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B B e ,g e H 11 e 

B !laCTOSII[lee Bpe1.m B J!llTepaType mHpOKO o6cyxt,ItaeTCSI Borrpoc 06 ;YCKopnTeJISIX c CHJI:b!IOll (f)OKY-

cnpomcoll It 110CTOSillllU1! ,BO Bpeue1m Har!IUTHLI1.! ITOJieM. BrrepBh!e TaKOll ycKOPUT6JII, 6h!JI 11P,6.I(JIO::t6II B 

1953 ro;JI,y A_.A.KoJI01!6l!CKU!.!, U .c .Pa6HHOBJ.tqeM n B .A. TieTyXOBhll,! [l] • B 1955 roJJ,y 3Ta lite 11,n;eSI 

61rna_ BhlCita.SaHa. Cath,!OHOM [ 2] • CUJII,HM cpo1tyc11pOBKa B ycKOpl-!TeJie ocymecTBJ!SI6TCSI sa cqei Toro' ·l!TO 

sapn:enHhle 'laCTmfu, o6pal:{aSIC:b, npOXO.I(SIT ytJaCTKU C MarHIITHl,JM noJieu, UU6lO!llHM npOTHBOllOJ!Olltl!Oe Ha

npaBJI6HHe B coce,n;HHX ceKTOpax l1 CHJI:b_HO paCTYIJtHIJ (rrpm.1011 BapuaHT) l'IJil'l y61,1Ba10m11M (o6pacie_l!Hb!ll 

napHaIIT) 110 a6C01ll0Tl!Ott BeJinqnHe C pa,Itnycou. HaJIU'IHe ceKTOpOB C o6paTHUU HarrpaBJI6l!l16!.I 110J!SI, YJJ.a

JISIIOUtHX qacTHl'.lhl OT J.t6HTpa ycTaHOBKII' np:VIBO)I,l'IT K SHa'IJIT6JII,HO 60JI:bmHll (npn6JIU3UT6JII,ll0 B 5 pa3) pa3-

!.!epa.1! ycKOPUTeJisr no cpaBH6l!HIO c o6U'tl!ID.! C}IJII,HOqJOKYCHPYIO!llI'lU yciopnTeJieM Ha TY :m:e :rneprHD. Taxoe 

yneJin'teHHe pasuepon ycTaHonrm irnJisteTcSI O,Itl!Hl.t us cy!llecTneHHUX ee He,ItOCTaTKOB. OJJ,na1to, napSIJJ.Y c 

STUM ll6JJ,OCTaTKOU l!OBblil YCKOpUT6J!I, o6JiaJJ,aeT pSI,ItOM npem.!Yll16CTB, CTUMyJiupy10mnx ero paSBHTHe, rJiaB

HOe HS KOTOpux-60JII,WaSI UHT6IICUBHOC Tb ycKopemtoro nytiica. B Ca.MOM JJ,eJie, l!CllOJII,SOBaHHe nOCTOSIHHoro 

no npeMeHit ua.rHnTHoro noJIH JJ,aeT no:mo:amocn yneJIH'tHT:b qacToTy J.tHKJIOB yc1topemrn n, cJieJJ,onaTeJI:bHO, 

noBUCHT:b sqxpeKTUBI!OCT:b ycTaIIOBim no cpanHeIIUIO C o6wmw.m CUJII,HOcpOityc:irpyDDtUL!U yc1topl!T6JISIL!U • ' 

]pyr11e npem.rymecTna SToro ycKopnTe Jisr uocnT qncTo mrn:epeHepmill xapaKTep: oTnaJJ,aeT Heo6xo.ztnuocn 

Toqnoro cor;raconamrn qacToTu yc1topsr10mero -!Iarrpm1te1msr c uarmITHbll,! no;reu, nc110JI1,sonamrn mnxTonan

Horo :m:eJiesa; nosrBJiSieTC,SI BOSl!OmIOCT:b l!lllteKTHponan 'llaCTl!J.tU C M6H:bmHMlf :meprum.rn, qeu B YCKOPHTO

JISIX C nepeueI!Hbll.! Marl!UTI!UM 110JI6M; UCKa.ltOHUSl noJISI ne 3aBHCSIT OT npeMeHU H Jiertie ncnpaBJISI!OTCSI 

H T.11. 

Honutt YCKOPUTOJII, no;ryquJI Hasnamrn KOJII,1{6BOro cpasoTpoua, TaK Kalt B 116M l1Cl10JI:b3Y6TCSI, Kalt 

l! B cpa30Tpone, nocTommoe uarmtTHOe 110Jie, a MarmtT Bbll10J!Il6H B BHJJ.6 KOJII,J.ta • ]Bl!llt6Hl!e 'taCTHI{ 

B KOJII,J.t6BOM cpa30TpOI!e o6JiaJJ,aeT PHJJ.Olt oco6e!IHOCTett. 3HaHne salCOIIOB ,ItBl!It6lll!SI qacTUJ.t HBJISI6TCSI 

conepmeHHO Heo6XOJJ.l!MID{ JJ,J!SI ycnemnoro KOHCTpynponaHUSI l1 sanycKa YCKOpHTeJISI. B qacTHOCTH, SHaime 

' 
3aKOHOB CB060JJ,Horo ,ItBU:a:emrn qacT1tn 1103BOJISI6T, Bo-nepBhlX, TaK nu6paTI, xapaKTepncTHKH uarmtTIIOro 

noJISI l1 reoueTpnro ycTaHOBKU, '!T06U JJ,BnllteHne 'taCTHJ.t 6UJI0 ycTonqnnm,1; BO-BTOphlx, 1103BOJISieT 3aJJ,aTI, 

,ItonyCKl! ua xapaKT6pl!CTHKH r!OJ!SI l1 c6opKy ycTaHOBKH, Bh!6pat:b npaBHJ!I,HO anepTypy KaMepu YCKOpUTe

JISI I1 T.11. 

B cBnsn c Bam10cu10 sToro Bonpoca npn Ham1camrn pa6oTu MU npecJieJJ,oBaJiu neJI:b llOJJ.p06Horo 

IfCCJI6JJ,OBaI!IfSI CB060,n;Horo JJ,BI1Jit6HUSI 'llaCTHJ.t B KOJ!:bl.l6BOLI. cpa30TpoHe. l{OHKpeTIIOe npnueuenne llOJIY't6HHb!X 

cpopMyJI npouJIJIIOcTpnpoBaHo ua npmrnpe uo.n;emt KOJI:bl.lenoro cpasoTpoua, coopyimeuon n 06MJJ.HHeHHOU 

HHCTHTyTe aJJ,epHUX IfCCJie,n;onaHnn. 
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§ I. Bh!BO,Il yPaBHerrnn cBodog1mx :ioJiedamd! B rrepBoM rrpndm'!:s:emnr 

D CilJILHocpoKyc11py1orpx cucTeuax, KaK rrpairnJio, urHoBeHime opduTu nueroT .JJ:OBOJILHO cJio::tuyro 

qiopuy. rronouy .JJ:JISI orrncamrn CBOdO.JJ:HUX KOJiedaHnn OKOJIO MrllOBeHirnfi opdl!Tb! D TaKilX CilCTeMax 

l!CIIOJII,3YIOT Odhlt!HO . miTypaJILHYIO CUCTeMy KOOP.JJ:IlHaT [ 3~4,5, 6] ' CBSI3aH11y10 C MrIIOBennon opdnToti. 

YpaDHem1SI .JJ:BH:S:eHUSI rrpn STOM IIOJiyiraIOTCSI O.JJ:HOPO.JJ:IIH1.!I'l lI q>lI31!lJ8CKil doJiee narJISI.JJ:HHMl! • 

Tipn BUBO.JJ:8 ypaBHeHl!fi dy,n:eu rrpe,n:rroJiaraTL, lJTO iraCTI'lllH odpamaIOTCSI B ycKopnTeJie C IIOCTOSIHHOfl 

:rnepmen (ycKoperrne orcyTcTByeT) n urnonerrnaSI opdura pacrroJio:i.teua n cpe,nuen rrJiocKocTu, T .e. 
·. . . ---

rrpe,n:cTaBJISieT f!JIOCKYIO KpnByIO. CBSil!CeM C Mr!IOB0IIIIO11. opdilTOl1 corrpOBOl!C.JJ:a!Omnn Tpexrpaumm t. ,, '(. 
t, -,. y rrp~.JJ:CTaBJISI8l' Tpof!Ky. 0.JJ:UHl'll!Hb!X B3alIMHO rreprreH.JJ:IlKYJISipHbl; BeKTOpOB, rrpuireM t 

HarrpaBJieHo no KacaTeJI1,11on · K opdnTe, f - no 11opMaJI11, "f - rreprreH.JJ:IlKYJISipHo IIJIOCKOCTU, B 

KOTopon pacrroJIOE:eHa KOOP.JJ:IlHUT!la.fl KpirnaSI (cM.pnc.I). KaK Il3B8CTHO, STa TpOt1Ka neKTOpOB CBR3aHa 

M8l!C.JJ:Y codon IIJOPMYJiaMil c}pene, KOTOphle B CJiyirae llJIOCKOfi KOOp.JJ:IUial'HOn Kpnnon rrpm11111a10T nn.n:: 

- 7 d.:!;=---•. 
a6 5' 

.,,. t r.U._ -, 
d6 - J> -i1. = 0 d.G , 

r.n:e (5, - .JJ:JIIl!la B.JJ:OJII, KOOp,n:mraTIIOif KpI'!Bon, 

9 - pa,n:nyc KPilBil3Hbl. 

