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:11sy-qeHne npouecc_oB, HHIIUlIHpyeMb!X TaKl!Mll pe.tlKHMll '18CTll

uaMH, KaK aHTIIIlpOTOHbl II K -Me30llbl Bb!COKHX aHeprnn. 38HlI

MaeT B8)1{HOe MeCTO B COBpeMeJIHOfi SI.ttepHofi !pll311Ke. 0.ttHaKO aip:.. 

q>eKTHBHOCTb H3Y'l0HIISI BO MHOf'OM onpq.t1ensreTCSI B03MO:>KHOCTLIO 

cenapaunn STHX '18CTHU OT conyTCTBYIOIIIero HM ft -Me30HHOf'O 

• q>oHa. 

B 1957 r. B.11.BeKcnep II B.A.ITeTyxoa npennomnnn aneKTpo

i:mHaMn'leCKHfi M9TO!t cenaparmn '18CTHU Bb!COKllX aHeprnfi 110 MaC

caM. B HaCTosrmee apeMsr B na6opaTopnn BbICOKllX aHeprnfi OHHH 

3aBepUieHbl Hana.ttKa II llCilb!T8HIIe·;cosnaHHOf'O ua OCHOBe STOf'O 

M·eTo.tta cerrapaT"opa 'laCTHU BbICOKIIX aueprnfi n nony'leH cenapn

poaaHHbifi ny'IOK aHTHilpOTOHOB c HMnynbCOM 5 faa/c. B J:llICCep

T8Ullll nsnomeHbI OCHOBHbI8 pesynbTaTbI, nony-qeHHbI9 B npouecce 

paspa60TKH, HanaJ:IKll ll ncm,IT8HllSI O.tlHOfi ll3 OCHOBIIblX '18CTefi 

cenapaTopa - CHCT8Mbl KpaTIIOf'O ycKope1msr npoTOIIOB B CIIIIXpo

q>asoTpOJie Ha 10 faB. 

B 1-ofi rnaBennccepTaunn orrncaJI npnHuHn pa6oTbI aneKTpo

J:InJiaMII'lecKoro cenapaTopa, npoaeneHbI TeopeTn11ecKoe paccMoTpe

llIIE!l pe:>KIIMa KpaTHOf'O ycKopeHIISI npoTOHOB Bb!COKHX_ aueprnfi B 

CIIHxpoq>aaoTpoue It paC'l~T OCHOBIIbIX xapaKT8pllCTIIK CIICT8Mbl 

KpaTHoro . ycKopemrn ( CKY) .~ TaKme naHo 06ocu0Bam1e BbI6opa 

6noK-cxeMbI CKY. 3neKTponnuaMII'lecKnit cerrapaTop 11acTIIU BhI

coKIIX aueprnfi 011Hl1 pa6oTaeT cnenyromrrM o6paaoM. 3a 0,3 ➔ 

➔ o. 7 ceK !10 KOJIIIa UIIKlla OC!IOBHOf'O YCKope!IIISI nponcxo.ttIIT 11e

peKn1011eHne c,rnxpoqiaaoTpOHa B pe:>KIIM ycKopeHIISI Ha IlOCTOSIIIHIIOfi 
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qacToTe f 1 q = 1437, 7 Kru. Tipn .llOCTll)KCHHH IIpOTOHaMH MaKcH-

ManbHOH 9Heprnn W = 10 faB HaIIpSl)KCHHe c qaCTOTOH 
1q 

CHHMaeTCH ll O.llHOBpeMeHHO BKni<JqaeTCSI CHCTeMa KPaTHOro yCKOpe""'. 
:'

HHH, qacTOTa KOTOpoii fp = 149,520 Mru. TipOHCXO.llHT rrepe3aXBaT 

n rrocne.nyromee KpaTKOBpeMeHHoe (B TeqeHne 20 MCeK) ycKopeHne 

rrpoTOHOB Ha BbICOKOH KpaTHOCTH q = 104, B pe3ynbTaTe qero 

rryqoK IIpOTOHOB rrpno6peTae't BbICOKoqaCTOTHyro CTpyKTypy. , il'anee 

C IIOMOfilbID CHCTeMbl C03.llaHHSI a3HMyTanbHOH aCHMMeTpHH MarHHT

Horo rronsi cnHxpocpa3oTpoHa rrepe3axnaqeHHbiii rryqoK oTHOCHTenbHO 

Me.nneHHO ( B TeqeHHe 2-+ 3 MCeK) HaIInbIBaeT Ha BHeUIHIDID MHllleHb. 

Tipn _9TOM Ha Bb!XO.lle H3 MUllleHH B03HHKaeT rrepno,unqecKaSI rrocne

.llOBaTellbHOCTb KOpOTKIIX crycTKOB BTopnqHbIX qacTHU co CKBa)K

HOCTbID €l ::. 5, rrepno.noM cne.noBaHHSI ft .. 2 M n q>OHOM Me)K,uy 

crycTKaMn He 6onee 0, 1% oT Komi:qecTBa qacTIIU B crycTKax. Ila

nee rryqoK BTopnqHbIX qacTnu cpoKycHpyeTcsi, rrpoxo.lllIT qepe3 .nna 

IIOBOpOTHb!X MarnnTa ll KOnnnMaTop, B pe3ynbTaTe qero Bbl.llenSIIDTCSI 

OTplIUaTeilbHO 3apSI)KellHbie qacTIIUbl_ C IIMIIYllf?COM 5;!:_D,0025 ran/c. 

nocne 9Toro rryqoK qacTUU no_rra.naeT B Bb!COl(OqaCTOTHOe OTKllOHSI

romee ycTpoli:CTBO. PacCTOSIHlle OT MJillleHII .no uenTpa OTKnomirolll.e-

ro ycTpOHCTBa L = 58 M BJ,I6pano TaKHM, qT06b! rrocne IIpOXO)K-

.nemrn ero. aHTl!IlpOTOHbl OTCTanJI· OT 17 -Me30HOB pOBHO Ha 

rronrrepuo.na et / 2. Pe30HaTopb1 OTKnoHsiromero ycTpoficTBa ccpa3JI-' 

poBaHbl TaKIIM o6pa30M, qTo6bI cryCTKH aHTHIIpOTOHOB OTKnOHSI

mi:cb BneBo, a cryCTKII fT -Me30HOB - BIIpaBo. 

