
\ 

-
f -

OB'bED.HHEHHbiH 
HHCTHTYT 
RD.EPHbiX 

HCCnED.OBAHHH 

.lly6Ha 

~ 
s 
z 
lie 

10 . 4147 

_ .. 
H.C.AMarJio6eJIH, UJ1J1oceJIHaHH, ,n;.~. KeJib6aJIHXaHOB, 

R.lli.MapK03ruTIBHJIH, O.C.lliyApa, r.A.3pHCTaBH 

YCTPOHCTBO BBO~A HH~OPMAUHH 

C BYMA)I(HOH llEPWREHTbl 8 38M "PA3,LJ;AH-2 11 

~ 1968 



P9 · 4171 

A.r .BoHt~-OcMoJJoscKHii, r .B.,noJI6HJJos, O.A.KomaJ<os, 
A.B.KpHef\OB, B.H.MaMOHOB, K.A.PeweTHHKosa, 

H.B.Py6HH, C.B.Py6HH, B.U.Capmtf\eB 

CHCfEMA YCKOPEHHH 3JIEKTPOHHOPO KOJibUA, 
HAPPYIEHHOPO HOHAMH 



1 

l 

-! 
j 
I 

C uenhiO o6pa6oTKH :aKcrrepHMeHTanhHbiX naHHbiX, rrony"'eHHbiX c rronya~;~To

MaTH"'ecKoil: ycTaSOBKH llnSI 06Mepa CSHMKOB C IIY3hlphKOBhiX KaMep/ 1/ sa 

3BM "PaallaS-21 " B03SHKna He06XOllHMOCTb C03llaSHSI ycTpOii:CTBa, ocy

weCTBnSIIOlliero BBOll 3THX llaSSbiX B Mawusy/2/ • 

CymecTBYIOWHil: yHHBepcanhHbiil: BBOll B MaWHHY "Paanaa-2" ocymecTBnSI-

eTCSI 7-nopoJKe"'SOil: KHSOneSTOii: WHpHHOii: 35 MM C IIOMOllibiO «floTOC"'RThiBB-

10mero ycTpoil:cTaa. 

J1s«flopMaUHSI 1 rrony"'eHHaSI C rronyaBTOMaTR"'9CKHX ycTaHOBOK 1 38IIHCbiBa-

eTCSI Ha CTasnapTHOil: 6yMaJKHOit rrepq,onesTe WHpHSOit 17,5 MMo K8)1{ll8SI KOOp-

llHSaTa sa 6yMa)I{SOil: rrep«floneSTe 3aSHMaeT OllRS Kallp. nonShiil: Kallp pacrro

no)l{eS sa 12 CTpOK8X (a CTpOKe 4 llOpO*KH). B OllSOM Kallpe sa nesTe MO-

)!{~ pacrronaraTbCSI OllSO 36-pa3pSillSOe "'HCnO C llOIIOnSHTenbSbiMH IlpR3Sa-

K8MH (pRe. 1) • llnSI BB9ll9SHSI 3TOil: nep.poneHTbl B 38M "Pa3llaH-2" IlpRWnOCh 

BHeCTH H3MeH9HHSI B 'MarHHTHOM perHCTpe" nonyaBTOMaTH"'eCKOil: ycTaHOBKR, 

C IIOMOllibiO KOTOpbiX IIOny"'HnR llOIIOnHRTenbHyiO llOpO*Ky CHHXpOHMnynbCOB 

(pH Co 2); I1pH"19M llnSI norHKH pa60Thl ycTpoii:CTBa CHHXpOHMnynbCbl npo6Haa-

nHCh B Tex MeCTaX, rlle 3aiiHCaBbl HCXOllBble ll8HHble; CB060llBble OT CHBXpO-

HMfiYnhCOB CTpoKH Ilp9llBa3Ba"'eBbl llml cny)l{e6Bb1X I1pH3BaKOB. 

llnSI 3aiiHCH KOOpllHBaT OllHOil: TO"'KH HCIIOnh3yeTCSI lleBSITh CTpOK - "'eTbl-

pe CTpOKH llnSI 38IIHCH 3Ba"'eHHSI "x"-KOOpllHSaTb10 "'eTblpe - llnSI "y". 

B nepBOil: CTpOKe 1 Kallpa Ba 2 llOpO)I{Ke I1p06HT I1pH3B8K Ha"'ana 30Bb11 

HCIIOnb3yeMbiil: llnSI BBOlla HS4»opM8UBH IIO allpecy; llnSI pa3BOpoTa "'RCnOBOil: 

HB«PopMaUHH sa 9 CTpOKaX KalKllOrO Kallp8 B MeCT8X 3aiiRCH HCXOllBbiX llaB-

BbiX IIp06HBaiOTCSI CHHXpOHMIIynbCbl; B K81Kll0M K8llpe Ba 4 llOpo*Ke 12 CTpO-

KH IIpo6uaaeTCSI M8pKepSblil: I1pH3BaK0 KOTOpblil: BCIIOnh3yeTCSI llnSI 38IIHCH 
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"!Hcna c perHcTpa MalliHHhi ( Pr-2~ e ee ¢eppHToeyro onepaTHBHYIO naMSITb. 

C03.1l8HHOe M9CTH09 ycTpOJ!:CTBO ynpaBJ19HHSI BBO.IlOM HH<}JOpM8UHH B 3BM 

'Pa3.1l8H-2' 11p9.1lCT8BJ1SI9T C06ol!: yHH<}JHUHpOB8HHyiO CXeMy0 KOT0p8S1 M0~9T 

pa60T8Tb K8K C M9X8HH"'9CKHM C"'HTbiB8IOilJHM ycTpOHCTBOM-Tp8HCMHTT9pOM0 

TBK H C <}JoTOTp8HCMHTTepoM, 

llJISI pa60Tbl ycTpOl!:CTB8 BBO.Il8 C M9X8HH"'9CKHM Tp8HCMHTTepoM paapa6o

T8H aononHHTenbHhiH 6noK ¢opMHpoeaHHH HMrrynhcoe. BnoK-cxeMa ycTpol!:cTBa 

yrrpaBJ19HHSI BBO.IlOM HH<}JopM8UHH B 3BM "Paaaaa-2' 11p9.1lCT8BJ19H8 Ha pHC, 3, 

OcHOBHbie yanhi ycTpol!:cTBa yrrpaeneaHsr: 

1) M9X8HH"'9CK09 C"'HTbiB8IOII199 yCTpOfiCTB0 0 

2) 6JlOK <}JopMHpOB8HHSI HMITyJlbCOB0 

3) M9CTH09 YCTpOfiCTBO yrrp8BJ19HHSI BBO.IlOMo 

MexaHH"!eCKHM C"'HThiBBIOIIlHM ycTpol!:cTBOM srensreTcsr TpaacMHTTep T -50 

MC, npeo6paayromHl!: HH¢opMaUHIO, Haaeceaayro aa 6yMa~Hofi nep¢oneaTe ,B 

aneKTpH"!eCKHe HMnynbChi. C"!HThiBBHHe HH¢opMaUHH c 6yMa~aol!: rrep¢oneHThi 

TpaHCMHTTepOM 11pOH3BO.IlHTCSI 118p8JlJ19JlbHO- 110CJ19.1lOB8T9JlbHO, 

J1MrrynhCbi 0 110JlY"'89Mbi9 C TpaHCMHTTepa, 11p9/.lCT8BJ1SIIOT C060H "rpS13Hbie" 

HMrrynhChi c Kone6aa_HSIMH Ha ljlpoaTe H Ha cpeae. CneAoBaTenbHo, AJlH rrocneAyiO

mel!: rrep9.1l8"1H B ycTpOHCTBO yrrpaBJ19HHSI BBO/.lOM He06XO.IlHMO c<}JopMHpOB8Tb 

3TH HMITYJlbCblo 

CxeMa ljlopMHpoeaHHSI HMrrynhCOB Aaaa Ha puc. 4. Ha exoAe ee pacrronolKe-

Hhi TpHrrepbl ill MHTTa, ljlopMHpyiOIIllle ljlpOHTbi IIMITYJlhCOB, 

3aTeM HMITyJlbCbl 110/.l8IOTCSI Ha 0.[1HOBHOpa'l:'Opbi 0 Bbipa68TbiB8~lltH9 HMITYJlb

Cbl /.lJ1HT9JlbHOCTbiO 60 MCeK, rrepeKpbiB8IOII1119 Ape6ear KOHT8KTOB TpaHCMIITTe-

pa. 

C O/.lHOBH6paTopOB HMITYJlbCbl 110/.l8IOTCSI Ha 38110MHH810IIl99 ycTpOHCTBO 

(pH c. 5), co6paHHOe H8 CHMMeTpii"'HbiX Tpnrrepax C YCHJ1HT9J1SIMH, Heo6XOAH

MOCTb 38ITOMHH8IOII19rO ycTpOHCTB8 o6yCJ10BJ19H8 TeM, "'TO ITpH C"'HThiB8HHH 

Tp8HCMHTT9pOM HH<}JopM8UHH C rrep<}JoneHTbl Ha6JliO.Q8JlCSI epeM9HHOH paa6poc 

HMITYJlbCOB ITOpSI.QK8 700-800 MKCeK, Bbi3B8HHbiH HHepUHOHHOCTbiO MexaHH'leCKOH 

"'BCTH TpaHCMHTTepa. KaK BH.IlHO H3 6noK-cxeMhi (pH c. 5}, a a paaAeJlbHbie 

BXO.Ilbl TpHrrepOB 110.1l8IOTCSI IIMITYJlbCbl OT 0.[1HOBH6paTOpOB 0 COOTB9TCTBYIOI11HX 

'lHCJlOBbiM K8H8J18M H8 rrepljloneHTe, a H8 o6"h9/.liiH9HHhiH BXO/.l l10/.l8eTCSI "CTOITO

BbiH" HMITYJibC C Tp8HCMHTT~pa 0 OTCT8IOII1HH OT HMITYJibC8 'lHCJIOBOH cepHH 

Ha 130- }40 MCeK, 
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0pB ITOMOIIlB HMnyJlbCOB c6poca npOBCXOllHT C"'HTbiBaSBe 

118MSITb HS¢QpM8UHH CTporo O.llHOBpeM9HRO. C aanOMHS8IOillero yc 
• 

ITYJlbChl nonaroTCSI sa ¢QpMHpOB8TenB H 38TeM sa gqeftKB 'YC 

BMnynbChl SMnnHTYllOit 9,5 B 0 llJlBTeJlbSOCTbiO 600 MltCeK. 

BpeMeasasr nuarpaMMa ycTpoitcTea ¢opMHpoBas&SI npueene 

C¢opMHpoBaRRhie BMnynbChl noaaroTCSI aa MecTaoe ycTpoit< 

RHSI BBOllOM (pHCo 7). 3TO yCTpoitCTBO aanyCK89TCSI OT reaepa, 

HO"'HhiX HMITYJlbCOB (fQH) npH R8>K8THH KRODKH 'aeon' aa ·ITYJlb~ 

3BM 'Paanaa-2'. 

nonyqesshiA B ycTpbitCTBe ynpaeneRBSI BMITYJlbC 5-l aan 

'TpBrrep nycxa' TpaRCMBTTep ( TepMHHC>nOrHSI o6oaaaqeRHSI HMU: 

CTBOB888 B3 TeXBB"!eCKOro OITHCSHHSI 38M 'Paanaa-2'), 

B MecTROM ycTpolcTee ynpaenea&SI eeonoM ¢opMHpyeTcH •• 

KOTOpbii CTpo6BpyeTCSI 110T9RUB8Jl8MB OT YCO 88 KJ18n8B8X Bhlll 

Tenet, OTKyna BMnyJlbChl OllBOBpeMeRRO 110ll8IOTCSI 88 l-t4 paap 

Pr-2 3BM 'Paanaa-2'. 

0T llOpo>KKB CBSXpOBMITYJlbCOB. Bblp868ThiBaiOTCH RMn:yJll 

nOChiJllte KOTOpbiX B M8IliHHY 'Paanaa-2' 088 BhiChiJ18eT 8 Clll 

OTBOCHTenbBO npyra (sa 4 MKCeK) BMnyJlbC8 cepBH 28: 2e-2 

B Brore nonyqaeTcSI BMnynbc 5-6, npoBaeonsrlllBA cnesra B Pr· 

q&cna B 36 paapgnoe. 

YcTpolcTBO ynpaeneBBSI Bhlpa6aTbiBaeT ocaoBBhle ynpaBnHJ 

Chi: 

1) no CJ1fllte6BOMY npB3B8KY - MapKep, KOTOphlit npo6HT ll 

pe, H &Mnynbc 5-3, n:po1J3BOJUimHI aaiTBCb sJIIIIopMauHB c Pr-2 1 

naMSITb M8mHBhl0 2) no npH3B8KY aaqana 30Shl - HMnyJlbC BBOJ 

no anpecy 5-5, 5-580 3) no npH3S8KY KOBUS MSCCHBa - KOSI 

KOTOphll BbiKJliOqaeT Tp8BCMB-.:Tep. 

YnpaBnHJDIIlHe HMnynbchl aMeJDT aMrrnBTYllY 6-t8 BOnhT1 Jl 

0,8 of 2 MKCeKo 

BpeMeaaag ll&arpaMMa pa6oThl ycTpoitcTea ynpaeneBHH a 
MecTsoe ycTpolcTeo ynpaBJieBHH co6paso sa c;TaanaJ)'! 

38M 'Paanas-2' • 
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pa MawHHbi ( Pr-2~ B ee !jleppHTOByro onepaTHBHYIO rraMsrT&. 

MeCTHOe ycTpOHCTBO yrrpaaneHHSI BBO,llOM HHQJOpM8UHH B 3BM 

,llCT8B1!SieT COOOH yHHQJHUHpOB8HHyiO CXeMy, KOTOpaSI MO~eT 

MeX8HH'IeCKHM C'IHTb!B8IOWHM ycTpOfiCTBOM-Tp8HCMHTTepOM, 

,aHCMIITTepoM. 

