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§ 1. · OcaoBHbie cse.ae.arur H3 TeopiiH 

B bi5op napaMeTpoB II npoeKTIIpoaaaue ycKopHTeneit o5bi'IHO nposo.auTcrr Ha 

OCHOBe ITpii5nH.Il{8HHb!X TeopeTH'I8CKHX npe.acTaBneHHH ... 8 'I8CTHOCTII
1 

npH npOeKTR-
/1 I 

poBaHHII Mo.aenu Kon&uesoro ¢a3oTpoHa rrpe.anonaranoc&, 'ITO MarHHTHoe non~ 

noc'ros:rHHo s.aon& u.nean&HbiX op51IT BHyTpH ceKTopoa II paaao Hymo a npoMe)!(yT

Kax. B'peanbHOH ycTaHOBKe MarHIITHOe none, 8CT8CTB8HH0
1 

5y.neT oTnH'I8TbCS'I OT 

II.nean&Horo, oco5eHHo B nps:IMonnaeitahlx yqacTKax H o5paTHYX ceKTopax. B pe

Gyn&TaTe MrHOBAHHhle Op5HThl HCK83S'ITCll H qaCTOThl CB060.llHhlX KOne5aHHH H3Me-· 

HHTcs:r. B CBH3H c STIIM .ans:r conocTasneaug 9KCnepHMeHTan&HhlX peGynhTaToB c 
' 

TeOpHeit B03HIIKaeT qeo5iO.llHMOCTb B nony'IeHHH ¢opMyn, OCHOB8HHhlX Ha 3H8HHH 

Toqaoti Tonorpa¢un MarHHTHoro nons:r ycKopHTenH. M arHIITHbie H3MepeJIHH
1 

npoae

.aeHHbie Ha OT.aen&Hb!X 5nOKaX. MO.aenH KOJ1bll8BOro ¢a30TpOH8 noKa3anH /puc. 1/
1 

'iTo pacnpe.aeneHue nons:r no aGIIMyTy xopowo onucbiBaeTcs:I ¢opMyn .:>it: 

r.ae N 

0 
'IHCnO aneMeHTOB nep!IO.ll~'IHOCT!I aneKTpOMarHHTa

1 

83HMYT 1 OTCqHTb!B88Mb!H OT U8HTpa ITps:IMOrO CeKTOpa. 

I 1 I 

B cooTBeTcTBHH c sn.aoM ¢YHKUHH f(O) .ans:r pacqeTa MrHOB8HHhlX Op5HT Han-

5onee uenecoo5pa3HO ucrron&GOBaT& "MeTo.a ¢yp&e -:-paGno)!(eHIHI"'. Op5.uTa 'Iac

TJIU Onpe.aens:IeTCS'I II3 II3B8CTHOrO COOTHOlli8HHS'I 

1/p e r[ 
pc 

/2/ 

ITpH .llOITOllHIITen&HOM Tpe50B8HHII 38MKHYTOCTH peweHIIsi qepe3 217 • B 9TOH 

¢opMyne qe~ea H o5oaaaqeaa Hanps:I)!(eaaocTh MarHHTHoro nons:r, qepe3 p- HM-

nyn&c qacTHUhl c aaps:r.aoM e , qepea ·P -pa.imyc KpHBHSHbl op5HTbi. 3anHCbi-

sag .Bbipa*eHIIe .ans:r pa.anyca KpiiBH3Hbi B nons:rpHbiX 

Bblp8)!(8HH8 .ans:r HaiTps:I)!(8HHOCTH MarHHTHOro nons:r 

r 

ioop.a!IHaTaX H no.acTaBnHH 

11""' 110 _( f-JIC 1(0) 
0 r.ae: 

r 
-pa.auyc H3 U8HTpa M8lliHHbi 1 K cpe.aHIIH noKaaaTen& nonH, H H 

0 
0 

r.ae: 

-¢1IKC!IpOB8HHb!e BenH'IIIHbl 1 nony'IHM 

q-=enL , 
r 
1 

r 
1 

onpe.aens:IeTCS'I H3 YCIIOBHS'I 

/3/ 

1. 
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PacnpeneneHae MarH~THoro nong no asMMyTy Ha aneMeHTe nepMo
nM'lHOCTM. CnnowHaR KPMBag - naHHhie MarHMTHhiX nsMepeHMfi; 
nyHKTHpHag -annpOKCHM8UMH ¢YHKUMefi /1/. 
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K+I 
rl 

---;r 
0 

LlJISI perueHHSI ypaBH9HHH 13/ Bb!pa:>KeHHe 

B pSI~, OrpaHHqHB8SICb Tp9TbHMH CT9U9HSIMH no q 

"" 

14 I 

pa3JIO:>KHM 

H q • 3aTeM 1 38llHCbiB8H 

q B BH~e ! qJ Cos }NO • -npHXO~!'IM K CHCTeMe anreopauqecKHX ypaB-
J='I 

q= 

H9HHfi OTHOCUT9JlbHO a .. H qj • PemeHue nonyqaiOrueiicH TaKHM o6paaoM cue-

TeMbi HIUeM MeTo~oM nocneooBaTenbHbiX npHoJIH:>KeHHii. B peaynbTaTe ~JISI Hyne:

Boro npHOJIH:>KeHHH Haii~eM cne~yiOruue cpopMyJibi: 

a = 

r~e: 

N 2(P- 10) 

(k+l)fJ 

TaKHM :>Ke nyTeM, yqHTbiBaSI qneHbi 6onee BbiCOKoro nopSI~Ka, M o 1KHO nony

quTb cne~y10ruee npHoJIH:>KeHHe lcM.npHJIO:>KeHHe 11. lfepea BenHqHHbi qj, a, t
1 

Jl9I'KO Bhlpa3HTb KOacpcpHUI'I9HT yBennqeHHSI ycTaHOBKH C IOTHOlll9HH9 M8KCHM8Jib

HOI'O pa~nyca OpOHTb! K MHHHM8JlbHOMy pa~Hycy KpHBH3Hbii. 

Cor.nacHo onpe~eneHHIO 

/6 I 

j 3 

C;;a[l+(k+l)! q1 ]_~ 0 f. 
J=I • 

B paMKax ~aH~oro MeTo~a JIHHeapHaoBaHHhle ypaBH9HHH cBo6o~HhlX Kone6a

HHfi y ~OOHO npe~cTaBJISITb) B BH~e 

. ;·+(A~:+A ~:CosNO+A~:Cos2NO+ ••• ),; =0 
~ 0~ ~~ 2~ 

/7/ 
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rae .; -oTKnOH9HHe 'I8CTHUbl OT MrHOB9HHOfi OpOHTbl B 

B epTHKanbHOM (z) -HarrpaBneHHs:rx. K oa¢qmuHeHTbi Aj,; 

paananbHOM (x) HnH 

38BHCHT OT qj, fj, a 

H 0 B OOIU9M cnyqae, HM9!0T aoBonbHO rpOM03aKHtl: BHa /eM. !IpHnO>KeHHe 1 /. 

