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• 
B $espane 1984 rOAa 6~n npOH3seAeH $H3H4eCKHH nYCK $a30TpOHa 

OW1H1 /YCTaHoBKa "$"/. OCHOBH~e xapaKTepHCTHKH nYCKOBoro sa
pHaHTa MarHHTHoro nonA YCKopHTenA npHBeAeH~ B '1-4~nYCKOBOA Ba
pHaHT MarHHTHoro nonA YCTaHOBKH u$u 6~n C$OpMHpOsaH C Vlcnonb
30BaHHeM ~eHTpanbHOH sTynKH C OTsepCTHeM ~ 52,2 MM, reOMeTpVlA 
KOTOPO~ nOKa3aHa Ha pVlC. la. ~nA nepeXOAa Ha pafioTY C BepTH
KanbHblM HOHHblM HCT04HHKOM He06xoAHMO 6btnO H3MeHHTb KOH$Vlrypa~HIO 

sTynKH TaK, 4TOfi~ ofiecne4V1Banocb nepeMe~eHVle HOHHoro VlCT04HVlKa 
OTHOCHTenbHO 3neMeHTOB ~eHTpanbHoH onTVlKVI B AHana30He paAHYCOB 
hr /7-37/ MM. PaC4eTH~M cnoc060M paccMoTpeH~ pa3nVl4H~e Ba
pHaHT~ Vl3MeHeHHA reO/~eTpHH ~eHTpanbHOH BTynKVI. nepBblH sapHaHT 
YBenVl4eHHe AlIIaMeTpa ~eHTpanbHoro oTsepcTIIIA. CHATlIIe Konblla 1 
/pVlc.la/ KOMneHcHpoBanocb A06aBneHVleM Konb~eB~X WIIIMM 2,3,4. , 

~----'-l 
6)a) 

Plfe. 1. al reoMeTplIH BTYJ1KH C' l(eHTpaJ1bJ{h'~1 oTBepcTHeM; 

C "4eTb'pbM}l oTBepcTHHMH. 

~nA 3neMeHTOS 1 VI 3 Vlcnonb30BanHCb 3KcnepVlMeHTanbH~e AaHH~e 
no MarHHTHOMY nom). ~aHHbte AnA 3neMeHTOB 2 VI 4 fiblnH nonY4eH~ 
npH nOMO~H pac4eTHoH MOAenVl lIeHTpanbHoH ofinaCTIII $a30TpOHa Ha 
OCHose, MeTOAa ceTOK '6/ T04HOCTb paC4eTa nonA 3THX 3neMeHTOS 
COCTaBHna -10/. Ha pVlc.2 /KpHsaA 1/ npHseAeHO MarHHTHoe none 
3neMeHTa 3 /3KcneplllMeHT - cnnOWHaA nHHVlA, paC4eT - nYHKTVlPHaA/. 
PaC4eT reOMeTplllH C lIeHTpanbH~M OTBepCTHeM noKa3an, 4TO, VlcnOflb
3YA 3neMeHT~ 2-4, MO~HO nonY4l11Tb MHHHManbHoe OTKnOHeHHe OT Tpe
6yeMoro nonA - 12 MTn npH AHaMeTpe OTsepCTHA ~ 63 MM /pHc.2, 
KpHsaA 2/. BTopaA paCCMOTpeHHaA reOMeTpHA npeACTasnAna COfiOH 
sTynKY C 4eT~PbMA OTsepCTIIIAMH ~ 30 MM /pVlc.2fi/. npH paC4eTe 
3TOf:! reOMeTplllVl AnA KOJlb~eBblx 3neMeHTOS 1 VI 2, nonaAalO~HX B 06
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Pllc.2. PaC~eTHhle B03MYmeHllH 
... Ma'rHllTHOrO nOnH B ueHTpe q,a3~
~ TpOHa AnH pa3nll~Hblli reOMeTpllH 

BTynKll. 

./. 

--1-0-~-2il 30 t(CM) 

Pllc.3. CXeMa MarHllTHOH CllCTeMW • 
l~eHTPaJlhHOH OOnaCTll YCKOpllTenH. 

naCTb, SaH~TY~ OTBepCT~~M~, MarH~THoe none YMeHbwanOCb B COOT
BeTCTB~~ co cpeAHHM K03~~H4~eHTOM sanonHeHH~ ~eppOMarHeTHKOM 
An~ 3TO~ 06naCTH K 3= 0,47. PaC4eT nOKaaan, 4TO npH paAHyce BbI
pesa 35 MM OTKnOHeHHe non~ OT Tpe6yeMoro COCTaBn~eT 7 MTn IpHc.2, 
Kp~BaR 3/. TpeTb~ reOMeTpH~ - BTynKa C TpeM~ oTBepcT~RMH 035 MM 
IpHc. 31. PaC4eT npH cpeAHeM K03~~~4HeHTe sanonHeHHR K 3 0,58 
nOKasan, 4TO AnR paAHyca Bblpesa 42 MM OTKnOHeH~e nonR OT Tpe6ye
MOro COCTaBnReT 5 MTn IpHc.2, KpHBaR 4/, KOTopoe MOmeT 6b1Tb 
CKOMneHc~pOBaHO npH nOMo~H.no~Bn~~~eHcR B 3TOM BapHaHTe 4eHT-
panbHOH ~eppoMarHHTHoH 4aCTH. 

