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06maSI xapairrepHCTHKa pa60Tbl 

A«.myWlbHOCfflb me.Mbl 

CirnxpOTJ)OHHOC H3JIY'l.CHHe (CH) peJUITHBHCTCKHX 3JICKTJ)0H0B (II03HTJ)OHOB) 

HaX0/lHT umpoKoe npnMeHeHne BO MH0rnx o6JiaCTHX HayKn. Ero IICII0Jib30BaHne 

IIpHHI.\HIIHaJibH0 pacurnpnJio B03MO)KHOCTH 3KcrrepnMeHTaJibHblX MeTO/lOB 

HCCJieAOBaHllil B aTOMHOH H MOJieKyMpHOH q>H3HKC, q>ll3l1Ke TBCPAOI'O Tena, XIIMIIII, B 

rrpuKJia/lHblX HayKaX, TaKHX KaK MaTepnanoae,neHne, Me.l{HI.\IIHCKIDI ,nnarH0CTHKa, 

MHKp03JieMeHTHbIH aHaJIH3. CnHXpOTJ)OHHOe H3JIY'l.eHHe 0TKpbIJIO B03M0)KH0CTH 

peaJIH3aunn rrpHHI.\HIIHaJibHO H0BbIX TeXHOJIOfHH, TaKHX KaK peHTreHOBCKIDI 

m1Torpaqim1, LIGA-TexHoJiornn n MHOrHX ,npyrnx . 

B 1999 r. no cornarneHmo Me)lmy OIUilI H HaunoHaJihHhIM nHCTHTyT0M 

.S1,nepHOH qimnKn H q>H3HKn BhICOKHX 3Heprni1 NIKHEF (AMcrep,naM, roJIJiattAllil) 6hm 

6e3B03Me3,l{HO nepe,naH B Ay6Hy ycKOpHTeJihHbIH KOMIIJieKC, BKJIIO'l.aIOI.UHH B ce6.S1 

3JICKTpOHHhIH nnHeHHhIH ycKopHTeJih MEA (Medium Energy Accelerator) Ha 3Heprn10 

3JieKTJ)OHOB 700 M3B II HaKOIIHTCJihH0e KOJihl.\0 AmPS (Amsterdam Pulse Stretcher) c 

MaKCIIMaJibHOH 3Heprnei1 3JieKTJ)0HOB 900 M3B npH TOKe HaK0IIJieHH0ro nyqKa 

200 MA. B Ol-UIH Ha ocHose 3Toro ycKopnTeJihHoro K0MIIJieKca nJiaH11pyCTc.S1 c03,naTh 

coapeMCHHhIH HCTO'l.HHK CH .[1;3nCH (,[fy6HeHCKHH 3JieKT})oHHhIH c11HXpOTJ)oH) c 

3Heprnei1 3JieKTJ)OH0B 1,2 faB npn TOKC HaKOIIJICHHOro nyqKa 300 MA . 

HaKOIIHTeJihHOC KOJlbl.\0 .[1;3nCH npoeKTnpyCTC.SI Ha 0CHOBC 3JieMeHTOB KOJibUa AmPS, 

HO c cymeCTBCHHbIM H3MCHCHHeM ero 0IITHKH. KoJibl.\O 6y,nCT ,l{OII0JIHCH0 

OH.l{yJI.SIT0p0M C Bb!COKOH .S!pK0CTblO II caepxnpoB0.l{.SII.UHM Bnrrnep0M, reHepnpyJOI.UIIM 

BbICOK03HeprCTH'l.eCK0e peHTreH0BCKOe f'-3JIY'l.CHHe. 3HeprIU! 3JieKTp0H0B 6y,nCT 

yaeJIH'l.CHa IIYTCM MO.l{llqlHKauun ,l{HII0JlbHblX MarHIITOB AmPS (nepBb!H 

MO.l{UqllIUHpOBaHHblH .l{HIIOJibHb!H MarHHT ~e nporneJI MarHHTHbIC H3MCpCHH.SI}. 

.[l;JI.SI ,l{0CTlf)KCHllil C0BpCMCHHblX napaMCTp0B H3JIY'l.eHH.SI npu OTH0CHTCJibHO 

He60JibllIOH 3HeprnH 3JICKTJ)OHHOro ny'l.Ka H MaJiblX pa3Mepax HaKOIIHTCJUI HC06xo,nHM 

npe)K)le BCCro MaJibIH 3MUTTaHc. 3To HaJiaraCT ,noCTaTO'l.H0 )KeCTKHC -rpe6oBaHllil Ha 

MarHHTHYIO C'fPYKTYPY HaKonHTeJUI. KpoMe roro, YMCHbrneHHC 3MIITTaHca co3,naCT PM 
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rrpo6neM, CBH3aHHbIX c .!lHHaMHqecKoi1: anepiypoi1:: .!lJIH .!lOCTmKemrn xopowero 

3HaqeHHH BpeMeHH )KH3HH H ,!lJIH 3q>q>eKTHBHOII HH)KeKQHH ,!ll!HaMnqecKaH aneprypa 

,!lOJl)KHa 6bITb ,!lOCTaTOqHo BeJIHKa, B TO BpeMH KaK yMeHbWeHIIe 3MHTTaHca Be,!leT K ee 

yMeHbWemno. 3ttepnrn 3JieKTpOHOB B HaKOIIHTeJie ,[(3JICH cpaBHHTeJibHO He6oJibll1aH, 

II03TOMy .!lM nonyqeHHH xopowei1: HpKocin Heo6xo,!lHMO npuMeHem1e BCTpoeHHbIX 

YCTpOIICTB, KOTOpbie B CBOIO oqepe,!lb OKa3bIBaIOT cepbe3uoe B03,!leIICTBIIe Ha 

3JieKTPOHHbllI nyqoK. Heo6xO,!lHMa KOMIIeHcaQHH HX BJIIIHHIIH, B nepByIO oqepe,!lb ,!lJIH 

Toro, ~06bI 3MHTTaHC rrptt BKJIIOqeHHH BHrrnepa YBCJilfqHBaJICH ue CJIHWKOM CHJibH0. 

B uaCT0HIIICe BpeMH B 19 crpauax MHpa 53 Jia6opaTOpHH BC.!lYT HCCJIC,!l0Bamrn Ha 

CH. B HHX pa60TaIOT, CTpOHTCH HJIH npoeKTttpyIOTCH OK0JI0 73 HaKOIIHTCJibHbIX K0JieQ 

- HCT0qHHKOB CH. H3 HIIX 40 pa6oTaIOT, 10 - B CTa,!lHH CTp0HTCJibCTBa, 0CTaJibHbIC 

Hax0,!lHTCH ua pa3JIHqllbIX 3Tanax pa3pa60TKH B 0)KH,!laHmI qJHHaHcnpoBaHHH. B 

3ana,QHoi1: EBpone pa6oTaIOT IDITb nCTOqHnK0B CH TPeTbero rroKOJICHHH c 3uepmei1: 

rropH/:IKa 1-2 r3B. B Poccm1, O.!lHaKo, cyIIIeCTBYIOT TOJihKO .!lBa ncroqmIKa CH -

B3IITI-3 (IUI<I> HM.r.H.Ey.!lKepa, HoBocu6HpcK) n Ctt6ttpb-2 (PHU, KH, r.MocKBa). 

Enaro,!lapH fOTOBbIM 3JieMCHTaM MarHHTHOII CTpyKTypbI HaKOIIHTCJIH AmPS, eCTb 

B03M0)1(If0CTb C03,!laTb HC,!lOporoi1: HOBbllI HaKOIIHTCJlb - HCTOqHnK CH C nyqwHMH ua 

cero,!lHHIIIHHH .!lCHh rrapaMeTpaMH mnyqemrn B Poccun H He ycrynaIOIIIHII no 

rrapaMeTpaM 3apy6e)l(Hb!M HaKOIIIITeJIHM C 3Heprttei1: 3JICKTpOHOB B rrpe,!leJiax 1-

2,5 r3B. B CBH3H C BbIIIICCKaJaHHbIM, HaCTOHIIIaH pa6oTa HBJIHeTCH IIOJie3HOII. II 

aKTyaJibHoii:. 

OcHOBHble l{eJlU patiombl 

,[(aHHaH pa6orn HMCJia QeJihIO pa3pa60TKY MarHHTHOll CTpyKTypbl 

HaKOIIHTCJihHOro K0JihQa HCT0qHnKa CH .[(3JICH n aHaJIH3 ,!lHHaMHKH nyqKa 

3JICKTP0H0B B HaK0IIHTCJie C QeJibIO rronyqeHHH MaKCHMaJibHO HpKOro H3JiyqeHHH H3 

II0B0p0THbIX MarHHT0B II H3 BCTp0eHHbIX ycrpoi1:CTB ,!lJIH rrpoBe,!leHUH WHp0K0ro 

cneKTPa HayqHhIX H rrpttKJia,!lHbIX HCCJIC,!lOBaHHII. 
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Hay•IHUJl H0BUJHQ 

BnepBbie rrpe.!lJIO)Ketta n paccqHTaHa MarHHTHaH C'fPYKTYPa HaKorrttTeJIH c 

HH3KOII 3Hepmei1: 3JieKTPOHOB H CO BCTpOCHHbIM CHJlbHOIIOJICBblM BHITJiepoM C 

MarHHTHblM II0JICM 10 TJI, II03B0JIHIOIIIaH Cq>OpMnpoBaTh IIyqOK 3JieKTPOHOB C 

3MHTTaHCOM 11,4 HM·pa,!l, qro o6ecrreqnBaeT BbICOKYIO HpK0CTb mnyqeHHH. Ilo CB0IIM 

napaMCTPaM npe.!lJIO)KeHHhIII uaKonHTeJib HBJIHeTCH HCTOqHHK0M CH TPeTbero 

II0K0JICHHH. HaII,!lCH crroco6 K0MIIeucaQHH BJIIUIHHH BHITJiepa Ha CTpyKTypHbie 

q>yHKQHH. Orrpe,!leJieHbI TPe6oBaHHH K BHrrnepy, BbIIIOJIHCHHe K0TOpbIX (rrpn ero 

H3fOTOBJieHHH) II03B0JIHT YMCHbillHTb HC)KCJiaTeJihHbie 3<p<peKTbI, rrpe)K,!le BCero, poCT 

3MHTTattca. 

Ilpa«mu11ec«Ull u.ennocmb paoombl 

PaJpa6oTaHHaH Maru1rrHaH C'fPYKTYPa rro3B0JIHeT C03.!laTh coBpeMeHHhrn 

ncrnqHHK CH TPeThero rroKoJieHHH .[(3JICH Ha _3Hepm10 3JICKTP0H0B 1,2 faB co 

BCTp0eHHblM BHITJiepoM c MarHHTHbIM II0JieM 10 TJI. 

Ha 1a11<umy BblH0CUmc11: 

MarHHTHaH CTpyKTypa HaKonHTeJIH 3JieKTP0H0B - HCTOqHHKa CH c KOMneHca11neii: 

CHJibH0ro B03MyIIIeHHH, BH0CHM0ro BHrrnepoM C MarHHTHbIM II0JieM 10 TJI. 

1. Ilpe,!lJIO)KeHa H 0IITIIMH3Hp0BaHa MarHUTHaH CTpyKTypa HaK0IIHTeJibH0ro 

K0JibQa, o6ecrreqnBaIOIIIaH: -

1.1. HaK0IIJieHHe H <pOpMHpOBaHHe IIyqKa 3JICKTP0H0B C 3Hepmeii 1,2 r3B, 

ropH30HTaJibHbIM 3MHTTaHC0M 11,4 HM rrpu ,!lJIHHe cryCTKa 8, 74 MM; 

1.2. 

1.3. 

