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HCCnEllOBAHHE llHHAMHKH qACTHU 
H TIOBbllllEHHE HHTEHCHBHOCTH fiYqKA 

B TIPOTOHHOM CHHXPOTPOHE 
{ OTibIT TIYCKA H HAnAllKA YCKOPHTE/IB 

HA 3HEPrHIO 76 r3B) 

\ Ha pyCCKOM Sl3bIK0) 

01.052 - Sll8KTpO<pH3HKa 

AaTope<l>epaT 

AHCC0PT8UHH, npeACTaaneHHoA Ha COHCKaHHe yq~HOA CTeneHH 
AOKTOpa <l>H3HKO-MaTeMaTH'l8CKHX HayK 



ITporpecc B o6naCTH H.ctepHott <l>H3HKH H oco6eHHO <l>H3HKH ~bICOKHX 9Hep

rml: B pewa10mett · CTeneHH onpe.ctenHeTCH B03MO>KHOCTHMH YCKOpHTenbHO~ HayKH 

H TeXHHKH. Tpe6oaaHHH COBpeMeHHott <l>H3HKH sneMeHTapHbIX 'laCTHU npHBOASIT 
• . I 

K Heo6xo.ctHMOCTH ·coopymeHHH ycKopHTenbHbIX.KOMllneKCOB Ha ace 6onbWHe 

9HeprHH ycKopeHHbIX 11aCT.HU. .llo HaCT05UUero apeMeHH 9TO 9KBHBaneHTHO yaenH~ 

11eHHIO paaMepoB ycKopHTenett. Y>Ke cett11ac paaMepbI HaH6onee KpynHbIX Ha 

HHX J:tOCTHraIOT MHormc COTeH MeTpoB H cne.ctyeT O>KHJ:taTb, 'ITO .cta>Ke npH

MeHeHHe B yCKOpHTenbHOA TeXHHKe CBepxnpOBOJ:lHIIlHX CHCTeM H ycTpOACTB 

npHae.ct~, rnaBHbIM o6paaoM, K yaenH'leHHIO sHeprHH ycKopHTeneA, a He K 

yMeHbWeHHIO HX pa3Mepoai· 

YcKopHTenH Ha BbJCOKHe 9HeprHH H, B nepay10 011epe.ctb, llpOTOHHbJe 

CHHXPOTPOHbI HnH cmocpo<l>aaOTpOHbI, HBnHIOTCH HaH6onee KpyUHbIMH H .ctoporo

CTOHIIlHMH npH6opaMH coapeMeHHOA <l>H3HKH. YHHKanbHOCTb K'.9:IKJ:lOI'O 6onbWOI'O 

llpOTOHHOI'O CHHXPOTpoua, 3Ha'IHTenbHaH CTOHMOCTb ero coopymeHHH H o_6Cny>KHBa

HmJ, Ba>KHOCTb npoBOJ:tHMbIX. Ha H~M <l>H3H'leCKHX HCcne.ctOBaHHA BeCbMa cepb~3HO 

CTaBHT Bonpoc O HaH6onee s<l><l>eKTHBHOM HCnonb30BaHHH TaKoro ycKopHTeml. 
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8 3HaqHTenbHOA .Mepe nOK838T8nb aqiq>eKTHBHOCTH pa60Tbl ycKOpHT81lll 38BHCHT 

OT Toro, HSCKOnbKO BbICOKOA SIBmleTCSI cpenHSISI pa6oqag HHT8HCHBHOCTb ycKo

peHHoro nyqKa. npo6neMa nocTH>K8HHSI BbICOKOO cpenHeA HHT8HCHBHOCTH nyqKa 

BKn10qae~ B ce6si: 

1. PeanH38IlHIO pe>KHMa ycKopeHHSI, npH KOTOpOM MSKCHManbHoe qHcno 

ycKopeHHblX B HMnynbCe qaCTHll nocTaToqHo 6nH3KO K n~enenbHO B03MO>KHO

MY nllll llSHHoro yCKOpHTenSI. 

2. O6ecneqeHHe nnHTenbHOA pa60Tbl ycKopHTenSI npH HHT8HCHBHOCTH, 

6nH3KOO K MSKCHManbHO llOCTHrHYTOA. 

Ba>KHeAweA 3anaqeA, c aTHM ces3aHHoA, sanseTCSI TaK>Ke cKopeAwee 

ll0B8ll8HHe HHT8HCHBHOCTH ycKopHT81lll nocne Haqana ero $H3HqecKoro nycKa 

no ypoeHH, B nonuoA Mepe 0Taeqa10wero Tpe6oeaHHSIM $H3HqecKoro aKcnepH

MeHTa. 

npH peweHHH 3anaq, CBSI38HHblX C llOCTH>K8HH8M npenenbHOA HHTeHCHB

HOCTH nyqKa, HaH6onee cyweCTB8HHblMH SIBnSIIOTCSI BOnpOCbl KOppeKUHH MarHHT

Horo nonsi, yaenaqeHHSI aqiqieKTHBH0CTH npoueccoe HH~eKUHH H ycKopeHHSI , a 

TSK>Ke aHanH3 aqiq>eKTOB npoCTpaHCTBeHHoro 38psna nyqKa H pa3pa60TKa Me

Tonoa we yCTpaHeHHSI. npH 8TOM 6bICTPOTY H Han~>KHOCTb nonyqeHHSI KOHeqHbIX 

pe3ynbTSTOB onpenelllleT Bbl60p o6~eKTHBHO rriaBHblX H npaKTHqeCKH HaH6onee 

nerKo ocyweCTBHMbIX HanpaeneHHA HccnenoeaHHA, qTo B KOHeqHoM cq~Te 

aeneT K C03ll8HHIO ycnoaHA~ Korna pa6oqag HHT8HCHBHOCTb ycKopHT81lll OK83bl

B88TCB llOCTSToqHo 6nH3KOA K MSKCHManbHoA. 

