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§ 1. Bse.neHHe 

HacToHwast pa6oTa 6brna npo.nenaHa B uenstx pac'IeTa n_HHeiiHoro ycKOpHTenst npoTo

HOB Ha 8-9 Mas, KOTOpbiti npe,nnonaraeTCSI HCI101lb30B8Tb B K8lJeCTBe BTOporo He"" 

38BHCHMOI"O HH)K9KTOpa CHHXPOcP830TpOH8 06'b9.llHHeHHOI"O HHCTHTyTa st,nepHbiX HCC1Je"P 

.llOB8HHtt. 0CHOBHbi9 Tpe60B8HHH, KOTOpblMH 8BTOpbl pyKOBO.ll<?TBOB81IHCb npH pacqe

Te - STO C03.ll8HHe YCKOpHT91ISI C MHHHM81lbHbiM paa6pOCOM no ::::lHeprHSIM ycKopeH

HblX '18CTHU H .,llOCT8TO"iHO Ha,ne)KHOI"O B pa6oTe. OTH Tpe60B8HHSI H onpe,ne1lst.TIH 

Bbi60p OCHOBHbiX napaMeTpoa ycKopHTenst. 
@ 

O.nHHM H3 TaKHX napaMeTpos stBnsteTcst "iacToTa ycKopsnowero Hanpst*eHHst, 

KOTOp8SI onpe,ne1JsteT ra6apHTHbie paaMepbl pe30H8TOpa H, COOTBeTCTBeHHO, MaTe

pH81lbHbl9 38Tp8Tbl• YfCXO.llSI H3 'HMeiOzUHXCSI B H81lH"iHH MOWHbiX reHepaTOpHbiX 

naMn H y"iHTbiBas:r Heofixo.nHMOCTb Bbi6opa 6onee BbiCOKoii qacTOTbi ycKopsttowero 

nonst, Mbi ocTaHOBHllHCb Ha qacToTe npHMepHo B 150 Mru. B css:raH c TeM, 'ITO 

cywecTBYIOWH11: B H8CTOSJWee BpeMSI 1IHHetiHblti YCKOpHTe1Jb-HH)K9KTOp CHHXpo¢aao

TpOH8 OYJ fiYf pacc'l.HTaH Ha qacToTy 143,5 Mru /cooTseTCTBeHHO .ll1IHHa B01IHbi B 

cso6o.nHoM npocTpaHcTBe 

HOBOI"O YCKOpHTens:r. 

.A =209CM I, To aTa me 'IacToTa 6bma npHHSJTa H .nnst 

0THollleHHe aenH"iHHbi ycKopstrowero aaaopa K nepHo.ny ycKopstroweti cucTeMbi 

B3SITO, K8K H B 601lbWHHCTBe 1IHH9fiHb!X yCKOpHT91J9ti, paBHbiM o(:.L 
't 

J.1a coo6pa)KeHHti aneKTpH'IeCKOM npO"iHOCTH 3830pOB Mem.ny ,npeti¢0BbiMH 

11l)y6KaMH Cp9.llHSISI 8MI11IHTYflH8SI H8I1pst:>KeHHOCTb S1leKTpH"ieCKOI"O I101ISI ~o Bbi6pa-. 

Ha B paRoHe 18-19 KBicM. Bonbwas:r Hanpst :>~<eHHOCTb nons:r, KaK noKaaan onbiT aK

cn.rtyaTauHH cyweciayrowero ycKopHTenst, HHor.na Bbi3biBaeT npo6oH Me:>~<.ny Tpy6-

KaMH H o6yC1l8B1IHB89T TeM C8M biM' COKpaweHHe BpeMeHH pa6oTbl CHHXPOcP830TpOH8a 

M eHbW8SI Hanpst:>K9HIIOCTb He Bbli"O.llH8 H3 SKOHOMH'IeCKHX coo6pa:>KeHHti, TaK K8K 

Be,neT K yB91IH"ieHHIO paaMepOB YCT8HOBKH I1pH O,llHOti H TOM :>Ke KOHe'IHOti SHeprHH. 

KOHCTpyKUHSI ,npeti¢0BblX ;rpy6oK 6b!1l8 B3SIT8 B OCHOBHOM TOfi :>Ke, 'iTO H B 

' 
cywecTsyroweM 1IHHetiHOM ycKopHTene. Omi sbmonHstiOTCH · s BH.ne IIH1IHH.npos c 

llH8MeTpOM 60 MM H 38Kpb!Tbl C TOpUOB cP1IHHU8MH .llHf<MeTpOM 2@. =76 MMo .QHaMeT~ 

.nHa¢parM 6bl1l Bbi6paH 2a =20 MM. Dnst o6ecne'IeHHH pa.nHanbHOii ¢oKycHpoBKH 

I1pHMeH9Hbl "i9Tbip9XS1JeMeHTHbl9 ceTKH /eM. B .ll81lbHefiweM pHC. 4-Jk. 060CHOB8HHe 

napaMeTpOB .npeti¢0BbiX Tpy6oK .naeTCSI B §' 3. 
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3uep!"'li51 liH;I.;eKUliH Wo 6h!Jlll B351Til paBHOil 570 KB, TllK Kill< B Hlll1!1 11HH !I:1,18err-

CH HCTO'IHHK COOTB8TCTByiOlll81"'0 HllTip51)!<8Hl151 • 

8 § 4 Hll OCHOB8Hl1H T80pHH, pa3BHTOH B §21 H 9KCnepHM8HT8.'1hHO Orip8!:!8riCm-

HOI"'O "c}1aKTOpa Bp8M8HH nponeTa" !J /§ 3/ !l88TCH pllC'l8T CHCT8Mbl L1pei"Jcj_JOBblX 

Tpy60K 0 8 pe3yrihT8T8 pac'!eTa OK838Jl0Ch, 'ITO C TO'!KH 3p8HHH MHHHMilrihHOI"'O 9Hepre

TII'IBCKOI"'O pa36poca H Tpe6yeMOfi Bb!XO!lHOll 9H8pi"'HH 'IUCTJO J'GKOpH'Ollli!X nepHO.:<Or;. 

]V\> LlOJl)!'HO paBH51TbC51 32 /ua HHX npH OTip8Ll8ri8HHblX yCJlOBHHX yK.TJB:J:biBae_'I;CH TIO.J·:-, 

Topa nnpuona ManhlX c}1a30BhlX Kone6auui1/, nonuaH nnnua pesouaTopa 

~p8LlH5151 H8TipHmeHHOCTb TIOJ151 ~=18,3 KBICM H CHHXpOHH851 ¢asa 

n =583 CM, 

0 
t=-19 . 

B § 6 npoBeneuo neTanhuoe uccnenoBaune cneKTpa_ qacTnu Ha BhlXOne H3 

JlUH8HHOI"'O YCKOpHT8JlH U TIOK838Hq, 'ITO TipU paCC48THhlX napaMeTpax - 50% yCKO

pBHHb!X 118CTHU 6ynyT UM.8Tb .9Hepr.eTU'IBCKIIll pas6poc He C?onee ±_0,~ %. 

§ 7 TIOCBHlll8H BOnpocy !lOTIYCKOB H pas6opy B03M0)!0!b!X UCK/l)I<B!!Uli. B pac-

C'!l!TaHHOll KllpTHHB LlBH)!{8HliH 'lllCTHU. 

npu _BhlriOJlH8HHH yKil38HHhlX.B § 7 LlOriYCKOB ywnpBHHC CTIBKTpa B pe3yJlhTilTC 

H8CT80U.TJbHOCTII, a TBK)!<e 311 C'IBT p8LlH8ribHb!X I<One6aHJ!ll 6yneT, no-BHLtHMOMy, 

ue 6onee '!eM B nBa pasa. 

§ 2. TeopuH 'nBH.>KeHHH 'lllCTHU B riuHei1HoM ycKopnTene 

co CT051'!8H ~OJlHOll 

~CXOLlHilH reoMeTpHH riHH8HHOI"'O YCKOpHTB.TIH CO CTOH'Iefi BOJlHOfi.TIOK838H8 

Hll ·puc~ 1. KaK BHLtHO 11:;1 pHCYHKa, rpaHHUbi, pa3JJ.B.TJH!Olllii8 nepHO!lbl CUCTBMbi, 

npOXO!lHT '!epe3. cepe!lHHbl npeJ"IcPOBb!X ·Tpy6oK. 

T~KaH ~e r~oMeTpHH npHHHTa npu pac'leTe nuHeRHoro ycKopuTeni B pa6oT~ 

[1) .• npHMCM' KaK H B YKI138HHOH pa6oTe, 'ITO KOopnuuaTa z. , uanpaB.TJeHHilH 

B.'J,O.TJh OCl! liHHBHHOI"'O ycKOpHT8Jl51 7 OTC'IHTbli388TCH B Kllii{LlOM nepHO ·te OT1 TllK 

·H83b!B8DMOI"'OJ "9Jl8KTpU'l8CKOI"'O U8HTpa 1
' COOTB8TCTBY10lll81"'0 3830pa •. 3TOT U8HTf• 

B Ka;•.:noM sasope onpenen-geTcH ycnoBueM: 

27i z d - Z=O Ln , /2.1 I f &z(Z)Sin 
Ln 
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l n-( 'Ln .I L h+l _.. 

... ,. 

r l 
,.. 

f 
I 

-~-f3n-1 ·-4· c-f-0 
~1 I .L.J I t9 .. J I ? 

9n-1 e n-t fn 

' '>iP 

P11c. 1 .. 0cHOBH8SI reoMeTpHSI·JlHHefiHOro YCKOpHTeJISI, 

r.ne 6z(Z)- npo.nonbH8H KOMnoHeHTa aneKTpH'-!ecKoro nonH· B HeKoTophrl cpHKcHpo-

xl 
B8HHhlfi MOMeHT BpeM eHH , L!nH 3830pa, B KOTOpOM. none CHMM"eTpH'lHO OTHOCUTe,TJb-

HO ero cepe.nHHhl, "aneKTpH'-!eC«Ufi ueHTp" COBna.naeT C reoMeTpU'-!eCKHM. 

npu npoxo-

n -ro nepHOLl8 onpe.nenHeTCH BhlpameHUeM 

12.2 I 

V - TeKyLU8H CKOpOCTb '-!8CTHUh1 1 

nOJlH B MOMeHT npOXO:tKLleHUH '-!8CTHUefi "aneKTpH'-!eCKOrO UBHTpa" 3830pa. VJH.neK-c-

COM "5" OTMe'-!aiOTCH Bee napaMeTpbl paBHOBec·H.Ofi '-!8CTHUbl, VJ HLleKC "11" npu 

t2 (Z) 03H8'-!8eT, '-ITO 6epeTC5I aMnmr;y.nHOB 3H8'-!BHHB H8HpSI:tKBHHOCTH 8JlBKTpH'-IBCKO

ro nonH, nocKOJlbKY npH Bb!6paHHOfi 8HeprHH HH:tKeKUHH CKOpOCTb '-!8CTHUhl B 3830-

paX MBHHBTCH M8Jl0 I8TO Mhl YBHLlHM B Ll8JlbHBllWBM 113 T86JlHUbii H npH6JlH3UTBJlb

HO JlUHefiHO, TO npU paCCMOTpeHUH paBHOBeCHOrO LlBHmeHHH. C LlOCTaTO'-!HOfi CTeneHbiO 

TO'-!HOCTH MO}KHO npHHHTb, '-ITO KB*Llhlll LlBHHblfi nepHOLl '-!8CTHUhl npOXOLlHT C no-

[1) 
CTOHHHOI cpe.nHel cKopocTb ro I eM. I. 

xl J npuHHTOB 3LlBCb If B .naJlbHefiweM 0603H8'-!BHHB. HHTerpana 

'-ITO OH 6epeTcH no nepHo.ny Ln B HanpasneHHH xo.na ny'-!Ka. ~n 
03H8'-!8BT_. 
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{j == lrn-1. s + lTn.s 
n,s 2 12 • .31 

:r.ne ifn,s- cKopoCTb qacTHUbi Ha BhiXo.ne H3 n ·-ro nepno.na lcM.pnc. 11. Torna, 

BDOUH j3 = r , yCJlOBilB CHHXpOHM3Ma MOlliHO 38llHC8Tb B Bll.llB: 

L = Jl.j3- = Jl. ftn-1, s -t J3n s 
n n,s ' 12.4 I 

3Tq-' yCJlOBHB .llBBT B03MO:lli:HOCTb OllpB.llBJlHTb nepHO.llbl CHCTBMbi, HO HB.llOCTBTOqHo 

UJlH HBXO)I(.llBHIUI .llJlllH .llPBllcPOBb!X Tpy60K, QqeBll.llHO, qTo B KaqecTBB .llOllOJlHH-

TBJlbHOT"O YCJlOBll H CJlB.ll yeT B3 SITb: 

en-1 f3n-1,S 
- = ---
ln .f3n.s 

npllHHM8H BO BHHMBHHB, qTo 

:rn e .nnSI Hawero cnyqaH 

9n = ci Ln 1 

o(~ 
4 

en-t -t 'Jn + e; ::: Ln 
2 

n3 12,41 n 12,51 , nonyqaeM 

en =JiJ>n,s (1-ri) 

12.5 I 

12.6 I 

ll 

12.71 

12.81 

~ 

BepHeMcH Tenepb K c!:JopMyne 12.21. YfMeSI B BH.lly, qTo 11 ==tf 
~ ~s ~s 

•. 1 2~C w = T n 12.4 I, nonyqaeM H llpllHHM8Sl BO BHllM8HHB COOTHOWBHHB 

cJ j --!!...5___ ::: '2 Cfi z 
o Vn,s(~) ln 

• no.nCTBBJlHH llOCJlB.llHBB COOTHOW BHHB B 12.2 I H HCllOJlb-

3YH 12.1 I, nonyqaeM: 

A wn,S == e G(/fn L n cos cps 12.9 I 

T".llB CpBUHHH 8MllJ1HTY.llH8H HallpH:>KBHHOCTb 9JlBKTpHqBCKOT"O llOJlH ~O OllpB.llBJlSIBT

CH BhlpB:>KBHHBM 

60 = z s t; (l) d l 
n L~ 

12,10A 
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II C'iiiTaeTCSI H938BliCSilU9H OT HOMepa nepuo.n:a lno9TOMy liH.ZJ:9KC •n •. npii ~o 

onymeHI. napaMeTp !fn , BXO.ZJ:SllllliH B 12.91 II H83h!B89MqiH "cpaKTOpOM BpeMeHU 

nponeTa" [I], onpe.n:enSieTcH cne.n:yiOlUliM o6paaoM: 

