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MporpaMMHbIN KOMNEKC
ONA rMNepKOMNIIEKCHbIX BbIYMUCIEHUN

W3105k€Hbl OCHOBHBIE IIPUHLIUIIBL, TIOJIOKECHHBIE B OCHOBY IIPOIPAMMHOIO KOMILIEKCA THIEp-
KOMIUIEKCHBIX BBIYHCIEHUH. OMHCaHbI CTPYKTypa KOMIUICKCA M COCTaB (DyHKIIMOHAIBHBIX IO~
cucreM. PaccMoTpeHbl Hanbosee BaXKHbIE IPOLIEAYPBI, BHIIONHAEMbIE [I0JICUCTEMAMU, IIPHUBE-
JCHBI JUCTUHTHU IIPOrpaMM U IIPUMEPBI UX IPUMEHEHUS.

Knwueesvie cino6a: cunepkoMniekCHas YUCI06as Cucmemd, npoyeoypa, KOMnblomepHas
aneebpa, onepayus, Maple.

BukiageHo OCHOBHI MPHHIIMITH, MOKJIAAEHI B OCHOBY MPOTPAMHOTO KOMIUIEKCY TilEPKOMII-
JIEKCHUX 004rciaeHb. OMUCAHO CTPYKTYypa KOMIUIEKCY i CKJIaa (YHKIIOHAIBHUX MiJCHCTEM.
Po3risiHyTO HaBaXXIIMBIII MPOLEIYPH, SKI BAKOHYIOTHCS TijcucremMamu. HaBeieHo JIiCTHHTH
Mporpam Ta NPUKIAIHN 1X 3aCTOCYBAHHSL.

Kawuogi cno6a: 2inepkoMniekcHa Yuciosa cucmema, npoyedypa, Komn omepra aieebpa,
onepayis, Maple.

I'umeprommiekcHbie uncinoBbie cucteMbl (['UC) mmpoko TPUMEHSIOTCS B pa3-
JIMYHBIX 00J1aCTSIX HAyKu U TeXHUKU [ 1, 2]. TeopeTtndeckas 1 npukiaaHas Mexa-
HUKa, HaBUTAIs, Kpunrorpadus, mudpoBas o0paboTKa CUTHAIOB — JalIeKO
HE MOJIHBIN NepedeHb 00JacTel HayKu U TEXHUKH, TJI€ UCTI0JIb30BAHUE METOI0B
I'AC sBasercst BICOKOA (D (HEKTHBHBIM.

OnepupoBaHue ¢ TUIEPKOMIUIEKCHBIMU YHCJIAMHU, OCOOEHHO B CUMBOJIb-
HOW (opMe, BBI3BIBACT 3HAUYNUTEIBHBIE TPYIHOCTH [3, 4], CBS3aHHBIE C UX MHO-
roMepHocThio. Tak, Hampumep, A MEPEMHOXKEHHs JBYX KBATEPHHOHOB C
YHUCICHHBIMU KO3 UIMEHTAMH, SABIISIOMINXCS YeTHIPEXMEPHBIMH TUIIEPKOMII-
JIEKCHBIMU YHMCJIaMHU, HEOOXOIUMO BBIMIOJIHUTE 16 BEIIECTBEHHBIX YMHOKEHUN
u 12 cnoxenuit. Ho ko3¢ puiineHTs B THNEpKOMITIEKCHBIX YUCIIaX MOTYT OBITH
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HE TOJIBKO YMCIIAMHU, HO U PA3IMYHBIMU aNreOpandecKUMH BbIPAKEHUSIMU (Ha-
MpUMep, TOJIMHOMAMH), Pa3IUYHBIMA (YHKIUSIMH W THIEPKOMIUIEKCHBIMHU
YHCJIaMH, B TOM YHCJIE€ U C CAUMBOJIBHBIMU MIEPEMEHHBIMH U KO PUITUECHTAMHU.
[ToaTomMy 111 yCIIENTHOTO ONEPUPOBAHUS C TaKUMH OOBEKTaMH TPEOYIOTCS
CHEIMATU3UPOBAHHBIE TPOTrPAMMHBIE KOMILIEKCHI.

Jns peanuzanuy MoJOOHBIX KOMIUIEKCOB MIMPOKO PAaCHpOCTPaHEHHBIE
SI3BIKH TTPOTpaMMUpoBanus, Takue kak Cu, [Tackans, @oprpan, Java, Basic, —
HedhdexTuBHBL. Hanbosee moaxo My JIJIs CO3AaHHUs TAaKOTO THIIA KOMII-
JIEKCOB SIBJISIIOTCSL CUCTEMbI KOMITBIOTEPHOM aiareOpbl, WM CUCTEMbI CHMBOJIb-
HBIX BBIUYMCJIEHUH [S], TaK KaK MHOTHE U3 HUX UMEIOT BO3MOKHOCTb ONIEPUPO-
BaHus ¢ HekoTopeiMu ['UC, HampuMep ¢ KOMIUIEKCHBIMH YHUCIIaMH, KBaTep-
HUOHAMHU, KIU(PHOPAOBBEIMH anredpaMu u Jp.

W3 cymiecTBYOMMX MHOTOYUCIEHHBIX CHUCTEM KOMIIBIOTEPHOW aiareopbl
HauboJsiee pacnpocTpaHeHHBIME sBisiFoTcst MatLab, Mathkad, Mathematica u
Maple. bynem ucrons3oBath cucteMy KOMITbIOTepHOU anreOpel Maple, kak
OJIHY M3 HanboJiee pa3BUTHIX U JOCTYMHBIX IS CO3/1aHusl WH(OPMALMOHHON
TEXHOJIOIMH, KOTOpasi MOBbIIAET 3PPEKTUBHOCTh MATEMATUYECKOT0 MOJIEIH-
POBaHMS PA3INYHBIX HAYYHO-TEXHUUYECKUX 3a]a4 ¢ ucnospzoBanuem ['YC pa3-
JUYHOM pa3MEepHOCTH M HAayYHBIX McclieoBannii B oomactu Teopun [UC.

