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06U1aR xaptr.mepucrnuKa pa6omt.t 

AKmva111>Hocmi. pa6ombl. ,l.\ocrn>KeHHe BblCOKHX rpaAHeHroa ycKopeHHR n)l'lKOB 

3ap11ll<eHHblX 4BCTHI.\ c MBJlblM nonepe4HblM 31''1>fT3HCoM TpaAHL\HOHHO RBlllleTCSI OAHHM H3 

OCHOBHblX Hanpaa11eHHH pa3BHTHSI cj:lH3HKfol H rexHHKH ycKOpHTelleH. ' B noc/leAHHe 

AeCllTH/leTHSI 3TH aonpocbl CTBJlH _a f.\ettrpe BHHMBHHll npaKTH4eCKH acex 3JleKTPOHHblX 

ycKop11re11bHblX 11a6oparop11H M11pa (SLAC,DESY,KEK, CERN H AP;) a cssiJH c 

tteo6xOAHMOC.TblO coopyit<eH1'1Sl. 3JleKTpoH- no3HTPOHHOf0 llHHeHHOrO CTOJ1KHOB1'1Te/ISI Ha 

3Heprnl0 B CHCTeMe L1etlTpa Mace AO 0.5 K 0.5 faB H ceeTHMOCTblO c-ra/IKHBBIO~HXC.R 

OY'fKOB nopRAKB 1034 
- IO" eek ·. m .: . .s:lctto, 4TO peallH3yeMoCTb TBKOfO npoeKTa 

06yc11oe11eHa ABYMSI OCHE>BHblMH cj:>aKTOpaMH: AOCTHlKeHHeM SblCOKHX TeMnoe YCKOpeHHR 

4BCTH4 c cpaBHHTellbHO BblCOKOH 3¢¢eKT>iBHOCTblO H noll~«eHHeM BblCOK03HepreTH4HblX 

HHTeHCHBHblX 3/leKTpoH- H no3HTpQHHblX njl4KOB c npeAeJlbHO Ma/lblMH ropH30HTa/lbHblM H 

eepTHKa/lbHblM 3MHT3HCaMH. 

nepaoe Hanpas11eHHe 03HaMeHOBa/IOCb pa3BHnteM KaK TpaAHL\HOHHblX MeTOAOB 

ycKopeHHR 3BpR>KeHHblX 4BCTHl\ c HcnOllb30SBHHeM cospeMeHHblX AOCTHll<eHHH 

YCKOpHTellbHOH cp113HKH H reXHHKH ( OT caepxnpoBOARl!.lero /IHHeHHOfO ycKOPHTeJl.R 

TESLA' c 4BCTOTOH YCKOpRIOll.lero 64 no/IR 1 ff!.\ AO· ABYXOj14KOBoro YCKOpHTellR cue c 

4BCTOTOH 32 rrl\), TaK H pa3BHTHeM HeTpaAHL\HOHHblX MeTOAOB YCKOpeHHR 3apRlKeHHblX 

·~aCTHf.\ ' K KOTOpblM OTHOCHTCR H Bb!COKOrpa,o,HeHTHOe KHJlbSarepHoe jlCKOpeHHe 

3apR>KeHHblX '13Crnl\. 

Bropoe Hanpae11eHHe, ceRJaHHoe c no11j14eHHeM BblCOK03HepreTH4HblX 311eKrpoHHblX 

n)l'lKOB c MB/lblM 3MMTaHCOM, B OCHOBHOM CBR3BHO c AHHaMHKOH 3/leKTpoHHOfO njl4Ka B 

OCHOSHOM /IHHeHHOM YCKOp;nene, r,o,e .::rycTKH 31leKTPOHOB AOll>KHbl YCKOPRTbCR OT 

3HeprHH HeCKOllbKHX reB AO T38 • HblX. 3HeprHH. 0cHOSHaR npo6neMa 3AeCb -

coxpaHeHHe ecrecrseHHoro 3MHTaHca nY'-!Ka, Koropa11 cna,o,aer o6paTHO nporiopl\HOHBllbHo 

3Hepnrn 4aCTl1L\. PeallbHblH cpe,o,HeKea,o,paTH4HblH 3M1'1TaHc n}'4Ka no Mepe ycKOpeHH.R H 

¢oKycHpOBKH MMeer TeH,o,eHl.\HIO K ywHpeHHIO 3B C4eT AHCnepCHOHHblX H K1'111bBaTepHblX 

3CjxpeKTOB ' Bbl3BaHHblX KorepeHTHblMH M HeKorepeHTHblMH KOJ1e6attHRMH OY'lKa. Y1 

npo611eMa COCTOHT B oc11a611eHHH M no,11asneHHH AHcnepcHOHHblX H KHllbsarepHblX 

3Cj:xpeKroa yw1o1peHH.R 3MHTaHca n}'4Ka. Ao6aeHM, 4TO peweH11e npo6neMbl coxpaHeHHR 

ecrecreeHHOro 3MHTaHCB nY'-!Ka B OCHq!IHOM llHHeHHOM YCKOpHTeJle 6y,o,er 0,llHHM H3 

pewaio14Hx cj:>aKropoe npH Bb16ope npoeKra 6YAYU1ero nMHeiiHoro Ko11naliAepa. 
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l/eAblO pa6orr:1>1, no11o>t<eHnof1 s OCHOBy AHccer': 'l\HH, ~6H/IOCb ~1cr.r.e,Qc'iaH'1e reH•n•aL\Y<H 

KHllbBarepHblX no11ei1 c BblCOK/.1M K03¢<PHL\11CHT rpaHccj:lopMaL\HH B yCKOpP<llJ..\',iX 

CTPYKTYP·'X A HCC/leAOBaHHe npo611eM coxpaHeHHSl 3MHTaHca n}'4Ka e 1111Hili:iHblX 

YCKOpHTelll!X Ha BblCOKWe 3Heprm.-t 11 MeTOAOB noAaB/leHHll /:\HCnilpCHOHHbl)( H 

<IHJlbBaTepHblX J#eKTOB yw11peH/.HI 3MHTaHca n}'4Ka. 

HogYHOR H08U3HO po6ombl COCTOHT B TOM • 'HO enepBble Ha OCHOBP. npoBeAeHHblX 

11CCJ1e,(IOB8HHH BblABHHYT H o6ocHOBaH HOBblH MeTOA ycKopeHH.R KHllbBarepHblM noneM c 

BblCOKWM K03CjxpHU,11eHTOM TpaHc¢opMaU,Hl1, S036)'>K,ClaeMblM 110ClleAOBaTe/1bHOCTblO 

raycCOBCKHX cryCTKOB B AHacpparMHpoaaHHOH YCKOpll!OU<eM CTpyKrype. npeAllO>KeHHblH 

MeTOA .R811J1CSI ClleACTBHeM 11CC.llt!AOBaHH.R OCHOBHblX oco6eHHOCTeH reHepa(\11H 

Kl111bBarepHblX nonei::t pel1J'ITl1Sl1CTCKHMl1 crycTKBMl1 B 3aMeAllAIOLL\11X crpyKr:ypax. 

AoK83aHo, 4TO e o6UieM CJT}'4ae, MaKc11MallbHblH K03cpQ:n•n.,\11eHT rpaHc¢opMau,H11 3Hepr11H 

OT BeAYUlero ny4Ka K YCKOp.lleMOMY 3ap;;,qy ,qocntraeTCJ'I B c1114ae, KOrAa ece 4BCTl1L\bl 

Be,l\yutero n14Ka HCnblTblBalOT OAMHaKOBOe TOPMO>KeH11e npM nponere 4epe3 

3aMeA/1l'llOl4YIO BOllHOBOAHYJO crpyKr:ypy. KaK c11eACTBHe, 3Heproo6MeH Me>K,lly eeAYU\HM 

H YCKOplleMblM crycrKaMH onr11Ma11eH. noKalaHo, 4TO Allll nocneAOBaTeJlbHOCTH crycTKOB 

3TO yc11os11e BblnOJlH.ReTCl'I, ec1111 cepeA11Hbl cryCTKOB HCnbirb;BalOT . MBKCl-IMB/lbHOe 

TOpMO>KeHHe B crpyKrype. 

BnepBble npeA/lO>KeHa 11 lllCC/le,[\OBaHa KOH4em.,\l-l.R cpoKycHpOBKH SAO/lb 111-!HeHHOro 

ycKOPHTellll Ha OCHOBe H3MeH>llOU,\eik.R c 3Hepr11eH 48CTl1U, Ha6era cj:la3bl nonepe4HblX 

6erarpOHHblX KOne6aHl1H. no1114eHbl aHaJ1HT"14eCKl'!e Bblpa)l(e"HR All.A J#eKTOB 

yw11peHH.ll 3MHTaHca H pa3pa6oraHa MeTOA11Ka onpeAeneHH.R napaMerpoe 311eKrpoHHo­

onr114ecKol1 CHCTeMbl ycKOPHTeJISl. 

Bnepab1e npeAJlo>t<eH H HCClleAOBBH MeroA noAaBm~HHJ'I HeKoppe11HpoeaHHoro 

AHCnepc110HHOro yw11peHl1Sl 3MHTBHCa n14Ka np11 KOrepeHTHblX Kone6aHl1.llX crycTKa B 

llHHeHHOM yci<op11re11e. noAXOA OCHOBaH Ha npe,qeapHTellbHOM nepepacnpeAelleHHl1 

4BCTHL\ cryCTKa Ha cj:>a30BOH n11ocKOCT11 B 6e3AHCnepCl10HHOH apKe, BK/1I04a1014ei:i 

ceKcryno111>Hb1e 11HH3bl, AJlll o6ecne4eH11.R nona>KHTeJlbHcli xpoll'laTW4HOCTH n14Ka. 

Ha48J1bHblH ywHpeHHblH 3MHTaHC n14Ka CTpeMl1TC.R K ecrecrseHHOMY 3MHTaHcy no Mepe 

ycKOpeHl1Sl B 1111H6MHOM YCKOpHTene Ja C4eT ecrecreeHHOH OTp114are1lbHOA XpOMBTH4HOCTl1 

cpoKyc11pyt0u.iei1 CllCTeMbl. 

