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H.H.roaopyH E.M.KyJiaKoaa, JI.A.CMHpHoaa 

llPOrPAMMA PACqETA 
BMCTPOrO PE30HAHCHOrO BMBO~A 
llPOTOHHOrO nYqKA 113 Cl1HXP041A30TPOHA 
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Pacqe:r c~cTeM BHBO~a nepBHqHHX nyqKOB H3 ycKopH:renea B 

HaCTOSI~ee ·BpeWI np0~3BO~HTCSI, KaK npaB~JIO, C MCTIOJI1>30BaHHeM 

JBM, q:ro OOecneqHBaeT H900XO~HMYD TOqHOCTL M Ha~eEROCTL pe3yJI:r:.

TaTOB. llpM 3TOM,B 3aBMCHMOCTH OT TIOCTaBJI9HHOit 3~aq~ npRMeH~DT-
"' -:'-, . 

CSI KaK JIHBe~pH30BaHHHe ypaBH9HHSI ~BMX9HMSI H ynpo~eHHOe OTIHCa-
, /2 -4/ . 

HHe TIOJISI YCKOpHT9JISI _ (OHCTpHe MaTpHqHue nporpaMMH), 

TaK H TIOJIHH9 ypaBH9HMSI ~BHXeHMSI c"yqeTOM TOqHOR KapTHHH DORSI, 

nonyqeHHOR B pesyJI:r:.TaTe MarHRTHHX H3MepeHHa/
5 -?/, 

B nocne~HeM cnyqae MOERO paccqH:ra:r:r:. onTHMaJI:r:.Hoe nonoxeHMe 

BHyTpeHHero BHBO~HOrO MarH~Ta, 3~KT~BHOCTL BHBO~a, 3MHTaHC 

BHXO~SII!lero nyqKa H. T.~. O~HaKO pacqeTH no~OOHOrO po~a TpeOyDT 

sHaqM:ren:r:.Horo BpeMeHM. HanpHMep, o~HH ooopot nyqKa npM pacqe:re 

CMCT9MH pe30HaHCHOrO BHBO~a Ha ycKOpMT9JI9 llpHHCTOHCKOrO YHHBep

CMT9Ta/2-J/MHTe~pHpyeTCSI B :reqeHHe O~HOit ceKyH~hl. Pe30HaHCHast 

CHCT9Ma BHBO~a H3 l!teCTKO-tPOKYCMPYD!llero YCKOpMT91lSl EpyKxeitBeHa 

B OKOHqa:reJILHOM B~Ae paccq~THBaJiac:r:. no nporpaMMe II Beam._ n, 
KOTOpaSI MHTerpMpyeT :rpaeKTOpMH npOTOHOB qepe3 H3MepeHH09 none 

MamRHH. Tpeoyeuoe ~JISI pacqe:roB ~peun oqeH:r:. BeJIHKO - ABa ooopo:ra 

B MHHYTY• 

llpor·pauua pacqe:ra. ouc:rporo pesoHaHcHoro CBWBOAa nepBHqHoro 

nyqKa M3 CMHxpo¢aso:rpoHa OHHH,KaK noKasaJIH npHMwe H3MepeHKSI 

Ha nyqKe/8/,Mo~enHpye:r npo~ecc pasBHTHSI pesoHaHca c AOCTa:roqHott 

CTeneHJ:.D :roqHOCTHo 
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B HaCTOH~en padoTe on~CaH ueTo~ pact~eTa ~ np~se~eHa . I 

nporpa.uMa ~JIH 3BM, KOTOpaH HCllOJib30Banacb np~ t!UCJieHHOM 

~HTerpupOBO.H~~ TpaeKTOp~ll npOTOHOB B ycnOBUHX napaMeTpnqec

KOrO pe30HaHca np~ dRCTpOM BHBO~e rrpOTOHHOrO nyqKa 113 CHH

xpo¢a30TpO~a 0~1l!I /I/ . IIaiBMeTpnqecKHH pe3oHaHc B ycKo

pHTene B030yl!i:~aeTCH np~ H3MEmeH~U noKa3aTeJifl. noJIH " (Ln ~ 
HCKal!i:eH~H KP~BU3Hhl 3aMKHyTOil opdtnu. B ~aHHOM cnyqa~ ~JIH 

