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BBenenune

B ocHOBy Hacrosmieil nporpaMMsl MOJIOKEHBI CIEYIOIUE JUCHUIUIMHBL: TEOPHUS OIS,
NIEKTPOJAMHAMUKA CILIOLIHBIX CPEJl, TEOPETUUECKUE OCHOBBI MIEKTPOTEXHUKN U PAIUOTEXHUKH,
BaKyyMHasi TeXHUKa, MpuOopbl  TexHuka CBY-anekTpoHnky, (u3nKa MydKoB 3apsHKEHHBIX
YaCTHUL M YCKOPUTEIH 3apsKCHHBIX YaCTHL.

[Iporpamma pa3zpaboTaHa SKCHEPTHBIM COBETOM 1O ¢u3nke Bricmiel aTTecTanmoHHON
xomuccuu npu yuactuu ['HI] UTO® u UucTuryTa sinepHsix uccinenoanuii PAH.

l. O01mme BOpockl.

Hcropus pa3BUTHS YCKOPUTEIBHOM TEXHMKU. BKiaj OT€UECTBEHHONW HAy4YHOM ILIKOJIBI.
[IpuMeHeHne TyYKOB 3apsDKCHHBIX YACTHIl B PA3IMYHBIX OO0JACTAX HAyKH, TEXHUKHA |
HapOJHOTO XO34MCTBA. Y CKOPUTENbHBIE LEHTPBI Poccun u mupa.

Il. ®u3uka ny4KoB 3apsKeHHBIX YaCTHULL
1. OcHoBHbIE IOHSITHS U T€OPEMBI.

1.1. Ob1uee omnpeneneHue myyka yactull. OCHOBHBIE CBOMCTBA IIyYKOB, XapaKTEPUCTUKU OPOUT
B YCKOPUTEIISX.

1.2. ®a30Bo€ MPOCTPAHCTBO U MOHITHE aHCAMOJIS YaCTHIl B MIPHJIOXKEHUU K OMHCAHMIO ITyYKOB.
Teopema JlnyBuiuis. Annabatnyeckue NHBApUAHTBI.

1.3. VpaBHeHHe IBUKEHHUS 3apsDKEHHBIX YacTUI] B 3JEKTPOMAarHUTHbIX moisix. Cucrema
ypaBHeHuit MakcBeia. CoOCTBeHHBIE 1OJIs Iy4YKOB. Y paBHeHHs Biacosa.

1.4. Mogenu nyukoB. JlamMmuHapHble TYYKd W TUAPOJAWHAMUYECKOE MPUOIMKEHHE.
Henamunaphslie mydku 6e3 CTOIKHOBEHHN. [IydKkH cO CTOTKHOBEHUSMH U JHCCUTIAIIUEH.

1.5. MaremMatudeckue MOJENH IMy4KoB. MeTo/1 KpyHBIX 4acTull. MeTobl pelieHus: ypaBHEHUN
ITyaccona u Maxkcenna.

1.6. Jluneiinsle auddepeHnnaNbHbIE ypaBHEHHS € NEpUOIUYECKUMHU Kod(dduimenramu.
Teopema ®dnoke. AHAIU3 YCTOWYHUBOCTH.

1.7. OcHOBHBIE CBOMCTBA 3JEKTPOMAarHUTHBIX BOJHOBOJOB U PE30HATOPOB. JlucnepcroHHbIE
XApaKTEPUCTHUKHU.

2. HcrouyHuKH IMYYKOB 3aPHAKCHHBIX YaCTUI

2.1. DneKkTpoHHas SMHCCHS: TEPMOAMMCCHUS, ABTOIMHUCCHSA, IJa3MeHHas (B T.4. B3pbIBHAs)
smuccusi, Gorodmuccuss. OCHOBHBIE XapaKTEPUCTUKU KAaTOJOB Ha OCHOBE Ka)JIOTO W3 BHJOB
HMHCCHUHU.

2.2. DnextpoHHble nymku. dopmupoBanue mydykoB. [lepBeaHC, AIMUTTAHC, SIPKOCTH ITyYKOB.
®opMupOoBaHUE NEKTPOHHBIX ITyYKOB C MaJIbIM 3MUTTAHCOM. THIIBI 3JIEKTPOHHBIX MyILEK.

2.3. VoHHBIE HCTOYHUKU. MeXaHU3MBl TEHEpalMM I0JIOKUTEIbHBIX, OTPULIATEIbHBIX,
NOJsIpU30BaHHbIX MOHOB. dopMupoBaHue mydkoB. [lepBeaHc, SMUTTaHC U SIPKOCTh ITyYKOB.
THUIBI HOHHBIX HCTOYHUKOB.

3. TpaHcnopTHpPOBKA My4YKOB 3apSAKEHHBIX YaCTHUI

3.1. MarHuTHbIE U DJIEKTPOCTATUYECKUE JHMH3bI C MPOJOJIBHBIMU M IOMEPECYHBIMU TOJISIMU:
aKCHUATbHO-CUMMETPUYHbBIC, IWIMHIPUUYECKHUE, KBaJAPYMOJIbHBIE, MYyIbTUNONbHBIE. DoKycHOE
paccTosiHUE JIMH3BI, MaTPHUIIA TPEOOpPa30BaHUS ITyUKa.

3.2. MarautHble JHH3BI C a3UMYTaJIbHBIM TOJEM: Mapaboiuyeckue, ~TUTHEBbIE, MATHUTHBIC
TOPHBI, IJIA3MEHHBIC JTUH3HI.
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3.3. IloBOpOTHBIE MarHUTHI, X (POKYyCUPYIOLIUE U AUCIIEPTUPYIOIINE CBOMCTBA. I'paiueHTHas u
KpaeBasi (hoKycHpoBKa. Martpuiia nmpeoOpa3zoBaHUs MydKa.

