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B pa.OoTe paccMa.TpnBaioTc.rr BorrpocH, cB.rrsaHHHe c BosoyJK,IJ;emreM 

BhiCORO.IJ;OOpOTHOrO pe80H8.TOpa IU:J:K.JIOTpOHa ITpM BBO.IJ;e MOI.UHOCTM C ITO

MOI.UbiO ,n;Byx rreTe.JI:o. Ha Mo.n;e.JIM :r esoHa.Topa .n;eTa.JI:OHO ncc.Jie.n;yroTc.rr 

B88JifMOB.JIMJIHMe CMCTeM B080yJIQJ;eBM.ff, cpa80Bhle M aMIT.JIMTY.IJ;Hhle xapaRTe

pMCTMRM rrpoTeRa.Ial{nx rrpoD;eccoB. PaccMa.TpnBaroTc.rr rrpoD;eccbi, rrponc

xo.n;.rrmne IIpM ITOJIB.JieHMM 11 TOROBOJ1 Harpy8RM11
, ROTOpM MMMTMpyeTC.ff 

B8KYYMH1IMM .IJ;MO.IJ;8MM. 

Pa.OoTa IIpOBO.IJ;M.JiaC:O B CB.ff8ll C paspaOOTROM B1I CMCTeMbi cyrrep

IJ;llR.JIOTpOHa, B ROTOpOM TpeOyeTCH.BBO.IJ;MTb 20 MBT RO.JieOaTe.JI:OHOM MOI.U

HOCTM B O.IJ;MH pe80H8.TOp .IJ;.JI.ff C08IJ;8HM.ff HeOOXO.IJ;MMOrO YCROpJIIOI.Uero Ha

rrp~eHMH: B HeM C HeCRO.JibRMX ITeTe.JI:O. 

Hecor.JiacoBaHMe rreT.JIM BOSOyJIQJ;eHn.rr pesoHaTopa rrpnBO.IJ;MT R rro

JIB.JieHMIO OTpa!KeHHOH BO.JIHH, HaiTpaB.JieHHOH OT HarpysRM R reHepaTOPYo 

Ec.JIM COIIpOTMB.JieHMe Harpy8RM MM8eT 8KTMBHYIO U peaRTMBHYIO COCTaB

.JIJIIal{M8, Mem.n;y Hallp~8HMJIMM OTp9:tK8HHOH M ITa,IJ;aial{eM BO.JIH Ha Harpys

R8 MMe8TC.ff C.IJ;BMr ITO qe.88 Ha yr:).JI % . 0008H8.'IMB 'I8pe8 jl, MO

JIY.Jib R08qxpMD;M8HTa OTpaJKeHM.ff OT Harpy8RM, paBHbiM OTHOll18HMIO aOCO

.JIIOTHbiX Be.JIM<IMH 8TMX Hanp~eHMM, MO/KHO 88lll:IC8.Tb 

, J 

r,n;e W- BO.JIHOBoe corrpoTnB.JieH:.re .JIMHMM; R , X - cooTBeTcTBeHHO 

8RTJIBH8JI M peaRTMBHM COCT8B.Jlff0l.UM8 COIIpOTMB.JieHJI.ff HarpysRM. rpa-

@IRM 8THX cpyHRWrM B saB:v.rCHMOCTJ: oT X rrpe.n;cTaB.JieHhi Ha pnc. I. 

l1sMepeHMH rrpoBo.n;n.JIMc:o Ha JJiaKeTe pesoHaTopa MU /I/. En:oR-

CX8Ma M8MepeHHM rrpe,n;CTaB.JieHa. Ha pnc.2. 3.n;ec:o 'tl8.CTOTOMep 1!3-24 
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C.JIYJKHT .IJ;.JI.ff H3M8peHMJI 'tl8CTOTbi R<).JI80aHHH, ycTaHOBJIBlilMXCJI B pe80Ha- ::.,!' 

TOpe; BO.JI:OTM8Tp BK7-9 - .IJ;.JI.ff M8L18p8HMJI HaiTp~eHJIJI Ha .IJ;y8HTe o Bos- ·l 
OyJK,IJ;eHne ocymecTB.JIJI8TCH C ITOMOIUblO reHepaTopa. r4-II6 'Iepes peep-
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.JieRTOMeTp, ROTOpbiM BMeCTe C JI8I!lepnTe.JieM cpa81I WK2-I2 IT03BO.JIJieT 
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Jii3M8p.H:T:O 8MITJIJiiTY,Il;Ill rra,:n;aRIIJ8M Jii 0Tp8.1K8HHOM BOJIH, a TaroK8 pa3-

HOCT:O cpa3 M8JK.IJ;y HJiiMJii. 

