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I'maBa 1

BBeenne: HeoO0XoJIMOCTh BHEIPEHNA
MHPOPMAITMOHHBIX TEXHOJIOTHI B
CTPYKTYPY (PU3UKO-MaTEMATHIECKOI'O
obOpa3oBaHuId

1CymecTByer psji BecbMa BeCKUX IPUYUH HEOOXOIMMOCTH BHEJApeHus MHMDOPMAIIMOHHBIX TeX-
HOJIOTHl B CTPYKTYPY (PU3UKO - MATEMATUIECKOI'O 00pa30BaHusl. DTU IIPUINHBI, B OCHOBHOM,

UMEIOT BHEITHUI 110 OTHOIICHWIO K (DPU3UKO-MATEeMATHIECKOMY O0OPA30BAHUIO XapaKTep U Bbl-
3BaHbl TJIOOAJLHBIMUA U3MEHEHUSIMU B CTPYKType 00IIecTBa, OOIMECTBEHHOTO CO3ZHAHWSA U WH-
TEHCUBHBIM I1porieccoM nabopmarusanmun obmectsa. Cpein STUX TPUINH:

1.

2.

HEIIPEPBIBHO U OBICTPO PACTYIIHAE MOTOKA WHMOPMAIIN U OBICTPOE €€ YCTAPEBAHUE,
YT 17, y ;

COKpallleHre y9eOHbIX YacOB Ha N3ydeHne (pyHIaMeHTAILHBIX JUCITUILINH C OJITHOBPEMEH-
HBIM PACIHIMPEHUEM N3y4YaeMBbIX Pa3J/ie/IOB;

IIepeHocC neuTpa TA2KeCTH yqe6Horo IIpornecca Ha CaMOCTOATE/IbHYIO pa60Ty CTYJEHTOB U
ydamuxcd;

HeJIOCTaTOYHOe (puHaHCHpOBaHuEe (DYyHJIAMEHTAIbLHBIX HAIPABJICHUN HAYKU U COOTBET-
CTBYIOIIUX UM HAITPABJICHUI BBICIIEr0 0Opa30BaAHMS;

HHTerpalnd pa3IudHbIX o0JacTeil 3HAHUI U IOsIBJICHUE HOBBIX HallpABJICHUI HAyKH U
TEXHOJIOTUI;

yBeJIm49eHue 9ucjia CHeLH/Ia,HbHOCTeIU/I 1Ipu OTHOBPEMEHHOM YMEHbINCHUN YUCJIa CTY/AEHTOB]

CHUZKEHUE MHTEPeCca MOJIOIEKH K HAYKOEMKHUM CIEIUATLHOCTIM (PU3UKO-MAaTEeMaTHIeCKOTO
poduisi, OBJIaJIEHIEe KOTOPHIMU TpeOyeT OOJIbIINX 3aTPaT, a OXKUIAEMbBIH KapbepHBIi
pocT He jaeT OOJIBIINX HAJEXK/]I Ha Oy/Iylee.

naJieHre YpOBHs MaTeMaTHIeCKO OJTOTOBKY a0UTYPUEHTOB, B TOM YUCTIE, B PE3Y/IbTaTe
JIEACTBUS MIPEJIIIECTBYIONIEro (hakTopa.

'Marepuas BBegenns B3aT u3 gexkmun FO.I. Urnarteesa n A.P. CaMurymmmmoil qyis crynaTeseil IKOJIB IO
MaTeMaTaTHIeCKOMY ¥ KOMIBIOTEPHOMY MOJeupoBanuio [1].



I'maBa 1. Bpenenwne: HeobxoaumocTb BHeApeHus: I'T B cTpyKTYpY (pus-MaT. 0bpa3oBaHUs

9. yBeJMUeHME JIOJN MACC - MEIUIHBIX, 3pUTeIbHBIX TT0TOKOB nHbopmaruu (TV, Nurepuer,
BUJICOUTDBI ¥ T.IL.), YTO IPUBOJUT K Pa3PyIIEHUIO aHAJIUTUIECKON 1 abCcTpakTHON (hopM
MBIILJIEHUSA, HEOOXOIUMBIX JIJIsT MATEMaTHICCKOI0 00Pa30BaAHUA.

Ho mommmo sTux npuynH, Ha HAIT B3TJIAJ, CYIIECTBYIOT U BHYTPEHHHUE TPUYMHBI UMEHHO POC-
CHIICKOTO MaTeMaTHdeCKOro oOpa3oBaHWs, IPUBOJAIINE B IIOCJE/IHEE BPEMs K €ro 3aCTOI0 U
Hu3KOoi 3 dekruBHOoCcTH. Cpeu 3TUX NPUYINH:

1. dbopman3oBaHHBIIl XapakKTep MaTEeMATHIECKOr0 00PA30BAHUS;

2. yTpara CBsd3€eil MaTeMaTUIeCKOro oOpas3oBaHUs ¢ COBPEMEHHBIMU 3a/adaMu, KakK IPHU-
KJIQJTHBIX, TaK U (PyHIAMEHTATbHBIX HAYK;

3. IeperpyKeHHOCTb MaTeMaTUIeCKUX KypPCOB abCTPAKTHBIM TEOPETUIECKIM MaTepUaIoM
B yIIiepd penennio KOHKPETHBIX 3a/a4, NCTOPUYECKH SABJISIONINXCS 1EJIEBBIMU JIJTs JIaH-
HBIX KYPCOB;

4. OTOPBaHHOCTL MaTeMaTHYI€CKUX KYPCOB OT COBPEMEHHbLIX KOMIIbIOTEPHbIX TEXHOJIOT'UiA.

AHaJIOFI/ILIHbIe Hp06ﬂel\/lb1 CBOWCTBEHHBI I MHOT'UM COBPEMEHHBIM pOCCHfICKHM Hay4YHbIM Ma-
TEeMATUIeCKUM ITKoJIaM. VI3BecTHbI, HAIpUMED, MOTPEOHOCTH MHOIUX obJiacTeil, Kak (ymHia-
MEHTAJIBHBIX, TaK ¥ MPUKJIJIHBIX HAYK, B CO3JaHII METOJIOB MCCJIEIOBAHNS HEJIMHEHHBIX KOH-
TUHYaJIbHBIX CHUCTEM, OIMChIBAEMBIX HEJIUHEHHBIMU M depeHInaIbHbIMI U HHTErPO - Jud-
depeHIaIbHBIMEI YPABHEHUSIMHI B YaCTHBIX MPON3BOAHBIX. OIHAKO, OJaB/IAoNee OOIbITNH-
CTBO KaHJIMJIATCKUX U JJOKTOPCKUX JIMCCEPTAIMI 110 3TOM CHENUAJIbHOCTH IIOCBAIIEHO METOIAM
perteHust JIMHEHHBIX TuddepeHnuaibHbIX 1 UHTEIPAJIBHBIX YPABHEHU, TPUYEM 3a4aCTyIO HC-
CJIeIOBaHUSI 3aBEPIIAIOTCS JOKA3aTeILCTBOM CYIIECTBOBAHUS W €JINHCTBEHHOCTH PEIIeHNUs.

Anajiorngyabie IpoOJIeMbl CyIIECTBYIOT W B JPYIUX CTpaHax, TPAIUINOHHO OPUEHTUPYIO-
IUXCA Ha HAyKOeMKHe (pOPMbI 4eJI0BEUYECKOM JIedTeIbHOCTH U B ITOCIEIHEE BPeMsl CO3IAOIIIIe
IPpEAIIOChbIJIKN JIgd CTarHalldW IIPOT'PECCUBHOI'O Pa3BUTUA YeIOBEeYECTBaA. HOSTOIVIy, HECMOTpP#I
Ha TO, 9TO B )IaHHOIU/I CTaTbhbe MBI OIIMPpaceMCd, B OCHOBHOM, Ha UCCJICJOBaHUA U OIILIT POCCI/IfICKI/IX
VUIEHBIX, U3JI0’KeHHbIe HUXKE Pe3y/IbTaThl, KaK MbI JyMaeM, OyJIyT IOJIE3HbI U MaTeMaTHKaM
JIPYTUX CTpaH, paboTaoIMNX B CHCTEMe BBICIIErO 0Opa30BaHUs.

I.1 OcnooBrHas njaes BHeApeHNA MHAOPMAIIMOHHBIX TE€XHO-
JIOTUii B CTPYKTYPY (bU3NKO-MaTeMaTnIecKoro oopa3o-
BaHUS

Craemxyer oTMETUTh, UTO OCOOEHHOCTH MH(MOPMATHU3AINN MaTeMaTHIeCKOro o0pasoBaHUs Ha
OCHOBE COBPEMEHHBIX MH(MOPMAIIMOHHBIX TEXHOJIOTHIA JI0 CUX IIOP CJIabO OCBEIIEeHbI B HAYIHOM
Jureparype. B gacTHOCTH, He CyIIeCTBYeT €IMHON KOHIENINH BHEIPEHN NHMOOPMAIMOHHBIX
TEXHOJIOTUI B CTPYKTYPY MaTEeMATHIECKOTO 00Pa30BaHUsl, & TaKyKe JJOCTATOYHO pa3paboTaH-
HBIX METO/IUK IIPEIoaBaHust MAaTeMaTHICCKUX JUCIIUILINH C IIOMOIIBIO MH(POPMAITMOHHBIX TeX-
HOJIOTHIT ¢ ydeToM crrenuduke Stux guciuiuind. CyInecTByompe MeTOIUKN ¢J1ab0 CBA3aHbI CO
cuernduKoil (pU3NKO-MaTeMATHIECKUX MUCIUILINH, TO3BOJISIONNX PEAIn30BaTh Oojee TIIy-
O6OKOe TTPOHMKHOBEHNE MH(MOPMAIMOHHBIX TEXHOJIOTHI B caMyIO CYyTh 3TUX HPEIMETOB U TeM
CaMbIM CYIIECTBEHHO MEPEOPUEHTUPOBATH yUIEOHBIN IIPOIECC U ¢aesaTh ero dosee 3hdekTus-
HBIM.



I.1. OcnoBnast uaest Baeaperusi I'T B cTpyKTypy pusz-mMar. 00pa30BaHUsT

Ha namm B3ruisi1, mpeosioieTb yKazaHHbIe IPOTUBOPEUUS MEXKLY 3aIPOCAMEI COBPEMEHHBIX
HAYKU W TEXHOJIOTUHU, C OJIHON CTODOHBI, U MOTEHIIMAIOM MaTEMaTUIeCKOr0 00pPa30BAHUA, C
JIPYyTOif CTOPOHBI, BO3MOKHO HA IIyTH WHTEHCUBHOI'O IIPUMEHEHUsI METOJI0B MaTeMaTHIeCKOrO
1 KOMITBIOTEPHOTO MOJIEJINPOBAHUS IPU U3YYE€HNN BCeX DA30BBIX KYPCOB MaTEMATUKU C TIOCJIE-
JIYIOIIIUM WHTErPUPOBAHUEM IEJIEBBIX 33/a4 ITHX KyPCOB € 3ajadamMu (yHIaMEHTAJILHBIX U
MPUKJIQJIHBIX HAYK. [Ipr 9TOM KOMITBIOTEpHOE MOJIETUPOBAHUE CJIEIYET OCYIIECTBIIATEH B Cpe-
ne cucreM Kommbioreproit Maremaruku (CKM), a coorBercrByiomue Kypcbl (hOPMEPOBATS,
KaK WCCJIE/IOBATETbCKIE, HAIIPABICHHBIE HA MMOCTPOEHNE MATEMATHIECKUX W KOMITBIOTEPHBIX
MoJIeJell, B XOJle CO3/IaHUs KOTOPBIX CTYAEHTHI OYIYT OBJIaJeBaTh HEOOXOAMMBIMU (DYyHIaMEH-
TaJbHBIMU 3HAHUSIMU ITPEJIMETOB U YUIUThCA UX IpaKTHdeckoMmy npuMmenenuio. Ciemyer odpa-
TUTh BHUMAHHUE Ha TOT (PAKT, ITO MOCTPOEHUE MATEMATUIECKOW MOJIE/N U €€ KOMIIbIOTepHAs
peain3alys BOCIUTHIBAIOT CTPOrOCTh MATEMATUICCKOTO MBIIIJICHIS, €0 KYJIbTYPY U TeXHOJIO-
rugHOCTh. [locTpoenne n nccseoBaHne KOMIIBIOTEPHOM MOJIEN, KPOME BCETO IIPOYIero, BOCIIN-
TBIBaET TPY0II00NE, aKKYyPATHOCTH U JJOOPOCOBECTHOCTH — KA9eCTBA, KOTOPHIX TaK HE XBATAET
MIOCTCOBETCKUM T'eHepaIsaM Mojojieyku. Kpome Bcero mpodero, 3ToT myTh ABJsETCH HanOoJIee
3 bEKTUBHBIM CIIOCOOOM BOBJIEUEHUs] MOJIOJEKH B COBPEMEHHYIO HAYKY U UHYKEHEPHIO.

Ojnn u3 cozzmareseil HAYYIHOTO HAIPABJICHUST MATEMATHIECKOIO MOJICJIMPOBAHNUS, aKaJie-
muk A.A. Camapckuii [21], onpeenmn MareMaTu4ecKyo MOJEIb KaK SKBUBAJEHT O0bEKTa,
OTpaKaloluii B MaTeMaTu4deckoit (popme BazKHEHIne ero CBOHCTBA U BBEJI MOHATHE MPUG-
dv, mamemamuvecrozo modesuposanus Cyv.Puc.Puc.l.1: mogens — ajnropurm — mporpamma,
KaK HeOOXOJMMBIN IIJIaH JAeiicTBuil n3ydeHus obbekTa. [Ipu 3ToM Ha 1mepBOM STare CTPOnuTCs
MaTeMaTHIecKnii oOpa3 o0beKTa, OTparkKalolnii B MaTeMaTuIecKoil ¢popme BaKHeIe ero
CBOMCTBA, T.€., MAMEMAMUYECKAA MOOEND.

Mome Ik

Puc.l.1. Tpunana maremarmdeckoro mojeimpo-
Bauus 110 CaMapCKOMy

ayiee MaTeMaTIdecKast MOJIEJIb UCCJIETYETCS TEOPETUIECKIMU METOJAMU, ITO ITO3BOJISIET TI0-
JIyIUTh 00ujue npedsapumenvrvie 3uanns 06 oobekte. Ha Bropom sTarte paspabdbarbiBaeTcs .-
20pumMm I peasin3aliui MoJIe/ Il Ha KoMITbioTepe. Ha 3Tom sTare Moie/b IpeJicTaB/IsgeTcsd B
dopme, yI100HOI J1/Tsi IPUMEHEHUsT YUCICHHBIX METOIOB, U OIIPEJIEISIeTCs ITOCIEI0BATETIHLHOCTD
BBIYNCUTEHHBIX U JIOTHYECKUX OTepaIuil /il M3ydeHus UCCaelyeMbIX CBOCTB oObekTa. Ha
TPETHEM ITAIIE NPOPAMMUPOSAHUA CO3IAIOTCS TPOTPAMMBI, TIEPEBOJISAIIIIE MO/JIEb U aJTOPUTM

7



I'maBa 1. Bpenenwne: HeobxoaumocTb BHeApeHus: I'T B cTpyKTYpY (pus-MaT. 0bpa3oBaHUs

Ha g3bIK nporpaMMbl. Co3/1aB yKa3aHHYIO TPUA/Ly MaTEMAaTHIeCKOI'O MOJIEJIMPOBAHNUS, HCCIIe-
JIOBaTEb IPOBOJUT YUCACHHDIE IKCNEPUMEHDL, CPABHIBASA PE3YIBTATHI KOTOPBIX C PE3YJIb-
TaTaMU HATYPHBIX 9KCIEPUMEHTOB, OH BHOCUT HEOOXOIMMbIE KOPPEKTUBBI B MATEMATHIECKYIO
Mojiesb. [IpoBosig, TakuM 00pasoM, JOBOJKY MaTeMaTUIeCKON MOJENN IO COBEPIIEHCTBA, WC-
cJIeI0BaTe b [IOJIyIaeT TeM CaMbIM &JIEKBATHYIO OObEKTY MaTEMATUIECKYIO MOJIe/Ib. OTMeTHM,
YTO CaM IPOIECC TMOCTPOEHUS MATEeMATHIECKOH MOJE/N aJeKBATHO OTOOPaXKaeT caM IIPOIECe
HO3HAHUS Y€JIOBEKOM OKPYZKAIOIIEro MUpa, IOITOMY HJI€aIbHO HOIXOIUT JJIS TOCTPOEHN Ha
€r0 OCHOBe MOjiesin MHPOPMATU3AINN MaTeMaTHIecKoro obpaszoBanus. Ha Hamm B3rs, 3Ta
TPpHUaJia MaTeMAaTHIECKOTO MOJIETMPOBAHNS U JIOJZKHA OBITH ITOJIOYKEHa B OCHOBY MaTeMaTHde-
CKOTO 00pa30BaHUs.

Tpeboanue nabOpMATHIAINT MATEMATHICCKOIO 00PA30BaHUS TPUBOJUT K HEOOXOMMO-
cTH 1/1yOOKOr0 BHEIpEHUA NH(MOPMAIMOHHBIX TEXHOJIOIUH Ha OCHOBE MATEeMaTUIECKOTO U KOM-
IBIOTEPHOTO MOJIEIUPOBAHUSA B CPEJIe KOMITBIOTEPHON MAaTeMaTHKH B cCaMy CTPYKTYPY MaTeMa-
THYECKUX JUCITUIINH, 9YTO, B CBOIO OY€pe/Ib, IPUBOIUT K HEOOXOUMOCTHU PAa3pabOTKI METOINK
UHTEIPUPOBAHHOIO U3yUeHusi (PU3NKO-MATEMATUIECKUX JTUCIUILINH Ha OCHOBE MaTeMaTude-
CKOI'O W KOMIIBIOTEPHOI'O MOJIEJIMPOBAHUS B CPEJIe KOMIIBIOTEPHOI MAaTEMATUKHU, UTO, B CBOIO
ouepejib, Kak pa3 uameHAem napaduzmy Guauko-mamemamuieckozo 00pasosarus.

BosaukaeT BOIpoc 0 TpeTheM dTalle IPOIEecca MaTeMaTHIeCKOro MOJIETMPOBAHUS — PeasIi-
3aI MAaTEMATHYECKOI MOJIEIN KOMIIBIOTEPHBIMU CPEJICTBAMHE, T.€., O KOMIIBIOTEDHOM MOJIe-
muposannn. Kak nokasano B psijie uccaenosanuii 3],[6],[8],9],[17],[18],[19],[20],[21],[22] u ap.,
JUUIS 9TUX TeJIeil MjieaIbHO OJIXO/IAT IPUKJIa/IHbIe MaTeMaTndeckue nakersl. Crennduka npu-
MEHEHUsI KOMITBIOTEPHBIX MATEMaTHIECKUX ITAKETOB B CUCTEME MATEMATHIECKOI0 00pa30BaHUs
JIOBOJILHO MIUPOKO PACKPBITA B 9TUX nccaenoBanusx. OHaKo, B yKa3aHHbIX paboTax MPUKJIa/I-
Hble MaTeMaTHIecKne MaKeThl PACCMaTPUBAJINCH KaK JIOMOJHUTEHLHOE CPEJICTBO MHTEHCHMU-
Kaluu y4eOHOro mporecca U Mpuaanus O0JIbIneil HArJISIHOCTA U3yYaeMbIM MaTEMATHIECKITM
crpykTypam?. Takum 06pa3oM, MOABOJS UTOTH, MOYKHO CKa3aTh, UYTO 0CHOGHOT udeeti 6Hed-
PEHUA UHPOPMAUUOHHBIT METHON02UT 8 CMPYKMYPY HUIUKO-MAMEMAMUYECKO20 00DA30EAHUA
ABAACNCA KOMNDIOMEPHOE MOOEAUPOSAHUE 68 CUCTNEMAT KOMNBLIOMepHol anrzebpoi. CraemayeT oT-
METHUTH, YTO, B IPUHIIAIIE, 3Ta UJlesd He IBJIAeTCS COBEPIIEHHO HOBOM: B TOI MM WHOI CTeleHn
oHa OblLlIa BLICKa3aHa HessBHO U YACTUYHO peaji30BaHa B paboTaX MHOTUX aBTOPOB® — B Haleil
paboTe MbI, BO-IIEPBBLIX, SIBHO (DOPMYIUPYEM STy UJIEI0, BO-BTOPBIX, OIUCHIBAEM MEXAHU3M €€
peasin3alyy, B-TPeThbUX, HAIIOJTHIEM 9TOT MEXaHU3M KOHKPETHBIMI HEOOXOMMBIMU JIETAJISIMU.

1.2 Bpibop cucreMbl KOMIIBIOTEPHOI aJaredphl J1Jisd peaJii-
3allu uaen

MHoro4ncIeHHbIE HCCIIe0BAHNUS, TPOBEICHHbBIE PA3INIHBIMI aBTOpaMu (CM., Hanpumep, [13],[3]
U JIp.) TOKA3bIBAIOT, UTO CPEJIM U3BECTHBIX CHCTEM KOMIIbIoTepHOI MaTemaruku Maple siBis-
eTcs HamboJiee IpueMIeMoit st pu3nKo-MaTeMaTndeckoro obpasosanus CKM, kak mo cro-
UMOCTH, TaK U 110 IPOCTOTe uHTEepdeiica, a Tak:Ke COOTBETCTBHUIO A3BIKA IIPOrPAMMUPOBAHMUSI
CTaHJAPTHOMY MaTEeMAaTUIECKOMY si3bIKY. B dacrTHocTH, B MOHOTpaduu|3|, mocssiieHHoii cpas-
uuresibHOMy aciekty CAS Maple u Mathematica, ormedaercs cirerytoriee 00CTOSTEIHCTBO
«CAS Maple, momiepkuBasi JOBOJBHO PA3BUTHIN MPOIELYPHBIN SI3BIK TPOrPAMMHUPOBAHUSI,

206 sToM, KeTaTH, IUIIYT U KaHaJICKUe uccenoarenu [4].
3CeqyeT OTMETHTL TaKKe PYCCKOS3BITHEIE CAilTLI, HOCBAmeHHEle npuMenenmio CAS B cucreme dpusmko-
MaTeMaTUIeCKOro 00pa30BaHus: Www.exponenta.ru u vuz.exponenta.ru .



1.3. Wneosiorust BHEADEHUS

HaWIydIIIM 00pa3oM OTBedaeT 3aadaM 00pa3oBaTe/IbHOTO XapaKTepa 1, B 9aCTHOCTH, COBEP-
IIIEHCTBOBAHMS IIPEIIOJAaBaHIA MaTeMaTHIeCKI—OPUEHTHPOBAHHBIX JTUCIIATLINH JIJI YHABEPCH-
TETOB, OCBOCHHSI CHCTEM KOMIILIOTEPHOII MaTeMaTHKH, a TaK:Ke IMPUMEHEHNS B 3aJa9ax aBTO-
MaTH3aINA AHAJTUTUIECKUX W IUCIEHHBIX MTPeo0pa30BaHmii, U BBIYNCIECHUN B OTHOCUTETHHO
HECJIOXKHBIX HayJIHO—TEXHUIECKUX IPOoeKTax. .. Maple okasajics 60jiee IpOCTbIM B OCBOEHUH,
HpeXKJe BCErO TEeM, 9TO €ro A3bIK CHHTAKCUYeCKH 6ojiee OJIM30K K M3BECTHBIM HMIIEPATHB-
HBIM SI3BbIKAM IIPOIPpAMMUPOBaHNsA, B dacTHOCTH, K Pascal. A kak m3BecTHO, B O0OIIEM CIIy-
Jae UMIIEPATUBHbBIE SI3BIKI HECKOJIBLKO IIpoIre B ocBoeHnmn». IIpenmymecrsa CAS Maple mepen
JIPYTUMHI CHCTEMaMU KOMITBIOTEPHON aireOpbl B pelieHnn 3ajad (hU3NKO-MaTeMaTHIeCKOrO
obpazoBanus TepedrcyieHbl 1 B MoHorpadun [17], nocssimennoii npumenenuio CAS Maple
B 3aja4axX KOMIIBIOTEPHOI'O MOJIE/JIUPOBaHusA (DYHIAMEHTAILHBIX OOBEKTOB U SIBJIEHMIA, H3Y-
JaeMbIX B MaTeMaTHIeCKUX M (PU3UICCKUX KYpPCOB yHUBepCHTETOB. OMHUM U3 BaXKHBIX JIJIs1
cucreMmbl obpazoBanus gocronacTB CAS Maple sBisieTcst MpeBOCXOIHOE KAIeCTBO TPEXMeEp-
HOI JMHAMIYIECKOil TpacuKi, ocoGEHHO MpOogBUBINeecs B HMOCIeANNX Bepcuax Maple 17-18%,
a TaKzKe IPOCThIe CPEeJICTBa CO3JaHMs aBTOPCKUX OuOJIMOTEK mporeayp. Bece stu KadecTsa,
BMeCTe B3sTble, HecoMHeHHO, Bblapuraior CAS Maple Ha JUIUPYIONIYIO MO3UIUIO B CHCTEME
pU3nKO-MaTEMATHIECCKOTO 0OPA30BAHUSI.

