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© l::µeeaHCICUU tlJUJIU'4CCICUU UHCTUTflT, I mt11 

I. BBEJ.l.EffiIB 

lip» 11poo1c·r11po 1111mrn RO/ll>UBBHX YCKOPHTeJieti ( HaKOirnTeJie:ti) cy­

l!IBCTDYCT PJ'IJ( JIHlllllUX JlOllJ)OCOD, pe111emrn KOTOpl:lX 3aBHCHT OT TO'IBO­

ro 31111mur nonepott1mx 11 11pono11nmlx pa3Mepon crycTKOB ycKopJieMux 

(HB.KonneHHHx) fIY'IKOB. Cpem1 Tll!UfX nonpocon Momo JK8.3aTn, B 

ti:aCTHOCTH' BH6op pa3Mepon OOKYYMllOil IW.MBT)lil' pactieT noTepn ti:ac­

THU, .nonycTHMoro .nanrreIDUI B tw.Mepe H T . .Jt. 

B HaKOffiiTe 1l'&HllX KOJThUaX llPH oprrunrnauHH BCTpetffiblX CTOlli<HO­

BBHHtt Ball::HYJO pOJI]) HrpaeT BeJllitJliHa CBeTHMOCTH, KOTOpaR, Kill( H3-

BeCTHO, CytlleCTBeHHO 3aBHCJllT OT pa3Mepon ny'l:KOB B MOMeHT BCTpe'l:H. 

lliniMJll CJIOBaMlll, Heo6xo~MO YMBT'& Bl:ltfliCl!RT'& ru.ml!HTY~ nonepeti:­

Hl:lX H npo.nonHBX KOJie6rurnll B mo6oll MOMeHT npeMeHH ycKopeHHJI 

( HaKOllJleHHJI) • 

TeopnR .II;BIDKeHHR ny'l:KOB qacTHU B UHKl!Hti:eCKHX ycKopHTeJIRX (Ha­

KOllHTeJIRx)xopo1110 pa3pa60TaJ!a H H31lO~eHa B PR.Ile OC30pOB H MOHO­

rpai.Plill [I, 2, 3]. 

0.IUIB.KO, KB.K 6y.neT noKa3aJIO HmKe, npH pacti:eTe norrepetIH!ilx pa3-

Mepon JIY'IKa B peaJI'&HllX YCTaJ!OBKaX, Kor.na ,II;BHJKeirne '!aCTI1Tl JIBJIR­

eTCR B03MytlleHHl:lM ITO OTHOIIleHIDO K ~.nea1l'&HOtt (npoeKTHOtt) ycTaHOB­

Ke, TeOpHR He ~Tl:lBaeT O~H CytlleCTBeHHl:lft aqxpeKT, KOTOpl:lft MOlKHO 
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1 llJ D lifl'I' I 

•rnH 11 yo·1·r1111111 

KaX bDO,nl'l'l'CH Jl<lllll'l'll 

cH OT 111.nea11b110£1 ( 1111rnrn'l'1111£l), Jlf11 

HIX" 1<0 1te6amdt 1113-3a Ha.Jrn-

10 11 JI peaJibHHX ycTaHOB-

0 p61'1Tbl, OT Jilll'laIOll\eH-

11011 OTCYTCT BJ/1111 B03MY· 

meHJ/ltt. TeopAA yTnepi1uv11•T I) . ~! , :.i,l , 11To 11 penni,Hott ycTaHOBKe 

BOKpyr B03MY1J\eHHO~ op6Wl'll 11/IOTllllll !)(>llOpllllll()T ·re lite CB060,Jl;Hble 6e­

TaTpoHHHe KOJie6aHlllH, KOTOpble 01111 COllOj>lllllllll 61l BOKpyr 111.ueanbHOH 

B OTCYTCTBJ/le B03MY1J\eHAA. 

Ha Ca.MOM lite .nene (CM. HHJKe) BOKpyr B03MY1l\Cl!llOtt op6111Thl -qaCTlll-

Ubl coBepmaIOT KOJie6aHJ/IR, a.MITJilllTY.nhl KOTOphlX yxe 3aBlllCHT OT BeJilll-

'lJ/IHH B03MY1J\eHlllH. 
TaK, Harrp111Mep, y-qeT aToro qia.KTa B cny-qae HapymeHlll.H a3111MYTa.1Th-

HOH ClllMMeTpllllll Be,nymero ITOJIH, rrplllBO.I(J/IT K TOMY. 'lTO aiMJeKTlllBHM 

arre pTypa Ka.Me phi yMeHDmae TCH Ha Be n111'llllHY r.~~· + / r ;.; I + 2 ) 13a".u I 
m~ I m~, r.o BMeCTO r

3
1lJ11 + r

3
a.JU , KaK cneeyeT J/13 T00PJ/IVI, r,ne to" 

3Ha'leHJ/le 3aMKHY'1'0f.\ -op61''l'IJ n '1'0 111W lll!l!UP<l\IHI. 

Cy\llt'CTHO l!UllW 
I ~lfl<)TllOO Tl'I, pfl<lllCl-

·1·11 j'-i 'I 110 H:.!M8pCHJ/llO 

- 111111 nc.1<113am1tt TeopH111. 

•I" 1n m1on,11T orpaiJ111-qeHlllH Ha rrpe.neni,-

11H111>1rne pu3M0pOB rry"!Ka B ~OH ycTaHOBKe. 

11011011 1·m 10JVl 'IUCT~ 1113 ycKop111TeJIH J/111111 HaBe,llCHlllH ny'IKa 

11y·rp!lllllK)IO MIDil0Hb 06H'lH0 J/ICITOnb3YJOT crreu111am;rnrn H03MYll\0HJ/IH 

lll ' lLVll\Ut'G MarHJ/ITHOrO noJIH, Ill, T0M CaMblM, l13MOllfl il'I' I'! J>ll'IM0pb1 ye- . 

I<opeHHoro rry-qKa. 

:lCapa.KTep TaKoro 1113MeHeHlllR, oco6euno 1•01111 
HO ll<>CTOHHHO BO 

speMeHJ/I, MOl!t0T cymecTB0HHO BJilllHTb 

'1 

B 'laCTHOCT~. rrp111 pacTHHYTOM BO BP0M0Hlll BblBO,ne. 

B CBH3111 c 3TlllM B HaCTOHll\0tt pa6oTe IlpOBO.I(lllTCH .neTaJibH.blil: aHa­

nJ/13 rronepe'lHoro ,nnllll!teHM -qacTlllU B CJ/IJThHOifioKyc111pyio111ett MarHlllTHott 

CTPYKTYPe rrp111 Han111'Il'!111 pa3JI111'1Horo po.na B03MY!ileHllltt MarHlllTHoro 

IlOJIH. 

2. YPABHEIDIB JJ.BHJKEl:OOI 

B u111KJI111'leCK111X yc1top111Tefillx (HaKOilJ/ITeJifIX) -qacTlllUhl coBepmruoT 

MHOro o6opOTOB. 

B CBH3111 c aTlllM y,no6Ho xapaKTep1113oBaTb rronol!teime 'laCTlllUH B 

,naHlll:id! MOMeHT BpeMeHlll, YKa3hlBM ee a3111MYT 5 Ill HOMep 060-

poTa K • BBe,neM rrepeMeHHYJO X==s+(K-1)L' r.ne s OTC'Il'l-

TblBaeTCH OT HeKOTopoa TO'lKlll S=O B.I(OJTh paBHOBeCHOtt (perrepHott) 

op6111TH, ,nlilllHa KOTopott ecTb L . B CKJil>HoifioKYClllPYJOlllea MarHlllT­

Hott cicTeMe aTa penepHM KPlllB8Sl neJnfT B M0.I(J/laHHOtt nnOCKOCTH H 

COCTOlllT 1113 lJYr ITOCTOHHHOro pa.ztlllYCa p =canst B 6nOKaX B€·· 

,nymero M8.I'HlllTHoro nonR Ill OTpe3KOB nps!MblX - B npoM0JKYTKaX MAJK.DY 

6nOKaMlll. 

B TaKott c111cTeMe ypaBHeHlll.H nonepe'lHoro ,nB:r.uteHlllH B peaJThHOM 

cny-qae (6e3 y-qeTa ycKopeHM) 111MeroT Blll,n: 

r.ne ~ :o r, z 
no pa.n111ycy; 

~"+J<:(x)~ =F(x)J (I) 

r - OTKJIOHeHJ/le -qaCTlllUbl OT penepHott KpHBOH 

~ - OTKJlOHeHJ/le OT Me.I(lllaHHOtt IlJIOCKOCTlll. iK(x) 

nep1110,n111-qecKM ~YH~RfI, no r.paaHett Mepe, c rrep1110,noM L 

'J<' ( x) = J<: ( s + ( 1< -1) J...) <K ( s) ( 2) 

f (x) - OlllllCHBaeT B03MY1J\eH111e. B o,nHoM cny-qae OHO o6R3aHO 
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HecoBepweHcTBY MarHHTHoii cTpYJ<TYPH Kom:.ua. B npyroM - crrernmno­

HO BBO)l;HMOe, KaK HanpMMep, ~JIB ueneli BblBOna ~aCTHU H3 yCKOPHTe­

JIR unu HaBeneHIDI JIY'Il<a Ha BHYTpeHIIlOro MmIIeHD. 

Ypamrem1e (I) 6es rrpaBoil ~acTFI ( F = 0) 11MeeT nBa ~acTHblX 

jlOlllOllW!: 

~' j3V2(x) · cosf (x), 

&z ' }3 112(x)-sin'/'(X); 

"'w f}1 'P llllllOO'l'llll r ~J llMIIJIHTY.ItHM H cpa30BM cPYHKUHH, 

(\ lll!.ftlll011(110 !) 110£IOTJl/lMH: 

.f3 (x + L) = J3 (x) = J3(s); (3) 

~ (x+me) = ~ (x) + 2!ffG·m. 

3necb Q - ~CJIO 6eTaTpoHIIblX KOJie6aHI1H Ha nJIHHe L IIO CO-

OTBeTCTByromeil CTerreHH CB06on1i1. q)yHKI.(IDJ t ( x) CM3EUia c .J3 ( x) 

COOTHO!lleHHeM 

t' 1L 
•/' (x) ,, .J Jiii'.} • : '1) 

11111x 110Dr101111U'r 1111t\'l'l1 06111ee peweHHe ypaB-

dlJ 
lj(X) 11 ~'(X) = ciS ¥tM.eeM: 

~(x)=p'12 (x)[Q1 cos'/J(x) + a 2 sLnt(x)l t 

x 

+ J31k(x) ~ F (i)fa~ (t)sLn [ f (x) • 1j1( t.) l r;I I 
0 

(5) 

~'(x) = .13-Vz(x) {a, [-cL(x)cosr(x)-si.nf(x)] +Oz [-d.(x)si.nif (x) + cos'f'(x)]} -
x 

-p"V2(x)cL(x) j F(t)13'k (t)si.n['/'(x) - '/'(t)]dt + (6) 
/(. 0 

+ i!lz(x) J F(i)J3Y2 (t) cos [~(x)- .p (t)] di, 
0 

f I ) sneco BBeneHo 06111errpmmToe o6o3Ha~eml:e cl(x) = -2 .f3 (x. 

ITep:Bl:i! ~neH B (5) ormc1i1BaeT cBo6o,ItHl:le 6eTaTpoHH.ble Kone6rurnR, 

BTOpot\ - BhlHYJIU(emwe, T.e. 

~(x) = ~c&(x) + ';J,
6111

(x). (7) 

IlpOH3BOJlbHble IIOCTORHH.ble a, ' az orrpenenmoTCR 06bl~O H3 

Ha~aJlbHblX YCJIOBHH 

~(o)=';Jo ~j'( o) = 'd;. (8) 

BMecTO IIOCTORHHblX a, , Oz yno6HO BBeCTH nBe npyrue IIOCTORH-

Hble .A = ~max 

COOTHOmeHRl!Ml'! 

H ~ • CBR:Samrae c Ha~aJlbHIDr.A YCJIOBHRMH 

JI= p112 Jaz+ 0 z'=fo!l2 [ ';j;+(O..olJo"'.f3olJ~)2]Y.? 
max I 2 max flo 

Ci.a ~~ J3o + d..o 'Jo 
~ = a~cig a;-= a.ut9 'Jo (9) 

IloncTaBJIRR (9) B (5) H (6), IIOJiy~M: 

( 
ft ( x) _) 1/2 [ 

lj(x)= J3max/ Jlcos 'f'(x)-<JJ + 

(IO) 
x 

+ fa 11"'(x) 5 F(t)p 11z(t)sin[f(x)- f(i)]dt 
0 
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~'(x)=- ( ( f )!'~ {<i-(x)cos[t(x)-1J]rsLn['f' (x)- lJJ}r 
j3 X j3 max 2 

• 
'iY'z(x) {-cl(x) f F(i)J3Ye(t) sin [t(x)- f(t)J di + 

0 

)( 

1- J F(t)i'12ct) cos [t (x).- tJi (i)] clt }. CII) 
0 

11 f.lC'l'h llM!tlrnTy;n:a 6eTaTpOHHHX KOJie6amtii l'1Jrn MaKCl'1-

0I'H6ru<>111oil cornacOBaHHOrO JTY'!Ka rrpl'1 OTCyTCTBIDr 

IC'l'lll\11 llY'l{KI\ 0'1' JIH'IWOTCR ;n:pyr OT ;n:pyra 3Ha'ieHIDIMH rrapaMeT­

ro11 (.fl, lj ) • Jl03MOJ!QWe 3Ha'ieIIBR KOTOp!iX ecT'& O<. JI 4 .R max 

0~~(291 

1ia.CT.ffila c rrapaMeTpaMH A=~ =0 .HBJUieTc.H ueHTpaJThHo« tiaCTillel! 

rrytIKa l'1 B OTCYTCTBHe B03MYmeHIDI J(Bl'1~eTCR no 3aMKHYTOil TpaeRTO-

pMM (op6!'1Te) ~(x) = O. 

Vl3 (IO) BM.ItHO, 'l{TO npv. 11n111prn11 no:1My1111w111l, •\OllTf>Ullhl!IUT qac-

Tm~a 

'J'O 

;n:B>l~OTOSI 110 

n 

1To1>l~M •11111110M n (IO), KO·-

( v) 110 eCT'& 3aMKHyTM KPH­

l!OBOA op6HTOtt. 

llPH ll03MytU6HHOM ;n:BUeHlrn tiaCTHU!i COBepmaioT 

O'l'llTPOHlille KOJ1e6rum.H BOKpyr u. (X), KOTOpa.H, B 
dobtll. 

C!111cM 011y•mo, He ecT'& 3aMKHYTM RPHBaJI. 

3. 3AMKHYTAfI OPEVITA 

Cpe.JtH MHOroo6pa3IDI THIIOB B03MYlll0HHA 0,lUHIM 1'3 IIpaKT!'11IeCKH 

Bamli!X CJIY1IaeB .HBJ!.IIeTC.H CJIY'Ial' Ror.na lH>llMYlli011116 lie 38.BHCHT OT 

BpeMeH!'1 ( 'IHC.ila o6opoTOB) ' T. e. B08My111oinu F ( ><) ecT1> nepHo;n:H-

ll 

tiecKa.H ~YHKU!'1.II c rrepMo;n:oM L 

F(x)= F(s+(K-1)1-)::F(s). 

B sTOM CJIYtiae (IO) H (II) rrpMo6peTaioT BH.:U: (cM.rrpMrro~eHMe I) 

( 
J3 (s) )~ [ y(s,K)= Prriax .Reos f(S) + c9TQ.(K·1)-~]+ 

J3V2 s•L 
+ 

2 
. ~~ J F(i)J3*(t)cos['f'(s)rJiQ ·ip(i)]cH- ( 

sin I2) 
s 

v;: /... 
.f3 .

2 
(s) s F(t)p1k(i) cos[tCs)t2grQ(K·1)t mJ.-r(t)] dt_, 

2 SLn !TTQ 
0 

y
1

(s,1<) = - r .A 'l.z{cl(s)cos[<f(s)t2rrG(1<-1)-';f]'" 
J3(SJJ3max} 

tsi.n[f(S),.2!1TG(1<-f)-':fJ) t 

0 S•/... 

+ -d.(s).f31"(s) { J F(i )fa Vz( t) cos [ f (5) 1-9TQ -f( t)Jdt -
2sln !JTQ 5 

J., 

- f F(i)J3Vz(t) cos[t(s)+29TG(i<-1)+gJQ-f(t)]dt}. 
0 (I3) 

BHpa.l!teffil.H (I2), (I3) OITl'1CliBaJOT ITOJIO~eHHe tiaCTID.Lbl l'1 yroJI 

HaKJIOHa ITO OTHOWeHmO K PaBHOBeCHOtt op6HTe (Me,l{HaHHOtt ITJIOCKOCTH) 

Ha a3RMyTe 5 Ha K -OM o6opo'l'e. 