CasHr ¢aa.br oeTaTpOHHbiX xoneoaHHtl: aa aneMeHT nepnoan'IHOCTH P. 
/2 3/ 

HOro ypaBH9HHlJ O!Ipeaens:reTClJ H3 COOTHOIU9HHH: 1 

Cos p. == Cos 2IT A b' - _ 11 __ Sin ( 211 AJ1 )[ A: + 
N 2NA'h N N 2-4A 

0 0 

2 
+· A2 

4N 2-4A0 

2 
+ 3 AJ A 2 ] 

(N 2-4Ao)(4N 2 -4A0 ) 

anst aaH-

!81 

rae HHaeKC 
(: .• y 4 j.; OIIYIU9H • .Usa nHH9ti:HO-H938BHCHMb!X peiUeHHlJ ypaBH9HHlJ 

/7 I npn6nH>K9HHO MO>KHO 38IIHC8Tb ·cneay!OIUHM oopaaoM: 

.; J ( 0) - Cos vO + a Cos ( v-N >o + b Cos ( v + N') 0 , 

I 8/ 
~2 (0)-·SinvO+ aSin(v-N)8+ bSin (v+N)O. 

3aecb 
Np. 

II =·'2if -'IHCnO oeTaTpOHHhlX KOneoaHHfi H8 OOOpOT 1 a 

a=.:.-: A b==- A 
2 [ A0 -(v- ~ )1] 2 [ .'\,-(v+ "{)2] 

§ 2. VfccneaoBaHHe BnHHHHSI B03MYIU9HHtl: Ha aBH>KeHHe 

'18CTHU 

Ha MoaenH KOnbuesoro QJ830TpoHa ObinH nposeaeHbi axcnepnMeHTbi rro orrpe

aeneHHIO HCK8>K9HHtl: MrHOB9HHOtl: opoHTbl, Bb!3B8HHb!X B03MYIU9HHSIMH
0 

BHOCHMb!MH 

B OTae.rlbHb!9 C9KTOpb! aneKTPOMarHHTa. <,;:MeiU9HHe cpeaHetl: MarHHTHOtl: !IOBepx-

11 OCTH OCYIU9CTBnSinOCb nyTeM H3M 9H9HHSI COO THOU! 9HUSI TOKOB B BepXHetl: H HH)!<Hetl: 

KaTymxax ceKTopa. 

A3HMYT8nbH8SI 8CHMM9TpHH BBOaHnacb COOTBeTCTBY!OIUHM· H3M9H9HH9M TOKOB 

B OOMOTKaX C9KTOpa • .llnH BbiaeneHHSI 'IHCTOrO 8cPcP9KTa OT BHOCHMOrO B03MYilte

HHSI !IpOH3BO.lnHnHCb. H3MepeHHSI OpOHTb! ao H nocne BBeaeHHil B03l\fYIU9HHfl. n O.f!O

>K e11ne paBHoaecHotl: opoHTbi no BbrcoTe H paaHycy orrpeaens:rnocb crreunanbHbiMH 
. ' 
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1 

MHlll9Hf!MH c TO'IHOCTbiO .:!: ·0,25. MM, Konc1-pyKUHfl saxy'yMHoii KaMepbi no3BOnf!eT 

.O,llHOBpeM9HHO 'C~f!Tb TOnbKO C9Mb TOtieK, OpOHTbl, D.nfl· yaenH'IeHHfl 'IHCna SK<?ne;;_ 

,PHM9HT8n!!i.HhiX TO'I9K HCK8)K9H~fl BHOCHnHCb ~OO'Iepe,llH? B .llB'a C9KTOpa, /npf!Mh!X 

HnH OopaTHhlX/ H 38Te~ nony'leHH~e TO'IKH npH HCK8)K9HHH ~.llHOrO H3 ~9KTOpOB 

H8HOCHnHCb Ha H3MepeHHYIO KpHBYIO npH BKni0'19H~H 'HCK8)K9HHfl B apyroM CeKTO

pe nyTeM CM9lll9HHf! HX no 83HMyTy Ha yron, paBHhlii.-yrny M9)K.IlY' aTHMH C9KTO

paMH1 Onpeaene HHe BnHRHHfl HCKa)KeHHii npOM3BO.llMnocb anR oaiioti onpeaenennoa 

nacTpoftKH ycxopMTenR npM 3Ha'leHMf!X 'IHcen cao5oanwx xone5aHHft ·na o5opoT 

P~c'leT HCKa)KeHHhiX opoaT npOH3BO.llHTCfl cneayiOlUHM o5pa3oM, K ax H3Becr

no, ilcKa)KeHHfl cpeanea nnocxocTH H a3HMy1'anbHaf! acMMMeTpHR npHBO.llflT K no-

f!BneH.HIO npaaoa 'laCTH 8 F s.. ypaBHeHHflX cao5oaHhiX xone5anMii, ripM'IeM anfl 

p8.1lH8nbHOrO .llBH)K9HHfl 

8 F,. ~ ( A0 • + A1 .cos N 0 + A2.,.Cos 2~0 ) £1 z (0) , 

11£(()) -oTKnoHeHHC OT aaeanbnoro pacnpeaenena~ nonfl /1 I H' 11~(()). 

-McKa)KenMe cpeaneii nnocxoc~M;.a 'lacTHOCTH, anfl paccMaTpMBaeMhiX cny'laea 

H £1z \ 

B npeaenax B03MylUeHHOrO ceKTOpa MO)KHO C'IHT8Tb nOCTOf!HHhiMH, 

TaKHM o5p.a3oM, ypaBH9HHfl CBOOO.llHhiX xone5anHii npM HanM'IHH B03MymenMii 38UH":' 

ChiB810TCf! B. BH,lle: 

~· + ( \,;+. A1 fos NO+ A
2
,;Cos 2NO),; = (8~,; +8F

1
,;Cos NO +8F 

2
fos 2NO) L1x: 1101 

H ~)( 

M8Tb COOTB9TCTBYIOlUHe BenH'IHHhi. OomHM pew eHHe·M ypaBHeHHfl /10/ f!BnfleTc fl 

cneay10mee Bhipa)Keaae 
' ' 0 

, P.(O)=B1 e1 (0)+B2 P.,(O)+~.t f 8F(O')I P.
1
(0') P.

