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Pa3paboraHbl, M3roTOBICHBI ¥ UCIBITAHBI 00pa3lbl TOHKOCTEHHBIX ApeiiOBBIX TPYOOK (CTpOY) C pe3m-
CTUBHBIM KaTOIOM M BHEIIHWM CTPUIOBBIM CYMUThHIBaHWEeM. KaTOAHBIN LUIUHAP CTPOY U3TOTOBJIEH IO
TEXHOJIOTMH YJBTPa3BYKOBOM CBApKHU M3 JIABCAHOBOM IUIEHKU. B KauecTBe KaToma MCITOIb3yeTCsl pe3UCTUB-
HOe TTOKpbITHE 13 anMa3ononooHoro yriaepona (Diamond Like Carbon — DLC). [Toka3zaHa BO3MOXXHOCTh
CUMTHIBaHMST HAaBEIEHHOTO KaTOTHOTO CUTHAJIA C KOJIBIIEBBIX 3JIEKTPOIOB (CTPUTIOB), PACTIONIOKEHHBIX Ha
BHEIIIHE{ CTOpOHE KaTOMHOTO LIMJIUHIPA CTpoy. MCIo/ib30BaHNE METO/Ia LICHTPA TSXKECTH JJIsI CUTHAJIOB CO
CTPUITOB MO3BOJISIET C XOPOIIIe TOUHOCTBIO ONPEACIUTh KOOPANHATY COOBITHS BIOJIb aHOTHOM ITPOBOJIOYKH.

DOI: 10.31857/50032816223050166, EDN: ZUUTIF

1. BBEAEHUE

JeTekTopbl Ha OCHOBE TOHKOCTEHHBIX npeiido-
BBIX TPYOOK (CTpOY) HAIILIM IIMPOKOE IIPUMEHEHNE B
COBpPEMEHHBIX (pru3nyeckux skcrnepumeHTax. Koop-
IUHATHBIE JIETEKTOPbl (TPEKEPhl) HA OCHOBE CTPOY
paboTaloT BO MHOTUX KpPYIHBIX 3KCHEPUMEHTAX:
ATLAS [1], LHCb [2], COMPASS [3], NA62 [4] u
npyrux. B gactHocTtu, B nerekrope TRT skcnepu-
MeHTa ATLAS ucnonssyercs 300000 ctpoy. ITnanu-
pyeTcsi WX UCHOJb30BaHUWE W B BKCIIEpUMEHTaX
COMET [5], PANDA [6], Mu2e [7].

K OCHOBHBIM TOCTOMHCTBAM CTPOY MOXHO OTHEe-
CTM MX BBICOKOE KOOpPIMHATHOE paspelleHue (mo-
psiaka 100 MKkM TI0 BpeMeHU Apeiida), 6au3Kyo K
100% > heKTUBHOCTD, MaJIoe KOJIMIECTBO BEIlleCTBa
U TEXHOJIOTUYHOCTD U3roToBJIeHUs. [T0CKOJIbKY COBpe-
MEHHbI€ 3KCIIEPUMEHTHI B 00JacTU (hU3UKU YaCTUILI
MPOBOJSATCS CO BCe 6oJiee BLICOKOI CBETUMOCTBIO, Tpe-
0OBaHUS K 3arpy304HOIi CITOCOOHOCTHU NIETEKTOPOB U
TOYHOCTM OIpeAesIeHUs] KOOPAUHAT TPEKOB HEYKJIOH-
HO TIOBBIIIAIOTCS. BbIcoKasi 3arpy3o4yHasli croco0-
HOCTh JETEKTOpa OOBIYHO JOCTUTAETCSI KaK COKpa-
IIeHUEeM BpeMeHM paauaabHOro apeiida 3a cuer
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YMEHBIIIEHUS THaMeTpa cTpoy [2, 3, 6], Tak u yBenn-
YeHUEeM OBICTPOINCHCTBUS PETUCTPUPYIOIIEH 3IIeK-
TpoHUKH. HOo 06a BapmaHTa MMEIOT MIPUHITNIIAATb-
HBbIC OTpAaHWYCHMS TT0 THMaMeTpy TPyOOK M IO BO3-
MOSKHOCTSIM 2JICKTPOHUKH.