06pamaeT Ha ce6.H BHRMaH!'1e TOT ~KT, ~TO BTOpott 'IJleH B (I2) 

He 3aBHCl'1T OT K ' B TO BpeMI! KaK ;n:Ba npyrHX - 3aBHC.IIT OT !{ 

O.JtHHaKOB!iM o6pa30M. 

BTopoA 'IJieH B (I2) eCT'h H3BeCTHM B TeopHH (cM. ,Harrp1™ep[2] ) 

cTauHoHapHM 3aMKJIYTM op6!'1Ta IIP!'1 HaJI!'1'1Hl'1 cTauMoHapHoro B03MY­

meHIDI: 
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J3 Ve (s) s+1.. ' 
~3cw(s) = 2sln s;a J F(t.);/ecs) cos[t(s) i-STQ.-o/;(t.)]clt, (I4) 

s 
s•I.. 

..13·Ve(5) { s ~;a,.Js) = - 2sin~G. d..(s) F(t)jl l/2(+) cos[<ji(s)+m:~-Ht)]dt + 
s 

s•J.. 

5 F(t)j3 v2 (t) sLn [~(s)+g;G. t' (t )Jdt}. (I5) 

06'!.owm.mr ·ronepn uepBID! H TpeTHtt ~JieHH B ( I2) H y'll'ITHBrur 

('1'\) , 11011Y'll1M: 

( 
J3(s))~ ~ (s, 1<) ~JCLP ( s) + fl max B cos ['f'(s) + 297G (K-1)-5 J' ( I6) 

r~e BBe~eHH 06osHa~eHH.1I: 

52 = 52 + Bz 
1 2' 

B1 =.Rsin~ t J3!xisi.n(n-G-~)/csLnST<l, 

Bz =fl cos!:f - J3r~x {cos (~G - 'S' )/ 2 sLn9Ta; 

I 2 = I 2 + I 2 

s c' 

I. 
(I7) 

Is,c= S F(t)}Ve(t)(;~~)'f(t)dt, 
0 

'I;:: azci9(Is/Ic); 5 =azct9 (B,/82). 

Hs (I6) cJie.ItYeT, ~o rrp:e CTau:HOHnp110M no3MYJllOHHH nonepe~oe 

.I(BID!te:HHe ~aCTHU ~eftCTBHTOJII>lIO IIJlO)tO'l'flllllllll'I' co6oi1 HOpMaJII>HHe 

6eTaTpomwe Kone6aurut no1qiyr 1m11on ( 110t1 M,Vllltlll11on) .i8MKHyTott op-

6:eTH IJ3 a.n ( S). 

111 

0,ItHaRO, aMITJIJl!Ty~a STHX KOne6rurntt cymeCTB8HHO 3aBHCHT OT Be­

P..H'IBHH B03Mymelilill:. ~yrHMH CROBa.MH, HMeeT MeCTO YB8JIB~eHHe SMMT­

TaHCa ~a. cornacoBaHHoro c ~ea.m,Hott Maunrnott. 

~eftcTBHTeJinHO , KaR H3B8CTHO, B8JIJl!~HHa 

W0= Jl~>) [~e(s,1<)+(<X. (s)~(s,1<)+J3(s)~'(s,1<))2J (IS) 

rrpH OTCYTCTBHH B03Mymemm JIBJIR8TC.II HHBapHaHTOM ~HJKeHH.II (HHBa­

PHaHT KyprurTa-CHatt~epa) H paBHa 

Wo=-1 (u2 +(cl0Uot-u'J3)2)=.f/e -1 
fto ao a o0 0 J j3max • (I9) 

3MMTTaHC e0 cornacoBaHHoro c ~eam.,Hoft Man:nrnott ~a rrpo­

rropu;HOHMeH BeRHtrn:He W
0 

( Eo = ffWo ). 

CocTaBHM Terrepn B8RH'IBHY 

~ls0314 = fa~s) { [~(s,1<)-~3cvu(s)] 2+ [d..(s)(~(S,K}-JJ,~j+ J3(s) (~'(s,K)-,i,r,~~JJc 2o) 
IlpocTrur IlO~CTaHOBKa (I6), (I7) B (20) ~aeT : 

W.~ =B 2
p,·

1 
= const. 

003.lll .rmax (2I) 

~HBapHaHTHOCTn Be.JmtrnHH (2I) YKa3HBaeT Ha TO, ~TO HHJK8KTHpo­

'8aIIHHI B B03MYlll8HJIYIO CTPYKTYPY ~OK c SM>'ITTaHCOM co 6y~eT 

COBepmaTn ~HllteHHe BOKpyr HOBOtt 3aMKHYTOtt op6HTH B orpaHH~eHHOM 

!fia30BOM 06'!.eMe, HO ero SMHTTaHC 6y~eT Y7f.0 He Co , a 

2 -1 
Cgo3JU :: grB .f3max, (22) 

BeJIHlmHa B rrpH sToM ecTn MaKCHMa.JI:bHoe 3Ha~eime or:e6ruo-

meit ~. neHTP KOToporo ~IDKeTC.II no Yaa~(s). 

Ecmr 3Ha~eHHe const B (2I) orrpe~eJIHTn H3 Ha~aJThHHX yc-

noBHtt, T. e . 
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Wg
03

JU = J3: { (1Jo- ~oJa .. /+ [clo ('Jo -'jo3aJU) + j30 (y: -y:_,,,,.,)]2 
}, (23) 

'l'O RCHO BH.Jn!O, 'ITO YBeJrn'!eHHe aMHTTa.Hca rry~a o6R3aHO TeM '!aCT:l'l­

UaM, 3Ha'!eH:l'IR Ha'!aJThHblX OTKllOHeH:l'li! H yrna (~.=~(o), ~~~jj'(o)) 

KOTO pllX HMeRJT 3HaR:l'I, rrpOT:l'IBOIIOl!OJKHble 3HaRaM 3Ha'!elil'Itt u J dO tlx.t 1 , 
~OJC:W. COOTBeTCTBeHHO. 

MaRCHMaJThHOe 3Ha'!eHHe 8 6ylf.YT :l'!MeTD Te '!aCTID.Ul. Ha'!a7ThHbl€ 

<f!a3bl Y1 KOTOpblX y.n;oBJieTBOpmoT rrpH .n;aHHOM fl YCJIOBIDO (cM. 17)) 

cos (9TQ + <j- ~)/sLn!liQ. = -tjf sln9TG.) , (24) 

'ITO paBHOCHJffiHO YCllOBIDO 

f ( I )--" ( I ) j": }j0 fi., + c{,o :Jo - ~o•cuq \. d...o !fo3rui + }30 ~oJOAl • (25) 

Tor.n:a JBeJI111'leHHe MaRCHMaJThHoro 3Ha'!eHIDt orH6aio~ett rry'!Ka rrpH-

Hll:MaeT OTHOCHTeJThHO rrpocToit BH.It: 

m1 

11 • 8 • Jl • f3 ~;{ T/ 2 ) s ln flT Q j -I'""" t 

( fl,,,(IW) Kt r e ( I / 

JI., ' !/u'anu ~ · .<:i.o ~fo~•M• '~o .1ru1.f30 . 

, 11ro JVIR YMCHT:imeHHR Be mrqH;Hbl fj, .A 

.nyO'r npoDOJlHTb B TaKott TO'!Ke' r.n:e 3Ha'!eHIDI 

' II 
•• ~~Jtl 

OTHOCHTeJThHO Mallbl. 

(26) 

HH11teK'-

Jlfi npaKTHKe He BCer.n:a 3TO B03MO!CHO, IIOCKOllDKY B03MY· 

F (s) He Bcer.n:a 61rnaeT 3apaHee H3BeCTHblM. 

l'aCCMOTPHM HeCKOJThRO THIIH'!Hb!X rrpHMepoB B03MYUleHIDI. 

12 

4. CTATHCTH11ECKOE B03MY1UEHHE 

IlpaKTH'!eCRH BBJ!tHHM CJIY'laeM B03MYUleHHoro ~IDKeHRR: HBJI.lleTCR 

CJIY'!a.A, Kor.n:a B03MYUleID!e 06R3aHO ourn6KaM B H3rOTOBlleHPIH Marlil'I­

TOB H HX P~CCTaHOBKe B KOJffiUe. 

B 06111eM BH.n;e B03MYUleHHe F ( s) eCTD [2] 

F(s):: + I!_Ju - oB<s> 
- p2 0 ef + -----e;;- ) (27) 

r.n;e 0~ - CMel!leHHR Sl!eMeHTOB MarHPITa H3-3a Ollrn60R B :l'IX pac­

CTaHOBRe; 

SB - ourn6K:l'I rrol!Ji H3-3a H3roToBneHRR: aneMeHTOB MarHPITa; 

n - rroKa3aTelffi crr~a MarHPITHoro rrol!Ji; 

p - p~yc KPHBH3Hbl B aneMeHTax MarHHTa Ha paBHOBeCHoa op6:1'1Te; 

B0 - 3Ha'!eime rrol!Ji Ha paBHoBecHoa op6HTe. 

IloCKOllDKY 3Ha'!eHHR o!i , 88 HOCJiT CJiy'lru!Hbltt xapaKTep, 

To .D:7IJi Haxollt.n;eHHR HHTerpa.na I 061i1'!Ho BBO.Jtll'.T rrpe.n;rronoxeHM'.e,'!To 

B03MYUleime IIOCTORHHO Ha rrpoTRXeim:l'I O,W!oro MarHHTHoro 6noKa, a 

OT 6noKa K 67IOKY MeHReTCR CJiy'la.AH!lM o6pa30M. IlpH 3TOM HeT Kop-

peJIJiUHH MeltlJ.Y BeJill!'l:l'!HaMH o~ PI 08 

MarH:l'ITHOe KOJIDUO CHJI:hHOllJC>KYCHPYRJl!lei.1 CHCTeMbl 06bl'!HO COCTOliT 

H3 M-rrepHO.D:OB rp~eHTa MarH.HTHoro IIOJI.ll . e ' T. e. L=Me. 

F - H KaJimi,itt rrepHo.n; co.n;epl!rnT, KaK rrpaBHno, .n;Ba onoKa 

D - 6noK:l'I B cHcTeMe FODO H F] - H 

CHCTeMe FOF]O.D ). 

BBe.n;eM o6o3Ha'!eHIDI .D:7IJi B03MYJ11emi:a F~,m 

Ma.I'HHTHoro KOJIDUa (3.n;ecD L - HoMep rrepHo.n;a, 

6noKa), a TaKMe o6o3Ha•'leHIDI .D:lIJi HHTerpanoB: 
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DF - 6JIOK:l'I B 

B K8.Jlt,ll;OM 6 JIO Ke 

m - HOMep 



J:.~ = 5 J3Vz(i) u~~)tfi(t)dt, F,D 

J:,D = (JF~Dt + (J:,Dy (28) 

~H~KCli F,JJ YJ<B.3liBaIOT, 'ITO 11IHTerp11IpoBrume Be,n;eTcH, cooT-

BeTcTBe!ffio, Ha ,n;rurne F - 6110KB. ( FD - 6110Ka) HID! .D -6no-

Ka ( D F - 6110Ka) B nepBOM nepHo,n;e rpa,n;11IeHTa noM. 

Tor,n;a, 11Icno11'b3Y.R nepHO.l(>'l'IHOCT'b ®1HK1.r1rn J3 ( s +me.)~ J3(S) 

11! CBO~CTBO cpyHKUllllll t ( s +me) = f ( s) r m I ' r.ne 

~ = 2 'Jr a IM - Ha6er cpa3li Ha )lJillIHe e ' llIHTerpallH I
5 

1II 

Jc MOmIO npe,n;CTaBllIT'b B Bll!,D;e: 

ls=£ {Fm,i [JF5 cos(m-t)f r :g sin(m-1)f] + 
m:1 

+ Fm, 2 [Ji cos(m 1)r + .1; si.n(m-l)f-4.J}, (29) 

11 re : r { r;n,t [J: cos(rn 1)r - 1: si.n(rn -1)f-J + 
rn • I 

1· F,,.12 [J; cos(m 1)f - J£ si.n (m-f)~J }. (30) 

·ionwmuu F
111

, i. HBJIIDOTCH cTaTHCTH'leCKlll He3aBll!Cll!MliM11!. MaTe-

Ml\Tlll•ICCKOe OlU1.D;aH11Ie OT me napHHX npo11!3Be,IteHll!ft paBHO Hj'JIIO, ecJ111! 

COMllOJIUIT07Il'I pa3H!ile. 

Jlo3TOMY .ItM cpe,ItHero 3HalJeHll!H KBa.npaTa HHTerpana < I 2 > 
nony<rnM: 

<I2>= 2M(<F.z >:Jz-r<F.z >Jz] m,1 F m,2 .D , (31) 

14. 

I~ 

r.zte BBe,n;eHH o6o3HalJeHll!H 

M z -'\ z/ <Fm L > - L Fm i M. 
I m:1 I 

(32) 

BeJlllllJll!HH < F,;, ~ > ecn cpe,ItHeKBa,ItPaTH'IHlie 3Ha'leHll!H B03MY-

meH11Ia .D;JUI 0,ItHOTIDIHHX 6JlOKOB 3JieKTPOMarH11ITa. 

IIo.ztcTaBJIHH B (26), BMecTo I J<ii>' , nOJIY'i11IM cpe,ItHeKBa.ztpa­

TH'IHOe YBe11HlJeH11Ie MaKCll!MaJI'bHoro 3HalJeHID! orJ116aromeli nytraa nplll 

B03MJmeHHOM ,ItB11IXeH11I11I: 

<L'l ,g > =j 112 J<I2>/2 )sln9TGj (33) 

ll!Jil'I 

<
6

.A>= VM max [!!..<oz>+<( Bm,1_)>]. 2 + 
r.:.J3112 { 2 s 2 

PJ2 /str19TG.I .P 2 ~m,1 Bo ) :JF 

;- [~<8u2 >+< ( 6Brn 12 _)2>] 2 JV2 
,p2 iJnl 12 Bo J JD • (34) 

t' 2 ( o Bm, ~ )z 
BeJillllJll!HH < u~ m, i> 11! < 80 > HMeIOT 

IlpaKTllllJeCKHft npe.zteJI Ma710CT11I. B HaCTOHmee BpeMH ClJll!TaeTCH, 'ITO 

3Tll!M11I npe.zteJIB.M11I HBJIJ'!IOTCH 3HalJeHll!H 

< 0 2. > ::::; 10 - to 2. u . JU, dm,1.. 

< ( 8~:,i. y > ~ 10-8. 

(35) 

<meHll!M, .ItM npll!Mepa, BeJ111I'IBHY < ti. .A > .ItM MaJllllIH c rrapa.MeTpa­

Mlll, 6Jll'I3KliMlll K napaMeTpaM EpeBaHCKOro CllIHXpoTpOHa 

fl= II4,?6, .P= 25,25 M, ft.~Z3,5M I/2, 
3/2 ma• :;F., :;]) =B,B2M : a = 5,2s, M = 24) 

< t..R >6:1 = 3515 J< Sr/>° M, 

J sa•~ <Ll.fl>.sa=- 7,8 <a;-> M 

I5 

(36) 



'!TO mm rrpe.n:e llbHUX 3HatJeIIl'li1 .n:aeT 

[<ti.A >5B]npe9=7,8·10~4; [<ti.A >o;)npe9=3,5·10-~. (37) 

! ,llf! EpeBancKoro mrnxpoTpoHa (APYC) .n:orrycTi.m1rur BemPrnHa 

[J i582 ' J < B;- > 9on rrpHHJITa paBHOH 

[J< 08 >
1

] =f30·10-3 
Bo gon > , (38) 

'!TO nae T y nc n:1'1eH1ie MaKcm.mJibHoro 3Ha"!eHJllR orJ116aiomeil: rry'!Ka Ha 

nc rrn'111HY 

[ < l:>..A >sa ]APYC ~ IO MM. (39) 

ITpJ11 Bb16ope rrorrep e"!HblX pa3rAepoB Karnepbl ::iToT 3qxfleKT He 6w1 

Y"!TE:H J11 ecTeCTBeHHO rrp e.n:rrono;.·rnTb, '!TO 3TO .f!Bllf!eTc.f! o.n;Hoii Jll3 

IIpJll"!HH Toro, 'ITO B HatJaJie UJllKJia ycKopeHHR IIY"!OK 3aIIBMaeT IIO"!TJll 

BCIV o6JiaCTb BaKY'Jt.lHOH Kru.1e phi. 

AHaJIOl'M"!HM CJllTYauM' IIO-BJll,llID.10MY' JllMeeT MeCTO Jll Ha .n:pyrMX 

rro.n:o6HblX ycTaHOBKaX. 0TJIM'l:He MOJKeT 6b1Tb TOJ!bKO B "!HCJieHHOM 3Ha­

'1eIIl'IJll < 6.A >sa . . 

3 aMe TJllM, '!TO Be JIJ11'1J11Ha < l:J. .A > rrpJ11 ycKo peHHJll a.n:na6aTJ11tJecKM 

3aTyxaeT rro.n:o6HO CB060,1Ulf1M I<Olle6aHMM. 