CH.H:Tbi8 saBJiiCJiiMOCTJii 8MIT.l.IJiiTY.IOl 0Tp8JK8HHOM BOJIHbi Jii pa3HOCTJii 

\Pa3 1VI8JK.Il;Y rra,:n;aiQU8M Jii 0Tpa.IK8HHOIT BOJIH8Mll OT 'I8CTOT1I ITpll pa3JIJii'IH1IX 

yrJiax ITOBOpOTa l18TJIJii OTHOCJiiT8JibHO CBOero B8pTllRaJI:oHOrO ITOJIO.IK8Hll.H: 

(pllc.3, 4) xoporno rro,IJ;TBepJK,IJ;aiOT TeopeTJii'IeCRJiie gyopMyJibi. Ha oc5oJiiX 

p1iiCYHR8X XOpOIIIO BJii,Il;8H OITTJiiMaJI:OHbiM yroJI ITOBOpOTa ot == 20°. llpOB8-

,Il;8HO ROHTpoJI:oHoe Jii3MepeHJiie aMITJIJiiTY.IOl OTpameHHOM gyo.JIHH c rroMom:oro 

BOJI:oTM8Tpa 3406A. llOJIY'I8HO Xop::nuee COBl18,I1;8HJii8 C ITORa38HJiiR:MJii 

~K2-I2. 0TCyTCTBJii8 TO'IHOro COB18,IJ;8HJii.H: RpliiBbiX oc5~.H:CH.H:8TC.H: rrorpeiii

HOCTR:I'vTJii l1p1iic50pOB, H8COOTB8TCTBii8M llX, a T8R.IK8 H8TO'IHOCT:OIO ycTa

HOBRJii aMITJIJiiTy.JJ;bi rra,:n;aiOII.(8M BOJIHbi. 

EHJIJii Jii3rOTOBJI8H1I ,IJ;Be O.JJ;JiiH.lKOBHe rreTJIJii Bosc5yJK.IJ;eHJii.H:. M.H RaJK

.JJ;OM l18TJIJii B OT,I1;8JI:OHOCTJii HaH,IJ;8H "yroJI COrJiaCOBaHJii.H:", TO 8CT:O yroJI 

ITOBOpOTa l18TJIJii, ITpll ROTOpOM CO:IpOTJiiBJI8HJii8 Harpy3RJii aRTJiiBHO Jii paB

H.H:8TC.H: 50 OM (rrpll 8TOM yrJie aM:TJIMTy.JJ;a oTpameHHOM BOJIHH MJiiHMMa.JI:o-

Ha, a Hal1p.IDK8Hll8 Ha .JJ;yaHT8 M81\I)JiiM8JI:OHO (pJiiC. 5, ITYHRT1iipHbi8 JillHllJii) ).j 

"YroJI corJiacoBaHJii.H:" .JJ;JIR: oc5eJiiX neTeJI:o o<. -::::t I7°. EcJni pesoHaTop 

B03c5yJK.JJ;8T:O .O,Il;HOH Jii3 l18T8JI:O (A) Jii BH8CTll B 8Ty CJiiCT8MY BTOpyro l18T-

JIIO (B), Harpy.IK8HHyro Ha ROHIJ;8 Ha 50 OM, TO 'IaCT:O MO!l.\HOCTJii Jii)J;8T B 

ne'rJIIO B Jii pacceJii:saeTc.H: Ha corJnwoBaHHo:H HarpysKe. ITo 8TOMy .JJ;JI.H: 

ITO)J;)J;8p.IK8HJii.H: ITOCTOR:HCTBa MO!l.\HOC':'Jii B p830HaTope (a, CJI8.JJ;OBaT8JI:OHO, 

f 

Jii COI1pOTJiiBJI8Hll.H: Harpy3RJii, IWT0])08 38BllCllT OT MO!l.\HOCTll) H80c5XO)J;ll- '': 

MO yB8JIJii'IJiiT:o ITJIO!l.\M:O neTJIJii A, <l, cJie,IJ;oBaTeJI:oHo, Jii3MeHMT:o "yroJI 

corJiacoBaHn.H:" (pnc.6). IIpn YM8H:OIII8HllJii rreTJIM B (rroBopoTe ee, TO 

8CT:O yM8H:OIII8HllJii 8CNJ8RTllBHOH ITJIO!l.\8,Il;ll 8TOM l18TJIJii) 8MITJIJiiTy,IJ;a OTpa

iK8HHOM BOJIHbi l18TJIJii A c5y.JJ;8T CTpeMJii'l':OC.H: R Bll.JJ;y, RBR Ha pnc. 5. 

