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88E,LIEHHE 

8 Jla6opaTOPI-H1 HAepHbiX npo6neM OH~H pa3pa6aTbiBaeTcH npoTOHHbiH 
ycKop~Tenb Ha 3Hepr~~ 800 M38 c ~HTeHc~BHOCTb~ ny4Ka 
10-100 MA /l, 2/. OH cocTo~T ~3 n~Her::iHoro ycKop~TenH-~H>KeKTopa Ha 
3Hepr~~ npoTOHOB 50 M38 ~ KOilb~eeoro ~3oxpoHHoro ~~KilOTPOHa 
c >KeCTKOr::i !l>oKyc~poBKol1 /1,3 < Qz <1 ,51. MarH~THaH c~cTeMa ~~Kno
TpoHa COAeP>K~T 8 ceKTopHbrx C-o6pa3HbiX 3IleKTpoMarH~TOB co cn~
panbHbiM~ nOil~CHbiM~ HaKOHe4H~KaM~. 8b1COK~e Tpe6oBaH~fl, npeAbfiBilHe
Mble K Ka4eCTBY !I>OPM~POBaH~fl MarH~THOrO nOilfl TaKoro ~~KilOTpOHa, 
~, HaPHAY C 3T~M, OTCYTCTB~e nporpaMM, n03BOilfi~~X paCC4~TbiBaTb 

Ha 38M C Tpe6yeMOH T04HOCTb~ pacnpeAeileH~fl MarH~THbiX noner::i Y3K0-
3a30PHbiX CeKTOPHbiX MarH~TOB TpexMepHOH KOH!I>~rypa~~~, Bbl3b1Ba~T 

B HaCTOH~ee epeMH He06XOA~MOCTb nOCileAOBaTeilbHoro MOAeil~POBaH~fl 
nOA06HbiX MarH~THbiX C~CTeM. 

nepBbiH 3Tan MOAeil~POBaH~fl MarH~Ta ~~KilOTpOHa 6b1Il BblnOilHeH Ha 
MOAeil~ B MaCWTa6e 1:15/3/. 3T~ ~CCileAOBaH~fl n03BOil~Il~ onpeAeil~Tb 
!I>OPMY MarH~TonpOBOAa, Bb16paTb Pa3Mepbl, nOilO>KeH~e, TOK o6MOTK~ 803-
fiympeH~A, a TaK>Ke cnenaTb cnenv~~e BbiBODbl: 

1. !l>opM~poeaH~e Tpe6yeMoro MarH~THoro nonH MO>KeT 6b1Tb Bblnon
HeHO np~ on~caH~~ rpaH~~ non~ca AYraM~ OKPY>KHOcTel1 ~ np~ nnocKOM 
Memnon~cHoM 3a3ope. 

2. KoppeK~~H B npo~ecce MOAen~poeaH~H cpeAHero MarH~THoro nonH 
B npeAeilaX ~B < 1500 rc MO>KeT npOBOA~TbCfl c noMO~b~ KOilb~eBbiX 
na3oB, pacnonaraeMbiX Me>KAY non~coM ~ non~CHbiM HaKoHe4H~KOM Mar
H~Ta. 

3. W~MM~POBaH~e nOilfl B npeAenax 0 < ~ B < 1 00 rc MO>KeT 6b1Tb Bbr
nonHeHO C nOMO~b~ !l>eppoMarH~THbiX HaKilaAOK Ha 60KOBbiX noeepXHO
CTfiX non~cHoro HaKoHe4H~Ka. 

04eB~AHO, 4TO nepBbiH BbiBOA n03BOI1HeT 3Ha4~TeilbHO nOBbiC~Tb Tex
HOI10r~4HOCTb ~3rOTOBileH~fl noil~COB MarH~TOB, a BTOPOH - cy~ecT

BeHHO OCI1a6~Tb AOnycK~ Ha T04HOCTb ~3rOTOBileH~fl na30B no cpaBHe
H~~ c B03MOmHbiM~ AOnycKaM~ Ha een~4~HY Memnon~cHoro aaaopa, ecn~ 

npeAnonom~Tb !I>OPM~poeaH~e nonH aa c4eT ero ~3MeHeH~H. TpeT~I1 Bbr
BOA n03BOI1HeT orpaH~4~Tb MO~HOCTb 06MOTOK TOHKOH KOppeK~~~ MaKc~

MailbHbiM ~X BKilaAOM B MarH~THOe none ~ B = 20 rc. 
HaCTOH~afl pa6oTa nOCBH~eHa BTOPOMY 3Tany MOAeil~POBaH~fl MarH~

Ta ~~KilOTpOHa ~ COAeP>K~T on~CaH~e ABYX ceKTOPHbiX MarH~TOB B Mac
WTa6e 1 :5, WTaHr~ Ailfl ~3MepeH~fl MarH~THOrO nOilfl, C~CTeMbl MarH~T

HbiX ~3MepeH~I1 Ha n~H~~ c 38M EC-1010 ~ nony4eHHbiX peaynbTaToB. 
OcHOBHble aaAa4~, KOTOpble peweHbl B peayilbTaTe ~ccneAOBaH~I1 Ha 

3TOH MOAeil~, MOIKHO C!I>OPMYil~DOBaih c nepj110114104 ggpa30M: 
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1 . OnpeAeneHHe 8enH4HH~ HeaAAHTH8HOH cynepnoaH~HH noneH co
ceAHHx CeKTOP08. 

2. 0KOH4aTenbHOe onpeAeneHHe ~OPM~ non~ca H KOppeKTHpy~~HX 
naao8. 

