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B cTaTbe H31la!"'aeTcH KpaTKaH TeopnH Ma!"'HHTOCTpHKUHOHHhrx nHHHii:. 

npliBO.lllfTCH MeTO.ll PllC'IeTa nepeXO.llHO~ xapaKTepHCTlfKlf lllfHlflf KaK .llllH lf.llea.rm-

3HpoBaHHOI"'O, TaK lf nnH peanbHoro cny'IaH. PaccMoTpeHhr c!JaKTOphr, BnHHIOmHe 

Ha aMnnHTy llY 
Clfi"'Hana, TeMnepaTypHaH CT86lf1lbHOCTb llllHlflf, MeTO.llhi IlO.ll8B.Tie-

HUH OTpa)K eHHhiX Clf!"'HanoB. Teo pe Tlf'Iec KH e BhiBO.ll hi cpa BH lfBaiO TCH C pe3yn bTaTa

Mlf SKCnepHMeHTa, npliBO.lllfTCH OIIlfC8HHe 'IeTbipeXK8H81lbHOI"'O 6noKa II8MHTH Ha 

M81"'HlfTOCTpliKUHOHH hiX llHHHHX, 

YKa3aHhr' B03MOH<:Hhre o6naCTH IIpHMeHeHHH Ma!"'HHTocTplfKUHOHHhiX nmiHii: 

sanep~Klf. 
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1. B B e .ll e H H e 

npH HCCn9.llOB8HHH npHHUHnOB paOOTbl M8t"HHTOCTpHKUHOHHblX nHHHtl: npHxo-

.llHTCSJ liM9Tb .oeno C M9X8HH'i9CKHMH BenH'iHH8MH TaKHMH K8K CHna, CKOpOCTb1 

Macca H T.n • .Qnst nocTp09HHSJ TeOpHH npOU9CCOB 1 npOHCXO.llSILUHX B nHHHH, Y.llOOHO 

Bocnonb30B8TbCSJ aaanorHetl: M9)K.llY aneKTpH'i9~KHMH H M9X8HH'i9CKHMH B91JH'iHH8":" 

MH cornacao npnBO.llHMotl: HH)Ke Taon. 1 /31 I • 
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1.2. 06ruue J:IPHHUHnhi pa60Tb! MBT'HHTOCTpHKUHOHHbiX nHHHH 

.[leiiCTBH9 MBT'HHTOCTpHKUHOHHOH niiHHH OCHOBaHO HB MBT'HHTOCTpHKUHOHHOM 

scpcpeKTe, 38Kn!O'Ia!OIU9MCH B TOM, 'ITO HeKOTOpbie MaTepHanhi fHHKenb, .Hep)KaBeJO

ruaH cTanh, cnnaB .Afi-Fe- Ti , aucnaH C, anHHBap, nepMannoii u T.JJ..I npoHBnHJOT 

CBOHCTBO H3M9HHTb JJ.nHHY npH npHnO)K9HHH Ma!"'HHTHOT'O nonH BJJ.Onh npOJJ.OnbHOH 

OCH MaTepHana. 

A{ 
Ha cpur. 1 noKasaHa 38BHCHMOCTb OTHOCHTenhHOH .aecpopMaUHH 7 OT HanpH_. 

)K9HHOCTH nonH H JJ.nH HHKenH, *enesa H 45% nepManoH. Y HHKenH JJ.ecpopMauHH 

HBnHeTCH C)KHMaJOrueii, a y nepMann051 H y )Kenesa - paCWHpH!OIUeii, npH'leM 3HaK 

·JJ.ecpopMaUHH He SaBHCHT OT 3HaKa HanpH)K9HHOCTH Ma!"'HHTHOT'O nonH, T.e. SaBHCH

MOCTb JJ.ecpppMaun:n oT aanpH)KeHHOCTII HBnHeTcH 'IeTHoii • .[lnH cna6biX noneii MO)KHO 

C'IHTaT b .z::tecpo pMa UII!O np ono pUll OHM bHOH K BaJJ.pa Ty nnOTHOCT II nOTOKa • 

.lL = -1- = cLB !l /1 I 

0 JJ.HaKO I npH Han H'Itltl JJ.OCTaTO'IHO CHnbHOT'O Mar HHTHOT'O CM9IU eH HH sa BHCHMOCTb 

JJ.ecpopMaunu oT ManhiX n:sMeHeHuii noToKa MO)KHO nonaraTb nn:Heiiaoii. CywecTBy

eT u o6paTHhiii MaT'HHTOCTpHKUHOHHhiii scpcpeKT, saKnJO'IaJOruniicH B TOJ\1, 'ITO MaTe-

pnan, noJJ.BepraJOrun:iicH Mexaan:qecKoMy pacTH)KeHHJO /unu C)KaTn:JO~ usMeaHeT 

cBOJO MarHIITHYJO npoauuaeMOCTh. Ha cpnr. 2 npHBeJJ.eaa Kpn:Ban, n6Ka3biBaJOwaH 

SaBtiCHMOCTb Ha'IanbHOH Ma!"'HliTHOll npOHHuaeMOCTti HHKenn OT npHJIO)KeHHOT'O HBTH

)!{eHHfl 10 • 3TH JJ.BB 9cpcpeKTa H IICnOnh3?'~TCf! JJ.nfl paoOTb! MaT'HliTOCTpHKUIIOHHOH 

nHHIIII, npHHUHnHanbHaSI CXeMa KOTOpOii npHB9JJ.eHa Ha cpU!'. 3. nHHHf! COCTOHT ,H3 

3ByKOnpOBOJJ.a, Ha KOHUaX KOTOpOT'O HaJJ.9Tbl Ha paCCTOHHHH L JJ.PYT' OT JJ.pyra 

JJ.Be npeo6pa30BaTenbHbie KaTyWKH JJ.aT'IHKa - KLl H npii9MHHKa - nK. KoHUbi 

3BYKOnpOBOJJ.a. SaJJ.enaHbl B pe3HHOBbi9 JJ.eMncpepbi -0 • npeo6pa30BaTenbHbie 

KaTyWKH aaXOJJ.f!TCf! Ka)KJJ.af! B none nongpn:syJOruero MarHn:Ta - M. K aTywKa K Ll 

nOJJ.Kn!O'I9Ha K BbiXOJJ.Y JJ.aT'IHKa .[l, a KaTyWKa nK - K BXOJJ.y npHeMHHKa n. 

npu nOJJ.a'le BXOJJ.HOT'O ll:Mnynhca Ha BXOJJ. JJ..BT'IIl:Ka .[l no KaTyWKe K n npoTeKaeT 

HMnynhC TOKa. 3TOT HMnynhC C03JJ.aeT Ma!"'HHTH09 none, C)KHMaJOruee B cuny Mar

HHTOCTpiiKUIIOHHOT'O 9cpcpeKTa yqaCTOK Hll:KeneBOH npOBOnOKii, HaXOJJ.HIUeiiCH BHyTpii 

KaTywKH KD.. TaKHM o6pasoM, sneKTpH'IecKn:ii HMnynhc npeo6pasyeTcf! B MexaHn-

qecKHii. M eX:aHH'IeCKHii ll:Mnynhc pacnpocT.pa~fleTCf! B o6e cTopoHbi OT KLl co 

--- ~----- - -------
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cKopocTbiO -z .... ==0,5 eM/MeeK, l1Mnynbc, pacnpocTpaHSIIOI!liitiCSI aneao oT KLl, .z:tBa>K-. 

.rthi npOXOASl ITOA .z:t9MncpepOM '() , CYill9CTB9HHO OC1Ia61ISI9TCSI, T8K 'ITO ero H81III-

'III9M MO>KHO npeHe6pe'lb. l1MnynbC I pacnpocTp8HSIIOUliiACSl BnpaBO OT K n, 'lepes 

.1 /., 
Bp9MSI c(,J'f! :- 7r .rt0CTIII'89T npi19MHOfi KaTylllKII nK 1 KOTOp8Sl H8XOAIITCSI 

B .none ITOCTOSIHHOI'O M8I'HIITa M. 

B MOM9HT npoxo>K.z:t9HIISI MexaHIIS9CKOI'O IIMITY1IbC8 no.rt KaTylllKOti nK, npo

HIIU89MOCTb HIIK9119BOti npOB01IOKII 1 H8XO.z:tSIIll9tiCSI BHyTpii KaTyillKII, M9HSI9TCSI1 a 

3H8'11IT M9HSl9TCSl II ITOTOK IIHAYKUIIII, 8To II3M9H9Hile. ITOTOKa IIHAYKUIIII H8BO.rtiiT 

B npiieMHOti xaTylllKe 8LlC ciirHana. 

K or .eta roaopSIT o nepe.rta'le. CIII'Hana B.rtOnh, aneKTpoMarHIITHOii niiHIIII sa.rtepm

KII, TO I'OBOpSlT 0 ¢opMe IT8.z:t8I0Ul9ti B011Hhi TOKa II1III H8ITpSl>K9HIISl, Ecnll 1Il1Hl1Sl 

Harpy>KeHa H8 'IHCTO 8KTHBH09 COnpOTHB119Hll9·t paBH09 B01IHOBOMy COITpOTIIB119HliiO 

flo IHMeeTCSI B BIIAY 1IHHHSI 6es noTepb c aeorpaHH'IeHHOi\ nonocoa nponycKaHIISI/1 

TO A1ISI na.z:taiOUl9ti B011Hhi cnpaB9A1IHBO COOTHOlll9HIIe: 

/2/ . ·d 
r.rte t(f -"'!?o} ..., na.rtaromast aonHa TOKa 

o _ . .rr. L 
ll /7,(1- V r. 1 t1 -IIHAYKTHBHOCTb /eM 

ti- paCCTOSIHHe OT p8CCMaTpliB89MOti .rt1IHHhi, Co - eMKOCTb /eM .rt1IHHhi1 
1 

1r, = rr;c,- CKOpOCTb pacnpOCTpaH9HliSl B cM/cex. 

n 01Ib3Y SlOb 8H81IOI'IISIM II M9 >K.rty 9119 KTpli'I9CKHMII :0: M 9X8HII"'eCKIIMII B91Ili'III-

H8MH1 p8CCMOTp9HHhiMII B 1.1., npll nepe.rta'le CIII'H8118 B.rt01lb_Y1lbTpasByKOBOti 

1Il1Hllll 38.z:t9p>KK II MO >KHO I'OBOpliTb 0 cpo pM e fi8.z:t8IOI!l9fi B011Hhi · CII1Ihi II1III CKOpOCTll, 

Ecnii Hll981lbH8SI MarHIITOC'l'piiKUIIOHHaSI 1IIIHIISI /6es noTepb/ TaK>Ke Harpy>KeHa 

H8 COITpOTHB119HII9 1 paBHOe B01IHOBOMy1 fT,e. COOTB9TCTBYIOillHM o6pa30M .rt9Mn¢II

pOB8Ha/, TO IT8.rt8I0Ill8Sl B011Ha OITHCbiB89TCSI COOTH0Ul9HH9M: 

jm (1-~)=~mft-~)!l., /3/ 

r.rte 1-m- (i -~) - IT8A8IOill8Sl B01IH8 CKOpOCTH II 

0- ·7-· ~0 - f -r;;;;. I /4/ 

s.rtecb ./Uo- Macca B rpaMM/cM .rt1IHHhi, Cm,.- ynpyrocTb B /cMI.rtHH/IcM .rt1IHHhi, 

1-o =· ~" CKOpOCTb pacnpoCTp8H9HliSl B CM/CeK 1 /5/ 
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~'l~ r.ue .11-'- nnorua.llb nonepettHoro cetteHIHI 

I 
3 /' - -1 

- nnOTHOCTb B ·Macca CM npOBOnOKH f-md - £71 
B .llHHicM

2 , 'I'or.ua H3 /5/ cne.uyeT 

?Jn = 6Jr-h = I.F · 
·YJ HTepeCHbiM COOTHOLU eHHeM siBn HeTC H: 

Hnlf 

R o _ . f7[;{;_ 
~- v y;;;;, y:;;;z;: 

fio = JUo 7Jo · 

3 
npOBOnOKH B CM J ,_!J-

H f - Mo.uynb lOHra 

/6/ 

171 

/8/ 

HHKeneBaH npoBOnOKa ,lllfaMeTpO~ B 0,5 MM HM~eT HMne.uaHC npHMepHO 2800 Mexa-

HlftteCKHX OM. 