(I.I) 

B IlCTIOJII,3Y8MOfl CilCT8M8 KOOp,lJ;IrnaT pa,n:nyc-D0KTOp, rrpone,n:e!IHhlt1 Il3 lleHTpa ycTaHOBKil .JJ:O M8CTOHaXOl!t

,lJ;eirnJI iracrnuu, MO:m:Ho sarrncaTL - _., ) _. -
't ::: R 6 + X p + Z'( 

3,n:ecr, - ' R(E;)- pa,n:nyc-BeKTop Koop,n:nua TH of! Kp1rnon, 

X - OTKJIOHerrne no HOpMaJII'! OT MrHOB8HHOfi opdnTLI, 

Z - OTKJIOHeHI'!e no BepTI'!KaJII'l OT cpe,n:11en nJIOCKOCTil. 

)l11cpcpepeuu11pySI (I .2) no S 11 ncnoJir,syR (I.I), ualt,n:eu 

j[ = (1;~ J)f + xp + z'f 

(I.2) 

(I.J) 

. OTCIO,IJ;a BI'l.JJ:HO, lJTO MeTp11ireCKJn.lI1 K03cpq>UUI18HTaMI1' BBe,n:eHHOll KOOP.JJ:UHaTHOlt CilCTeMbl SIBJIJIIOTCJI B8JII'llJUHhl 

h =('+~} I-~ t -1. c. 1. · p , · n2 - x , n, -
MeTpnirecKHe KO3cpq>Ullil8HTU DXO.JJ:RT B BUpaxemm . ti.iv I1 T.ot 
IlCnOJII,3YIOTCR • 

(I .4) 

n B ,n:am,HellmeM lllIIpOKO' 

ITocKOJII,KY 3HeprnR qacl'Illl npe,n:rroJiaraeTCR nocTOSIHHof!, TO .JJ:JISI BhlBO.JJ:a ypaBHeHnlt .JJ:Bill!C8HilSI MOllCHO . 

BocnoJir,sonancSI napnaunoumn.1 npnunnrrou Uorrepr!On: 
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S) ( p + f A)df J.5 = S 1 L olr; = o, .. . (I.5) 

-A - neKTopuun noTeHnHaJI, -p - RMnym,c 11acun1,1, 

Jlarpamm. IIo.n;cTanmrn B (I .5) s11a1rnHHe 

Han.n;eM 0Tc10.n;a cpyHKitHJO Jlarpamm: 

J.-:t' 
"ilG H3 (I.3) 11 npousno.n;R cKaJisrpuoe nepeMHOllterrue, 

YraBuemrn Jlarpamm B Ha.meM cJiy11ae sanumyTcsr cJie.n;y!O!llHM odpasou: 

.ii.. (!Li) - )l. 
ol6 °bx' - 'bx ' 

L(~)- }Jl (I.7) 
, 

o/6 ~i!' - ~l 
.} 

IIo.n;cTaBJISisr c10.n;a (I.6) 11 Bbipa:msr npousno.n;irne OT KOMnoHeHT BeKTop-noTeHI:tRaJia A 11epes KOM

norreHThl 1.1arHHTHoro noJIR H , noJiyl!HM ypaBrremrn .n;BRllteHRR n BR.n;e: 

M [(l•ft::,, ••• J'.-1 = ; W•fi~~-, •• ,,p - :;, [(1• j)H, ~t'H,}, 

ifcct+j);:,zT(1rz} = - !p-[ x'}ft- (1+ j )H, J. (I.8) 

ITpH Bl:lBO.n;e ypaBHeHRll (I.8) ?.Ill He .n;eJiaJIH HHKaKHX npe.n;noJIOllte1mn OTHOCHTeJI:E,HO OTKJIOHe1mtt 

X , ~ H HX npOH3BO,ll;HblX. 0.n;Ha.KO, B TaKOM BH.n;e ypamieHRfl SIBJISIIOTCSI HeJIHHel1Hl1MH H aHaJIHTH

l!eCK!l He pemaioTcSI. ITono1.ry B .n;am,uenmeM dy.n;eu npe.n;noJiaran, llTO OTKJIOHeHHSI j{', ~ 11 HX npo

H3Bo.n;uue WlJIU, TaK llTO l.!OlmO npene~peran KBa;tpaTa.MH H npOH3Be.n;e1mm,rn 3THX BeJIHlllUI. MarHH_THOe 

IlOJie TaKl!te pa3JIORHU B pSI.n; OKOJ!O ero 3HalleHHSI Ha MrHOBeHIIOtl opdHTe H npeuedpellteM l!Jlella.MR DTOporo 

rropSI.n;Ka n B!'lme 110 X , e . Tor;!\a 110Jiy11mi 

H = H0 

+ ( }I-It 'x + ('Ht.). l 
i t ox lo oi o 

Hi = fl + (i>H,\ x + (~' r . f f' i)X 4 , "b! /4 

Hi = 1-1; + ( ~~r lx + ( ~~r2 i! (I.9) 

BeJntl!HHhl C HH.n;eKCOM nym, OTHOCflTCSI K urnoBeHnon opdnTe. 

!{01moneHTbl IlOJ!SI H HX npo1rnno.n;11ue He SIBJ!fllOTCSI He3aBlICHMUL!H, a CDSI3aHU Mel'Qty codon 

COOTl!Ol!IeJIMSil!H: 
-+ 

o/.lvH = 0, (I .IO) 

(I .II) 

/ 
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.. TaK Ka~ B l'!,IteaJII,HOM CJiy1me' pacc1rnTpe~rneu KOToporo MU 3,Itec:r, orpamrlIHBaeMciI' l{=O, 1-1;s 0 
H '( ol-lpl ·= (7JH,a) = ( )I-It\ = ( -al:ft\ ~ O 

11x /4 )G" /4 . 0 x l 1)6' lo TO (I.II) CHJILHO ynpomaeTcH: 

H = ( "bHt\ ~ 
t c)G" lo . 

II ~ ( -aH,\ ."7 
np ~ ox lo i; • 

(I.I2). · 

1-1, - 1-1; + .( ~~'l X . 

ECJil'I IlO,ItCTa.Bl'ITL (I.I2) B (I.8) l'I yqecTL, qxo 

() !.!:!, ·= j_ 
c.p p . 

TO· B ne PBOM IlpH6Jil'!Xemrn: IlOJiyqHM CJie,ItyIOmlfe ypaBHSHHH ,ItBHlltSHHH: 

x"+J .. (,t-n) x =O. } 

i" +- ffe i! = 0 . 

3,IteCL BBe,IteHo o603Hal10HHe 

n = _ J!... ( oh'r) H; c)x lo 
n HBJIHeTCH, JIOKaJILHUM IlOKa.3aTeJISM IlOJIH Ha MrHOBSHHOtt op6HT0 • 

IIpeo6pa3yeM Tenep:r, Bl:lpal!Cemrn ,ItJIH n • C non tl8JI:E,IO nepemrme1.t 

oHr = °'lll-lr ~z + )Hr ~s 
"'a,c 1'l c)X c)6 oX 

H3 pHc.2 cne,1tyex, qTo 

)'l = .J:_ J 

o,c CCY.>'f 
06' - .J.,. (/) ox - '11 J 

dR = Rtnw., 
d0 <I I 

(I.D) 

(I .I4) 

)Jf, 
)X 

(I .I5) 

(I.I6) 

r.n;e 'f - yroJI 1rnx.n;y HOpMaJILIO K MrHOBSHHOtt op6nTe H pa.n;HyCOM B8KTOpOM 

MarHHTHOe none B cpe.n;Hett CTJIOCKOCTH orrpe.n;eJIHM cpy11Kn:Hel1 

it . 

~ )~ H = H1 = - Ho(;.) f<e)=- Ho r(6) ( i · (I.I7) 

B BU.rte: 

3.n;ec1, K'>O. - nocTOHHHaH BeJIIIqHHa; HMSIOJ;laH cuu~JI cpe.n;uero rrom3aTeJIH noJIH f 7], F{o)={E.Jf)J(e) 
H onpe,IteJIHeT BapHaIJ:HIO IlOJIH B,ItOJIJ:, MarHHTHOtt op6HTU, 'to - HeKOTOpun (pHKCHPOBaHHUtt pa.n;l'lyc, 

I-lo -3naqemre IlOJIH Ha 3TOM pa,ItHyce npH H8KOTOpOM 3HaqeHHH 9 = 80 . Ilepexo.n; OT He3aBUCHMO!t 

nepeMel!HOtt 8 K 6 BllOJIHS 060CHOBaH, TaK Ka.K O~H O.ItH03HaqHo CBH3aHU COOTHOlli8HHeM: 
8 

6{e)= J JR2{e) + (~)2· o/e. · (I.I8) 

0 
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OTHOCHTeJII,HO BhH1opa TIOJIH B qiopue (I.I7) 6y,!(eT CKa3aHO B § 2. 