Ha pHc.3 npHBeAeHa nonHaR reOMeTpHR 4eHTpanbHoH 4aCTH Mar
H~THOH C~CTeMbi YCTaHOBKH "~II. Tp~ OTsepCTHR B 4eHTpanbHblX BTyn
Kax 1 HMelOT A~aMeTp Ij!\ 35,S MM, C paA~YCOM 4eHTpOB oTBepcTHH r'= 
= 2,3 CM. BTynKH cHa6IKeHbi PRAOM WHMMHPYIO~~X 3net1eHTOB: 2 - BHHT 
M10x10 MM, 3 - Konb4eBaR WHMMa, aaKpennReMa~ np~ nOMO~~ npHm~Ma 
4eHTpanbHOH BTynK~, 4 - BHHTbI Hl0x30 MM Ha paA~yce r = 2,6 CM. 
Ha nOBepXHOCTH cnHpanbHblX W~MM 5 YCTaHOBneHa nnaKHpOBKa C yno
meHHblM~ TOKOBblMH KoppeKT~pylO~HMH OUMOTKaMH 6. 

AnR onT~M~sa4~H pem~Ma pa60Tbi YCKopHTenR Tpe60BaHHR K cpeA
HeMY MarH~THoMy nom:> B 4eHTpe c~opMyn~poBaHbl B B~Ae ABYX Ba
pHaHTOB 6aMna /5/ Ip~c. 4, Kp~Bble 1 ~ 41. Haml':; 6aMn 6b1n C~OPMH
pOBaH nYTeM Aopa60TK~ 4eHTpanbHoH BTynKH IKp~BaR 3/. KpHBaR 2 
nOKaSbiBaeT MarHHTHoe none, Ha KOTOPOM 6b1n ocy~ecTBneH ~~sH4e
CK~H nYCK YCKop~TenR. nepexoA K 60nbwoMY oaMny ocy~ecTBnReTCR 
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Pllc.4. XapaKTepllcTllKll cpeAHeH 
cocTa~nHIO~eH BepTHKaJlbHOH KOM
nOHeHTbl MarHllTHoro nonH q,a::w
TpOHa B l~eHTpanhHoH o6naCTH. 

c; ..... 
% 

20 ~(CM) 

Pllc.5. CpeAHee MarHllTHoe none 
OT q,eppOMal'HllTHbiX lUHMMllpylO~HX 
3neMeHTOB. 

nYTeM YCTaHOBK~ B ~srOTOBneHHble B cn~panbHblX WHMMax OTBepCT~R 
Ha paAHyce r 10 CM sarnyweK M16x15 MM 17, pHc.3/. MarH~THoe 
none 60nbworo 6aMna nOKaaaHO KPHBOH 5. nYTeM H3MeHeHHR paSMepa 
sarnyweK BenH4HHa 6aMna MOmeT nnaBHO MeHRTbCR B npeAenax, xa
paKTep~3yeMbix KPHBblM~ 6 H 7. H~IKHHH npeAen onpeAenReTCR nORBne
HHeM HyneBoro rpaA~eHTa cpeAHero MarHHTHoro nonR Ha paAHyce 
r = 10 CM, BepX~HH npeAen - pasMepaMH 3arnyweK. Ha p~c.5 np~
BeAeHbl MarHHTHble nonR AnR pa3nH4HblX WHMM~pyIO!ltHX 3neMeHTOB. KPH
BaR 1 - none 4eHTpanbHoro B~HTa M10x20 MM 12, plAc.3/. Kpl1BaR 2 -
none Konb4eBo~ WHMMbl 3 nplA ee paAHanbHOM pa3Mepe M=/4,55-4,40/cM 
H BepTHKanbHOM - /\11 :: 0,9 CM. Kpl1Bble 3, 3' - nonR 3arnyweK . 
B'CnlApanbHblX lUlAMMaX ~a paAHyce r = 10 CM, M16x15 MM, YCTaHOB
neHHblX Ha paCCTORHHH OT cpeAHe~ nnOCKOCT~ 3aaopa KaMepbl h 1 
= 6 CM 11 7,5 CM, COOTBeTCTBeHHO. Kpl1BaR 4 - MarHIATHOe none AnR 
10 MM npOT04KH 0 89 MM 4eHTpanbHblX BTynOK. 1 npl1 hl = 12,4 CM. 
KpHBaR 5 - 1A3MeHeHHe nonR np~ YBenI14eH~H AlAaMeTpOB Tpex OT
BepCTI1H 4eHTpanbHbiX BTynoK Ha 1 MM. 

4aCTOTbi CB060AHblX BepTHKanbHblX H paAHanbHblX Kone6aHI1H 3apR
lKeHHblX 4aCTlA4 AnR C~OpM~pOBaHHblX MarHI1THblX none~ np~BeAeHbI Ha 
PlAc.6. KpHBble 1 COOTBeTCTBY~T ManOMY 6aMny, KpHBble 2 - 60nb
WOMY. KplABble 3 xapaKTep~3ylOT nycKoBoH BapHaHT MarH~THoro nonR 
~a30TpOHa. 

Benl14IAHbi HlAaWHX rapMOHHK MarHIATHOrO nonR B 4eHTpanbHoH 06
naCTI1 yCKopHTenR Mornll HaMeHRTbCR H3-3a CTeneH~ 3aTRIKK~ KOH40B 
CnlApanbHblX W~MM. AnR YCTpaHeH~~ 3T~X H3MeHeHH~ KOH4b1 WI1MM 6b1flH 
npHBapeHbI K onopHblM CTaKaHaM, a 4eHTpanbHble BTynKIA nonY4Hnl1 
caMOCTORTenbHoe KpenneHHe nplAm~MaMH .. 

Ha p~c.7 npHBeAeHbI AaHHble no HH3W~M rapMOHHKaM nonR. KPH
BaR 3 - aMnnl1TYAa nepBOHrapMOHI1KH An~ nycKoBoro Bap~aHTaMar
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PHc.7. AMnnHTYAhI HH3mHX rapMo
, ~HHK BepTHKaITbHOH KOMUOHeHTbl 

MarHHTHoro fl(>nH. 

