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flpH cpopMHpOB8HHH M8I'HHTHOI'O IIO.IISI H30XpOHHhiX UHK.IIOTpOHOB H CHHXpo

UHK.IIOTpOHOB C IIpOCTpaHCTBeHHOii B8pH8UHeii IIO.IISI Heo6XO~HMO BhiiiO.IIHHTb 60.Ilb

WOi!: o6'beM Mai'HHTHhiX H3MepeHHii. PeaynbT8Thi H3MepeHHii o6pa6aThiB8JOTCSI 

H8 CIIeUH8.1IH3HpOB8HHhiX Ill .IIH60 yHHBepcanbHhiX Bhi'IHC.IIHTe.llbHhiX M8WHH8X, 

0t5hi'IHO 8H8.1IH3Hpy!OTCSI Cne~yJOII(He XapaKTepHCTHKH cpOpMHpyeMOI'O M8I'HHTHo

I'O IIO.IISI: 

a) 38BHCHMOCTb cpe~Heii: Be.IIH'IHHhl IIO.IISI 8 z cp OT pa~Hyca; 

6) 8MII.IIHTY~hl H H8'18nbHhie cpa3bi pg~a rapMOHHK cpyHKUHH pacnpet:~ene

HHSI M8I'HHTHOI'O nong no 83HMYTY ~.IISI 38~8HHhiX pa~HyCOB - Bz (¢,-r), ,,.,
1

. 

flpH H3MepeHHH M8I'HHTHhiX nonei!: UHK.IIH'IeCKHX yCKOpHTenei!: B. na6opa

TOpHH MepHbiX npo6neM npHHSIT8 nO.IISipH8SI CHCTeMa nepeMell(eHHSI ~aT'IHKOB 

M8I'HHTOMeTpOB, naT'IHKH J;IepeMell(a!OTCSI no OKPY*HOCTH c «f!HKCHpOB8HHhiM 

pa~HyCOM r I OTHOCHTe.llbHO UeHTpa M8I'HHTHOii CHCTeMbl yCKOpHTe.ng B npe

~enax OT ¢ 0 =0 ~o ¢k = 360°. 

MarHHTHOe none B npouecce a3HMyTanbHoro nepeMemeHHSI ~aT'IHKa H3-

MepsreTcg H.IIH HenpepbiBHO, H.IIH B OT~enbHhiX TO'IK8X, p8BHOMepHO pacnpe~e

neHHb!X no OKPY*HOCTH. TaKHM o6pa30M, B peaynbTaTe nonHoro UHKna MarHHT

HhiX H3MepeHHi!: TOnorpacpHSI M8I'HHTHOI'O nO.IISI YCKOpHTensr npe~CT8B.IISieTCSI 

, nony'leHHbiX ~ng pMa aHa-

'leHHii pa~Hyca r 
1 

Heo6XO~HM8SI TO'IHOCTb H3MepeHHSI pacnpe~eneHHSI Mai'HHTHOI'O nong no 

83HMYTY H ~OIIyCTHMbifi: pa~H8.1IbHhii!: war ~r = rl+l- r 1 onpe~e.IISI!OTCSI Tpe

OOB8HHSIMH K TO'IHOCTH ~OpMHpOB8HHSI M8I'HHTHOI'O nonsr yCKOpHTe.IISI, nng 
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H30XpOHHblX UHKnOTpOHOB H ~830Tp0HOB C B8pH8UHeH IIOnH TO~HOCTb OIIpe~ene-
f 

HHH OCHOBHbiX xapaKTepHCTHK M8I'HHTHOI'O IIOnSI Bz cp( r) H 8MIInHTy~ rap-

MOHHK Bmk(r) ~OmKH8 COCTaBnSITb COOTBeTCTBeHHO (0,01 .. 0,05)% H 

1o-4 Bz cp • EcnH ~YHKUHH pacrrpe~eneHHH Mai'HHTHoro rronSI no aaaMyTy 

IIOny~aiDTCH IIyTeM H3MepeHHH 3Ha~eHHH IIOnH B HeKOTOpOM ~acne paBHOMepHO 

pacrrpe~eneHHhiX no oKpy)I{HOCTH To~eK, TO o6ruee ~acno aaMepoB rronH TOnb

KO B O~HOM UHKne H3MepeHHSI TOIIOI'pa~HH C IIpHBe~eHHOH TO~HOCTbiD ~On)I{HO 

6b!Tb He MeHee 5000 f- 10000. TIOCKOnbKY 06b!~HO ~OpMHpOB8HHe M8I'HHTHOI'O 

ITOnH ycKOpHTenH Be~eTCH MeTO~OM IIOCne~OBaTenbHbiX IlpH6nH)I{eHHH H ~HCnO 

UHKnOB 'H3MepeHHe-o6pa60TK8-KOppeKUHH " COCT8BnHeT HeCKOnbKO ~eCHTKOB, 

BbiiiOnHeHHe 3TOH pa60Tbl 6e3 IUHpOKOI'O IIpHMeHeHHH Cpe~CTB 8BTOM8TH38UHH 

IIpaKTH~eCKH HeB03MO)I{HO. 

