
OB'bE,AHHEHHYR MHCTHTYT H,AEPHYX HCCR,E,AOBAHHR 

t!C G9Y 11-89-702· 

"' 

>Kitl,l\KOBA 
ltlp~Ha EsreHbeBHa 

YJlK 519.6 

lt1CnOfib30BAHit1E 
AHAfllt1Tit1~ECKit1X BW~It1CflEHit1~ HA 3BM 

,ltfi~ lt1CCflE,ltOBAHit1H 
6ETATPOH~~X KOfiE6AHit1~ 

B ~lt1Kfilt1~ECKOM YCKOPitlTEfiE 

Cne4~allbHOCTb: 01.01.07 - Bbi4~Cll~TellbHaSI MaTeMaT~Ka 

ABTOpe<f>epaT AHCCepTaUHH Ha COIICK8HHe y'leHoll: CTeneHH .. 
K8HAHA8T8 4>H3HKo-MaTeM8TH'IeCKHX HayK 

'"' 

.l\y6Ha 1989 

'' 

.· 



Pa6oTa BlliiOJIHOHa B. Jia6opaTOpHH BW!IlCJIHTeJThHOH TOXHIL.'\H H 8BTD

M8TH3aiUm. 
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AwrYOJ!LIIOCTI> npod.JIOMI!. ConpoMmmuo !Jiltau•roeimo ycTnuomm smJIJnoT

en noeLMa CJIOJKIIIlMn u ,ItoporoeTonmuMu. !JoJILlliYJI) poJJL npu :nx npooitTnpona

IHll1 lU'llO!OT pOC'IOTU U OIITUMII38l.U!H rrapaMOTpOB. I\ O'IOIIL CJIOlitliOMY KJIUCCY 

Taimx ycT:UIOBOJt OTI!OCHTCH yCitapwreJIH aapJDKeunux 'IUCTl~. 

B.zuiHOJI 30,ItA'I8 p8C'IOTO TpOOitTOpUU crycTita H IIO,It60pa nap&MOTpOB 

3JlOitTpiPIOCitOro U MHrlll!TIIOrO IIOJIOfi T8lt, "'T06U B 3!l,l(OHI!lln MOMOIIT _DpOMOHH 

D 3ll,l{HIIIIOM MOCTO IIY'IOK l1MOJI Tpo6yOM!lO IIOpOMOTpll ( 110 :mopl'im, IIJIOT-

llOC'l'U l1 T. II,), 110 pOIUOllll 1!11r,Ito D 1\U!pO, IIUCTOJILitO OIIU CJ!Ollti!O, I!o:JTOMJ' 

IIJlUllllTO p83.IJ;OJIJITL 00 HO OT.IJ;OJI:bllllO 30.ztO'Il1. 13 llllCTOffiUOll pa60TO paCCMOT- · 

p~DUOTCII O,Itllll 113 Tllltl!X 3ll.IJ;ll'I: U3Y"'OIIU9 .IJ;DI!JKOlll!Il 3apR.l!IOIIIIDll 'IllCTl~ 'B 

~UIUIU"JOCltoM YCitOJll!TOJIO D 3ll.IJ;llllllUX IIOJ!JIX. 

:Yrn MllTOMUTH'IOCKDJI MO.IJ;OJ!b llllJ!JIOTCil CJIOJKJIOfl IIOJIIU!Otll!Otl 3Cl,l(O"JOtl, 

JloCitoJibl\'f "lllCT>mEl CODOJliiiUOT B YCKOIJHTOJIO · orpOMI!OO "'l!CJIO 060pOTOD ( O'l' 

IIOCitoJI:bltHX CO'l' TUCJI'l ,no MllJIJIUOIIO) , TO '!UCJIOIIIIIIII pUC"'OT TpaoitTOpUtt .IJ;IllitO 

IIG CCI!AUX CODpOMOJ!llUX Dll1ll1CJiliTOJ!bllllX M81DMIIUX 110 OXBllTUD09T DCOrO IIOpUO

.IJ;8 o6pautonl!H ua-aa .nmtouJiol!MJJ •mcJJouHux ornu60lt. Cy!IIOCTneHuo ycJiolltl!JloT 

pomoHHo an.Iwm H To, '~To Ho}.\ocTnTO'IIIO pncc•mTaTb ~pAoltTopl1JO, a 1Joo6-

xo.nuMo YCT!lliODI1T:b1 IIlJU ltllltHX IIUpUMOTpax IIOJIJI !lTH TpUOltTOpUU 6ypyT ycToft

"'IH.JII, OC060IIIIO D OltJlOOTllOCTl1 p0301IOIICU, 

IllJUIIl!TO JlOIUUTL ··rcu\'{10 3!l,l(ll"JY 0 IIJHI!lJ101!0llllOM OllllUJlllTil MO'l'O.IJ;OD DO:J

MJ'UtOJmtl, D "'UCTIIOCTU, 01!0IIL IUUpOlto llpllMOIIJIOTCil M9TO.IJ; yc p9.IJ;ll91UfJI 

KpuJiona-l>oroJllOcloun; O.nmuto ucnoJILSonamm ::JToro MoTo.na Tpo6yeT orpoM

nux 38Tp8T Tpy,na IIO BllllOJIIIOIIUIO Itpntll!O rpOM03,nltliX DU!tJIO.IJ;Oit. 1\a!t CJIO.IJ;

CTDlte, . 3U.IJ;B'I8 MOJKOT 6UTb pemeHa Bpy"'HylO Jl.llllL B IIY JIOBOM HJIU nepBOM 

IIJll16JIUlltOIIUU, 'ITO COOTDOTCTDYOT DCAro IIOCltoJILI\l!M TUCJI'IOM 060pOTOB, 

floo•roMY DOCLMO OltTYOJILIIUM JlDJIJIOTCJl HCCJIO.IJ;ODOIIUO llODO.IJ;Oilllfl 31l

ps.tXtalll!Oll tiaCTHJ.Ul D YCitopllTOJIO 0 l!Cll0Jib301Hilll10M_. O!IIIOpUTB UIIBJillTU'IOC!tllX 

DH"'HCJIOI!llll llll ::Jll~Jt. :.h'o II03DOJ!JIOT UOXO.IJ;UT:b, pOWOllltii COOTDOTCTDY!Olltl!X 

ypaBIJOHlfll D DUe~lX rrpl!6JllDI(9l!UJIX IIO MOTOJTY ycpo.IJ;l!OIIUJI ( T, 9. npaKT!Ne

