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PasBRTRe KOJIJieKTHBHHX MeTonoB yoKopeHRf[ R, B qaoTHOOTH, 
., . 

HOnOAb30BaHHe ,nJISt yoKopeHRf[ HOHOB noJUI peJUITRBHOTOKHX 0A8KTp0HOB, 

o6pasy:DitHX KOAI,UeBOff nyqoK /I-3/, OTaBRT s~aqy ycToffqRBOO~H 

TaKHX o6pasoBa.IIHff no OTHOmemm KO BCmtoro pona BOSMYllleHID™. 8To 

B ocodeHHooTH Brumo noTor.,y, qTo-MeTon KoJIJieKTimaoro yoKopeHWI 

ripennoAaraeT HaJIHtme 6oADIDOA MOTHOCTH 0AeKTp0HHOro cryCTKa • 

. · CneunqiHKa KOAbU8BHX o6pa30BaHHff npRBOnRT K nByM BOSMOJ!tlmM 

TmIEW ueyoTOffqRBOCTeii: ueyCTO~OCTH, o6yCAOBAeHHHe HMnqHeM 

'AByx nyqKOB - SAeKTpoHHoro R HOHHoro / 4-7/, n HeycTO:lttIHBOCTH, 

. llpROyI!Uie_ Henocpe'ACTBeHHO 0AeKTpOHHOMY nyqKy. 

HaOTOml!asl pa6oTa nocBSmleHa HSyqeHHKl YCTO:lttIHBOCTH O'AHOKOMllO

HeHTHOro BAeKTpoHHoro KOAbUeBoro nyqKa~ IIpo6AeMH YCTOiiqJIIBOCTH Ta

~oro nyqKa noBOAbHO 6JmSKR no cBoen npnpone K npodAeMaM, xopomo 

HSyqeHHUM B TeOpHH UHKJIHIIeCKHX yOKOpHTeAeii, O'AHaKO o6A~am 

HeKOTOpur.m CY111eCTBeHHUMlI OTJIWIID™H. neAO B TOM, qTO llyqOK B yCKO

pHTeAe, KaK npaBHJIO, pacnoAaraeTC.fI B Y3KOi1: SKpa.HnpYJOilleH KaMepe, · · 

co6CTBeHHHe qacTOTH KOTOpoH saaqHTeAbHO BHille co6cTBeHHh!X qacTOT 

nyqRa. IIpH STOM HaH60Aee CY111eCTBeHHUMlI .fIBJffiD'l'C.fI HeycTO:lttIHBOCTH 

Tmia "oTpmi;aTeAbHOfi MaCCH" /Bl, KOTOpasI BH3HBaeT nporpeccnpYJDlllYIO 

6aaqnpoBey.nyqKa n, KaK cAencTBHe, y:ae;raqeHRe sHepreTnqecKoro 

pas6poca n pasMepoB nonepeqHoro ceqeHR.fI, a TruoKe pesncTRBHM 

HeyCTO:lttIHBOCTl>, llpRBO'AmI\a.fI K pocTy 8MIIJUITYJ(H KOrepeHTHHX KOAe6a

Hmt nyqKa /g/ • 

B CJIY1Iae sAeKTpoHHHX KoAeu npencTaBJiffilJT HHTepec sanaqn 

06 YCTOilqRBOCTH KOAe6aHIIii B KaMepax, qacTOTH KOTOpHX 6AH3KH K coO

CTBeHHlill qacTOTaM nyqm HHH HHX8 HX, a TaKxe B OTKPUTWC CTPYKTypax 

3 



Tima BOJIHOBO.n;a, Ror,n;a CTaHOBJITCJI CYI!leCTBeHHmm pa,n;na.rmomrne acp
weRTH. IlpH 3TOM HeJl1>3JI, RaR 3TO 06WIHO ,ll;eJlaeTCJI B TeOpHH YCROpH

TeReH, npeae6peraTb asllM,YTaJibHHMH KOMIIOHeHTaMH co6CTBeHHoro IlOM 

nyqRa IlPH HCCRe,ll;OBa!IHH YCTOiltIHBOCTH pa,n;HaJIJ:,HHX RORe6aHmi, TO eCTl:, 

Heo6xo,n;nMO ytIHTUBaTJ:, CBJI31, 3THX KORe6aIImi c asllM,YTaJibHblM ,ll;BIDKe

HHeM qaCTIDl B KOR1>ne. 

TeopeTWieCKHe BOilpOCH YCTOiltIHBOCTH O,ll;HOKOMIIOHeHTHHX 

3RSRTpoHHHX RORen paCCMaTPHB~Cl:, B p.ime pa6oT. B pa6oTe /IO/ 

HCCRe,ll;OBaHa YCTOHtIHBOCTb KOR1>na B nm.rmmpWieCKOM pesoHaTope IlpH 

HaJIWIHH peSOHaHCa B OTCYTCTBHe aRCHaJlbHOil q>oeycHpOBKH. 0606~eH1Ie 

pesyR1>TaTOB 3TOil pa60TH Ha CRyqall H8MOH03HepreTWI8CKoro :nyima 

npH H~HH aRCHaJibHOil q>oicy"CHpOBKH, HO 6es yqeTa CBJI3H pa,n;HaJib

HOro H aSilM,YTaJibHoro .n;BIDKeHHfi, co,n;epmrrcJI B pa6oTe /II/. B pa6o

Tax /I2/ paccMOTpeHa ycTOiltIHBOCTl:, aSilM,YTaJlbHHX KORe6aIImi KOR:&na 

B BOJIHOBO,n;e. OCHOBHHe pesyR1>TaTH 3THX pa60T OTHOCJITCJI K CRyqaD 

BOJIHOBO,D;Horo pesOHaHca. YCTOiltIHBOCTH a3IlM,YTaJibHHX KORe6aHmi 

KOR1>na, pacnoRo~eHHoro Me,x,n;y ,ll;BYM/I MeTaJIJIWieCKHMH MOCKOCTJIMH, 

IlOCB.RllleHa pa6oTa /I3/. 

