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0CHOBY TeOpRH 6eTaTpOHHllX KO~e6aHllfi B ~KnH~eCKHX YCKOpHTenRX 

COCT8BJL!l8T HCM8.1l;OB8Hll8 CHCT8Mbl HeJrnHefiHHX I:(WM)epe~am>Hb!X ypanHe

Hllft C nepHO.Il;H~8CKHMH ROScixlJH~eHTaMH /I/, B pa6oTaX /
2,3/ 6UJIO npo-

ne.o;eHO /,Hsyt~eHHe pesoHaHca Tpeuero nop.fiJtKa :?, Vz- J"'" = i npl'l 

tt.o= eon..sA: ( rt.., - CM, HIDKe), B o;aHHOit pa60T8 STOT pC30H811C I!CCJIC-

QY8TC.fl TipH tl.c)( (} ) - ncpUOI:(H~eCRM rpyHKI..(IDI f). , B STOM c~y~ac 
.n;8.l!te n ~HHeilHoM npH6~IDKeHRH nMy~aeTC.fl ypanHeHlle BToporo nopJin;Jm 

c nepHoo;HiJecKHMH KoscixlJH~eHTaMH (ypanHeHlle THna XM.ita) u naxoJKn;effite 

o6JiaCTH ycTo~BbiX.pcmeHllfi npeACTaBnnetcn TPYA08MKOM s~at~eM, A npH 

yt~eTe HenHHeMHhiX qneHOB' san;a~a: CMLHO YMOlKH.fi8TC.fl H D;OCT8TO~O 
. I 

o6meit TeopRH no.n;o6HHX ypanHeHllit ne cymecTnyeT. MolltHo oocno~t.sonaTL-

C.fl M8TO.D;OM ycpe.ItHeHHfi /4/ H TIMY~TI> YKOpo~eHHbl8 ypaBHeHH.fl, KOTOpble 

~H60 npoCTO RHTerpHpyJOTC.fl, ~60 TI03BO~.fiiOT, HCM8.D;OD8TL ll;DlllK8HH8 Ha 

rfla30DOit IIJlOCKOCTllo 

B ~aJlLHeiiDJeM Mbl 6yn;eM HCCJ18D;OB8TL C..lCiU'JO!Il.YIO ClWT8MY HeJrnHefuillx 

ypi.mHeHUfi/2/: 

.:l'-T (1- n.,(BJ)x = '!; fJ(. 

z" + n.., (9) z = t f~ 
) 
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r.n;e ~ 
£= 'R.o - MaJIIdt rrapaMerp, Ro - PS.ItRYC Iln;ean:r:.Ho1i opeliiTil, 

F, =VI. .)(,~ -tW. ~~ ... 1. (J&.').,+..!. (z').t 
.J( ,(. z , ~ ' 

Fz :: ~z .)(,Z ~ 

~: (-1-t-ftto-in.!"-r ~Rottt), 

Viz = (j n!- !. R,nt) • 

W.t.z :. ( n:- no - Ront) , 

(2) 

tt, (9) II n1 (8) - nePHO.n;H'lecR.He qi~ IJ, xoropue CBll3aH.Ii c 

noxa3aTe4ew warHMrHoro nonR 

t1 (9~J(,) : t1o (9) + rt..(B}.x. +; n ... (9)~~-t 
(3) 

PemeHHe ypaBHeHHH (!) IICCHe~eM B OKpeCTHOCTH pe30HBHC8 

JJ, v. - VJt.. ::: 1. + ~ , r.n;e ~ <. < 1 . STo ycJIOBIIe peaoHaHqa rrepellliilleM 

TaK: 
( 

.1 )'" (1tJ .... )%. 
Vz = T -t E. 6 , 

(4) 
npe.n;cTaBJIReT coelol paccrpo!Ky, ~.~t H Y~:. - tJ:acroru Clerar

poHHW!: KOJieelaHHI ITO CTerreHRM .X.. II . .Z • TO'l:HO B pe30H8HC6, ROr.n;a 

l = 0 (WIH t.::r 0 ) , IIOJIODM n 0 ( 8 J = noo ( 9) • Tor.n;a npH 

r.n;e ll. 

s :/: 0 (WIH A =f. 0 ) C TO'IHOCT:&JD .D;O £ HMeeM 

tt 0 (9) =ttoo{9) + E.·A·,(9), 

{ 

[rl ·'j] l~B »fr~tt •.If»] -i.J&B 
(I (9): ,;. a,1 1z't-' llf Z t -a, l!z -I. II&]& (. 