1.3 HWpaeosnorusi BHeJIpeHNUs

g BHepeHns MH(MOPMAITMOHHBIX TEXHOJIOTUI B CTPYKTYPY (PUBMKO-MATEMATUIECKOTO 00-
Pa30BaHUsA HEOOXOIUMO PEIIUTDh CJIEIYIOIIIe HayIHO- METOINIECKIe 38 1adH:

1. Cosmarb nadoOpMaImOHHOE 0becriedenne yaeOHOro mporecca:

(a) co3maTh IEKTPOHHbIE yIeOHUKI;
(b) cozmarh reHepaTOpPbl UHAUBHIYAJIbHBIX 3a/IaHMUil;
(c) cozmaTh aBTOMATU3UPOBAHHYIO CUCTEMY IIPOBEPKU WH/MBUJIYATbHBIX 38 aHUIl;

(d) cozmarb jeKTPOHHBIE GUOINOTEKH.
2. Co3/1aTh JIEMOHCTPAITMOHHOE COIPOBOYKJICHUE JIEKITUN 1 TPAKTUYECKUX 3aHATHIA:
(a) cosmarh mHTEpaKTHBHBIC 3D WILTIOCTpAINE TEOMETPUIECKUX U (DUBHIECKAX 00HEK-
TOB;
(b) cozmarh MHTEPAKTUBHBIE BUIEOMATEPUAJIbI, COTPOBOXKIAOIINE BHIIUCICHUS;

(C) CO3JaThb aHMMallMOHHbIE MaTeMaTHU4YeCKue MOJe/IN 0OBEKTOB U ABJICHUIA.
3. BCTpOI/ITb KOMIIBIOTE€PHbBIE BbIYHUC/ICHUA B CTPYKTYPY IIPpaKTHUYE€CKUX 3aHATHMA:
(a) CO3JaThb KJlaCChbl IJId KOMIIJICKCHBIX y‘{e6HbIX 3aHATHA C IIpuMEHEeHuEeM KOMIIbIOTEe-

POB II0 BCEM (i)I/ISI/IKO—MaTeMaTI/I‘{eCKI/IM npejaMeTaM;

(b) BCTpOUTH MapaJsuIeIbHOE COIPOBOXK/ICHUE MPAKTHICCKUX 3aHATHI CTYIEHTOB KOM-
MBIOTEPHBIMH BBIYUCICHUSMMU;

(C) CO31aTh IIpOorpaMMbl aHAJIUTHUYIECKOI'O TECTUPOBaHUA U CaMOTECTUPOBaHNA YYIallluX-
C.

4310 0BCTOATEHCTEO OTMEaeT u m3BecTHLIH crermammct B CAS,|[7].



I'maBa I. Bpenenne: neobxoaumoctsb Baeaperus I'T B ctpykTypy ¢pusz-mat. obpasoBaHms

4. BerponTh KOMIBIOTEPHBIE BBIYUCIEHUS B CTPYKTYPY CIEIKYPCOB, KYPCOBBIX U BBITYCK-
HBIX KBaJN(UKAIMOHHBIX PA0OT:

(a) cesaTh MOCTPOEHNE KOMITLIOTEPHBIX MATEMATUIECKUX MOJIE/IeN yIaIUMICa OCHO-
BOI1 CIleluabHbIX KyPCOB;

(b) caenaTh co3anne yYammuMICs aBTOPCKUX [TPOrPAMMHBIX W HAYIHBIX [POJYKTOB, a
TaKyKe MHTEePAKTUBHBIX yUIEOHBIX 1TOCOOMIT 00sI3aTETbHBIM 3JIEMEHTOM BBIITYCKHBIX
KBaIN(PUKAIMOHHBIX PabOT.

[Ipencrapnennas na puc.Puc.l.2 cxema yaebHOTO mporiecca mpearoiaraeT perieHne CIemLyo-
MUX y9eOHO - HAyIHDBIX 3a/1a4:

1. (a) cozmaHue KOMIBIOTEPHBIX MOJIE/Iell U3ydaeMbIX sBJIEHWH, pUBjeYeHne nHMOPMa-
IMUOHHBIX TEXHOJOTHUN B IIPOIECC TIPETOIaBaHU TIpeIMeTa;

(b) cozmanme HHTEPAKTUBHBIX yIEOHBIX OCOOHI M CHCTEM aHAJUTHICCKOTO TECTUPOBa-
HUS;

(C) IIpuBJiedHeHue MeTO10B CHMBOJIBHOA MaTEeMaTUKA JJI4d OIIMCaHUA CJIOZ2KHBIX HBJ’[GHI/II;‘I;

(d) 3amena akajieMUIECKOIO METO/Ia IPEIOIABAHNSI HHTEPAKTUBHBIM C UCIIOJIB30BAHUEM
nHGMOPMAIMOHHBIX TEXHOJIOTHIT;

(e) mcmosb30BaHME KOMITBIOTEPHBIX TEXHOJIOTHUIl JIJIs TePEOPUEHTAIIMH HHTEPECOB MO-
JIOJIEYKU K HAYIHOMY TBOPYECTBY;

b

bank
PazpadoTia

HPOrpaMMHOTO
H

METOHIECKOTD
obecneseHnn

N

Puc.l.2. Opranmsanuss  ygebHOrO  mporecca 10  (PU3UKO-
MareMaTH4YecKuM gucruiinaaM Ha ocHoe CAS

I.4 Meroaundeckoe u mporpamMMHoOe obecliedyeHre BHeIpe-
HUSA WHAOPMAIMOHHBIX TEXHOJIOTU B CTPYKTYpy du-
3UKO - MaTeMaTU1eCKOTro o0pa30BaHus

OpF&HI/I3aIII/IH BbIIICYKa3aHHOI'O y‘{€6HOFO OUKJIa C FJIY6OKI/IM HCIIOJIB30BaHUEM I/IHCbOpMaHI/I-
OHHBIX TexHoJioruit Ha ocaose CKM Tpe6yeT OOIBIINX HaYKOEMKUX BJIO}KGHI/If/'I, KaK Ha CTaJuun
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L4. Ilporpammvuoe obecriedenue saeapernusi I'T B ctpyKTypy ¢us. - Mat. obpazoBaHUs

3alycka yIeOHOIO IPOoIlecca, TaK W Ha BCEX ero JAJbHEHIINX CTaaudaX. Y2Ke Ha IePBbIX CTa-
JUSIX y9eOHOTro 1polecca TpedyeTrcs Hau4dre OOJIbIIOr0 KOJIMIecTBa 3apaHee pa3paboTaHHbIX
KOMIIBIOTEPHBIX MO,J:[‘e.HeI;I‘ n3y41aeMbIX O6'beKTOB, KaK JIJId JICKIIMOHHBIX ﬂeMOHCTpaH‘I/H;L TaK "1
JUIT CEMUHAPCKUX M CAMOCTOSITE/IbHBIX 3aHATHI CTyeHTOB. PaspabaTbiBaemble j1s obeciietde-
HUs yI€OHOTO MIPOIECCa KOMIIBIOTEPHBIE MOJIE/IH JIO2KHBI YIOBJIETBOPSTE Psijly 00s3aTeIbHBIX
TpebOBaHUIL:

1. oHU JTO/IKHBI OBITH HATJIATHBIMU;
2. OHM JIOJIZKHBI OTOOparkaTh BCE OCHOBHbBIE CBOMCTBA MCCJIEyeMOil MO/IEJIH;

3. oHH JOJIZKHBI OBITD NHTEPaKTUBHBIMU, T.€., IIO3BOJIATH II0JIB30BaTE/II0 MaHUITYJINPOBATb
MMM C IIOMOIIIBIO BHEITHUX YCTpOfICTB;

4. oHH JOJIZKHDBI OLITD MHOTI'OIIapaMeTpHUYICCKUMMN JIJIs1 obecrieueHnsI BO3MOYKHOCTHI IIpoBeae-
HUA 9UCJIEHHDBIX 9KCIIEPUMEHTOB.

[Ipobaema obecrievenus HATJIAJHOCTH MATEMATUIECKUX CTPYKTYP UIPAET BazKHYIO POJIb B
BBICIIIEM 00OPA30BAHNH, TaAK KaK yCBOEHHE (DyHIaMEHTAIbHBIX T€OMETPHICCKUX TTOHATHI 11010~
TaBIUBAET (DYHIAMEHT [/l MOHUMAHUS IIPOTECCa MATEMATHIECKOTO MOJICINPOBAHIS U OBJIA/Ie-
HUS METOJIAMH KOMIIBIOTEPHOTO MOJICTUPOBAHMUSI, 9TO B CBOIO OY€PE/Ih, CO3/IACT MPEIIOCHLIKI
JIJIsl MHHOBAIIMOHHOTO PA3BUTHS COBPEMEHHOI'O OOpPA30BAHUSI. 3aMETUM, YTO MHOIOIIApaMeT-
PUYHOCTD CO3/IaBAEMbBIX KOMIIBIOTEPHBIX MOJIEJIEN SABIISIeTC BaXKHEHNM (haKTOPOM, TO3BOJIsA-
IOIIUM YIIPABJIATH MATEMATHIECKON MOJIE/IBIO, T.€., IPOBOJIUTH KOMITHLIOTEPHOE MOJICTHPOBAHNE.
B cBa3u ¢ 9THM BaXKHYIO POJIb UI'PACT KOMIIbIOTEDHAS BU3yaIH3alid MATEeMaTHICCKAX MOJIe-
Jieit, a 0COOEHHO, OCHAWEHHAA JUHAMUYECKALA BU3YAAU3AUUA, OCHOBHDBIE TTPUHITUIIBI KOTOPO
paspaboranbl B padorax [11], [13], [17]. Cosnanmne Takux CJIOXKHBIX KOMIIBIOTEPHBIX MOJIeIeit
BO3MOXKHO B hopMaTe HE3aBUCUMBIX MAKETOB Iporpamm (OHOJMOTEK MPOrpamMM), KOTOPBIE
MOT'YT HMCIIOJIb30BAHDI, KaK IIPEIO/IaBaATeIAMI, TAK U CTY/IEHTAMU BBI30BOM COOTBETCTBYIOIINX
OUOJIMOTEK U COJEPIKAIINXC B HUX MHOTOMAPAMETPUIECKIX KOMAaH/I, UMEIOINX TPOCTOH CHUH-
takcuc (cM., nanpumep, [12], [14],[15]). Heobxonumo moguepkuyTh, 9TO yBEJINUYEHUE CTEICHN
HAIJIAIHOCTH U HHTEPAKTUBHOCTHU YIe€OHBIX MaTEPUAJIOB, CO3/IaHHbIX cpejcTBamu VT, Tpedbyer
BJIOZKEHUs OOJIBIINX MHTEJIEKTYAJbHBIX 3aTPAT U BBICOKOII CTeleHu 1podeCcCHoHAIN3Ma IIpe-
oJlaBaTe ieil, co3animx Takue nporpamMmMbl. Ormernm, uto Bepcuu Maple 17-18 comepxar B
oubmoreke Student crienuabHBIE HHTEPAKTUBHBIE TPOTPaMMHBIE TIporierypbl Tutor, BEIBOIs-
e pe3ysabTaThl B okHa Maplet, Ha 0CHOBE KOTOPBIX MOXKHO CO3/IaBATh JIEMOHCTPAIIMOHHBIE U
MeTomIeckne Marepuasibl. Ho, KoHeuHO, UCIIOIb30BaHIE STUX MTPOIEYP HE JIOCTATOTHO JIJIst
JIOCTATOYHO BBICOKOI'O YPOBHSI U3YUEHUS BBICIIEH MaTeMATHKU.

Pemtenne 1ipod/ieMbl KOMIIBIOTEPHOI peasim3aliuu 00beKTOB JUHEHHO#N ajaredphbl 1 aHaIUTH-
YeCKOIl TeOMeTPUH W CO3/IaHUsI HALJISIHBIX NeOMEeTPUIecKuX 06pa30B (MHTepIpeTaryii) 06b-
€KTOB, CTPYKTYP U CBOICTB IIPE/IIIOJIATAET PElIeHre TPEX OCHOBHBIX 3a/1aM:

1. mocrpoenne MaTeMaTUIECKUX MOJIE/Iel OCHOBHBIX aredpandecKux CTPYKTYP, OObEKTOB
U CBOICTB;

2. TIOCTpOeHNe WX TeOMETPUUECKUX WHTEPIPeTalnii, T.e., COIIOCTABJIEHNE UM I'eOMeTpude-
CKHUX MOJICJICH;

3. MoCTpoeHne MHOrolapaMeTpUIecKnX KOMIIBIOTEPHBIX Mojeseil rpaduieckux o0pas3oB
0O'BEKTOB.
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I'maBa 1. Bpenenwne: HeobxoaumocTb BHeApeHus: I'T B cTpyKTYpY (pus-MaT. 0bpa3oBaHUs

BaMeTuM, 9TO MHOIOIIAPAMETPUIHOCTD CO3/IaBaAeMbIX KOMITBIOTEPHBIX MOJIe/Ieil SIB/IeTC BazK-
HeHmnM (PaKTOPOM KOMITBIOTEPHBIX MOJIE/IEH, ITO3BOJISIONINM YIIPABIATH MATEMATHIECKON MO-
JIeJIBIO, T.€., TPOBOJUTHL KOMIIbIOTepHOEe MojiennpoBanue. Haunbosee s dexTuBHoe perrenue
9THX 3aJ1a9 BO3MOXKHO B crcTeMax Komibioreproit maremaruku (CKM), cpeau KoTopbix st
nesieit oopasoBanust Hanbosiee yaobna cucrema Maple. OcHOBHBIME JIOCTOMHCTBAME 3TOM CUCTE-
MBI IPUMEHHUTEILHO K 3a/[adaM 00pa30BaHUs SIBJIAIOTCS: OTHOCUTE/IHHO HEBBICOKAsT CTOUMOCTD
(o cpasuenmio ¢ MatLab u Mathematica), apyzkecTBeHHBII U WHTEePAKTUBHBINA HHTEpdEIiC,
BEJIMKOJIENTHBIE T'PaduIecKie BO3MOXKHOCTH, B YACTHOCTHU, MHTEPAKTUBHAsT TPEXMepPHasi I'pa-
dbuka u auHamudeckas (aHuMarsi). B 9710l crarhbe MBI PACCMOTPUM OCHOBHbBIE HPUHIIAIIbI
MaTEeMATHIECKOTO M KOMIILIOTEPHOI'O MOJIEINPOBAHNA O0bEKTOB JIMHEHHON ajareOphl 1 aHa IU-
tuueckoit reomerpun B CKM Maple. 3amernm, 9T0 /151 pacCMOTPEHHBIX 3/1€Ch IIPOIPAMMHBIX
poIeayp KOHKpeTHas Bepcust Maple, HaunHast ¢ Bepcun 6, He UMeeT 3HATCHHS.

HeobxoamuMo moa9epKHYTh, UTO YBEJIWYEHNE CTEIIeHW HAIJISIJIHOCTH U MHTEPAKTHBHOCTH
yUIeOHBIX MAaTEPUAJIOB, CO3IaHHbIX cpejcTBaMu VT, TpebyeT Bi1oKeHMsT OOBINTNX WHTE/LJIEKTY-
aJIbHBIX 3aTpaT U BBICOKOW CTelleHn MpodeCcCHoHaIn3Ma IperogaBareieii. B mepByio odepeip,
CKa3aHHOE KacaeTCsl MMPeIMeTOB (hU3UKO-MATEMATHIECKOr0 IUKJIA. 3/1eCh HMeHTpaJIbHON uieei
CO3/IaHUsT BBICOKOKAUECTBEHHBIX JIEKTPOHHBIX yUEOHBIX MaTE€pPUAJIOB ABJISIETCST MaTeMaTHIe-
CKO€ MOJIETMPOBaHIE M3ydaeMbIX 00beKTOB U sBjeHnii. Co3JaHme MaTeMaTHIeCKON MOJIEIN
N3y9IaeMoro 00beKTa BO MHOTOM OIIPE/IE/ISIeT HATJIAHOCTD M CTEIleHb YCBANBAHUST N3y IaeMOTO
MarepuaJia. [loaroMy OCHOBHBIMEU 0Opa30BaTe/IbHBIME TPEOOBAHUAME K MaTEMATHIECKON MO-
JIeJTH JIOJIZKHBI OBITh: €€ MHOTOIIAPaMEeTPUIHOCTh, BO3MOXKHOCTD I'PadUIECKOl TPEXMEPHOIT pe-
AJTM3AIIN, THTEPAKTHBHOCTD, BO3MOYKHOCTD OCTPOEHUSI aHUMAIMOHHBIX (TpaduIecKuX JTUHA-
MudecKuX ) npejcrasiennii. Cucrembl kKomnbioTepaoil Mmaremaruku (CKM), B mepByto ouepeib
Maple, mipetocTaB/IsIOT YHUKAIBHBIE TTPOTPAMMHBIE U T'PadUIeCKre BO3MOKHOCTH JIJISI PeasIi-
sanuu 31oit uien [5). OpHAKO, TOMBITKA IPSMOrO IpUMeHeHus! cTanapTHBIX mporeayp CKM
JIAJIEKO He BCETJIa JIaeT KeJlaeMblil pe3y/brar. s moydeHnst KaueCTBEeHHBIX I'PaUIeCKUX 1
AHUMAIMOHHBIX MOJIEJIel OCHOBHBIX MAaTEMaTUIECKUX CTPYKTYP aHa/m3a MYHKIUNR ITPUXOIUT-
¢S CO3JIaBaTh II0JIb30BaTEILCKIE MHOIOIIAPAMETPUIECKIE IPOIPAMMHBIE IIPOIELY PhI, IIPOCTHIE
JIJIsT HEUCKYTIIEHHOTO B TPOTPAMMUPOBAHUH ITOJIb30BATE IS, KOTOPBIE YI00HO OOLEeUHSTD B CIIe-
[UATM3UPOBAHHbBIE OUGIMOTEKH MOJIH30BATEIbCKUX TpoIeLyp 7).

12



I'maBa 11

OcnoBHBIe kKOMaHaALI Maple

Cucrema anajauTnydeckux Bbraucienuit Maple sBisiercss maTepakTUBHOM cucteMoii. B mamnnom
cJydae 9TO O3HAYAET, UYTO 110JIb30BaTE/Ib BBOJIUT KOMAH/Ly WK orepaTop s3bika Maple B obJ1a-
CTH BBOJIa pabovero JimcTa u, HaxKaB Kjasuily < Enter>, cpasy nepejaer ee aHaIuTHICCKOMY
aHAJIM3aTOPY CHCTEMBI, KOTOPBIH BBITTOJTHSIET ee. Kcim KoMaH1a BBeJIeHA TPABUIbHA, TO B 00-
JIACTU BBIBOJIA IOSIBJISIETCH PE3YJILTAT €€ BBIIOJHEHUs, eCJIU OHA COJIEPYKUT CHHTAKCHYECKHe
OIIMOKY WJIU OIMUOKY BBITOJTHEHUSI, CHCTEMa IedaTaeT coodIienne od stom. s ucnpasienus
OIINOKY CJICYeT BEPHYTHC K OIIEPATOPY, OTKOPPEKTUPOBATEH €0 U CHOBA BBHINOJIHUTE. [locie
BBITIOJTHEHNST BBEJIEHHOW KOMAHJIbI CUCTEMAa OXKUJIAeT OYePEIHON KOMAaH bl OT I0JIb30BaTE/Is.
B 1060if MOMEHT MOYXKHO BEPHYTBHCS K JIIOOOW KOMamH/le WJIM OlepaTopy Ha pabodeM JIUCTe
(Worksheet), moanpaBuTh ero m CHOBa BBIIOJHHUTH, PUYEM, €CJId Ha pabodeM JINCTe eCTh
KOMaHJ[a, CIIOJIL3YIOIIas Pe3Y/IbTAT BHOBb BBIMHUCJIEHHOI, TO €€ CJIe/lyeT TaKyKe CHOBA BBIMHC-
JINTh, YCTAHOBUB Ha Hell Kypcop M HaxkaB KjaBuily < Enter>, a ecim TakKux KOMaH][ MHOTO,
TO MOXKHO BBITIOJIHITH KOMaHIy rpaduaeckoro nnrepdeiica Edit /Execute/Worksheet s
MTOBTOPHOT'O BBIYNC/IEHUS BCEX KOMAaH pabOIero JIMCTa.

Kaxkipiit ommepaTop mim KoMaHa JOJKHBL 00A3GMEAbHO 3aBEPIIATHCA PA30eAUMEALHIM
3HaKOM - TOUKOI ¢ 3anaToil (;) uau goerouneM (:). B mepBoM cirydae KOMaH/Ia BHIYUC/ISETCS,
u B 00JIaCTU BBIBOJIA OTOOpakaeTcs pe3y/ibraT. Bo BTOpoM ciiytdae KOMaH/a BBIOJIHAETCs, HO
pe3yJIbTaThl ee pabOThl HE OTOOPaXKAOTCs B 00JIACTH BBIBOJA pabOUEro JIMCTa. JTO YIO0OHO
npu mporpaMmMupoBannu B Maple, Korja HeT HeoOX0MMOCTH B BBIBOJIE KAKUX-JTHOO IIPOMEXKY-
TOYHBIX PE3YJIBTATOB, MMOIYyYaeMbIX U3 OIePaTOPOB IUKJIA, TaK KaK BBIBOJ 3TUX PE3yJIHTaTOB
MOXKET 3aHATH MHOT'O MecTa Ha pabodeM JIMCTe, Jla M MOYKeT IOTPebOBaThCH 3HAUUTEHHOE
KOJIMYECTBO BPEMEHU Ha WX OTOOPaKEHHE.

II.1 OO6bekThI, IEpEMEHHBbIE 1 BHIPAXKEHU S

Kak u B /060t mnrepakTuBHOil cucreme, B Maple peasnzoBaH CBOIl sI3bIK, C ITOMOIIBIO KO-
TOPOTO TPOUCXOAUT OOIEHNe TOJb30BaTesd ¢ CUCTEMOI. Da30BBIMU MOHATHSMU SBIAIOTCS
OOBEKTBI U TIEPEMEHHbBIEe, U3 KOTOPBIX C IMOMOIIBIO JIOIMYCTHMBIX MaTeMAaTHIECKUX OIepaluit
COCTABJIAIOTCH BhIpazkeHus. [Ipocreitmumu 0b6sexmamu sIBIAIOTCA YUCTIA, KOHCTAHTBI U CTPO-
K.

