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4.1. Knaccudpumnkauums
yCKOpUTeneu

* Yckopumensmu 3apsKeHHbIX YacTuml
Ha3bIBAOTCS YCTPOMCTBA, B KOTOPbIX NMOA
NENCTBNEM INEKTPUYECKNX U MArHUTHbIX
nonem co3gatoTcA 1 YNpaBnATCA MyYKn
BbICOKO3HEPreTUYHbIX 3apsiKeHHbIX YacTul
(3NEeKTPOHOB, MPOTOHOB, ME30OHOB U T.4.).



JTrobon yckopuTtenb XxapaktepusyeTcs:
TUMOM YCKOPSIEMbIX YaCTuL,
Pa3dbpPOCOM YaCTuUL, NO SHEPTUAM,
MHTEHCUBHOCTbIO My4Ka.

YcKkopuTenu noapasnensaroTcs Ha

HernpepbieHble (pasHOMeEPHbIU 80
8peMeHU Iy4oK)

UMMyJibCHbIE (8 HUX Yacmuuhbl
YCKOPAOMcs rnopuyusamu — umnyrnbcamu).
[locnegHue xapakTepusyrTcH
ONNTENBHOCTbLIO MMNYIbCa.




* [1o popme TpaeKkTopumn 1 MeXaHU3My
YCKOPEHUA YacTuL, YCKOPUTENW OENATCA Ha

* JIUHEUHbIe,
* YUKJTUYECKue
* UHOYKUUOHHbIe.

* B NMHENHbIX YyCKOPUTENAX TPaeKTopUn
OBWMXEHUA YacTul, Onmskm K NpaAMbIM NTUHUSM,

* B UWMKITMHECKUX U MHOYKLUMNOHHbIX
TPAEKTOPUAMU HaCTUL, ABJTAKOTCA OKPY>KHOCTW
NI Crinparimn.



PaccMOTpuM HEKOTOPbIE TUMBLI YCKOPUTENEN
_3aPSHKEHHbIX YacTul




4.2. JINHenHble yCKopUTenu

1. JIuHeUHbIU YCKOPpUMEJIb.

YcKOpeHMe 4YacTuL, OCYLLECTBISAETCH
3NIeKTPOCTaTUYECKUM MOoJiem,

co3fgaBaemMbIM, Hanpumep,

BbICOKOBOJILTHLIM reHepaTtopoM BaH-ae-
[ paadpa
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« 3apskeHHast YacTuLa NPOXOANUT yCKopsitoLLee
norie o4HOKpaTHO:

* 3apsi0 g, NPOXo0s pa3HOCMb MOMeHyuasos
0, — (pv}puo6pemaem KUHemu4ecKyro
3Hepaur

* Takmm cnocobom YacTuLbl YCKOPSIHOTCS
Ao = 10 MaB.

* VIXx panbHeullee yCKOpeHMe C NOMOLLbIO
NCTOYHUKOB MOCTOAHHOIO HanNpsXXeHns
HEBO3MOXXHO 13-3a YTEYKU 3apsa0B 1 Npoboes.



YckopuTernibHasa yCTaHOBKA 3NIeKTPOCTaTUYEeCKOro
reHepaTtopa BaH-ge-lNpaadha (II-8)

* [lpegHasHaveHa onsa nonyyYyeHus BbiBEOEHHbIX B
aKcnepuMeHTarnbHbIW 3as Ny4YKoB
NONOXUTESIbHO 3apsXKEHHbIX MOHOB A4ep
(MpoTOHOB, anb@a-4acTuu, MOHOB a3oTa N ap.) C
MaKCuUMaribHON TEOPETUYECKN BO3MOXHOWN aONH
AaHHOM yCTaHOBKU aHepruen 0o 4 MaB/3apag u
MaKkcumMarbHbIM TOKOM | = 10 MKA. [pakTnyecky,
MakcuMarbHas 3Heprud, 4OCTUrHyTas Ha 3TOM
ycKkopuTerne anga npoTtoHoB, coctasuna 3 MaB.
YckopuTtenb Obin B CyLLECTBEHHOM CTEMNEHN
MOLEePHU3NPOBaH B 80-e rofbl JOKTOPOM TEXH.
Hayk AnekcaHgpom Brnagumuposuyem
AnmasoBbiM, KoTopbi pabotan B HAAAD MI'Y
€ 1980 no 1985 rr. B 4OSKHOCTU CTapLUEro
Hay4HOro cotpyaHuka Otaena onsmnku
aTOMHOro sgpa. B
HacTosLLEee BpeMsa yCKoOpUTernb akTUBHO
ncnonb3yeTcs Ansg uccrenosaHum
MeTannMyeckmnx, nonynpoBOLHNKOBBLIX U
ONANEKTPUYECKNX MaTepunanos B Nonn- n
MOHOKpUCTaninyecknx pasax metogamm
MOHHO-MYYKOBOIro aHanusa.




[OpU3OHTaNbHbLIN 3NIEKTPOCTAaTUYECKUN

yckoputenb BaH-ge-I'paada (AN-2500)

Ha gpomoepagpuu yckopumers AN-2500
(cneea) u 3-8 (BuOHa Yyacmb Komra
8bICOKO20 0aesrieHusl)

B HacTosLLee BpeMsi BBOAUTCA B 3KCMyaTaumto
rOpU30OHTalNbHbIN ANIEKTPOCTAaTUYECKUN
yckopuTtenb BaH-ge-I'paacpa (AN-2500) C
MaKcMMasribHOW pasHOCTbHO NnoTeHuuana 2,5 MB
npousBoacTea HVEE (Tonnangusa). Yckoputens
nony4yeH Ha ocHoBaHuM CornalleHus mexay
LleHTpoM Haykn 0 MmaTepmnanax yHMBepcuTeTa
npoBuHumn 'poHnHreH (Hngepnanabl) n HAU
agepHon pusnkn nm. CkobenbLbiHa
MockoBCKOro rocygapCTBeHHOro yHMBepcuTeTa
mm. M.B. JllomoHocoBa (Poccus) B kavectBe
©e3Bo3me3gHOM nepedaydn ans npoBeaeHns
Hay4HbIX MCCnegoBaHnm n obyyeHns
CTYOEHTOB.