·q ~f.t'''&fi+a.:f:t·~· 

4 

(5) 

}- (6) 

I 
I 
l 
{ 
~ 
~ ., 
f 

l 
1 

·' 

lr 

l 
f_ 

\ 
'I 

t 

3.n;ec:r:. fz ( 9) - nepiiO.n;H'l8CKrui KOMIIJieKCHrui qiymtUIDI 9. (qiymuum 

~OKe), KOTOprui CBff38H8 C pemeHHRMH ypaBH8HHR 

Z "+ !'too ( 9} Z! ::. 0 ' (7) 

a,Z - npoii3BOJI:&HUe 1\0MIIJieKCHHe IIOCTORHHIIe, KOTOplle onpe.l:(eJI.filOTC.II 

II3 Ha'laJI:&HiiX yanoBH1i. Herpy,n;Ho yele.n;IIT:&c.H, 'ITO ~ ~ 9 ) .IIB.IIReTC.II 

,n;eiiiCTBIITeJII:oHOil tPYHKUHell. 

r.n;e 

Y'IHTiiBrui (5),ciicTeMY (I) rrepellliilleM B Bnn;e 

.X, 
11 + (!- t'Loo )JG. = C. f.x. 
II -

Z + t1.oo Z. = E. 'Fz , 

~=f .... - ~·1(9) 

~ :=.f,-6.·~(9). 

C.n;eJiaeM B (8) aaMeHY nepeMeHHW!: : 

j, -J ... 6 
.)(, : ct,...lf-f.t.(9).t + K .c. ' 

1 ( I ) i. ""9 . .x. =- 0(,,. ~x. + L.v ... f.lt e + K.. c. , .. 
. /} i.~z9 z = rx,f,. fl" + K, c.. 

I ( I • ·' L ) i..~al9 ~ = ()(.• f,_+r.vzrt t .. -t K.c.., 

r.n;e RoC• - KOMIIJieKCHO-COIIp.IIllteHHOe BllpaJKeHIIe. 

B HOBHX nepeMeHHUX HMeeM: 
' E. * _;,~ .. 9-

a.JL =--rr f,. .e fJI. 
I E. L ~ 0- l ~Z 9 -

~z=-~J:~ '{, F~ 
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IIocJie ycpe.n:eHeHWI B nepnoM np:a6Jnmemm llOJIY'mM 

, ~ [ . ~ ] a.J( =- rr A .. ·a.a + A·G~·a..... ' 

a,'=- ~ [A ·a.· a. +A·ri· ~] z .;c. z: z ~ "'~a ' 

r.n:e JT . . 

AJI. = ; j cl9 [f;(9Jfz:(~} Wz C•J- if~•(e) (r,'c') +ivz{z(sJ/} t ~9, 
0 

A.=;_ ir10 ~·M £,.[9J'·it (eJ~~~ t9> ]{i: 
Ill 

C:.t =-i: jJ..e f, (BJ-£:<'J 9(9} 
0 

U' 

G.=-Jrfde£(9Jf/M?-{9J. 
0 

J 
fiepexo~ K .zteiCTBHTSHLHHM nepeMeHHHM 

- £~ - .:'l'z. 
a."' = CX."' .f, ' a.z = ex., .t ' 

- i.e(. 
A"' =A""'t , AJI; ,. A e LP .. ' 

HS ypaBHeHWI (!2) llOJIY'IHM: 

-I £ - -.t. ( 
~ ::- TA"~ Sl- .t~- 'P""'+~)' 
-, £- - -
az = -t '1" Az a""' az ~ (.t '~"z -'t'..cp ) , 

-J. 

ttJ
1 = E.·A.rt +..!.A- ~eosr~~-'P.+"") 

T..t. u "'"' .t. .>~. ~ \: 'z .It J 

~~ = £·A· ~z + tAz li_. Ccs (.2'fz-~-J). 

6 

(!2) ~ 
I 

(I3) 

(!4) 

(!5) 

i 

BBo.ItJi o6oSHa'Iemm cp =:?, ~- 'f'..v , cHcTeMY (!5) nepenmneM 

B cne~eM BH.zte: 

-I E. - -~ ( eta. =- 'i" A.ka,,_ S1.n cp +.,(.) • 
.- 1 £.. - - _ (16) 
Ol.z = ""i" Aza-"~ Si....(cp- f) ' 

cp' =t{l1{~dlt-G-"')+t[2Az:iiJC.Cos(~-f)-AJ(, ~: eos(c?+ot,)]} • 

EcJm K CHCTeMe (16) npHCOe.l(HHHTL TpeTLe l'fJIH 'IeTBePTOe ypaBHe

HHe CHCTeMI>I (!5), TO CHCTeMll (!5) H (!6) 6YTJYT 3KBRBaJieHTHll. 

Tax KaK n, ( 9} l1 n, (B) - nepHo.l(H'JecKHe WYHKI.Um e . TO 

cnpanewmno cne.ztYDitee pa3JioJteHHe: 

~· ( (tl {il) ,\ 
rt.(9}::g00 T .f:., 8op5~(P9) +8op CAJs(P9)/' (I?) 