YK838HHbiA nepeqeHb npo6neM B HaH6onee SIBHOM BHll8 B03HHK B CBSI3H 
• 2 

C coopy,«eHHeM KpynHeAwero B MHpe npOTOHHoro CHHXpOTpOHa Ha 8HeprHIO 

70 raa B 11HCTHTYT8 $li3HKH BbICOKWC 8HeprHA ( 11<1> B3). npH 8TOM cnenyeT 

OTMeTHTb, qTo no nycKa cHHXpOTpoHa 11<1>B3 a CCCP He 61,mo on1>1Ta Hanan

KH H pa60Tbl yCKOpHTenbHoA YCTSHOBKH, KOTOpaSI no CBOHM napaMeTpaM 6blna 

6bl llOCTST011H0 6nH3Ka K YK838HHOMY yCKOpHTen10. 3ro o6CTOBTenbCTBO $aK

THqecKH npHBeno K T0M'J, qTo npen1,mywHA 'ycxopHTenbHbIA' 0DbIT He Mor 

6bITb B 3HaqHTenbHOA Mepe HCnonb30B8H B llSHHOM cnyqae. 
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Kpyr BOilpOCOB , OTHOCSilllHXCSI K rrycey t Ha.lla.llK8 H HCC.118.llOBaHHSIM 

IlpOTOHHOI'O CHHXpOTpOHa 11cl>B3,H3JIO>Kl:H H o6o6mflH B pe<fiepHpyeMofi .llHCCep

TBUHH. Ue.nbIO pa6oThI SIB.llSl.llOCb npaKTH118CKOe no.nyqeHHe pa6oqefi HHT8HCHB

HOCTH ycKopeHHOI'O rryqKa, COOTB0TCTBYIOIJ.lefi ypoBHIO .nyqwHX yCTaHOBOK T~

KOI'O K.nacca B MHpe, a TaK)Ke paspa60TKa MeTO.llOB H cpe.llCTB .llOCTH>KeHHSI 

Ha yc1copHTene npeaenbHOfi HHT8HCHBHOCTH, onpeaenSieMOfi o6'b8KTHBHblMH 

oco6eHHOCTSIMH .llBHHOI'O ycKopHTenbHOI'O KOMnneKca. B cymeCTBeHHofi CTeneHH 

paCCMOTpeHHbie B .llHCCepTaUHH npo6neMbI SIBJJ.HIOTCSI THilH'IHbIMH ans 60.llbWHX 

' CHHxpoTpOHOB t H efl pesynbTaTbl MoryT 6bITb HCilO.llb30BaHhI, aanpHMep ' 

IlpH C03.llaHHH KpynHbIX ycKopHT8.llbHbIX KOMnneKCOB "cneayIOmero noKoneaHSI", 

a TaK:>Ke npH MO.ll8pHH38UHH cymecTBYIOIUHX KpynHhIX ycKOpHTenen. 

D.uccepTaUHSI COCTOHT H3 qeThlpflx rnas. 

B nepsofi rnase coo6maIOTCSI pesynhTaThI q>HauqecKoro rrycKa ycKopHTe

nH H<t>B3. B §§ 1, 2, 3 IlpHB8A8HbI xapaKTepHCTHKH H H3JIQ)K8HO COCTOSIHHe OCHOBHbIX 

CHCTeM CHHXpOTpoaa B nepHo.tt nycKa. Hau6onhwee BHHMSHHe yaeneHo napa

MeTpaM MaI'HHT_Horo nonsr B aaqane UHKna ycKopeHHSlo 06cy)KJl8IOTCSI B03MO>l<

HhI8 npH'IHHbI B03MymeHHfi MaI'HHTHOI'O noru1, npHB8.ll8Hbl aaHHbI0 no 

pacqf!Ty aeo6xo.llHMofi KoppeKUHH B03MynteHHfi B qaCTHOCTH , KoppeKUHH 

ItOJlSI c noMOlllblO COilpOTHBneHHfi , wyHTHpylOIItHX aononHHTenbHhie o6MOT

KH 6noKOB aneKTpOMaI'HHTa , H KoppeKUHH B.llHSIHWI YTQ.lllliflHHbIX yqaCT

KOB BaKyyMHOit KaMepbio Ilaparpaq>bl 4, 5, 6 H3JISI'8IOT XO.ll H pe3ym,

T8Tbl co6CTB8HHO sarrycKa npoTOHHoro CHHXpOTpoHa t TO eCTb ocymeCT

B.118HHSI pe)KHMOB nepeoro c,6opoTa ' UHpKynHUHH nyqKa H CHHXpOTpoH

HOI'O ycKopeHHSI i onHCaHbI MeTO.llbI nonyqeHHSI npeaeapHT8.llbHblX .llaHHbIX O 

qaCTOTaX 6eTaTpOHHbIX Kone6aHHfi, B8.llH11HHe aKcenTaHca BaKyyMHOfi KaMepbI 

H HCKa:lKeHHSIX paBHOB8CHOfi op6HTbI IlpH HCC.118.llOBaHHH .llBH>K8HHSI rry'!Ka Ha 

nepaoM o6opOTe H B pe:lKHMe UHpKynSIUHH. PeeynbTaTbI KOppeKUHH q>OpMbI 

paBHOB0CHofi op6HTbI npe,llCTaeneHbI B § 7. IloKa38HO, qTo HMeeTCH y.iwsneT

BOPHT8.llbH08 cornacue 3KCnepRM8HTa.llbHhIX naHHbIX no KOppeKUHH op6HTbI C 

pacqf!THbIMH. IlpHB8.ll8HbI pesynbTaTbI aq>q>eKTHBHOCTH psna CHCTeM KoppeKUHH. 
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nocTlU'HYTBSI Bemt'IHHa _HCKa>KeHHSI paBHOBeCHol\ op6HTbI s pal\oHe ManbIX 

ypoBHel\ MarHHTHoro nonsr (none HH>KeKUHH B ycKopHTene 11<1>B3 cocTasnsreT 

76 s ) He npeBbIW88T "!:. 1,5 CM H cymeCTBeHHO MeHbWe O>KHllBBwel\csr npoeKT

HOI\ BenH'IHHbI ( !. 3,4 CM). PesynbT8TbI OTaenbHbIX 3TanoB KoppeKUHH paBHO

secuott op6HThI ua ypoaue nonsr HH>KeKUHH npeacTaaneHbI B cneayiomett Ta6nH-

ue: 

HcKa>KeHHe 

Op6HTbI, 

CM 

r 

z 

BHn 

Ee.s Kop
peKUHH 

±5 

± 2 

KOppeKUHH 

Pacql:Yruasr OnTHManbHrui: 
KoppeKUWI KOppeKUWI 

no r no HHTeHCHB-
HOCTH 

± .2,3 + 1,3 

+ 2 + 1,0 

THnH'IHaH <tiopMa op6HTbI nocne KoppeKUHH npHseneua Ha pHc. 1. 

