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ne4yrqefi oprarrr{3arlnra cDe.lepanbHoro rocyAapcrBe}Iuoro 6toA>xerHoro yr{pe}KAeHLrs.HayKLr

@u:uqecxufi uucrzryr uu. II.H.JIe6eAena PAH na Al{ccepralluro KarrauucKofo Amaua

KoricranruHoBr{qa "Ma3ep Ha cso6oAHbrx oJIeKTpoHax c <o6parurru) BeAyuIIrM MaTHI4THrIM

rroJreM 14 efo r{cloJrb3oBaHr4e Anrr olpeAeILeHus. pecypca ycKopflIolqfix cTpyKTyp sneKrpoH-

no3LITpoHHr,rx xol;rafi4epoB", npeAcraBneIrHyIo Ha colrcKarlue yueltotl crerleHlr AoKTopa

$u:uro-nlareMarurrecKr.rx HayK lro cileql4anbHocrl4 01.04.20 - "()I43I4Ka ilyr{Ko]3 3apqx(eHIIbIX

qacTI,Iq I4 ycKOpI4Te IrbHAfi TeXHIIKa"

Ycnexu B [onyqeHl4lr 0IdJILHoT0TIHLIX ryr{KoB 3neKTpoHoB v ux HclroJlb3ol]arrve Anfl,

pa:pa6orr<u MorqHbrx r.rcror{rrl4Kon Koreper{Tl{ofo 3JreKTpoMafHI,ITIIoro I43nyr{ellus [pI4I]9JII{ K

co3AaHr{ro 3a 11ocneAHrre ABa-TpH Aecsrlrnerl4t Ma3epoB ua cno6oAI{bIX 3JreKTpol{ax (MC3) n

caHTr{MerpoBoM H Mr{nJIHMerponoM Arraila3ol{ax AJIITH BoJIIt. OAuaro I4x tuupoKoe rpI4MeIIeHI4e

Bo MHorux o6racrqx HayKr{ rrrexHHKI4 He lrcKJlroqae'r neo6xo.I[I4Mocrll pa3pa6orKl4 I{oBbIX

MC3, orBer{aloulux 6olee BbIcoKI4M rpe6onauunu.

B r{acrHocrr4, I-\Jtfl na>rueiimux nccrelonasufr ilo $u:ure sJIeMeHTopFILIX qacrl4rl

cnelyrcuero iloKoneHr.r.s paspa6arrrBalorct npoeKTbI :tuHefiurx 3JreKTpoFI-no3I{TpoI{HbIX

KoJrnafiAepoB Ha 6ecnpeqe.ueHTrro BbIcoKI4e 3HeprI4I4 cloJlKHoBenus 0.5 - 3 TeB, Koroprle

HeBo3N{o}r(Ho Aocrl4r{b n xorurafr4epax 'rqxtdrblx qacrI4LI. 3ro cBq3ano c reM, rITo llpl4

cToJrKrroBeHlrn tlpoTolroB B peaKrlr{rr yqac'I'ByloT KBapKI4 II TJIIOOHbI, BXOAtilIUe B cocTaB

tIpoTOHa, lr el'o 3l{epil.I{ pacnpeAenfieT}tt Ha HeCKOJIbKO qaCTHtL MexAy KOTOp},IMH 14

lporrcxoArr croJrKlroB enul.. flpu cro:rxHollelll4lr 3JIeKTpoI{oB c rIo3I'ITpoI'IaMI{ 3IIepMq peaKul{u

paBHa cyMMe ux egeprulfi. 3.nerrpon-rro3l4Tpolluble croJIKIIoBeIIu[ rIo3BoJItIT npoBo/II'ITI)

ilpeqrr3rror{ubre 3Kcrlepr4Merrrr,r B 6o:ree KoporKl{e cpoKu, qro llaxHo B cll.f,3l'I c ila/lelll{eM

ce.reHuit nsauN{oAeficrBr.rs c pocroM 3IreprI{I4. CrIe4yer o'rMe'rpl'rl, r{To ycKopelll4e 3JIeK'rpoHoIl u

rro3r.rrpor{oB JIo 'raKr4x BrJcoK}rx :ueprufi HeBo3Mo}ItHo n 6o.lree KoMilaKTHbIX III4KJIHqecKI'IX



yCKOp[TensX U34a II,IIaHTCKOfr MOUIHOCTLI llx CI{HXpOTpOHHO|O I43nyqeHl4q V IIOSTOMy

HCI436EXHO I,ICIONb3OBAHIIE JII4HCfi HbIX.

