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YqenhIH ceKpernpb 
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Olilll.AH XAPAKTEPHCTHKA PAliOThl 

AKTyam>HOCTb 

3KcnepttMeHTaJibHhie ycrnHOBKH, 11CIIOJ!b3YeMbie B q>H311Ke BbICOKl!X :meprnfi 

)],ml perHCTpau1m 'laCT11U Ha ycKopHTem1x BCTpe'!HbIX ny'lKOB, COCTOllT, KUK 

npaB11J10, H3 BHyTpeHHero TpeKOBOfO )],eTeKTOpa, OKpy)l<alOll\efO o6JJaCTb 

coy)],apeHl1ll IIy'lKOB, ::meKTpoMarHl1THOro H a)].pOHHOro KanopIIMerpoB, MIOOHHoro 

)],eTeKT0pa. B COCTaB BHyTpem1ero )],eTeKTopa II0MHM0 MIIKpocTpHII0BbIX 

nonynpoB0)],HIIK0BblX )],eTeKT0pOB 'laCT0 BXO,llllT II ra30HanoJJHeHHbie ,neTeKT0pbl, 

06J1a)],a10ll\1Ie xopoweu 3q>q>eKTIIBHOCTblO pentcTpaUIIII 3apll)KeHH0ro II3JJY'lCHl1ll, 

OTHOCIITeJJbHOH npOCTOTOH II HeBbICOKOH CTOllM0CTblO. TipII 3T0M 0HII o6JJa)],aJOT 

MHHHMaJibHbIM K0JIII'leCTB0M co6cTBeHHOro Bell\eCTBa B cpaB!IeHHH c JJI06biM 

)].pyrHM TIIII0M ,neTeKTopoB, xop0llIHM npocTpaHCTBeHHblM pa3pernetmeM 11 

3arpy30'lHOH cnoco6HOCTblO. l1CIIOJ!b30Bam1e ra30HaII0J!HeHHblX )],eTeKTopoB, B TOM 

'l!ICJ!e ll TOHK0CTeHHbIX )],peHq>~BbIX Tpy6oK, II03B0JllleT npH pentcTpaUHII 

3apJ:i)KeHHbIX qaCTHIJ, II)],eHTHq>HUHpOBaTb !IX no nepeX0)],H0MY H3JJy'leHIIIO, 

ucnycKaeMoMy 'laCTHUaMH npII nepece'!emm rpaHIIU pa3,nena cpe)], c pa3JJII'lHOH 

)],II3JleKTpH'leCKOH npOHHUaeM0CTblO. OcHOBHbIM He,UOCTUTK0M )],eTCKT0p0B Ha 

0CHOBe T0HKOCTeHHblX )],pefiq>OBbIX Tpy6oK ~ llBJJJ:ieTCll !IX Hl13Kall 

rpaHynIIp0BaHHOCTb, onpe)],eJJJ:ieMall KaK np0H3Be,neHJie 3q>q>eKTIIBHOH )],Jll1Hbl 

)],eTeKTHPYIOll\ero 3JJeMeHrn Ha ero ,n11aMeTp. 

Co3)],aHHai:i ycrnH0BKa ATLAS Ha noJibllIOM A,npoHHOM Konnali,nepe (LHC} B 

~PH C0)],ep)KHT HeCKOJ!bK0 KpynHbIX )],eTeKTIIPYIOll\IIX CIICTeM, B TOM 'IIICJ!e 

BHyTpeHHHH .[(eTeKTop (B.[(), pa60TalOll\IIH B ycJJOBl1llX 3KCTpeMaJibHO BblCOKOH 

3arpy3KII. B C0CTaB B.[( BX0)lHT TpeKep Ha OCH0Be KpeMHIIeBblX ,neTeKTOp0B 11 

)],eTeKTOp nepeX0)],H0ro H3JJy'leHHll - TpeKep (TRT) HU OCHOBe TOHK0CTeHHhlX 

)].pefiq>OBhIX Tpy6oK (T.[(T IIJIII "cTpoy") c 06ll\l!M 'l!ICJI0M - 300 000 CTpoy. 

Pa3pa6ornHHbie M0)].YJJII TRT 6oKoBoro oKpy)KeHIIJ:i (barrel), npi:iMoro II o6parnoro 

HanpaBJJeHIIH (end-cap) 6b1m1 H3fOTOBJJeHbI B CillA, 0115111 II fll151<1>. B Jl<l>4 
O1151116blJIII C03)],3Hhl K0J!bl(eBble M0)],YJJII TIIna "B", npe)],H33Ha'leHHbie )lJ!ll pa60Tbl 

B ycJJ0BIIllX CBeTIIM0CTII )],O 1034 
CM

2
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UeJJb m1ccepTau110Hnoii pa6oTbl 
11ccJJe)],OBaHHe xapaKTepHCTHK T .[(T u BJll1l1Hllll Ha llX pa6oTy BHeWHl1X 

qiaKTOpOB (II3MeHeHHll TeMnepaTypLI, ,naBJJemrn, napaMeTp0B Cl1CTeM 

rmoo6ecne'leHIIll H BblC0K0B0J!bTH0ro Ill!Talmll); pa3pa6oTKa 11 cm,nam1e 

aBT0MaTII3Hp0BaHH0ro CTeH,na TeCTHpoBaHHll MO)],yJJeH TRT BHyTpeHHero )],eTeKTOpa 

ycrnHOBKH ATLAS; npoBe,ncHHe TecrnpoBamrn 17 BOCbMIICJJOHHhIX end-cap 

MO)],ynett TRT Tttna B, co,nep)Kall\11X - 105 000 T )],T; a TaK)Ke pa3pa6oTKa MeTO)],a 

II0BbillleHHll rpaHyJJHpOBUHHOCTH T.[(T. 

Hay'lHaH H0Bll3Ha pa60Tbl 

• 11ccJJe)],OBaHbl BpeMJ:i-aMIIJIHTYJlHhie napaMeTphl T0HK0CTeHHhlX )],peficj:>oBblX 

rpy6oK, a TaK)Ke BJIIIllHl!e Ha l!X pa6oTy pa3JJII'lHblX cj:>aKTOpOB. 

• Pmpa6ornHa MeTO)],l!Ka TeCTHpoBaHHH Mo,uynett ,neTeKT0pa B pe)KHMe 11X 
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Maccoaoro npo11JBO.UCTBa II MeTO.UbI onepanrnHoro o6ecnet.JeHJrn Tpe6yeMbIX 

JHat.Jelrntt napaMeTpOB OT,UeJJbHblX T,UT B cJJyt.Ja»x 11X OTKJJOl!eHl!H OT 

cneu11cpm.u1poBaHHblX BeJJHt.JIIH. 

• O6ecnet.JeHo onepaTl1BHoe 11 noc11e c6opot.JHoe TecT11poaaH11e Mo,ny11ett ,neTeKTopa 

THna B c 06m11M t.J11c110M - 105 000 T,UT. 

• ITpe,nJJO)KeH He HMeIOll.llfH aHaJJora MeTO.U COJ,UaHHll CTpoy C cerMeHTHpOBaHHbll\111 

aHo,naMH, 003BOJ15110ll.lHH o6ecnet.JHBaTb BblCOKYIO TpeKOBYIO ::icpcpeKTHBHOCTb 

,neTeKTOpOB Ha OCHOBe T,UT ,UJJSI 3KCnep11MeHTOB B ycJJOBHSIX 3KCTpeMaJJbHO 

Bb!COKOH CBeTHMOCTII. 

TipaKTlt'leCKaH QeHIIOCTb pa60Tbl 

• CoJ,naH cTeH,n aBTOMan1311poBaHHoro TecT11poBaH11» end-cap Mo,ny11eii TRT .n11» 

BHyTpeHHero ,neTeKTOpa ycrnHOBKII ATLAS. 

• Co6paHbl, npoBepeHbl II yCTaHOBJJeHbl B COCTaB cynep-MHOroKaHaJJbHOro 

,neTeKTOpa nepeXO,[(HOro HJJJY'!eJJHSI - TpeKepa KOJlbl..(eBbie Mo,ny1111 Tlflla "B" C 

IIOJJHbll\l '!IICJJOM ,neTeKTHpy1om11x K3HaJJOB ~ 105 000, napaMeTpbl 99,8% KOTOpbIX 

COOTBeTCTBYIOT Tpe6oBamrnM cneul1(i)IIKaUIIH. ITpoBe,[(eHa nacnopnnau11» BCCX 

,neTeKTHpy1011_\IIX KaHaJJOB KOJlbUeBblX 1\10.UYJJCH THlla "B". 
• ITpe,UJJO)KeH cnoco6 MHOroKpaTHOro llOBbIWemrn rpaHym1poBaHHOCTII T ,UT nyTeM 

IICllOJlbJOBaHl151 B Hl1X cerMeHTHbIX aHO,[(OB. 

Anpo6aµnH pa6oTbt 
OcHOBilbie peJyJJbTaTbl ,[(HCCeprnu1111 ,UOKJJa,UbIBaJJl1Ch 11 o6cy)K,UaJJIICb Ha 

pa60Y11x coaewamrnx Ko1111a6opau1111 ATLAS, cer.111Hapax Jla6oparnp1111 <pHJIIKH 

t.JaCTHU 11 ony6JJIIKOBaHbl B pa6ornx [1-6]. 

CTpVKTypa 11 061,eM )l11ccepTaq1111 
,U11ccepTaUl1SI COCTOHT HJ BBC,UeHHSI, ll5ITl1 rJJaB, a TaK)Ke OCHOBHblX pe3yJJbT3TOB 

ll BbIBO,UOB. ,U11ccepTaUHSI co,nep)K11T 94 CTpaHlll..(bl, BKJllOt.JaSI 56 p11cyHKOB, 6 rn61111u, 

0,[(HO npHJJO)KCHlle 11 Clll!COK l..(IITHpyeMOH JlHTepaTypbl 113 53 CCb!JlOK. 