OgHUM U3 aIbTEPHATUBHBIX CITOCOOOB ITOBHIILICHUS
3arpy304HOil CIIOCOOHOCTH SIBJISIETCSI CETMEHTHPOBa-
HUE aHOIHOI ITPOBOJIOYKHU CTpOy. B aTOM cityuae dak-
TUYECKHU CTPOY pa3brBaeTCs Ha He3aBUCUMBIE CETMEH-
TBI, YTO MO3BOJISIET YBEJIMYMTL OOIIYIO 3arpy30UHYIO
crmocobHoCTh AeTekTopa. [TogobHOoe perienrne — nByx-
aHOIHBIE CTpoy (two-anode straws) — ObLIO UCITOIB30-
BaHo paHee B geTrektope TRT skcnepmmenta ATLAS
[8]. PazmeneHue aHOOHOM MPOBOJIOYKU Ha JBa He3a-
BUCHUMBIX CEIMEHTa MO3BOJIMJIO PEeaJIM30BaTh IBa He-
3aBUCUMBIX JETEKTUPYIOILIMX dJIEMEHTa B 00beMe Ofl-
HOI CTPOY U YBEJIMYUTH TAKMM 00pa30oM 3arpy304HyIo
cnoco6HocTh. OOHAKO CErMEHTUPOBAHUE AHOTHOM
MPOBOJIOYKU Ha OOJIbIIIee YUCIIO OTPE3KOB ITPUBOIUT K
3HAYUTEIIBHOMY YCIIOXKHEHUIO KOHCTPYKIINU U YBETH-
YeHWIO KOJIMYeCTBa BHOCMMOTO BelecTna [9].

BosmoxkeH BapHMaHT CTPOY CO CYUTBIBAHMEM HaBEC-
JCHHbBIX CUTHAJIOB C BHYTPECHHETO CCrMEHTHPOBAHHOIO



TOHKOCTEHHBIE JIPEM®OBBLIE TPYEKU

Puc. 1. BHeurHuii BUa ycTpoicTBa ISl yIbTPa3ByKOBOIt
CBapKu TPyOOK M3 jaBcaHa ¢ pe3ucTuBHbIM DLC-mo-
KPBITHEM.

Karoza [10]. OmHako 1mpu peanm3alry TaKOTO YCTPOii-
CTBa BO3HUKAIOT TEXHWYECKUE MPOOJIeMbl BbIBOIA
SJIEKTPUYECKUX CUTHAJIOB HAPYXYy.

M3BecTHO pellieHre, Kora HaBeAeHHbII CUTHAJ pe-
TUCTPUPYETCS HA OOIOJHUTEIBLHBIX BHEIIHMX 3JIeK-
Tponax. B aToM ciydae aKpaHMpOBaHMSI HaBEAEHHOTO
OT JIaBUHBI CUTHAJIa KATOMHOI MeTa/uIM3alieil MOKHO
M30€eXaTh 32 CUET OKHA HA BHyTpeHHEM KaTofe [ 11] v
3a cYeT MCITOJIB30BaHMSI pE3NCTUBHOTO Kartoma [12].
ITpu nocTaTouHO GOJBIIIOM COMPOTUBICHUN KAaTOTHO-
IO TIOKPBITUSI CTEIIEHb SKPaHUPOBAHMSI HaBEICHHOIO
Ha CYMTHIBAIONIIWE DJICKTPOABLI CUTHaja OydeT He-
OOJIbIIOMN.