2
(0)-·.;

2
(0')P,/O) I dO' 

> ~ 

I 11 I 

B 2 -nOCTOf!HHbie, 38.1l8B89Mbie H8'18nbHhlMH ycnOBHflMH
1 

.llnfl 38MK
i 

·HYTOit OpoHTbl OHH onpeaenf!IO~Cfl H3 ycnOBHf! nepHO.llH'IHOCTH· peweHHfl H ero nap-

BOlt npOH3BO.llHOit 'lepe3 o5op6n P. 
1
(()) H ,; ~(0) ,-nMHelt~o-He3aBHCJfM hie peLIJeHHSI 

/9/ O.llHOpO.z:tHOrO ypaBH9HHfl; W l: -Bp0HCKH8H STHX pe~eHHft·, 
'• 

05o3Ha'IHM 'lepe3 o1 H o
2 

a3HMYThi Kpaea B03Myrpe~noro ceKTopa. Tor-



-'' 

8 

llai nollCTaBns!SI B Ill/ npasyro traCTb _ypasaeHHR /10/ H nHHeiiao-aeaaBHCHMbie 

peweHHS! OllHOPOllHOI".O ypasaeHHS! /9/, a Tax*-e ytrHTbiBaR,-trTo BHyTpH B03Mymea·, 

HOI"O ceKTOpa \X= const , nonytrHM LlJJR HCKa_meHHOii OpOHTbl cnelly!OWYIO. <iJop-

Myny: 

,; (8)= tilei\x 1((0) Cos rrv~ (2m~N+.\)+.; (O)Sin~(2m + 1\{+.\)1, /12/ 
M 2W.;Sinrrv.; - 1 N-- - 2 N_ 

I"lle 3HaK MHHYC 6epeTCS! llJJR HHTepBana H3~eHeHHR 0 OT 0 llO oi ' a. 

3H8K UJJIO~ - llJJS! HHTepBana OT 82 llO 2rr ; m ":"'IHCJJO . aneMeHTOB neDHOllH'I-

HOCTH, yKnallb!B810lUHXCR OT Hatrana OTC'IeTa (} llO B,oaMymeaaoro cexTopa. Be-

JJH'IHHS .\ paBHa HYJJIO UpH B03MymeHHH npRMO!"O CeKTOpa H ellHHHUe UpH Boa-

Mymer!Hn o6paTaoro cexTopa, 

MaomHTenb til,; B /12/ onpellengeTCS! <iJopMynofi: 

, oF~ af+oF . 
til~:= _2_[oF ~:+~-(a~: +b~: )]SinveM+ _ 1

'• • _ 
2
,; Sir(v~:-2~) \0+ 

':.- v!: Or,. 2 . \o \o • v!: - 2 N s 
\o '• 

/ 

+ oFze h.;+ 3 F2c Siriv~ + 2N) M + (1 -2.\ )I 2 [oF ~a~+ oF 'C +oFj;h,;] 
v~ + 2 ~ • · Vf - ~ , 

0 
• • 2 I 1 3 I 

:t ' "' ., 

Sin(v~-N)L\8;_. _2_-_- [o~~bj:+°Fz,;-;oF2et.1 Sin(ve+~) \8+ • · · v,; +N v • • 2 • 

Sin,( v,;- 3N) M + oF2,t: hE Sin ( v + 3N) M I • . . e + oF2.; a( 
v.; -3N v.; +3N 

!"lle i\0 UOJJOBHHa yrnOBO!"O pacTBOpa COOTBeTCTBYIOlUe!"O CeKTOpa, AaanorH'IHblM 

o6paaoM Momao noriytrHTb <iJopMynbi H BHYTPH caMoro soaMymeaaoro ceKTopa, He 

BBUllY I"pOM03llKOCTH BbipameHHJ% Mbl 3lleCb HX He- npHBOllHM, 

H !l pHc, 2 a, 6,B. npellCT~B-neHbl 9xcnepHMeHTanbHbie aaatreHHR llJJR ncKam eH'

aoit OpO~Tbi B BepTHKaJJbHO~ HanpaBneHHH UpH B03MylUeHIIU npHMO!"O H oopaTHorio 

ceKTOpoB H B pallHaJJbHOM aanpasneHHU npH soaMyweaHn npRMoro ceKTopa, H a 
. . 

9TIIX me piiCYHKaX UpHBelleHbl TeopeTHtreCKHe KpHBbie, nonytreHHbte'no <iJopMyne 

/12/ /nyHKTHpHbie JJHHH!ii'H KpHBbie,pacctrHTaHHbie no <iJopMynaM npHnomeaHR I I 

C. 1210 ¢ypbe- rapMOHHKaMH B03MylUeHUR /cnJJOlllHbie JinHHH/, J-13 cpaBHeHHR BCeX 

' 9THX peayJJbTaTOB BHllH0 1 '~:TO ·aKcnepHMeHTafibHbie ll8HHbie XOpOlllO, CO!"nacy!OTCR 

c TeopeTHtrecKHMn. KpoMe Toro, o6wHe <iJopMynbi npHnomeaHR I I_ c llOCTaTotraoA 

~ 



z, ... 

Gl 

P. H c. 2a. 

9 

VfCK8>K9HH8SI op.6HTa B BepTHKanbHOM HanpaBneHHH IIpH CM9IU9HHH 
cpellHeA nnocxocTH B npHMOM cexTope. CnnOqiHaH- KpHBaSI - pe
aynbTSTbl pac'leTa 110 clJopMyne npHnO>KeHHH I I. nyHKTRpHaSI -'no 
clJopMyne /12/; To'IKSMH o6oaHa'leHbl sxcnepHMeHTanbHble llSHHble, 
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CT9rt9Hh!O T0'1HOCTH cornacyiOTCSI C 6onee T0'1Hb1MH ci:JopMyJiaMH H BrtOnHe rtpnro.a:

Hbl .anSI aHanH3a MarHHTHbiX H3M9p9HHfi. H H3M9p9HHfi no· rty'1Ky. 

§ 3. Pe3oHaHCH~Ifi MeTo.a onpe.aeneHHSI qacToT 

CB060.llHhlX.KOri~6aHHfi 

Llnsr Bbt6opa :rpe6yeMoro pemuMa pa6oTbi ycKopn:rensr n npoBe.ae_HHSI pa3nH'1-

HhlX SKCrtepnMeHTOB C rty'1KOM He06XO.llHMO T0'1H09 3HaH~9 '1aCTOT CB060.llHhl~ KO-
. . . /1/ . 

ne6aHHfi, J13M9peHHSI '1aCTOT B CTaT_H'1eCKOM pemHM9 C rtOMOWb!O MHWeHefi He 

o6ecne:mBaiOT Hy>KHofi TO'I~OCTH u cny>KaT nnwh .anst opaeHTnpoBKH npu. 3anycKe 

. YCKOpHT9JISI, Eonee T0'1Hb!M M9TO.ll0M onpe.aeneHHSI iJaCTOT CB060.llHbiX KOlle~aHHfi·., 

SIBJisteTCSI M9TO.ll pe30HaHCHOfi paCKa'1KH STHX KOJie6aHHfi, PacKa'1Ka KOJie6aiiHfi ocy·. 