Ha oc110Be II3MepeHnoro pacrrpe.nenemrn rrepe3axBaTb1BaeMbIX 

rrpoToHoB no anepr!ISIM 6bmo Bb16pano aHanJITJiqecKoe··. Bb1pa)KeH1Ie 

cpyHKumi: pacrrpe.nenemrn, c rroMoiuhro KOToporo MeTO.llOM qncnennoro 

HHTerpnpoBaHIISI rronyqeHbl 3aBJICIIMOCTII K09cpqlllUIIeHTa rrepe3axBaTa'· 

rrpoTOHOB B pe:lKJIM KpaTHoro ycKopemrn (1 OT HarrpSI)KeHHSI Ha 

menu pe3onaTopa UP , a11epr1I1I rrepe3axnaTbIBaeMbIX rrpoTo-

non W , anepreTnqecKoro pa36poca 6. Wm • KpaTHOCTII ycKopeHIISI 

q ll OTKnoneHHSI fl we ueHTpa cerrapaTpHCbl q -oii KpaTHO-

CTH OTHOCHTenbHO paBHOBecnoii aneprnn. Ha pile. 1 rrp1me.neHbl .llBe 

pacqeTHbie 3aBHCHMOCTII '1 OT up , COOTBeTCTByromne pa6o-
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PHc. I. 3BBHCHMOCTb K08</XJJHUHeHTa nepesaABBTB npOTOH~B B peJKHM 

KPBTHOro ycKopeHHH OT HB11pHJKeHHH Ha III.elIH pe.30HBTOPB 

up 11pH SHeprHH 11pOTOHOB IV= 10 I'sB, Kp4THOCTH y~-
KOpeHHH q = 104 H 'lBCTOTe KPBTHoro YCKOPeHHH 

~ = 149, 520 Mru. 1. Pac'lGT.flBH. KPHBBH, .d "'==j;,J, 7MsB, 

2. 3Kc11epHM6HTBnbHBH KpHBBH, .d Wm= ±.1, 7-/l'fsB, 3.3K

c11epHM6HTBnbHBH KpHBBH .d Wm= ±.2,8 MsB, 4.- PBC'lGTHBH 

KpHBBH .1 Wm = ±.2,B MsB. 

'le My peJKHMY CKY, To eq,Tb sHeprnn npoToHoB .W = 10 ran, 

KpaTHOCTH q = 104 , snepreTnqecKoMy paa6pocy fl Wm =:!:.l, 7 Man 

(KpHBaSI 1) n !!:.Wm= ±.2,6'MsB (KpHBaSI 4). Ha OCHOBe STHX 

.naHHbIX nponane.neH Bb16op Heo6xo.nnMoro HanpmKeHnH Ha wenn 

pe.aoHaTOpa CKY. KaK BH.llHO no KpHBoii 1, .nocTaToqHo BbICOKHH 

KoscpcpnulieiiT rrepe3axnaTa o .. 0, 7 HMeeT MeCTo 'rrpu U "'100 KB. 
- . . p 

C yqeToM pacqeTHoii aanncnMocTn Koa#nuneHT_a-·nepeaaxnaTa u 

OT OTKnoHeHHSI uenTpa cerrapaTpllCbl q -OH KpaTHOCTH OTHOCHTenbHO 

paBHonecHoii aHeprnu 6hmn orrpe.neneHbI MaKcli:ManbHO .norrycTn-

Mbie OTK1IOH0HHSI _qacTOT fp H f t q OT KpaTHorq -COOTHOllleHHSI, 
. L\f . . t.f . 

COCTaBHBllllle COOTB0TCTBeHHO ~ 5 3. 10-5 ll --r 5. 3. 10-6. 
p . ·tq • 

Bb16op pa6oqeii qacTOTbI CKY f P .. 150 Mru, B ocHOBHOM orrpe-

.nenuncsi na pacqeTa sneKTpo.nnHaMnqecKoro cerrapaTopa.B uenoM 

Ha ocHoBe uMeromeii:csi 6aab1 rrponeTa L. 3To 3H~qeHne f P oKa""'. 

aanOCb He COBCeM IIO.llXO.llSIIIIHM c TOqKH apeiqrn ycnoBHii: pa6oTbl 

peaoHaTopa CKY. · P a6oqnii Tun nonHhI, Boa6y:lK.naeMbiii peaoHa

Topo~ -B KaMepe cnHxpocpaaoTpoHa - E 11 , a KpHTH'lecKaH .nnnHa 

oonHhI KaMepbI .nnSI aToro Tuna BonHbI X kp ~- 0,8· M. 0.nHaKo He 
5 
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IICKmo'leHa B03MO:lKHOCTb qacTH'iHOii TpaHc<jiopMaUHH BOnHbI E l1 Ha _ 

Heoi:mopOLlHOCTSIX, HMeJOmHXCSI B K8Mepe, B BOnHy B Ot • nocKonb

KY KpIITil'leCKSSI LlnIIHa BOnHbI KllMepb( LlnSI BOnHbI HO ·1 COCTaBn~eT 

>. kp .. 3,2 M, IIOSIBnSieTCSI. B03MO:lKHOCTb. H3ny'ieHHSI BbICOKO'i8C

TOTHOH MOmHOCTH H3 pe30H8TOpa B KaMepy, T.K. pa60'i8SI LlnHHa 

BOnHbI 

TaUHH 

A P IIpII 9TOM CTSHOBIITCSI MeHbllle KpIITil'leCKOii. B LlIICcep

npIIBOLlSITCSI o6oCHOB8HIISI BbI6opa LlnIITenbHOCTH HMrrynbca 

CKY tu = 20 MCeK, CIISLla BepllIHHbI dU UP , < 10%, 'i8CTOTbI 

IIOCbinOK F = 1/9 ru. 
p 

EnoK-cxeMa, Bb16paHHaSI H3 ycnoBHSI rrony'leHHSI BbillleIIpHBe-

LleHHbIX rr_apaMeTpoB, rrpellCTaBneHa Ha PIIC. 2. - 3arrycKaeTCSI CKY 

IIpII IIOMOmII IIMIIynbca, COOTBeTCTByJOmero MOMeHTy BpeMeHII, KOrlla 

-· r--- ------ 7 ,---------7 
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Pnc. 2. Bnox-cxeMa CHCTeMbI xpaTHoro ycxopeHHH. 
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9HeprHSI rrpoTOHOB LlOCTilrna w = 10 fsB. 3TOT HMIIY~bC IIOCTyrraeT 

Il3_3ana sneKTpOHIIKH cHHxpoq>a3oTpona Ha·Bxon 6rioKa sanep:lKeK 1. 