HpK0CTb CH H3 II0B0p0THbIX MarHHTOB 

3,3· 1014 
qiornHl(c•w.t2-Mpan2-o, 1% III.rr.); 

B03MQ)KHQCTb pa3MeJQeHHH BCTp0eHHbIX yCTpOHCTB - BHITJiepa C 

MarHHTHblM II0JieM 10 Tn tt 0HJlYJIHTOpa c MarHHTHbIM IT0JieM 0,75 Tn 

,!lJIHHOH 2,25 M c 0IITHMU3Hp0BaHHbIMH BeJiffqHHaMH 6ern-<pyttKQIIH .!lJIH 

nonyqeHHH MaKCHMaJibH0H HpK0CTH H3nyqeHHH H 6e3 CYIIIeCTBeHH0ro 

B03MyJQeHHH ,!lHHaMHKH nyqKa; 
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2. 

3. 

4. 

5. 

1.4. KOppeKTHpOBK)' HCKa:)KeHHH 3aMKttyrOH op6UTbl HMe!OlUIIMCH B HaJlll'IIIII 

Ha6opoM KoppeKTOpos B npe.!leJiax O)KH.!laeMhIX oum6oK nonei1 s 

:meMeHTax crpyJ<TYphI; 

1.5. Bpehljj )KH3HH nyqKa OKOJIO llilTII qacos. 

BbI6paHO OITTIIMaJlbHOe 3Ha'leHne 6eraTpOHHbIX 'laCTOT Qx, Qz (pa60'IM TO'IKa), 

06ecne1111Ba10mee MaKCHMaJlbHO B03MO)KHbJe pa3Mepbl o6naCTH YCTOH'IHBOro 

.!lBH)KeHJijj :mel<TpOHOB s HaKonnTene )],3JICII. 

CcpopMYmiposaHbI TPe6osaHJijj K cneunann3nposaHHOMY snrrnepy c 

MarHHTHblM noneM 10 Tn LIJljj HaKOmITeJihHOro KOJihUa )],3JICII. 

IlOKa3aHo, 'ITO MarHHTHM CTpyKTypa o6JiaL(aer .!lOCTaTO'IHOH LIJljj 3cpcpeKTHBHOH 

JIH)KeKU:HH .!llIHaMH'leCKOH anePTYPOH II npn BKJIIO'leHHbIX BCTpOeHHbIX 

YCTpOHCTBax 06ecne1111saer He06XO.!llIMOe 3Ha'leHHe BpeMeHH )Kll3HII nyqKa. 

Ilpose.!leH aHanm BJIJlj!HJijj oum6oK Ha napaM~hI HaKonHTeJIH. 

BbI6paHa ll 0IlTHMH311pOBaHa MarHHTHM CTpyJ<TYpa TPaHcnopTnpOBO'IHOro 

KaHaJia, 06ecne11nBal01UM 3cpcpeKTIIBHylO TPaHcnoprupOBK)' 3Jiel<TpOHHOro 

nyqKa ll3 JIHHeHHOro ycKOpHTeM B HaKonHTeJihHOe KOJlbl..10 C ncnOJib30BaHneM 

3JieMeHToB KaHana TPaHcnopmpoBKH ny11Ka HaKonUTeM AmPS . 

6. · IlpeLIJIO)KeHa cxeMa HH)KeKunn, 06ecne11nsa101UM 3cpcpeKTIIBHOe HaKonneHne 

3Jiel<TpOHHOro nyqKa C TOKOM .!lO 300 MA Ha 3Heprn!O 3Jiel<TpOHOB 0,8 r3B. . 
IlpoBeL(eH pacqer napaM~OB OCHOBHbIX :meMeHTOB llH)KeKU:llll - cenTyMa H 

KHKepoB. 

Anpo6au,ua pa6omb1 

MaTepnaJibl .!lllCCeprnu:nn .!lOKJiaL(bIBaJIHCb Ha AMepnKaHCKOH KOHcpepeHUHH no 

ycKopHTeMM PAC'2001 (CIIIA, 2001 r.), Me)KJ:lyHapo.!lHOH KOHcpepeHunn no H.!lepHoi1 

n paL(nau:noHHOH cpn3nKe ICNRP'2001 (Ka3axCTaH, 2001 r.), Esponei1c1<oi1 

KOHcpepeHu;Hn no yc1<opHTeMM EPAC'2000 (AscrpJljj, 2000 r.), Me)KJ:lyHapO.!lHOi1 

KOHcpepeHUHH no HCnOJib30BaHHIO CHHXpQTPOHHOro ll3JiyqeHJljj SR'2000 
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(r.Hosocn611pcK, 2000 r.), Ha Me)KJ:lyHapo.uHoi1 KOHcpepeHu;nn SRI'2000 (repMaHJljj, 

2000 r.), XVII Bcepoccni1cKoM cosemaHnn no ycKopnTeMM 3apH)KeHHhIX 11aCTnu: 

(r.TipOTBIIHO, 2000 r.), nepBOM II BTOpOM Me)KL(yHapO.!lHOM pa6o11eM cosemaHHll 

«C1rnxpoTpOHHhIH 11CToqm1K OlUIII: nepcneKTHBhI nccne.uosaHni1» (r.)].y6Ha, 1999, 

2001 rr.), Ha qersepTOH, IlHTOH n rneCTOH KOHcpepeHUHHX MOJIO.!lblX yqeHbIX n 

cneUHaJIIICTOB (r.)].y6Ha, 2000, 2001, 2002 rr.), Ha TPe'rbeM HayqHOM ceMHHape naMHTn 

B.TI.CapaHuesa (r.)].y6Ha, 1999 r.), HeQ.UHOKpaTHO o6cy)KJ:laJIHCb Ha Hay'IHbIX 

ceMHHapax s O6bemrneHHOM HHCTHTYTe ».!lepHbIX HCCJIC.UOBaHHH. 

lly6J1u«au,uu 

Pe3yJihTaTbl lfCCJie.!lOBaHHH, COCTaBHBllllfe OCHOBY .!llfCCepTaunn, ony6JIHKOBaHbl 

B 12 neqaTHhIX pa6ornx. 

Cmpy«.mypa u ome.M ouccepmau,uu 

)],nccePTaU:Iffi COCTOHT 113 BBeL(eHJljj, nHTlf rnaB, 3aKJIIOqeHHH, 'le'rblpex 

npnJIO)KeHHH n cnncKa mrreparyphI 113 105 HanMeHOBaHni1. O6mni1 o6beM: 172 

CTpaHHUbl. 

Co}J.ep*anue }J,nccepTau.uonnoii pa6oTbI 

Co.!lep)KaHne pa60ThI H3JIO)KeHo B nHTH rnasax. 

B rJiaBe 1 L(aHO KpaTKOe onncaHHe xapaKTepHCTHK CHHXPOTPOHHOro 113nyqeHHH 

ll3 noaopOTHblX MarHHTOB ll BCTpOeHHbIX YCTpOHCTB, np11BeL(eHhl Pe3YJihTaTbl pacqeroB 

xapaKTepHCTHK CHHXPOTPOHHOro mnyqeHJijj 113 nosopOTHbIX MarHIITOB, BlfITJiepa If 

OHJ:IYJI.IITOpa HaKOilUTeJibHOro KOJihU:a )],3JICII, npoBeL(eHO cpaBHeHHe napaM~OB 

CHHXPOTPOHttoro mny11eHnH )],3JICII c aHanorn11HbIMH napaM~aMn PoccHi1cKoro 

HCToqHHKa CHHXPOTPOHHOro 113ny11eHJljj C116nph-2 (r. MocKsa), H 3apy6e)KHbIX -

BESSY II (repMaHlf.11), MAX II (IllseunH). 

5 



XapaKTepHCTHKII ClIHXpOTJ)OHHOrO U3JJ)"IeHHH U3 nosopOTHblX MarHIITOB, 

BHITJJepa u OH.llYJJRTOpa HaKOnUTeAA ,[(3JICI1 6bIJJll pacc1IllTaHbl c nOMOI.LlblO 

nporpaMMhI SynRad, pa3pa6oTaHHOH s Cr:rnmpop.!ICKOM yttttsepcUTeTe. 

IlapaMeTJ)bl CllHXpOTJ)OHHOro H3JJ)"IeHllH H3 nosopOTHblX MarHIITOB 

HaKOnUTeJJbHOro KOJJbU:a ,[(3JICI1 n03B0JJHIOT peanH3oBaTb umpOKYIO nporpaMMY 

HCCJJe,llOBaHHH no aTOMHOH QJOT03JJeKTJ)OHHOH cneKTJ)OCKomm, JJIOMllHecu:eHU:HU B 

o6naCTH BaKyyMHOro ynhTJ)agittoneTosoro H3ny11emrn, no QJH3HKe 

peHTreHOJJIOMllHOQJOpOB ll CU:llHTHJJJJRTOpOB, qinyopecu:eHTHOH cneKTJ)OCKomm 

6HOJJOrn11eCKllX 06beKTOB C BbICOKHM speMeHHbIM pa3pewem1eM B o6naCTH MRrKOrO 

peHTrettoscKoro H3JJ)"IeHHR. ,[(AA 3Toro nnattttpyeTc» C03.llaTh 8 Kattanos CH. Ey.lleT 

C03,llaH MeTJ)OJJOrn11eCKllH Kattan ,[IJIH QJOTOMeTJ)H'leCKHX H3MepeHllH ,lleTeKTopoB H 

,[103llMeTJ)OB, npHMeHReMblX BO MHOrllX o6naCT»x HayKH If TeXHHKH, B TOM 'lllCJJe B 

KOCMH'leCKHX llCCJJe,llOBaHHRX. 

Hcrronb3osam1e csepxnpoBO.!IRI.Llero TJ)exnon!Opttoro BHrrnepa ( «WHQJTepa») c 

HanpH)l(eHHOCTblO MarHHTHOro IIOAA IO Tn Ha HaKOmneJJbHOM KOJJbU:e ,[(3JICI1 

06ecrre11UT reHepaU:HIO )l(eCTKOro peHTreHOBCKOro H3JJ)"IeHHH. ,[(AA pa60Tbl C HllM B 

HaKOIIUTene ,[(3JICH 6y.lleT C03,llaHO 6 KaHaJJOB. 113JJ)"IeHHe 6y.[leT HCIIOJJb30BaHO ,[IJIH 

CTJ)YKTYPHblX HCCJJe,llOBaHHH 6HOJJOrH'leCKHX o6beKTOB c BpeMeHHblM pa3perneHHeM, 

,[IJIH peHTreHOBCKOH MHKpOCKOIIHH ,[IJJH llCCJJe,llOBaHHH BY<l>-JJIOMHHecu:eHTHb~ 

KpHCTaJJJJOB, .llAA IIOJJ)"IeHHR BY<I>-reHepau:Hll TBep,llOTeJJbH~IX JJa3epoB npH HaKa'IKe 

CH, ,[IAA HCCJJe.[IOBaHllH B o6naCTll Mecc6ay3p0BCKOH cneKTpOCKOIIllll C speMeHHblM 

pa3perneHHeM, EXAFS-cneKTJ)OCKOIIHH, KpHCTannorpaqitttt. 

Ha HaKorrUTeJJbHOM KOJJhU:e ,[(3JICH nnaHHpyeTc» yCTauosHTh MHHHOH.!IYJJ»Top c 

MHHllMaJJbHblM 3a30pOM 5 MM. Pac11eTHaH MaKCHMaJJbHaH HpKOCTb H3JJy11emrn H3 

OH,llyJJRTOpa ,[IOCTHraeT 1,97-10
19 

qioroH!(C·M~·Mpai-0,1% ill.II.). Ha rrepBOM 3TaII~ 

nnaHHpyeTCH C03,[laUHe .[IByx KaHaJJOB ,[IJJH paOOTbl C ll3JJY11eHHeM H3 OH.llYJJRTOpa 

,[(3JICI1. 113n)"IeHHe MO)l(HQ HCIIOJJb30BaTb ,[IJJH HCCJJe.[IOBaHllH B o6naCTll MeTJ)OJJOrllH 

H QJOTOMeTJ)llll, KpllCTaJJJJOrpaqittH, peHTreHOBCKOH ronorpaqJHH, ,[IAA uaKa'IKH 

TBep,lloTeJJbHbIX BY<l>-na3epos. 