C!tl1 .IJ;JIJI IIOJIUOrO nepuo,na o6pautOHIIR 'l8CT~ B YCKOpHT9Jio) , 

JloJII•JO nnccopTnl!UOIII!Oil bn60TU SIDJIIiJJOCb HCCJI9,nOB81!HO TIODO,ItO!ll!H 

aapru;(OIIIIOU 'InC'l'~U D lUUtJil!'IOCIWM ym<Opl1TOJIO B 'oltpOCTIIOCTl! p930ll81IC8 

B nucmux npu6mtJitemmx c ncnOJILaonannoM cucTeM auaJIUTH"loCituX BU"ll!cJie

llllfl na ~r.1 u nccJio.nonamto na ocuono ::>Taro ycToll•mnocTu aMIIJIIITY.It 6eTa

Tpounux ItoJio6anull. 



HanHaJI HOBH3H8 paclOT!l, PaspaclOT8HH8JI M9TO,IUIIt8 II a.JII'opliT!.!ll 

n03BOJJJIIOT npHMOHfiT:b MOTO~ ycpe~HOHliJI B BllCIIIHX npnclJIIDKOHIIJIX K UCCJie~o

B8HHIO Tp89KTOpiDi cleT8TIJOHHllX KOJieclamn1 B OKpOCTHOCTII IJ930H8HCa B Jll0-

60M ~OCKOM YCKOIJHTeJIO ( K8K CJia6oq:oeyCIIIJY10Jl!9M, Tait ll CIL1ffiHDqlOK,Y

ClipylOll!9M) n me ycTo.lNHBOGTli. 

TaK 6llJio npoBe~eHo liCcJie~oBaHHe ycToii'IHBocTli aMIIJIIITY~ 6eTaTpon

HllX ItoJie6al!lti1 B OKIJOCTHOCTH 5 HOJIHHOHHllX IJ930H8l!COB B TpOT:he!JJ rrpncl

JIIDKOHliil: ('ITO COOTBOTCTilYOT IIOJII!OMY nepno,ny o6p8!J19HH!I "'8CTHIU1 B YCRO-

IJIITOJIO) ~ cnHxpcxflasoTpoHa Olliil'I. ..J 

Ilo.nyqeHU, IIpH HOROTOpllX YCJIOBIIJIX, II9pBll9 HHTerpaJill ycpe~IIOHilllX 
CHCTOM ypaBHOHHll B 0Rp9CTHOCTH 3Tme pe30!l8HCOB U pelllOHilff ~ 8MIIJIHTY~ 
6eTaTpommx ROJieclaHID1 B 1'peT:&eM rrpH6Jm.lltenmr. 

liOJIY"<IOHH. YCJIOBllff YCTOwllrnOCTll ~ IDJ!IIJillTY~ 6eTaTpOI!HllX KOJiecla

HliH B OKpeCTHOCTU 4 p930H8HCOB B TpeT:&OM IIpU6JIHlK9HIDI ~JIJICHHXpcx.lia30T
pOH8 omm. 

IlOJIY"<IOHll, rrpn HeitOTOpllx orpaHli"'eirnmc na · rrapqMeTpLI rro:Jm, peruemm 

cncTeM ycpe~uemmx ypaBHennil n nHTerpaJI ~BIDKemm Bo BTopoM npn6JIHJKe
l!llll ~ cHJI:&uCJqioeycnpyromero cnnxpoTpoua ( HYitJIOTpoua OUHM). B oRpecT

HocTu pasHOCTHoro pesoHaHca CBJI3H. IIo.ny'IOHll ycJioBHJiycTofmmocTn ~ 

3ri!ITJIHTY,JJ; 6eTaTpOHHllX ROJIOclaHIIH B ORpOCTHOCTll :noro IJ930H8HC8 BO BTo

pOM npn:OJililKOI!llll ~ IIY,IUIOTIJOI!a 0!-L'IH ( COOpyJitaor.mrb B HaCTOmrtee BpeMJI). 

IIpaRTwrecr\aa; 3Ha"!IDAOCT:o pac5oTu. IIpo~araoMn.rr MeTo~r<a n a.rrropnT

MU MoryT 6LIT;ll ncnoJI:&sonaHU B s~a"<Iax Mo~eJIHponamm TpaertTopnii·ny'Irta 

IIpii TIIJ09RTliiJOB8HIDI II COB9IJlll9HCTBOB8HIIII JIIDOllX UHKJIH'IOCRIDC YCKOIJliTeJIOH. 

Amrpoc5ailllJI paOOTll ll rryc5JIHRarzyrn. 0CHOBHll9 pesy.JioTaTll paOOTll mRJia

,wffiaJIIIC:& Ha COMIIHapax JIDTA 0Mffi1, Ha Y ;AOJK,nyuapo~HOM COB9ll!8llllll no npo6-, . ' 

JI9/118M M8T9M8Tn'I9CKOro MO~eJIUpOB8HH!I, rrporpar.1MUpOB8HmO R M8T9M8TJI'I9C-

RIDA M9T0~8M pelllCIIllJI r!lll3wl9CRUX 38~8"' (]I.y6Ha, 1983), Hlil BceCOI03HOM 

COB9!J18l!llll IIO CllCTONJ8M 8HaJiliTll'f9CRIDC IIpeodpa30B8HHH B MOXaiillRO (rop:&

Rllll, I984) , Ha MeJif,llyHapo~H!lX rwHQlepeHil;1I.fii no aHaJIHTII'IeCKHM BI:l'mCJieHII

.iL'vl Ha CJ3:vl u me rrpnMeHeHuro B TeopeTII"<IecKoil cJ?nsiiRe (JI.yc5Ha, I982 ,I985) 
II Ha EBponeHCito:it ROHI})epemum 'no KOMII:&IOTOpHOfi 8Jir9clp9 EUROCALL' 87 

(]eilrrUHr, I98?). ITo MaTepnaJiaM BlliiOJIHOHHllX IICCJie.n;oBaHirii.ony6JIIIRoBaHo 

I3 ne'IaTH!lX pa6oT, rrpiiBe,n;eHH!lX B CIIliCKe JIHTepaTYpll. . 

