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B pa6oTe111 paCCMOTpeHO ycTpoil:CTBO i:tmI aBTOMaTH3allHH pa6oTbl HMP 

MarHHTOM0Tpa. CHrHan-omH6Ka nony,iaeTCSI Ha BbIXOi:te HMP J:lHCKpllMHHaTopa Mar

lIHTHoro nonsi H ynpaansieT 'IaCTOTOA aBTOJ:lHHa, ycTaHaBnHBasi ee BenH~Hy C TO'I

HOCTbIO nyqme 10-5 B COOTB0TCTBHH C H3MepSI0MbIM noneM. ITpaliop np0113BOJ:tHT 

aBTOMaTH'I0CKH IlOHCK CHr!lanoa HMP H npHBSl3Ky K H3MepsieMOMY nonro B 0/UlOM 

H3 IIOJ:IJ:lllalla30110B Mar!IHTOMeTpa • .UHanaaoll 'IaCTOT aBTOJ:tHHOB B HMP MarHHTOM8Tpe 

06b1'1HO orpaaH'Iell 2-lO'l, Mr11, a ypoaellb Kone6aHHA a ero KOIIType cTa6xm1a11py

eTcsi a o6nacTH .. 1 5 /2,3,4I. 

CxcTeMa BBTOperynHpoaa!IHSI np116opa COCTOHT H3 nayx neneA (1,2) o6paTHOA 

CBSl3H. llellb 1 o6ecne'IHBaeT CTBTH'I0CKYIO J:tOCTaTO'IHO 6bICTPOi:teil:CTBYIOmyro noi:t

CTpOAKy 'IaCTOTbl aBTOJ:lHHa nnsi o6ecne'I8HHSI ycnOBHSI HMP. llellb 2, BlUIIO'IaIOmasr 

HHTerpHpyrom11il: MOTOp, 6onee HH0PllllOHHa, YCTpaHSI0T CTaTH'I0CKYIO O~H6Ky perynH

poaaHHSI ll0llH 1 H ocymecTBnsieT nepeCTpoil:Ky 'IaCTOTbl aBTOJ:tHHa B KBlKJ:lOM H3 ero 

nonnHanaaOHOB. COOTB8TCTB0HHO B aBTOJ:lHHe llM0IOTCSI i:tBa BBP.IIKBllS:bIX sneM0HT8 

nnsi rtonCTpOHKH H nepeCTpOAKH qaCTOTbI. 

I10BblW0HHe 3(!>4>8KTHBHOCTII H K8'10CTBa pa6oTbl CHCT0Mbl aaToperymtpOBBHHSI 

Tpe6yeT, 'lT06bl 38BHCIIMOCTb 'IBCTOTbl aBTOJ:l.lUia OT ynpaBnSIIOmero cnrnana 6bma 

6nH3K8 K nHaeliaoA ( OCTanbHbl8 ycTpoACTBa CHCTeMbl HMeIOT nHHeAnyro xapaKT0pH

CTHKY). B a.TOM cnyqae MO)KHO BbI6paTb K03q>q>HUH011T c'l'a6n:niraau1111 CHCTeMbl OllTII

M8nhHbIM nnn aaa'Iea11A nonn ao aceM nonn11anaaoae Mara11ToMeTpa. 

KaK H3B0CTHO, 3aBHCIIMOCTb 0MKOCTH aapHKana OT aanpSI)K0HHSI Ha HeM H 'Iac

TOTbl aBTOUHHa OT aenll'IIIHbl 0MKOCTII B KOHType 11ena11eAHbl. Kpaaasi A Ila pac. 1 

IIOKa3bIBaeT HToroayro 3aBHCHMOCTb qacTOTb! aBTOJ:lHHB B OJ:IHOM 113 non.rmanaaoaoa 

