Needle or Square?
REPORTS AND OPINIONS

From the new Echo 37 produced Krautkramer (www.ndt.net)

Two similar instruments

The Ultrasonic Dialog Flaw Detectors USD 15 SX

and USD 15 SQ do not only differ in user-defined Two similar instruments
functions, such as wall thickness data logger and ghe US Air Force

. . . . eneration of ultrasonic pulses
tolerance monitor in the SQ version, but also in Needle pulse
transmission technology: the USD 15 SX has, as Excitation and oscillation amplitude
with nearly all KRAUTKRAMER ultrasonic flaw The square wave pulser
detectors, a field-proven Needle Pulser as opposed

Advantages
Probe matching
to the SQ version which is equipped with a Square
Wave Pulser.

Conclusions for the practical field

The US Air Force

The story behind the changed pulser technique was started by an invitation to tender issued by
the US Air Force who required a universal instrument for special applications in the field of
testing and maintenance of aircraft which, amongst other things, was obliged to have a square
wave pulser. This instrument is used in the many US air force bases around the world and is
now available as a universal instrument for all applications. In addition to the new functions,
which have been included especially for the thickness measurement, we will only be dealing
with the differences in pulser design in detail here because we think that this could be a
knowledge gap for ultrasonic practices. In addition to a technical understanding of the various
methods of excitation, we will also discuss possible consequences for the practical field, i.e.
special applications. Although the electronics used in the instruments is complicated, we will
keep the explanations simple and use practical examples when going into detail.

Generation of ultrasonic pulses

Short electrical pulses of a few hundred volts are required in order to generate the ultrasonic
signals in the probe elements (piezo ceramics). Each probe element has a characteristic oscil-
lation behavior, which is determined by different parameters. The most important are:

Element material

Thickness

Mechanical damping a Electrical damping and filtering
Adhesive bonding of the delay block
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Needle pulse

Fig. 3, are dependent on the electrical excitation's parameters. With most i

The shape and amplitude of the sound pulse transmitted from the probe, J_*ll‘ load capacitor
of the ultrasonic instruments, the electrical pulser pulses are generated by 1 switch H ——
oPEn

capacitor discharge, Fig. 1.

When the switch is closed, there are a few hundred volts on the crystal deamping resistor
element, which is directly excited into mechanical self-oscillation (reso- .

nance), Fig. 3. At the same time, the potential quickly decreases via the I
damping resistor connected in parallel, Fig. 2.

The discharge curve's time and therefore the period of the mechanical
excitation of the crystal element is mainly dependent on the charging ca-
pacitor's capacity C and the damping resistor Ry. The characteristic shape Fig. 1: Ideal circuit for

of the discharge curve is referred to as a needle pulse. oscillation generation by
capacitor discharge

In order to optimally use the many probes, C and Ry are switchable in

some ultrasonic instruments. However, without this adjustment capability, each ultrasonic
probe can be excited with a needle pulse. The user is therefore not burdened with additional
tasks.
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Fig. 2: Electrical signal at the crystal ele- | Fig. 3: Typical crystal element oscillation
ment

Excitation and oscillation amplitude

The elements are always excited with the same amount of energy, irrespective of which probe
1s connected to an instrument with needle pulse. This means that under certain conditions, el-
ements with large masses (large diameters and low frequencies) may not be sufficiently excit-
ed. This would be the same as hitting a large church bell with a drumstick: the bell will give a
weak sound. The bell will oscillate strongly (loudest) when the mass of the hammer is
matched to the bell mass and the excitation period is exactly half a wavelength of the bell's
resonant frequency. This fact can be quickly proven with a simple, practical test using a pen-
dulum.



The square wave pulser

With regard to our system, this means that the duration to excitation should be set to the reso-
nance frequency of the element so that the element oscillates optimally. This can be made
electronically with the so-called square wave pulser, Fig. 4.
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Fig. 4 : Square wave pulser (ideal state) Fig. 5: Square wave pulse

The complete pulser voltage is fed to the element via an adjustable time. This pulse length
now determines the oscillation characteristics of the element.

o Pulse length too short: The element does not oscillate at maximum amplitude; the ex-
citation is too weak

o Correct pulse length: The element is exactly excited at resonance (optimum)

o Pulse length too long: Element oscillation is distorted and extends in time.