J ~l (l) cos ti.1 d "l. y _ Ln Ln 
n - J ~z (z) dz ~- 12.1 ~I 

in 

Cne.n:yeT OTMeTUTb, 'iTO .n:nH Bhi'iUcneHUSI !In no cpopMyne 12.11 I B aa.n:aHHOM 

nep1Io.n:e npu aa.n:aHHOM pacnpe.n:eneHuu nonSI Heo6xo.n:uMo aHaTb nono)KeHIIe 

"aneKTpuqecxoro ueHTpa " • .O.nH OThiCKBt!JIH ero nono)KeHUSI B~e.n:eM xoop.n:uHaTy X, 

OTC'iHThiBaeMyiO B K8)K.ZJ:OM nepuo.n:e OT npOli3BOnbHO 38.ZJ:8HHOH .TO'iKH, HanpUMep, 

oT ueHTpa aaaopa, u nono:muM 

12.121 

r.n:e ln - HeU3B9CTH8SI Benii'iliH8, KOTOpyiO H8.ZJ:O onpe.n:enUTb. no.n:cTaBnSISI 

12.121 B 12.1 I, nonyqaeM: 

12.13/ 

r.n: e 
27iX J &x·(x) Sin z:x dx L bx (X) COS Ln dx 

Ln n 
Sn :: 

J Gx (X) dx 
Cn = 12.14t 

J ~X (X) dX 
L.n Ln 

Via 12.131 cne.n:yeT, 'iTO 

tq X Sn 
12.15 I = 

Cn 

n OCKOnbKY TO'iK a OTC'ieTa .ZJ:nSI X 

none xoacpcpuuneHThi X.n ; no.n:cTaBUTb. B 12.121 

li HaHTli Ty TO'!Ky B aneKTpU'ieCKOM none, r.n:e Z =0, a aaTeM Bhi'iliCnliTb 

!'in no cpopMyne /2.11 I. O.n:Haxo, npaKTH'iecxu y .n:o6Hee ·BhrpaaUTb !In Henocpe.n:-
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CTB8HHO t.Iepe3 KOOpLIHHaTy X • npo1I3BO Ll5l 3aMeHy rrepeMeHHbiX 12.121 B Bblpame-

HI11f 12.11 I II HCIIOJih3Y5I 12.151 II 12.141 IIOJiyt.IaeM 

V ( £ &x r x J sin 
!I= 

G. 2 J . u; 2 2
!..'/IX dx) +( .6x(X)COS 2L'IiX dx) 

n l-n n 

S (x)dx 12.16 I 

/_,n 

K aK BHLIHO, f}/n eCTh IIOJIOBIIHa OTHOW8HII51 rrepBOH 'rapMOHHKH IIOJI5I rrpH 

pa3no~eHHH ero Ha rrepHone Ln K cpenHeMy 3Hat.IeHHID IIOJI5I HB ~TOM rrepHO· 
• 

"ae. EcTeCTBeHHO rrosToMy, 'ITO HH t.IucnuTenh, HH 3HaMeHaTenh B 12.161, a, cneno-

BaTeJlbHO, II l!Jn He 38BIICSIT OT Bbi6opa Hat.Ia.Tia OTCt.IeTa K00pLIHH8Tbl X B npe-

JI. enax LlBHHOf'O nepiiOLia. cfJopMyJlbl 12.41 II 12.91, QIIHCb!BBIDlUIIe LlBH)K~HHe paBHO

BeCHhlX 'IBCTHU B JIHHeHHOM YCKOpiiTene, Il03BOJI5IIDT B IlpliHUIIII~ npH H3BeCTHOH 

38BIICIIMOCTH ~({.) 11 npii yt.IeTe 12.81 IIOJIHOCTbiO paCC'IIITBTh ycKOpHIDlUJID CH-

cTeMy H rrapaMeTphl paBHOBecHol t.IaCTIIUhl B rrpouecce ee ycKopeHHSI. Ho Benut.InHa 

!I , KaK BIILIHO na 12.16 I, 3aBHCHT He TOJibKO oT L , HO II oT pacrrpeaeneHH5I rro

nH. 3TO II01te 06bi'IHO II3Mep5IIDT 9Kcnep!1MeHT8JibHO, OLIHBKO, npeLICT8B.TI5leT HHTe-

pee 3aMeHHTh XOT51 6bi IIp1I6JIII)KeHHO 38BI!CI!MOCTb RJ OT KOHqmrypaUHll IIO.TI5I B 

3830pe BHBJIHTH'-!eCKOH 38BIICIIMOCTbiD OT orrpeneTIHIDLUeiJ: 9TO none KOHcpHrypaUIIII 

~ xl 
caMoro 3a3opa • DnH sToro, Ct.IIITaH none cTaTIIt.IeCKIIM BocnonhayeMCH ypaBHeHu-

eM flarwaca. npHMeHHTe.TihHO K UIIJIHHLlpHt.IeCKII-CI!MMeTpllt.IHOMy nO.TIID OHO 6yneT 

HMeTb BHLl! 

' a (au) rlu zaz oz + ·ox 2 =O 

~::. 

12.17/ 

PaccMoTpHM BHat.Iane cnyt.IaiJ:, Korna nuacpparMbi Ha o6oHx KOHuax npelcpoBbiX 

Tpy60K OTKpb!Tbl - CeTOK HeT. EyneM C'Il!T8Tb, 'ITO n.TIOCKOCTb X= 0 coBnana-

eT C Hat.Ia.TIOM nepuona, T.e. C ueHTpOM .TieBOH lno XOLIY nyt.IKal npeiJ:cpOBOI Tpy6rnr. 

H anp50KeHHOCTh sneKTput.IecKoro nonH BHyTpl! npeiJ:cpOBbiX Tpy6oK Ha rpaHuuax 

nepuona, ot.IeBHLIHO, paBHa Hynm, T.e. 

x/ 
npn 9TOM, IIMe5I B BHLIY B03MOmHoe paLIH81lhHOe LlBH}!{eHHe 'IBCTIIU, M bl 

6yneM HHTepeCOB8TbC5I pacnpeneneHHeM 9JieKTpHt.IeCKOf'O nOJIH ll Be.TIH'IHHOH 9 
H3 12.16 I He TO.TlbKO Ha OCII ycKOpHT8.TI5I, HO 11 np11 C f: 0 
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au I 
(}X X ==D 

;:; =0 

a p83HOCTb IIOTeHUHBnOB Me)l{.uy .llpeilcpOBbiM'H Tpy5KaMH paBH8 - U , T.e. 

u - u o > z >a= -u 
X= tn-t -2-

12.181 

12.191 

I'.lle . Q - pa.uHyC OTBepcTHH B .llH8cpparMe, 6- PB.llHYC .upeiicpoBoii Tpy6KH. 

Ey.ueM HCKaTb peweHHe .uaHHoil aa.uaqH B BH.ue 

U -=XrxJR(z). 12.201 

Tor.ua Ha ypaBHeHHH 12.17 I uonyqHM .usa ypaBHeHHH BToporo uopH.uKa: O.llHO - pT-

HOCHTenbHO X H .upyroe - OTHOCHTenbHO R 

12.21 I 

12.221 

PeweHHe ypaBHeHHH 12.211 aaiiHCbiBaeTcH B BH.ue: 

12.231 

u 

PeweHHe ypaBHeHHH 12.221 HMeeT BH.u: 

12.24 I 

r.ue J0 H ¥0 , cooTBeTcTBeHHo, 5ecceneBbi cpyHKUHH uepsoro H BToporo po.ua. 

Yf a ycnoBHH KoHeqHocTH uonH Ha ocH lupH l = 0 · I cne.uyeT, qTo 1J K = 0 
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TaKnM o6pa3oM U MO:>KHO 3aiiHCaTb B BH.ae pR.aa 

u=f PI ('liK(Jcos 'lrK x 
Ko=J K 0 I. L I 2.25 I 

r.ae Io(~Kz)~<1o(i~K z) • O'IeBH.aHo, rro.a6opoM Koacp¢nuneHTOB. PK 

MO?l{HO y.aoBneTBoprrTb lxoTR 6hi rrpu6nn:>KeHnol n ycnoBHRM 12.191. Ho nac llHTe

_pecyeT ue rrone U , a TOJlbKO "cpaKTop BpeMeHH rrponeTa" Rj , pac'!eT KOToporo, 

K8K Mbl ymiDHM) Tpe6yeT 3HaHllH 

TeJibHO, rro.acTaBnnn GxO<)=- ~~ 
nnwb o.auoro ll3 Koa¢cpnuneHTOB D K ~ D eticTmr-

, Hafi.aeHHOe H3 12,251, B 12,161 ll 3aMe'!aH, 

'ITO f txrxJdx= U IIOCJ!e HHTerpllpOBaHHH IIOJIY'IHM 

L 
1!.J = CJi P2 I o ( ~ z} 

u 12.26 I 

rne COXpaHReTCH TOJ!bKO 'IJ!eH C K = 2, a Bee ocTa.TibHbie 'IneHbi .aaiOT uynn. 

nn H paC<IeTa p2 6y.aeM HCXODHTb He Ii3 12.19/, a H3 YCJIOBHH, HaKJia.Ub!Bae.,. 

MOf'O Ha Pj , KOTOpoe !IpH6JlH?l{eHHO COOTBeTCTByeT 12,191, 0'IeBHDHO, MO:>KHO C'Ill-

TaTb1 BO BCHKOM cny'Iae IIpll a<< 6 • 'ITO Yft?:::a TaKoe Me, KaK p, cny'!ae, 

Kor.aa OTBepcTHH 3aKpb!Tbl, DnH CJly'laH 3aKpb!Tb!X OTBepCTHH !f JGKP. Jief'KO MO:>KHO 

pacc<mTaTb rrpn 9 < 2 6 n rrp11 q>> 26 • npn (j < 2 6 Mbi HMeeM cny'Iati 

o.auopo.auoro rronH n ll3 12.16/ rrony'IaeM 

· CJt fln sw -l-
9JaKP == '!looH.::: _______ n 

. <Jiqn 
sLn!Cflr:J. 

CJiri 
( npu q < 2 8) . 12.27 I 

t:;; 

npn q;;>20 IIOJie CHJlbHO IIpOBllcaeT Hapy:>Ky ll HMeeT BHD, riOKa3aHHblll Ha 

pnc. 2. 1/!cxo.aH na aToro, ll3 12.161 rrony'IaeM 

lJJa.Kp, :::: COS r:Jfqn 
Ln 

T errepb, ncxo.a H ll3 ycnoBn H 

cos 7i cJ 

-!1/c::Q ""§'JGKP., 

/rrpn q » 26 I . 12.281 

12.29 I 

-··~ 

."!, 
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I 
I 
I 
I v 

I ., 
HBIIpH )K 9HHOCTb 

I 

-------~--~-~~~~Ya~~,~--~~~/--~~--------------~ 

IIOTeHUH8JI 

',~:f.! 

Puc. 2. Pacnpe.neneHue IIOJIH B 3a3ope no ocu npu 

Jiei'KO MO)KHO IIOJiy'IHTb .llll5I 9THX .llBYX cnyqaeB H ';/ IIpH HBJIH'IHH OTBepCTHfi. 

DeficTBHTeJibHO Ha ocHoBe /2.29/ ~onyqaeM 

s i.n 'lox 
=~-- r(-~ a) 

o t-n 

npu q < 2 6 I /2.30/ 

cos <];0( 

I ( 2'H a) 
o l.n 

npu 9>> 2 b. /2.31 I 

' 



14 

0TC!O.ll8 

fjj = 
I ( 2 Yi ) [I; 2] 
o , Ln 2' 

I ( 2Cfi ) 
0 [, n a 

rrpu ·(}<26, /2.32/ 

Y = cas 'Jio( Io( t:' 2) 
}o( 27ia) 

Ln 

IIpH q >) 2D , /2.33/ 

TaKHM oopaaoM, Mhl rronyttUllU 8H8llHTUtt9CKOe Bh!pa>KeHHe .llllH "cpaKTOpa BpeMeHU 

rrponeTa" !f B C1Iyttae OTKph!Th!X OTBepCTUfi .llllH .llBYX 00118CTefi 3830pOB: .llllH 

00ll8CTU 9 <26 /2.32/ H .llllH 00118CTH q>>26 /2.33/. B rrpoMe>KyTottHoii 

00ll8CTU 9 :5::-2 6 8H8llUTHtt9CK09 Bh!pa>KeHH9 fJ IIOllyttHTb He y.r.:r.aeTCH 1 HO MO>KHO 

II0118~8Tb 1 ttTO XapaKTep 38BHCHMOCTH Rj OT 'l • a u Ln oy.r.:r.eT aHa.TIO~HttHb!M. 

PaccMoTpHM Terrepb cn:cTeMy .llpeitcpoBhlX TpyooK c O.llHOit saKphlToit .llUacp

pa~Moit /eM. pHC. 3/ •. 0tteBH.llHO, rrpn: ~ >2Q BllHHHHe OTESpCTHH IIOttTH He 

CK83biBaeTCH B U9l!Tpe 3830pa, U IIOJle TaM O.lll!OpO.llHO. To~.lla .lll!H KOHiJH~ypaUHU 

aaaopa, rrpHBe.lleHHoii Ha puc. 3, "cp~KTop apeMeHn rrponeTa" ~f MO>KHo rrpe.llCTa-

BUTb COCTOHlllUM U3 .llBYX ttacTefi 

I I Yt = 2 !f' + 2 ~!!Ja/{p. /2,34/ 

-- BTI+::l .~ t=3I ~-T . 

Puc. 3. :reoMeTpiH! rrepHO.lla c O.llHOii aaKpbiToit .llHacpparMoit. 
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R, cneaosaTenhHO, 

.!1 < 2a 
2 

-5::::: .!_ sin 'Jict['~ · 
~ 2 r:/iO( ~ + 

1 O Ln 

[ 
1(21iz)] 

!It= 2 cos ?ici 1 + lo( z: a} 

llpR 4a<q < 26 

llpH 9 >> 26 • 

3opa n, cneaoBaTenhHo, 
c#· 

6yaeT MeHhwe yKa3aHHoli senR'IRHbi. 

