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BuUkopucTaHHs TOBCTUX MN’€30€5IeMEHTIB ANA PO3LMPEHHA CMYTU
NPoNyCKaHHA MeAUYHUX YNbTPa3BYKOBUX €XOCKOMiB

Po3rnfiHyTo MOXNUBICTb BUKOPUCTaHHSA pi-
3HUX T™MnNiB Hepe30HaHCHO-30yaKyBaHUX
n’e3oenemMeHTiB ANA PO3LUMPEHHSI YaCTOTHOI
CMYry nponyckaHHA n’e3onepeTBoploBaYiB, LWO
BUKOPUCTOBYKOTbLCA Yy npunagax Meau4vHol
ynbTpa3BykoBoi pgiarHoctuku. [pencraBneHo
nepesaru BUKOPUCTAHHS HepiBHOMipHO-
NoNisipu3oBaHNX Ta NMOBEPXHEBO-30yMKyBaHUX
TOBCTUX M’€30€JNIeMEHTIB Y SIKOCTi LUMPOKOCMY-
roBux anepioguyHux nepeTBoproBaviB ynbTpa-
3BYKOBMX KOJIUBaHb.

The possibility of using various non-
resonant-excitatory piezoelements to extend

the frequency bandwidth acoustical
transducers used in medical ultrasound
devices is considered. Preferences of

unevenly-polarized and surface-excitatory thick
piezoelements as broadband aperiodic
transducers of ultrasonic fluctuations is
presented.

KnrouyoBi cnoBa: rm'e3oesiemeHm, wupuHa Ya-
CMOMHOI CMyau nporyCcKaHHs, akKycmuyHud im-
nynbsc, n’'e3onepemaeoprosa.

BeTyn

HeoOxigHicTb y po3pobui  LIMPOKOCMYroBMX
ynbTPa3ByKOBUX MEepeTBOpIOBaYiB MOB’A3aHa, ne-
pen yciM, 3 NOSIBOKO yrbTPa3BYKOBUX €XOCKONIB, SKi
OXOMJIOKTb MOJNTIOBUHY YM BECb pobounin gianasoH
OQ4HOYACTOTHUX nepeTBOplOBaYiB: Big 2,5 po
14Mly. Taki exockonn MatoTb MOXIMBICTb MpoBe-
OEHHS AiarHoCTMYHOI npouenypu 6e3 3miHM nepeT-
BoptoBava [1].

Kpim ToOro, wwupuHa pobo4oi cmyrm 4actoT
n’'esonepeTBoptoBava € OOHIE 3 HaMBaXMBILLNX
MOro XxapakTepUCTUK, OCKIfIbKM YUM LUMpLLA LS CMY-
ra, TUM Kpalli OCHOBHi MOKa3HWKM anapaTtypu, Ha-
npuknaz, Bulla YyTNUBICTbL | po3nofdinbHa 3aaTt-
HiCTb MegudHMX ynbTpassykoBux (Y3) npunagis,
LWIMPLIMIA Aiana3oH i HWK4Ya Noxmbka BMMIpIOBaHHSA
napameTpiB 6ionoriyHoro o6’exTy.

PoswmnpeHHs cMyrv nNponyckaHHA Aae MOXMu-
BiCTb BUMPOMIHIOBATM Y TiflO FIOOUHU aKYCTUYHI CU-
rHanm HeobxigHoi cdopmn, a Takox npuimatn Y3
iMMynbCK nicnst B3aemogii 3 06’eKToM JocnigKeHHs
6e3 CnoTBOpeHHs iX hopmMK (HAaCTOTHOro criekTpa),

WO NigBULLYE HafiNHICTE pes3ynbTaTiB BUMIpOBaH-
HS.

FAckpaBoto incTpauielo Toro, Wo Aae po3Lun-
PEHHSA CMYrM 4acTOT M'e30nepeTBOploBaya, MoOXe
OyTn ogepkaHHs, 3a gonomoroto ckaHepa VFX-13-
5 Multi-DTM cpipmu Simens 3i cmyroto 5-13 Ml i
OBOBVMIPHUM (POKYyCYBaHHAM, 300paXKeHHs KaHarny
xpebTa, MOXIMBICTb YOro paHille HaBiTb He 0bro-
BOptoBanacs.

