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KnroueBble cnoBa: CKOHAP-tepanus, 3ByvyaHue KOXu

AHHOTauuNA: B cratbe ykasaHo, 4yTO nosBneHue 3Byka npu CK3HAP-Bo3gencreum
MPOUCXOAMT NO MPUHUMMY paboTbl 3NEKTPOCTATUHECKOrO FPOMKOrOBOPUTENS.
Mpn 3TOM ponb TMOKOWM NONMMMEPHON MfeHKn (MembpaHbl) BbINOMHAET
poroBon (poroBon+6recTawmin) cnon anngepmuca.

Takke pacCMOTPEHO BIMSHWE 3NEKTPOCTAaTMYECKOro MOMfs Ha MOMeKyrbl
BOAbl W BbIABMHYTO npeanonoxeHune, 4to Bo3genctBue CKOHAPa
CnocobCTBYET N3MEHEHMIO NOOKOXKHOW XUAKOCTHON CTPYKTYPbI.

B 3akntoyeHne paccmoTpeHa runoTtesa O [AOMOfHUTENbHOW nepegaye
WHpopMaLMM  NO  KMAOKOCTHbIM  KaHamam, BKMYas WHGOpPMaLMOHHbIE
U3MEHeHNs, npoucxodsine B XUOKOCTHbIX CTpykTypax npu CKOHAP-
BO3ENCTBUM.

CK3HAP. HOBbIE PE3YJIbTATbI, HOBbIE T'MIMNOTE3bI

B paborax [1-4] onucan 3¢ dext BuOparuu (3Bydanusi) KOXKH MPU BO3ACHCTBUH ammmapaToM
CKOHAP. Iloka3aHo, 4To BUOpanus W 3By4YaHUE OIPENENAIOTCS HEMOCPEICTBEHHBIM BIUSHHEM
BBICOKOT'O MEPEMEHHOTO JIEKTPUUYECKOr0 MOJs. DTO MOATBEPKAAETCS MPUIOKEHHEM DIIEKTPOJIOB
amnmapara K Telly 4epe3 TOHKYI0 M30JHMPYIONIyI0 IUIEHKY. B 3TOM cilydyae TOK NpaKkTHYECKU
OTCYTCTBYET, a HampsDKeHHE Ha dJeKTpoaax coctaBiseT mopsaka 500-600 BombT. Dddekt
3By4aHusi npucyTcTByeT. OCHOBHAs THUIIOTE3a, KOTOpas COXpaHWIA B PE3yJbTaTe MpPOBEIECHHBIX
WCCJICIOBAHMM - IPUTSDKEHUE (OTTAKMBAHUE) TKAHU (POTOBOTO CIIOS).

Llens Hacrosimeil padoOThI - ONMMCAHWE MEXaHM3Ma 3BYYaHUs] W HCCIEIOBAHHME BIIMSHHS
BBICOKOTO IIEPEMEHHOT'0 AIEKTPUIECKOT0 MO Ha MEXKKIIETOUHYIO JKUAKOCTh U JIPyTHE PACTBOPHI BOJIbI.

Mogenb 3neKTpocTaTu4eckoro rpoOMKOroBopuTens

DNEKTPOCTATHUECKHEe TPOMKOTOBOPHTENTH  MPEICTaBISIIOT  co0oif  aBe  OOKIagKu
KOHJICHCATOpa - HEMOJBIIKHYIO MACCHBHYIO U THOKYIO (IJIEHKY ¢ HAHECEHHBIM METALTUYCCKUM
CIIOEM C HApYXHOW CTOPOHBI JIMOO METALTMYECKYI0 (ONBry ¢ AUIIEKTPUKOM C BHYTPEHHEH
CTOPOHBI).

