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B uacTo.H~ee apeM.H .nn.H peweuu.H p.H.na npo6neM B 3Kc
nepuMeuTanLuoi .H.nepuoi ~H3HKe uayquo-uccne.noaa
TenLCKHe u.euTpbl MHOrHX CTpaH HCnOnb3YIOT H30XpOHHble 
u.uKnoTpoubl c perynupyeMoi 3uepruei. l-iloxpouubli U.HKno
Tpou MO)I(eT o6ecneqHTb ycKopeuue wupoKoro cneKTpa uouoa 
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.no 3Heprui nop.H,li;Ka W ::; ( 150 c- ~o~M3B c nnaa-
A 

HbiM perynupoaauueM 3Hepruu B wupoKoM .nuanaJoue npu 
.nocTaToquo xopoweM KaqecTBe ycKopeuuoro nyqKa. Coape
MeHHLie ,ll;eHCTBYIO~He H npoeKTHpyeMble H30XpOHHbie U.HKnO
TpOHbi o6ecneqaaaiOT TaK)I(e aecLMa Manbli 3uepreTuqecKHH 
pa36poc B nyqKe, KOTOpbiH B nyqWHX ycTaHOBKaX COCTaBn.HeT 

1\ w - -3 - -
----- c ( 0 ,:, , 2,0). Ill . O.nuaKo .nn.H ycTouquaou peanu3au.uu 
w 

TaKHX napaMeTpoa nyqKa ueo6xo.nHMbl onpe.neneuuble pe)I(HMbl 
pa6oTbl uJoxpouuoro u.uKnoTpoua. OnTHManLHbiM pe)I(HMOM 
6y,!J;eT .HBn.HTbC.H TaKOH, npu KOTOpOM C llOMO~biO CHCTeMbl 
ynpaaneuus c ucnonLJOBauueM 3BM npoao.nuTcs ueo6xo.nu
Ma.H aaToMaTuqecKa.H KoppeKU.HK napaMeTpoB B npou.ecce pa-
6oTbl ycKOpHTen.H. 0,!1;HOH H3 OCHOBHbiX ~yHKU.HH CHCTeMbl 
ynpaaneuus san.HeTcs o6ecneqeuae B npou.ecce pa6oTbl MaK
cuManLuo B03MO)I(Hoi .nn.H .nauuoro ycKopuTen.H MOH03Hepre
TuquocTH ycKopeuuoro nyqKa. 3Ta Ja.naqa pewaeTC.H npu
MeueuaeM CHCTeMbl aBTOMaTHqecKOH CTa6HnH3aU.HH ~a3bl 
nponeTa crycTKa qacTHU. qepe 3 ycKopsiOIIJ.HH npoMe)l(yToK I 11. 
Benuqaua oTKnoueuu.H ~a3bl nponeTa OT Ja.nauuoi npu onpe
.neneuublx ycnoBH.HX o.nuoJuaquo onpe.nen.HeT MOH03HepreTaq
uocTL ny'IKa ua Bblxo.ne U.HKnoTpoua. 
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B uacTo.H~eii pa6oTe paccMoTpeHhl o6UUie aHanBTB'IeciCHe 
3aBBCBMOCTB, onpeJI,eJI.HIOUUie cl>a3Y npoJieTa B 3HeprBIO 

YCKOpeHHOrO ny'IICa B B30XpOHHOM UBICJIOTpOHe. MeTOJJ.OM CTa
TBCTB'IeCICBX BCnhiTaHBH Ha 3BM npoBeJI,eHO MaTeMaTB'Ie

CKOe MOJI,eJIBpOBaHBe npouecca aBTOMaTB'IeCICOH CTa6BJIB3a
UBB clla3bl npoJieTa B noJiy'leHbl 3HepreTB'IeCICBe pacnpeJI,eJie
HB.H yciCopeuuoro nyqKa. 

AHaAUIIIU'IecKaJI 111eopuJ1 dia306biX npoijeccoe 

6 U30XpOHHbiX fiUKAOIIIpOHaX 

IIepHoJJ. o6pameuu.H 3ap.H)KeHuoii qacTBUhl B MarHBTHOM 
none C npOCTpaHCTBeHHOH Bapuauueii MO)KHO npeJI,CTaBBTh 

BB~e 

T= 277;-(I+a) 
/1/ 

f3c 

rJI,e r - cpeJJ.HBH paJJ.BYC paBHOBeCHOH op6BThl, a - IC03cll

clluuueHT, Y'IBThiBaroUUiii YJJ.JIBHeuue op6BThl u3-3a oTnB'IB.H 
ee cllopMhl oT oKp~HOCTB. 

