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AnaHOoTanmsa

Axrupeir N.JI., Tanasnos B.B. Monenuposanue ¢GopMupoBaHus Mo U3TyUeHUs 33 NEPETHEN 3allluToil
skcrepumenTa CMS ma LHC. UccnenoBanue 5b(HeKTUBHOCTY MHXKXEHEPHOTO MPOEKTa 3aIiuThl: [IpenpusTt
N®PBS 2000-37. — [IporBuno, 2000. — 16 c., 7 puc., 1 Tab., 6ubauorp.: 14.

IIpencraBseHbl pe3yIbTAThI PACUETA IFIOTHOCTEN MOTOKOB YACTUII MIJIST MHKEHEPHOTO MPOEKTA Tepel-
ment 3amuThl okcriepumenTa CMS wa LHC B cpaBHeHuu ¢ MOMIesIbi0, NCHIOIB30BAHHON B IPOEKTE MIOOHHOM
cucrembr CMS. [Ipoeenen ananus GOPMUPOBAHUSI IO BTOPUYHOIO U3IIYUEHUS B OOJIACTU DKCIEPUMEHTA,
B 3aBUCUMOCTH OT KOH(urypamnuu 3arnuThl. O6CY K Iar0Tcs albHERIINE Iy TH OINTUMU3AIUN KOHCTPYKIIAN
7 COCTaBa MaTEPUAJIOB 3aIlIUTHI.

Abstract

Azhgirey I.L., Talanov V.V. Simulation of the Radiation Field Formation Around the CMS Forward
Shielding. The Evaluation of the Engineering Design Efficiency: ITHEP Preprint 2000-37. — Protvino,
2000. — p. 16, figs. 7, tables 1, refs.: 14.

The results of the particle flux densities calculation for the CMS forward shielding engineering design
in comparison with the model used for the CMS Muon Project Technical Design Report are presented.
The analysis of the secondary radiation field formation in the zone of experiment for different shielding
configurations is performed. Further shielding design and materials composition optimization are under
discussion.
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BBenenune

Yckopurens LHC (Large Hadron Collider, 6onbimoit anponustit komtaiinep) [1], coopyxae-
meii B [IEPH (ZKenesa, [IBeiiuapust), nomken o6ecneunBaTh CTOIKHOBEHUS IIy9YKOB IIPOTOHOB
npu sHeprun 14 TsB B c.mm. u ceetumoctu ot 1032 mo 1034 em™2 ¢!, 9To macT Bo3MOXKHOCTE
uCCHenoBaTh (usnueckue siBiieHus BOmu3um ToB-moit mikamwr smepruit. Y ckoputens LHC —
TIEPBBLIA U3 CBEPXIPOBONSIINX KOJIIAWIEPOB, KOTOPHI OynmeT paboTaTh C BBICOKOMHTEHCUB-
HBIME TydkaMn. TOK KaXXIoro MPOTOHHOTO myuka mocturHer 0,56 A, a monmas sHeprus —
334 MIIx. ITyuox yckopuressi coctouT u3 2835 GaHyeln, KaXIbIl U3 KOTOPBIX COMEPXKUT OKOJIO
10! mporonos. Bamum BcTpedaroTcs B O6IACTH IepecedeHms IydKOB Kaxkmble 25 He. JleTais-
Has CTPYKTypa IIydYKa 3aBUCUT OT CXEMbI MHXKEKIIMN U CBOWCTB CHCTEMBLI aBapUITHOrO cOpoca
Iy JKa.

MaxkcumasibHass CBETUMOCTD [HOCTUTAETCS B OBYX MPSIMOJIMHENHBIX HpoMexyTkax — IR1,
roe pacnosoxen skcunepuMenT ATLAS, u IR5, rme pasmemaerca skcrmepument CMS. Ypos-
HU PAQUAIUIN B 3aJ1aX DKCIEPUMEHTOB OMPENE/SIOTCS WHTEHCUBHOCTHIO HEYIPYTUX B3aMMOIEH-
CTBUI B TOYKE BCTPEY IMydKOB. I[JIss TUKOBOI CBETMMOCTHU W IPEATIOIOKUTEILHOTO 3HaueHus S0
MOApH MJIs BEJIUYMHBI HEYIPYTOrO CEUYEHUs MPOTOH—IIPOTOHHOTO B3amMomeiicTBus npu 14 ToB
B C.II.M. MHTE€HCUBHOCTH MEPBUYHBLIX HEYIPYTUX B3aUMOMNEHCTBUI MPOTOHOB B TOYKAX BCTPEY
nyukos skcrepumenTos ATLAS u CMS cocrasur 8x10% I'm.

Ilpu pexkopmubIX sSHeprusx u uHTeHcuBHOCTH yckopurens LHC ypoennb pammanmoHHBIX
HArpy30K HA METEKTOPHI U OOOPYIOBAHUE SKCIIEPUMEHTA CTAHOBUTCS OOHUM U3 OMPEIESISIONINX
MIPOEKTHBLIX IapaMeTPOB.

1. HerexTop CMS

Herexktop CMS (Compact Muon Solenoid, kOMmakTHBI MIOOHHBIN cosieHoun) [2],[3]
MHOTOIIEJIEBOIl [TETEKTOP, Pa3pabaThIBAEMBIN IS UCCIENOBAHUS (OU3NKU MTPOTOH—TIPOTOHHBIX
e3anmopeticTBuit Ha LHC. IlerekTop CMS mpennasHaueH Oyl BHICOKOTOYHBIX U3MEDPEHUN SHEP-
TUM U UMITYJIbCA ~Y-KBAHTOB, & TAK¥Ke SJIEKTPOHOB, MIOOHOB U HPYTHUX 3aPSKEHHBLIX UYACTWHII,
1I1st 00eCIeUeHNsT BHICOKOTO PA3PEIIEHNs TP OIIEHKE MACC HOBBIX YACTUIl B OOJACTH SHEPrUil
B HeckoJibKO T95B. IletekTop CMS moskeH OLITHL PACIONIOXNKEH B OIHOW U3 ABYX TOYEK BCTPEU

nyukos LHC ¢ Beicokoit ceetumocThio 1034 em—2¢ 1.



OcHoBubIME 3remenTamu merektopa CMS ssmstorcss (cMm. puc.l): HEHTpaNbHBI TpPeKep
[4], cucTemMa MIOOHHBIX KaMep [5] U pacIONOXKeHHAs BHYTPH MArHUTHOTO OIS cojieHomzma [6]
cuCTeMa KaJIODUMETPOB, COCTOsIIAs U3 3JeKTpoMarauTHoro [7] m anpousoro [8]. B cocras
aIPOHHOTO KaJIOpUMeTpa BXOOWT TaKxXkKe ITepeNHuil aIpOHHBLIN KaJOPUMeTDP, PaCIOIOXKEeHHDIMN
33 TOPIIEBOI MIOOHHOM CHCTEMON B OOJiacTU OOIBIINX OBICTPOT.

Puc. 1. O6mmin Bun skcnepumenTa CMS.

O6nacTh HmepenHero aJpOHHOTO KaJOPUMeTpa 3aKaHdMBaeTcs Ha paccTosHmu B 14,99 Ml
3a mepemHuUM agpPOHHBIM KaJIOPUMETPOM, Ha paccrosauu 19,05 M, pacmomaraercsa KOIIIMAaTop,
nmMerortmin gumay 1,8 M. KommumaTop mpemHasHaUeH I 3aIIUTHI IEPBOTO CBEPXIIPOBOMSIIIETO
KBanpymnosibHoro MaruuTa Q1 npsmosnureiiHoro npomexyTka LHC oT usmyyenus, TpuxomsIero
13 TOYKH BCTped mon Majbivu yriamu. Marmmr Q1 pacmomaraercsa ? Ha paccTosHEE 22,5 M,
a Ha paccTogHuu 26,5 M pPacIoIOXkKEeHa TPAHNIA SKCIEPUMEHTAJILHOrO 3aja merekTtopa CMS.

Mioonnas cucrema nerektopa CMS (cM. puc.2) mepekpsiBaeT 0651acTh OBICTPOT | 1 | <
2,4, cucTeMa UEHTDAIBHBIX U TOPLEBBIX KaJlOPUMETPOB — obmacth | n | < 3, mepenuumii
anpounslil kanmopumerp CMS mepexpoiBaer obmacts mo | 1| < 4,7. AHanus pacupenesieHus
BTOPUYHBIX YACTUL U3 TOUKU IIPOTOH-TIPOTOHHOIO B3aMMONEICTBUS IO SHepruu u Geictpore [5)
HokasbIBaeT, 4To 75% Bcex wacTuI] momanaeT B 06acts | 7 | < 5. B To xe Bpems stu 75% Bcex
YACTHI[ YHOCAT BCETO JIMIIL OKOJIO 5% Bcell sHeprum m3 Toukm BeTped. VI3 ocrapmmxcs 95%
okosio 30% 6ymyT mepexBaveHbI KOJIMMATOPOM B obmactu Gbictpor |7 | < 7,9, a ocranbHas
YacTh IPOB3aMMONENCTBYET 3a KoJutuMmaTopoMm wiu B TouHene LHC.

