
M-(;, r 

0-36/ 9- 11992 

t;oltra:fc.~ . C.l1.Ko3,0B, 5 A K•eHMH , 
A .K .EB,UOKHMOB, c.r .<I>e¢HJJOB3, p .U.OraHeC51H, 
IO.Cypa, A.M.CyxoB, B.A.'1yrpeeB 

MArHMTHOE OOJIE 

'1EThlPEXMETPOBOrO M30XPOHHOrO UMKJIOTPOHA 

TfDKEJihiX MOHOB 

1978 



9 - 11992 

IO.U.OraHeC51H, C.11.Ko3JIOB, B.A.KJiemm, 
A.K.EB,IIOK11MOB, c.r .«PeqmJIOBa, P.U.OraHeC51H, 
IO.Cypa, A.M.Cyxos, B.A.qyrpees 

MArH11THOE nOJIE 

qETWPEXMETPOBOrO 1130XPOHHOrO U11KJIOTPOHA 

TH)I(EJihiX 110HOB 

HanpaeAeHo Ha Coeer~~aHue no uaoxpoHHt.IM I#UKA0111poHaM, 
llHP, KpaKoe 

F--- "'"··- --:1 
I :· .. ; ~ -· 
., ' l -... ,-. J ~ .. 

-...-'-' -·· _.,_..___,, _ _,..~··· "'~-- -~ 



Orauecsm IO.U. H ap. 
9 - 11992 

MarHHTHoe none 'IeTbtpexMeTpoaoro H3oxpouuoro UHKnoTpoua 
TSDK9flb!X HOHOB 

B pa6oTe npHBOlHITCSI TeopeTH'IeCKHe H 3KCnepHMeHT8nbHbte pe3ynhTa
Tbt no ~opMHpOBAHHJO MArHHTHoro nonS! 'IeTbtpexMeTpoaoro H3oxpouuoro 
UHKnoTpoua Tst)l(enbtX uouoa OI--I.SH1. UuxnoTpou HMeeT 'IeTbtpexcexTopuyJO 
MArHHTHyJO CTpyKTypy. Pa60'IHH !1Hana30H MArHHTHblX none!l, B KOTOpOM OC)
uteCTBn51fl0Cb !j>opMHpoaauue nonst, ne)I{HT B HHTepaane 18,5 - 21,1 K3, C¢op
MHpOBAHHbte MarHHTHbl9 nonst OTflH'IAIOTC51 OT H30XpOHHb!X Ha B9flH'IHHy, He 
npeBbiWAIOIUYJO :!,_20 3. Ouu no3aonstJOT ycxopHTb HOHbt B wupoKOM nuana3oue 
OTHorneuuil A/ Z =4 + 25 no 3Heprull 35 ;- I M3B/uyKnou cooTBeTCTBeuuo. 

Pa6oTa Bhmonueua B Jla6opaTopHH stnepHbiX peaKuHll OI--Hll1. 

npenpHHT 06bellHHeHHOrO HHCTHTyTS SlllepHblX HCCneLIOB8HHJI, lly6Ha 1978 

Oganessian Yu.Tz, et al. 

Magnetic Field of Four Meter 
Heavy Ion Cyclotron 

9- 11992 

Isochronous 

The results of theoretical and experimental investi
gations on shaping of magnetic field of the JINR 4 m 

·isochronous he~vy cyclotron are presented, The cyclotron 
has 4 sector magnetic structure. Shaping of the field is 

realized within the operation range 18.5- 21.5 kOe. The 
shaped magnetic fields differ from isochronous fields 

to not more than ±20 Oe. This allows to accelerate ions 
with the mass-to-charge ratio A/Z =4+25 to energies 35 -
1 MeV/nucleon, respectively. 

The investigation has been Performed at the 
Laboratory of Nuclear Reactions, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

Coopy:lKaeMblii B Jla6opaTopHH Jl.IJ.epHblX peaKUHii OHJIH 
qeTblpeXMeTpOBblH H30XpOHHblH UHKnOTpOH TJI:lKenblX HOHOB 

Y-400 npe.IJ.HaJHaqeH .IJ.nJI ycKopeHHJI HOHOB B .IJ.HanaJoHe 

OTHOWeHHH A:/Z=4+25 .IJ.O 3HeprHii E =400-675 Z 
2
/A M3B. 