I ycTpOifCTB8 BBO,ll8 C MexaHH'IeCKHM Tp8HCMHTTepoM pa3paoo

HbiH 6noK !jlopMHpoaaHHSI HMrryn&coa. EnoK-cxeMa ycTpoifcTBa 

OM HHQJOpMBUHH B 3BM "Pa3,!18H-2" IIpe,llCTBBnesa Ha puc. 3. 

ycTpoifcTBa yrrpaaneRusr: 

ecKoe C'IHTbiB8IOIUee ycTpOHCTB0 1 

pMHpOB8HHSI HMIIY1IhCOB 1 

ycTpOHCTBO yrrpaBneHHSI BBO.llOMo 

KHM C'IHTbiBBIOIUHM ycTpoifcTBOM RBnsreTcR TpaHCMHTTep T -50 

IUHH HRQJOpM8UHIO, HBHeceHHYID HB oyMa~HOH IIep!jloneRTe ,B 

MrrynhCblo C'IHTbiB8HHe HH<jlopMaUHH c oyMa~ROfi rrep¢oneHTbl 

rrpoB3BO.l1HTcsr napannen&Ho- nocneaoaaTen&Ho. 

rronyqaeMbie c TpaHCMHTTepa, rrpeacTaanRIOT coooif "rpR3Hbre• 

oaHHRMH Ha <jlpoHTe H Ha cpeae. CnenoBaTenbHo, amt rrocnenyro-

ycTpoifcTBo yrrpaBneHHSI BBO.llOM HeOOXO,llHMO c<jlopMHpOB8Tb 

upoBaHHR HMrryn&coa aaHa Ha pnc. 4. Ha axoae ee pacrronolKe-

HTTa, <jlopMHPYIOIUHe <jlpOHTbl HMIIY1IhCOBo 

1IhCbl IIO.l18IOTCSI Ha O.lll!OBHOpaTOpbi, BbipaoaTbiB8JCI.ItHe HMIIY1Ih

IO 60 MCeK, rrepeKpb!B8IOIUHe .llpeoe3r KOHT8KTOB Tp8HCMHTTe-

8TOpOB HMIIY1IhCbl ITO.l18IOTCSI 118 38IIOMHH8IOIUee ycTpOHCTBO 

Hoe Ha CHMMeTpH'IHbiX TpHrrepax c ycunuTenRMH. Heo6xoau

mero ycTpOifCTB8 ooycnoBneRa TeM, 'ITO IIpH C'IHTbiB8HHH 

HQJOpM8UHH C rrep!jlonel!Thl H801IIO,ll81ICSI BpeMel!HOH pa3opOC 

8 700-800 MKCeK, Bbl3B8l!Hb!H HHepUHOHHOCTbiO MeX8HH'IeCKOH 

KaK BH.llHO H3 6noK-cxeMbi (pRe. 5}, Ha pa3.lleJI&Hbie 

IIO,ll8IOTCSI HMITy1IhCbl OT OUHOBH6p8TOpOB
1 

COOTBeTCTBYIOIUHX 

Ha rrep¢oneHTe, a Ha o6~enHHeHHhlif BXO.ll rroaaeTcR "cTorro

TpaHcMHTTepa, OTCT8IOIUIIH OT HMITyJibC8 'IHC1IOBOfi cepHH 

4 

~: 

~ . :~~ 
,:if!:i·f' 

~~(~~ ·\f,t 
~~i.il!l, 
.')~~· 

ITpB IIOMOmH BMnyn&COB c6poca IIpOBCXO.llHT C'IHT~BaBHe 381IHCaHBOA B 

naMSITb HBtjlopMaUHH CTporo O.llBOBpeMeBHOo C 3aiiOMHBaiOIIlero ycTpOACTBa BM
• 

nyn&C~ IIO,llaiQTCSI Ha cpopMBpOBaTenB H 38TeM &a Sl'leA:JtB 'YCIT' 1 ,llaJOII(Be 

HMIIYBbC~ aMIInBTY.llOA: 9,5 B1 .llBBTen&BOCTbJO 60() MKCeK. 

BpeM:eaaaSI nHarpaMMa ycTpoA:cTaa !jlopMHpoaaBHSI npHaeneaa aa puc. 8. 

C!jlopMHpoaaaa~e HMnyn&c~ nonaiOTCSI aa MecTsoe ycTpoA:cTBO ynpaane

BHSI BBO.llOM (pHCo 7). 3TO YCTpoftCTBO 38nyCKaeTCSI OT resepaTOpa O.llH

BO'lH~X HMnyn&COB (fQH) npH sa~aTHH KBOIIKH 'BBO.ll' &a nyn&Te ynpaane&HSI 

3BM 'Paanaa-2'. 

ITonyqess~A: B ycTpbAcTBe ynpaane&BSI BMnyn&c 5-l aany~KaeT q:epea 

• TpHrrep nycxa' Tpa&CMBTTep ( TepMBHC>norHSI 0603Ba'le&BSI BMnynbCOB 3aBM

CTBOBalla B3 TeXBB'IeCKOrO OIIBCaBHSI 38M 'Paanas-2'). 

B MecT&OM ycTpolcTae ynpaanesHsr asonoM cjlopMHpyeTcsr HMnyn&e onpoca, 

KOTOp~A: cTpo6upyeTcSI noTesuHanaMH oT YCIT sa xnanaaax a~xona~x ycBnB

TeneA:, OTKyna BMIIyn&c~ O,llBOBpeMeBBO IIO,ll810TCSI Ba l-t4 pa3pSI.l1~ perBCTpa 

Pr-2 3BM 'Paanaa-2'. 

0T .llOpolKKB CBBXpOBMIIYBbCOB. B~pa6aT~BaJOTCSI BMnyn&Cbl 5-41 BpB 

IIOC~nKe KOTOpbiX B MaWBBy 'Paanaa-2' ORa B~C~naeT 3 C.llBBByT~;I[ ttpyr 

OTHOCBTen&HO ttpyra (sa 4 MKCeK) BMnyn&ca cepBB 28: 2B-21 28-41 2B-8 • 

B BTOre nonyq:aeTcSI BMnyn&c 5-8, npouaaonsrmHA cnBBrB B Pr-2 a paaaopoT 

'lBCna B 88 pa3pSI.llOB. 

Y CTpOACTBO ynpaBneBBSI B~pa6aT~BaeT OCHOBB~e yDpaBnSIJOIIlBe BMnyn&-

Chi: 

1) DO CBfllte6BOMY DpB3HaKy - MapKep, KOTOp~A: Dpo6BT B KalltllOM K8.ll

pe1 B HMnyn&c 5-S, DpoB3BO.llSIIIlBA aaDBcb aacjlop¥anBB c Pr-2 B oDepaTBBsym 

naMSITb MamHB~i 2) DO DpB3BaKy Ba'lana 30Hhl - RMnyn&c BBO,lla BatiJopMBUBB 

no anpecy 5-51 5-5a; 3) DO DpB3BaKy KORDa MaCCBBa - KOHen BB0ll8 5-71 

KOTOphiA BhiKBJO'IaeT TpaBCMB~ep. 

YDpaBnSIJOmHe BMnyn&Chl RMeJOT aMDnRTY.llY 8-t8 aon&T1 nHBTen&socT&--

0,8 -t 2 MKCeK. 

BpeMeBBSSI naarpaMMa pa6oT~>~ ycTpoAcTaa ynpaaneBHil naaa aa puc. 8. 

MecTaoe ycTpoAcTBO ynpaaneHRil co6paso aa cTaB.llapTBblx Sl'lebax 

38M 'Paanaa-2'. 
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0nHC8HHOe ycTpOICTBO B H8CTOBmee BpeMB DpOXOnHT ODhlTHYID SKCDny-

8T8UHID B uayquo-HccnenosaTenbcxoA na6opaTopHH gnepuoA $H3HKH T6HnHc

cxoro rocynapcTseHHoro yHHBepcHTeTa. 

RHTepaTypa 

I. B.H.AnMB30B, H.A. ronyTBHH, B.D..HHKHH, JO.A.KapJKBBHH, B.D..HeycTpO

eB, B.Jl.CTeliBHOB. UpenpHHT OHHH 1852, 0.y6aa, 1969. 

2. o.K.He,Pe.abeB, P.K.CHKoneHKO, B.B.tPe.aopHH. UpenpHHT OHHH 1871, 

0,y6HB1 1964. 

PyxoDHC& nocTyn&na B uanaTen&CKRA OTnen 

11 ao&6pR 1968 rona. 
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.. .. 

1. 3anaqa ycKopeHHSI 91IeKTpOHHOrO KOIIbD8 1 HllrpyJKeHHOrO HOH8MH1 HMe

eT psrn oco6eaaocTetll/, 

Kon&uo SIBIISieTcSI KOMnaKTHbiM o6pa3oBaHHeM c 6on&IIIHM 3apsrnoM, H. 

C06CTBeHHbii TOK 1 C03li8B8eMblft 9THM 38pS!JlOM ( DOpS!liK8 neCSITKOB Ka), CHIIbHO 

aarpyJKaeT ycKopSIIOIUYIO cHcTeMy. Ha H3b!Ke aneKTpOAHHSMHKH aTo 3H8'1HT0 

'ITO 9HeprHSI1 KOTOpyiO He06XOliHMO C006IU8Tb KOIIbDY Ha enHHHUe nyTH1 CoCT8B

IISieT 38MeTHYIO AOIIIO 9HeprHH CTOpOHHero fiOIIS1 1 3anaceHHOi B 06118CTB 1 OT

Kyna OH8 MOJKeT 6b!Tb nonyqeHa KOIIbUOM, KpoMe TOrO, 9HeprHH1 H31IY'IIleM8SI 

KOIIbUOM npH npoxoJKneHHH ycKopsriOmeA CTPYKTYPhlo cpaBRHMa c aaeprHeA, 

npHo6peTaeMOft KOIIbUOM, 

HanH'IHe spamaTen&aoro ABHJKeHHH 91IeKTpoHOB DpBBO/lHT K 3Hil'IH-

TellbHOMY a#eKTHBROMY "'yTSIJKelleRHIO"' KOIIbD8a noaTOMY ero YCKOpeRBe .110 

peiiSITHBHCTCKBX CKOpOCTei npoHCXO/lBT 3R8'1HTellbHOMeAIIeHRee0 '1eM YCKOpeRBe 

npOCTOrO cryCTK8 91IeKTpOHOB C TllKBM JKe 38pSI.IlOM, 

npH ycKopeRBB KOIIbUO fiOIIS!pB3yeTCH 1 B BOHbl yCKOpHIOTCSI C06CTBeH

RbiMB KYIIOHOBCKBMB CBIIIlMB. 3TH CBIIbl ODpe.lleiiHIOTCSI napaMeTpllMB KOIIbDil 

B orpllRB'IeRbl; CIIe.llOB8TellbH01 .llOIIlKHbl 6b!Tb. orpllRB'IeRbl B CBIIhlt yCKO-

piiJDIUBe KOIIbDOa 

HcxoAH B3 aTHX coo6paJKeHBA, a TllKJKe coo6paJKeHBI TexHB'IeCKBX B03-

MOlKROCTel B 9KOHOMB'IHOCTB Bbl6Bp8118Cb CTpyKTYpll yCKOpiiiOIUel CBCTeMbla 

2. EcnB Dpo.llOilbHble pa3Mepb! aneKTpOHHO-IIOHHOro KOilbDil DO.Il .llei

CTBBeM K8KBX-TO BReiiiRBX CBil COXp8HSIIOTCil DOCTOHRR~MB B conyTCTBYIOIUel 

CHCTeMe KOOp.llBH8T0 TO DpB YCKOpeRBB KOilbD8 B fiOCTOSIHHOM DpO.IlOilbHOM 
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sneKTpH~ecKOM none /i, B03MOlKHO JI!CTOA•IHBOe ycKopeHHe HOHOB nOCTOHHHOA 

CHnoA/ 1/, npH STOM 38KOHbl npOUOnbHOrO ABHlKeHHH 'ueHT.panbHOrO' sneKTpO

Ha H 'ueHTpanbHOro' HOH8 HM8IDT BHA: 

rAe 

m .L.= my .L 

1 

8 •• 
m.LYJJ z ze( /i, 

N I 

r- /i,k) 
e 

-,. 

M YJi ;; = e ( /i,k- /i, ), 

/i, k = 
2e N e fl , 

77 r (b + g 
0 • 

- 'yTHJKeneHHaH' Macca sneKTpoHa; M - Mace;a HOHa, 

1 
, Y.L = • N -' •sa ' e 

- qHCnO sneKTpOHOB B KOnbUe; 

(1) 

( 2) 

( 3) 

N
1
-qHc-

li\11- » ~ v 1-yll () 
no HOHOB B KOnbue; r 0 - paAHYC KOnbua; h c - npoAOnbHbiA nonypa3Mep 

ceqeHHH KOnbUa B ConyTCTBYID!Ilei\ CHCTeMe; g c - .nonepeqHbiA nonypaaMep 

ceqeHHH KOnbua; fl - paCCTOSIHHe MelKAY 'ueHTpanbHbiMH' qaCTHU8MH 0 OT-

HeceHHoe K h • < ll « 1). 

M3 ypaBHeHHA (1) H (2) BHAHO, qTO B STOM cnyqae ycKopeHHe KOnbUa 

B conyTCTBYID!IleA CHCTeMe noCTOHHHOo M3 STHX ypasHeHHA onpeuenHeTCH AO

nyCTHM09 ycKopHID!Ilee sneKTpHqecKoe none 

/i, '"'/i, mJ_ 
A k-M-· 

M Nl 
1 + ~J. ~ 

1 + :t 
M 

npH STOM CHna, yCKOpHID!IlaSI 'UeHTpanbHbiA' sneKTpoH, pasHa 
Nt 

m .L . 1 - "'"'N;'" 
e /i,k 

M 
1 + 

m.L 
M 

M 
a CHna, YCKOpSIID!IlaH 'ueHTpaiibHbiA' HOH0 B JiiT pa3 6onbllle, 0TCIDUa 

BHAHO, qTO 3aMeTHaH Harpy3Ka sneKTpOHHOrO KQnbua HOHaMH ( HO BCe JKe 

4 

~ 

(4) 

I 

\ 
\,. 
c 

• 

Nl 
IIpH-- « 

N e 
) H9CyllleCTBeHHO BnHH9T Ha ~eKTHBHOCTb TaKoro M' 

ycKopeHHSI, 

KaK ylKe OTMeqanocb/2/, AilS! HalllHX 

KB 
B npeAenax oT 5 --;;;- N e = }013) AO 

napaMeTpoB /i, A aapbspye 

1o..G. ( N • toi4.'> 
CM 8 

• 

3, CAenaeM H8CKOnbKO 3aMeqaHHA 06 06!1leM BOIIpoce Ha6opa Sll 

p~nHTHBHCTCKHM crycTKOM c 6onblllHM 3apHAOM. EyAeM yqHTbJBaTb 11~ 

qTo penHTHBHCTCKHI\ xapaKTep ABHlK9HHSI Tpe6yeT SneKTpOAHHaMHqecKc 

xoua K pacq{!Ty. npHBeAeM caaqana oueHKY MOlllHOCTH noTepb J aa 

co6cTBeHHOrO H3nyqeHHSI sneKTpOHHOrO cryCTKa IIpH ycKopeHHH 110 OT 

K npHo6peTeHHOA B eUHHHUY BpeMeHH SHeprKH ..!!..!_ 
dt 

_J __ L< 
dE 3 

dt 

e 

m}'J. 

