
OT3LIB BE,lI;YIIJ;EH or r AHH3AIJ;HH 

na )l;HCCepTaU;IHO )J)o6KOBa B~qeCJIaBa Cepreesa-ra «BJI~HHe 

HeCHHXpOHHbIX rapMOHHK 3JIeKTpOMarnHTHOrO rrOJI~ na YCTOHqHBOCTb 

)l;BH)I(eHH~ HOHHbIX nysxos B JIHHeHHbIX pe30HaHCHbIX YCKOpHTe~X aa 

MarryIO aaeprmo» rrpe)l;CTaBJIeHHOH na COHCKaHHe yqeHOH crenenn 

xaazraztara <pH3HKO-MaTeMaTHqeCKHX aayx rro cneuaansaocra 01.04.20 

«<PH3HKa rryxxoa 3ap~)I(eHHbIXqaCTHU; H YCKopHTeJIbHa~ TeXHHKa» 

Ilaccepranas rrOCB~IIJ;eHa axryansnsnr sonpocasr C03)l;aHH~ 

HH3K03HepreTHqeCKHX HOHHbIX yCKopHTeJIeH. Ha 

rrpOT~)I(eHHH MHorHX ner B anepaori <pH3HKe, <pH3HKe BbICOKHX 3HeprHH, a 

TaK)I(e B BbICOKOTeXHOJIOrHqHbIX orpacnax rrpOMbIIIIJIeHHOCTH IIIHpOKoe 

npaaenenae HaXO)l;~T Marrora6apHTHble CHJIbHOTOqHble JIHHeHHble 

yCKopHTeJIH HH3K03HepreTHqeCKHX rrpOTOHOB H HOHOB. O)l;HOH H3 HaH60JIee 

CJIO)l(HbIX sanax npa C03)l;aHHH yCKopHTeJIeH HOHOB ~BJI~eTC~ paspafiorxa 



uasansnsrx CeKII;lfH, npenaaana-renasrx ,n:ml epOPMIfPOBaHlUl, rpyrmaposxa If 

ycxopenaa nysncon sapaacennsrx qaCTIfII:. Ilpn C03,n:aHIfIf TaKIfX ycxopareneii 

B03HlfKaeT pxn Tpe6oBaHIfH, rnaaasnra 1f3 KOTOpbIX 5.lBn5.lIOTC5.l nonyaeaae 

fionsmax senanaa BbIXO,n:HOrO TOKa nysxa npn ,n:OCTIf)l(eHIfIf BbICOKOrO 

K03epeplfII:lfeHTa TOKOnpOXO)l(,n:eHIf5.l. Ilpaueneaae BHeIIIHIfX epOKYCIfPYIOIIJ:IfX 

yCrpOHCTB BbI3bIBaeT fionsmae Tpy,n:HOCTIf, n03TOMY nonepe-nraa 

YCTOHqlfBOCTb ,n:OJI)l(Ha zrocrararscs aa caer OC060H rononorna nOM B TaKIfX 

YCKopIfTen5.lX. KpOMe roro, ,n:n5.l pa3pa60TKIf Manora6aplfTHbIX 

cansnoro-msrx CIfCTeM IfH)l(eKII:1f1f If ycxopeaas T5.l)l(enbIX IfOHOB 

OTCyTcTByeT e,n:IfHbIH MeTO,n: pacxera ,n:IfHaMIfKIf aapszcennsrx qaCTIfII:. 

