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1. nPHHUHn H3MEPEHHH CPEAHE~ COCTABnH~E~ 
PAAHAnbHOA KOHnOHEHT~ MArHHTHOrO nonR 

B c~nbHOT04HOM ~a3oTpoHe OHHH - ycKop~Tene c npocTpaHCTBeH
HoH eap~a~~eH MarH~THoro nonR - onpeAeneH~e cpeAHeH cocTaenR~
llleH paA~anbH~~/KoMnoHeHTbl nonR ocHoebleanocb Ha cnoco6~, on~caH
HOM e pa6oTe . CyTb ero 3aKn~4aeTCR e onpeAeneH~~ ~ Bz- pa3H~~bl 
Me~AY 3Ha4eH~RM~ cpeAHeH COCTaBnR~llleH eepT~KanbHOH KOMnOHeHTbl 
Mar~THoro nonR B nnOCKOCTRX, OTCTORlli~X OT cpeAHeH Ha een~4~HY 
±a; B r pacc4~Tb1BaeTCR KaK 

Br (R) 
1 R -

--/~Bz(r)rdr. 
2aR 0 

/1/ 

a111 noKa3aHa npaeOMepHOCTb ~cnonb30BaH~R Bblpa~eH~R /1/ AnR ne
pexoAa OT ~B z K B r ~ B03MO~HOCTb A~CKP~M~Ha~~~ ~Bz ~HAYK~~oH
HbiM MeTOAOM np~ nOMOlll~ ABYX COOCHbiX, napannenbHbiX APYr APYrY, 
aKn~4eHHbiX BcTpe4HO KaTyweK. B AaHHOH pa6oTe on~cbleaeTCR MOA~~~
Ka~lo1R cnoco6a A~CKp~M~Ha~~~ ~ Bz. AnR cny4aR ~a3oTpoHa c npocT
::..!~'= T~~"'"''=''~ ~:!~IA:!'~OAPiA M:or-uJATunrn nnnR. MOl]lo1dllo1Kaulo1A BbiDa~aeTCR 

B 3aMeHe OAHOH ~3 ABYX HenOAB~~HbiX KaTyWeK Ha noAB~~HYO B eep
T~KanbHOM HanpaeneH~~, 4TO Aano B03MO~HOCTb nepeHT~ OT OTHOc~
TenbHbiX_ ~3MepeH~H 8(£\Bz) HenocpeACTBeHHO K He3aBHCHMbiM H3Mepe
H~RM ~8 z Ha Ka~AOM paAHYCe H TeM CaMbiM lo136aBHTbCR OT CHCTeMaTH-
4eCK1<1X owH6oK npH nony4eH~~ pacnpeAeneHHR ~ Bz ( r). ~aKTH4eCK~-t ~-t3-

·MepeHio1R np~-t 3TOM npOBOARTCR OAHOH nOABI-t~HOH KaTyWKOH, a HenoA-
81-t~HOH KaTYWKOH /B eepTHKanbHOM HanpaeneHHH/ He~TpanH3yeTCR 
4Pe3Bbl4aHHO 6onbWOH CHrHan, nponop~HoHanbHbiH Bz, 6e3 ocna6-
neHHR 4YBCTBHTenbHOCTH K pa3HOCTHOMY CHrHany ~Bz.nPH 3TOM 
AOCTHraeTCR 6onee BbiCOKaR pa3pewa~aR cnoco6HOCTb H3Me
pHTenbHO~ annapaTypbl, TaK KaK Mo~Ho 6e3 neperpy3KH Hcnonb3o
eaTb HaH6onee 4YBCTBHTenbHY~ WKany BOnbTMeTpa H, 4TO caMOe rnae
HOe , npH 3TOM 3Ha4HTenbHaR epeMeHHaR HecTa6HnbHOCTb MarHHTHOrO 
nonR npaKTH4eCKH He BnHReT Ha T04HOCTb H3MepeHHH, 

EcnH MarHHTHoe none $a30TpoHa npeACTaBHTb e BHAe 

Bz(r,¢) = B2 (r) + I B 2 ;(r)cosi[¢-¢z;(r)], 
i = 1 

/2/ 

TO npH a3HMyTanbHOM nepeMellleHHH B TaKOM none KaTyWK~ /Ha4HHaR 
c a3HMyTa ¢ = 0 I HHTerpHpoeaHHe HaBeAeHHoro cHrHana bk c ero 
perHcTpa~HeH B N T04Kax AaeT B03Mo~HoCTb onpeAen~Tb eenlo14HHbl 

~-·-.:----~ ~- ---:: ... 
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r,qe --4 H +a COOTBeTCTBYIOT noJlolKeHHIO no,qBHlKHOH KaTYWKH HHlKe H BbJ
we cpe,qHeA nnocKOCTH 3a3opa MarHHTa. BepTHKaJlbHoe nepeMe~eHHe 
no,qBHlKHOH KaTyWKH 1-13 noJlOlKeHHR (-~ B nOJlOlKeHHe (+a) Ha HCXO,q
HOM a3HMyTe onpe,qenReT 

