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qaCTHU~ ·B UHKHHq6CKHX YCKOpHT6HHX Od~QHO npOXOAfiT orpouHHa 

DYTD, COE6pW8H 60RDW06 qHCRO OdOpOTOB. llpH STOM OHH H6H8663HO 

llO~BepranTCfl ~eacTBHID p88HHqH~X B08MY~6HHa, CBH38HH~X C H6COB6p

W6HCTBOM M8rHHTH~X CHCT6M, H6TOqHQCTDID B yCKOpHID~HX ycTponCTBBX 

H T.n. ilOSTOMY peW8ID~66 3HaqeHH6 ~XH HOpM8HDHOn padOT~ yCKOpHTe

RH HM66T ycToHqaBOCTD ~BHEBHHH/!,2/. 

0CHOBHOR HHT6p6C B T60pHH UHKnuqeCKHX yCKOpHTBHea np6ACT8BHH

IDT T8KH6 DOHH H T8KH6 aaq8RDH~6 YCHOBHH, KOTOpNB npHBOAHT K 6HH3-

KOMY K nepHDAHqecKDMY AB~eHHID qacTHU aa opdHTe. Cy~ecxnonaHHe Ta

KHx Tp86KTOpH~ H6 HBHRBTCH, B006~6 rOBOpH, oqeBH~HWM H H8KH8ANB8-

6T aeKoTop~e orpaaaqeHHH aa reoMeTpHID MarHHTHOro nona. B peanDaoa 

YCT8HOBK6 ~O~HO dNTD BNllOHH6HO qpeanuqanao B8ZH06 ycnOBHB yCTO«

qHBOCTH op0HT~. 

H8CTOHmBH pa60T8 llOCBHmeaa p83BHTHID M6TOAOB M0~6nHpOB8HHH ABH

~6HHH 88pHZ6HHO~ qaCTHUN B UHKnHqBCKOU YCKOpHT6n6 H HCCHBAOB8HHID 

nonpoca od ycxoaqHBOCTH ee ~HZBHHH. 

B § I MN nonyqHM C HCDOHD30B8HH6M 3BM ypaBHBHHH AHH M8H~ OT

KHOH6HHH OT 38MKHYTO~ opdHTN. ~anee dYAYT npHB6A6HN HBKOTOpNB or

p8HHq6HHH, H8KH8ANB86MN6 H8 M8rHHTH06 none B 0Kp6CTHOCTH p8BHOB6C

HO~ (HA6BUhHO•) op6HT". 

B § 2 ODHC"BB6~Cn anropHTM M6TOAB ycpeAH6HHH/3/ AHH HCCUOAOBB

HHH nonyqeHHHX ypaBH6HHR. 

B § 3 npHB6A6H~ ycpeAHeaa"e ypaBH6HHH AHfi paanH~Hux peaoaaH-

COB. 
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§ I. YpaBHeHMH ~BME6HHR aapa*eHHNX qSCTHg B MarHHTHOM none 

Yp8BH6HH6 ABHE6HHH 88PH36HHOn qaCTH~N B aneKTpHqecROM H Mar

HHTHOM ITOHHX (ypaBHOHHO HoDTOHB-~opaH~B) HNOOT BH~/1 • 2/ 

d~ (mi") ~ e [E + fx B] • (I.1) 

r~a 
m, 

m = Y 1 -(Y../c)' 
- penHTHBHCTCR8H M8CC8 qaCTHgN, 

mo- M8CC8 flOKOR qaCTHUhl, C - CK.OpOCTL CB8T8 1 e - B6nMqHH8 
~ 

aneueaTapaoro aapa~a qaCTHgN, r - p8~HyC-B6KT0p qacTH~hl, 

B - BeKTOPM uanpa~eHHOCTH aneKTpHqecKoro H uarHHTHoro nona co-

OTB6TCTB6HHO. 

nBHrSHCL B MBrHHTHOU none yCKOPHT6HH 1 qaCTHUH YB6nHqHB8IDT CBOID 

aaeprHm noA ~encTBHeM ycKopam~x aneKTpHqecKKX noneh. Ha npoTHEe

HHH O~HOrO 060pOT8 SHeprHH qaCTHgbl M6HH6TCH H63H8qHT6HLHO. ll08T0-

1AY o611qH/1 •2/ ypaBHeHI!e (I.1) HsyqaDT npH E=O. Tor~a m =<onst 

H B UKnHHApHqecKO" CHCT6M6 K00PAHH8T 

V' = ~ f-' t y-~ fl t :f~' = CIJIZSt 

rAe 't- CKOpOCT:O qaCTH:Uhl. 