ITO)(CTaBJISlfl (I.I7) H (I.I6) B (I.I5), Han,!(eM 

.1. )H _ ...!L. ( t ~
2'f) . J. dF f,,. 

H ix - ~'f °i - R .,_ F(6) d5 o 'f' ' ( ,f, 19) 
1 I "'bH 

HaKoHeu, no.rtcTaBJIHsr B (I.I4) 3Haqemrn n H "b)C , B3SITIW Ha urHOBeHHon op6rrTe, T .e. nprr Z= R 
OTipe.rteJIHM n 

n = - tis> { f r (6)~tp + :[ t9 '{' J (I.20) 

YpaBH8HHH )(BHX8HHSI (I.I3) Tenepb nepen.rtYT. B. 

II [ .!. .JL --1:..._ dFt· 1 - ;· X + .f' t Rj> ~f + fF(6) d5 ,S'f X - O, 

1:,'' _ [ L ~lD + _J_ · dF +n w] l = o . 
R J> I f F(s) c:IEi a l 
', 

(I,2I) 

TIOKaJII,Iihltl TIOKa3aTeJib TIOJIH' KaK CJie.rtyeT !13 (I.20)' 3aBUCIIT OT q>OpMLI MrHOBeirnon op6HTU 

( R, <p ) H xapaKTepucTHK TIOJISI ( K, F'(6) ). B qacTHOcTu, noJiarasi: B (I.20) H (I.2I) 

'f = O, 2=_pcco,v..t , F'(s) = I u cqnTa,st · K>O n O.rtHOM ceKTope n. K4' 0 n coce.rtHeM 

ceKTOpe :uar1mTa, Ubl IIPUXO,ItHM K oduqmru ypaBHeHHSIU B CHJibl!OqJOKYCHpyDmnx YCKOPHTeJIRX • .);onomrn

TeJib!Ihlil qJieH .f~is) fs ta f , ItoTOplltt TIOSIBJISieTCSI B (I.20) n (I.2I), onpe.rteJIReT ItpaeByR> 

' qJOKYCHPOBKY' 3aBHCllll1YD OT yr JIOB BJieTa qacTHUU B ceKTOPil. 3TOT qJieII OTPHUaTeJieII II cnocodcTnyeT 

)(OTIOJIHHTeJII,IIOtl qioKycupoBKe B i! - HalllXl,BJiemm LI .rteqJoKycupoBKe-B X - nanpanJie!IUH. 

§ 2. Onpe.n;eJieHlliL~~paKTepncTHK MrHoBennux opdnT 1t ,n;nnaMuqecKoe TIO)!Odue. 

,llJISI onpe.rteJie!IHH n B ypaBH8HHlIX (I, I3) HeodXO,ItHMO, KaK dUJIO TIOKa3aHO n1i1me, yMeTb 

HaXO)(UTI, xapaKTepnCTilKH urHOBe!i:nux opdnT R(s) Il tp (S) TIPil 3a,!(al!HOi1 . KOHqiuryparcmt MarmtT• 

HOro llOJIJI. 

ITpe.rtllOJIOlltl1M CHaqaJia, qTo UMeeTCSI 

CBSI3b!Bal01I1Ue ee xapaKTepucTHKH R. U 

npOH3BOJII,HaH TIJIO CKaH KPHBaH • Bb!Be.rteM )(JIJ1 Hee ypaBHt::Hl!Jl ..,,,.. 
lf • Pa.rtHYC-BeKTOp KpilBOll f<. MO~HO 3a11ncaTb KaK 

I (2.I) 

r.rte R ~tf n R~tntp cooTBeTcTBYDL1ue 11poeKUHH 11a ocu co11ponol!t,ItaDll1ero TpexrpaHHHKa. 

TipO)(HqiqJepe m:~upOBaB no Bb!pallteHne 110 )(JIUHe .D:YrH Il BO Cl10JII,30BaBmuc1, q>OpMyiramt <l>peHe (I.I), 

Hatl.rteM: 

:! =r=[Jk(R~<p)- 12 -;nw_jp+["~(R~tp)+ 2'f'P]f (2.2) 

-t. u 8 ~ ITpnpaBHHBaR cnpaBa Il CJieBa K03qiqll:!UHeI!Tbl npn ,. J , TIOJiyqm.r ypaBHeIIHSI )(JISI 

l:! f : 
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dt e ) dS = p' 
d'? = -E:.+i . 
d6 f · 

c= RC<nf·J 
? = R:~~n ~. 

(2.3) 

(2 .1+) 

Ct!CTC!.:a (2 .3) JierKO 11p1rno,n:I1TCSI K o,n11ouy ypanHemrn rrepnoro llOplI,nKa OTHOC!1T0JlbHO rrepC!,!0HH0!:1 

U==e+i.r. 

u'+i:..u- · J> - l.,. 

Peruemrn ypannemrn (2.6) 111.IeeT nu.n:: 

-,Jr!§ -if'" ;f "~ u = II e P + i e P j e P J(; , 
r,ne I/ - KOM11JieKc11asr. 11ocT01IH11asr mrTerp.rponamrn. Ecn.r CtIHTan, tITO 

3aMKHyTa H ,nJISI nee H!.!0CT uecTO paBeHCTno· 

cp = el-Ip= - ello F{s) P~. 

(2 .5) 

(2.6) 

(2.7) 
11po1rnBOJ!l,l!alI KPHBaSI 

(2.8) 
To (2.7) 11 Cly.n:eT orrpe,nensrTr, xapanepHCTUKU uruonennon op61m1. Ycnonue (2.8) y.l(oeluo 11epe11.rcan 

n nv1.n:e: 

r.n:e J',,=- =£_ eHo 

po = F'(6) p:, (2.9) 

- pa,I(uyc Kpv!BH3HU MrHOBeHHOt1 op6HTb!, Harrpm.mp, B TOtIKe S = 0. Tor.n:a 

(2.7) rrepexo,n:HT B 

_,J~1J~ . -iJ~>c10 J ;J ~Jr; 
u = II e ·. + <. e e ds (2.IO) 

TaKln.! o6pa3oU, 3a,n:aqa 110 onpe,n:eJieHHIO xapaKTCpHCTHK opelv!TU u, CJie,n:onaTeJI1>HO, JIOI~aJil>HOrO llO.Ka3a

TeJISI nonsr n (cM. (I.·20)) n npunnHne perue11a. 

n B YCKOpv!TeJie onpe)(CJISieT tiaCTOTlI CBOClO,lll!lIX KOJie6aHHt1 U i!BJI.fleTCSI O,I(Hdtt U3 OCl!OB!IUX 

xapaKT0pv!CTUK cnoelo,n:noro ,ll;BUllt0HHSI • EcJIH . n OT op6HTU K op6HT0 MeHSieTCSI, TO 11 tiaCTOTU CB06o,n:

HUX KOJieelaHHfi Cly,n:yT l!3Me!ISITbCSI B nponecce YCKOpemrn. IIpH 3TOM qacTOTU Moryl' npH6J!Hl!ta.TbCSI. K pe3o

Iial!CH11M 311aqe_1111si:M uim ,n:allte npoxo)(uu nx. B pe3ynuaTe pe3011a11c11on pacKatIKn cno60,n:m1x Kone6a1111n 

3l!atJHl'eJib!IaSI ,ll;OJISI tJaCTHn MOl!teT Blmacn H3 ycKopeunsr • rronouy Otie!Il> Ballt!IO CKOHCTpyHponan KOJ!l,

nenon rpa.30Tp01! TaK, tIT06U tJaCTOTl,I CB060,l(HUX KOJie6a1mn B nponecce YCKOpeHHSI OCl'aBaJIHCl, llOCl'OSIII;_ 

IIUMH' T .e. 11 . ,ll;JISI KaJE,non op6Hl'U 61.rno 0,l(IIHM H TCM ?Ce npu COOTBCl'Cl'BYIO!JlHX 9 . COBOKYrlllOCTl, 

opelnT, o6Jia,n:aIOIJlHX TaKHM CBOllCTBOM Ha3UBaIOT ,ll;HHaMH'tJ6CKl1 no.n:o6HJ,IMH. 

]!JIS! Toro tJT06H oelec~etJHTl, ,n:irnm.mqecKOe no,n:o6He op6HT, OKa3UBa0TCSI ,l(OCTal'Otil!UM: 

I) reoMeTpUtICCKOe 110.n:oelne opOUT OTHO CH1'0J!l,1!0 neHTpa ycTa!IOBKU ; 
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2) Marmnirne none BH,l\a (I.17) C nocTOSIHHhlM 3HaqenHeM cpe.11nero noKa3aTeJISI nOJISI K . 

