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If JIOf!PHWX UCC.IIf!006QHUU ,4y6Ha 

8 HaCTOHmee apeMH aa npoTOHHOM cnaxpoTpoae 11<1>83 

J].OCTHrHyTa pa60"i8SI HHTeHCHBHOCTb 3,2.10 12 npoT./HMIT. 

0)!(HJ1.89TCSI, 'ITO npH nonHOM HCITOnb30B8HHH B03MO)!(H0CTei\ 

yCKOpHTenH ero HHTeHCHBHOCTb M0)!(9T 6biTb JJ.OBeJleHa JJ.O 

(4 + 5)·10 12 npoT. IHMn. ll.nH Toro "'T06bi cnaxpoTpoH 

11<1>83 Mor KOHKypnpoaaTb c ycKopnTenHMH NAL H CERN-2, 
ero HHT9HCHBHOCTb He06XOJlHMO ITOBbiCHTb B JleCSITKH paa. 

3Toro MO)!(HO JlOCTH"'b B OCHOBHOM 38 C"ieT yaenH"'9HHSI 

"'HCna "18CTHU, yCKOpS19MbiX B OJlHOM HMnynbce.8 H8CTOSI!ll99 

BpeMSI pa3pa60T8H npoeKT peKOHCTpyKUHH CHHXpOTpOHa 

11<1>83, paCC"'HT8HHbii1: H8 nony"'eHHe HHT9HCHBHOCTH 

5·10 13 npoT./HMn. ( ""10 13 npoT.Ic) /t/. 
TaK KaK ocaoBHbiM orpaHH"'HBaiOUIHM <flaKTopoM, onpe

aenHIOUIHM "'HCnO "18CTHU B HMnynbCe, SIBnSieTCSI KynoHOB

CKHi\ Cll.BHr "18CT0Tbl H9KOrepeHTHbiX CB060ll.Hb!X KOne6aHHi1:, 

TO 9ll.HHCTB9HHOi1: B03MO)!(HOCTb10 ITOBbiUieHHSI HHT9HCHBHOCTH 

B ll.9CSITKH pa3 ll.nSI ll.8HHOro yCKOpHTenSI SIBnSieTCSI yaenH

"19HHe 3HeprHH HH)!(9KUHH. 

DpoeKT peKOHCTpyKUHH CHHxpoTpoaa 11<1>83 npeaycMaTpH

aaeT coaaaHHe HH)!(eKTopaoro ycKopHTenH - 6ycTepaoro 

npOTOHHOrO CHHXpOTpOHa C "18CTOTOH yCKOpSieMbiX cryCTKOB 

25 ru ( 6hiCTpb!i1: 6ycTep). CornacHO npoeKTy, 6hiCTpbli1: 

6ycTep ll.On)!(eH yCKOpSITb 1,7•10 l2 llpOT./HMn. OT 9HeprHH 

37,5 Ma8 JlO aHeprnn 1,5 fa8. 8 ocaoaaoii CHHXpoTpoH 

11<1>83 HH)i(9KTHpyeTCSI H3 6ycTepa B Te"'eHHe 1 ,2c. 30 HM

nynbCOB npoTOHOB c aaeprnei\ 1,5 ra8. TaKHM o6pa30M 

o6ecne"'HB89TCSI yaenH"'9HHe HHTeHCHBHOCTH ll.O 

5•1013 npoT.IHMn. 
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Pac. 1. CxeMa oaaoro nepaoaa MarHHTHoii: cTpyKTyphi 
6ycTepa. 

B Kat.IeCTBe onTHManbHOH MBI'HHTHOH CTpyKTypbl 6ycTe
pa B npoeKTe npHHHT BapnaHT C paaaeneHHblMH ¢yHKUHHMH 
sneMeHTOB Mai'HHTHOH CTpyKTyphi. 

JV\arHHTHaH CHCTeMa 6ycTepa COCTOHT H3 12 nepHOllOB 
C llnHHHb!MH npHMOnHHeHHbiMH npoMe:IKyTK8MII Me:IKllY HHMH. 
Ka:IKllbiH nepHOll COCTOHT II3 2 nOBOpOTHb!X M8I'HHTOB C Oll
HOpOllHb!M noneM, Me:IKllY KOTOpb!MH pacnono:~KeH TpHnneT 
H3 2 ¢oKyCHPYIDIIlHX H OllHOH ae¢oKyCHpyiD!Ileii: no paaaycy 
KsaapynonbHhiX naaa. Ha pnc. 1 npHseaeaa cxeMa nepaoaa 
MBI'HHTHOH CTpyKTyphl 6ycTepa, a B Ta6n. 1 nepet.IHCneHhl 
OCHOBHhie ITapaMeTpbl 6biCTporo 6ycTepa 11<1>83. 

B aacToHmeii: pa6oTe aano:IKeHhi peaynbTaThi t.IHcnea
HhiX paCt.IeTOB llHH8MHt.I€CKHX xapaKTepHCTHK 6hiCTpOI'O 
6ycTepa. ITposeaea aaanna nonyt.IeHHhiX peaynbTaTos 
H cpaBHeHHe HX C ll8HHbiMH 1 npHBelleHHhiMH B ¢H3Ht.IeCKOM 
060CHOB8HHH npoeKTa 6ycTepa. 

I. YpasHeHHH llBH:IKeHHH H MeTOllHKa 

t.IHCneHHOI'O pacqeTa 

B Kat.IecTse aeaasHCHMoii: nepeMeaaoii: s ypasaeHHHX 

llBH:IKeHHH npHHHTO paCCTOHHHe BllOnb paBHOBeCHOH op6HTbl 
S 1 X - HOpManbHOe OTKnOHeHHe OT 9TOH op6HTbl B MellHaH-

4 

Ta6naua 1 
Ocaos~hie na_paMeTpbi 6ycTepa 

HaaMeHOBBHHe napaMeTpoa 

l.Jacno sneMeHTOB nepHOllHt.IHOCTH 
l.Jacno nOBOpOTHbiX MBI'HHTOB 
l.Jacno ¢oKycnpyiDIIlHX (no x ) naaa 
l.Jacno ae¢oKycnpyiD!IlHX naaa 
llnaaa noaopoTaoro MarHHTa no non10 fm 
.Unnaa ¢oKycapyiDmeii: nHH3hi no rpaa. f <P 
.UnHHa ae¢oKycapyiDmeii: nHH3hi no rpaa. fA 
.Unaaa 6onbworo npoMe:IKyTKa f o 
.Unaaa cpeaaero npoMe:IKyTKa f2 
.Unaaa Manoro npoMe:IKyTKa f 1 
p BllHYC KpHBH3Hbl pact.IeTH. paBHOBeCH. 
op6HThi R 
.Unaaa nepaoaa MarHHTHoii: cncTeMhi L 1 
Cpeaaaii: paaHyc op6HThi 
AKcenTaac: ITO paaaycy 