CO)J.EP)KAHHE PAliOTbl 

Bo 66e0euuu 060CHOBa11a aKTYaJJbH0CTb Bbin0JJHeHHbIX HCCJie,[(OBaHHH, 

ccpopMy1111poBaHa ueJJb ,[(HccepTaUHOHHOH pa60Tbl, noKaJaHa HayYHaSI HOBH3Ha 

pa6oTbl H om1caHa CTpyKTypa ,[\HCCepTallHII. 

llep6aR Vlll6ll co,nep)KHT OfIHCaHHe KOHCTPYKUHH H MexaHHt.JeCKHX CBOHCTB 

TOHKOCTeHHbIX .npettcpOBbIX Tpy6oK, paccMaTpHBaeT BJJHSIIOil_\lle Ha xapaKTepHCTl1KH 

T,UT BHeWHHe cpaKTOpbl. 

Koopm111an1b1e raJOHanom1eHHbie ,neTeKTOpbl Ha OCHOBe T)J.T SIBJJSIIOTCSI 

MO,[lll<pHKau11ett n11a11apHbIX ,npett<pOBblX KaMep. Koop,n11HaTbl t.JaCTHU, npowe,nw11x 

qepe3 ,[\CTeKT0p, onpe,neJJSIIOTCSI B 06011x c11yt.Ja»x H3MepeHHeM BpeMeHH .npettcpa 

6JJH)KattWHX K aHO,[\HOH npoBOJJOKe 3J!eKTpOHOB HOHHJaUHH ra3a. B OTJlllt.JHe OT 
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.npettcpOBblX KaMep, 

L.l,IIJJIIH.Upllt.JHOCTb T ,UT 

CTpoy-KaMepbl 

06ecnet.J11BaeT 

0611a.na10T 

BblCOKYIO 

p51,UOM 

yrn0By10 

.npe11MyWeCTB. 

o,nHopo.nHocTb 

3JleKTpHYeCKOrO llOJJSI II BbICOKYIO 3KCnJJyaTaUHOHHYIO Ha,ne)KHOCTb 

MHOfOKaHaJJbHOfO ,neTCKTopa, TaK KaK He11cnpaBHOCTb 0,[(HOfO ,neTeKTHpymmero 

KaHaJJa He BJJHSieT Ha cpyHKUHOHllpOBaHHe OCTaJJbHbIX. KpoMe Toro, ,neTeKTOpbl 

3TOfO Tlllla co.nep)KaT MIIHHMaJJbHOe KOJJHt.JeCTBO BemecTBa B cpaBIIeHIIJI co BCeMH 

113BCCTHblMII THlla KOOp,UHHaTHblX ,[(eTeKTOpOB. 

ITJJaHapHbIC CTpoy-KaMepbl COCTOSIT 113 Ha6opa Tpy6oK, pacnoJJO)KeHHblX B 

O,UHOH llJlOCKOCTH. ,UJJ» ycTpaHeHnSI JJeBo-npaBOH Heonpe,neJJeHH0CTH KaMepa 

,[(0Jl)KHa 6bITb .UBYXCJJOHHOH co C,[(BHfOM O,UH0ro CJJ0SI 0THOCIITeJJbHO BToporo Ha 

BCJlllt.JHHY pa,n11yca Tpy6KH. T,UT, o6bJ1UIO ,[(HaMeTp0M OT 4 ,[(0 10 MM, 

113fOTaBJll!BaIOTC51 113 TOHKIIX llJJeH0K (Matt11ap, llOJJIIIIMH.U). AHO,Ual\111 B HHX 

5IBJ15IIOTC51 npoB0Jl0KH ,UllaMeTP0M 20-30 MKM C Harn)KeHHeM B .n11anaJ0He 40-90r, a 

KaTO,U0M CJJY)KllT npoao.nm1..1ee ll0KpbITlle BHyTpeHHett ll0BepxH0CTH CTeHKH Tpy6oK. 

C yae1111t.Je1rneM ,n11aMeTpa c_Tpoy, .n11» o6ecnet.Jemrn 0./lHHaKoaoro 3Hat.JeH11» 

BeJlllt.JHHbl ra30B0f0 YCllJlCHHSI, Heo6XO,UHMO HeKOTopoe yseJJI1t.JeH11e 

HanpSI)KeHH0CTH 3JleKTpHt.JCCl(OfO llOJJSI. KpoMe Toro, C B03pacTaHHeM ,UHaMeTpa 

CTpoy yaeJJllt.Jl!BaeTCSI np1111eraIOil_\al1 I( KaTo,ny 0611aCTb HH3KOH 1rnnpSI)KeHHOCTH. TaK 

,[\J151 CTpoy ,UHaMeTpOM 4 MM Hanp»)KeHHOCTb fIOJJSI. MeHee I 00 8/cM l!MeeT MeCT0 

B6mnn ll0BepxHOCTH KaTO,na Ha paccTOSIHHH MeHec 3% pa,n11yca CTpoy. Tor.na KaK 

,[11151 CTpoy ,[(HaMeTJ)OM 15 MM 0611aCTb C HanpSI)KeHIIOCTblO llOJJSI MeHee 100 B/cM 

yaeJJHt.JHBaeTc» .no 15% pa.n11yca T ,UT. 
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PHc. I. Be11H4HHa J,1eKTpH4CCKoro no11~ B/lOJlb 

pam,yca TJ:(T m1aMcTpoM 4MM - ◊, 6MM - ' 1 

9,56 - I', H 15 MM - o, wrn fa30B0H CMCCH 

ArC02 (70/30). 3Ha4cmrn a11ow1oro 

11anpH)Ke1rn~ cooTBCTCTBYIOT G = 1,4x J 04 s 
KalK.lloM c11y4ac. 

Ha p11c. l llOKa3aHbl pact.JeTHbie 3Hat.JeHll51 BeJJHl.JllH Hanp5I)KeHHOCTH 

3JleKTpnt.JeCKOro ll0Jl5I E B T0t.JKax r, B,[IOJlb pa;myca CTpoy r, B 3aBHCHMOCTH OT 

OTHOWCHIISI r, / r,: 

E = U (I- In(,;/,;,)) 
,; ln(rjr;,) ' 

r.ne U - aHO.[(HOe uanp5I)KeHHC, ,;, - pa,n11yc aHO,UHOH npoBOJl0KII. 

B 3aBHCIIMOCTH OT ue11ett H 3a,Uat.J KOHKpeTHOro 3KcrrepHMeHTa Heo6xo,nHMa 

OllTHMH3au,rn BpeMJl-aMllJlHTYLIHblX napaMeTPOB ,neTeKTOpoB, onpe,1:1e11J1eMblX B 

3Hat.JHTeJJbHOH Mepe HX ra30Bb!M H3llOJJHeHHeM. J13yt.JaJJOCb BJJHSIHlle ,no6aBOK CF4 11 
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0 2 B raJosy10 CMecb ArCO2 Ha speM»-aMIUIHT)'.[Ulhie xapaKTep11cTHKH CTPOY 

pa3nI1'-IHOfO )],HaMeTpa [1 ]. )],o6aBKH CF4 11 02, o6na)],al0ll.\He TaK HaJbIBaeMblMH 

'-IHCT51ll.\HMH CBOllCTBaMH, npe)],cTaBJJ51lOT HHTepec .L\Jl51 OilTHMHJau1m napaMeTpOB 

)],eTeKTOpOB C MaJJbIM BpCMeHeM '-IYBCTBltTeJlbHOCTH B YCJIOBH51X BbICOKHX JarpyJoK. 

l1ccJJe)],OBaHH51 BpeMeHHbIX napaMeTpOB T.l],T npOBO)],HJIHCb C HCilOJlbJOBaHHeM 
!06 

HCTO'-IHHKa P-:rneKTpoHoB Ru, aMnJJHTY.L\HhIX - c noMOll.\blO HCTO'-IHHKa y-KBaHTOB 
ssFe. 

B rn6n11ue 1 npe)],CTaBJJeHbl BeJIH'-IHHbl :mepreTH'-leCKOro pa3peweHH51 CTpoy 

paJJJl1'-IHOro )],HaMeTpa np11 perncTpaum1 y-KBaHTOB c :meprnett 5,9 K3B. T11n11'-!Hb1e 

aMnJJl1T)'.L\Hbie cneKTpbI co CTPOY .L\11aMeTpoM 4 H 6 MM .L\JJ» raJoBott cMecH ArCO2 c 

)],o6aBKaMH CF4 H 02 np11Be)],eHbl Ha p11c. 2 11 3, COOTBeTCTBeHIIO. 

150 

a! Ar:co2+s~·.:CF4 - ,5) A·1C0, 

Ar:CO2 -t 20\1 CF"' 

25:J 350 45\ ;;c i5D 110 ,50 35: 450 m '60 m 
A:1H.a:n,1 .-lI(II h.un:n.1 AUil 

PHc.2. AMIIJlH'fY/lHblH CIJeKTp CTpoy ,'\llaMeTp0M 4 MM 11p11 pernCTpau1111 y-KBaHTOB C 
311eprneii 5,9 K3B. fa3osaR cMccb ArCO2 c /l06asKaM11 CF4 (a) 11 0 2 (6), G = l,4xl04• 

a) 

10) 2:IC lOO 100 &)0 600 7CO 100 lOl JOI ICC !00 WO m 300 

I~aHa.lbJ AI.III I~.lH,\.lbl AUD 

PHc.3. AMnJ111Ty/l11b1ii cneKTP CTpoy /lHaMeTp0M 6 MM 11p1I pcrncTpau1111 y-KsauroB c 
31teprncii 5,9 K3B. fa3osaR CMecb ArCO, c /l06asKaMH CF4 (a) 11 0 2 (6), G = J,4x104• 

.l],o6aBKa CF4 cna6o BJ111»eT Ha 3HepreT11'-!ecKoe pa3pewem1e CTpoy )],11aMeTpOM 

OT 4 MM )],O 15 MM 11 He BmrneT Ha 3cpcpeKTHBHOCTb perHCTpau11H KaK y-KBaHTOB, TaK 

4 

H P-3JJeKTpOHOB. )],o6aBKa 0 2 )],O 1,5% npaKTH'-leCKH He BJJH»eT Ha 3HepreTH'-!ecKoe 

pa3perneHHe crpoy )],HaMeTpOM 4 MM. C yBeJIH'-1eH11eM napuHaJJbHOfO )],aBJJeHH51 02 
11/un11 )],HaMeTpa CTpoy 3HepreTH'-leCKOe pa3perneHHe pe3KO yxy,L\rnaeTCll H 

Il051BJllleTC51 He3cpcpeKTHBHOCTb per11crpau1rn co6bITllll. 