2 eN /b " 
) ·- ... 

c 4 

/3/ 
( CM, HanpHMep, ) , 3TO OTHOIIleHHe AalKe npH 

H Y.J, 
~ = 50 nopHUKa 10 , 

N • 1014 /i, -
• ' A 

TaKHM o6pa30M 0 KaK BHAHO H3 pacq{!TOB H nHTepaTypHhlX AaHHI 

OCHOBHaSI qaCTb SHepreTHqeCKHX IIOTepb onpeAenHeTCSI H3nyqe~eM C1 

HHX 3apHUOB0 B036yJKAaeMbiX sneKTpHqeCKHM noneM ABHlKy!llerOCSI Cry 

T,e, H3nyqeaHeM THna nepeXOAHOrO Ha HeOAHOpOAHOCTSIX B YCKOpHTenJ 

TpaKTe HnH THna qepeHKOBCKOI"'O npH ABHlKeHHH B nepHOAHqecKHX CTpJ 

pax, MOlKHO BhlCKaaaTb npeAIIOnOlKeHHe, qTo BenHqHHa STOrO H3nyqeH 

COCTaBnHeT 3HaqHTenbHYID qaCTb Harpy3KH yCKOpHID!IleA CHCT8Mbl R 

nHeT B03MOlKHOCTb OT60~8 SH9pr'HH yCKOpS18MbiM cryCTKOM H3 BH811lliE 

ycKopHID!Ilero nonH, TaK, aanpHMep, B cnyqae ycKopeHHH B nepHOAH'IE 

CTpyKType cymecTBeHHOe B3aHMOAeftCTBHe C yCKOPHID!Il8A BOnHoA B031 

TOnbKO, 9CIIH ~30B8H CKOpoCTb BOIIHhl COBII8AaeT CO CKOpOCTbiD cryc 

Ho STO 03HaqaeT, qTO OAHOBpeMeHHO BhlnOIIH9HO yCIIOBH8 AIISI B03HHKI 

'lepeHKOBCKOrO H3nyqeHHSI Ha STOA 'IACTOTe, B036yJKAaeMoro 3apHAOM 

merocsr crycTKa. 
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KOM none lf', B03M0)KH0 Jj!CTOA•IHBOe yCKOpeHHe HOHOB noCTOSIHHOA 

npH STOM 38K0Hbl npOAOnbHOI'O ABH)K8HHSI 'ueHT.panbHOI'O' aneKTpO

panbHOI'O' HOH8 HM8IOT BHA! 

N 

m ..!)' Ji. ~ = e ( & - ~ & k ) -,~ 

M YJ! ;; = e ( &k- & ), 

2 e N e 
& k = ~ ' 

77 r 
0 

( b + g 

- 'yTR)KeneHH8R' M8CC8 aneKTpOHa; M - MBCC;B HOH8 0 

I 

(I) 

( 2) 

( 3) 

• Y l = y I N e - 'IHCnO aneKTpOHOB B KOnbue; N 1-'IHC-
I-ylfWo 

Konbue; r 0 - paAHYC KOnbua; h c - npoAon&HbiA nonypaaMep 

nbll8 B conyTCTBYIOllleA CHCTeMe; go - .nonepe'IHhiA nonypaaMep 

n&ua; ~ paCCTORHHe Me)KAY •u·eHTpanbHblMH' '18CTHU8MH 0 OT-

K b (~«I), 
c 

paBHeHHA (1) H (2) BHAH0 0 'ITO B 3TOM cnyqae ycKopeHHe KOnbU8 

BYIOllleA CHCTeMe nOCTORHHO, Ha 3THX ypaBHeHHA onpeAenReTCSI AO-

ycKopRIOlUee aneKTpHqecKoe none 

& = & m.l 
A k-M-

I+ ..M,_ Nl 
m.l '1r" 
""--~e 

I + 
m.l 

M 

CHna, yCKOpSIIOlll8R 'UeHTpanbHbiA' aneKTpoH 0 paBH8 
Nt 

1- N;" 
e&k 

m,L 

M 
I + 

ml 
M 

CKOpRIOlll8R 'ueHTpanbHhlA' HOH 0 B 
M 

m.l 
pa3 6onbWE;l. 0TCIOil8 

0 38M8TH8SI Harpy3K8 aneKTpOHHOI'O KQnbUB HOHBMH (Ho BCe )Ke 

4 

.... 

(4) 

··; 

·~:·· 

···. 

' 
~ 

N, 
npH-- « 

N e 
) HeCyllleCTBeHHO BnHReT H8 ~eKTHBHOCTb T8KOI'O MeTOil8 

YCKOpeHHSI, 

KaK ylKe OTMeqanocb/2/, JliiR HaWHX napaMeTpOB lf', ll B8pbHpyeTCSI 

B npeAenax oT 5 ..JS.!L. CM 
N e = 1Q13) AO 1o...u.. ( N • tot4>' 

CM e • 

3, CllenaeM uecKon&KO aaMe'laHHA o6 o6meM eonpoce ua6opa aueprHH 

p~nBTHBHCTCKHM crycTKOM c 6on&WHM aapBilOM, Ey.QeM y'IHTbJBaTb npH 3TOM 0 

'ITO penRTHBHCTCKHA X8p8KTep llBH)K8HHSI Tpe6yeT 3n8KTpOilHH8MH'IeCKOI'O nOll-

XOil8 K p8C'I~Ty, npHBe.QeM CHaqana OU8HKY MOlUHOCTH ROTepb J 38 C'I~T 

C06CTBeHHOI'O Hany'leHHSI aneKTpOHHOI'O CI'YCTK8 RpH yCKOpeHHH RO OTHOWeHHIO 

K npHo6peTeHHOA B e.QRHHUY BpeMeHH 3H8pi'IfH ..!!.!:.._ 
dt 

2 eN & 
_J_ • ..!_( _e __ ) e_ 1l 

~ 3 my.l c4 

dt 

/3/ 
( CM, H8HpHMep, ) , 3TO OTHOWeHHe Jl8)1(8 npH 

H Y-l 
~ 

• 50 nopBilKa 10 • 

( 5) 

= 10 14 & a 100...!U\.. N 
e 0 ll CM 

TaKHM o6pa30M 0 K8K BHilHO H3 p8C'I~TOB H nHTepaTypHbiX ll8HHbiX1 

OCHOBH8SI '18CTb 3HepreTH'18CKHX noTepb onpe.QenReTCR Hanyqe~HeM CTOpOH

HHX aapRilOB, B036Yl!<Jl8eMblX aneKTpH'I8CKHM noneM llBHlKYlll8I'OCR CI'yCTK80 

T,e, Hany'leHHeM THH8 nepeXOilHOI'O H8 H801lHOp01lHOCTRX B YCKOpHTenbHOM 

TpaKTe HnH THH8 qepeHKOBCKOI'O npH llBHlKeHHH B nepHOilH'18CKRX CTpyKTY

pax, MolKHO BbiCKaaaTb npe.QnonolKeHHe, 'ITO aenH'IHHa aToro Hany'leHHR 

COCT8BnReT 3H8'1HT8nbHYIO '18CTb Harpy3KH yCKOpRIOlU8A CHCT8Mbl H onpelle-

nReT B03MOlKHOCTb OT6opa aaeprHH yCKOpRe~IM cryCTKOM H3 BH8WH8I'O 

ycKopRIOlllero nonR, TaK, aanpHMep, e cnyqae yc~topeHHR e nepHOilH'IeCKOA 

CTpyKType Cylll8CTB8HH08 B38HMOil8ACTBH8 C yCKOpSIIOlU8A BOnHOA B03MOlKHO 

TOnbK01 ecnR ~830B8R CKOpoCTb BOnHbl COBH81l88T CO CKOpOCTbiO cryCTK8, 

Ho STO 03H8'188T1 'ITO OllHOBpeM8HHO BbiHOnHeHO ycnOBHe llnR B03HRKHOB8HHR 

'18peHKOBCKOI'O R3ny'I8HRR H8 3TOA '18CTOT8 0 B036YlKil88MOI'O 38pRilOM llBRlKY

lll8I'OCSI crycTxa. 
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~O*KO DOK838Tb/4/, ~TO npH BneTe cryCTK8 B UHnHKapR~eCKHft pe30K8-

TOp, B KOTOpoM aoa6yJK,qeKo cTopoKKee ( ycxopsnowee) none , "o6nacT& pacnpo

cTpaKeHHR" noneft, B036yJKneKRbiX cryCTKOM K MOMeKTy BbJneTa ero R3 peaoKa

TOpa, onpenenReTCSI Kep8BeKCTB8MHX/ 

h 
0 !. r :5: r o + fJ. • O!,z~h, ( 6) 

rae h - npononbKbiA paaMep peaoKaTopa; r 0 - panayc crycTKa, B ocTan&-

H08 ,acTR 06'beM8 OCT8eTCR He B03Myll!eHHOe CTOpOHHee none, TaKHM o6pa-

30M, B npouecce ycxopeHHH cymecTaennoe ana~enHe HMeeT nnwb aanac aKep

rHH CTOpOHKero nonR, HMeiOIUHACR B 3TOft "o6naCTH B3aHMOaeftCTBHR" 1 a· He 

o6wHA aanac B nonHOM o6'beMe peaoKaTopa, 

4, .QanbHeAwee paccMoTpeuHe KOKKpeTHbiX aonpocoa yno6uo aecTH a nsyx 

nnanax: npHMeHHTen&no K MonenH ycTauoBKH (T,e, ycxopenHe no ue6on&wHx 

r II ). H HMeH B BRay npoeKTHpoBaHHe YCT8HOBKH anH ycKopeKHH npOTOHOB 

no r II ~too. npH 3TOM BOnpOCbl1 CBH38HHble C C03aaHHeM MoaenH, 

Mbl 6yaeM p8CCMaTpHB8Tb C TO~KH 3peKHH C03ll8HHH 6onbWOii YCT8HOBKH, 

Cnoco6bi coanaHHH cHcTeM, o6ecne~HB8101UHX ycxopHIOwHe nonH uyJKHbiX 

BenH~HH 1 XOpOWO H3BeCTHbl H3 npaKTHKH HCDOnb30BaKHH 06bi~HblX nHKeliHblX 

ycxopHTenell, CneuHqmxa' uawell aana~H, a HMeuuo, ycxopeuHe xonbua aneKTpo

noa, BpaW8101UHXCH C penHTHBHCTCKOii CKOpOCTbl01 npellCTaBnHeT B03MOlKHOCTb 

apyrHX peWeHHii, KOTOpbie, OKa3biB8eTCH
0 

o6naaa10T npeHMyweCTB8MH 1 OC06eHHO 

npH 6on&woA anHne ycxopHTenH, 

PaCCMOTpHM Kp8TKO B03MOlKHOCTH 06bi~HblX CHCTeM, KaK noKa3biBaiOT 

OUeHKH 1 HCDOnb30BaHHe llH8~parMHpOB8HHOro BOnHOBOlla Ha Ha~an&HOM 3Tane 

ycKopeHHH 38TpyllHHTen&HO ll8lKe llnH MOllenH ( N e • 1013), npHXOllHTbCH 

Hcnon&aoBaTb aonnoaon co 3Ha~HTen&KbiM 3aMennenHeM, qTo npH paaHyce oT

eepcTHA OOpHllK8 pallHYC8 KOn&U8 (5•6cM) DpHBOllHT K He06XOllHMOCTH yae

nHqHB8Tb p8llHyC BOnHOBOlla H pa6o~y10 anHHY BOnHbl COOTBeTCTBeHHO no 

:.!() H 50 CM/5/ I npH 3TOM nnH BbiDOnHeHHR ecTeCTBeHKoro Tpe60B8KHH, ~T06bl 

aanac aneprHH Ka enanany anHHbl npesocxonH.n aneprHIO, nony~aeMyiO crycT-

x/ 
npeanonaraeTCSI1 ~TO {J z Mano MeHSieTCH 38 BpeMH nponeTa 3830pa 

pe30H8TOp8, 3TO ycnOBHe ecTeCTBeHHO BbiDOnKHeTCSI, ecnH {J z ~ 1, 

6 

.·,, .• 

1~ ~ I
~ ~ 1' ~ \ 

• 

KOM Ha ellHHHUe nyTH 1 HYlKHO C03JlaBaTb 3HaqHTen&Hble nOTOKH MOIUHO 

fnaBHbiH :>Ke He)lOCTaTOK BOnHOBO)la 38KniOqaeTCH B TOM 1 qTO B HeM 84 

CTaanHeTCH aoaMOlKHbiM noaaepJKHBaT& npoaonbHbiii paaMep xon&na noc 

HblM B C06CTBeHHOii CHCTeMe, 

Ha-aa ue6onbwax aoaMOJKHOCTell JlnH noBbiWeHHR cpenuero ycxo1 

IOWero nonH Y. yaenHqeuHSJ paaMepoB B MoaenH He 6bmH Hcnonb30B8H~ 

HaTOpbl C Tpy6KaMH apell~a, 

flyqwHe B03MOlKHOCTH npeJlCTaBnSJeT CHCTeMa C~a3HpOB8HHblX pe: 

Topoa c neaaBHCHMbiM aoa6yJKaenHeM, B npoMeJKyTKax MeJKny peaona~ 

MH B03MOlKHC C03JlaB8Tb ~OKYCHpOBKY 1 o6ecneqHB8101UYIO noCTOSIHCTBO 

aonbuoro paaMepa xonbua a co6cTaeHKOli CHCTeMe/6/, KpoMe Toro u~ 

npoMeJKyTKOB )laeT ewe pS!Jl npeHMyweCTB1 H8 KOTOpbiX Mbl OCTaHOBHM 

PaccMoTpHM STy CHCTeMy noapo6nee, 3nepreTHqecxHe B03MOJKHOCTH I 

TOpa B HeKOTOpOM OTHOWeHHH MOlKHO npoHnniOCTpHpoaaTb' Ta6nHUeft 1, 

npeJlCTaBneHbl 3HaqeHHR KO~~HilHeHTa e • nOK83biB8101Uero OTHOW9HHe 

rHH, aanacennoA B "o6nacTH aaaHMoneAcTBHH" UHnHnnpnqecxoro peaot 

(onpeaenHeMoA cornacno (6)) npH nannoa aMnnHTyae & A. K Toll ane 

KOTOpyiO naopan 6b! cryCTOK aapRJla eN e B Haean&HOM cny~ae H~ 

( If, A • 100 ~ 1 N e • ne h B none & A ( JlnHHa BOnHbl A>> h 

Ta6nHna 1 

h (,.,M) . ~ 

2,5 0,9 

5,0 2,0 

7,5 3,5 

Ko~HilHeHT e o6paTHO nponopuHoHanen Ne H nponopuHoHanen 

Tax K8K RCH01 qTO H3 "o6naCTH B3aHMOJleftCTBHSJ" aneprHR CTOpoHHerl 

OT6HpaeTCSI llenHKOM1 TO B/4/ 6bin0 p8CCMOTp9HO JlBHlKeHHe cryCTKa B 

KOr)la B npaByiO ~aCT& yp8BHeHH8 JlBRJKeRHR1 KpOMe CHnbl aeftCTBHR yc 

PHIOIUero nonH1 BXOJlHT "cHna CaMOJleliCTBHH" CO CTOpOHbl B036yJKnaeMI 

crycTKOM nonHx/, T,e, aonpoc "noacanxa" ycxopRIOwero nonR, 3ToT E 

paCCMaTpHBancH TaKJKe a/8/, 

x/ 
~eTOJlHK8 HaXOJK)leHHSI noTepb SHeprHH H nonR1 B036YlKJlaeMOr4 

THBHCTCKHM cryCTKOM aneKTpOHOB B 38MKHYTOA UHnHHJlpHqeCKOft o6nac 
HanolKeHa a11/, 