ITO BepTHKBnH 
ITone HH:IKeKUHH B nOBOpOTHbiX MBI'HHTaX 
/V\aKCHManhHOe none B nosopoTHhiX 

MarHHTax 
MHHHManhHhiii: rpaaaeHT MarHHTHoro 

nonH B naaaax 
/V\aKCHM8'nbHbiH rpaaHeHT MBI'HHTHOI'O 

nonH B nHH38X 
l.JaCTOTa o6pa!IleHHH t.IBCTHU B Hat.Iane 

UHKna 
l.JaCTOTa o6pameHHH t.I8CTHU B KOHUe UHKna 

Bennt.IHHa 

12 
24 
24 
12 

1,5 M 

0,3331 M 

0,5714 M 

2,0 M 

0,7629 M 

0,250 M 

5,730 M 

8,2636 M 

15,7823 M 

45 CM.Mp8ll 
10 CM.Mpall 

1560 3 

13102 3 

127,0 3/cM 

1066,6 3/cM 

0,83 Mfu 
2,79 Mfu 

aoii: nnocKoCTH, z-OTKnoaeaae no sepTHKanbaoii: oca. B Ta
KOii: CHCTeMe KOOpllHHBT ypaBHeHHH llBH:IKeHHH MO:IKHO aanH

CaTb B BHlle 

2kx'
2
_k(1+kx) 

x"- 1 + kx 
_1_ y (1 + kx) 2 + X' 2.t Z '2 X 

R1 
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(l+kx) 2 +x'2 
X I F -

1 + kx z 

, z, 
_x ___ Fx 

1 + kx 
z, F s I ' 

2kx'z' z"- __ .;;.;._ __ 
1 + kx 

-
1
-y'(l+kx) 2+x'2+z'2 x 

R 1 

( 1 + kx) 2 + z' 2 

X I F X 
1 + kx 

x 'z' 
1 + kx F z - x'F sl' 

(1) 

(2) 

rae ( ')- 0603HaqaeT _..!L 1 k = _! - KpHBH3H8 paBHO-
p ds R 

secHoti op6HTbi 1 R1= R - 1 y'iHTbiBaeT HepasHosecHbiH HM
Po 

nynhc, Fz, Fx, F 8 - KOMnoHeHTbi MarHHTHoro nonSI 
aneMeHTOB CTpyKTyphl. 

TaK KaK B npoeKTe oTcyTCTBYIDT xapaKTepHCTHKH 
Kpaesoro nonSI MBrHHTOB H nHH3 1 TO B nepBOM npn6nH*e
HHH npHMeM F 8 = 0 H npSIMoyronhHoe pacnpeaeneHHe no s. 

B aasHCHMOCTH oT aneMeHTa MarHHTHoti cTpyKTypbi 
JlBHHOrO nepHOJl8 (pHCo 1) B03MO*Hbl 4 BHJlB peweHHH 
ypaBHeHHll (1) H (2). 

1). B npSIMOnHHefiHbiX npoMe*YTKax f 0 , f 1 , f 2 

Xi = Xi _ 1 + X f _ 1 • f ; Z i = Z i _ t+ Z l _ 1 • f ; {f0, f 1 HnH f 2 ). 

X ~ = X '. 
1

, Z ~ = Z '. 
1 I I- I I-

2). Ha KpaSIX nosopoTHbiX MarHHTos: 

xi=xi-1; x'i=xj_tk·xi-t' tgal' 
. , , k t z. = z. 

1
, z. = z. 1- • z. 1• ga 1 I I- I I- I-

Ka*Jlblll nosopoTHbiti MarHHT cocTORT ~~:a asyx npSIMO
o 

yronbHhlX naKeToB R nosopa'iHBaeT op6~~:Ty Ha a = 15 , 
noaToMy a =0,25·a=3,75°, 

6 

3) ." BHyTpR nosopoTHbiX MarHH:Tos peweHRSI ypasHeHH:ti 
(1) R (2) np~~: 

F 
z 

X 2 X ) 3 
1 + ~ + 8n • k • x + f KB .<-A ) + fKY 6. (A 

X X 
2 1 1 -1 

F = [8n. k + 2 f • - + 3 f 6 • - J • z , k = - = -- eM , 
X KB. _A2 ~ • A3 R 573 

rae 8n , f m,, f Ky6. -nHHeHHbie, KB8Jlpa TH'IHbie H Ky6H'IHbie 
OTKnOHeHHSI MBrHHTHOrO nonSI OT OJlHOpOJlHOro, ~-He 3BBH
CSIIIIHe OT paJlHYCB OTKnOHeHHSI nonSI B noBOpOTHbiX MBrHH
TBX, onpeaenSIIDIIIHe paa6poc yposHeti MarHHTHoro nong 
B pa3nH'!HbiX nepHOJlBX CHCTeMblo 

4). BHyTpH KBaapynonbHbiX nHH3 peweHHSI ypasHeHHti 
(1), (2) npH 

F z = D I 8 0 z + ( 1 + o 1) x - o 2 • z + o6 • x. ( 5z 4- 1 0 x \ 2 + x 4 ) l , 

Fx= Dl8 0 x+(l+<\)z+ o2·x+ o6 ·x·(5x4 -10x2 z2 +z4 ) l. 
G 

D=lf -oTHoweHHe rpaaHeHTa B nHHaax K noniD s noso-
poTHbiX MarHHTax. D = Ccp -AnSI ¢oKyc~~:pyiDIIIHX (no x) 

nHH3, D = C A-AnSI ae<}loKyc~~:pyiDIIIHX. llnSI llBR*eHHSI no pasHo
secHoti op6H:Te, KaK cnetlyeT ~~:a Ta6n. 1, Ccp= 0,08141 CM-1 , 
CA =- 0,8141 CM-