ECJIB npeJI,CTaBBTh MarHBTHOe noJie B nJIOCICOCTB CBMMeT
pBB B cllopMe 

Hz ( r, 0) = H ( r) ·II + f • sin I a ( 8) - NOll , /2/ 

TO JI,JI.H 'laCTBUhl C nOCTO.HHHhiM BMnyJihCOM p 6yJI,eT BMeTb 
MeCTO COOTHOWeHBe/ 2 / 

pc = e H (r) . r • .\ , 

rJJ.e / 3/ 

2 I l + ~--- + _/_ 2 
.\ = 2 v 4 2N 

/3/ 

( I, 5 + n + L . -..!!£ ) • 
f dr 

KoJtWluuueHT YJJ.JIBHeHB.H op6BThl B JTOM cJiyqae onpeJJ.eJI.HeT
C.H no cllopMyJie 

4 

l f2 N2 
a=-

4 2 2 2 
.\ • ( N - l - n) 

r JJ.e N -que no· cnupaJieii , n = ;I · dH 
d;"' 

/4/ 

Y CnOBBe noJJ.JJ.ep)KaHB.H B30XpOHHOrO pe)KBMa COOTBeTCT-

ayeT T = T 0 ua acex paJJ.Bycax, rJJ.e T0= 
27Troo 

IlpH 
e 

JTOM B3 I I/ B /3/ MO)KHO uaiiTB 

h ( ~) = ~ s (~) = ( l + a) 
s H 

o .\.vI- [ilL.:!:....:!~ !2 
/5/ 

roo 

rJJ.e II 0 - MarHHTHoe none B uenTpe ycKopuTenH, 
Eo 

roo 
I' I; 0 

B cnyqae Manoii rny6BHhl aapuauuu f cpeJJ.HBH paJJ.HYC op-

6BThl r 6nH301C IC paJJ.HYCY ICpyrOBOH op6BThl B a3HMyTanLHO
CBMMeTpH'IHOM none B . IloJTOMY A= I , ,, 1·- 1· H(R) • H , a 

cllopMyna /1/ npBHBMaeT BHJI,: 

, 27TR·( I + aR) 
r = , /6/ 

{11· 

TOrJJ.a 

h = s 

(l+aR) 
--------------- , 
~-lf:(l~,-;r--~ 

\ I -[-- ] 
/7/ 

roo 

rJJ.e 

a =-
{2 N2 

-------. [2- ----
2 2 

r df , £ N 
+n+-·-1+-----

R 2(N2-l-n) (l+n) 2(N 2 -l-n) dr 4(N 2-I-n)Z 

H Y'IHTbiBaeT KaiC C>KaTBe cpeJI,Hero paJI,Byca op6HThl, TalC H 

yJI,nHHeHBe op6HThl H3- 3a BOnHoo6pa3HOH $opMhl. 
CJJ.BHr cl>aJhl, Bhl3hlBaeMhlii ueTO'IHhiM BhlnonueuueM Ja

ICoHa /5/, a TaiC)Ke OTKnOHeHHeM 'laCTOThl yCICOp.HIOmero 
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HanpJI*eHHJI OT 3aAaHHOH BenH'IHHhl,MO*HO OnHCaTL Bhlpa
*eHHeM 

d6 

dt 
q ( w s - uJ 1 + ~ w o· 181 

3AeCL q - KpaTHOCTL YCKOpJIIOlllero HanpJI*eHHJI, 
TOT a, onpeAenJieMaJI H3 Bhlpa*eHHii I 11 H 131, 

c OTKnOHeHHe 'lfaCTOThl reHepaTopa OT q u; s, uJS = -r-

(:) - qac
~wo 

IloA-
oo 

d ¢ d ¢ d r dE CTaBnJIJI BMeCTO --- = -·-·-
d t d r dE d t ' 

dE onpeAenJIJI --- H3 
dr 

I dE eVo Bhlpa*eHHJI 13 H nonaraJI ---- = -- w. cos¢, 
d t 2 7T 

MO*HO Haii-

TH ypaBHeHHe, onpeAenJIIOI.Qee CBJI3L Me*AY OTKnOHeHHeM 
MarHHTHOrO nOnJI, OTKnOHeHHeM 'lfaCTOThl YCKOpJIIOI.Qero Ha
npB*eHHJI H Bhl3biBaeMhlM 3THMH <lJaKTOpaMH CABHrOM 4Ja3hl: 

2 
d h h 1 rooe Yo 
--=-·t--
dr r 2rrqE 0 

d¢ -
-- • cos¢(r) 
dr 
·----

( l + ? ) h ; ,\ [ 1- __ h A roo L\w 0 -==---+--1 
(lH)yil+lFhA_f ' 

r 

191 

cq 

r dA 
00 

ll. 
A dr 

3AeCb eVo - MaKCHManbHhlH Ha6op 3HeprHH 3a o6opoT. 
PeweHHe 3Toro AH<lJ<lJepeH.uHanLHoro ypaaHeHHJI no3BOnJI

eT no H3BeCTHOMY CABHry 4Ja3hl BAOnb paAHyca BOCCTaHOBHTb 
peanLHoe MarHHTHoe none ycKopHTenJI h ( r) • 