00 

A= Bz - Bz + (.l Bz;cos(i¢z;)]+a-[.l Bz;cos(i<f>z;)La· 
+a -a 1 = l 1 = l 

/4/ 

Hcnollb3YR /3/ H eeo,qR o6o3Ha4eHHR .-\ B z= B z - Bz , nony4HM +a -a 

.-\Bz = A + A+a- A-a· /51 

2. OliJV16KH H3MEPEHH~ aBz 

A • .QpeAcp CHrHaJla 3JleKTpOHHoro' HHTe_rp_aTopa 

HeCMOTPR Ha HCnOJlb30BaHHe TeMnepaTypHOH CTa6HJlH3a~HH ,t\JlR 
3JleKTPOHHOrO HHTerpaTOpa, npoHCXO,qHT nOCTORHHbiH ,qpeHcp BblXO,qHoro 
CHrHaJla HHTerpaTopa npH HyJleBOM CHrHaJle Ha BXO,qe. 3aBHCHMOCTb 
,qpeAcpa OT epeMeHH, KaK npaBHJlO, B OCHOBHOM JlHHeHHaR /pHC. 1, KpH
BaR 1/, HO MO*eT fi~Tb H Cy~eCTBeHHO HeJlHHeHHOH /KpHB~e 2 H 3/. 
KaK BH,qHo H3 pHc. 1, onpe,qeneHHe A_a H A+a no BblpalKeHHRM /3/ npH 
4YBCTBHTeJlbHOCTH npH6opa 0,032 8/MTJl npHBO,qHT K OWHfiKaM ,t\0 
0,1 MTn. TaK KaK nocne noeopoTa wTaHrH c H3MepHTeJlbHOH KaTyWKOH 
Ha 360° H3MeHeHHe noJle3HOro CHrHaJla ,qOJllKHO paBHRTbCR HYJliO, TO 
JlHHeHHaR 4aCTb ,qpeHcpa JlerKo MOlKeT 6bJTb y4TeHa npH pac4eTaX H npH 
,qpeHcpe C MaJlOH HeJlHHeHHOCTbiO /KPHBaR 1/, OWHfiKa onpe,qeJleHHR 
He npee~waeT +0,01 MTil. O,qHaKo npH cy~ecTeeHHOH HeJlHHeHHOCTH 
,qpeAcpa OWH6Ka-onpe,qeneHHR A OCTaeTCR 3Ha4HTeJlbHOH, no3TOMY oc
TaeTCR 3a,qa4a aHaJlH3a noee,qeHHR ,qpeHCI>a HHTerpaTopa Ha HeJlHHeH
HOCTb. 

Ha pHc.2a npe,qcTaeneH rapMOHH4eCKHH aHaJlH3 HeJlHHeHHOH 4acTH 
,qpeHcpa HHTerpaTopa 3a epeMR, paBHoe a3HMyTaJlbHOMY H3MepeHHIO 
.-\Bz(¢). BH,qHo, 4TO HaH60JlbWHH BKJla,q B OWH6Ky H3MepeHHH ,qaeT nep
BaR rapMOHHKa HeJlHHeHHOCTH ,qpeHQla, no3TOMY B Ka4eCTBe KpHTepHR 
MaJlOCTH HeJlHHeHHOH 4aCTH ,qpeAcpa HHTerpaTopa HCnOJlb30BaJlOCb e~

palKeHHe I Acl I ::; 0, 01 MTn, r,qe Acl - KOCHHycHaR cocTaBJlRIO~aR He-

2 

.. 

PHc,l, Upew~ noKa3aHHH 3neKT
POHHoro HHTerpaTopa: I - Manan 
HenHHeHHOCTb, 2,3 - 6onbmaR 
HenHHeHHOCTb, 

PHc,2, fapMOHHqecKHH COCTaB 
~pew~a noKasaHHH HHTerpaTopa sa 
4 MHH /a/; H3MeHeHHe nepBOH 
rapMOHHKH pasno~eHHR nBz(~)npH 
MHOrOKpaTHOM H3MepeHHH r = 205 CM 
/6/: I - no~B~HaR KaTymKa BHH
sy, 2 - no~B~Han KaTymKa ssepxy, 

PHc,3. 3aaHCHMOCTb nepaow rap-
t.A'r"\TJ'TrT"'"" ......... -~-- ·-~-- An f I' 
·- ~ ......... ~.... y _ _..,. • ....,4'-'- ... .,"''n ~6.1 L. \~I u l 

pa~Hyca: I - KaTymKa 
2 - KaTymKa aaepxy, 
HenHHeHHOCTb ~peft~a, 

BHH3Y, 
t - 6onbman 

I ' IIi ",;~'1 't ol fir ·-V v ~-~/ lh, 300 ZfrNJ 

i I \2 
I I 
'..! 

