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OEIIJ;AJI XAPAKTEPJiICTHKA PAEOTbl 

A1qyaJihHOCTh TeMhl. 

B rrocJieJ(HHe .uec5!TJmeTH51 6hICTpoe pa3BHTHe ycKop1neJibHOH TeXHHKH 

rrpHBeJio K 3Hal.fHTeJTbHOMY TTOBb!Wemno KaK 3HeprHH ycKOp5!eMh!X 1-IaCTHU:, TaK H HX 

HHTeHCHBHOCTH. C03)J,aHbIH B L(EPHe BoJibUJOH A.I\pOHHbIH KomiaHJ(ep (LHC -

Large Hadron Collider) rrpeJ(Ha3Ha"leH .umr pacrnupeHH5! rroHHMaHH5! rrpupoJ(bT 

qacTHU: H HX B3aHMO)J,eacTBHH rrpH 3Hepnrn CTOJIKHOBeHH5! rrpoTOHOB J(O 14 T3B B 

CHCTeMe u:eHTpa Mace CTMKHBafOIIJ;HXC5! TTYT.fKOB rrpH CBeTHMOCTH J(O 1034 CM2 . c-1, 

co CKBa)KHOCTbfO crycTKOB rrpoTOHHbIX TTYLfKOB B 25 HC. IlpH CTOJIKHOBemrn 

ycKopeHHbIX T5DKeJT1IX HOHOB 06pa3yeTC5! 5!J(epHa5! MaTepH5! c Bb!COKOH TTJIOTHOCTbfO, 

rrpH HCCJieJ(OBaHHH KOTOpOH Heo6XOJ(HMa pemcTpau:1rn BTOpHqHbIX qacTHU: c 

BbICOKoti MHmKecTBeHHOCThIO. CooTBeTCTBeHo c 3THM pacTyT 11 Tpe6osaHH5! K 

rrpHMeH5!eMbIM B cpH31.PfeCKHX 3KCrrepHMeHTax J(eTeKTOpaM qacnru:, B TOM qncJie K HX 

3arpy30lfHOH crroco6HOCTH, BpeMeHHOMY pa3peweHHlO H KOOpJ(I1HaTHOH TOt.JHOCTH. 

0J(HHMH H3 HaH6onee t.JaCTO rrpHMemreMbIX J(eTeKTOpOB "!aCTHU: B 

cospeMeHHOH cpmnKe BbTCOKHX 3Hepnrti 5!BJT5!IQTC5! KOOpJ(HHaTHbte 

fa30HaITOJTHeHHbie ,ZJ,eTeKTOpbI - rrporropu:noHaJTbHbie H J(peticpOBbie KaMepbI, 

)J,eTeKTOpbI Ha OCHOBe MeTanJTHqecKHX HJTH TOHKOCTeHHbIX TTJTeHoqHbIX J(peticpOBbIX 

Tpy6oK (B J(MbHeHUJeM - CTpoy (straw)), MHKpOCTPYKTYPHbie fa30Bbie J(eTeKTOpbI 

(MICROMEGAS, GEM). HecMoTp5! Ha TO, LfTO HeK0Topb1e 113 3THX KaMep 

rrpeKpaCHO 3apeKOMeHJ(OBanH ce65! BO MHOfHX cpH31'I'IeCKHX 3KCrrepHMeHTaX H CTaJTH 

cpaKTHt.JeCKH KJlaCCHKOM rrpH C03,IJ,aHHH TpeKepoB, HX xapaKTepHCTHKH see lfaI..Qe 

oKa31IBaIDTC5! He,ZJ,ocTaTOlfHbIMH J(JI5! y,IJ,oBJTeTBopemrn B03HHKIIIHX rroTpe6HocTeH 

cospeMeHHhIX ycKop1nen1H11x 3KcrrepuMeHTOB. Hos11e Tpe6osaHH5! rrpusenH K 

rroMcKy HOBhIX perneHHM rrpu C03J(amrn .neTeKTopoB. HarrpHMep, Heo6xo,IJ,HMOCTh 

ysennqemrn 3arpy30lfHOM crroco6HocTH cTpoy-KaMep rrpH perHcTpar.nm 

MHOf01TaCTHqHbIX rrpou:eccoB rrpHBena K TTOTTbITKaM TTOB1IIIIeHH5! HX 

rpaHyJTHpOBaHHOCTH (yMeHbIIIeHTrn qyBCTBHTeJTbHOH rnmm;aJ(lf HH,lJJ1BHJ(yaJibHbIX 

KaHaJIOB C1-THTbJBamrn) 3a cqeT pa3J(eJieHHH aHOJ(OB Ha HeCKOJlbKO raJibBaHuqecKH 

He3aBUCHMbIX lfaCTetl. TaK, B 6apenbHoti lfacrn ,IJ,eTeKTopa rrepexo,IJ,Horo H3Jiy4eHH5! 

(TRT) - TpeKepa BHYTpeHHero J(eTeKTopa ycrnHOBKH A TJIAC (LHC), ,IJ,JT5! 

ysenttl.femrn 3arpy3o'IHOM crroco6HocTH cTpoy nocne)J,HHe co,IJ,ep)KaJTH aHO,ll.Hbie 

npOBOJlOKH, COCT05!I..QHe H3 J(Byx HJIH Tpex 3JieKTpH1-IeCKH pa3J(eJieHHbTX qacTeH. 

c ysennqeHHeM 3arpy3KH TpeKOBbIX )J,eTeKTOpOB yxymuaIOTC5! rrapaMeTpbl 

BOCCTaHaBJIHBaeMb!X TpeKOB perHcTpHpyeMbIX lfaCTHU:. fpaHynnpoBaHHOCTb 

HHJ(HBHJ(YMbHbIX ,n:eTeKTHPYJOI..QHX KaHaJTOB ,J:(OmKHa yMeHbIIIaTbC5! ,ll.O HeCKOJlbKHX 

CM2 HJIH Mettee. B cnyqae HCTTOJlb30BaHHH ,ZJ,eTeKTOpOB Ha OCHOBe TOHKOCTeHHbIX 

J(peiicpOBb!X Tpy6oK HX lfYBCTBHTeJlbHbie o6nacrn MoryT 6bITb 3aTTOJ1HeHbl 

He6oJiblllHMM MO)J.YJI5!MH c KOpOTKHMH CTpoy, HO rrpH 3TOM 6yJ(eT He TOJlbKO nnoxoe 

OTHOIIIem'le t.JYBCTBl:!TeJlbHOM TTJlOI..Qa)J.H )J.eTeKTopa K ero TTOJlHOH nnom;a,LJ,H, HO H 

ysennqeHa ero pa.n;wa~MOHHa5! TOJll..QHHa 3a C'-IeT BHeUIHHX paM OTJ(eJlhHb!X MOJ(yJTeH. 

B ,1J,HccepTa~noHHoft pa6oTe paccMoTpeHa MeTo,LJ,HKa co3,n:aHH5! 

