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Pad<>TS. BW:IOJIHeHa B Ocll!leHHc:stTYTOl<OM Ha.y<m~-MeTo,IU{tlecKoM · 
oT.1tEiJlemm 06~.zutHeHlioro HHCTHTYTa R,Ite:pltltt 11cCJ1e.noBamm •. 

. . : - r 

Ha.ycmmt·pyKoi3o,mrrem, 
-io1<TOp 4n{aHKO--MaT9MaTKti:8CKHX 

Hartt n~eccop 3.A.llepE'Jtl.llITeita 

~HHe · onnoHeHTll: · , 
~OiCTOJ). !pit3Hl(()4.faTeMaTll'.'l8t!l<ltt aay-K ,• A.lI;Jie6e.neB . 

I . 

~1' @13ltKO-MaT8r.t8.TJA8CKltX 
·gqx ' . ·11.1.llimt . 

Be.n)'lltee Haruro-41cc.nenoBi!.irem,cJt08 yqpe,r.nemte: . ·: 
Xapuo•cKHtt ~aHxo~exmrqecm HHCTKT)"l' AH YCCP, r. Xal)l,ltOB. 

881A'BT4 ;a;l,tCt:el)Tan.mt cooTOHTCft " . "·; . ·. 'rgg .r • 

. :S ~ UC. lfa .34Ce.tt,ElHlfJt CneintaJIHSitp0B8SHOro. OOB0'l'a· )l.047~0!~03 
·. iipa ladopatopm Jf,JtepllliX npodleM 061.eJtBH&BKoro, mtcTll_TTl'a }f.!iepwx '. · 
. ICOJ18,1lOWd, r.· .ItyoJta,. Moo:kOSClCOI odJUUlft. , .. . 

bTopa)epit piaocJUm 11:__11 ____ I98 · r~ 

C .UMept~el M<>31Ho oa~OMllTlicB D dK~oteJte OHHH. 

. Yttemd oeI<peTapE, _ 
Ctt~sxpci:smmoro . col:18'1'8 
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OEllWI XAPAKTEBICTHKA PABOTH 

MTYaJI&@m.1>. r~ • •,.,_, 

B noCJie,zmee BpeMSI HHTeHcHBtio. paammaIDTcJi qJHSHKa n TeXH1i1m peJI!l:':PI

BIICTCKIIX nyt!KOB sapmiteHHUX "W.CT~. C.IIJllill:OTO'IHH9 nyqror HWCO,ItlIT Ilp.lIMS
. Hemm B R,It8pHoq>li3ll'i80KllX'·. IICCJie~oBaHHIIX, 13 npo6JieMe°ynpa.BJifleMOro 
TepMOro(ePHoro · CIIHTesa, B µispa6oTRaX ROJIJieKTlll3HHX- II. HOBUX MeTci~o:a 

yc&opemtsi: tUtcT,m, B p9.7IilTiIBHcTcRoit CBTI-SJI8KTpomme, ,:, · B npmtnamiwc 
3B.na'iWC II T~Il. ,Il.IDI ycne~oro·IICilOJIL30BaHIDI C.IIJll,HOTO'IHHX IlY'iROB H906-
XO;m:MO oclecnelfflTI, .llX BHCOK09 Ra'i9CTBO II CTa6.IIJlliHOCTI,. B Tpa.nIIU.IIOHHUX 
UIIRJIH'ieCICIDC ycKOpRTeJiiIX IlOB1llll9HIIe HHTSHCilBHOCTH llY'iKOB Truoite IlJ).llBO
,I.UIT K Heo6XO,IUIMOCTH llCCJie,noBa.HHH HX YCTOlllfflBOCTII. Il03TOMY npo6JieMa 
ycTOH'i.lIBOCTII cllJll,HOTO'IHUX KOJI~eBHX llY'iROB, o,ll;lm IIa µia,1teJtoB xoTopolt 
pacCMaTp.lIBa9TCII B .nnccepra,unoHHOtt pa60Te, .l!BJifl6TCJi aKT~aJU,HOH .II BaJK-
HOH. . ... , 

PaccMaTpHBaeMaSI B}n60'l'e njlo~OJII,HMHeyoTOH'IltBOCTI. ROJILI{SBHX llY'i
KOB :fapmiteHHUX tracTHU HOCIIT noporoBiru .xapaK'l'ep II Ilp.llHIOIImaJI&HO orµi-

HII'i.lIBaeT HX HHTSHCIIBHOCTI,, }I,Jm OI{eHK.ll CTeneHII onacHOCTII HeycTO:ittm
BOCTH nepBOCTerieHHOe 3Ha'ISHII9 .IIMSKlT IICCJI9,ItOBaHrul ee H9JI.IIHeitHoil CTa
~- TaKIIe IICCJie~OBaHIDI "AOJDKHH OTBSTIITI, Ha Bonpoc O KOHS'iHHX (nociJre 
3aKJ)llT.ll.lI.H9YCTOraBOCTII) IlapaMSTpruc KOJ!I.I{a. 

O.nHIIM ll3 BaJKHeiinmx HaIIpaB1IeHIIit IlOB1lllleHIDI cp,e~en HHTSHC.IIBHOCTII 
ycRop.1ITeJ18it O aJieKTpoHHHMR KOJII,~ JIBJUieTC.fI j'B9Jlll'.'I9H1ie UIIRJIH'IHOCTH 
HX µi6oTH, Onpe~9JI.fIJOlllYIO J)OJII, 3,It9CI, IIrµleT 'cTa.rum ipop,mpoBa.HRfl 3JI9KT
pOHHl:lX KOJI91{, B npon;ecce KOTOpoii B03paCTaeT ILIIOTHOCTI, aapima B- ny'llt9 
n .PeJIJITHBllOTCKUit qJaKTOp. B Tpa,u;nu;noHiiwc cxeMa.X ROMIIpecc:im, r.ne Cl!Ca

TII8' OCYl!19CTBJUI9TC.fI B IIMilYJII,CHOM ~THOM noJie' 60JII,Illa./l llOTpe6JmeMrur 
n pacceIIBaeMa.R: MO!I1HOCTII CYl!19CTB9HHO OrpaHll'lliBaroT '!a.CTOTY µi60TH KOM
npeccopa..--: B ..IUI6cefeartiroHHoil; pacloTe · paccmTpimaeTC.fI cnoco6 KOMIIpecCIIn 

.)·,;• ····· 
3JI9KT~HHWC KOJISI{, OCHOBaHHlitt Ha HCilOJll,30Ba.IDm KOM6HHan;mi: cTaTH"lec-
Koro H HMIIYJII,CHOro MaI'IillTHHX nOJiett. Ilpe,ItJIOlKSHHlitt cnoco6 .I(onycRaeT II 
Bucoityio 1IacTOiy: pa6oTu KOMIIpeccopa, n 60JII>myio IlJIOTHOCTI> c.imTwc KOJien; 
ll Il03TOMy- .fIBJIJISTC.fI aKTYaJibHl,IM. 

}Lncceprau:rut flBJ!fi~TC.fI 060611leH.1IeM'pa60T, BWIOJIHBHHUX B COOTBSTCTBli.ll 
C Hay'IHO-T8MaT.II'I80IUlM IlJiaIIOM OHMO OMIDI. 

ijeJII, pa60TH 3aKJIIO'i8.IUlCb B ncc.n:e.noBaimII npo~OJII,HOtt HeycTOlilfflBOCTII 
B J)eJIJITllBllCTCR.IIX KOJII,ll;SBUX nyt!Kruc sapmiteHHHX 'iacTnn; H npopa60TK9 
CX8Mll ROMIIpeccnn 3JI9RTpoHHWC ROJI9ll; C BHCOKOll 'laCTOTOtt IlOBTOpemm. 

tr-~-~--:--~I 
., ,·;,dJ,C . 

' l .~ I 
~'l.U ~ .·; ~ ~-----_:___~/i,_.\ 



HaY'jHM HOB.1:!3Ha 0060TH 
I . .TeopeTlltIBCKll HCCJie.n;OBaHO acm.mTOT~BCKOe IlOBe,n;eHHe npo,n;OJil,HOli 

HBYCTOfi'IHBOCTll, Bll!!CHeH xaprutTep BpeM9HHOH 3aB.l:!CHMOCTll napa.MeTpoB 
KOJll,I(BBOro ny,nca B pe.l!Gl'.Me CMl,HOfi H~eiiHOCTll KOJie6aHMtt. Ha OCHOBB 
n~eHHWC pesym,TaTOB ,n;aHo o6McHeHMe aKcnepnMeHTaJU,HHM ,naHH!,!M. 

