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OBIIJ;AJI XAP AKTEPliCTliKA P ABOTbi 

AKTYaJihHOCTh TeMhi. KoMnbiOTepHaJI anre6pa - HOBaJI, 6bicTpo paaBnBaiO

~aJICH 06JiaCTh HH<tJOpMaTHKH, OpHeHTHpOBaHHaJI Ha HCIIOJib<JOBaHHJI 8BM p;m! aB

TOMaTH<J~HH npOI.leCca BbinOJIHeHHJI · aHa.JIHTH'IeCKHX (He'IHCJieHHbiX) Bbi'IHCJieHHH. 

Paapa6oTaHHbie K HaCTOJI~eMy apeMeHH n npop;onlKaiO~necJI HHTeHCHBHO paaan

BaThCJI cncTeMbi auan.nTn'lecxnx Bbi'InCJieHnii (CAB), Taxne, HanpnMep, KaK RE

DUCE, Maple, Mathematica, Haxop;JIT wnpoxoe npnMeHeHne B CaMbiX paann'IHhiX 

o6JiaCTJIX HayKH H TexHHKH. IlepBbie CHCTeMbi aHa.JIHTH'IeCKHX Bbi'IHCJieHHH noJIBH

JIHCh B cepep;nHe 60-X rop;OB. B OCHOBHOM OHH 6biJIH opneHTHpOBaHbi Ha pac'!eTbi 

B KBaHTOBOH :meKTpop;HHaMHKe, o6~eH TeopHH OTHOCHTeJihHOCTH H He6eCHOH Me

XaHHKe. B HaCTOJI~ee BpeMJI c<tJepa npnMeHeHHJI CAB cy~ecTBeHHO pacwnpnnach. 

CoBpeMeHHbie CAB ncnoJih<JYIOTCJI He TOJibKO B BbiweyxaaaHHbiX Hay'IHbiX o6nacTJIX, 

HO H BO MHOrHX p;pyrnx, HanpHMep, B <tJn<JHKe nJiaaMbi, aBTOMaTH'IeCKOM p;OKaaaTeJih

CTBe TeOpeM, a TaKlKe B TexHH'IeCKHX 06JiaCTJIX, HanpHMep, B po60TOTexHHKe. 

Op;HHM H<J HHTepecHeHwnx HanpaaneHHH B paaBHTHH CAB JIBJIJieTCJI paapa6oTKa 

anropnTMOB p;nJI nccnep;oBaHHJI cncTeM noJIHHOMHa.JihHhiX ypaBHeHnii. MHorne <Ja

p;a'IH MaTeMaTHKH H TeopeTH'IeCKOH <tJn<JHKH npHBO}l;JIT K CHCTeMaM nOJIHHOMHa.JlbHhiX 

ypaBHeHnii. Tax, B 'laCTHOCTH, nccnep;oBaHne HHTerpnpyeMocTn HennHeHHbiX p;n<tJ<tJe

peHI.lHMhHhiX ypaBHeHHH CBJ!<JaHO C Heo6xop;HMOCThiO aHa.JIH<Ja p;OBOJihHO CJIOlKHhiX 

CHCTeM HeJIHHeHHbiX anre6paH'IeCKHX ypaBHeHHH. IloaTOMY paapa60TKa MeTO}l;OB HC

CJiep;oBaHHJI TaKHX CHCTeM H HX peanH<Jal.lHJl Ha JI<Jh!KaX CHMBOJihHOrO nporpaMMHpO

BaHHJI JIBJIJieTCJI aKTYa.JibHOH <Jap;a'leH. 

Han6onee paaBHTbiM n yHnBepcanhHbiM anropnTMH'IeCKHM MeTop;oM aHann<Ja n 

peweHHJI CHCTeM HeJIHHeHHbiX anre6paH'IeCKHX ypaBHeHHH JIBJIJieTCJI TexHHKa, OCHO

BaHHaJI Ha nocTpoeHHH 6aanca fPe6Hepa p;nJI nonnHOMHanbHOro np;eana, reHepn

pyeMoro ncxop;HbiM Ha6opoM noJIHHOMOB p;aHHOH cncTeMhl. CooTBeTCTBYIO~ne an

ropHTMhl H naKeTbi BCTpoeHbi BO BCe COBpeMeHHbie nporpaMMHbie CHCTeMbi KOM

nbiOTepHOH anre6pbi. K colKaneHHIO, op;Haxo, p;nJI nocTpoeHHJI 6aanca fPe6Hepa 'fa

CTO Tpe6yiOTCJI HenoMepHO 60JihWHe Bbi'IHCJIHTeJibHhle pecypcbi, o6ycJIOBJieHHbie :lKC

noHeHi.lHa.JlbHOH cJIOlKHOCThiO anropnTMa Byx6eprepa no 'lncny nonnHOMHa.JihHbiX ne

peMeHHbiX. B cny'lae xoHe'!Horo 'lncna peweHnii, T.e. HYJihMepHoro np;eana, Ol.leHKH 

CJIOlKHOCTH anropHTMa p;aiOT 0( dn2
) no CTeneHH nOJIHHOMOB d H 'IHCJIY nepeMeHHbiX 

n COOTBeTCTBeHHO }l;JIJI JieKCHKOrpa<tJH'IeCKOrO ynopJip;O'IeHHJI H nOJIHHOMHa.JlbHOe no

Bep;eH:He no dn }l;JIJI ynopJip;O'IeHHJI no nOJIHOH CTeneHH. ,Il;JIJI nOJIHHOMHa.JlbHbiX np;eanOB 

C nOJIOlKHTeJihHOH paaMepHOCThiO, T.e. }l;JIJI CHCTeM C 6eCKOHe'IHbiM 'IHCJIOM peweHHH, 

KaK TeOpeTH'IeCKHH aHa.JIH<J anropHTMOB TaK H npaKTH'IeCKOe nocTpOeH:He 6aaHCOB 

fPe6Hepa H OCHOBaHHbiH Ha HeM nOHCK peweHHH, CBJI<JaHbi C ropaap;o 60JibWUMH 

TPJAHOCTJ!MH. B aToM cny'lae cy~ecTBYIO~ne Ol.leHKH cnolKHOCTH anropnTMa Byx-

6eprepa p;aiOT cyooxcnoHeHI.lHa.JlbHOe noaep;eHHe BUp;a 0(an*2"). IloaTOMY MHOrHe 

HMeiO~HeCJI naxeTbi H nporpaMMbi HaCTpOeHbi HMeHHO Ha HYJibMepHbie Hp;eanbi, 'ITO 

CHJibHO <JaTpyp;HJieT HX HCnOJib;)OBaHHe }l;JIJI pa60Tbi C noJIHHOl.lliaJihHbiMH Hp;ean.aMH 

HeHyJieBOH paaMepHOCTH. 