OT ynpaansiromero 11anpS1)1{0HHSI Ha aap11Kane B nenH 2 (pnc. 4,.lll, .U2). Y:apaan!lIO..: 

mee aanpSl)KeH11e Bbipa)KaeTcsi a en11n11nax conpoTHanennsi R (xoM). KOTOpoe 
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nponopnnonanbHO nepeMemeHHIO ABHJKKa nnne.linoro rennnOTa OTHOCHTenbHO aaaeMneH

noro KOHlla, ocymecT»m1eMOMY nwrerpnpy10mnM MOTOpOM. KpyTH3Ha·,yKa3aHHO.li 

3aBHCHMOCTH B Ha'lane n K0Hll0 nouuaana30Ha C nepeKpbITH0M no 'laCTOT0 .. 1,4- 1,5 

OT/IH'la0TC!I B ~ 20 paa, 'ITO, 0CT0CTB0HHO, 3aM0THO CHHlKaeT Ka'l0CTB0 perynnpo»a

HH!I CHCT0Mbl. 

TTpoCToe ycTpollcTBO, npeucTaaneHHOe Ha pac. 1, AenaeT aaaacHMOCTb qacTOTbI 

a»TOAHHa OT ynpaanH!Omero cnrHana uenn 2 npaKTH'l0CKH naHeilno.li. K ABHlKKY renn

nOTa, KOTOpbiii HM00T conpOTHB/10HHe 'R,= 50 K H naTaeTCSI OT HCTO'IHHKS 

Un =-50 B, nOAK/l!O'l0HO conpOTHBneHHe RI =10 K OT HCTO'IHHKS E =+10 B. BbI

XOJlHOe nanpSilK9HK9 TSKOH nenH 3SBHCHT OT nonolKeHHSI JlBHlKKa rennnOTa ( R) 

H paBHO: 

Un+E(R-R,)/R 1 

u .. ---------
( 1) 

R, /R 1 + R, / R - R/ R 1 

C Y'l0TOM (1) paccMaTpHBaeMa!I 3aBHCHMOCTb nHHeapHayeTC!I (p11_c. 1, KpHBaSI E). 

TaKHM o6pa30M, B uenH 2 o6ecne'IHBaeTC!I nocTOSIHCTBO K03qxjiHUH0HTa ycHneHHSI 

no nO)l.QHanaaOHY ll B03MOlKHOCTb onTHMS/lbHOro Bb16opa ero B0/III'IHHbl. 

Uem. 1 c obICTpo.li no/lCTpo.liKo.li qaCTOTbI aBT-OAHHa oTpa6aTbIBaeT JlOCTaTO'IHO 

pe3KH9, Manhle no liMnnaTy.ne B03MymeHHSI B ycTaHOBHBW0MCSI pelKHMe npHBSI3KH H 

ynyqwaeT nepeXOAHbI:ll: pelKHM, npH KOTOPOM aMnnHTYJ:tbl B03MymeHH.li OTHOCHTenbHO 

pa6oqe.li TO'IKH AOCTHra!OT 00/lbllllIX 3H8'10HHH. EcnH HCnO/lb30B8Tb AnSI IIO.QCTpo.liKH 

'laCTOTbl aBTOAHHa aap11Kan uenn 2, TO B uena 1 IIOSIBIITCSI YKS38HHa'SI Bbllll0 l!eCTa-

611/lbHOCTb KOsqxpnuneHTa ycnneHIISI ( ,. ~ ~o paa) aa C'l0T H3M0H0HIISI paoO'l0H TO'l

Kll npH nepeCTpOHKe 'laCTOTbl no nOU)lHana30HY. TTpnMeHeHHe B uenH 1 OT)l9/lbHOI'O 

IIOACTpOe'IHOro BapHKana, OObl'IHO no cxeMe pHC. 2a, ycTpaHSieT H9lK9/18T9/lbHblii 

sqxpeKT. OuHaKO cnoco6 IIOACTpO.liKH no cxeMe plIC. 2a, B 38BHCIIMOCTII OT BbI6opa 

paOO'l9H TO'IKII HnH THIIa BapHKana (pHC. 3,•nyHKTHp) npHBOUHT /IIIOO K BB9Jl9HIIIO B 

KOHTYP aBTOJlll'.Ha 60/lbWO.li )lOnOIIHHT9/lbHOii 9MKOCTH, 'ITO CHHlKaeT nepeKpbITne no 

'18CTOT9 B KalK)lOM IIO)l)l1IaIIa30He ero, /IHOO K 0'19Hb Manon KpyTH3H0 H3M9H0HHSI eM

~OCTH Bap11Kana B pa6oqe.li TO'IK9 OT ynpaBnSIIOIII9I'O HanpSilK9HHSI. 3TH IIPH'IIIHbI, a 

TaKJKe o6maSI H9CHMM9TpHS! xapaKTepHCTHKH BapHKana, He o6ecn.e'IHBa!OT HYlKHOI'O 

K8'19CTBa IIOACTpO.liKH. 

