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1. Beeaenne

H3BecTHO MEOTO METOJOB H3MEPEHHS HATKECHAS TPOBOIOKH
B [JETEKTOpaX HOHH3HDYIOI(HX H3TyYcHHH, TaKHX Kak CTpOy,
MHOTOIIpOBOJIOYHBIE H ApecHdoBhie kamepnr [1-6]. Boe arm
MeTOXH OasmpyioTcs Ha (yHIaMEHTAIHEOH CBS3H MEXIY
9acTOTOH  MEXAaHHYECKOI'O  pe30HaHCa H  HaTOKCHHEM

IPOBOJIOYKH:
T = npL*F*D?, €))

rae p - IWIOTHOCTE MaTepHala IPOBOJIOKH (xr/a), D - JAaMeTp
OpoBonokd (M), L - mmara npoBonok: (M), T - cEna HaTsOkeHHS

(H), F - pesorascras gqacrora (I'm).

Pazmagms Mexnay MeTogaMH 3akiodaroTes TOIBKO B
cnocofax Bo30yxJeHHME 3THX KomeOaHWi H MeToxax IOHcKa
JacTOTH PE30HAaHCA. B DIIEKTPOCTaTHYECKOM HIA  MarHHTHOM
nojsle mOpH BO30YXICHEH B IIPOBOJIOIKE MEXAHAIECKHX
Kone0aEMi# BO3HHKAET CHTHAI C aMIUTATYZOH, 3aBHCSIICH OT
aMIUTETYQRI 9THX KoncOaHWH H HMeOmeH MakCHMyM IIpH
MEXaHRIecKOM pe3oHaHce. B omEOM B3 METOZOB BO30yxacHHE
KoneGamA#l OCymecTBIIETCS IyTeM OOJaYd HA [POBOJIOKY
CHHYCOHAAIbHOTO HampskeHHs [l]. BemexcrBEme cMemenms
IPOBOJIOKH H3MEHAETCS €MKOCTE CTpOYy H Ha [POBOIIOKE
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HOSABIAETCH JONONHHATENBHEH CHTHAI. AMILTHTYIa 5TOTO CHTHajla
MMeeT MaKCHMYM IPH COBIAJEHHH YacTOTH BO30yXAalomero
CHTHaJIa © PE3OHAHCHOM YaCTOTOH MEXaHW4ecKHX konebanui
npoBojiokd. [l ycTpaHEHHS CHIHalna TIPH  OTCYTCTBHH
pezoHaHca HapauIeNbHO IPOBONIOKE  TNOAKIIOYAIOT
KOMIIEHCHPYIOIIYIO IL€Nb H3 IEPEMEHHOI0 KOHIEHcaropa H
pe3mcTOpa ¢ napaMeTpaMH, o6ecIeyMBalOIMME  KOMICHCAMIO
BO30YyXAAIOIIET0 CUTHAA.

B npyrom Meroze [2] Bo36yxaeHne konebaHH# POBOMOKH,
MOMEINECHHOA B JJNEKTPHYECKOE IION¢, HNPOU3BOMMTCH IIyTEM
IOoNay¥d Ha Hee KOPOTKOTO HMITyNIbCa HANpsKECHHA, OIS
4ero M3MepseTcs HacToTa cBOOOMHEIX KOTeGaHMA NPOBONOKA H
no dopmyne (1) BhUHCHseTCH CHIa HATDKEHHA .

