOT TOK U OKa3blBaeT HYXKHbIM 3deKT
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MM60 CTUMYNUPOBaHMs, MM60 GI0KUPOBaHHA TMPOXOXKIACHHA HEepPBHbIX
HMITY/IbCOB.

Benyiueit B Mupe bHUpMOlt 10 U3rOTOB/IEHUIO MMIVIAHTHPYEMBIX CTH-
mynaTopos aBagercs Medtronic (CLLA) (www.medtronic.com).

OCHOBHBIMH HeAOCTaTKaMH MeTola MMIVIaHTHPYEeMbIX CTUMY/IATOPOB
AB/AIOTCA C/leaAyiolIHe:

Heo6xonmMocTs B XMpypruyeckoM BMellaTe/IbcTBe, COOTBETCTBEHHO
TPaBMaTHYHOCTb U, KaK C/IeICTBUE, PHUCK OC/IOXHEHHH;

Hanmnume aHatomo-dyHKLIMOHA/BHOM BapHabe/bHOCTH B CTPYKTYpax
MO3ra YesioBeKa MHoraa Tpebyer HeCKObKUX AMarHOCTHYeCKHUX Morpy-
KeHUI 3M1IeKTpoaOB, YTO YBeTMYUBaeT TPaBMaTUMHOCTb OfNepaLMH;

Hepenko BozHuKalolas HeoOXOAMMOCTb 3aMeHbl 3/1eKTPOIOB BCnesl-
CTBHE BOCTIA/IMTE/IbHBIX PeakLMii GHO/IOTMYeCKON TKaHH MW OKYTbiBa-
HMS 3/1KTPOAOB COeAWHHTE/IbHOM TKaHBIO, YTO CHHXaeT 3apdeKkT CTH-
MY/IALIMY.

Ha ceroanus npu otcyrctBun 3dpdpekra OT MeaAHMKaMeHTO3HOH Tepa-
MU eAVHCTBEHHBIM MPUMEHAEMBIM XUPYPrUyeckuM CriocoboM siB/IAeTcA
OVH — MMIVIAHTaLIMA CTUMYISTOPOB U anekTpoaoB. CyTb 3roro criocoba
M3/10KeHa B NMPHUBeeHHBbIX HUXKe Nybankauusax [2,3).

B KauecTBe NpOTOTHUITOB HACTOSALIETO U30OPETeHUs1 MOTYT paccMaTpH-
BaTbCA /Ba MaTeHTa.

[Mepsbiit, US 7008370, ortHocuTca K MeTOAMKe TpaHCKPaHHA/IbHOM
MarHUuTocTUMynsLU. CyTb ero COCTOMT B TOM, YTO MpH NoJaye MOMHOIo
3MeKTPOMArHUTHOTO UMITy/bca (¢ BeMunHoM MHAYKUMH 1-2 Tn) nocpea-
CTBOM HMHAYKTHUBHOM KaTYLIKK Yepe3 KOKHble ITOKPOBbI I'O/IOBbI, €ro a/iek-
TpHUecKas COCTaB/sOLIas Bbi3bIBaeT BO3OYKAeHHe HepBHOM TKaHW. Me-
ToAMKa HeWHBa3WBHa U 6e36oe3HeHHa, HO obnagaer ABYMA CYLLECTBeH-
HBIMU HedocTaTKaMH. [lepBuiit — 310 HeGonblas rMybrHa BO3AEHCTBHA
(2-3 cM) oT cTMynMpyIoLIeH KaTyLIKKA 1 TeM CaMbIM HeBO3MOXKHOCTb CTH-
MY/IALIMY TYGUHHBIX CTPYKTYP Mo3ra. Bropo#t — nnoxas cdokycuposaH-
HOCTb 107If1, TIOCKO/IBKY AMaMeTp KaTyuky coctaeaser 8-10 cum.

Bropoit matent, US 6591138, koTopbli MOXeT paccMaTpUBaThCA
B KayecTBe [POTOTHIA KaK 3asB/IeHHOIo criocoba Tak M 3asB/IeHHOIO
YCTPOWCTBA, ONMUCHIBAeT MMIVIAHTUPYEMBbIi 3/1eKTPOCTHMY/ATOP, 103BO-
nsomyit 06ecriedyrTh /TOKA/IbHYIO CTUMY/IALIMIO /MOOBIX OT/e/I0B MO3ra.
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OnaHako Takasi MeToArKa TpebyeT XUpYpruyeckoro BMellaTe/1bCTBa A/
MMITIaHTaLIMM 3/IEKTPOIOB U MOBTOPHbIX OMNepaLlnii 1o 3aMeHe UCTOYHH-
Ka MUTaHHs, a TakKKe B C/Ty4asaX MO/IOMOK CTHMY/IATOPA W/ 3/1eKTPOAOB.