JlHHeHHOH 4aCTH ,qpeHcpa HHTerpaTopa. npH a3HMYTaJlbH~X H3MepeHHRX 
aBz(¢) ,t\JlR HHlKHero nOJlOlKeHHR no,qBHlKHOH KaTYWKH BeJlH4HHa aMnJlHTy
,q~ nepBOH rapMOHHKH nOJle3HOrO CHrHaJla HaXO,qHTCR B6JlH3H HYJlR, 
n03TOMy H,qeHTHQlH~HpOBaTb nepayiO rapMOHHKY ,qpeAcpa MOlKHO 6e3 KaKHX
Jll-160 3aTpy,qHeHHH /pHc.3, KPHBaR 1/. npH aepXHeM noJlOlKeHHH no,q
BHlKHOH KaTyWKH aMnJlHTy,qa nepBOH rapMOHHKH nOJle3HOrO CHrHaJla He 
npee~waeT 0,05 MTll, no3TOMY H,qeHTHQlHKa~HR nepeoA rapMOHHKH ,qpeA
cpa TaKlKe B03MOlKHa /pHc,3, KPHBaR 2/, 

3TOT BbiBO,q no,q-reeplK,qaeTCR TaKlKe PHC,26, r,qe npe,qcTaBJleHbl 
aMnJlMTy,qbl nepBOH rapMOHHKH, nOJly4eHHble npH MHOrOKpaTHOM H3Me
peHHH o,qHoro H Toro lKe pa,qHyca. TaKlKe c ~eJlbiO yMeHbweHHR BJlHR
HHR HeJlHHeHHOCTH APeAcpa Ha T04HOCTb H3MepeHHR .-\Bz 6~110 YMeHb
weHo 4HCJ10 H3MepReM~X T04eK Ha a3HMyTe ,qo 24, 4TO ,qaJlO B03MOlK
HOCTb npOBO,t\HTb a3HMyTaJlbHbiH npoxo,q 3a 1,5 MHH. npH 3THX YCJlO
BHRX 4HCJ10 HeHa,qelKHbiX H3MepeHHH pa,qHyCOB He npeBbiWaJlO ,qeCRTH 
,t\JlR O,t\HOH noJlHOH J<apT~ nOJlR, 
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5, 0wH6KH, CBR3aHH~e C AaT4HKOM H KOOPAHHaTH~M YCTpOHCTBOM 

8 ~HnHHAPH4eCKOH CHCTeMe KOOPAHHaT MarHHTHOe none e6nH3H 
MeAHaHHOH nnoCKOCTH MO*eT 6~Tb npeACTaeneHO B BHAe 

1 2 
Bz (r,cp,z) = Bz (r,¢,0)- -VpBz (r,¢,0), 

2 

2 
rAe V p - nnocKaR 4aCTb onepaTopa Jlannaca: 

2 1 a a 1 l V =- -(r-) +-,... ---,. 
p • f) r a r r" acp" 
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171 

EcnH MeAHaHHaR nnOCKOCTb CMe~eHa Ha ~m OTHOCHTenbHO cpeAHeH 
nnoCKOCTH YCKOPHTenbHOH KaMepbl, TO AnR nnOCKOCTeH, OTCTOR~HX 

Ha ±a OT cpeAHeH, nony4HM 
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/10/ 

Hcnonb3YR /10/ H peanbHble xapaKTepHCTHKH eepTHKanbHOH KOMnoHeH
Tbl MarHHTHOrO nonR, MO*HO O~eHHTb OWH6KH H3MepeHHR, CBR3aHH~e 

C AaT4HKOM H KOOPAHHaTH~M YCTpOHCTBOM, npH 3TOM nonaraeM ~m=1 CM, 
npH OWH6Ke a3HMYTanbHOH HnH paAHanbHOH ycTaHOBKH AaT4HKa 

-0,2 MM OWH6Ka H3MepeHHR ~Bz B T04Ke He npee~waeT 0,003 MTn. 
5onee cy~eCTBeHHO Ha T04HOCTH H3MepeHHR ~ B z CKa3biBaeTCR KOne6a
HHe AaT4HKa no B~COTe, KOTOpoe B B~pa*eHHH /10/ MO*HO TpaKTOBaTb 
KaK OWH6Ky B ~ m • npH 8 ( ~ m)=0, 1 MM OWH6Ka B H3MepeHHH ~ B z Mo
*eT AOCTHraTb 0,01 MTn. 

4 

.. 

PHc. 4. HsMeHeHHe ~ B z npH 
MHOrOKpaTHOM H3MepeHHH f = 
= 205 CM I a/; MHoroKpaTHbie 
H3MepeHH.fi ~B z ,!¥IJ'I r = 
= 115 CM /6/: I - AO nepe
CTaHOBKH AaTqHKa, 2 
nocne nepecTaHOBKH AaTqHKa, 

~ 
~ 
,~ .. 

-Q(Jl5 

-0,125 

a ~, 'i rf 
l!02i 

~ton 

YcnOBHe 8 ( ~ u) .:5: 0, 1 MM HaKnaAbiBaeT AOBOnbHO *eCTKHe Tpe6oBaHHR 
Ha AOnyCTHMble eepTHKanbHble KOne6aHHR nOABH*HOH KapeTKH WTaHrH 
e npo~ecce ee aaHMyTanbHoro nepeMe~eHHR. 3To Tpe6oeaHHe He e~
nonHRnocb B OCHOBHOM nHWb npH H3MepeHHH AHana30Ha paAHYCOB r ~ 
~200 CM, 4TO npHBOAHno K B03pacTaHH~ cny4aHHOH OWH6KH H eneKno 
aa co6oH Heo6xoAHMOCTb 6onee 4acToro HaMepeHHR OAHoro H Toro *e 
paAHYCa. 