00 I {II (.S) \' 
n, (9) :::g,o -+ L \&tPs~ (P6l) + &,'P Cos (Pe>; • 

P:l 

Tor.n:a nocTOSIHHlle A J(, , A£ • o(. • .P • c;. -'1. H ail: 3aBHCJIT 

OT K033~8HTOB p83JIOXeHIDI (I7) • 

IlpH no~ Wn5't . :113 JKOpO'leHHllX YPaBHeHHfi TH~a (!6) MOlltHO 

nOJIY'!HT:D RHTerpaJI .ztBmtemm 121: 

4..;.}(. a,~+ ( 1+~"') et;:: Wf1-Si' (18) 
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H3 KOTOporo CJie,Izy"eT orpaHH'IeHHOCT:b a.)l. H ()(,r. , IIpH'IeM 3TOT HHTer

pa..1 He 38BIICHT OT K03~eHTOB p83JIOllteHIDI (I?), T,e, rt1 (9) -

npoH3BOJi:bHWI rrepHo,zurqecKWI WYJIKU11fl• lls CHCTeM!:l ypaBHeHH:a (I6) B 

o6meM BII.rte Herrocpe.ncTBeHHo He y.n;a.noci> IIOJIY'IlfT:b aHaJior HHTerpaJia 

. rtBIDKeHIDI (IS), II03TOMY Jill.lKe Ml:l 06CY.llHM .l(Ba 'IaCTH!:lX CJIYtJWI, KOr.rta 

Y.rtaeTCR IIOJIY'IHTI> HHTerpaJil:l .llBHJKeHIDI, 

lJyCT:b BIIDOJIHHDTC.II 
1 
YCJIOBIDI 

~+}:0, 

~+p=7i. 

I 

II 

Torrta H3 (I6) IIOJIY'JHM CJie.flYIOIJli'Ie HHTerpaJI!:l .flBHJKeHIDI: 

(I9) 

- - ."{. - " - - .. ~1. . Al. a..)(, + A""OC.:Z' == ~::: Ct.> I (20) 
- -.t ·- -.~ - .. _.L II A a. -A., a; = ~ = c...,. 

z :,(. - • 
liHTe:rpaJI (I) COOTB8TCTByeT CJIY'J8IO, KOr.rta (i.JG. H iiz OCTaJOTC.fl 

orpaHH'IeHHl:lMH, a HHTerpaJI (II) COOTBeTC'l'ByeT CJIY'IaiO, KOr.na a,. H a.., 
MoryT HeorpaHHtieHHO pacTH. IIosTQMY ecJIH Bl:liTOJIHHeTc.fl yCJioBne (II), 

TO pe30HaHC ., .Jz - v.,~~. : 1 6y,n;eT OII8CH!:lM, 

YCJIOBIDI (I) H (II) H8KJI8,l(l:lBaiOT orrpe.rteJieHH!:le orpaHH'IeHIDI Ha 

K03<I$f~eHT!:l pa3JIOJKeHIDI (I?), lJ:T06l:l IIOJIY'IlfT:b B JIBHOM BH.rte 3TH orpa

HH'IeHIDI, A"" n A r. rrpe.ncTaBHM B CJie.nYJO!lleM mme: 

r.ne 

A.)(, = Ax-t + t A.x.'l. , 

A ... ""A.~t -t- tAu , 

00 
(1.) (il (ll ~~ ) -

A.}(,1. =Axto+ ~>to ~xto + l. [~1~ ~lt1P + BJP {Qx,tp ' 
JO:l 

. " ( CIJ (ll + . (S) (I) 1 A.x.1 =Ax,2.o +S1o ~!1.'-t> + L ~tP <2.t.lp · ~1'P Ui.t.~'P , 
1':1 

8 

(2I) 

(22) 

~ rj (IJ (1) . ~(S) (AJJ 
A,.1 = A:uo T I> 10 f!la1o T L t!LP £€&if' T $i P ~tP , 

~J . . . 

+ + ~ [ Ill CfJ + (I) (A} 1 Au:. ADD &so ([{,J:o L gtP f!;up BiT' <e:up _ • 
~, ·, . 

