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H3B8CTH01 'iTO B nH.H8A.HbiX YCKOpHTerurx HOHOB
1 

Hcnonb3YIOU!HX npH.HUHn 

8BTOcjlaaHpOBKH1 HeB03MO)I(HO nony'iHTb OllHOBpeMeHHO cjla30BYIO H P8llHBnbHYIO 

YCTOA'iHBOCTb 6e3 npHM8H8HH.R cneuuan&Hb!X cjloKycupyiOillHX YCTpOACTB
1 

KOTOpbie 

Yll8p)I(HB810T YCKOp.R8Mbie 'i8CTHUbl B6nH3H OCH nHH8AHoro YCKOpHTena. 3To 

nono)l(eHHe aBnaeTca cnenCTBHeM cjlyHllBMeHTan&HoA TeopeM&I HpHmoy/1/, KO

Topaa YTBep)l(llaeT, 'iTo B none, nna KOToporo BhlnonHeHo ycnosue divE = 0 

3apallbl He MoryT COXpaHaTb YCTOA'iHBOCTH OllHOBpeMeHHO KBK B nponon&HOM
1 

TaK u e nonepe'iHOM HanpasneHuax. 

B nHHeAHb!X YCKOpHTenax HOHOB B KS'ieCTBe cneuuan&Hb!X ljloxycupy!OU!HX 

YCTpoACTB HCfiOnb3YIOTCa C8TKH1 coneHOHllb11 KB8llpynon&Hble sneKTpOCTaTH'ie-

cxue H MarHHTH&le nHH3bl c nonepe'iHbiM noneM. 

B 1952 rony M.n. fynoM/2/ u HeaaeucuMo a 1953 rony a.s. ~aAH6ep
roMIS,4/ llna YCKOpeHH.R 38p.R)I(eHHbiX 'i8CTHU B nHHeAHblX YCKOpHTenRX 6&In 

npenno)l(eH npHHuun nepeMeaHo-ljlaaoeoA .PoKycupoBKH, RBnRIOillHAcR nan&HeA

WHM p83BHTHeM 06Uiero npHHUHna 3HBKOnepeMeHHOA ljloKyCHpOBKHo 

CornacHo npuauuny nepeMeHao-ljlaaosoA .PoKycupoBKH
1 

nna nony'ieHua 

YCTOA'iHBoro llBH)I(eHHR KBK B OCeBOM1 TaK H B nonepe'IHOM HanpaBneHH.RX 

6ea npHMeHeHHR nonon.HHTen&HhiX ljloxycHpy!OillHX cpencTe aeo6xonHMo nepHo

llH'iecxH, no llnHHe nHHeAaoro YCKOpHTenR1 M8HaTb CHHXpOHHYIO ljlaay TBK
1 

'iTOtlbi YCKOpaeMaR 'i8CTHU8 nonepeMeHHO HBXOllHnacb B o6naCTH ljlaaoeoA ljln

KYCHpOBKH H P8llHanbHOA neljloKyCHpOBKH (pacTyUiaa BO BpeMeHH 'iBCTb CHHy

COHllbl YCKOpa!Oillero Bb!COKO'i8CTOTHOrO nona) H
1 

Hao6opOT
1 

B o6naCTH ljla-

30BOA neljloKyCHpOBKH H PBllHBnbHOA ljloKyCHpOBKH (nBllBIOU!B.R BO BpeMeHH 

'i8CTb CHHyCOHllbl YCKOpaiOillero nona) o flpH BbinOnH8HHH onpeaeneHHbiX yc

nOBHA B STOM cny'iae MO)I(ST 6biTb llOCTHrHyTa OllHOBpeMeHHO KBK PBllH8nb

HBR1 TBK H ljlaaoBaa YCTOA'iHBOCTbo 
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PaccMaTpHB8H B KaqeCTBS $yHKUHH 0 MO)lynHpyiDwefi CHHXpOHHYID ~aay 

</> • -CHHYCOH)l8nbHYID ~yHKUHID C nepeMSHHbiM nepHO)lOM 0 38BHCSI.lliHM OT 

CKOpOCTH qaCTHUblo {3 • 0 aBTOp pa6DTb/
3

o
4

/ yCT8HOBHn0 qTo paaMepbl no 

$a38M o6nacTH O)lHOBpSMSHHOfi ycTofiqHBOCTH npH ABHHOM cnoco6e ocyweCTB

neHHH nepeMSHH0-$830BOfi $oKyCHpOBKH Manbi0 a 3TO 38TpyAHHST npaKTHqec

KOS ocyweCTBneHHS npHHUHna nepeMeHH0-$830BOfi $DKYCHpOBKH B nY HOHOBo 

nocKOnbKY M8TSM8THqeCKH BOnpOC 0 panHanbHOfi H $aaOBOfi ycTofiqHBOC

TH B cnyqae nepeMeHH0-$830BOfi $oKyCHpOBKH CBOAHTCH K cymeCTBOB8HHID o6-

naCTH ycTofiqHBbiX peweHHfi ABYX AH~epeHUHSnbHbiX ypaBHSHHil: C nepHOAHqe-

CKHMH K03$$HUHSHT8MH 

·;p + f ( t ) </> - 0 

j.'_..!. f(t)r .. 0, 
2 

(I) 

( 2) 

rne f ( t ) 
- B o6weM cnyqae npOH3BOnba8H nepHOAHqecKaH ~yHKUHH 0 TO 

MO~HO paCCMOTpSTb B KaqeCTBe ee 
- cTyneaqaTyiD $yHKUHID. 3Ta sa-

naqa paccMaTpnsanacb a pa6oTe A.D. Bnacosa/51. B KaqecTBe $yHKUHH, 

MOAynupyiDWSil: CHHXpOHHYID $aay no nepHD)l8M yCKOpSHHH0 8BTOpOM STOll: pa-

60Tbl 6bin8 paCCMOTpeHa npOCTefiWaH CTyneaqaTaH $yHKUHH BRAS </> 0 = .t </> 1 

npu aToM oH He pewaeT aanaqy o wupnae o6nacTH $aaosoro aaxsaTa npH 

A8HHOM cnoco6e MOAynHUHH CHHXpOHHOil: $a3bl0 a CT8BHT BOnpoC 0 BnHHHHH 

$830Bb!X Kone6aHHil: H8 p8AH8nbHYID yCTOfiqHBOCTb yCKOpHeMOfi qaCTHUblo 

HcxonH H3 o6mux npHHUHnos paccMOTpeHHH aHaKonepeMeHaoil: $oKycH

pOBKH B nHHSfiHbiX ycKOpHTenHX HOHOB0 8BTOp npHXOAHT K Bb!BOAYo qTO y~e 

MSnbiS $a30Bbi8 KOne6aHHH YCKOpHeMb!X qaCTHU 0 OTKnOHHIDWHe paJlH8nbHbie 

$OKYCHpyiD.WHS H ne$oKyCHpyiDWHS CHnbi OT COOTBSTCTBYIDWHX CHn AnH CHHX

pOHHOfi qaCTHUbi
0 

npHBOAHT K p8AH8nbHOil: HeycToil:qHBOCTH ycKOpHeMoil: qac

THUhlo CHHXpOHH8H qaCTHU8 0 H8 KOTOpyiD0 BCnSACTBHS OTCyTCTBHH $a30Bb!X KO

ne6aHHil:0 )lefiCTByiDT paBHbiS $oKyCHpyiDwHe H AS$OKYCHpyiDWHe CHnbi0 HBnHeT

CH p8)lH8nbHO-yCTOil:qH80il:0 XOTH H3MSHSHHS $a3bl nonepeqHblX KOne6aHHil: H8 

nepHO)le paAH8nbHOfi $oKyCHpOBKH0 KaK nOK83b!B8eT npOCTOil: pacq~T 0 nony-

qaeTcH a aToM cnyqae Man hiM ( nopnnKa too npH f3. = 0,035 
• 

). 

4 

l:fHcneHHbiil: pacql!T $aaOBOI"O ABH>K9HHSI riOK83b 

cnoco6e MOAYnHUHH CHHXPOHHOII $83bl yron 38XB8T8 

10-150 ( npH </> • "'::!:.35°). 

TaKHM o6p830M, Cf!OC06 MOAyn!IUHH CHHXpOHHOI 

pa6oTax13,4/ H pa6oTe/5/, ae noasonueT nccTaToqJ 

H8 npaKTHKe npHHUHn nepeMeHH0-$830BOil: $oKyCHp0 

nHX HOHOBo 

B 1966 r. B.B. KywHH/6/ npenno>KHn B ycKOJ 

neHqaTOil: MOAynHUHell CHHXpOHHOll $a3bl MSHHTb He 

niDTHYID aenHqHHY p8BHOBeCHOil: $a3bl0 Toe• B 38KOH 

HHH paBHOBSCHOil: $a3bl BBOAHTb noCTOSIHHYID COCT81 

aaeT
0 

qTO B aTOM cnyqae cyweCTBeHHO ysenHqHB8E 

$aaoBbiX Kone6aHHfi. 

B ASHHOII pa6oTe T8K>K8 paCCMOTpeHO BHAOH3 

qaTofi MOAynHUHH CHHXpOHHOil: $a3bl npH nepeMeHHO 

poe 38KniDqaeTCH B TOMo qTO B ycKOpHIDWYID CTpyi 

HeHHeM CHHXpOHHOfi <jla3bl (</> -</> ) /5/ nonapHO 
• + I 

'HyneBbJe nepHOJlbl ycKopeHHSI' 0 B KOTOpb!X CHHXpO 

BSHHO </> = + ~ 17 
I. . -;.:; 

rpy6o I"OB0pH0 B paCCM8TpHB88MOil: ycKOpHIDU 

B KoTopbtX A. f. I ~ I , BblfiOnHHIDT $yHKUHID ycKt 
'~"• 2 

Hb!S nepHO)lblo B KOTOpb!X </> 8 = :!; if- 0 BblfiOnHHID' 

ycKOp!leMb!X qaCTHU He06XOAHMOil: paAH8nbHOil: H lj: 

TaKoe paaneneHHe $yHKUHfi nepHOAOB ycKopE 

pHTb $830Bb!il: yron 38XB8T8 AO 60° 0 a B HeKOTOp 

nee; 6) cosnaTb Heo6xoAHMYID panuanbHYID ycToil: 