OcHOBHBIC NPUHLIMIIBI MOCTPOEHHUS MporpaMMHoOro komiuiekca (IIK)
TUNEPKOMILIEKCHBIX BbIYMcJIeHHid. [TockoIbKy crcTeMa KOMIIbIOTEPHOM anred-
psl Maple mo3BosisieT co3aBaTh 4acTHBIC MAKEThl Pa3IMYHBIX BBHIYHCIUTEIb-
HBIX mpoueayp, [IK THrmepkoMIieKCHBIX BBIYMCICHUN MPEICTABISIET COO0M
MakeT, UMEIoNIHii cBoii uaeHTudukarop. Takoii [TK M0okHO BBI3BIBAaTh, IPUCOE-
JUHSTH K IpOrpaMMe U TPAaHCIIOPTHPOBATh Ha Ipyrue KoMIbioTepsl. U3 npotie-
ayp IIK moxxHO popMupoBaTh MporpaMmbl BEIYHCICHUH, HCIIOB3YsI CPEJICTBA
QITOPUTMHYECKOTO si3bIKa Maple.

[IporpamMMHBIH KOMITIEKC MOXKET OBITh MHCTAJUTMPOBAH Ha JTFOOOM KOMITbIO-
Tepe ¢ oneparoHHol cucteMord Windows ¥ CUCTEMOW KOMITBIOTEPHBIX BbI-
yuciaeHnit Maple He Hipke nsiToi Bepcun. OH OTKPBIT [J151 HOMIOJTHEHUS! HOBBIMU
MpOIEAYPaMH W PENAaKTUPOBAHUS CYMIECTBYIOIIUX TPOIETYp JHOOBIM TOTb-
30BaTeseM, Biajaerommm Maple.

Br13oB u npucoenunenue 11K umeer cnenyromuii BU:

read («mMms ycrporicTBa: \\myTh\\umst [TK»)

with ( ums 1K)

[Tocne atoro Oyet BeIBeeH ciicok nporeayp 1K, nanmpumep:

[Add, AddHNS, Conjug, ConvertA, DirSum2, DirSumN, Divis, Genlso,
HNSnumber, LibHNS, ListHNS, MultiDim, Norma, Rad2, Refill, RefillHNS,
SearchHNS, SqrtEq, Subtr, Trans, Unit, VizHNS, VizInA, VizLibHNS, InAdd,
InConvertHNS, InMulti, NameBas, NatMulti, RenamA].
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[Tockonbky I1K mpennasHayeH Juisi ONepUpOBaHUS C JAaHHBIMHU B THIEp-
KOMIUIEKCHOM BHJE, IPU €ro pa3paboTke ocoboe BHUMaHHE OBLIO YyIIEICHO
croco0aM U CTpYKTypaMm MPeCTaBICHUS JaHHBIX.

Kak n3BecTHO, 00K BU THIEPKOMILIEKCHOTO YKCa A TaKOB:

A=ae, +ae, +..+a,e,, (1)

rae n — pasmepHocTb I'YC; a; — anreGpanueckue BbIPaKEHUs; e; — IEMEH-
ThI 0a3uca ['YC («MHUMBIC enUHUIBD). Takyo (GopMy THIEpKOMIUIEKCHOTO
yuca OyaeM Ha3plBaTh HaTypaiabHOW. Kak moka3pIBaeT OMbIT, ONIEPUPOBAHUE C
TMIIEPKOMIUIEKCHBIMHU YHCIIAMH B HATypalbHOU (hopme — HEey100HO. ITO CBSI-
3aHO C TeM, YTO PA3IMIHbIC OTIEPAITUH BBITIOIHSIOTCS ¢ KOd(duIrenTamu mpu 6a-
3UCHBIX JJIEMEHTaX, KOTOpbIe HEOOXOIUMO BBIIEIATH U HIACHTH()UIIPOBATD.

B xauecTBe mpumepa pacCMOTPHUM TaKyIO IIPOCTYIO OTEPAIINIO, KaK CII0Ke-
HHE THIEpKOMIUIeKCHBIX uucenl. [lycts Hapsay ¢ (1) ects uucno B=b,e, +
+bye, +..+b,e,. Ecniu B pamkax Maple ncrosp30BaTh ONEpaIHio CIOKEHUS,
TO MOJIyYUM CIEIYIOLIee:

C=A4+B=aye, +ae, +..+a,e, +be, +b,e, +..+b,e,. 2)

Bripaxkenue (2) He ABIs€TCS HaTypaldbHON (OPMOI THIIEPKOMILIEKCHOTO
grcia. B HeM ciieyeT BBIMOJHUTE KOMaHIy MPUBEICHHS MOA00HBIX. B cuc-
teme Maple ecTp Takast komanaa — collect, HO pu ee mpuMeHeHUH HEOOXO-
MO YKa3bIBaTh MEPEMEHHYI0, [0 KOTOPOI MPOBOAUTCS MPUBEICHHE 10100~
HBIX. [[0ATOMY B TaHHOM citydae pUAeTcs # pa3 MPUMEHUTh KomaHay collect,
KaX/IbIi pa3 yKa3bIBas, [0 KaKOW IMEPEeMEHHOMN BBIMOJHACTCS NPUBEICHHE T10-
IOOHBIX:

C =collect ((collect (collect (...(4+B),e;),..),e, )=
=(a,+b))e +..+(a,+b,)e,. 3)