PHC. 6. qacToThl CBOOO,o;HblX 
oeTaTpoHHhIX BepTHKaITbHhlX H pa
,o;HaITbHhIX KoneoaHHA. 
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H~THoro nonR. Kp~aaR 1 xapaKTep~3yeT YBen~4eH~e nePBOH rapMo
H~K~ nocne ~3MeHeH~R cnoco6a 'KpenneH~R cn~panbH~x W~MM. Kp~

BaR 2 nOKa3hlBaeT pe3ynbTaT~ W~MM~pOBaH~R pacnpeAeneH~R aT pa
A~yca aMnn~TYA~ nepBOH rapMOH~K~ nonR nYTeM nepepacnpeAeneH~R 
KoppeKT~py~~~x 3neMeHTOB Ha paA~ycax r ; 6 ~ 7;5 CM. Kp~BaR 7 -
aMnnHTYAa BTOPOH rapMoHHK~ MarHHTHoro nonR $a30TpOHa. Kp~BaR 4 -
pacnpeAeneH~e aMnn~TYA~ TpeTbeH rapMOH~KH AnR nYCKOBoro Bap~aH
Ta nonR. KPHB~R 5 nOKa3~BaeT pacnpeAeneH~e TpeTbeH rapMoH~K~ 
nocne 3aMeH~ BTynoK C ueHTpanbH~M OTBepCT~eM BTynKaMH C TpeMH 
OTBepCT~RM~. Kp~BaR 6 - OKOH4aTenbHoe pacnpeAeneHHe TpeTbeH 
rapMOH~K~ nocne ~3MeHeH~R cnoco6a KpenneH~R KOHUOB cnHpanbH~X 
WHMM. 

YCTaHoBKa HOB~X ~eHTpanbH~X BTynoK ~ 3aKpenneHwe KOHUOB 
cnHpanbH~X W~MM npHBen~ K ~3MeHeHH~ pacnpeAeneH~R cpeAHeH pa
AHanbHOH KOMnOHeHT~ MarH~THoro nonR B ueHTpanbHOH 06naCTH YCKO
p~TenR ~ K Heo6xOA~MOCTH npOBeAeHHR W~MMHpOBaHHR 3TOw KOMnOHeH
Thl. Ha p~c.8 KPHBOH 1 nOKa3aHO pacnpeAeneH~e paAHanbHow KOMno
HeHT~ aT $eppOMarHHTH~X 3neMeHTOB MarH~THOH CHCTeM~ yCKopHTenR 
ADR nYCKOBoro BapHaHTa nonR. HaCTpOWKa pe*HMa pa60T~ YCKopHTenR 
nOTpe6oBana Hcnonb30BaHHR TaKa BOW KoppeKTHpy~eH 06MOTKH Ha 
paA~yce r = 17.5 CM npH TOKe 5 A. CooTBeTcTBy~ee 3TOMY pemHMy 
pacnpeAeneHwe paAHanbHOW KOMnOHeHT~ nOKa3aHO KP~BOH 2. KpHBaR 3 
xapaKTepH3yeT paAHanbHYIQ KOMnOHeHTY MarHHTHoro nonR $a30TpOHa 
nocne YCTaHOBK~ HOB~X ueHTpanbH~X BTynOK. rn~MMHpOBaHHe paAHanb
HOH KOMnOHeHT~ 6~no npOBeAeHO nYTeM HeOA~HaKOB~X ~3MeHeH~H $op
M~ BepxHeH ~ H~mHeH BTynOK. Pa3nH4HR reOMeTp~H BepxHew H HHmHeH 
BTynoK /PHC.3/ npHBeAeH~ B Tafin. 1. ~ToroBoe pacnpeAeneHHe pa
AHanbHoH KOMnOHeHT~ nor.R npeACTaBneHO KP~BOw 4. p~c.8. M~MeHe
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PHc.8. XapaKTepHcTHKH cpep;HeH 
cocTaBnHID~eH pa,o;HaITbHOH KbM
rrOHeHThl MarHHTHoro rronH. 

llapaMeTp BTynKH /pHc.3/ 

BepxHHH BTynKa 

HHJKHHH BTyn'Ka 

~ 
i.. 

a /MM/ 

27 

20 

it2Ml 

Ta6mma I 

b/MM/ C/MM/ 

9 3 

12 13 

HHe pacnpeAeneH~R nonR OTHOCHTenbHO HcxOAHoro pacnpeAeneH~R 
/KpHBaR 1/ nocne paA~yca r > 20 CM. CBR3aHO C 3aKpenneHHeM 
KOHUOB cn~panbH~X WHMM. AnR pacnpeAeneHHR 4 paCC4~TaHHoe MaK
C~ManbHoe OTKnOHeHHe ueHTpa nY4Ka aT cpeAHeH nnOCKOCTH yCKOP~
TenbHOH KaMep~ COCTaBnReT 1 CM AnR paAHyca r ; 24 CM. 

Ha pHc.9 npHBeAeH~ pacnpeAeneHHR paA~anbHoH KOMnOHeHT~ 
MarHHTHoro nonR AnR pa3nH4HbiX WHMMHPY~~X 3neMeHTOB. KpHBaR 1 -
none ueHTpanbHoro BHHTa BTynKH Ml0x10 MM. KpHBaR 2 - none 
npOT04K~ BTynKH Ha 3 MM npH hi = 6 CM. KpHBaR 3 - none Tpex 
BHHTOB M10x30 MM Ha paAHyce r = 2.6 CM. KpHBaR 4 - none npo
T04KH BTynKH Ha 10 MM npH hi = 12,4 CM. 

