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B JIB3 OHJIH C03,IlaH H BBe,IleH B CTpoii HOBbiH HH)I(eKTOp 

CHHXp0~30TpoHa - JIHHeHHbiH YCKOpHTem. Ha 20 M3B -
JIY- 20, U03BOJIHBWHH CyiQeCTBeHHO UO,IlHJITb HHTeHCHBHOCTb 

yCKOpeHHbiX 'laCTH~. llpH B036y)I(,IleHHH pe30HaTOpa JIY-20 

BCTpeTHJICJI pJI,Il CJIO)I(HbiX TeXHH'IeCKHX npo6JieM, CUOC06bl 

pemeHHJI KOTOpbiX MOryT npe,IlCTaBJIJITb HeKOTOpbiH HHTepec 

,IlJIJI cne~aJIHCTOB B o6JiaCTH JIHHeHHbiX YCKOpHTeJieii HOHOB. 

Pe3oHaTop JIY-20 H ero sq- reHepaTop pa3MeiQeHw 

B pa3JIH'IHbiX UOMeiQeHHJIX, COe,IlHHJieT HX c}lH,Ilep ,IlJIHHOH 

20 M. BBO.Il sq-MOIQHOCTH B pe30HaTop JIY-20 ocyiQeCT

BJIJieTCJI neTneii CBJI3H, pacnoJIO)I(eHHOii B cepe,IlHHe .Pe3o

HaTopa, ,IlJIHHa KOToporo 14 M. ,ll;JIJI Y.ll06CTBa HaCTpOHKH 

COrJiaCOBaHHJI neTJIH BBO,Ila Bq-MOIQHOCTH C pe30HaTOpOM 

HCUOJib3yeTCJI y3eJI CBJI3H, /iHfJIOrH'IHbiH npHMeHJieMOMY Ha 

ycKopHTeJIJIX H- 2 H H -100 • ,ll;Hac}lparMa, H3rOTOBJieHHaJI 

H3 3UOKCH,IlHOH CMOJibl C KBap~eBbiM HanOJIHHTeJieM H apMH

poBaHHaJI CTeKJIOTKaHbiO, OT,IleJIJieT BaKyyMHbiH 06'beM pe3o

HaTOpa OT OKpy)l(aJOIQeii cpe,Ilbl. lleTJIJI BBO,Ila Bq -MOIQHOCTH 

pacnoJio)l(eHa BHe BaKyyMa. 