C Bbixona 9TOro 6noKa HMIIynbCbI C neo6xonHMliJMH ::ianep:lKKSMII 

IIOCTYIISIOT Ha 38IIYCK <l>opMrtpoBaTenSI HMIIynbCO~ MonenSITopa 3, 

a TSK:lKe BbICOKO'i8CTOTHoii OTKnOHSiiomeil CHCTE!MbI, cf>u3II'ieCKOil 

arrrrapaTypb1 u npyrux y3n0B cerrapai-opa. MMrrynbCHbiii: MonynSITOp 

4, 5, 6, 7 q>OpMn:pyeT - BbICOKOBOnbTHbie IIMIIynbCbI, IIOCTyIIaJOmHe • 

Ha 8HOLlbl reHepaTOPHbIX naMn. EnoK. B'tf reHepllTopOB 8, 9, 10 

COCTOHT H3 7-MH K8CK8LlOB. 0KoHe'iHbiil K8CK8Ll 10 ocymecTBnSieT 

IIIITSHile pe30H8Topa 12. Peq,neKTOMeTp 11 KOHTponupyeT corna

COB8HI1e pe30H8TOpa C BBOLlHbIM q>HLlE!pOM II ypoBeHb MOmHOCTH1 

rrocTyrraJOmeii B pe30HaTop. feHepaTop cTa6nnba:o:lf 'iSC_TOTbI 2 re

HepI1pyeT HSIIpSI:lKeHHe C °qacTOTOil f t q , KOTOp?e IIOCTyrraeT B _ 

aan sneKTpOHIIKH, rne IICIIOnb3yeTCSI LlnSI CIIHXpOlII138UH_H. BbICOK0-

'18CTOTHbIX ycKOPSIIOmHX CHCTeM CHHXpoq>a3~TpOHa lrrocne ero rrepe

CTpOiiKH B pe)KIIM ycKopeHHSI HS IIOCTOSIHHOil 'i8CTQTe). KBapueBbIH 

38Ll8JOmHil reHepaTop 13 Bbipa6aTbIBaeT Harrpsimean:e C 'i8CT_OTOil 

f P , rrocTyIIaJOmee Ha Bxon 6noKOB Bl{ reHepaTOpoB CKY H oT

KnoHSIJOmeii CHCTeMblo 

2-ftSI rnaBa nnccepTaUHII rrocBSimeHa pe3oHaTopy CKY. KoH-

CTPYKUHSI pe30H8TOpa 6bma BbI6paHa TSKoii, "'iTb6bI OH BIIHCbIBancSI 

B BBOLlHbIH IIpSIMOnHHell:Hbill: rrpoMe:lKYTOK BaKyyMHOH KaMepbI CIIHxpo

q>830TpOHa II He coanaBan_rroMex rrpoueccy OCHOBR'Qro ycKopeHHSI. 

PeaoHaTOp CKY rrpeL1CTaBnS1eT co6oii qeTBepTbBOl!JiOBoil oTpeaoK 

K08KCH81lbHOil nHHH_II C IIpSIMOyronbHbIM rrorrepe'IHblM ce'leHileM_ H 

rrpononbHbIM OTBepCTHeM BHyTpH ueHTpanbHOro rrpoBOLlHHKa LlnSI 

rrpoxo:lKLle1msi ny'lKa rrpoToHoB (.cM. puc. 3). IlpHBOLlIITC.SI MeTo

LlIIKa paC'ieTa no6pOTHOCTH II BOnHOBoro COIIpOTIIBneJIHSI pe3oHaTopa. 

llnsi TOro 'iT06bI HCKnIO<IHTb B03MO:lKHOCTb TpaHcq>opMauuu BonHbl 

E 11 B HO t • a, cnenoBaTenbHO, H3ny'leHHSI BT,J "MOmHOCTH B Ka

Mepy CH~xpoq>a3oTpOHa, B pe30HaTope rrpellyCMOTpe-m,1 LlB8 IIpSIMO

yronbHbIX 9KpaHa 3 ( pnc. 3)' KOTOpbie npenoTBpamaIOT IIpOHHKHO

BeHHe BOnHbI E 11 B KaMepy, rlle lIMeeTCSI MHoro. rrpaKTH'ieCKH ne

ycTpaHHMbIX HeOLlHOPOLlHOCTeii. TpaHcq>opMSUHSI E 1t B B O 1 BHYTPH 
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PHc. 3. O6IIlHil BHP. pe:30HBT0PB CKY. 1. 3neKTPOP.. 2. HapylKHbiil 

rrpoB0P.HHK. 3. 3KpBHbI P.nH IIOP.BBneHHH ·Hsny"l:eHHH. 4.lleH

TpBnbHbiil Ilp0B0P.HHK. 5. CHCTeMB IIO0CKHX aneKTP0P.0B. 

B. KoHTBKTHble 11nacT11H1,1. 7. YronxH. B. lToP.BHJKH~H paMKB 

P.nH HBCTpoilKH HB "1:BCT0Ty. _9. HsonHTOPbI IIn0CKHX aneKT

p0P.0B. 10. Pe6pa JKeCTKOCTH. 11. HsonHTopr,r aneKTf!0P.a. 

12. lTeTnH CBH:3H. 

' pesoHaTopa Hero aKpaHoB npeaoTBpamaeTcH nyTeM cneuHanbHoil, 

Mexa~rntJeCKOH IOCTHpOBKH pesoHaTOpa. COBMeCTHO C aKpaHaMn:. ITpn:

BOllHTCSI MeTOll pactJeTa aKpaHOB~ Ha OCHoBe H3MepeHHoro M8TOllOM 

ManhIX BOSMymeHn:ii pacnpeaeneHn:SI B4 aneKTpn:qecKoro nonsi B paii

oHe menn: pesoHaTopa npn:BOllHTCSI pesynbTaT rpa¢n:qec~oro pactJeTa 

$aKTopa BpeMeHn: nponeTa T = 0,91 llnR \V = 10 faB. 
... 

fnaBHoe BHHMaHHe.Bo 2 rnaBe yaensieTcsi BonpocaM noaaB-

neHHSI pesoHaHCHoro BbICOKO'laCTOTHOro paspsiaa ( PBP. MynbTH

naKUHSI), IIOCKOnbKY pesoHaTop CKY llOmiceH pa6oTaTb B BaKyyMe. 