B  mHactosmiee  BpemMsi  NPUMEHSETCST  OYE€Hb  MHOTO  CIOCOOOB  pean3aiuu
3JIEKTPOCTATUYECKUX TPOMKOTOBOPHUTENEH, MHOTHE W3 KOTOPBIX 3aKPBITHI MATEHTAMH M HOY-Xay.
Hanpumep, TexHOIOrMHM, OCHOBAHHBIE HA B3aUMOJECHCTBUM CTAaTUYECKUX 3apsaoB. B kauecTse
MeMOpaHBI B TAKUX YCTPOMCTBAX MCIOIB3YETCS OYEHb TOHKAs MmouMepHast tuieHka (10-15 Mukpon)
C HAaHECEHHBIM TPOBOJAIINM clioeM. Macca 3TOi TUIGHKH COM3MEpHMa ¢ MacCOi KOJEOomEerocs
BO3/yXa, YTO IO3BOJISIET CHUCTEME OYE€Hb TOYHO MepeAaBaTh IIMPOKUW JHAMa30H 4YacToT C
MUHUMYMOM UCKaxeHuid. [lonmuMepHasl mieHKa HATSHyTa MEXIy IByMs TepdoprpoBaHHBIMU
MJIaCTUHAMH, Ha KOTOpBIE Yepe3 TpaHc(hopMaTop OT YCHIIMTENS MOJAeTcs 3BYKOBOW curHai. Ha
NPOBOJAIINN cIOW MeMOpaHbl MOJAETCA HampspKEHUE MOpsAaKa HecKolbkux KB. B pesynbrare
B3aMMOJICHCTBUS 3apsi/ia Ha TUICHKE W 3BYKOBOT'O HANPSOKCHUS MEMOpaHa HaYMHACT JBUTATHCS CO
3BYKOBOH 4aCTOTOM.

CpaBHUM TIpuBEICHHBIE omnucaHus ¢ Mojaenbio B3aumoneiictBus CKOHAP-koxka. /lBa
MACCHBHBIX DJIGKTPOJa armapara MPHIOKEHbI K TOHKOW IJIEHKE POTrOBOTO U OJIECTAIIETO CIIOEB
(3MeKTprUYecKoe ToJie NEeUCTBYeT Kak Obl Ha JBE IUIEHKH, MEXAY KOTOPBIMH pacIojoKeHa
npoBojsimias SkuakocTHas cpema). C  yd4€TOM TOJNIIMHBI POTOBOrO U OJECTSIIEro CIIOEB
HaMpsHKEHHOCTh  AJIEKTPUYECKOTO0 MOJISI  COCTAaBJISIET B MOMEHT MMITYJIbCHOTO BO3JEHUCTBUSA
npumepHo 3-4*10° B/m [1-4].
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B OJICKTPOCTATUYCCKUX TPOMKOIOBOPHUTCIIAX IJId MPCABAPUTCIIBHOIO HATAXKCHHUA KOXU
3a4acTyI0 HCIONb3YIOT BBICOKOE MOCTOSTHHOE HaMpshKEHUE. DMHUAepMUC (POTOBOM CJIOM) HATSHYT 32
C4eT COOCTBEHHOM YIPYrocTu, KOTOpasi peryjaupyeT NpuTshkeHue (0TTalKuBaHuIo) TKaHu. [IpoBona
AQHAJIOTHIO C JJIEKTPOCTATUYECKUM TPOMKOTOBOPHUTENIEM, CIEAYeT TaKXKe Y4ecTb JIBOMHOMN
ANEKTPUUECKUIN CJIOM, KOTOPBIM 00pa3yeTcsi Ha TPAaHMIE JJIEKTPOI-KOXKAa TMPU B3aUMOJCHCTBUU
MeTaa (IeKTpoaa amnmapara) ¢ KoxKen.

Bo3gencTBMe Ha MEXKIETOUYHYHO XXUAKOCTb

JKunkocTHas cpesia opraHu3Ma COCTOUT B OCHOBHOM U3 BOJIbl. MoJieKyJ1a BO/ibI MoJisipHa [5, 6].
OTO 3HAYMT, YTO HA €€ aTOMax €CTh HeOoJblIMe («IIapLUaIbHBIE») JNEKTPHUUECKUE 3apsbl: Ha
anekTpooTpunareiabHoM O - oTpunatenbHblil, Ha H - nonoxutensHblil. Pactipenenenue 3apsaaos u
JIEKTPOHHBIX 00JAKOB HA 3TUX aTOMax BBIIISIUT, Kak [TOKa3aHo Ha puc. 1.