CYIIJ;eCTByeT pan 1f3BeCTHbIX, anpofiapoaanmax If npozresroncrpaponaarrrax 

CBOIO rrparoztaocrs MeTo,n:OB BbICOKOqaCTOTHOH epOKyClfpOBKIf. O,n:HaKO 

nparcraaecxn nee OHIf IfMeIOT He,n:OCTaTKIf npa nasxax 3HaqeHIf5.lX aaeprna 

npOTOHHbIX If IfOHHbIX ny-ncos. Il03TOMY paspafiorxa If nccnezrosanae HOBbIX 

MeTo,n:OB epOKyClfpOBKIf TaKIfX rty-ncos 5.lBMeTC5.l Heo6xo,n:IfMOH. Ilensro 

HaCT05.lIIJ;eH pa60TbI 5.lBMeTC5.l paspafiorxa MaTeMaTlfqeCKIfX Mo,n:eneH, 

MeTo,n:OB If anroparaos ,n:M onpenenenaa ycnosaa npononsaoit If 

nonepesnoa YCTOHqlfBOCTIf ,n:IfHaMIfKIf ny-rxos npOTOHOB If IfOHOB B 

nlfHeHHbIX YCKopIfTen5.lX C npOCTpaHCTBeHHo-neplfo,n:lfqeCKOH 

3neKTpOCTaTlfqeCKOH ~OKYCIfPOBKOH If B CIfCTeMax C ~OKYCIfPOBKOH 

rrpocrpancraeansraa rapMOHIfKaMIf BbICOKOqaCTOTHoro nona, o6na,n:aIOIIJ:1fX 

axcaansnoa CIfMMerpueH. Pa3pa6aTbIBaeTC5.l e,n:IfHbIH MeTO,n: accnenoaanaa 

,n:IfHaMIfKIf IfOHHbIX nyqKOB B neplfo,n:lfqeCKIfX pe30HaTopax KaK C 

~OKYCIfPOBKOH npOCTpaHCTBeHHbIMIf (HeCIfHxpOHHbIMIf) rapMOHIfKaMIf nOM, 

TaK If C npOCTpaHCTBeHHo-neplfo,n:lfqeCKOH 3neKTpOCTaTlfqeCKOH 

epOKyClfpOBKOH. <PopMynlfpyIOTC5.l rpefiosaaaa, nsmonaeaae KOTOpbIX 

ofiecne-maaer ,n:IfHaMlfqeCKYIO YCTOHqlfBOCTb npOTOHHbIX If IfOHHbIX nysxoa 

B TaKIfX CIfCTeMax. Pa3pa6aTbIBaeTC5.l MeTO.n: BbI60pa reonerpa-recxax 

xapaxrepacrax KaHanOB crpyxryp. 



Bo BBe.n;eHHH rrpnnenen 0630P pa60T, CBH3aHHbIX C H3BeCTHbIMH 

TlUIaMH BbICOKO'LJaCTOTHOH <pOKyCHpOBKH rry'LJKOB 3apH:>KeHHbIX 'LJaCTHU:. 

06cy:>K,naeTCH He06xo,nHMOCTb pmpa60TKH HOBbIX MeTO,nOB <pOKyCHpOBKH 

HH3K03HepreTH'LJeCKHX npOTOHHbIX H HOHHbIX ny'LJKOB. 