Kak Buanm, (3) — 10CTaToO4HO TPOMO3IKAsE KOHCTPYKIIHS, OCOOEHHO MPH
6onpmmx pasmeproctax ['YC. Takux HEyJ0OCTB, CBSA3aHHBIX C HCIIOJIB30Ba-
HUEM HaTypanbHOHN (pOPMBI MTpeIcTaBICHNUS THIIEPKOMILIEKCHOTO YHCIIa, OUYeHb
MHOTO. B TO e Bpems, B cucteme Maple nMerorcs cpeacTsa, Mo3BOJISIONINE
M30aBUTHCS OT ATHX W MHOTHX JIPYTMX HEYJOOCTB, CBSI3aHHBIX C HCIIOJIB30-
BaHUWEM HaTypaJIbHOM (OpPMBI MpenCTaBICHHUs THIEPKOMIUIEKCHOrO yucia. B
HaTypaJbHOH (hopMe TpeCcTaBIeHUS THIIEPKOMIUIEKCHOTO YHCIIa BAYKHBI TOJIb-
K0 K02 pumeHTsI mpu dnemMenTax 6a3zuca 1 UX MOPsSAKOBbIE HOMepa B U300pa-
KEHUHM THIEPKOMIUIEKCHOTO YHKCHa, T.€. TUIEPKOMIUIEKCHOE YHCIO MOXKHO
MpenCcTaBuTh BUe BekTopa. OMHAKO BEKTOPHO-MATpU4Has Gopma B JAaHHOM
Cllydae He MOJXOAMT, TAaK KaK KOMIIOHEHTHI MaTPHUIIbl K BEKTOPA JJOJKHBI ObITH
onHotunHuMu. B cucreme Maple ecth Takas ¢popma mpecTaBiIeHUs TaHHBIX,
Kak crucok — list, T.e. yropsi04eHHbIH HaOOp Pa3HOTHUITHBIX JTAHHBIX.
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Jlnst oriepupoBaHus ¢ TaHHBIMU B (hopMaTe CIICKOB B Maple cymecTByoT
MHOT'OYHCJICHHBIE KOMaH/Ibl, TO3BOJISIONINE 33/1aBaTh CIIUCOK, OMPEILIISATH €T0
JUIMHY, CKJIaJIbIBATD [IBa CIIUCKA OI[I/IH&KOBOﬁ JUJIMHBI, OIIPCACIATH YICH CIIMCKa
TI0 €ro MOPSAKOBOMY HOMEpPY, YMHOXKaTh BCE WICHBI CIIMCKA Ha JF000e BhIpa-
xenue u ap. [IpecTaBieHne THIEPKOMILICKCHOTO YHCIIA B BUJIE CIIMCKA HA3bI-
BacTCs CIIMCOYHBIM HMJIM BHYTPCHHHUM IMPCACTABJICHUCM THIICPKOMIIJICKCHOI'O
gucna. Takum o6pa3zom, BMecTo (1) ucronbp3yem npeacTaBicHIe

A=la,,a,,..,a,]. 4)
Torja cymma JIByX 9UCeN ONPEIEIAETCS OYEHb TIPOCTO:
C :A+B Z[Cll 5 esey an ]+[bl 5 eees bl’l ] =[(ll +bl 5 eeey Cln +bn ] 5

T.€. IPUBEJICHUE MOJOOHBIX CUMBOJIBHBIX KO((GHULIUEHTOB B COOTBETCTBUU C
UX IOPSJKOBBIMM HOMEPAMHU B YMCJIAX BBIIIOJIHAETCS aBTOMATUYECKUMH BHYT-
peHHuUMU cpencTBamu Maple. OnHOM KOMaHION BBIMIOJIHIETCS M YMHOXKEHHUE
BCEX WIECHOB CIIMCKA HAa OJIHO U TO K€ BbIpakeHue: A4 =[Aa, , a,, ..,Aa, ].

Taxkum o0pa3zom, IpeacTaBlIeHUE I'MIIEPKOMIUIEKCHBIX 4Hcel B opmare
CIMCKOB 3HAYUTEIBHO YIPOILIAET Pa3paboTKy NporpaMMHbIX cpeacTB. OHaKoO
Takoe pemeHue Tpedyer Hamuuus B IIK mpounenyp i B3auMHO-0OpaTHOrO
npeoOpa3oBaHKs HATYpaJdbHOW M BHYTpeHHEH (opM IpeacTaBleHUs THIEp-
KOMILUIEKCHBIX uucen. Tem Ooiee, 4TO HEKOTOpPbIE IEHCTBHA LEIECO0OpPA3HO
BBIIIOJIHATH HAJl YMCIaMHU B HaTypaibHOU (opme. B cBs3M ¢ 37TUM BO MHOTUX
nponenypax [IK npemycmarpuBaercst BBIX0J B (OpMe CIIHMCKA U3 JABYX 3Je-
MEHTOB: INEPBBII AIEMEHT — pe3y/ibTaT B CIMCOYHOU (Gopme, BTOpoi — B
HaTypajibHOI. Hammpumep, paGota mporierypsl reHepaluuu rurnepKoMINIEKCHOTO
4KCJla BOCBMOM pa3MEPHOCTH BBITIAIUT TAK:

> 4 = HNSnumber(8, a, e):
>A[1]
lay,ay,a3,a4,a5,0a6,a;,a4]
>4 [2]
a,e; +ae, +ase;+ase, +ases +ageq+a,e; +ageg.

LlenecooOpa3Ho mpuaaTh CIUCOYHBIN (opMaT U Oosee CIOKHBIM TUIep-
KOMIUIEKCHBIM CTpyKTypaMm. Tak, Tabnuna Konmu ymHOXKEHUS 0a3HCHBIX diie-
MEHTOB TIPEACTABISAETCS TPEXYPOBHEBOW CIHCOYHOM CTPYKTYPOW: BEPXHUU
YPOBEHb COCTOUT U3 CITUCKA CTPOK TaOJIMIIbI, BTOPOil, BIOKEHHBIH, yPOBEHb —
CIMCOK sYeeK TaOIMIbl, TPETUH, CaMblil HIJKHUI yPOBEHb, — CIIUCOK CTPYK-
TYPHBIX KOHCTaHT OAHOM stueiiku. Tabnuia Kamu 11st 000011eHHBIX KBAaTEPHUO-
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HOB B HaTypaJbHOU (hopMe UMeeT BUA

Hg g e, e e,
e e e, ey e,
e, e, —a e e, -ae |°
4 4 G —Be Pe,
e, e, o ey —Be, -—aPe

a B CIIUCOYHOM (popMe — CIIeTyrOIIHA BUT
[[[1,0,0,01,[0,.0,0],[0,0,1,01,[0,0.0.1]1,[[0.1.0,0],[ - 0,0,0],[0.0,0.1],[0.0,~0 0]] ,
[10,0,1,01,[0,0,0,-1],[-.0,0,01.[0,3.0,011,[[0,0,0,11,[0,0,ct 0],[0,43.0,0],[—.000]]]

CTpyKTypa nakera rufepKOMITJIEKCHBIX BEIYMCICHUN BKITFOYAET CIEIyT0-
1€ TIOACUCTEMBI:

BBINOJIHEHUA anreOpandeckux onepauuii B ['YC;

Mauunyssun ¢ 'YC u tabmumamu Kanm;

onpezeNieHus anreOpandecKux XapakTepUCTUK THIEPKOMIUIEKCHBIX BBIpa-
JKCHUH;

XpaHEHUS 9acTO yHOTpeOIsIeMbIX BBIPAKEHUH;

BBITTOJTHEHUSI MOJTYJIbHBIX OTIEPAIiii C THIIEPKOMILUIEKCHBIMH BBIPAKCHUSIMI;

BU3YyaJIM3aIM1 U CEPBHCA.