1 
, 8 0 z , 8 0 x -cMeiiieHHe nHH3 no 

p8JlHyC~ H BepTH:KBnH, COOTBeTCTBeHHO; 8 1, o2 xapaKTepH-
3yiDT nOBOpOTbl nHH3 OKOnO npOllOnhHOH OCH, ecnH BCe 
n~~:H3bi nosepHyTbi Ha yron ¢ , To t2. 1 = - 2 (f2 , o 2 = -2¢ 
B <}JoKyCHpyiDIIIHX nHH38X H 8 I= - 2¢ 2, 8 2 = 2 qJ B lle-
<}JoKyCHpyiDIIIRX, o6 onpetlenSieT RCKB*eHHe nonSI nHH3[2/, 

l1HTei'pHpOBBHHe CH:CTeMbl ( 1), (2) npOH:3BOJlHnOCh 
MeTOllOM Po6epTCOHa npH pa3nH'iHOM ware, cooTseTCTBYID
meM 100 TO'iKBM Ha niD60M aneMeHTe nepHOJla CTpyKTypbi. 
PeweHHSI BHYTPH OTllenbHbiX aneMeHTOB conpSiranHCh Me*llY 
C060H 1 HCXOllSI H:3 ycnOBHSI HenpephlBHOCTH TpaeKTOpH:H 
H ee nepBOH npOH3BOJlHOll no S , PeweHHe BCeti CHCTeMhl 
B Te'ieHHe OllHOro o6opoTa Ha 38M E3CM-6 aaHHMano 
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OKO.IIO 20 c. Ha'Ia.IIO OTC'IeTa Bbi6paHO B cepeJlHHe 6o1Ib

IIIOPO IIp5IMO.IIHH8HHOPO IIpOM8)1(YTK8. 

0TK.IIOH8HHSI IIO.IISI If rpaJlH8HT8 B M8~HHT8X If .IIHH38X 

B03M0)1(H0 38Jl8B8Th H.IIH B BHJl8 OIIpeJle.lleHHblX 38BHCHMO

CTefi, H.IIH B BHJlB Ha6opa cnyqafiHhlX 'IHC8.1I C 38Jl8HHhlM 

pacrrpeJle.lleHHeM, MOJl8.1IHpySI TeM C8MblM K8K CHCT8M8TH

qeCKHe, T8K If cnyqai!:Hble CT8THCTH'I8CKH H838BHCHMbiB 

B03MYIII8HHSI rrapaMeTpOB OTJl8.1lhHblX 8.118M8HTOB M8PHHTHOH 

CHCT8Mblo B IIOC.II8JlH8M B8pli8HT8 HCIIO.Ilh3yeTCSI CT8HJlapT

H85I IIporpaMM8 KB83HC.Ilyqai!:HbiX 'IHC8.1I C HOpM8.1IhHblM 

pacrrpeJle.lleHReM, cpeJlHHM 3H8'I8HH8M 0 paBHhlM Hy.IIID H 38-

Jl8HHOH cpeJlHeKBaJlpa TR'IHOi!: orna6Koi!: ( a ) • T aK KaK Bhr6op

Ka cnyqafiHbiX 'IHC8.1I OTHOCHT8.1IhHO H8B8.1IHK8 (12,24 H.IIH 36 
H8 o6opoTe), TO CHCTeMa peiiia.II8Ch Jl.IISI HeCKO.IlhKHX H860-

poB (rropSIJlKa 10-20) cnyqai!:HbiX 'IHcen H orrpeJle.IISI.IIRCh 

rpaHHUbl OTK.IIOH8HHll OIIp8Jl8.118HHblX IIapaMeTpOB, 38BHCSI

lliHX OT 38Jl8HHOH rrorpeiiiHOCTH. ( C M. flpH.II0)1(8HHe 1 ) • 

2. PeayJlbTaThr pacqeToB .unSI a.ueanhHoro nonSI 

BHaqane IIpOB8Jl8Hhl paC'I8Thl OCHOBHhlX rrapaMeTpOB 

6ycTepa Jl.IISI HJl88.1IhHOPO M8PHHTHOPO IIO.IISI ( ~ =on = f KB. = 
fKy&. = o 0 x = 8 0 z = 8 1 = 8 2 = 8 6 = 0). LfacToTa cBo-

6oJlHbiX KO.Ile68HHH OIIp8Jl8.115I.II8Ch ITO 8.1I.IIHIIC8M MBTOJlOM 

coBrraJlaiDmHx TO'IeK I 3 I . 
a) LfaCTOTbl CB060JlHblX KO.II86aHHll OKO.IIO paBHOBeCHOH 

op6HTbl (R = 573 CM) rrpR x 0 = 0,5 CMj x0 = 0; Z O = 
= 0,5 CMj ZO = 0 

Q r = 3,8526; Qz= 3,8012. 
Eea KpaeBoil: ¢oKyCHpOBKH Q r = 4,0524; Qz = 3,6268. 

6) Op6aTa Jl.IISI HepaBHOBecHoro HMrrynhca ( x 0 = 1,09 eM; 

x'0 = 0; ~ = 0,01; x 0 =- 1,07 eM; x0= 0; ~ =-0,01). 
o/· -!IJyHKU~ COBII8Jl88T C IIpHB8Jl8HHOH B rrpoeKTe. 

8 

~R ) 
~p/p 

1,15 Mj 
( ~R 
~P /p )max = 1,34 M. 

·=--.- Q, ·- .................... 

-~Of 0 

Pac. 2. 3aBHCHMOCTh 'I8CTOT CB060.UHbiX KO.Ile6aHHH OT 

aMnynhca --f = O· --- f = - 2•10-3 · -·- f = _ 
3 

• KB. ' KB • ' KB • 
= 2·10 • 

B). Lf aCTOTbl CB060JlHbiX KO.Ile6aHRH OKO.IIO op6HTbl C He-

paBHOB8CHblM HMIIy.rlhCOMo 3aBHCHMOCTh Q , Q OT .A.P._ r z 0 
IIpRBe,UeHbl Ha pHC. 2. flpR6.1IR3HT8.1IhHO MO)I(HO rrpRHSITB 

a~=_ 3,575; 
a( ~p/p) 

aQz 

a( ~PIP) 
= - 7,36. 
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KaK BH.UHO as pac. 2, .unSI op6aT c aepaaaoaecHhiM 

HMnynbcoM, T.e. npa <jlasoahiX Kone6aHaSix, pas.ue-aeaae 
'I8CTOT cymecTBeHHO H3MeHSieTCSI OT 0,08 llpH _p_ = 

-2 ~n -2 P 
0,7•10 .uo 0,023 npa -=:___ = - 0,7·10 • 

p 
r). 'llaCTOTbi CB060.UHbiX KOne6aHHH OKOno paBHOBeCHOH 

op6HThl llpH H3MeHeHHH OTHOmeHHSI rpa.uaeHTa B nHH38X 
K nomo B noaopOTHbiX M8I'HHT8X (a [ G/H J =:!:_0,001). 