3. B~6op napaMeTpo8 o6MOTOK TOHKOH KoppeK~H~ non~. 

1 . OnHCAHHE MOAEilH H WTAHrH Ail~ MArHHTHb.IX H3MEPEHHtl 

Ha PHC. 1 noKa3aH 8HeWHHH 8HA H3MepHTenbHOrO CTeHAa, COCTO~
~ero H3 A8YX CeKTOPH~~ MarHHT08, WTaHrH An~ MarHHTH~X H3MepeHHH 
H CTOHKH ynpa8neHH~. 

2 

PHC. I. 06~H BHA CeKTOPHhlX MarHHTOB H CHCTeMbJ H3MepeHHft 
MarHHTHOrO TIOJI.R:. 
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CeKTOpHwe MarHHT~ HaroTo8neH~ 
H3 CTanH, MarHHTHWe xapaKTepHCTHKH 
KOTOPOH npH8eAeHW Ha PHC. 2 . .Qn~ 

HCKn~4eHH~ 803MO~H~X H3MeHeHHH 
Memnon~cHoro aaaopa /8 = 1,8 eM/ 
aa C4eT Ae~opMa~HH ~pMa noA AeH-

PHc. 2. MarHHTHbJe xapaKTepHCTHKH 
MaTepHaJia CeKTOpHb~ MarHHTOB(CT.08). 

CT8HeM CHn 3neKTpOMarHHTHOrO npHT~meHH~ -30 T, 8 o6naCTH Ha4anb
HOrO paAHYCa npeAYCMOTpeH~ pacnopH~e YCTPOHCT8a, 8~nonHeHH~e H3 
HeMarHHTHOH CTanH. Heo6XOAHMa~ T04HOCTb c6opKH MarHHT08 /+0,1 MM/ 
o6ecne4H8aeTc~ wTH~TaMH, pacnonaraeM~MH Ha rpaHH~ax: non~c - no
n~cHoH HaKoHe4HHK, non~c - ~pMo, ~PMO - CTOHKa, pacnopKa - non~c

HOH HaKoHe4HHK. 
KamAa~ H3 A8YX non~CH~X o6MOTOK 8036ymAeHH~ COAepmHT 30 8HT

K08 MeAHOH Tpy6KH K8aAPaTHOrO Ce4eHH~ CO CTOpOHOH 8,5 MM C OT-
8epCTHeM An~ oxnamAeHH~ ~ 5 MM. KoHCTPYK~H~ KpenneHH~ o6MoToK 
H pa380AKH 8~80A08 o6ecne4H8aeT 803MOmHOCTb 8epTHKanbHOrO nepe
Me~eHH~ 06MOTOK Ha +10 MM OT CPeAHero nonomeHH~. 

~CTHP08Ka 83aHMHOro nonomeHH~ A8YX MarHHT08 np080AHnaCb C no
MO~b~ HH8enHpa 8 8epTHKanbHOH nnOCKOCTH H C noM~b~ KOHTpOnbHOH 
nnHT~ H WTH~T08~X OT8epCTHH Ha non~cax MarHHT08 8 ropH30HTanbHOH 
nnocKOCTH. To4HOCTb ~CTHP08KH cocTa8n~na +0,2 MM. Bee OAHoro 
MarHHTa - 5 T. -

HaMepeHH~ MarHHTHoro non~ npo80AHnHcb AaT4HKOM Xonna /T04HOCTb 
2·10-4 /, yKpenneHHoro Ha wTaHre. KoHCTPYK~H~ wTaHrH · o6ecne4H8ana 
H3MepeHHe 8 MeAHaHHOH nnOCKOCTH 8 HHTep8ane paAHYC08 440-1450 MM 
H a3HMYT08 0-120° /npH nepHOAe CHCTeM~ 45°/. nepeMe~eHHe AaT4H
Ka Xonna 8 aaHMyTanbHOM H paAHanbHOM Hanpa8neHH~x ocy~ecT8n~nocb 
C nOMO~b~ 3neKTPOMeXaHH4eCKHX npH80A08 Ha 6a3e waro8~X ABHraTe
neH. 

AaHMYTanbH~H npHBOA o6ecne4Hean ycTaHOBKY a3HMyTanbHoro nono
meHH~ WTaHrH B AHana30He 0-1200 H peeepc WTaHrH B HCXOAHOe nono
me HHe c T04 HOCT b~ +0 , 02 5° . PaAHan b H~H npHBOA o6e c ne 4H8an T0 4HOCTb 
ycTaHOBKH AaT4HKa no paAHYCY ~0,1 MM. 

2. YnPABilEHHE WTAHrO~ H 06PA60TKA PE3YilbTATOB 
MArHHTHbiX H3MEPEHHtl HA IlHHHH C 3BM EC-1010 

CHCTeMa MarHHTH~X H3Me~eHHH Ha nHHHH C 38M KPOMe WTaHrH 
H yKpenneHHoro Ha HeH AaT4HKa Xonna BKn~4aeT e ce6~: 

a/ 3neKTPOHHble YCTPOHCTBa, o6ecne4HBa~~He CB~3b MemAY 38M 
C OAHOH CTOPOH~, H ~H~POB~M BOnbTMeTpOM, warOB~MH ABHraTen~MH, 
MY~TOH c~enneHH~ - C APYroH; 

6/ CHCTeMH~e nporpaMM~, o6ecne4HBa~He BBOA HH~OpMa~HH C ~H~
poeoro eonbTMeTpa e 3BM; 3neMeHTapHoe nepeMe~eHHe AaT4HKa e aaH
MyTanbHOM H paAHanbHOM HanpaeneHH~X; BKn~4eHHe H B~Kn~4eHHe My~
T~ C~enneHH~ H BOnbTMeTpa; 