,{lx coxpaueHrrr AJrr.rHbr }.r crorrMocrz xol:raftAepa ycKopLITenIa Aon}IGbI o6ecne'rurb

BbrcoKr.re ycKopflroqrre noJrq npu ueo6xoAlrMoM cpoKe HerlpepblBHoff pa6ortt B Ter{eH[e l0 - 20

Jrer CosAaune raKr.rx yHr4KanbHbrx MHoroKr{noMerpoBblx ycraHoBoK rpe6yer npoBeAeHllt

HafrHbIX r{ccneAoBarruit u pe[reHrrs MHorI4x rexHl4qecKux upo6leM c npI,IMeHeHI4eM HoBLIX,

6olee MorrIHbIX y3KononocHbrx r,IcrorrHuKoB B o6lacru MI,IJIJII4MeTpoBIIX AII4H BoJIH.

{uccepraqnr A.K.Karr,luucKoro KaK pa3 nocBsrleHa co3AaHLIn MoI{Horo ?IcrorIHI4Ka

KorepeHTHofo r43nyrrerrvts. B o6tacru qacror 30 ffu. Ero ucnolb3oBaHl4e Ans orrpe,4eJleHllr

npeAenbHo Aorrycrr.rMoff HanprNelrHocrrr ycKopfliolqefo ilor.fl n xo:r:rafiAepe laer Bo3MoxHocrb

cAenarb o6ocHonanHsrfi nu6op rr4rra ycKopqrcUefi crpyKTypbl v Marepl{ana l,nfl LI3roroBJIeHI4s

pe3oHaropon. O>xr.r.4aeMoe rroBbrrrreHrre ycKop.flrolqero rtorq B 20 pas rrpu ycxopenvv Ha r{acrore

30 Ffq B HecBepxnpoBo4nuleM ycKopilrene no cpaBHeHilto Lracrorora 1.3 ffU B cBepxilpoBo.4fluleM

ycKopr{rene (upoexr DESY n feprr,rauun) uo:no.nu:ro 6tr coKparlrrb Bo MHoro pa3 AnI4Hy

xo:uait4epa u efo crouMocrb, orIeHHBaeMyIo B 20 tvtulnuapAoB ,4onnapoB, 14 yBeJII{III'IJIo IIraHcbI

Ha ero peaJll43aul{rc.

Btr6op cBepxnpoBoArr.rlero BapuaHTa - 3To I{arraJ'Issufi trlar B o6rqefi [pofpaMMe rlo

(furure BbrcoKr4x eueprufi, TaK KaK rrpe,4enlHoe ycKopqloulee rIoJIe Ha BTopoM 3TaIIe ero pa6oru

cocraBr.rr 31.5 MB/u, rrro rrpn Anr4He xollafi4epa 31 ru coorBercrByer 3HeprI4I{ croJIKHoBeHLIt

1 TgB, xorr paccMarpr4Barorcq [poeKrbr Ha 5 TsB. floerolry nsl6paHuar reMa AI{ccepraIIrI4

ocraHerc{ aKTyaJrbHofi ne rom,Ko Ang nu6opa rrepBoto BapI,IaHTa xol:rafr4epa, Ho rr l\nfl

4alrnefiruero npoABrrxeHr{"fl BBepx ro rrrKaJle sueprufi, TaK KaK uulbrepHarl'IBHble MeroAr,I

(Haupuuep, Jra3epHoe ycKopeHr{e n n:ra:ue) HecMorps Ha 6olturue ycKopsloilIue rIoJIt AiuIeKI4

ellie oT ilonyr{eH[fl npeIII43rrOFrHbrX nyqKoB 3JreKTpo]IoB c HaHoMeTpoBbIMIr pa3MepaMlr.