B nannoii paboTte mpencraBieHbBI Pe3yIbTaThI pa3-
paboOTKM, W3TOTOBJIECHUST U TECTUPOBAHUSI CTPOY,
BHYTPEHHSISI TIIOBEPXHOCTh KOTOPOIl ITOKPKITA pPe3U-
ctuBHbIM cinoeM u3 DLC u gBisieTcsd KaTOIOM.
Ha BHeniHel moBepXHOCTU TPYOKU pPaCHOJIOXKEH Cer-
MEHTUPOBAHHBINA 3JEKTPOM, IS CUMTHLIBAHUSI CUTHA-
JIOB, MHAYLIMPOBAHHBIX JJABUHOW HAa aHOMHOM IPOBO-
Jiouke. CerMEeHTMpOBaHUE CYMTHIBAIOLIEIO JIEKTPOIA
BBIITOJTHEHO B BUJIE TTONEPEYHBIX I10J10C (CTpurioB). Ta-
Kasi TeOMETPHUSI CUMTHIBAIOIIETO 3JIEKTPOIa IO3BOJIS -
eT HauOoJiee 3P(HEeKTUBHO PErMCTPUPOBATh HABOA-
MBIiI1 Ha KaTOAe CUTHAJ OT JIJABUHEI 1 OIIPEIEIISATh KO-
OpIMHATY COOBITHUS BAOJIb IIPOBOJIOYKU C TOYHOCTHIO
TopsiiKa COTeH MUKpOMeTpoB [ 13].

OnpenesleHe KOOPAWHATHI, TIePIEHINKYISIPHOM
MMPOBOJIOYKE, OCYIIECTBISIETCS CTaHOAPTHBIM LIS
CTpOy MeTOOOM (II0 BpeMeHH apeiipa) u MOXKET J0-
cturath TodHoCTH ~100 MKM [14]. Takum oGpa3om,
MOKHO C BBICOKOM TOYHOCTBIO PETMCTPUPOBATh 00€
KOOPIWHATHI COOBITHS B OMHO CTPOY.

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6
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2. U3TOTOBJIIEHUE OBPA3LIOB CTPOY
C PEBUCTUBHBIM DLC-KATOAOM

Pe3nctuBHEBIN KaToa CTPOY MOKET OBITH M3TOTOB-
JIEH C MCTIOJIb30BaHUEM MOKPBITHS U3 aJIMAa30I10100-
Horo yrimepoma DLC. DLC mpencraBasger coboit
aMopHBIIT MaTepuay, KOTOPBIHA 00J1agaeT UCKITIOUYN-
TeJIbHOM MeXaHWYeCKOM MPOYHOCTEIO [15] 1 panuaiu-
OHHOI1 CTOMKOCTEIO [16], a TaK:Ke XOpOollIeii aare3reii K
MOJIMMEPHBIM MaTepuajiaM 1 MOXET 00ecreyrBaTh 3a-
JIaHHOE 3HAYCHUE COIPOTUBJICHMS B IIMPOKUX IIpEAc-
JIaX — OT €OWHUII KMJIOOM Ha KBaJpaT 0 JIECSITKOB
TUraoM Ha KBaapaT — B 3aBUCUMOCTU OT TOJIIIUHBI
MOKPBITASI M MeToda ocaxAeHMsI. Takoe MOKpBITHE
yKe HalllIo IpUMEHEHHE B KauyeCTBE PEe3UCTUBHOIO
Marepuaia il aHola B Ta30pa3psiAHBIX IETEKTOpax
MicroMegas [17—20], a Takke B “KOJIOE3HBIX Je-
tekTopax WEM (Well Electron Multiplier) [21, 22].

JJ1s1 U3rOTOBJIEHUSI CTPOY C PE3UCTHMBHBIM KaTo-
noMm nokpbiTie DLC HaHOCWJIOCH Ha JIaBCaHOBYIO
TUIEHKY METOAOM BaKyyMHOTO KaTOIHO-IyrOBOIO
ocaxaeHus [23]. DiaekTpuduecKue CBOMCTBA TaKHMX
PE3UCTUBHBIX MJIEHOK XapaKTEPU3YIOTCS BETUUMHOMN
IMOBEPXHOCTHOTO CONMPOTUBJIEHUSI, U3MEPSIEMOIO B
eAWHUIIaX OM Ha KBaapaT. B jaHHoi1 paboTe ToJim-
Ha HAHECEHHOTO TOKPBITUSI COCTaBJsiIa MOpsaKa
100 HM C MOBEPXHOCTHBIM COIPOTUBJIEHUEM MOPSII-
Ka 10 MOwm/kBanpat. Takoe ITOKpEITHE 00JIaIacT MC-
KJTIOUMTEJIbHOU YCTOMUYMBOCTBIO K MHOXKECTBEHHBIM
(o 10%) snekTpuuecKUM razoBbeIM pobosam [21, 22].