B HaCTOHIUeH pa6oTe orrHChiBaeTCH ycTpOHCTBO, II03BOnHIDIUee aBTOMaTH-

3HpoBa Tb Bee OCHOBHbie OIIepaUHH IIpouecca M8I'HHTHb!X H3MepeHHH: IIepeMe

IUeHHe ~8T~HK8 xonnoBCKOI'O M8I'HHTOMeTpa ITO 83HMyTy; H3MepeHHe BenH~HHbl 

ITOnSI B 144 paBHOMepHO pacrrpe~eneHHbiX ITO OKpy)I{HOCTH TO~Kax; pei'HCTpa

UHID peaynbT8TOB H3MepeHHH UH~porre~aTaiDIUeH M8lliHHKOH H IIep~opaTOpOM. 

KpoMe Toro, ycTpOHCTBO rroaBonHeT rrpo6aBaTb Ha rrep~oneHTe ~orronHHTenbHYID 

"cny)l{e6HYID" HH~OpMaUHID, He06XO~HMYID ~nH rrocne~yiDIUeH o6pa60TKH pe-

3YnbT8TOB H3MepeHHH Ha 3BM. 

EnoK-cxeMa paapa6oTaHHOH cacTeMhi aBTOMaTH~ecKoro aaMepeHHH Mar

HHTHoro IIOnH UHKITH~eCKHX yCKOpHTeneH IIpHBeAeHa Ha pHC. 1. 

0CHOBHOH OC06eHHOCTbiD 8BTOM8TH3Hp0B8HHOI'O H3MepHTenbHOI'O CTeH~a 

SIBnHeTCSI HerrpepbiBHOe, , OTHOCHTenbHO paBHOMepHOe 83HMyTanbHOe IIepeMe

IUeHHe ~8T~HK8 xonnOBCKOI'O M8I'HHTOMeTpa IIpH H3MepeHHH pacnpe~eneHHSI 

MBI'HHTHoro rronH no OKPY)I{HOCTH Bz ( ¢) 1 r =r i • MarHHTHOe none H3MepHeTCH 

~epea paBHhie yrnoBbie HHTepBanhi 2,5o, T.e. B 144 TO'IKax. l1aMepeHae rronH 

B K8)1{~0H TO~Ke IIpOH3BO~HTCH cneAyiDIUHM o6p830M ( CM. pHC. 2a) • TipH 38MK

HYTbiX KOHT8KT8X pene K H3MepHT8nbHbiM aneKTpO~aM XOnnOBCKOI'O ~aT~HK8 

IIOAKniD~8Hbl eMKOCTb C BX H BXO~ UH~pOBOI'O BOnbTMeTpa. EcnH ~aT~HK Ha

XO~HTCH B CT8UHOHapHOM Mai'HHTHOM none, TO H8IlpH)I{eHHe, pei'HCTpHpyeMOe 

UH~pOBbiM BOnbTMeTpOM, rrpaKTH~eCKH paBHO 3nC Xonna, IIOCKOnbKY BXO~Hoe 

corrpoTMBneHae H3MepHTenH R BX cocTaBnHeT 25 x 10
3 

MoM, a BhiXO~Hoe 
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ConpOTHBneHHe A8T'IHK8 .., 200 OM. 8XOAH8.H eMKOCTb C BX 38p.H)K8eTC.H AO 

• 
U BX H He OK83biB8eT BnH.HHHH H8 pe3ynbT8Tbl H3MepeHHi!:, f1pH HenpepbiBHOM 

ABH)KeHHH A8T'IHK8 B HeOAHOpOAHOM M8I'HHTHOM none U X MeH.HeTCH, H H3Me

peHHe non.H B 38A8HHblX TO'IK8X CT8HOBHTC.H HeB03MO)!{HbiM, ITOCKOnhKy npo

UeCC H3MepeHH.H BXOAHOI'O HanpH)KeHH.H npeUH3HOHHblM UH!lJpOBblM BOnbTMeT

pOM AnHTCH COTHH MHnnHCeKyHA (AnSI HCITOnb3yeMOI'O B rrp1:160pe BOnbTMeTpa 

.UM 2010 t 
83

M. "' 0,5 ceK), a 3.UC Xonna 3a aTo BpeM.H MO*eT H3MeHHTb

CH H8 BenH'IHHY 1 CyiUeCTBeHHO npeBbiiU8IOIUyiO AOITYCTHMble OIUH6KH H3Mepe-

HHH. 

To'IHOCTb H3MepeHHH HeOAHOpOAHoro Mai'HI:IT.Horo nonH MO*eT 6biTb no

BbiiUeHa BBeAeHHeM B CXeMy 1:13MepeHHii aneMeHTa, 38ITOMHH8IOIUei'O 3,UC 

Xonna B 38A8HHbiH MOMeHT BpeMeHH. f1pocTeHillHM ycTpoi!:cTBOM, BbmonH.HIO

IUHM STY !lJyHKUI:IIO, .HBnHeTCH KOHAeHC8TOp, ITOAKniO'IeHHbiH napannenbHO BXOil

HbiM 38)KHM8M U!:!!lJpOBOI'O BOnbTMeTpa. 8 MOMeHT llpOXO)KJleHH.H A8T'II:IK8 'Ie

pe3 381l8HHyiO TO'IKY 3830pa M8I'HI:IT8 pene OTKniO'IaeT KOHAeHCaTOp OT XOn

nOBCKI:IX aneKTpO/lOB, 1:1 Ha HeM "38ITOMI:IH8eTC.H" Harrp.H)KeHHe U X• COOTBeT

CTBYIOIUee M8I'HHTHOMY nomo B :3TOH TO'IKe. Enai'Oil8PH O'IeHb 6onblliOH Beni:I

'IHHe BXOilHOI'O COllpOTI:IBneHI:IH U!:!!lJpOBOI'O BOnbTMeTpa pa3pHA eMKOCTI:I npOHC