B HacTosLLee BpemMs BBOAUTCA B 3KCMyaTaumto
ropm3oHTalNbHbIA 3NEKTPOCTAaTUYECKNMN
yckopuTtenb BaH-ge-Ipaacpa (AN-2500) C
MaKCUManbHOW pas3HOCTLIO NoTeHuuana 2,5 MB
npou3BoacTea HVEE (FTonnangus). Yckoputens
nony4yeH Ha ocHoBaHuM CornalleHuns mexay
LleHTpoM Haykn 0 maTepmnanax yHMBepcuTeTa
npoBuHUUM 'poHuHreH (HuaepnaHgbl) n HAU
saepHon pusnkn nm. CrkobernbLbiHa
MocCKoBCKOro rocyaapCTBeHHOIro YHMBepcuTeTa
mm. M.B. JlomoHocoBa (Poccusi) B kayecTtse
0e3B03Me3gHOM Nepeaayvn anga npoBeaeHus
Hay4HbIX ©ccnegoBaHnm n obyyeHna
CTYLEHTOB.



Yckoputenb KI'-500

* fBnseTcsa BbICOKOBOSLTHBIM
KackagHbIM reHepaTopoM KokpodTa-
YonToHa ¢ BO34yLUHOW U30MALUnen 1
npegHasHa4vyeH ans yCcKopeHus
NONOXUTENLHO 3apPSAXKEHHbBIX MOHOB B
9rIeKTpOoCTaTNYECKOM Morie.

 BepTukanbHO HanpaBneHHbIN Ny4OoK
MOHOB YCKOPUTENSA NOBOpa4vnBaeTco
OBYMSA MarHUTHbIMM aHanm3aTopamu
B rOPU30OHTasbHbIE NNOCKOCTU U
BBOOUTCA ONA UCNOSIb30BaHUA B 5
‘ ' : BaKyyMHbIX 3KCMepuMeHTarnbHbIX
OcHoBHbIe NapameTpbl YCKOPEHHbIX MOHOB ( A KamMepax, a Takxke B YCTaHOBKe MEIS
BOAopoAa): (Medium Energy lon Scattering) ¢

a) MakcumanbHasi 9Hepruns - 500 kaB;
6) ctabunbHOCTb 3Heprnn - 0,1 % ; 3HepFeTI/I‘-IeCKI/IM paspelueHmnem ~

B) Npeaerbl perynupoBkn 3Heprun 50 - 500 k3B; 10 E
r) TOK NPAAMOro ny4yka (Ha BXo4e B MarHUTHbIN °
aHanusaTtop) - 1 MA;

[1) NNOTHOCTb TOKa B NPAMOM My4Ke - 25 MA/MM?;

€) TOK O4HOaTOMHbIX MOHOB B My4Ke, OTKITOHEHHOM Ha

90° - 0,2 MA.




2. JIUHeUHbIU Ppe30HaHCHbLIU
ycKopumei/s.

YckopeHue 3apsi)KeHHbIX Yacmuy,
ocyuiecmesissemcsi nepeMeHHbIM
asieKmpu4eCcKUM rnoJsieM ceepxebICOKOU

Yyacmomabl, CUHXPOHHO U3MEHSIIOLLMMCS C
OBUXXEHMEeM YacTuLl.




* Taknm obpasom YyacTuubl MHOTOKPaTHO
NPOXOOAT YCKOPAOLLNIA NPOMEXYTOK:

°* MPOTOHbI YCKOPAKTCA 0,0 IHEePrun nopsgka
AECATKOB MeraasieKTPOHBONMbLT,

¢ ANMEeKTPOHbI — A0 AEeCATKOB
FTMraa3fieKTpoHBOIJIbT.






4.3. Unknu4yeckune yckoputenu

1. HUKﬂOmgOH — UMKNUYECKNI

PE30HAHCHLIN YCKOPUTENb TAXenbIX
yacTtuy (NpOTOHOB, MOHOB).




1. Bakyymuan kaumepa

2. TpyGa pakyyMHOro Hacoca

3. OQyaursi

4. TpaeKTopHA YCKOPASMON HacTHuy L

5. Nomoc ramruTa

6. Buaogw! K rexeparopy
NEPEIACHHOID HANDSLKEHNA

7. Buaog anexTponos

B UMKNOTPONE JaPAXKEHHAR YACTHMLA PA3fOMABTCA



— LIN0OT DO

* Mexay noncamm CUNbHOro ariekTpomMarHuTa
nomMellaeTcsd BakyyMmHaa kKamepa, B KOTOpou
HaxoOAaTcs ABa aneKkTpoaa B BUae nonbix
MEeTanIn4YeCcKnx NoNyunnmuHapos, nnn dyaHmoae.

« K dyaHmam npunnoxeHo nepemMmeHHoe
aNeKTpu4eckoe none.

 MarHuTHOe none, co3gaBaemoe AJIEKTPOMAlrHUTOM,
OoAHOPOAHO U nepneHanKyJnAapHO NIOCKOCTN AYyaHTOB.



* Ecnun 3apaxeHHyto YacTuuy BBEeCTU B LIeHTp 3a3opa (1)
MeXay AyaHTaMu, TO OHa, yCKopaeMasa aNIeKTPUYECKUM |
OTKNOHAEeMasi MarHMTHbIM MONsMU, BOMOET B AYyaHT(3) U
OMNULLET MONYOKPYXXHOCTb, pagnyc KOTOpPOU
NponopunoHarneH CKOpPoCTU YacTulbl.