Ta6J111ua I. 3ueprcTH4ecKoe pa3peweu11e cTpoy /lllaMeTpoM d np11 per11cTpau11H y-Ksa11Tos c 
311eprneii 5,9 K38. ra30BOe YCHJICIIHC - J,4xl04

• 

fa30Ball CMCCb % 
dE/E (%) 

d=4MM d=6MM d=9,56MM d=l5MM 
Ar/CO2 70/30 18,6 18,8 19,2 26 

Ar/COvCF4 63/32/5 22,5 22,5 22 25 
Ar/COi/CF4 63/27/10 26 26,4 26 27 

Ar/COi/CF4 63/17/20 33 33,5 33,6 34,5 

Ar/C02/02 (70/30)/0,8 18 18.8 21 35,5 

Ar/COz/O2 (70/30)/1 18 19 21,3 41.3 

Ar/COi/O2 (70/30)/1,5 19,4 28 -- --

BpeMCHHbie napaMeTpbl T )],T HJMepllJJHCb npH paBHOMepHOM o6JJy'-ieHHH 

HCTO'-iHl1KOM P-3JJeKTPOHOB B)],OJJb )],HaMeTPa CTPOY, rrpo)],yBaeMbIX raJosott cMeCbIO 

Ar/CO2 c paJJJH'-IHhIM napuHanhHbIM )],aBJJCHHeM CF 4 11 0 2• 

3Ha'-ICHHll MaKCHMaJJbHOfO BpeMeHH .L\peitcpa T max s CTpoy paJHOfO )],HaMeTpa 

np11Be)],eHhI B ra6n11ue 2 . .l],o6aBKa CF4 ycKop»eT npouecc c6opa Jap».L\OB, rnr)],a KaK 

)],06aBKa 02 HCJHa'-IHTeJlbHO ycKOp»eT BpeMll c6opa Japll.L\0B na MaJJblX )],pettcpOBbIX 

pacCTOllHHllX, Ha KOTOpbIX ell.\e He npOllBJ151eTC51 npouecc Jaxsara 3JleKrpOHOB, 

npHBO)],llll.\llll K He3cpcpeKTHBHOCTl1 perncTpau1rn. 

Ta6J111ua 2. BpeMR /lpeiicjia 3JleKTp01t0B T ma, /lJIR pa3i1H4HOro C0/lep)KaHIIR Jlo6asoK CF 4 H o, B 
ra30BOH CMCCH ArCO2, a TaK)KC 3cjicjleKTHBIIOCTb pernCTpau1111 y-KBaHTOB (Ey, %) crpoy B cJJy4aRX 
He IIOJIHOH HX 3cjicjieKTHBHOCTH. 

CocTas ra3osoii cMec11 
Tmax, HC II (Ey .%) )lJUI CTpoy ,llllaMCTp0M d 

d=4MM d=6MM d =9,56 MM d =15 MM 
ArCO2 (70/30) 38 68,4 129 309 

ArCO2CF4 (63/32/5) 36,5 66,7 144 320 
ArCO2CF4 (63/27/10) 36 60 119 262 
ArCO2CF4 (63/17/20) 34 45 99 178 
ArCO2O2 (70/30)/0,8 38,7 64,1 135 (99,7) 278,7 (78,3) 
ArCO2O2 (70/30)/1 37 63,2 (99,6) 129 (89,9) 275,3 (72,6) 
ArCO2O2 (70/30)/1,5 36,5 59,5 (99,4) 119,7(70,1) 149,6 (62,6) 

)],o6aBKa 02 )],O 3% B pa6o'-lyIO raJOBYIO CMeCb rrpHBO)],HT K yMeHbWeHHlO 

BpeMeHll HapacraHHll nepe)],Hero cppOHTa BpCMeHHbIX pacnpe)],eJJeHHH B cpe)],HeM )],0 

3,5 HC no cpaBHeHHIO co cMecblo ArCO2• C yBeJ111'-!eH11eM )],o6aBKH CF4 .L\O 20% B 
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ArCO2 HapacTaHHe nepe.11.Hero cppoHTa pacnpe.neneHHH yMeHbrnaeTc» Ha 7-8 He 

(pttc.4). 

a) 6) 

80 90 100 110 120 130 140 150 160 80 100 120 140 160 180 200 220 240 260 
T. [Hcek] T. [Hee<] 

Pttc.4. 8JH1HHl1e napu11a.nbl10ro naBJJeHHH CF. 11a spe~rn npeiicpa 3JleKTp0110B /jJlH CTpoy /lH3MCTp0M 4 MM (a) 

11 1111aMeTpoM 9,56 MM (6). Kp11sa» 1 - ra3osa» CMCCb ArCO2CF4 (63/17/20); 2 - ArCO2CF4 (63/27/10); 3 -

ArCO2CF4 (63/32/5); 4 - ArCO2 (70/30). 

CymecTBemme BJIIIHHHe Ha CTa6HJJhHOCTh pa60Thl T~T OKa3hIBa!OT TaKHe 

BHelllHHe cpaKTOphl, KaK TeMnepaTypa H aTMOC<pepHoe .11.asneHHe. l13MeHeHHe 

TeMnepaTyphl fa30BOH CMeCH npHBO.ll,HT K H3MeHeHHIO ero TIJIOTHOCTH H, 

cne.nosaTeJJhHO, ra3osoro ycttneHHJ:I G. Bnttmme TeMnepaTyphr Ha ra3osoe ycttneHHe 

B CTpoy ll3Y'-laJJOCh B }J,Hana30He TeMnepaTyp OT l 8°C }J,O 35°C. 

TeMnepaTypHblll 3<p<peKT H3Mep»JJCJ:I Ha CTpoy, pa3MemeHHhlX B TepMOCTaTe, C 

BHelllHHM 06.11.yBOM pa6oyeu ra30BOH CMeCh!O, npH TIOCTOJ:IHHOM aTMOC<pepHOM 

.nasneHHH. To'-IHOCTh CTa6HJJH3al.(HH TeMnepaTyphl B TepMOCTaTe. COCTaBJJJ:IJJa 0, l "C. 

l13MeHeHHe fa30B0ro ycHJJeHHJ:I onpe.neJJJ:IJIOCh H3MepeHHeM IlOJIO)l(eHHJ:I 

aMTIJIHTY.11.HOfO IlHKa OT HCTO'-IHHKa y-KBaHTOB 
55

Fe. bhlJIO onpe.neneHo, '-ITO }J,JIJ:I 

npe.nnonaraeMou K HCTIOJJh30BaHHIO B TRT ATLAS ra3osou cMec11 Xe/CO:JCF4 

(70/10/20) H3MeHeHHe ra30BOro ycHJJeHHJ:I COCTaBJJJ:leT 2,68% Ha 1 °c. 
l13MeHeHHe TIJIOTHOCTH pa6oYero ra3a Bhl3hIBaeTCJ:I H H3MeHeHHeM .ll,aBJJeHHJ:I. 

113 ypaBHeHHJ:I H}J,eaJJhHOro ra3a cne.nyeT, '-ITO H3MeHeHHe TeMnepaTyphl ~T Ha 1 °c 
.naeT TO )Ke caMoe 113MeHeHHe IlJIOTHOCTH ra3a, '-ITO 11 113MeHeHHe .11.asneHHJ:I ~p Ha 3,4 

M6ap. 

l13MepeHHJ:I TIOJIO)KeHl1J:I aMTIJll1TY.!1.HOro n11Ka OT HCTO'-IHHKa y-KBaHTOB 
55

Fe 

6blJll1 npoBe.ll,eHhl }J,JIJ:I pa3JJl1'-1Hh!X .naBJJeHl1H (np11 Hel13MeHHOM pa6o'-!eM aHO.ll,HOM 

HanpJ:I)KeJUrn) B CTpoy. floJJO)KeHHe IlHKa JIHHeHHO yMeHhrnaeTCJ:I C yseJJH'-lem1eM 

.nasneHl1J:I. Pe3yJJhTaThl BhICTOJJHeHHhIX H3MepeHHH IlOKa3aJJH, '-ITO K03lplpHl..(11eHT 

3aBHCHMOCTll G OT .11.aBJJeHHJ:I 11MeeT BeJJH'-111HY 0,68% Ha 1 M6ap. 

C yseJJH'-le1111eM 3arpy3KH .neTeKTopa yxy.11.rnaeTCJ:1 ero 3HepreTHYecKoe 

pa3perneHHe (pHC. 5) H yMeHhllla!OTCJ:I BeJJH'-111Hhl perncrpnpyeMhlX CHrHaJJOB (pHC. 

6). Pe3yJJhTaThl np11Be.ll,eHHh!e Ha p11c. 6 yKa3bIBa!OT, '-ITO BeJJH'-IHHa 3arpy30'-IHOH 

cnoco611ocTH T~T onpe.11.enJ:IeMaJ:1 Ha ypoBHe 10% yMeHbllleHHJ:I BeJJl1'-111Hhl CHfHaJJOB 

COCTaBJJJ:IeT 9,2x104 c- 1MM·l H l,3x10
5 

c·
1
MM-l .ll,JIJ:I CMeceii Ha OCHOBe KCeHOHa H 

aproHa, COOTBeTCTBeHHO [2]. 

6 

70 

~~ 50 

"' 
"' .., 

30 

L=E::I I 
10 ~· . j .L----11-4.L.U! 

10 3 104 JO~ I. c-1~n.-

P11c.5. 3aBHCHMOCTb 311epreTH4CCK0ro 

pa3peweHHH OT HHTCHCHBII0CTl1 ll0T0Ka y­
KBaHT0B /jJlH raJOBOH CMCCH Ha 0CH0Be Ar 
(Kpttsa» 1) 11 Xe (Kp11sa» 2). rmosoe yc11J1em1e 

G = 104. 

~ 

0 

i 
~ 

~ 
; ••.9 
< 

o.s 

10 2 

x~ c11, 

Ar.CO! 

10' IU' 

~ 

~"·j 
\\ 1 ... 6 . 