IIpll Bosc5yJK.JJ;eHnn pesoHaTopa c .JJ;Byx rreTeJI:o corrpoTMBJieHne Ra.IK

.JJ;OM Jii3 HJiiX )J;OJI.IKHO c5biT:O ~ 25 0~1, TO 8CT:O 8CNJ8RTJiiBH8R ITJIO!l.\B,Il;:O 118-
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Te~ ~o~a 6HTb YMeHbllieHa (~To rro~TBep~aeTcH p:rrc.5, crr~OlliHHe 

~HHHH) o "Yro~ cor~aCOBaBHH11 B 8TOM C~ae ,I1;JI.H o6eHX ITeTe~b....,... 43° • : 

ciWITepHMeHT B036y~eHHH p830HaTopa O~HOBpeMeHHO C ~ByX rre

Te~b ITpOBO~~CH ITO 6~0K-CXeMe, rrpe~CTa~eHHOH Ha pHc.7. ~ pa3-

BH3KH O~HOM neT~ OT ~pyrOH B Ka~OH BeTBH CXeMH B036~eHHH 6H

~O rrocTaB~eHo no aTTeHroaTopy H3. I4 ~B. MsMepHTe~b qe.s ~K2-I2 

3~ecb HCIT0~30~CH ~ OITpe~e.1!eHHH aMIT~Ty~ OTpaJKeHHHX BO~ 060-

HX ITeTe~b H pa3HOCTH ~3 Me~ HHMH. B 3aBHCHMOCTH OT CHHXpOHHO

ro ITOBOpOTa 060HX ITeTe~b· (TO e :::T·b O~HOBpeMeHHOrO paccor~aCOBaHHH) 

pe30HaBCHOe HanpmKeHHe, alVIIT~HTJ~H OTpaJKeHRHX BO~ H pa3HOCTb !fla.3 

Me~ OTpaJKeHHHMH BO~aMH B 3a:3HCHMOCTH OT ~aCTOTH Be~T ce6H 

aHaJiorH~Ho o~HHO~HHM neT~ (pw.S, 9, IO). Ho c~e~eT OTMeTHTb, 

~TO Xapa.KTep 3aBHCHMOCTeH ,I1;JI.H }a3HOCTH !fla3 HMeeT. TaKOH B~ I13-3a 

HeH~eHTH~OCTH ITeTe~b, ITOCKO~bl\Y MaECHMaJibHHe 3Ha~eHHH !fla-3 ,I1;JI.H 

KaJK,IJ;oli :rrs rreTe~b B OT~e~bHOCTH 6y~yT rrpH cor~acoBaRHH. IIoaTOMy 

KpHBa.H: ~ o( = 45° (p:rrc. IO) cooTBeTcTByeT. cor~acoBaH:rrro. 