~O $H3H4eCKoro nY£Ka YCKopHTenR onpeAeneHHe cpeAHeH pa
AHanbHOH KOMnOHeHTbl Br npOH3BOAHOOCb nYTeM H3MepeHHR HHAYK
U~OHHOH KaTYWKOH pa3HOCTH cpeAHHX COCTaBnRID~HX BepTHKanbHOH 
KOMnOHeHT~ nonR B ABYX nnOCKOCTRX, OTCTOR~HX aT cpeAHeH Ha Be

17 8'nH4HHY ± a' . '. Cy~ecTBeHHblM HeAOCTaTKOM 3Toro MeTOAa RBnReTCR 
3aBHCHMOCTb nOKa3aHHH AaT4HKa aT paAHanbHoro rpaAHeHTa BepTH
KanbHOH KOMnOHeHT~ MarHHTHoro nonR, 4TO Tpe6yeT np~BR3KH pe
3ynbTaToB ~3MepeHwH XOTR fibl Ha OAHOM paAHyce K H3BeCTHOMY 3Ha
4eHHIO Br .3Ha4HTenbHoe YAaneHHe paAHyca H3MepeHHR nonR aT pa
AHyca np~BR3KH Morna npHBOAHTb K B03paCTaHHK) OWH6KH H3MepeHHR .• 
TeM He MeHee. 3TOT MeTOA n03BonHn OTWHMMHpOBaTb Sr KOMnOHeHTY 
B ueHTpanbHOH 06naCTH $a30TPOHa/4/; nocneAYID~He H3MepeHHR fionee 
COBepweHHblMH MeTOAaMH He npHBenH K H3MeHeHH~ nonomeHHR H Be
nH4HH~ WHMMHpyK)~HX_3neMeHTOB. 

npH H3MepeHHRX Br AnR MarHHTHOH CHCTeMbl YCKopHTenR C HOBbI
M~ ueHTpanbHblMH BTynKaMH 6b1n Hcnonb30BaH 60nee T04HblH MeTOA 
onpeAeneHHR cpeAHeH paAHanbHoH KOMnOHeHTbI MarH~THoro nonR~ 
CYTb era 3aKnlO4aeTCR B Hcnonb30BaHHH B 'Ka4ecTBe AaT4~Ka Br 
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PHc.9. CpeAHKR PaAHaITbHaR KOM
I-
c: 3 nOHeHTa MarHHTHOrO nOnH OT 
j ~eppOMarHHTHhlX mHMMHPymmnx ... 3neMeHTOB. 

,1 

CHCTeM~ KOHueHTpH4eCKHX KaTyweK. AnR HHAYUHpoBaHHR CHrHana HC
nOnb30BanOCb BepTHKanbHOe nepeMe~eHHe KaTyweK H3 nOnOIKeHHR HHIKe 
CpeAHeH nnOCKOCTH YCKOpHTenbHOH KaMep~ B nOnOIKeHHe B~We. W3Me
pHTenbH~e KaTYWKH HaMaT~BanHCb B na3~, H3rOTOBneHH~e B nnaCT
MaCCOB~X AHCKaX. fib1nH H3rOTOBneH~ ABa AHCKa. Man~H AHCK HMen 
HHAYKUHOHH~e KaTywKH B AHana30He paAHycoB ~r= /2-20/ CM C wa
rOM 2 CM. 60nbWOH AHCK - B AHana30He paAHYCOB ~r = /2.5-25/ CM 
C warOM 2,5 CM, a B AHana30He paAHYCOB ~r .= /25-50/ CM C wa
rOM 5 cM. Ha ManOM AHCKe nepBaR KaTYWKa paAHyca 2 CM HMer 1 
eT 630 BHTKOB npOBOAa 03B - ~ 0,07 MM. Ha fiOnbWOM AHcKe nepBaR 
KaTywKa paAHyca fl = 2,5 CM Ii1MeeT 460 BHTKOB Toro IKe npOBOAa. 
4Hcno BIi1TKOB nocneAY~~HX KaTyweK YMeHbwanOCb nponOPUHOHanbHO 
HX paAHYCY, T.e. KaK r 1/r k, rAe ~ - HOMep KaTywKH. npH TaKOH, 
HaMOTKe Bce KaTywKH HMenH 0AHHaKoBYlo 4YBcTBHTenbHocTb. Ha ManOM 
AHcKe OHa COCTaBnRna 0,118 B/MTn AnR BepTHKanbHoro nepeMe~eHHR 
AHCKa 2 CM, Ha 6onbwoM .; 0,107 B/MTn. CHrHan, HHAYUHpoBaHH~H 
BepTHKanbH~M nepeMe~eHHeM KaTywKH B MarHHTHOM none, Ii1HTerpH
poBanCR 3neKTpoHHOH cxeMoH /8/ , CltlrHan C HHTerpaTopa perHcTpH
pOBanCR UH~POB~M BonbTMeTpOM, nOKa3aHHR KOToporo ~HKcHpoBanHcb 
uH~pone4aTa~~HM YCTPO~CTBOM. 060eM ItlH~OpMauHItl Ha KalKAOM paAltly
ce - 3-4 I.Iltlcna, B 3aBHCHMOCTH OT cnoc06a H3.MepeHI4R ApeH~a 
3neKTpOHHoro HHTerpaTopa, n03TOMY 3BM 1tl3 cxeM~ 1tl3MepeHItlR HC
Knl04aeTCR. Man~H AHCK C KOHueHTpH4eCKHMH ofiMOTKaMH n03BonReT 
npOBOAItlTb- 1tl3MepeHHR 8r He TonbKO B CB060AHO~ KaMepe, HO H npH 
HanH41tlH AyaHTa, H2npaBnR~~ItlX np06HHKOB, 1tl0HHOrO HCT04HHKa 
14 T.A. W3MepeHItlR Br B TaKHX 	 ycnoBHRX nOKa3anltl, 4TO :meMeHTbl 
KOHCTPYKUHH, B~nonHeHH~e H3 	 HeplKaBe:~~eH c TanH, He OKa3~BaI'lT 

BnHRHHR Ha nonOllleHwe MeAHaHHOH nnOCKOCTH MarHHTHoro nonR. 
AnR onpeAeneHHR OWH60K H3MepeHHH 8r npH nOMO~H ~nOH Me