W9CTBJISieTCSI nonep9'1Hb!M BbiCOK0'1aCTOTHbiM aneKTpH'IeCKHM rt0Jl9M, .[l_JIH Ka'!ecT

BeHHOrO OrtHCaHHSI SIBJieHHP. MO:>KHO HCrtOJib30Ba'Th. y,paBHeHHSI .CB060.llHblX KOJie6aHHfi 

141 
B rna.aKO,M npH6JIH)!(eHHH • npH HaJIH'1HH .BH9WHefi BbiHym.aaiOwefi CHJlbl F 

ypaBHeHHSI .llBH)!(eHHSI HMe!OT • BH.ll 

,J 
(+ ''1/e 

'· 
F li 4/ 

n pe.anonarasr, 'ITO sneKTpH'1ecxoe ·none o.aliopo.aao H ero .aeficTBHe noxaJIH30Baiio . . .. - .~ .· . 

no a3HMy'ry, Bbtpameaue . .anst F Momao 3anncaTh cne.ayiOWHM. o6paaoM: 

r .ll e: & 
0 

~o 

F= e&c:z CosLJ!~o+r,) 8(0-0
1

) 
~ E . ~ . 

115/ 

0 0 

HartpstaKeHHOCTb aneKTpH'19CKO~O rtOJISI, 

xpyroBast qacToTa.a:roro nonsr, 

qacToTa o6paweanst qacTnu, 

Yi 

. oi 
-Ha'laJibHasr ci:Jaaa, 

- a3HMYT 1 Ha KOTOpOM .aefi-

CTByeT 5,'1. none, E. -saeprHst. 11ac:rnu. Paanarasr 8 -clJyHKUHIO 'a pst.a. !Pypi:e 

u no.acTaBnstst 
1 
Bbtpam eaHe .anst cHJibi B /14/, a'afi.aeM peweaue B BH.ae: I . 

e<O)= e&~:z £ 
21T~ 2 E r--oo 

0 

- n. 
Cos l (£jQ 0 + r I + j ( 0 - 0 I )1 

"l ..:.(~ + j )~ 
0 

116/ 

O:rc10.aa :Bn.aao, 'ITO pe3oHaHC co cBo60.llHbiMH xone6aHHSIMH aacTynaeT npH aaaqe

HHHX '1aCTOT BH9WHero rtOJISI 1 onpe~EmsteMb!X H3 COOTHOW9HHSI 
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(} ' • :l 
( -- + J) = () 

roo 

I 17 I 

Ecnu Bhl6paTb naphl peaoHaHcHhlx qacTOT 

I = I ( Ve:- j) 
'peJ 0 '• . 

U . f = f . ( j + l - Ve: ) , 
2pe3 0 . '• 

TO HX CYMMB. 6yaeT paBHa '18CTOTe o6paWeHHH 
'£ 

0 
• Qq eBHLlHO, '18CT0Tbl £ 

1P•3 

H TaK KaK aTo 

. OTHOCHTCH K n!OOOMY THny pe30H8HC8 1 TO HM8H HatSop ·pe30H8HCHb!X '18CTOT 1 MO)K-

HO onpeaenHTb 1 KpOMe f tpeJ If f :ZpeJ' TB.K)l<e H '18CTOTY o6paweHIISI f0 1 a 1 cne-

npu BbiBOLl8 ycnOBHH 1171 BH8WHee sneKTp1I'18CKOe none ,llOBaTenbHO, H Vt: 
'• 

npean~naranocb OllHOpOLlHhl~. 8 aefiCTBIITenbHOCTH OHO H80LlHOp0LlHO B npocTpaH

CTBe u 117 I nepexoauT a o6wee ycnosue. 

p H g uenbie qucna 1181 

Vfa npe,llbiLlYWero HCHO, 'ITO V,. H v,. MoryT 6biTb onpeaeneHbi TO'IHO, ecnii 

npeaBa~HTenbHO OHH II3B8CTHbl C TO'IHOCTblO LlO 0,5.llnn rpy6ofi OU8HKH '18CTOT 1 

yaoaneTEIOpSI!OWHX Ll8HHOMY Tpe60B8HHI0 1 MO)KHO HCnOnb30B8Tb MeTOLl onpeaene

·HHH qacTOT :e cTaTnqecKoM pe)KuMe. KpoMe Toro, 'IIIcna Kone6aaufi aa o6opoT c 

' 
TO'IHOCTblO LlO 0,5 MO)KHO onpeaenHTb H3 aHannaa B03MYW811Hb!X op6uT, nOCKOnb-

KY H0X !jlopMa cywecTEl811110 38BHCIIT OT TOrO~ K8KOEla BenH'IHHa '18CTOTbl II no Ka

KYIO cTopoHy OT npocToro peaoHaHca oHa pacnono)KeHa. Boo6we rouopn, ecnu. ao; 

nonHIITenbHO H3El8CTHO K8'18CTB8HHOenOB8Ll8HH8 v 
" 

H V
3 

B 38BHCHMOCTH OT 

uaMeHeHHH KaKoro-nu6o napaMeTpa, TO Tpe6oaaune K npeaaapHTenbHOMY aaaHHIO 

qacToT CHH)KaeTCH, H qucna Kone6aHIIfi Ha o6opoT MoryT 6b!Tb onpeaeneubi aaH-

H hiM M8TOLlOM,. ecnH OHH H3B8CTHbl npellB8p1IT,enbHO C TO'IHOCTblO LlO 8,llHHHUhl. 

