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1 BBe.n;e1-u1e 

A ua.11umu'Lec11:ue 01,1,11:.11aa11:u c no.M.0141,10 11:o.Mn1,10mepa, Cu.Moo.111,1,1,1,ie Obt'LUC.i!e­

uua ua 11:o.1m1,10mepe, Ho.1m1,10mepua,i a.1tie6pa - CIIHOHIIMhl, xapaRTepII3YIO· 

mIIe o6JiaCTb COBpeMeHHOfi rrpIIRJia,nHofi MaTeMaTIIRII II IIHCpOpMaTIIRII, IIMeIOmeil: 

,n:eJIO C aHaJIIITII"'leCRIIMII rrpeo6pa30BaHIIHMII Ha ROMIIblOTepe MaTe.MaTHlJeCRIIX . 

BhlpaJReHIIil: pa3JIIIlJHOil: rrpIIpO.ZJ:hl. B OCHOBe ROMIIblOTepHhlX MaHHIIYJIHIJ;IIil: C 

. cpopMyJiaMH JieJRIIT CIIMBOJibHOe rrpe,n:cTaBJieHIIe MaTeMaTIItJeCRIIX 061,eRTOB: MHO· 

rocrJieHOB' -pan;IIo~aJibHhlX II TpaHcn;eH,n:eHTHhlX <pyHRIJ;IIil:, crren;IIaJibHhlX <pyHRUIIH 

MaTeMaTIItJeCROil: q>II3IIRII, CTerreHHhlX pH,n:OB II T.,n:. AJiropIITMhl TaRIIX rrpeo6pa-

30BaHIIil: IIMelOT aJire6paIItJeCRYIO rrpIIpo,n:y' 'ITO II Hanrno OTpaJReHIIe B CaMOM 

Ha3BaHIIII • ROMIIblOTepHM aJire6pa. 

Xorn rrepBhle rrpo,n:yRTIIBHhle rnarII B 3TOil: o6JiaCTH 6hlJIII c,n:eJiaHhl OROJIO 40 

JieT Ha3a,n:, IIHTepeCHO HaIIOMHIITb, 'ITO ee II,n:eoJiorIIH 6hlJia Cq>OpMyJIIIpOBaHa eme 

B 1844 ro,n:y 6pIITaHCRIIM MaTeMaTIIROM Jie,n:II A,n:oil: Ayrycrnil: JlaBJieil:c (,n:otJepbIO 

BafipoHa) B ~BH3II C IIpoeRTOM MeXaHIItJeCROfi BhllJIICJIIITeJibHOfi MallIHHhl 1IapJI3a 

fr)66II,n:JRa. 

PeaJibHOe pa3BIITIIe HatJaJIOCb 6oJiee CTa JieT crrycTH IIOCJie IIOHBJieHIIH rrep­

BhlX ,n:ocTaTOtJHO MomHhlX 9BM. B 1953 ro,n:y aMepnRaHUhl Kahriman II Nolan 

peamrnoBaJIII orrepall;HIO ,n:ncpcpepeHu;IIpOBaHIIH IIOJIIIHOMOB ( CM. 6II6JIIIorpa<pHIO 

B [l]). 
B Harnefi CTpaHe MeTO,ZJ:hl ROMIIblOTepHoil: aJire6phl HatJaJIII pa3BIIBaTbCH eme 

B 50-x ro,n:ax IIOCJie IIIIOHepcRoil: pa6oThl KaHTOpOBIItJa ( CM. ofoop [2], r,n:e 

rro,n:po6Ho II3JIOJReHa IICTOplrn OTetJeCTBeHHhlX pa6oT B 9TOil: o6JiaCTII II rrpIIBe,n:eHa 

o6rnnpHaH 6II6JIIIorpa<pIIH). 

ARTIIBHoe rrpIIMeHeHIIe ROMilbIOTepHoil: aJire6phl (HIIJRe - KA) ,n:JIH perneHIIH c]m-
3IItJeCRIIX 3a,n:atJ HatJaJIOCb y Hae B cepe,n:IIHe 70-x rr. B .ll:y6He, B O61,e,n:IIHeHHOM 

I1HcTIITyTe a.nepHbIX llCCJie,noeamt'fi : (OI1RI1): B TO BpeMH JIIIIIIb OI1RI1 pac­

rroJiaraJI. 9BM C ,n:OCTaTOlJHhlM 6hlcTpo,n:efiCTBIIeM II 061,eMOM 6hlCTpoit rraMJITll 

( CD C-6500), rro3BOJIHBIIIefi IIcrroJI1,30BaTb KA B cepbe3HhlX 3a,n:a•rnx. IloJioJRe­

HHe II3MeHIIJIOCb B 80-x ro,n:ax, Ror,n:a, c rroHBJieHIIeM 9BM EC 1040, 1045, 1060, 

MallIHHHhle aHaJIIITIItJeCRIIe BhllJllCJieHIIJI CTaJill ,n:OCTYIIHhl 6oJiee IIIIIpOROil: ay,n:II­

TOpllII. 

B ,ZJ:OIIOJIHeHIIe R 9TOMY RpaTROMY IICTOpIItJeCROMY BBe,n:eHII!O yMeCTHO BCIIOM· 

HllTb 3,n:ec1, II O rrpoBO,ZJ:lIBIIIeMCH B TetJeHII'e 80-x rr. Ha <pII3lltJeCROM cpaRyJibTeTe 

MrY eJReMeCHtJHOM HaytJHOM ceMIIHape rro KA rro,n: pyRoBo,n:cTBOM o,n:Horo II3 aB­

TopoB (.D:.III., ytJeHhlil: ceRpeTap1, - A.R.Po,n:IIoHoB). 

OTMeTIIM T<;lRfile, .'ITO rrepBoit B MIIpe RHIIroil:, r,n:e 6hlJI IIOCJie,n:oBaTeJibHO II3JIO· 

JReH H3hlR crrcTeMhl REDUCE II BBe~Ha cooTBeTCTBYIOmM TepMIIHOJiorIIJI, 6hlJIO 

poTanpIIHTHoe n3,n:aHrre MocRoBCRoro yHrrBepcIITeTa [3] 1983 ro,n:a, rreperr3,n:aH­

Hoe rro3JRe BhlCORoil: rretJaTbIO [ 4]. 

\\''.\~;., l[i:,)~:j 
\J..r1~~1~• tQ.. • 



2 RoMIIbIOTepHaJI aJire6pa B rrp11MeHeHHH K 

MaTeMaTHKe H q_)H3HKe 

OcHoBy ROMIIbIOTepHoii: anre6pbI COCTaBJIRIOT rny6om1e MaTeMaTI1qecm1e pe3yJib­

TaTbI H3 ROMMyTaTHBHO:li anre6phl, anre6panqecRoii: reoMeTp1rn, MaTeMan1qecRoil: 

JIOrilRil n TeopHil CJIOlKHOCTil aJiropHTMOB. 9To ,nenaeT ROMilbIOTepHyIO anre6py 

MOill;HbIM cpe,ncTBOM ,D:JIR pemeHHJI 3a,naq Il3 CaMbIX pa3HbIX o6nacTefi COBpeMeH­

HO:li MaTeMaTHRil Il qJil3IlRil. B 3TOM CMbICJie, XOTJI caM TepMHH "ROMIIbIOTep­

HaJI anre6pa" n YCTOJIJICJI,· o,nHaRO JIBJIReTCJI He COBCeM TOqHhlM, n6o npe,nMeTOM 

3TOil ,D:IlCUilIIJIIlHhl JIBJIRIOTCJI He TOJibRO anropHTMhl Il3 o6JiaCTil anre6pbI, aHam13a 

Il Teopnn qnceJI, HO Il Il3 MHornx ,npyrnx pa3,neJIOB COBpeMeHHOfi MaTeMaTHRil 

- ,nnqicp,epeHIIIlaJibHOfi reoMeTpHH, TeH30pHoro aHaJIH3a, ,nmp<pepeHUIIaJibHh!X 

ypaBHeHnii:, MaTeMaTnqecRoil: JIOrilRil n .n.pyrnx. 3,necb Mhl RpaTRO OCTaHOBilMCJI 

TOJlbRO Ha HeROTOpbIX B03MOlKHOCTJIX COBpeMeHHbIX CilCTeM KA. 

Han6onee Il3BeCTHbIM rrpHMepoM JIBJIReTCJI aJiropHTMil'IeCRaJI 110,n,nepmRa IIH­

TerpnpoBaHIIJI B CilMBOJibHOM BII,ne. IlpaRTnqecRII BCe COBpeMeHHhie YHIIBep­

caJibHbie CIICTeMbI KA co,nepmaT 3<p<peRTIIBHhle BCTpoeHHbie IIHTerpaTOpbI. Te­

XHilKa IIHTerpnpoBaHIIJI OCHOBaHa Ha coqeTaHIIIl anropIITMa Pnma-HopMaHa 

[5] Il paCII03HaBamrn 6oJibillOro ROJIIlqecTBa qacTHbIX cnyqaeB II~TerpnpyeM(?CTII 

C ncnoJib30BaHIIeM BCTpoeHHbIX Ta6nnu ,D:JIR 3JieMeHTapHbIX IIHTerpaJIOB II OCHO­

BHbIX no,ncTaHOBOR. 

3a,naqa CIIMBOJibHQro cyMMIIpOBaHIIJI, B TOM qncJie BhlqncJieHI1e 6ecROHeqnhIX 

cyMM, TaR.lRe no cnnaM cncTeMaM RJiacca MAPLE IIJIII MATHEMATICA. Ilpn 

3TOM nonhlTRa, HanpnMep, BbiqllcJIHTb B CilMBOJibHOM BII,ne Bbipamenne 1:!:: 1/n4 

,nacT OTBeT 1r
4 /90. .II:onroe BpeMJI B uenTpe BHIIMaHIIJI coBpeMeHHoii: KA ocTa­

BaJIIICb anropIITMbI <paRTOpII3aUIIII noJIIIHOMOB [6], TO eCTb pa3JIOlKeHIIJI IIX Ha 

HenpnBO,D:IlMbie COMHOlKHTeJIH .. BnepBhle 3q>q>eKTIIBHhlil 3:nropIITM ,D:JIJI 3a,na<m 

<paRTOpII3au11n 6bIJI npe,nnomen Il peaJIII30BaH B CHCTeMe SAC-1 [7]. 9ToT anro­

pHTM He JIBJIRJICJI onTIIMaJibHbIM - ero CJIO}l{HOCTb 3KCnOHeHUIIaJibHa no CTeneHII 

nOJIIlHOMa. B 1984 ro,ny, npaRTIIqecRII O,D:HOBpeMeHHO, anropHTMhl <paRTOpII3a­

Ullll noJIIIHOMOB, CJIOlKHO.CTb ROTOpbIX nOJIIIHOMIIaJibHa no pa3Mepy ,naHHhlX, 6bIJIII 

npe,nnomeHbI B pa6oTax [8, 9]. O6o6m;eHIIeM 3a,naqn cpaRTOpII3aUIIII noJIIIHOMOB 

JIBJIReTCJI 3a,naqa Haxom,neHIIJI HenpIIBO,D:IIMbIX ROMnOHeHT anre6panqecRoro MHO­

roo6pa3IIJI, 3a,naBaeMoro CIICTeMofi noJIHHOMIIaJibHbIX ypaBHeHIIfi. 

,ll;pyrIIM BalKHh!M npnMepoM JIBJIReTCJI pemeHIIe CIICTeM anre6pall'IeCRIIX ypa­

BHeHnfi. IlpaRTnqecRII Bee coiipeMeHHhle MeTo,nhl pemeHHJI TaRnx cIIcTeM ocno­

BaHhl Ha nocTpOeHIIIl TaR Ha3bIBaeMhlX 6a3IlCOB rpe6Hepa (HlllKe - Br). Teo­

pHJI Br - YBJieRaTeJibHaJI 11, no-BII,D:IIMOMY' Ha116onee nonyJIRpHaJI TeMa B ROM­

nbIOTepHoil: anre6pe nocJie,n:Hnx .n.ecJITII neT. IlocTpoen11e Br ,nJIR neRoTopofi 

Hemrne:ll:Hofi a.rrre6pari:qecRo:tt CIICTeMbI ypaBHeHIIfi no3BOJIReT He TOJibRO OTBe­

TIITb Ha Borrpoc O ee COBMeCTHOCTII II pa3MepHOCTII rrpocTpaHCTBa pemem~fi, HO II 
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npIIBeCTII CIICTeMy H TaIWMY Bn,ny, qTO ,D:JIJI ee perneHIIJI. B c,1y,rae COBMeCTHOCTH, 

.UOCTaTO'IHO 6y.ueT pelllHTb IIOCJie,UOBaTeJibHOCTb anre6pall'JeCHHX ypaBnem1fl OT 

o,nnofi nepeMe1rnofi. B 3TOM ofoope Mhl eme BepneMcJI H Bonpocy o Br. 60J1b­

rnuncTBO anropnTMOB ,nJIJI nocTpoemrn Br ocnoBano na cxeMe, npe.unomem1011 

B.Byx6eprepOM [10]. O,nHaHo He,naBHO IIOJIBIIJICJI HOBhlH, TaH na3h!BaeMbIII HHB0-

JIIOTIIBHhlfi no.n.xo,n [11, 37, 13], ROTOpb!fi II03BOJIHJI IIJJHBHeCTH B KOMMyTaTHBHYIO 

anre6py rny6oRue MaTeMaTuqecKue u am:opnTMil'Iecm1e u,neu no cpoptiaJibHOMY 

aHaJIH3Y anre6pauqecKHX .n.ncpcpepeHUHaJibHbIX ypaBHenm1 B 'laCTHh!X np0H3B0-

,nHbIX. Cym;ecTBYIOT 0606meHHJI Teopun Br Ha cny,iail: n.n.eaJI0B B .n.ncpcpepenun­

aJibHbIX K0JibUaX, a TaKme Ha HeK0MMyTaTHBHh!il: cnyqafi CM. [14]. 