13,[[er 1 majiee pacCTOAHMUA YKa3bIBaIOTCA OT TOYKHU BCTPEY IIYYKOB B 30HE SKCIIEPUMEHTA.
2IIaHa OTMETKa Ha4daJla 30HbI KDUOI€HHOT'O OGOpyﬂOBaHI/Iﬂ MartHurTa.
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Puc. 2. TlpomonbHoe ceuenne skcnepumenTa CMS.

Takum o6paszom, obmacts merektopa CMS | 7 | > 5, Bkimouaromas BakyyMHYIO KaMepy
YCKOPUTEJIsI, KOJUIMMATOP U MepBbili MaruuT Q1 Tpumiera npsmosuueiiHoro npomexytka LHC,
a Takxke BCIOMOTATEIbHOE BAaKyyMHOE OOODYIOBAHME, OKA3BIBAETCA OCHOBHBIM HCTOYHUKOM
PaornaInOHHOTIO (I)OHa B aKTUBHBIX 3JIEMEHTAaX HOETEKTOPa CMS 1 BTOPUYHOI'O HU3JIyYECHUSI B
JKCIIEPUMEHTAJIBHOM 3aJie 3. SamI/ITy YYBCTBUTEJIBHBIX 3JIEMEHTOB U KOMIIOHEHTOB 3JIEKTPDOHUKIN
IETEKTOpa B TIEPBYIO OYEPENb OT STOTO UCTOYHWKA W HOJKHA OOECIIeUnBATEH MEPETHSS 3aIllUTa
SKCIepuMeHTaIbHON 30HEI CMS.

2. ®yuknum nepegHen 3alIAThHI

Pan merexktopor skcmepumenTa CMS (HeHTpaJII)HbIe TPeEKEp U KaJIOpUMeTPHI, OapenbHbIE
MIOOHHBIE KaMepr) 3aIUINEHbBl OT BTOPUYHOTO M3JIyYeHWs m3 obiiacTu ‘ n ‘ > 5 BEIIIECTBOM
TOPIEBLIX MIOOHHOTO crekTpoMmeTpa u kajopumerpos CMS. Ommako B obsacTu 3a mepemn-
HIM aOPOHHBIM KaJIOPUIMETPOM HeO6XOI[I/IMa, ClienuaJibHas 3allldTa OT BTOPUYHOI'O M3JIYyYCHU,
06pa3ymoIIerocss Ha KOJJIMMATOPE W BOJIM3U HETO.

IIpu oTcyTcTBUM 3a1UThI B 9TOM 06JIACTU MPOTHO3UPYEMBI YPOBEHL (OHA B MIOOHHOW CH-
creme CMS oka3biBaeTCss HA TPU TOPSAOKA BBIIIE, YEM PACCUMTAHHBIN VIS UIEAJILHON MOIENN
3alUTBl B TEXHUYECKOM IpoekTe MiooHHOU cucteMbl CMS [9]. B Tex xe yciaoBusx mIpeBbl-
cur ,E[OHyCTHMbeI YPOBE€HL padlallIOHHAs HarPy3Ka Ha KOMIIOHEHTBI 3JIEKTPOHUKN IIEPEOHETO
anporsoro xajgopuMerpa CMS, THIIOBYIO 3a1uTy KOTOPOil obeceunBaeT mepenHss 3amuTa [8].

Be3 mepenmeit 3ammThl GiIioeHC HEATPOHOB U TOTJIOIIEHHAS [103a, &, CICHOBATEIHLHO, PaIu-
AIIVOHHOE TIOBPEXIOCHUE KOMIIOHEHTOB 3JICKTPOHUKM OETEKTOPa, pa,CHOJIO)KeHHOfI B 3KCIIEpUMEH-

3ns cpaBHeHMs: mpenmonaraeTcs, 94To Bo BeeM nerekTope CMS Gymer mormomarses 120 I'sB Ha onHo cobbiTue
B TOYKE BCTPEY, B TO YK€ BpeMs B KaxIoM u3 kojummaTopos — nouru B 20(!) pas 6onsiue, okomno 2,3 TsB Ha onxo
coGerrue [10].



TaILHOM 3ajle, TaK¥kKe OKA3bIBAeTCA Ha TPH IOpAmKa Boime mormyctmmoro L. Ilo Toil ke mpmamme
VCIIOXHSIETCSI 3allIATa IEPCOHAJIa BO BPeMSI PabOTHI W CIEHAPUU NOCTYIIa K 3JIEMEHTAM IEeTEK-
TOpa M BaKyyMHOro o00OOpYIOBaHWSI BO BPeMsl OCTAHOBA YKOPUTENS W3—3a BBICOKOTO YPOBHS
HaBEIEHHOW PaIMOaKTUBHOCTHU B Pe3yJIbTaTe OOJIyUEHUs KOJUIMMATOpPa U MepBoro maruumra Q1
TIPSIMOJIMHETHOTO IIPOMEXKYTKA YCKOPUTEIS.

Haxonern, mepenusist 3ammra TakxXke MpeNIHA3HAYEHA, I MOTJIOIIEHWS YACTHIl, 0Opa3yio-
IUXCSl B pe3yjbTaTe B3aWMONEUCTBHUS Tajlo IydKa C OCTATOYHBIM T'a30M B BaKyyMHOHN KaMepe
YCKOPUTENSI M OPUXOOIINUX B 00JaCTh SKCIEPUMEHTA W3 TOHHENS W IPSMOJIWHENHOIO IIPOMeE-
JKYTKA YCKOPUTEJIS. BBIMOSHEHHBIE pacYeThl HArPY30K, B YACTHOCTU HA MIOOHHYIO CHCTEMY
CMS, oCHOBLIBaINCH Ha HAJIWYWU 3AIUTHL OT yCKOpuUTenbHOro ¢doHa [11] u mpm orcyTcTBUM
3¢PeKTUBHON 3aIUTHI B OJaHHOU OOJIACTU HOJIKHBI OBITH IIEPECMOTDPEHEI.

Takum o6paszoM, oT >PGHEKTUBHOCTU MepemHel 3alllMThI 3aBUCUT IEBIA PO CUCTEM Ie-
tekTopa CMS. C mpyroil CTOPOHBI, MOJIOKEHNE TIEPEIHEN 3aIlUTHl B SKCIIEPUMEHTAIBLHOM 3aJe
HAKJIAIBIBAET OT'PAHUYEHNUS Ha BO3MOXKHBI MAaKCUMAJILHBIM pa3Mep U BeC YacTel 3aIlluThl U
clieHapuil ux mepemerrienns. Bce 9TO OuUKTyeT HEOOXOMMMOCTH CO3HAHUS KOHCTPYKIIMH KakK
MEXaHWYECKN HAMIEXKHOW, TaK U dG(PEKTUBHON C TOUYKMW 3PEHUS 3aIIUTHI OT W3IIydeHUS.

3. O611asi KOHCTPYKIUS 3aIlIATHI

Ilepemusast 3ammra skcmepuMenTaiibHO 30HEI CMS cocToMT m3 OBYX MOMOOHBIX YaCTeld,
KOTOpBIE OJIXKHBI OBITH PACIOJIOKEHBI y cTeH mom3emuoro 3ajga UXCH5 mo obe CTOpOHBI
OT TOUKHM BCTpeu mydykoB. CucTeMa W3 OBYX NEPEOHUX 3aIllUT HOJXKHA CIIENOBATH OCU IIyUYKa,
koTopas HakJoHeHa Ha 0,707° MO OTHOIIEHUIO K TOPU3OHTAJILHON IJIOCKOCTH. Ilepenuss 3armmra
pacrmosiaraeTcss B SKCIIEPUMEHTAJBHOM 3ajle Ha paccTtosHuu 14,95 M m ma paccrosHum 1,508
u 2,149 M OT TOPU3OHTAIILHON NJIOCKOCTH, IIPOXOMSIIEN dYepe3 TOUYKY INePECeUeHUs ITyJIKOB,
B 3aBUCUMOCTHU OT CTOPOHBI dKcrmepuMeHTa. OOIMil BHEIHWN BUI ONHOW TMepemHeil 3allluTh
npusener Ha puc.3 (weprex [TEPH CDD LHCTX5S_0022).

Ilepenusst 3armmuTa cocToUT uU3:

e Giuumaxa (ot 21,7 M) — c6OpHOTO Kapkaca W3 CTaJbHBIX 6AjIoOK, 3aJMTOr0 GETOHOM.
Baunnax ycramaBmuBaeTcs Ha mwIaTdopMe HAM TapaXKoM IEPEOHEr0 KaJOPUMETPa U
MPUKPEIIIAETCS K CTEHE SKCIEPUMEHTAJIBLHOTO 3aJjia. DIWHIAX MONIepPXKUBAET OCK OIOD
PACKPBIBAIOIINXCS YACTEN 3aIIIATHI;

® HEIOABMXKHON KOHMYEeCKOH 3armThl (18-+-20,8 M), BMeriaromieit B ce6s KosmumaTop. OJta
YaCTh 3aIUTHI C TOMOIIBIO NBYX PEryIMPYEMBIX OMOp KpenuTcs K Ginmumaxy. Ona mmeeT
KOHMYECKyI0 dhopmy mjs obecrieueHns] MaKCHUMAJIBHOTO OTKATa HA3al TOPIEBON MIOOHHON
CHCTEeMBI TIPU OTKPBITHEM Bcero merektopa CMS;

e KOHWYECKOil yacTu 3ammuThl (18+21,7 M) — OmHOI W3 ABYX DPACKPHIBAIOLINXCS YacTell.
Konngeckas 3armmra xpenuTcs Ha MIAPHUPHI OJIUHOAXKA U IPENCTABISET U3 cebs CTalb-
HYIO 06O0JIOUKY, 3a/JUTYIO TIKEILIM OETOHOM °;

o MIMHAPUIECKON wacTu 3ammThl (14,9418 M) — BTOpOIl paCKpLIBAIOLIENCS YacTH, KO-
TOpas KPEmWTCS K IIapHUPaAM HAa KOHUYECKOW YacTU W WMeeT HE3aBUCHUMBIA IIPUBOL
IEpEMEILIEHNs. OJTa JacTh COCTOUT U3 CTAJbHOW BCTABKN U CTAJbLHON OOOJIOUKHU, TaKXKe
3aII0JTHEHHON TsI2KEJIBIM OEeTOHOM.