« KMOMEHTY ee Bbixoda U3 nepBoro AyaHTta NofiapHOCTb
HanpaXXeHna U3MeHAeTCcd, N03TOMY YacTuLla BHOBb
YCKOPAETCA U, Nepexoad BoO BTOPOU AyaHT, OnNncbIBaeT
TaM NONYOKPYXHOCTb yXXe bonbLuero paauyca (2) n 1.4.
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» [1na HenpepbIBHOIO YCKOPEHUA YacTuLbl B LULUKIOTPOHE
HeobxoaNMO BbINOMNHATbL YCNOBUE CUHXPOHU3Ma
(ycnoBue «pe3oHaHca») — nepunoabl BpalleHUs
YacTuubl B MarHUTHOM rorsie n KonebaHun
ANIEKTPUYECKOro Nnons AOMKHbI ObITb paBHbI.

* [1pun BbINOMHEHNN 3TOrO YCNOBUA YacTmua oyaeT
OBUraTbCA Mo packpyymBatoLLlencs cnmpanu, nomny4yas

NPU KaXKaoM MpoxXoxXaeHnn Yyepes 3a3op
[OMOSNTHUTENbHYIO SHEPTUIO.



 Ha nocnegHemM BUTKe, Koraa dHeprusa Yactumuy, v
pagnyc opouTtbl AoBeAeHbl 40 MaKCUMarbHO
OOMYyCTUMbIX 3HA4YEeHUW, NYy4YOK YacTul
NnocpeacTBOM OTKITOHAIOLLLErO 3reKTpn4eckoro
nonga BbIBOAUTCA U3 LIUKIMOTPOHA (4).



* B UuMKNoTpoHax 3apaxeHHaqa Yactuua C
3apagoM g U Maccou m ycKkopsaeTca Ao
CKOPOCTEWN, NPU KOTOPLIX PENATUBUCTCKUN
9PPEKT yBENNYEHNUA MACChbl YacTuULbI
NpakTUYEeCKN He NMPOosABISETCA.



[lepunog obpalleHnsa YacTuubl

T 27mm
qb

Paownyc Tpaektopum Yactuubl

muo
qB

R =




* LINKNoTpoOHbI NO3BONAKOT YCKOPATbL MPOTOHbI A0
3Hepruu npumepHo 20 MaB.

« JIlanbHeunwee nx ycKopeHue B LMKIMOTPOHE
o2paHu4Yueaemcs pesissmusucmcKUumM
go3pacmaHueM Macchbl CO CKOPOCMbHO, YTO
NPUBOOUT K YBENUYEHUIO Nepuoaa obpalleHus
(OH NponopunoHaneH Mmacce)  CUHXPOHU3M
HapyLlaeTcq.

 [TOSTOMY LMKIOTPOH COBEPLUEHHO HEMPUMEHUM
119 YCKOPEHNSA 3NeKTPOHOB:

npun £ = 0,5 MaB, macca BospacTaer o /m = Zmo,
npy £ =10 MaB m =28m,



* YCKOpeHNe penaTuBUCTCKNUX YaCcTuL, B
LIMKITNYECKNX YCKOPUTENAX MOXHO
OCYLLECTBUTb, ECIN NMPUMEHATL
npeanoXeHHbIN:

* B 1944 r. coBeTCcknm dpunsmkom B. WU.
Bekcnepom v

* B 1945 r. amepuKaHCKMM (P1U3UKOM
9. Mak-MunnaHom

npUHYyUNn aemoaga3uposKu.



Upea npuHuuna aBToda3npoBKU
3aKn4vaeTcd B TOM, UTO OJis
KOMIMeHcayuu yeesiu4yeHus nepuooa
gpalleHus Yyacmuu, eedyuieao K
HapyweHUo CUHXPOHU3Ma, U3SMEeHSIFom

NINOO 4YacTOTY YCKOPSIOLLETO
AIIEKTPMNYECKOro Nnosis,

NTM60 MHAYKUMIO MAarHUTHOIO Moss,
nuobo To u apyroe.
[TpuHUMN aBTOMa3npPOBKM UCMOSb3YETCA B
d0a30TpPOHE,
CUHXPOTPOHE U
CUHXPO@a30TpOoHe.



B 1930 rogy 3. JloypeHcom (CLUA) 6b1n co3gaH 1 nepBbin
LMKINYECKUN YCKOPUTENDb — UUKTOMPOH Ha SHEPTUIO NPOTOHOB
1 MaB (ero gnametp 6bin 25 cm). Ha puc.1 nokasaHa nepBas
paboTtatolasa Moaernb UMKNOTpoHa. Ha puc.2 ymMknoTpoH
crieyoLLEero NOKONEeHUs, KOTOPbIW NMO3BOSAN YCKOPATL MPOTOHbI
N OEUTPOHbI A0 3HEPrn B HecKonbko MaB.

Puc. 2. C. JInBUHrCTOyH n 3. J'onpeHc y 27- mowvlosoro
LIMKIMOTPOHA, KOTOPbIN LUMPOKO Mcronb3oBsarcs

B 3KCNepuMeHTalibHbIX UCCleaoBaHUNAX

A0epPHbIX peaKLl,MVI n I/ICKyCCTBeHHOI7I paanoakTnBHOCTHU

Puc. 1. lNepBas paboTtatowas Mogenb LMKIIOTPOHA



. 2. MukpompoH

(3,71eKMPOHHbIU UUKITOMPOH) —
LMKITN4YeCKUN Pe30HaHCHbIU YCKOPUTErDb,
B KOTOPOM, KaK U B LUMKITOTPOHE, U
MarHMTHOE NoJie, N YacToTa YCKOPAIOLLEro
Nons NOCTOSIHHbI BO BPEMEHMU, HO
pe3oHaHCHOe ycroBuMe B npoLiecce
YCKOPEHUS COXPaHAETCA 3a CHET USMEHEHMUS
KPaTHOCTU YCKOPEeHUS .