113 191 MO*HO HaRTH <lJopMyny AnJI onpeAeneHHJI4Ja30BOrO 
CABHra BAOnb paAHyca B 3aBHCHMOCTH OT peanLHOrO MarHHT-
Horo nonJI: 

[sin(¢H+/~¢H)-sin¢ 11 ] 
2rrqEo 

---r---. 
r 00 eVo 

r. 
I 

f (l+a)hAx 

rH 

1101 
X [I-

h ,\ r 00 ,'\wo 
+ ] X 

6 

O+a) ,/1 + l_!:_~] 2 cq 

X [ l + ~ 
h 

dh 

dr 

r 
+

,\ 

r 

~- Jrdr · 
dr 

IlpH 'IHcneHHOM peweHHH ypaaHeHHJI 191 B03HHKaeT PJIA 
TPYAHOCTeii, CBJI3aHHLIX C HanH'IHeM nomoca B npaaoii qaCTH 
AaHHOrO ypaBHeHHJI npH h = h s H ~ 6J o= 0 , a TaiOKe C HanH
'IHeM 'IHCneHHOH HeyCTOH'IHBOCTH peweHHJI B 30He paAHYCOB, 

d¢ rAe __ >0. 
dr 

)J.nJI ynpollleHHJI 'IHcneHHoro peweHHJJ h ( r) pacKnaALIBa
eTCJI B PJIA OKOno CHHXpOHHOrO nonJI hs.CoxpaHJIJI TOnLKO 
nHHeiiHLiii qneH PJIAa h = h + ~ h , H3 19 I nony'IHM s 

d¢ 

d(~h) h r 2 e V 
T' cos¢· y h r s s 

-- =-~.[ 00 0 
dr r 2rrqEo 

. - J + 
( 2 2 ~woroo 
l +a) • [~h-y h • 

s s cq 

+ ( l +"so) • [ l + _r_ • _d_~], 
1111 

I + a d r 

rAe 

1 + (J 

"so=y;-l,hs= -A-·ys, ys= v;~:[(l+a) r 12-

r"" 

Ilpo.uecc 'IHcneHHoro peweHHJI 3Toro ypaaHeHHJI ycToii-

'IHB, ecnH BhlnonHeHo ycnoaHe d ¢I d r<O, 'ITO nerKo AOCTH
raeTcJI npH peweHHH ypaaHeHHJI 1111. 

B cnyqae He3Ha'IHTenLHoii aenH'IHHhl rpaAHeHTOB 

d ( ~ h) (l + 0 0 ) h 
---<< ___ s ___ s_, 'ITO llO'ITH BCerAa BhlnOnHJieTCJI npH 
dr r 

npai<TH'lfe CKHX aenH'IHHax /\ h ( r) , ypaaHeHHe I 111 nepexo-
ART B <lJopMy ny 

d¢. cos¢(-;:) ·hs 
dr r2e Vo _ 

'oo" '' wo)- -
2 

[l+ --'--
. 2 h (~h-ys·s 

•- -- - 2rrqEo y .(l+a) • 1 +a c q s da 1-
·--, r 

dr 

1121 
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Ypaaueuue /11/ ueo6xoAHMo ucnoJib30BaTb npu pac'leTe 

ABH>KeHHJI cl>a3bl B KpaeBOM none, rAe rpaAHeHT _A~~h) MO· 

>KeT AOCTHraTb 3Ha'IHTeJibHbiX BeJIH'IHH. 

lb I 12/ MO>KHO nony'IHTh Bhlpa>KeHHe AJIJI npH6JIH)KeHHO

ro onpeAeJieHHJI cl>a30BOrO CABHra npH H3BeCTHbiX OTKJIOHe-

HHJIX nOJIJI OT H30XpOHHOrO 3aKOHa: 

2rrqEo [ . (¢ +11¢ )-sin¢Hl=- -2--v -· 
sm H H r 

00

e 0 

r. 
I f Ys ·(l+a )2 

-X 

hs /13/ rH 

l + a 

da 2 roof'o...wo 
--J · (Ah- y 5 h5 • ----) r· dr. 
dr cq 

X (l + r ----

KHHeTH'IeCKaB 3HeprHB U,eHTpa TB>KeCTH cryCTKa MO>KeT 

6b1Th uaii.u.eua KaK 

N 
W =cV0 • I. cos¢(rm), /14/ 

m=O 

rAe r m - cpe.u.uuii pa.u.uyc op6HTbl m -ro o6opoTa, W -
KHHeTH'IecKaJI 3HeprHJI 'laCTHD.hl, npoweAweii N o6opoTOB, 

¢ - 3Ha'leHHe cl>a3bl U,eHTpa TJI>KeCTH cryCTKa Ha m -OM 

o6opoTe. 