[Mpennaraemas B HacTosleM U30OpeTeHNH MeToAKa MarHUTOaKyCTH-
YecKoM CTUMY/IALIMM coyeTaeT B cebe AOCTOWHCTBA BbILIEYTIOMAHYTBIX
MPOTOTHINOB — POKYCHPOBAHHOCTh BO3AEHCTBHA, BO3MOXKHOCTb CTHMY-
NSILMA TAYOUHHBIX CTPYKTYP, HEeMBa3WBHOCTh NMPHMEeHeHHd, U He uMeeT
MX He[OCTaTKOB.

CywHoCcTb H300peTeHun

OCHOBHO# Hzeei IMpeano)eHHOro crocoba ABAfeTcs Ta, YUTO BMECTO
TNOAKNIOYeHUsT GHO/MOrMYEeCKOro MpOBOAHMKA K HCTOYHHKY BHeLIHero
TOKa uepe3 BXKUB/AEMBIM 3/1eKTPO, 3TOT TOK reHepHUpyercs Heriocpea-
CTBeHHO B BbIOPAHHOM YYacTKe BHOMOrHYEecKoro MpOBOAHKKA (HarpH-
Mep, B HeHMpOHEe W/ aKCoHe).

Kak u3BecTHO, Ha OCHOBe 3aKOHa 3/IeKTPOMarHMTHOM WHAYKLIMH, B
[ABUKYLIEMCH B MarHWTHOM T10/1e [IPOBOAHHUKE BO3HMKAaeT 3/1eKTPOABH-
xyias cuna (1C) mHaykumu.

Cytb npeanaraeMoro criocofa 3akao4aeTcaB roMellleHHH 6ronoruye-
CKOM TKaHH (HanpuMep, TKaHH ro/IoBHOTO MO3ra) BO BHelllHee MarHWUTHOe
ro/ne U NoKa/bHOM BO30YXKAEHHH KO/1e6aTe/IbHOro [ABHXeHHd YHacTKOB
NPOBOAHHKOB (HEMPOHOB, aKCOHOB) C MOMOLIBIO POKYCHPOBAHHBIX Vb
TPa3BYKOBHIX BO/H. [IpH 3TOM MexaHHYecKHe KoneGaHHA Te/l HepBHBIX
K/1eTOK (HeMpPOHOB) M MX OTPOCTKOB — aKCOHOB — (MM ApYrux GHO/I0TH-
YeCKUX MPOBOAHWKOB) BbI3bIBAIOTCH Y/ILTPA3BYKOM.

MarnuToakycTyeckoe BO3AEHCTBHE OINOCpelOBaHHO TMPHUBOAWT K
BO3HMKHOBEHUIO B OMO/IOrMYECKHX MPOBOAHHKAX 3/IeKTPHYECKOro TOKa,
KOTOPHI U OKasblBaeT HerocpeacTBeHHoe BoaaerictBue. [lostoM naH-
HBI CrOcO6 OTHOCHTCH K 3/IeKTPOCTUMY/IALIVN.

[TpenmyinectBamMy 3100 Criocoba 371eKTPOCTUMY/IALIMK ABIAIOTCA: He-
MHBa3WBHOCTb, BO3MOKHOCTb (DOKYCHUPOBaHHA 3/1eKTPHUUeCKOro Mno/ns 1
coanaHus PU3HONOTMUECKU aeKBaTHOM TVIOTHOCTH TOKa B MoOOM HeoO-
XOOMMOM obbeMe TKaHW MoGOoM /10KaNu3alKK, NMpoCToTa PeryaMpoBOK
MapaMeTpoB CTHMY/ISALIMK, 6e300/1e3HeHHOCTb NMpoLeaypbl CTUMY/IALIMA
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(B OT/IMUMH OT TpaHCKpPaHHA/IBHOM 3/IeKTPOCTUMY/IALIMKM, KOTOpas, KpoMe
TOro, AB/AETCA KpaiiHe HecthOoKycUpoBaHHOM). BaxkHo ¥ TO, MarHutoTo-
aKyCTHYecKas CTUMY/ISLIMA MOXKeT ABIAThCH 3PEeKTHBHBIM HHCTPYMEH-
TOM B OIpe/le/leHUH MOKa3aHWM K MecCTa A/ UMIVIAHTaLMWU 3/1eKTPoAOB
B KaKJIOM OTAe/IbHOM C/1y4ae.