OmrchlBaeMhlii .B HacTo.H~eil: pa6oT~ ~ll;KeT·ASYS (Algebraic, SYStems) panpa-
6aThlBaJIC.H cne~ij~bHO ~ll.II aHaJUIOa II pemeHirn .circTeM. C. i5e~KOHe"'HhlM .'IIICJIOM 
KOpHeli. B OTJIU~Ue OT p;pyriiX.aHarrorU"'HhlX llaKe~OB, OCHOBaH~ ~a.TexHUKe 6~-
3IICOB··rpe,6IIep~;.)J;~~hlll n~e'J: ll03BO~eT .~<flcPt;K;UB~O·Ha,;.O~~;~ .~~~~;;n;_;?)I(H!'Ie 
Ha6ophi Hro_aBIICIIM~X nepe~IeH_!IhlX,,.KOCJ:'~phle tJ:?rYT paCCMaTp~BaCJ:'h~;B Ka"'.e~'fBe 
CB060)J;HhlX napaMeTpOB. a .TaKJKe pe3KO ynpo~aTh Bhl"'IICJieHII.ll B erry"'ae, KOrp;a UC
XO)J;Ha.H. c~~TeMa o6rrap;ae; _iteTpiian:arrh!IhlMII. ~BOllC;BaMI; O)J;HOPOAHOCTI~~ ,Il;rr.H HY~~
MepHhiX llOJIIIHOMIIaJihHhlX u'~eaJIOB npep;JIOJKeHa. :l<fJ<fleKTUBHa.H' peaiumau;U.H MeTO)J;a 
npeo6pan~~-aH~~ 6annc~B rpe'6Hepa. o~ •. op;~oro ynop.Hp;o"'eHnli x p;pyroM.y. Bh1'!II
.~II!errh~!IJI ~JI<,>JKHOC;~· aJii.opi~_':FMa npe'<_>6p~OJ3aH¥H'6ann~~B ~n; :P«;arrim~n:H ~TO~O 
arrropUTMa ll03BOJI.HeT.)J;JI.ll HYJihMepHhlX II)J;eaJIOB ocy~eCTBIITh a<fl<fleKTUBHYIO npo:u;e
AYPY nocTpoeH~~ ~~~cnxo~pa<f>n~ecx~~o 6anx~~a pPe6Hepa:; ·nMeiO~ro Bi.r~IIcmnerr:b
Ha.H CJI<J~Hoc-i-h dn: ~tia:"'~a c;pou~~ 6an:irc l'pe6Hep~ ~ ynop.HAO~eHnn iio ~~~~oil: 

" • • • • • ' ' • ' -· • ' • ' ' •• ' • ' ~ • • > ' • - c -~ £ • • '--~-f. 

cTeneHn,. a aaTeM. ocy~ecTBJIHeTC.H nepec"'eT. aToro 6annca. B rreKCIIKorpa<flu:ecxoe 
ynop~~o"'~Hne. Pa6~Ta · ~~~Ta ASYS npou~~IOCTpn:poaa:H·a B ~pii:aHe~urn c p;pyrr;~n 
naKeTaMII Ha: xopomo II~~ec;H~X T~C;OB~;_ np;;Mep~. IIpr~;ep;e~hl P~YJI~TaT~ pe-

. ., ~ '' .. - . ,. ' . ' ~ ' ' . . • .• i ' • c' ..• -. • ._ 

illeHII.ll llOJil!HOMIIaJlhHhlX CIICTeM BOiJHUKaiO~UX npii aHaJIU3e IIHTerpupyeMOCTII.He-
JIUHell~hiX )J;I~<fl¢.~peHIJ;IIMhHhlX yp~B~~Huir, npoaepxe, II~OMop<fli;3~1\ ;mr,e6p Jl;I, ~I:~ 
pxp;e p;pyrnx crry~aeB; ·; .. •• , 

. I.J;eJihiO )l;HCCepTaiJ;HOHHOH pa60Tbl .liBJIHeTC.ll arrropUTMU3aiJ;II.ll II pearrrmaiJ;II.ll 
' . ~. . u . ' 

Ha .ll3hlKaX aHaJIIITII"'eCKIIX.Bhl"'UCJieHIIII HOBhlX MeTO)J;OB UCCJie)J;OBaHII.ll II ynpo~eHU.ll 
CIICTeM llOJIUHOMIIaJlhHhlX ypaBHeH~II, B nepayro O"'ep~)J;h TaKHX, KOTOphleo6rrap;aiOT 
6eCKOHe"'HhlM "'IICJIOM pemeHUll. , .iic•' :;;;:o'. ';,.· -;c. .;''1 

· :--~ • p--:·..,:,,t }; :.:;<·:·.·.·-·~: .. "·. ·~;.·.' ~::.,.!.r:...,·,··,~:'_.;_- ,,<,· · .. --~·;:·:·· :,<: ~ :u··:.~:.; 

Hayqnas: HOBHona. B p;uccepTau;nii arrepahle arrropiiTMnaoaaH HOBhln, panau-
aii~~uil: umi~~~~YIO T~H~~y 6anii~ol3pp~6~ep:a.;··~~)J;XO)J; K ydpo~eHII~ ·~ pem~HIIIo 
cnc:re~ . iien1meil:Iihlx. ru!re6p~il~ecKm( ypaaiie~~il: •. ~ . 6ecxo!.fe'1Hl>IM' ~ixcrrbM .. (~erri.rM 
MHoroo6pan'ueM r pemeHuil, KOT;.;pi.re: irony"'aiOTcH; .B. "'aCI'HOCTII; np'Ii aiia.JmO'e rm-i-e7 
rpitpyeMOCTU HeJ:iimeil:Hi.ri'i~<fl~ep'e:H~uanr:libi;{yp~HeHUll,'npoiiepxe II30~~pq;n::JM~ 
anre 6p Jlu' I~ B '" p~~e: p;pyrnJC' cny~~es:. ,Il;~Hhill 'rro~~o~' 'ir~~BOUJie:r C~~c:r~ '{~cX~)J;HYID 

.• < • .• -." ')';<.· .. ~. '.i.,L,ljuj.,,.-c;,,· ;!.-·,:·:,;._,;_,-;,·_\>''3' '; <; ~· ·~~ ~': _;_ 1,)..._J,I <~,, "-· !< 

CIICTeMy llOJIIIHOMIIaJihHhlX ypaBHeHIIII K :lKBIIBaJieHTHOMY Ha6opy llO)J;CUCTeM C; K(l-