HbiX B npouecc ycKopeHHH qacTHUo 

~830B8H H panuanbHBSI yCTOil:qHBO 

C HyneBbiMH nepHOA8MH yCKOp• 

Ha puc. 2 cxeMaTnqecKH noKasaH oAHH H3 

CTpyKTypbl C nyneBh!MII nepHonaMII ycKopeHII51o 
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PaccMaTpHBSH B K8'19CTBe ~YHKUHH, MoaynHpyiDmeA CHHXpOHHyiD ~aay 

cf> -CHHYCOH}:18nhHYID ~YHKU.IIID C nepeM9HHhiM nepHOllOM, 38B.IICH.W.IIM OT 

o;OCT.II '18CTHUbl, f3 • t 8BTOp pa60Tb/3 o4 / YCT8HOB.IIn
0 

'ITO p83Mepbi no 

aaM o6naCT.II OllHOBpeMeHHOA YCTOA'IHBOCTH ITpH l18HHOM cnoco6e ocymeCTB

HHH nepeM9HH0~830BOA cpoKyCHpOBKH M8nhl0 a 3TO 38TpyaHHeT npaKTH'IeC

e ocyweCTBneHHe npHHUHna nepeMeHH0~830BOA cpoKyCHpOBKH B ny HOHOB
0 

nocKOnhKY MaTeMaT.II'I9CKH BOnpoc 0 paaHanhHOA .11 cpaaoBoA YCTOA'IHBOC

B cnyqae nep9M9HHO~a30BOA c!JOKYCHpOBKH CBOllHTCH K CYW9CTBOB8HHID 06-

ICTH ycTOA'IHBbiX pemeHHA llBYX 11H~epeHuHanhHh!X ypasHeHHA C nepHOllH'Ie

MH KO~cp.IIUH9HTaMH 

'¢+f(t)c/>z0 

r'-_!_f(t)r ,.o, 
2 

(I) 

( 2) 

f ( t ) 
- B 06WeM cnyqae npOH3BOnhaaH nepHOllH'IeCKaH cpyHKUHH

1 
TO 

HO paCCMOTpeTh B Ka'leCTBe ee 
- CTyneH'IaTyiD cpyHKUHID, 3Ta 38-

a paccMaTpHaanac& B pa6oTe A.D.. Bnacoaa161, B Ka'lecTse c!JYHKUHH, 

yn.llpyiDmeli C.IIHXpOHHYID cpaay no nep.lloaaM YCKOp9H.IIH
0 

aBTOpOM 3TOA pa

hl 6bina paCCMOTpeHa npocTeAmaH CTyneH'IaTaH cpyHKU.IIH B.lllla cP • = + c/>
1 

aToM oH He pewaeT aaaa'ly o W.llp.I!He o6nacT.II ~aaosoro aaxBaTa np.11 

OM cnoco6e MoaynHU.II.II C.IIHXpOHHOA ~a3bi 0 a CTaB.IIT BOITpOC 0 Bn.IIHH.IIH 

Bb!X KOne6aH.IIA Ha paa.llanhHyiD YCTOA'I.IIBOCTb yCKOpHeMoA 'laCT.I!Uhl
0 

McxoaH .113 o6w.11x npHHU.IInos paccMoTpeH.IIH 3HaKonepeMeHH~A c!JoKycu-

.11 B nHH9HHhlX YCKOp.I!TenHX HOHOB0 aBTOp np.IIXOll.IIT K BhlBOlly, 'ITO y)l{e 

'hie ~a30Bbi9 KOne6aH.IIH YCKOpHeMhlX 'laCT.IIU
0 

OTKnOHHIDW.IIe paa.llanbHble 

CHPYIDW.IIe .II aecpoKyC.IIpyiDWHe C.llnhl OT COOTB9TCTBYIDW.IIX C.lln anH C.IIHX

oA 'laCT.I!Uhi0 np.IIB0}:1HT K paa.llanbHOA HeyCTOA'I.IIBOCT.II YCKOpH9MOil: qac-

lo CHHXpOIIIIaH 'laCTHua, lfa KOTOpyiD, BcneaCTBHe OTCyTCTBHH c!Ja30Bb!X KO

H.IIli, aeAcTBYIDT paBHhle c!JoKyCHpyiDW.IIe .II aecpoKyCHpyiDW.IIe CHnhi
1 

SIBnHeT

aaHanhlfO-yCTOA'I.IIBOA, XOTH H3M9H9HHe cpa3bi nonepe'IHhiX Kone6aH.IIA lfa 

oae paa.llanbHoA cpoKycHpOBKH, KaK noKa3hiBaeT npocToA pacq~T, nony-

CH B aToM cny'lae Man hiM ( nopHaKa 10° np.11 {3 = 0,035 • ). 

4 

..-

l.f.llcneHHhili paC'I~T ~a30BOro l1B.II)I{9H.IIH fiOKa3biBaeT
1 

'ITO ITpH aaHHOM 

Cf!OC06e MOllYnHUH.II C.IIHXpOHHOii ~83hl yron 38XB8T8 nonyqaeTCH fiOPHllK8 

10-150 ( np.11 </> • -=::t.85°) • 

TaKHM o6p830M, C!1'0C06 MoaymtU.II.II CHHXpOHHOii ~83hi 1 npeanolKeHHhlli B 

pa60T8X/3,4/ .II pa6oTe/5/, He fi03BOnHeT 11CCT8TO'IHO ~9KT.IIBHO pean.II&OB8Tb 

H8 npaKTHKe ITpHHU.IIfl nepeMeHH0~830BOA ~ OKYCHpOBK.II B nHH9liHhiX YCKOp.I!Te-. 

nHX .IIOHOBo 

B 1966 r. B.B. Kym.IIH/6/ npeano)I{Hn a YCKOpHIDWeA CTPYKType co cTy

neH'IaToli MoaynHUHeli CHHXpOHHOii ~83bi MeHHTb He TOnbKO 3H8K
1 

HO .II a6co

niDTIIYID BenH'I.I!Hy p8BHOB9CHOii ~83bi 0 T,e, B 38KOH CKa'IK006p83HOrO H3MeHe

H.IIH p8BHOB9CHOA ~83bl BBOI1.11Tb f!OCTOHHHYID COCTaBnHIDWYIDo AHan.ll3 nOK83hi

B89T1 'ITO B 3TOM cny'lae cymeCTB9HHO yBenH'IHBSeTCH p83M8X YCTOii'IHBbiX 

~a30BhlX Kone6aHHii, 

B aaHHoA pa6oTe TSK)I{e paccMoTpeao BHllOH3MeHeH.IIe cnoco6a cTyneH

'IaToli MOaynHUH.II C.IIHXpOHHOii ~83hl np.ll nep9M9HH0~830BOA ~OKYCHpOBKe, KOTO-

poe 3aKniD'I89TCH B TOM, 'ITO B YCKOpliiDWYID CTpyKTypy CO CTyneR'I8TbiM .113Me-

HeHH9M CHHXpOHHOH tjla3bl (cf> -cf> ) /5/ nonapuo BBOf!HTCH TSK H83h!BaeMhle 
• + I 

'ayneBbie nepHOllhi 

B9HHO cf>. =~; 

fpy6o rOBOpH 0 

YCKOp9H.IIH', B KOTOphlX CHHXpOHHSH cpaaa p8BHa COOTBeTCT

/7/, 

B paCCM8Tp.IIB89MOii YCKOpHIDWeA CTpyKType Te rrepHOllbi
1 

B KOTOphiX ¢. f, I~ I , BhmonHHIDT ~YHKUHID ycKopHIDW.IIX nep.11oaos, a nap

Hhie nepHOllhl1 B KOTOphiX rp • = :!: if:- t Bhlf!OnHliiDT ~YHKUHID C03118H.IIH llnH 

ycKoplleMhiX 'IS;THU Heo6xoa.I!Moli paaD:anbHoli .11 c!Jaaosoli ycToli'IHBOCTH, 

TaKoe paaaeneaue ~YHKU.IIIi nepuoaos ycKopeHHH noasonHeT: a) pacmH

PHTb ~830Bh!A yron 3aXB8T8 110 60°1 a B HeKOTOpbiX B8pH8HTaX 110 9QO H ·6o

nee; 6) C03118Tb He06XOll.IIMYID paaHSnhHYID YCTOH'I.IIBOCTb llnH Bcex 3aXB8'19H-

HhlX B rrpouecc yCKOpeHHH 'laCT.IIU
0 

~830B8H H pan.llanbHaH YCTOii'IHBOCTb B CTpyKTYpe 

C HyneBbiMH nepH0118M.II YCKOp9HHll 

Ha p.11c, 2 cxeMaT.II'IeCK.II noKaaaH oaHH .113 B03MO)I{HhlX aapHaHTOB 

CTpyKTypbl C nyneBb!MH nepHOf!BMH YCKOpeHI!H, 
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Uu!jlpaMH 1,2,3,4,5 oTMe'leHbi cuaxpoHHbie !jlasbi no nepuo.aaM ycKopeHHSI 

B 38BHCHMOCTH OT BpeMeHH ( .llHSI"pSMMS [1; , W l pHc. 2a), H nonolKeHHe 

CH1iXPOHHOll 'ISCTHUbl B MeKTpH'I6CKHX UeHTpax YCKOpS!IOIUHX npoMelKyTKOB ( 26) • 

k I t k2 kg k4 - .UnHHbl nepHO.IlOB ycKopeHHSI B OTHOCHTenbHbiX 

e.auauuax, - nepHO.Il pa,aHanbHOl! !jlOKYCHpOBKHo 

B napHhlX nepHO,IlSX CHHXPOHHSSI '18CTHU8 He nony'laeT rrpHpOCTa 3Hepi"HH 

(ayneBOH rrpHpOCT 3H6pi"HH .UnSI CHHXpOHHOll '18CTHUhl) 1 HO '18CTHUa 1 OTKnOH6HH8SI 

OT OCH1 nony'laeT MSKCHMSnbHbill !)loKycupyiOIUHll ( HnH ,aeljloKycupyiOIUHH) pa

,llHanbHb!l! HMrrynbC. 

TaKHM o6pasoM, BBe.aeaue B ycKOpS!IOIUYIO cTpyKTYPY uyneBbiX YCKOpSIIOIUHX 

nepHO.IlOB cymeCTBeHHO yaenH'IHSaeT 'lKeCTKOCTb 0 pa,auanbHbiX KOne6aHHll YCKO-

pS16MbiX 'ISCTHUo 

MaTpuua nepuo.aa .pa.auanbaol! ljloKycupoBKH CTPYKTYPbi pHCo 2 6y.aeT HM6Tb 

BH.Il 

I 

J Mr = I 
0 

k8 

X I X 

0 l 

k '"k =k' 
2 4 

nocKOnhKy 

1~$ 1 I =I ~.a 4 .. ~ 
I 

l 0 l k2 I I l 0 

X " I I X 

-k ~ l 0 l -k ~ 
I ljl I 2 ,ll·2 

I 

I 
(3) 

l 0 l k4 l 0 

X X 

-k8 ~ <P 3 l 0 l 1-k ~ 4 .ll4 

u,nonaraSI, 'ITO 

a I ~ I -I~ I .. ~ !jla ,a2 2' 

TO us MaTpHhbi nepuo.aa (3) nony'laeM HSMeHeHHe $a3bi pa.auanhHbiX Kone6aHHll 

Ha nepno.ae 

6 ..-

., 
~ ,• 

·\j 
I 

1 1 [ ( 2 c•>s~t 8 •2SpM, m"2 2+ 2k+kk8 -k 1 -k 1k 8 -kk 1 ) ~ 

2 2 2 2 2 
+(2k +kk

1 
-kk

3 
-k

1 
k

8 
-k

3
) ~ 2 + (k

1 
k 3 +kk1 ~ - I 

+ k - k 2 k 2 + kk k2 
) ~ L\ + (- k 2 k k -2 k 

2 
k 

2 
) L\ 

2 

4 3 1312 13 I 1 

2 22 2 222 42 2 
+ (-kkl ka -2k ka )1\2 + (k kl ka -k ka ) L\ 11\2 + 

222 42 2 42222 
+ ( k k I k 8 - k k I ) ~I 1\2 + k k I ka ~ I L\ 2] ' 

r.ae 

L\ .a=--~ 
m f3 c 2 

• 
sin ( -4> 

I 

- BenH'IHH8
1 

xapaKTepH3YIOIU8SI pa,auanbHO .aecfloKyCHpyiOIUJ 

HSITS COCpe.UOTO'I6HHOl! B aneKTpH'IeCKOM U9HTpe yCKOpSI~ 

~ljl 
"e& o T ,\ sin ( ·4> I ) 

2 
m f3 .c 

- COOTBeTCTBeHHO Benii'IHH8 1 xapaKT9pH3YIOIU8SI pa.UHanbH 

a sasope. 