B pe.synbTaTe HccneaoaaHHl\1 BhmonueHHhIX Ha CTanuu <tin.sH'!ecKoro 

nycKa npOTOHHOI'O CHHXpOTpoHa 11<1> B3, HHT8HCHBHOCTb ny'IKa ycKopHTen.H 6bI
ll 

na aoseneua no ~3 • 10 nPOT , 'ITO o6ecne'IHno caoespeMeHHoe Ha'lano 
HMn0 

3KCnepHM8HTOB no <liH.SHKe BbICOKHX 3HeprHtt. 

BToprui: rnasa nnccepTaUHH noCBSIIIIeHa npo6neMe HH>KeKUHH 'laCTHU 

a CHHXpOTpoH. B §§ 2, 4 onHCaHa CHCTeMa HH>KeKUHH ycKOpHTensr 11<1>B3, 

COCTOSIIIIBSI H3 COrnacy10II18I'O <tioKyCHpylOIII8I'O KSHana (HOHOnpOBOJ:ta) H yCTpol\CTB 

BBOlla ny'IKa B KaMepy ycKopHTensr, H npeacTaBneHbI pe.synbTaTbI uananKH 

aneMeHTOB H ycTpol\cTB CHCT8MbI t B TOM 'IHCne . npHB8J:(0HbI J:(8HHbI8 no Mar

HHTHbIM H3MepeHH.SIM H KoppeKUHH nonsr M8I'HHTHbIX aneMeHTOB KaHana. Tpe6o

BaHHSI K CHCTeMe · HH>K8KUHH CHHXpOTpoua, M8TOllbI H pe.synbTaTbI paC'l~TOB 

onTH'leCKOfl: CX8MbI q>OKyCHpy10mero KaHana H pe>l<HMOB HH<lirieKTOpHol\ CHCT8MbI 

npH onHoo6opOTHOA HH>KeKUHH npHB8ll8HbI B §§ 1, 3, 5. TipH pac'l~Te MHOI'O-

aneMeHTHott MarHHTOOilTH'leCKott CHCTeMhI KaHana HH>KeKUHH HCnonb30B8H 

<tiaKT CHMMeTpH'IHOI'O pacnono>KeHHSI pstaa <tioeycHpylOIUHX nHH3 HOHOilpOBOlla 

OTHOCHTenbHO pe.soHaTopa ae6aH'lepa, cny)!{amero nnst yMeHbWE!HHSI WHpHHbI 
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HMnynbCH0I'0 cneKTpa HIDlCeKTHpyeMbIX '-IaCTHU. 3-ro Il03Bommo pas.nenHT'b eec& 

TpaKT HH.lKeKUHH Ha nae 'laCTH, 38M8HHTb 11 CHMM8TpH'!Hyl011 'laCTb KaHana 

'enHHH'lHoA' MaTpHueit H B pewa10mctt Mepa COKpaTHTb o6~~M BbAHcneHHA Ha 

· 3BM. B peayn&TaTe ehlnonHeHHhIX pac'l~OB onTHMHsnpoeauo nono>KeHHe pm:ta 

aneMeHT0B CHCT8Mbl HIDKeKUHH H onpeneneHbl lt0HKpeTHbI8 pe>KHMbI ecex : 

yCTpoRCTa. Y CTaHo:wteno, '!To mm6om,wan nponyc1wrut cnoco6HOCTb TpaKTa HH

:lKeKUHH COCT8Brul8T Benlt'!Im:y ~3,5 CM. Mpan. B § 6 Ka'!eCTBeHHO paCCMOTpeHbI 

HeK0T0pble OCOOOHHOCT!I MHoroo6opOTHOit HH.lK8KUHH 'laCTHU E YCK0pHTeJIH C 

CHnbHOi ~OKyCHpOBKOtt. 

PesynbTSTbI HCCnenoBaHml CHCT8Mbl HIDK8KUHH C ny'lKOM npHB8Jl8Hbl 

e §§ 7 u 8. Opu ST0M a § 7 usnomeHbI pesym.TaTbl nonpo6HbIX HSMepead 

8MHTTaHca HH>KeKTHpyeMoro IIy'!Ka npn IlOMOlllH cnexman&HO paspa6oTaHHol 

nonyaBTOMaTH'l8CKo8 annapaTypbI, KOTOpa.R ·. Il03B0mieT H3Mep.srr& 8MBTTaHC 38 

-15-20 IlUKJIOB pa60TbI HIDK8KT.Opa. HsMepemm 8MHTTaHca npoeeneHbI B wnpo

K0M JlHaIIasoue H3M8H8Hlm T0K8 ny'lKa mmeituoro yCKopmerur (OT 10 no 90 MS). 

y CTaHOB118HO, 'ITO npH 6on&WHX T0KSX ny-ma nonepe'IHbI8 xapaKT8pHCTHKH ero 

cymeCTB8HHO OTnH'laIOTCH OT auanorH'IHbIX IlpH ManbIX T0:Kax • T SK, HHTerpanb

Hblit SMHTT8HC ny'!Ka 3Ha•,nrrenbHO (a 1,5-2 pass, CM.pHc. 2) IIpeBbIWS8T 

MI'HOB8HHblA H3-3a CM0lll8Him H noeopOTa nocnenuero Ha ~asoeoA nnoCKOCTH 

B T8118HHe HMnyn&ca TOKa. B § 8 0Tpa>KeHbl OCH0BHbl8 pesym,TaTbI Halia.QKH 

CHCT8MbI HH:>K8KUHH C ny'lKOM npoT0H0B t IlpHB8A,8HbI pesyn&TaTbl cornacoea-

HWI 8MHTTaHCa HH>K8KTHpyeMoro nytma C aKcenTaHCOM CHHXpOTpoHaH aana]lKH 

pe>KHMa OJlHOOOOpOTHOit HH>KeKUHH. Oony'!eHO cornacue 8KCnepHMeHTan'bHbIX 

]laHHbIX C paC'!~THbIMH; B 'laCTHOCTH, yCTaHoeneHo, 'ITO npH T0Ke HIDKeKTopa 

~00 Ma noTepH '18CTHU B KaHane HH>KeKUHH C0CTaBn.HlOT pac'!flTHylO BenH'IHHy 

~15%. Ha pHc. 3 npHae11eHb1 pesyn&TaTbl pac'!~a H HsMepeHHSI oru6a10meit 

Uy'!Ka B H0H0ilp0B0Jle. 