Puc. 1. Pacnpenenenue 3apsiga B arToMax BOJIbI

[110THOCTB 3JIEKTPOHHOIrO O0Jlaka MOKa3aHa IJIOTHOCTBIO TOYEK, a IU(PBI MOKA3bIBAIOT
napuuagbHbld 3aps] aTOMOB ATOM NOJSAPHONW MOJIEKYJBl. 3apsi[ 3TOT BBIPAXKEH B JIOJIAX OT
IIPOTOHHOTO 3apsifa. Y MPOTOHA, B 3THX €IMHULAX, 3apsij, ECTECTBEHHO, paBeH +1, a y 3iekTpoHa
-1. B nenom monekyina Boasl umeet 3apsf 0.

3apsasl Ha MOJSAPHBIX aTOMax MOSABIIOTCA B PE3YJIBTAaTEe TOTO, YTO MEKTPOOTPHULIATEIbHBIC
aToMbl O OTTATHBAIOT IEKTPOHHBIE oOsiaka oT cocenHux H aromoB. B pesynbTrare Ha mocieTHux
BO3HHMKAIOT HEOOJIbIINE MTOJIOKUTEIbHBIE 3aps/bl, @ HA O - OTpuLaTeIbHbIN 3aps.

Bopmopoansie cBsi3u HabmaromaioTcss He TONBKO B Boae. OHHM HaAOMIOAAlOTCs BCeraa, Korma
BOJIOPOJI XMMHUYECKH CBSI3aH C OJHUM 3JIEKTPOOTPULATEIbHBIM (T.€. MPUTATUBAIOIINM 3JIEKTPOH)
aTOMOM U TPH 3TOM NPUOIMKAETCS K JPYromMy O3IIEKTPOOTpHULIATeNbHOMY aromy. IlIpumepsi:
O— H:::O,N—H:::O,N—H:::N (cBs3u, BcTpeuaromuecs B 6enkax).

ITocmoTpuMm Jnanbllle, Ha NpPUMEpPE BOABI, BIUSHUE 3JIeKTpocTaTtuueckoro mnousd. Ilpu
NOJBECHUN K D3JIEKTpoJaM (IJIacTUHAM) HOCTOSHHOTO 3JIEKTPUUYECKOrO MOJIS MOJEKYJbl BOJbI
pacnojarailorcs TakK, Kak I0Ka3aHO Ha puc.2,a. Eciu NONSIpHOCTh HANpsDKEHUS W3MEHUTCH,
MOJIEKYJIbI BOJIbI PACIIONOXkKATCA TaK, KaK MOKa3aHO Ha puc.2,0.

[Ipu moxBeneHUN MEPEMEHHOTO HANPSKEHUs TUMONb OyJeT BpalaTtbesi B COOTBETCTBUU C
W3MEHEHHUEM IOJISl ¢ YACTOTON BO3JICUCTBUS U €€ TAPMOHHUK.

CTPYKTYpHble NU3MEHEHUS B XUAKOCTHOM cpeae opraHu3ama

O BOAC U eé CTPYKTYpPC HAIIMCAHO OYCHb MHOI'O (I/IMCCTCH TakK’)K€ MHOI'O CHCKy.TISII.IPIfI,
CBSI3aHHBIX CO CTPYKTYpO# Boabl). TpyTHOCTH ONMHCAaHUS XUIKOH BOABI OOBSCHSIOTCS MPEXKIe
BCCTO OTCYTCTBUCM JICTKO O603pI/IMOI>’I 0as3ucHoOM MOACIIN. Hu OHa U3 CYIECTBYIOIIUX HBIHC boiee
20 Mopenei CTpyKTyphl KUIKONH BOJBI HE MOXET OMHUCATh 3TOT (DEHOMEH MOJHOCTHIO B €IMHCTBE
€ro CBOIMCTB. Hp06neMa 3aKJII049acTCd B TOM, YTO IJId ACTAJIBHOI'O MH3YUCHUA ISTHX CTPYKTYP
COBpEMEHHBIC (U3MYECKUE MPHOOpPHI He ronaTcs. CIUIIKOM HEIOCTOBEpPEH pe3yibTaT. MOXHO,
KOHCYHO, CUHUTATh TaKUM HpI/I60pOM YCJIOBCKAa MW €TI0 OLIYMICHUA. Ho »10 coBceMm HCHAY4HO,
CYHCCTBCHHO 3aBUCHUT OT COCTOAHUSA YCJIOBCKA, €0 CO3HAHUSA, BEPHI.