7 



qTo npH BneTe cryCTK8 B UHnHHApHqeCKHA pe30H8-

CTOpOHHee fycxopsuomee) none, 'o6nacT& pacnpo

x MOM9HTY Bbln9T8 ero H3 pe30H8-

Hep8BeHCTB8MHX/ 

h 
O<r,S • 0 + 7' 

- 1-'z 
OS,zS..h, ( 6) 

pa3Mep pe3oHaTopa; r
0 

- panHyc crycTxa, B·OCTan&-

la OCTSeTCSI !JE! B03MyWeHHOe CTOpOHHee none, TaXHM o6pa-

3anac 3Hep-

HM910WHACSI B STOll • o6naCTH B38HMOAeftCTBHH', a· He 

o6~eMe pe3oHaTopa, 

aonpocoa yno6Ho aecTH a nsyx 

x MonenH ycTaHOBXH (T,e, ycxopeHHe no He6on&wHx 

npoeXTHpoBaHHe yCTaHOBKH AnSI yCXOpeHHH npOTOHOB 

BOnpOCbi 0 CBH3aHHbie C C03AaHHeM MOAenH, 

ToqxH 3p9HHH C03AaHHSI DOnbWOA ycTaHOBXH, 

aHHH CHCTeM, o6ecneqHBaiOWHX yCKOpHJOJilHe nonH Hy>KHbiX 

HCnOnb30BaHHH 06biqHbiX nHHeftHbiX 

HaweA sanaqR, a RMeHHo, ycxopeHRe xon&ua snexTpo

penHTHBHCTcxoA CKOpOCTbl00 npencTaBnHeT B03MO>KHOCTb 

KOTOpbie1 OKa3blB8eTCH0 o6nallaJOT npeHMyJileCTBaMH, OC06eHHO 

ycxopRTenH, 

o6biqHbiX cHcTeM, Kax noxasbiBaiOT 

AHS,parMHpOBaHHOrO BOnHOBOila Ha Haqan&HOM STane 

lla>Ke llnll MOilenH ( N 0 = 1013), npHXOilHTbCSI 

CO 3HaqRTeUbHhlM 3aMellneHHeM, qTo npH panHyce OT

K He06XOAHMOCTH yee-

COOTBeTCTBeHHO AO 

STOM llUH BhlnOnHeHHSJ eCTeCTBeHHOrO Tpe60B8HHSI, qT06bi 

llUHHbl npeaocxonH_n sHeprHIO, nonyqaeMyJO crycT-

qTO {J z M8UO MeHSJ9TCH 38 BpeMH nponeTa 3a30pa 

ycnOBHe ecTeCTBeHHO BhlnOUHHeTCSI, ecnH fJ z ::: 1, 

6 

... . .,. \ 
.'k . 

KOM Ha eAHHHUe nyTH 0 HY>KHO C03AaBaTb 3H8qRTenbHbie nOTOKH MOWHOCTH, 

fnaBHbiH JKe HeAOCTaTOK BOnHOBOila 3aKnJOqaeTCH B TOM, qTo B HeM He npen

CTaBnHeTCH B03MO>KHbiM nOilAep>KHBaTb OpOilOUbHblft p83Mep KOUbll8 OOCTOHH-

HbiM B C06CTB9HHOi! CHCTeMe, 

!13-38 He60UbWHX B03MO>KHOCTeft AnH nOBbiWeHHH cpenHero yCKOpH

JOJilero nonH v. yeenHqeHHH pasMepoa B MonenH He 6bmH Hcnon&soeaHbi peso

HaTopbi c Tpy6xaMH npeA,a, 

flyqwRe B03MO>KHOCTH npeACT8BnHeT CHCTeMa C'a3HpOB8HHbiX pe30Ha

TOpOB c He3BBHCHMbiM aos6y>KneHReM, B npoMe>KyTxax Me>KilY pesoHaTopa-

MH B03MO>KHC C03A8B8Tb 'OKyCHpOBKy, 06ecneqHB810WYIO nOCTOHHCTBO npo

AOUbHOrO pa3Mepa KOUbUa B C06CTBeHHOft CHCTeMe/6/, KpoMe Toro HanRqRe 

npoMe>KyTKOB naeT eme pHA npeRMyJileCTB0 Ha XOTOpb!X Mbl OCTaHOBHMCSI HH>Ke, 

PacCMOTpHM STY CHCTeMy nonpo6Hee, 3HepreTRqecxRe B03MO>KHOCTH pesoHa

TOp8 B HeKOTOpOM OTHOWeHHH MO>KHO npoHnUJOCTpHpOB8Tb Ta6n~uell 1, rae 

npencTaBneHbl 3H8qeHHSI KO~'HUHeHTa e • nOK83biB8IOWero OTHOWeHHe SHep

rHH, sanaceHHOA a 'o6nacTH esaRMonellcTBHH' UHnHHApRqecxoro pesoHaTopa 

(onpenenHeMoft cornaCHO ( 6)) npH naHHOll 8MnnRTyne {i, A • K TOft SHeprHH
0 

KOTOpyiO HB6pan 6bi cryCTOK 38pHA8 eN e a Rnean&HOM cnyqae Ha nnH-

( {i;A. 100 u_, N •1013). 
CM e • 

He h a none & A A>> h ( AnHHa BOnHbl 

Ta6nRua 1 

h (eM) -~ 

2,5 0,9 

5,0 2,0 

7,5 3,5 
·,. 

Ko~HUHeHT e o6paTHo nponopuRoHaneH N. H nponopuRoHaneH & A • 

Tax X8X SICHO, qTQ H3 'o6naCTH B38HMOAeliCTBHH' SHeprHH CTOp9HHero nonS! 

OT6HpaeTCSI UenHKOM, TO B/4/ 6hlUO paCCMOTpeHO ABH>KeHRe cryCTK8 B cnyqae, 

xorna B npaByJO qacTb yp8BHeHHll ABHlKeHHSI 0 xpoMe CHUb! neliCTBRSI ycxo

pHJOJilero UOUSI0 BXOAHT 'CHUB CBMOAeliCTBRSJ' CO CTOp9Hbl B036y>KA89MOro 

crycTxoM non11xl, T,e, aonpoc 'noncanxH' ycxopHIOJilero nonH, 3ToT aonpoc 

paCCM8TpHB80CH T8KlKe a/8/, 

x/ 
MeTOAHK8 H8XO>KAeHHSI noTepb SHeprRR R nonH, B036y>KnaeMoro penH-

TRBRCTCKHM cryCTXOM snexTpOHOB B 38MXHYTOJI UHnRHApHqecxoJI 06nBCTH, 
R3UOlKeH8 B/7/, 

7 
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PaCCMOTpRM 3aMXHyTyJO cjlR3R'IeCXYJO CHCTeMy1 COCTOlllllYJO R3 nonepe'I

Jioro 311eXTpoMal"HRTHOl"O DOilll1 B036ylKJleHHOl"O B o6'b8Me pe30RaTOpa ( T.e. 

cso6o.aa&ax xone6anll B pe3oHaTOpe) a nponeTaJOIIler.o 'lepe3 o6'beM crycTxa 

3118XTpOHOB1 a T81tlK8 DOila1 B036ylKA8HHOl"O 3TRM Cl"yCTXOM X8X 38 C'IAT 

ycxopeHRll1 Tax R BCileACTBRe npocTpaHCTBeRHOII ReOAHOpOAHOCTR CRCTeMblo 

lJ.rur ODRC8HRll DOBe.aeRRll &TOll CRCTeMbl RCDOil&3Y8TCll raMRilbTOHOBCICRII 

M8TOA R Y'IRTbiB810TCll Ra'l81l&Rb18 YCIIOBRll Allll OCURilllliTOpoB nonell R ABR

lKeHRll crycTxa. Tor.aa H3 ycnoBRll coxpaaeRRH nonaoro raMRil&TORRaaa K 
CRCTeMbl BRARO, X8XRM o6pa30M DpoRCXOART 0T60p 3HeprRR R3 ne'pBOR8- ' 

'181lbRO B036ylKJleHROl"O BH8WHRMR RCTO'IRRX8MR pe30R8TOpa: DO Mepe ABR

lKeHRR crycTxa npoacxo.aaT nepepacnpe.aeneaae 3HeprRR Mell(ky sceMR 'lac

THMR K • fipa &TOM yuea&waeTCa "'aMnnaTy.aa xone6aaa11•, a BMecTe c TeM 

R 3Hepl"Hll OCUHnllliTOp81 XOTOpblll 6&tn B036ylKAeR CTOpoRHRMR RCTO'IRRX8MR1 

H B036YlKA8JOTCll OCT8n&H&Je OCUHnnaTOpbl. MOlKHO &Ole OTM8TRTb1 'ITO CTa-

TR'IeCXoe none 38pliAOB, B03HRX81011lRX Ha BRyTpeHRHX CTeRX&X nonOCTR1 

C03A8eT AOnOnRRTell&HyJO HepaBROMepHOCTb ABRlKeRRll Cl"YCTXa. "'CRilbl ca

MOA&IICTBRll"' Bbl3bJBaJOT, OAHaxo, Onpe.aeneHR&Je TpyAROCTR1 CBll3aRRble C 

nepeaopMRpoexaMR. 

E&tllH npoee.aea&a pac'IAT&t aa6opa saepraa B npa6nRlKeHRH 3a.aaaaoro. 

ABRlKeHRSI 38pSIA8 AIISI ODpe.aeneRHSI B036ylKJlaeMbiX nonell. fipR &TOM Y'IRTbiB8-

llOCb, 'ITO AIISI M81lbiX H8'181lbHbiX yll ( y II .I) cymeCTBeHHblll BX118A B CR-

IIY TOpMOlK&RRa BHOCIIT B036ylK.QaeMble DOIISI1 RMeJOIJlRe Cp8BHRTell&RO H8BbiCO

XHe '18CTOTbli AOnOnHRTen&HbiM apryMeRTOM X 9TOMy yTBeplKAeHRIO liBilaeT

ca cjleaoMeHOIIOl"R'IecXRII y'IAT BllRSIRRll BXOAHOl"O R BbiXOAHOl"O OTBepCTRII 

B pe30HaTOpe, XOTOpbiA· npRBOART X o6pe38HRIO Bb1COXO'I8CTOTROI .'18CTR 

cnexTpa B036ylKAeaaoro nona. 

B 9TRX npR611RlKeHRRX TOpMo3alllee none, co3.aaeaeMt>e aase.aeaa&JMR 

TOXaMR, B MecTe pacnonolKeHRa nponeTaJOIJlerp 38pH.aa (3apHlKeRRblll cryc-. 

TOX p8CCM8TpRB8eTCR B BRA& TORXOl"O XOilbU8 pa.aayca ro 

HO MOlKeT 

6; 

~ 

6b1Tb npencTaBileRO B BRA& 

217e N• fJ. 
a h 

e .. 
:£ t-• 

11 ''t •o vtro z J (--lsia(--·---), 
o a ai r0 fJ • 

8 

) npR6nRlKeR-

(7) 

!, 
/I>, 

i'/'1··.· ~. ''. ,·1( ,. 

:~~ 
\ 
,'I 

•;<. 

~ ·~ ,,r 

1
:'':' 

,, .:' 

.' 
'! 

i,l}i~r 
'l~\) 

4 
.: 

j (~ \,,, 
il 

• 

r.ae a - p8AHYC UHnHHApH'18CXOI"O pe30H8TOpa1 h - ero AllRRa, 

HH J (e) ,. 0, J.aec& npeae6peraeTCSI npOAOnbHblMH BbiCWRMH l"BpMo 
0 

a f m !!! 20. fiOACTBBnllll ( 7) B yp8BH8HH8o OnRCbiB8JOIIlee R3MeHeH 

raa, aeTpy.aao nony'IHT& 38XOH H3Meaeaaa y II 
naa.apa'lecxall pe3oHaTop: 

npa nponeTe 'l&pe 

1\y II 
e6;Ah (~) 
---2~ 1o a 

m J. c 

v h 
. I 

SlD2a1J: 

v 1 11 

-r;:r. 

v
1

h 

eN• I ~ "... 2 
cosfj{>fl-- -[:d

0
(x: 

1: II V.r _ VI h 
"'J{ oJ ( ....,.)cos'j6 si..,._ 

0 
a 2afJ. 

r.ae if> - cjla3a CTOpOHHero nona B MOM8HT nponeTa Cl"yCTXOM U81 

3opa pe3oKaTopa 
• h 

x m • 5,5 • a ., ~· B (8) cyMMa 3aMea• 

TerpanoM. 

B Ta6naue 2 H 3 npaBenea&t pe3yn&T8Tbl pac'IAToB no &Toll cjloJ 

npHMeHRTellbHO K H8'181lbHOMY 3Tany yCXOp8HHa fJ z • 0,5 ( a 

r 0 • 5 CM1 h • 5 CM1 A = 200 CM) COOTB8TCTB8HHO AnSI N 

YJ.•30a 1014 y J. • 50. B Ta6naue 4 .aaa pe3yn&TaT 1 N 
• 

aa6opa saeprHH e Mo.aena ycTaaoBKH R3 4-x pe3oHaTopoB1 6; A • 150 x 

B 3TRX Ta6nauax y 
8 COOTB8TCTByeT MOM8HTy Bll8Ta 38pRA8 B J 

aaTop, 

Myna 

y k. MOMeHTY B&JneTa. BenH'IHHa 1\y II 
e6; b HA. 