Tipa H3MeHeHHH rpa.uaeHTa ao acex <jloKycapyiDmax 
naHsax: 

(~~) -a G/H <P - 60,4 eM· , 
( __!_Q z 

a G/H-) ¢ - 67,9 CM, 

Tipa H3MeHeHHH rpa.uaeHTa ao acex .ue<jloKycapyiDmax 
naHsax: 

aq 
( ) = 2 aG/H A - 3,6 eM; 

aQ 
) A= 154,5 CM, a G/H 

.U). 'llaCTOTbi CB060.UHhiX KOne6aHHH OKOnO paBHOBeCHOH 
Op6HThi npH H3MeHeHHH ,llnHHhi naH3 B,llOnb Op6HThi. 

TipH 9TOM nHH38 y.unHHSieTCSI HnH YKOp8'IHB8eTCSI CHM
MeTpH'IHO OTHOCHTenbHO cepe.UHHhi. CoOTBeTCTBeHHO 
H3MeHSIIDTCSI .UnHHhi KOpOTKHX npSIMOnHHeHHhiX npoMe*yT

KOB c TeM, 'ITo6w .unaHa nepao.ua ocranacb HeasMeHHoi%. 
Tip a HSMeHeHHH .unaHhi acex <jloKycupyiDmax nnHs: 

aqr -1 aQz -1 (af)¢ = 0,0575 CM ; (--a-r-)q:=- 0,0679 CM • 

Tipa H3MeHeHHH .unHHhi acex .ue<jloKycupyiDmax nnHs: 

aQ aQ 
(a/) A = -0,0385 CM- 1 i (afz )A= 0,21 CM- 1 • 

e). Onpe.ueneaae K09<jl<jlauaeHTa pacmapeHHSI op6aT. 
llnSI 9TOI'O O,llHOBpeMeHHO C HHTerpapOBBHHeM CHCTeMhl 

(1),)(2) pemanocb 

k = 1/573 CM- 1 

dL 
ypaaHeHHe --=v'( l+kx)2+ x'2, r.ue 

ds 
B llOBOpOTHbiX MBI'HHTBX H k = 0 

B naHsax. B npSIMonuaeiiHhiX npoMe*YTKax ~L 
1
- =f v' 1+ x'.2 • 

I-1 

10 

p dL ~ 
PacqeT a= L ~ npoae.ueH npa p-=±..0,01 a Ha'IanbHhiX 

ycnoaHSIX, cooTaeTcTayiDmax .uaHHOH op6aTe. B pesynbTa

Te nony'IeHo a = 0,07316 ( WKp. = 2,53 f9B). 

3. PesynhTaThi pac'IeToB npa aae.ueHHH 

CHCTeMaTH'IeCKHX KB8,llp8TH'IHhlX 

HenHHe~HOCTeH H nOBOpOTOB nHH3 

Tipoae.ueao uccne.uoaaHHe anaSIHHSI nocTOSIHHOH Kaa.upa

TH'IHOH HenHHeHHOCTH M8I'HHTHOI'O nonSI noaopoTHhiX Mar
HHTOB H8 'I8CTOThi CB060.UHhiX KOne6aHHH ,llnH 'I8CTHU C 

HepaBHOBeCHhiM HMnynbCOM, 
Bo acex noaopoTHhiX MarHaTax aae.ueH~ nocTOSIHHaSI 

KB8,llp8TH'IH8SI HenaHeHHOCTb fKB. = ..±,2•10 Ha paCCTOSIHHH 
A = 8 CM oT paaHoaecHoi% op6aThi. PesynbTBThi pac'IeTa 

~p 
npa -p- = :!:.. 0,01 npaae.ueHhi aa puc. 2. Ba.uHo, 'ITO 

OTpHUaTenbH8SI KBB.Up8TH'IH8SI HenuHeHHOCTb, T.e. cna,llaiDmee 
no o6e CTOpOHhi OT op6HTbi MBI'HHTHOe none B noBOpOTHhiX 

MBI'HHT8X cymeCTBeHHO yMeHbmaeT 38BHCHMOCTb pas.uene

HHSI 'I8CTOT OT HMnynbCB 'IBCTHllo 
Ecna annpoKCHMapoaaTb rpa<jlaK pac. 2 naHeiiHoi% 

38BHCHMOCTbiD, TO MO*HO HBHTH 

Qr = Qro + [-3,575 + 842 5£ ] ~p ' KB. '--p • 

Qz = Qzo + [-7,36-770.£ 1· ~ KB. p ' 

(3) 

TioaopOTbl KBB,llpynonbHbiX nHH3 OKOnO npo.uonbHOH OCH 

Bhl3hlBBIDT CBSI3b CB060,llHhlX KOne6aHHH acne,llCTBHe 6nH-

:~~::T q:-~:0:a!r'I~H ~;e•.u:::q::T:~n6SI:~::HB 
9

::::Tn;::~ 
poTa acex TpanneToB. Tipoae.ueH pacqeT .unSI aecKonbKHX 
sHa'IeHHH cpe.uaero yrna noaopora TpanneToB H pasna'IHhiX 

aMnnaTy.U cao6o.UHhiX Kone6aaai%. 
Ha pac. 3 aso6pa*eHa <jlasoaaSI 

Hhi .ue<jloKycapyiDmei% naHShi ( ueHTP 

H x 0 = 1 CM, x'o = 0, Zo = 1 CM, 

nnocKOCTb .unSI cepe.ua
rpanneTa) npa ¢ =0,01 

z'0 = 0. 
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Puc. 3. AKcaanbHag ~aaosast rrnocKOCTb 
TpanneTa npu nosopoTe scex TpanneTos 

- 11p 
oca Ha yron ¢ = 0,01 paa, -- = 0. 

