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B pa6oTe11 / orrn:crurn cpyHKQHOHaJibHruI cxeMa ycTaH0BKH cnOH, npe,n

Ha3HaqeHHOH ,!UHi o6nyqeHH.fl a,nepHI,IX <pOT03MYJibCHH B CHJlbH0M HMnynhc

H0M MarHHTH0M none. IlpeHMymecTBa o6nyqeHHH a,nepHblX <pOT03MynhCHH 

B cn:nhHOM MarHHTHOM none (CMII) c B ::::; 50 Tn, no cpaBHemno c Tpa.nH

UHOHHblM MeTO,nOM (6e3 MarHHTHoro non.fl)' CBH3aHbl C B03M0'1CHOCTbIO 

onpe.neneHHH 3HaKa 3apa,na BTOpl{qHblX qaCTHU no HanpaaneHHIO KpHBH3Hbl 

CJie.n;a B cpOT03MynhCHH H nOBblllleHHH TOqHOCTH H3MepeHHH HMnynbCOB 

qacmn (.no 2 + 5%) no creneHH HCKpHBneHHH HX TpaeKTopn:ii. 3To no3Bo

naeT H,neHJ'.H~HUHpOBaTb npaKTn:qecKH Bee BTOpHqffble 3apm1CeHHble qacTHl.(bl 

no 3apa.n;aM H MaCCaM B lllHpOKOM HHTepaane HX 3HeprHii, T,e. npoB0,nHTb 

nonHblH cTaTHCTn:qecKn:ii aHaJIH3 0T,neJibHoro co6blTHH C 6onblllHM ql{CJIOM 

BTOpl{qHblX qacmn (6onee 100), qTo npe,ncTaBnaeT 6onblllOii ,HHTepec ,nna 
n:ccne.noeaHHH nponeccoB CT0nKHOBeHHH peJIHTHBHCTCKHX . qaCTHU: H .fl,nep 

npn: BbICOKn:x 3rieprHHx. 

: BMeCTe C TeM npaKTl{qeCKaH peaJIH3al(HH npeHMymeCTB o6nyqeHHH 

3MynhcHii .B CMII, oco6eHHo c ToqKH 3peHHH noBblllleHHH. TOqff0CTH H3Me

peHH.fl HMnynhCOB, B03M0'1CHa npH BblilOJIHeHHH pa,na yCJIOBHH, .OAHHM H3 

KOTOpbIX aanaeTCH cra6HJihHOCTb aMrmmy,nbl CMII. 
OTHOCHTeJ1bHruI onm6Ka npH H3MepeHHH HMnynbca onpe,nenaeTC.fl 

COOTHOllleHHeM 12 I 

l:.p/p = [ (t.H/H) z + (t.D/D)2] i 12 ' (1) 

r.ne t.H/H - 0THOCHTeJibHruI OlllH6Ka a HanpmKeHH0CTH MarHHTHOro nona, 

D - BTOpruI Pa3HOCTb OTCqeToB B KOOp,nHHaTHOM MeTo,ne H3MepeHHH . HM

nynhCOB. no MarHHTHOMY 0TKJI0HeHHIO B HanpaaneHHH, nepneH,nHKYJIHPHOM 

BeK-ropy H H TpaeKT0pHH qacTHUbl, 

OlllH6Ka B onpe,neneHHH D CBH3aHa C MHOrOKpaTHblM KynoHOBCKHM 

pacceHHHeM H HCKa)ICeHHHMH B 3MYJibCHH, T.e. t.D = DKyn + DHcK' Ilpl{qeM 

D (,nHCTOpCHH) MoryT 6b1Tb yqTeHbl cnel(HaJibHblMH H3MepeHHHMH Ha HCK . 
penepHbIX cne,nax qacrHn BblCOKOH 3HeprHH, HanpaaneHHblX no HOpMaJIH 