2. AaanH3 nepexo.uaofi ~apaKTepHCTHKH MarHHTocTpHKUHOHHOfi nHHHH 

npoBe,lleM pactteT nepeXO.llHOH XapaKTepHCTHKH .unH o5ruero cnyttaH C 

noM OlUbiO MeTO.ll a Op.llHHBT H biX no en e.uo BaT en bHOCTeii 

5y ,ll9M HCXO.llHTb H3 cne .llYIOLUHX npe.unon O)KeHHii: 

[30]. npH pactteTe 

a/ MarHHTHbifi noToK MeHHeTCH nponopuHoHanbHO TOKY /npH Manoii TonrunHe 

3ByKonpOBO.lla noTepHMH Ha BHXp9Bbi9 TOl?f MO)KHO npeHe5pettb/a . 
5/ Pacnpe.ueneHHe nnoTHOCTH MarHHTHoro noToKa B.llOnb ocR npeo5pa3oBaTe

nH eCTb cPYHKUH Sl r/J:r. o 

Bl flHHHH He HMeeT noTepb H Harpy3Ka cornacoBaHa c BOnHOBbiM conpo-

THBneHHeM nHHHH. 

KopoTKO ocTaHOBHMCH Ha cyruaocTH MeTo.ua op.unHaTHbiX nocne.uoBaTenbHo

cTeii, npe.uno)KeHHOrO B 30 • flro5aH cPYHKUHSI ./fit) MO)KeT 5biTb npe.uCTaB-

. ' ~ ,_ ' 2. 
neHa MHOrottneHOM BH.lla aojo +a.t.~ +a-1.!! -;'-, ... an~ t r.ue_ !I Jo_ !1/cf-·il~ 
03HattaroT HOMepa op.uHHaT,, pacnono)KeHHbiX ttepe3 paBHbre npoMemyTKH BpeMeHH 

o, 
H ao a;t a.L . 

J ) 

a,_ 03HattaiOT BbiCOTy COOTBeTCTBYIOLUHX op-
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.onHaT. TaKol-i MHoroqneH Ha3hiBaeTcst op.on:HaTHol-i nocne.oosaTeJibHOCTbiO. Bee pac-

qeThi npOBO,llSJTCSJ C 9THMH MHOI"'O'iJI9H8MH no npaBHJI8M 1 Ii3JIO:>K9HHhiM B [30] • 

PaccMOTpn:M .oaT'iHK. Ecnn: Ha sxo.o .oaT'iHKa nocTynaeT e.on:HH'iHaSJ cTyneHbKa 

TOKa, TO M8I"'HHTHbi!-i IIOTOK BO BpeMeHH T8K:>Ke npe,llCT8BJISieT 9,llHHH'iHYIO CTyneHb-

KYr U no,ll KaTyWKO!-i ,ll8T'iHK8 OOpaayeTCH M9X8Hlf'i9CKHI-i HMnyJihC C)l{8TUSJ, nOBTO-
( .;. 

pstiOwn:l-i no .onn:He asyKonposo.oa ¢opMy pacnpe.oenemist noToKa P f.Z) s.oonb ocn: 

npeoopa30B8T9JISJ• nocKOJihKY .llO npe.oena ynpyroCTH C:>KaTn:e nponopun:OH8JlbHO 

H8IIpSI:>K9HH10 1 TO 9TY :>Ke cPOPMY oy.oeT HM9Tb na.oaiOmast BOJIH8 M9X8HH'i9CKOI"'O 

Hanpst)l{eHn:SJ f! (X) , pacnpocTpaHSIIOIUastcst B.llOJih nn:Hn:n:. KoHe'!Ho, na.oaiOwast 

BOJIH8 Hanpst)l{9HHSI 9CTb cPYHKUHH .llBYX "!iepeM9HHbiX .X H t , T.e. j!: f! (t-1.), 
HO ecnn: H80Jl!O,ll8Tb 9TO Hanpst :>K9HH9 B K8KO!-i-nn:oo cPilKCHpOB8HHO!-i TO'!Ke, TO 9Ta 

Il8.ll810lll8SJ BOJIH8 oy.oeT HM9Th BH.ll cPYHK_UHH OT Bp9M9HH 1 TO'iHO COOTB9TCTBYIOIUel-i 

cPYHKUHH OT paCCTOSIHUSI 1 paCCM8Tpn:BaeMO!-i cnpaBa HaJI9BO. no9TOMy oy.oeM I"'OBO

pll:Tb B .ll8JlbHel-iweM, ,llJISJ Kp8TKOCTH, TOJihKO 0 cPYHKUHH Bpeiv!:9HH, HM9SI B BH.lly, 

'iTO X npn: aToM ci:JnKcn:poBaHo n: B TO'iKe paccMOTpeHn:SJ pasHo HyniO. Ecnn :>Ke 

I"'OBOpHTCSJ 0 cPYHKUHM OT X , TO HM99TCSJ 13 BI1.llY pacnpe.oeneHUe cPYHKUHH 

B,llOJib 3BYKOIIpOBO.ll8 CnpaBa H8JI 980 npH cPHKCilpOB8H~OM Bp9M9HU -(;I p8BHOM 

Hy.TIIO. BpeMSJ Il .llJIHH8 CB SJ38Hhl COOTHOW9HH9M t = _x_ 
'ZJi • T aKHM oopaaoM 

1 

f' 1 I ::C) = K :f fbt !.Z) /9/ 

f'-t/t} ¢opMa na.oaiOwel-i BOJIHhi Han pSI :>Ke HHSI npn: B03,lle 1-iCTBHH 8.llHHUtUIOfi 

cTyneHhKH oecKoHe'iHOI-i .onnTenhHOCTn:. Bhipaan:M cPYHKUHIO ~ (.:l} qepea op.on:-

H8THYIO nocne.ooBaT8JibHOCTb 

. SOrt!.'IJ =auf "+a-~;-~-~-a.z.f.~,-+. . ... a,_ )I" n-. 

nycTh UHTepBaJI Me:>K.oy coce.nHllMH Op.llllH8T8MU no X paseH 

Tepsan 

paBeH 

BO BpeMeHHhiX cPYHKUHSIX M8:>K.llY COC8.llHllMH Op.llliH8T8MH TIO 

C(;'::. -li . YIMeSI s sn:.oy 9TO cooiHoweHae Me:>K.oy tf' n: 

aanucaTh 

, Tor.oa aH-

-/; oy.oeT 

<f"' Mhl MO)l{8M 
I 

f' -rft)=k'-tff't.z)=k':tLaoj'o_y_a{ft-faLjl.t~.; .. anj~-'J. 1101 

.4 TOO hi nony'iHTb ci:JopMy na ,ll8 IOIUel-i BOJIH hi Han pSI :>K9HllSI npa 9,llllHH'iHOM B03Ll8l-iCT BHH 

/! .1(t), H8.ll0 p83,ll8JIHTb MHOI"'O'iJI9H /9/ H8 08CKOH8'iHhii-i MHOI"'O'iJI9H r.zy r.2r 
-f" r+ J 

,t, g. . . . . ' Bbip8:>K810IUHI-i 8,llHHH'iHyiO CTyneHbKY 08CKOH8'iHO!-i ,llJIUT8Jih-

HOCTH [30] • 
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ftf-I:J 
fA It)= [,2,+,2!'i-,2!~f: .. ] I 11 I 

Tenepb, qTo6hi nony'IHTb cpopMy nanaiOweii: BOJlHhi HanpHMeHHSI npn B03neii:cTBHH 

BXODHOI'O HMIIYJlbCa TOKa Jl!06oii: cpopMbi·, DOCT8TO'IHO Bblp83HTb cpopMy HMIIYJlbCa 

BxonHoro ToKa qepe3 opnnHaTHYIO nocnenoaa1;enbHOCTb J'.fx(i) n Torna 

f fi) = Kz Y~ It) A !I). 1121 

noSICHHM 9TO H8 IIpOCTOM IIpHMepe. nycTb M bl l!MeeM DJlHHY BXODHOI'O rrpeo6pa3o-

BaTeJlSI { 1 paBHYIO wecTn HHTepBanaM tf' . PaccMoTpnM nneanhHbiii: cnyqafi, 

Korna 1 tf:l} HMeeT BH.ll, IIOK838HHbill. H8 cpnr. 4a. nycTb BXODHOii: HMIIYJlbC 

TOK8 HMeeT Tpaneuenna1lbHY!O cpopMy 0 IIOK838HHY!O H8 cpnr. 46, C WHpHHOii: OCHO-

B8HHSI1 paBHOll -e_, /1-(/ = 0 f: • npencTaBTleHHe BXODHOI'O HMIIY1lbC8 TOK8 

B OpDHH8THOfi IIOCJleDOBaTeJlbHOCTH HMeeT BHD 

y /x(i) = f-1:2! .zt-~ fJ+ .2 jl f+ rfl: 
npencTaB11eHHe T8KOii: cpOpMbl 9~ (.X) B OpDHHaTHOii: IIOC11enoBaTe.TlbHOCTH 

HMeeT BllD 

J#x (t) == jl-t-,Z !.z+2jiJ+,2 Jl ~+JI.r· 

Tor.:la, cornacHo 191, 1111, 1121, /13/ !J.. /17/ nony'InM: . 

ftt) . !U Y~ tf )fA It)=-Kt .7/'xft) 
;("., ¢..ti"Z) 

L"1f+.2j''"".216f .. _] = 

= ~ £!+2!.t+2rfJ""?f·Ys:J· £ltf ~. = 

= ~ LJ-r2rf'+2J'-f,Z! f(f~[2J~1' ~2J .,v "}. 

-

113/ 

114 I 

/15/ 

j 
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3Ta cpyHKUHH noKaaaHa Ha cpHf'. 4e. Terre ph npoaHalliDHpyeM npneMHbiM npeo6pa

aoeaTe1lhc noTOK, CUenneHHblit C llpHeMHOM KaTy WKOfi 1 MO>KHO H8HTH H3 ypaBHeHHII 

"""J(}[ 
- llo-tklt) /16 I 

f'.ae J?m - Maf'HHTHoe conpoTHBneHne yqacTKa aeyKonpoeo.aa BHYTPH KaTywKH IlK, 

1?/t)-· nepeMeHHaH cocTa.BnHJOWaH Maf'HHTHOf'o conponmneHIHI. Ha

npH>KeHue1 liH.UYUHpOBaHHOe B fl. BHTK8X KaTylllKH
1 

paBHO: 

e(t):::: /l, # == Ko .,{flc+J?ft)J-.1.['1}ftJ.l) 117 I 

R (f) o6bi"iHO MHOf'O MeHbwe qeM l?o , To eenH"iHHa Ro+J?(/.J H0 1 TaK K8K 

MO>KeT C"iHT8ThCII llOCTOIIHHOit H TOf'.U8 

~ fl) = Ko 1}!-IJ = K ojl?fiJ, 1181 

f'.ae jJ- onepaTop .ancpcpepeHunpoeaHHH. 