XO/lHT MeAneHHO. f1p1:1 COOTBeTCTBYIOIUeM ITOA60pe BenH'II:IHbl C BX CHH)KeHHe 

Hallp5DKeHHH Ha HeM 38 BpeMH H3MepeHHH t !:ISM. MO)KeT 6biT-b CAenaHO MeHb

IllHM llOITyCTHMOH BenH'II:IHbl 01ll1:16KI:I 1:13MepeHHHo 

PaCCMOTpHM ycnOBI:IH, llHKTYIOIUHe Bbl60p eMKOCTH KOHileHC8TOp8 C BXo 

3THX ycnOBHH llBa. 

Bo-nepBbiX, CKOpOCTb pa3pHA8 KOHAeHCaTOpa C BX ll0n)KH8 6biTb Ta

KOH, 'IT06br OTHOCHTenbHoe CHH*eHHe HanpH)KeHHH Ha HeM ~U I U x 3a BpeMH 

H3MepeHH.H BOnbTMeTpa t !:1 3 M. 6binO MeHbllle AOITYCTHMOH OlliH6KH f)P 

TaKHM o6pa30M, MHHHManbH8.H BenH'IHH8 38ITOMHH8IOIUeH eMKOCTH C BX. min. 

H8XOilHTC.H 1:13 Bblp8)KeHH.H 

c 
Bxmln 

)-
t !:13M, tH3M, ( I) 

RBX OP max 

I'lle R BX.- :3KBHBaneHTHOe COllpOTHBneHI:Ie pa3p.HA8 C BX. , COCTO.HIUee H3 

BXO/lHOI'O COllpOTHBneHI:IH UH!lJpOBOI'O BOnbTMeTpa, COllpOTI:IBneHI:IH yTe'IKI:I KOH

AeHC8TOpa H COITpOTHBneHHH yTe'IKH Me)KJly KOHT8KT8MH pa3MblK8IOIUei'O pene. 
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Puc,2. a) CxeMa coeAHHeHHSI BhlXOAa AaT'IHKa Xonna c 3anOMHHaiOmHM KoH
AeHcaTopoM Ha BXOAe UH$poaoro BOnbTMeTpa; 

6) CxeMa ynpaaneHHSI pelKHMOM a3HMyTanbHoro nepeMemeHHSI AST'IH
xa Xonna. 
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.llliSI paCCM8TpHB89MOI'O UpH6opa 9TH BrliH'IHHhl COOTB9TCTB9HHO paBHbi: 

Rax.u.a ...... 25xto9 OM, ~.Koan.: 10
10 

oM, Ry.pene"'10
9 

oM. 

BTopoe yCliOBHe, orpaHH'IHBSIDillee M8KCHM8llbHYID BeliH'IHHY KOHll9HCa

TOpa C ax. , onpelleliSieTCSI HHTerpHpyiDIIIHM xapaKTepoM aapSIIlHoi!: uenH, coc

TOS~mei!: H3 BHyTpeHH9I'O COllpOTHBlleHHSI ll8T'IHK8 Xonna ~ BH H eMKOCTH 

C X LJ.ng CliY'ISSI H3MepeHHSI MSI'HHTHhiX XapaKTepHCTHK H30XpOHHhiX UHKliOB • 
TpOHOB H ~a30TpOHOB C npOCTpSHCTBeHHOi!: BapHSUHei!: M8I'HHTHOI'O nOliSI 38BH-

CHMOCTb H3MepSieMOI'O nOliSI OT 83HMyTa B nepBOM npH6liH)KeHHH MO)KeT 6biTb 

aanHcasa B BHile 

(2) 

I'lle Bz 0~r) - aenH'IHHa cpellHero nong Ha panHyce r1 , k -HoMep ocaoa-

... Bmk 6 
HOn I'apMOHHKH, m.k = B (r) - rny HHa MOllY liSIUHH MSI'HHTHOI'O UOliSI HS OC-

il cp 
HOBHOR rapMOHH·Ke. :3.1lC Ha H3MepHTellbHhiX 9lleKTponax XOllliOBCKOI'O ll8T'IH-

Ka nponopuHoHanbHa noniD 

U = A B ( r) [ I + m k sin k cp l , x z cp 
(3) 

rile A - 'fYBCTBHTellbHOCTb naT'IHKa. 3aBHCHMOCTb aanpSI)KeHHSI aa Koaneaca

Tope C BX OT 83HMyT8llbHOi!: KOOPllHH8Thl ll8T'IHK8 cp npH HeKOTOpoii nocTo-

.s!HHOH CKOpOCTH llBH)KeHH.s! ll8T'IHK8 ¢ = ;!IT k HMeeT HeCKOllbKO HHOH xapaK-
T 

Tep 

(4) 

rne Y, = -arc tg ( R5~ax ¢ - llOnonHHTellbHhii!: cnaHr ~3hi caaycoanallbHOi!: 