3.4. DnexTpocTaTMUECKHUE OTKJIOHSIOIINE YyCTpoicTBa. DOKycHUpYyIOIIME CBOMCTBA, MaTpHla
npeoOpa3oBaHus.

3.5. AHanu3aTophl 3apsHKEHHBIX YacTHll. Pa3perienue no UMImyabCy-IHEPTHH.

3.6. MarpuuHblii aHanu3 JBWKCHHS dYacTUIl B KaHame. OmucaHue MydykoB B (pasoBoM
npoctpancTBe. DazoBbIie DIIIUICHL. YpaBHEHHE MOMEHTOB M OTHOAIOIIME ITydKa YacTHIL.
AKcenTaHC KaHaa.

3.7. TpancnopTupoBKa IMy4YKOB B IMPOJIOJIHLHOM MarHUTHOM mosie. Teopema byma. Mcrounuk,
MOTPY>KEHHbI B MAarHUTHOE I0JI€; UCTOYHUK MOJHOCTBIO WM YaCTUYHO SKPAHUPOBAHHBIM.
AKcenTaHC KaHaJa.

3.8. Cucrembl U3 KBaJpyMNOJbHBIX JHH3 (JyOsaeT, TPUIUIET, CAMMETPUYHBIC U MEPUOANYECKHE
CUCTEMBI).

3.9. OnTudeckue cUCTEMBbI U3 KBAAPYIOIbHBIX JINH3 U OTKJIOHSIOLIIMX MarHUTOB.
CuMMeTpHuuHble O€3JUCIIEPCHBIE U U30XPOHHBIE CUCTEMBI, aXpOMAaTHYECKHUE KaHaJIbl.

3.10. A6eppaumonusie 3¢ hekTsl. XpoMaTuueckue abeppamuu, HEMMHEHHOCTH, HECTAOUILHOCTH
MUTAHUS JIEMEHTOB MarHUTHON ONTHKH, OIIMOKU B YCTaHOBKE (FOCTUPOBKE) KBaJPYIOJIbHBIX
JIMH3 ¥ MarHUTOB.

4. Cnioco0b1 (pOpMHUPOBAHUS MYYKOB YACTHUI] PA3JIMYHOI0 COPTA
HA COBPEMEHHBIX YCKOPHUTEJIAX

4.1. Meroabl BBIBOJA YCKOPEHHBIX IIyYKOB U3 UHUKIMYECKUX ycKopuTeneu. JleneHue
BBIBEJICHHBIX ITyYKOB Ha YacTH.

4.2. BzaummonelcTBHE BBIBEJICHHBIX ITyYKOB C MHIICHbIO. BBIXOIBI BTOPUYHBIX YaCTHII.
PanranmoHHbIM pa3orpeB MUILIEHEN.

4.3. CnocoOsl (hopMUpPOBaHHS MIOOHHBIX M HEHTPOHHBIX ITyYKOB.

4.4, Meroasl cemapanMy 3apsDKEHHBIX  YacTHI[ IO MaccaMm. OJEKTPOCTaTHYECKHE U
BBICOKOYACTOTHBIE CENapaTopbl U UX BO3MOKHOCTH.

5. Yckopenne 3apsisKeHHbIX YaCTHIL

5.1. JluHaMuKa 4acTul] B IUKINYECKUX YCKOPUTEIAX. Y CKOPUTENIN C MATKOW U KECTKOMN
¢doxycupoBkoil. Ilomepeunsle KoneOaHUS YacTHL, YypaBHEHHs OruOarolel, ycioBue
YCTOMYMBOCTH. MaTpHU4HbI aHanu3 JABWXKEHUS dYacTull. beTaTpoHHas M JUCHEPCUOHHAS
¢byHkuuu. AnmabaTHueckoe M3MEHEHHE MapaMeTpoB HolepedyHbIXx Kosiebanuil. [lomepeunsle
KoJIeOaHUs IPY HAJTMYWHU BO3MYIIECHUH, pE30HAHCHI.

5.2. VYckopeHMe B CTAaTHYECKUX M KBa3MCTAaTUYECKUX DJJIEKTPUUECKHUX IIOJAX.
VYcekopurenu npsaMoro aevcrBus. J[MHaMuKa Iy4ka IIPpM  YCKOPEHHH B IIOCTOSIHHOM
AIIEKTPUYECKOM II0JIE, JEUCTBHE IPOCTPAHCTBEHHOTO 3apsiza .

5.3. lMnynbCHOE yCKOpEHHE MOHOB B BaKyyMHBIX JIMOJIaX C MarHUTHOM HM30JIALUEH;
NUHY-MO/bl, OTpaXkaTeJIbHbIE TPHOABI U TETPOIbl, OOpaIlleHHBI OTpakaTeNbHbIM TETPOL.
“T"azogHAMUYECKUN METOJ YCKOPEHHUS UOHOB .

5.4. YcKkopeHue 4acTHll B BUXPEBOM AJIEKTPUYECKOM Mojie. betaTpoH .

5.5. Jluneiinble yckoputenu. OCOOEHHOCTH YCKOPUTEIEH 3JIEKTPOHOB, MPOTOHOB U
TSOKETIBIX MOHOB. ABTO(asupoBka. MHKeKIus yacTUll B JIMHEHHBIH yckopuTenb. JMHaMuUKa
YacTHIl B JMHEHHBIX ycKopuTensx. OCoOEHHOCTH TPaHCIOPTUPOBKM YACTULl B JIMHEHHBIX
YCKOPHUTEJSIX, BIMSHUE IPOCTPAHCTBEHHOTO 3apsiia U U3IyUYCHMsI ITydKa.