BhICOKorpaHynMposaHHhIX cTpoy c N-qHcnoM 3JieKTpnqecKH H30JIHpoBaHHbTX '-IaCTeft 

aHOJ(HOH nposonoKH. CqHTbIBaHHe HHCpOpMau;im ocyrn;ecTBn5!eTc5! c ,IJ,Byx KOHU:OB 



crpoy ,n;Jrn KpattHHX ee yqacTKOB, a .[(JUI npoMe)Kytot.rHbIX yc-rncTKOB aHo.n:a - t.repe3 

CTeHKY CTpoy c TIOMomhJO cneu;HaJTbHbTX nepe.n:aTO""!HbTX JlHHHH. 

Uenhro .ru1ccepTaunoHHoii pa6oThl 5fBJ15fJlocb Hccne.n:oBaHHe B03MO)KHOCTH 

C03.[(aHmr MHOrocerMeHTHbIX aHo,JJ,OB H Ha HX OCHOBe rpaHynHpOBaHHbIX CTpoy

.n:eTeKTOpOB .n.mr pa6oTbl B ycnosmrx Bb!COKHX 3arpY30K c MHHHMaJibHbfM 

yBemI"l:feHHeM KOJlH""!eCTBa BemecTBa. 

HayqHaH HOBH3Ha n JuaqnMOCTb pa6oThl. 
BnepBbie pa3pa6oraHa H nposepeHa MeTO.JJ.HKa C03.[(aHH5T rpaHym1posaHHbTX 

CTpoy-.n:eTeKTOpoB, I.JTO IT03BOJ15feT ysemft.rHTb HX 3arpy30t.fHYJO cnoco6HOCTb. 

IfarornsneH H Hccne.n:oBaH MHoroKaHanhHH npoToTHn .n:eteKrnpa Ha 6aJe crpoy c 

cerMeHTHpoBaHHbIM aHO,lJ;OM. 

HayqHo-npaKTnqecKaH UCHHOCTh pa6oTbl. 
C03,JJ,aHHe ctpoy 6oJihIIIOH .U:JIHHbI c MHorocerMeHTHbIM aHo,JJ,OM H 

He3aBHCHMOe Ct.fHTbTBaHHe HHCj)OpMaumI c 3JTeKTpHt.reCKH He3aBHCV!MbTX cerMeHTOB 

no3BoJrn:eT o6ecnet.rHTb tteo6xo,z:i:HMYJO rpaHynMpoBaHHOCTb no Been rmoma.n:H 

c03,z:i:aBaeMoro .n:eteKTopa H TeM caMhTM 3Hat.rHTeJlbHO YMeHbIIIHTb 3arpY3KY 

HH.I(HBH.JJ.YaJTbHbTX KaHanoB Cl.J:HTbIBaHJrn. 

AeTop JamumaeT: 

• TeXHOJTOffffO H3fOTOBJieHH.II MHOrocerMeHTHbTX aHO,I(OB H BHytpeHHHX 3JieMeHTOB 

.n:mr TOHKOCTeHHbTX ,n;peHQJOBbIX Tpy6oK ( CTpoy); 

• MeTO.I(HKY ycTaHOBKH MHorocerMeHTHbTX aHO.lJ.OB B CTpoy c nocne.n:YfQmHM 

BbIBO.I(OM ClffHana c rrpoMe)KYTOt.fHb!X aHO.I(HbIX cerMeHTOB t.repe3 CTeHKH CTpoy H 

HX TTO.I(KJIIOt.IeHHe K BbTCOKOBOJibTHOMY TIHTaHmohrreKTpOHHKe Ct.fHTbIBaHH5T c 

TIOMOli.l,blO crreu.uaJIH3HposaHHbIX rrepe.n:aT04HblX JlHHHH; 

• pe3yJlbTaTbI CTeH,I(OBbIX VI TTyt.rKOBbTX HCcrre.n:osaHHH npoTOTHTia rpaHyrrwpo

BaHHOro .n:eTeKTOpa Ha OCHOBe MHorocerMeHTHbIX CTpoy. 

Anpo6aunH pa6oThI H ny6mm:auuu. 
OcttoBHbie pe3ynhTaTbI .n:11cceptaI..J.HH .n:oKJia.n:1rnanHcb H 06cy)f<.n:anuc1 Ha 

pa6ot.rHX coBemamrnx Konrra6opaumr CBM (Compressed Baryonic Matter), TRT 

(Transition Radiation Tracker) ATLAS, Ha ceMHHapax na6opaTopHH cpH3HKH 

BbICOKHX 3Heprn:H: OH5II1 H ony6nHKOBaHbI B 6 net.raTHbIX pa6ornx, CTTHCOK KOTOpbIX 

npHse.n:eH B KOHU,e aBTopecpeparn, 3 H3 KOTOpbIX ony6mmoBaHbl B peq)epvipyeMbIX 

Hayc-rnh1x )Kypttanax. 

CTpyKrypa H 061.eM llHCceprnuuu. 
)J;11ccepTaU.H5T COCTOHT H3 BBe,n;eHH5T, Tpex rnaB H 3aKJTJOt.reHH5T, co.n:ep)f(HT 53 

pHCyHKa H CTIHCOK UHTvtpyeMOH JlHTepaTypbl H3 73 CCbTJTOK. 
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CO)J;EP)J(AHHE P Al>OTbl 

Bo sseueu1111 o6ocHoBatta aKTyanbHOCTh pa3pa6oTKH (11:ccne,IJ,0Batt11H:), 

ccpopMynHpOBaHa u,em, ,IJ,HccepTaUHOHHOH pa60TbI, noKa3aHa ttay1rna5I HOBH3Ha 

pa60Tbl Hee npaKTHqecKaH 3HaLJHMOCTh. 

B rrepsoii: r JiaBe onwcaHbT caM1re nonym1ptt11e B HacTo5lmee speMH ra3os11e 

,[(eTeKTOphr qacTHU., pa6oTaromne Ha npHHUHne ra3oBoro yci:rneHHSI, npnMeHHeMbTe B 

cpH3HKe Bh!COKHX 3HeprHH H 3JieMeHTapHbIX qacTHIJ,: .r1pettcpOBble KaMepbl, 

TOHKOCTeHHble .r1petiqlOBbJe Tpy6KH H MHKpOCTPYKTYPHble fa30Bbie ,[(eTeKTOpbT. 

I1oKa3aHbl HX npeHMymecTBa, He.[(OCTaTKH H B03MO)J(Hb!e npHMeHeHH5I B 

ycKOpHTeJibHblX 3KcnepHMeHTax. 

BTopaH rJiasa nocB5ltneHa onvrcamno pa3pa6oTKH cerMeHTHpoBaHHbTX cTpoy. 