KOMnoHeHThi CHI'Hana H3-38 BpeMeHHOi!: aanep)KKH Ha uenO'IKe R BH• C BX • 

norpeiiiHOCTb H3MepeHH51 MSI'HHTHO.I'O nOliSI B paCCMaTpHBSeMOi!: CXeMe M8K

CHM8llbH8 B MOMeHThl nepeXOil8 I'SpMOHH'IeCKOH KOMnOH9HThl U x 'lepe3 Hy-

ll9Bbie 3HS'IeHHSI, KOI'Il8 

u T = 1 +sino/ {5) 
X 
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DpH COOTBeTCTBYJOIIXeM Bhi6ope CKOpOCTH rrepeMemeHHSI A8T'IHK8 IIO 83HMYTY 

' (B paccMaTpHsaeMoM npH6ope yron 2rr npoXOAHTCSI aa T "" 5 MHH) H peam,-

HbiX senH'IHHax APYI'HX napaMeTpos cxeMhi ( R BH , C BX) yron t{I seCbMa 

Man, H 'OiliHfiKa B H3MepeHHH IIOnSI- MOJKeT 6hiTb 38IIHC8H8 B BRAe 

CneAOBaTenbHO, IlpH 38A8HHOl!: MaKCHManhHOl!: OWH6Ke 8 3. max 

BenH'IHHa KOHAeHC8TOpa C BX OI!peAen_s:reTCSI H3 BbipalKeHHSI 

C BX. max'S. 

8 a.max 

TaKHM o6paaoM BenH'IHH8 38IIOMHH810Uiei'O KOHAeHC8TOpa 

AOIIyCTHMbiX OWH6KaX 8 H 8 Bbi6HpaeTCSI H3 ycnOBHSI 
p m&x a.max 

c :>: c .,;:. c 
BX min BX BX m&x 

(6) 

M8KCHManbH8SI 

(7) 

npH 38A8HHbiX 

(8) 

DpH H3MepeHHH OIIHCbiBaeMbiM I1pH60pOM TOIIOI'pa<fJHH M8I'HHTHOI'O IIOnSI 

_MonenH M8I'HHTHOH CHCTeMbl <fla30TpOH8 C B8pHaUHeH rrons:r, AnSI KOTOpOH m 4 =0,2, 

eMKOCTb KOHAeHC8TOpa C BX 6bin8 Bbi6paHa paBHOJ!: 10 MK<fl. B 9TOM cny'!ae 

nnSI npHBeAeHHhiX paaee rrapaMeTpos cxeMhi 8p"'2,5xl0-5 H 83 "" 1,6x1o-5, 

'ITO BIIOnHe AOIIYCTHMO I!pH Tpe60B8HHH o6meii: TO'IHOCTH H3MepeHHl!: (3fo5)·10-2 %. 

nepeMeUieHHe A8T'IHK8 Xonna B aaaope M8I'HHTa QO paAHycy H 83HMy

TY rrpOH3BOAHTCSI IIpH IIOMOUIH IlpHCIIOCo6neHHSI, KHHeM8TH'IeCK8SI CXeMa KOTD

POI'O IIOK838H8 H8 pHC. 1. DpHCIIOC06neHHe COCTOHT H3 IlpHBOAHOI'O ABHI'8Te

ns:r THII8 nBA-Y3, HMeJOmero CKOpOCTb BpameHHSI "' 1500 o6/MHHj peAyKTOpa 

P1 C rrepeA8TO'IHb!M OTHOWeHHeM 1/52 j paao6IIXHTenbHOI'O MeX8HH3Ma, II03-

BOnSIJOIIlei'O rrepeXOAHTb H8 py'IHOJ!: IlpHBOilj TO'IHOI'O OTC-'IeTHOI'O yCTpOHCTB8 

Jlns:r ¢ peAYKTopa P2 c nepeJla TO'IHhiM OTHoweHHeM 1 I 144; onopHoro 

KOnbU8 C ay6'IBTbiM BeHUOMj 6anKH C 38KpenneHHb!M B cepeJlHHe WTblpeM 

( OCb!O BpaUieHHSI BCei'O IlpHCIIOC06neHHS1)' H HarrpaBnSIJOUIHMH, IIO KOTOpb!M IlpH 

IIOMOIIlH XOAOBOI'O BHHT8 rrepeMemaeTCSI B paAH8nbHOM HarrpaBneHHH KapeTK8 

c .aaT'IHKOM Xonna. 
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B KS"leCTse OTC"leTHOI"O yCTpoi!:cTBa JlJlR cp Bbi6paHa onTHKo-MeXaHH-
{ 

"leCKSR CHCTeMa ( CM. PHC. 3) 0 COCTOSIIIlast H3- JlHCKa C yaKOH perynHpyeMOH 

no lliHpHHe meJlbiDi HCTO"lHHKa CBeTa C KOJIJIHMaTOpaMHi ~OTOJlHOJla. nHCK 

co menbiO Haca*eH Ha BeJlOMbii!: saJIHK peJlyKTopa Pl • Oa JlenaeT OJlHH 

o6opOT aa BpeMsr a3HMYTaJibHOI"O nepeMemeHHSI )laT"lHKa Ha 2,5°, T.e. Ha 

yrJIOBOH HHTepsan Me*llY JlBYMSI TO"lKaMH H3MepeHHSI Mai"HHTHOI"O nOJISI. B 
MOMeHTbl COsna)leHHR llieJIH JlHCKa CO ,llieJibiD HCTO"lHHKa CSeTa, Ha ~OTOJlHOJl 

npHXOJlHT CSeTOSOH HMnyJibC 0 JlJlHTeJibHOCTb KOTOpOI"O pasHa 

T 
H.Cs. 

