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JiOJibWOH HHTepec B pa3JIH'lHLIX 06JiaCT.IIX ilJH3HKH H MHO· 

rO'lHCJieHHLIX TeXHH'leCKHX llpHJio:>KeHH.IIX BLI3biBaeT HCllOJib· 

30BaHHe llJIOTHLIX ny'lKOB 3apJI)I(eHHLIX 'laCTHl.J, C npHMeCbiO 

'laCTHl.J, ,npyroro COpTa, B 'laCTHOCTH, C ,npyrHMH 3apJI,naMH. 

3TO MOryT 6b1Tb, HanpHMep, 3JieKTpOHHble ny'lKH C npHMeCbiO 

HOHOB pa3JIH'lHOrO BH.I(a /npH60pbl CBq, HOBble MeTO,l(LI 

YCKOpeHH.II H np./ HJIH HOHHLie ny'lKH, B KOTOpble 3aXBaTbf· 

BaiOTC.II BTOpH'lHLie 3JieKTpOHLI, KaK, HanpHMep, B YCKOpH· 

Ten.11x H uaKonHTeJI.IIX JapJI)I(eHHbiX qacTHI.J.. XapaKTepHbiM 

,l(JI.II 3THX CHCTeM 3apJI)I(eHHbiX 'laCTHl.J,, B TOM 'lHCJie H MHO· 

rOKOMllOHeHTHbiX, .IIBJI.IIeTCJI 60JibWaJI nepeHOCHaJI CKOpOCTb 

O,l(HOrO COpTa 'laCTHl.J, OTHOCBTeJibHO ,npyrHX H DO MHOrHX 

cnyqagx oecbMa ManbiH 3HepreTuqecKHii pa36poc ,nBH)I(y· 

ll.J,HXC.II 'laCTHI.J., 'ITO ,naeT OCHOBaHHe npHMeHJITb ,l(JIJI OllHCa • 

HHJI llY'lKOBbiX CHCTeM rH,npO.I(HHaMH'leCKOe npH6JIH)I(eHHe, B 

Toii HJIH HHOH cTeneuu Mo,nu!lJuu.upooauuoe. Bo MHorux cny

qaJix Ba)I(HOe 3Ha'leHHe HMeiOT HMeHHO TaKHe ny'lKH H HaC 

6y,nyT HHTepeCOBaTb JIHWb 3TH cnyqaH. 

,l].JIJI p.11,na Ja,naq Ba)I(HO ,l(OCTH)I(eHHe MaKCHMaJibHOH 

llJIOTHOCTH ny'lKOB B Te'leHHe ,l(OCTa TO'lHO ,l(JIHTeJibHOrO Bpe • 

MeHH. Mo)I(HO npe,nnonO)I(HTb, 'ITO onpe,neJIJIJOll.J,ee BJIHJIHHe ua 

napaMeTpbl llY'lKOB, B TOM 'lHCJie Ha llJIOTHOCTb 'laCTHl.J, 

B HHX, OKa3biBaiOT HeyCTOH'lHBOCTH, npHBO,l(.llll.J,He K H3MeHe • 

HHIO !lJopMbl H nonepe'lHblx paJMepoo ny'lKOB. 

,l].JIJI 3JieKTpOH·HOHHbiX ny'lKOB O,l(HOH H3 Ba)I(HeHWHX JIB• 

JIJieTC.II ny'lKOBa.ll HeyCTOH'lHBOCTb, cpaBHHTeJibHO XOpOWO 

H3y'leHHaJI KaK TeopeTH'leCKH, TaK H 3KCnepHMeHTaJibHO /CM., 

HanpHMep, o6Jopbl /l/ I npu npoxo)l(,neHHH ny'lKOB B nnaJMe 

HJIH HeiiTpaJibHOM ra3e B YCJIOBHJIX npaKTH'leCKH llOJIHOH 

ueiiTpanuJau.uu o6'beMHoro 3ap.11,na. 
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IlpH H3Y'ICHHH CTa6HJIH3HpOBaHHOrO 3JICICTpOHHOrO nyqJCa 

liy.IJ;KepoM/2 / 6Lma paccMoTpeHa HeycTOH'IHBOCTb nonepeq

Horo THna, l!laiCTH'ICCICH JIBJIJIIO~aJICJI ny'IICOBOH HeyCTOHlfH· 

BOCTLIO' /oHa coana,IJ;aeT c nocne.IJ;Heii npu 100~ HeiiTpaJIH

Ja~HH o6beMHOro JapJI.IJ;a/, B npo~ecce pa3BHTHJI ICOTopoii 

H3- 3a pe30HaHCHOrO B3aHMO.IJ;CHCTBHJI .IJ;BYX rpynn \faCTH~ 

B nyqKe ICOJie6aHHJI qaCTH~ B nJIOCICOCTH, nepneH,IJ;HICYJIJipHOH 

OCH nyqJCa, MOryT npH onpe,IJ;eJieHHWX YCJIOBHJIX 3ICCnOHeH

~HaJibHO BoJpacTaTL. XapaiCTepHCTHICH 3Toii HeycToii'IHBo

cTH, HMCIOU(CH rH,IJ;pO.IJ;HHaMH'ICCICYIO npHpO.IJ;Y, HHTCHCHBHO 

H3ylfaJIHCb B no~Jie.IJ;YIO~X pa6oTax /3 I , oco6eHHO B nocJie.IJ;