5.6. BeicokouactoTHas ¢pokycupoBka. PazonepemenHas GpokycupoBka. KBagpymnonpHas
BBICOKOYACTOTHast (okycupoBka. JlnHamuka my4ka B kaHaje ¢ IIOK® - mpoctpaHcTBEHHO-
OJTHOPOJTHOM KBAAPYTIOJIEHONW BEICOKOYACTOTHON (POKYCHPOBKOM /.
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5.7. Luknuyeckue yckoputenn. ABTodasmpoBka, KpuThueckas sHeprusi. dazosoe
JBIDKEHUE YaCTHLL, TPOJOJIbHBIN (a30BbIil 00beM Myuka. AnuadaTHuecKoe 3aTyxaHue (ha3oBbIX
konebanuii. CHHXpOTPOH, CHHXPO(a30TPOH (IPOTOHHBIN CUHXPOTPOH). [{ukioTpon. ®a3oTpoH.
MukpotpoH. M30XpoHHBIN HMKIOTpOH. KackaaHble cXeMbl YCKOPEHHUS YacTHIl 10 BBICOKUX
SHEprui, 6ycTepHble CHUHXPOTPOHBI.

5.8. Meronpl TreHepaluMu YCKOPSIOLIETO 3JEKTPOMAarHUTHOIO IOJIA:  CIYCTKaMH
AJIEKTPOHOB, IJIA3MEHHBIMH KOJIEOAHUSMHU, JBUKYLIUMUCS EKTPOHHBIMU ITydKaMu. MeToibl
coznanus JICD — na3epoB Ha CBOOOAHBIX AJIEKTPOHAX.

6. UuTeHCUBHDbIE MYYKH 3APSAKCHHBIX YaCTHI

6.1. Ilyyok 3apsiKeHHBIX 4YacTHIl B BakyyMme. BupryanbHblii karox; o0aako
OCIWJUTAPYIONINX 3JIEKTPOHOB; MPEAEIbHBIA “BaKyyMHBIN TOK Iydka. [lomepedHoe nBH>KeHHE
HOJ IeHCTBHEM COOCTBEHHBIX MOJIEH.

6.2. TpancnopTHpOBKa MHTEHCUBHBIX IY4YKOB. lIpenenbHblil TOK IMy4yka B BaKyyMHOM
KaHaJlle C pa3JesieHHbIMH (QYHKUUSAMH, B KaHaje C TMPOJOJbHBIM MArHUTHBIM IOJIEM.
Bproymr03HOBCKUI IOTOK.

6.3. TpaHcnopTUpOBKa HMHTEHCHBHBIX IY4KOB B Taze M Iuiazme. OOpaTHBIA TOK.
HeycroiiunBocTH Iy4KOB, BIMSHUE MPOJOJBHOIO MarHUTHOTO MOJISI HA YCTOMYUBOCTh ITyYKOB.
KonnekTuBHbIE IOTEPU 3HEPTUU IIyuKa B IU1a3Me. KomneHcanys npocTpaHCTBEHHOIO 3apsija U
TOKA 3JIEKTPOHHOTO IMy4Ka. PelsaTHBUCTCKUM CTaOMIN3UPOBAHHBIN ITyUOK.

6.4. IlpocTpaHCTBEHHBIN 3apsA] Iydka B LMKJIWYECKUX ycKopuTelsix. KylloHOBckuii
CIIBUT YaCTOT MOTIEPEUHBIX KOJICOaHUH.

6.5. B3anMopelicTBHe NHTEHCUBHBIX IIyYKOB CO CTPYKTYPOH KaHajla TPaHCIIOPTUPOBKU U
YCKOpSIOIIEeH CUCTEMON (LIMKIMYECKUE U OJIHONPOJIETHBIE CUCTEMBI). 3aTyXaHUE KOT€PEHTHBIX
Kosiebanuii. HeycToiunBOCTh My4KOB.

6.6. BHyTpHUITy4UKOBOE paccesiHue.

7. CHHXPOTPOHHOE M3JIyYeHHe U 0XJIaK/IeHNe MYYKOB 3apsisKeHHbIX YaCTHII.

7.1. CUHXpOTPOHHOE M3yUYe€HUE U paguanmoHHoe TpeHue. OCHOBHbBIE XapaKTEPUCTUKU
CHHXPOTPOHHOTO H3JIy4YeHHs], €ro mnpuMeHeHHue. JIBI)KeHHe dYacTull B ycKopuresne (KaHaie
TPAHCIIOPTUPOBKH) B TMPUCYTCTBUU CHUHXPOTPOHHOTO U3NMydeHHs. [IeKpeMeHThl 3aTyXaHHs
KojeOaHui 4YacTHIl. YCTaHOBUBILIMIICS pa3Mep IMydka. [eHepaTopbl CHHXPOTPOHHOTO

U3JIy4CHHUS.