Tpy4uocru Ha nyrr4 racrrorrb3oBanr4fl I4cror{HI4KoB Ha rlacrore 30 ffll B

HecBepxrponoAgulefi ycKopfloruefi crpyr<rype Bo3HpIKnI4 raKlKe u:-:a o6pasoBaHlIt 4e$ettron ua

IIOBepXHOCTI,I pe3OHaTOpa npH rIr{KJII4qeCKOM I4MnynbcHoM HalpeBe, tITo ilpLIBO.4I{JIO K

BbrcoKoqacrorHbrM npo6oxnr u He o6ecnequnaro ueo6xornrmtfi pecypc pa6orsl (10"

r.rMrrynbcoB). I4ccne4oBaHlre 3Toro flBrenntr n rpe6yenaoM AI{aIIa3oI{e MoUII{ocrLr Lr qacrorbl

gneKTpOMafHI,ITHOfO l/t3nyr]LelFll4fl CTanO BO3MOIKHI'IM IIOCJIe CO3AaHI'I' CIIeIIHaJILHO|O CTeHAa B

OI4flVI rIoA pyKoBoAcrBoM aBropa Allccepraulrl{.

Honu:Hy I4 aKTyanbHocrr, I,IccneloBaHIaff no reMe AI4ccepraUI,Iu [oAr{epKllBaer }I Tor

Sarr, r{To pa6ora Benacb rro rrttrr\LruruBe v B TecI{oM corpyAul{qecrBe c CERN, rAe

pa:pa6aruBaJrc.r{ o4rr1r r43 Bapr4aHToB xollaft4epa. Pesy:rr,rarbl I4ccneAosaIrl4ft .4oKnanblBarvcl' Lr

o6cyN,4zurucb Ha MexnyHapoAHbIX xoufr eperrq vflx Ll Pa6o'ux coBeIIIaIIu.sx.



{uccepraqur cocrolrr vr3 BBeAeHI.,rr, Tpex rJraB v 3aKrroqeHus. Bo BBeAeHrrr4

o6ocnosanrr aKTyiulblrocrb, IIeJIb, HayqHas HoBr43Ha u npaKTfiqecKa.f, 3Halrr{Mocrb

Incceprauuonuoff pa6orrr.

flepnax fJIaBa rlocBqueua Soprr,rzponalrr4ro r4 TpaHcnoprr4poBKe oneKTpoHHofo [yrrKa or

lI,lHefiHoro LIHAyKIII{oHHoro ycKoplzTenr, nu6opy cxeMbr reHeparopa u ycunr4Tenfl

Ml4nnllMerpoBoro rl{ana3oHa AJII4H BoJrH rr o6ocHonauruo nper.rMyrqecrB npe4loNeHHofi

aBTopoM clrcreMbr, n xoropoft HanpaBJreHr4e BpauleHr4r [yr{Ka B trore oHAynqropa

rlporl,IBononolKHo BparqeHl{Io B aKcr.raJIrHoM MarnlrrrroM rroJre. r{t'tcleugoe MoAeJrl,rpoBaHrre

rIoKa3aJIo, qro npeAno)KeHHas cxeMa Aaer Bo3Mo)KHocrb [onyr{I4Tb r43nyrreHr4e c 6oltruefi

MorIIHOcrbIo LI y3KI4M crIeKTpoM Aaxe lrpl4 l4crrotlb3oBaHr4r4 3JreKTpoHHbrx [yr{KoB c 6o:mnrunt

gMI4TTar{coM H sHepferr.rqecK}rM pa:6poconl.