« HacTuua Bpaljaetcs B MUKPOTPOHE B
ogHOpPOAHOM MarHUTHOM NoJfie, MHOMOKpPaTHO
Npoxoasa YCKOPSALNN pe3oHaTop.

* B pesoHaTtope oHa nony4aeT Takou NpupocCT
9HEepPrmnun, YTo e€ nepuno odbpalleHus
N3MEHAETCA Ha BENNYMHY, PABHYO UMK KPATHYIO
nepunoay YCKOPAKLLEro HanpsXXeHus.

* [Tpnyem, ecnun vyactmua c camoro Ha4yana
BOLLIIA B PE30HAHC C YCKOPAKOLLMM NOMEM, 3TOT
PE30HaHC COXPAHAETCS, HECMOTPS Ha
N3MeHeHue rnepunoga obpalleHums.




* B MUKpOTpOHE oencTByeT MexaHn3m
asemoa@gha3upoeKuU, TaK YTo YacTuubl,
6rn3Kkne K paBHOBECHOW OpbUTE, TakxKe
OyayT YCKOPSATLCS.



* MukpompoH — yckopumeJsib Hernpepbi8eHO20
delicmeausi,

* crnocobeH gaBaTb TOKU nopsigka 100 mA,

* MaKcumarsribHasa JOCTUrHyTaa aHeprus
nopsagka 30 MaB

(Poccus, BennkobputaHums).



» Peanusaunsa 6onbLinx aHeprum
3aTpygHuTernbHa U3-3a NOBbILWEHHbIX
TpeboBaHUN K TOYHOCTU MarHMTHOIO Nons,
a CyLleCTBEHHOE NOBbILLEHNE TOKA
OrpaHN4YeHo ANMEKTPOMArHUTHbIM
N3Ny4YeHNeM YCKOPAEMbIX AJTEKTPOHOB.



 [1na AnnTenbHOro coxpaHeHnsa pe3oHaHca
MarHUTHOE NoJie MUKPOTPOHA AOIMKHO ObITh
OOHOPOAHbLIM.

« Takoe none He obrnagaeT OOKyCUpPYHOLWNMN
cBOMCTBaMU NO BepTUKaANU;

* COOTBETCTBYIOLAA OKyCUpPOBKa
NPOM3BOAUNTCA ANEKTPUYECKUM MNONEM
pes3oHaTopa.



. 3. ¢a30mQOH (CUHXPOUUKITIOMPOH) —

UUKTU4eCcKUuU pe30HaHCHbIU yCKopumerslb
msixersibiX 3apsiXKeHHbIX Yacmuy,
(Hanpumep, NPOTOHOB, NOHOB, O-4acTuL,),

* yNpaBnsoLee MarHUTHOE Mone NOCTOSAHHO,

* HaCTOTa YCKOPAKLLENro 3J1IEKTPUHECKOIO MNoJid
MeOsieHHO MUSMEHAETCHA C NepnogomM.






e [IBUXKeHune yactuy B hpa3oTpoHe, KaK U B
LMKITOTPOHE, MpoOnCcxoauT rno
pacKpy4nBaloLwWenca cnmpanm.

* HacTunybl B pa3oTpoHe YyCKOpAKTCA 4,0
3Heprmu NnpumMepHo paBHbiX 1 2B

* OrpaHnU4YeHunst 30ecb onpeaensatoTcs
pasmepamm pas3oTpoHa, TaK Kak C pOCTOM
CKOPOCTU YacTuL, pacTeT pagnyc nx
opoOunThI.



PasompoH
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. 4. CUHXPOMPOH -

LUKITMYECKUUN Pe30HAHCHbIU
YyCKOpUTEerb YNbLTPapenaTUBUCTCKUX
3rIeKTPOHOB, B KOTOPOM yrpasnstoLiee
MarHMTHOE Nnosie N3MEHAETCH BO BPEMEHM,
a YyacToTa YCKOPALLEro afieKTPUYECKOro
Nnong NOCTOSAHHA.



Cxema CTPOEHUSI CUHXPOTPOHA:
1 — MHXXEKTOP 3N1IEKTPOHOB;
2 — NOBOPOTHbIA MarHuT;
3 — NYYOK 3rEeKTPOHOB;
4 — ynpasnsoLWMN 3NEKTPOMAarHuT;
5 — BakyyMHasi TopounganbHas kKamepa;
6 — YCKOPSAOLLNN NPOMEXYTOK.
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e ANEKTPOHbI B pPa3HbIX
CUHXPOTPOHAX YCKOPAITCA
Ao 3Heprun 1-1013B.
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BHewHuu Bug Tomckoro %IH prOHa «Cupuyc» Ha 1,51 3B
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YCTpOCTBO NPOTOHHOIO CHHXPOTPOHA









The 6 GeV ESREF is an outstanding example of European cooperationin
science. 18 nations work togetherto use the extremely bright beams of light
produced bythe ESRF's high-performance storage ringto study a

remarkably wide range of materials.




Plan of the Experimental Hall and
Links to All Beamlines
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3.0 GeV Electron Storage ring Diamond

Harwell/Chilton Science Campus, UK.