OueHHM pa.auanbHYIO ycToli'IHBOCTb cuuxpoaaoll 'laC 

cny'laeB: 

1) {3
8 

-0,0145 (W .. O,lMaa); 4> 1 •• --35°, 4> 2 , 8 •· 

4> = -90° • 4> =+ 35° 
8,11 4,s 

&o • 18 ; ,\ = 200 T =0,6 

k :1,35, k I= 1,8, k
8 

=1,5 
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llmjlp8MH 1,2,3,4,5 OTMe'leHbl CHHXpOHHb!e !jla3bl no nepHO.Q8M yCKOpeHHR 

8BHCHMOCTH OT BpeMeHH (.QH8I"p8MMa {f, , ru I 
pHc. 2a), H nonolKeHHe 

xpOHHOii '18CTH!lbl B aneKTpH'IeCKHX lleHTpax YCKOpRIOI!lHX npoMelKyTKOB ( 26) • 

• k 2 kg k4 - AnHHbl nepHO.QOB YCKOpeHHR B OTHOCHTenbHbiX 

Huax, - nepHo.Q pa.nHan&Holi !jloxycHpoBKH. 

B napHbiX nepHO.Q8X CHHXpOHH8R '18CTH!l8 He nonyqaeT npHpOCTa 3HeprHH 

eaoli rrpHpOCT 3Hepi"HH AnSI CHHXpOHHOii '18CTHUhl)
1 

HO '18CTHU8
1 

OTKnOHeHH8R 

cH, nonyqaeT MBKCHMan&Hbiii !jloxycHpyiOI!lHii ( HnH .ne!jloxycHpyiOI!lHii) pa-

'bHbiii HMrryn&c. 

TaKHM o6pa30M1 BBe.QeHHe B YCKOpliiOI!lYIO CTpyKTypy HyneBbiX YCKOpRIOIQHX 

AOB cymeCTBeHHO yaenH'IHB8eT 'lKeCTKOCTbu pa.QH8nbHbiX Kone6aHHii ycxo-

b!X '18CTH!lo 

MaTpHua nepHo.na .pa.nHan&Holi !jloxycHpOBKH CTPYKTYPbi pHc. 2 6y.neT HMeTb 

M, = II k 1 X /I 0 I X II k 21 X 

0 I -k ~ I 0 I 
I !jJ I 

k 3 

X X 

0 

bKy k = k = k 
2 

!jl1 I = I~ 
A4 =~ 

I 

0 k4 
X X 

-k3 ~ !jJ 3 0 

H, nonaraR, 'ITO 

a I ~ 1-1~ I=~ tjla ,n2 2' 

0 

X 

-k ~ 
2 A·2 

0 
(3) 

-k ~ 
4 .Q4 

M8TpHUbl nepHo.Qa (3) nonyqaeM H3MeHeHHe !jla3bl PBAHBnbHb!X Kone6aHHii 
o.ne • 

8 

.-

·l_ll 

c•lS/l 8 •: SpMr .. ;[2+(2k+kk
8 
-k~-k 1 k 3 -lck 1 )~ 1 + 

2 2 2 2 2 +(2k +kk -kk -k k -k )~ +(k k +kkll< 
I 3 I 3 8 2 I 3 '11 k2 kl2 + 

+k -k
2

k
2 

+kk k2 )~ ~ + (-k 2 k k -2k 2 k 2 )~ 2 + 
4 8 18 I 2 18 I I 

2 22 2 222 42 2 
+ (- kk I k 8 -2 k k 8 ) ~ 2 + ( k k I k

8 
- k k

8 
) ~ I ~ 

2 
+ 

222 42 2 42222 
+ ( k k I k 8 - k k I ) ~I ~2 + k k I k

8 
~ I~ 

2
) , 

r.ne 

~ .n = rr e&o T A 

m f3 c 2 
s 

sin ( -¢> 
I 

(4) 

(5) 

- BenH'lHHB1 XapaKTepH3YIOIQ8H PBAHBnbHO ,necj\OKYCHpyiOIQyiO CHny, KOTOpaH npu-

HHTa cocpeaoToqeaaoli B anexTpHqecxoM ueHTpe ycxopHIOmero aaaopa; 

rr e{f,
0 

T A 
------- sin ( ·¢> ) 

mf3c2 I 
• 

~ljl 
( 5') 

- COOTBeTCTBeHHO BenH'IHH8 1 X8p8KTepH3YIOlll8H pa.QHan&HO !jloxycHpyiOIQyiO CHny 

B aaaope. 

0ueHHM paAHSnbHyiO YCTOli'IHBOCTb CHHXpOHHoli 'ISCTH!lbl AnH KOHKpeTHbiX 

cnyqaes: 

I) f3 8 "'0,0145 (W = O,I Mas); ¢> 1 •• = -35° , ¢> 
2
,s • + 90° 

¢> --90° • ¢> =+ 35° 
3,8 4 ,.1!1 

6; 0 • I8 

k =1,35. 

;A=200 

k = 1,8, 
I 

k e1,5 
8 

T= 0,6 

7 



I 
t 
! 

t I 

~I 
'I . 

IIi 
I 

I 

! 

II, 
... 

np11 Bb!6paHHblX A8HHblX 

Toraa 

L'1, "'0,285 

L'12 = 0,495 

cos 1L • • -0,64 

2) f3. = 0,0348 (W =0,57 MsB), 

L'1, = 0,12. L'12 .. 0,207 

cos 1L = 0,5, . 
T,e, B nepBOM cnyqae ( npll {3 

0 
= 0,0145 ) 113M9H9HII9 cjla3bl paAIIanbHblX KO-

ne6aHIIli H8 nep110A9 cjJoKyCIIpOBKII paBHO 180° 0 BO BTOpOM - ( npll {3 =0,0348 ) • 
COOTB9TCTB9HHO 60°, 

TaKIIM o6pa30M
0 

KaK B nepBOM 0 TaK II BD BTOpOM cnyqae '18CTIIU8 pa

llli8.'IbHO ycToii'IIIB8o npl!'19M 'JKeCTKOCTb' p8AHanbHblX Kone6aHIIli yBenH'IIIBae:r

CSI np11 M9Hbllii!X 3H8'19HHSIX {3. 

B Ta6n, 1 npi!B9A9Hbl OCHOBHbl9 A8HHbl9 paCC'II!T8HHOli no CX9M9 p!!Ce 2, 

CTpyKTypbl C HyneBb!MII nepiiOA8MII YCKOp9HI!SI, HaqanbH8SI SHeprHR 100 KSB0 

aMnnHTyanoe 3H8'19HI!e ycKopRJotuero BbiCOK0'18CTD'IHoro nonR {i, 0 = 18 KBicM, 

AniiH8 BOnHbl ycKOpS!!OIU9rO Bo'lo nonS! A =200 CM, 
/8/ 

CxeMa pac<~eTa ycKopRJOIUeli cTpyKTYPbi ananorll<~na npiiHRToll B pa6oTe • 

Ha p11c, 3 noKa38Hbl cjJa30Bbie TpaeKTOpHII ycKopReMbiX npoTOHOB anSI 

paCC'IIIT8HHOll CTpyKTypbl ( Ta6n, 1) o 

<l>a30Bblll 38XB8T B p9lKIIM9 Y?KOp9HHSI AnSI CTpyKTypbl ( Ta6n, 1) paBeH 

0 ' 
npi!M9pHO 55 , 

Ha p11c, 4 noKa3aHa 38BHCI!MOCTb pa36poca no HMnyn&caM ny'IKa1 IIH-

JKeKTHpyeMoro na BXOA CTpyKTypb1 0 OT BXOAHblX cjJa3 ( 'cenapaTpllca" 0 Kp11B8SI 

1). 
3Ta aaBHCHMOCTb pacc<~IITbiBanacb c lllaroM, paBHbiM 0,25% oT Po 

J> 
0 

- H8'18nbHblll I!Mnyn&C CIIHXpOHHOll '18CTOTbl) o 

Pac<~eT cjJa3oBoro ABIIlK9HIIR npo1!3BOAHnCR c nDMDIUbJO pa3HOCTnoro 

ypaBH9HIISI BI!Aa/
8
/: 

8 

~l 

3 2 
(1+ '[f3n,o ) ' ( 3 2 f3 ·f3 - 1+-f3 ){3 n,s n 2 n- t ,e n-l, s 

e/i, 0 Tn Ln [(l+J f3~-t )coscf>n-coscf>.,n 1. 
E0 f3 n-t 

rae f3 n,o 
- OTHOCI!T9nbH8SI CKOpOCTb CIIHXpOHHO 

oae; {3' ~f3 
n n 

_ f3 - pa3HOCTb CKOpOCTeli H9CIIHXpO 
n,• 

na n -M nepHOil9 ycKopeHIIR; 

Til ycKopR!DIUero B,'l, nonR; 

{i, o - aMnniiTYAHI 

T n - cjJaKTOp BpeMeJ 

ae; L n - anHH8 n -ro nep11oaa; E 0 = m c 
2 

cnOlKHbiM o6pa30M CBSI38HHblll C cjJaKTOpOM nponeTHC 

ll!ero cnyqaR 'npRMoyron&noli BonHbi', T.e. oanopo 

Jn = 1- ITa n ctg 77 a n j a - Kos<\lcjJIIU119HT 

llnR pacqeTa cjJa30BOrO llBIIJK9HIISI H906XOAIIMO 

on11Cb!B8!0!11119 1!3M9H9HII9 cjJa3bl ycKOpS!!OIU9rO nonS! 

qecKoro uenTpa n-1 -ro nepHoaa K aneKTpii'19CKO 

nocKOnbKY ycKOpS!!OIU8SI CTpyKTypa (Ta6n, 1) 

paKTep II COA9plKIIT 4 pa3HbiX nepi!OA8 ycKopeHIISI I 

(p!!Co 2), neo6XOiliiMO K ypaBH9HIIID (6) 38UIIC8Tb 

HIIS!o 

1, np11 nepeXOil9 113 1-ro nep1101l8 ycKOp9HIIl 

¢ 2-[(l¢
1
,. l+lcf>2,.l)+cf> 1]=-[277+{lc,b 1 ,ol +! 