Bo nropoff rJIaBe I43JIoxeHbI I4ccJreAoBaHI4t rro 4alrnefirueMy ycoBeprrreHcrBoBaHr{ro

MC3 TaKoro rvna nyreM I4cIIoJIb3oBaHr4r 6psrroncxoro pe3oHaropa u oHAynqropa c

npo$unupoBaHHblM noJreM c IIeJIbIo erqe cy:vtrb crreKTp r.r noBbrcr.rrb MorqHocrb u3nyrreHu.tr.

flo4po6uo onncaHbl pa6oru IIo 3Kcnepr.rMeHTaJrbHoMy Bolnouer{r4ro BbrABr4Hyrbrx u4efi npu

co3AaHLII4 yHl4Kanbl{oro MC3 Ha qacrore 30 ffU c MoqHocrbro r43nyqesws 20 - 25 MBr npu

cra6r.rrr,uocrn qacrorbr nyque 0,0106 14 rrrupr.rHe crreKTpa 5 - 8 Mf{.

Tperrr rnaBa IlocBfiureHa rlpr{MeneHr4ro co3rar-rHoro MC3 B KarrecrBe r,rcrorrHr4Ka rJIq

rru'raHvrs. cneqfiiulr,Hofo, pe3or{aTopa c BblcoKot4 AoOporHocrr,ro, Mo.{enr4pyroulero

reMrleparypurfi pexl4M ycKopslotqefi crpyxrypn xomrafiaepa CLIC (CERN). flpu cozgauuu

creHAa 6rura pa-:pa6ora:aa annaparypa AJtfl TpaHcnoprlrpoBKr4 H Ar4arHocrr{Kr4 Morrlnoro CBr{-

ilyqKa. llo:ryvenu oKcnepI4MeHTaiIbHLre AaHr{bre rro croftrocrra MeAV tro orHorrreHr4ro K

LIMnynbcHbIM IIuKrnqecKIiM Harpy3KaM npr{ 3aAaHHbrx pacr{erHbrx reMrreparypax narpena 40 u

2000c.

Hay.tIa.r HoBu3I{a .{l4ccepralluonnofi pa6orr,r 3aKJlroqaerc{ n o6ocgoBaHkrkr Lr

SKCnepI4MeHTaJIbHOM OCyUeCTBIeIII4IT BbrABrAHyrOff aBTOpOM kr4erl UCrTOrrr,3oBaHI,rr aKcr,raJrbHoro

MarHI4THoro rIoJIt B Ma3epe ua cnooogHbrx oneKTpoHax c oHAyn{TopoM, HarrpaBrreHrze BpalIeHHq

gneKTpoHoB B KoropoM rlporl{BononoxHo ,rx BpauleHr4ro B aKcr.raJrbHoM rroJre. Taxofi pexi.rM

pa6oru [o3BoJrLIJ] pe3Ko yMeHbIIrI4Tr pa:6poc rro npoAonbHbrM cKopocr.sM B nyqKe 3JreKTpor{oB,

IrMeIouIeM 3Harrl4Terbnrrfi pa:6poc IIo noleper{HbrM cKopocrqu. Cralo Bo3Mo}KHo r4cnoJrb3oBarb

Oolrmue roKI'I ilyrlKaHyBenwrrrrb rntrry yctrnetzs., T. e. yBenuqfiTr, Morunocrb L{ yMeHbrrrr{Tb

xtuptlHy crreKTpa v 3 JryqeH Lr.s.

Broprru BaxHbIM opI{rI4I-IaJILHrIM ycoBepllreHcrBoBaHr.,reM 6ruo r4crroJrb3oBaHr4e

cleq[IaJlbHoro 6perroBcKoro pe3oHaropa B reHeparope MC3, rrro raKxe npr.rBeno K cy)Kerrr4ro

cneKTpa I,I yBenr4qerruro Mo r]IH o cTIj M3nyrrelJlds..