Bnepeb1e HCClleAoeaH H npeA/IO>KeH MeTaA aero¢a31>1poBKH 4BCTl1L\ Ha OCHOBe 

113MeH.RIOU\eHCSI c 3HeprneH 4aCTHLI Ha6era cj:>a3bl 6eTaTpOHHblX KOlle6aHHH, no3BOllRIOUleM 

nOABBl1Tb OAHOCryCTKOBYIO HeycTOM4HBOCTb n14Ka c 6AHOBpeMeHHOH cra61111113au,11el4 

MHOrOnY4KOBO;• HeycroH4"1i'IOCTH. Hai:i,o.eHbl rpe6o~a!·HH• K :i'<JKyc11py10l4eii CIK'eMe 

yCKOpHTeM H KOppe11HpoBa~HOMy 3HepreTH4eCKOMy pa36pocy 4aCTHL\ BHyrp11 crycrKa, 

HM810lJ.4f<,; CYlJ.\eCTSeHHbl·~ .•, .• eHMyu.;, •.. :; fed ';o cp<IBHeHHi0 c H3BeCTHblMH ,40 CHX nop 

n0Axo,qa~1-1. HaiiAeH JaKoH l'iJMeHeHw1 xp<JMarn•1;;onH cj:>oKycHpylOtl.\eH Sl4eHKH 

nepHOAH4HOCTH BAOllb yCKOpHTellll npH KOT01)<JM BblnOllH.ReTCll yc11oe11e aaro,j .. ~311pOBKH 

4acnn..\. 

Asrop BblHOCHT Ha Jal1\1Hy cneAYIOU\He peilgAbmambl u 8bl8oiJbl pa6ombl: 

1. V1cc11eAOBaHb1 yc11oe11>1 onrnMa/lbHoro aHeproo6MeHa YJlbTpape111lTl1BHCTCKHX 4acr114 e 

KHllbBaTepHblX nOllllX, B036y>t<ABeMblX cryCTKaMH .3apll>KeHHblX 4acrn4 B JaMeAlll'llOl411X 

CTpyKrypax. 

2. npeAJJO>t<eH HOBblH MeTOA YCKOpeHl1J'I Jap.ll>KeHHblX 4BCTH4 B K1111bSaTepHblX nail.RX, 

B036y>K,[\aeMblX f"IOCl16AOBaTeJlbHOCTblO rayccoscKHX crycTK_OB B AHacj:>parMHpoeaHH(iH 

YCKOp.RIOU<6H crpyKr:ype ' c BblCOKHM K03CjxpH4HeHTOM rpaHccpopMal.\1111. 

3. PacC4HTaHa peanbHa.R AHacj:>parM11poeaHHaa ycKop.Riou.iasi crpyKr:ypa c pea11bHb1M11 

rayccoacKHMl1 crycTKaMH A11.R 3KCnepHMeHTallbHcro HCCJJeAOBaHH.R Ha 6a3e JIHH6MH0f0 

CHllbHOT04HOro YCKOpHTell.R JlY3-20 

4. BblABHHyra 11 WCClleAOBaHa HOBaSl KOHU,en4111l ¢oKYCHPYIOU\eM CHCTeMbl 1111HeHHOro 

ycKop11re11e Ha OCHOBe H3MeH.RIOU\eMCSl c 3Hepr11eH 4BCTHU, Ha6era cj:>a3bl 6eraTpOHHblX 

KOJle6aHl1H. 

5. "1cc11eAOBaHbl 3CjxpeKTbl yw11peHH>I cpeAHeKB8AP8TH4HOro 3MHTaHCa n14Ka 

Bbl3BaHHble 3HepreTH4eCKHM pa36pocoM H KH/lbBaTepHbtMH nOJlJ'IMH, B 3aBl1Cl1MOCTl1 OT 

3aKOHa H3MeHeHHSl 4aCTOTbl 6erarpOHHblX Kor.e6aHHH BAOl1b YCKOPHTe/1Sl. 

6. COJAaHa KOMnblOTepHa.R nporpaMMa JlAB"1HA All.R TpeKa 4BCTHL\ s JlHHeHHblX 

YCKOPHTellllX c Y4eTOM AHCnepc110HHblX H KHllbBarepHblX 3<f:xj;leKTOB, HeT04HOCTeH 

ycraHOBKH 311eMeHTOB yCKOpHTeJl.R 11 T.A. 

7. V!ccJJeAOBaH HOBblM MeTOA nOABBJleHHl1 HeKoppe1111poeaHHOro AHCnepCHOHHOro 

yw11peHHSl 3Ml1TBHCa n14Ka, ·aAHOBpeMeHHO no,qaBJISllOU\HH KOrepeHTHble KOne6aHHSl 

nY4KB, Bbl3BBHHble Ha4aJlbHblMH OTKllOHeHHllMH u,eHTpa TSl>KeCTH cryCTKa 3/leKTpOHOB OT 

OCH yCKOp11rem1. 

8. Hai1AeHbl YCllOBHSI aerocj:>a311poeK11 4acrn4 npH eapi-tpoeaHHH Ha6era cj:>a3bl 

6eraTpoHHblX KOlle6aHl1M c 3Heprneil 48Cntl.l, no3BOJ1.RIOU\B.R OAHOBpeMeHHO 1136e>KaTb 

reHepa4H11 MHOrOCrycTKOBOM HeycTOM4HBOCTH n14Ka. 

9. HaHAeHbl aHaJIHTl1'1eCKHe Bbipa>KeHHSl AllR BellH'IHHbl OTHOCHTellbHOro . Y,BellH4eHHSl 

CpeHeKBaApaTl14Horo 3MHTaHca n14Ka B c1114ae HeT04HOCTl1 ycraHOBKH KBa,qpynOllbHblX 

11HH3 H ycKOPSllOU\HX ceK4HH BAOllb YCKOpHTell.R. 



Anpofia1.1ua pafiomw u ng6/11J11a1.1111; Pa6o ro1, nonc:-K·~HHb1e a ocHoBy A~1<.:cepTallH>i, 

HeO.QHOKpaTHO AOKJlaAb!Bam-icb >I 06cy>t<,E1an·.1cb Ha 'ia}"4Hb1X CeMHHapax B BeAy~HX 

ore4eCTSeHHblX H 3apy6e)t(HblX lleHrpax, TaKHX KaK C!lV!AH ( r.MOCKBa ), HV!l-13cPA HM. 

EqipeMoea ( r. CaHKr-nerep6ypr), OV15lV1 (r • .[\y6Ha), DESY (raM6ypr), THO (,1¥ipM,uTaAT) 

H AP· 0Hl1 raK>Ke npeACTaeneHbl ;; ony6nHKOBaHbl B TPYAaX cneAY!O~HX KOHcj:>epeHll>tii: 

• 1986 Linac conference , 1986 . 

• 1988 High Energy Acee!. Conf. (HoeocH6HpcK, 1988), 

• 1992 High Energy Accel. Conf (raM6ypr, 1992) 

• 1992 Intern. Workshop LC-92 (rapMew-nareHKHpxeH, 1992) 

• 1997 Intern. Workshop LC-97 (3aeH11ropoA, 1997) H AP· 

no reMe AHCcepra411H ony6nwKoBaHo 22 crareil B npenpHHrax, >t<ypHanax H TPYAaX 

KOHcj:>epeH4HM. 

Co8epJ1CaHue pofiomw 

Ofi'l>eM u cmp11Kmgpa 8uccepma1.1uu. ,[\1-1ccepTallH>t cocroHT H3 eee.QeHMsi , ABYX 

43CT9H M 33K/1104eHHll; co,qep">KHT 153 CTpBHHL\ ne4aTHOro TeKcTa, BK/l!O'lall 51 PMCyHOK 

H cm;coK /lHTeparypbi H3 84 HaHM9HOBBHHH. 

Oepeaa 4acrb nocBRU\eHa reHepal.\HH KHllbaarepHblX nonei:i penllTHBHCTCKHMH 

cryCTKBMH B 33Me,q/llll0ll.IHX crpyKrypax H HCCl19AOB3HHIO npo4eccoa 3Heproo6MeHa 

3apll>K9HHblX 4aCTHLI B KH/lbBarepHblX nonsix. li1ccneAOBaHHe npoee.QeHO B repMHHaX 

npo,qoJlbHoro KH/lbBarepHoro noreHL\Hana, onpeAe11>110lJ.lero npHpocr 3HeprnH npo6Horo 

3apsi.11a npH nponere 4BCTHU.bl B 3aMe,q11si10~eil CTPYKType. 

B cxeMa)( ycKopeHHSl KH/lbBarepHblM noneM, HH3K03HepreTH4HblH BblCOKOHHTeHCHBHblH 

ee,qyU(HH crycTOK 33Pll>KeHHblX 43CTHU. B036Y'f<Aaer B crpyKrype KHJlbBarepHble no1111 c 

npo,qO/lbHOH cocraB/1SllOll\eH 311eKTPH4eCKoro nonsi ' B COOTBeTCTBYIOlJ.19M cf>a3e KOTOpblX 

ycKOPlleTC.ll cna6oHHTeHCHBHblH BblCOK03HepreTH'lHblH crycroK 3/l@KTpOHOB. Ba>KHOH 

KOHt.1en4H_eH TaKoro yCKOpHT9Jl>I 38/llleTCR K0.3Cf:xPHU.HeHT rpattc¢opMaL1HM, 

onpeA@JlSl!OlJ.IHH B03MO>KHblH MaKCHMaJlbHblH npHpocT 3HeprHH npo6Horo 3BPSlAB B 

KH/lbBarepHOM none no OTHOWeHHIO K HB'laJlbHOH 3HeprHH 4aCTMLI BeAyU,\ero crycTKa. 

5lcHO, 4TO K03Cj:xpHL1H@HT TpaHc¢opMaL1HH 3BBHCHT KBK OT reoMeTpHH ycKOpSl!OlJ.l@H 

crpyKtypbl • TaK H OT pacnpeAe/leHHSl 43CTHLI B BeAyll.leM OY4Ke. l'13eecTHa>t reopeMa 

HarpY>J<eHHoro nyYKa ,qaer orpaHH4eH>1e Ha K03Cfx!JHL\HeHr rpaHccpopMBL\HH ( k · : ) .Qn>i 

TO'le4Horo BeAYU4ero crycrKa B npOH3BOnbHOH 3BMeAl1SllOU\@H CTPYKType H .Q/1>1 

(, 

• 

CHMMeTpH4HOro BeAYLc\efO crycrKa s OAHOMOACSOH crpyKrype l-lcxO,El>I H3 4eTalpex 

OCHOSOnonoral0~"1X npHH!iHOOB: 3aKOHa coxpaHeHIHl 3HeprHH, npl1HU.Hna npH4l1HHOCTl1, 

opror<JHaJlbHOCTH B036ymAa9MblX MOA M npMHL\Hna cynepn03HLJ.HM, B pacMaTpHeaeMOH 

rnaae HCCllP.AOBaHb! OCHOBHble CBOHCTBa KHJlbBarepHblX no11ei:1, reHepMpyeMblX 

ynbrpape11sin1BHCTCKHMH cryCTKBMH B 33Me.QnSlJOW,eH CTpyKrype. no.Qpo6HO paCM0Tp9Hbl 

CJ1Y43H: cryCTOK - OAHOMOAOBasi crpyKrypa, OY40K -OAHOMOAOBBSl crpyKTypa, cryCTOK -