TeopeTWieCKH8 HCCRe,ll;OBa!IIDI IlOKaS~, qTQ H8YCTOiltIHBOCTb 

KOR1>na-MO~eT 6m1, oqeHl:> CKIIbHOM H 6HcTpO pacTeT C YBeJIWI8HH8M 

qHcRa qaCTIDl. 3TO IlORyt!KIIO 3KcrrepHMeHTaJlbHOe IlO,ll;TBep,!Ul;eHHe B 

EepKRH, r,n;e Ha6JDQD;aJioc1, 6ucTpoe yBeRWieHHe pasMepoB norrepeqHoro 

ceqeHHJI npH YBe~eHHH qnMa sReKTpoHOB ,n;o rnI3 I 3 I. B cBJISH. 

C 3THMH 3KCilepHM8HTaMH 60R1>moe 3HaqeHne npno6peTaDT TeopeTWI8CKHe 

HCCR8,ll;OBaHHJI YCTOiltIHBOCTH KORDna B pesoHaTope, B qacTHOCTH, 

YCTOiltIHBOCTH a3JIMYTaJI1>HIDC KORe6aHmi BHe peSOHaHCOB, qTo OCTaJIOCb 

sa npe,n;eRaMH nepeqncReHHHX Burne pa6oT. 
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HeMaJioe saaqeHHe npn ,D;8.-711>HeiimeM Y9KopeHmi KOR1>na HMem T~e 

BOnpocu ycTOiltIHBOCTH KaR a3IlM,YT8JIDHIDC, TaR II nonepeqffHX KORe6aHHH 

KOR1>ua, ReTJilllero B BOJIHOBO,n;e, a T~e npo6ReMa. YCTOiltIHBOCTH aRCH

aJlbHHX KORe6aHmi B OTCYTCTBHe BHemHeil q>oKYCHpOBKH. Il ,ll;HCCSPTanHH 

IlpoBe.n;eHO paccMOTpeHHe 3THX BOilp0COB. 

B OCHOBY HCCR8,ll;OBaHHJI IlORO~eH r~po,D;IIHaMHq9CRHH MSTO,ll; /IO/. 

HsRo~eHHe SToro MeTo.n;a H o6o6~eHHe ero Ha cRyqail nyqKa c sHepreTH

qecKHM pas6pocoM co,n;epmrrcJI B rRaBe I ,ll;HCCSPTanHll• Ha OCHOBe 

RHHeapH30BaHHHX YPaBHeHm1 ,ll;BID!teHHH qacTHU B rrytme (§I) BHBO,ll;JITCJI 

YPaBHSHM, OilHCHB~e KorepeHTHHe KORe6aHHJI :nyima (§2). Ilo,n; 

KorepeHTHHMH IlOHHMBDTC~ KORe6a.mm, Ilpll ROTOpHX norrepeqHoe ceqeHHe 

IlYiJKa CMe~aeTCJI KaR neRoe, 6es HCKallteHHJI q>opMH. TaRHe KORe6rur:wr 

COilpoBOl!U{aDTCJI KORe6aH:wrMH MOTHOCTH sap.R;IJ;a H TOKa, qTo, B CBOD 

OtJ:epe,n;1,, npHBO,ll;HT K B03HHKHOB8HHD IlOReil B03MYJll8HHJI,"TaR qTo ypaB

H8HIDI KOrepeHTHHX KORe6aHHtt Momo rrpe,n;cTaBHTJ:, B B~e 

" " Li =Al, (I) ,. 
r,n;e L ~ onepaTop KorepeHTHHX KoRe6amrlt n~a B OTCYTCTBHe 

I;. 

BOSMYJlleHmi, A - onepaTop, orrHCHB~ rroM BOSMYJlleHIDI, Bos--6yl!U{aewe KORe6ammMH U8HTpa TJD!tSCTH ceqeHHJI A . B TaROil 
T i.(tt0-wf) 

4>0PM8 sa,n;aqa CTaHOBHTCJI CaMOCOrRacoBaHHott. IToRaraJI A ~e 
ll IlpHpaBHHBaJI onpe.n;MHT8Rl:, (I) K HyRD, IlO~HM .n;HcrrepcHOHHOe 

ypaBHeHHe ,ll;M qacTOT ClJ • B OTCYTCTBHe B03MYJll8Hlltt KOpHH aToro 

ypaBH8HIDI MOl!tHO pas.n;eRHTb Ha TpH,RJiacca: 

a.) Wr c (n. ±Qr )Qo, 

S) We= n_Qo, (2) 

g) wl_ =. (n,±Q~)QO I 
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r.n;e - yrJIOBM CKOpoCTI, 1!8.CTHD;, Qr. ~ - llt0CTKOCTI, BHemHeii 
I 

QQ 
qJOKyCHpOBKH. 

<IacTOTH Wr H W-l omrcID3am nonepe1IHHe (pa,n;HaJII,llile H 

aKCHaJII,HHe) KqJie6a.mm ny-qKa, 1IaCTOTH We - a8ID4YTaJI:E.llile. Bepx:mni 

3HaK B U,\1; OTHOCHTCSI K 6HCTpHM BOJ!Ha.M C W~} > Q
0 

, Hmmirl! -

K Me.n;JieHHHM C W 'Pat. < Q o • . 