Onpe.aenHM /( (t). H a cpHf'. 5 noKaaaHa. aaBHCHMOCTh y.aenbHOf'O Maf'HHTHOf'O 

conpOTHBlleHHSI r OT Han pH )!{eHHSI f · 3aBHCHMOCTh HaCT01lhKO niiHefiHa, 'iTO 

M O)I<HO aarmc aTh 

1191 

Qqeea.aHo, 'iTO aaKoH pacnpe.aeneHHst noToKocuenneHnil no .anHHe aeyKonp.:>Bo.aa 

IB.UOllb npHeMHOM K8TYWKHI 9CTb 38KOH pacnpe.aeneHHSI llllOTHo'CTH M8f'HHTH0f'O 

noToKa Ph (.z). To!" .a a, ecnn cpopMa na.aaJOmeil BOllHhi f' - e.aHHH"iHaSI 6ecKo

He"lHast cTyneHhKa, c yqeToM I 191 

.· 1201 

e.aHHH"iHOM B03.UeitCTBHii Op.UHHaTHOfi nocne.aoBaTellhHOCTH 

0 I!',_ J?.,(f) . - . /(.r ¢,.(X) 
/l,A Z:/- 'V'-r~1.,.7~"+. ... - /CZJ'+7J'Jr2JS:r.. J 1211 

.[lllSI npOH3B01lbHOfi cpopMhl ll8.U810Wefi B011Hhl fft) ~ Bhlpa)I{eHHOH B Op.UHH8THOH 

nocne.aoeaTenhHOCTH 

122 I 
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TOI"'.ll6t llO.llCT6BHB /22/ B /8/ t nony'iHM 

- K.r t/J, !x)(fl/ . 
-e (i) = Kr/N!J = E2f"'.2!1'+.2,y't. · · 1 

EcnH B paccMaTpHaaeMOM npHMepe npneMHbifi npeo6pa3oBaTenh 

.ll6!0Ul9MYt TO 3H6'i9HH9 .upo6H B ypaBH9HHH /23/ paBHO i(f- r 

eft)= KJf!ftJ£"-~(f 'J. 

/23 

H.ll9HTH'i9H nepe-

, TO I"' na 

/24/ 

no.llCT6B!JB f(-1:/ H3 /15/ 'nony'iHM 

eft)= x.~ L)' +1'.z+?JJ+?J ~'j '-?J £? ~-2 rl.~#(/ ~7 £ 1rf '): 
= K.t/j -f,?/.z+~~1J ~r"ff'-'/J"- '(f~-1/ "-;! ~~1/ d.,_ /25/ 

+ 2j' .,-.r + 2 J' "'" -1-1 ~'l. 
8Ta .cPYHKUHSl noKa3aHa H6 cPHI"'. 41"'. 

n epeft.ll eM K pacqeTy peaJibHOI"'O cnyttaSl pacnpe.ueneHHSl UJIOTHOCTH B.llOJlb 

npeo6pasoaaTenS1. PaccMoTpHM Mal"'HHTHY!O uenh /¢Hr. 6/, o6pasoaaHHYJO 3ByKonpo

BO.llOM 
1 

KaTyWKOft npeo6pa30B6T9JIS1 C 'Mlll"'HHTOM. 

B CHJIY CHMM9TpHH CHCTElMbi pactteT pacnpe.ueneHHSl UOTOK6 B.llOJlb OCH Z 

MO:>KHO npOH3B9CTH TOJibKO .llJISl O.llHOft nOJIOBHHbi, T.e. C'IHT8Tb )(=0 B cepe.llHH9 ' 

npeo6pasoaaTenbHOfi KaTywKH. PacnpeneneHHe noToKa t;P (,K} no .unHHe MarHnT

HoA uenH npH yCT6HOBHBW9MCS1 p9:>KHM9 OUHCbiB69TCS1 .CJI9.llY!OUl9fi CHCT9MOfi ypaBHe-

H Hfi: !~ 

I dZL rxJ + C/Jfx} I R-( + l?.t./tir = dl' /26/ 

/27/ .. -d(?fyj ~ UM;j·M 
P (J9- aenHttHHa noToKa B nro6oM cetteHHH t2tZ:tJ R.t' "'~-y.uenhHbre Mal"'HHTHbie 

conpOTHBJI9HHS1 yttaCTKOB 1 H 2, ~- Y .ll9JlbH6S1 npo~O.llHMOCTb yTe'lKH 1 # -· ::me

M9HT6pH09 npHpameHHe M • .u.c. H6 yttaCTK9 eta; . nycTb K(~ 36BHCHMOCTb 

139JIH'iHHbi y .ll9JlbHhiX BHTKOB OT y .ll aJI9HHS1 .X OT paccMaTpHB69MOI"'O cetteHHSl. 

Toraa .llJISl Mai'HHTHhiX ueneft, pa6oTaJOUlHX. aa nocTOSlHHOM ToKe, HMeeM 

d!=Y.k'fxJ·dz I 

/28/ 

l"'.ll9 J - TOK B o6MOTK9. 
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PaccMaTpHBaH JIHHeAHyJO TpaKTOBKy aaaa'm, T.e. M I - rtOCT. 

I 'ITO BllOJIHe ao nycTHMO npH H8JIH'-ili li aoCT8TO'IHO CHJlbHOrO llOJIH CM91U9HHstl 
1 

H HCK.TIIO'Iast U!x}-ua ypaBHeHHfi 1261 u 1271, nony'IMM: 

.1_ 1.ztftxJ tJ /f) - j :X + ll-m ~(X} = K (%) J. 129 I 

LlnH n106oro xapaKTepa pacnpeaenenasr ya eJibHbiX BHTKOB I( I X I o6maM 

pewemteM yp8BH9HHH 1291 SlB1Hl9TCSl 

1301 

rae c.L G. H9KOTOpb!9 cPYHKUMM OT x 
) ' 1 Oil p ea 9JHJIO-

lUH9CSl Bapuauuefi H3 llOJIHblX aHcPcPepe"fiuHaJibHblX ypaBH9HHA B BHae: 

y /X -J'k . 
{ -t = vf.t-~ .Jo K(X)8 ·en 1311 

[.~. = .//.~, +AM .1xK(X) e ~ tiz. , 1321 

rae ,1 :: YJ"" t v~~ u.{- 3H8'19!fMSl c.~ H ' npu .X=O , onpe-

aenHeMbre ua rpanu'lnhrx ycnoaun. Ecnu Kfx)= ~ = K 
H KfX)= 0 ~<'X 

npH o<x('~ 
1 TO 

/ 
; :Y-K I"' -J<K Y.K /. -J'k J 
L.t == v~~ - z?,.., :lo ..e 0/z =A -1-.:ZZM) ... ( e -.i_; o<x(e I 33 I 

/' Y. K /t, -)'A' _1 _ 1-lS_ ~--j'/, , 1 /J 1341 
L.:t = J .:t - ;z-z;n /o R aa -= h + a--;n;-I! -.:1/ .:e.) t:.:t 

(,=.A-t- lim~~~-~ -1-k:?- (t;::tJ o(X(~ 

rJix~ o == cj}"' 
Ztx·o == 0 
¢~=0 -o 

/36/ 

1361 
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VI 3 aToro ycnoBHSl, rronb3YHCb ypaBHeHI1eM /30/, Haxo.aHM ,fl1 = j{£ 

II Y= /? 
Px=e . r;A 
/-;; /J _//}/- ~ 
Ux=c - -q-P -_cfl~> 

-( -1 .--1J cf rP~=e = - c!/ . 

00llb3YS1Cb ypaBHeHHHMH /30/ ,_ /34/ H /36/, IIOlly'IaeM: 

/!- 21<_ . 
./l.r- Zmj 

fLJ(+ C.!1;t-.i£J{t-c;.;-J:;-d;-;tzt?) /37/ 

,2 (.?~~+ £;, d~) 

0 pH M8llbiX ;t 9TO MO>KHO yrrpOCTHTb 

/I __ YK . /-;;-(/t-:!)+Jt 
fl -1 - :Cm }'- · 2fjt+ j;} 

[crrpaBe.annBo rrpn ~ l f;, / t-f-JJ .. 

- YK 
-zm~- vi 

00llb3YHCb ypaBHeHHSlMH /30/, /33/ H /35/, .Ul!H Y'I8CTKa ::c. ..::. t, 
cp rx;= Lr lt~f1-2J!Jdrxl. 

Vf3 ypaBHeHHfi /30/, /34/ H /36/ .Ul!H y'IaCTKa :r) .t;, rrony'!aeM: 

!P txJ = zZ/- £d 1 (x- tJ-1:1--2~ al%). 

/38/ 

rrony'IaeM 

/39/ 

/40/ 

H a ciJnr. 4 .a rrpe.acTaBneHa KpHBaH, pacc'IHTaHHaH rro ypaBHeHHHM /39/ H /40/ 

.anH cne.uymruero KOHKpeTHoro cny'IaH: 

-- - ~-~·--·-·---- -- j 



-t == .J 0~ vt(JI 

I== JS J .u..u 

c == q r ~~ 
t =- q .2~ ,P.U 

a "'" f .z ,.,u.u 

!" ~ .200 

-. 13 

EcnH npeacTaBHTb 38KOH pacnpeaeneHHSI noToli:a a auae 

rp t.zJ = L"r · 2Jl8, 
To pe3ynbTaThi pacqeTa MO.lli.Ho npeacTaBHTb cneayromeA: Ta6nHu~A:. 

Ta6nuua 2 

0,5 I,o· 1,6 2,0 2,5 3,0 

B 1 0,96 0,87 0,78 0,57 0,39 0,23 

/41 I 

3,6 

0,07 

nonh3ySicb Ta6nuuen 2, npeacTaBHM p_rJ!) a BH.lle op.llHHaTHOA: nocneaoaaTem,-

HOCTH 

.L¢ rxJ = q o7 + g,zfjl.z+gJ-1f~g s{j~tJ'f)t~~ntf ';.fjg~;r,4 
+ jl"+ g .9~'!1'-~- r;ncf "'"+q 1~ "-1-g j-1;1 ~~gJ{!'-'+g~'~fJtJlfd"'42/ 

.QnSI cpaBH8HHSI C H,lleanH3HpOB8HHbiM' cnyqaeM HMnynbC BXO,llHOl"O TOK8 B03bM9M 

TO'IHO TaKoA: me ¢opMhi /¢ur. 46 H 4e/1 T.e. 

/43/ 
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no.n:CT8BHM 3Haqemre. 1421 H ·1431 B ypaBHeHHe 1151 H IlpOH3Be.U9M BbiqHcneHHe, 

.[[eneHn:e MHoroqneHa 1431 Ha MHoroqneH [2J+,ZjJ-1: ... 1Jtf.~~ .ua~T MHoro-

qneH 

9 tJJ!'fl + q-t-1-?JI.z-ft} 70' !JJ+fJf!J"-rq -l.!"fr -1-'3 ~Jj'" +g tl~ if+ 

(I f7 f7 . I 44 I 

tj 00'!" !" -lj Of"j.,"-1} Off ''-fjf~U:..9 I.Pfr''-9-Hj '!. tj 7fj''.!fJ ffj''.!'fiJJ)'if 

YMHo>KeHHe MHoroqneHa 1431 Ha MHoroqneH 1441 .uaeT B peaynbTaTe: 

f!(IJ~ 9 °1{11 +9 ""'s;/ -g ¥gr '+9t'{f'.r+ 4 f.2 tf'"" .ot;Jiij'' ,_ ~.2fj~4 -ftJfr{ 
1451 

. -ffj ~ ~"-t-g.;g.y;'~q S.?.ij'-'-9 tffyl~ ~ 1'/J")' ;.r_ ~2fj~t:_~.J-I'JI H-

-~ 1.21' 7cl' -g r.9J "9
- 9 f~7"-9 IJ'1j.~,,_ q o.J?'.z.z. 