YCKOpHTenh C03.IJ.aeTCJI Ha OCHOBe 3neKTpOMarHHTa C 

.IJ.HaMeTpOM llOniOCOB 400 CM, KOTOpblH 6bln cnpoeKTHpOBaH 

H HJroTosneH B OHJIH. 
UHKnoTpoH no3BOnHT pewaTh wHpoKHii Kpyr Ja.IJ.aq KaK 

lPHJHqecKoro, TaK H npHKna.IJ.Horo xapaKTepa. 
B HaCTOJIIUeii pa6oTe npe.IJ.CTasneHbl peJynhTaTbllPOPMH-

posaHHJI MarHHTHOrO nonJI UHKnOTpOHa. 

3JIEKTPOMAFHHT 

3neKTpOMarHHT UHKnOTpOHa Y -400 COCTOHT H3 MarHH· 

TOllpOBO.IJ.a ceqeHHeM4,2x2,0 M ~ llOniOCOB .IJ.HaMeTpOM 4,0M 

H o6MOTKH so36Y:lK.IJ.eHHJI. MarHHTonpoBO.IJ. secoM 1800 111 

BblllOnHeH c6opHbiM H3 OT.IJ.enbHblX naKeTOB, CBapeHHblX 

H3 CTanbHblX nHCTOB MapKH CT-3 TOniUHHOH 20 MM. ,[I.Ba 

nomoca BeCOM 250 111 Ka:lK.IJ.blH COCTOJIT H3 .IJ.HCKOB TOniUHHOH 

100 MM H KpbiWeK KaMepbl TOniUHHOH 180 MM. BenHqHHa 

Ja3opa Me:lK.IJ.Y KpbiWKaMH cocTaBnJleT 300 MM. B 6anKax 

H nomocax 3neKTpoMarHHTa HMeeTCJI ueHTpanhHOe oTsep

CTHe .IJ.HaMeTpOM 280 MM, npe.IJ.YCMOTpeHHOe .IJ.nJI ycTaHOB· 

KH BepTHKanhHOrO HOHHOrO HCTOqHHKa HnH CHCTeMbl aKCH· 

anhHOH HH:lKeKUHH HOHOB. 0CHOBHaJI o6MOTKa 3neKTpOMarHH· 

Ta COCTOHT H3 .IJ.BYX KaTyWeK B036Y:lK.IJ.eHHJI C 06IUHM qHc

noM BHTKOB 504. BHTKH BblllOnHeHbl H3 amoMHHHeBOH Tpy6-

KH KBa.IJ.paTHoro ceqeHHJI /53x53 MM
2 I c oTsepcTHeM 

.IJ.HaMeTpoM 34 MM .IJ.nJI oxna:lK.IJ.aiOIUeii BO.IJ.bl. 
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3neKTponBTaHBe OCHOBHOB 06MOTKH B036y)I(,IJ;eHBR 

/2500 A/ o6ecneqBBaeTCR CTaTHqeCKBMH THpBCTOpHLI· 

MB npeo6pa30BaTenRMH. CTa6Bn.bHOCT.b TOKa OCHOBHOB 06· 

MOTKH COCTaBnReT 5 ·10-5• 

Bee ,IJ;eTanu 3neKTpoMarHBTa B3rOTOBneHw B ,D;y6He. 

C6opKa naKeTOB MarHBTOnpOBO,IJ;a BLinOnHRnaC.b B UBKno

TpOHHOM 3ane, r,IJ;e napannen.bHO npOB3BO,IJ;BnCR MOHTa)l( 

BCero YCKOPHTenR • 

MAFHHTHA.JI CTPYKTYPA I..1HKJIOT POHA 

MarHHTHaR cTpyKTypa UHKnoTpoHa Y-400 aHanorHqHa 

CTPYKTypaM H30XpOHHLIX UHKJIOTpOHOB Y • 200/I/ H Y- 20011/2/. 