It) J. l C • ~L\I 

Pttc.6. YMe11bwe11He aM1111HTY/lb1 cttrnru10s oT 

BC/IH41111bl nornowe1111oro ll0T0Ka y-KB3HT0B na 1 
MM ,IJ,,1HHbl allO/lHOH np0B0Jl0KH B CTpoy /ll13MCTp0M 

6 MM. l. - XeCO2, ■ - ArCO2• fa3osoe yc1rnem1e 

104 
/jJlH o60HX 113Mepe1111ii 3aBHC11M0CTl1. 

OTCIO}J,a cne.nyeT, '-ITO }J,JIJ:I Xe CMeCH npH perncTpal.(HH O.ll,H03apJ:I.ll,HhIX 

peJJJ:ITl1BllCTCKIIX '-laCTHI..( I 0% yMeHhllleHHe BeJJH'-IHH CllrHaJJOB 6y .ll,eT Ha6JJIO.ll,aThCJ:1 

npn mneHC11BHOCTJ:IX - 3,3x10
5 

c-
1 

Ha I MM .ll,JIHHhl aHO.ll,HOH npoBOJIOK!l. 
~ 

BmopaR masa Oill!CbIBaeT ~eTeKTOp nepeXO.ll,HOfO ll3JJY'-leHHJ:I - TpeKep 

3KcnepHMeHTa ATLAS LHC, ero KOHCTPYKTHBHhJe oco6eHHocrn, npol.(e.11.yph1 

conpoBO)K.ll,aIOmero npol.(ecchI c6opKH onepaTHBHoro KOHTponJ:I. 

BHyTpeHHIIH ~eTeKTOP HaXO.ll,HTCJ:I n Hatt6onee CJIO)l(HhlX pa.11.Hal.(HOHHhIX 

YCJ10BHJ:IX Ii J:IBJJJ:IeTCJ:1 uau6onee KOMilaKTHOH CHCTeMOH. B~ co.nep)l(HT 

TBep.ll,OTeJJhHhie TpeKOBh!e }J,eTeKTOphl nepsoro J:Ipyca (n11KCeJJhHhle H 

nonynposo.11.u11KOBhie ). CocTOJ:IlllHe 113 T ~T .neTeKTOphI BTOporo »pyca (TRT) 
pacnoJJO)KeJlhl Ha 60JJhllleM y.nanemrn OT TO'-leK CTOJIKHOBeHl1J:I 11, npe.nHa3Ha'-!eHhl 

.ll,JIJ:I peKOHCTPYKl.\HH TpeKOB 3apJ:I)KeHHhlX '-laCTHI..(, pa3B11THIO TpHrrepa BTOporo 

ypOBHJ:I H H,[(eHTlllpHKal.(11H 3JleKTpOHOB. fa6ap11Thl TRT .ll,OCTHra!OT 6,8 M B ,[(JIHHY 11 

2,2 M B ,[(llaMeTpe, o6mHil: Bee - OKOJIO 1,5 TOHHhl. 

bOKOBaJ:I '-laCTh TRT oxsaThIBaeT no HanpaBJJeHl1!0 OCH HY'IKa ±75 CM (OT TO'-IKH 

B3al1MO,[(ettCTBHJ:i) 11 CO.ll.Cp)KHT 52 000 CTpoy ,[(JlllHOll 1,5 MeTpa, pacnoJJO)KeHHhle B 

ocesoM uanpasneHHl1. ~Be YacTH npJ:IMoro HanpasneH11J:1 (end-cap) co,[(ep)KaT -

250000 T~T ,[(JIHHOH 40 CM, pacnOJJO)KeHHhlX s KOJlhl.(eBh!X MO.ll.YJJJ:IX s pa,[(HaJJhl!OM 

uanpasnemrn. 

Cm,[(aHHe 34 '-leThipexcnottHhIX K0Jlhl.(eBhIX M0.11.YJJeH Tllna B 11 06bC.ll,l1HeH11e 

HX s 17 BOChMHCJIOHHhIX MO,[(yneH 6brno ocymecTBJJCH0 13 JI<D4 0115111 [3]. 
Tpe6osaHHJ:I Ha KOHCTPYKl.\HIO, ncnonh3ye111b1e MaTepttanhI 11 c6opoYHYIO 

TeXHOJIOfHIO 6b!JIH ,[(0CTaT0'-IHO )KeCTKHMH ,[(JIJ:1 o6ecne'-leHHJ:I crn611J1hHOH pa60Thl 

,[(eTeKTOpa B ycJJ0BHJ:IX 3KCTpeMaJJhHO Bh!COKOH CBCTl1MOCTl1 13 TC'-ICHHe .ll,Jl11TeJJhH0f0 

spe111e1111 (He MeHee 10 neT). HaKonneHHaJ:I 3a 3To spel\rn pa,rv1al.(H011HaJ:1 11arpy3Ka 

COCTaBl1T OKOJIO 10 111Pa.11., a HHTerpanhHaJ:I IlJl0THOCTh HeHTpOHHOro DOTO Ka - OK0JI0 

2x10
14 

HeihpoHOBlcM
2

• C yY:eT0M Bh!COKOH MH0roKaHaJJhHOCTII .neTeKTopa 6bJJIO 

IlOBh!WeHHO Tpe6osa1111e K O,[(H0pO,[(H0CTH KaHaJJ0B perncTpal..(1111, '-ITO Tpe6osano 

CTpororo co6JJIO,[(CHHJ:I TeXHOJI0rHH npu Bh!IT0JJHeH!IH Bcex c6opo'-1Hh!X npol.(e.ll,yp. 

~» ocymecTBJ1e1111J:1 3Toro Tpe6osaH11J:1 6hrn11 sse.neHhI onepal.\HH Tecn1poBaH11J:1 
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npaKT11qeCKII Ha Bcex CTa.nm1x c6opK11. PeJyJJbTaTbl BHOC11Jl11Cb B 6aJy .[(aHHhIX H 

6b!Jll1 .[(OCTYilHbl yqacTHl1KaM KOJJJ1a6opau1111. 

B mpembeU Vlll6e paccMaTPl1BaeTCH CTen.n aBTOMaTl131lpOBaHHOro 

Tecrnposa1111H (CAT) end-cap Mo.nyneii .neTeKrnpa TRT ATLAS, c11cTeMa raJOBoro 

o6ecneqemrn 11 KJ11tMan1qecKoro KOHTponH, a TaK )Ke MeTo.n 11 npoue.nypa 

TeCT11pOBaHl1H. 

~rn o6ecneqeHl1H aBTOMaTl13HpOBaHHblX TeCTOB no 11CCJJe.[(OBaHH!O napaMeTpOB 

MO.[(yJJeii npHMOro nanpaBJJeHUH B ueJJOM 11 napaMeTpOB Ka)K.[(OH CTpoy B 

OT.[(eJJhHOCTl1 6b!Jll1 pa3pa6oTaHbl 11 COJ.[(aHbl 3 u.neHTUqHbie TeCT-CTaHUHII .[(JIH 

11cnoJ1hJOBaH11H B OI15Il1, TII15l<l> (raTq1rna) 11 I..tEPH [ 4]. B cocrnB 06opy.nosaH11H 

BX0.[(11Jll1 MexaHuqecKUe :meMeHTbl, 11CTOqHl1Kl1 raMMa-HJJJyqeHl1HSSFe Tpe6yeMOH 

aKTl1BHOCTl1, perucTp11py10IUaH :meKTpOHl1Ka 11 nporpaMMHOe 06ecneqem1e, 

MOHUTOpHh!H cqeTql1K (MC), CUCTeMbl raJOBOro o6ecneqeHl1H u BblCOKOCTa611JJbHbie 

UCTOqHl1KU HHJKO- H Bb!COKOBOJlbTHOro HanpH)KeHHH. 

TecTupyeMblH MO.L\YJJh KOJlbUeBoro .neTeKTOpa, COCTOHIUHH 113 .nsyx 4-CJIOHHhIX 

cy6MO.L\YJJeii, co.nep)KHT 8 CJIOeB no 768 pa.nnaJJbHO pacnoJJO)KeHHb!X KanTOHOBbIX 

T ,l],T c TOJIIUHHOH CTeHKH OKOJIO 70 MKM. Me)K.ny CJIOHMH Tpy6oK pacnonaraIOTCH 

pa.nnaTOpbI nepexo.nHoro uJnyqeHHH, co.nep)Kamue no 34 CJJOH non11np01mneHa 

TOJIIUHHOH 15 MKM. Tipu TeCTHposaHm-1 .neTeKTOpOB ucnoJJh30BaJJaCh raJOBaH CMeCh 

- ArC02 (70%30% ). 

~~
. -.:,· -.:::.,.--., ,._ ~. _:~~1- "''""' 1 ln&l.l)(ffl':Yll 

1-"l,.'>l!l":\\'I 

A ' j IJ 
/' ,., ~'.1.twt~ ;-:~ 

~

", t :1;: ,t 
/~ ·~·•· 
-·---..: :.,.-'_.... 

TCP:IP 

P11c. 7. CneBa - 6noK-cxeMa cre11.11a TecT11poBaH11~ KOJJbl.leBblX Mo.uyneil TRT. Cnpasa -

pOTOpHblH .uep)f(aTeJlb 11CT04Hl1KOB y-KBaHTOB, pacnOJJO)f(eHHblH Ha Tecn1pyeMOM MO.UyJJe. l -
TeCTttpyeMblH MO.UYJJb; 2 - poTop; 3 - .uep)f(aTCJlb l!CTO'llll!KOB; 4 - pecf>epeHCHble 11CT04H11KI! 
55Fc; 5 - ocHOBHble HCT04H11Kl1 

55Fc. 

KoJJJJHMHpOBaHHbie 11CTOqHHKH pacnonaraJJHCb Ha pa.[(HaJJbHbIX .nep)KaTeJJHX B 

pa3JJHqHoii nOJHUHH no pa.nuycy MO.L\YJJH Ha TaK HaJbIBaeMOM «poTope» H 06J1y<1aJJ11 

no 8 T,l],T Ka)K.noro HJ 4-x 6J111)Kattumx cnoeB. CurHaJJhI co cqnThrna10meii TecTosoii 

3JJeKTPOHHKH MO.L\YJJH nepe.naIOTCH Ha HHTepcpeiicHbie Mo.nynu u AlUl (puc.7). 

