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1.BBeAeHHe 

fuBeCTHo MH0ro MeT0,ZJ;0B H3Mepemm HaTlDICemm: IIp0BOJI0KH 

B ,ZJ;eTCKTopax H0HH3Hpyrom,HX :e::myqemm, T3.IGIX KaK CTpoy, 

MHoronpoBOJI0--m:hle H ,z:q,eii<poBhle ICaMephl [1-6]. Bee 3TH 

MeT0,D;hI 683HpyIOTCSI Ha ~aMeHTaJII,HOH CBSI3H M~ 

'9:aoTOTOH 

IlpOBOJI0'9:ICH: 

MexamrqecICoro pe30HaHCa 

T = npL2 F2n2, 

H HaTIDKeHHeM 

(I) 

r,n;e p - WIOTH0CTb MaTepHaJia npoBoJiom (ICrh.i3), D - ,n;HaMCTp 

IIp0B0JI0KH (M), L - ,lPIBHa IIp0B0JI0KH (M), T - CHJia HaTIDKemm 

(H), F -pe30HaHCHWI '9:aCTOTa (I'n;). 

Pa:3JI1ItlHll Me.iIGcy' MeT0,ZJ;a.MB 38KJ1IO'tla.IOTCJI T0JIJ,K0 B 

cnoco6ax B036~eHHJI 3THX KOJie6aHHH H MeT0,ZJ;ax Il0HCKa 

'l{aoTOThI pe30Ha.HCa. B 3JICKTpOCTaTK'ICCKOM HJIH MarmITHOM 

noJie np:e: B036~emm B npoB0JI0'9:Ke MexamrqecKBX 

ICOJie6aHHH B03HHKaeT CHT'HaJI C aMIIJIKiy,ZJ;OH, 3aBHcm:n;e:a OT 

a.MIIJIBTY,D;hl 3THX. KOJie6aHHH H HMerom;e:e: MaICCHM}'M np:e: 

Mexa.HH'9:eCK0M pe30HaHCe. B 0,ll;H0M H3 MeT0,ZJ;0B B036~eHHe 

KOJie6aHHH ocym;eCTBJIJieTCJI nyreM no,n;a-q:e: Ha npoB0JI0KY 

cmcyco:e:,ZJ;am,noro nanp.SDKeHHJI · [I]. Bcne.n;CTBHe cMem;eHHJI 

npoB0JI0ICH H3MeHSieTC.SI eMK0CTI> CTp0Y H Ha npoB0JI0Ke 
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II0.SIBJUleTC.SI ,ZJ;OTIOJIHHTCJibHhIH CHrnaJI. AMnmrry,n;a 3Toro CHrnaJia 

HMeeT MaKCHM)'M npH C0BTia,ZJ;eHHH 11aCTOThl B036)1)K,ZJ;aIOIIl;ero 

CHrHaJia C pe30Ha.HCHOH 11aCTOTOH MexaHH'IeCKHX KOJie6a.HHH 

rrpoB0JI0KH. ,[{ml YCTpa.HeHH.SI CHrnana npH OTCyrCTBHH 

pe3oHaHca napaJIJieJibH0 npoB0JI0Ke TI0,ZJ;KJIIO'IaIOT 

KOMTieHCHpyrom;yro n;ellb H3 nepeMeHHoro KOH,ZJ;eHCaTopa H 

pe3HCTopa c napaMerpaMH, 06ecne11HBarom;HMH KoMTieHcan;HIO 

B036)1)K,n;aro:rn;ero c:e:rnana. 

B ,n;pyroM MeT0,n;e "[2] B036)')K,n;eHHe KOJie6a.HHH IIp0B0JI0KH, 

IIOMem;eHHOH B 3JieICTpK'IeCKOe IIOJie, IIpOH3BO,n;HTCSI rryreM 

rro,n;aYIH Ha Hee K0p0TKoro HMIIYJibCa Harrp.SDI<:eHIDI, II0CJie 

11ero H3Mep.SieTC.SI 11aCT0Ta CB060,n;HbIX KOJie6aHHH np0B0JI0KH H 

no cpopMYJie (I) BhI11HCJISieTC.sI cHJia HaT.SDKeHH.SI • 

B ,n;a.HHOH pa6oTe rrpe,n;naraercx aICYCTWieCKHH MeT0,n; 