B/ naKeT nOAnporpaMM, ynpaen~~~HX BCeH CHCTeMOH B ~enoM, o6pa-
6aT~Ba~~HX nOCTyna~y~ HH~OpMa~H~, C nOMO~b~ KOTOporo BeAeTC~ 
AHanor MemAY onepaTOPOM H 38M. 

noAp06HOMY OnHCaHH~ nyHKTOB a/ H 6/ nOCB~~eHO C006~eHHe / 4/. 
HHme npHBeAeHO KpaTKOe OnHCaHHe COAepmaHH~ B/, KOTOpoe AaeT npeA
CTaBneHHe 0 B03MOmHOCT~X C03AaHHOH CHCTeMW MarHHTHWX H3MepeHHH. 
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PHc. 3. BnoK-cxeMa nporpaMMbJ 
ynpaBJieHHH CHCTeMOH Mai'HHTHb~ 
H3MepeHH~1:, 

Ha pHc. 3 npH8eAeHa 6noK-cxeMa nporpaMM~ ynpa8neHHR HSMepH
TenbHbiM CTeHAOM. naKeT noAnporpaMM 8Knl04aeT 8 ce6R: SEC MAG' 
INPUTD, REGIM1, INFORM. 

SECMAG - rono8HaR nporpaMMa, COAepma~aR saKpenneHHe $aHn08 
sa MeTKaMH 8HeWHHX YCTPOHCT8 H nocneA08aTenbH~H 8~S08 Tpex APY
rHX noAnporpaMM. 

I NPUTD - noAnporpaMMa 880Aa HCXOAHOH HH$opMai..IHH. AaHHble, onpe
AenRIO~He pemHM HSMepeHHH, 880ARTCR A8YMR cnoco6aMH: 

- c AHcnneR 8 pemHMe AHanora IAaTa, TOK 8os6ymAeHHR MarHHT08, 
PaAHanbH~e H aSHMYTanbH~e WarH H rpaHHLI~ nepeMe~eHHR WTaHrH, 
a TaKme APYraR HH$0PMai..IHR, 4aCTO HSMeHReMaR 8 npo1..1ecce MOAenHpo-
8aHHRI; 

- C 8HeWHero HOCHTenR, HanpHMep C nep$OKapT lrpaAYHP0804HaR 
Ta6nHI..Ia AaT4HKa Xonna, reoMeTPHR MarHHT08 H APYraR HH$opMai..IHR, 
nOCTORHHaR 8 npOI..IeCCe MOAenHp08aHHR HnH peAKO HSMeHReMaRI. 

REG I M1 - no.anoorDi'IMM-'1- R l<nTnnniA Rl.lnnn .... <llnTr<l r n<>nVIniiiiAP npo~rT-
8HR: , . - - -r-.., ---,·-- n-··-. 

- nepeMe~eHHe AaT4HKa Xonna Ha saAaHHoe paccTORHHe 8 paAHanb
HOM H asHMyTanbHOM Hanpa8neHHRX npH 8~So8e SDVIGR H SDVIGF, cooT-
8eTCT8eHHo; , 

- 8Knl04eHHe 1..1H$po8oro 80nbTMeTpa TR-6515 npH 8biS08e noAnpo
rpaMMbl PUSKDV H cneAYIO~HH saTeM npHeM HH$OPMai..IHH c 80nbTMeTpa 
npH noMO~H noAnPorpaMMbl PRIEM; 

- HHTepnonHpo8aHHe no Ta6nHI..Ie AaT4HKa Xonna npH 8b1So8e noA
nporpaMMbl DIFIN AnR nony4eHHR HHAYKI..IHH MarHHTHoro nonR 8 HSMepeH
HbiX T04KaX; 

- pe8epc WTaHrH 8 aSHMyTanbHOM Hanpa8neHHH HS KOHe4HOH T04KH 
8 Ha4anbHYIO npH 8~S08e SDVIGF; 

- $YPbe-aHanHs HSMepeHHoro nonR 8 pesynbTaTe 8biS08a noAnpo
rpaMMbl FURSIM H oTo6pameHHe 8ceH HH$opMai..IHH Ha 3KpaHe AHCnneR. 

INFORM - noAnporpaMMa, 8~S08 KOTopoA npoHS80AHTCR nocne HSMe
peHHR 8CeH KapTbl C 1..1enb10 nony4eHHR AOnonHHTenbHbiX C8eAeHHH 0 Ka-
4eCT8e c$opMHpo8aHHoro MarHHTHoro nonR. 3Aecb pacC4HTbl8aiOTCR 
H 8~80ARTCR Ha ne4aTb: noKasaTenb cpeAHero MarHHTHoro nonR n 
= R/lLdB/dR; yron cnHpanbHOCTH MarHHTHoro nonR. r(R) ; 4aCTOTbl 
C8o6oAHbiX Kone6aHHH Q r , Q z , pacC4HTaHHble no npH6nHmeHHbiM $op
MynaM; $naTTep MarHHTHoro nonR F(R) H AP. 
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CHcTeMa HSMepeHHH npaKTH4eCKH He HaKnaA~8aeT orpaHH4eHHH Ha 
paAHanbH~H H aSHMyTanbH~H warH nepeMe~eHHR AaT4HKa Xonna, H HX 
8~6op nonHOCTbiO onpeAenReTCR $OpMOH MarHHTHOrO nonR CeKTOPH~X 
MarHHT08, xapaKTepHSy~eHCR 8~COKHMH rpaAHeHTaMH lAO 5 KfclcMI 
H Tpe6yeMOH Ha AaHHOM 3Tane MOAenHpo8aHHR T04HOCTbiO HSMepeHHR 
cpeAHero nonR 11 o-3 I. 0CH08HOH o6"beM HSMepeHHH 6~n npo8eAeH 
c aSHMyTanbH~M waroM 0,50 8 HHTep8ane 0-120°, npH 3TOM paAHanb
H~H war HSMeHRnCR OT 1,0 CM Ha KpaRX MarHHT08 AO 2,5 CM 8 cpeA
HeH 4aCTH, 