8Ta <:}lyHKUIUI IIOKa3aHa Ha <:}lHr. 4>K B· TOM >Ke M8CWTa6e, qTo H <:}lRr, 4B, EcnH , 

rrpn:eMHbifi npeo6paaoBaTenh- n:.ueHTn:qeH B rrepe.uaromRM, To 

¢11 (x) = ~ (.zj 
R TOT'.U8 3HaqeHRe .Up06H B ypaBHeHHH 125~ COOTBeTCTByeT MHOT'OqneHy 1441, 

YMHO>KRB MHOroqneH 1441 Ha MHOT'O'IneH 1451, Mbi nonyqn:M B COOTBeTCTBHH C ypaBr 

H9HH9M 1251 
1:-"' 

e(t) =g 00-?J +9 OtJ"rf"+qfl~J+qaff"rq.l3~7+t} ~-'-rg G,Zfj"+ 
0 &.9 J/ 1'11 -f (}. .9flv"+ .:1. o.u !I a"!-.:f. o&v 1.1-f (} r-'.:fg t'lr-a /;fJl)/ tr_ ()IJJ.!LJ 76_ 
/ {I 7 (/ l (/ 7 (/ 7 (7 7 {/ / <7 

/, . 1461 
tJ .?I'Ff v '' -.:1 fJJ""11 .,, - .:t b'331J ,.,_ .:1 .P.f/u'-"-,z aJ"o u~'-.L .!~t!v.u-
; (/'• / {/ - 7 (7 7 c7 / {/ 7 {/ . 

- 4 tf.J~ .u- .:5 -tJ"/~'- q 5"ofJH~·fj os-"J';G+ 9 qo'rf.z;r+q ;r.r.:t;'~~ 

-1- .:t; os-3 ~.z~+ 41J22j'"'"-r ~ c?r~J'+q &fj4.l+ g oYcf""'+ g ~,z'/J'J'-r 

+ g .Z.J.P! ,, ., q 7.Z1f , .. -,< g &'i ,,., 9 00'{/ u .,_ g 0011 u. 

hr ·._ -~ ~- . - uOO•• m """""--•• J 
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3Ta cpyHKU:IHI TIOKa38H8 Ha pHC, 43 B TOM )K9 M8CWTa6e, 'ITO II 4r, KaK BIInHo 

H3 cpaBH9HHSl 9THX KpHBbiX 1 peaJib!Iblll HMTIYJibC IIMeeT 8MTIJIHTyny B 1,95 paaa 

M91IbW9 1 a WHpHHY OTpHU8T9JibHOit 'I8CTII H8 ypOBHe HYJib B nBa pa3a 60Jiblll9 1 

'!eM Hn eanH3HpOBaHHbiit. 3ToT peayn bTaT nonHOCTbJO connana eT c ocuiinnorpaMMoit 

peanbHOro HMnynbca. 

AH8JIOI'H'!Hb!9 pe3yllbT8Tbl pac'IeTa 6hiJIH nony'IeHbl B pa6oTe [13] t TIOCKOIIb

KY OHII 6a3IIpOB8J1HCb H8 38KOH9 pacnpeneneHIISl TIOTOK8 BnOilb npeo6pa30BaTeng 

nOBOJibHO 6nH3KOM K peanbHOMy. 

,0Ba ypaBH9HHSl 1151 H 1231 MO)KHO 06benHHIITb B onHo, CBSl3b!B8!0Il.l99 

BXOnHOfi TOK JIHHIIII C Bb!XOnHb.IM HanpR*eHIIeM: 

147 I 

Torna nnSI pac'!eTa nepexonHoit xapaKTepiiCTHKII nHHIIII, 

HOI'O TOKa, nocTaTO'IIIO Bb!p83IITb Jrfx!t) '· fl!.9 II 

npH JIJ06ofi cpopMe axon-

B opnHH8THbiX 

nocnenoBaT9JibHOCT SIX H npOII3B9CTH yMHO)K9HHe H neneHHe MHOI'O'IJ19HOB, 

CornacHo ypaBHeHHIO 147 I -fk ""II>X CBSl38Hbl JiliH9HHOfi 

38BIICHMOCTb!O, 3KcnepHM9HT8J1bH8Sl npoBepKa TIOJIHOCTb!O nonTBepnHna 9Ty 

3aBHCHMOCTb, Ha cpHr. 7 noKaaaHa 38BHCHMOCTb rne MO)KHO 

BHn9Tb 1 'ITO no o6naCTH H8Cblll.l9HHSl 9TO TIO'ITH UpSIMaH JIFIHF!Sl, 3aBIICHMOCTb CHHMCJ

JI8Cb npH KaTyWK9 n~T'IHK8 1 HM9 !Oil.l9ll 250 BHTKOB, AHaJ1H3Hpyg C TIOMOil.lb!O 

ypaBHeHHSl 147 I nepexonHhie xapaKTepHCTHKH niiHHII npH paanii'IHhiX ycnoBHSIX, 

MO)KHO npHfiTH K cnenyJOil.lHM BbiBOnaM: 

} I npH 3anaHHOfi '!8CTOT9 TIOBTOpeHHSl I!MTIYJI bCOB OTITHMallbHOii: nnHTenb-

HOCTb!O Bb!XOnHOI'O IIMTIYJibCa SlBJ1Sl9TCSl TIOJ10BIIH8 nepHona cnenoBaHHSl HMnynb-

COB 1 T.e. 

npu 9TOM OTITHMa JlbHOH DJI!lHOii: npeo6pa30B8T9JISl SlBnSl 9TCSl 

t' - f) - -f CJ /J I"'L - .:/_ ,.,.,'/ . I"'J'"' 
--1,-t- ~.t- ;z: vffffltdnm (/o - 'I W 1/0. 

2 I npu naHHOfi DJIHHe npe o6pa3oBaTeng OTITHM8JibH8H DJIHT9JlbHOCTb 

BXODHOI'O HMTIYJibCa TOK8 paBH8 U:::: ~ , 3TH COOTHOUI9HHSl XOpOWO 
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Bbinep)!{UB8lOTCSI, BCJIH cPYHKUHSI pacrrpeneJIBHHSI IIOTOK8 BnOJib rrpeo6pa3oBaTeJIH 

'HMBBT IIJIOCKHfi Y'IBCTOK. llJIH KOpOTKIIX KaTyweK, llMBIOIUllX pacrrpeneJIBHHB IIOTOK8 

:Kax Ha ¢nr. 4n, T.e. 6e3 nnocxoro yqacTKa, yMeHbWeHne nnnHbi KaTyweK He 

rrpllBOnHT K nponopUHO~aJibHOMY yMBHbWBHHIO nJIHTBJibHOCTH rrepenaBaeMO!'O Cll!'Ha

Jia H3-3a IIOTOKOB pacceHHHSI /~paeBOfi BcPcPBKT/. 

3. cf>aKTOpbi, OrrpeneJIHIOIUIIB 8MIIJIHTyny CH!'HaJia 

3.1. MaTepRan· u KOHCTPYKUHH 

06merrpll3HaHO, 'ITO H8HJIY'IWHM MaTepHaJIOM nJIH Ma!'HHTOCTpHKUHOHHb!X 

JIHHHH HBJIHBTCSI HHKBJib, o6nana IOIUHfi HaH60JibWHM M8!'HIITOCTpHKUIIOHHb!M BcPcPBKTOM, 

H a 8MIIJIHTY ny Cll!'Hana BJIHSIBT He TOJibKO XHMH'IBCKHfi COCTaB MaTepnana /T.e. 

Ha.llH'IHB TBX HJIH HHblX rrpnMecefi B HHKBJie/, HO H CIIOC06 6!'0 o6pa60TKH. 

0 
0T)!{H!' HHKBJISI npn TeMrrepaType 800 C B TB'IBHI!e 15 - 20 MHHYT YBBJIH'IH-

BaeT .Ma!'HHTOCTpllKUHOHHbiH BcPcPBKT, HO. yBeJIII'Ill BaeT rrpll 9TOM H IIOTBpH B MaTepn

ane. no9TOMY H8HJIY'IWHfi pe3yJI.bT8T naeT OT)!{Hf' He Bcero 3ByKOrrpOBOna, a TOJib

KO 6!'0 KOHUOB, 9TO yBeJIH'IHBaeT aMIIJIHTY ny rrpHHHMaeMOf'O CHf'HaJI a B 2 - 3 pa3a. 

'noM HMO C06CTBBHHO MaTepUaJia 60JibWOe BJIHSIHHB H8 BMIIJIHTY ny OKa3biBaeT 

KOHcPHI'ypaUHSl 3J;IYKOrrpOBOna , T.e. ciJopMa H pa3Mepbl 8!'0 nonepe'I-HO!'O Ce'IeHHSI. 

llnSI HHKBJIBBOfi rrpOBOJIOKH OIITHM8JlbHbifi nRaMeTp COCT8BJISieT 0,4- 0,6 MM. B pa-

6oTe [11] IIOK838HO, 'ITO C yBeJIH'IBHHBM nR~eTpa rrpoBOJIOKll OT 0,1 MM no 

0,4 MM aMnnuTyna curHana Bo3pacTaeT B 2 - 3 pa3a. B pa6oTe (6] IIpHBOnSIT-

Cl'l naHHbiB 0 TOM, 'ITO C yBellH'I.BHHBM nuaMeTpa OT 0,4 MM no 2 MM aMIIJIHTyna CH!'

Hana B 2- 3 pa3a yMCHbWaeTCs:I. npll'IHHa 9TO!'O CJienyiOIUaSI: C pOCTOM nna:v:teTpa 

3BYKOIIpOBOna YBBJIH'IHBaeTCSI KOBcPcpHUHBHT 9JIBKTpOMeXaHH'IBCKOfi CBSI3H, HO pac

TyT II IIOTBpli Ha BHXpBBbiB TOKH 0 noBTOMy H CYIUBCTByeT OIITHMaJibHbifi nHaMeTp 

3ByxonpoBo.aa. Xopomnil pesynbTaT .aaeT npnMeHeHne MHOf'O)!{HJibHoro sByKonpo

Bo.aa, COCTOHIUB!'O H3 OTD.BllbHbiX TOHKHX npOBOJIO'IBK. Torn.a K09cPcPHUHBHT 9JIBKTp0-

MBXaHH'IBCKOfi CBSI3H B03pacTaeT C YBBJIII'IBHHBM 'IHCJIB rrpOBOJIO'IBK 6biCTpee, 'IBM 

IIOTepu. Ho H anecb cymecTByeT OIITHMyM. nonpo6Hbre 9KCrrepHMBHT8JibHbie pe-

3YJibT8 Tbl BllHSIHIISI Ma Tepuana, 6!'0 o6pa 60TKH H pa3M epa rrorrepe'IHO!'O CB'IBHHSI 

