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LHC

EBponenckum LleHTp AaepHbix UccneaoBaHuun n bonbwon AgpoHHbin Konnanaep
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B Hayane 1980-x rogoB Obirn
npeanoXeH NPOEKT yCKopUTens,
OCYLLECTBNSAOLLEINO CTONKHOBEHMUS
SNEKTPOHOB N X aHTUNOAOB —
NO3UTPOHOB, — 6OMbLLON
9NEKTPOH-NO3UTPOHHbIN
konnavgep (LEP). OceHbio 1983

f roga Ha4yanocb CTPOUTENbCTBO
. LEP. B nonnHe XKeHeBckoro o3epa
. Ha rnybunHe cTta MeETPOB ObIS

BbIPbIT KOMbLIEBOW TYHHENb 0OLLIEN

| OnvHon 27 kmnomeTtpoBs. KayectBo

noA3eMHbIX paboT 6bI1o cToMb
BbICOKMM, 4TO, Korga B 1988 roay
OBa KOHUA TYHHeNs COeANHUIACH,
pacxoxgeHue mexay HUMU
COCTaBMNO BCEro OAuMH CaHTUMETP.
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CERN & LHC

OCHOBHbIE 3Tanbl NPOEKTUPOBKM U CTPOUTESIbCTBA.

Cumnosunym B JlozaHHe, LLBenuapus, B 1984 rogy ctan ToOYKoM cTapTa Anga npoekrta. bbinim
ornpegeneHbl paboyne rpynnbl 4519 PaCCMOTPEHUS Pa3fIUYHbIX acrnekToB OU3NKKN, KOTopble MOryT
ObITb M3y4eHbl Ha HOBOM NPOTOHHOM Kosnangepe. bonbwon AgpoHHbin Konnangep (Large
Hadron Collider) ctaHoBuTca npmnoputeTHbIM npoekTom ans LUEPH. C koHua BocbMnaecaTbIxX
rogoB Mo cepeanHy OeBAHOCTLIX rof40B NPOLUOro Beka 6b1510 NpoBegeHO MHOXECTBO
CEMMHapPOB, MOCBSLLEHHbIX KOHLIENTYarnbHOMY OM3anHy Konnangepa.

B utore B gekabpe 1994 roga peanusauus npoekta BAK nonyymnna nonHoe ogobpeHne
Coseta LIEPH. ns BAK Obin He Hy>XeH HOBbIN TYHHENb — BMNOJSIHE roAUSICS N CTapbli, TOT, YTO
6bin BoIpbIT Ans LEP. PeweHo 6bino, 4yto yckoputenu PS n SPS Takke He ocTaHyTcsa 6e3
paboTbl — OHKM ByayT NpuaaBaTb YacTULaM NepBOHaYaribHYH SHEPIUIO.

1995 - OnybnukoBaH nepBbi AndanH-NpoekT BAK, cogepxawwmn getann apxmTekTypbl
OyaoyLiero yckopuTensi.

1996 - OkoH4aTenbHO ogobpeHbl akcnepumeHTbl CMS n ATLAS. Oba akcrnepuMeHTa
npeaHasHadeHbl aAnga nonckoB 603oHa Xurrca. B ntoHe Poccus obbsasnaeT o cBoemM oHaHCOBOM
y4yacTun B NPOEKTE.

1998 - YcnewHo ucnbiTaH nepsbin AUMONbHbLIA MarHUT ArMHon 15 meTtpoB. JOCTUIHYTO
none sennunHon 8.3 Tecna, asnswouweeca HoMMHanbHbiM Ans BAK. Npu aTom Tok B 0OMOTKax
MarHMTOB COCTaBSIAeT nopgaaka 13 kunoamnep.
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CERN & LHC

1999 r. - B UEPH noctasneHbl n3 AP (Hosocmbupck) nepsble «Tensble» MarHnTbl on4
nepenyckHblX kKaHanos. B nocneaywowme rogbl MAD noctasun okorno 540 marHMToB Angd
NnepenyckHbIX KaHamnos.

2000r. - YcnelwHo ncnblTaHbl NepBble KBaapynosibHbIE MarHUTeLl, HEObXoaMMble Ans
JoOKYCMPOBKU My4Ka.