YqHTIIBBfl (1.2),ypaBHOHHO (1.1) MOEHO SBITHCBT./2/ TaK: 

';. f.. (r• B)= e[Hr - ;- B~J, 

m ~ = e [ i- &9 - rB B r] , 

Br,Be,Bt 
r' e, i 

- KOUllOH6HThl H8llPHJK6HHOCTH M8rH~o:tTHOrO IIOJIR., 

- npOH3BOAHhl6 no BpeMeHH t 
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Tenep:D DOJiyl.JHM ypa:BH6HHH AJIH M8JI,.biX OTK110H6H~d! OT 1m88JILHOit op-

6HTH. nnfl STOrO B CHCTeMe (1.3) nepe~AeM K HOBHM 6eapasMepHHM Be-

-B B, . 
• =- ' Bo 

e.BoRo =-i 
m v ' 

B = ~ . 
e Bo ' 

(1.4) 

l~Ae )( - ropH30HT81I:&H06 OTKJIOH8HH6 OT HA681I:&HO~ opClHTfi; i!- B6p-

'THK81I:DH06 OTK1IOHeHHe oT H~ean:&aoM op6M~u; R,- cpe~HH~ pa~Hyc 

yCKOpHTenR (PBAHYC HA88H.HO~ op6l!TH); r;, - MHHHM8H.HH~ HS AOnyc-

THM~X p83M6pO:B DYl.JK8i - MB1IHM napaueTp; B0 - none 

npH X= 0 r = o. 
MCK1IIDl.JHM ~8JI66 :BpeMH KBK H638BHCHMyiD nepeM6HHJID, 38M6HHB 66 

HB 83HMYT e . Tor~a B HOB.biX nep6M6HH.biX·nepB06 H Tp6T:D6 ypBBH8HH6 

B (1.3) npHMYT BHA/2/: 

x" = Fx (E. J X I X; I x') t I) 
' r"=F'l (E:,x,~~><,,i!'), 

P, =t (e.x ~ o[;-JJB,]+ 1J ~·Be, 

F -]) [~'X. f B -X' & 1 
~- e· x e' 

]) = ~ 1. t if. x t e'-(x'+ (x'J2 + U'J')' 

H mTpHX 03H8'<88T AH4A/epeH~HPOB8Hll6 no f) • 

(1.5) 

(1.6) 

0TM9TI!M, 'iTO 06ll'IIIO B JUIT9paTypefl,Z,5,6,8-I0/ ypaB119111la 

BHAe (1.5) nonyqaRJT • npHBOABT 111<m• Allll nepBoro npH61Il<EaHHR no e 
{T.e. ~0 B6JIHl.JKH DOPHAKB E BKHDl.JHT8JI:&HO), npeHe6peraa l.JJI6H8MH 

60JI66 B.biCOKOrO DOPH~Ka. B HBCTOH~eH pa60T6 BC6 ypB:BH6HHH, K0~8JIHpy

ID~e ~BH~6HH6 38PR~6HHOM l.JBCTH~.bi B YCKOPHT8JI6, DOJiyt.JeH.bi B TpeT:D6M 

npHCl1IHE6HHH (T.e. ~0 l.J116HOB DOPH~KB £ 3 
BkJIIDqHT6JI:&HO), 
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MarHHTHOe none, HcnonDsyewoe o6~qHo B oKpecTHOCTH pSBHOB6CHO" 

Op6HT~, llQ~quHH6TCR yCHoBERMfi,2/: 

wt B = o (I. 7) 

( 1.8) 

KOTOp~e H8KH8~~B8IDT Orp8HHq6HHR H8 B03UOEH~6 KOH~HrypSUHH C6KTOp

HOrO llOHH (C6KT0pH06 llOH6 - yqaCTOK MSrHHTHDrO flOHH, O~HOpO~H~~ 

no S8HMYTY 8 f2f). 
B HOBa< nepeMaHH~X (X, r) ycnDBMH (1.8) M (1.7) npMHMMSDT 

CROIIYD~M~ BM,ll: 

- ['OB, oBx]=o eBx + (tX+1) '<>:t + ?>x (1.9) 

(1.10) 

ilpH HsyqeHHH H6HHH6~HHX 3~6KTOB B T60pHH UHRnHqeCKHX yCKOpH

T6H6" npHHRTO npe~CTSBHHTD K0MflOH6HTH MSrHHTHOrD flOHH B BH~6 pH~8 

Tahope: 
~ 

ltk t k 
8" = 'L £ B (0) X i 

e, k=o 
, e < 

~ 

ltk l k (!.II) Bx ~ t;:O £ B, 1.(0).>i z, 

r11e B,t.CB! M BxiK (B) - nepHo~HqecKHe WYHK~H, 

HM6JOI1Uf6 nepHo~ f. ~ Ha npaRTHRe, KBK npa:eHno, aTH WYHKUHH npe~cTa:e
HHJOTCH B BH~6 pH~S ~ypDe, T.6. 

+'00 ~~elf} 
B .. e, (8) = L 6< e,"' e 

ot---
(1.12) 
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ilOCTOHHH~6 g & l H 'T CBR38H~ C peanbHO~ MarHHTHO~ 
i e ko(. 1 ~. KQ(. 