Ilepasni pasnen nOCBHrn;eH paspafiorxe aHanHTH'LJeCKOrO MeTO,na 

HCCne,nOBaHHH ,nBH:>KeHHH 3ap.sI:>KeHHbIX 'LJaCTHU: B 6bICTpO H3MeH.sIIOrn;eMCH 

none, OCHOBaHHoro na MeTo,ne ycpezmeaaa no nepaony 6bICTpbIX 

OCU:Hnn.sIU:HH. Bnasane nonyseno ypasneaae, onacsrsatoutee ,nBH:>KeHHe 

nY'LJKa B o,nHO'LJaCTH'LJHOM npH6nH:>KeHHH 6e3 ysera BnHHHHH nOM 

c06CTBeHHoro 06beMHoro 3ap.sI,na B CTpyKTypax C <pOKyCHpOBKOH 

npOCTpaHCTBeHHbIMH rapMOHHKaMH BbICOKO'LJaCTOTHoro nona H C 

npOCTpaHCTBeHHo-nepHo,nH'LJeCKOH 3neKTpOCTaTH'LJeCKOH <pOKyCHpOBKOH, 

parioraronrax na BH,ne Kone6aHHH n. BbIIIonHeHO nccnertoaanae BnHHHHH 

BbICIIIHX npOCTpaHCTBeHHbIX rapMOHHK nonHrapMOHH'LJeCKOrO nona TaKHX 

crpyrcryp aa ,nHHaMHKy uy-nca, B pesynsrare xero rrocrpoena 

COOTBeTcTBylOrn;aH ,nHarpaMMa. Onnpaacs na XOpOIIIO H3BeCTHbIH pesynsrar 

3a,na'LJH Kermepa 06 3Kcu:eHTpH'LJHOH aHOManHH, B pafiore rronyxeao 

nstpascerrae ,nM <pmoBbIx pasaepoa cenaparpnc, COOTBeTcTBylOru;HX 

,nBH:>KeHHIO 'LJaCTHU: crporo no OCH crpyxryp, B sane pazton Karrreitna, ,l(anee 

rrpe,nnO:>KeHa nonyaHanHTH'LJeCKaH Mo,nenb ,nBH:>KeHHH 'LJaCTHU: B 

paCCMaTpHBaeMbIX crpyxrypax, Y'LJHTbIBalOru;a.sI BnHHHHe nOM c06CTBeHHoro 

npOCTpaHCTBeHHoro sapana rrY'LJKa aa c06cTBeHHylO ,nHHaMHKy. ,l(M aroro 

Hcrronb30BaHa rrpOCTeHIIIa.sI annpOKCHMaU:HH nY'LJKa paBHOMepHO 

3apH:>KeHHbIM 3nnHnCOH,nOM. EOnbIIIa.sI 'LJaCTb nepsoro pasnena ynenena 

Hccne,nOBaHHIO CB.sI3aHHbIX HenHHeHHbIX Kone6aHHH CHCTeMbI «ny'LJOK­

sonaa». ,l(n.sI aroro aBTopOM acuonsaoaan MeTO,n Jlmrrcrezrra-Ilyaaxape­

Ileimena, nonysensr ofiunre peIIIeHH.sI armors no 'LJneHOB rpersero nopaznca 

ManOCTH. Haancau aMnnHTy,nO-'LJaCTOTHbIe xapaKTepHCTHKH zins ManbIX 

CBH3aHHbIX HenHHeHHbIX Kone6aHHH. C rronomsro rronysemrsrx pesynsraroa 



yCTaHOBJIeHO yCJIOBHe, npa KOTOpOM B3aHMO.n:eH:CTBHe Me)l(.n:y Pa3JIHqHbIMH 

CTerreIDIMH caofionu CHCTeMbI «rryqOK-BOJIHa» rrpnofiperaer pe30HaHCHbIH: 

xapaxrep. IIoKa3aHo, qTO csenenae napaaerpmecxoro B03.n:eH:CTBH~ 

rrpO.n:OJIbHbIX KOJIe6aHHH: na nonepe-moe .n:BH)I(eHHe JIHlIIb K pOCTy 

aMrrJIHTy.n:bI KOJIe6aHHH: rrOCJIe.n:HHX rrpHBO.n:HT K HeBepHbIM pe3YJIbTaTaM. 

Bo BTOpOM pasnene rrposenea ananas OC06eHHOCTeH: rrpO.n:OJIbHOH: H 

rronepe-moli .n:HHaMHKH nysxa B rJIa.n:KOM rrpH6JIH)I(eHHH, npennonaraa, qTO 

TOK nysxa rrpeaefipexonro Marr. AHarrH3 BbIIIOJIHeH KaK .n:JI~ crpyxryp C 

BbICOKOqaCTOTHOM <pOKyCHpOBKOM HeCHHXpOHHbIMH (rrpOCTPaHCTBeHHOM) 