Ec~ .iKe saq?HKCHpOBaTb yro~I O~HOH H3 ITeTe~b (B) , a BTOpyro 

ITOBOpa~BaTb (A), TO XapaKTep IIOBe~eHHH saBHCHMOCTeH HarrpmKeHHH 

OT ~acTOTH K~oi1 H3 rreTe~b 6y;(eT pas~~HHM (p:rrc.II, I2). AMrr~

Ty~a OTpa.iKeHHOH BO~H rreT~H A (}y~eT H3MeHHTbCH 3Ha~Te~bHO CHJib

Hee, He.iKe~ y rreT~H B. 3To o6'b.HCHHeTCH TeM, 't!TO paccor~acoBaRHe 

O~OH rreT~I1 (A) ~HeT Ha ~yr;rro (B) ~epe3 BHOCHMyiO MOJllHOCTb·c 

neT~ A, a ITOCKO~bKY paccor~aCClBaH:rre BHOCHT He3Ha~HTe~bHOe H3Me

HeHHe tlp1 :1 ( p:rrc. II) , TO H B~I<HHHe Ha neT~ B no HarrpJDKeHHIO 6y

~eT HesHa~HTe~bHO. To .iKe caMoe MO.iKHO B:rr~eTb H H3 p:rrc.I3. O~HaKo 

BC~e~CTBHe o6mero paccor~aCOBai<HH CHCTeMH ~aCTOTa MI1HHMJMa yxo

~I1T OT C06CTBeHHOH ~aCTOTH pescHaTopa H, Ta.KHM 06pa30M, Ha peso

HaBCHOH ~aCTOTe aMIT~HTy~a OTpaJI:eHHOH BO~HH ITeT~H B CTaBOBI1TCH TO

.iKe sHa~Te~bHOH (co:rrsMepHMoli c OTpaJKeHHOH BO~OH neT~ A). 3ToT 
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~T He06XO~O MM8TL B EM~ npM npOBe~eHMM 8RCnepHM8HTOB npM 

6oJThmMx ypoBHHX MO!l~HocTvr. IIocROJILRY MLI MepReM pasHocTL cpas MejK

~ OTp~eHHHMM BOJIHaMM o6eMX D8T8JIL, TO no Mepe npM6JIMjK8HMR 3Ha

'tl8HMR yrJia o<.. R d.8 = 45° qa30Ba.JI XapaRTepMCTMRa M3M8HMT CBOH 

3HaR Ha o6paTHHH (pnc.I4). ToT WaRT, 'ITO MoMeHT nsMeHeHMR sHaRa 

npMXO~TCR Ha ~ ~ 43°, rOBOpHT 0 HenOJIHOH M~8HTM'tiHOCTM neT8JIL. 

):LJm HMMT8Il;IDI Harpy3RM pe30I·Ia.TOpa ny't!ROM 'tlaCTMD; Me~ ~yaH

TOM M RaMepOH 61IJIM nocTaBJieHbl 8 HaRa~LHbiX ~MO~OB 6]J3n, aHO~ 
. 

ROTOpbiX ROHTa'tiMJIM C ~aHTOM, a RaTO~bl - C RaMepof;f. Bhr.JIM npOBe~e-

Hbl MCCJI8~0B8HMR, aH8JIOrM'tiHbl8 npe~, npM BapLMpOB8RMM H8llpR

jK8HMR Ha.Ra~a. 

llpMCYTCTBMe B CMCTeMe TOR3. ~O~OB aHa~orM'tiHO ~06aBJieHMID B 

ROJie6aTeJILHHH ROHTYP ~ono.JIHMTe.~Horo aRTMBHoro conpoTMBJieHMR, 'ITO 

M3M8HR8T pe30H8RCHyiD 'tlaCTOTy. 3TO no~TBe~aeTCR pnc.I5, Ha ROTO

pOM npMB8~8Hbl pe30H8HCHbl8 RpMB:JJ:e HallpmKeHMR B p830HaTope npM pa3-

JIM'lHbiX B8JIM'IMHaX H8IIpmK8HMR Ha::ta~a, CHRT118 npM O'l8HL Ma.JIOH CBR3M 

('IT06bl MCRJIID'IMTL C~BMr no 'laCTOTe M3-3a C06CTB8HHOH MH~TMBHOC

TM neTeJTh). AHa~orM'lHbiM C~BMr liOJIY'tlaeTCR M npM MCCJI8~0BaHMM xa

paRTepMCTMR aMnJIMTY~ OTpaJKeHHbl>C BOJIH B saBMCHMOCTM OT 'tlaCTOTbl 

(pMC. I6). lloRBJieHMe TORa npMB8.IO R YB8JIM'l8HMID noTpe6JIReMOM Mom

HOCTM ('tiaCTL MOmHOCTM OTOMpaeTGR TOROM), TO 8CTL R M3M8H8HMID 

"yrJia COrJiaCOB8RMR", 'ITO npMBO~~MT R H800XO~MOCTM noBOpOTa n·e

T8JIL (pnc.I7). IIosTOMy ~JIR o~oro n Toro *e yrJia noBopoTa B sa

BMCMMOCTM OT HaiipR*8HMR HaRa~a ~MO~OB B03MOjKHbl pa3JIM't!Hbl8 B8JIM't!M

Hbl aMnJIMTY~ OTp~eHHbiX BOJIH (O~llij{\8 MJIM ~aJThllle 8Ta TO'lRa HaXO~MT

CR OT corJiacoBaRMR) (pnc.I6, IB). B cooTBeTcTBMM c STMM M3MeHR

eTCR M pasHocTL cpas (pnc.I9, 20). IIpn HyJieBoM HanpmKeHMM HaRa~a 

MMeeT corJiacoBaHMe B pesoHaTopE! npn ot.148 ~ 43°, npn ~ = 4, 5 B 

npOM30lli8JI C~BMr no yr.JIY R 35°. 
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IIocKO.JibKY pesoHaHcHaJI 11ac·roTa ;IJ;O.JIJKHa 6HT:o orrpe,IJ;e.JieHHOH M 