Tperrulr uraroM, rro3BoJrr,rBrrrr.rM nufiru Ha peKoplHble napaMerpbl MC3, 6ulo

r4cnonb3oBaHr4e B ycr.rnuTene r43BecrHoro MeroAa npo$ranxpoBalukrfl. iloJIq B KoHIIe oHAyntropa,

rrro yBennirlrno Anr4Hy ycvneHufl rr BbIXoAHyIo MourHocrr MC3. B urore, 6slr cosAan nonlrfi

r,rcror{Hr{K KofepeHTHofo MllJlJrr,rMerpoBofo I,I3nyqeHHg 6olturofi MoruHocrl{ c y3KI{M cneKTpoM

r4 perynr{poBKofi qacrorr,r Anrr corJracoBaHlrt c ycKop.fl}orqeft crpyKTypofi xollaft4epa.

llpaxruuecxaa qeHHocrb pe3ynbraroB Arrccepralll4l4 cBs3aHa c HoBrIMLI MeroAaI4I'I

co3AaHI4q MOrqHbrX y3KOrrOnOCHbrX I4CTOLTHI4KOB U3nyqeHl4q B MI4JIJII4MeTpOBOM AI'Iana3OHe AnIIH

BoJrH r4 r.rx r.rcrroJrb3oBaHnr{ Anr perxeHvrs 3araq no pa:pa6orxe 6ylyrqplx Konnafi4epon Ha

cBepxBblcoKl{e SHepfI{n.

,{ocrorepHocrb pe3yJrbraroB rroATBepxAeHa coBrla.4eHtleM pe3ynbraroB LII{crIeHHoro

MoAenr{poB a]H?rfl. 14 gKc[epr.rMeFrraJrbHo I,I3MepeHHbIX napaMerpoB co3AaHHbrx MC3 LI y3noB

I,IcrrbrrareJrbHoro crer{Aa, a ranKe cpaBHeH}reM I43MepeHufi c pe:ylbrrraMlr, ronyqeHHbIMI4 B

Creu$op4croff la6oparopr4r.r nr4nefrsoro ycKoplzren fl npu MeIrbIIIux noJIfl x.

Ocuonntte Hayr{Hble pe3ynbrarbl, Ir3JroxeI{HbIe B .4l,Icceprarlzfi, xopomo I43BecrHbI B

Poccuu u za py6exoM, HeoAHoKparHo AoKnaAblBanvcb Ha poccnficxux I{ MexAyHapoAHbIx

ron$epeHqkrflx 14 coBellaHr4qx, ony6:ruroBaHbl n pe$epupyeMblx Hayr{HLIX xypHaJlax I{ TpyAax

ron$epenqraff. MarepvraJr trr4cceprarprv ocHoBaH na 43 ny6:ruxaqutlx, tITo cBl'IAere:rbcrByer o

peuarouleM rur{HoM nKnaAe aBTopa. Taxoe 6olsuroe Korl4qecrBo ny6nuxaqufi rnfl

gKc[eprzMenra,rlHOfi pa6Orr,l TOx{e gB JIxeTCt XopOUI4M nOI(a3 aTe JIeM.

Br,rcoxO OrIeHuBaf HayrIHyIO U9HHOCTb AI'ICCCpTaUI{I{, MO)KHO CAenaTb HeCKoJIbKO

:aueqaHufi ro IIoBoAy ee o(bopMnelll4t.

1. fiucceptaryus. [eperpyxeHa rrepeqr4cneHr4f,Mll sHaqeHl4fi pa3nurrHblx napaMerpoB B

rrpeABaprrreJrbrrbrx 14 BTopocreleHHblx oKcnepllMesrax. I4x ocHoBHbIe pe3ynbrarbl nyqure 6ulo

6rr npe4craBr4Tb o6o6ulenno u 6o,'ree cxaro c LIcIroJIb3oBaHueM rpatpaxon u r.a6rtut\.

2. B ro )r{e BpeM.fl noArrr4cr{ K pr,rcyHKaM qacro He coAepxar gHaqenrzft napaMerpoB

3KCIIepuMeHTa.

3. Bcrpeuarorct r{aptoHr43Mbr: "Burfrep" cJIeAoBa,'Io 6r,r:auenr'ITb Ha oHAynqrop, "6aH'{I4poBKy"

rryqKa - Ha rpyrurnpoBKy, "ycururemHblfr" cLIrHan (crp. 78) - cI4rHaJI c ycl4nllTers. vrlr

ycnreHHufr clIrHaJI.