2. B ~CJieHHOM MO,n;eJillpoBa.HIDl o6HapYJKeHa B03MOJKHOCTI, Ca.M03axBaTa 
pe.mITHB.l:!CTCKOro MeKTpoHHoro IlytIKa npn O,ll;H0060poTHOH .l:!IDKe~ Ha· 
Kpyronyio op6nTy B c.na6oqioeycnp~ee no.ne. 

3. IlOKa3aHa.ycTO~BOCTI, OTHOCHT9JII,HO .rr,JIHHHOBOJJHOBUX B03MYl!l6lllifi 
~PKYJIRPYJOOIHX no Op6HT9 cryCTKOB C pa.36pocoM no tiaCTOTa.M 06pa!lleHHH, 
MBHI,IJJHMnoporonoro .mrneiiHoil Teop:im, B YCJIOBIIJIX, KOrM a@ieKTliBHM 
Macca tiaCT.l:!I( OTpHI(aTem,Ha,·a yrJIOBOil p:13Mep crycTROB ,n;ocTaTOtnlO MM. 

4. Ilpe,IVIOJ!tBH HOBID! BaJ)HaHT Bli!COKO~RJIH1JHOro KOMilpeccop:i SJIBKTpmi
HlilX KOJIBI(. 

IlpaKTlitIBCKM UBHHOCTI, 0060TH 
I. PeayJILTaTH tilICJIBHHoro MO,lJ;eJIHpoBaHM npo,n;om,HOH HeycTO~HBOCTH 

BaJKHH ,nJill aHaJJll3a aKCnepnMeHTOB no (p()pMHpOBruraIO HHTBHCHBHUX 3JIBKT
p0HHHX H• .l:!OHHlilX .KOJie1:r, ,nJill npoeKTllpOBaHHI! ycTaHOBOK C C.l:!Jll,HOTOtnlliMll 
KOJU,I(BBW,!ll aJieKTpoHHHM.I:! nytIKaMH, ,nJill IlOBlill!BHHH HHTBHCMBHOCT.I:! KOJll,I(B
B-hIX IlytIKOB. 

2. B npe,IVIOJKBHHOH cxeMe ItoMIIpeccopa ,lJ;OCTHraeTCH BHCOKM cpe,ItH.IIJI 
HHTeHCliBHOCTh.M0KTp0HHOro ny,nca, 'ITO npe,n;CTaBJIJI9T npaKTlitIBCKHil HH
Tep~c ,ItJilt paaJIHtIHHX npHJio~eHHfi. 

Anpo6a.mm 0060TH 
Pesym,TaTH ~CCBPT~ ,n;OKJia,IUlllaJJlICI, Ha YII li XI BcecOIOSHUX COBe

lllaHHl!X no YCKOp:l'!Te.IDIM 3apmKeHHHX tiaCTHI( (;lly6Ha, 1980 li 1988 r.r.) , 
COB9lllaHHl!X no KOJIJIBKTHBHHM MeTO,lJ;a.M YCKOpeHHH (.Uy6Ha, !982 H !987 r.r.), 
Ha KOHqiep~.1:! no til!CJISHHliM MeT0,11;8.M li llpHJIOJJteHIDIM (COqll!H, !988 r-.) ,a 
Ta.Kllte Ha HaYtIHHX ceMl'!Hapax OHMO _mum. 

Ily6JmKamra .. 
no TBMe ,11;.1:!CCBPTawIB ony6JIHKOBaHOil p:iOOT,·IIpHBe,n;eHHHX B Cll.l:!CKe 

JIHTBpaTY.(lli. 
CTeyKTypa :ImCcepTamra 
Pa6oTa COCTOHT .113 · BB9,lJ;9H:rul, Tpex rJiaB, 3a.RJII01:{6H.l:!R li )lByx IlpHJIOJJte

H.1:!ii. 061!1Hfi 06'.E>eM COCTaBJIHeT !41 CTpa.HHizy, BKJIIO'laH 55 pHCYHKOB, Cllll
COK JI.l:!T9p:!TY.(lli HaC~TimaeT 77 Ha.l:!MBHOBaH.l:!fi. 

C0.11.EPJll'.AlillE PAEOTH 
Bo BBe,n;eH.l:!ll cqiopzeyJIRpoBaH!il aa.n;a~, HBJIRlOllllleCH npe,ItMeTOM p:i60TH, 

Kp:!TKO Oil.l:!CaHH MeTO,lUl MX pememm .I:! .l:!3JI0~9HH HBKOTOplie peayJILTaTH HC
CJie,n;o:arumfi. 
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B IIe-OBoii rJiaBe pacCMaTpn::aaeTCH KorepeHTHaH npo,n;OJll,HaJI_ HBYCTOiitill
BOCTI, B a3RMYTaJU,HO 0,n;HOpo~ peJIRTliBHCTCKliX 3Jl8ItTpoHHwc, KOJll,I(BBHX 

. . 

nytIKaX. , 

B pesyJI&Ta.Te aHa.Jm3a TeopeTHtIBCK.l:!X pa60T, IIOCBJimeHHHX .l:!3ytl8H!UO 
HeycTOfitIHBOCTH, CqJOpMyJI.1:!poBaHH BOIIpocu, OCTaBm:aec,1 H6Bll!!CH8HHHMH li 

JIBJiffiOl!IHBCH npe,n;MeTOM liCCJie,n;OBaHM:. 

l)o KOHB'IHHX (T~e. acMMIITOTMtieCKMX BO BpeMeH:a) 3HatieHMruc paa6poca 
no tiaCTOTaM o6pameHH,I npn B036Y]!(J{eH.l:!li npo,n;OJll,HOfi H8YCTOH'I.1:!BOCTM B 
KOJll,I(9; . 

2) 0 BpeMeHHofi 3aBMCHMOCTH rapMOHMK B03MYU19HHHX BeJIHtI.l:!H ;. 
3) o rrocTpoeHHu TeopeTMtiecKofi.Mo,n;eJIH, a.n;eKBaTHO Olllic!lBanrieit .n;aH

Hlie 3KCn9pHMeHTaJILHOro .l:!CCJl9,lJ;0)3aHIDr npo,n;OJU,HO°li HeycTOHtIMB_OCTli. 
.UeTaJII,HHe 3KcnepMMeHT_li no ee li3YtI8HHIO 6~ npoBe,n;eH!l Ha YCTaHOBKe 

"KoMIIpeccop - 4" B EepKJI.I:! n BWiBHJI.I:! cymecTBeHHYIOpo~ HeJlliHefiHwc 
B3aHMO,n;efiCTB.l:!ii rapMOH.l:!K M_B03MOlKHOCTL B HBCKOJll,KQ pas !IpeB!ilC.l:!TI, no
porno MHTBHCMBHOCT.I:! Jil'!HeiiHofi T80pH.I:! 6e3 38.MBTHOro yxy,n;memm KatI9CT-

*) Ba KOJU,I(a. ; . . . 

JJ,,m npHJio~eHn:ii HaHOOJiee IDITepeCHH liCCJie,n;OBaHM HemmeiiHoii CTa.n;H.I:! 
HeycTO°li'IlIBOCTli C nem,ro BWICHBHli,I cTenem1 ee onacHOCTM. AHaJmTHtIBCK.1:19 
liCCJie.n;oBaHM HeJlHHeiiHofi C_Ta.n;H.I:! CHJU,HO 3aTpy.n;HeHH, IIOSTOMY B pa6oTe 
MCIIOJIL3Y8TCH M8TO,n; ee H3YtI8HHR: C IIOMOU1!,IO "KPYITHliX ti:aCTMI(", :nO.nytmB
mliH m:apoKoe pacnpocTpaHeHne npn pememm: pa3Jl.l:!tIHUX. aJieKTpo,ll;HHaMl'I_tiec
kruc- sa.n;atI. -

]lBIDiteH.l:!e tiaCTHI( Ctil!TaeTCH 0,ll;HOMBPH!lM /I/. 
JroL __ cl~ _ .,. ~ /,o ·t) 
~ -WI(.; alt - e,o c; q .. 0 ~ 

/(_ - HOMep tiacTHI(ll, r - a3IDJIYTaJU,HaH KOOp~aTa, u) H t;, - tiaCTO
Ta H cpe.iurafi pa,Il;llyc o6pameHHH, w - MOM8HT MMnyJILca, £ - a3Miey-
TaJU,HaJI KOMilOH9HTa IIOJIH IIYtIKa, t - BpeMR:. . . 