12.35 I 

B cny'lae, ecnn oTsepcTRe B npaso:il: anacpparMe 3aKpbiTo ceTKo:il:, KOHqmrypa

URH KOTOpO:il: llOK838H8 Ha pRe. 4, TO 9TO:il: C~TKe 1 O'leBHAH0
1 

9KBHBaneHTHO 

KaKoe-To OTBepCTRe paanyca Toraa npn 4a < 9 < 2 6 
"¢aKTop speMeHH nponeTa" MO){{HO 38llRC8Th B BRAe 

. [ (2 r.l ) Sin?iot Io Tri '2' 

'1 cJ Io (2 '7i a1) 
Ln 

/2.37 I 

Pnc. 4. KoH¢nrypauRH 'leTbipexaneMeHTHoli ceTKH /pa3M epbi yKa3aHbi B MM /, 

AHanorR'IHO 3anHCbiBaeTcH 92 npH 9 » 2 6. 0TKnoHeHlfe lfCTlfHHoro !Y
2 

oT aToro 38KOHa B o6nacTR i_ <. Zt(..6yaeT RMeTh TOT ){{e xapaKTep, 'ITO R B npnMepe, 

pa3o6paHHOM Bb!We. 



16 

K co:>KaneHHIO, npH pactieTe nHHeii:HbiX ycKopHTeneii: Heo6xo.nHMo 3HaTh ~ 

TaK:>Ke H B o6naCTSlX1 r.ne nonyqeHHbie BhiWe 8H8J1HTH'IeCKHe cpopMyJihl He npHMeHHMhl, 

noaTOMy .llJlSl paC'IeTa npHXO.llHTCSl nOJlh30B8ThCH BeJIH'IHHOii: 9 t pac~lJHT8HHOii: no 

cpopMyne /2.16/ Ha ocHol1aHHH aKcnepHMeHTaJihHhiX H3MepeHHii: nonsr. Ho see :>Ke 
.. ~- .. 

noJiytieHHbie Bh!pa:>KeHHH llJlSl rf OK83h!B8IOTCH none3Hb!MH llJlB pa3JIH'IHOT"O p0ll8 

OUeHOKo 

...... 

nepeuaeM Teneph K paCCMOTpeHHIO cpa30BOT"O .llBH:>KeHHB '18CTHUo npHpOCT 

KHHeTHtieCKOij 9Heprlili '18CTliUhl npli npOXO:>KlleHHH' n -ro nepHoaa onpeaensreTcH 

Bbipa:>KeHHeM, cosnaaaromHM no cpopMe ·c /2.2/, HO HH.lleKc "$. Teneph OTCyT-

CTByeT , H cpaaa 4J 38BHCHT B o6meM CJiytiae OT 

• . . l 

e f ~: rzJ cos { w f d(~) 
Ln o Vn ~ 

~ Wn = Wn -W'n-1 = 

B nepsoM npn6nH:>KeHHH MO:>KHO nono:>KHTh: 

r.ne 

. 
J 

Vn = I 
Vn,s ( I - v~ ) = .!.. ( f - lfn'., ) 

Vn,s ITn,s fin-I,S ' 

V~ = Vn- Vn, s u (!'; = ~ - cr;, s , 

n • VfTaK: 

+ cpn} d1. 

VfcnOJih3yH. /2.39/, /2.4/, /2.11/, Ha OCHOB9 /2.38/ nony'IHM: 

. . ( ' {}',:_, ) 
.6 Wn = et,o Ynln cas <Pn 1 + }n~ '· 

(/'n·l, S . 

r.ne 

s t/ ( } 2 ~ l 2~~ 

/2,38/ 

/2.39/ 

/2.40/ 

J t 11 
(z) 

n l 

dn"' J &; (z) 

29/z .s· z'Az dz -r:;; Ln -y:;;-

cos 2~ z dz 
ln 

+ f9 cp Ln ~ l L.n COS Tn d'i. 
n )f/(l)COS2~Zd • 

Ln 1 l.n 'l 

/2.41 I 

l.n 

.. Cne.nyeT cKaaaTb, 'ITO · npH pactieTe cpaaoBbiX Kone6aHHii: HeT Heo6xoaHMOCTH 

O'I9Hh TO'IHO Bbi'IHCJIHTh 'Jn 1 a 

STo cssraaHo ~ TeM, 'ITO qneH 

.llOCT8TO'IHO 

d (!;., 
n Vit-s s . 

HCnOJ1h30B8Th 9T"O OU9HO'IHOe 3HatieHH9, 

HBJ1HeTCH .llOCT8TO'IHO M8JlhlM B 

"" 
,. 
.f". 

('' 

"·' 
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cpaBHeHHH C e.llHHHUeii: H, KaK MO:>KHO llOK838Tb, npaKTH'IeCKH He BJIHSieT Ha nepuo

.llbl cpa30Bb!X KOJie6~HHH, a JIHlllb HeMHOI"'O H3MeHSieT xapaKTep 38TYX8HHSI 8THX KO-

ne6aHHHo npHMeM ll08TOMy .llJISI ]n ero 3Ha'IeHHe, B npocTeiillleM cny'Iae 

"npSIMOyi"'OJibHOH BOJIHbi", Tae. O.llHOpO.llHOI"'O no_JISI B 3830pe. npH 8TOM K08cpc}:lHUHeH1 

npH B 12".41 I o6palllaeTcSI B HyJib, H B pe~yJibTaTe nonyqaeTcSI: 

]n ~ i- Cfia cig Clef 

K aK BH.ll HO, B 8TOM CJiyqae 'Jn He 38BHCHT OT n H npH 

'J =0,2. 

BBo.nSI BeJIH'IHHbi: 

W~ = Wn - Wn, s 
)3~::: f3, -}3,, s 12.42 I 

H Bbi'IHT8SI H3 ypaBHeHHSI 12.401 ypaBHeHHe 12.81, HBH.lleM laHaJIOI"'H'IHOe ypaBHe

HHe HMeeTCSI B pa6oTe naHOtPCKOI"'O [21 1: 

w; -w;_, = e &, !I Ln [ ( J • 7 :.~~~: ) 'cos <Pn -cos <P, J t2.43t 

.0JISI .ll8JlbHeHllle!"'O Y.ll06HO nepeii:TH OT W~ .K }3~ • 4T06bi llOJIY'IHTb He06XOLlH

MyiO CBSI3b Me:>KLlY w; H }3~ B HHTepecyiOIUeM H8C nepBOM npH6JIH:>KeHHH, Heo6-

XOLlHMO nponHCpcpepeHUHpOB8Tb COOTHOWeHHe 

npH y'IeTe 12.441 ypaBHeHHe 12.431 npHMeT BHLl: 

06"LeJ1RHeiiHWi1 HHCTMT}1 

mtepJIHX IlCCJie.AOBaP.l!~~ 

6H6JU10TEKA 

12.44 I 
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.[lJISI pactieTa cpa3oBoro .UBI01<eHHSI Heo6xonuMo K /2,45/ no6aBHTb erue _ypaBHeHHe, 

onncbiBaroruee H3MeHeHue cpa3bi ycKOpSI!Oruero rronSI rrpH rrepexo.ae oT arreKTpl!tie-

CKoro ueHTpa n -1-ro 3830pa K 9JieKTpH'lBCKOMy ueHTpy n -ro 3a3opa, 3To 

ypaBHeHUe C LlOCT8TO'IHOH CTerreHblO TO'!HOCTH MO:tKHO >arrHCaTb B BIIUe: 

I cpn - cpn-f - - 2CJI fj~ 
fln-1, s 

/2.46 I 

Ecnn napaMeTphl paBHoBecHoro .nBumeHuSI H3BecTHW , To c noMOIUbiO ypaB-
' 

HeHI!H /2.45/ H /2,46/ HeTpy.nHO TIOJiy'lHTb napaMeTpbl 'l8CTI1Ubl B 11 -oM nepuo-

-:re 1 3HaSI 9TH napaMeTpbl B n- i -oM nepno.ae, Cne.noBaTenbHO, 3an:aB Ha'lanb-

Hb!e YCJIOBIHI B nepBOM 3830pe H TIOCJie.noBaTe.TibHO rrpHMeHSISI ypaBHeHHSI /2.45/ IT 

/2,46/, MO:Il{HO TIOJIHOCTbiO paCC'liTT8Tb .[lBITmeHIIe HepaBHOBeCHbiX 'l8CTHU, .YJMeeT-

CSI, KOHe'lH0 1 IT .npyroiJ:, 06b!'!Hb!H 1 TIYTb paCCMOTpeHITSI cpa30Bb!X KO.Tie6aHHH, 

npHMeHSieMbtil, HarrpHMep, B. pa6oTax [1 ,2] • YJMeHHo, HcrroJib3YSI ypaBHeHIISI /2.45 I 

H 12.461, HeTpy.UHO nepeiJ:TH K .nucpcpepefiUHaJibHOMy ypaBHeHUIO BTOporo riOpSI!lK8 1 

OTIIICb!B810rUeMy cpa30Bb!e KOJie6aHUSI C BeJIH'lUHOH n B KatieCTBe He3aBHCUMOH 

.xl rr 6 6 • 6 -nepeMeHHOU 0 -.TO bl IT3 emaTb HeTO'lHOCTeu,· CBSI38HHb!X C npu JIUmeHHOH TpaK-

TOBKOH · pa3HOCTHb!X ypaBHeHUH K8K .UHcpcfJepeHUH8JlbHbiX , M bl B .na.TlbHeiJ:weM npH 

pacqeTe cfJ830BOrO .[lBHmeHHSI UCTIOJib30Barm Henocpe.nCTBeHHO ypaBHeHHSI 12,45/ H 

/2.461. 

~ 

PaccMoTpHM Tenepb pa.nHaJibHOe .nBumeH~e npOTOHOB B JlHHeHHOM YCKOpii-

Terre. Cl>oKycupyroruee neilcTBue 3a3opoB, KOTopoe H onpenenSieT pa.auanbHOe .nBu-

)KeHHe, MO)KHO xapaKTepH30B8Tb U3MeHeHUeM yrJia TpaeKTOpHH rrpOTOH8 i2 TipH 

nponeTe 3a3opa. 3To H3MeHeHne yrna B npe.nnonomeHun, 'ITO pannanbHOe cMewe

HHe npoTOHa npu nponeTe 3a3opa ocTaeTcSI nocTOSIHHWM, onpenenSieTcSI· ciJopMynoil 

A Yz = _e_ jG cos ( 2 CJt l 
E0 j32 L. 2' --~.- + cp)dz 12.47 I 

r.ne ~z - pa.nH8JlbH8Sl KOMTIOHeHTa 9JleKTpHtiecKoro TIO.TISI, 

xl 
npaB.na B pa6oTax, Ha KOTOpbre Mbi cocnanucb, cpa3oBoe ypaBHeHue nony-

qeHo He .ami o6ruero cnyqan, a B npennono:tKeHuu, '!TO lj He 3aBHCHT OT HOMe-

pa n 
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llnH KOHqmrypaUHII 3830pa, IIOK838HHOU Ha puc. 3, IIpH a << q /2.47/ IIpHHH

MaeT O'IBHb IIpOCTOll BHU 

/2.48/ 

B OOLUBM CJly'IaB II IIpii pea.TibHb!X CBTKaX UJ1H Bbi'IHCJ1BHHH HHTerpana B /2.47 I 

HBOOXOUHMO 3H8Tb pacrrpBUBJ1BHHB {, z- B 3830pe, KOTOpoe MO)KBT Ob!Tb H8llUBHO 

9KcrrepuMeHTaJ1bHo, HarrpHMep, c rroMOlllbiO 9J1BKTpom1TH'IBCKoii BllHHhr. B 9TOM cny-

'Iae ~ l! B /2.47/ YUOOHBll Bb!p83HTb qepe3 II6TBHUH8J1bi 

m 0 .S (c, 8) ~J - sin 't' 
0 z 

Cr-z,e; _ 2,;" 5[ U(,,?·')-Ulo,e,,JJ COS 271 l 
d.z = L. L il> U L 

s('Z, e)~- 2~ f[ U C<,e, zJ - U (o, ;,z) ] sin 2'lil ci.t. L t.. .t.U L 

(3] 

H A U - IIOJ1H8SI pa3HOCTb IIOTBHUH8J10B MB)KUY UpBllcPOBb!MH TpyOK8MH
0 

/2.49/ 

12.50/ 

/2.51/ 

KaK H CJ1BUOB8J10 0)KHU8Tb, .6 rz 38BHCI!T HB TO.TibKO OT KOHcPH!'ypaUHH 

3830pa, HO H OT cP83hl DponeTa IIpOTOHQM 9J1BKTpH'IBCKO!'O UBHTpa 9TO!'O 3830pa. 

B TO )Ke BpBMH tlo Jlz He 38BHCHT HBHO OT CKOpOCTH 'I8CTHU HJ1H,. HHblMH CJlOBa-.·' 

MH, OT HOMepa 3830pa. KaK DOK838HO B pa5oTe [3] Ha OCHOBB li3MBpBHIIll
1 

aa-
BHCHMOCTb OT HOMepa 3830pa HMBBTCH qepe3 BBJlli'IHHbi s H c H OO'bHC>-

9 HHBTCH YBBJ1H'IBHHBM OTHOWBHHH a C YBBJ1H'IBHHBM HOMepa 3830pa, IIpH'IBM 

c YBB.Tlll'IBHHBM BBJ1H'IHHbi ~ ¢oKycrrpoBKa ynyqwaeTcH. 

KaK CJ1BUYBT H3 /2.49/ paUH8J1bHOB UBHIKBHHe 38BHCHT OT cP830BO!'O. 

no9TOMy c}:la3y cp YUOOHO Bbip83HTb 'Iepe3 4>s • nonarag B /2.49/ cpo==p
5

-tll.p I 

nony'IrrM 

e~od. 2 [ ( oc . 
~ ¥z :::: 2 CJi Eo COS A cp COS cp5 BZ - 5Ln cp5 

OS) . .. (· . oc os)J . 
~z -SwLlcp SLnPs az +coscpsoz~2.521 
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113 STOi\ cpOpMynhi BH.llH0 1 'ITO paC'leT pa.llHanbHOI"O .llBH>KeHIHl B OCHOBHOM MO>KHO 

UpOBO.llHTb .llnSI paBHOBeCHOii 'laCTHUbl1 C'IHTaSI, '1~0 Manbre cpa30Bbre KOne6aHHS1 

TOnbKO HeMHOI"O B03MylUaiOT STO .llBH>KeHHe. 