4B IpenroJIoKeHn, 4T0O B 9TON YacTU QJIEKTPOHUKHN 3KCIIEPUMEHTa 6yIIyT HCIIOJIB30BaHbl CTaHOapTHBIE, T.€.
panuanvoOHHO HECTONKNE KOMIIOHEHTHI.
5()l'II/IC&HI/Ie MaTePpUaJIOB, UCIIOJIB30BAHHBIX B KOHCTPYKIHUN 3allIUTHI, IIPDUBEOCHO B Hp]/IJ'[O)KeHI/II/I.



HeO6XOI[I/IMO OTMETUTBH, YTO nrobas OIITIMM3aNUA IIPOCKTa 3alllIThI HOJIXKHA COOTBETCTBO-
BaThb IMPpEeOBApPUTEIIBHBIM OICHKAaM CTOMMOCTU 3alllUTHI. OTO noapa3yMeBaeT, 9YTO BCE M3MEHE-
HUS OOJIKHBI OBITH OOOCHOBAHBI, 8 MX KOJIMYECTBO CBENEHO MO abCOIIFOTHO HEOOXOOUMBIX ISt
obecneuermnss TpebyeMOro KadecTBa 3alIlUTHI.
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Puc. 3. O6uuit Bun nepennein 3ammuter CMS.

4. NH>XeHepHbI MPOEKT 3aIUThI

OCKM3HAsT MONENb 3aIlUTHl OOJACTH KOJJIMMATOPA OBLIA IPENCTABIIEHA B TEXHUYECKOM
npemioxkernun skcrnepumenta CMS [3]. Ora mocraTouno mpocras Momelb BKIOUasia B cebs
KOHMYECKYIO YacTh TOJIIMHON OKOJI0 1 M M IMuiImHOpHYIecKyo ToOammHON 30 cM, ¢ BHYyTPEHHEHR
Jkeyie3Hoit BcTaBkon Tommmaol 10 cM. KoHCTpyKInsS HENMONBMKHOW KOHUYIECKOW 3aIUThHI ObLIa
BeCbMa IpUOIM3NTENbHA, a KOHCTPYKIWS COENUHEHWs KOHNYECKON YacTH C OIMHIAXKOM, Kak
7 KOHCTDPYKIUs cOOCTBeHHO OimHIOa)ka, HA TOT MOMEHT He Obuia omnpenerneHa. Martepuasom
3alI0JTHEHNS 3JIEMEHTOB 3aIlIUThI ObLI BBIODAH TSKeNIbIl O€TOH.

Crenyroras MOIEIb 3allUThHI B MaHHON OOJACTU HeTEKTOpPa ObLIa MCIOJIB30BaHA MPU IOM-
TOTOBKE TEXHUYECKUX MPOEKTOB CHUCTEMBI KAJIOPUMETPOB U MIOOHHON CHCTEMBI. JTa KOH(Ury-
pammus mokasaHa Ha puc.4, BBepxy. 1lo cpaBHEHHUIO C MONEIBI0O U3 TEXHUYECKOTO TPENJIOKEHUS
B Hell ObIM M3MEHEHBI KAaK IIPONOJIbHBIE Pa3MeEpBbl, TAK U PANUAJIbHAS TOJIINHA OTIETbHBIX
vacrent. TouHa BHYTPEHHEN XKeJIe3HON BCTABKM MWIMHIPUIECKON JaCTU 3aIUTHI ObIIa yBe-
nudeHa mo 25 c¢M, a BHeITHWEA pamumyc 6eronHon o6omouku — mo 80 cm. B komwmueckonn uactum
TONIIIMHA OeTOHA OcCTajlaCh IPUMEPHO IIPEXHEN, HO Bce OETOHHBIE 3JIEMEHTHI 3aIllUTHI OBI-
JIN TOKPBITHEI CJI0eM OOPWPOBAHHOTO MOJMATHWIIEHA ToirmHOR 10 cM IS momaBieHUs yTEeUKn
TEIUIOBBIX HENTPOHOB 13 OETOHHOW 3aIllUTHI W, COOTBETCTBEHHO, 3aXBATHOTO Y-U3JIyUEHUS B
3aJIe.
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Puc. 4. Koudurypamnus mepemseil 3aIUThl, UCIOIL30BAHHASL TP PACIETAX IJIA TEXHIIECKOTO MPOEKTA
MIOOHHO# cucTeMbl skcmepuMenTa CMS (BBepxy), W MONENb WHXKEHEPHOTO MPOEKTa MEepenHell
32U THl (BHU3Y ).



Crenyer oTMeTUTEH 0C060, UTO B STOU MOMEIU IIPEANOarajach YCUIeHHAs 3aIuTa 061acTu
21+23 M. KommumaTop GBI OKPYXKeH CIJIOIIHBIM JKEJIE3HBIM KOHYCOM 3allliThI, 3aKaHIMBAB-
mumMcest sk B 50 ¢ or mepsoro marumTa LHC. B koHCTpyknumio 3ammmThl ObIT BBENEH
npoToTun OJMHOAXKA B BUIME CIUIOIIHOTO IWIMHOPA C BHYTPEHHUM PaguycoM 1 M M TOIILIMHON
1,8 M, 3aI0THEHHOTO CTAHIAPTHBIM OETOHOM, BIJIOTHYIO IIPUMBIKAIOIINN K KOHUYECKOW YaCTHU
3auTh. B KadecTBe MaTepuasia 3amoHeHs] OETOHHBIX YaCTeH 3aIIUTHI, KAK U B TEXHUIECKOM
npemoxenun skcrnepumenTa CMS, mpenmosarajocs MCIONB30BATEH TAXKEIbI GETOH.

IIpu moaroroBke MHKEHEPHOTO MPOEKTA B KOHPUIYPALWIO TEPEeIHel 3aIlnThl ObIJIN BHECEHBI
W3MEHEHNsI, TPONUKTOBAHHBIE KaK MEXaHWYECKUMU TPeOOBAHUS K KOHCTPYKIWMU 3aIllUTHI, TaK
1 TpeGOBAHWSIMU WHTETPALMN C OPYTUMEU cucteMamu (cM. puc.4, BHu3y). s ymeHbIneHus
MEXaHNYECKON HArpy3Kd OBLI YMEHBIIEH BHEITHUU panmyC W W3MeHeHa (opMa KOHUIECKOMN
yacTu 3ammuThl. [ obecriedeHns IOCTUPOBKE KOImMaTopa® 6bLT yBemmuen mo 28 c¢M BHY-
TPEHHUI PAaguyC OKPYKAOIIEro ero GUKCHPOBAHHOIO KOHyCa. B pesymbTare 5TUX M3MEHEHUN
ObLITa HECKOJIBKO ociabjieHa KOHWYecKas YacTh 3allUThI.

Camble 3HAUUTEBHBIE U3MEHEHNUS ObLIM BHECEHBI B KOHCTPYKIIAIO OOJIACTU COIPSKEHUS KO-
HIYECKOU YaCTHU 3aIlUTHl ¢ OMMHIOAXKOM. B 3amHEll 4acTU HENONBMXKHOU KOHWYCCKOU 3aIllNTHI
KOJITIMATOpa Obla cHelaHa HUIa TIIyOmHON 1,2 M mjis pasMeleHuss BaKyyMHOTO O0OpYyIOBa-
. Takum o6pasoM, TOMIIHA XKeje3a B 5Toil obiactu cocraBmiia Bcero 20 cM mo pammycy.
OnuoBpeMeHHO B TepemHeil yacTu GiauHmaxa B obmactu 21,8+22.5 M ObLI yBeIWYEeH BHYTPEH-
Huit paguyc ¢ 1 M 1o 1,8 M. OT0 GbIIIO BHI3BAHO HEOOXOMMMOCTBIO BBIIEJEHUS MECTa IO PacIo-
JIOXKEHWE MEXAHW3MOB Pa3BOPOTA 3AIIUTHI W IPUBEJIO K MHOSBIIEHUIO B 3AIIINTE 30H, 3aIIOJTHEHUE
KOTOPBIX 3AIIATHBIM MATEPUAJIOM HEBO3MOXKHO WJINM BO3MOXKHO JIUIIbL YACTUYHO, NIPHU OIpEIe-
JeHHLIX ycaoBusax . COBOKYTHOCTD 3TUX M3MEHEHMI IpUBeTa K OCIAbICHNIO 3aIlNTH B TaHHON
obmacTu u, Kak OyIeT NOKa3aHO HUXKE, CIEeJIaJio 3TY YacTbh OCHOBHBIM Y3KMM MECTOM 3aIllUTHI.