7.2. WonuszanuoHHoe TpeHue. OCHOBHBIE XapaKTEPUCTUKU METOoJa, OOJacTH €ro
IIPUMEHEHUS.

7.3. DnexkTpoHHoe oxjaxaeHue. OCHOBHbIE XapaKTEPUCTUKU METO/Aa, OOJIACTH €ro
IIPUMEHEHUS.

7.4. Croxactuueckoe oxyaxaeHue. [HoTTku-mrym. OCHOBHbBIE XapaKTEPUCTUKU METOA.
O6uacTy IpUMEHEHUS.

8. MeToa BCTpeYHbIX MyYKOB

8.1. OcHOBHBIEC XapaKTEPUCTUKN METOJIa: SHEPTUs PEaKINH, CBETUMOCTb. [{uknnueckue
Y JINHEWHBIC MTyYKH.

8.2. HakorieHne 3apsoKeHHBIX 9acTUIl. MeToapl KOHBEPCHH, MHOTOKPATHOE HAKOTIIICHHE
B 3aJIaHHBIN (Ha30BbIN 00BEM, OXJIAXKICHUE.

8.3. OrpaHudeHHs CBETUMOCTH YCTAaHOBKH CO BCTPEYHBIMH IydykKamH. O exTs
BCTPEYH.

8.4. Bpems ku3HM Iyuka B Hakonurtesne. BzauMoaeiicTBue mydka ¢ OCTaTOYHBIM Ta30M U
BCTPEUHBIM ITy4YKOM. BrusiHue oxmnaxaeHus.



9. [lossipn3oBaHHbBIE MYYKH

9.1. MlcTouHMKY NOJIIPU30BaHHBIX IIyYKOB IPOTOHOB U sinep. Meron Illtepna-I'epnaxa.

9.2. PannanuoHHas noyisspu3anus JIEKTPOHHbBIX Ty4YKOB B HAKOIUTEISIX.

9.3. Tlonspuszauusi LMPKYJIHUPYIOIIMX IIyYKOB TSDKEIBIX YacTUL B HAKONMTENE Ha
MOJISIPU30BAaHHOM TOHKOW MHILIEHH. POJIb OXJIaKIEHUS ITyYKOB.

9.4. JlunamMuKa MOJIAPU30BAHHBIX MYYKOB B IIUKIMYECKUX YCKOPHUTEISAX (HAKOIMMUTENSX),
CIIMHOBBIE TPACKTOPUH U CIIMHOBBIE PE30HAHCHI, YIIPABICHHUE MOJISIPU3ALUCH.

I11. YckopurtesibHasi TeXHMKA
10. Texnuka yckopeHusi 1 (pOPMHPOBAHHS MYYKOB 3aPSKEHHbIX YaCTHIL.

10.1. VYckoputenu mnpsMOro JAEWCTBUA: KacKaJHble YCKOPUTEIM C YMHOXEHHEM
HanpsbkeHuss Kokpodr1-Yonrona, snextpocratuueckue yckopurenn (OCY) Ban-I'paaga,
TaHAEeMbl Y cKopUTeiab-TpaHcpopmaTop. ['eHeparopsl ummyiabcHoro Hampspkenus (I'MHsbr).
dopmMupyrolIMe IMHUYI, KOHAEHCAaTOpbl-HaKonuTeu. Pabounii 1nana3oH ycKopuTesiel npsmoro
nedctBus, ux napamerpbl. CrnocoObl crabuwim3zauuu SHepruu 4dactul. KommyTtanwus
MMITYJIbCHBIX HanpsbkeHui. [IpukianHble IpUMEHEHMs yCKOPUTEIEH PSAMOro JEHCTBUS.

10.2. Jluneitnble yckoputenu. OOLue XapaKTEpUCTUKHM MPUHIMUNA HMX ACUCTBUS H
KOHCTPYKLUH, NPEUMYILIECTBA U HEIOCTATKH IO CPABHEHMIO C KOJIBLEBBIMH YCKOPUTEIISMH.
OCHOBHBIE CUCTEMBI JINHEWHBIX YCKOPUTENIEH B KOMILIEKCE.

JIuHEWHbIE YCKOPUTENN MIEKTPOHOB. THIIBI YCKOPSIIOIIUX CUCTEM, BAPUAHTBI CO CTOSAYEH
u Oerymeld BOJIHONH. OCOOEHHOCTH KOHCTPYKLIMH U OCHOBHbIE MapaMeTpbl MalluH AJis
NPUKJIAJIHBIX IPUMEHEHUH, U1 QU3NKU

JIuHelHblE YCKOPUTEIN TPOTOHOB U HMOHOB. VoOHHBIE HCTOYHUKU. OCOOEHHOCTH
PE30HATOPOB M YCKOPSAIOUIMX CTPYKTYp Ul MOHOB Pa3iMYHBIX SHEPIUi, CBEPXIPOBOASIIIUE
pe3oHaTtopbl. VIMIynabCHBIE  MHXKEKTOPHl  MPOTOHHBIX  CHUHXPOTPOHOB. CBEpXMOIIHBIE
YCKOPHUTENH JUIsl ME30HHBIX (paOpHK, HEHTPOHHBIX U HEUTPHUHHBIX T€HEPATOPOB, UMITYJILCHBIN U
HENPEPBIBHBIN PEXKUM, NIPEAEIbHBIE SHEPTUU U TOKU.

10.3. WuayknuonHsie yckoputenu. bertatpon. Jlunelnbrii O6etaTtpoH. OcoOEHHOCTH
KOHCTPYKLIUH, TapaMeTpBbI.

10.4. MarHuTHBIE CHUCTEMBI IIUKJIMYECKUX yCKopuTenei. KoHCTpyKTHBHBIE 0COOEHHOCTH
AJIEMEHTOB MAarHUTHOM CHCTEMbI (COJICHOWABI, JWIIONH, KBaJAPYMOIH, JUH3bl BBICHIMX
nopsiikoB). JKenesHble U Oe3kene3Hble MarHUTHbIE cUCTeMbl. CBEpXIIPOBOJSAIINE MarHUTHbIE
CUCTEMBI, UX napaMeTpbl. Cuctemsl nuTaHus U TpeOoBaHUS K HUM. [IpuMeHeHne MOCTOSHHBIX
MarHuTOB.