Circumference 561.6 m; No. of cells 24 (6 fold symmetry)

Electron beam current 300 mA,; Minimum beam lifetimel0 hours; Emittance —
horizontal 2.7 nm-rad; Emittance - vertical0.03 nm-rad; No. of Insertion Devices (IDs)Up
to 22; Free straight lengths for IDs: 18x5 m, 6x8; gap10 mm;

Building diameter235 m
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5. CUHXpOogha30mpoOH -

LIUKITUYECKNUN Pe30HAHCHbIU YCKOpUTEnb
TSOKenbIX 3apsXeHHbIX YacTUL, (NMPOTOHOB,
MOHOB), B KOTOPOM 00BbENHAIOTCHA CBOUCTBA
dba30oTpOHa U CUHXPOTPOHA.



« 34echb ynpasnsaoLee MarHMTHoe nosie 1 Yactota
YCKOPSIIOLLIEro 3MeKTPMYEeCKoro nons OAHOBPEMEHHO
N3MEHSIIOTCH BO BpEMEHU TakK, YTobbl paanyc

paBHOBECHOW OpOUTbI YacTuUL, OcTaBancs
MOCTOSIHHbIM.



NANN
Ea

Oo0nacTh
noJjisi B

* Mexxgy nontcamm 3TOro MarHmTa
pacnonoXxeHa ToponganbHaga BakyyMHas
Kamepa, B KOTOPYH UHXEKTUPOBAH NMy4yoK
NPOTOHOB. ECn CMOTpPETL Ha YCKopUTENb
CBepXxy, TO Ny4YOK NPOTOHOB OBWMXETCA NO
4aCcOBOW CTPesiKe CO CKOPOCTbLHO V,
OrIM3KON K CKOPOCTU CBETA C.



AN
{
T

%)

O06nacTp
noJjs B

* PaccmoTpum gencTeue nopeHLLeBon CUnsbI
N paccyMTaem SHePruto NPOTOHHOrO
YCKOpUTENA, NpeacTasnstoLwero cobou
KOnbLIEBOW MarHUT AMaMeTPOM 2 KM.



 LleHTpocTpeMuTenbHas cuna paBHa:

F,=mv’/R,

rie m_— PenaATUBMCTCKasA Macca NpoToHa.

» Tak Kak aTta cusa obycrosneHa 4eENCTBNEM
MarHMUTHOIo Nongd, oHa paBHa cune JlopeHua

F =evB

* Torpa:

m v’ /R =evB.



* Mockonbky U = 10 MOXHO 3anucaTb
-
m.c- =ecBR

* TaK MOXHO pPaCCHUTaTb NMOJIHY O
pPeJiAmueuUcCmMmMcCKyrO 3HepP2Uro rnpPpormoHoes:

E=16-10"-3-10"-1,8-10° =8,64-10° Jlx = 540 T3B



« 3aMeTUM NPU 3TOM, YTO MarHUTHOE Mone
He yBenM4mMBaeT CKOPOCTb UMW SHEPTUto
yacTuLl,.

* YCKOp€eHMe NpOTOHOB OCYLLIECTBNAETCA Npu
KaXOoM nx obopoTe B KOSbLie 3a cHeT
AJIEKTPOCTATUYECKOIO MNoss, KOTOpPoe
OEVNCTBYET Ha KOPOTKOM y4acTKe KonbLa.



* B pazoTpoHax, MUKpPOTPOHaX, CUHXPOTPOHAaX U
CUHXPOdra30TPOHaX YacTULbl yCKOpPsIOmMcsi 0o
pesismueucmcKux ckopocmed.

* Macca 4yactuubl m 3aBUCUT OT ee CKOPOCTH :

\/1—02/02

rae m,— MaCCa NOKOA YaCTunubl.

m

B=v/ccv



* KnHeTn4yeckas Heprmuga Yyactumubl K:

K=W-W,

ne W = mzl'?OJ'IHaFI 9Heprns YacTuLbl

WO — mOC%HepFMFI NMOKOA YaCTULUbI.



* ViMnynbc penaTMBUCTCKOMN YacTULbl

D :1\/1{([{ +2m,c”)
C



* [lepnop obpalleHnsa pensaTUBMCTCKON
yacTuubl

2ntm, - 27w
o 2

[ =
qB\/1—02/6‘2 q5c




« Pagnyc oKpy>HOCTU TpaeKkTopun
PENATUBUCTCKOW YacTULbI

» m,L

_qu/l—Uz/cz






6. bemampoH -

€OVHCTBEHHbIVN UUK/IUYecKuU ycKkopumesb
3JIeKmpoOHOe8 HEPE3OHaHCHOro Tuna, B
KOTOPOM YCKOpeHuUe ocyuiecmaersisiemcs
euxpesbIM 3JIeKmpuU4YeCKUM roJsiem.



« ANeKTpoaBMKYLLAA cuna MHOYKUMW,
co3gaBaemMasi nepeMeHHbIM MarHUTHbIM
Monem, MOXEeT CyLLIeCTBOBaTb U B
OTCYTCTBME NMPOBOAHNKOB — B BaKyyme



* KnHetn4yeckasa aHeprua K, nepegaBaemasd
BUXPEBbLIM 3MTEKTPUYECKUM MONeM
egVNHUYHOMY MONOXUTENbHOMY 3apaay,
paBHa MHTerparny no 3aMKHYTOMY KOHTYpY L:

K =E :§Ed9: 4P

dt

CornacHo 3akoHy ®apages, 3ToT HTerpar
paBeH NU3MEHEHUI0 MarHUTHOIO NOTOKa Yepes
3aMKHYTbIN KOHTYP L.



» Takum obpasom, s8UxXpesoe
3JIeKmpu4ecKoe rnoJsie Moxxem
delicmeogamb Ha C2yCMOK
3JIeKmpoHoe8, dsU2aroUUXCsl 8

Ma2HUMHOM r1oJie, U yCKOpPsimb
ux.