Yucia MOryT OBITH HEJIBIME, OOBIKHOBEHHBIMU JIPOOAMU, paJIMKAIaMU, YUC/IaMU C ILIaBa-
IOIEeil TOYKON U KOMILIEKCHbIMHU. [lepBbie Tpu THIta Ynce)1 MO3BOJISAIOT BBIIOJHATH TOYHBIE BbI-
qucaeHns, 6e3 OKpyIvIeHnil, pa3Ho0Opa3HbIX MaTeMaTUIeCKUX BbIPAXKeHU, peaan3ys TOUHYIO
apudMeTUKY, 9TO OTJINYIAET BCE CUCTEMbl aHAJIUTUIECKUX BBIYUC/IeHUIT, B TOM ducie u Maple,
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I'masa II. OcnoBuble komangbsl MAPLE

OT CHCTEM IIPeJIaraolux YMCJIeHHbIE PEllleHnsl MaTeMaTuIecKuX 3a1a4, Hanpumep, MathCad
n Matlab. Hucsa ¢ miaBatoteit TOUYKON ABISIOTCA TPUOJIMKEHHBIMU, B KOTOPBIX YUCJIO 3HAYA-
X MUdpP OrPAHMIEHHO. DTU YNCIA CIYKAT JJI TPUOTUKEHNs, WA ATPOKCHMAIIAN, TOY-
HbIX uncesl Maple. KommiekcHble dmcia MOTyT OBITH KaK TOYHBIME, €CJIN JIEHCTBUTETbHAS U
MHUMas YaCTh [PEJICTABICHBI TOYHLIMYU YUCAMU, TAK U TPUOJINKEHHBIMU, €CJIU PU 3a/[aHUN
JIERCTBUTE/ILHON U MHUMO 9acTU YUC/IA UCIOJIB3YIOTCA YUC/IA C IJIABAIONIEN TOUKOM. [[esvie
YUCAG 381aI0TCs B Bujie nocsenoBaresbuoctu mudp ot 0 j10 9. OTpunarenbubie ducsia 3aia-
IOTCSI CO 3HAKOM MUHYC (-) HepeJi 9UCIOM, HyJIH Tepe]] epBoil HeHyreBoil 1udpoii SBIISIOTCS
He 3HAYAIUMI U He BJIUSIOT Ha BEJIUYIUHY Iesoro dmcia. Maple MoxkeT paboTarh ¢ IeTbIMI
YUC/IAMU TPOU3BO/ILHOM BEJIMUUHBL, KOJIMYECTBO MU P IPAKTHICCKH OIPAHNYCHHO YHCI0oM 228,
Borauciienus ¢ nieibiMu 9uc/iaMu JIOCTATOYHO IIPOCTHI U PEAJU3YIOT YeThipe apudMeTHIeCKUX
JieficTBus (CJI0KEHUe +, BbIYUTAHUE -, YMHOXKeHHe ¥, jiejieHne/) u BbaucjieHne (hakTopuasa

() :

ITpumep IIII.1. Onepayuu ¢ yeavimu “vucsaMU

>  44+6;

50
> 7-10;

-3
> 6%7;

42
> 45/5;

9
> bl

120

Kpome 00bI9HBIX apudMeTnyecKux JeHcTBUHi HaJl MEeJbIMA YUCIaMU, CYIIECTBYET J0CTa-
TOYHO GOJIBINON HAOOP KOMAH/I, MO3BOJISIONINX BBIIOJIHUTE JefcTBus, crernududtbe Ipu 00-
paboTKe TEIbIX TUCET: PA3JIOKEeHne Ha IPOCThie MHOKHUTe M (ifactor), BoIMUCIEHIE YACTHOTIO
(iquo) u ocraTka (irem) IpU BBIMTOJHEHUU OIEPAIMU IEJIOTO JEJICHIs, HAXOXKICHIT HAnOOIb-
1ero ObIIero JIe/IuTe s IBYX 1esbix dncen (iged), BBIOIHEHE TIPOBEPKH, SIBIISIETCS JIH 1[EJI0e
quCJI0 POCThIM (iSprime) m MHOrOe JIpyTroe.

ITpumep III1.2. Komandv, s pabomovl ¢ uesvimu 4UCAGMU

> ifactor(54);

> iquo(45,7);

> irem(45,7);

14
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> T*%%+h;

45
> igcd(678,456);
6
> isprime(1377);
false
> isprime(137);
true

B sToMm mpumepe 111 IPOBEPKU BLIYUC/ICHUS] 9aCTHONO M OCTATKA JIBYX IEJIbIX YHCEJ KC-
OJIb30BAHbI OIEPAIIUH [TOJTY Y€HHsI PE3YIHTATA BBITOTHEHUS TPE/IBbIAYINel (BbIYUCICHIs TacT-
HOT'0) U IpebLyieil (BelarcIeHne ocTaTka) KoMan . PesyabraroM KoMaH bl isprime() sBiis-
ercs OyJieBa KoHcTaHTa true (neruna) win false (J10Kb).

Obvixrosertvle dpobu 3a1a10TCs ¢ TIOMOIIBIO OIePaIny AeJIeHUsT IBYX yean dnce. Maple
aBTOMATUIECKHU ITPOU3BOIUT OIlepaIliio coKpaleHnus japobeit. Haji 0ObIKHOBEHHBIME JTPOOSIMEI
MOYKHO BBIIIOJIHATEL BCE OCHOBHDBIE apudPMETUICCKHIE OlIePaIliu.

Ilpumep III1.3. 3adanue obvrrosentur dpobeti u evinosnerue deticmeuti Had HUMU

> 64/24;

8

3
> b5/8+4/7;

67

56
> 2+9/5;

19

5
> 4+8/2;

8

ObpaTuTre BHUMaHUE Ha TOCJIE/IHEe BhIYUCIeHNE B ipuMepe. Ecau npu 3aganun apobu ee
3HAMeHaTe/Ib COKPAIIAeTCs, TO Takas JIpodb TpakTyeTcs rnporpaMmmoit Maple kak 1iesioe qucio.

Nuorna npejcrasiienne pesyiibrara B BHjE OOBIKHOBEHHON JIpOOM He cOBCceM YJIOOHO, W
TpedyeTrcs TpeodPa30BaATh €ro B JAECITUIHYIO JPOOb. DTO Mpeodpa30BaHMe BBITIOIHIET KOMAH-
na evalf(), koTopas anmpokcuMupyeT 0OOBIKHOBEHHYIO JIDOOL YUCJIAME C ILIABAIOIIEH TOUKOIA,
UCIIOJIb3YS JIECATh 3HAYAINNUX UMD B MAHTUCCE UX IPEJICTABIEHUS. K TOYHOCTD 0 YMOJI-
YAHUIO HE JIOCTATOYHA, TO €€ MOXKHO 3aJ[aTh BTOPBIM IIapaMETPOM yKA3aHHON (DYHKITHH.

ITpumep III1.4. Ilpeobpasosarue obvikHOGEHHOT IPodU 6 decamuHYO

> evalf(456/789);
0779467681
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> evalf(456/789,30);
.577946768060836501901140684411

Padukaavl 3a1a10TC KAK pe3yJIbTAT BO3BEICHUS B JIPOOHYIO CTEIIeHb LEJIbIX MU JIPOOHBIX
qKCeJT, UM BBIYUCJIEHUs] U3 HUX K€ KBAJIPATHOTO KOpHs (yHKImeil sqrt(), mim BbraucjieHu-
eM KODHSI I - CTelleH: ¢ moMoIbio dbyHkiwn surd(uucsio,n). B Maple onepanus Bo3senenust B
CTeleHb 3a/1a€TCs CHMBOJIOM A\ HJIH TIOCTIEI0BATELHOCTBIO U3 IBYX 3Be3104ek (**). IIpu Bosse-
JIEHUN B CTEIIeHb Apobeil nX ciielyer 3aK/I09aTh B KPyIJble CKOOKH, KaK, BIIPOYeM, 1 JIPOOHDIIT
noKazaTeJb crenenu. 1Ipu 3a1aHuy paJInKaaoB TaKzKe IPOM3BOIATCA BO3MOXKHDIE YIIPOIICHHS,
CBSI3aHHBIC C BLIHECEHUEM U3-110J1 3HAKA PAJIMKAJIA MAKCUMAJILHO BO3MOYKHON BEJIMIUHLL.

ITpumep IIIL.5. 3adarus padurairos

> (3/4)°(2/3);
L a3 4079
1

> sqrt(68/9);

2

3 V1T
> surd(75/3,4);

V5

Brorauciienus ¢ nesibiMu, Apo0saMu U paJInKaIaMi ABISTIOTCA aOCOAOMMHO MOYHBLMU, TAK KAK
pu paboTe ¢ STUMU TUITAMU JAaHHBIX ITporpaMma Maple He TpOU3BOIUT HUKAKUX OKPYTJICHUI
B OTVIMYUU OT YHCEJI C IJIABAIONIEH TOUKO. Jucaa ¢ naasarowet moukot 3aJa10TCd B BUJIE T1e-
JIOI 1 IpOOHO# YacTell, pas3/ieIeHHbIX JeCITUIHON TOUKOI, C IIPEJIIIIEeCTBYIOMINM 3HAKOM JHUC/Ia,
Hamnpumep, 2.3456, -3.415. Hucita ¢ riaBarorieii TOUKoit MOZKHO 3a/1aBaTh, UCIIOJIb3Ys TaK HA3bI-
BaeMYIO 9KCIIOHEHITNAIBHYIO (POPMY 3aIiCH, B KOTOPOI cpa3y »Ke IMOCJIe BeIEeCTBEHHOI'O TUCIa
¢ IJTABAIOIIENH TOYKOM UM OOBIYHOTO IIeJIOr0, HA3hIBAEMOI'O MAHTUCCOM, CTABUTCA CUMBOJI UJIN
e wn E, mocjie KOTOPOro 3aJaeTcs IeJIoe YUC/Io €O 3HAKOM (moKasaresb crerneHn). Takast
dopma 3aImcu BeIeCTBEHHOIO YHUC/Ia O3HAYAET, YTO MAHTUCCY CJIeyeT YMHOXKUTDH Ha JIeCAThb
B CTEIEHU YUCJIa, COOTBETCTBYIONIEMY ITOKA3aTE/I0 CTEIEHN, YTOOBI MOJIYIUTh 3HAUYCHUE THC-
J1a, 3aIICAHHOTO B TAKOi SKCIIOHeHInaIbHOi dpopme. Hampumep, 2.345¢* cooTsercTByeT umncy
23450.0. Takum oOpa3oM MOXKHO IPEJICTABJIATH OUYE€Hb OOJIBIINE 110 aDCOTIOTHOMY 3HATECHHIO
qrcsia (MOKa3aTe b CTEIeHH TI0JIOYKUTETFHOEe YUC/I0) UM OYeHb MaJleHbKue (IOKa3aTesb cTe-
[EHN OTPUIATEIBHBIX THCIIO).

N3 gucesr MOKHO COCTAB/IATH MATEMATUIECKUE BBIPAYKEHUS C TOMOIIBIO apuMETUIeCKUX
orteparuit. CumBoslamu apudmeTnydeckux oreparuii B Maple sBISIOTCS CHUMBOJIBI, TEPEInC-
JIGHHBIE B CJieJlylomeii Tab/mrie.

[TocieoBaTE/IBHOCTD BBITIOJIHEHNST apudMETHICCKUX Olepalliii COOTBETCTBYET CTaHIAPT-
HBIM IIPaBUJIAM CTAPIIMHCTBA ONepaIliii B MaTeMaTHKe: CHavdaJia IIPOU3BOIUTCS BO3BE/IEHNE B
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II.1. O6berTsI, mepeMeHHbIe U BbIPasKeHHUsT

Tabauna.l. ApudmMerndeckue orepaiuu

CumBoa  Omneparus

+ Cioxxenne

- Breranranue

* VYMHOXKEHIe

/ [enenne

A unn xx  BosBegemnne B CTEIIEHD
|

Dakropuas (IPUMEHUM K TOJBKO HEOTPUIATEHLHBIM YHCIIAM )

CTeleHb, 3aTeM YMHOYXKEHUE U JIeJICHUE, & B KOHIIE - CJI0YKEeHNe U BhlunTanue. Bee JieiicTBus BbI-
HOJIHAIOTCS ¢JieBa Hanpao. Omeparius BoIUUCICHUS (DaKTOpUaIa UMeeT HAMOO IBITHII TPUOPU-
TeT. J[71s1 n3MeHeHus 10C/Ie/I0BATEIbHOCTA apu(METHICCKUX OIePAIlnii CJIe/IyeT UCII0IH30BATD
KpyTJyible CKOOKHU. Ec/in B BbIpaXKeHUU BCE YUCJIa ABJISIOTCA EJBIMU, TPOOIMU WU PaJINKaIa-
MU, TO PE3YyJbTAT IPEJICTABIACTCA TAKXKe C UCIOJb30BAHUEM ITUX THUIIOB JaHHBIX, HO €CJIN B
BBIPAXKEHUU IIPUCYTCTBYET YUCJIO C IJIABAIOIIEl TOYKOU, TO Pe3yIbTaTOM BBIUUCJIEHUSA TAKOI'O
“cMmertaHHOT0” BhIpayKeHUs OYIET TaKKe UUC/IO C ILJIABAIOIIEH TOYUKON, €CJIU TOJIBKO B BhIpazKe-
HUU HE IIPUCYTCTBYET pajuKaJi. B 3ToM ciiydae pajiuKaJl BBIYUC/IAETCA TOTHO, a KoddduimenT
[IPU HEM BBIYHC/SIETCs JIMOO TOYHO, OO B BHUJE UNC/a C IJIABAOIIEHl TOUKON B 3aBUCUMOCTHU
OT THUIIa COMHOXKUTEeJIE.

ITpumep IIIL1.6. Buuucierue “cmewannor” apupmemuveckux svipasrtcerut

> 375%0.1;
24.3
> 375%(1/10);
243
10

> 2el+4/5+sqrt(3)*4/5%0.1+surd(5,3)*28/10;

14
20.80000000 + 08000000000 v/3 + = 5(1/3)

Maple Bcerma mbITaeTCs MPOU3BECTU BBIYUCIEHUS ¢ aDCOTIOTHON TOYHOCTHIO. Ecm aTo He
[IOJIyYAeTCs, TOTJIa OH IMOJIK/II0YaeT apuMETUKY C BENIECTBEHHBIMU UUCIAMHE.

Maple paGoTaeT n ¢ KOMIUIEKCHBIME 9HcJIaMiA. [l MEUMO# e TuHATEI 1/ — 1 HCIIOIb3yeT-
¢ KOHCTAHTa . 3aJlaHie KOMILUIEKCHOIO YHCJIa He OTJIMYAaeTCd OT ero OOBIYHOIO 3a/IaHus B
MaTeMAaTHUKe.

>  2/5+3%1i;

2+3'
- ?
5

Maple yMeeT BBIIIOJIHATL BCE apI/ICbMeTI/I‘{QCKI/Ie ,ILGI'/JICTBI/IH Ha/Jd KOMIIJICKCHBIMM 4YUCJIaMX
TOYHO TaK 2Ke, KaK OH 3TO JeJlaeT U C ﬂeﬁCTBHTeHBHbIMH oeJIbIMU, ,Z[pO6HMI/I nc HHaBaIOHLefI
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TOYKOI.

ITpumep IIIL.7. Apupmemuneckue onepayuy ¢ KOMNAECKCHOLMU YUCAAMU

> (2/5+3%I)+(4+1/2%I);
22 7
R
5 + 2
> (2/5+3%I)*(4+1/2%I);
1 61
— T
10 + 5
> (2/5+3%I)/(4+1/2*I);
62 4 236
325 325

> (2/5+3%I)/(4+1.0/2%I);
.1907692308 + .7261538462

Ecim xoTst 6B 0Ha U3 JEHCTBUTEIBLHBIX MJIM MHUMBIX YacTeil KOMIIJIEKCHOIO YMCJIa Bbl-
YUCIIeTCS B BUJE YNC/IA C ILIABAIONIEH TOYKOI, TO pe3yabTaT TaKzKe HMPeJICTaBJIseTcs depes3
9TH YHCJIA.

Jl1e1 BBIAE/IeHUST N3 KOMILIEKCHOTO YUCJIa, IeHCTBUTEILHOM 1 MEuMOi gacTu B Maple mpery-
cMorpenbr Jpe dyuknum: Re() s meficreuresbroit  Im() ayist MEUMO# 9acTH KOMILIEKCHOTO
qucsia. BIYuCuTh apryMeHT KOMILIEKCHOTO YHC/Ia MOYKHO € TIOMOIIBI0 (byHKIWN argument|(),
a MOCTPOUTH KOMILJIEKCHO-COIIPsizKeHHOoe - (yHKIueil conjugate();

> Re(5+3%I);

> conjugate(5+3*I);
5—31

> argument (%) ;

—arctan(g)

11.2 KouncrauTol

Kpowme uncen, 3ajgaBaeMbIx nosb3oBaresneM, Maple comepkut niesblit psi/i IpetonpeaeeHHbIX
UMEHOBAHHBLL KOHCMAHM - KOHCTAHT, K 3HAYEHNIO KOTOPBIX MOYKHO OOpAIaThCs C TOMOIIHIO
HEKOTOPOTro UMeHU. JacTh 3TUX KOHCTAHT He MOYKeT ObITh U3MEHEHA, a 9acTh MOXKHO U3MEHSTh.
Heunsmensiemble KOHCTAHTBI IIPeJICTaBJIEHbI B cJiejtyiorieil Tabuie. KoncranTol, 3HaYeHNs KO-
TOPBIX MOTYT OBITH IIPEJIOIPEJIC/IEHDI, - 9TO KOHCTAHTHI, 3a/aI01e HeOOX0IUMbIE i PADOTHI
porpaMmbl rmapameTpbl. K HanboJ/iee BaXKHBIM MOYKHO OTHECTHU JIBE KOHCTAHTBI, KOTOPBIE BJIN-
SIIOT Ha TOYHOCTH Bbraucyenuit: Digits u Order.

IIpumep IIIL.8. /Hamenenue snavenus xoncmanmor Digits
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Tabauma.2. HensmensemMble KOHCTAHTDI

Kouncranrta 3naueHue

e [y
Catalan Yucto, gBidrolieecss CyMMO# psijia Jz:% oI+ 17
npubnzkenno pasao 0.9159655942...
false SuHadenne “JI0Kb~ 1pu paboTe ¢ OYJIeBCKUMU MIEPEMEHHBIMUI
true Suadenne “‘ucruHa’ 1pu padore ¢ OyJIeBCKUMU T€PEMEHHBIMUI
FALL Hcrnonb3yercst B Ka4ecTBE TPETHEr0 3HAYCHUS ITPU BBIYUCIEHUN
GYHKIUI TpeX3HATHON JIOTUKT
gamma Koncranra Ditnepa v = nlglolo (% — ln(n)) ~ 0.5772156649...
Pi Yucio m = 3.141592654...
I Munmas egununa v/— 1
infinity Beckoneunocts 0o

> evalf(Pi);
3.141592654
> Digits:=30;
Digits := 30
> evalf(Pi);
3.14159265358979323846264338328

[IepBast KoHCTaHTa 3a/18€T YUCIO0 3HATAINX UP [/ OIepaIldii ¢ YMCAaMU C ILIaBaoIeit
toukoii. [lo ymosrganuio ona nmeer 3nadenune 10. Koncranta Order omnpejesnser KOJIUIeCTBO
YWIEHOB B paszjioxkenun QyHKImu B psif| Teitsiopa (10 yMOJYAHUIO yCTaHOB/IEHA PaBHOI 6 ).

II.3 Crpokn

Kpome uncen Maple mo3Bosisier paboTaTh co cmpokot - JT0ObIM HADOPOM CHMBOJIOB, 3aKJIIO-
YEeHHBIM B JIBOWHBIE KaBBIUKM, HarpuMmep, “Orto mpumep crpoku B Maple 7. Kaxaprit cumBos
B CTPOKE IIpeJICTaB/IgeT camoro ceds. /[nmuna crpoku B Maple mpakTudeckn He orpanndeHa u
MOXKET JIOCTUTATDh Ha 32-OMTHBIX KOMIIbIoTepax JIuHbI B 268 435 439 cumBoJioB. Eciu reobxo-
JIIMO, YTOOBI B CTPOKE IMPHUCYTCTBOBAJIN JIBOMHbBIE KABBIUKU, TO CJIEYET MOMECTUTH B CTPOKY
UJTyTIIHE TIOJIPSIT JIBE JIBOWHBIE KABBIYKU UJIU CKPBITH UX OCHOBHOE 3HAYEHUE C ITOMOIIBIO CUMBO-
Jia obpaTHOil HakJIOHHOI depThl (/). [Ipu 3TrOM B 06s1acTu BBIBO/IA U IApa JIBOWHBIX KaBBIYEK,
U JIBOMHDbIE KABBIYKHU C IPEJIIIECTBYIONENH 00paTHON HAKJIOHHON 4epTOil 0TOOpaxKaroTcs Kak
napa cumBosioB \" . Onrako maTepriperatopoM Maple sra mapa cuMBOJIOB paccMaTpUBaeTCst
KaK OJ[MH CHMBOJI JIBOMHBIX KaBbIUEK, B YeM MOXKHO YOeJIUThCsI, BBITOIHUB KoMaHy length(),
MOJICIUTHIBAIOILY IO KOJIMYECTBO CUMBOJIOB B CTPOKE:
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> IlST\llRINGII nn ,
éLST\(LRING\LO?

> length(%);

Eciu wiayT moapsi 1Be CTPOKH, pas/ieJieHHble CHMBOJAMU-pa3ienTessMu (mpobes, Ta-
OyJIsiUsl WM [Iepexo]] Ha HOBYIO CTPOKY), TO 9TH JiBé CTPOKH COEMHSIIOTCS B OJIHY, IPUYEM
3HaYEHHe BTOPO 0e3 mpobesia MpUCTPanBaeTCs B KOHEI[ IIepPBOil CTPOKU:

> "Opgma cTpoka" "Bropas cTpoka';

“Omna crpokaBropast crpoka”

Coeumenne CTPOK MOZXKHO OCYIIECTBHTD U € IIOMOIIBIO olepanun konkamenayuu (||), wm
obpamennem K dyuknuu cat():

> "Ogma ctpoxka" ||"Bropas cTpoka";

“Omna crpokaBropast crpoka”
> cat("Ogea cTpoka',"Bropas crpokra');

“Omna crpokaBropast crpoka”

CTpOKa IIpeacTaB/IdA€TCA KaK O,HHOMeprIfI MacCCHUuB, IIO3TOMY MOZKHO HCIIOJIb30BaThb MHIAEKC
JJ1gd BbIAECJICHUA IIOJCTPOKU U3 3aj_l;aHHOI712

> "STRING"[4..5];

MINW
> s:="STRING";
s = “STRING”
> s[4];
(4177

I1.4 IlepemenHble, HEU3BeCTHbIE U BbIPa>kKeHUSI

Kaxxnass nepemennas Maple umeer nMmsi, 1peicTaB/IdmOIIEe TOCTIEI0BATEIbHOCTD JTATHHCKUX
CUMBOJIOB, HAUUHAIOMIUXCA ¢ OYKBBI, IPUYIEM CTPOYHBIC U IPOMUCHBIE OYKBBI CIUTAIOTCS Pa3-
mnaabivi. (IIpo Takue cucTeMbl TOBOPSAT, UTO OHM YyBCTBUTEJLHBI K peructpy.) Kpome GyKs
B MMeHaX IePEMEHHBIX MOI'YT HCIIOJIb30BaThCA TaKKe MU(MPHI ¥ 3HAK OIIePKUBAHUS, OIHA-
KO IIEPBBIM CUMBOJIOM B UMEHU JOJ2KHA ObITh OyKBa. IIpumepnl pasmumanbix umen: MyName,
myname, my_name.