BcR nocTynaiO~aR c AaT4HKa Xonna HH$OpMai..IHR Morna 8~80AHTbCR 
Ha ne4aTb, nep$oneHTY HnH nep$oKapT~. nonHoe 8peMR HSMepeHHH 
OAHO~ KapT~ nonR 8 6500 T04KaX COCTa8nRnO 3 4. 

3. nonY4EHH~E PE3YnbTAT~ 

3.1. HeaAAHTH8HaR cynepnosHI..IHR noneH coceAHHx ceKTOP08 

nocKonbKY 8 soHe pacnpocTpaHeHHR MarHHTHoro nonR KamAoro ceK
Topa peanbHOH MarHHTHOH CHCTeM~ YCKOpHTenR HaXOARTCR APYrHe CeK
Top~, TO 3TO MOmeT npH80AHTb K HSMeHeHHIO COCTORHHR menesa 3THX 
CeKTOP08 H, cneA08aTenbHO, K HeKOTOpOMY nepepacnpeAeneHHIO Mar
HHTH~X noTOK08, no cpa8HeHHIO C rHnOTeTH4eCKOH CHCTeMOH, 8 KOTO
POH HeT 8SaHMHoro 8nHRHHR H nonR ceKTopo8 cKnaA~8aiOTCR aAAHTH8HO. 
3HaR 8enH4HHY 8SaHMHOrO 8nHRHHR MarHHT08, MOmHO OTKaSaTbCR OT 
MOAenHp08aHHR 8CeH CHCTeM~ MarHHT08 H orpaHH4HTbCH ~ AdJibM~~W~M 

HCCneA08aHHeM OAHOro CeKTOpa. 
B onHC~8aeMOH ycTaH08Ke, COCTOR~eH HS A8YX ceKTOp08, AnR 8~

AeneHHR 3$$eKTa 8SaHMHOrO 8nHRHHR 6~no npo8eAeHO TpH HSMepeHHR: 
1 - 80S6YmAeH nep8~H ceKTop; 2 - 80S6ymAeH 8TOPOH CeKTop; 

3 - 8os6ymAeH~ o6a ceKTopa. 
PasHOCTb MemAY pesynbTaToM TpeTbero HSMepeHHR H cyMMOH pesyhb

TaTo8 nep8oro H 8Toporo npeACTa8nReT co6oH 8enH4HHy 8SaHMHoro 
8nHRHHR A8YX coceAHHX MarHHT08. Ha pHc. 4 npH8eAeHbl pesynbTaTbl 
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TaKHX 3KcnepHMeHT08. BHAHO, 4To 
8SaHMHOe 8nHRHHe npH80AHT K 
yMeHbWeHHIO pesynbTHPY~HX noneH 
Ha 120+51 fc KaK AnR cpeAHeH co
CTa8nR~eH, TaK H AnR OCH08HOH 
I N = 81 rapMOHHKH. CneAyeT saMe-

PHc. 4. H3MeHeHHe cpe~Hero nonH 
H aMnJIHTY~ OCHOBHOH rapMOHHKH 
3a cqeT B3aHMHOI'O BJIHHHHH ~Byx 
coce~HHX Mai'HHTOB I I!. B , I!. B a/ H 
npH YBeJIHqeHHH TOKa B036~eHHH 
Ha 300 A /c;eKTop (I!.B',I!.B8 ), 
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T~Tb, 4TO B 3T~X ~3MepeH~~X MarH~T~ ~Cn~T~Ban~ OAHOCTOpOHHee 
Bn~~H~e. B peanbHOH C~CTeMe, COCTO~~eH ~3 BOCbM~ CeKTOpoe, B3a~M

HOe en~~H~e yeen~4~Tc~ np~MepHo e 2,5 pa3a, np~ coxpaHeH~~ ~op
M~ Kp~e~x. 3To 6~no noKa3aHo np~ ~opM~poeaH~~ MarH~THOro non~ 
eocbM~ceKTOPHoro ~~KnoTpoHa SIN 15/. 

TaK KaK Ben~4~Ha 3~eKTa B3a~MHOrO BnH~HH~ COCTaBn~eT -1% OT 
eenH4HH~ cpeAHero non~, MomHo 6~no npeAnonomHTb, 4To e npo~ecce 
MOAenHpOBaH~~ e~ MOmHO npeHe6pe4b, a B MarH~THOH C~CTeMe B Ha
TypanbHY~ een~4~HY - CKOMneHc~poeaTb e3a~MHoe en~~H~e nyTeM yee
n~4eH~~ ToKa eo36YmAeH~~ ceKTopoe, KaK 3To 6~no CAenaHo e SIN 15~ 
0AHaKO B HaWeM cny4ae TaKOH B~BOA OKa3anOCb CAenaTb Henb3~. 