MHOroMO.QOBBSl CTPYKTYpa H o6~HH Cl1}14BH reHepBL\HH KHJlbearepHblX noneil B 

33MeAns11o~ei\ crpyKrype • .[\oKa3aHbl c11e,qy10ll.1He yreep)f('Aett1111: 

• K03CP¢HU.H9HT rpaHc¢opMal.\HH nocne,D.oBarenbHOCTH CHMM9TPH4HblX HA9HTH4Hb1X 

crycTKOB B OAHOMOAOBOH crpyKrype He MO>t<eT npeBOCXOAHTb aenH4HHbl 2 ,El/lll 

He4eTHorO 4Hcna CryCTKOB H BeJlH4HHbl 2.Ji. A/lll "19THoro "IHC/la cryCTKOB; 

• K03Cf;KpH4HeHT TpaHc¢opMa4HH CHMMeTpH4HOro crycrKa B MHOrOMOAOBOM 

YCKOPlllOll.\@H crpyKrype He npeBOCXOAHT ABOHKH; 

• MBKCHMBJlbHblM K03CP¢HL\H9HT rpaHc¢opMaU.HH B ycKop1110~eH crpyKrype 

AOCTHraeTC.ll B@AYl.L\HM OY4KOM ' Bee 43CTHl.lbl Koroporo MCnblTb!B310T OAHHaKOBOe 

ropMo)l(eHHe npM nponere 4epe3 crpyKrypy; 

• AJ1Sl npOH3BO/lbHOi:i nocneAOaarenbHOCTH rayCCOBCKHX crycTKOB MaKCMMBllbHblH 

K03CP¢HL\H@HT TpaHc¢opMal.\HH AOCTHraerc>i, 9C/1H 43CTH4bl cepe.QHHbl crycTKOB 

MCOblTb!BalOT MaKCHMa/lbHoe TOPMO>KeHHe npH nponere 4epe3 crpyKrypy. 

Ha OCHOBe npoae.qeHHbl)( HCC/le.QoBaHHM BblABHHJ'Tbl AB@ cxeMbl ycKopeHHll 

KHllbBarepHblM noneM c BblCOKl1M K03Cj:xpHl\H9HTOM rpaHc¢opMa411H: 

• noc11eAoaare11bHOCTb N HA9HTH4HblX rayccoecKOX crycrKoa c apeMeHHblM 

3ana3,qb1aaHHeM e11era a crpyKrypy r. n-oro crycrKa 

• aJ I 
sm-r. =,Ji,. II= 1.2,3... N 

o6ecne4HBalOU,\HM K03¢¢MLIH9HT TpaHc¢opMaLJ.HH 2.JN. 
nepHOAH"lecKa.11 nocne.QoearenbHOCTb N rayccoecKHX crycrKoB c 3apsiAOM Q. n-oro . 

crycrKa, MeHSl!O~HMCll JlHHeMHO OT crycrKa K crycTKY KBK 

Q. = Q, (2n - I). II= 1,2,J .. N 

nepHOA Cne.QOB3HHll CryCTKOB T CBSl3aH C 43CTOTOH 8036)')!(,qaeMOM MO.Qbl (tJ KaK 

NT!(.' .. ,7. Ko3¢c:PHL1HeHr rpaHc¢opMal.\HH npH 3TOM paeeH k = 2,\ .. 



l\a1111ee rIOApo6Ho HCCJleAOBa1-•a cxeMa ycKOf:t)HH.R KH/lbBarepHblM nor.eM, B036~AaeMbiM 

noc11e,qosarenbHOcTbt0 rayccoacKJ.IX crycrKOB c ao3pacrat0ll\eH nnoTHOc TblO Japsi.£\a a 

pea/lbHOH ,qHacj:lparMHpoeaHHOH ycKop.!UOLJ.\eH crpyKrype Ha 4aCTDTe .3rrlj (PHc. 1). 

KHnbearepHoe none B036y>i<,qaercsi noc11e,qoeare11bHOCTb10 H3 nsiTH rayccoaCKHX crycrKoa 

(PHc.2). Cpe,qHeKBaApaTH4HaJ! AllHHa KalK,[\oro crycr1<a paaHa 8 MM, nepHOA cneAoBaHHll 

crycTKOB r = 4R I c . Ko3cj:lcj:lH4HeHr rpaHc¢iopMaJJ.HH OTAellbHoro crycrKa 1. 7, TOr,qa KaK 

AllJ! fUITH cryCTKOB, KBK 3TO BHAHO H3 pHCYHKa, 1<03¢¢114HeHT rpattccj:lopMal.IHH AOCTHraer 

BellH411Hbl 7.8. 

npw 9TOM MaKCHMB/lbHbte norepH 3HeprnH HCnblTblBalOT 4aCTHL\bl cepeAHHbl crycTKOB H 

OHM paBHbt. EcrecreeHHO, 4TO TaKa~ cxeMa 0611a,qaer BblCOKOM 3cj:lcj:leKTHBHOCTblO ( x: 60%) 

rpaHccj:lopMal\HH 3Heprnw 4BCTHLI B 3HeprHIO 3/leKTpOMarttHTHOro KH/lbBaTepHoro 0011.A. 

YCKOp!!eMblH cryCTOK HH>KeKTHpyeTCR B T04Ke MaKCHMyMa Sq npo,qOllbHOro KHllbBaTepHoro 

noreH4Halla, r,qe MaKCHMa11eH np11pocr 3HeprnH npo6ttoro JapR,qa. npH 4Hc11e 48CTHJ.\ B 

noc11e,qHeM crycrKe noµR,qKa 5 · !Oil raKaR cxeMa n0Jeo11.Rer ,qocrnrarb reMnos ycKopeHH.R 

nopRAKa 100 M3B/M. PacMOTpeHHaR cxeMa ycKopeHHR KH/lbearepHbtM no11eM 4HcneHHO 

CM0,qe1111posatta All.A 3KCnepHMeHT811bHOro HCCJteAOB8HM.A Ha CH/1bHOT04HOM 111-iHeHHOM 

yc1<_op11re11e JIY3-20 a EpeeaHCKOM cj:lH3H4eCKOM MHcrnryre. 

x 

,., i\llOl'H .W.lJ.ll EUlJ\~1., 

390 rs d -r· ;--..-----, 

R 

J 

PHc.1 KHnbearepHbte no11R, eoJ6y>t<J:\aeMb1e rayccoecKHM crycTKOM a AHacj:lparMH-

poaattHoii ycKop.RJOLl,\eM crpyKrype . 
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PHc.2 reHepaUH.R npoAJ:IOnbHOro KHllbBarepHoro noTeH4Ha11a c BblCOKHM K03cj:lcj:lM4HeHTOM 

rpattccj:lopMa4111< noc11e,qoearenbHOCTb10 n.RTH rayccoecKMX crycTKOS B AHcj:lparMwpoaaHHOH 

crpyKrype J1Y3-20. 
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BropaR 4aCTt> A11ccepra41-rn noceRt1.1eH 1 aKryanbHblM npo611eMaM AMHaMHKH 311eo. -·::>HHblX 

nY4KOB c Ma/l~IM nonepe4Hb1M 3Ml-lTaHCOM B /IHHeHHblX ycKOplHBJ!llX Ha BblCOKHB J>•'?prHH. 

B .nepao.iLrnaae AaHbl H o6ocHOBaHbl OCHOBHble nOAXOAbl K npo611eMe ctx>Kyc.:poBKH B 

/IHHei:IHblX YCKOp11Te/IRX Ha BblCOKWe 3HeprHH c T04KH 3peHHSI coxpaHeHHR 

HOpMa/IH308aHHOro 3Ml-!TaHca nY4Ka, nOllY4eHbl OCHOBHble COOTHOWBHHR, onHCblBa10t1.1He 

3/leKTpoHHO-OnTH4eCKYIO cycTeMy YCKOPHTensi, onwcaHa MOAellb nY4Ka H HaMAeHbl 

B8/IH4HHbl xpoMaTH4HOCTH 3/leKTPOHHoro nY4Ka. 

KaK o6bl4HO, npeAnOJlaraTCS!, 4TO YCKOPHT8/lb COCTOHT H3 00/lbWOro 4HC/la Cl>OAO 

nepHOAOB c ABYMS! ycKOplllOl.l.\HMH -ceK4l1RMH B OAHOM nepHO.Qe. OcHOBHaSI KOH4en411R 

¢oKYCHpoBKH OCHOBaHa Ha H3M8HeHHH Hii6era cjla3bl Ha nepMOA no Mepe ycKOpeHHil 

4aCTHI.\ B /IHH8HHOM ycKOpMTB/18 

lgµ" =(r")a tgl:!i 
2 r. 2 

rAe ''· - Ha6er cjla3bl 6erarpoHHblX: KOJ1e6aHMH B II - OM R48HKe, y,, - paBHOBeCHBSI 

3i:ieprHSI 4aCTHL\ B MOMBHT HH>KBK4HJ.t B YCKOPHT811b, r .. = '" +II· !!iy - 3HeprMS1 npM snere 

B. II - YIO Cl>OAO Sl48HKy, tir - npJ.tpOCT 3HeprHH "laCTHL\ Ha OAMH nepHOA B repMHHax 

JlopeH4 cpaKTOpa 4acrn4. napaMerp a onpe,Qel1SleT 3BKOH H3M8HBHHll 4aCTOTbl 

6erarpoHHb1X K011e6aHMH no Mepe ycKopeHJ.tll 4aCTHL\. TaKHM o6pa30M,Ha4aJlbHblM tta6er 

cpa3bl 6erarpOHHblX K011e6aHMH µ, H napaMeTp a onpeAellitlOT OAH03Ha4HO BCIO 

¢oKYCHPYIOll.IYIO CJ.tCTeMy YCKOpJ.tTB/lSI M /IMHeHH}'IO onTHKY 3/IBKTPOHHoro ny...Ka B 

np116J1H>K8HHH OTCYTCTBHSI C8i13H ropH30HTa/lbHblX M eepTl-IKaJlbHblX KOne6aHHH. CpeAHRSI 

aMnllHTYAa 6erarpoHHblX KO/le6aHHM npM 3TOM H3MBHS!BTCSI BAO/lb YCKOPHTB/ISI KaK 

P. = 21g<~ i2) ( g. a+ g/1g' ~) 

rAe g. = r.,; r • . 3aMeTHM, 4TO TaKOH nOAXOA oxeaTb!BaeT see 803MOll<Hble rpaeKTOPHJ.t 

nY4Ka H 3Cj$KTbl yw11peHHSI 3MHTaHca "Y4Ka 80 MHOrOM 06yc11oeneHbl Bb16opoM Ha6era 

cpa3bl B H848J18 YCKOpHT8/ll1 H ero H3MBH8HIAeM BAO/lb YCKOpMTe/lR. 