2001 — 2002 rr. - Hayato cepnnHoe Npon3BOACTBO AUMOSbHbLIX U KBaAPYMNOMbHbLIX
MarHMToB. [Nony4yeHbl nepBbie NPOTOTUMLI KOppeKTupyroLwmx marHmtos. K koHuy 2002 roga ns
TOHHENS n3BneYeHbl nocriegHne KomrnoHeHTbl LEP, B ntore 3a 14 mecaueBs gemMoHTaxa LEP
n3 27 KMNoMeTpoBOro ToHHens 6b1no nssnedeHo 6onee 40 000 ToHH o6opyaoBaHUA.

2003 r. - B LUEPH nocTtaBneH nepBbin aMePUKAHCKUIA MarH1T, NnpeaHasHavyeHHbIn ans
JomHanbLHOM (POKYCMPOBKM My4Ka B MeCTax aKcrnepumeHToB. Bcero 3a nocneayrouime rogbl
Oynet noctaeneHo 20 Taknx MmarHMTOB. OTO ABuriock Bkrnagom CLUA B npoekT BAK.

2004 — 2005 rr. - 3aKOHYEHO CTPOUTENBLCTBO NOA3EMHbIX 3aroB ans getekropos CMS un
ATLAS, 3akoHYeHa BCs noaseMHas HgpacTpyktypa. Pasmepsbl 3ana anga getekropa CMS
cocTaBunu 53 MeTpa AnnHOn, 27 METPOB LLUMPUHON N 24 MeTpa BbICOTOW, CaM 3ain Haxo4UTCS
Ha rnyouHe 100 meTpoB nof 3emren.
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CERN & LHC

B 3T e roabl npogomkaeTca cepnumHoe Npon3BoACTBO BCEX CBEPXNPOBOAALLMX MArHUTOB.
B npoun3BoacTeo BoBneveHbl criegyowme ctpaHbl: PuHnaHgma, Utanusa, dpaHums, Poccus.
Cbopka marHnTtoB ocyuwiecTensietcs B Cnosakun n Utanuw.

2006 r. - NNoCTpOeH HOBbLIW LEHTP yNpaBreHusi, 00beaANHSAOLWNK NYNbTOBLIE A8 CUCTEM
KPUOrEeHUKN, HaKoNUTEeNbHOro Konsua SPS, OCHOBHOrO KosbLa Konnangepa n BCcex UHXeHEepPHbIX
cuctem. C 2006 roga ynpasrieHMe UCbITaHUAMU KPpUOreHHOW U marHuTHou cuctem BAK BenyTtcsa
oTcroaa.

2007 r. - 3aBeplUeHa yCTaHOBKa B TOHHENb U NMNocneaywmin MOHTaXx Bcex marHntos bAK.
3aBepLUeH MOHTaX CUCTEM NMUTaHUS U BCEX CUCTEM 3alLLUUT, BKIMOYasi CUCTEMbI BbIBOAA SHEPTUM.

2008 r. - B sHBape-mapTe 3aBeplleH MoHTax getektopoB CMS n ATLAS

2006 — 2008 rr. — npoueaypa 3anycka bAK (commissioning)

OceHb 2008 — aBapus B MeECTE COEAVMHEHNA CBEPXMPOBOAALLNX ANMNOSMBbHBLIX MarHUTOB
2009 r. — BOCCTaHOBMNEHME MOCe aBapum 1 NOBTOPHbLIM commissioning

2010 r. — othuumanbHbIN 3anycKk Konnangepa, nnasHoe NoBbilLeHWe 3Heprun, nepsbin
CTOJSIKHOBEHUS
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LHC & CERN Accelerator Complex
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CERN Accelerator ComKleX
CERN Accelerator Complex
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CERN Accelerator Complex

* LINAC2 — nMHENHLIN ycKopUTeSib NPOTOHOB (MPOTOHbLI YCKOPSOTCS 40
9Heprum 50 MaB)

» Booster — 6ycTtepHbIn HakonuTenb Ansa PS, yckopsieT NpoToHbl ¢ aHeprim 50MaB
0o Ha aHeprn 1.4 aB. LINAC2 n Booster BAAKOTCS MHXEKTOPOM AN MPOTOHHOIo
CUHXpOTpOHa PS

* PS - NPOTOHHBLIN CUHXPOTPOH Ha aHepruto 26 9B, nepumetpom 628 m. PS,
3anyuweHHbIn B 1959r. Asnsinca cambiM 60MbLLIMM NPOTOHHBIM CUHXPOTPOHOM Ha TOT
MOMEHT.

* SPS — Super Proton Synchrotron. Cynep-npoTOHHbIA CUHXPOTPOH Ha 3HEPIUI0
450 9B. Becb komnnekc ot LINAC2 saBnsaetca SPS nHxekymonHsim ans LHC.