CTpywrypa JrnCCepTamrn, .llJiccepTaUIIJI.COCTOIIT II3 BB9,ll;9HH!I, 4 rJiaB, 

38KJIID"<I9HHli II 6 IIIJIIJIOlKOHJIH. 0Ha co,tieplKIIT 100 CTpaillfil T9ItCTa cl93 npii

. JIOJKOHHll, BRJIIO'l:M 4 pncyHRa H clHclJIHOrpaQlwreCKHll CIIliCOK JIHT9IJ3TYIJll H3 

107 H8IDII9HOB8Hllfi. 

ConepmaHIIe pac5oTH 

Bo BB9TI9ErriH IISJiaraeTCJI IIOCT8HOBR8 3~8'III,_ OIIIICHB89TCJI IIIJHM9HJI9M8JI 

K 99 HCCJI9,Jl;OB8HHID MOTO.n;nia, 060CHOBllB89TCR HCIIOJI:&30B8Hli9 8HaJIHTH'I9CKIDC 

Bll"'HCJieHirii Ha ::iBM,npOBO~TCJI Ocl30p JIHTepaTYpll. IlpllBO,JJ;Olfa CTpyKTYIJ8 
~ccepTBUHH c KpaTKIDA H3JIOJKeHlleM·co~9plKaHI1ff rro rJiaBarJ • 
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B rJiaBe I ITOJIY"'9Hll C IIOMOI!l:&IO @[4 ~@.iepeHiliiaJI:&Hll9 ypaBH9HI1ff 

,Jl;JIJI MaJillX OTRJIOHerntli 38IJ.lilK9HHOM 'I8CTmtll OT ll,Jl;OaJI:&HOit OpclllTH B UHKJIH

"'OCROM YCKOpliT9JI9 C TO"!HOCT:&IO·~o TIJ9T:&9rO IIIJlrclJm.lKOHliJI BRJIIOtmTOJI:&HO. 
.3 ' • 

x"+n (9)x= L. ekF k(x,x' ,z,z' ,e) I 

X k=1 X. • {I) 
3 

z"+n (9):>:= L EkF k(x,x' ,z,z' ,e) 
z k=1 z • 

r.n;9 x, z - ropiiSOHTaJI:&Hoe u BepTIDtaJI:&Hoe OTKJIOH9HJIJI oT saMEHyTofi 

opOiiTH; £ =r
0

/R
0 

. - M8Jillll rrapaMeTp ( r
0 

- IIOJIOBIIHa BllCOTll BaK;yyMHOfi 

KaMepll, R
0 

- p~c n.n;ea.rr:&HOH opclUTI:l); nx(9) , nz(e) 

Il9pUO~"'9CKH9 ITO e iJ)YHI<IU!H; F ~ , . F zk - IIOJIHHOMll OT X , X' , 

z ~ z' C nepii0~9CKIDilli IIO 9 KO~OHTaNJII Akj (e) ,Bkj (e) . , 

ROTOpHe Ha Ilp8KTIIR9, R8R IIpaBIIJIO, II,P9,JJ;CT8BJJJIIOTCJI B Bllll;O pJI.n;a .itiyp:&e, 

KOa<M,lliilll9HTll ROTOpOrO akjol. II bkjoG- (ol. =-oo ,+oo) CBJI33Hll C 

peaJI:&Hofi~armiTHOil CTPYKTypofi KOHKIJOTHoro IUIRJin'IOCKoro ycKopiiT9JIJI. 

06wrHo ypaBHOHHJI Bn,n;a (I) IIOJIY"'aiOT JIIIIll:& B eyJieBoM IIJN. rrepBOM 

IlpiiOJIIDK9HIDI ( T. e. ~0 "'JIOIIOB IIOPJI,ll;R8 c0 
IIJill c;

1 
). , . 

.IT..rul: ypaslieHHfi (I) paccMaTpiiBaeTCJI s~a"!a Kolllii: 

x(9)1 =x
0 

, 
e=o 

x' (9)1 =x' 
9=0 ° I z(e)r = ZOt 

' 9=0 
.z' (9)1 . =z~ '(2) 

9=0 

Pernemm sa.n;a"'II (I)-(2) IICCJie.n;yroTcJI B ortpecTHOCTII pesoHaHca 

k \l +k v =q+b 
X X Z Z 

(3) 

r~e ~x' Vz - "'8CTOTll 6eTaTpOHHHX KOJI9cl8Hnll IIO H8IIIJ8BJI9HHJIM. X II 

z , COOTB9TCTB9HHO; kx' kz' q=0-,:!:1 ,:!:2, • • • • II b- paccTpofiR.a 

(oTKJIOHeHIIe oT n.n;eaJI:&Horo pesoHaHca). 

IlpaBlle 'I8CTli CIICT9Nill (I) B 0Kp9CTHOCTII IJ930H8HC8 (3) IIOJIY'IOHH 

liS Y,P8BH9Hrti1 !I:&IOTOHa-]opeH!la Ha ., ::JBM C HCIIOJI:&30B8HII9M CIICT9Mll aHaJIHTII-

"'OCRIDC Bll"'IICJI9Hllll REDUCE-3 • ~. ' . ·• 

Ilpli HCCJI9,JJ;OB3HIIH 3a,JJ;8"'II (I)-(2) IIIJliMOHJIOTCJI MOTO,JJ; ycp9,JJ;H9HI1ff 

KpuJioBa-Eor~1!06oBa, p9aJIIIsoBaHHHf1 Ha 3BM. HccJie~oBaHII9 rrpoBo~TCJI ~ 

~YX Bll,Jl;OB !lliRJill"'9CRliX YCKOIJIIT9JI9ll: 

a) ~ CJI8cloWORYCII,PYJ0~9rO YCKOIJIITeJIJI, 'ITO COOTB9TCTB,Y9T B ypaBHOHHJIX 

( I ) CJIY"' aro 

n (9) =Const = \} 2 
X · X 

nz(9)=Const = v2 
. . X 

(4) 