p 

AnH cepeARHbl 
OKono npoaonbHoii: 

fapMOHRKR yrna nOBOpOTa npaKTWieCKR He OK83b!B8IOT 
BnRHHifg Ha CBH3b Kone6aHRHo 

4. Pac'ieT BnRHHRH cTaTRCTR'ieCKRX owu6oK 

B 3H8'ieHRHX napaMeTpOB 6ycTepa 

a). BnHHHRe CTaTHCTH'ieCKRX OWH60K B OAHOpOAHOM 
none nOBOpOTHbiX M8f'HHTOB ( 11) • 

TiapaMeTp 11 aaaaeTcst B BRAe cnyqaii:aoro qacna anH 
K8)KAOf'O nOBOpOTHOf'O M8f'HHT8 (nporpaMMa BbiAaeT Ha6op 
ua 24 rrcesaocnyqaiiHhiX queen). B pe3ynhTaTe peweHHH 
cncTeMbi (1), (2) npu x 0 = x0= z 0= z 0= 0 B Teqeaue 

12 

10 060p0TOB, H8XOAHTCSI RCK8)KeHH8SI op6RT8o 3aTeM npo
rpaMM8 BbiAaeT HOBbiii: aa6op 24 cnyqaii:HbiX queen c Toii: )Ke 

cpeaHeKB8Ap8TH'iHOll OWR6KOH reHepanhHOll COBOKynHOCTR• 
a pac'ieT nosTopgeTcSI. Ha puc. 4 npaseaeHbi racTorpaM
Mbi OTKnOHeHRll op6RTbl AnSI CepeAHHbl ~OKycupyiOmeii: 
naH3bi Ka)Kaoro nepuoaa npa nSITR aa6opax cnyqaii:HhiX 
queen. B 9TOM pac'ieTe senu'inHa cpeaHeKsaapaTR'iHOH 
OWH6KR COOTBeTCTByeT npoeKTHOMY 3H8'ieHHIO a f.. =5.} 0 -

4 

l13 puc. 4 BHAHO, 'iTO M8KCHM8nbHOe OTKnOHeHRe op6HTbl 
B 38BHCHMOCTR OT Ha6opa KOne6neTCSI Me)KAY 0,5 CM If 

1,45 eM. TaKoil paa6poc a senuqnHe acKa:tKeHnii: op6aTbi 

CBSI38H C TeM, 'iTO B CHnbHO~OKYCHpyiOmeM YCKOpHTene 
OCHOBHOe BnRSIHHe H8 op6RTbl OK83biB8eT COOTBeTCTByiOmaH 
pe30HaHCH8SI rapMOHHK8 OTKnOHeHRll nonH. ilnSI 6ycTepa 
( Q "' 3,8) T8KOH rapMOHHKOll HBngeTCSI 'ieTBepTBSio 

Ha puc. 5 npaaeaeaa rucTorpaMMa nonaoii: aMnnaTyAhi 
4-ii: rapMOHHKR a 4 npa a = I B aasucuMOCTR oT aa6opa 
(uu~ poii: aa racTorpaMMe o6oaHa'ieH ero HOMep) anSI 
30 aa6opos. Ecnu cpaBHRTh aMnnnTYAhi rapMOHRK c OTKno
HeHRHMH op6HTbl (puc. 4) AnSI OARH8KOBblX Ha6opOB, TO 

BHAH8 'ieTKaH KOppenHUHH Me)KAY HHMR. 
TaK KaK aau6onee sepostTHOe 3Ha'ieHne aMnnaTyA 

rapMOHRK COOTBeTCTByeT 2,4 Ha6opaM, TO H8RBepOHTHOe 
OTKnOHeHRe op6HTbl 6yaeT COCT8BnHTb 0,6 -t 0, 7 CM. 

6). BnuHHRe cTaTHCTR'ieCKRX owu6oK B nonepe'iHOM 

cMemeauu KsaapynonhHbiX nuaa ( Box• 8 0 z) . 
8 O , COOTBeTCTByiOmaH sepTRK8nbHOMY CMeWeHHIO 

X u 

nuaa, aaaasanach B suae aa6opa 12 cny'iaBHhiX queen 
(cMemeaae TpnnneTa KaK uenoro) u 36 cnyqaii:HhiX queen 
( CMemeHRe OTAenbHbiX nRH3 He38BHCHMO) npH CpeaHeKB8A

paTH'iHOll OWR6Ke, paBHOll aBO = 0,01 CM If 0,05 CMo 
TA X u n3 COOTBeTCTByiOmRX f'I1CTOf'p8MM MO)KHO HaRTH, 'iTO 

AnSI a = 0,01 CM M8KCHM8nbHOe OTKnOHeHHe op6HTbl 
B sepTuKa~hHOM aanpasneHRH B ueHTpe TpnnneTa Kone6neT
CH OT 0,11 AO 0,3§ CM npH CMemeHRR TpunneTOB K8K ue
noro, If OT 0,4 AO 1,24 CM npH CMemeHHH KB8ApynonhHblX 
nuH3 KaK aeaasucaMhiX 9neMeHTOB. B aasucuMoCTR oT aa-
6opa, RCKB)KeHRH op6HTbl pa3nH'i8lOTCH npuMepHO H8 TOT 
)Ke K09~~HUHeHT, 'iTO If npH CT8THCTH'ieCKRX OWR6KaX 

B none nosopOTHhlX M8f'HRTOB. 

13 



a) 

• I 1 , I , I I , • , , 1 , I .• ... x 
~s o ~5~ffl 

-qs 0 

6) 

X q5 [CM) 

PHc. 4. fHcTorpaMMhl pacnpeaeneHHA OTKnoHeHHA op6HT 
DpH HanHqHH cnyqaftHhlX OWH60K B none TIOBOpOTHhlX 
MarHHTOB llnB pa3HhlX Ha6opoB cnyqaftHhlX qHcen: 
a) 1-A Ha6op, 6) 2-oA Ha6op, B) 3-A Ha6op, r) 4-A Ha6op, 
a) 5-A aa6op. 

14 

1 
l B) 

r) 

-o.5 
I 

I I .. x ' I ' ' I I 1 I I I i I I I 

0,5 [eM] 

a) 
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12o 10 ~6 ~I 

19 1 ~, 121 14 

9 3 /6 II 15 
r--

II 8 2 ,, I (J 1'1 ~3 ~~ 5 6 12 

I -If.. 
_ .. 