Oco6eHHOCTH CHHXpOTp0HH0I'0 ycKopemm H fiYTll U0BbIW8HHSI a4xl>eKTHBHOC

TH BbIC0K0'laCTOTHoro 38XB8T8 o6cy.lKJlaIOTCSI B JlHCC8pT8IlHH B rnase III. B § 1 

npHBOJlSITCSI paC'i~Hh18 H 8KCnepHM8HTanbHbI8 JlSHHbie no CHHX.pOTp0HH0My 

JlBH>KeHHIO H pesym,TaTbl II0 HaCTpoitKe C ny'IK0M 11e6aH11epa; B 8T0M >Ke 
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naparpa~e onHcaHa MeTo.11mca Hcnon&aoaaHHSI aHanoroaoA: BbAHcnHTen&HoH Ma

WHHbI (ABM) .11m1 pac11~a napaMeTpOB CHHXpOTpOHHoro llBIDK8HHSI M, B TOM 

'IHCne, B H8SAMa6aTH'leCKOA o6naCTH ( HanpHMep, B paAoHe KpHTH118CKOA aHep

;HH) ~-- llim peweHHSI aaAa'I no CHHXpoTpoHHOMY ABH:lKeHHIO Ha ABM ~aaoaoe 

ypaBH8HH8 aanHCbIBaeTCSJ B napaMeTpH119CKOO ~opMe : 

d t:\E eU def> · t:\E 
·-d (-)=-(cos¢ -cos¢ ), -== 4<o K-

t <o 2 rr s dt s E 
s s 

c .1106aaneHHeM Bb1pameHru1, onpe.11eru110mero TeMn H3MepeHHSI aHeprHH 'laCTmt 

npH yCKOpeHHH : dE 1 · 
___! .... -- <o e U cos cf> • 
dt 2rr s s 

( B npHBe.11eHHbIX ~opMy-nax: E ~ - aHeprHSI 'ISCTHilbl; <o - 'laCTOTa o6pame-
. s 

HHSI 'laCTHUbI B ycKOpHTene; u - aMnnHTYAa ycKopSIIOlllero Hanpst:lKeHHSI; <p s - . 

paBHOBeCHa.R 4'aaa i 4 - KpaTHOCTb ycKopeHHSI i K - ~YHKllHSI, xapaKTepH3YIOllla~ 

aaToq>aaHpyiomHe caoACTaa ycKopHTerui:). IlpH TaKoA nocTaHOBKe .11rui: peweHHSI ' 

3Ha'IHTen&Horo 'IHCna aaAa'I AOCTaTO'IHa .aHanoroBSSJ MaWHHa He6on&WHX BO3- .. 

MO:lKHoCTeA (HanpHMep, THna MH-7). To'IHOCTb peweHHSJ coCTaansieT -10% H 
1 

B OCHOBHOM 38BHCHT OT TO'IHOCTH annpoKCHM8UHH HenHHeAHbIX ~yHKllHA (Ha

npHMep, WHKllHH K). CornacHe peayn&TaTOB pac'l~TOB Ha ABM H aKcnepHMeu

TOB .... yito:eneTBOpHTen&Hoe. Ha pHC. 4 npHBe.11eHbI ll8HHbI8, Hnn10CTpHpy10lllH8 

BnHSIHHe OWHOKH B MOM8HT8 KOMMyTSUHH 4'a3bl ycKopSIIOlll8rO . HanpSDK8HHSJ Ha 

narepH 'laCTHU npH npoXO:lKA8HHH KpHTH'l8CKOA aHeprHH' a Ha pHc. 5 ' B 

Ka'l8CTBe npHMepa, fiOKa38HO fiOB8.118HHe ~aaoaoA TpaeKTOpHH 'laCTHilbI B paAo

He KPHTH'lecKoA aHeprHH, nonyqeHHoe Ha ABM. 

B §§ 2, 3, 4 AS-HHOA: rnaabl paccMarpeHbI cnoco6bl fiOBbIW8HHSI ~eKTHBHOC.

TH CHHXparpoHHoro aaxBSTa~--Y B8nH118HHe ~eKTHBHOCTH aaxBSTa npH HIDKeKllHH 

'laCTHU B cenapaTpHcy o6cy:iKAaeTCSJ B § 2, r.110 npHBOA.RTCSJ peayn&TaTbl Hccne.110~;.. 

Hd np~ CHIDKeHHH Ha'lan&HOA CKOpOCTH HapaCTaHHSJ MarHHTHoro norui:. Ha ycKopH,

Tene Hct> B3 peanH3OBaH TaKoA pe:lKHM ycKopeHHSI : CKOPOCTb HapacTaHHSJ MarHHT

Horo IlonSJ B llBS aTaIIa oblna IlOHH:lKeHa .110 ypOBHSJ -50% OT npoeKTHOA: aenH'IHHbI, 
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cymeCTB0BBBWeA npH 
0

DyC~e y'c'KopHTerulo 3ro Il03BonHnO Ha-60% YB~JlH'IHTb aq>

«iieKTHBHOCTb CHHXpOTpOHHOI"0 'sax:eaTa. THnH'IHbI8 .1::taHHbI8 3aBHCHM0CTH S<l>«lieKTHB

HOCTH 38XB8Ta OT aMfinHTy.llbl ycKopH10mero. HanpmKeHHH .llrul .llBYX 3Ha'leHHA Ha11anh

HOA cKopoCTH HapaCTaHml M~HHTHoro nonH ( npoeKTHoA H .llOCTHrHyToA nocne nep

soro STana CHIDKeHHH fICOpOCTH) npHBe.cteHbI Ha pHCo 6 0 B § 3 o6cy>K.[talOTCH B03M0>K