TOAHKH fi~nH ocy~ecTBneH~ 3KcnepHMeHT~ H oueHKH paC4eTH~M cno
C060M. npOBeAeH~ H3MepeHHR H3BeCTHoro H3MeHeHHR Sr' Ha pHC. 1 0 
/KpHBaR 1/ nOKa3aHO pacnpeAeneHHe rpaAHeHTa cpeAHeH BepTHKanb
HOH KOMnOHeHT~ MarHHTHoro nonR, nonY4eHHoro nYTeM H3MepeHHR 
~ 8~ npH BepTHKanbHOM H3MeHeHHH ~peAHeH nnOCKOCTH nonOIKeHHR 

dBz ~Br)
AaT4HKa Ha 3 MM (-d- = - .. -' • KpHBaR 2 - rpaAHeHT nonR, nony

r uZ 

PHc.IO. K aHaITHSY TOqHOCTH Me..= 
:s: 	 TOAa HSMepeHHR PaAHaITbHOH KOM

nOHeHThl MarHHTHoro nonR • 

4 

I 

XOJ1J1a MOllleT AOCTl1raTb 0,01 Tn/M. 

Kpl1BaR 3 nOKa3~BaeT pacnpeAene

Hl1e Sr AnR TOKOBOH KoppeKTH

pyromeH KaTywKH ~1, KpeCTHKaMH 

OTMe4eHO none 3TOH KaTYWKI1, H3
MepeHHoe AaHHoH MeTOAHKoH. 3TH 
3KcnepHMeHI~ nOKa3anH, 4TO 

.,. H3MeHeHHR Br MeTOA BblAem'le T 
C T04HOCTb~ He xYlKe 0,02 MTn. T04HOCTb H3MepeHHH YPOBHR Br • CY
~ecTBy~~ero B MarHHTHOH CHCTeMe ~a30TpoHa, aHanH3HPyeTcR 
paC4eTHblMH oueHKaMH B03MOIKH~X oWH60K H3MepeHHH H npH nOMO~H 
3KcnepHMeHToB, nOKa3~Ba~~I1X Many~ 3aBHCI1MOCTb pe3ynbTaToB H3Me
peHHH OT T04HOCTI1 YCTaHOBKH CHCTeM~ KaTyweK. 

CnY4A~H~E OWWDKW W3MEPEHH~ 

1. .npeH~ YPOBHR MarHHTHoro nonR. AnR I1CKn!04eHHR 3Toro BHAa 
oWH6KH BcxeMY H3MepeHHR 6blna BBeAeHa AononH~TenbHaR KaTYWKa 
C TOH IKe 4YBC TBItl,TenbHocTblO, 4TO Itl Y KaTywKH Br , HO BKn~4eHHaR 
BCTpe4Ho C He~. KaTywKa nOMe~aeTCR B 1tl3MepReMoe none H RBnReT
CR HenoABHIIIHO~. 

2 . .npeH~ 3neKTpOHHoro HHTerpaTopa. BenH4HHa oWH6KH H3-3a 
nHHe~Ho~ 4aCTIi1 Ape~~a H3MepReTCR KaIKAbI~ pa3 nepeA H3MepeHHRMH 
AaHHoro paAHyca, 3aTeM B~4HTaeTCR H3 none3Horo CHrHana. OWHfiKa 
H3-3a HenHHeHHo~ 4aCTIil Ape~~a COCTaBnReT eAHHHUbi MKTn H MOllleT 
He Y4Ii1TblBaTbCR. 

,. 

I 

3. OWH6Ka H3MepeHHR 1il3-3a nlO~Ta HanpaBnR~eH BepTHKanbHoro 
nepeMe~eHHR H3MepHTenbH~X KaTyweK. nORBneHHe AononHHTenbHoro 
CHrHana B 3TOM cnY4ae CBR3aHO C nOBopOTOM H3MepHTenbHOH KaTYWKI1 
nocne BepTIilKanbHoro nepeMe~eHHR Ha yron a ' 3TOT CHrHan npo
nopUHOHaneH 113MeHeHH~ nno~aAI1 npOeKUI1H OKPYIKHOCTH 113MepHTenbHoiii 
KaTYWKI1 Ha cpeAHlO~ nnocKocTb 3a30pa YCKopHTenbHOH KaMep~. EcnH 
Ha4anbHoe 3Ha4eH~ yrna HaKnOHa 113Mepl1TenbHO~ KaTYWKH - a, TO 
MaKCHManbHaR oWH6Ka H3MepeHI1R - B cnY4ae, KorAa $a3b1 yrnoB a 
11 a x COBnaAa~T: ~ Br = B [cos a - COS (a + ax)1.z 


nocne npe06pa30BaHHR nonY4HM: 


4eHH~H H3 H3MepeHHiii Dz AaT4HKOM Xonna. HecoB~AeHHe ABYX KPH 1\ Br =0 B z a a J[ • /1/
BbiX 06ycnoBneHo TeM. 4TO OWI16Ka onpeAeneHI1R dBz/dr MeTOAOM 

6 	 ., 



B 	HaWeM CnY4ae ax 10-3 paA, a 10-2 paA, 4TO AaeT ~Br= 

0,01 MTll. 


CHCTEHATH4ECK~E OWH6KH H3HEPEHH~ 

1. noCTORHH~~ nepeKOC ~3Mep~TellbHOro A~CKa OTHOC~TellbHO cpeA
He~ nllOCKOCT~ YCKop~TellbHo~ KaMepbl. np~ 3TOM ow~6Ka ~3MepeH~R 


- B -2 
~Br: ~Br = Br·(1-cosa)i:-ra 2 • AnH a= 10 , Br = 1 MTll

-4 2 

MaKC~MallbHaR ow~6Ka -10 MTll. 