3ByKorrpOBona /B TOM 'IHCJie H MHOf'O)!{I!JlbHO!'O/ IIpiiBeneHbi B pa6oTe [7] • 

J 
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¢opMa rrorrepeqaoro ceqeaiHI 3ByKorrpoBona BmHieT He TOnbKO Ha aMrrmtTyny 

cnrHanas HO n Ha qacTOTHYID xapaKTepncTHKY nHHHH. HaHBbicweil: rpaHHqHoil: qacTo

Toil: o6nanaeT 3ByKorrppBon H3 HHKeneBo~ neHThl, TaK KaK 3necb rrpH nocTaToqHo 

6onbWOM KOScPcPHUH8HTe sneKTpOM 8X8HHqecKOH CBSI3H 3HaqHTenbHO M8HbWe IIOTepH 

Ha Bb!COKHX qacTOT8X 0 o6ycnoBneHHbie CKHH-ScPcP9KTOM 0 

XopowHMH qacTOTHbiMII H aMrrnHTynHbiMH cBoil:cTBaMH non:>KeH o6nanaTb no 

STOll :tKe IIpHqHHe 3BYKOIIpOBOn B BHne Tpy6KH. Ho Tpy6qaTbiH 3ByKOIIpOBon HMee'l' 

rronocy qacTOT ocna6neHHSI, WHpHH8 H rrono:tKeHHe KOTOpOfi 38BHCSIT TOnbKO OT nna

MeTpa Tpy6KH H KOScPcPHUH8HT8 nyaCCOHa [14] • 3aaqHT, Bbi6paB pa3yMHblfi nHa

MeTp Tpy6KHt Mbl rronyqHM 3BYKOIIpoB.S}n C :>KenaeMOH qacTo'rHOH xapaKTepHCTHKOH. 

npH B?36yx<neHRH IIpononbHbiX MeXaHHqeCKHX KOne6aHHfi B. Tpy6~e OnHO

BpeMeHHO B036y:>KnaiDTCSI H panHanbHbie. M O:>KHO IIOK838Tb (3~ 0 qTo B naHHOH 

CHMMeTpHqHQH Tpy6Ke cywecTByeT TOnbKO OCHOBH8SI qacTOTa panH8JlbHOI'O THII8 

/48/ 

rne Z - panHyC Tpy6KH /cpenHHii:/, Toe• TOnbKO Ha STOll qacTOTe B03MO:tKHbl 

qncTo panHanbHbie Kone6aHHSI. EcnH nnnHa :Z s To B03MO:>KHbie qacTOTbi qHcTo 

rrpononbHb!X KOne6aHHH MO:tKHO orrpenenHTb H3 Bblp8:>K9HHSI: 

/49/ 

K =1, 2, 3 ••• 

¢aKTHqeCK8SI qaCTOT8 0 KOTOpaSI MO:tKeT CyweCTBOB8Tb B 3ByKOIIpOBOne eCTb 

KOM6HH8UHSI STHX nBYX qaCTOT 

f1 • .c·:,6.i-f6:!: VfK.t;f.L-.zf-9~ ¥~K');(.lh"'" 
r = - ,2 (:t-~Zj lBO/ 

rne 6 - KOScPcPHUH8HT nyaCCOHa. 

'3To naeT nBe nocnenoBaTenbHOCTH qacToT: l-SI nnSI 3HaKa 1-1, .rne Bee qacTo

Tbi MeHbwe ft.. n, 11-SI .llJI>i 3H9.Ka /+I, rne Bee '!aCToTbi 6oJibWO f--r.. HanBbicwaH 

qacToTa rrocnenoBaTen~:.HocTH f'! · nocTHraeTcSI rrpn X - 0 H paBHa 

Olh.e,RnHeRHWit HHcnn' 
!!,llepnbiX uccJJeAOBIH". · 1 

6H6JU10TEKA 1 

/51/ 
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H aHHH3wan 'iacToTa nocne .uoBaTeJibHOCTH · f ii .llOCTHraeTcH npn X -oa 

H p8BH8 

fl[ mid = </z lr-1-6.1.- /52/ 

YJTaK, .unH .uaHHOit TOHKOcTeHHoit Tpy6KH B03MO:>KHbi .uBe rronochr 'iacToT f1 H J=fi 
H cywecTByeT nonoca ocna6neHHH, onpe.uenneMaH H3 Bbrpa:>KeHHH 

h min - lim~= fi lr/-o~ -:tJ 
H 38BHCSIIllaH TOJibKO OT t. H 6 
Dnn HHKeneBoit Tpy6KH c 't 1,55 MM H TOJIIllHHOH cTeHOK 0,1 MM 

Dnn Tpy 6KH c 

FI m~ =/r. = q~.H· t .!-:fOJ"=f'tJ¥»zt~ 
{ S" . 

F £ min -I} ma:x = ~ tJq /q .!5".f"-.J/ .:f 0 = ,2.f1 ~ . 

't = 0,55 MM ~ I? =·1 ,36 MI"I"U. 
.J.'"PJl 

/53/ 

0nTlfMaJibH81'1 TOJIIllHHa CTeHOK Tpy6KH 0,1 MM, BeJIH'iHH8 38TyXaHHH B 38BHCH

MOCTH OT ,llJIHHbi 3BYKOllpOBO.ll8 B03pacTaeT M8JIO. B pa6oTe [6} IlpHBe.ueHa Be

JIH'iHHa 3aTyX8HHSI IIpHMepHO 2 .ll6fM, XOpOWO COBIIll,ll8IOill81'1 C H8WHMII H86JIIO,lle-

HHSIMHo 

H eManyro ponb HrpaeT H KOHCTpyKuHH ITJPIHH. Ecnu 3a.uep:>KKa Mana, T.e. . . 
,llJIHH8 3BYKOIIpOBO.lla He npeBbiW8eT /30-50/ CM, TO e'{'O MO:>KHO yKpeiiHTb 6e3 

IIpOMe:>KyTO'iHbiX CTOeK, EcJIH :>K~ Tpe6yeTCSI 3a,llep:>KK8 CBbiWe 100 MKCeK, TO B03-

HHKaeT BOIIpOC 0 p83M9Ill9HHH 3BYKOIIpOBO.ll8. 3ByKOIIpOBO,ll MO:>KHO CBH.Tb B CIIHpanb 

np!I 9TOM B03p8CTaeT ,llHCnepCHSI, yMeHbWaeTCH 8MIIJIHTY.ll a CHJ"'H8JI8. npaB.ua, 

C8MO CBOpa'iHB8HH9 3BYKOIIpOBO,ll8 He IIpHBO,llHT K cywecTBeHHOMy yBeJIH'ieHI1IO 

3aTyX8HHSI~ T8K B H8WHX 9KCIIepHMeHTaX CB060.llHO Jie:>K8IllHH 3ByKOIIpOBO.ll1 ,llJIHHOH 

5 M 1 CB0p8'IHB811CH B CIIHp81lb ,llH8MeTpOM ,llO 15 CM 6e3 OC060J"'O yM9HbW9HHI'I aM

IIllHTy .ll bl IIpHHHM aeMOI"O CHI"H8118 • H 0 B I"OTOBbiX KO HCTpy KUIHIX 3BYK OIIpOBO.ll IIpH

XO,llHTCI'I 3aKpeiiJIHTb H8 CTOHK8X. YJ TOI".ll8, eCJIH IIpOBO,ll CBepHyT B CIIHpaJib 

MaJIOI"O p83Mepa, TO MHOI'O TO'i9K 3ByKOIIpOBO.ll8 COIIpHKacaeTCSI C OIIOpHbiMH 

CTOHKaMH, a 9TO Bbl3biBaeT pe3KOe yBeJIH'ieHHe 3aTyxaHHI'I H IIOSIB119HHe llO:>KHbiX 
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CHI'H8110B. BenH'IHHa 3aTyxaHIHI cyruecT B9HHO 38BHCHT OT Ma Tepn:ana CT09K H HX 

pa3MepoB. npoB9.[l9HHbiti 9KCII9pHM9HT II03B011H11 ycTaHOBHTb 1 'ITO . .[l0CT8TO'IHO IIpH-

9M11HMbiMH SIB11HIOTCSI CTOfiKH H3 ry6qaTOil: pe3HHbi, T011lllHHOti B 2 MM. npHM9He

HHe TaKHX CTOeK II03B011H110 CB9pHyTb 5 MeTpOBYIO 11HHHIO 

B C~Hpanh .UHaMeTpOM 40 CM. 

/ ~?; 1000 MKCeK/ 

3.2. npeo6pa3oBaTenn 

0nTHManbH8H .UnHHa npeo6pa30B8T,!'!nefi, K8K y:>Ke YK83biBanOCb BbiWe, paBHa .,, 
IIpHM9pHO 1 't'#HX f'.[l9 C['.,f;vc 3a.[laHH8SI .UnHTenbHOCTb OTpHUaTenbHOfi 

'l8CTH BbiXO.UHOI'O HMIIynhCa /rnaBHOI'O MaKCHMyMa/ • npn: Bbi6ope 'IHCna BHTKOB 

IIpeo6pa30BaTenH cne.uyeT HCKaTb pa3yMHbiti KOMIIpOMHCC M9:>K.Uy 'l8CTOTHbiMH 

c~oficTBaMH cxeMbi H sKOHOMH'IHOCTbiO .uaT'l~Ka. DeficTBHTenhHO, ecnn: BXO.UHOil: 

IIpeo6pa30BaTenb HM99T Manoe 'IHCnO BHTKOB, TO HX MO:>KHO H8MOTaTb B O.[lHH 

cnofi Ha KapKace Manoro .unaMeTpa TaK, 'IT06bi rronyqn:ncSI .unHHHbrti coneHon.u. 

Y TaKoro coneHon.ua none pacceSIHHH 6y .ue-i- Mano H HMIIyn bC 6y .ueT Mano · 

·"paaMaabiBaTbCH", T.e. B03MOR<Ha nepe.ua'la 6onee yaKHx HMnynhcoB. Ho rrpn: 

9TOM 6y.ueT Man KOscpqlHuHeHT CBSI3H H OT CXeMbi .[l8T'IHKa Tpe6yeTCH O'l9Hb 

6onbWOti HMIIYllhC TOKa, 'IT06bi Ha BbiXO.[le nHHHH IIony'IHTb .UOCTaTO'IHYIO aMIIllH

Ty.uy. C pOCTOM 'IHCna BHTKOB aMIIllHTYLlY TOK8 MO:>KHO yMeHbW8Tb, HO IIpH STOM 

CHHR<aeTCSI COOCTBeHHaSI pe30HaHCH8SI 'laCTOTa KaTyWKH .aaT'IHKa H, ecmr 'IHC110 

BHTKOB npeBbiWaeT IIpHMepHO 400-500, TO Tenepb BepXHIOIO rpaHH'IHYIO 'l8CTOTy 

CHCTeMbi aa.uaeT pe30H8HCH8SI 'l8CTOTa IIpeo6pa30BaTe11SI 2 o6pa30B8HH8SI ero IIH

LlYKTHBHOCTbiO H IIapa3HTHOfi ·eMKOCTbiO. npneM119Mbifi. KOMIIpOMHCC nonyqaeTCH 

IIpH 'IHC119 BHTKOB 25)- 300, TOI'.[l8 pe30H8HCH8SI 'l8CTOTa npeo6pa30B8Te11H paBHa 

IIpHMepHO 1,4-1,3 Mf'f'U H He orpaHH'IHBaeT 'laCTOTHYIO XapaKTepHCTHKy CHCTeMEU 1 

Yny'IWHTb cpopMy pacnpe.ueneHHH MarHHTHoro noTOKa B.U011b rrpeo6paaoBaTe-

11SI MOR<HO, IIOMeCTHB npeo6pa30BaTe11b B cpeppHTOBbifi SKpaH. npn: STOM cpopMa 

pacnpe.ueneHHSI IIpH611H:>KaeTCH K IIpHMOYI'011bHOfi 1 'ITO IIpHBO.[lHT He T011bKO K no

BbiW9HHIO aMII11H'ty .Ubi CHI'Hana, HO H CHH:>KaeT MHHHManhHO B03MO:>KHYIO .UnHTenb