:JTOfO O~HHaKO BO I13M6HHnOCb rt. B ~ByX COCB~H~X KBa~paHTaX 

(I uTI). UurHHTHoe none 3a,n;auo cne~yiO~IrM odpa30M: MarHHTHaH 

~OpOl!i:Ka COCTOHT U3 4 KBU~paHTOB U 4 npHMOJIUHBHHbiX rrpo

MBlKYTKOB. CpeAHV.t'l pa~uyc KBa~pauTa rlo =2800cM, npouJKeH-
' JTf 

HOC Tb no nH I<:aJK~oro KBB,ll;paHTa no a3l'IMJ'TY /~ , .n;mma npRMO-

iHIHeilHoro npoMeJKyTKa L =UOO eM ( puc.l). Hone B npsrMonu

HeHHHX rrpoMeliCyTKaX B~"' D , Benuqtma: nonH Ha R 0 B KBa~
paHrax Bo = 1:3.000 rc. B pact~eTa-x t1cnonb3yeTCH TOnbKO 

sepTHKaJibHaSI cocTaBnHIOJ.naH nang 82. • BeJil'lt!l'!Ha Bz Ct!t1TaeT-

ca ne. 3aBHCS:I!let:l oT a3HMyTa,no pa~lifycy oHa onHcaHa qepe3 n.(S') 
( ill :1'1 lY KBa~paHTbi) ~ YL{p)+t:."-{J')( I H II KBa,ll;paHm).3,11;eCh 

P=-11--l2o , R. - TeKYli1l'IH pa~11yc. 

~yHK~Hn \'\..(,?) n .6Vl(j>) duJIH nonyt~eHH B pe3ym,TaTe MarHnT-

HUX ~3MepeHt1.11. Om1 npnBe,ll;eHbl B Tadnn~e I c maroM 5 cu. 

Pe30H8.HCHaR ~oOaBKa A Y\. 3aB HCliT OT speMeHH ( B rli.aHHOM cny-

qae OT HOMepa odopoTa.K. ): 

~V\.(j>,IL) -=An~coc Si~l~ · ~) . 
B Taomn~~ I npHBe.rr.eHo pdcnpe~en'e~fue .dh..,.c,..:. BenHtinHa 

I 

K'"' = 435 ooopoToB, T.~Y L\~ ~ocTHraeT MaKCHMaJibHOro 3H8.-

t!eHnH A "- ... u qepe3 435 odopoTOB nocne Hat~ana cqeTa. TipH 
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U/J:HCeKUUR 

Pnc. I. CTpyKTypa ycKop~TenH ~ nonapHue cucTeMH 

Koop~~HaT, np~HHTHe np~ pact~eTe. 

I \ I \ I \ I \ I \ I I I \ I \ I I I I II 0\Y11\Iifl\l 

PHc. 2. TpaeKTOpna nppToHa npu pasB~T~H pe30HaHca~ 

flo OCH adC~HCC OTJIOXeHW OdOpOTH npOTOHa B JIUHe~HOl 

pa3BepTKe. 

5 



:1 H npHBe.n;eHa 

ripH 411CJ16HHOM 

HRX napaMeTp~ttiec

ro nyqKa H3 cuH

e3oHaHc B yCK0-

1!R noJIR " fln 11 

HOM CJiyqae ,ll;JIR 

e.n;HHX KOO..ll;paHTaX 

6pa30M: MarHHTHaR 

f!MOJIHHei!HhiX npo

tl00cM, npOT.HlKeH-

, , .n;mma npRMO- , 

lloJie B npRMOJIH-

Ha .R o B KBa.n;

b3yeTCR TOJlbKO 

HHa · Bz CIIHTaeT

nucaHa qepe3 n.(p) 
KBa.n;paHm).3.n;ecb 

1 pe3yJILTaTe MarHHT

rnarOM 5 CM, 

( B ,~HHOM CJIY;_ 

l)· ~ . 
il't..,t • ..:. BeJIHtili!Ha 

CHMaJibHOrO ·3Ha

aJia' cq&Ta. Iip!t! 
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PJ11C. I. CTPYKTypa ycKopHTeJIH H noJIHpHhle cue TeMhl 

Koop.n;uHaT, npnHHT~e npu pacqeTe. .. 