[NpeanaraeMbM CriocO60OM MOKHO CTHUMY/IMPOBaTh TaKKe TKaHb CITHH-
HOTO Mo3ra H reprdepudeckrie HepBhl. KpoMe Toro, cnoco6 Moxer
ObITb NTPHUMEHEH /1A pellieHHus npobieM B 061acTH KapaUo/Iorvi, KOTo-
phble TaKXe MOIYT pelliaThCs MpeanaraeMom 31eKTPOCTUMY/IALIMEH.

KpaTkoe onMcaHue YepTeXxeHn

dur. 1 - npeacrasnser CTPYKTYPHYIO CXeMY YCTaHOBKHU (BUA CBepXY).

dur. 2 - npeacTaBiseT CTPYKTYPHYIO CXeMYy YCTaHOBKH (BUA COOKY).

Dur. 3 - npeacrapnAeT MPUHLIMITHAMBHYIO CXeMY 3KCITepHUMeHTa/IbHOM
YCTAHOBKH COI7IaCHO HacToslIleMy H300peTeHHIO.

M3obperenrie onmcaHO HUXKe Ha MNpUMepe ANUCTaHLMOHHOM 3/1eKTpo-
CTUMYAALMU IYOOKUX CTPYKTYP MO/IOBHOTO MO3ra Nnpes/siaraeMbiM Cro-
coboM. OaHaKO OYEeBHAHO, YTO BMECTO HepBHOM TKaHH MO/IOBHOTO MO3ra
MOXHO BO3JEMCTBOBaTh TaKXKe Ha ApYyrve TKaHW OpraHHh3Ma 4esioBeKa
W/H XKHUBOTHOTO.

3aKOH 3/1eKTPOMarHMTHOM MHAYKLIMK OTMChIBaeTca pOpMYy/Ion:
E=V-B:l (1)

3neck E - 2/1C, HaBoavMas B MPOBOAHUKE AMUHOM [, ABMKYLIEMCA

CO CKOPOCTHIO V' MnepreHANKYNSpHO MarHUTHOMY IO/MO Be/TMYUHbL B .
B paccMaTpriBaeMOM YaCTHOM C/iydae MPOBOAHWKOM SAB/SETCH HeHMpOH
v akcoH. Popmyroit (1) MOKHO BOCMONB30OBATHCH A/S ONKUCAHHUA Me-
XaHHW3Ma BO3HUKHOBEHHS 3/IeKTPUYECKOTO TOKa B GHO/TOTMUYECKOM Mpo-
BO/IHHIKE.

B cootserctBuu ¢ (1) 3/IC vHAayKLUMH, HaBOAWMas B NPOBOAHHKe, 3a-
BHCHT OT Be/IMYMHBI MAarHUTHOTO MO/l U MeXaHUYeCKOM CKOPOCTH Tpo-
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Bo/HWKa. Ecnm MarHMTHOe mone M/wnu cKopocTh nepeMeleHHs Npo-
BO/HMKa fAB/IAIOTCA MepeMeHHbIMH, To U HaBoanMas D/IC takke 6yaer
repeMeHHON.

[lna BO3AEHCTBUA aKYCTHYECKHMM BO/HAMM Ha OTAE/bHBINM YUacTOK
MPOBOAHMKA HEKOTOPOH A/IMHBI HeOBXOAWMO CPOKYCHpPOBaATh 3TH BO/-
Hbl Ha BBIOpAHHOM Y4acTKe.

[lpu stoM nna obecneueHrss YcaoBUM HPOKYCHUPOBKH aKYCTHUYECKHX
BO/IH Heo6XoIMMa IOCTaTOYHO BBICOKAA YacToTa Y/LTpasByKa, Tak Kak
“MATHO» (POKYCHPOBKM 3aBMCHUT OT ANMHBI YILTPa3BYKOBOM BOMHBL. Be-
/IMYMHA TAKOTO MATHA MPHMEPHO paBHA HECKOMBKUM AMHaM BorH. [lns
obecrieyeHHs /IOKAbHOCTH (TOUEUHOCTH) BO3AENCTBUA HYXKHaA Maras
[/TMHA BO7IHBI, T.e. BbicOKas YacTtoTa. Hanpumep, ansa ob6ecnedeHus nar-
Ha (POKYCHPOBKM pa3mMepoM (arnaMerpom) B 1.5 MM, yactoTa ynsrpassyka

nomkHa ObITh NMopsaka f =1 MIu (sropas yacToTa).

B nocrosiHHOM MarHUTHOM I071e YacTOTa HHAYLMPOBAHHOTO TOKa TaK-
xe 6yaer paBHa 1 MI'1. OaHako TOK Tako# YaCTOThI He OKa3biBaeT BO3-
6Y2KAAIOLIETO 3/IeKTPUUECKOro BO3ACHCTBHA Ha HeHMPOHBI M aKCOHBI.