(I) 

IlOJie co6cTBeHHoro sapma IIY'IKa c llOMOU1!,IO COOTHOmeHMii 31:31:) 

E= ~ E,.{t)e~p[in{<f-tJot)], (2)' 

. E,._ it}=(~! .. ~• J,.{f} ln,Hwo (3) 
~-,~: 

-~~--~-

*) Faltens A. et al. Observations on Collective Longitudinal 
Instabilities in Electron Rings. In:Proc.IX Internat.Conf. on High 
Energy Accelerat.caiifornia,Stanford,1974,p~226; LBL-2488, Berkeley, 
California, 1974. . 

31:31:) Capa.HneB B.II., Ilepem,mTefiH 3.A. KOJIJieKTHBHoe ycKopeHHe HOHOB 
3JI8KTpoHHI:lMH KOJll,I(aMl'I. M., ATOM.l:!3,n;aT, !979. 
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( (,,)0 - cpe,mum '!acToTa o6pamemm ,· ,%. - . trn:CJIO '!aCTHU; B ny1rne, .-1.._ -
rapMOlillKa. IIJIOTHOCTH, lh, 11c3,, - nMIIe.n;aHc rrytIKa. c .KaMepoii) BwmcJmeTca 
Ha ceTKe, IIOK1)HBa.lOllleii llHTepBa.lI [0,2Jr] C HCIIOJII,30BaHlleM 6IlCTporo . 
IIpeo6pa30BaHIDI ~ypbe. 3TO II03BOJilleT O,n;HOBpeMeHHO ytnlTHBaTb 3Hatrn:TeJib
HOe qf!cJIO rapMO!lliK 3JI0KTpuqecKoro IIOJI!l, a TaroKe C03.IJ;aTb nporpa.MMY C 
Bl:lCOKHM OHCTpo,neilcTBHeM H OilTHM8JibHO Hcnom,3yeMoil.onepaTHBHOH na
Mi!Tb!O 3BM. 

OrpaHH'lemrn: Mo,neJnI CBH3aH!I KaK C ee O,n;HOMepHOCTb!O (MaKCl!Ma.JII,Hl:lll 

HOMep ytmTUBaeMoil rapMOHllKH n,..a,;c <~{a , a. - ll0:7IYIE3Mep ce'!eHIDI 
nyqKa., fo - PeJJJIT}!BHCTCKHii qiaKTOp), TaK H co crroco6oM B!ItmCJiemm no

Jie~ ( Tpe60BaHHe Hepe30H8.HCHOro BH.IJ;a HMil0.IJ;8.HCa z,,, """· ) . 
B pa.6oTe paCCMOTpeHII O,n;HOMO,IJ;OB!IH H MHONMO,IJ;OB!IH pel!rn:M!I HeycTOH'!H

BOCTH. M!iOrOMO,IJ;OB!IH pelKHM HCCJie,nyeTca ,IJ;Jill .IJ;Byx CJiyqaeB: KOJibUa B 
CB060,n;HOM npOCTpaHCTBe 12,31 M KOJU,ria, pacrrOJIOXeHHOro Mex.IJ;Y ,IUlYMff . 
6ecKoHe'!Hm.m ll,lleaJ!bHO rrpoBO.IJ;ffiltliMH ITJIOCKOCTSIMH / 4/_ IlepBIDi c;ryqai1 co

OTBeTcTByeT HCnOJ!b30BaHHIO Kepa.MWieCKHX KaMep YCKOpHTeJI!l, IIp03pa'lHIDC 
. ,IJ;Jill Bl:lCOKOqacTOTHIDC noJiefi B03Mymemm, BTOpoii - HCIIOJII,30BaHHIO HH3KO

,no6poTHIDC KOMIIpeccopoB_C Mera.,r.,mqecKHMH 60KOBHMH, CTeHKaMll'. H MaJIOH 

anePTypofi. 
OcHOBH!Ie pe3yJibTaTu tmcJieHHoro MO,D;eJIHpOBaHJIB HeycTOfi'!HBOCTll CJie-

.IJ;YJ(lllllfe /2,4/: · · 

! . Ha Halj:aJibHOH CTa,IlHH HMeeT M8CTO 3KCIIOH8HUHaJI.bH!IH pocT B03MY:
m·eHHl:lX BeJnI'!HH c IDIKpe~1eHTa.MlI, paBHHMH Bh!'IHCJieHHHM B JnIBefiHoft Teoprur. 
flo ,1LOCTIDK0HHH HeKOTOporo ypOBHSI HeycTOH'!HBOCTb CTa6HJIH3HpyeTCSI H_ 
aMllJillTY.IJ;a rapMOHHK 3JI8KTpHqecKoro ·rro.lill . (H C~3aHHIDC C HHMH JUrnefiHl:lM 
COOTHOlleHHeM (3) rapMOHUK II{IOTHOCTH) YM8Hb!IIaeTCSI B HecKOJibKO pa3 
(pHc.I). flo 3aBepmemrn rrepexo.IJ;HIDC rrpoueccoB ycTaHaBJIHBaeTca crreKTP 

/A"" I z e,oH.J,/, (a.MIIJIHTy,1u,1 rapMOHHK ITJIOTHOCTH B cpe.IJ;HeM He 3aBHCSIT OT · 
HOMepa ll OT BpeMeHII). . ,· 

l)ml~10
3 I llhn/10

3 

CJ'= 2.0~2.5 '1=25;3 

" . " ~ 

2 2 

0 50 0 so 0 

lhm?10l 

'T= 9+10 

50 
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Puc.I. 3aBHCHMOCTb 
ycpe.n;HeHHOK no BpeMe-
HH aMilJIHTY.IJ;H rapMOHll
KH ITJIOTHOCTH OT ee 
HOMepa (KOJU,UO Mex.ny 
,IJ;By-Mil npoBO,IJ;IIIUIMll 
IlJIOCKOCTSIMll, MOH0-
3HepreTH'l8CKHil IIyqOK). 

I 

.. 

"' 

,, 

ci:~10 

~--·~•,, ... 
0 2 4 6 8 10 12 ~ 

PHc.2. Facnpe.neJiemre qacT,ru; 
no 'l:aCTOTaM o6pameHIDI Ha He
JIHHefuio:li CT8,I(IDI npo.IJ;OJ!bHOii 
HeycTOli'!HBOCTH (KOJil,UO Mex.IJ;y. 

.r.tBYMff llpDBO,IJ;IIIUIMH IlJIOCKOCTSIMH, 
MOH03HepreTH'l:9CKHtt IIyqOK) • 

f 
0,6 

0 10 20'T 

2. ~~ pacnpe.neJiemm npHo6pe
TaeT acHMMeTpwrn!-rli Bll,ll - . BHTJU'HBa.,
eTCSI B CTOpoHy 60JiblIIHX 3Ha'l:eHHfi 

1:J:aCTOTH o6pameHIDI (p:11c.2). C 3Toro 
KPM ( (A)>_ -;:;; ) ipymcrom pacnpe.ne.ire
HIDI npoHCXO.ImT IIOTepsr 'l:aCTHU. TeMII 
noTepb orrpe.neMeTca BeJnI'IHHott Ha

'l:aJibHIDC TOKa. JI pa36poca no 'IaCTO
TaM o6pamemm B KOJ!bUe, a TaroKe 
'HMIIe.n;a.HcOM ITyqKa C KaMepott. 

3. 3KcnOH9HUH8JibHHil pocT pa36poca 
nO.'l:aCTOTaM o6pamemm (nOKa.3aH.Ha 

pHc.3 B 6e3pasMepHmc nepeMemrmc 

PHc.3. 3aBHCHMOCTD pa36poca ITO 
"<IaCTOTaM o6pameHHSI OT BpeMeHH 
(Kom,no Mex,ny .IJ;Bywr ITJIOCKOCTSIMH). 