Bo36y)I(,IleHHe O.llHope3oHaTopHoro JIY MO)I(HO npoBO.IlHTb 

no cxeMe c noJIO)I(HTeJI&Hoii o6paTHoii CBJI3biO'Iepe3 pe3o

HaTop. B 3TOM cny'lae He Tpe6yeTCJI BbiCOKOCTa6HJI&Horo 3a

,IlaiOIQero reHepaTopa, He Hy)I(Ha TaK)I(e CHCTeMa TO'IHOro 

TepMOCTaTHpOBaHHJI pe30HaTOpOB H CHCTeMa UO,IlCTpOHKH 

qacTOTbl. Tipo~ecc BBO.Ila Bq -MoiQHo~TH B JIHHeiiHwii ycKopH

TeJib xapaKTepeH TeM, 'ITO BO BpeMJI HapacTaHHJI Bq -nOJIJI 

B saKyyMHOM o6'beMe pe3oHaTopa B ycKopJIIOIQHX npoMe)l(yT

Kax Me)I(,Ily ,Ilpeiic}lOBbiMH Tpy6KaMH B03HHKaeT pe30HaHCHbiH 

BbiCOKO'IaCTOTHblii pa3pJI.Il /PBP I /MYJibTHnaKTOpHwii pa.-3-

pJI.Il/, KOTOpbiH npenJITCTByeT HapacTaHHIO HanpJI)I(eHHJI ,IlO 

HOMHHaJibHOrO 3Ha'leHHJI, WYHTHpyeT pe30HaTOp H paCCTpaH

BaeT ero. PBP pa3BHBaeTCJI cne,IlyiOIQHM o6pa30M. Cso6o.ll-
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HWB 3neKTJ)OH, UOJIBHBDIBBCJI B 3a3ope, Ha'IJIHaeT YCKOJ)JITJ.CJI 
H K KOHIJ;y nonynepHO~a ~OCTHraeT CTeHKH 3a3opa. flpH 
K03clxllHIU1eHTe BTOJ)H'IHOB 3MHCCHH, 6om.m~M e~HBIUol (a> 1) , 
BTOJ)B'IHWe 3neKTJ)OHW, BW6BTWe H3 CTeHKB ~pe:itiiOBOB Tpy6 • 
KB YCKOpeHHWM 3neKTJ)OHOM, Ha'IHH8.10T ~BBraT:&CJI B npOTBBO· 
nonmKHOM uanpaBneHHH H T .~. Pa3BBBaeTcJI naBHHoo6pa3Hwi 
nponecc PBP, KOTopw:i myuTupyeT 3a3op. YcJJOBBJI ~JI 
pa3BHTHJI PBP B03HHKaJOT Tor~a. Kor~a BpeMJI nponeTa 
3neKTpoua B xaxow-nu6o 3a3ope 6y~eT paBuo ( n + ~) ne
puo~oB Bq, r~e n - nenoe nono:xaiTen:a:.uoe 'IHcno. 

Ecnu nocTeneuuo no~HBMaTL Bq-MOIIVIOCTL, BBO~MYJO 
B pe3oHaTop oT xwnynLcuoro He3aBHCHMoro reuepaTopa, 
TO BHa'lane B pe3ouaTope B036y~aeTcJI ypoBeHL Bq -nonJI, 
npu KOTopoM PBP ue pa3BBBaeTcJI I puc. 11. Tipu ~anLue:i
meM nnaBHOM yBenH'IeHHH Bq ·MOIIVIOCTH reuepaTopa MO)I(]IO 
Ha6nJO~aTL, 'ITO ypoBeHL B pe30HaTope pacTeT CTyneHJIMB 
H xweeTcJI wo~ynJI:UHJI Bq -nonJI I puc. 21. 3To o6ycnoBneuo 
KaK B3MeHeHHeM BO BpeMeHH UOTOKa pe30HaHCHWX BTOJ)B'IHWX 
3neKTJ)OHOB, TaK H paCCTJ)OBKOB pe30HaTOpa no 'laCTOTe. 

Puc. 1. Ypo6eHb Bq- noAJI 6 pe3oHallope oo noJI6AeHUJI PBP. 
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Ecnu cxopocTL uapacTaHHJI Bq-uanpJI)I(eHBJI 6y~eT npe
BwmaTL cxopocTL pa3BBTHJI PBP, To Bq-uanpJI)I(eHHe B pe-
30HaTope B03pacTeT ~o HOMBHanLuoro. O~axo npu 3TOM 
~JI ua~e)l(]loro B036y~eHHJI pe3oHaTopa Tpe6yeTCJI o6ecne
'IHTL cxopocTL uapacTaHBJI Bq -uanpJI)I(eHBJI B uecxonLKo 
KB HnH ~ecJITKOB KB B MKC. ~o6poTHOCTL pe3oHaTopoB JIY 

Puc. 2. Pa36UJIUe PBP 6 pe3oHa•ope. 