10.5. Yckopstorue pe3oHaTopsl U cucteMbl BU nuTaHust MUKIMYECKUX YCKOPUTEIIEH.
“Termible” U CBEPXIPOBOAAIINE YCKOPAIOIIME pe30oHaTopbl, McTouyHMKUM BY momuoctn. BU
CUCTEMBI  DJIEKTPOH-TIO3UTPOHHBIX HAKOMMTENEH BCTPEYHBIX IMYYKOB M  HCTOYHUKOB
CHUHXPOTPOHHOT0 u3ny4deHHus. OCOOEHHOCTH YCKOPSIOIIMX CTPYKTYp W HcTouHMKOoB BY
MourHocTH. ObecneueHne yCTOHUYNBOTO JBM)KEHUS CTYCTKA YaCTHIL./

10.6. BakyymHBbI€ cUCTEMBI yCKOpHUTENIeil. MeToabl MOTy4YeHUsI BBICOKOTO U
CBEPXBBICOKOT'0 BaKyyMa, U3MEPEHHE AABJICHNS OCTATOUYHOT'O Ira3a, aHaJIM3 €ro cocTana.

10.7. CucremMpl MHXEKUUU U BbIBOAA Iyuka. MHXKEKIUSA B LMKIMYECKHUE YCKOPHUTEIH,
MHOT0OOOpOTHAsE HMHXKEKIMs, Nepe3apsaHas HMHXKEKUWsA. BpICTpbli M MEMJIEHHBIM BBIBOJIBI
MyyKa.

10.8. VYcrpolicTBa Ui yIpaBi€HHS YCKOPUTEISIMH M KOHTPOJII MX [apaMmeTpoB,
npuMeHeHre OBM. /28, cM. JONOTHUTENbHYIO IUTEpaTypy/

11. /luarHocTUKA NMYYKOB 3apsSsKeHHbIX YACTHIL.



11.1. U3mepenue Toka myuka. IMIyJabCHbIE MyYKH, IIUPKYJIUPYIOIINE
CrpyHIHPOBaHHbBIE ITyYKH — MOSIC POroBCKOro, EMKOCTHBIE AaTYMKU TOKa. HenpepriBHbIE TyUKH
— HW3MEpUTEeNIb MAarHUTHOTO TMOJs My4ka. MOHHMTOpBI BBIBEJACHHBIX (COPOIIEHHBIX) ITyYKOB,
nnnueap Papanes.

11.2. i3MepeHne sMuTTaHCa Iy4Ka.

11.3. KonTponb nonoxeHus 1 npoduiis mydka. EMKOCTHbIE U MarHUTHO-UHYKIIUOHHBIE
JATYUKU. BTOPUYHO-IMUCCUOHHBIE JETEKTOPBI, METObI TOHKOW MUIIEHH. KOHTpOJIb IyuKa 110
CBEYEHUIO OCTATOYHOIO rasa.

11.4. KoHTposib napamMeTpoB 3JEKTPOHHBIX, MO3UTPOHHBIX ITyYKOB B HAKOIHUTEISX IO
CUHXPOTPOHHOMY U3JTyYEHHUIO.

12. PajnanmnonHasi 6e30MacHOCTD NMPH PadoTe HA YCKOPHUTEISAX 3apsizKeHHbIX YacTui /42/

12.1. B3aumoeicTBUE U3ITyYEHUSI C BELIECTBOM.

12.2. PaqnannoHHas akTHUBHOCTb YCKOPHUTENEH pa3InYHbIX THIIOB.

12.3. Obecneuenne 6e30macHON paboOThI 0OCITYKUBAIOIIETO TIEpCOHAa.

12.4. BiusiHue n3ny4yeHus Ha MaTepUalbl U PaJuo3JIEKTPOHHOE 000pYI0BaHHE.

13. IlpuknagHbie NPUMEHEHHs] YCKOPUTeIel B MeJUIIMHE M TPOMBIIIJICHHOCTH /CM.
JIONIOJTHUTEIIbHY IO JTUTEpaTypy /.

14. OcHOBHBIE 0COOCHHOCTH U XapAKTEPUCTUKHN KPYIHBIX JeHCTBYIOIIHNX
YCKOPHTEIbHBIX YCTAHOBOK U YCKOPUTEIbHO-HAKONMUTEIbHBIX KOMILIEKCOB /CM.
JIONOJIHUTEIIBHYO JINTEPATYPY/

VYcranoBku u xomrmuiekcel: BOINI-4, FAKEL, 1-100, MM® (MEI'AH), V-70, AGS, APS,
BEPC, CEBAF (TJNAF), CESR, DA®NE, ELETTRA, HERA, KEKB, LAMPF (MLNSCE),
LEP-1I, LUE-2000, NUCLOTRON, PEP-I1I, PLS, RHIC, RIKEN, SINQ (PSI), SIS, SLC, SPS,
TEVATRON, TRIUMF, SLAC:

V. IlepciekTHBBI pa3BUTHS OTPACJIH

1. ITepcneKTHBBI YCKOPUTEILHOW TEXHUKU U (DU3UKH TTYYKOB 3apSHKCHHBIX YACTHIL: .

2. TlpumeHeHHE CBEpPXMPOBOJAMMOCTH B MArHUTHBIX M BBICOKOYACTOTHBIX CHCTEMax
YCKOpPUTEJIEH: .

3. TIpoekThl HOBBIX KPYIHBIX YCKOPHUTEIbHBIX W  YCKOPUTEIbHO-HAKOMHMTEIBHBIX
komrutiekcos: BOIII-2000, YHK, TBH (TWAC), APT, BTCF, CLIC, ESS, IFMIF, JLC, LHC,
MUSES, NLC, SLC, SNS, TESLA u 1p.:  /cM. JOTIOTHUTEIHHYIO TUTEPATYPY/.