CpaBHHB cneKTJ)aJJhHb1e xapaKTepttCTHKH pa3JJH11HblX HCTO'IHllKOB 

CHHXpOTJ)OHHOro H3JJY1leHHH C 3Heprtteii, 6JJH3KOH K 3HeprHll HaKOIIUTeJJbHOro KOJJbQa 

6 

t> 

t 
I 
I~ 
1 

,!].3JICH (pttc. l) MO)l(HO YBlf..lleTb, 'ITO rro CBOHM napaMeTJ)aM HaKOnJITeJJbHOe KOJibQO 

BIIOJIHe KOHKYPeHTHO cnoco6HO B POCCllll H ue ycrynaeT 3apy6e)l(HbIM HCTO'IHHKaM 
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0.1 1.0 10 10' Io' lo' lo' Hf 

3uepnm 4>o'mHOB, 3B 

1-J:{3.JICH 3-BESSYII 

2-Cu6up1.-2 4-MAXII 

Puc.I. CneKTJ)aJibHbie xapaKTepHCTHKH llJJl)"leHHR .llAA CH6ttpb-2 (PoccHH), 

,[(3JICH (PoccHH), BESSY II (I'epMattHR), MAX II {IIIseQHR): llJJl)"leHHe H3 

IIOBOp<ITHbIX ManIHTOB - CnJJOlIIHble JllIHHll, H3JJ)"IeHit:e H3 BHrTJJepoB - nyHKTHpHbie, 

H3Jl)"IeHHe H3 Off.!IYIDITOPOB - IIITJ)JIXIlYHKTJIPHbie JJHHHH 
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rJiaBa 2 nocaxmetta Bh16opy MarHHTHOH c-rpyJcrYPhI HaKomrreJJhttoro KOJJhua 

){.3llCH, KOTOpax n03BOJ!XeT IlOJl)"IHTb MaJlbIH 3MHTraHC H BbICOKYIO HpKOCTb 

H3JIY'-leHHH. B 3TOH rnaae np1rneAeHhI o6mne coo6pa)KeHHH no Bb16opy MarHIITHOII 

crpyicryphI ttaKonHTenx - IICTO'-IHIIKa CH c yqe-roM cneumplf'teCKIIX -rpe6~~aHIIH, 

tta.naraeMhIX IIcnonb30Bam1eM o6opy.lloBaHIIH HaKonHTeJJhttoro KOJJbUa AmPS. 

OnIIcaHbl pe3yJJbTilTbl paC'-leTil .llByx MarHITT'HblX c-rpyKT)'p: 0.llHa ll3 HHX HMeeT BOCeMb 

npHMOJIIIHeHHblX npoMe~KOB AJIH BCTpOeHHbIX yCTpOHCTB, .llpyraH - '-leTbipe 

npHMOJIIIHeHHblX npoMe~Ka. llpe.llD0'-ITeHIIe OT.llaHO CTpyKT)'pe C '-leTblpbMX 

npHMOJIIIHeHHblMH npoMe~KaMII. TipIIBe.lleHO o6ocHOBaHIIe .llaHHOro BbI6opa. 

IlpoBe.lleH BbIOOp pa6o'-leH TO'IKII ttaKOnHTeJlbHOro KOJlhUa c yqeTOM BeJJII'll!Hbl 

.lllIHaMII'leCKOH aneP1YJ)bl. 

Ha ab16op CT?YKTYPhl naKonIITeJJhHOro K0JJbUa A3llCH noBJJIIHJJII KaK o6mIIe 

-rpe6oaaHHH (KaK K IICTO'IHIIKY CIIHXpOTJlOHHOro ll3JJY'leHIIH), TilK If cneumpH'IeCKHe. K 

o6mIIM -rpe6oaaHHHM OTHOCITTCH MllHIIMII3aUIIX 3MIITTaHca, HaJIIl'IHe 60JJbllIOH 

.lllIHaMII'-leCKOH aneP1YJ)bl AJIX -rpe6yeMoro 3Ha'-leHHH apeMeHII )K113Hll ny'IKa II AJIX 

3tp!peKTIIBHOH lfH)KeKUIIII, a 'fllK)Ke K0MnettcauuH BJIIIHHHH
0 

BCTpOeHHblX yCTpOHCTB tta 

ocHOBHhie napaMe-rpbI K0JJbl..{a. Cneuu<t>uKa ttaKomrrenhttoro KOJJbUa A3llCH COCTOHT 

B TOM, 'ITO tteo6XO.lll!MO ucn0JJb30BaTb 3JleMelITbl MarHHTHOll CTpyKT)'pbl 

ttaKOilHTeJlbHOro K0J!bl..{a AmPS C MIIHIIMaJlbHbIMII nepe.lleJJKaMII, 113fOTOBJleHIIe 

,llOUOJIHIITeJJbHblX 3JieMeHTOB MaKCIIMaJibHO orpaHII'-!eHO . 

BapIIaHThI MarHHTHhIX CT?YKTYP HaKonHTeJihHbIX Koneu - HCTO'-IHIIKOB CH, a 

KOTOpbIX .llOCTHraeTCX MIIHIIMaJibHblll 3MHTTaHC, MO)KHO IlO.lleJIHTb Ha .llBa KJiacca: 

CTpYKT)'Pbl 6e3 .ll0ilOJIHHTeJJbHblX noaopOTHblX MarttIITOB Ha .llllCnepcuOHHblX yqaCTKaX 

(crpyKT)'pa %cM3Ha-rputta, pacumpeHHax c-rpyKT)'pa %cM3Ha-rp11tta (OBA)) 11 

CTpYKT)'Pbl C .llOilOJIHHTeJibHbIMII noaopoTHblMII MarHHTaMH Ha .lllICDepcuoHHblX 

yqacrKax (TBA, MBA). 

,l\OCTOHHCTBaMII CTpyKT)'pbl q3CM3Ha-rpHHa (OBA) XBJJXeTCR UOJl)"IeHIIe 

OTHOCHTeJibHO OOJibllIOH .llllCnepCIIOHHOll q>yHKl..{Hll Me)l(Jly noaopOTHblMH MarHHTaMH, 

'ITO n03B0MeT ITOJl)"IHTb ,noCTaTO'IHO OOJlbIIJYIO .llHHaMII'leCKYIO aneP1YJ)y. O.llHaKo, B 

3TOH crpyicrype tta6er q>a3bl Me)l(Jly nOB0poTHbIMH MarHHTaMH paBeH "· 3To 

orpaHH'IIIBaeT B03M0)KH0CTII CTpYKTYPhI, TaK KaK 3Ha'leHHR 6eTil-q>yHKUllll B MecTIIX 
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ycraHOBKll BCTJ)OeHHblX yCTpOIICTB CBH3aHbl C BbI6opoM 'laCTOT 6e-ra-rpoHHblX 

Kone6am1it. 

TBA-crpyKTypa .llaeT B03M0)KH0CTb MeHRTb Ha6er q>a3 Me)l(Jly KpaeBblMH 

MarHIITaMII OT Jr .llO 2,r ITYTeM 113MeHemrn .llJlllHbl ueHTJ)aJibHOro MarHHTa. AJJX 

yMeHhllleHIHI 3MJITTaHca, ueo6xom1MO yMeHbllll!Tb .llllCnepcHIO B ueHTJ)aJibHOM 

Marmne, 'ITO nOBJle'leT 3a co6oii npHCYTCTBH~ B CTpyKType Cl!JlbHblX ceKCTYITOJlbHblX 

JJHH3. B TBA-CTpyKType CHJJbl ceKcrynoJJhHhIX JJHH3 B .llBa--rp11 pa3a Bhillle, 'leM B 

DBA-c-rpyKType c TaKHM )Ke 3MHTTaHCOM. KpoMe roro, He.lloCTaTKOM TBA-CTpyKT)'pb1 

HBJIHeTCR TO, 'ITO np11 ee IICITOJ!b30Bamrn nep11Me-rp KOJlbUa B03paCTaeT. 

Ao6aBJJRH eme O.llHH .llHDOJJbHhIH MarnuT B .llHCnepcuoHttyIO o6naCTh, MO)KHO 

nocTpOIITb QBA- CTJlYKTYPY- AoCTOHHCTBOM QBA-CTpyKTyphI .HBJJHeTCH TO, 'ITO B Hett 

3MHTTaHC ITO'ITH B .llBa pa3a MeHbllle, 'leM .llJIH DBA-c-rpyKTypbl, 0.llHaKO npu ee 

IICUOJlb30BaHHII yMeHhlllaeTCR KOJIH'leCTBO npHMOJIHHellHblX 6e3.lll!CnepCHOHHblX 

npoMe)KYTKOB AJrn ac-rpoeHHhIX yCTpoiiCTB. 

no aHaJIOrHII, .ll06aBJlj{jj ITOBOfJOTHbie MarHIITbl B .llHCnepCIIOHHYIO o6JJaCTb, 

MO)KHO nony'IITTh MBA-crpyKTypy (multi-bend achromat). 

Pac'leT crpyKTypttbIX q>yHKUHH HaKOITHTeJJhHOro KOJJbUa A3llCH npoBO.llHJIC.H c 

noMOl.l.lhIO nporpaMM MAD (CERN, lllseiiuapn,i) u OPA (MO.llllq>HUHpoaaHHhIH 

sapuaHT nporpaMMhI OPTICK, pa3pa6oTitHHOtt B PSI, lllseituapnH). CpaaHeHHe 

noKa3aJIO xopowee coananeHue pe3yJJbTaToB. 

AJJ,i DBA-c-rpyKTypbI KOJJhUa A3llCH c BOCbMhIO npRMomrneitHbIMH 

npoMe)KYTKaMH 3JleMeHT nepHO.llll'IHOCTII COCTOHT 113 'leTbipex .llHITOJlbHblX MarHIITOB, 

yCTaHOBJleHHblX nonapHO, II BOCbMH KBanpynOJlbHblX JIIIH3. CTpyKTypHble q>yHKUHII 

KBa.llpaHTa KOJ!bl..{a ITOKa3aHbl Ha pnc.2, OCH0BHbie napaMeTpbl K0JlbUa np11Be.lleHbl B 

Ta6nnue I. 
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Ta6Jmua 1. OcHOBHhle napaMerpbl HaKomneJJhH0ro K0JlbQa ,n:3JICI1 c B0CbMblO 

np11MOJ111HellHbIMH npoMe)K)"fKaMH 

3HeprH11 3JJeK1p0HH0ro nyqKa, f3B 1,2 
·'· 

TieplIMerp, M 123,99 

Pa.riHyc KpHBH3Hbl rpaeKTopIm B noB0pOTHhlX Marmnax, M 3,3 

K03<pqmuHeHT pacumpeH1111 op611ThI 5,67-10-3 

XpoMarnqHOCTh ( rop.!BePT.) -30,3/- I 6, 7 

fopH30HTaJJhHblH 3MHTTaHC, HM·pa.ri 19,5 

qaCTOTbl 6eTaTJ)OHHbIX KOJJe6aHHH (rop./eepT.) 9,22/3,72 

qacrOTa ycKop1110mero Hanp11)1(eHH11, Mfu 476 

HoMep rapM0HHKU (MaKCUMaJJbHOe qucno cryCTK0B B nyqKe) 196 

qacrorn ycKop»10mero Hanp11)1(eHm1, Mfu 476 

TioTepu Ha H3JJyqeHue 3a o6opOT B TT0B0p0THbIX MarHHTax, K'.lB 55,7 

3HeprernqecKutt pa36poc 5,62-104 

.lleKpeMeHT 3aryxaH1111 Kone6aHntt, rop./eePT.lnpo,o;. 0,97/1/2,03 

qUCJIO ll0B0p0THbIX MarHUTOB 32 

qUCJIO KBa,!lpyn0JJbHblX JIUH3 64 

qHCJIO ceKCTyll0JlbHhlX JIHH3 32 

MaKCUMaJJbHOe none B ,!l;HTT0JlbHbIX MarHHTax, Tn 1,21 

MaKCUMaJJbHhlH rpa.riueHT B KBa.rlpyn0JJhHbIX JIHH3ax, Tn/M 25,02 

MaKCUMaJJbHblH rpa.riueHT B ceKCTyTT0JlbHbIX JIUH3ax, Tn/M~ 42,96 
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BetaFunctions (ml X/dP(m] 