06W'IHO paBHa 400007 70000, tiiPOHT YCTaHOBneHHJI BMnynL· 
ca • 1 = 150 7300 MKC, B o6ecne'IBTL CYJneCTBeHHO 
6onee KopoTKH:i tilpoHT uapacTaHHJI Bq-nonJI npu 6onLWBX 
~o6poTHOCTJIX pe3oHaTopa 3aTpy~HBTen:a:.uo. CxopocTL pa3-
BHTHJI B WYHTBPYJOI:ne·e ~eiicTBHe PBP 3aBBCJIT KaK OT nno
Ina~ TOJ):UeBWX UOBepXHOCTeii ~peiitiiOBWX Tpy60K, TaK B OT 
BX tiloPMW. KpoMe TOro, eCnB Me~y reuepaTOJ)OM B pe30Ha· 
TOJ)OM HMeeTCJI ~HHWB tiiB~ep B HeCKOnLKO ~eCJITKOB ~B 
Bon&, TO BBe~euse MOIIVIOCTH H npeo~onesue PBP 3aTpy~
HJieTcJI B3·3a paccornacoB&BHJI Bwxo~oro conpoTBBneBBJI 
tlla~epa npa paccTpo:ixe pe3oBaTopa. 
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YcnoBBJI npeo~oneHBJI PDP o6ner'laiOTCJI, ecna acnom.-
30BaTh ~JI B036y~eHBJI DOHO*BTeHhHyiD o6paTBYJO CBJI3h 
/ITOC/ 11epe3 pe30HaTop, T.JC. CBCTeMa ITOC CaMa aBTOMa· 
TB'IeCJCB perynapyeT 'laCTOTy JCOne6aBBR npa B03BBJCBOBeBBB 
PDP, a Dll ·MOIIUIOCTh npo~oJDKaeT nocTynaTh B pe3oBaTop. 
O~aJCo c ysen&'leuaeM ~Bw 4la~epa Me~y reBepa TopoM 
B pe30BaTOpOM yBenB'IBBaeTCJI TaK*e B ~Ha 3neMeBTOB 
ITOC. ,naana30H perynBpOBaHBJI 'laCTOTW, o6ecne'IBBaiOJn&R 
ycToi'IBBoe reBepBpoBaBBe cacTeMw npa paccTpoiJCax pe3o
BaTopa, coKpaJQa.eTCJI, B Tpy~ocTB npeo~oneHBJI PDP B03-
paCTaiOT. ITpaKTB'IeCJCB cno>KBo onpe~en&Th rpaBB.IUol ~BW 
4!B~epa B ~HW 3neMeBTOB ITOC, 3a npe~enaMB ICOTOPWX 
PDP Be no3BOnBT Bo36y~Th pe30BaTop. 

Ha JIY-20 JID3 6wna onpo60BaBW Bee B3BeCTHWe Me
To~w B036y~eHBJI pe3oBaTopa. O~aKo Be y~anoch nony'IBTh 
ycToi'IBBoro BOMBHanhBoro Dll-nonJI. Jiwna npose~euw B3-
MepeBBJI 'laCTOTW pe 3 oua Topa B pacnpe~eneBBJI D q-nonJI 
B~Onh ero ~nBBW, JCOr~a Me~y ~pei4!0BWMB Tpy6KaMB 3aKO· 
po11euw oT~enhBwe 3a3opw, BMBTBPYIOJn&e B03BBKBOBeBBe 
PDP. ,nauBwe B3MepeHBi npBBe~eBw ua puc. 3. 0Ka3anoch, 
'ITO 'laCTOTa npB 3aJCOpa'IBBaBBB 3a30pOB DOBhUllaeTCJI Ba 
50+60 KT&I. 

B/ 

6/ 

1 ~., 5" f 1' , ~ H ~ ~ ~ ~ K 

Puc. 3. Ypo6HU Bq·noAJI 6 pe3oHa•ope Ha 16 ne~JIX, pac
noAoxeHHwx 6<)oAr. liiiAUH<)pu'lecKou c•eHKu; a/ 6 pa6o'leM 
pexuMe; 6/ npu 3aKopo'leHHOM nep60M 3a3ope; 6/ npu 
3QKOpo'leHHOM nocAe<)HeM 3Q30pe. 
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Jiwno pemeBo nonwTaThCJI B036y~Th pe3oHaTop no 
6noJC- cxeMe' npBBe~eHBOi Ba puc. 4. Kpoue CBCTeMW rroc 
Ba sxo~ reBepaTopa no~'IBnB ~ononaBTenhBWi 3a~a10· 
~i reBepaTop, 'lacToTa JCOToporo swme pe3oBaHcuoi Ba 
50+ 100 KT11. ITpe~olKeHuwi cnoco6 Bo36y~eHBJI no3Bonan 
nony'IBTh ycToi'IBBoe BOMBHanhHoe Dll-BanpJilKeHBe nocne 
TpeHBPOBKB pe30BaTopa. 