He"'H;,;M .JucrroM ~()pHeil: II xoa<fl~ir:u;Ii~~i~~~; i~~?ni~M:. ~y<lae, ';a.aicB:~II~ii c?.:r·.~~xq
Toporo'oiipei\erreHHoro :Ha6opa npoiiciaonhHhlX. riapaMeipoB.· B crry;fae 'oli;HopogH:b'rx 
_iioirimoM:uam.HhlX cncTeM;'a. ~~~eii~o,TaKn~cncTeMhl, ao~~IIiaroT ~ i~~rec.r:B~' yc'rro
miil: iniTer{mpyeMOCTU, Bn~pBhle. 'arrrop~n.iu'aonaHa cn~iixian&iia.H cxeMa 'pep;y:K:u;u~, 
noaBOJI.HID~~ aHa~iiiTeJrhH~ rro~~cnTh ~<fl<flex;ii~HocTb TeXI'm~u .6~ucoli 'rpe 6Hepa. 
'" .. c n~MO~h~ panpa6o;aHHhl~ arrropnTMOB II npo~p~M Bneps'bre ]J'eui~~ P~A;;~JII~

. iioMitanh:Hi.rx ~ilcT'eM, -BoaHnKaiOuirix' rrpu t;ccrrell;oaaHIIii nHierpiipyeMocTn ~en'nH~ix
~~i~?' ~Bo~~~IIOHHhlX. ypaBHeHI;ir. II .n~oB~pK~· 'n~o~op;pii3Ma·:xoHe"'HO~~pnh{x, anre 6p 
JI

. . ' . " . ' . .. ·~ ..... ' .. ". .. . .. •. . . , .. 
II. 

: >.. ~ 

'-'. '· llpaKTH"'ecxas: :u;enHOCTb. Panpa6oTaHHhle ·n pearrrmoBaHHhle. B' paMxax. na
KeTa ASYS arrropiiTMhl· noaaorr.HIOT: pemaTh miipoxnil: :xnacc, aap;a"l; · ca.lmaHHhlX c 
aHaJIU30M II HaxOJK)J;eHIIeM pemeHUll CIICTeM HeJIIIHelfHhlX: arrre6paU"'eCKIIX ypaaHe-
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Hnil:; Ha rrogaBJI.Hio~eM 6orri.~;IHCTBe o6~errpn~ThlJC T'ec'l'oBhlX npnM:epoB Bbur~JieHa 
6oiree. BhlCOKa.H :)<fJ<fleKTIIBHOCTb naxeTa 'ASYS B 'cpaBHeHIIll 'c iraKeTa:M:II, . BCTpoeH
HbrMii B. CHCTeMhi: KOMIIhiOTepE:oil:· anre6pi:r.REDUCE,' MAPLE H. Mathematic~.: B 
paMKax Hay~'noro coipm!m.qeciaa 'rraKeT 'ASYS nepe~aH Jieil:nr:iixrcxoM:y' YHUBepcn-
T~Ty, repMaiiu1r; a TaK~e YHIIBepCIITe~y r. JlheJK;. BerrbrH.ll. . . . ... ' . 

.D;n.11 'oa~HThl BhiA~~raiOTc.ll, cJI~AY~IQHe. ocnoon~~ peoynhTaThi, .nony
qenu?Ie. B f\~ccepTa~nH: •. 

1. ArrropnTMnaoaaHhl HOBble MeTop;hl aHarrn:Ja ~udeid ~~~~meii'~ii ~~~6pan"'e
cxux · .. ypaaHeHIIll 'C . 6eCKOHe.qHhlM c"'HCnOM pemeHHll; · OCHOBaHHhle Ha .. TexHUKe 
6anncoa l'pe6Hepa II noaaorr.HIO~II~ pe;t:~y:u;IIpoaaTh IIcxop;HyiO arrre6paii"'eciyiO 
CI~CTeMyx :lKBIIBaJieH~HoMy_na6opy nop;cncTeM CKOH~"'HhlM ~ucrroM pemeHnil: 

. 'n ,c xoa<fl<fln~HeHT~II, p~II~IiarrhHQ. 3aBIICH~IIMII ~:r OI;p'e~erreH~hlJc': Ii;m~poB 
, . - . ' ' ', ,·.. j' . ' . ~ ~ ' ~' '. ; - ' ' ' ' • " -.' ;_. '•' . " ' ' '' '· ''· . ' 

• npoumloJihHhlX rrapaMeTpoa. · · 
' ' ' ' • K 

2. B CJiy"'ae noJIIIHOMUaJihHhlX CIICT"eM, o6rrap;~.IO~~X HeTpiiBIIaJ!hHhlMII CBOllCTBa-
MU O)J;HOpO)J;HOCTII, arrropiiTMU30BaHa cneiJ;UaJihHa.H pep;yKIJ;IIOHHa.H TeXHIIKa, II0-
3BOJI.liiO~a.H a<fl<fleKTIIBHO IICKJIIO"'UTh HeKOTOphi:e nepeMeHHhle II3 npo:u;ecca Bhl-• 
"'IICJieHUll. 

• .'f', 'l ·;,;,;.;,,;' 

3. B o6~eM crry"'ae ciicTeM ·c 6ecxoHe"'H~M''IUcrroM pemeHIIil pearr~aoaaHh!:arrro
PIITMhl. Bhl"'II~neHII.ll Bcex ~ailc~MaJrhHhlX Ha6opoB 'HroaBHCUMhlX nepeMeHH~IX 
u pep;yx:u;nil:IIcxop;Hoil: cncTeMM no aTIIM Ha6opaM K TpeyrorrhHhlM napaMeTpn: 

~-.\~IecKiiJ:-:n~~~~~~~eMa:~:·~~, :>· · -~;.:-J.;~:_;:~-~~~:;· .. · ~/i .. ; ··'it, ' __ ' ... ·~:~--~.';·_"-:~;·::·.~ 

4. .IJ:nx cncTeM c. xoHe~rH~M ~mcrroM pemeHIIll npep;rroJKeHa a¢¢exTIIBHa.H arrropiiT-
. 'MII3'a:u;ix1z MeT~~a· rrp~o 6pan~B~HIIH. 6aniiCOB l'pe6H:ep~ iro op;iwr~ yn~p.Hp;~~eH~H 

;_ ' ' ' ¥ ' • • ' -~. • ~ - • - • ' • '. -\.' • • t' '" ~ ... ' " "' 
B p;pyroe. · · 

·, . ·-: ·- , •.. :~ .. ;•;,.·.~·:·~-·r-_, ~(< 

5. c~~)J;~H -~p?rp~M~.m~il:.naKeT 'A;sy~, HaiTIICa~Hhlll Ha ~~hlK~ RED)lcE, u npe~-
Ha3Ha"'eHHhlll p;rrx IIccrrep;oaaHII.ll II pemeHII.ll ciicTeM, Hemmeilnhlx arrre6pau"'e
c~ii£ ypa~He~uil: ~poiimiori~Horo. BIIp;a,' a To~ ;<mcrre, c. napal::I~~pn"'~~KIIMII ~o-
,a<fl<lJ:ll:u;neHT~1{ _ · · · •· .. \ , . . :~: .. ;.,, .· .,.. , ; · . . · 