*10 jDELsv EIGHT BEND ncHRONATI 
2 

+ 

,---.. ,,.---.., I 1 

I J ~ / "'--~ I o 

txD~Ern~ 
4*L=123.99 m 

Qx = 9.2199 Qz = 3.7194 Ex= 1.95E-0008 
Cx = -30.3326 Cz = -16.6511 Al= 0.00567 

(periodic) 

Pnc.2. CTPYKTYPHhie rpyHKQim KBa,o;paHTa K0JJhQa ( crpyKT)'pa c B0ChMhJO 

np51MOJIHHeHHbIMH npoMe)K)"fKaMH) 

B BapuaHTe crpyKTyphI c qerhrphM51 np11MOJJHHeiiHhIMU npoMe)K)"fKaMH Ha o,o;uH 

KBa,o;paHT npnxo,o;UTC51 B0CeMh II0B0p0THbIX MarHUTOB, II03TOMY MO)KH0 UCII0Jlb30BaTh 

MBA-crpyKTypy. Tipu 3T0M K~hr« KBa.ripaHT 6y,o;er BKJJJO<JaTh B ce611 3JJeMeHT 

nepuo,o;uqH0CTU, cornacyJOmHH 3JleMeHT, np51MOJIUHettHbIH npoMe)K)"f0K ,!l;Jl5I 

ecrpoeHHhIX ycrpo«CTB, cornacyJOmH« 3JJeMeHT u 3J1eMeHT nepuo,o;nqHoCTn (pnc.3). 

Kea,o;paHT 51BJ151eTC51 axpoMaTOM (puc.4). OcHOBHbie napaMerpbl HaKomrreJJhHOm 

K0JlbQa C qeTblpbM51 IIp51MOJIUHeHHblMH npoMe)K)"fKaMU 6e3 BJIUflHH51 BCTpOeHHblX 

ycrpo«CTB npuBe,o;eHhI B Ta6nuue 2. 

MBA-crpyKT)'pa HaKomrreJJhH0ro K0JlhQa C qe'fblpbM51 IIp51MOJIHHeHHbIMU 

npoMe)K)"fKaMII ,!l;Jl5I BCTJ)0eHHbIX ycrpo«CTB l!MeeT nyqume napaMerpbl, qeM DBA

crpyKTypa C B0CbMhlO IIp51MOJIIIHeHHblMll IIpoMe)K)"fKaMII. B Pe3YJJbTaTe ,!l;Jl5I 

HaK0IIUTeJJbH0ro K0JJbQa Bh16paHa crpyKT)'pa MBA 
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Ta6m1ua 2. OcHOBHhie napaMCTphI HaKomrreJihH0ro K0JihUa LJ:3JICH c 'leThiphwi 

np51MOJIHHeHHbIMH npoMe:acyrKaMII 

IlepHMCTp, M 136,04 

PMHYC KpHBH3Hhl TPaeICTOpHII B IT0B0p0THhlX MarHIITax, M 3,3 

MaKCHMaJibHM 3Hepnrn 3JieKTIJ0HH0ro ny'IKa, r3B 1,2 

311epnrn 3JieKTIJ0H11oro ny'IKa npn nmKeKunu, r3B 0,8 

K03cpqmuueHT pacumpe11n51 op6nThI 5,03-10-3 

XpoMaTH'IIIOCTb ( rop./aepT.) -22,2/-12,6 

ToK HaK0ITJieHHhIX 3JieKTIJ0H0B, MA 300 

ropH3011TaJihHhlH 3MIITTaHC, IIM·pa,1:1 11,4 

qaCTOTbl 6eTaTIJOHHhlX KOJie6aHHH (rop./aepT.) 9,44/3,42 

qaCToTa ycK0p51IOII(ero 11anp51)KeHH51, Mru 476 

HoMep rapM0IIHKH {MaKCHMaJibHOe 'IHCJI0 cryCTK0B B ITYlfKe) 216 

PaBHOBeCHM .[IJIHHa 3JieKTIJ0HH0ro cryCTKa, MM 8,67 

IloTepu Ha H3JIYlfeHHe 3a o6opOT B IT0B0p0THbIX MarHHTaX, K3B 55,7 

311epre-rn'leCKHH pa36poc 5,56-104 

.lJ:eKpeMeHT 3aTyXa11= KOJie6a11uH, rop./BePT.lnpo,1:1. 0,964/1 /2,036 

qHCJIO IT0B0p0THhIX MarHHT0B 32 

qHCJIO KBa,1:1pynoJibllhlX JIHll3 56 

qHCJIO ceKCTyIT0JibllhIX JIHH3 48 

MaKCHMaJihHOe IT0Jie B .[IHIT0JibllbIX MarHHTax; T JI 1,21 

MaKCHMaJibllblH rpa,!lneHT B KBa,1:1pyn0JibllbIX JIHH3ax, TJI!M 19,1 

MaKCHMaJihHhIH rpa,!lneHT B ceKCTynoJihHhIX JIHH3ax, TJI!M
2 88,6 
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Puc.3. CxeMa HaKonHTeJihH0ro K0JihUa LJ:3JICH: 

I - 3JieMeHT nepn0.[IH'III0CTH, 2 - cornacyIOII(HH 3JieMeHT, 

3 - Bq-CTa11un51, 4- anrrnep, 5- 011.r:1ynITTop, 6- cenryMHhIH MamnT 
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BetaFunctions [m] 

*10 

2*L=t36.04 m 
(periodic) 

joa_sv <WITHOUT 1NS.DEUICES> I 

Q>< = 9. 4400 Qz = 3. 4200 EK ;;: .1 • .l5E-0008 
Cx = -22.3651 Cz = -10.6012 Al= 0.00503 

