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AKTV3JILHOCTL 

Ilpe.n.m1:maqeHHfill )].JUI 3KcrrepnMeHTOB Ha ycKopnTeJie LHC (EoJihIIIOH 

a.n.poHHhIH KOJIJiaH)].ep) ycTaHOBKa ATJIAC co.n.ep)KHT HecKOJihKO KpyrrHhIX 

)].eTeKTnpyIOIIIHX CHCTeM, B TOM qncne BHyTpeHHHH .ll:eTeKTOp (B.ll:), pa60TalOIIIHH B 

ycJIOBHHX 3KcrpeMaJihHO BhICOKOH 3arpy3KH. B COCTaB B,n: BXO)].IIT TpeKep Ha OCHOBe 

KpeMHHeBhlX .n.eTeKTOpOB H )].eTeKTOp rrepexo.n.Horo H3JiyqeHHH - TpeKep (TRT) Ha 

OCHOBe TOHKOCTeHHhlX .n.peiiq>OBhIX rpy6oK {crpoy). Pa3pa60TaHHhie COBMeCTHO C 

KOJIJia6opa11neii, Mo.n.ynn TRT rrpHMoro n o6parnoro HarrpaBne1-mii (end-cup) 

n3roTaBJIHBaJIHCh 3aTeM B JI<l>q OI1JII1 (rnrr ,<B») n III1JI<l> (rnrr «A»). qncno 

.n.peiiq>OBhIX rpy6oK B TRT ATLAS cocTaBJIHeT 298 304. 
Tpe6oBaHHH BhlCOKOH 3q>q>eKTHBHOCTH BOCCTaHOBJieHHH TpeKOB 3apH)KeHHhIX 

qacTHII H pa3)].eJieHH.ll 3JieKrpOHOB OT IIHOHOB C qiaKTOpOM pe)KeKIIHH OKOJIO I 00 B 

ycJIOBHHX 60JihllIHX 3arpy30K orrpe.n.enmm OCHOBHhie rpe6oBaHHH K TRT: 

- TOqHQCTh II03HIIHOH~poBaHml Ka)K)].OH CTpoy B rrpocTpaHCTBe He xy)Ke 50 
MKM; 

- co6cTBeHHoe rrpocrpaHcTBeHHoe pa3peIIIeHne cTpoy He xy)Ke i 50 MKM; 

. - 0)].HOpO)].HOCTh rrapaMeTpOB BCex .n.eTeKTHPY!OlllHX KaHaJIOB He xy)Ke ± 5%; 
- MHHHMaJihHfill BeJinqnHa rroreph pa601.1ero ra3a Ha OCHOBe Xe . 

B rrpo11ecce HCCJie)].OBaHHH 6bIJIH H3y4eHhl CBOHCTBa KaK caMHX CTpoy, TaK H 

MaTepttaJIOB, rrpttMeHHeMhIX .n.m1 H3rOTOBJieHHJ{ OT)].eJibHblX 3JieMeHTOB .n.eTeKropa. 

bblJIM pa3pa6oTaHhl TaK)Ke MeTO)].bl TeCTHpOBaHHH .n.eTeKTOpOB B npo11ecce c6opK1I, 

HCIIOJih30BaHHhie npn C03)].aHIIII BblCOKOKa4eCTBeHHblX .n.eTeKTOpOB TIIIIa «B» II 

rrpHro)].Hhie )].JIH HCIIOJih30BaHHH npll C03)].aHIII! no.n.o6HbIX .n.eTenopoB Ha OCHOBe 

crpoy. 

Uenb JlttccepTayno1111oii pa6on,1 
Pa3pa6oTKa H C03)].aHne TeXHOJIOntH ll3rDTOBJiellllH II TecntpOBJHIIH MO)].yneii 

.n.eTeKTopa rrepexo.n.Horo 113ny1.1eH11H - TpeKepa, ee np11MeHeH11e )].JIH C03)].aHHH 

MO.D.yJieii .n.eTeKTOpa THIIa - «B» C IIOJIHblM KOJill4eCTBOM KaHaJIOB pen1cTpa11nn 

(cTpoy) - 104448, a TaK)Ke, CBH3aHHOe C '.HHM, 11CCJie)].OB3Hlle MaTepHaJIOB )].JIH 

.n.eTeKTopoB, pa6oTatoIIIHX B YCJIOBHHX Bh!COKHX 3arpy30K. 

HayqnaH HOBH3H3 pa60Tbl 
• Pa3pa6oTaHhl MeTO)].hl Tecn1poBaHHH .n.eTeKTOpOB nepeXO)].HOro 

H3Jiyqemrn-rpeKepoB Ha Bcex 3Tarrax HX C03)].aHMH, B qacTHOCTM: 

- pa3pa6oTaH MeTO)]. rrpoBepKH rrpHMOJIHHeHHOCTH crpoy, OCHOBaHHblH Ha 

aHamne q,opMhl CBeTOBOro IIHTHa, o6pa30BaHHOro npoXO)].Hlll11M 4epe3 Hero 

rrapaJIJieJihHhIM JIY'IKOM cBeTa. 

- pa3pa6oTaHa II C03)].aHa aBTOMaTH3HpOBaHHaH CHCTCMJ KOIITPOJIH Ka4eCTBa 

ycrnHOBKH crpoy, 06ecrreq11Ba10maH rrposepKy 11piiMom111eii11ocTn crpoy, 

OTCYTCTBHH 3aMhIKaHMH Me)K)].y paMaMH )].eTeKTOpa II CTpoy, a TaK)Ke -

coce)].HHX crpoy Me)K.n.y co6oii. 

- pa3pa6oTaH M C03)].aH rrpn6op )].JIH KOHTpOJIH MaKCHMaJihHO .n.orrycTMMOH 
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TOJIIll,l:IHhl IIJieHoqHhlX pa,n1:1aTopoB, nOAfOTOBJieHHhIX K ycTaHOBKe B AeTeKTOp. 

• 11ccneAOBaHa paAl:laIJl:IOHHml CTOllKOCTh opraH1:1qecKl:IX MaTepl:laJIOB, 

1:1cnOJih3yeMhlX np1:1 C03AaHl:ll:I KOOPAl:IHaTHhIX AeTeKTOpOB, B qaCTHOCTl:I 

non1:1cynup0Ha l:I non1:1Kap60HaTa, a TaK)Ke sneqecTBeHHhIX 3nOKCl:IAHhlX KJieeB

KOMnayHAOB 3J1K-5 1:1 I..I,MK-5. 

IlpaKTuqecKaH UCHHOCTb pa6oTbl 

1. Ha OCHOBe Oipa6oTaHHOll TeXHOJIOrHl:I 6hIJI C03AaH AeTeKTop nepeXOAHOro 

l:13JiyqeHl:IH - TpeKep nma «B» Ha OCHOBe CTpoy MH BHyipeIIHero AeTeKTopa 

ycrnHoBKii AT JJAC EoJihlllOro aApOHHoro KOJIJiaiiAepa. 

2. Pe3yJihTaThl l:ICCJieAOBaHl:IH noJil:IMepoB l:I KJieeB noKa3aJil:I cna6yio 

3aBl:ICl:IMOCTh MexaH1:1qecKl:IX CBOllCTB OT nornolll,eHHOll A03hl, qTo n03B0Jll:IJIO 

He TOJihKO l:ICnOJih30BaTh l:IX np1:1 l:13fOTOBJieHl:ll:I AeTeKTopOB B paMKax npoeKTa 

LHC, HO 1:1 YKa3ano Ha B03MO)KHOCTh 1:1x np1:1MeHeHI:1H B Apyrnx npoeKTax, 

Hanpl:!Mep, AJIH l:13fOTOBJieHl:IH AeTeKTOpOB no npoeKry ILC. 

3. Pa3pa6oTaHHhlll MeTOA npoBepKI:1 npHMOJil:IHellHOCTl:I CTpoy, TaK)Ke KaK 1:1 

MeTOAhl no3TanHoro TeCTl:lpOBaHl:IH C03AaBaeMhIX AeTeKTOpOB l:I l:IX 

3JieMeHTOB, 06ecneq1:1BaIOT B03MO)KHOCTh onepaTl:IBHOro. ycipaHeHl:IH 

AeqieKTOB, cnoco6HhIX HeraTl:IBHO BJil:IHTh Ha pa6ozy . ,[(eTeKTopa 1:1 

cnoco6CTBYIOT TeM CaMhIM 6onee KaqeCTBeHHOll c6opKe AeTeKTOpOB. 

4. Pa3pa6ornHa TexHonornH c6opK1:1 1:1 TecT1:1poBaHI:1H MOAyneii TRT Tl:lna «B», 
KOTOpaH qaCTl:lqHo ' MO)KeT. 6bITh l:ICnOJih30BaHa np1:1 C03Aaffl:ll:I nOA06HhlX 

AeTeKTOpOB Ha OCHOBe CTpoy. 

5. Pe3yJihTaThI TeCTl:lpoBaHl:IH AeTeKTOpOB nOKa3aJil:I COOTBeTCTBl:le C03AaHHOro 

AeTeKTopa Ipe6yeMhIM napaMeipaM Ami 3Kcnep1:1MeHTa ATJJAC. 

Anpo6auuH pa60Tb1 
OcHOBHhie pe3yJihTaThI Al:ICCepTaIJl:ll:I AOKJiaAhIBaJIHCh l:I o6cy)KAaJil:ICh Ha 

pa6oq1:1x coBelll,aH1:1Hx Konna6opaIJ1:1I:1 ATJJAC, ceMnHapax J1a6oparnpn1:1 qJl:131:IKl:I 

qaCTHIJ l:I ony6nl:IKOBaHhl B pa6ornx [l +6]. 