Advantages

The advantages of the square wave pulser can be clearly seen at low ultrasonic frequencies
(less than 2 MHz): now we are able to achieve a measureable increase in sensitivity by spe-
cially set pulse lengths. However, it should be said that the operator has one more important
function, which he must correctly set when calibrating the instrument. A wrong adjustment at
this point will influence the test sensitivity, resolution power and possibly also the gain linear-
ity.

At higher frequencies, there is hardly any difference between the needle pulse and the square
wave pulse because normal excitation of the element with a needle pulse excites this into res-
onance.

Probe matching

The parameters shown in the table below are available for optimum probe matching to an ul-
trasonic flaw detector.

The main differences between both modes of excitation are shaded in a grey background.
With the needle, pulse pulser the excitation period can only be set in coarse steps using the
charging capacity, whereas with the square wave pulser it is possible to achieve exact match-
ing to the probe's resonance frequency. In addition to this, the excitation energy can be
changed with the pulse strength. All settings at the ultrasonic flaw detector are better made in
the high frequency mode of display. By doing this, the effect on the pulse shape can be as-
sessed much better.



Needle Square wave

Function Range Description pulse | pulse

Damping Pulser Electrical resistance parallel to the element  Yes Yes

(?harglpg capacity Pulser Determines the discharge curve Yes No

(intensity)

Pulse strength Pulser Preselection of the pulser voltage No Yes

Pulse length Pulser Duration of excitation No Yes

Frequency Receiver Filter for support of probe frequency Yes Yes

Parameters for probe matching with needle

and square wave pulse: . S
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Both systems react the same with regard to Al AP s }' ""I e Sk _

damping, Fig. 7 (narrow band probes) and Fig. 8 " fm“ — *':;i?: - !# e g:gf

(wide band probes). T, R B B | [ LR B e

A wrong setting (Fig. 7a) decreases the sensitivi-
ty (by about 14 dB in this case) and distorts the

pulse (ringing).

In Fig. 8a the pulse is unnecessarily extended so
that the measurement resolution becomes worse.

An instrument having a square wave pulser is
able to adjust the pulse shape very accurately us-

ing the pulser «pulse width functiony.

Fig. 9a shows the optimum setting. The pulse
length has been set too large in Fig. 9b: the sen-

sitivity is about 7 dB smaller and the pulse is
unnecessarily extended.

The effect of a wrong setting is more extreme

with wide band probes:

Fig. 7 a: Pulse distortion |[Fig. 7 b: Optimum setting
caused by wrong damping for damping
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Fig. 8 a: Pulse distortion [Fig. 8 b: Optimum setting
caused by wrong damping for damping, narrow echo
of a wide band probe |= highest resolution
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Fig. 9 a: Optimum pulse [Fig. 9 b: Completely wrong

length setting
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Fig. 10 b: "Double pulse"
caused by a pulser pulse
which is too wide

Fig. 10 a: Optimum pulse
length

In addition to experimental optimization of the pulse length, a simple formula can be used for
calculating this length with an instrument having a square wave pulser:

IB=500/f

with: IB - pulse width in ns,

f - probe nominal frequency in MHz



Conclusions for the practical field

With a square wave pulser, the influence of better probe matching is favorable especially with
applications using lower frequencies (< 4 MHz): a direct comparison of the gain reserve is

shown below:
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. 05 WHz | 1 RlHz 2 Mk & MHz 10 Mbiz
Probe frecquendy
Oush 15 5
IS0 15 50

Test frequency



HNroabyaTbiil UM NPAMOYTOJbHBIH UMITYJIbC?
(IOoKJIaibl U MHEHHUS)