1\yll -~ ( T.e. nonaranoc& 
II 

RA. mJ. c 

v r 
Jo( ~) 

a 

sin 
v h 

--l..-
2a fJ • 

v 1 h 
cosfj{> •I), 

a B811H'IHH8 ~ - no 

2 a fJ 
8 

cjlopMyne 

Ayll 
~ = ~I-

eN 6,6 
;;--~~- JxJII (x) 
"' r o o 

.A o 

sia 2 ax 

1\ )'II HA. 
(ax ) 2 

9 

pacctiHT&tBanac& 

dx , 



CCMOTpRM 3aMKHyTY~ ~R3R'!eCKY~ CHCTeMy1 COCTORmy~ H3 nonepe'I

KTpoMarHRTHOrO nonR
1 

B036y:IK.IleHHOrO B o6MMe pe30HaTOpa ( T.e. 

ibiX Kone6aHRA a pe3oaaTOpe) a nponeTaJOmer.o qepe3 o6MM cryCTKa 

oa, a TaltJKe nona, B036y:IK.IleHROrO 9THM crycTKOM KaK 3a C'IAT 

RHo TaK R BCne.llCTBRe npoCTpaHCT&eHKOA aeO.IlHOpOAHOCTR CHCTeMblo 

caHRR noBe.QeHRR 9TOA CHCTeMbl RCnOIIb3yeTCR raMRnbTOHOBCICRA 

Y'IRTbiB8~TCR aaqan&&ble ycnOBRII .Qnll OCJlRnnRTOpoB noneA H .llBR

ryCTKa. Tor.na R3 ycnoBRR coxpaaeaaR nonaoro raMHn&TORRaaa K 
BR.IlH0

1 
KaKHM o6pa30M npoRCXOART oroop aaeprRR R3 ne·paoHa

BHeWHRMR HCTO'IHRKaMR pe30RaTOpa: no Mepe ABR-

rycTKa npoacxoART nepepacnpeAeneaae aaeprRH Me~y aceMR qac

npR 9TOM yMeH&waeTCR • aMnnRTyAa Kone6aRRA' 1 a BMBCTe C TeM 

OCURnnRTopa
1 

KOTOpbiA 6&1.11 B036yJKAeH CTOpOHHRMH HCTO'IRRKaMR1 

JK.QaiOTCII OCTan&Rble OCUHnnRTOpbl. MOJKHO eme OTMeTRTb1 'ITO CTa-

none 3apRAOB
1 

B03HHKaJOmHX Ha BHyTpeHRRX CTeRK&X nonOCTH 1 

.QOnOnRRTen&RyJO HepaBROMepHOCTb .llBHJKeRRII cryCTK8o 'CRnbl C8-

OllH8K0
1 

onpeAeneHRble TpyAROCTR 1 CBR38HHble C 

pacqATbi aa6opa aaeprRR a npR6nRJKeRRH 38.1l8HHoro . 

onpeAeneHHR B036y:IK.IlaeMbiX noneA. npa aToM yqRTbiBS-

aa'lan&HbiX yll ( y II • 1) cymecTBeHHbiA BltnaA a ca-

MOJKeHHR BHOCRT B036yJKA8eMble nonR1 HMeJOmRe Cp8BHRTenbHO HeBbiCO

CTOTbli .QOnonHHTen&HbiM apryMeHTOM K 9TOMY yTBeplKAeHRio ll&.nlle_T

OMeHOnOrH'IeCKHA yqAT BIIHIIHRII BXOAHOrO R BbiXOAHOrO OTBepCTRR 

HaTOpe
1 

KOTOpbiR· npRBOAHT K o6pe38HHJO Bb1COK0'18CTOTHOR '18CTH 

•a B036yJKAeHHOrO nonR. 

9THX npH6nHJKeHHIIX TOpM03Rmee none, C03A8BaeM0e H8&eAeHHbiMH 

~H, B MecTe pacnonoJKeHRR nponeTa~mer9 38pRA8 (3ap11JKeRHb1R cryc-. 

CCMaTpRB8eTCR B BRAe TORKOrO KOII&Ua p8ARYC8 ro 

6biTb npeACTaBneHO B BRAe 

2rre N. P. 
a h 

fm Vfr Vp Z 
I J 2 c·__!!.)aia < ~---z-oo>• 

f -· 0 a a •ot' " 

8 

... 

) npR6nRJKeR-

(7) 

;;~ 
-'~)·\_ 
i .• 

""" }\ 

1
(.~ 

' 

" ' 
. 

I
~;·_ . . 

. : 
~ . 

~ 
•"_\:,, 

L \,, 
I '.I ~ 

rAe a - p8ARYC URIIHHApH'IeCKOrO pe30K8TOp81 b - ero AnRHa, "t- Kop-

HR J
0
(e) "' 0, 3AeCb npeae6peraeTCH npOAOIIbRbiMR Bb!CWRMH rapMOHHK8MH1 

8 £ m!!! 20. noJlCT8BnHH ( 7) B ypaBHeHHe, OnRCbiB8JOmee H3MeHeHHe 9Hep-

raa, aeTpyllHO nony'IHTb 38KOH H3MeHeHHR Y 11 

nHH.IlpH'!eCKHA pe30H8Top: 

v h 

npH nponeTe qepe3 ua-

"'•h 
e& h v r 

, I 
stn~ eN --

co,.</>ji- _• I 2a{j x., {i, r2 v.r_. -~--"-[xJ2(x ain2ax ~r II A J (-1_0_) 

m.lc2 0 a ll oJ
0

(.....,.)c
0
-A • VI h 0 ~ dxl a -t- 81,..._ ,..x) • > 

2a{j 

v
1

h 

-r;-,r; • (8) 

rae </> - ~3a CTOpOHHero nOnR B MOMeHT nponeTa cryCTKOM ueHTpa 38-

• h 
X -- 5,5 • a a ~· B (8) cyMM8 38MeHeHa HH-3opa peaoaaTopa 

TerpanoM. 

B Ta6naue 2 H 3 npaseneHbi peayn&T&Tbl pac'IATOB no aToR ~opMyne 

npHMeHHTen&HO K H8'1anbHOMY 9T8ny yCKOpeHHH fJ z • 0,5 ( a • 75 CM1 

r 
0 

• 5 CM
1 

h • 5 CM1 ,\ = 200 CM) COOTBeTCTBeHHO llnR N •J013 e I 

1014 y.l • 50. B Ta6naue 4 ABH pe3y.n&TaT pac'IATa YJ.•30a N 
• 

Ha6opa 9HeprHH B MOAenH yCT8HOBKH H3 4-x pe30H8TOpOB1 {i, A•150KB/CMo 

B aTHX Ta6nuuax y H COOTBeTCTByeT MOMeHTY aneTa 38pllll8 B pe30-

R8TOp1 

Myne 

y k- MOMeHTY &blneTa. BenH'IHRa ~y II 
e& h 

~yll • ~ (T.e. nonaranoc& 

RA~ m.l c 

sin 
v b 

-1--

Kilo 

v r 
Jo(..LJ!.) 2a {3 • cos</> • I ) , 

a "'•h 
2 a {3,. 

a aenH'IRRa 11 - no ~pMyne 

""" =I-~-

(ax ) 2 

llia 2 ax eN 5,5 
- f 2 &7oxJo(x) 

.A o ~ 'y II R.ll. 

• 9 

pacc<i:HTbiBanac& no ljlop-

dx , 



I 

TaonHua 2 

~A~ 100 150 

&r II 0,022 0,039 

&yll 
HA. 

0,033 0,050 

'I " 68% 79% 

e 2,0 3,0 

TaonHua 3 

. 
6; 

A .AL 450 600 
CM 

&r II 0,026 0,056 

,1 >'JI HA. 0,089 0,119 

'I " 29% 47% 

e 0,9 1,2 I 
I 

TaonHua 4 

N> peaoa. YH yk "" 
1 1,154 1,193 79% 

2 1,193 1,232 78% 

3 1,232 1,271 77% 

4 1,271 1,310 77% 
I 

KaK BHAHO H3 T80nHilbl 4, B p8CCMOTpeHHOM cnyqae '/ npaKTH'IeCKH fi0CTOSIHH8o 

Ha rpacjlHKe (pH c. 1) noKaaaaa & z - KOMnoaeaTa nonSI, soaoylKAeHHaSI 

KOnblleBbiM crycTKOM B TO'IKSX ero HSXOlKAeHHSI (N e • JQ13, r 0 = 5 CM). 

none B MSKCHMyMe AOCTHraeT 50 KBfCMo npoBOAHn8Cb T8KlKe OUeHK8 BTOporo 

npHOnHlKeHHSI ( C Y'I~TOM ylKe HepaBHOMepHOCTH ABHlKeHHSI cryCTKa), KOTOpaSI 

ae Aana cymecTBeHHOA nonpaBKH. 
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'I " e 

'I " e 

Ta6nHua .2 

0,033 

68% 

2,0 

Ta6nHua 3 

450 

0,026 

0,089 

29% 

0,9 

Ta6nHua 4 

0,050 

79% 

3,0 

600 

0,056 

0,119 

47% 

1,2 

peaoa. YH yk I '1% 

2 

3 

4 

1,154 1,193 79% 

1,193 1,232 78% 

1,232 1,271 77% 

1,271 1,310 77% 

4, B pSCCMOTpeHHOM cny'lae 'I npaKTH'IeCKH ROCTOSIHHa. 

[i; z - KOMROHeHTS ROnH, B036ylKJleHH8SI 

B TO'IKSX ero HBXOlKJleHHSI (N e • tQ13, r o = 5 CM). 

llOCTHraeT 50 KBfCM. npoBOilHnBCb TSKlKe OUeHKS BTOporo 

llBHlKeHHSI cryCTKS) 0 KOTOpaSI 

nonpaBKH. 
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KaK cneAyeT H3 npHBeAeHHbiX pac>If!Tos, npH yMepeHHbiX Y II peaoHaTophi 

HBnHroTCH UpHrOAHOH CHCTeMOH An>! ycKopeHHH cryCTKOB C 'IHCnOM N.~IQI4, 

5, rnasHoit oco6eliHoCThro pacqeTHhiX <jJopMyn AnH paccMoTpeHHbrX cnyqaes 

HBn>IeTCH TO, 'ITO OCHOBHOii BKnaA B "cHny" TOpMOJKeHH>I BHOCHT B036yJKAae

Mble rronH, HMeromne cpaBHHTenhHO HeBbiCOKHe qacTOTbi, HarrpuMep, y>Ke 

HanH'!He BXOAHOrO H BblXOAHOro OTBepCTHii B peaoHaTope paanyca !IpHBOUHT 

K TOMy, 'ITO BE'nH'!HHa B036yJKQeHHhlX cryCTKOM '18CTOTHbiX KOM!IOHeHT 

rroneit yMeHblllaeTCH c yBennqeHHeM >IaCTOTbi rrporropunoHanhHO 

exp(- _w_(r-r 
0
lJ. 

c{3z Yll 

(9) 

npn rrepexoae K cneAyromeMy sTarry - 6onhlllHM y II 
6onee Bb!COKHX '!aCTOT, 3To XOpOlllO BHAHO H H3 ( 9), 

IIOBbil!laeTCH BKnaa 

noaToMy Han6onhlllHH 

HHTepeC an>I paCCMaTpHsaeMoro Kpyra BOlipOCOB rrpeaCTaBnHeT 3aBHCHMOCTb 

nonHero, rromr Boa6yJKaeHHH OT BenH'IHHbi y II . B nnTepaType HMeeTcH MHoro 

AaHHblX 06 Hany'leHHH 3apHlKeHHblX '!aCTHU H cryCTKOB !IpH ABHlKeHHH HX IIO 

aaaaHHOMY 3aKOHy OKOnO rrpoCTpaHCTBeHHblX HeOAHOpOAHOCTeH ( cM,/9,10,11/), 

OaHaKo pellleHHbie aaaa'IH rroKa3biBaroT, 'ITO ae cymecTByeT Brronae orrpeae-

neaaoit aasncHMOCTH oT y II aeitcTBl!TenbHOH an>I 6onbWHHCTBa cny'!aeB, 

Bo MHornx cny'laHx rrony'laroTcH nHWb acnMrrTOTH'!ecKHe oueHKH, rroKa3biBa-

romne, 'ITO aa orrpeaeneaHoro poaa HeonHoponaocTHX 

IIpHMep, He 6biCTpee nHHeitHOit <jJyHKUHH r II 
191 

(acHMIITOTHKa AnH 3aMKHyToro pe30HaTopa), 

nany'leHne pacTeT, Ha

HnH He 6biCTpee fny 11/4/ 

B pa6oTe/12/ aaitaeao TO'!Hoe peweHHe aana'IH o6 aany'leHHH aapHJKeH

HOit HHTH, ABHJKyWeitCll BAOnb CHCTeMbl liOnyrrnOCKOCTeit, H IIOKa3aHO, 'ITO B 

aTOM cnyq~e H3ny'leHHe Ha enHHHUy CTPYKTypbi o6paTHO nporropuHoHanbHo y II 
B pa6ore113/ cnenaHa rrorrbiTKa cxeMaTH'IeCKH rrony'IHTb acHMIITOTH'!ecKyro . 
OUeHKY AnH H3ny'leHHH rrpH rrponeTe aapHA8 '!epea pe30HaTOp C BXOAOM H 

BbiXOJlOM H rrony'leH peaynbTaT, rrporropuaoHan&Hbiit fiji· OnHaKo cnenyeT 

oTMeTHTb, 'ITO '!HcnoBbie oueHKH no rrpenen&Ho norrycTHMbiM aHa'leHHHM y II 
B/13/ AOBOnbHO CHnbHO. 38HHlKeHbl H3-3a TOrO, 'ITO HerrpaBHnbHO Bb16paH 

'IBCTOTHbiit HHTepsan, s rrpenenax KoTOporo cnpasennHBbi cnenaHHbie rrpn6na

JKeHHll, a HMeHHO! B paCCM8TpHaaeMOit o6naCTH AOnlKHO 6b!Tb _A __ <-L-, 
h yll 
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rae A- JlnHHa sonHhi Hany'leHHH, a - panayc BXOJlHOit Tpy6bi, K 

TOrO, B MeTO)le rrpH6nH:>KeHHOrO paC'IeTa B TOM BRAe, B KaKOM OH HCIIC 

B/13/, He paanH'!HMhl ABe liOCTaHOBKH 3aAa'IH! IIponeT CryCTKa JlO H n1 

pe30HaTOpa B Tpy6e HnH qepe3 CHCTeMy IInOCKOCTeit C OTBepCTHHMH, A 

B/13/ K UHnHHApH'IeCKH CHMMeTpH'IHOit 3aAa'!e lipHXOAHT OT rrnOCKOit, 

'!eHHblit TaM peaynhTST HaXOAHTCH B IIpOTHBOpe'IHH C TO'IHblM peaynhTa 

HaiineHHbiM B/12/, 

MHorne peaynbTaTbi rrpencTaBnHroT peweHHll nnw& B orrpeneneHHbi 

TOTHbiX o6naCTHX0 TOr)la KaK An>! OlipeneneHHH liOTepb He06XOAHMO 3Ha 

HHTerpan&Hblit crreKTp. B H3BeCTHblX HaM pellleHHHX, KaK rrpaBHno, pace 

BaeTCH l1pH6nHJKeHHe paBHOMepHOrO ABHJKeHHH HCTO'IHHK8 (o6paTHOe J]ej 

H3ny'leHHH Ha HCTO'IHHK He Y'IHTbiBaeTCH) H BpeMH ABH:>KeHHH C'IHTaeTCI 

KoHe'!HblM. Bee 8TH Borrpocbl Tpe6yroT ewe paccMoTpeHHH, Eonee rronpc 

6brn paccMoTpeH Borrpoc o6 nany'leHHH B peaoHaTope rrpn 6on&wnx Y II 
8TOM lipHMepe HBHO BHJlHa HeAOCTBTO'IHOCTb HeKOTOpblX MaKCHManbHblX OI 

cf>opMyna JlnH liOnHblX IIOTepb HMeeT BHJl ( crycTOK B BHAe AHCKa 

yea 
0 

2 2 
(eN ) fJ h 3 

• z "" "" ~ ~ 

J2(v ...J!..) 
I f a 

. 64 
W=-

174 a 2 'o2 m=D &1 
2 . 2[ v h 

J (V ( Vf h 2 SlD ...JI......J.-1 f 2 1 f)(- ) ( m 2 2 2 /J y(-) + 2 
17a +- l ] 1-'z 17a m -

r II 

rne £0 = 1 . £m = 2 rrpH m-/. 0 • ve - KOpHH Jo<e> .. o. EcTeCT: 