B gamHOM paGore mnpemuaraeTcs aKyoTHYECKMH METO.
ONpejleficHAs HATSHKEHHS aHOIHOH NPOBOJIOKH B CTPOY. CyTb
Meroza [6] 3axmodaercs B HMCHONB30BaHHH  3BYKOBBIX
KoneGanmi s BO3OYKIEHHS MeXaHHYECKHX koneOaHuwH
aHOJHOM mpoBonokd. Ilom HX  BO3NCHCTBHEM  aHOXHAS
IpoBONOKa koneGlercs BHYTPH TPYOKH, BCIENCTBHE HETO
MeHsieTcs eMKOCTh ©Tpoy. OKHazaercs, 4T0 i 4 MM CTpOy ©
JMAMETPOM MpPOBONOKH 30 MKM IIPH CMEIIEHHH HOCHE[HEH OT

meatpa Ha 100 MKM €MKOCTE HM3MCHHTCH IIPHMCpPHO Ha



0,0055 n®/M , uro cocranmser 0,05 % Or eMkocTH ctpoy. Ecin
[pA S5TOM Ha CTpoy mnomaHo Hanpsxenwe ~ 600 B, To Ha
aHONHOM [IPOBOJIOKE MOABISAETCAd CHTHANL. BelM4YMHA CHrHAA
HMCEET MaKCHMyM IIDH COBIAJE€HHHM acTOTHl 3ByKOBBIX BONH ©
PE30HAHCHOH YacTOTOH MeEXaHWYEeCKHX KOoIeOaHuii aHOOHOH
IIPOBOJIOKH, TaK KaKk B OSTOM Ciiydae aMIUIMTyAa KojeGaHwui

nocneased Oyaer MakCHMAanbHOH.

2. CxeMb! yCTaHOBKH

Ha puc.] uzobpaxkena 6nok-cxema yeranoskn. Ha aHOHYIO
IIPOBONIOKY  CTPOY  HOjaeTcs HampspkeHre ~ 600 B.
I'poMkoroBopuTens  momydaer OT ympaBisgeMoro reHeparopa
Hepe3 YCHIIMTENIb MOIHOCTH CHHYCOMIANbHEIH CHTHAN, 4acToTa
KOTOpOT0 MOJXKET MeHaTbes.  [lporpamma, xommbrioTep,
UK (poaRaNoToBkH npeobpasoBaTens (IAID) [7] obBecneuuBaroT
CKaHHPOBaHHE [I0 JacTOTe B HEOOXOAMMEIX npenenax. CHraai c
aHOJHOH IPOBOJIOYKH Y€PE3 MONOCOBOM YCHIIHTENb [IOAAETCs HA
muckpuMuHaTop. IIpy cpabarThiBaHHH THCKPHMHHATOpA, KOTOPOE
IPOMCXOMWT BOJM3H PpE3OHAHCHOM HacTOTHI  IIPOBONIOYKH,
BbiCTaBnsercs  curHan  LAM, Bwmouaeres — mporpamma
ONPECACIICHAS PE30HAHCHOH YacTOThHl M BLIYHCIICHHS HATSKEHHS

IIPOBOJIOYKH.



Cxema YacTOTOMEpa NpeJicTaBIcHa Ha pyc.2. B Hee BXomaT:

STAJIOHHBIM TE€HEpaTop, ABa CHYETYHKA, ONMH H3 KOTODHIX MMEET
Beixon Ha Marmerpans KAMAK, psag  2eMEHTOB  CXEMEI

yIpaBJIeHHS.

IIpu noaroToske U3MepeHHu# dacToThl curHanaMu NA(O)F(0)
# NA(1)F(9) cuerunxnu u tpurrep LAM obnynmored. B Havane
H3MepeHus mporpaMma HHAIMEpyeT caraan NA(O)F(9), npu sTtoM
OTKPBIBAIOTCS CXEMBl NPOIyCKaHWS W HAYHHAECTCS 3alOTHEHHE
CYETYHMKOB: IIEPBOTO - OT 3TATOHHOIO TeHEeparopa, a BTOporo - oT
yTIPaBlsieMOro, 4aCTOTa KOTOPOTO B 3TOT MOMEHT COOTBETCTBYET
PE30HAHCHOM 4acTOTe NPOBONOYKHA. Bpems 3al0IHEHHS TIE€PBOTO
cuetydka T=ty*Ncn, TAe ty - IEPHOJ YacTOTH 3TAJOHHOIO
regeparopa, a Neyy - €MKOCTh IepBoro cyeTduka. Koraa nepBuid
CYETYHMK  OKa3hBaeTcs ITONHOCTBIO 3allOJHCHHEIM, BHIAAETCSH
curaan STOP. CxeMnl NPOIyCKaHHS 3aKpHIBAIOTCA, ONPENETACTCS
pesonancHad 4actoTa fr; =1/(T/Nepe), THE Neapz - dYHCIO