Hee apeMJI 14 •5 1 • Kor.IJ;a 6wna ycTaHOBJieHa ee Ba)l(lfaJI poJIL 

B KOJIJieiCTHBHOM MeTo.IJ;e ycKopeHHJI. 3Ta HeycToii'IHBOCTb 

Ha6JIIO,IJ;aJiaCb, nO-BH,IJ;HMOMy, B 3ICCnepHMCHTaX Ha 6eTaTpo

He I 6/ H c :meKTPOHHWMB KOJIL~aMH. 
Oco6eHHOCTJIMH HeycToii'IHBOCTH 1iy.IJ;ICepa-1iyHeMaHa, 

KaiC ee \faCTO Ha3WBaiOT, HJIH HeyCTOH'IHBOCTH THlla "3MCH

ICH", JIBJIJICTCJI Henocpe,IJ;CTBCHHOe BJIHJIHHe Ha napaMeTpW 

ny'IICOB, B \faCTHOCTH, nJIOTHOCTb, H3- 3a 6WCTporo pa3MW

THJI ny'IICOB B nonepe'IHOH nJIOCICOCTH, a TaiC~e OTCyTCTBHe 

cy~eCTBCHHOrO BJIHJIHHJI Ha npo~ecc ee pa3BHTHJI, B OT· 

JIH'IHe, HanpHMep, OT HeyCTOH'IHBOCTH npO,IJ;OJibHOrO THna, 

KHHeTH'IeciCHX 3414leKTOB /JaTyxaHHJI JlaH,IJ;ay/. HeycToii

'IHBOCTL, KaiC 6WJIO BWJICHCHO /3-S< TepJieT CBOH rH,D;pO.IJ;HHa

MH'ICCICHH, 6WCTpWii xapaiCTep JIHWb npH O'ICHb 60JibWOM 

pa36poce qacTH~ acex copToB no 3Hepruu. 

KapTHHa pa3BHTHJI HeycTOH'IHBOCTH BO MHoroM e~l ?e 

JICHa, OC06eHHO 3TO ICacaeTCJI HCJIHHCHHWX npo~eCCOB 7 

H xapaKTepa p7ifKca~HH ny'IICOB. 

B pa6oTe 6wna noiCaJaHa cTa6HJIH3HPYIO~aJI pOJib 

npo.IJ;OJILHoro MarHHTHoro noJIJI Ha HeycTOH'IHBOCTb 1iy.IJ;ICe

pa-1iyHeMaHa, npH'ICM OCHOBHOe BHHMaHHC 6biJIO YACJICHO 

ICOJib~CBWM ny'IKaM B yCJIOBHJIX, ICOr.IJ;a HOHW MO)I(lfO ClfH• 

TaTI, HC3aMarHH'ICHHWMH. 

QeJib ,IJ;aHHOH pa60TW COCTOHT B ycTaHOBJICHHH CBJI3H 

Me~y MaiCCHMaJibHO ,!J;OCTH)I(lfMOH nJIOTHOCTbiO JIHHCHHbiX 

ny'IICOB H BHCWHHM MarHHTHWM llOJICM, npH'ICM OCHOBHOC 

BHHMaHHe 6y,IJ;eT y,IJ;eJieHO ny'IKaM C npOH3BOJibHOH, B TOM 

'IHCJie MaJIOH, CTCllCHbiO HCHTpaJIH3a~HH, a TaiC~e ,!J;HllOJibHbiM 

ICOJie6aHHJIM /KOJie6aHHJIM ~CHTpOB TJI~CCTCH ICOMllOHCHT 

nyqKa/, Kor,IJ;a HeycTOH'IHBOCTb oco6eHHO onacna. 
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1. OCHOBHh/E qEPThl HEYCTOilqHBOCTH 

BHalfaJie paccMOTPHM HaH6onee Ba)l(lfwe .IJ;JIJI ,IJ;aJILHeii:

wero xapaiCTepHCTHICH HeycTOH'IHBOCTH H o6Cy,IJ;HM ee BOJ· 

MO~HOe BJIHJIHHC Ha llYlfOIC B OTCyTCTBHe MarHHTHOrO llOJIJI. 

B COOTBCTCTBHH C 06~enpHHJITbiM llO,!J;XO,!J;OM npe,IJ;llO

JIOlKHM, 'ITO llYlfOIC COCTOHT H3 3JICICTPOHOB /.IJ;JIJI onpe,D;eJieH

HOCTH/, HMCIO~X JapJI.IJ; H Macey llOICOJI e H m, llJIOTHOCTb 

ne: H CICOpOCTb v e ; peJIJITHBHCTCICHH l!laKTOp 0603Ha'IHM 

qepe3 y- ( l - v; 1 c 2) -~ • HoHw c JapJI.IJ;OM e Zu Maccoii 

M 6y.IJ;eM nonaraTL noiCOJIU(HMHCJI, nJIOTHOCTL ux paaHa ni • 

CTeneHL Heii:TpaJIH3a~HH o6o3Ha'IHM f = ni 1 ne . TalC KaK 

MW paCCMaTpHBaeM npJIMOJIHHCHHWH ny'IOIC, TO nOJIOlKHM, 

'ITO .IJ;JIHHa ero ICOHC'IHa H paBHa L. COOTBCTCTBCHHO, HaH-

60JibWaJI B03MOlKHaJI .IJ;JIHHa BOJIHW B03My~eHHJI paBHa 2L 
KaK o6w'IHO, npeHe6peraeTcJI co6cTBeHHWM MarHHTHWM 

noneM nyqJCa, T .e. C'IHTaeTcJI 111 y« I, r,IJ;e ''= n --4· 
me 

Mo.IJ;eJIL liy.IJ;ICepa-qupHICOBa, BBe,IJ;eHHaJI npu anaJIH3e ne

ycToii'IHBOCTH, npe,IJ;llOJiaraeT TaiC~e BWnOJIHCHHC YCJIOBHJI 

MaJioCTH nonepe'IHWX pa3Mepoa nyqJCa no cpaanenu10 c .IJ;JIH

HaMH BOJIH B03MYU(CHHJI, T.e. 