CTPYKTypoH ROHKp6THOrD UHKHH~6CKOrO yCKOpHT6HH. YCHOBHH (!.9) H 

(I.IO) ycTaHaBJIHBBIDT CBaao Ma~<,ey K03qJqJHUH6HTaU B,lk H Bxtk 

:t 8, 0~ + Bx11 + Bx01 =0, B2
_, + 8,11 t 3l'>x30 t 

+ 3/',xzo = 0, B<IZ + Broz + Bx2<+ BX1, =0 

Kpoue Taro, qacTo npe~no~araiDT , ~To 

B = 0 (E) BX10 = 0 {E) . 
l01 ) 

(1.13) 

(I.14) 

ilOCKOHbKy p68HbH~6 nap8M6Tp~ yCKOpHT6llH HHKOrAS H6 MOryT HA6-

8HbHO TQqHQ COOTB6TCTBOB8Tb pacqeTHUM, llP8KTHq6CKH Qq6Hb B8~H0 

3H8Tb BHHHHH6 TOrO HHH HHOrO B03MY~6HHH H8 ABH36HH6 q8CTH~, 8 

T8KJK6 AOllyCKH H8 HHX. ,llonyCKH H8 OTKJIOH6HHH MSrHHTHOrO ll01IH OT 

HA68HbHOro T8K~6 ~OpMyn:HpyiDTCJ. AHH OTA6HbH~X qn:eHOB p83H0~6HHH 

nona~ (I. II). C noB~WaHHau Tpa6oB6HH~ K xapaKTapHCTHKau ycKopaHHO

ro nyqKa H CHHJK6HHID llOT6pb npH yCKOp6HHH ll0HBHH6TCH HeOdXOAHMOCTb 

yqeTa B yp8BH6HHHX ABHJK6HHH H6nRH6~HOCT6~ BCe Oon:ee B~COKHX UOPHA

KOB/1/ • )lnH 3TOrO B CHCT6M6 ypaBHSHHil (1.5) BII6CTO 8, H iix 

no~CTSBHM PH~ (1.1!) • KBS~p3TH~~ KOp6Hb B (1.6) TSK~6 paanO&HM 

B Pfl~t TOrAB CHCTeM8 (1.5) llPHMeT BHA 

x" t n,(e!x + q,!liJ< =f Ek F,.rx,x',<,<',B!, 
k.=~ 
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(I. IS) 

- DOID'IHOMhl OT X, X1
, i!, i! 

1 
H nepH0,1U11.16CKH6 DO 

e WYHKIII!H; WYHK""" n,(O!,n,(B!,~,IB!,q_r&! - TBKEe nepHO)lH~eCKHB 

no fJ <PYB•III!•· 

llpH nonyqeHHH BhiCmHX DpH6HH*6HHn DO MBHOMY napaM6Tpy e 
BhltUIC118HH6 RBHOrO BH,li;B F'xk , Fzk , l?.x (8) H ltr ({I} CTSHOBHTCH 

B6CLM8 rpOM03,ll;KHM. ll03TOMY OCHOBHhl6 8H8nHTHl.l6CKH6 BhiKHB,ll;KH npH 

nonyqeHHH aTHX WYHKUHn 6hlnH BhlnonHeHhl c HcnonLaoBBHHBM CHCTBMhl 

BHBnHTH~BCKOro nporpaiiMHpOBBHHH REDUCE-3.2/? I HB SBM EC-I06!. 

nnH YCTBHOBH6HHH yCTohqHBOCTH ,ll;BHZ6HHH 38pHZ6HHhiX l.lBCTH~ B 

CHHxpoljlaaoTpoue O~H~ npaKTH~BCKH /lDCTBTO~uol II I Hccna]loBaT• Hc-
J XO,ll;Hhl6 ypBBH6HHH B Tp6TL6M (T.e. C TOl.lHOCTLID ,ll;O € BKniDqHT6HLH0) 

npH6HHZ6HHH (aTO BhiT6K86T H3 cne.n;yiDmHX npDCThiX 0U6HOK: DYCTL 

N:::o,a·ro6 - lll!CJ!O o6opoTOB lffi.CT~ B ycKOpHTeJie, E.=~ ~ ro2, 
r.n;e ro - BhiCOT8 K8M6phl, Ro - pa.n;HyC H.n;eanLHOh op6HThl, Tor.n;a 
0 < fJ ~ £1" o: J.Ji N H nocna)lBee np•OnHEeusoe pBBBHCTBo 

BhiDOHHH6TCH npH ~ =3), TOr~a HBH~~ BH~ STHX ®YHKUHn 

Fx1 =-f (x'!'-f!i'/-(B
120

+J.B, 10 +1)Xt

- (B,, +./. B,.,)n - Bzoz ,z' 
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- f 8, 1, (;.'/n-i B~o2 Ol'J"lt2 
- (f3<vorJ.B,,.•&uo)x~-

- (B.,1 + .1-B~J,+ B;V!)x
3
t- (5r. 2,+J.B"~+f310J.)x~il~-

- (8 213 +~8,03 ) X.'!
3

- B;; 0 y ._v , 

F,
1 

= {B1 '-li+;.Bx10)X'+ 8111 Xl: + Bxo• ;c"", 

F,._ = f B"
0 

(X')~ •fJ, 101 (X'/i1: +}Bx10 (ii.'l'x rtBmiil'hr: <

+ 1Bx30 +;. Bxzo + Bx10)X3 <-(Bw+ZBxu+Bxol)x•~ + 

+ ( Bm + l &xo~)x z' + 8 Xoj i!
3 

' 