MMITyJILCOB, 3aPETHCTPHPOBAHHEIX BTOPhIM CHETYHKOM.

Jina cheMa cHrHaza ©  TPOBONOYKH — HCHONB3yeTes
IIOJIOCOBOH  yCHIMTEND (pHE.3), Ha BXOJE KOTOPOro yCTaHOBIICH
nopropurens (D1), a Ha BEIXOAE - IMCKPHMHHATOD (D5).

PesncTop ® /[Ba TPaH3HCTOpPa B AHOZHOM PEXHME 3alAINAIOT



YCHIHTEN: OT CKaYKOB HalpsokeHHs Ha Bxogxe. Kosddumuenrt
yeunenns 200, mojoca 90-230 T'm Ha ypoBHe 6 nab. Ilopor

AHCKPHMHHATOpA ycTaHaBnuBaeTcd B npegenax 0,25-1,0 B.

I'eneparop cumycompanbHoro currana (pmc.4), yacroTa
KOTOPOTO YIPamBiSeTcs HANpsiKEHHEM, [IOCTpOeH Ha Gase
Mukpoexemul ICL8038 (HARRIS Semiconductor). BrrxosmHoi
Kackajg CHYXXHT [UIi YCUIEHHd CHIHajJa H yMeHbllEHHS
BRIXOJTHOI'O CONPOTHBIEHHS. Bxomuo# ycwnurens obecrneunBaer
HeoOXOMMMEIH IHanazon HanpsokeHud Ha Bxojie ICL8038 u ero
Ha4dalbHbIH YPOBEHER IIPH COOTBETCTBYIOIIMX cHrHanax 1[ATIL
Tabnuna | maer medepnsiBaroinee peicTaRiIeHne o paboTe STOro

kackajia. O6a yomwmarens uenons3yior Mukpocxemy K140Y (8.

Tabnuna 1
Vo, |Kvo | Vdac Kvo*Vo, | Kdac*Vdac, | Vout, Fsine(itl),
MB MB(bit) | Kdac nMB MB MB I'o
0 0 +10200 90
-4140 | - -1 +10200
245 | 4000 -4000 +6200 254

Jns ynpaBneHHs ycTaHOBKOH M 00paGoOTKM pe3ylLTaToB
M3MEpPCHHH Ha s3pike [lackanpy HamMcaH Haker mporpamMm
WTM (Wire Tension Meter) pasmepom 120 K6aiit, ¢ ronoBHOI
uporpaMmod WTM.PAS.



[Tocne 3amycka mporpaMMbl Ha DKpaHe IIOSBISETCH
MCEHIO, B KOTOPOM HeOoOXOIHMO 3alaTh XapaKTCPHCTHKH CTPOY:
HOMEp CTPOY, IUIOTHOCTb MaTepHala, IJIHHY H JHaMeTp aHOIHOH
IPOBONOKHA. B [omonHeHHe X 3TOMy cleXyeT BBECTH HOMepa
cranuui [JAIT u wacroromepa ¥ 3amaTh TpeOyeMBIH qHana3oH
HU3MEPEHAS HaTSXKCHHSA, T.€. [OMANa3’oH 4YacTOThl O3BYIHBaHHUS.
BBejieHHbIE IapaMeTphl MOXHO COXPaHHTh, BRIOpaB B MEHIO
myakr COXPAHUTDL [TAPAMETPBIL