From the new Echo 37 produced Krautkramer

/IBa aHAJIOrMYHBIX HHCTPYMEHTA

VY abpTpa3ByKoBBIC qUANOTroBBIE AederTockons USD TABLE OF CONTENTS

15 SX u USD 15 SQ He TOJIBKO OTAUYAIOTCS B OTpe- =  [1 [1Ba aHamnormuHbIX MHCTPYMEHTa
JeTAEMBIX MOIb30BaTeaeM QYHKIHUAX, TAKUX Kak pe- - - BBCCLUIA
= [] [eHepauus yrnbTpa3ByKOBbIX MMMYMbCOB
TUCTPATOP JAHHBIX TOJIIUHBI CTEHKH U MOHUTOPA = O VironbuaTbiil nMnynie
norycka B Bepcun SQ, HO U TeXHOJOTHEH GOPMHUPO- = [ AMnnuTyaa Bo3GyXAeHWs 1 koneGaHuit
Banus ummyisca: USD 15 SX umeer, kak moutu Bce " U I[IeHepaTOIO NPAMOYrOMNbHOTO NMMynbca
=[] llpenmyLiecTtBa
Krautkramer YJIbTPa3BYKOBbLE Ne(HEKTOCKOIBI, XO - Cornacosanite 30Haa
POILIO NPOBEPEHHBIM HA MPAKTUKE TEHEPATOP MUIONb- = [ [pakTU4eck1e BLIBOALI
4aTOTO UMITYJIbCa, B OTJINUKE OT SQ Bepcuu, KoTopas

OCHAIIIEHA TeHEPATOPOM MPSMOYTOJIbHBIX UMITYJIbCOB.
BBC CIIA

[IpenpicTopyrs N3MEHEHHSI TEXHUKH T€HEPATOPOB MMITYJILCOB ObLJIa HA4aTa MPUTJIAIICHHEM K
ydacTuio B Toprax, BeiganHoe BBC CIIIA, B koTopoMm TpeOoBalicsi yHUBEPCAIbHBIM HHCTPYMEHT
JUTsE 0COOBIX MPUMEHEHUH B 001aCTH UCTIBITAHUIM U TEXHUYECKOTO 00CITy >KMBaHUS BO3YITHBIX
CYJIOB, KOTOPBIiA, TOMHUMO BCETO MPOYETOo, ObLIT 00S3aH UMETh TEHEPATOP MPSMOYTOJILHOTO UM-
myJibca.

DTOT HHCTPYMEHT ucnob3yeTcs Bo MHOrux BBC CIIIA 6a3ax 1o Bcemy MUPY U TEHEPh TOCTY-
IIEH B KQUE€CTBE YHUBEPCAIBbHOIO HMHCTPYMEHTA ISl BCEX MPHIIOKEHUH.

B mononHenune k HOBBIM (DYHKIHSIM, KOTOPBIE OBUTH BKIIOYEHBI CIICITUATBHO TSI U3MEPECHHUS
TOJILIMHBI, MbI B IAaHHOM CTaThe Oy/eM HUMETh JIEJIO TOJIBKO C pa3InyUsIMU B AU3aiiHE TeHepaTopa
UMITYJIbCOB MOJIPOOHO, TIOTOMY YTO MBI CYHUTAEM, UTO 3TO MOXKET OBITh MPOOEI B 3HAHUSIX IS
yJIbTPa3BYKOBBIX METOOB.

[ToMUMO TeXHUYECKOT0 MOHUMAaHUs Pa3IMYHbIX METOI0B BO30YXKICHUS, MbI OyJIeM Takxe 00Cy-
KJaTh BO3MOKHBIE MOCIEICTBUS JIJIsl MPAKTUUECKON 00JaCTH, TO €CTh ClieUaIbHbIE MTPUIIOKE-
Husi. HecMoTps Ha TO, 4UTO 2JIEKTPOHUKA, UCTIONB3yeMas B IPUOOpax CI0XkKHA, Mbl OyJIeM CTa-
paThCsl BECTU U3JIOKEHUS JOXOJUUBO C UCTIOJIb30BAHUEM MPAKTUYECKUX TPUMEPOB BIABASICh B
JETaIIH.