* LINACS3 - nnHenHbIn ycKkopuTenb MOHOB cBuHUaA (4.2 MaB/HyknoH)
* LEIR — Low Energy lon Ring, MOHHOE KOMbLIO HU3KMUX 3Heprun (72 MaB/HyKnoH).

LINAC3 u LEIR aBnstoTcsa nHxektopom anga PS npu pabote PS, SPS n LHC B
MOHHON Moae
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CERN Accelerator Complex

* |ISOLDE - Isotope Separator On-Line, paguaunoHHbIE MOHHbIE MYYKN
* n_TOF - neutron time-of-flight facility, nctouHnk HenTpoHoB

» AD - Antiproton Decelerator. MawmnHa, obecneymBatoLLlas
HMU3KO3HEpPreTuyeckne aHTUNPOTOHbI A4 MNonyyYeHns aToMoB
aHTMBoaopoAaa.
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LHC
LHC PROJECT N
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LHC

Low B (pp)
High Luminosity
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LHC

03.11.2013

OcHoBHble napameTpbl BAK

MapameTp EavHnubl | BenuyuuHa
QHepruns, MakcumarsbHas TaB 2x7
OHEPIUs UHXEKLNU TaB 0.45
Konn4yecTBo YyacTuu, B CrycTke 1.15x101!
KonnyecTBo Cryctkos 2808
[TnkoBas cBeTMMOCTb B Toukax IP1 IP5 cm2cek! | 1.0x103%4
YactoTa obpalleHus Ky 11.245
YacToTa yckopsaroLwen CTPYKTypbl Ml 400.8
[unonbHoe none Ha aHeprun 7 TaB n 8.36
[MnonbHOe none Ha 3HePrum HXekuumn Tn 0.54
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BY cucrema
KpuocTtaTt co cBepxnpososiLiumMmm pe3oHaTopaMmm
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‘ BY cucrema

[MpupaLueHne aHeprum 485 kaB Ha
Kaxablhn 060poT => ~15 MniH. 060poTOB.

o=

Mpu yacToTe 11 Tbic. 06OPOTOB B CEKYH/Y, ML
YyYuTbIBas NOTEPU, NOOBLEM IHEPTUN ~

~30 MUH.
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MarsurHasa cucremMa

NMNoabem aHepruun

Monitoring application. Currently monitoring : LHC - [138 subscriptions ]

| @ LHC || o
[Display the graphs on | I‘Ei. column(s) for | [10,000= points | Minimum graph width 1504 px - height 150.:]ﬁ px | [ Ishow legend | [ | smooth graphs | [v] show points)
monitoring SUB_51 for 138 devices : RPMBB.UA47.RSD2.A45B1/SUB_51 ... ICIOSQI
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‘ MaraurHasg cucremMa

MarHutHaga cuctema

nnonb KBaapynosb
] I
| 106.9 m |
Tunsl MarHuTOB Pabouas Makc. Tok Kon-Bo
TemnepaTtypa, K MarHmToB
OCHOBHBIE TUTIONHA 1.9 13 kA 1232
OCHOBHBIEC KBaIPYITIOJIH 1.9 13 kA 392
NuauBuyanbHO 32U THIBAEMbIC 4.5 4 -6 kA 110
KBaAPYIIOJIH
Pa3nenurenpHble TUIIONN 4.5 6 kA 18
KBaapymnonu ¢puHanbHOM POKYCUPOBKU 1.9 11 kKA 32
KoppexTupyrorme MarauThbl 1.9 60 - 600A > 4000
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MargurHas cucrema
CTpykTypbl cekTopoB 1 2n2 3

ATLAS Alice
Inner Triplet Matching section Matching section Inner Triplet

cryostat Q456 cryostats Continuous ARC cryostat cryostats cryostat
Q10203 N2O4 Os Qe - 5 D1 030201
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16 ciruits 17 circuits . 30 circuits 48 circuits 17 dirc. 16 circuits
# uns t RR17 e RRTY vAz3 UA23 vA23
(Came 1)
| pxc. | ﬁ
(CIPCX.R1) (CIPCL.R1) (CIPCA.R1) (CIPCA.L2) (CIPCM.L2) (CIPCX.L2)
Powering Powering Powering Subsecto Powering Powering
Subsector Subsector i : Subsector Subsector
POWERING SUBSECTORS for the Sector between IP1 and IP2
ANOQ to scalo!
Alice Inner Triplet Matching section
cryostat cryostats Continuous ARC cryostat Q6 cryostat

Q10203 11 0204 Qs Q6 QT 0F Q0 _on . Qs ) i3 Qs 04

| = . .