HOCTH ysenH'leHHH CHHXpOTp0HHOI"0 38XBaTa npH I'pynmq>0BKe ny11Ka BH8 

o6naCTH ycr.oA'IHBOCTH BbICOKoA 'laCTOTbI I npHB0.llHTCH .ctaHHbie pac11~0B Ha 

ABM s4>«iieKTHBHOCTH 38XB8Ta npH HIDKeKilHH HeM0H08HepreTH11eCK0I'0 ny'IK8 , 

KaK BbIWe, Tax H HIDK_e cenapaTpHCbI H pe3yn&TaTbI aKcnepHMeHT0B. IlpHMep 

pac~~THoA rpynnHp0BKH ny'l"t8. .ctaH Ha puc. 7. IlpoBe.1::teHHbie uccne.1::toaaHHH 

noKa38nH, 'IT0 ysenH'leHH8 KOa4i<liHUHeHTa 38XB8Ta npaKTH'leCKH C0OTB8TCTBY-

8T paC'l~HoA senH'IHHe, ·KoI'.cta HHTeHCHBH0CTb ycKopHTenH He npeBbIW88T 
12..__ ' . ·. 

10 -..!!.l:!2!. IlpH 6on&weA HHTeli6HBHOCTH a«ti«lieKTHBHOC'rb 38XBaTa CTaH0BHTCH 
HMIIo 

HIDK8 paC11~Horo 3Ha'l8HHH. O.llHaKo Hccne.llOBBHHb!A cnoco6 38XB8Ta M0:>KeT 

0K838TbCH nepcneKTHBHbIM npH BbICOKOA HHTeHCHBH0CTH ny'IKa B cnyqae 

yseriH'leHHH npe.llena ycKopHTellll no npOCTpaHCTBeHH0MY-3apH.cty. naparpa«li 4 

co.ctep:iKHT KpaTKoe OOcy,K.tl8HHe B03MQ)KHQCTH ocymecTsneHHH a.1::tHa6aTH11eCKOro . , 

CHHXpOTp0HH0I'0 38XB8Ta Ha yCKO})HTene J-1<1>B3, DpH KOT0p0M a<l><PeKTHBHOCTb 

M0)KeT .llOCTHraTb r,, f 00%. 

B qeTB~pToA I'nase paccMoTpeHbI HeKOT0pbie oco6eHHOCTH pa6oTbI 

DpOT0HH0I'0 CHHXpOTpdHa npH BbICOKOA HHTeHCHBH0CTH ny11Ka. B § 1 aHanH3H

pyeTCH nose.cteHHe s yCKOpHTene 'laCTOT 6eTaTpOHHbIX Kone6aHHA c T0'IKH 

3peHHH · .[t0CTH:>KeHHH npe.1::ten&Horo aKcenTaH.ca ycKopHTenH , a TalOl<e paCCMOT

peHbI npH'IHHbI, .snHHIOWH8 Ha aenH'IHHY pa6011eA o6naCTH :eaKyyMHOA KaMepbI. 

Bonbwoe BHHMaHHe y.ctenHeTCH nonyqeHHlO .ctaHHbIX o 6eTaTpoHHbIX 11acTOTax 

H, B TOM '!Rene, B pafl:oHe p83HOCTHOI'O pe3oHaiica CBH3H . Q = 'Q .• ':IloKa38HO, 
: r ·· ·:· z 

IUlX MeHHIOTCH 3Ha'leHHH 6eTaTpOHHbIX 11aCTOT s6nH3H yKa38HHOrO' pe30HaHca, 
I < ~j ~, •:• '. ', 

H .cta~CH MeT0.ctHKa Hccne.(l0B8HHH WHpHHbI pe3oHaHca; cpaBHHBaeTCH pac'l~T-

Hoe H 8KCnepHMeHTanbH08 nose.1::teHHe ny11Ka B ST0M cnyqae •. • 81,xpa:>KeHHH • 

onHCbIB8lOWH8 KorepeHTHbI8 Kone6aHJm ny'IKa npH Hanil'IHH • CBH3H Me>K.cty 

Kone6aHWIMH. B cnyqae HMnynbCH0I'0 B036y>K.[teHWI Kone6aHHA, HMelOT BH.[t: 
J. 1:if 
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r = r O ( cos 
2 

¢, cos 2 rr Q . n + sin 2 ¢, cos 2 " Q n ) ., 
1 2 

ro 
z -= 2 sin 2 ¢ ( cos 2 rr Q 

1 
n - cos 2 rr Q 

2 
n ) 

7 

r.lle rp - ·yron nonSipli38IUIH Kone6amdi, [ 0 - HaqanbH8H aMnnHTy.lla OTKnOH8HHH, 

n - HOMep o6opOTa nocne noa6y:>KJleHim Kone6amdt, Q 
1 

H Q 
2 

- napuHanbHbie 

6eTaTpOHHbl8 11aCTOTbI, l(OTOpble CBH38HbI C o6hNHbIMH '18CTOTaMH Q H Q H 
r z 

WHpHHOO peaoHaHca CBSl3H - 2 p cn8llYIOIIIHM o6pa30M: 

Q ·,,, Qr + Qz ± j (Qr - Qzji + p2 
1,2 2 4 

TipH aHanHae acM>eKTHBHOCTH HCil0nb30BaHHH BaKY}'MHO:lt KaMepbI ycKopHT~nH 

11<1>B3 noKa38HO, 'ITO aenH'IHHa 8KC8IlT8HCa KaM8pbI ~8 CM.MpDA, KOToprui: 

H800XO.llHM8 JlnH peanHaauHH Ka'leCTB8HHOtt MHOroo6opoTHO:lt HHiK8KUHH, HBnH8T• 

CH peanbHott. BTopoA naparpa<li nocBHlll~H HCCne,llOBB.HHIO BJIWIHWJ Ha ny110K 

nono>KeHJur pa6011efl: T~'IKH ycKOpHTenH ( T.e. 3Ha'leHHil: '18CTOT 68TaTpOHHblX 

Kone6aHHil:)Ha o6naCTH YCTO:lt'IHBOCTH 6eTaTpOHHbIX Kone6aHHil:. TipHMep AHarpaMMbl 

yCTofl:11HeOCTH ycKopHTenH .llJISI Ha11ana pe>KHMa ycKopeHHH npHBeAell Ha puc. 8. Tio

no>KeHHe' pa6oqefl: TO'IKH M8H.SinOCb c IlOMOIIlblO CHCTeM KoppeKUHH rpaAHeHTa Marmrr