[lepeMeHHbIV ueHTpanbHbI MarHUTHbIN
NOTOK Bcp co3faeT B beTaTpoHe BUXPEBYIO
S C nHOyKunn, YCKOPSIOLLLYHO 3NEKTPOHDbI:
npu Kaxoom ob6xode KOHMypa
dHepaus E 3/71eKMPOHO8
yeeJsiuvdueaemcs Ha 8eJI1UYUHY




* Lluknnyecknn MHAYKLNOHHbLIN YCKOPUTENb
9NEeKTPOHOB 4AaHHOIo TNna Ha3blBaeTCc4d
6emampoHoOM.

\ /‘
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e YOoepXaHue 3NneKTPOHOB Ha CTauMOHapPHOM
KpyroBou opobuTe OCyLLECTBNAETCA
yrnpasnsaowWmMM MarHUTHbIM NosiemM Bynp
onpeneneHHsIM 0bpa3om, U3MEHAOLLNMCSH BO
BPEMEHMN.

Bep

\|{




* betaTpoH (puc. a) cocTouUT U3 ToponaarbHOU
BaKyyMHOUW Kamepbl (puUc. 8),

* MoMeLlatoLencs mexay nosrcamm
ariekTpomMarHurta cneumanobHomn doopmel (puc. 6).

« OBMOTKa anekTpomMarHmTa nmTaeTc
nepemeHHbIM Tokom ¢ yactoton vV = 10011

=
AN N N




* [lepeMmeHHOE MarHMTHOE Nnorse BbINONHSAET
ABe PyHKLUN:
* BO-NMepBbIX, CO3QaeT BUXpeBoe

3NIeKTPMNYECKoe none, yckopsroilee
3MeKTPOHbI BHYTPU TOpOUAaA;

* BO-BTOPbLIX, yOEPXUBaAET MeKTPOHbI Ha
opouTe (CMNOBbIE NTMHMKM pacronararTcs Tak,
YTOObI MYy4YOK 3NEKTPOHOB HAaxXoaumcs B
COCTOAHUN YCTONYNBOIO paBHOBECUS B
LEeHTpe Topa).



» 3a epems nopsioka 10>c asIeKMpPOHbI
ycneearom cdesilamb 0o 10° o6opomos
u nipuobpecmu aHepauro 0o 500 MaB

(coTHM M3aB B pa3HbIX yckopuTenax).

* [1pn Takon aHeprum ckopocme
3s1IeKmpoHoe8 b6s1u3Kka K ckopocmu
ceema (1 ~ ¢



* Kpome TOro, cam e ny4yoK anNeKTPoHOB B
OAHHOM Cry4yae BbINOSHSAET POsib
BTOPUYHOWU OOMOTKM TpaHcdopmaTopa.



e B KOHLIe LiUKIa YCKOPeHUs BKIOYaeTcs
AONONHUTEeNbHOe MarHUTHoe norse, KoTopoe
OTKNOHSIET 3NIeKTPOHbI OT CTaLMOHapPHOM
OpOUTbLI N HanNpaBnsieT UX Ha cnelnanbHYHO
MULLEHb, PAcNONIOXKeHHY0 BHYTPU KamMepbil.




[lonagasa Ha MULLIEHb, 3NEKTPOHbI
TOPMO3SATCA B HEW U UCTYCKAaIOT KECTKUE Y-
NTYy4M NN PEHTIEH, KOTOPbIE UCTOSb3YIOTCH B
AAEepPHbIX UCCIedoBaHUAX MPU
HepaspyLlaloLWnX MeTogax KOHTPOns, B
MeOuUMHe U T.4.
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* lpesa betaTtpoHa 3anaTeHToBaHa B 1922T.
k. CnensiHOM.

* B 1928 r. P. Buoepoa capopmynuposnarn
yCoBMe CyLLeCcTBOBaHNA paBHOBECHOU
opOUTbLI — OPOUTHLI MOCTOAHHOIO pagunyca
«ycnosue 2:1».

* MepBbIU AeENCTBYIOLLX DETATPOH ObIN
co3aaH B 1940 r. . KepcToMm.




IlepBbin aercTByromui 0erarpon JI. Kepcra.




B CCCP nepBble 6eTaTpOHbI ObINun
pa3paboTtaHbl U co3aaHbl Y4eHbIMMU
TOMCKOro nosiuTeXHM4Yeckoro UHCTUTYyTa
npodgeccopamm :

* A.A. BopobObeBbIM,

e J1.M. AHaHbLEBbIM,

* B.A. TopOyHOBbLIM,

e B.A. MockaneBbIM,

e b.H. PognmoBbiMm.



B nocnegytouwme rogbl B UHCTUTYTE MHTPOCKOMUN
(HUWH npu TT1Y) nog pykoBoacTBoM npogoeccopa

B.J1. HaxnoBa, ycnewHo pa3spabaTbiBatoTcs U
N3roTaBnmMBaloTCsa masiocabapumHbie nepeHoCcHbIe
6emampoHbl (MUB), npumeHsemMble B MeanLIMHE,
O0edEKTOCKONUU N APYrnX NpuknagHbiX N Hay4HbIX
nccnenoBaHUaX.




» bnarogapsi npocToTe KOHCTPYKLUUN,
neleBu3He 1 yaoobcTBy NOSib30BaHUA
beTaTpoHbI HaLLM 0CODO LLMPOKOE
NMPUMEHEHME B NPUKNAOHbIX LENSIX B
duana3oHe 3Hepauu 20 + 50 M3B.

icnonb3yeTca HenocpeacTBeHHO caMm
9NEKTPOHHbIN NYYOK NN TOPMO3HOE Y-

N3JriyvdeHune, sSHeEpPIrmd KOToporo MOXxetT
MNI1aBHO USMEHATBCA.