B OUSIN paspaboraHa TEXHOJIOTUSI M3TOTOBIIE-
HUSI CTPOY C IIOMOIIIBIO yIbTpa3ByKa [24]. [TockoiabKy
ONBITHBIE 00pa31Ibl TNIeHKU ¢ DLC-1mokpeITHEM OBI-
JI HEOOJIBIIIMX Pa3MEPOB, TO IS METOINYECKUX MC-
clieqoBaHUIl OBLIO pa3paboTaHO YCTPOMCTBO IS
CBapKU yJIbTPa3ByKOM TpyOOK AJnMHOMI MeHee 150 MM
(puc. 1).

CBapka OCyIIeCTB/ISUIaCh Ha CIIELIMAIBLHO IIOATO-
TOBJICHHOM CTEP>KHE C OTBEPCTUSIMM, HEOOXOIMMBI-
MU UIS yAep>KaHUS IJICHKU ¢ MOMOIIBIO BaKyyMa 1
dopmupoBaHus Haxyuecta I cBapku. Ilporecc
CBapKU MPOUCXOJNII 3a CUET aKyCTUUECKUX Koyieba-
HUl TOoJOBKM — coHoTpona. KoyjiedbaHus rojioBKU
BO3JICICTBOBAIM Ha CBapvBaeMble TUIEHKU, COOpaH-
HBIE BHAXJIECT C IIEpEKPBLITMEM Mopsiaka 1 MM, 4To
o0ecrneyrBajIo IPaKTUIECKU OMHOCIOMHOCTD TPYOKM.

ITocie cBapmBaHusI TPyOKW BaKyyM OTKJITIOUAJICS,
1 B CTEPKEeHb, HA KOTOPOM ITPOMCXOMIa CBapKa, Mo-
JIaBaJIOCh M30BITOYHOE AaBjieHHWE. 3a cyeT IoIlana-
HUST BO3AyXa MEXAY CTEpPXKHEM U TPYOKOI M3roTOB-
JIeHHasl TpyOKa JIeTKO cHUMaJiachk. @OTO TaKoii TpyO-
KU TIpEJCTaBIEHO Ha puc. 2.

Bbrimo n3roToBieHO Tpu oOpasma CTpoy IHaMeT-
poMm 10 MM ¢ pe3UCTUBHBIM KaTOAOM M aHOIHOI Ipo-
BoJioukoii nuameTpoM 30 MkM. Ctpoy Ne 1 u Ne 3 6bI-
JIX U3rOTOBJIEHBI U3 JIABCAHOBOM MJIEHKHN TOJIIWHOM’
20 mxM. Ha BHYyTpeHHe MOBEpPXHOCTU TPYOKM IIpe/I-
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Puc. 3. O6pa3sibl ctpoy (cHu3y BBepx) No 1, Ne 2 u Ne 3.

BapuTeJIbHO ObUT HaHeceH cinoit DLC ¢ moBepxHOCT-
HbBIM comnpotuBieHueM 10 MOwm/kBagpar. Ctpoy
Ne 2 n3roroBjieHa aHAJIOTUYHO cTpoy No 1, HO 13 JIaB-
caHa ToiuHoun 100 MKM.