YBCJnt'1eH11e ::lMJ1TTaHca ~ l13-3a B03MYIJ1eID!tl: Hrurara-

eT, HarrpMMep, Ha 6ycTepHble cMcTeMbl, rrpe,Itf!a3HatJeHHble .II;Jl.f! yMem,­

memm :}MMTTuHca IIY'IKa a.itJ11a6aTJ11'1ecKMM CJtta.TPJeM, 6onee lftecTKHe yc-

11on1m Ha Jll3l'OTOBJieHJ.1e MarHJllTa' c TeM' 'IT06H He BHOCJllTb .n:orroJI-

IU1TeJ!bHOro yBeJIJll'IeIDIB 3MJ.1TTaHca • 

I6 

~ 

5. B03MYlllEHME vfo-3A ll p I Po 

,lWyrJllM rrpm.1epoM B03MYIJ1eHHOro .D:BMJKeID!Jl .f!BJ!.f!eTC.f! pa.itJllaJibHOe 

.n;BHJKeHJlle ('( S, K) "!aCTJllU rry'IKa, HMrryJibC p KOTOpblX OTJIM"!aeT-

CR OT HOMMHaJII>Horo Po (paBHOBecHoro) Ha Bel!Jll"!JllHY eip: 

P =Po +-6.p. 
B 3TOM crry"!ae BowymeHJ11e F (s) MMeeT BM.n:: 

1 4P 
F(s) = p(s) p;;- · (40 ) 

PaccMOTPHM .n;llf! orrpe.n:e JJeHHOCTH Cl!J'1aM, Korna 6p/p
0 
= const. 

Tor.n:a B03MYIJ1eHJ.1.f! BO BCeX 6JIOKax MarHJllTa 0,ltf!J.1 Jll Te JKe -
1 t>p 

Fm,l=:p Po J.1 II03TOMY B l1HTerpaJiax (29) J.1 (30) MOI"JT 6b1Tb 

BblHeceHbl Jll3-rro.n: 3HaKOB CJMr.1, T.e. ,n;ll.f! rs 11 IC IIOJIY"!HM: 

s 1 D.P s s 
{ 

M-1 

·I = ]J p;; (;;F +Jn)~ cosrn~ + 

M-1 

+ (':J; + J;) ~ Stnm~}, (4I) 

M-1 

I c = J_ b. P { ( :; : + '1; ) L_ cos rn ~ -
.P Po m'O 

-(jF
5

+ 'j~)~stnrn/i}. 
( 42) 

IIo.n:cTaBJI.fI.f! 3HatJeHMR cyMM [5] 
M-1 
~ (M-f)~ M~ M fa cos(o.tmr)= cos( a+ - 2--j-sLn -2- cosec T> 

(43) 
M-f (M-1)1"' M,... ti 
Lsin(a+m14)=-sin(a + - 2 - )·sLn 2·cosec T ' 
ni=O 
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ITOJIJnIBM Bllpruite:ime HHTerpana I : 

l = J ( r )2 + (rs )2 • = 

- __!_ 
- .P 

LIP 
Po 

I sin81G.. I J /sin(f-1/2)l(J;+:J~)2+(1: + :gy_' 
ITo.ncTaBJiruI (44) B (26), ITOJIY'IBM 

Vz 

( .fl ) _ flma• _ J c + c)2 ( s + :Js)2' . ~. 4 r Ap - 2p i&Lll(f'l/2)l(::JF J:D + JF JJ Po 

Allil EpeBaHcKoro CHHxpoTpoHa HMeeM 

( )
APYC LIP 

t.Jlr 6 p ~1,7raM· 

TaKHM o6pasoM, rrpH ( ~: ) gon 5 . I0-3 HMeeM 

( ) 
APYC 

ti.Ar Ap = 8,5 MM. 

(44) 

(45) 

(46) 

(47) 

Vi 3Ta Be JJWIBHa 

o6e CTOpOH!l OT 

.nocTaTO'IlIO 60Jibllla!I H K TOMY lite "pa6oTaeT" 

Ga.u ( s) , TaK KaK B rry•nrn cyniecTBYJOT -qac-

TJ.fiUl C 4 p KaK o.l(Horo, TaK H .npyroro sHaKa (cM.pHc.I). 

IlpH B!l6ope pasMepoB BaKYYMHOH KaMep!l o6H'Ill0 Y'!JHTHBaIOT TOJI:&­

KO CMemeHIDI op6HTH OT pa3JilllJH!lX THlIOB B03MYmeH:ru:r. 

ITpzBe.neHHHe .nBa rrpMMepa yJKe rroKa3HBB.IOT, lJTO ~eKTH YBeJIB­

lJeHIDI 3MHTTa.HCa rrylJKa rrpH B03MyIUeHHOM .l(BHJKeHHH HMe!OT TOT lite rro­

PR.D:OK BeJIH'!JHH H,HecoMHeHHo, .noJ!l!tHH 6HT:& y-qTeHH rrpH rrpoeKTHpo­

Ba.HHH ycKopHTeJIR (HaKOITHTeJIR:). A B .nettcTBYJOIIlHX ycTa.HOBKaX Mo­

ryT CJIYl!rn:Tb rrpH'iHHOH Hecornac:ru:r 3KCrrepHMeHTaJI:&HO Ha6JIRJ.nemmx 

.fIBJJeHHli c rrpe.ncKa3aHIDIMH CYll\eCTByromeli TeOpHH. 

TaK, HarrpHMep, Ha B8IIII-3 6HJIB rrpoBe.neHH aKcrrepHMeHTH no H3-

Mepemm MarHHTHHX xapaKTepHCTHK HaKOITHTeJIB c ITOMOlltb!O rry-qKa [4]. 
B -qacTHOCTH, cos.naBaR crreUHaJI:&HHe B03MYmeHIDI, rry'iOK c,nBzranCR 

I8_ 

K CTeHKaM KaMep!I B Ty VJ .npyryn CTOPOHY c ueJlbro orrpe.neneHJm pa-

60-qef.i o6nacTM BaKYYMHOH KaMepll. fio 3TMM H3MepeHIDir.1 pa60'1M 06-

JiaCTb OKasanac:& rrpzMepHo B 2 pasa MeH:&UJe ero reoMeTp11-qecm-.x 

pa3MepOB (28 MM BMeCTO 52 MM). 

ECJIM Terrep;, yqecTb TOT ifiaKT. lJTO rrpH B03My111eHHo;.1 .llBl1l!teH!rn 

r.1aF.cvrMan:r,Hoe 3HalJeHHe orM6arometi yBeJIHtfl'IBaeTcJI rrpm.~epHo Ha TY 

l!te BeJIMtrnHy, lJTO M OTKJIOHeHHe op6HT!l. TO pesyJibTaTll 3THX H3r.ie­

peHHi1 Ha B8IIII-3 CTa.HOMTC.fI OlJeBHltHllr.rn. 

6. JIOKA.Jl1HOE B03MYillEID1:S 

B Teopmi: H rrpaKTHKe UHKill1lJeCKHX YCKOPHTenei1 oco6oe MeCTO 3a­

HHMaIOT crreu1mJibHO BBO.ItHrAlle B03My!l{eHHR .l(Jl.fl BllBO.na 'iaCT'.'lll H3 YCKO­

PHTeJl.fI HJJH JKe HaBe.neHH.fI ITYlJKa Ha BHyTpeHHHe MMlileHM. 

KaK rrpaBHJIO, TaKHe B03My!U8HIDI HOC.fIT JIOKa.JlbllliM xapaKTep M 

BKII!OlJalOTC.fI B 3aBHCID110CTH OT Tpe60BaHHti 3KCrrepm.1eHTa . 

PaccMoTpHM .neticTBHe JIOKaJlbHOro BOsMymeHHJI Ha rrapa:;JeTpu rry•:-

Ka. 

.UorrycTHM, lJTO B03MyIUeHHe JJOKaJIH30BaHO Ha MaJJOM yqacTKe 

[s,, sJ ( Sz - S1 "L'IS << j_) , He 3aBHCHT OT 5 B 3T01'1 MH-

' TepBa.Jie. a OT o6opoTa K o6opoTy H3MeH.fleTC.fI ITO KaKOMY-TO sa1<0-

"- HY_. T.e. 

F (x) = { FK npu s,+(K-t)/.... ~ X<S s2 +(K-1)L 

0 BHe HHTepBana [ s, , sz]. ( 48) 

0lJeBH.l(HO, lJTO B 3TOM CnylJae Heo6XO.ItHMO pa3JIHlJaTo 3Ha'18HH.fI 

)1(5,K) Ha K -OM o6opoTe, COOTB8TCTB8HHO, .no 11 rrocne K -

ro rrpoxolK,ItelllU! -qepes BOsMyniemmn J'l{acToR_ 

BBe,neM ,nIDI 3TOro COOTBeTCTBY!Oll{Ue 0603HalJeHIDI: ';j(S, KJ/s<s, 
R ~(s,K)/S>Sa• 
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}1 3.I(eCl> 3a.rta'Ia CBO.I(HTCR K BlllfliCIIeHIDO ¥IHTerpana J (x) , 

BXO~mero B (IO). 

i1pe.ncTaBJLIUI OIIBT:b J ( x) B BH.rte cyMMll :l'JHTerpanOB (CM. IIP:l'l-

JIOJKeH:l'Je 2), B 3aB:l'ICMMOCT:l'I OT 3Ha'IeH:l'JR s IIOny'IaeM .!(Ba Bllpa­

JKemm: 

I ( Ms) )1'2 r ~(S,1<) s<s
1 
= ft ma• .fl cos Lt(s)+29TG(K-1)- ~J + 

K-2 

+ J3Ye(s)I · L F,,. -n-t sln [ t (s) t 29TQ(nt1)- ~], 
n=o (49) 

) ( 
J3 (s))'lz ~(s,K) s>s

2 
= J3max .Acos[f(s)+211TG(1<:-1)- ~]+ 

K-f 

+p'12(s)LL Fr<-nsin[iji(s) t25TG·n-~]. 
n=o (50) 

BllpruKeHIDI (49), (50) orrpe.nerunoT rrorrepe~e o TKJIOHemur Tpa-

eI<TOPHH 'IaCT:l'IUl>I Ha a3HMyTe 5 Ha K -OM o6opoTe rrocne 

BKJilO'IeH:l'JR B03MYuteHMR (48), COOTBeTCTBeHHO, rrocne (K-I) rrpoxollt-

.rteH:l'Jii "tJepe3 B03MymeHll!lil Y'JaCTOK [ 5 1 1 52 ] :I'! rrocne K - rrpoxollt-

.rteH:l'lii. 

PaCCMOTp:l'IM .!(Ba 'IaCTHllX CllY'tJB.lI, IIPH KOTOpllX CJ'MMll, BXO.ltffillMe 

B (49) M (50), MOlltHO yrrpoCTli!Tl>. 

6a. IIOCTOHHHOE JIOKA..IThHOE B03MYIUEIME 

B CJIY'lae, Kor.na F 1<. :: F = const , liICIIOlll>3YR !f?C>PMYJI!l 

(43), lllilpruiteHHR (49),(50) MOJKHO 3aimCaTl> B BH.rte: 

( 
J3(s) )%! [ J ~(s,1<)ls<S1 = J3max .fl cos f(s)+ 2!ffG.(1<-1)- ':J + 

1;2 [ J sin(K·f)9fQ 
+J3 (s)TFsLn 'f>(s)+2grQ-s·+(1<-2)5TG. -·-~" ' (51) 

20 
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) ( 
ft(s))~ ~ (S, K) S>Sz:: J3max fl. COS [ '/'( 5) + cSTG. ( K-t)- '.j'] + 

+ j3Vz( s) I- F sin [ <fi (s) + 29TG. -~ + ( K-t)5TQ.] 
sin td1G. 
sln STG · 

(52) 

Be BTOpllX 'lJieHax (5I). (52) ecT:b qacTl>, KOTOpaR He 3amw11T 

OT K. ECJilll Bbl.rte lll1'1':b 3T:l'J 'IJieHbl. a OCTalll>Hble 06'be,DJIHUTl> c rrep-

Bblll'l 'IJieHOM B (5I) Vi (52). TO rrony'!Mr.1: 

) ( 
j3 (S)_)!-? [ 

~(S,1<.) 5 <s 1 = foma.J Bcos +Cs)+29TG.(K·1J-5]+ 

12 IF + 1:_ (s) _ cos [ <j;(s) diG.- ~], 

( 
J3(s)JYz 

~(s,1<)/s>se= J3max/ Bcos[f(s)+2srG.(K-1)-~]+ 

+ 
J3 'l2(s)l F 

2sin9TG 
cos[fCs)-9/G.-~J 

r.ne BBe.rteH!i o6o3Ha'IeH:l'IR: 82:: 52 + 82. 
1 2. ' 

Bi =.Asln '.f + .f3~:.T F sin (~G.- .3)/2sinJTG) 

(53) 

(54) 

82 ".11 cos 'j - j3~;. IF cos (flG. -5 )/ 2si.n JiG.) ( 55) 

S =au t!J (B,/82 ). 

IIepB!le 'IJieH!l B ( 53) H ( 54) OII:l'!CllBIDJT HOpMaJThHHe 6eTaTpomme 

KOJie6rur..m c aMIIID'!Ty.rcotl B 

TOpBJI B :l'IHTepBa.Jie 0 ~ s ~ s 1 

BOKpyr CT8U:l'IOHapHOtl KplrnOH. KO­

OII:l'IC!lBaeTCR BTOpl:lM 'IJieHOM ( 53), 

a B HHTepBa.Jie Sz < s ~ L - BTOpllM tJJieHm.1 (54). 

TioKal!teM, 'ITO aTa CT8U:l'JOHapHaR KPHBaR eCTl> 38MKHYTaR op6:1'1Ta 

rrpH noKalll>HOM B03MYmeH:l'IH. 

IlpH CT8U:l'JOHapHOM B03MymeH:l'l:l'I F (s) HMeeM (cM. (I4)) 
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J3 Ye (S) ss•,_ 
1j3<Ul(s)= csi.n!!Tll F(t)/k(t) cos[yi(s)+9TG-'f (t)] dt> 

s 
ROTOpoe i:lOJKHO aarrncaTb B BH.n:e: 

5 

1J•an. (s) = J3Ve(s) J F (t) J3 'k(t) si.n [ t( s) - f (t)) dt + 
0 

+ J3Y2(s) f F(t)j3Ve(t) cos['f(s)+ JTQ-o/'(t)] dt. (56) 
0 

B c~ae JIOKa7Il>Horo rrocTomraoro B03MYIUemm rrpli s < s 
1 

( 56) 

rrpHmwaeT Blin; (rrepmnt liHTerpan paBeH HYJDO): 

.ft Ye(s) F s, 

UJCUl(s)/s<s = c?slnSTG 5J3Vz(t)cos[f(s)+9iG..-ijJ(t)]dt= 
d f St 

.13!/e (s) FI 
= c?srn sra cos [ if(s) + 5TG. - S-J (57) 

'!TO COBrra.n:aeT co BTOp!iM '!JI8HOM (53). 

II pH s > s 2 ( 56') rrpHirnMaeT BH.n:: 

52 

~3QJU(s) ls>s2 == Fj3!/2(s) J j3 112(t)si.n[o/'(s)- if'(t)]di + 
s, 

+ 
13 ;::~>;: cos [ + (s) + rra -~] , 

KOTOp!ili rrpOCTllMli rrpeo6pa30BaHIDIMli CBO.n;liTCH R 

fo 112
(s)I F . 

H3aJl.l(s)/s>s2= 2sin!lr0.. cos[f(s)-5TQ-'5] 
(58) 

•BIIa.n;aJOll{eMy co BTOp!m '!JI8HOM (54). 

TaKliM o6pa30M, li rrpli ITOCTOmrn:OM JIORa.Jil>HOM B03MYJll8Hlm: CYIUeCT­

ByeT CTB.UliOHapHWI 38MKHyTWI op61iTa, BOKpyr ROTOpoli tJ:aCTIDUl co­

BepmaioT HOpMallbHHe 6eTaTpOHHHe ROJie6aHRII c aMIT~liTy.n:ott, 3aBHCH­

mett OT BeJili'!HHH B03MYJlleHIDI li .n;JiliHR B03MYJlleHHoro ytJ:aCTR8.. 
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66. : IB.JJ1EHHO :.lliffiEllftIBC,l JlOKAJibHOE BO:)'.\:YWEIB'iE 

l:ionee ll!HTepecmn:; cnytJ:aeM JIORaJibHoro B031r.yu1eHHJI c TOtJK:r ape­

HIDI ero rrpaRTl1'4'.8CKOro V!CIIOJ!b30BaHJrn JIBJIJI8TC?.: c JIY'!a.ti. i:orn;a B~ 3· 

1.1J'U:8Hl18 M8.D:ll8HHO M3r.~8HJI8TCJI CO Bper.~eHe::~ • 

PaccMOTpm.~ ,n;JIJ! rrpm.~epa Bosr.'.~'l~l8HMe, r.<eHJIDI11eecJI OT odopoTa K 

odopoTy no mrne!1:Hor,iy aaKOHY, T . e. 