YnpaBJJeHue o6ecnequBaeTcH nepcoHaJJhHhIM KOMilbIOTepoM qepeJ Microcomputer 

Crate Controller, nporpaMMHoe o6ecneqeHHe HanucaHo Ha HJ bl Ke 

nporpaMMnpoBaH11H - LabView. Tiepe.n HaqanoM TecTnpoBaH11H Ka)K.noro MO.L\YJJH 

npoBO.[(HTCH KaJJu6poBKa Bcex KaHaJJOB cqnThIBaIOIUeii 3JJeKTPOHl1K11. 3TH .naHHbie 

8 

j 

J 

J 
) 

11cnOJ1bJYIOTCH np11 Ha6ope cneKTpOB BO BpeMH TeCT11poBaHHH 11 np11 nocne.ny10mei-i 

o6pa6oTKe. 

l1J-3a 60JJbWOH TOJIIU11Hbl MO.L\YJJH OTHOWem1e HHTeHCl1BHOCTeH o6nyqeHHH 

Tpy6oK nepBoro CJIOH K Tpy6KaM qeTBepToro CJIOH COCTaBJJHJIO BeJ111q1111y - 35, qTo 

orpaH11q11BaJJO KOJIHqecTBO O.[(HOBpeMeHHO TeCT11pyeMbIX CJJOeB. TI03TOMY 

TeCTHpOBaH11e BOChMHCJIOilHbIX MO.L\yJJeii npoB0.[(11JIOCh B .[(Ba 3Tana. Ka)K.[(blil 

.nep)KaTeJJb pornpa Ha o.n1111aKOBOM paccTOH1111u no pa.nuycy co.nep)K11T 

pecpepeHCHblil l1CToq1111K Fess, cJ1y)Kam11ii • .[(JIH KOHTPOJJH Ja BOJMO)KHblMU 

Cl1CTeMaT11qecKl1Ml1 113MeHemrnMH aMnJJl1TY.L\ c11r11aJJOB 11 HX KoppeKU11H. 

TipoBO.[(HJll1Ch H3MepeHl1H Ka)K.[(Oil T,l],T 11 peJyJJbTaTbl nocTynanu s 6aJy .naHHblX 

MH nocne.ny10mero a11an11Ja. 06mee 11JMep11TeJ1bttoe BpeMH Ka)K.noro 3rnna 

TeCT11pOBaHl1H COCTaBJJHJIO OKOJIO 40 qacoB. 

raJoBM CHCTeMa co6paHHa 113 MaTepuanoB H KOMnOHeHTOB BbICOKOil qUCTOTbl 

(He co.nep)Kamux Macen 11 Si), o6ecneqnBaeT no.naqy raJoBoi-i cMec11 nornKoM, 

COOTBeTCTBYIOIUHM O.[(HOH CMeHe o6beMa raJa B BOCbl\1HCJIOilHOM MO.[(yne s qac (-

30-40 n/qac). Tipe.nycMOTPeHa TaKli<e Hl1JKOcKopocrnaH (- 0,1 n/qac) n11HHH no.na411 

raJOBOil CMec11 .[(JIH npo.nysa MOHl1TOpHb!X cqeTqUKOB. 

Tiptt TeCTHpOBaHHH HJMepHJJOCb OTKJIOHeHHe Bem1qHHhl raJOBOro yc11ne11HH 

T,l],T Bbl3hIBaeMOe ee HCKpl1BJ1e1111eM 11Jll1 npoB11ca11MeM aHO.[(HOil npoBOJIOKl1. Tipu 

JIOKaJJbHOM HJMeHemm raJOBOro yc11J1eHHH Ha BenttqHHY 9% 11 6onee - T ,l],T 

OTKJIIOqaJJaCh no Bb!COKOMY HanpH)KeHHIO. 3aMeTl1M, qTo BeJ1uq011a B 8,2% 

COOTBeTCTByeT OTKJIOHeHHIO aHO.[(HOil npoBOJIOKl1 OT ueHTpa Ha 0,4 MM. 

Tipoue.nypa HJMepeHHil COCTOHna B nonyqeHHII cneKTpOB CHrHaJJOB OT SSFe B 6 

noJHUHHX no .[(JIHHe aHo.na Ka)K.[(Oil T,l],T H cpaBI{eHHH aMnJJl1TY.L\ H w11p1111 

pacnpe.neneHHil C 3TaJJOl!HblM11 J11aqeHHHMl1. TipHMOJIHHeilHOCTb T ,l],T 

xapaKTepuJyeT senuq011a D, onpe.nenHeMaH KaK: 

M A -A. A +A . D = - = max mm r,l],e A = -"'- HNJ 

A A,r ' ,,, 2 

a Am,,, Am;n - MaKC11MaJJbHOe 11 Ml1Hl1MaJJbHOe 3Haqem1e aMilJIHTY.L\ CHrHaJJa, 

HJMepeHHoro B HeCKOJJbKHX ToqKax no .nnttHe CTpoy, · A"' 11 A.Nx - aMnmITY.L\bI 

c11rHaJJa, HJMepeHHhie B Haqane 11 B KOHUe CTpoy no nanpaBneHHIO raJOBOro noTOKa. 

~rn HCKJII04eHHH BJIHHHHH KJIUMaTuqecKl1X ycnOBl1il 11cnOJ1hJOBaJJOCb 

HOpMHpOBaHHe K KOHTpOJJhHb!M CTpoy. 11JMeHeHHe aMnJJl1TY.L\bl 113-Ja aTMoccpepttoro 

.naBneH11H H TeMnepaTyphI onpe.nenHeTcH cpopMynoii: 

MIA= k(t1T/T- .1P/P) = kt1p/p, 
r.ne p - IlJIOTHOCTh raJa. Cne.nosaTeJJhHO, 113MeHeH11e aMnJJHTY.L\hl 113-Ja 

TeMneparypHb!X cpnyKTyau11ii MO)KCT 6b!Th Haimcano KaK 

A=Ao(l+;"t1T). 
3TH H3MeHeHl1H 0.[(11HaKOBbl .[(JIH 113MepHeMOil 11 KOHTpOJJhHOil TPY60K. Tio3TOMy 

nocJJe HOpMHpOBKl1 K KOHTPOJJbHOil T,l],T, BJll1HHHe TeMneparypbl 11 .naBJJeHl1H Ha 

113MeHeHHe aMnJIHTY.L\hl HCKJIIOqaeTCH, 113Mep11TeJ1bHM ToqHOCTh np11 3TOM nyqwe 

1 %. 11HTepBaJJhl Me)K.[(y HJMepeHHeM O.[(HOil tt TOH )KC T,l],T B pa3Hb!X TQqKaX no ee 

.[(JIHHe COCTaBnHeT - 7-8 qacoB, qTo .nenaeT BepOHTHbIM 113MeHeHHH B noMeIUeHl111 

TeMnepaTyphl 11 aTMOCcpepHoro .naBneHl1H. CooTBeTCTBeHHO, Heo6XO.[(HMO 
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o6ecne'-!HTb CAT cucTeMott Km1MaTH'-lecKoro KOHTJ)OJrn c 3anHCblO ,1J.aHHbIX Ha PC 

,[\JUI nocJ1e,1J.y1omett o6pa60TKII II BHeCeHllll KoppeKUIIII. 

,Um, KJJHMaTH'-leCKoro KOHTpOJJll (Slow-Control) ucnoJJb3YIOTCll 8 
TeMnepaTypHblX )].aT'-!HKOB, pacnoJJO)KeHI-IbIX no Hapy)KHOMY II BHyTpeHHeMy 

,ll.HaMeTpy KOJJhUesoro MO)].YJJll TRT end-cap B Henocpe,ll.CTBeHHOH 6J1113ocT11 oT 

Hero, ,[\aT'-!HK aTMOC<pepHoro )].aBJJeHHll II ,[\aT'-!HK BJla)KHOCTH. C11cTeMa ynpaBJJl!eTCll 

OT,ll.eJJbHbIM KOMnbIOTepoM, KOTOpbltt no TCP/IP nocTOl!HHO nepe,ll.aeT ,1J.aHHb1e c 

)].aT'-IHKOB Ha KOMnhIOTep c6opa ,ll.aHHbIX. B )].aJJbHettllleM, B cncTeMy Slow-Control 

6b1J1a )].06aBJJeHa <pyHKUllll ynpaBJJeJIHll 3JleKTpOHHbIMll pornMeTpaMII ,[\Jlll 

no)].)].ep)KaHllll noCTOllHHbIX 3Ha'-!eHHH napUHaJJbHblX ,ll.aBJJeHIIH COCTaBJJl!IOIJ..{IIX 

ra30BOH CMeCH. 

B 'lemaepmoii maae npHBe,ll.eHbl pe3yJJbTaTbl npoBepKH ra30BOH CllCTeMbl 

CAT Ha ee '-IIICTOTY H B03MO)KHOCTb 11cnOJ1b30BaHllll )].Jill <pHHaJJbHOro TeCTllpOBaHllll 

Mo)].yJJett TRT ATLAS, a TaK)Ke npuBe,ll.eHbI HTOroBble pe3yJJhTaTbl TecrnpoBaHHll 

MO)].yJJett. 

,Uo Ha'-!aJJa npoBe,[\CHllll aBTOMaTH3HpOBaHHOro TeCTllpOBaHllll co6paHHblX 

MO)].yJJett 6bJJIH H3y'-!eHbl napaMeTpbl OT)].eJJbHblX IIO,[\CHCTeM. Heo6XO)].HMOCTb 

o6ecne'-ICHllll H3Mep11TCJlbHOH TO'-IHOCTH BeJIH'-IHHbl fa30BOro ycuJJeHHll T,UT He 

xy)Ke 1 % Tpe6oBaJJO BblCOKyIO CTa6HJJbHOCTb COCTaBa pa6o'-!ero ra3a H KoppeKUIIIO 

OT,[\eJlbHblX 3JICMCHTOB ra30BOH CHCTeMbl Ha B03MO)KHbJe BapHaUHH napaMeTpOB 

oKpy)KaIOmett cpe,ll.bl. DposcpKa npoBO)].HJiaCb c noMOIJ..{bIO M0HHTopnoro )].eTeKTopa. 

l13MeHeHHll TeMneparypbl H ,ll.aBJJeHHll npHBO)].llT K pa3JJH'-IHOMY H3MCHCHHIO IIOTOKOB 

COCTaBJJSl!OIJ..{IIX ra30BOH CMeCH, '-!TO H3MeHl!CT HX napu11aJJbHOe ,1J.aBJ1eH11e. 