nononHHTenbHhlMH o6CTOSITenbCTBaMH, cnoco6CTBOBaBillHMll B03HHK

HOBeHHIO paspSillHbIX SIBneHHH B pesoHaTope, SIBHnHcb HanHtJHe B 

pa~oHe pacnono.>KeHHSI pesoHaTopa aoBonhHo cHnbHoro pacceHHHoro 

MarHHTHoro IIOnH MarHn:Ta CHHxpo$asoTpOHa H z .. 50 a, a T8K.lKe 
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'cBepxnnnHHb1ii' HMnynhCHbiii pe.>KHM pa6oTbI pesoHaTopa. ·rrpHBo

llllMbJe B nHTepaType HCcneaoBaHHH PBP. KaK npaBHno, He llOBe

ll8Hbl _llO $opMbI, npHrOllH0ii am1. KOHKpeTHbIX HH.>KeHepHbIX pacqe

TOB. QqeHb Mano 'leTKHX pe~oMeHaaunii no Bb16opy MeTOlla noaaB

neHHH PBP B Ka.lKll0M K0HKp~HOM cny11ae. HeaocTaTO'IHO HCCneao

BaHO BnHHHHe MarHHTHoro nonH Ha PBP.· OTCYTCTBy10T· HH.lKeHep-. . 
Hbie peKOMeHaauHH no npHMeHeHHIO M8TOlla noaaBneHHH PBP C no-

MOll1bl0 HanpH.lKeHHH CMemeHHSI. IToCKOnbKY B npouecce paspa60TKH 

n HCnbITaHn:H pesoHaTopa CKY' npnmnocb CTOnKHYTbCH co MHOrHMH 

ll3 Bbimenepe'IHCneHHblX npo6neM, HaMn 6bmll npeanpIIHSITbl nonbITKH 

·pemeHHH ·HeKOTOpbIX ll3 HHX. ITpn pac-tJeTe BepxHeii H Hll.lKHeii rpa

HHU Hanpsi.>KeHn:ii PBP B sa~ilcnMocTn OT napaMeTpa f d ' f -tJacTo

Ta, d -paCCTOSIHHe Me.>Kny "neKTpoaaMn) y'leT HatJanbHbIX CK0po

cTeil BTOplltJHhlX aneKTpOHOB PPOH3BOllllnCSI MeTOllOM, HeCKOnbKO 

OTnH'IHbIM OT o6menpHHSITOro. O6bi'IHO rronara!OT0 'ITO HatJanbHbie 

CKOpOCTll BTOpH'IHbIX aneKTp0HOB nponopunoHanbHbl CKOp0CTSIM nep

BH'IHbIX. TaKoe npeanono.>KeHne nosBonsieT nonytJHTh npoCTbJe, aHann

TH'lecKne Bb1pa.>KeHnS1 ansi Hanpsi.>KeHnii PBP. Oa~aKo TaKoe npeano

no.>KeHne rrpoTHBOpetJHT $H3HKe BTOpH'IHOH 8MHCCHH. B_aeilCTBH

TenbHOCTH B mHpOKOM HHTep5ane SHeprnil naaa10mnx aneKTpOHOB 

$yHKUHH pacnpeaeneHHSI BTOpH'IHhlX aneKTpOHOB no CKOpOCTHM oc

TaeTCH rrpaKTH'leCKH H8H3MeHHO~. IToaTOMy B llHCcepTaUHH HatJanb

HbJe CKOPOCTH CHHXpOHHblX aneKTpoHOB Bhl6paHbl B paiioHe MaKcn

MyMa $yHKUllll pacnpeaeneHHH C v 
8 

= 1,5.108 CMlceK). 3neKTPOHbl 

C apyrHMH Ha11anbHbIMH CKOpOCTHMH, O'leBHllHO, 6yayT_ COBepmaTb 

saTyxa10mHe $a30BbJe KOne6aHHSI OTHOCHTenbHO CIIHXPOHHOU $a3bl 

( TO eCTb $a3hI, COOTB9TCTBy10meii T0'IHOMY· pesoHaHcy). B anccep

TaUIIH npn:BOllSITCSI pesynhTaTbI paC'leTa rpaHHU HanpSI.lK8Hllll PBP B 

ananasoHe f d = 100 ➔ 10000 Mru • CM. 
., 

nnsi oueHKH BnHHHHB PBP Ha xapaKTep11cTHKH P.esoHaTopa 

Heo6XO,[{HMO HM8Tb JiaHHbJe O rrpeaenbHOU rrnoTHOCTH TOKa PBP. 

ITpeaenbHaSI rrnoTHOCTb TOKa orpaHH'IHBaeTCH MaKCHManbHOU rrnoT

HOCTblO sapHaa cryCTKOB aneKTp0HOB, yqacTBy10mnx B PBP t rrpu 
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KOTOpott aneKTfOHbI, " BbmeTel3mHe H3 naHHOI'O aneKTpona, eme 

He 6ynyT B03BpamaTbC9 oTpHUaTenbHhlM noTeHunanoM cryCTKOB 

K ncxonHOMY aneKTpony. Ha· ocHoBe aToro npennono:>KeHHR rrRoae

neH pacqeT npenenbHOtt nnOTHOCTH ToKa, ynenbHOii MOlllHOCTH H 

ynenbHOI'O conpOTHBneHHR p BP 1 . COOTBeTCTBy10mHx MaKCHManbHOMY 

aHaqeHHIO paapRnHoro HanpR:>KeHHR Un , B nnanaaoHe fd = too .. 
.. 10000 Mru.cM. KaK BHLlH0 H3 pHC. 4, ynenbHaR M0IIIHOCTb, norno

maeMaR PBP, HMeeT MHHHManbH0e aHaqeHHe rrpn f d = lO0Mru~cM 

. H C pOCTOM f d 

fl
[A~ 

pacTeT. 

IO·IO·SI I r I ~ V r I 

i•f0°Sr,'----;__"7f------ ' 

• 
'· 

a1-1o•s fL.00 ______ 4l000 ______ __,10000- f d 

- [M2~ •err] 

Puc. 4. 3BBHCHMOCTb MBKCHMBllbHOi1 yaenbHOil MOIIJ.HOCTH, rrornoIIJ.a

eMoi1 PBP, OT IIBpBMeTpB Id. 