~JIB HCnOJib30BaHHJI 3TOH cl>opMyJibl He06XO,IJ.HMO 3HaTb 

BeJIH'IHHY cpeAHero paAHYCa; m Ka>KAOrO o6opoTa: 

roo 
r=----· 
m W 

(l+a).(l+~ 
Eo 

1 y' 2W 
Eo 

+ c-!-/ 
Eo 

d¢ 
e V •- · cosrh 

0 dr ' 
+--------~---------

2rrq Eo( l+a).[l+_f_ . ..!:!.£.] 
l+ a dr 

/15/ 

H3MeHeHHeM cl>a3hl crycTKa 3a OJJ.HH o6opoT ao acex 

npaKTH'IeCKH HHTepecHbiX cnyqagx MO>KHO npeue6pe'lb. llo3-

TOMy, nOACTaBJIJIJI B /15/ 3Ha'leHHJI 3HeprHH W H cl>a3bl ¢ 
npeAhiAYilJ,ero o6opoTa, MO)KHO HaHTH noJIO>KeHHe paAHyca 

CJieAYJOilJ,ero o6opoTa. Bbi'IHCJIHB COOTBeTCTBYJOilJ,ee 3TOMy 

8 

paAHYCY 3Ha'leHHe cos¢, MO>KHO H3 /14/ noJiy'IHTb 3HeprHIO 

U,eHTpa TJI>KeCTH cryCTKa Ha nOCJieAYIOIU,eM o6opoTe. 

llpuMeHeHue Mellooa c•a•ucllut~ecKux ucnbullaHuu OA.R ot~eHKU 
c)onyCK06 HQ HeKOIIOpbl€ napaMe111pbl U30XpOHHbiX f#UKA0111pOH06 

PaccMaTpuaaeTCJI npHMeHeHHe MeToAa cTaTHCTH'IeCKHX 

HCnbiTaHHH AJIJI onpeAeJieHHJI Ha 3Tane npoeKTHpOBaHHJI 

U.HKJIOTpOHa CJieAyiOilJ,HX BeJIH'IHH npH 3aAaHHOM pa36poce 

3HeprHH Ha KOHe'IHOM paAHYCe YCKOpeHHJI: 

1. Heo6XOAHMOH TO'IHOCTH WHMMHpOBaHHJI cpeAHero no-

JIJI. 

2. qHCJia KOppeKTHpyiOilJ,HX KaTyWeK. 

CyllJ,eCTBO npeAJiaraeMOH MeTOAHKH COCTOHT B CJieAyJO· 

llJ,eM. 

BBHAY Toro, 'ITO ua 3Tane npoeKTHpoaaHHJI ycKopHTeJIJI 

HeH3BeCTHO pacnpeAeJieHHe OTKJIOHeHHH peaJihHOrO nOJIJI OT 

H3oxpouuoro, npeAnaraeTcJI rayccoacKoe pacnpeAeneHHe 

3THX OTKJIOHeHHH, OCHOBaHHeM AJIJI 'lero MO>KeT CJIY>KHTb 

BepOJITHOCTHaJI 3aBHCHMOCTb OTKJIOHeHHH nOJIJI OT 60JibWOrO 

'IHcna pa3JIH'IHhiX napaMeTpoa. Y'IHTbiBaJI, 'ITO MHHHMaJibHoe 

paccTOJIHHe Me>K.U.Y coce.u.HHMH no r uyneBhiMH 3Ha'leHHJIMH 

OTKJIOHeHHH nOJIJI OT H30XpOHHOrO,KaK npaBHJI0,60JibWe, 'leM 

nOJIOBHHa 3a30pa Me)KAY nOJIIOCaMH MarHHTHOH CHCTeMbl, AJIJI 

HMHTaU,HH OAHOH CJiy'laHHOH 3aBHCHMOCTH .1\ 1: ( r) pacnpeAe

JieHHble no HOpMaJibHOMY 3aKOHY CJiy'laHHble 'IHCJia C HeKO

TOpbiM 3Ha'leHHeM a 1\H HaHOCJITCJI BAOJib paAHyca C HHTepaa

JiaMH, paBHbiMH nOJIOBHHe BeJIH'IHHbl 3a3opa MarHHTHOH CHC· 

TeMbl. 