Mpobnemi poO3LIMPEHHS CMYrM MNPOMyCKaHHS
n'‘e3onepeTBoptoBaYviB Oyno npucBsdYeHO poboTu
BaraTbox JOCniAHKUKIB i B pe3ynbTaTti cdhopmyBanu-
Csl TPM OCHOBHI rpynu crnocobiB CTBOPEHHS LUMPO-
KOCMYroBux n’e3onepeTBopoBauis [2-6].

1. PO3WMpPEHHA CMYrM NPOMyCKaHHS Npy BUKO-
PUCTaHHI 3BU4aHMX NIBXBUMbOBUX M €30€NEMEHTIB
LWIASXOM X MeXaHiyHoro gemndyyBaHHs, onTuma-
NBHOTO aKYCTUYHOIO MOrOMKEHHS iX 3 CcepefoBU-
weM (B siIke BOHW BUMPOMIHIOOTL), €NeKTPUYHOro
aemndyBaHHs, 3acTocyBaHHs koperytounx R, L, C-
JTaHLOriB TOLLIO.

2. 3acTtocyBaHHA cneuianbHUX eneKTPOHHMX
CXeM 30YKEHHS NIBXBUIbOBUX M'E30EMNEMEHTIB Ta
CXEM YBIMKHEHHS iX y pexuMi npunomy Y3 konu-
BaHb.

3. 3acTocyBaHHs M'e30eneMeHTiB crevjianbHoi
dopmu, cnewianbHOro ckragy nm'e3okepamiku i cne-
LianbHOI TexHonorii 06pobkn M'e30enemMeHTiB; BU-
KOPUCTaHHS Hepe3OHaHCHO-30yKyBaHUX («TOBC-
TUX») M'€30€eMEHTIB.

[Te3onepeTBoptoBadi TPeTbOI rpynu 4o cux nip
y AKOCTi MeAMyHUX He BMKopucToByBanucs. Poar-
NSAHEMO TaKy MOXIUBICTb Y AaHiin poboTi.

ToBcTi n’e3onepeTBoproBavi

BuBYeHHA nepexigHnx Ta iMAyfbCHUX XapakTe-
PUCTMK M'€30€MEMEHTIB, SK NPUCTPOIB i3 po3nogi-
neHVMMKU napameTpamu, MNpU3BeEno [0 MosiBU Tak
3BaHUX TOBCTUX M'€30€MEMEHTIB, siKi BiAKpMBAKOTb
HOBi MOXNWBOCTI MiABMWLLEHHSA LUMPOKOCMYTOBOCTI
nepeTtBoptoBadiB. PoboTa Takoro nepeTtBoptoBava
0a3yeTbCsl HAa TOMY, L0 aKyCTWUYHI CUrHanm BUHW-
KaloTb Ha NOBEPXHSX, LLO MICTATb enekTpoau [4].

Akwo n'esoenemeHT 1 (puc.1) ToBWMHOW d
30YKYETBCA KOPOTKUM €MEKTPUYHMM  iMMYMbCOM
TpuBanicTio T,; < d/c¢ (¢ — WBMAKICTb PO3Mo-
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BCIODKEHHA Y3 KonuBaHb), TO BiH Oyae Bunpomi-
HIOBaTU MOCAIQOBHICTb TakUX e KOPOTKUX Pi3HO-
NOMSIPHUX aKyCTUYHUX iMNYMbLCIB, WO CRigyloTb Ye-
pes iHTepBan 4Yacy d/c . 3a3Hayumo, Lo nepLunn
Y3 iMnynbC, WO BUNPOMIHIOETLCS Y HaBaHTaXKEHHS
me30eneMeHTomM, 3  Ornsgy  Ha  NiHiMHICTb
n'e3oedeKkTy, MOBHICTIO MOBTOPIOE 30YmKYOUMI
enekTpU4HMM iMnynbc 3a OpPMOI0 Ta TPUBAMICTHO.
Bci pewta Y3 imnynbcn 6GygoyTb CNOTBOpPEHi, Y
3B’A3Ky 3 YaCTOTHO3aNeXHUM 3aTyxaHHsM y npo-
Leci X PO3MOBCIOAXEHHS no o6’emy
n’‘esoenemeHTa. AHanoriyHa KapTMHa Mae Micue
npu Npunomi N'e30efIeMeHTOM KOPOTKOro akyCTu4-
Horo iMnynbey ( ty,; < d/c), Npy1 UbOMY eneKkTpu-
YHUA cUrHan, WO 3HIMaeTbCs 3 M'e30eneMeHTa, €
NOCNIAOBHICTb TaKMX Xe KOPOTKUX Pi3HOMOMSPHUX
eneKTPUYHUX IMMNYNbCIB, WO CRigyloTh vyepes iHTe-
peanyacy d/c.
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Puc. 1. ToBcTUi N’e3onepeTBoploBay ToBLWMHOW d