dm 
(9) 

I"Jle d ill - lliHpHHa menei!: B JlHCKe H HCTO"lHHKe cseTa, DJl - JlHaMeTp JlHC

Ka (no menH), n Jl- CKopocTb spameHHR JlHCKa. CxeMa perHcTpaUHH aneKTpH

"leCKoro HMnyJlbca, B03HHK8IDlll,.ei"O Ha ~OTOJlHOJle, nOK838Ha H8 pHC. 4. AMUJIH

TyJla HMnyJibCa, nocTynaiDmero C ~OTOJlHOJl8 Ha BXOJl 9MHTTepHOI"O nOSTOpH

TeJIR0 cocTaBJISieT "' 8s, a JlJIHTeJibHOCTb ero nepenaero ~pORTa r ¢+ pasHa 

1 MCeK. HecTa6HnbHOCTb nopora JlHCKpHMHHSUHH H aMUJIHTYJlbi aToro HMnynb

ca npHSOJlHT K HeKOTOpOH OlliH6Ke S peayJibTaTaX H3MepeHHi!: UOJIR ( 6biCTpbie 

~KTyaUHH) t JIH60 ~83bl rapMOHH"leCKOi!: KOMnOHeHTbl ~YHKUHH pacnpeneJie

HHSI Mai"HHTHOI"O UOJls:I no a3HMYTY (s cnyqae MeJlJieHHbiX0 TeMnepaTypHbiX 

H3MeHeHHi!:). EcnH npHHs:ITb MaKCHMaJibHo soaMO*HyiD speMeHHYID HeCTa-

6HJlbHOCTb OTC"leTHOI"O yCTpOiiCTSa /),. l pasHOi!: JlJlHTeJlbHOCTH nepenHei"O ~OH

T8 BMnyllbCa T cjl+ 0 TO l\4aKCHMaJibH8SI OlliH6Ka B3MepeHBSI nong COCTaSHT 

dB · 8 t,::; /);t x X""'(~""¢) cp 0 8 JlJls:I ~3bl /),.cp < /);t cp nng npHBeJleHHbiX Bbillie 

6 <' 2 J0-3% AA-s_3" XapSKTepHCTHK npH Opa Ut ~ _ X H J~ t "'TO BnOJIHe JlOnyCTHMOo 

0mH6KH0 KOTOpbie MOI"JlH 6b!Tb Bbi3BaHbl JliD~TaMH B peJlyKTOpe P2 

HCKJIID"l8IDTCSI 6JISI"OJl8pR TOMy, "'TO H3MepeHHs:I npOH3BOJls:ITCs:I TOJlbKO npH Oil

HOM HanpasJieHHH JlBH)!{eHHSI OnOpHOI"O KOJlbUa H npaKTH"leCKH noCTOSIHHOii 

CKOpOCTH a3HMyTaJibHOI"O nepeMemeHHSio 

Eme OJlHH HCTO"lHHK HeCTa6HJlbHOCTH MOMeHTa H3MepeHHSI Mai"HHTHOI"O 

UOJIR o6yCJIOBJieH aanep)!{KOii Cpa6aTbiB8HHR pene, OTKJIID"l8IDlliei"O 3aUOMHH8IO

lliHii KOHJleHCaTop OT JlST"lHKa Xonna. B npH6ope JlJIR 9Toi uenH HCnoJlbayeT

Cs:I BaKyyMHOe pene C 3aJlep)!{KOH OTKJliO'IeHHSI Ha 5 MCeK. ECJIH CKOpOCTb 
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PHc,3, 0IITHKO-MeXaHH'leCK8l1 CHCTeMa OTC'leTa yrna IIOBOpOTa H3MepHTellb

HOI'O ycTpoAcTBa (cxeMa), 
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83HMYT8nhHOI'O aBH~9HHSI aaTqHK8 6yaeT M9HSITbCSI B npouecce H3MepeHHA 

H8 ±10%, TO MOM9HT cpa68Tb!B8HHSI pene /;yaeT H3M9H51TbC51 Ha ±0,5 MC9K, 

OaHaKo oueHKH, rrpHaeaeHHhie a npeahiaymeM a6aaue, noKaa:hiBaiOT, qTo BHo

CHMhie 3THM a!jlljleKTOM OlliH6KH AnSI peanhHO Tpe6yeMhiX TOqHOCTeH H3MepeHHH 

He HM9IOT CyiU9CTB9HHOI'O 3H8'19HHSI ( {) pene::: lQ-3%), 

PaCCMOTPHM pa6oTy 8BTOM8TH'I9CKO:H CHCT9Mbl yrrpaaneHHSI BCeM H3Me-

pHTenbHbiM KOMIIneKCOM B uenOM, 

HaMepHT9nbHbiH KOMIIneKC BKniO'IaeT cneayiOIUHe 1IpH60pbl H ycTpOHCTBa: 