llonyqeuuoe TaKHM o6pa30M pacnpeAeneuae \II( r) o6-

pa6aTbiBaeTCJI no cl>opMyJiaM /13/, /14/, /15/ AJIJI nony'leHHJI 

BbiXOAHOH 3HeprHH ycKopeHHOrO ny'IKa, a TaK>Ke 3aBHCHMOC· 

TH C(r), COOTBCTCTByiOilJ,eH nony'ICHHOMY pacnpeAeJieHHIO 1\ll(r). 
3aTeM HMHTHpyeTCJI HOBaJI CJiy'laHHaJI 3aBHCHMOCTb 1\ll(r) , 
paCC'IHTbiBaeTCJI COOTBeTCTBYIOilJ,ee eii 3Ha'leHHe BbiXOAHOH 

3HeprHH ny'IKa H cl>a3hl BAOJib paAHyca H T .,IJ.. 

llOCJie o6pa60TKH ,IJ.OCTaTO'IHOrO 'IHCJia 3aBHCHMOCTeH 

~H( r) nonyqaeTcB racTorpaMMa \li = f( ~W) r=r 

" k 

, KOTO· 
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pa.ll .IIBJI.IIeTC.II $yHKI.(Heii IIJIOTHOCTH pacllpe,IJ;eneHH.II BhiXO,IJ;HOH 

3HeprHH llpH Bhl6paHHOH BeJIH'IHHe a ~H , H rHCTOrpaMMa 

Ni = f( ~ ¢) r < r< r • BhlweH3JIO)I(eHHhiM c11oco6oM MO)I(

HO IIOJIY'IHTf 3aa"HCHMOCTH N. = f ( .1\\l ) H 
1 W r = rk 

Ni' = f(~¢) ro< r < rk IIPH pa3JIH'IHhiX 3Ha'leHH.IIX a ~H H 

COCTaBHTh Ta6JIH'IHYIO 3aBHCHMOCTh Me)I(,IJ;y KaKOH- JIH60 Bepo

.IITHOCTHOH xapaKTepHCTHKOH pa36poca 3HeprHH JIH60 $a3hl OT 

BeJIH'IHHhl a~ H • IlOJih3Y.IICh 3TOH Ta6JIHI.(eii:, 110 3a,IJ;aHHOMY 

pa36pocy 3HeprHH Ha BhiXO,IJ;e YCKOpHTen.ll JIH60 110 pa36pocy 

$a3bl llponeTa BO BCeM ,IJ;Halla30He pa,IJ;HYCOB YCKOpeHH.II MO)I(HO 

uaxo,IJ;HTh Tpe6yeMoe ,IJ;JI.II ero o6eclle'leHH.II cpe,D;HeKBa,D;paTH

qecKoe 3Ha'leHHe OTKJIOHeHHH MarHHTHOrO IIOJI.II OT H30Xpou

HOrO. HH)I(e ,IJ;aHa 3aBHCHMOCTh ( _\" 1/2 ) r = rk OT a ~H , 

pacc'IHTaHHa.ll ~n.11 ycKopHTen.ll Y-120M 7.:~/, r,IJ;e (.:_\\\ 1; 2)r = rk

- wupuua rHCTorpaMMhl N i = f( .1\ W) r = r k , Bhi'IHcneuua.ll 

Ha ee IIOJIYBhiCOTe. ,[l;n.11 IIOCTpOeHH.II O,IJ;HOH rHCTOrpaMMhl 

Ni = f(~ W)r = r HCIIOJih30BanocL = 1000 HMHTHPYJOll\HX 

3aBHCHMOCTeiik ~H( r).Ha puc. 1,2,3 IIPHBe,IJ;eHhlrHcTorpaM-

Mhi ,IJ;JIH pa3JIH'IHhiX 3Ha'leHHii a A • 
dH 

a ;\H /3/ 1 
~W 1; 2 /K:JB/ 12 

2 
45 

3 
70 

TaKHM o6pa30M pewaeTc.ll 11epaa.11 H3 llepequcneHHhiX Bhlwe 

3a,IJ;a'l. 

qHCJIO KaTyWeK, He06XO,IJ;HMOe ,IJ;JI.II CBe,IJ;eHH.II HeKOTOpoii: 

HCXO,IJ;Hoii 3aBHCHMOCTH L\ H ~tcx ·( r) K 3aBHCHMOCTH, IIPH KO

Topoii: pa36poc 3HeprHH ua BhiXO,IJ;e nu6o pa36poc $a3hl B,IJ;OJih 

pa,IJ;Hyca He llpeBhiWaeT 3a,IJ;aHHOH BeJIH'IHHhl, IIO,IJ;6HpaeTC.II 

cne,IJ;yJOI.QHM o6pa3oM. Hcxo~Hhle 3aBHCHMOCTH .i\H11 cx '(r) 
HMHTHPYIOTC.II TO'IHO TaKHM )l(e CIIOC060M, KaK llpH peweHHH 