· TaKHM o6pasoM, B KoHKpeTHOM ycKopHTene, 3Hast BenH'IHHhi S H c 
MO>KHO Ha OCHOBaHHH /2.49/ HnH 12.52 I pacc'IHTaTb H panHanbHOe .llBH>KeHHe 

'laCTHU. 

v ~ 
§ 3. VlsMepeHHSI H pac'leT cpaKTopa BpeMeHH nponeTa 

KaK y>Ke OTMe'lanocb, nony'leHHOe B npe.llhi.llYIUeM naparpacpe TeopeTH-

'lecKoe Bhipa>KeHHe nnst fl /eM. /2.35/ H /2.37 I I He Mo>KeT 6hiTb Hcnonb-

30BaHO .llnSI pac'leTa CHCTeMbl .llpeficpOBbiX Tpy6oK, TaK KaK OHO He BUOnHe COOT-

BeTCTByeT nefiCTBHTenbHOCTH, oco6eHH0 1 B o6nacTSIX 
Q 
2 < 2a H 9~ 26. 

B CBSI3H C• STHM 6binH npoBe.lleHbl H3MepeHHSI nong B 3a30pe Me>K.lly .llpei\cpOBb!MH 

Tpy6KaMH 1 Ha OCHOBe KOTOphlX 6hlnO paCC'IHTaHO 9 , HcnonbayeMoe B nanhHefi-

Ill HX pac'leTax. 

npH H3MepeHHH TaKoro nonst 6bm Bhr6paH cnoco6, KOTopbrfi, no HallleMy MHe· 

HH JO. HaH6onee rrpaBHnbHO OTBeqaeT peanbHbiM ycnOBHSIM - 9TO H3MepeHH9 IIOnSI 

H a BbiCOKOii 'laCTOTe B p930HaHCHOH IIOnOCTlf,. Upe.llCTaBn SIIOlUefi OTC9K pe30HaTopa 

e 
nHHeiiHoro ycKopH';l'enst. TaKoii cnoco6 6bm rrpHMeHeH rrpH H3MepeHHH rronst B 6epK-

nHeBCKOM rrpoToHHOM nHHefiHoM ycKopHTene [
1] • CylUHOCTb MeTona cocToHT 

B cnenyroweM. OpH BHeceHHH B aasop Ha ocH pesoHaTopa HeKoToporo Manoro 

Tena c o6'beMoM d V IIpOHCXO.llHT H3M9H9HH9 C06CTB9HHOfi 'laCTOTbl pe30HaTopa. 

J13 (1] cnenyeT1 'ITO 9TO H3M9HCHH9 ODpenensteTCSI paBeHCTBOM 

rne f 

s:=fo2 [1 tC[(H2
- £

2 )dv] 
dV 

'lacToTa pe3oHaTopa~ a c 

/3.1 I 

- KOHCT8HTa, 38BHCSilUaSI OT reoMeTpHH 

· rrpenMeTa. Ha ocH pesoHaTopa MarHHTHoe none 1-1=0 • Y'IKTbiBast 9TO H C'IHTast 

H3M9HeHHSI '18CTOTbl ManbiM, DOny'laeM: 

Af =K£
2oV /3;2 I 
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Vf3MepHH H3MeHeHHH qacTOTbi .LIJIH LIBYX pa3HbiX ToqeK 3830pa, IIOJiyqaeM 

/3,3/ 

T.e. ,OTHOWeHHe' H3MeHeHHH qacTOTbi paBHO OTHOWeHHIO KBa.apaTOB COOTBeTCTByro

WHX IIOJieH, 3KCIIepn:MeHTaJibHaH pe30H8HCHaH IIOJIOCTb BhliiOJIHeHa B BH.[!e 16-Tn:

rpaHHOfi IIpH3Mbi C .an:aMeTpOM BIIHCaHHOH OKpy:tKHOCTH 1,5 MeTpa H LIJIHHOH 0,3 Me"I

pa. Ha pn:c. 5 BH.aeH pa3pe3 ::lToro pe3oHaTopa BMecTe c Tpy6KaMn: .apeH:cpa. 

Pnc. 5. <PoTorpacpn:H pa3pe3a pe3oHaTopa, B KOTopoM rrpoBo.annn:cb H3MepeHrnr 

rronefi. Bn.aHbi .aBe rronoBHHbi .apeH:cpoBbrx Tpy6oK, 
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Pe3oHaTop B030Y*.llancs:~ Ha BonHe TM 010 c rroMOIUhiO reHepaTopa, co6paH

Horo IIO .ll ByXTaKTHOfi cxeMe Ha KepaMlPI9CKMX naMrrax TMIIa rYI -7 E. l.J acToTa 

reHepaTopa rrnaBHO perymrposanach oT 130 M ru no 150 M ru. CoocTBeHHaSI 

qacToTa pe3oHaTopa 6bma rrops:~nKa 140 Mru. YpoBeHh rrons:~ B pe3oHaTope n H3Me· 

H9HH9 IIOJlfl IIO .llJllfH8 KOHTponHpOB8JlHCh C IlOMOIUbiO ,ll8T9KTOpa If MUKpOaMrrepMeT

pa. DeTeKTOp C09.llHHSIJ1CSI C pe30H8TOpOM BHTI}OM, BHOCHMb!M BHyTpb pe30H8TOpa. 

, DnSI STOrO pe30H8TOp HM9Jl H8CKOJlbKO OTBepCTHI IIO .llJlUHe. Tpy6KH ,llpel~a, .llJlfl 

KOTOphlX IlpOBO.lllfJlHCb U3MepeHMSI,IIp9.llCT8BJ1S!Jllf co6ol UHJllfH.llphl, .llH8~eTpOM 

60 MM. KoHUbi unnnHnpoB 3aKpbrBanncb nna~parMaMH. BxonHaH nna~parMa 3a

TSiruBanacb ceTKOfi. 06mnl BH.ll npefi~OBb!X Tpy6oK IIOK838H H8 pHCo 6. B 383'op 

Pnc. 6. ctloTorpa~MSI npefi~osofi TpyoKM. BMnHa "'eTbrpexsneMeHTHaSI ceTKa, 

IIpM~SIT8SI B OKOH"'8T9JlhHOM BapnaHTe. 
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M 9/IC.UY ,npeficpOBbiMI1 Tpy6KaMH Ha TOHKOH HlfTH BBO,UHJIC51 M eTaJIJilf'{9CKHif UHTIHH.UpHli' • 

n epe,nBW>KeHne HHTH cpnKcnpoBanocb cneunanbHO npncnoco6neHHbiM nnH 8Toi1 uenn 

UJT8HI'9H-UHpKyneM C TO'{HOCTblO 0,05 MM. nono/KeHHe UHJIHH,npa Ha OCH cpHKCHpo

B8llOCb Cil9UHaJibHbiMH .UHa<}:Jpai'M8MH, BBepHyTb!MH CHapyncu,. C OTBepCTHeM 0,2 MM. 

0Tcqe.T qacTOTbi aencH BOJIHoMepoM BbiCOKoli TO'{HOCTH THna BBT D. 3ToT BOriHo-

Mep il03BOJI51ll OTC'{HTbJBaTb OTHOCHT9llbHbl9 3Ha'{eHIHI qacTOTbl C TO'{HOCTb!O ,UO 

10-4%. 

B KaqecTBe KOHTponH BHaqane 6hlJIH npoBe,neHhl dsMepeHHH nonH nnH cnyqag, 

KOI'.Ua CSTKa OTCYTCTByeT, T.e. C 05eHX CTOpOH 3830pa 6b!JIH H,U9HTH'{Hb!e ,UHaqJpar

M hi. Pacnpe,neJieHHe ilOJI51 B 8TH X yC.TIOBH'SJX, KaK BH.UHO H3. pHC, 7 1 HMeeT CHMM9Tpn'!

Hyl0 OTHOCHTSJibHO U9HTpa 3830pa <}:JopMy, '{TO I'OBOpHT B ITO~b3y npaBHJibHOCTH 

113MepeHHfi. 

1 
'lo 
5'0 

Pnc. 7. PacnpeneneHIIe nong B sasope 6es ceTKH. 
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3liTBM OhlllO HCCJ1B!lOB8HO B.TJIHIHIIB KOHrlmrypllt!HH CBTOK II l!X paCI10.TJO:ri\GHHH . 

lcTen~Hb yTonnenHH ceToK BHYTPh Tpy6Knl Ha pncnpenenenue nonA n aaaope. M~

Mep~HHH ObJn.U llpOBB!lBHhl LlJIH LlBYX pa3HbiX KO!tcflHT"ypaUHfi CBTOK npll p83.T1H'-lli·Jt-1 

!IX paCUOJlO:ri\BHIIH /paCCTOHHUB OT ll.TlOCKOCTH CBTKU ':tO ll!IOCKOCTII LlllllC]lpar:o.ll'I 

lyTori.TJenuel 1 MM u 5 MMI, a TaK/Ke nnH paann<JHhiX nnaMeTpon nuacpparM 

12 CM I{ 3,5 CM I. K OHCTPYKUl!H on non CBTKU ObiJlll TaKOli :ri(B .KllK 11 B CYUlBCT BV Io· 

meM nunellnoM ycKopHTB.Tle-uH/KeKTope, Ona cocToHna uo napan.•re.ribiiO HflTHHYThTX 

npoBOJlO'-!BK LllillMBTpOM 50 fUr paCllO.TlO:ri\BIIHhiX Hll pacCTOHHUH } 15 MM !.lp)T OT 

!l pyra • .Llp~raH CBTKll 1 TllK Hll3b!BllBMllH "qeTb!peX:9JIGM BHTHaH " 1 UMO.Tlll KOHCTpyKIUIIOI 

llO!lOOHYIO' 11pUMBtlHBMOti B UtPKBKTOpe OeBaTpOHll /eM, puc, 4,6/1 l! COCTOfl.TJil 113 . 
'-IBThipBX llOJlOC TOJ1UlliHOI1 50 1'4 li U!HpllHOfi 2 MM 1 COT"HYTbiX llO!l npHMbiM YI".TlOM, 

PaccToHnue MGii<!lY napanne.TJbHbiMM oTpeaKaMu nonoc - 4 MM, 

PeaynbTaTw :9Tux uaMepeHuA MoryT 6wTh ccpopMynupoaanw cnenywmuM 

o6paaoM. 

1. B npenenax TO'lHOCTII H3MepeuJifi pocnpe!leneHue llOTJH o 3aaope npn npo

'lUX paBHhlX YCJlOBUHX HB 3aBHCHT OT KOHcflH!"ypauun CBTKUo 

·2. n,ru YTOilJlBHUU CBTKU. Ha 5 MM IlOJlB K COTKB cnanaeT 3Ha'-!HTC,TJbi!O 

I ..... 25% I u, cne!loBaTenbuo, cflOKYCHpyiomee !leltcTBue aaaopa oc.TJa6.TJHBTCH 1 a nptt 

yTonnenuu ceTKH ua 1 MM cnana none npaKTif'-!BcKu ue ua6nwnaeTcH, 

3TH pe3yJlhT8Tbl LlJlfl 3830pa MB)I(Jly TpyOKllMU 50 MM, npOBO.TJO'lHoli CBTKH 

u !lltaMeTpa !lHaqlparMhi 35 MM 'npuBB/.lBHhl Ha puc. 8. none na aToM H nocnenyw .. 

lUUX rpacpuKaX 110K83llHO B OTHOCHTBJlbHhlX B!lHHHUaX, 3a HyneaoA OTC'-IBT KOOpnH

HaTw B!lOJlh OCU TpyOOK npH«flTO 3Ha'-IBHHB KOOpJlHHaTW 1 IlpH KDTOpoR UOHTp UUJIHH!l

pa COBll8Jl89T C U.TlOCKOCTbiO CeTKU 1 yTDllJlBHHOli Hll 1 MM 1 H OTC'-IOT BBJlBTCH 110 

oc~ peaoHaTopa a nanpaaneHHH saaopa. · 

H a ocnoaaHltll BhiW elf31lD:ri<eHHoro 5hma Bhi6paHa rny5uHa yTonneHufl ceTKH 

B l MM. KoHcpurypauuH ceTKH 6biJia Bbi6paua u3 coo5pa>KeHuA ee ycToA•mnocTH 

K :9JIBKTp!t'IBCKUM IlpOOOf!M 1 'ITO 0'18Hb Ba>I<HO LlJlfl Hane:ri<HOCTI1 pa5o·rhl ycKOpi!TB.Tlfl. 

n p080110'tHhiB CSTKH, KllK llOKa3a!l OUbiT 9KCUJiyaTaUHH CYlllBCTBYIOlUOI"O ycKOp!iTO.TlH 

-UH:riCBKTOpa, B :9TOM OTHOll!BHifH HOH8Ll8*Hbl 1 11pH'-1BM B flllllJOM cnyqae :9TO BlUB 

ycyryD!lf!BTCfl yMBilblllBHH8M rny5HHhl yTOilJlBHHH ceTOKt noaTOMY 5h!Jlll Bb!DpaHbl 

"'BTb!pexaneMBHT~Ibl8 C8TKH. 

j 
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JO 20 30 110 50 60 

Puc. 8. Pacnpe.uenenue no.rJH B 3a3ope I q =50 MM; 2a = 35 M~1 / 
.ll.TIH p83HhlX Be.TIHqHH yTOII.TIBHHH ceTKH: 

a! yTonneHHe 5 MM, 6/ yTonnenue I MM • 

X 
MM 

.Ll.TIH BhiO<?pa .UH8MBTpa .UHacpp8I'Mhl of5paTHMC51 K 8H8.'1l!TI!qecKOli :>al3HCI1-

MOCTH "cpaRTOpa 8pBM8HH IlpO.TIBTa", H8IlpHMep, K cpopMy.Tie /2.35/. J/13 8TOil 

cpopMy.Tihl BM.UHOt qTo qeM M9HbW9 Q /pa.uHyC .llH8cfJp8I'Mbii TBM 6o.'IbWG § 
3TO OCOOBHHO CK83h!B8BTCH .ll.TIH M8.TihJX .ll.TIMH nepHO.UOB, T.e • .CVHI H8'18.71b!IOii 

qacTH ycKopuTeTJR. Qqeau.uHo, 6onee Bhir-o.uno uMElTb 6o.TJbtur•(' g , TaK KaK 8To 