Horo nonH; HHTeHCHBHOCTb. fiY'IKa B ,qaHHoM cny'lae <liHKCHpOBanaCb B caMOM Ha11ane 

ycKopemm ( 11epe3 2 MCeK nocne HH>K8KUHH), Il08TOMy TOnbKO nenbI8 P830HaTOpbI 

npOSIBJISIIOTCSI .llOCTaTO'IHO 'l~Ko, O.llHaKO ,IJ.8:ltCTBHe ,llpyrmc nHHefl:HbIX pe30HaTOPOB 

TaK>Ke 38M8THO. EcnH epeMH H3MepeHHSI HHTeHCHBHOCTH yaenH11HBa8TCS1, TO CTaHOBHT

CSI cymeCTB8HHbIM nefl:CTBHe 6onbUIHHCTBa peapHaHCOB .llO TP8Tbero nopSIAKS 

BKnlO'IHT8nbHo. 8 8TOM )1(8 naparpa<l>e npHB8.ll8HbI 8KCnepHM8HTanbHbI8 peaynb

TaTbI, IlOK83bIB8IOIUH8 BJimtHHe npoCTpaHCTB8HHoro 38pSl.lla fiY'IKa B CHHXpOTpOH8 

11<1>B3' KOI'A8 HHT8HCHBHOCTb YCKOpeHHoro ny'IKa Ha'IHH88T Dp8BbIIIIaTb 

10
12!!E2!.. Ha puc. 9 Dp8ACT8BJI8HbI 38BHCHMOCTH HHT8HCHBHOCTH YCKOpHTenH 

HMn. · 

OT paCCTOHHHSI pa~o11efl: TO'IKH AO nap8M8TpH118CKoro peaoHaHca Qz = 9,5rH3 

KOTOpbIX BH.llHO, 'ITO Kor.Ila HHT8HCHBHOCTb BbICOKa, OHS cymeCTB8HHO 38BHCH't 

OT Toro, HaCKOnbKO 6nH3KO pacnono>KeHO 3H8'18HH8 6eTaTpoHHOO '18CTOTbI K 

yKaaaHHOMy pe30HaHcy . ( CM.TaK>Ke puc. 8). BbinH DpOB8A8HbI paC'l~bI B03MO>K-

17 



PIie. 8. .nHarpaMMa yCToft•mBOCTH yCKOpHTeJUI Bt5.JIH3lt HH>KeKUHH; HHTeHCHBHOCTb 

yKaaaHa B OTHOCHTenbHblX eAHHHuax H npH,nepexone C BffYTpeuuero 

KOHTypa Ha BHewmm MeHSieTCSI Ha nSITb e.uHHHU, + - 'ecTeCTB8HHoe" 

nono:lKeHHe pa601J:eii TOIJ:KH a MoMeHT HH>KeKUHH, e - nono>Kemi:e pa6o

qei\: TOIJ:KH B MOMSHT HH>KSKUHH, 06ecne1J:HB8I01Uee. HaH6onbWY.IO HHTeHCHB

HOCTb nyqKa, nyJ:IKTHpHbie npSIMbie - rpaHHUbl uacTpoii:im CHCTeMbI Kop

peKiiHH rpanHeHTa·MarHHTHoro'noru1~ 

18 



9,7 9,9 G.z 

PHc. 9. 3aBHCHMOCT& HlffeHCHBHOCTH ycKopeHHoro nyqKa OT pacCToHHHH pa6o
qefi TOqKH no napaMeTplNeCKOI'O pe30Hf2\r8&-r~ - H~TeHCHBHOCTb 
"'1011npOT t O - HHTeHCHBHOCTb ,..,, 10 • 

HMn. --- HMn. 
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Hott B81IH"!HHbl HeKorepeHTHoro CllBHra 6eTaTpOHHOA 'l8CTOTbI, KOTOpbie nOK83bI-

12 
B8IOT, 'lTO npH HHT8HCHBHOCTH ycKopllT81ISI 10 11JJQl: H 6onee C,llBHr '18CTO'rbl 

HMn. 

MO)!C8T npeBbIW8Tb 0,25 B nepaoe BpeMSI nocne H8'l81I8 ycKopeHrui:~ Pac"'l~Tbl 

npOBO.llHlIHCb no ~OPMYlle: 

;/32ya(~+~ )B 
r z z 

~ Q= ·n r0 F 

' 
rne n - •mcno 11aCTHU, r

0 
- "'KnaccH"!eCKHfi' panuyc nporoua, f3 H y -

COOTBeTCTB8HHo,cKopoCTb 'ISCTHU B 8,llHHHUSX CKOPOCTH CBeTa H HX SHeprWI 

B 8,llHHHUax SHeprHH noKoH,:, - SMHTTSHC ny~Ka, B ;.. cliaKTOp rpynnHpOBKH r, z 

118CTHU B,llOllb 83HMyT8 ycKopHTerut, F - K081?PHUHeHT, y'IHThma10mufi BlIHSIHHe 

rpamm aaeyyMHoA KaMepbI H non10coa sneKTpoMarHHTa. 

BoaMO»cHble nyTH yeenHT.1eurui: npenena ycKopHTerut no npoCTpaHCTBeHHo

MY aapH.llY o6cy)!{,llaIOTCH B §§ 3 H 4. B.TpeT&eM naparpaclie aHalIH3HpYIOTCH 

B03MO:>KHOCTH KOppeKUHH napaMeTpH'leCKHX P830H8HCOBo 06cy>KJXBIOTCSI CX8Mbl 

KoppeKUHH, paapa60TSHHbl8 npHM0HHT81IbHO K ycKOpHT81JlO Ha SHeprHIO 76 rae '.. ' .. -
H pe3yri&T8Tbl HX SKCnepHM0HT81IbHOA npoaepKH. Ha puc. 10 np1meneua ,llHar

paMMa yCTOfi'lHBOCTH ycKopHTerut, CHSITSSI .lllIH cny'laH, Korna ocymeCTBlIHeTCSI. 