HOCTb nepe.uaBa9MOI'O CHI'Han a. r .B. rne60BH'l [4] CKOHCTpynpo~an cpeppHTO

Bbiti 9KpaH TaKOll cpopMbi, 'ITO BepXHSIH rpaHII'IHaH 'laCTOTa IIOBbiCIInaCb .UO 3 Mf'f'U 

.-
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O'ieHb xopoume pe3ynbTti.Tbi MO:IKHo nony'iHTb 1 ucnonb3YSI pacnpeneneHHbie 

npeot5pa3oBaTena [17] • Ha qmr. 8 IIOK.a3aHa CX9M8TH'i9CKH KOHCTpyKUIHI T8KO!'O 

IIpeoopa30B8T91lSis a Ha qmr. 9 - IIpHHURIIH81lbH8SI CX9Ma. npeot5pa30B8T91lb conep

:IKHT BoceMb ocHOBHh!X KaTyweK [ 1 . • • L,f , pa3.ueneHHbiX c;l:leppHTOBhiMH aKpaHa~ 
MR. TonwaHa c;j:JeppaToBbiX neperopo.uoK 0,5 MM. WupuHa HaMoTKH 1 MM. ct:>eppuTo

Bbie 8K paHhi H3roToBn eHbi H3 c;j:JeppHTOBhiX ropwo'iKOB Tan a YB7 .076.164 nyTeM cTa

'iHBaHHSI .uo HY :IKHbiX pa3MepoB. LJ:To6bi Bee Ka;ywKH L, ... J.,J' .ueiicTBOBanu nocne

.uoBaTellbHO, HY:IKHO B030Y:IK.ll8Tb HX B COOTBeTCTBYIOIUefi Bp9M9HHOH IIOC1l9,ll0BBT91lb_. 

HOCTII, T.e. K8:1K.llyiO C1l9.llYIOIUYIO KaTyWKy II03:1K9 Ilp9,llbl.llYIU9H Ha Bp9MSI 0 Tpet5ye

M09 ,llllSI IIpOXO)K,ll9HHSI M9X8HH'i9CKHM l'IMIIyllbCOM paCCTOSIHIIS1 1 paBHOf'O cyMMe TOn-. 

IUIIHbi 9KpaHa II WIIpHHbl HaMOTKH. npH YKB38HHbiX Bb!W9 pa3Mepax 8TO COCTaBnSI

eT 0 13 MKC9K. llnSI 8TOH U91lii H8.ll0 ot5pa30BaTb 81l9KTpOM8I'HIITHYIO lliiHHIO 38,ll9p:IK

KII, HM9IOIUYIO 3a,.uep:IKKY Ha aneMeHT 0,3 MKceK. Ho ecnu TaKyiO nHHHIO ot5pa3oBaTb 

TOllbKO II3 OCHOBHb!X. KaTyweK, TO II01lOC8 IIponycKaHHSI 81l9KTpOM8f'HHTHOH lliiHHH 

oy.ueT Y3KOH. noaToMy HM99TCSI erue 9 BCIIOMOf'8T91lbHb!X KaTyweK, H8MOT8HHb!X HB 

KapKaCe H3 Opi'CT9K1lBo 0CHOBHbl9 KaTyWKII IIM9IOT IIO 100 BHTKOB IIpOBO,ll8 n3n 

0,05 II IIMeiOT UH.llYKTHBHOCTb L = 46 MKI'H. BcnoMoraTenhHbie KaTyWKH 1:/ .. L,/ 
IIM9IOT RH.llYKTIIBHOCTh1 TaK:IKe paBHYIO ~ , a KaTywKII L 1 1 

H 1', .f: ~ 
3TH KaTyWKH BM9CT9 C ~MKOCTSIMII TIIIIa nM-1 IIO 510 IIcp ot5pa30BanH llHHHIO 

3a,llep:IKKH c' Tp90YElMOH 38,ll9p:IKKOH Me:>k.uy OCHOBHbiMII KaTyWKaMH H BOllHOBb!M 

COIIpOTHB1l9HII9M 300 OM,. CCIJ,,= 0,2 MKCeK. npeot5pa30BaT91lh .ll01l:IK9H Ob!Th 

Harpy)KeH Ha OMII'i9CK09 COIIpOTHB1l9HII9 0 paBHoe· BOniiOBOMy, 'iTOObl IIOBbiCHTh K08cp-
,a. 

c;j:JuuaeHT npeot5pa3oBaHHSI .unSI BonH BbiOpaHiroro HanpaBneHHSI. OnbiThi c 8THM npeot5-

pa3oBaTeneM noKa3anii, 'iTO npu aToM: 

a/ YBenii'iHnach B 5,5 pa3 aMnnHTy.ua npiiHHMaeMoro curuana, 
• 

6 I M HHII\181lhHBSI .uniiT91lhHOCTh ciiruana 0,6 MKCeK no rnaBHOMy MaKCIIMyMy. 

Bl Bnaro.uapSI HanpaBneHHOMY .ueiicTBHIO npeot5pa30BaTenefi 

CKOllbKO-HHOY.ll~ 3H8'iHT91lhHhl9 OTpa:IK9HHhl9 CH!'Hanhl, 

OTCyTCTBYIOT 

Erue oonee noBb!CHTh rpaHII'iHYIO 'iBCTOTy CHCT9Mbl MO:IKHO, B3SIB He no o.u

HOH BCnOMOI'aT91lhHOH KaTywKe Ha 81l9M9UT 0 a no .llBe-TpH. He.uocTaTKOM pacnpe

.ll91l9HHO!'O npeot5pa30BaT91lSI SIB1lSI9TCSI 001lhWBSI CllO:IKHOCTh H3I'OTOB1l9HHSI. 

·------------~~-
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3. 3. M a r H II T hi 

B rrprrHurrrre, .nnH pa6oThl nRHRrr Heo6xo.nRM T0.1lbKO o.nRH MarHRT - y rrprreM

Hoit KaTyWKH. Ho H8.1IH"!He M,8J"'HllT8 y rrepe,naiOweit KaTyWKR, K8K IIOK838.1IR 8KCne

pRMeHTbl0 yBeJlH"!H BaeT aMIIJIHTy ,ny IIpiiHRMaeMOJ"'O CHJ"'HaJia, ,nenaeT ee 6onee CTa-

6R.1lbHOIT R II03BOJ1HeT IIOJly"!aTb H8 BhlXO,Ue .1IHHllR HMIIY.1lbChl o6paTHOIT nonHpHOCTH. 

K aK y:li<e rosopnnocb, MarHHTOCTpHKUHH ecTb "!eTHaH cPYHKURH OT rroToKa, T.e. 

3HaK .ne¢opMauurr He sa.BrrcuT oT 3HaKa MarHHTHoro rronH. Ho rrpR HaJIR"'HH no

CTOHHHoro IIOJIH CMeLUeHUH 3H8K rrepeMeHHOIT COCT8BJIHIOLUefi ,neciJopM8UIIll 38BllCIIT 

OT 3H8K8 UOJlH, C03,UaBaeMOJ"'O BXO,UHblM CRI"'H8J10Mo 

' ij',f 

TaKHM o6pasoM, rrpu HaJIH"!HII MarHrrTa y .naT"!HKa, nrrHHIO Mo:m:Ho HCIIOJib30-

B8Tb ,UJlH 38IIOMIIH8HHH '~Rcen B TpOR"!HOM KO,ne, RMeH TpH B03MO)KHbiX CliJ"'HaJia 

Ha BbiXo.ne +1, 0, -1. 3To MO)KeT O"!eHb CRJlbHO IIOBb!CRTb eMKOCTb Jl!IHIIH 

IIJIR, npu Tofi :m:e eMKOCTH, CHH3HTb ra6apuTbi. MarHHT y .naT"!RKa Heo6xo.nrrM 

TaK>I<e, ecnu :m:enaTeJibHO HMeTb rrepeMeHHYIO sa.nep:m:Ky B JIHHIIII, rrepeMewaH 

KaTywKy .naT"!IIKa. /'!acTo aTo y.no6Hee, '!eM rrepeM ewaTb K:aTywKy rrprreMHIIKa, 

oco6eHHO ecnrr rrpueMiiRKOB HecK0.1lbKol. TaK KaK 3ByKorrposo.n l!MeeT Ha pa3JIII"!HbiX 

y"!aCTKaX pa3.1lli"!HYIO HaMai"'Hll'I9HHOCTb, TO rrepeMeweHIIe KaTyWKII ,naT"!llK8 B,UOJlb 

sByKorrposo.na 6es Ma!"'HRTa Bbi30BeT cHJibHOe .Kone6aHrre aMIIJIHTy,nhr. Ha aMrrmiTy-

.ny CHJ"'Hana Cll.1lbHO BJ11IH9T pacCTOHHRe M8J"'HRT8 OT 3ByKOIIpOBO,na. 3TO o6ycJIOB-

neHO TeM, 'ITO OT paCCTOHHRH Me:m:,ny M8J"'HllTOM R 3ByKOIIpOBO,UOM 38BllCl!T BenR

"!IIHa. CMeLU9HHH H, KaK Mbl BR,U9.111I B pa3,nene 2,- ciJopMa p8Cl1f.h1;l8.'1eHIIH IIOTOKa 

B,UOJib npeo6pa30BaTe.1IH. noaToMy, 'IT06b! ,no6UTbCH M8KCllM8J1bHOH 8MII.1IRTy,nbi 0 

Hy:m:Ho .non:m:HbiM o6pa30M oTperynupoBaTb rrono:m:eHRe MarHRTOB. PaccTOHHIIe 

Me:m:,ny IIOJIIOC8MR MaJ"'HliTOB ,U0.1l)KHO 6b!Tb B03MO)KHO M0HbW0 1 8TO yJiy'IWHT 

ciJopMy pacrrpe,neneHUH M8J"'HllTHOJ"'O f!OTOKa. 

4. no.naMeHHe OTpa:m:eHHbiX CRJ"'H8JIOB 

EcJill H8 KOHU8X .1lllHllll He IIOCT8B.1leHbl ,neMIIcPepbl 0 /cM.cPll!"'.3/, TO B 

nprreMHOH KaTyWKe HapH,ny C II0.1193Hb!M CIIJ"'H8JlOM f!OHBHTCH ,UBa OTpa:m:ElHHbiX 

O,URH OT neBOJ"'O KOHU8 R ,npyrofi OT rrpaBOI"'O. 
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B xaqecTBe MaTepHana .nnH .neMncpepoB MO)KHO Hcnonb30BaTb pe3HHY, 5HTyM 

H .npyrHe nnacTHqecKHe MaTepHaTibi. B pa5oTe [7] npHBe.neaa no.npo5aaH Ta5nHua 

pe3yTibTaTOB Hccne.noBaHHH pa3TIH'IHbiX .neMncpepoB. B pa5oTe [6} yKa3bi BaeTcH , 

'ITO npHMeaeaHe pe3HHbi B Ka'!eCTBe .neMncpepa He*enaTenbHo, TaK KaK pe3nHa 

CTapeeT H OT 9TOI'O CO BpeMelleM llOHBTIHIOTCH OTpa)KeHHbie CHI'H8Tibi. no9TOMy 

npe.nnaraeTCH .UB8 OpHI'HH8TibHbiX MeTo.na .neMncpHpOB8HHSI. nepBbiH, .UTISI TOHKHX 

3ByKOllpOBO.UOB, COCTOHT B TOM, 'ITO KOHUeBhle yqaCTKH 3ByKonpoBO.U8 .UTIHHOH 

15-20 CM H8M8TbiB8lOTCSl Ha 5apa5aH C cpeTpOBOfi llpOKTI8.UKOH /2-3 BHTKa/ • 

HaTst)KeHHe perynHpyeTcst cneuHaTibHOfi npy)KHHofi. 8To .naeT ocna5neaHe oTpa

)K eHHOI'O CHI'H8TI8 B 50- 60 pa3. Y TOTICTOI'O 3ByKOllpOBO.U8 KOHUbi CBHB8 IOTCSI B 

CilHp8Tib ApXHMe.na, B llTIOCKOCTH BHTKOB cnHpaTib C)KIIM8eTCSI .UHCK8MII C cpeTpO-

BbiMH npOKTI8.UK8MH. 