[To xomanpe [TYCK HauuHaercs cKaHHpPOBAHHE 110 4aCTOTe
B 3aJaHHOM JManazoHe. BOmu3x pe30HAHCHOM YacCTOTH, Kornxa
aMIUIMTYZla CHTH&la Ha BBIXOAE MOJOCOBOTO  YCHIIHTENS
JOCTHTHET [Opora AMCKPHMMHHATOPA CHH3Y, OH cpabarniBacT M
unuuuupyer curaan LAM. UYacrora, coorBercTByromias 3ToMy
cobniTHio, 3anmomuuaercs (Fpiy). CxaHupoBaHHME [0 4YacroTe
IpOJOIDKAETCH o MOMEHTa JOCTHXKEHHUS nopora
JTHCKpHMMHaTOpa cBepxXy. YactoTa 5TOro coOBITHS —Takxke
3antomuHaeTcs (Fpax). Pe30BancHas 4acToTa BCIEACTBHE BHICOKOH
JTHHEHHOCTH YIIPaBIsLeMOro reHeparopa (M. puc.5) Oyner pasHa

Fre; = (Fax ~Fmin)/2 - 2)
DTa 4acTOTa W CIYXHUT Ui BHIMACICHHS HATskeHHs. Pe3ynbrarhl

BBIYHCIIEHHA BRIBOIOATCA Ha 3KpaH MOHHTOpA.



3. PesyabTaThl M3MepeHwHii

Hias  npoBepkm mamHoro merona IpoBeeHa  cepHs
M3MCDEHHH HATSDKEHHS AHONHEIX IIPOBOJIOK B cobpaHHEIX H
KECTKO 3aKPEIUICHHRIX B JIOXEMEHTE KAITOHOBEIX CTpOy.

Hamepenus mnposogmmmcs OpH  CIENyIOWMX  IIapaMerpax

YCTQHOBKH:
mamerp tpybok - 4 MM,
JUIRHa aHOAHBIX IMPOBOJIOK - 393 MM,
A¥MaMETPp aHOMHBEIX MPOBOJIOK - 30 MxM,
INIOTHOCTE aHOJMHOM IPOBOJIOKH - 19,3 r/em3
Mare€prajl aHOJHOH IPOBOJIOKH -[I030JI0YE€HHKIH
BOJIbdpam,
HalIpsSDKEHHE Ha NPOBOJIOKAX - 600 B,

B KadecTBe H3MydaTens 3ByKOBHIX BOMH HMCHONB3OBAJICS
HH3KOYACTOTHRIA [POMKOTOBOPHTENbL © mHaMeTpoM muddysopa
30 em ® comnpormerenmeM 4 Owm. Pesynbratel uamepenuii

IOpeAcTaBiieHn B Tabuuiie 2.



Tabmuna 2
° IPOBONOUKH 1]2]3]4]5]6[7[8[9[10]11[12
'Y cTaHORJICHHOE 50

HATSDKEHUe I
Pe3oHaHcHag 238 239 236 243 245 P42 238 235 P37 41 h40 D40
gactora, ['1g
Himepennoe 47 148 147 |49 |50 (49 |47 [46 |47 |49 |48 |48
HATSOKEHUE, T

Pesonancras wacrora onpegensnace mo MaKCHMAILHOM
AMILUTATYZIC CHIHAIA H PErHCTPUPOBANAcCh © IMOIPELIHOCTHIO
MeHee [t1]| ['m, 4To cooTBeTcTBYeT OXHMmaeMoH [IOTPEITHOCTH
M3MEPEHHUs HaTsDKeHHs, He Gonee [+0,5| r (cm. puce.6). Ho, kak sTo
BHIHO M3 TaGNHIL], OTKIOHCHHE H3MEPSHHOIO HATSKCHHSI OT
YCTaHOBJICHHOro jocturaer 3 r. HaMm kaxercs, uro sro
OGYyCIIOBIEHO  HETOYHOCTHIO OEpPBOHAYANbHON  yCTaHOBKHM
HAaTOKCHHS M, BO3MOXHO, QIYKTyallHdMH IMaMeTpa IpOBOIOKH
(eMm. prc. 7).