6) ~ CIIJI:&HoWORYCHpYroll1RX YCKOIJHTeJI9M, KOr~a 

nx (9) 'f Const, nz (e)·c'f Const 

3 



.IJ;Jm c.na60\I>oeycnpyromf!ro ycKopnTe.JIJI nocTpoelill c noMO!l1l>ID ~;~ 
ycpe,IUieH!ille no e yp~HeHIDI B TpeT:&eM npn6.1m.JKeHHH B oKpecTHOCTH I9 
pesoHaHCOB: 

v =+m 1 2V =+m 1 3::) =+m 1 4Y =m 1 X - X - X- X 

5~ =m 1 2-J =+m 1 4~ =m 1 2J +V =q 
X Z - Z z- X 

(5) 

2 V + 2 V = q 1 2 Y + 3 v =q 1 4 ~ + y =ql 
Z - · X z- · X · z- X 

m~O 

.J B Km~eKcHHX nepeMeHrmx 

ypaBH8HHII HM9IDT Bnn 

c 1 1 c 2 1 c 31 c 4 3TH ycpe,D;H9HHL!9 

• - ~ s "-1 ol. "'· ot, 
ck- ~ k'c1 c2 c3 c4 

]=1 J 

cGm=1 12 13 14(m=1 12 13 14) 

"L,ctm ~ 4 
m 

k=1121314 
(6) 

.. 

r.ne "tfHCJIOB!:le KOMIIJieKclille rrepeMeHI!l:le skj xapaKTepnsyroT noJie. 

,Il;Jm CllJI!,HopOKj'CHpYromero YCKOpHT9.7IJI llOCTp09Hli ycpe,D;H9HH!:l9 ypan

H9Hl!fl BH.D;a (6) BO BTOpOM npU6JmJiteHmi B 0Kp9CTHOCTH 24 p930H8HCOBi 

)) = +m 1 2)) =+m 1 3 .Y =m 1 4 ~ =m x· · - X - X X. 

~ = +m 1 2 ~ =+m 1 3 ~ =m 1 4 .J =m 1 ( ?) z - z- z z 

V + :) =l'll ~ +2 v :n 1 v +3 y =q 1 
Z - X , z- X , z- X 

2V +\ =<I 1 2J +2~ =q· 1 3~ +Y=q 1 m~O z - Yx 1 z- x z- x 

B ,D;e:ficTBH'l'9JII,HHX rrepeMeHH!:lX STU ycpe,D;H9HH!:l9 CHCT9Mll ypaBIIeimii 
(6) llPHilliMaiOT Bnn . . ... 

a~ =Pa ·(ax1az)Sinlf +Qa <<:x:1az)Cos<f +Ra (axla
2

) 
X X ·r X 

a~ =Pa (ax 1a 2 )Sinlf +Qa (ax,a
2

)Costf +Ra (ax,az) 
z z z 

{8) 
y.'~ =P'I' (ax 1a 2 )Sinlf +Q'l' (ax 1a

2
)Costj' +R'P (ax 1 a~) 

X X • X ., 
l.j!~ =P't' (ax 1a 2 )Sinlf' +Q'I' (ax 1a

2
)Cos<f' +Rep (ax 1a,) 

z z . z 

4 

"' 

-:: 

~, 

:., 

r.D;e ax I az - rrepeMeH!ille, cooTB9TCTBYJOJllii9 a\mJll'!T'J.D;aM, a ljl x 1 lJiz 

Ga3aM 6eTaTpOH!illX KOJie6amr:1 no HanpaBJiemmM x H z , cooTBeTcT-

nenno; t.f=kx Y-'x+kz tfz B OKpecTHOCTI1 pesonauca kx lJlx+kz lpz=q 

P,.. 1Qot, Rot (<><-=ax,'a:z;';''·l'x~ ljiz) - llO.JIJIIIOM!:l OT axlaz c "lJHCJIQ-

BW.lH .D;81iCTBHT9JII,HID.ffi K08(~0Irnii9HT8Mll Hkj 

D rJiaBe l1 npoBO,I(l!TCfl l!CCJI9,1J;OB8ID!e 6eTai'pOH!illX KOJie6aHJ:lli B 

oKpecTHOCTII llf!TH pesoHaHCOB (2 \> z- ~ x=1 1 2 v z +2 v x=3 1 3 v z- vx=2 1 

4 ~z +vx=4 13 ~x =2) ,rrpoxo.nmuux .nocTaTO"tfHO 6JIHsrw OT pa6otrei1 Totrrrn: cnnxpo

QJasoTpona 0!1fil1. 
.ll.JIJI pesouairca 2 .:) z- '\=1 rro.TrytreHII eJie.nyroii~Ire pesyJII,TaTu. 

liOJ!j"'91I rrepBHtl l!HTerpaJI .D;B~9IDI.ff .D;.JIJI ycpe,D;H9HHHX CHCT9M ypaBH8-

HI1i1 

4 v a 2 + (1+ V )a2 = Const+O( E.n+1 ) 1 n=1 12,3 
X X X Z 

(9) 

'ITO rrosnommo ITOJIY'IHT:& ycJIOBM ycTofrnmocTn lJ)Ifl aMIIJIHTY.D; 6eTaTpOH!illX 

KOJI968Hllll B COOTB9TCTBj'ID!l\HX llpH6~9HllflX, HM8!0JlliiX BH.D; 

lf.
1

H
1

, + l
2

H
2

• I f. E. n+
1 

1 n=1 ,213 
J .J . 

(IO) 

r.ne H.k. - Kos@.luu;neHT!:l nepnoro :n BToporo ypannen:nif ycpe.nnenno:ii cJicTeMH 
J ( . • 

ypaBH9HIDl 8) l! 'IUCJIO · j'CJIOBUll •YCTOli'IUBOCTU J =1 , 2, • • • • • • '9 38BHCHT 

OT nopR,II;I~a np:n<lmmemm. 

Tm~, HarrpllM9p, BO BTOpOM npu6JIHJK9Hm! 3TH YCJIOBHfl Bl:lr.llMJIT TaK: 

1. I 2 vxa130(3. v ~ a130+a11C')I~ E. I 

2 • J v xa130 (( 1+ Y x> 
2

a140 + 4a120) J ~ E. 

3 2 2 
• ~ b100 ~ £ 

X 

,' I' .· 

r,ne akjC(. , bkjcl. -, Itoalx!Jl!IUI9HT!:l pR,I!;OB Qy"p;se, B IWTOplle papKJia-

,IUIBaiOTCfl KO~l~neHTll Akj(9) 1 Bkj(9) rrpaBofi 'I8CTH HCXO.D;HliX ypaBHe-

Hliii {I). B TpeT:oeM npJI6mmeHHH "tfHCJio :>TIIX ycJioBHii paBHo .D;eB.l!Tn. 