I1pHBe,neHa TeXHOJlOfH5l c6opKH MHOrocerMeHTHbIX aHO,IlOB, cxeMa cqHTblBaHH5l 

CHrHaJlOB c npoMe)KYTOl.JHhJX aHO.[(Hb!X cerMeHTOB H no,IJ,alJa Ha HHX 

BbICOKOBOJlhTHoro Hanp5I:>Kemrn lJepe3 cTeHKY cTpoy. PaccMoTpeHa xpoHonornR 

pa3BHTH5l MeTO,[(HKH C03,[(aBaeMbIX Ha 6me cerMeHTHblX aHO,[IOB CTpoy-npOTOTHCTOB 

[l, 2], B TOM LJHCJie paccMaTpHsaeTcH KOHCTPYKUH5! H TeXHonorn5l c6opKH rrpoTOTHrra 

MHOroKaHanbttoro .ueTeKTopa, 06na.r1atomero rpaHyJrnpoBaHHocn,ro 4 cM2 [3 - 5]. 
TaK)Ke orrncaHa MeTO,I(HKa pa3pa60TKH crreuHanbHbIX nepe.uaTOLJHbTX nHHHM B BHAe 

Ka6eJT5l Cl.JHTbIBaHH5l c MaJlbIM KOJIHLfeCTBOM semecTBa ,I(Jl5I IIO.D:KJTIOLfeHHH 

rrpoMe)I<yTOlJHhIX aHO,lJ.HhlX cerMeHTOB K perncTpHpyiomeH: 3JleKTpOHHKe [6]. 
KaK O,I(HO H3 OCHOBHblX npeHMymecTB CTpoy-.neTeKTOpOB MO)KHO OTMeTHTb HX 

MHHHMaJlbHYIO pa,UHaU,HOHHYIO TOJllll,HHy, a OCHOBHh!M HX He,[(OCTaTKOM 5IBJl5IeTC5I 

HeBblCOKa5l rpattynHpOBaHHOCTb, orpaHHlJHBatoma5l 3cpcpeKTHBHOCTh perncTpaU,HH 

TpeKOB rrpH 6onbll10H MHO)I{eCTBeHHOCTH rrpOXO,I(5II.nHX 3ap5l)I{eHHbTX qacTHI(. )J,mr 

yMeHbllJeHH5I 3arpy3KH CTpoy Ka)I{,I(aSI aHO,I(Ha5I rrpOBOJIOKa CTpoy B 6apeJTbHOM 

.n.eTeKTope (Barrel-TR T) ycTaHOBKH ATLAS 3neKTpHLieCKH pa3.ueneHa B u,eHTpe, a 

CLIHTbIBaHHe c11rttanos ocymecTBnHeTc5l He3aBHCHMO c ee KOHUOB. TaKHM npocTbTM 

cnoco6oM snepBoie B peanhHOM 3KcnepwMeHTe 6J:,ma npHMeHeHa tt,I(e5l 

rpaHynwpoBaHHOH CTpoy. 

)J,m1 nos11wemrn rpaHymi:posaHHocrn cTpoy B elll,e 6on1wei1 cTeneHH, B 

OI15IH 6h1na pa3pa6orntta MeTO.nm<a C03AaH1H1 cerMeHTHposattHbIX aHo,nos CTpoy c 

He3aBHCHMbJM ClJHTbIBaHHeM HHcpopMaU,HH c Ka)I{.noro cerMeHTa [ 1, 2]. 0,IJ,HHM H3 

OCHOBHblX Tpe6oBaHHH K pa3pa6aTbJBaeMblM ,I(eTeKTOpaM 5lBJT5leTC5l MHHHMH3au:mr 

)J.OIIOJlbHHTeJlbHO BHeceHHOro KOJTHlJeCTBa semecTBa H MHHHMH3al(H5l BeJTHLfHHbT 

HeLiyscTBHTenbHOM o6nacTH ,I(eTeKTopa. C03,UaHtte cerMeHTHposaHttoro aHo.r1a 

ocymecTBJl5IeTc5I c IIOMOtnbro crreu;11anhHO co3,n:aHHoro ,I(Jl5l 3Toro cTeH,n:a. Onepau:mr 

rrpoHCXO)J.JiIT cne.uyrotnHM o6pa30M: B KaITHJTJl5!pHyio Tpy6Ky H3 6opOCHJ1HKaTHOro 

cTeKna nyTeM ee pacnnaBnemrn, snaHsatoTC5l .nse aHO,[(HbJe npoBOJTOKH H3 

IT030JlOLfeHoro BOJTbC~paMa, pa3,I(eJrneMbTe O.L(Ha OT ,Il,pyroH: H30Jl5!1(HOHHOH 

nepeMhJqKoH. CxeMa MHorocerMeHrnoro aHo,I(a H o6mttl1 BH,I( coe,I(HHHTeJTbHOH 

Tpy6KH TIOKa3aHbl Ha pHC. 1. B cnyqae, Kor.na cerMeHTHpoBaHHblH aHO,I( CO,I(ep)frn:T 

p5I,I( rrpoMe)KyToqHbIX nposoJioK, T.e. KOJIHliecTBO atto,n:H11x cerMeHTOB N>2, BMecTe 

c npoMe)KYTOl.JHbIMH aHO,I(HbIMH rrpOBOJlOKaMH B Karrwmrnp Hyto Tpy6Ky BITaHBafOTC51 
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Pnc. 1. a) n s) CxeMa MHorocerMeHTHoro aHo,lla: KanmurnpHa5l Tpy6Ka - (1), H30JT5l~HOHHa5l 

nepeMbl'-II<a - (2), (3) - MeCTO snaHBaHH5l npoBOJTOK, aHO,llHble npoBOJIOKH - (4) H KOHTaKTHa5l 

npoBOJTOKa npoMe)[{yTO'lHoro aHO,llHOrO cerMeHTa - (5); 6) o6mHH BH,ll coe,llITHHTeJTbHOH Tpy6KH; r) 

o6mrril BH,ll coe,llHHHTeJibHOH Tpy6KH c .llBYMil KOHTaKTHbIMH npoBOJIOKaMrr. 

H KOHTaKTHbJe npoBOJlOKH, KOTOpb!e fl03)Ke BblB0.[{5fTC5! Hapy)KY 11epe3 CTeHKY CTpoy. 

OcHOBHbre Tpe6osaHH5! K 061,e,nJrnemno nposonoK B MHorocerMeHTHbIH aHo,n: 

cne.n:yrom11e: coxpaHeHHe HX np5!MOTIHHeHHOCTH, CI.ma BbIT5lrHBaHIUI rrpOBOTIOKH H3 

Kamrmrnpa - He Mettee 90r, o6ecrrel.JeHHe ranr:,satt1111ec1<oro KOHTaKTa Me)J(.JJ:Y 

KOHTaKTHbIMH Ji! aHO):(HbIMH rrpOBOJlOKaMH H MHHHMMbHbTH TOK CTeKaHH5! Me)J(,n:y 

.I\BYM5! coce.[{HbIMH aHO.JJ:HbTMH cerMeHTaMH. 