OwH6KH, CBR3aHH~e c HeTo4HOCTb~ ycTaHoBKH AaT4HKa, npH onpe
AeneHHILBenH4HH A no <t>opMynaM /3/ ycpeAHR~TCR H no KpaHHeH Me
pe B v'N pa3 MeHbWe OWH6KH H3MepeHHH ~ B z B T04Ke, rAe N - 4Hc
no T04eK H3MepeHHR Ha a3HMyTe (N =24), I!JcKn~4eHHe COCTaBnReT noc
neAHRR T04Ka, 3Ha4eHHe !\ B z B KOTOPOH HCnOnb3yeTCR AnR Bbi4HTaHHR 
nHHeHHOH 4aCTH APeH$a noKa3aHHH HHTerpaTopa, 4TO npHBOAHT K OWH6-
Ke onpeAeneHHR eenH4HH A no /3/, paBHOH nonOBHHe OWH6KH H3Mepe
HHR l\B z B T04Ke, 

J.1CT04HVIKOM CJ1V4r:JlAHnlA niiiiAF\~.ttA r_n~'~!~: ;:~~::~~ .. ""::::::;-:- ~Vfig~iffirlvt u 1'\.t:::IJ-

Ha B KOpnyce AaT4HKa npH eepTHKanbHOM nepeMe~eHHH KaTyWKH, 4TO 
npHBOAHT K OWH6Ke onpeAeneHHR 

82 
!\A=- B , 

2 z 
/11/ 

rAe 8 - cny4aHHbiH yron noeopoTa nOABH*HOH KaTywKH, o6ycnoeneH
HbiH n~$TOM nOABH*Horo KepHa. npH 3a3ope Me*AY KOpnyCOM AaT4HKa 
H noABH>KHbiM KepHoM 0,05 MM owH6Ka l1A=0,005 MTn. CyMMHPYR see 
owH6KH, MO*HO yTBeP*AaTb, 4TO cny4aHHaR owH6Ka onpeAeneHHR ~ Bz 
COCTaBnReT +0,02 MTn. 3TOT B~BOA nOATBeP*AaeTCR 3KCnepHMeHTanb
H~MH AaHHbiMH. Ha PHC. 4a, 6 noKa3aH paa6poc !\ B z npH MHOrOKpaT
HOM H3MepeHHH OAHOrO paAHYCa, 

B. CHcTeMaTH4ecKaR OWH6Ka H3MepeHHR ~B z 

EAHHCTBeHHaR CHCTeMaTH4ecKaR OWH6Ka H3MepeHHR l\Bz B03HHKaeT 
H3-3a HanH4HR HaKnOHa AaT4HKa OTHOCHTenbHO eepTHKanH K CpeAHeH 
nnoCKOCTH 3a3opa ycKOpHTenbHOH KaMep~ B paAHanbHOM HanpaeneHHH 
8z' OHa nponop~HOHanbHa rpaAHeHTY cpeAHeH COCTaBnR~~eH eepTH-
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Ka11bHOH KOMnOHeHTbl MarHHTHOrO n011.R: 

Oc (~Bz) 
dB z (r) 

2a o 
dr r 1121 

Ha pHc.5 npHBeAeH~ aaBHCHMOCTb oT paAHyca rpaAHeHTa c~opMH
poeaHHoro cpeAHero MarHHTHoro no11.R ycTaHoBKH 11~ 11 IKPHBa.R 1 I "' 
COOTBeTCTBY~~a.R 3TOMY rpaAHeHTY CHCTeMaTH4eCKa.R OWH6Ka H3Mepe
HH.R cpeAHeH paAHa11bHOH KOMnoHeHT~ MarHHTHOrO n011.R A11.R nOCTO.RH
Horo BA011b PaAHYCa HaK110Ha H3MepHTe11bHOH KaTyWKH or =6 ·1 0 -3 paA, 

~ 
t 
0,3 

0.2 

0 r - ----nJ 200 \ 300 l(CI'I) 

~ 
-1 

-2 

! 
PHc,5. 3aBHCHMOCTh rpaAHeHTa 
cpeAHero MarHHTHoro nonH oT 
P~Hyca I I I ; p~HaJlbHaH KoMno- · 
HeRTa MarHHTHoro nonH, H3MepHe
MaH npH llOCTOHHHOM HaKJlOHe 
H3MepHTeilhHOH KaTyWKH /2/. 
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PHc. o. P acnpeAeneHHe ~ Bz B 3a
BHCHMOCTH OT paAHyca: --- -
3KCTie!>J.fMPHT:l nJ.. J..fhtP !'~QYT'!J...'~"? '!"!:!., 

- pacqeTHOe H3MeHeHHe 
yrna noaopoTa AaTqHKa Ha pa
AHycax ero nepecTaHoBKH. 