HanpHMep; 'IHcna cao6oaHh!X Kone6aaufi ua o6opoT, KaK no BhiCoTe, TaK H no pa

anycy, yM8HbW810TCH npH yBenH'I8HHli 'COOTHOWeHHH nonefi B npHMb!X If o6paTHbl~ 

ceKTopax. 

f li 
tPe3 

HaM epnsi aaa'leHng cooTBeTcTsyrowHx nap peaoaaHCHhiX qacTOT f 
2 peJ 

npH LlEIYX c'paaH!iTen~HO 6nH3KIIX 3H8'18HHHX OTHOW9HHii: nonefi II nOLlCTaBnSISI B 

117 I 3H8'18HHSI 

y aoaneTBOpHrowue 

, oTnH'IarowHecn ua eanaHuy, uafiaeM npasum:OHbie 

Hy)KHOH 38ElliCHMOCTH OT Ll8HHOro napaMeTpa. 

v 
·Jl 

H V 

"' 
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p 930HllHCHbLil M eTO,ll. 0Up.e,ll9Jl9HIISI "'8CTOT CB060,llHhlX KOtJeo8HHH· OCYIU9CTBJISI_., 
• . f ·' 11' 

eTCSI cne,ayiOiilliM o6pa30M. HanpSI>Keuue BhiCOKOii tlllCTOTbi, B036y.m,aaiOruee cao-
' r • , • 

OO,llHh!'e KOJ1G08HHSl 'lllCTIH!, I1pliKJ18,llhiB8eTCSI K nape UJI8CTIIH 0 pa3MepOM, 20 X 50MM, 
'• I • 

pacnon'o)I<9RHh!X. CBepxy II CHII3Y yCK?pSJeMoro· ny'IKll, Pa3Mephl nJillCTIIH,· .HX· B3llliM" 

noe pacnono>I<eHne u cxeMa coe;:taHe·HMSI' 6biJJH onpe.lleneHhi .aKcnepaMeHTllllbHo·Ha· 
I 

::>neKTponaTu"'ecKofi ~aHne. B 3aBacaMOCTH oT cnoco6a coe,aauenaSJ nnacTMH MO>KHO 
' . 

::>q)C}•GKTHBHO ,B036y>~<,aaTb unu nepTHKllJJbHhre, un11 pa,ananbHbte Kone6aunSI. Opu 

nocne,aonaTeJJbHOM nx coe,anueunn uanpSIH<enne K.·nnacTrtHaM npn~na,ahmaeTCSI a 

npoTIIBOcp83e H C03,ll810TC5t XOpOWHe, YCJJOBII5t ,llJ15t B036yH<,aeHHR' nepTMK8J1bHhiX KO

ne6auult, Opu napannenbHOM coe,auueuuu ~· o6euM nn~cTHHa~ npnKna,abiBaeTcR o~n-
\· • ' I 

H8K0Bh!fi nO.TGHUllllJl IBTOpbiM aneKTpO,llOM B 9TOM cnyqae CllyH<aT CTeH,Kll B8KyyM-

HOii KaMepbt>n pacKatJHB8lOTCSl pa,atr8Jlbl~blG Kone6annsi •. nnacTHithl BBO,ll5JTC5t B aa

KYYMHYIO Ka~epy qepe~ · OKHO B HapyH<uoll 6oKoaoU CTeHK?• KoncTpyKnnn' aao,aa 

l103BOJ1HeT nepeM eruaTb HX· no ·pa,n:Hycy; He. HapywaH BaKyyMa· ·a. K8Mepe ycKOp!ITe

JJH •. ·HanpHH<eHtrEi Hll nnaCTIIHbl no,aa·eTCH OT Cl1Gllii8J1bHOI"O BblCOKO"'llCTOTHOrO re-. 

. H epaTOpa, ·Opu Bht6ope He06XO,lliiMOI"O ,llli8l1830H8 "'SCTOT y"'IIThiBaJJO!=bo "'TO MaK~H

MallbHaH 'IacToTa ,aon>KHa 6btTb pai\HOfi qacToTe ociparueHuH "'acTnn a. ycKopwi·ene, ' ' 'l . ' ' . . · .. 
M liH.IIM8JlbHYIO "'aCTOTY reuepaTopa HeT aeo6XO,llHM.OCTU Bhi6Up8Tb 'paauofl HYJIIO, 

\ ., . ' . . . . 

noCKOrlbKY npocTbl9 'pe30H8HCbl UMeiOT, KllK npaauno, 3H8"'IITeJ1bHyiO ll1ltpuHy pe::'o-

HllHC noll nonocbt, B u3roToBneHHOM reuepaTope ,auana30H "'acToT· nemuT B npe,ae-. 

nax 5 + 60 Mrru', 

reuepaTop no3aon5teT nony"'aTb Ha nnacTuuax.perynupyeMoe uanpHH<euue ,ao 

100 a ua seeM ,auana3oue 'lacToT, 'Bemi'IHHa · HanpgmeuuR BhiCOKofi 'IacTOTbi Ir3Me

p5teTcSJ nyTe,M no,aa'lu 'ero ua oTKJIOHRIOIUUe ·aneKTpO.llbl aneKTpouuo-ny"leBofi Tpy6-
, . 

,K,n, a '18CTOT8 .. ~>npe,aeJJS!9TCS! no HyneBbll\1_ 6neH!tHM, C H3.BeCTHOft "'llCTOTOft CT8H,ll8p'I-

H oro reuepaTopa. 

BbJCOKaH· '18CTOTa aneKTpu"lecKoro nonH, pacKa'luBaiOwero cno6o,n:Hhie Kone-

6 aHuH, · KaK cne,ayeT u3 117 I nnH I 181 ;· o,auo3H8'1HO CBS!3.aHa c qacToTofi o6parue-
. Ml . . 

HRS! 'lacTnu. B KOJJbtteBoM cpa3oTpoue "'acTOTa o6parueHHH pe3KO MeHHeTCH c 

9Heprnefi 'anJIOTb ,llO ,ll0CTH>l<9HH5t ."'8CTHU8MH KpHTH'leCKOfi auepruu, .B CB5t3H C 

9 THM, npn, onpe,aen,e~HR' '18CTOT CBOOO,llHhlX KOJJeoaHHfi 1 • npll SH!'!P~liS!X HHH<e Kpi!TU-

qecKol!: ueo6xo,auMo npu6eraTb x 'crreuuanbHbiM MepaM, o6ecne'1HBaiOriinM 'xopoUJyro 
• ' , ' , I 

, .... . I 

TO"lHOCTbo ,U e,ftCTBHT9JJ.bH<?, l10CKOJ1bKY 3JieKTpU'1eCKOe noJie Me ~<,lly n'naCTHHllMII 

/ 



15 

HM 88T npOTSPK8HI!OCTb no paanycy, TO OLlHO:VIY l1 TOMY )Ke THny p830H8HCa COOT-

38TCTByBT IIBKOTOpaH nonoca 31!a'lei!HA 'l8CTOT, YcTpaHHTb 9Ty Heonpeae.TIBHHOCTb 

YnaeTCH npn Hcrro.Tib30BaHnH nMnynbcHoro pe)KnMa na60Tbi reHepaTopa. DnnTenb• 

'iOCTb nMnY{Ibca Bbi6npaeTcH c S'IeToM Tpe6yeMoii TO'li-IOCTH orrpeneneHUH ttacToT 

CBOOOLlHbiX Kone6.aHHii. B Halll eM cnyqae TO'IHOCTb rroprinKa 1% o6ecrre•mBaeTcH 