,1l,JISI reoMeTpHtiecKo ro no.110 6Hsi op6MT neo6xo.1111tMo, 'qTOdbl 

-f; = con1-t ~ = coMt, 
~=eoM( lf'., ft 

(2.II) 

r,n:e MH,l\eKC I OTHOCMTCSI K .11pyron opdHTe. Tor.11a M ypaBHeHHSI (2.3), KaK 

HeTpy,l\HO nponepnTI,, )\JISI odeHX opdnT OCTaIOTCSI Tel.rn l!Ce. Ecmr K YCJIOBHSIM (2.II) .1106aBHT:E, elJle O,l\HO 

ycnonne: 
K == COMt, 

TO B 3TOM CJiyqae corJiaCHO (I.20) 

op6HT dy,n:yT O,l\UHaKOBbl • 

n= ni H ypanHemrn CB060,l\Hb!X KOJieeiaHHn (1.21) )J.JISI odeHX 

. ],!3 np11tne.11e1rnux paccyllt.11e1rnn I B qacTHOCTH I CJie.11yeT, 'qTQ B O()bl'qHJiIX CHJILHOcpOKycupy101:1n:x 

YCKOpn:TeJIJl'X, a TaK:ite B CJiadocpoKycHpyIOl!lHX ycKopHTeJISIX C npm.!OJIHHennmm npoMe:m:yTKaMH )J.HHaMuqe

CKOe no,1J.06ne opc5HT OTCYTCTByeT. II0.n:po611o_nonpoc o nO,)J.Oc5HH opdHT B YCKOpHTeJISIX paCCMOTpeH B 

padoTe [8] • 

§ 3. Pemenne ypannemrn cnodo,ipmx KOJiedanHn. 

YpanneHHSI CBOc50,nHblX KOJiec5annn (I.2I) SIBJISIIOTCSI ypaBHeHHSIMH Tnna XHJIJia. B oeimeM CJiyqae 

pemnTI, HX aHaJIHTHtteCKH He y,n:aeTcn. IIo:noMy n .n:an1,11enrueM MU orpa1rnq11ucsr paccMoTpeHHeM qacTnoro 

cJiyqasr, HMeIOIJlero Henocpe,l\CTBeHHOe OTHOmeHHe K MO,l\8JIH KOJILUeBoro cpa30TpOHa, coopyimeMon B 

0c5"I>e,l\HHeHHOM MHCTHTyTe .fl,l\epHb!X HCCJie)J.OBaHHtt. 

IIpe:m:.11e qeM npHCTYilHTL K pemeHHKl, OCTaHOBl'IMCSI KpaTKO Ila KOHCTPYKTHBHh!X ocodeHHOCT.flX KOJILUe

BOro cpa3oTpona H ere reo1.1eTp1:rn. 

MarHHT ycKopnTeJisr co CTOHT H3 N nono,mTe,111,uux n OTPHilaTeJILHl:lX ceKTopoB, pa3.11eJiemmx 

Mel!t)J.y codon npm,!OJIHHettnmrn npouelJtYTKa1rn. I{pasr ceKTopoB cpesam,1 no pa,lJ.HycaM H3 ueHTpa ycTaHOBKH·, 

TaK qTo ,l\JIHHa np.flMOJIHHeilHl:lX npoMe:m:yTKOD yBeJIH'ql'!DaeTcSI nponopuno11aJILHO pa~nycy. ,1l,JISI Toro, 'qTOObl 

)J.encTBHe KpaeBoro IlOJISI He HapymaJIO. ,l\HHaMH'q8CKOrO nO)J.OdHSI opOHT, sasop M8l!l:.l\Y nonrocmm Marm1Ta 

yBeJmq1rnaeTCSI TaKllte nponopuuoHaJI:E,nO pa.11uycy, B TO. BpeMSI KaK noJie pacTeT C !R)J.HYC01! . no 3a!COHY 

(I .I7). TaKHM o6pa30u, B KOJILil8BOM q>a30TpOHe HeCKOJI:E,KO HeoduqHoe nonoxemrn no cpanneHHIO co 

CJiadocpoKyCHPYIOIJlHMI'I ycKOpMTeJISIMH M OQlil'q!U,!MH CHJI:E,HO(llOKYClIPYIOl!lHMH YCKOpHTeJim.rn, B KOTOPl:lX M0l!LWeMy 

sasopy MellC.l\Y noJirocaMH uarHHTa COOTBeTCTByeT 60JI1>mee none. EcTeCTB8HHo, t!TO C03,lJ.aHue MarHMTHOro 

noJISI B KOJILileBOM cpa30TpOHe npe.11cTaBJISieT )J.OBOJlbHO CJIOllCHYIO sa.11aqy. TI0,n:po611oe onHcanne .11encTBYIO

men l!O,l\eJIH KOJILil0BOro cpa30Tpona, YCKOPSilOI!jelt 3JI0KTP0Hbl ,n:o :rneprHM 400 I{:rn' npMBe)teHO B paOoTax 

.nonycTMM, qTo y.11aJIOC:E, cos.nan none nocTOSIHHOe no adcoJIIOTHOlt BeJIHllHHe B,n:OJI:E, MrHOB8Hl!Olt 

F'(6) B (I.I7) oy.11eT paBna 

{ 

I B . noJIOlB:HT0JII,HOM CeKTOpe 

F{5 ) = o B npOJ.4elltyTKe 

-r B OTPMUaTeJII>HOM ceKTOpe 
(3.I) 

• 



\. 
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MrHOBeH!Iafl opdl1Ta B :nou CJJyllae COCTOl1T 113 ,n;yrn OKpylltHOCTli pa,n:11yca fJ o B IlOJJ0ll(l1TeJJl,ll011 

ceKiope, rrpm.mn mrnrm n rrpouelltyTKe 11 ,n;yrn 0Kpy:m:11ocrn pa,n:11yca - fo B oTpm~aTeJII,HOM ceKTope. 

Odo::rnal!l1M l!epe3 ~t 11 p2. yrm. IlOBOpOTa l!aCTlU~ OTHOCl1TeJII,HO ueHTpOB Kpl1B113Hbl B ITOJJOlK!1TeJJI,-

HOM U OTp11uaTeJJI,HOM ceKTOpax COOTBeTCTBeIIHO. YrJJOBble paCTBOpbl cekTopo'B OTHOCl1T0JJ!,HO ue11Tpa 

ycTallOBKll rrycn dy,n;yT 81 (110JJox11TeJJMIOro)11 9z. (oTpm~are;mroro); yrJJoBol1 pacTBop rrpmrn

JJHHeiinoro rrpOMell:yTKa Od03Hal!l1M tJepe3 eo . BBe,n;eM eme ,l\Ba yrJJa: yroJI 'ft M0'1C,l(y KaCaTen:i,uol1 

It opd11Te Ha KpaIO ceKTOpa U HOpMaJII,10 K cpe3y IlOJIOlU'!TeJILHOro ceKTOpa 11 aHanor11tJHO ,l(Jlfl orp11ua-

TeJILHOro ceKropa - yron f2. . nee rrpuBe,n;eHm,ie BeJIJ1t.IJ1Hbl yKa3aHbl Ha p11c .3. 

Mellt,n;y yrnaMl1 HeTpy,n:110 ycTaHOBllTL CJJe,n:y10m:0:e COOTHOJll0Ill1fl: 

lf t -= ~ ( ~t - 81) , 

lf,;: t ( p 2. + 8:z.) I 

80: f-, -<f:z. I 

. 13.,- Pz. = e. + 9z. .. 2 80 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

KaK CJie,n;yeT l13'(3.5) ( f4-f&) orrpe,n;eJifleT yroJI ITOBOpOTa l!aCTl1Ubl OTHOCl1TOJJJ,HO U0HTpa YCKOp11-

TOJISI 3a neMeHT rrepl10,l(l1llllOCTl1 (noJJOE:l1T0JIJ,HLil1 ceKTOp + rrpoMelltyTOK + orp11uaren:i,Hun ceKTOp + 

rrpoMe:m:yT·oK). Cne,n:0BaTen1,uo, qncno 3JieMeHTOB nepno,n;nquocrn IV paBHO: 

N::: 2-sr 
J31- pa. (3.6) 

Hapn,n;y C yrnaun BBe,n;eu TaK:m:e B0Jll1tJJ1HU, xapaKTepl13YIO!lll10 OTI!OCJ1T0JILHYJO )\Jll1HY opdl1TU B 

ITOJIOlltl1T0JII,HOM ( ~f ), OTpm~aTeJII,HOl.l ( CJ.a.) ceKTOpaX l1 npm!OJil1Hel1HOM npoMelltyTKe ( io ) TaK, 

tJTO 

ci1 +q2. +2q. = ! . (3.7) 

B paccimTpnBaeMOM cnyqae '1• , i 0 , qz. onpe,1teJISn'.lTCR npocTID.!n qiopuynamr: 

- p.yo . a Pzfo 6":i-S-t 
CJ• - (p1+pz)fo+2(6i·G;)

1 
tz.::: ('4+f2)fo-f2{6&-6'1) 

1 1°=,,t""fz).r,+2{~-~)(3.B) 
r.ite (G'z.- G"t) - .n:nnua opdnru B npoMelltyTKe. 