CTpympa H 06beM JlHCCepTaUHH 
)];1:1ccepTaIJl:IH COCTOl:IT l:13 BBeAeHl:IH, qeThipex rnaB, a TaK)Ke OCHOBHhlX 

pe3yJihTaTOB l:I BhIBOAOB. )];nccepTaIJl:IH COAep)Kl:IT 103 CipaHl:IIJhl, BKJIIQqag 63 

p1:1cyHKa, 9 Ta6Jil:IIJ H cnl:ICOK IJl:ITl:lpyeMOll Jll:!Teparyphl l:13 33 CChIJIOK. 

CO)];EP)KAHIIE P AJiOTbl 

Bo 66eoenuu o6ocHOBaHa aKryaJihHOCTh Bh!IlOJIHeHHhIX l:ICCJieAOBaHl:lll, 

cqiopMynnpoBaHa IJeJih Al:ICCepTaIJl:IOHHOll pa60ThI, noKa3aHa HayqHaH HOBl:13Ha 

pa6oThI 1:1 on1:1caHa CipyKzypa Al:ICCepTaIJl:ll:I. 
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Ilep6aR ma6a COAep)Kl:IT onncaHne MHOronpoBOJIOqHhIX ra30Han_OJIHeHHhIX 

AeTeKTOpOB, npl:IMeHHeMhIX B ycKop1neJihHhIX 3Kcnep1:1MeHTax B pa,nl:laIJl:IOHHhIX 

nOJIHX BhlCOKOll l:IHTeHCl:IBHOCTl:I MH onpeAeJieHHH IpaeKTOpl:11:1 qaCTl:IIJ. TaKl:IMH 

AeTeKTOpaMI:1 HBJIHIOTCH MHOronpOBOJIOqHhie nponopIJl:IOHaJihHhie l:I ApeiiqioBhie 

KaMephl. 3Tl:I KOOPAl:IHaTHhie AeTeKTOphl qacTO l:ICnOJih3YJOTCH l:I KaK AeTeKT0phl 

nepeX0AHOro l:13JiyqeHl:IH AJIH l:IAeHTl:lqll:IKaIJl:ll:I 3apH)KeHHhIX qacTl:IIJ 60JihllIOll 

3Hepr1:11:1 no nepeXOAHOMY 1:13nyqeH1:110, 1:1cnycKaeMOMY HMl:I np1:1 nepeceqeH1:11:1 

rpattl:IIJ Pa3AeJia cpeA C pa3Jil:lqHh!Ml:I Al:13JieKip1:1qecKI:1Ml:I npOHHIJaeMOCTHMH. )];nH 
opraH1:13aIJl:IH Heo6XOAl:IMOro qncna TaKl:IX rpaHl:IIJ nepeA AeTeKTopaMH pa3Melll,aIOT 

pa,n1:1aT0phl nepeXOAH0ro H3JiyqeHHH, COAep)Kalll,l:le 60JihlllOe qncno TOHKHX nneH0K. 

MHoronpoBOJIOqHaH nponopIJl:IOHaJihHaH KaMepa pernCipl:lpyeT K00PAHHaThl 

qacTHIJhl c TOqHOCThlO cr = ± s/✓ 12, rAe s - pacCTOHHHe Me)KJJ,y COCeAHHMH 

aH0AHh!Ml:I npOBOJioqKaMH. Tttn1:1qHaH BeJIHql:IHa npocipaHCTBeHH0ro pa3peUieHHH 

Mill{ - 700 MKM. 

TipOCipaHCTBeHHOe pa3pellleHl:le ApeiiqJOBOll KaMepbl 06b1qHo 0KOJI0 200 MKM. 

qaCTHhlM cnyqaeM ApeiiqJ0.30ll KaMepbl HBJIHIOTCH AeTeKT0phI Ha OCH0Be 

TOHK0CTeHHhIX ApeiiqJOBhIX _Ipy6oK ( Cipoy) [ 1]. )];eTeKTOphl C0CTOHT l:13 Ha6opa 

CTpoy, aH0AaMl:I KOTOphlX HBJIHIOTCH 061,JqHo npoB0JIOKH AHaMeTp0M 20-30 MKM, a 

KaTOA0M HBJIHeTCH npoBOAHill,ee IlOKphITl:le BHyipeHHeii noBepXHOCTl:I CTeHKH 

Ipy6oK. 3TH AeTeKT0phl l:IMeIOT CJieAyioIIIHe npe1:1Mylll,eCTBa no cpaBHeHl:110 C 

061,1q11I,IMH ApeiiqJOBhIMH KaMepaMH: 

• npOCipaHCTBeHH0e pa3pellleHHe - 150 MKM; 

• co6cTBeHHOe 6hICipOAeiiCTBHe M0)KeT AOCTl:lraTh BeJIHqHHhl - 107 
1/c; 

• MaJiaH pa,nHaIJHOHHaH TOJIIll,HHa AeTeKT0pa; 

• IJHJIHHApl:lqecKaH reoMeipHH KaHaJI0B perncipaIJHl:I 06ecneq1:1BaeT Bh!C0KYIO 

OAH0p0AHOCTh 3JieKTp1:1qecKoro IlOJIH H onTHMaJihHhlll BpeMeHHOll c6op 

nepBhIX 3JieKip0HOB, ApeiiqiyIOIIIHX K aH0AaM; 

• AOCTaTOqHo npoCTaH K0HCipYKIJl:IH KaMep no3B0JIHeT l:IX YHHqJHIJHpOBaTh H 

IllHpOKO HCnOJih30BaTh HHAYCTpl:laJihHhie B03M0)KH0CTl:I MH H3fOT0BJieHl:IH 

IJeJioro PHAa 3JieMeHT0B AeTeKTopoB; 

• BhlC0KaH 3KcnnyaTaIJHOHHaH Ha,zJ.e)KH0CTh AeTeKTopa, CBH3aHHaH C ero 

AHCKpeTH0CThIO; 

BmopaR maoa COAep)Kl:IT onHCaHHe KOHCTPYKIJHI:1 K0OpAHHaTH0ro 

AeTeKTopa!AeTeKTopa nepeXOAHOro l:13JiyqeHHH (TRT ATLAS) Ha ocHoBe 

TOHKOCTeHHhIX ApeiiqJOBhIX Tpy6oK. Oco6eHHOCThlO pa60Thl AeTeKT0pa HBJIHeTCH 

3KCTpeMaJihHO BhlCOKaH ero 3arpy3Ka H OTCYTCTBHe AOCryna K AeTeKTopy B TeqeHl:le 

BCero BpeMeHl:I )Klf3HH ycTaH0BKH, qTo HaKJiaAhIBaeT )KeCTKHe Tpe6oBaHl:IH Ha 

TeXHOJI0rl:lqHOCTh ero C03AaHHH. 

)];eTeKTop nepeXOAHoro l:13JiyqeHHH - IpeKep Ha ocHoBe Cipoy npeACTaBJIHeT 

co6oii 11a6op H3 320 IlJIOCKOCTeii Cipoy C pacnoJIO)KeHHhIMH nepeA Hl:IMH 

pa,n1:1aTopaMH nepeXOAHOro H3JiyqeHl:IH. B C0CTaB AeTeKTopa BXOAHT BOCeMh 

MOAYJieii THna "B" npHM0ro HanpaBJieHHH, COCT0Hill,l:le H3 64 Cip0Y - nJIOCKOCTeii, H 

8-Mh MOAyneii o6paTHOro HanpaBJieHHH, TaK)Ke C0CTOHill,He l:13 64 IlJI0CKOCTeii. 
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C l(eJihlO yMeHbIIIeHIDl ra6apttTHhIX' pa3MepoB n yMeHbIIIeHml KonnqecTBa 

Bell(eCTBa BHe qyacTBHTeJihHOH nJIOil.(a,z:(ll .n.eTeKTopa 6hma npHH.S!Ta 11KOJ1hl(eBruI11 

KOHCTPYKUHH Mo.n.yneii end-cap · TRT. Ka)!()].hiii Mo.n.ynh cocTOHT H3 .n.ayx 

n.n.eHTllqHhIX cy6Mo.n.yneii, co6npaeMhIX OT)].eJihHO. ~eTbipe CJIOH CTpoy 

ycTaHaBmIBalOTCH B OTBepCTHH .n.ayx (attyTPeH,Hee ll Hap)')KHOe) yrnennacTHKOBhIX 

KOJiel(, o6pa3yH CaMOno.n..n.ep)I;HBalOil.(ylO KOHCTPYKUHIO THna "Koneca" - cy6Mo.n.ynh; 

):(naMeTPhI Koneu 1268,2 MW. n 2006,3 MM, cooTBeTcTBeHHO. Me)!(.n.y CJIOHMH CTPOY 
ycTaHaBJIHBaJOTCH pa,n;naTOphI nepexo.n.Horo ll3nyqeHIDl. CTPOY KmK.n.oro cnoH 

ycTaHOBJieHhI no pa,n;nycy KOJieca C 3a,n;aHHhlM yrnOBhIM llHTepaanoM Me)!()].y HHMH ll 

CMell(eHhI OTHOCHTeJihHO CTPOY coce.n.Hero CJIOH Ha 3/8 · llRTepaana, qTo 

o6ecneqnaaeT n0JIHOe nepeKphITHe qyBCTBHTeJihHOH nJIOil.(a,z:(ll .n.eTeKTOpOM ll3 8-n 

MO.n.yneii c 64-H CJIOHMH CTPOY, OKOJIO BHYTPeHHero n BHeIIIHero HeCyll(HX 

yrnennacTHKOBhIX KOJiel(, nYTeM ycTaHOBKll TPeTbero yrnennaCTHKOBOro KOJihl(a 

)].HaMeTPOM 2058,3 MM, MaTepHHCKHX nnaT cqnThIBaHHH llH!pOpMal(Hll, a TaK)!(e 

.n.ononHHTeJihHhIX KanTOHOBhIX n CTeKJIOTeKCTOJIHTOBhIX c6opoqHhIX :meMeHTOB, 

C03)].alOTCH repMeTllqHhie ra30Bhie 061,eMhI, coe.n.nHeHHhie C BHYTPeHHHM ra30BhIM 

061,eMOM CTpoy. B )].aJihHeiiIIIeM )].Ba qeTbipexcnoiiHhIX cy6MO.lJ.YJIH 061,e)].HHHIOTCH B 

Mo.n.ynh. BHeIIIHnii an.n. aochMncnoiiHoro Mo.n.ynH 6e3 3KpaHoB noKa3aH Ha pnc. 1. 