6. Hail:p;eHa .HBHa.H napaMeTpiiaa:u;U.H rrpocTpaHcTBa p~im;H:nil:. 'norrilH:oMIIMhHhlX 
ypaBHeHIIll, B03HUKaiO~UX npii.aHaJIU3e IIHTerpiipyeMOCTII crrep;yiO~IIX MHOrO~ 

. napaM!!~P!I"',eCKIIX . C~~~~CTB HeJIIIH~llHhlX. :lBOlii()Il;IIOHHhlX · ;paBHeHIIll: CKaJI~p~ 
Hhlx.ypa.BHeHIIII 7-r'o nop.Hp;xa Tima Kp;B u 7~ro nop.HAKa.TIIna MKp;B, ciicTeM 

. ypa~He:Huif. ;una ~BJi~aH~hlx ypaa'HeHIIll Kp;B ;I· cs.HaaHHb!X. nerrnHellHhlX ypa; 
. BHeHnil: lllpep;nHrepa. 

'~' ~ 

7. Coap;aHa.cne:u;uarrhiiax B~p-ci~· ~-aKeTa f\SYS- ISOLIE/ASYS,:o6ec!Ie"'nBa

' IO~a.H BhlCOKYIO. a<flqJeKTUBHOCTh npu pememm aap;a"l npoaepxn xmoMopcpimMa 
KOHe~mo~~p}lhlX 'arrre6p,JIU. C ee llOMO~hiO BhlllOJIHeH~ up;eHTII<fliiKaiJ;II.ll·~7 
re6pir xrraccxi'iecxux (To"'e"'HhlX) ciiMMeTpuil: ypaaHeHII.H B10prepca. 
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. Anpo 6an;HB)J;HccepTaQHH. ProyrrbTaTbi,BOIIIep;nme B p;uccepT~IIro p;oxrrap;bi
Barrircb Ha Me~p;y~apop;~o~ c~~e~amdir •• n~ . anarrnTu.q.~c~m.~. Bhl.q.II~enn's.M H;;. 8 BM 
(.IJ:y6na, 1990), Me~p;yHap~AH~M COBel1I~UU no np~;p~~.mp~BaHlHO 'u ~aTeMaTII"'e
CKHM MeTop;~ peweim~ cpimn"'eci.:~rx oap;a;j (Jl:Y6m~, 1993), M~)I(Aj'Hapop;HbiX ~IrMn~
onYMax. l:io 'cnMBOllbHbiM u 'a!ire6pa;r<ie~KUM Bbl~ir~rreH~M (Toi.~o l!l90, Bonn 1991 ), 
Me)l(p;ynapop;noM coBel1Ialiuil. no KoMnhiOTe(>Hon ~re6p'e (Kap~q)ya, 1994),YnliBep
CIITeTe Macap1i:Ka (r.Bpno) uJieiinn;urcxoM: ymmepcuTeTe; naHay'inbl:XceMii~apax 
B MrY, IlncTnTyTe II piixrrap;noii · MexaH:Irxir u · Jia:6opaTo}mn · Bbi"'ircrrirTerrbHon Te-
XHIIKII IIaBTOMaTnnan;IIU Oll.Hll. . 

~- ~ • • '~ ' : ' ' i, ' ~ 

· Ily6nHKan;HH. OcnoBHble proyrrbTaTbl p;uccepTan;IIn ony6iiuxoBaHbl B 8 nay"'HbiX 
.pa6oTaX, KOTOpble npnBep;eHbl B CllliCKe liUTepaTypbi. 

CipyKTypa AHCcepTaQHH: Jl:uccepTan;ii.s:' COCTOHT Ul3 ':BBep;enu.s:; Tpex rrraB II 
oairrio.feriii.H; cop;'epiKilT 75 CTpanm£ na6op'Horo i-'eKCTa, BKlllo"'M 9 Ta5mixi u 6n6rru-
orpacpn"'eCKUll cnucox rrnTepaTypbi = 83 HaoBanuii. · · · ·. " 

;. CO,IJ;EP:/KAHIIE:PABOTbi 
. ~ .. ,-;~ 

' ;1"1" • 

B nepBoH rJiaBe - BBep;eHHH o6ocnoBbiBaeTc.s: axTyarrbHOCTb Ii 'npaKTU"'ecxaJI 
Ba)I(HOCTb npo6rreMaTJIKU p;uccepT~D;IIO~HOU pa6oTJd, KpaTKO nep~"'IIClleH?J peoyrrb-
TaTbl no rrraBaM. .,, ·> .. ·::• 

' -

Bo B;~p~H rnaBe '~p~I~ogkTC.s: ~iopih~ix' p;rr~ ;.;~arr'IIna;'~uC';~M'~'ciru~~Jin~x arr- . 
re6pau'IeCKUX ypaBHeHull. . ' . :·· c·: •'. ,. : 

B pa3ae'A.e 2.1 om~cbl~aeTCJI nop;xo~x~pemen~ro cucTeM nomuioMua~n,HbJx yp~~nenuii 
~eTop;aMii KOMnbiOTeimoii arire6pbJ:; OCHOBaHHblll 'lia nocTpoeH~II 6iu:ni~(;B rpe6nepa. 

B pa3ae.tte 2.2 p;aeTc.s: onucaHue arrropnTMII"'eCKIIX npon;egyp, ocnoBaHHbiX mt MeTop;e 
pep;yxn;uu ~;e6pau"l:ec:Kux 'cucTeM c 6ecx~Il:~';HbiM · <iiicm:iM: · peilieniin,' K Giiiimirren
THoMY na6opy rio~CIICTeM' 6orree npocToro BII~a 'u'c 'io'iie~HhlM :.JiiCl!oM ·peiiieHIIII, B 
TOM crry"'ae eerru IICXO~Hbxe CIICTeMhl o6rra~aiOT HeTpiisiiarrbnb:ii.ui: CBOUCTmii.ni O)J;HO
pop;HOCTII. Ilpu 3TOM KO:lcpcpun;neHTbl nop;cucTeM MoryT 13aBJICeTb-·OT,KOHe"'HOro "'II
crra npOUI3BOllbHbiX napaMeTpOB. ' 