HccJie,n;o:srume ,n;ncnepcnoHHoro ypa.:aHeHHSI (§3) nos:aoJmJio samr

caTI, YCJIOBHSI YCTO:HIIHBOCTH MOHO8HepreTH1IeCKOro ny-qKa B :im;n;e H8KOTO
/\ 

pmc Hepa:aeHcT:a·npH npoH3BOJII,HOM xapaKTepe onepaTopa A , onpe-

.D;eJI.HJOll!ero IIOIIpaBKH K 1IaCTOTa.M (2). AflaJIH3 8THX aepaBeHCTB IlOKa-

3a.n:, 'IITO: 

I) HaJllilIHe ,IJ;HCCIDiarnm aHeprHH ny-qKa (HS.nyg:eane, IlOTepH H3-3a 

KOHe'IIHOH IIpOBO,IJ;l!MOCTH CTeHOK) Ha 1IaCTOTax, COOTB0TCTBYDI!HX Me,n;JieH

HHM BOJIHaM, WIH Ha rap.MOHHKax 'tJaCTOTH o6p~eHHSI Bcer.n;a IIpHBO,IJ;HT 

K HeycTOii1IHBOCTH, COOTB8TCTB8HHO, nonepe'IIHHX HJm a8ID4YTMI,llilX 

KOJie6aaml:; 

2) ,IJ;HCCIDianIDI SHeprHH Ha 1IaCTOTax, COOTBeTCTBYDllHX 6HCTPHM 

BOJIHaM, He BH3ID3aeT HeycTOit1IHBOCTH ny-qKa. 

HeyCTOii1IHBOCT:E, KOJI:E.Ua Ha Me.n;JieHHHX Mo.n;ax H Ha 1IaCTOTax, 

KpaTHHX qacTOTe o6p~eHIDI, 061>JICHSI8TCSI aHOMa.n:I,HHM a<MeKTOM 

noIIlIJiepa, IlpH KOTOpoM BHYTpeHHmI SHeprIDI CHCTeMH, ,Il;BRJKYIIl0llCSI CO 

CKOpoCT:E.ID, 60JI:E.mefi CKOpoCTH BOJIHH, YB8JIH1IHBa8TCSI 3a C'IIeT ee 

npo,n;OJII,HOii SHeprim IIpH HMH1IHH ,Il;HCCHII~HH. B pa6oTe pe3HCTHBHHe 

a@)eKTH He paccMaTpIIllaIOTCSI, sa HCKJIID1I8HH0M OKpeCTHOCTeii pe3OHaH

COB, H e.n;HHCTBeHHHM M0XaHH3MOM ,IJ;HCCHII~ SIBJISieTCSI H3Jzy1IeHHe. 

EcJIH YCTOit1IHBOCTl, nonepe'IIHHX KOJie6aaHH IIpH HaJllilIIm BHemHeil 

qJORYCHpoBRH ueJilim:OM onpe,neJISieTCSI ,IJ;HCCHIIaTHBHHMH npoueccaMH, TO 

a3m,iyTMl>HHe ROJie6aaHSI MOrYT 6HTI, HeyCTOii1IHBH H B OTCYTCTBHe 
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IIOTepi,. Y.n;o6HOH xapaKTepHCTHKOH IIpH HCCJie.IJ;OBaHHH YCTO:HIIHBOCTH 
cn.J I I 

STIDC KOJie6aaml: Jll3JIBeTcR mme,n;aac nyqKa Z 0 
8 , onpe,n;eJieHHb!H 

corJiacHo qioprqJie 

2~r: E:' = - z;)t~ (3). 

(11.) 

r.n;e Ee - asID,7YTa.n:I,mU:1: KOMIIO.HeHTa aJieRTpWiecRoro noJISI Ha 

( 
(I\) i.(ne-wt) I t11.) 

ROJI1>ue pa,n;:HYca r:i E0 ~ e. , a , - TOK cooTBeT-
(11.) 

CTBYJlileil: rapMOHHKH no asm,iyTy. Re l.8 onpe,n;eJIReT pa6oTy CM. 
(.II.) 

noJIR Ha.n; nyqKoM, n npH Ha.n:WIHH ,n;ncc:im~ Re Z a ). 0 
EcJIH HMIIe.n;aac 'IIHCTO MHmmii, TO ycTOit1IJIBOCTI, a3HMy-Ta.7J'.l>HHX ROJie6aam1 

3aBHCHT OT 3HaKOB peaKT8:HCa H acMJeKTHBHOH MaCCH qacTHA. F,cJilI, 

KaK 8TO 06H1IHO HMeeT MeCTO ,IJ;JI.!I 8JI0KTJX)HHHX ROJieU, acMieKTHBHa.!I 

Macca OTpHAaTeJII,Ha, TO KOJII,UO YCTO:HIIJIBO npH HH.ItYKTHBHOM mme,n;aace 
(,It) 

c '.1m. 1.e <. 0 >. 
B pa6oTe paCCMOTpeHa TaRllte ycTOil:qJIBOCTI, aKCiraJII,HHX KOJie6a

Hml: B OTCYTCTBHe BHemHeii qJOKYCHpoBKH ( Q c =0) • B 8TOM c.nyg:ae 

MOlKHO BBeCTH IIOHRTHe aitCHMI,HOro HMIIe.n;aaca, onpe,n;eJieHHoro KaK 

KOaqxl)HAHeHT IlJX)IlOpnHOHaJI:E,HOCTH MeJK,ey" '.c -KOMIIOH0HT8MH cmm 

Jiopeaua H CKOJX)CTH 1IaCTHU. Tor.n;a ,IJ;JI.!I YCTO:HIIJIBOCTH aKCHMI,HHX 

KOJie6aaml Heo6xo.n;HMo, 1IT06H 8TOT HMIIe.n;aac 6HJI 'IIHCTO MHIIMHM H 

HOCHJI 8MKOCTHOH xapaKTep. 