Ha p~c. 4 noKa3aHo, KaK oTn~4a~Tc~ pe3ynbTaT~ ~3MepeH~H Mar
H~TH~x noneH np~ yeen~4eH~~ TOKa eo36YmAeH~~ Ha 300 A /ceKTop. 
TaK KaK ~OpMa KPHB~X Ha p~c. 4 pe3KO OTn~4aeTc~, yeenH4eH~e TOKa 
B036YmAeH~~ He MomeT np~eecT~ K KOMneHca~~~ B3a~MHoro en~~H~~ 
OAHOBpeMeHHO Ha ecex paA~ycax ~. cneAoBaTenbHo, An~ MOAen~poeaH~~ 
MarH~THOH C~CTeM~ Ha OAHOM CeKTOpe He06XOA~MO BHeCT~ KOppeK~~~ 
B ~OPMY Kp~BOH Tpe6yeMoro cpeAHero non~. Ben~4~Ha KoppeK~H~, KaK 
~CHO ~3 npe~Ay~ero, npeACTaBn~eT C060H yeen~4eHHoe B 2,5 pa3a 
3Ha4eH~e ~~(R), np~BeAeHHoe Ha p~c. 4. 

3.2. ~opM~poeaH~e cpeAHero MarH~THoro non~ 

np~ MOAen~poBaH~H MarH~TOB ~~KnOTPOHa B MaCWTa6e 1:15/3/ 6~n 
npoeeAeH npeABaP~TenbH~H e~6oo reoMeTo~~ n~~nR MPw~y ~0~~c0~ 
~ non~CH~M HaKOHe4H~KOM ~ nOKa3aHa np~H~~n~anbHa~ B03MOmHOCTb 
~OpM~POBaHH~ Tpe6yeM~X napaMeTpOB MarH~THOrO non~ TaK~M cnoco60M. 

TaK KaK AOCT~rHyTa~ e/3/ T04HOCTb ~OPM~POBaH~~ cpeAHero non~ 
COCTaBn~na +100 rc ~ MemAY KOHCTPYK~~~M~ MOAene~ B MaCWTa6ax 1:15 
~ 1:5 HeT nonHoro nOA06H~, 6~no np~3HaHO 4enecoo6pa3H~M nOBTOP~Tb 
~~Kn 3Kcnep~MeHTOB no ~opM~poeaH~~ cpeAHero non~ c noMO~b~ na3oe, 
c TeM, 4T06bl nony4~Tb oTKnoHeH~e non~ oT ~3oxpoHHoro He 6onee 
4eM Ha +50 r C. npeAnOnaraeTC~, 4TO C noM~b~ W~MM, yKpenneHHbiX 
Ha 60KOBbiX noeepXHOCT~X non~CHbiX HaKOHe4H~KOB, 3TO OTKnOHeH~e 
6yAeT yMeHbWeHO AO +10 rc. TOHKOe W~MM~POBaH~e OTKnoHeH~H 

6yAeT npOBOA~TbC~ C-;CTeMOH OGMOTOK, yKpenneHHbiX Ha o6pa~eHHbiX 
K MeA~aHHOH nnOCKOCT~ noeepXHOCT~X non~CHbiX HaKOHe4H~KOB. 

Ha p~c. 5 np~BeAeHbl pe3ynbTaTbl ~3MepeH~H MarH~THoro non~ Ha 
MOAen~ 1:5 np~ OTCYTCTB~~ na3oB /Ha4anbHa~ reoMeTp~~/. H3o6pa
meHHWe Ha 3TOM rpa~~Ke ~naTTep F , 4aCTOTW CB060AHWX KOne6aH~H 
Q r , Q z , ~30XPOHHoe Ma rH~THOe none B~3 , yron cn~panbHocT~ r -

Bbi4~Cn~nHCb no ~OpMynaM: 

1 15 2 
F = 2 }; BN. , 2B i= I 1 

/1/ 
113 

2 
Qr :::: 1+n, /2/ 
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2 N2 2 
Q z = - n + - 2 - F (1 + 2 tg r) , 

N -1 

8
113 
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PHc. 5. Xapai:TepHCTHKH MarHHT
Horo nonH HaqanbHOro sapHaHTa 
nomocHh!X HaKoHeqHHKOB. F- cP,naT
Tep, B83 , B aKc - HsoxpoHHoe 
H SKcnepHMeHTanbHOe cpeAHHe nonH, 
Q r , Q z - qacToru CB060AHhiX KOne-
6aHH:H:, 8 8 - aMnnHTYAa BOCbMOH rap
MOHHKH MarHHTHoro nonH, r - yron 
cnHpanbHOCTH MarHHTHoro nonH, 
rH,rK- Haqanb~ H KOHeqHhl:if 
PaAHY~ ycKopeHHH. 

/3/ 

/4/ 

d¢>s 
sin¢>8 + R-- cos ¢> 8 

r = cp 8 - arctg( dR ) , /51 

R 

n = ll113 

d,/,_ 
cos¢8 - R d~0sin cp 8 

dBI13 

dR 
!61 

rAe Bo= 4019,2 rc, A= 1,0425, a= 1,0085, Roo= 155,8 CM, N =8, 
cps- ~a3a OCHOBHOi1 rapMOH~K~ MarH~THOrO non~, BNi - aMnn~TYA~ 
rapMOH~K, KpaTH~X OCHOBHOi1. 