[Toncucrema BRIMONHEHHUS alTre0OpandecKux onmepanui
B I' U C cocTout u3 crneayromnmx mpoueyp:

HNSnumber(n,Name,NameBas) — reneparius runepkoMIUIEKCHOTO YHCa
n-1 pa3MEepHOCTH;

inAdd(4,B) — crnoxkeHue IBYX THIEPKOMIUICKCHBIX uncen, A u B, B criu-
COYHOM BH/IE;

Add(4,B,dimHNS) — cioxeHue IByX THIIEPKOMILIEKCHBIX YHcel, A U B,
pasmepHocTi dimHNS B HaTypansHOM BHIE;

Subtr(4,B,dimHNS) — BblunTaHue ABYX TMNEPKOMILICKCHBIX Yucel, 4 U
B, pasmeproctu dimHNS B HatypansHOii hopme;

inMulti(4,8,HNS) — yMHOXeHHE IBYX YHCE B BHJIC CITHCKA,;

natMulti(4,8,HNS,nBas) — yMHOXeHHE IBYX THIIEPKOMIUIEKCHBIX YHCEeI
B HAaTypalbHOU (hopme;

Divis(4,B,nameHNS) — neneHue 9ucen B CIUCOYHOM BHUJIC;

Rad2(4,Name, nameBas) — wu3BjcUeHHE KBaJIPATHOTO KOPHS M3 THUIIEP-
KOMIUIEKCHOT'O YHciia B 000 hopme;

SqrtEq(4,8,C,NameHNS) — pelnienue runepkoMIIeKCHOTO KBaApaTHOTO
ypaBHEHHUSI.
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[Moancucrtema manunynasiuuum ¢ [UCutabnumamu Koannm
COCTOUT U3 CIIEAYIOUINX MPOLEAYP:

inConvertHNS (M,Name) — npeobpazoBanue tadbauusl Kanau u3 ecrect-
BEHHOTO BHJIa B CIIMCKOBBIN (CIIHUCOK CTPYKTYPHBIX KOHCTAHT);

VizHNS(Spis, nam) — Busyanuszanus cnucka ['YC B tabmuny Komu c
JIAHHBIM 0a3UCOM;

nameBas(4) — onpenenenue uaentugpukaropa 6asuca 'YC nmo runep-
KOMIUIEKCHOMY YHUCITy B €CTECTBEHHOM BHJIE;

renamA4(A4,nam,dimHNS) — nepenmenoBanue uaeHTuduKaTopa 6asuca B
THTIEPKOMIUIEKCHOM YHCII€ B €CTECTBEHHOM BUJIC;

VizHNS(Spis, nam) — Buszyanuzanus cnucka ['YC B tabmuny Komu c
JTAHHBIM 0a3MCOoM;

LibHNS() — xpanunume tTadnaun Kamu 'YC;

SearchHNS(nameHNS, nameRepos) — nponenypa noucka ['UC B xpaHu-
JIUILE TI0 €¢ MMEHU;

VizInA(in4,E) — Bu3yanu3aiis THIIEPKOMIUIEKCHOTO YHCIIa U3 CIIICKOBOM
(OpMBI B €CTECTBEHHYIO;

Convert4(A4,DimHNS) — npeo6pa3oBaHre THIIEPKOMITTIEKCHOTO YHCIIA U3
€CTECTBEHHOU (POPMBI B CIICKOBYIO;

Refill(Spisok, Element) — momnosHeHNE criMcKa HA OJIUH JIEMEHT;

ListHNS(DimHNS) — renepanus cnucka-mabioHa A BHYTPEHHETO
npeacrasienus [ YC;
nameBas(4) — omnpenenenne uaeHtugukaropa 6asuca ['YC mo rumnep-

KOMILJIEKCHOMY YHCJIy B €CTECTBEHHOM BUJIE;

renamA4(A4,nam,dimHNS) — nepenmenoBanue uaeHTuduKaTopa 6asuca B
TUIEPKOMIUIEKCHOM YHCJI€ B €CTECTBEHHOM BUJIE;

RefillHNS(nameLib, nameHNS) — ynanenne ['YC u3 xpaHuiuia;

VizLibHNS(LibHNS) — npocmotp Bcex 'HUC B ecTecTBEHHOM BUJIE;

Trans(M,s,f) — TpaHCcTIO3UIMS CTPOK U cTOI010B Tabiuiel Kamu I'YC;

AddHNS(Name, Table, Comment, Type) — monomsenune xpaammima [UC;

Genlzo (L,nameHNS, newBas) — reneparus msomopduoit ['UC myTem
JUHEWHOTO TIpeoOpa3zoBaHus Oasuca;

DirSum2(Namel,Name2) — nmoctpoenue npsimMoit cymmsr a1yx ['UC;

DirSumN (Spisok, nameBas) — noctpoenue npsiMoii CyMMbI HECKOJIBKUX
ruc;

MultiDim(nameHNS 1,nameHNS2 nameBas,markKom,nameHNS) — ymHo-
xeHnue pazmepHoctu ['4C;

Syslzo(HNS1, HNS2) — renepauust cucteMsl ypaBHeHHH n3omopduszma
asyx I'dC;

Sollzo(SysEq) — pemenue cuctems! ypaBHeHui nzomopduszma nyx I'UC.
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[Toncuctema onpeneneHus aiaredOpamMuyecKkux XapakTep
HCTHK TUNEPKOMMIJIEKCHBIX BBIPAaXEHHUI COCTOUT U3 CIEAYIOIINX
npouesyp:

Norma(4,nameHNS) — onpenenenue nceB10HOPMBbI TUIIEPKOMILIEKCHOTO
YHcia B CIUCOYHOM BUJIE;

Unit(nameHNS,name) — onpenenenue enuanynoro snementa ['YC;

Conjug(4,nameHNS,nam) — mocTpoeHue ConpspKeHHOTO YUCIIa;

Divis(4,B,nameHNS) — mnpornenypa aencHus;

HNSnumber(n,Name,NameBas) — mporieiypa renepaiuy rurnepKoMILIeKC-
HOTO YHCIIa.