CeKTopw, COJ,IJ;aJOII.J;He a3HMyTan.bHYIO BapHan;BJO MarHHTHo-

ro nonR, HMeiOT npRMLie rpaHHI.J;LI B yrnoByiO npOTR)I(eH· 

HOCT.b 45°· Hx TOnii.J;HHa BLI6HpanaC.b HCXO,IJ;R H3 Tpe6oBaHHB 

aKCHan.bHOB !l>oKyCHpOBKH HOHOB C OTHOWeHHeM A/Z=3,5 -;- 4, 
ycKopReMwx ,IJ;O 3HeprHB: 30-35 M3B/HYIUWH. B 3TOM cnyqae 

BenHqBHa !l>naTTepa Ha KOHeqHOM pa,IJ;Hyce UHKJIOTpOHa ,II;OJI· 

)I(Ha 6LIT.b He HH)I(e 0,08. ,l);eBCTBHTenbHO, YCJIOBHe aKCH· 

anbHOB !l>OKYCHpOBKH MO)I(HO 3anHCaTb KaK 

N
2

1<N
2 
-l)·F > 2E/E0/(l- 2E/E

0
) 

r,IJ;e N - qHcno nepHO,IJ;OB MarHHTHoro nonR UHKJIOTpoua, 

Eo- 3HeprHR noKoR HOHa, E - KHHeTHqecKaR 3HeprHR 

HOHa Ha KOHeqHOM pa,IJ;Hyce, F - !l>naTTep MarHHTHOrO no-
nR. 

H3 3Toro HepaBencTBa ,IJ;JIR 3a,IJ;aHHoi 3neprHH 

/30 7 35 M3B/HYKAOH/ nonyqHM, qTo F > 0,074. 
Bw6op napaMeTpoB MarHBTHoi CTPYKTYPLI UHKnoTpona 

Y" 400 OCHOBLIBaJICR Ha H3MepeHHRX MarHHTHbiX noJieB 

UBKJIOTpOHOB Y" 200 H Y · 20011, KOTOpble noKa3aJIH, qTO 

3a,IJ;aHnyro BenHqHHy !l>naTTepa MO)I(HO nonyqHTb npH none 

B ueHTpe Y-400, paBHOM _ 19 K3. Tonii.J;BHa ceKTOPOB 

,II;OJI)I(Ha npH 3TOM COCTaBnRTb - 90 MM. 

HJoxpoHHaR !l>opMa MarHHTHoro nonR o6ecneqaBaeTcR 

KOnhi.J;eBbiMH H 60KOBbiMH /Ha rpaHHI.J;aX CeKTOpOB/ WBM • 

MaMB, a TaK)I(e TOKOBbiMH KOppeKTHPYIOIUBMB KaTyWKaMH. 
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B OT naqae OT UBKnOTpOHa Y • 200 B yCKOpHTene Y- 400 
KOJI.bi.J;eBLie WBMMLI pa3Meii.J;aiOTCR Ha CeKTOpax B BLinon

HRIOTCR KaK O,IJ;HO n;enoe C nOCJie,IJ;HBMB. Bcne,IJ;CTBBe 3TOrO 

3a30p Me)I(,IJ;y CeKTOpaMH H3MeHReTCR OT 44 ,!1;0 74 MM. 

Me)I(,IJ;y CeKTOpaMH H KpLIWKaMH BaKyyMHOB KaMepw HMeiOT" 