[ns cosnanms Toka Masoi Yactothl F , KOTopasi MOXeT B YUaCTHOM C/y-
yae MPUHUMaTh HY/IeBOe 3HaueHUe (IIpH 3TOM TOK CTaHeT (haKTHUECKM I10-
CTOSIHHBIM TOKOM), MArHUTHOE I10/1e 0/DKHO MEHATRCS C IepBO YaCTOTOMH

f+F v f—F . MoHOXpoMaTHYecKue BO/HbI U KoneBGaHHUA OIMUChIBa-
IOTCA, KaK M3BECTHO, rapMOHHYeCKHMH (bYHKLHMAMH. Ecav npuHsTs, yto
B cbopmyne (1) V =V, cos(2x ft), B = B,cos(2x ft+2xFt), To C To4-

HOCTBIO 710 KoathdrureHTa K MNMponopLMOHa/IBHOCTH COOTBRTCTBYIOLLEH
Pa3MepHOCTH, B COOTBETCTBHH C (1) ¥ TPHIOHOMETPHUYECKHM TOKIECTBOM

cosa-cos f = %I:cos(a ~B)+cos(a+ ﬂ)]
[Monyuaem:
E = K cos(27 ft)cos(2x ft + 27 Ft) = %cos(Z;rFt) +L2<-cos(47r ft+2zFr) (2)

(27 — KoO3DULIMEHT TMPOMNOPLIMOHA/TBHOCTH MeXAYy LIMKIWYeCKOM M
KPYroBOH YacTOTaMH.)
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TakuM 06pa3oM, B CMIEKTpe HHAYLIMPOBAHHOTO B OMO/IOMMUECKOM Ipo-
BOAHHKE TOKa TMOSBHUTCA HU3Kas pasHOCTHasA yactota F (repBbiit usieH
ripaBo# yacTtH (2)). 3aech ¢ — BpeMs.

B npuBeneHHbIX ypaBHeHUsX ¥ — 3T0 MexaHHYecKas KonebaTe/lbHas
CKOPOCTh 6HO/IOrMYEecKOoro MPOBOAHHKa, KOTOPBIM He NepeMelliaercs Co
3BYKOBOW BO/IHOM, @ OCTaeTcs Ha MecTe, coBeplllasi TO/IbKO KoneGaHus.
HaMeHsIolIeecss MarHUTHOE [0/71e YKa3aHHOM YaCTOThl TaKXe MMeeT KO-
neGatenbHbli (KBa3UCTaTHUECKUI) XapaKTep.

Ipu 3TOM yuMTHIBaeTCA crieayioliee. AKYCTHYECKHe BO/MHbI Ha HU3KOM
YacToTe He MOIYT BbITh CCPOKYCUPOBaHbl B pa3Mepax ro/ioBbl IMallMeHTa,

MO3TOMY BHICOKasi YacToTa f AO/MKHa MPHCYTCTBOBATL KaK B aKyCTHYe-
CKOM, TaK M MarHMTHOM [0/1e, HO OAHO U3 HUX AO/DKHO OT/IMYAaThCA OT

APYroro Ha HeBOMBIIYIO Pa3HOCTHYIO YacToTy F' Ans Toro, 4tobsl nosny-
YKMTh HU3KOYACTOTHYIO COCTABASAIOIYIO B COOTBETCTBHH C (2).

IMpy POKYCHPOBKE aKYCTHUECKUX BO/H (Y/IBTPa3BYKOBOM YaCTOTh) HA
BLIOPAHHOM YYacTKe TKaHU CO34aeTci MexaHHueckoe KorebaTeslbHoe
[ABHXEeHWe B OTBeT Ha BO3JeMCTBHE aKyCTHUeCKHMMH BO/IHaMH, hopMmu-
pys, TaKUM O6Pa3oM, B BHIOPaHHOM YYacTKe TKaHH TOK HU3KOM YaCTOTHI
B COOTBETCTBHH C (2). DTOT BO3HHKAIOUIMK TOK HU3KOM YaCTOThl M OKa3bl-
BaeT CTHMy/Mpyiollee AeiCTBHe.

[Npu stoM KoneGaHMsA aKYCTUYECKUX BOMH CHHXPOHH3HPOBAHHI C KO-
ne6aHUAMH BHEIUHero MarHUTHOTO MO/IA.

OnucaHue yCTaHOBKH

CTpyKTypHas cXxeMa YCTaHOBKM WiocTprpyerca cur. 1 u 2.