[ToncucremMma XpaHEHUS 4YacTO ynorpeOasieMbIX BhIpa-
XK €HU MU CONEPKUT TOTOBBIE (POPMYJIbI BBITIOIHEHUS Pa3IMYHBIX ONEpaui u
BbIuuCIeHHH U1 pukcupoBanHbIX [ YC. DTa nmojacucremMa MOXKET MOTOIHATHCS
U COXPAHATHCS MOJIb30BATEIIEM.

[ToncucrtemMa BBHIMONHEHHUS MOJAYJIbHBIX ONEpaunui C THU-
NEPKOMMNIUEKCHBI MU BBIPAaXEHUSIMH COCTOUT U3 MPOLEAYP
MOCTPOCHHUSI CHCTEMBI OCTATOYHBIX KJIACCOB 110 TUIEPKOMILIIEKCHBIM MOJTYJISIM,
ornpeAeneHus] TPeACTaBUMOCTH THIIEPKOMIUIEKCHOTO 4Hciia, anroputMa EBk-
JIUJIA JUTSE THIIEPKOMIUIEKCHBIX YUCET U Jp.

[ToncucremMa BU3yalHu3alUU U CEPBHCA COCTOUT U3 CIIEAYIO-
HIUX NIPOLERYP:

VizInA(in4,E) — Bu3yanu3anus TMIepKOMILUIEKCHOTO YHCIa U3 CITUCKOBOM
(OpMBI B €CTECTBEHHYIO;

Convert4(4,DimHNS) — npeo6pa3oBanne runepkOMIIEKCHOTO YHCIIa U3
€CTECTBEHHOM (DOPMBI B CIIHCKOBYIO;

Refill(Spisok, Element) — momosHeHNE CIIMCKa HA OJIUH JICMCHT;

ListHNS(DimHNS) — renepanust cnucka-mabioHa s BHYTPEHHETO
npexacrasienus [YC;

inConvertHNS (M,Name) — npeoOpazoBanue Tadbmuiel Ko u3 ecrect-
BEHHOT'O BHJIa B CICKOBBIN (CIIUCOK CTPYKTYPHBIX KOHCTAHT);

RefillHNS(nameLib, nameHNS) — nponenypa ynanenus 'UC u3 xpa-
HWINIIA.

Takast CTpyKTypa U COCTaB KOMILIEKCA THUIEPKOMIUIEKCHBIX CUMBOJIBHBIX
BBIUUCIICHUH B cpeie Maple 103BOJIsIET 3HAYUTENBHO YIIPOCTUTH MPOIECCHI
CO3JIaHHS TPOrPAMMHOTO 00€CIICUeHUS IIsl MaTeMaTHYECKOTO MOJICITUPOBAHHUS
pa3IMYHBIX HAyYHO-TEXHMYECKUX 3a/1a4.

IIpuHuunel nocrpoeHust Hekotopbix npoueayp IIK. Paccmorpum cie-
IYIOLIME MPOLEAYPhl TPeoOpa3oBaHNs TUIIEPKOMITIIEKCHOTO YHCIIa U3 €CTeCT-
BEHHOH ()OPMBI B CIICOUHYO.

[Ipouenypa npeob6pa3oBaHUsI THNEPKOMIIEKCHOTO YHC-
Ja U3 €CTECTBEHHOW GOpPMBI B COIUCOYHY 0. 3aa4a: yucio 4 B
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tdopme (1) mepeectu B dopmy (4). Ha mepBwiit B3I, caenaTh 5TO OYCHb
IPOCTO: BBIIOJIIHUTB MOACTAHOBKHU €; =1, i=1,...,n, ¢ IOMOIIBIO KOMaH[bI subs,
II0CJI€ Yero MOIy4eHHOe BbIpaxkeHue 4 =a, +a,+..4a, ¢ IOMOLIbIO KOMaH]Ibl
convert(4,list) mpeBparute B (4). OgHako, ecinu B yucie 4 oauH wWin Oolee
K03((OUINEHTOB @; PaBHBI HYJIIO, T.€. THIIEPKOMIIJIEKCHOE YHCIIO 4 — HENoJ-
HOE, TO MOJIYYHUTCSI CITUCOK, JUTHHA KOTOPOTO MEHBIIIE 71, 4TO MPUBEIET B JAITb-
HEHIIIeM K HEIPABUIIbHBIM PE3yJIbTaTaM.

Wnest anroputma, paboTarOIIEro MpaBMIbHO KaK ¢ TIOJTHBIMU THIIEPKOMIT-
JICKCHBIMH YHCJIaMH, TaK ¥ HEMOJHBIMH, 3aKIr04YaeTCs B clieayroniemM. CHavyaa
TCHEPUPYETCSI CIIMCOK JITTMHON 7 — 3arOTOBKA Pe3yJIbTara:

in 4 =[0,0,...,0]. %)
3areM reHepupyeTcsl CIIUCOK TOM K€ JAJIMHBI, COCTOSALINN U3 paBeHCTB e; =0:
sp=[e, =0,...,e; =0,...,e, =0].
IIJISI KaXX10T0 3HAYCHUA NHICKCOB CTpOI/ITCSI CIINCOK paBeHCTB
spl=[e, =0,...,e; =1,..,e, =0] (6)

Y BBITIOJIHSACTCS MOJICTAHOBKA B MCXOHOE YucIio crucka (6). Eciu B yncne 4
KOMIIOHEHT a; =0, To OH TakuM BoizaeT B cnucok (5). Takum oGpazom, 3Ta
MOJICTAaHOBKA BBIACISET KO3()(DUIMEHT a,;, KOTOPBII MPHCBAaUBAETCS i-My 3JIe-
MEHTY criucKa (5).