PesyJI:E.TaTH, no.nyg:eHHHe B rJiaBe I, RBJIRJOTCSI OCHOBOH KOJIH

qecTBeHHoro HCCJI8,IJ;OB8HIDI YCTOiitl:HBOCTH 8JI0KTpOHHHX KOJieu, 'IITO 

cocTaBJISieT co.n;ep,!t8Jme ITH m rJiaB, r.ne TaKJKe nccJie.nyeTcR BJilI.!IHHe 

8HepreTHtI0CKOro pas6poca Ha YCTOit1IHBOCTI,. C ae60JI:E,illOH MO,IJ;HqJHKa

UHeil: 8TH pesyJII,TaTH HCIIOJII,3ymC.!I H B rJiaBe IY. 

IT rJiaBa ,IJ;HCC8PT~ IIOCBSlllleHa HCCJie,n;o:aamno ycTOit1IHBOCTH 

asID4YTa.n::E,HHX KOJie6aaml KOJI:E.Ua. OcHOBHOil: ueJI:&10 §§ 5-7 Jll3JIB9TC.!I 
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HaxOJJUteHire m.me.n:aHca KOJII.:[(a B pas~ CTPYKTYJ)a.X H BHtmCJI0Hlie 

IIHKpeMeHTOB HeycTOH'IHBlDC MO.IJ: ,JtJilI MOH08H0p!'0TWI0CKOro nytIKa.· 

AaaJIH3, BHIIOJIHeHmm B § 5, r.n:e paccMaTpHBaeTC.lI YCTOittlll'.BOCT:E, 

asmzyTaJI:E,HlDC KOJie6runrli KOJII.:[(a B CB060,JJ;HOM IlpOCTpaHCTBe, llOKaSaJI, 

qTo B yJI:EiTpapeJI.lITHBHCTCKOM CJIYliae HMII9,JJ;8HC H HHKpeM8HTH asmzy

TaJI:E,HI,JX KOJie68.HHii He sa.BHC.!IT OT pasMepoB nonepeqfforo ceqe:mm:, 

qTo ll03BOJI.!IeT B ,JJ;aJI:EiHeiimeM, orp8HWIHBa.!IC:E, 8THM CJIYliaeM, llOJI:E,30-

BaT:EiC.lI MO,JJ;eJI:EiID 6eCKOHeqHo TOHKoro KOJI:Eiua. Ra.It~ HOMepa 
t/3 

asmzyTaJI:EiHOH MO,JJ;H tL , HMII9,JJ;8HC pacTeT nponO~HOHaJI:E,HO rt, 
. 2,/3 

a COOTB0TCTBYJOOU'[e lIHKpeMeHTH MOH08HepreTWI9CKOro IIyrIKa,.., n, • 

EcJIH KOJI:EiUO pacnoJio~eHo B BOJIHoBo.n:e (§6), TO ycToittlHBocT:Ei · 

JIIDC>Oit sa;a;aHHoii asmzyTaJI:E,HOH MO,JJ;H MO~O oelecnelIHT:Ei, pacIIOJiara.!I 

ero .n:ocTaToqao 6JIHSKO K·Ko;eyxy, TaK, qTo6u qacTOTa BOJIHU 6.wra 

Hlllte KpHTWI9CKOli qacTOTH BOJIHOBO,JJ;a (.n:op8,IUiauHOHHa.!I 06.nacT:Ei) • 

tracJieHHU:ii pacqeT m.me.n;aHca KOJI:E,Ua B BOJIHoBo.n:e KpyrJioro ceqeHM 

ll03BOJIR].[ onpe.n:eJIHT:E, pasMepu OC>JiaCTH YCTOittlHBOCTH H BuqHCJIHT:E, 

HHKpeMeHTH MOH08HepreTWI0CKOro nytIKa B pa,n;H~OHHOfl 06.naCTH. 

KaqeCTB0HHO KaPTHIJa Bllr.JI.ff,JJ;HT CJI8~ o6pasoM. EcJIH 

KOJI:EiUO oqeH:E, 6JIH3KO K KOJKYXY BOJIHOBo.n:a, TO ero m.me.n:aHc 8MROCTHOH, 

H HM98T M8CTO HeyCTOhHBOCT:E, "oTpRUaTeJI:EiHOil MaCOH". 0.n;HaKO aTa 

06.naOT:E, oqeH:E, Y3Ka.!I, IlpWI8M ee nmpm1a YM8H:EimaeTC.lI C pooTOM 

aaeprHII nytIKa, H IIO Mepe y:n;aJie:mm: KOJI:E,Ua OT KOiJtYXa HMII8,JJ;8HC 

IlpOXO,JJ;HT qepes MaKOm.!YM H OT8HOBHTO.!I lIH,eyRTlIBH.BM, TaK irro KOJII.:[(O 

YOTOhHBO. IIpH .IJ:aJI:EiHettmeM YM0H:Eim8HHH pa,n;MYCa llO.lIBJI.lI0TO.lI HSJIYlI8-

HHe, H aSIDzyTaJI1.HH8 KOJI868HH.!I BHOB:E, H8YOTOhHBH. IlpH 8TOM IIpaKTH

lieCKH BO Been pa,JJ;HauHOHHOil 06.nacTH HHKpeMeHTu 6.nHSKH K HHKpeMeH

TBM KOJI868HHH nytIKa B OB060,JJ;HOM npoOTpaHOTBe. HcRJIIJTieHHe 
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npe.n:oTa:BJIJIDT OKpeoTHOCTH BOJIHOBO,IUil,IX pesoHaHOOB, KOTOpue HM8lDT 

Mec~o, KOr~a qacTOTa BOJIHU 6.nHSKa K O,JJ;HOH H3 qacTOT OTCelIKll 

H-BOJIH OOOTB8TOTBYD!l0H asIDzyTaJI:E,HOii MO,JJ;H. Han6oJiee onaoam.m: 

.lIBJIJDDTC.lI nepBH8 BOJIHOBO,JJ;Hll8 pe30H8HOll, a OTHOOHT8JI:E,H08 B03paCTa

HHe HHKp8M8HTOB no Cpa.BH8HHID C aepe30H8HCHblM OJIYliaeM BllpruK8HO 

6oJiee pe3KO npH MaJIOH llJIOTHOCTH iap.gn;a B KOJI:Eiue. 