4. TlepcrieKTHBBI TPUMEHEHHS YCKOPUTEIICH B MHEPIIMAIHHOM TEPMOSIIEPHOM CHUHTE3E: /CM.
JIOTIOJTHUTEIIBHYIO JINTEPATYPY/.

OCHOBHAA JINTEPATYPA
1. Bospkun O. M., bosipkuna I'. I'. ®usuka gactur - 2013: Ot snekTpoHa 10 6030Ha XHUrTca.
KBanToBas Teopus cBoOonubIx nosieit K/ JIubpoxom, 2014
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Msi3aukoB K.II. — O630p pe3ynpTaToB 1o pa3paboTKe BHICOKOA(P(PEKTUBHBIX CUCTEM BBIBOJA
YCKOpUTEJIEM Ha BbICOKHME »dHepruu. 5-¢ Bcecoro3noe CoBelanue M0 YCKOPUTEISM
3apsoKeHHBIX yactuil, M., Hayka, 1977, 1.2, ¢.78-87.

Pomrane A.C. MoaenupoBanue 3apsikeHHbIX ITydkoB. M. Atomuznat. 1978.

Bansauep O.A., 'mazkoB A.A. BeicokoBoibTHBIE ycKopuTenu. M., MUDU, 1986.

Banpanep O.A., I'mazkoB A.A. Unnykunonusie yckopurenu. M., MUDH, 1985

Kanuma C.I1., Menexun B.H., Mukpotpon. M., Hayka, 1962.

Banpanep O.A., I'naskoB A.A. HoBble KOHCTPYKIIMHM yCKOPUTENIEH UKIOTPOHHOTO THMA. M.,
MU®UH, 1987.

Banpanep O.A., I'mazkoB A.A. CoBpeMeHHblE CHHXpOTpOoHBL. M., MU®U, 1989

Mapmann T. JIazepbr Ha cBOOOAHBIX AyekTpoHax. M. Mup, 1987.

Konmomenckuit A.A. — Jlazepnoe yckopenue uactuil. 9-¢ Bcecors3noe Coemnjanue 1o
YCKOPHUTEISIM 3apshKeHHBIX yacThil, J{yona, 1985, 1.2, ¢.413-420.

Kapernuxos JI.B., CnuBkoB W.H., TemmsxkoB B.A., ®denoro A.Il.,, [lembens b.K...
JIuneitnsie yckopuTenu noHoB. M., 'ocaromusznar, 1962.

Mypun B.I1., bounapes b.1., Kymmun B.B., ®enoroB A.Il., JIuHeiiHble yCKOPUTEIN HOHOB.
B 2-x Tomax, Atomusaar, 1978.

Kamuunckuit U.M. Teopus muHEeHHBIX pe30HAHCHBIX ycKopuTeneit. M., Dueprouszaar, 1982.
Kanmuunckuiik WU.M., TemnsikoB B.A. — Pa3Burue JIMHEHHBIX YCKOpUTENEH HMOHOB C
BBICOKOYACTOTHOM KBaJApymoiasHOH (QokycupoBkoid. 11-¢ CoBelanue Mo yCKOPHUTEISIM
3apshKeHHBIX yacTull, [lyona, 1989, 1.1, ¢.37-43.

Bansauep O.A., I'mazkoB A.A. JluHamuka gacTuil 1 (OKyCHpPOBKA B JIMHEHHBIX YCKOPUTEISIX
noHos. M., MU®U, 1989.

TepunoB .M. u np. CUHXpOTpPOHHOE U3IIy4eHHE U ero npuMeHeHus. M., MI'Y, 1990.



33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
ol.

52.

53.

54,

55.

56.

8
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1984.
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1979, 1 1, c. 229-235.

Pa0yxun FO.C. YckopeHHble yuku U ux npumeHenue. M. Aromuznat, 1980.

MuxaitnnoB B.H., bormanos I1.B., IlIBenoB O.B. u ap. CUIBHOTOYHBIH JTUHEWHBIN
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Capannena, OUAU, Iyona 2000, ¢.130-138.
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o7. Yysuno WU.B., lNogpaun JLJI., XopomkoB B.C. — IlomyuyeHune KOpPOTKOKMBYIIMX H
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pexoMeHnyeMbIX TepMuHOB. Boinmyck 89. M., Hayka, 1977.

2. SAxy6oBuu B.A., Crapxunckuii B.M. Jluneiinole nuddepeHunanbHble ypaBHEHUS C
NEepUoIMYEeCKUMH K03 humenTamu 1 ux npuioxenus. M., Hayxka, 1972.
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4. Banpauep O.A., 3BepeB b.B., Cobenun H.IL., Weapun U.C. [duadparmupoBaHHBIE
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5. I'puropseB A.Jl., SlukeBuu B.b. Pe3oHaTOpel M pe30HATOpPHBIE 3aMENIISAIONINE CUCTEMBbI
CBUY. Yucnennsle METOJIbI pacuera U npoekTupoBanus. M., Paauo u cBs3p, 1984.