CooTBBTCTSYIOl.4118 napaMeTpbl pea11bHOH cpaKyc11py10ll.18H CHCTeMbl ( CH/lbl KBaAPYnOllbHblX 

11HH3). MOryT 6b1Tb onpeAe118Hbl nocpeACTBOM MaTpHllhl TBMCCa H M8TPMl..lbl nepeXOAa 

C/leAy!OU\>1M 06pa3.;,,,,: 
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nepHC.1'1'ieCKCe pecI;BHHe B nepBOH R4eMKB 

( )
,,, 

y. 
i\/11 -A/,. =2 - cosµ,. 

.. . y, 

H HenepHC.\H4eCKHe peKypeHTHblB COOTHOWeHl1R B II -OH Sl4eMKB 

, 1' 
Mii ' .ti:' "' l r; n I j '(JJ./J,, ') 

1

' [(P. ·f P. l }cosµ. + (a, . .o. -a.P. I) sinµ, 1 . 
rAe a,, • .J~.' H a •. .o. napaMeTpbl MaTpHl..lbl TeHcca B Ha4ane H B KOHl.18 ti -OH Sl4Bi1KH, 

,\/ - MaTpH4a nepeX:OAa 11 -OH R4BMKH, 11. • Ha6er cpa3bl B /1 -OH Sl4BHKe, Y n 1 , Y n -

JlopeH~ •:j:laKTOpbl paSHOBeCHOH 48CTHl.\bl B Ha ... ane H B KOH48 fl -OM Sl48MKH. TaKoe· 

3aAaHHe MarHHTHOH OTITHKH o6ecne4HBa8T n11aBHoe H3M8H8HHB aMn/IHTYAHOH 

6eraTpOHHOH cPYHKL\MM BAO/lb YCKOpHT8JlSI. Ha pHc.3 npHB8A8H TMnH4Hbli1 npHMep 

M3M8H8HHil aMnllHTYAHOH 6erarpoHHOH cpyHKL\MH AllSI napaMeTpoB OCHOBHoro ycKOPMT8.11Sl 

mtHeMHoro KonnaHAepa SBLC A.11.1'1 cnY4aR H3MeHeHMR x:poMaTH4HOCTH ¢oKyci-1py10weH 

CHCTBMbl KaK K0p6Hb KBaApaTHblM OT OTHOCHTB/lbHOro yse/1H'l8HMSI 3HepntM 'laCTH4 

(a = 0.5 ). Ha6er cjlaJbl 6erarpoHHblX Ko11e6aHHM 3a it'leHKY MeAneHHO cnaAaer or 

H84allbHOrO 3Ha4eHHSI 125" AO 50° no Mepe ycKOpeHHSI 4aCn41..1 OT 3Hepn1H MH>KeK4HH 

3.15 f38 AO 3Hepr!AH 50 f3B ( OK0/10 230 Sl'leeK, pMc.4). 3aMeTHM, 'lTO B 06L1.1eM CJ1Y4ae, 

TaKOM nOAXOA i103BOJ1ReT aHallOrH'lHO 3aA8Tb 38KOH 113M8HeHHSI Ha6era cjla3bl 

aepTHKa.11bHblX 6erarpoHHblX Kol186aHHH BAO/lb ycKop>1renR. 

Aa11ee HaHABHbl aHa111-1r114ecKHe Bb1pa>t<eHHR AJ1il ae111>1411Hbl cMeL1.4ett11si tta6era cpa.ibt 

6eraTpOHHblX K0.11e6aHHH HepaBHOB8CHOH 4aCTH4bl B /lHHBHHOM ycKop11rene npH 

npOH3BOJ1bHOM 3aKOHe M3MeHeH8HHSI xpoMaTH'lHOCTM c 3HeprMeH 4aCTHL\. "1ccJ1eAOBaHa 

AHCnepcMSI cpa3bl KaK npM Ha'laJlbHOM HBKOppenHpoSaHHOM pa36poce 48CTHLI no 3HeprMS!M 

• TaK H npH KOppe11HpOBaHHOM c npoAOllbHOH KOOPAHHaTOH 3HepreTH48CKOM pa36poce 

4acr114, B036Y:>KAaeMOM B YCKOpil!Oll.IMX CBKL\HSIX. TO<lHble Bblpa>KBHHSI AJ1R CMBll.IBHHSI 

Ha6era cjla3bl HMBIOT BHA: HeKoppenHpoBaHHblH Ha48JlbHblM 3HepreTM'leCKMH pa36poc <>o 

t..µ=-28,, ~o J.; 1-('")a] 
r a, r 

KOppe1111poeaHHblH 3HepreTH48CKHM pa36poc 4, 

.1~/ = -26, L!..f _!_(J - ![" )- -
1-(t- ga-I) l 

ily 1.a a- I J 
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P11c.3 rpacp11K 6eraTpOHHOii cpyHKL\1111 BAO/lb ycKop11Te11S1 np11 MeAneHHOM cnaAaHHl1 

Ha6era ¢"':3bt.6eTaTOOHHblX K0/1e6aH11H. 
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P;ic.4 li13MeHeHl1e Cl1/1 KB3APY00/1bHblX 1111H3 11 Ha6era cpa3bl 6eraTpOHHblX ~011e6aH11i1 no 

Mepe ycKOpeHl1ll 4aCTHL\. 
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Bo BiOflOfl rnaS-l, '1:.;";)J1b3Yll ilOllyCTaTHCnt4eCK11M, no11y;,eTepMl'-tll1Cnt4eC~··H OOAXOA, 

onpeAeneHo .i:11-1cnepci.ioHHoe yw11peH11.11 c.peAHeKeaApaTH4HOro JM11TaHca crycTKa. An.si 

Ha4an.a, pacMOTpeH rayccoscKHH cryCTOK c HeKoppelll-iPOBaH'iblM Ha4a/lbHblM ~ayccosCKHM 

JHeprenNecK11M pacnpeAenett11eM, s11eraiow,11M e ycKop11re11b c ... a4al1bHbtMl1 

nonepe4HbtM11 aMnmtryAaM11 (x.,,x(,) KorepeHTHblX 6eTarponYbtX Ko11e6aH11ii. 

no11Y4eHO cr.eAYIOW.ee Bbtpa>t<eHHe Allll 113MeHeHH.ll L\e~rpa T.ll>KeCTH n1'lKa BAO/lb 

yCKop1-ire11S1 

( y,, ) 
12 

i i ) J ] \"i=) = a 0 /~(::) y(z) exP\.--2 ~µ.,' co"I.¢<=)- .90 

rAe .'.Ip,(::) eCTb CpeAHee CMeW.BHHB cpa3bl 6erarpoHHblX K011e6aHHH HepaeHOBeCHOH 

4aCTl1L\bl co cpeAHeKBaApantl.fHblM Ha4a/1bHblM 3HepreTH4eCKHM p~36pocoM u_, 

I /.'i Yo I ( a) ti.p =--n-,tg--·- 1-g 
' 2 2 ti.y a 

BenH4HHa A1-tcnepc1-10HHoro yum~eHHll 3M11TIIHCa crycn<a s ycKOpHre11e onpeAenetta 

aHa/1J.tTH4eCKl1 11 HMeeT cneAYIOW,HH BHA 

a:; y,, [ ( ')] l'.\ecc .~·-e1, = -Z-y I-exp -,',µs 

r.1:1e s,, H & eCTb ecrecrseHHblif 11 cpe,QHeKBaApaTl1'lHblM TeKYU\HH 3MHTaHCbl "Y4Ka. 

Y4HTblBafl, 4TO Be/1H411Ha a,; COOTBeTcTByer n.10ll\aAH Ha4Mf>HOro u.eHrpallbHOro cpa30soro 

3111111nca, ee11H411Ha ywHpeHHll aM11raHca orpaHH4eHa no11os11Hoii nllOU\a,t\H 3MHnca 

KorepeHTHb!X 6erarpoHHblX Ko11e6att111f nYLft<a 

! ( , ') .1e=2 r.,x<"··+2a,x,x: -'-/J,x'· 

3aMeTHM, 4TO Bel1H4HHa AHCnepcHOHHOro ywt-tpeHHll nYLfKa He 3aBl1C11T OT ecrecrseHHoro 

3MHTaHca nYLfKa lot npH SblCOKOH CTeneHH pacwenneHHll "Y4Ka llB/1.lleTCll KPHTM4Hb1M npH 

ycKOpeHHH "Y4KOB,. c Ma/lblM eepTHKaJlbHblM 3MHTaHCOM T.K. MaWHHHblH 3J111Hnc MO>KeT 

3HaYHTe/lbHO npeeoCXOAl-ITb ecreCTBeHHb!H 3MHTaHC ny<lKa. 

B Cl1YLfae Koppe1111poeaHHoro 3Heprern4Pricoro pa36poca, xopowee aHa/1HTH4BCKOe 

i11)'10f1'1,,..,,HHe AHCnepCl'iOH'10rD yw11peHHS! 3Ml1TaHca MO)t(HQ n011YLf11Tb B MO,[\eJ1H 
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PMHOMeptiOro crycrt<a H B '1peAnOn0>Kem1H J.•lHeifHOH .1iHl:.1CHMOCrn ?-;eprnH y3;;·,:.;t1 

BAOnb crycTKa.)J.nf! cpeAHer.u·iAparn'<Horo yw11peHHR 3MHTaHca non)"le"o cne.qyK>.1.;ee 

BbJpalKeHHe 

~ c -~(1 s~'-~,U \ c,, 2 t.11 

r.qe 

• • ~ , 1'1 r.. r I ( a ) I (I " ] <>11~-.!.t'i1g--~. -· l-g --.-· -g) 
· · 2 !'i.y :.a a - I _ 

Ha p11c.5 H 6 np11se.qeHb1 pe3ynbraTb1 rpeKa 4aCTHI.\ H aHanHTHYecKoro np116m1lKeHHR 

Benw-lHHbl AHCnepCHOHHOro YlllHpeHMR nY4Ka, Bbl3Battttoro i<oppen1o1posattHblM 

3HepreTHYeCKHM pa36pocoM s crycTKe, .qnsi octtosttoro ycKop11Ten.11 SBLC . 

.[\anee B pa6ore HccneAOBaHa 3aBHCHMOCTb ,QanbHHX KMJlbBaTepHblX nonei:t, 

B036)')t<AaeMblX B yCKOPRIOlJ.IHX CTPYKTypax, OT creneHH Aecj:>opMa4HH npOAOnbHO­

nonepeYHoro panpe.11eneHMR YaCTHI.\ B crycTKe, Bbl38aHHOro KOppenHpoBaHHblM 

3HeprentYeCKHM pa36pocoM 4aCTHI.\. 