I'enepanusi yJbTpa3ByKOBbBIX HMILYJIbCOB

KopoTkue 3neKTpuyecKue UMITYJIbChl B HECKOJIBKO COTE€H BOJIBT HEOOXOIUMBI [Tl TOTO, YTOOBI
M3y 4aloLIMi MTHE303JIEMEHT 30H]1a MOT T€HEpHUPOBAaTh yIbTPa3ByKoBbIe CUTHANBL. [Ibe303memenT
30H/1a IMEET XapaKTepHOe MOBEACHUE B Mpoliecce KojaeOaHuii, KOTOpOoe OMpeenseTcs pa3and-
HBIMU TTapaMeTpamu. Hanbosnee BaXXHBIMH U3 HUX SBIISIOTCS:

o  MaTepual Ibe303JIEMEHTa,;

o  TOJIIWHA,

o  MeXaHHU4YecKoe, dJIeKTpudeckoe AeMidpupoBanue U GUIbTpanus

o  HaTU4Me MPUKIEEHHOTO OJIOKA 3a/I€PIKKH.



HUroabyaTbiii *MIIYJIbC

®opma 1 ammuTyaa Y 3-UMITyibca, epeAaHHoro 30H10M (puc. 3) 3aBUCIT *j|_toad capacitor

OT apaMeTPOB IEKTPHUECKOT0 Bo30yxaeHus. B 6onpmmncTBe Y 3- !

MpuOOPOB, UMITYJIECHBIC TEHEPATOPHI HTOIHFYATOTO MITyJTbCa (reHepaTopsI st E] —l—
yAapHOTO BO30YXIeHUs) POPMUPYIOT SIEKTPUUECKUI UMITYJIHC HA KPH- o

CTaJUIe MbE303JIEMEHTA 30H1a Pa3psIoM KoHAeHcaTopa (puc. 1).

chanrapingg resisbor
Korz:a MNEPCKIII0YATCIIb 3aMBbIKACTCA, HCCKOJIBKO COTCH BOJIBT MMOAACTCA OT

3apsHKCHHOTO KOHJICHCATOpa Ha KPUCTAILT MhE303JIEMEHTA, YTO IPUBOIMT K . I_
BO30YKICHUIO B HEM MEXAHUYECKUX aBTOKOJIeOanuii (pe3onanc), puc. 3. T. c 1

K. apajuieIbHO KPUCTAJLTY MOAKIIIOUEH IeMI(UPYIOLIHH PE3UCTOP aMILIH- switeh H n-;:n
TyJaa Kojebanuii ObICTpo 3aTyxaet (puc. 2). 4

Bpewms pa3psaHOi KpUBOH U, CIIEIOBATENIBHO, IEPUO] MEXAHUYECKOTO BO3-

Oy>KICHHS KPHCTAIlIa ITLE309JIEMEHTa B OCHOBHOM 3aBUCHT OT 3apsIHOM Puc. 1: Wineanbhas
cXema anda reHepaummn

emKkoctH KonzeHcaropa C u aemmndupyroriero pesucropa Rd. Xapakrepras A pat

N N konebaHuii KoHOeHca-
¢dbopMa KpuBOI pa3psiia HA3BIBACTCS — UTOJILYATHINA UMITYJIBC. TOPHBIM Pa3psiAoM

Jlist TOro, 94To0bl MO’KHO OBLIO ONTHUMAJIBHO MCIOJIB30BaTh pa3ianuHble 30H1b1, C u Rd BeiOMpa-
I0TCSl IEPEKITIOYCHUEM B HEKOTOPBIX yIbTPa3BYKOBBIX pubopax. Tem He menee, 6e3 3Toi BO3-
MO>KHOCTH PETYJIMPOBKH, KaX bl yJIbTPa3BYKOBOM 30H MOXKET ObITh BO30YXKA€HA UT0JIbYAThIM
umnysbcoM. [lonp30Batens NoATOMY HE OOpEeMEHEHBI JOTIOTHUTENbHBIMU 3aJa4aMU.