P11c. 2. TpaeKTOpHR npoToHa npu pa3Bl1THH pe3oHaHca~ 

ITo OCH a6CUHCC OTJIOXeHW 060p0Tbl npOTOHa B JIHHeRHoR 

pa3BepTKe. 
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' 3TOM L\.h.,. MeHiieTCR CTyTieHtJaTO or odopora K odopory. 

IloJie a hi u lY Kaa,npaHrax B!lpalKeHo a an.ne: 

-j 9 
n. (.P) olpfc 12 .. + .f') 

~p) :::: Bt>e o . , 

a l H II K~paHrax: Po . 
-f h.(.P) 1-id\.(p)re.) -olp 

~(P~k) ~ Boe.. R.., ~~ . 

lleJIHtJHHLI B(s>) 11 B(_p1 1<)noJiyqeHLI npe.naapureJibHo n aae.neHh! 
z ~ . X) 

B nporpaMMJ B BH,ne TaOJIH~ C IllarOM 5 CM; l!MnyJibC npOTOHOB 

audpaH TaK, tJTO npH Bo =lJOOO rc OKpylii1Wcu c pa,n:11ycoM R. 
RBJIReTCR ,nJIR HHX paBHOBeCHO~. 

I 

ilpK dHCTpOM BHBo,ne paCCtJHTLIBaJiaCL pa,nKaJILHaR npoeK~HR TpaeK

TOpHR ITpOTOHOB B MarHKTHOR Me,nHaHHOR TIJIOCKOCTK YCKOPKT6JIH.HC

TIOJib30:00.JIHCb ITOJIHUe ypaBHeHHH ,nBI1lK6HH.fi B ~HJIHH,npHtJeCKOM CI1C

TeMe xoop,nHHar xalf:,I\oro xaa,npaHra c ,nuqxpepeH~Hpo a~nueu no ol(et J, 
( c - cxopoc n c ae ra, t -· ape1.m) 

'( A .r.----, rA .r Atl o<~ . u12 = . o v i-J3.l. L! 12.-v~· ~ +y) 

j_ ==A a V-t-pi' [A~- ol.. A]- v,_ ~ ; 
\J~ =Aov;:p?[Az.-lf~. A] 

. ) 

;~-= 'l.!r... +oe· + v; j 

A-:::. Vte,AR +d.A'{J +ViA~ j 

AR"'-Q Er<.+(J.fi'Z;-:~~H-t>) j 
A-.p ~ a.£~-r(1f~Hp_- if2H~. 

. ..~ ) 

A"Z:. =Q£a -r('lf21-Lp-oL HR) i 

x) AHaJIHTlitJec~-;~;He nOJISI rpedoaano yae;mqeHHR apeMeHu. 

HH.TerpUpOBaHHS!: H1ill ITpi1BO,nl1JIO K IIOHmlCemm TOtJHOCTH. 
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·:!· ........ ,-. 

3,necL ti ~ '\[, .:: d..R , 
' "- c;.({cf) I 

d..= ~:c~T1 
. _( o/.l. 
~ =. ue ~ cl(ct) . 

.B .naHHOM c11yqae E R. = E o.p == G~ = o, g.£.::::. B..p =O _, 1. 

flHTerpHpOBa HHe CHCT eMH ,nJ¢qiepeH~HaJibHUX ypaBHeHHfi np 

JIOCb c noMO~LD Cll-0045 MeTO.I\OM Pynre-Kyrra 

HliM !liar" OM no (ct ). rpaHH~a TIOJIH Ha KOHQaX KBa,npaHTO 

JICJ.. C TOI:JHOCTbD €_ :: t)
1 

{ • 10- r. 