Pe3yJJbTaTbl TCCTHpoBaHHll YKa3aJJH Ha Heo6xo,ll.HMOCTb JaMeHbl CTaH,ll.apTHblX 

pornMeTJ)OB Ha 3JleKTpOHHbie, aBTOMaTll'-!eCKII KoppeKTHPYIOIJ..{He BeJJH'-IIIHbl npoTOKa 

C H3MCHeHHCM TeMnepaTypbl H ,ll.aBJJCHllll. I1cnOJJb30BaHlle 3JleKTpOHHblX 

pornMeTpos BRONKHORST, ynpaBJJl!CMbIX c11cTeMott KJ111r-.rnT-KOHTpoJ1ll '-!epe3 PC 

fIOKaJaJJO BbICOKYIO CTa611J1bHOCTb ra30BOH CMCCH. 

,llJJll BHecemrn ,!].OnOJJHHTeJJbHblX nonpaBOK B pe3yJJbTaTbl. TeCTllpOBaHml 

Mo,nyJJett TRT Y'-IIITblBaJJOCb sper-.rn OTKJIHKa BeJJH'-ll!Hbl raJOBOro ycuJJeHllll CTpoy Ha 

llJMCHeHHC TCMnepaTypbl HIHJJH ,naBJICHllll. C '.}TOH UCJlbIO 6blJIH . npose)].eHbl 

llJMepeHHll BpeMeHHOH 3a,ll.Cp)KKl1 H3MeHemrn ra30BOro ycHJJeHHll Ha pe3K0e 

H3MCHCHHe TCMneparypbl B noMell~CHHH. 

CyMMapHbIH o6beM ra30BOH MarIICTpaJJII H M0HHTOpa COCTaBJJlleT 199,6 CM
3

. 

npu npo,ll.yBe ra30BOH CMCCblO 500 CM
3
/'-!aC (8,33 CM

3
/MHH), CMCHa 0,1].H0ro o6beMa B 

CHCTCMe np0IICXO)].HT 3a - 23 MHH. npu n0CT0l!HHOM aTMOC<pepHOM ,ll.aBJJCHHH 6brna 

pe3K0 H3MCHeHa TeMnepaTypa B ra30BOH CHCTeMe. flpuse,[\eHHbIC Ha puc. 8 
3aBIICHM0CTH HJMeHeHHll aMnJJHTY)].bl CHrHaJJOB MOHHTOpa (KpHBall J) H 

TeMnepaTypHall 3aBHCHMOCTb (KpHBall 2) noKaJaJJII, '-!TO 3<p<peKT pe3KOro H3MeHeHHll 

TeMnepaTypbl npollBJllleTCll nocJJe CMCHbl 0,1].HOro cyMMapHoro o6beMa raJOBOH 

CHCTeMbl H ,[\eTCKTOpa, B )].aHHOM CJJy'-!ae '-!epe3 23,5 MHHYTbl. 
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0:00 0:10 0:20 0:30 0:40 0:50 1:00 1:10 1:20 
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P1-1c. 8. 0TKJJHK aMnJIHTY.Uhl 

CHrHaJJa (KpHBa8 2) Ha 

HJMeHeHHC TCMnepaTyphl 

(KpHBa8 1). 

UblJIH H3MepeHbl K03<pq>HU11e11Tbl OTKJIHKa aMnJJHTY)].bl CHfHaJJOB Ha H3MCHeHllll 

,1J.aBJ1eHHll oKpy)Kmomett cpe,nbI H TeMnepaTypbI CAT. Ha p11c. 9 npe,ll.CTaBJJCHbI 

3aBHCllMOCTH H3MeHeHllll ,naBJJeHHll BO BpeMeHH (KpHBall P) H aMJIJU!TY)].bl (KpHBal! 

A), C)].BHHYTOH no speMeHHOH OCH Ha cpe,nHIOIO Bem1'-IHHY speMeHHOH 3a,ll.ep)KKH, 

H3MepeirnyIO paHee. KaK BH,[\HO, ·C noHH)KeHHeM ,naBJJCHHll, aMIIJIHTY)].a CHrHaJIOB 

B03pacrneT H BCJIH'-IHHa K03<p<pHUHeHTa kp paBHa 0,66%/1 Mnap. C nOHH)KCHHeM 

TeMnepaTypbl aMJIJIIITY)].a CHfllaJJOB yMeHblllaCTCll, BeJIH'-IHHa K03<p<pHUHCHTa k-r, 

paBHall H3MeHeHHIO BeJIH'-IHHbl CHfHaJJOB Ha 1 °C cos;TaBJll!Jla BeJJH'-IHHY 6,24% npH 

HCIIOJlb30BaHHH CTaH,napTHblX poTaMeTpOB, He OTCJJe)KHBalOIJ..{HX CBOeBpeMeHHO 

TeMneparypHbie H3MeHeHHll. flocJJe 3aMeHbl o6bI'-!HblX poTaMeTpOB Ha 3JleKTpOHHbIC, 

3Ha'-!eHHe K03<p<pHUHeHTa kT COCTaBllJIO BeJIH'-lllHY 2,8% Ha 1 °C. 

403 979.o 

401 979.0 

399 978.5 Q. ,. .,.. 
~ 978.0 

~ -
395 977.5 

~ 
393 977,0 

391 970.S 

0:00 0:09 0:1S 0:21 0:36 0:45 0:54 

BpelUI Ul'H'JlelUlll 

P1-1c.9. Pacnpe.ueJ1eH1-1e aMrurnry.Uhl cHrnaJJa 11 .uaBJ1eHH8, aMnJ111Ty,ua c.usm1yrn no oc11 

BpeMCHH Ha 23,5 MHllyTbl. 

3cp<peKTbl pa,nuauuoHHOro crnpeHHll ,ll.eTeKTOpOB cymecTBeHHO 3aBHCllT KaK OT 

HX BHyTpeHHeH '-lllCTOTbl, o6ecne'-!HBaeMOH s npouecce c6opKH, TaK u '-IHCTOTOH 

llCIIOJlb3YeMblX faJ0BbIX CMecett, a CJle,[\OBaTeJlbHO HCIIOJlb3YeMOH raJOBOH CllCTeMbl. 

,llJJll npoBepKH '-IHCTOTbl fa30B0H CHCTCMbl llCIIOJlb30BaJJCll MOHHTOpHbIH ,[\CTeKTOp, B 
ssF KOTOpOM )].Be H)].eHTH'-!Hbie T,UT o6JJy'-laJJHCb HCTO'-!Hl!KOM y-KBaHTOB e B Te'-!euue 

580 '-!aCOB. I1cnoJib30BaJJach ra3oBall cMecb Ar/CO2/CF4 (63/27/10) npu cKopocrn 

npo,ll.yBa - 0,1 JJ/'-!aC. O,nua CTpoy o6JJy'-laJJaCb y-KBaHTaMH npu HHTeHCllBH0CTll 

o6JJy'-!eHllll 5,5 KrulMM (o6JJaCTb 3aCBeTKll COCTaBJll!Jla - 3 MM no )].Jll!He CTpoy), 

BTOpall - peqiepeHCHa}! Tpy6Ka o6JJy'-laJJOCb ,ll.pyrnM l!CTO'-IHHKOM c '-!aCTOTOH 100 
ru/MM (o6JiaCTb 3aCBeTKH - 8 MM). flo OTHOCHTeJlbH0MY H3MeHCHHIO aMJIJIHTY)].b! 

CHrHaJJ0B C 3Tl!X CTJ)OY BO BpeMeHH (A/AR, r,ne A - ar-.mJJHTY)].a CTpoy "ropll'-!ero" 
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0611y'-1emrn:, AR - aMnJJHTy,na peqiepeHCIIOfO CTpoy) onpe,nemIJIOCb OTCYTCTBtte mm 

CTeneHb HaJJH'-UUI '..HpqJeKTa crnpeHHjj CTpoy. TTptt TeCTttpoBaHHH KOHTpo11ttpOBaJJHCb 

H 3amICb!BaJJHCb BCC napaMeTpbl OKpy)l(aJOI.Uei1 cpe,nbl. 

Ha pttc. 10 npttBe/],CHbl pe3yJ1bTaTbl CKaHlipoBaHHM "rop511-1ei1" CTpoy ,no 

0611y'-!eHlrn (1) H IIOCJJC ee 0611y'-ICHHll (2). B pe3yJibTaTe TCCTttpoBamrn: CTpoy BH,[\HO 

H3MCHeHHC aMnJIHTY.Llbl CHfHaJJa Ha 2,2% B o6ny'-!aCMOH o6JiaCTH, BbI,[\eJieHHOH Ha 

pncyHKC nyHKTHpOM, '-!TO CBII,[\CTCJlbCTBYCT O HaJJH'-IIIH He6oJibIIIOfO 3qJqJCKTa 

CTapeHHM, HaXO,[llll.UCfOCll B npe,nenax ,nonycnIMOro. ,l.J,03a 0611y'-!el1Hll nptt 3TOM 

cocTaBJil!Jia - 10 MPa,n, a cyMMapHbIH HaKonneHHbIH 3apl!,n 8 K/cM, '-!TO 

coorneTcTByeT pac'-leTHbIM 3Ha'-!CHHMM nptt pa6oTe /].eTeKrnpoB TRT ATLAS B 

Te'-letttte 10 JieT 11a LHC. 

46') 

-150 

:;:: 4-10 

1 430 

-Wt 

~
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II I 

20 40 60 80 100 120 uo 
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Pttc.10. v!JMeHeHHe a~rnJmryJJbl CHrHaJJOB c 

"rops4eH'' cTpoy .no ee 06J1y'leHHS (I) 11 

nocnc (2). 