,Il;Jm pesonaHCOB 2y7.+2vx=3, 3vz-vx=2~ 4v2 + vx=4 ITOJIY'I9Hll 

CJI9.D;Yl0l!II!9 pS3j'JI:&T8Tll. 

B HeKOTOpllX CJiy"'aflX y,D;aeTCfl llOJij"'l!T:& pernei!Hfl lJ)Ifl a\liiJll!TY~ ycpe.D;

Iteiurux ypamrern:lli {8). B TpeT:&eM np:n6.ill!l!teHIDI, naupm.mp, pernerum HMeJOT 
. Bl!.D;: •. 
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(l"f.=: Q..t:o 

Ovx =ax 
0 

2 H21 8 
e 

e 
2 f 2Hn8 

~ - ~ H 29 aio e cl e 

8 

0 
.J 

2H19 fa.~ dB 

e 0 

1
. ~ s(J ZH19s i~d~ 
-~C1x H18 e o d8 

0 0 . " 

-1/2 

' 

f 12 

.UoKasaao, 'ITO 8TH pememm ycTofi'Imm npH .n;ocTaTO'IHO MaJrux Ha'!aJThHHX 
aMJmTY.n;ax ax 'az , orrpe.n;eJIJieMHX HH.lKer~eit, 11 npH .n;ocTaTO'IHO Ma-

. 0 0 

JillX Kos@lmureHTax Hkj , BXO.n;RIJUrX B pememm 11 xapaKTepH3YJOIJlRX nOJie. 
IIocTpoeHH HHTerpaJru .n;BI1l!teHli.fi .n;JIJI ycpe.n;aemru,x cHcTeM ypamremni 

(8) B OKpeCTHOCTH 8THX p930H8HCOB 

.,C.~+ aa; = const + 0< e_n+1) , n=2,3 (I2) 

r.n;e oG. , B = const > o - pa3Jllil!Hlle .n;JIJI KaJK,I~;oro II3 Tpex paccMaTpiiBaeMHX 
p930H8HCOB. 

.IlJIJI K~Oro. 113'8THX p930H8HCOB ITOJIY'ISHH yc~OBHH ycToft'IHBOCTH BH.n;a 
(IQ) B OKpeCTHOCTH COOTB9TCTBYJOUl9rO pe30H8HCa BO BTOpOM II B Tp9TMM 
ilpi16JOOJteHHHX. 

JlOK838HO, 'ITO B nepBOM npH6JOOJt9HHII YCTOfi'IHBOCTn 38BHCHT ~ OT 
H8'I8JThHHX yc~OBII:if (2) • 

I10JIY'I9HHH9 .n;JIJI pe30H8HCOB 2 v z- V x=1, 2 \) z +2 v x=3, 3 V z- ~ x=1, 
·4 \) z + V x=4 pesy.m;TaTH 0606UjeHH H CciJOpMYJmpOB8HH B BH.n;e T90pe.MH 

YCTO~OCTH: . 

TeopeMa. PemeHllfi .n;JIJI aMUHHTY.D: ax,az ycpe.n;HeHHOfi CHCT9Mll 
YP8BH9HII:if (8), COOTB9TCTB,yroUl9fi HCXO.D;HOfi CHCT9M9 ypaBH9HID1 6eTaTpOHHHX 

. KO~e6aHII:if (I) C ITOCTOJIHHIIMH Ko:$1JmuteHTaMH rrpn JmHefuro:li 'I8CTH, YCTO:ll-
'IIIBII B n -OM npH6JIIDKCIIlii1, r.n;e n=1 ; 2, 3 -nopsmoK ~pR6JOOJteHllfi, B 
0Kp9CTHOCTI1 H~HSfiHOrO p930H8HCa (3), 9CJm cymeCTB,YmT .n;ef!CTBHTeJThUH9 

· KOHCT8HTII f1 ~ 0 , l 2 :::, 0 , He paBHHe ffYJliO. O.D;HOBp9M9HHO, T8KH9, 
. 'ITO .n;JIJI BCSX j = j (n) =1 , 2, ••• , 9 BllllOJIHmOTCR H9paB9HCTB8 

6 

} 

'I 
.. 1 

I o . · o I n+1 
'-1 H1j + <.2H2J ~ E. • 

3.n;ecn Hkj (1=1 ,2) · - rw~eHTH nepBoro n BToporo ypaBHe-
HII:il CHCTS.Mll ( 8) • lfuc~o YMOBHfi YCTOiftrHBOCTI1 B c<!JOPMYJIIIpOB8HHO:Ii TeopeMe 
38BHCHT OT ilOpR.D;Ka npn6JIIDKeHHR • 

.IlJIJI pe30H8HC8 . 3 ~ x=2 ITOJIY'I9Hll M9.JJYIOlllH9 peeyJThT8TII. 
ilo~eHH HHTerpaJru .n;BI1l!t9HHJI 

ACos 3 ljJ -BSin 3 ljl' = - l D L - l Ea + c ~ 0< E. n+1) 
x x 2 ax 4 x . ·a3 . 

• X . 

, (I3) 

r.n;e n=1 ,2,3; A,B,o HE - itoHTaHTII, xapaKTepHSYIDU!HS no~e; c -
KOHCT8HTa HHTerpl1pOB8Hli.fi, Ollp9.D;eJIJI9M8R :1'!3 H8'IaJThHHx Y~OBHfi. 

ilepeXO~ Ha W830B,YID UHOCKOCTn, MamHO, HCITOJTh3YR 8TH HHTerpaJru 
.n;BIDK9HIDI, KOTOplle JIBJimOTCJI ypaBHSHHHMH cenapaTpHCCll 06~aCTil yCTO:IitJH
BOCTH,llpOB9CTI1 IT~ K8'I9CTB9HHllfi.aHaJm3 pemeHnfi.ycpe.n;HSHHHX ypaBHe-
HH:Ii. . ' 

il K8'!9CTB9 npHMep~ llOCTpOeHII W830BH9 TpaeKTOpHH B nepBOM 11 Bo 
BTOpOM. llpH6JOOJteHHII .n;JIJI C~M .A < 0 , D < 0 . , E >·' 0 , 'ITO ll03-
BOJIJI9T c.n;e~aTn BIIBO.D; 0 CymeCTB9HHO 60Jiee BIICOKOH TO'IHOCTH W830BOro 
8H8Jm38 BO BTOpOM npn6~el~ ITO cpaBHSHHID C nepBHM. 