10 

.llanee B nnccepTaUHH HCcnenyeTCR BnHRHHe nocTORHHhlX 

aneKTpHqeCKOI'O H MarHHTHOI'0 nonett Ha PBP. EcnH K aneKTpo

naM onHoBpeMeHHO C B bICOKoqacTOTHbIM npHnO:>KHTb IlOCTORHHOe 

HanpR:>KeHne, TO C p0CTOM 8TOI'O HarrpR:>KeHHR rrpOH30_ttneT cy:>KeHHe 

o6naCTH <!>aaoaott YCT0fi'IHB0CTH H PBP rrpeKpaTHTCR. OnHaKO rrpH 

aToM aoane aneKTpona c rrono:>KHTenbHbIM rroTemmanoM coana10TCR 

ycnoBHR nng B03HHKHOBeHH9 TaK Ha3hlBaeM0I'O onHoaneKTpOLlHOI'O 

PBP, rronaaneHHe KOTOporo Tpe6yeT ropaano 6o"nbmero HarrpR:>Ke

HHR cMemeHHR, qeM nonaanemie 06b1tiHoro PBP. ITpn pacqeTe Ha

rrpR:>KeHHR, nocTaToqHoro nnR rronaaneHHR onHoaneKTponHoro PBP, 

Heo6xonHMo yqHTbIBaTb cneny10mne <!,aKTopbI: H1:pymeHne <!,aaoaoii 

ycTOii'IHBOCTH npouecca PB}:' ll yMeHbilleHne Koa<l><l>mmeHTa BT0pnq

H0ii aMnccnn B na-a_a yaem1'!:eHnR aHeprnH rrana10mnx aneKTpo

H0B CBepx. HeK0TOporo KpHTU'leCK0I'0 3HaqeHJrn w k max • OTCIOLla

nBa 3Ha'l:eHllR HarrpRJKeHnii CMemeHnR, Ll0CT8Tb'IH0I'O nng rronaaneHUR 

PBP: 

rne 

d ll 2 
m ru 

U ' >" 0,11 
e { 1) 

u,, > 
~ j _::!kmax ,-
,re 2 

m ,· e - Macca n aapRLl aneKTpoHa, 

d - paCCTORHUe Me:lKny aneKTponaMn, 

( 2) 

QJ .;. yrnoaag qacToTa, 

Wk max - KpHTnqec-

Koe aHa'l:eHne aHeprnn rrana10mnx aneKTpoHoB, Bbillle KoTOporo Ko

a<!><!>nuneHT BTOpHqHoii 8MHCCHH CTaH0BllTCR MeHbllle 1. 
PaCC'IHTaHHOe Ha 0CH0Be aKcrrepnMeHTanbH0 CHRT0ii aaBHCH

MOCTH onHoaneKTponHoro PBP OT HarrpgJKeHHR cMemeHHR Wk mrJl00 aa. 
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3To aHaqeHne ropaano MeHbwe npnBonnMoro B nnTepaTYpe,nng 

cnyqag c~aTnqecxnx naMepeHll'.fi xoa<ji~nuneHTa BTOpll'!HOfi aMnccnn. 

ITocToRHHoe MarHHTHoe none, xax npaBnno, ycnnnaaeT PBP 6naro-
,.,_ 

napg nononHnTenhHofi ~oxycnpoBxe aneKTpoHoB, yqac_TBy10nuix B 

PBP. MarHllTHoe none Mo:lKeT BhISBaTb PBP B,.Tex MecTax, rne 

Bt.J aneKTpllqeCKOe none CllnhHO llCKpllBneHo, HanpnMep, B none 

BOnHhI EI t • 

BnnccepTaunn o6pamaeTcB_BHiIMaHne aa Heo6xonnMocTb 

KOppeKTHoro npnMeHeHllR MeTona CMeIIIeHllR nng n9naBneHHR PBP •· 

.Ueno B ToM, 'ITO c nonaqefi aanpB:lKeHnB cMemeang coana10TCB 
. . . 

ycnOBllR !lnR noRBneHHR onHoaneKTponHoro PBP_, KOTOpbill MO:lKeT 

BOSHllKHYTh na:lKe TaM, rne nByxaneKTponHhtfi PBP He BoaHnxaeT 

ns-sa cnnhHOll HCKpnBneHHOCTH cHnOBbIX nHHHll Bt.J aneKTpnqecxoro 

nong •. 3TO 06'bRCHReTCR TeM, "qTo npH onHoaneKTpOllHOM PBP oc

unnnRUllR aneKTpOHOB npoHCXO/lHT Ha HeoonhWOM ynaneHHH OT no

nO:lKHTenbHoro aneKTpona, 6~aronapg.qeMy neq:,oxycnpy10mee nett

CTBHe B11 aneKTpH'ie_cxoro nonR HS aneKTpOHbI CK83bIBSeTCR He3Ha

'-IHTenbHO. ,Ung nonHoro nonaBneHHSI 0/lHOaneKTPOllHOro PBP Heo6-

XOAHMO, '-IT06bI BO BCeM npocTpaHCTBe, OKpy:lKa10meM aneKTpon 

C nono:lKHTenbHbIM noTeHunanoM, none CMellleHHR npeBocxonnno Be

_nH'iHHY, onpenenReMylO Bb!pa>KeHHRMll ( 1) H. ( 2) ( He06XO)lllMO 6paTb 

M9Hbwee H3 8THX 3Ha'ieHHfi). 

B ,nnccepTSUHll npnBeneHbI KOHKpeTHbie HH>KeHepHbie peKoMeH

naunn no npnMeaean10 MeTona cMeweHnB nng ,non~BneHnB PBP 

B peaoHaTopax KOaKcnanhHoro Tnna. Iloxasaao, vo ecnn peso

HaTOp paapeaaTh B TopueBofi 'iSCTll H nonaTb CM91Il9HIIe HS ueHTpanb

Hbill npoBOAHllK peaoHTOpa, TO coana10TCB ycnoBHB nnsi: . B03HllK

HOBeHnR onHoaneKTponHoro PBP BHyTpn ueHTpanbHoro npoBOllHII- ' 

Ka (nnn BHyTpH 8KpaHa). 3To o6'bRCHReTCR TeM, tiT9 BHyTpll ueHT

panhHoro npoBOllHHKa noCTORHHoe ~neKTpnqecxoe none cnnhHO oc~ 

na6nReTCR ll CTSHOBllTCR aenocTaTO'!HbIM nng nonaBneHHB onao

aneKTpOllHOro PBP. _IToaTOl,{y TSKOfi cnoco6 C03/l8HllR nong cMemeH

HHR B KOaKcnanhHOM peaoHaTope HenpHeMneM. Heo6XOAllMO BHyTpb 

peaoHaTopa (Me>K.Cly ueHTpanbHbIM ll Hapy>KHbIM npoBOllHIIKSMll) no..: 
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M9CTHTb cneunanbHblfi aneKTpon. IlpHBOllHTCR H9CKOnbKO Bap!IaHTOB 

xoHCTpyKUHH n cnoco6oB pacnono>KeHHR Taxoro aneKTpona. 