rapMOHHKaMH nona (ACHQ<1», TaK H .n:JI~ CTpyKTYP C rrpOCTpaHCTBeHHO­

rrepaona-recicoa 3JIeKTpOCTaTHqeCKOM <pOKyCHpOBKOM (3JIeKTpOCTaTHQeCKHM 

OH.n:YJI~TOpOM). B qaCTHOCTH paCCMOTpeHbI CJIyqaH, xorna B crpyxrype C 

ACHQ<1>, aapany C OCHOBHOM, npacyrcrsyer JIHlIIb ozma BbIClIIa~ rapMOHHKa 

rrOJI~, a npa npocrpaacrseaao-nepaonasecxoa 3JIeKTpOCTaTHqeCKOM 

<pOKycHpoBKe - OCHOBH~ rapMOHHKa rrOJI~ OH.n:YJI~Topa. C<pOpMyJIHpOBaHbI 

rpaaanu rrpHMeHHMOCTH MeTo.n:a, HCrrOJIb30BaHHoro npa HCCJIe.n:OBaHHH 

.n:HHaMHKH qaCTHQ. Ilonysenu neofixomorue YCJIOBH~, 06eCrreqHBalOIQHe 

YCTOMqHBOCTb .n:BH)I(eH~ CHCTeMbI «rryqOK-BOJIHa». Ha OCHOBaHHH 

rronyseaasrx aHarrHTHqeCKHX pe3YJIbTaTOB rrOKa3aHO, qTO CHCTeMbI C 

ACHQ<1> MOryT 6bITb HaH60JIee 3<p<peKTHBHbIMH .n:JI~ crpynnaponamrsrx 

CryCTKOB. OcymeCTBJIeHa qHCJIeHHa~ rrposepxa rrpHMeHHMOCTH rnazncoro 

npH6JIH)I(eHH~. Cnanana BbIIIOJIHeH pacser HeJIHHeMHOM .n:HHaMHKH 

nporoaaoro nysxa B paCCMaTpHBaeMbIX crpyxrypax npa rrpOCTbIX 3aKOHax 

H3MeHeHHM asmrnrryn rapMOHHK H paBHOBeCHOM <pa3bI. IIoKa3aHa 

Heo6xo.n:HMOCTb qHCJIeHHOM onTHMH3aQHH BbI6paHHbIX 3aKOHOB H3MeHeHH~ 

asmrraryn rapMOHHK H paBHOBeCHOM <pa3b1 B.n:OJIb .n:JIHHbI TaKHX CHCTeM, 

xoropaa npoaeneaa npa Mo.n:eJIHpOBaHHH .n:HHaMHKH HOHOB CBHHQa C 

OTHOlIIeHHeM 3ap~.n:-Macca0,12. _~ __~_-



B rperseu pasnene npencrasneasr pesynsraru qlfCneHHOrO 

MO,n:enlfpOBaH1f5I CaMOCOrnaCOBaHHOif ,n:IfHaMIfKIf rrpOTOHOB If 1f0HOB B 

paCCMaTPIfBaeMbIX aBTOpOM crpyxrypax, )l;n5I qlfCneHHOrO MO,n:enlfpOBaH1f5I 

,n:IfHaMIfKIf nysxoa B CTPyKType C anexrpocrarasecxaa OH,n:ymITOpOM 

paspaocraaa nporpasoaa BEAMDULAC-DC. Hs npencraanenmrx 

pesynsraroa BIf,n:HO, qTO rryTeM qlfCneHHOif orrraaasauaa ynaerca 

ysena-nrrs K034J<lmUlfeHT TOKOrrpOXO)l(,n:eHIf5I OT 66 % no 92 % (ana 

crpyxryp C ACBQ<1» npa BbICOKOM revne ycxopeaas (no 1 M3B/Z·HyKITOH). 

IloKa3aHo xopolllee COOTBeTCTBlfe aHanlfTlfqeCKOrO Ifccne,n:OBaHM5I 

qMCneHHbIM pesynsraraa Mo,n:enMpOBaHM5I ,n:MHaMMKIf. )l;n5I cnysaa 

ynbTpaHM3KMX aaepraii ny-rxon npeanaraerca acrronssoaars CMCTeMY C 

3neKTpOCTaTMqeCKMM OH,n:yn5ITOpOM. Pa3pa60TaHa MeTo,n:MKa pacsera 

,n:IfHaMMqeCKlfX axcenrancon yCKOp5IIOIIJ;MX crpyxryp. 