k a << I, /1/ 

r.IJ;e a - xapaKTepHLiii paJMep ceqenHJI nyqJCa. 

HeycToii'IHBOCTb HMeeT nopor, onpe.IJ;eJIJieMLIB cne.IJ;yiO

Il(HM COOTHOWCHHCM: 

0 213 + 0 213 
e 

< ( k v ) 213 
e . /2/ 

3.IJ;eCb Oe H Oi - \faCTOTbl ICOJie6aHHH 3JICICTpOHOB H HOHOB, 

COOTBCTCTBCHHO, B nOTCHUHaJibHOH JIMC, C03,IJ;aBaeMOH qac

THUaMH npOTHBOnOJIOlKHOrO 3HaiCa 3apJI,IJ;a: 

n2 
e 

02 
i 

277e2niZ 

m )' 
211 e2 ni Z -----

M 

/3'/ 

/3"/ 

277 
k= kz =y- BOJIHOBOH BCICTOp B03My~eHHJI, HaHMCHbWYIO ero 

BCJIH'IHHY o603Ha'IHM ko = 77 IL . 
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Y CJIOBHe 121 03Ha'laeT, 'ITO HeyCTOB'IHBOCTL pa3BHBa

eTCJl npH 3Ha'leHHJlX UJIOTHOCTeB B ny'IKe, 6onLWHX TeX, 

KOTop~e onpe~enJlroTcJl cornacHo 121. Boe~eM o6o3Haqe

HHe ~JIJl OTHOWeHHJl 'laCTOT 
n -_--

s =-e-=y__M_f 
ni my 

141 

H c~enaeM npe~nono)KeHHe, oa)f(Hoe ~nJl ~anLHeiiwero aHa

nu3a 

s » l. 151 

Ycnooue 151 o~nonHJleTCJl ~nJl wupoKoro Knacca ny'IKOB 

lnpu6op~ CBq, HaKonuTenu H ycKopHTenu, nna3MeHH~e 
ny'IKHI. 

KaK 6~no noKa3aHo o 13 •4 / • HeycTOH'IBBOCTL HMeeT 

pe30HaHCH~B xapaKTep, T .e. MaKCHManbH~B HHKpeMeHT 

~OCTHraeTCJl npH yCJIOBHH 

n i + ne = k v e. 161 

B6nH3H nopora HHKpeMeHT Im w I w - qacTOTa B03MymeHHJll 

6nH30K K HyJiro; B MaKCHMyMe, npH YCJIOBHH 161, OH paBeH 

n. - kv 
I m w "" ~- Is ~ -=...:L. ' Re w ::: n i 2 v - 2ys 171 

H, HaKOHeU, B~anH OT pe30HaHCa, KOr~a, C y'leTOM 151, 
Oe .> > k ve. oH onpe~enJleTCJl cne~yromuM o6pa3oM: 

I k v 
m w ----e.. - ' s 

Rew - k ve 
--~ 

s2 
181 

KaK cne~yeT H3 17 I H 181, HeycTOB'IHBOCTL JlBnJleTCJl ane

puo~H'IeCKOB ( Re w << Im w ) • 
HeTpy~HO BH~eTI., 'ITO B OKpeCTHOCTH pe30HaHCa HHKpe

MeHT HeyCTOB'IHBOCTH MO)KeT ~OCTHraTb O'leHL 6onbWHX 

3Ha'leHHii, nopJl~Ka 10+9 1lceKJI~a)Ke6onLwe,HcymecToeH
HO npeBbiWaTb, TaKBM o6pa30M, ~JIHTeJibHOCTb nponeTa 

r = L 1 ve 3neKTPOHOB o cHcTeMe. M~ 6y~eM C'IHTaTL, 'ITO 

ecnu cllaKTop nponeTa 

a=Timw 191 
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:. 

~JIJl B03MyiUeHHB, BOnHOB~e BeKTOp~ KOTOp~X ne)KaT B HH

Tepoane k- = ..1L < k < 1 /a , 3Ha'IHTenLHO npeoblwaeT e~uo L - -
HHUY, 

a>> l, 1101 

TO UJIOTHOCTb 'laCTHU B UY'IKe Cyll(eCTBeHHO H3MeHJleTCJl, 

ny'IOK npH06peTaeT HeO~HOpO~HOCTb B~OJib OCH; COBMecT

HOe ~eHCTBHe HapaCTaiDU(HX KOne6aHHB H HeO~HOpO~HOCTH 

UJIOTHOCTH B~OJib OCH MO)KeT npHBO~HTb K yxo~y 'laCTHU, 

oco6eHHO HOHOB, H3 ny'IKa. B npouecce H3MeHeHHJl nnoT

HOCTH npOHCXO~HT penaKCaUHJl ny'IKa, UpH 3TOM UJIOTHOCTL 

qacTHU MO)KeT ~oCTHrHyTL noporoooro 3Ha'leHHJl, onpe

~enJleMoro H3 121. ~eTanH JToro B03MO)KHOro MexaHH3Ma 

penaKCaUHH ~OJI)KH~ JlBHTLCJl npe~MeTOM 6y~ymero aHanH-

3a, 3~eCL M~ yKa)KeM nHWb Ha pa6oTy /9/, B KOTOpOH 6~n0 
nony'leHO H3MeHeHHe UJIOTHOCTH npH 3Ha'IHTenLHOH aMUnH