OcHOBHOfi oco6eHHOCTblO KOHCTpyKUHlI peaoHaTopa CKY ( CM. 

pnc. 3) RBnsi:eTcR .iiannqne aneKTpona 1, npenHaaHa'!eHHoro nnR no

naBneHnR PBP BHYTPH peaoHaTopa, H CHCTeMbl nnoCKHX aneKTpo

noB 5 1 npe/lH83HaqeHHbIX AJIR nonaBneHHSI PBP BHyTpH 8Kp8HOB1 

B03HHKSIOII19ro TOnbKO npH HanH'iHH MarHHTHoro nonR. llnR nonaB

neHHR PBP BHYTPH BSKyyMHOfi 'iSCTH BBO)la MO!llHOCTll B peaoHSTOP 

npnMeHReTCSI UHJIHHllPH'ieCKHfi sneKTpon,. pacnono:lKeHHblll BHyTpH 

BBOAa Boane Hapy:lKHOro npoBOllHHKa KOSKCIIanbHOll nHHHH. 

3 rnaBa . nnccepTSUHH noCBSIIIIeHa CHCT9MSM. Bb!COKO'illCTOTHOrc 

nnTaHHR peaoHaTopa, a TaK>Ke c1rnxpom1aau1rn, KOHTponR H ynpaBneHHSI 

CKY. IlpnBO/lHTCSI onncaHne · 6noxa Bt.J reaepaTopoB, ·nMnynhcHoro 

MOllYIISITOpa, CTOfi_KH CHHXpOHH38UHH, KOHTpOIIbHOrO lllHTKa, CllJIOBb!X 

11 cnraanhHbIX naaenefi n nynbTa ynpaBneHHSI,. 

MaKCHMSJibHSSI nacnopTHSSI llIIHTeJibHOCTb .HMnynbca, npn KO

Topofi MoryT pa60T8Tb BbIIIYCK89Mbl9 npOMbllIJII9HHOCTblO IIMIIynhCHbie 

pannonaMnhI, He npeBbilllaeT 1000 MKCeK. B CBSI3H C 8TIIM 6hmH 

npoBe)leHbl TeopeTnqecxne H 8KCIIepIIM9HTSJibHb19 nccmJJlOBaHHSI 

B03MO>KHOCTH pa60Tbl CYII19CTBYIOlllHX panIIonaMn ., CBepxnnHHHb!MH"'· 

HMnynbCSMII. 3TH IICCnenoBaHHSI noxaaam1, 'ITO npn nmITenbHOCTII 

IIMnynbca 20 ➔ 30 MCeK. cymecTBYIOllllI9 naMnbI .MoryT pa6oTSTb 

6ea cymecTB9HHoro YXYlllll9HIIH CBOHX OCHOBHbIX napaMeTpOB no 

cpaBH9HIIIO C . HOMHHSJlbHbIM l!MnynbCHb!M p9>KIIMOM._ rnaBHblfi orpa

HH'iHBSIO!llHfi ~aKTOp - HarpeB C9TKII naMnbI aa BpeMR IIMnynbCa -

npn 8TOi'I nnnTenbHOCTII He AOCTIIraeT KplITII'i9CKOro 3Ha'ieHUSI. 

B IV rnaBe nuccepTauuu npUBOllSITCSI OCHOBHble axcnep11-

M9HT81lbHbie peaynbTSTbI, nonyqeHHbl9 B npouecce nccnenoBaHUSI 

PBP I npH npOB9/l9HllH ~II3H'i9CKHX. 8KCII9p1IM9HTOB no nepesaxBaTy 

npoTOHOB B pe>KHM KpSTHOro ycKopemrn Ha 'iSCTOTSX·. 69 11 150 Mru, 

a TSK>Ke B npouecce onbITHOH 8KcnnyaTau1111 CKY B uenoM. B 

npouecce paspa6oTKH aneKTpomrnaM11qecxoro cenapaTopa qacTnu 

Bb1cox11x sHeprnfi OIUIH noSIBunacb Heo6xonnMoCTb axcnepnMeH

TanbHO npoBeplITb a~~eKTHBHOCTb npennaraeMoro M9TO)la nonyqeHIISI 
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KOpOTKUX crycTKOB BTOpUqHbIX qaCTUU c Tpe6yeMoii: CKBa~HOCTblO 

rryTeM rrepeaaxBaTa rryqKa rrpoTOHOB B pe)KUM KpaTHOrO ycKopeHUH 

u rrocnenyromero MeJ:meHHoro BblBOL!a ero Ha MIIIIIeHb. c,,.aroii: 

uenbIO 6bma coanaHa MaKe_THaH CKY, COCTOHIIIaH U3 peaoaaropa, 

aBToreaepaTopa II uMrrynhcaoro MonynHTopa. ITpu paapa6oTKe MaKeT

HOfi CKY rrpenycMaTpUBanocb, 'ITO OHa JlOn)Kffa 6bITb JlOCTaTO'lHO 

rrpocToii: B TexauqecKOM OTHOllleHHH C TeM·, 'lT06bI ee MO)KHO 6binO .... 
6bICTpO H3rOTOBHTb II npoBeCTU ·Heo6xo)lIIMbie «jmaIIqecKHe SKcrrepu-