B xauecTBe MpuMepa MOKHO IIPUBECTHU T'HIIOTE3Y O MPOUECCC MOTCHUUPOBAHUA (pa?»BeI[eHI/IH
Y BCTPSIXMBAHUS) B TOMEOTIATHH, KOTOPBIN OOBACHICTCS N3BMEHEHHEM CTPYKTYPBI BOJIBI - MOJICKYJIBI
pacTBopuTens (KUIKOCTH) OPUEHTHPYIOTCS BOKPYT PACTBOPSIEMOIrO BEIIECTBA B ONPEACIEHHOM
(xmacreproM) mopsiake [7].
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NwmeroTcs Takke TUIIOTE3bl, YTO Ka)/aas KJIETKAa YeJIOBEKa OKpYXKeHa MOJIEKYJaMHU BOJBI.
Eciu 310 KieTka OONBHOTO OpraHa, TO HE3aBUCUMO OT 3a00JieBaHUSI OHA OKpY)KEHa Tak
Ha3bIBAEMOW HECTPYKTYpUpOBaHHOM BoaoW. KieTka ke 310poBOro opraHa OKpy>KeHa
CTPYKTYpUPOBAHHON BOJOM, MPU 3TOM OPraHU3M CaM 3aHUMAeTcs CTPYKTypUpPOBAaHHMEM BOJBI Ha
KJIETOYHOM ypOBHE (COTJIACHO JPYyTMM THUIOTe3aM Ouosiormueckue GyHKIUU (PakTUdecKu
3aKJII0Yal0TCS B 00pa3oBaHUM M HApYIIEHUHU BOJHBIX CTPYKTyp). B pamkax »THX rUmore3 MOXHO
yTBepkaarh, uto Bo3aelictBue CKOHAPa cnocoOcTByeT CTpyKTypUpPOBaHHMIO BOJABI (KHIKOCTH)
BOKPYT KJIETKH, U 3TO Aa€T OpraHU3My HaIllpaBJICHHUE Ha BBI3JIOPOBICHHE.

MpbI paccMOTpenu BO3MOXHOE BIMSIHME HA CTPYKTYPY BOJBI IEPEMEHHOIO 3JIEKTPUUYECKOTO
nojsi. 3aMeTUM, 4YTO MOJO0OHOE BIMSHHE MOXET OKa3aTh M BHUOpaIys, Kak, HalpuMmep, B MaTeHTE
[8], cormacHO KOTOpOMY BOAY 3aMOPaKHMBAIOT /10 COCTOSIHHS JIbJa, TOMEIIAIOT B PE30HAHCHYIO
KaMepy U BO3CHCTBYIOT Ha Jie]] 3ByKOBBIMH PE30HAHCHBIMHU YaCTOTAMHU.

d 0
PHC. 2. PaCHOHO)KeHI/Ie MOHeKyH BOABI HpI/I U3MCHCHHUHU HOHﬂpHOCTI/I HaprDKeHI/If[

HononHuTenbHasa nepeaaya nHgopmaumm nNo rymopanbHbIM ((KUAKOCTHLIM)
KaHanam

Oro emé ojaHa rumore3a, MUMElOIIas MpaBo Ha oOcyxiaeHue. BuOpauuu, BbI3BaHHBIC
BO3JECICTBUEM, NIEPEAAIOTCS MO KUAKOCTHBIM KaHaJlaM, KOTOPBIE COCTABIJISIIOT OCHOBY OpPraHU3Ma.
OTUM MOXXHO OOBSICHUTH (Hapsay co cBoicTBaMHu HelpomnentuaoB [9]) muctanTHbIE 3G (EKTHI,
xapakrepHble 111 CKOHAP-Tepanun.