e switch
g ohosed . i Amplids
Time i
|
| .
Time
t \oltage

Puc. 3: TunuyHble konebaHus kpucTtanna

Puc. 2: DnekTpuyecknin UMnynbC Ha Kpu- Nbe303NeMeHTS

cTanne nbe3oanemMmeHTa

AMILIMTYAA BO30Y:KIeHUS U KoJeOaHui

[TockonbKy KpHCTAIIIBI THE302JIEMEHTA BCETIa BO30YKIAIOTCSI OJJMHAKOBBIM KOJIMIECTBOM SHEP-
THH, HE3aBUCUMO OT TOT0, KaKOH 30H]I IOJKIIIOYEH K TPHOOPY C TEHEPaTOPOM HIoJIbYaTOTO M-
nyJibca. DTO O3HAYAET, YTO MPH ONPEACIIEHHBIX YCIOBUSX, Ib€303JIEMEHTHI C OOJIBIIMMU Macca-
MU (060IBIIOTO AMAMETPa U HU3KHUX YaCTOT) HE MOTYT OBITh JOCTATOYHO BO30YX ACHBL. ITO OBLIO
OBbI TO € camoe, KaK yJIapuTh B OOJIBILION LIEPKOBHBIN KOJIOKOJI OapabaHHOM MaJ0YKOM: KOJIOKOJ
nacT cinabbiii 3ByK. Komokon OyaeT cuinbHO KojiebaThes (TpoMye BCeX ), KOra Macca MOJIOTKa Co-
rjlacoBaHa (CpaBHHMMA) ¢ Maccoi KOJIOKOJIa, a Iepro/l BO30YXACHUS COCTABISIET POBHO MOJIOBUHY
JUTMHBI BOJIHBI PE30HAHCHOM YacTOTHI KOJIOKOJIA. DTOT (aKT JIETKO J0Ka3aTh, C IOMOIIBIO MPO-
CTOTO IPAKTUYECKOTO TECTA C UCTIOIH30BAHUEM MasiITHUKA (ITPYKUHHOTO).



I'enepaTop npsAMOyrojibHOro UMIYJIbCA

Urto kacaercs Hallel CUCTEMBI, 3TO 03HAYAET, YTO AJTUTEIBHOCTD AJI BO30YKIEHUS JOJKHA
OBITh YCTAHOBJICHA HA PE30HAHCHOM YaCTOTE AJIEMEHTA TAKMM 00pa3oM, YTOOBI SJIEMEHT OCIIUII-
JUPOBAJ B ONITUMATILHOM PEXUME. ITO MOXKET OBITh CIIETAHO C TIOMOIIBIO AIEKTPOHHOW CXEMBI
reHepaTopa MpsMOYTOJIbHBIX UMITYJIbCOB (puC. 4).

+ - anch Setich switeh
ih o cloged apan
timved i Tirmwe
switch power
: supply  _
+
crystal 4

* Voltage
Puc. 4 l'eHepaTop npsiMOyronbHOro umnynsca, Puc. 5: NpsMoyronbHbIA UMMYbC

[TonHOE HanpsKEHNE reHepaTopa MPSIMOYTOJIBHOIO MMITYJIbCA IOJAETCS K KPUCTAJLTY MbE30)JIe-
MEHTa C TIOMOILBIO KIIF0Ya B TEYEHHUE PETYJIUPYEMOro OTpe3Ka BpeMeHH — uMityJibcea (puc. 5). U
3Ta JUIUTEIBHOCTh UMITYJIbCA M ONPEEIIeT XapaKTePUCTHKH KOJeOaHu Mhe3031€MEHTa!

o  €CITM UMITYJIbC CIUIIKOM KOPOTKHI: ME303JIEMEHT He KOJeOIeTcs ¢ MaKCUMaIbHON aM-
TUTUTYI0M; BO30YK/I€HHUE CIHIIKOM c1a0o0;

o ecnu BeIOpaHa MpaBWJIbHAS JJIMHA UMITYJIbCA: MTHE303JIEMEHT TOYHO BO30YKAAeTCs Ha pe-
30HAHCHOM YacTOoTe (ONMTHUMATBHBIN PEKUM);

o  €CJH JJIMTEIbHOCTh UMITYJIbCa CIUIIKOM BEJIMKA: KOJIeOaHUs MbEe303JIEMEHTa NCKAKAIOT-
CSl ¥l pacUIUPSIFOTCS BO BPEMEHH.