Ha.no OTMeTHTb 11 o6paTHOe BJIHJIHHe, KOT0poe 0Ka3aJia J{A ua pa3BHTUe Ma­

TeMaTHRH. XoTJI MHorue H3 MaTetrnTnqeCKUX pe3yJibTaT0B, nemamnx B 0CH0Be no­

CTpoeHHJI anropHTM0B KA, TaKHX 1KaK Teopeirn rnnb6epTa o 6a3nce nnn TeopeMa 

JlnyBHJIJIJI, 6h!ml H3BeCTHhl .uaBH0, o,nHaHo KA cnoco6cTBoHana npomm110Bem110 

B MaTeMaTimy anropHTMil'IeCK0ro B3rJIJI.Ua Ha MHorne HJiaCCH'IeCHHe pe3JJibTi\Thl. 

cho np1rneno K IIOJIBJieHHIO H0HCTpyHTilBUh!X .UOKa3aTeJibCTB imornx 1wacc1p1e­

CRHX TeopeM. HanpnMep, panee ne 6hrnn H3BeCTilhI 3<jHjWHTHBHhie cnoco6h! HhI­

qHcJiennJI TaKHX 061,eRTOB, Hal{ II0JIJIH0M rnJih6epTa. 

IJ pHBe,UeM TaJ{}l{e HeH0TOJ)bie MaTeMaTH'ICCHHe pe3yJIJ,TaTI,J. H0T0J)IJe nony­

qeHhl npn noM0IIIH cpe.ucTB KA. Han6onee Bne•1aTJrn101u11M npnMepoM 3JlCCh 

MmHeT cnymnTh IIOJiy<Ie1me IIOJIH0fi HJiacc11q:,1mau1rn l{OIIC'IllblX ll))0CTIJX rpynn. 

9Ta I{Jiaccnq:,1rnaunn 3aBCJ)lllHJiaCb ,UOl{a3aTeJibCTB0I\I npocT0Thl 3aMC'IaTeJIJ,II0J1 

IIJ)OCTOil: K0He'IH0ll rpymrn, IIa3hlBaeMOll MoHCTJ)OM l!JIII rpynnoll fp11cca-<D11111e­

pa. 9Ta npocTan rpynna 6blna nocTpoeHa F.fpnccoM B 1981 ro.n.y [15]. Ona 

IIMeeT II0J)JI,D:0H: 

808017424794512875886459904961710757005754368000000000 = 
= 246 . 320 . 59 • 76 • 112 • 133 . 11. 19. 23. 29. 31. 41 . n. 59. ,1 

II M0lKeT 6bITb onncaHa Kai{ rpynna aBTOMOp<pH3l\lOB He!lOTOJ>Oll anrc6p1,1 pa:rncp­

HOCTII 196884. Bb!'IIlCJieHIIJI, J{OT0J)h!e neo6xo.n.nMO 61.JJIII npoBeCTll JlJIJI II0CTpo­

emrn H ,ll0]{a3aTeJibCTBa IIJ)0CT0Thl 3TOll 3aMe•1i1Tem,noll rpynnIJ, 61,rno 6h! 0'IC!lh 

Tpy,nH0 npoBeCTH 6e3 HCII0Jlb30Bamrn H0Milbl0Tepa. 

9Ta npo6neMa Tecno CBJI3ana c nepe•rncnenneM ymnto.n.ynnpm,1x pemPTOH. 

IlpoaepRa H0JIH0TbI CIIHCRa ynnMo,nyJIJIJ)HhIX pemeToK o6J,prno np0B0)].IITCJI C II0-

M0ill;blO Bhl'IIICJieHHJI u cyMMIIJ)0BaHHJI BeJIII'IHH, o6paTIIhIX nopn.uuaM HX rpynn 

aBTOMOpqJH3MOB. CyMMa, COOTBeTCTBy1oman BCeM He3HBHBaJieHTHhlM pemcTI<aM 

,naHH0fi pa3Me.pHOCTII, M0}HeT 6b!Tb Bhl'IIICJieHa He3aBHCIIM0 II npe]lCTaHJIIIeT co-

6ofi Tai{ Ha3b!BaeMyJO R0llCTaHTY MnHHOBCHOro-3urenn. O]lna 113 Ta1mx liOIICTall'r 

,D:JIJI pa3MepHOCTH 32 paBIJa: 

3 



416022631331982837344253774635747627157753429574979915187099394241 

9611826574890238989880196528866954366156800000000 

,l{JIR npoBepRII noJIHOTIJ CIIllCRa YHllMOJzyJIRpHhIX perneTOR ,n;aHHOil. pa3Mep­

HOCTll Heo6xo,n;IIMO BIJ'IllCJil!Tb rropH,D;Rll rpynrr aBTOMOpqJII3MOB BCeX perneTOR 113 

CIIllCRa, 'ITO caMO no ce6e HBJIHeTCH HerrpoCTOil. 3a,n;a'leil.. 

Tpy,n;oeMRl!e Bhl'll!CJieHl!H TaRllX ROHCTaHT MIIHROBCRoro-311reJIH, 3Ha'leHllll. 

T3Ta-pH,D;OB ll nopH,D;ROB rpynn aBTOMOpqJI13MOB BIJ'lllCJIRJil!Cb C noMOIIIhIO Cl!CTeM 

MACSYMA, MATHEMATICA II cneuIIaJihHO pa3pa6oTaHHoil. ,n;JIH 3TIIX ueneil. 

B Bell Laboratories cIIcTeMoi1 ALTRAN [16]. 

MHoro'IIICJieHHIJ TaR>Re np11MerreHIIH KA B Teopllll ,n;IIHaMII'leCRIIX cIIcTeM, 

TeoplIII RO,D;HpOBaHIIH, TeopmI ,n;11qiqieperruIIaJihHIJX ypaBHeHllll. B 'laCTHIJX rrpo­

ll3B0,D;HIJX 11 ,n;pyrIIX o6JiaCTHX MaTeMaTl!Rll. 

Cpe,n;II rrpIIMeHeHl!Il. ROMnhIOTepHOH anre6pIJ B cpH3IIRe BIJ,D;eJIH!OTCH Tam1e, 

ROTOpIJe, XOTH ll Tpe6yIOT BhIIIOJIHeHIIH 'Ipe3BIJ'lall.HO rpOM03,D;RlIX aHaJIIITII'leCRllX 

npeo6pa30BaHIIi1, HO, B ROHe'IHOM ctJ:eTe, CBO,n;HTCH R ROMnaRTHOMY MaTe1.faTH'Ie­

CROMY BIJpa>ReHII!O IIJIII ,n;a>Re R tJ:IICJiy. RpRIIM npHMepoM TaROil. 4JlI3l!tJ:eCROil. 

3a,n;atJ:Il qiyH,n;aMeHTaJihHOfO xapaRTepa HBJIReTCH BhltJ:lICJieHHe aHOMaJihHOro Ma­

rHHTHOro MOMeHTa 3JieRTpOHa B RBaHTOBOi1 3JieRTpo,n;HHaMIIRe. 

CaMa lICTOplIH BIJ'lllCJieHHi1 :noi1 BaffiHOi1 4JlI3lI'IeCROi1 na6JIIO,D;aeMoi1 TeCHO 

CBH3aHa C nporpeccoM B o6JiaCTlI aHaJIHTH'leCRHX BhltJ:HCJieHilll.. B paMRaX Teo­

pIIll B03MyIIIeHHi1 no MaJIOMY napaMeTpy a - ROHCTaHTe 3JieRTpOMarHHTHIJX B3a­

l!MO,n;ei1CTBlli1, aHOMaJihHIJit MarHHTHIJi1 MOMeHT 3JieRTpoHa µ ,n;aeTCH qiopMyJioit: 

µ = µo(l + a), 
a. a 2 a 3 

a = C1 - + C2(-) + C3( - ) + ... , 
7r 7r 7r 

(1) 

r,n;e µ0 npe,n;cTaBJIReT co6ott H3BecTHYIO BeJIHtJ:HHY - MarrreTOH Bopa, a R03q>cJ.m­

u11eHTIJ Cn xapaRTepH3Y!OT n-neTJieBIJe nonpaBRH, BhltJ:IICJieHHe ROTOphlX HBJIH­

eTCH tipe3BhI'lai1HO Tpy,n;oeMROil. 3a,n;atJ:ei1. 

Ko34J4JHUHeHTIJ C 1 H C 2 6IJJIII BIJ'IHCJieHIJ "BpytIHy10" B 40-x H 50-x ro,n;ax. 

O,n;HaRO BhltJ:lICJieHHe 3-x neTJieBIJX qieil.HMaHOBCRHX ,n;HarpaMM, onpe,n;eJIRIOIIIlIX 

C3, CBO,/l;IITCJI R Bhl'IIICJieHII!O 7- II 8- RpaTHIJX IIHTerpaJIOB. cho y>Re HeB03MOIBHO 

6e3 ncnoJib30BaHHH ROMnhIOTepa. IlepBIJe pe3yJihTaTIJ no Bhl'IHCJieHHIO C 3 [17] 

6IJJIH noJiy'leHIJ c noMOIIIhIO rncTeM ROMnhIOTepnoi1 anre6phl SCHOONSCHIP 

H ASHMEDAI, cneuHaJibHO pa3pa60TaHHhIX ,n;JIR pactJ:eToB no TeopHH B03My­

merrHi1 B RBaHTOBOi1 3JieRTpo,n;HHaMHRe. 8TH pe3YJibTaThl HMeJIH cpaBHIITeJihHO 

6oJihIIIYIO tJ:HCJieHHYIO norpernnocTh: C 3 = 1,46 ± 0,25 = 1,46(25), tJ:TO 6IJJIO 

CBH3aHO C 'IllCJieHHIJM BIJ'IHCJieHHeM HeROTOphlX HHTerpaJIOB. Ilo3,n;Hee 6IJJIIl pa3-

pa6oTaHIJ BeCbMa TOHRile anaJHITiltJ:eCRile MeTO,D;IJ pactJ:eTa, n03BOJIR!OIIIHe CBeCTil 

R MllHHMYMY HCTO'IHifR norpeIIIHOCTH - tJ:IlCJieHHOe HHTerpHpOBaHHe MHOfORpaT­

HIJX IlHTerpaJIOB, a ,D;JIH rro,n;aBJIHIOIIIero 6oJihIIIHHCTBa 3-rreTJieBhlX ,n;HarpaMM 
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Boo6me nonytJ:IITh TO'IHIJil. oTBeT. 8To ,nano 3Ha'leHHe [18] C 3 = 1, 17619(21) H 

TeM caMIJM yMeHhIIIHJIO norpeIIIHOCTb Ha Tpll nopH,n;Ra no BeJIH'lllHe! C 1977r. 

npoBO,n;HTCH pac'!eTIJ BRJia,D;OB B C4 OT 495-Tll 4-neTJieBhIX ,n;HarpaMM, ROTOphle 

Tpe6yIOT BhltJ:l!CJieHHJI y>Re 9-TH H 10-KpaTHhIX llHTerpaJIOB. He,n;aBHl!e 

BhltJ:llCJieHl!H ,n;aJill C4 = -1, 434(138) [18]. 

CyMMHpoBaHHe Bcex BRJia,n;oB BnJIOTb ,n;o 4-rreTJieBoro npll YTO'IHeHHOM 3Ha­

'leHHH nocTOHHHOi1 TOHROi1 CTPYRTYPIJ a-~ = 137, 03599234(77), noJiytJ:eHHIJM ll3 

3RCnepHMeHTaJibHOro aHaJIH3a RBaHTOBoro 3qJqJeRTa Xonna, npHBO,D;llT R TeopeTll­

'leCROMY 3Ha'leHH!O atheor = 1159 6521 41(29) • 10-12 
,D;JIR ROHCTaHThI a B qiopMyJie 

( 1). OTHOCHTeJibHOe pacxom,n;eHHe Mell{,ZIJ' TeopeTIItJeCRIIM II 3RCnepIIMeHTaJibHIJM 

3HatJ:eHIIeM (RoTopoMy OTBetJ:aeT aexp = 1159 6521 88( 4) • 10-12 ) arroMaJibrroro 

MarHHTHOro MarHIITHOro MOMeHTa µe COCTaBJIReT ceil.tJ:ac OROJIO 5. 10-11
• TaRoe 

cornacIIe TeOpllll Il 3RCnepHMeHTa JIBJIReTCH, BO-nepBIJX, peRop,n;HIJM B COBpeMeH­

HOi1 TeopeTHtJeCROit qJH3IIRe .. Bo-BTOphlX, OHO IIMeeT npllHUIInIIaJihHOe 3HatJeHHe 

,D;JIR no,n;TBep}R,D;eHIIH OCHOBHIJX 3aROHOB JIORaJibHOit RBaHTOBO:l!: TeopIIII noJIR .- Te­

opeTIItJ:eCROil: OCHOBIJ on11caHHH B3al!MO,n;ei1CTBllH 3JieMeinapHIJX tJ:aCTIIU. 