Co3gaHne OetaTpoHOB Ha bOornee
BbICOKME  3HEPrMm  COMPSIKEHO C
HEeobXxoaANMMOCTbIO MCMNOJS1b30BaHUS
9fIEKTPOMArHMTOB CIIULLKOM OO0MbLUOro
pasmMepa WU Beca (MarHUTHoe none
npuXogmuTca co3gaBaTb He TOMbKO Ha
opouTe, HO U BHYTPU HEE).



1 JINY

2 bycrep

3 IIpoToHHBIM
CUHXPOTPOH

v=0,99¢
m, =25m
[=628Mm

E, =25I"3B

4 Cyniep npOTOHHBIM
CUHXPOTPOH

[=T7xm
E, =450I>B
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TEBATPOH

TeBaTpoOH (aHrn. Tevatron) — KONbLIEBOWN
YCKOpUTESb-Konanaep, pacrosioXeHHbIN B
HaLMOHAaIbHOW YCKOPUTENBHOMN
nabopartopuun um. AHprko Pepmu B ropogke
baTtaBusa wrarta nnvHonc, Heganeko ot
Yukaro. B HacTosdLlee BpeMS oH UMe€eT
CaMy0 BbICOKYO B MUPE 3HEPTUIO MYYKOB
YacTuu. TeBaTpoOH — CUHXPOTPOH,
YCKOPSIOLWMIA 3aps’KeHHbIE YacTULbl —
NPOTOHbI N QHTUMPOTOHbI B NOA3E€MHOM
KonbLue AnNnHOM 6.3 KM Ao aHeprum 980 [3B (™~
1 TaB), oTcroga malumHa nony4ura ceoe nms
- TeBatpoHl, Ctpoutenbctso TeBaTpoHa
ObIN0 3aKOHYEeHO B 1983 I., CTOUMOCTb
NOCTPOMKM — OKOMo 120 MIIH JONJ1., C TEX Nop
TeBaTpoH NpeTepnest HECKOMNbKO
moadepHusauunn. Hanbonee kpynHou 6bIno
CTpOUTENbCTBO [J1a8HO20 MHXeKmopa,
NpPOBOAMBLLEECH B TEYEHME 5 NeT
(1994-1999). [1o 1994 r. KaXXablX My4oK
yCcKopuTerns nmen aHeprunto 900 ['a3B.




CocTaB yCKOPUTENBLHOro KoMnJsiekca

TeBaTpoHa

YckopeHue Yyactuu B TeBaTpoHe npomcxoauT
B HECKOJbKO 3TanoB. Ha nepBon ctagum 750
k3B npeyckopuTernsb - reHepartop Kokpodra-
BonToHa yckopsaeT oTpuuatenbHo
3apsXeHHble NoHbI Bogopoaa. oHbl
nposetarT 150-MeTPOBLIN NIUHENHbIN
YCKOPUTESb (NUHaK), YCKOPALWMA YacTuLbl C
NMOMOLLIbIO NePEeMEHHOrO 31IEKTPUYECKOro
nonga go aHeprum 400 MaB. 3aTeM MOHBI
NPOXOAAT Yepes yrnepoaHyro osbry,
TEPAKOT AMEKTPOHbLI U Y>Ke MPOTOHbI BrneTaroT
B bycTep.

TeBaTpPOH yCKOpAET NPOTOHbI U @aHTUMPOTOHbI
00 aHeprum 980 9B, 910 03HayvaeT, uTo
KMHEeTUYecKaa aHeprma yactuu B 1000 pas
bonblue, Yem nx Mmacca, a CKOpoCTb
NpakTU4YeCcKkn paBHa MakCMmMmaribHOM B
[Mpupoae - ckopocTu ceeTa. Bcero B TyHHerne
TeBaTpOHa yCTaHOBNEHO 2 AeTeKkTopa - CDF U
DO. [ina Toro, 4ToObl yaepXaTb YacTuLbl B
KaHare yckopuTensa Ncnosb3yTcd

cBepxnposoadLine aAnnosribHble MardnThbil,
oXnaxgeHHble A0 TeMnepartypbl XKNOKOro




nOCTaBneHHbIe 3agauu

B Hauvane XX Beka B hn3unke NossBUIIUCH ABe
OCHoBoOrMonarawLwmne Teopun — obLlas
Teopusi oTHocutenbHocTn (OTO) AnbbepTa
OWHLWTENHa, KoTopas onucbiBaeT
BceneHHyo Ha MakpoypoBHe, U KBaHTOBas
Teopud nonsi, KoTopasi onucbiBaeT
BceneHHyto Ha mukpoyposHe. [Npobnema B
TOM, YTO 3TN TEOPUMN HECOBMECTUMBbI PYT C
apyrom. Hanpumep, ans ageksaTtHoro
onncaHusa NPoOUCXoasLLero B YEPHbIX Ablpax
HY>XHbl 06e Teopun, a OHM BCTYNatoT B
NpoTUBOpPEUME.

Ewé SnHwTenH B nocnegHmne roabl XXN3Hu
xoTen paspaboTaTb EgMHYIO TEOPUIO NONS,
HO KOJNTIMYECTBO SMMMPUYECKOro MaTtepunana
OblNo Torga HegocTaTovHo. Bo BTopon TpeTu
XX Beka punaunkam yganocb paspabotatb
CtaHgapTHyto Mogenb (CM), koTopas
obbeanHsna Tpu U3 YeTbIPEX
doyHOaMeHTarnbHbIX B3aUMOLENCTBUN —
curnbHoe, criaboe 1 anekTpoMarHMTHoe.