npeUH3HOHHbiH XonnOBCKHH M8I'HHTOMeTp /2/ C UH!jlpOBb!M BOnbTMeTpOM THII-8 

Ll.M 2010 B K8'19CTBe H3MepHTeng; 6nOK Bb!BOA8 aaHHbiX C UH!jlpOBOI'O BOnhT

M9Tpa Ha UH!jlporreqaT8IOIUYIO M8lllHHKY 3Y M-46 /3/; 6noK BhiBOaa aaHHbiX 

C UH!jlpOBOI'O BOnbTMeTpa H8 rrep!jlopaTOp THII8 On 80/8 C CHCTeMOH 38llHCH 

cny~e6HOH HH!jlOpM8UHH 
141 , aneKTpOMeXaHH'I9CKOe ycTpOHCTBO nepeMeiUeHHSI 

AaTqHK8 B 3830pe M8I'HHT8, YrrpaBnSieTCSI 3TOT KOMIIneKC 6nOKOM CHHXpOHH-

38UHH pa60Tbl BC9X perHCTpHpyiOlllHX H IlpHBOaHhiX CHCTeM, 0pHHUHllH8nbHbie 

CXeMhl OTaenbHbiX yanOB 3TOI'O 6noKa IIOK838Hbl Ha pHC, 2 H 4, 

3neKTpoMexaHHqecKoe ycTpoiiCTBO anSI rrepeMemeHHSI naTqHKa B aaaope 

M8I'HHT8 HMeeT AB8 pe)KHM8 pa60Thi: C pyqHbiM yrrpaBneHHeM H 8BTOM8THqec

KHMo PyqHoe ynpaaneHHe HCIIOnbayeTCSI TOnbKO nng HaqanbHOH yCT8HOBKH 

naT'IHKa Ha aaHMYT ¢ 0 == 0 • HaMepeHHSI HAYT B aBTOMaTHqecKOM pe~HMe, 

Bhioop pona pa6oThi rrpoH3BOAHTCSI rrepeKniOqeHHeM TyMonepa 'pyqHoe-aBTo

MaTH'ieCKoe' B COOTB9TCTByiOIU99 nono)KeHHe, 

OpH py'IHOM yrrpaBneHHH BKniOqeHHe H peBepcHpOBaHHe rrpHaoaHoro ABH

raTenSI OCyiUeCTBnSieTCSI KHOIIK8MH 'IIp51MO" H "peaepc". EcnH Ha~aTa KHOII

Ka "rrpSIMO", qepea ee HOpManbHO pa30MKHYThle KOHT8KTbl B036y)KnaeTCSI pe-
2 

ne Pt , KoTopoe, aaMKHYB caoH KOHTaKThi K Pt' ( H,p.), K Pt ( H,p,) H 

KP1
3 ( u.p.), BKniOqHT ABHraTenh. OrropHoe KOnbUO B aToM cnyqae apamaeTCSI 

BOKpyr UeHTpa M8I'HHT8 no qaCOBOH CTpenKe, 0AHOBpeMeHHO p83MbiK89TC51 

KOHTaKT KP: ( H.a.), 6noKHPYIOIUH:H aoaMo~HOCTb BKnroqeHH.II pene P 2 

KHOIIKOH "peaepc" BO BpeMSI IlpSIMOI'O ABH~eHHSI, 0t5paTHOe H81IpaBneHH9 ABH

)KeHHSI KOnbU8 MO)KeT Ob!Tb BKniOqeHO TOnbKO IIOCne OCT8HOBKH ( BbiKniOqeHHSI 

pene p t ) , CnenyeT OTM9THTb, 'ITO KOnhUO B 3TOM pe)KHMe ABH~eTCSI TOnb

KO IlpH H8~8Tb!X KHOIIK8X "'rrpSIMO"' nH60 "peaepc" 1 T,K, U9llH 6nOKHpyiOIUHX 
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Kp • 
KOHTBKTOB 1 

4 
( H,p,) H K P 2 ( H,p.) paaop.faHhi TyM6nepoM Bht6opa pe)KBMa 

pa6oTbi, 

nng nepesoaa ycTpOACTBa nepeMemeHHSI aaT~HKa B aBTOMaTH~eCKHA 

pe)KBM pa6oTbl TyM6nep Bht6opa poaa pa6oTbi ycTaHasnHBaeTCH B nono)KeHBe 

"aBTOMaTH"'eCKoe" 1 B HOpManhHO aaMKHyTOA KHOIIKOA "c6poc" pene p4 H p5 

nepeaoaBTCSI B HCXOaHoe, HeBKnroqeHHOe COCTOSIHHe, CHCTeMa I"OTOBB 

K aBTOMaTH~eCKOA pa6oTe, 8 STOT MOMeHT aaTqHK aon)KeH pacnonaraT&CSI 

aa h-2° ao aaHMyTa ¢o= 0. 3ToT yrnosoA aaxoa Heo6xoaBM ang Toro, "1To-

6bt rrocne TporaHHB c MecTa aaHraTenb ao axoaa a pa6o'iyiO aoHy (aoHy Ha

MepeHHH Mar"HHTHOI"O rrong) ycnen Ha6paTb HOMHHanhHbie o6opOTbl 1 a B pe

ayKTOpax 6hmH Bht6paHhi niOci>Thi, BKniO"'eHBe aaHI"aTenH a pa6o"'eM, "npHMOM" 