CR 3a30pLI BeJIHqHHOB 18 MM, B KOTOpLIX pa3Meii.J;aiOTCR 

TOKOBLie KOppeKTHpyiOII.J;He KaTyWKH. 3TH KaTyWKB HMeiOT 

C06CTBeHHYIO !l>opBaKyyMHYIO KaMepy, H30nHpOBaHHYIO OT 

OCHOBHOrO BaKyyMHOrO 06beMa. Heo6XO,II;HMOe KOnHqeCTBO 

KoppeKTHpyiOII.J;HX KaTyWeK, qHcno aMnep·BHTKOB B HBX 

H HX pacnpe,IJ;eJieHHe no pa,IJ;HYCY paccqHTLIBanHC.b Ha 3BM 

MeTO,II;OM HaHMeH.bWHX KBa,IJ;paTOB. liwno HaB,IJ;eHO, qTo pac

npe,IJ;eJieHHe o6MOTOK no R 2 RBnReTCR onTHMaJI.bHLIM. Heo6-

xo,IJ;HMoe qHCJIO nap KaTyWeK _.;ocTaBHJIO 10, BenHqHHa 

rpa,IJ;HeHTa MarHHTHOro nonR a H:/ a r Ha KOHeqHOM pa

,IJ;Hyce npH BKnJOqeHHLIX KaTyWKaX • ±2·3 3/CM, 

qTo Bnonue y,IJ;oBneTBOpHTeJI.bHO. Ka)I(,IJ;aR KOn.bn;eBaR Ka-

Puc.l. I.(eHmpaA&HaJi 

MU2HUIIIHUJi CIIIPYK1flypa 

!4UKAOIIIpOHa. 

~I 
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TyWKa COCTOHT H3 Tpex BHTKOB MeAHOrO npOBOAHHKa ce
qeHHeM 11,5xll,5 MM 2 C OTBepCTHeM AnJJ. BOALI AHaMeT
poM 8 MM. BHTKH H30nHpOBaHLl CTeKnoneHTOB C 3nOKCHA
HLIM KOMnayHAOM H ynO)I(eHLl B amoMHHHeBLIB KapKaC. 
reoMeTpHJI B03AYWHoro 3a3opa D;HKnOTpoua Y-400 npu
BeAeHa ua puc. 1. llpeAYCMOTpeua TaK)I(e ycTauosKa ua 
D;HKnOTpOHe ABeHaAD;aTH nap rapMOHHqeCKHX 06MOTOK AnJJ. 
KOppeKD;HH aMnnHTYALl H lba3Ll nepBOB rapMOHHKH MarHHT
HOrO nonJJ. B OKpeCTHOCTH n;eHTpa, Ha CpeAHHX H BHeWHHX 
paAHycax. 

H3MEPEHHE MATHHTHOTO IIOJI.R 

Ysenuqeuue pa3Mepos ycKopHTenJJ. Y- 400 H pacwupe
uue ero AHana3oHa pa6oqux yposueii MarHHTuoro nonJI 
npuseno K 3HaquyenLHOMY /noqTH ua nopJIAOK/ ysenuqeHHIO 
06'LeMa MarHHTHLIX H3MepeHHB no cpaBHeHHIO C AOCTHrHy
TLIM Ha D;HKnOTpOHe Y- 200. )l,nJI ysenuqeHHJI CKOpOCTH 
H TOqHOCTH MarHHTHLIX H3MepeHHB Ha ):' -400 MeTOAHKa, 
pa3pa6oTaHHaJJ. AnJJ. UHKnoTpoua Y-200/ 3< 6Lina ycosep
weHCTBoBaua. 

OcuoBHLie H3MeHeHHJJ. B H3MepHTenLuoii annapaType 
csenHcL K cneAYIOID;eMy: 1/ nepeMeiD;euue AaTqHKa KaK no 
paAHYCY, TaK H no a3HMYTY ocyiD;eCTBnJJ.nOCL aBTOMa THqe
CKH;2/ H3MepeHHe MarHHTHOrO nonJJ. B TOqKe npOH3BOAH
noCL B CTapT-CTOnHOM pe)I(HMe; 3/ MarHHTHOe none npH 
Ka)I(AOM a3HMyTanLHOM nonO)I(eHHH WTaHrH H3MepJJ.nOCL 
,IJ.eCJJ.TLIO ,IJ.aTqHKaMH Xonna. 

)l,aTqHKH Ha WTaHre KpenHnHCL K naTyHHOBneHTe/rpauc
MHCCHH/' Ha paCCTOJIHHH 200 MM Apyr OT ,11.pyra. ilpH. 
nonHOM H3MepeHHH MarHHTHOrO nonJJ. D;HKnOTpOHa XOA neu
TLI COCTaBnJJ.n 200 MM. lliar H3MepHTenLHOB WTaHrH no 
a3HMYTY 6Lln paseu 0,9375°· H3MepeHHJJ. no pa,IJ.uycy npo
H3BO,IJ.HnHcL c waroM /30-40/ MM. CKopocTL H3MepeHHJJ. 
CHCTeMOB H3 10 ,IJ.aTqHKOB COCTaBnJJ.na - 0,6 C/JIO'lKy. 
3aMeTHM, qyo AnJJ. Y-200 3TO speMJJ. pasuJJ.nocL 1 c/•o'lKy. 
)l,nJJ. H3MepeHHJI HCnOnL30BanHCL ,IJ.aTqHKH. H3 aHTHMOHH,IJ.a 
HH,IJ.HJJ.ItnpoKanu6poBaHHLle ,IJ.aTqHKOM JIMP. Pe3ynLTHpyiO- · 
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m8,Jl TOqHOCTL H3MepeHHB MarHHTHOrO nonJJ. 6blna He Xy)l(e 