'2 DI"'B,\'I.).SRI DFB\IJ.RI DFBNMC.5R2 DEBAI).(-RZ*I)FBADJRZ DFB:\E.‘I:A—*DI"B!\‘ID.(-IB n
| 16 circuits| 177 orc. U a8 circuits 32 cirmn:;j 27(“‘(3-
(CIPCX.R2) (CIPCM.R2) (CIPCA.R2) (CIPCA.L3)
Powering Powvering Poweri bsec
Subsector Subsector e e o up
POWERING SUBSECTORS for the Sector between IP2 and IP3 e s
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MarsurHasa cucremMa

OCHOBHbIe ANNOSibHbIE MarHUTbI

[MapameTpbi:

Pabounn Tok go 11,8kA
Pabouyee none oo 8.33Tn
- InnHa marHuta: 15m

- KonnyecTtBo B ogHOM
. cekTope (ogHoun uenn):

154 uT.!

3anaceHHas 9Heprus
B ogHow uenu: 1.1MN0x !
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Teo3Haka1

KBaapymonbHbie HIHHBI (OCHOBHBIE)
TermoodMeHHIK

CyTIepH30ALN A

CBepxTIpoBOANIaA 0OMOTKA

BakyymHaa Kamepa (1714 ITyYKOB)
BHemHIn Kopriye (¢ BaKyyMHBIM 5KPaHOM)

ONeKTPOMarHHTHBII 3KpaH

BHemHIe DIHHBI
Kopryc mMarHiTa

Tepmoskpan (55K-75K)

HemarnamtHoe apMo
Marnuronposof ("xonoaseii” - 1.9K)

JironbHbIe OIHHbI

IToacTaBka
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‘ MarsurHasa cucremMa
- / \“' ‘._4.'.‘% - -
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MarsurHasa cucremMa

LHC Short Straight Section

Housing for
Quench Diodes Machine

Interconnect

Vacuum Vessel
Vacuum Barrier

Helium vessel
(Inertia Tube)

Interconnect with
Separate Cryoline

Corrector
._- g MSCB
Interconnect == 1\ — Pumping Manifold

Support Post

Quadrupole Radiation Screen
MQ

Thermal Shield

Beam Tube

Connection Box Phase Separator

CERN AC _EI2-10E
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MarsurHasa cucremMa

CoenunHeHunn cBepxnpoBoaswmx WNMH Mexay MmarHutTamm
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MaraurHas cucremMa
CoeanHeHUA BaKyyMHbIX KaMep MeXay MarHMTaMmu
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‘ MarsurHasa cucremMa

Tpunnetbl (inner triplet magnets) — marHnTbl hUHaNbLHON (POKYCUPOBKMU
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Commissionin
S UcnbimaHus u 3anyck Konnauodepa.
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Commis sioning

Ha ucnbiTaHna u 3anyck konnangepa B 2006—2008 rr. 6binn komangmposaHbl 6onee 100
COTPYAHUKOB NPOMUITbHbIX HAY4YHbIX MUHCTUTYTOB N NabopaTopuin BCEro Mmpa, B TOM Yncne wu
Poccuu.

Mo Mepe 3aBepLUEHNS MOHTaXa OTAENbHbLIX CEKTOPOB OCHOBHOIO KorfbLa peweHo Obino
HayaTb MX ucnbeltTaHmd. B aHBape 2007 roga Havanach npouenypa oxnaxaeHus eguHomn
KPUOreHHOW CUCTEMbI NEPBOro0 CMOHTUPOBAHHOIO CEKTopa (CekTop 7-8). YXe B Mae Toro xe
roga noyTu Tpu C NONOBUHOM KNITOMETPA MarHUTHOW CUCTEMbI HaXOaUNMUCb Npu TemnepaType
CBEPXTEKYYEro renusi, YTo okasanocb MMPOBbLIM PEKOPAOM No 06bEMY KPUOrEeHHOW CUCTEMBI.
B cuny yHMKanbHOCTN 1 CNOXHOCTM paboT UCNbITaHNSA NEPBOro CEKTOPA, a Takke
ncnpasrieHne BbISIBMIEHHbIX cnabbiX MecCT, npoanunucek 0o Hosib6ps 2007 roga. Tem He MeHee,
y>xe B Hosibpe 6bin NOAroTOBMEH CNEeayoLWn CEKTOP, U UCMbITAHUS CTanu NPoOBOANTLCSA B
pexnme cektop 3a cektopoM. K BecHe 2008 roga ucnbiTaHUS NEPELLSIN B PEXUM
napannensHon paboTkl Ha ABYX, a Aarnee 1 Ha TPeX CeKTopax ogHOBPEMEHHO. U Kk aBrycty
2008 r. no4Tn BCe 27- KMNOMETPOBOE KOMbLO Komnfanaepa npoLwsio npoueaypy ncnblTaHns
MarHUTHOM CUCTEMDbI.