2, np11 nepeXOil9 113 2-ro nep11Dil8 B Tp9TI!ll 

c,b3 +[(lcf>2,•1+1cf>3,• \) -¢2 ]=-[47T-(Icf>2,• I +I~ 

3, np11 nepexOA9 113 3-ro nep110A8 B '19TBep• 

cf> -[<lcf> 1+1¢ I l+ cf> l .. -[277+<1¢ I· 
4 3,s 4,e 3 a,s 

4. np11 nepexoae H3 4-ro nep11oaa B nRThlli 

cf> +[<lcf> 1+1¢ \l -¢ l =-[477-<lcf> 1~ 
5 4,s fi,s 4 4,s 

e 



Bb!OpaHHb!X aaHHh!X 

a 

L'lt = 0, 285 

1'12 = 0,495 

cos 11. - -0,64 

2) f3. = 0,0.'148 

~'~, = 0,12 ' 

cos p. ~ = 0,5' 

(W =0,57 Mas). 

1'12 = 0,207 

rrepaoM cnyqae ( rrpu f3 • = 0,0145 ) lf3MeHeHne <Paahr paauanbHhiX Ko-

nil Ha rrepuoae <PoKycupoBKH paaHo ISO , ao BTopoM - ( rrpu f3 • .. 0,0348 ) 
o . 

9TCTB9HHO 60°, 

TaKHM o6p830M1 KaK B rrepBOM 0 TBK If BO BTOpOM Cnyqae 'IBCTHUa pa-

0 YCTOH'IHBa, npH'IeM ')1{9CTKOCTb' P8AH8llbHb!X KOll908HHli YB9lllf'IHBB9.T

M8HblliHX 3H8'I9HHHX f3. 

Ta6n, I !IpHBeaeHb! OCHOBHb!9 A8HHb!9 paCC'IIfTBHHOli no CX9Me pHC
0 

2, 

yphr c HyneBhiMH rrepuoaaMu ycKopeHnH, HaqanbHaH <~HeprnH 100 K<~B, 

Yt1HOe 3H8'I9HHe YCKOpHIOIU9I"O BbiCOKO'I8CTO'IHOI"O liOllH {f; o = 18 KB/CM
0 

BOllHbi YCKOpHJOIUero B,q, liOllH A =200 CM, 

181 XeMa pacqeTa YCKOpHJOIUeli CTpyKTypbi 8H8llOI"H'IH8 !IplfHHTOli B pa6oTe , 

a puc, 3 !IOK838Hb! <j:laaOBb!9 TpaeKTOpHH YCKOpH9Mb!X !IpOTOHOB AilS! 

CTpyKTypbi ( Ta6n, 1), 

B pe)KifMe YCKOpeHHH AllH CTpyKTypbi ( Ta6n, I) paBeH 

puc, 4 !IOK838Ha 38BHCHMOCTb paa6poca no HMnynbC8M ny'IK8
0 

HH-

9MOI"O Ha BXoa CTPYKTypbi0 OT BXOAHb!X <j:laa ( 'cerrapaTpHca '
0 

KpHB8S! 

a 3BBI!CMMocTb pacc'IHThiBanacb c rnaroM, paBHhiM 0,25% OT Po 

- Ha'IallhHb!H HMIIynbc ClfHXpOHHOli 'IaCTOTbi) o 

C'IeT <Paaoaoro aau)KeHI!H rrpol!aaoauncH c IIOMOIUbJO paaHOCTHoro 
11 BHJla/8/: 

8 

.-

., 
'';,'It 

3 2 
(I+ Zf3n,e >f3 ·f3' -O+Lf3

2 
>f3 

n,s n 2 n-l,s n-t, s 

e{f;
0

Tn Ln [(l+J f3~-l )coscf>.-coscf>.,n 
Eo f3._, 

], 

'f3 n-1 = 

( 6) 

f3 n,e rae 
- OTHOCHT8llbHaS! CKOpOCTb CHHXpOHHOli 'IBCTHUbl HB D -M nepu-

oae; f3: ~f3 -f3 ... - pa3HOCTb CKOpOCTeli H9CHHXpOHHOli H ClfHXpOHHOli 'IaCTHU 

Ha n -M nepuoae ycKopeHnH; 
{f; o - BMnnHTYAHOe 3H8'I9HHe HanpH)K9HHOC-

Tlf yCKOpHJOIUero B,q, nonH; 
T n - <PaKTop apeMeau nponeTa Ha n -M nepuo-

ae; L n - AllHHa n -ro rrepHoaa; E 0 =mc 2 
J n - Ko3<j:J<j:JuuneHT

1 

CllO)I{Hb!M 06paaoM CBI138HHh!li C <j:JaKTOpOM nponeTHOI"O BpeMeHH, nnSI npocTeli

rnero Clly'IaSI 'npHMOYI"OllbHOli BOllHbi' 1 T,e, OAHOpOAHOI"O nonS! B 3830pe 

Jn , I- ITa n ctg IT an ; a - Ko~<PuuneHT aaaopa. 

nnH p8C'IeTa <j:laaoaoro ABH)K9HHH H906XOAHMO K (6) A068BifTb ypaBH9HHS1
1 

onHCbiB810ll(He H3M8H9Hife <j:Ja3bl YCKOpHIOIU91"0 nonH npu nepexoae OT 3ll9KTpH-

'I9CKOI"O U9HTpa n-1 -ro nepuoaa K 3ll9KTpH'I9CKOMy U9HTpy 
n -ro nepuoaa. 

nocKOllbKy YCKOpll!O.ll(BSI CTpyKTypa ( Ta6n, 1) HOCHT nepHOAH'I9CKHli Xa

p8KTep u coaep)KHT 4 paaHhiX nepuoaa ycKopeHHS! Ha nepuoae CTpyKTypbr r 

(puc. 2), Heo6xoanMo K ypaaHeHHJO ( 6) aanucaTb 4 aononHnTenbHhiX ypaaue-

HHHo 

1. Dpu nepexoae ua 1-ro nepuoaa ycKopeHHS! ao BTopoll 

f3' 
¢2-[(Jcf>l,e J+Jcf>2,.1)+cpl],_[217,:r{Jcf>l,eJ +Jcf>2,e J)Ji-

l •• 
2. Dpu rrepexoae ua 2-ro nepuoaa a TpeTull 

f3; <Pa +[(Jcf>2,.J+l<Pa .• l> -¢2 ],_[4I7-(Jcf>2,e I +l<Pa .• J)Jfi"-
2,• 

3, flpH nepexoae ua 3-ro nepuoaa a qeTaepThrli 

f38' cp -[(Jcp J+Jcp J)+ cp J a-[2lT+(Jcp J+Jcp J)J--
4 3,s 4,e 8 3,s 4,s {3 

4. Dpu nepexoae ua 4-ro nepuoaa a nS!Thrli 

¢> +[(J¢ 1+1¢ J) -¢ 1=-[417-(J¢ l+l.P 
5 4,s 15,s 4 4,s 5,e 

9 

a,. 

J)]K 
f3 4,. 

( 6') 

(6") 

. (6"') 

(6"") 
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H Aanee UHKn nosTopReTCR ARR cneAyiDmero nepHOAa cTpyKTyphl r 

H T • .ll. 

EcnH napaMeTjJbl paBHOBeCHOrO ABH>KeHHR H3BeCTHbl (a HX nonyqaeM 

npH pacq~Te ycKOpRIDmefi CTpyKTypbi) 1 T0 1 3aAaB Ha'!anbHble ycnOBHR B 1-0M 

nepHoAe ycKopeHHR H nocneAoBaTenbHO npHMeHRH ypasHeHHH ( 6), ( 6' -6"") 1 

MOlKHO nonHOCTbiD paCC'!HTaTb ABH>KeHHe HepaBHOBeCHblX qaCTHUo 

TaKofi pacq~T ¢aaosoro ABHlKeHHH npoTOHOB ARH scex cnyqaes, npHBO

AHMbiX B AaHHoii pa6oTe, 6bm np'tmaseaeH Ha 38M THrra CDC • 

Ha pRe. 5 rroKaaaHa aasHeHMoeTb paa6poea no HMnyllbeaM yeKopHeMbiX

qaeTIIU (npH 3HeprHII 0,6 M3B) OT BXOAHbiX ¢aa, napaMeTpOM 51BilHeTC51 aM

nlliiTyAa yeKOpHIDmero BbleOKO'!aeTOTHOro nOil51o npii'!~M {f; 0 =18 KBieM -

3Ha'!eHHe aMnlliiTYAhl llOilH1 AllH KOTOporo paee'!IIThlBallHeb napaMeTphl paB

HOBeeHOrO ABIIlKeHHH ( Ta61l, 1) o 

113 KpiiBblX piiCo 5 MOlKHO eAell8Tb ClleAyiDmlle Bb!BOAbl: 

1, YeKOpHIDm851 eTpyKTypa He 51BilHeTeR KpiiTH'!HOfi (e TO'!KII 3peHII51 

¢aaosoro aaxsaTa 11 ¢aaosoro ABIIlKeHII51) K ypoBHID yeKop51IDmero nollH, 

2, C yBellH'!eHI!eM ypOBHH yeKOp51IDmero nOilH BMeeTe e paemllpeHHeM 

3HepreTII'!eeKDrO eneKTpa yeKOp51eMbiX '!8eTIIU paeT~T yrOil 38XB8T8 ( pHe,6) • 

3, C yeenH'!eHHeM ypoBH51 yeKop51IDmero noll51 ysellH'!IIBaeTCH paaMep ce

napaTpHebi ( KpHB851 2 1 p11e, 4), 

Ha'!allbHaH qaeTb yeKopHIDmeii CTpyKTyphi pRe, 2 MolKeT 6biTb ocymeeT
/9 10/ 

BlleHa B BRAe eosMemeHHoro 2-aaaopHoro rpynnllposaTellH ' 

( </> =- :-' </> =+ .::... ) 
I ;:. 2 2 

B Ta61l. 2 npiiBeAeHbi oeHDBHbre pae'I~THbie napaMeTpbi paeHoBeeHoro 

ABHlKeHHH AilS! eTpyKTypbl e eoBMemeHHbiM 2-3830pHbiM rpyrmlfpOB8TelleM, 

Ha'!allbHaSI 3HeprHH 100 K3B 1 {f;
0 

=15 KBieM, 

Ha pile. 7 noKa3aHhi ¢aaoBbte TpaeKTopHn •weTnu, aaxea'!eHHhiX B pe

lKHM yCKOf1ei!HSI
1 

JlllSI eTpyKTypbl TA61l, 2, <Pa30BbiH 3aXB8T AilS! 3TOii eTpyK-

Typbl nopSIAKa 85° (npll {f;o =15 KBieM). 