IIpll Ll.TIHT8.TibHOCTH I!MIIY.TibC8 B,'l, B 20 MKCBK, 3Ha'lBHHe paanyca, IIO KOTOpOM 

nponaBoanTcH onpeneneHne 'IacToT CBOOOLlHbiX Ko'ne6aHni1 orrpeaenneT aanepmKy 

BO Bp8M8HII BK.TIIO'leHHH T'eHepaTopa ITO OTI!Olli eHH!O K MOM8HTY HH>KOKUIIII 9.TI8KT

p0HOB, 8 T8K)!<e B381IMH08 pt\CQO.TIO)!{ei!H8 !IO paanycy II.TiaCTHH H HHLlUK8TOpa 

§ 4. 3KcrrepuM eHTbi 

npu O!Ip8Ll8.TieHI1U 'lHC.Tia BepTHKa.TibHb!X H paaHa.TibllblX CB060Jlllb!X KO.Tieoa

HUll H8 OOOpOT B KO.TibUBBOM cpa30TpOH8 H3MepqJIIICb 3118tteHHH 'laCTOT
1 

B03oy>Kaa

IOI.I:I8T'O Bb!COKO'laCTOTHOT'O !IO.TIH, IIpH KOTOpb!X !IpOHCXOLlHT pe30H8HCHOe yBe.TIHtte-

11 He aMII.TIHTY Ll 9THX KO.TieoaHHii, 0 TOM, K8KI1e KO.Tie6aHHH B030y)!<Ll8Hbl MO>KHO cy

LlHTb, Haon!OLlaH aa HMrrynbcOM ycKopeHHOro rryttKa 11a aKpaHe ocunnnorpacpa. B 

cnyqae Boa6y)!{Ll8HHH BepTnKanhHbiX Koneoalinii nyqoK, rrorranan Ha ropH30HT8.TibHbi€-----

cTeHKH BaKyyMHOii KaMepb! 1 Ha'lHHaeT T8pHTbCH, He LlOXOLlH LlO HHLlHKaTopa, a 

aMnnHTYLl8 cHrH8na 118 ocunnnorp8cpe nan8eT, npn Boaoy)!{LlBHHH pannanbHbiX Ko

ne68r!HA npOHCXOLlHT CLlBHr BO BpeM~HH HMIIy.TibCa 118 OCUU.TI.TIOrpacpe, T,e, HHTep-

Ban Bp8M8HH M8)KL1Y MOM8HTOM 11H)K8KUHII II rronaLl8HII8M rry'lK8 Ha IIHLliiKaTop 

C0Kp8I.I:188TCH, E C.TIII ocymecTB.TIH8TCSI p830H8HC CBH3U paLlii8.TibHb!X II BepTIIKa.Tibllb!X 

KoneoaHHi!:, TO CLlBIIT' IIMny.TibCa conpOBO}KLla8TCH TaK)!{e yM8HbllJ8HUeM ero aMrr-

n nTy Ll hi. 

B Ta6n11ue 1 naHhi naMepeHHbie :JH8'l8HIIH peaoH8HCHbiX ttacToT nmt onnoro 

U3 pe)!(UMOB p860Tbl yCKOpHTe.TIH, a TaK)Ke Bbl'l1IC[!8HIIble no HIIM 'liiC.Tia CBOOOLlllbiX 

KO.Tie08HIIH 118 OoopoT. Via T80.TIIIUbl BIIL1H0 1 'ITO 3H8'leHHH VI: ll £ 1 HaiiaeH-
'• 0 

I! biB npll p8CllJ HcppOBK8 pa3.TIII'li!OT'O poaa pe30I!aHCOB 1 O'leHb XOpOlllO COT'.TI8CY!OTCH 

v II v 
X Jl 

6onblllOro sncna pe)!{HMOB p8oOTbi ycKopnTenH, 3Hai!He ttiicna cBo6oaHhiX Kone68-

HHi!: 118 OOOpOT B p8311hlX p800'lHX TO'lKaX H8 OO.TiaCTH iCTOH'liiBOCTU n03BO.TIII.TIO 



•u.tooqHhijOJ.OA 
H.toeugo eH exh.hu o~oHHedoxo.h H.tOOHqHoHe.tHH ewwed~eHtr 
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~9.8 0.158 3 -v~ .. 
12.2 39.4 X 

0,3/D ~. -3 
~,=3,3JO 

27.2 0,690 . 4-~ ... 

24,5 
·39,6 )( 

QG/1 2~ .. _, z ~~ ::6;6/8 
15.1 0,382 r-2~1( 

21.1 
3~1, xz 0.552 (')., ~~.)- 5 

. ~ ... ~ =5.552 
11,., o-4"8 6-(~A+~I) /t ~ I 

. 19,:. 
39,¥ z O,I,B7 2~. -I, 

. 2~~=4,1,87 
202 O,,IB '- ,2 ~~ -

T a 6 n H u a 1. Pe3ynbTaT bl. onpe.neneairst qHcen cao6o.n.HbiX Kone6auuii 
Ha o6opoT, 

06'!>e.lllmena~A rtlfiTIITY'J I 
11JlCpllhlX UCC~CJlOBaHHii . 

5H611HOTEKA 
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9KCnepHMeHTanbHO llOCTpOHTb ~HarpaMMY HHTeHCHBHOCTH YCKOpeHHOrO ny"lKa B 

Koop~HHaTax 
v 
"' H v 

Ill H BhlHBHTb pon~ paanH"lHhlX p~30H8HCOB B KOnbUeBOM 

¢aa6TpoHe. Ha pHc. 3 HaHeceHbi KpHBbie onHHaxoaofi HHTeiicHBHOCTH nyq~a H npo.::.' 
!. ' 

Be~eHbl pe3·0H8HCHble nHHHHe npH nepexo~e OT O~HOfi KpHBOfi ,O~HHSKOBOfi HHTel!-

CHBHOCTH K coce~aefi, HHTeHCHBHOCTH ny"lKa HaM eaHeTcH. B 10 paa. H exoTopbie 

npoBanbi B HHTeHCHBHOCTH, He CBH38HHbie C ~efiCTBHeM .pe30H8HCOB 0 iJ:o-BH~HMOMy1 
' 'i ' • : ... 'o • I ·... ' 

MQ*HO OO'bHCHHTb ¢nyKTyauHHMH .B ycnoBHHX aaxaaTa • .lleficTBHe peaoHaHco~ a 

- /5/ 
OCHOBHOM HSXO~HTCH B COOTBeTCTBHH C TeopeTH"leCKHMH npe~cTaBneHHHMH 

l1a CHHTOtl: ~HarpaMMbi cne~yeT, "'TO 
1 
pe30H8dCbl C p+g=4H p+g=3 

' . 