YOTOHlIHBOCT:E, a3mzyTaJI1.HlDC KOJI868Hmi: KOJI:Eiua B pesoHaTope 

HCCJie.n;yeTC.lI B §7 ,JJ;HCCepTauHH. Han60JI:Eimero 3HalI0HH.!I HHKpeMeHTll 

,JJ;OCTHraIDT B peSOHaHCax, Kor.n:a co6CTBeHHue qacTOTH nyqKa n KaMepu 

COBlla,ItaIDT. Bll:e peSOHaHCOB KOJie68Hll.!I ycTOHlIHBH, ecJIH qacTOTa BOJI

HHIDDKe qacTOTH KaMepu; H HeycTOH'IHBH B oelpaTHOM o.nyqae. IIpn 

yqeTe ROHeqHoil .n:o6poTHOCTH HeycToillIHBOCT:Ei m.1eeT MecTo He3a.BHCHMO' 

OT cooTHOmeHH.!I STHX qacTOT. B pesoHaTope UHJIHH.JJ:pWiecKoil WOpMI,I 

pesoHaHo HMeeT Mecrro JIHm:E, Ha Tex Mo.n:ax, y KOTopmc Ha .IJ:JIIIHe peso

HaTopa YKJia,n;HBaeTC.lI IIOJIYI];8JI08 lIHCJIO ,JJ;JIHH.BOJIH /II/, TaK KaK B 

npoTHBHOM c.nyqae noJie Ee 6y:n;eT HMeT:Ei yseJI Ha KOJI:EiUe. 

EoJI1,moe SHal!eHHe HM88T BOnpoo 06 YOTOH'IHBOCTH KOJI:Eiga BH8 

pe30H8HCOB. B pa6oTe 8TOT BOllpoC HCCJI9,JJ;OB8H ,JJ;JI.lI OJIYlia.!I UHJIBH.UPH

qecKoro pesoHaTopa KpyrJioro oeqeHIDI. Ms BapruKemtii, no.nyqeHHIDC 

B pa6oTe, oJie.n;yeT, qTo m.me.n:aHc nyqKa B ,JJ;JIHHHOM pesoHaTope 

( L >>}.. , ),.. - .n;JIHHa BOJIHH BOSMYil{e:mm: ) ooBIIa,n;aeT c peaKTaH-

coM nytIKa B BOJIHOBO.n:e, TaK qTo MO~O .n:oelHT:EiC.lI YCTOiltl:HBOCTH KOJI:E,

ua, pacnOJiaraH ero .n:ooTaTOqffO 6.nHSKO K im,nm.n:pWieOKOii CTeHKe, 

r.n:e ero m.me.n:aHo llHJtYKTHBmdi. 0.n;HaKO CY11l8CTBYD!la.!I OHOTeMa llOJIY

qe:mm: KOJI:E,Ua npe.n;noJiaraeT ero oJJtaTHe B npoueoce ~p.mpoB8HH.!I, 

TaK qTo KOJI:E,UO 6y:u;eT npoXO,JJ;HT:E, p.gn; 06.nacTett yoTOiiti:HBOOTH H 
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HeycTOiJ:tllIBOCTH, npHtieM nmpima nepBHX 6HCTpo cyxaeTCH, H mme.n:anc 

CTpeMHTc.a: K peaRTa.HCY ny,ma B CBO60,IUIOM npocTpanCTBe, KOTOpmi 

HOCHT 8MKOCTHOtt xapaxTep. 

B C~SH C 8THM npe,n:CTaBJIR:eTC.ff B8JICHHM paCCMOTpeTI, KOJimo 

B KOpoTKOM pesoHaTope ( L <<.A ) , ~e OHO B npor(ecce CEa.THH 

Bee BpeMH pacnoJiaraeTC.ff ~KO K CTeHKaM. B TaROM pesoHaTope, 

npu6mma.a:cI, K pesoHaHcy no Mepe Cl!ta.THH, KoJimo 6rneT nepexo~1, 

HS o6JiaCTH HeycTOiJ:tIIIBOCTH B OMaCTI, YCTOiJ:tIIIBOCTH. B pa6oTe noxa

sano, tJ:TO .i:t8.llte ecJIH asmzyTaJiliHHe KOJie6anHJI He 6rnY'f ycToittlIIBa:, . 
. HX HHKpeMeHTH CYIIleCTB8HHO Hmte HHKpeMeHTOB KOJie6amttt KOJima B 

CB06O,IUIOM npocTpaHCTBe • 

B § 8 paccMOTpeHo BJIIDIHHe aHepreTHtiecKoro pas6poca H cBH

saHHoro C HHM saTyxaHIDI JiaH,n;ay Ha YCTOiJ:tIHBOCTI, asmzyTaJil,HHX 

KOJie6an:irn:. MeTO,ItH"leCKH STO HCCJie,ItOBaHHe 6asBpyeTC.ff Ha pa6oTe /Bl 
PesyJII,TaTH noKaSHB8.IOT, tJ:TO npH SB,IJ;aHHOM tJ:llCJie tJ:aCTHI:( KoJimo ycTO 

tJ:HBO, ecJIH noJIYIDHPHHa ero pacn~eJieHHJI no tJ:aCTOTaM o6P8IlleHHH 

(OTHeceHHaJI K tJ:aCTOTe 06pallleHHJI) 

b,. ). Ll noti ~ I p~n.)\/ n,' (4). 