}!JIR ,n;aJILHellmero IIW.1 IIOTpedyeTCR e11te o,n;Ha xapaKTepl1CTl1Ka KOJILUeBoro cpa.30Tpona: K03qJqJRUl1-

eHT yBenntJeIIRR ycraHOBKn C, Ko3qJqJHUReHTOHYBemttJeHnR Ha:mBaIOT OTHomen:11e pa,n:nyca OKpylltHOCTH, 

3KBRBaJiel!THOll no ,ll;JIJ1He ur110Bennot1 opdHTe, K Ml1HHMaJIJ,HOMY pa,n;Hycy Kpl1Bl131{R opdl1TR. B nameM 

CJiyqae 3KBJ1BaJieHTHUl1 pa,n:11yc pa.Ben 

R = N'[(f4+fz)Po _.2{6a-6'1}} ~ 
2:sr 

(p.+j5a).Po+2(6'a-6".,), (3.9) 
, .. - fz. 
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a pa.nHyc KPHBHSHI,J fo BO Bcex. ceKTOpax O,D;HHaKOB no·adCOJIIOTHOlt BeJIHqHHe. CJie,D;OBaT8JILHO, 

Kosqxfmr.tHeHT yBeJiuqe1rnR ycTaHOBKU ~y.neT onpe,neJIRUC.fI q>OpMyJiolt 

C = (~1+ P~) .Po + 2. (G"z-51) 
(J31- 13a) po I 

HJIH, yqHTl,JBa.fI (3.8), Hall,neM. 
L 

. C = ,.-q,,. 
ECJIH y:i.mo:imn (3.IO) Ha (3.8), TO dy,neM .m.ren 

. ,f cq,. = ----- ., 
C' = bz-61 pt- pz 

r.ne O fa 
3aMeHR.fI s,necL ( ~1-~ ) HS (3.6), IIOJiyq:irn 

f 
,2,rCa, p - 2':lrC,,c. t"' _,, J z.= _-,, 
N ,v 

"_ .2trCio. <>- IV. 

(3.IO) 

(3.II) 

(3.I2) 

(3.I3) 

IIocJie TaKoro KparKoro nepeqH.fI qiopMyJI, CBRSI,JBalllllHX reoueTpr1qec1tr1e rrapaueTpll KOJILr.teBo_ro 

q>a.SOTpoHa, nepett,neM K pemeHHIO ypaBH6HHll CBOdO,D;HllX KOJiedaHHll (I.2I). !Ipn pemeHUH dy,neM npe,n

IlOJiaraTL, qTo JIOKaJILH!,Jll IIOKaSaTeJIL IIOJIR n IIOCTORHeH_ B npe,neJiaX Kal[,ltOro CeKTOpa H paBeH SHa~ 

qeHmo, COOTB6TCTBYIOilleMy cepe,nnHe ,na1rnoro ceKTOpa. l!TOd!,J onpe,neJIHTf 3TH SHal!el!RR n B IIOJIOllCH-

TeJILHOM H OTpHr.taTeJILHOM ceKTOpax, HeOdXO,D;HMO HallTH xapaKTepHCTHKH opdHTl,J R, H f B COOT-

BeTCTBYIOillHX TOqKax. 

!Io,ncTaBJI.fI.fI (3.I) B (2.IO) H HHTerpHpyR, IIOJIYl!HM OJI8".D:YDillHe Bl,lpa:m:emrn )(JI.fl e H ? : 

8 ~2.' - R¼ii1 61 
• fo fo 

B IIOJIOlltHTeJibHOM oeKTOpe (3.14) 

t= E+ (s'-5/J, B npoMeXyTKe 

B OTPHr.taTeJILHOM ceuope 

.,R , B , D , £ F' , M - KOHCTaHTI,J, CBRSaHHI,Je ycJIOBHRMlI Henpepl,lBHOCTH. C , ? Ha rpa

HHr.tax ceKTOpOB H npoMe:m:yTKOB. 3a Hal!aJIO OTCIJeTa BI,JdpaHa oepe,nHHa IIOJIOlltl'!TeJibHOro ceKTOpa, 'Tart 

qro s,necL S/ = ft , 5/-. 5/ 110-11pe1meuy ,nJIHHa opdHTI,J B npouexyTrte. CoBepmeHHo Reno 

(cu.p:irn.3), qTo B cepe,nHHe noJioimTeJILHoro ceitTopa 2• fl,..._, B oepe,n:irne oTpHr.taTem,noro 

- R.=12""'"' • Ode 3TH BemtqHHll MOlltHO onpe,neJIHU, SHaR 6 H. f TOJILKO B cepe,nmie OTpn-

r.taTeJILIIOro ceitTopa. J{eltCTBHTeJILHO, ,n.riSI I.t8HTpa OTPHI.taT8JILHOro certropa HS (3~14) IIOJIYl!HM 

C1= (lo·J'-)~ ,~,&♦ fo¼u! l~P~ +2f-~~& ~{~-6'.)~~-f••J 

f 4 =- _(Eo:fo)~~ JS;Pz +70 ~ ~;~z ": 2fo ~l'1 :& + ( 6z•6.)~ ~ • · 

(3.15) 
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c;o'1 ?o - HattaJII,Ilbie ycJIOBHR lIPH 6. ='0, T.e. B cepe.n:mxe lIOJIOl!tHTeJII,IIOro ceKTOpa. TaK KaK_ 

npH IZ.= I?..,.~ yroJI 'f , O, TO c'o• 2~, · po =. 0. B ue11Tpe oTpm~aTeJil>Horo ceitTopa TaK:te 

f = O H, cJie,noBaTeJ11,1w, 

fo D (3. I5), ,nJIR ' frllc.Jc 

C,= £......., . , ft = 0. 110)1:CTD.BJIHR 3llatteHHR f!, , f1 H C:@ , 

vr R""""" 6y,neM mieTb: · 

/?.~~ = fo + 2fo~ ~ + (Gz.-6'4) ~ ~ 
~.:.nf!!.::h. , .z . 

R. ~ = - Oo + 2 Po ~in~ + ( 6" z- 04) ~ t 
, ?-in /!:::J!J 

:z 

(3.I6) 

IIp116aBJIRst :vr BL!ttRTa/I cJieBa B (3.I6) BeJIHttlfHY C j'o :vr 11ClIOJib3YR saTeM (J.6), (J. 7), (J.II) n 

(J.IJ), OKOHttaT8JII,HO lIOJiytt:m.1 

12,,.,~ _ · _ · :.. 1u1 ::. _ C01 ,y == :;e . ~~) ( ~&) 
C f'o - 1, 2 q2 ( 1 ci21in 3/N . 2 io 1 (N/,r~r, 1T/N' ~ , 

~=i-2 '-1- ~¥'
1

) - '( ~~') cy., i• \ ~l~l'l1f/N' 2i0 1- (N,6,}¥h¾- == dlz . 
(3.I7) . 

Ecnn no.n:cTaBHTb Tenep1, (J.I7) B (I.20) n noJIOlltlJTI, f = O, -ro ,nJIR a6coiuoTHUX BeJIHttnH JIOKaJib

HLIX lIOita.3aTeJien lIOJIR D cepe.n:n11ax lIOJIOJ:HTeJII,HOro n OTpnr:taTeJI~Horo ceKTOpOB 6y,neM vtMeTI, 

IfcnoJI1,syR 

n . K ·= --- , 
·. f Cae1 

K n -· z = C ae:& 

3TH 3HatJeHvtsl n , nepermmeM ypaBH8HHR ,ll;BUl!t8HUR 

x": 1_._•_·. (~?•t!~M + ::_. ~ ,p 1 X == o ') 
:z'(- [· n1,i P(,s)_ + if :!J.i] ~ = o. 
,;; ·· ···•._·. ·· f.o& · do · jl> · 

(3.I8) 

(I.2I) B Bn.n:e: 

(J.I9) 

.UII.n:eKc. I y n OTHOCHTC!f K lIOJIODT8JII,IIOMY, a HH,ll;8KC 2 K OTpm,laTeJII,HOMY C8KTOpaM. IlpOH3BO,nHaJI 

OT .. '. ·;/{s/t·\fL~~fu.ei.i 
0

91y~ae O~J!HtJHa OT HYJIJI TOJII,KO Ila Itpal!l ceKTopoB, r.Ite ona paBHa d -<I>Y~K-
., . . . . ... / '.~' :.,. ~ 

r:tnn c coOTDeTc.Triylolitim 3HaKou. 

- °Co;·Jiac~:o • ieci)hn .. ipJioie 1 io] 
ypaBI1em1ll ;:ct-r.'9) ~{~rcr 

, CY!l18CTBYIDT, noo6me rOBOPR, rarrne ,n;Ba HOpMaJlI,llb!X pemeHR/I 



(3.20) 

r.n;e E:o · - ,nmrna op6HTl:J Ha O.ll!IOM 3JI8M8HTe nepHO.llH'llHOCTH l'J( , /ft - xapaKTepHCTH'll8CKHe 

tJHCJia, onpe.n;emil!llllHe HSMeHeHHe qJa.31:J 6eTaTpOHHHX KOJie6a1mn 'sa 3JI8M8HT nepHO.llH'llHO_CTH. B corJiamrn 

c (3.20), .. o6mee peme1rne ypaBHeHHt!. (3.I9) MOl!:HO SaIIHCa'Xb B BH.n;e: 

X = JI eY'"m fxCs) .,. 
'f'•m ~ = B e, o/£ (6) 

K.C .. ·} 
t K. C. (3.2I) 

3.n;eci, .A 11 B - IIPOH3BOJibHl:Je KOMIIJI8KCHHe IIOCTOHHHJ:Je, saBHCHl!lHe OT HatJaJILHHX YCJIOBHll, 

'/',c(6) H (/'1 (6) - qiyHKrtHH g?JIOKe, HM8lOl!lH8 nepl'IO)t paBlIHll 3JI8M8HTY nepHO,llH'IJHOCTH_, m -HOMep 

3JI8!,I8HTa nepHO.llH'llHOCTH, 5' B Ka:m:,n;OM 3JieMeHTe IIepHO,ItH'IJHOCTH M8H_SI8TCH OT HYJIH .llO bo • 

]JIH HaXOl!t,ll;eimH pacnHmeu (3.I9) no yqacTitm~ SJie11eHTa nepuo,n;HtJHOCTH: 

x'=·o , ~"' .... o~ 
x'-;.: (nz-1)x = o, i!// + ;: ;!·=O . 