Bi:.mo.n: KOHTaKTHbIX rrposonoK 11epe3 cTeHKy cTpoy ocymecTBJrneTC5! c 

rroMOlIJ.bfO ycrnHaBJIHBaeMoro Ha Karrmrmrpttyro Tpy61<y crrei1cepa, H3o6pa)J(eHHoro 

Ha pHC. 2 (cnesa), KOTOpblH He MewaeT CB060,I(HOMY rrpOXO)J()J,eHHfO pa6011ero ra3a 

B):(OJib CTpoy. Crrei-lcep, BMeCTe c o6be)J,HH51fOlIJ,eH CTeKJ151HHOH Tpy6KOH, 06pa3yeT 

crretfcepHbIH y3en (CY), c noMow,bro KOToporo no rrp1rne,n:eHott Ha p11c. 2 (cnpasa) 

cxeMe Hapy)J(y BbTB0.[{5!TC5l KOHTaKTHble rrpoBOJIOKH OT rrpoMe)J(yYOl.JHbTX aHO.[{HbIX 

cerMeHTOB -qepe3 Bbrpe3aHHOe 3apaHee OTBepcnJe B CTeHKe CTpoy. 3aTeM OTBepcTHe 

repMeTH3HpyeTC5f 3nOKCH,Il;HbTM KJieeM' 

qT06br OTpa6oTaTb TeXHOJlOrHTO H3fOTOBJ1eHmr CTpoy c MHOrocerMeHTHbTM 

aHO)J,OM B MaKCHMaJlbHO CTIQ)KHOM BapHaHTe, Ha BCeX 3Tanax pa60Tbl npHMeH51J1HCb 

CTpoy c HaHMeHbIIIHM ,n:waMeTpOM - 4+0,00;-0,02 MM, HaMOTaHHbTe JJ.BYM5f KaITTOHOBbTMH 

CTeHKa crpoy 

CTeK11HHHbli1 Kan1o11111Hp c 
aHO HOil n OB0110KOi1 

BblX0,!1 KOHT3KTHOH 
nooso110K1o1 

Mecro snawK1o1 
KOHTaKTHOH 
nposonoKlol 

P11c. 2. Crresa - o6mrril BIT.ll cnei!cepa H cnei!cep c BCTaBJTeHHOH nposorroKott. Cnpasa -

cxeMaTH'lecKoe 11306pa)[{eHrre cnei1cepHoro y3Jia. 
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PHc. 3. I1pHHU:HITHam,Ha51 cxeMa cTpoy c TpeM51 aHO.UHhTMH cerMeHTaMH. 

CTpHnaMH. KanTOHOBa5l nneHKa TOJlUJ.HHOH 25 MKM c O,ll.HOH CTOpOHbl noKpb!Ta 

amoMHHHeM TOJJUJ.HHOH ~ 0,2 MKM H cnoeM TIOJTHypeTaHa TOJJUJ.HHOH - 6 MKM, 

5lBJI5lIOUJ.HMC5l TepMOKJieeM. Ha .n.pyrorr noBepxttocTH nneHKH HaHeceH npoBO,I(5llI(HH 

rpacjmrnco.n.ep)f(alI(HH CJIOH TOJIII(HHOH (6 ± 2) MKM. 

B HaLiaJTe pa6oTbT 6bma H3rOTOBJTeHa H npoBepeHa CTpoy c TpexcerMeHTHbTM 

aHo,I(OM (pHc. 3), c .llJlHHOH cerMeHTOB - 185, I 00 H 180 MM. 0-rnTbIBaHHe 

HHcpOpMau;mr c KpaHHHX aHO,I(HbIX cerMeHTOB ocylI(eCTBJT5lJTOCb c KOHll;OB CTpoy 

(BbIBO.llbI I M 4). HHcpopMau,1151 c ueHTpanbHoro cerMeHrn CLIHTbIBaeTc5l no 

KOHTaKTHOH npOBOJlOKe 2. IlpaBblH aHO,I(HbTH cerMeHT CHa6)f(eH ,I(BYM5l BblBO,I(aMH (3 

H 4), no 0,I(HOMY H3 KOTOpbIX no.n.aeTC51 Bb!COKOBOJ1bTHOe nHTaHHe, a c .n.pyroro 

CHHMaeTC51 CHrHan. Hccne.n.yeMa5I cTpoy npo.n.yBanacb ra30BOH cMeCbIO Ar/C02 

(70/30)% H o6nyqanacb y-KBaHTaMH OT HCTOt.{HY!Ka 55Fe qepe3 II(eJieBOH KOJIJTHMaTOp, 

pacnoJIO)f(eHHbIH nepneH,I(HKYJT5IpHO aHo.n.y CTpoy. lllHpHHa nyqKa y-KBaHTOB B 

Me,I(HaHHoH: nnocKOCTH cTpoy cocrnBJTHJTa BeJlHLIHHY - I MM. BbTCOKOBOJlbTHoe 

Hanp5I)f(em1e no.n.aBanocb Ha cooTBeTCTBYIQII(HH cerMeHT aHo.n.a. ToKOBbTH 

ycMJIHTeJTb c BXO.llHbIM conpoTHBJieHHeM 300 OM no,ll.KJIIOI.J:aJIC51 Henocpe.n.cTBeHHO K 

cerMeHTY Liepe3 npoxo.n.ttyto eMKOCTb BeJTf!LJf!HOH 200 n<P. 

CKaHHpOBaHHe II(eJieBbIM KOJTJJHMMpOBaHHb!M HCTOLIHMKOM o6nacTH 

cnelicepHoro y3rra (CY) noKa3aJJO, t.{TO npH HCnOJib30BaHHH KaTIHJ1JT5lpHOH Tpy6KH 

,ll.JIHHOH 7 MM H cneH:cepa ,I(HaMeTpOM 3,95 MM H ,I(JIHHOH 4, 15 MM He3cpcpeKTHBHa5l 

o6rraCTb CTpoy COCTaBJ15leT BeJIHLIHHY ~ 7 ,2 MM. 

ITocne npoBepKH cTpoy c TpexcerMeHTHbIM aHO.JlOM 6brna paccMoTpeHa 

B03MO)f(HOCTb C03.llaHH5l H H3rornsneHH5I cTpoy c I 0-10 aHO.JlHbIMH cerMeHTaMH (pttc. 