B kauecTBe nmMmeH 3ampeleHo UCIoIb30BaTh 3ape3epBUPOBaHHbBIE CJIOBa si3bika Maple:
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Tabaua.3.
and end in od save
break error  intersect option stop
by export local options then
catch fi minus or to
description finally mod proc try
do for module  quit union
done from next read use
elif global not return  while

else if

Henbzs Takzke ucnoib30BaTh TaK Ha3bIBaeMble 3allUINEeHEBIC cioBa Maple, K KOTOPBIM,
B YACTHOCTH, OTHOCATCS WMEHa He M3MeHSeMbIX KOHCTAHT. [IombITKa MPUCBOUTH TAKOMY
UMEHU KaKoe-JIM00 3HavYeHNe MPUBOJIUT K OINIHOKE:

> Catalan:=7;

Error, attempting to assign to ‘Catalan‘ which is protected

> (Ommbka, NONHTKAa IPUCBOUTH 3HAUYEHWE 3aNUIEHHOMY CHUMBOIY
> ’Catalan’
MozkHo 3a/1aBaTh IIepeMEHHbIE C IMEHAMH, COJEPXKAIINME IIPOOEJIBI, HO JJISl 9TOTO UX CJle-
JIyeT 3aKJII0YNTh B 0OpaTHBIE KaBBIUKU:
> ‘Name with space‘:=789;
Name with space := 789
> ‘Name with space‘;

789

Buwipasicenue nipencrapisier coboil KOMOMHAIIMIO MMEH IePEMEHHBIX, YUCe M, BO3MOXKHO
npyrux o0bekToB Maple, coemHeHHBIX 3HAKAMU JIOMYCTUMBIX ortepariuii. EuncrBeHHbIM 11pe;/i-
Ha3HAYEHUEM BbIDarKeHUs dBJIE€TCS €0 BbIUYUCIECHNE U IOy YeHNe Pe3yJibTaTa, KOTOPBII MOXK-
HO UCIIOJIb30BaTh B ollepaTopax d3biKa Maple nmpu paabHefmx BeraucaceHusx. Kcim B Bbipake-
HAW UCTIOJIb3YyeTCd TepeMeHHasd, KOTOPOil He TPUCBOEHO HUKAKOTO YMCJIOBOTO MJIN CTPOKOBOT'O
3HavYEHNUs, TO TaKas IepeMeHHas paccMmaTpuBaercs cucremoii Maple kKak Hekas neuzsecmras
BEeJIMYMHA, & BbIpazKeHue, cojiepzKaliiee HEU3BECTHBIC, HAa3bIBACTCH CUMBOADHBIM GOLPAANCEHUEM.
Nmenno jyist paboThl ¢ TAKUMU BBIPAXKEHUSIMU TIPEXKJIE BCero u pazpadarwiBasics Maple:

> X"2+b*x+1;

22 +5r+1

> sqrt(exp(sin(x*y)));

\ esin(z y)

Maple B obs1acTu BbIBOjIa JACHCTBUTE/IHHO ITIeYaTacT HEU3BECTHDIE IIEPEMEHHbBIE KAK ITPOCThIE
MaTeMaTHIeCKe HEM3BECTHBIE, MMeHA KOTOPBIX COOTBETCTBYIOT MMEHAM II€pEMEHHBIX.
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st paboThl ¢ CUMBOJIBHBIMU BBIPAYKCHUSIME CYIIECTBYET OI'POMHOE KOJUYIECTBO (PYHK-
it wim Kkoman 1. Hampumep, MOXKHO BBIYUCINTH ITPOU3BOIHYIO CUMBOJIBHOTO BBIPAXKEHUS 110
KaKOW-Tn00 HEeM3BECTHOW WJIM WHTErpasi, B KOTOPOM B KadecTBe IOJBIHTErpaIbHOM (DyHKIIN
UCTI0JIB3YETCS CHMMBOJIbHOE BhIpayKeHre, MOYKHO YITPOCTUTH €r0, IPUBEJIA K BUJLY, YI0OHOMY JIJIst
JIaJbHEIero npuMenenus u Maoroe jipyroe. OCHOBHas JiegTeIbHOCTD 1oJib3oBaTes s Maple
HAIIPaBJIEHA HA BBIIIOJTHEHIE PA3HOOOPA3HBIX IIPe0OPA30BAHU ¢ CUMBOJILHBIMU BBIPAYKEHUSIMU.
Baxxnoii oneparueit B Maple, cBI3aHHO ¢ BBIDAXKEHUAMU, ABJISIETCS ONEPAITUT NPUCEAUCAHUSA
(:=). Ona uMeeT CIeIYIONHil CHHTAKCHC:
nepeMeHHasl = BbIPayKeHUe;
3/1echb B JIEBOIT YaCTH 33/1aeTC UM [TEPEMEHHOI, & B TTPABOil 4acT JII000€e BhIpazKeHne, KOTOpoe
MOZKET ObITh YHCJIOBBIM, CUMBOJIbHBIM UJIU IIPOCTO JIPYTOii niepeMeHHoit. CMBbICJI 9TOTO onepa-
TOpa B TOM, UTO IIEPEMEHHON B JIEBOI YacTU IPUCBAMBACTCS 3HAYECHUE BBIPAXKEHUS, CTOSIIETO
B IIpaBoit yactu. B jasbHeiimem, ecyim 6y1eT HEOOXOMMO UCIIOIb30BAThH BhIPAXKEHHE U3 JIEBOI
YacTU ONEePaIly MPUCBANBAHNSA, TO JOCTATOYHO COCIAThCA HA MM IEePEeMeHHOH, YKa3aHHOe B
IpaBOi YaCTU OINEPAIAN.

[Iepemennbie MO3BOJIAIOT XpaHUTH U 00pabaTHIBATL PA3HOOOpPA3HBIC THIILI JIAHHDLIX, C KO-
TopbiMu paboraer Maple. Mbr y2Ke 3HAKOMBI ¢ TAKUMU TUITAMU JAHHBIX, KaK IeJblil (integer),
Jpobb (fraction), gmcsioBoii BeriecTBeHHbIN ¢ taBaomieii Toukoil (float) u crpoka (string).
Kpome 3Tux TUIOB JAHHBIX CYIIECTBYET elle OOJIbII0e MHOXKECTBO THUIIOB, HEOOXOIUMBIX JIJIst
BBINOJIHEHUS aHAJINTHIECKUX Tpeobpasoanuii: pyukiums (function), nugexcubie jpanubie (indexed),
MHO)KeCTBO (set), crimcok (list), psizbl (series), mocsie0BaTeIBHOCTD BhIpazKeHUii (exprseq) u
HEKOTOPBIe JpyTue. B magbHeneM Mbl TO3HAKOMUMCS CO BCEMH STHMU THUIAMU JTAHHBIX.

[To ymosraanuio nepemennag Maple nmeer Tun symbol, mpejicraBigroniuii CUMBOJIBHYIO
epeMeHHYI0, U ee 3HaUYeHUeM sABJIseTcs ee cobcTBeHHOE mMsi. [loaTomy mpoctoe oObsiBIeHE
epeMeHHO M OIlepaToOPOM M; MPUBEIET K OTOOPayKeHNIO B 00JIACTH BBIBOJA PAOOIETO JIICTA
UMEHU 3TON ITepeMEHHOMA.

ITpumep III1.9. 3adarue u onpedesenue muna cumMeosLHOT NEPEMEHHOT

> m;

> whattype(m);
symbol

B sTom npumepe MoxkHO BHIeTh dyHKIMIO whattype(), KoTopasi onpejessier TUIl BbIpazke-
HUs WM TIEPEMEHHOM, 3a/IaHHBIX B KaUeCcTBE ee IapaMeTpa.

To, a0 mepeMeHHasT M0 YMOJTIAHIIO UMEeT CUMBOJIbHBIN THII, OKA3bIBACTCSA OYEHB I10JIe3-
HBIM IIPU UCIOIb3oBanun pyuknuit. Ecim umsa dynkiun Maple 3a1aH0 He coBceM TPaBUIbHO,
UM TaKoil (pYHKIIMHU HE CYIIECTBYET, MJIK He TOJKJIIOUYEH ITaKeT, IJIe OHA PACIIOJIOXKeHA, TO OT-
BeToMm Maple Ha TOIBITKY BBIYHC/IUTH ee Oy/1eT 0OToOpazkeHne B 00/1aCTH BBIBOJIA HE PE3y/IbTaTa
BBINIOJTHEHNS (PYHKIINU, & TOJIHOCTBIO TIOBTOPEHHAsI CTPOKA 00JIACTH BBO/IA.

[Ipu nmpucBoeHun nepeMeHHoil Kakoro-imbo 3Ha9YeHus, e TUII U3MEHSIETCs Ha, TUIl IIPUCBO-
€HHOTO eil 3HAUeHNs.

[IepemenHbIe MOXKHO MCIIOJIB30BATD JIJI COCTABJICHUS BbIpaXKeHUN Haps Ly ¢ ducaamu. Bee,
CKa3aHHOE BBIIIE O YNUCJIOBBIX BBIPDAYKEHUSIX W MOPSIKE UX BBIYUCJIEHHUS, OTHOCUTCS U K BbIPa-
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Tabsiuiia.4. OcHoBHBbIe MaTeMaTndecKne OyHKIUU

®yaknusa CwuHTakcuc Maple | @®yuknusa Cunatakcuc Maple

exp(x) NG sqrt(x)

In(x) In(x) nm log(x) || abs(x)
logyo() log10(x) sgn(x) signum(x)
log, () log|al(x) n! n!

JKEHUSM, COJICPZKAIIIM TIepeMeHHbIe.
OOBIMHO B MATEMATUICCKIX BBIPAYKEHUSX UCIIO/Ib3YIOTCS PA3HOOOpa3HbIE MATEMATHIECKIE
dyukuu. B Maple nsnavaibno onpejiesien 60IbII0N HAOOP CTAHIAPTHBIX MaTEMATUIECKUX
dyHKINMIT, HAUNHA OT 9JIEMEHTAPHBIX U 3aKaHINBAA CIEATIbHBIMI (DYHKIUSAME, KOTOPBIE HC-
MOJIB3YIOTCS TIPU PENIEHNN CJIOXKHBIX 3a/1a1 MaTeMarndeckoil pusuku. B radaune Tabir.4 npe-
CTaBJICHbI OCHOBHBIE MaTeMaTudeckue (YHKIMH U COOTBETCTBYIONUi uM cuntakcuc Maple.

Tpuronomerpuieckue u runepbosmaeckue GyHKImn cBelenbl B Tabsmie (Tabn.b). Sama-
HUsl TTAPAMETPOB TPUTOHOMETPUUIECKUX (DYHKIINN 38/IAI0TCS B DA/ IMAHAX.

Basianue oOpaTHBIX TPUTOHOMETPUIECKUX U OOPATHBIX TUIIEPOOJIMIECKIX (DYHKIINNA ITpeI-
craBjieHbl B Tabsume Tabu.6.

II.5 Komanabl npeobpa3oBaHnsa BbIpakKeHUit

Texnomorust paborsl B Maple 3akiodaercss B TOM, 9TO II0JIb30BaTEIb CO3/IaeT IIePEeMeHHbIE,
[PUCBAMBAET UM CHUMBOJIbHBIE BBIPAyKE€HUsI U IPOU3BOAUT HAJ HUMHU HEKOTODBIE JIEHCTBUS B
COOTBETCTBUM C &JITOPUTMOM PEIIeHUsI [IOCTABIEHHOMN 3aa11, UCIIOJIb3Ys CTaHIapTHbIE (PYyHK-
1Y WA HAITUCAHHBIE COOCTBEHHBIE TTPOTIETYPhI.

CHHTAKCHUC BBI30BA CTAH/IAPTHON IIPOrPAMMBI CJIETYIONINI:

komanda (map_1, map_2, ...,map_n);

WIIn:

komanda (map_1, map_2, ...,map_n):

B1ech komarda - uMsl BbI3bIBaeMoil (byHKIMU, a map_1, map_2, ... O3HAYAIOT HEOOXOJUMbIE
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Tabauma.5. Tpuronomerpuieckne u runepoosmieckne pyHKIIUN

®yuknusa Cunrakcuc Maple | ®ynkuus Cunrakcuc Maple
sin x sin(x) shz sinh(x)
cos cos(x) ch(x) cosh(x)
tg(x) tan(x) th(x) tanh(x)
sec(x) sec(x) sech(x) sech(x)
cosec(x) cse(x) cosech(x) csch(x)
ctg(x) cot(x) cth(x) coth(x)

Tabaumna.6. ObpaTHbie TPUroOHOMETPUYECKe U ruriepbondeckue yHKIUN

®Oyukinusa Cunrakcuc Maple || @Pyaknuss  Cunrakcuc Maple
arcsin arcsin(x) arcsh(x) arcsinh(x)
arccos x arccos(x) arcch(x) arccosh(x)
arctg(x) arctan(x) arcth(x) arctanh(x)
arcsec(x) arcsec(x) arcsech(x) arcsech(x)
arccosec(x)  arcesc(x) arccosech(x) arcesch(x)
arcctg(x) arccot(x) arccth(x) arccoth(x)
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JIJIsl BBITIOJIHEHUST KOMaH/IbI TTApAMETPbI, KOTOPbIE MOTYT ObITH IIEPEMEHHBIME UJIU JIAZKe BbhIpa-
JKEHUSIMU, TTPUYEM UX THI JOJIZKEH COOTBETCTBOBATH THILY ITapaMeTPOB MCIOJIb3YeMOl (DYHK-
. [lepBasi hopma 3aanmsi KOMaH/bI (€ 3aBEPIIAOIIEH TOYKON ¢ 3aIfTOl) OCYIIEeCTBIAeT
oToOparkeHue pe3yIbTaTOB €e BBIIOJHEHUs B 00JIaCTU BBIBOJIA, TOT/Ia KaK IIPU BTOPOil (popme
(¢ 3aBepHIAIONIMM JIBOETOYNEM ) KOMAH/Ia BBIIOJIHSIETCsI, HO HUKAKOIO BBIBOJIA PE3YJIbTATOB HE
IIPOUCXO/IHT.

Cucrema oboznatenuii dpyukmnuit B Maple mpocra, 1mo3roMy OOBIKHOBEHHO UMs (DYHKITHN
COOTBETCTBYET JIEfICTBIIO, KOTOPOE OHA BBITIOJIHSAET (BCe NMEHA 3a/[aHbl Ha AHTTTHHACKOM SI3BIKE).
Hanpumep, sicio, uro dyrkuus ¢ umenem simplify() ocyimecrBiisier HEKOTOPBIE YIIPOIIEHHUST
HaJ BBIpAKEHHEM, 3a/IaHHbIM B KadecTBe ee ImapamMerpa.

J11s1 HEKOTOPBIX KOMAaHJ[ CYIIECTBYIOT JiBe (DOPMBI: aKmMueHas U naccushas. B ciaydae Bbl-
30Ba aKTUBHON (DOPMBI KOMaH/Ibl, KOTOPas HEMEJIEHHO OyJ/IeT BBIIOJIHEHA, €€ UM HaUNHACTCS
co crpounoit 6yksbl. [laccuBnas popma KOMaH Ibl HE BBIIOJIHAETCA HEMEJJIEHHO, & ITPOCTO B
00JacTH BBIBOJIA OTOOpayKaeT MaTeMAaTHIeCKyI0 3aliCh TOrO, UTO OHAa MOXKET ClejaTh. Ee
UM HaYUHAETCS C IIPOIUCHON OYKBbI. B jaibHelineM, ecjin B oliepaTope MpUCBAUBaHUS JIJIs
HEKOTOPOI IepeMeHHOl B IpaBoOil 4acTu 3ajaHa HaccuBHas (GopMa KOMAHJIbI, TO KOMAHJIOMN
value() ee MOxKkHO Bbrauc/nTh. OJIHAKO OCHOBHOE INpEJIHA3HAYEHUE MACCUBHBIX (hOPM KOMAH]T
- UCIIOJIb30BaHNEe MX KaK CPEJICTBA JIOKYMEHTHPOBAHUS MPOU3BOIUMBIX JIEUCTBUI B OOBITHOIM
MaTeMaTudeckoi 3anucu. [Ipumepamu KoMan ¢ AByMdA popMaMu ABJIAIOTCA KOMAaHIa JTUd-
dbepenruposanus (dift u Dift), uarerpuposanus (int u Int)u ap.

IIpumep III1.10. [laccusras u axmusnas Gopmovl KOMaHO

> g:=Int(sin(x)"2,x);

g = /sin(ac)2 dx
> g=int(sin(x)"2,x);
1 1
/sin(ac)2 dx = —5 cos(z) sin(zx) + 5%

> value(g);

1 1
—5 cos(x) sin(x) + 5%

Komanpr n pyHKImn, aBisionmecs 9acTbio gapa cucteMbl Maple, Bcerjia I0CTyITHBI TOJThb-
30BATEJIO, TOIJIa KAaK JIJIsi BBI30BA JIPYTUX KOMAH/ 1 (bYHKIINNH HEOOXOIUMO MOJIK/IIOUUTE Onb-
JIHOTEKY WJIU [AKET, B KOTOPBIX OHU PACIIOJIOKEHBI. [[J1st 3T0r0 ncmoib3yorest komas bl readlib()
u with(). IlepBast mogksogaer 6ubmoTeKy, Bropas makeT. [IpuMepoM 3TuxX KOMaHJT SIBJIsIeT-
cd UMs OMOJTMOTEKN WM TlaKeTa, (DYHKIIUKA KOTOPBIX IOJIb30BaTE/b YKEJaeT MCIIOJIb30BaTh.
Haunbosiee yacto ucrnoab3yemble IPU BBITIOJHEHNN aHAJTUTUIECKUX BBIMHCJIEHUN.

I1.5.1 VYmuporenue Boipaxkenus: simplify()

Komana simplify() - npeHasHadena i1 yIpoIieHns pa3sHooOPa3HbIX BbIPAYKEHNUIT, BKIIIOUa-
ONUX paIMOHAJbHBIE JIpobu (asrebpandecKue BbIPayKeHMsl), COJEPKAIIUX TPUTOHOMETPUIe-
cKue, oOpaTHble TPUTOHOMETPUYeCcKre (DYHKINH, JorapudMbl 1 SKCIIOHEHTHI, T.€. C €€ MOMO-
IIHI0 MOYKHO IOIIBITATHCH YIIPOCTUTH BhIPAXKEHUE, COCTABJIEHHOE U3 JIEMEHTAPHBIX (DYHKITUI.
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Maple MOKeT yIPOCTUTH & MOXKET U He YIPOCTHTb, TaK KaK OH MCIIOJIb3yeT CBOM BHYTPEHHUE
AJITOPUTMBI YIIPOIIIEeHUA, PEe3yJbTaT BBIIIOJTHEHNA KOTOPBIX MO2KET HE COBCEM COOTBETCTBOBATDL
B3IJigdJaM II0JIb30BaTeJ/Id Ha TO, KaK OH XOTeJI 6bI ynpOCTI/ITb BbIpazK€Hne 1 B KaKOM BHJIE €T'0
MOJIYINTh. 3a/a4a yIPOIIEHUST BO BCEX CHCTEMaxX aHAJIMTUIECKIX BBIYUCIEHUI - 9TO JJOCTATOY-
HO CJIOXKHasI IIpobJieMa. B 0HOM KOHTEKCTe BBRIYUC/IEHN KAKOe-TO IIPeodpa30oBaHue CIUTaeTC st
VIPOIIEHUEM, a B JIPYIOM TO K€ CaMoe IpeodpasoBaHre MOXKET M HE CUUTATHCS YIIPOIIEHUEM.
Harmpumep, 1ipu pernieHun TpUroHOMETPUIECKUX YpaBHEHU HE BCEr ia PallioHaJIbHO 3aMEHATh
sin(x)?+ cos(x)? na 1, xors 310 sBHOE ynpoienue. VHOIA HAJIO ¢ile/IaTh HA0OOPOT: € IUHUILY
IIPEJICTAaBUTD B BUJIE CYMMBI KBaJIPATOB CHUHYCa U KOCHUHYCa, U BOT TaKoe “YIIPOIIEHUE , pU-
BeJIeT K YIIPOIIEHMUIO BCErO YpaBHEHUsI, TO3BOJIMT Pa3JI0KUTh €ro Ha MHOKUTEJN U PENINTh
[IOCTaBJIEHHYIO 3a/a9y.

DTa KOMaH/la UMeeT HEeCKOJILKO (hOPM BBI30Ba, OTIUYAIONINXCS HAJTUIHEM [apaMeTpPOB,

YIPABJISIONINX IPOIEAYpoil yruporenus. Ee caMblii MpOCTOil CHHTAKCUC MMEeT CJIeIyIONInii
st simplify (Beipakenue);
B ckobkax B KauecTBe mapameTpa MmepeiaeTcsi BhIparKeHne, mojyiekaliee yiporienno. Kovan-
na simplify() uimer B BbIpayKeHN BbI30BbI (DYHKITHN, KBAPATHBIE KOPHH, PAJINKAIIBI U CTEIIeHN
¥ MHUIAJX3UPYET TIOIXOJISIIIIE TIPOIE/ Ly Phl yipoiieHusi. Peasbao komania simplify() peasu-
30BaHa B BUJIe HabOpa POy YIIPOIIEHUs , XPAHSIIUXCA B OCHOBHOI 6ubimoreke Maple. Mbr
[EPEIHCIINM YaCTh U3 HUX, OCTATbHbIC MOXKHO HANTH B CIIPaBKe 10 9TOH KOMaH/e (HAIpUMeD,
YCTaHOBUB Kypcop B pabodeM Jimcre Ha ee MMs U HaxkaB Kiasuiry <F1> ) : ‘simplify /exp’ -
JIUTsT YIPOITEHNsT BhIPayKeHU ¢ 9KCIIOHeHIMaIbHbIMI Dy HKIwsivu, ‘simplify /In’ - s ymnporre-
HUsI BbIpazkeHuil ¢ jorapudmamu, ‘simplify /sqrt’ - qyist ynporenust BbIpazkeHuil, CoIepKaImx
KBaJ[paTHble KOpHH, ‘simplify/trig’ - g yopoienns BbIpasKeHUil ¢ TPUTOHOMETPUICCKUME
dbyukumsivum, ‘simplify /radical’ - jyist yrpoinenust BeipazkeHuit ¢ paukaiamMu (JIpobHbIe crere-
un), ‘simplify /power’ - 7y1st yipoIneHus: BeIpaXKeHuit co CTENeHs MU, SKCIIOHEHTaMU 1 JIorapud-
Mamu u T. 1. [To ymosrganuio Maple nbitaercst HCIOJIB30BATh MaKCUMAJIbHBIN HAOOD (DYHKITHIT
YIPOIIEHNUS, TOAXOIANINI K KOHKPETHOMY BBIPAZKEHUIO.

B BBI30BE KOMaHJIBI MOYKHO 3a/[aTh KOHKPETHBIE MTPOIELYPhl YIIPOIIEHUSI, U TOTJIa TOJTHKO
OHHU OYJIyT MCIIOJIB30BATHCS JIJIsi YIPOIIEHWS 33JIAaHHOIO BhIDAsKEHUsI, & HE BeCh BO3MOXKHBII
YCTAHOBJIEHHBIA 110 yMOI9aHnio Habop. Takoil BbI30OB 0OECIIeYUBAETCS CJIEIYIONINM CHHTAKCH-
com KoMauIbl: simplify (ewpastcerue, nl, n2, ...);
3mech nl, n2 u T.a. gBAgIOTCT UMeHamu tporeayp yrupomenus: Fi, GAMMA, RootOf, 6,
hypergeom, Ln, polar, power, radical, sqrt, trig. [losmyro nndopmaruio o hopmysiax ymporre-
HUS [IPU UCIIOJIb30BAHIN [IePEeYNCIeHHBIX 3HAYEHII TTapaMeTPOB MOXKHO MOJIYYUTD € IIOMOIIBIO
koMauibl 7simplify (uma), Tje ums - 0JJHO U3 3HAYEHUH apaMeTPOB (DYHKIUH YIIPOIIECHUSI.

[Tpu ynpomeHuy BhIPazKeHusl MOZKHO IIPEJIIOI0KUTE, YTO BCe epEeMEeHHbIe B HeM SBJIAI0T-
s, HAIIPUMED, MOJIOKUTEILHBIMY, WX IPUHAIIEKAT HEKOTOPOMY OTPE3KY JeiCTBUTEILHBIX
qucesl. DTO OCYMIECTBIACTCH 3aJaHueM KJIIOYEeBOro mapamMerpa assume = cgoticmeo. Popma
BbISOBa KOMaHIbI B 9TOM CJIydae uMeeT BU/I:
simplify (6vipasiceriue, assume=ce0ticmeo);
rJe mapaMeTp c60ticmeo MOXKeT NPUHAMATL OJHO M3 CJICAYIOIUX 3HadeHuil: complex - KoM-
IJIEKCHAA 00J1aCTh, real - meiicrBuTe/bHad 00/1aCTh, Positive - IMOJI0KNTEIbLHBIC JIeHCTBATEIb-
HBle Yncia, integer - nesble unciaa, RealRange(a,b) - unrepsan (a,b) melicTBUTEIBHBIX YHCET.
Hizke mpejictaBiieHbl IPUMEPHI UCIIOIB30BAHUSA KOMAH/IBI YIIPOIEeHUs BbipazkeHnii simplify ():

IIpumep IIIL.11. Vnpowenrue swvipastcerudl
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> restart:

> f:=In(exp(x));
>  simplify(f);

> simplify(f, Ln, assume=real);

x
> a:=1/sqrt(5)*(((1+sqrt(5))/2)~3-((1-sqrt(5))/2)"3);

1 1 1 3 1 1 3
a:zS\/g((§+§\/g) _(5—5\/5))

> simplify(a);

O6paruMm BHHMaHue Ha yupolneHue Bbipakenusi f. Vcrosib3oBanne komaHbl 6e3 mapa-
MeTPOB He YIPOCTHJIO BbIpaxkeHus [n(e®), Torga Kak BTOPOH ONEPATOp € MPENOI0KEeHHeM
0 JIeficTBUTEbHOM 00J1aCTH M3MEHEHUs [IEPEMEHHON X YIIPOCTHII 3a/aHHoe BbIpakenue. [1pu
yupomienuun Maple mpejronaraer, 9To TaM, e 9TO BO3MOXKHO, II€pEMEHHbIE U3MEHAI0TCH B
00/1aCTH KOMILJIEKCHBIX uncest. [Ipu TakoM 1mpe;iinosioykennn yipocTuTh Bbipakenue f neiictsu-
TEJILHO HEBO3MOXKIHO.