OcHOBHbte pe3ynbrarb1, no11yYeHHb1e a nepeb1x .qeyx rnaeax eropoi:i Yacrn: 

• OOOCHOBaH HOBblH fTOAXOA K 3aAaHHIO 3neKTpOHHO-OnTH4eCKOH CHCTeMe yCKOpHTeJlR Ha 

OCHOBe H3MeHl'itol4eiksi c 3Heprnei:t 4acr114 Ha6era ¢a3bt 6erarpoHHblX Kone6att11if; 

• pa3pa6oraHa MeTOAHKa rlBXO>l(AeHHR aMnnHTYAHblX cPYHKl.\HH BAOnb acero ycKop111enf! 

"PM 3aAaHHOM JaKOHe H3MetieHH$1 Ha6era cPa3bl c 3Hepr11ei4 YaCTHI.\; 

• non,...eHbl aHanHTHYeCKHe BbtpalKeHH.R ,ll/1$1 CMe1.4eHH.R Ha6era cPaJbl 6erarpOHHblX 

Ko.ne6aHMH, Bbl3BaHHoro HaYallbHblM HeKoppenHpoBaHHblM H . reKYL4HM 

KOppellHpOBaHHblM 3HeprerwiecKHM pa36pocoM 4BCTMI.\ B crycrKe; 

• nonyYeHbl BHB/lHTH4eCKMe Bb1palKeHH$1 AJlR AHcnepcHOHHoro yUJHpeHHR 3MHTBHCa 

• 

nY4Ka, Bbl3BBHHoro KBK KOppen11posattHblM TaK H HeKoppenHpoBaHHblM 
3HepreTH4eCKHM pa36pocoM; 

Hccne.qosaHa 3aBHCMMOCTb ,llallbHHX KHJlbBarepHblX nonei:t B 4aCTOTOHOM HHTepaane OT 

creneHH ,llecj:lopMa4HM npo,AOJTbHO-nonepeYHoro panpeAeJJeHHf! 4acr114 e crycrKe; 

• pa3pa6oraHa nporpaMMa ,[\llf! 4HC/1eHHoro TpeKa 4acrn4 BAO/lb ycKopMTenR H nonY4eHo 

xopowee cornacHe pe3y11braro11" rpeKa 4acrn4 c a11an11r114ecKHMH peJynbraraMH 

AHcnepcHOHHOro ywHpeHHR 3MHTaHca fTY4Ka. 
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PHc.5 OrHoct-trenbHOe HeKoppe111-1poeaHHoe AHcnepc110HHoe ywHpeHHe !lMHTaHca nyYKa a 

ocHOBHOM llMHeHHOM ycKopt-tTene SBLC. Cn11owHaS1 nMHHSI - pe3yllbTaTbl rpeKa 4aCTMLI, 

nyHKTHpHaR /lHHHR " aHa/1HTH4eCKHH fTOAXOA. 
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P11c.6 OTHocHrenbHOe Koppe11HpoaaHHoe AHcnepcHOHHoe yw11pe1111e JMHTaHca nyYKa e 

ocHoBHOM llHHeHHOM ycKopHre11e SBLC. CnnowHall nHHHSI - pe3y11brarb1 TpeKa Yacrn4, 

nyHKTHptfoH IMHHR - aHamn..,_,eCK~:i n0n.x·~A. 
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B rpeTl.lH rnase w:cne.r,osatt H np<'.!\llo>KeH MeTnA no1';\aa11ett1.151 HeKOpf:e11Hp08«";i()1"0 

Al1cnepcHoHHoro yw1<peHHR .?MHTaHca n]"4Ka Ha ocr>oae Ha4allbHOro nepepacnpe.c1e11eHHS1 

4acr114 crycTKa Ha cj:la30BOH nnocKOCTl1 B 6e3Al1CnepCHOHHOH apKe, BKJll04il.":)W,eH 

ceKcryno11bHb1e f111H3bl. Cyrb MeTOAa e 3a1<11104erc51 a cneAy10w,eM. KaK H3Becrtto, npw 

KOrepeHTHbtX KOne6aHHSIX OY4Ka, 4aCTHU,bl cryCTKa c pa3JlH4HblMH HeKoppenHpOBaHHblMH 

Hal.fa/lbHblMH OTK!lOHeHHSIMl1 3HepflAH OT paBliOBeCHOH, HMelOT pa311114Hble 4aCTOTbl 

6erarpOHHblX KOJ1e6,niHH B ycKOpHrene 11 "no3roMy pacw,enflSllOTCSI Ha cj:la30BOH n/IOCKOCTl1 

nonepe4HblX 6erarpOHHblX KOlle6aHHH (pHC. 7a). 4acntu,bt c BblCOKOH 3Heprneii HMetOT 

MeHbWYtO 4acrory 6erarpoHHbtX Kone6attHii, rorAa Kat< 4aCTHU,bt c HH3KOH 3Heprneii 

HMetor l.facrory 6erarpOHHblX K011e6aHHH BblWe 4aCTOTbl KO/le6aHHH paBHOBeCHOH 

l.faCTH4bl. 3ro 06yc11oe11eHO ecreCTBeHHOH orp114arellbHOH xpoMaTH~HOCTbto 

<j:loKyCHpytoW,eM CHCTeMbl /IHHeMHOfO YCKOpHTe/151. npHl.feM cpeAHeKBaAPaTH4HblH Ha6er 

cj)a3bt ttepaeHoeecHoi::i 4acrH4b1 o6blYHO He npeeocxo,q11r eAHHHU,bt. Tor,qa, nponycrne 

Ha4a/lbHblH crycTOK c HeKoppellHpOB8HHblM Ha4aJ1bHblM crycTl(OM Yepe3 

6eJAHCnepcHOHHyto apKy c nonO>KHTe/lbHOH xpoMBn14HOCTblO, o6ecne4HBaeMOH 

ceKcrynollbHblMH /IHH3aMH, 4aCTH4bl crycrKa nepepacnpe,qen.RTCSI Ha cjJa3o,eoi1 nJlOCKOCTH 

nonepe4Hb1X KOlle6aHHH o6paTHO npo4eccy pacwenneHHR OyYKa B OCHOBHOM YCKOp1.nene 

(p11c. 76). no Mepe ycKOpeHHR , HepaBHOBeCHble 4BCTHL\bl Ha cj:la30BOH OllOCKOCTH 6'/AY.T 

crpeMHTbCR K paBHOBeCHOH Yacrnu,e 38 C4eT OTpHu,arenbHOH XpoMaTINHOCTH 

<j:loKycHpyiow,eH CHCTeMbl OCHOBHoro yCKOpHTeJle. 

nollO>KHTe/lbHbl;; Ha6er cpa3bl .\µ B 6eJ,!IHCnepcHOHHOH apKe o6ecne4HBaeTC.ll napoH 

ceKcryno/lbHblX J1HH3 • pacnO/IO>KeHHblX 3a cpaKycHpytow,HMH KBaApynOJlbHblMH /IHH3aMH. 

Ha6er cj)aJbt Me>K,qy KBBApyno11RMH 11 CHllbl ceKcrynonbHblX J1HH3 CBR3aHbt npH 3TOM 

COOTHOUJeHHRMH 

R, 'lift. = R, qjJ, 

u. R, '1,/3, L~_. = !J.µ 

7f 
gl(z,) - ~z,) = 2 

r.t:1e R -CH11a ceKcrynollbHoH llHH3bl, '1 -cj:lyHKL\HSI AHcnepCHH, f3 -6erarpOHHasi cPYHKL\HSI 

, ¢ - cj)aJa 6erarpoHHblX K0/1e6aHHM. noeeAeHHe CpeAHeKea,qpaTHYHOfO 3MHTBHCa B 

OCHOBHOM YCKOPHTe11e npH npeABaPHTellbHOM nepepacnpeAelleHHl-I "Y4KB noKa3aHO Ha 
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PHc. 7 <l>a30Bb1e 311111-1ncb1 pasHeCHOH H HepaaHoeecHblX Yacr114: a) yw11peH1-1e 3MHTaHca 

"Y4Ka B KOHL\e /lHHeHHoro YCKOpHrensi, 6) HaYaJlbHoe npepacnpeAelleHHe cPa30BblX 

3/1/lHncoe B axpoMaTH4HOH CHCTeMe c no/lO>KHTe/lbHOH xpoMaTH4HOCTblO. 
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PHc.8 no.t:1asneHHe HeKoppe111-1poeaHHOro AHCnepCHOHHoro YWHpeHH.11 3MHTBHCa OYl.fKa 

BAO/lb YCKOpHrenR npH nonO>KHTeJlbHOH Ha4allbHOM XpoMaTH4HOCTH OY4Ka (rpeK 4acrn4). 
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Sa>KHblM C/leACTBHeM, llBilReTCll YTO HaYanbHOe AHcnepCHOHHoe ywH,:,eHHe 3M!-1TaHCa 

conpoeO>KAileTCll 3aryxaH11eM HaYanbHblX KorepeHTHblX KO/le6a~ti<H nyYKa H KaK cneACTBHe 

npHBOAHT K noAaBJleHHIO nonep .. :··HblX KHnbaarepHblX noneii • 6bl3BaHHblX KOrepeHTHblMH 

6erarpoHHblMH Kone6aHHllMH nyYKa BAOnb OCHOBHoro ycKop11rem1. Ha p11c.9 np11BeAeHbl 

KorepeHTHble Kcne6aH1111 4eHrpa Tlllt<eCTH nyi;Ka e ocHOBHOM ycKop11rene SBLC 6e3 

c11creMbl ¢opM11poeaHHll nyYKa (9a) 11 c npeAeap11renbHblM nepepacnpeAeneHHeM nY'IKa 

Ha cpa30BOH nnocKOCTH B 6e3AHCnepCHOHHOH apKe c noJ10>Kl1TenbHOH XpoMaTHYHOCTblO 

(96). AMnmtryAa Kone6aHHH Ha Ha'lanbHOH CTaAHl1 YCKOp11ren11 AO 50reB, rAe Ha116onee 

KPHTH'lHbl OAHOCryCTKOBaR H MHorocryCTKOBall HeycTOHYHBOCTH OyYKa, 3aryxaer noYTH Ha 

ABa nopRAKa. 
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PHc.9 KorepeHTHble Kone6aH11R ny<1Ka BAO/lb ycKop11renR:a) 6e3 npeABaPHTe/lbHOro 

cpopMHpoBaHHll OY'!KB, 6) c npeABapwrenbHblM cpopMHDOBBHMBM nyYKa B axpOMBTH'~ecKOH 

apKe c nc/IOlt<HTell~HOH xpoMaH1'-IHOCTl>IO. 