IIpeunmymecrBa

[IpenmymiecTBa MPSIMOYTOIBHBIX UMITYJTECOB MOYKHO SICHO BU/IETh HAa HU3KUX yJIBTPa3BYKOBBIX
gactotax (MeHee 2 MI'1): Tereps Mbl B COCTOSIHUY JIOCTHYb YBEIHUYECHNE YYBCTBUTECIILHOCTH H3-
MEpPEHUs, CTIENATbHO YCTAaHOBICHHOHN JITUTENFHOCTRIO UMITYJIbCa. TeM He MeHee, ciemyeT oOpa-
TUTh BHUMaHHUE Ha TO, YTO Y OTepaTopa MOSIBIISICTCS €Ille OJJHA BaykKHAsK (QYHKITHS MPU KAITNOPOBKE
npu0opa OH JIOJKEH MPABUIBLHO YCTAHOBUTD JUTUTEILHOCTD MPSMOYTOJIBHOTO UMITYJIbCa BO30Y-
xpaenusi. HenpaBumibHas peryiupoBka 3Tor GyHKIUH OyIeT BIAUSATH HA UyBCTBUTEIHHOCTD, Pa3-
PEIIAOITYI0 CITOCOOHOCTH M, BO3MOKHO, TAKXKE TMHEHHOCTD yCHIICHHUS.

Ha Gonee BpICOKHMX YacTOTax, BPsJ JIM €CTh Pa3HUIA MEX]Ty UTOJIbYATHIM UMITYJILCOM U MPSIMO-
YTOJBHBIM UMITYJIBCOM, TIOCKOJILKY HOPMaIbHOE BO30YKICHHUE MTbE303IEMEHTA UTOJIHYATBIM UM-
MyJI5COM BO30YKIaeT €ro B pe3oHaHc (cM. puc. 11).

CoryiacoBanue 30H1a

[TapameTpbl, MPUBEACHHBIC B TAOJIUIC HUXKE, TOMOTYT BBIITOJIHUTH ONTHMAILHOE COTIIACOBAHHE
30H7a ¢ Y 3-1eEeKTOCKOTIOM.

OCHOBHBIC pa3InIHs MEXKIY JABYMs pSKUMaMU BO30YKICHHUS MPUBEICHBI B CTPOKAX C 3aJTMBKOM
cepbiM (poHOM. B TeHepaTope urobuaToro UMIyJibca Mepro; Bo30yKICHHS MOXKET ObITh yCTa-
HOBJICH TOJIBKO MPHOJIM3UTEIHLHO C UCIIOIb30BAHUEM 3aPSTHBIX EMKOCTEH, TOT1a KaKk B TeHEepaTo-
pe MPSAMOYTOJIBHOTO MMITYJIbCA MOYKHO JJOOUTHCSI TOUHOTO COOTBETCTBHUS PE30HAHCHOM YacToTe
30H1a. B IOMOMHEHHE K 3TOMY, SHEPrusi BO30YKICHHUS MOKET ObITh M3MEHEHA C TIOMOIIIBIO aM-
TUTATY Il UMITyJIbca. Bee HacTpoiiku Y 3-nedekrockorna tydiie 1eaTh B PeKUME BBICOKOTO pas-
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peHICHUA JUCILICA, YTO ITIO3BOJIUT ITIOJTHOOCHHO 1 HAMHOI'O JIYUIIC OLICHUTDL 3(1)(1)CKT OT TOM WJIN

MHOM (HOPMBI UMITYJIbCA.

OyHKIUA Vi3en
JemndupoBanue I'eneparop
3apsin eMKOCTH (MH- TeHepaTop

TEHCHUBHOCTD)

Oneprust umnynsca I'eneparop

HIupuna umnynsca ['enepaTop

Yacrora ITpueMHux

JIOCBHI 30HOa

. | IIpsamo-
HronbsyaTeiit .
Onucanue YTOJIbHBIN
HMITYJIbC

UMITYJIBC

DIIEKTPUYECKUHN PESUCTOP MOJKIIOYEH Jla Jla
NapajuIe]IbHO KPUCTAJLLY IIbE303JIEMEHTA

Ornpenensier pa3psIHyI0 KPUBYIO Ha Her
IIpenycraHoBKa HaIpsKEHUS T€HEpAaTOpa Her Ha
[TpoaomKUTETLHOCT BO30YKACHUS Her Ha
OuibTp U1 TOAAEPKKH YACTOTHOM T10- Ta Jla

HaDaMeTDBI JJIA COIJIaCOBAHMSA 30HAA B CJIYVYAC MCIIOJIb30BaHMUA UT'OJbYATOI'0 U ITPAMOYI'OJIBHOI'O

UMIIVIIECOB BO30OVKICHMS.