[onosa malMeHTa 1 YyacTMHMHO MOrpyXeHa B KOHTelHep 5, 3anorn-
HeHHbIM (PHU3MO/IOrMUYeCKUM pacTBOPOM, BOAOW WM refieM, KOTOPbIH
obnagaeT G/M3KMMM K TKaHfAM de/loBeKa aKyCTHUECKHMH CBOWICTBAMH.
CornacoBaHHe aKyCTHYECKHX CBOMCTB pacTBOpa M TKaHeM ue/loBeKa He-
06XOAUMO /1 TOTO, YTOOBI YIBTPa3BYK U3 pacTBOpa MOl [IeperTH B 3TH
TKaHH 6e3 3aMeTHOTO 3aTyXaHHA.

B pactBope pacrionaraercsi pOKYCHPYIOLIMA HCTOUHHK Y/BTPa3ByKa
3 B BHae BOTHYTO# Mbe30KepaMHUecKo I/1acTHHbIL. BorHyrocTs rziacty-
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Hbl 06ecrieunBaeT (hOKYCMPOBKY. BOKpyYr ronoBsl pacrionaraiotcs BUTKH
(OAMH MM HeCKO/NBKO) 3/1eKTPUYECKOro MpoBoZa, MpeACTaB/AHIOUYIO CO-
6o#t OOGMOTKY 3/1eKTpoMarimiTa 4 Ans co3naHus HeoBGXOAUMOTrO MarHUT-
Horo rons. Pabounit auanason uyacror Y3 - or 0.3 ao 5 MIu. Ipu
3TOM YaCTOTa MarHUTHOTO MO/s OT/IMYAeTCs /IMIUb Ha Ma/yio YacToTy
F =0-1000 I'u. BoamoxHo dopmupoBatue Y3 KorneGaHuit Kak B MM-
NY/IbCHOM, TaK M B HElPepLIBHOM peXXuMe.

XoT# B Npeano)eHHOM BapHaHTe WCTIO/b3yeTcs BOTHYTas Mbe3oKepa-
MHYecKas I/1acTHHa, B O6leM c/1yyae chOKYCHPOBaTh Y/LTPasBYKOBYIO
BO/IHY MOXHO HeCKO/ILKUMH CIIOcOBaMH:

1. Orpaxatommmu sepranamu.

2. Msnyyaiomedt nnacTMHOM, MMelomed BOTHYTYIO reoMerpuio. B
3TOM C/1y4ae repesaya UMITYIbca Ha CTPYKTYPBI MO3ra MOXKeT ObiTh
OCyLIeCTB/IeHa Yepes YIpYryio MpoK/IaAKy, HanpyuMep, B BUAe Ha-
NO/IHEHHOH re/ieM MMOAYIIKH, UYTO He Tpebyer roMellieHHs MO/IOBbI
Ye/loBeKa B “KOHTEHMHep».

3. PasoBoit pemerkoit, HU3nyqaTesld KOTOPOW MOXKHO HaK/ladblBaTb
HernocpeaCTBEHHO Ha ro/IoBy, YTO Hauboree oNTHManbHO A do-
KYCMPOBKH 1 MCC/IeI0BAHHH, HO TpebyeT GOo/bIIMX 3aTpaT Ha pac-
4eThl U U3TOTOB/IEHHE.

CHHXpOHH3aLIMA aKYCTUYECKMX M MarHHUTHBIX KOMeBGaHUI MOMKET ocy-

eCTB/IATLCA OHMM U3 C/leAyIOMX crioco6oB. HanprMep, npu pasHocT-

Hoit yactote F' =0 nbesousnyuaterns akycTHUECKUX BOMH M KaTYILIKa Vst
(OPMMPOBaHUA MarHUTHOTO TO/IA 3AMMTHIBAIOTCA OT OIHOIO eHepaTo-
pa, UTO aBTOMaTH4eCKH obecriedMBaeT CHHXpOHHU3aLMio. [ 1pu uMmnynsc-
HOM peXHMe Haua/lbHble (hasbl Y/ILTPa3BYKOBOIO M MArHUTHOTO MMITY/Tb-
Ca [O/KHBI COBMNaaTh, HarpyMep, MpH BKMIOYEHHH YCTaHOBKH OT OIHO-
ro Tymb/1epa WK MoCcPeCTBOM CIeLIMa/IbHOrO TeHepaTopa UMIY/IbCOB.