[TonHbIN TEKCT MpOTrpaMMBl, e GopMaIbHBIMK MTapaMeTpaMH MPOIeayPh
SIBTSTFOTCSL A — THIIEPKOMIUIEKCHOE YMCII0 B ecTecTBeHHOM (popme, DImHNS —
pasmeprocts ['UC, B KOTOpO# 3a71aHO YnCIO A, UMEET CIIeIYIONTUH BU/T;

Convert 4 := proc (4, DimHNS)

local in4, sp, i, spl, e, 41;

ind :=[seq (0, i = 1.. DimHNS)];

if A <> ( then
Al := subs (nameBas (4) = e, 4);
sp = [seg (e[i]=0,i=1.. DImHNS)];
for i to DImHNS do

spl :=sp; spl[i].= e[i] = 1; inA[i] := subs (spl, A1)

end do

end if;

RETURN (in4)

end proc

[ITpoueanypa yMHOXEHHUS TUNEPKOMMOJIEKCHBIX YUCET B
CIUCOYHOU (hOpME BBHINOIHICT YMHOKCHUE JIBYX TUTICPKOMILICKCHBIX
yuceln, A U B, KOTOpBIE 3aJlaHbl B BUJIE CIIMCKOB. Y MHOKEHHUE MPOBOJUTCA B
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COOTBETCTBHUH C 3aKOHaMK kommo3uiuu cucteMbl HNS. Takum o6pazom, npo-
neaypa peaimzyer o000IICHHYI0 (OpMYITy YMHOXKEHHUS THIEPKOMIUICKCHBIX
gucen [1, 6]

AB:iiiaibﬂg’ ™

i=1 j=I k=l

rae n — pasmepHocTs ['YC HNS; v}, — CTpyKTypHBIE KOHCTaHTBI 32KOHOB
komnosurmu ['YC HNS.

[Tponienypa BbIMoNHSAET BbI30B XpaHwiuima tadaumnsl Kamu 'YC (mmpo-
neaypa LibHNS()), B KoTopoii ocymecTBisieTcs MOUCK WHGOPMAITUH O 3a/1aH-
Hoit 'YC HNS (SearchHNS(HNS, LibHNS())). B Helt conepkutcst TpexypoB-
HeBbI crucok cTpykTypHBIX KoHcTaHT ['HC HNS. Jlanee BoimomnHsetcs ¢hop-
Myi1a (7). [1osHBIi TeKCT IpOrpaMMBbl UMEET CIEAYIOLINI B

inMulti := proc (4, B, HNS)
local X, £k, i, j, Lib, HNSI;
Lib := Lib HNS ();
HNSI := SearchHNS (HNS, Lib);
X :=[seq (0,i=1..nops (HNSI[1]))];
for & to nops (HNSI[1]) do
X[k] =05
for i to nops (HNSI[1]) do
for j to nops (HNSI[1]) do
X[k] = X[k] +A[i]*B[j]*HNSI [4, j, k]
end do
end do
end do;
RETURN (X)
end proc

PaccmoTpum mpumep BbI3oBa u paboThI 3ToW mpouenypsl. Crenepupyem
JIBA TUTIEPKOMITJICKCHBIX YMCIIa YETBEPTOU Pa3MEPHOCTH:

A:=HNSnumber (4,a,¢)[l], B :=HNSnumber (4,a,e)[1] ;
Ai=[al ,az,a3,a4], B ':[bl ,bz,b3,b4] .

IToctpoum ux npoussenenue B ['4HC Q4N — HEKOMMYTAaTUBHOM aBTOYIBOEHUH
00001IeHHOM CUCTEMBI KOMIUIEKCHBIX urcedn [ 1, 6 — 8], Tabnuia Kanu kotopoit
UMeeT BUJ
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04N E, E, Ey Ey
E, E, E, E, E,
E, E, PE, +4E, E, PE; +qE,
£y E, -E, PE, +qE; —-PE, —qE,
E, E, ~pE; —qE, PEy+4E;  —p’E, - pqE, - pqE; —4’E,

Bei3siBaem nporenypy: C:=inMulti(4, B,04N). IlonyuyaemM COHCOK U3 YeThI-
pPEX KOMIIOHEHTOB PE3yJbTaTa:

[a,b, +a,b,p +a3b3p—a4b4p2, a,b, +a,b, +a,b,q+
+azbyp—asbyp—abypq, a\bs—ayb,p+azb +
+asbyq+asb,p—azbupq, aby—ayby—abq+

+a3hy +asbyq+aghy +asbyq—ashyg—ashuq’].

[Ipomeaypa YMHOXEHUS ABYX THNEPKOMMIICKCHBIX YH-
Celd B €ECTECTBEHHOUW (hOpMe HCIOJIb3yeT MPOLEAYPY YMHOKEHUS B
cnrcogHoM Buje. CHavama 4uciio mpeodpasyercs: U3 eCTECTBEHHON (OpMBI B
CIIMCOYHYI0, 3aTE€M BBINOJIHSAETCS YMHOXECHUE B CIIUCOYHOH (hopMe, TTOCIIe Yero
MOJTy9eHHOE TIPOU3BEICHUE MPEeoOpazyeTcsi U3 CIHCOYHOH (DOpMBI B HATy-
paNTbHYIO U BU3YaITU3UPYETCS C 3a/IaHHBIM UIMEHEM 0a3uca. TEeKCT Mporeaypsbl:
natMulti := proc (4, B, HNS, nBas )

VizIn4 (inMulti (Convert4(4, nops (SearchHNS (HNS,

LibHNS ()))), Convert4(B, nops (SearchHNS (HNS,

LibHNS ()))), HNS), nBas)
end proc

HyCTB qyuciia TpeTBefI paSMepHOCTI/I HUMCIOT GCTeCTBeHHYIO (1)0pMy:

Haiinem ux mpou3BeicHHE B CUCTEME TPHILIEKCHBIX uncen 7 [1] ¢ Tabnuuei
YMHOKEHUS BUJIA

T e e, ey
@ | € &
e, e, (e5—¢)/2 —-e,
i e3 & G
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Torma ux IMPOU3BCACHUEC UMECCT BU

C:=natMulti(4,B,T, ),
1
C ;=(a1b1 _iazbz Jr613])3)f1 +(a by +a,by —ayby —azb,) fH +
1

rae uMs 6asuca e u3MeHeHo Ha f. Bri3oB 31oit porienypst B [THC RO C [1] ¢
TabynLeNd YMHOXKEHUS

R®C e e, ey
e e 0 0
e, 0 e, ey
ey 0 N —e,

HNMECT BU
C:=natMulti(4,B,R®C, ),

C=a,b,f) +(ayb, —a3by) [, +(aybs +azb,) f5.