,_ j •• "'·· 1,.. •• -. -·· ..... , __ 

B pa3ae.ie 2.9 p;aeTCli oriuciume' arrropn;MOB p;IDipe~yKD;IIII arrre6prui~eCKHX CIICTeM 
c 6ecK'on~"'HhlM "'ilcrroM peiixen:'nn no ~lixbnMarrbHbiM na6opaM arrre6pa.u-'lecxn Hroa
BliCUMbiX. nepeM~HHbiX. Proyrr'hTaTOM ·-r~xoix•p~p;'yxn;im''.s:Brr.S:eTCli. na6op' nop;cncTeM 
"Tpeyrorri.noro" Bup;a> · · ;·• ' .. / · -

B pa3ae.tte 2.4 npnBop;nTCJI onncanue arrropnTMa p;IDI npeo6paooBaHn.s: 6aoncoB I'pe6-
nepa nyrrbMepnbix u/l;eanoB 1m op;noro 'ynop.s:p;o"'enn.s: B p;pyroe. ::ho · nooBorr.HeT ·pea
mmoBaTb ecpcpeKTIIBHYIO cTpaTernro nocTpoenrui' rrexcnxorpacpu"'ecxoro 6aoiica I'pe6-
nepa p;rr.s: nommoMuarrbHbiX cucTeM u~eiOI1IIIX KoHe"'noe~"'UCno pewe:imii. · 

4 
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B.TpeTbeH ThaBe paccMaTpiiBaiOTCli Bonpocbl pearruo~uu onucaHHbiX BO BTopoii 
ThaBe.arrr~pnTM~B :B cncTe~e anarruTII"'ecxux Bhi"'ncrreHIIH REDUCE. · 

> : i. . • ' ~ ,, ' • . • , " 

B pa3ae.tte 9;1 npnBop;nTCJI onucanue cTpyxTyp p;anHblx. 
,··,_. ·-· ., " . " .. 

B pa3ae~e S.2 Aae;~o~uca.H~e oq~~ii.~;~YKTYP~ naxeTa, ynpaB~IOI1IIIX K~IO~eii u 
ocnoBHbiX .Mop;ym~ii, 'cocTasliJIIOI1IuX.naxeT ASYS.·OcnoBHble Mop;yrru, cocTaBIDIIOI1IIIe 
naKeT ASYS nooBoiDII~:>T: ' • ··· · . . ·· . : • ; . 

·:.; 

• CTponTb 6aoucbl I'pe6nepa p;~ paomi~HbiX ynop.s:p;o"lenirii nepeMeHHbiX. 
' •• \. • , ·~' > • 

• IIpeo6paooBaTb 6a:3uc I'pe.6ne!)a ~o oAnoro yn~p~p;~~e~IIJi ~ p;pyroe. 

• HanTU paoMepHOCTb np~cTp~H~T:~ peiiie'nnii; ~-~~ p~?.iep.~o:c;b dorrUHOMUallb-
Horo up;earra, reHepupyeMoro ucxop;noii cil~TeM~n'. . . -~ 

~~. ' ' ... ' ; ' 

• B crry"'ae xone~~oro "'~err a xoplieii npnBecni-~ic~~p;~yro cncTeMy x norrnocTbiO 
3KBUBalleHTHOMY en "TpeyrOllbHOMy"·'Bnp;y, .T.e. CBeCTII mip;a"ly K nocrrep;oBa
.TellbHOMY peweHIIIO arrre6pim:"'eCKIIX ypaBHeHIIll O)J;HOU nepeMeHHOU. 

• B crry::ae 6ecxone"'noro x~rrn"'ecTBa pewennii nanTn nceBooMO)I(Hble na6opbi 
arrre6paii"'ecxriHeoailucm.u~~x, no oTnoiiiexinx6 i p;annoMy up;earry, nepeMeHHblx, 
xoTopble MoryT paccM'aTpiiBaTbcir B. Ka"'eCTBe cBo6ojl;HbiX napaMeTpoB, oap;a
BaJI TeM CaMbiM napaMeTpuom:iiuo rrpocTpaHCTBa KOpHeii "iicxop;HOU CIICTeMbl . 

. ---~:_~--~~-- _'"'"' ~;~J:::<•»-<,·---~~----··:·'·.·:···. -~:- '~·/"!'·:··-·: : ;· 

• B crry"'ae, ecrru m:irrunoMnarr.bHaJI cncTeMa J:(BliKeTc.s: op;nopop;noii, nanTn na6op 
op;nopop;HbiX · nepeMeHHbiX,. co~~BeTc~BY~I1IIIH p;~~E:~ii cucTeMe: · 

- : ' . ' :'. <~ ;.,_ ', ". • • •'··. •. • ·, ~ •, I . '.' ,". ; . <' 

• P~p;yn;np~~a.;b Iic~op;Il:;~ c~cT~My, IIM~~ieyxJ 6Jcxone'<mo~ "'ncrro peiiienuii; K 
noliHOCTbiO :lK~~~ke~TI~~t.{y en KOH~"'HOMY Ha6opy nop;cii~TeM "TpeyrollbHOro" 
Bup;a c noMonii~\I;np;en~bi:i" M:1.~~~Mruii:S:bix ka6opoB neorumcnMbiX nepeMeH-

--: .. "·-.'" .. '""-----·-· ., ··--- --~ ... -.. -. . . --~. ·- . ; 

HbiX u/nrru op;nopop;HbiX nepeM:enH::b!x.'·:< ·- · ' ' ': _ j 
,:. --- ·: ~-----· ----~·---· ~-;•-;: . 

B pa3ae.tte 9. 9 npnBo~.S:TCli ;peoyrr~;aTbi cpaBH~~~m naxeTa;ASYS c rry"'wnMn oapy-
6e)I(Hb1Mn naKeT~~' H.a: npnMepe;: CIICTeM, BOI3HHK~IO~IIX 'npH u'ccrrep;oBaHJIII UHTe
rpupyeMOCTU HemmeUHhxX 9B01IIOD;IIOHHhlx ypaBHeHull,' a TaK)I(e II Ha npnMepax CII
CTeM, UMeiOI1IIIX KOHe"'H~e. :'IIICliO pewe~Ull II CliY)I(·aiiiiiX 06l1IenpiiH.l!TbiMII TeCTaMII 
Ka"'eCTBa nporpaMMHbiX 'np())J;YKTOB,' peann'3y~n~'iix ~eTO)J; 6aoJICOB I'pe6nepa. 