Ty~e Kone6aHHii lace eiUe 3aMeTHO MeHLweu a I H pa6o

TY 17 I , yKa3aowyro Ha ocna6neHHe npH'IHH, B~3LioaroiUHX 
HeyCTOH'IHBOCTb C y'leTOM HeJIHHeBHOCTH CHJI, KOr~a nnoT

HOCTb CTaHOBHTCJl HeO~HOpO~HOH DO Ce'leHHID UY'IKa. 

EcnH ycnooue 1101 He o~nonHJleTCJl ~nJl Tex k, ~nJl 
KOTOp~X Cy(UeCTByeT HeyCTOB'IHBOCTL, Mbl 6y~eM C'IHTaTb, 

B CBJl3H C KOHBeKTHBH~MI"CHOCOB~M"IxapaKTepOM Heyc

TOB'IHBOCTH, 'ITO cymecTBeHH~x B03MyiUeHHii ny11Ka He 

npoucxo~HT. B qacTHOCTH, ~nJl k "'ko cllaKTop nponeTa ~a)Ke 

k0L rr 
B pe30HaHCe Man, a"' --oe--<1, 'ITO CBH~eTenLCTByeT 

2vs 2vs 
0 TOM, 'ITO HeyCTOB'IHBOCTb B OTCYTCTBHe MarHHTHOrO UOJIJl 

pa3oHoaeTcJl Ha KopoTKBX oonHax k «ko. Cne~ooaTenLHO, 
MO>KHO paCC'IHTLIBaTb Ha ycneWHYID CTa6HJIH3aUHID HeyCTOB

'IBBOCTH npO~OJibH~M MarHHTHbiM noneM, UOCKOJILKY OHO 

3cllclleKTHBHO B03~eHCTByeT HMeHHO Ha KOpOTKHe BOJIH~. lie

peii~eM K paCCMOTpeHHID 3THX BOUpOCOB. 

2. J(HCIIEPCHOHHOE YPABHEHHE H EFO AHAJIH3 

CTa6HnH3HpyroiUee ~eiicTBHe npo~onLHoro MarHBTHoro 

nonJl Ha onpe~eneHHbiB Knacc oo3MymeHHB o ny'IKax xopowo 
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B3BeCTHO; B qaCTHOCTB, OHO B3yqaJIOCL B JIBHeHHLIX IIBHqax 

~JIJI B03My~eHBH TBIIa "3MeeK" H "rrepeT JI:lKeK". 

B /a/ 6LIJIO rronyqeHo ~ucrrepcuoHHoe ypaBHeHue ~JIJI 
IIOIIepeqHLIX KOJie6aHBH u;eHTpOB TJI:lKeCTB 3JieKTpOHHOH B 

BOHHOH KOMIIOHeHT rryqKa B IIpBCYTCTBBB IlpO~OJILHOrO Mar

HBTHOrO IIOJIJI; ~JIJI IlpJIMOJIBHeHHOH reOMeTpBB OHO 3aiiB· 

CLIBaeTCJI B BH~e; 

2 2 2 2 2] 2 2 ( 2 2 2 2 [( k v - w ) ( w - n1 ) - w n - w k v -w) ( n . - w ) -e e H e 1 

-2 w 
2 .!!!.1:: w < k v - w) n 2 n 2 

- w 
2 

< ~) 2 
w 2 [ n 2 -< k v - w > 2 1 x HM e e i H M e e 

x [ k2 v2 
e + n2 -(k v e e - w)2]+w:( m·y )2 w2(kve -w )2 = 0; 

M /11/ 
3~eCL 

e H 
wH =--- • H =Hz. 

mcy 

BBe~eM ~JIJI y~o6cTBa 6e3pa3MepHLie BeJIHqBHLI B ypaB

HeHBB /11/, IIO~eJIBB BCe qJieHLI Ha ( k
0 

v e )8 .flyCTL 

Qi Q e w WH 
Qi = -k--, Qe= -k_--' v=-k---, p =-k--' 

Ove Ove ve 0 ve 
k 

q = T , l .:::; q ;:;. L I rr a. 
0 

/12/ 

fieperpyiiiiBpyeM qJieHLI B ypaBHeHBB /11/ B BBe~eM ~JIJI 
KpaTKOCTB 3aiiBCB 0603HaqeHHe 