Il MaHHOTO WHXEHEPHOrO MPOeKTa ObLI MPOBENEH PACYET BEJIUYNH MOTOKOB YACTUIl U TIO-
JIy4EHHBIE Pe3yJIbTATHI ObLIIN CPABHEHBI C NMPENLIAYIIINME TaHHBIMU [JIS TEXHUYIECKOTO IIPOEKTAa
miooHHOI cuctemsl [5]. Takxe B paMkax HAaHHON PaGOTHI GBI NPOBENEH CPABHUTEILHBIN aHa-
3 psina KOHPUTrypanui nepeqHeil 3aIluThl IJIS UCCIIEnoBaHus GOPMUPOBAHUS MO M3JTyYEHUS
B obJjlacTu; 3allUTHI W ONPENEIEHNS BO3MOXKHOCTEN MAJbHEHNINEN €€ ONTUMU3AIINNT.

5. Koudurypamum 3aiimrbl

CpaBuuTenbHbIll aHain3 3QOEKTUBHOCTH ObLI IIPOBENEH IJIs YeTHIPpEX KOHMPUTYpAIWil Ie-
penHenl 3amnThl, TOJYyYUBIINX CIIEOYIONINE yCIIOBHBIE HOMEDA:

200
Hauanpubiii 6a30BBI NHXKEHEPHBIN MPOEKT MEePeNHel 3allliThl, BKIOYABIINGA B cebs Bce
W3MEHEHNUs] B KOHCTPYKIWH! 3aIllUTHI IO CPABHEHUIO C TEXHUYECKUM HIPENJIOKEHUEM DKC-
nepumernTa CMS. Boin nomrorosiien Ha ocHoBanuu BoInmosiHeHHBIX B IITEPH ueprexeit
12].

201
Ilo cpaBmenmio ¢ 6a3oBoil koH(puUrypammein Obljga m3MeHEHA (OPMA KOHUIECKOW YACTH
mepenHen 3anThl B 06acTu ee coenuaenus ¢ 6muunaxom. Ha paccrosauu 20,9 M HakI0H

K TepenHeil MOBEPXHOCTU KOTOPOTO KPENMUTCS BaKyyMHas KaMmepa B obmactu merektopa CMS.
7HaHpI/IMep, npu pa3paboTKe alIeKBaTHOIO CUEHAPHUS HOCTYIA K BAKyyMHOMY OGODYHOBAHUIO yCKOPUTENS, Pac-
TIOJIOXKEHHOMY B 3TOH 0OJIacTH.



KOHUYECKON YacTy ObLT m3MeHeH ¢ 6,58° Ha 45° m MOIydYeHHOE YCUJIEHHE 3aIlUThI OBLIO
TakXe MOKPBHITO cjioeM OGopupoBanuOoro mosmmdtwmiteHa Tosmmmuaorn 10 cm. IIpocTpanmcTso
TION KO3BIPHKOM ONIMHOaXka, MeXKNIYy KOHNYECKOW YacThio M OIMHOAXKOM, OBIJIO 3aII0JIHEHO
TAXKETBIM 6eToHOM &,

201.A
B xoudurypamuu 201 Tsaxenwiit 6eTOH OB 3aMEHEH HA CTAHMIAPTHBIA B KOHCTPYKIIUH
OWITHIPUIECKON U KOHWYECKOW dacTerl. Popma GETOHHBIX 3JIEMEHTOB IEPEemHeN 3allin-
Tbl Obl1a ocTaBiieHa 6e3 m3MeneHwus. [IpocTpaHCTBO mOH KO3BIPHKOM OMHOAXKA OBLIO
OCTaBJIEHO 3aIIOJTHEHHBLIM TSXKEITBIM O€TOHOM.

202
B komdurypamum 201 6pm1 ymasger GOpUpPOBAHHBIN MOIMITUIIEH, MOKPBIBAIOIINGA GETOH-
Hble vacTu 3ammThl. Popma GETOHHBIX HJIEMEHTOB M 3aIlOJTHEHWE OOJIaCTU COEMUHEHUS
TepenHer 3aIuThl ¢ OJIWMHIAXKOM OCTAJIUCh TEMU XKe.

6. Onenka 3¢peKTUBHOCTHU 3AIITUTHI

IIpu mpoBenmenuu pacueToB B KOH(urypamuu skcnepumerTa CMS 6buT BEIOpaH HAOOP KOH-
TPOJIBHBIX 30H. V3MeHeHVEe BeJUYMH IIOTHOCTEN MOTOKOB YACTHUI[ B KOHTPOJIBHBIX 30HAX WUC-
TIOJTB30BAJIOCH OISl OIeHKW 3(G(PEeKTUBHOCTHU PA3INYHBIX KOH(QUTYpAIWil HepemHel 3aIllATHI.

KonTponpuas 30Ha HOMED omuH pacmosarajack Ha paccrosauu 10,3 M OT TOYKH BCTpEd.
B meproit 30He KOHTPOIMPOBAJIOCH PAMMAILHOE PACIPENECHUE INIOTHOCTH ITOTOKOB YACTHIL
(MHTErpUpOBaHHOE O A3MMYyTAJIbHOMY yIiIy). VIMes MUHMMAJIbHBI U MAKCHMAJBLHBIA DAINy-
cel 2,1 M u 12 M COOTBETCTBEHHO, 30HA HOMEDP OIWH IIOJHOCTHIO MOKPHIBAJIA IIPENIOIAraeMOe
PACIIOIOXKEHIe YeTBepTOl KaMepkl Topresoit mioomHoi cumctembsr CMS ME4°. Kamepa ME4,
SIBJISISICH CAMOW YIIAJIEHHON OT TOYKW BCTPEY KaMePOW MIOOHHOHM CUCTEMBI, 3aIIIUIIEHa OT W3ITy-
YeHUs SPMOM MArHUTa MIOOHHOTO CIIEKTPOMETPA JIUIIL C JIUIEBOW CTOPOHBI, THIJIOBYIO 3AIIIUTY
ME4 momxua obecreuynBaTh MOOMIIHLHAS 3AIIIUTA.

Bropas 30ma pacnomarasack Ha pamgumyce 3 M BOKPYT IepemHeil 3aiuThl. B 30He HOMED mBa
Ha paccTosHuu 11426 M KOHTPOJIUPOBAJIOCH MPOMOILHOE pAacIpenesieHre TJIOTHOCTH TOTOKOB
yacTull (TakXKe NHTErPUPOBAHHOE 0 a3MMYyTaJIbHOMY YIULy). Bropas 30Ha MCHOIB30BAIIACH IJIs
KOHTPOJIS IIPOTHO3UPYEMBIX PANUAIIMOHHBIX HArPYy30K HA Pa3jIMYHblEe KOMIOHEHTHI 3JIEKTPOHUKA
cucteMmbl cbopa maHHBIX SkcmepuMenTa CMS. Ilpemmosarasiock, 4To OBa ydYacTKa CUCTEMBI
cOopa HDAaHHBIX IO/IXKHBI OBITH PACIOJIOKEHBI Ha PACCTOSHUM OT TOUYKM BCTped B 11+13 M
u 2426 M cooTBeTcTBEHHO. BTopas 30HAa TakXke WCIOIB30BAJACH MJIT KOHTPOJIS yTEYKH
U3JIyYEHUs] B DKCIIEPUMEHTAIILHBIN 3aJ1 Uepe3 CTBIKU YacTel IMEpPEmHeR 3allluThI C BJIEMEHTAMU
3ALIUTHl IEPEOHEro aapoHHoro kajgopumerpa CMS u 6amamaxa.

7. MonenupoBaHue MOJIsT U3ITy YeHUS

it MomenupoBaHUs MO U3JIyUYeHUs B O0JacTU NepenHein 3ammuThl dSkcrepumenTa CMS
6buTH MCIOIB30Banbl crenyomue nporpaMvel: DPMJET II [13] mis reHepauny HDEepBUYHBIX
YaCTUIl U3 TOYKU IIPOTOH-IIPOTOHHOIO B3amMomeicTBUsA u paspaborannas B UPBO mporpamma

8CmoriHoe 3amonEeHEMe GETOHOM 3TOTO MPOCTPAHCTBA HEPEATM3YeMO, HO BO3MOXKHA 3ACHITIKA €r0 KeIe30M
u/mmm 6eToHOM B popme rpamyil. Tspkenbiit 6eTOH 6B BLIOpAH KaK MPOMEXKYTOYHBIN MEXITY JKEJIE30M 1 6ETOHOM
110 KOMIIO3UIIMOHHOMY COCTaBY MaTepHaJl.

9CobcTBenHO yyBCTBUTENbHAA 06macTh Kamepsl ME4 3akamumBaercs Ha pamumyce 7,35 M.



MARS

[14] miusa MomenupoBaHUS ANPOHHBIX KACKAIOB U 3JIEKTPOH—(HOTOHHBIX jmBHER. Ilopo-

TU II0 3HEPrUWH, UCIOJIHb30BAHHBIE B IIPOTPAMME TPAHCHOPTA [OJIs PA3JIMYIHBIX TUIIOB YaCTHIL,
IpUBENEHBI B TabIIHIIE.