IlpU TOll Ji(9 ::mepi'Hil qaCTHU H8 BhiXO.Ue YCKOpHTB.TIH. fi03HO.'IIICT 11:--.teTb MCHhUJ,)'ID 

.ll.TIHHY pe30H8TOpa. f.-1CXOJlH H3 8TUX C006pa11\Cilllii, KOTOpbiB OLJ.nll no;lTBepn<.Ue!!bl 
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TaK>KB H3MBpBHH5lMH, .UI18MBTp .anacrparMbl 6brn Bb!6paH paBHb!M 20 MM. 

lln51 OKOH4aTenbHOrO BapnaHTa .apeficPOBhlX Tpy6oK lceTKa 4BThlpBX9nBM9HTHa5l 

C y.TOnJIBHHBM B 1 MM , .UHaMeTp OTBBpCTI15l 2 Q =20 MM H Hapy>KHblfi .anaMeTp 

.anacrparMbi 2 6 =76 MM/6hmH rrpoBe.aeHhi .aeTa.TibHbie H3MepeHH5l rron5l B .anana-

30He 3a3opoB oT 18 MM II .no 70 MM. H a puc. 9 rroKa3aHbi xapaKTepHhie pacrrpe

-!leneHI15l non 51 .an5l HeKOTophiX 3a3opoB. KpnBa5l I a l-.an5l Manoro 3a3opa 118 MM I, 

.'Kpuaa5l I o 1-.an5l cpe.aHero 3a3opa 140 MMI· 11 Kp11BaH I 6 1-.an5l caMoro 6o.nl,

woro 3a3opa 170 MMI. lln51 MailbiX 3a3opoB pacrrpe.aeneHne rron5l He 11MeeT rrnaTo, 

TaK KaK BJ1H51HHB .anacrparMhl C O.UHOH CTOpOHhl U CBTKH - C .apyrofi CKa3biB89TC5l 

HB BCefi BBnH4UHB 3830pa. L1JI5l 6onbWHX 3830pOB X8p8KTepeH IlpOBaJI IlOJI5l B 

UBHTpanbHOfi 48CTH 3a3opa, KOTOpb!llf KaK Y>KB OTMeqanOCb B § 2, 06'b51CH51BTC5l 

TBM, 4TO 3830p BBJlHK ITO cpaBHBHH~ C DHBMBTpOM Tpy6oK1 H IlpOBHC8HI19 ITOn5l 

Hapy)!(y cKa3biBaeTc5l 3HB'V!TeJibHO. Cpe.aHHii 3a3op m1weH o6oux &Tux craKTopoa1 

H pacnpe.aeneHHB TIOn5l B HBM HMBBT IlnBTOe lln51 Bhl51CHBHHH XBpBKTBpa Cil~.UB IlOJ15l 

a pafioHe ceTKH 6hmn rrpoae.aeHbi aHanorH'lHhiB H3MBIJBHH5l 38 ceTKofi. B pe3ynh-

TaTe OK838Jl0Cb 1 4TO none Y>KB Ha p8CCT051HHH 2 MM OT BHyTpBHHBll IlnOCKOCTH 

CBTKH MBHBB 0,5% OT M8KCHM8Jlbi!Oll BB.TIH4HHhl TIOJI5l B 3830pe. Ha OCHOB8HHH 

9TOrO BBnH4HH8 IlOn5l B 9TOfi T04KB 6hlna IlpHHSITa p8BHOll 0, 8 Cil8.U OT CBTKH 

paBHOMBpHblM 0 _TaKilM o6pa30M IlOJIY'lHJIHCb pacrrpe.aeneHHH T!lrra, ITOKa38HHOrO Ha 

pHC~ 10, Ha OCHOB8HHH KOTOpbiX rrpOBO.UHJIIICb p8C4BTb! § rrprr r:J:: t ~ J· • 
KaK cne.ayeT rr3 Bhipa>KeHH5l 12.161, ~:;craKTop BpeMeHH nponeTa" y 

BXO.U51WHH B Bhipa>KBHH5l .ann pacqeTa YCKOpH~WBfi CHCTBMhl 1 rrporropUHOH8J1BH 

aMIT.ilHTy.ae IlBpBOll rapMOHHKH pa3nO>KBHH5l KpHBOfi pacrrpe.aeHBHIH! ITOJ15l B 3a3ope 

~ (x) B p51.U cf>ypbe H8 0Tpe3KB 1 paBHOM BenH4HHB nepllo.aa I. , V1 CXO.U5l 113 

9TOr0 1 MO>I<HO H8HTU, 3H85l XapaKTBp pacrrpe.aeneHHH ITOJISI, H3MepBHUSI '!J .UJISI 

ace* BBJIH4HH nepuo.aa L • KpHBBSI 3aBHCHMOCTH fj ;l., IlOKB3aHa Ha pUC, 11. 

llnH OKOH4aTBJ1bHOft IlpOBBpKH rrony4BHHhlX .aaHHhlX H rrpaBHnbHOCTH IlpUHSIThlX 

.aonyLUBHHll lpaBHOMepHhlfi crra.a rronH Brny6b CBTK!ll 6h!.TIO IlpOBB.UBHO cpaBHBHUB 

HaWHX pe3yJ1bTaTOB ,UJISI ~ C aHaJIOrH'lHbiMH .aaHHb!MH 1 ITOJIY4BHHh!MH IlpH H3Me-

p9HHH Ha 9J1BKTpOJlllTH4BCKOH BaHHB LB) o l-13 pHC, 12 BH.UHO, 4TO 11 1'9 II .apyrne 

.aaHHhre aaxo.aHTCH a xopoweM cornacn11. EhlJIO rrpoB_e:meH.O T.aK)!(e cpaBaenue 

H3MBpBHHhiX 3H8'1BHUll g CO 3HB4BHHSIMH, paCC4HTBHHhlMI1 TBOpBTH4BCKH. lloiry,-

lUBHH51 1 KOTOpb!B .UBJianHCb rrpH pacqeTe ~ u caM xo.a pacqeTa orrucan B § 2. 

j 
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Puc. 9. XapaKTepnbie pacnpeaenenHH nom! B aaaopax np11 IillaMeTpe Lllla<jJparM 
20 MM H qeTb!p9X9/leMeHTHbiX COTK8X, yTOH/l9HHbiX Ha J MM: 

a/ aaaop 18 MM; 5/ aaaop 40 MM; e/ aaaop 70 MM. 
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2PUIIUU,bl JQJOPQ 

fl" 

JO 20 

I 
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I 

30 50 MMX 

Puc. 1 o. npiiM ep OKOH'la TeJibHOT"O pacrrpe.ll eJieHJUI IIOJISI B 3 a3ope I IICIIOJib30-
BaBwerocSJ .llJISI pacqeTa f!/ • LJ'aCTb Kp!IBOH 1 IIOKa3aHHaSI IIYHK~ 

TnpoM, rrony'leHa rryTeM arrpoKCIIMauiHI l.llHaMeTp .ana¢parMbi 20MM, 

ceTKa - 'leT bipexaneMeHTHaSI, yTorrneHa Ha 1 MM I. 

j 
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PH c. 13, CpaBH9HH« cpaKTOpa speMeHH nponeTa iJ ( t.) , pacc•mTannoro na ocnose · 
HaMepei{Hll non!l B pe30li8TOpe /cnfiOlllHBH .KpHBaH/, C COOTB9TCTBY!OtUHMif 
senH'IHHaMH, nony•IeHllblMH H3 TeopnH, I -· -· -· no <j:>opMy.~e 
/2,35/, -- - no cpopMyne /2.37 I npn a, =6,5 MM /, 
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H a puc. 13 KpoMe 9KcnepuMeHTanbHOH 3aBHCHMOCTH '!/ OT L npuBeneHbi eme 

.nBe TeopeTH"!eCKHe 3aBHCHMOCTH JlJHI Y , OnHa H3 HHX pacc"!HTaHa no cpopMyne 

/2,35/, a npyraH - no cpopMyne /2,37/ .npu panuyce 9cprj:JeKTHBHoro OTBepcTHH, 

COOTBBTCTBy!OillBf'O 'IBTb!peX9ll''MBHTHOH DH8cpparMe, paBHOM at =6,5 MM, yf3 

cpaBHBHHH XapaKTepa 9THX KpHBhlX BHDHO, Bo-nepBhlX, 'ITO 8KCnepHMBHT8!IbHaH 

Kp!iBaH ropa3DO 6JIHMe K KpHBOii, paCC'IHT8HHOij no ciJopMyne /2,37/, T,e, peaJibHOH 

,ceTKe COOTBBTCTByeT YK838HHOB Bb!WB 9cpcpeKTHBHOB OTBBpCTHe, H, BO-BTOpbiX, 'ITO 

!!3MepeHHbl6 3Ha 'IBHHH §' , K8K H C.TIBDOBaJIO 0)KHL.l8Tb Ha OCHOBB Ka'IeCTBBHHb!X 

C006pa;t(6flHll § 2, JI6)K8T HH>Ke TeopeTH'IBCKHX DJIH Ma.Tib!X H, OC06BHHO, 60.TibWHX 

nepHO~OB npH COBnaneKHH C TeopeTH'IBCKHMH DJIH CpBDHHX nepHODOB, 

§ 4. Pac'IeT cucTeMbi npeii0,1oBbiX Tpy6oK 

npe:fl<,ne 'IBM npHCTynHTb K paC'I~Ty CHCTBM bl ,npeiicpOBh!X TpyoOK 1 HCCKO.TibKO 

npeo6pa3yeM cpopMyny /2,9/ K 6onee yno6noMy BHny. LlnH 9Toro,. ucno.rrb3YH cooT-

HOllJ8HllC 

r . .f} 4 
W =Eo l2 + Jf J 

Bhlpa>I<aiOill86 CBH3b 

CKOH nonpaBKH - j3 
4 

KHHCTH'IBCKOH 8HeprHH CO CKOpOCTb!O C yqeTOM peJIHTHBHCT

/TaKaH TO'IHOCTb HaC ~nO.TIHB ycTpaHBaeT/ 1 Bhlpa3HM ~ W 
; 

qepe3 ~ jJ 

,/)n,S +fin-J,S A [ J (/32 P. 2 )] ~ W'n,S::: Eo·---
2
--- ~ .l"n,s 1 ~ j n,S -t JJn-J, s /4,1/ 

no.ncTaBJIHH 8TO Bbipa>I<BHHB B /2,9/ H 38MBHHH B HOM Ln cornacHo /2,4/, -. 

nony'IHM 

4/Jn,.:; [ 
J ( 2 2 ). ] e & ~n .tl. . · 

1 +; .f3n,S +f3n-J1 5 ::£--;-.- C05c:J>s /4.2/ 

j 
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3ne'ch :Qp!i liHTepecyiOIU9H HaC TO'iHOCTii MO:>KHO 
' '.-' .i 

2 
A 3aM9HiiTh Ha r n, s 

'2 . 
fln-1, s 

Tor.na Mbi oy.neM HM9Th cne.nyiOIUiie ¢opMyJibl .nnsi pactieTa nepHO,llOB ycKOpSI!OIU9ll 

CliCTeMbi Ln : 

A n ~ e ~a .rl COS cfJ s -.....--.fj..----
.Nn.S - eo 3./32 

~i-2 n-J,S 

./Jn,s"' J3n-1,s +AJ3n,s , 

Ln=.A(.J3n-1,s+ 6 ..62n,s)' 

a) 

o> 

&) 

14.31 

.... t~ 

r.ne ~n = Yn(L) lcM',Kp!iByiO, npHBe.neHHyiO Ha plic. 11 I. DnHHbi .npeii¢oBbiX 

TpyooK O'i9Bii.llHO oy.nyT pacC'iliTbiBaTbCH .no cPOPMYI]Ia 12.81 (fn =A.f3n,S (1 ~C( J), 
K co:>KaneHHIO, BBH.llY oTcyTcTBHH aHaJIHTH'iecKoii aaaHcHMOCTH 

CHCT9Ma ypaBH9HHH 14.31 MO:>KeT ObiTh pewe.Ha JIHlllh M9TOllOM nocne.noaaT9Jih-

HbiX npHOJI,~f:>K9HHfi. TaKoit cnocoo pac~eTa HBnHeTCH .noBOJihHO rpoM03.llKiiM. O.n-, . 
HaKo, npH HHTepecyiOmeii Hac TO'iHOCTH pac'l:eTa MO:>KHo HecKonhKO ynpocTHTh aa-

, ...... , 
.na'iyo BBH.llY TOI'O, 'iTO A .fin M9HH9TCH OT nepHO.lla K nepHO.llY .O'i9Hh MaJIO, TaK 

Pl .3 2 
KaK :Jn H 1 r 2 J3n-l,S - M9.llJI9HHO M9HH!OIUH9CH cPYHKUHH, oy.n~M C'iH-

TaTb 1 'iTO 3aBHCHT H9 OT L,., , a oT ,;t'n , r.ne 

A j3n-1. s ) 
2 . 