2. H3MeHeH~e Ha4allbHoro nepeKoca A~CKa Ha nOCToHHHbl~ ~Oll 
nOClle BepT~KallbHoro nepeMe~eH~H. HexaH~3M BepT~KahbHoro nepeMe
~eH~H ~3Mep~TellbHoro A~CKa MOlKeT cpa6aTbiBaTb TaK~M 06pa30M, 4TO 
ll~~T HanpaBllR~~e~ BepT~KallbHoro nepeMe~eH~H B~6~paeTCH B OAHOM 
HanpaBneH~~ ~ 6YAeT C03AaBaTb C~CTeMaT~4eCKY~ OW~6KY. Ee o~eHKa 
npOBOAHTCH no ~opMYlle Ill. npoBeAeHa 3KcnepMMeHTallbHaH npOBepKa 
3Toro BblpalKeH~H. Yroll a 6blll YBell~4eH B 10 pa3, 4TO np~BellO K ~3
MeHeH~~ nepBOHa4allbHoro pacnpeAelleH~H Sr Ha 0,1 MTll IKp~Bble 4 
~ 5, p~c. 10I . 

3. HeCOBnaAeH~e oc~ ~3Mep~TellbHO~ KaTYWK~ C OCbm MarH~THO~ 
C~CTeM~. H3 pa3llOlKeH~H MarH~THoro nOllH B6ll~3~ paA~yca r: 

2;:; 2- aBr 1B 	 (r + M) = Br (r) + -- ~r + - ~~(M)
r 	 ar 2 ar2 

B~AHO, 4TO CMe~eH~e ~3Mep~TenbHO~ KaTywK~ Ha Bell~4~HY ~r OT
HOC~TellbHO ~eHTpa MarH~THO~ C~CTeM~ MOlKeT np~BeCT~ K ow~6Ke 
~3MepeH~M 

a2Br 2 
~Br- -- (M)


ar2 

a2s 2 

np~ Bell~4~He __r = 2 Tll/M , ~r 1 MM ow~6Ka ~Br= 0,002 MTll. 

ar2 


4. reoMeTp~H ~3Mep~TellbHo~ KaTYWK~ 

np~ BepT~KallbHOM pa3Mepe ~3Mep~TellbHo~ KaTYWK~ 2 MM OTKllO
HeH~e nOllOlKeH~H ~eHTpOB KaTyweK OT TPe6yeMoro 3Ha4eH~H MOlKeT 
AOCT~raTb Bell~4~H~ -0,2 MM, 4TO np~ rpaA~eHTax cpeAHero Mar
H~THoro nOllH dBz/fu - 0,05 Tll/M MOlKeT np~BeCT~ K nOCTOHHHO~ ow~6
Ke ~3MepeHM~ AO 0,01 MTll. 

rapMoH~K~ paA~allbHo~ reOMeTp~~ 06MOTK~ np~ yCllOB~~ pa3BopOTa 
~3Mep~TellbHo~ KaTYWK~ B npo~ecce BepT~KallbHoro nepeMe~eH~H MO
rYT np~BeCT~ K nOHBlleH~~ AonollH~TellbHo~ OW~6K~ 

• 

"i 

i:~ 

&i 
~Br Bzi -- ~¢, 

r 

rAe Bzi - rapMoH~Ka BepT~KallbHo~ KOMnOHeHT~ nOllH, ~ri - rapMoH~
Ka paA~allbHo~ reoMeTp~~ 06MOTK~, ~¢- yroll nOBopoTa.

• Ha~60llbwy~ onaCHOCTb npeAcTaBllHeT 4eTBepTaH rapMoH~Ka pa
A~allbHoro ~CKalKeH~H ~OPMbl 06MOTK~. AnH BZ4 = JOO MTll, ~r'4- = 
= 0,1 MM, r = 10 CM, ~¢= 0,01 paA nOllY4~M ~Br = 0,002 MTll. 

CYMM~PYH pe3YllbTaTbi np~BeAeHHbiX o~eHOK B03MOlKHbiX OW~60K 
~3MepeH~~, AaHH~e 3Kcnep~MeHTOB, MHor04~ClleHH~e on~T~ Ha nOBTO
pHeMOCT b pe3Yllb TaTOB ~3MepeH~~, MO)XHO YTBeplKAaT b, 4TO ow~6Ka . 
~3MepeH~~ cpeAHe~ cocTaBllH~~e~ paA~anbHo~ KOMnOHeHT~ MarH~THoro 

nOllH np~ nOMO~~ BepT~.KallbHo nepeMe~aeMblX KOH~eHTp~4eCK~X KaTY
weK llelK~T B npeAellax +0,02 MTll. 

AnH pacw~peH~H B03MolKHocTe~ onepaT~BHo~ HacTpo~K~ YCKop~TellH 
no Ka4eCTBY nY4Ka B ~eHTpallbHo~ 06llacT~ YCTaHOBlleH~ KOH~eHTp~
4eCK~e 06MOTK~, ~3rOTOBlleHH~e ~3 MeAHoro npOBOAa ¢ 1,6 MM 
~ pa3Me~eHH~e Ha nOBepXHOCT~ cn~pallbHblX W~MM B MeAHOM KapKace 
16, p~c.3/. MaKC~MallbH~~ TOK B 06MOTKe - 10 A. B KalKAo~ 06MOT
Ke 13 B~TKOB, paA~allbHaH npOTHlKeHHOCTb - 2,1 CM. KOll~4ecTBo 06
MOTOK no cpaBHeH~~ C nYCKOB~M Bap~aHTOM MarH~THO~ C~CTeM~ 6~llO 
YBell~4eHO AO 9 WTYK, a M~H~MallbH~~ paA~YC YMeHbweH AO 11 CM. 
napaMeTp~ 06MOTOK np~BeAeHbl B Ta6ll.2. OCHOBHoe t-ia3Ha4eH~e 06
MOTOK - KoppeK~~H cpeAHe~ paA~allbH~~ KOMnOHeHT~ nOllH. 