[Ipn BBI30BE KOMaH/IbI YIIPOIIEHUS MOXKHO ITOCTIETHIM, WJIM €MHCTBEHHBIM, HE CUUTas Cca-
MOTO YIPOIIAeMOI0 BBIPayKEHH:A, TapaMeTPOM 33/1aTh apaMerp ¢ nMeHeM symbolic. B sTom
ciIydae, ecJIi BbIPayKeHHe COJEPKUT MHOIO3HA4YHble (DYHKINH, HaIPUMep, KBaJIPATHBIN KO-
pPEeHb, TO OTHOCHTEJIHHO TakuxX (YHKIUil OyJeT ocymiecTBIeHO (hopMaIbHOE CHUMBOJIIYECKOE
yIpOIeHne. DTO O3HAYAeT, YTO He OyJeT HPUHUMATHCS BO BHUMAHHE PAa3/IMYHOE IIOBEJICHIE
MHOTO3HAYHBIX (DYHKITUI IPU HAXOXK/IEHNN UX apryMeHTa B PA3HBIX 00/IACTIX KOMILJIEKCHOI
IIJIOCKOCTH WU JieficTBUTeNbHON ocu. Tak, B ciydae ¢ dyHKIHMEH y = Va? IIpU yIIPOIIECHUN
cJIeyeT yYUTBLIBATDL, MOJOXKUTEJbHA WM OTpUIaTe/JbHa Heu3BecTHad X, 3ajaHue IapamerT-
pa symbolic cHUMaeT 3Ty HeOolpeJIeIeHHOCTh, NCHOJb3Ys (DOpMaIbHOE TPABUIIO: KBaIPATHBII
KOPEHb M3 KBa/IpaTa KaKOH-JIM00 BeJIMYUHBI PABEH ITOW BEJTMUHIHE.

ITpumep III1.12. Vnpowenue ¢ npednosostcenuem

\

f:=(sqrt(x~2));

>  simplify(f);

csgn(z) x
> simplify(f,assume=real);
]
> simplify(f,assume=positive);
x
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> simplify(f,symbolic);

Komana yiporenust mo3BoJigeT 3aJaTh IIpaBUja YIIPOIIEHN B BIIE PABEHCTB. DTH IIpa-
BIJI& 3aJIal0TCH BTOPBIM ITapaMeTPOM, KOTOPBIH JIOJIKEeH UMeTh CJIEYIONIN BU/I:
(pasencmeol, pasencmao?, ... )

Eciu kakoe-mb0 BbIpakKeHue MpU YIIPOIIEHUN JOJIZKHO PABHATHCA HYJIIO, TO TAKOE MPaBUJIO
MOXKHO 33J1aTh, IIPOCTO BHECHA BhIpazkeHue 03 3HaKa PABEHCTBA B CIIMCOK ITPABUII:

> restart:
> g:=a~2+b"2+3*c;
g:=a*+b*+3c
> simplify(g,{b~2,a"2+c=1});
2¢+1

Ucnonp3oBanne coOCTBEHHBIX MPABUJI JIJIsT YIPOIEHUS TPUTOHOMETPUIECKIX BhIPaKEHMI
MO3BOJISIET MOJIYYUTh UMEHHO TOT €ro BUJI, KOTOPBINI HEOOXOJUM Jiid JlajibHelirieil paboThl,
TaK KaK TPETbUM I[IapaMeTPOM MOXKHO OIIPEJIEJIUTh B KaKOU IIOCJIE/I0BATEIbHOCTU JIOJIZKHBI
0TOOPaAYKATHCI HEM3BECTHBIE B YIIPOIIEHHOM BBIPDAXKEHUU. IJTOT MapaMerp 3aJaeTcs B JIBYX
dbopmax: B Buje MHOXKecTBa U B Bujie ciucka. (Coucok - 3mo Toxke 00bekT Maple, KoTopbiit
MIOK& MOYKHO CUUTATh KaK CINCOK BBIPAyKEHWIT depe3 3allsTyI0, 3aK/IIOYeHHBI B KBaIpaTHbHIE
ckobku.)Tak BOT, ec/ii OH 3aJIaH B BUJIE MHOYKECTBA, TO AJTOPUTM YIIPOIIEHUS COPTHPYET B
BBIDAKEHUN HEU3BECTHDLIE 110 YOBIBAHWIO MX CTEIEHU B CJAra€MbIX BBIDAXKEHUSX, yUIUTHIBas
CTEIIEHN BCEX HEM3BECTHBIX, & MOTOM HAYUHAET YIPOIIEHUA B COOTBETCTBUM C 3aJ@HHLIMU
npaBmwiIaMu. B ciiydae co CIMCKOM - CHadaJia BhIPaXKeHWe COPTUPYETCH 10 CTENeHsIM TepPBOii
HEM3BECTHOI B CIIMCKE, & 3aTeM YIIPOIIAETCS B COOTBETCTBUU C 33/ ITAHHBIMU IIPABUJIAMU, 3aTEM
MOJIy Y€HHOE BhIPAXKEeHNE COPTUPYETCH 10 CTENEHIM BTOPOI HEM3BECTHO CITUCKA U YIIPOITAeTCs
u T.I.

IIpumep IIII.13. Vnpowerue 6 coomsemcmeuu ¢ NpasusaMU NOABIOBATNEAS,

> equ:={sin(x) "2+cos(x)"2=1};
> e:=sin(x)~3-11*sin(x) ~"2*cos(x)+3*cos(x) " 3-sin(x)*cos(x)+2;

equ := {sin(x)? + cos(z)* = 1}
e :=sin(x)® — 11sin(x)? cos(z) + 3 cos(z)? — sin(zx) cos(x) + 2
> simplify(e,equ, [sin(x),cos(x)]);
14 cos(x)3 — sin(z) cos(x) + 2 — sin(x) cos(z)? + sin(x) — 11 cos(x)

> simplify(e,equ, [cos(x),sin(x)]);

sin(z)? — 14sin(x)? cos(z) — sin(x) cos(z) + 2 + 3 cos(x)
> simplify(e,equ,{sin(x),cos(x)});

sin(z)? — 14sin(x)? cos(z) — sin(x) cos(z) + 2 + 3 cos(x)
> simplify(e,equ,{cos(x),sin(x)});

sin(z)? — 14sin(x)? cos(z) — sin(x) cos(z) + 2 + 3 cos(x)
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I1.5.2 PackpbiTue cko6ok B Bbipaxkenunu: expand|()

OcHoBHOe HasHaueHHe KOMaH[bl expand() - IpejCcTaBUTh IPOU3BEICHNE B BHJIE CYMMBI, T.C.
JlaHHAsT KOMaH/ 18 PACKPbIBAaeT CKOOKHN B ajredOpandeckoM BbipazkeHnn. OHa BBITIOJHAETCS JIJTsT
J060ro TosimHOMa. Jljist 4acTHOrO JIByX HOJIMHOMOB (paloHajibHas ajarebpandeckast J1podh )
9Ta KOMaH/a PACKPbIBAET CKOOKHU B YHCJIUTE/IE U JICTUT KaXKJIbII 9/IeH MOJIyIeHHOTO BhIpaske-
HUsI HA 3HAMEHATE/Ib, C KOTOPBIM OHA HE ITPOU3BOJIUT HUKAKHUX ITPeoOpa3oBaHUil.

Kpowme Toro, jannast KomaH a yMeeT paboTarh ¢ OOJIBIIMHCTBOM MAaTeMaTHIECKUX (DYHK-
Uil ¥ 3HAeT KaK PacKpbIBATh CKOOKH B BBIPAYKEHUSIX, COJEPKAIIUX CJIeyIomme (QyHKIUN:
sin(x), cos(x), tg(x), sh(x),ch(x), th(x), In(x), exp(x), abc(x), crenuanbable MaTeMaTHICCKHE
dyHKIMM U 1p. DTa KOMAHa UMEET CJICTYIONNH CUHTAKCHC:

Drta KOMaH/a UMeeT CJIe/IyoNuii cuaTakcuc: expand(6vipl, 6vp2, ..., 6upn );

I[JI€ 6bIP ABJIAETCS BBIPAXKEHUEM, B KOTOPOM HEOOXOIMMO PACKPBITH CKOOKH, & He00A3aTe/IbHbIE
apaMerpsl 6uipl, 6vp2, ..., 6vipN yKa3bIBACT CUCTEME, 9TO B JAHHBIX BHIPDAYKCHUSIX B 33 IAHHOM
Ipeobpa3yeMOM BBIDAKEHHUH 6bip PACKPBIBATH CKOOKH HE HA/IO.

ITpumep III1.14. [Ipedcmasaenue npoussedenutl 6 sude cymmol

> expand ((x+1)*(x+2));
2>+ 31 +2

> expand ((x+1)~3/(x+2)"2);
3 32 3z 1
@+2?  wt22 @t2?  @r2p
> expand(sin(x+y));

sin(x) cos(y) + cos(x) sin(y)
> expand(exp(a+ln(b)));
e’b
> expand ((x+1) 2% (y+2) ,x+1);
(2 + 12y +2(x+ 1)

Jannast pyHKIUS 3HACT IIpaBUia IpeoOpa30BaHud TPUTOHOMETPUIECKUX BhIPAXKEHUI, BbI-
pParKeHuil ¢ SKCIOHEHITUAIBHBIMY (DYHKITUSAMHE, [IOJTUHOMAaMU U JPYTUMUA (DYHKITASIMHA.

I1.5.3 Pagsioxxenune nosmmaoma Ha MHoxkurtesnu: factor()

OcHoBHOE TIpeiHA3HAYeHTEe KOMaH/IbI factor() - pa3ioKuTh Ha MHOXKUTEJIN TOJTHHOM OT HECKOJIb-
Kux nepeMeHnHbIx. [loga mosmmaOMOM B Maple moHmMAaeTcst BhIpazkeHne, cojiepsKalinee Hen3BeCT-
Hbl€ BCJIMYUHBI, B KOTOPOM Ka}KerIfI 9JICH IIpeACcTaBJIEH B BUAE ITPOU3BEJICHNA I1EJ/IBIX HEOTPH-
nHaTeJIbHBIX cTelleHell HEM3BECTHHIX BEJIMYUH C YUCJIOBBIM WJIU aHFe6paI/IquKI/IM KOSQJCbI/H_[I/IeH-
TOM, T.e. KOO(MUIIMEHT MOXKET OBbITh IEJIbIM, APOOHBIM, C ILJIaBAOIIEl TOUYKOM, KOMILIEKCHBIM
YUCJIOM U JIazKe IPEeJICTaBIATh co00i ajredpandeckoe BbIpazKeHue ¢ JIPYTUMU IIePEeMEeHHBIMU:
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> factor (x~3%y-x"3%b-x"2%a*xy+x"2%axb+2%x 2%y~ 2-2%x "2k ykb-2kx*ky " 2ka+2kx*
> y*axb+y 3*%x-y 2xx*b-y~3*aty~2%axb) ;

(z +y)* (x —a)(y —b)

Heussectnasi B mosmHOMe MOXKeT ObITH IIpeJiCTaBjeHa OOpallleHneM K MaTeMaTHIecKoi
dyHKIMN, TapaMeTp KOTOPOil eCTh Hen3BeCTHasd:

> factor(cos(y)~2-2*sin(x)*cos(y)+sin(x)~2);

(cos(y) — sin(z))?

OTHOCUTEILHO 3TOW KOMAaH/IbI CJIEyeT MOMHUTH OJIHO ITPABUJIO: OHA PACKJIAJBIBAET ITOJIU-
HOM Ha MHO2KMTEJIN Ha/J YMCJIOBBIM II0JIEM, KOTOPOMY IIpHHaAJIe2KaT KOQ(I)CI)I/H_H/IGHTBI IIOJIMHO-
Ma. DTO O3HATAET, eCJIU BCe KOIPDUITUEHTHI TIeJIbIe, TO U B Oy IA€MbIX COMHOKUTEIAX OYILYT
TOJIBKO TIeJIble KOI(MDMUITUEHTHI U He 00s13aTe/IbHO OY/IyT IMOJIyYeHbl JIUHEHHBIE COMHOXKUTE/IN.
Bropoit HeobsizaTe/IbHBII TapaMeTp 3TON KOMAH/IbI CJIYKUT JIJIsi yKA3aHWs, HAJ[ KAKUM TIHUCIIO0-
BBIM II0JIEM CJIEJLyeT OCYIIEeCTBJISATH pasjioxkenue rnojguHoMa. OH MOXKeT nMerh 3HadeHue real,
CompleX, a TaK2Ke OIWH paJuKaJl UJIN CIIMCOK.MHO2KECTBO pPaJUKaJIOB.

IIpumep IIII.15. Pasnoocernue nosuroma Haod padHvmu NOAAMU

> factor(x~3+2);
> # Haj moJeM IeNHX Yuces
> # (uemsle KO3bPUIMEHTH
% 42
> factor(x~3+2.0); # Ham moleM Bell. YUCel
> # (Bem. xo3bduImeHT)

(z + 1.259921050) (22 — 1.259921050 2 + 1.587401052)

> factor(x~3+2,real);
> # Haj moJieM BeEeCTBEHHHX YHCel
> #(mapameTrp real)

(z + 1.259921050) (2 — 1.259921050 = + 1.587401052)

> factor(x~3+2,complex);
> # HaJ moJieM KOMIUIEKCHHX YUCel
> #(mapamMeTp complex)

(x +1.259921050) (z — .6299605249 + 1.091123636 1)
(x — .6299605249 — 1.091123636 1)

> factor(x~3+2,2~(1/3));
# Hapm moseM Ienbix ¥ pamukana 27 (1/3)
# (mapaMeTp ompenenseT [oJe C PALUKAIIOM)

(a2 — 220/3) 4 2C/9) (5 4 20/9)

\VARY,
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[Tpu npuMeneHnn ITOM 2Ke KOMAaHJIbI K aJaredbpandecKoil paroHa bHO 1pobu (OTHOIIIe-
HIe JIBYX [OJIMHOMOB) CHavaJIa OCYIIEeCTBIISIeTCs TIPUBE/IEHIEe pobu K HOpMaJbHOiT hopme
(cokparenne OBIMIUX MHOXKUTEJCH YUCIUTEN M 3HAMEHATEIsI ), & TOCIe TOr0 YUCTUTEb
¥ 3HAMEHATeJb PACK/IA/IbIBAIOTCA HA MHOXKHUTETH (C yIeTOM HO0Jisi KOI(DMOUIMEHTOR):

> rational_exp:=(x"15-y~15)/(x~8-y"8);

' 215 415
rational _erp 1= ————
==Y

> factor(rational_exp);
WV +zy+2) W+ + 2yt +at) (B -y e+t —ytat P —yaT + 2
(y + ) (22 +y?) (z* + y*)

I1.5.4 Coxkpamnienue aaredpamdeckoii Apobm

Hasnauenne xomanpl normal() - mpuBecTH BbIpayKeHUe, cojepzkaiiee ajrebpandeckue Japo-
Oou, K o0IleMy 3HAMEHATEJI0 U YIIPOCTUTDH IOJIyUeHHYIO ajredpantiecKyo JIpodb, COKPATUB U
YUCJIATEIb U 3HAMEHATEeIb Ha HarnOOoabIInii oommuii gesmrenb. OHa nMmeeT aBe (hOPMBbI BBI30BA:
normal(f); normal(f,expanded); rye f - anreGpandeckast 1pobb, a napamerp expanded ciryzKuT
JUIS yKa3aHUs TOTO, 9TO OC/Ie COKPAIeHs JpoOr B YUCIUTE e U 3HAMEHATEe e PACKPBIBAIOTCS
CKOOKH.

ITpumep III1.16. Coxpauwernue arzebpauveckuxr dpoberi

> fr:=1/(x+1)+1/x+x/(x+1);

s 1 1 T
o= —
r+1 o= x+1
> fr:=normal(fr);
1
from T+
x
> f:=(x"2-y°2)/(x-y)"3;
fo Ty
C (~y+a)
> normal(f);
_yrr
(—y +x)?
> normal (2/x+y/3=0);
164+zy
—2TrTY
3 T

Ecin nmapamerp f 3ajan B Bujie crmcka, MHOXKECTBa, OC/IEI0BATEILHOCTH, Psijia, ypaB-
HEHWsI, OTHOIeHNs Win (BYHKIMK, TO KoMaHaa normal() mocsenoBaTebHO IPUMEHSETCS K
komrionerTaM f. Hampumep, jiy1st ypaBHEHUsT 9TO O3HAYAET, 9TO MPOIEypa COKPAIEeHNs PHU-
MEHSeTCsd U K [IPaBoii, 1 K JIEBOI YacTu ypaBHeHus. B ciydae psijia 9To 03HAYAET, 9TO YIIPOIa-
10TCA KO MUITMEHTHI Psjia, a B CIydae BbIparKeHUs ¢ HeCKOJIbKUMU (PYHKITUAMU, apTyMeHThI
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KOTOPBIX IIPEJICTABIEHBI aJIre0pPanIecKIMU IPOOIMHE, IIPOIEIyPa COKPAIEHUs IPUMEHSIETCST K
apryMeHTy KaxKJI0i pyHKIIUN:

> s:=sin(x/(x+1)-x)"2+cos(-x/(x+1)+x) ;

o 2 .
s : Sm(x—i—l x)” + cos( x+1+x)
> normal(s);
2 2
PR r
sin( +1) +cos($+1)

> normal (2/x+y/3=x/y+y/x+2);
16+zy 2*+y°+2xy
3 Ty

11.5.5 IIpuBeneHme HECKOJIbLKNX YJIEHOB BbIPa>kKeHMUSI
K ogHOMY: combine()

Komana combine() nmpuBoJuT HECKOJBKO WIEHOB B BBIPDAYKEHNUH, MIPEJICTABICHHOM CYMMOIi,
[IPOU3BEJICHUEM WU CTEIeHAMU HEU3BECTHDLIX, K OJIHOMY WIEHY, MUCIOJb3ys PasHOOOpa3HbIe
[paBUJIa, KOTOPbIE, [0 CYIIECTBY, IPOTUBOIOJIOKHbBI IPABIJIAM, TIPUMEHsIeMbIM KOMaH10ii expand().
Hampumep, paccMoTpuM U3BECTHOE TPUTOHOMETPUIECKOE COOTHOIIEHUE:

sin(a + b) = sin(a) cos(b) + cos(a) sin(b).

Komana expand() ucrosib3yer ero cjieBa HalpaBo, TOIjIa Kak KoMaHja combine() jeiicTByer
Ha000POT, IPEJCTABIAT CYMMY IIPOU3BEJICHUII CHHYCOB U KOCHHYCOB B BHUJIE€ OJIHOII TPHUIOHO-
MEeTPUYECKO (PYHKITUU, HO C aPTYMEHTOM, SBJIAIONMMCA KOMOUHAIIUENH apryMeHTOB TPUTOHO-
MeTpUIecKnX (OYHKIWI B MpeoOpa3yeMoM BbIParKeHUN:

> g:=sin(atb)"2;
g = sin(a + b)?
> s:=expand(g);
s :=sin(a)? cos(b)? + 2sin(a) cos(b) cos(a) sin(b) + cos(a)? sin(b)?

> combine(s);

1
§COS(26L+ 20)

1
2

O6paruTe BHUMaHUe, 9TO KOMaH1a combine() mpeobpa3oBasia BbIpaXKeHHe S He K MCXOIHO-
My BBIPazKeHHIO g, KOTOPOe Mbl packpbLin dyHKIwmei expand(). Dro ceazano ¢ rem, uro Maple
OCYIIECTBJISIET IPUBEEHIE YJIeHOB BhIPAXKEHUsI 110 CBOMM BHYTPEHHUM AJITOPUTMaM, KOTOPbHIE
3aBEPIIAOTC, KaK TOJBKO MOJIYIUIIOCH (MU HE TIOJTY IHJIOCH ) IIPEJICTABJIEHIE B COOTBETCTBUU C
neostorueit kKoman bl combine(). B Hamem npumepe - pe/icTaBieHne depes TPUrOHOMETPUIe-
CKYI0 (DYHKIIUIO C apT'yMEHTOM, sIBJISIFOIIIUMC JIMHEHHONW KOMOMHAaIeil apryMeHTOB TPUTOHO-
MeTpUIeCcKnX (PYHKINN mpeobpasyeMoro BbipaykeHus. ey, ogHaKo, XKeaIaTeIbHO MOy INTh
HCXOJIHBIN BUJI BBIPAXKEHUs g, TO CJIEJlyeT BOCIIOJIb30BAThCA KOMAHJION MoAcTaHoBKH subs(),
napaMeTpbl KOTOPOI OIPEIE/IAIOT, 9TO Ha 9TO CJIeyeT 3aMeHUTh B BbIPparKeHUU:

> f:=(1-cos(2*xa+2%b))/2;
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1 1
f= §—§COS<2CL+21))

> subs(cos(2*xa+2*b)=-2*sin(a+b) ~2+1,f) ;
sin(a + b)?

Komanga combine() «3HaeT» MpakTHYeCKH BCe MpaBu/Ia IIPeodPasoBaHUsl SJI€MEeHTaPHBIX
MaTeMaTHIecKnX (pyHKINi. Ecam BTOpbIM ee mapaMeTpoM 3a/1aTh OJIHO U3 CJIEYIONIINX UMEH:

Tabumna.7.
abs exp piecewise Psi Signum
arctan icombine polylog radical trig
conjugate In power range

KOTOPBIE COOTBETCTBYIOT HCIIOJIb3yeMbiM B Maple dbyuknusamM, To mpu mnpeodpazoBaHUM
BBIpaKeHUsi OyJIyT HPUMEHSIThCS TOJBKO MPABUJIA ITPEOOPA30BAHUS COOTBETCTBYIOMINX (DYHK-
mmit. g byrkiuii, npaBusia mpeobpa3oBaHus KOTOPBIX 3aBUCAT OT 3HAYCHUS UX apryMEHTOB
(arctan) mm KOTOpBIE MMEIOT OIPAHIYeHNs Ha 3HadeHus aprymenTos (In, radical), moxkHO 3a-
JIaTh TpeTwil mapamerp symbolic, KoTopsbtii 6yer npenucbBaTh dyHkImu combine() He 06pa-
[ATh BHUMAHUs HA MHTEPBAJIbI M3MEHEHUs] apTI'yMEHTOB IOJ00HBIX (DYHKIINIA, a OCYIIECTBIISATh
dopMaIbHBIE CUMBOJIMYIECKIE ITPEOOPA30BAHUS B COOTBETCTBHE ¢ (DOPMYIaMU IIPeodpa30BaHus
srux pyukiuit. [IpeobpazoBanus ¢ OobIMUHCTBOM (DYHKIINI B OCHOBHOM sdcHBI. Hampumep,
€CJTH MCTIOJIb3YeTCsT OIS 1N, TO K BBIPAYKEHUIO MTPUMEHSIIOTCSI CJIeIyIONIne Ipeodpa30BaHus,
U3BECTHBIE U3 MTKOJIBLHOTO Kypca MaTeMaTHKU:

Tabauiia.8.

a*In(x) —> In(z A a) (eciu a * argument(x) = argument(z A a))
In(z) +In(y) = (ecsm argument(x * y)= argument(x)+argument(y))

OcobenHo oTMeTuM Ipeodbpa3oBaHue ¢ OlIuel icombine, KoTopasi BITAETCS PEJICTaBUTD
IIPOU3BEJIEHNE CTEIIeHeH IEe/IbIX JHCce TaKUM 00pa30M, UTOOBI B ITOJIyI€HHOM ITPOU3BEICHUN
CTEIeHN He UMeJId OOIMX MHOXKUTEJIElt:

> combine(4~a*x6"bx12"cx5"d,power) ;
49 6b 12¢ 54
> combine(4~a*x6"b*x12~c*5~d,icombine) ;
2(2 a+b+2c) 3(c+b) 5d
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I1.5.6 IIpuBenenue nomobHBIX 4iieHOB: collect()

Komana collect() paboraer ¢ 0600IIEHHBIME TTOJIMHOMAME HECKOJIBKUX MEPEMEHHbIX - MOJIH-
HOMAMH, B KOTOPBIX B Ka4eCTBE HEM3BECTHBIX MOTYT BBICTYIATH (DYHKIUH C apryMeHTaMH,
ABJIAIONINEC Hem3BecTHLIME Besmantamu Maple. Cunrakcuc 9Toit KOMaHabl nMeeT Tpu dhop-
mbl: collect (supasrcenue,x)

collect(evipasicenue,x, form, func)

collect(evipasicenue,x, func)

B Hux mapameTrp X mpeicTaB/isieT UMsi HEM3BECTHOW BEJIMYWHBI, CIUCOK WU MHOYKECTBO
HEU3BECTHBIX B CJIyYae MOJTUHOMA HECKOJIbKHUX IePEeMEHHbBIX MM UMs (PYHKIIUN C apryMEHTOM-
HEU3BECTHON B BBIPAXKCHUHU, IIPEJCTABJICHHOM IEPBBIM IIapaMeTPOM 6bipastcernue, 1 OTHOCHU-
TeJILHO CTeleHeil KOTopoil ocytecTBisiercs npuseaenne kosddurmenros. Komanma collect ()
pasIm4aeT He TOJBKO IIeJIble, HO 1 MOJIOXKHUTEIbHbBIE U OTPUIlATEIbHBIE JIPOOHBIE CTEIIEHN HEM3-
BECTHOI1, T.e. P BCEX CTeNeHAX OyIyT OT/e/IbHO IMPUBEIEHBI TOI00HBIE YJIEHBI.