A= (q -v)2 (v2 -Q;)- v2·82Qi2' /13/ 

Tor~a 

A2 2 · 2 2 
-=v2(q-v)2[v2+_r_(q -v)2 _ 2Q2- 2f Ot 

p 2 8 4 i 8 2 

f 2 4 2 £2 2 
--(p2+q2)]+Qi(fv-v+q) +Qi q v2 

s4 82 /14/ 

8 

I 

I 

fiOCKOJILKY B HeyCTOHqBBOH o6JiaCTH s 4 Q1
2»f 2 q, aTaK

:lKe rrpe~IIOJiaraeTCJI BLIIIOJIBeHHLIM YCJIOBBe /5/, TO B rrpaBOH 

qacTB MO:lKHO IlpOBeCTB HeKOTOpLie yrrpmu;eHBJI, B pe3yJIL· 

TaTe KOTOpLIX ~BCIIepCBOHHOe ypaBHeHBe IlpBo6peraeT CJie· 

~YIOIUBH BB~: 

A
2 

4 2 2 f 2
q

2 
2 2 2 2 2 

-- Q.[q- v{l- f)] -Q.--v = v (q -v) (v - d ) 
2 1 1 2 ' p s 

r2 2 
d2= 2Q2+ __ P_ 

i s 4 
/15/ 

fionyqeHHOe ypaBHeHBe JIBJIJieTCJI anre6pauqeCKBM ypaBHe

HBeM 8- ro IIOpJI~Ka, orrpe~eJIJIIO~HM qaCTOTLI B03MyiiJ;eHBH 

KaK $yHKIJ;BB BOJIHOBOrO BeKTOpa. fipB p = 0 (H = 0) OHO CBO· 

~BTCJI K B3BeCTHOMy ypaBHeHBIO 4- ro IIOpJI~Ka, HCCJie~OBaH· 

HOMY B 1 2
-

4 I . · Kor~a MO:lKHo rrpeHe6peqL ~eii:cTBBeM 
MarHBTHOrO IIOJIJI Ha BOHLI jcqHTaTL HX He 3aMarHBqeH· 

HLIMB/ - YCJIOBBJIMB 3TOrO JIBJIJieTCJI MaJiaJI CTeiieHL Heii:T· 

82 or 
paJIB3aiJ;BB f « l , a TaK:lKe p « . - ypaBHeHBe /15/ 

rrpeBpaiiJ;aeTcJI B ~Ba ypaBHeHHJI 4-ro rropJI~Ka. Hx B3yqeHBe 

6LIJIO IlpOBe~eHO B /8/, IIpB 3TOM OKa3aJIOCL, B qacTHOCTB, 

qTo CTa6BJIH3aiJ;BJI HeB03MO:lKHa IIpB f2 i = k v e• 

JJ;anee rrpu aHaJIH3e /15/ MLI 6y~eM rrpe~rronaraTL, qTo 

BLIIIOJIHeHO JIHWL YCJIOBHe /5/. C yqeTOM /5/ pe30HaHCHOe 

ycnoBBe /6/ MO:lKHO 3aiiHca TL B BB~e 

8Q i :: q pe3 /16/ 

B, cne~oBaTeJILHO, ~JIJI Hau6onee orracHLIX rapMOHHK Q 
1 

<<qpe
3 

}J;JIJI KpaTKOCTB 3aiiHCB ypaBHeHBe /15/ rrpe~CTaBHM 
B BB~e 

f 1 (v) = f2 (v), /17/ 

£ = [(q-v)2(v2-Qi~-s2Qrv2J2 
1 p2 

4 r2 2 
- Qi [q- v(l- f)]2-Q7-q-v2 

1 2 ' 
3 

/18/ 

9 



/19/ f =v2(q-v)2(v2-d2), 
2 

cl>yHKilHJI f 
2 

( v) HMeeT nJITh HyJieR, H3 HHX ~Ba KpaTHhiX 

/npH v = 0, a v = q I, npa yaeJIH'IeHHH v oaa B03pacTaeT 

KaK v 6. 

cl>yHKilBJI f l ( v) pacTeT KaK v 8 H HeTpy~HO BH~eTh, 'ITO 

npH ~OCTaTO'IHO 60JihWHX p /60JihWOM MarHHTHOM none/ 

CTa6HJIH3allHJI BCer~a B03MO)I(Ha, noCKOJihKY ~HcnepCHOHHOe 

ypaBHeHHe npH p .... oo HMeeT WeCTh Be~eCTBeHHhiX KOpHeR 

BH~a v 6 = p 2 [ Q4
1 

( l- f) 2 + Q~ I.:_t], a OCTaJihHhle ~Ba KOpHJI 
l s2 

coana~aJOT c ~BYMJI HYJIJIMH cllYHKilHH A ( v) , scer~a cy~ecT-
BYIOlllHMH. 

~aJihHeRwaJI 3a~aqa 3aKJIJO'IaeTcJI B aaxo~eHHH MHHH

MaJihHoro 3Ha'leHHJI p, CTa6HJIH3HPYIOlllero HeyCTOR'IHBOCTh. 