F 1a (.''' 'B 1'' I (.''' 03~1 ut.U> X) X +;; XII X) X> +:;f3xot X) i r 

+ f Bx;w (;t:. ')" x'- + f Bx,1 (;!')\~ + t Bxo• i:t')'J.'- + 

CBOACTB8 pemeHHA CHCT6MY yp8BH6HHM {!.5) HHH (!.!5) MOEHO 

HsyqaTb, qHcneHHO pemaa aa~aqy Kommf[S,I?~ K cozaneHHm, qHcneHHYe 
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p8CQ6T~ (HB-38 HBKOTIJISHHA OWHdOK 1 CHHWKOM 60HbWOrO Bp6M6HH CQ6T8 HB 

SBM H T.n.)rapaHTHPYDT HayqeuHe ycTO~QHBOCTH ~BHESHHR TOJILKO ~o He

cROHDREX COTSH 060p0TOB (B P68JlbH~ yCKOpHT6HffX QBCTHUH COB6pWBDT 

~0 H6CKOJibKHX COT6H T~CHQ 060pOTOB). lloaTOMY npH HCCJI~OBBHHH CHC

TOMN (1.5) HHH (1.15) WHpOKO HCflOHLSyiDTCH ac•MnTOTH~6CKH6 M6TO~N. 

llpHY6H6HH6 BTHX M6TO~OB C H606XO~HMOCTLID CBH38HO C WHpOKHM KpyrOM 

8HBnHTHQ6CKHX npeo6p830BBHHn, TIO~QBC B6CbM8 rpOM08~KHX. llpH nbny

QSHHH BSCWHX UpH6HH~6HHn TID MBJIOMY TI8p8Y6Tpy ~ 38~8Q8 CTBJIKHB8-

6TCH c npaKTHQBCKH uenpeo~onHMSMH TPY~HOCTHMH aaanHTHQ6CKHx pac

qeToB. CHTYBUHH cy~6CTB6HHO H3M6HHH8Cb C TIOHBJI6HH8M B03MO~HOCTH 

B~TIOnHSHHH rpOM03~KHX 8H8nHTHQ6CKHX BgKJIB~OK HB 8BM. 

B cxe~ym~a• naparpawe npHBa~eM Haodxo~•MNa wopMyru. MeTo~a 

ycpe~H6HHH npHM6HHT6JlbHO K HCCH6~0BBHHID CHCT6MN ypBBH6HH" (1.15) 

B 0Kp6CTHOCTH p83JIHQHNX H6HHH6~HNX p630HBHCOB. 

§ 2. llp•MeHeH•e MOTO~a ycpe~HaH•H K c•cTeMe (1.15) B 

oKpecTHocTH peaouaucoB 

M3B6CTH0 1 QTO p630H8HCH96 DOT6pH COCTBBHHDT OAHY H3 B8~H6"mHX 

npuqua noTepL qacTHU B nyqKe. MayqesHe paannqssx HSHHHeAasx peao

aaacoB BHCOKOrO TIOpH~KB/I,S,6/ npHBO~HT K H606XO~HMOCTH yqeTB B 

YPBBH6HHHX ~BHZ6HHH H6JIHH6£1HOC'I6i:t BC6 O'onee B.biCOKOro nopH,1J,KB. a~ec& 

6y~eT npHBe~eH cnoco6 nonyqeaHa ycpe~aeHHMX ypaBHSHH£t B TpeTLeM 

npH6JIHE6HHH ~JIH CHCT6MN (1.!5) B 0Kp6CTHOCTH paanHQH~X peaOHBHCOB. 

B JIHH6i:tHOll. npH6JIHllt6HHH 1 T.e. npH £=0 1 :H3 CHCT6M.bl (!.!5) DO

JIYQ86M CHCT6My 

x" + rt,(El)x + e,H, i! = o, 
' <" + nlreJ;;- &"ox = o 

(2.1) 

0 aepHO~Q6CKHMH KOa~HUH6HT8MH. 
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06~88 p8ill8HH6 (2.1) MOEHO npe~CT8BHTb B BH~e/1 ,2,5, 6/ 
Li),.e 

X= Axfx (8) e T K.C. 

(2.2) 

r~e J X !8) ' f. (e) - nepao~aqeCKH6 no B KOM008KCHN6 

<1/YHKIIHH (<1/YHKIIHH ~noKe); A,, A, - npoaaBonoHNe KOMnneKCHNe no-

CTORHHhle; ~)II 
1 

)>~ - '!8CTOThl 66T8TpOHHhiX KO:ne68HH~, T.e. 1.180-

TOThl llOll6peqHbiX KO:n668HH!it '!8CTH~bl OTHOCHT6]lbHO H~68llbHDn -p860Thl 

B H8llp8BH6HHRX X H ~ (p8~H8RDHOM H B6pTHK8]lDHOM); K.C. - KOMll

R6KCH0-COnpH*6HH06 K nepBOMY c:naraeMDMY B npaBon q8CTH BbiP8mBHH6. 