10 ceHTAOpPA ObIN Npon3BeaéH odpuumnanbHbIN 3anyck Konnanaepa, u Yepes asa OHA Ny4vokK
LMPKYyNupoBan yxe HernpepbiBHO. Ha aTOM 3agada no nonyvyeHuio LMpKynupytowero ny4yka
3aBepLunnacbh, U PU3NKKU NPOAOITKUIIN UCTbITAHNA MarHUTHOM CUCTEMBI.

19 ceHTAOpSA, B X04€e UCNbITAHNN MarHUTHOW CUCTEMBI MPKU TOKe 9 Knnoamnep, 4YTo BrmM3Ko K
NPOEKTHOMY 3Ha4YeHUI0, B cekTope 3-4 (NocnegHumn CeKTop no xoay UcnbITaHUW) NPOU3OLLIEST
WHUWOEHT, B pesynbrarte kotoporo konnangep LHC Bbiwen us cTposq.
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Commis sioning

HecmoTps Ha Taxenenwmne nocneacTsns asapuu, B TedeHne nepson nosiosuHel 2009
roga 6b1M OTPEMOHTUPOBAHLI M NOCTaBneHbl Ha cBoe MecTo 6oree 50 MarHUTOB,
NPOBEPEHLI BCE COEANHEHNS MEXAY MarHnTammn (OQHO UX Takux COEAUHEHUIN N MOCAYXUNOo
NPUYMHOW aBapun) U YCTaAHOBIIEHbI HOBblE KaHarbl 3alWnTbl (MOHUTOPUHIA) 3TUX
coeMHEeHMN, YTO NO3BONUT NpeaoTBpaTUTb NoA06HLIE aBapun B ByayLiem.

K koHuy 2009 roga npousoLuen NoBTOPHbIW 3anycK konnanaepa, a 23 Hos16ps LHC
ohnumanbHO cTan «Kosnangepom»: camble nepBble NPOTOH-NPOTOHHbIE CTONKHOBEHMUA
OblNKn 3aperncTpupoBaHbl BCEMU YETbIPbMST AeTeEKTOpaMK. B KOHUE HOSADpA 4OCTUrHYTa
9Heprna npotoHoB 1,18 TaB, n Tem cambiM BbIST NOOUT pekopa aMepPUKaHCKOro Konnanaepa
ToBatpoH (0,98 TaB). B cepeanHe aoekabpsa CTONKHOBEHUSI NPOXOAsAT ¢ aHepruen 2,36 TaB B
pexunme 4 cryctka Ha nyuok.

30 mapTta 2010 roga Ha bonbluoM agpOHHOM Kofnnangepe Hadvanmcb CTONKHOBEHUS
NPOTOHOB C MNOSTHOM 3Hepruen B mecte BcTpeun 7 TaB. B TedeHne Bcero 2010 roaa
B Konnangepe nocTeneHHo HapalnBanacb UHTEHCMBHOCTb MPOTOHHbIX MYy4YKOB — KakK
3a CYET YBENUYEHUNS KONUYECTBA CryCTKOB B My4Ke, TaK U 3a CYHET MOBbILLEHUS
MHTEHCMBHOCTW Ka)Ooro cryctka 4o HOMUHaNbHOIo 3Ha4YeHus.

2011rop ctan nepBbiM rogoM NonHoLeHHoW paboTbl bonbLioro agpoHHOro
Konnaungepa.
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LHC

HekoTopble nHTepecHble paKTbl

[Mpn NONHOM NPOEKTHOM MOLLHOCTM TPUSIIMOHBI NPOTOHOB ByayT obpaluaTtbes no
OCHOBHOMY KOfbLy Konnangepa c 4actotom 11 245 pas B cekyHay, UMes nNpu 3TOM CKOPOCTb
Ha ypoBHe 99.99% OT ckopocTu cBeTa.