st u3yyeHUsi KOOPAMHATHBIX XapaKTepUCTUK
Obl1a ToAroToBNeHa CTpoy No 3, KOHCTPYKTMBHO
npeacrasiistioniass coboit ctpoy Ne 1, moBepx KOTO-
poi1 OblJIa HaKJIeeHa KallTOHOBAs IIJIEHKA TOJIIUHOMN
35 MKM C OWIMHAPUYECKUMHN METaJIM3UPOBAHHBI-
MU CTpUIlaMU. DTa CTPOYy MCMHOJIb30Bajach sl UC-
caenoBaHust (popMbl HABEIEHHOTO CUTHAJIA U OLIEHKU
BEJIMUMHBI TIPOCTPAHCTBEHHOTO pa3pellieHus] BAOJb
TpyOKw. I1Iar cTpUITOB CYMTHIBAaHMS COCTABIISUI 4.44 MM
(mpuHa cTtpunoB 1.87 MM, 3a30p MeXIy HUMU
0.35 MM, cTpUIIBI OBUIM 0OBENMHEHBI MTOTTapHO). PDo-
Torpadus oOpas3IoB CTpoy IIpUBEAcHA Ha puc. 3.

3. METOAUKA SKCITEPUMEHTA

i vcciemoBaHus TTapaMeTPOB 00pas3IioB CTPOY
OBLI CO3IaH U3MEPUTENbHBIN CTeH (puc. 4).

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

IMpu u3MepeHUsIX aHOAHBIX CUTHAJIOB UCHOIb30-
BaJICsl TOKOBBIM YCUJIUTENIb HA OCHOBE OMNEpallMOH-
Horo ycuumteass LMH6626 (Texas Instruments) ¢ ko-
acddpunmreHToM npeodpazoBanus 12 MB/MKA, dop-
muposatenb CAEN N844 u cuetrunk CAEN N1145.
CurHaj CHUMaJCs Yepe3 MPOXOIHYI0 eMKOCTh BeJI -
ypHoit C = 1000 n®d (6.3 kB). Beicokoe HanpskeHUe
Ha aHOIHYIO IIPOBOJIOYKY KaxKI0# TPpyOKM MOIaBaIOCh
yepes peauctop R =1 MOM c noMoliibio 6J10Ka BbICO-
koBonbTHOro muranuss CAEN N1470. CuutbiBaHUE
CUTHAJIOB CO CTPUIIOB OCYIIECTBJISLIOCH C TTOMOIIBIO
3apsmodyBCcTBUTEHBbHBIX yemnuTenein KATOD-1 ¢
BpeMeHeM popmupoBanus 200 He [25], a ouudpoBka
¢opMbl curHajaoB — mocpenctBoM Momyias ALLTT
CAEN V1730.

H3MepeHUst OCYIIECTBIISIUCH C MOMOIIBIO [-HUC-
touyHuka °Sr. Koummmanus mydyka ocylLecTBIsIACh
C NOMOIIbIO ATIOMMUHUEBON IJIACTUHBI TOJIIMHOM
20 MM M CBUHLIOBO¥M IUIACTUHBI TOJIIUHOU | MM.
Huametp orBepctus koutuMmatopa D = 2 mwm. [pu
U3MEPEHUSIX UCIOJb30BAJICS PaACIOJIOXKEHHBINA IO,
TPYOKOM CHUHTWIISIIMOHHBIA CYSTUMK Ha OCHOBE

2023



TOHKOCTEHHBIE JIPEM®OBBLIE TPYEKU

2

1

13

7 8
VX1730 VX2718

4

14 xaHaioB

TN e

— | %

S

Puc. 4. Cxema u3MepuTeIbHOTO CTEH 1A [Is1 UCCIIeIOBaHMSI MapaMeTPOB 00pa3LIOB CTPOY C PE3UCTUBHBIM KaToaoM. | — obpa-
3e1L CTpoy; 2 — B-UCTOYHUK C KOJUTUMATOPOM; 3 — CLUMHTHJUISILMOHHBINA CYETUYHK B KOPITyCe; 4 — YCUIIUTEb CTPUITOBBIX CUT-
HaJIOB; 5 — YCWIUTEb aHOAHOIO CUTHAJIA; 6 — YCUJIUTEb CUTHAJIA CUMHTUJUISILMOHHOTO cueTunkKa; 7 — nurutaiizep CAEN
VX1730; 8§ — VM E-konTtposuiep CAEN VX2718; 9 — nepcoHaIbHBII KOMITBIOTEP.