{ H ?: ) Ha Ha'l:aJibHO:li CTa,mrH 
CMeHSieTca JIHHefuIHM Ha CTa,mrH pa.3.:. 
BHTOfi HeycTOll'IHBOCTH. fIOCJIS.IJ;HHil B 

3Ha'l:HTeJ!bHO:li CT9II8HH o6ycJIOBJieH 
noTepm.rn: 'l:aCTHU. ECJIH HCKJil!ltrn:Tb 
ITOTepsIHHHe '!aCTHUH H rrepec'l:HTaTb 
pa36poc ,IJ;Jill -OCTaBIIIHXCSI, TO OKalKeT

,CSI, 'ITO pa36poc B03paCTaeT OT Bpe
M0HH B 3aBHCHMOCTH 6oJiee Me.n.neHHOil, 
'l:eM JIHHefulrui: (pHc.4), 'ITO COOTBeT-
CTByeT 3KCnepHMeHTy, Kor.na IIpH H3-

MepeHHH IIIHpmil:l ~YHKUHH pacnpe.neJie
HHSI Ha IIOJIYBHCOTe IIOTep!IHH!Ie 'l:aC~ 

THUH ("XBOCTl:l" ~YHKUHH pacnpe.neJie
HHSI) He Y'l:HTUBaIOTca •. 
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PHc.4. 3aBHCHMOCTb pa36poca TIO 
'IaCTOTaM 06pameHHSI OT BpeMelill 
(KOJ!bUO B CB.060,n;HOM~ITpoCTpaHCT-
Be). . 

4. MeTO,lLOM 'IHCJieHHOro MO.IJ;eJIHpoB~
HHSI 06Hapy,iteHO B036YJIU(elille npo
,IJ;OJibHOn HeycTo:litmBOCTH B KOJU,ne 

np~ 3HaqeHHSIX Ha'l:aJibHOrO pas6poca 
. no i:racTOTe o6pameHHSI, B HSCKOJ!bKO 

pa3 60JibmHX noporoBoro JIHHelli!o:li 
Teop:11:11. Pa3BHTHe HeycTO:li'!HBOCTH 
IIpoHCXO,IUiT 'l:0])83 BHCOKHe rapMOHH
.KH, aMIIJIHTy,na KOTopwc CHa'l:aJia 
YM8Hblla9TCR, a 3aTeM HeperyJISIJ)HHM 
CKa.1:J:K006pa3HHM o6pa30M HapacTaeT. 
3aTeM sa C"IeT HeJIHHe:liHHX B3rurMO

.ne:licTBHn HapacTaIOT HH3KHe rapMOHHKH. YpoBeHb B036YJK,IJ;eHHSI npli 3TOM 
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mDKe, '!J:eM nl)R Ha'!J:aJil>HOM :pa36poce, MeHI,llJeM noporoBoro B JIHHeHHoii Teo
pllli, li HeycTO:i!trnBOCTl, He TaK onacHa. 

C:paBHeHlie pe3yJI1,TaTOB '!J:RCJieHHOro MO,IteJIBpOBaHlliI li .namrnx ee 3KCne
pHMeHTaJII,HOro liCCJie,nOBaHR.fI II0Ka3aJIO, '!J:TO: 

I. Ill)R '!J:RCJieHHOM MO,ne.,mpoBamm nOJiyqaeTC.fI Ka'!J:eCTBeHHO Il:paBMl>HaJI 
3aBliCHMOCT1, rapMOHRK MeKTpll'!J:eCKOro nOJilI li IIJIOTHOCTH OT BpeMeHR. 

2. Ha6.mo.Itamteec.a B 3Kcnel)RMeHTax o6pesrume crreKTpa B03MyIJte:imtt Ha 
BliCOIDIX (n;. 20} rapMOHliKaX '!J:aCTOTll 06pa.11teHli.fI OTCYTCTByeT .:i3 '!J:liCJieHHOM 
MO,IteJmpOBa.Imli I IIO:-Bll.!UlMOMY, BCJie,ItCTBHe BHXO,na li3 o6JiaCTli Ill)RMeHliMOCTU 
O,nHOMepHott MO,IteJIH. 

3. BBe,neHRe B MO,neJII, 06pe3amm cneKTpa nYTeM YMeH1>meHli.fI m.me,nattca 
Ha BllCOKHX rapMOHliKaX no3BOJlfleT np:ir COXpaHeHlili Bcex Ka'!J:eCTBeHHllX Bll
BO,ItOB O xapaKTepe H9YCTOli'!J:RBOCTli nOJIY'!J:RTl, ROJili'!J:eCTBeHH:09 corJiacne C 

o.2.~i2 

a4 

0 i 10 15 'C ' 

Plic.5. 3aB:ircHMocT1> :pa36poca 
no '!J:aCTOTaM 06pa.11teHIDI OT 
Bp~MeHH (KOJil>~O Me,imy .n;ByMl{ 

IlJIOCKOCT.fIMII). 

HeliHOli TeOpRH (l)Rc.5). 

.nrumw.m 3KCIIel)RMeHTa B BOIIpoce O BeJIH
'!J:liHe KOHe'!J:Horo :pa36poca no qacTOTe 
06pa.11teHIDI. KaK H B 3KCII9l)RMeHT9,9CJIH 
Haqam,Hoe 3Ha'!J:eH:ire :pa36poca B He
cKOJil>KO pa3 MeH1>me noporoBoro JIHHett
HOH TeOpRH, TO :pa3BliBaKlllaJIC.fI HeycToii
'!J:HBOCTl, He CTOJil, onacHa,H KOHe'!J:H09 
3Ha'!J:eHHe pa36poca ocTaeTc.a MeH1>me rro
poroBoro JIHHeftHott. TeopHR. EcJIR xe Ha
'tJ:aJ1b:ami pa36poc BO MHOrO :pa3 MeH1>me 
(wm 'llrCJIO '!J:acT:im BO MijOro :pa3 ()OJil,

me) noporoBoro, TO HeycTOii'!J:HBOCTl, HO
CRT CMl>:ami xapaKTep H ROHetmoe 3Ha
'!J:0Im9 pa36poca 60JI1>me noporoBoro Jm:-

4. KaK RB 3KCIIel)RMeHTax, rrpR MO,IteJIHpoBa.Imli He Ha6.mo.n;aeTC.fI rroporo
BOrO noBe,neHli.fI HeycTotttnmocT:ir, rrpe,ncKaSmiaeMoro .mmeftHott Teopnett. 

Bo BTopott rJiaBe :paccMoTpeHll Bonpocu npo,nom,Hoii (a3:irMyTam,Hott) yc
TOfi'!J:RBOCTR B a3:irMyTaJII,HO H00,nHOpo.nHHX peJIJITRBRCTCKlIX 3JieKTpOHHllX nyq
KaX: 0 pa3BRTIDf rrpo,ItOJil,HOi! Heyc_Tott"cnmocTR Hee BJm:.fIImR Ha 3axBaT nyq
Ka npH ero 0,nHOOClOpoTHott RmKeKURH Ha KpyroByD op6RTY B CJia6oq>ORYCK
PYJ0111ee M!ll'HRTH09 nOJie / 5/ H 06 ycTotttnmocTH HeJIRH0HHHX a3:irMyT8Jll,HHX 
BOJIH IlpoCTpaHCTBeHHoro 3aPI,I(a B K~eBHX nyqKaX 161. 

MeTO,It HCCJie,noBrum.a, KaK RB nepBOil ~JiaBe, OCHOBaH Ha MO,IteJm:poBa~ 
HRH nyqxa aHCaM6JieM "KpYIIHllX '!J:aCT:im", ,nBliX9Hlie KOTOPHX orm:cmiaeTC.fI 
CHCTeMott ypa.BHeimil (I). 

IlpR O,nH0060poTHOtt RHJ!teKURH IIyqKa Ha xpyrOByD Op6HTY H3MeHeHHe 
cpe.D;Hett '!J:aCTOTll O~pallteHH.fI '!J:aCT:im B T9'!J:0HH0 o6opoTa 3a C'!J:eT IIOT9pI, Ha 
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CHHxpoTpoHHoe R3JiyqeHHe paBHO 

}.(,J :: _ 1,,; '1 l. I. R~ cftl; HfW• (1- Ji,,, Jltt,)ot;, 
W0 { 11 ]T ,.,,0 h1. z. h'IW,. t J 

ol ~ el. ? (£ t)e,J/4 C lV · r.ne v: - - , = - _ c. = me 1111 • trr. ,,,,,.. w 'DE IJ=cJo '. 

(4) 

B COOTBeTCTBRH C (4) OCHOBHOH BRJia,n B H3MeHeHli0 '!J:aCTOTll o6panteHIDI 
(H :pa,nnyca ilr":: ro {?Y/)" 1

4r.,/wo) BHOC.fIT HH3Kli9 rapMOHmar. IT03TOM:f 
nl)R 3K:paHRp0BaHliH npoBO.ll.fIIIlID,m IlOBepxHOCT.fIMlr, Kor.na H3JiyqeHHe Haw~ 
KRX rapMOHRKaX OTCYTcTByeT ( Re l"',-,.=o), rro,wiraTHe nyqxa 3a cqeT 
CHHxpoTpoHHoro H3.nyt!eHIDI pe3KO YMeH1>maeTcH. 