PE30HATOP /1~ 

- -
I I 

!::II:Wllo'ITE/lb ncnOH<IIIT. 

MOI4HCCTIII OSPATH. 

t:BTI3b 

L I 
MCCT 

loonDilH. rEHEA<rroP; t:fl[])f(EtMR HHRrP'::I3KAI 

Puc. 4 . .6AoK·cxeMa 6036yx<)eHuJI pe3oHa•opa. 

AMnnaTy~a Dll-BanpJilKeHBJI a 11acToTa ~ononuaTenhBoro 
3a~aiOIQero reBepaTopa cBnhHO BnBJIIOT ua 4lpoBT ycTauos
neBBJI OCHOBHOrO KOne6aBBJI, D03TOMY OBB TIQaTenhHO no~-
6BpaiOTCJI. ,neicTBBe ~ononuaTenhBoro reuepaTopa MOlKHO 
06'1oJICBBTh cne~YIOJn&M o6pa30M. 

llpB pa3BBTBB PDP B o~oM BnB BeCJCOnhKBX 3a3opax 
Me~y ~pei4loswMB.Tpy6KaMB 'lacToTa pe3ouaTopa nosw
maeTCJI, B OH CaM HaCTpaBBaeTCJI Ba 'laCTOTY ~OnOnBBTenh· 
Boro 3a~aiOIQero reuepaTopa. Dll-MOIIUIOCTh B pe3ouaTop 
nocTynaeT oT 3Toro reBepaTopa, ~ocTBraJI ypoBHJI, orpaua
'leBBoro PDP. C 3Toro ypoBBJI nono>KBTenhBaJI o6paTHaJI 
CBJI3h o6ecne'IBBaeT reBepBpOBaHBe CBCTeMW Ha OCHOBHOR 
'laCTOTe. KpoMe 3Toro, 'laCTOTa oT ~ononBBTenhuoro reue-
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paTopa C 'laCTOTOB OCHOBHOrO KOne6aHBJI 06pa3yeT 6BeHBJI, 

KOTopwe C03.D;aiOT MO.D;Y»JIIUIIO Bll-nonJI B pe3oHaTope. 3Ta 

MO.D;ynJinBJI HapymaeT ycnoBBJI pa3BBTBJI PBP. EcnH pac

CMOTpeTL ocnBnnorpauuy I puc. 51, TO YBB,IJ;BM, 'ITO Hapa

CTaHBe OCHOBHOrO BMDY»LCa Ha'IBHaeTCJI C MaKCBManLHOB 

KpyTB3HW, OrH6aiOJneii DpB 6BeHBJIX, T.e. KOr,IJ;a CKOpOCTL 

HapacTaHBJI Bll-nonJI B pe3oHaTope npeswmaeT cxopocTL 

pa3BBTBJI PBP. llponecc PBP H ycnoBBJI ero npeo.D;oneHBJI 

npe.D;cTaBnJieTcJI 6onee cnO)I(JfWM, 'leM 3TO y.D;aeTCJI o6'LJIC

HBTL. 

Puc. 5. MobyAJifiUJI Bq- noAJI npu eo3HUKHoeeHuu PBP u 
npeoboAeHue PBP. 