F,«= L'iF·K. ( o~·) 

Torn;a CY<.mbl, BXO,ll;Hl!lMe B (49) , (5LJ), ncrroJib3~.'R (jlop:.' ~/~ll:! [ :) ] 

K-1 

~ n cos (an)= K sin(2K-1)~ _ 

K-f ?;; nsLn(ctn) = sin_1<a 

MOJKHO rrpen;cTaBMTb B BH.n;e: 

K-2 

1 - cos /(Q 

4sin 2(%) 

K cos[(2K-t)%J. 
-.> 

2 sin ( %) 

.6.f L (K-n-1) sin [+cs) +(n+1) 2!!TQ. -~] = 
n=o 

= L'l F · K ·cos [f(s) +9TQ- ~]/2sin3TG. t 6Fsin [+ (s) - ~]/ 4sin 29'Tll 

-Lo. F si.n [<f!(s) + 2!HG.K-'5]/4sLn 2 JTG.., 

l<-1 

LlF[..(1<-n) sin['/J(s)+ 2grG.n-'5]= 
n=o 

( 6lJ) 

(6 I) 

= L'l F 'I< cos [ t[s) - rrG.- ~]/2 sin q/Q /- L'lF Stn [ <j;(s) - s]/4sin 2 ml 

-l.l.Fsin [f(s) t 29TGK-'5]/4stn2!HG... 
(;J'; ) 
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IIo.n:cTaBJUUr (6I) B (49) H (62) B (50) H 06'!,e.u;mum TpeT:&H 

"VIeHbl B (61) H (62) c nepBHMH ~JieHaMH (49) H (50), COOTBeTCTBeH-

EIO , UOJIY'IBM : 

~(S,t<.)/s<s, = (J3(5)/flmax)~B cos [f(S)+ 2!frG.(t<-i)- SJ+ 

+ jl~(s)I 11F· K cos [<Ji (s) + sra-~]/csin9TG. + 

+j3Y2(s)I11F sln [i/J(s)-5]/4sin 29'fG., 

~(s11<) ls>s2 =(ft (s)/ftma.)~ B cos [f(s) + 2rrQ ( 1<-i)- sJ + 

+ ft14!(s) I11F · /<. cos [<Ji ( s) - 9TQ - ~ ]/2 sin @G + 

+ J3V2 (s)T 1:1Fsin [r(s)- ~]/'tsin 25TG., 

r.n:e BBe.n:eHH o6o3Ha~eimH: 

8 2 
= B~ + B~, 
V2 8

1 
=.A sin'!- flmax I ·AF cos (25TQ -;)j4sin2 9TG.., 

B2=.A cos';f- .,a!xI ·AF sin (2!1G. -"5)/4sin
2

9TClJ 

S = a"t.ct9(B,/B2 ). 

(63) 

(64) 

(65) 

BTopue ~JieHH B (63) H (64) OIIHCliBaJOT 38MKJIYTyI0 op6HTY Ha 

K - OM o6opoTe ( "MI'HOBeHHM" 3a.MRHYTaJl op6HT8 ~3~ ( s, K) ) • 

TpeT~ ~rreH B (63) H (64) CT8UHOH8pHasI, HO He 3aMKHYT8.fl, 

KpHBasI. 

24 

~' 

Trurn:M o6pa30M, npH noKaJI:&HOM B03MYllleHHH, H3MeIDnOmeMcR OT 

o6opoTa K o6opoTy no JIHHeKHOMY 38KOHY, ~acTm.i;a c ·Haqan:&HHMH yc-

noBHRMH ( ff J ~ ) COBepmaeT HOpM8JI:&Hlie 6eTaTpOHHHe KOJie6rum:R 

BOKpyr MI'HOBeHHott KPHBOK 

v .ft~(s)I·ci.F 
l(S,K) = IJJaJU(s,i::)+ 4sinzsra sin[.y (s)- ~] 

c 8MII.JIHTy.n:ott, 3aBHCRIIlett OT CKOpOCTH H3MeHeHHR B03MYllleHHR 
dF 

.t. F = Cfi< · 

(66) 

IlpH K »1/2 /slnSiG../ BTOPHM qneHOM B (66) MOJKHO npeHe6pe% 

no OTHOIIJeHWO K nepBOMY. 

B aTOM rrpH6nIDKeHHH ~3aJU(S,K) orrpe.n:eJIReT rronoxeHHe ueH-

Tpa ~ Ha K -OM o6opoTe ITOCJie BKJIIOqeHHR B03MymeHHR. 

3TOT ~T HCilOJI:&3yeTCR Ha rrpaKTHKe .ItJIR rrpH6JIIDKe:HHR ycKopeH­

HOro ~ K BHYTPeIDmM MIDl.leIDIM, pacnonoxeHHblM o6u~o B6JIH3H 

KpaeB B8KYYMHOK KaMepH. 

0.nHaKo, .ItJIR o6ecneqeim.fI, cKB.llteM, paBHOMepHoro BHBo.n:a BTOpHq­

HHX ~aCTH!l;, He06XO,nHMO OCYIIleCTBJIRT:& HeCKOJl:&KO HHOtt xo.n: H3MeHe­

tmJI nOKaJI:&Horo B03MYllleHHR OT o6opoTa K o6opoTy. 

B CBII3H c STHM HIDKe paccMaTpHBaIOTCR HeCKOJI:&Ko crreuHaJI:&HHX 

~OPM R3MeHeHHR JIOKaJI:&HOro B03MYllleHHR OT o6opoTa K o6opoTy. 

6B • .JMHEt'ilibli1 XO)l C IIEPEXO)lOM HA IIJIATO 

)lorryCTHM Terrep:&, ~o B03MYl!leHHe (48) H3MeWieTCR OT o6opoTa 

K o6opoTy no 38KOHY: 

f _ { t, F · K , npu K "° K 1 i 
K - f1< 1=const>npu 1<>1<1 

(67) 

r.n:e K1 - 3apaHee BH6paHHoe ~cno. 
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Tor.n:i c yl.'!Wl, BXO!l,HIUI1e B (49), ( 50 ), MOJ;<HO 3arrncaTb B BH.ne: 

K- 2 

L F1< -n- 1 sln[f(s) +29TQ(n+1)-~] = 
n=o 

K,-{ 

= L Cl F ( m + 1) sin [if ( s) + ( I< - m - 1) 2 gr G. - ~ J + 
m=O 

1(-1(,-2 

+f;; L sin[~(s)+(1<-K 1 -n-1)2YTG.-~], 1 n=o 

K-1 

L FK-n sin ['f(S) + 29TG.n -5] = 
n=o 

1(, - 1 

=6.F L (m+1) sin [tp(s)+ (K-m-t)ZJTQ- 5] + 
m : D 

• -1<,-1 

+ F1<
1 
L sln [+Cs)+ (K-Kr -n-1) 2!TG. - ~]. 
n=O 

(68 ) 

(69 ) 

\i!crrO ITh3YR .nmr rrpec6pa3oBmrnR cyM~.1 (68) H (69 ) \f!opMylill (60 ) 

,, (43 ) 11 no.ncTaBJUIR nony 'IeHHHe 3Ha'IeHM B (49 ) 11 ( 50) ,ITOJIY'IHM: 

~ (5, 1<) /s<s/ (J3( 5)/flmax)Vz B cos [f(s) + (1<-1) 2grQ - ~] + 

+ j3Y2(s) I F"'
1 
cos [t(s) + 9TG - ~ ]/c sin9TO.., 

~ (S, K) ls>Sz = (p(s)/flmaJ1k Bcos [ f (S) + ( K-f) csrG - 5J.,. 

+ J3\s)l Fl<, cos ['f (s) -srG - 5]/2sln9TO..; 

r.ne BBe.neHhl o6o3Ha'IeH>'IJI: 

(70) 

(7I) 

B
2 

= B~ + B~ , S = ct"tc t9 (81/82), 
r (72) 

81 =JI sLn j - J3 :!xit. F sLn(ffG.K,) sLn L(K 1-2)nQ -5"] /2sln2s1f~., 
82 =Jj cos!/'- J3 !x I c. F sin (9TG.1<1) cos [(1;;1-2)51G.- s]/c?sine!TG. 
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113 (70) H (71) CJie,rzye T , 'ITO Ha "mraTo " B0 3MYJl18 ID!R (B T8'1Je ­

Hlle (K--K 1) o6opoToB) rrorrepe '!Hoe .nBw~eH11e qac T'1::U rrpe.ncTaBmreT 

co6oi1 HOpMaJThHble OeTaTpOHHble KOJieOaHMJI BOKpyr 38.MKHYTOH opOHTH 

~3CUQ ( s , KJ • O!IllC!l'.BaeMotf BTOpmrn qneHaMH (70) H (7I) . 

IT pH a ToM y Be nMtreirne Oi'}16aiometf rry qKa oKa3hlBaeTcJI rrporrop~MoHaJib 
Hbl~.1 (CM . (72) ) sin (JTG.K,) . 3To !I03BOJIJI8T Bbl6opo!: B871H'lHHbl 

K1 YM8HbWHTb BIIIDIHMe JIOKaJThHOro B03MYll18HHJI Ha pa3Mep1:1 ITY'lKa. 

6r . "CTYIIEWIA Tbli!" ~-lA!{QH I10MEHEHl1 -

JLmr lIOJiy'IeHHJI .nJIHT811bHOro (pacTJIHYTOro BO BpeMeHM) Bb!BO.na 

BTOPM'lH!l'.X traC Tim c BHYTP8HHetf MHWem1 HeOOXO.ItHMO 6HBae T trepe3 

O!Ipe,neJJeHHOe 'l>'ICJIO OOOpOTOB lIO.nHJITb ypoBeHb " rrnaTO " . 1\pyrHMH 

cnoBar.m , rrp a KTM'iecKM BaJKHflM c nyqaeM JIBJUieTcJI "cTyrreH'laT!:!li " Brr.n: 

H3M8H8H>'IJI B03MJII{8 HHJI co Bp eMeHeM. 

PacCMOTPHM B CB.II3H c STHM C Jie.l{yilll{H~ xo.n; H3M8H8 H>'IJI B03Mymemm 

JT o 6opoTa K o6opoTy 

(LI F)1 ·1C , npu /<:.~Kr 

Fl< :::: F,,. • = const , npu K, < K .;. K ~ 
I I 

FK, +(.6. F)2 (K- K~),npu K ; <I<-' K2 

Fl(= 
FK3 = FK~ = const 7 npu K3 < I<.< K~ 

('73) 

-------------
Fl<p-/ (.6.F)p _1 ( K - K~. , ),npu K~. 1 < K" Kp 

fl<p= F"'= const npu I<.> Kp . 
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t- --- --- - - - ---- -~ - ---- -- ... 

JierKO llOKa3aTb' '-!TO Ha p - OM "rrJiaTO" B03MymeHJ1f! (rrocrre p 
waroB) rrorrepe'-!Hoe .IJ:BV1JKeH11e '-!aCTVIU orr11c1:rnaeTC.fI Bblpa.JKeHVIRMlll: 

r.ne 

I 
Ye ~(s,K) S<Si =(J3(S)/ftmax) Bcos['f!(s)t-(K-1)2;rr~- 5J + 

+ J31/2 (s) I FKp cos [t(s) +3TG.-5]/2sin gr(l, 

~ (s, K) Is>~= (p(s)/flmaJ'-12 B cos [ f (s) t-(K-1) csrQ- ~) + 

+J311.?(s)IFKpcos[tf'(s)-~G-s]/2stn5TG, 

5 2 : B~ + B~ , S = azct~ (B1/B2), 

(74) 

(75) 

p 

Bf= .AsLn '.f-.,B~~xl {;; (A Fh sLn[9TG(ll1<)L]sin [srG (.M)i. .. 2:rrG-'5J/cstn~G., 
P (7G) 

B =.RcoslP_i:iV2 IL(AF)· sin[9TQ(.ciK)Jcos[9TG(.ciK)i. +wa-'SJ/2s;.n9iQ 
2 J J'max L•1 L 

0'-!eBVl.nHO, '-! 'rO (74)' (75) .fIBJI.fiiOTC.fI 0606meHV1eM (70) :I'! (7I). 
I • 

~·necb ( LlK) i. = Ki. - K •-1 - BpeMR "rro.I('beMa" /.. - oil: 

cTyrreHbKVI. 

M3 (76) cne,nyeT, '-!TO VI B 3TOM cny'-!ae MOJKHO .I(OCTVlrHYTb Toro, 

'-IT06 BOKpyr HOBOH 3aMKHYTOH op6V!Tbl '-!aCTVIUH KOJie6aJIV!Cl> c aMll/1'1 

Ty.noii fl . .UJIR aToro .nocTaTO'-!HO JIVlllTh o6ecrre'-!V!Tl> ycnoBM 

Q (Llt<) i. = uenoe '-IVICJIO. (77) 

EcJm: YCJIOBVl.f! (77) He 6y,nyT o6ecrre'-!eHH, TO BCer.na 6y,neT 

11~.1eTI> MecTo YBeJm:'-!effi'Ie pa3MepoB rry'-!Ka, o6R3ruraoe B03MJITleHHIO . 

TaK, H~pV!Mep, rrpR yCJIOBMX (6F)i. =LlF=const, (lll<)i,=.61<=-consi 

1'13 ( 76) V1MeeM: 

B
1 
=~s(n ':f-J3~ax It.F· p sin (9IGAK) sLn ( LlK flfQ +-29TQ - ~)/2stn 25fG., 

82: .ficos~ -J~axfoF ·p sin (9TG.AK) cos ( t.1<ITT°Q + 23TG.- ~ )/2sLn29TG. j 
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OTl{y,na crre,nyeT' '-!TO '!aCTVIUH' Ha'!aJibHble qJa3bl J{QTOpblX y.noBJICTBO-

pmn YCJIOBIDO cos[':!' - b.l<·STG .. -2!1TG. ~ ~]= -1 , 

dy;ryT KOJieOaTbC.fI BOKpyr HOBOH 3aMKHYTOH opOV!Tbl (Ha 

UllfiTO) c aM!lJIVITy.noi-t 

B =.A+ J3!, I Llf p I sln (grG.AK) l/ 2 sln 2 .9TEL 

p - Of.' 

(78) 

.1aKCID'1aJil>HOe 3Ha'-!eHV!e YBe ITV!'!eHM orvi6aiou1ellr !lY'fKa oy n:e T 

( rrpVI / sLn (9TQ Li.K) J = I) 

(Llfl )mw; = j3:~x T Ll F p / 2sin
2
fl(1 , (79 ) 

•rro MOJKeT Ob!Tb .nocTaTO'-IHO OOJThlllOH Be JIVl 'IVIHOH Vl3-3a Halrn'!VIH B ( 79 ) 

Ml!OJIU1TeJI.fI p 
3TOT rrpmnep llOKa3HBaeT HaCKOJibKO BruKHO BblllOJIHeHVIe ycJIOBlllM 

('17) B 3KCrrep:m1eHTax Ha BHyTpeHHei1 MHllleHn , B '!aCTHOCTZ, ll;IUI 

011y'!M, Kor.na yrJioBo:ll pa36poc rranaiom11x Ha r.m111eHb '!acT1m nMeeT 

onpe.neJlHIOmee 3Ha'!eHvie (Harrp11Mep , B aKcrrepm.~eHTax Ha Kp11cTarrrre). 

7. B03MYU(EID1E T'rlIIA IYAM-EAMII ( 6eam - oump) 

PaccMoTpeHHoe Bhlwe JIOKanoHoe B03MymeHvie coa,naeT 38.MKHYTYJO 

opOVITY' MaKCV!MaJibHOe OTKJIOHeHV!e KOTOpoil: OT perrepHOM Kpl:BOH 

( llJIOCKOCTVI opOVITH) .I(OCTV!raeTCH' KaK rrpaBVIJIO' BO MHOT.'>'IX 'i'O'!KaX 

MarHVITHOro KOJibl{a. 3TO llpVIBO.I(VIT R P.fIJIY rrpaKTV!'!eCK>IX Hey.n:oCJcTB: 

H 3-3a Toro' 'iTO rry'!OK llpll 3TOM .!J:B>'llK8TCfl n 60 ln''.1e1,: OO'be;,·e . 

ll03r.10JKHbl HeJKeJiaTeJibHlle rroTe!J>l rryqI<a , 1131 ·e1-1emie ero rm_i:Ja--e-:'pOB 

Vl3-3a He JIV1Hei1:1-11:1 x S<@eI<TOB VI T. n. 

lloaTOMY llpVI VICllOJI1>30BaHVll1 B03MY1JleHl1H I(JI.fI BblBo.na irnn HaBe.ne­

lllUI IT~ Ha BHyTpeHHV!e MVlilleHVI JKeJiaTeJibHO, 'IT001:1 3aMKHYTM op­

jviTa CY1JleCTBeHHO OT.I(aJI.fIJiaCb OT perrepHOM KpVIBOH (rrJIOCKOCTVI op611-

m) JIBllTh Ha HeOOJll>illC'M 0Tpe3Ke KOJibUa, OCTaBa.fICb 0JIVl3KOH K Heit 
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Ha 6om,rneH ee '1aCTH. 