Tax, ,nJlfl KOJil,~a B CBOClO.nHOM !IpOCTpaHCTBe c rrapaMeTpru.m KYTH-2cr> 
H '!J:HCJIOM '!J:aCTRn ~ = 4~IOI2 BeJm:'!J:HHa ..dr"~I MM , ,nJlfl KOJil,~a Mex-
.ny .n;ByMl{ !IpOBO.ll.fIIIlID,m IlJIOCKOCT.fIMII np:ir Tex xe napaMeTpax npm.1epHO Ha 
nOPI,I(OK MeHl,fil9. 

Ha OCHOBe <mCJieHHoro pemeHIDI YpaBHeHim npo,nOJll,HOro,(a3HMYTaJI1,HO
ro) ,nBRJKeHHH HcCJie,noBaHo :wmrume pa3BliBruEtettCH B TeqeHRe o6opoTa 
npo,nOJlliHOil HeyCTOii'!J:HBOCTH Ha H3MeHeHlie cpe,nHero :pa,nnyca o6panteHIDI 
rryqxa. M3 3aKOHa coxpaHeHIDI liMIIYJI1,ca c yqeToM nepeMemroro '!J:HCJia '!J:ac-
TRn Ha op6HTe BHTeKaeT ,., 

JJwcn~Re..2.,.,,..,.,o·/J..,.{t)/2. (5) 
IT03TOMY R3MeHeHHe Cpe.nHeil '!J:aCTOTll o6panteHIDI (R cpe.n;Hero :pa.n:iryca) 
;6~9T · BeJIHKO B TOM. CJiyqae, eCJIH · aa O,nHH o6opoT rap,10HHlW IIJIOTHOCTlI 

A,.. ycneIOT BllpaCTH .n;o 6om,mHX Bemr'!J:RH. 3TO BoaMOJHHO }])I.Ji rapMOHRK 
C ClOJil,IIIRMH H01'4e:paMR m, • KpoMe Toro , sqxpeKT ,ItOJD!teH liMeTl, pe3KO 
BupallteH:ami xapaKTep B 3aBRCliMOCTH OT '!J:RCJia qacT:im B IIyqKe H RX Ha
'!J:aJil,HOro :pa36poca, B CHJIY 6HcTporo HapacTaHIDI BeJIWIBH A'" Ha Ha
'!J:aJil,HOff CTa,nllll HeycTO:i!trnBOCTH. 

Pe3yJI1,TaTH '!J:HCJieHHoro MO,neJIHpoBaHHH ;n;mr MOH03HepreTH'!J:ecxoro nyq-
Ka C WCJIOM '!J:aCT:im K KOJmY o6opoTa /4f =·I,I·IO 3 nOKa3aHU Ha 
l)RC .:6. KaK BH.nHO H3 pRCYHlta. IlPR BTHX rrapaMeTpax IlY'lKa BRJia,n Heyc
TOii'!J:HBOCTH B H3MeHeHRe cpe,nHett '!J:aCTOTH 06pa.11teHIDI HBJlf!eTC.fI onpe,neJIIDO-. 
mm,t, a Bemi'!J:RHa IIO.n,ItaTlliI nyqxa /Jf'-;:. I CM. Pa36poc ITO '!J:aCTOTaM o6pa
llleHHH, n~-C.fI BCJI9,ltCTBH9 pa3BRTH.fI HeycTOH'!J:RBOCTH, K KOHey 060-

poTa (au'")~:::; i'3, H , CJI9,n0BB.'1'9JI1,HO, B03MOllCHll IIOTel)R Ha HHllt9KUHOHHOM 
ycTpoiicTBe.· 

iE) AJreKcaH,npoB B.C. H ,np. IlepBaH o-qepe,n1, KOJIJieKTliBHOro YCKOl)RTeJlfl 
TJDKeJIHX HOHOB KYTH-20. B KH. : Tpy,lUl XIIl M9Jl\1l;Y}Iapo,nHOil: KOHq>ep~ 
no YCKOl)RTeJIIIM '!J:aCT~ BllCOIDIX 3Heprlltt. HoBOCH6:irpcK, HayKa, CH6. OT
,lteJieHHe, I987, c.24I. 
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Plic.6. 3aBHCHMOCTb 6eapaa
M8pHOH tffi.CTOTU 06paill8HHJI OT 
'!HCJia o6opoTOB K )J.JIJf. IIY'!-
Ka B CB060.n;HOM rrpocTpaHCTBe 
( KpH138.ll I - IIO qiopMy-Jie ( 4) , 
KPHBM 2 - peayJlbTaT 'IHCJieH
HOro MO,Il;eJIHpoBaHH.fl) H MSJ!UlY 
,Il;BJMii II.n;88JibHO IIpOBO.IUilIIHMH 
IIJIOCKOCTRMH (KpHBM 3 - pe-
3YJibTaT 'IHCJI8HHOrO MO,Il;eJIH
pOBamm). 

~o 

PHc. 7. CxeMaTH'I8Cituit pliCYHOK 
IIOCJI8,Il;OBaT8JlbHOCTH 
crycTKOB Ha Op6HT8. 

no= 4 

3TH pe3YJII,TaTU Ka'I8CTB8HHO co
OTB8TCTBYIOT OTM8'!8HHOMJ B 3KCII8-
!)HM8HTax B EepRJIH qJaKTy CYI118CT
BeHHoro YM8HbW8HIDI pa.IU!:yc~ KOJlb~a 
H BJIIDIHHJI Ha arurnaT rrpo.n;OJlbHOii 
HeycTOit'IHBOCTli II!)H 60JII,WOM TOKe 
( lie. = 7•IOI2) li MHHnMaJII,HOM paa-
6poce ( - 0,5%) B IIY'!Ke. 

38.l4a~a 06 HCCJI8,Il;OBa.mm rrpo
,Il;OJlbHOli ycTOH'IliBOCTH HeJIHHeiffiHx 
BOJIH rrpocTpaHCTBeHHoro aapi{,Ita 
TaKl!te peWaJiaCb MeTO,Il;OM 'IHCJI8HHOrO 
MO,Il;eJillp0BaHllH. BOJIHU rrpe.n;CTa.BJifi!OT 
co6oii IIOCJie.n;oBaTSJlbHOCTb cryCTKOB 

(pHc.7), CaMOqJOKYCHpOBKa KOTOpux 
IIpOHCXO,Il;HT B YCJIOBHHX KJJIOHOBCKO
ro B3aHMO,Il;8HCTBM '!acT~, ajxpeK
THBHM Macca KOTOPIDC OTp~aTeJlb
Ha. *) Pacrrpe.n;eJieHHe ·tra.cT~ B cry

CTIW CliJibHO He_O,Il;HOpo,Il;l:IO; B '!aCT
HOCTH, II!)H 3Ha'IeHHHX paa6poca IIO 
'!aCTOTe 06paill8HM, MHOro M8HbWHX 
rroporoBoro B JIHHeilHoil TeopHH )J.JIJf. 

a3HMYTaJlbHO 0,Il;HOpo,Il;l:IUX pacrrpe.n;e
JI8HHH, OHO HM98T BII.n; 

ff,,,"').,,, up[-<iJ-"'-J11 u:p[-l1t:f.J'7 "(6 ) 
11 . du•l IJf'J, a 

- .lltJ" Alf'~---=----·, 
- J./1 l (' ,11'4)1 • n l 

o '- H,()P, IL 
(66) 

r.n;e f - cfJYH~ pacrrpe.n;eJieHHH. 
A3HMYT8JibH_M · ycTOH'IHBOCTb crycTKa 
liCCJI8,Il;OBaJiaCb B .Il.1lliHHOBOJIHOBOM 
IIpR6JIIDK9HHH, KOr.n;a Ma.KCHMaJlI,H!rn 

HOMep Y'!HTUBa8MOii rapMOHliKll B03MYI118HM fl,,..~£; ,t;r/(4?~~ 
Il!)HB8,Il;9M pe8yJibTaTU HCCJI8,Il;OBaHHH rrpo.n;OJlbHOH ycTOH'!HBOCTH O,Il;llHO'I

HOro Ha op6RTe crycTKa B yCJIOBHHX CJia6oil ( Rt 2,., ~., << lnt 2 ~ . • ) 
' , .., o _,, H,h,vo 

,UHCCRII~H: . 