Ha pttc. 11 npHBe/].Cllbl TttnH'-!HblC cneKTpbl OT HCTO'-IHHKa 
55

Fe B pa3Hb!X 

TO'-!Kax no /].JIHHC npl!MOH H H30rHYTOH Tpy6oK (npaBb!e l1 JJeBbie pacnpe/l_CJICHHll, 

COOTBCTCTBeHHO ), noJJy'-leHHbIC nptt TeCTHpoBaHHH Mo,nynefi TRT /].eTeKTOpOB. 

BH/1-110 YXY/1-IIICHHe 3HepreTH'-ICCKOfO pa3peIIICHllll B ue11Tpe npaBOH Tpy6KH. 

TTOiJ.06Hble H3MCHeHHll 3HepreTH'-ICCKOro pa3pCIIICHHll, Bbl3b!BaCMb!e H3MCJICHHCM 

JIOKaJJbHOH BCJIH'-lllllbl fa30BOro ycttJICHHll, Ha6JIIO/].aIOTC51 nptt 6oJibIIIOM CMememm 

aHO/].HOH npOBOJIOKH OT UCHTpa CTpoy, a TaK )l(e npH HCKpHBJICHHH HJIH /l_CqJOpMaUHH 

CTCHOK CTpoy, T.e. KaTo,na. 

Ha pHC. 12 npe/l_CTaBJieHbl nOCJlOHHble pacnpe/l_eJieHHll BCJIII'-IHH D 110 

pe3yJihTaTaM Tecrnp0Ba11ttl! 17 M0/1-YJieiI TRT. l1rnroBbIC pe3yJihTaThI npHBene11b1 B 

rn6JIHUC 3. 3TH pacnpe,neJieHHll Bcex H3MepeHHbIX CTpoy no CJI051M, noKa3b!BalOT 

HCKOTOpoe yMeHbIIICHHC IIIHpllHbl pacnpe,neJJCHHH OT nepBoro CJIOll K '-!eTBepTOMY, 

'-!TO CBl!3aHO co cxeMOll ycTaHOBKH aHO,[\HbIX npOBOJIOK B CTpoy. TTpoBOJIOKH 

ycTaHaBJIHBalOTCll no CJJOMM, Ha'-IHHaJ! c 1-ro npH cpe,nHeM HX HaTll)l(CHHH - 68 
rpaMM. 11x ycrn110BKa B Ka)l(/l_hIH nocJJe/1-YIOIUHH cnoi1 npHBO,nHT K He6onbwoi1 

/l_eqiopMaUHH cy6MO/l.YJill ll, COOTBeTCTBeHHO, K He60JibIIIOMY H3MCHCIIHIO HaTll)l(CHHll 

rrpOBOJIO'-!eK B npe/l_bl/l.YI.UeM cnoe, '-!TO CKa3bIBaeTCll Ha noCJIOllHOM pacnpenc11e11HH 

BeJIH'-IHHbl D. 

Ta6;mua 3. viTOfOBble pe3yJibTaTLI TCCT11pOBaHl1S MO,ll,)'JieH 

Konl1'-!CCTBO KoJJH'ICCTBO D,% 

CTpoy OTKn104CH!lblX KaHanOB, % <5 % I 5-8% I 8-9 % I >9% 

104448 0,15 93,8 % l 5,9% I 0,12% I 0,05% 
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P11c. l L CneKrpb1 OT 
55Fc B 6 T04Kax mMepemrn no 

)Vll1He (cJJeBa) 11CKPl1BJICHHOH CTpoy 11 CIICKTpbl C 

pecpcpeHcHoii cTpoy (cnpasa). napaMeTp 

3KCUeHTpHCHTeTa CTpoy D = 11,4%. 
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P11c.12. Pacnpe.ncne1111e BCJll14'1H D wrn 104448 

CTpoy no c.1osM B cy6,10,1y1isx TRT. 

Ilo IITOraM TeCTHpOBaHHH OTKJIIO'-!aIOTCl! OT BblCOKOBOJlbTl!OfO Hanpl!)l(CHH51 

CTpoy C HCO/].HOp0/1-HOCTbIO fa30B0f0 yc1111eHHM D 6onee 9% (450 l\lKM), CTpoy C 

o6pb!BOM aHO/].HbIX npOBOJIOK tt c BCJIH'-IIIHOll HaTl!)!{eHHll aHO/l_Hb!X npOBOJIOK 50 < T 

< 90 rpaMM, a TaK)!{C CTpoy C OTCYTCTBHCM CHfHaJIOB no .npyruM pa3JIH'-!Hb!M 

npH'-IHHaM. Hatt6onee '-!aCTO 3TO onpe,neJJl!JIOCb nJIOXOll nepe,na'-!eH CHfHaJJOB C 

aHO/].a CTPOY K C'-!HTbIBaIOIUCll 3JICKTpOHHKe no MHOfOCJIOllHb!M KarrTOHOBbll\1 nJiaTaM 

ll3-3a HapyIIIeHHll MeTaJJJIII3al].Hl1 TOKonpoB0/].511.UllX COC/].IIHCHHH MC)l(iJ.Y CJIOl!MH. 

Pe)l(e BCTpC'-laJIHCb OTKa3bl pa3MeIUCHHb!X Ha IlJiaTax 3J1CMCHTOB. 

B nRmoii mace onHCbIBaeTCll MeTO/]. C03/].aHttll cerMeHTHbIX T,l.l,T [5], HX 

KOHCTPYKUHll H OCHOBHb!e napaMeTpb!. 

BbICOKO-rpaHynnpoBamible KOOp/l_HHaTHb!C CTpoy /].CTCKTOpbl 6oJihWOH 

nJJOI.Ua/].H C MaJJOll pa,nttaUHOIIHOll TOJIIUHHOH H BbICOKOll pan11al].HOHHOH 

CTOHKOCTblO npe/l_CTaBJil!IOT HHTepec /].Jill C03/].aBaeMhlX ycTaHOBOK COBpe,,1eHHblX 

ycKopttTeJICll. Pa3pa6oTKa T ,l.l,T 60JiblllllX /1-JIHH C 11,rnorocerMeHTHblMH aHO/l_aMH, 

o6ecne'-!HBaIOIUHMlI C'-IHTb!BaI!He HllqJOpMaUHH C 3JlCKTpH'-1CCKll He3aBHCHMblX 

cerMCHTOB '-1epe3 CTeHKY, no3B0Jll!CT o6ecne'-!HTb Heo6xo,nHMYIO BeJIII'-IHHY 3arpy3Kll 

B Ka)!{,[IOM JIOKaJJbHOM ,neTCKTHpy10meM 3JICMCHTe ITO BCeH nnou~a/].H 60JibIIIOfO 

/].eTeKTOpa nyTeM OITTHMH3all_HH /].JIHH cerMeHTOB. 

,l.l,nll H3f0TOBJICHH51 MHOrocerMeHTHblX aHO,[\OB 6b!Jl C03/].aH CTeHn H 

pa3pa6ornHa MCTO,[\HKa HX H3fOTOBJieHHll. B Kam1J1Jillp11y10 CTCKJIMHHYIO Tpy6Ky 

/].JIHHOH 6-7 MM, c Hapy)!{HbIM ,nttaMCTµOM 0,25 MM tt BHYTPCHHIIM /1-liaMeTpOM 0, 1 MM 

BnaHBaIOTCjj ,[\Be aH0/1-Hb!C npoBOJIOKH, pa3/].CJlllCMbIC 0,L\Ha OT npyrofi 

pacnnaBJICHHOH nepeMhi'-IKOH (puc. 13. a, 6, B, r). Bee Kannn11l!p1mi-i Tpy6Ktt H3 

6opOCHJIHKaTHOro CTeKJia COCTaBJil!CT 0,094 Mr Ha 0/].HH MM ee /].JIHHbl, T.e. 

npeHe6pe)l(HMO MaJJ. 
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P11c.13. a - Kalll1JlJ1HpHaH Tpy6Ka - (I). 1130JlHUHOf!HaH nepeMbl4Ka - (2), MeCTO Bna11BaH11H 

np0B0Jl0K - (3). all0/\Hble np0B0JI0Kl1 (4) 11 /\0n0.~HHTeJlbHaH K0HTaKTHaH np0B0Jl0Ka (5) 113 

10Jl04eHoro BOJlbCppa~rn /\HaMeTp0M 30 MKM; <p0Torpaqrn11 Kalll1JlJ1HpHblX Tpy6oK C aHO/lllOH 

np0BOJIOKOH, C/leJlaHHble 11p11 ll0M0IUH MHKpocKona: 6 - UCHTpaJJbHaH nepeMbl4Ka; B -

MCCT0 B11a11Ba1nrn np0B0Jl0KH; r - T0peu Kanl1,1JJHpHOH Tpy6K11 C 31101\IIOH np0B0Jl0K0H. 

Kom.1errum1 cm.1.1amrn cTpoy c MHorocerMeHTHhlM aH0.L\0M 11pe.1.1crnsneHa Ha 

rrpHMepe CTpoy c Tper.rn aH0.L\HhlMH cerMeHTaMH (puc.14). Co6paHHhlH 

MH0rocerMeHTHblH aH0.LI BCTaBJUleTC.H B CTpoy H q>HKCHpyeTC.Sl·B K0Hl(eBblX BTYJJKax. 

C 1mTb1BaHHe HHq>OpMal(HH C KpaHHHX aHO).\HblX cerMeHT0B ocyll.\eCTBJJ.HeTC.H C 

K0Hl(0B CTpoy. l1Hq>OpMaQH.H C ueHTpaJJbH0ro cerMeHTa CL[HThJBaeTC.H 110 

KOHTaKTHOH rrpOBOJJ0Ke, 11poXO.L1.Hll.\eH qepe3 crrettcep, 110Mep)K11Bal011.\11H 

Kal111JlJJ.HpHyJO Tpy6Ky, 11 OTBepcTHe s CTeHKe CTpoy. 

r TT~4 
P11c.14. CTpoy /lllaMeTp0M 4 MMC TpeMH all0)111blMl1 CCfMeHTaMl1. C JleBoro 11 ueHTpa.JlbH0fO 

cerMe1na 1111cpopMatll1H C411TblBaCTCH no BblX0/laM I 11 2, C00TBCTCTBCIIII0. C npasoro 

cerMeHTa C411Tb1Ba111-1e M0)l{eT ocyLUeCTBJlHTbCH llJ111 C BblX0/la 3, HJ111 C BblX0/la 4. 