orrpe,n;eneHH.SI HaT.SDKCHH.SI a.HO,n;HOH npoB0JI0KH B crpoy. CyTu 

MeT0,n;a [ 6] 3aKJIIO'IaeTC.sI B HCilOJib30Ba.HHH 3BJKOBbIX 

KOJie6aHHH ,n;JI.SI B036)1)K,ZJ;eHH.SI MeXa.HWICCKHX KOJie6a.HHH 

a.HO,n;HOH rrpoB0JI0KH. IIo,n; HX B03,n;eHCTBHeM a.H0,n;HWI 

npoB0JI0Ka KOJie6JieTC.SI B:e:yrpH TPY6KH, BCJie,ZJ;CTBHe 'Iero 

MeHHeTC.SI eMK0CTb CTpoy. Oxrn,n;aercx, 'ITO ,n;JI.SI 4 MM CTP0Y c 

,ZJ;HaMe'I'p0M npoB0JI0KH 30 MKM rrpH CMem;eHHH IlOCJie,n;HeH OT 

n;eH'I'pa Ha I 00 MKM eMK0CTb H3MCHHTC.sI npHMepH0 Ha 
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0,0055 n<I>IM , "llTo cocTaBJUier 0,05 % OT eMKOCTH C'Ipoy. EcnH 

npH 3TOM Ha C'IpOY IlO,II.aHO Hanp.IDKeHHe ~ 600 B, TO Ha 

a.HO~OH npOB0ll0Ke II0RBIDle'I'CR CHrHan. BenHiiHHa CHrHana 

HMeer MaKCB:MyM npH C0BITa,ZJ;eHHH qaCTOTbl 3BYKOBblX B0llH C 

pe30Ha.HCHOH qaCTOTOH MeXaHH"lleCKHX KOne6aHHH aHO~OH 

npoBOllOKH, TaK KaK B 3TOM cny-qae aMITnHry,n;a KOne6aHHH 

ITOCJie~eii 6y,n;er MaKCHMallbHOH. 

2. CxeMhl yCTaHoBKH 

Ha pHc. l H3o6pIDKeHa 6noK-cxeMa yCTaHOBKH. Ha a.HO)J;H)'IO 

npoBonoey C'IpOY no,n;aerc.si Hanp.si:lKeHHe N 600 B. 

lpoMKoroBopHTeJib nony-qaer OT ynpaBJUieMoro reHepaTopa 

qepe3 YCHJIHTeJib MOI.WIOCTH CHffYCOH)];aJibHblH CHIBan, qaCTOTa 

KOToporo MeIDITbCR. IlporpaMMa, KOMITbIOTep, 

u;Hq>poa.HanoroBhI.H npeo6pa3oBaTeJib (nAIT) [7] o6ecneqHBaIOT 

MO:lKe'I' 

CKaHHp0BaHHe no -qaCT0Te B Heo6xO,n;HMbIX npe,n;eJiax. CHrnan c 

a.HO~OH npOBOJIO"llKH -qepe3 ITOJIOCOBOH ycHJIHTeJib no,n;aercx Ha 

,n;HCKpHMHHaTop. IlpH cpa6aTblBaHHH ,n;HCKpHMHHaTopa, KOTopoe 

npoHCXO,n;HT B6JIH3H pe30HaHCHOH qaCTOTbl npOBOJIO"llKH, 

BblCTaBllile'I'CR cHrnan LAM, BKJIIO-qaerc.si nporpaMMa 

orrpe,n;eJieHHSI pe30Ha.HCHOH qaCT0Tbl H BblqHCJieHHSI HaTSI:lKeHHR 

npOBOJIOqKH, 
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CxeMa -qaCT0TOMepa npe,n;CTaBJieHa Ha pe:c.2. B Hee BXO,n;RT: 

3TallOHHblH reHepaTop, ,n;Ba cqeT"tJHKa, 0,n;HH H3 KOTOpbIX HMeer 

BblXO,II. Ha MarHC'Ipallb KAMAI{, PR.II. 3JieMeHTOB cxeMbl 

ynpaBJieHHSI. 

IlpH no,n;roTOBKe H3MepeHHH qaCTOTbl cHrnanaMH NA(0)F(0) 

H NA(l )F(9) cqerqHKH H 'IpHITep LAM o6eyJIRIOTCSI. B Ha"l!ane 

H3MepeHHSI nporpaMMa HHHD;HHpyer cHrnan NA(0)F(9), npH 3T0M 

OTKpbIBaIOTCR cxeMbl nponycKaHHSI H Ha"l!HHaercSI 3aITOJIHeHHe 

cqerqHK0B: nepBoro - OT 3TanOHHoro reHepaTopa, a BToporo - OT 

ynpaBJIReMoro, "l!aCTOTa K0TOporo B 3TOT M0MeHT C00TBe'I'CTBYe'I' 