2·10-
4

• 
)l.aHHLle 0 MarHHTHLIX H3MepeHHJIX BLIBOAHnHCL Ha nep-

lboneHTY, a 3aTeM o6pa6aTLIBanHCL Ha 3BM "MHHCK-32". 
C 3BM BLIAaBanacL HHti>OpMaD;HJI cneAYIOID;ero COAep)l(aHHJI: 
1/ cpeAHee none H 4JnaTTep; 2/ 3HaqeHHJI OCHOBHLIX H HH3-
WHX rapMOHHK nonJJ.; 3/ qaCTOTLl paAHanLHLIX H aKCHanLHLIX 

6eTaTpOHHLIX Kone6aHHB. 
llocne auanH3a AaHHLIX MarHHTHoe none KoppeKTHposa-

nocL H D;HKn H3MepeHHJI nOBTOp.llnCJJ.. 

MATHHTHOE IIOJIE aHKJIOTPOHA 

Pe3ynLTaTLI H3MepeHHJJ. H lbopMHposauu.s: MarHHTHoro 
nonJJ. n;HKnoTpoua Y -400 npe,IJ.cTasneHLl ua pucyuKax. Ha 
puc. 2 npHBe,IJ.eHa 3aBHCHMOCTL cpe,IJ.Hero ypOBHJI MarHHT
HOrO nonJJ. B n;eHTpe D;HKnOTpOHa OT TOKa B036y)I(,IJ.eHHJI 

H{KI] 

! 
25 

20 

~ 

10 

~ 

v 
I I 6» I I 

0 XJO OX) 2QJ{) 25lXJ I,..(a] 

Puc.2. KpueaR eo36yxoeHUR 3AeK•poMazHu•a ~uKAo•poHa 
Y-400 oAR cpeoHezo eo3oyumozo 3a3opa 200 MM. 
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Puc.3. PacnpeoeAeHue cpeoHezo MaZHUIIIHozo noAA 0111 
Q3UMYIIIQAbHbiX IUUMM IIIOAJIIUHOU 1 MM /Ho=21,1 K3/. 

OCHOBHLIX 06MOTOK. BH.D;HO, 'ITO MaKCHManLHLIH ypoBeHL 
MarHHTHOrO nonJI :QHKnOTpOHa COCTaBnJleT 21,3 K3. cl>opMa
poBaHHe H30XpOHHOH cllopMhl MarHHTHOrO nonJI npOBO,D;HnOCL 
Ha 3neMeHTe nepHO,D;H'IHOCTH .D;nJI HOHOB C OTHOWeHHeM 
:A/Z =9,5-10 npa :QeHTpanLHOM none, paBHOM 21,1 K3. 
0Tnaqae peanLHoro pacnpe.D;eneHHJI non11 oT Hloxpoaaoro 
KOppeKTHpOBanOCL H3MeHeHHeM yrnOBOH npOTJI)I(eHHOCTH 
CeKTOpOB. 3TOT MeTO,D; WHMMHpOBaHHJI no3BOnHn 6LICTPO 
H C ,D;OCTaTO'IHOH TO'IHOCTLIO HCnpaBHTL OWH6KH cllopMHpOBa
HHJI nonJI BenH'IHHOH 20-100 3. BKna,D; B cpe,D;Hee MarHHT
HOe none tl H(r) OT a3HMyTanLHhiX WHMM .D;nJI :QHKnOTpOHa 
Y-400 onpe.D;enJlncJI 3KcnepaMeHTanLHO. 3asacaMoCTL tl H 
OT pa,D;ayca R .D;nJI WHMM TOJll:QHHOH 1 MM npHBe,D;eHa Ha 
puc. 3. 