IIpumep III1.17. [lpusedenue xoapduruernmos 6 svipasicenuu

\

g:=int (x~2* (exp(x)+sin(x)),x);

g:=ax%e” —2xe® + 2% — x?cos(z) + 2 cos(x) + 2z sin(x)

> collect(g,x);
(—cos(x) + €*) x? 4+ (—2€” + 2sin(x)) x + 2 cos(x) + 2¢€”
> collect(g,exp(x));
(2+ 2% —2x)e” + 2cos(x) + 2z sin(x) — 22 cos(x)
> collect(g,cos(x));
(—2% +2)cos(z) + 2% e® — 2w e” + 2e” + 2w sin(z)

Komaner collect() npumepa III.17 it 0fHOTO M TOrO Ke BbIParKEHUs! OCYIIECTBJISIIOT
npuBejieHne KoapOUIMEeHTOB OTHOCUTEIBHO PAa3HBbIX €0 HEM3BECTHBIX KOMIIOHEHTOB.

[Tapamerp form mmeeT cMBICIT JIIsT TOJTUMHOMOB OT HECKOJIBKHUX ITEPEMEHHBIX W OIPEIE/IsIeT
AJITOPUTM TPUBEICHUS ITOJ00HBIX YJICHOB, IIPUYEM HEU3BECTHBIC MIPH CTEIEHAX KOTOPBIX MPU-
BOJISATCS T10/IOOHBIE YJIEHBI, JIOJI?KHBI OBITH 3aJIaHbl B BHJIE CIIHMCKa WId MHOKecTBa. OH mMmeer
JIBa 3HAYEHUS: recursive (3Hadenue o ymosrdannio) u distributed. Ilepssiit ununuupyer ciejy-
IOIINI AJITOPUTM: IIPUBOISTCS ITOAO0HBIE WIEHBI IIPU CTEIIeHAX ePBOil HEM3BECTHOM B CIIMCKE,
Jlajiee B TIOJIYIEHHBIX KO3 PUITUEHTAX TPUBOJIATCSA MOI0OHBIE YJIEHBI OTHOCUTE/IHHO CTEIICHEH
BTOPO#l HEM3BECTHON B crimcke u T.;1. Ecam mpu 9ToM 3HaYeHW: mapamMerpa form memsBecTHbBIE
[IOJTMHOMA, OTHOCHTEJIbHO KOTOPBIX IMPHUBOJATCA IOJMOOHBIE UJIEHDbI, 3aJlaHbl B BHJE MHOXKE-
CTBa, TO TOPSAJIOK IIPUBEJEHNs Olpeieisgercs cucteMoii Maple m MoXKeT MEHATbCsI OT ceaHca
K ceancy. 3uadenue distributed ykaseiBaer Ha mpuBeneHne KO3(pOUIMEHTOB IPU WIEHAX, CO-
JIeprKalliX BCEBO3MOKHBIE ITPOU3BEIEHNsI CTelleHell HeM3BEeCTHBIX B CIIMCKE WM MHOXKECTBE,
IpUYEeM CyMMapHas CTeleHb BCEX IMePEeMEHHBIX BO3PACTAeT OT HAUMEHbINeH K HAMOOIbIIEH.

ITpumep IIIL.18. Anzopummo. npusederus 0an NOAUHOMOE HECKOALKUT NEPEMEHHLT
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> prEXky-aT2kxky+ykxT2-akxyxxT2+xt+axx;
>  #IONMHOM [BYX IE€pPEMEHHHIX
p=xy—alry+yr’—ayr’+r+ax
> collect(p, [x,y],recursive);
1-a)yz®*+(1-a*)y+1+a)z
> collect(p, [y,x],recursive);
(1-a)z?+(1-a®)z)y+(1+a)x
> collect(p,{x,y},recursive);
(1-a)yz®*+(1-a*)y+1+a)z
> collect(p,{x,y},distributed);
l+a)z+(1—a)yz®*+(1—a?)zy
> collect(p, [x,y],distributed);
(1+a)z+(1—a)ya®+(1-d*)ry

[Tapamerp func onpegesnser uMst KOMaHIbl, KOTOpas IPUMEHSIETCS K IOy YeHHBIM B PE3YJIb-
Tare KoddpUuImeHTaM Mpu COOTBETCTBYIOIINX CTEIEHAX HEen3BECTHBIX. OOBITHO HCIIOJIB3YIOT
komamn sl simplify() u factor().

ITpumep III1.19. 3adanue pyrrxyuu, npumerniemots K NOAYweHHbIM KoIPHuLUEHMaAM

> f:=a"3*%x-x+a~3+a;

f=adtrv—a+a®+a

> collect(f,x);
(@®*=1)z+a*+a

> collect(f,x,factor);
> # pas3jloXeHMEe Ha MHOXHUTENIN KO3(QPUIMEHTOB IpPU X

(a—1)(a*>+a+1)x+a(a®+1)
> collect(p, [x,y],distributed,factor);
> # IOJIMHOM OBYX IepeMeHHHX

1+a)z+(1—-a)yz*—(a—1)(1+a)zy
> collect(p, [x,y],recursive,factor);

l-a)yz®+(—(a—-1)(1+a)y+1+a)z

I1.5.7 Panmonanusarusi gpobeii: rationalize()

[Tox pammonasmm3arueii gpobeii mogpasyMeBaeTcsa n3daBieHne OT HPPAIMOHAJIbLHOCTHA B 3HAME-
narene. Komana rationalize() n mponsBouT nMeHHO Takoe Ipeobpa3oBaHie HaJl 9UCIOBBIMU
u ajiredpamdecKkuMu Jipodbsivu. [lpudem, B mocsieHeM ciiydae IPUHUMACTCA BO BHUMAHUE TOJIb-
KO 3HAMEHATEJ]Ib B BUJIE TIOJIMHOMA. DTa KOMAHIa MOXKET PAIlMOHATU3UPOBATDH aaredpanieckyio
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JIpoOb, 3HAMEHATE/Ih KOTOPOU COJIEPKUT TpaHCleHieHTHbIe (ynkiun Tuna sin(), exp(), In(),
u 1.1 OJHAKO, €c/IM X apryMeHT ABJIAETCH JIPOObIO ¢ MPPAIMOHAILHOCTAMI B 3HAMEHATEIE,
TO 9TU KOHCTPYKIMK HE YYACTBYIOT B IPOIECCE PAIMOHAJINZAIM.

ITpumep III1.20. Payuonarudayus OpooHvix evipastceruti

> ex1:=2x(1+2~(1/3))/(2-sqrt(2));
1+ 20/3)

2 —+/2

exl ;=2

> rationalize(exl);

(14 20/3) (2 4 v/2)
> [x/(x+sqrt (1+sqrt(3))), (x+y) / (x*xy+sqrt (3) +sqrt(7))1];
x Tr+vy ]

1+v3 2y+V3+VT

> rationalize(%);
r(cat VIE VB @ =14V (aty) (Cay=vT+V5) (caly —d+ 20y V)
9429 ztyt —2022y% + 16
S [(x+y)/(x+sqrt(y)) ,x*y/ (x+sqrt (x+sqrt(3)))];
[Jc+y Ty

, ]
THVY 2+ Ve + V3

]

> rationalize(%);

[_(:Hy)( TEVE) _eylet T+ V3) (¢ —x +3)
—y xt =223 + a2 -3
> 1/(1+root(sin(1/(1-sqrt(eta))),3));
1

]

1 + sin( )(1/3)

1—n
> rationalize(%);

)(1/3) + Sln(

1
1- 7 1— 7

1 + sin(

1 — sin( )&

-

1—

I1.5.8 Orpanuydenns Ha Heum3BecTHbIE: assume()

Komania assume() Hak/Ia/piBaeT OrpaHnueHust Ha Hen3BecTHble Bejmanibl Maple. Ouna numeer
CJIEJIYIOIIHI CHHTAKCHC: assume(X, c60Ucmaeo);

3/1ech X mpeJIcTaBIsgeT JII00YI0 HeolpeaeeHnyo nepemennyto Maple nin Beipakenue ¢ ta-
KIMU TIeEpEMEHHBIMH, a ITapaMeTp €680UCcme0 MOXKET TPUHUMATDH 3HAYEHNs, PaBHbIe HA3BAHUAM
CBOWCTB (CrienuasbHbIM CHUMBOJIBHBIM UMEHAM, 3ape3epBUpPOBaHHbIM cucreMoii Maple jis 3a-
JIaHUs pa3HOOOPA3HBIX OI'PAHUYEHUN Ha TIEPEMEHHYIO WU BhIPaXKeHne, Olpe/ie/leHHbIe TIEPBbIM
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HapaMeTpOM), UMEHU TUIla JaHHbIX 1 9YUCJIOBOMY JHalla30HY. HGKOTOpre 3 IepevIncjaeHHbIX

cBOiicTB epevncsensl B Tads1.9

Tabauna.9. CBoiicTBa YHCJIOBBIX II€EPEMEHHBIX U BBIPAKEHUI

Hassauue cBoiicTs

Onucanue

negative
nonnegative
positive

natural
posint
odd

even
complex
NumeralNonZero
real
rational
irrational
integer
fraction
prime

OTpurnaresbHble BEIECTBEHHBIE YNC/Ia U3 HHTEpBaia (—oo, ()
(HyJIb HE BKJIIOYAETCS )

HeorpunaresibHbie BelecTBeHHbIE Uncia u3 naTepBaia [0, —oo)
(HYJIb BKJTIOUAETCS )

[TonokuTeIbHBIE BellleCTBeHHBIE Yncia u3 narepsaja (0, 0o)
(HyJIb HE BKJIIOYAETCS )

Harypasibhbie uncia (mesble, 6osbinue win pashbie )
[enwie crporo cosbiue 0

Heuernsie 1ncia)

Yeruble yncia

Kowmmiekcubie unciia

Kommiekcnbre uncita, uckaodas 0

BermmecTsennnie unciia

Panpnonasibibie ancia (J1pobu u 1esible)

VpparonabHbie ducia

Hemnpie unca

Tonbko JipobHBIE UnCTa

[Ipocreie uncita

[Tapy mapamerpoB (X, c60icme6o) MOYXKHO 3aMEHUTb MATEMATUIECKUM OTHOIIEHUEM, €C-
JIF, KOHETHO, 9TO BO3MOXKHO. Hampumep, (x, negative) coorsercrByer ornomenuto x < 0, (X,

nonnegative) coorsercreyer x >= 0 u T.1I.
Ec/in Ha nepeMeHHYIO MOJIOKEeHbl OTPAHUYEHHsI, TO B PE3y/IbTaTaX BBINOJHEHUs JeificTBuii

HaJI BBIPAKEHUAMHN, B KOTOPBIE BXOJIUT 9Ta IIepEMEHHAad, Cpa3y 2Ke 3a €€ UMeHeM 110 YMOJIYaHUIO
oTo6parXKaeTcss CUMBOJI THIIB/IA, (~). DTy DYHKIIHOHAIBLHOCTD 10 YMOJIAHUIO MOKHO H3MEHHUTh

Ha CJIeJIYIOIINeE:

e 00 BOOOIIE He MH(MOPMHUPOBATH OJIB30BATE/IsI, ITO HA MEPEMEHHYIO HAJIOXKEHBI OI'Da-
HUYEeHWs, U OHA OyJIeT MpOI0/KATh 0TOOpaskaThCsl KaK M BCe IepeMeHHbIe 6e3 OrpaHu-
genuit, (komana Options — Assumed Variables — No Annotation);

e 00O B ODJIACTU BBIBOJIA, €CJIM OTOOPAXKAIOTCH PE3YJIbTAThI, B KOTOPLIX MPUCYTCTBYET
IepeMeHHas C HaJIOYKEHHBIMH OTDAHIMYEHHIMH, CJIOBECHO COOOIIAeTCs, Ha KaKWe Iepe-
MEHHBIE HAJIOXKeHbI orpanndenus (komanga Options — Assumed Variables — Phrase).

! Bribupaercs na manean Maple. 3aMeTnM, UTO ONINK HaHe I MefCTBYIOT Ha JAHHYIO W BCE HOCTEIyIONITe
OIIepaIii, B TOM YHCJIE W Ha OMEPAINIO SKCIOPTa PailyioB.
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ITpumep III1.21. Chocobv. omobpasicerus NepemMeHHvT ¢ 02PAHUMEHUAMU

> assume(a>0);
> 1n(a~2); # OTobpaxeHue II0 YMOJIYAHUIO
2In(a")

> 1n(a~2); # PexuM He MHOOPMUPOBAHUS IIOJIb30BATEI
21n(a)

> 1n(a~2); # CnoBecHoe coobueHnue

21n(a)

with assumptions ona

Komana assume() MoxKeT OJIydaTh HECKOJIBKO Hap (X, c80UCMeE0) NIl MaTeMaTHIeCKuX
OTHOIIICHUI B Ka4eCTBEe CBOMX IapaMeTPOB. B 3TOM ciydae Bce 3aJlaHHble OIPAHUYCHUS Jehi-
CTBYIOT OJHOBpeMeHHO. [103ToMy HasIoKeHne orpaHudeHuil B BUie
> assume(x>1,x<2);

COOTBETCTBYET TOMY, YTO [ePEMEeHHAs X MOYKET U3MEHAThCA TOJLKO B unrepsase (1,2).

Hogoe orpannvenue, HaKJIaIbIBAEMOE HOBOI KOMAHJIOM assume() Ha MepeMEHHYI0, OTMEHs-
eT BCe NpeJbIyIe orpanndeHns. [103ToMy mocieoBaTeIbHOe 33 IaHIe OTPAHIMYCHUI 1By M
KOMAHIaMHU:
> assume(x>1);
> assume(x<2);

COOTBETCTBYET IIPE/IIIOJIOKEHHUIO, YTO 3HAYCHUE [IEPEMEHHO X He IIPEeBOCXOIUT YnCia 2, & He
TOMY, 9TO 3HAYEHUE ITON MEePEeMEeHHOIl J0JIKHO JiexkaTh B uHTepBase (1,2).

Ecnu mo xomy pemrenus 3a1a4u HeOOXOAMMO HMOCTEIIEHHO A00ABIATL OrPAHUYCHUS Ha IIe-
PEMEHHYT0, TO MOXKHO UCIOJIb30BaTh KoMan 1y additionally(), mapamerpsl KOTOPOIi MOJTHOCTBIO
COOTBETCTBYIOT apameTpaM KoMan bl assume(). B aToMm ciydae orpanuyenus, omnpe/ieieHHbIe
komamoit additionally(), mobaBiisitoTcst K OrpaHUYEHUsIM, BBEJCHHBIM KOMaHJ 0 assume() u
npenplrymmme Komasnamu additionally():

> assume(x>1); # B mocrmexmyomux BHpaxXeHUAX NOpefnoiaraercs x>1
(Kakue-TO BHYUCIIEHUS)
> additionally(x<=2); # Temepp IpefnmosaraeTcs, 4YTO 1<x<=2

g caaTus BceX HAJIO2KEHHBIX paHee Ha ITePEMEeHHYIO ITPEJIIOIOKEHUN CIIe/lyeT 9TOM mepe-
MEHHOM IIPOCTO MIPUCBOUTD €€ Ke CUMBOJIbHOE UMsT (M3l TePEeMEHHOI, 3aKJII0UeHHOe B OJINHAD-
Hble KaBbIUKH). UTOOBI CHATH BCE OrpaHUYEHMsI JIJIS EPEMEeHHOM X MPeIBbIYIINX ITPUMEPOB,
cJIeJTyeT ITPOCTO BBIIOJHUTD CJIE/IYIONLYIO OIIEPAIIO ITPUCBANBAHNS:
>X="X";

Oinako, ecjiu epeMeHHasl ¢ HAJIOYKEHHBIMU OMPAHUYEHUSIMU UCIIOIb30BAJIACH B BHIPDAXKEHUSIX,
TO IIPOCTOEC IIPUCBAMBAHUEC UMEHU [I€PEMEHHOI caMOil IIePEeMEHHON He CHUMAaeT OI'PAHUYCHUSL
Ha MepeMeHHyo B 5TuX Bbipazkenusix. [Ipumep (I111.22) mwimroctpupyer nomobHyo cuTyarmio.

ITpumep III1.22. Chamue ozparuyveruti ¢ nepemernoti
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>assume (a>0) ;
>g:=sqrt(a~2);

g:=a
>a:=’a’: a;
a
>g;
2~

Kak Bummm, cHATHE BCeX HAJIOXKEHHBIX Ha IIEPEMEHHYIO & OTPaHUYeHHUIl He CHUMAET, O/IHAa-
KO, 9TUX OIpaHUYEHUI ¢ IIEpEMEHHON a B BbIpaKeHuu g. UT0oObI CHATH OI'pPaHUYEHHUs C ITOM
IIEPEMEHHOM, CJIe/IyeT J0 KOMaH/Ibl CHATHAS OIPAHUYEHUN C IIePEMEHHON BOCIIOJIB30BATHCA KO-
MaHJIOi MoicTaHOBKY Subs() W MmepBbIM HapaMeTpOM yKa3aTh 3aMeHy IepeMeHHOI a Ha ee
CIMBOJIbHOE UM 'a’.

ITpumep III1.23. Chamue oepanuverutd ¢ nepementoti 8 8bLPAHCEHUL,

> assume (a>0);

> g:=sqrt(a~4);

g:=a
> g;

0”2
> g:=subs(a=’a’,g);

g = a?
> a:=’a’;

a:=a
> g;

a2

C nomorpio GyHknuu is() MOXKHO ONPEIEUTh, YIOBJIETBOPSIET JIM HEKOTOpas [epeMeHHast
pabodero JicTa onpeaeJ e HHOMY CBOMCTBY. DTa PyHKIIMs BO3BpAIlaeT 3HaYeHne true, ecu Bce
BO3MOXKHbBIE 3HAYEHUS TIEPEMEHHOI COOTBETCTBYIOT 3aJJaHHOMY CBOUCTBY. Eciim xoTsa ObI 01HO
13 BO3MOXKHBIX 3HAUEHUIT HE COOTBETCTBYET 33 JaHHOMY CBOHCTBY, TO hyHKIH iS() BO3BpaIaeT
false. 9ra dpynknms moxker Bo3pparuTh 3Haderne FALL, koropoe mHbOpMuUpyeT mosb3oBaTe-
Jisl, 9TO HEBO3MOKHO OIIPEE/INThH, COOTBETCTBYET WU HET 3aJlaHHas [IepeMeHHas 3aJaHHOMY
CBOMCTBY. DTO MOXKET IPOU30MTH JIMOO B PE3YJIbTATE HEJOCTATOTHOCTH MH(MPOPMAIMA OTHOCH-
TEJIbHO OFpaHI/I‘-IeHI/HU/I Ha IIE€PEMEHHYIO, JII/I6O HEBO3MO2KHOCTHU BBIYHCJ/IUTDL JIOTMYICECKUE OI'paHu-
YeHHA Ha IIEPpEMEHHYIO.

Ilpumep III1.24. Vdosaemesopsem au nepemennas 3a0aHHbIM 02PAHUSEHUAM

> assume(a>0);
> 1is(a>0);
true
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> is(a<l);

false
> additionally(a<1);
> is(a<l);

true

Oynknug coulditbe() mposepsier, MoxKeT Jin 3ajlaHHas [IEPEMEHHAsT COOTBETCTBOBATH 3a-
JaHHoMy cBoiicTBy. OHa Bo3Bparaer true, eciu XoTsi Obl OJHO U3 BO3MOYKHBIX 3HAYCHUIT 11€e-
PEMEHHO MOXKeT UMeTh 3aJlaHHOe CBOiicTBO, u false B mporusHOM ciyuae. CMbIC/T 3HAUEHUSI
FALL coorBercTByeT TakKOMY K€ 3HAYEHUIO st hyHKINH is().

IIpumep III1.25. Mooicem au nepemennasn ydosaemaeopamys 3a0arHbM 02PAHUMEHUAM

> assume(a>0);
> 1is(a>0);

true
> coulditbe(a=1);

true
> additionally(a<1);
> coulditbe(a=1);

false

Komanga about() orobpazkaer nubOpMAaIUO 0 HAJOKEHHBIX OTPAHUYICHISIX HA HEM3BECT-
HYIO BEJTMINHY:

> about(a);
Originally a, renamed a":

is assumed to be: RealRange(Open(0),0Open(1))

Mmuorue dyukiun u komanasl Maple ucnosb3yor nHdopMainio 0 HAJTOKEHHBIX HA HEU3-
BECTHYIO BEJIMYMHY OT'PAHUYCHUAX IIPU BBIIIOJIHEHUM CUMBOJIbHBIX Bhraucienuii. Hampumep,
Maple He MOXKeT BBIYUCIUTH CJICIYIONIHI ITpeJiesT N3-3a HEU3BECTHOCTH 3HAKa CHMBOJIHHOM
IIEPEMEHHON a:
> 1int(exp(a*x),x=0..infinity);
eler) — 1
lim ———
T—00 a
Cront 3a7aTh PEJIIONIOKEHIE O CTPOrOil TOJOKUTEILHOCTH apameTpa a, u Maple Tyr
JKe BBIYUCIUT JIAHHBII WHTErpaJi, KOTOPbIA OH CBEJ K BBIMUCJIEHUIO IPEJIENIa, 3aBUCIIIETO OT
rapameTpa:
> assume(a>0);

> 1int(exp(a*x),x=0..infinity);
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I1.5.9 CrpyKTypa BbIpa*keHUil 1 X BbIYUCJIEHUE

JI1s1 TIOJTHOIEHHOTO TOHMMAaHUS (PYHKIIMOHUPOBAHUS CUCTEMbl aHAJTUTHIECKUX BBIYUCICHUI,
BKJIIOUAsI XPAHUMYIO CTPYKTYPY BBbIPayKeHMil, HaM HEOOXOINMO IO3HAKOMHUTHCA C OCHOBHBIMUI
TUIIAMH 00bEKTOB, KpOMe UHCesI U CTPOK, ¢ KOTopbiMu paboraer Maple.

B oryimann ot gucest - mpocThIX 00bEKTOB - OObEKTHI JIPYTUX TUIIOB ¢ KOTOPBIMEI MOXKET Pa-
oorats Maple, nipejicraBisiorT coO0it CJIOKHBIE THIIBI JaHHBIX, 0Opa3yeMble ¢ IIOMOIIBIO CIIEIIN-
AJIbHBIX CUHTAKCHIECKUX KOHCTPYKIuUil u3 Bbipazkenuit Maple (mocsieoBaTe/ibHOCTD, CIHCOK,
MHOKECTBO) /I OOpaIleHreM K CIeNuaIbHON (DyHKIMI-KOHCTPYKTOPY (MaccuB, TabJIuIa).

HOCJ’Ie,Z[OBaTe.TIbHOCTb Bpra}KeHI/Iﬁ

IHocaedosamenvrocms 6vipastcenutl, WA TPOCTO NOCALIOBAMENLHOCTIL - ITA TPYTIIA BhIpayke-
nuit Maple, pa3aeieHHbIX 3aIIAThIMA.