pe3oHaHCHOH -craCToTe npoBono-crKH. BpeMR 3an0JIHeHHSI nepBoro 

c-creT"tJHKa T=f-et*Ncntl, r,n;e 4t - nepHo,n; "l!aCToTbl 3TanoHHoro 

reHepaTopa, a Ncntl - eMKoCTh nepBoro C"l!eT"tJHKa. Kor,n;a nepBbIH 

C"lle'I'"l!HK OKa3b1Bae'I'CSI IIOJIHOCTblO 3aITOJIHeHHblM, Bbl.II.ae'I'CSI 

cHrnan STOP; CxeMbl nponycKaHHSI 3aKpb1BaIOTcx, onpe,n;eJISiercx 

pe30HaHOHaSI "l!aCToTa frez =l/(TINcnt2), r,n;e Ncnt2 - "llHCJI0 

HMnyJibC0B, 3apemC'IpHp0BaHHblX BT0pbIM C"lleT"l!HKOM. 

,l(IDI C'beMa CHIBaJia C np0B0JI0"llKH H0IIOJib3Ye'I'CSI 

nonocOBOH ycHJIHTeJih (pHc.3), Ha BX0,n;e K0T0poro YCTaH0BJieH 

noBT0pHTenh (DI), a Ha BblXo,n;e - ,n;HCKpHMHHaTop (D5). 

Pe3HCTOp H ,n;Ba 'IpaH3HCT0pa B ,n;H0~0M pe:lKHMe 3a.m,mu;aIOT 
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ycIDmTeJib OT cKa"'!KOB HarrpIDKemm Ha BXO~e. Ko3<pqm.u;HeHT 

ycHJieHIDI 200, rronoca 90-230 r.u: Ha ypoBHe 6 )$. IIopor 

.D;HCKpHMHHaTopa yCTattaBJIHBaeTC.SI B rrpe~enax 0,25-1,0 B. 

reHepaTop CHeycoH~aJibHOro CHIBaJia (pHc.4), '!aCTOTa 

KOToporo yrrpaBJI.SieTC.SI HarrpIDKeHHeM, IIOCTpOeH Ha 6a3e 

MHKpocxeMbl ICL8038 (HARRIS Semiconductor). BbIXOMOH 

KaCKa,ZJ; C.TI)')KHT ~ ycHJieHIDI CHIBaJia H YMeHbllleHH.SI 

BblXOMOro corrpoTHBJieHIDI. BXOMOH ycHJIHTeJib o6ecne'IHBaeT 

Heo6xo,n;HMbIH ,n;Harra3oH HarrpIDKeHH.SI Ha Bxo~e ICL8038 H ero 

Ha'IaJibHblH ypoBeHb npH COOTBeTCTB)'IOIWfX CHrnanax I(AII. 

Ta6JIH.a;a I ~aeT HC'IepIIbIBaIOr.u;ee npe~CTaBJieHHe O pa6oTe 3TOro 

KacKa,n;a. O6a ycHJIHTeJI.SI HCIIOJib3)'IOT MHKpocxeMY Kl 40Y)];8. 

Ta6nH.u;a I 

Vo, Kvo Vdac Kvo*Vo, Kdac*Vdac, Vout, Fsine(ttl), 
MB MB(bit) Kdac MB MB MB rn; 

0 0 +10200 90 
-4140 . -1 +10200 

2.45 4000 -4000 +6200 254 

)];JI.SI yrrpaBJieHIDI YCTaHOBKOH H o6pa60TKH pe3yJibTaTOB 

H3MepeHHH Ha .SI3b1Ke IIacKaJib HaIIHCaH IIa.KeT nporpaMM 

WTM (Wire Tension Meter) pa3MepoM 120 K6aiiT, c roJIOBHOH 

nporpaMMoH WTM.PAS. 
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Tiocne 3anycKa nporpaMMbI Ha 3Kpatte rro.SIBJI.SieTC.SI 

Memo, B K0T0poM Heo6XO,ll;HMO 3a,ZJ;aTb xapaKTepHCTHKH CTP0Y: 

H0Mep CTpoy, TIJI0TH0CTh MaTepHana, MHHY H .D;HaMCTP aHOMOH 

npoB0JI0KH. B ~OTI0JIHeHHe K 3T0MY cJie.[(yeT BBeCTH H0Mepa 

CTaH.U:HH I(Al1 H -qacToToMepa H 3a,ZJ;aTh TPe6yeMbIH ,n;Harra3oH 

H3MepeHIDI HaTIDKeHIDI, T.e. ,ll;HaIIa30H '!aCTOTbl 03ByqHBaHIDI. 

Bae~eHHble rrapaMerpbI MO)KHO coxpaHHTh, Bb16paB B Memo 

II)'HKT COXPAHHTb II-AP AMETPbI. 