IIpumep pemienusi npakTu4deckoi 3agauu ¢ nomoumsbio K. CpaBHum
pelIeHne 3ajayd MOBOPOTAa BEKTOpAa C MOMOIIBI0O KBAaTEPHHOHA TPaJHULIMOH-
HBIMHU CpeACTBaMHU U ¢ ucnojbs3oBanueMm mnpouenyp IIK. Dra 3agaua yacro
BO3HUKAET B CUCTEMAaxX OPUEHTALMU B IPOCTPAHCTBE, HABUTALIMU, KOMIIBIOTEP-
HOU aHumauuu u 1p. [2]. opmyiia moBOpoTa BEKTOpA » B MPOCTPAHCTBE C
MIOMOIIBbIO KBATEPHUOHA ¢ UMeeT BUI [9]

’ -1
r'=qrq -, )
rac r u 7"' — Ha4aJIbHbIC U KOHCYHBIC KOOPANHATHI HOBOpa‘IHBaeMOﬁ TOYKHU B
o —1 o
KBAaTCPHUOHHOM BHUJE, T.C. TOT KBATCPHUOH — BEKTOPHBIU, ¢ g — ONPSIMOU

1 00paTHBIN KBATEPHUOHBI, OTPECIISIONINE OCh BPAIICHUS; BCE YMHOKEHUSI —
KBaTepHUOHHBIC. B BhIpakeHNM (8) KBAaTCPHUOH ¢ JTOJDKEH OBITh HOPMHUPOBAH,
T.. €r0 HOpMa JIOJDKHA OBITh paBHaA enuHuie. Eciau KBaTepHHOH MOBOpOTa
nmeer BuA 0 =a, e, +a,e, +ase; +a,e,, ToO HOPMUPOBAHHBIA KBATEPHUOH UMEET
CIEAYIOITUN BU;

q= 1
Jaf+a§+a§+ai Jaf+a§+a§+ai
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v

['eomeTpHuyeCcKHii CMBICH 2JIEMEHTOB BbIpaXkeHuUs (9) TaKOB: yroi HOBOPOTa
BOKPYT OCH (CM. PHCYHOK)

a
0 =2arccos 1

b
al +a3 +a3 +a;
€€ HallpaBJIAIOIIUE KOCUHYCbI —

cos0; -4 , 1=2,3,4.

[2, 2 2
a; +as +aj

Paccmotpum 3amauy onpesesieHuss KOOPAUHAT TOYKH, ITOJIy4E€HHOM 1ocIie-
JOBATEIbHBIMU IOBOPOTAMU BEKTOPA BOKPYT JIBYX OCEH: CHadana BOKPYT OCH,
OIIpeIeIsAEMON KBATEPHUOHOM ¢, a 3aT€M — BOKPYT OCH, ONPEACIIAEMON KBa-
TEPHUOHOM p, KaK IIOKAa3aHO Ha PUCYHKe. TakOo! CIIOKHBII MOBOPOT OIpe-
nensiercs GopMynon

' -1 -1
r'=pgrq ps (10)
rJIe BCe yMHOKEHHS — KBaTepHHOHHBIC [1, 3]; ¢ M ¢~ — npsiMoii 1 06paTHBIit
KBaTEPHUOHBI, ONPEIEISIONINE TIEPBYIO OCh BPAILIEHUS; p U p — TO XKe IS

BTOpPOM OCH BpaIlCHHUS.

Takum oOpa3oM, mporpamma JI0JDKHA NMpeaycMaTpuBaTh HOPMHUPOBAHUE
KBAaTCPHUOHOB, OIIPCACIICHUC O6paTHBIX KBAaTCPHUOHOB, KBATCPHUOHHLIC IIEPEC-
MHOxeHus 1o (10) u ynporieHue mory4eHHoro pe3yibrara. Ecim 1anbl ucxo/-
HbIe HOPMUPOBaHHbIE MO (9) KBATEPHUOHBI ¢, p U ¥ B CIIUCOYHOM BU/JIE, & TAK)KE
o0paTHbIE KBATEPHUOHBI cf1 =(yg, p*1 =(Cp, TO OAMH U3 BO3MOXHBIX BapUaH-
TOB MPOrpaMMBbl B BUjE Mpolenypsl 0e3 mpumeneHus cpencts 1K mmeer
CIEAYIOUIUN BU;

92 ISSN 0204-3572. Electronic Modeling. 2017. V. 39. Ne 5



lMpoepamMMHbIU KOMIEKC Ot 2UNePKOMITIIEKCHbIX 8bI4UCTeHUl

Pov = proc(r, q, p, Cq, Cp)
local AB, M1, M2, M3, M4, i, M, r1;
B = [a[1]*D[1] — a[2]*b[2] — a[3]*b[3] — a[4]*D[4],

[11%0[2] + a[2]*b[1] + a[3]*b[4] — a[4]*D[3],
a[1]*b[3] — a[2]*b[4] + a[3]*b[1] + a[4]*D[2],

[1]*b[4] + a[2]*b[3] — a[3]*D[2] + a[4]*D[1]];
M1 = subs (a[1] = p[1], a[2] = p[2], a[3] = p[3], a[4] = p[4],
b[1] = q[1], b[2] = q(2], b[3] = q[3], b[4] = q[4], AB);
M2 = subs (a[1] = M1[1], a[2] = M1[2], a[3] = M1][3], a[4] = M1][4],
b[1]=r[1], b[2] =[2], b[3] = r[3], b[4] = r[4], AB);