B HenpepriBHOM pexrMe paGoTl, Koraa yactota F He paBHa HY/o,
CHUHXPOHH3aLIUA He Tpebyercs.
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Cxema pa6oTbl yCTPpOMCTBA

YCTpOMCTBO ANf CTUMY/ALMHA YYaCTKOB OHO/IOrMYEeCKOH TKaHW Op-
raHu3Ma MOCpPeACTBOM MarHUTOAKYCTHYeCKOTO BO3AEWCTBMA COI/IacCHO
cur. 2 coaepRWT: UCTOUHHK 4 BHellHero MarHUTHOIO Mo/A, KOTopoe
MeHSIeTCl C MepBOi YacTOTOM, MCTOYHHMK aKYCTHYeCKHX (V/IbTpasByKo-
BbIX) BO/H, M3WHSAIOWMXCA CO BTOPOI YaCTOTOM, YCTPOMCTBO (hOKYCH-
POBKH aKyCTHUECKHX BO/IH Ha BbIOPAHHOM YYacCTKe TKaHW OpraHM3Ma.
PyHKLIMKU YCTPONCTBa (POKYCHPOBKH MOXKeT BBIMO/HATb, HarpyMep,
oTpazaiolllee 3epKa/io, OKycHpyiolliee U3/yyeHre HCTOYHHKa YbTpa-
3BYKOBBIX BO/IH, WM CaM HCTOUHMK Y/BTPasBYKa, BBIMIO/THEHHBIH BHe
BOTHYTOM MNMbe30KepaMU4eCKOM M/IaCTUHBI.

YcraHoBKa paboTaer cneayomnM obpasoM. Bribrpaercsi y4acTok ro-
NTOBHOTO Mo3ra 2, KOTOpbIM A0/KeH ObITh NMOABEPIrHYT 3/IeKTPOCTHMY/IH-
pyiolliemy BoaaecTHio. Ha atoT yyacTok HallennBaerca ¢oKyC Mnbeso-
KepaMH4YeMKOro UCTOUHHKa Y/IbTpa3ByKa 3 MyTeM MepeMellieH s Mbe3oa-
KYCTHUECKOM CHCTeMbl BHYTPH KOHTeHHepa O. Braioyaercs ynbTpassy-
KOBOM H3nyyaTeslb 3 U CMHXPOHHM3HUPOBAHHBIA C HHUM IO 4acToTe 3/1eK-
TpOMarHut 4, uTo MpHUBeseT K MexaHHUeCKOMY KorieGaHHIO HeHpOHOB B
TouKe (pOKYCHPOBKH 1021 BO3ASHCTBHEM Y/IbTPa3ByKa 1 BOSHHKHOBEHHIO
D/IC 3/1eKTPOMAarHMTHOM MHAYKLIMK, B COOTBETCTBHM C chopmyroit (1),
T.e. cTUMyaMpyioiero uMny/isca. CcopMHUpOBaHHbIE CTUMY/IMPYIOLIHE
MIMIY/bCbI MOTYT MCTIONB30BATHCA /151 BO3OYKACHHUA MW TOpMOXeHHs (B
3aBMCHMOCTH OT YacTOThl C/ie[IOBaHKA) B COOTBETCTBYIOUIMX CTPYKTYpax-
MMUILIEHAX HePBHOM CUCTEMBI.

OnmcaHMe 3KCreprUMeHTa 1Mo oGHapyXeHHIO HepBHOTO UMITY/bca NMpr
COBMECTHOM [IeHICTBUH aKyCTHUECKOrO M MarHUTHOTO Mo/1eH MPHUBOANTCH
HHXKe.

[MpuHLUMNManbHasA cXeMa 3KCNepHMeHTarlbHOM YCTaHOBKH IOKasaHa
Ha cdwur. 3.

B KauecTBe 06beKTa, Ha KOTOPOM M3y4a/sioCh BO3AeHCTBHE, MCTIO/B30-
Ba/icsl TperapaT celalUIHOrO HepBa /IArYIIKK TpaBaHoW. 2KHAKOCTh, B
KOTOpYIO MOrpyzKasica Nperapar, NpeacTasasan coboi 1 i1 BoaHoro pac-
tBopa NaCl.

TexHuuecKye MapaMeTpbl YCTaHOBKM:
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PesoHancHas yactoTa akycrHueckux KoneGanuit — 563 K, dokyc-
Hoe paccrosiHve 11 cM, usnyuaeMas akycTMYecKas MOWHOCTb pery/u-
pyercs B ananasoH ot 0 o 58 BT (cooTBeTcTBeH MakcUManbHasg UHTEH-
CHBHOCTb B dokazibHoM natHe 450 Bt/cM2, MakcUManbHOe 3HauyeHue
KorneGate/IbHOM CKOPOCTH B (hOKa/bHOM MATHe — 3 M/c). 3HaueHHe uany-
UaeMOH aKyCTHYECKOH MOIIHOCTH M MOMEHThbI BK/TIOYEHHSA U BBIK/IIOYSHUs
aKyCTHYeCKOro CHrHa/la 3a1aBa/MCh 6/10KOM YIpaB/ieHUsl U KOMMYTaLIHH.