2 17 ve& 
1 

!l 2 
oueHKa nnH ( 10): aaMeHa sin [ "-R ( y( + m - f3 m] cpeJlHHM 

2f'Jz "a z 
'!eHHeM, Torna eJlHHCTBeHHblM 38BHCIIWHM OT m MHOlKHTeneM B 'lneHa 

ul; h 2 2 -2 
HBnHeTCH senH'IHHa [ ( ...:_r_::_ l +< ...!!!... l l .npH 6onbWOM y II nnH 3Hf 

17 a Yll 
m = 1,2 "'' m 0 , rne m 

0 
l!! yll t 8TOT MHOJKHTenb rrpaKTH'!eCKH He 

m 4 
oT m , a nanee 6biCTpo yMeHbwaeTCll KaK <.:;;f- l , TaKHM o6paaoM, s cy 

( 10) rrepBble m o 'lneHOB OKa3b!BaroTCll rrpHMepHO OAHHaKOBblMH, 0TCIOJ 

cnenyeT oueHKa: rronHbie rroTepH crycTKa rrpH rrponeTe qepea peaoHaTOI 

TyT rrporropunoaanbHo r II . 
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H3 npHaeaeHHbiX pac"leToB, npH yMepeHHbiX Y II peaoaaTOpbi 

CHCT9MOH Jlll<l ycKopeHHH cryCTKOB C "!HCIIOM N e ~ 1014 • 

oco6eHHOCTbiO pacqeTHblX <jlopMYII Jlll<l paCCMOTpeHHblX CIIY"l89B 

OCHOBHOH BKIIBll B "CHIIYu TOpMO>K9HII<l BHOCHT B036y>Kil8B

HarrpliMBp0 y>Ke 

II Bb!XOJ:IHOrO OTBBpCTII ll B pe30H8TOpe p8lliiYC8 rrpiiBOIUIT 

BPIIII"!IIHB B036y>KilBHHb1X cryCTKOM "!BCTOTHbTX KOMITOHBHT 

<1 C yBeiiH"lBHHeM "!8CTOTbl nporropUIIOH81IbHO 

exp(- _w_(r-r 
0
)], 

cf:l. yll 

(9) 

xone K cneny10IUeMy aTarry - 6onhiUHM y II IIOBbiwaeTcH BKnan 

'!8CTOT. 3To XOpOWO BIIIlHO H II3 ( 9) • 0o3TOMY H81I60ilbWIIH 

• ACCM8TDHB8eMOrO Kpyra BO!IpOCOB rrpeneTBBIIHBT 38BIIeiiMOeTb 

• 8 IIIITepaType IIM99Te<I MHOrO 

II 38pH>K9HHbiX qaeTIIU II eryeTKOB ITpii llBII>KBHHH HX ITO 

H901lHOpOilHOeTeli (eM.f9,l0,1}/). 

eyrueeTByeT snonHe onpene-

nelteTBHT91lbHOli lliiH 60ilbWHHeTB8 enyqaeB. 

ITOIIy'!aiOTeH IIII!Ub aeHMIITOTH'!aeKII9 OU9HKII0 ITOKa3b!B8-

H31IY'I9HHe paeTeT, Ha-

IIIIH9liHOli <jlyHKUHH y II /9/ IIrrH He 6hieTpee l'ny II /4/ 

lliiH 3aMKHyTOrO pe30HaTopa). 

HaltneHO TO'IH09 perueHHe 381la'IH 06 H31IY'I9HHH aapH>KaH-

BllOITb eHeT9Mbl rronynnoeKoeTeli, H IIOKa3aH00 'ITO B 1
• 

Ha enHHHUY eTpyKTypbi o6paTHO nporropuHoHanbHO y II 
ITOITblTKa exeMaTH'!eeKH UOIIY'IHTb 8CHMITTOTH'!aeKy10 . 
npH nponeTe aapHna qepea peaoHaTop c sxonoM H 

peaynbTaT, nponopuHoHanbHbilt VYjl· OnHaKo enenyeT 

norryeTHMbiM aHa'!eHHHM Y II 
3aHH>K9Hbl H3-3a TOrO, 'ITO HerrpaBHIIbHO Bb16paH 

npenenax KOTOporo enpasennHBbi eaenaHHbie npH6nH

: B paCCMaTpHB89MOil o6naCTH llOII>KHO 6b!Tb -"'-- < ....[_ , 
h y\1 

12 

... 