B IIOJIOXHT8JILHOM C8KTOpe 

Ha KpaHX C8KTOpOB ( ~i
KOOp,llHHaTa Kpan:) 

B npO)!eXyTKax 

B OTpm~aTeJILHOM ,vC8KTOp8 ~ 

PemeHHH ypaBHe1111n (3.22) B 11arp11tIIion qiopMe l'IMenT -~-BH,n;: 

a) B IIOJIOl!:HTeJILHOM ceKTOpe 

(3.22) 

( 

x. 

x' 
. I 3.23) 
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I 
Xo 1 io - uaqaJihHble YCJIOBHSI npH S = 0; 

6) Ha Bb!XOJ!e H3 noJIOl!CHTeJibl!OrO certTopa 

(:;) = K: (:;) = (~~f• J :; ) = K: M:16
,) CJ 1 

{fz) (z!t) { f O\(i!•) (io) 
\•: = K; .; = V¼f, i.J ~ = I(; H;/6~ i: ) 

(3.24) 

I / 
qepes X1 , XJ H i!1 , 2, . o6osuaqeHu BeJIHl{HHl:l na Kpa10 noJiolltHTeJibHoro ceKTopa npH 

6=6"1 ; 

n) B npmrnJmIIettuoM npouexyTKe 

. ( X ) (XL) ( i S·o.J ( Xl) ( ,Co) ' x' =llio) x~ = 0 i x; = ll,c{G)~+H:(s,) x: , 

( z) ( l,) ( i 6-5) (it) ( 2•) 
· ·t =ll1(es) 'i; = o_ i ~: = llz{es)K; M/(6,) r: . 

(3.25) 

r) Ha BXOJ!e B OTpHgaTeJibHHtt ceKTop. 

( 
'J(') -( "i) I , o)( "Jl + ,<.) ,; = I(, t£ ~ li;Jar, i x;r K;ll,.(6.)K: N, (6i) ( x.' ' 

.(i') (z!i) { f. o)(ii) · t'J•J i; =~; "!; = tt¼a1, fl 'i~ =K;ll1(6,)K:1-1:(5,) i: ) 
(3.26) 

/ ' ; / . 
)(.~ , X'3 H %) , ~J, COOTBeTCTBYDT KOHUY rrpouelltyTKa, T .e • 0 = 6"z 

.n;) B o:cpngaTeJibHOM ceKTOpe 

( :, ) • M,-(,;) I(,- ll,(,;,J K: H: (,;,) ( ;.: ) , 

(3.27) 

( :. ) = H;(e.) K; n,(G,)K; N;cs,) ( ~) ) 
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(3.28) 

.. 

Ha OCTaBml'lXCS! y'llaCTKaX 3JI81J8HTa nep:.rn,n:l'l'tIIIOCTl'l (Ha BIIXO,ne l'!3 OTpl'!I~aTeJII,HOro ceKTOpa, BO BTOpOM 

llpOl.!elltYTite, Ha BXO,n:e B llOJIOlltl'ITBJII,Hhln CBKTOp) J)emeHl'!SI COCTaBJISI!OTCS! no aHaJIOrl'll! c (3.26), (3.25), 

(3 .24) COOTB8TCTB8HHO. 0'tl8Bl'l.D;HO' pe meHl'!SI B KOHne 3JI8MBHTa nepnO.D;l'l'lJHOCUi dy,n:yT paBHII: 

1 (3.29). 

npl'l'tl8M MaTpl'!Uhl Q l'l P onpe,n:eJISI!OTCS! l'l3 COOTHOmeHnn: 

Q : K: ll, (i;,) K.: N~/b,)K~ fl,(6',)~' M: (6,) ') 

f - Kt na (G"z) Kl M1(s3)J<z n2(Gz)ri! Mi!(~)> (3.30) 

G's - Koop,n:l'!HaTa, cooTBeTcTByromasr KOHUY oxpm~aTeJI1,1rnro ceKTopa. ITocKOJil>KY iteTepu:.rnaHThl. 

uaTpHn, Bxo.n:simHx B G l'! P , KaK uexpy,n:uo yde,n:nxi,csi, paBHhl e,n:l'!Hl'!Ue, TO l'l ,n:exepMHHaHTII 

CaMl'lX Q l'! p TOllte 6y,n:yT e,n:l'!Hl'!UaMl'!·. Bupalltemrn .D;JIS! 3JI8M8HTOB llaTpl'ln (!'} l'! p llpl'IBe,n:eH!I 

B llpl'IJI0llt8Hl'll'l. 

TenepL BOCllOJII,SyeMCR ypaBH8Hl'IRMl'l (3.20). IloJiarasi B Hl'IX 6' = 0 l'l no.n:cTaBJIRS! (3.28), 

!IoJiy'tll'IM ,D;JISI onpe,n:eJieHl'!R fx l'! /11 cJie,n:y10mHe cooxuomeHl'!R: 

i (&,.-e'l'•Jx. • Q.,,:.o •[(£;-e""'}lo_+ i 2 2:=o, 

. l Gu Xo +( Gn-,iff,c}xo'=o .P.u i.+ (Pii-e.•'1'12:=o. (3.JI) 
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'1T06h! CMCTel.m (3.31) MMeJIM HeTpMBMam,1me pemeHml, ,IteTepmnraHThl .liX ,!tOJillCHhl paBHRT:bCR HYJIJO. 

OTCJO,Ita ,11,JIR !',. M f'i uari,IteM 

MJili 

21f1r: ( ) i/ir 
e -(0u+Q,i e, +i=-O> z~~ {. ) •/Iii e - ,e,, + fzz e .11 = o,, 

CO'J /'' "',1( 0,, + "'• ) "' t SI' Q .~ .) 

Co!lf12 = 2 (P.,1 + .Pu) = ~ Spf . 

(3.32) 

3.33) 

Ee Te CTB eHHO ·, tJTO ,ItBniceHne tJB.CTliJ.t 6y,n:eT YCTOtltJMBb!M no O 6om.1 Hanµi.BJI0HliRJ.I, 0CJI11 O,!tHOB peMe!IHO 

Bh!ITOJIIIRIOTCR 11epaBe!ICTBa 

I~,]( I~ 1 , leo11,! ( 1 . (3~34) 

IT0,11,CTB.BJiflR B (3.33) 3HUtJ0Illifl ~I' 0u M ~,., fzz (CM. npliJIOlte1ine) noJiyttliM )1,Jlfl C(Y.jt~ M 

C&'lfz ,!(OBOJII,HO rpOI.!03,!(Ime q1op11ym,1, COBna,11,a10m11e C npliB0,!(0Hllh!Mli B pa<loTe [ 1] : 
CO':>fi,. = [ l + 2f( i3'('. +-faf,) + 2S2i3'f, t3'fz} ~ct, cJ.,o1, + 

t [ ( n1H)"412 
{ ~'ft +~'fz +lS-lg'f, ~'fz +Gil'{{+ gzfl'f,, ~ 'fz}-

- (Y14+f1z{f+s'-l:J<fa)},t;11°"4c,/,clz + .. 

+Una-1f\t3"4 + t3rz+2St9'{'4igriS
2
~

2'fi~t,)+ (nz-lt(t+S'iJ~JI~~ ~A<iz t 

+ f [-(ni-.r'z(n,+tzs'- (hz·flz(h,+1)4/z(~+Sljf,Y+ ( n,-1i4 ( h,HrYz (11-C·ltr.,J2+ (3.35) 

( )·'/z . •f/z{ . ./11 $./.n )z} • d. J 
,f,hi-f (>1,H) ia'f,f-·afz+ ~a'f,ia<fz -nn-,.Ynolz I 

W>fi = [1-J.S(i3i+ -lar,)+2S'¾r,~~J~., eliv1J _+ . 