MeHTbI JlO 3aBepweHHH paapa6oTKU pa6o'l:eii: CKY . Ha '18CTOTe 

149, 520 Mru. t.JacToTa MaKeTHOii: CKY ( 69 Mru) 6bma Bb16paaa npuMep-

HO B JlBa paaa M9Hblllefi -qacTOTbI pa6oqeii: CKY, 'l:TO o6nerquno 

npoBeneHue uccnenoBaHufi npoueccoB nepeaaxBaTa npoTOHOB B pe)KHM 

KpaTHoro ycKopeHHH u cjJopMHpOBaHHSI Bl{ CTpyKTypbI BTOpU'l:HbIX 

-qaCT.Hllo 

3KcrrepuMeHTanbHbie uccneJlOB!¼HHSI PBP B peaoHaTopax CKY 

Ha qaCTOTaX 69 U 150 Mru llOKaaanu, 'lTO rrpu JlnHTenbHOCTH UM

rrynbCa CBbillle 1 Mceif PBP, li:poMe HenocpeJlCTBeHHoro wynTupy

romero )leii:cTBHSl, Bbi3bIBaeT CHnbHYIO uoauaauuro OCTaTO'lHOro raaa, 

npuao_nHmyro K nnaaMeHHoMy npo6010 peaoHaTopa. ITosTOMY aeo6xo

nuMo nonaBnHTb Bee BHJlbI PBP, )la)Ke ·Te, KOTOpb!e He OKa3bIB8IOT 

HenocpencTBeHHoro niyHTHpyromero Boaneii:cTBHH Ha peaoaaTop (pa~ 
• 

-· npuMep, OAHOaneKTpOJlHblii: ,PBP) • BbmO SKCnepHMeHTanbHO uccneno~ 

BaHo BnHHHHe MarHHTHoro rronH Ha paaBUTHe PBP, IIOJlTBepJlHB-

wee npenrrono)KeHuSI, CJlenaHHbie BO II -oii: rnaBe )lHCCepTallHH, 

qTO MarHHTHOe none 6naronapH «j>oKycupyroIII0My JlefiCTBUI00 KaK npa-
'· 

BHno, ycunHBaeT PBP. MHHHManbHOe anaqenue MarHHTHoro rronH, 

rrpu KoTopoM B03HHKan PBP B. rronocTH sKpaHoB peaoHaTopa CKY 
• ?, 

( 6ea MarHHTHoro rronH OH TaM He B03HHKan} cocTaBuno H ,. = 10 a. 

YBennqeHue MarHHTHoro rronSI rrpHBOJlHno K ycunenu10 PBP. Bbina 

paapa6oTaHa H rrpoBepeHa MeToJlHKa paaJlenbHoro nccneJloBaHHH 

·aaBUCHMOCTU OllHOSneKTPOJlHOro H JlByxaneKTpOJlHOro PBP OT Ha

rrpH)KeHHH cMemeHHH. llByxsn!:!KTpOJlHbiii: PBP BHYTPH peaona -

Topa CKY Ha 150 Mr11 rrpeKpamaeTcH rrpn narrpH)KeHJrn cMemeHHH 

150 B, Torna KaK AnH rronaanemrn onHoaneKTponaoro PBP Tpe6oaa

nocb 1100 B. 
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3KcrrepuMeHTanbHbie uccnenoaa1nrn . pe=Ma Kp_aTHoro ycKope

HIISI rrpoaonunIIcb rrpII KpaTHOCTSIX ycKopemrn q = 48, 49, 50 ( qac

ToTa 69 Mru} u q = 104 ( qaCTOTa 150 Mr11}. llnH. perHCTpauuu 

nepeaaxBa'leHHoro rryqKa 6b1na paapa6oTaHa crreuuanbHaH MeTo

nnKa, rrpenycM~TpHBaromaH ncrronb30B~Hne HMeromnxcH B cnaxpo<jlaao

TpoHe HHL!yKUHOHHblX sneKTpOAOB H CUIIHTHnnSIUIIOHHOil: 6eTaTpOHHOH 

Mmnean. ITonyqeaHbie aKcrrepnMeHTanbHbie peaynbTaTbI no 11ccneno

BaH1110 3aBIICIIMOCTH Koscpq>HUHeHTa rrepeaaxBaTa oT· HaIIpSl)KeHlrn 

peaoHaTopa, KpaTHOCTH ycKopeHIIH, aHeprIIu rrepeaaxBaTbIBaeMbIX 

IIpOTOHOB, OTKnOH0HIISI ueHTpa cerrapaTpHCbl q -OH Kp8THOCTII 

OT paBHoBecnoro ·aHa'leHHH aHepnrn xopowo coBrrann c Teopneii, 

IIpHBeAeHHOH B 1 rnaBe n11ccepTaunu ( CM. puc. I). 0TCIOA8 MO)KHO 

· cnenaTb BbIBOJl, qTo Ha qacToTax 69 II 150 Mru paannqHoro pona 

B03MymeanH eme He OK83blB8IOT cymeCTB0HHOro BnUSIHUSI Ha KoscjJ

~IIUU0HT rreoeaaxBaTa. 

C IIOMOIIIblO CKY H CUCT0Mbl coanaHHSI 83UMyTanbHOH acuM

M0TpUH MarHuTnoro rronH 6bmo ocymecTaneno «j>opMupoBa,Hue Bt.J 

CTIJYKTypbl BTOpll'lHblX qacTIIU u OTpa6oTaHbl ycnoBHSI rrony<reHUSI 

Heo6XOAUMOH CKB8)KHOCTU II Benll'lUHbl «j>oHa M0:>KLlY crycTKSMII, a C - . 
ucrronb30B8Hll0M B11 OTKnOHSIIOIIIeii: CUCT0Mbl rrpoBeneao ycrrellIHOe 

paa)lene11ue aHTIIIIPOTOHOB H tr -Me30HOB C HMrrynbCOM 5 fsB/c. 

0CHOBHble peaynbT8TbI. HaCTOHmeii pa6oTbl cneayromue: 

I. ITpOll3B0Jl0H pacqeT aaBUCHMOCTII Kos«l>«l>mmeHTa rrepeaaxaa

Ta rrpOTOHOB_ BbICOKIIX aHepruii: B pe:>KHM KpaTHoro ycKopeHHSI OT 

paanll'l:HbIX rrapaMeTpOB CHCTeMbl KpaTHoro ycKopeHHSI C yqeTOM 

peanbHOro pacrrpeJleneHHH YCKOpeHHbIX npoTOHOB no aHeprHSIM. 

2. Paapa6oTaHa MeTOL111Ka· pac<reTa peaoHaTopoB, rrpuroJlHbIX 

LlnH ycKopeHHH npoTOHOB B n11arraaone 60 4 150 Mru B cunxpo«j>a

a0Tpo11ax C 6onbllIOH arrepTypofi, TO 0CTb Korna IIOIIepeqHbie pa3-

M0pbl BaKyyMHOii: KaMepbl 'cpaBHIIMbl C nnunoii BOnHbI peaoHaTopa. 