3TO I{OCTHraeTCR [ 6 - 8] 
y'laCTKOB JIOKaJThHOro B03MYllleHHR. 

npttMeHeHtteM ,103yx (tt 6onee) 

Pacc;,10Tp T ; UlIP.: rrptt ,,1e p a cJiy'laiL Kor.na B03:.1y n eHHe noKam130BaHo 

Ha IJ;BYX y"1aCT:G'lX [s1 , 52 ] H [ S,' , 5~ ] , He 3aBHCHT Ha 3THX 

~aCTKaX OT s ' a OT odopoTa K o6opoTy MeH.HeTCR ITO KaKOMY-

TO 3aKOHY, T.e. 

{ 

F(<) 
"',npu (K-f)L+s,<>x<.S 2 t-(K·1)L 

F(x)= F/ 2:npu (K-1)L+S/(,X(,5~+(1<-1)L 
0 BHe JKa3aHHUX HHTepBaJIOB. 

(80) 

0'1eBH,lllIO' 'ITO B 3TOM CJiy'lae He06XO,ll;l!MO pa3JIH'1aT:b 3Ha'!eHHR 

~(s,K)lo~s~s,' ~(s, 1<) ls2 ~s~s; u ;} (s, K) / s~ 4 s<.t. 

OTKJIOHe1rnit Ha a3HMY'1'e s ' Ha K -OM o6opoTe' COOTBeTCTBelllIO' 

no H rrocne K- ro npoxoJK.neHH~ cooTBeTCTByIOmero y'laCTKa. 

Ilo aHanorHH c pa3nenoM 6 no~: 

y(s,K)/o~s~s, =(J3(s)/flmaJ'/e .A cos [f(s) +29TG(1<-1)- '!]+ 
f:.·2 

+ft~ (s)l 1 ~Fl(~·~., sLn [t (s)+ (n+1) (!grG - ~] + 

K·Z 

tj3~(s)I 2 f-
0 
~!~~,sin [f(s)+ (n+t) C?grG. - l;2J, 

(81) 

~ ( s, K) /s
2 
~s's/ = (J3(S)/.f3,,,axl JJ cos [ f(s) t 29ill(t<-1)- ~] t-

1<-1 

+ fty2(s)l 1 ~ F:~~ sLn ['f'(s) + ,?gr(fo - ~] t-
(82) 

K-2 (Z) 

+fa~ (s)l 2 ~0 ~-n-f sLri [ f ( s) +( n +t) 2srQ - 'S2]) 
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~ (S,K) /s,?4SH = (J3(5)/J3max/2 Jlcos [t(s)+2STG.(1<-1)- ~],. 
l(·f 

+y"2(s)I 1 L F:~~sLn [tCs)+csren-:s;J+ 
n=o 
l(·f 

+j31k(s)L L F,,~2~ sLn [t(s)+ 23Tiln- ~l 
"'o 

(83) 

11HneKcli i, = (I, 2) y HHTerpaJioB IL H qie_3 j;, 03Ha-

'1aIOT' 'ITO HHTerpttpOBam!e (CM. IT. 2. 5. ) BeneTCR' COOTB8TCTBeHHO' 

no y'laCTKaM [ s1 , 52 ] li [ s; , S~ J. 
IlpaKTH'18CKH HHTepeCHliM c~aeM RBJIReTCR CJIY'laM' KOr.na 3aKOH 

H3MeHeHwr F" OT o6opoTa K o6opoTy o,imH M TOT JKe ,nM o6ottx 

y'!aCTKOB, HO OTHorneHMe 6 = FK'2>/ F;9 
Heo6R3aTeJibHO 

paBHO e,I{MHIBJ;e M MOJK8T 6UT:b KaK ITOJIOJKMT8JI:bHliM, TaK :11 OTp:11uaTeJI:b­

HliM. 

Y'1HT!lBM, l!TO Bo Bcex paccMoTpeHHlix B pa3.I(ene 6 3aKOHax :113Me-

H8HHR FK OTJIM'!WI ~ ( S, K) B liHTepBaJiaX M8lK.I(y B03MY-

meHHliMM ~aCTKaMH 3aKJI!Ol!a~TCR B pa3JIH'1HOfi qJopMe 3aIT:l1CM 

~3~ (s, K) ' BlipruKe!OOI (BI)' (82)' (83) MOlKHO 3aITHCaT:b B BHJJ:e: 

~ ( S, K) lo,.s,.s
1 
= (.J3(S)/J3max)Y.2 B OJ cos [ t(s) + 29TG.. (K-1) - S UJ J + 

1 . 
+J3f2(s) FK(I [If cos (tcs) +9TQ - sr SIZ cos( f(S)t5TG- ~l]/2sLn3TB.' (84) 

~ ( S 1 K) /s2 ,s~s; = (.J3(s)/ftmaJ!Z g<J~os[~(s) + 25fG..( K-1) - 5 UJJ + 

+ftVe(s) F/J [I,cos(f (s)-97Q- ~) + SJ2 cos (f(s)+JTQ -~l]/2sin.ITG.> (85) 
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Y (s, K) lsj,sH = (J3(s)/J3max) ~ B wcos [t(s) + 25TG( i<-1)- ~,CjJ J + 

. V2(: \ F. OJ[l II t-j3 S; K ,cos('/J (s)-JTG-!V +8I2 cos('/'(s)-JTG-~J]1 c?singiQ. (86 ) 

3 ,neci:, HH,neKCOM J = I, 2, 3, 4 rrpoHyMepoBaHH paccMoTpeH-

HHe BHll!e 3aKOHH H3MeHeHWJ: Fl< OT ooopoTa K ooopoTy' T. e. 

J = I , FK = const; 
j = 2, fK=~F·K~ 

j = 3? JIHHeHHbrlt pOCT c BHX0,140M Ha rnraTo, 

j = 4, 11
CTyrreH'!aTH:i1" 3aKOH H3MeHeHIDI. 

JlJI.H HaXOJK.I(eHIDI B <j! H SO) ,noc·raTo<rno B cooTBeTCTByiomHx 

B!ipaJKeHWJ:x c,neJiaTb 3aMeey: 

I(~?~ )(a-5) -I1 (ifn
5)(a- S-J + 8I2 (~?~)(a- 52). (87) 

}fa (84), (85), (86) cJie.rzyeT, '!TO ,nJI.H ~30~(s,1<) HMeeM: 

u cs,1<!/ !I.? <iJ r ] 
0JaJU s

2
(,s,s;=fi (S)~ DcosLf(s)-'IJJ /2sln<JTG., 

(88) 

IJ (S,K) I . Ve (i) [ I I d~ O,S,S1 =ft (s) Fl< c cos r(s)+STG.-7.J12singrQ) 
(89) 

cs,1<) j !-2 ljJ r,L ~3a"' s~'S<l.. =ft (s) FK Ccos Lr(s)-~G.-ricJ/cslngj°Q, (90) 

r~e BBe~eHH o6o3Ha'!eHWJ:: 

C =[I~ +S 2 l~ + 2I, I 2 ocos( ~.- t,)J V~ 

D = [I,2 +821: + 21, I 2 c5 cos ( 2~G - ~2 - ~.)J~ 

Ylc =ate t9[(l,sin 5, +Dlzsin52 )/(Ircos.51 + ol2 cas52 )J, 

qD=- aict9 [(I,sln(5TG + S;)-8l2 stn(9TG-s.J)/(I,cos(rilG. +5,)•812 cos(i1G-S,))]_(9I) 
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Vl3 ( 9I) CJie.rzyeT' '!TO .rvur IIOJIY'!eIDIB MHID'!MaJtbHOrO OTKJlOHeHWJ: 

3aMKHYTOtt opOHT!i OT perrepHOtt KPHBO~ (rrJIOCKOCTH opOHTH) 

Crntn=-\L-\o\L \ BHe IDITepBaJia, orpaHH'!eHHoro Y'JaCTKB.MH B03MYme­

HHR, 00R3aT8JibHHM RBJIReTCR O.nRO H3 YCJIOBH~: 

cos(J'z-~1)={-1, npu o>O, (92) 
1

1 
npu o< oj 

IIOCKOJibKY ypaBH8HH8 o2 I~ +2I,l20cos(k.z-~,) +r/~=-0 
rrpYI ~yrYIX 3Ha'!8HW!X ( ~2 - ~1) He YIMeeT pellleID'!H ~JI.ll 0. 

.Il,pyrm.rn CJlOBaMH' TOJlbKO B!iOOpOM Me CT paCIIOJlOJKeHWJ:' y~OBJieT-

BOPRIOmHX ycJIOBIDO (92), MOlKHO IIOJIY'IHTb "n~ea71bHID1" 08.MII rrpH 

ITOMOl!1H ~YX JIOKa.JibHHX B03MYlll8HYilL 

3aMeTHM, '!TO B OOnblllHHCTBe CJIY'!aeB CHnbHOcpoRyCYipYJOl!18H CTpyK-

TypH Bcer~a MOlKHO BHOpaTb TaKHe y<IaCTIG'I [ S1 ' Sz J li [ s; ' s ~ J 7 

,nM KOTOPHX .liHTerpaJIH I 1 YI I 2 paBHH ~pyr ~yry. 

0.nRaKO, JierKO IIOKa3aTb, '!TO ITpH ::JTOM ~ 2 - '5° 1 = m r _. . 
YI IIOCKOJlbKY B peaJibHHX ycKOPYITeJIRX ~ = 2giG/M =f ffT/2 ' TO 

YCJIOBHe (92) TO'IHO HliKOr~a He B!iIIOJIHReTCR. 

KpoMe Toro, YI3 Tpe6oBaHWJ: 

I ~Jo.JI/SM , K) I= I W3a.ll.l. lrna>< (93) 

cne.rzyeT, <ITO ~ 
3
a.u ( s, K) ~oJIJKeH y~oBJieTBOPRTb ycnoBmo: 

cl~ 3a_m I . =O. (94) 
ds s=sM 

3~eci:, SM - a3YJMYT MWIIeID! HJIH TO'!KH BHBO~a (cerrTJM-MarHHTa), 

ROTOpaR, O'!eBH.nRO, HaxO~TCR B YIHT8pBaJie, orpa.HM'!eHHOM Y'JaCTKa­

MY! B03MYmeIDIB, T.e. s~ <SM < s:. 
3·ro 3Ha'!HT' 'ITO rrpOH3BO~ ITO s icymiO 6paTb OT B!ipa.JKeHHR 

(88) li ycJIOBHe (94) rrpHOOpeTaeT BH~: 

cl (SM) cos [ f(s11)-riDJ- sLn [if ( sM)-'l.DJ = o. (95) 
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3a.MeTMM, 'ITO SM , Ka.K rrpamrno, Haxo,nHTCJI B CBo6o.n-

HOM rrpoMeJKyTKe MeJK.nY OJIOKaMH MarHHTa. B CHCTeMe FOFDO.D S1-1 

o6ui:rHo BHOHparoT B cepe,n>'!He rrpoMeJKyTKa. 

IlosToMy cl( SM )FoFJJOJJ = O • B CHCTeMe FOIJO 3TOI'O 

HeT, T.e. cJ, ( SM)FoJ)O =f 0 

TaK>'!M oopa30M, .ItJIJI C03,ItaH>'IJI 11 1'1,IteamHoro oarnrra", T .e. 3aMKHY­

TOH opOHT.'I, KOTOpaJI B HHTepBa.Jie) orpamrtieHHOM yi:raCTKaMH B03MY-

meHHH, m .1eeT BHOpoc c MaKCHMyMOM B TO'!Ke SM , a BHe ::iToro 

yi:raCTKa COBITa.n:ae T c KOOP.ItHHaTHOiii KPRBOH, M8CTC:i JIOKaJThHOI'O B03-

MymemrJI (Ii' ~.) l1 OTHOlllemre 8 ,ItOIDKHbl Y.ItOBJI8TBOPR1' I:. B 

oomeM cnyi:rae ycnoBHRM: 

I 1 sin$, + 5'12 sln 52 = 0, 

I 1 cos 5, + 812 cos 52 = o, / (96) 

ci(sM)cos [o/(sM)-ri_:v]-sLn [o/(SM)-riD1=o . 

Ilp.1!! BHIIOJIH8HH:H rrepBHX .ItBYX YCJIOBHH ( 96) '7.J) MOJKHO rrpe,ncTaBPITI· 

B B:H,Ite: 

ffT 
~D= T+ ~2 +m 2 V" (97) 

:HJm 
- gr 7.:v -y+- ~1 (98) +m.:«, 

rn1) m2 - IIP01I3BOJThHlie ~e.mrn '!JPICJia, BKJIIO'!M HOJTh. 

Hs (97) H (98) CJie.nyeT, 'ITO 

~z-~1 =(m,-mz)ST, (99) 

'ITO COBIIa,ItaeT c YCJIOBPieM (92). 

TpeTbe ycnOBHe (96) MOJKHO 3arrHCaTb B BH,ne: 

sLn N(sM)-riJ)-~J=o, CIOO) 

r.n:e ~= aut9 [cl(5M)]. 

Ilo,ncTaBJIR.H B (IOO) 3Hal!eHHJI 7.J) PI3 (97) PI (98)' ITOJIY'IHM 

3.4 

" M3I:. M8JKUY t (511) H 3°1 H ~l , COOTB8TCTB8HHO, 

'!TO 

'f' (511)= $,+~+(2m3 +1)91/2, 

i/1(511)= ~2 +g+(2m4+1)!T/c.. (IOI) 

Ilp11 BHOope q11cen m 1 , m2 , m 3 , m 4 Heooxo.~Mo Y'!JHTh!BaTI:., 

~, < f (511) <~2 
("!TO 03Hal!aeT, 'ITO B03MJ'lll8HHbl8 yi:raCTKH pacrrOJIOJKeHH ITO pasHHe 

CTOPOHH OT TO"IKH SM ) Vi' KpoMe Toro' 'ITO pacCTOJIH1'18 :.1eJK.ny 

B0 3MYlU8HHH!.m yi:racTKaMH D;OJIJKHO OhlTI:. MHH'l'!MaJII:.HHM. 

ifa ( IOO) H (IOI) cne.nyeT, i:rTo r.rnmrMaJII:.HM pasHOCTI:. cpas 

52 - ~' = m-, ( I02) 

T . e. m 1 - m2 = 1 m3 - m1; = 1
7 

11 , T8M CaMl:lM' orrpe,neID!eTCJI H800XO,It1'1Mlill 3HaK {j; 0 > 0. 

.llJur oOecrrei:reH:HJI COBIIa.n:emUI ~3ai!+ (S, 1<) C KOOp.ztlrnaTHOH 

I<PHBOM Ha OOJII:.lll8H i:raCTH Konoua (cM. (89),(90),(91)) B8n!ol"IJ1Ha 

5 rrp 'l'I sTor;; .noJIJKHa Ob!TI:. paBHa 5 = I 1 /I2 . ( I03) 

Hs (102) cJie.nyeT, 'ITO 

( ~1)min =~(511)-9+51'/2> 

( ~z)mLn =- ~ (sM)-g -rn/2. (I04' 

IlOCKOJibKY Bb!OOp cpa3 5° 1 H ~2 o,nHOBper-neHHo osHaqawr on-

p eneneHHe sHai:remrtt HHTerpanoB I 1 , I 2 , To (103) H (I04) 

ecTI:. perneID!e m1cTeMbl (96) npH JKasaHHux Blillle orpami-qemr.<rx, a 

l1M8mIO: 

I. PaccTomme MeJK.l(J' B03MymeHHb!MH yi:racTKaMH .noJIJKHo Ob!Tb MHHH-

MaJibHb!M. 

2. B ToqKe S 11 saMKHYTM opOHTa no!ll!rna .nocT'l'!raTI:. cBoero 

::.aKCHMaJibHOI'O 3Ha"tieH:rui:. 
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3aMeTJ1M, 'ITO IlOCKOJI:OKY YCJIOBllle (94) RBJI.HeTCR J!Hllfb HeOOXO,nli-

:;,bl;.1, HO He ItOCTaTO'!Hhl;.; YCJIOBJ1et.1 .IVLH BhlllOJIHemm (93)' TO cpa3hl 

( IU4) uoJI.JKHhl 61i1n nponepeHhl Ha r .. iaKcmnyr.1 cIJYHKIWVi 'ham (s, K) 
IloncTaBJI.HR (I03) Vi (I04) B (88 ) l1 (9I) l1 y'IH-B TO'tJKe SM 

r1rnM, 'ITO 

( 'I:n)mtn =- ( J';)min + ffi/2 ~ (I05) 

IlOJiy'lm.1 

'<f 3aM (SM, K) = .f3Ve (sM) F<iJ.Dmax cos9-/ 2 sin g;a , (I06) 

r.n:e 

Dmcix = 211 / Si.n STG j. (IO?) 