H3 p~CYHKa B~AHO, 4TO OTKnOHeH~e cpeAHero non~ OT ~30XPOHHOrO 
AOCT~raeT 1500 rc Ha Ha4anbH~X paA~YCaX ~ 400 rc B 30He KOHe4H~X 
paA~ycoe. H3 p~c. 5 cneAyeT TaKme, 4To 3Kcnep~MeHTanbHO nony4eH
Hble ~naTTep ~ yron cn~panbHOCT~ e cny4ae ~3oxpoHHoro cpeAHero 
non~ o6ecne4~ea~T 3Ha4eH~e 4aCTOT~ aKc~anbH~x Kone6aH~H e npeAe
nax 1 , 35 < Q z < 1 , 42 eo seeM A~ana3oHe paA~ycoe ycKopeH~~. KaK no
Ka3an~ 3Kcnep~MeHT~ Ha MOAen~ 1:15, ~3MeHeH~~ ~naTTepa e npo~ecce 
MOAen~poBaH~~ He np~BOA~T K cy~eCTBeHHOMy ~3MeHeH~~ aKC~anbHOH 
~OKYC~pOBK~ ~ MOmHO nony4~Tb 3Ha4eH~e Qz B npeAenax 1 ,3<Qz<1 ,45. 

An~ ~OPM~poeaHH~ cpeAHero MarH~THoro non~ 6~no npoeeAeHo 
30 3KCnep~MeHTOB. B cep~~ 3T~x 3Kcnep~MeHTOB o6pa6oTKe noAeepra
nacb nnocKOCTb non~cHoro HaKoHe4H~Ka, o6pa~eHHa~ K ~PMY MarH~Ta. 
TaK KaK ~CXOAHa~ Kp~ea~ cpeAHero MarHHTHoro non~ /p~c. 51 e o6-
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nacTH paAHYCOB 80-105 CM AOCTaT04HO 6nH3Ka K KPHBOH H30XPOHHOrO 
nonR, nonOCHOH HaKOHe4HHK o6pa6aT~BanCR TOnbKO B AHana30HaX pa
AHYCOB /43,5-78/ CM H /100-130/ CM. 

Ha nepeoM aTane ~opMHpoeaHHR MarHHTHoro nonR ennoTb AO T04Ho
CTH +100 rc B Ka4eCTBe Tpe6yeMoro H30XpOHHOrO nOnR HCnOnb30Ba
nHCb-3Ha4eHHR, nony4eHH~e no npH6nH*eHHOH ~OpMyne /4/. npH 3TOM 
B3aHMHOe BnHRHHe MarHHTOB He Y4HT~Banocb. 

npH ~OpMHPOBaHHH CpeAHero nOnR C T04HOCTbO ny4We ~100 rc, Mar
HHTH~e H3MepeHHR conpOBO*AanHCb AHHaMH4eCKHMH pac4eTaMH ABH*eHHR 
4aCTH~ B nony4eHH~X nonRX, Ha OCHOBaHHH KOTOp~X 6~n0 npoBeAeHO 
yT04HeHHe Tpe6yeMOro H30XPOHHOrO nonR. 3Ha4eHHe H30XPOHHOrO nonR, 
nony4eHHOe H3 AHHaMH4eCKHX pac4eToB, OTnH4anOCb Ha /10-40/ rc 
/B 3aBHCHMOCTH OT paAHYCa/ OT 3Ha4eHHH, nony4aeM~X no ~OpMyne /4/. 
Ha 3TOM *e 3Tane ~opMHpoeaHHR 6~no Y4TeHo B3aHMHoe enHRHHe Mar
HHToe. KoHe4H~e pe3ynbTaT~ no ~OPMHpoeaHHO Tpe6yeM~X napaMeTpoe 
MarHHTHOrO nonR C nOM~bO na30B npHBeAeHbl Ha PHC. 6,7. 

Ha pHc. 6 noKa3aHa reoMeTPHR nonocHoro HaKoHe4HHKa H oTKnoHe
HHe nony4eHHOrO cpeAHero nonR OT H30XPOHHOrO. BHAHO, 4TO OTKno
HeHHe He npeBbiWaeT +25 rc BO BCeM AHana30He paAHYCOB YCKOpeHHR, 
4TO OKa3anocb B ABa-pa3a ny4We npeABapHTenbHO 3aAaHHOH T04HOCTH 
~OPMHPOBaHHR. 
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PHe. 6. KoHe~HaH reoMeTpHH nonroeHoro HaKoHe~HHKa H nony
~eHHbie OTKnOHeHHH epeAHero nonH OT H30XpOHHOro. 

.,.K~651Cfll 

'flf 517 567 598 622 6.1f2 F(of) 

250 3!0 'f50 550 650 750 W(H~) 

PHe. 7. Pesyn~:>TaTbi pae~eTa AHHa
MHKH AB~eHHH ny~Ka B e~OpMHpo
BaHHOM MarHHTHOM none. Q r , Q z

~aeTOTbi PaAHanbHbiX H aKeHanbHbiX 
Kone6aHHi'r, .1. 'I' - eMemeHHe ~asbi 
ny~Ka OTHOeHTenbHO Bq-HanpH~eHHH. 

Ha pHc. 7 npHBeAeH~ pe3ynbTaT~ pac4eTa AHHaMHKH ABH*eHHR 4ac
TH~ eo eceH o6nacTH ycKopeHHR oT 50 AO 800 MaB. B 3TOM pac4eTe, 
KOTOP~H npoeOAHncR c noMOIJibiD nporpaMMbl MOT I ON, 6binH Hcnonb30BaHbl 
3KCnepHMeHTanbHO nony4eHHble rapMOHH4eCKHe COCTaBnRID~J~He MarHHTHO
ro nonR H npeABapHTenbHO onpeAeneHHOe 4HCneHH~M cnoco6oM H3o
xpoHHOe none, oTnH4aiD1J1eecR, KaK 6blno OTMe4eHo Bblwe, Ha +25 rc 
OT C~OpMHpoBaHHOrO. -