2.1 Ilp11MeHeH11e ROMIIbIOTepHo:u: aJire6pLI B He6ecHo:u: 
MexaHHRe 

IlepBIJe np11Merren11H KA B rre6ecrrott MexarrHRe 6IJJIH CBH3aHIJ c nocTpoerrHeM 

anaJIIITIItJ:eCRIIX TeopIIil: ,D;BllffieHIIH Ha OCHOBe RJiaCCIItJeCRIIX MeTO,D;OB, ROTOphle 

npeHMYIIIeCTBeHHO onepHpOBamr JIH6o C TpllrOHOMeTpHtieCRHMII pH,D;aMII, m160 C 

pH,n;aMH IlyaccoHa. 8To np11BeJIO R C03,D;aHII!O 6oJibIIIOfO tJ:HCJia cnen;HaJIH3Hpo­

BaHHIJX CIICTeM. OnHcaH11e TaRHX CIICTeM Il anropHTMOB ,D;JIH aHaJil!TIItJ:eCRilX 

npeo6pa3oBaHHi1 B rre6ecrro:l!: Mexarr11Re CM. B pa6ornx [19,20]. 
B rracTomuee BpeMH B03MO>RHOCTII KA cymecTBerrno noBJIIIHJill 11 Ha aHaJIH­

TlltJ:ecRIIe MeTO,D;IJ rre6ecrroi1 MexaHHRII, ROTOphle CTaJIH BRJI!O'laTb B ce6H Mam1ny­

JIIIpoBaH11e C 3JIJIIInTlltJeCRMl!Mll 4JYHRUIIHMII, TeXHIIRY 6a3IICOB rpe6rrepa, one­

pan;11II C pH,n;aMII II npeo6pa30BaHIIHMII Jfa [21, 20]. 

B RatJeCTBe o,n;Horo 113 npHMepoB npIIBe,n;eM nocTpoeHHe aHaJil!THtJeCRO:ii: TeO­

pllH ,D;BII>ReHHH CIIYTHIIROB C 6oJII,IIIIIM 3RCD;eHTpIICHTeTOM. B 3TOM cnytJ:ae RJiac­

CIItJ:eCRIIe MeTO,D;IJ, OCHOBaHHIJe Ha pa3JIOffieHIIHX B pH,D;IJ no 3RCUeHTpHCIITeTr, 

TepH!OT CBO!O CIIJIY. 

B pa6oTaX [22, 23] II [24], ROTOphle CTaJIII B03MO}l{HIJMII JIIIIIIb 6naro,n;ap1I co­

BpeMeHHIJM MeTo,n;aM KA, npo,n;eMoHcTpIIpoBarro 34JqJeRTHBHoe npHMeHeHIIe an­

napaTa 3JIJIIInTIItJeCRIIX 4JYHRUIIi1 ,D;JIR nocTpOeHIIH aHaJIIITIItJ:eCRIIX TeopIIit ,D;BII­

IBeHIIJI rre6eCHIJX TeJI B CJIJtJ:aHX 60JibIIIHX 3RCD;eHTpIICIITeTOB. BBe,n;eHIIe HOBOil: 

He3aBIICIIMO:l!: nepeMeHHOi1, TaR Ha3bIBaeMoi!: 3JIJIHnTH'leCROi1 aHOMaJIIIH ( CBH3aH­

HOi1 co BpeMeHeM nocpe,n;cTBOM 3JIJIIInTII"IeCRIIX HHTerpaJIOB), II IICIIOJib30BaHI!e 

napaMeTpa RRo6II B RatJ:eCTBe HOBoro Manoro napaMeTpa no3BOJIReT cymecTBerrno 
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yny'IIDlITh CXO,D;lIMOCTb ,D;JIJI aHaJioroB KJiaCClI'leCKlIX He6eCHOMexamI'leCKlIX cpyH­

. KJ:J;llii. l1HTepecHo, 'ITO peKyppeHTHhle COOTHOIDeHlIH ,D;JIJI B03HlIKaIOIIl;lIX 3,D;eCb 

HOBhlX. crrenn:aJibHhlX cpyHKI(lI:li He6ecHo:fi MexaHlIKlI, TaKlIX, KaK 3JIJllIIITH'leCKile 

Ko3<pqmnneHThl faH3eHa, 6hlJIII TaK.lKe nonyqeHhl c HOMOIIl;hIO cpe.ncTB KA [25]. 

3 KoMIIb:EOTepHa.H aJire6pa B HHJKeHepHhlX 3a­

.n;aqax 

HatiaTb 3TY ceKI(lIIO yMeCTHO C Hepe'IHH HeKOTOphlX KOH<pepeHI(Hlt, CHeI(HaJibHO 

IIOCBJirn;eHHhlX lIH.lKeHepHo - KOHCTPYKTOpCKlIM lI HpOMhlIIIJieHHhlM HpllJIO.lKeHHHM 

KA: 

• KoMIIbIOTepHaH anre6pa B HpOMhlIIIJieHHOCTlI. PeIIIeHHe HpaKTH'IeCKilX 3a-

,naq (AMcTep.naM, ronirnH.n1rn, 1991) [26]. 

• KoMilbIOTepHaH anre6pa B HayKe n lIH.lKeHepnn (Bnnecpenh.n, <I>Pr, 1994). 

• KoMilbIOTepHaH anre6pa B HpOMhlIIIJieHHOCTH (BaT, AmnHH, 1994). 

• HoBhle KOMHhIOTepHhle TeXHOJiorm,r B ClICTeMaX yHpaBJieHHH (TiepecrraBJih 

- 3arreccKH:l1, Pocc1rn, 1994, 1995). 

• CHMBOJlbHhle Bhl'lllCJieHHJI Ha 8BM B MeXaHHKe (raM6ypr, <I>Pr, 1995). 

Bo3MO.lKHOCTb HoJiytieHHH B KOHe'lHOM lITore cpopMyJI BMeCTO Ta6JilII( 'lllCeJI 

II03BOJIJieT HO HOBOMY no.nxo,nlITb K peIIIeHlIIO nerroro pH.na 3a,D;a'l. TaK, B pa-

6oTe [27] cncTeMa KA AXIOM [28] HplIMeHJieTcJI ,n;JIJI HOJiy'leHHJI Harpy3o'lHofi 

xapaKTeplICTlIKlI JIOHaTKlI aBHa_I(lIOHHOfi Typ6lIHhl KaK <pyH~I(lIIl ee npo<pHJIJI, 3a­

.naHHoro B BH,ne IIOJilIHOMa C HelI3BeCTHhlMlI K03!p!plII(lleHTaMH B HO,D;XO,n;Hm;e:lt ClI­

CTeMe J{OOp,D;lIHaT. B pe3yJihTaTe IIOlICK npo<plIJIJI, OIITHMaJihHOro HO Harpy3oq­

HhlM CBO:liCTBaM, HpOBO,D;IITCJI npHMhlM HOHCKOM MaKCHMyMa 3TO:li Harpy3Kll HO 

K03!p!plII(lleHTaM yKa3aHHoro HOJllIHOMa. PaHee IICHOJlb30BaJiaCb cxeMa HOCJie­

,D;OBaTeJibHhlX npn6JIII.lKeHRit, Kor.na ,D;JIJI HeKOTOphlx HpOMe.lKyTO'lHhlX BapnaHTOB 

'llICJieHHO onpe.neJIJIJiaCb MaKClIMaJibHO .nonycTHMaJI B pa6o'leM lIHTepBaJie TeM­

HepaTyp Harpy3Ra lI 3aTeM cpe.nn TaKHX IIOCJie,D;OBaTeJibHhlX HpH6JIH.lKeHH:lt Bhl6Il­

paJIOCh JIY'lIIIee. 

B pH.ne crryqaeB HpIIMeHeHRe MeTo.noB KA H03BOJIJieT yHpocTHTh OT,D;eJihHhle 

3TaHhl Tpa,nHI(IlOHHhlX 'llICJieHHhlX pac'leTOB. HaHplIMep, pac•JeT Hponecca Hpo­

THrIIBaHlIH 6yMarII qepe3 o6pe3IIHeHHhle BaJIIIKII B KOHIIpoBaJibHhlX aHnapaTaX 

OilllChlBaeTCJI ClICTeMofi .nncpcpepeHIJ;llaJibHhlX ypaBHeHIIfi B 'laCTHhlX npOI13BO­

.nHhlX. Tiocrre BhlIIOJIHeHIIH npeo6pa30BaHlIJI <l>ypbe ee peIIIeHlle CBO,D;IITCJI K pe­

IIIeHHIO ClICTeMhl JIIIHe:ltHhlX · ypaBHeHIIfi, a 3aTeM B03HilKaeT 3a,naqa Bhl'll!CJleHHH 
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o6paTHoro IlHTerpaJia <l>ypbe. 8TOT IIHTerpaJI o6hl'IHO 6epeTCJJ 'IIICJieHHO Ha KO­

He'IHOM IIHTepBaJie C IIOCJie.ny1om1IM .no6aBJieHHeM Hpn6m1llieHHhlX HorrpaBOI{ OT 

Heco6cTBeHHOro OCTaTKa. Bhl'IIICJieHI!e IIHTerpaJia 3aHIIMaeT OKOJIO 75% Bpe!lleHII 

Bcero pacqeTa. B pa6oTe [29] orrncaHa rrpone.nypa Bhl•mcJiemrn o6paTHoro nH­

TerpaJia no MeTo,ny Bhl'leTOB, r.ne IlOJIOH<eHHe HOJIIOCOB onpe.nem1eTCH 'IIICJJeHHO, 

a BII,n: Bhl'leTOB - aHaJJIITII'leCRII, 'ITO H03B0JIJieT CTp0IITh npII6JIIIJReHne IICRmloro 

IIHTerpaJia B aHaJIIITII'leCKO:l!. cpop111e. 

BJIH3RO HO CMhlcny neJRaT HpIIMephl HpIIMeHeHIIH l\teTo.noB HA B pa3JIII'IHhlX 

3a,D;a'lax 1110.nenIIp0BaHHJI. TaK, HpII HpOeKTIIpOBaHIIII HaHeceHIIH pa3JIII'lHhlX no­

KphlTIIfi B03HIIKaeT npo6JieMa .n1maMIIRlI Te'leHHJI lRII,D;KOCTII co CB06o.nao:l1 HOBep­

XHOCTbIO. MaTeMaTII'leCRII 3Ta 3a,n:aqa OIIIIChlBaeTCH ypaBHeHIIJIMII B qacTHhlX 

IIpOII3BO,D;HhlX C HelI3BeCTHO:l1 cpopMo:lt rpaHIII(hl. B pa6oTe [30] npOBO,D;IITCJI HpI1-

6JilI.lKeHHOe peIIIeHIIe O,D;HOMepHoit MO,D;eJIII no.no6aoro Te'leHHH B a11aJIIITII'leCKOfi 

cpop111e. CpaBHeHiie Mo,n:eJibHhlX npe.ncKa3aHII:lt C 3RCHepIIl\leJITaJJbHhlMII .naHHh!MII 

HOCIIT BIIOJIHe y.noBJieTBOpHTeJJbHhl:lt xapaKTep •• 

.Il:pyr11M HpIIMepo111 Hpu111eHeH11JI KA MomeT cnymHTh HJiacc 3a,ua•1 Tima "npo-

6neMhl HOCIIJlbill;llKOB HllaHIIHO" [31] B po60TOTeXHI!He. cha npo6JJeMa, HeTpllBII­

aJibHaJI ,D;JIJI 'lllCJieHHoro peIIIeHIIH, COCTOIIT B orrpe.nenemm ,D;Bll}l{eHIIJI 06ne1na 

( IIJIII o6neRTOB) CJJOlRHO:lt cpopMhl 113 Ha'laJibHoro II0JJ0HieHJIJI B H0He•moe rrpn 

aam1qn11 reo111eTpuqecm1x orpaHII'leHII:lt B rrponecce .nm1memrn. 8TI1 orpa11u­

qea1rn HOCJIT xapaKTep pa3Jill'IHhlX npeHHTCTBllfi, HarrpI-IMep CTeH, IIJlll 3arrpeTa 

Ha coy.napeHHH ,D;BIUKym;11xcJI o6neKTOB .npyr C .npyrol\l. tvlaTeMaTl!'leCRII TaHaJJ 

3a,D;a'la CBO,D;l!TCJJ I{ orrpe.neJieHIIIO Bcex 
0

B03M0lRHhlX o6nacTe:l1 HeH0Toporo MH0ro­

MepHoro rrpocTpaHCTBa, 3a,n:aBael\1hlX CUCTeMofi IIOJIIIH0MUaJihHhlX ypaBHeHn!t 11 

HepaBeHCTB. Ecnu TO•mu, 0III!ChlBaIOm;lle B 3T0M rrpocTpaHCTHe ucxo.nHoe II J{O­

He'lHOe rronoJReH11e, rrpmrn.nJie}KaT o.nttoit TaKofi 06nacn1, To 3a.na•ia Ill\leeT peme­

Hlle B B11.ne coe.n1rnmom;eti nx Rp11Bofi. Tio.no6HaH 3a,n:a•1a MmHeT 6hITb pemena npn 

Ho111om11 MeTo.na T.H. I(HJ111n.np11qecuoro pa3611emrn (cM., narrpimep,[32]), o.nnaHo 

II Hpll TaKOM rro.nxo.ne ee peIIIenne Tpe6yeT 60JibIIIIIX MaIIIIIHHhlX pecypcoB. 

.l(pyro:lt Hp11111ep Hp11111eneHIIH KA B 3a,naqax OIITHMII3anm1 HpnBe.nen B upaT­

KOM ofoope [33], HOCBHm;eHHOM 3a,naqaM aBT0MaTw1ecHoro Hpoe1nup0Bamrn. ITpn 

3TOM IIIIl;eTCJI TaKo:lt Bap11anT pe3KII MeTaJIJII1•1ecuo:l1 Tpy6hl 6oJibIIIOro .nnaMeTpa 

He HepHeH.!J.llHYJIJIPHhIMII ee OCII IIJIOCK0CTJIMII, KOTOphlfi H03BOJIIIJI 6b1 HJ)II 1\111-

HllMaJibHOM 'lllCJie OT.!J.eJibHhlX cerMeHTOB BhIJ!OlRIITb ll3HYTJ)ll TynneJIJ, cnomnol1 

cpopMhl, Hpn MIIHIIMII3an1rn HJiom;a.nu mene:lt. 