0T)KHf' KOHUOB 3ByKonpOBO.U8 BO BCeX C1IY'I8SIX yMeHbWaeT BeTIH'IIIHY OTpa-

)KeHHOI'O CHI'Hana. 

B pa3~a5oTaHHOM HaMH qeTwpexxaaanbHOM 5noKe naMSITH npHMeHeH OT)KHf' 

KOHUOB npH TeMnepaType 8QQ°C B TeqeHHe 20 MHHyT H .neMncpepbi H3I'OTOBJieHbi II3 BaKy

yMHOH pe3HHbi • .[{eMncpepbi HMeiOT BH.U KOHycoo5pa3HbiX TpyopK C .UTIHHOH 85 MM 

li .nHaMeTpOM OCHOB8HHH 10 MM H llOCa)KeHbi H8 KOHUbi 3BYKOnpOBO.U8 C ilOMOIUblO 

xnest EcP-2. H a cpHr. 10 noKa3aaa ocuHnnorpaMMa npHHHToro cnruana. K aK BH.n

uo H3 cpHI'. 10
1 

CKOTibKO-HH5y.nb 3H8'1HTeTibHbie OTpa)KeHHbie CHI'H8Tibi OTCyTCTByiOT. 

"" 5. TeMnepaTypHaB cTa5KTibHOCTb 

Yl3MepeHne TeMnepaTypaofi CT85HTibHOCTH npOH3BO.UliTIOCb Ha 'leTbrpeXK8H8Jib

HOM 5JioKe naMHTH, r.ne K8)K,UbiH ll3 K8H81IOB KMeJI 3a.nep)KKy B 1 QQQ MKCeK. V13-

MepeHHSI llOK8381Ili, 'ITO nprr H3MeHeHHH TeMiJepaTypbl OT +20°C .no + 30°C 3a.nep)K

Ka yBenn'lrrBaeTcH ae 5onee '!eM Ha 0,15%. B aToM .nrrana3oHe TeMnepaTyp 3a~ep*~ 

Ka MeHSieTCSl B 38BHCHMOCTH OT TeMnepaTypbi 1IHH9HH0 1 TaK 'ITO H3M9H9Hlle 3a.nep)K"" 

xrr Ha o.nHH rpa.nyc cocTaBJIHeT He 5onee +0,015%. 8Ta urrcppa coBna.naeT c pe3yJib

TaTaMn, npKBO.nHMbiMII B .npyrrrx pa5oTax. TaK B pa5oTe [26] npHBo.nnTcst 

. uHcppa + 0,0148%. B pa5oTe 

HM9HHO 0,016% . UTili TO'IHee 

[14] 
_1_ 
6000 

llpHBO,UUTCSl UIIcppa H 9CKOTibK 0 50JibW aSI, a 

H e5onbwne pacxo)K.neHrrst o5ycnoBneHhi, 
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no-BH.llHMOMy, HeKoTophiMH paanuqnstMH B XHMnqecKoM cocTa!3e MaTepnana. VfaMe

pstnocb TaK:>Ke H3M9H9HH9 aa.nep:>KKH O,llHOrO KaHana OTHOCHTenhHO .npyroro. B Te

qeHHe BOChMH qacoB paooTbi MaKCHManhHOe H3M9H9HHe aa.n ep:>KKH O.llHOrO KaHana 

OTHOCHTenbHO .npyroro COCTaBHnO 0,23 MKCeK Ha 1000 MKCeK HnH 0,023%, Ta

KHM_ oopaaoM, TeMnepaTypHaSI CTaoHnhHOCTh HHKeneBbiX MarHHTOCTpHKUHOHHhiX nH

HH1!: .nnst MHOrHX ilpHM9H9HHfi MO:>KeT cqn.TaTbCil JJ:OCTaTOqHo1!:, B TeX :>Ke cnytiallX 1 

r.ne TpeoyeTcll oonhwall cTaoHnhHOCTh, ieooxo.anMo npnMeHilTh cneunanbHhle Mephl. 

ITerKOCTh perynHpOBKH aa.aep:>KKH B MarHHTOCTpHKUHOHHOfi :IHHHH IT03BOnlleT 

ocywecTBHTh no.ncTpo1!:Ky aa.aep:>KKH c nOMOWhJO sneKTpOHHo-MexaHnqecKofi cxeMhi, 

nepe.aanraJOwea o.aHH na npeoopaaoBaTenea B aaancnMocTH oT naMeHeHHil aa.aep:>K
"'~ 

KH, 

npn. HCITOnh30BaHHH nHHHH .anll aa.nep:>KKH nepHO,llHqeCKHX HMnynhCOB MO:>KHO 

perynHpOB8Th nepHO,ll cne.noBaHHil HMnyn hCOB 0 KOMIT9HCHpyll T9M caM hiM TeMne

paTypHOe uaMeHeHHe aa.aep:>KKH, B paooTe [8] peKoMeH.ayeTcll napaMeTpnqecKoe 

perynnpoBaHne c noMOWhiO onMeTaminqecKoil nnacTHHhi, KOTopag, naruoallch npH 

H3M9H9HHH TeMnepaTyphr, nepeMemaeT O.llHH na npeoopaaoaaTenea, Mo:>KHo npn-

M9HHTh H TepMOCTaTHpOB8HH9 nHHHH, 

6, L{eTbtpexKaHanbHhifi onOK naMSITH Ha MarHHTO-

CTpHKUHOHHbiX nHHHSIX aa.aep:>KKH 

KaK y:>Ke ynoM}JHanoch Bhrwe, ohm paapaooTaH qeThrpexKaHanbHhrfi onoK 

naMilTH Ha MarHHTocTpHKUHOHHhlX nnHnstx, TexHnqecKHe TpeooBaHHSI Ha ero paa

paooTKy ohmH cne.ayJOIUHMH: Tpeooaanoch nonyqnTh qeTbrpe HeaaBHCHMhiX KaHana 

aa.nep:>KKH, KOTOphre MO:>KHO ohmo Obi ncnonh30B8Th KaK napannenhHO, TaK H 

nocnehoaaTenhHO, 3a.nep:>KKa Ka:>K.aoro na KaHanoB 1000 MKceK, Ha .Bhixo.ae 

KaHanoB .non:>KHhi ohiTh cTaH.napTHhre npstMoyronhHhre HMnynhchr ,llnHTenbHOCTbiO 

2 MKC9K H C aMll1IHTy JJ:Oi!: 20 B Ha BhirpyaKe 150 OM, MHHHMan hHOe paCCTOSIHHe 

M9:>KJJ:Y JJ:BYMil paa.nenhHO-BOCllpOH3BOJJ:HMbiMH HMITy1IhCaMH H9 001199 10 Ml{C9K, 

BnoK npe.ncTaBnsteT coooa npstMoyronhHoe waccn, Ha KOTopoM yKpenneHhi 

nHHHH n sneKTpOHHhre nonynpoao.aHHKOBhre cxeMhi, ITHHHH HaMOTaHhi o.nHa Ha.n 

npyro1!: B BH.ll9 UH1IHH,llpHqecKHX cnnpane1!: ,lli{aMeTpOM 430 MM Ha W9CTH CTOi!:KaX 

H3 MstrKofi nopHCT01!: peaHHhi, B KaqecTBe 3ByKonpoBo.aa ;HcnonhayeTcst HHKeneaall 
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npOB01lOKa nnaMeTpOM B 0,5 MM. nomipH3YIOIIUfe M8I"HliTbi li3I"OTOB1leHbi H3 cnnaBa 

AnhHHKO H HMeiOT cpopMy npSIMoyronhHhiX nonKoBoK TonmHHofi 7 MM 'H nnHHOti 

OCHOB8HHSI 17 MM. npeo6pa3oBaTeJibHbie KaTyWKH H8MOT8Hbl Ha K8pKace H3 Opr

CT8KJI8 c BHyTpeHHHM nHaMeTpOM HaMoTKH 2 MM H nnHHofi HaMcJrKH 1,5 MM npo

aonoM nsn-0,05 II HMe!OT: K D-300 BHTKOB H nK-500 BHTKOB COOTB8TCTBeHHO, 

B Ka~ecTBe naT~HKa Hcnonh3yeTcSI 6noKHHr-reHepaTop, cxeMa KoToporo npHBeneHa 

Ha cpnr. 11. BnoKHHr-reHepaTop 3anycKaeTcSI OT npSIMoyronbHhiX HMnynbCOB nono

>.KHTe1lbHOti IT01ISipHOCTH, HM eiOlliHX aMIT1lHTY ny He MeHee 1 0B Ha Harpy3Ke 1 KOM 

H Bbipa6aTbiBaeT Ha KaTyWKe naT~HKa npSIMOYI"01lbHbiil: IT0110>.KHTe1lbHbiil: HMITY1JbC 

C 8MIT1lliTynoil: 60 B H n1lHT81lbHOCTb!O 2 MKCeK, 

Pa3pewaiOmee apeMSI naT~~Ka paBHO wHpHHe BocnpoH3BonnMoro HMnynbca. 

TpaHccpopMaTop 6noKHHr-reHepaTopa HaMoTaH Ha cpeppHTOBOM K01lbue c JL =2000, 

HM9IOllleM .BHeWHHH nHaMeTp 20 MM H Be1lH~HHy nonepe~HOI"O ce~eHHSI 25 MM
2 

06MOTKH Bbtn01lHeHbi npOBOnOM n3JIW0-0,27 H HMeiOT: K01l1leKTOpHaSI - 20 BHTKOB, 

6a30BaSI - 15 BHTKOB, H Bb!XOnHaSI - 50 BHTKOB, DaT~HK CMOHTHpOBaH Ha TeKcTo-

1lHTOBOil: ll1l8CTHHKe pa3MepOM 60 X 30 MM
2 

If nnSI yMeHbW8HHSI CHI"H8JI8, H8BOnHMO

I"O Ha npHeMHHK B MOMeHT nona~H BXOnHOI"O HMITY1JbCa, 3aKpb!T npSIMOYI"01lbHb!M 

81l!OMHHHeBb!M 9KpaHOM H pacn01lO>.KeH non 06lliHM W8CCH, Ha KOTOpOM ycTaHOBJie-

Ha 1IHHHSI H H8XOnHTCSI CX8Ma npHeMHHKao 

CxeMa npneMHHKa coc.ToHT H3 nayx ~acTeii: onHa ~acTb, cxeMa KoTopoii: 

npencTaBneHa Ha cpnr. 12, aTo nepBbiii: KacKa.m npenaapnTe1lbHoro ycHnHTenSI, 

2 
OH co6paH Ha TeKcTonHTOBoii nnacTHHKe pd3MepoM 40 x 20 MM H 3aKpenneH 

HenocpenCTBeHHO y npHeMHOH KaTyWKH, 3TO cnenaHO nnSI YM eHbWeHHSI Be1lH~HHbl 

napa3HTHoro curHana, Ha:Bonn:Moro a. MoMeHT nona~H HMnynhca Ha axon nHHHH, · 

BTopaSI ~acTh, cxeMa KOTopoii: np1meneHa Ha cpur. 13, conep)KHT BTopoii: KacKan 

npenaapHTe1lbHOI"O yCH1lHTe1lSI, nBa YCHnHTenSI-orpaHH'IHTe1lSI, yCH1lHTe1lb MOlliHOCTH 

H BbiXOnHoil: 6noKHHr-reHepaTop. H a Bbxxone 6noKnHr-reHepaTopa Bhipa6aThiBaeT

CSI HMily1lbC IT01JO)i{HTe1lbHOll IT011SipHOCTH C aMITIIHTY.llOll 20 B Ha Harpy3Ke 150 OM 

H nnHTe1lbHOCTb!O 2 MKCeL Ha cpnr. 14 noKa3aHhi naa HMnynbca Ha Bhxxone 

1IHHHH, pacn01lO)KeHHbie Ha MHHHMa1lbHOM paCCTOSIHHH npyr OT npyra, K 8K BHnHO 

H3 cpHr. 14, pa3pewaiOmee BpeMSI acen· nn~HH paBHO nBoii:Hoil: wnpnHe HMnynhca, 

BOCnpOH3BOnHMOI"O Ha ee BblXOne. 