4). ,[(JIHHa OT,I(eJlbHbIX cerMeHTOB HaXO,I(HJlaCb B rrpe.n.enax (50 -;- 250) MM. B TO)f(e 

BpeM5I 6brno YMeHbI.IJeHo KOJlHLieCTBO cnei1cepHbIX y3noB c 7 .n.o 4: qepe3 O,I(HH 

06oe,I(ttm110II(HH 3JleMeHT BbIBO,IJ,HJlHCb ,I(Be KOHTaKTHbie nposonoKH (pttc. 4). TaK KaK 

CLIHTbIBatolI(a5I 3JleKTpOHHKa ,IJ,eTeKTOpa .n.omirna pacnonaraTbC5I BHe ero l.JYBCTBH-

1500 

50 50 200 200 250 250 150 150 100 100 ·-· ...--.. ·---..... .. .. .... .. .. .... .. .. --.. ·-· 
1 2 3 4 5 6 7 8 9 10 

.j. t ~ 

PHc. 4. I1pHHU:HrrHaJTbHa51 cxeMa CTpoy c I 0-IO aHO,UHhTMH cerMeHrnMw. 
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TeJibHOH o6JiaCTH, TO ,L(JI51 TIO,Ll,KJifOY.IeHH51 K Hett npoMe)KyroqHblX aHO)J;HblX cerMeHTOB 

6blJIH C03,ll;aHbl H rrpHMeHeHbl Ha 3TOM :>Ke rrpoTOTHITe crreu:HaJibHbYe rH6KHe 

nepe,n;aTOqHbie JIHHHH (TIJI), CJIY)Kat0ru:He O,Ll,HOBpeMeHHO ,L(Jl51 no,n,aqH Bb!COKOro 

HarrpS!)KeHH51 H nepe,n,aqH CHTHaJIOB [2, 4]. CY.JHTbTBaHHe c KpaHHHX cerMeHTOB CTpoy 

npoBO)J;HJIHCb c ee KOHIWB. 

,I(JI51 CHmKemrn BJIH51HH51 BHeIIIHHX TTOMex JIHHHH 6bIJIH 3a3Kpam1poBaHbl 

amoMHHHeBOH cponhroH Tomu;ttHotl: ~ l 0 MKM. OcHOBHbie Tpe6osaHH51 K 

pa3pa6oTaHHOMY MeTO.IlY TIO,ll;KJifOY.JeHHS! rrpoMe)J(yTOY.JHbIX aHO,Ll,HbIX cerMeHTOB K 

CY.JHTblBaIOrn;etl: 3JieKTpOHHKe c TIOMOID;bJO rrepe,n:aTOY.JHbIX JIHHHM 6bIJIH CJie,IlYJ-OID;He: 

nepe,naqa TOKOBbTX CHrHaJTOB sem.YY.JHHOH nop51,D,Ka MHKpoaMrrepa c BpeMeHeM 

HapaCTaHH51 3+5 HC Ha paccT05!HHe ,Ll,O 2-x MeTpOB 6e3 HCKa:>KeHHM H ITOTepb, no,naqa 

no 3THM :>Ke JIHHHS!M atto,n,ttoro ttanp51:>KeHHS! BeJIHY.JHHOM ,no 2,0 KB (npH TOKax 

CTeKaHH5! :so, 1 HA/lllHHa npH HyJieBOM TIOTeHI.1,HaJie Ha coce,n,HHX ,n;Byx I.Ilirnax), a 

Ta!()Ke coxpaHeHI-Ie MHHHMaJibHOH pa,L(HaI.l,HOHHOH TOJIII.l,HHbI ,n,eTeKTopa. 

Ha 6a3e pa3pa6oTaHotl: MeTO,ll;HKH He3aBHCHMoro ct.IHTbIBaHH5! cHrHaJioB c 

aHO,IIHbIX cerMeHTOB CTpoy c TIOMOID;bJO nepe,n,aTOY.JHbIX JIHHHM 6bIJI H3roTOBJieH 

,L(ByxCJIOHHbIH npornnm ,L(eTeKTOpa pa3MepoM 400x200 MM2, HMeIOID;HH 360 KaHaJIOB 

perncTpaI.1,HH (cqHTbIBaHH51) c rpaHyJIHpOBaHHOCTbJO 4 CM2 (0 4x100 MM2) [3-5]. 
CxeMa npoToTmm rrpe,ncrnBJieHa Ha pnc. 5. ITpoTOTim rrpe,n,crnBmreT co6otl: 

,Ll,Byxcrrotl:HYJ-0 rrrraHapHYJ-0 KaMepy, Ka)K,L(blH CJTOM KOTOpoH: co,n,ep)l{HT 48 CTpoy 

,L(HaMeTpOM 4 MM H ,L(JIHHOH 42 CM. CJTOH C,Ll,BHHyrbI Me)J<.IlY co6otl: Ha BeJTHY.JHHY 

pa,n,nyca cTpoy. Atto,n:bI cTpoy pa3,n,eneHbT Ha 4 omrnaKOBbTe cerMeHTa (PHc. 6), Ha 

Ka)K,L(bIH Jif3 KOTOpbIX no JifH,ll;JifBH,IlyaJTbHOH illHHe rrepe,n,aTOY.JHbIX JTJifHHH rro,n,aeTC51 

aHO,IJ:HOe HarrpSI)J(eHFre Ji( no Hett )Ke nepe.I(aIOTC51 HHcpopMaI.l,HOHHble TOKOBble 

CHrHaJibl Ha pacnOJTO:>KeHHbie B6JTH3Jif KOHI.J.OB CTpoy aHaJIOrOBbie ycHJll1TeJTH Ji( 

cpopMHpOBaTeJIH. 

Pttc. 5. CxeMaTwiecKoe tt306pa)l(em1e npoTOTttna .ueTeKTopa Ha ocHoBe MHorocerMeHTHblX cTpoy: 

1 - TIJlOCKOCTb CTpoy; 2 - cy6paMa npoTOnma; 3 - ra30BblH ofrbeM; 4 - JllilHlilH nepe.ua'-IH ClilfHaJioB; 

5 - MeCTO paCTIOJTO)l(eHHi! 3JieKTPOHHKJ.l C'-IHTbJBaHHH; 6 - Bb!BO)lbl aHO)lHblX cerMeHTOB. 
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1 J 2 3 J 4 

~ I =3 ea El r 
Pttc. 6. CxeMa 4-x cerMeHTHOH cTpoy, npttMeHeHHOH Ha npoTornne rpaHym1posaHHoro )leTeKTopa. 

Pa,IJ,Ha1u10HHa5! TonmHHa H3fOTOBJleHHhIX AJ151 rrpoTOTHrra nepe,IJ,aToLJHhIX 

JIHHHH ~o, l 5%Xo. IloJ1Ha51 pa,IJ,Hal(HOHHa5! TonmHHa B o6naCTH ycTaHOBKH 

cnelicepHoro Y3Jla pa3MepoM 8X4 MM2 COCTaBHJla BeJlHLJHHY ~ 1,0%Xo. Ilocne 

c6opKH npoTOTHTia 6bTJIH pa3pa6oTaHbl 6onee TOHKHe JlHHHH c pa,IJ,Hal(HOHHOH 

TOnmHHOH ~ 0,06%Xo H c ):(pyrnM MeTO):(OM coe,D:HHeHH51 KOHTaKTHblX npoBOJlOK 

cerMeHTOB c WHHaMH nepe,IJ,aToqHblX JlHHHH, npH 3TOM Il0J1Ha5! pa,IJ,HaU,HOHHa5! 