IIpumep III1.26. [locaedosamenvrocmu evipastcerut

> s1:=1,2,sqrt(3),x;
sl =1, 2, \/3, T

> 82:=x"2,1n(x)+4,x*y;
s2 =22 In(z)+ 4, zy
> s83:=1,1,x,1,x,2;
s =1,1, 2,1, 2, 2
> whattype(s2);
erprseq

[Tocsie0BATEILHOCTD SABIAETCS CAMOCTOATEIBLHBIM OO'BEKTOM, HE UMEIOIIEr0 HUIEro ooIe-
ro ¢ BHEIIHE IIOXOXKUMHM Ha HEero CoumcKaMmu u MHoxkecTBaMu. CKazKeM Tak: 9TOT OOLEKT sB-
Jigercd 6a30BbIM 00bekToM Maple, Ha OCHOBE KOTOPOTO CTPOATCH JIpDYTUE CJIOXKHBIE O0HEKTHI.
Ow 06J1a1aeT IPUCYIIUMU €My CBONCTBAMIE: COXPaHsIET MOPAJIOK CJIeIOBAHUS BhIPAsKeHUii. D10
O3HAYAET, €CJIU MbI OIPEJIEIUIIA HAIIPUMED, TIOC/IEI0BATEILHOCTE $1 ¢ IEPBBIM 3JIEMEHTOM, DaB-
HBIM T1eJ10fi BeJmante 1, TO B 9TO HOC/IeI0BATEILHOCTH (€C/IM Mbl €€, KOHEYHO, HE U3MEHUM )
9TOT 3JIEMEHT Beera OyeT nepsbiM. 11ocie10BaTe/IbHOCTh MOXKET COIEPKATH U ITOBTOPSIONIH-
ecst 3JIEMEHTBI, PACIIOJIOYKEHHbIE B ITPOM3BOJIBLHOM MOPSIJIKE BHYTPHU MOC/IEI0BATEILHOCTH (S3 B
npumepe (I111.26)). ITocieauss komanga 9TOro IpuMepa OIpe/Ie/IseT THII 00beKTa, 3a/IaHHOr0
B KauecTBe ero napamerpa. /s mocie0BaTeIbHOCTH ee TUIT UMeeT UMt exprseq (COKpalleHne
OT expression sequence).

Ecin 3ToT THII JaHHBIX TIEpeIaeTcst B KadecTse mapaMerpa gynkiun Maple, To Kaxkaplii ero
9JIEMEHT PACCMaTPUBAETCsI KAK COOTBETCTBY O apaMeTp (yHkimu. /s MEOrIX oneparuit
Maple ucrosib3oBanue B Ka4ecTBe OJHOTO U3 ONEPAH/IOB MOC/IE0BATEIbHOCTH IIPUBOJUT K BbI-
[IOJTHEHUIO ITOMH OIepaIiN Jjisi KayKJIOT0 ee 3JIeMEeHTa B KaueCTBe COOTBETCTBYIOIIETO OllepaH/ia
1 (POPMHUPOBAHUS PE3YILTUPYIONIEH MOC/IeA0BaTeILHOCTH. cnomb30Banue moc/e10BaTe IbHO-
CTH IIEPEMEHHBIX B JIEBOI YaCTH Olepaliy IPUCBANBAHUS ¥ TI0C/IEI0BATEILHOCTH 3HAYCHUN B
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paBoii MPUBOJUT K MHOXKECTBEHHOMY IIPUCBAMBAHUIO C IIOMOINBIO OJHOI omneparuu. Bee sru
BO3MOKHOCTH moka3anbl B mpumvepe (IT11.27).

ITpumep III1.27. Onepavuu ¢ nocaedosamenrvHocmamu

> sl:=sin(x)*x"2,x;

sl :=sin(z) 2% z

> int(sl);
—x? cos(x) + 2 cos(x) + 2w sin(x)
> s82:=1,2,3;
s2:=1,2,3

> s83:=y||s2;

s8 i =uyl, y2, y3
> f,g,h:=s82;

f,g,h:=1,23
> f;

1

[TocenoBaTeIbHOCT MOYKHO CUMTATh, KaK IOCJIEI0BATEIbHOCTh BhIPaXKEHU, TIepeHy-
MEPOBAHHBIX HATYPaJbHBIMU YNC/TaMW, HAUWHASA C €IUHUIBI: TEPBBIN dJeMEHT WHEKC 1,
BTOPOI - 2 U T.J1. B CBA3M ¢ 9TUM MOXKHO IOJIyIUTH 3HAYEHUE JIFOOOTO 3JIEMEHTa, TIOCJIEI0-
BaTEJIbHOCTU, UCIOJIb3Ysd UHIEKCHYIO (DOPMY B3allUCHU - IIOCJe UMEHU IIepEMEHHOI B KBaJl-
pPaTHBIX CKOOKaX 3aJaTh MHJIEKC dJIeMEeHTa:

> 8:=X,X72,x73;

> s[2];

O/1HaKo IPUCBOUTDL HOBOE 3HAYEHUE DJIEMEHTY ITOCJIE/I0BATEILHOCTU C UCIIOIH30BAHUEM
WHJIEKCHON (pOPMBI OOpAIeHNs HeJIb34:

> s[2]:=x"2(-2);

Error, cannot assign to an expression sequence

g co3nanus JUIMHABIX TIOC/IEI0BATEILHOCTEN, 3JIEMEHTHI KOTOPBIX TOIYMHAIOTCS HEKOei

3aKOHOMEPHOCTH, MOYKHO HCIIOJIb30BaTh KOMaHIy seq() U omeparuio moropenus s. Komania
seq() umeer jiBe hOpMBI:
seq(f,i=m..n);
seq(f,i=x);
B nux f - BeIpakenue, 3aBucsiiee OT MePeMEHHON, UM KOTOPOI OIPEIe/IsieTCsT TapaMeTpOM
i, m ¥ n - 9ucya, ONpeJe/dioniue Jualna30H n3MeHeHns ITepeMeHHol 1 ¢ maroM 1, a X MoXKeT
OBITH CIIMCKOM, MHOXKECTBOM, CYMMOIi, IIPOU3BEJIEHIEM WM CTPOKOil. B mocieanem ciydae
nepeMeHHas 1 Toce/I0BaTeIbHO MPUMeHSIeT 3HaUeHs, PaBHbIe CUMBOJIAM CTPOKU.
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IIpumep III1.28. Dopmuposarue nocaedosamenvrocmeds kKomandot seq()

> seq( sin(Pix*i/6), i=0..6);

11 1 1
0,=,=v3,1,=v3,=,0
) 27 2\/_7 ) 2\/_7 2’
> seq(x[k],k=3..5);
T3, T4, T5

> seq(cat(k,"1"),k="string");
Ltsl777 Utl??, 4(r177’ ((il??, (4n1777 Ugl??

Onepanus nosropenns $ Moxker ObITH yHapHOI 1 OuHapHOil. B nmepsom ciydae ona mpu-
MeHseTCd K Jualla3oHy m..n, IjJle M W N - YUcJia, & BO BTOPOM CJIydae MePBBIM OIepPaH/I0M
dABJIIeTCS BhIpaKeHue, 3aBUcsIlee OT IIepeMeHHOI, KOTopas YKa3aHa BO BTOPOM OllepaH/ie, Co-
JIepzKalleM TaKzKe Ollepalldio JIualia30H. Bee ciiydan ee MCIOJIB30BAHUS IMOKA3aHbl B IIPUMeEPE

(IT11.29)

IIpumep ITI1.29. @opmuposarue nocaedosamenvrocmeti onepavuet §

> $ 2..5;

2,3,4,5
> i~2 ¢ i=2/3..8/3;

4 25 64

999
> ali]l] $ i =1..3;

ai, ag, ag
> x$4;

T, T, T, T

Choucku m MHO>KeCTBa

Cnucok - yropsijiodeHHast IOC/Ie/I0BaTe/IbHOCTD BbIPAYKEHN, 3aK/II0UECHHAS B KBaIpaTHBIE CKOO-
KU, & MHOAHCECNE0 - HEYTIOPsJ0UeHHAasT 1I0C/IeI0BATEIbHOCTh BhIPAYKEHN, 3aK/II0UeHHast B (pu-
rypHble cKOOKH. OTHOCHTEILHO MHOXKECTBO CJIEIYET OTMETUTH, UTO 9TOT O0bEKT IIOHUMAETCS
B Maple TouHO Tak ke Kak u B MaremMaTuke. Ecjim B mocjie10BaTe IbHOCTH TIPUCYTCTBYIOT 110~
BTOPAIOININECS 3JIEMEHTBI, TO B MHOYKECTBE UM OyJIeT COOTBETCTBOBATDH OJIMH JIEMEHT, TOIJA
KaK B CIIMCKE BCE MOBTOPAIONINECS 3JIEMEHTHI CYIIIECTBEHHBI, T.€. CIIMCOK MOXKET COJEpPKATh
MIOBTOPSIONINECS 3JIEMEHTDI, CTOAIIME Ha pa3HbIX MecTaxX. [Ipm 3aj1anum MHOYXKECTBa TOPSI0K
3JIEMEHTOB HE CYIIECTBEH, IJIABHOE, YTOOBI B MOCJIEIOBATEILHOCTH MPUCYTCTBOBAJIM BCE JJIe-
MEHTBI, 00Pa3yoIlue MHOKECTBO.

ITpumep III1.30. 3adanue cnuckos u muoscecms
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> [a,b,c],[a,c,b]l,[a,a,c,c,b,a];
> # 3agmaHue pas3HHX CIHUCKOB
la, b, ¢, |a, ¢, D], [a, a, ¢, ¢, b, a
> {a,b,c},{a,c,b},{a,a,c,c,b,al};
> # 3amaEue OIMHAKOBHX MHOXECTB

{a, b, ¢}, {a, b, ¢}, {a, b, ¢}

CHI/ICKI/I, KaK U1 IIOCJIeJ0BATE/IbHOCTU, COXPAHAIOT IIOPAJOK CBOUX 3JIEMEHTOB, IIO3TOMY C IIO0-
MOHOIbIO MHJ/IEKCa MO2KHO IIOJIyYUTH 3Ha4dYeHUe JIIOOOTO 3JIEMEHTA CIIMCKa, 9TO, BIIpOYeM, CIIpa-
BeIJIMBO M OJId MHOXKECTBa. Boutee TOI'O, I/IH,ILeKCHOfI cbopMe dJIeMEHTa CIIMCKa MOXKHO IIpH-
CBOUTH HOBO€ 3Ha4Y€HHUEC, UISMCHHUB TEM CaMbIM 3Ha49€HHE COOTBCTCTBYIOIIECI'O dJIEMEHTa CIIHMC-
K&.HO,ZLO6H&H TEXHUKa HE IIPOXOJUT JIJId JIEMCHTOB MHO2KECTBA.

IIpumep IIIL.31. [loayuenue u usmenenue 3HaueHUl INEMEHMOE CNUCKE U MHOHCECTNEA

> 1l:=[a,b,c];
[ :=la, b, |
> 1[2];
b
> 1[3]:=3; 1;
I3:=3
la, b, 3]
> s:={a,a,c,c,b,a};
s:={a, b, ¢}
> s[2];
b

> s[3]:=3; s;

Error, cannot assign to a set

{a, b, c}

[Ipu BBIOOpPE HECKOJBKUX 3JIEMEHTOB CIIMCKA MJIM MHOXKECTBA C IIOMOIIBIO MHIEKCA MOYKHO
HNCIIOJIB30BAaTh O6'beKT Aualla30Ha, IIpUYeM B 9TOM CJiydae IIOJIO2KHUTEJ/IbHbIEC 3HaYCHUA UHIECKCA
COOTBETCTBYIOT OTCHUETY JIEMEHTOB B CITUCKE WJIM MHOZKECTBE CJIeBa HAIIPABO, & OTPUTIATETbHBIE
3HAYEHUs COOTBETCTBYIOT OTCYUETY ClipaBa HaJieBo. Hampumep, ecjim HEM3BECTHO KOJUYIECTBO
YJIEHOB B CIIMCKE a, TO BCE UX MOYKHO BBIOpATH KOMAaH/IOM:
> g[l..-1];

Boobiiie, ipu BbIOOpE 3/1EMEHTOB € MTOMOIIBIO UHJIEKCA €r0 3HAYMEHUE, PABHOE -1, COOTBETCTBYET
MOC/IeTHEMY JIEMEHTY CIIUCKA, -2 COOTBETCTBYET MPEJIITOCETHEMY U T.JI.

Y100bI M3MEHUTH 3JIEMEHT MHOXKECTBa, €ro CJe/yeT yAaJUuTh olepalueii minus, a 3aTem
rD;O6aBI/ITb HOBBIN 3JIEMEHT onepauueﬁ llIliOIl, CEMaHTHUKa KOTOPBLIX COOTBETCTBYET UX aHaJIOraM
B MaTeMaTHuKe: pa3HOCTU U o0benHennio. Kpome sTtux aByx oreparuii B Maple peanuzoBana
orepaliis IepecevdeHns JIBYyX MHOXKeCTB intersect.
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ITpumep III1.32. Onepavuu co mmoscecmeamu,

> ({a,b,c} minus {c}) union{3};
{3, a, b}
> {a,b,c} intersect {b,c,d};

{b, ¢}

Y3HaTh, ABJAAETCA JIU HEKOTOPOE BhIPAXKEHUE 3JIEMEHTOM CIIUCKA WU MHOXKECTBa, MOXK-
HO KOMaH 10if member(), IepBbIM TapaMeTpOM KOTOPOI CJIyeT 3a/aTh POBEPIeMOe BbI-
paKkeHue, a BTOPBIM - UMsI IIePEMEHHON, B KOTOPOIl XPaHUTCS CIIMCOK MJIM MHOXKECTBO:

> s:={x"2,x"(-2),x,1/x};

1
s ={—, x, 2% ﬁ}
> member(x~(-1),s);
true
> member(1,s);
false

MaccuBbl 1 TabJIUIIBI

Maccus gBasieTca maJabHERIIIM Pa3BUTHEM CIUCKA. ECIN CIICOK MOXKHO HPEJICTAaBUTh KaK
[epeHyMEePOBAHHYIO IIOC/IeI0BATE/IbHOCTD, HHIEKC KOTOPOil MOXKET MPUHUMATh TOJIBKO ITOJIO-
JKUATEJIbHBIC 3HAYEHUS], [IPUYIEM HyMePAaIisd HATUHACTCS C €JIMHUIIBI, TO B MACCUBE KAXKJIBIN 916~
MEHT TaKzKe CBS3aH € WHJIEKCOM, OJHAKO He OTPpAHUYEeH OJIHOI pa3MepHOCTh0. MaccuB MoxkeT
NMeTh MHOTO Pa3MepPHOCTEl, KazKIyio CO CBOUM MHJIEKCOM. Bojree TOTo, n3MeHeHre NHIeKca He
OrpaHIIEHO MOJIOKUTEIbHBIMI TIeJIBIMI 3HAYEHUAMHE, €70 BeJIMINHA MOKET OBITh KaK OTPHILa-
TEJIbHBIM IIEJIbIM, TaK U HyseM. [[jis1 oObsIBIeHUsT MacCUBa CJIeyeT UCIOJIb30BaTh (PYHKIINIO
array() B mpaBoii dactu onepanuun npucBanBanus. [lepemennast B JieBoii yactu Gyjer mpeji-
CTaBJIATH BHOBb CO3/IaHHBII MaccuB. CHHTAKCHC (DYHKIIUU CO3/IaHUST MACCUBA CJIE/LYIOITUI:
array (undexcnas _ @Gynkyus, TPAHUIIBI, CIIHCOK )

[Tapamerp undekchas _ @ynryusa JT0IKeH OBITH IMEHEeM IPOIE/LyPhl, 38 1af0Ieil, KakuM 00-
pa30M BBIMOTHACTCS MHJEKcanus (BCTpOEHHbIE 3HaUYeHUs symmetric, antisymmetric, sparse,
diagonal u identity mo3Bo/IsIiOT 3aJaTh CUMMETPUYHYIO, KOCOCUMMETPUYHYIO, Pa3perKeHHYIO,
JIMaroHAJILHYI0 U eIUHUIHYIO MaTpuiibl, cM. crpanuiibl CripaBku, oTobparkaeMoit KOMaH0M
?indexfen). [TapameTp eparuiys pecTaBisgeT quamna3oH(bl) H3MeHeHNsT HHIeKca(0B) MacCHBa.
Eciu mMaccuB MHOTOMEpHBINH, TO COOTBETCTBYIOIINE TUATIA30HBI JIOJIZKHBI 33/ 1aBATHCST TTO/IPSIT
qepes 3alsaTyio. SHaYeHNs 3JIEMEHTOB MacCHBa 3aJIaf0TCA MapaMeTPOM CNUCOK, IPUYeM JIJIst
JIBYMEPHOI'O MaCCHBa 3JIeMEHTaMU CIIMCKa ABJISIIOTCSI CIIMCKH, COAEePyKalllie 3HAYeHUsI COOTBET-
CTBYIOIINUX CTPOK MAacCHBA, T.€. 9TOT [apaMerp SBJISIeTCH CIHUCKOM CIucKoB. [ljis maccuBoB
OOJIBITIEH PA3MEPHOCTH OH IIPEJICTABIISIET COOOM BJIOYKEHHBIE CITUCKH C TTyOUHO#, PABHON KOJIU-
JecTBy pasmepHocTeil. Bee mapameTpsr 9Toit (yHKIUN ABISIOTCA He 00A3aTeIbHBIME, OJIHAKO,
Jmbo mapamMerp, 3aJaiolInuii TPaHUILI, JUOO CIUCOK 3HAYEHUN JIOJI?KEeH 00sI3aTe/IbHO IPHUCYT-
CTBOBaTh.
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Eciu 3navenus 3/1eMEHTOB MaccuBa He 33JIaHbl, TO ¢ MCIIOJIb30BAHUEM UHJIEKCHON (DOpMBI
MOYKHO IPUCBOUTH dJIEMEHTAM MacCCHUBa COOTBETCTBYIONINE 3HAUYEHUs, IPUYEM B KBaJIPATHBIX
CKODKax cJejlyeT 3aJlaBaTh CIUCOK MH/IEKCOB, COOTBETCTBYIOIINX JIEMEHTY, KOTOPOMY IIPHCBa-
uBaercd 3naderune. Cpasy ke OTMETUM, ITO KOIJIa CO3/IaH MACCUB U €r0 9JIEMEHTAM IPUCBOCHDI
3HAYEHUs, TO [IPOCTOI HAOOP B 00JIACTH BBO/A pabodvero JUCTa MMEHN MAaCCUBa He IMPUBEIET K
O0TOOPAYKEHUIO €0 COJIEPXKIMOro, a OyJjIeT BCero JIMIIb HaledaTaHo uMms maccusa. st orobpa-
JKeHUs B 00JIACTU BBIBOJIA 3HAYEHUI 9JIEMEHTOB MACCUBA CJIEJyeT BOCIIOJIL30BATHCA KOMAHJIOM
print(), KoTopas orobpazkaeT B 001aCTH BbIBO/Ia (He HA MPUHTEPE) COJIEPKUMOe 00bEKTa, 3a-
JAHHOI'O B Ka4ecTBe ee IIapaMeTpa.

ITpumep III1.33. 3adanue maccusos

> ar:=array(l..3);
ar := array(1..3, [])
> ar[1]:=1: ar[2]:=2: ar[3]:=3:
> print(ar);
1, 2, 3]
> arO:=array(2..3,[2,3]);

ar0 := array(2..3, |

(2) =2
(3) =3
)
> arl:=array([[1,2],[2,1]]);
1 2
arl := 9 1
> arl[2,2]:=3; print(arl);
arlq o =3
1 2
2 3

ObparuTe BHUMaHUE, KAKUM 00PA30M IEYATACTCA MACCUB, Y KOTOPOrO MHICKCHI N3MEHS-
forcd He or 1 u nasnee (Maccus ar0).

Tabruya gBISETCS JTAIBHERIITIM PA3BUTUEM MACCUBA, KAK CTPYKTYPHI JIaHHbIX. B Heil B Ka-
YeCcTBe MHJIEKCa MOXKHO HCIOJIB30BaTh HE TOJIBKO IeJIble Yucia, a Bee, 9To yrogHo. /11 co3mna-
HUsT TabJUIbl Bcrosb3yercs dyHkius table(), mapamerpaMu KOTOPOii sIBISIOTCS WHJIEKCHAST
QYHKIMA U CHUCOK MM MHOXKECTBO TAp UHJIEeKC=3HaueHue.

ITpumep II11.34. 3adanue mabaruywvl

> t:=table([one=1,two=2]);
t := table([one = 1, two = 2])
>  t[twol;
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Tabmmpr gocTaTOYHO YIOOHBIMH OOBEKT, KOIJIa HaJI0 B OJHOM ‘MacCUBE XPaHUTDL JIaH-
HbIE, OTHOCSIIHECST K KAKOMY-JIU00 peaibHOMY O0bEKTY, U CChLIAThCA K HUM 10 HHJIEKCAM,
[IPEJICTABJISIIONINM eCTeCTBEHHYIO 3alluch nX HamMeHoBaHuil. I[IpuBesem B KadecTBe mpume-
pa TabJIHILy, COAePKAaIy o JaHHbIE 110 (PU3UKO-MATEMATHICCKIM XapaKTEPUCTUKAM CTAJIN:

> steel:=table([mass=[7.8%10"3,kg/m"3], elastisity=[2.1%10"5,MPa]]);

k
steel := table([mass = [7800.0, —93], elastisity = [210000.0, MPal])
m

> steell[elastisity];
[210000.0, MPal]

I1.5.10 CrpykTypa BbIpaxKeHuii u padbora c Heil

[Ipeobpasys anrebpandeckue Bbipaxkenusi B Maple, 1ojib30BaTesib B OCHOBHOM OIEPUPYET UMU
KaK MaTeMaTUIeCKUMHU OObeKTaMU: U3BJIEKAET KOPHU, BO3BOJIUT B CTEIIEHU, BHIYUCIISIET UHTE-
rpaJibl U Tpou3BoHbIE U T.I1. OJIHAKO YAaCTO BO3HUKAET HEOOXOMMOCTH BBIJIC/IUTH U3 BHIPAa-
JKEHWS ero 9acTh M UMEHHO C Hell TPON3BeCTH HEKOTOPBIe Tpeo0pPa30BaHNsA, NN 3aMEHUTH ee
Ha HEKOTOPOE JIpyroe BhIpazkeHue. B Takux ciaydadax B3IV HA ajJredpandecKre BbIParKeHus,
KaK MaTeMaTudeckne OObEeKTbI, He MPUHOCUT HUKAKUX Pe3yJbTaTOB, a BOT 3HAHUE CTPYKTY-
PBI BbIpakKeHUs, U KAaK OHO XPaHUTCd u obpabarbiBaeTcs B cucteme Maple, T.e. BHyTpeH-
Hee TPEeJICTaB/ICHIE BHIPAXKEHUIT, TTOMOYKET B PEIICHUN CHEIUMUICCKUX 33/1a9 ITPeodpa3oBaHusd
BbIpazkeHuii. B cirydae criennuyiecknx BhIPAXKEHUI, COCTOSIINX TOJIBKO U3 CITUCKOB UJIA MHO-
JKECTB, 3a/1a9a MaHUILYJIUPOBAHUS UX dJIEMEHTaMU JIOCTATOYHO MIPOCTa U PACCMOTPEHA HaMHU,
a BOT KaK XPaHATCA U KAKUM OOPa30M MOXKHO IOJIYYUTDb JIOCTYII K COCTABJISIONIMM YacTIM
001X ajaredpanveckux BbIpaXKeHuit - 9To 3aja4ua Oosiee cepbe3nas. VIMeHHO 3TH BOIPOCHI U
Oy/ieM paccMaTpuUBaTh B JJAHHOM pa3Jielle.

CrpykTypHass 00padoTKa CITMCKOB, MHOXKECTB 1 IMOJMHOMOB

qaCTO BO3HUKaAET HeO6XOﬂI/IMOCTb BBIIIOJTHUTH KaKyIO-JII/I6O KOMaHILy NJIN BBIYUCJIUTH d)yHK—
U0 IPUMEHUTEJLHO K KarKIOMYy 3JIEMEHTY CIHUCKa WJIM MHOXKeCTBa. MOXKHO, KOHEYHO, 9TO
clleIaTh MOOYEPEIHO BLIOMpAas 3JIEMEHTHI M IPUMEHSS K KarKJIOMY M3 HHUX IOCJICI0BATE/Ib-
Ho Komanay wan dyHknuo. Takoil crocod He coBceM yno0eH, TaK KaK HeO0OXOIUMO 3HATh
KOJIMIECTBO 3JIEMEHTOB B CIIMCKEC HWJIM MHO2KECTBE, Ja U K TOMY 2KE€ YMETb OPraHU30BbLIBATb
NUKJInIecKue Bbraucienns. Pazpaboraunku Maple, ripeasuist 1og00HbIe 3a/1a491, pa3padOTaIn
HECKOJIbKO KOMaH/I, JefiCTBIE KOTOPLIX PACHPOCTPAHACTCA Ha KAXKIBIH 3JEMEHT CIIMCKA WJIN
MHOYKECTBA, a He Ha BECh CIIMCOK MM MHOXKECTBO KaK €JIMHOE IeJIoe.