HaKOHeIJ, cne.nyeT OTMeTIITh TaIWe Bamnoe nanpaBJieHiie,Hai{ aBTOMaTII3Hpo­

BaHHaJI reHepaIJIIH npaBMX •rncTeit .nucpcpepennnaJJhHhIX ypaB11eHnl1, onHChlBaJO­

mIIx CJIOlRHhle· MeXaHII'leCKIIe Cl!CTeMhl, C neJIJ,IO IIX H0CJJe,nymmero 'IHCJiemtoro 

peIIIeHIIH [34]. TaHo:lt Ho.nxo.n H03B0JIJieT npllel\!Jlel\fo 0HIICh!BaTI, peam,Hhle CJIO}l{­

Hhle CIICTeMhl, HaHpllMep IIIeCTII0CHhlit JI0K0M0TIIB H-65 [35]. 
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4 qeM IIpliBJieKaTeJibHa KOMIIblOTepHaR aJire-

6pa? 

B 3T0M pa3,ne11e Mhl X0Temr 6hl II0,n"lepKHYTb y,no6CTBO rrp,IMeHemrn, a rropoii 

ll He3aMeHllM0CTh, CllCTeM KA B mo6hlx IIpllJI0meHllHX, r.ne llCII01Ib3YeTCH MaTe­

MaTll"lecmd:\: arrrrapaT X0Th "lYTh 6011ee c11omHhlii:, "leM apmpMeTllKa B rrpe.ne11ax 

Ha"laJibHofi IlIK0Jihl. OT II0Bce,nHeBHhlX Bhl"lllCJiemd!. TllIIa peIUeHllH KBa,npaTHoro 

ypaBHeHllH, CllCTeM JillHefiHhlX ypaBHeHRll:, Bhl"lllCJieHll:ll: ,neTepMllHaHT0B MaTpIIU 

(n BCe 6e3 II0Tepu TO"lHOCTll!), "lepe3 Bhl"lllCJieHIIH cpe,nHe:ll: CJI0mH0CTll - peIUeHIIe 

Ky6H1'.£eCKOro ypaBHeHHH, Bhl"lllCJieHIIe Heorrpe,neJieHHhlX llHTerpaJI0B (n 3aBllCH­

IUllX OT rrapaMeTpoB orrpe,neJieHHhlX llHTerpaJIOB)' Bhl"lIICJieHlle K0He"lHhlX cyMM, 

,no BhlII0JIHeHIIH BCeM II0HHTHhlX ITO CBoe:ll: II0CTaH0BKe 3a,na"l, K0T0phle BPY"lHYIO 

6oJiblllllHCTBO IICCJie,noBaTeJie:ll: Boo6me He BhlII0JIHllT' II He II3-3a rp0M(?,3.UK0CTll 

,name, a ITO He3HaHlllO C0BpeMeHHbIX a11ropllTM0B, peaJIII3aUIIH K0T0phlX ,ne:ll:CTBH­

TeJibH0 HeTpIIBllaJibHa, II0CK0JibKY Tpe6yeT rny6oKoro H3y"leHHH C0BpeMemrnx 

pa3,ne110B MaTeMaTllKll. MMeeTCH B Bll.nJ peIUeHue CHCTeM HemrnefiHI,IX a11re6pa­

H"leCKllX ypaBHemrii:, peIUeHue aJire6paH1'.£eCKHX ypaBHeHHII rropH,nKa Bhlllle "le­

TBepToro, llCCJie,noBaHlle CllMMeTpllfi ll rro11y"leHue pH,na KJiaCC0B peIUeHllll .nmp­

cpepeHUHaJibHhlX ypaBIIeHHfi, rrpe,nBapuTeJibHM o6pa60TKa BhlpameHH.U: C ueJiblO 

"llHTeJIJieKTya11bHo:ll:" 0IITllMll3aUllll rrepe,n reHepauIIefi rrporpaMM "llICJieHH0ro 

C"leTa (MllHIIMII3aUHH "lIICJia orrepauuii IIpll Bhl"lllCJieHIIll 1'.[llCJieHH0r0 3Ha"leHIIH 

II0JIHH0Ma OT o,nH0fi rrepeMeHHofi, aBT0MaTU"leCK0e .nucpcpepeHUIIpOBaHHe II T .II.). 

4.1 C:ucTeMLI KOMilbIOTepHoii aJire6pLI B noace,nHeBHoii 
HayqHoii npaKTHKe 

PeIUemre 0"leHb rpoM03.UKIIX 3a,na"l, .UJIH "lero II3Ha1'.£aJibH0 ll C03,UaBaJillCb CllCTeMhl 

K0MIIbJOTepHofi a11re6pbr, He HBJIHeTCH HhlHe e,nHHCTBeHHOfi 0611aCTblO HX rrpnMe­

HeHllH. C II0HBJieHueM rrepcoHaJibHoro K0MIIhJOTepa cncTeMhI KA Bee B 6oJibIUefi 

CTerreHII CTaH0BHTCH 3JieMeHT0M 0CHaIUeHllH pa6o"lero MeCTa crreuuamrcTa. B 

r:.mpoK0:ll: Hay"lH0fi rrpaKTHKe 0"leHh 1'.[aCT0 B03HHKalOT a11re6pall1'.£eCKlle BhlKJia­

.UKII He6oJibllIOll IlJill cpe,nHeii CJI0mH0CTH. H II0CK0JihKY C0BpeMeHHhle CHCTeMhl 

KA IIMe10T .nocTaT0"lH0 y,no6Hhrii rroJib30BaTeJihCKHii IIHTepcpeiic, TaKne BhlKJia,nKu 

rrpome BhlII0JIHHTh Ha 8BM. Oco6eHHO y,no6Ho, HarrpuMep, rrpoBepHTh rrpn rro­

M0JUll CllCTeMhl KA CB0ll co6cTBeHHhle, c,ne11aHHhle paHee, BhIKJia,nKll, Kor,na BeCh 

xo.n peIUeHllH 3a,na"lll yme II0JIH0CThlO HCeH. HecKOJlbKO 6oJibIUero 0IIhlTa Tpe6yeT 

rrpoBe,neHue H0BhlX BhlKJia,noK IIpHM0 Ha K0MIIbJOTepe. 

I1pHMepbI TaKHX "rrpoCThlX"' X0TJI rropo:ll: ll BecbMa Tpy,noeMKIIX, BhlKJia,noK 

M0mH0 BCTpeTllTh rrpaKTll"lecmr B mo6oii: 3a,na"le. I1orrpo6yii:Te, HarrpIIMep, B3HTb 

BPY"lHYJO Heorrpe,neneHHhlfi llHTerpa11: J dx/(1 - x8
). Ecnn me Bhl II0Jih3yeTech 
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cucTeMoii: REDUCE, TO ,nJIH 3Toro ,nocTaT0'lHo BBecTH rrpe,n11omemre: 

int(1/(1-x**8),x); 
II0CJie "lero pe3yJibTaT 6y,neT BhlBe,neH Ha 3KpaH. 3aTeM ero M0mHo pacrre"laTaTb 

llJIII llCII01Ih30BaTb B ,naJibHe:ll:IUllX BhlKJia,nKax. I1orrpo6y:ll:Te Tal{}Ke II0C"lllTaTb 

orrpe,neJIHTeJib ,nocTaT0"lH0 60JibllIOH MaTpm::i;hl ( M0meT 6hlTb IC "lllCJieHHhlMII K0-

3q:>q:>llUlleHTa:!.m, a MomeT 6hlTb ll C CllMBOJibHhlMll) IIJill HafiTll ee co6cTBeHHhle 

BeKT0pbl. I1pII IICII0Jlb30BaHllll CIICTeMhl 'KA BaM He rrpII,neTCH HaforpaTI, .UJIH 

BhlII0JIHeHIIH 3TIIX orrepauIItt 6011ee CTp0"lKll TeKCTa (ucKJIIO"laH, K0He"lH0, BB0.U 

CaMo:ll: MaTpIIUhl, K0T0paH MomeT 0Ka3aTbCH rpoM03,UKOit). 

CucTeMhl KA MoryT cymecTBeHHo 0611er"lIITh pa6oTy, C3K0H0MllTh Macey 6y­

Maru II B KaKo:ll:~TO CTerreHII 3aMeHIITb crrpaB0"lHIIKII. TaK,IIpll peIUeHIIII o6hl­

KH0BeHH0ro a11re6paII'leCKoro ypaBHeHIIH CIICTeMa KA C rapaHTIIefi Bhl,neJIIIT BCe 

ero T0"lHhle pauIIoHaJibHhle II a11re6paII"leCKIIe peIUeHllH, KaKIIe T0JibK0 MoryT B 

rrp,rnunrre 6hlTb :irnfi,neHhl (.name eCJIII K03q:>q:>llUlleHThl ypaBHeHIIH 3aBllCHT OT 6y­

KBeHHhlX rrapaMeTpOB). B_ TO me BpeMH . caMoe 6oJiblllee, Ha "lT0 Bhl M~meTe 

pacc"lllThlBaTb, IICII0Jib3YH "lIICJieHHhle MeT0.Uhl, 3T0 rrpoTa6y11npoBaTb peIUeHIIH 

ypasHeHHH rrpH pa3JIH1'.£HhlX 3Ha1'.£eHIIHX 3TllX rrapaMcrpoB. 

O"leHh y,no6Hhl cncTeMhl KA ,nJIH rrony"leHHH pa311omeHnfi c11omHhlX Bhlpame­

Hnfi B Te IIJIII IlHhle pH.Uhl, ,UJIH Il0CTpoeHHH BhlpameHHfi, 3a,naHHhlX peKyppeH­

THhlMII C00TH0IUeHIIHMH, .UJIH nepecTp0fiKII pH,n0B o,nHoro BH,na B PH.Uhl ,npyroro 

Bll,na (HanpnMep,cTeneHHOro pH,na B pH,n no Il0JillH0MaM qe6hlIUeBa), .UJIH BhlII0JI­

HeHIIH apIIq:>MeTII"leCKllX onepaUII:l!: Ha,n 0Tpe3KaMII PH.U0B, .UJIH pa3JI0}KeHIIH pauu-

0HaJibHhlX BhlpameHIIH B 3JieMeHTapHhle ,npo6n, .UJIH II0CTp0eHHH paunoHaJibHhlX 

npn611nmeHIIfi (rra.ne-anrrpoKCIIMauuii), ,nJIH pa3Hoo6pa3Hofi pa6oThl c II0JIIIH0-

MaMn ( q:>aKTOpII3aUllII, Bhl,neJieHIIH Han60Jiblllero o6mero MH0}KllTeJIH, nceB,no,ne­

JICHIIH II0JillH0Ma Ha II0JlllH0M, Bhl"lIICJICHIIH pe3ynhTaHTa MYX IIOJillHOMOB), .UJIH 

pa31Ill'lHhlX MaTpll"lHhlX orrepaUII:ll:, Ha"lllHaH C Haxom,neHIIH co6CTBeHHhlX 3Ha1'.£e­

Hllfi II BeKTopoB, Bhl"lllCJieHHH ,neTepMllHaHT0B, ,no peIUeHIIH CllCTeM JlllHefiHhlX 

ypaBHeHllfi II Bhl"lIICJieHllH q:>YHKUllfi OT MaTpnu. ITocKOJibKY Bhl"lIICJiemrn o6hl1'.£HO 

npoBo,niTCH B paunoHaJibHOfi apIIq:>MeTllKe, T.e. 6e3 0Kpyr11emrn, TO CllCTeMhl 

KA MoryT 6hlTb IICII0Jib30BaHhl .UJIH perrreHIIH "lllCJICHHhlX 3a,Ua"l, K0T0phle Tpy,nHo 

peIIIllTb C IICil01Ih30BaHneM apIIq:>MeTHKll C IIJiaBaromett 3anH'rofi, Harrpm1ep, .UJIH 

perrreHIIH mroxo o6ycnoBJieHHhlX CIICTeM JIIIHefiHhlX ypaBHeHIIH. 