IIpH dLICTpOM BWBO,ne ~eHTp nyqxa HaXO)tHTCJl Ha ~eH' 

,nHyce t 0 K He CMeDtaerca c pero • .l{JIH pacqera ltaE)ti>il rp 

3a,nanrcR cJie.eyroDtne HatJaJILHhle ycJioBHa: I) HatJaJibHoe O' 

.Po B TOQKe 1 ( KOHeQ IY KBa,npaHra YCKOPHTeJIH) 2) 

ropHSOHTaJI bHhlif yron · oL 0 B ron JKe TOtJKe. Pacqer rpa1 

HatJHHaercR c TOtJKH I 11 npo,nonJKaercn .no rex nop, noxa 

Ha a3HMyre JT ( Mecro pacnonomeHM BblBO,nHoro mrHHTa: 

HeT BeJIHtJHHii .P~~~, 3a,naHHOH npe,naapHTeJILHOo llp11 3TC 

MOlKeT d!lTb KaK nOJIOlKHTeJILHblM, TaK I1 OTpHQaTeJibHblM. t 

auae.neHu: K -HQMep odopora, p H o<. • .BapHaHTbl neqan 

KaXAOM odopore neqaranrcR 4 TOtJKH rpaexropHH ( KOHe~ 

xaa.npaH;a); ~) neqarL rex JKe 4 TOtieK P.atJKHaercH c o 

Hor.o HOMepa odopora, 3a,JJ,aHHoro 3apaHee; J) neqaTL o,nH 

rpaeKrOpHH Ha-f:=7T no .~;ocro:eHHH P7/..f>~ff. Ha pHcyJ 
' 

npHBe,neHa TpaeKTOpHH npOTOHa · npH pa3BHTHHH pe3oH 

a mmettnott pasBepr~e, no ocH op,nHHar orJioxeno ~ ·, I 

· adCIUICC - HOMep 060pora. 
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1Ta .K oelopoTy. 

IT8JlbHO 11 BBe,lJ;eHb! 

IYJihC npoTOHOB 

>CTb c pa.n:HycoM R. 

•Jl:&HaH npoeKUHH TpaeK

'CTlf ycKopaTeJIH, Hc

IJIHH.I\PMtJecKoi1 CHC

[l{HpOB~HneM nocJ.(ciJ, 

!JIHtJeHHH BpeMeHV!. 

l TOlJHOCTH. 

i-~ 

I 
I 
1 

'! 
...... 

' .. r olR 
R ~ VR = c/.{ct) 

I ..,d...P • 
o<-. ~ ~"-a{c;l) I 

. _( eli. 
.~ = ·ve = d(ct) . 

. B ~HHOM cJiyqae £ "R.-= E-; == G;z = o 1 g.~= B..p =O, 'l[.a =-o. 
HHTerpHpOBaHHe CHCTeMH ,n:~epeHI{HaJibHHX ypaaHeHHR npOH3BO,lJ;H

JIOC.b' C TIOMOIIIbll Cll-0045 MeT 0.1\0M PyHre-KyTTa C pOCTOHH

HI:lM !llBrOM riO (ct ). rpaHHI{a TIOJI~ Ha KOHQaX KBa,n:paHTO:S npOXO,l(H-

JIU. C TOI.lHOCTDIO €_ :: ~1 { • 10- t. 

IlpK C5LICTpOM BWBO,n:e UeHTp nytJKa HaXO,ll;HTCSl Ha UeHTpaJI:&HOM pa

.n;Hyce t 0 H He cMelllaetca c :Hero.,UJIH pacqera Itax.n;ol:t TpaenopHH 

sa.n;a.IDTCH cJie,nyro!llne HatJaJI:ouue ycJIOBHJJ: I) HatJaJI:&Hoe OTKJIOHeHHe 

Po a TOl!Ke 1 ( KOHeu IY KBa.n;paHTa ycKopwreJIR) 2) HatJUJI:&HbiR 
. ., 

ropHSOHTaJI:oHblil yroJI · o/.. 0 a TOil JKe TOtJKe. PacqeT TpaeuopHH 

HUl!HHaeTCH C TOlJKH l H npo,n:OJIEaeTCH .n;o TeX nop, TIOKa OTKJIOHeHHe 

Ha asHMyTe JT ( MeCTO pacnOJIOlKeHWI Bl:lBO,lJ;HOrO MarHHTa) He ,ll;QCT~r

HeT BeJIHlJHHi:l .Pr.oll, sa.n;aHHOH npe.n;aapHTeJILHO, Tip>! :3TOM .P 
MOll:eT 6UTD KaK nOJIOlKHTeJI:&HbiM, TaK H OTpJ1UaTeJibHHM. Ha _netJaTL 