B kKoHuUe XX Beka pm3nkm Havanm
paspabaTbiBaTb TEOPUIO, KOTOPasi cMorna ool
00beanHNTL BCe YETbIpEe B3aUMOLENCTBUSI.
Okasanocb, ogHako, 4Yto aobasutb B CM
rpaBUTaLMOHHOE B3aMMogencTeme
Ype3Bbl4anHO TPyAHO. Takmm obpasom, B
HacTosLee BpeMsa pyHOaMeHTarnbHble
B3aMMOOEeNCTBUSA ONNCLIBAOTCA OBYMS
obwwenpuHaTbiMK Teopuamu: OTO n CM. Ux
o6beanHeHNsI NoKa AOCTUYbL He yaarnoch n3-3a
TPYyAHOCTEN CO34aHNS TEOPUMN KBAHTOBOW
rpaBuTauun. Ana gansHenwero oobeanHeHus
doyHOaMeHTanbHbIX B3aMMO4eNCTBUIN B O4HOM
Teopun NCNOSb3YTCA pasfnyHble NoaXoabl:
Teopusi CTPYH, Teopusi bpaH, a Takke
nepcnektueHas M-Teopus.

OTOT yCKOpUTESb NO3BONNT NPOBECTU
9KCMNEPUMEHTbI, KOTOPbIE paHee BbINo
HEBO3MOXXHO NPOBECTU U, BEPOATHO,
NOATBEPAUT UNKU ONPOBEPrHET YaCTb 3TUX
Teopui. Tak, cyLLecTBYeT Lienbln CekTp
JoM3NYECKNX TEOPUI C pa3MepHOCTSAMM DonbLUe
YeTbIPEX, KOTOPbIE NpeanonaratoT
CYLLECTBOBAHNE «CYyNepCUMMETPUN»Y —
Hanpumep, Teopna CynepcTpyH.
[MoaoTBepXXaeHne cyLuecTBoBaHUSA
cynepcuMmMmeTpum, Takum obpasom, dyaet



» 7. Bonbwou aOpoHHbLIU Koslnauodep




* B 2000 roay dunsunku ns LIEPHa
(eBpPOMENCKUN LIEHTP AO0EPHbIX
nccneagoBaHnn), pabotatoLwme Ha 27-
KWNOMETPOBOM KOrbLEBOM bonbLuom
9N1IEKTPOH-NO3UTPOHHOM Konnaungepe LEP
(Large Electron Positron Collider),
obHapoaoBanu gotorpadoumn
npeBpaLleHnn 3neMeHTapHbIX YacTud,
KOTopble Bpoae bbl CBUOETENBCTBOBASN O
pearibHOCTU XUITCOBCKOro 6030Ha, ogHaKo
nocrneayrLlime aKCrnepuMeHTbl JoKa3anu
npexgeBpeMEHHOCTb 3TOro BbIBOA.



* B TO Bpem4a cyntanochk, YTo Mmacca 3Tou
YacTuubl He NpeBbILWAaEeT 96 [ 9B, YTO
nexano B npegenax BO3MOXXHOCTEWN
LlepHOBCKOro Konnaunaepa.

* B TO XXe BpemMs TeopeTnyecKkne pacyeThl
NOKa3bIBalOT, YTO Aake HebonbLuoe
yBENUYeHne Macchbl t -KkBapka AOImKHO
BECbMa 3HA4YUTENBLHO MOBbILWATbL Maccy
XUITCOBCKOro 6030oHa.



* Tenepb 3TOT KBapK «noTsXenen» c 175 00 178
[ 9B

* TeopeTnyecku BblvUCIIEHHAA Macca 6030Ha
XUITCa OKa3blBaeTCHd He MeHblue 117 [ 3B, HO
MOXET COCTaBNATb U 251 [ 3B.

» OTO O03Ha4aeT, YTo 6030H Xuzaca
HeB803MOXXHO NnoJsiy4umb HU Ha OOHOM HbIHE
deucmeyroujeM yckopumersie, Tak YTo
BbIBOObl EBPONENCKNUX DUNKOB U B CAMOM Jene
NPUXOOUNTCS MPU3HATb OLLMOOYHbLIMW.



* Cenyac LULEPH ctpounTt cambit MOLLHbIN
yckoputenb, LHC (Large Hadron Collider) —
bonblon agpoHHbIN Konnaunpgep (BAK)

 InameTp KonbLa yckopuTtensa 20 KMm.

« Ero aHeprnm gomkHoO XxBaTuTb 1 ANS
OOTOXAaHHOWM MOUMKN XUITCOBCKOro 0030Ha.

» HoBbin cynepyckoputens LLEPHa byger
3anyLleH B 2007 rogy, Tak 4YTo XaaTb
OCTanocChb yXXe Hegorro.
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Yacrmua
KOCMUYECKMNX AYHON

Yckoputenb Tuna BAK cmoxer
CTONKHYTb ABe YacTulbl C
TaKon CUION, YTO OHM,
BO3MOXHO, CKOMMancupyoT B
YepHyro Ablpy. AaTymkn Mornu
Obl 3aperncTpmpoBaTtb
nocneaylowmn pacnag Abipbl.

KocMmuyeckue nyum, 4yactuubl BbICOKOU

3Heprum or KOCMUYECKUX UCTOYHUKOB,
nonagas B aTmoccepy 3eMnu, MoryT
poXaaTb YepHble Ablpbl. BapbiBasch,
nocrnegHue 6yayT usnyvyatb KBaHTbI U
BTOPU4HbIe YacTULbl, KOTOPbIE MOXHO
3aperucTpupoBaThb y NOBEpPXHOCTU 3emnu.

AertexTop
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OB6AQCTE, B KOTOPYKO HYXHO CXATL Y4OCTULLY,
GTO66I CHOPMMPOBATE HEPHYIO ALIPY...
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...B OBBIMHOM NPOCTPAOHCTES

MacCca, KAOrPOMMLI

...BE MHOTOM@PDHOM NPOCTPAHCTRS
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Heat Exchanger Pipe

Beam Pipe

Superconducting Coils

Helium-ll Vessel
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