Pe3yIILTaTI>I pacueTa IIJIOTHOCTEN ITIOTOKOB JaCTHUIL ObLITI OTHOPMUPOBAHBI Ha HOMUHAJIBHYIO

cBetumocTh 103%cm 3¢~

CeYeHUA

! B Touke BcTpeu skcmepmMenTa U 3HaUeHHSA S0 MOAPH IS BETMIMHEL

HEyIPyroro MpPOTOH-TIPOTOHHOTO B3aMMONENCTBUSI.

Ta6nmua 1. HOpOFI/I TPaHCIIOPpTa YaCTHUL, UCIIOJIB30BaHHBIC B IIPOTrpaMMeE MOOECJINPOBAHUI.

Tun vacTun Ilopor nmo sHeprum
3apPSIKEHHBIE aIPOHBI 10 M»sB
Y 1 3JIEKTPOHBI 100 k=B
HEATPOHBI 107° »B

8. CpaBHeHUe C ITPOEKTOM MIOOHHOW CHCTEMbBI

PesynbraTer pacuera miIoTHOCTEW MOTOKOB YACTUIL MJIS WHXKEHEPHOTO MPOEKTA MEepPEIHEn

sanmTel (Korurypanun 200) 6511 CPABHEHBI C NOJLyY€HHBIMYU DaHee 3HAYEHUSME IOTOKOB [IJIS
TEXHUYECKOTO TpoekTa MiooHHOU cuctembl CMS. Ha puc.b mpuBemeHbl paccurTaHHBIE PaIu-

aJIbHOE paCIpeNesieHne IIIOTHOCTY OTOKA HENTPOHOB Ha MIOOHHOHN kaMepe ME4 u mpomonbaoe
pacmpenenieHre Ha paguryce I'=3 M BOKDYT IepPemHEN 3aIluThL.

neutrons/cm/'s

Puc. 5.
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CpaBHeHUE IWIOTHOCTEN TTIOTOKOB HENTPOHOB Ha MIoOHHON Kamepe ME4 (creBa) u pagmyce r=3 M
BOKDYT IepenHeil 3aIiuThl (CIpaBa), PACCINTAHHBIX I TEXHUIECKOTO IIPOEKTa MIOOHHOW CH-
cTeMBI (TOUKN) ¥ MHXKEHEPHOTO MPOEKTA TEPENHeN 3aliuThl (CIITIONIHAS JINHS ).



CpaBHeHNE PACCUYNTAHHBIX PAHEE BEJIMYWH C HOBLIMU HAHHBIMU IMOKA3LIBAET, YTO M3MEHEHUS
B KOHCTPYKIIMM 3alllUTHI, CBS3aHHBIE C IIEPEXONIOM K WHXKEHEPHOMY IIPOEKTY, IIPUBOMOSIT K
YBEJIIUYEHUIO IFIOTHOCTEN MOTOKOB JacTuil. B cpemueM Ha MioonHON kamepe ME4 mabmromaercs
yBeJIMUeHrNe IIJIOTHOCTHM IIOTOKA HEWTPOHOB B IIOJITOPA pa3a M OT IOJIyTOpa OO OBYX pa3 —
Ha panumyce 3 M BOKDPYT IEpPEOHEN 3allluThI.

dopma paanaIbHOTO pacCIpene/IeHns IIOTHOCTH HNOToKa Ha kamepe ME4 ocraercs mpumep-
HO IIpEeXHEWN, Pa3HUIA C PACUETOM IJIsI MPOEKTa MIOOHHOW CUCTEMBI HECKOJILKO yBEIMYNBAETCS
Ha OOJIBIINX pamMycax. JTO CBSI3aHO C TEM, YTO BEJIMYUHA IJIOTHOCTH IIOTOKA HENTPOHOB
Ha MaJiblX pammycax kamepbl ME4 ob6ycimoBiena Takxke n 3¢hGEKTUBHOCTHIO (POHTAILHON U
HIDKHEN 3aIUTHI MIOOHHOW cucTeMbl. [Ipu ymajgeHun oT ocu mydYKa yCKOPUTENS U3JIyYeHue C Io-
BEPXHOCTYU IEPENHEN 3aIUTHl HAUMHAET IIPEBAJINPOBATE HAI IPOMIENINM Yepe3 HPOHTAIBHYIO
3aIU Ty MIOOHHOW CUCTEMBI, IPUBOIS K CYIIIECTBEHHON Pa3HUIIE HA OOJIBIINX PaImycaxX KaMephl.

W3sMmenenre BenmuurMH IJIOTHOCTEHW MOTOKOB YACTHUI[ BO BTOPOH KOHTPOJBLHOW 30HE MMEET
NPUHIIUTAAILHO WHON XapakTep. OTHOCUTEIBHOE W3MEHEHUE BEJIMUYMHBI IFIOTHOCTU ITOTOKA
HENTPOHOB BHOJIb BTOPOM 30HBLI HE CTOJIb BEJIMKO, B TO BPeMs KaK IIPOIOJILHOE pacCIpenejieHue
npuobperaer npyryo dopmy. Herpymuo BumeTs, YTO mM3IydyeHUE C MOBEPXHOCTHU IUJIMHIPUYIE-
CKOI1 yacTu mepenseil 3ammrhl (z=15+17,5 M) yXKe He SBILETCS ONPENENSIONIM KOMIOHEHTOM
panuanuoHHOW OOCTAaHOBKU. B (GOpMUpOBaHMEM OIS M3IyUYEHWS HA PAOAyce I'=3 M BOKPYT
TepenHell 3alIThI B MHXKEHEPHOM IIPOEKTe NOMUHUPYIOIIAM OKAa3bIBAETCS M3JIyUYEHUE, IIPOHU-
KafoIllee B HKCIEPUMEHTAJIBHBIN 3aJ1 dYepe3 CTBHIKA B KOHCTPYKIWU II€EPETHEN 3aIlUTHhI.

Nmenno sdpdexkt yreukum 00ycaaBiImBaeT XapaKTEPHBIN MUK MPOMOILHOTO PaCIpPEIesIeHMS
IUIOTHOCTH TOTOKa HENTPOHOB Ha paccTosHmm 21 M OT TOukum BCTped. Kax MOXHO BUIETh
u3 puc.4, B obnactu 2123 M pacmoslaraeTcs CONPsRKEHUEe KOHUYECKOW YaCTH 3alllUTHI C
ONMMHOAXKOM, CYIIIECTBEHHO OcCjIabJeHHOEe B INIAHE 3aIlIUTHI OT WM3JIyYEHUs IIPU IEPEXole OT
TEXHUYIECKOTO MPOEKTa MIOOHHON CHCTEMBI K MHXKEHEPHOMY IIPOEKTY II€PEIHEN 3aIlIUTHI.

Tlocmenyrorryro onTUMU3aNMIO 3aIIATHl COCTABUJIO YCHUJIEHWE TEPEOHEN 3aIiuThl B 00Jia-
CTU ee COeNUHEHUs C OMWHIAXXOM BMECTE C HCCIIEIOBAHWEM BIIASHUS KOMIIOHEHT 3alllUThI HA
dopMupoBaHUE TIOJIST W3ITyUEeHUs] B KOHTPOJIbHBIX 30HAX.

9. YcuiieHue nmepemHen 3allINThHI

Ycunenne nepemHei 3amThl ObIJIO IPOBENEHO B ABa 3Tamna. Ha nmepBoM sTame ObLI M3MEHEH
HAKJIOH KOHWYECKOI YaCTH 3allUTHl B 00JIACTH ee coenuHeHus ¢ GiuHmaxoM (cM. 1.5). Sarem
IIPOCTPAHCTBO NON KO3BIPHKOM OjmHmaxa B obmactu 21,6+-22,5 M m B mpemenax 1+1,7 M
0 panuycy ObITIO 3aIIOJIHEHO TsKeNbIM O6eToHOM. Pe3ynbTaThl pacueTa MOTOKOB YACTHI[ IIIS
HOBOl KOoHGurypaumu 201 pambl Ha puc.6 IMITPUXOBOW JIMHWENW IS 30HBI MIOOHHOW KaMepbl
ME4 u pamuyca r=3 M COOTBETCTBEHHO.

Kax Bumao m3 puc.6, mpemsioxkeHHOe yCUIEHUE 3aIllUThI TO3BOJISET YMEHBIIUTH MJIOTHOCTH
moToka HeliTpoHOB Ha kKamepe ME4 B cpemmem Ha 25% no cpaBHeHHIO ¢ 6a30BBIM MHXKE-
HEPHBIM IPOEKTOM 3aIUTHI OTHOCUTEILHO PABHOMEPHO IO Pamguycy KaMmephl. B 30He HOMED
OBa, Ha panmyce r=3 M, U3MEHEHWUE INJIOTHOCTH MOTOKAa HEWTPOHOB Ha, KPasx IIPOTOJILHOTO
pacupenenesus cocTasiaseT mpuMmepHo 25-30% B obmactu 11+13 M u mermee 20% B obmactu
24-+26 M. BmecTe ¢ TeM, MIOTHOCTH MOTOKA HENTPOHOB 3HAYUTEIHLHO WM3MEHSIETCS B O0JIacTH
18+22 M, pacmosIOKEHHON BOKPYT KOHUYECKOW YAaCTH Mepenuelt 3aimThl. OTHOCUTEILHOE U3Me-
HEHNE TUIOTHOCTHU TIOTOKA B 5TOI 06/1acTu B MakcuMyMe cocTasisger 6osee 50%, aTo mo3sosseT
CIleJIaTh 3aKJ/IIOUEHNEe O MAKCUMAJIBHOM YBEJIMYEHUUW B OBa pal3a 3D(PEKTUBHOCTH 3alIUTHI.