Pnc. I. BHelllHHll BH.1{ BOCbMHCJIOllHOro MO.l{YJill TRT 6e3 MeTaJIJIH3HpOBaHHhlX 3KpanoB 

B )].eTeKTope ncnOJih3YlOTCH nOJillllMH)].Hh!e CTpoy C BHyTpeHHHM )].HaMeTPOM 
4,0o+o,OZ MM. BHyTpeHHHH ll Hapy)!(Hrul noaepXHOCTll CTpoy co.n.ep)!(aT npOBO)].Hil.(ee 

rpaq>HTOBOe noKphITHe. 
O)].HHMH ll3 OCHOBHh!X 3JieMeHTOB cy6MO.D.YJIH HBJIHIOTCH pa,n;naTOpbI 

nepexo.n.Horo n3nyqeHID1, cocTOHil.(tte H3 cnoea nonnnponnneHoaoii nneHKH 

TOJIIl.(HHOH 15 MKM. ):(nH opraHll3al(Hll !pllKCHpOBaHHOro 3a30pa Me)!()].y CJIOHMH 

pa,n;naTopa pacnono)!(eHhI ceTKH H3 opToroHanhHhIX nonnnponnneHOBhIX HHTeii 

)].HaMeTPOM 100 MKM n c }!qeii:KaMH 8 x 8 MM. 

):(nH npeunJHOHH0ii ycTaHOBKH aHO.lJ.HhIX npoaonoK B CTPOY ncnonh3YJOTCH 

nnacTHKOBhie azynKn (end-plugs). Tonll(nHa cTeHoK azynoK cocTaanHeT 0,2 :!:: 0,02 + 
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0,3 :!:: 0,03 MM, qTQ o6ecneqnaaeT TPe6yeMb!e COOCHOCTH aHo.n.a c BHYTPeHHHM 
.n.ttaMeTPOM CTPOY, 

):(nH 06ecneqeHID1 He06XO)].llMOH pa,n;ttal(HOHHOH CTOHKOCTH .n.eTeKTOpa 6bIJill 
HCCJie)].OBaHhl CBOHCTBa acex MaTepHaJIOB, ncnOJih3yeMh!X )].JIH ero ll3rQTOBJieHHH, B 

TOM qttcne MexaHttqecKHe CBOHCTBa nonttcynhtpOHa tt noJIHKap6oHaTa [2], a TaK)!(e 

OTeqecTBeHHh!X 3nOKCll)].HhIX KJieea (3JIK-5, QMK-5) [3] OT BenttqllHhl 
pa.n.ttal(HOHHOH )].03hI . 

Ha HMnynhCHOM peaKTope O115111116P-2 npoBO)].HJIHCh o6nyqeHHH o6pa31.(0B 

nOTOKOM 6bICTPhIX HeiiTPOHOB )].O 1010 
·cM"

2 
c·1 C 3Heprtteii BhIIIIe 100 K3B Ha 

nJIOil.(a,z:(ll 20 X 40 CM
2

• ):(nH 01.(-!HKH cyMMapHoii nornoll(eHHOH )].03hl HCnOJih30BaJICH 
6ttonornqecKoii 3KBttaaneHT. 

):(nH onpe.n.eneHHH npe.n.enhHOH, npe.n.enhHO .n.onycTHMOH Harpy3Kll ll 
rnep.n.ocTH no EpttHeJIJIIO B 3aBHCHMOCTll OT nornoll(eHHOH )].03hl, 7 1pynn o6pa31.(0B 

nonttcynhtpOHa II noJIHKap6oHaTa a BH)].e Ha6opoB nnaCTHHOK no.n.aepranttch 

o6nyqeHHIO Ha peaKTOpe. TionHoe BpeMH o6nyqeHHH COCTaBJIHJIO 300 q tt co.n.ep)!(aJIO 

7 l(HKJIOB. Tiocne Ka)!()].Oro l(~KJia o6pa31.(hl COOTBeTCTBYJOil.(eii rpynnhI Bh!HHMaJIHCh 

ll3 aKTHBHOH 30Hhl ll npOBO)].HJIOCh HCCJie)].OBaHHe HX MexaHnqecKHX CBOHCTB. 

Tiornoll(eHHIDI 3a ace apeMH 06nyqeHID1 y-.n.OJa cocTaBJIHna 536 Krp, a 

conYTCTBYJOil.(ruI eii )].03a, o6ycnoaneHHruI 6bICTPhIMll HeiiTpOHaMH, COCTaBJIHJia 4 7 4 
Krp. 

Tio aenttqttHe nporn6a o6pa3ua no.n. .n.eiicrntteM npttJIO)!(eHHoii K ero ueHTpy 

CHne onpe.n.enHnach npe.n.enhHIDI Harpy3Ka Fmax H npe.n.enhHO .n.onycTHMruI Harpy3Ka 

F, paBHIDI 0,6 Fmax• Pe3yJihTaThI .D.JIH nonttcynh<pOHa H nonttKap6oHaTa npttae.n.eHhI Ha 
pttc. 2. 

F, lff nolWIKSJ:(iOHST F, Kr nom,1ey.nb¢0H 
0,0 20.0 I 

• • •• ... I 

• • .. . 
115,0 i 15,0 

...... .... ... I ... .. .. ...... 
' 110,0 

... 
10,0 

5,0 5,0 

0,0 0,0 
10 D,l<f1> 100 1000 1 10 D,Kf1> 100 1000 

Pnc 2. 3aBHCHMOCTh npe.nenhHOll ( ■) H npe.neJibHO .nonycTHMOll (A) Harpy30K OT Bennq!fHbl 

norno~eHHoii .1l03hI. 

3aBHCHMOCTll rnep.n.ocTH o6pa31.(0B no EpttHeJIJIIO OT nornoll(eHHOii )].03hl 

npe.n.cmaneHhI Ha pttc. 3. 
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HB,u none,ap6oHaT 
0,0 

HB,u non•cYfl,,PoH 
~.o 

'5,0 125,0 

.o.o l • 
115,0 • • • • • 

!20,0 I 

• •• .. . 
5,0 

0,0 10,0 

5,0 5,0 

0,0 

1 10 100 1000 
D.•1"t> 

0,0 
1 10 100 1000 

D,.i--1, 

P11c. 3. 3aBIICIIMOCTb rnep,noCTII no Ep1111enmo OT BeJ111q11Hbl nornomeHJl:JH ,LIO3bl. 

KaK BH,llHO 113 rroJiy'IeHHhlX 3aBHCHMOCTeii, IIOJIHCYJih<pOH JI IIOJIHKap6oHaT 

npaKTH'IeCKH coxpamnoT MeXaH11qecKHe CBOllCTBa IIOCJie 06Jiy'IeHm1: Ha6mo,naeTCH 

He60JihIIIOe yaeJI11qeHHe rrpe,neJihHhIX H npe,neJihHO ,nonycTHMhIX Harpy30K nptt 

cpe,nHHX ,no3ax 11 yaeJI11qeH11e Ha 15 % TBep,nocTH rro EpttHeJIJIID nptt 6oJihIIIHX 

,n03aX. KoHTPOJih IIJIOTHOCTH o6p83QOB IIOKa3aJI ee He3HaqHTeJihHOe yaeJI11qeH11e 

(- 0,25 %) nptt 60JihIIIHX nornomeHHhIX ,n03aX. 

Pa1pa6omHHhie B l1HcTttTyTe HeMeTaJIJIOB OAO "HTTO KoMII03ttT" 

,nayxKoMnoHeHTHhie KJiett Tttrra 3JIK~5 11 UMK-5 o6Jia,nruoT aucoKoii TeKytJeCThlO 11 

xopoIIIeii a,nre3tteii C MaiiJiapOBhiMH H IIOJIHHMH,llHhIMH IIJieHKaMH, qTO npe,ncTaBJIHeT 

6oJihIIIOii ttHTepec. · 

.rvi» orrpe,neJieHHH OTHOCHTeJihHOrO y,nJIHHeHHH H npe,neJia npoqHOCTH riptt 

pacTH)l(eHHH, 113 BhIIIIerrepeq11cJieHHhIX KJieeB 6hIJIH rrpttroToBJieHhl o6p83Qhl B Btt,ne 

rrJieHOK TOJimHHOii 0,2 - 0,3 MM MeTO,llOM IIOJIHBa Ha qnoponJiaCTOBOll no,nJIO)l(Ke. 