[Te3oeneMeHTH, WO MpauoTb Y Takomy pe-
XWMi, HasMBaloTb TOBCTUMM, OCKINIbKM Yac po3no-
BClOKEHHS Y3 iMnynbcy no m'e3oenemeHTy (TobTo
yac d/c) Garato OGinblwe TpMBaNoCTi iMNynbCy
Timn -

3a JonomMorow TOBCTUX M'E30MepeTBOploBaqiB
MOXHa BUMPOMIHIOBATU aKyCTUYHI iMNyNbCU HaHO-
Ta nikocekyHaHoT TpuBanocrTi. LBuakoaia ToBCTMX
n’e30MepeTBOPIOBAYIB  NPUHLMNOBO OOMEXYETHCSA
NULLIE YacOM BCTAHOBIIEHHS iOHHOI nonspwusadii B
m’e3oKkepamiLi, k1A 3a OLIHKOIO Pi3HWX aBTopiB [2,
6] 3HaxoguTbca B Mexax 10-10 — 10-13 c. Ha
npakTuui  MiHiManbHa TpuBaniCTb  aKyCTUYHUX
iMnynbCiB, BUNPOMIHIOBaHNX TOBCTUMM
m’e3onepeTBoptoBaYaMm, CKNagae oauHULI HaHo-
CeKyHO | 0OMEXYETLCA TEXHIYHUMU MOXITMBOCTAMM
CTBOPEHHS  EMNEKTPOHHUX CXeM  reHepaTopiB
HaHOCEKYHOHOI TPUBAIOCTI Ta YMCTOTOK 06pPOOKM
BUNPOMIHIOKYOT NOBEPXHI M'e3oenemeHTa. [ns oT-
PUMaHHS Binbll KOPOTKMX aKyCTUYHWUX iMMYIbCiB
HeobXiAHO MaTu M'e30eNeMEHT 3 OMNTUYHO YUCTOHD
BUMPOMIHIOIOHOKO NOBEPXHEID.

Mpu poboTi B pexumi npunomy 3 eneKkTpois
TOBCTMX M'€30MEpPEeTBOPIOBaYiB  MOXHa 3HiMaTu
enekTpuYHi curHann, opma Ta TpUBaniCTb SKUX 3
BMCOKOID  TOYHICTIO MOBTOpKOIOTE  opMmy Ta

TpUBanicTb akyCTUYHUX iIMMYMbCIB, SKi NPUAMatOTb-
ca. lig gieto KOpOTKOro OAHOMOMNSAPHOrOo aKyCTuu-
HOro iMNYMbCy Ha €NEeKTPUYHO HaBaHTaXEHUN TOB-
CTUA M'e30eNneMeHT Ha enekTpodax 3'aBMseTbCs
pisHMLA MOTeHuianiB, fka Haragye OOWUHWYHUIA
CTyniH4aTMM iMnynbc. Lle noscHoeTbca TuMm, WO
BUXiAHa Pi3HUUA NOTeHUianiB Ha enekTpuYHO Ha-
BaHTaXXeHOMY TOBCTOMY N'€30€MNeMeHTi B pexumi
npuMoMy € iHTerpan no 4acy Big BXigHOro iMnynbcy
aKyCTMYHOro Tucky. [MoBHa pi3HUUA noTeHuianis,
wo BUHVKaE Ha ernekTpogax  TOBCTOrO
n’e3oefnemMeHTa B pe3ynbTaTi BNAMBY Ha HbOIO KO-
POTKOro OAHOMOMSIPHOIO aKyCTUYHOrO iMMyNbCy i
GaraTopasoBux BiAOUTTIB OCTaHHLOTO B OO’eMi
n'e3oenemeHTa, CTaHOBUTb (OYHKLiIO TUMNy MeaHa-
pa, npoaudepeHLitoBaBLLN SKY, MOXHa OTpUMaTH
iMIyNbcy Hanpyru abo CTpymy, LLIO MOBTOPIOKThL MO

dopMi  aKyCTUYHUIN  IMMOYNbC, SKUAW  NpUAMae
N’'€30€IEMEHT.
OcCHOBHUM  HedonikoM  3BUYAMHUX TOBCTUX