f~aBa ill .llOCBJimeHa BOllpOCaM HCC~e.n;oBaHHJI ycTOfi'IIIBOCTH 6eTaTpOH
HHX KO~e6aHHfi .n;JIJI CUJThHociJOKYCHpyromero. YCKOpHTe.Jill ( nx (9) # Const , 
nz(e) # const ). llpoBO.n;HTCR ncc~e.n;oBaHHe ~!IHHH pa3HOCTHoro peso-
HaHca CBJI3H 

'lz - \Jx = 0 (I4) 

Ha 6eTaTpoHHIIe KOJie6aHHJI sap~eaaoil '!acT~ B·~oTpoae OHHH. 
ITOJIY'IeHH,npn HeKoTopux y~oBHJIX,pemeHli.fi ycpe.n;aeaao:ll cncTeMH 

ypaBHeHEli (6) B K0~9KCHIIX.nep9M9HHIIX,.B rtepBOM npH6JOOJteHHII H BO 
BTOpOM npH6JIIDlteHHII (paCCMaTpiiBaiOTCR Jlliill]) JlliHSihme ~9Hll) • JlOK838HO, 
'ITO YCTOfi'IIIBOCTn 8THX pemeHHfi B OKpeCTHOCTH paCCM8TpiiB89MOro'pe30HaH-
ca 3aBHCHT JiimJ:I, OT HatiWHIIX yc~o:mrli. . . . 

I10JIY'I9HH HHTerpaJru .n;BHXSHIDI .D;JIJI ycpe.n;HeHHO:Ii CHCTSMH ypaBHeHHfi 
(8) B OKpecTHOCTH pe30H8HCa (I4): 

a 2 + a 2 ,. Const + Oc cn:'-.1) , n=1,2. X Z ~- (I5) 

ilOJIY'ISHH YMOBHH YCTOfi'IHBOCTH .n;JIJI aMnnliTY.D: 6eTaTpOHHIIX KO~e6aHHfi 
.n;JIJI ycpe.n;HeHHIIX ypaBHSHH:ll (8) B ORpeCTHOCTH )J;aHHoro pe30H8HCa, HM9JO-
IItH9 BH.D: yMoBHfi ycTo:tl'IHBocTH B npiiBe.n;e!moii TeopeMe. ' 

;, 



B rJiaBe IY OilliCIIBaeTCJI peaJIH30BaHHilli Ha an:.!· a;rropnTU MSTO.IJ;a 

ycpe.IJ;HSHIDJ l'l nporpaMMII, OCHOBaHirue Ha HCIIO.JI:b30Bamm CIICTSMH aHaJIJITH-

'ISCRl'IX BH'II1CJI6HID1 REDUCE-3 • 2 Ha 313:,1 EC-ICJ6I. 

KoMnJiei<e nporpaMM rrosBOJilleT: I) nepeliTH OT. ypaBnemrli H:&moua

Jiopetma R C1ICT6M8 ypaBHerolli Bli.IJ;a (I} C TO'IHOCT:&ID ,!1;0 'IJISHOB IIOp.H,J:Uta 

E, n (n=1 , 2, 3, ••• ) ; 2) llOCTpOIIT:b ycpe,n;HeHnyiD Cl!CTSMY ypaBHemtiJ: B 

RillMIJISRCHHX (6) nJili .IJ;6MCTBIIT6Jr&HIIX rrepeMSHllliX (8) B ORpeCTHOCTH llpOH3-

BOJI:&HOrO HSJIIIHOMHOro p'e30H8HCa (3) B TpeT:&SM ITpH6JIIDKemiH R8R .IJ;JIJI CJIY"'afl 

nx (9) =Const , nz (e) =Const , TaR II .IJ;JIJI CJIY'IM nx (9) i' Const , 

nz (9) i' const ; 3) nepef1Tn OT ycpe.riueanof1 cncTeMH ypaimeanfi (8) 

K ypaBHSHIWJJ Ha <})a30B0ll llJIOCROCTH. 

B 38R.Jll0'!8HRR C<})Op!JJYJIHp'oBaHII OCHOBHHS pesyJI:&T8Tll UCCJI8,I\OB8Hllll. 

I. ITpllBO.n;HTCJI aJirOpllTM IIOCTpOSHHJI ll CTpOJITCJI H3 ypaBHSHHir 

I!:&moaa-Jiopetma .n;uqxpepeim:~IaJI:&HHe ypaBHeHM, onnc!IBaiDII\Ue 6eTaTpourrue 

KOJie6aHHJI SapmKSHHOM 'IaCTlllUl B ~Iurnt!SCROM YCROpl'!l'eJie C TO'IHOCT:&IO 

,I\0 'IJISHOB TpeT:&ero IIOp.H,J:Uta BKJIID'IUTSJI:&HO IIO CTSIISHR.MaJIOro napruJJeTpa 

c noMOUI:&ID aHlVlliTR'!ecKHx nporpaMM Ha 3BM EC I06I. 

2. Paspa6oTaH II OTJia.lKeH ROMIIJISRC nporpaMM C HCIIOJI:&30BaHR6M 

CHCTSMH aHaJIHTR'ISCROrO nporpaMMHpOB8HIDJ REDUCE-3 • 2 , peaJIH3Y:HJUIRfi 

a;rropHTM MeTo.n;a ycpe.n;HeHHJI KpiiJioBa-EorOJIID6oBa B TpeT:&eM rrpu6Jlll.lKeJnrn. 

3. BnepBHe y,n;aJIOC:& IIOCTpORT:& ycpe.n;HeHHHO CRCTSMH ypaBHSHHM B 

ORpeCTHOCTH I9 HeJIHHeii:Hmc J.)630H8HCOB ,Il;JlFI CJia6o<})O:JcyCHpyromero ycKOpRT.e

Jill B TpeT:&.SM llpH6JIIDK6HRR R ycpe.n;HeHHIIe CllCTSMH ypaBHerrufi B ORpeCTHOC

Tll 24 pe30H8HCOB ,Il;JlFI CR.Jr&Ho<})OicyCllpy!OUISrO YCROpHTSJill BO BTOpOM llpH6JIH

llt8HRR. 