14.41 

TaKaH aaMeHa Haxo.nHTCH a nonHOM cooTBeTCTBHH c TO'iHOCThiO, .naaaeMoti: rpa

cPHKOM aaaHCHMOCTH !In oT /.., • Tor.na cHcTeMa ypaBHeHHH 14.3al, 14.361 

14.41 a coa.oKynHocTH c rpa¢HKoM aaaHCHMoCTH Yn (:t'n) lcM.pHc. 11 I noaaonHeT 

nonHOCThiO pacc'inTaTh 3aKoH H3M eHeHHH .f3n,S a aaTeM no ¢opMynaM 14.36 I H 

12.81- L n H ln , HO .nnH aToro HeOOXO.llHMO 3HaTh Ha.'ianhHbie ../30, 5 H .!l ./30,5 • 

0.nHaK0 1 H3 STHX .llBYX B9JIH'iHH H3B9CTHa TOJihKO O.llHa, HM9HHO ./Jo,S • noaTOMJI 

.nnH nepaoro nepiro.na npHXO.llHTCH npoao.nHTh pac'l:eT no ¢opMynaM 14.3/ H rpa¢H-

KY MeTO.llOM DOCJ19.llOBaTenh.HbiX npHDJIH:>KeHHH. npaKTH'i9CKH B STOM 

cnyqae oKa3biBaeTcH .nocTaTO'iH!>IM orpaHH'iHThCH BT?PbiM npHonH:>KeHHeM. · DanhHeif-

B9.ll9TCH no np9.llJIO:>K9HHOH Bb!llle .llOBOJihHO npoCTOH H .llOCTa-

TO'iHO TO'iHOH CX9Me. 
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H a oeHoBaHim Bhrw eHanoM eHHOI"'O 5brn rrpoae.a eH paeqeT yeKopsr romefi eucTeM hi 

~0 COS C/>s = 17,30 KBI eM IHB,I1~11:"" liHHeHHOI"'O yeKOpUTensr .llliH BhlOpaHHOI"'O 3HaqeHHH 
· ~ · o x/ 

Mep r:Jo =18 KBieM If <P~=-16 • HuMe rrpuso.auTesr Ta5nrrua .aniiH rrepuo~ 

.aoa L, , .anrrH .apeficpoBbiX TpyooK t 11 , .anrrH aaaopoa g11 • a TaK >Ke 

aHeprufi ~~ OTHOeJITeJibH biX eKOpOeTefi J111,s eJIHXpOHHOfi qaeTHUhl, 
I 

KOTOpbie OHa !!MeeT Ha BbiXO.lle H3 n -ro rreprro.aa lrrnrr, qTo· To Me 

eaMoe ~ Ha axo.ae a n -yro .ripeficpoay'ro Tpy5Ky/ H OTHOeJITenbHhiX I1p!Ipo_eTOB . 
eKOpOeTeii .c. j3 n,s 

Dnsr coa.aaHHH yenoaua, o6eerrequaaromux Ha Bhlxo.ae ua nuHefiHoro yeKopuTe

nsr M8llhlH SHepreT~qeCKHii paa6poe oeHOBHOH rpyi1I1hl qaeTMh, rreene.aoaanrreb M8llhl€ 

cj:JaaOBhle Kone5aHrrsr. Ha prre. 14 rrpHae.aeHhl rpacp~KII STHX Kone5aHufi .ansr qaeTrru, 

BXO.llHilliiX B yeKOpl!Telib e paBHOBeeHOH SHepruefi /Haqanb~Oe OTKliOHeHHe cp83hl OT 
0 

paBHDBeeHOH .llliH Beex KpHBhlX eOCTaBnHeT 5 /. Bee Tpli KpHBhle eoOTBeTeTBYIOT 

paanuqHbiM aHaqeHrrsrM <Ps u &0 , HO T8KHM, KOTOphi~·. OTBeqaroT yeliOBHIO I10eTOsrH-

CTB8 BeJIJiqJIHhi &o cos cps I1pHHHTOH paBHOH 17,30 KBieM, TO eeTb OTBeqaroT 
J 

o.aHofi rr To:lf )Ke pacciruTaHHOfi Bb!we reoMeTprrrr nrrHefiHoro yeKopuTeJ'Isr. Dnsr 

H8I"'JIH.llHOeTH .llHeKpeTHhle 3HaqeHJIH cp83hl ¢n B sneKTpuqeeKOM ueHTpe eOOTBeT-

eTayromero n -ro nepuo.aa npe.acTaaneHbi eoe.auHeHHhiMM B rrnaaHyro Kpuayro. 

B Tex nepuo.aax, rae cj:Jaaa HMeeT MaKeHManbHoe unH MRHHManbHoe aHaqeHusr, 

SHepi"'IIH qacTJIU COBI18.ll8eT C paBHOBec_HOit /eM. 2.46/. Dnsr TOI"'O, qTOOhi SHepreTH-

•qecKHfi paa5poi:: ycKopeHHoro nyqKa 5hrn MRHHManbHbiM, cne.ayeT, oqeau.aHo, TaK 

I10.ll00p8Tb ¢
5 

, qTOObi rrpli npueMneMO! SHeprllll qacTHU ll He CliHWKOM 001lbWOfi 

.anuHe ycKOpHTensr Ha Hefi yKna.abiBanocb uenoe un11: rronyuenoe qucno cj:Jaaoahrx Ko

ne5aHHfi. CpaaHeHRe .aaHHhlX Ta6nRuhl · 1 ff rpacj:JHKOB pHcyHKa ·14 rroaaonsreT c.ae

naTb BhiBo.a,. qTo qucno cpaaoBhrX Kon~6aHufi .aonMHo OhiTb paBHhiM 1,5 , 4>5 ~19°, J • 

~o= 18,30 KBICM u, cne.aoaaTeJibHO, qucno rrep11:o.aoa M = 32, KoHeqHasr SHeprusr 

Wmax =9,4 Mas, I10liH8H .llliHH8 peaoHaTopa n =583 eM. 

xl ~ 
TaKoe 3H8'-I8Hll:e 't"S OTBeqaeT, C O.llHOfi CTOpOHbi 0 He CliUillKOM M8liOH 

o6nacTu cj:Jaaoaofi ycTofiqHBOCTR,:c .apyrpit ~ rrpReMneMofi .anRHe ycKopRTensr Ha 
38.ll8HHYIO SHepi"'HIO rrpu 6o = 18KB/cM, H1 KpOMe TOI"'O, cpaBHli:TenbHO Y.llOBne
TBOpHTe1lbHOH pa.aa'aJibHOfi cpOKYCllpOBKe /eM. § 5/ npll: BbiOp8HHOH KOHCTpyKUHH 
ceTOK /qeThlpexaneMeHTHhlX/. • 
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Ta6.rrnua 1 

napaMeTpb! mmeilnoro ycKopuTe.rrH-nH)l{eKTOpa Ha 9.4 MsB npH &. c.eS¥'s=17,30 KBICM 

U 3Heprllll IIH)l{eKUUH \.y"l) :570 KsB. e. U el2. 51BJI5110TC51 Jli!I1H8MH BXOJli!OI'O H Bbi-

XOJlHOI'O naTpyoKOB. U COCT8B.TI5110T JIO.TIOBHHy COOTBeTCTBYlO!l.lHX upei\cpOBb!X TpyooK. 

n .fin, .5 A} n15 {n(ct•1) /_,n ( CM) c;}h(cM) Wn,s (n::>6) 

0 0,03488 - 2,780 - - o, 570 
I 0,03792 0,00309 5,944 7,601 1,9002 0,675 
2 0,04103 . 0,003Il 6,431 8,251 2,06:3 0,790 
,, 

0,04419 o,oo:n6 6,927 8,905 2,226 O,Sl17 0 

4 0,04738 0,00319 7,;#27 9, 568 2,392 1,055 
5 0,05058 0,00320 7,928 . 10,237 2, 559 1,202 
6 0,05382 0,00324 8,436 10,920 2,730 I, 362 
7 0,05709 0,00327 8,949 II, 59! 2,898 I 532 ' . 
8 0,06038 0,00329 9,465 12,275 3,069 1,881 
9 0,06368 0,00330 9,S!82 12,964 3,241 1,907 
IO 0,06700 0,00332 10,502 13,646 3,412 2,II2 
li 0,07033 0,00333 11,024 14,350 3,587 2,327 
12 0,0736'7 0,00334 II, 548 15,048 3,762 2,556 
13 -~-'-~??Q.f_ -- _ __Q,_00334 12,071 15,746 3,936 - _ _?':.J 794 
I4 0,08036 0,00335 12,596 16,446 4, I [2 8,043 
15 0,08371 0,00335 13,122 17,146 4,286 3,303 
16 0,08707 0,00336 13,648 17,847 l!, 462 3,576 
I7 0,09043 0,00336 14,175 18, 5L!9 4,637 3,858 
IS 0,09379 0,00336 14,702 19,251 . 4,813 4,153 
19 0,09715 0,00336 15,228 19 953 ' . 4,988 4,457 
20 O, I005I 0,00336 15,755 20,655 5,164 4,773 
21 0 10386 

' 
0,00335 16,280 21,358 5,339 5,ror· 

22 0,10721 0,00335 16,805 22,058 5,514 5,436 
23 o, 11056 0,00335 i7,330 22,758 5,689 5,787 
24 O, II39I 0,00335 17,855 23,458 5,864 6,145 
25 o,H725 0,00334 18,379 24,158 6,039 6,514 
26 0,12059 0,00334 18,902 24,854 6,213 6,894 
27 0,12392 0,00333 19,424 25,550 6,387· 7,285 
28 0,12725 0,00333 19,946 26,246 6,561 7,686 
29 0,13058 0,00333 20,468 26,942 6,735 8,100 
30 0 13390 0,00332 20,989 27,638 6,909 8,521 
31 o:r3722 0 00""0 21,509 28,332 7,083 ' vv"- 8,954 

')? ..,,_ 0,14053 0,00331 
I 

II,OI4 29,026 7,256 9,399 
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Puc. 14. J\\a!Ihio qJnaoni,w Kone6anHH n aanHCHMOCTII OT HOMepa nenuoaa n 

Kpitl:lllll I - ann Eo =18,00 Kn/cM, KpHnaH '2 - tlJIIl Eo:IB,!lOI<nlcM 
I! Kpll11.1H .'3 - tl!lll- t

0
=1.8,40 KI:l/CM. 
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Heo6xo.nHMo rro,nqepKHyTh, qTo rrpn:Be,neHHbre a.nech peaynhTaThi ocHoBaHhi 

Ha paCCMOTpeHHli MaJib!X cP830Bb!X KOJie6aHliH H IIOnyqeHbl B rrpe,niiOJIO:>KeHHII, qTO 

qaCT!IUhl BXO,llHT B YCKOpHTeJih CO CTporo OIIpe,neneHHOH p8BHOBeCHOH BHeprHei!: H 

. He coBepwaiOT pa.nn:aJihHhiX Kone6aH!IH, Hanllq!Ie HeJIHHeHHhiX t:PaaoBhiX Kone6aHHH Ha

qaJihHoro BHepreTn:qecKOPO CIIeKTpa, pa,nHaJihHhiX KOJie6aHHH H BCHKOPO po,na HCKa:>KeHHH 

IIp!IBe,neT K TOMy, qTO qacTHUhl H8 Bh!XO,lle H3 JlHHeHHOPO ycKOpHTe.TIH He 6y,nyT y:>Ke 

MOHOBHepreTn:qecKHMH. AHaJIH3y B.TIHHHHH BTHX cPaKTOpOB Ha CIIeKTp qacTHU, BhiXO,llHtUHX 

113 JIIIHeHHOPO YCKOpHT9JIH 1 IIOCBHIUeH rraparpacP 6, 

§ 5. HeKoTopbie aaMeqaHIIH o pa,niiaJihHOM .llBH:>KeHHH qacTHU 

K CO:>K8JleHHIO, ,lleT8JlhHO HCCne,noBaTh pa,nHaJihHOe ,llBH:>KeHHe Ha OCHOBe 

/2.49/ B .ll8HHOH pa6oTe He rrpe,ncTaBJIHeTCH B03MO:>KHhiM, TaK KaK He,ll8BHO Haqa

T b!e !I 3M epeHHH pacrrpe,neJI eHHH IIOTeHUli_8Jl8 B 3830pe M 9:>K.llY .ll peHcPO Bh!MII Tpy6Ka

MH B 38HB!ICHMOCTH OT pa,nn:yca IIOKa erue He 38KQHqeHbl, noBTOMy Mbl BbiHy:>K,ne-

Hbl OrpaHHqHThCH KaqeCTBeHHb!M 8H8JlH30M pa,llH8JlhHOPO ,llBH:>KeHHH, OCHOBh!B8HCh 

Ha MaTepn:anax, rrpnBe.neHHhiX B pa6oTax [3] H [4] • K aK oTMeqaeTcH B pa6o-

Te [3] li K8K CJie.nyeT !I3 § 2 HaCTOHIUeH pa60Thi, pa,nHa.TibHaH yCTQHqliBOCTh ,llJIH 

K8:>K,llOH cP83bl cp 38BHC!IT OT OTHOWeHHH a . B qacTHOCTH 1 B pa6oTe [3] Ha 2. 

OCHOBe 8H8JIH38 9KCIIep!IMeHT8JlhHO CHHTOH KapTIIHhl pacrrpe,neneHHH IIOTeHqHaJia B 
q 

3830pe YK83biBaeTCH, qTo ,llJISI qeTbipexaneMeHTHh!X ceTOK IIpH a = 1 ,625 pa.nn-

0 
aJihH8SI YCTQHqHBOCTh cyrueCTByeT BIIJlOTh .llO cP83 !IpOJieTa q:>~-20 , a IIpH 

~ =3,25-BIIJIOTh ,llO cp~-30° • npn 2a =3,5 CM B HaqaJie YCKOpHT9JIH ~ ::= 1, 

qTQ HBHO He ,naeT XOporueii: pa,nH8JlhHOH yCTQHqHBOCTH ,lliTSI 60JihWHHCTBa cP~;t3. npn: 

2a =2 CM B Haqane & :::::: 1 ,9, rrpn:qeM BTO OTHOWeHHe 6b!CTpO yBenn:qliBaeTCSI 

li y)J<e Ha 7 rrepno.ne 9.. ::::: 3. 3To o'6cToSITeJihCTBO erue pas rro.nqepKHBaeT rrpeHa 
MyrueCTBO M8JihlX .llli8cPp8PM, 

Cne.nyeT oTMeT!ITh, qTo rrpoBe.neHHhie rrpHKH,noqHhre pacqeTbi pa.nn:anhHoro 

,llBH)J<eHHSI H8 OCHOBe pe3yJihT8TOB II3MepeHHH IIOJISI 1 B3SITb!X H3 pa6oTb! [3] 
IIOKa3b!BaiOT, qTo yTBep:>K,neHHSI aBTOpOB BTOfi pa60Tbl HeCKOJlhKO OIITHMHCTliqHhi H 

qTQ B ,nei!:CTBHTeJihHOCTli cPOKyC!IpyiOIUHe CBOHCTBa .naHHh!X ceTOK Xy:>Ke. nocne,n· 

[ 4] 
Hee cornacyeTcSI TaK:>Ke c orrhrToM pa6oThi HH:>KeKTopa 6eBaTpoHa , r.ne rrpo-

Hcxo,nSIT IIOTepH qaCTliU, rrpe,nii01IO:>KHTe.TII:.HO H3.;..3a II.TIOXOH pa,n!Ia.TI·hHOH cPOKYCHpoB-