B qeTBepToM pasnene npennozceaa Mo,n:enb ,n:IfHaMIfKM nporoansrx If 

1f0HHbIX nysxoa, rr03BOIT5IIOIIJ;a5I npoasaoznrn, BbI60p OCHOBHbIX napasrerpoa 

yCKopMTen5I, npa KOTOpbIX rapanrapyercs coxpaaenae 3MMTIaHCa nysxa If 

pasaepa OrIf6aIOIIJ;eif. Monem, paCCMOTpeHa na npmrepe ,n:BIf)l(eHIf5I rrysxon 
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C anepraea MH)I(eKUMM 2,5 K3B/HyKnOH B crpyxrype C ACBQ<1>. 

Ha OCHOBaHlf1f nocnenyromero qlfCneHHoro Mo,n:enMpOBaHM5I yCTaHOBneHa 

a,n:eKBaTHOCTb npenaoxeaaoa Mo,n:enM nocraaneanon sazraxe. 

B II5ITOM pasztene npencraaneaa MeTo,n:IfKa pacsera reoverpaaecxax 

napanerpoa paccsrarpnaaesrsrx CMCTeM, npn KOTOpbIX ynaercs peannsoaan, 

rpcoyeusre KOH4JlfrypaUMM nonea B HMX. Iloxasan pacser 1f3MeHeHlf5I nnan 

rrepnonos crpyxryp ITO 3a,n:aHHoMY ,n:BIf)l(eHIfIO nysxa. 

Ilorry-renasre B pafiore pesynr.raru MoryT 6bITb acnonssoaaasr ITpM 

C03,n:aHIfIf HOBbIX If orrTMMlf3aUMM pa60TbI ,n:eifcTBYIOIIJ;IfX aKCManbHO­

clfMMeTplfqHbIX KaHanOB CMCTeM rpyrmapoaxn, ycxopenna If <pOKyCMpOBKIf 

nasxoaaeprera-recxax rrporonasrx M 1f0HHbIX rry-ncon, Taxne CMCTeMbI 

neofixonavsr, B qaCTHOCTIf, nna uenea anepaoa Me,n:MUIfHbI If MoryT 6bITb 



IIcnOJlh30BaHbI B Ka"lJeCTBe IIH)l(eKTOpOB ,n:JUI KOJmaH,n:epHOrO KOMnJIeKCa 

Ol15lI1 NICA (,ltr6Ha, Poccas). HaY"lJHbIe pe3YJIbTaTbI ,n:IICCepTaQIIII MoryT 

npIIMeH51TbC51 B CaHKT-Ilerepcyprcxosr rocynapcrnemrosr yaasepcarere, 

Hl1l13<I>A lIM. ,n.B. Eoperaoaa, I1<I>B3, I1T3<I>, MJ1<I>H, Ol15lI1. 

B xone BbIITOJIHeHII51 pa60TbI nOJIy"lJeH 60JIbJllOM 06'beM HOBbIX 

aHaJIIITII"lJeCKIIX II "lJIICJIeHHbIX pe3yJIbTaTOB, nposenerro IIX 0606:w;eHlIe II 

aHaJIlI3. Bnepnsre paCCMOTpeHO npaxreneaae 3JIeKTpOCTaTII"lJeCKOrO 

OH,n:yJI5ITOpa KaK 3JIeMeHTa yCKop51IOlIJ,e-<pOKyclIpyIO:w;eM nepIIO,n:II"lJeCKOM 

pe30HaHCHOM crpyxrypsr, Pa60Ta 51BJI5IeTC51 QeJIOCTHOM II BbIITOJIHeHa na 

BbICOKOM Hay"lJHOM yponae. 