6. Momnokosckuii C.1., CymkoB A./[. IHTeHCUBHBIE 2JIEKTPOHHBIE U MOHHBIE IyukH. JI.,
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1. la6oBuu M.J]. ®u3uka ¥ TEXHUKA IUIA3MEHHBIX MCTOYHMKOB MOHOB. M., ATOMHU3/AT,
1972 .

8. ®oppecrep ®@.T. HTeHCHUBHBIE HOHHBIE TyukH. M., Mup, 1992.

9. Mrepden K. OnTuka nyukoB Beicokoi 3Heprun. M., Mup, 1969.

10.  bamabaes A.H., bamanyuna B.H., Konapames C.A. u np. — Jla3epHblii HCTOYHUK
BBICOKO3apSAIHBIX HOHOB JJISi YCKOPUTENIbHO-HAaKoNUTeNbHOro Komiuiekca UTOD-TBH. 17-e
Cogeranue o yCKOPUTENSIM 3apsbKeHHBIX dacTull, [Iporsuno, 2000, 1.1, ¢.333-336.

11. basno b.®., BceBomoxckas T.A., CenuBepcroB ['.MI. — JlutueBwbie IWH3BI JIs
(OKYCHUPOBKM BTOPHYHBIX IYYKOB BBICOKMX »JHepruil. 6-e¢ BcecorozHoe CoBemanue 1o
YCKOPUTEJISIM 3apsiKeHHBIX yacTull, Jyona, 1979, 1.2, c.171-174.

12. I'paue M.U., KotoB B.M., CamoiinoB A.B. — ®@opmupoBaHue M cemnapaius My4yKkoB
a/ZIpOHOB M JIENTOHOB. 5-¢ BeecorozHoe CoBelaHue 1Mo yCKOPUTENSIM 3apsKEHHBIX YacThll, M.,
Hayxka, 1977, 1.2, ¢.106-114.

13.  Konomenckuii A.A., Jlebene A.H. Teopus nukiamueckux yckopureneid. M., @uzmatrus,
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14.  Bpyx I'. luknuueckue yCKOpUTEIH 3apsyKeHHbIX yacTull. M., Aromuzaat, 1970.

15.  JluxtenOepr A. lunamuka gactuil B ¢pazoBoM mpocTtpancTse. M., Atomuzaart, 1972.

16.  AmwsOeprunckuii b.1., Ceuasun M.II. Kackagasie reaepatopsl. M., ATtomuzaar, 1980.
17. Cunxpotponnoe u3nyuenue. CO. crareit mox pen. bacosa H.I'. M., Hayka, 1975.

18. bynkep I''., Cxpunckuit A.H. — DnekTpoHHOE OXJIaK/IEHWE U HOBBIC MEPCIICKTUBHI B
¢duzuke anemeHTapHbIx yactuil. Y OH, 1.124, Beim.4, 1978, ¢.561-595.
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T.147, BBIN.2, OKTA0pH 1985, ¢.405-420.
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1. Humo TI'.U., HynaukoB B.I'. — Ilepe3apsanblii MeTO[ YNpaBi€HUS MMOTOKAMHU
YCKOpEeHHBIX YacTuil. ®u3nka mia3mel, T.4, BbIM.3, Maii-utonb 1978, ¢.692-703.
2. beskposnsiii B.1., I'ypesnu A.C., Jloces I'.A. — BbIBOJ IPOTOHHOTO IIy4YKa B IMAIIa30HE

sHepruil 200+1300 M»sB s mpuknagHeix uccienoBanuil. 17-e CoBelanue 1no yCKOpUTENSIM
3apshkeHHbIX yacTuil, [IporBuno, 2000, 1.2, ¢.390-391.

3. Py6un C.b. B3aumopeicTBrue HJIEKTPOHHOTO CIYCTKa C YCKOpSIOImeH cuctemMou. M.,
OHeproaromusaar, 1985.
4, Mockanes B.A., beratponsl. M., Dueprouzaart, 1981.

5. Bnacos A./l. Teopust nuHeiHbIX yckopurened. M. Atomuzaat, 1965.
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6. Banbnuep O.A., I'mazkoB A.A. JIuHaMuKa 3J€KTPOHOB B JIMHEWHBIX YCKOpUTENSX. M.,
MHU®U, 1988 Baxpymun [O.I1., Anauxuit A.W., JIunelinble HHAYKIHOHHBIE ycKopuTenu. M.,
Atomusgaar, 1978.

1. Banbnuep O.A., Brnaco A.Jl., [llansHOB A.B. Jlunelinbie yckoputenu. M., Atomusaar,
19609.

8. Bbypwreiin  O.JI., Bockpecenckuii 1'.B. JluHeliHple YyCKOpUTENN 3JIEKTPOHOB C
MHTEHCHUBHBIMHU ITyykaMu. M., Atomusaat, 1970.

9. brictpos 10.A., HBanoB C.A. Yckoputenn M peHTreHoBckue npubopsl. M. Briciias
mkoJia, 1983.

10.  bormanoBuu b.lIO. Jlunelinple yckoputenun M (U3MKa IyYKOB 3aPSDKEHHBIX YACTHIL.
Dueproaromusaar, 1991.

11. [TaBnoBckuit A.M., bocambikun B.C. —  be3xene3Hble JHMHEHHbIE WHAYKIMOHHbBIC

yckopurenu. AtomHast sHeprust, 1974, 1.37, Bbin.3, ¢.228-233.

12. Anenuukuii 10.I'., AnocoB B.H., boromonos A.B. u gp. — ®azorpon OUAUN —
busnaeckuii myck. 9-e Beecoroznoe CoBenianue 1Mo yCKOPHUTEIAM 3apsHKEHHBIX dacTtull, [[yOHa,
1985, 1.1, ¢.289-298.