11.11, rrp!I onli3liT01IhHO i:l 4 paaa. 
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B HaweM cnyqae MO:>KHO O:>KirtlaTb HeCKOJibKO ny'IWYIO panna.TibHYIO ycToJ:iqn-

BOCTb, '!9M 

M9HbWe I 

B HH:>KeKTope 6eeaTpoHa, TaK 

Ps = -19° no cpaBHeHHIO c 

KaK paeHoeecHaR ~aaa y Hac no MonyrriO 

<P5=- 25° nnR HH:>KeKTopa 6eeaTpoHal, 

a Be.TIIIqlfH bl 
9 
a liM9!0T nprrMepHO Te :>Ke 3Ha'l9HHH, 'ITO II B yKa3aHHOM ycKOpiiT9TIC, 

§ 6. 3HepreTn'!ecKnii cneKTP 

PaccMoTpnM cHa'!ana cneKTp qacTnu Ha Bhlxone na ycKoprrTerrsr, o6ycrroerreH

HbiJ:i HennHeJ:iHbiMII 16onbWIIMIII ~aaoBbiMII Kone6aHIIHMn. Hcnorrbaysr onHTb ypaBHe

HHH 12.451 II 12.461, H9Tpy!lHO noJiy'IHTb 3Ha'!9HHH ~a3bl 0 CKOpOCTH II :=meprrm 

qacTHU B npouecce nx ycKopeHHH npn Ka>Knoii Ha'!aJibHOJ:i ~aae. Peay.TihTaTbi npoee-

. neHHbiX pac'IeToB ~a30BbiX Kone6aHHJ:i npn VV0 == INo,s, fio==J3o,s II ./3~ =01 

T.e. npn paBHOB9CHOH Ha'!aJibHOH ::meprHII, npHM9HHT9JibHO I{ nony'IeHHb!M Bb!ll19 

aHa'!eHHHM &o n <P.s npencTaBJieHbi Ha pHc. 15. KaK ennHo, npii Ha'IaJibHbrx 

~aaax, aaHHMa!OWllX npnMepHO noJIOBHHY 

ycToJ:iqneocTn lpaBHoii npn6nHanTeJibHo 

1-0,6 < cj>1 < -0,11 o6JiaCTH ~a30BOH 

.3 ) <PsI = 1 11 xapaKTep ~aaoBbiX Kone-

6aHUH H9CYW9CTB9HHO OTJIU'!aeTCH OT Tex, Ha'!aJibHaH ~aaa KOTOpb!X !lOCTaTO'IHO 

6JIU3Ka K cpS , T.e. OT MaJibiX KOJie6aHl:!H 0 npH OCTa.TihHbiX Ha'IaJibHb!X ~a3aX 

npoiicxonHT y:>Ke_ cMemeHHe MaKCHMyMoB c 32-ro nepHoria Ha 6onhwHe. K aK aTo 

OTpa:>KaeTCSl Ha 3Heprl:!ll 'IaCTl:!U noKa3aHO Ha pnc. 16 lcpe!lHHH Kpl:!BaHI, rne B 

3aBHCl:!MOCTl:! OT Ha'IaJibHb!X ~a3 naeTCH ~9Jll:!'Il:!Ha .. 
Aw _ w32 - WJ2,s _ 1v~2 

L.l 32- - -- I 
w32.s W32.s 

npencTaBJIH!OlUaH OTHOCHT9JibH09 OTKJIOH9Hl:!9 3HeprHH 'IaCTHU Ha 32-M nepl:!O!l9 OT 

cooTBeTcTBYIOWeii paBHoeecHoJ:i 3Heprnn. Ha rpa~nKa BH!lHO, 'ITO nnsr '!aCTHu c 

Ha'IaJihHhlMn ~aaaMn BHe o6nacTH -0,6 < cp
1 

< - 0,1 H9Jil:!HeJ:iHOCTb KOJie6aHHH 

npHBO!lHT K cpaBHHT9JlbHO pe3KOMy OTKJIOH9Hl:!!O 3HeprHH. 3HepreTH'!eCKHH :>Ke 

paa6poc B npeneJiaX yKa3aHHb!X qJa3, TO eCTb LlJIH nOJIOBHHbl 'IaCTHU, COCTaBJIH9T 

B9JII:!'IHHYt H9CKOJibKO M9Hbll1Y!O ±. 0,1%. 

KaK n cnenoeano o>KnnaTb, xapaKTep aaBHCHMOCTH .6 W32 (<j>,) , OTpa:>KaiO-

ll19H cneKTp YCKOpeHHb!X '!aCTHU 2 CYlU9CTB9HHO 3aBHCHT OT npaBl:!JlbHOPO non6opa 

H TO'IHOCTI:! nonnep:X<aHHH 6 0 U , COOTB9TCTB9HHO , cpS • 3TO BH!lHO l:!3 pl:!C. 17, 

rne Hapsrny c .6 w32 ( <P, J npH cJ>s =-19° H ~o =- 18,30 KBicM. npHeeneHbi 

ll W32 ( cp,) npu H9CKOJibKO OTJIH'!Hb!X 4>s H ~ 0 • 3TH rpa~l:!Kl:! noKa3biBaiOT 

........... 
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~ 

-5 

-0.7 

P11c, 16. 3aBIICIIMOCTb AW32 (<P1 ) LWH MOH09HepreTII'!ecKHX ny'IKOB Ha axone 
B nHHellHbiit ycKopHT~nb, CpeaHSISI KpiiBaSI - np11 A W0 =0, T,e. anSI 

paBHOBeCHOH H8'18UbHOll 9~I"HH, neBaSI KpHBaSI - npH A W
0 

.o+0,2%, 
rrpaBaSI KpHBaSI - npH .oW0 =-0,2%, 

A w. 10 3 
32 
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·JO 

P.11c, 17. 3asHcHMocTh xapaKTepa ,;--W32 (cp,)oT E. rrp11 ;;woo . Kp11sa" 2 -
rrp11 £, =18,30 KBicM; Kpi!BB<I 1 - rrp11 yMeHhl.ll9HIIII C

0 
HB 1%, a 

Kpi!BB<I 3 - rrp11 yserrHqeHIIII, £ 0 Ha 1%. 
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BO-rrepBbiX, l:JTO B9JIHl:JHHY ~0 He06XO.[lllMO IIO.[l.[l9p)f(HB8Tb C .[lOCTaTOl:JHOH TOl:JHOCTblO 

a BO-BTOpbiX, l:JTO H3M9H9HH9 

Han6onee Y3Koro crreKTpa. 

~ o - xopownfi 9KcrrepnMeHTaJibHbiH crroco6 rro.u6opa 

Yl:JT9M Terrepb BKJI8Ll B CIIBKTp ycKopeHHhlX l:J8CTHU H8l:J8llbHOI"'O 9HepreTHl:JBCKO· 

ro pa35poca. PaccqnTaHHhle ¢a30Bhle Kone6aHHH qacTHU rrpn Hal:JaJibHoA aHepruH, 

HeC~OllbKO OTJIHl:JHOA OT paBHOBeCHOH· 

l:JTO xapaKTep 38BHCHMOCTH A ~2 OT 

L:J. Wo-=- + 2% n AVI0~±_0,5% rroKa3aJIH, 

4> 1 rrp1:1 pa3JIHl:JHbiX ~ W0 rrpHMepHo O!li:IH 

H TOT )!{ e, HO TOllbKO COOTBeTCTByiOLUHe rpa¢HKH rrepeM er.ua IOTCH B.[lOllb OCH A W
32

• 

3Tu rpa¢HKH rrpuBe.ueHbi Ha p1:1c. 16 • .LlnH HHTepecyiOr.ueil: Hac o5nacTu ¢a3 

1-0,6 < <P, < 0,1 I yK838HHb!H C.[lBI:II"' BLlOllb OCH A W 32 COCT8BJISIBT rrpHMBpHO 

IIHTyro l:J8CTb OT H8l:J8llbHOH OTHOCHTBllbHOI"'O 9JieKTpHqecKOI"'O pa35poca. 0TCIO.[l8 

cne.uyeT, "'TO rrpn O}!<H.uaeMOM pa35poce A IN = .:!: 0,2% rrorrpaBKa K crreKTpy 

qacT!IU Ha B.!:-,xo.ue H3 ycKopHTe'1H 5y.ueT He6onbwoil: I - 0,04%1. TaKHM o5pa3oM, 

IIpH H8 1WllbHOM aHepreTHl:JBCKOM pa35poce l:J8CTI:IU - ..:!:0,2% H IIpH rrpaBI:IllbHOM to 
rronoBHHa ycKopeHHbiX qacTHU 6y.u.eT HMeTb 9HeprHH B rrpe.ueJrax ~ ±_0,1 %. CooT-

BeTcTBYIOI.Uee 9TOMy Cllyl:Ja!O pacrrpeir.eneHHe HHTeHCI:IBHOCTH ycKopeHHbiX l:J8CTHU 

B 3aBHCHMOCTH OT HX 9HeprHH IIOK838HO Ha pi:IC. 18a, K aK Mb! Bll.UHM 1 CIIeKTp 

HMeeT pe3KO Bb!p8)KeHHb!H M8KCHMyM ll lllllpHHa "BCIIJieCKa", CO.[l8p)f(8JHA~O 50% 

qacTHU, .[l8HCTBUTeJibH0 1 COCT8BJISieT _:t0,1%.Ha pHc.186 H 18B IIOK838Hbl CII9KTpb! qac

TIIU npU ~o> H9CKOJibKO OTJII!l:JHbiX OT OIITHM8JibHOI"'O 3Hal:JeHHH. K 8K Bll.UHO, npl:l yBenn-

l:J9HHH ~ 0 ITO cpaBHeHHIO C OIITHM8llbHhlM 3Hal:JeHI:I9M CIIBKTp CTaHOBHTCH"LlBYI"'Op• 

6biM H ylllHpHeTcst, a rrpn yMeHbllleHHH ·~' 0 CIIBKTp He p83.[lB8HBaeTCH, HO ylllH-

pSieTCH el!le 6onee pe3KO H MaKCHMyM CllllbHO yMeHblllae'l;cH. 

0TMeTHM, l:JTO 3aTyXaHHe OTHOCHTBllbHOI"'O 9HepreTHl:JeCKOI"'O pa36poca qacTHU, 

COBepwa!OLUHX JIHHBHHbie ¢a30Bbie KOJie6aHHH, MO)f(HO IIOJiyl:JHTb 8H8JIHTHl:JeCKH, IIpH

qeM aTH pe3ynbTaTbi xopowo cornacyroTcst c rronyqeHHbiM BbiWe ·qHCJieHHb!M pe-

t> W.32 - 1 
3YJibT8TOM: --~-- - 5 

[ 1 2] D. w Q 

• Lln.SI aToro cne.uyeT rrepe!ITH K .uHcpcpepeHunanbHOti 

¢opMe ' ypaBHeHHH ¢a30Bb!X KOJie6aHHH. npe.urronara.SI' 

I eM. ypaBHeHue 4,3al H BBO.[l.SI HB38BHCHMYIO rrepeMeHHy!O 

qTo D.ftn,s =canst 

N::: f3n~ 
A.f3n,S 

M O)f(HO 38IIHC8Tb ypaBHeHHB M8Jib!X ¢a30Bb!X KOJie6amrfi B BH.[le, pO.UCTBBHHOM 

ypaBHBHHIO Eeccen.SI: 

Nfl d tV2 + (2 -] J ~ J - 2 fh tq cps · P = 0 . 16.1 I 

_. 
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P11c. 18. CneKTp npoToHOB Ha Bbtxoae 113 ycKOpHTenH npu paBHOMepHoM Ha'laJibHOM 

3H9pt'9TII'19CKOM pa36poce B npeaenax _!0,2% OKOJ!O paBHOB9C!!Ol! 9H9pr'llll: 

a/-npu Eo =18,30 KBicM tPs =-19°; 6/-npn c. , yBeJIH'IeHHOM 

Ha 1%; Bl-npH 6., yMeHbW9HHOM Ha 1%. 06nac1-u, pacnono>r<eHHoi! 

M9)!{!1)' B9pTHKaJibllb!MII ilYHKTIIpllb!MH npHMb!MH Ha 3TIIX rpaqJHKax,. COOT

.B9TCTByeT 80% SaXBa'I9HHblX '!aCTH!!. 

- 3 A W32·1D 
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PeweaHeM aToro ypaaaeHHSI 6y.oeT 

. -j+' ' 
P= t1 2 Z_14-'J(2V27i/tq4Jsl fi) /6.2/ 

rae l.t +J = c~ ':J_i •:J + c2 Y-1 ~'J , c, u c2 - KOHCTaHTbi, Bocnonb-

30BaBWHCb /2.44/ H /2,46/ 1 H9Tpy,oHO nonyaHTb B HepeJISITHBHCTCKOM npH6JIH:>KeHHII 

CJI9.0YIOlll99 COOTHOW9HHe 

A W32 

6. Wo 
:; w;2 / w~ 

Wo j -W,2 

Vf a /6.2 I nony'laeM 

~ ,t .-1} 2'li I !g <Psi' iV' -¥'z_
2

,
7 

( 2112'1/lg q;, ( ll) . 
npH N>> 1 16.4 I npHHHMaeT BH.O 

r.oe 

d4J 
dlv' 

J. !i 
( 2CJ /lq cps/)# -4 

ff 
+-l 
-

2 
( C 1 cos a + C 2 s i.n B) 

.I _r;t J '1 
9= 2V2<Jjtqcpsf VN +4'1- 2'J 

/6,3/ 

/6,4 I 

/6.5/ 

8 ,paCCMaTpHBaeMOM CJiyqae 

B peaynbTaTe nony'l:aeM 

/( 110'1. = 13 H 9 Hall. = 4CJi , a NKOII. =46 u 8Ko11.=J!f. 

A W32 
~-

A Wo 

s 
..,.,. ,. 