CTpyKTypa e eosMemeHHbiM rpynnnpoBaTelleM 6ollee .KpHTII'!H8 K pa36-

poey no IIMnynbeaM Ha BXOAe. TaK, AilS! eTpyKTypb! Ta61l, 2 OH paseH npiiMep

HO 0,5%, 

10 

Ha p11e. 8-10 noKa3aHhi paAH81lbHbre TpaeKTOpHH ycKo~ 

AilS! CTpyKTypbl C HyneBh!MH nep110A8MH YCKOpeHHSI e COBMeD 

HbiM rpynnHposaTelleM ( Ta6n, 2). 

PaAHallbHhre TpaeKTopHH AilS! eTpyKTypbi c ¢ f. 
BXOAHo 

H306paJKeHHb!M H8 pHe, 8-10, 

Ha KaJKAOM rpa¢HKe pHe. 8-10 Ha'!allbHbie yenoBHSI Ha 

(no BXOAHOMY yrny H BXOAHOfi KOOpAHHaTe) B3S!Tbl OAHHaKOI 

¢a3b! pa31lH'!Hblo 3TO n03BOil51eT eym;Tb 0 BllHRHHH ¢a30BOrl 

p8AH8RbHY!O yeTOfi'!HBOCTb yeKOpSieMblX qaeTl!Uo 

no OCH opAHHaT Ha rpa¢HK8X p11C, 8-10 OTilOJKeHhl OTI 

HHUhlo ,llllSI nony'!eHHSI paAHallbHOfi KOOpAHHaTbl B a6conJOTHb 

o6XOAHMO paAHanbHYID KOOpAHHaTy B OTI!OCHTellbHb!X eAHHHU 

AllHHy 1-ro nepHoAa. 

Ha oeHOB8HIIH KpHBbiX pHC, 8-10 MOlKHO CAellaTb Bb!BC 

30BOe ABHlKeHHe !IpHBO!lHT K HeKOTOpOfi paeKa'!Ke p8!lH8nbHI 

paaHallbHbie TpaeKTOpHH B uellOM OCTaiDTeSI yeTOfi'!HBbiMH, 

Paeq~T paAH81lbHoro ABHJKeHHSI npoH3BOAHile51 MaTpH'IE 

npeanollOJKeHHH 1 'ITO p8AIIallbHb!e eHilbl eoepeAOTO'!eHbl B 311 

paX yeKOpSIIDmHX !IpOMelKyTKOB ( 8 -lj>yHKUHH), 

npH pae'!eTe paAH81lbHOro ABIIJKei!HSI y'!HTbiB81lOCb ¢a~ 

yeKopSieMhlX '!8eTHU1 HO paC'!~T ¢a30BDrO ABHlKeH}IR !lpOH3B 

paAHanbHoro, T,e, B npeAnollolKeHIIH 1 'ITO ¢aKTOp npolleTHOI 

yCKOpSIIOmeM 3830pe He 38BHeHT OT paAHyea anepTypbl, 8T1 

SIBilHeTC51 AoeTa,TO'!HO eTporHM 1 no3TOMY TO'!Hbifi yq~T 38BH 

He AOilJKeH cymecTBeHHbiM o6pa30M CKa3biB8TbeH H8 ¢a30B( 

pReMblX qaeTIIUo 

Bb!BOAbl 

l, nHaeiiHblfi yCKOpHTellb HOHOB e nepeMeHHo-¢a30BO~ 

C HylleBb!MH nepHOAaMH yeKopeHHSI n03BOil51eT AOeTaTO'!HO : 

p51Tb HOHbl B AHa!l830He 3HeprHfi OT 50-100 K3B AO 3-5 M: 

30HSHeHoe ycKOpeHHe MOlKHO Ha'!HHaTb C HH3KIIX Ha'!allbHbi: 

(50-100 K3B) 1 T,e, epa3y noelle HeTO'!HHKa HOHOB1 MHHY51 

MOrO Ael!eTBH51, 

11 



aanee UI!Kn rroaTopSieTeSI LlnSI eneayro:wero rrepl!o.Qa eTpyKTypbi r 

T.Jl. 

Een11 rrapaMeTpbi paanoaeenoro .liBII>KeHHH 113BeeTHhi (a HX rronyqaeM 

pae'!ilTe ycKOpS!!OWei! eTpyKTypbi), TO, 38,li8B HB'IBnbHbie. yenoBHS! B 1-0M 

e yeKopeHHH 11 noeneaosaTenbHO rrpHMeHSISI ypasaeHHSI ( 6), ( 6' -6""), 

O:>KHO IIOnHOeTblO paeC'!IIT8Tb .liBII:>KeHHe HepaBHOBeeHbiX '!BeTIIU, 

TaKoil pae'!eT ¢aaosoro .liBII:>KeHIISI npoTOHOB anSI aeex enyqaea, npHBo

hiX B .QBHHOH pa6oTe, 6bin 1Ip0113Be.QeH Hil 3BM THIIB CDC , 

Ha pHC, 5 IIOKB38Ha 38BIIeiiMOeTb pa36poea liD IIMIIynheaM yeKOpSieMbiX. 

TIIU (rrpH 3HeprHH 0,6 M3B) OT BXO.QHh!X ¢a3, napaMeTpOM SIBnHeTeSI 8M

.ll8 ycKOpHIOWero BLieOKO'IBeTOTHOro liOnS!, npll'!eM {f, 
0 

= 18 KB/eM -

l10i!S! 0 /l.nS! KOTOporo paCC'!IITbiBaniiCb I!DpaMeTpbl paB

B8CHOrO IJ.BII:>K8HIIH ( Ta6n, f), 

J-b KpiiBbiX PIIC, 5 MO:>KHO eaenaTb eneaylOllllle BbiBO.llhi: 

1, YcKopS!!Olll8S! CTpyKTypa He S!BnSieTeSI Kpi!TII'IHOi! (c TO'IKII 3peHIIS! 

aaxBaTa 11 ¢aaosoro ll.BII:>KeHIIH) K ypoBH!D ycKopHrowero nonS!, 

2, C yBenH'l8HI!eM ypoBHS! YCKOpH!O!Uero liOnS! BMeeTe e pae!UIIpeHIIeM 

epreTII'I8CKOrO CII8KTpa yeKOpS!8MbiX 'IaeTHU pacTeT yron 38XB8Ta ( p11e,6), 

3, C ysenH'!OHI!eM ypoBHH YCKO]JSIID!Uero liOnS! yaenii'IIIBaeTeSI pa3Mep ee

Tpllebi ( KpiiBaH 2, pile, 4), 

HaqanhHaSI 'IaeTb yeKopSI!Dl!leil eTpyKTypbi pile, 2 MOlKeT 6LITb ocymeeT

/9 10/ B Bllll.e coBMemennoro 2-aaaopaoro rpynnHpoBaTenSI ' 

7T 7T ) 
(¢1 ~-r· ¢2 =+2 

B Ta6n, 2 rrpHseaeHLI oeaoBHLie pae'!eTHLie rrapaMeTpLI paBHoBecaoro 

CTpyKTypbi C COBM8lil8HHLIM 2-3830pHLIM rpynrrHpOBaTeneM, 

bH8SI 3HepriiSI 100 K3B
0 {f, 0 =15 KBieM, 

Ha p11c, 7 rroKaaaaw ¢aaoswe TpaeKTOpHH 'lBCTHu, aaxBa>Jenuwx B pe

YCKopeHHSI, /1nSI CTpyKTypbi TB6n, 2, ¢830Bblll 38XB8T IJ.nSI 3TOil eTpyK-

IIOpS!IJ.Ka 85° (IIpll {f,O =15 KBICM), 

CTpyKTypa e COBM8lil8HHLIM rpyiiiiii]JOBaTeneM 6onee KpiiTII'IH8 K paa6-

IIO HMIIynbCBM H8 BXO.Qe, TaK, IJ.nSI CTpyKTypbi Ta6n, 2 OH ]J8B8H !IpiiMep-

0,5%, 

10 ..-
I" 
rl 

Ha pile, 8-10 IIOK838Hbl pa.QIIailbHLie TpaeKTOpllll yeKOpS!8MbiX IIpOTOHOB 

.llilS! eTpyKTypb! e HyneBbiMII IIepiiO.QaMII yeKopeHIIS! e COBMe!UeHHbiM 2-aaaop

Hb!M rpyrrrrllpoaaTeneM ( Ta6n, 2), 

PaallanhHLie TpaeKTopiiH anSI eTpyKTypbi e ¢ I< 1;..1 
BXO/l.H, ._ aaanorH'!Hbi 

11306palKeHHblM Ha pile, 8-10, 

Ha KalK.QOM rpa¢11Ke p11e, 8-10 Ha'IailbHble ycnoBIISI Ha Bxoae CIICTeMbi 

(liD BXO.liHOMy yrny II BXO/l.HOli KOOp.liiiHaTe) B3S!Tbl D.liiiHaKOBbiMII, HO BXO/l.Hbie 

¢aabl paanii'!Hbl, 3To rroasonSieT cym;Tb o BiliiSIHIIII ¢aaosoro JlBIIlKeHIISI Ha 

pa.QH8ilbHYIO yeTOli'IIIBOeTb YCKOpSieMbiX 'IBCTlfU, 

no OCII Op.QIIHaT Ha rpa¢11K8X pile, 8-10 OTnOlKeHbl OTHOCIITenbHb!e e/1.11-

HIIUbl, nnS! IIony'!eHIISI pa/l.llanbHOli KOOp/l.HHaTbl B a6conlOTHblX 8.QIIHIIU8X fle-

06X0/1.11MO p8AIIanbHylO KOOp/l.IIHaTy B OTHOeiiTenbHblX eiJ.IIHIIUaX YMHOlKIITb Ha 

anHHy 1-ro rrep11011.a, 

Ha OCHOB8HIIII KpiiBblX pile, 8-10 MOlKHO CJlenaTb Bb!BO.ll 0 TOM, 'ITO if>a-

30BOe ABIIlK8HIIe IIpiiBO/l.IIT K HeKOTOpolt paCK8'1Ke p8/1.1!8nbHblX Kone6aHIIli
0 

HO 

p8/l.llanbHbl8 TpaeKTOpllll B uenoM OeTBlOTCS! YCTOli'!IIBblMII, 

PaeqeT paallanhHoro .liBHlKeHIISI rrpoH3BD.llllneSI MaTpH'IHLIM MeToaoM s 

rrpearronolKeHIIII, 'ITO paa11anhHLie cnnLI eoepeaoTo'leHLI a 3neKTpll'lecKHX ueHT

pax yeKOpS!IOlUIIX IIpOMelKyTKOB ( 8 -if>yHKUI!S!), 

npll paC'IeTe PB/l.llanbHOro IJ.BIIlK811l!S! Y'IHTb!Banocb ¢aaoaoe IJ.BIIlKelllle 

ycKopSieMbiX 'laeTIIu, 110 pac'leT ¢aaoaoro ABIIlKeH.IISI rrpollaBO/l.llneSI 6ea y'leTa 

paallanhHoro, T,e, a rrpearronolKeHnH, 'ITO 4>aKTop rrponeTHoro speMe1111 Ha 

YCKOpS!IO!UeM 3830pe He 38BIICIIT OT pa/l.llyea arrepTypb!, 3TO IIpll6illllK8HIIe 