KoOPAHHaTHoe ycTpoHcTeo A11.R npoeeAeHH.R MarHHTH~x H3MepeHHH 
Ha ycTaHOBKe 11~ 11 6~110 cnpoeKTHpoeaHo TaK, 4TO AHanaaoH paAHa11b
Horo nepeMe~eHH.R nOABH~HOH KapeTKH COCTaB11.R11 He 6onee 115 CM, 
no3TOMY A11.R H3MepeHH.R ~ B z eo seeM AHanaaoHe pa6o4HX paAHycoe 
YCKOpHTe11.R He06XOAHMO 6~110 ABa~Abl nepecTaB11.RTb H3MepHTe11bHy~ 
KaTyWKY Ha r =155 H 205 CM. H3 1101 C11eAyeT, 4TO 

~ Bz 

2a 
~m( .L 

r 

dBz 
---+ 

dr 

2-
d B z ). 

dr 2 1131 

BHAHO, 4TO HecoenaAeHHe nono~eHHH AaT4HKOB AO H nocne nepecTaHoe
KH no paAHYCY H B~COTe Ha eenH4HHY -1 MM He npHBOAHT K cy~ecT
BeHHOH OWH6Ke onpeAe11eHH.R ;\ B z .. JlHWb H3MeHeHHe yr 11a PaAHa11bHOrO 
HaK110Ha AaT4HKa orj121 npHBOAHT K H3MeHeHH~ CHCTeMaTH4eCKOH 
OWH6KH H3MepeHH.R ~ B z • tln.R onpeAe11eH"!!! H3MeHeHH.R yr11a HaK110Ha 
npOBOAH110Cb MHOrOKpaTHOe H3MepeHHe ~Bz Ha paAHYCaX nepecTaHOBKH 

6 

} 

' 

i\ 
~ 

AO H noc11e nepecTaHOBKH AaT4HKa lpHc.461. PaaHH~a Me~AY cpeA
HHMH 3Ha4eHH.RMH 3THX H3MepeHHH n03B011H11a no ~OpMy11e 1121 onpe
Ae11.RTb H3Me~eHHe yrna HaK110Ha npH nepecTaHOBKe AaT4HKa H KoppeK
THpoeaTb ~ B z B COOTBeTCTBHI-1 C Be11H4HHOH rpaAHeHTa cpeAHero _ 
MarHi-'ITHoro no11.R. Ha pHc.6 npHBeAeH~ peay11bTaT~ H3Me~eHH.R ~Bz 
B 3aBHCHMOCTH OT paAHYCa. 0T4eT11HBO BHAH~ CKa4KH ~ B z Ha pa
AHYCaX nepecTaHOBKH AaT4HKa Ha-aa H3MeHeHH.R yr11a HaK110Ha AaT4H
Ka B paAHa11bHOM Hanpae11eHHH. Ha 3TOM ~e PHCYHKe noKaaaHo pac
npeAe11eHHe ~ B z noc11e pac4eTHoro H3MeHeHH.R yr 11a HaK110Ha AaT4HKa, 
npH 3TOM yro11 HaK110Ha AaT4HKa B AHana30He paAHYCOB ~r =0-115 CM 
cTaHoBHTC.R o6~HM A11.R ecero AHanaaoHa pa6o4Hx paAHYCOB. An.R on
peAe11eHH.R 3TOrO o6~ero yr11a HaK110Ha AaT4HKa HCn011b30Ba11C.R TOT 

dB 
Br =0 A11.R r = 275 CM, TaK KaK ___ z =0 Ha 3TOM paAHYCe 

dr 
~aKT, 4TO 

lpHc.5, KPHBa.R 11. KaK npaBH11o, 3TOT yro11 paeH.R11C.R HY11~. Yc11o
BHe COXpaHeHH.R yr11a HaK110Ha AaT4HKa B paAHa11bHOM HanpaB11eHHH 
npH nepeMe~eHHH no paAHYCY nOABH~HOH KapeTKH KOOPAHHaTHOrO YCT
POHCTBa npeAb.RB11.ReT TaK~e noB~WeHH~e Tpe6oBaHH.R K ~eCTKOCTH 3TO
ro ycTpOHCTBa, KOTOp~e npH cy~eCTBY~~eA KOHCTPYK~HH WTaHrH He 
ecerAa co611~Aa11HCb. 

CHCTeMaTH4eCKa.R OWH6Ka, CB.R3aHHa.R C npH611H~eHH~M B~4HCJleHHeM 
~ B z , ne~HT a a npeAe11aMH 4YBCTBHTe11bHOC TH annapaTyp~, no3TOMY 
ee He C11eAyeT Y4HTbiBaTb. npH N = 24 ~ Bz Ha ~HKCHPOBaHHOM pa-
AHyce nOBTOp.ReTC.R He3aBHCHMO OT Ha4aJlbHOrO a3HMyTa11bHOro n0110~e-
I--ILAA !" . .::t~TUIAU'~. 

PaayMeeTc.R, B~4HC11eHHe Br (r) no ~opMy11e 111 TaK~e BHOCHT no
rpewHOCTb B onpeAe11eH!-1e cpeAHeH paAHa11bHOH KOMnOHeHT~, TaK KaK 
4HC11eHHOe HHTerpHpOBaHHe npeAnOilaraeT HHTePD011.R~H~, He T04HO 
noeTop.R~~Y~ pea11bH~H 3aKOH pacnpeAelleHH.R ~ B z (r) .4To6~ ceecTH 
3TY norpewHOCTb AO He60JlbWOH Be11H4HH~~ B ~eHTpallbHOH o6nacTH 
MarHHTHOH CHCTeM~, rAe 3aBHCHMOCTb ~Bz(r) AalleKa OT MOHOTOHHO
CTH, paAHallbH~H war B~6paH paBH~M 2,5 CM, a Ha 6o11ee AallbHHX pa
AHYCaX 3TOT war COCTaBil.Rll 5 CM, 