ABTOpHEl TIPH3HATEIILHBI B.J{.IlemexoHOBY 32 mposBIIeHHBIN
HHTEpeC K paboTe W NOIIEPKKY, a Takke 3a PSX PEXaKTOPCKHX

3aMe4YaHHu# o TCKCTY CTaThH.
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Puc.3. IlpuHuMnranbHas 3JeKTpHyeckas oXeMa IojaocoBoro

YCHIIUTCII H JHCKpHMHHaTOpa

e wdse
|—-(y (%

- 47nF +£8nF

-12v .

Puc.4. [IpuHnunuansHas cxeMa ynpasiseMoOro reueparopa
F = f (bit)
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Puc.S. 3aBHCHMOCTD 4acTOTHI YIIPaBIgeMOro reHepaTopa OT KoJa

LHAIT
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T=f(F), npu L =393 mm u D=30 mkm

o
-
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47.0

HaTsxerue nposonoku T, g

460 b , ] —
236 238 240 242 244 246
PesoHaHcHas yactota F, Hz

Puc.6. 3aBucnmocTts Hatskenns aHOTHOM IPOBOJIOKH OT

PE30HAHCHOM 4acTOTHI 1ipH utHHE =393 MM u maamerpe D=30

MKM
F=f(D), npu L=393 mm n T=50 g

255

250 | \

240 | \

235 | \\
230 t e

285 29.0 29.5 30.0 30.5 31.0 315
AnameTp aHOAHOM NPOBOMOKM D, mkm
Puc.7. 3aBucumocrs PE30HAHCHOHR YacTOThI OT JHameTpa

PesonancHas uactota F, Hz

T S T
T

AHOJTHOH IPOBOJIOKH IIpH 1yiuHe =393 MM ¥ HaTSRKEeHMH T=50r
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Cemenos B.10., Muumn C.B. P13-98-264
YcraHoBKa Ans H3MEPEHHA HATSKEHHs aHOMHBIX MPOBOJIOK
B ra30HaNOJIHEHHBIX JETEKTOPAX aKYCTHYECKHM METOAOM

Onucana ycTaHOBKa /11 H3MEPEHHS HATSDKEHHs RHOAHBIX TIPOBOIOK MHOTOIIPO-
BOJIOYHbIX HETEKTOPOB SNEPHBIX 4acTHL. B OCHOBe AeHCTBHA YCTAHOBKH JIEXHT
tyHnameHTanbHAd 3aBUCHMOCTD PE30HAHCHOM YaCTOTHI MPOBOMIOKH OT €€ HATAXEHHS.
[TonpoGHO omucanbl CXeMBI YCTAHOBKM M IPUHLMI AEHCTBUS YIpaBisiomIel npor-
pammel. [IpuBOATCS M OGCYXIAIOTCA PE3YNbTATH H3MEPEHHUS H HCTOYHHKH TIOrpel-
HOCTH.

PaGota Beimonnena B JlaGoparopun ceepxsbicokux anepruii OHSIH.

Coobwenune OGBLEIHHEHHOTO HHCTUTYTA AIEPHBIX Mccneosanwii. dyGua, 1998

IepeBon aBTopoB

Semenov B.Yu., Mishin S.V. P13-98-264
Installation for Measurement of Anode Wires Tension
in Detectors by an Acoustic Method

The installation for measurement of anode wires tension in detectors of nuciear
particles is described. The action of the installation is based on the fundamental
dependence of the resonant frequency upon the wire tension. The circuits are very
carefully described. The principle of the action of the managing program
is discussed, as well as the results of the measurement and sources of errors.

The investigation has been performed at the Laboratory of Particle Physics,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1998
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