TOJTmHHa B o6nacTH ycraHoBKH cnetlcepHHX y3noB YMeHhIIIHnaci:, .n:o 0,3 ...;- 0,4%X0 

[6]. 
AttanoroBa5! 3JieKTpoHMKa CLJHTbIBaHH5! pacnonaranac1 oKono O,IJ,Horo H3 

KOHU:OB CTpoy H HMeJia IIJIOTHOCTb pacrrOJIO)f(eHH5! 1 KaHan/MM. 

B TpeTbeii: n1aBe npe,IJ,CTaBJieHbI pe3yn1TaTbI 11ccne):(0Bamrn napaMeTpoB 

MHOfOKaHaJlbHOro npoTonma rpattynHpoBaHHOfO ):(eTeKTopa Ha OCHOBe 

MHorocerMeHTHbIX CTpoy, nonyqeHHbTe Ha HCCJie,n:oBaTeJibCKOM CTeH,IJ,e B JT<I>B3 
OH5IH H Ha a,IJ,poHHOM rryqKe KaHana H6 SPS B I(EPHe [4, 5]. 

B CTeH,IJ,OBbIX ycnoBH5!X 6r,ma npoBepeHa pa60Tocnoco6HocTb H 

O,D:HOpO,Il,HOCTb KaHaJlOB perncTpau,mi (pHc. 7), a TalOI<e BeJIHqHHa TOKOB CTeI<aJ-IH5! VI 

ypoBeHb IIJYMOB. ITporomn npo,IJ,yBaJic51 ra3oBotI cMecbIO Ar/C02 (80/20), ):(JI5! 

VICCJle,IJ,OBaHHH HCTIOJlb30BaJIC5! HCTOqHHK y-I<BaHTOB 55Fe. 

TttnoBa5! 3aBHCHMOCTb Benw-111Hb1 perncrpttpyeMoro cttrnana OT aHO):(Horo 

Harrp51)KeHirn Ha cerMeHrnx crpoy H THITOBa51 cqerna51 xapaKTepHCTHKa rrpH 

perHcTpaU:HH H3Jiyqemrn HCToqHHKa 55Fe rrpHBe,I(eHbl Ha pHC. 8. 3aBHCHMOCTH 

yKa3bIBatOT Ha pa6oroc11oco6HocTb cerMeHTOB rrpornrwna ,IJ,o ra3oBoro ycHJieHH5! 

~:~ftJoLJI bd.I ~J bccJ 
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 

N!! CTpoy N!! CTpoy N!! CTpoy N!! CTpoy 

10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 
N2 CTpoy N!! CTpoy N!! cTpoy 

Pttc. 7. Pe3ynbTaTbI f13MepeHHH sentt4HH cttrHanos c cerMeHTOB npoTOT1-1na penepHbIM TeCTOBblM 

YCHJlHTeJleM nptt cpHKCHpOBaHHOM aHO)lHOM Hanp5DKeHHH: a) rrepBa51 DJlOCKOCTb CTpoy; 6) BTOpa5I 

DJlOCKOCTb CTpoy. HoMepaMH o6o3Ha•JeHbl, COOTBeTCTBeHHO, p51)lbl cerMeHTOB B nnocKOCT51X. 
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AHOAHOe HanpR>KeHwe, KB AMnnwryAa, MB 

Pwc. 8. TwrroBa>r 3aBHCHMOCTh cpe)l:Heti Berrw-mHE.T cwrHarroB OT aHOJJ:HOro Hanp>rJKemrn (a) w 
THTlOBa>r ClJeTHa51 xpaKrepHCTHKa )l:JT51 cerMeHTa CTpoy (6). PernCTpHpOBaJTHCb raMMa-KBaHTbl OT 
HCTO'IHHKa 55Fe. 

~ 105 nptt OTC)'TCTBHH co6cTBeHHbIX llIYMOBbTX CiffHarroB .JJ,eTeKTOpa. Berrwnrna 

rropora cpopMvrpoBaTem1 cocrnBmrna ~50 MB. l13Mepemrn BbmorrtteHbT c 

ycttJlHTeJU!MH VI cpopMHpOBaTem!MH, CTO,[(fOTOBJleHHbIMH )J,J15! HCCJle,[(OBamrn 

rrpornnma Ha rryqKe ycKopvrTemr. 

Pe3)'JlbTaTbI npoBepKH Bcex 360 KaHanoB npoTOTH!la noKa3aITH BbICOKYJO HX 

O,[(Hopo,[(HOCTb. CrreBa Ha pvrc. 9 np1rne,[(eHo THrrH1rnoe 3Heprernl.JecKoe pa3pernem1e 

cerMeHTa, a crrpaBa - pacnpe,[(eJiem1e cerMeHTOB no BeJIHl.JMHe aMTIITHTYJJ:bI cHrHarra 

(,lJ,JI5! 55Fe). KoJTHl.JeCTBO Hepa6oTaI-OIUHX KaHaJlOB COCTaBHJIO 3% OT o6mero HX 

l.JHCJla, OKOJIO 2% KaHaJIOB OTJIHl.JallOCb TIOHH)l(eHHOH aMITJIHTY,[(OH perrrcTpvrpyeMbIX 

cttrHaJIOB. OcHOBHOH rrpn~mttott 3THX J(ecpeKTOB 5!BJ15!fOTC5! ornH6KM, BITH5!IOIUHe Ha 

TpaccttpOBKY ClffHaJIOB OT cerMeHTOB Ll.0 perncTpHpyfO~ett 3JieKTpOHHKH, lJTO 

YKa3bIBaeT Ha Heo6xo,n:HMOCTb ynyqrnettmr coe,[(MHeHHH lllHH rrepe,n:aTOl.JHbIX JIHHHH 

c KOHTaKTHbIMVI rrpOBOJlOKaMH cerMeHTOB H c llIHHaMH rrrraT Cl.JMTbIBaHH5!. 

N 1000 
5000 m 

Mean 848 0 ,_ 
FWHM 160 :c 

QI 

dEIE 18.9% ~ 100 
3000 

QI 
u 
0 
m ,_ 

10 u 
QI 
:r 

1000 :s: 
c; 
0 
:.:: 

1 
0 1000 2000 0 20 40 60 80 100 120 140 

l<attanb1 AUn AMnmrry,qa, ortt. e,q. 