10
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Puc. 6. CpaBHeHWe IIOTHOCTEN MOTOKOB HEMTPOHOB Ha MIOOHHOI Kamepe ME4 (cieBa) m r=3 M BOKpyT
nepeqHell 3aIiuThl (CIpaBa) IJis YeTHIPEX NCCIENOBAHHBIX KOH(DUIYDPANWA 3aIuThl (Omucanue
KOH(UTypaImit 1aHo B 1.5).

CpaBHeHMe TPUBENEHHBIX Ha pUC.6 PE3yIbTaTOB PACYETOB C COOTBETCTBYIOIINMU 3HAUECHU-
SIMU, HOJIyYeHHBIMU IJIsl IPOEKTA MIOOHHOH CHCTeMbI (CM. puc.5), MO3BOINISIET CHeaTh BBIBOL
O CYIIIECTBEHHOM BOCCTAHOBJIEHNU 3DGHEKTUBHOCTU IIepeqHEN 3allAThI, IOTEPSHHOM IIPU IIe-
pexome kK 6a30BOMY MPOEKTY 3allUThI. Pa3sHWIla 3HAUEHUN IJIOTHOCTEH MOTOKOB HEATPOHOB B
qyBcTBUTENbHON obiactu xamepol ME4 m ma pammyce r=3 M Ojis HOBOW KOHMUTYypaluu u
IIPOEKTa MIOOHHOW CHCTEMBI COCTaBIIZeT B cpemHeM He Gosee 15%. B makcumyme pasHuma B
3HAYEHUAX IJIOTHOCTEN TOTOKOB nocturaer 25% mHa pamuyce r=3 M B objactu 21 M BOKpyT
COEMWHEHUsT KOHUYECKON YaCTU 3aIuThl ¢ OaumamaxoMm. JlanbpHeNIee yMeHbBIIIEHNE IJIOTHOCTH
IIOTOKa HEUTPOHOB B 3TON OOJIACTU IPENCTABIISIETCS 3aTPyOHUTEIHLHBIM, IIOCKOJIBKY TpeOy-
eT aubO0 CYILIECTBEHHOTO YBEJIWYEHUs TOJIIIAHLI II0 PAOUYCy YacTel IepemHedl 3aIlldThI, 9TO
IPOTUBOPEYNT OTPAHMYEHUIO HA BeC 3aIIUTHI, JMOO BBOONA (POHTAIBHOM 3aIlUTHI IEPBOTO
maruuta Q1 TpuileTa TPAMOJIMHEAHOTO HPOMEXyTKa IP5, 4TO HEBO3MOXHO mu3-3a KpaliHe
OTPaHMYEHHOTO IPOCTPAHCTBA B 00JIACTH MEXIY KPHOCTATOM TPHUILIETa W KOJLIMMATOPOM O

BaxupiM MOMEHTOM C TOUKM 3pPEHUS] MEXAHWYIECKUX CBOWCTB 3AIIUTHI SBISIETCS TO, UTO
IPEJIOXKEHHOE yCUJIEHWE 3aIllUThI He IPUBONUT K 3HAUUTEIHLHOMY YBEIWYEHWIO BECA 3AINTHI
(Bec momomHmTENbHOTO MaTepmana Meblie 10% oT cyMMapHOrO Beca MOOWIIBHBIX YaCTeil
samTel). Takke BaXHO TO, UTO yCWJIEHHE 3AIlUTHI B HOBOW KOHGMWUIYDAIMN IPOM3BOLUTCS HA
MUHUMAJILHOM PACCTOSHUM OT TOYEK KPEIUIeHUs IONBIDKHON KOHm4Yeckonl dactu (z=21,5 M),
HE BBI3BIBasS KPUTUYECKOTO YBEJIMYEHUS HATPY3KU HA MEXaHMU3MbI Pa3BOPOTA 3alIlUTHI.

1
OHpaKTI/I‘{eCKI/I IIOJTHOCTBHIO MCIIOJIB30BAHHOI'O IJIsI YCTAHOBKU BaKyyMHOI'O O60py,Z[OBaHI/I$I.
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10. dopMupoBaHUE MTOJIS U3y YCHUS

C nenpio ucciienoBanus GOPMUPOBAHUS TOJIS U3JIYUYEHUs BOKPYT MEPENHEN 3aIlUThI ObLI
IIPOBENEH pacyeT BEJIWYNH MJIOTHOCTEW MOTOKOB YACTUIl IS OBYX MNOMOJTHUTEILHBIX KOH(H-
rypanuil 3ammThl. B mepBoit u3 momonHUTENbHBIX KoHGurypanmit (201.A, cM. 1m.5) TsKenbit
0eTOH B MUIIMHOPWYIECKON U KOHWYIECKON YaCTSX IepeqHell 3aIuThl OBl 3aMEeHEH Ha CTaHIAPT-
veiit 6eToH. [Ipum sTOM KOHDUrypamums THIIOBOW 3aIUTHI MEPEMHErO AMPOHHOTO KAJIOPUMETPA
CMS, B cocTaB KOTOPOI TakK¥Ke BXOOUT DS DJEMEHTOB U3 TSIXKEJIOr0 OETOHA, OCTAJIaCh MPEXK-
Heit (o6macts 11+15 M Ha puc.2). Bo Bropoit monomaurensroil kKorGurypanun (202, cM. m.5)
OBLJIO YIIAJIEHO TIOJIMSTUJIEHOBOE TOKPHITHE PACKPBIBAIOIINXCS OETOHHBIX 3JIEMEHTOB 3alIIUTHI.
MaTepuajioM 3aIlOJIHEHNST PACKPLIBAIOIIINXCS DJIEMEHTOB OBbIJT OCTABJIEH TSXKEJILI GEeTOH.

PesyabraTer pacuera IIIOTHOCTH TOTOKA HEWTPOHOB [MJIS MBYX HONOJHUTEIHLHBIX KOHGMU-
rypanuii npuBeneHsl Ha puc.6 myHKTHpHON (KOHO. 201.A) M WITPUX—IIYHKTUPHON JIMHUSIMA
(xoud. 202), mus 30HbI MiooHHOI Kamepsl ME4 u pammyca r=3 m coorsercrBenro. st mos-
HOTBI KapTWHBI (GOPMUPOBAHUS IIOJISI M3JIYUEHUsS BOKPYT HEPEOHEN 3alllUThl HA PUC.7 B TOU
»Ke HOTAIlMd, 9TO U Ha puc.6, IpUBeNeHbLI HOPMHUPOBAaHHBIC Ha BEJINUMHY MOTOKA 'l cHekTphI
HEATPOHOB B HCCJIENYEMBIX KOHTPOJIBHBIX 30HAX.
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Puc. 7. CpaBHeHme CIEKTPOB HEUTPOHOB Ha MIOOHHOU Kamepe ME4 (cieBa) u pagmyce r=3 M BOKDYT Iie-
penHell 3a1TH (CIPaBa), PACCINTAHHBIX ISl Y€THIPEX UCCIIENOBAHHBIX KOHQUT YDA 3aII[THI
(onmcanue koHGUrypanmii NAHO B 1.5, 0603HAYEHNST HA PUCYHKE T€ ¥Xe, 4TO U Ha Puc.6).

10.1. N3meHneume cocrasa 6eToHa

BenuuuHbl M7I0THOCTEN MOTOKOB HEMTPOHOB, paccunTaHHBE i KoHpurypamun 201 (ycum-
JIEHHBIl BapUAHT 3allUThI), OBIIM CPABHEHBI C PE3yJbTaTaMU, [IOJYYEHHBIMU I KOH(Ury-
parmmu 201.A. CpaBHeHue MOKA3LIBAET, YTO 3aMEHA B OETOHHBIX YACTAX TEPENHEN 3aIlluThI
TsDKEJIOro 6eToHa HA CTAHOAPTHBIA TPUBOOUAT K 3HAYUTEIHLHOMY YBEIUYEHUIO IIOTHOCTHU IIO-
TOKOB HEITPOHOB KaK BOKPYT 3aIIUTHI, TAK U B 30He MOOHHOU kKamepsl ME4. B wactHOCTH, B
3ome ME4 mpaxTwyecku mo BCeMy PamguyCy KOHTPOJIBLHON 30HBI BEJIMYNHA, IIOTHOCTU IOTOKA

11HJ'I$I y,E[OGCTBa CpaBHEHUA q)OpM CIICKTPOB IIPU Pa3HBIX BEJIMYUHAX IJIOTHOCTEN ITOTOKOB JaCTHUII.
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HEITPOHOB CTAHOBUTCS OIM3Ka K DPACCYMTAHHON I 6a30BOro (HEYCUIIEHHOTO) WHXKEHEPHO-
ro mpoekTa 3aruThl. OTHOCHTEBHOE YBEJIUUYEHUE IJIOTHOCTU ITOTOKA HEATPOHOB INPHU 5TOM
cocrasaser 20% B cpemHeM.