PaccMOTPHM ~sa qacTHhiX cnyqag, B KOTOpblx y~aeTCJI 

HaRTH aHaJIHTH'IeCKOe Bhlpa)KeHHe p CT • 

1/ Q~<<q 2 . 2£2 2 
PeWeHHe 6y~eM HCKaTh B 06JiaCTH p, KOr~a ~- «2Q1, 

84 

TaK 'ITO d 2 ::. 2 Q ;« q 2 • 3Ha'leHHJI cllYHKil~H f 1 B TO'IKaX 

V = 0, 'V=Q j H v = q JierKO Bhi'IHCJIHTh 

£1 ( 0) 
2 

q 2Q2( .!___- i) 
j 2 

p 

8 4 Q4 
f 1 ( ± Q i) = q 2 Q t ( -~ - l) 

p 2q2 

4 2 2 
q2 Q 4[ ~ - f 2( 1 + _q_) l 

i P2 5 2Q2 f lq) 
i 

/20/ 

s2 q 
HeTpy~ao y6e~HThCJI, 'ITO npa p < --r scer~a cy-

llleCTBYIOT 4 TO'IKH nepece'leHHJI f 1 H f 2 Ha BOCXO~JllllHX 

BeTBJIX cllYHKilHH £2 /neaee v=-d H npaaee v=+ d /. EcJIH 

p > q, TO K 3TOMY ~o6aBJIJIIOTCJI ellle ~Be TO'IKH nepeCe'leHHJI 

10 

B6JIH3H v = 0. TaK KaK d « q , TO 3Ha'leHHe cllYHKilBH f 1 B TO 'IKe 

V = d npH6JIH)KeHHO paBHO 

f1(d) = 
[ d 2( 2 2 Q 2) 2 Q 2 ]2 q -s i - q i 

p2 
- q 2Q1. /21/ 

B pe3oaaace, Kor~a sQi .... q, 3TO 3Ha'leHHe coana~aeT c 

f1 (0) H, TaKHM o6pa30M, npH p > q CTaHOBHTCJI OTPHila

TeJihHhiM. 3TO 03HaqaeT, KaK HeTpy~HO y6e~HThCJI H3 rpa

clla'leCKOrO nOCTpOeHHJI, 'ITO B6JIH3H v = d nOJIBJIJIIOTCJI ellle 

~Be TO'IKH nepeceqeHHJI f 1 H f 2 H, TaKHM o6pa30M, BCe 

8 KOpHeR ~HCnepCHOHHOrO ypaBHeHHJI JIBJIJIIOTCJI BellleCTBeH

HhiMH. TaKHM o6pa3oM, a6JIH3H pe3oaaaca nonyqaeM cTa-

6HJIH3HPYJOlllee 3aaqeaae H: 

p CT ::: q 1 q =sQ. 
l 

/22/ 

PaccMOTPHM Teneph rapMOHHKH, ~aneKae_ oT pe3oaaaca, 

TaK 'ITO 

s 2Q 12» q 2, /23/ 

IlepeceqeHHe cllYHKilHR f 1 H f 2 B OKpeCTHOCTH TO'IKH 

v = d o6ecneqaaaeTCJI Teneph npH ycnOBHH 
2 4s4 Q4 

p >--
q 2 

ao 3TO CJIHWKOM CHJihHoe ycnoaae. Ha~o HaRTH Taxoe p , 
npH KOTOpOM npOH30WJIO 6hl KaCaHBe ~BYX cllYHKilBR f 1 H 

f 2 , T. e. O~HOBpeMeHHO ~OJI)I(Hhl 6h1Th paBHhl cllYHKilHH H HX 

nepswe npoH3BO~Hwe no v • Ilpe~nonaraJI awnoJIHeHHhiM 

/23/, 3anHWeM COOTBeTCTBYIOlllHe ~Ba ypaBHeHHJI OTHO

CHTeJihHO v /TO'IKH, r~e npOHCXO~HT KaCaHHe/ H 

8 2Q2 
p=~: 

qx 

q2 v4 x Q:[q- (l- f) v] 2 + v 2(q- v)
2 

(v
2

- 2Q~) /24 '/ 

II 



23 2 2 2 4 2 2 2 3 2 2q v x=v(q-v) (v -2Q 
1
) -Q

1
(l-f}[q-(l-f} v]-v (q-v)(v -2Q1)+v (q-v) • 

/24 "/ 

JICKnJO'IaJI H3 3TOH CHCTeMbl HeHJBeCTHYIO x, MO>KHO nony
'IHTb ypaBHeHHe .IJ.nJI v: 

v 2(q-v) (2Q~q -v 3 ) =Q~[q- v(l-f)][2q-v(l-0]./25/ 
1 1 2 

Qi 
BocnonbJyeMcJI HanH'IHeM Manoro napaMeTpa --2- .u.n11 

2Q 2 1/3 q 
peWeHHJI /25/. ,lJ.nJI 3TOrO BBe.U.eM f = ( ---) H y = ~ , 

q2 q 

nocne qero ypaaHeHHe /25/ nepenaweM a aa.u.e: 

y2(l- y) (£3 - y3) = ~ [l- y( 1- f)][2- y(l-f) ]./26/ 
·i 

IJpH ManLIX HCKOMLIX y 3TO ypaBHeHHe HMeeT .IJ.Ba peWeHHJI, 
o.u.Ho nopJI.IJ.Ka e , y ::. f , .u.pyroe - y ::. t 3/2 • BTopoe pewe
HHe .u.aeT JHa'leHHe v = Q 1 H p = "" , cne.u.oaaTenbHO, He 
npe.u.cTaBnJleT HHTepeca. 