K IlJIOCKOCTH cpoT03MynhCHOHHOrO CJIOH, a B pa,ne cnyqaea 13 / npH o6ny

qeHHH 3MynhCHH BP-2 B nOJIHX. ~ 100 Tn H npH H3MepeHHH HMnynbCOB 

;,;;; 50 r3B/c. 3THMH HCKa)ICeHHHMH B nepBOM npH6nl{)ICeHHH M0'1CHO npeHe-

6peqb, Tor,na t.D ~ DKyn· 

OlllH6Ka, BH0CHMaH MHoroKpaTHblM KynoHOBCKHM pacceHHHeM, .flB

naeTCH cpyHKl.(Heii ,nJIHHbl H3MepaeMoro yqacTKa Q H HMnynhca qacTHUbl 



H onpe.n;eirnercH coornomeHHeM 

<~ >1 ' 2 = Kt312 
• 10- 2 /57 3 p{3c 

Kyn ' ' 
(2) 

r.n;e p{3c - B r3B, DKyn H t = £/2 - B CM, K ~ 30 - nocTOHHHbIH I<03cpqm

UHeHT pacceJIHHJI .n;JIH H.n;epHbIX !pOT03MYJibCHH. 

. ECJIH BpeMJI UHI<Jia 06Jiy°1IeHHJI !pOT03MYJihCHH MHOro MeHLme )];JIHTeJib

HOCTH HMnyJibca CMll, TO .n;JIH Bcex 'IaCTHU AaHHOro UHI<Jia MarHHTHOe none 

MO:lKHO C'IHTaTb noCTOHHHbIM H TOr.n;a no H3BeCTHOMY HMnynr,cy nepBH'IHOH 

qacTHQLI onpe.n;eJIHTh H: 

H =pD Cosa/3• lO- 4 t2
, (3) 

r.n;e a - yron norpy,KeHHJI cne.n;a B q>OT03MYJILCHH, p - r3B/c, H - 1<3, 

D H t - CM. TaI<HM o6pa30M, B AaHHOM cnyqae TO'IHOCTb onpe.n;eneHHJI H 
noJiyqaeTCH AOCTaTO'IHO BbICOI<OH (2 + 3%), nocI<OJibI<Y HMi:tyJibC nepBH'I

HOH 'IaCTHQbl MO)KeT 6bITb xopomo onpe.n;eneH, H, CJie.n;oBaTeJibHO, s pe)KHMe 

0,D;HOI<parnoro o6nyqeHHH nepBbIM CJiaraeMbIM B (1) MO'.lKHO npeHe6pe'IL. 

Ha ycrattoBI<e · CJIOH 6y.n;eT ucnoJIL30BaTLCH TaI<)Ke pe)KHM MHoro

I<parnoro 'o6nyqeHHJI. 3To CBJI3aHO C Ha6opOM )];OCTaTO'IHOH CTaTHCTHI<H 

C06bITHH B TOM cnyqae, I<0r.n;a HHTeHCHBHOCTb ny'II<a H,D;ep He):(OCTaTO'IHa 

.n;JIH 06ecne1IeHHJI onTHMaJihH0H nJIOTHOCTH o6Jiy'IeHHJI ~ 104 qaCTHQ/CM2 

3a o.n;HH UHKJI yci<opeHHH H Bhmo.n;a i:ty'II<a. B 3TOM pe)KHMe ueo6xo.n;HMO 

o6ecne'IHTh TO'IHOCTb BOcnpOH3Be.n;eHHH nOJIH OT UHI<Jia I< UHI<JIY He Xy,Ke, 

'IeM B O.n;HOI<paTHOM,~ 0,5 + 1%. 