[1Ba ny4ka NpoTOHOB, KaXabl ¢ aHeprnen 7TaB, obecnevnBatoT 3HEPIUO CTOSTKHOBEHUS
14T3aB. lNpwn aToM Kaxagyto cekyHay byaet npouncxoanTtb okono 600 MUNAMOHOB CTOSIKHOBEHUN.

OHeprus, 3anaceHHas B ryyke NpoOTOHOB, paBHA KMHETUYECKON 3HEPTMMN CKOPOCTHOIO
noesga TGV (CkopocCTHble anekTponoesaa Bo PpaHumm, CKOPOCTb KOTOPLIX AOCTUraeT TPEXCOT
KMITOMETPOB B Yac). [pn 3TOM 3Heprns ogHoro NpoToHa B Ny4ke NpUMEpPHO paBHa
KWHETNYECKON IHEPrun neTsLLero komapa.

BAK — ycTaHOBKa C 3KCTpemMasibHO BbICOKMMW U SKCTpeMaribHO HU3KMMWU TemMnepaTypamu.
B MOMeHT cTonkHoBeHUs Temnepatypa gocturaet senimumH B 100 000 6ornblue Temnepatypbl
aapa ConHua. OgHako npu aToM paboyas Temneparypa CBepXnpoBogsLLMX MarHUTOB,
obecnevnBaemas KpuoreHHom cuctemon, coctaesndet -271.3°C (1.9 K). Takas Temneparypa
nogaepXuBaeTcs NoYTM Ha BCEM NepumMeTpe Konnauaepa.
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Vuactue Poccum 8 LHC

Yyactue Poccum B BAK

Poccua saenanacb ogHUM 13 OCHOBHbIX y4acTHUKOB npoekta BbAK, ocyliecTsnsana nocrasky
BbICOKOTEXHONMOMMYHOro 00opyaoBaHMA Kak ana caMmoro Konnangepa, 1ak 1 ans
9KcrnepuMeHTaribHbIX YCTAHOBOK — ETEKTOPOB HYacCTUL.

Baanmopgencteme Poccum ¢ LIEPHoM ocylwiectensaeTca B pamkax CornalueHus mexay
[NMpaButensctBoM Poccunckon denepaumm n EBponenckon opraHmsaumen saepHbIX
nccrnegoBaHum o garbHenWweM pa3BuTUM Hay4YHO-TEXHUYECKOro COTpyaHu4ecTBa B 0bractum
dom3nkn BblCOKNX aHeprum ot 30 okTsabps 1993 roga, KOTOPOE OCHOBAHO Ha TPEX YCTOMYMBbIX
npuHUMNax:

* B3aMHOe [OMNofHeHne Hay4dHbix nporpamm LIEPHa n nporpamm poccumncknx Hay4HbIx
LEHTPOB B 06nactn onankn BbICOKUX SHEPTUN;

* 3aNHTEPECOBAHHOCTb POCCUMCKNX HAY4YHbIX LLIEHTPOB B OpraHn3aummn HaydHbIX
konnabopaunn Ha 6a3e npoekToB LIEPHa;

* OpraHu3aumsi COBMECTHbIX MPOrpaMm o0y4eHUs CTYAEHTOB U aCNUPaHTOB, YYUTENEN
CPEeAHNX LLKOST.
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CTomnmocTb borbLuoro agpoHHOro Konnangepa (He BKIo4as CTOMMOCTU OETEKTOPOB)
cocTaBusia NpUMepHO 4 MUNNMapaoB WBeNLapCcKnx opaHkos, npu aTom Poccusa BeinonHunia
paboTbl Ha cymmy 6onee 150 MUNNNMOHOB LLIBENLAPCKUX (DPaHKOB.

B Tabnuue npmnBeaeHbl MHAHCOBLIE pe3ynbTaThl PaboT YeTbIPEX POCCUNCKUX
nuctutytos (MHU NPB3, AN PAH, HUL «KypuatoBckun nHctmnyt», MAD CO PAH) n
OUNAN pna LHC, roe oTpaxeHbl 3aTtpatbl NO cocTosHMIo Ha 2006 roa BKNKOYUTESNBHO, N HE
OTpa)keHbl AaHHble No moaepHusaumn LHC, noctaBke 3anacHbIX Yacten u T.4.

Poccuiickue nacturytsl 1 OUSAN [TosnHasg cymma
MJIH. TIB. ¢p.