ME30eNEeMEHTIB € Te, WO 3 HUMU HE MOXIMBO OT-
puMaTu OOWHOYHI aKyCTWUYHI iMNYIbCU, OCKIMbKA Y
BiAMOBIAb Ha OOWHOYHUW ENEeKTPUYHUIW iIMNYNbC
BOHM  3aBXOW  BiOKIMKAOTLCA  MEPIOANYHOI
MOCNIAOBHICTIO aKyCTUYHMUX iMnyrnbeiB. Lli o6cTasu-
HY OBMEXYITb MakCcMMarnbHi rMMBUHN CKaHyBaHHS
00’ekTy QOCnigXKEHHS.

MpoTte, B [2] cchopmynboBaHi ABi OCHOBHI YMO-
BUW, 3@ AKUX MPUHLMUMOBO MOXIMBO CTBOPEHHS LUK-
POKOCMYroBOro anepiognyHoro
n’'e3onepeTBOptOBava NOB340BXHIX Y3 xBunb. [o-
nepwe, y o6’emi nm'e3oenemMeHTa MNOBWHEH OyTu
nuwe oauvH nepepi3  (30Kpema BiH  MOXe
cniBnagatn 3 KOro NoBepxHero), Y LbOoMy nepepisi
BigOyBaeTbCA pi3ka 3MiHa abo HanpyxeHocTi 30ya-
XYKYOro enekTpuyHoro nons, abo 3HayYeHHs
n'esomoayns dzs, abo i Te i iHWe ogHovacHo [lo-

apyre, Me3oeneMeHT MOBMHEH MaTu Taki dopmu
abo po3mipu, SKi YHEMOXIMUBIIOTL BUHUKHEHHS Y
HbOMY CTOSIYMX XBWMb, LIO FEHEepylTbCca Y MOro
poboyomy nepepisi abo Ha noro pobouin MOBEPXHI.

Ll nga NPUHLMNK 3abesnevyoTb
LLUMPOKOCMYTOBICTb Ta anepiognyHicTb
n’e3onepeTBOpioBaYa B peXrMMax BUNPOMiIHIOBAHHS
Ta npunomy. Ane OKpiM HWUX iCHYE e OAWNH MPWUH-
Lun, SKUin HeoBbxigHO BpaxoByBaTW B PeXUMi Npuii-
oMy. Tinbkn iMMynbCK BUXIAHOMO €neKTPUYHOro To-
Ky (a He Hanpyru), noBTOpHOTb MO ¢OopMi i
TPMBanoCTi iMNYNbCKU akyCTUYHOIO TUCKY, LLO Ail0Tb
Ha nepeTBoptoBad. Biartak, npu poboTi 3 Wwmpoko-
CMYyroBUM M’'e3onpuiiMadeM HeobXiOHO BUKOPUCTO-
ByBaTM NigcuMoBay TOKy 3 Manum BXiQHUM OMo-
pom. Takui nigcunoBady MNpakTU4YHO 3abesnevye
PEeXNM KOPOTKOrO 3aMUKaHHS nepeTBoptoBaya npu
npuomi Y3 iMnynbciB, y pesynbTaTi, 3 NepeTBo-
ptoBada 3HIMalTbCH iMNYNbCU TOKY, WO NOBTOPIO-
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I0Tb MO POPMi aKyCTUYHI CUrHanu aKi HaaXoasTb, Y
TOW Yac 4K IiMNynbCUM EeneKTPUYHOI Hanpyru
BiMOBIQAlOTb iHTErpany no 4acy Big iMnyneciB Y3
TUCKy [4].