BflBe.n;eHb!: K -H()Mep oe5opoTa, p H ol... BapHaHTH neqaTH: I) ila 

Itali!:.D;OM OCIOpOTe IIetJaTaiOTCJJ 4 TOl!KH TpaeKTOpHI'I ( KOHeU KalK,l(OrO 

Kaa.n;paHTa); ~) ne1.1an Tex JKe I+ TOtJeK Hai.!HHaeTcSI c onpe.n;eJieH-

Horo HOMepa oelopoTa, sa.n;auHoro sapaHee; .3) neqau o.n;Hoil TOtJKPI 

TpaeKTOpHH Ha-f::7T no ,II;OCTDeHHH p 71 .f>r...f(, Ha pHCYHKe 2 

npHBe.n;eHa TpaeKTOpHSI npOTOHa npH pa3BHTHHK pesoHaHca 

B JIHHel:tHOI:t pasBepT~e, no OCH Op,ll;HHaT OTJIOZeHO J? ,,no OCH 

· ae5CD;HCC - HOMep OC50pOTa. 
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- 60 
- 55 
- 50 
- 45 
-40 
- 35 
-30 
- 25 
- 20 
- 15 
-10 
- 5 

0 
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10 
15 
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T A E JI H U_!_.L_ 

n. (J?,) ~n (_?) 

- 0,07 
0,20 
0,365 
0,445 
0,515 
0,555 
01595 
0,62 
0,635 
0,655 
0,67 
0,68 
0,695 
o, 715 
0,73 
0,75 
0,765 
0,795 
0,835 
0,9 
0,975 
1,160 
1,7 
2,14 

) 

~ 

0 
0 
0 
0 
0 
0,02 
0,06 
O,IO 
0,17 
0,22 
o,21 
0,19 
0,21 
0,22 
0,17 
o,1o 
o,o6 
0,02 
0 
0 
0 
0 
0 
0 

il 
•• m 
\~,~J! 

'')'1·~1 
,I 

I 

;.;;.II .-P_O~r_.P;:...,;,;A:;..;M;;..;;;M;....;A-..~ 

Ilporpauua HanHcana B xo~ax uamHHH THna M-20. IlporpaMMa 

sanHMa.eT 1700 SJqeex, 

nnSI Be~eHHSI cqeTa no nporpaMl!e HeOOXO~HMO Ha J{SY 

HaOpaTll CJie~yDI!\YIJ HH<fJOpMa.IliUl: 

(n3Y-1) - mar HHTerpHpOBaHHSI B ~BO~HO-BOCI:.MepHqHOM KO~e. 

(n3Y-2) no Arr-00~4 - neqaTll Ha BCeX rpaHHnaX, 

0 - neqaTll no ~yrHM peXRMaMo 

Cn3Y-3) - qHcno ~· (~BoHqHoe) qHcno ooopoToB, qepes 

KOTOpoe npOHCXO~HT neqaTll ~aHHHX Ha rpaHH~aX 

KB~pa~Ta. 

(n3Y-4) - 0.00.000.0000.0001 ~ neqaTll HH<flOpMa~HH B 
paooqHX aqeA~&X • 

(n3Y-4) - 0.00. 0000.0000.0002 - HaKOnJieHHe B Ka.E~oa 

Toqxe 

B pesyJII:.TaTe ~JIHTeJillHOro cqera ~JISI nsY no~oOpaHH 

CJie~yxJI!\He BeJIHqHHH: 

(nsY-1) - 1.12.4000.0000.0000 

(J{SY-2) - 0.00._ 0000.0!4.0000 
'. 

(nsY-3) - 101.4000.0000.0000 

(nsY-4) - 0.00.0000.0000.0002. 

Hne npne~eHa nporpaMMa 401. 
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