,'!i ,1'1,,, 
~~ 

:1· il 
;,\' II\'• 
•,:/ ~I 

ii 

I 
~~~~· 

.(, I i~~; ,J I , 

·j 
~ 

~ 

:,li 
! 
"i i\·' 

"·I~. 

't'i 
/1' 
I 
.1J 

'.il· 
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rne ,\ - lliTIIHa BOIIHbl II31Iy'leHIISio a - panHyc BXOilHOli Tpy6blo KpoMe 

TOrO, B M9TOil9 Upii61IH>KeHHOrO paC'!eTa B TOM BH!le, B KaKOM OH IICITOIIb30BaH 

s/13/, He pa31IH'IHMbl llB9 ITOeTaHOBKII 381la'!H: rrponeT eryeTKa llO II ITOCIIe 

pe30H8TOpa B Tpy6e IIIIH qepea CIIeTeMy IIIIOeKOCTelt e OTBepCTHHMHo A TaK KaK 

s/13/ K UHIIIIHilpH'!eCKII CHMMeTpH'IHOli sana'!e rrpHXOilHT OT UIIOeKO!l, TO UOIIY

'!eHHbifi TaM peaynbT8T H8XO/liiTeH B npOTHBOpe'!IIH C TO'!Hb!M peaynbT8TOM 0 

HalineHHbiM s/121. 

MHoriie pesynbTaTbi npencTaBIIHIOT pellleHIIH niiiUb B onpeneneHHbiX qae

TOTHhlX o6naeTHX0 TOrna KaK lliiH OIIpeneneHIIH IIOTepb He06XOiliiMO 3H8Tb 

HHTerpanbHbii! cneKTp. B HaseeTHhiX HaM perueHIIHX, KaK rrpaBHno, paceMaTpH-, 

BaeTeH Upii61III>KeHHe paBHOMepuoro llBH>K9HHH IICTO'IHHKa (o6paTH09 nelteTBIIe 

II31IY'I9HIIH Ha HeTO'IHIIK He Y'IHTb!BaeTeH) II BpeMH llBH>KeHIIH C'IHT89TeH 6ee

KOHe'!HbiM. Bee 3TH sonpoChi Tpe6y!OT erue paceMoTpeHIIH. Eonee nonpo6no 

6biiT paccMoTpeH sorrpoe o6 IIany'leHHH B pesoHaTope rrpii 6onbiUIIX Y 11 • Ha 

3TOM UpHMepe HBHO BHJ:IHa H9JlOCT8TO'IHOeTb HeKOTOpb!X MaKeHMallbHblX OU9HOK/7/ • 

~OpMyna lliiH UOIIHhlX UOTepb IIMeeT BIIIl (erycTOK B BII!le llHeKa panii-

yea 

w- 64 
IT4 

0 

2 2 
(eN ) {3 h 8 

• z 

a 2 r 02 

"" "" l l 
mdl &t 

£ J2(v ~) 
I f a 

· 2 Voh 
2 sm [ ...JL......I..y ( < 2 

2 
, 

J /Vf )[{ V£ h) 2 +(~ )2]2 2f:lz -;;;-) + m -f:l •()fo') 
ITa y II 

rne £
0 

= 1 • Em = 2 npH m.;, o , ve - KopnH Jo<el .. o. EeTecTseunaH 

) 
2 IT V£6 )§ 2 

ouenKa nnH ( 10 : aaMena sin [ -f:l ( y( + m - f:l m] epenHHM aua-
2 z "a z 

'!9HHeM. Torna enHHeTBeHHbiM 3aBHeHIUHM OT m MHOlKHT9119M B '!lleHaX eyMMbl 

v0 h 2 2 -2 ~ 
HsnHeTeH senH'IHHa [ < ---"-- l +< ...!!!.. l l .npH 6onbruoM y II nn<~ aHa'!eHHli 

ITa Y\1 

m = 1,2 •••• m 
0 

, rae m 
0 

!:!y\1 t 3TOT MHO~HTellb rrpaKTH'!9CKH He 38BHeHT 

OT m , a nanee 6breTpo yMeHbiUaeTCH KaK (~) • TaKHM o6paaoM, B cyMMe m 

( 10) rrepBbl9 m O 'III9HOB OKa3biBaiOTCH rrpHMapHO OllHHaKOBbiMHo 0TC!Oila 

cnenyeT oueHKa: nonHhle noTepH erycTKa npH rrponeTe qepea peaoHaTop pae-

TYT nponopuHonanbHO Y II · 
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I 

I 
: I I I 

I 
I 
I 

~ 

x/ 
0llH8XO 6onee TO'IH8SI OUeHX8 Bblp8lKeHHSI ( 10) , Y'IHTbiB8JOIU8SI, 'ITO B 

3H8'1HTenbHOil o6naCTH 3H8'1eHHil f H m , pacwHpHJOJUeiiCH BMeCTe C yaenH-

'leHHeM Y II , apryMeHT CHHyca 

-----"f h 2 
-"- (y(--l +m 2 -{J m) «I 
2{3. "• • 

UOX83biB8eT0 'ITO W B penHTHBHCTCKOil o6n8CTH np8KTH1feCKH He 38BHCHT OT 

ru 
TaKHM o6p830M0 HCUOnb30B8HHe pe30HBTOpa B KB'IeCTBe OCHOBbl CTpyx

Typbl YCKOpHJOJUeil CHCTeMbl C TO'IKH apeHHH 3HepreTH1feCKHX B03MOlKHOCTeil 

OK83biB8eTCSI UpHeMneMbiMo MOlKHO eme OTMeTHTb,'ITO llnH yCT8HOBKH 6onbWOrO 

paaMepa YCXOpSIIOIU8SI CHCTeMa Up8KTH1feCKH npellCT8BnHeT co6oil nepHOllH-

'IeCKYJO CTpyxTypy ( pe30H8TOpbl - BOnHOBOilHble nepexOllbl MelKlly HHMH) o 

noTepH 3HeprHH cryCTKOM B nepHOllH'IeCKOi! CTpyKType llOnlKHbl HOCHTb pe-

30H8HCHblil xapaxTep/15/o B pa6oTe/16/ nposonunacb oueHKa noTepb Ha 

Hany'leHHe B T8KOil CRCTeMe, np881181 He llnH nonHOi! o6naCTH 1f8CTOTo no 

Cp88HeHHIO C UOTepHMH B OllHOM pe30H8TOpe pe30H8HCHble noTepH B CTpyK

Type OK83biB810TCH B -
0- pa3 MeHblUHMH (__£_>I - CKB8>KHOCTb ) o Cy-
d d 

JUeCTBeHH00 'ITO 3TH noTepR T8KlKe np8KTH1feCKH He 38BHCHT OT yll , 3TOT 

peaynbT8T B K8KOi!-TO Mepe MOlKHO Cp88HHTb C noTepHMH 9HeprHH cryCTKOM, 

nponeTSIOIURM no K8H8ny B llHSneKTpHKe BHyTpH MeTannH'IeCKOro BOnHOBOlla/ 17/
0 

0ueHK8 nOK83biB8eT, 'ITO H B 3TOM Cny'lae HeT CHnbHOil 38BHCHMOCTH noTepb 

oT senH'IHHbl y II npH 6onbJUHx Y 11 

BoaBp81U8SICb K 118HHblM Ta6nHU 2 .. 4, MO>KHO 3BMeTHTb0 'ITO C TO'IKH 

apeHHSI ny'IWero 9Heproo6ecne1feHHH (6onbJUHe e ) Heo6XOllHMO 6p8!b 

B03MOlKHO 6onbJUHe. 5, A , HO TOraa 5, A -5, T » 6; ll , rne 5, T - B036y>K-

naeMoe TOpM03HJUee none, Toeo ycxopeHHe cymecTBeHHO npesocxonHT no

nycTHMOeo 06ecne'leHHe COOTBeTCTBHSI yCKOpHJOJUero nonH nonycTHMOMy 38 

C'I~T Bbi60p8 COOTBeTCTBYJOJUeil fjl83bl nonH B MOMeHT nponeTa cryCTK8 0 

O'leBRllH00 npOTHBOpe'IHT yChOBRSIM 9Heproo6ecne'leHHSI 0 T8K K8K B 9TOM 

x/ 
AHanorR'IHOe HCCnellOBBHRe HeCXOnbKO npyrHM cnoco6oM BblnOnHeHo 

a pa6oTel 14/ o-

14 

,.,. 
• 

cny11ae B MOMeHT nponeTa aHeprHH B peaoHaTope B OCHOBHOM cocpenc 

B MarHHTHOM none, T.e. BHe o6nacTH, rne nponeTaeT crycToK. '4T06b1 

6elKBTb 3TOrO npoTHBOpe'IHH MOlKH01 HCnOnb3YH CBOiiCTBB YCKOpHeMOI 

crycTK81 noCTpoHTb KOM6HHHpOBBHHYIO YCKOpHJOIUYJO CHCTeMy, 0 Hell 6~ 

CK838HO HHlKeo 

, 6o PttCCMOTpHM Tenepb ycxopeHHe KOnbUB B Cn8llBJOJUeM npononbl 

BKCHBnbHO-cHMMeTpH'IHOM none/ 1/, B 3TOM cnyqae 3HeprHH 0 H8KOnneH 

BO BpBIUBTenbHOM llBHlKeHHH KOnbUB 1 nepeXO~HT B nOCTynaTenbHOe llBHl 

Yp8BHt'fHSI llBHlKeHHH aneKTpOH8 B TBKOM none HMeJOT BHil 

• • e 8 
= r6 ( 0 + --•-

m y c 

d ~ • e r -;r- (my r 0 +- f 8 e de) m 0 . 
.. t c 0 z 

•• 
e8 B 

--•=--- r IJ --•-my c B . 
npH BbJnOnHeHHH ycnOBHil 

y _r_ dRz 
II "·a;- I =l «I, IY 2 

II 
...!._ a2Bz 

" a~ 2 

< (2 

z 

'ITO COOTBeTCTByeT npel!fjlOBOMy npH6nHlKeHHJ00 ypaBHeHHSI llBHlKeHHSI llO 

JOT B nHHei!HOM npH6nHlKeHHR no l peweHHe BHila: 

=•o 

().-~. 

Q B 
"o 

B - if,. 

myc 

21T' ii --JB ede. 
z f1r2o • 
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z "'r 202 _L a"· 
28-
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x/ 
6onee TO'IH8H oueHK8 BblpalKeHHH ( 10) 1 Y'IHTbJB8JOW8H 1 'ITO B 

o6naCTH 3H8'1eHHil H m , paCWHpHJOWeJICH BMeCTe C yeenH-

, apryMeHT CHHyca 

)If b 2 
-"- (-./(--) +m 2 -{3 m l «I 
2{3. "• • 

B penHTHBHCTCKOil o6naCTH npaKTH'IeCKH He 38BHCHT OT 

CHCTeMbl C TO'IKH 3peHHH anepreTH'IeCKHX B03MOJKnOCTeil 

npueMneMbiM, MolKHO eme oTMeTHTb,'ITO nnH ycTanoBKH 6onbworo 

cHcTeMa npaKTH'IeCKH npencTaenHeT co6oi! nepuonu

cTpyKTYPY ( pe30H8TOpbl - BOnHOBOllHbJe nepeXOllbl MeJKny HHMH), 

cryCTKOM B nepHOllH'IeCKOH CTpyKType nonlKHbl noCHTb pe-

npoeonunacb ouenKa noTepb na 

nnH nonnoi! o6naCTH 'IBCTOT, no 

noTepHMH B onnoM pe30H8TOpe pe3onaHCnbJe noTepH B CTpyK

_O_ pa3 MeHbWHMH (_£._>1 - CKBBlKnOCTb ), Cy-
d d 

TBKJKe npaKTH'IeCKH ne 38BHCSIT OT yll • 3TOT 

MOJKnO cpaBnHTb C noTepHMH aneprHH crycTKOM1 

no KaHany B nuaneKTpHKe enyTpH MeTannnqecKoro eonnoeona/17/, 

bJB.!leT, 'ITO H B 9TOM cnyqae neT CltnbnOi! 3BBHCHMOCTH noTepb 

npu 6onbwHX Y 11 

K nannhJM Ta6nHU 2 .. 4, MOlKnO 38MeTHTb0 'ITO C TO'IKH 

aHeproo6ecneqeHHH (6onbwHe e ) neo6XOllHMO 6pa~b 
-·- I 

& A , no Torna & A - & T » & n , rne & T - B036yJK-

none, T,e, ycKopenue cymecTeenHo npeeocxonnT no-

06ecne'lenue COOTBeTCTBHH YCKOpHJOWero nonH nonyCTHMOMy 38 

COOTBeTCTByJOweJI ljla3bl nonH B MOMeHT nponeTa cryCTK81 

yCiJOBHHM 9Heproo6ecne'leHHH1 T8K KBK B 9TOM 

uccnenoeaHHe HeCKOnbKO npyrHM cnoco6oM BbmonHeno 

14 

... ,,, 

cny'lae e MoMenT nponeTa aneprnH e peaonaTope e ocnonnoM cocpenoTo'lena 

e MarnnTnoM none, T.e. eue o6nacTn, rne nponeTaeT crycTOK. t.:fTo6bt H3-

6eJKaTb 9TOrO npoTHBope'IHSI MOlKnO, HCnODb3YH CBOiiCTBa YCKOpHeMoro 

crycTK8
1 

nocTpoHTb KOM6HnHpOBannyJO yCKOpHJOWYJO CHCTeMy, 0 neil 6yneT 

CK83ano nHJKe, 

" 6, P~tccMoTpHM Tenepb ycKopenue Konbua B cnanaJOweM nponon&noM 

aKcuan&no-cHMMeTpH'IHOM nonelll, B aTOM cnyqae aHeprHH1 HaKonnenHaH 

eo epamaTen&HOM neuJKenuu KOnbua, nepexonHT B nocTynaTenbnoe neuJKeHue. 

YpaBnt.,'IHSI llBHJKeHHH aneKTpOHB B TBKOM none HMeJOT BHll 

• • e B 
r6 ( 0 + --•-

myc 

d 2 • e r 
-d-( myr 0 +- f B edel ., 0 , 
.. t c 0 z 

i.' 

npH BbJOOnHenHH ycnOBHJI 

y _•_ a". !I B a;-J=t«l, 

eB B 
--•"=-- r lJ --'-

my c B . 

.!.... iBz 
I r ll R a • 2 z 

2 < l 

( 11) 

( 12) 

(13) 

( 14) 

'ITO COOTBeTCTByeT npei!ljloBOMY rrpn6nHJKeHHJ01 ypaeneHHH llBHJKennH nonycKa

JOT B nnnei!HOM rrpn6nHJKenHH no t pewenue enna: 

=•o 

~' 

8 B .., 

B - iiz 
• -2-

lJ--~. ( 15) 
myc 

B • .:1fJ! B 
• nr 2 o • 

e de . ( 16) 

z cr202 1 aB 28--2.-• az 
( 17) 
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B cnyqae nonsr, 6nHaKoro K OllHOpOllHOMy, 

'"''oV~ 
B 

z 

p 
0 

B 
p v ~ 

0
0 

· B •o 

OpH BbinonReHHH 6eTaTpOHHoro ycnoaHH 

B 

r = r 
0 

B T + const 

s. 
' p 0 = P Oo -B- • 

•o 

( p •my r 0 ), 
0 (18) 

( 19) 

(20) 

EcnH Tenep& yqecT&, qTo npollon&Roe llBH~eHHe Kon&ua llOn~ao YllO

aneTBopHTb ycnOBH~ IIOCTOHHCTB8 YCKOpeHHH B COIIYTCTBY~WeA CHCTeMe KO

OpllHH8T1 TO HeTpyllHO nonyqHTb cneQy~WHe Bblpa~eHHH llnH 38KOH8 H3MeHe-

N1 Ntf16t HHH npollon&aoro MaraHTHoro nonsr, cnpaBellnHB&Ie npH --«I H - « I. 

Ne N.flo 

B cnyqae noqTH OllHOpOllHOro nonsr 

B Ji 1+--!.-...(I- ) 
z I .o ·Nell\l.

0 
'm.c 2y • 

{ 

2 [ N1M e~(z-z 0 ) ]2 } 

--- - a..__ -1 IS 

BzO 'Y(ffJ& [l+.!i!._+ e6'.e(z':'"~.~-~ .. ]2 
N

8
m.1.

0 
mc2 y

0 
· 

qTo cnpaaellnHao npH 

'OpH 

s. s= 
zO 

e &o ( z- z o ) « I • 

me 
2

Y<b 

ycnoBHH 2:1 (6eTaTpOHHOe yCnOBHe) 

~
. . 2 N1M . e~(z-zol J' } (I+ -!--H- l ... 

~o Ne!JI'.l" mo2ro -

[I+~+ -e~(~_:zol .1~-J = 

N em .Lo m c2 y 0 

16 

...,;= 

e 

& Jz-zo) , --2..._ J • 
(1-2 2R2 

mc2yo yllt'oo 
( 21) 

[I- e& o(z-"o) 

mc'yJl 
---].(22) 2 R 2 
Yllo Poo 

• 

3QeCb napat.ceTp &0 Bbi6HpaeTCR H3 ycnoBHR YlleplKSHHII HOHOB H p8BeH G 

' rae &11 onpeaenR eTcH aa ( 4) npa y .1. • y ~ o' 41opMyn&l ( 21) a ( 22) 

MeHRMbl nRWb B o6naCTH0 rile none MeRHeTCR He O'leR& CR 

(ae 6onee qet.c a 2 .. 3 paaa). llaa~eaae paaaoaecRbiX qacTRil a T&KRX 

RlleT no cnapanR. Yron CIIRpana 

(3 
a= arctg ~~-

• y" 
( npR I « yll « y) • 

To, 'ITO npa llOCTaToqao 6on&wax ru yron CIIRpan& Man, nO-BRill! 

MOlKRO Rcnon&aoaaT& llnsr Kpenneaasr ueaTpan&aoro coneaoalla, o6ecne~ 

JOmero ycnoaae 2: 1. 

llBHlKeRRe OTKnOReRRbiX qacTHU OTROCHTen&HO p8BROBeCROA op6RT 

CbiB&eTCH 06blqftb1M ypaaReRReM 

p + tPp .. o 

0TKYil8 BHilRO, qTo 8MMRTylla CB060ilRbiX paARan&RbiX Kone6aRRA H3Me 

no 38KORY 

B 
a 

p v~ 
B 

a 
Po 

Jl 

0'1eBRllR00 qTO ecnR npeAB8pRTen&HO yCKOpeRROe KOn&UO nonall&eT B I 

p8CT8~11lee M&rRRTROe none, TO ORO R&qfteT TOpM03HTbCR, npR STOM 91 

rasr nocTynaTen&Roro llBRlKeRRR nepexollRT a aaepra10 apamaTen&aoro. ,, 

• 7. PaCCMOTpHM Tenep& CHCTet.cy, HCnon&3YIOIIlY~ OnHC8HHble BbiWE 

sa cnalla~mero H HapacTa~mero npollon&Horo MarHHTHoro nona, a coq 

C CHCTet.coA yCKOpH~ lllHX COOTBeTCTBYIGIIlRM o6pa30M cc!JaaRpOB8RHbiX p4 

Topoa/11. 3Ta CHCTeMa HMeeT cneAy~lllY~ CTpyKTypy. 8 o6naCTH Me~ 

30H8TOp8MR npOilOn&HOe none Cn&ll&eT no nRReAHOMY 38KOHY H KOn&UO 

ycKopsreTcsr aa C'I~T aHeprRR apamaTen&Horo llBRlKeHRH. BHyTpR peaoHa 

C031l8eTCR H8p8CT8~1!lee npOilOn&Hoe M&rHRTHOe none T8KOA KOH«!JRrypa[ 

qTO SHeprRR0 C00611l&eMaH KOn&Uy B pe30H8TOpe, B OCHOBHOM nepeBOilR' 
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cnyqae nonH, 6nuaKoro K OllKOpOilKOMY, 

r ~ r .I nzO ov-
B 

z 

p 
0 

B 
z 

p ..; 
Oo B "o 

BbinOnKeKKK oeTaTpOKKOrO yCnOBHH 

r = r 
0 

B 
B 
....£ + const 
2 

Bz 
Po = P oo-;- ·_ 