OTMeTHM TaKme II0Jih3Y. rpaq:>II"leCKHX B03MomHocTefi cncTeM KA, IIOJih3YHCh 

K0T0phlMII M0}KH0 "ysn,neTb" II0Be,neHIIe 'Toro llJIE: IIHoro BhlpameHIIH lIJill <pyH­

KUIIll, BCero Jlllllib 3a,naB C00TBeTCTBYIOJUYIO <pOpMyny. KpoMe 3Toro, MHorne 

C0BpeMeHHhle CllCTeMh! KA 0611a,naroT B03M0}KH0CTbIO aBT0MaTII"leCK0ro Bh!Bo,na 

<popMy11 B qiopMaTax 'I'EXnnH 11\.TEX, "lT0 y,no6Ho ,nJIH no,nroTOBKII ny611HRarrnfi. 
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4.2 PemeHHe aJire6paH'tleCKHX H ,D;H<p<pepem:i;HaJibHhIX 

ypaBHeHHH 

::ha o6JiaCTI, np1momem1:tt KOMilbIOTepHo:tt aJire6phl RBJIHeTCR O.UHO:tt Il3 HaI160-

Jiee IIHTeHCIIBHO pa3BIIBaeMhlX B HaCTomuee BpeMR. Cpe.uH COBpeMeHHhlX CIICTeM 

o6ru;ero Ha3HalJ:eHHR HeT HI! O.UHO:tt, B KOTopo:tt He HMeJII!Cb 6hl cneuHaJibHhle BCTpo­

eHHhle naKeThl IIJIII MO,l{j'JIII .UJIH perneHHH anre6paH'leCKIIX II o6hlKHOBeHHhlX .ump­

cpepeHUI!aJibHhlX ypaBHemdt 8cpcpeKTIIBHOCTb Toro IIJIII IIHOro naKeTa, II COOT­

BeTCTBeHHO, co.uepmaru;e:tt ero 6a30BOi1 CIICTeMhl onpe.ueJIHeTCR acpcpeKTIIBHOCTbIO 

BCTpoeHHhlX aJirOpllTMOB. 3a nocJie.UHlle 20-25 JieT B o6JiaCTII anropHTMil3aUIIII 

npoue,nyphl llHTerpnpoBaHllR o6hlKHOBeHHhlX .uncpcpepeHIJ;IlaJibHhlX ypaBHeHHH, a 

TaKme IICCJie.UOBaHIIR HeJII!HeHHhlX anre6paI!lJ:eCKIIX ypaBHeHIIH II ypaBHeHIIH B 

lJ:aCTHhlX' npOI13BO.UHhlX Ha6JIIO.UaeTCH 6ypHhl:tt nporpecc [36, 37] . 
PaccMOTpIIM CHallaJia IIHTerpHpOBaHHe o6bIKHOBeHHhlX .UH<pcpepeHIJ;IlaJibHhlX 

ypaBHeHI!fi. B KalJ:eCTBe IIJIJIIOCTpau1rn nporpecca B 3TOH o6JiaCTII yKameM, B 

KalJ:eCTBe npHMepa, TOJibKO Ha O.UIIH Il3 He.n;aBHO pa3pa6oTaHHhlX anropHTMOB [38] 
.UJIH IIHTerpHpoBamrn ypaBHeHHfi nepBoro nopR.UKa BH.n;a: 

dy 
P(x,y) dx = Q(x,y), 

peaJIH30BaHHhl:tt B BII.Ue naKeTa Ha R3hlKe REDUCE [39]. B H3BeCTHOM c6opHHKe 

KaMKe H.MeeTCR 367 ypaBHeHn:tt yKa3aHHoro BH.n;a. lfa HIIX 36 co.uepJRaT npoH3-

B0JibHhle cpyHKIJ;Illl II Il03TOMY He nona;:i;aIOT B ccpepy npHMeHIIMOCTII aJiropHTMa. 

}fa OCTaBIIIIIXCR 331 ypaBHeHID! 241 IIHTerpHpyeTCR IIOJIHOCTbIO n 23 ypaBHeHIIR 
0 

lJ:aCTillIHO. Ilocne.n;Hee 03HalJ:aeT, 'ITO B OTBeTe, Bhl.UaBae~.M naKeTOM,co.uepmaTCR 

Heonpe.n;eJieHHhle IIHTerpaJihl, KOTOphle BCTpOeHHhl.MII cpe.n;CTBaMII CIICTe.Mhl Re­

duce B3RTb He y.n;aJIOCb. TaKIIM o6pa30M, B npoueHTHOM OTHOIIIeHllll OKOJIO 73% 
ypaBHeHHH y.uaeTCR npoHHTerpHpOBaTb .n;o KOHIJ;a, a C Y'IeTOM lJ:aCTillIHO npoHH­

TerpHpOBaHHhlX ypaBHeHHfi 3Ta .UOJIH B03pacTaeT .n;o 80%. PR.n; opHrHHaJibHhlX 

aJiropHTMOB, II He TOJibKO .ZJ;JIH peIIIeHIIR .ZJ;H<pcpepeHUI!aJibHhlX ypaBHeHIIH, HO II 

.ZJ;JIH MHOrHX .n;pyrHX 3a.n;all KOMilbIOTepHOH aJire6phl,OIII!CaH B CTaTbRX cneuHaJIIl-

3I!pOBaHHhlX BMnycK0B mypHaJia "IlporpaMMHpoBaHHe" [40]. 
Cne,nyeT OT.MeTIITb TaKme, 'ITO cneuHaJibHhle MeTO.ZJ;hl IIHTerpI!pOBaHIIR o6br­

KHOBeHHhlX .ZJ;H<pcpepem:i;HaJibHhlX ypaBHeHHfi, TaKHe, RaK Haxom.n;eHI!e IIHTerpHpy­

IOru;ero MHOJI{IITeJIH, .MeTO.ZJ; BapHaIJ;Illl IIOCTORllHhlX, JlI!HeapH3YIOID;Ile IIO,Zl;CTaH0BKII 

.ZJ;JIH ypaBHeHHi!: PHKaTTH II ;:i;p., RBJIHIOTCR -qacTHhl.Mll npORBJieHIIRMU Han6onee 

o6rri;ero no.n;xo.n;a K peIIIeHHIO .n;ncpcpepeHUIIaJibHhlX yp'aBHeHI!fi: II He 

0

TOJibK0 o6br­

KHOBeHHhlX, HO II B lJ:aCTHhlX npoI13BO.ZJ;HhlX, a II.MeHHO, HaXOJI{,l{eHlie rpynIIOBhlX 

CII.M.MeTpnfi .Ull<pcpepeHunaJibHhlX ypaBHeHII:tt. 8TOT .MeTo.n;, BOCXO,l{RIIJ;llfi K 3a.Me­

lJ:aTeJibHhl.M pa6oTaM KOHUa npoIIIJioro BeKa HOpBemcKoro .MaTe.MaTIIKa Coqiyca · 

JlII, IIOJIYlllIJI BTOpoe .ZJ;hlXaHIIe 6naro.n;apR anropI!TMil3aUIIII II peaJIII3aUilll B CII­

CTeMaX KA [41]. 
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.IJ:pyrIIM IIO.ZJ;XO.UOM K IICCJie,ZJ;OBaHHIO II peIIIeHIIIO .n;mpcpepeHUIIaJibHhlX ypa­

BHeHilfi RBJIReTCR noJiylleHI!e B aHaJIIITII'leCKOM BH.n;e npn6JIHlReH11fi K IIX peIIIe­

HIIRM. TaK, B pa6oTax [42] ormcauhl npHMephl IICnOJib30BaH11H MeT0.Ua uopMaJib­

HhlX cpopM .ZJ;JIH noCTpoemrn npI16JII1JI{eHI1.ll: K nepHO.ZJ;Il'IeCKIIM peIIIeHIIRM CIICTeM 

Hemrne.ll:HhlX o6hlKHOBeHHhlX .Uil<pcpepeHIJ;I!aJibHhlX ypaBHeHI!fi. 8TH peIIIeHIIR no­

Jiy'laIOTCR B Bll.Ue 0Tpe3KOB pR.ZJ;OB <l>yphe, r.n;e K03<p<pIIUI!eHThl 11 qacTOThl 3aIIIIChl­

BaIOTCR KaK 0Tpe3KII CTeneHHhlX pR.UOB no napaMeTpaM II nepeMeHHhlM CIICTCMhl. 

IlonyqeHHhle npI16JII1JI{eHHR MOJI{HO IICIIOJib30BaTb .n;anee, Hanp1ntep, .UJIH reHepa­

Il;IIII no HIIM nporpaM.M 'IIICJieHHOro C'leTa. lfcnoJib30BaHHe 3aTe.M 3TIIX nporpaMM 

B.MeCTO 'IIICJICHHOro IIHTerpupoBaHIIR ypaBHeHilfi 6bIBaeT B pR.ue CJIJ'laeB BeCbMa 

noJie3HhlM. OTMeTIIM TaKme, 'ITO nocTpoeHHe npH6JIIIJI{CHHhlX peIIIeHHfi ( C JII0-

60:tt uanepe.u 3a.n;aHH0:tt TO'IHOCTbIO) B03MOJI{H0 .UJIH cymecTBCHHO 6onee IIII!pOKoro 

KJiacca ypaBHeHHfi, HemeJill noJiy'leHHe TO'IHhlX aHaJIIITil'leCKIIX peIIICHllH. 

Eme 0.ZJ;HO Bne'laTJIHIOIIJ;ee pa3BIITI!e nonyqHJIII aJiropJITM!l'IeCKIIe I\IeTO.Uhl npe­

o6pa30BaHIIR CIICTe.M HeJIHHefiHhlX anre6paH'leCKllX, a COBCCI\I He.n;aBH0 II ypa1me­

Hllfi B lJ:aCTHhlX np01I3BO.ZJ;HhlX noJIIIHOMilaJibHOro BH.n;a [37, 13] K noJIHOCTbIO 3K­

BI!BaJieHTHOMY, HO ropa3.UO 6onee y.n;o6HoMy .UJIR IIX IICCJie.UOBaHIIH H peIIIeHIIH, 

6a3HCY rpe6Hepa. HecMOTpR Ha TO, 'ITO Hemrnefi:Hhle ypaBHeHHR, i<aK ll3He­

CTHO, B o6ru;eM cnyqae TO'IHO He peIIIalOTCR, IICnOJih30HaH11e 6a3JICOB fpe6nepa 

no3BOJIRCT OTBeTI!Tb Ha Tam,e Ba:KHhle BOIIp0Chl, liaK cymecTBOHaillle o6ll.l,IIX pe­

IIIeHIIH y ClICTCMhl ypaBHeHIIfi, 'UICJIO TaKIIX peIIIeHIIH ll .up. Cefi,rac I\IeTO.U Br He 

TOJibKO BCTpoeH BO ace COBpeMeHHhle CIICTCMhl KOMIIblOTepHOll anre6pbl o6mero 

Ha3HalJ:eHIIR, HO II HaIIIeJI MHOrO'IIICJieHHhle IIpIIJIOJI{eHlrn BO MHOrllx o6JiaCTIIX 

cpyH.n;aMeHTaJibHhlX II npIIKJia,ZJ;HhlX llCCJie.n;oBaliHll:, narrpm,tep, H XIIMll'IeCKOH 1m­

HeTI1Ke, po6oTOTeXHIIRe, ra30BOi1 .ZJ;I!HaMI!Re II .n;p. 3aMeTIIM TamKe, 'ITO O.UHOH 113 

rrpII'IIIH BhlCOROll: acpcpeRTHBHOCTII npHMeHeHIIR MeTo.n;a pa60Thl [39] R o6hlKHOHeU­

HhlM .UII<pcpepeHUI!aJihHhlM ypaBHeHIIRM RBJIReTCR lICl10Jlb30BaH11e TeXHI!Rll Br ua 

O.UHOM IIX BamHeiiIIIIIX 3TallOB COOTBeTCTBy10111efi aJiropHTMH'leCJ{O.lt npoue.uyph!. 

TexHHRa Br .n;JIR c11cTeMhl uenIInefinhlx anre6pa!l'1ecm-1x ypaa11e1111i1 uecKOJih­

RIIX nepeMeHHhlX HBJIHeTcR o6o6meuueM MeTo.n;a np1rne.uemrn K .zn1ciro11aJibH0My 

Bil,l{j' JII!Heil.Holl: CIICTeMbI (MeTO.Ua raycca). B npocTefiIIIeM CJiy<rae, 1mr.ua CH­

CTe.Ma I!MeeT ROHelIHOe 'IIICJIO pernenH.lt, 3Ta Texmma II03BOJIReT' .UJIR 6oJibIIIJIII­

CTBa npaRTH'leCKHX 3a.n;aq, TaR nepenucaTb ucxo.n;uy10 CHCTeMy (6e3 IlOTepu 3HHll­

BaJieHTHOCTI1), 'ITO nocne.n;nee ypaBHeHHe 6y.ueT co.uepmaTb JIHIIIb o.n;uy rrepeMe11-

Hy10, npe.unocne.n;uee - .n;Be, aTy-me nepeMenuy10 n e1ne o.uuy II T • .u. Hanp1rnep, 

CIICTe.Ma: 

3x2 y + 2xy + y + 9x2 + 5x - 3 = 0 
2x3 y - xy - y + 6x3 

- 2x2 
- 3x + ;3 = 0 

x 3 y + x 2 y + 3x3 + 2x2 = 0 

11 



3KBIIBaneHTHa CllCTeMe: 

Sx - 2y2 + 5y + 3 = 0 , 
2y3 - 3y2 

- 16y + 21 = 0 • 

B o6nreM cnyqae Texmma Br II03B0JIJJeT BhlJICHllTb C0BMeCTH0CTb CllCTeMhl 

ll paaMepH0CTb peIIIeHHtt, a B HYJih-MepH0M cnyqae, KaK BhlIIIe, II0JIH0e 'IHCJI0 

K0MIIJieRCHhlX peIIIeHlltt. 

CpaBHllTeJibHO He.n;aBH0 y.n:aJI0Cb II0CTp0HTb anropuTM .ZJ:JIJI nonyqeHllJI o6mero 

peIIIeHHJI ypaBHeHHJI 5-ott cTeneHu ax5 + bx4 + cx3 + dx 2 + ex + f = 0. He Ha.n:o 

.n:yMaTh, qTo 3T0 B Raimtt- m16y.n;h Mepe onpoBepraeT KnaccuqecKue peaynhTanr 

A6eJIJI n: ranya 0 HeB03M0JKH0CTll peIIIeHllJI TaKoro ypaBHeHHJI B pa.n:nRanax. O6-

mee peIIIeHne B03M0lRH0 nonyqnTh B cnennanbHhlX cpyHKI\llJIX, qTo 6IJJIO ll3BeCTH0 

.n:aBH0. Eme B 1858 r. o.n:HoBpeMeHH0 8pMnT [43] n KpoHeRep [44] .n:oRaaann, 

qTo ypaBHeHne 5-ott CTeneHll peIIIaeTCJI C II0M0rn;hIO 3JIJillil'I'llqecI{Oil: Mo.n:ynJip­

H0il: cpyHKI\llll. I1oHa.n:o6HJIOCb 6onee CTa neT, qT06IJ c.n:enaTb 3TH peayJibTaTIJ 

He T0JibR0 .ZJ:0CT0JIHlleM Teopllll, HO ll npaKTnqeCKllM cpe.n:cTB0M peIIIeHHJI ypa­

BHeHHii. B HaCT0Jirn;ee BpeMJI C00TBeTCTBYIOIIIllll rraReT paapa6oTaH .ZJ:JIJI CllCTeMIJ 

MATHEMATICA [45] M. TpoTTOM. 