4. B OT.IJ;~llliX CJIY'IaJIX IIOJIY'ISHII pemeHHJI ycpe.n;HeHHIIX CHCTSM ypaB

IISHRM B ORpeCTHOCTH TpeX H8JIHH6MHHX pe30HaHCOB BHCOROrO ITOpJI.n;Ka 

2 Vz+2 Vx=3,3 ~z- :Jx=2 H 4 Yz+ Vx=4 .riM CIIHXpo<J)asoTpOHa omrn: 
ll .D;OR838Ha RX YCTOi1'IUBOCT:&. 

5. ITOJIY'IOHH, npn HeROTOpHx orpaHR'!eHRJIX ua Marmrruoe no;re ycRopn

T6Jill1IIepBHe RHTerpaJru .n;BIDKSHHJI ,Il;JlFI pemerrufi ycpe.n;HSHHOtl; CHCTSMH ypaBHe

HHfi B TpeT:&SM npR6JIR.lK8HRR B 0Rp8CTHOCTH IIJITR pe30HaHCOB 2 V z- V x=1 ' 

'2 Vz+2 Vx=3, 3 vz- Vx=2, 4V:z+Vx=4, 3 Vx=2 ,Il;JlFI CHHXpo<J)asoTpOua owm. 
6. C<})OpMYJIHPOBaHH H ROHCTIJYKTHBHO ,I\OK838HH C nOMOUI:&ID 3BM . Teope

MH YCTOfi'!HBOCTR .IJ;JIJI ffiMIJIJITY.IJ; 6eTaTpOHHIIX RO.;rre6arolli B ORpeCTHOCTH '!8-

THpex p830H8HCOB ( 2 V - V =1, 2 V +2 ~ =3, 3;) - V =2,4 "V +)} =4) 
ZX Z X ZX ZX 

,Il;JlFI CIIHXpo<})asoTpOHa OllffiL • 

7. IIpoBe.n;eao IIcc;re.n;oBamre noBe.n;emm pemerruit • 
ycpe.n;HeHHOll CIICT61IH H8 <})aSOBOll llJIOCROCTH B ORpeCTHOCTH p830H8HCa 

3 V =2 , IICllOJI:&3Y81\lOrO B CIIHXpo<})a30TpOH8 0Wlli .IJ;JIJI M8.n:JI8HHOrO Bb!BO.IJ:8 
X 

nyt!Ra ll3 YCROpUTSJill, 'ITO II03BOJIJI8T .n;aBaT:& p8ROM8H.n;aiUm no BH60py OIITH-

M8JI:&HHX napaMeTpoB noJIJI .IJ:Jill pesouancuoro BllBo.n;.a. 
/ 

8 

8. ITOJIY'I6HH ycToli•nmHe pei!Ie!IIIJI BO BTOpO!.l 

npU6JIJUK6HUR B ORpeCTHOCTU pa3HOCTHOrO pe30H8HCa CBJI3:1I ~ - ~ =0 
. Z X 

.IJ:Jill uyruroTpona OHffii. 

9. I!OCTpOeH nepBllit RHTerpaJI .n;BIDiteHIDI BO BTOpOM npii6JIIU!teHRR B 

OitpeCTHOCTII pa3HOCTHOrO pe30HaHCa CBJI3H ,Il;JlFI HYKJIOTpOHa 0Wlli. 

IO. C<!Jopr.1JJIHpoBaua H ROHCTIJYKTHBHo .n;oRasaua c noMOUI:&ID ::?RA Teo

per-m YCTO!i'!IIBOCTU ,Il;JlFI a!MIJIJITY.I\ 6eTaTpO!ilillX ROJIS6aum1 B 0Kp6CTHOCTR 

pasuocTHoro pesouauca CBJI3R .rvm: HYKJIOTpoua OI1ffi1. "· 
0CHOBHH8 pe3YJI:&T8Tll .IDICCepTauRR orry6JIJJ:ROBaHII B CJIS.lOOQI!UlX 

pa6oTax: 

I.. AArnpxauoB ILB., lFJ.I.l(ItOB E._II., J[n.n;KoBa jf.E. ~cc;re.n;oBaHRe 

MeTo.n;oM ycpe.n;ueHUJI BJIHJIHIIJI pasuocTP.oro pesouauca TpeTI>ero nopR.n;Ka 

2 Y z- V x = 1 BO BTOpOM ITpU6JIJU!t8Hll~l: Ha .Il;BID!t6HU9 '!8CTl~ B IU1Iurnt!8CKRX 

YCI~OpllTSJillX. Tpy.n;II ;\Ae.llUJYHapo.n;Horo COBemamm no CIICT8M8M U MSTO,I\aM 

8HriJII!Tl1'!6CKRX Bll'!UCJISHllii Ha OO;i I1 UX rrpl!M8H8l!HID B TeopeTR'!SCROll <})HSU

I\8, OlL'lli, JUI -83-5II, )Jy6Ha, I9U4. 

2. AMnpxaHoB H.B., ];n.n;KoB E.II., lFJI.n;RoBa H.E. B.;m:mme pasuocT

uoro pesonauca TpeTI>ero riop.H,J:Uta 2 v z- ~ x""1 rra .n;BIDKenne '!acT~ B 

IU1ItJIII'I8CRUX YCitOpl!T6JIJIX. COBM8CTHH.ii H8YTJIIhli1 c6opHRR Olli1H (AY'6rra : .. : 

CCCP) - J,M•J?H (Ey.n;arrernT, BeHrprur). A.JiropHT11hl u rrporpaMMH MR perne!II1JI 

IIeiWTOpllX 38.D;8'! Qll13Rltll, BHII. 4 '• KFKI -I833-2I, By.n;arrelllT, BeHrpiiJI, 

I983. 

3. AMHpxaHon ~LB., Eli,n;rwB E.II., liJI,I\RODa !I.E. Hcc;re.n;oBaHHe no

Be.n;eHUJI 3apmxeHIIOfi 'IaCTlllUl ·B IUIKJIII'I8CROM YC!WpHTSJIS B ORpSCT!lOCTil 

pesonaaca 2 ~ - \> =1 MeTo.n;oM ycpe.n;nemm B rrpn6mL'Kemmx BHCIIlliX nopJI.n;-
z X . 