IIonbJYJICb ManocTbJO l a npaMeHJUI MeTo.U. nocne.u.o
aaTenbHbiX npa6nH)KeHHH, nerKo nony'IHTb cne.u.y10mee pewe
HHe Ja.U.a'IH BO BTOpOM DOpJI.IJ.Ke no l 

ycf{l-f/6) 
H /27/ 

X':. l- f , 

OTcJO.u.a nonyqaeM JHa'leHHe cTa6anH3Hpyroll(ero non11 

p = s
2 

Q i [ l + _!_ ( 2 Q I /I 'J J • 
CT q 2 tJ 2 

/28/ 

KaK BH.U.HO H3 Bblao.u.a, /28/ .u.aeT xopowee npa6nH)KeHHe, ecnH 

2 or 1/3 (---) «I. /29/ 
q2 

06'be.IJ.HHJIJI o6a, nony'leHHLie npa Q ~<< q 2 , peJynbTaTbl 
I 

/22/ H /28/, MO)KHO C'IHTaTb, 'ITO CTa6HnH3Hpy10ll(ee none 
onpe.u.enJleTCJI ycnoaaeM 
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- s 2 Q2 
p CT > __ i-

q ' /30/ 

nocKonbKY a6nHJH peJoHaHca· sQ.- q H /30/ coana.u.aeT 
1 ' c /28/. Haii.u.eHHoe peweHHe y.u.oaneTaopJleT npe.u.nono:>KeHHO-

p2f2 2 
MY paHee ycnoaaro --- « 2 Q i • 

s4 

2/ Q i - q • 
To'IHee, MLI 6y.u.eM C'IHTaTb, 'ITO ,no KpaiiHeii Mepe,BLmonHe
HO Qi > q/y2 H n03TOMY d > q , ,lJ.aHHbiH cnyqaii, oqe
BH.IJ.HO, OCyll{eCTBnJleTCJI TOnbKO .U.nJI HepeJOHaHCHbiX rap
MOHHK B03Myll(eHHJI. IlOCKOnbKy sQ 1 >> Q i- q, TO He
TPY.U.HO y6e.U.HTbCJI, 'ITO Hyna liiYHKUHH A( v) ne:>KaT cooTBeT
CTBeHHO npH V :: ± s Q i . 3TO 3Ha'IHT, 'ITO .D;Ba HaH60nbWHX 
no Mo.u.ynJO HynJI liiYHKUHH f 1 ( v) y.u.oaneTBOpJlroT ycnoaaro 
I vI > s Q 1 >> d. IlpH 3TOM MLI npe.u.noJIO)KHJIH, 'ITO CTa6a
nH3aD;HJI npoacXO.IJ.HT npa TaKHX p , 'ITO d- q - Q i . Cne
.U.OBaTeJibHO, Cyll(eCTBYIOT .IJ.Be TO'IKH nepeCe'leHHJI f l H 
f 2 npH 6onbWHX V /HanOMHHM, 'ITO liiYHKUHJI f 1 pacTeT 

6wcTpee, 'I eM f 2 I. 
BeJ.u.e npa I vi::;, d liiYHKUHJI f 2 oTpauaTenLHa HJIH pasHa 

HYJIJO. PaccMoTpHM noae.u.eHHe a 3Toii o6nacTH liiYHKUHH 
£ 1 .KaK BH.IJ.HO H3 /20/, npH YCJIOBHH 

s fq 2 
2 > -~ .2 

p CT £2(! + q 2 /s 2Q i ) 

s2q 
>-

' PCT f /31/ 

liiYHKUHJI f 1 OTPHUaTeJibHa a TO'IKax v == 0 H v .. q . BLI
~HcneHHJI noKa3LIBaJOT, 'ITO npH 3TOM )Ke YCJIOBHH B TO'IKaX 
MaKCHMyMa f 2 , T.e. npa v::.- Q 1 H v::. ~ ;· Q i -I ftl <I £2!. 
TaKHM o6pa30M, HMeeTCJI nepece'leHHe liiYHKUHH r 1 H 
f 2 B6JIH3H v:: 0 /.IJ.Ba pa3a/, OKOJIO vcq, TaK:>Ke.IJ.BapaJa, 

H no O.IJ.HOMy nepece'leHHIO npH V <- d H d > V > q. 
HTaK, ycnoaae /31/ .u.ocTaTO'IHO .IJ.JIJI cTa6HJIH3aUHH 

HeyCTOH'IHBOCTH, eCJIH Q i > q • 

13 



3. OliCY)J():(EHHE PE3YJibTATOB 

Bb1pa3HM BCe BenHqHHbl, BXO,!J,Jill(He B ycnOBHJI CTa6HnH-
3aUHH /30/ H /31/, qepe3 OCHOBHble - MarHHTHOe none, 
Macey qacTHU, nnoTHOCTL H T.Jl. Tor.D.a HMeeM 

2 2 
Qi«q, 

3.D.eCb A = ~ 
k 

HCT > 
ene c f Z A 
-------

v 
e 

fZ j e·A 

c{-3~ 

- ,!J,nHHa BOnHbl B03MYII\eHHJI, f:3e = 

/32/ 

~-
c 

j e - nnoTHOCTL 3ne.KTpOHHOro TO.Ka. EcnH Bblpa3HTb II B 3, 
nnoTHOCTL To.Ka B A/eM 2, TO ycnoBHe cTa6HnH3aUHH npaMeT 
BH,!J, 

Qi>q.B 

H > 0 1 ~!:._~ · 
CT ' 2 I e 

f:3e 
3TOM cnyqae HMeeM: 

11 cT > 
2 rr M c "e ------

c.X 

/32a/ 

/33/ 

3HaqeHHe nonJI /33/ Cyll\eCTBeHHO npeBbiWaeT 3Ha'teHHe /32/, 
HO OHO OTHOCHTCJI K Hepe30HaHCHbiM rapMOHHKaM, ,!J,nJI KOTO
pbiX rl>aKTop nponeTa /9/, KaK npaBano, HesenHK - nopJI.D.Ka 
e,!J,HHHIJ;bl. ll03TOMY HaH60nbWHH HHTepec npe,!J,CTaBJIJIJOT Be
JIHqHHbl CTa6HnH3HpylOII\ero MarHHTHOrO nonJI B cnyqae /32/. 