3 MarHHTHofr cTpyRType F 0 F DOD MaKCHMYM cIJYHKUMlll ft ( S) 

,ItOCTHraeTCR B CBOOO!UiOM rrpor:.eJKYTKe Mel!O(y (fJOKYCl1PYIOUU1MH( no ,Il8.H-

HOll CTerreim C!B000,Ill:) ::a.rml'ra:.1J11 (++ - npoMeJKyTKH) . Il03TOMY; B 

raKo~i c>:cTe::c TO'!l{Y SM t.ioJKHo B1i16paT:o TaK, 'ITOOhl 

.f3(SM)::. J3max 

TaKMM o6pa30M, 

11p:Vi 3TOl,i CJ= lJ . 

/u (s)I _ v21 cjilr (IDB) 
(13oJtl M FOFJJOD- f3max F 1 J 

'ITO YJ<a3hlBaeT Ha To, 'ITO I~ 3CW ( s,.,) j ecTI> MaKCHM8.Jil>Hoe OTKJioHe-

HHe 3aMKHYTOH Op6l11Thl OT KOOp,nliHaTHOH KPHBOH (IIJIOCKOCTH opOHThl). 

B cTpJKType FODO J(S) .n:ocTnraeT cBoero MaKclllMaJThHoro 3Ha-

'leHRH B cepe,ItHHe F - MarirnTa, r.n:e HeB03MOJKHO Bhl6paT!> TO'!KY 

SM • Il03TOMY TOlfKY SM 06hlllHO B!iOlllpaIOT B6.Jilll3H KPM 

F - MarHHTa. IloaTOMY 

I I - Y2 I (J) I I ( I09) ~3CUl (SM , I<) >ODO - j3 (SM) F; f COS9-. 

M, HeCMOT.PJI Ha aTo, (I09) rrpe.n:cTaBJUieT co6oli 3Ha'IeHHe MaK-

CHMaJI:oHoro OTKJIOHeHIDI 3aMKHYTOtt op6HTH. 

PaccMoTpeHHHH rrpKMep YJ<a3!iBaeT JIIBllI> Ha rrp:irnu:lllrrHaJI!>HYJO B03-
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MOlKHOCT!> !10JIY'J8H'MI He06XOIU'lMOil 3aMKHYTOH op6l1Tli np11 no1.10mn 

lOlYX JlOKaJl!>HhlX B03MymeHHJI inarHnTHoro nomr. 

0.nHaKO HIDKeHepHoe pernemrn Bonpoca Ha'!'aJIK111BaeTcH Ha PH.It np:.rn­

t\MrrHaJI!>HhlX TPYnHOCTeii. B 'laCTHOCTJI!, I.~ecTa B03MOJKHblX pacrro noJKem1l1: 

1303Mymeiml1: B peaJII>HOil CTPYKType HOCP.T I{vlCKpe'l.'HIDt xapro<Tep JI!, 

TeM Cfil'!liM, yCJIOBJ.le (92) HapyrnaeTCH. 

ifoc11e.n:oBaH>~ ItJIH nIDKeHepHoro pernemrn 3a.nal!Y1 rro!I'f'JeHll!.H B.b!-

BO,ItHoro oru.ma rn110 lOly:m nyTm,m. ITepB.b!n rryn [::] - o':'i;:a3 o'i' 

TOl!HOro BhlllOJIHeHEH ye no mm ( 92) ' BTOPOH [ 7 . b J - ilCITO il:030-

BaHHe OOJII>lllero 'le,,; .UBa 'l:1CJia B03;,:yi.i.leHHh!X ;. qacT1<0B. 

?a. Ef·,1-EA: TI!! KOPPEKmTII :l - Ui'i), i'.:':,. 

( i{OJ.LJOOl2·- .DAf.iiF) 

Hrui6oJiee npoc'l'liM !cHJKeHepH.b!l\1 pernemier.1 Borrpoca co3.n:att:m no­

KaJThHoro B03111YllleHM HBJUreTCH 11CllOJTh30BaHJle norro JlHMTe JlbH.b!X 06-

MOTOK, HaMOTamrnx Ha 0Jl0Ki1 ( 'JaCTl1 OJJOKOB) 3JieKTp0~~arH¥tTa, co 

CBOeH ClllCT8MOil: ITJ1TllilliH. 

B 3TOM CJIYlfae B.b!60p MecTa B031.1ymem1tl HOClllT ,Ill1CKpeTHhltl xapaK­

Te p 111 (fJa3bl :5;, ( 111, c ne.n:oBa'i'e JJ:oHo, 111 It ) oKa3hlBanTcR cM3aHHhl1'llt 

.n:pyr c .n:pyroM 0rrpel(e JieHHhlMl1 COOTHOllleHMMl1. IloaTor.1y e,ItVIHCTB8H­

HIDI' cnoco6oM perueHlllH 3a,Itatm HBM8TCH yBeJillll!8Hl18 l{lllCJia B03MymeH­

HHX YlfaCTKOB (yBeJillll!8Hl18 l!lllCJia CTeneHe~ CB060.Ilbl ft ) . 

Bo3MOlltHOCT!> 003.llrurnH B03!1:JYmeHlllH Tlll!la "11.n:eaJl!>mrlt 6n: ·-6a·1r:" 

np111 nm,1om111 3 B03r.iymeirnti 6uJia BrrepBhle rroKa3aHa !ZoJI:i::H30' ' [2]. 
KOTOpblil: npel(JIOJ!U'!Jl J/IC!lOJl!>30BaTb Tam-ie CMCTe~m ,IlllH KOP!=•eroum ~·C.E­

HOB8CHOH op611Tbl rrpn 11ID.teim1m. 

Ko.JIIDIH3 noKa3aJI, 'ITO ecn111 B03MymeHlllJI FL L =I, 2 , 3) 

pacrrOJIOJmT!> Ha y'laCTKaX, pacrrOJIOJ!\eHHllX l(pyr OT upyra Ha pacC':'O-
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Rlrn:l1 e , TO ,ll;IUI C03.IJ;aIDrn "11.neaJioHOI'O 611M-6ru.ma" B03MyIUeHl1JI 

Fi .IJ;OJIJKHhl y.noBrreTBOPHTo ycrromurM: 

- F1 =Fa= F) 
Fe= -2Fcosr. 

(IIO 

YcrroBl1R (IIO) nonyti:eHhl KoJJJrnH30M 6e3 '1'pe6oBaHHR (94). IlosTo-

MY .IJ;JIR uerrei.t BblBo.na Heo6xOitMMO yBerrwrnTo tfll!CJIO B031.1yuleHHh!X 

yti:aCTKOB, no Kpai.tHei.t Mepe, Ha O.IJ;MH, T.e. L= I, 2 , 3 ,4,'1T06H 

11.neaJioHHii 611M-6arnn YJlOBJieTBOpr!JI Tpe60BaHIDIM BHBO)la. 

]{poMe Toro' KOJIJJl1H3.-6ar.mH npm.1eHMMH TOJ!OKO .IJ;JIJI c - .IJ;Bl1..'Ke-

HIDI 11 He np11MeHl1MH B BMU~ (ITO) UJIR r - JlBl1~eHMJI, nocKOJibKY 

B .norro JIHMTe JioHhlX o6MOTKax u;m nocrre,IJ;H11x B03mrnaeT npo6nerJa 

KO" T!CHCU[_\Jnl l!O.BO.nHl1!lX B :!\.IX J,.C • :!:08H'.ilt8.!:1.•::!X !13-3a noc~·~ 

BC!'l'.'t:l~ro no:u1 c:mxnomnoH'l . 

76. PA.LIIWibHHA H1M- EAll!Il DbIB0.71.J\ 

.ll11cKpeTHh!i! xapaKTep pacnonoJKeHIDI B03Mymem1i.t 11 npo6rrer.1a KOM­

neHCal(HM HaBo.nm.11u 3)1C B Cl1HXpOTPOHe TIOTpe6oBaJIM TIOMCKOB .upyr;ix 

pelileIDii.t co3.naHMR paunarroHoro 6mA-6aMna. 

UinpoKoe npm,mHeHMe noJJyi:mn MeTOI( KOMTieHCal(l1lll 3JLC np11 nOLlOll(lll 

o6J:JOTOJ<,Har~oTaHHHX Ha OltMHaJ<OBble 6JIOK!'i B mrn;e r~wppH BOcer:Jb. 

TaIG!e 6no1G1 cocTaBJL'IIOT rrapy. B 6noKax nap1i1 o.zu-rnBpeMeHHO B03HH­

Ka!OT paBHble no BeJIH"Il!He 11 npOTMBOITOJIOJKHHe no 3HaKy B03MymeHI1R. 

TorI(R,eCJlll: OTKa3aToCJI OT CTporocTH nepBblX JlBYX YCJIOBl1ii (99), 

T.e. OT "11I(eaJIOHOCTM" 6aMna; [6] M orpa:m1"Il!ToCR JIMl!Ib ycrroB11-

H".H , 'l:TO ~JtlJU ( 5 1 K) ,I(OCTHraeT CBoero MaKCliMaJJbHOro 3Ha'1eHI1i! 

B TO'llie Bb!BO,Ua SM • a Ha OCTaJ!bHOH '1aCTl1 KOJ!bl(a 

l~•an(s,K)\<\~3a,.,(SM,K)I• TO BHBO.IJ;HOH r- - 6arm MOJKHo ocymecT-

Bl1Tb n pn nor.JOU(U .UBYX nap 6JIOKOB. ,ii:pyru:m-1 CJIOBrum , rrp>! BE6ope 
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orrT11ManoHoro Bap11aHTa pacnono~emur B03MYlJ1eHM:i1 .UJ!R nonyti:eHM.n: He· 

06XO.I(ID.10I'O r - 6ru~na op6l'!Tli B 3TOM CJiyti:ae' He06XO.I(MMO BHIIOJI­

HMTb cne.uy-~11111e Tpe6oBaHRf!: 

I. I303MYlJ1eIDUI C03.UaIOTCR npK nOMOl!lH nap .UJ!R o6ecne'IJeHl'!R KOM­

neHCal(Kl'I HaBe.I(eHHhlX 3.llC. 

2. PaccTO.fIHKe MeJ!\UY B03MYmemnn.ra 6noKmm .uoJIJ1tHo 6uT:& MIDJK-

Mal!bHHM. 

3. BeJIKti:KHhl B03~AYII1eirnii .uoJIJKHbl o6ecnetraT:& Heo6xo,UIDAoe 3Hatre-

HKe ~31Ul(SM,1<); f3a.u (SM, K) 
cenTyMa 11Jil1 MMUieHK. 

B MecTax pacnonoJKeHK.fl SM 

B nep:1m.ue MarHKTHott CTPYKTYPH mrnxpoTpoHa, KaK npaBvrno, cy-

ll{eCTBYJOT .IlBa Tima 6noKOB: F .i: -.D - 6noKM - B cvrcTeMe FO]O,. 

FD vr ]F - 6noKvr - B cvrcTeMe FOF.DO]) 

Meno Jlb30BaH.Me uono JIHMTe n:&HUX o6MOTOK Ha 3T¥IX 6 noKax 03Ha-

'laeT, 'ITO HHTepBaJ!h[ [ Sfl) 
1 

S~l)] B03t"YU1eHMR COOTBeTCTBYJO'l' 

B 3TOM CJiyti:ae .UJillliaM COOTBeTCTBYJOU1l1X 6JIOKOB, H B03MOJKH1le 3Ha-

'1eHK.fl HHTerpanoB orpaHK'leHH, T.e. 

L = JF , :JJJ, (cM. pa3.uen 4) ; (III) 

r.ue JF, J:n - 3Hati:emm MHTerpanoB (28) nepBoro nepKo.na Mar-

HHTHOii iiioKJCKpoBKH. 

Ecirn BBeCTH o6o3HatreHMR 

)r,11 = m.c -i~ ( :1F~D / :;:,D ), ( II2) 

TO B03MOJKHl:le 3Hati:emm ~3 ~ L onpe.ue JI.fIIO'rCR COOTHOUiemmMYI: 

SL:: SF,.D + mr, (II3) 

r.ue m = I, 2, . . • M 

M - 'llicno nep110.uoB rpa.uMeHTa MarHMTHoro norrR. 
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KaK 6uno ITOKaaruro B paa.n;ene 7 , ~ O.ItITTfaKOBbIX ITO 3HaKy B03-

MymeHJllR Heo6XO.JU™O paCITOJiaraTn ITO paaHble CTOpOHbl OT TO'IKJll SM ' 

'!T06bl o6ecITe'!HTn Tpe6oBrurne (94). 3TO 3Ha'!HT, 'ITO JI( "KOMITeHca­

UJllOHHble" 6JIOKH .D:OJ!lKHbl 6b!Tn pacITOJIO.llteHbl ITO paaHble CTOpOhhl O'r SJ.1, 

TaKHM o6pa30M, B 3TOM c11y-qae aa.n;a-qa CBO~TCR K HaXO.llt.n;eH:mo 

MeCTOpacITOJ!OJKeIDUI B03MymeHHtt TaK' '!T06bl 3a!.1KHyTaR op6J11Ta 

r;:; (SJ K), coa.naBaeMaR OCHOBHb!Mli ( O~HaKOBbIMH ITO 3Haey) B03r:JY-

KMn ) 111em1m.rn H 3aMKHyTaR op6HTa Ga.u ( s, 1< , coa.n;aBaeMaR 1u ) 

"KOMITeHCauHOHHb!MH HarrapHHKaMH'; 6blJIH OJ:tHOro 3HaKa Ha y'laCTKe 

Me.llt,Izy OCHOBHb!MJll B03MymeHHRMH. 

KMn )- OCH 

BBe.n;eM 0603Ha'!emm: sf I ::., } 
roCH ~ r<.Mn 
::> 2 , .::> 2 .nIDI y-qacT-

[ 
(iJ (i) J KOB B03MymeHHR S1 , 5 2 L =I, 2 , 3, 4). 

Tor.n:a ITO ruranorHH c paa.n;enoM 7 ITOJIY'!HM: 

octt ( ) j _ ~ {iJ •<H r OCH i / Giui S,I< 045 ~s/'!-j3 (S)F C CDSLf(S)t9TQ-l'/c J/2sing/°Q 

r;~: (s, 1<)) 5~z1~ 5,5;3'=.J3J12(s)F 0'n°°'~os [t(s)·rz;HJ/csinSTG. ( II4) 

T';~ (s,1<)j5~z~ 5 ,1... =J31k(s)FOJCoe11cos[f(S)-97G-q:CHJ/2si.n9TG. ~ 

rKMn >I Y2 F(J) KMn r,,, K"1nJ;. 
• 3Q.u ( s, K o~5, 5~•J = j3 (s) C cos L'r(s)+~G-'lc 2sm:ila 

r: 1<Mn( 1<)/ > Vz()FW KMn r,L ocH]/ (II5) 
a1t-U s, s~'~s<s~"i=j3 s D coSLr(s)-rz 11 2sLn9TG 

r: KMn( >I Y2(''F(i) l<Mn r,,, KMnl; 3<W s,1< s~q'"s''- =J3 s,; C cosLr(s)-rrG..-rzc J;2si.ng[Q~ 
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r.n:e C,D, 'l.c , q.D 
HO!i ~2 JI! ~f 

OITpe.n;eJIRIOTCR Jll3 COOTHOmeim:!i (9I) 3aMe-

COOTBeTCTBYJOUlliMli 3Ha'!eHHRMH 
;..oeH .,.. O<H 
.:>z , ::>1 

1rnJ11 
)o- l<Mn :>- KMn 
.)2 ) ;)1 • 

.UIDI Toro, '!T061l aaMKHYTM op6!.iTa 

Ga.u ( s, K) = r3~':. ( s, K) + r_:i:n ( s, 1<) ( II6) 

6blJia cmm~eTp!.i'IHOli OTHOCHTeJinHO s,.., 6JIOI<Jll .IJ:OIDKHbl 6b!TI> TaRJKe 

CJllMMeTpli'!Hbl OTHOCHTeJinHO s,.,, . 
IToaTOMY JllHTerpa1Ibl I 1 JI( 12 - pa3Hb!e' TaK KaK CilMMeTpli'l'.-

Hble 6JIOIW B MarHMTHOli CTPYKType CHHXpoTpoHa ~cer.n:a pa3Hlle. 
KMn y ocH '7-- ocH >- KMn 

!13 (II4) H (II5) cne.n:ye·r, 'ITO qJa3ll ~. , .:i, , ::>2 , ::i2 

.IJ:OIDKHII 6HTI> BH6prurll ,HCXO,nR H3 Tpe6oBaHMR 

/ r;a.u(SM, K)I = j3112 (s,...,)/ F(J)) j]0
'Hcos [o/(SM)-'1~cHJ- (II7) 

-l)KM"cos [r(s~)-'l;MnJ//2/slnSTGI = / rJcw Ima>< 

- [ (1) (~)] 
c o.zn:roa CTOpOHbl, a c .npyroH - 'IT06bl BHe JllHTepBaJia s, I Sa 

OTKJIOHeID'IR r;Q&l ( s, /<.) 61IJIJ11 MHOro MeHI>UJe I fja.q I mal( • T. e. 