ITp11 c6opKe cerMeHTHblX aH0.L\0B HeK0TOpb!e Kal1HJJJJ.HpHble Tpy6KH 

06be.L111H.HJOTC.H co c11ettcepaMH H3 11on11Kap60HaTa, 06pa1y.H "c11ettcepHb1e YJJ1h1 11 , He 

MernaJOI.I.\He CB060.LIHOMY 11p0XO)K).\eH11JO ra3a B).\0Jlb CTpoy. AHO.Lib! 

ycTaHaBJJHBaJOTC.H B CTpoy 11p11 HaT.H)Ke!mH 70 rpaMM, KOHTaKTHhle 11p0B0JJOKH 4epe3 

cnettcepHbie Y3Jlbl BblBO).\.HTC.H Hapy)Ky 4epe3 0KHa pa3MepoM - 2x1,5 MM. ITocJJe 

TeCTHpOBaHH.H no BCeM KaHanaM C411TbJBaHH.H, Ka)K).\a.H CTpoy repMeTH311pyeTC.H. 

bhlJlO co6pa1m 11 11posepeH0 HeCK0JlbKO CTpoy, aHaJJOfHL[HblX npHBe).\eHHOH Ha 

pHc.14. Tp11 aHO.L\HhIX cerMeHTa 3THX CTpoy HMeJ111 ).\JJHHY - 185, 100 11 180 MM. 

l1ccne.1.1yeMa.H cTpoy npo.1.1ysanocb ra30BOH CMeChJO Ar/CO2 (70/30) 11 o6nyqanacb y­
KBaHTaMH OT HCTOL[HHKa 

55Fe 11epe3 11.\eJJeBOH KOJJJlHMaTop, pac110JJO)KeHHblH 

14 

11eprreH.L1HKYJ1.HpHo aH0.LIY CTpoy. lllupmrn ny4Ka raMMa KBaHTOB B Me,n11aH11oi1 

11JJ0CK0CTl1 CTpoy C0CTaBJJ.HJJa - 1 MM. 3Ha4eHl1.H BeJJl1411H aMIIJ111TY.LI. ClffHaJJ0B 

perucTpupyeMbIX C CO0TBeTCTBYIOI.I.\IIX cerMeHTOB 110Ka3aHbl Ha pnc.15. 

A,,,\~ 

70 ~-----------------~ 
H:mp:'lB'l<"'Hll:c" ripo.J: s., 

50 
.................... ···•"••·~ ............ . . I 

, I 

I· Puc.15. O1\HOpO/lHOCTb BCJ111411II 

ClffHaJJ0B 8/~0Jlb CTpoy np11 

ao L~~+---~_....Jt,-,-~~f-'"'-~-----,~~ <pHKC11posa11110M 11anpH)l{Clll1H. 

100 200 300 400 L ,rn 

Cpe,nHee OTKJJOHeHne aMnJJHTY.LI. CHfHaJJOB D, C0CTaBHJJ0 He 6onee 3%. 

CKaHnposaHHe o6JJaCTH cnettcepHblX Y3JJOB 11.\eJJeBhIM KOJJJJHMHpOBaHHblM 

HCT0L[HHKOM 110Ka3aJJO, L[T0 npn HCl10Jlh30BaJIHH Kal1HJJJJ.HpHOH Tpy6KH .LIJlllHOH 7 MM 

H cnettcepa .[(HaMeTpOM 3,95 MM H ).\JJHHOH 4, I 5 MM He3q>q>eKTHBHa.H .nmrna CTpoy 

cocrnsJJ.HeT - 7,2 MM. Pa.1.111auu01rna.H TOJJI.I.\HHa 3TOH 30HhI ue 6onee 0,4%X0 • 

Ha puc.16 110Ka1aua He3q>q>eKTHBHOCTh B 06nacTH cneifcepHoro y3na. 

ITposepKa OT).\eJJbHblX CTpoy C TpeM.H aHO.L\HhIMH cerMeHTaMH 110Ka3aJJH 

HOpMaJJhHYJO nx pa6oTy Ha ra3osoi1 cMecu ArCO2 B ,nuanaJ0He ra1osoro ycunemrn 

.LIO 10
5

, npu :}TOM ue Ha6JJJO.[(aJJOCb pa3p.H.L\0B Me)K.LIY KaKHMH-JJH6o 3JleMeHTaMH, 

HaXO,[I.Hll.\HMHC.H 110.LI aH0.[(-KaTO.L\HblM noTeHQHaJJaMH. 
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P11c. l6. O6naCTb IIC3<p<peKTl1BIIOCTl1 CTpoy no 

ee JlJll1He B palloue cnellcep11oro y3na. 

)],JJ.H nposepKH npaKTH4eCKOH B03M0)KH0CTH C03).\a!IH.H CTpoy ).\eTeKTopoB C 

6oJJhllIHM L[lfCJJOM aH0).\llbIX cerMeHT0B 6h1Jl C03).\all 11p0TOT1m H3 19 CTpoy 

)IHaMeTp0M 4 MM u .LIJllUIOH 50 CM. B IO CTpoy sepxuero CJJO.H 6hlJlH ycTaHOBJJeHbl 

4eTbipexcerMeHTHble aHO,[lhl, 113 9 CTpoy BToporo CJJ0.H - 11.S!Tb CTpoy HMeJJH o6bJL[Jlbie 

o.1.1110cerMeHTHhie aH0)lbl H 4 CTpoy co.1.1ep)KaJJII TpexcerMeHTHble aHO,[lbl. Bcero 

11poTOTIIII H3 19 CTpoy HMeJJ 57 KaHaJJ0B CL[HTbJBaHII.H. Co11ponrnne1111e KOHTaKT0B 

Me)K.LIY aHO).\HOH II KOHTaKTHOH 11pOBOJl0Kal\1H, BBH.LIY MaJJ0CTII HX BeJJHL[l!Jlbl (MeHee 

I OM), !IC 0Ka3bJBaCT BJJH.HHH.H Ha pernCTpnpyeMbie CHfHaJJhl. 

ITposepKa 11poToT1111a 110 sceM KaHanaM per11cTpaum1 110Ka1ana xopornyJO 

H).\eHTH11H0CTb CllfHaJJOB nptt T0)K).\eCTBeHHblX napaMeTpax BbICOKOBOJlbTHOfO 
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Harrpm1<emrn, Ter,mepaTyp&1 oKpy)l(aJOmeii cpe.n.&1 n rrapunaJJ&Horo .n.aBJJemrn 
raJOBOH cMecn. 

B&ITIOJJHeHHhie HCCJJe,L\OBaJfli51 ITOKa3aJJH B03M0)1(H0CTb c6opKn MHOro­

cerMeHTHblX aHO,L\OB, ycTaHOBKY nx B CTpoy C ITOCJ1e.n.y1omnM BblBO,L\OM KOHTaKTl!b!X 
rrpOBOJIOK qepe3 CTeHKH CTpoy, a TaK )Ke rrpe.n.BapnTeJJbHYJO rrpoBepKy KallaJJOB 

C'IHThJBamrn C 3aMeHOH TIJIOXO pa6oTaJOll.(HX aHOJIOB n TIOCJJe,L\yJOmy10 

repMeTn3al..(ll!O CTpoy. Ha rrpHHl..(HIT C03,L\aHH51 TpeKOBhIX .n.eTeKTOpOB Ha OCHOBe 

MHorocerMCHTHhIX cTpoy 6&rna rro.n.ana 3a5IBI<a Ha mo6peTenne n rroJJy'leH rraTeHT 

[6). 

Oc110B11bte pe:JVJtbmambt u BbtBOdbt 

1. 113ytJeHhl KOHCTPYKTHBHbie n MexaHll'ICCKHe CBOHCTBa TOHKOCTeHHblX 

.n.peHQlOBb!X Tpy6oK C HCTIOJlh30BaHneM ITJJeHOK pa3JJH'IHhlX THIT0B. 

2. TipoBe,L\eHhl HCCJJe,L\OBaHH51 aMITJlllTYJIHblX n BpeMeHHhlX xapaKTepncTHK T)],T 
rrpn HCITOJlb30BaHHH pa3JJH'IHb[X .n.o6aBOK 13 pa6otJyJO raJOBYJO CMeCh. l13MepeHhl 

3arpy3otJHhIC crroco6nocTn T ,ll,T. PeJyJJ&TaThI nccJ1e.n.0Batt11H J1ern11 B ocHoBy 

pmpa6oTKH 11 C03J1aH1151 cTpoy-TpeKepa JIJJ51 3Kcnep11MeHTOB ATLAS. 

3. I13MepeHhl K03q>Qmu11eHTbl BJIH51Hl151 TeMrrepaTypbl Ii .n.aBJJeHl151 Ha ra30Boe 

yc11J1en11e B T,ll,T, ncnoJJ&JyeMhie B .n.an&HeiiweM B c11cTeMe crn611J111Jau1111 rmoBoro 

yc11J1emrn TRT ATLAS. 

4. Pmpa6orn11a u C03,L\aJia CTaHl..(lUI aBTOMaTn'!eCKOro TeCTHpoBaHU51 MOJIYJJeH 

TRT-.n.eTeKrnpoB ycTaHOBKH ATLAS LHC. TipoTeCTupoBaH&I Bee MOJIYJJH, 

pe3yJJ&TaThl TeCTOB l10Ka3aJJl1 pa60Tocnoco6HOCTb 99,84% KaHaJJOB C'IHThlBaHH51. 

5. C ueJJblO IIOBhJilleHH51 rpauyJJupoBaHHOCTH CTpoy 6&IJI rrpe,L\JJO)l(eH H 

onpo6oBaH MCTOJI C03,L\aHH51 T,l],T C MHorocerMeHHlbIM aHO,L\OM. Ha npununn, 

C03,L\aHU51 TpeKOBhIX .n.eTeKTOpOB Ha OCHOBe MHOrocerMeHTHhIX CTpoy 6&IJI llOJJY'leH 

naTeHT Ha u306peTenne. 
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