.l!:) KaaapRHOB H.IO., ITepeJlbwTeilH 3.A. CTarnIOHaPHUe HeJIHHethrne aaHMY
TaJlbHHe BOJIHU B ~PKYJIHPYJ(IJUIX 3apruKeHHHX rry,max .lK'N, !980, 50, c. 768. 

8 

I 

·~ 

! 
I 

~ 

I. IlyCTb yrJIOBOfi pa3Mep crycTKa corJiaCOBaH c paa6pocoM IIO tffi.CTO
TaM 06pailleHHH, T.e. BHIIOJIHJI9TCH COOTHOmemre (66). Tor.n;a cryCTOK OKa-
3HBaeTCH YCTO~l:lM OTHOCHTeJlbHQ,,Il,7lliHHOBOJIHOBHX B03MYI118HRH, aero 
aaRMy-TaJ!bH!rn H pa.n;HaJU,HHH pa3M8J)H He M8HHIOTCH. 

2. ECJIH pa.3M9pH,CryCTKa He corJiacOBa.Hl:l, TO B 3aBHCHMOCTH OT Ha
'18./IbHIDC YCJIOBHH OH npHXO,Il;HT K O,Il;l:IOMJ H3 .n;Byx KOH8'IHWC COCTOHHHfi: 
a) KOM!Ia.KTH!rn cry9TOK O HOBl:lMH 3H~'i8Hlm:Mll IJ'fL ft-, .-o) H 4(.,)1{f➔ ,,oj , 

OBH3aHHl:lMH OOOTHOW8HH8M (66) ; 6) oryOTOK paoIIJIHBaeTCH IIO a3HMJTY H 

aarrOJIHHeT BCKl op6n:Ty. Ilpli t3r.,'-/f-..o).:.LJ1,J'i..,,f peaJIHayeTCH II8pBHH Bap:ira

HT, B o6pa.THOM CJIYTiae - BTOpoii. 
3. PeayJibTaTU HCCJI8,Il;OBaHHH YOTOH'!HBOCTH oryoTKa CJia6o 3aBHCHT OT 

BII.n;a cfJYH~H paorrpe.n;eJieHHJl, a Ta.Kllte OT a6cOJIKlTHOH BeJili'IHHH HMIIe.n;aHca. 
B YOJIOBHHX OliJlbHOH ,Il;HOOHil~ ( Re c.,, 11w0 ~ .7m e 11~ ,,..,0 ) IIpoHCXO.n;HT 

IIOT8JlH tffi.CT~ li3 cryoTKa,li KOMIIa.KTH08,H.n;po IIOOT8II8HHO paapymaeTCH. 
KorepeHTHYIO ycTOH'!HBOOTb IIOCJI9,Il;OBaT8JlbHOCTH oryoTKOB Ha Op6HTe 

MOlltHO o6ecrre'lHTb O IIOMODU,Kl BH8ll!H8ll qioeyclipYJOU18H CHJIH. Ta.K,HaIIpHMep, 
YOTOH'IHBOCTb IIOCJie~oBaTMbHOOTli cHMMeTpWIHO pacnOJI0~8HHUX Ha op6HT8 
no oryCTKOB MOlltHO o6ecrre'!HTb 6e~eii 3JI8KTp0Mal'HliTHOli BOJIHOfi BH.n;a 

t:::£0 JiuM{'(-4'of}, H=l:110, 1(:.-t{,~,I.,.... (7) 
PeayJlbTaTH 'IHCJI8HHOrO MO,Il;eJIHpoBaHHH Il0Ka3HBaIOT yCTOM'IHBOCTb KOJie-

6aHIDi cryoTKOB B TaKOH OliCTeM8 0 BHemHeii 3JI8KTpoMarlili'.1'1I0ll BOJIHOH 
YMepeHHOil: aMIIJlliTy,IUI. 

B Tp8Tbefi rJiaBe paccMoTpeH BaPHaHT Kci~peccopa peJI/ITHBHCTCKHX . 
3JI8KTpoHHIDC KOJISU o BHOOKOll ~KJIR'IHOCTbKl ?-IO/. Ilp~II pa.60TH KOM

rrpeccopa OCHOBaH Ha COBM8CTHOM HCIIOJlb30BaHHH OTaTli'i8CKOro H HMIIYJlbO
HOro MaI'HHTHUX IIOJieii.:., 3JreKTpoHHoe KOJib~O I (p:irc.8) BOJIHOH HMIIYJibOHO
ro MarHHTHOro IIOJIH B,,. (!)He. 9) rrpo.n;BHraeTCH B HapacTaK>lll88 B,Il;OJlb OOH 
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PHc.8. ITpHHUHIIHafilHM cxeMa 
BHCOKO~KJmllHoro KOMIIpeccopa. 
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Plic. 9. !IpoqJHJib BO~H. liMIIYJlbC,
HOro MarHHTHoro IIOJIH ( V -; CKO
pOOTb ee paorrpooTpaH8Hli~ IIO 

·aaMe,If,JiffiOllleil JlllHHH). 



&;' 
ycTaHOBKll cTaTlfll:ecKoe nOJie Ba . CTaTlfll:ecKoe MarHHTHOe noJie coa.na-
eTc.ll cOJieHo,moM 4, pacnOJio.llteHHHM cHapy,im BaKYYMIJOii RaMepu 3. HM
nyJU,cHoe MaI'HHTHOe nOJie o6paayeTCJI npn pacnpocTpaHemm no aaMe.n.mno-
~eii .nmnm 2 TOKoBoro HMnYJU,ca, reHeJ)HpyeMoro cneuira.,n,Hoii cxeMoft,no.n.~ 
KJIJO'ieHHott Kee nxo.ny. IlPH npo.nnmteIDIH K0JI1,Ua B HapacTru:imee cTaTmec
KOe MaI'HHTHOe IIOJie npOHCXO,D;lIT ero C.lltaTHe H j'BeJIH'ieirae IIJIOTHOCTH 
aJieKTpoHOB, a m.mym,cHoe IIOJie YBeJIHimBaeT HX SHeprmo. 

IloJIO.llteHHe:KOJil,Ua B IIp0H3BOJll,Hlllf MOMeHT BpeMeHH onpe.n;eJmeTC.ll ypa.B-
HeHIDIMK 

B~ ('✓ z) + o,, {t>, z, tJ= o, 
£ lff = r1.(ot+ l}-r(,f'"'+Af)=C1Jd. (8) 

B MecTe HaxOJ!i,I(eHIDI KOJI1,ua <1Be/'2 t O , 'noaTOMY Ma.JIHe KOJie6amm 
.llBJiltIOTC.ll CB.ll3aHHID.m, H KBa,D;paTH liX 'iaCTOT paBHH 

~:-i_ = f:'!:.[ f+t'"-h.(-f-11>J''Z. (9) 

r.ne #t-= - r-/lJ, · ;ei I ';Jr-, p = r / 8a · ,ua ;,2 . Ha (9) CJie.nyeT 
p ~ fl (1-n) , 'ITO Ha.KJia.n;HBaST OrpaHH'ieHlm Ha BH6op cpa.3H KOJII,Ua OT

HOCHTeJII,HO BOJIHH 8,.. . 
MeTO.n. pactieTa HMnYJII,CHQrO MaI'HHTHOro IIOJI.ll OCHOBa.H Ha BH'iliCJieHHH 

TOKOB B BHTKax 3aMe.n;runonieii .mnnm. "B npocTe:iimeM CJIY'iae JmHIDI COCTOHT 
H3 BHTKOB, 3a3eWieHHLIX 'i8pes'eMKOCTH. YMeHI,filSHIDI .nRCII8pcHR TOKOBOro 
HMnYJII,Ca, B03HRK8Klllero BCJie.n;CTBH9 B38llMO,D;efiCTBH.ll TOKOB 'i9pe3 B3aRM
HH8 HH.ny:KTRBHOCTH, MOJKHO ,n;OCTWU,, y-BeJmtmBBJl ero npocTpaHCTBeHHyJO 
IIpoT.llllteHHOcTI,. 3To, O.n;HaKO, IlJlHBO~T K YMeH1,meHmo BeJmTm:HH B,, ( :a, 
CJie.n.okT9JII,Ho, K YBeJIR'ieHHIO .n.mnrn ycTaHOBKll) n yxrnrueHHIO aKc:a:aJII,Hofi 
ycTOii'inBOCTH KOJII,Ua. IloaTOMY BH60p napaMeTpoB TOKOBOro HMIIYJII,Ca H 
saMe.n,nm:lllefi Jrinnm Tpe6yeT KOMIIpoMl!'.ccHoro pemeHR.ll c Yti8TOM cneuirqil!Kll 
KOHKp9THOH YCTaHOBKH. 