M3 :=subs (a[1]= M2[1], a[2] = M2[2], a[3] = M2[3],a[4] M2[4],
b[1] = Cq[1], b[2] = Cq[2], b[3] = Cq[3], b[4] = Cq[4], AB);
M4 = subs (a[1] = M3[1], a[2] = M3[2], a[3] = M3[3],a[4] M3[4],
b[1]= Cp[1], b[2] = Cp[2], b[3] = Cp[3], b[4] = Cp[4], AB);

for i to 4 do M[i] := factor (M4[i]) end do;
rl = [M[1], M[2], M|3], MA[4]];
RETURN (r1)

end proc

Kak BHIUM, OCHOBHOW OOBEM 3TOW MPOrpaMMbl 3aHUMAIOT BBIYHCIICHUS
MPOU3BEICHUI KBATCPHUOHOB, KOTOPHIC BHIMIOJIHEHBI B BUIC UX TIOJICTAHOBOK B
obmryro popmyny. [Tockonbky B I1K ecTs nporieypsl yMHOKEHHSI THTIEPKOMII-
JICKCHBIX YHCEJ, 3Ta IporpaMma CYIIECTBEHHO ympoiiaercs. [Iporpamma c
ucnonb3oBanreM cpeacTB ITK BRITISAANT Tak:

Povl:= proc(r, q, p, Cq, Cp) for i from 1 to 4 do r1[i]
:= factor (inMulti(inMulti(inMulti(inMulti(p, g, H), r, H),
Cq[1], H), Cp([1], H) [i]): end do;
RETURN (r1)

end proc

EcrecTBeHHO, pe3ybTaThl BEIYUCICHHN 1O 00€UM MporpamMmmaM — OJIU-
HakoBbl. Tak, eciu peliaercs 3ajjaua oBopoTa TOUKHU ¢ KoopAauHaTamiu [1, 2, 3]
CHayasa Ha yron 0, =m/3 Bokpyr ocu, onpezensemoii optom [0, 0, 1], T.e. ocu
Oz, 3aTeM — Ha yron 0, =m/2BoKpyr ocu, onpeaesemoii oprom [0, 1, 0], T.e.
ocu Oy, TO KOHEYHOE I10JIOKEHHE TOUYKHU OIpPE/eNsieTcs BEKTOPHBIM KBaTep-
HHOHOM 1’ =3e, +(~/3+05) e, +(~/3-05) ey.

33 80:10011 81

Pa3paboranHble MPOrpaMMHO-AITOPUTMUYECKUE CPEICTBA 00ECTICUNBAIOT OOJTb-
Iy 00JacTh BBIYHCIICHUH, CBSI3aHHBIX C MOJACIHMPOBAHUEM MPOIIECCOB, OMH-
CBIBAEMBIX T'MIIEPKOMIUIEKCHBIMH YHCJIAaMH. X HCIONIb30BaHNE 3HAYUTEIILHO
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YIPOIIAET MPOIECC Pa3pabOTKH MPOrPaMMHOI0 00ECTICUCHUS 1 TIOBBIIIACT €TO
HAJIE)KHOCTb, TaK KaK MPUMEHSFOTCSI MHOTOKPATHO MTPOBEPEHHBIE aJITOPUTMBI U
nporpammel. B 1o ke Bpems, [IK Hyxnaercd B nanbHEMIIEM MOMOJIHEHUH U
pacCIIMPEHHH, YTO SIBJISIETCS HAIIPABJIEHUEM JAJbHEHIIENH HayYHO-UCCIIE0Ba-
TEIbCKOM paboThI B 3TOM 00J1aCTH.
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Ya.A. Kalinovsky, Yu.E. Boyarinova, A.S. Sukalo, Ya.V. Khitsko
SOFTWARE COMPLEX FOR HYPERCOMPLEX COMPUTATIONS

The principles assumed as a basis of the algorithmic-software complex of hypercomplex compu-
tations are stated. The complex structure and the composition of the functional subsystems are de-
scribed. The most important procedures performed by the subsystems are considered, program
listings and examples of their application are given.

Keywords: hypercomplex numerical system, procedure, computer algebra, operation, Maple.

KAJTMHOBCKHH fxoe Anexcandposuy, 0-p mexu. nayx, cm. nayy. comp. Hu-ma npobrem pezucni-
payuu ungpopmayuu HAH Yrpaunwi. B 1965 . oxonuun Kueeckuii norumexuuueckuti un-m. Obnacme
HAYYHBIX UCCTe008AH UL — MeoPUs SUNEPKOMNIEKCHBIX YUCT08bIX CUCEM U UX NPUMEHEHUe 6 Mame-
MAMuUYecKkoM MOOTUPOSAHUU.

BOAPHUHOBA FOnusa Esecenvesna, kano. mexu. HayK, cm. Hayy. comp. HUnu-ma npodaem pecucmpayuu
unpopmayuu HAH Vrpaunol, ooyenm Hayuonanonoco mexuuueckoeo ynugepcumema YKpauHol
«Kuesckuil nonumexnuueckutl uH-my, Komopulti okonuuna ¢ 1997 2. Obaacms HayuHbIX UCCIC008aHU —
meopust 2UNePKOMNIEKCHBIX YUCI0BbIX CUCTEM U UX NPUMEHEHUE 6 MAMEMAMU4eckoM MOOIUPOGAHUL.

CVKAJIO Anuna Cepeeesna, acnupanma Mn-ma npoonem pecucmpayuu ungopmayuu HAH YVrpau-
not. B 2013 2. oxonuuna Kumomupckuii eocynueepcumem. O01acmo HAyyHbIX UCCIE008aHULI —
Mamemamuyeckoe MOOeIUposanUe U 6blYUCTUMETbHbIE NPOYECCH.

XULKO flna BraoumuposHa, KaHO. mexH. HAYK, M. Hayy. comp. Hayuonanvrhoeo mexnuueckozo
yHugepcumema Yxpaunvl «Kuesckuil nonumexnuueckuti uH-my, komopwiil okonuuna ¢ 2005 2. O6-
1aCcmb HAYUHBIX UCCIEO08ANUT — MEOPUs 2UNEPKOMNIEKCHBIX YUCTOBbIX CUCHEM U UX NPUMEHEHUe 6
MaAMeMamuyecKkom MoOeIUpo8aHUU.
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