Cy~necTsyeT .D;Bana30H 'laCTOT, Ha ~ f = 50-:-300 KFII 
BWWe pe30HaHCHOB, B KOTOpOM pe30HaTop B036y)I(,IJ;aeTCJI ,IJ;O 

ypoBHJI 0,01-:-0,005 UHoM • Taxoii 6onLwoii .D;Bana3oH 

'laCTOT ,IJ;»JI BWCOKO,IJ;06pOTHOrO pe30HaTOpa MO)I(JIO 06'LJIC

HHTL TeM, 'ITO PBP paccTpaHsaeT H wyHTBpyeT pe3oHaTop, 

CHB:>KaJI ero ,IJ;06pOTHOCTL, a TaK:>Ke TeM, 'ITO CyJneCTByeT 

MHO:>KecTBO pe3oHaHcos PBP B 3a3opax Me)I(,IJ;y Tpy6xaMB 

.D;peii«lla. YcnoBBJI pe3oHaHca PBP B3MeHJIIOTCJI OT 3a3opa 

K Jalopy. Mo:>KeT B3MeHJITLCJI B KpaTHOCTL pa3pJI.D;a. 
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B036Y)I(,IJ;eHBe CBCTeMW Ha OCHOBHOB 'laC TOTe o6ecne

'IBBaeTCJI. noc TO»LKO TOr.D;a, KOr,IJ;a YPOBeHL c ,IJ;ODOnBBTenL

HOro 3a.D;aiO~nero reHepaTopa ,IJ;OCTBraeT onpe.D;eneHBoiise

nH'IBHW. llpO,!J;On:>KaJI yBenH'IBBaTL 3TOT ypoBeHL, DO»Y'IBM 

MaKCBManLBYIO KPYTB3HY ~POHTa, a 3aTeM B 3aTJirBBaHBe 

~pOHTa HapacTaHBJI OCHOBHOrO KOne6aHBJI. ~JI pe30HaTopa 

JIY-20 MaKCBManLHYIO KPYTB3HY nony'IBnB npB P ,non. = 
= 0,001-:-0,01PreH~ r.D;e PreH.= 3 MzB•. H3MepeHBJIDposo

,IJ;BnHCL C DOMOJnbiO HanpaBneHHWX OTBeTBBTene:ii, ycTaHOB

neHHWX B ~B.D;epe. Ha'lanO reHepBpOBaHBJI Ha OCHOBHOB 'laC

'POTe COOTBeTCTBOBanO B 10 -:-30 pa3 MeHLWeMy HaDpJI:>KeHBIO 

c .D;ODOnHBTenLHoro reHepaTopa, 'leM ypoBHIO, npB KoTopou 

nonyqa»B HaBny'lmyro KPYTB3HY ~POHTa BMnynLca. OT qacTo

TW .D;ODOnHBTenLHoro 3a.D;aiO~nero reHepaTopa Tal()l(e 3aBBCBT 

~pOHT BMDynLca. fiOHB:>KaJI B DOBLWiaJI 'laCTOTy, 3aMeTBM, 

'ITO ~pOHT HapacTaHBJI TaK:>Ke 3aTJirBBaeTCJI, 3aTeM KOne-

6aHBe cosceu cpwsaeTCJI I CM. puc. 61. lie3 BKniO'IeHBJI 

Puc. 6. 3aeucuMoc•r. ~oH•a UMnyAr.ca e pe3oHa•ope o• 
OMnAU.yi}w HanpJIJICeHUJI i}onOAHU.eAbHOZO ZeHepa•opa . 
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~ODOJIHRTeJILHOrO 3a~aiO~ero reHepaTOpa CRCTeMa flOC He 

o6ecDe'IRBaeT so36y:>K,D;eHRJI sceii: cacTeuw. Kor~a DpobeH 

yposeHL PDP, HaDpJI)I(eHRe OT ~ODOJIHRNJI.LHoro 3a~aro~ero 
reHepaTopa MO)I(HO BLIKJIIO'IHTL. 3TO OC~eCTBJIJieTCJI ~clxlle • 

peHnapyro~eii: neDO'IKoii: B aHo~oii: neDR Dpe~ycRJIRTeJIJI. 
TakRM o6pa30M, ~JI DOny'leHRJI MAkCRMaJI.LHOro WPOH

Ta HapaCTAHRJI OCHOBHOrO kOJie6aHRJI He06XO~MO DO~o6paTL 

ODpe~eJieHHYIO 'IACTOTy OT ~ODOJIHHTeJI.LHOrO 3A~AIO~ero 

reHepaTopa H ODTRMaJILHLIH YPOBeHL HADpJI)I(eHRJI. 3TH BeJIR· 

'IHHLI R3MeHJIIOTCJI DO Mepe TpeHRpOBkR pe30HATOpa. 