r.n:e P
ln.) 
0 ::r. ( W - flQo)/.Qo - nonpaBKa K tJ:acToTe (26), 

. I ln.)I 2/3 BHtJ:HCJieHHa.a: ,D;JUI MOHoaHepreTHtiecxoro nyqKa. IlocKOJII,KY p0 ~tt 
TO OTCIQICa CJie.n:yeT, tJ:TO KoJimo ycToiitnmo, ecJIH ycToiJ:tIIIBa MO,Ita 

n, =I. EcJIH nyqoK paCilOJIOJ!teH TaR, tJ:TO nepBoil HeycTOiltJ:HBOil MO,Itofi 

B MOHOSHepreTHtJ:eCICOM Myqae HBJI.a:eTC.ff MO,Ita rt =K. • TO Heo6xo

.i:t:HMI:.tli: ,D;JUI YCTOiJ:tllIBOCTH pas6poc onpe,IteJI.a:eTC.ff qioprzyJioii (4) c tl=K. 
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HccJie,ItOBaHHe BJIIDIHHJI SaTyxaHHJI ~aH.n;ay Ha YCTOiJ:tIHBOCTI, 

KOJII,I:(a B BOJIHOBO,IUIHX pesoaancax npoBe.n;eHO ,D;JUI .n;Byx tJ:aCTHHX Bl'.l;Il;OB 

pacIIlJe,n:eJieHHJI no tJ:aCTOTaM o6pallleHHH: CTyneHtJ:aToro n ~opeHI:(a. 

IlepBoe HS HHX He npIIBO,Il;HT K no,n:aBJieHmo HeycTOiJ:tIIIBOCTH. 3HatJ:eHHe 

J!te noporoBoro tJ:HCJia tJ:aCTHI:( BO~BTOpoM CJIYtJ:ae SaBHCHT OT COOTHome

HHH MeJK,Jzy tJ:aCTOTaMH BOJIHI,J H BOJIHOBO,ItHOro pesoHanca. EcJIH 

w > c.,J ;w , TO N no/ = 0 , ecJIH iKe (J) < {,() ;w , TO 

Ntu:ft ~ (w;u.,-w)~Jl2.. IlpH yqeTe KoHetJ:Hoii npoBo,n:HMocTH Ko;rcyxa o 
Nrw/'- :f. O H IIpH W > aJ jzM , npHtJ:eM B TOtJ:HOM pesoHance 

tV n.n'1 ~ 0 - 'ls , ecJIH nmpHHa pacnpe,n:eJieHHJI BeJIHKa no cpaBHeHmo 
,~ . _14 

c nmpHHoii pesoHanca, n. N twf ~ o B npoTirBOIIOJIOiKHOM CJIYtJ:ae. 

rn rJiaBa ,Il;HCCePTar(HH IlOCBBIJleHa_yCTO:fitJ:HBOCTH norrepetJ:HHX 

KOJie6an:irn: KOJII,I:(a. IloCKOJII,KY pesHCTHBHHe aqxlieKTH B pa6oTe He 

paCCMaTpHB8.IOTCH, TO, no KpaiiHeil Mepe, BHe peSOHaHCOB, HeycToii

tJ:lIBOCTI, HOCHT tJ:HCTO pa.n;Har(HOHHHH xapaxTep. B § 9 BHtJ:HCJieHH HH

KpeMeHTH nonepetJ:HHX KOJie6wmit MOHOSHepreTHtJ:8CKOro ny,ma B CBO-

60,IUIOM npocTpaHCTBe. HccJie,n:OBaHa SaBHCHMOCTI, HHKpeMeHTOB OT 

8HeprHH tJ:aCTHI:(, J!teCTKOCTH BHemHeii qx:>KyCHJ)OBKH H HOMepa aSmzyTaJII,

HOil MO,Itli rt • A.HaJIHS noKasaJI, tJ:TO IlpH O,Il;HHaKOBOtt xecTKOCTH 

WQKycHJ)OBKH HHKpeMeHTH pa,n;HaJiliHHX KOJie6amm CYII!eCTBeHHO npeBH

maIOT mmpeMeHTH 8RCH8JII,HHX, tJ:TO O6MCH.ffeTC.ff CBHSI,JO pa,n;HaJiliHOro 

H aSmzyTaJII,HOro .n;BIDKeHHM tJ:aCTHI:( H COOTBeTCTBYJX!lRM BKJIB,IJ;OM asH

MyTaJII,HOii KOMIIOHeHTH noJIH BOSMyllleHHJI. IlpH YB8JIHtJ:eHHH iKeCTKOCTH 

WQKYCHJ)OBKH mmpeMeHTH Ila,IJ;8.IOT; J!teJiaTeJII,HO 61:lJIO 6H cos.n:aTI, 

Q r l. >> i , tJ:TO nOSBOJIIJJIO 6H c,n:eJiaTI, YCTOiJ:tIHBHMH HlISmHe MO.D:b! 

KOJI~6aHHM c tl <. Qr. l. H CYIIleCTBeHHO CHHSWIO 6H mmpeMeHTH 
' 

BHCDmX MO,Il;. 

II 



----:--:---====---a..:.----·~·---·-·· 

B § IO paCCMOTpeHa ycTOfitJ:HBOCTL nonepe~mc KOJie68.Hlrll B 

BO~OBone. YcJIOBHe ycTOfi"tIHBOCTH 8TlIX KOJie6amm - OTCyTCTBHe 

H3JIY"tl:0IDI.!l Ha tJ:aCTOTax, COOTB0TCTByxIIllIX·M0)lJI0HHHM BO~aM. B KJ;iyr

JIOM BO~OBO~e )lJIJI KOJILUa, nocTaTO~O 6~3KO pacnoJI0'$.0HHOrO K 

. KO'$.yxy, ycTofi"tIHBH MO.Jm c fl <. l ro Qr, 'I. ( ~ - PMHYC BO~OBO~a) , 

B OTJill'IH0 OT n, <. Q. r, 'i: B CB06O~OM npocTpaHCTBe. B PMH~OHHOfi 

oMacTH, KaK noKa3HBaIOT pactieTH, HHKpeMeHTI:l MH3KH K HHKpeMeHTaM 

B CB06O~OM npocTpaHCTBe, 3a HCKJIIO'l0HH0M nepBIDC BO~OBO~HHX 

pe3OHaHCOB, r~e OHH 3HatJ:HT0JILHO 6OJILme. 8TH pe3OHaHCI:l HMeIOT M0CTO 

Ha tJ:aCTOTax OTCetJ:Kll H-BO~ ~Jill PMHSJILHHX KOJre6amtii H E-BO~ - . 