\ ~ ~- ~,"; . ·: 
,•' 

B Ta6rrnn;ax 1-3 npuoop;HTCJI peoyrrbTaTbl cpaBnenn.s:naieTaASYS'c p;pyruMu naxe
TaMn B cncTeMe REDUCE: cTanp;apTHbiM naxeToM GROEBNER u naxeToM CALI, 
BKliiO"'eHHbiM B 6u6rrnoTexy cn~TeMhx REDUCE 3.5. · 

. ~ 
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-·· ;: 

. Ta6nu~a 1 ' 

.. 'JleK~-HKorpa\f!uq~cKo~-yn'opJiA~~~mie 

·. ASYS GROEBNER CALI 
IlpnMep 1·· 7.2" 1.;. 2.6". -. 5.7" 
Ilpn:Mep 2 .. 0.19" . 0.14" 0.1". 
IlpnMep 5 . 5.0" 24.0" >14550" 
IlpnMep 8 .0.35". ·, 3.1", .1.0" 
IlpuMep 9 11.3" 1908.3" >8615" 
IlpuMep 12- 100.3" ' .. ·16;5", ., , >7336'! .:. 
IlpuMep 13 1.5'~ ... 37.0". 1.0" 
IlpnMep 15 . 0.3" . 0.2", 0.3" 
IlpnMep 16 '·10.8" " 21.3" 2.9" 

; "( 
IlpnMep 17 0.7,'',. ,,,_ ·' 1.5': .•.. ''( . . 1.3", . 

l -~ : 

''Ta"6m~~a 2 

,. Ynop.ap;oqeuue~no llOJIHOH CTeneuu;'a OaTeM:· o6paTuoe •. 
-' ... ·neKcnKorpac~JuqecKoe • "· · ·' :. · ·-' · 

~ ';'; . ' -
; .>· '··· ,, » ·, ·ASYS· ;GROEBNER CALI 
IlpnMep 5 5.1" 2.6" 3.8" 
IlpuMep 6 · 141.7" 75.3" 157.7" 
IlpuMep 7' 5.3" 9.4" 6.3" 
IlpnMep 8 ·, ,.,0.3'!, , •' _0.2\:. ;. 0.3'? ·'-· 
IlpnMep 9 2.1'! .. 1.5" ... -:•• l k 2.9'~ •. 
IlpuMep 10. ~ 57.3:' .• ·:::.c 50.9:?:; ,: · : 27.6'.:. 
IlpuMep 11 , : 2.7"- I· ···-•:-2.T',,•,, ·3,5" 
IlpuMep 14 3.0" 1.4"' 2.7" 
IlpnMep 15 0.2" •' 0.2"., 0.3" 
IlpnMep 16 0.3" y ~ ., 0.2'' .,', . 0.2" ,,-_·f 

Ta6nH:~a:· 3 

Peoy~L~aThl cpaa~~TeJILHoro C'leTa npuMepoa, o6~;.._p;a~~ux 
·. HeTpHBHaJihHhll',fH. CB_:;,HCTBaMH op;uopop;H~CTH ; 

" . , 

ASYS2 .GROEBNER .CALI 
Example 1 6.9" 4.9" 3.2" 
Example 3 0.2'.' ' 1.4" 0.54" 
Example4 36.7" 91.6" 170.3" 
Example 18 20.3" 25.5" 25.7" 
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), 

J 

,I(llH rrpuMepoB, rrpuBeg~HHhlX B. Ta6rru~e 3; :Bee liaKeTbl ncriorrwcman:uci ~ :Ka"'ecTBe' 
pernaTerreii, T.e. proyrrLTaToM pa6oTbl B K·aJKp;~M crry"!ae JIB1IJI1ICJI ue 6a::mc I'pe6uepa, 

·~ .... ,, ~ . ' ~ ,, ' . .. . ~ '. ' ' . ~ -· ~ . ·-. . - - - .· . . 
a.CIIIICOJ{ Tp(!yrp1IbHblX IlO)J;~liCT~~:.rrep_eMeH~l>IX_,·. ···"· . ::::; ·:. '< 

B . Ta6mx~e· 4. rrpuBO)J;JITCJI. proyrri>TaTbl · cpaBHemm rraKeTa; ASYS • c · auan:orn"'HblM'II 
rraKeTaMII p;llil rrocTpoeHIIJI 6annca I'pe6uepa B cncTeMax MAPLE n Mathematica .. · 

.~ ~ 

.. Ta6nu~a· 4 
.·:;.... ', 

JleKCHKorpa«<JuqecKoe ynop.ap;oqeuue 
.. ,., ~- ·-i ~~: 

; ·•: ,, . ,.- :ASYS .MAPLE ·.;·: .. . :: ;Mathematica. · : 
IlpuMep 1 '10.1" 32'' 18.6" ' .. 
IlpuMep2 · " '0.5" ·" 2" ",;·,. ,, '"'0.7" "',' 

IlpnMep 5 11.2". .>600" HeiJ;OCTaTO"'HO DaMJIT'II; 
IlpnMep 8 0.9" 9" . 241.0" . 
IlpnMep 9- .. .• 39.3". >· >600" I:.: · · .· -... >600'.': .... , 
II pnMep _12 212.3'~- 't t 64" . "; , .. >900'; >,·,< " ' 

IlpnMep 13 . 2.9'? '· >600" . , •(;' ,. 2.7'L . · .. ·:.\ 

IIpnMep 15 0.9" 6" ; .::: ·' LO:!., :i .•.· ··-, r' 

IIpiiMep 16 17.1" 576" >600" 
IlpuMep 17 4.7", , ·'"9"- . tf _,; . 245;f!.C '• --

B Ta6mx~e 5 p;rrJI rrpuMepoB, rrpimegeHHblX Bblrne, p;aHbl·BpeMeHa nepec"!eTa 6anncoB 
I'pe6uepa nci op;uoro yrropJip;O'I~HIIJI B p;pyr()eC ~Ol>(O~biO naKeTa ASYS, B cpaBueuun 
co cTaHp;~pTIIblM mi.~eToM ·GROEBNER, Bbi'III~~e~liJI ~poBOAIIn~~'i:; ua SPARC I P X 
~ 32 M6anT naMJITII. ·" · ·· · , ,_., .. ,;. ·· ,, '.'' ,· ',, .. , ·. ·· ~--.... ' · 

. ! ' 
J ,Ta6Jiu~a 5 ' 

", '' ,«, 

,{ __ ._, ASYs· GROEBNER' 
IlpnMep 5 · 10.6" : ' 66.9" " ' : 
IlpnMep 6 4176" 26796" 
IlpnMep 7 4.0" 28.6" 
IlpuMep 10 :·1693", : 11295'~ ,•, . 

, IlpuMep 12 8.9:' r 69.5" 
IlpnMep 14 7.7" 57.4" 
IlpnMep 19 ',.,58" 6112': ,' .. •''• 
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B rm~Be 4 rrpiiBOI!;JITCJI rrpnMepbi rrpnMe1I«?HIIH IJaKeTa ASYS: . 