KoppelCUWI p830H8HCOB Q = 9,5 H Q = 9,5. nono:>KeHHe pa6011efi TO'IKH npu r z 

HH)K8KUHH M8HH1IOCb C noMOlllblO nOCTOSIHHbIX TOKOB B CHCT8M8 KOppeKUHH 

rpanneHTa, HHT8HCHBHOCTb H3MepSI1I8Cb B KOHU8 UHKlla ycKopeuua. TioCKOllbKY 

C POCTOM MarHHTHOro nolIH 6eTaTpOHHbl8 '18CTOTbl C,llBHr8IOTCSI K CB00My 3Ha

'l8HHIO, xapaKTepHOMY .lllIH cpe.o.HHX MarHHTHbIX noneA ( .- 9,65) 9 cymeCTBOBa

HHe ycKopeHHoro ny'lKa HH~e pe30H8HCOBQ = 9,5 CBH.ll.8T81IbCTByeT O TOM, 
. ~z 

'ITO o6ecne~HB8IOTCSI ycnoeHH, npH KOTOphIX 'ISCTb '18CTHU He TepaeTCSI npu 

npoxo)!{,lleHHH napaMeTpH'lecKoro peaoHaHca. IlaHHhie Ha pee. 11 n0Kaab1ea10T, 

'ITO KoppeKUHSI napaMeTpH"!eCKHX pe30HaHCOB no3B01ISl8T yaelIH'IHTb HHTeHCHB

HOCTb ycKopHT01ISI. B § 4 npHBO.ll.Si!TCSI pesyn&T8Thl oueHKH npe.o.en&HO B03MO:>K

Hoii: HHTeHCHBHOCTH ny'IK8 YCKOpHT81JSI 11<PB3 npH 38.ll.8HHOA SHeprHH HH:>K8KUHH. 

Pac'l~ThI BhinOlIHSWHCb C Y'l~OM OCHOBHhIX pesyn&T8TOB ecex, pas.o.enoe Ha

CTOSIIUeR pa60Tbl; B TOM 'IHCne y'IHThIB81IlICb : B03MO>KHOCTH HH)K0KTOpa ' na

paMeTpbl HH)K0JCTHpyeMoro ny'IKS, nponyCKH8SI cnoco6HoCTb Tp8.KT8 HH>KeKUHH, 

20 



Pnc.10.06naCT& cymeCTBOBSHHSl ycKopeHHoro nyqKa npH KoppeICilHH napaMeTpH~ 
qecKex peaouaucoe; uau6on&wruz HHTeHcueuocT& - 100 eaHHHU. -

21 



I I 
. I nycK ,1 

to" 
1~:-----f--+-L/+-·-r-\r--+---'--

,, I \ 
j \ 

, 
I ' 

-+: - \ 

10 / / ~\ 
I I · ~ 

8 /i J ~ 

i---+~su_/ / \ 
~1 I/ -

/t...._+/ I ~ 
._J 2 ' 

I I ' ~1 . \ 
·--'--....u....___J _ _l__L_L~.o-,l --'--___...._J--

9,3 9,~ 9,5 9,6 9,? 9,B 99 1,0 Q.i. 

PHc. 11. BmmHHe KoppeKitHH napaMeTpll'lecKoro peaoHaHca Q z = 9,5 Ha HHTeH
CHBHOCT& ycKopHT0Jlili cnnowHaSI nHHHSI - CHCTeMa KoppeKitHH pe3OHBH
ca He BKn10qeHa, nyHKTHpHBSI nHHHSI - CHCT8MB KoppeKUHH BKn10qeHa. 

~ 

:; 

" 

.•. 1'. ., 



Tpe5y~Mhrii: aKcemaHc ycKopHTem1 B CBSl3H c MHoroo6opoTH~it HH)l{eKUHeit , 

oco5eHHOCTH BhICOK0'laCTOTHoit · ycKopS1romeit CHCTeMhI H CHCTeMbI nHTaHHSI 

aneKTpoMarHHTa yCK0pHTeM, Heo6XO.llHMOCTb K0ppeKUHH psaa peaOHaHC0B 6e

TaTp0HHbIX Kone6aHHi!:. Tiony'leHHoe 3Ha'leHH~ npe.uenhHOit HHTeHCHBH0CTH HSXO_. 
1?~-- ' . 

.UIITCSI Ha ypoDHe 4 • 10. -!!E.Q!. H, no-im.um...roMy, !l0CTIDKHMO npH COOTBeTCTBYIO-
HMn. 

ll!el1 llOLlf'OTOBICe CHCTeM yCKOplrrenhH0ro K0MnneKca. 

OcHODHbie peaym:,TaTbI. pa60Tbl B uenoM M0rYT 6bITb cq,opMynHpOBalU,I 

cnenyromuM o6paaoM : 

1. ITpoaeneHa K0ppeKUHSI paDHODeCHOA op6HTbI ycKopHTenSI 114>B3 HS 

OCH0Be pllC'l~THhIX .llSHHhIX H peaynhTSTOB SKCnepHMeHTOB; nonyqeHbI napaMeT• 

pbI op5HThl cymecTBeHHO nyqwe 0)l{H,!laBWHXCSI npH paapa60TK8 npoeKTa. 

2. B nepHoa q>HaH'leCKoro nycKa ycKopHTerui: 11c:t>B3 ocymecTaneHa Hana4-

Ka pe*HMOB 'nepaoro o6opOTa' H 'unpKynHUHH ny'IKa'. 

3. Peweua KoMnneKcurur aaaa11a no HanaaKe KaHana HH»<eKUHH 11acTmt 

B CHHXpOTpou. TipH 8TOM a) nposeaeu pac'leT MarHHTOOnTH'leCKoit CHCTeMbI 

TPSICTS HH)l{8KUHH ; 6) paspa60TaHa annapaTypa HaMepeHHSI SMHTTaHca ny'IKS 

H npoaeaeu nonubli!: UHKII H3MepeHHtt SMHTTaHca; a) ocymecTaneuo cornacoaa

HHe ny11Ka C aKcenTaHCOM CHHXpOTpOHa H nonyqeuo pac'l~THoe 3Ha'l8HHe npo

nycKHoit cnoco6uocTH TpaKTa HH*8KUHH B uenoM. 