O0¢ cHCTEeMBI PearupyroT OJAMHAKOBO 10 OTHOIIIE-
HUIO K AeMII(DUPOBaHKIO, PHC. 7 (Y3KOIOIOCHBIC
30HbI - YII3) u puc. 8 (IIMpoKonos0CHbIE 30HbI
- [II13).

HenpaBunbHas HacTpoiika AemMnpupoBaHus B
VII3 (puc. 7a) cHUXKaeT YyBCTBUTEIBLHOCTD (TIPH-
MepHO Ha 14 1b) u uckaxaer popmy ummysbca.
[TosiBnsieTcst «3BOH» B MbE30ILJIACTUHE.

Ha puc. 8a uMnynpc U3MUIIHE pacIiiupeH U3-3a
HENPaBUILHON HACTPOUKH JeMII(UPOBAHHUS, B
UTOT'e, pa3peliaroas CiocOOHOCTh CTAHOBUTCS
XYXKe.

B npubope, Hcnonb3yronieM npsMoyroibHble UM-
IYJIECHI, C TOMOIIBI0 (PYHKIIMM HACTPOUKH IIUPU-
HbI UMITYJIbCa, BO3MOXXHO YCTAHOBUTH OUYEHb TOY-
HO IIMPUHY UMITYJIbCA.

Puc. 9a nokaspiBaeT ONTUMAIbHYIO HACTPOUKY.
JITMTeNbHOCTh UMITYJTbCa B TeHepaTope Obla yc-
TaHOBJICHA CIUIIKOM O0JIbIIOH (puc. 9b) npu
ATOM YyBCTBUTEIBHOCTh YMEHBIIMIACH HA 7 1B,
a UMITYJIbC U3JTUIITHE PaCIIUPEH.

OddexT HeBepHOIi yCTAaHOBKH JITUTEIHHOCTH
HMITYJIbCa, HAanOOoJIee TPOSBISIETCS B TPYTINE
T3 (puc 10b).
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B LLUM3, BbI3BaHHbIA N3NULLHE

AnvHa uvnynbea B LUM3  |pacluMpeHHbIM MMMYNbCOM OT

reHepartopa



B nononHeHune K 3KCrepuMEHTAIbHON ONTUMU3AIUH IIUPUHBI UMITYJIbCa, TIpocTas opMmyiia Mo-
KET UCTIOIB30BATHCS JUIS pacyeTa dTOW MIUPHUHBI I TPUOOpa, UMEIOIIETO TEHEPATOP MPSIMO-
YTOJIbHBIX UMITYJIbCOB:

IB=500/f{,

rae: IB — mupuna nmmyssca, He,
f — HoMuHanbHas pabouas yactora 30613, MI'1I.

HpaKanecmle BbIBOAbI

Hcnonb3oBanue reneparopa npssMoyrojbHbIX UMITYJIBCOB, OKAa3bIBACT JIyULIEE BIUSHHUE HA CO-
IJIacCOBaHUE C 30H/I0M, OCOOCHHO B CITy4yae MPaKTHUYECKOIro UCIOJIb30BaHUs 00jiee HU3KUX YacTOT
(<4 MTI'm). [Ipsimoe cpaBHEHUE yIbTPa3BYKOBBIX MuanoroBsix aedexrockonoB USD 15 SX (c re-
HepaTopoM uroiibuaroro ummyiibea) u USD 15 SQ (¢ renepaTopoM mpsiMOYTOIbHOTO UMITYJIbCA)
CBUJICTEIIbCTBYET O PE3€PBE YCUJICHUS, YTO MOKa3aHO Ha Auarpamme Huxe (puc. 11):

Wr [4B]

. 0.5 MHZT | 1 MiHz 2 Mk a MHz 10 Mbiz
Probe frequency

OusD 15 3%
mLs0 15 50

Puc. 11. CooTHOLLEHNE YyBCTBUTENBHOCTM 30HA0B
C pasnu4yHoi paboyel YacToTolN NpK UCMNOSb30Ba-
Hum coBmecTHo ¢ USD 15 SX 1 USD 15 SQ
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