X/dP [ml 

l 

I 

~~~~; l~;g;j ~,~!!t~ l~tf'rl /r~~I 1:;~,~§Y1~,~1 w-~::~;1 
Puc.4. CTJ)yKTypHb1e q>YHKl(lflf rroJIOBlfHbI HaKorr11TeJihHOro KOJihl(a A3JIClf 

( CTf)YKTYPa c 'leTbipbMH rrpHMOJilfHettHhIMlf rrpoMe)K)"fKaM11) 

2 

+ 

t 

(I 

2 

Pe3yJihTaThl l{lfCJieHHOro MO,nen11posaHlfH BJllfHHlfH HeJilfHettHbIX ITOJiett 

ceKCTyIIOJlbHbIX JllfH3 Ha ,nlfHaMlfKJ 'laCTHl(bI IIOKa3aJilf 3Ha'IHTeJihHOe BJIHHHlfe 

ceKCTyIIOJlbHbIX pe3oHaHCOB Ha pa3Mepbl ,n11HaMlf'!eCKOll arreprypbl. Tio:nOMY ,nJIH 

BbI6opa pafioqeu TO'!Klf Ha ,n11arpaMMe 'laCTOT Heo6xo,n11MO lfCCJie,noBaTb q>a30B0e 

rrpoc-rpaHCTBO. B Pe3YJihTaTe HCCJie,nosaHHH 6hIJilf Bhi6paHbl ,nse pa6oq11e TO'!Klf: 

QxlQ, = 9,4413,42 11 QxlQ, = 9,5813,56. OcHOBHhie rrapaMeTphI HaKomrreJihHoro 

KOJ!hl(a ,nJIH 3THX pa60'!lfX TO'!eK OTJllfl{aK)TC.H cna6o, O,nHaKO rrplf qacmTax 

6eTaTJ)OHHblX KOJie6aHlfll Qx I Qy = 9,5813,56 pa3Mepbl ,n11HaMH'leCKOll arreprypbl 

60Jihllle. AHaJilf3 q>a30Bb!X TJ)aeKTOpHtt ropH30HTaJibHOro ,nsmKeHlf.H IIOKa3aJI, '!TO rrplf 

pexrnMe pa6oTbl c 'laCTOTaMH Qx IQ, = 9,5813,56 Ha q>a30B0ll IIJIOCKOCTlf IIO.HBJI.HIOTC.H 

6oJihllIHe ocrposa ycrott'llfBOCTlf. Han11q11e 6oJihllllfX oc-rposos rrp11so,nHT K 6hlCTpOMY 

rrepexo,ny qacr11l( 113 BHYTJ)eHHlfx o6nacreu q>aJosoro rrpoc-rpaHCTBa so BHellIHlfe. B 

pe3yJihTaTe pacrrpe,neneH11e qaCTlfl( He .HBJI.HeTC.H rayccoBCKlfM. Ilo.HBJIHJOTC.H 6oJihllllfe 
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nepettaceJieHHble «XBOCTb()) pacnpe,neJieHHH, COOTBeTCTBYIOll(He BHYTJ)eHHett o6naCTlf 

OCTpOBOB. B pe3yJibTaTe speMH )l(HJHH nyqKa cymecrseHHO yMeHbllllITC.H, XOT.H 

,n11HaMH'!eCKaH arreprypa 6y,neT ,noCTaTO'IHO sem1Ka. KpoMe mro, KaK IIOKa3aJIH 

paC'leTbl, rrpH BKJIJO'leHlm BlfffJiepa rrp11 qacmTax 6eTaTJ)OHHbIX KOJie6attutt 

QxlQ, = 9,5813,56, 3MHTTattc nyqKa ysem1q11saeTcH ,no 45 HM·pa.n, a rrpu pafoqeu 

TO'!Ke Qx IQ, = 9,4413,42 - TOJibKO ,no• 39 HM·pa.n. Tipn qacmTax 6eTaTJ)OHHblX 

KOJie6aHHll Qx IQ, = 9,5813,56 n BKJIIO'leHHOM BlfffJiepe 6e3 ,no6aBJieHU.H 

ceKCTYIIOJibHOll KOMIIOHeHTbl B ero MarHHTHOe IIOJie ,nlfHaMlf'!eCKa.H arreprypa 

yMeHhlllaeTCH rro'!Tlf s ,nsa pa3a no cpasHeHlfIO c arreprypou rrpn pe)l(lfMe pa6oThI 6eJ 

BCTpoeHHblX yc-rpottCTB. B TO )Ke speMH, rrplf qacrOTax 6eTaTJ)OHHblX KOJie6aHHll 

Qx IQ, = 9, 44 I 3, 42 u rrpn s·KJIIO'leHHOM s11rrnepe c ,no6asneHueM ceKCTyIIOJihHOtt 

KOMIIOHeHTbI ,n11HaMnqeCKa.H arreprypa yMeHhlllaeTC.H TOJibKO Ha 17%. 

B pe3yJihTaTe rrpe,nno'!TeHue 6hIJIO oT,naHo pafoqeu TO'!Ke Qx IQ, = 9,4413,42. 

B rJiaBe 3 rrpnBO,n.HTC.H Pe3YJihTaTbI 'IHCJieHHOro aHaJIH3a BJIU.HHU.H BCTpOeHHblX 

yc-rpoucrs Ha n11Heuey10 omnKJ HaKorrHTeJI.H A3JIClf. Orrpe,neneHbI TJ)e6osaHU.H Ha 

CTpyKTypHbie q>yHKl(HH B MeCTax yCTaHOBKU BCTpOeHHbIX yc-rpottCTB. Pa3pa6oTaHa u 

paCC'llfTaHa cxeMa KOMIIeHCal(HU HX BJIUHHHH Ha OCHOBHbie rrapaMeTpbI HaKOIIHTeJI.H. 

HaKorrHTeJihHoe KOJihl(O .[{3JIClf OTHOCHTC.H K HH3K03Heprern'IHhIM 

ycKOpHTeJI.HM, II03TOMY caMbill He,noporou U peaJibHblll rryTb rronyqeHU.H mnyqeHUH B 

pauoHe )l(eCTKoro peHTreHa - ycraHOBKa Ha HaKorrHTene csepxrrposoMmero snrrnepa 

c MarttHTHhIM rroJieM 10 Tn. Tipu Bh16ope 3Ha'!eHntt CTpYKTYPHhIX q>YHKl(Htt .nJIH 

cepe,nHHbl BlfrrnepHoro rrp.HMOJIHHettHOro rrpOMe)K)"fKa J'!UTb!BaJIOCb BJIHHHUe 

s11rrnepa Ha 3MHTTaHc u 3HepreTu'!eCKHtt pa36poc 3JieKTJ)OHHOro nyqKa, TJ)e6osaHue 

rronyqeHHH U3 Hero MaKCUMaJibHOll .HpKOCTU u TJ)e6osaHHe MUHUMU3al(HU c,nsura 

'laCTOT 6eTaTJ)OHHbIX KOJie6aHHll. Ilocne pacqern CTf)YKTJPHbie q>yHKl(UU 6hIJIH 
, 

Bhr6paHhI cne,ny101,u:uMu: fix = I,05 M, PY = 2,8 M, Dx = Dx = 0. 

Aanee rrpuso,nUTC.H Mo,nenb surrnepa u pac'leT ero BJIHHHH.H Ha nuHettttyIO 

OIITHKY KOJ!bl(a. KOMIIOHeHTbl ,norrOJIHHTeJlbHOro MarHHTHOro IIOJI.H, IIO.HBHBllleroc.H na 
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opforre B pe3yJihTaTe p83MeI.Qemrn anrrnepa, np1rnowrr K AOnoJIHIITeJihHOH 

cpoKycupOBKe, 'ITO Bhl3hlBaeT C,l:\Bllr qaCTOT 6eTaTPOHHhIX KOJie6am1H II IICKa"lKeH11e 

CTPYKTYPHhIX cpyHKUIIH HaKomrrem1. Tip11 BKmoqemm a11rrnepa c MarnnTHhIM .noneM 

10 TJI opforra CTaHOBIITCR HeyCToHqllBOH. «BocCTaHOBJiem1e» OnTIIKII npOBOL\IIJIOCh B 

):\Ba :nana. CHaqaJia nYTeM aapnau1111 CIIJI B AByx Ay6JieTax KBaApynOJihHhIX JIIIH3, 

pacnoJio"lKeHHhIX PHAOM C BllrrnepOM, 06ecneq11BaJIOCh BhinOJIHem1e ycJIOBIIH ax . ac 0 

B ueHTPe BllrrJiepa, 'ITO n03B0JIIIJIO noJiyqnTh yCToilq1rny10 op611Ty. Tipn '.HOM B 

OCTaJibHOH qaCTII KOJibl.{a 6eTa-cpyHKL{IIII OCTaBaJIIICh TaKIIMII "lKe, KaK II a cnyqae 

BhlKJIIOqeHHOro BllrrJiepa, HO qaCTOThl 6eTaTPOHHhlX KOJie6am1H Qx, Qz 113MeHHJIIICh 

BCJie,l:\CTBlle 113MeHemrn 6eTa-cpyHKL{IIH B npoMe"lKYTKe C BHrrnepoM. 3aTeM 

npOI13BOAIIJiaCh KOppeKL{HH qaCTOT 6eTaTPOHHhIX KOJie6aHHH c OLIHOBpeMeHHOH 

MIIHIIMil3auneil 611eH11H 6eTa-cpyHKUHH no aceMY ycKop11TeJI10. Tipn 3TOM 

aapbllpOBaJIIICh CIIJihl Bcex ceMeHCTB KBaApynOJihHhIX JIIIH3. 

Tip11 qaCTOTaX 6eTaTPOHHhIX KOJie6aHIIH Q,1Qy=9,44/3,42 ,l:\Jlll MO,l:\eJIII BHrrnepa 

6e3 cpoKyc11pOBKII, CBH3aHHOH co CMeI.QeHHeM op6UTbl II flaJIHqneM CeKCTYilOJihHOH 

coCTaBJilllOI.Qeii MarHHTHOro noAA, H3MeHeH11e 6eTa-cpyHKUHH AJill CTPYKTYPhl c 

BKJIIOqeHHhIM BHrrJiepoM COCTaBIIJIO 7%. Bnrrnep CllJihH0 BJilllleT Ha JIIIHeHHYIO 

0ilTHKY: 3MIITTaHC nyqKa yaeJIHqllJICll noqTII B 1,9 p83a, 3HepreT11qeCKIIH p836poc 

Bb!poc B I, 72 p83a. Tipu CllJihH0M MarHIITHOM IlOJie BllffJiepa II OTHOCIITeJihH0 MaJIOH 

3Hepm11 3JieKTP0HHOro nyqKa ace BhIIIIenepeqncJieHHbie 3q>q>eKTbl MOrJIII 6h!Th 

rop83L\O CIIJihHee, HO HX YAaJIOCh MIIH~Mll311pOBaTb, 6naro,l:\apH yAaqHoH 

onT11Mmau11eii CTPYKTYPHhIX cpyHKUHH HaKonUTeAA. 

Tip11 yqeTe Kpaeaoii q>OKYCHpOBKII ueHTPaJihHOro IlOJIIOCa aurrnepa, 

B03HHKalOI.QeH OT ceKCTYilOJihHOH K0MilOHeHThl MarHHTHOro Il0JIH BllrrJiepa? 

K0ppeKL{HH ero BJIHHHHH 3aMeTHO ycJIO"lKHHeTCH. B03paCTalOT rpMlleHThl 

KBaL1pynoJibHh!X JIIIH3, pacn0JIO"lKeHHhIX PllLI0M C BllrrJiepoM. ,lvui JIHH3, 

pacnoJI0"lKeHHhIX a cornacyIOI.QeH JlqeiiKe Me)l(Ay LlllilOJihHhIMII MarHHTaMII, TPe6ylOTCH 

,l:\0ilOJIHHTeJibHhie 11CTOqHI1~1I nHTaHHll, TaK KaK IIX rpaAHeHTbl Tenepb He C0Bila,l:\alOT C 

rpaAHeHTaMII Il0,l:\06Hb!X JIIIH3, p83MeI.QeHHhIX B npOTIIBOil0JIO"lKH0M npllMOJIHHeHHOM 

npoMe"lKYTKe. Onpe,l:\eAAIOTCll TPe6oBaHHH Ha BHrrnep MH HaKOnHTeJihH0ro KOJibl.{a 
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):l3J1Cl1: Heo6xom1Ma MIIHIIMll3aUl!ll cpoKyc11poBKII, o6ycJIOBJieHHOH HaJI11q11eM 

CCKCTynoJibHOH KOMn0HeHTbl II CMeI.QeHIICM op611Tbl B BllrrJiepe. 3To 6yL1eT C,l:\eJiaHO 

np11 K0HCTpy11poeam111 cneu11an11311poea1rnoro e11rrnepa AAA HaKomrreJihHOro KOJibUa 

):l3JICI1. 

YCTaHOBKa 0HLIYJillTOpa Ha HaK0mITeJib, TaK"lKe KaK II yCTaHOBKa mirrnepa, 

npHBO,l:\IIT K B03MyI.QeHIIIO LIBll"lKemrn, 113MeHeHIIIO ero OCIIOBHbIX xapaKTepHCTIIK, 

T0JibKO 6onee CJia6oMy. f103TOMY LIJlll ueHTPa npllMOJIIIHettHOro npoMe:n-.-yrKa, 