IX 

HaH6011e··) aa>t<Hb:e MoMeHTbl, orpa>KeHHb:G a JTOH rna;;e, rai<oebl : 

• npeA/IO>KeH 11 HCClleAOBaH MeTOA npeABi1pHTe/lbHOrc nepepacnpeAe11e;;1111 4BCTH4 Ha 

cjlaJOaoii nnocKocr11_ A/Ill noAaaneH1111 g11cnepcHnHHoro yw11peHHll 3M1HaHca nyYKa, 

Bbl3BBHHoro HeKoppem1poaaHHblM HB'-"ll1bHblM JHeprerw1eC'<HM pa36pocoM 4aCTHl,I B 

ny<1Ke; 

• npoaHa/IHJHposaHbl OCHOBHble rpe6oeaHHll K axpOMBTHYHOH CHCTeMe ¢opM11poeaHHll 

nyYKa, BKJ110Ya10ll.leH ceKcrynonbHble /IMH3bl; 

• noKa3aHo, YTo nepepacnpeAeneH11e YacTH4 conpoeo>KAaercsi noAaeneHHeM aMnllHTYAbl 

KorepeHTHblX 6erarpoHHblX KOt1e6aHHM B HH3K03HepreTHYHOH YaCTH YCKOpHTe/lll. 

B _ _!:!en1eproil r.naae 00Apo6Ho pacMOTpeHa OAHOCrycTKOBBll 11 MHOrocrycTKOBBSI 

Hecra611nbHOCTH n}"-IKa B JlHHeHHOM ycKopwrene B 3BBHCHMOCTl1 OT 3aKOHa 113MeHeHHSI 

Ha6era cpaJbl 6eraTpoHHblX KOne6aHHH B OCHOBHOM yCKOPHTene • 

noKa3aHO, 4TO B nepeoM np11611H>KeHHH no KOrepeHTHblM Kone6aHHllM YaCTH4 • KOrAa 

eeAYIL\He 4BTH4bl He HCOblTblBBIOT nonepe4Horo KHllbBaTepHoro nonsi • a OOC/leAYIOIL\He 

YaCTH4bl HCOblTblBalOT H3MeHeH11e nonepeYHOro HMOYJlbCa 3a CYeT nonepe4HOH CH/lbl 

KH/lbBaTepHoro nonsi , yeen11YeH11e JMHTaHca nyYKa e 06011x cny<1asix, onpeAenS1ercll 

COOTHOWeHHeM 

a' (e(]uJ,c)' y., F'(g,a) ae==2 2G i" 

r.qe BB,IWIJ.\1'1H YlleH F(g,a) onpeAeJllleTCll 3/leKTpOHHO-OnntYeCKOH CHCT~MOH ycKop11rensi 

H npH :;ia.qaHHOM 3aKOHe 113MeHeHHSI Ha6era cpa3bl HMeer BHA 

F(g,a) =-·~;[(g" - l)-tg 2 ~ (g" -!)] 
2atg ~-

Ba)l(Hb1M C/leACTBl1eM no11y<1eHHOH epopMyllbl llB/llleTCR B03MO)KHOCTb KOHTpollR 

OAHOCfYCTKOOM 11 MHorocrycTKOBOM Hecra61111bHOCTeH nyYKa Bbl6opoM Ha6era cpa3bl 

6erarpoHHblX KOJ1e6aHl1H B HaYane YCKOPHTeJlll H 3BKOHOM H3MeHeHHll ere BAO/lb 

ycKop11re1111. Ha p11c. 10 np11ee.qeHa eeJlH'<HHa cPaKropa ywHpeH11Sl JMHTaHca ny<1Ka F' e 

3BBl1CHMOCTH OT rpe6oeaHHM K cPoKYCHPYIOIL\eH CHCTeMe. noKa3aHbl C/lyYa11: 

a) 061L1enpHHllTOH ¢ot<ycHpoBKH c OOCTOSIHHblM Ha6eroM cpa3bl, HO c aMn/IHTYAHOH 

6erarpoHHOH cpyHK4HeH MeHSllOIL\eHCSI KSK KOpeHb KBa.qpaTHblH c 3HeprtteH YBCTl14 

(nVHKTHpHaSI /IHHHSI), 6) cPoKYCHpOBKa c nOCTOSIHHblM Ha6eroM cpa3bl H aMO/IHTYAHOH 

¢YH1<411eii, nepHOA114eCKOH BAOJlb YCKOpHTellR (TOYe4Hasl /IHHHSI), B) nepeMeHHblM Ha6eroM 

I'> 



cj:>a3bl, onpeAemieMblM HJMeHet1HeM xpm-1arn4HOCr'1 KaK KopeHb KBaApaTMblH c Jr1eprneii 

(cnllOWHble llHHHH). BHAHO, 4TO npaB>tllbHblH Bbi6op cjloKyCHPYIOU.\eH CHCTeMbl BO MHOroM 

6yAeT onpeAellllTb ycTOH4HBOCTb ny4Ka BAOllb YCKOPHTellll. 
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PHc 10. Yw11peHHe cpeAHeKBa,[lpaTH4Horo 3MHTaHca OY'!Ka (OAHOCryCTKoea;i H 

MHOrocryCTKOBall HeyCTOM4HBOCTH OY4Ka) npH: a) HJMeHeHHH 6eTaTpOHHOH cpyHKL\HH KaK 

KopeHb KBa,[\paTHblH OT 3HeprHH (nyHKTHpHa.A llHHHS!), 6) 6eTaTpOHHall cpyHKL\HSI He 

JaBHCl1T OT JHeprHM (ro4e4Hall llHHHll), a) HJMeHeHHe xpoMaTH4HOCTH K3K KopeHb 

KBaAP3THblH OT JHeprnH (cn110WHble llHHHH). 

0AHHM HJ 83>KHblX OOAXOAOB K npo611eMe coxpaHeHHSI JMHTaHca OY4Ka B JlHHeHHblX 

ycKopHTellllX llBJllleTcll o6ecne4eHHe aarocpaJHpoeKH 4acTHL\· BHYTPH crycTKa AJlll 

noAaeneHHSI OAHOCryCTKOBOH HeycrOH4HBOCTH OY4Ka. 

li!seecrHoe peweHHe aerocpaJHposKH 43CTHL\ npeAnonaraer HJMeHeHHe aMnllHTYAHOii 

cpyHKLl,HH ycKopmenA c JHeprneit 4aCTHLI,. 0AHaKO, TaKOH OOAXOA OAHOBpeMeHHO c 

OOA3BlleHHeM OAHOcrycTKOBOH HeyCTOH4HBOCTH npHBOAHT K pacKa4Ke MHOrocryCTKOBOH 

Heycroi:i4YIBOCTH, 'ITO 3Ha4HTeilbHO yc11v~·t~t1:ier noo6ne"v coxpaHeH~rn 

cpe,[1HeKBaApaTH4HOro 3MHTaHca OY4Ka B OCHOBHOM ycKopHTelle. B AHCCepra4HH 
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no,1.1po6Ho :.icc11e,1.1oeaHa npn611eMa aero(f;aJHPOBKH 1.1.1•'.T>'IL\ npll HJMeHe,.,;::1 Hahera cpa3bl 

6erarpoHHblX Ko11e6aH>h~ c 3Heprne;< 4acn14. 

noKaJaHO, 4TO ycllOBH>l aeTocpa31<pcaKH BblOOJlHlllOTCSI npH H3MeHeHHl1 Ha6era cj:laJt>• 

6erarpOHHblX KOJ1e6aHHH cornacHO JaKOHY 

,- '1, 
rg'u,, = tgf!_'.' r"-1 -

2 2 ',Y.J 

coxpaHRll npH 3TOM MaJlblM aMnl!HTYAY 6erarpoHHblX K011e6aHHH nocpeACTBOM Bb16opa 

Ha6era cpa3bl 6eraTpOHHblX Ko11e6aHHH 3a nepeblil nepHOA nopRAKa 130 rpaAycoe. KaK 

Cl!eACTBHe, CYL!.\eCTBeHHO OOAaB/l.AeTCll MHOrocryCTKOBaSI HeycTOH"IHBOCTb OY4Ka. npH JTOM 

rpe6oeaHHll K KOppellHpOBaHHOMY 3HepreTM"leCKOMy pa36pocy BHYTPH crycTKa TaK>Ke 

cylJ.leCTBeHHO 0611er4aJOTCll 

C •. L.""l' 8=--,-
c 41g- µ, ;2 

Ha PHC. 11 npHBeAeH rpe6yeMblH Ha'ianbHblH H TeKyll.\HH KOppenHpOB3HHbli71 

' JHeprern"leCKHM pa36pocbl 4aCTHL\ BHyrpH crycrKa ( B ABYX"laCTH4HOH MO,[\e/IH crycTKa) H 

cpaKrop YlJ.lloipeHHSI JMHTaHca npH AeCHTMKpaTHOM yeellll"leHHH JHeprHH OY4Ka a 

JaBHCHMOCTH OT Ha6era cpa3bl Ha nepBOM .A4eiiKe cpoKyCHPYIOL!.\eH CHCTeMbl • BHAHO, 'ITO 

Ha"laJlbHblH Ha6er cpa3bl 6erarpOHHblX KOJ1e6aHHH µ, "' 130" SIBJlSleTCll OnTHMaJlbHblM ' KaK 

c T04KH 3peHHll BbJnOnHeHHR YCllOBHH aarocpa3HpOBKH "13CTHl.I BHYTPH Ka)l(Aoro crycTKa, 

raK H ·c TO"IKH 3peHHSI cra6HJ1H3al.IH!o! MHorocrycTKOBOM HeycTOM4HBOCTH nY4Ka. OcHOBHble 

pe3yllbTaTbl JTOH rnaBbl: 

• nonY4eHbl aHallHTH4eCKHe Bb1pa>KeHH.A All.A cpeAHeKBaApaTH4Horo yeeJTH4eHHll 

JMHTaHca nY4K3 ' Bbl3BaHHoro KOrepeHTHblMH KOJ1e6aHHSIMH OY4Ka H nonepe4Hb1MH 

KHJlbBarepHblMH non;iMH, npH BapHpoeaHHH Ha6era cpa3bl 6eTaTpOHHblX KOlle6aHHH 

BAOllb yCKOpHtensi; 

• noKa3aHO, 'ITO OJIHOCryCTKOBall H MHorocryCTKOBa.A Hecra6HJ1bHOCTH nY4Ka 

CYL!.\BCTBeHHO 3aBHCSIT OT Bbl6opa Ha6era cpa3bl B H34a/le ycKOpHTe11;i H JaKOHa ero 

HJMt!HeHHSI BAOllb ycKopHTellll; 

• Hait.qeHbl YCllOBHSI aerocpa3HpoBKH 4aCTHLI B crycrKe npH HJMeHeHHH Ha6ere cpa3bl 

6eraTpoHHblX KOJ1e6aHHH BAOl!b ycKOpHTeAA; 

• noKaJaHO,"ITO nOABBlleHHe 0,1.\HOCryCTKOBOH HeycTOH4HBOCTH 6eraTpoHHblX KOne6aHHM 

conpoeO>K,[\aeTC;t OAHOBpeMeHHblM oc11a611eHHeM MHorocryCTKOBOH HeycTOH4HBOCTH 

npH BbiOOpe tPa3bl Ha4aJ1bHb1X 6erarpoHHblX KOJ1e6aHHM 130 rpa,qycoe; 
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• noKa·.taHO, 4TO ;oec.H nOA)(OA K asrocpa3HpOBKe 4aCTHU. Ha OCHOBe HJMeHllh'.ll.;erocll c 

JHepnte~ 4acrnu. Ha6era cj:JaJbt 6eraTpOHHblX Ko11e6aHHi1, cyw.ecreeHHo yMeHbWaer 

Tpe(/eMblH KOppenHpoaaHHblH 3Heprern4eCKHH pa36poc 48CTHLI B crycTKe. 
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PHc.11 Ha4allbHblH H TeKYl.l.\HH Koppem-ipoaaHblH 3HepreTH4eCKHe pa36pocbl e crycrKe npM 

aaro<t:iaJMpOBKe (cnJlOWHBll JlHHHll) H cj:JaKTOp ywHpeHHR 3MHTBHCa OY'fKa B 

MHOrocrycTKOBOM pe>t<i.tMe. 