.D:nH C03)];aHHJI CMll B ycrattos1<e Hcnonr,3yeTCH pa3pH.n; eMI<OCTHoro 

HaI<OnHTeJIH 3HeprHH (W ~ 1,6 M.D:)K) Ha O)];HOBHTI<OBblH COJieHOH.n; cne

UHaJibHOH I<OHCTPYI<UHH. KOMMyTaUHH TOI<a ocymeCTBJIJieTCH MOIQl:lbIMH 

BaI<yyMHbIMH pa3pH.n;HHI<aMH. 3apH.n; HaKOUHTeJIJI 3HeprHH npOH3BO.n;HTCH 

OT CHJIOBoro TpaHc<popMaTopa Tpexcpa3Horo TOKa MOIQHOCTLIO P ~ 800 KBA 

nocpe.n;CTBOM ynpaBJIJieMoro HH3KO'IaCTOTHOro THpHCTOpHoro BblilpHMH~ 

TeJIH. HanpJI)KeHHe Ha HaKOnHTene B npouecce 3apH.n;a pacTer czyneH'IaTo 

C tiacTOTOH 300 ru. BpeMH Ha'Iana pa3pH.n;a HaKOilHTeJIJI 3aBHCHT OT MHOrHX 

cpaKTOpOB, onpe.n;enJIIO~X rOTOBHOCTb OT)];eJibHblX Y3JIOB yCTaHOBI<H K pa-

6oTe, nocJie qero ocymecTBJIJieTCH CHHXpOHH3aQHJI C UHKJIOM pa60Tbl ycKo

pHTeJIH H BbIBO)];OM ny'II<a. 

TaKHM o6pa30M, HailpJI)KeHHe Ha HaKOUHTeJie 3HeprHH .n;o Ha'IaJia pa3-

pH.n;a, T.e • .n;eCJITKH cei<yiI.ti, )];OJI)KHO no.n;.n;ep)Kl{BaThCH C BblCOKOH TO'IHOCThlO, 

HecMoTpH Ha .n;ecra6HJIH3HpyromHe cpa:KTOpb1*. 

* B OaHHOM c11y11ae Mbl He pacCMaT[JUBaeM 803MOJICHble U3MeHeHWl H 3a C'leT oe

¢opMa14uu co11enouoa, co30aJOUJe20 Ma211umoe none. 
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Puc. 1. EnoK-cxeMa 3ap11011ou u pa3· 

pROHOU 14eneu eMKOCTHOW HaKonu-

L re11R :111epzuu ycraHOBKU CJIOH. 

H - 11aKonuren& :111epzuu, TC -

cuno;3ou TfJaHCfPOpMarop, HB -

HU3KO'laCTOTHblU BblnpRMUTellb, 

BB - BblCOKO'laCTOTHblU BblnpRMU· 

Tellb, aB - ijUfPpOBOU 80/lbTMeT[J, 

P - pa:JpROHUK, 3CP - cxeMa 3anycKa pa:Jp11011uKa, L - c0✓1e11ouo, <IWC - ¢opMup0· 

earen& ypoeneu cra6unun14uu. 

MA C6 HA.Aeiuw 

Puc. 2. (J>y11K14UOHt1/lbHaJl 6110K-CXe· 

Ma oonou oeKao&1 6110Ka gjopMU· 

poeaHWl ypoeneu cra6UJzu3a14uu. 

aB - 14ugjpOBOU BO.tib.TMeT[J, flK -

npeo6pa:JoBaTenb KOOa, K - KOM· 

naparop, Kil - Koooe&ze nepeK111011arenu, CE - cxe.Ma 6110KupoBKU, CH - cxeMa u11-

ouKa14uu, Cfl - CXeMa npeo6pa308QIIUU. 

.D:nH cTa6HJIH3aUHH HanpH)KeHHJI HaKOilHTeJIH ycTaHOBKH CJIOH 

B 3apH.n;HYIO uenL HaKonuTeJIJI BBe.n;eHbl .o;onOJIHHTeJihHbie ycTpOHCTBa -

BblCOKO'IaCTOTHblH BbIIlpHMHTeJib He60JihlliOH MOIQHOCTH H 6JIOK cpopMH

pOBaHHJI ypoBHeii cra6HJIH3aQHH (pHc.1). 