Mig yac poboTn M'e3oenemeHTa B pexumax
BUMPOMIHIOBAHHA | NPUAOMY enekTpoMeXaHiyHe
nepeTBOPEeHHs BiABYyBaETLCA NEPEBaXHO Y TOHKO-
My wapi n'ezopedoBuHn. O6’eM n'e3oenemeHTa 3a
UUX YMOB, 3HAYHOK MIpOI0 NACUBHWUN i € XBUMNEBO-
OOM — cepefoBuLLEM, B SKOMY PO3MOBCIOMKYOTHCH
Y3 xBuni.

HepiBHOMipHO nonsipu3oBaHi TOBCTI
n’esonepeTBoproBavi
PosrnsHemMo  HEpiBHOMIPHO  NONSPU30BaHi

TOBCTi m'e3onepeTtsoptoBadi (HIMTI) ski BigHOCATL

[2,3] oo LLUIMPOKOCMYrOBUX anepiognyHnX
nepeTBOpHOBaYIB Y3 KONMBaHb. HITM
BiOpi3HAIOTLCSA BiO 3BUYANHUX TOBCTUX

n’e3onepeTBoOplOBaYiB TUM, LLIO piBEHb nonsipusadii
NIIABHO 3HWKYETHCA Y iX 06’eMi Big MakCcMMarnbHOro
3HayeHHs 6ins NoBepxHi, fka BUNPOMIHIOE B KO-
PUCHE aKyCTUYHEe HaBaHTaXeHHs, A0 Hyna 6ins
NPOTUNEXHOT MOBEPXHI.

EnektpomexaHiyHe nNepeTBOpPEHHS B HUX
BioOyBaeTbCA MEPEBaXHO Ha OAHI  MOBEPXHI
n’‘e3oenemeHTa. Kpim Toro, ans 3anobiraHHsi 6ara-
TOpa3oBoOro BiadbuTTa Y3 xBUnb, WO 30YymXKYyIOTHCS
6ins BUMPOMiHIOBanbHOT NoBEpPXHi, ao
npotunexHoi nosepxHi HMTM  npuegHyeTbCA
maTepian (y bopMi akyCTUYHOI NacTku, Hanpuknag,
KOHyCa), WO Mae XapaKTepuCTUYHWA iMnegaHc
6nusbkuii Jo imMnegaHcy n'e3oenemeHTa. [leBHa
dopma npuegHyBaHoro martepiany 3abesneuye no-
FMWHaHHSA | pO3CiloBaHHA y BUINSAAI Tenna Tiel vac-
TUHN  eHeprii Y3 XBWNb, WO BUHUKIN Ha
BUMPOMIHIOIOHIN MOBEPXHi | PO3MNOBCIOAXKYETLCA
BcepeauHy ob6’emy HITI Ta 6e3 nepelwkoaun (6e3
BiOGUTTA y MPOTUNEXHOI MOBEPXHI) NPOXOAUTbL B
aKyCTU4YHY NacTky.

HepiBHOMipHa nonspuaadis B HIMOTN
OO0CAraeTbCA 4acTKOBOK [enonsipusaliero CcTaH-
OapTHUX piBHOMIipHO NoNsAprn3oBaHNX
n'e30eneMeHTiB Yy pesynbTaTi KOPOTKOYACHOro
HarpiBaHHsi 4YacTuHM X 0B’eMy OO TemnepaTypw,
sika nepeBuLLYye BepxHI0 TOUKy Kiopi n'e3okepamiku.

Baxxnunsoto ocobnusictio HIMTM € Te, wo ix
LLIMPOKOCMYTOBICTb AOCAraeTbCcs y Bunagky 3bepe-
XEeHHs MOXINBOCTI 30yaxyBaTu L
n’'e3onepeTBoOptoBaYvi  OAHOPIOHUM  €NEeKTPUYHUM
nonem. 3aBaskm ubomy HITIT reHepyoTb Yy
GesnocepeHin ONIM3bKOCTI Bif CBOE]
BUMPOMIHIOIOYOI MOBEPXHi CUH(a3Hi Y3 xBuni 3
PiIBHOMIPHMM PO3MOAINOM aKyCTUYHOrO TUCKY MO 1X

GpoHTY.