B. rnaae nRToii 11ccneAOBaHb1 HeKoropb1e npo611eMbl coxpaHeHMll 3MHTaHca nY'fKa npH 

HeT04HOCTH ycTaHOBKH <PoKYCHPYIOW.1-tX 11HH3 "' ycKOplliOUJ.HX ceKU.HM BAO/lb ycKop11rem1. 

PaccMorpeHo BOJMYL1.1eH11e L1eHrpa11bHOH rpaeKropMH ny<1Ka BblJBaHHOe HeT04HOCTblO 

ycraHOBKH KBa,[\pyno/lbHblX /IHH3 B,[\0/lb YCK0pl1Tellll H KOppeKL\Hll 1.1eHrpal1bHOH 

rpaeKTOpHH OT 11HH3bl K J1HH3e. 

noKB3BHO, 4TO peweHHe ypaaHeHMll ABH>KeHHll, COOTBeTCTB)llOW.ee B03MyW.eHHOi:t 

L1eHrpallbHOH TpaeKTOpl-IH "Y4KB, MO)l(HO npe,t1crae11Tb B Bi.t,tle 

. ( !P(=l,,., rnrr . 
x, :) = V f(:) 7""• .,,x, vP.• k sm[IP(:)-IP(:k)] 

f AC /1 ( ::). ¢ L:) - TeKyw.He 3Ha4eHHll aMnllMTYAHOi:t cj:JyHKU.HH H cj;a3bl nonepe4Hb!X 

6erarpoHHbl)\ KOne6aHHH, I., -AllHHB KBa,11pynOllbHOH 11HH3bl. Be/lH4HHbl c MH,lleKCOM k 
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COOTB>... 16Y'DT HX lHi·l'~P.HHllM a k - OM K8a,Qpyno11e. npe,11no11arat:l'.:l1 

OTKJlOHc '11-!7! JlHH.1 OT uCH He KOppe1111poBBHbl APYr c ,11pyroM H 

•;:·o Cf1Y'.U::iHb1e 

c,1eAOBaT;!JlbHO 

nepet<pec THb!e '1/lel!bl He ABIOT BK11aAa B cpe,11HeKBaApBTH4HOe CMeLt(eH1-1e u.eHrpa11bHOH 

rpaeKTOpl-IH ( .·• x, ... , '"·' 0 npH k .t. I ) 

<X ' fl(=)" ' ' . . ' - - . x4 >-~:-- · L..K,l • .f1J, sm [¢(.)-¢(.,)] 
I (z) , 

"..-.:::• 

r,11e < ...; >I' cpe,11HeKaa,11parn4Hoe CMew.eHHe 1.1eHTpo8 /ll>IH3 OTHOCHTel1bHO OCJ.1. Ha 3TOH 

CTBAHH. BBeAeH, aHanorw~HO ceo60,11HblM 6erarpoHHblM' Kone6aHHllM 4aCTHl.I, 

cpe,llHeKsa,11parH4HblH B03Myu.\eHHblH TeKYLJ.!HH cj:Ja30BblH 311/lHnc nY4KB 

r < x,' ., +2a < x.x; > ~Ji"' x~' >= A' 

r,11e A' ecTb n1101..4a,11b BOJMYLI.!eHHoro ¢aJoeoro 3iJ11ttnca (Ae11eHHBR Half ). nonY'feHo 

T04HOe aHaJ1HTH4eCKOe Bblpa>KeHHe AllR nf10ll.\a.QH B03MYll.leHHOro cj:Ja30BOro 31111Hnca 

, <X~ > E, µ /~0 [( E(z))' J 
A- = 8TJ.I;'g-2 E(z) 'L 11

0 
-: l 

r,11e f;., '/,"(z) - HB4B11bHall H reKy1!4al1 paBHOBeCHall JHeprHll nyt!Ka, ~ - npMpocT 

3HeprHH Ha e,QHHHLIY A11HHbl. Cpe,llHeKaa,llparH4Hoe cMeW.eHHe 11MH3 CBSJJaHo c ,[\onycKOM 

a,, COOTHOWeH1-1eM Cl~ ~ 3 < x: >. 

Ha P•K.12 npHBeAero 1-1.~MeHeH1-1e n1101..4aAM cpe,t1HeKBaAPBTH4Horo BOJMYlJ.\eHttoro 

cj:JaJoaoro 3111111nca BAO/lb octtoaHOro ycKop11ren11 SBLC Allll 25, 50 M 100 Ha6opoa 

C11Y4aHHblX paBHOBepOSITHblX OTKl10HeHHH 11HH3 OT OCH M BHBJIHTH<teCKoe npeACKB3aHHe. 

KaK Mb! BHAHM, pe3y11bTaTb1 TpeKa 4aCTHLI xopowo cornacytorcll c aHa/lHTM4eCKHM npM 

npoee,11eHHH ycpe,11HeHMll cpeAHeKea,11paTH4HOH B03MYll.leHHOH rpaeKTOpMM no 100 H 6011ee 

Ha6opaM CME!W.eHHi:t 11MH3. 3aMeTHM TaK>Ke, 4TO AB>Ke npM ycpe,llHeHHH no 50 Ha6opaM 

OTK/lOHeHHH, cpe,QHeKBa,[\paTH4HblH cj:Ja30BblH 311/lHnc 3Ha4MTellbHO paCXOAHTCll c 

peal1bHblM np11 JHeprJ.tRX 3JleKTpoHOB 6onee 100 feB • 4TO Heo6XOAHMO MMeTb BB11AY np11 

HHTepnpeTBU.HH peJyllbTaTOB rpeKa 4BCTH1..1 Allll onpe,11e11eHl1$1 cpeAHeKBBAPBTM'·IHOrO 

yw11peHHll 3Ml1TBHCa n}l'IKa Ha BblXO,[\e M3 YCKOpHTe/111. 
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Pvtc.12 V13MeHeHHe nllOlJ.laAH B03MYlJ.leHHOro cpa300oro 311/lHnca BAO/lb OCHOBHOro 

ycKoprne1m llHHeHHoro Ko1111ai1Aepa SBLC . 1- aHa11HniYecKoe npeACTaeneHHe; 2-

ycpeAHeHHe no 25 Ha6opaM OTK/lOHett11i1, 3- ycpeAHeH11e no 50 Ha6opaM, 4 ycpeAHeHHe 

no 100 Ha6opaM C/lyYaHHblX OTKllOHeHHH 11HH3 OT OCH. 

.flCHO, 4TO Heo6XOAHMa KoppeK4HR 4eHrpallbHOi1 rpaeKTOpHH nyYKa B /lHHei1HOM 

ycKopHTe11e: B pa6ore noAp06Ho HCClleAOBaHa KOppeK4H.R 4eHrpallbHOi1 rpaeKTOPMH OT 

/1HH3bl K /ll1H3e. no11y1.4eHa aHaJU.t:rH'leCKaR 04eHKa AllR ee/1H4HHbl AHCCnepCMOHHOrO 

ywi.;peHHR nY1.4Ka a o6lJ.leM c11y1.4ae HJMeHeHHR tta6era cpa3bl 6erarpoHHblX Ko11e6aHHi1 

BAO/lb yCKOPHTell.R, KOTOpaR O[lpeAell.ReTCR cj:lopMy11oi1 

•-'· µ,I .. ) 
. ':: ~~-:: .!~-1g·--g(I- g· nl' = 80., I., 6.y 2 a 

11 xopowo cornacyerc.R c pe3yllbTaTaMH rpeKa 4aCTH4 s ycKop11re11e. 

.[lanee e TOH >Ke rnaee pacMorpetto ywHpeHMe 3MHTattca nY1.4Ka, · BblJBaHHOro HeT04HOCTblO 

yc-t~HQBnK yc.r.c.p.RIOlJ.\HX CeK4Hi:i BAO/lb YCKOp>tTCJ"..R. no11Y1.4eHO Bblpa>t<eHHe Allil 

cpeAHeKBaApaTH4HOro yeellH'·leHHl'I 3MHTattca c cpaKTOpoM ywHpeHH.R 

2~ 

I t1· - .• 

'(.!.!.a)7 · g II··,.: ·j 
a 

Hecra6HllbHa.R o6nacrb no tL npH JTOM cMel.J.\aerc.R e 0611acrb a · I . 

OcHOBHble pe.3y11bTaTbl JTOH rne1Bbl : 

• BBeAeH 803~YlJ.\eHHblH cpa30BblH 311/lHnc YCKOpHTell.R, n11ou.i.aAb KOTCporo HMeeT T04HOe 

aHallHTH4eCKOe Bblpa>t<eHHe, onpeAeJU1eMoe OCHOBHblMH napaMerpaMH ycKOpHTe/lR H 

cpeAHeKBaAparn4HblM CMell.(eHHeM KBaAPYnO/lbHblX /lHHJ; 

• HaHAeHO cjlH3H4eCKH o6ocHOBaHHOe YC/lOBHe AOCTOBepHOCTH peJyllbTaTOB rpeKa 

4aCTH4 B YCKOPHTe/le npH c11y1.4ai1HOM JaAaHHH _CMe1.4eHHH KBaApynOJlbHblX /1HH3 OT 

OCH; 

• nO/lY4eHO Bblpa>t<eHMe ,q11R CpeAHeKBaApaTH4HOro ywHpeHHll 3MHTaHCa npM KoppeK4HH 

4eHrpallbHOH 7paeKTOpHH OT /111H3bl K ITHH3e; 

• HCCJTeAOBaHbl HeT<"J4HOCTH ycraHOBKH yCKOPRIOLU,HX ceK4Hi1 H noKaJaHo, 4TO npH 

aHanorH4Hb!X YC/lOBHSIX, 3Cj:lcj)eKT ytuMpeHH.R Ha nopllAOK MeHbWe 4eM npH 

Kor:epeHTHb!X KO/le6aHHllX nyYKa; 

B wecroi1.. rnaee HCC/leAOBaHbl 3cjl<peKTbl KHJlbBaTepHoro no11;i B 0611acTH cj:lHHallbHOH 

cpoKycwpoeKH 4acrn4 • PaccMorpeHo s11H.RHHe Ha ,:l,HHaMHKY ny1.4Ka nonepe4HblX no11ei:t, 

BOJ6y>t<AaeMblX npH BlleTe H Bbl/leTe cryCT!(a H3 KBaApynO/lbHOM 11HH3bl c aneprypoi:t 

nopSIAKa 1MM. VlccJleAOBaHO B/lHllHHe KOHe4HOH npOBOAHMOCTH creHOK Ha Aecj:lopMa4HIO 

nyYKa B T04Ke cjlHHa/lbHOH cj:loKyCHpOBKH. noKaJaHO, 4TO B TaKHX CTpyKpypax 

AOMHHHPYIOl.41iMH llBJll'llOTCll 3Cj:lcpeKTbl KH/lbBaTepHoro no11.R ' Bbl3BaHHble KOHe4HOH 

npOBOAHMOCTblO CTeHOK. 