Ta6JIIiu;a 2 

N" 	 06MOTKii 2 3 4 5 6 7 8 

r 1 / CM/ 11 13,6 16,1 18,7 21,2 23,8 26,3 28,9 31,4 

hcp /CM/ 5,8 6,0 6,2 6,6 7,0 7,4 7,8 8,3 8,7 

B'
'4' 

, nOKa3aHo, 4TO MarH~THoe nOlle TaK~X 06MOTOK MOlKeT 6~Tb 
onpeAelleHO C T04HOCTb~ 5% nYTeM paC4eTa AllH TOKOBoro CllOH 6e3 
Y4eTa OTpalKeH~A. Ha p~c.ll nOKa3aH~ paC4eTH~e pacnpeAelleH~H 

paA~allbHO~ KOMnOHeHT~ MarH~THoro nOllH AllH Bcex KoppeKT~py~~~x 
06MOTOK AllH IW = 100 A. OTAellbHo~ KP~BO~ nOKa3aHa BepT~KallbHaH 
KOMnOHeHTa nOllH 06MOTOK AllH pa'A~yca r == O. Ha p~c. 11 nOKa3aHa 
cxeMa paCnOllO>KeH~H KoppeKT~py~~X 06MOTOK 0 MarH~THO~ C~CTeMe 

YCKop~TellH. TaKaH C~CTeMa 06MOTOK n03BOllHeT aKT~BHO B03Ae~cT
BOBaTb Ha paA~allbHY~ KOMnOHeHTY nOllH YCKop~TellH, Ha4~HaH C pa
A~yca r = 7-3 CM. B03Ae~CTB~e Ha Sr B 30He paA~YCOB M =/0-7/cM 
B03MOlKHO np~ nOMOII\~ CTallbHblx B~HTOB Ha paA~yce r = 2,6 CM 14, 
p~c.3/. nOlle B~HTOB Hl0xl0 MM np~BeAeHO Ha p~c. 11 KP~BO~ 1. 

8 
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PMc.Il. MarHHTHoe none 3neMeH

TOB KoppeKUHH B ~eHTpanbHoH 06 :S::):S: 

:= := 
naCTH YCKopMTenH. :s: :s: npHHHMileTCR nOAnHCKii Hil npenpHHTW H c~eHHR 06~AHHeHHoro HHCTHTYTii 

RAepHWX HccneAoaaHHH. 

CD ro YCTilHoaneHa cneAy~ilR CTOHMOCTb noAnHcKH Hil 12 MeCR~eB Ha H3AilHHR OHHH. 
" po' III BKno4i1R nepecwnKY. no OTAenbHWM TeMilTH4eCKHM KaTeropHRM:
~O 
c::;: I::{ 

HH.IIEKC TEHATHKA UeHa noAnHcKHo CD 
Ha rOA== c::;: 

1. 3KCnepHMeHTanbHilR ~H3HKiI BWCOKHX 3HeprMH 10 p. 80 Kon.oABTOP~ 6naroAapRT A.H.KoKa III opeBa aa 6onbwy~ nOM~b B npo 2. TeODeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 17 p. 80 Kon.:s:X
13 :iJ i> 40 ~iiC~l BeAeHHH MarHHTH~X H3MepeHHH Ha. 

3. 3KcnepHMeHTanbHilR HeHTpoHHaR ~H3HKa 4 p. 80 Kon.YCKopHTene. :a ><:=:= ~ 4. TeopeTH4eCKilR ~H3HKa HH3KHX 3HeprHH 8 P. 80 Kon. 
ro := 
1llP-i 5. lIaTeMilTHK<I 4 P. 80 Kon.JUnEPATYPA o CD 
01::{ 6; RAepHaR cneKTpOCKonHR H paAHOXHMHR 4 P. 80 Kon. 

1. AneHH~KH~ ~.r. H AP. O~H~, P9-81-664, ~y6Ha, 1981. CD b; 
7. ~3HK<I TR*enwx HOHOS 2 P. 8S Kon.2. 3annaTHH H.D. H AP. O~H~. P9-82-926, ~y6Ha, 1982. P-iro 

3. 3annaTHH H.D. H AP. O~H~. P9-83-123, ~y6Ha, 1983. CDE-t 8. KpHoreHHKiI 2 p. 8S Kon. 
4. AneHH~KHH 8.r. H AP. O~H~, P9-84-152, ~y6Ha. 1984. E-t~

:= E-t 9. YCKOPHTenH 7 P. 80 Kon.5. BOPO~~OB C.S. H AP. O~H~, P9-84-25, ~y6Ha, 1984. 
6. 3annaTHH H.D., MopoaOB H.A. O~H~, P9-81-476, ~y6Ha, 1981. a :s: 

10. AaTOMaTH3i1~HR a6Pil6oTKH 3KcnepHMeHTanbHWX 
7. MOP030B H.A., WHwnRHHHKOB .n.T. O~H~, P9-80-889, Ay6Ha, 1980. (l')S AilHHWX 7 p. 80 Kon. 

8. MOP030B H.A., WHwnRHHHKOB n.T. O~H~, ~9-82-926, Ay6Ha, 1982. := 
11. BW4HCnHTenbH<lR M<lTeMaTHKa H TeXHHKiI 6 p. 80 Kon.::r:S: 

:s: 12. XHMHR p. 70 Kon.c::;: o 
j;..... 

13. TeXHHKa ~H3H4eCKoro 3KcnepHMeHTa 8 P. 80 Kon.o:s: := 14. HccneAosaHHR TsePAWx Ten H WHAKOCTeH:):s: := 
RAepHWMH MeTOAaMH P. 70 Kon.