Bo BTopoit 30me, Ha pamuyce r=3 M, paccuuTaHuble miis KoHurypamuu 201.A BenmwuumHbL
IJIOTHOCTE TIOTOKOB HEWTPOHOB TakKxXe OJW3KM K 3HAUYEeHWSM, MOJIydYeHHBIM I 0a30BOro
WHXEHEPHOro MpoekTa 3ammThl. Ha kpasx mpomombHOro pacmpenesenuss B obmactu 11413 M
MaKCIMAJILHOE yBEJIMYEHNE TJIOTHOCTHU IIOTOKOB HEMTPOHOB cocTapigeT nmpumepHo 20% um MeHee
10% B obmactu 24+26 M. B To xe Bpems HAGIIOMAETCS 3HAYNTENILHOE YBEIMYEHNE IIOTHOCTI
IIOTOKAa HENTPOHOB BOKPYT KOHWYECKOW YaCTU 3aIUTHI, B obiactu 1822 M, rme 3HaueHUe
IUIOTHOCTU TIOTOKa HEWTPOHOB MPAKTUYECKNA BO3BPAIIIAETCS K WCXOMHON, IO ONTUMU3AIINU,
BEJIMYNHE.

10.2. Y najsieHUe IOJIMATUJIEHOBOI'O IMOKPHITHUS

Kax Bumao m3 pumc.6, m3aMeHeHme BEIUYMHBI INIOTHOCTU IMMOTOKA HEATPOHOB B KOHGUIYpa-
nun 6e3 MOJIMATUIIEHOBOTO HMOKPLITUS GETOHHBIX 3JIeMEHTOB 3aruThl (Koub. 202) 0Ka3bIBAeTCs
CYIIECTBEHHO CHJIbHEe, JeM IIPH M3MeHEeHHH cocTaBa 6eroHa'?. Kak B 30He MIOOHHOH KaMephI
ME4, tax u mHa paguyce r=3 M BOKDPYI HEpEIHEN 3aIlWThl, s MAHHOW KOHGUIYPAIUU Pac-
YeTHl MAIOT IS BEJIMYMHBI INIOTHOCTU TMOTOKA HEWTPOHOB HAMOOJBIINE 3HAUEHUS CPENU BCEX
HCCIIEIOBAHHBIX KOHOUTYypaIWid 3aIIIUTHI.

B 3ome mrioonnonn kamepsr ME4 yBenwyenme mIOTHOCTH TTOTOKA HEATPOHOB B CPEIHEM HA
60% mabmomaeTcss Ha MaJbIX paauycax KaMepbl, HambOOJIbIlee yBeJIMYeHne — B IBa pa3a —
Ha 60JIBINIUX paguycax, HAYumHAs ¢ 5,5 M OT ocu myuka. Bo BTopon 30He, Ha pagumyce r=3 M, HA
Kpalo MPOHOIILHOTO pacmpenesenus B obmactu 1113 M MakcnMaIbHOE YBEIMUYEHNE IJIOTHOCTHU
MOTOKa HEWTPOHOB cocTasisgeT mpuMepHo 60%. B obmactu 24+26 M MakcuMaJlbHOE M3MEHEHUE
BEJIMYMHLI IJIOTHOCTH TIOTOKA HEMTPOHOB COCTaBIIgeT MeHee 35%), MOCKOIbKY OCHOBHOE BIIUSHUE
Ha (GOPMUPOBAHUE IO BTOPUYHOTO W3JIYyYEHWS B HOAHHOW OO6JACTU OYEBUIOHO OKA3BIBAIOT
pa3Mep m COCTaB MaTepuaja OIMHOAKA.

WMuTepecno ormernTh, 9TO (POpMa MPOHOIBLHOTO PACIPENEIeHUs IIOTHOCTU TMOTOKA Hew-
TPOHOB Ha panmyce r=3 M BOKPYT IEPENHEN 3allluThl pa3Has OJjIsS KOHQUTYPAIUN C Pa3HBIM
cocraBoM Gerona (201 m 201.A), HO HpakTUIECKW OANWHAKOBA IJIs YCUIEHHON KOH(MUIYpAIUN
201 u xoudpurypanuu 202 6e3 GOPUPOBAHHOTO MOJIMITUIIEHA. JTO OOBICHIETCA TEM, UTO MPU 3a-
MeHe TSKeJoro 6eToHa Ha CTaHHApTHBIN (Gosee jerkuit, 6e3 mpumecu 6opa, cMm. IIpusoxenue)
KOHUYECKas YaCTh 3aIIATHI OCIA0JIseTCS 3HAUMTEIbHee, deM 0oJiee TOHKAS IUWIMHIPUIECKas
qacTh. [losToMy Ha puc.6 BuOHO pe3KOoe yBelndueHue INIOTHOCTH IIOTOKA HEWTPOHOB B 0651acTH
18-+-22 M, BOKPYT KOHUYECKON YaCTHU, U 3HAUUTEIILHO MEHBIIIEE — BOKPYT IMIMHIPUIECKON Ua-
ctu 3amuTel. CIioil e MOJUITUIEHOBOTO MOKPBLITHUS I BCEX OETOHHBIX 3JIEMEHTOB NEPEemHen
3aIIUTHl UMeeT (UKCHPOBAHHYIO TOMIMHY B 10 cM, MOATOMY TpHU €ro YIAJIEHUU TPOUCXOMUAT
OTHOCHUTEJILHOE yBeJIMYeHNEe 3HAYEHWN IJIOTHOCTEN IIOTOKOB, HO COXpaHseTcs GopMa IPOHOIb-
HOTO pacHpeneeHus.

10.3. CpaBHeHUe CIIEKTPOB HEMTPOHOB

CpaBHeHME CIIEKTPOB HENTPOHOB, PACCYNTAHHBIX IS YETHLIPEX OMMCAHHBIX KOHMUTYPAIUi
mepenHen 3aIluThl, maHO Ha puc.?. s Bcex KOHGUIYypAIU@d CIEKTP HEATPOHOB HA PALUYCE

2Hanomunm, uro B Kouduryparmu 202 cocraB GeTOHA COOTBETCTBYIOIINX JYACTell MepPeqHell 3aIluThl GBI TOT
2Ke, YTO U B 6a30BOM IIPOEKTE 3aIIUTHI.
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r=3 M XKecTde, YeM I 30HBI MIOOHHOU kKamepbl ME4, m mMmeer XxapakTepHBI KaCKaTHBIN
muk B obmactu 100 M»sB. B 3ome mroonnonn kamepsr ME4 crmekTp HEHTPOHOB Msrde, B HEM
OTYETIINBO BBIPAXKEH UCIAPUTENbHBI nuK B panore 1 M»sB, omrako ob6iacTh HU3KUX SHEPTUI
3acejleHa HEMTPOHAMM MHTETPAIBLHO 3HAUYUTEILHO OOJIBbINE, UeM Ha pamgmyce I'=3 M.

O6pariaer Ha cebs BHUMaHME TOT (HAKT, UTO IJIS 30HBI MIOOHHON Kamepbl ME4 mms Bcex
YeTHIPEX PACCMOTPEHHBIX KOHQUTYpAInil B CIIEKTPaX HENTPOHOB HET SBHBLIX OoTimunmit. IIist BTO-
POl KOHTPOJILHON 30HBI, HA PAaOWycCe I'=3 M, OYEBUIHO BBINEISIETCS CIEKTP I KOHMDUTYpPAIUQ
202, B KOTOPOIl ymaJIEHO MOJMATUIIEHOBOE IMOKPLITHE. B crmekTpe miisi MAHHOW KOHMUTYparuu
BUIHO 3HAUYUTEILHO OOJIBINE HEHTPOHOB B obmacTu sHeprmit 107°+1 MbsB, Tex, KoTopble B
Opyrux KoHQurypanusx 3(PpGeKTUBHO HOTJIOIATCS OOPUPOBAHHBIM OIS TUIEHOM.

Baksrouenve

B namnoii paboTe BBINOIHEH MEPEXON OT UOCAJLHON MOMEIU IEPEIHERd 3allliThl, UCIOIb30-
BAHHOW MPHU MOATOTOBKE TEXHUUYECKOTO MPOEKTa MIOOHHOHN cuctemMbl CMS, x pacueram Benuuun
IUIOTHOCTEN TOTOKOB YACTUII B METAJU3MPOBAHHOM WHXKEHEPHOM IIPOEKTEe 3aIiuThl. Kak 1mmo-
Ka3aHO, TAKOM Ilepexon BeNeT K YBEIMUYEHUI0 3HAUEHUU IJIOTHOCTEN TOTOKOB HEUTPOHOB B
06JIaCTH 3KCIEPUMEHTa, B IIOJTOPa pasa B 30He MooHHON kKaMmepbl CMS ME4 u B momropa—nsa
pa3a — Ha paamyce r=3 M BOKDPYT IEpPEOHEN 3allluTHI.