11epaoii: 3a,IJ;a'IH, O,IJ;HaKo B 3TOM cnyqae a;~cH·x • >> u 1\. 8 • Ilo-
MC~ ~ L 

nyqeHHbie 3aBHCHMOCTH '.li '~r) KOppeKTHpYJOTC.II C IIOMOll\hlO 

HeKOTOporO •llpOH3BOJlhHOrO 'IHCJia TOKOBhiX KaTyWeK, HallpH

Mep, MeTO,IJ;OM HaHMeHhWHX KBa,D;paTOB, a 3aTeM Bhi'IHCJI.IIJOT

CH 110 $opMynaM /13/, /14/, /15/ 3Ha'leHHH 3HeprHH Ha Bhl· 

XO,IJ;e yCKOpHTeJI.II H pa36poc $a3 B,IJ;OJih pa,D;Hyca ""¢( r) , CO-

10 

N;. 

h, 
72 

66 

60 

5J, 

~8 

Itt 

'35 

30 

24 

IB 

f2 

6 

1 
0 

Puc. 1. cl>yHK!4UJI nAOIIIHOCIIIU eepoAIIIHocmu OAJI :JHepzuu ny'lKa 
Ha KoHe'lHOM paouyce ycKopullleAJI npu a~"= 1,0 3. 
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OTBeTCTByiD~He OCTaBWHMCB nocne KOppeKQHH BenHqHHaM 

~HcKop. ( r ). 3cWJeKTHBHOCTL 0Tpa60TKH ~HHCX\ r) H COOTBeTCT

BYIO~HX HM ~ cp HCX '( r) C DOMOI.QLIO MeTO,ZJ,a HaHMeHLWHX 

KBa,ZJ,paTOB llOKa3aHa Ha rHCTOrpaMMaX pHC. 4,5,6,7. rucTo

rpaMMLI paccquTaHLI ,ZJ,nB npoeKTa MOH03HepreTuqecKoro 

UHKnOTpOH~5/ • 

IIepe6upaB 3aTeM nocne,ZJ,oBaTenLHO BHaqane qucno Ka

TyweK, a ,ZJ,anee ~CX • , MO:>KHO COCTaBHTL TpexMepHyiD Ta6-

nuuy (~~~·,NKaT.• M. 3a,ZJ,aBaBCL npu npoeKTHpoaaHHH ycKo-

pHTenB nu6o aenuquHoB: ( ~:-) r = rk, nu6o I~¢ I max .. , H3 

nonyqeHHOH Ta6nHULI MO:>KHO, pyKOBO,ZJ,CTBYBCL KaKHM-nH60 

BepOBTHOCTHLJM KpHTepHeM, BLI6paTL onpe,ZJ,eneHHYIO napy 
- ucx. 

3HaqeHHH v ~H H N KaT •• 

3KcnepuMeHTanLHoe Mo,ZJ,enupoaaHHe no,ZJ,6opa qucna Ka

TyweK DO OllHCaHHOH BLIWe MeTO,ZJ,HKe 6LinO npoBe,ZJ,eHO Ha 

3Tane npoeKTHpOBaHHB MOH03HepreTuqecKoro UHKnOTpOHa. 

Hu:>Ke npHBO.IJ.HTCB Ta6nuua (u~W • , N KaT), cocTaBneHHaB c 

yqeTOM ycnOBHB nonyqeHHB pa36poca 3HeprHH Ha KOHeqHOM 

pa,ZJ,Hyce ycKopeHHB, paBHOrO "'30 K3B. Ilo,ZJ, pa36pOCOM 

3HeprHH DOHHMaeTCB wupuHa rucTorpaMMLI Ni = f(!\W) r= r Ha 
k 

nonyBLICOTe. 

UHCX • 
NAn /3/ 

KaT. 

1,0 
8 

1,5 
11 

2,0 
14 

C DOMO~LIO MeTO,ZJ,a CTaTHCTHqecKHX HCDLITaHHH MO:>KeT 

TaK:>Ke pewaTLCB 3a,ZJ,aqa onpe,ZJ,eneHHB ,ZJ,onycKa Ha ToqHoCTL 

cTa6HnH3aUHH OCHOBHOH o6MOTKH UHKnoTpoHa. AnropHTM 

,ZJ,eHCTBHH B 3TOM cnyqae BLirnB,ZJ,HT cne,ZJ,yiOI.QHM o6pa30M. 