PHc. 9. CrreBa - THnoBoe :mepreTHlJec1<0e pa3peweHHe .IJ.JT51 cerMeHTa rrpoToTwna. AHOJJ:HOe 
Harrpm1<em1e - 1,4 KB, ra3oBoe ycwrreHHe OKorro 4>< 104, ra3oBa>r cMecb ArC02 (80/20). Cnpasa -
pacrrpe,nerreHHe KaHaJTOB rrpOTOTHTla ITO BeJTH'IHHe pen!CTpHpyeMbIX c HHX cwrHaJTOB OT y-KBaHTOB 
c 3HeprHetl 5,9 K3B rrpH c]mKcHpOBaHHbIX ycrroBH51X )l:eTeKTHpoBaHH51. 
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c 

Pttc. 10. Cnesa - ::iKcnepttMeHTanhHall ycrnHOBKa Ha ny•me KaHana H6 SPS, noKa3hIBaJOII(M 

pacrrono)KeHYre )J.eTeKTopoB H o6nacrb, r)J.e TpeKH <iacTHU MoryT perHcTpupoBaThC51. CnpaBa -

cxeMa pa3MelI(eHM51 )J.eTeKTOpOB. ITpoTOTMTT Ha OCHOBe cerMeHTHb!X CTpoy (ITCC) pacnono)KeH 

Me)I<JJ.Y Si-AeTeKTopaMtt. TenecKon co,L1,ep)KHT 6 nnocKocTett mmcenhHhIX KpeMHtteBbIX )J.eTeKTopoB 

(Si-nnoc1<0cm) H 4 CUHHTttnnm.J,HOHHblX CLJeTLJHKa (S1-7S4). 

Tecn1p0Bam1e npoTonma Ha rryqKe 6orno BbmonHeHo Ha KaHaJTe H6 SPS B 

L{EPHe. B J<aqecTBe TpeKoBoro ,D,eTeKTopa HcrroJTb30BaJTc5f mmcenbHbIH nyqKoBbIH 

TeJ1eCKOTI, CO,D,ep:>KaII(MH 6 ITJlOCKOCTeH nonyrrpoBO):(HHKOBbIX (Si) ):(eTeKTOpOB, c 

pa3MepaMH IlMKCeJTeH 30X30 MKM2 H 4 CU:HHl(HJ1J15fU:MOHHbIX ClfeTI-IHKa, .., 
IfYBCTBHTeJibHbie pa3Mepbl KOTOpbIX farnH 6x6 MM-. ITpoTOTHfl Ha OCHOBe 

cerMeHTHb!X CTpoy (ITCC), ycrnHOBJieHHb!H no u:eHTPY TeJTeCKOITa, Mor 

npel(H3HOHHO nepeMe~aTbC5f B HanpaBneHHHX X H Y. Ha pvrc. 10 noKa3aHa cxeMa 

pacnonmKemrn ,D,eTeKTopoB Ha ycrnHOBKe. 

OcHOBHbIMH 3a):(alfaMH TeCTHpoBaHH5f 

orrpe.z:i:eneHHe 3cpcpeKTHBHOCTH perHCTpaU:HH H 

npoToTvrna Ha nyqKe 6brnM: 

rrpocTpaHCTBeHHoro pa3perueHM5f 

cerMeHTOB, a TaK:>Ke M3Mepemre HelfyBCTBHTeJlbHOH ):(JIHHbl CTpoy B MecTaX 

ycrnHoBKH B HHX cnencepHbIX Y3JlOB. ITpoToTHrr rrpo,D,YBaJic5f ra3oBoti cMeCbIO 

ArC02 (80/20)%. ra30BOe yc1rnemrn 6bIJ10 ~ 6X I 0 4. 

Ha pHc. 11 ( cneBa) rroKa3aHa R T-3aBHCHMOCTb ):(JI5f ,D,Byx coce):(HbIX cTpoy 

O,D,Horo cno5f rrpoTOTHrra, pacnoiro:>KeHHbIX B IfYBCTBHTeJTbHOH o6nacTH TenecKorra. B 
npaBOH qacTH pHCYHKa rrp:irne,D,eHa 3aBHCHMOCTb 3cpcpeKTHBHOCTH 3THX CTpoy OT HX 

pami:yca. Cpe):(H5f5f TOJlII"(Irna ra30BOro CJI05! B CTpoy ):(HaMeTpOM 4 MM ):(J15f ~ 70% ee 

):(HaMeTpa COCTaBJT5feT ~ 3,6 MM Ji[ ,I(a.JTee yMeHblliaeTC5f, IT03TOMY rrpH He):(OCTaTOifHO 

87% 
··rn .. i""1.w!•~•.,.. .. 1 .. ,t•U.--
.". • ., t ~·+· 

#9 

(Tr 2) 

PHc. 11. Cnesa - RT-3aBHCHMOCTb tvrn )J.Byx coce)J.HHX cTpoy O,!l,Horo cnoa nporoTttna. Cnpasa -
::icpcpeKTHBHOCTH 3THX cTpoy. AHO)J.Hoe HanpH)KeHtte - 1,55 KB. 
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BbICOKHX K03cpqni:u;MeHTaX ra30BOfO ycHJTemrn HJTH/H rrpH He AOCTaTO'IHO HH3KHX 

rroporax ,D;HCKpMMHHau;mr aHaJTOfOBOM 3JieKTpOHHKH B03MO)J(H0 HeKOTopoe 

TTOHH)J(eHJ1e 3cpcpeKTHBHOCTH H3-3a 60JiblllHX cpnyKTyaUHM HOHH3aUHOHHblX noTepb 

.n;mr pemrnrnHCTCKHX qacTHll;. Tiopor )lMCKpHMHHa[(HH (Tr 2) aHaJTorOBOM 

3JJeKTpOHMKM CTpoy 6hIJI - 4,5 <j:JKn. 

HeqyBCTBHTeJJbHbIM 3a30p Me)J(,ll;y coce,n;HHMH Tpy6KaMM Ka)J(,D;Oro CJIOH 

COCTaBJJ.sieT (160 ± 5) MKM M onpe,n;eJlHeTC.sl TOJJIUMHaMH CTeHOK Tpy6oK H 20 MKM 

3a30pOM Me)J(.zzy HX BHeIIIHMMM IIOBepXHOCTHMM. BM,D;HMaH Ha pMC. 11 
He3cp<j:JeKTHBHOCTb onpe.n;enHeTC.sl 3TOH o6naCTblO H HeKOTOpbIM CHH)J(eHHeM 

3cpcpeKTHBHocrn B6JTH3H cTeHKH cTpoy (Karn.n;a). H3MeHeHHe 3<j:Jc)leKTHBHocrn BAOJTh 

pa,n;Hyca Tpy6oK (.n;mr Tr 2 H npH aHO)lHOM HanpH)l{eHHH 1,55 KB) cocTaBJT.sieT 50%, 
20% H 10% .n;n.sr paccTOHHHH OT KaTO,n;a - 50, - I 00 H - 300 MKM COOTBeTCTBeHHO. 

tJyscTBMTeJJbHaH IIJJOIIJ;a,D;b Si tte60JJbllJaH M OT6HpaIOTC5l TOJibKO TpeKM c 

nnow;a,[(H 6x6 MM2• XMTbI pacnoJTo)l{eHHbIX cneBa H crrpaBa no nyqKy Si- ,[(eTeKrnpoB 

HCnOJJb3YlQTCH ,[(JTH peKOHCTPYKUMH TpeKOB. Pa3HH[(a MeR<.n;y H3MepeHHbIM H 

peKOHCTpyHpOBaHHbIM 3Ha'IemrnMH co.n;ep)J(MT HmpopMRQMIO 0 npocTpaHCTBeHHOM 

pa3pememn1 Hccrre,[(yeMoro ,[(eTeKTopa. 