Pe3yJihTaThl onpe,neJieHHH npe,neJia npo'IHOCTH ,llJIH HCCJie,noBaHHhIX KJieeB 

npttae,n;eHhl Ha pttc. 4. l13MepeHHH IIOK83aJIH CJia6ylO 3aBHCHMOCTh MeXaH11qecKHX 

CBOHCTB HCCJie,noBaHHhlX 3IIOKCH,llHhIX KJieeB OT nornomeHHOii ,ll03hl ,no aeJIHqHHhl -

100 Kfp. 

Mna UMK-5 
0,0 ~------------, 

i50,0 

140,0 

130,0 

120,0 i 
I I I 

110,0 f.-,-..,_,,_......,_,_, .......................... -..t 
0,1 1 10 

D, ld"p 
0,01 100 1000 

Mna 3flK-5 
60,0 

50,0 

fflPI I I I 
30,0 I 
20,0 

10,0 
0,01 0,1 1 D, 1Cfp10 100 1000 

P11c. 4. 3aBHCIIMOCTb npe,nena npoqHOCTll np11 paCTl!lKeHllll OT aen11q11Hbl nornomeHHOH 

,LlO3bl .LIJlll o6pa3IJOB KJieeB. 
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no pe3yJihTaTaM ,naHHhlX 11ccJie,noaatt11ii KOJIJia6opau11eii TRT ATLAS 6hmo 

rrpHHHTO peIIIeHHe O npHMeHeHHH IIOJIHKap6oHaTa ,nJIH H3mTOBJieHHH JlHTheBhIX 

IIJiaCTHKOBhIX 3JieMeHTOB ,neTeKTopa. OIIhlTHhie napTHH TPeX THIIOB TOHK0CTeHHhIX 

IIOJIHKap6oHaTHhIX BTYJIOK a K0JIH'IeCTBe 20 000 IlIT. Ka)l(,lloro THIIa 6hIJIH 

H3mT0BJieHhl B Pocc1111, KaK ,nJIH OTPa6oTKH TeXH0JI0rHH npott3B0,llCTBa 

BhICOK0T0'IHhlX JIHTheBhIX 113,neJittii, TaK H ,nJIH C03,naHHH npOT0THII0B ,neTeKTopa B 

murn: 11 a QEPHe. 

KJiett 3JIK-5 11 :QMK-5 B ,nanhHeiirneM 6hm11 TaK)l(e npttMeHeHhI .nn» 

co3,naHH» CTPoy-,neTeKTopoa ycTaHOB0K COMPASS 11 «TepMaJIH3aQH»». 

B mpembeU ZJIQ8e 0IIHChlBaIOTCH onepau1111 c6opKH ,neTeKTopoB [4]. 

TTpol(e,nypa c6opKH ,neJIHJiaCh Ha 4 OCHOBHhIX 3Tana: 

1. ApMttpoaaHtte CTPoy: 

2. TTo,nroTOBKa CTP0Y K ycTaHOBKe B paMhl cy6Mo,nyJI11; 

3. C6opKa 'IeThipexcJioiiHoro cy6Mo,nyJI»; 

4. C6opKa BOChMHCJIOllHOro Mo,nyJIH. 

1. ApMttpoaaHtte CTPOY npe,nH83HatJeHo ,nn» o6ecneqemrn MexaHtttJecKoii 

CTa6ttJihHOCTH, )l(eCTKOCTH crpoy H yMeH_I,IlleHHH 3aBHCHMOCTH MeXaHtt'IeCKHX 

caoiicTB CTPOY OT BJI8)1(H0CTH. C 3Toii QeJihlO Ha CTP0Y no aceii ,nJIHHe 

HaKJieHBalOTCH qeThipe pe6pa )l(eCTKOCTH, COCT011m11e Ka)l()l.0e H3 1000 

yrneBOJIOKOHHhIX HHTeii ,nttaM~OB 8 MKM, npOIIHTaHHhIX 3II0KCH,ll,H0ll CMOJIOii. 3m 

orrepal(HH IIp0B0,llHTCH C IIOMOmhlO CIIel(HaJihH0 p83pa6oTaHHOii 

IIHeBM03JieKTPH'IeCKOll nporpaMMHo-yrrpaBJIHeMoii MailIHHhl ,nJIH apMHpoaaHHH 

CTPOY, 

B rrpouecce pa6oT 6hmo apMttpoaaHo 91993 ,nJIHHHhIX CTPOY, TToape)l(,D,eHo a 

rrpouecce apMttpoaaHH» 6hmo acero 573 CTPOY, TaKHM o6p83oM, Ha Bh1xo.n.e 6uJio 

IIOJiyqeHO 91420 roTOBhIX CTPOY, 'ITO COCTaBJIHeT 99.4 % OT o6mero K0JIHqecTBa. 

2. TTo,nroTOBKa CTPOY K ycmHOBKe B paMhl cy6Mo,nyJIH COCTOHJia 113 

cJie,ny10m11x npoQe,nyp: 

• pe3Ka ,llJIHHHhIX CTPOY Ha tJeThipe KOp0TKHX CTP0Y B p83Mep C 

,norrycKoM; 

• npoue,nypa raJihBaHH'IeCK0ro o6be,nttHeHHH TOK0IIpOBOMmttx 

BHeilIHeii H BH) TpeHHeii noaepxHOCTeii CTPOY Ha O,ll,H0M HX K0Hl(e; 

• BKJieHBaHtte B CTPOY KOHl(eBhIX 3JieMeHTOB; 

• q>HHaJihHaH o6pe3Ka CTPOY B p83Mep C TO'IH0CThlO ± 100 MKM. 

TToJIHhiii BhIXO.D. CTPOY c yqacTKa cocmaHJI 82, 7 % oT axo.D.Hmttx, a c ytJeTOM 

CTPOY, HCII0Jlh30BaHHhIX ,nJIH TeCTOB, - 86,1 %. 

3. C6opKa 'IeThipeXCJIOllHOro cy6MO,llyJIH npOH3BO,D,HJiaCh Ha CIIel(HaJihHhlX 

MeTaJIJIH'IeCKHX CTOJiax 'IeThipex THIIOB, HMe10m11x IIJIOCKOCTHOCTh MeHee 100 MKM, 
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II ITpe,!1,Ha3HaqeHHbIX )],JUI OITpe,11,eJieHHblX OITepaIJIIM Ka)l()],bIM. C6opKa cy6Mo,11,ym1 

COCTO.S!Jla H3 CJie,11,ylOIIJHX ITpoue,11,yp: 

• ITPHKJieHBaHHe 3a3eMJUIIOIUHX ITpOBOJioqeK K yrneITJiaCTHKOBbIM 

KOJibIJaM )],JI.ll o6ecneqeHH.ll .B ,11,arrbHeifweM pasHoro :meKTJ)HqecKoro 

noTeHIJIIaJia Me)l()],y HHMH H "3eMJI.llHOM" IllHHOM ,11,eTeKTopa; 

• BKJieHBaHHe CTJJOY B cy6M0,!1,YJib H ycTaHOBKa ITJieHoqHbIX 

pa,11,HaTOpOB Me)K,11,y CJIO.slMH CTpoy; 

• KOJibIJeBoe npHKJieIIBaHHe rtt6KHX ITJiaT cqHTbIBaHIUI 1mcpopMaIJHH K 

TOPIJY sHewHero KOJihIJa; 

• ycTaHOBKa aH0,11,HblX npoBOJIOqeK B CTpoy; 

• C03)],aHIIe ,11,syx BHeillHHX ra30BblX repMeTHqHblX o6beMOB H 

:meKTpttqecKoe o6be)],IIHeHHe Korreu c "3eMneif" nrraT cqHThrnaHH.ll. 

4. C6opKa BOCbMHCJIOMHOro Mo,11,yrr.sr co,11,ep)Karra CJie,11,yIOIUIIe ITpoue,11,ypb1: 

• repMeTHqHoe o6be)],HHeHIIe ra30BbIX o6beMOB cy6Mo,11,yneif; 

• ycTaHOBKa 3JieMeHTOB BhICOKOBOJlbTHOro nHTaHH.sl CTpoy; 

• ycTaHOBKa 3JieMeHTOB )Kll,11,KOCTHOM CHCTeMbl OXJia)K)],eHH.sl Mo,11,yrr.sr; 

• ycTaHOBKa MeTaJIJIH3HpOBaHHhIX 3KpaHOB H 3JieMeHTOB ra30BOro 

OXJia)K)],eHH.sl M0,11,yJl.sl. 

B 'lent6epmoii ma6e OITHChIBaIOTC.sl MeT0,11,bl IT03TaITHOro TeCTHpOBaHH.sl 

C03)],aBaeMhIX ,11,eTeKTopoB, pa3pa6oTaHHbie H C03)],aHHhle )],JI.sl 3TOro ITptt6opbl, a 

TaK)Ke npe,11,cTaBJieHhl pe3yJibTaThl TeCTHpOBaHH.sl. 

K ,11,eTeKTopy ITepexo,11,Horo HJrryqeHll.ll - TpeKepy ITpe,11,b.srBJI.llJIHCh )KeCTKHe 

Tpe6oBaHH.sl: 

• TOqHOCTb IT03HIJHOHHpOBaHH.sl Ka)K,11,0M CTpoy B npocTpaHCTBe He 

xy)Ke 50 MKM; 

• co6cTBeHHOe ITpocTpaHcTBeHHOe pa3peweHHe CTpoy He xy)Ke 150 

MKM; 

• O)],HOp0,11,HOCTb ITapaMeTpOB scex ,11,eTeKTHpyIOIUHX KaaarroB He xy)Ke 

±5%; 

• MHHl!MaJibHa.ll BeJIHqHHa ITOTepb pa6oqero ra3a Ha OCHOBe Xe. 