4.3 reHepaunn II onTHMH3au11n nporpaMM .n;nn nocne­
.n;yro~ero q11cneHHoro c1IeTa 

Cne.n:yeT 0TMeTn:Th cnoco6HocTh 6onhIIIllHCTBa na ymrnepcaJihHIJX CKA R aBT0-

MaTHan:poBaHHott reHepanHH oTpeaK0B nporpaMM Ha JI3IJKax qHcneHHoro npo­

rpaMMnpoBaHnJI nma FORTRAN, C n .n:pyrnx. qacTo B cuny rpoMoa.n:RocTn 

peaynhTaT0B e.n;HHCTBeHHhlM 0CMhlCJieHHhlM npo.n:yRT0M aHaJillTllqecRllX Bhl'IHCJie­

Hllil: M0lReT JIBJIJITbCJI T0JibR0 nporpaMMa .ZJ:JIJI nocne.n:yIOnrero 'IHCJieHHOro cqeTa. 

3.n:ecb Ha.n:o cRaaaTh, qTo BCTpoeHHIJe cpe.n:cTBa reHepau;HH nporpaMM qucneH­

Horo cqeTa He BCer.n:a JIBJIJIIOTCJI 3cpcpeRTllBHhlMll B cnyqae '1pe3Bhl'Iail:HO 6oJib­

IIIllX u paapeJKeHHhIX BhlpalReHHii. KaK npaBnno,npH reHepau;uu FORTRAN (C 

1rnn PASCAL) nporpaMMhI cucTeMa ucnonbayeT cBoe BHyTpemie npe.n:cTaBneHne 

BhlpameHnii, oT06paJI{aJI ero B cTpyRTYPY cooTBeTcTByIOnreii rrporpaMMhl u npo­

B0,ll)I HeR0TopyIO OIITllMU3anmo, HanpnMep, II0llCK o.n:nHaR0BhIX II0.ZJ:BbipaJKeHIIil:. 

O.n;HaKO BHyTpeHHee npe.ZJ:CTaBJieHHe BhlpalReHUil: OplleHTllpC>BaHO He Ha 6IJCTpoe 

llX BIJqIICJieHlle, a Ha MaKCHMaJihHYIO 3cpcpeKTllBHOCTb CllMB0JlbHhlX npeo6pa30Ba­

Hllll. Ilo3TOMY B cnyqae rp0M03.ZJ:KHX BhlpalReHnii, oco6eHHO II0JillH0M0B ll pJI.ZJ:0B 

(I>yphe, cne.n:yeT npnMeHJITh .ZJ:JIJI reHepau;uu cnennanbHIJe MeT0.ZJ:hl II anropnTMhl. 

B HaCT0JIIIIee BpeMJI cynrecTBYIOT BeCbMa ll30IIIpeHHbie MeT0.ZJ:hl BhlqncneHllJI 

3HaqeHIIii, II0JillH0M0B, 0CH0BaHHhle Ha npe.n:BapnTeJibHOli o6pa60TRe K03cpcpuu;u­

eHT0B . .ll:JIJI MH0fllX mo.n:ett, npnMeHJIIOillllX cxeMy fopHepa,JIBHTCJI 0TRpoBeHUeM 

cpaKT, qT0 3T0 He caMhlil: 6IJcTphlii MeT0.ZJ: BIJqIICJieHllJI 3HaqeHnii II0JillH0Ma. 
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Hau6oJibIIIett 3cpcpeRTllBHOCTbIO 06na.n:a10T cnenllaJibHhle CllCTeMhl ll nporpaM­

MbI .ZJ:JIJI opramrnanllll CUMB0JibH0-qllCJieHH0ro llHTepcpeiica. IlpnMepoM TaRoii Cll­

CTeMIJ JIBJIJieTCJI cucTeMa CI1PI1HT, B R0Topott 6IJJill peanll30BaHIJ He ynyqIIIa­

eMIJe-no CJI0JKH0CTll anropIITMhl BIJqucneHllJI RpaTHhlX II0JillH0MllaJibH0-TpIIr0H0• 

MeTpllqeCRnx BhlpalReHnii [46]. 8Ta cncTeMa npHMeHJinacb .ZJ:JIJI reHepan1m npo­

rpaMM BIJqllcJieHIIJI acTp0H0MilqecKHX acpeMepll.ZJ: 110 aHaJIIITllqecRllM TeopllJIM, 

co.n:eplRaIIIllM TbICJiqll qneH0B. 

I1HTepeCHhlM ll BeCbMa llHTeHCllBH0 pa3BIIBaIOIIIllMCJI ce:ttqac HanpaBJieHIIeM 

JIBJIJleTCJI aBT0MaTllqecRoe .ZJ:llq>cpepeHu;llpOBaHlle [47]. HecMOTpJI Ha TO, qTo CllM­

B0JlbH0e .n:1-IcpcpepeHnHpoBaHHe JIBJIJieTCJI B cHcTeMax KA o6IJqHo 6aaoBIJM onepa- · 

T0p0M, .ZJ:JIJI cpopMyn oqeHb 6oJibIIIO:tt .ZJ:JillHhl 3aqaCTyIO TPY.ZJ:H0 nonyquTb BhlpaJKe­

Hlle .ZJ:JIJI 1Ip0ll3B0.ZJ:H0:tt ll3-3a CTpeMllTeJihHoro pocTa npoMelRyToqJII,IX peaynhTa­

T0B. O.n:HaRO M0lRH0 aBT0MaTllqecRll creHepllp0BaTb nporpaMMY, BIJqUCJIJIIOIIIYIO 
/ 

ero np0ll3B0.ZJ:HYIO B CllMB0JlbH0M BII.n;e. TaRoii 110.n:xo.n: H Ha3IJBaeTCJI aBT0MaTnqe-

CRIIM .ZJ:IIq>cpepeHu;npoBaHHeM. Ilpn 3T0M paaMep nonyqeHHoii nporpaMMhl MolReT 

0RaaaTbCJI BeCbMa He60JibllillM. 0 peaJIH3aD;HH TaRoro II0)l;X0.ZJ:a B paMRax CHcieMhl 

MAPLE CM. [48). 

5 CoepeMeHHhle cHcTeMhl ROMIILIOTepHoii aJI­

re6phl 

5.1 Ha116onee pacnpocTpaHeHHLie yHHBepcaJibHLie c11-
CTeMLI 

MeTO.ZJ:hl H CHCTeMhl R0MIIbIOTepHott anre6phl HCII0Jih3YIOTCJI ylRe 6onee 30 'neT [1, 

49], HO oco6eHHO mnpoRoe pacnpocTpaHeHne 0HII nonyqHnn B nocne.n:Hee .n:e­

CJITHJieTne, 6naro.n:apJI 6ypHoMy paaBHTHIO II pacnpocTpaHeHHIO nepcoHaJibHhIX 

R0MIIhIOTepoB n pa6oqllx cTaHnHtt. IlporpaMMHIJe naReTIJ II CKA Tpa.n:IInnoHH0 

.n:eJIJITCJI Ha cneu;naJill3llp0BaHHhle ll o6nrero Ha3HaqeHllJI. K nepBhlM 0TH0CJITCJI 

Te nporpaMMHhle npo.n:yRThl, R0T0phle HanpaBJieHhl Ha peIIIeHHe R0HRpeTHhlX aa­

.n;aq, HanpIIMep, BIJqrrcnemrn .n:rrarpaMM (I>eiiHMaHa B q>II3HRe BhlC0RIIX 3Heprllii. 

.LJ:pyrne 06-1,e.n;IIHJIIOT B ce6e anropHTMhl H MeT0.ZJ:hl .ZJ:JIJI pemeHHJI IIIIIp0R0ro Rpyra 

aa.n;aq paaJIHqHoii MaTeMaT11qeCR0:i1 Ilpllp0.ZJ:hl. IlpllMepaMll CllCTeM o6nreMaTe­

MaTHqeCRoro HaaHaqeHnJI JIBJIJIIOTCJI RED.UCE [50], MACSYMA [51], MAPLE 

[10], MATHEMATICA [45], AXIOM [28], MuPAD [52) ll DERIVE [53]. 8TH 

CllCTeMIJ llMeIOT B CB0eM C0CTaBe TaRJKe 6n6JIIIOTeKH npllRJia.ZJ:HhlX nporpaMM,C0-

CT0JIIIIHe ll3 cneu;naJIH3llp0BaHHhlX rraReT0B. 

PaccMoTpllM BHpaTne BIJIIIenepeqHcneHHhie CKA o6nrero HaaHaqeHHJI. Ka­

lR.ZJ:aJI ll3 3TllX CllCTeM npe.n:ocTaBJIJieT II0Jib30BaTeJIIO cne.n:ymnrnii Ha6op 0CH0BHhlX 

B03M0lRH0CTe:tt, nprrqeM 3T0T CIIllC0K .n:aneKo He llcqepIIhlBaIOIIIlltt: JI3bIK nporpaM-
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MnpoBamrn BhlC0Koro ypoBHJI; llHTepaKTlIBHhltt ll naKeTHhlfi pe}KlIMhl pa60Thl; B03-

. M0}KH0CTb orrpe,n:eJieHHJI H0BhlX cpyHKIJ;lltt ll BCTpairnaHlIJI HOBhlX MaTeMaTn'leCKlIX 

o6'beKTOB n TllII0B ,n:aHHhlXj T0'!Hhle apncpMeTH'leCKIIe onepan:irn Ha,n: ueJiblMlI n pa­

nnoHaJibHhlMll 'lllCJiaMn, a TaK}Ke 'llICJiaMn C IIJiaBa10mett 3aIIJIT0il: npOII3BOJibHOl1 

T0'IHOCTllj anre6pa MH0r0'IJieH0B n pannoHaJibHhlX cpyHKUllil: MHornx nepeMeH­

HhlX, BKJIIO'la10maH Bhl'IHCJieHne Han6onhmero o6mero .n:ennTeJIH n pa3JI0}KeHne 

Ha MH0}KllTenn; ,n:ncpcpepeHnnpOBaHne n IIHTerpnpoBaHne B Knacce 3JieMeHTap­

HhlX cpyHKIJ;lltt ll ,n:JIH HeKOT0phlX cnennaJibHhlX cpyHKIJ;IItt; CIIMB0JibHhle MaTpII'I­

Hhle orrepannn n nnneil:HaH anre6pa; cTerreHHhle pJI,n:hl n pJI,n:hI. <l>yphe; BhI'IIICJie­

Hne II0JillH0MHaJibHhlX 6a3IICOB rpe6Hepa ,n:JIH pemeHlIJI HeJIUHeil:HbIX anre6paH­

'leCKHX ypaBHeHntt; 'lllCJieHH0-ClIMBOJibHhltt llHTep"cpettc, HarrpHMep, C JI3bIKaMH 

C n FORTRAN; ,n:BJMepHaH H TpexMepHM rpa<pHKa; rrepeBo,n: MaTeMaTH'lec1rnx 

BhlpafileHntt B cpopMaT T£Xn Iffi-TEX. 

Bee BhlmeyKa3aHHhle cncTeMhI, ncKJIIO'laH AXIOM, MuPAD n DERIVE,HMe­

IOT Bepcnn no-cymecTBY ,n:JIH BCex THII0B C0BpeMeHHbIX K0MlibIOTepoB, H, B qa­

CTH0CTH, pa6oTaIOT no.n: orrepauHoHHhlMH cncTeMaMn Windows 3.1, 3.11, Win­

dows 95, Windows NT 3.5 TaK :JKe, KaK rro.n: pa3JIH'IHhlMH BepcnJIMH cHcTeMhI 

UNIX. 