3. ITponaBeneao nanbHeiimee paaBnTne n yTo<rHenne cymecT

By10meii Teopuu peaonaacHoro Bb1coKo<racToTHoro ·paapHna ( PBP) 

c uenbIO rrony<reHHH peaynbTaToB, yno6HblX nnH IlpHMeHeHHH B HH

)Kenepnoii rrpaKTHKe. PaccqnTaHbI II rrpencTaBnenbI B Bline rpaqiuKOB 
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3aBHCllMOCTH pa3pSlllHOrO HanpSl>KeHHSI, ynenbHOft nnoTHOCTll TOKa, 

ynen~Horo IIIYHTOBoro conpOTllBneHHSI ll MaKCHManbHOft MOIIIHOCTH, , 

noTpe6nS1eMoii PBP, B mupoKoM HHTepaane 3Haqe1mtt napaMeTpa 

( d ( ( - 'IaCTOTa , d - pacCTOSIHlle Me>Kny sneKTponaMH) • 

C noM0illblO STllX 3aBHCHMOCTefl: M0>KHO B K8>KllOM KOHKpeTH0M cny

qae oueHHTb myHTHpy10mee BnHSIHHe PBP Ha peaoHaTop. -

4. Pa3pa6oTaHbl H npoaeneHbl KOHKpeTHble HH>KeHepHble peKo:

MeHnauuu no nonaaneHHIO PBf' ·a pe3oHaTopax KOaKcnanbHoro Tuna 

C noMOillblO HanpSI>KeHllSI CMem'eHHSI. 

_5. PacCMOTpeHa B03MO>KH0CTb pa6oTbl cymeCTBYIOIIIHX panuo-

naMn "caepxAnHHHbIMll" HMnynbCaMH, Korna onpenenSIIOIIIHM KpHTe

pueM CTaHOBHTCSI HarpeB sneKTP0llOB panuonaMnbl 3a BpeMSI HM

nynbca. OueHKH, npoaeneHHb!e C n0MOillbIO nony'IeHHblX Bblpa>KeHHil:, 

noKa3blBaIOT, 'ITO B OCHOBH0M B03MO>KH0CTH panuonaMn C TO'IKH 

3peHHSI npenenbHOft nnuTenbHOCTll 3H8'IllTCnbHO (Ha 1 ~ 2 nopHnKa) 

npeBOCXOllSIT n_acnopTHble naHHbie. 

6. TTpoH3BeneHbl SKcnepHMCHTanbHble uccnenoBaHHSI PBP B 

pe3oHaTopax KOaKcuanbHOro Tlma, n03BOnHBIIIHe OTpa6oTaTb KOH

CTPYKUHIO pe30HaTopa,B KOTOpoil: PBP s<MieKTHBHO nonaanHnCSlo 

TioKaaaHo, 'ITO npu pa6oTe pe3oHaTopa "caepxnnHHHblMH" HMnynbca~ 

Mll Heo6xonHMO nonaBnSITb Bee BllAbl PBP, na>Ke Te, K0T0pbie H~.-

0Ka3b!BaJOT HenocpencTBeHHoro myHTHpy10mero nettcTBHSI (HanpuMep, 
. !-

OAH0 sneKTP0AHblil: PBP). 

7. 3KcnepuMeHTanbHO uccnenoBaH PBP npu HanH'IHH MarHHT

Horo nonH u 0Tpa60TaHb1 s<MieKTHBHb1e cnoco6b1 ero nonaaneHHSI. 

8. DpoaeneHo aKcnepHMeHTanbHoe uccnenoaaHHe pe:lKHMa 
. ' . . ' 

KpaTHoro ycKopeHHSI B CHHxpo~a3oTpoHe OMHM. TTony'IeH 3Ha'Iu-

TenbHhlil: K09~~HUHeHT nepeaaxBaTa B pe>KHM KpaTHoro ycKopeHHSI 
!, 

a.; 0,8 H BblSICHCHbl Tpe6oBaHHSI, npeA'bSIBnSICMbIC npu 9TOM K CIIH-· 

xpo~a30TPOHY H CIICTeMe KpaTHOro ycKopeHIISI. 3KcnepuMeHTanbHble 

pe3ynbTaTbI x opowo coananu B pac'IflTHblMH. 

9. Ha 0CHOBe nony'IeHHbIX paC'IflTHblX II 9KCnepuMeHTanbHbIX 

pe3ynbTaT0B coanaHa H 3anymeHa B onblTHYIO 9KCnnyaTaUHIO opu

ruHanbHaSI ycTaHOBKa - CHCTeMa KpaTH0ro ycKopeHHSI npOTOHOB, 

c noMOlllbJO KoTOpoft Ha c11Hxpo~a3oTpoHe OMHM anepBbie npo_aeneHo 
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KpaTHoe ycKopeHue npoToHoB c sHeprueii 10 raa Ha qacToTe 
. - . . ... 

. 150 Mru npu KpaTHOCTH ycKopemrn q = 104 c Bb!COKHM K0S~~II-

UllCHTOM nepe3aXBaTa a~ 0,8. Mcnonb30BaHHC ycKopeHHSI Ha 

BblCOKOii KpaTHOCTll ll cneuuanbHOro. pe:»<HMa BblBOlla nyqKa Ha ' 

Mlllf!CHb Il03Bon11no C03llaTb nepH0llll'IeCKYIO rrocneA0BaTenbHOCTb 

KOp0~KllX cryCTKOB BT0pll'tJHblX .'laCTIIU CO CKB8lKHOCTb!O · 8:, 7, 

nepllOAOM cneA0BaHIISI e t = 2M 11 ~OHOM MClKllY cryCTKaMII M·eHee 

I0-3, "ITO nano· B03MOJKHOCTb ocymecTBUTb ycneWHb1il:,3anycK siieKT

ponuHaM11-qecKoro cerrapaToi:fci qaCTHU BblCOKIIX 9Hepruil: OMHM B 

uenoM II rrony'tJHTb cenap11poBaHHblil: IIY"I0K aHTIIIlpOTOHOB C IIMnynb

C0M 5 faB/c. 

OcHOBHbie pe3ynbTaTbl i:mccepTauuu nono>KCHbl Ha MC>Klly

HapOAHbIX KOH~epeHmrnx rro ycKop11Te1tSIM (lly6Ha, 1963 r., KeM-

6pllA>K, 1967 . r.). a. TaK)Ke 113nO>KeHbl B pa6oTaxl l-: 10/. 
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