B ceJlbMOH r11a&e HccneAo&aHbl aonpocb1 yw11peHHS1 3MHTaHca nY4Ka a Ha4a/lbHOM ceK411H 

recrosoro ycKop11re11S1 H yc11oe11.R cj:lopMHposaHHll.Ha4anbHOro cpa30eoro pacnpeAeneHH.R 

4aCTH4 AllR 3cjlcjleKTHSHoro ycKopeHHR 4acrn4. Pe3yllbTaTbl AaHHOi1 rnaBbl 11ernH s ocHoey 

npM eb16ope cHcTeMbl cj:loKyc11poeKH recrosoro yCKOP11Te11.R SBLC . 

3aK/llO'leHHe co11ep>KHT nepe4HC/1eHMe OCHOBHblX peJYllbTaTOB paOOTbl . 

~:' 



~:a ·,·"dC·?::t~ npoB·-",.\c:·1 Hb!X ~cc1: 1 ~f\08aHvti:i, BblABYf':y"i H o6c~~;HoeaH HOBblH Mero.a; YCKOpeHH/i 

K\.1;1>,~aTeP""'"' ~OflC:M c BblCOK\.1M K03<jxpHL\HeHTOM TpaHcqiopMal\HH. B03DV'«{\aeMblM 

noc neAoaa. : 1:nHOCTbi0 rayccoecKf1x cryc<KOB a AWa,-pparM>tposaH~<oH ycKop>i10w,ef! 

CTpyKType. 

npe,!\l'.O>t<eHa H HCCJleAOBaHa KOH4en4\.1Jl cj:loKyc1-tpoB<•l BAOnb m1HeMHOrc• ycKOpHTeJJJl Ha 

OCHOBe H3MeH>!IOW.eik>I c 3Heprnei'.i 4aCTMl\ Ha6era cPa3bl nonepe4HblX 6eraTpOHHblX 

K011e6aH;1fi. nony<leHbl aHaJJHTH4eCKIAe Bblpa>KeHHJl All>! 3<jxpeKTOB YWHpeHfUI 3MW'1HCa H 

pa3pa6oraHa MeTOAHKa onpeAefleHH>I napaMeTpoB 3JJeKTpOHHO-onrn«eCKOi1 CHCTeMbl 

ycKOpHTeJISl. 

npeA110)1(eH H HCCJJe,qoeaH MeTOA nOAaa/leHHJl HeKoppe111o1poeaHHOro AHCnepCl-IOHHOro 

yw1-1peHH>I 3MHTaHCa ny<lKa B llHHeHHblX ycKOpHTellilX. noAXOA OCHOBaH Ha 

npeABapHTe/lbHOM nepepacnpeAeJJeHHM l.faCTHL\ cryCTKa Ha cj:la30BOM nnOCKOCTM B 

6e3AHCnepCHOHHOH apKe, BKJJI04alOW.eH ceKcTynOllbHble 11HH3bl, Alll'I o6ecne4eHHJl 

nollO>KHTellbHOM xpoMaTM4HOCTH nYl.fKa. 

i'lccneA083H H npeAJJO>KeH MeTOA aBTOcPa3HPOBKH 4aCTHLI Ha OCHOBe H3MeHJllOW.eHCJl c 

3Heprnei't 4aCTHL\ Ha6era cPa3bl 6erarpoHHblX Ko11e6aHMH, n03BOlll'llOLl.\eM noAaBMTb 

OAHOCryCTKOBYIO HeycTOH4MBOCTb nyYKa c OAHOspeMeHHOH cra6HllH3af..1MeH MHOrony<lKOBOH 

HeycTOH4HBOCTH. noKa3aHO, 4TO npeAllO>t<eHHblM MeTOA HMeeT cyw.ecreeHHble 

npeHMyLL\eCTBa no cpaaHeHHIO c H3BeCTHblMH AO CHX nop nO,[\XOAaMH. 

Vlccne,o.oeaHbl 3cj:lcj:>eKTbl KMllbBarepHoro no11>1 B 0611acTH cj:>HHallbHOH ¢>oKYCHpOBKH 

4aCTHL\. 
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High Gradient Wakefield Acceleration of Charged Partk/es and the Dvnamics 

of Low Emittance Beams 

Resume 

The work is connected to wakefield generation with high transformation ratio by the 

intensive charged particles beams and c:tynamics of low emittance electron beams. 

The main contributions are as follows. 
Based on the carry out study, the new wakefield acceleration concept with high 

transformation ratio driven by the train of the gaussian bunches is proposed. 

The new concept of the focusing lattice scaling along the linear accelerators has been 

developed. The basic approach is the scaling of the phase advance per cell with the 

particles energy enstead of the usual beta scaling. The analytical expressions for the 

displrsive and wakefields emittance dilution are obtained. The procedure to define the 

linear optics of the machine is developed. 

The new method developed to suppress un·:orrela•ed dispersive emittance dilution in 

high energy linear accelerators. The method based on the pre-dilution of the beam at the 

stage of the injection at the achromatic arc cell with positive chromaticity. 

The new autophasing solution, based on the chromaticity scaling along the linac, is 

obtained. The new solution allowed to suppress the single bunch instability keeping ~man 
the amplitude of coherent betatron oscillation, which in turn reduces the multibunch 

beam instability. It is shown, that the new approach has a significant advantages with 

the respect to required correlated energy spread and the multibunch beam dynamics. 

,, 
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'lwuI11f1 lJl.jpmiJ! t~wljmCim.I 

{JlB.P.Utlflf'•lUU tnnn.l>l(bbf'l> r~UP:JP-Cl-PU'l-N/'USUill•'l.. ..P.f>lllUShPUm•'l.. 

UPU<l-UBOMf I. <I>n.f!P tm•SU"t.UO•l <I>"l,Qbf'l> 'l-fluUlrt>ltUu 

Ufi$m.fmui. 

Uzfuwlllwu90 ui.J.tipi.J.w6 t [llg9wl[n11U.w6 owuuti4ubppg pwri.4wgw6 pwCu~pmljubpp 
w11w2wgpw6 u m11wuu~npuwgtiw1f1 llb6 Q.np6w4pg mubgnri. P'1LU.wpbf1WJ'1Ci 
11w2lllb11f1 u l(in911 tw1uw4wC1 tutipwuu mubgnf'J. ttb4lllflnf.twif1u l(iu2bn'1 11tiuwup4w1ti 
tur.t11f1n1Jt11Q: 

'-lwuiwpi.J.w6 hbmwqm.nmp1muub11ti W11'lJmCi9Cib11'1 htiuwu i.triw w11w2w11ntlmll 
I.. hj'luuwi.J.n11LJ.mll t wpwQ.wguwu unp oriwuw4 DPLlf.wpbflWJfllJ 11w2lllmli, npu muti 
UlflWUU!jlnpllwgpwJti ub6 Q.np6w4f1g u Q.pQ.m{w6 t Q.wmUJWU Lflu2bfl'1 t.nwppbpwljwCI 
hw2n1111wljwC!mp1wllp' 11tiw~pwqul{w6 wpwQ.wgmg1w1tiC1 hwuw4wpQmu: 

U11w2w114LJ.w6 u hbt.nwqm.ni.twa t Q.6WJ'1Ci wpwQ.wgmg1ti bp4wJu90LJ. l(iu2bri'1 
4tiqw4ttnuwll !uCi11f1110' hj'lll!J4.w6 uwuCJti4Cibp'1 tubpQ.f1wJti 4wfuuwu 4.riw [WJuwljwu 
pblllwt.npnuwitiu t.nwt.nwf.tmuubrti hw6wwtuwl.jwCJmp1mupg: Umwgi.J.bt bu tutirawCJuti 
LWJCJwgllw(J hwilwp WUWl'1Ul'14w4wCi Wf'llI1WhUJJU1nLpjnLUCib[l u u2w4LJ.w6 t 
wpwQ.wgmg1ti t1bl.jlllpnuwollllllti4w4wCi hwuw4w11Q.'1 npnzllwCi bf'J.wCJw4i:r 

U11w2wp4LJ.w6 u hbU1wqnll14,w6 t c+6w1tiCJ wpwQ.wgmgti1CJbpbLl1 Lf1Ci2'1 
tutipwuuti 14nDbtwg4w6 ri.JiuU1b11utiw1ti LWJf.twguwCJo hwljwq11nl'J. briwCiwlj: UJu 
bqwuw4o htiuul{wa t pwOa11m4mu n1 11tiuU1b11utiw1f1Ci ~11b11mu lllbf'J.w4witlw6 
ubeupnufm1witiu nuUjCIJwl.jubpnq uwuuti4Cibpti l{bpwpwzfuuwu b11wuw4p 4.rw' upwf.tg 
ll'lmtwJtiCJ hwppmpiwu i.102, flum WU!whnlf.mu t lj1(12Ji 11rwl.jwu 
i.1nunsmnllwt.nti4wgmllo: · · 

U11w2w114i.twa u hb1.11wqm11LJ.w6 t llwuuf14CJbpp tiu9uwl(imtwi.tn11uwf.t 
bri.wuw4o' hpuuttw6 pbUlWlll[lnuwitiCJ t.nwt.nwCJmllCibpp ljinljinfuw4wu hw6wfump1wCi 
LJ.pw, pCi,m huw11wi.tnpmp1mu t 0Ciab11mu ubriuo1 lltiwpwuapm4uiitir.t 
wCi4wjmump1mCio' upwctwuwCiw4 4w1mCiwgClbtnU. Ciwu pwquwpwCiapmljwjplJ 
hwllwljwpQ.o: 

uzi.tmu bu w11w2w£14Ll.nl'J. briwCJw4ti wDwlf.btmp1mCiCib110 utiC11 wictu hwi1.11uti 
t11wuw4utriti Ci4wt.nowup: 
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