Ilocne Toro, KaK B pe3ynLTaTe peweHHB nepaoB: H BTopoB: 

3a,ZJ,aq, ODHCaHHLIX BLIWe, HaH,ZJ,eHO 3HaqeHHe a~~P· == a~H 

AW 33.$H. 
H COOTBeTCTByiD~ee ( -- ) r W r= k 

HMHTHPYB Hano:>KeHHe 

HeCTa6HnLHOCTH DOnB OCHOBHOH 06MOTKH Ha OCTaBWeeCB 

HeCKOppeKTHpOBaHHLIM none YCKOpHTenB, CKna,ZJ,LIBaeM O.IJ.HY 

H3 Cnx_qaHHLIX KpHBLIX ~H CKUptr) C DOCTOBHHOH B,ZJ,OnL pa,ZJ,Hyca 

~ H~PEJIC!E(r) , BenuquHa KOTOJlOH no,ZJ,qHHBeTCB HOpManLHOMY 
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pacrrpe~eneHHIO c a =c. a Wuetl¢a . CyMMapHa.ll KpH:sa.ll 

:\H~ =i1HCKOp.(r)+t-.IJUPeM~r) o6pa6aThiBaeTC.II ITO <i>opMynaM 

/13/, /14/, /15/, qTo, KaK H B cnyqae peweHH.II nepBoB: 

3a~aqu, II03BOJI.IIeT HaBTH BepO.IITHOCTHYJO CB.II3b Me)l(~y 

pa36pOCOM 3HeprHH Ha BhiXO~e YCKOpHTeJI.II JIH6o pa36pOCOM 

4>a3 B~OJib pa~Hyca ~JI.II Bhl6paHHOB cnyqaBHOB KpHBOB H3 

CeMeBCTBa KpHBhiX l\HCKOp. (r) H ITpH BeJIHqHHe ~peB:4>a ITOJI.II 

OCHOBHOB o6MOTKH,COOTBeTCTBYIO~eB a gr.eti<±Ja . 1Iepe6upa.11 

~ocTaToqHo 6onLwoe KonuqecTBq cnyqaHHhiX KPHBhiX t-.HcK(~:, 
~n.ll Bb16paHHoro 3HaqeHH.II a Wuewpa CTPOHM ycpe~HeHHYJO 
<i>YHKUHlO IIJIOTHOCTH pacnpe~eneHH.II 3HeprHH Ha BhiXO~e YCKO

pHTeJI.II, JIH60 ycpe~HeHHYlO <i>YHKUHIO ITllOTHOCTH ~ll.ll 4>a3hl 

rrponeTa N i = f(t-.¢ )~C'< r < rk. TaKHe ycpe~HeHHhle 4>YHK~HH 
IIJIOTHOCTH MO)I(HO ITOCTpOHTb ~JI.II pa3JIHqHhiX 3HaqeHHB a~Mqa 

H rro~o6paTL TaKoe ero JHaqeHHe, KOTopoe o6ecnequT nu6o 

t-.W cp. 
Ja~aHHYJO BenuquHy(--.-) 

\\ r = r 
k 

cp. max 
JIH6o It<.¢ lr <r<rk 

0 

B JaKnJOqeHHe OTMeTHM, qTo H3JIO)I(eHHa.ll B ~aHHOB pa-

6oTe MeTO~HKa IT03BOJIJleT C 3a~aHHOB CTeneHblO ~OCTOBep
HOCTH Bhi6Hpa Tb ~OITYCKH Ha TOqHOCTb WHMMHpOBaHH.II H CTa-

6HJIH3aUHH cpe~Hero IIOJI.II npH npoeKTHpOBaHHH H30XpOHHhiX 

UHKJIOTpOHOB, HCXO~.II JIH60 H3 ~OITYCTHMOrO pa36poca 3HeprHH 

Ha BhiXO~e YCKOpHTell.ll 1JIH60 H3 ~OITYCTHMOrO pa36poca 4>a3 

BO BCeM ~Haiia30He pa~HYCOB YCKOpeHH.II, B TO BpeM.II KaK 

MeTO~hl OThiCKaHH.II ~OITyCKOB Ha TOqHQCTb WHMMHpOBaHH.II 

H CTa?JIH3aUHH Cpe~Hero IIOll.ll, OIIHCbiBaeMhle B pa6o

TaX /'l, 5 
, OUeHHBalOT llHWb MaKCHMallbHhle 3HaqeHH.II 3THX 

~OIIYCKOB, He yqHTbiBa.ll BepO.IITHOCTH IIO.IIBlleHH.II MaKCHMallb

HhiX OWH60K. 