npeAJl83Ha'leHH0ro LIJlll yCTaHOBKII 0HAYJillTOpa, Y'IIITblBM TPe6oaamrn IlOJIY'leHlrn 

MaKCIIMaJibHOll llpKOCTII 113Jiy11emrn II xopowero 3Ha'leHHll BpeMeH11 )Kll3HII nyqKa, 

onpeAeJilleMoro paccellHHeM Ha aT0Max ocTaT0'IH0ro r83a, CTPYKTYPHbie cpyHKUIIII 

, 
3MaBaJIIICb TaK: /\ = D, = 0, · 12 M s; /Jx s; 15 ,H, /3, s; I .11. B pe3yJihTaTe pacqeTa 

LIJlll cepem!Hbl OHAYJillTOpHoro npoMe"lKYTKa 6bIJIII noJiy'leHbl CJie,l:\ylOI.Qlle ,l:\aHHbie: 

/Jx = 14,55 M, /J, = 0,98 M. 

):lanee npHB0L\IITCR M0,l:\eJih MarHIITHOro n0Jill OHLIYJillTOpa. ):lnll KOMneHcau1111 

AeHCTBHll 0HLIYJIHTopa Ha mrneHHYIO onTHKY 6b1Jia npomBeAeHa «rno6aJibHM» 

KoppeKUllll. «BocCTaHOBJieH11e» 0nTIIKII npoBO,l:\IIJI0Cb TaK"lKe KaK II LIJlll Bllrrnepa, np11 

3TOM eapbnpoBaJIIICh CIIJibl Bcex ceMeHCTB KBaApyn0JibHblX JIIIH3. TIOK83aHO, qTQ 

OHAYJillT0p cna6o BJilllleT Ha 3MIITTaHC II 3HepreTll'leCKIIH p836poc B nyqKe. 

B rJiaBe 4 IICCJie,l:\0BaHa LIIIHaMH'leCKall anepTypa 11aKon11TeJibHOro K0Jibl.{a 

):l3JICI1 npn p83JIH'IHbIX pe"lK11Max ero pa6oTbl. ITp11BeL1eHb1 TPe6oaaH11H K 

LIIIHaM11qeCKOH aneprype, npoBe,l:\eH ee paC'leT np11 Bb[KJIIO'leHHblX BCTpoeHHhIX 

yCTpOHCTBax, np11 BKJIIO'leHH0M BllrrJiepe II OHLIYJIRT0pe 6e3 yqeTa CIICTel\taTII'leCKIIX II 

CJiy'laHHbIX OlIIll60K B MarHIITHbIX 3JieMeHTax CTPYKTYPbl HaK0nHTeJIH, a TaK"lKe np11 IIX 

eeeL1eH1111 B CTPYKTYPY-

Heo6xo,l:\IIMM LIIIHaM11'leCKM aneprypa HaKonHTeJihH0ro KOJibUa )J.3JICl1 

onpe,l:\eJilleTCll TPe6oBaHl!llMII 3cpq>eKTIIBHOH IIH"lKeKUIIII II L10CTll"lKeH11eM 60JiblIIOro 

epeMeHII )K113HII nytJKa. C Y'leTOM TOJII.Ql!Hbl H0"lKa cenryMHOro MarnHTa (3 MM), 3anaca 

Ha OlIIll6KII 3aMKHYTOH op611Tbl (5 MM), MIIHIIMaJibHM rop1130HTaJibHM LIIIHaMll'ICCKM 

aneprypa e MeCTe yCTaH0BKII cenryMH0ro MarHUTa COCTaBJilleT 13,42 MM. 
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Bepn!KaJlbHIDI .!IIIHaMl!'IeCKIDI anepTypa np11 IIHiKeKl..(1111 onpe.11em1eTCll oepn!KaJlbHb(M 

pa.3MepoM IIHiKeKT11pyeMOfO nyqKa, II C 3anaCOM Ha ow116K11 3aMKHYTOH op611Tbl 

COCTaBJUleT 3,2 MM. ,[(Jui opeMeHII iKll3HII onpe.11enlll01UIIM llBnlleTCJI :icpcpeKT 

Bttyrp1my'IKOBOfO paccellHllll :ineKTpOHOB .11pyr Ha .11pyre (:icpcpeKT TyweKa). ,lJ.Jrn 

o6ecne'leHl!H opeMeHII iKll3HII OKOno 4 'laCOB B MHOrocryCTKOBOM peiKl!Me Ha 3Hepnrn 

1,2 r:iB np11 CBH3H 6eTaTPOHHbIX Kone6am1fi 1%, co cpe.11H11M oaKYYMOM 1,5 HTopp II c 

Y'leTOM B03MOiKH0fO IICKaiKeHIIJI op6i1Tbl 3 MM B rOp1130HTaJlbHOH nnOCK0CTII II J MM B 

BeJ)TIIKaJlbHOH, -rpe6yeMaJI arrepTypa COCTaBnlleT I 6 MM B rop1130HTaJlbHOH rrnOCKOCTII 

11 4,6 MM o oepTIIKaJlbHOH. 

ITp11 BbIKJIIO'leHHbIX BCTP0eHHbIX ycrpOHCTBax, 6e3 yqeTa CHCTeMaTH'leCKIIX II 

cnyqaHHbIX ow1160K, .!IIIHaMH'leCKIDI aneprypa .!IJill 'laCTIIL( C paBH0BeCHbIM HMnynbC0M 

B MeCTe ycraHOBKH cenryMa orrpe.11enJieTCH HepaBeHCTBaM11: 

-29 MM< Ax< 30 MM, -6,5 MM < Az < 6,5 MM. 

EcnlI CTx, CTz - CTaH.11apTHbIH ropH30HTaJlbHbIH II BepTHKaJlbHbIH pa.3Mepbl ITy'IKa, TO 

non0BIIHa .!IIIHaMll'leCKOH aneprypbl COCTaBnlleT Nx·CTx=11CTx no rop1130HTaJIII II 

Nz·CTz=90CTz ITO BepTIIKaJIII. <l>a.JOBbie -rpaeKTop1111 H0CJIT perynHpHblH xapaKTep II He 

06HapyiK11Ba10T cnOiKHOH T0nononm. 

):(Jill Toro, 'IT06b1 rrpoBepHTb 'IYBCTBIITenbH0CTb .!IHHaMH'leCKOH aneprypbl K 

rrorpernHOCTJIM MafHIITHOfO IT0JUI II ycTaH0BKII MafHIITHbIX 3neMeHT0B, 6b1no. 

npoBe,neHo Mo.11en11poBaH11e .11nH CTPYKTYPbI co cnyqafiHbIMH orn116KaM11 11 .!IJUI 

CTPYKTYPbI c c11CTeMaT11'1ecK11M11 on1116KaM11. Orn116K11 B 3neMenTax CTPYKTYPbI 

1a.11aBaJIIICb cnyqafiHblM o6pa.30M, 3Ha'lemrn cpe.11ueKBa.11paTll'-1HbIX OTKJIOHe1mfi 

C0CTaBnHn11: CMemeu11e KBa.!lpyrronbHbIX n11H3 (B rrpe.11enax ±CT) 200 MKM, nonopoT 

.1111nonbHbIX MafHIITOB B0Kpyr rrpo.11onbHOH OCH 1 Mpa.11, .11orrycK Ha MafHIITH0e none B, 

,n11nonbHbIX MaruHTax - 5. 10·4_ ):(JIH paC'leTa .!IIIHaMH'leCKOH aneprypbl C Y'leT0M 

Olllll60K 113 50 Bap11aHTOB 6bIJIO BbI6paHo .!IBa. B rrepB0M 113 HIIX B03Hl!KaeT 

MaKCIIMaJlbH0e no BCeM 50 Bap11aHTaM OTKJI0HeHIIe op611Tbl, BO BTOp0M - TllIT0B0e 

(cpe.11Hee ITO BapttaHTaM) OTKJIOHem1e op611Tbl. .[{1maM11'-leCKIDI arreprypa .11nH 3TIIX .!IByx 

Ha6opoB COCTaB11na 59ax, 91a, 11 67ax, 83a,, C0OTBeTCTBeHHO .!IJUI rrepBOll cxeMbl 

K0ppeKl..(1111 (40 K0ppeKTOp0B .!IJIJI rop1130HTaJlbHOH ITJI0CK0CTH II 32 - .!IJIH 
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BeJ)TIIKaJlbHOtt) II 58ax, 100a, II 64ax, 96a, - .!lnH BTOpOtt CXeMbl K0ppeKQllll (24 

K0ppeKTopa .nnH rop1130HTaJlbHOll ll 32 KoppeKTOpa .!IJUI BeJ)TIIKaJlbHOll ITJIOCKOCTett). 

):(Jill paC'leTa .!IHHaMll'leCKOll arreprypbl np11 HaJlll'lllll CIICTeMaTU'leCKIIX Olllll60K 

B 3neMeHTax CTPYKTYPhI uaK0I111TenbH0fO K0nbQa 6bIJIII ucnonh30BaHbI .11aHHbie 

paC'leTa MafHllTH0fO rronJI MO.!lllq>llUllpoBaHHblX .!lllnOnbHblX MarHIITOB ll .11aHHbie 

MafHIITHbIX ll3MepeHllll KBa.npyrronbHblX n11H3, c.11enaHHbie Ha AmPS . .[{aHHbie pac'leTa 

6b1n11 annp0KCIIMllpOBaHbl rronllH0MOM nHTOll CTerreHII (.110 .110.11eKanoJU1). 

,[{1rnaMH'leCKaJI anepTYPa np11 HaJill'lllll CUCTeMaTH'leCKIIX Ollll!OOK COCTaBIIJia 69ax, 

80a,, .!IJill 'laCTHL( c paBHOBeCHblM IIMITynbC0M (p1Ic.5). 

Bo ncex paccMo-rpeHHbIX CJI}"IIDIX .!lllHaMl!'IeCKIDI arrep-rypa .!I0CTaT0'IHa .!IJUI 

3cpcpeKTIIBHOH IIHiKeKQIIII IT}"IKa_ B HaK0ITHTenhH0e K0nbQ0. 

):(JIH HaKon11TenbHOro KOnhQa .[{3llCl1 CIIMMe'f{)IIH CTPYKTYPhI paBHa .!IBYM, 

n03T0MY yMeHhllleHIIe .!IIIHaMII'leCKOll arrepTYPbI rrp11 BKJIIO'leHllll Bllrrnepa (6e3 yqeTa 

ero ceKCTynonhHOH KOMnOHeHThI) He 0'leHb CllnbH0e. Pa.JMepbI .!lllHaMII'leCKOll 

anepTypbI .!IJUI CTPYKTYPbI c B11rrnepoM rrp11 3Heprnu 3neK-rponuoro ITy'IKa 1,2 r3B rrpII 

'laCT0TaX 6eTa-rpOHHblX KOne6aHllll Q✓Qz=9,44/3,42 6e3 OTKJI0HeHIIH paBH0BeCHOfO 

IIMnynbca onpe.11eJU1IOTClI uepaBeHCTBaMu: 

-28 MM <Ax< 34 MM (rronoBIIHa .!IIIHaMll'IeCKOH aneprypbl C0CTaBJUleT 63CTx), 

-8 MM <Az < 8 MM (rronOBIIHa .!IIIHaMH'leCKOH arrep-rypbl C0CTaBJUleT 860-z). 

ITp11 yqeTe ceKcryrronhHOll KOMITOHeHTbI Bllrrnepa, C03.!laIOIIWll .!I0IT0nHHTenhttylO 

q>OKYCllpOBKY. 3a C'leT CMemeHIIH - op611Tbl B ero nen11HellHOM MarHIITH0M none, 

.!1HHaM11'1eCKIDI arrep-rypa yMeHblllaeTCJI .!10 

-22 MM< Ax< 25 MM, -4,5 MM< Az < 4,5 MM. 

ITpu yMepeHHOll aMrrnury,ne KOne6aHIIll Ha ,lllIHaMII'leCKYIQ arreprypy BJIIIBIOT 

pe30HaHCbl T{leThero ll 'leTBeproro rropH,llK0B. ITplI YBCJill'leHllll aMrrnury,nhl ,l(BlliKeHIIH 

CYUleCTBeHHYIO ponh Ha'lllHaIOT IIrpaTb pe30HaHCbI Bb!C0KIIX rropH,llK0B, ll3-3a HllX ua 

rpanuue ,llllHaMll'leCKOH arrep-rypbl II0JIBnHIOTCJI 0CTP0BKll cra6nnhHOfO ,llBHiKeHIIH. 
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Puc.5. AirnaMttqecKrui anepTypa Alli MarHttTHOH CTpYKT)'PhI nptt Q,/Qz=9,44/3,42: 

1 - 6e3 yqeTa oum60K, 2 - C yqeTOM CttCTeMaTll'IeCKllX OIIIllOOK MarHllTHOro IIOIDI, 

3 - c yqeTOM c.rryqattHbIH OIIIllOOK nptt cpe,nHeM OTKJIOHeHllll op6ttThl, 

4 - c yqeTOM c.rryqattHbIX OIIIllOOK nptt MaKCllM!UlbHOM OTKJIOHeHllll op6llThl. 