B · pa3Jel/.e 4; 1 paccMoTpeH pHp; rr~nimoMna.JibHbiX cncTeM, Ilo::miiKaro~nx· npu ·aHa-· 
mme nHTerpnpyeMocTn H~nHeHHblx':momoqiroHHhlx ypaimemxii. B :Ka)l(p;oM Taxo:M: 
cny'!ae oap;a'!a cBop;nTCJI K nccnep;oBaHIIIO n peweHniO cncTeM HennHeHHbiX anre6pau-· 
'JeCKliX ypaBHeHUJi"Ha rrapaMeTpbi ceMeHCTBa, BKBIIBa.JieHTHble ycnoBIIHM liHTerpnpy-. 
eMoCTII. 8Ta oap;a'!a pewaeTCJI c IJOMO~biO naxei-a ASYS. H11iip;eHbi rroliHble crmcxn 
peweHnii nomiHoMIIa.JibHbiX cncTeM p;M.oap;a'! xnaccmflllxaqun: 7-napaMeTpn'!ecxoro · 
ceMeHCTBa ypaBHemxi'x .cegbMoro rropHp;Ka· .Z.nrra Kp;B; 6-napaMeTpn'!ecxoro ceMeii
CTBa ypaBHeHnH cep;bMoro-'nopHp;xa .Tnna MKgB; 8-napaMeTpn'Iecxoro ceMeHcTBa 
ypaBHeHnH Tnrra CB~<l.HH()rO. I_Iemx~eiiHoro ypaBHeHIIH IllpegnHrepa. B Ka)I(I!;OM = 
BTUX Clly'IaeB np_nBegeHa JIBI_IaJ!_IJap~eTpi.maquH IlpOCTpaHCTBap~IIIeHIIH. 

YpaBHeHnH Tnrra Kgll. cep;bMoro nopH~Ka ;;MeiOT cnep;yiO~uii o6~~~ :~up; 
,. ' .,~ ~--4 ·,·-'t . :',2 : . :· .''3 "j;. 3 

u1 = u1 +AtU Us+ A2Utu4 + AaU2U3 +A4U u3 +.Asu UtU2 + ~6ut + A7u ut, (1) 

rge A; E C - rrponoBClllbHble nap~eTphi, KOTOpble Tpe6yeT"cH orrpegennTb, Haxna
p;biBaH Ha 7-rrapaMeTpn'!ecxoe ceMeHSTBO :(I) y0<>Bn~ n~-r:erpnpyeMOCTII. AHanno 
ycnoBIIH IIHTerpnpyeMOCTII rrpiiBO~!;IIT K cnep;yiO~eH cH.cTeMe HeliiiHeHHhlX anre6pan-
'IecKUX ypaBHeHUll Ha rrapro.leTpbi ~;: . .. .. . .. 

rp;e 

r· .. 

At( A41
- A~/2 +.A6) = (2/7 Ai::.:, A4)( -!OAt + 5A2 _: A3) = 0, 

(2/7 Ai - A4)(3A4 .::: ~s + A~) = 0, . .. • ..... 

at ( -3At + 2A2) + 2la2 = at (2A4 - 2As) + a2( -::-45At + 15A2 - 3A3) = 0, ·· 

2atA7+~2(12A{..:.: 3As + 2A6) = bi(2A; -·At)+ 7b~ = b1A3+ 7b2 ~ o;· 

· bi(.:.:2A4- 2X~) + b2(2A2 .:..:·sA~)+ S4b3 ~ b, · ' ·· · · · ::(2) 
} . ,, 

bt(8/3As + 6A6) + b2(11At - 17 /3A2 + 5/3A3)- l68b3 ~ 0, 

15btA7 + b2(5A4- 2A;) + b3( _:120Ai + 30A2- 6A3) = 0, 

-3btA7 + b2( -A4/2 +As/4 -,A6/2) + bJ{24At - 6A2) = 0, 
3b A + b (4o>.'· :.... s.\ + 4A ). ~ o .·,: ·· · 

2 7 3 4 5 ' . 6 ', ~ ,1 ·~·· :-·. 'I. : 

.1 -::'.· ,. 

at= -2Ai + AtA2 + 2A~A;~- A~,:..:: 7Ai.+2I.\6, a2 = 1>.1- 2AtA4 + 3/7Ai, 

b1 = At(5At - JA2 + A3), b2 = At(2A6- 4A4), b3"d A~A7/2. 

3gecb Mbl p;ap;uM rronHbllt crriico~ ee p~~~Huii, nony'IeHHhlX c noMo~biO rraxeTa 
A~YS: 
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Ta6nHn;a 6 .. 
IlapaMeTpn3aqxrn rrpocTpaHCTBa p~IIIeHuli.cncTe~bl ypaBHemxii (2). 

Ilapa
·MeTpbi 

Pewemxe 
... 

... 
A2 = 7/2>..~; >..3 == 6At, A4 = 2/7 A~,·As.= 9/7 AL'As = 5/14A~, A7 = 4/147 Ar 

f-1 -_.--AJ--' __ -.--ll A2 = 3At, A3 = 5At, A4 = 5/14A~, As= w;n~, A6 = 5/14A~, ~; ~·5)9.SA~ 

A2 

A4. 

>..2, ).4 

A3,A6 

A2, AJ, As 

A2 = 2At,A3 = 3At,A4 =:= 2/7Ai;As c='6/?J...i,A6.:= 1/,7/•i,).~ ,;·4/147.>.f~ 

At = 0, A3 = 5A2, A4 =As.= ..::.2/63A~, A6 ·== 4/63A~, A.7-,:;=: ~1,0/1323Atl 
, · __ ;, ;; .At'=:' 0,>..2 =;:_0, A3 = 0, As= A4, A6 :=:..-:2--\4, A7 :=.0: · . :: 

.. ).t = 0,A3 = 5A2,As = 1/14>.~ +9/2A4,>.6 = l/14A~ +3/2>.4jA7'= 0 '.: 

At = 0, >.2 = rl! A4 = 0, As = -2/161rtA3 + 40/23U7-= 10/25921rt~~:'" 

74/483rfA6.- 16/3703A3A6, rp;e rt = (5A3 ± J25A5.:..: 5152A6)/4B '. 

At = A2 = A4 = As = A7 = 0 

At= o,A4 = o,A6 = I/2I>.r+ I/3As,A7 =·o " ... · 

'' :C ~ ' 

B paaJe11.e 4.2 paccMoTpeHbl aap;a'In npoBepKII nooMop<f>rmMa KOHe'!HOMepHbrx'an·. 
re6p Jln II gaHo orrncaHne .naxeT'a ISO LIE/ ASYS--, cneu;nanbHoii Bepcun rraxeTa 
ASYS, o6ecrre'!IIBaiO~eii BbiCOKYIO. a<f><f>eKTIIBHOCTb rrpn peweHIIII gaHHoro xnacca 

··~ ··,~-: ·. r ,· .. ")'":~. ·.;;:·····.··:·.,; · .. •1;:~···,-~·~ .. _ ,)"-;,,,, ~ "'.·. · ~'·'·/~;~ · ·--·~····-· ... 
oap;a'!. · . PaccMoTpeHa · aap;a'!a· ugeHTn<f>nxaqnn anre6pbl. xnaccn'!ecxux. cnMMeTpnu 
ypaBHeHIIH Broprepca: · · ' '""'' ' .. :·· .'" ., ,· , .. , ·' "'"·· .-.. i ....... • .. ·.· ·· .... ' • '· · .. 