SIBnSieTcSI aoeTaTO'IHO eTporiiM, II03ToMy TD'IHbii! y'leT 3BBIICIIMOCTII T =f(r ) 
n n 

He JlDnlKell eymeCTB8HHbiM o6pa30M eKa3biB8TbeSI HB !fla30BOM IJ.BIIlKeHIIH yeKo-

pS!eMLIX '!8CTIIU, 

BLIBOIJ.bl 

1, RIIHeilHLIIJ: yeKopHTenb 1101108 C IIepeMeHHo-if>a30BOlt if>oKyCIIpOBKOlt 

C HyneBhlMII IIepHOJl8MII yeKopeHIISI II03BOnSieT IJ.OCT8TO'IHO alf>¢eKTHBHO yeKo

pS!Tb IIOIIbl B /1.118IIa30He 3HeprHIJ: OT 50-100 K3B JlO 3-5 Maa, npll 3TOM pe-

30HaHeHoe YCKOpeHIIe MOlKHO 118'1HH8Tb C H113KIIX Ha'lanbllblX 3Heprlllt 

(50-100 K3B), T,e, epaay IIOene IICTO'IHIIK8 IIOHOB
0 

MllllySI yCKOpiiTenb !IpS!-

Moro JleltCTBIISI, 
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2, HaH6onee ~$eKTHBHO panHanbHag ycTo~'lHBOCTb ocymecTsngeTCH rrpH 

HH3KHX 3Hepl'HHX1 T,K, C pOCTOM f3 3Ha'leHHe A yMeHb!liBeTCH H COS p. 

B03pacTaeT
0 

'ITO rrpi!BOili!T K pOCTY BMITnHTynbl panuanbHblX KOne6aHHil, 

3, 3axsaT no $aaaM B crpyKType 6ea rpyrrrruposaTenu rronyqaeTcH paB

IIbiM 50°-60° ( rrpH cp I ,• =-350) 0 a B CTpyKType C COBMemeHHbiM rpynrrllpO-

BaTeneM no punK a 80°-90° ( rrpH {i, = {i,0 ) o 

B CTpyKType C COBMemeHHbiM rpyrrrrl!poBaTeneM Tpe6yeTCH Bb!Il9p>K8Tb 

6onee >K9CTKHA norrycK HB MOH09HepreTII'lHOCTb rryqKa 0 HHlK9KTIIpyeMoro H8 

axone cucTeMbl, 
• 4. 06e cTpyKTypbi ( 6ea rpyrrnuposaTenH u c rpyrrnupoBaTeneM) Mano 

Kpi!TII'lHbl K ypoBH~ ycKopu~mero B,'l, rronH. Eonee Toro, c pocToM ypoBHH 

B,'l, rronu npoucxonuT pacllll!peaue o6naCTH aaxBaTa no yrnaM, 

5. PaccMaTpHBaeMan cTpyKTypa nuaenaoro ycKopHTenu c rrepeMeHHo-4>a

aoBoil $oKyCHpOBKOA C HyneBblMII rrepuonaMH ycKopeHHH MO>K9T OK838TbCH no-

ne3H0ll rrp11 

a) KOHCTpyHpOB81!HH nHHeifl!blX ycKOpHTeneif ITpOTOI!OB C KBanpynonbHOA 

lf>oKyCHpOBKDA, y KOTOpblX 1-H ceKUHH OT 91!epl'HH 50-100 K9B no 2-3 MaB 

Bh!ITOnHeHa KBK CTpyKTypa C rrepeMeHH0-$830BOil lf>oKyCHpOBKOA C HyneBbiMH 

rrepuonaMH ycKopeHHH (6ea ycKopuTenu rrpuMoro neifcTBHn); 

6) KOHCTpyHpOBBHHII HB'lBnbHOA 'l8CTII nHHeAHblX ycKOpHTeneA MHoroaa-

pHnHblX ( TH>KenbiX) HOHOBo 

CymecTBy~mue cunbHOTO'lHbie ycKopuTenl! npuMoro neitcTBHH, cny>Kamue 

B Ka'leCTBe I!HlK9KTOpOB B nHHeii"Hblil" YCKOpi!Tenb HOHOB 1 HMe~T MBKCIIMBnb-
1 

HY~ aueprll~ rropHnKa 700 K9B, npu ycKopeHHII TH>KenbtX IIOHOB ( H8ITpHMep0 

nei\"TOHOB
0 

a -'laCTHU) 9TOil 9HeprHH OK83blB89TCH HenocTaTO'lH0 0 'lT06hi 

BbliTOnHI!Tb 1-~ ceKUH~ ni!HeAHOrO yCKOpHTenH C KBanpyrronbHOil tPDKYCIIpOBKOA, 

noaTDMY rrepBaH ceKUIIH rrpoeKTHpyeTcn KaK cTpyKTypa Anbsapeua c ceTo'lHOA 

$oKjCI!pOBKOA
1 

'ITO rrpi!BOIJ.HT K 6onb!liOil ITOTepe rry'lKB B H8'l8nbHOtl 'l8CTII 

ycKOpHTenSlo npu Bb!ITOnHeHI!H H8'l8nbHOit C9KUIIII yCKOpi!TenH ITO CTpyKType C 

nepeMeHHO-$a3DBOH $OKYCHpOBKOif C HyneBbiMII rrepuonaMI! ycKopeHHH MO>KHO 

rrony'li!Tb cymecTBeHHblH Bbllll'pb!lll ITO HHTeHCIIBHOCTHo 

npll aTOM, ec·recTB9HHO, c BseneHI!eM B ycKopu~my~ CTPYKTYPY uyne

- BhlX rrepuonoB yCKopeHIIH CHH>KaeTCSl 9$4>eKTHBHOCTb YCKOpeHIIH H8 eni!HHUY 

... 12 

nnHHbl yCKOpHTenH 1 110 1 ITOCKOnbKY IIB'lBnbHBH CeKUHg BbliTOJ 

lilY~ 3HeprH~, 3TO rrpHBOnHT K HecymeCTBei!HOMY ysenH'leH~ 

ycKopHTenu, 

ABTOp C'lHT89T CBOHM rrpHHTHblM nonroM Bblp83HTb 6n 

fl,n, 3HHOBbeBy 38 BHHMBHHe K pa6oTe1 A.B. Ky3H9UOBY 38 

CHH H o6cy>KneHHH, E.B. Co6oneBy H n.c. PycaKOBO~ 38 ITO! 

pacqeTHbiX pa6oT, 

flHTepaTypa 

1, 11,E, TaMM, OcHOBbl TeopHH aneKTpuqecTBa, 1957 r, 

2. M.L. Good, Bull.Amer.Phys.Soc., 27, No.6, 16 (19~ 

3. J.B. F'aynberg, In CERN Symposium on High Ener 

and Pion Physics. Geneve, 1956, p.91, 

4, H.E. 4>atiH6epr. )I(T4>, 29, 5, 368 ( 1959). 

5, A.ll. Bnacos. TeopHH nHHetiHbiX ycKopuTenetl. ATOMHana 

6. o.A. BanbnHep H np. flHHetiHbie ycKOpi!TenH. ATOMH3na'I 

7. IO.ll. EeaHorux • Crroco6 ycKopeHIIH noHoB B nuHeii"HbiX 

peMeHHo-!jlaaosotl $oKycupoBKO~. 3aHBKa Nd36429S/26-: 

1969 rona. 

8, fl,n, 3HH0Bb9B H np. 4>1131!'l9CKH9 060CHOB8HIIH rrpoTOHHC 

pHTenH - ll'l!lKeKTOpa CHHXpolf>aaoTpOH8 0 npenpi!HT 0J1fiJ 

9, IC.ll. EeaHorux. flnHetiHhl~ ycKopuTenb IIOHOB c npensa] 

no !jlaaaM qacTHU, rrocTyna~mux ua $opi!H>KeKTopa. 3a 

10. IO.ll. EeaHorHx. 0 rpyrrrrl!pOBni!IIH aapu>KeHHbiX 'l8CTHU 

ycKOpHTenH IIOHOBo nperrpHHT 011f!J1 P2-5276, lly6Ha, 1 

PyKOITHCb rrocTyrruna B HanaTenbcKIIH 

5 asrycTa 1970 rona. 
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2. Hau6onee ~~eKTHBHO paauanbHaH ycTo~queocTb ocymecTenseTCH rrpu 

KlfX clHepl"'HHX1 T,K, C pOCTOM (3 aHaqeHHe Ll. yMeHbW8eTCH H COS fl 

TaeT, qTO rrpHBOJlHT K pOCTY aMrrnHTYPbl p8PH8nbHbiX KOne6aHH~, 

~aaaM e CTpyKrype 6ea rpyrrrrupoeaTens rronyqaeTCH pas

¢ l,o =-35°) 1 a B CTpyKType C COBMeweHHbiM l"'pyrrrrupo-

rropHPK8 80°-90° (IT pH 6, = 6,
0 

) o 

CTpyKType C COBMeweHHbiM rpyrrrrupoeaTeneM Tpe6yeTCH BbiPepJKaTb 

JKeCTKHH POITyCK Ha MOHOSHepreTHqHOCTb rryqKa 0 HHJKeKTHpyeMoro H8 

CHCTeMblo 

4, 06e cTpy~Typbt (6ea rpyrrrrnpoeaTens H c rpyrrrrnpoeaTeneM) Mano 

K ypoBHJO ycKopHJOIUero e,q, nons, Eonee Toro, c poCTOM ypoBHH 

rrponcxoanT pacwupeHHe o6nacTH aaxeaTa rro yrnaM, 

5, PaccMaTpHeaeMaH CTpyKTypa nHHefiHoro ycKopHTens c rrepeMeHHO~a

~ ~OKyCHpoBKOH C HyneBbiMH rrepHonaMH yCKopeHHH MOJKeT OKa3aTbCH rro-

KOHCTpyHpoBai!HH nHHe~HbiX yCKOpHTeneli rrpOTOHOB C KBanpyrronbHOII: 

1-H CeKUHH OT SHeprHH 50-100 Kl'IB no 2-3 Mae 

KaK CTpyKTypa C rrepeMeHHO~a30BO~ ~OKYCHpoBKO~ C HyneBhlMH 

YCK0peHHH (6e3 yCKopHTenH rrpHMO!"'O neliCTBHH); 

KOHCTpyHpOB8HHH HaqanbHO~ qacTH nHHe~HhiX YCKopHTen.ell: MI!Oroaa

( THJKenbiX) HOHOB0 

CymecTBYJOIUHe cHnbl!oToqHbie ycKopHTenu rrpsMoro nelicTBHH, cnyl!\amue 

qeCTBe Hl!)!(eKTopOB B nHHeii:Hb!H YCKOpHTenb HOHOB1 HMeJOT MaKCHManb

rropHnKa 700 KSB, npu YCKopeHHH TstJKenbiX HOHOB ( HarrpHMep, 

a -qacTHU) STOH l'!HeprHH OKa3b!BaeTCH HenocTaToqHo, qTo5b! 