4 

HalKe onHCbIBaeTCSI cxeMa COCTaBHOro BSpHKana (pnc. 2,6) )lnSI nO)lCTpO.liKH 

'laCTOTbl SBTOJlHHa, B KOTOpoil 3Ha'lliT0/lbHO CHHJK0Hbl H0UOCTSTKH, npacymHe OObl'l

HO.li cxeMe. OH COCTOHT ll3 UBYX nocneuoaaTe/lbHO C00UHH9HHblX BapHKaIIOB, OUHH 
• 

H3 KOTOpbIX (!11) HM00T 0MKOCTb H~CKO/lbKO M0HblllYIO, '10M Jlpyron (!12). KaK, Ha-

npaMep, KpeMHHeahre »apaKan !1901E H JlHOJl !1219A (pHc. 3, nyHKTap). Ynpa»m110-

mee nanpIDKeHae U · .. (0+-40») nouaeTc·si qepea conpoTnaneHae R ,.,510 K K !11 
1' . Cl 

B TO'IKY, KOTOpaR qepea eMKOCTb Cn no.ncoeUHll!I0TC!I K KOHTypy aBTOAHHa. B TO'l-

KY C00UHll€!HH!I UIIOAOB 'lepea conpOTHBneHHe Re .. 5,1 M (Ha nop!IllOK 00/lblllee R 
2 c, 

no.naeTc!I onopHoe aanpS12KeH11e U O , aaua10mee pa6oqy10 TO'IKY cocTaaHoro Bap11-

Kana. TTpn 3Ha'leHHSIX I Uy I'> I U O I eMKOCTb cocTaBJioro aap11Kana onpeuenReTCSI Ma

no.li 0MKOCTb!O CI AIIOUQ !11 • C npHO/IIIJK0HII0M Uy K U O 3Ha'l0HH0 CI Ha'IH

HaeT OblCTpO B03paCTaTb II AOCTHraeT MaKCHMyMa np11 paBeHCTBe Hy/110 HanpSilK0Hll!I 

Ha !11. 3TOT He6onblll0H IIHTepaan ,. 3-4 B C00TB0TCTBY0T cpaBHHT0/lbHO CH/lbHOMY 

H3M9H9HHIO 9MKOCTH COCTaBHOro BapnKana ( pnc. 3' cnnomHhle KPHBble). TT pH 

I U ,. I < I U 
O 
I .r:tHOA !11 HeMHoro npnOTKphrnaeTcSI, n ·oqeffb Manbr.li TOK npoTeKaeT 

'lepea ueIIb - R , Ll 1 , R • Terrepb yMeHbweHne I U I IIO'ITH nonHOCTb!O nepe-
c 1 e 2 y 

.naeTClI Ha !12 • TaK KaK HaIIp!I)K9HHe Ha LI. 1 .. 0 a, a R C << R ll npnaOAHT K 
1 "2 

B03pacTaHHIO C 2 . ~ TTpn u y .. 0 B HanpIDK9HHe Ha !12 AOCTIII'lieT - ( 1 - 3) B, a 

eMKOCTb COCTaBHOI'O aapHKana CBOe.li MaKCHMli/lbHO:ll: BenH'IIIHbl. 