B KaqecTBe npaMeHeHHJI nony'ieHHbiX peJynLTaToB pac
CMOTPHM ,!J,Ba npHMepa, rrpe,!J,CTaBJIJIJOU(HX rPHJHqeCKHH HH

Tepec. 

CuAbH01IIO'IHbHi HeiimpaAU30BaHHbiU nyt~oK 

IlyCTb JneKTpOHHbiH nyqoK npoXO,!J,HT qepe3 HeHTpanbHbiH 
raJ rrpH orrpe,!J,eneHHOM ,!J,aBneHHH, TaK qTo HeiiTpanHJaUHJI 

14 

06'beMHOrO 3apJI,!J,a npaKTHqecKH CTOnpou;eHTHaJI *. IJyCTb 
Z= 1 , M=l840 m, j = 10 4 A/eM 2, L = 100 eM, f3e-=-1 

( y "" 2) , s = 30 . Tor.D.a peJoHaHCHbiMH 6Y.D.YT rapMoHHKH 
c q = 40 , rt>aKTop nponeTa ,!J,nJI HHX a= 10 • CTa6HnH3Hpyro
mee none no rt>opMyne /32a/ paBHo H CT :: 4500 3. IIo
cKonLKY B .D.aHHOM cnyqae Q i = 1,3, ,!J,nJI nepBblx2-3rapMo
HHK HMeeT MeCTO rPOpMyna /33/. H 3HaqeHHe nonJI, 
cTa6HnB3HPYJOII\ero 3TH rapMOHHKH, npeBbiWaeT 10 I 3. O.D.
HaKo JaMeTHM, qTo rPaKTOp nponeTa ,!J,nJI 3THX rapMOHH.K 
a = 0,5 H HeyCTOHqHBOCTb He ycneBaeT pa3BHTbCJI. 

Ilpa oTcyTCTBBH MarHHTHoro nonJI HnB H << 5000 3 ,!J,nJI 
06Hapy>KeHHJI HeyCTOHqHBOCTH He06XO,!J,HMO 3HaqHTenbHOe 
BpeMJI, ropaJ.D.O 6onLwee o6paTHoro HHKpeMeHTa. BpeMJI 
penaKCaiJ;HH, T.e. BpeMJI Cyll\eCTBeHHOrO H3MeHeHHJI nnoT
HOCTH, MO>KeT 6b1Tb nopJI,!J,Ka 0,1 - 1 MKeeK. 

3apJIJICeHHbiU nyt~OK e MaAOU emeneHb10 HeiimpaAU3aijUU 

TaKHe o6pa3oBaHHJI, oco6eHHO npH 6onLwHx JapJI.D.ax 
H MaCCaX HOHOB, BCTpeqaJOTCJI B HOHHbiX HCTO'iHHKaX THna, 
HanpHMep, OIIBCaHHOrO B /tO/. Bb16epeM cne,!J,YIO~l\He napa
MeTpbl: f3e = 0,2, Z = 30, f = 3~, j e = 10 4 A/eM z , 
L ... 100 eM. Tor.D.a s =58, Qi = 11, qpe3 = 600. Ilone, 
CTa6BnH3HPYJOII\ee peJOHaHCHble rapMOHHKH no /32aj, paBHO 
H = 6700 3. 0.D.HaKo ycnesaroT "pacJ<aqaTLCJI" rapMOHHKH 
BIInOTb ,!J,O q ':. 80, ,!J,nJI HHX a.:: 5. WOpMyna /32a/ 3)leCb ell\e 
crrpaBe.D.nHBa H nonyqaeM H CT > 50 000 3. 

rapMOHHKH C q < 80 He ycneBaiOT Ja BpeMJI rrponeTa 
Cyll(eCTBeHHO HapaCTB. 

* HeycToiiqHBOCTL paccMoTpeHHoro THna .D.nJI nyqKon 
B raJe MO>KeT He pa3BHBaTbCJI HnH, no KpaiiHeH Mepe, 
CHnbHO BH,!J,OHJMeHJITbCJI, ecnH JneKTpOHHbiH nyqoK npH 
6biCTpbiX OTKnOHeHHJIX ycneBaeT nponO>KHTb ce6e HOHHJa
UHOHHbiH KaHan, T.e. KOr,!J,a BpeMJI HOHHJaUHH MeHbWe HnH 
nopJI,!J,Ka o6paTHOrO HHKpeMeHTa HeyCTOHqHBOCTH Ha peJo
HaHCHbiX B03MYII\eHBJIX. 3THM JaMeqaHHJIM aBTOp 06JI3aH 
A.H.ne6e.D.eBy. 
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ABTOp XOTen 6hl Bhlpa3BTL CBOID npB3HaTellLHOCTL 3a 
o6cy>K)J.CHBe BOITpOCOB, JaTpOHYThlX B )J.aHHOH pa6oTe, 
E.,l(.,l(oHny, A.A.KonoMeHCKOMY u A.H.Jie6e)J.eay. 
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