TaKHM o6pa30M, B Ka4eCTBe HTOra 3Toro pa3Ae11a He06XOAHMO OT
MeTHTbJ 4TO paC4eTH~e H 3KCnepHMeHTa11bH~e O~eHKH OWH60K H3Mepe
HH.R ~Bz,a TaK~e MHOr04HC11eHH~e 3KCnepHMeHT~ Ha nOBTOp.ReMOCTb 
peayilbTaTOB H3MepeHHH n03B011.R~T yTBep~AaTb, 4TO B 0611aCTH pa
AHYCOB ~ r =0-50 eM T04HOCTb onpeAelleHH.R Bz cocTaBil.ReT +0, 05 MTil, 
B OCTaJlbHOH o6nacTH pa604HX paAHYCOB YCKOPHTell.R - ~I0,2-0,31MT11. 

3. KOHCTPYKUH~ AAT4HKA, CXEMA HHTErPATOPA 
H 6JlOK-CXEMA AnnAPATYP~ H3MEPEHH~ 

KoHcTpyK~H.R AaT4HKa, HCn011b30BaHHoro All.R H3MepeHH.R ~Bz,noKa-
3aHa Ha pHc.7. An.R nony4eHH.R AOcTaT04Horo eepTHKallbHoro nepeMe
~eHH.R nOABH~Horo KepHa, orpaHH4HBaeMoro anepTypoA YCKOpHTellbHOH 
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PHc,7, KoHCTPYK~HR gaTqHKa AnR 
HsMepeHHR .:\B z: I - c'beMHhiH orpa
HHqHTenb KepHa; 2 - llOABIDKHbiH 
KepH C H3MepHTenbHOH KaTymKoH; 
3 - KapeTKa KOOPAHHaTHOPO YCTpoH:
CTBa; 4 - Kopnyc C KOMUeHCHpyiD~eH 
KaTyiiiKOH, 

6 
Bblx. 

5,11< 

-
PHc,8, CxeMa 3neKTpoHHoro HH- ~ 

TerpaTopa, r -f2B 

o--2 • 
r:L___ 
I . I I I 

PHc,9, ~yHK~HoHanbHaR cxeMa HSMe
PHTenbHoro cTeHAa: I - reHepaTop 
KanH6poBaHHWX HHTepBanoB; 2 - ~H~

pOBOH BOnbTMeTp; 3 - CXeMa COllpR~e
HHR BOnbTMeTpa C 3BM; 4 - KOOPAH
ncl, nut y '-'.' J,JUHL'!'jjU; 5 - ::~neKTPOHHbiH 

HHTerpaTop; 6 - 3BM EC-1010, 

KaMepbl ~ KOHCTPYK4~eH KOOPA~HaTHoro YCTpOHCTBa, A~aMeTp KOMneH
C~py~~eH HenOAB~mHOH KaTYWK~ CAenaH 6onbwe A~aMeTpa ~3Mep~Tenb
HOH noAB~mHOH KaTYWK~, 4To o6ecne4~aano aepT~KanbHOe nepeMe~e
H~e nOAB~mHoro KepHa Ha 16 MM. AnH nony4eH~R OA~HaKoaoH 4YBCTa~
TenbHOCT~ KaTyWeK 4~CnO ~X B~TKOB nOA6~panOCb Ha OCHOBe peweH~R 
ypaaHeH~R 

A 1 = A2, /14/ 

rAe 

Ai 
3 <1>2 2 <1>2 2 <1>2 
n.- + n. (rb. <I>--)+ n.(rb·+fb·<l>+-), 

1 '3 1 1 2 1 1 1 6 

ni - 4~CnO B~TKOB B KaTyWKe, <1> - A~aMeTp npOBOAa AnR HaMOTK~ Ka
TYWK~, r bi - BHyTpeHH~H paA~YC KaTyWK~, 

np~ napaMeTpax ~3Mep~TenbHOH KaTYWK~ rbl=7 MM, <1>=0,05 MM, 
n1 =2]00 ~ KOMneHC~py~~eH KaTyWK~ fb2= 14 MM ~3 /14/ 6blnO nony-
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4eHO n2=0,371nl .np~ 3TOM 4YBCTB~TenbHOCTb AaT4~Ka cocTaa~na 
0,032 8/MTn. 0Ha onpeAenRnacb a peaynbTaTe noMe~eH~R nOABHmHoH 
KaTywKH a ~aaecTHoe H3 pac4eTa MarHHTHoe none, paaHoe 0,5 MTn, 
C03AaBaeMOe KOH4eHTPH4eCKOH o6MOTKOH, 6onee T04HaR HaCTpOHKa 
AaT4HKa AnR AOCTHmeHHH OAHHaKOBOH 4yBCTBHTenbHOCTH o6e~X KaTy
WeK ocy~ecTBnRnacb nyTeM noA6opa KOMneHca4HOHHoro conpoTHaneHHR, 
aKn~4eHHoro a cxeMy 3neKTPOHHoro HHTerpaTopa,nocne noaopoTa AaT-
4HKa Ha 180° B OAHOPOAHOM MarHHTHOM none, 3aMeT~M, 4TO Henon
HaR HAeHTH4HOCTb KaTyWeK /no 4YBCTB~TenbHOCT~/ He an~HeT Ha T04-
HOCTb H3MepeH~H. 