Pe3ynbTaT~, npHBeAeHH~e Ha pHc. 7, noKa3~BaiDT, 4TO c~oPMHpo
eaHHoe MarHMTHoe none o6ecne4HBaeT 4aCTOTY aKcManbHbiX Kone6aHHH 
QzB npeAenax 1,35-1,45 Ha ecex paAHycax, KPOMe soH~ B~BoAa ny4-
Ka, rAe 4acToTa yMeHbwaeTCR AO 3Ha4eHHR 1,20. TaKoe yMeHbWeHHe 
4aCTOTbl He npeAcTaenReT onacHocTH, nocKonbKY npeAnonaraeMaR Ha 
AaHHOM yCKOPHTene CHCTeMa BbiBOAa ny4Ka Ha OCHOBe 3~~eKTa paCWH
peHHR op6HT npHBeAeT K CYIJieCTBeHHOMY yeenH4eHHID Qz B 3TOH 
30He 171. Hs pHc. 7 cneAyeT TaK*e, 4TO ~a3oeoe cMeiJieHHe ny4Ka He 
npeBbiWaeT ~20° BO BCeM AHana30He paAHYCOB YCKopeHHR. 

3.3. MoAenHpoeaHHe o6MOTOK TOHKOH KoppeK~HH nonR 

,[\IIR MOAenl'lpOBaHHR TOKOBOH CHCTeMbl TOHKOH KoppeK~HH nonR 6blnH 
H3rOTOBneH~ H yKpenneH~ Ha noeepXHOCTH nOniDCHOrO HaKOHe4HHKa, 
o6pa1J1eHHOH K MeAHaHHOH nnOCKOCTI-1, 4 06MOTKH. napaMeTpbl 06MOTOK 
npHBeAeH~ B Ta6n. 1. 

Ta6nm~a 

IIapaMeTpbi o6MOTOK TOHKOH KoppeKu;HH nonH 

HoMep o6MOTKH I 2 3 4 
MHHHManoHhrn PaAHye /eM/ 60 100 129,5 102 
MaKeHManoHbrn PaAHye /eM/ 64 104 133,5 138 
PaAHanoHaH npoTH~eHHOeTb /eM/ 4 4 4 36 
YrnoBaH npoTH~eHHOCTb ;o; II 12 17 15 
PaccTOHHHe AD MeAHaHHoii 
llnOCKOCTH /eM/ 0,85 0,85 0,85 0,85 

0CHOBHOe Ha3Ha4eHHe 3TMX o6MOTOK - KoppeK~HR cpeAHero nonR B npe
Aenax ~10 rc H noAaBneHHe HH3WHX rapMoHHK, He npee~waiDIJIHX He
CKOnbKHX raycc. 
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PHe. 8. CpeAHee MarHHTHOe none o6MOTOK TOHKOH KoppeK~H 
npH TOKe B036~eHHH 100 A. 1-4 - HOMepa o6MOTOK H eooT
BeTeTBYID~ KPHBb~ epeAHero nonH. 

Ha p~c. 8 noKa3aH~ pesynbTaT~ B~AeneH~~ cpeAHero MarH~THoro 
non~, cosAaeaeMoro o6MoTKaM~ KoppeK~~~ np~ ToKe 100 A . 3T~ pe
synbTaTbl noseon~n~ o~eH~Tb np~MepHoe Kon~4eCTBO o6MoToK, Tpe6ye
Moe An~ KoppeK~~~ non~ eo seeM A~anasoHe paA~ycoe, a TaK~e 
KOn~4eCTBO aMnep-B~TKOB. 

O~eHK~, npoeeAeHH~e c noMo~b~ 3BM, noKa~an~, 4To An~ ~opM~po-
--····- ----··--- ---- - --· .. ·---· .... .....~ ................ • 1 r-.... -·~-- ..... ··- ........... , ...... ~ 
g(;lf~YITl '-...,'-Hn'-1 V IIV.IITl .._. ov-woov .... IUlV' .IIJ-u,u .... ro o o o .... , .... ,, .... ,..,.,., .... ,_,.,,_,, 

KOppeK~~~ non~ AOn>KHa COCTO~Tb ~3 25-30 06MOTOK, C MaKC~ManbHbiM 
TOKOM 250-300 A /e MaCWTa6e 1:1/. 

PaA~anbHa~ npoT~meHHOCTb o6MOTOK MomeT 6~Tb pasn~4HO~. Ha Ha-
4anbHbiX ~ KOHe4H~X paA~ycax MarH~TOB, rAe npeA"b~Bn~~TC~ nOBbiWeH
H~e Tpe60BaH~~ K T04HOCT~ KOMneHCa~~~ H~3W~X rapMOH~K, ~enecoo6-
pa3HO np~MeHeH~e o6MOTOK paA~anbHO~ npOT~meHHOCTb~ 20-100 CM, 
enomeHH~X OAHa B APYrY~ / 6/ , a B o6nacT~ cpeAH~X paA~YCOB AOCTa
T04HbiM 6yAeT np~MeHeH~e 06MOTOK C npoT~meHHOCTb~, He npeBbiWa~~e~ 
20 CM. 