cupHTIUIITopa BICRON ¢ 4yBCTBUTENBHOI IJIO-
Wanpo 2 X 2 MM? U KPEMHUEBBIM (DOTOYMHOXUTE -
geM Sensl FB 30035. Crpoy nponyBaivch ra3oBoit
cMmechio Ar : CO, B cootHoiieHuu 70 : 30. Ha puc. 5
npuBeneHa ¢otorpadusi HcciaeayeMblXx 00pa3lloB
CTPOY Ha U3MEPUTETLHOM CTEHJIE.

B cnyyae kaTomHOTO CUMTHIBAHUSI CUTHAJIOB CO
ctpurioB ctpoy Ne 3 k qurutaiizepy CAEN V1730 ue-
pe3 ycummurenb KATOD-1 Obuto IpucoeaHEHO
12 cTpumnoB, pacloJIOKEHHBIX B CepeluHe TpyOKu
(4MCII0 CTPUIIOB OTPAHUYEHO YUCIIOM KaHAJIOB IUTH -
Talizepa), a TakK:Ke aHOMHBIM CUTHAJA W TPUITEPHBIM
CUTHAJI OT CUMHTUJUISILIMOHHOTO cueTunka. Kpome
TOTO, K IBYyM KaHajlaM AuruTaiizepa ObLIU Mpucoeam-

Puc. 5. ®otorpacdust 06pa3oB CTPOy Ha U3BMEPUTEITLHOM
CTeHIe.

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6

HeHbl ycwmrem KATOD-1 06e3 mnoakitodeHUs
CTPUIIOB Ha BXOIE. DTO MO3BOJIWIO JOIMOJHUTEIBHO
OLIEHUTH YPOBEHb HAaBOJOK BO BpeMs U3MepeHus. 3a-
ITYCK JUTUTai3epa OCYLIECTBIISIIICS TPUITEPHBIM CUT-
HaJIOM OT CHUMHTWUISIIIMOHHOTO CUYEeTYMNKA.

4. PE3YJIBTATbI TECTUPOBAHUA

Ha puc. 6 nmpencraBiieHbI CUETHBIE XapaKTePUCTH-
KA ¥ 3 HEeKTUBHOCTb B 3aBUCHMOCTH OT HaIlpsiKe-
HUS TUTaHUs 1is1 o6pas3ioB ctpoy Ne 1 1 Ne 2. Xa-
pakTepucTuku ctpoy Ne 3 maeHTU4yHBI cTpoy Ne 1.
Pabouuit nuamazoH HampsKeHUN (TJ1aTo) JJIsl BCeX
o0pasuoB coctaBui ~ 150 B. 3HaueHue 3HeKTUBHO-
ct Hike 100% cBsI3aHO C TeoMeTpHeit pacItoaoxXe-
HUS PamMoOaKTUBHOTO WMCTOYHMKA W MOHHUTOPHBIX
CIIMHTUJUISILITUOHHBIX CYETIYUKOB.

Hnsa ctpoy Ne 3 GbIJIO yCTaHOBJIEHO paboyee Ha-
npsikeHue U, = +2000 B (Bo nzbexaHue HaChILLICHUS
CUTHAJIOB CUYUTHIBAIOIICH 3JEKTPOHUKHU). DpPeK-
THUBHOCTB CTpOy No 3 B MoTnIepevYHOM CeUYeHUH TIpUBe-
neHa Ha puc. 7. Crag 3(@HeKTUBHOCTA Yy CTEHOK
TPYOKU OOBSICHSIETCSI KOHEUHBIM pa3MepoM IISITHA
3aCBETKM OT KOJUIMMUPOBAHHOIO UCTOYHMKA POST.