Ha p~c.8 npeACTaaneHa cxeMa 3neKTpoHHoro ~HTerpaTopa, a Ha 
PHC,9 - ~YHK4~0HanbHaR cxeMa ~aMep~TenbHoro cTeHAa. TaHMepHoe 
ycTpOHCTBO 3aAaeT TeMn ~3MepeHHH, 3anycKaR 4~~p0BOH BOnbTMeTp 
4epea Ka*Able 3,5 c. 8 npoMemyTKax MemAY aanycKaM~ aonbTMeTpa 
KOOPAHHaTHOe ycTpOHCTBO noaopa4HBaeTCR Ha 15° ~, TaKHM o6pa30M 0 

Ha KamAOM paAHyCe 3aMepReTCR 24 3Ha4eH~R nonR, 

4. nPOfPAMMHOE 06ECnE4EHHE H3MEPEHHA 

8 CBR3~ C He06XOAHMOCTb~ nOCTORHHoro KOHTpOnR Ha Ka4eCTBOM 
H3MepeHHH .:\ 8 z 6bln ~CnOnb30BaH BBOA J.13MepeHHOH HH~OpMa4f.1H He
nocpeACTBeHHO a 38M EC-1010. AnR npHeMa, aHanHaa "'o6pa6oTKJ.1 HH
~opMa4"'"' HaMH 6blna paapa6oTaHa nporpaMMa DATBR, 6noK-cxeMa Ko
TOPOH npHBeAeHa Ha pf.1c.10. 8ijOA,f.1H~opMa4f.1f.1 ocy~ecTanRncR npH 
noMOIJlf.1 noAnporpaMMbl PRIEMM/2/. noHaHaKoM oKn~o~u.:~~o~tA<~ "'"''=':::~ 15."!~~.:: 
J.1H~OpMa4~J.1 RBnRnOCb OTCyTCTBHe nOCTynneHJ.1R J.1H~OpMa4J.1J.1 B Te4eHJ.1e 
>5 c. 8MewaTenbcTeo onepaTopa 38M Tpe6oaanocb npH f.13MepeHHH Kam
Aoro paAHYCa ABamAbl /pf.1c,10, CM. nyHKTbl 4 J.1 8/. npaKTJ.14ecKaR 
CKOpOCTb J.13MepeHJ.1R COCTaanRn2 6 Mf.1HYT Ha OAJ.1H paAHYC. Peaynb
TaTbl f.13MepeHJ.1R a BHAe r , .:\Bz ~f.1KCHpoaanHcb Ha nep~oneHTe "' ne-
4aTa~eM YCTPOHCTBe. 

PHc.IO. BnoK-cxeMa nporpaMMhl DATBR: I - BBOA 
HCXOAHbiX gaHHbiX; 2 - BBOA asmeyTanbHWX H3Mepe
HHH .:\ B z npH BepxHeM nono~eHHH HsMepHTenbHOH 
KaTymKH; 3 - BBOA .:\ B z npH BepTHKanbHOM nepeMe
~eHHH KaTymKH; 4 - npoBepKa N 1:25, N 2= 4; 5 -
BBOA asHMyTanbHhiX H3MepeHHH .:\Bz llpH ~HeM 
·nono~eHHH KaTymKH; 6- rapMoHHqecKHH: aHanHs 

asHMyTanbHblX H3MepeHHH: H pacqeT .:\ B z ; 7 - npo
BepKa N3 =25; 8 - aHanHs pesynbTaToB H3MepeHHH:; 
~ - BbiBOA .:\EzHa nepclloneHTY; I 0 - npoBepKa 
OKQHqaHHR H3MepeHHR, 
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,llnR AanbHe~wero aHam1aa H3MepeHHo~ aaeHCHMOCTH L\Bz(r) Hcnonb
aoeanacb Hawa nporpaMMa FBRS, KOTopaR no3BOnBJla ocy~ecTBHTb np1-1 
Heo6xoai-1MOCTI-1 KOppeK~I-1~ B~naBWHX 3Ha4eHHH L\Bz,npOI-13BeCTI-1 nepe
C4eT L\B z B COOTBeTCTBI-11-1 C I-13MepeHHbiM I-13MeHeHHeM yrna HaKJlOHa 
AaT4HK~ Ha paAHycax nepecTaHOBKH, np~HHTerpHpoeaTb pacnpeAene
HHe L\ Bz A11R nony4eHHR aaBHCHMOCTI-1 Br (r) 1-1 onpeAeJlHTb 3Ha4eHHe 
o6~ero yr na HaKJlOHa AaT4HKa c nepec4eTOM ¢YHK~HH B r (r) • 

3AKJ1104EHHE 

B peayJlbTaTe KOMnneKca pa6oT no coaAaHH~ annapaTyp~ H3Mepe
HH~, paapa6oTKe nporpaMMHoro o6ecne4eHHR 1-1 ~HKJla 3KcnepHMeHTaJlb
H~x HCCJleAOBaHHH OTpa6oTaHa MeTOAHKa onpeAeJleHHR cpeAHe~ COCTae
JlR~~eH paAHaJlbHO~ KOMnOHeHTbl MarHHTHOrO nOJlR YCTaHOBKH 11¢ 11 C T04-
HOCTb~ He xy~e ~0,05-0,3 MTJl, 