Ha pHc. 12 rrp1rne,[(eHo THnwrnoe pacnpe.n;eneHHe OTKJTOHeHMH H3MepeHHhIX 

KOOp,[(HHaT 'llaCTHll; OT TpeKOB, BOCCTaHOBJTeHHblX no ,[(aHHbIM Si-,n;eTeKTOpOB 

TenecKOTTa. IllMpHHa pacnpe,[(enemrn (cr) COCTaBJTHeT BeJIH'IMHY 164 MKM. 

Crre,[(yeT OTMeTHTb pa3JJH1IMe B reoMeTpH1IeCKHX pa3Mepax ):{eTeKTopoB. TaK, 

nnow;a,n;i:, cerMeHTa rrpoTOTHna cocTaBrr.sreT 4 cM2, 'ITO B 11 pa3 npeBhIIIIaeT m1ow;a,n;h 

,n:eTeKTOpOB TeJieCKOTTa. TipH Bb!COKOM 3arpy3Ke ,[(CTeKTOpOB B03pacTaeT BepoHTHOCTb 

BOCCTaHOBJTeHH.sl JTO)l{HbIX TpeKOB, '-ITO npHBO,[{HT K no.sIBJTCHHIO IIbe)lecTaJia y 

pacrrpe):{eJTeHHH. I13MepeHHbie 3Hat.JeHH.sl ,[{CMOHCTpHpYIQT, 1ITO rrpOTOTHTT Ha OCHOBe 

MHOrocerMeHTHblX CTpoy MMeeT Tl'ITIH'-lH)'IO BCJJM'IMHY npocTpaHCTBCHHoro 

pa3peIIIeHHH. 

TlpH I13MepeHMHX He'IyBCTBHTeJibHOM )lJTHHbl CTpoy B03Jle cne'HcepHoro Y3JTa [5] 
npoTOTHTI nepeMemarrc.sr OTHOCHTCJibHO TerrecKorra c maroM 5,6 MM (T01IHOCTb 

nepeMew;eHHH 6bIJTa He xy)J(e 0,1 MM). PHc. 13 - a) TIOKa3bIBaeT, 'ITO 

Het.JyBCTB!-ITeJJbHaH ,[(m!Ha B.l(OJib OCH CTpoy (Y -KOOp,[(MHaTa) B o6JTaCTM cneitcepHoro 

)'3Jla COCTaBrr.sreT BCJJH'IHHY OKOJ10 7 MM. PMC. 13 - 6) nOKa3bIBaeT, 'ITO pa3peIIIeHHe 

npaKTM1IeCKM coxpaHHeTC.sl Ha BCeM i:.ryBCTBMTeJibHOM )lJJHHe CTpoy. 

TW#O o-: 164 MKM 
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PHc. 12. IlpocTpaHCTBeHHoe pa3peweHHe CTpoy, norry1rnHHoe Ha ny•rne. 
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Pttc. 13. a) Pacnpe.ueneHHe ::icpc])eKTHBHOCTH B.UOJTb aHo.ua cTpoy. He::icpcpeKTHBHaH .UJTHHa (Ha 
ypOBHe - 0,9 OT cpe.uHeH 3cpcpeKTHBHOCTH BHe cnencepHoro Y3JTa) COCTaBJrneT BeJlH'lHHY - 7 MM; 6) 
06naCTb yxy.UIIJeHfH! rrpOCTpaHCTBeHHOfO pa3peIIJemrn B6JTH3H CTTettcepHOfO Y3Jla COCTaBJlHeT 

Benwnrny - I MM. 

B 3aKJI1011emrn ccpopMymrpoBaHbI ocHoBHbie pe3yJlbTaTbI pa6oTbI vr BbIBOAbT 

)J,HccepTaUHH: 

1. BnepBbTe pa3pa6ornHa TeXHonorn51 H3roTOBJTeHH51 MHorocerMeHTHbTX aHOAOB 

H BHYTpeHHbIX 3JieMeHTOB cTpoy. 

2. TipoBepeHa ycTaHOBKa MHorocerMeHTHbIX aHO)J,OB B CTpoy c nocne,ll,yfOIIJ;HM 

BbIBO)J,OM KOHTaKTHbTX npOBOJTOK npoMe)KYTOI.fHbTX aHO,ll,HbTX cerMeHTOB qepe3 

CTeHKY CTpoy H HX TIO)J,KJTIOI.feHHe K BbICOKOBOJibTHOMY TIHTaHHFOhrreKTpOHHKe 

C4HTbIBaHH51 no cneUHaJTbHO pa3pa60TaHHbTM )J,J15I 3TOro nepe,n:aTOI.fHbTM J1HHH51M. 

3. TipoBe,n;eHhI CTeH)J,OBhie HCCJle)J,OBaHm! npOTOTHTIOB MHorocerMeHTHbIX CTpoy. 

IloKa3aHa B03MO)KHOCTb C03)J,aHH5I Ha HX OCHOBe rpaHynnpoBaHHOfO )J,eTeKTOpa. 

4. Ilpe,ll,JIO)KeH H HCCJTe,D;OBaH MeTOA yMeHbllJeHH5I pa,11,Hal(HOHHOM TOJ!ll\HHbl 

flJIOCKHX nepe)J.aTOI.fHblX JIHHHH B MeCTaX coe)J,HHeHH51 HX BblBO)J,OB c cerMeHTaMH 

aHO,D;OB. IloKa3aHO, l.fTO TOJlll\HHa JIHHHH B 3THX 30Hax MO)KeT 6bITb yMeHbllleHa B 5 
pa3- )J,O BeJIHI.fHHbl ~ 0,18%Xo. 

5. CTeH)J,OBbie H TIYI.fKOBbie HCCJie)J,OBaHH51 xapaKTepHCTHK npoTOTHTia Ha OCHOBe 

MHOrocerMeHTHbIX CTpoy TIOKa3aJIH, '-ITO BpeMeHHbie H npocTpaHCTBeHHbTe 

napaMeTpbl )l,eTeKTopa He OTJTHI.faFOTC51 OT xapaKTepHCTHK o6bI4HbIX TpeKOBbIX 

)J,eTe1<rnpoB Ha ocHoBe cTpoy. He4yBcTBHTeJlbHa51 ,n;mrna cTpoy B 06nacn1 

pacnoJIO)KeHH51 BHYTpeHHHX 3JieMeHTOB COCTaBm!eT BeJIHlfVIHY MeHee 5% OT ee 

ITOJIHOH LIYBCTBHTeJibHOH ,11,JTHHbl. rpattym1poBaHHOCTb TaKHX CTpoy MO)J<eT 
7 

BapbttpoBaTbC51 OT 1 CM" H 6onee, a HX ,11,JIHHa MmKeT 6bITb AO 4 MeTpOB. 
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