Ilo3TOMY npH C03)],aHHll ,11,eTeKTopa Ha BCex 3TaITaX c6opKH npOB0,11,HJIHCb npoue,11,yphl 

TeCTHpoBaHH.sl. 

.[vi.sr ITonyqeHll.ll Tpe6yeMoro npocTpaHCTBeHHoro pa3peweHH.ll Tpe6oBarrocb, 

qTQ6hI Kpl!BH3Ha CTJ)OY B ,11,eTeKTOpe ITPH )],JIHHe 40 CM He ITpeBblillaJia 300 MKM. Ilo 

3TOM ITpttq1me, KpHBH3Ha ITposep.srnacb HeCKOJibKO pa3 Ha pa3Hh!X 3TaITax c6opKH. 

IlepBa.sr ITposepKa ITpOBO)],HJiaCb ITOCJJe apMHpOBaHH.sl CTJJOY, BTopa.sr - Ha yqacTKe 

no,11,roTOBKH CTJ)OY K ycTaHOBKe B ',11,eTeKTOp. TpeTh.sl ITposepKa ITpOBO)],HJJaCh nocne 

sKJieMKH CTJJOY B cy6MO,!J,yJih. 

KpttBII3Ha CTpoy, ycrnHaBJIHBaeMbIX B End-cap, ,11,onycTHMa.sr Ha yqacTKe 

apMHpOBaHll.sl, He )],OJJ)KHa 6bma ITpeBbIIllaTh 8 MM (,11,n.sr CTJ)OY )],JIHHOM 165 CM). ,[vi.sr 

6appeJibHOM qacm ,11,eTeKTopa TRT ATLAS Tpe6osaHH.ll no KpHBH3He cTpoy 6bmtt 

6orree crra6hle, HO HX BHeillHIIM ,11,HaMeTp He ,11,0JI)KeH 6bm npesbIIllaTh 4,2 MM. 
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Bee apMHpOBaHHbJe CTJJOY nposep.srJIHCb Ha KpHBH3HY, a Tpe6yeMoe )],Jl.sl 

6appeJJbHOro ,11,eTeKTopa KOJIHqecTBO CTJ)OY - Ha BHeillHHM )],HaMeTp. Pe3yJibTaTbl 

pa6oT ITO apMHpOBaHHIO ITPHBe)],eHbl B Ta6JI. 1. 
' ' 

Ta6J1u1fa 1. Pe:1y1lbmamb1 pa6om no ap.impoeaHu10 cmpoy 

ApMttpOBaHo Bcero 91993 100% Pe3yJJhTaTbl pa6oT ITO 

BbIX0,11, 91420 99.4% apMHpoBaHHIO CTJ)OY 

KpHBH3Ha TecT 91420 100% <3MM 3-4 MM 4-8 M!\1 >8MM 

BbIX0,11, 91183 99.7% 47590 21604 2029 1691 

BHeilIHHM 
TecT 60731 66.6% 17524 21604 20298 1305 

,11,uaMeTJ) , 

BbIX0,11, 60692 99.9% 17523 21603 20283 1283 

BbIX0,11, IT0CJie TeCTOB 91144 99.1% 47589 21603 20283 1669 

Ha yqacTKe no,11,roTOBKH' CTpoy K YCTaHOBKe B paMhl cy6Mo,11,y.r..s1 ITp0BO,!lHJJHCb 

crre,11,y10iuue TeCThI: 

• IlpoBepKa 3JieKTpH~ecKoro COITpOTHBJieHH.sl BHyTpeHHell IT0BepxHOCTH 

,11,JIHHHbIX CTJ)Oy. 

Ilp0BepKa 3JieKTJ)HqecKoro coi:ipoTHBJieHH.sl IIOBepXHOCTH CTJ)OY 

npoB0,11,HJiaCb ITepe,11, HX pe3KOM, TaK KaK ITOBepXHOCTb CTJ)OY .llBJI.sleTC.sl 

KaT0,11,0M H ee TOKonpoB0,11,.llIUee ITOKpblTHe He ,11,0Jl)KHO HMeTb pa3pb1BOB. 

Ilpu 3TOM conpoTHBJieHHe BHyTpeHHeH. ITOBepXHOCTH CTJ)OY Me)K,11,y ee 

KOHIJaMH He )],OJl)KHO 6bIJIO ITpeBbJillaTb 480 OM. 

• IlpoBepKa Harrnqu.sr 3JieKTpuqecKoro KOHTaKTa Me)K,11,y BHyTpeHHeH. II 

BHeillHeH. npOB0,11,.llIUHMH noBepXHOCT.slMll CTJ)OY ITpOBO)],HJiaCb ITOCJie 

rarrbBaHHqecKoro o6be)],HHeHH.sl ITOBepXHOCTeH. H 3aKJI10qarracb B 

H3MepeHHH BeJIHqHHbl COITpOTHBJJeHH.sl Me)K,11,y noBepxHOCT.slMH CTpoy B 

ToqKax, Hatt6orree y,11,arreHHblX OT MeCTa 06be)],HHeHm1. .l].onycTHMbIM 

.slBJI.llJJOCb COITpOT11BJieHHe, He ITpeBbJillaIOIUee 10 KOM. 

• IlpoBepKa Ha repMeTHqHOCTb rOTOBbIX CTpoy npOH3B0,!lHJiaCb .nrr.sr 

MaKCHMaJibHO B03MO)KHOro yMeHbilleHII.ll yTeqeK pa6oLiero ra3a H3 

,11,eTeKTopa • .[1.onycKarrIICh yTeqKH B npe,11,errax 0, 1 M6ap/M1rn/6ap Ha 

CTpoy. 

• IlpoBepKa roTOBbIX CTJJOY Ha Kpl!Bll3HY II IJHJllIH,!1,pllqHoCTb 

ITpOB0)],HJiaCb MeTO)],OM H3MepeHII.sl CMeIUeHII.sl ueHTpaJibHOM OCH CTJJ0Y 

B n.srTII paBHoy,11,arreHHbIX IT03lIIJll.slX no )],Jll!He CTpoy. Ilpu 3T0M, 

BepTIIKaJibHO ycTaHOBJieHHOe CTpoy Bpaiuarrocb BOKpyr CBOeH. OCH. 

IlepeMeiuaeMa.sr B,11,0JJh CTpoy IJIIq>poBa.sr KaMepa cpoTOrpacpupoBarra 

CTJJOY B ceMII paBHoy,11,arreHHbJX ,11,pyr OT ,11,pyra II03HIJH.slX. Ha Ka)K,!lOM 

IT03ll!Jllll Bpaiua10iueec.s1 CTJ)OY cpoTOrpacpIIpOBaJIOCb 36 pa3. ro,11,Hh!MH 

npII3HaBaJil!Cb CTJ)OY C KpHBII3HOM MeHee 200 MKM, a CTpoy C 

KpHBH3HOM 200 c...JOO MKM cqlJTaJIHCb orpaHIIqeHHO r0,11,HblMH. 
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Ta6nulJa 2. Pe3ynbmamb1 pa6om no nodzomoeKe cmpoy 

Bcero 
11:cnonb-

IlpliH.ll- BbIXOA 
TTpoueAypa JipaK 30BaHO 

BOWJIO TO (%) 
,l\JI.ll TeCTOB 

IlpoBepKa pe3HCTHBHOCTH 33301 20 1998 31283 93,9 
,l\JIHHHblXCTJ)OY 

IlepBbIH TeCT pe3HCTHBHOCTH 124875 15 0 124860 100,0 
<DnHaJibHa.ll o6pe3Ka CTPOY 123724 201 64 123459 99,8 

BTopoii TeCT pe3HCTHBHOCTH 123459 205 2046 121208 98,2 
IlpoBepKa Ha repMeTH'IHOCTb 121208 31 0 121177 100,0 

IlpoBepKa Ha KPHBH3HY 121177 8046 466 112665 93,0 
BH3VaJibHa.ll HHCileKl..{lf.ll 112665 2538 0 110127 97,7 

Bcero: 12423 4600 110127 82,7 

Ha yqacTKe c6opKH AeTeKTopoB npOBOAHJIHCb CJieAyIOll.J,He TeCTbI: 

1. ~.ll o6ecne'ieHH.ll TPe6yeMoii TO'iHOCTH ycrnHOBKH CTPOY B AeTeKTOp 

(TO'iHOCTb Il03lfl..{HOHHpOBaHH.ll KIDK,l\OH CTPOY B npOCTPaHCTBe He xy)Ke 50 MKM) 

npoBOAHJIC.ll BXOAHOH KOHTPOJJb yrnennaCTHKOBbIX Koneu, COCTO.llll..{HH H3 npoBepKH 

BblCOTbl lf TOJill.J,HHbl Koneu, AHaMeTpa OTBepCTHH B KOJibl..{ax lf HX 

Il03lfl..{HOHHpOBaHH.ll, AeqmpMal..{Hlf KOJibl..{a IlOA co6crneHHblM BeCOM lf IlOA 

Harpy3Koii, a TaK)Ke BH3YaJibHbiii KOHTPOJib Koneu. 

2. ~.ll o6ecne'ieHH.ll 3a3eMJieHH.ll yrnennaCTHKOBbIX KOJiel..{ npOBOAHJiaCb 

npoBepKa Ka'ieCTBa KOHTaKTa Me)K,l\y yrnennacTHKOBblMH KOJlbl..{aMH lf 

3a3eMJI.lll011J,lfMH npOBOJIO'iKaMH. l13Mep.llJIOCb 3JieKTpH'ieCKOe conpOTHBJieHHe 

Me)KAy coceAHHMH npOBOJIOKaMH, BKJieeHHblMH B KOJlbl..{O, KOTOpoe He AOJI)KHO 6bIJIO 

npeBbIIIIaTb 0,2 OM M.ll BHyTPeHHero KOJibUa cy6MO,l\yJI.ll n 0,15 OM M.ll ABYX 

APYrHX. 