AeTOPbl 6naroAaPRT npo¢eccopa B. n. ,liMHTpHeBcKoro 3a none3Hble 
AHCKYCCI-11-1 1-1 nOCTORHHOe BHHMaHHe K AaHHO~ pa6oTe, H,J1,3anJlaTHHa 
3a PYKOBOACTBO HCCJleAoBaHHRMI-1, A.H.KoKapeea 3a 60JlbWOH o6DeM 
3KcnepHMeHTaJlbH~X pa6oT, C.A.HeawKeBH4a, c.~l.4ecHoey, r.H.Ca~

¢YJ11-1Hy, IO.r.AneHH~Koro aa noMO~b e npoeeAeHHH H3MepeHH~. 
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Anywra, 1980. 
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TOBO~ TeOpMM nonR. AnywTa, 1981 

TpyAW He•AYHaPOAHOro coae~aHHR no npo6neMaM MaTeMaTM-
4ecKoro MOAenMpoaaHHR 8 AAePHO-~M3M4eCKMX MCCneAOBa
HMAX. AY6Ha, 1980 

TPYAW VI He•AYHaPOAHoro ceMHHapa no npo6neMaM ~M3HKH 
awcoKHX 3HeprH~. lly6Ha, 1981. 

TPYAW I I He•AYHaPOAHOro CHMn03HYMa no M36paHHWM 
npo6neMaM craTHCTH4eCKO~ MexaHHKH. lly6Ha, 1981. 

TPYAW He•AYHapOAHOro CHMn03HyMa no nonRPH3aqHOHHWM 
AaneHHAM ~ ~H3HKe awcoKHX 3HeprH~. lly6Ha, 1981. 

TPYAW IV coae~aHHR no Hcnonb30BaHH~ HOBWX AAePHO
~H3H4eCKHX MeTOAOB AnA peweHHA Hay4HO-TeXHH4eCKHX 
H HaPOAHOX03R~CTaeHHWX 3aAa4. AY6Ha, 1981. 

TPYAW coae~aHHR no HccneAoBaHHAM a o6nacTH 
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Mopo30B H.A., WHW~AHHHKOB n.T. 
MeTOA 3KCnepHMeHTa~bHOrO onpeAeneHHA cpeAHeH COCTaBnA~eH 
paAHanbHOH KOMnoHeHT~ MarHHTHoro nonA ~aaoTpoHa OH~H 

P9-82-926 

PaCCMaTpHBaOTCA Bonpoc~ H3MepeHHA cpeAHeH COCTaBnA~eH paAHanbHOH KOM
noHeHT~ MarHHTHoro nonA CHnbHOT04Horo ~aaoTpoHa OH~H. AnA onpeAeneHHA 3TOH 
KOMnOHeHT~ HCnOnb30BanHCb H3MepeHHA pa3HOCTH cpeAHHX COCTaBnA~HX sepTHKanb
HOH KOMnOHeHT~ MarHHTHoro nonR B ABYX nnocKOCTRX, OTCTOR~HX OT cpeAHeH nnoc
KOCTH 3a3opa yCKOPHTenbHOH KaMep~ Ha ±a ,npH nOM~H ABYX BCTpe4HO BKn04eHH~X 
HHAYK~HOHH~X KaTyWeK . Ha OCHOBe pac4eTH~X H 3KCnepHMeHTanbH~X MeTOAOB noA
po6HO HCc~eAOBaHo BnHAHHe paanH4H~x owH6oK Ha T04HOCTb H3MepeHHA B, . QHa 
OKa3a~acb paBHOH +0,05 MTn AnR ~eHTpanbHOH o6nacTH ycKOPHTenA H +/0,2-0,3/MTn 
~A OCTanbHOH o6naCTH pa604HX paAHYCOB, npHBeAeH~ CXeM~ AaT4HKa-H perHCTpH
py~eH annapaTyp~. H3MepeHHR npoBOAHnHCb B pe*HMe oH-naHH c 38M EC-1010. 
~aHo onHcaHHe nporpaMMHoro o6ecne4eHHA H3MepeHHH, 

Pa6oTa s~nonHeHa B fla6opaTopHH AAePH~x npo6neM OH~H. 

Coo6~eHHe 06•eAHHeHHOrO HHCTHTyTa AAePH~X HCCneAOBaHHH , ~6Ha 1982 

Morozov N.A., Shishlyannikov P.T. P9-82-926 
The Method of Experimental Determination of the Mean Radial 
Magnetic Field Component for the JINR Phasotron 

The mean radial component measurement of the magnetic field for the 
JINR high current phasotron is described. This component was measured by 
means of determination of the difference of the mean vertical magnetic field 
components in two planes at ±a distances from the median plane of the mag
net gas using the two opposite coupled induction coils, Real ising calculatin~ 
and experimental methods various errors effect on the accuracyof B, measure
ments was carefully investigated. This accuracy was ±0.05 mT for the acce
lerator central region and ±(0.2-0.3) mT for other working radii. Schemes 
of the probe and of recording device are presented. The measurements were 
performed on-line with the EC-1010 computer. The computer codes are describe~. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

OepeBOA o.C.BMHOrpaAOBOH. 