Al tZt,t 

pacnpeAeneHHH aMnnHTYAhl 4-A rap

cnyqaAHbiX Bbi60pK8X ( 06'beM Bbl-
PHc. 5. fHcrorpaMMa 

MOHHKH npH pa3nH'lHhlX 

6opKH 24 'lHCna) • 

fopH30HTanhHOe CMeweHHe KBaApynonbHblX nHH3 npH

BOAHT npH6nH3HTenbHO K T8KHM )Ke p8AH8nhHblM HCKB)Ke

HHHM op6HTbi, 'ITO H BepTHKanhHOe. B aToM cnyqae 8 0 " z 
aaAaBanoch B BRAe aa6opa 12 HnH 36 cnyqaHHbiX 'lHCen 

CO cpeAHeKB8Ap8TR'lHOH OUIH6KOH a 80 Z= 0,01 H 0,05 CM. 

Ma 8THX pacqeToB BHAHO, 'ITO ecnH paccMaTpHBBTh cMe

meHRe TpHnnera KaK uenoro, To AonycK Ha cpeAHeKBaApa

TR'lHOe OTKnOHeHHe MO)KeT 6biTh HeCKOnhKO CMHr'leH, 

Ha pHc. 6 npHBeAeHa rHcTorpaMMa OTKnoHeHHA op6HTbi 

B MeAR8HHOH nnOCKOCTR npH OAHOBpeMeHHOM AeHCTBHH 

OUIH60K nonH B nOBOpOTHblX M8rHHT8X (a/').= 5•10-
4 

) 

H p8AH8nhHblX CMeweHRH TpHnneTOB (a80 Z= 0,01 CM) ilnH 

Ha6opa, COOTBeTCTByiDmero H8HB8pOHTHOMY 3H8'leHRID 

4 rapMOHHKH, 

16 

B>. BnHHHHe cTaTHCTR'lecKofi nRaeAaoA Ao6aBKH B Mar

HRTHOM none nOBOpOTHblX MarHHTOB, 

8n aaAaBanach B BRAe aa6opa 24 cnyqafiHbiX 'lHcen 

C pa3nR'lHOA cpeAHeKB8Ap8TR'lHOH OlliH6KoA a8n 
TipH Ha'lanbHbiX ycnOBRSIX Xo = 0,5 CMi X'o = 0; 

z 0 = 0,5 CM; z '0 = 0 HaXOJlRnRCh !lJaaoBbre snmmchr. 

Ha6niDJlanocb craTRCTR'leCKoe ywHpeHHe !lJaaoBwx annHncoB 

R3-38 paCWHpeHRH nonoc napaMeTpR'leCKRX pe30H8HCOB, 

Ha pHc. 7 npRBeAeH BepTHKanhHhlA snnHnc AnH cepeAH

Hbi TpHnnera npH aon = 0,5. TIO-BHAHMOMy, 8TO 3H8'leHHe 

HBnHeTCSI AOnyCKOM Ha B03MO)KHyiD nHHefiHyiD Jl06aBKy 

B MarHHTHOM none nOBOpOTHbiX MarHHTOB, TipH a
80 

= 1,0 

4Ja30BbiH annHnC cymeCTBeHHO HCK8)KaeTCSI, 

Bbrn npoBeJleH pacqer BnHSIHHH craTHCTH'leCKH pacnpe

AeneHHbiX noBoporoB TpHnneroB. CymecTBeHaoro BnHSIHHSI 

-qs 0 

'IUSfO 
opvuT 

PHc. 6. fHcrorpaMMa pacnpeAeneHHSI OTKnoHeHHA op6HTbi 

npH HanH'lHH cnyqafiHbiX OlliH60K B none nOBOpOTHbiX MarHH

TOB H B ropH30HTanhHOH ycTaHOBKe TpHnneTOB. 

17 
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• J -NI 
PHc. 7. AKcHanbHaSI <PaaoaaSI nnocKOCTb AnSI cepellHHhi 

TpHnneTa npH CT8THCTHqeCKOM rpaJlHeHTe B none nOBO

pOTHbiX MarHHTOB. 

H8 CBSI3b KOne6aHHH He o6Hapy~eHO. B OCHOBHOM BnHSieT 

cpeJlHSISI KOMnOHeHT8 noBOpOTOB nHH3 1 JlOnycK H8 KOTOpyiD, 

KBK BHJlHO H3 pHC. 3, COCTaBnSieT OKano 10 MpaJl. npH 
~p 

= o. 
p 
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3aKnmqeHHe 

ITpoBeJleHHhle qHcneHHhle HccneJlOBaHHSI JlHHaMHqeCKHX 

xapaKTepHCTHK 6ycTepa l1cl>B3 n03BOnSIIDT CJlenaTb 38KniD

qeHHe 06 OnTHM8nbHOM Bhl60pe 3HaqeHHfi OCHOBHhlX napa

MeTpOB 6ycTepHoro CHHXpoTpoaa. BnHSIHHe KpaeaoA aKCH

anhHOA <\>OKYCHpOBKH B nOBOpOTHbiX MarHHTaX npHBOJlHT 
K yMeHhWeHHID BenHqHHhl p83JleneHHSI qaCTOT CB060JlHhlX 

KOne6aHHH. 3aBHCHMOCTb p83JleneHHSI qaCTOT OT HMITynhCa 

(npH <\>830BhiX KOne6aHHSIX) MO~HO yMeHhWHTh, eCnH 

BBeCTH OTpHUaTenhHYID KB8Jlp8THqHyiD HenHHeAHOCTh B none 

ITOBOpOTHhlX MarHHTOB. PacqeT BnHSIHHSI CTaTHCTHqeCKHX 

OTKnOHeHHfi napaMeTpOB Ha ITOBeJleHHe op6HThi IT03BOnHn 

onpeJlenHTh <\>yHKUHID pacnpeJleneHHSI pe30H8HCHOA rapMOHHKH 
rrpu paanuqHhiX cnyqafiHhiX Bhi6opKax H HaiTH Hau6onee 

BepOSITHOe HCKa~eHHe Op6HThl H ero JlHCnepCHID ITpH 38Jl8H

HOM cpeJlHeKBaJlpaTHqHOM 3HaqeHHH OTKnOHeHHfi rrapaMeTpOB. 
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DPHnO)I(EHHEI 