Ha pile. 2B npeACTaB/leHa 3KBHBaneHTH8!1 cxeMa COCTaBHOI'O aapHKana. 3aaa-

CHMOCTb napaMeTpOD ea OT sneMeHTOB CX9MbI, rJ:(e R l 

conpOTnaneHneM Ll1 npn I U,. I < I U 
O 
I , HMeeT asr.n: 

!IB/ISIE!'l'CSI scpcpeKTHBHblM 

R == 
1 R,(C2+C1)2 R1(C2+C1) 

(2) + = 
2 2 2 

c2 co R 'I CI c2 2 

2 2 

1 + "' R I C/ C + C I ) 
C l 

(3) 
2 

C = C 2 ., C 2 

2 2 2 C 2 + C 1 l+eu R 1 (C 2 + C ) 

YnpOlll9HHb19 Bblp8lK9HH!I rrony'la!OTC!I .r:tn!I 'laCTOT, 00/lblllHX 5 Mru. Ha HHX cneeyeT, 

'ITO 9MKOCTb COCTaBHOro BapnKarra npn6nnanTenbHO pSBHa 9MKOCTH JlBYX nocne.noaa-

T9/lbHO C09.QHH9HHI,IX KOH!l9HCaTopoB C I n C 2 • ConpoTHB/leHne R , 011peueng-

!Olll09 .r:to6pOTHOCTb C , B OCHOBHOM 38BllCHT OT R I rrpn I U ,. I < I U 
O 
I H COOT HO-
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meHHSI Cl ll C2 • Ha xapaKTepHCTHK AHOAOB npn ManhIX npSIMhIX TOKaX cnenyeT, 

'ITO npn aMnnnTylle xone6annli B KOHType .. 0,7-1 B n HanpmKeHHll u,.- .. o R, 

paBHO .. 8 K, a Y'IHThIB8SI npn6nnaHTenbHOe paBeHCTBO C l ll C 2 ' nony'IHM R .. 4 RI 

HJI.H 6onee 30 K. 

Ha pnc. 3 llOK838Hhl SKCnepnMeHTanbHO ll3MepeHHhie xapaKTepHCTHKII COCTaB

Horo BapnKana C YK838HHh!Mll BhIIIle 3H8'18HHSIMH sneMeHTOB npn f = 30 Mru llnSI 

pa3Hh!X 3H8'18Hllli U O • B o6naCTll M8KCIIM8nbHOli KpyTH3Hh~ xapaKTepllCTHK (pa6o

'18SI TO'IKa) . cpellHSISI eMKOCTb Bap11Kana 3Hll'IHTenbHO M8Hb1Ile, '18M COOTBeTCTBYio

maSI y .U901E, a KPYTl13Ha 38M8THO 60nbllie. Ball xapaKT8pllCTIIK llOCTBTO'IHO CllMMeT

pll'IBH OTHOCIITenbHO pa6011eli TO'IKH, 'ITO BalKHO 1;Pll pa6oTe CIICT8Mhl B nepeXOllHhIX 

pelKHM8X. Pa6011aSI TO'IKll npOCTO 381l88TCSI B llillpOKOM llHanaaoHe BbI6opoM u n • 

B npllHUHIIe ynpaBneHae eMKOCTblO BapnKarra MOlKHO ocymeCTBnSITb ll3MeHeHHeM U • 
.o 

.Uo6pDTHOCTb BapnKana npa U •y = 0 n aMnnHTylle Kone6aHnli ., U, 7 B 6hma .. 50. 

11cnonb30B8Hlle B Ka'leCTBe n1 ll .n2 B8pllK8llOB C 1lpyr11Mn napaMeTp8Mll ll03BOnSieT 

ll3M8HSITb xapaKTepHCTHKY COCT8BHOro BapnKana B llillpOKHX npellenax. 

B .HMP MarHHTOMeTpe HCIIOnb30Banacb CXeMa 8BTOllHHa (pac. 4)' IlOll06HaSI 

~ 
OIIHC8HHOli B 2,31. Oco6oe BH!rMaHHe B geli 6h!no ylleneno CHlllK8HlllO H8"18nbHOli 

eMKOCTll B KOHType, 'IT06b! rrony'IHTb 6onbmee rrepeKphlTn:e B K8lKllOM IIOllllll8II830He. 