rrocTo.mmoti, BOSHMKaeT TPY.IJ:HOCT::, TaKoro po,IJ;a. Ms pMc. I 6 BM.IJ:HO, 

'ITO, K IIpiDilepy, Ha '18.CTOT8 26,I5S Mri.J; IIpM Ma.JIOM ·TOKe ,Il;MO,Il;OB aM

IT.JIMTy,IJ;a OTp8JK8HHbiX BO.JIH 60.JI:DIIIai, a, C.JI8,Il;OB8.T8.JI:DHO, yC.JIOBM.ff pa6o

Thi ,Il;.JI.ff reHepaTOpHOH .JiaMIIbi 6ylJY'r TJDK8.JI1IMM o il08TOMy Ha H8.'1a.JI:DHOM 

8Taii8 ycKOp8HM.ff HarrpmK8HM8 B08<5YJK,IJ;8HM H806XO,IJ;IIMO yM8H:DIIIMT:D, 'ITO 

rrpMBe,IJ;eT K yMeH:orneH:mo aMII.JIMTY.IJ:U oTpaJKeHHOH BO.JIHH. IIpM ;IJ;a.J!bHe:mireM 

ycKOp8HMM B8.JIM'IMH8. 0Tpa.JK8HHOM BO.JIHhi 6y;IJ;eT yM8H:DIII8.T:DC.ff, 'ITO II08BO-· 

.JIMT yBe.JIM'IMT:o HanpmKeHMe.Bos6y;meHM.rr. To ecT:o Heo6xo;IJ;MMo cos,IJ;aT:o 

CMCTeMy T8ROH rrepecTpOMKM HaiipJ~8HM.ff. 

~ IIOBHIII8HM.ff ypOBH.ff HaiipJ~8HM.ff B CMCT8M8 6bi.JI CMOHTMpOBaH 

reHepa.TOp B086yJK,IJ;eHM.ff Ha. ;IJ;ByxaJIO,Il;HOH reHepaTOpHOH .JiaMne rY-I9. 

CxeMa. reHepa.Topa rrpe;IJ;cTaBJieHa na. pMc.2I. Xapa.RTep sa.BMCMMOCTeti 

Lit,? ( /) , ~';P (eX.) OCT8JIC.ff Hp8JKHIDJl, HO H8,Il;OCT8.TO'IHM p8.8B.ff8K8. 

K8.H8JIOB ;IJ;pyr OTHOCMT8.JI:DHO ;IJ;pyra IIpMB8.JI8. K B88HMOB.JIM.ffHMID MX. ilo-

8TOMy p880HaHCHhl8 '18.CTOT1I ,1J;1I.ff OTpaJK8HHbiX BO.JIH OK8.88JIMC:D p8.8HbiMM. 

0TCID,Il;8. MOJKHO C,Il;8.JI8.T:D BbiBO,Il; 0 He06XO,Il;IDJlOCTM C08,Il;8.HM.ff OT,Il;8.JI:DHOro ! 
f 

reHepaTopa. ,1I).Lfi Ka.JK,Il;OM II8T.JIM B OT,Il;8.JI:DHOCTM. B COOTB8TCTBMM C 8TMM :
1 

B8,Il;8T ce6.rr M p8.3HOCT:D was (xapEffiT8p 88.BMCIDJlOCT8H 60.JI88 C.JIOJKHHH). 

IIpoc.JieJKMBa.eTc.rr MSMeHeHMe "yr.Jia cor.JiacoBaHM.rr" B 3aBMCMMOCTM oT 

HaiipmK8HM.ff Ha.Ra.Jia M II8p8XO,IJ; peERTMBHOro COIIpOTMB.JI8HM.ff '18p88 Hy.JI:D • 

. I 
I 
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