3.n;ec:b BBe.n;eHJi CJie.llYilitile o6os:aatieHH.H: 

F~ (e)= ~f:c~Jk'C•Jtd=f.,-t- i. F.~. 

ta (9J =- s~f:(•J(f:(8j+i,v4,_(8J/'t i.9= f,, +f.~. 
A:t~o=JrlB (ftt-~~~+~,)' 

fJ &r 

Axso = j ~9 ( t n! f.J. +F,.J ' 
0 . -A~10 =-Ji9 (n!- no) ~t , 

fl II 

Az,_o =-j riD (rr.~- n,,) f,.,. , 
0 "" U' 

~-uo -=- ~o jrUfu , ~Jtso=- ~·j cl8f.s 
0 0 
U' # 

~:.•• =-R{d8r~, , (Q,no = R.j of; Fa& 
~~~... "' u 00 w ~~.,. =-~· 0olB'R.~(P9), t{;. • .,. :a-.a.1d6'P,. (;Qs ('PB), 

(tl . R [U' . (") ••J"'' . ~Lip=-:-~· ~f,,~(P9), ~up=-"i • £l9'f,, ~(1'9) , 

(0 ''' Ju tt.J .Ju 
'1.zJP ::- Ro rtO'f':.,S#t{!B), reJ.fl" :.-X. Ji'Pzr IM[P9)' 

0 0 

(f) !"' (&) f:. ~;up= RD cWF;~Su,{PB), ft>uP-::. 'R. j oWPa~tc:r{Pgj, 
• 0 
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/ 

TaK KaK 

o(, = o/U-+"' ~ ~? 1\Jt.i , 

f ::. (XIG(,~ ,..,_.. ' 
A7.i 

(24) 

TO .ltllll BUITOJIHeHIDI yc.nomdi {I) R (ll) He06XO.niDJIO~ HaiTpRMep, HaJIO

JllliTb c.ne.nYJQIItHe orpaHR"'eHH.ll Ha KOa~eHTU paMOllteHIDI (I?): 

Ax.~.= o, Ax,t -=f o , Ax,_ =0, Az.1 f o: (I) (25) 

A.t.1 :fo u. Ax£ >O ' A1t = o u.u.c. A.tt ::f.,} (~) 
An =f 0 w. Az.s. <. o , AZl = o ~ A14i :: f.. 

(26) 

llo.ncTaBJIIDI (22) B (25) R (26), MOlKHO ITOJIY"'RTb CRCTeMY anre6pan:

"'eCKRX ypaBHeHRR Ha KOS~eHTU pa3JIO~eHRH (I?). TaK KaK 3TO CRC-

TeMa "'BTUpeX ypanHeHRfi C 6ecKOHB"'HUM·"'RCJIOM HeR3BBCTHUX, TO OHa 

RMeeT ncerna perueHRe. 3aMeTIIM, "'TO yc.rroBIDI I R n .nocTaTo"'Ho 

Y.llOBJieTBopnTb c TO'IHOCTbD ,llO B . 
TaKliM o6pa30M, eCJIR BUITOJIHffiDTCJI ycJIOBRJI (I) RJIR (ll), TO, noJib-

syJICb RHTerpaJIOM .nn~eHRJI (20), TO"'HO TaK ~e, K8K B pa60TaX /
2

-
3
/, 

MO~HO OT CRCTBMU (I6) nepeHTR K CRCTeMe nBYX ypanHeHRH. 3aTeM-ITpO

neCTR llOJIHOe RCCJie.nonaHRe STOlt CHCTeMU B !lJa30BOit ITJIOCKOCTH. 

3AKJIIO'!Effi1E 

B yKopotJeHHHe ypanHeHRH 12- 31 npR no= eo~ nxo.nRT TOJibKO 

o.nRH rwa~eHT ( rt. 11. ) paMo~eHIDI (I?). XapaKTepHWI oco6eHHOCTb 

YKOpo"'eHHUX ypanHeHRfi npR /1,04~ 3ai\JIIO'I8eTCJI B TOM, 'ITO 

A.J(, -. Ar.., c/., R J ~e sanRCJIT oT ncex KOa~eHTOB paMo:nteHRH 

(I?). llOSTOMY, non6RpaR ST.Ii KOS@JRil;lieHTU cnei.J;I1aJibHUM o6pasoM, MOJKHO 

.no6RTbCJI BHITOllHeHlUl Rllli yc.noBIDI (I),RJIR YCJIOBRJI (ll). 0T STOro,B 
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CBOIO O"lepe.nb, 3aBHC14T · ycTOll"imlO.CTb .!UlBllteHRJI B. OKPeCTHOCT14. peSOHaHCa 

:1., V.z- Y..x. = 1 • EcJm BHITOJIHJieTCJI ;yc.noBRe (25), TO }UliDKeHRe ycToltm-

no, eCJIR BHITOJIHIIe:ica yCJIOBHe (26); TO ~BHll:eHHe !lOXet dHTb H He

YCTORQHBHU. 

ABTopu BUpalKBIOT rJiy6oRYJO 6Jiaro.napHOCT:&-·E.M.KyJiaKOBOH; II.E.Hc- · 

CHHCKOMY sa o6cYJI\nmme HeKoTopHX saTpoHY'.I!HX s.n:ecb nonpocon. 
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