HanpasneHHH OCyiiieCTBnHeTCSiy KaK H ·IIPH py"'HOM ynpasneHHH1 KHOIIKOA 'npg

MO" • CHCTeMa H3MepeHHSI Mar"HHTHOI"O IIOnH BKniO"'aeTCSI He cpaay IIOCne Ha

'iana aBH)KeHHSI1 a TOnbKO rrocne TOr'~ KaK OI!OpHOe KOnhUO rrpoAaeT a3HMY

TanbHOe IIOnO)KeHHe, IipHHSITOe 38 Hyneaoe, nng ci>HKCaUHB STOI"~ a3HMyTa 

B aaaope Mar"HHT8 ycTaHaBnHBaeTCSI KOHUeBoA BbiKnro"'aTenh, KOTOpbiA Ha)KH

MaeTCSI IIITOKOM 1 yKpenneHHbiM Ha OIIOpHOM KOnbUe 38 0,5 t-1 ° ao ifJ o = 0 

llpH 38MbiKaHHH KOHUeBOI"O BbiKniO"'aTeng noaaeTCSI IIHTaHBe Ha pene P6 

KoTopoe, B caoro o~epea&, a.aMbiKaeT KOHTaKTbi K Pi (a.p.) H K P; (a.p.), 

38IIHTbiBaiDIIIHe pene P
4 

H P
5 

• 06a 9TH pene OKa3biB8IOTCSI non HaUpSI

)KeHHeM onHOBpeMeHH01 HO Cpa6aThiBaeT H BCTaeT Ha CaMo6nOKHpOBKy TOnb

KO pene P, • 06MOTKa p5 38KOpa"'HBaeTCSI THpHCTOpOM n 235f, OTKpbl

BaiOIIIHMCSI HMIIynbCOM C 06MOTKH pene p 4 • 8 STOM COCTOSIHHH BCe pene 

cxeMbi ynpaaneHHH ocTaHyTCH B Te"'eHHe acero pa6oqero xona (acer'o UHK

na H3MepeHHA). 

llocne Cpa6aTbiBaHHB pene p4 ~epea ero KOHTaKTbi KP4
1 

( a.p.) H 

KP: (H.a.), a TaK)Ke ~epea KOHTaKT KP2
6 (a.a.) Ha BeHTHnh Bt nonaeTCH 

paapelllaiOIIIHA noTeHuHan - 10 a. t{epea sToT seHTHnh HMnyn&Cbi c cl>oTonHo

na, paCIIIHpeHHble onHOBH6paTOpOM On} no "' 0,6 CeK, IIOCTyiiaiOT B HCIIon

HHTenhHbie UeiiH 1 I"ne OHH BbliiOnHSIIOT cnenyiOmHe ci>YHKUHH: BKnroqaroT pene 

~ H BbiKniO'iaiOT BaKYYMHOe pene P8 , paapbiBaiOmee uenb aapgna aano

MHHaiOmeA eMKOCTH C BX, • C aanep)KKOA "' 80 MCeK (cl>opMHpyeTCg oaHo

BH6paTOpOM on2) I Heo6xonHMOA nng rapaHTHpoBaHHOI"O cpa6aTbiBaHHSI pene 
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P8 , rrepeAHHM ~pOHTOM 9TOI'O HMIIynbca 3arrycKaeTCH UH~pOBOA BOnbTMeTp. 

f1 0 HCTe'leHHH BpeMeHH H3MepeHHH ( 'lepe3 4f40 MCeK) Ha BbiXOAe Ae!llH~paTO
pOB UH~pOBOI'O Ta6no BOnbTMeTpa IIOHBnHeTCH KOA peaynbTaTa. l1MrrynbCOM, 

~OpMHpyeMb!M 38AHHM ~pOHTOM CHI'Hana C OAHOBH6paTOpa 0Ll1, T.e. 'lepe3 

"J' 0,16 CeK IIOCne KOH!l8 rrpouecca H3MepeHH51 U c UH~pOBb!M BOnbTMeTpOM, 

38IIYCKaeTC51 6noK Bb!BO)la HH~OpMSUHH C BOnbTMeTpa HB rrep~opaTop. 0AHo

BpeMeHHO 9TOT )l{e peaynbTBT MO)I{eT 6hiTb 3apei'HCTpHp0138H UH~porre'laTaiO

!IleH MB!llHHKOA. 

3TOT IlpOUeCC IIOBTOpHeTC.sl BO epeM.H pa60'Iei'O XOA8 A8T'IHK8 144 pa3a. 