. MeTo.n. pactieTa CTaTmeCKOro MaI'HHTHOrO IIOJI.ll HMeeT CBOefi uem,ro C03-
,naHH9 ~aKOii ero KOHqili,~. Il!)R KOTopoii KOJll,UO .n;Bli.llteTC.ll B,n;OJII, sa
AEllf:HOii TpaeKTOPHR r:. r .. {Z J • Bo BT0p0M H3 ypaBHelillli (IO) HMIIYJI1,C
HLI9 BeJIWmHLI OCTaRJTC.ll MHOro M9HI,il9 CTaTH'ieCKHX B T8'ieHHe Boero npo
uecca C.lltaTH.ll. IloSTOMY IlPR .n;BH.llteHHH KOJII,l(a B CJ'MMa:pHOM CTaTH'i8CKOM H 
HMIIYJII,CHOM IIOJI9 KOJil,UO 6y.n.eT" .ItBRraTI,M no TpaeKTOPRH, 6JIH3KOH K . 

Y = r. {? J • IloaTOMY aa.n;a'ia coa,Il8.HR.ll cTaTHll9CKOro Ma.I'HRTHOro nOJiit 
Tpe6yeMott KOHqili~ CBO.n;HTC.ll K HWCOJ!i,I(SHHRJ TOKOB B Ka'cylllKaX (HJIR 
COJI9HOR,It9) IIO H3BeCTHHM 3Ha1l8HH.IIM e:1 Bt H MOJKeT 6HTI, pemeHa 
pa3JIH'lH:w.m H3B9CTHHMH MeTO,D;BMH. 

B :asBecTHWC cTaTH'iecxoM H m,myJU,cHOM MB.I'HRTHBX nOJMX 'lHCJI9HHHM 
MeTO,ItOM (pememreM ClICTeM!:l Y1)8BHeHd (8)) HCCJI9,ItOBaHO C.lltaTHe aJI8KT
p01moro KOJ!l,Ua. noxaaaa:a np~Hrur pa60Tocnoco6Hocn npe.u.n:OJKeH-
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HOH cxeM!I KOMIJpeccopa. IlpHBe.n;eH IlJlRM9P C.lltaTH.ll KOJII,Ua C 22,4 CM .no 
3,1 CM npH y-BeJIH'ieHHH peJIR:THBHCTCKOrO qiaKTOpa f C 6 ,no 17 H 
B03paCTrorast cTaTH1l8CKOro MaI'HHTHOro IIOJI.ll C 0,46 KI'c .no 9,2 KI'c. 

0.n;HHM H3 B03MO.lltHLIX cnoco60B IlOBHIIl6HR.ll aKCHaJil,HOfi YCTOft'iHBOCTH 
KOJII,Ua .IIBJI.ll9TC.ll llCilOJI1,30BaHH9 a3HMy-TaJII,HO pa3pe3aHHLIX 3KpaHOB THIIa 

"6eJIH%9 KOJieco" (p:ac.IO). C U9JII,RJ BWICHeHHJI npo,nOJII,HOft ycTOli'iHBOC
·T:a KOJil,Ua B Taxott CTPYKTY1)9 pac----... .,, ' 

:._ \-1 l I, r '- ) I 
' / ,....__.,.,,, 

--
Pnc.IO. "lieJm'iI>e KOJieco" 
pa.imyca a. C aJieKTpoH
HLIM KOJII,UOM pa.n:ayca r 
BHYTPH• 

YBeJIH'leHM qioeycHpoBKH. *) 

C'iHTaH HM!le.n;aHc WL7!HH.nPHtiecxoro 

CJIO.fl B~r peJIR:THBHCTCKHX 
aneKTpOHOB II. PesyJU,TaTu pactie-
Ta IIOKa3aJIH, 'ITO IlJ)H pa3J'MHOM (o6e
cne'iHBaromeM aKCHaJII,HYRJ cpoxycnpoBey) 
COOTHOW9HHll lllliJ)HHll ~eJIH H JI9HTH HM
II9.n;aHC BeJIHK - 60JII,me. 'ISM B CBo6o.n
HOM npOCTpaHCTBe. IloaTOMY "6eJIH'lI,9 
KOJieco" oxasHBaeTcs Henp:aro.nHHM M.ll 

HCIIOJI1,30BaHH.ll. EOJiee 06Ha.n;eJKID3~M 
npe.n;cTa:BJif!9TCSI HCIIOJI1,30BaHH9 ".nnott
Horo 60Jllill1,ero KOJieca" c HaHeceH:aeM 
,ItH8JI9KTPH'i9CKOro CJIO.ll Ha JISHTU ]J)JJI 

B aaKJimemm IlJ)HBO,nlITC.ll OCHOBHll9 pe3yJII,TaTU, IIQJIY'ieHHLie B .n:accep-

TauHH. 
I. Paapa60TaH M9TO,lt 'lHCJieHHoro MO.n;e.mipOBaHE.ll Ilp0,D;OJI1,HOH HeycTOli

'DIBOCTH B KOJII,UeBLIX ny,max aapl.llteHHLIX 'laCTHU. MeTO.n; OCHOBaH Ha npe.n.
CTaBJieHHH Il~ "KpymrnMII tiacTHU8,MII", xoop.rumaTLI ll CKOpOCTR KOTOpLIX 
onpe.n;eJifIIOTC.ll IIYTeM ~CJieHHoro HHTerJ)Hpo:saHIDICHCTeMli o6mwoBemiwc 
.JJ.HcJicJiep9Hll;H8JIT,HLIX ypaBHeHH:il. BH'iliCJieHHe co6cTBeHHoro nOJIR: IIy,ma Ha 
C9TKe C ITJ)RMeHeHHeM 6ucTporo npeo6pa30BaHH.ll ~Y1)I,9 II03BOJIHJIO coa.n;aTI, 
nporpaMMY 60JII,WOil BWIBCJIHT9JII,HOli 8q)ll8KTHBHOCTH, Heo6xo,nHMOfi ]J)JJI o.n;
HQBpeMeHHoro Yti9Ta 3Ha'lHTeJU,HOro 'iHCJia B3aHMO,neilcTBYRJlllllX rapMOHHK 

8JI9KTJ)H'i8CKOro IIOJI.ll. 
Ha 09.~oBe M9TOM pemeHLI CJI9.n.YRJlllH9 3a,na'ili: 0 pa3BHTHR npo.n.om,Hoil 

HeycTofuBocTH B p9JI.IITHBHCTCKOM a3HMy-TaJII,HO O.n.HOpo.n;HOM KOJII,USBOM Ily'i

Ke; O'pa3B~THH npo.n;OJU,Hofi·HeycTofi'iHiiocTH np:a O.n.H006opoTHOii HHJKe~ 
n~ Ha eyyroByro Op6HTY B CJia.6oqioxycnpyro~ee Mal'HHTH08 IIOJie; 06 yc
TOil'llIBOCTH·He.mmefl:Hwc IIpo,D;OJII,HWC BOJIH IIp0CTpaHCTSeHHOro sapH.t(aB 

peJIR:THBHCTCKHX KOJII,D;9BLIX IIY1lKWC• 

·ii) .AJiexcaxHH 10.H. 3Kpa.HnpyRJllllle cBoficTBa .nnofilioro 69JIH'iI,ero KOJieca. 