Ona Y3 «konTponio wuikasum € HMOTIT 3
TBEPAOTINBbHOK YIbTPA3BYKOBOK MiHIED 3aTPUMKK
(YN3) 1 (puc. 2, a) Mk nepegHbOK MOBEPXHEID
n’'e3oenemeHTa i 4oCNigXyBaHUM CepedoBuLLEM, B
sike BiH BUNPOMIHIOE Y3 xBuni.

a) &) g)

L~ d33

Puc. 2. Pi3ni Tunn HOTN:

a-HNOTN 3 YN3 (1); 6 — rpacdik 3MiHWM y HbOMY CTYy-
neHs nonspwu3sadii; B — HMTIM B sixomy YJ13 € Tino
n’e3oenemMeHTa; r — rpadik 3miHA y HbOMY CTyneHsi
nonsapusadil.

KoncTtpykuia HITI, wo 306paxeHa Ha puc. 2,
a, 3HAYHO CKNajHila 3a KOHCTPYKLi0 Ha puc. 2, B.
Mpote apyra KoHCTpykuia, ae YN3 € came Tino
n’e3oefniemMeHTa, ke MNonsipuM3oBaHO Tak, AK MOKa-
3aHO Ha puC. 2, T, NPaKTUYHO NpuaaTHa nuLwie y Tux
BMNagKax, konm notpibeH Hesenukuin (1 — 2 MKC)
yac 3aTpumku. Lle nosicHeTbCA TUM, WO AN
30iNbLUEHHs Yacy 3aTpuMku Y3 XBuUIb, WO PO3MOB-
CIOXKYOTbCS No 06’emy n'e3oenemeHTa, HeobxigHO
30inNbWNTN TOBLUMHY M€30€MNeMeHTa, a Le npu3Bo-
ONTb o 3MEHLLUEHHS KoedilieHTy
ereKkTPoOMexXaHi4YHOro NepeTBOPEHHS.

OpguH 3 BapiaHTiB [3] moHoniTHoro HITI, wo
BUriQHO BiApPI3HAIOTLCA Bi nonepeaHix BiACYTHICTIO
Oenonsapu3oBaHnx LinsHOK, nokasaHo Ha pwuc. 3.
KoHCTpyKLUis Lboro nepeTBoptoBava npeacrasneHa
y BUIMAAI MOHOMITHOMO BrioKy i3 me3okepamiku. Mo-
ro dopma Taka, WO HaBMNpoOTU BUMANEHOro
cpibHoro enektpoga 1, WO pO3MiWEHWUA Ha WOro
nepefHin (BUNPOMIHIOIOYIA Y KOPWUCHE HaBaHTa-
)KEHHS) NOBEPXHIi, € aKyCTMYHa nacTka 3 y BuUrnsagi
KOHyca. [lpyrni enekTpos 2 po3mileHO Ha TUITbHIN
(He BUMPOMIHIOIYI Yy KOPUCHE HaBaHTAXEHHS)
NOBEPXHI.

Puc. 3. MoHoniTHUI n’e3onepeTBoploBay 6e3
penonsapusauii
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3a ymoBu 30yQKEHHS nepeTBOptoBava Mo
enektpogax 1 1a 2 (puc. 3), 6inss HUX BMHUKAKOTb
noB3aoBxHi Y3 xBuni. YactuHa eHeprii Y3 xBunb,
Lo BMHMKNA Oina enektpoga 1, noe B KOPWUCHE
aKyCTUYHe HaBaHTaXEHHs MNepeTBOploBaYva, iHWa
YacTuHa eHeprii (ka pPOo3NOBCIOOKYIOETLCS BCEpe-
AVHY nepeTBoploBaya), BigbMBLUMCL Big MNOXUNoro
Kpalo HaBkono enektpoga 1, noe B akyCTUYHY na-
CTKY, HE MOTPanMsAlyYn TakMM YMHOM Ha NepeaHto
NOBEPXHI0 M’'e30enemMeHTa.
NMoBepxHeBO TOBCTI
n’e3onepeTBoploBaYi