Bo BpeMH Ha'IaJia 3apH.n;a HaKOnHTeJIH 3HeprHH BKJIIO'IaIOTCH o6a BbI

npHMHTeJIH. llpH AOCTH)KeHHH HeKoToporo ypOBHH HanpH)KeHHH, 3HatieHHe 

KOTOporo HeCKOJibKO MeHbllie 3a.o;aHHoro, HH3KO'IaCTOTHblH BbmpHMHTeJib 

60JiblliOH MOIQHOCTH 3anHpaeTCH, H 3a,a;aHHOe HanpH)KeHHe )];OCTHraeTCH 

C nOMOIQblO MaJIOMOIQHOrO BbICOKO'IaCTOTHOro BbinpHMHTeJIH, nJiaBHO H 

C 60JiblliOH TO'IHOCThlO, H no.n;.n;ep)KHBaeTCH CTa6HJibHbIM B Te'IeHHe Bcero 

nepHo.o;a .n;o Ha'IaJia pa3pH.n;a. YnpasJieHHe BbIIlpHMHTeJieM ocymecTBJIHeTCH 

C nOMOIQblO 6JIOKa cpopMHpOBaHHH ypoBHeii CTa6HJIH3aUHH (<l>YC)' 6JIOK

cxeMa 1<0Toporo npe.o;craBJieHa Ha pHc.2. 

KoHTpOJib H H3MepeHHe HanpH)KeHHH HaKOnHTeJIH ocymeCTBJIHeTCH 

UH!ppOBbIM BOJlbTMeTpOM IU-1513, HHcpOpMaQHJI c KOTOporo B BH.n;e UH<p

posoro Ko.n;a no.n;aercH Ha BXOAhI <l>YC no BceM nHTH .n;eKa.o;aM. YpoBHIO 

JIOrH'IeCKOH "l" COOTBeTCTByeT HanpH)KeHHe Ha BbIXO.n;e BOJibTMeTpa, pas

HOe MHHYC (24 ± 4,8) B, a JIOrH'IeCKOMY "0",- OT MHHYC 0,5 AO IlJIIOC 0,5 B. 

Ha sxo.n;e <l>YC 3TH cHrHaJibI npeo6pa3y10TCH B cHrHaJILI ypoBHeii TTJI • 

.D:nH npeo6pa30BaHHJI uucpposoro Ko.o;a 1-2-4-2, HcnoJIL3yeMoro B H3-

MepHTeJihHOH cxeMe lll-1513, B o6LI'IHbIH ABOH'IHo-.o;ecHTH'IHhIH KOA. 1-2-4-8 

B Ka)K.z:r;on .z:r;eKa.o;e <l>YC Hcnonr,3yeTCH npeo6pa3oBaTeJih Ko.z:r;a, nocrpoeHHbIH 
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Puc.3. IIpw,11unua.nbHaR cxeMa <IJYC. 

s 
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Ha norH11ec1mx 3JieMeHTaX HHTerpam,HhIX MHKpocxeM 155-11 cepHH • .[J;anee 

CHrHaJI C npeo6pa30BaTeJIH KO)];a IIO)];aeTCH Ha BXO)];hl y KOMnapaTopoa. 

Ha BXO)];hl X KOMnapaTopoB IIO)];aeTCH umppOBOH KO)]; 3a)];aBaeMoro 3Halle

HHH, KOTOpbIH ycTaHaB.JIHBaeTCH C IIOMOIUhlO KOJJ:OBhlX nepeKJIIOllaTeJieH 

IIII-8 (A) Ha JIHUeBOH mrneJIH 6JioKa. 