)lJIJI aKCHSJILHIDC. 

EcJIH KOJILUO pacnoJIO'$.0HO B pesoHaTope C nn;eSJILHO npoBO~.!IllllIMll 

CT0HK8.MH, TO nonepetIHHe KOJie6amrn: MOryT 6HTL HeycTOfi"tIHBH JIRIDL . . 

B OKpeCTHOCTH pe3OHaHCOB. HccJie~OBaHH0 (§ II) noKa88JIO, tJ:TO 

B pe3OHaTope npoHSBOJILHOH qx)pMH HeycTOi!tJ:HBHMH MOryT 6HTL ~ 

Me)lJieHHHe BO~H, npll'IeM KOHetJ:HaJI ~o6poTHOCTLBW10HHH8T CTa6:wm-

3llPYJDU1YlO poJIL. 

Ilpn HSJill'IHR aHepreTRtJ:ecKoro pas6poca (§ 12) tJ:acTHUH nytma 

HM8IOTpa36poc no tJ:aCTOTaM 6eTaTpoHHHX Ko.iie6amtil, tITO npHBO~HT 

K YM0HLmeH:mo HHKpeMeHTOB WIH no~aBneHIDO HeycTOHtJ:HBOCTH. EcJIH 

o603HatIHTL 

r~e 

W'o 

€ = .Qo 

= (fo + ao) /[n. -(0.o +€)], 

1~o , a . fo = (w-t&0fQ0 paCCtIHTaHO )lJIJI 

MOHO8HepreTRtJ:0CKOrO nyqKa, TO nytIOK ycTOfi"tIHB npH 

~ > D.twp. ~fw;,/. (5) 

IlpH E. <<i 3Hatiemm ll,wp. CYII!8CTB8HHO mme, tieM BI:ltJ:HCJieHHHe 

12 

no ciioPMYJie (4). Ee~ ilte E ~-Q0 +n., TO Be~a 7tYo CHJILHO 

BO3paCTaeT, H HMemutiiCH B nytJ:Ke pas6poc MOiKeT OKa3aTLCH He~OCTa

TOtJHHM )lJIJI nonaBneHHH HeyCTOHtIHBOCTH. 

Tpy;IUIOCTH CO3~a.HHJI 8KCH8JILHOtt qx)KyCnp0BKH KOJILUa, JISTSllllero 

B BO~OBone, CTa.BJIT 3Maqy onpeneJieHH!I HHKpeMeHTOB aKCHSJILHHX 

KOJie6amtii H Heo6xo~oro )lJIJI nonaBneHHH HeycTofi"tIHBOCTH pas6poca 

npH OTCyTCTBHH BHemHeii qJOKycnpoBKH ( § 13). )lHcnepc1IOHHOe yprume

HHe np:ii: 8TOM nono6HO ypaBHeHIDO )lJIJI a3HM;YTaJILHHX KOJie6aHHii. OT~.,. 

tJ:HT0JILHOH oco6eHHOCTLJO aKCHSJILHHX KOJie6amtii B BO~OBone npH 

0~ =0 HBJllleTCH OTCyTCTBHe peSOHaHCOB H 06JiaCTeH YCTOfi"tIHBOCTH 

)lJIJI MOHO8HepreTRtJ:0CKOro_nytJ:Ka. IlO8TOMY HHKpeMeHTI:l KOJILUa IlpaKTH

qecKH OtieHL ~3KH K HHKpeMeHTaM B CB060~0M npocTpaHCTBe, 3a 

HCKJIIO'leHHeM HenocpencTBeHHott 6~socTH K KOiK"YXY~ Heo6xonm.ruii: )lJIJI 

nonaBneHHH HeycTOHtJ:HBOCTH pas6poc - Toro '$.0 IlOpsmKa, tJ:TO Tpe6yeT

CH )lJIJI nonaBneHl1ll HeycTOiitmBOCTH a3HM;YT8JILHHX KOJie6aHHfi, H MOXeT 

nocTnraTL IO%. 

B UeJIOM rJiaBH ITH m nnccepTauHH nam oTBeT Ha Borrpoc o 

SaBHCHMOCTH HHKpeMeHTOB KorepeHTHHX KOJie6aHHfi nyqKa OT napaMeTpoB 

KOJILUa H KaMepH, '$.0CTKOCTH BHemH~H qJOKycnpoBKH KaK B OTCyTCTBHe, 

TaK H npn HaJIHtrnll pe3OHaHCOB, a TaKilte noSBOJIHIOT oueHHTL Heo6xo

nHMHit )lJIJI YCTOH'IJ'.HBOCTH KOJILUa pas6poc no qacTOTaM o6panteHl1ll. Hs 

8TlIX rJiaB CJienyeT TaKilte BI:lBon O Heo6xonHMOCTH pacnoJiaraTL KOJILUO 

BMH3H M0TaJIJIRtJ:0CKHX CT0HOK KaMepH lll!H BO~OBona. 