PaccmoTpum emié pa3 HEKOTOpBIE THIOTE3bI 00 WH(POPMAIMOHHBIX CBOMCTBax BOABL. [lpm
B3aMMO/JICHICTBUN MOJIEKYJI BOJIbI CO CTPYKTYPHBIMU KOMIIOHEHTAMH KJIETKHU MOTYT 00pa30BbIBAThCS
camble pa3IM4YHbIe 00pa30BaHMUs, KOTOPBIE O0JIAAAI0T CIIOCOOHOCTBHIO K TOSIBICHHUIO IIETIOUEYHBIX
cTpykTyp. IlogoOHBIE IIEMOYKM MOTYT CyILIecTBOBaTb M B Bujae cnupaneil. Takas oObEMHas
CTPYKTypa MMEET BO3MOXHOCTb NEPEOPUEHTUPOBATHCS, B PE3yJIbTaTE€ YEr0 I'OBOPST O «IaMATH
BOJBD, TaK KaK B HOBOM COCTOSIHUM OTPaKEHO KOAMPYIOIIEE NEHCTBUE BBEIEHHBIX BELIECTB WM
JIpyrux Bo3MylIaromux (akropoB. CunuTaeTcsi BO3MOXKHBIM CyIIeCTBOBaHUE cymnepMmoiiekyn [10,
11], yTo MOXeT B psjie ciaydaeB OOBACHATh NPOSIBICHUS KJIETOYHOTO OOE3BOKUBAHMS INpPHU
JIOCTaTOYHOM KOJIM4ECTBE BOAbl. KpyIHbIE KOHIJIOMEPAaThl HE MOTYT NMPOWTHU CKBO3b KIIETOUHBIE
MeMOpaHbl U TOTAa W30BITOK B BOJE KPYIHBIX KOHTJIOMEPAaTOB MOXKET OJOKMPOBATH OMOKJIETKU U
NPEMNsATCTBOBAaTh HOPMAJIbHOW paboTe HOHHOW moMIbl. Boma o0namaeT MHMPOKHM CIIEKTPOM
KBa3UKPUCTAJUIMYECKUX (PPaKLIUK.

Nwmerorcs paboThl, B KOTOPHIX MOKa3aHO, YTO BOAA OECKOHTAKTHO B3aMMOJICHCTBOBAJA C
BemecTBOM [12]. TlokazaHo, 4YTO CHEKTp BOJABI U3MEHSETCS M NPU BO3ACHCTBUM 3BYKA PA3TUYHBIX
4acToT, T.€. 3ByK MOXKET OKa3bIBaTh MPsIMOe (PU3UUECKOE BO3/ICHCTBUE HA )KUBOM OpPraHU3M.

OrpanuunBasich NPUBEIEHHBIM OTMETUM, UTO MPH Iepeaade MHGOpMaIUK MO KUAKOCTHBIM
KaHaJlaM, HEOOXOJMMO YYHUTHIBATh HE TOJBKO MEXaHWYECKOe IepeMelleHHe, HO U
nH(}OpPMAITMOHHBIE U3MEHEHHSI, KOTOPhIE MPOUCXOAAT B JKUIKOCTHBIX CTpykTypax npu CKOHAP-
BO3JICUCTBUHU.
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BbiBoAabI

1. IlokazaHo, uro nossiaeHue 3Byka npu CKOHAP-Bo3aeiicTBIM NPOUCXOAUT MO MPUHIUILY
paboThI 3IEKTPOCTATUYECKOTO IPOMKOTOBOpUTENHU. Posib rHOKoI monuMepHoil niueHku (MeMOpaHsbl)
BBITIOJIHSIET POTOBOH (POroBOW+OIECTAIINI) CIION STTUACPMHICA.

2. PaccMOTpeHO BIIHSHUE 3JIEKTPOCTATUYECKOIO MMOJIsi Ha MOJIEKYJIBI BOJBI U MTOKa3aHO, YTO
IpU NOJBEJCHUH MEPEMEHHOIO HAMPSKEHMsI JUIOIb BOJBI MOKET BpallaTbCsl B COOTBETCTBUU C
U3MEHEHHEM TOJISI ¢ YaCTOTON BO3AECUCTBUS U €€ TapMOHHUK.

3. BeigBuHyTO mpenmnonoxenue, uro Bosneiicteue CKOHAPa crmocoOcTByeT M3MEHEHHIO
HOJIKOKHOU ’KMIKOCTHOM CTPYKTYPBHI.

4. PaccMoTpeHa rumote3a O JOMOJHUTEIbHOW Mepenade HMHPOpMALUH IO KHIKOCTHBIM

KaHajaM, BKJII04ast HHPOPMAIOHHBIE U3MEHEHHUSI, IPOUCXOIAIINE B )KUIKOCTHBIX CTPYKTypax Mpu
CKDOHAP-Bo3neiicTBUN.
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