K He,n:OCTaTKaM ,n:IICCepTaQI-m MO)l(HO OTHeCTII cnenyrontee: 

1. He rrpoaenen pacser npenensasrx TOKOB ,n:JI51 paccsrorpcnnsrx B 

pafiore aapaanron aKClIaJIbHO-CIIMMeTplI"lJHbIX CTpyKTyp C 

rrpocrpancraenao-uepaonaaecxoti 3JIeKTpOCTaTII"lJeCKOM <pOKyCMpOBKOM M 

<pOKyCMpOBKOM BbICJllMMM rrpocrpancraemrsnra rapMoHMKaMM 

BbICOKO"lJaCTOTHoro nOJI51. 

2. ITPM Mo,n:eJIMpOBaHMM ,n:IIHaMIIKM nporoansrx M MOHHbIX ny"lJKOB He 

Y"lJMTblBaeTC51 BJIM5IHMe reOMeTpM"lJeCKMX xapaKTepMCTMK paCCMOTpeHHbIX 

CTpyKTyp. 

3. TepMMH axcerrraac IICnOJIb3yeTc51 He COBceM xoppexrno. 

4. B pafiore MMeIOTC51 He3Ha"lJMTeJIbHbIe HeTO"lJHOCTM M One"lJaTKM. 



Oraeaeaasre He.n;OCTaTKH He CHH)l(aIOT HaY~IHYlO H npaxrasecxyro 

I.J;eHHOCTb pa60TbI B I.J;eJIOM. ,l];HccepTaI.J;H5I ,l];I06KoBa B5IqeCJIaBa Cepreeaaxa 

5IBJI5IeTC5I 3aKOHQeHHbIM HayqHbIM HCCJIe.n;OBaHHeM H nOJIHOCTbIO 

COOTBeTcTByeT TPe60BaHH5IM BAK POCCHHCKOH <1>e.n;epaI.J;HH, 

npe.n;'b5IBJI5IeMbIM K KaH.n;H.n;aTCKHM .n;HccepTaI.J;H5IM. Asropepepar npaBHJIbHO 

H nOJIHO orpascaer conepxaaae pa60TbI. OCHOBHble nOJIO)l(eHH5I 

zmcceprauaa H nonyseaasre pe3YJIbTaTbI .n;OCTaTOQHO nOJIHO npencraaneaa 

B ony6JIHKOBaHHbIX pafiorax, Teva nacceprauaa H ee conepxaaae 

COOTBeTcTByeT CneI.J;HaJIbHOCTH. 

Ilonyaeansre ztaccepraarca pe3YJIbTaTbI HMeIOT 3HaQHTeJIbH)'lO 

HayqHYIO H npaKTHQeCKYIO I.J;eHHOCTb, a ,lJ;I06KOB B5IQeCJIaB Cepreeaas 

3aCJIY)l(HBaeT rrpacyaoienna eMY yqeHoH CTeneHH xannnnara <jlH3HKO­

MaTeMaTHQeCKHX aayx no CneI.J;HaJIbHOCTH 01.04.20 - <jlH3HKa rrysxos 

3ap5I)l(eHHbIX QaCTHI.J; H yCKopHTeJIbHa5I TeXHHKa. 

OT3bIB no.n;rOTOBHJI 3aBe.n;)'lOIU;HH Ka<jle.n;poH Teopaa CHCTeM 

yrrpaBJIeHH5I 3JIeKTP0<jlH3HQeCKOH annapaTypbI CaHKT-Ilereptiyprcxoro 

rocynapcraeanoro ynaaepcrrrera, .n;OKTOp <jlH3HKo-MaTeMaTHQeCKHX aayx, 

npodieccop ,l];.A. OBC5IHHHKOB. 

OT3bIB 3acJIYllIaH H onofipen na sacenanaa Ka<jle.n;pbI Teopaa CHCTeM 

ynpaBJIeHH5I 3JIeKTP0<jlH3HQeCKOH annaparypsr CaHKT-Ilerepfiyprcxoro 

rocyztapcrseaaoro ynasepcarera (npoTOKOJI.N2 6 OT 09 HlOH5I 2011 r.), 

3aBe.n;)'lOIU;HH Ka<jle.n;poH, 

.n;.<jl.-M.H., nporpeccop OBC5IHHHKOB ,l];.A. 