dopwma pacnipenesieHUs 3apsiaa 1o CTpUTIaM TpH-
BeJeHa Ha puc. 8. [IJ1s1 onipeAesieHus] IUPUHBI HaBe-
MeHHOTO Ha CTpUIIAX 3apsma CyMMapHasi THCTOTpaM-
Ma cpenHero 1mo 10000 coObITHit 3apsiga Ha CTpUIIaX
anmpoOKCUMHUPOBAINCH HOPMAaJIBHBIM pacrpenelie-
HueM. BugHo, 4yto 95% 3apsina COOTBETCTBYET HaBe-
JNIEHHOMY CUTHaJy Ha 5 cTpuIiax.

brina uccnepoBaHa IMHEHHOCTh U3MEPSIEMOIT KO-
opauHaThl BOojib cTtpoy Ne 3. KommmmMupoBaHHBIN
B-ucTOUYHMK Mepemelnancs BIojab OCH TPYOKH C IM0-
MOIIIBIO TPEHU3MOHHOTO MEXaHMYECKOIO YCTPOIi-
cTBa ¢ TouHOocThio 50 MKkM. KoopauHaTta BIoJib aHOI -
HOM ITPOBOJIOYKY PACCUYUTHIBAJIACh METOIOM LIEHTpa
TSDKECTHU IT0 CUTHAJIaM CO CTPUIIOB [26]. B kaxxmoii Tou-
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Puc. 6. CueTHble xapakrepucTuku (a) u apdexTuBHoCTb (0) cTpoy Ne 1 1 Ne 2.

ke 6bu10 HabpaHo 10000 coObrtuii. [1py BeraMciaeHUN
KOOpIWHATHI BHAYAJIe HAXOIWIJICS CTPUIT C MAKCUMAJTh-
HBIM 3apsiIOM, 3aTeM BBIYMCIISIACh KOOpIWHATA C MC-
MOJIb30BaHUEM 3apsiia B 3TOM CTPUIIE U 3apsioB Ha
JIBYX COCENHMX CTpHUIIax cjeBa U cIipaBa. 3aBUCH-
MOCTb MEXIY peaIbHBIM ITOJIOXKEHHEM paTrOaKTHUB-
HOTO MCTOYHHWKA M €TO BOCCTAaHOBJICHHOM KOOpIMHA-
TOIt MpUBeneHa Ha puc. 9.

Ha puc. 10 mokazaHa Koppeasiius MeXI1y aMILIu-
TYIOM CUTHaJIa Ha aHOTHOM ITPOBOJIOKE M KaTOTHBIX
crpunax. JImHeitHasT 3aBUCIMOCTh MEXIY 3apsiiaMu
HauMHAeT WCKaXaTbCcs TIpU 3apsgiae Ha aHome
~1500 oK (U, = +2000 B) n13-3a HaCbIIEHUS B yCU-
JINTENISIX, TIONKIIOYEHHBIX K KAaTOTHBIM CTPHUIIaM.

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

Koppensiys 3apsmoB Ha aHOIE M CTpHUIIaX MOXET OBITh
HCIIOTb30BaHa B JETEKTOPaX ¢ GOJIBIITM KOJTMIECTBOM
TPYOOK JIJIST PETUCTPAITTT MHOTOYACTUIHBIX COOBITHIA.

5. BBIBO/IbI

BnepBrie B KayecTBe pPE3UCTUBHOIO ITOKPBITHUS
KaTojaa IJIsi CTpOYy ObLI MCIIOJIb30BaH ajaMa30mog00-
o1t yraepon (DLC). TommmuHaa nokpeitusa u3 DLC
coctaBmia nopsinka 100 HM, MOBEpPXHOCTHOE CONPO-
tuBlieHne ~10 MOwM/kBaapatr. Pe3ancTuBHBIE CBOIi-
CTBa 3TOTO MOKPBITUSI, C OAHOI CTOPOHBI, TIO3BOJISTIOT
MUHUMU3UPOBATh 3P (GEKT 3KPaHUPOBAHUST HABOIM-
MBbIX Ha BHEIITHUE CYUTHIBAIOIINE 3JIEKTPOALI (CTPHUIIBI)
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DddexTuBHOCTD, %
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Puc. 7. DddexruBHOCTb cTpoy Ne 3 B IMOMIEpEeYHOM HaIlpaBICHUH.
OTtH. en.
180 Entries 12
Mean 5.737
160+ RMS 1.132
140 Underflow 0
ol x2/ndf 13.47/9
Constant 177.2 £ 12.5
100 Mean 6.276 £ 0.043
Sigma 0.8135 £ 0.0379
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Howmep ctpuna