I OCH [·'' o<H] c l<MO [ ~Mn]/ C cos r(s)t1TG-'le - cos r(s)!5TG.-'lc « 

« I .D OClf cos [ r ( s)-'l;CH J-nt<Mn cos [ r(s) · ri;Mn] I . ( II8) 

Ma B:r.i:.zta CocH ' C i<Mn (CM. (9I)) cne.n:yeT, 'ITO ITPH b>O 

cpa3H re. .IJ:OJ!lKHbl Y.ItOBJieTBOpRTn YCJIOBHRM: 

~=CH_ ~;CH ~(2m,+1)gf°, 

~;Mn_ ~;Mn::: (2m2+1)gr, (II9) 

( m, m2 - rrpoH3BOJ1bHb!e ueJible '!Mena). 

~IDI TOrO,'!T06!l 3Ha'!eID'IR 
COCH li C"Mn 6mrn 6JIJll3KM 
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R MHIDIMa.JibHOMY 3Ha'l'emno C mln = / I, - 81
2 

/, 

Tor.na oo6opoM Be1rntmHU o =I,/ I
2 

MOJKHO rrp1161lli3MT:& 3Ha-

:treHIDI C K HyJIIO. 

,llorryCTHM, 'ITO OCHOBHUe B03Mymemm pacrroJioJKeHU COOTBeTCTBeH­

HO, B "n" - OM li "m" - OM ( m, n = I,2, ... M) rrepHo,nax 

MarHHTHoli CTPYKTypu. 

TO 

Tor.na ecJrn BH6paT:& 

~IOCH = :S.D,F + Of-l, 

~ZOCH= ~ F,D _,. mr 
H Hao6opoT, ITOCKO.JlbKY CliMMe TpH'IH.ble OTHOCHTe III>HO s M 

Bcer.na pa3HHe. 

'7 l<Mfl AHanorH'!Ho .ltllH ;:, 
1 l1 5 KMn 

2 

3 KMfl 7_ 
1 = )JJ,F +jJ-<, 

71<Mn 7 
:>z =:JF,11+pf1; 

IIPH'1eM, li3-3a C!fMMeTplIB 

lp-mj:jn-jl . 

mneeM: 

Tor.na ( II9) :a ( I20) rrpm,iyT BH.Jt 

~;CH - 510CH = (m-n)fA + )F,JJ . 3D,F ~(cm,+ 1)fi, 

;.1<Mn 71<Mn ( ') -z 3 _( 
)2 - )1 = p-J f" t )F,D - D,F~ Cmz+-t)ff 

rn1 , IT1z - rrpoHSBOJI:&HUe ~e JJHe 'l'Ilcna). 

TuitmTaR lil'3 (I24) (123) li Y'UITHBaR (122), IIOJlY'UIM 

/ p-m/ ~ :.:: (mz -m1) W. 

( I20) 

( I 2I) 

67IOKH 

(I22) 

( I23) 

(I24) 

(I25) 

IlOCKO.JlbKY 06H'IHO B YCKOpHTeJUix 3Ha'l'eHHe f" 6JIH3KO K 3Ha-

'Iemm 'ii/2 . (HO HHKor.na He promo eMy) • TO OTCIO.Ita c ne.nyeT. 'ITO 

HaHMeHI>mee paccTomme MelltltY OCHOBHHM H ero "KOMIIeHCHPYIOlllHM" 
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jJIOKaMH ltOJ!lKHO COCTaBJUIT:& ,1tBa rreplil'O.Ita Marffi'ITHOI CTPYKTypH. 

Ilplil' ycnomra I p-m I = In -j l = 2 RMeeM; 

~c:m ( s, 1<) /orn;si'' :: )3 112(5) F 0'/ sLntt I Gcos[f(s) +grG. -~ 1)/sin3TG, 

~cui(SM, K) / =ft t/z ( 5M) pOJ / slnf / U cos [ t(sM)-'1 )/sin gjQ., (I26) 

r;Cl.U (s, K) 1si~'4 5<( t. =i(?(s) F
0

'/ Si.n fl I Gcos ['f'( s)- gf G-qGJ /sin sra, 
r.ne BBe.neHH o6o3Ha'l'emm: 

G 2 =I~+62 I~ -211Iz 5cos[(m-n+2)f-(SIJ ,F- 3i;:Il)J, 

U2
:: I,2 

+ 62 I~ -2I1I 2 ocos { 2fiG-[(m-n +2)fol-0JJ,F - 3F,17)]}, CI27) 

t I, cos [5JJ,F +(n-1)µ]-oiz.cos [ 5F,JJ + ( m + 1) ~] ri =ate 9 ,, 
& -I1si.n [ ~J),F +(n-1)rJ+oI2 sin [ ~ F,JJ t (m+ 1) rJ 

.L -I,cos [5TQ + ~JJ,F + (n-1) ~] + l5I2 cos[STQ - ~F.D -(m+-1) !-' J 
'l :: au·~ . 

u I, sin [sTG. + ~Jl,F + (n-t)til + oI2 stn [STG. - ~ F, 11 -(m +f} f] 

II pH BHIIoJIHemm ye no BRR 5:: I/ I 2 H3 ( I27) IIOJIY'l'RM : 

'lr; = 7u = f-[ ~JJ,F + ~F,JJ +(m+n) r] . (I28) 

IIo.ncTaBJIJIB ( I28) B ( I26), nerKo y6eltllJT:&~, 'ITO .n;JIB BHIIOJIHeHHR 

YCJIOBID! 

/ r;a~ ( SM ' K) I = J raaiq ( K) I ma1< 

aeo6XOltllJMO, '1T06H 

~ (sM) = T [ )JJ,F + ~F,11 t-(m+n) /l] = T [ ~1•<H + ~;cHJ) 

'ITO 03Ha'l'aeT Clil'MMeTpHIO pacrroJio~eHRR OTHOCHTeJThHO SM 

meH:ITT! OltllJHaKOBOro 3HaKa. 

( I29) 

B03MY-

TaKRM o6pa30M,ITPl1 o6ecrre'l'eHHJil' CHMMeTpliH BH6op '1Jil'CeJI m 
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M n lf3 ye JlOBMH 

( rn- n + 2) ~ - ( 51J,F - ~F,.D) ~ (2m, +1)3i ( 130) 

.n;oJIJKeH MCXO,n:MTI:. TOJII:.KO M3 Tpe6o:samm' 'ITO Ohr paccTOHHMe MeJK,:n:y 

OCHOBHb!MM B03MYIU8HMHMM ObrJIO MMHl'fMaJJI:.Hb!M. 

B cTpyKType FOFDOD , 1mr.n:a SM Haxo.n:uTcJI B (++) npm.rn-

JKYTKe, nepBH:ti ocHOBHoti OJIOK B03MymeHMH Bcer.n:a DF - OIJOK, a 

BTopoti- FD - 6JioK. 

IIOo'i'OMY B 3TOM CTPYKType YC7l0BM8 ( 140) l1M88T BM)]; 

(m-n+2)~ -(~ii - ~F) ~(2m,+1)ST. ( 130a) 

Il,JIJI EpeBaHCKoro CMHXPO'l'poHa, Hanpm~ep, ~ JJ - SF ~ I. 0. 
IIoaTor.1y MMHMMaJII:.Hoe 3Ha'IeHMe m-n ecTo 3: m-n 3. 

KpoMe Toro, B CTPYKType FOFDOIJ MHTerpaJIH I1 u I2 
o-qem, 0JIM3KM no B871Vi'IMH8. Jilx OT7JM'l'.}J8 no nopHn;Ky B87JM'Il1Iill cpaB­

!IBMO c B8JIM'l'.MHaMM H8KOHTpom1pyeMHX ourn601t, TaKMX, KaK HenO ilHM 

KOMneHCaI.UIB HaBO,ll;MMb!X 8J~C B O.n;MHaKOBUX OJIOKax l1 T • . n:. 

II03TOMY Ha neI/BOM 3Tarre cos.n:aHMJJ: r - OaMna Ha EpeBaHCKOM 

CirnxpoTpoHe O!ilJIO npmurTo S = 1, 'ITO nosBoJIJieT m!TaTI:. .n:onoJIHl1-

Te JII:.H!ile OOMOTKM 0,ll;HMM ~ICTO'!Hl1KOM nllJTamrn M' ·reM caMh!M' o6ecne­

'l'.MTI:. O,n:MHaKOBhlH 3aKOH M3M8H8HMH B03MVU18HMM BO BC8X OJIOKax. 

0.n:HaKo, .n:JIJI "TOHK11x" :mcnepMMeHTOB, Kor.n:a yr:on 6arvma B 

TO'llie SM HrpaeT cy111ecTBeHH'JID po no, Heo6xon:11Mo npe.n:ycMoTpeTo 

ycTpoticTBO yrrpaBJI8Hl1H B8JH'['Il1HOM 0 )];JUI KOpperowil yrna r;C:,,, (SM). 

B cTpyKType FDDO l1H.Terpaoo 11 M I
2 

CirnoHo 0Tm1-

'IaioTcJI .n:pyr OT .n:pyra M CHCTeMa yrrpaBJiemm B8Jll1'IMHOt! 0 npOCTO 

H800XO,n:MMa. 
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7B. PAAVI.AJI1HhE1 "l1,JT,EAJI1HliA" b11M-EAMII Bb!BOJLA 

PaccMoTpeHHuti Bw11e pan:MaJioHhlti Ol1M-6a111n Bb!Bo.n:a npl1M8Hl1M 

TOJlbKO B CJiy-qae OI\HOM TO'IKl1 BUBo.n:a SM 

.UM ::iqxpeKTMBHoro MCnOJII:.30BaHMJI mrnxpoTpOHa JKeJiaTeJII>HO l1M8TI:. 

B0 3MOJKHOCTI:. p adoTaTo o,n:HOBp8M8HHO c Jl:BYMJI (11 6onee) MMW8!UI:m, 

nOCKOJII:.Ky MHT8HCl1BHOCTP! ycKopeHHh!X ny'IKOB OOb!'!HO Ha nopJI,D:OK 

BUWe P!HT8HCUBHOCTe t1: 'l1CnOJII:.3Y8Mh!X ,n:JIJI 3KCnepMl.18HTOB. 

B CBJI3M c 3Tl1!'1 B03HUKaeT aa,n:a-qa 003.n;amur TaKOM aaMKHJTOM 

op6P!Tbl, KOTOpM UM88T 11 Bh!6pocbl" B M8CTaX pacnOJIOlK8HilJI MttWeHe t1, 

npPI'I8M JK8 naTe JII:.HO' 'IT06h! Be JJM'Il1HLI KaJK,.IJ:Oro 11Bb!Opoca" yrrpaBJIJIJ!li\Cb 

H8 3aBMCl1MO .n;pyr OT .n:pyra. 

Ha nepBb!ti B3rJIH,n: Ka.JKeTcH, 'ITO PicnoJII:.30BaHPie .n:Byx,paccMoTpeH. 

Hh!X B paa.n:ene 76,cxeM pemaeT aa.n;a'Iy. Ha caMOM JKe .n;e ne, nptt 

O,ll;HOBpeMeHHOM paOOTe JlBYX 'l'aI{P!X 6aM!10B 80Tb B3aMMH08 BJIMHHM8 

.n;pyr Ha .n;pyra BBM,:n:y npocToli. cynepno3MUMM. 

Ee JIB JKe KaJKIJ;l:lii M3 6aMnOB 6y,n:eT M.n:eaJII:.Hb!M' TO Ha y -qac·max 

BHe nepBoro 6avma MOJKHO ocymecTBMTo BTopoti (-11 do nee) He3aBl1CMMO 

OT nepBoro. 

0,ll;HaKO, Ha npaKTMKe MP!W8Hll (TO'IK}'[ BHBO,n:a) pacnonaraioTCJI B 

c oce)l;HMX npoMeJKyTKax ( B CT pJKType F 0 FD 0 fr ( ++) npoMeJKyTKax) 

}'[. TeM caM!:lM' orpaHM'll'!BWOT eme 60 JII:.me B03MOlKHOCTb Bl:l6opa r.1ecTa 

p acnonoJKeHMH Heo6xo.n;MMoro 'Il'!CJia B03MymeHMt!. KpoMe Toro,ocTaeT­

cH eme rrpo6ne1v1a ROMII8HCaI.{IDi HaBe,neHHHX 3.UC. 

nJ!R EpeBaHCKOrO CMHXpOTpOHa 6!ilJilil: npe,n:JIOJK8Hll ,ll;Be CX8Mlil l'!HJK8-

H8pHOrO pememm Bonpoca. B nepBoii [7] npo6neMa 11:0MrreHCaI.{l'ltt 

HaB8,I(8HHllX 3.IIC pemaeTC.fI Bu6opoM 11KOMneHcttpyroumx" 6JIOKOB Ha npo-
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TJl!BOITOJIOJKHOM OT OCHOBHhlX 6.JIOKOB y'IaCTKe KOJl~a. 'ITO C03,JJ;aeT 

O~OBpeMeHHo ~a 6aMrra Ha pa3HhlX ~aCTKax KOJlblW c "BH6pocaMH" 

B pa3HHe CTOPOHhl OT paBHOBeCHOtt op6l'lTH. Bo BTOpott [sJ 3Ta 

rrpo6neMa pemaeTCH rrpl'l ITOMOil{H Jll3Mepit!TeJloHhlX 6JIOKOB, BKJIRl'IeHHHX 

ITOCJie.JJ;OBaTeJlbHO c OCHOBHhlMH JI! ycTaHOBneHHhlX BHe op6it!TH rrycma 

CIDiXpOTDOHa. 

B pa6oTe [7] " Jll,JJ;eanoHWt " 68.Mn C03,JJ;aeTCH rrpl'l ITOMOil{H 

'IeTHpex 6.JIOKOB (MmrnManoHOe 'IJl!CJIO Heo6xo~HX B03MYUleHHtt )J;nH 

o6ecne'Iemrn ycnOBHtt (99)), cne.nyiomHx npyr 3a ~yroM. To'I-

Ka SM Haxo.JJ;HTCH B cepe.JJ;HHe aToro npoMeJKYTKa. IloaToMy ~ 

TaKJl!X 6aMITa, He BJmHIOil{HX .JJ;pyr Ha .JJ;pyra, MOlKHO ocymecTBJl!Tb, ec­

nH BTOpyio TO~ Bl:lBO.JJ;a SMz B3HTb 'Iepe3 2 nepl'!O,JJ;a MarHJl!THo:a 

CTPYKTYPH, T.e. SMz:: SM,+ 2e. 
IlpennoxeHHaH aBTOpaMH pa6oTH [7] cxeMa .JJ;nH cnyqaH 

s,..,
2 

=sM1 + e ourn6o~a B o6meM cnyqae, Korna BenH~ B03MYUle-

HHtt Jll3MeHIDOTCH co BpeMeHeM. 3Ta cxeMa BepHa TOJlbKO B cTanHo-

HapHOM CJI~ae F, = const H HenpzMeHHMa, HanpHMep, .JJ;nH ocy-

meCTBJleHHH O.JJ;HOBpeMeHHOro BHBO.JJ;a ~YX t - IT~OB H3 COCe~X 

('Iepe3 nepil!O)J; e ) IlpOMeJKYTKOB. 

B Hamett pa6oTe [s] rrpo6neMa coa.naHHH Heo6xo.JJ;HMoro "Hne­

anoHoro" o.wrn-, ,nByx- ( H 6onee) mraoBoro 6a.Mria .JJ;nH EpeBaHcRoro 

CRHXpoTpOHa peweHa no .JJ;pyrott cxeMe, COOTBeTCT~eHHO, 'IeTHpbMH 

ill wecToro 6.JIOKaMH (.rvm TpexrraKoBoro - BOCeMoro). OcHOBHhlM He­

.JJ;OCTaTROM 3TOtt cxeMl:l HBnHeTCH TO, 'ITO ITpill O~KOBOM 3aROHe 

HaBe,JJ;eHHH rr~ Ha MHWeHH' "BHCOT!il'' 3THX ITRKOB BCerna paBHhl 

~yr ~yry. 

3To npHBO.JJ;HT K PHnY npaKTH'IecKHX Hey.no6cTB. B HacToHmee 

BpeMH Be.IIYTCH IlOJl!CKill ~yrl'lX CXeM. 38.MeTHM, 'ITO H B Hamett 
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cxeMe npo6neMa KOMIIeHcaurrn MOJKeT 6HTb peweHa MeTO.JJ;OM, npenno-

JKeHHblM B [7] 

8 • B.Jil1.ffiil1E B03flii.llllEIB1rl TI1I1A IB!;l-EAl'•ITT HA P A3MEPbl IIY'lliA 

.ll.JLq pac'IeTa Bn:lffiHHH B03MymeHJl!ti, C03,Il;aIDil\11X 611111- 6a1\m, .nocTaTOtI­

HO B BHpaJKeHVIHX (55),(65),(72),(76),(77) npOH3BeCTH 38MeHy 

n 

Isi.n(a-~) -.S/i.IisLn(ct-~L), i(I31) 

n 

r.ne n -

I cos (a.-~)--... [.6i.L cos (a- 'Si); 
V1 

'IHCJIO B03MymeHHHX y'IaCTKOB, 61 ==l, a. bi. ( L =f !) 