IIPHJIO)J(EHHE 

AAZOPU111M 011fbiCKaHUJI 1110K06, KOppeKmupy10J.I#UX coeuz (Ja3bl 
eooAb paouyca u 3Hepzemu~ecKuii paa6poc ny~Ka 

KoppeKUH.II OTKllOHeHHB peaJibHOrO cpe~Hero IIOll.ll OT 

H30XpOHHOrO 3aKOHa, Bhl3hiBalO~X 4>a30BOe ~BH)I(eHHe qac

TBU B 3HepreTuqecKBB pa36poc B rryqKe Ha KOHeqHbiX pa-
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,IJ,Hycax, MO)KeT 6LITL ocy~e CTBneHa CHCTeMOH KOHUeHTpHqe

CKHX 06MOTOK, KaK npaBHnO, HMeiO~XCJI Ha B30XpOHHbiX 

UBKnOTpOHaX. IJpe,IJ,naraeMLIH anropHTM n03BOnJieT HaXO,IJ,BTL 
3HaqeHHJI TOKOB B KOppeKTHpyiO~X KaTywKaX B3 ycnOBBJI 

MHHBMB3aUHB cliYHKUHOHana cne,IJ,YJO~ero BB,IJ,a: 

F 

3 T 2 
N ( l'. sin¢ i -l'.sin¢i) 
! 

i = 1 a i 

A•rl,') •r/..3 •r/..3 
1-1 sm '+' i = sm '+' i - Sin 'f' 0, 

/16/ 

A • r1. T . r1. T . r~,T a s1n 'f'. = Sin 'f'. - s1n '+'O, 
1 1 

r,IJ,e ¢ :j - 3KCnepHMeHTanLHO H3MepJieMLie C OIUH6KOH a. 
1 - 1 

clla30BLie C.D.BHrH B pa3nHqHLIX ToqJ<ax no pa,D,Bycy r. , ¢1 -
... - 1 1 

3HaqeHHJI ..,a30BLIX C,IJ,BHrOB B TeX )Ke TOqJ<aX r. , BblqBcneH-
1 

Hble no !l>opMyne /13/. H3 /13/ H /16/ BH,IJ,HO, qTo cliYHKUBO-
Han F CO,D,ep)KBT B J<aqeCTBe He3aBBCHMbiX nepeMeHHbiX TOKH 

KoppeKUHH. )J.acllcllepeHUBPYJI F no 3THM nepeMeHHLIM B npa

paBHBBaJI nonyqeHHLie Bblpa)KeHHJI K HynJO, nonyqBM CHCTeMy 

ypaBHeHBH, peweHBe KOTOpOii n03BOnHT HaHTB TOKH, o6ecne

qaBaiOJ.UBe MBHBMYM cliYHKUBOHana F . CacTeMa ypaaHeHHii 

6y,IJ,eT nBHeiiHoii, ecnu npBHJITL ,IJ,onymeHBe o cna6oii 3aaa

CBMOCTH nonJI J<a)K,IJ,OH 06MOTKB OT ypOBHJI HaMarHBqeHHJI 

OCHOBHOH MarHBTHOH uenB yCKOpBTenJI. B MaTpBqHOM BB,IJ,e 

naHeiiHaJI cacTeMa ypaaHeHBii 3anaweTcJI cne.D.yJO~M o6pa-

30M: 

[Aii] · [t-.1 i] = [Bi], 
N 2 rk rk 

r ,IJ,e A .. = ! ~2 • J G . rdr · · J 
1J . 1 H 1 

Gj rdr , 

Bi 

b 

20 

1 = 0 r r 
0 0 

N 3 . 3 b 
! ( sin ¢ k - sin ¢ o ) • ( - li 

~=1 0 

2rrq E
0 -----. 

r 2 e V 
00 0 

rk 

f Gi rdr) , 
r 
0 

/17/ 

/18/ 

Bwpa)KeHBJI ,IJ,nJI G i , i BMeiOT BB,IJ, /6/ 

l l ==-. 
2 

G .. 
I,J r • IF ( 

vO+ -L) 2 (h. 2 o a) + E ( ) R· + -L) 0 a x 

J Rj 

r. 2 h. 2 
/19/ 

[1- (-·-) -(-J-)) 
Ri Ri 

X } • 

0- ~ )2 

Ri 
+ (~)2 

Ri 

1<0 (a) H E 0(a) - 3nnBnTaqeci<Be BHTerpanbl 1-ro B 2- ro po,IJ,a. 

4R j r i 
a= yl - . /20/ 

2 2 
( R j + r i) + hj 

CacTeMa /17 I ner.Ko pewaeTcJI Ha Manwx 3BM TBna 
M-6000, "XLJOneTT-Ilai<Kap,IJ,-2ll6C" B T.n. / 7/, qTo 

n03BOnJieT aBTOMaTB3BpOBaTL npouecc KOppei<UBBclla30BLIX 

C,IJ,BBrOB B, I<a.K Cne,IJ,CTBBe 3TOrO, MBHBMB3BpOBaTL pa36poc 

3HeprBB B BLIBO,IJ,BMOM nyqJ<e, o6ycnoaneHHLIH 3TBM cllai<TO
pOM. 
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