. 'Ut'+.uu~·- ti~;,;·= 0:-';c .. 

re~epupyeM.i.sr b~egy£ui~;i Ha6op.6M: ;IIH<f>IIHIIT~~i:i;aJi~~~IX r~HeP,~.-r:()P()B ·~~~a 

Vt 

· v2 

V3'·'= 
v4'· = 

<1 

Vs = 

c Ta6mxqeil xoMMYT<~.:ropoB ' · 

8t, 
Ox, 
tax'+au,· i} i 

t 281 ~ xti(+ (i- ut)au, 
2t0t '+ xa:c'-- UOu, 

V3 v2 

0 -V3 
0 -2v4 

-:;·'1·,," 

.. 

Mbi ngeHTmpnu;upyeM aTy Jlu anre6py c op;Hoilim Ta6mi'!HbiX, uMeHHo, As,4o· 

9. 

(3) 

t· n 
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HeHyJieBbre KOMMyTaTopbi a~oii anr~6ph!: 

[ei> e2] = -2el> [el> e3] = -~2, [ell e4] = ~~', [e2, ~;j = 2~3 , 
[e2 , e4] = e4, [e2, es] = -es, [e3, es.J = e4.: 

CncTeMa nommoMUaJibHbiX ypaBHeHIIH cop;ep:lKIIT 51 ypaBHeHne OT 26 Heii3BeCTHbiX. 
B penyJibTaTe npuMeHeHU.II naKeTa ISO LIE/ ASYS, Ha ne"'aTb BbiBO;i;UTC.II CJiep;yiOI.l\a.II 

' ~ • l : ~ - : . • . ~ - • ' • ~ 

nop;cncTeMa 

Variables= (D A14'A15 A44A45 A25A.ilA13 A52Y 
P.;,rameters = (A34 A43) ' · · · · · · · 

Zeros~ (A55 A53 A22A32·A54 A33 A51 A42JA35.A23 A31 A12 A2·fA41 A21) 
{D*A43 ~ A34**2,~: , ; . .i., 

·A14, 
A15; 
A44, 
A45, 
A25*A43'+ A34; 

· All*A43 + 1; 
A13, 
A52- 1}.· 

.. 

' ' • ~'' 0 .. "' ' : ·- • ',. '. ,· • ', •• ~:: ·~..-';_ [ 

IlepBaH cTpoKa. cop;ep'iKnT cn'ucoK nepeMeHHhiX. Cnep;yiOI.l\Ue. p;Be cTpoKu. cop;ep:lKaT 
crincKu H:eHyJI~BbiX 1i· Hyn:e~~;c (;~Jopofi~:bx~ .nepeM~~ii:bi~ ~oa'TBeTc~BeH~o. · · ·' · 

: ~. '· ' ' . ' 

Ifn cTpyKTYPbi. aTm'i: nop;cucTeMbl He~ep;neHHO cnep;yeT, •r;o cyl.lle~TBY~T Belli.ecTBeH
~hiJ'i: II30Mop¢lmM C MaTfJU~eH npeo6pa30BaHli.II, onpep;eJI.IIeMOH ;i;BYM.II HeHyJieBhiMU 
napaMeTi:}aMu A34n'A43 ... ··.:.::· 1 ' 1 ' •• : :. ·; ·.:., • ' '. ., ' : 

0 0 0 0 ;-A34/A43 
A= 0 0 0 . A34·. 0 

( 

-1/A43 0 0 0 0 ,. ) 

0 0 A43 0 . 0 
o 1'o· o·· ·o 

B pa3deJte 4.3 B Ka"'eCTBe.op;Horo un npuMepoB npuBop;uTc.II permiHue cucTeMbl ypa
BHeHJIH, B03HJIKaiOI.l\eH npu IICCJiep;OBaHIIU 6u¢ypK~nii npeAeJibHhrX ~UKJI~B B ~nHa
MII"'eCKOH CliCTeMe C Ky6JI"'HOii HeJIUHeHHOCTblO. 8TOT npnMep B03HliK npu liCCJiep;o
Barmu 6n¢ypK~uii CJiep;yrol.llei'r p;~mru.m-.iecKoii , cncTeMbl 

{ 
x =y, 
Y = -x + arx2.+ a2xy + a3y2 + a4x3 + asx2y + asxy2 
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CucTeMa nomiHOMUaJibHbiX ypaBHeHnii, B03HIIKaiOI.l\a.II npu ucCJiep;oBaHIIn a_Toi'r npo-
6~~Mbl; CO;i;~p~uT-5.yp~HeHUH 10 ~Te~eHU.~T 6 HeimBeCTH~X .. 06'be~ 9Toii encTeMbl 
14K6aiiT. Kpo~e Toro, aTa cuc~eMa nM~~T.6ec~o~e"'H~e.'Jn~o·pernemrii, cnep;oBa
TeJibHo, ;i;JI.II Toro "'T06bl HaHTII IIX .IIBHhiii Bll;i;, He06XO;i;liM~ euie CHa"'aJiaHaiiTII CO-· 
OTBe.TCTBYIDI.l\YID napaMeTpimatinro. ·II pu aToM, KaK n paHee, 'iici:iorr:bnyeTcH ·TeXHiiKa 
6anncoB rpe6Hepa, BCTpoeHHa.II B naKeT ASYS:.IIonH::blii CTIIICOK. pemeHUH npimep;eH 
B Ta6nu~e ,7 .. Ka:lKp;oe 1m. pernemrii napaMeTpimoBaHO op;Hl!M un imKCJIMaJibHbiX He
naBUCIIMbiX'Ha6opoB nepeMeHHbiX. 

.. '. ~;:,.. ~._t: Ta6n:Hqci 7 · ; ~ . 

·->. ; -:· -}~ 5J~-~.: -~ \ ., .. ' : '-1 ~:-

IlapaMeTpbi Pernemm 
-

ah a3, a4;as· a2''= as= 0. 
-

a2; a4, as ' . 'Pt.;== a3·. = as·:;= o.:·· ·, 
ai, a2,a3 a4 '= a3(ar + a3), as·~ -a2(ar + a3), as= -a~(ar + a3)j(ar +2aJ). 

B rnane 5 - 3aKniD'!eHHH nepe"'ucneHbi ocHOBHble penynbTaTbl, nony"'eHHhle B 
p;nccepTa~nu. 
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