3. OKOH'iaTeJibHa.ll npoBepKa np.llMOJIHHeHHOCTH CTPOY npOBOAHJiaCb nocne HX 

BKJieHKH B cy6MOAYJlb. 3Ta npoBepKa COBMell.J,anacb c npoBepKoii OTCYTCTBH.ll 

3neKTpnqecKoro KOHTaKTa Me)KAy coceAHHMH CTPOY B cnoe, a TaK)Ke Me)KAY CTPOY n 

KOJlbl..{aMH. MeTOA Hapy)KHOro OCMOTpa CTpoy, aHaJIOrH'iHblli npHMeH.lleMOMY Ha 

yqacTKe IlOAroTOBKH CTPOY, 6rm He npnroAeH K HCilOJib30BaHHIO B AaHHOM cnyqae. 

Han6onee yHHBepcaJibHblM n npOCTbIM MeTOAOM npoBepKH CTPOY .llBJI.llJIOCb 

TeCTHpOBaHHe TT3C-MaTPHUeii cBeTOBoro Il.llTHa OT npOXO,l\.llll.J,ero CKB03b HHX ny'iKa 

cBeTa. 3TOT MeTOA HCCJieAOBaJIC.ll B 0115111 n npeACTaBJieH B pa6oTe [5]. CBeTOBOH 

IlOTOK OT HCT0'iHHKa CBeTa q>OpMHpOBaJIC.ll B napanneJibHblH ny'i0K C 

paCXOAHMOCTblO He 6onee 0,2 MpaA lf npoX0AHJI qepe3 TeCTHpyeMoe CTP0Y-

11HTerpaJibHOe HJo6pa)KeHne :noro CTPOY, nocne npoXO)KAeHH.ll q>oeycnpy1011J,eii 

JIHH3bl, npoeunpoBanocb Ha TT3C-MaTpnuy. MeTOA no3BOJI.lln H3Mep.l1Tb 

Aeq>opMal..{HlO CTPOY C TO'iHOCTblO AO 200 MKM, AaBan B03MO)KHOCTb Bbl.llBJieHH.ll 
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JIOKaJibHbIX Aeq>eKTOB Ha BHyTpeHHeii noBepXHOCTH CTpoy, a TaK)Ke B0~MO)KHOCTb 

TeCTHp0BaHHH CTP0Y, ycTaHoBJieHHbIX B cy6MO,l\yJib. 

Ha 0CHOBe 3THX HCCJieAOBaHHH 6bma pa3pa6oTaHa lf H3roTOBJieHa 

aBTOMannttpoBaHHa.ll CHCTeMa nposepKH CTpoy, COCTO.llll.J,a.ll lf3 ABYX OTAeJibHblX 

ycTpOHCTB C 0611J,eii CHCTeMoii ynpaBneHH.ll [6]. CTpyKTypHa.ll cxeMa npn6opa 

npnBeAeHa Ha pnc. 5. 

;,;I< 

P11c. 5. CrpyKTypHllll cxeMa 6noKa ynpaaneHHJI: r ~ TaKTOBhIH reHeparnp; YI - ycTJ)OHCTBO 
ynpaBJICHIIJI rnaroaoro J:IBHraTeJJJI; T - TaHMep; Y2 - ycTpoiiCTB0 ynpaaneHHJI ,IBHraTeJIJI KapeTKH; 

<l> I, <1>2 - 4iopM11poaaTeJ111 HMnynhcoa; BQTI - apeMH-JlH$poaoii npeo6pa:maaTwh; EMT - 6noK 
ll3MCJJCHIIJI T0Ka C BhIC0K0B0JlhTHhIM IICT0'IHIIK0M; lll,n - rnaroBhlll ,IBHraTeJJh, ,nK - ,IBHraTCJlh 

KapeTKH, C3 - cxeMa 3anycKa. 

Y CTaHaBJIHBaeMbie s -::y6MOAYJib CTpoy c KOHl..{eBblMH nnaCTHKOBbIMH 

3JieMeHTaMH HMeJIH BHyTpeHHHH AHaMeTP 4,0 MM AJIH OAHOrO KOHl..{a lf 1,8 MM AJIH 

BTOporo. OTpa)KaeMblH OT OAHOPOAH0ro 3KpaHa cBeT IlOila,l\aeT qepe3 OTBepcTHe 

AHaMeTp0M 1,8 MM B HCCJieAyeMoe CTPOY c BHYTPeHHHM AHaMeTp0M 4,00 MM. C 

np0THBOilOJI0)KH0ro KOHl..{a CTPOY ycTaHOBJieHa WEB-KaMepa C AOilOJIHHTeJibHOH 

OilTH'leCKOH CHCTeMOH, 06ecne'iHBal011J,eii rny6HHY pe3KOCTH He MeHee ± 5 CM 

ornocttTeJibHO ueHTpa CTPOY. WEB - KaMepa q>ttKcttpyeT n nepeAaeT B KOMilbIOTep 

CBeTOBOe H306pa)KeHHe B BHAe Ha6opa K0Hl..{eHTPH'iHbIX KOJiel..{, CTeneHb HCKa)KeHH.ll 

K0TOpblX xapaKTepmyeT Mepy KpHBH3Hbl CTPOY- nonyqeHHbie mo6pa)KeHH.ll 

npocMaTPHBalOTC.ll onepaTopoM. Ka)KAOe lf3 HHX cpaBHHBaeTCH C K0HTPOJibHbIMH 

lf306pa)KeHH.llMH OT CTPOY, HMelOll.J,HX pa3JIH'iHYIO KpHBH3HY C IIIaroM B 50 MKM B 

AHamnoHe OTO AO 300 MKM. 

0AH0BpeMeHHO c 3anncb10 B 6aJy AaHHbIX mo6pa)KeHH.ll npoBep.lleMoii Ha 

npHMOJIHHeHHOCTb CTPOY, npOBOAHJiaCb nposepKa OTCYTCTBHH pe3HCTHBHOro 

KOHTaKTa Apyroii CTP0Y npoBep»:eMoro CJIOH C ee coCeAHHMH lf C yrnennaCTHKOBbIMH 

K0Jlbl..{aMH. C Il0MOll.J,blO UiaroBoro ABHraTeJI»: o6ecne'iHBinocb IlOAKJIIO'ieHHe 

KOHTaKTOB K TPeM coceAHHM CTP0Y, BKJieeHHbIM B co6upaeMbIH cy6MO,l\yJib (Pnc. 6). 
Ilpn 3TOM Ha nosepxHOCTb ~eHTPaJibHoii CTPOY noAaBanocb Hanp»:)KeHne 1 KB, 
coceAHHe - Hax0AHJIHCb IlOA noTeHl..{lfaJIOM "3eMJIH". 
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Pnc. 6. CxeMa JIO)lKJIIOqeHHll H3MepHTeJibHbIX KOHTaKTOB K CTpoy )lJilI H3MepeHHll TOKa 

MelK.ll:y HHM: l, 2, 3 - crpoy; A, B, C, D -rrpylKHHHbie KOHTaKThI; P - pene. 

4. Komponb MaKCifMailbHO ,!(OIIYCTHMOH TOilll.l,IfHbI rrneHOqHbIX pa.!(HaTOpOB 

6Lm He06XO,!(IfM, TaK KaK HanrnyTLie pa.!(HaT0pbI MOrnlf C03,!(aBaTb BOilHbI, H3rlf6ru! 

BKneeHHbie B cy6MO.!(yilb CTpoy. Tonll.l,HHa pa.!(HaTOpOB He ,!(Oil)I(Ha 6Lma rrpeBbIIIIaTb 

5 ..,. 6 MM. ,[(JUI If3MepeHHH TOilll.l,IfHbI PMHaTOpOB B OI15ll1 6bmo If3fOTOBileHO 

rrpHcrroco6neHHe c Ha6opoM HaXO,!(Hll.l,IfXCH IIO,!( :meKTpifqecKHM IIOTeHQHanaM 

rrpoBOilOK. Y CTaHOBneHHOe Ha c6opoqHoM CTone, Ha,!(· pacTHHYTbIM PMHaTopoM, 

YCTpOHCTBO ClffHaillf3HpOBano O HeCOOTBeTCTBiflf TOilll.l,IfHbl pa,!(HaTopa HOpMaM 

3aMbIKami:eM KOHTaKTOB rrpoBOilOKaMH, If30fHYTbIMif rrpH Hanlfqlflf BOilH Ha 

pa.!(HaTOpe, Ifillf rrpeBbIIIIeHiflf ero TOilll.l,IfHbl APYrHM o6pa30M. 

5. IlpoBepKa repMeTifqHOCTif ,!(eTeKTopa rrpOH3BO,!(IfilaCb If3MepeHHeM yTeqKif 

ra3a If3 3aKpLIToro raJoBoro 061,eMa, 3arronHeHHoro aproHoM IIOA ,!(aBneHHeM, 

rrpeBbIIIIaIOil.l,IfM aTMocqiepHoe Ha 20 MEap. TecT rrpOBO,!(IfilCH Tplf pa3a Ha pa3HbIX 

:narrax c6opKH. BenHqlfHa yTeqKif (MEaplMHHIEap) If3MepHnacb no yMeHLIIIeHmo 

,!(aBneHHH BO BpeMeHif If paccqlfTbIBanacb cornacHO Bbipa)KeHHIO (1 ): 

Te'lb = P(tl)- P(t2) x l 000 
tl-t2 P(tl)-P(amu) (1) 

r,!(e: ti If t2 - BpeMH Haqana If OKOHqaHHH If3MepeHHH (MHH); P(tl) If P(t2) - ,!(aBneHHe 

(MEap) B ra30BOM o6neMe 3a COOTBeTCTBYJOil.l,ee BpeMH; P(amM) - aTMocqiepHoe 

.!(aBneHHe ( MEap ). 