A3HMyTanLHoe pacnpe,D;eneaae MarHHTHoro non11 aa 
3neMeHTe nepao,D;H'IHOCTH .D;nJI p11.D;a pa,D;aycos noKa3aao 
aa puc. 4. Ha puc. 5,6 npase,D;eHLI cpe.D;HHe MarHHTHLie 
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1 

nonJI H cllnaTTep, ccllopMHpOBaHHLie .D;nJI YCKOpeHHJI HOHOB 
c pa3nH'IHLIM oTaoweaaeM A/Z. BH.D;HO, 'ITO senaqaaa 
cllnaTTepa npa ypoBHJIX noneii 18,5-19 K3 y,D;osneTBOpJleT 
nOCTaBneHHLIM ycnOBHJIM clloKyCHpOBKH ,D;nJI YCKOpeHHJI HOHOB 
c :A/Z =3,5 + 4 .D;O 3Hepraii 30-35 M3B/HYKAOH. Pa6oqee 

MarHHTHoe Iione .D;nJI ycKopeHHJI BOHOB c AIZ=9,5-10 oTna
qaeTCJI OT H30XpOHHOrO B OCHOBHOH o6naCTH YCKOpeHHJI 
Ha BenH'IHHy ±20 3. 3TO npHBO,D;HT K C,D;BHry cllalhl HOHOB 
B npO:Qecce YCKOpeHHJI, 3aBHCHMOCTL KOTOporo OT pa,D;Hyca 
npase,D;eaa aa puc. 7. Koae'IHLiii pa,D;ayc ycKopeHHJI cocTas
nJleT npa 3TOM 175 CM. Jionee TO'IHoe perynaposaaae 

H{K3} 

25 

20 

~ 

0 ~ 

,_, 

R•20CI1 

---- R~IOOcl'f 

R~l60cM 

7!jz 8 

Puc.4. PacnpeoeAeHue MazHu•Hozo noAA no a3UMY•Y jH 0 = 
=21,1 K3/. 
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H{Ki/ 

21.5 

21.0 

2il5 

200 

K1-' 

f90 . 
1f) I{] 6IJ N) IX) f20 fit() 160 WJ 1/i:.w] 

Puc.S. PacnpeOeAeHue cpeOHUX MaZHUIIIHbiX noAeu no 
paouycy OAJI pa3AU'IHbiX uoHoe. Kpueb&e 1, 2, 3 OA.R uoHoe 
c OliiHOUleHUeMAIZ=lO, 6, 4 C001116eliiC1116eHHO. 

f 

OIJ9 
r,=fZ80a 

am 
r,.:l66{}a 

OD7 [,. :2{X)()a 

Qlll [,. =Z1185a 

am 

a£11i 

a a, 

aoz 

. CUH 

j_) 
I 

0 50 
ZOO R[c,..] 

Puc.6. «PAa111111ep MaZHUIIIHOZO noAJI npu pa3AU'IHbiX ypoeH.RX 
6036yJICOeHUJI 3AeKlllpOMQZHUllla. 
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l 

I 
I 

l 

j 
I 

6 .51.nf) 

Afz =to vi =7.5KG n•2 f/Jo=f0° I,. •2q!JOa 

0 - ~ -- ---
2fXJ R[c,..] 

I I 
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Puc. 7. 4'a3oeoe oeuxeHue uoHoe c omHoweHueM AIZ =1 0. 

!{~] 

az 

O.f 

0 laJ ~{CH} 

!2 b I 1t 1.5 16 l1 Is I g Ito 
A:l~ ycmal'fo&u K0/10~1 KOn?fiUJeK. 