CHatia:na H8~0 HanTH o6:naCTD YCTOH'!HBhiX P6W6HHH ARH CHCT6Mhl (2.!), 

8 38T6M llpHCTyllHTD K HCC:n6ADB8HHID CHCT6Mhl (!.!5). 3A6CD Mhl npeA

no:naraeM, qTo nepBaa qacro aroH aaAaqa y~e accneAOBaHa. YtieT Henn

HenHhiX '!H6HOB B (!.!5) M0*6T H8pyWHTb ycToiitqHBOCTD HHH6HHhlX KOR6-

68Hlrliit, OC068HHO B _0Kp6CTHOCTH. p680H8HCOB. 

PemeHae cacTeMN (!.15) accne~yeM B oKpecTHOcTH peaoHaHca/5, 6/ 

(2.3) 

npeACTaB:nHeT codon paccTpon-

KY (OTKROH6HH6 HCCne~yeMO~ TpaeKTOpHH OT HHHHH H~eanDHOrO p630H8H

ca). ToqHo B peaoHaHce, KOr~a <l= 0, nonDl<HM nxl8) = nox i&!, 

11~(6)=11 0 ,(8). Tor~anpa ,',"'0 CTOGHOCTOID~O f. 

n., 18 l : n •x r 8> + e ~ · 9 x 1 e > 

n., !81= no._(&>+ e·ll· 9,18!, 
(2.4) 

r~e 9,(11) - H3B6CTH~6 ~e~CTBMT6»DH~6 nepHO~H~eC-

KH6 <f!YHK~0H, 
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Y~T~B8fl (2.4), CHCTeMy (!.!5) C ToqHoCTb~ ~0 &3 nepenuwe.w 

TBK: 

" r~J r 'r 3 e + n. o2 ~ l = E rv + C: <J. + £ F.,= p2 , 
(2.5) 

Bi!OI 
'"'9x (fJ)x--,-;o, 

,1 ~ 2 (B) } + B;:, X 

C~enaeM • (2.5) aaweHy nepeweHH~x: 

I 
il, 9 

x =Ax ,rB! e + K.c., 
1 A p 1 . ' p i Ox 8 

X = X ( r X + (, Vx rx) e + K. c.' 

f 
,1,o 

i! = A, • e + 1<. c., (2.6) 

' (I' · 1 1 ) c I, 8 < = A, r. + (. 'n• e + K. c. 

(2.7) 

CHCTOM8 AH~epeHUHBHbH~X ypaBHOHH~ nepBOrO ll0PHAK8 (2.7) H88~

B86TCH cucTeuo~ B cTa~apTHoll WopMe/3/ H aKBHBBneHTHa cucTeMe 

yp8BHOHH~ (2.5) BTOporo llOPflAKB. Tenepb K HCCHOAOBOHHID CHCTOM~ 

(2.7) MO~HO npHM8HflTb MOTO~ ycpBAHOHHfl/3 , 4/. 
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r~e 

BB6~6M CH6~YID~6 B6K'l'OpHhl6 o6oauaqeaKa: 

Ax 

) 
P,e 

A= A' 
Pe 

P;t 
' = 

A-. P,t 
A•, p~ 

P,e - _i ( -d,9 - .u , e Fxe ' 
.e::;: 1,2,.3) 

- 1 ~ * ~dl6 P,e -u < e r:.e 
' 

L=i,2,3· 

Tor~a CHCT6MY (2.7) MOZHO 38nHC8To TaK: 

• • A'= L. e.' p{ (A,&). e., 

f=i,2,3' (2.8) 

(2.9) 

(2.IO) 

]lHH ~YHKJlHH A dy~eM HCKan TaKyiD aaMeHy nepeMeHH~x. qTod~ HOB~e 

ycpe,n;H6HHbl6 nep6M6HHN6 C , r,n;e C = (c, ,C.z, c,, c.,), MBHO OTJutq8JU1CO 

OT _R H y~OBH6TBOPHH8 d~ ypaBH6HHHM, H6 CO~epza~HM fi6peM6HHYID 8 

(2.II) 

c' = £ v. (c). F} V,!c) tE.3 Va (C)+ ... (2.12) 

Yp8BH6HHHMH (2.11) H (2.12) BBO~HTCH HOBH6 H6H3B6CTH~6 ~YHK~HH 

U.<. (C, 8) H vt (c) (e•/,),3 ... ), H aa~aqa CBO~HTCH K HBXOJ<~SHHKl 

aTHX WYHK~~. ilpoHaBo~a B ypaBHBHMHX (2.10) aaMeHy nepeMeHH~x H 

HCfiOHoBYH ypaBHSHHH (2.I2), nyTSM npHpSBHHBBHHH qneHOB npH O~HHB

KOB~X CT6ll6HHX e nonyqHM CHS~ro~yiD CHCTeMy ypaBH6HHM ~nH Onpe~e-

HSHHH u 1 (c,eJ H Vt Ccl: 
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r,11e 