Kanm6poeka usnyuatens MarHUTHOTO No/ist NPOBOAM/ACH MTYTeM roMe-
lleHMs BUTKa B [10/1e MarHMTHOTO U3/yuaTe/isl U U3MepeHHs! HaBeIeHHOM
Ha Hero J/IC. YcTaHOBKa 1103B0/Isi/1a MO/MYYATh HAMPSAKEHHOCTH MarHHT-
Horo no7is B nipeaenax ot 0 no 4 Ta Ha yacrote 563 K11, Bpems BK/io-
YeHHA M BBIK/MOYEHHs peryiMpoBasiocs B npeaenax ot 10 o 20 mc.

CrcTeMa NOSULIMOHMPOBaHHS (LUTATHB), NO3BO/IA/A Pa3MellaTh OGHEeKT
BO3AENCTBUA B 06/1aCTH (POKA/IbHOTO MATHA ¢ TOUHOCThIO 0.5 MM.

Pervctpaumsa sddekra. Icbdekr pervcrpuposacs BHU3ya/IbHO, a
TaKXe C MOMOLIbIO UHM(POBOH BHUAEOKaMephl 10 KOHBY/ILCHMBHBIM /IBU-
KeHUAM /1alky AArVIIKY.

Pe3yabrarbl H3amepenum

1. Boageiicteue Tonbko akycTMueckuM roneM. /larka AArymky pas-
MelliaZ1ack B XKUAKOCTH TaknM 06pa3soM, UToGbl HepB OKasarics B hoKarb-
HO#M TIOCKOCTH AKYCTHYECKOTro U3nyyaTeris.

a) BoanericTBre UMIY/IbCHBIM aKYCTHYECKUM TIO7IeM.

Ha HepB nonaBanuck akyctrueckre MMMynschl amutensHocTbio 0.5 u
5 Mc, MOIIHOCTB aKYCTUYECKUX MMIYLCOB MeHsnack ot 0 no 58 Br.

Peakuus HepBa otcyTcTBYeT Bo BceM aManasoHe MOIHOCTEH,

6) BosnericTBre akycTHMUeCKHM MoneM 60/1bLIoN ANUTe/IbHOCTH. Bpems
Bo3aericteus 30 cexk.

PesynbraThl: HepBHbIM MMIY/LC MOABAAETCA MPH aKYCTMYECKOM MOII-

HOCTH W = 35 BT M 3HaueHWM ero MaoTHOCTH B (hOKa/IBHOM MATHE
250 Br/cm?. Ha6moaag’rca CBOCOOPa3HhbIf TMCTepe3ucC — NMpH YMeHbllle-
HUK MolHocTH Ao 3-5 Bt nanka nponomxkaer aurarses. Boiio nokasa-
HO, UTO BO3ACHCTBHE aKYCTUYECKHM [10/1eM C MAaKCHMa/TbHOH MOUIHOCTBIO
B TeueHHe 2 MHUHYT He pa3pyllaeT HepPBHYIO TKaHb.
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2. BoanelicTBHe TO/MbKO MarHHMTHBIM TO/IeM.

[Manka Aryiky pasmellaziachk B HEIIoCpeACTBeHHOM 6/U30CTH OT Ka-
TYIIKK U3/IydaTessi, HepB pacrio/narasicsi BAO/b OCHU KaTyIlKU. Mamenenne
HanpsReHHOCTH noas 10 4 Tn He NPUBOAMIIO K MOSABIEHUIO HePBHOTO
WIMITY/IbCa.

3. CoBMecTHOe BO3IEHCTBUE aKyCTHUUYECKOTO M 3/IeKTPOMArHUTHOIO
r1o71er.

[Tarka naryuky pasmeniasnach B oOKa/IbHOM TATHE BAO/Mb OCH KaTylil-
KU uanydatens. Och KaTYLIKKM H3/1ydaTesis pacrionarasiach reprieHanKy-
ASAPHO K Harpas/IeHHIO PaclpOCTpaHeHHs aKyCTUYECKUX BO/H.

Pesynsratel. HepBHBIM WMIMY7IbC BO3HMKaeT TO/MBKO MPU OAHOBpE-
MEHHOM BO3I€MCTBUM MarHUTHOIO M aKYCTHUUEeCKOro TIo/el, G/IM3KUM
K MaKCHMa/IbHbIM 3HaueHWsiM (3HayeHWie MarHuUTHoM uHaykimu 3.8 T,
aKycTHUecKas MOIIHOCTL 53 BT cooTBercTBeHHO) MpH AMUTe/IbBHOCTH BO3-
AeicTBUA He MeHee 2 Mc. HepBHbIN UMIy/ILC Nporazaer, eciy KaTyllka
W3/1ydaTesIa pacriofiaraertcs He MepreHAUKYISpHO, a rapasnnenbHo OCH
AaKYCTUYECKOTO H3/yJaTe/Is.