Puc.B. 0111HocumeAbHble pacnpeoeAeHu.R MaZHUIIIHozo noA.R no 
paouycy 0111 p.110a KOHl#eHlllput~ecrcux rcamywerc I Ho =21 ,1 rc3/. 
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pacnpeAeneHHJI cpeAHero MarHHTHoro nonJI no paAHYCY 

6yAeT ocymecTBJIJIThCJI KOppeKTHpyromHMH KaTyiDKaMH. 1·13-
MepeHHhle npu yposHe 21,1 K3 pacnpeAeneHHJI noneii PJIAa 

3THX KaTyWeK llOKa3aHhl Ha pUC. 8. · 
\laCTOThl pa.[{HaJihHhlX v H aKCHaJihHhlX v 6eTaTpoH-

r z 
HhlX KOne6aHHB onpeAeJIJIJIHCh qucneHHhlM peweHHeM AH~-
~epeHUHaJihHhlX ypaBHeHHB I sf. 3aBHCHMOCTH vr = fi ( r) H 

vz = f
2

( r) AJIJI HOHOB C A/Z =10 /H o =21 ,1 K3/ npHBeAe-

Hhl Ha puc. 9. 

Vr 

02.' 

£12 

Qf5 

Qf 
0 20 

I I 8o tbo f2o fftJ I t6o R{a-1] 
1(0 (j(J 

Vr 

t03 

t.OZ 

t.Ot 

tOO 

Q99 

Q98 0 20 If(} 60 80 tOO 120 !YO 160 R{cH] 

Puc.9. 3aeucuMOC111b 'IOC1110111 paouaAbHbiX v r u aKCUOAbHbiX 
v KoAe6aHuil 0111 paouyca OA.R uoHoe c AIZ =10. 

z 

12 

\ 

A1{3] rp,{pad] 

20 II 

,, -----------------------
10 2 

... ______ ....... 

0 
50 IIXJ f50 R[c,.f} 

Puc.10. 3aeucuMocmb aMnAumyoba A I u ~3bl ¢I nepeou 
zapMOHUKU M02HU111H020 nOA.R 0111 paouyca /Ho =21,1/. 

H3MepeHHJI MarHHTHoro nonJI, npoBOAHBWuecJI B yrno

BOM AHalla30He 0 + 360 ° C UeJihiO onpe.[{eneHHJI H KOppeKUHH 

aMllJIHTy,I:( H ~a3 HH3WHX rapMOHHK a3HMyTaJihHOB HeO,I:(HO

POAHOCTH MarHHTHOrO llOJIJI llOKa3aJIH, qTO OCHOBHhlM ~aKTO
poM, BJIHJIJOmHM Ha B03HHKHOBeHHe HH3WHX rapMOHHK, JIBJlJI

IOTCJI HeToqHhle H3rOTOBJieHHe H YCTaHOBKa CeKTOpOB UHKJIO

TpoHa. CooTBeTCTBYJOII.{He 3aBHCHMOCTH aMnJIHTY,I:(hl A 
1 

H $a3hl ¢ 1 nepBOB rapMOHHKH MarHHTHOro llOJIJI OT pa,I:(Hyca 

npuBeAeHhl Ha puc. 10. ,IJ,anhHeilwaH KOMneHcauuJI aJHMy

TaJihHhlx HeOAHOpO,I:(HOCTeB MarHHTHOrO llOJIJI 6y,[{eT OCyll{eCT

BJIJIThCJI cHcTeMoii rapMoHuqecKux KaTyweK I puc. 1/. 
H3MepeHue nono>KeHHJI Me,I:(HaHHoii nnocKoCTH MarHHT

Horo llOJIJI UHKJIOTpOHa Y- 400 BhlllOJIHJIJIOCh YCTpOBCTBOM, 

HCllOJih3YJOmBM MeTOA MarHHTHhlX BeCOB. H3MepeHBJI no

Ka3aJIB, qTO OTKJIOHeHHe Me,[{BaHHOB llJIOCKOCTB OT cpe,[{HeB 

reoMeTpBqeCKOB He npeBhlWaeT ±3 MM. 
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3AKJIJOqEHHE 

Pe3yJILTaTOM npose.IJ.eHHOB pa6oTbl JIBHJIOCb c03.IJ.aHHe 
3JieKTpoMarHHTa H3oxpoHHoro UHKJIOTpoHa Y-400, B 3a3o
pe KOToporo c~opMHposaHo Heo6xo.IJ.HMOe pacnpe.IJ,eneHHe 
MarHHTHoro nonJI, o6ecnequsaroiUero ycToB:qusoe ycKope
HHe HOHOB B WHpOKOM .IJ,Hana30He OTHOWeHHB A/Z .IJ.O :mep-

rHH W ==400-675 z 2/A M3B. 
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