3AKJ1104EHHE 

0CHOBH~e pesynbTaT~ MOAen~poBaH~~ CeKTOpH~X MarH~TOB ~~KnOTpo

Ha MOmHo c~opMyn~poeaTb cneAY~~~M o6pasoM: 
1 . C nOMO~b~ na30B, pacnonomeHHbiX MemAY non~CHbiM HaKOHe4H~KOM 

~ non~COM, AOCT~rHyTa T04HOCTb ~OPM~poeaH~~ ~30XPOHHOrO non~ 
+25 rc. 
- 2. PaHee, Ha MOAen~ e MacwTa6e 1:15, 6~no noKasaHo, 4TO c no
MO~b~ W~MM, yCTaHOBneHHbiX Ha 60KOB~X noeepXHOCT~X non~ca, yKa-
3aHH~e OTKnOHeH~~ MOryT 6~Tb yMeHbWeH~ AD Ben~4~H~ ±10 fc. 
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3. MoAen~poeaH~e o6MoTOK TOHKO~ KoppeK~~~ non~ noseon~no 
o~eH~Tb ~x napaMeTp~, o6ecne4~Ba~~~e KOMneHca~~~ oTKnoHeH~~ 

cpeAHero non~ oT 3Ha4eH~~ +10 rc AD 3Ha4eH~~. np~ KoTop~x npo~c
XOA~T YCKOpeH~e 4aCT~~ 6e3-~a30B~X noTepb . 

4. C noMO~b~ pac4eToe A~HaM~K~ AB~meH~~ ny4Ka 6~na noKa3aHa 
npocTpaHCTBeHHa~ ~ $a30Ba~ yCT0~4~BOCTb AB~meH~~ 4aCT~~ B C~op
M~poBaHHOM MarH~THOM none. 

OcHOBH~e napaMeTP~ ceKTOPH~X MarH~Toe B MacwTa6ax 1:5 ~ 1:1 
np~BeAeH~ e Ta6n. 2. 

Ta6nm~;a 2 
OeHoB~e napaMeTpbi eeKTOpHb~ MarHHTOB 

IlapaMeTpbi eeKTopa M1 :5 M1:1 

AHaMeTp MarHHTa no HPMY /eM/ 382 1910 
BbieoTa MarHHTa /eM/ 171 855 
Bee MarHHTa /T/ 5 625 
HaqanbHblli paAHYe nonroea /eM/ 42 210 
KoHeqHbrn PaAHYe nonroea /eM/ 140 700 
MemnonroeHoH sasop /eM/ 1,8 9 
PaeeTOHHHe oT ~eHTpa o6MOTKH 
AO MeAHaHHOH nnoeKOeTH /eM/ 9,2 46 
PasMepbi nonepeqHoro eeqeHHH 
06MOTKH /eM/ 3x10 15x50 
ToK Bos6~eHHH OAHoro nonroea /KA/ 19,5 97,5 
IlnOTHOeTb TOKa no MeAH /A/MM2/ 12 2,4 
Mo~HoeTb nHTaHHH /KBT/ 40 200 

AeTop~ e~pama~T 6naroAaPHOCTb B.H.AHocoey ~ E.~.ropoAH~4eey 

sa o6ecne4eH~e 6esoTKa3HO~ pa6oT~ c~cTeM~ ~3MepeH~~ MarH~THoro 
non~. 
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H3A8TenbCKKH OTAen OO~eAHHBHHOrO HHCTHTYT8 IIABPHioiX HCCneAOB8HHA 
a 

3annaTMH H.n., CaMCoHOa E.B., 4ecHOa A .•. 9-B3-289 
HOAenMpo&BHMe ceKTOPHWX HarHMTOB cynep~HKnOTpoHa /H1 :5/ 

npMBQA~TC~ peayn~TaTW 3KCnepMHeHT08 00 HQAenMp08aHM~ CeKTOPHWX H8rHMT08 
npoTOHHOro ~HKnoTpoHB Ha 3HeprM~ BOO H3B. noKa3aHo, 4TO c no~~~ na3oa, 
pacnono.eHHWX MB*AY nOnQCOH H nOnQCHWH HaKOHe4HHKOH , OTKnOHeHMR cpeAHero 
HarMMTHOro nonA OT M30XpDHHOr o YHBH~WeHW AO +25 · 10"' Tn. npHBOA~TCR pe3yn~
TaTW HOAenMpo&aHH~ TOKoawx o5HOTox TOHKOH KoppeK~MM nonA. nOKa3aHo, 4To An~ 
o6ecne4eHM~ YCI108H~ YCKOpeHMR ny4Ka 6e3 $8308WX noTep~ Heo6XOAHHO MCnOnb30• 
BaT~ /25·30/ o6HoTOK C HBKCMHan~HWH TOKOH /250-300/ A. 06Cy*Aa~TCA pe 3ynbTaTb 
4McneHHWX pac4eToa AMHaHMKM A8M•eHMA 4aCTM~ a c$QpHMP08aHHOH none . noKa3aHo, 
4TO ao aceH AHana3oHe paAMycoa ycKopeHM~ o6ecne4eHa npocTpaHCT8eHHaR ycToH -
4MBOCT~ ny4Ka . 

Pa5oTa awnonHeHa a fla6opaTopMH AAepHwx npo6neH OH~H. 

Coo61ieHHe 061teAMHeHHOro HHC TMTyra "Aepwwx HccneAoeaHHH. lb6Ha 1983 

Zaplatin N.L . , Samsonov E.V . , Chesnov A.F. 9-83-289 
Hodel I ing of Sector Magnets of Supercyclotron (Scale 1: 5) 

The experimental results obtained from the model of sector magnets of 
proton cyclotron with Boo HeV energy are described . It is shown that due to 
splits placed between the pole and the pole tip the divergence between 
average magnet i c field and isochronous one decreases up to 25 · 10"4 T. The 
results of modelling the current trim coils are considered. It is shown 
that in order to accelerate a beam without phase losses (25-30) coils 
should be used with maximum current (250-300) A. The results of particle 
dynamic numerical calculations In a formed magnetic field are discussed. 
It is shown that the beam space stability is prov i ded all over the accele
ration range. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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