Pe3ynLTaTbI rrpoBe,!(eHHH rrocne,!(Hero ra30BOro TeCTa rrpHBe,!(eHbl Ha pHC. 7. 
KaK BH.!(HO H3 pHcyHKa, Teqb B cpe.!(HeM cocTaBnHna 0,46 MEaplMHH Ha Eap, qTo 

6onee qeM B.!(Boe nyqIIIe HOpMamBHoro Tpe6oBaHHH 1 MEaplMHH Ha Eap • 
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1,2 

"i' s: 
.2 iZ 0,8 

1i 0,6 
i2 
2 0,4 

g 0,2 [ 

ol 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

N2 BOCbMl1CnoiiHOro MOAYflR 

Pnc. 7. fa30Bhle Teqn MO)lyJieii 110 pe3YJibTaTaM qmHaJibHOro fa30B0ro TeCTa 

6. B ,!(eTeKTOpe ,!(IlH .3all.l,IfTbl OT aBapHHHbIX CHryaQHH Ha Ka)K,!(ble 8 CTpoy 

ycTaHOBneH O,!(IfH crreQifailbHbIH BbICOKOBOilbTHbIH rrpeAOXpaHHTeilb c co6CTBeHHbIM 

corrpoTHBneHHeM 91 KOM. KoHTponHpOBanOCb BenlfqlfHa corrpOTifBileHHH 

rrpe.!(oxpattHTeneii B ,!(orrycmMLIX rrpe.!(enax 85 - 95 KOM. IIo peJynLTaTaM 

TecTHpoBaHHH 6Lrno 3aMeHeHo 6onee 50 rrpeAoxpaHHTeneii. 

7. BbICOKOBOilbTHbie TeCTbl rrpOBO,!(IfillfCb Ha TpeX :narrax c6opKH 

cy6Mo,!(yneii. BbICOKOe HaIIpH)KeHHe IIO,!(aBanOCb Ha KaTO,!(bl cy6MO.!(YilH If 

,!(OBO,!(IfilOCb ,!(O BenlfqlfH OT 1800 AO 2100 B B 3aBHCHMOCTif OT 3TaIIa c6opKH, Ha 

KOTOpOM rrpOBO,!(IfilCH TeCT. KoHTponHpOBail!fCb TOKif CTeKaHml MeJKAY aHO,!(aMH If 

KaTO,!(aMif ,!(eTeKTOpa. )];orrycTHMbIMif cqlfTaillfCb "TeMHOBbie" TOKH MeHee 50 HA ,!(IlH 

32 IIO,!(KilIOqeHHblX O,!(HOBpeMeHHO CTpoy. 

8. ,[(Im o6ecrreqeHHH Tpe6yeMoro rrpocTpaHCTBeHHoro pa3perneHHH 

Tpe6oaanOCb y6e.!(llTbCH B TOM, qTo ,!(eTeKTOp He HMeeT rrpOBHCIIIHX Hillf 

rrepeTHHYTblX aHO,!(HbIX rrpoBonoqeK. IIpoaepKa HaTH)KeHHH aHO,!(HbIX rrpoaonoqeK 

rrpOH3B0,!(IfilaCb aKyCTifqeCKifM MeTO,!(OM. Ha.!( cy6Mo.!(yneM ycrnHaBilHBancH 

,!(HHaMHK. Ha Hqeiiey If3 32 CTpOY IIO,!(aBanOCb IIOCTOHHHOe HarrpH)KeHHe ~ 500 B. 
IIoA B03,!(eHCTBifeM 3BYKOBbIX BOilH If3MeHHIOil.l,eHCH qacTOTbl orrpe.!(enHnacb 

pe30HaHCHru! qaCTOTa MexaHifqeCKifX KOne6aHHH aHO,!(HbIX rrpoaonoK. )];orrycTHMbIM 

HBilHil0Cb HaTH)KeHHe B rrpe.!(enax 55 - 80 r. 

9. K ~a6apHTaM MOAYilH rrpe,!(bHBilHillfCb )KeCTKife Tpe6oBaHHH: 

- BbICOTa MOAYilH 114±0.4 MM; 

- MlfHifMailbHblH BHyTpeHHifii paAHYC Koneca MO.!(ynH R min 623, 75 MM; 

- MaKCHManLHLiii BHeIIIHHii PMHYC MOAYilH 1044 MM 

B CBH3If C 3TlfM rrpoaepHnHCb reoMeqmqecKHe pa3Mepb1 B0CbMHCilOHHOro 

MO.!(ynH. 

)];nH If3MepeHHH ra6apHTOB HCIIOilb30BanlfCb IfH,!(IfKaTOpbI qacoaoro THIIa, 

ycTaHOBileHHble Ha crreQifailbHOH BpaI1.1,aIOI1.1,eiicH OCH, yKperrneHHOH B QeHTpe 

c6opoqHoro CTOna. )];Ba IfH,!(HKaTOpa ll3MepHnll BHyTpeHHifH pa.!(Hyc MO.!(ynH B 
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paiioHe u;eHTpOB Ka)l(AOro H3 lfeTblpexcJIOHHhIX cy6MOAyJieii, COCTaBJIJIIOllJ;HX 

MOAYJih. )],Ba Apyrnx H3MepJIJIH TOJillIHHY MOAYJIJI B paiioHe BToporo H TpeThero 

yrnenJiaCTHKOBhIX KOJieu;, a nJ!ThlH - BHellIHHH paAHyc MOAYJIJI. THnHlfHhie 

pe3yJihTaThl H3MepeHHH OAHOro MOAYJIJI npHBeAeHhl Ha pHC. 8. 
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Pllc. 8. ra6apllTHble pa3Mepb1 Mo.nym1 .N2 2. 

j--+--P11111 

: ··•·-P11112 

i=::J 

10. 113MepeHHe Beca cy6MoAyJieii npOBOAHJIOCh, lfT06hI B AaJihFettllleM MO)l(HO 

6hIJIO paCClfHTaTh PaAHalJ;HOHHYIO Macey AeTeKTOpa. qeThipexcJIOHHhIH cy6MOAYJih 

ycTaHaBJIHBaJICJI Ha Tpex KaJIH6poBaHHhIX nOACTaBKax, pacnoJIO)l(eHHhIX Ha CTOJie. 

TTOACTaBKH nooqepeAHO 3aMeHJIJIHCh :meK'tpOHHhIMH BecaMH, HMeIOllIHMH TOlfHOCTh 

H3MepeHHJI 0, 1 r. TToJiyqeHHhie aeca cyMMHpoBaJIHCh. PacnpeAeJieHHe aeca 

cy6MoAyJieii np1rneAeHo Ha AHarpaMMe (P11c. 9). KaK BHAHO H3 p11cyHKa, pa36poc 

aeca cy6MOAyJieii 6hIJI a AHanaJOHe OT 13700 r. AO 15000 r. 
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Na Koneca 

Pllc. 9. Pacrrpe.neneHlle aeca cy6Mo.nyneii 

11. TecTHpOBaHHe AeTeKTopa c nOMOllihlO PaAHOaKTHBHhIX HCTOlfHHKOB. ~JI 

aBTOMaTH3HpOBaHHOro TeCTHpOBaHHJI KOJihlJ;eBhlX MOAyJieH TRT 6hIJI C03AaH CTeHA, 

no3BOJIJ!IOllIHH Ha611paTh AaHHhie AJIJI Ka)l(AOH H3 6144 CTpOY BOChMHCJIOHHOro 

MOAYJIJI B 6 TOlfKax no HX AJIHHe. l1cnoJ1h30BaJiach raJOBaJI cMech - Ar/CO2 

(70/30%). MOAYJIH AeTeKTOpOB o6nylfaJIHCh Ha6opoM KOJIJIHMHpoBaHHhIX 

HCTOlfHHKOB Fe-55, pacnoJIO)l(eHHhIX Ha paAHaJihHhIX Aep)l(aTeJIJIX B pa3JIHlfHOH 

n03HlJ;HH no paAHYCY MOAYJIJI AJIJI Ka)l(AOro. )J,ep)l(aTeJIH HMeJIH B03MO)l(HOCTh 

Bpaiu;aThCJI. B 30ny o6nyqeHHJI OT Ka)l(AOro KOJIJIHMHpoBaHHOro HCTOlfHHKa 

nonaAaJIO no 8 CTpOy Ka)l(Aoro CJIOJI. 

Pe3yJihTaThl TeCTHpOBaHmI nOKa3aJIH, lfTO KOJIHlfeCTBO Hepa6oTOCnoco6HhIX 

KaHaJIOB COCTaBHJIO 0,2 % OT o6iu;ero lfHCJia H3MepeHHhIX KaHaJIOB (Tpe6oBaHHe no 

cneu;mpHKalJ;HH - 1 % }, a KOJIHlfeCTBO KaHaJIOB c HeOAHOpOAHOCThlO BeJIHlfHHhl 

raJOBOro yrnJieHHJI 6oJiee 9 % (lfTO COOTBeTcTByeT B03MO)l(HOMY mrn6y CTpoy 

6onee 300 MKM) 6hIJIO MeHee 0,4 %. TaKHM o6pa30M, pe3yJihTaThl TeCTOB nOKa3aJIH 

BhICOKoe Kalfecrno mroTOBJieHHhIX B JI<l>q OlUll1 KOJihLI;eBhIX MOAyJieii TRT 

ATLAS. 