DporpaMMa BClEVE 

DporpaMMa BClFVE cny)I{HT anSI pacqeroa oaHo-

apeMeHHoro BJIH5IHH5I CJiy'IaHHhiX B03MyiiieHJ1H TIOJISI ( L\) 
H OWH60K B ropH30HT8JlbHOM CMeiiieHHH JIHH3 (o0 i B 6yc

Tepe npOTOHHOrO CHHXpOTpOHa l1<f>83 Ha OCHOBe ypaBHe

HHH tlBH)I{eHHSI ( 1), (2). 
B nporpaMMe BCIFVE 11CTIOJih3yJOTCSI 6!16JIHOTe'!Hhie 

nporpaMMbl CHCTeMhl "ily6Ha ": 

1. DFEQSl - HHTerpHpoaaHitfe CltfcTeMhi tl11¢¢epeHul1aJihHhiX 

ypaaHeHHH MeTOtlOM npeaeKTopa-KoppeKTopa Po6eprcoHa. 

BxotlHhie napaMeTphr: 

SFI - war HHTerpltfpOBaHHSI CltfcTeMhi ( 1), (2). 
XON - HeaaBitfCitfMOe nepeMeHHOe ( s) B ypaBHe-

APSI( 1) 

APS1(2) 

APSI(3) 

APSI( 4) 

HHSIX tlBJ1)1{eHH5I (1), (2). 
HOpMaJibHOe OTKJIOHeHHe OT paBHOBeCHOH 

op6HThl B MetlHBHHOH TIJIOCKOCTH ( x) • 
dx 

d;"". 
OTKJIOHeHHe TIO BepTI1K8JlbHOH OCH (z) • 

dz 
dS 

EXTERN - noanporpaMMa Bhi'IHCJieHHSI npaahrx qacrefi 

ypaBHeHHH tlBH)I{eHHSI ( 1), (2). 
2.NORMCO- reHeparop naphr cnyqafiHhiX 'IHCeJI c Hop

MaJihHhiM pacnpeaeneHHeM. 

CrpyKTypa: DporpaMMa, HtleHTHtPHKaTop - BCIFVE , BXOtlhi

HeT, BHeiiiHHe ycTpOHCTBa - He HCTIOJih3y!OTC5I0 

o6pameHHe K BHeiiiHHM nporpaMMaM - DFEQSl , 
NORMCO. 
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"' ,., 
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4ft 
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4? 
41 
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PAOCII!AM eetFVI 
DlM!MSION .P$I(')'~~(Jo0) 
~IMEMSlOM sLUCH"($6) 
COMMON /BLQK/ AKA)MN1 0aLTA10rL01 
!'liTI!SNAL !VlEI\M 
No~o.o 

NO•H0+1 
I(ONOs203 
p•II26.:U 

roN•e.o 

NP•i 

s .... o 

APSI(il-0.0 

APJ'l(S)se.o 
AI"Sl(:l)•O,O 

APSl(4)•0 .e 
Hh1 
Jl•1 
MAao 
JU•i 

12 N•i 
K•o 

co To 1 
t J•Z. 

Jl(cl 

XOIIaS+lOO •• 

Ph4 
1•4 

J•i 
Jlfat 

UO•tOO .II 

26 APSt(t)•~Pif(1)+APSl(2)•P~0 

APil(1t•aPJI(5)•AP11(4)•,RO 

CO TO I 

.PSt(2)dPUft) 

APh(4)•APSH4) 

\4 ,., 
JICc2. 

AL'hO.U17US5 
AKA•O.Dit0.1?45211T 
xu ••• u. ·0 

2.1 APit(t)••P$1{1) 
APit(2)••1"il(~)+AkA*APtt(l)•ATAM(AL'A«O.~~) 
Al"lf(:5)~·PJ1(3). 
APit(4)•AI"Cl(-)•AkA•APSl(1)•aTaNCAL'A•II,,,I 
fO 'To 1 

1.6 .... 
JK•S 

~KA•e.Ot•O.tT452el7 
Nile! 

oo To (et,ts),Jl . . . 
11. CALL. IIIOII!IOCI (SLt. 1tL2,o.0 1I.OJe-.OIISj•.IIISJt•t) 

o!L.TA•ILi. 
CLUCMM (NthoSLi 
SLUCMM(NI+t)•SLS 
l"l!~o&•ILt 
GO To 12 

It DELTA•ILUC~III(Nl) 
PE~oe•J~Ye~"(Nl•t> 

12 •Fiw4St.oi/too.o 
J.lat . 
cALL DFE~St (i •1 SFl,~ONJAPII 1 WWTI.II) 

4 cALL OFE.Il (1~41 s'l,XON1 AI"I1 1 EV~UII) 
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611 ,. 
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71 
1+ ,, ,, 
77 ,. 
19 

~· AI 

"' Ill 
A+ 
A' 
A6 
A7 

~· At 
'In ,, ., ,, 
~· "' "" •17 

•• 
09 

1~ft 

1 n 1 
1"2 

'"' 1 ·1 4 

!"~ 

'"' ,~, 
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1111 
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''" ,, 
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t•l~t •• 
tl' u.u. !o) 

60 TO 1., 
I' to To 1t 
(? oo To C4o 1 lt>1 tJ 
1.1 tJ•I 

toO 
10 TO I 

1.1 J•! 
Jte ... 

$1 TO I 
2o AKAwe.ot•l.tTit!ttot 

JK•5 
J•l 

C.O TO 2J 
14 J•T 

JICe6 
~ .. O•t,.O 

liOM.XOII+t!.O 
ao To t.• 

IT J•l 
JICs' 

AKA•t.O 
NN•1 

•o To <tat.tts1 t'•>1 Jl~ 
t8\ CALL NO-~Co (SL1. 1 SL21 e.o1 t.o1 o.et1o.tt1e.l) 

DE'LOt•ll.t 
nucwN (Nt+ P•n t 
SLUCMN(Nt••>•SL~ 
VTOROisSL~ 
Nt•Nl+! 
JIIC~2. 
.;o To 112. 

til DlLot•YTo~eS 
Jtll•i 
Nl•NI+!I •o To t82 t•O OII.Ot•SLUeMN(Nl+t) 
Ml•Nl+l 

1.11 SF1=11.~1./iOO.o 
I(J•t 

• ~ALL O~f4lj (~ 1 ~1 tl't 1 •oii 1 APIJ 1 f1TIIII) 
t.l CALL 0'!411 (t141s,t1 XoM 1APSI 111T!RN) 

N•N+t 
IF (N.[Q,50) 

c.o To tt 
H eo To 21 
21 co To c~o 1 tt) 1 WJ 
~0 kJ•t. 