ROB .Bcecorosuoe coBemamre :•cncTeMH ,n;Jill aiiaJIHTII'!ecrorx rrpeo6pa3oBaHHli 

· B M8X8Hl!R8 11
, rop:&RHfi, !984. 

4. AMHI)XaHoB H.B., Jlfil.Il;KOD E.II., ]ill.n;KoBa H.E. Hcc;re.n;oBaHRe 

BJIJi:JIIIHJI HeJIHHSHHhiX p830HaHCOB H8 YCTOit'Il!BOCT:& .IJ:Blil!tSHHJI saproKeHHHX 
~ . 

'!aCT~ B lUIKJIR'ISCKliX YCROpHTSJIJIX C l!CnOJI:&30B8HR8M M8IIII1HHOH aHaJIHTIDm. 

Tpy.n;H MeJK,IJyHapo.n;uoro coBemaHHfl: no aHaJIJlTWrecituM Bll'!HcJieHIIJIM ua 38.\A 
l1 l!X npHMSHSHIIID B TeopeTli'!SCROM <!JusiiRe, 0Wlli, JUI-85-79!, )Jy6uu,I985. 

5. AMupxauoB ll.B., ~oB E.II., XCll,Il;KOBa ll.E. l1cc;re.n;_oBauno ycJio

B:rrii orpaHR'!SHHOCTH BMllJIUTY.IJ: 6eTaTpOHHHX ROJie6aHRll B ORpOCTHOCTU peso

HaHca. OHHH, PII-87-452, )Jye!Ha, I987. 

6. Af.mpxaHoB ll.B., Jifii.n;KoB E.II., J[n.n;IwBa H.E. Ycpe.n;HeHHlle ypaB-

HeHKJI ,Il;JlFI HeJIRHSHHOrO p830HaHca 3 ~ x ~2 B BUCIIlliX npRCIJIIU!teiDIJIX 

no MeTo.n;y KpHJIOBa-EorOJIID6oBa. OHFU1, PII-88-60G, )Jy6aa, I988. 

7. X\li,I\KoBa ll.E. IIporpaMMHM peaJIHsaruu( MeTo.n;a ycpe.n;ueHIIJI 

. KpiiJIOBa-EorOJIID6oBa B BhlClJI:IIX npn:6mm:eiDIJIX ,Il;JlFI Cl!CTSMH .IJ:BYX HeJIHHefullix 

.n;IIIJ_(Jlepeim:~IaJI:&HHX ypaBHeHHfi BToporo nop.H,J:Uta c nepuo.n;R'IeCKIIMII K03~-

9 



:__ ~ 

9HTa\m:. ()l.rui ypaBH9II11ll C Jll!HSHHOii 'I3CT:OIO, I1UCIOII{9ll nocTO.HIUil:le K03fxj''tU
WI9HTH) • mum, PII-88-716, ,Uy6aa, 1988. 

8. AmrpxaHoB U.B., Jirn,nKoB E.II., lEll.m<oBa H·.E. B.muurn:e pesoHaHcoB 

2 vz+2 vx=3,3 \lz- Vx=2, 4vz+ Yx=4 Ha aMn.Jll'ITY.ntl 6eTaTpOHHHX KOJie6aHIIit 
OIDlli, PII-88-7!4, Jfy6Ha, 1988. 

9. ~oBa H.E. IIporpaMMHa.H pea.Jll'ISruzyi.fi MeTo,IJ;a ycpe,D;Hernrn 
KpHJIOBa-EorOJII060Ba B BllCilmX npn6JIHJK9HWIX ,Il;JI.fi CHCT9Mll ,:;Eyx H9JlliH9llHHX 
,Il;II@j3P9HI~IIaJI:oHHX ypaBH9Hllif BTOporo nop.fi,Il;Ka C nepii.O.Ii;II'I9CruiMII KOS!.lxJ?UIU19H
TaMII. ()l.rui ypaBH9Irnll C Jll'IH9HHOH 'I8CT:OIO, .IIM9IOII{9ll nepHO,I\1I'I9CKUe KOaJ.Xllli-

~H9HTH). OHHI1, P11-88-?22; A16aa, 1988. . ·V' 
10. AMHpxaHOB l1.B., iirn.n;KoB E. IT., Jrill,n;KOBa H.E., i~lrrxaiblo~ B.A. 

Yrwpo'IeHIIl:le ypaBHemur .6eTaTpomrn:x peaoHaHcoB BO BTopoM rrpH6JTIIJKeHIDI 
no MeTOJJY 1\pHJioBa-Eoro.inodoBa. OHHI1, PII-88-904, ,1Jy6Ha,. 1988~ 

II. ArmpxaHoB H.B., J!UmKoB E.II., lK!I,IJ;KOBa l1.E. Ycpe,D;HeHHIJ:e ypaB
HeHII.fi 6eTaTpOH1Il:lX jOJI9daHHJ1 B OKpeCTHOCTH p930H3HCOB B IUmJ.lli'I9CKIIX 
ycKopHTeJI.fiX. OllffH, P11-89-516, ,Uy6Ha, 1989. 

12. Am!pxaHOB l1.B.' li:H,nKOB E.II.' Jifu,n:rwBa II.E.' r.rnxaibioB B.A. 
Ycpe,D;HeHHIJ:e ypaBHeHH.fi 6aTaTpOHHHX KoJie6amrn B OKpecTHocT:n paaHOCTHoro 
pe30HaHCa CB.fi3H BO BTOpO!i! npMOJ.IIDKCHllli no' ~eTOJJY KpHJIOBa-'-EOrOJIIOcJOBa !'·. 
0!1ffi!, PII-89-4?1, ,Uy6Ha, 1989. '!N' 

13. JK:ii,n;KOBa }f.E, Y cpe,D;H9HHIJ:e· ypaBIIeHII.fi 6eTaTpOHHHX KOJie6amrii, 
B 0Kp9CTHOCTM pC30H8HCOB B IJ;TtiK.Jll'I'I9CruiX yCKOpHT9JI.fiX (npHJ.IOJlt9Hli9). 

OHHU, P1I-89-582, ,Uy6Ha, 1989. 

.Ol 

.If 

PyRorr.uc:o nocTyllilJ.Ia na,D;aTeJ.I:OCKIDi OT,D;eJr 
6 OKT.fi6pR 1989 ro,IJ;a. 
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