IY rJiaBa nnccepTauHH nocBSlllleHa Bonpocy aBTOKoppeKUHH PMHML

HHX KOJie6aHmi nytJ:Ka C noMO~LID a3HM;YTaJILHHX IlOJieil (nponoJILHaJl 

KoppeKUIJJI) B TPMHUHOHHHX UHKJIHtI0CKlIX ycKopwreJIHX. TaKOH MeTon 

KOppeKUHH 6wr npe)lJIO'$.0H B pa6oTe /I4/ H ycnemHO npomeJI HCnHTaHl1ll 
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Ha y~Kop1rre~e c sHeprnen 70 rsB B CepnyxoBe. 3Ta Kopperunm: 

OCHOBaHa Ha CBSI3H pa,llHMI,HOro H a3JIMYTMbHOro ~BIDKemtil qacTim 

H ycTpoeHa c~e,Izyl!lll:HM o6pa30M. CI!I'HMOM ~aTqllKa, H3Mepma!lero 

nonepelllioe cMemeHne ueHTpa TmtecTH ny,ma, MO~~yeTCR HanpmteHHe 

Ha OMOH MH HeCKO~I,KHX ycKOpm!l!UIXCTamn'IJDC, qTo IIpHBO~HT K no

~emno asJIMYTMI,HOro noM, Be~HHa ItOToporo nponop~OHMblia 

CM01Il0Hlll0 ueHTpa TmteCTH nyqita. no CBoefi IIOCTaHOBKe 38,Itaqa 06 

ycTOH'IHBOCTH KO~e6aHHH ny,ma IIpH HaJIHtII'IH CHCTeM Koppe~ ~Ka 

K npoMeMe YCTOilqHBOCTH no~ ~eilcTBHeM CWI npocTpaHCTBeHHoro 

sap,ima, H ~ ee pemeHHR MOl!tHO ncno~:r,soBaT:r, MeTo~, Hs~oxeHHIDi 

B r~aBe 1 HaCTOSIIIleil ~Hccepra~. CneUJill)HKa paccMaTpHBaeMoll CHC_Te-:

MH KOppe~ COCTOHT B TOM, qTo oaa MOXeT B03~eilcTBOBaTI, Ha <»8-30-, 

Bue· KO~e68HHSI ny,ma B YCKOpHTe~e. B CBSl3H c 8Tm.l B § 14 npoBO~HT

CSI MO~IiqJHit~ ~HcnepcnoHHoro ypaBHeHHR,. no~eHHoro B r~aBe 1, 

qTo6u yqecTI, ~wrne BHemaero B.q. asmzyTMblioro noM aa op6me. 

TulHRHHe npo~O~I,HO:lt CHCT8Mll Itoppe~ Ha ibasOBHe KO~e6aHHR IIpHBO

~HT It onpe~e~eHHHM orprumqeHHSIM Ha aMIIJlliTy;IUio~soBYJO xapaxTepncTn 

KY uenefi o6paTHOH CBSI3H. B qacTHOCTH, mnp<>KOnoiocaasi: CHCT8Ma 

o6paTHOfi CBSI3H IIpH H~ OMO:lt YCKOpmrnteii CT~ Ha nepHO~e 

KOppe~H (§ 15) MO~eT HCIIO~I,30BaTI,CSI ~HmI, B TOM c~ae, KOr~a 

CTaBHTCH 3a,Itaqa ~eMmpnpoBaHHH P8JtH8.,'II,HHX KO~e68Hd 3a BpeMeHa, 

60~1,nrn:e no cpaBHeHmo C nepHO~OM ipa30BHX KO~e6aHHH. B IIpOTHBHOM 

c~ae OHa HapymaeT peJKEM aBTOipa3npoBKH. Ee~ Heo6xo~HMO IIO~aBHTI, 

pa,ItHMI,HUe Kone6aHHSI CYlll8CTB8HHO 6ucTpee, TO MOlitHO HCilO~I,30Ba.TI, 

rpe6eriaTue lpWII,TpH, pa3MHitaXIIIH8 uen1, o6paTHOii CBSl3H Ha rapl!OHH

Itax qacTOTll o6pameHHR ·/l5/, WIH Y3KOilOnOCHHe !plIJII,Tp~, CJIYlK8lllH8 

~ no~~eHHR OMOH WIH H8CitO~I,KHX·Han6o~ee onaCHHX rapMOHllK 

pa,ItHMfilIHX KO~e6aHd. 
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filHpoxononocHyn CHCTeuy o6paTHOfi CBH3H MOZHO HCnOnI,30B8TI, 
~ . ,, 

B cnyqae· nByx Y~Kopan~wc cTaHuna ia nepnone·xoppeKUHH ·c~ 16), · 

uo~nHpyeumc: CHrHanauH paBHOi BenHqHHH, HO npOTHBOilOnOZHHX 3H8-

KOB. COOTB8TCTBYEmHu non6opou BpeueH aanepZKH CHrHana OT naTqHK8. 

K CT8HUHHU U~ZHO B STOY cnyqae 3HaqHT8nI,HO ocna6HTI, BnHHHHe 

CHCT811H KOppeKUHH Ha ~830BH8 KOne6aHHH. nna l0CTHE8HHH M8KCHMan:r,-
•· 

HOi aipqieKTHBHOCTH cne~eT BH6HJ)8TI, paCCTOHHHH uew naTqHKOM H 

nepBott YCKOPHEmett CT8HUHett H uew CT8HUHHUH, paBHHUH nonyuenouy 

qHcny nnHH BOHH 6eTaTpOHHHX KOne6aHHtt. 

OCHOBHHe peaynnT8TH naccepTaUH~ HanozeHH B pa6oTaxl16- 21I, 
qaCTI, HX ony6nHKOB8H8 B Tpynax Yfil Melt,IlyHaponHott KOH~epeHUHH no 

YCKOpHTenau aapazeHHHX qacTHU BHCOKHX SHeprHA {!eHeBa, 1971)/22/. 

PeaynI,T8TH pa60TH neonHOKP8THO lOKH8lHBanHCI, B PAHAH CCCP H OHMY 

OHHH. 
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