Ilptt aae,neHtttt c.rryqattHhIX OIIItt6oK B CTPYKTYPY KOJihl.la c BKJIIOqeHHhIM 

BttrrnepoM }.{llHaMifqecKruI aneprypa yMeHhlllllJiaCh He CllJibHO: }.{ID! CTpyKT)'pbl C 

Ha6opOM OIIItt60K, ,naIOll.lllM MaKCllM!UlhHOe no 50 BapttaHTaM OTKJIOHeHtte op6llThl, 

,nttHaMttqecKrui aneprypa coCTaBttJia 53crx, 87cr2 (pttc.6). 
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Pnc.6. AirnaMn'leCKM aneprypa c y'leTOM OIIIn6oK ( 40 KoppeKTOpoa ,nm1 

ropH30HT!UlhHOH IIJIOCKOCTH, 32 - ,nm1 aepTHK!UlbHOH): 

I - CTpyKT)'pa c MaKCHM!UlbHblM OTKJIOHeHHeM op6llThl n BKJIIO'leHHblM BnrrnepoM, 

2 - CTpyKT)'pa co cpe,nHHM OTKJIOHeHHeM op6HThI 6e3 Bnrrnepa, 

3 - CTpyKT)'pa c MaKCHM!UlbHblM OTKJIOHeHneM op6HTbl 6e3 BHrrnepa 

Bo acex paccMorpeHHbIX CJIY'IMX }.{HHaMHqecKM anepTypa }.{OCTaTOqHa }.{Jll'I 

y,noBJleTBOpHTeJlhHOro 3HaqeHH51 apeMeHH )l(lf3HH IIY'lKa. 

Pa3Mepbl }.{HHaMH'lecKOH aneprypbl B TO'lKe HH)l(eKI.IHll npn BKJIIOqeHHOM 

OH}.{YJlITTOpe onpe,neJ151lOTC51 HepaBeHCTBaMH: 

-22 MM <Ax< 25 MM (qro COCTaBJll'leT 680;-), 

-4,7 MM <Az< 4,7 MM (qro COCTaBJll'leT 88 er:). 

KaK IIOKa3aJ1H pacqeTbl BpeMeHH )l(H3HH nyqKa, }.{HHaMH'leCKM aneprypa npn 

BKJlIO'leHHOM OH}.{yJll'ITOpe }.{OCTilTO'lHa }.{JI51 y,noBJieTBOpHTeJlbHOro 3Ha'leHH51 BpeMeHH 

)l(lf3HH. 
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B rJiaBe 5 OnllCblBalOTC.11 TeXHll'leCKlle acneKTbl HaKon11TeJ1.11. 8b16paua cxeMa 

KOppeKI..11111 33MKHyrofi op611Tbl HaKon11TeJ1bHOro KOJ!bl..13 .ll,3J1CJ.1. CTpllBO)l.llTC.11 

pe3yJibT3Tbl paC'leTa 33MKHyrOH op611Tbl np11 BBe)leHlllf cny'laHHblX OUIIIOOK B 

MarttllTHblX 3JleMettTax np11 BblKJIIO'leHHOtt II BKJIIO'leHHOtt CIICTeMe KOppeKI..IIHI, C)leJJaH 

Bb16op napaMeTpOB KoppeKTopoB. Om1Cb1BaeTCll cxeMa IIH)KeKI..IIHI 3JJeKTpOHHOro 

ny'IKa 113 Jll!HeHttOro ycKop11TeJ1.11 B HaKomrreJJbHOe KOJ!bl..10. CTp11Be)leHbl pe3yJJbT3Tbl 

paC'leTa KaHana TP3HCnopT11pOBKII. PaCCMOTPeHbl pa3Jill'IHble <p113ll'leCKlle npo1..1ecCbl, 

orpaHll'IIIB3IOIUIIC BpeM.11 )1(113HII ny•1Ka. 

.ll,n.11 .ll,3J1Cl1 paCCM3TPIIBaJIIICb )lBe cxeMbl KOppeKI..IIUI 33MKttyrott op611TbJ: B 

nepBOH cxeMe 11cnOJ1b30BaJIIICb 40 KOppeKTOpOB )lJ!ll rop1130HTaJibHOtt nJIOCKOCTlf (Tpll 

)lJl.11 cornacyJOIUIIX ll'leeK 11 )lBa )lJlll neplfO)llf'leCKIIX) 11 32 KOppeKTOpa )lJ!ll 

sepTIIKaJibHOH nJIOCKOCTII (no )lBa KOppeKTopa B cornacyJOIUIIX II nepHO)lll'leCKIIX 

ll'lettKax). 8 cny'lae, ecm1 no TeXHlf'leCKIIM np11'111H3M He yAaCTCll pa3MeCTl1Tb 

KOppeKTOpbl BHYTPII )llWOJ!bHblX MarHIITOB, 6brna npe)lJIO)KeHa BTOpaH cxeMa 

KOppeKI..11111 6e3 3TIIX KOppeKTopoe: 24 KoppeKTopa )lJ!ll rop1130HTaJibHOtt nJJOCKOCTII 

(ABa )lJ!ll cornacyJOIUIIX llLJeeK II O)lllH )lJ!ll nepllO)lll'leCKIIX) 11 32 KOppeKTopa )lJ!ll 

sepTIIKaJibHOH nJIOCKOCTll (no )lBa KOppeKTOpa B cornacyJOIUIIX ll nepllO)lll'leCKlfX 

.ll'leHKax). O6e cxeMbl KOppeKI..11111 lfMeJIII 48 )l3T'lllKOB nOJIO)KeHllll ny'IKa (no TPII 

)l3T'll1Ka B cornacyJOIUIIX ll nepllO)lll'leCKIIX ll'leHKax). 

Op611Ta paCClfl!TbIBaJiaCb C BbIKJIIO'leHHOH II BKJIIOlfeHHOH CIICTeMOH KOppeKI..11111 

np11 JHeprm1 JJieKTPOHHoro nylfKa 1,2 r3B no nHTll)leCHTII sapHattTaM tta6opa OU1116oK 

)lJl.11 rop113011TaJibHOH II BePTIIKaJibHOH nJIOCKOCTeii. MaKCIIMaJibHOe OTKJIOHeH11e 

op611Tbl np11 BblKJIIO'leHHOH CIICTeMe KoppeKl..lllll C0CTaBllJIO B onHOM ll3 sapHaHTOB 

15 MM )lJl.11 rop1130HTaJibHOtt nJJOCKOCTII H 26 MM - )lJ!ll eepTHKaJibHOH. B onHOM H3 so •. 

sap11aHTOB CIIHXPOTPOH OKa3aJICll ueyCTOH'lllBblM H3-3a cyMMOBOro pe1011a11ca CBll3II 

MaKCIIMaJibHOe cpenHeKeanpaTlllfHOe OTKJIOHeH11e op611Tbl 5,5 MM WU! 

rop1130HTaJibHOH nJIOCKOCTII H 10 MM )lJlll BePTHKaJibHOH. npu BKJIIOlfeHHOH CIICTeMe 

KoppeKI..IIIH MaKCIIMaJibHOe II cpenneKB3Jlp3TlllfHOe 0TKJIOHeHll.11 op611Tbl COCT3BIIJIII WU! 

rop1130HTaJibHOH nJJOCKOCTII 1,8 MM II 0,6 MM B nepBOtt cxeMe KOppeKI..11111, 3 MM H 

0,96 MM BO BTOpOH, ,[(JI.II BePTHKaJibHOH nJIOCK0CTII - 0,99 MM 11 0,36 MM 

C0OTBeTCTBeHHO. MaKCIIMaJibHllll CHJia KoppeKTOpOB )lJ!ll rop1130HTaJibHOH ruJOCKOCTH 
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cocrasn.11cr 0,84 Mpan s nepsoii cxeMe KoppeKI..IHH H 0, 74 Mpan BO BTOpoii, lfTO 

06ecnelf11Ba10T llMelOIUlleCll KOppeKT0pbl C AmPS. .ll,n.11 BepTHKaJibHOH nJIOCKOCTll 

MaKCIIMaJibHllll CHJia KOppeKTOpOB COCT3BJl.lleT 0,95 Mpan, lfTO TaIOKe o6ecnelfllBalOT 

l!MelOIUlleCll KOppeKTOpbl C AmPS. 3MHTTaHC nylfKa npH KOppeKl..lllll OU11160K MeIDieTC.11 

He3H3lfllTeJibHO. 3cpcpeKTHBHOCTb KOppeKI..IIIH noCTaTOlfHO BeJIHKa: pa36poc lfaCTOT 

6eTaTPOHHbIX KOJie6aH11tt ,[(JI.II 50 sap11aHTOB Ha6opa OUIHOOK no KOppeKl..lllll CHH)l(3eTC.II 

nocne ee esene11H.11 no L1Qx.r'0,01, OTKJIOHeHHe op6HTbI- no L1x:::;l,8 MM, ..1z:::;1 MM .llJl.11 

nmoBOH MaUIHHbl npH nepBOM BapHaHTe KOppeKl..lllll. 

11cno,'lb3yeMbIH e Ka'leCTBe IIH)KeKTopa JIHHeHHbIH ycKopHTeJib «JIHHaK-800» 

6yneT yCTaHOBJieH B 1naH11II N2l 18 01-UIM . .ll,n.11 pa3MeIUeHH.II KOJ!bl..la lfaCTHlfHO 6y,neT 

11cnonb3oBaH HaXOJl.lllJ.IHHC.11 p.11,noM Kopnyc N2 l l 9 .Pa1pa6ora11Hllll CTPYKTYPa KaHana 

TpaHcnopTHpOBKH ny'!Ka H3 JIHHeHHOro ycKOpHTeJ!.11 B HaK0nHTeJibHOe K0J!h[I0 

n03BOJI.lleT ocymeCTBJI.IITb nposonKY nylfKa C 3MHTTaHCaMH &x=&z=l8,9 HM·pan. 

.ll,nll HaKon11TeJibHOro KOJibQa .ll,3JICl1 6bIJia BbI6paHa ropH30HTaJibHllll cxeMa 

llH)KeKQHII C )lBYM.11 KHKepaMH, onHH H3 K0TOpbIX CMemaeT HaKonneHHb!H nylfOK, a 

npyroii - HaKoruJeHHbIH II HH)l(eKTHpyeMbIH ny'IKH. CenTYMHbIH MarttHT pa3MeIQeH B 

np»MOJIHHettHOM npoMe,KYfKe, nneHTHlfHOM Off.llYJI.IITOpHOMY. CyIQeCTByroIQHH 

cemyMHbIH MarttHT KOJibQa AmPS He o6ecnelfHBaeT Heo6xo,nHMhIH WU! HH)l(eKQHH 

yron sso,na: nY'IKa, noJTOMY ,nJI.11 .l],3JICl1 6y,!J;eT H3roTOBJieH HOBhiii cenTYM c yrnoM 

OTKJIOHeHHll nylfKa 120 Mpan. Ha6er ropH30HTaJibHOii 6eTaTPOHHOii «pa3bl Me)l()ly 

KHKepaMH paBeH Jr, Ha6er qJa3bl Me~ KHKepaMH II CenTYMHhIM MarmlTOM paBeH n/2. 

B Pe3YJihTaTe yron, BHOCHMbIH «y,napoM>> KHKepa, nepeXO)lHT s CMe1J.1eHHe.op6HTbl y 

cenryMa, a «y,!l;ap» BToporo KHKepa HMeeT TOT )Ke 3HaK, lfTO II «y,!l;ap» nepsoro. 

TiepBbIH KHKep OTKJIOIDleT HaKOnJieHHhIH nylfOK Ha yron 5,1 Mp3.ll, TaK lfTO OKOJI0 

cemyMa pasttosecHll.11 op6HTa cMeIQaeTc.11: Ha 15,66 MM no ttanpasneHmo K H0)K}' 

CenTYMa. B Pe3YJihTaTe llH)KeKTHpyeMhlii cryCT0K sxonHT ,B KaMepy lf3 CenTYMa 

napanJieJihHO · CMemeHHOii paBHOBeCHOii op6HTe. BTopoii KHKep OTKJIOIDieT 

HaKOruJeHHbIH If HH,KeKTHpyeMb!H ny'IOK Ha YTOJI, KOMileHCHpyJOIJ.llIH OTKJIOHemie 

op6HTbl nepBblM KHKepoM. TiepHO,!J;lflfHOCTh HMnyJihCOB IJH)l(eKQHlf BhI6HpaeTC.II: TaK, 

lfT06bI o6ecnelfHTh TPeXKpaTHOe BpeM.11 panHaQHOHHOro 3aTYXaHH.II < 6eTaTPOHHbIX 
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Kone6attuii: 3 ·rx, r.r1e rx = 68,5 MCeK. TaKHM o6pa.3oM, rrpu qac-rore rroBTopemrn 

HMrrynhca ll3 nutteii:Horo ycK0pHTellil 5 11.1, ,[(nHTenbH0CTH HMrrynhca lfH)KeK1.11m 0,4 

MKCeK u cpe.r1tteM TOKe rryqKa 40 MA rrpo1.1ecc ttaKorrnemrn .r10 300 MA 3aHnMaeT 3 ceK 