['HI] UDBD 35,4
AN PAH 1,9
HUL «KypyaTOBCKUI HHCTUTYT» 1,2
OuAn 3,1
NAd CO PAH 115
Wtoro, MiTH. mBEHIapCKUX PpaHKOB 156,6
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Vuactue Poccum 8 LHC

Pe3ncTMBHbIE aNEKTPOMarHUTbl NpUMeHsoTcA B konnangepe LHC B NpsiMONMHENHbIX
NPOMEXYTKaxX U npeaHa3HayYeHbl: ANS pasaeneHnst Ny4YykoB, AN KOMNeHcaUun BIUSIHUS OBYX
BonbLUMX CNEKTPOMETPOB, ANsl KOPPEKLUUN OpOUTLI MYYKOB 3apsiKEHHbIX YacTul, a Takke Ans
dopMMpOBaHUS, TaK Ha3blBAEMbIX «OYULLIAIOLLIMX BCTABOK». Takke pe3anCTUBHbIE AUMNONbHbIE U

KBaZpynosbHble MarHUTbl NPUMEHSAOTCA B KaHanax TpaHCNoOPTUPOBKM My4KOB B Konnauaep.
- — TS :

———m

[na TpaHCcnopTUpoBKM Ny4KoB ¢ aHeprnen 450 3B M3 NPOTOHHOrO CUHXPOTpPOHa SPS B
konnangep LHC nocTtpoeHbl ABa KaHana TpaHCNopTUPOBKK nydka, T12 n TI8, npoTaXXeHHOCTbHo
OoKONno 2.5 kM Kaxabin. B pamkax ydyactns Poccumrckon ®epepaumm B npoekte LHC UHcTUTyT
aaepHon usukm um. I'N. byaokepa noctasun B ULEPH 360 annonbHbix marHutos (MBI), 180
kBagpynonbHbiX MmarHuToB (MQI) n 100 KoppeKkTupyowmx MarHUToB Ans oOpMUPOBaHNS
TpaeKkTopun Ny4KoB Npu UX nepenycke n3 SPS B 0CHOBHOE KOsbLO Kosnnangepa.
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Vuactue Poccum 8 LHC

[MPOTOHHBIN  MyYOK UHXeKTUpyetca u3 SPS (4epe3 onucaHHble Bbile KaHasbl
TpaHcnopTupoBkn) B LHC ¢ aHepruen 450 3B ¢ NnOMOLbIO BEPTUKANbHBLIX OTKIOHSOLWMX
MarHMTOB (KMKEPOB) W FOPU3OHTasbHbIX OTKMAOHSAKWMX cenTym-marHutoB MSI. C6poc xe
nyyka, TaK HasblBaeMblh JamMn ny4vyka, MPOUCXOAUT C MOMOLLI FOPU3OHTamNbHbIX
OTKMOHSOWMX KNKEPOB U BeEPTUKANbHbIX OTKIOHSAKOWNMX cenTymM-marHntos MSD. Centym

mMarHuTel MSI n MSD 6binn paspabotaHbl 1 npousBedeHol B THL NOB3 (coBmecTHO C
LIEPH) B 2003 . g pr—" .
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KommyTupyrowme ceepxnpoBogsiwme wWuHbl (bus-bars).

b s-bars _

Main dipole '
bus-bars
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Vuactue Poccum 8 LHC

OHeprus, 3anaceHHasi BO BCen MarHUTHOW cucteme, coctaenset nopsaka 10 [k (6onee 1
['[>k B OOHOM CEKTOpE), a MakCMMaribHbI TOK BapbUPYETCS OT COTEH amrnep B Lenu
KOPPEKTUPYLWMX MarHUTOB 40 13 KA B Llenn OCHOBHbIX MarHUTOB. BONbLMHCTBO
cBepxnpoBoadaLmnx marHutoB konnangepa LHC tpebytot 3awmTbl B crniyyae nepexoga
NPOBOAHUKA B PE3UCTMBHOE COCTOAHME (CPbIB CBEPXMPOBOAMMOCTM). [1pn 3TOM OCHOBHbLIM
3fIEMEHTOM 3aLUNTbl ABIAETCHA CUCTEMA BbiBOAA SHEPIUMN U3 CBEPXMPOBOAALLMX MArHUTOB.