npaKtH"le,CKH. He BnHHIOT H.a ny"'OK, Sa HCKniO"leHHeM _ pe30H8HCOB, CBH38HHblX .CO 

cTpyxTypoa sneKTpoMarHHTa, Ha ~HarpaMMe TaKHX peaoHaHcoa -. ~aa: 
•- ' , • I ' • •• ' ' 

~ +2vz =8 . H 3 vz . = 8. l1x ~etl:cTBHe -~·PHBO~HT K rHoenH acero nyqxa, npH"leM 

peaoHaHcHaH nonoca B sTHX cny"laHx cocTaBnHeT L1t~= + 0,01. H'a ~HarpaMMe 

TSK)Ke OT"leTnHBO .BH~HO BnHHHHe CyMM0_!30rO pe30H8HC8 v + .v 
X '· Z 

= 6; ero 

peaoHaHcHaH nonoca ·· HMeeT w HPHHY L1v = ± 0,02.' illHpHHbi nonoc napaMeTpH

v z· ':" 2,5 COCTaBnHIOT COOTBeTCTBeHHO "l9CK~X peaoHaHCOB 

L1v = + 0 04 H 
X - ' 

v 
X 

L1v z 

= 3,5 

= :!: 0,02.· l1, HaKoHeu, peaoHaHCHbie nonocbi npocTbiX 

.P930H8HCOB Vx .-.·3. H v =2'paB-Hbi -\v ;,+.022~· L1v =+ 008 z, •., x .. -. z - '., 

PeaOHSHCHbie nonoCbl ·npOCTb!X 'pe30H8HCOB B OCHOBHOM onpe~enHIOTCH HCKS)Ke.HHH

MH nong no 83HMYTY H HCKS)K9HHHMH ·cpe~H~tl: nnocKOCTH,· nosToMy''60nbW8H WH-

p HHa nonocbi npH 

M arHHTHoro, nonH • 

HHeM HCcne~OBSHHtl:, 

VX =. 3. yK83b!BaeT .Ha 3HS"lHTenbHYIO ,· a3HMYTSnbHYIO. aCHMMeTpHIO 

npHBe~eHHaR. ~HarpaMMa HBnHeTCH cymecTBeHH.biM ~ononHe-
' : /6 I . . .. 

OllHCSHHhlX B pa6oTe • 

Paapa6oTaiiHbitl: M eTo~ · onpe~eneHHH "lac ToT cao6o~HbiX. K~neoaH.Htl: noaaonHeT 

CpaBHHTenbHO. ,TO"'HO H3MepHTb "laCTOTbl npH pa3HOtl: 9HeprHH .ny"lKa~ 3 TO 1 ~aeT 

aoaMO)KHOCTb cy ~HTb o noae.z:ieHHH pa6oqetl: :To"'KH B .npouecce yc'xopeHHH. H a 
I ' ! ' -' .' ' I • 

p He. 4 npHBe~ eHbi ~aHHbie' IIO. HaM'ep~HHIO .facToT ·Ha paaHbiX pa~Hycax. lf acToTa 
< • • • ~ ' ' • • • ' •• •• • • • • • • ' • • • • • ' 

pa~HanbHblX Kone6aHHtl:~. npaKTH~eCKH o'cTaeTCH: llOCTOHHHOtl: B · COOTBeTCTBHH · C 

ycnoaueM ~HHaMH"leCKOro no~ci6IiH, Kone6aHHH )Ke vz He npeBbiWSIOT 0,1, "'T01' 

no-BH~HMOMy, MO)KHO 06'bHCHHTb H3MeHeHHeM BH~a 83HMyTanbHOil: 8CHMM9TpHH C 

pa~HyCOM. 

B aaxnro"leHHe aBTOpbl Bblpa)KaiOT npH3HaTenbHOCTb n.B~ CaeTOBY H 

lO .A. lfepHbiWoBy aa qeTKoe ,::: Gcny*HBaHHe ycTaHOBKH, 
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l, H eB03MYW9HHoe p:im>KeHIIe 

A., 'Q p 0 II T a 

Y''IHT.b!BSSI 'ln9Hbl Bb!Cll!ero nopHP:KS B pa3nO>K9HHII ypaBH9HIISI OpOHT.bi, p:nH 

nepsoro npH5nH>K9HIIH .HMeeM: 

q .. q0 l 1 + k..±.:l + :t Us...±.ll [ 1 + 2 + ~ ] qo + 
t 1 · N :z 2 3 ( k + 1 ) 3N 2 2 

BenH'IHH.bl C IIHP:9KCOM Hynb OTHOCS!TCS! K HyneBOMy npHonH>K9HIIIO, 

B. Cso5oP:Hhle xoneoaHHH 

Y'paBH9HHS! CBOOOP:HhlX KOneoaHIIfi B UHnHHP:pii'19CKOfi CIICT9M9 KOOpP:HHaT 

MO>KHO 3SnHC8Tb B BHP:e: 
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. . 
;; + I a2 £ 2 U1)e2(A+1~,1+~ 2 )+ a(kf(O)-f(O)~)e(A+1)q(l+; 2) \11 x=O, 

•• • ' (lc+1)q • Yz 
z-a(ki(O)-.f(O)q)e O+q2) z"'O 

B aTHX ypaBHeHHSIX CLlenaHo rrpeHe6pe>KeHne ManbiMH 'lneHaMH c x n z 

P~;~cxnaLlbiBaSI 6
2 (tc+ 1)q(l+q2) H e(tc+ 1 Jq(l+q2)YzB pSILlbi H IIOLlCTaBJlSISI Bbi-

pa>KeHIISI LlJlSI f (0) H q (0) , IIOJly'IHM 

2. 2(1c+1)q • 
a'I(O)e O+q 2) .. I BjCosjNO, 

/=0 

00 

• .. ( lc + 1)q • \1 00 

a(kf(O)-I(O)q)e (l+q 2 ) =I CjCosjNO 
I= o 

TaxnM o6paaoM; ypaBHeHKSI cao6oLlHhlX xone6aHKft rrpHBOLlSITCSI K ~opMe /7/ 

rLle e= I 
X 

z 

{ + ( I AjeCos jNO ) e"' 0 ' 
f<sO 

~e""l Bj + Cj 

-Cj 

LlJlSI. X. -LlBH>KeHHSI 

LlJlSI z -LlBH>KeHHSI, 

nony'leHH:bie Bbipa>KeHHSI LllUI Bj H Cj o6 ecneq HBa lOT xopowy 10 TO'IHOCTb npn 

pac'leTe '18CTOT CB060LlHhlX KOJle6aHHft no ~OpMyJle /8/ /owH6Ka no OTHOWeHHIO 

K paC'IeTaM Ha SJleKTpOHHOft C'leTHOft M8WHHe .LlJlSI paLlH8JlbHbiX KOJle6aHHft COC

TaBJlSieT ,_ 2%, a LlJlSI BepTHKaJlbHb!X Kone6aHHft rv 14%/, HO HMeiOT LlOBOJlbHO 

rpOM03LlKHft BHLl! 