rrpu 3<p<peKTHBHOCTH 3ax:BaTa 50%. 

,[(Jui pac'leTa BpeMemI )l(ll3HH rryqKa B HaKorrHTenhH0M K0nbl.le A3JICH 6hlna 

ucrronh30BaHa rrporpaMMa BeamOpticks, pa.3pa6oTaHHlUI B Cntt.r1qiop.r1cKoM 

YHHBepCHTeTe. PaC'leTbl Il0Ka.3antt, '!TO ,[(n51 IT0Mep)l(aHirn xopowero BpeMeHH )l(lf3HH 

He06XO,[(HM ,[(0CTaT0'IH0 BblCOKHH BaKYYM C ,[(aBneHHeM Mettee 1 HTopp. BpeM51 )l(H3HH 

rryqKa, orpaHH'leHH0e HanH'IHeM B BaKYYMHOH KaMepe 0CTaTO'!H0ro ra.3a, B 

MH0rocryCTK0B0M pe)l(HMe rrpu ,[(aBneHHH 0, 7 HTopp C0CTaBn51eT 20 qacoB. 

Tipu 3Hepruu 3neKTp0H0B 1,213B, npu MH0rocryCTK0B0M pe)l(HMe pa60fbl H rrpu 

,[(aBneHHH 0CTaT0'IH0ro ra.3a 0,723 HTopp, BpeM51 )l(H3HH, orpaHH'leHH0e TyweK-

3<p<peKTOM, C0CTaBn51eT 10 qacoB rrpu CB513H 6eTaTPOHHbIX KOne6aHHH 1 % H 19 '!aC0B 

rrpu CB513H 6eTaTPOHHbIX Kone6attuii: 10%. 

Tipu MaKCHManbH0M HaKorrneHH0M T0Ke rryqKa rronHoe BpeM51 )l(H3HH ITY'!Ka 

C0CTaBID!eT R:4,5 qaca rrpu CB513H norrepe'IHblX KOne6aHuii: 1%. TipH yBenu'!eHUH CB513H 

KOne6aHHH ,[(0 100/o H rrpH MaKCHManbH0M HaKonneHH0M TO Ke rryqKa rronHoe BpeM51 

)l(ll3HH yBenH'IHBaeTC51 ,[(0 "'10 'laC0B. 

Tipu · BKnIO'leHHH BHrrnepa 3MHTTaHC HaKonneHH0ro ITY'!Ka B03pac-raeT ,[(0 

21,3 HM, CO0TBeTCTBeHH0 yBenH'IHBaIOTC51 pa.3Mep cryCTK0B H BpeM51 )l(H3HH, 

orpaHH'leHH0e TyrueK-3<p<peKTOM. Tipu .r1aBnemm B BaKyyMttoii: KaMepe 0,7 ttTopp 

rronttoe BpeM51 )l(ll3HH rryqKa B 3T0M cnyqae .r1oc-ruraeT 10 qacoB rrpu CB513H 

6eTaTPOHHbIX KOne6aHHH 1 %. Tipu BKnIO'leHHH TOnbK0 0H/:lyn»Topa nonttoe BpeM51 

)l(ll3HH rryqKa C0CTaBllileT 4,2 qaca. 

B 33KJIIO'ICHUU npttBe,[(eHbl 0CH0BHble pe3ynbTaTbl ,[(HCCePTal.lHOHHOH pa60Tbl. 

1. Pa.3pa6oTaHa cxeMa K0MrrneKca, BKnIO'laIOllllUI nHHeHHblH ycK0pHTenb u 

HaK0ITHTenbH0e K0nbl.10 - HCT0'IHHK CHHXPQTP0HH0ro mny'leHH51, H IT0Ka3aH0, '!TO 

pa3pa6oTaHHlUI cxeMa o6ecrre'IHBaeT mnyqettue B .r1uarra3otte ,[(nHH B0nH OT 

HH<ppaKpaCHOro ,[(0 )l(eCTK0ro peHTreH0BCK0ro. 
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2. Pa3pa6orntta Marnnrna» crpyKTypa ttaKomnenbttoro K0nh1.1a A3JICH II IT0Ka3atto, 

'!TO OHa IT03Bon»eT rrony'IHTb rop1130HTanbHblH 3MHTTaHc HaKonneHH0ro 

3neKTPOHH0ro ny'!Ka 11,4 HM·pa.r1 (c Y'leT0M BnH51HH51 KBaHTOBbIX qinyKTYa1.1uii: 

lf3ny'!eHU51) If Il03B0nHeT yc-raH0BIITb CHnbH0noneBOH BHrrnep C MarHHTHbIM noneM 

10 Tn II ott.r1yn»Top c MarmnttbIM rroneM 0, 75 Tn. TioKa3atto, '!TO B .r1attttoii: 

CTpyKType B03M0)1(Ha K0ppeKTnp0BKa HCKa)l(eHJJH 3aMKttyTOH op6HTbl 

MHHHManbHblM Ha6opoM K0ppeKTopoB B npe.r1enax 0)l(H,UaeMblX OIIIH60K rroneii: B 

3neMeHTax c-rpyKTypbI. Tipu 3T0M BpeM51 )l(lf3HII rryqKa C0CTaBID!eT He Mettee Il51TH 

'laC0B. 

3. OmuMu3uposaHbI 3Ha'lemrn CTPYKTYPHb1x <pyttK1.1uii: Ha a.3HMYTax pa.3nH'IHbIX 

HCT0'IHHK0B CIIHXp0Tp0HH0_ro H3ny'leHU51 - Il0B0p0THblX MarHIIT0B, Bnrrnepa, 

otteynHTOpa !I noKa.3atto, '!TO B pa.3pa6ornttttoii: CTPYKTYPe .r1oc-ruraeTc» 

MaKCHManbH0 B03M0)l(HlUI HpK0CTb H3ny'leHH51. 

4. Haii:,[(eHb[ 0ITTHManbHbie 3Ha'lemrn 6eTaTp0HHbIX 'laCT0T (pa60'!lUI TO'IKa), 

06ecne'l1IBa10mue MaKCHManbHbie pa.3Mepbl o6nac-ru yCTOH'IHBOro ,[(BH)l(eHJrn 

3neKTP0H0B B HaK0ITHTene. 

5. PaCC'IHTaHo BnHHHUe Bcrp0eHHblX YCTPOHCTB Ha 0CH0BHbie rrapaMerpbl 

HaK0ITHTen». Tipe,[(nO)l(eHbl crroco6bI K0MITettca1.1uu QTPHl.laTenbHbIX 3<p<peKTOB, 

B03HHKaIOil{HX npu BKnIO'leHUH BcrpoeHHbIX YCTP0HCTB, H Il0Ka3aHa B03M0)1(H0CTb 

ux peanu3a1.1uu. OrrpenenettbI TPe6oBamrn K BHrrnepy, rro3son»10mue cymec-rBetttto 

orpaHH'IHTb poc-r 3MHTTattca rrpu ero BKnIO'leHHH. 

6. Bb16patta u onTuMmuposatta MarttHTHlUI CTPYKTYPa Kattana TpattcnopTHp0BKu 

3neKTp0HH0ro rry'IKa 113 nutteii:ttoro ycKopuTen» B HaK0ITHTenbH0e K0nbl.10. 

B npHJJOlKCHHRX 1, 2, 3, 4 npHB0,[(51TC51 rrapaMerpbl 3neMeHT0B MarHHTHOH 

CTPYKTYPbI HaKorruTenhH0ro K0nh1.1a A3JICH B npe.r1c-raBnettuu nporpaMMbI MAD u 

OPA ,[(nH CTPYKTYPbI c B0CbMbIO u 'leTbipbM51 rrpHMomrneii:ttbIMH rrpoMe~KaMu 6e3 

BCTpoeHHbIX ycrpoii:c-rB u npu BKnIO'leHHbIX BcrpoeHHbIX ycrpoii:c-rBax. TipnB0,[(51TC» 

rrapaMerpbl MarHHTHbIX 3neMeHTOB KaHana TPaHcrropntp0BKH 3neKTP0HH0ro rryqKa H3 

nutteii:ttoro YCK0pHTen51 B HaK0ITHTenbH0e K0nbl.10. 

25 



0CHOBHble pe1yJ1bTaTbl auccepTa11m1 ony6JIUKOBaHbl B pe11e11111pyeMblX 

;icypuaJiax (nn.1-3), Tpyaax Ko11«1>epe1111uii u ceMnnapon (nn.4-12): 

I. H.H.lia.mUihJKHH, Il<l>.lienounn-1KHH, ... , H.H.MewKOB, ... , H.B.TnTKoBa u .np. 

«Hc-roq1111K CHHXpOT{)OHHOro HlJJyqeHHH T{)eTbero nOKOJJeHUH B OIUIH», 

«ATOMHaH 3HeprHH», T.91, BbinyCK 4, 2001, c-rp.300; flpenpHHT 0Hm1 P9-2001-

86. 

2. V.A.Arkhipov, V.K.Antropov, N.I.Balalykin, P.F.Beloshitsky, ... ,I.N.Meshkov, 

I.V.Titkova et al., «Project of the Dubna Electron Synchrotron», NIM A467, p.57. 

3. V.A.Arkhipov, V.K.Antropov, N.I.Balalykin, P.F.Beloshitsky, ... , I.N.Meshkov, ... , 

I.V.Titkova et al., «Project of the Dubna Electron Synchrotron», NIM A470, p. l. 

4. B.A.ApxunoB, B.K.AHTponoB, H.H.liananhIKHH, IT.<l>.lienowHIIKHH, ... , 

H.H.MewKOB, ... , H.B.THTKOBa H .np., «ITpoeKT .ny611e11cKoro 3JJeKTpo1111oro 

cuHXpo-rpom1», MaTepHanb1 III 11ayq11oro ceMH11apa nawrrn B.II.Capa1111eBa, 

OIUIH, ,[\9-2000-69, c-rp.7. 

5. B.A.Apx11n0B, B.K.AHTponoB, H.H.liananbJKHH, Il<l>.lienowHIIKHH, ... , 

H.H.MewKoB, ... , H.B.THTKOBa u .np., «ITpoeKT A3JICH», MaTep11anb1 I 

Me)KJ{y11apo.n11oro pa6oqero coBema11HH «CH11xpo-rpo1111b1tt 11c-roq11uK OIUIH: 

nepcneKTnBhI 11ccne,!lOBaHHtt», OIUIH, ,[\9-2000-103, c-rp.13. 

6. Titkova I.V., Arkhipov V.A., Antropov V.K. et al., «Project of the Dubna Electro~ 

Synchrotron», Proc. ofEPAC'2000, p.702. 

7. B.A.ApxHnOB, B.K.AHTponoB, H.H.liananhIKHH, IT.<l>.lienowHQKHtt, ... , 

H.H.MewKoB, ... , H.B.THTKOBa H .np., «ITpoeKT ,!ly611e11cKoro 3neK-rpottttoro 

CHHXpo-rpom1», MaTepHanhI XVII BcepoccnucKoro coBemattHH no ycKopHTeJJHM 

3apH)KeHHbIX qaCTHQ, flpOTBHHO, 2000, c-rp.13. 

8. B.A.ApxnnoB, B.K.AHTponoB, H.H.liananh1KHH, Il<l>.lienow111-1K11tt, ... , 

H.H.MewKoB, ... , H.B.THTKOBa H .np., «ITpoeKT A3JICH», MaTepHanhI II 

Me)KJ{yttapo.n11oro pa6oqero coBemauHH «CHHXpo-rpo1111b1tt ncroqHHK OIUIH: 

nepcneKTHBhI Hccne.noBaHHtt», OIUIH, ,[\9-2002-168, c-rp. 7. 

9. Il<l>.lienowHQKHtt, H.H.MewKoB, H.B.THTKOBa, «MarnHTHaH CTPYKTYPa 

11c-roq1111Ka cH11xpo-rpo1111oro mnyqe11HH A3JICH», MaTep11anb1 IV Ko114>epettQHH 

MOJIO,!lb!X yqettbJX H cneQHaJJHCTOB, ,Ay611a, 2000. 

26 

10. I.V.Titkova, P.F.Beloshitsky, I.N.Meshkov, E.M.Syresin, «Magnet Lattice of the 

Synchrotron Radiation Source DELSY», Proc. ofEPAC'2000, p.708. 

11. P.Beloshitsky, I.Meshkov, I.Titkova, «Optics and Dynamic Aperture Studies for 

Synchrotron Radiation Source DELSY», Proc. ofPAC'2001, v4, p.2821. 

12. IT.<l>.Eenow111-1K11tt, H.H.MewKOB, H.B.TnTKOBa, «Bmunrne BCTpoeHHbIX yc-rpottCTB 

Ha mmaM11Ky ny'-!Ka HaKomITeJJbHoro KOJJbQa A3JICH», MaTep11anh1 V 

Kott4>epeH1-11rn MOJIO.!lhIX y'-leHhitt II cneu11an11c-r0B, ,Ay6Ha, ISBN 5-8481-000-4-7, 

c-rp.102. 

Ilonr1e1rn 24 HJ-OHll 2002 r. 