IIpoBenennbiii anamn3 GOPMUPOBAHUS OIS U3JIYYEHUs BOKPYT 3aIlIATHI MO3BOJISET BBIIE-
JINTH 30HY COEOWHEHWS KOHWYECKON YaCTU TepemHed 3aIinuThl ¢ OJIMHIOAXKOM KaK OCHOBHOM
WCTOYHUK BTOPUYHOTO M3IIYyUYEHUS B SKCIEPUMEHTAJILHOM 3ajie B maHHou obmactu. IIpemso-
JKEHHOE YCWJIEHUE 30HBbI COENUHEHWS 3aIUTHI C OJIMHOIAXKOM, BMECTe C 3aIlOJTHEHHEM CTBHIKOB
COEOUHEHUs MATEPUAJIOM, CPEOHUM MEXKIY XKejJe30M U OEeTOHOM, IIO3BOJISET YMEHBIIUTH 3Ha-
YeHMs IJIOTHOCTEN IOTOKOB HEMTPOHOB BOKPYT 3ammThl Ha 25-50%, CHU3MB WX IO YpOBHI,
ONMM3KOr0o K TOJIyYeHHBIM [JISI OPENbIAYIIEN MIOeAJIHEHON MOIEIIH.

B pamkxax pabGoThI BBITIOSTHEHO UCCIEIOBAaHUE (DOPMUPOBAHUS IO M3IYyUYEHUs B OOIACTH
TepemHell 3aluThl B 3aBUCUMOCTH OT COCTaBa 6€TOHA, NCIOJIB3YEMOTO ISl 3aII0JTHEHUS PACKPHI-
BAIOIIXCS DJIEMEHTOB 3AIlUThLI, W HAJUYUS TOJUITUIIEHOBOTO MOKPHITUA 3aiiuThl. CpaBHEHUE
pPe3yIbTaTOB, MOJIYyYEHHBIX IS OBYX HOIMOJHUTEIBLHBIX KOHDUTYypaIWil, MOKA3bIBAET, UTO 3a-
MeHa B KOHCTPYKIHU 3aIllUTHI TSKEJIOT0 OeTOHa Ha CTAHOAPTHBHIA NPUBOOUT K 3aMETHOMY
VBEJIMYEHUIO TJIOTHOCTEN MOTOKOB HENTPOHOB B 00eMX KOHTPOJBHBIX 30HAX. B TO Xxe BpeMs
yIoaJjieHe TOJIMATUJIEHOBOTO TOKPBITUS 3aIlUTHI IPUBOAUT K 3HAUYNTEILHO OONIBIIIEMY WM3MeHe-
HUIO IIOTHOCTEN MOTOKOB — MO OBYX pa3 B 30He MooHHOUW Kamepbl ME4 m ma pammyce r=3
M 1o 60% ma kpasx'® mpomombHOTO paclpeneneHms.

Crnenyer mpuHATL BO BHUMAHWE TO, YTO IPU U3MEHEHUN COCTaBa OETOHA He ObLI uM3Me-
HEH BHEITHUN pPanuyc OETOHHBIX YaCTEW 3aIllUThI, COOTBETCTBEHHO BEC 3AIIIATHI YMEHBIIIUIICS.
Orpannuenue Ha CyMMAPHBIN BEC TIEPEMHEN 3aIlUTHI ONPENEIsieTCs HArPy3KaMu Ha MEXaHU3MbI
IepeMeITleHnsT 3alIUThI, HO Pa3HuIla B 1,5 pa3a MO IJIOTHOCTHU TSXKEJIOTO W CTAHIAPTHOTO Oe-
TOHOB TIO3BOJISIET YBEJIMYNTH PAINyC OETOHHBIX YaCTEH 3aIlIUTHI 6€3 M3MEHEHUs MeXaHWYECKUX
HaArpy3ok. Takoe yBelmdyeHUEe TOJIIMHBI MO0 PANUYCYy OETOHHBIX YACTEH 3aIlUTHI IO3BOJIMIIO

13YI3Menenne 3HAUEHMS INIOTHOCTH IIOTOKA HEHTPOHOB, HAIpUMep B o6macTu 15-+18 M, okassiBaeTcs erre 6Oib-
LIUM, [I0 IBYX C IOJIOBUHOM pa3, HO BEJIMYUHBI IJIOTHOCTEH ITOTOKOB YaCTHUII B 9TON OOJIACTH MPEICTABIISIOT NHTEPEC
JINIIb C TOYKY 3PEHUs aHAIN3a UCTOYHUKA BTOPUYHOTO M3JIyUEHUs, IMOCKOJIBLKY PACIOJIOXKEHUE UyBCTBUTEIIBHBIX
3JIEMEHTOB U 3JIEKTPOHUKU NETEKTOPA B 3TON OOJIACTU HE IIAHUPYETCS.
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OBl MOMOJTHUTEIBHO YMEHBIINTL 3HAUYEHUS INIOTHOCTEN MHOTOKOB HEWTPOHOB B KOHOMUTYpPAIUU
CO CTaHIAPTHBIM OETOHOM.

PesynbraTsr uccienoBaHms mMOKa3BIBAIOT, YTO HAJIMYNE MOJTUITUICHOBOTO MOKPBLITUS YACTEH
TepeqHeN 3aIUTHI SIBIISETCS OMHUM M3 KITFOUEBBIX yCJIOBUN ee 3¢ deKTuBHOCTH. BopupoBaHHBIT
TIOJIMSTUJIEH, SIBJISSACH, C OOHOW CTOPOHBI, MATEPUAJIOM C BBICOKUM COIEPXKAHUEM BOLNOPOIA, C
Ipyroil — mMeronmM 5% MO BeCcy CMecH W30TOIOB 00pa, YCIEITHO CIPaBIIIeTCS C 3aMelie-
HMEM U TOCJEHYIOIINM TOTJIOIIEHNEM HEHTPOHOB. B TO ke BpeMs GOPUPOBAHHBIN MOIUITUIICH
SIBJISIETCS MOPOTOCTOSIIMM MaTEPUAJIOM MEPEIHEN 3alllUThl. JTO MO3BOJIIET yKa3aTh KaK ONWH
73 BO3MOXKHBIX IIyTel MNAJIBHEWIIeN ONTUMW3AINU IEPEeNHEN 3aIAThHI IONCK WiIn pa3paboTKy
MaTepuasa, CONEPXKAIIETO NOCTATOYHBLINA, C YUETOM CHEKTPAJIbHOTO COCTaBa (III0eHCa HENTPO-
HOB, BECOBOW IIPOIIEHT Bomopoma m Oopa m MMEOIero OoJiee IMPUBIIEKATEIFHOE COOTHOIIIEHUE
nena /5bGEeK TUBHOCTS.

IIpunoxenue

MaTepuasnbl 3aIIIUThLI

HI/I}Ke OPUBEOCHBI IIJIOTHOCTU M COCTAaB MAaTEPHUAJIOB, IMPUHATBIX CTAaHOAPTHBIMU B 35KCIIE-
PUMEHTE CMS 1 MCIIOJIB3OBAHHEBIX IIPU pacdeTaX BEJINYNH IIOTOKOB YaCTHUL OJIA MH2XKEHEPHOI'O
TPOEKTa TEPEOHEN 3aIITUTHI.

2Kene3so (cranb)
Ha camom meme — cocraBHO@I MaTepuail ¢ mobGaBKaMu (BepHEe, OCTATKAMU IIOCIE BbI-
IUIABKK) APYTUX 5jeMeHToB. IlnorHocTs 7.87 r/cm®. Cocras mpuBeneH B Tabimue HIKE.

‘3J‘IeMeHT‘ Fe ‘C‘Si‘Mn‘Ni‘Cu‘
| % Beca [98.25]0.1[0.1] 04 [1.0]0.15 |

CrannaprHbiil 6eToH
B nmammoit pa6ore 5T0 6ETOH, OTIWMYAOIIUNACI OT CTAHIAPTHOTO MATEPUAJIa, UCIOJIb3Y-
€MOr0 B 3alllUTe OT WU3IYyYEHUH, YMEHBIIEHHBIM comepx)aHmeM Bombl. llmoTrHOCTL 2.35
r/cm®. CocTap mpuBeneH B TabiuIe HIXKE.

‘3HeMeHT‘H‘C‘O‘Na‘AI‘Si‘K‘Ca‘Fe‘
[ % Beca [0.6[30[50]1.030]20[1.0] 20 |14 ]

Tsxenblil 6eTOH
CrannapTHbIl GETOH € yBEIMYEHHBIM CONEpXkKaHmeM xejie3a u mobaskonn 1.3% cmecn
(B*.B'") B coornomenun 1:3 mo Becy. Ilmotocts 3.673 r/cm®. Cocras mpusenmen B
Tab/uile HUXKe.

|onemenr | Fe | H [ B | B [O[Na| Al| Si|Ca|
| % Beca | 55.35[0.35[0.975]0.325 [ 35| 1.3 [ 2.0[20] 2.7 |

BopupoBaHHBITI OSN3 TUIIEH
Crannaprasil nommstues ¢ nobaskoit 5% cmecu (B!°B!') B coornomennu 1:4 mo Becy.
[Inorrocts 0.93 r/cm®. Cocras npuseneH B Tabiuie HIKE.
|snement | H | C [B! |B°[ O |
[ % Beca [ 11.6[61.2] 4.0 [ 1.0 [ 22|
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