CxeMbl 6JIOKHpOBOK IIOCTpOeHbl TaKHM o6pa30M, IITO cpaBHeHHe CHr-. ' ' 

Hana C BOJihTMeTpa _ C 3a)];aBaeMbIM 3HalleHHeM npoH3BOJJ:HTCH IIOCJie)];OBa

TeJihHO IIO J];eKaJ];aM, HallHHaH C CTapwel1 (IIHTOH), H 3aKaHIIHBaeTCH MJla)];

llleH (nepaol1) • 

Ka)KJ];hIH H3 IIHTH KOMnapaTOpOB HMeeT CBOIO cxeMy HH)];HKaUHH, KOTO

paH CHrHaJIH3HpyIOT TOJihKO O paaeHCTBe CHrHaJIOB Ha BXO)];ax Y H X KOM

napaTOpOB, T.e. npH paBeHCTBe 3HalleHHH CHrHaJIOB C BOJihTMeTpa C 3aJ];aBae

MhIM ypoaHeM. B JJ:pyrnx CJiyqaHx (Y > X H Y < X) HHJJ:HKauHH 6noKH

pyeTcH. 

B cxeMe npeo6pa30BaHHH Ka,KJJ:OH• J];eKaJJ:hI Bb1pa6aThmaeTcH J];aa· cHr

HaJia. IlepahIH, pa36JIOKHPYJOIUHH cxeMy 6noKHpoaKH MJiaJ];llleH JJ:eKaJJ:hI,

npH Y = X, a BTOpOH - IIpH Y ;;;i, X, Ha BhlXO)]; 6noKa. BhIXO)];Hhie CHrHaJibl 

<l>YC npeJJ:Ha3HalleHhI JJ:JIH ynpaaneliHH pa6oTOH BhIIIpHMHTenel1. 

Um:ppoaoif BOJihTMeTp IU-1513 HMeeT npe.D:en H3MepeHHH HaIIpH,KeHHH 

JJ:O 1000 B. C y11eTOM Toro, IITO MaKCHMaJibHOe 3apHJJ:HOe HaIIpH,KeHHe Ha-

4 

j 

) 

KOIIHTeJIH ycnllioBKH paaHO 5000 B, B H3MepHTeJibHOH uerrH HCIIOJib30BaH 

)];eJIHTeJib uanpH,KeHHH, co6paHHbIH H3 BhICOKOTOIIHhlX npeUH3HOHHblX pe3HC

TOpOB: Bech JJ:Hana3ou HanpmKeHHH naKOIIHTeJIH OTO .n;o 5000 B (c y11eTOM 

J];eJIHTeJIH) nepeKphIBaeTCH pa6ollHM )];HaIIa30HOM BOJibTMeTpa OT O JJ:O 30 B. 

C TOIIHOCTblO )];O TpeThero 3HaKa IIOCJie 3aIIHTOH~ TaKHM o6pa30M, MHHHMaJib

HaH norpewHOCTh yCTaHOBKH uanpH,KeHHH Ha HaKOIIHTeJie 3HeprHH MO,KeT 

COCTaBHTh ± 0,5 B. 

IlpHHUHIIHaJihHaH cxeMa 6noKa cpopMHpoaaa:HH ypoauel1 cTa6HJIH3auHH 

npHBeJJ:ena ua pHc.3. 

KoucTpyKTHBHO 6JIOK BhIIIOJIHeH C HCIIOJih30BaHHeM MeXaHHKH CTaH

JJ:aprn KAMAK (MOJJ:YJih lllHpHuol1 3M). ·BhIXOJJ:Hhie CHrHaJihI 6noKa HMeroT 

OTpHUaTeJihHYIO IIOJIHpHOCTh, ypoaeuh TTJI. 

B 3aKJiro11enHe aBTOph1 Bhipa,KaIOT 6naroJJ:apuocTh M.A.BoeBOJJ:HHy. 

3a co)];el1cTaHe H A.A.AuawHHy 3a Ka11ecrnennh1ii MOHTa:>K 6noKa; 
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