M.o 
GO TO I 

1\ J•t 
Jll•l 

GO TO I 
12 J•to 

,.110;;'1'6.2! 

'IION•'IION+76.2!1 
c.o To 2.6 

u J•H 
.IIC!<tD 

SFh''7 .1 11/i 00,0 
NJ•t 

1•4 
HN•S 

Jll:•! 

eALI. OFEQS{ (1)~/tF11 VoN 1 APS1JE'XTI~M) 

,,, ,, 
''7 
12A 
1'-9 
1 '\ft 

'11 
111 
1 ,., ,,, 
1'\, 
116 ,,, 
,,a 
llt 
t+n ,., 
1" 
141 ,,, 
'"' '"' 147 

''" '49 
,~ .. ,,. 
l~" 
• ~1 
1 ,, ,, 
1" ',, 
1 ' ' ,,, 
u~ 
1111 

"' 163 ,,, 
'"' '"" ,,, 
, '" 169 

'"" I 71 

I 'fJ 

1 '' 174 ',, 
1 ,, 

I 77 
pa . .,. 
'"~ 
'~· 1111 
1111 ,,., 
''" . '" 1117 

'"" tA9 , ... 

11 cALL o''•'t (t,• 1 srt 1 xoN 1 APSt 1 rxfrRN' 
tal+t 
!F tt,!O.,-o) 

GO TO 1t 
n G~ TO .,, 
18 50 To (!!1 ~o) 1 NJ 
!U NJ•2. 

r.o 
'~ To • 

40 J•t2 
Jll:•tt 

CO TO I 
Itt J•l! 

. JM'•!:& 
XOhXOII+'1'6. 29 
oo ro u 

4% J•U 
Jlts)1 

s'h'5J.5i/loo.o 
I'IJ.i 

14•4 ..... ~ 
CAL~ D'14Si (f 4 1 s,t,~oii1 APSJ 1 E'XT!~N) 

4! eAL~,D,IQSi (t.!- 1 tF1 1 XoM1 A'SJ1 E'XTI~N) 
M•ll+t 
t' (M.rll.,o} 

CO TO 41 
u 10 To 61 
45 GO To (HJ' .. 'r)1 pcJ 
U MJ .. ,_ 

M•O 

.. , J•tl 
Jll•(4 

u J•ta 
Jl(•t' 

ll'ONsiCOif•••· 0 
co To u 

"' J•t1 
JII'•H 

GO To U 
50 J•11 

Jte•f 7 

c.o To 1 

•o TO I 

,~o•t"l',o 

Ak&aO.Oi•o.i?4~211'1' 

14Nwt 
DfLn•~ElO' 
SFhtSt.tt/'i ... l 
tJ•i 

1•4 . 
eALL DF!t!£ (~ 1 4 1 SFIJXoN,APSJ 1 tXtllll) 

St CALL D'llltt (t141 t'I1XoM 1APSt1fXTtiN) 
t•ht 
1,- (I.U.So) 

OG To 1'5 
S2 10 To Si 
·~ co ~0 (54, •• >,tJ 
14 tJ•1 

t•o 
co To 1 

n J•tt 
Jl(•oft 

GO TO 8 
•• J•ll 

Jltsoff 
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10 TO t! 
57 JIC•Ie , .. ,.1 ••.• 

roNelCON+ioo.o 
GO To 2• ,. . ....... 

. . NI!•NP+i 
11' (til' .I!~.,.,) 

CO TO 75 
oo To 1~ 

T5 p~JNT IOt'!ILUe~~ 
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KpaTKaH HHCTpyKUHH nnH HCIIOnh30B8HHH 

~porpaMMhl BCIFVE 

HoMepa H 3Ha'ieHHH onepaTopoa nporpaMMhi, nonne
:>KalllHX H3MeHeHH10: 

N9 

~ ~g;o= -~ o6wee 'iHCno o6opoToa ao acex ua6opax, 

8 APSI( 1) = 
9 APSI( 2) = sananHe uaqanhHhiX naHHhiX anH CHCTeMhi 

10 APSI(3) = (1), (2), 
11 APSI( 4) = 

47} sanauue napaMeTpoa (cpenuero 3Ha'ieHHH H nHc-
84 nepcHH) nonnporpaMMhi NORMCO, , 

207 NA=K - qucno o6opoToa npH onuoA cny'iaAuou 
Bhi60pKe 

lF(NA. EQ.K) GO TO 83 

217 XON= ] 
218 APSI( 1) = aoccTauoanenue uaqanhHhiX naHHhiX anH 
219 .AP Sf ( 2) = cnenyiDweii cny'iaiiuoii Bhi6opKH 
220 .APSI( 3) = 
221 APSI( 4) = 

PHAOM uecno.IKHhiX npeo6pasoaaHHH nporpaMMhi BCIFVE 
MOPYT 6h!Th npoaeneHhl paC'ieThl OCHOBHhiX napaMeTpOB 
6ycTepa nnH HneanbHOPO M8PHHTHOPO nonH, BnHHHHe CTa
THCTH'ieCKHX OlliH60K B 3Ha'ieHHHX npyrHX napaMeTpOB 6yc
Tepa, pac'ieThi no onpeneneHHlO Koa<P<PuuueuTa pacrnupeHHH 
op6HT. 
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Ebmo npoaeneno Hccneaoaanue pacnpeaeneHHH Bhi6opoq
noro CpenHeKBanpaTH'iHOPO 3Ha'ieHHH Bhi60pO'iHOH COBOKyn
HOCTH KB83HCnyqaiJ:Hb!X 'iHCen, renepHpyeMb!X nporpaMMOH 
NORMCOmpH pasnH'iHhiX o6'beMax Bhi6opKH. 

TioKa3aHo, 'iTO OTHOCHTenhHhie KOne6aHHH Bhi60pO'iHOH 
AHCIIepCHH npH HCnOnh3Y9MbiX 06'beMaX Bhi60pKH npaKTH
'ieCKH He BnHHlOT Ha $yHKUH10 pacnpeneneHHH OTKnoHeHHH 
op6HT. 
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