1-10 ceKUHIO nHI!eliHO!"'O ycKopHTenst C KBanpyrronbHOII: ~OKYCHpoBKoli, 

rrepeas ceKuHst rrpoeKTHpyeTcst KaK cTpyKTypa AnbBaP.eua c ceToqHoli 

qTo rrpHBOIJ.HT K 5onbWOH. rroTepe rryqKa B l!aqanbi!Oli qacTH 

npu Bb!ITOnHeHHH HaqanhHOH CeKUHH yCKopHTenst ITO CTpyKType C 

MeHHo~aaoBoli ~OKYCHpOBKoli C HyneBbiMH rrepuonaMH yCKopeHHSI MOJKHO 

cymecTBel!l!biH Bb!Hl"'pb!W ITO HI!Tei!CHBI!OCTHo 

np11 STOM 1 ecTeCTBeHHo 1 C BBeneHHeM B ycKopstiOIUYIO CTpyKTYP¥ Hyne

rrepl!onoe YCKopeHHH CHHJKaeTCH ~eKTHBHOCTb YCKOpeHHst l!a eni!HHUY 

~ 12 

nnHHbl yCKOpHTenst 1 110 1 ITOCKonbKY naqanbHast CeKUI!st BbtrrOnHsteTCSI l!a He5onb-

WYIO SHeprHI01 STO rrpHBonHT K l!eCyWeCTBeHHOMY ysenHqeHIIIO o5meli nnHHbl 

ycKopnTenst, 

ABTop CqHTaeT CBOIIM rrpHstTHbiM nonroM Bbip83HTb 5naronapHOCTb 

n,n, 3uHoBbesy aa BHKMaHHe K pa6oTe, A.E. KyaHeuosy aa rroneaHbie nncKyc

CHH II o5cyJKneHHst, E,B, Co5onesy II n.c. PycaKOBOH aa ITOMOIUb B rrposcneHHH 

pacqeTHbiX pa5oT, 

nuTepaTypa 

1, H,E, TaMM, OcHOBbi TeopHH sneKTpuqecTsa, 1957 r, 

2. M.L. Good, Bull,Amer,Phys,Soc,, 27, No,6, 16 (1952), 

3. J,B, Faynberg, In CERN Symposium on High Energy Accelerators 

and Pion Physics, Geneve, 1956, p.91, 

4, .H,E, ¢lalil!5epr, )I(T¢l, 29, 5, 368 ( 1959), 

5, A,D., Bnacos, Teopllst nul!eliHbiX ycKopiiTeneli, ATOMIIanaT, 1965 r, 

6. O,A. BanbnHep H np. nul!eliHbie ycKopHTenH. ATOMHanaT, 1969 r, 

7, IO.D.. EeaHorux , Crroco5 ycKopei!Hst IIOHoB s niiHeliHbiX ycKopHTensx c rre

peMeHHo~aaosoll ~oKycllposKoll, 3assKa N91364293/26-25 oT 29 ceHTst5pst 

1969 rona, 

8, n,n, 3111!0BbeB H np, ¢lH311qecKHe ~50CHOBaHHH rrpoTOHHO!"'O nHHeHHoro ycKo

pHTenst - HHJKeKTopa CHHXpo~aaoTpol!a, nperrp!!HT OH.HH 519. 

9, IC .D.. Ee3HO!"'HX, nuHeliHh!H ycKopHTenb HOHOB c rrpensapi!TenbHoli rpyrrrrllpoBKot 

rro ~a a aM qaCTIIU, rrocTyrraJOIUHX H3 lj>opi!HJKeKTopa, 3assKa No 1390644/26-25, 

10, IO.D.. EeaHorux, 0 rpyrrrrllpoBnl!HH aapstJKeHHbiX qacTHU l!a axone ni!Heii:Horo 

YCKOpi!TenH IIOHOB, nperrpHI!T OJ.1.HJ.1 P2-5276. D.y5Ha, 1970, 

PyKorri!Cb rrocTyrruna B uanaTenbCKI!ll oTnen 

5 asrycTa 1970 rona, 
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» taxtop Otsocmten~
nepmo~ BpeMeBH Baa cxop. 

n 

0 
I 
2 
3. 
4 
5 
6 
7 
8 
9 

IO 
II 
I2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

nponeta 
Tn 

0,4 
0,4 
0,4 
0,4 
0,6 
0,6 
0,6 
0,6 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 

f3 • 

0,0145 
0,016189 
0,016189 
0,016189 
0,018453 
0,020986 
0,020986 
0,020986 
0,024381 
0,027757 
0,027757 
0,0?:1757 
0,032282 
0,035656 
0,035656 
0,035656 
0,040177 
0,043548 
0,043548 
0,043548 
0,048065 
0,051432 
0,051432 
0,051432 
0,055944 
0,059308 
0,059308 
0,059308 
0,063813 
0,067172 
0,067172 
0,067172 
0,071671 
0,075025 
0,075025 
0,075025 
0,079517 
0,082864 
0,082864 

)l.aHB8 
nepiJOM 

L lCM) 

4,13 
4,85 
4,36 
6,25 
5,31 
6,29 
5,65 
8,19 
7,02 
8,32 
7,48 

10,84 
9,15 

10,69 
9,60 

13,69 
II,28 
13,06 
II,73 
16,54 
13,40 
15,43 
13,86 
19,138 
15,52 
17,79 
15,98 
22,23 
17,64 
20,15 
18,09 
25,06 
19, 76. 
22,50 
20,21 
27,90 
21,~.87 
24,85 

14 

Ta6.11BJI8 I 

)l.aBB8 CBHXpOB- 3B~j)rHR , 
nepmo~ Bas ~38 M3B 
B OTBOC. B rpa~-
8,JtBH. cax 

1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 
1,~.806 
1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 
1,806 
1,347 
1,5 
1,347 

/ 1,806 
1,347 
1,5 

-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 
-90 
+35 
-35 
+90 

0 I 
o:123 
0,123 
0,123 
0,160 
0,207 
0,207 
0,207 
0,279 
0,361 
0,361 
0,361 
0,489 
0,596 
0,596 . 
0,596 
0,757 
0,889 
0,889 
0,889 
1,1 
1,241 
1,241 
1,241 
1,468 
1,650 
1,650 
1,650 
1,8 
2,II6 
2,II6 
2,116 
2,409 
2,640 
2,640 
2,640 
2,965 
3,3 
3,22 

'.\ 

» 
nepmo~ 

n 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
12 
13 
14 
I5 
I6 
I7 
I8 
19 
20 
2I 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

iaXTOp 0TBOCHT8.1l~
BpeMe- Has cxopoctb 
sa.npo-
neta f3. 

Tn 

0.,2 
0,5 
0,2 
0,4 
0,6 
0,6 
0,6 
0,6 
0,8 
0,6 
o,e 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 
0,8 
0,8 
0,8 
0,6 

0,0145 
0,0145 
0,0145 
0,0145 
0,016387 
O,OI8498 
0,018498 
0,018498 
0,021327 
0,024142 
0,024I42 
0,024142 
0,027913 
0,030726 
0,030726 
0,030726 
0,034495 
0,037037 
0,03!7307 
0,037307 
0,041073 
0,043882 
0,043882 
0,043882 
0,047646 
0,050453 
0,050453 
0,050453 
0,054213 
0,057017 
0,057017 
0,057017 
0,060773 
0,063574 
0,063574 
0,063574 
0,067326 
0,070123 
0,070123 

,llJlHB8 .llnHH8 
nepHo- nepmo,l!, 
.ll8 B OTHO 
L (c:u;) CHt.e,Jt 

4,35 
4,35 
3,91 
5,58 
4,70 
5,55 
4,98 
7,19 
6,I3 
7,24 
6,50 
9,40 
7,90 
9,22 
8,28 

II,78 
9,67 

II,I9 
I0,05 
I4,I5 
II,45 
13,16 
Il,82 
16,53 
I3,22 
I5,I4 
I3,59 
I8,90 
I4,99 
I7 ,II 
15,36 
21,27 
16,75 
19,07 
I7 ,13 
23,63 
18,52 
21,04 
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1,5 
I,5 
1,34? 
1,806 
I,34? 
I,5 
1,34? 
I,80€ 
I,34~ 
I,5 
1,34~ 
I,80E 
I,34~ 
1,5 
1,34~ 
I,SQj 
1,34' 
I,5 
I,34' 
1,80• 
I 34' 
1'5 
1

1
34 
' 1,80 

1,34 
1,5 
1,34 
1,80 
1,34 
1,5 
1,34 
I,8C 
I,34 
I,5 
1,34 
1,8( 
I,~ 
I,5 



TaClnaqa I 

J{JIBBa J{JIBHa CHBX~B-tax:rop O:raocB:ren-
Bp8118HH Baa. cxop. D~P(~ nepHOM BaSI 3a 
npone:ra B o:raoc. B rpaAY-

f3. e~a. cax T 

0,0145 
0,4 0,016189 4,13 1,347 -35 
0,4 0,016189 4,85 1,5 +90 
0,4 0,016189 4,36 1,347 -90 
0,4 0,018453 6,25 1,806 +35 
0,6 0,020986 5,31 1,347 -35 
0,6 0,020986' 6,29 1,5 +90 
0,6 0,020986 5,65 1,347 -90 
0,6 0,024381 8,19 1,806 +35 
0,8 0,027757 7,02 1,347 -35 
0,6 0,027757 8,32 1,5 +90 
o,8 0,0'1:7757 7,48 1,347 -90 
o,8 0,032282 10,84 1,806 +35 
0,8 0,035656 9,15 1,347 -35 
0,6 0,035656 10,69 1,5 +90 
0,8 0,035656 9,60 1,347 -90 
0,8 0,040177 13,69 1.L806 +35 
0,8 0,043548 II,28 1,347 -35 
0,6 0,043548 13,06 1,5 +90 
0,8 0,043548 II,73 1,347 -90 
0,8 0,048065 16,54 1,806 +35 
o,8 0,05!432 13,40 1,347 -35 
0,6 0,051432 15,43 1,5 +90 
0,8 0,05!432 13,86 1,347 -90 
0,8 0,055944 19,38 1,806 +35 
0,8 0,059308 15,52 1,347 -35 
0,6 0,059308 17,79 1,5 +90 
0,8 0,059308 15,98 1,347 -90 
0,8 0,063813 22,23 1,806 +35 
0,8 0,067172 17,64 1,347 -35 
0,6 0,067172 20,15 1,5 +90 
o,8 0,067172 18,09 1,347 -90 
0,8 0,071671 25,06 1,806 +35 
o,8 0,075025 19, 76. 1,347 -35 
0,6 0,075025 22,50 1,5 +90 
0,8 0,075025 20,21 1,347 -90 
o,8 0,079517 27,90 ' 1,806 +35 
0,8 0,082864 21.L87 1,347 -35 
0,6 0,082864 24,85 1,5 +90 