§-~ 15. 3KCnepHMeHTilnbHaR ~H3HKiI RAepHWX De<lK~HHas :s: npH HH3KHX 3HeprHRX P. SO Kon.(1')1::{
:s: CD 16. Ao3HMeTpHR H ~H3HKiI 3i1~MTW P. 90 Kon.:= ..,Q 

as \0 17. TeOPHR KOHAeHCMposaHHoro COCTORHHR 6 p. 80 Kon.
j;.....O
P-i 18. Hcnonb30saHHe pe3ynbTiiToa M MeTOAOS 

0= ~YHAilMeHTanbHWX ~3H4eCKHX HccneAosaHMH 2 p. 35 Kon. 
s CMeMHWX 06nacTRx HilYKM H TeXHHKHsa§

19. 6H~H3HKa 1 p. 20 Kon.:s: ro= ::s::as :s: nOAnHCKa MO*eT 6WTb ~OpMneHa C nc60ro MeCR~iI TeK~ero rOAiI. 

)1C::;: 
no sceM sonpocaM ~pMneHMR nOAnMCKH cneAyeT 06pa~aTbCR s M3AaTenbCKM~:s:\O oTAen OHHH no ilApeCY: 101000 1I0CKSiI, rnasn04TilMnT. n/R 79. 

=~ 
CO== 

PYKonHCb nocTynHna B HaAaTenbCKH~ OTAen 
19 MapTa 1985 rOAa. 
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B 06"be,Q11HeHHOM 11HCTI1TYTe R,QepHbiX HCCJle,QOBaH11H Ha4aJl 
Bb1XO.QI1Tb c6opH11K "Hpam'Kue coo6UJeHU.f! OH.RH". B HeM 
6y,QyT noMe~aTbCR CTaTbl1, CO,Qep*a~l1e Opl1ri1HaJlbHble Hay4Hble, 
Hay4HO-TeXHH4eCKHe, MeTO,Q114eCKHe H npi1KJla,QHble pe3ynbTaTbl, 
Tpe6y1011111e cpo4HOH ny6JlHKa~I1H, 6y,Qy4H 1.1acTbiO 11 Coo6~eHI1H 
01-1RH11

, CTaTbl1, BOWe,QW11e B c6opH11K, HMeiOT, KaK 11 ,Qpyrl1e 
H3,QaHI1R OHRI-1, cTaTyc o~l1~11ailbHbiX ny61111Ka~~. 

C6opHI1K 11KpaTK11e coo6~eHHR 01-iRH''- 6y,QeT BbiXO,QI1Tb 
peryilRPHO, 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute~ for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 

AJleHH~KHH !). f. H AP. 
HarHHTHoe none a ~eHTpanbHoi1 o5nacTH 
<!la3oTpOHa OHIHI 

P9-85-199 

Pa5oTa nocaA~eHa <!lOPMHpoaaHH~ MarHHTHoro nonA <!la3oTpoHa OH~H. Ee ~enbV 
ABnAeTCA nony4eHHe 3aAaHHOH 3aBHCHMOCTH OT paAHyca cpeAHero MarHHTHOrO nonA, 
cnaAaV~ero B ~eHTpanbHOH o5naCTH YCKOPHTenA, H KOppeKUHA aMnnHTYA HH3WHX 
rapMOHHK nonA AO aenH4HH MeHbwe AOnycTHM~x. n0oaeAeHH~e H3MeHeHHA a MarHHT
HOH CHCTeMe $a30TpOHa o5ecne4HBaVT HCnOnb30BaHHe BepTHKanbHOrO HOHHOro HC
T04HHKa. B pe3ynbTaTe WHMMHPOBaHHA aMnnHTYAa nepBOH rapMOHHKH He npeBbiWaeT 
0,4 MTn AnA o5naCTH paAHYCOB f $ 30 CM. npeACTaBneH~ pe3ynbTaT~ no HCnpaa
neHHV nono*eHHA MeAHaHHOH noaepxHOCTH MarHHTHoro nonA <!la30TPOHa OH~H. AnA 
OnpeAeneHHA cpeAHeH COCTaBnA~eH paAHanbHOH KOMnOHeHT~ MarHHTHOrO nOnA 
HCnOnb30BanaCb CHCTeMa H3MepHTenbH~X HHAYK~HOHH~X KaTyWeK. 05CY*AaVTCA 
aonpoc~ T04HOCTH H Tpe5oaaHHH K CHCTeMe H3MepeHHA. nocne nepepacnpeAeneHHA 
<JleppoMarHHTH~x 3neMeHTOB MarHHTHOH cHCTeM~ <!la30TPOHa aenH4HHa B, He npe
B~waeT 0,4 MTn, 4TO COOTBeTCT8yeT OTKnOHeHHV MeAHaHHOH noaepXHOCTH nOnA 
He 5onee 4eM Ha 1 eM. 

Pa5oTa a~nonHeHa a fla5opaTopHH AAePH~x npo5neM OH~H. 

Coo6~eHHe O&be~HeHHOrO HHCTHTYTa RAepHYX HCCfieAOBaHHA, ny6Ha 1985 

nepeBOA O.C.BHHOrpaAOBOH 

A1enitskij Yu . G. et al. 
Central Magnetic Field 
for the Dubna Synchrocyclotron 

P9-85-199 

The shaping of the magnetic field of the Dubna synchrocyclotron is 
described. The purpose of this investigation was to obtain the required 
dependence of the average central magnetic field on radius with bump and 
required accuracy for the field harmonic a~plitudes. The magnetic system
changes realised the use of the axial ion source. The shimming has resulted 
in the first harmonic amplitude less than 0.4 mT for r s 30 em region. 
The correction of magnetic field median plane of the Dubna synchrocyclotron 
is described. The mean radial component of the magnetic field was measured 
using the system of search coils. The measurement accuracy and tolerances 
for the coordinate systems are discussed. After the iron elements of the 
magnetic system reassemblying the B, value does not exceed 0.4 mT. It cor
responds to the magnetic field plane deviation by not more than 1 em. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1985 
_I 