Puc. 8. ®opma pacnpeneneHus 3apsiia o ctpunam. [1o ropu3oHTaTBHON OCH — HOMED CTPUIIA, IT0 BEPTUKATBHON — aMIUTH-
Tyla YCPEIHEHHOIO CUTHAJIA HA CTPUIIE B YCIIOBHBIX EMMHUIIAX.

CUTHAJIOB, a C IPYTOil — 00ECIIEYNBAIOT YCTOMYNBOCTD
CTPOy K 3JICKTPUYCCKUM pa3psgaM MEXIy aHOMHOM
MPOBOJIOKOM W KatonoMm. IIpogeMoHCTprpoBaHa BO3-
MOXKHOCTb U3TOTOBJICHUSI CTPOY C PE3UCTUBHBIM KaTO-
JIOM T10 TEXHOJIOTHHU YJIBTPa3ByKOBOI CBAPKMU.

B xone TectrpoBaHusi 06pa3LIoB CTPOY C KATOIOM U3
pesuctuBHoro DLC-mokpbITUST ObLIa TIPOAEMOHCTPU -
poBaHa MPUHIUMUATIbHAS BO3MOXHOCTb UX pabOTHI.

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6

M3roToBieHbI U UCITBITAHBI 00pPa31bl CTPOY C pe-
3UCTUBHBLIM KaTogoM Ha ocHoBe DLC u cuuThIBaHU -
€M CUTHAJIOB C KOJIbLIEBBIX 3JIEKTPOAOB Ha BHEIIHE
MOBEPXHOCTU KATOOHOTrO LMIWHApa. Takass KOH-
CTPYKILHSI CTPOY 00eCIIeunBaeT IByMEPHYIO KOOPA-
HATHYIO PErvucTpalMio COOBITHIL: OgHA KOOpAWHATa
U3MEPSIETCS IO CUTHAJIY C aHOTHOM IIPOBOJIOYKH (T10
BpeMeHU apeiica), a BTopast — Mo LIEHTPY TSLKECTU
HaBeJEHHOTO Ha CTPUIILI KATOTHOTO CUTHAIA.
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AKVYJINY u ap.

BoccranoBneHHas KoopauHara, MM
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Puc. 9. Koppesiiust MeXny pealbHbIM MOJOKEHUEM B-MCTOYHHMKA U eTO BOCCTAHOBJIEHHOW KOOPMUHATOI st cTpoy Ne 3.
Bnosb ocu abeimce mokasaHbl MOJOXKEHUS 1 HOMEPa CUMTHIBAIOLLUX CTPUTIOB.

CyMMapHBIi CTpUNOBEIN 3apsia, pKir
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Puc. 10. KoppensiunoHHOe pacrpeaejeHrue MeXIy 3apsiioM Ha aHOJIe MU CyMMapHBIM 3apsiioM Ha CTpuIiax st cTpoy Ne 3.

Takmm oGpa3om, B paboTe ITOKa3zaHa BO3MOXK-
HOCTb CO3JIaHUSI CTPOY C ABYXKOOPAMHATHBIM CUUTHI-
BaHMEM U IIPOCTPAHCTBEHHBIM pa3pelieHreM Ha
YPOBHE COTE€H MMKpOMeTpoB. Takue Tpyoku OymayT
0o0JIamaTh IIOBBIIICHHOI 3arpy304HOM CIIOCOOHO-
CTBIO UM 3aIIIMTOI OT BO3MOXKHBIX IPOOOeB. TexHOI0-
TUYHOCTH IMTPOU3BOJCTBA OOECIeYBaeTCs 32 CUET UC-
MOJIb30BaHUS METO/IA VILTPAa3ByKOBOI CBapKU.

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6
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