=(il)- 4 +ql = _j_ 
13 4,3 16.61 

OcTaHOBHMCSI Tenepb Ha aonpoce o BJIHSIHHH pa.ouanbHhlX Kone6aHHA Ha 

¢aao~oe .OBH:>KeHne H,cne.ooaaTenbHO, aa cneKTp ycxopeHHhlX 'laCTHU. ileno a ToM, 

'ITO,~OCKOJibKY ¢aKTOp 9 
aaBHCHT OT pa.oHyca /eM. § 2/, npupocT aHepriiH 

'laCTHUhi a Ka:>K.ooM .oaHHOM aaaope aaancHT OT Toro, aa KaKoM pa.ouyce npoxo

.OHTCSI STOT aaaop. ilo CHX nbp STO 06CTOSITeJibCTBO He npHHIIMaJIOCb BO BHIIMa

HHa H C'IHTanocb, 'ITO 'laCTHUhl .OBH:>KyTcg no ocH I 2'"' o I. OueHHM rpy6o K qe-

My MO:>KeT npHB9CTH SaBHCHMOCTb !!/ ('Z) npH HSJIH'IHH pa.oHaJibHhiX Kone6aHHii. 
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npH5mf>KBHHO pa.llHaJlbH8Sl aaBHCHMOCTb 9 JlJlSI CJiyqaSJ H.llBaJlbHOI CBTKH 

cornacao /2.35/ Mo>KeT 5biTb npe.llcTanneaa B BH.lle: 

/6,7 I 

n pe.llnOJIO>KHM 1 qTO qacTHU81 npOA.llSJ HBKOTOpbii aaaop npH " f: a 
CTOJlbKO >Ke 9HeprHH1 qTo H paBHOBBCHaSI ·qacTHUa, npOlllB.lllllaSI 9TOT 3830p no OCR, 

nerKO noKa38Tb 1 qTO B CHJIY /6~/ OTJIHqHe ¢aahl T8KOA qacTHUhl OT paBHOBBCHOA 

BbipaSHTCSI CJlB.llYlOWBA npOCTOA ¢opMynoli, 

m :::: ctq ¢s ( .'flz)2 
A "t'S 2 . f. . /6,8,/ 

EcnH BO BCBX sasopax JlJ1Sl HBKOTOpOA paayMHOA o5nacTH 

A cp5 ~ l + 2° (A cP5 « <Ps ) ; . 

. . . 
qecKHil: pas5poc Ha BbiXO.llB RS JlHHBHHOro ycKOpHTBJlH, nocKOJlbKY B /6,8/ ~ 4>s 
o5paTHO nponopuHOH8JlbHO L 

2 
t T.O OCHOBHOe BJ1HSIHHe Ha ¢asonoe .llBH>KBHIIB 

pa.llHaJlbHhl9 KOJie5aHHH MOr~T OK83hlBaTb B ~a~ane ytKOpHTBJlH, C 9TOA ToqKII 

3pBHHSI UBJ1BC005pa3HO nyqoK qacTHU 1:13 ¢opHH>KBKTOp~ ¢oKyCIIpOBaTb Ha nepByiO 

z I eM. /6,8/ 5hlna B Haqane ycKopHT~-

JISI Manoft, BnpoqeM CJlB.llYBT oroBOpHTbCSI 1 qTo HMBH BBH.llY cna5oCTb pa.llHaJlbHOA 

¢oKyCHpOBKH, no-BH.llHMOMy, noTpe5yeTCSI ¢oKyCHpOBaTb nyqoK HBCKOJlbKO .llaJlblllB, 

.LlnSI yMeHblllBHHSI BJIHHHHSI pa.llHaJibHbiX Kone5aa~:~i! aa cneKTp qacTHU, MO>KeT 5biTb 1 

nOH8.ll05HTCSI HBCKOJlbKO yMBHblllHTb ~o , .ll05HBaSICb SKcnepHMBHTaJlbHO TaKoro 

nonome~HSI, qTo5hl pacqeTahle napaMeTphl HMBJIH qacTHUhl c pa.llHaJibHhlMH Kone5a-

x/ 
HHSIMH OTHOCHTBJlbH8H .llOJlSI KOTOpbiX B nyqKe HaH50Jlblll8Sl • 

npoBB.llBHHbiB OUBHKH nOK83aJIH 1 :To MO>KHO o5ecneqHTb yCJIOBHH 1 npu KOTOpblX 

cneKTp ycKopeHHbiX qacTHU paCllll:lpHTCSI 3.8 cqeT pa.llHaJlbHbiX KOJie5aHHH 1 a TaK>K.e 

pa3JIHqHbiX HBTOqHOCTBA /eM ,HH>Ke l·HB 6onee, qeM B .llB8 pas a. 

x/ n 5 pH aToM, no-BH.llHMoMy, noTpe yeTcSI 

HO H C03.llaHIIB HBKOTOpOH HeOJlHOpO.llHOCTH ~ 0 
K8K BH.llHO 1:13 ¢opMyJlbl /6,8/1 BBJIHqHH8 A cpS 
CYWBCTBBHHO/ a 

He TOJlbKO yMBHbllleHHe to 
B.llOJlb ycKopHTenH, nocKOJibKy, 

saBHCHT oT Ln I 1:1 .llDBOJlbHO 
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§ 7 • 0 TOtiHOCTHX li B03MO :>KHb!X liCKa:>KeHliHX 

a/ OueHKa ToqHOCTII, o6ecneqiiBaeMofi Bhl6paHHofi cxeMofi pacqeTa. 

llnH OUeHKli TOqHOCTB, KOTOpyiD 06ecneqliB8eT Bhl6paHH851 B § 4 CXeMa pacqeTa 

reOMeTpHll yCKOpHTS.TIH, 6hl.TI p8CCMOTpeH HeKOTOphlfi rlinOTSTIIqecKIIfi yCKOpliTe.Tib, 

B KOTopoM none B 3a3opax npenrronaranocb onHoponHhlM /TaK.H83hlBaeMaH "npHMo-

~ yronbHaH" BO.TIHal. B STOM cnyqae BeniiqliHa 

3opa K rrepiiony HSli3MeHHa, II npli f "' f 
0CT8.TibHbie napaMeTpbl B STOM pacqeTe 6pa.TiliCb 

npli nOCTOHHHOM OTHOWeHlili aa-

, cornacHo /2.27/1 
.fj =0,900. 

T8KliMli )Ke, K8K H B § 4. l{epe3 

paccqliTaHHyiD CliCTeMy npefi¢0BhlX Tpy60K T8KOrti riinOTeTHqecKOPO yCKOpliTeng 

rrpoBODli.TI8Cb qaCTliUa, npliqeM B Ka)KDOM 3a30pe DBIUI<9Hlie qaCTHUbl paccqHTb!BA-

nocb qHcneHHO no necHTli ToqKaM. Pe3y.TibT8Thl sTo~o pacqeTa npiiBeneHhl Ha rpa

¢IIKax /pliC. 19/, rne noKa3aHo li3MeH9Hlie OTK.TIOHeHHSl ¢a3bl S.TieKTpiiqeCKOPO nang 

OT pacqeTHOfi paBHOBeCHOfi ¢a3bl <Ps B MOMeHT npo.TI9T8 qaCTliU9H cepenHHbl 3a-

30pa B 3anuciiMOCTII oT HoMepa nepn:ona. HaqanbHbre ycnoBIIH sTIIX qacTIIU non6II

p~nucb 6nH3KliMli K HaqanhHhlM ycnoBIIHM paBHoBecHofi qacTHUhl. M3 sTux npa¢u-

KOB BunHo, qTo Bbr6paHHaH cxeMa pacqeTa naeT owii6Kv B orrpeneneHIIli 4>s 
0 5 0 " ,. 

BCero B , , a HeperynHpHOCTb DBli)K9Hli5l paBHOBeCHbiX qaCTliU COCTaB.TIHeT 

0 
Be.TIIIYlfHY He 6orree ~0,2 • .TaKaH TOqHOCTb C 3anacOM YDOB.TieTBOpSieT Tpe6oBaHliHM, 

AtPn 
~ -

0.03 

0.02 

D,Dt 

0 n 
- 0.01 

PIIc. 19. 0TK.TIOHSHIIe ¢a3bi qacTIIUbi 4 <Pn oT paccqeTHOfi paBHOBecHoii 

¢a3bi ¢
5 

B runOTSTIIqecKOM YCKOpliTene. 
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DpB!lbHBDHBMb!M K DHHBHHOMy YCKOpUT9Dl07HH)K8KTOpy • Qq~BH!lHO, OlllHOKHo naaaeM b!O 

CXBMOH .PBC'leTa, II B CDy'lae, paccMOTpBHHOM B § 4, 6ynyT TOro )!{8 ITOpHnKa, H, 

CDB!lOBBTBDhHO, MO)!{HO C'lHTBTh, 'ITO Bbi6paHHa51 CXBMa pacqeTa BITODHB y !lOBDBTBO

pi!TBDhHBo 

61 .[lorryCKU Ha rrapaMeTpb! YCKOpHTB.TIH H CHCT8Mbl npeilcj:JOBb!X Tpy6oK.• 

.LlorrycKn Mo;x:Io oueaHTh, nucj:JcpepeaurrpyH 14.3al no seeM rrapaMeTpaM. 

I nnH I:J aocrronbayeMcH 12.35 I I u rronara~ d AJ3n s"' 0 • CBH3h Me)!{ny OT-, 
KDOHBHHBM CHHXpOHHOH cj:Jaahl H OTK.TIOHBHHHMH rrapaMeTpOB 6yneT rrpH 8TOM HM8Th 

rh rh A to 
ig '*'s4<¥s == -

~o 

b.f 
T- ~(1 _'!)+ f>.L[:t-~ +~( CJia}: i(CJ/c}2j+~~(CJ/a)~ 

q 4 L. . 4 ,2 L 2 L 2 a l 
. . . 17.11 

llf 
Be.TIH'IHHB j , O'l8BH!lH0 0 He MBHHBTCH B!lODh llDHHbl ycKOpHTB.TIH, a MO)l(BT' aasu-

4 t, 0 
CBTh TODhKO OT Bp8M8Hllo -- MO)!{BT ll3M8HllThCH KaK BllODh !lDUHbl YCKOpllT8DH

1 ~0 
TaK ll BO Bp8M8Hllo 0CTBDhHb!8 BBDll'lllHbl MBHHIOTCH TODhKO BLlODb !l.TlllHbl yCKOpll-

PaccMoTprrM BHa'lane norrycKrr aa aaaucrrMocTb OTKDOHBH!lll BCBX rrapaMBTpOB 
-J 4 ~o.n 

~ 
OT HOMepa rrepnona. npn yCDOBIIH, 'ITO ::::!:2·10 

4 a -J 
-

0
-:::: 5·10 

-3 I 

ITODY'IHM, 'ITO B HB'la.Tie ycKoprrTBDH ~ cpSmax::::: 9·10 ::::: JO , a B KOHUe 

Acpsmax=7,5·/0-.3~25' • OnpenenmorunMn norrycKaMn B paccMoT'peHHOM cnyqae 

e:.~o 4q t.a 
HBJIHIOTCH !lOITYCKH Ha ~ H q 0 f\ Ha rrepBbiX rrepnonax II !lOITyCK Ha Q 
TaKIIM o6paaoM, rrpn yKaaaaawx norrycKax aeperynHpHOCTh ~s 6yneT rropHnKa 

PaccMoTpHM Terrepb norrycKH na aaBHCllMOCTh rrapaMeTpoa oT apeMBHll. 

4 f:,o -3 
Tpe6yH, 'lTOObl --:::: ± 2·/0 t a OTKDOHBHHB 'lBCTOTbl B COOTBBTCTBHH C no6-

pOTHOCTbiO pe30HBTO;: ;f::: 2·10-S , ITODY'IHM,, 'ITO e:,cpSf::: 6·10-.3::::20: 

Ol.iearrnHo, MO)!{HO C'lHTaTh, 'ITO rrprr BbiiTOnHenurr yKaaanHbiX norrycKoB aoaMO)!{HA 

HaCTpOHKa DHHBHHOPO YCKOpHTBDH B pe)!{HM, xopo~o cornacyiOIUHHCH C paC'IBTHbiM. 
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§ 8o 3qxpeKTIIBHOCTb YCKOpUTeJlSl 

OueHHM acpcpeKTHBHOCTb ycKopiiTenH. K oacpcpuuneHT n:cnonbaoBaHHSI TOKa, Bhixo

.nmnero H3 cpopHiJ)KeKTOpa 0003H8t{HM qepea K.· npe.ncTaBHM 3TOT K09cfJcpHUHeHT B 

BII!le ~pOH3Be.neHHSl TpeX BeJlHt{HH 

K=K 1K2 K3 _, 171 

r.ne K1 
K09cpcpHUHeHT1 CBSl38HHh!X C TeM, '{TO B pe)KHM ycKopeHHSl JlHHeHHOI'O 

yCKOpHTeJlSI 38XB8TbiB8lOTCSI He BCe qaCTHUhl 1 a JlHWb Te, KOTOpble nona.naiOT 

B o6nacTb cpaa wnpnHoil - 3J¢sl""t ; K2 - KoacpcpHuneHT npoapa'IHOCTH ceToK; 

K3 - KoacpcpnuneHT, aaBIICSIIllHH oT noTepb aa cqeT He.nocTaTo'IHOCTH pa.niianbHOil: 

cpoKyCHpOBKH II llPYI'llX npH'IHH. 

B HaweM cnyqae 
j 

6eeaTpara K ~ ~ 5 ' 
Kt"'.! 6 

K2 - ~ [4] 

/6ea 6aH'Iepa/, 
I K 2 ·- 2 I B HH)KeKTope 

I. BenuqRHa K3 .non)l{Ha OhiTb nonyqeHa H3 

aKcnepiiMeHTa. Ecnii yqecTb, q To oHa 6y.neT1 no-BII!lMMOMy, HecKonbKO 6onbwe 

/eM. § 51, '!eM B IIH)K8KTOpe OeBaTpOHa ( f) 1 TO Mhl nony'IHM 1 '{TO Oe3 OaH'qe-

pa KoacpcpiiuReHT K nony'IHTCSI He ,Xy)Ke qeM 1 /40, K8K H B yKa38HHOM ycKOpH-

Ten e. 

B aaKnroqeHne aBTOphi Bhlpa*aiOT 6naro.napHOCTb aa o6cy>I<.neHne BonpocoB, 

aaTpOHYThiX B .naHHoli pa6oTet aKa.neMHKY B.YI.BeKcnepy II npocpeccopy B.~.neTy-

xoey. 
~'::< 

ABT9Phl 6naro.napHT KonneKTIIB pacqeTHoro 6rop~ npo.nenaBwero 

cqeTHYlO H ocpopMHTenbHYlO pa6oTy. 

OOJlbWYlO 

PyKonncb nocTynHna B na.naTenbcKnA oT.nen 
9 anpenH 1960 rona. 
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