Ollilli , P9-83-BI3 , l(y6Ha, 1983. 
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2. Bnep13!:le HCCJie,noBa.Ho acllMIITOTll'l0CKOe BO BpeMeHH ITOBe,neHHe oc
HOBHWC ITapi.MeTpOB pe.IDITHBHCTCKOro 8JI0KTpoHHoro KOJI:&UeBoro rryq:xa IIJ;lll 
BO36y,!U(eHHH 'AHCCHITaTHBHOH ITp0,I(OJI:&HOH HeycTO~OCTll. PeayJI:&TaT!:l HC
CJie,I(O:aaIDIH ITOKa3aJIH, 'lTO Ha HeJIHHelhiofi CT~ HeycTOH'IlIBOCTH 3KCITO
He~aJll>HHH pocT paa6poca ITO ~CTOTaM O6pa111emm B KOJll,U8 CMeHSieTCH 
mmeHHHM. 0,nHOBpeMeHHo IlpoHCXO'AHT ITOTepn He60JIE,WOil: ,noJIH 'laCTm.J; ll3 
K~a. Paa6poc OCTaKiJIHXCH B KOJIE,Ue 'laCTHU ITPH 3TOM MeHHeTCH H83Ha
'Il!T8Jll,HO. BWICHeHa CBH31, H3M0Hemm paa6poca ITO ~CTOTaM O6pa111eHHH 
rrp;r H~ pa3BHTHX DJYMOB 8JI0KTPHqecKoro ITOJIH C B8Jlll~a.MH C,ll;BHrOB 
qacTOT BO36y,K,D;eHHHX BOJIH. ITOKa3aHO, 'lTO MaKCHMaJII,HH8 3Ha'lemm a.MIIJIII

TY.I( BO36y,imaeMWC raJMOHHK YM8HI,lllaJOTCH C YBeJilf'IeHHeM Ha'laJI:&Horo paa6-
poca HJIH YM0HI,WeHHeM TOKa KOJI:&na. 06Hapy,KeHO BO36y,K,neHHe HeycTO~
BOCTll IlpH 3HaqeHHHX pa36poca B KoJtE,ne, IIJ;l0BHW8.lOlllliX ITOporoBoe JIHHeit
HOtt T0OIJHH. 

IIpoBe,n:eHHOe CpaBHeHHe peayJIE,TaTOB truCJieHHoro MO,neJIHpOBaHHH H ,I(aH
HHX 3KCIT8IJHM0HTaJI:&HOro HCCJie,n:OBaHHH rrpo,n:OJIE,HOH HSYCTO~OCTH IlOKa-
38.JIO HX xaqecTBeHHOe COBrra,neHHe H rro,n:TBep,nwro BHBOJJ; ITOCJie.imero 0 
BO3MOJKHOCTH npeBH!ll0HHH noporoBoro truCJia qacTHU B rryqKe B H0CKOJIJ,KO 
paa. 

3. PemeHa aa,naqa O BO36YJK,n8HHH npo,nOJIE,HOH HeycTO~OCTH ITpH o,n
HOO6OpoTHOtt HHJKeruurn pe.IDITHBHCTCKOro 3JI8KTp0HHOro IlyqKa Ha KPyrOBYJO 
Op6HTY B CJia6oqiOKYCHpYJ(Jlll08 MarHHTH08 IlOJie. MeTO,nOM 'IlICJI8HHOro MO,ne
JIHpOBaHIDI npoBe,neH COBM8CTHHH yqeT BJmJllil1ll KOrepeHTHOro CHHXpOTpoH
HOro H3Jlyq8IDUl, KYJIOHOBCKOro B3aHMO,I(8HCTBHH B asHMYTaJI:&HO Heo.imopo.n
HOM_IlyqKe-H pa3BHBal0018HCH rrpo,n:OJI:&HOll HeycTO~OCTH B OTCYTCTBHe H 
rrp;r·'H~ rrpoBO.IUiunIX 3KpaHHpYJ(lllHX rroBepXHocTett Ha naMeHeHHe cpe,n-. . 

HEiro pa,nuyca KOJIE,Ua aa o6opoT. llcCJie,n:oBatta 3aBHCHMOCT1, H_3M8H8IDUl 
cpe.imero pa,nuyca KOJI:&Ua sa cqeT KorepeHTHoro CHHXpoTpoHHoro H3Jlyqe
HM OT .Ir,JIHT8Jll,HOCTH ~pOHTa nyqxa. IlOKa3aHO, qTo IlJlll 60JI:&WOM_TOK8 H 
MaJIOM :mepreTnqecKoM paa6poce rryqxa y,Ke Ha rrepBoM o6opoTe pasBHBaeT
cn npo,nOJI:&Hasl HeycTofiquBOCTI,, rrpHBO.IU!lll!lR. K 3aM8THOMY YM8HI,W8H.lll0 pa
,nuyca, YBe.TilI'IeHlllO ceqemm u o.imoo6opoTHOMY caMoaa.x:saTy UyqKa. 

4. MeTO,nOM quCJieHHoro MO,n8JlllpoBaHIDI HCCJI8,I(OBaHa YCTO~OCTI, CTa
UHOHaPHHX Hemm:eltHHX BOJIH rrpoCTpaHCTBeHHoro aapn,na B pe.IDITHBHCTCKHX 
K~eBHX rry,max 3apruKeHHHX qaCTHU. BOJIH!:l rrpe,n:CTa.BJI/IIOT co6oil ITOCJie
,noBaTeJU,HOCTI, ,ll;BIDKymHXCH ITO op6HT8 co cpe.imefi qacTOTOH O6pa1I1e:mm: 
cryCTKOB, CaMDq)OKYCHpYIOiltllXCH B YCJIOBHHX KyJIOHOBCKOro B3aHMO,nefiCTBRSI 
qacTHU C OTPHUaT8Jll,HOH ~eKTHBHOH Maccoit. IlOKa3aHO, qTO crycTKH C 

paa6pocoM no qacTOTaM O6pa1I1e:mm:, MHoro MeHI,lllliM rroporoBoro JIHHelhiott 
TeopHH Ilpo,I(OJIJ,HOH HeycTOll'ruBOCTH B a3m.!y'raJI:&HO o.imopo,nHOM KOJIJ,U0BOM 
ITyqKe, OKa3HBaIOTCH YCTO~HMH OTHOCHTeJIJ,HO ,nJIHHHOBOJIHOBHX BO3MYUl8-
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HHfi, Kor,na HX yrJIOBott paaMep . .nocTaTo~o MaJI. KorepeHTHYID ycTOHtru
BOCTI, ITOCJI8,I(OBaT8Jll,HOCTll CHMMeTJlliqttO pacITOJIOJKeHHWC Ha op6HT8 crycT
KOB MOJKHO o6ecITetruTI, 6eryniett 8JI0KTPQMaI'HHTHOH BOJIHOfi YM0peHHOll &fil

JIHTY.I(H. 
5. IlpeAJIOJKeH Bapl!aHT KOMUpeccopa a.ireitTpomrnx KOJI0U c Bl:lCOKOH 

UHKJIHqttOCTI,ID, noitaaatta pa60Tocnoco6HocT1, cxeMH KOMnpeccopa. CoBMe
cTHoe HCITOJIJ,3OBaHHe CTaTnqecKoro l!~l!MITYJll,CHOro MarHl!THHX nOJiefi IlO3-. 
BOJIH8T. rrpu JIIlHCYlll8li CTaTnqecKl!M KOMilpeccOpl.M Bl:lCOKOM UHKJII!qttOCTH 
pa6OT!:l ~OpMHpOBaT1, ROJIE,na c rroBHWSHHOit ITJIOTHOCTI,ID 6Jiaro,napit Ha6opy 
3H8prllll 3Jl8KTp0HaMH. Orrpe,neJieH!:l ycJi6mm CJKa.TIDI ~OJIE,~a H ero ITpo,ll;BH
l!t8HlilI B HapacTaK111ee MarHHTHOe rrOJie, paspa.6oTa.H crroco6 pac'leTa cTa
TuqecKoro H HMIIYJll,CHOrO Mal'HHTHHX nOJiett. MeTO,I(OM 'IHCJI8HHOro MO,neJIH
poBa.HHH HCCJI8.D;OBa.HO ClK8.Tll9 KOJIJ,~ B TaKOM KOMITpeccope. Ilporura.mrnu'."" 
pOBaHa BO3MOJKHOCTI, HCilOJll,3OBaHHH paspe3a.HHOro 3KPalia THITa "6eJIH%8 
KOJieco" JJ,JllI yJiytIWeHM ~cuaJI:&Hoii ycTO.HqnBOCTH sJieKTpoHHoro KOJI:&~. . . . 
C UeJIJ,ID lICCJie,n:OBaHHH IIJ;)O,n:OJII,HOll ycTofiquBOCTR KOJI:&Ua B TaKOfi CTPYK'."" 
Type paccquTa.H l!MIT8,I(a.HC UH,1IIIH.l)JJH'l8CKOro CJIOH Bpalil8.lOlllliXCH 3JI0KTPOHOB. 
V!CCJie,noBa.Ha 3aBl!CHMOCT1, HMI!8,I(aHca OT rrapaMeTpOB CTPYKTYP!:l: WHPHH!:l 
JI8HT!:l H paap03a H l!X truCJia. 
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