Cucmembl 8b1800a 3Hepauu U3 0CHO8HbIX MacHUMo8 BbAK (nocmaeneHsl UGB u MAD CO PAH)
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Cucmembl 8bi800a aHepauu u3 Koppekmupyrowux mazHumoas bAK (nocmaeneHsl 5D CO PAH)

[MocTaBneHo 225
Takumx cucrtem!
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AnekTpuyeckne pacnpegenutenbHble 6okcbl (DFB) obecneunsatot bydepHbI nepexon oT
"Tennon" 4YacTn aNeKkTpu4ecKon Luenn NTaHnsa MarHMToB K "XonogHon", T.e. CBEPXNPOBOASLLEN
yacTu. bokcbl npeacTaBnsalT cobon KpMocTart, B KOTOPbIN YCTaHaBMMBAOTCA TOKOBBOARI,
HenocpeacTBEHHO obecneymBaoWme NePexon BblcCoKoTeMNepPaTypHON 4acTu K
cBepxnpoBoasLlen (TOKOBBOAb!I ONUCaHbl HUXE).

B 'L, N®B3 6bino narotosneHo 52 kpuoreHHblx DFB gna LHC. UA® CO PAH noctasun
TOKOBBOOB: Ha 13KA (64 wT.), 6KA (258 wT.) n 600A (708 wirT.).
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YctaHoBKa ANNEeKTPOHHOIo oxnaxgeHus

B 2004 r. B UAD Bbina 3akasaHa ycTaHOBKa OM9 HAKOMSIEHUS U OXNaXOeHUs TSXXKemnblX MOHOB
cBuHUa B Hakonutene LEIR, Heobxoaumbix ana LHC. BbICOKOe KayeCTBO 9NEKTPOHHOMo nyyka
NO3BOSIUITN HAKOMUTb HYXXHOE KONMMYECTBO MOHOB CBMHLA U 0DecneynTb BbICOKYHO CBETUMOCTb
LHC B pexXnme MOH-UOHHbIX CTOSIKHOBEHU B 2010-2011rr.
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03.11.2013

Electron beam profile

(caaripoB: 43)

PucyHOK eMOHCTpupyeT
N3MepPEHHbIN NPOMUNbL MOHHOTO

nydka (curHan c npodunomeTpa).

[TlepBOHaYanbHO WMPOKUM
MOHHbIW NYYOK MHXEKTUPYETCH B
LEIR v 3aHnmaeT npaktnyecku
BCIO paspeLueHHyto aneptypy 50
MM. 3aTem ny4okK BbICTPO
oxJlaxgaeTcs 00 pa3mepa OKoro
2 MM, Yyepes 0.2 cek. npomcxoanT
HOBad MHXEKUMSA LLUMPOKOTo
(ropsiyero) nyyka, n OH oNATb
oxnaxpaetca. Janee
OoXJlaXXgaeMbl TOK BbIKITHOYaEeTCH,
N HAKOMMEHHbIW NMY4YOK HEMHOIO
pacLmpsieTcs ns3-3a
BHYTPUMYYKOBOIO paccesiHuS.
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Vuactue Poccum 8 LHC

OKOHOMMYecKaa adPeKTUBHOCTb y4acTna Poccum nocrie 3anycka Komnnangepa
LHC v Bbixoga ero Ha peanusauunto ousnyeckom nporpamMmmbl Ype3BblHaNHO
BbICOKa, NOCKOSbKY POCCUNCKMUE BbICOKOKBANTMAULMPOBAHHLIE YYEHbIE U
NHXEHEPbI MMEKOT AOCTYIM K YHUKarbHOMY QOoporoctoswemy obopyaoBaHuto, K
caMbIM COBPEMEHHbBIM KOMIMbIOTEPHBIM TEXHOMOMMAM, UCMONb3YIOT ONbIT U
pa3paboTKn MUPOBOro YPOBHS NPU MUHUMArSbHBIX 3aTpatax 6loaKeTHbIX
cpeacts. be3ycnoBHo, 310 y4yacTue byget cnocobcTBoBaTb Pa3BUTULO
KPUTUYECKNX TEXHOMNOMMM U MHHOBALMOHHOW AeaTenbHOCTU B Poccun, npusnevet
HOBbl€ MHBECTULINM B POCCUNCKME HAYYHbIE OpraHmM3auum n NPOMbILLIIEHHOCTb.

O‘-IeBI/IJJ,HO, YTO pesyribratbl AaHHOIo MexayHapoaHoro cotpyaHm4yecTBa B
obnactu CbI/I3I/IKI/I Yyactumy, 6y,EI,yT NCNoJNb30BaTbCA AJ14 Pa3BUTUA HAYHYHbIX
nccneaoBaHU N BbICOKUX TEXHOMOMMM BO MHOTMMUX NMPUOPUTETHbLIX HanpaBl1ieHNAX
B CUJTY UX MacLTabHOCTU K YHNBEPCAJIbHOCTMW.
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Cnacnbo 3a BHumMaHue!
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