Puc. 7. Pa6o'lui1 uMnyA~oc Bq- no.11.11 a peaoHaaope, t = 
= 100 MKC/CM. 

3aKAIO'IeHue 

1. ~JIJI Dpeo~oneHRJI PDP B pe3oHaTopax JIRHeii:Hwx yc

KopaTeneii: ROHOB DpR ODpe~eJieHHLIX YCJIOBRJIX MO)I(HO DpH· 

MeHJITL CDOC06 B036y:>K,D;eHHJI DO ODRCaHHOH 6JIOK· CXeMe 

R C RCDOJIL30BaHReM ~ODOJIHRTeJILHOrO 3a~a10~ero reHepa-
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TOpa, 'IACTOTa H ypoBeHL MO~OCTH kOTOporo BJIHJIIOT Ha 

ODTRMaJILHWii WPOHT ycTaHOBJieHRJI HMDYJILca. 

2. qacToTa ~ODOJIHRTeJILHoro 3a~a10~ero reHepaTopa 

~OJI)I(Ha 6wTL swwe 'IACTOTLI pe3oHaTopa Ha 507250 KFfl. 
D 3TOM ~HaDa3oHe pe3oHaTop HacTpaasaeTcJI Ha qacToTy 

3a~a10~ero reHepaTopa, Kor~a pa3BRBaeTCJI PDP. 

3. PeaJIR3oBaHHwii MeTo~ B036y:>K,D;eHHJI pe3oHaTopa Do-

3BOJIRJI OC~eCTBRTL 3ADYCK YCKOpRTeJIJI llY- 20 6e3 cy~eCT

BeHHLIX Depe~enoK aDDapa Typw. Do36y~RTL pe 30Ha Top H3Be

CTHLIMR MeTO~AMH He y~aJIOCL B Te'leHBe ro~a 3kCDJiyaTanBH 

ycKopHTeJIJI. 

4. Kor~a llY y)l(e pa6oTan, asTop o6Hapy)I(HJI ODBCaHHe 

B3o6peTeHBJI D.r .AH~peesa a ,ll;.r .3aii~HHa o cDoco6e Do~as
neHHJI BTOpH'IH03JiekTpOHHOrO pe30HAHCHOrO pa3pJI~a B Ba· 

KYYMHOM DpoMe)l(yTKe Me:>K,D;y ~BYMJI 3JieKTpo~aMR. O~HaKo 

ODBCAHHLIH BLIWe CDOC06 cy~eCTBeHHO OTJIH'IaeTCJI OT CDOC0-

6a Aa~peesa B 3aii:~aaa. 

AsTop swpa)l(aeT rny6oKyiO 6naro~apaocTL H.H.CeMe

HIOWKHHy, n.TI.3RHOBLeBy,IO.,l1;.1ie3HOrHx, D.ll.CTeDaHIOkY 

3a BHTepecKpa6oTeBDOMOII{L,aTaK)I(e TT. H.H.ro

nosaaiO, D.A.IIIypxosenKouy, A.r .HHKaH~posy, A.A.IIIese

HBHY, 3.,1J;.Csep~JIHHY, DpHHBMABWBM Y'IACTHe B HAJIA~ke 
sq-yCTAHOBkH, B.B.EKBMOBy, A.A.CKpo6osy H TI.TI.CTeDa

HOBY - 3a C03~AHRe BLICOkO'IACTOTHOrO reHepaTopa. 
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