30yKyBaHi

0o  wwvpokocmyroBux  anepiogmyHmx Y3
nepeTBOpIOBaYIB BiAHOCATb 2] Takox
N’€30€NEKTPUYHI nepeTBoptoBaui, y SAKNX
n'e3oenemeHT 30ymKYETbCA HEOOHOPIOHUM enek-
TPUYHUM NoniemM, CTBOPEHUM, Hanpuknag, Komnna-
HapHUMKW enekTpodamu, Lo PO3MILLYOTbCA Ha
OAHIN 3 Oro MOBEPXOHb, Y SIKOI M €30eNeKTPUYHI
BNacTMBOCTI  3a3HalTb pospuBy. B  Takomy
pi3HOBMAi TOBCTMX M’e3onepeTBoptoBaviB Y3 xBuni
Yy PEeXuMi BUMNPOMIHIOBAHHSA 30YyIXyOTbCA nepe-
BaXKHO 6insi ofHiei noBepxHi. 3 Ui€i )X NOBEPXHi 3a
OOMNOMOIoK  PO3MILLLEHMX HA Hi  enekTpoais
3HIMalOTbCH eNeKTPUYHI 3apsan MakCcUMarnbHOI Be-
JNINYMHK, WO FreHepYTbCA Ha Hin 'y pexumi npuno-
My Y3 xBunb. Lleir Tun nepetBopioBadiB Ha3uBa-
I0Tb  MOBEpPXHEBO  30yQKyBaHMMM  TOBCTMMM
n'esonepeTBoptoBavamu (M3TIT).

PosrnaHemo poknagriwe poboty [M3TM vy
NOPIBHSIHHI 3i 3BUYaANHUM TOBCTUM
n’'e3onepeTBOptOBaYEM TaKUX Xe po3MipiB. AKWo
TOBCTMI M’e3onepeTBoptoBay (puc. 1) 30ymkyBaTn
no enektpogax 2, 3 KOPOTKMM €NeKTPU4HUM
iMMYNbCOM, TO Ha KOXHIN 3 MOro NOBEPXOHb BUHUK-
HYTb KOpOTKi ¥3 imnynbcn. Boun 6yaoyTb po3nos-
clooxyBaTucs B ob’emi MiXK OCHOBaMu
n’‘e3onepeTBOploBaYa no Yepsi BigbuBawouucb Big
HUX | NOCTYMNOBO 3racat4um No amnniTyai.

AKwo enekTpooM po3TallyBaTU Ha  OfHin
NnoBepxHi N'e3oenemeHTa, gk nNokasaHo Ha puc.4, i
nogaTtn KOPOTKUWA eneKkTPUYHWIA iMNynbC Ha napy
eneKkTpoaiB, TO 3HUKHYTb HenmapHi iMnynbcu i 3a-
nuwaTbCca nuue napHi, To6To Ti, AKi BUHUKNM Ha
BEPXHi OCHOBI M'e30onepeTBoploBaya, WO €
HannpocTiwmm BapiaHTom MN3TTI.

Konn nosepxHsa M3TI aka micTuTb enekTpoau
KOHTaKTye 3 MOBiTPSAM, a MpoTunexHa — 3 [ocni-
OXXyBaHUM 00’ekToM, TO nm'e3oenemeHT 1 (puc. 4) €
Hilo iHwe, gk Y13 MK «HECKIHYEHHO TOHKUM»
n’'e3onepeTBOpPIOBAYEM Ta 00’ EKTOM OOCHIIKEHHS.

HayuoHanbHbIl mexHudeckull yHusepcumem YKpauHb!
«Kueeckuli nonumexHu4Yeckul uHCmMumymp»
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Puc. 4. NoBepxHeBO 360yaKyBaHMA TOBCTUM
n’e3onepeTBOplOBav.

BucHoBku

BukopucTtaHHsa Hepe3oHaHCHO-36yaKyBanbHUX
N’'€30ef1eMEHTIB JO3BOSISIE 3HAYHO PO3LLMPUTU Yac-
TOTHY CMYry MpOMnycKaHHA N'€30MepeTBOPHOBaYIB.
OcCKinbkn HEpPIBHOMIPHO MONSAPM30BaHi Ta MOBEpX-
HeBO 3bymKyBaHi TOBCTI M'e3onepeTBopioBadi €
anepioanyHVMK 3 LUMPOKOK CMYrok poboumx vac-
TOT, @ OTKe, MOXyTb BUMPOMIHIOBATU KOPOTKi Y3
iMMynbCcK, JOUiNbHO BMKOPUCTOBYBatTU X B Y3
iMNyNbCHIM anapaTypi, 30Kpema, B MeOMWYHIn
aiarHocTuui.
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