13. baknakoB b.A., batpakoB A.M., bonotun B.I1. u ap. — IlepBas ouepenp nazepa Ha
cBOOOJHBIX AyieKTpoHax Uit Cubupckoro ImeHTpa (OTOXMMHUYECKUX HcciaenoBaHui. 17-e
Cogerranue 1Mo yCKOPUTEISIM 3apsDKEHHBIX dacTull, [Iporsuro, 2000, 1.2, ¢.298-301.

14.  AragponoB B.A. u ap. — PabGotsl no 3amycky uH@pakpacuoro JICO B ®MAHe. 17-¢
Cogerranue 1Mo yCKOPUTEISIM 3apsDKEHHBIX dacTull, [Iporsuno, 2000, 1.2, ¢.313-316..

15. CunxporponHoe uziyuenue. C6. crareit oz pen. bacosa H.I'. M., Hayka, 1975.

16. banansikun H.W., benommuckuit I1.d., Kagpimesckuit B.I'. m nap. — Hcrounuk
CUHXPOTPOHHOI'O M3JIy4YeHMsI TpeTbero nokosieHus B OMSAN. AtomHuas sHeprus, T.91, Bbin4,
okTsa0ps 2001, ¢.300-307. ITpoekT qyOHEHCKOTO 3JIEKTPOHHOTO CUHXpOTpoHa. 17-¢ CoBemanne
M0 YCKOPUTESIM 3apsbKEeHHBIX YacTull, [Ipotsuno, 2000, 1.1, ¢.11-15.

17.  Tlapxomuyk B.B., Ckpunckuii A.H. — MeToapl OXJaXA€HUS Iy4YKOB 3apsKEHHBIX
yactuil. DYAS, .12, Bem.3, 1981, ¢.557-613.

18.  Kynemaiinen B.U., ITapxomuyk B.B., CmupHoB b.M. — OnbIT BBOIa B SKCIUTyaTalUIO
YCTaHOBKH 3JIEKTPOHHOTO OXJIaxAeHus Ha cuHxpoTpone SIS. 17-e CoBemianue Mo yCKOPUTENSIM
3apshkeHHBIX yacTwil, [Iporeuno, 2000, T.1, c.42-46.

19. MumneB C.1. — CocrtosiHue paboT Ha yCTaHOBKAX CO BCTpeuHbIMHU Imydkamu BOIIII-2M
u BOIII-4M UAD CO PAH. 16-e CoBemanue 1o YCKOPUTEISAM 3apsKEHHBIX YAaCTHII,
[TporBuno, 1998, 1.1, ¢.23-29.

20.  Edwumos B.II., 3akytun B.B. u ap. — BBICOKOWHTEHCHUBHBINM UCTOYHHK MOJSPU30BAHHBIX
aneKTpoHOB. (Pusnyeckoe oOocHOBaHWE TMpoekTa). 14-e CoBemaHue MO0 YCKOPUTENISIM
3apshkeHHBIX yacTwil, [IporBuno, 1994, 1.3, ¢.91-96.

21. Ecun C.K., KpaBuyk JI.B., CepoB B.JI., ®emenko A.B. — Pabota u MoaepHH3aIus
nuHelHoro yckopurens npotoHoB AN PAH. 17-e Coewanue 1o yCKOpUTENSIM 3apsyKEHHBIX
yactull, [Iporeuno, 2000, 1.2, ¢.219-222.

22.  Awntunos IO.M., ®ponos b.A., I'opun O.I1. u ap. — YckopeHue MOHOB B JTHHEHHOM
yckoputene M-100. 17-e CoBemanue 1Mo yCKOpUTENSAM 3apsokeHHBIX dactuil, [IporBuno, 2000,
T.2, ¢.385-389.

23. BacunseB A.A., Benrpo P.M., Ko3zonaes A.M. u ap. — [logkputudeckuii renepatop
HEHUTPOHOB — NPOTOTUIl YCTAaHOBKHM Ul TPAHCMYTallUM paJAMOAKTHBHBIX OTXOJOB. 14-e
CoBelanye o yCKOpPHUTENSIM 3apsDKeHHBIX yacTull, [IpotBuHo, 1994, 1.4, ¢.244-249.

24. benosunnieB K.A., bykun A.U., I'ackesuu E.b. u np. — U3nyuyaTenbHbI KOMIUIEKC A5
byHIaMEHTaNbHBIX M MPUKIAAHBIX HcciaefgoBanuil. 14-e CoBemianue MO YCKOPUTEISIM
3apspKeHHBIX yacTHil, [IporBuHo, 1994, 1.4, ¢.264-268.

25. Pagnanmonno-gusndeckre KoMIIeKchl Ha 0a3e yckoputeneid. CO. crareil mox pen.
[[TansHoBa A.B. M., DHeproatomusaat, 1983.
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26. bassHoB b.®. u ap. — OCHOBaHHBIM Ha YCKOpUTEIE HUCTOYHUK HEUTPOHOB IS
HEHTPOHO3aXBaTHOM Tepamuu W Tepanuu ObICTpbIMH HeWTpoHamu. 17-e CoBemianue 10
YCKOPHUTEISM 3apshKeHHBIX yacTull, [IporBuno, 2000, 1.2, ¢.396-399.

217. HoBous A.H., JQuxuit H.IL., YBapoB B.JI. — O BO3MOXXHOCTH IPOU3BOACTBA H30TOIOB
JUISL SIEpHOM MEAMILIMHBI Ha YyCKOpUTese 3IeKTpoHOB. 17-¢ CoBellaHue MO YCKOPUTENSIM
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