1fe (c)+ oil~~c,eJ: Oe (c,&J' f=f,.t,3, ... ' 

Q
1 

(c,BJ = P1 (c,BJ, 

z [ 0 Jk Q~ (c,B) = fl. cc,&J + f; fr u, (c,0)0c P, (c,&)-

-(v,rcJ,;cu1rc,-eJ), 

03 (c,t) =·P, (c,&J+ t -f<r [u, (c,&J#c}l ~ (c,BJ + 
f·t 

2 ~ [ 0 }k +) K' u, (c, B!ac P, (c, &! -
k.1 

-(V,rcJ?J'dc u 2 (c,&J)-(V,ccJ cfc u, (C,13J), 

f (c,BJ M~ MOX6M H8llHC8TL 

r11e 2!}[ 

!=:;.~ s ~ d(}. 
0 

(2.I3) 

(2.I4) 

(2.I5) 

(2;I6) 

3~6CL R ~BH66 HHT6rpHpOBBHH8 

Y8HTBX C ; 

npoHaBo~HTCH npz WHKCHPOBBHHHx apry

/ - llOCTOHHHBH 'tiBCTI:• f ' ~ - ll6p6M6HH8H tiBCTL ~ • 

Kpmte Taro, Mhl Oy;n;eM o·Ooaaa't{BT:D qepea 
A .,...___., 

f = S r de (2.I7) 
0 

ll6p6M8HHYIO tiBCT:O HHT6rp8JI8 OT nep6M8HHO~ tiBCTH f . 
Ko>In6CTBO BB6116HH~X WYHKUd ut H vt B ypaBH6HHHX (2.II) 

TBKOBO, tiTO ;D;nH O;z:J;H08H8tiHOrO HX Ollp6;!1;6JI8HHH H606XOAHMO BB6CTH ;z:J;O

llOHHHT6JILH~6 Tpe6oBBHHH' HaH6onee ecTeCTB6HHhiM npe;n;cTBBJIHBTCH 
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Tpe6oBaHue oC!patQeHHH B Hyn:o nocTOHHHbiX t~acTePI. li.e(C,8) • ITpM 

8TOM C HBJIHDTCH cpe~HHMH SH8'll6HHHMH (no ll9p6M6HHOM e ), OKOJIO 

.KOTOpbiX KOJI961IfOTCH HCTHHH.b16 SH8'll9HHH p6W6HH£1 }f.=C 

ITonaran Ue (C, &!=0 H rpe6yn, qro6u ypaBHaHHR (2.I3) B~nonHn

nac:o To~eCTBeHHO, WHKCHpyeM C H npHp8BHHeM B HHX nopoaa:o nocTo

HHHble H nepeM6HHbl9 'll8CTH: 

~(c) = 0_ (c, 8) 

A 

Ut~c,e)= Q1 (c,BJ. 
f.., = 1,).., 3 ... 

(2.I8) 

B saKJI!O'lleHH6 saMeTHM, t~TO onepanHH A B npHMeHeHHH K nepHD.ztH

tzecKoM WYHKIU'IH npHBO.ztHT K noRB116HH!O Manhlx aHaMeHaTenet~./4/, liTo 
CHJI:OHO yxy~W86T CXO,ltHMOCTD M9TO.zt8. 

§ 3. Ycpe.ztHeHHble ypaBHeHHH .ztJIH paanHt~HbiX peaoHaHCDB 

Ha OCHOB9 OTIHCaHHOrO BHm9 aHrOpHTMa CTpOKTCH ycpe~9HH8H CHCTeMa 

yp8BH6HH£1 ,ltJIH HOBbJX nepeMeHHbiX Cl<. BH.zt8 

c:= S11 c<f+ .. +314 c'f + ~5c;+ ... +~3'fc:+ ... tSu1 c,t..~,.C.JCy 

t 3 
c~ = $~ 1 c 1 + ... +S;.yC'f +S.2.5 C1 + ... + S.2.~vCy+.- .. + S3..65 c,c.2. c,c.,, 

c ~,. S
31 

c1 + ... + S311 Cv + S35 c1t+ ... + ~3 ., c~ + .,. + SJG9 c1clc, c., 1 

'5 c+ .+s c+SC~+ +3 c3 + ... +s ... c,c,c,c, (3.I) c.., :::. 41 1 • • lf't '1 'fG 1 . . • '{3'{ y 7 ' 

r~e S<j (K =1,2,3,4; j=I,2, .•• ,69)- qMCHOB"O HOUllROHCH•e H03@

~Hl\H6HTbl, CBH38HHb19 C p68JI:OHOPI. MBrHHTHO" CTPYKTypo~ KOHKp6THOrO 

ycKopHTena. KosriJriJunHeHTbl S k!j paanHtzHbl .ztnH paamtt~HbiX peaoHaucoB. 