IlepeCTpOliKa '18CT0Thl ocymeCTBnHnacb B8pllK8II8Mll .U1 II .U2, _eMKOCTb KOTOpblX ll3Me

HSinaCb pli.CCMOTpeHHhIM BhIIIle crroco6oM H8IlpSilK0Hll8M l0-:-50 B) C renn:rrOTa. B 

IIOllCTpOe'IHOM COCT8BHOM BapHKane llCIIOnb30B8Hhl llllOllhl .U219A C rrpellenbHOli Ma

noli (.U3) H 6onblilOli (Ll4) eMKOCTblO. B $TOM cny11ae eMKOCTb B8pllK8Il8 B pa6011eli 

TO'IKe (-15 B} t:ihma - 3,5 mp npH KPYTH3He xapaKTepllCTllKll --,0,5 nqi/B. .Unsi: ll0llOnHn

T8nbHOro Bhlp8bHn:BaHllSI ycnneHHSI B uenn lB KalKllOM Il01lllll8Il830He ll yny"l:llI8HllSI 

nepeXOllHhIX xapaKTepHCTIIK CllCT8Mhl IlpllBSI3Kll MelKlly BXOll8Mll o6onx BapnKaIIHhIX 

ycTpoliCTB BKn1011eHa KOppeKTHpyromaSI RC nellb. Ilepnon1111eckoe BocnponaBeneru1e 

cnrnanoB .HMP ocymecTBnSinoCb MonynRnaeli MarmrTHoro rronSI B o6'beMe _npoTono

conepJKamero o6paana B L I c. 11acT0Toli 50 rn; - BecbMa crmecTBeHHhIM OKaaanocb 

BB81l8Hll8 Ha BhlXOlle npo6HHK8 nocne naMIIOBOro ycannTenbHOro K8CK81l8 TpaH3llCTOp

HOro llOBTOpaTenSI T 1 • BhlCOKOe BhlXOllHOe conpOTHBnenne ( .. necSITKOB KOM) yc11n11-

Ten51 II 5-MeTpOBhlli C08/lllHRTenbHhlli Ka6enb C riocnenyromea cxeMoli npllBOllSIT K He

nonyCTIIMhlM H8B01lK8M K8K OT HCTO'IHIIK8 M01lynRpy10m11x cnrnanoB, Tl!K ll OT BHem

HllX sneKTpll'leCKIIX IIOMeX. Manoe BhlXOllHOe conpOTHBIIeHRe llOBTOpllTBIISI rrpaKT11'18CKll 
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l 
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ll 

ycTpaHSieT HaBOllKll B sToil nenn. Haaaa11eane oCTanbHhlX nenea yKaaaHo Ha pnc. 4 

ll He OTn1111aeTCSI OT paaee OIIHCBHHh!X/2 , 31• 

PacCMOTpeHH8ll Bhlllie CXeMa 8BTOllllH8 C ycTpoac~B8Mll ynpaBneHllSI '18CTOTOli 

HCIIOnb30Banacb B CHCTeMe 8BTOM8TH38ll;H pa60Thl .HMP MarHHTOMeTpa111• 0Ha 

IIOKaaana sqiqieKTllBHOCTb K8K B OTHOIIl8Hllll pacmnpeHIISI IIOllA118Il830HOB M8rHllTOM8'I'

pa, T8K II B 3H8'111TenbHO~ yny11meH1111 K8'18CTB8 pa60Thl cnenSIIIleli CHCT8Mhl B nepe

XOAHOM H ycTaHOBHBIIleMCll pelKHMax •. 

flnTepaTypa 

1. B.M. na1111H0B, IlpenpaHT 011.HH 3014, .Uy6Ha 1966; IlT3, Ng 3, (19tl7). 
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HOB·, B.11. Ilpnnani.o, 10.11. CycoB, n.T. lIJnmnRHHHKOB. IlperrpnHT 011.HH 2459, 

,Uy6Ha 1965. 

3. IO.H • .UeHncoB, C.A. 11BamKeBn'I. IlperrpaHT 011.HH Ng 3218, Lly6Ha 1967. 

4. H. R. Oppliger, P. Schmid, Hs. H. Gunthar_d, J. Sci. Instrum., 42, N 12, 865, 1965. 
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