B = a21 [ f 2 
+ Yz ( f 2 + f 2 + I 2) 1 I 1 + 

0 0 1 2 3 

+E[l+ z<vll 2]q2l+[f I +If j+I I ]l(k+l)q + 
2 2 1 01 1.2 23 1 
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+ [£ £ + f f ]{ ( k + 1) q - N
2 

[ 1_,2(k+l)f q2 + 
0312 24 ~~ 

+ 3 N 2 [ 1 + 2 ( k + 1 )2 l q q I I -r- 3N~ I 3 • 

2 2 . 2 --___!i__[ 1 _2(k+1) )q2+ 3~2[ 1 + 2(k+1) ]q q 1 + 
2. N 2 I 3N 2 I 2 

+ 2 (k + 1 )2q q + 
I 2 

+ __L ( k + 1)-' q 31 + [ f f + f f ll ( k + 1 ) q + 
3 1 03 I 2 I 
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+N2[1+ (k+1)
2
]q q +(k+lJ.Bl1+ 2(k+1) 2 ] q"l 1 • 

:-i!l I .2 ·~ . N!l I 

. .2 .2 

co""alk£011+-!-[1+ (k+1) ]·q2l_, 
"' N2 1 

- f Lli! [1 _, k (k+ 1 > l q -~ (1-,_k_:t_!__+(k + ~/2 l q q + 
I 2 N .2 1 2 -~ 2 .2• 1 .2 

+ aN'' 0+ Ck+1) 2 •• k<k+1>- kCk+ll3]q, 1-
--n> 3~P 3N2 3N4 1 

-f I 2N2 [1-,kak+1)]q +~4[1+3(k+l ) 2 ]q2q + 
·.2 .. N2 2 4N2 i 2 

+ (k+1)N; [1+ k. _,k(k+l)]q2 +3(k+l)N2 
q q 

2 . 4(k+l) 4N2 · 1 2 1 " 

+ (k+1)N
4

[1+ (k+1)
2

]q4l-f1.2..N2q+9(k+l)N2qq II 
16 N2 1 " 2 , 4 1 .2 

C 
1 

... a I k H ( k + 1 ) q + ( k + 1) N 2 [ 1 + ( k + 1) 2 ] 3 +. 
0 I 8 .N., q1 

+N2[1+ (k+l)2]q q l+f lk"-N2.[1- k(k+1) ]q 1-, 
2N .2 I .2 I 2N .2 .2 

- f N.2 [ 1 -' k .( k + 1 ) l q I . 
.2 2N2. I 

C2=alkfl(k+1)q- N
2

[1-· (k+1) 2 ]q2 I+ 
0 . .2 --;r- N2 I ' 

+f 1..~~[1+ k(k+1) ]q +~[1+~k+l)"]q.9-
l 2 N .2 I 4 SN 4 . I 

sN
2 

(k+1)N 2[1-,k(k+l)] q q I + 
- -- q - . 1\T2 1 .2 ' 2 . " 2 

N.2 .2" 
+!::£11+:-. [1+ (k+1)]~-

• .2 4 . N2 I 

-II 3N
2

[1.:.,k(k+l)] q + 3N4 [1+ (k+1) 2_, k(k+·1) ]q"l ·I 
" 2 6N2 I 8 N2 ·6N2 . 1 
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II. BosMymeuuoe LlBIOKeHHe /o5mnfi cnyqafi/ 

YpaBHeHHH CB050LlHbiX KOne5aHHH Up!i HanH'IHH B03MyiUeHHfi, K8K y:>«:e OTMe-

qanOCb, npliBOLlHTCH K /10/. noLlCT8BJ1HH 

~x(8)=u +!. (uj Cosj8+'1 Sinj8), 
0 • 1 

l"' 
us /1 I I HllfiLleM npn5nH:>«:eHHO Bbipa:>«:eHHe LlnH BOsMymeuHofi op5HTbi 0 cnpaBeLlnH-

Boe npH npOH3BOnbHOM THne HCK8:>K9Hiill CpeLlHefi nnOCKOCTH H 83HMyTanbHOH SCHM·· 

MeTpHH Mllf'HHTHOI"'O nonSI: 

.; ( 8) "' U +!, U Cos d 8 + V Sin d 8 , 
M o d=- 1 d d 

U ,_l_LuD~:(O)+u D~:(N)+u n~:(2N) ] , 
0 Wg J Or, N Zr, 2N2r, 

Ud= * l UJ Do.;(d)+UN+dlie<d)+UN-d D~(d)+ 11
:zN+d n~.; (d)+112N·d D~.; (d)] ' 

Vd = _1_ [ V d D
0
g(d) + VN+dD:.; (d)- VN ·d n;e (d) +v2N+dD;.; (d)- V:zN-dD~.; (d) ] • 

w.; 

. + ae (vg -N) 
(vg -N) 2-d 2 

2 
+ bg ( vg + N) 

(vg +N) 2 - d 2 

+ ac b::vc [ ac{ 2vc - N) be ( 2vc + N) ] 
D-(d)= "'~" 8~.;+ r. "' + r. ~> 8F1 c 

2
.; vg'-·(N :d) 2 (2vg -N)

2 
-(N :2d)

2 
(2v.; +N)2 -(N ~2d) 2 

"' 
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TaKHM o6pasoM, BKna.a B op6HTy pasnrrqHhiX rapMOHHK HeKaiKeHHH nonH onpe-

JJ enHeTeH IIOBe.neHHeM KOacpcpHUHeHTOB q,; (d) , H arr6onhwHil BKna.a 6y .nyT .a a-

BaTh rapMOHHKH BosMymeHHH, 6nH3KHe K 11,; , N -II,; N+ II,; H T,.l:{, rJ O-

eKO/lhKY B TIO.U06Hb!X yeKOpHTe/lHX ofl,f 60/lhWe H/lH epaBHHMO e ofO,f , TO 

BKna.n Bhtew Hx rapM OHHK, 6nH3KHX K N -II.; H N +II,; eymeeTBeaea. X apaKTep• 

Hb!M .UilH pew 9HHH HB/lHeTeH TOT cp8KT 1 qTo Bee HaH6onee OIIaeHb!e rapMOHHKH 

B03MymeHHH IIO/lH .l:{8IOT 60/lhWOit BK/la.l:{ B O.UHY H Ty )Ke rapMOHHKY rreKa)KeHHOH 

op6HTb! 1 6JlH3KYIO K llf 
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