Tio K0MaH~e IIYCK Ha'!HHaeTc.SI cKaHHpoBaHHe no '!aCToTe 

B 3a,ZJ;aHHOM ,ll;HaIIa30He. B6JIH3H pe30HaHCHOH qaCT0Tbl, K0r~a 

aMTIJIHry~a CHrnaJia Ha BbIX0~e II0JI0C0BOro ycHJIHTeJI.SI 

~0CTHrHeT rropora ,ll;HCKpHMHHaTopa CHH3Y, OH cpa6aTblBaeT H 

HHH.a;HHpyeT cHrnan LAM. lJacToTa, cooTBeTCTByror.u;rui 3T0MY 

co6b1Tmo, 3arroMHHaeTc.SI (From)- CKaHHpOBaHHe no qaCToTe 

npo~oJI)KaeTc.SI ~o MOMeHTa ~OCTH)KeHIDI nopora 

,ll;HCKpHMHHaTopa CBepxy. lJaCTOTa 3T0ro co6blTH.SI TaK)Ke 

3aII0MHHaeTCH (Fmax). Pe30HaHCHa.SI qaCToTa BCJie~CTBHe BblCOKOH 

JIHHeHHOCTH yrrpaBJI.SieMoro reHepaTopa ( CM. pHc.5) 6y~eT paBHa 

Frez = (Fmax -Fmm)/2 . (2) 

3Ta qaCTOTa H C.TI)')KHT ~ Bbl'IHCJiemUI HaTIDKeHH.SI. Pe3YJibTaThl 

Bbl'IHCJieHH.SI BblB0MTCH Ha 3KpaH MOHHTopa. 
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3. Pe1yJihT8TLI H3Mepeuuu 

,[(JUI rrpoBepKH .n;rurnoro Mero.n;a rrpoBe.n;eHa cepIDI 

H3MepeHHH HanI)KeHIDI aH0WJbIX rrpoB0JI0K B co6paHHhIX H 

)KeCTK0 3aKpeIIJieHHbIX B JI0)KeMeHTe KaIIT0H0BbIX crpoy. 

lfaMepeHIDI rrpoB0,D;HJIHCh rrpH cne.n;yro~ rrapaMeipax 

yCTaH0BKH: 

,ll;HaMeTp rpy6oK 

,ll;JIHHa aH0WJbIX rrpoB0JI0K 

,ll;HaMeTp aH0WJbIX rrpoB0JI0K 

IIJI0TH0CTh aHOroIOH rrpoB0JI0KH 

MaTepHan aHOWJOH rrpoB0JI0KH 

HarrpIDKeHHe Ha rrpoB0JI0Kax 

-4MM, 

- 393 MM, 

-30 MKM, 

- 19,3 r/cM3 , 

-II030JIO"'!eHHhIH 

BOJih<PJ)aM, 

- 600 B, 

B Ka"'!eCTBe H3JIY"9:aTeJUI 3BYK0BbIX B0JIH HCII0Jih30BaJICR 

HH3KO"'!aCTOTHhIH Ip0MK0r0B0pHTeJib C ,ll;HaMeTpOM .n;H<pcpY3opa 

30 CM H corrpoTHBJieHHeM 4 OM. Pe3YJihTaThI H3MepeHHH 

rrpe.n;CTaBJieHbI B Ta6JIHIJ;e 2. 
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\ 
I 

) 

Ta6JIH:u;a 2 

!? rrpoBOJIOlJKH 1 2 3 4 5 6 7 8 9 10 11 I 12 

CT8HOBJieHHOe 50 
anD1cem1e .r 

45 

t3MepeHHOe 147 148 147 149 ISO 149 147 146 147 149 148 148 
anDicemie. r 

Pe30HaHCHaR "9:aCTOTa orrpe.n;eJIRJiaCb no MaKCHMaJihHOH 

aMnmrry.n;e cHrnana H perncrp:e:poBanach c norpemHOCThIO 

. MeHee I± I I f':u;, "'ITO coOTBerCTByer o)KimaeMOH norpemHOCTH 

H3MepeHIDI HaTIDKCHIDI, He 6onee 1±0,51 r (cM. pHc.6). Ho, KaK 3T0 

BHroIO H3 Ta6JIHIJ;hl, OTKJIOHCHHC H3MepeHHOro HaT.sl)KCHIDI OT 

ycTaHOBJICHHoro ,ll;OCTHraer 3 r. HaM Ka)KeTC.sI, "'ITO 3TO 

o6ycnoBJieHo HeTO"'IHOCThlO nepBOHa"'!aJihHOH YCTaHOBKH 

HaT.sl)KCHIDI H, BO3MO)KHO, <pnyKTya:u;IDIMH ,D;HaMerpa npoBOJIOKH 

( CM. pHC. 7). 