Ilo,n:po6Hble ,n:aHHhle o nMe10mHxcJI Ha cero,n:HJimHntt CKA ycnoBHJIX HX npH­

o6peTeHHJI, a TaK}Ke 06 aKTHBH0CTH B o6nacTn KA, BKJIIO'laH Me}K.n:yHapo,n:1rne 

KOHcpepeHIJ;HH, KpJIIHbie llCCJie,n:oBaTeJibCKHe npoeKThI, CBe,n:eHHJI 06 lIHCTlITJTax 

n rpyrrnax cTpaH EBp<>nhI n AMepnKn, pa3BHBa10mnx MeTo,n:11 KOMnh10TepHoi1 

anre6phl, Haxo,n:HTCJI H
0

a WWW cepBepe B AMcTep,n:aMe H .n:ocTynHhl noJih30BaTe­

JIHM HH±epHeT no a,n:pecy: http://www.can.nl, a TaK}Ke B aBCTpHi1CKOM ropo,n:e 

Jlnmi:e no a,n:pecy: http://info.risc.uni-linz.ac.at HJIH cpe,n:cTBaMH ftp no a.n:­

pecy: sun.risc.uni-linz.ac.at 

lfMeSJ. B BII.n:Y oTe'!eCTBeHHhIX noJih30BaTenett CKA, H npe}K.n:e Bcero q:>H3IIKOB 1 

llH}KeHepoB, TeXHllK0B ll .n:pynix cnennaJIHCT0B, 3aHHMaIOiu;HXCJI npIIKJia,n:HhIMH 

llCCJie,n:oBaHHJIMll H CT0JIIUIIX nepe,n: Bhl60pOM,KaKM ll3 CHCTeM HM JIY'lille BCero 

rro,n:ott,n:eT,. Mhl X0TeJIH 6hl o6paTHTb HX BHHMaHne npe}K,n:e Bcero Ha CHCTeMy RE­

DU CE. 8Ta cncTeMa ncnoJih3yeTCH B cTpaHax 6h!Bll.lero CCCP c 1978 r., JIBJIJI­

eTCJI caMOH .n:emeBOR ll3 K0MMep'!eCKllX CHCTeM K0MilbIOTepHOR anre6phl, no 3cp­

cpeKTHBHOCTH ( CKOpOCTH) BhIII0JIHeHHJI onepannil: npeB0CX0,ll;HT ,n:pyrHe yKa3aHHhle 

CllCTeMbI, n, CJie,n:oBaTeJibH0, II03B0JIHeT pemaTb ,n:oB0JibH0 6oJibilllle no o6'beMy Bhl­

KJia,n:oK 3a,n:aqn, KpoMe Toro, CHCTeMa noJIH0CTblO OTKpbITa ,ll;JIJI lI0Jib30BaTeJIJI H 

pacnpocTpaHJieTCJI BMeCTe C HCX0,ll;HhlMll TeKCTaMH, Tio CB0eMy Ha3Ha'leHIIIO U 

6n6JIUOTeKe npIIKJia,n:HhIX naKeT0B, I1Me10mnxcJI B CUCTeMe, B cpaBHeHUH C ,n:py­

rHMll cnc±eMaMn, REDUCE oco6eHHO no,n:xo,n:nT ,n;JIH pemeHHJI q>II3H'leCKHX n 

TeXHH'leCKllX 3a,D;a'l, B 'laCTH0CTH, 3a,D;a'l <pll3HKH BhIC0KHX 3Heprntt. 

CTOHT cKa3aTh TaK}Ke o cy,n;16e o.n;Hofi H3 nepBhIX YHHBepcaJihHhIX cHcTeM KA, 

oTe'lecTBenuott cncTeMe AHAJIHTHK, K0T0paH paHee 611na annapaTHO pea-
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JIH30BaHa Ha 8 BM cepnn MHP, a TaK}Ke B Bn,n;e crreurrpoueccopa ,n:mr Mall.lHH 

cepHn EC. 8TH peamrnauHn y}Ke noTepJimI CB0IO aKTyan1HocT1, HO caM JI3hlK 

AHAJIHTHK fIOJIY'IHJI .n;aJibHefill.lee pa3BIITHe [54). Ilo cBom1 Bbipa3HTeJihHhIM 

B03M0}KH0CTJIM OH Brronue M0}KeT K0HKypnpoBaTh c JI3hIKaMH cncTeM REDUCE, 

MAPLE HJIH MATHEMATICA,n ocTaeTcJI JR,n;aTh ero peamrnaunn Ha 8BM 

C0BpeMeHHhlX noKOJieHnfi. 

5.2 0 6116JIHOTeqHLIX naKeTax YHHBepcaJil>HLIX CHCTeM 

KOMill>IOTepHoii aJire6pLI II O HOBOM IlOKOJieHHH cne-: 

:a;11aJIH3HpOBaHHLIX CHCTeM 

JlcHo, 'ITO coBpeMeHHhle yHnBepcaJihHhle CKA He MoryT co,n;epJRaT1 Bech ueo6-

xo,n;IIMhlfi MaTeMaTH'leCKilil: HHCTpyMeHTapuil: ,ll;JIH pell.leHHJI K0HKpeTHhIX 3a,n:a11, 

B03HHKa10mux B caMbIX pa3Hhl
0

X o6JiaCTJIX q:>H3HKH lI MaTeManrnu. OT1IaCTlI no­

JI0}KeHHe cnaca10T 6n6nuoTeKn npoue.n:yp, Hanncamme ,n;JIJI pa60T11 c Tott· 11nn 

nuofi yuuBepcaJihH0il: cucTeMofi KA. O,n;HaKo Kor,n;a Tpe6yeTCJI pa6oTa co cne1..111-

q>H'lecK11MH 06'be1naMn, TaKHMII, l{aK cneuuaJihH0ro BH,n:a p1I,D;hl ( HanpnMep, J)JI.ll,hl 

IlyaccoHa), MaTpIIU:hl (Hanp11Mep, MaTpHU:hI .Ll:11paKa), cneuuaJihHhle TeH30pHbie 

o6'beKTbI B o6men Teopun 0TH0CHTeJibH0CTlI H Teop1rn Il0JIJI, B cny1raJIX Bhl1IHCJie­

HHi1 Ha rpynnax n.T.n., He Bcer.n:a y,n;aeTcJI Ha 6a3e 11Me10mnxcJI B pacnopJI}Kemrn 

cHcTeM KA nocTpoHTh no,n;xo,n:Jimne npe,n;cTaBJieHIIJI ,n;JIJI HYJRHhIX o6'beKTOB. C 

,n;pyrofi CT0p0HhI, B paMKax ymrnepcaJibHOfi CIICTeMbI pe,n:K0 y.n:aeTCJI n0JIJ'IHTh 

BbICOKyio 3cpcpeKTHBHOCTh pa6oThl co cnenncp~'IeCKIHIH 06'beKTa11111. 8To JIBJIJI­

eTCJI OCHOBHOfi npII'IllHOH Toro, 1IT0 cnennaJIU3HposaHHbie CHCTel\111 np0.ll,0JIJRal0T 

noJIBJIHTbCJI II B uacT0JIIUee BpeMJI, XOTJI B 0CH0BH0M cei1. 1rac .n:011mm1pyeT 6u6m1-

0Te'!Hhltt no,n;xo.n: pacnmpeHHJI anropnTMII'lecKoro Hanonuemrn ymrnepcaJihllhIX 

c11cTeM. IlpnBe,n;eM npnMephl H0BhlX cnen11amrn11p0Banu11x CKA, pa3pa6oTaH­

HhlX .ll,JIH npHMeHeHHJI B cnen11aJibHhlX o6naCTJIX MaTeManrnn II q>ll3HKII. 

CncTeMa SHUR (55) npe,n:Ha3Ha'leHa ,n:JIJI Bhl1mcnem1fi pa3JIH'IHhIX cBoil:cTB 

rpynn Jin n nx npe,n:cTaBJieHufi, a TaK}Ke Bhl'lncnemrfi B Teopnn cuMMeTpH'Ie­

CKHX cpyHKIJ;llfi. B HHCTpyMeHTapnn 3TOfi ClICTeMbI co.n:epJRHTCJI, B tiaCTH0CTH, 

BhI'IHCJieHue KpoHeKepoBMX npoH3Be,n:eHnl1 rpynn Jin, cnmrnpHbie npe.n:cTaBne­

HHJI CllMMeTpll'leC!Wfi rpynnhl, BbI'IHCJieHne pa3MepHOCTeil: nenpHB0.ll,Hl\lhIX npe.n:­

CTaBJieHnfi, onepaTopbI Ka3HMHpa, .n:narpaMMbI .Ll:hIHHHHa, BhJllHCJI('HI!e xapaHTe­

poB a:nre6p reHHe u Mnoroe .n:pyroe. 0 rrpuMenemrnx nofi'1cnneM11 H paJJiutrnr,1111 

3a,n:a'laM MaTel\rnTHKH H TeopeTil'IeCH0fi q>H3IlHH CM. (55]. 8Ta CHCTel\la nanncana 

Ha JI3hlHe C. 

CIIcTeMa FELIX (56) pa3pa60TaHa .ll,JIJI pa3JIII'IHhIX BhJtllICJiennil: c HOMMyTa­

THBHhlMH n HeK0MMyTaTHBHhIMll anre6pan'leCHHMH CTPYHTypaMH n llX roM0M0p­

<pll3MaMII. O6naCTh npnMeHeHHJI 3T0fi CllCTeMhI llOKphlBaeT K0MMyTaTilBHhle H 
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HeH0MMyTaTIIBHI.re H0JlbUa II0JIHH0M0B, anre6pb1 Jht, HX no.n:anre6pb1 n roM0M0p­

cpn3Mhl. 

.Ll:JIJI Bhl'lllCJieHIIJI napaMeTp0B B3al!M0,n:ettCTBl!Jl 3JieMeHTapHbIX qacTHU B aHa­

JIHTH'!eCHOfi cpopMe H B BU,n:e nporpaMM .ZJ:JIJI nocne.n:ywm:nx 'IUCJieHHhIX pac'!eT0B 

paapa6oTaH rraHeT CompHEP (57]. 8ToT naHeT opneHTHpOBan na pac'!eT ce­

qenntt pacceJIHllJI '!aCTllU rrpll IIJiaHllp0BaHllll 3HCIIepllMeHT0B Ha CTp0Jilll:llXCJI 

ycH0pllTeJIJIX H0Boro II0H0JieHllJI. Paapa60T'lllHaM CllCTeMbl y,n:aJI0Ch .ZJ:0BeCTll 3TY 

CllCTeMy .n:o TaHoro ypoBHJI cepBllca, Hor.n:a llCII0Jih30BaTb 6oJibIIlllHCTBO ll3 ee B03-

M0JKH0CTett M0JKeT ,n:aJKe Ha'!llHaIOm:Htt II0Jib30BaTeJib 8BM. 8Ta CllCTeMa llMeeT 

pa3BllTYIO rpacpHHY, BHJIIO'laJI rpacpnqecHyw Bhl.Z(a'!y B Tu\TEXcpopMaTe, MHoro­

ypoBHeByw CllCTeMy MeHIO ll Bbl,n:aeT peayJihTaTbl I<aH B Bl!,n:e rrporpaMMhl .ZJ:JIJI 

rrocne.nywm:ero 'lllCJieHHoro Mo,n:enHpoBaHllJI rrpouecca no MeTo.ny Mo1ne-Kapno, 

TaH ll .B Bll,n:e cpopMyn, aarrncaHHhlX B cpopMaTe, .ZJ:0CTYIIH0M ,n:JIJI '!TeHllJI ll3 Cll­

CTeM REDUCE ll MATHEMATICA. Cym:ecTBy10T BepCHn cHcTeMhl ,n:JIJI pa6oThl 

Ha pa3Jill'IHhlX rrepcoHaJibHbIX H0MIIhIOTepax, a TaHJKe Ha pa6o•mx CTaHUllJIX B 

cpe.n:e UNIX. 

6 HeKOTOphle rrpo6JieMhl KOMIIbIOTepHO:U aJI­

re6phl 

B peayJihTaTe BblII0JIHenllJI CJI0JKHhlX anre6pan•reCHllX BhlHJia,n:oH cpaBHllTeJibH0 

pe,n:Ho y.n:aeTCJI II0JIY'lllTb H0MilaHTHhlfi 0TBeT. Ilo3TOMY BeCbMa aHTyaJibH0fi .Z(JIJI 

KA · JIBJIJieTcJI npo6neMa a,n:eHBaTHoro rrpe,n:cTaBJieHHJI rpoM03.ZJ:HHX aHaJIHTwre­

CHHX BblpaJKeHllfi. TaHne rrpe,n:cTaBJieHHJI aHaJillTH'leCH0fi HHcpOpMaUllH cym:e­

CTBYIOT BO MH0rnx BaJKHhlX qacTHhlX CJIJ'laJIX, HanpnMep .nnarpaMMhl <I>efiHMaHa 

B Teopllll Il0JIJI 0.ZJ:H03Ha'!H0 ll306paJKaIOT HeH0T0phle BeCbMa rp0M03.ZJ:HHe llHTe­

rpaJibl. O.n:HaHO o6m:ero Il0.Z(X0.Z(a H peIIIeHlllO 3TOfi rrpo6JieMbl Il0Ha .name He Ha­

Me'!aeTCJI. 