. +[n;Vz (-i3'ft ·¾'f, ~ Sttf, -S~~i ~'f~+tf'3"4.~fz}-
- ni (S-S'"½lf.)J.~:,,cl., J,Q<, + . . . (3.36) 

~ [ n~'lz (-taf, -~f,: ~ S¼'f, -f'°¼~ ~fz+.2!-ig~fa'fz) + n'f (S-&
1{arz)]eow.,~o13 + 

:..f [- n;'2 n;k S2 - nt' n;'lz (./- ~f,a'fl)"_+ n;fh 11/4 (1-N3tf,)'" + 
+- n;'lz n;Y' (.;. iJ fr +.3 f1. t C i3 "4 tJ 'fz)j-w?«y --m-clJ • 

B (3.35) 11 (3.36) BB0,l.1011hl CJie,l.lyIOJl1li0 0603Ha~emrn: 

( )1z. ( . )4/z. •. . . . . . . ~ . .. . ~ ex., .,. n.,+1 p, , d2 = nz _,, fz , . o/3 = n., J• ~ c<y == nz fz . (3.37) 

. IJOCKOJII,Ky aH8.Jlli3 cpopuyJI ,l.lJ!R ~ft" ·u CC';;f'z B 061!leM BM,!(e 3aTpy,!(HliT0JieH, TO MU OCTaHOBHMCSI 

Ha O.I(HOM tJacTHOM cJiyttae: a nue11Ho, Ha KOJibJ.teBoM cpa3oTpone c K>> C n 6e3 npm,10JinHet1uux npoMe-

llCYTKOB. B 3TOM CJiyttae 

S.-o, c£., = ~, ~ ~ {cH. (3.n}) , 

io'f, :;:: tg ft == 0 ' 

n, ~ n,. == J£ >> i C / 
, (3.38) 
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ll, KaK cJie.n;yeT l!3 (3.35),(3.36), 

c~ fl" = C<Y.>ot, cht:1,. , eo:,fli! = · ~olz ·ch«., (3.39) 

YCTpOtll!lIBOCTII; 

X l! Z -.n;nn-

TiomraR n (3.39) Co1fi>' =±.I, ~/'l =z..I, JierKo nanTl! rpaHl!Ilbl odiracTen 

Ha pl!c. 4 npl!ne.n;euo no .n;ne (!!3 decKonetrnoro llHCJia) odJiacTl! ycTot11mnocTn ,n;JIR 

l!teHl!tl. ConMEiCTHaR YCTOtll!l!BOCTL OCYllleCTBJIReTCR n o6JiaCTRX, 3alllTPl!XOBaH!lb!X Ha Pl!CYHKe. KaK Bl!.IJ;HO 
-· 

us pl!c .4, na!'ldom,maR ns conMecT.nux o6JiacTet1 (I.I) odpasonana nepece11enl!eu nepnux odJiacTen 

ycToltll,rnocTl!. ,n;JIR X u i! - .n;nn:m:eHun. KosqxpnnueHT yneJil!l!eHl!R C n (I.I) cocTaBJIReT npn61rn

snTeJII,HO 5-6. J!pyrirn COBMeCTHLIO odJiaCTl1 (I.TI), (IT.I) n (IT,IT) CYJlleCTBeHHO uem,me nepnon. Us 

mrx, !IO-Bll.IJ;l!MOL!Y, MoryT npe.n;cTaBJIRTI, mITepec O6JiaCTH (I.IT) l! (IT.I). Ha npm.1epe 3THX O6.nacTetl 

OTl!eTJIHBO Dll.l{Ha uepanHonpaBHOCTI, X H z! -nanpanJieHnl1. KO3qJ<pHJ:ll!0HT ynem111e1IHR YCTaHOBKl! ~ 

n (I.IT), (IT.I) nopn,n;Ka 2. 

Us cpanueuun qiopMyJI (3.35), (3.36) u (3.39) cJie,llyeT, l!TO npn 11edon1,mnx sHal!eHIIRX cpe.n;Hero 

noKa3aTeJIJI IlOJI!I K KpaenaR qJOKycnponKa BHOCIIT cymecTneHHbllt BK.rra.n;, CIIJII,HO BJIUR!I Ha l!aCTOTbl 

cno6O.n;mi1x KOJie6aHnn. n 11acTHOcTn, sa c11eT Kpaenon rpoKycnponKII uoimo 3Ha. l!nTeJII,HO yueHI,!IIUTI, 

asnMyTan1,nue pasuepu oTpIInaTeJII,HblX ceKTOpon, He HapymaJI ycToii1111nocTH n ~ - Hanpannemrn, 

l!TO B CBOJO Ol!epe,n;I, npHBO.IJ;HT K yMe!II,!IleHHIO KO3qxp11n11:enTa ynem1llelln!I YCTa!IOBKl! (m.iecTO 5-6 MO:&11O 

IlOJIYl!llTI, 3-?,5). 

l.fTodhl sarto1111nTI, nccJie.n;onan11e .pemen11n ypaBnen11n (3.I9), nru.1 ocTaeTCJI Dhln11caT1, qiyHKq1111 

4'}1OKe. )IJI!I 3Toro CHOBa nepneMC!I K ypanneHH!IM (3.3I) C noMOII!I,lO HI-IX JierKO ycTaHOBl!TI, CBSI3I, Mellt,IJ;y 

x. u x/ ' i!o '1 -s: . 
/ x. = 

ITo.n;cTaBJIJIJI 

( ~:) = M:,, (s) (;..) , 

cpanu11naJI 

, ( ~:) = n,~(<o)K:, /,(.,(o.)(1~), 

( ~,t) ~ M;,J6)K~1n~.i(,,.)~:1 H;1(6"4) (la)' 
Tx,t 

( t) = n,.CGJ(.M;,<•.J~;;n,.t&,J,,H!,is.) (i:,.) 

(3.40) 

QJIOKe uan.n;eM: 

B TIOJ!Oi:tHTeJII,!1O:M 
ceKTope 

n nepnou npm.tel!tYTKe (3 .4I) 

B OTpnnaTeJII,!IOU ceKTOpe 

no_ BTopoM npouexyTKe 

TaKlrn oc5pa3Ol,I ' pememre ypanHenntl CBOdO,IJ;Hb!X KOJiec5aHIIi1 IlOJIHOCTI,D Hatl,IteHO. 3Hamre 3Tl!X 

Oo~c;umem11J11 Hucrnrp -I 
,UepBWX IICCJJe~oBam1f, 

6H6nHOTEKA 
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pememdt Il03BOJISieT npHCTYill!T:h K anamrny BJIHSIHHSI B03MY!l1eH.ill i.mrHHTHOro IlOJISI Ha ).(BHlieHJrn l!aCTHU, 

K ycTaHOBJieHHIO ).(OilYCRui:J .ia 'IDl!HOCTI, CC>OpKn MarHHTa ll xapaKTepHCTHKH IlOJISI, K ·nonpocy O pacceSI

HHll l!aCTHU Ha OCTaTOtIHOM rase B KaMepe ycKOPHTeJISI n T.,J.(. 0,1.(HaKo, 3TOT uonpoc TpedyeT cauo

CTOSITeJII>HOro anamrna n 3,1.(eCI> saTparnnaTI>CSI He· dy,neT. 

§ 4. Cxeua pactieTa napaueTpon KOJII>genoro (pasoTpoHa. 

MaTeMaTntiecKHll annapaT, H3JIOlieilHhlll B npe).(U).(Yll1llX naparpa¢ax, Il03BOJISieT npOH3BeCTll pactieT 

reoi.teTpnqeCKHX napaMeTpOB KOJII>UeBoro {pa30TpOHa. ITO).( reo1,teTpHl!eCKHMH napaMeTpai.rn Mhl IlOHHMa_eM 

yr JIOBhle paCTBOpll ceKTOPOB H npoMeJIYTKOB, It03CP4Jl!UHeHT yneJmtieHHJ'J ycTaHOBKll, tIHCJIO 3JieMeHTOB 

nepno).(HtIHOCTH u, HaKOHeu, qacTOTll deTaT_poHHhlX KoJie d~nnn, T. e ._ padoqyXJ TOtIKY Ha o dJiacTn ye Ton .. 

q.inoc:r:u. HandoJiee pasyi.mon mxeTcsr cJie).(yIOlltaSI cxeua. pactieTa. 

. BudupaeTcSI til'ICJIO nap ceKTOpon N l'l sHal!eHl'!SI q., q,, , '}o . , npul!eu Cf,, sa,J.(aeT-

. CSI npHC>JI;l-13HTeJII>HO pasa B 2-3 CIOJII>mHM, qeu ~i ' a CJ,o cpaBHllMhlM C C,,z. • HMeHHO TaKOll BhlC>Op 

'J-• , 'J,z , q,o np1rno;r;nT K npueMJIUMhlM sna tieHRSIM K03qJqJuunenTa yne;mqennsr ycTaHOBKll C . 
.nencTBRTeJII>HO, corJiaCHO (3.7) ll (3.II) B 3TOM CJiyqae IlOJIYtIRM 

C,;::: s - '.3. 