14 
;a: 

3srar•SI. 
3B 

0,1 
0,123 
0,123 
0,123 
0,160 
0,207 
0,207 
0,207 
0,279 
0,361 
0,361 
0,361 
0,489 
0,596 
0,596 . 
0,596 
0,757 
0,889 
0,889 
0,889 
I,I 
1,241 
1,241 
1,241 
1,468 
1,650 
1,650 
1,650 
1,8 
2,II6 
2,II6 
2,II6 
2,409 
2,640 
2,640 
2,640 
2,965 
3,3 
3,22 

1;\; 
ul 

II 

,, 
'I 

~i 

" ,, 

» ~xrop 
nepHo,~ta Bpeue-

BH.npo-
n ne:ra 

Tn 

0 
I 0.,2 
2 0,5 
3 0,2 
4 0,4 
5 0,6 
6 0,6 
7 0,6 
8 0,6 
9 0,8 

IO 0,6 
II o,a 
12 0,8 
13 0,8 
14 0,6 
15 0,8 
16 o,8 
17 o,8 
18 0,6 
19 0,8 
20 0,8 
21 0,8 
22 0,6 
23 0,8 
24 0,8 
25 0,8 
26 0,6 
27 o,8 
28 0,8 
29 o,8 
30 0,6 
31 0,8 
32 0,8 
33 0,8 
34 0,6 
35 0,8 
36 o,8 
3'7 0,8 
38 0,6 

' ... L------·-

TaClJIKUa 2 

O:raocH:reu- J{JIHBa J{JIBHB CHBX~B- 3uepr 
BaSI C.KO po Cr:& nepHo- nepBo,~ta BaSI 38 M3B 

Jta B o:ruo- B rpa.JtY-
f3 • L (cu) CHT.e,Jt. cax 

0,0!45 O,I 
0,0145 4,35 1,5 -90 0,09& 
0,0145 4,35 1,5 +90 0,0981 
0,0145 3,91 1,347 -90 0,0981 
0,016387 5,59 1,806 +36 0,126 
0,018498 4,70 1,347 -35 0,160 
0,018498 5,55 1,5 +90 0,160 
0,018498 4,98 1,347 -90 0,160 
0,021327 7,19 1,806 +35 0,213 
0,024142 6,13 1,347 -35 0,273 
0,024142 7,24 1,5 +90 0,273 
0,024142 6,50 1,347 -90 0,273 
0,027913 9,40 1,806 +35 0,365 
0,030726 7,90 1,347 -35 0,443 
0,030726 9,22 1,5 +90 0,143 
0,030726 8,28 1,347 -90 0,443 
0,034495 II,78 1,806 +35 0,558 
0,03'7037 9,67 1,347 -35 0,653 
0,037307 II,19 1,5 +90 0,653 
0,037307 10,05 1,347 -90 0,653 
0,041073 14,15 1,806 +35 0,791 
0,043882 II,45 1,347 -35 0,903 
0,043882 13,16 1,5 +90 0 903 
0,043882 ll,82 1,347 -90 o:9o3 
0,047646 16,53 1,806 +35 1,065 
0,050453 13,22 1,347 -35 1,194 
0,050453 15,14 1,5 +90 1,194 
0,050453 13,59 1,347 -90 1,194 
0,054213 18,90 1,806 +35 1,3'78 
0,057017 14,99 1,347 -35 1,53 
0,057017 I7,II 1,5 +90 1,525 
0,057017 15,36 1,347 -90 1,525 
0,060773 21,27 1,806 +35 1,732 
0,063574 16,75 1,347 -35 1,896 
0,063574 19,07 1,5 +90 1,896 
0,063574 17,13 1,347 -90 1,896 
0,067326 23,63 1,806 +35 2,Z26 · 
0,070123 18,52 1,347 -35 2,3 
0,070123 21,04 1,5 +QO 2,306 
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·(I PHCo 1. YcKOp5110Ul851 CTpyKTypa nY HOHOB c nepeMeHH0-4Jaaosoll: ¢oKycHpOB-

KOll: npH CTyneHq8TOM H3MeHeHHH CHHXpOHHOil: tP83bl ( cp 
0 

= :j: cp I ) • 

PHc. 2. YcKopHIOUl811 cTpyKTypa 

C HyneBbiMH nepHOll8ll,iH ycKopeHHHo I) 

..i=<·--



Pnc, 2. Y cxopsuomaR cTpyKTypa 

c nyneBhiMH nepnoaa¥H ycxopeBHSI, I) 

Pnc, 3, 41a30BhJe TpaexTopHn anR 

CTpyKTJpbi C nyneBblMH nepHOJlBMH 

ycxopennR, 

'(I Puc, I. YcxopmomaSI CTpyKTypa ny HOHOB c nepe~1eHHo-<f>a3oBoii tjloxycupoB-
KOii npn CTJileH'l8TOM lf3MeHeHHH CI1HXpOHHoii tP83hi ( rp" = :j: rp

1 

) , 

f- Y&=o· 
2- IP~a=-10• 

3-'llr=-20. 
~-'it.. =-31)• 
5- 'P&~· 
6-W,.:-g 



r I .I 
I! 
.: 

il 
I I 

I 
'I 

. ' 

I i 

I 

: 

11' 

:I 

I ,. 

I 

:I 
'' 

I 'I I 
I I 
r 1! 

I
, I i 

. ' 

I: 

! 

--

3Vi. 

·liD' ·SO' • 20' • 4n' AV Hll" ~ ZD' 

·2 

·3 

PHc. 4, 3aBHCHMOCTb paa6poca no 

HMnynbC8M H8 BXOile ycKOpSIOIU9A 

CHCT9Mbl OT Bl'OilHblX <j>aa: 

1 - /j; s 1.1;
0 

•18 xs/cMi 

2 - 5, m /j;
0 

+ 0,05 {i; O • 
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i 
.i) 
'I 

l•&tS'Yo 
z-w ,,~ 
3·Erttf~ 
It- fo 
s-eo·t'Y, 
6-e.- 2"/• 
1-s- ,.,, 

'f&z. 

PHc, 5, Paa6poc no HMnynbcaM ycKopeHHbiX 

'18CTHU H8 BbiXOil9 13-ro nepHOil8 ( f3s,llf'0,( 
W = 0,6 Mas) B 38BHCHMOCTH OT BXOilHblX ~ 
napaMeTp - ypoBeHb yCKOpSIOIUero nons, 

/.1;
0 

=18 KBicM. 

-5 0 

':leon 3ax6ama 

30' 

zo• 
fO' 

5 

PHc. 6, 3aBHCHMOCTb yrna aaxBaTa 

ycKopsiOwero nons, 

19 



:/17. 

-110• -ao• 

-2 

·3 

PHc. 4. 3aBHCHMOCTb paa6poca no 

HMnynbC8M Ha BXOAe YCKOpl!IO!UeA 

CHCTeMbl OT Bl'OAHblX ljlaa: 

I - & = &0 •18 KBICMi 

2 - & = &0 + 0,05 & 0 . 

18 

,.;: 

-zo• 

' ,p 
,1: 

.'

,!', 

... , ,, __ l__ --- --·· 

.. ~~ ,.4. :: z - ~~ 
t-&rsr. 
z-t..~ Jfo 
J·erf'fo 
~-e. 
s-eo·tr, 
s-e.- 2"f, 
7-e- 3'1• 

'f&z. 

PHc. 5. Paa6poc no HMnynbcaM ycxopeHHhiX 

'i8CTHU H8 BbiXOAe 13-ro nepHOA8 ( ~o,lf'0,0356, 

W = 0,6 Mas) B 38BHCHMOCTH OT BXOAHb!X ljlaa. 
napaMeTp - ypoBeHb YCKOpSIIO!Uero fiOnl!. 

&0 =18 KB/cM. 

-5 0 

':leon JaxGama 

70' 

JO' 
20 11 

fO' 

5 {O 

PHc. 6. 3aBHCHMOCTb yrna aaxBaTa OT ypoBHl! 

ycx o pll IO!Uero nonll. 

19 
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50' 'P- Cfs 

{,0 

0,9 
C18 
0,7 
0,6 
0.5 
Q4 

0.3 
0.2 
0,1 
0 

·Qf 

PHc. 7. $aaoBbie TpaeKTopuu qacTHU .a.nsr 
CTpyKTypbl C COBMemeHHblM 2-aaaop·HblM 

rpynnapoeaTeneM ( Ta6n. 2). 

t 

1-tfL•":'ss• 
z-W.~70· 
3·'!&•·1111' 
lt·'fl.....,. 
5· 'l'&r=-f20" 
6· '1'.::-f.»' 
'1·"'=-Br 
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~-

1.0 z 
0.9 
as 
Q? 
0.6 
0.5 
a¥ 
0.3 
0.2 
0,{ 

"' ·0.2 
·Q3 
·O.If 
-as 
0.& 
-Q? 

-as 
·Q9 
·1,0 

PHc. 7. <lteaoe&te TpaexTopHH 'IBCTHil Llmt 

CTpyKTypbl C COBMetQeHHbiM 2-3B30p·Hblif 

rpynnepoeaTeneM ( Ta6n. 2). 

(- 'llx•·90: z, ~a . 
z: •(!{ I 2- 'fl. =-90~ 

4- 11).·-90~. Z.•o.z· 
z:=o 1 

!-If&. =·90", 

Z,•o · 
?.,'~o.os, 3- 'lb·-so·, 

Z.= Q2 • z:•-o.O.!, 6- "'•=-ao• 1 

Pee. a. Pa.llHBnhHbie TpaeKTOpHH npoTOHOB .llnsr CHHXPOHHbiX llBC?THil 
=- 9()0 

Z·=o.z · 
~: =o.os, 

Z••0.2 · 
'l.' =-0./ J. 

t-Y'&.·-:ss• 
z-¥'&~'10· J-"' .. .,. 
lf-cfl, .... 
s- ,_,"'120" 
6-'fl&=-oo• 
'1-f&r:-or 
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QB 
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Q6 
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Q3 
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·Q4 

~ ·0.2 
·CIJ 
-a~t 

·OJ 
-a 
-a? 
·48 1-.,. •-70~ ~.·o . 
·Cif t•O.f, 

2- 'flil•-10.' 
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Pac. 9. Pa.u.aanbHble TpaeKTOpBH npoTOROB npB c/J axoas. •-70° • 
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•47 
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41 
118 
117 
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PKc. 9. PaaaanL&ble Tpae&TopRR DpoTOHOB npa ,P axo.aa. •-70° • 

(- 'Pl. • - ao,• 'l,=o • z-•nll=-t2o~ 'li•D J- "Pill • - 12o• , 'Z,' :o,.f, 
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"'- 'Pill = -12o•, X.=0.2· 5- fir= -120; z, :0,2 . 
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Puc. 10. Pa.llaanhHble TpaexTopaa npoTosoa npa tP exons. •-120°. 
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