K comaneHHIO, JI3hlH0Bhle cpe,n:cTBa coBpeMeHHhlX cucTeM KA BO MHoroM aa­

llMCTB0BaHhl y Tpa.n:lIUlI0HHhlX CllCTeM nporpaMMlip0BaHlIJI, opneHTlip0BaHHhlX 

Ha 'llICJieHHble Bhl'lllCJieHlIJI. CrreuucpuHa ClIMB0JihHhIX Bhl'llICJieHllfi rrpe,n:'bJIBJIHeT 

C0BepIIIeHH0 .n:pyrue Tpe6oBaHlIJI, narrpHMep, H CllCTeMe Tllil0B ,n:aHHbIX. Mnorne 

BalI{Jible M0MeHThl .ZJ:JIJI aHaJIHTll'!eCH0ro rrporpaMMllpoBaHllJI, narrpuMep orruca­

HHe cTpaTerufi rrpnMeHeHirn npaBl!JI rrpn rrpoBe,n:ennII rrpeo6paaoBaHufi, Boo6m:e 

nemaT Bile Bhipa3l!TeJibHhlX B03MOlI{IIOCTeil: TaHIIX Tpa.nnurrnHHbIX Jl3b!H0B. Ilo-

3T0MY rrpIIX0.Z(llTCJI C comanenlleM H0HCTanrpoBaTb, '!TO CllHTaHCH'!eCHUe CTpyH­

TYPhl llMerom:nxcJI cefiqac B pacnopJimeHllll CUCTeM HOMilbIOTepnott anre6pb1 Jl3hl­

H0B qacT0 nea.neHBaTHhl COBpeMennofi MaTeMaTUHe. Cne.nyeT 0TMeTUTb llHTepe­

cnyw rrorrh!TRY peIIIeHllJI 3Tofi rrpo6neMhl B cllcTeMe AXIOM. Ilo naIIIeMy MHe­

nmo, B 6JilllI{afiIIIeM 6y.n:ym:eM a,n:ecb B03M0lI{IIhl BeCbMa pa,n:HRaJibHble ll3Menemrn. 
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O.Z(HOll ll3 ueHTpaJibHhlX rrpo6JieM ROMIIbIOTepHOll anre6phl JIBJIJieTCJI rrpo6neMa 

3HBIIBaJieHTH0CTll Tex llJill llHhlX o6'beRTOB. ,n:ettCTBllTeJibHO, B03M0lliH0CTb cpa­

BHeHllJI .ZJ:BYX BeJill'lllH 110 BeJill'lllHe llJill 110 HeR0T0J)0MY .npyroMy IIpllaHaRy 31{­

BllBaJieHTH0CTll cnyJKHT O.Z(H0fi ll3 cpyn.naMeHTaJil,HhlX RaTerop1di MaTeMaTlll{ll BO­

o6m:e • .Ll:JIJI cpaBHeHllJI .Z(BYX paUll0HaJibHhlX cpyHHUllfi Ha.I( RaRHM-JIH6ouoJieM llJill 

R0JibU0M C 0.ZJ:H03Ha'!HhlM 11pe,n:cTaBJieHneM R0HCTaHT .Z(0CTaT0'IH0 .noroB0J)llTbCJI 0 

c11oco6e y11opJI.Z(0'leHllJI rrepeMeHHhlX, OT R0T0pbIX aaBHCJIT II0JlllH0Mhl B 'lllCJill­

TeJIJIX n aHaMeHaTeJIJix 3TllX cpyHHUHfi. BoaMOlliHOCTh TaRoro cpaBHeHHJI CBH­

.neTeJibCTByeT 0 cyruecTB0Bamrn B paCCM0TpeHH0M cnyqae T.H. RaH0Hll'leCR0ro 

rrpe.ncTaBJieHnJI. O.n:HaRo ecnn Mhl pacnrnpnM o6nacTI, 011pe.nenenllJI, .no6aBHB 

Ty,n:a, HarrpnMep, anre6panqecRne qncna, TO rrpocTott anropnTM cpaBHeHnJI nc-

qeaHeT. CpaBHIITe .Z(JIJI 11pnMepa .!(Ba qncna: 1 n 0 -v'2 • J 4 - ,,/7. HecnomHo 

YBll.Z(eTb, '!TO 0Hll paBHhl, HO 11pocToro o6ruero anropllTMa cpaBHeHHJI IIJ)0ll3B0Jih­

HhlX anre6pan'!eCRllX qnceJI IlOHa He II0CTp0eH0. Ecnn Mb! paCIIIllpllM o6naCTb 

R0HCTaHT 3a C'!eT BBe,n:eHHJI cpyHRUllfi exp u log, a TaRme MaTeMaTH'!eCRllX ,R0H­

CTaHT e ll 1r, TO B RJiacce TaRllX '!IICeJI rrpo6neMa paBeHCTBa anropllTMlltJ:eCRll 

HepaapeIIIHMa (58]. Ilpo6neMa II0llCRa RaH0Hll'leCH0ro 11pe.ncTaBJie1IllJI B03HllRaeT 

ll rrpn 011pe.nenennn 3RBllBaJieHTH0CTll TeH30J)0B (59]. 
KaR n .Z(JIJI aa,n:aq 'lllCJieHH0ro C'leTa, c poCT0M o6'beMOB anre6paH'!eCHIIX Bhl­

RJia.Z(0R Bee B03pacTaIOruee 3Ha'!eHlle .Z(JIJI CllCTeM HOMllbIOTepHott anre6pb1 Ha'lll­

HaeT 11pno6peTaTh pac11apannennBaHne Bhl'lllCJieHnfi. IlpH 3T0M Be.Z(eTCJI RaR 

rroncR 3cpcpeRTHBHhlX rrapanneJihHhlX anropnTM0B .Z(JIJI 6y.nyruHx cncTeM KA, TaH 

ll CTaBllTCJI aa,n:aqa reHepaUllll 3cpcpeRTllBHhlX rrporpaMM .Z(JIJI pacrrapaJIJieJieHHhlX 

"lllCJieHHhlX pacqeT0B [60]. 
OtJ:eHb BaJKHhlM HarrpaBJieHneM pa3BllTllJI ROMIIhIOTepHo:!1 anre6phl JIBJIJieTCJI 

RaR II0HCI{ H0BhlX anropllTM0B, TaH ll rrony'!eHIIe ouenoR llX anropllTMll'!eCR0fi 

CJI0JKH0CTil. Ceil:tJ:aC MaRCHMaJibHaJI aRTllBH0CTh cocpe.Z(0T0"leHa B 0CH0BH0M B 

o6naCTll paapa6oTRll II0JlllH0MIIaJibHhlX anropIITM0B. CyruecTBYIOT llHTepecHhle 

o6o6rueHHJI TaKnx anropnTM0B Ha 6onee rnnpoKne o6nacTn. XopoIIInM npnMepoM 

TaKoro o6o6rueHnJI JIBJIJieTcJI TeopnJI Br B .Z(llcpcpepeHunaJihHhlX n.neanax [14]. 
3.necb M0JKH0 y110MJIHYTb TaKJKe 06 aKTllBHo·paaBIIBaeM0M Hh!He rro.n;xo.n;e Bhl­

ll0JIHeHllJI Ilpll6JIHllieHHhlX 'lllCJieHHhlX pactJ:eT0B c He11pephlBHhlM H0HTJ)OJieM Bhl­

"lllCJIHTeJihHhlX OIIIll60K ll Il0Tepb T0'IH0CTll. PeannayeMhlfi cpe.n;cTBaMll T.H. n1;1-

TepBaJihH0:!1 apncpMeTnKn, 1:aKo:!1 rro.n;xo.n; .rronytJ:nJI Ha3BaHne Bhl'!llCJieHn:ii: c ra­

paHTnpoBaHHofi T0"lH0CThlO n, 110-Bll,D;llM0MY' CTaHeT B 6JIH3KOM 6y.n;yrueM O.ZJ:HllM 

ll3 llHCTpyMeHTaJihHhlX cpe,n:cTB cncTeM KA [61]. 
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7 3aKJIIO"t.JeHHe 

KaR cne,zzyer Il3 Il3JIO}KeHHOro, B HaCTOHill;ee BpeMH rrpaRTilRa aBTOMaTil3IlpoBaH­
HhlX CllMBOJibHhlX BhllJ:IlCJieHnfi, 6naro.l(apH ,l(OCTJIIHOCTil MOII.\HhlX rrepcoHaJibHhlX 
ROMIIbIOTepoB II pa3BllTillO COOTBeTCTBYIOII.\IIX rrporpaMMHhlX cpe.l(CTB, "BOIIIJia B 
6LIT" ytJ:eHLIX MHornx cnerr;naJibHOCTefi. O.l(HaRo KA ell.\e Mano naBeCTHa IlHfileHe­
paM Il TeXHOJioraM II rrpaRTiltJ:eCRil IIMil He IICIIOJib3JeTCH. rnaBHaH rr;eJib HaIIIero 
,l(ORJia,l(a Ha ROH<pepeHII;IIIl Il ,l(aHHOfi rry6nnRarr;nn COCTOilT B TOM, lJ:T06hl rrpnBJietJ:b 
BHIIMaHne IlH}KeHepoB Il ytJ:eHLIX, CBH3aHHhlX C TeXHOJiornefi Il npOMhlIIIJieIIHO­
CTbIO, R HOBhlM B03MO}KHOCTHM, npe.l(OCTaBJIHeMhlM ROMilbIOTepHofi anre6pofi. 

.JJ:JIH 3allHTepecoBaHHhlX JIIlII; 3aMeTIIM, 'ITO B HaCTOHII.\ee BpeMH ceMnHap no 
KA <pJHRII;IlOHHpyeT Ha <paRJJibTeTe BMnK MrY IIO,l( PYROBO,l(CTBOM npo<pec­
copa C.A.A6paMoBa (ytJ:eHLiil: ceRpeTap1, - E.B.3IIMa). 3ace,l(aHnH npoBOMTCH 
o6hltJ:HO IIO 3-nM cpe.l(aM Rafil,l(Oro MeCHrr;a c CeHTH6pH no IlIOHb, Ha'IaJIO B 16.20 
B ay.l(IlTOpIIIl 645 2-ro ryMamnapHoro Roprryca MrY. KoHTaRTHhlll e-mail: 
zima@lvk.cs.msu.su. 

B 3aRJIIOlJ:eHne yMeCTHO rrpnBeCTil CChlJIRII Ha pH.l( 6onee paHHilX ofoopoB, 
ROTopLie MoryT 6LITb nHTepecHhl B cBH3Il c TeMaTIIROil: KA, aTo (1, 49, 2, 62, 
63, 26), a TaRfile RHnr II MaTepnanoB Ha pyccKOM H3LIKe no cncTeMe REDUCE 
(4, 64, 65, 66]. 

8 Ilp~JiomeHHe 

IlpnBe,l(eM TaK}Ke IlMeIOII.\YIOCH y Hae IlH<pOpMarr;IIIO O ROHTaRTHhlX a,l(pecax Il 
TeJie<pOHaX pacrrpocTpaHHTeJiefi n <pllpM, pa6oTaIOII.\IlX c OCHOBHhlMII CllCTeMaMil 
KA. 

C cepe.l(IlHhl HOH6pH 1995 r. _HatJ:aJia pacnpocTpaHHTbCH_BepCIIH 3.6 CllCTeMhl 
REDUCE, 3HatJ:nTeJibHO paaBHTaH II ycoBepIIIeHCTBoBaHHaH no cpaBHeHnro c npe­
.l(hl,lzyll.\HMH BepcnHMil. 11MeeTCH. TaR Ha3hlBaeMaH nepcoHaJibHaH Bepc1rn Cll­
CTeMhl, rrpe.l(Ha3HatJ:eHHaH ,l(JIH ee aRCIIJiyaTarr;nn Ha rrepcoHaJibHhlX KOMnb!OTepax. 
:U:eHa mrrr;eHann .l(JIH TaKoil: Bepcnn cocTaBJIHeT 99 .l(OJinapoB CIIIA. TaK Haau-

. BaeMaH rrpo<peccnoHaJibHaH BepcnH CllCTeMhl CTOIIT 495 ,l(OJIJiapoB n CO,l(epfilIIT no 
cpaBHeHIIIO C nepcoHaJibHOfi pH.l( ,l(OnOJIHIITeJibHhlX IIHCTpyMeHTaJibHhlX cpe.l(CTB, 
no3BOJIMIOm11x IIOBhlCIITb ee a<p<peKTIIBHOCTb. • 

Ilo noBo,zzy npno6peTeHnH cIIcTeMhl Reduce B rrpe.l(enax 6hlBIIIero CCCP 
MO}KHO o6pall.\aTbCH R 0,l(HOMY II3 aBTOpOB ,l(aHHoro ot:faopa (B.r.) no a,l(pecy: 
141980 .Ll:y_6Ha, MornoBcRofi o6n., JIBTA OHHl1. <l>aRc: 09621- 93437, aneR­
TpOHHhlfi a.l(pec: gerdt@jinr.dubna.su 

11H<popMarr;nro no cHcTeMe MATHEMATICA MOfilHO nony'IIITb no WWW 
a,l(pecy: http://www.wri.com, a caMy cncTeMy (KaR II cIIcTeMy MAPLE) - B 
<pIIpMax, aaHnMaIOII.\IIXCH npo.l(afilefi MaTo6ecnetJ:eHIIH. 
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IlpnBe,l(eM 3,l(eCb ROHTaRTHhle a,l(peca Il TeJie<pOHhl Bnue-npe3U,l(eHTa ROMna­
Hllll "Waterloo Maple Software" .l(ORTopa K.O.feMeca:. 

Dr. Keith 0. Geddes, Vice-President, PhD 
450 Phillip Street, Waterloo, Ontario, Canada N2L 5J2 
Phone: (+1-519) 888-4567 Ext. 4668, Fax: (+1-519) 747-5284, E-mail: koged-

des@math.uwaterloo.ca 
Ilo BonpocaM o cncTeMe AXIOM cne,zzyeT o6pall.\aTbCJI B <pnpMy NAG no 

a.l(pecy: 
Valerie Stanley, Sales Executive (AXIOM), NAG Ltd. 

Wilkinson House, Jordan Hill Road, OXFORD, United Kingdom OX2 SDR 
Phone: (+44-865) 511-245, Fax: (+44-865) 310-139, 
a no BorrpocaM o cncTeMe DERIVE B <pnpMy Soft Warehouse: 

David R Stoutemyer, Chairman of the Board 
3660 Waialae Avenue, Suite 304, Honolulu, Hawaii, USA 96816- 3236 
Phone: ( + 1-808) 734-5801, Fax: ( + 1-808) 735-1105, Email: swh@aloha.cqm 

HJIII B ee <plIJIHaJI B ABcTpnII: 
Dr. Bernhard Kutzler, Managing Director, Soft Warehouse Europe 

SOFT WAREHOUSE GmbH & Co KG, Softwarepark, A-42:32 Hagenberg, 

Austria 
Phone: ( +43- 7236) 3297-81, Fax: ( +43-7236) 3769. 

ABTopaM npullTHO no6naro.uapuTb B.A.l1n1,1rna 3a rroJie3Hh!e 06-
cyffi.l(eHnH n rrpe.l(ocTaBJieHHhle MaTepuanhl. Tpoe Il3 aBTopoB (B.f., B.E. n 
,n:.III.) Bec1,Ma rrpn3HaTeJibHhl TaRffie q>OH.l(Y P<I><I>l1 aa rroMepffiKY (rpaHT 96-

01-01860). 
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