IIcnoJII>3YSI suatieHRSI IV , C u i•' q,z, _ CJ,o , no qiopMyJiaM (3.I'.3) Haxo;r;m.1 P• , fz , 
s ll 3aTeM ll3. (3.I7) c£f ll ae.z • 3IIaHR8 3TRX B8JIHl!llH Il03BOJISI8T onpe;r;eJIUTI> yrJIOBhl8 paCTBO-

phi ceK:r:opon n npoueJIYTKoB, a TaKlite yrJihl tf4 n <fz . 
y 

YrJIOBhl8 pac:r:nophl C8KTOPOB, KaK H8Tpy;r;Ho noKa3aTI,, onpe;r;eJISIIOTCSI BhlpalI8HllSIMR: 

t e, - -tin.{! 
3 I' - Cee4-1+ C4>1t 

, (4.I) 

. . . s, 
.J./)·0z. ~,'£ 
'11 1: = C 'c!ez+J.-~ l! . (4.2) 

z. 
Haxo;r;H o:r:c10;r;a 01 n 0z , 1!3 (3.2)_, ('.3.'.3) n ('.3.4) noJiyl!RM <p4 , <fz. II 0o . TaitHM 

odpasoM, nepnasr qacTI> pactieTa npone;r;ena; QCTaeTcSI Jinm1, nal1Tn qacTOThl deTaTponuux KOJiedan.in 

~ .. I! ~ • J{JISI onpe,lteJieHIISI .:))C H ~l- KpOMe yxe H3B8CTHhlX B8JilltIIIH TpedyeTCSI 3HatI8Hl!e 

cpe;r;nero l)01tasaTeJisr nonsr ·\-~ • K BhlC>HpaeTcsr B cooTBeTCTBl'IH c sa;r;annwn HatiaJI1,Hol1 H KOHetI-

uon 3Heprnsrun tiacTHU n c_ 'xeJiaeuon pa;r;.iaJI1,non anep:rypon Kauepu yc1top.i:reJisr. IIosTouy Mhl dy).(eM 

CtIHTan K 3a,J.(aHIWM. Onpe;r;eJIHSI n. Ji! n,. ' li!3 (3.I8) I! 3aTeu IlO).(CTaBJISISI li!X Hp,' pi. 
S, tf4 , <fz. B (3.35) ll (3~36), IlOJIYtIHM 3HatieHHH fir ; f'i , a, CJI8,l!;OBaT8JII,HO, qacTOTll 

C>eTaTpOHHhlX KOJieC>aHHll: 

. 1/1!_,r ) = - , :·_;._· 
"'1 - ZJT 

(4.3) 
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EcJrn n npo1tecce pac1rnTa 3Hatremrn Co1f~ M C<Y.,/'e oKa3IiIBaJOTCR no adcomnHott neJintr1rne 

uem,me e,nMHMI.tU, T .e. ecJin MLI nonaJrn B COBM0CTHYK> 06Jiacu YCTOittIMBOCTM, TO Ha 3TOU pactteT 

3aKaHtIMBaeTCR. B npOTl!BIIOM CJiytrae npMXO,ltMTCSI Bbl6Mpa.TI, IIOBL!e 3Hatreirnsi q,., ; . ~ z ' 9 D H npo-

BO,lt,!TI, B0CI, pactreT 3UHOBO. 

ITo H3Jioxe1rnotl cxeMe pacctrn:TLrnan napaueTpbI MO,lteJin: KOJII,I.tenoro cpa3oTpoHa Ha :rneprn:v 

3JI8KTpOHOD 2 Mev , coopylltaeMyJO B 061,e;i:n:rreHHOM IUICTHTyTe SI,ltepnux HCCJI8,ltOBaHHil. ]!JISI non 

ycTaHODKH Iv 6uJio Bbldpa.110 pamn,111 8, ~, = f ~i.= ~o = 4; , a K = 4. ITonytreH-

Hble xapaKTepn:cTUKM MO)\OJIH npMB8,l\8HLI B Ta6JIUI.te I. 

T a 6 JI n: I.t a I 

opneHTHpOBOtIHUe napa.MeTphl MO,ltOJIM KOJII,I.tOBOrO qJa30TPOHa 

A' K C 
8 4 3 . I,32 I,45 22° 7°29 2,48 I,32 3,I6 I,68 

B xo.n:e ,rnroTOBJieHHSI ceKTOpOB HX yrJIOB!W paCTBOPH 6HJIH 118CKOJII,KO H3MeHeHU H COOTBeTCTBeHHO 

H3!.teHHJIHCI, tfUCTOTII 6eTaTpOHHbIX KOJiedaHntl. 

V!CTHHHHe napaueTphl uo,neJin: npHBe,lteHU B Ta6JIHI.te IT. 

Ta 6 JI n g a rr. 
,!!eitCTBHTOJII,HHe napal!eTpbl :UO,ltOJIH KOJIJ,I.t8BOro cpa30TPOHa 

K C n,. 0z 

8 4 3 I,32 I,45 22°30 7°30 7°30 2,49 I,30 3,I7 I,66 

ITpHJIOlltemrn )fl I 

3HatJeHHSI sJieueuTon MaTpUI.t P n: G . 
P11= [~-2.S(¾f,+iJfz)+2S'~<f.,ta'fz] ~o(., C;hol3 + 

+ r n~¼ (-i3tp .. --f:af&+S~2fz+2S-'ar, ~'fz-&'tr,'31tz)-nf (S-~'-1J1.,)]~nd., ehdJ.,. 

+.zri;1z{S-S'!3f,)~o1., -vict3 +[ n/2 n;t2 (I-S'f:3y,)"- 11;1z 111' S'J~u-,ot., ~ho,1J . 

(I.I) 

(I.2) 
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. -Ei ==; { 2 [--l;Jf - /}'fz. +2Hgr1 Wf1. + f i/'fo-Szi/r., t3rz] ~oc1, c-hc/.J + 

+ n;;z [1-if(-1:3r,+iJ'f1.)+2S'tg'f1 t3y,.J ~cl., --Yhd3 + 
_,_ [ n;Yz (-tar1-YJ'f1..,. a-lJ'f, $Jrz. t- ntz- {1-twr/]1.i.>1d., M1ct3 + 

+ [11/1 nl' (1-"!3'f,-"!3'/z +Sf'fi.+2!6J'f,f/'/z _g:~'f1 tl'fz)-
- n;1z n:1' ( S-S2~f,)] ,w,olv 1.hct1,) · 

P.u= [ 1~~S (faf., +t-gcf,).,. tSZ~f, ~'fz] w.,otv c,hot3 + . 
.f-2n/2 (-t311 -t3'fz+S·~tf, t2G~r,wrz-S:fi<f,~'fz.)~y 11?d3 + 
+ [ n;¼(-fg'f1 -"tafz +Nf«pa +:I.Sf:a'f',1 tar,-8 ~fl ~'<fz) -
-nf2 (S-S'i3'fo}J~;,r,ol'1e,hcJ3 + {n/2 n;¼ (-·ltf,-'f:Jrz+S-'3y, ~yz)'-
- t1i¼nt (1-S-fa~fj-}lnet., -1.hotJ. 

Qi,== [ 1+2C(i3'f,"W'fz} + 2S 2igr, Wfz} ~o/1 e,l,c1z -

(I .3) 

(I.4) 

-2 (n◄ Hf2 
( C+Szi3f1.) ~Lhol1 CMoiz + . 

t[(n,-4)"tt+S'iJf,).,. (nz-f'f:(~f, +-l:31, +Sf'fz +2S~'f11#fz + S,.t3f. i31y,)] ~c4-11,o11 - cr. 5) 

- [ {n4llj4/z(h,-,,)'i1I/ + (114+")¼ (n,-1)"t/z (,t+ '+Jr,)2}"'ri>tc4 -nidz • 

I . ~ 

G.,i=fo 2{t+S 1w1,)~c1.,c-/ic1, + (n.,+1) [1+il{i.J,t:, +-i3<fa) + 
+2SziJfi tJ/z.}-,,i,J,ol, c,htJz .,. [ {n,-,)413 p.,, (n,-•T¼ (llltfzJ2} ~ct., ,J,c1-z + 
+ [ ( n,,H)"' (1'1,•t).;,. (t1S'l3y,) + ( n111f¼ (nz·"r'/z. ( fof•.,. iJ'fz + (I.6) 

+ Htr t ... 2 s-1:a r,, ta ti. + s2 ia r1 if rz )1 ~:i1., ~ e12 J . 
~◄ == ~ ~ 2( ta'f1 +tari +Ht<f, ~2s~11 -lafz +s2lff, W'fo) <.o?ol4 e,hdz -

- ( tt.,+,}~z [ -1+ 2&({acp" +tf 'fz.);lSzt'fflJfz],w,,ot, c11ci! + 
+ [ ( nz-1) Vz (1+ Sia 1f4}1 .,. ( ni- ,fr Vz l¾ If• +-l:3<f1: + C-EJ'f• V 'fz) 1 CJ>:)ol-, "lh«z - (I. 7) 

- [ (H.,+-1)'/2 (nz-if11 (f+S'1'1J'f•)+(1111t)412 {11,-1J'/z {fg'f,, +--l:jlfz + 
+ S-iffz + 2St3'f_, Wfz +SZW'ft f'fz}]--w,el, ')/·l(/z ' . 

r 

0u-=.[1+2f(i3~-l'ltfz)+2$
2l3,p~yJ Co1~., u,olz + .· 

_+ .2( n,,utlz (~y., +t3y, + U3x, + 2twr, ~ f21-&'-tlcr, wrzJ.~,:,11oc1.,·dtc1, + (I .8) 

+[(ni-~f'2tr,&tiJ'f4) -,.(nz··f l""3f1 "1J'fz. + S-1/'fz +2lfJ"4~f,+f2i3ff'fail~c4-tllolz+ 
+ r {n,H{z(ha-41\ .f+Har-Sz.+ (11,,tf)'/z( n,-,,YYz.( t3r, +1d'fo + s-ia1, t3rzJ2J~ncl, -Yholz . 
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