OcHOBHbie pe3yJibTaTbl H BbIB0Abl 

1. C03AaH AeTeKTop nepeXOAHOro H3JiylfeHIUI - TpeKep THna «B» Ha OCHOBe 

TOHKOCTeHHhIX Apeiiq:ioBhIX Tpy6oK AJIJI BHYTl)eHHero AeTeKTopa ycTaHOBKH ATLAS 

EonhIIIoro aApOHHoro KOJIJiaiiAepa. Co3AaHHhIH AeTeKTop J1BJIJ1e·,"cJ1 OAHOH H3 

Ha116onee l3a)l(HhIX CHCTeM ycTaHOBKH ATJIAC H COAep)l(HT 17 BOChMHcnoiiHhIX 

MOAYJICH AeTeKTopa (16 pa6olfHX H OAHH pe3epBHhIH) C o6llIHM lfHCJIOM Apeirq:JOBhlX 

Tpy6oK paBHhIM 104448. B HaCTOJlllJ;ee BpeMJI AeTeKTop noJIHOCThlO npoTeCTHpOBaH 

B QEPHe, ycrnHoaneu B maxTe 3Kcnep11Meurn ATJIAC H Ha neM BeAeTCJI ua6op 

CTaTHCTHKH OT KOCMHlfeCKHX nyqeii. Pe3ynhTaThI TeCTHpOBaHHJI nOKa3aJIH BhICOKOe 

KalfeCTBO KOJihQeBhlX MOAyneii AeTeKTopa nepeXOAHOrO H3JIYtfeHHJI - TpeKepa 

ATLAS. Kon11qecrno uepa60Tocnoco6ublx KaHaJIOB acero cocTaBJIJ!eT 0,2 % OT 

o6iu;ero lfHCJia H3MepeHHhIX KaHaJIOB, lfTO cyiu;ecTBeHHO HH)l(e Tpe6oBaHHH no 

cneQHq:JHKaQHH -1 %). 
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2. ,[vlH co3.n,amrn .n,eTeKTopa pa3pa6ornHa MeTo.n,HKa ero npoH3Bo.n,cTBa, 
KOToprui: MmKeT 6bITh npHMeHeB:a B ,ll,fillhHeiiIIIeM ,ll,JUI C03.n,amrn HOBhlX npOBOJIOqHhlX 

.n,eTeKTOpOB pa3HhIX TllIIOB. 
3. no TeXHHqecKHM rpe60BaHm1M BHyrpeHHHii .n,eTeKrnp ycrnHOBKH ATJIAC 

.n,omKeH pa6oTaTh B TeqeHHe 10 JieT, IIpll 3TOM MaKCJIMfillhHruI ,ll,03a o6nyqeHHH 

COCTaBllT - l 000 ICTp. ,[vlH o6ecneqeHHJI 3THX YCJIOBllii 6bIJia llCCJie,ll,OBaHa 

pa.n,HaIIHOHHruI CTOHKOCTh llCIIOJih3YeMhlX IIpll C03,ll,aHHll KOOp,ll,HHaTHl:,IX .n,eTeKTOpOB 
opraHHqecKHX MaTepllaJIOB, B qacTHOCTll IlOJIHCYJihlpOHa tt IIOJIHKap6onarn, a TaIOKe 

3IIOKCll,ll,HhIX KJieeB-KOMnayH.n,OB 3JIK-5 ll QMK-5. Pe3yJihTaThl ll3MepeHHH 
IIOKa3fillll CJia6yio 3aBHCllMOCTh MexaHHqecKHX CBOHCTB llCCJie.n,oBaHHhIX IIOJIHMepOB 
ll KJieeB OT norno111eHHOH ,ll,03hl, qTo Il03BOJIHJIO llCil0Jlh30BaTh JIX npH ll3rOTOBJieHllll 

.n,eTeKTopoB B paMKax npoeKTOB LHC, COMPASS, «TepMaJIH3aIIHH» tt .n,pyrnx . 

4. Pa3pa60TaHhl MeTO,ll,hl TeCTllpOBaHHH .n,eTeKTOpOB nepexo.n,Horo ll3JiyqeHHH 

- TpeKepoB Ha Bcex 3Tanax JIX C03,ll,aHIDI, B qaCTHOCTll: 

• pa3pa6oTaH MeTO,ll, npoBepKH IIpHMOJIHHeiiHOCTll CTpoy, OCHOBaHHhIH Ha 
aHaJIH3e lpOpMhl CBeTOBOro IIHTHa, o6pa30BaHHOro npOXO,ll,HIIIllM qepe3 
Hero napaJIJieJibHhlM nyqKOM CBeTa; 

• pa3pa6oTaHa ll C03,ll,aHa aBTOMaTH3HpoBaHHruI CllCTeMa KOHrpom1 

KaqecTBa ycTaHOUKll crpoy, KOTOpruI Ha 3Tane ycTaHOBKll CTpoy B 

.n,eTeKTOp o6ecneqHBaeT npoBepKy IIpHMOJIHHeHHOCTJI crpoy, 
OTCYTCTBHH 3aMhIKaHHH Me)l(.n,y paMaMll .n,eTeKTopa ll crpoy, a TaK)l(e -

coce.n,HHX crpoy Me)l(,ll,y co6oii. IlpHMeHeHtte CHCTeMhi o6ecneqttBaeT 
B03MO)l(HOCTh CBOeBpeMeHHOro ycTpaHeHHH .n,e<peKTOB, KOTOphie MOryT 

B ,ll,fillhHeiiIIIeM IIOBJlllHTh Ha pa6ory .n,eTeKTOpa; 

• C03,ll,aH nptt6op ,ll,JIH KOHTpOJIH MaKCJIMaJihHO ,ll,OIIYCTllMOii TOJIIIIHHhl 

nJieHoqHhlX pa.n,HaTopoB, no.n,roTOBJieHHhlX K ycTaHOBKe B .n,eTeKTOp. 

OcHOBHhie pe3VJihTaThl }lllCcepTaUllll ony6JIHKOBaHhl B pa6ornx: 

1. f.)J;.KeKeJIH,ll,3e, B.)J;.IlernexoHOB, IlpeIIH3llOHHhie TpeKOBhJe .n,eTeKTOphl Ha 
OCHOBe TOHKOIIJieHoqHhlX .n.peii<pOBhlX rpy6oK (straw), <l>ll3HKa 3JieMeHTapHhIX 

qacrn11 H aTOMHOro H.n,pa, 2002, T.33. 

2. C.Hayviller, L.S.Almaeva, V.N.Bytchkov, V.V. Golikov,G.D.Kekelidze, 
S.P.Lobastov, V.I.Luchikov, V.D.Peshekhonov, Radiation Hardness of 
Polysulphone and Polycarbonate Elements for LHC Detectors. OI1fil1, E14-
98-245, 1998 r, ATL-INDET-98-218. 

3. C.H.fna.n,KHX, B.B.foJIHKOB, f.)J;.KeKeJIH,ll,3e, C.B.MttIIIHH, B.)J;.IlernexoHoB, 

4. 

Pa.n,HaIIHOHHruI CTOHKOCTh HeKOTOph!:~ IlOJIHMepoB JI 3IIOKCll,ll,HhIX KJieeB, 

OI1fil1, Pl3-2001-275. 
11.B.EorycnaBCKHii, B.H.EhlqKoB, KC.BttpHcoB, H.fpttraJiaIIIBHJIH, 

IO.B.fycaKoB, f.)J;.KeKeJIJI,ll,3e, B.H.KpyrnoB, K.A.JleBTepoB, B.M.Jiy11eHKo, 
B.M.JlhICaH, C.B.MHIIIHH, B.B.MHJIKOBCKHii, B.)J;.IlernexoHoB, 

A.A.CaBeHKOB, E.M.Xa6apoBa. l13roTOBJieHHe .n,eTeKrnpoB nepexo.n,Horo 
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5. 

6. 

H3JiyqeHIDI - rpeKepoB TJIIla «B» a 011fill ,ll,JIH BHyrpeHHero .n,eTeKTopa 

ycTaHOBKH ATLAS LHC. IlJichMa B 31INI, 2006. M! 3 [132], C 103 - 110 . 
P.A.Acrn6aTHH, f.)J;.KeKeJIJI,ll,3e, C.TT.Jio6acTOB, B.)J;.IlernexoHOB, A.B.PH60B, 

JI.M.CMHpHOB. Mern.n. HHTerpaJihHoro H3MepeHIDI npji..\lOJIHHeiiHocrn 

TOHKOilJleHO'lHhlX .n,peii<pOBhlX rpy6oK. 011fill, Pl3-98-270, 1998 r. 
A.O.fOJIYHOB, H.C.fpHraJiaIIIBHJill, IO.B.fycaKOB, r.)J;.KeKeJIH,ll,3e, 

B.B.JlHBHHCKHii, C.B.MypaaheB, B.)J;.IlemexoHoB, A.A.CaaeHKOB, 
ABToMaTH3llpOBaHHruI CllCTeMa KOHTPOJIH KaqecTBa YCTaHOBKH TOHKOCTeHHhlX 

.n,peiiq>oBhlX rpy6oK a .n,ereKTop TRT ATLAS IlJichMa B 31INI, 2003. N!! 2 

[117]. 

Ilony11eHo 12 ceHTJ16pJ1 2007 r. 

17 