• * ilpnt~eM, c1 =C"', C3 =C'1 11 ypaBHeHI-Hl I-e H. 2-e (a TBKJte 3-e 

R 4-e) B CHCT6M6 BH~8 (3.I) AJIR KBEAOrO 113 ·peaOH8HCOB RBRHnTCH 

KOMllJI9KCH0-COnpR~HHWMH. 
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Ycpe~HBHHWB ypaBHBHHH BH~a (3.1) dHnH nonyqeH~ Ha SBM EC-1061 
C DOYO~DD nporp8MM/l4 /, pea~H30B8HH~X C HCfiOJlb30B8HH6M CHCT6M~ 
8H8JIHTH~6CKOro nporpBMMHpOB8HHH REDUCE-).2/7/. 

CHCTBMW ypaBHBHHM BH~a (3.!) dwnH llOCTpOBHW B OKpeCTHOCTH HB
CKOHoKHX p630HSHCOB ~nH ~ByX BH~OB HCXO~HWX ypBBHBHHU (!.15): ~HH 
yp8BH6HH~ C JIHH6UHO" qaCTbD, HM6ID~6U DOCTOHHH~~ H ll6pHO~HqecKH~ 

K08!))WHUH6HT. 

B CJI~qae DOCTORHHO~O KOaWWHUH6HT8 npH nHH6~HO~ qacTH B ypaB

H6HHHX (!.!5) 

n.x (61) = v: n, (8) = v: (3.2) 
r.zte )X ~ )r - tl8CT0Tbl 66T8TpOHHbJX .KOJI668HHii. 

B STOM cnyqae WYHKUHH ~noKa CBOJJ.RTCH K nocroHHHbJM/1/: 

(3.3) 
npH BWllOHH6HHH ycnOBHM (3.2) 

nocTpoeHH ycpe~aeaawe ypaBH6HHH BH~a (3.1) B rperoeM npHdna~eHHH 
' (T.e. C TQqHQCT:DiO .ztO tlR6HOB UOpH.ztKB e BKJI!OtillT6JIDHO) ITO M6T0.1lY 

Kpwno•a-EoroniDdOBB npH npaBwX qacTax (I.I6),HMBID~HX ••~/II/ 

Fx, =A,x< t A12 z' t A13 (x')'+A,.i<'!', 

II X~( 0 ') 2 +11 ;;<{i.')'-+11 (x')"tA cr.')"+ + ?>C J. H 3.11 3' 

+A (x'/Cz'J' 
310 ' 

F
21 

= 811 Xit 

Fu· =B., x'z t &a i!' + B2 ,(x')"z tB~v< (z')
2

, 

F, = E>.,x't t 832 x<.'+&,xz(x'J"+B,.n(z'J" 
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(qTo nonyqaeTCH npK BHllOnHSHKK ycnOB~ (!.!3)),B. OKPSCTHOCTH 

!9 peaOHBHCOB: 

~ = ± m 
K 

(3.5) 

llonyqeHHN8 ycpe~H8HHH8 yp8BH8HKH BH~a (3.!) ~nH p830H8HCOB 

(3.5) 6y~ ony6nR&oHaHH • 

. B cnyqae nepao~Kqacaoro aoa~KqKeHTa npK naae~aon qacTH B 

ypaBHSHKHX (!.!5) 6HIII! nocTpoeHH ycpe~aealille ypaBHeaaa ali~a (3.1) 
2 

BO BTOpOM npa6nH&eHHH (T.a, C TOqHOCTbiD ~0 qnaHOB llOpH~KB £ 
BKniDqHTanbHO) no MSTO~y KpHnOBS-EoroniD60B8 npa npaBHX qaCTHX 

(I.I6) B oapaCTHOCTK 24 pesoaaacoB: 

Vx = t m, ;tvx~tm, z,Yx = m, 4~x = m, 

v =±m 
~ ' ;tv,=tm, :)Y• =m, 4v, = m 1 

v.±vx=m v,. ± 2Vx=m , ;\ ± 3Yx = m, 

2v, ± \lx =m, .d, ±iv,=m, 3V1 t Yx =m. 

(3.6) 

llanyq9HHH9 ycpe~eHBHe ypaBH9HRH B HBHOM ~· B Oilp9CTBOCTB pe

SOHBHCOB (3.6) ~llfi ypaBH9HK~ (!.!5) C llHHa«aon qacTbiD, HM8ID~en 

9TH yaopoqea-

HH8 YPBBHSHHH rtpe~HSMaqaHll Allfi 1101t8nHPOB8HHK· 68T8TPOHHHX Kone6a

H.Hit B oapecTBOCTB peaoaSHcoa (3.6) B eyKnoTpoae Ollllli. 