-~-----

/ 
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HaBO.LlHMbie ClH'HBllbi 51BJIHIOTCH cepbe3HbiM nparr51TCTBHeM rrpn Harra.uKe MHoro-

KaHallbHbiX 6rroKoB naM51TH Ha MarHHTocTpHKUHOHHbiX JIHHHSIX. HaBo.uKa npoucxo.uHT 

4epe3 uerra m1TaHHSI 11 'lepe3 rrapa3HTHbie cBSI3H. D.nSI 6opb6bi c HaBO.LlKaMu ny'lwe 

BCero IIHT8Tb IIpHeMHHKH H .Ll8T'IHKH OT OT,llellbHb!X !1CTO'IHRKOB 1 HO MO:>KHO orpaHu

'-IHTbCSl .LlOCTaTO'lHO acf>cf>eKTHBHb!MJ1 cPHllbTpaMJ1 0 'K8K 9TO C.Ll eJlaHO B 011!1CbiB8eMOM 

6JIOKe. lJ.anee BCe ilpHeMH!1KJ1 .LlOJI:>KHbl IIO,llKJ110'l8TbCSl K WHHe IIHT8HJ1Sl 11pHeMHU

KOB TO)Ke TOllbKO qepe3 cPHllbTpbi, BO H36e)KaH!1e H8BO,llKH CHrHa.Tia C O,llHOrO 

npueMHJ1K8 Ha .upyrofi. 1J,JISI 3TOH )Ke uenu H8.Ll0 3KpaHHpOB8Tb O,llHH npHeMHHK 

OT .upyroro. 

D.nSI yBenu'-!eHUSI OTHoweHuSI none3'l'loro cHrHana K napa3HTHOMy 6onbwoe 

3Ha'leaHe HMeeT no.u6op TpHo.ua .O.TISI nepBoro BbiHeceHHoro KacKa.ua rrpe.uycH.TIHTe

nSI. 3TOT Tp!10.Ll .LlOJI)KeH 06118.Ll8Tb B03MO)KHO 60JibWI1M yCH.TieHHeM. 

TaK KaK nocne c6opKu Bcex JIHHHfi Mo:>KeT oKa3aTbCSI, 'ITo JIHHHH HMeJOT He-

c~onhKO pa3nH'lHbJe 3a.uep*KH IHeTO'-IHOCTh c6opKH, Heo.uHopo.uaocTb HHKeneBoti 

npOBOllOKH/, TO B 6JIOKe npe.uycMOTpeHa II.T18BH8Sl peryllHpOBKa 3a,llep)KKH B npe.ue

JiaX !,_7 MKceK. KaTyWKH ,ll8T'IHKOB BMecTe CO CBOI1M11 MarHHTBMH MoryT nepe

MewaTbCSl C IIOMOillblO BHHTOB B CIIeUI1811bHOH CTOHKe Ha :!:_-35 MM, C IlOMOillblO 

3THX BHHTOB MO)KHO ypaBHHB8Tb 3a,llep)KKH C TO'lHOCTblO He MeHee ±_0,1 MKCeJ<, 

7. KpyTHllhHbie Kone6aHHSI 

nHHHH 38,llep:>KKH 0 pa60T8 IOWHe C HCIIOJib30B8Hl1eM ilpO.LlOllbHb!X KOJie6aHUH 1 

He .uaioT Bo3MO)KHOCTH nony'-IHTh 6onhuJoe oTHoweHHe t,C),.tAF~r· IT.e. eM

KOCTbl 113-38 ,llHCIIepCHH, 3Ta Tpy .LlHOCTb MO:>KeT 6b!Tb npeO,llOJieHa npHMeHeHHeM 

KpyTHJibHb!X KOJie6aHHH, 1J,JISI KpyTHllbHb!X KO.Tie6aHUH 

1JT= fjl-
/54/ 

Mo.uynh c.uBHra. TaK KaK 
r- - E 
CJ - ,2.,(-f+Gj H . r.ue £s -

TO ~r~~~ = 0.6 11 np11 HCIIOJ1b30B8HHH KpyTHJibHb!X KOne6aHHH BMeCTO npO,llOJib-

H'b!X .LlliSl IIOJJy'-leHHSl O.LlHH8KOBOH 3a.uep)KKH Tpe6yeTCSl COOTBeTCTBeHHO MeHbW8Sl 

.Llll!1Ha rrpOBO.TIOKH. 
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B TO >Ke BpeMSJ, coi·nacuo SKcnepHMeHTMbHbiM naHHbiM, aKyCTH'IeCKHe noTcp11 

.llJlSI 060HX BH.llOB KOne6aHHfi H8 9.llliHiiUY BpeMeHH 38.ll9p>KKH O.llllH8KOBbl [
24] • 

KpyTHJlbHbie Kone6aHHSI ue c<;mpoBomnaiOTCSJ ncKa>KeuuHMH (fJOpM hi aeyKoeoti 

Bonnhi, noa·.roMy aByKonpoBon MO>KeT HM9Tb 66nbwnn nnaMeTp. TaKHM o6paaoM 

MO>Kuo nony'IHTb neweBbie n npoqu hie nnnHH aanep>KKH c 'i aanep>KK H no 4 MKcet 

n t paap. = 2 MKC9K. 

Ha ¢nr. 15 noKaaau npauunn ycTpoticTea npeo6paaoBaTenSJ nnH eoa6ymnenHSI 

U npHeMa KpyTHJlbHbiX KOne6aunti,, 3TH KOne6aUHSI B036ymna IOTCH B npoBOJlOKO C 

DOMOUlbiO .llByX HHK9Jl9BbiX neuT, nocTOHHHhiH M81"HHT C03.ll89T B.llOJlb neuT M81"HHT

U09 none cMemeHHH, uanpaaneuuoe nnH o6eHx neaT onHnaKoao. nepeMennhie Mar

HiiTHbie nonSJ KaTyweK npeo6paaoaaTenen uanpaanenhi npoTua.ononomuo npyr npy

ry, TaK "lTO nogBJ1enHe ToKa B KaTywKe ycunuaaeT none nnSJ onuoti neuThi u ocna6-

nSJeT nnSJ npyron. B peaynbTaTe MarnHTOCTpHKUHH B unKeneawx neuTax BoauHKa-

IOT nponOnbHbie KOne6aHHSI 1 KOTOpb19 Bbi3biB810T KPYTHnbHbie Kone6anHSI B npoeono-

Ke. / 

Ha npHeMHOM Kouue TaKoe >Ke ycTpoticToo pa6oTaeT B o6paTHOM nopSJnKe 

H coanaeT BWxonuoA aneKTPH"l9CKHA cHrnan. YcnoBHe cornacoBaHHH neuTw c npo

BonoKoA B npeo6paaoaaTene Kone6auun nMeeT eun: 

.II - ~"t.z.~o} 
- n.. 

2 
rne A - nonepe"luoe ceqeune neuThi, eM , 't - panHyc npoeonoKH, eM, ll -

"lHCJlO neuT. ..,. .. 

8. BoaMo>KHbie 66nacTu npnMeuenHSJ MaruuTocTpHKUHOHHhiX 

nuuun ·a an ep>KKH 

PHn oco6euuocTeA MaruMTOCTpHKUHOHHbiX nuuun naiOT B03MomuocTb wMpo

Koro MX npHMeHeHHSI B pSI.ll9 o6nacTeA, JierKaH B03MO>KHOCTb DJ18BHOH perynupoB-

KH aanep>KKH B O"l9Hb WHpOKMX npenenaX D03BOJ1H9T DpHM 9HSITb JlHHMlf B reuepa

TOpaX C.llBMHYTb!X liMDYJlbCOB [
51. 

BoaMomuocTb C'beMa n1o6oro KonH"lecTBa cHruanoB nyTeM pacnonomenHH 

MnorHx npMeMHHKOB anonb nMHRH ucnonbayeTcfl nnSI coananMSI newmppaTopoB CtaJ, 
npeo6paaoBhiB8IOlllMX BpeMeuuoe paanenenHe MMnynbcOB B paa.nenenHe no KauanaM 

11 uao6opoT. 
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WupoKo ucnonhsyroT?H MarHuTocTpHKUHOHHbie nHHIIU s Bhi'In:cnn:TenhHofi TexHn:Ke 

[21] , [22) , [26] H .llP ·• 

HaxonHT oHu npn:MeHeHne u so speMeHHhiX aHanusaTopax aMnniiTY.ll , MarHu

TOCTpiiKUIIOHHYIO JlHHHlO MO)KHO HCnOJib30B8Tb TBK)Ke .llJlH 38.llep)KK H BH.lleOCHI'H8JlOB 

6e3 cywecTBeHHOI'O HCKa)KeHHH HX cpopM hi, KOHe'IHOI B orpaHU'IeHHOM .llHBna30He 

.llJlHTen bHOCTe fio .[lJIH 9TOT'O Ha BXO.ll Mai'HHTOCTpHKUHOHHOfi JlHHIIU nonaeTCH 

HanpH)KeHne Hecywefi 'laCTOThi, MonynuposaHHoe suneouMnynhcoM [33]. Cornac-

HO 9Kcnepn:MeHTaJlhHbiM pe3yJlbTaTaM CHI'H8Jlbl C Hecywefi 'laCTOTOfi BnJIOTb .llO 

7 MI'I'U MOI'yT 3a.llep)KUSaTbCH TaKUM cnoco60M .llO 140 MKCeK, JlHHIIH, pa6oTaiO

WaH npu Hecywefi 'laCTOTe 5 MI'I'U U npn:, .llJlHTeJlbHOCTH ·aanep)KKH B 70 MKCeK, .,.,. 
HMeeT noTepu s 82 n6 u no6aso'IHoe saTyxaHne npHMepHo 8 n6 Ha Ka)K.llbie cne-

.llYIDwue 70 MKCeK sanep)KKH. 

OcHOBHbie npen:MywecTsa MarHn:TocTpHKUHOHHhiX nn:Hnfi saKnro'laiOTCH: s ux 

neweBH3He, npOCTOTe H3I'OTOBJieHHH, nerKo:ii B03MO)KHOCTU nnaBHOfi perynitpOBKit 

sanep)KKif, B03MO)KHOCTII C'beMa CHI'Hana C JII060I'O KOJlH'IeCTBa npoMe)KyTO'IHbiX 

To'leK, ManoM sece, 

PyKOnHCb nocTynn:na B It3.llaTeJlbCKUit OT.lleJl 
29 clJespanH 1S60 rona. 
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