D ocne TOI'O K8K AS T'IHK rrpo:il:AeT 360u, lllTOK, yKperrneHHbiH Ha OIIOpHOM 

KOnbUe, BTOpH'IHO 38MbiKaeT KOHUeBOH BbiKniO'IaTenb, 'ITO rrpHBOJlHT K cpa6a

Tb!B8HHIO pene P6 H 3aMbiKaHHIO KOHTaKTOB KP
6

1 
(H.p.) H KP

6

2 
(H.p.). Te

rrepb pene p 5 BKniO'IHTCH, ITOCKOnbKY HMrrynbca, OTKpblBSIO!Ilei'O THpHCTOp, 

He 6yaeT (pene P 4 Bee BpeM.s~ pa6o'lero UHKna 6hmo BKniO'IeHo aa C'leT 

6noKHpyiO!llero KOHTaKTa KP
4
3 ( H.p.)). BKniO'IeHHe 

'leHHIO paape!llaiOmero noTe HUH ana BeHTHnH B 1 

KP
5
3 

(H.p.)) H pa3MhiKaHHIO uerra rrHTaHHH pene 

(KOHTBKTbl ( H.3.), 

( H.3.)} • 

KoMaHJlHbie HMrrynbChi nepecTaHyT rrpoXOJlHTb K HcrronHHTenbHhiM cxeMaM. 

flpHBOJlHOH sneKTpOJlBHI'BTenb nocne HeKOTOpOI'O 'Bbi6era" OCTBHOBHTCH. 

flocne OCTSHOBKH ABHI'aTen.s~, rrepeA TeM K8K BKniO'IHTb peBepCHOe ABH

)I{eHHe, He06XOAHMO H8)1{8THeM KHOITKH "c6poc" rrpHBeCTH CXeMy pene:il:HO:il: 

8BTOMBTHKH B HCXOAHOe COCTOHHHe. 3aTeM KHOIIKOH "peBepc" (B pe)I{HMe 813-

TOMSTH'IeCKOH pa60Tbl) ABHI'BTenb BKniO'IaeTC.sl H BpB!IlBeT OITOpHOe KOnbUO' 

npoTHB 'lacoBo:il: CTpenKH. TiopHJlOK cpa6aTbiBBHHH pene Pe , P4 H P5 

6 
TSKOH )l{e, KBK H IlpH pa6o'leM XOAe, HO IIOCKOnbKY KOHTSKTbl pene P2 KP 2 ( H.3.) 

, MBI'HHT-

HOe IIOne B rrpouecce B03BpaTa ABT'IHKB B HCXOAHOe ITOnO)I{eHHe cp0 = 0 H3-

MepHTbC51 H pei'HCTpHpOBBTbCH He 6yJleT. 

flocne TOI'O KBK JlBT'IHK rrpa)leT B HCXOJlHOe rronO)I{eHHe, BTOpOH pa3 

Cpa60TaeT KOHUeeoit BhiKniO'IaTenb, ABHI'BTenb OTKniO'IHTCH, H OITOpHOe KOnb

UO OCTaHOBHTCH. Ha)I{BTHeM KHOITKH "c6poc" CXeMa pene:il:HOH 8BTOM8THKH 

OIIHTb 1IpHBOJlHTC51 B HCXOAHOe COCTOHHHe. Y CTpOHC TBO I'OTOBO K Bb!ITOnHeHHIO 

cneJlYIO!Ilei'O UHKna H3MepeHHH 83HMYTBnbHOI'O pacnpeaeneHHH MBI'HHTHOI'O 

non.s~ Ha apyroM paJlHyce. 
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Ha OCHOBe !IpOBOilliBlllHXCSI Bblllle O~eHOK !IOI'pelllHOCTeH, BHOCHMbiX B. 

pe3y1IbTaTb! H3MepeH!iH Mai'HHTHOI'O nonsr .OTilenbHb!MH 9neMeHTaMH li, yanaMH 

8BTOM8TH'IeCKOH C!iCTeMbi 1 MO)KHO onpenenHTb BepOSITHYIO CyMMapHyiO llOIIOn

HHTeiihHYIO OlllH6Ky 

• 
( 10) 0 

aaT, 

2• 
+ 0 pene. 

nnsr aBTOM8TH'IeCKOH CHCTeMhl 1 HC!IOnbayeMOH B H3MepHTenhHOM CTeH

Ile MOilenH M8I'HHTHOH CliCTeMbl ycTaHOBKH "cj>", 0 aaT,"' 4 X 1 o-3%, nnsr Tpe-

6yeMOH TO'IHOCTH H3MepeHHH 0,02 +- 0,05% TaKaS! aenH'IHHa ll06aBO'IHOH norpew-

HOCTH B!IOnHe llO!IyCTHMa, 

nnsr 9KCnepHMeHTarrbHOH !IpOBepKH CTa6HnbHOCTH pa60Thl yanoa aBTOMa- r 
TH'IeCKOH CHCTeMbi 6hrno npoBelleHo ceMHKpaTHOe H3MepeHHe aaHMyTanbHoro \ 

pacrrpeJleneHHSI Maf'HHTHOJ:'O rronsr MOilenH Ha 0/lHOM H TOM )Ke pallHyCe r I ~ 

Dony'leHHbie peaynbTaTbl IIOKaaanH, 'ITO pa36poc H3MepeHHb!X BenH'IHH cpell-

Hei'O Mai'HHTHOI'O non!il COCTaBnsreT ± 1,5 X 10-
2

%, a aMnnHTYJl f'·apMOHHK -

5xto-2%Bz cp. 

B 38KnJO'IeHHe C'lliTaeM CBOHM !IpHSITHb!M llOni'OM Bblp83HTb 6nai'Oil8p

HOCTb B.H. CHilOpoaoH:, paapa6oTaameH: KOHCTpyKUHJO npHBOilHOro MexaHH3Ma. 
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