4. Pucyuox 1.25 se no3BoJr.f,er c/Ienarb qerrnft BbIBoA o ilpel'IMyrqecrBe MeroAa c pa3rII4qHbIM

HanpaBneHHeM BpalqeHr4q nyr{Ka B oHAyuTope u aKQI,.aJTFHOM MaIHI,ITHOM IIOJIe, TaK KaK

rrpr4BeAeHbr rpa$uxu 6erarpouul,x r<o:re6auuft. Clelonalo 6tt ilpl4Becrl{ rpa$uxz pa:6poca

rrpoAonbHblx cKopocTeff n nyvre rrpl4 AByx HanpaBJleHvflx atrcuaJrbHoro rro.lrs.

5. llpn r43JroxeHur4 aKcilepr4MeHToB rro HarpeBy c 6olturuu qlrcJroM I4MnynbcoB creAoea,'Io 6sr

yKasarb, KaK r{3Meptnu (utm paccrrr4TblBaru) rentueparypy IIoBepxHocrI'I pe3oHaropa, a raKxe



KaKaJr HarrpfiKeHHocrb rroJrr B ycKop.fliouler4 crpyKType Konnavlepa coorBercrByer ycnoBusM

sKcrrepr,rMeuTa Ha creH.{e. Xorq eru AaHHbre [onyqanla Apyrr.re uccJIeAoBareJIbcKI4e fpynrrbl,

corpyAHr,rqaBrnae c rpyruoit OVItM, vrx HaJrr4qtre no3BoJILIro 6r,I cpa3y oueHl4rb BaxHocrb

ronyqeHHbx n OVISII4 pe3ynbraroB.

I4sroNeHnbre 3aMer{aHws. He yMaJrs}or ,qocrorrHcrB Al{ccepraul{I4 KaK Ba)KHoro BKJIaAa B

HayKy. Co4epNanne Ar4cceprar\uvr coorBercrByer yKa3altroft cnequarrbHocrr,r, anrope$epar

npaBlrnbHo orpaxaer colepxaHr{e .qr4ccepratluu. flucceprar]urc MoxrHo oxapaKTeplrcoBarb KaK

HayqHo-KBanraSvraquouHyro pa6ory, n xoropofi Ha ocHoBaHLIu BrIIIoJIHeHHbx aBTopoM

LIccJIeAoBaI{uit. pazpa5oraHbl IIoJIo}Ker{r4{, rroATBepxAeHHbIe 3KcnepI,IMeI{TuuIbHo, coBoKytlHocrr,

Koropbrx MolKHo xnann$uqupoBarb KaK HayqHoe Aocrr{xenue. [uccepraur4s coorBercrByer

rpe6onaHrasN,r BAK, a e€ anlop Kauuucrufi Arurra KoncraHrHHoBI.{q 3acny}Kl{Baer ilpucBoeHllq

eMy creneHu AoKTopa Su:urco-MareMarur{ecKr4x HayK no creqlraJlbHocrn 01-04-20 - Qu:zxa

rryqKoB 3ap-sxeHH bIX r{acTl4tl H ycKopl4Te IU>Has. TexHHKa.

Or:r,m cocraBrrJII,I:

crapurufi HayuHr,rfi corpyrul{K, KaHAIIAaT Q u: uxo -u areM arlzrlecKlzx Hay K

W(
eelyuuff nayuHufi corpyAHI4K, AoKTop $H:uxo-nlareMarl{rlecKl4x HayK

rl z>

B.A. flararrqes

A.B.Cepon

Orsrm 3acnyuraH 14 y'rBepx{Aeu na sacep:aenvr Vqeuoro coBera OrAereHuq r4epHofi

(f u:uru u acrpo$usilru OusuqecKofo l4Hcrllryra uru. lI.H.Jle6eAena.

llpororco:r Ns 35_or 2J*oxrx6px20I4 r.

flpeAceAareru Y.{eHofo coBera OflOA @I4AI{, rrpoQeccop OLO.[.{a;rrrapon

Cerperapr VqeHoro coBera OfIOA OI4AH, x.Q.m.H. 
//g:7- z

4 

n 

, H.fl.Tonqnes