TakuM 06pa3oM, MoMyyeHHble 3KCIepyMeHTa/bHble pPe3y/bTaThl 10-
Ka3bIBAIOT MMPe//IOKEHHYIO MO/Ae/lb BOSHUKHOBEHUS] HePBHOIO MMIY/bca
MPU COBMECTHOM BO3EMCTBHM aKYCTHUECKOTO W MarHUTHOTO MO/Ieil Ha
HEPBHYIO TKaHb.
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dopmyna nsobperenun

1. Crioco6 cTMMYNALIMK Y4acTKOB BHONOIMUYECKHX TKaHelH OpraHM3Ma
MOCPeCTBOM BO3AEHCTBHA Ha HUX Y/ILTPa3BYKOBLIMHA BO/THAMM M MarHUT-
HBIMM KO/1eGaHUAMM MyTeM CO3AaHUsA BHEIHEero MarHUTHOTO MO/f, U3Me-
HAIOLIEroCH C MepBOM YacTOTOM M CPOKYCUPOBAHHBIMH V/IETPA3BYKOBbIMH
BO/IHAMH, MMEIOLIMMH BTODYIO YacTOTy, /1 CO34aHHs B HHX 3/eKTpyye-
CKOTO TOKa BC/IeICTBHE MeXaHUYeCKOro KorebaTe/TbHOTO [BVIKeHHS.

2. Cnoco6 no n. 1, B KOTOPOM PasHOCTb MepBOit U BTOPOH 4acToT
MpeACTaBAAOT cOOOM HUBKYIO YacTOTy.

3. Crioco6 1o mn. 1, B KOTOPOM (hOKYCUPOBKY YILTPA3BYKOBBIX BO/H
OT MCTOYHHKA Y/BTPa3ByKa BbITNIO/IHAIOT OTPaKalOLIMMH 3epKariaMH.

4. Cnioco6 no 1. 1, B KOTOPOM (hOKYCHPOBKY YALTPa3BYKOBBIX BO/H
06eCreunBaloT Mbe30KepaMHUUecKoi UayJaloLeit [71IaCTUHOM, UMeloller
BOTHYTYIO chopMmy.
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5. Crioco6 no n. 2, B KOTOPOM 3HaueHHe MNepBOi YacTOThl HaXOAUTCH
B navana3soHe 0.3-5 MI, a 3HaueHHe pa3HOCTH MexXay MepBOoi U BTOPOH
yactotaMH coctasnser ot 0 go 1000 I

6. YCTpo#cTBO Ans CTUMY/IALIMK Y4aCTKOB OHOMOTMUeCKHUX TKaHel op-
raHusMa MocpeACTBOM BO3AEMCTBHA Ha HUX Y/IBTPa3BYKOBBHIMH BO/THAMH
M MarHUTHBIMHA Ko/leGaHUAMM, cozepiKalllee MCTOYHHK BHeUIHero mar-
HUTHOTO T10/I1, MEHAIOIIErocs C MepBOi YaCTOTOM, NCTOUYHHK YBTPa3By-
KOBBIX BO/IH, U3MEHSIIOIMXCA CO BTOPO¥ YaCTOTOM, YCTPOMCTBO POKYCH-
POBKHM Y/IBTPa3BYKOBBIX BO/TH Ha YJacTKeTKaHW OpraHu3Ma /s CO34aHUs
B HEM 3/1IeKTPHUECKOIO TOKa BC/IeICTBHE MeXaHHUeCKOro Ko/ebaTebHo-
Iro ABWXKEHHS 3TOrO YYacTKa o4 AefCTBUEM Y/BTPa3BYKOBLIX BO/H.

7. YcTpo#icTBo no 11. 6, B KOTOPOM YCTPOMCTBO (hOKYCHPOBKH Y/IBTpa-
3BYKOBBIX BO/IH O6Ppa30BaHO OTpaXKalolIMMH 3epKa/laMU.

8. YcrpoiictBo no n. 6, B KOTOPOM YCTPOHUCTBOM (POKYCHPOBKHY/Ib-
TPa3BYKOBbIX BO/IH SAB/AETCS IMbe30KepaMuyecKas I/1acTMHa, UMelolas
BOTHYTYIO chopMy.

9. YerpoiictBo Mo mn. 6, B KOTOPOM PasHOCTb YacTOT MpeACTaB/feT
co6oit HU3KYIO YacToTy.

10. YcrpotiictBo no n. 9, B KOTOPOM 3HaueHHe MepBOi YacTOThl Ha-
xoautca B avanasoHe 0.3 — 5 MI, asHauekHHe pa3HOCTH MepBOil U
BTOPOI1 YacToT HaxoauTcs B ananasoHe ot 0 ao 1000 I
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