OITHCHBaIDT OTHOWeHVle B03MymeHHH B L - OM y'IaCTKe K B03Myme-

HHID B rrepBOM. Ilpl'l 3TOl.1, 3aKOHhl il!3MeHeHID! B03MymeHV!l1: co BpeMeHeM 

Ha BCeX ~aCTKaX O,D;HVI Jll Te JKe. 

B 06me111 cn~ae, ,nnH B1 li B2 J1IMee111: 

• V. . n [ U) 'r J I 8
1 
=.A si.n 'f +r.i 2 F (J) L Si.It si.n a - :li ; 2sLn~B.> 

rmax t=1 (132) 

8
2

= Jlcos'f- J31/2 p<iJ £ orL·cos [a<jJ_ ~J/csingra . 
max L=f 

3Ha'Iemrn BenH'Il'lH FOJ H a dJ onpe.neneHhl BH6opoM 3aKOHa H3MeHeID'IR' 

B03MymeHHti co BpeMeHeM (cM. pa3.nen 6). 

BenH'IHHhl Ct, Ii., ~. onpeneJlffiOTCH BH6opoM cxeMl:l B03MymeHIDI 

(cM. pa3,nen 7). 

TaruIM o6p8.30M, aa,na-qa CBO.JJ;HTCH K Bl:l'lliCJieIDOO CYMJ11(l31) .n;m 

.JJ;aHHOH cxeMl:l B03MymeIIBli, C03,nalllmliX 6HM-68.MIT. 

Ila (132) cJie.u.yeT, 'ITO )J.Jlll Bcex CJt.Y'laeB ":H,Itean:oHoro" 6a.M11a 

B CldJIY Bl:lllOJIHeHIDI yc.JIOBIIB (cM. ,HallpHMep, [8] ) 
" " L 5Lli.sLn ~t = LOi.Lcos~i =O 

(133) . 
i.=1 ' L=f 

rro11epe'll!l:le pa3MepH rry'lliB. He H3MeH!llOTCH llPH JII060M 3aKOHe il!3MeHe-

HRH B03Mymellltit co BpeMeHeM. 

YBeJIH~eHKe pa3MepoB IlY'lK8. B03J:mK8.8T TOJThKO B CJiy'Iae,KOr.zta 
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611M-6aMrr 11He11.n:eaJieH". 

Ha.H.ueM B8JIM'Il'IHH 8 1 , B2 .UJUI crry'!rur 6ru.ma, orr11caHHoro B 

pas:a;erre 76, Ha rrp11Mepe EpeBaHCKor o c11Hxp0Tp0Ha. CYMMb! (I3I) 

B 3TOM CJiy'!ae llM8IOT Bll,:a;: 

4 . 

S 5 ;. L c5' It s Ln (ct. <Ji_ ~ L) = - I 1 s i.n (CL <J 1 - ~,) + 
•=t 

(134) 

+I1 si.n(aUJ- ~z) +5I2sln.(aw- S3)-8I2 si.n(aUJ- ~ti), 

4 ") 
Sc"' fu c5rlrc.os .(a <jJ_ ~L)= -I 1 cos( Cl<J - ~ 1) + 

OJ 5 U) r r OJ y +I1 cos(a - ~ 2 )+ I2cos(a -:i3)-oI2 cos(a - ':l,,.). :r35) 

MeJK,IJ;y ~asaM11 ~i 

.n:err(76)): 

cymeCTBYIOT CJie.n:yroume COOTHOill8HIDI (CM.pas-

~1::~2- 2 ~ 

~4 = ~s+2t-"' 

~ 3 - ~2 ~(2m 1 H) ff. 

· HcrroJI'bSYH 06osHa'!eH11H 

~ 2 :: ~:CH = ~]], F + n f-" > 

ll ( 136) J .IIOJIY'IMM : 
~3 = ~;cH= ~F,.D +mf"IJ 

r.n:e G 

55 = 2si.n t-"' GsLn [a0J-'1J, 
Sc== 2sinf"l G cos [aO>_'lG] , 

ll '1G orrpe.n:erreHbl COOTHOill8HMHMll ( 127). 
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( 136) 

(137) 

( 138) 

Ilo.n:cTaBJUIH (158) B (132) IIOJIY'IHM, 'ITO MaKCllMaJI'bHO BOSMOJK­

H08 yBe rr11'!eH11e or116mometi B sTor.1 c ily'!ae rrp11 rr:o6mn saKoHe HSMe­

HeHll!H BOSMymeH11i! rrporrop1.u10HaJI 'bHO Be rrM'IJllHe G , T. e. ( c111. ( 26) ~ 

tl fl = J3~~x / sLn tA 11 F(j l j G/ 2 / sLn31G. I. ( 139: 

BerrPI'IllHa G xapaKTep11syeT sa.MKHyTyio op6MTY Ha 6orrometi 

'!aCTll KOJibUa BH8 y'!aCTKa , orpaHJ1'!8HHOro KpatiHW.m 6!!0KaMll BOS-

MymeHllH. 

PesyJibTaT (139) eme pas IIO,I{TB8pJK,IJ;aeT' "!TO "M.n:ea!!bHHM" om.m 

G = 0) He 11sMeHHeT pasMepoB, tfTO otfeH'b BaJKHO , Harrpmnep, 

,IJ;JUI o6ecrre tf8HJl!H O.n:HOBpeMeHHOro BHBO.n:a IJ;BYX (JI! 60 rree) 'I - rrytf­

KOB c BeyTpeHHllX MllilleHeil: a rreKTpOHHoro c1rnxp0Tp0Ha (CM. , Harrp11111eJJ, 

) . [9] 
B saKJI10"18HJ1Ie ci:rnTaro rrpAATHHM .uonrm,: rro6Jiaro,:a;apMTb ivlerrMKH­

Ha P. A. ll TyMaHHHa P.B . sa o6cy~eHH8 pesyJI'bTaTOB pa6oTH . 
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IIDWJIOJK8IDlJ:l I 

PaccMoTpMM llHTerpaJib! 
~ x 

J~~~ = S F(tJ J3Y2 (+.J(;t~)r(t)dt= 5f<-t)dt 
0 0 

(II.I.I.) 

~ cnyqaJI F(x)=F(s+(1<-1)L)=F(s). 

IIpe,n:cTaBMM :J ( x) B Bll,n:e CJMMh! llHTerpaiiOB 

S S+L 5+21.. S•(K-f)L 

J(x)= ~fdt + 5f(t)dt + ~f(t)d.t+ ... + 5 f(t)di. (IT . I. 2.) 
O S SH St(t<-2)L 

Bo Bcex 11HTerpaJiax, HatJHHBJI c TpeToero, c,n:eJiaeM 3aMeey 

rrepeM8HHHX, COOTB6TCTB6HHO 

t - t'+l 

t - t'+2J... 

t -t'+(K-2)L 

11 BOCITOJTh3yeMCR rrepHO,n:l1tJHOCTl>ID ~YHKU:ITT!: 

F(t + t<L) = F(t), 

fo (t + 1<l) = J3(t) 

H CBOf!CTBOM ~YHKUHH 

ITo JIYtJl'lM 

+(t+ KL) ==f(t) + 25fG.·K. 

5 -

::1 5
(x)== 5F(i)J311z(t)slnf(t)dt + 

0 

s+L J<:-2 

+J Fp'kslnf(t)dt 'fu cos(21TG.n) + 
5 
S+l.. K-2 

+ S F)3112 cosf(t)dt · ~ sin(21TGn), 
5 
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(IT . I. 3.) 

(IT.I.4.) 

5 

Jc(x) = ~ F(t).13 112(t) cosf(t)dt + 
0 

S+L 1<-Z 

+ 5 F(t)j/12(t) cosr(t)d.t · fu. cos(WG.n)-
s 
S+L K-Z 

J F(t)p
112

(t)sLnt(t) dt ~sin (2srGn). 
s 

ITo,n:cTaBJIRR 3HatJeHRff CYMM [5] , ITO JIY'tJl1M 
s 

Jc'
5
(x) = ~F(t)ft 112(t)(~~;)'f' (t)dt + 

0 

S+L 

+ sL~~~-~~a s F ( t) i/2( i) ( ~~) [.Y(t)+ (K-2)9rll ]dt. 
s 

I.fa ( IO ) .ItJIR ~gwi(X) = ~~/S,K) 

~CbiH(s,K) = J3y2(S) [sLno/(x) :1c(x) - cost(x) j 5 (x)] = 

(TI.I.5.) 

(II.I,6) 

HM66M : 

=lcs) {sin ['/>(s)+ (1<-1) csrG] JCx)- cos [ r(s)+(K-1)2sraJ:t 5(x)}, (II. I. 7.) 

Ilo,n:cTaBJIRR B (II. I. 7.) 3HatreH:l'Ie IDITerpanoB Jc'5cx) 

113 (II.I.6.), ITOCJie rrpocTHX rrpeo6pa30BaHm!: ITOJIY'!IBM: 
5 

~"'"(S,K) = J3Vz(s) { f F(t)p11'Yt) sln[t(s) +25TG.(1<-1) ~t(t)] di+ 
0 

s+t.. 

+ - 1 
_,., ~ F(t)p'/2(t) cos [t(s) +97G. -t(t)] di -

s 
s+t.. 

i J F(i)J3v2 (t) cos [r(s)+21TG.(1<-t) +91G.-f(t)]dt}. 
s (II.I.8.) 

2sLn 5fG 

IIpeo6paayeM CYMMY IDITerpaJioB 

5I 



s 

s F(t)j31/c(i) sl.n ['/i(s) + 23TQ( K-1) - f (t)J dt -
0 

S•t. 
1 s Yz r - esinsrG. F(i)J3 (t)coSLt(s)+2~G.(1<-1)+9TG.-r(t)J cit= 

s 

1 { s 
::: ~ F(i)J3Vz(t) cos[o/J(s) +2JTG.(1<-1)-9TC1-f(t)]dt-

-J F (i)J3 Y2( t) cos [</i(s) + 29TG.( 1<-1) + sra -t(t)] dt-
o 

- rF(t) J3!1e(t)cos [</'(s)+ 2!TC1(1<-1) +9TG.-f(t)]dt 
s s 

= 1 
{ 5F(t)J3'1z(t)cos[o/(s)+C.qra(K - t)-9TG.-t(tJ]dt 

sln !TTG,. 
.s°+J., - S F(t)j3Y.?(t)cos[l/ils)+2JT<2(K-t)+:na-.p(t)]dt }= 
0 s 

= 
1 

{ 5 F(t)j3v2 (i)cos[o/Cs)+2!rG.(t<-1)-gfG-l/i(t]di -

- ? F ( t) j3 112 (t) cos[ij; (s) + 29TG (1<-1) + YiG-f(t)] dt-
o 

S+~ 1-:: } - J F(t)j3 2 (i)cos[r(s)+2BTG(1<-1) +~TG.-f(t)]dt = 
s 

1 . /.. 1 

=- j F(t)J3V2(t)cos['i'(s)+ 291B.(K-t)+g[G_-if(t)]cit. 

0 (JI.I.9.) 

(HeTpy,wro yOe.D;liTbCR, 'ITO ITPH 38.MeHe rrepeMeHHOii HH'l'erpHpOBa.HIDI 

t --t' + L ·rpeTHii HHTerpaJI B (IT. I. 9.) CBO,D;liTCR K rrepBOM~. 
TaKHM o6pa30M, HMeeM: 

S+L 

~~.1H(5,K)= 2s~n9TQ S F(t)j3v2(t)cos[tcs)+3TG-f(t)]dt -
I- s 

SF (t) .lz(i) cos[.P(s) + 29TG.(K-1)+9TQ-</i(t)] dt. 
(II. I. IO) 

0 
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IlpRJioJKeID!e 2 

ITpe~cTaBHM 011.lITb HHTerpaJI J(X) t BXO~IIU'lii B (IO), B BH~e 

CYMMhl MHTerpaJIOB (CM. IT. I. 2. ) 
S s•L S•2L S+(K·f)t. 

j (x) = j fdt + S fdt + ~felt+ ... + 5 fdt 
o S s•t. S•(l'.·Z)I- (IT. 2 . I.) 

Bee HHTerpa.Jlli B (IT.2.I.), Ha'IBHaR co BToporo, OTJilPIHhl OT 

eyJIR, T.K. OHR co~epimT B ce6e HHTepBaJI [ 5 1 , s 2J, r~e F to . 
~To JKe KacaeTCR rrepBoro RHTerpana, TO rrpM S < 5 1 OH paBeH 

HYJIJO' B TO Bperllf! KaK rrpM s > s z - OT JIHtreH OT HY JI.II. PRC. I' 2 

110.lICHReT CKa3aHHOe. IlpH B3aMMHOM pacrroJIOJKemrn 3HatreHMfi s) s,) 52, 

cooTBeTCTBYJOn1eM pMc. 2a, rrpM K = I, -qacTima eme He rrponrna B03My.­

meHHh!fi ytraCTOK>M ~efiCTBHe B03MymeHliiR Ha traCTMD;Y CKa.JKeTCR TOJlb­

KO Hai:rnHaR co BToporo o6opoTa. 

TaKMM o6pasoM, rrpH 
s 

s < s, HMeeM 

rrpR K;,,I J (x) = Sfc:lt = O 
s, • 

K=2 J(x) = Sfdt 

K=3 
SI S• !+I-

J (X) :. ~,f d~.:1. ).d~,•2 1-
K=4 J(x)= ~fcH + Hdi t 5fdt 
K:K St St s,+J- r•I- s,+ZI. s >(1<·2)1-

.J(x):: ~fdt + tctt + ... + 
1 s,+i.. $,+(1<-Z)t. 

IlpM S>Sz (CM. pzc.26) MMeeM: 
s. 

rrpn K=I 'J(x) = Sfd-t 
K=2 J(x)= 5'/cit + J!at 

St s ,-.1. 
K=3 J(x) = s·fdi t ~·fdt + rf::it 
K=K J(x)=

5

~fdt • 1'1~;1- + .. .""z~ Sf·~~l)I. 
3anmneM j (x) s, s,•1- s +(•-1)1. 

B BM.ite: ' 

(IT.2.2.) 

(II.2.3.) 
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• 
J (x) = sln [f(s) + ( 1<-1)2!TQ] S F(tJ/2 (t) cos 'f(t)dt -

'l< 

- cos [.1'(s)+ (K- t)2grG] J F(t)p 11"(t) sin r(-t}dt 
0 

(II. 2.4 .) 

BBe.n;eM orui:Tb o6osHa~eHHR: 

s. 
Js,c = s ]31/z(t) (::t)r(t)dt' 

s, 

I= J('Js)2+(Yc)2 ) 

~ = md3 (Jy:r). (II. 2.5.) 

Tor.n:a 

s. ( s c ) J-:i sln :J ·coso+::J slnO 5 F(t)p i!(t) (cos)t(-t)dt = F1 ::t0 coso + :J 5 sLnO) . (II. 2. 6.) 
s, 

s,+1.. 
B HHTerpane Jfdt c.n:enaeM sa.MeHy rrepeMeHHo~ HHTerpH-

' S1tL pOBa.HIDI t-t + l. 

Tor.n:a • 
S2+L 52. 

~ F(t)j3'12(t)(;;~)tCt)di = 5 F(t'+l-)J31/z(t'+1.)(:0~)tC+.'+1..)dt:: 
S1--+l- 51 

=f (j5
cos21TG +:JcsLn<'sra)=F. r(si.n(2grG.+$)) 

Z :1°cos 21TG - :15 stni"5fG. 2 cos ( 29TG + ~)). 

(II.2.7.) 

AHanorH'!HO, saMeHoa rrepeMeHHoa t-t'+(1<:"-2)l rrony<rnM 

.wm HHTerpa.Jia 

Sz •(K·z)L 

r Vz (sLn) _ (sin[29TQ(1<-Z)+ 5)) 
j F(t),,a (t) cos;f(t.)dt - f;._ 1I cos[2!JTG(t<-2)+ ~J). 

S1t(lc-2)L 
(TI.2.8.) 
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TaKHM o6pasoM, rrpH 5 < s, 111.1eer.i 

K-2 

J (>1) /s<s, =I { sln [ t(s) + (K-1) 29iG.] fu Fm., cos [2srG m + 5] -

- cos [f ( s) + ( K- {) 2sTGJ ~ Fm•i sin [2srG. rn + ~ ~= 
K-Z 

=I L Fm•i sln [r (s)+ ( K-1 - m) 2~G. - ~]. 
m=o CIT . 2 . ~ .) 

11epeo6osHa'!M Her.;i,;e l1H.nerwu : 

n = 1<-2 -m B (l l. 2 . 9 .) non;;tr.i:: : 

J (x) ls<s, =It: F•-n-i sLn [t ( s) + ( n+i) 23!G. - sJ. (;J.:~ . Iu .) 

AHaHorll!'!HO, opn S >Se 11I1.1ee1,; 

K 1 

J(x)) 5 ,
5 

• ILFl( 0 sLn[f(s)•2~1G.n- s]. 
~ n o (if.~ . II . ) 

'. 

:.;~ 
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