"o 

( p ~my r 0 ), 
0 (18) 

( 19) 

(20) 

Ecnu Tenepb yqecTb, qTo npollonbKoe llBH~euue KOnbna llOn~ao YllO

TBopHTb ycnOBHID flOCTOHHCTBS YCKOpeKHH B conyTCTBYIDWeA CKCTeMe KO

T0 TO KeTpyllHO nonyqHTb cnellYIDWHe Bblpa~eKHH llnH 38KOK8 H3MeKe-

N Nt fl61 npoQonbaoro MarKHTKoro nonH, cnpaBellnHBbte npH - 1- « I 11 ---« I. 

N e N e/3 0 

B cnyqae noqTH OllHOPOilKOro nonH 

{ 

2 [ N1M e&,<z-z 0 l ]2 } li 1+~1- . ) 
I .o ·N8 nu_ 0 !~ • 

'{ff3Jo [!+~+- e6">g(z--~-~-~ -~ -1 ,. 

Nem.l.o mc2 Yo 

cnpaeeQnHeo npH 

e &0 ( z- z 0 ) 

me 2Yib 
«I • 

ycnoBHII 2:1 (oeTaTpoaHoe ycnoe11e) 

~
. 2 N1M - eli\,(z-zol 

1
2 } [i+ --~---0- ) ... 

~o Ne !'flll mc2yo .. 

[ ~ -e&o·<~~;ol 12-J = 
I+ + . -

N em J.o m c2 Yo 

16 

~ 

e 

(i; Jz-zo) • ....!..._ ] , 
2 2Q 2 

m c yo Yilt' 6o 

[ 1-2 
( 21) 

[ 1- _e_&,.:O!...(z_-...ll"o~) 
mc2y.ll 

--].(22) 2 {3 2 
yllo 6o 

ID.L 
3QeCb napaMeTp &0 Bbl611paeTCH 113 yCnOBIISI yllep-HIIII ROKOB II paeeK (i; U+-) 

·ll M 
·rAe &llonpellenReTcR 113 (4) npR y .L • Y!.o' cllopMYllbl (21) 11 (22) npR-

MeHRMbl IIRW& B 06118CTII, rAe none MelllleTCII He O'leK& CRII&KO 

(He 6onee 'leM B 2of 3 paaa) • .QBII~eHIIe paBHOBeCKbllt '18CTRD B T8KIIlt nOIISilt 

RlleT no cn&paliR. Yron cn&panll 

a arc tg f3p_ 
~- .. 

• yll 
( np& 1 « yll « y l • (23) 

To, 'ITO npR AOCTSTO'IHO OOII&WIIlt yll yron Cn&paliR M8111 no-BRllRMOMft 

MOlKKO IICnOllb30BaT& Allll KpenneHRII neKTpSllbHOrO COlleHORll8, o6ecne'IRB8-

JOWero ycnoe11e 2: I • 

.QBRlKeKRe OTKIIOKeHHbllt 'ISCTRll OTKOCRTeli&HO pSBKOBEICHOlt OpoiiTbl On&

CbiBSeTCH o6bt'IHbiM ypaBKeKReM 

p + lPp 0 ( 24) 

0TKYAS BHAH01 'ITO 8MMIITYll8 CB060llHbllt p8ll118llbKbllt KOne6aHIIA R3MeHHeTCH 

no 38KOKY 

a a 
p Po 

B 
..;~ 

B 
" 

( 25) 

Qqeeaaso, 'ITO ecna npeaeapaTen&Ho ycKopeKsoe KonbUO nonaaaeT B sa

pacTamwee MSrKRTHOe none, TO OHO HS'IHeT TOpM0311TbCSI1 npR 9TOM SHep

rHH nocTynaTen&Horo llBHlKeHHR nepexoaRT B ssepra10 epawaTen&Horo. 
~ 

• 7. PaCCMOTpHM Tenep& CHCTeMy, HCnon&ayiDWYIO OnHCSHHble BbiWe CBOACT-

ea cnaaa10wero a HapacTaJOwero npoaon&aoro MaraaTaoro noliR, e co'leTaHHII 

C CHCTeMoA YC.KOpSIIO WHX COOTBeTCTBYIGWHM o6p830M ccflaaapOB8RRbiX peaoaa

Topoe/1/. 3Ta CHCTeMa &MeeT cneayJOWYID CTpyKTypy o B o6naCTH Me~y pe-

30H8TOp8MH npoaon&Hoe none cnallSeT no naaeAROMy 38KOHY H KOn&UO B HeM 

ycxopHeTcH aa C'IAT sHepraa epawaTen&Horo llBRlKeHIIH. BsyTpH peaoHaTOpa 

coallaeTCR HapacTamwee npoaon&Hoe MarRRTHoe none TaxoA KOH~arypanaa, 

'ITO 9HeprHR1 C006WaeMaH KOn&lly B pe30H8TOpe, B OCHOBHOM nepeBOllHTCSI 
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I 

L 
I 
" 

''I 

'I 

BO BpamaTenbHOe aBHlKElHHe H TOnbKO qaC<rb ee, COOTBeTCTBYJOWaSI aonyCTH

MOMY ycKopeHHIOt HaeT B nOCTynaTenbHOe aBHlKeHHe. npH 9TOM npoaonbHOe 

MBrHHTHOe none Ha BhlXOae pe30HaTOpOB oaHHaKOBO H0 cneaoBaTenbH0 0 OaH

HaKOB a3HMyTanbBblll HMnynbC • 
B peaoaaTopax napaMeTp aaua6aTH'IBOCTH 

/l;A 
•1-B-

r a B 
I rll - -.-!.I B II c~az 

f 
p 

rae & A - aMnnHTYaa nonS! B peaoaaTope. 

«I (26) 

B aToll cucTeMe npoaonbaoe MarHHTaoe none aonlKBO yaosneTBOpSITb 

ycnoBHJO 
a s 

&o • --i- 'o f3o
0 

>'llo >'II ~ + &A f cos Ot 
(27) 

rAe .pyaKUHSI, OT06palKaJOWaSI KOB«i~HrypaUHJO 
• xoMnoaeBThi aneKT-

paqecxoro nonS! B peaoaaTope, 0 - qacToTa B peaoaaTope. OTCJOAa cne-

a yeT 

npu 

r 
0 

B (z) 

2 . z 
Bz(z

0
)] •--[-&0 z -&Af!cosOtde] 

rll •o 

( 28) 

B
11

(z 1 l=B
11

(z
0

) 
( 29) 

z O - COOTBeTCTByeT Ha'lany npoMelKyTKa, a z 2 - Ha'!any cneAyJOmero 

npoMelKyTxa, T.e. Bhixoay H3 peaoaaTopa. 

8. ~OM npH6nHlKeBHH ppnnpnbQOe .Jl!mjl'ftQB9 B T.AKOft CHCT~e 

6y~. onHS!'!~~Th£~ • .>:~1UUL~U~M.~.& .a; .Q •. , onpeaenSieMbiM H3 ( 2~ 
paaHaAhBOe~~~e~=·XpaBHeHHeM .-

1 1 1 z 
p• + 2 2 p- 2 2 [ -- (foz -f f f cos 0-t d e >+ 

>'II fJ. >'II fJ... >'II p•o _ 

~fp + 2 

,.;a 

( {3 z K f sin 0 t 
a ' r 0 ~cosOt) ] 1 
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(30) 

""-· 4 

.I ,:,\ 
'·:~·:1 

l 

p 

rae K 

& 
t 0 •-T-, f 

•o ·~~ 

2 •o 
- anuaa sonHhl ycxoptnomero nons, f • --[ 1 r d r r I 

Peweaue aToro ypasaeHHSI MolKao.npeacTgBHTb B E 

cyMMbl 'laCTHOrO 
peweaHH ypasaeHHR c npaBOII '18CTbJO, yaosneTBOpHJOmer 

ycnoBHSIM 

P ( z o >•p< z 2 ) H P , ( •o ) • P, ( z 2 ) 

KOTOpoe onHChlBaeT op6HTYt H o6mero peweHHH oaaopoaaoro ypaBB9HHH, 

ChiBaJOmero cso6oaHhi9 xone6aaHSI oxono aToll op6HThl. 

YcnoBHH aaaa6aTH'IBOCTH aBHlK9HHH ae BhlnonHSIJOTCH TOnbKO B o6na 

BXOAa H Bb!XOaB pe30HaTopa. 

npeaCTBBHM f B BHae f • 0 ( Z- Z 1 ) +O ( Z -z )-1 H0 cneaoBaTE 

a ' 
2 

1J'"Z • /) ( z - z I ) - /) ( Z - Z 2) t rae Z I - COOTB9TCTByeT BXOay B pe30H8 

Toraa aeTpyaao nony'IHTb peweaue, 
onHChlBaJOmee op6HTy. Oao HMeeT 

aosOnbHO rpOM03AKHII BHa, HO OCHOBHhle ero aaBHCHMOCTH MOlKHO aanHC• 

B BRAe! 
z 

r 2rorjl1. 
p

1 
• _o_ & 

}'II A z 

F 

sin 

rae F • 1 - «i~YHKUHH, aaBHCHWaSI OT 
z H napaMeTpOB ycxopHJOmei! 

T9Mhlt •n • 2- •o 
- BenH'IHHB nepHoaa CHCTeMhlo Jil3 9TOrO peweJ 

BHaROt 'ITO ycKOpHIOWBSI CTpyKTypa aonlKHa yaosneTBOpRTb Tpe6oBaHHJO, 

6bi aa ee nepaoae yxnaAh\!'lanocb ae uenoe 'IHcno cso6oaHhlX xone6aaaJ 

npu 

•n 
2ro >'H fJ. 

( sin 
•n 

2 'o >'\1 {3 ' 

•n « 1, K tg <f>-«1 
z 

p 

;. 0 ) • 

K 2 •n «1 
zP 

rae zP • z2 - z I 
- senH'IHHB aaaopa B peaoaaTope, op6HTY MOlKHO np• 

AMnnarryaa xone6aaall op6HThl, 
BHTb B BHA9t noKa3aHHOM aa pHCo 2. 

1 BHaHOt aaTyxaeT KaK - , a aMnnHTYa.l cB060aHbiX KOne6aaRII OK( 

>'ll -
aTOll op6HTbl 6yAeT paCTH KaK V )'11· 
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.QBHlKeHHe H TOnbKO 'IBC'I'b ee, COOTBeTCTBYIOIUBll .QODYCTH

H.QeT B DOCTYDBTenbHOe .QBHlKeHHe. npH 9TOM DpO.QOnbHOe 

HB Bb!XO.Qe pe30H8TOpOB O.QHHBKOBO H, Cne.QOBBTenbHO, O.QH-

83HMYTBnbHbilt HMnynbC • 

B peaoaaTopax napaMeTp a.Qaa5aTH'IHOCTH 

r a B ff, 
c .. I )\II a ---· I .. I -F-

p • c ca • • « I ( 26) 

A - aMnnHTy.Qa nonsr B peaoaaTope. 

STOlt CHCTeMe DpO.QOnbHOe MBrHHTHOe none .QOnlKHO Y.QOBneTBOpliTb 

&o • -,- 'o f3()o yllo yll 
a B • a-;-- + & A r cos n , (27) 

- lfiYHKUHH, OTOopBlKBIOIUBH KOH¢IHrypauHJO z 
.. 

KOMDOHeHTbi aneKT-

r 
0 

nonH a peaoaaTope, n - 'IBCToTa a peaoaaTope. 0TCJO.Qa cne-

B (z) 2 z 
B z ( z 0 ) ) • -- [ - &0 z - ff, A f f cos 0 t d ~ ) 

yll •o 
( 28) 

B 0 (z 1 ),. Bz(z
0 (29) 

HB'Iany npoMelKyTKa, a z 
2 

- HB'Iany cne.QyJOmero 

BbiXO.Qy Ha peaoHaTopa. 

ypa_BJI.I'!li~!!~L~U4~~.:. ... _ onp!.Qei!He.~biM ~~ • ~ 2Zl..&J. 
~!3!1~~~-l!!'l~.::.Y~!,feHHeM 

I I z 

-r;:;r [- (t0 z -tP J f cos 0-t d ~ )+ 
>'II f3. Y II •o (30) 

- a r 
C P ( {3 z I< f sin 0 I - r O ~ Cos Q I ) ) I 

18 

·'' 

I 
II 

217 r - 2 'o 
r.Qe K • 

0 
, .\ - .QnHHa sonsbl ycKopsnomero nonsr, f .. --j f r d r , 

& .\ & 'o2 
t 0 .. --1f- , t P • """"ii"'- • PeweaRe aToro ypaaaeHRsr MOlKBO npe.QcTaBRTb a BR.Qe 

•o •" 
CYMMbi 'IBCTBoro peweHHH ypasaeausr c npasoA 'IBCTbJO, y.QosneTaopRJOJUero 

ycnoBRHM 

p ( z
0

)•p(z
2

) H p'( z
0

) •p' (z
2

) (31) 

KOTOpoe ODHCbiBaeT OpDRTy, H o6mero peweBHSI O.QHOpO.QHOro ypaBHeHRR, ODR

Cb!BBIOJUero CBOoO.QHble KOneoaHHll OKOnO 9TOII OpDHTblo 

YcnoBHH B.QHaoaTH'IHOCTH .QBBlKeHHH He BblnonHRJOTCH Ton&KO a o6nacTH 

BXO.Qa H BbiXO.QB pe30H8TOpa. 

npe.QCTBBHM f B BH.Qe f • a ( z - z I ) +a ( z - z ) -I H, Cne.QOBBTen&HO, a r 2 

7J'"Z • 8 ( z - z I ) - 8 ( Z - Z 2 ) t r.Qe z I - COOTBaTCTByeT BXO.Qy B pe30H8TOp. 

Tor.Qa aeTpy.Qao nony'IHTb pewease, ODHCbiBBIOJUee OpoHTy. Oao HMeeT 

.QOBOnbHO rpOM03.QKRlt BH.Q, HO OCHOBHbla ero 38BHCHMOCTH MOlKHO 38DHC8Tb 

B BH.Qe: 

z n 

r 
p

1 
• _o_ ff, 2r0 y~• 

yll A z 
F 

sin 

(32) 

r.Qe F • I - ¢lyBKUHll1 38BHCHIU8ll OT z H napaMeTpOB yCKOpHJOWelt CHC-

TaMbl1 z 
n z 2- zo - senH'IHHa nepHo.Qa cHcTeMbl. Ha 9TOro peweassr 

BH.QHO, 'ITO YCKOpliiOIU8ll CTpyKTypa .QOnlKH8 ynosneTBOpliTb Tpe60B8HR10
1 

'ITO

Db! sa ee nepso.Qe yKns.QbiBanoc& He uenoe 'IHI!!no cso6onHbiX Kone6aauA 

( sin ZD 
.;. 0 ) . 

2 'o yll f3 t 

np• 

ZD z 
1(2~«I 

2 'o >'II f3. 
«I,IC lg rp--n<<I, (33) 

z z p p 

r.Qe zP • z 2 - z 1 - senH'IHHa aaaopa B peaoaaTope, op6HTy MOlKHO npe.QcTa

BBTb B BH.Qe, DOK838HHOM H8 pHCo 2. AMDnHTy.Qa KOne6aHHA OpOHTbi
1 

KBK 
I 

BHnHO, 38TyxaeT KBK -- , 8 8MDnHTyna CBODO.QHblX KOne5aHHA OKOnO 

Yi! -
9TOA OpDHTbl oy.QeT paCTH K8K y y" · 
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9. nepHOJl Kone6aHHli HOHOB B C06CTBeHHOli CHCTeMe, onpeaenSJeMbiit 

napaMeTpaMH Konhua, T c = B.J0-10 ceK npH N e = 1014. B na6o

paTopaol! CHcTeMe T = T c y II . B aaqanhHOII <>aCTH YCKOpHJOUlell CHCTeMbi 

T HMeeT TOT JKe nopHJlOK1 'ITO H BpeMSI nponeTa KOnhQOM peaoHaTopa, 1! 

cneJlOBaTenhH0 1 3AeCb ycnOBHe ( 27) HYJKHO Bbi!IeplKHBaTb C XOpOUlei! TO'IHOC 

npH r
11

-:. 5:1- J0 T - nopHaKa BpeMeHH nponeTa rrepHOAa CHCTeMbl H 3Ae· 

Tpe6oBaHHSI yJKe rrpeA'bSJBnSIJOTCSI TOnhKO K HHTerpanhHOMy ycnOBHIO ( 28) + ( 

npH yll =50~100 T MHOrO 6onh11Ie BpeMeHH nponeTa nepHOAa CHCTeMbi. B ~ 

cnyqae, O'leBHAH01 He Tpe6yeTCSI MOAynSJUHSI BeJlymero IIOnH1 a AHCKpeTHOe 

ycKopeHHe SKBHBaneHTHO Henpepb!BHOMY ycKopeHHIOo l!JyMOBaSI paCKa'IKa 

KOne6aHHII aa C'IAT llHCKpeTHOCTH 1 no-BHAHMOMY1 6yAeT Mana. 

10. Ha KOHe'IHOM aTane yCKOpHTenSJ MOJKHO HCIIOnh30BaTb YCKOpeHHe 

B CIIaAaJOUleM MarHHTHOM none, B03MOJKH0 1 H C nOCTOSIHHb!M 

2 + 1 H ueHTpanhHbill cepJle'IHHK). 

(ycnoBHe 

B aaKnJO'IeHHe MOlKHO CKa3aTh1 'ITO CHCTeMa C MOAynHpoBaHHbiM IIOI 

II03BOnSJeT cymeCTBeHHO yMeHhiiiHTb AnHHY Ha'lanhHOi! 'laCTH yCT{OpHTenSJ ( npH 

y II :: 100), npH'IeM B03MOJKHOCTh B aToM cnyqae coaAaBaTh B peaoaaTopa:x 

6onh11Iee none o6nerqaeT HacTpol!Ky, TaK KaK OTHOCHTenhHaSJ noacaaKa non 

B pe30H8TOpax 6yAeT MeHbiiie. 
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9. nepHOll Kone6aHHli HOHOB B C06CTBeHHOli CHCTeMe, onpeaensteMbili 

napaMeTpaMH KOnbua, T n = a.w-10 ceK npH N e = 1014. B na6o-

paTOpHOli CHCTeMe T = T 
c r II • 8 aaqanhHOli 'iaCTH YCKOpSIJOIUeli CHCTeMbl 

T HMe.eT TOT JKe ITOpSI.QOK, 'ITO H BpeMSI nponeTa KOnhUOM pe30HaTopa, H 1 

cnenoaaTenbao, aaech ycnoBHe ( 27) HYJKHO BbillepJKHBaTb c xopoweli TO'IHOCThJO. 

npu Y II':. 5,_ 10 T - nopst.QKa speMeHH nponeTa nepHoaa CHCTeMbi H aaecb 

Tpe6oBaHHSI yJKe npe;Q'bSIBnSIJOTCSI TOnhKO K HHTerpanbHOMy ycnOBHIO ( 28) .. ( 29) o 

npu y II :so~ 100 T MHoro 6onbwe speMeHH nponeTa nepuoaa CHCTeMblo B 9TOM 

cnyqae, O'leBHliHO, He Tpe6yeTCH MoaynHUHH seaywero nonH, a liHCKpeTaoe 

yCKOpeHHe 9KBHBaneHTHO aenpepb!BHOMY yCKOpeHHIOo llJyMOBaSI pacKa'IKa 

KOne6aHHli 3a C'I~T liHCKpeTHOCTH1 ITO-BHliHMOMY1 6y.QeT Mana. 

10. Ha KOHe'IHOM 9Tane yCKOpHTenH MOJKHO HCrrOnb9oBaTb YCKOpeHHe 

B cna.QaJOweM MarHHTHOM none, B03MOlKH01 H C ITOCTOSIHHblM 

2 .. 1 H ueHTpanbHblA cepae'IHHK). 

(ycnoBHe 

8 aaKnJO'IeHHe MOJKHO CKa3aTh 1 'ITO CHCTeMa C MOllynuposaHHblM noneM 

IT03BOnSieT cyweCTBeHHO yMeHbWHTb llnHHy aaqanbHOI! 'laCTH yCJ(OpHTenH ( npH 

y II .:;: 100), npH'IeM B03MOJKHOCTh B aToM cnyqae coaaasaTb B peaoaaTopax 

6onhwee none o6nerqaeT HaCTpoi!Ky, TaK KaK OTHOCHTenbHaSI ITO.QCa.QKa ITOnSI 

s peaoHaTopax 6yaeT Meabwe. 
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