*AI!aJioraqaae peayJil>TSTH qpKBe.zleHH r/15/: 
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llonyqaHHHa YKOpoqaHHHB ypBBHaHHR BH~a (3.1) TI03BOHRDT HCCHa

~OBBTh BOllpOC 06 YCTO~~HBOCTH ~BHX6HHH qacTHUM B 0Kp6CTHOCTH ~SH

HOrO p630H8HCB. MOEHO llOllHTBTDCR npOBBCTH T8K06 HCCJI6~0B8HH6 HB

nocpe~CTBBHHO AnR YPBBHBHH~ THTIB (3.!) HHOO HCCHO~OBBT1 nonyqeH

HYID CHCTBMY yp8BH6HH« HS WasOBOg llJIOCKOCTH. TaKH6 HCCJI6AOB8HMH 6H-

JIH npOBBABHH ~HR H6CKOJIDKHx!II,l 2 ,! 3/ peSOHBHCOB ~nH CHHXp0-

~8SOTpOH8 OHHW. llpH aToM c noMo~DID saMeHN 

(3.7) 

nepBXOAHY OT CHCTBMH BH~a (3.!) K ycpBAHBHHOM CHCTBMB ypaBHBHH~ B 

AB~CTEWTBHDHHX nep6M6HHMX: 

(3.8) 

r~e (j!~ K, Yx +- k., ::)"' (B OKpaCTHOCTH peaoHaHca 

kxVx + kc Vr: m ). llepeYBHHHe Qx > Qr COOTBBTCTBYDT 

BMnHHTYABM, 8 fx ,4J~ - ~BSSM 6eTBTpOHHNX KOJI668HHg tiBCT~N 

nu OCHM K
1

• COOTBBTCTBBHHD. p"'- , Qo<. H R. <X (oL = Qx, Qilc>~, <f~) 
- llOJIHHOMbl OT Q. ;( , Q 3:. 0 tiHCJIOlH3!.H KOSrlJ¢WIIJ;H~HT8MH (SBBHCHutH-

IIH B Cnyqaa nX (9) .f CQ1l%f; > n_i},({))"' cun.r,t, B qacTHOCTH, OT 
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) BH~a 

DOJIHHOMhl C 6,ItHHH'iHhlMH HOS!WIHUH6HT8MH OT (LX , Q]:., npH'II6M, B C1Jy-

qae oL = lp X HJIH d = 4-J'i: DO,It DOJIHHOMOM DOHHM86TOH 060c5~6HHblA 

DOJIHHOM, T.e. rv 

~ 7',"" (Q,, a.~} 
'f oL ( Q X> Ql J = --~--':-:-_.!__~"

'T'!o< (0.;' Q~) 
nBHE6HH6 aapH-6HHO~ 'i8CTHUhl B yCKOpHT6JI6 6y,n;eM C'iHTBTD yCTO~~ 

1IHBhlM npH 0 ~ f)~~ ~ :J.Tt N (r,n;e n =1,2,3,. •• - nopH-

,noK npH0:1.1H!t6HHH, N - :tmCJio o6opoToB), ecnH ua aTou. npoMeZJ'TK6 

BMDJIHTY.ztH 6eTaTpoHHl:lX Konec>auHL.l 'tlBCTHUhl Ax H A~ OCTBKY.l'CR 

(3.9) 

- 88p8H66 88,It8HHhl6 'iHCJIB, CBH38H-

Hhl6 c paauepaMH ny~a. 

ilOHHMBH YCTO~'iHBOCTD ,ItBHZ6HHH 'IBCTHUH B Onpe,It6JI6HHOM BblW6 CMbl

CJI6, MOJKHo, HBJIO:ZRB HeKOTOphle orpBHH'tJ6HHH ua KO~HUHeHThl H "i 
(KOTOpb16 H6DOCp6,ItCTB6HHO 88BHCHT OT D8pBM6TpOB MBrHHTHOrO DOJIH 

~Xfko< ~>tko< (CM, (1.!2)), OOCTpOHTL ~llll CHCT6M~ 
(3,8) HHTarpan ~BHZ6HHR BH~S 

L t Q.(£"") c1 a..x t c.to.t: =C~ + , (3.!0) 

r.Ite c 1 , cl.
1 

c~ .,. o - KOHCTSHTN, AOK838B T6K CSMH~ orpSHH-

~eHHOCTO 8MllHHTY.lt, 8 CH8,li;OB8TeHDHO, H ycToa~HBOCTD B onpe,ll;eXeHHOM 

BNWe CMHCne. TSKOro BH,li;S 

COB J. V - V = i /II/ 
< X ' 4v., • ~x ~ 4 /I3/ 

HCCH8,li;OB8HH8 6HHO llpOBe,ll;eHO ,li;XH pe30H8H-

9..Y-.+'-.Vx=3., 3Y~-v.=1, 
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~HOr,ztB, HBHJIB,lthiBBfl. orpBHMli6HHH HB HOac})c})~U.~6HThl H Kj , MD litHO 

nonyqHTL p8W8HH8 CHCT8M~ (3.8), qTo, HBDPHM8p, C~8n8HO B paOoTa/13( 

B H6KOTOPHX C1IY1l8fl.X Y.zt06HO npOB6CTH MO,zteJIHpOBBHHe llOB6,1t6HHH 

llBCTHUH HB !fl830BO.t.i fl1IOCKOCTH. 1'BK06 HCCJ16.llOB8HHe 6b11IO C,11.61I8HO II 

OKpeCTHOCTH pe30H8HC8 3\)x.:. 1, HB CBO.t.iCTIIBX KOTOporo OCHOBBHB CHC

T8M8 ue~neHHOro B~Bo~a nepaHqHoro nyqKa Ha CHHxpowaaoTpoHa OHH~/12( 
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