4. Paa pa60TaHa MeT0.llHKa ucnon&aoaaHHSI ABM arui: pac11l!Ta napaMeT

poB CHHXPOTpOHHoro .UBU)l{9HIIB, BKnIO'l851 pai!:OH KpHTH'l8CKOit SHeprHH YCKOPH

T8JISl:e 

5. TeopeTH'l8CKH H 9KCnepHM8HTanhHO HCCne.uoaaHbI cnoco6bl IlOBbIW8HH51 

:3ql(p8KTHBHOCTH CHHXpOTp0HHoro 38XBSTa, B TOM 'IHCne - 38 C'll!T CHH)l{eHHSI 

CKOpOCTH HapaCTSHHSI MarHHTHorO non.s B Ha'lane UHKna ycKopeHHSI H C Hcnon&-

30BaHH8M rpynnHpOBKH nyqKa BH8 cenapaTpHCbI. 8 pesyn&TaTe npoBe}leHHbIX 

HCCII8.UOB8HHi!:. Ha ~ 80% yaenH'leHa a4>cl>eKTHBHOCTb 38XBST8 no cpaBHeHHIO C ' 

aenH'IHHoit, npeanonaraaweitcsr npu pai3pa60TKe npoeKTa ycKopHTensr 11ct>B3. 

6. Paapa60TaHbl MeTO/lbI HCCne.uoaaHHSI paanH'IHbIX p830H8HCOB 6eTaTpoH

HbIX Kone6aHHit B CHHXpOTpoHe H BbinOnHeHbI COOTBeTCTBYJOmHe ' 8KCnepHMeHTb1.· 

ITony'leHbI Y.UOBII8TBOPHTe1IhHbI8 pesynhTSTbI no KoppeKUHH pe30H8HCHOit no

lI0CbI napaMeTpl!'leCKHX peaoHaHCOB Ha ycKopHTene 11ct>B3 ,, 'ITO npuaeno 
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K ynemI'leHH!O HHTeHCHBHOCTH ny11Ka YCKOPHTelISI Ha ~ 25%. Pa3pa60T8HHrut 

M0TO.llHKa 11ccne.noaamm pe30H8HCa CBSI3H Il03Bonnna ycTaHOBHTb npH'IHHbI 1 

npHao.nsimHe K casiaH KoneoaHHA Ha ycKopHTene Hct>B:3. YcTpaHeHHe 3THX npH

'lHH cnocoo~TBOBano cymecTB0HHOMY ynyqUieHmo CTaoHnb~OCTH pa60Tbl ycKopH

Tem1 H yaenH'leHHIO ero M8KCHM8nbHOil: mrr,eHCHBHOCTH Ha ~ 30%. 

ny'IKa 

7. 3KcnepHM0HTanbHO ycTaHoBneHO MHSIHHe npoCTpaHCTB9HHOI'O 

B ycKopHTene 114>B3 npH HHTeHCHBHOCTH Bblme 10
1

2nP.oT; npH 
. HMil, 

3apSI.lla 

3TOM 

HMeeT M8CTO cornacHe llOJIY'!0HHbIX pesyn&TaTOB C pac':l~TaMH. 0nTHMan&HblM 

BbIOOP pa6oqe8 TO'IKH ycKopHTerm npH HH>KeKUHH, c y'i~TOM .11e8CTBHSI npoCT

paHCT58HHOI'O aapsi.c.ta, noaaomm nooy"IHTb HHT0HCHBHOCTb, npeBbIUiaIOmyIO 

1012~.. . . 

8. TTpoae.11eH auanH3 B03MO:>KHOCTe:!I: ycKopHTen&HOI"'O KOMnneKca C TO"IKH 

apeHHSI nony'leHHSI npe.11enbH08 HHTeHCHBHO~TH fiY"IKa. nony'ieHa oueHKa npe

.11en&HOO .HHT0HCHBHOCTH ycKOPHTenst. 

Ilepe'leHb OCHOBHbIX pe3ynbTaTOB BKnJO'laeT B C00SI 6on&UIHHCTBO Bonpo

COB1 OT peUieHHSI KOTOpbIX saBHCHT npe.11enbHaSI HHTeHCHBHOCTb yCKOpHTenSI. 

HeKOTopo8 HnnIOCTpauue8 a<p<peKTHBHOCTH npone.c.teHHbIX 11ccne.110BaHml: MOI"'YT 

cny>KHTb .c.taHHbie, xapaKTepH3Y!OlllH0 poCT BO BpeMeHH MaKCHMan&Ho:!I: lIHTeHCIIB

HOCTH ycKopeHHOI'O fiY'lK8 npOTOHHoro CHHXpOTpoHa 114>B3 C MOM0HT8. Ha"lana 

~H3H'10CKOI'O nycKa ycKopHTeng :e ceHTSI6pe 1967 r. (ycKopeHHe npoTOHOB .110 

npe.11en&Hoit aHepr~H 76 raa ObinO nony'i0HO 

3 • 1011nI!OT 

12
HMil, 

.1 • 10 n;eOT 
· HMll, 

1,5 • rnl2¥/h'ff 
. 12 • 
2. w HEIW.. 

a OKTSI6pe 1967 r.): 

anpen& 1968 r. 

OXTSIOpb 1968 r, 

aarycT 1969 r. 

monb . 1971 r. 

TTpIIMep CTaoIInbHOCTH paoOTbI ycKopIITenSI npHB0.ll0H Ha plIC, 12 (Hc

non&30B8HbI .Q8HHbie 1970 r.). fIICTorpaMMa noK83bIB8eT, "ITO B -80% cnyqa

ea OTKnoneHHe HHTeHCHBHOCTH OT cpeaHero 3H8'l0HHSI He npeBbIW88T -.t. 5% ' 

a OTnlI'lHe cpeaHeit lIHT8HCHBHOCTlI or .. MaI<:CIIMan&Ho8, .llOCTHI"'HyToil: K TOMY 

apeMeHH, COCTaBnsteT ""' 25%. 
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