ABTophl npH3HaTeJihHhI B.,[(.IIemexoHoBy 3a npo.sIBJieHHhIH 

HHTepec K pa6oTe H rro)IJJ;ep)Key, a TaK)Ke 3a p.si.n; pe.n;aKTopcKHX 

3aMe"tJaHHH no TeKcry CTaTbH. 
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Dl ••• D4 - 140YU8 DS - S21CA2 

PHc.3. IlpHHLJ;HIIHaJibHIDI 3Jie:rcrpwiecKIDI cxeMa IIOJIOCOBOro 

ycHJIHTe.llil H ~cKpHMHHaTopa 

Vttl 

+12V < 

4 .2K 

PHc.4. IlpHHU:HIIHaJibHIDI cxeMa ynpaBID1eMoro reHepaTopa 

F = f (bit) 
270 

N 260 
:c 
u. 

~ 250 
0 
t; 
C'O 

:r 240 -

/ 
I I I I I I I I I I I I I I 230 I 

1800 1900 2000 2100 2200 2300 

KoA WAn s, bit 
PHc.5. 3aBHCHMOCTb 1:JaCTOTbl ynpaB.llileMoro reHepaTopa OT KO~a 

lWl 
12 

I ,.. 

! 

T=f(F), npL-1 L =393 mm L-1 0=30 mkm 
51.0 -,.-----------------, 

a 
.,: 
:s. 50.0 
!:.: 
0 
c; 
fil 49.0 -
0 
Q. 
C 

~ 48.0 -
I 
(I) 

* g: 47.0 
(1] 

I 
46. 0 -t-'-........._-'--'--+-...__.__.__...._~.......___.__.__-+--'___.___.___ _ _..__...__._~ 

236 238 240 242 244 246 

Pe3oHaHcHafl 4aCTora F, Hz 
PHc.6. 3aBHCHMOCTb HaTIDKeHH.sI aHO~OH npOBOJIOKH OT 

pe3OHaHCHOH YJ:acTOTbl npH MHHe L=393 MM H ~aMcrpe D=3O 

MKM 

F=f(D), np1,1 L=393 mm 1,1 T=SO g 
255 -.--..,----------------, 

N 250 J: 
U:-

~ 245 0 
I-
0 
(Q 
J 
0:: 240 co 
X 
0 
X 
co 
X 235 0 
(') 
a, 
a. 

230 
28.5 29.0 29.5 30.0 30.5 31.0 31.5 

A111aMeTp aH0AH0~ nposo110K111 D, mkm 
PHO. 7. 3aBHCHMOCTb pe30HaHCHOH YJ:aCTOTbl OT ~aMcrpa 

aHO~OH npOBOJIOKH rrpH MHHe L=393 MM H HaTIDKeHHH T=5O r 
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YcnlHOBKa Jlllil lf3MepeHllil HarnxeHllil aHO,llHhIX npoBOJIOK 
B ra30HanonHeHHhIX .lleTeKTOpax a.KyCTII'IeCKHM MeTO,llOM 

Pl3-98-264 

Onucatta ycTaHOBKa M.H lf3MepeHH.H HarnxeHH.H aHO,llHhIX npOBOJIOK MHOmnpo
BOJIOlJHhIX ,lleTeKTOpOB .H,llepHhIX lJaCTHU. B OCHOBe .n:eHCTBllil YCTaHOBKH neXHT 
qJYff.llaMeHTaJihHa.H 3aBHCHMOCTh pe3oHaHCHOH tJaCTOThI npOBOJIOKII OT ee HarnxeHllil. 
Ilo.n:po6Ho OilHCaHhI cxeMhI ycTaHOBKII II npHHUHil .n:eiiCTBllil ynpaBII.HIOIUeH npor
paMMhI. IlpHBO,ll.HTC.H H o6cyx.n:aIOTC.H pe3yJihTaThI H3MepeHllil H HCTO'IHHKH norpem
HOCTH. 

Pa6oTa BhIIlOJIHeHa B Jia6opaTOpHH CBepXBhICOKHX 3Hepmii 0115111. 

Coo6meHHe 06be)lHHeHHOfO HHCTmyra ll)lepH!,IX HCCJJe)lOBaHHH. )ly6Ha, 1998 

IIepeBO.ll aBTOpOB 

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

Pl3-98-264 

The installation for measurement of anode wires tension in detectors of nuclear 
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. 
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