Koman et map() u map2() mo3BoJIA0T IPUMEHUTH (DYHKIIUIO WK KOMAH/LY, 3aJaHHYIO [ep-
BLIM IIaPAMETPOM, KO BCEM 3JIEMEHTaM CIIMCKA WM MHOXKECTBA, BO3Bpallas, COOTBETCTBEHHO,
CIIICOK MJIM MHOXKECTBO. VX oOmimii CHHTaAKCUC UMEET BUI:
map(Ppynryua, cnucox | muoocecmeo |, nap2, nap3, ... napN |);
map2(Ppynryus, napl, cnucox | mroocecmeo |, nap3, ... napN |);

Ecmu pns Boimonnenuss KoMaHabl nin (DYHKIUH, 3aJaHHON IIEPBLIM [apaMETPOM KOMAHIbI
map(), HeOOXOUMBI JIOTIOJIHUTEIbHBIE TTADAMETPBI, TO UX CJIeJyeT 3aJIaBaTh [OCJIe CIIUCKA HJII
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muOkecTBa. Komania map2() ommyaercss 0T KOMaH bl map() TeM, 4TO 9JIEMEHThI CIICKA UJIHI
MHOKECTBa, IIePeJIAI0TCA B Ka4eCTBE BTOPOTO apaMeTpa KOMaH Ibl W (PYHKITUHU, ONPE/Ie/IeH-
HOH IEPBBIM HapaMEeTPOM.

ITpumep III1.35. Buwnoanenue xomarnd Had INEMEHMAMYU CNUCKE UAU MHOAHCECTNEA

> map(int, [x,x72,x73], x);

1
Lot o
> map(x->x~a, {x,y,z});
{=%, 27, y*}
> map2(diff,x~y/1n(z), [x,y,z]);
2y  a¥lIn(z) i

[xln(z)7 In(2) ’_ln(z)Qz]

Hawm m3Becrna xkomanma seq() dbopMHPOBaHUS MOCJIEI0BATEIBHOCTH, KOTOpAs TAKXKe
[I03JIEMEHTHO 00pabaThIBAeT CIINCOK MJIM MHOXKECTBO:

> seq(sin(i),i=[x,y,z]);

sin(x), sin(y), sin(z)

B Maple cymecrytor erre e noxoxkux Ha #Hee koman sl add() u mul(). Ilepsas dop-
MHDPYET CYMMY, & BTOPast - IPOU3BE/ICHUE IEMEHTOB CIINCKA MM MHOKECTBA!
> add(sin(i),i=[x,y,z]);
sin(z) + sin(y) + sin(z)
> mul(sin(i),i=[x,y,z]);

sin(z) sin(y) sin(z)

Mpbl ymeeM BBIOMpATH 3JIEMEHTBI CIIUCKA WJIM MHOXKECTBa, € IMOMOIILIO mHeKkca. Maple
IIO3BOJISIET BBIOPATDH JIEMEHTHI, YJIOBJIETBOPSIOIINE HEKOTOPOMY ycioBuio. st aToro cie-
JIYeT TPE¥KJE BCEro ONPEJICTUTDL (DYHKIUIO, PE3Y/IbTATOM BBIIOJHEHUS KOTOPOil Oyier Oy-
JIeBO 3HavUeHne true uian false, B 3aBUCHMOCTH OT TOr0, HCTUHHO U/ HET HEKOTOPOE OIIpe/Ie-
JieHHOe B Heil ycnosue. Hanpumep, cieayronias dbyukimst sq() Bo3spaiiaer 0yJ1eBo 3HAUCHHE
true, ecjim KBaJipaT ee apryMeHTa 60JbIe 1:

> sq:=x->is(x"2>1);

sq:=x —is(1 < 2?)

Ternepb MOXKHO BOCIIOJIB30BaThCsl KOMaH 101 select (), mepesias eii B KadecTBe mapaMeTpa
uMsi OyJIeBOil (DYHKIUHU Sq, a BTOPBIM MapaMeTPOM 3aJIaTh CIHCOK/MHOXKECTBO, U3 KOTO-
pPBIX OyJIyT BBIOPAHBI 3JIEMEHTHI, KBaJIPAThl KOTOPBIX 00JibIlle 1, U IPEJICTaB/ICHbI B BUJIE
CIIUCKA/ MHOXKECTBA:

> 1:=[1,Pi,exp(1),0];
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[:=][1, m e, 0
> select(sq,1);

[, €]

HeiictBue koMan 61 remove() MpOTHBOIOIOKHO JeiicTBri0 KoMa bl select(). Ona Bo3-
BPAIAET CIMCOK/MHOYKECTBO, COCTOSIIIUI M3 9JIEMEHTOB, HE YJIOBJIETBOPSIONIUX YCIOBHIO
Oy/1eBOii (DYHKIIUK, UMsI KOTOPOI OIPe/Ie/IEHO MIEPBbIM [apaMeTPOM, U3 CIIUCKA/ MHOXKECTBA,
3a/JIaHHOI'0 BTOPBIM IIapaMeTPOM:

> remove(sq,l);

[1, 0]

BeimotHUTE JiBE omepanui OJHOBPEeMEHHO mo3Bosisier (dbyHKIwms selectremove(), KoTo-
pad BO3BPAIIaeT IOCIeA0BATEIbHOCTD JBYX CIUCKOB, IIEPBBIA U3 KOTOPBIX IIPeICTaBJIACT
pe3ysbTaT BbIIOJIHEeHns KoMaH bl select(), a BTopoii - Komambl remove():

> selectremove(sq,1);
[7, €], [1, 0]

Ncnonib3oBannast HaMu B ipuMepax (QyHKIMs ObLIa 0€3 JTOTOJHUTE/THBHBIX TTapaMeTPOB:
TOJIBKO 9JIEMEHTBI CIIMCKA/ MHOXKECTBA TIEPEIaBaAJINCh 9TOI (DYHKIMN B KAIECTBE €MHCTBEH-
HOTO Mapamerpa. Ecin s 6yaeBoit hyHKINNT HEOOXOIMMBI JIOIIOJTHUTE/IbHBIE ITapaMeTPhI,
TO OHU 33/IAI0TCsI BO BCEX TPEX IPEICTABIEHHBIX (DYHKIMSIX [IOCIe CIICKa / MHOYXKecTBa. Tax,
MOKHO OBLIIO ObI HE CO3/1aBaTh COOCTBEHHYO (DYHKIHNIO Sq(), & BOCIOIB30BATHCS HEIIOCDE/I-
crBeHHO byHKIHEd i8():

> select(is,1l,RealRange(Open(1l),infinity));

[, €]

TouHo Tak Ke MOKHO BBIOpATH ¢ MOMOIIBIO0 DyHKIWHN type() (ee BTOPBIM mapaMeTpoM
sajiaercs Tun Maple) Bce mcra u3 crmcka l:

> select(type,l,numeric);

[1, 0]

JluneiiHoe 06beIMHEHNE IBYX CIICKOB MOXKHO DEaJN30BATh ¢ MOMOIIBI0 KOMaH I 0P(),
KOTOpasi BO3BPAIIAET TI0CJIE/I0OBATETHHOCTD 3JIEMEHTOB CIIMCKA, IEPEJIAHHOTO eif B KaYecTBe
napaMeTpa, ¥ KBaJIpaTHbIX CKOOOK, (DOPMUPYIOIMIMX CIUCOK U3 ITOCIEI0BATETHHOCTH:

> sl:=[Pi,exp(1)];s2:=[0,1];
sl = [m, €]
s2 =0, 1]
> s:=[op(sl),op(s2)];
s:=[s1, 0, 1]

BoJiee ciioxkubie 00beIMHEHNs CIIMCKOB Pean3yoTcs KoMaHoii zip(), uMeromuii cieryo-
U CHHTaKCHUC:
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zip(6unapras_ Pynrkyus, cnucokl, cnucox? |, snavenue |);

CeMaHTHKa 9TOH KOMAHJbI TaKoBa: OMHApDHAs (IBYX apryMeHTOB) (DYHKIHS BBIIOJIHSIETCS,
IOCJIEJIOBATE/ILHO UCIOJIb3ysd B KAYECTBE CBOMX NAPAMETPOB 3JIEMEHTBI JBYX CIHCKOB, (Op-
MUPYsI HOBBIIl CIIMCOK W3 BBIYMCIEHHBIX 3HaYeHnil. J[rHa MOIydeHHOTO CIMCKa paBHa JIJTHHEe
HAMMEHDIIIEro U3 JBYX CIUCKOB, TIEPEJIAHHbIX 3TOI KOMaH e B KA4eCTBe IapaMeTpoB, ecjid He
3a/1aH YeTBEPThIil HeobsA3aTe/IbHbI IapaMeTp. B cilydae ero 3a/ianust OH UCIIOJIb3yeTCs B Kavde-
CTBE 3JIEMEHTOB CIUCKA HAUMEHBINEH JJIMHBI IPU IIPOIOJIZKEHIH [T0C/IeI0BATEILHOIO BLIOOPa
9JIEMEHTOB CIHCKa GOsbIoil JymHbl. TakuM o6pa3oM, B 9ToM ciaydae Komauaa zip() dopmu-
pyeT CIUCOK, JIJIMHA KOTOPOTO PaBHA JJIMHE HAMOOJIBIIErO CIMCKA,/ TapaMeTpa.

ITpumep III1.36. Obsedunenue cnuckos
> zip(ged, [0,14,8],[2,6,12]);

> # ¢ymrnusa gcd() BeumcageT Haumbonbmmii obmuil TeIMTENb CBOHX
> # apryMeHTOB

2, 2, 4]
> zip((x,y)->+y,[1,2,3]1,[4,5,6]);

4, 5, 6]
> zip((x,y)->x+y,[1,2,3],[4,5],0);

5, 7, 3]

Crucku u MOJTMHOMBI COXPAHAIOT MOPSIOK CJIEJOBAHUs, COOTBETCTBEHHO CBOUX JIEMEHTOB
U 4JIEHOB C MOMEHTa X CO3JIaHUS MMEHHO TaK, KaK I0JIb30BaTesb UX 33/1aBaJjl. llHorma Bo3Hu-
KaeT 3a/[a4a MepecTPOUTh UX TAKUM 00pPa30oM, ITOOLI 3JIEMEHTHI WJIM YJIEHBI IIJIK B HEKOTOPOM
crienuasibHOM Topsizike. [liist aroro B Maple cymiectByer komania sort(), Koropast yIopsiIovu-
BaeT JIEMEHTHI CIIMCKA B BO3PACTAIONIEM ITOPIJIKE, & YICHBI TOJTMHOMA B yOBIBAIOIIEM TTOPSIKE
OTHOCHUTEJIBHO CTelleHell ero mepeMeHHOi. Ecan cmcok coJiepKUT TOTBKO UNCIOBBIE JIEMEH-
TBI, TO HCIOJb3yeTCs OOBITHOE UHCJIOBOE YIIOPSIOUUBAHIE; €CJIN CIIUCOK COMEPKUT TOJIBKO
CTPOKOBBIE 3JIEMEHTBHI MJIM CHMBOJIbHBIE MMEHA, TO YHOPAJOYMBAHUE OCYIIECTBJIACTCA C HC-
[IOJTb30BAHUEM JIEKCUKOIPADUIECKOTO YIOPSIOUNBAHUS; €CJIU CIUCOK COJIEPYKUT CMENIAHHbIE
9JIEMEHTHI (9UC/Ia, CTPOKU U ajredpanvecKie BbIPaXKEeHUs), TO yIOPSAI0UNBAHIE TPOMCXOUT
0 ajipecaM MaMsTH, B KOTOPBIX PACIIOJAraloTcst ero sjaeMeHThl. (B sTom mocsentem cirydae
pe3yJIbTaThl COPTUPOBKU MOI'YT MEHSIThCS OT CeaHCa K CeaHcy.)

IIpumep III1.37. Ilpocmas copmuposra cnuckos u NOAUHOMOS

> sort([c,al,a,"b"]);
la, al, “b”, ]
> sort([2,4,7,-2,101);
(=2, 2, 4,7, 10]
> sort([c,al,a,"b","b23"]);
[a, al, “D", “b23”, ]
> sort([34,x°2,c,"78x"]);
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(34, 22, ¢, “T8"]
>  p:=x"2+axx+a”2+b"2+x74;
p:=2*+ax+a*+b*+ 2t
> sort(p);
t+ P tra+a®+b?

Bropsim mapamerpom KoMaHIbI sort() MOXKHO 3aJaTh OyieBy (DyHKIUIO, OIpEIeIsoILy o
AJITOPUTM YIIOPSIOUMBAHUS 9JIEMEHTOB CIIMCKA, UM HEKOTOPBIE CIEIUaJIbHbIe 3HAYCHUS JI/Isi
U3MEHEHHsI aJITOPUTMa YIOPSIOUUBAHUS YHCIOBBIX, CTPOKOBBIX WM CHMBOJIBHBIX CIIHCKOB,
HCIOJIb3YeMOro 1o ymosrdanuio. CumBout ‘<‘ (MMEHHO B 0OpATHBIX KaBBIYKAX) U NUMEric cooT-
BETCTBYIOT VIIOPSIIOUMBAHUIO IUC/IOBOTO CIIMCKA B BO3PACTAIOIIEM TOPSJIKE, & CAMBOJI ‘>‘ - B
yOBIBatoIeM rmopsijike. JI1st cTpoOKOBOI0 WM CUMBOJIBHOTO CITHCKa 3HadeHusd lexorder uin string
BBI3BIBAIOT YIIOPSIOYUBAHUE CITMICKA C MCIIOJIb30BAHUEM JIEKCUKOTPapUIECKOIO TOPsiIKa. SHa-
genne address cOOTBETCTBYET YIOPSIOUUBAHUIO JIFOOOIO CIIMCKA B COOTBETCTBHUU C aJIpecaMu
obJiacTell TaMATH, B KOTOPBIX PACIOJIOXKEHBI 3JIEMEHThI CITUCKA.

ITpumep III1.38. Copmuposka cnuckos 6 coomsemcmeuu ¢ 3a0GHHLM AN20PUTLMOM

> sort([1/2,3/4,1/7,5/2],(x,y)->evalb(denom(x)<denom(y))) ;

[5 1 3 1]
2727477
> sort([2,4,7,-2,101,>¢);
[107 7a 47 2a _2]

[Ipu pabore ¢ moJiMHOMaMM OYEHbH HaCTO HEOOXOIUMO BBIJICIUTH KOIMDMUIUEHT TPU
COOTBeTCTBYIOMIEl crerern mepementoii. Komana coeff() mosBosisier BBITIOTHATE 3Ty pa-
oory:

>  p:=z"2*%b+a+b+z"2%(a~2+b) +x*6/7;

6
p::522+a+b+z2(a2+b)+?x
> coeff(p,z~2);
5+a®+b

I11.5.11 BuyTpeHHSH CTPYKTypa BbIPpAa>KEHUIT

Kaxknoe anrebpandeckoe BuIpazkeHune xpanurcsd cucreMoit Maple B Bujie ipeBoBUIHO# CTPYK-
TYpBI, obecrieunBas T€M CaMbIM JIOCTYI K JIIOOOMY ee “IeHY WMJIA TOJIBHIPAYKEHUIO, & TaKKe
[T03BOJIsIsI BBIIOJIHSATH HaJ, HUIM pa3HOOOpas3Hble CHMBOJIbHBIE IIpeobpa3oBanus. B mnpegcrapie-
HUU 3TOW CTPYKTYPbI KaxK/JIblil 00bekT Maple, B ToM dmcsie u BbIpazkeHue, JIeJUTCA Ha 0100 b-
€KTBI TIEPBOI'0 YPOBHS, KOTOPBIE, B CBOIO OYEPE/Ib TAKZKE JIEJISITCS Ha MOJI00BEKTHI U T.JI. DTOT
IIPOIIECC TIPOJIOJIZKAETCS JI0 TeX TOop, MOKa He Oy/IyT MOJTydeHbl ODa3ucHbIe ITPOCTHIE SJIEMEHTH
Maple (06bEKTbI OCHOBHBIX THIIOB: LJIbIe, BEIIECTBEHHBIE, IPOOH, HEM3BECTHBIE BEJIMIMHBI U
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T.71.) PaccMoTpuM HECKOJIBKO KOMAH]I, MO3BOJIAIONINX BBIJEIATh YaCTH TAKUX O0BEKTOB, KAK
ypaBHeHUe, JINana3oH U Jpo0b, B TOM YHUCJIE ajJredpandecKasd.

Vpasnenue npejicTaBigeTcd B BUJIE JIBYX BbIPayKEHUI, COEIMHEHHBIX 3HAKOM DPAaBEHCTBA.
Ero ne ciieryer mmyrtaTh ¢ onepariyeil npucBanBaHus (::), KOTOpad IepeMEeHHON B JIEBO YacTu
IIPUCBAMBAET 3HAYECHUE BBIPAXKEHUs B MPaBOil YacTH. Y paBHEHUE sBjgeTcd o0bekToM Maple
U CITyKUT JJI 3aJ[aHUs JIeHCTBUTEIbHBIX MaTeMaTUIeCKUX ypaBHeHMA. Kro MOYKHO HCIIOJhb-
30BaTh B IIPABO YaCTHU ONEPAINN IIPUCBaNBaHNs, UMEHYs TeM caMbIM ypaBHeHme. [Ij1s1 BbIe-
JICHUST JIeBOii YacTu ypaBHeHus npeHasnadeHa komansa lhs(). BeiaesnTs ero npasyio dactb
MOKHO KoMaH10if rhs().

IIpumep III1.39. 3adanus ypasnenus u evidesenue ezo wacmedl

> x"2+sin(x)=cos(x)-1;
x? + sin(z) = cos(x) — 1
> eq:=m*v"2/2+m*gxh=C;

1
eq :zimUQ—i—mgh:C'
> rhs(%%h);
cos(z) — 1
> 1lhs(eq);
1
Emv2+mgh

OTH Ke KOMaH/Ibl PA0OTAIOT U ¢ OOBEKTOM JIUAIIA30H, BbIIE/IdAs €ro HadaaI0 U KOHEI;:
> 1hs(4..8);

> rhs(4..8);

st BbIEJIeHUs] YUCTUTE/IsT U 3HAMEHATE IS YUCJIOBOM WM ajredpandeckoil 1podu ciry-
JKaT KOMaH/Ibl, COOTBEeTCTBeHHO, numer() u denom(), mpudem mepe/i BbIEEHHEM STUX JacTeit
Jpobeit Maple ocyIecTBiisieT ux ympolenue, NpuBo/id K HOpMaJJIbHON (hopmMe.

IIpumep III1.40. Buwdeaenue wucasumenrs u 3namenamens opoou

> afrac:=(sin(x)+x/y)/(cos(x)/sin(x)+2);

, x
sin(z) + —
afrac := cos(@)
—— = +2
sin(z)
> numer (afrac);
(sin(z) y + z) sin(x)

> denom(afrac);
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y (cos(z) + 2sin(z))
> numer(4/5/6%34/7);
68

> denom(4/5/6%34/7);
105

Tenepb oOpaTumcs K 0061IEMY aJIredOPanIecKOMy BBIPDAXKEHHUIO W TTOCMOTPUM, KAKHM 00-
pa3oM MOXKHO HOJIyduTh B Maple Jo0cTyn K €ro crpyKTypHOMY IpEJICTaB/ICHUIO depe3 Oa-
30BBIE 9JIEMEHTHI. PaccMOTpUM BhIpazKeHue:

>  expr:=x"7/sin(x)+8*x~5+3*sqrt(x)*sin(x);
7

sin(x)

Bocmnosnb3yemes: komangioii whattype(), Koropas ckaxkeT HaM, KAKOW THII MMeeT Hallle
BoIpazkenune: >whattype(expr);
Kak Bujinm, natre Bopazkenue mpejcraniiser coboir cymmy. [locMoTpum reneps, 9To mpeji-
CTABJISTIOT CODOM JIEHBI 3TOM CyMMBI, WX, 110 IPUHATON B Maple Tepmunosioruu, onepardvi
svipasicenus. Komanna nops(evipasiceriue ) ompeieaser KOJMIeCTBO ONEPAHIOB BbIparKe-
HUsI, & KOMaHa op(vpastcenue) BbIIaeT UX B BUJIE [IOCJIEI0BATEIbHOCTH BbIPpayKeHUil. D1a
JKe KOMAaH/JIa T03BOJIgeT U3BJIE€Yb KOHKDPETHBIN OIepaH/[ BbIpaXKeHus, yKa3aB B KadeCTBe
[IEPBOI'O TIApaMeTPa €ro MOPSIKOBLI HOMEP.

erpr := +82° + 3 /zsin(x)

> nops(expr);

> cp(expr);
7

ep( + 8% + 3 y/zsin(x))

sin(x)
> op3:=op(3,expr);
0p3 = 3 /xsin(x)

Boigesiennblii Tperuii onepan i, Kak 1 IpeblIyIe, SBISeTCI BhIpasKeHueM, [IpeIcTaB-
JISIONIUM IPOou3Be/ieHre Tpex wieHoB. Vcmonb3ys dyukimu whattype(), nops() u op(), Mbr
TOYHO TAKKE MOKEM UCCJIE0BATH CTPYKTYPY TPETHLETO OllepaH/ia:

> whattype (op3);
> nops(op3);
> op(op3);

3, vz, sin(x)

> op3_2:=op(2,0p3);
op3 2 :=\/x

23



I'masa II. OcnoBuble komangbsl MAPLE

Bropoii onepan TpeThero onepania HAIIETO BLIPAsKEHUA ABJISETCA CTEIICHHBIM BhIPa-
JKEHHEM, UMEOIIIM J[Ba OllePaH]Ia, EPBbIil U3 KOTOPBIX $BJISIETCS HEU3BECTHON BeJIMUUHOI
(Tun symbol), a BTopoii - 1pobk (Tur fraction), KOTopasi, B CBOKO 04Yepe b, UMEET JBa, IEJIbIX
ornepania (Tup integer):

> whattype(op3_2);

> op(op3_2);
1
x, =
2
> op3_2_1:=op(1,0p3_2);
op3_2 1 :==x
> whattype(op3_2_1);
symbol
> op3_2_2:=o0p(2,0p3_2);
1
3 2 2:=-
op3 2 5
> whattype(op3_2_2);
fraction
> op(op3_2_2);
1,2
> whattype(%[1]); whattype(%[2]);
integer
indexed

Takum obpaszom, uccyeaysd TOJBKO OJIMH ONEPAH]I MCXOTHOIO BBIPAXKEHUs, Mbl JIOIMIIN JI0
orrepaH 0B 6a30BbIX TUIIOB sSymbol u integer, KOTOpBIE SABJIAIOTCA TPOCTHIMEU U TTPEICTABIIAIOT
camux cebsi. VlcereioBanme Ipyrux OmMepaH 0B TaKzKe 3aBEPINATCs TPUXOIOM K 6a30BBIM IIPO-
cteiM TunaMm. CyMMuUpys TPOJIETAHHYIO PA0OTy 10 BBISBICHUIO ONEPAHIOB PA3HBIX yPOBHE
MCXO/THOTO BBIPAXKEHUST, €TI0 MOXKHO MIPEJICTABUTD B BUJIE JIEPEBA BHIPAYKEHUSI, B y3/1aX KOTOPOI'O
PACIIOJIAraloTCs TUIIBI BHIPAYKEHUI U MOJIBBIPAYKEHMIT, a & BETBU MPEJICTABIISIOT COOTBETCTBY-
IOIIUE WX OIEPAH/IbL.

OrnepanaMu CITHCKA WA MHOXKECTBA, ABJISTIOTCS €10 9JIeMEHTHI:

> op([1,4,6,8]);
1,4,6,8
> op({x~2,x"3});

T4, T

Jpyrue crpyKrTyupoBaHHBIE OOBEKTBHI (MACCUBBI, TaOJMIbI, MATPHUIBI, BEKTOPbI) MMEIOT
fosiee CJIOKHOE BHYTpEeHHee npejcrasieHne Maple u He mpejcTaBisiOTCS TAKUM MTPOCTHIM
O/IHOYPOBHEBLIM JI€PEBOM, KaK CIIMCKHW W MHO2KECTBa.

Panee, pacckasbiBast 0 KOMaHIaX, BBIIEJSIONINX 9JIEMEHTHI U3 CIicKa/ MHOKecTBa (select(),
remove()), wiu komanae map(), npuMeHsBIeii GYHKIUMI MOCIEI0BATEIHLHO KO BCEM e~
MEHTaM CIIHCKa,/ MHOXKECTBa, Mbl OTMEYAJIH, YTO OHU PADOTAIOT € OOIIMME aJIrebpanvecKu-

54



I1.5. Komanpl mpeobpa3zoBaHusi BbIpasKeHUIH

MM BbIpakeHugMU. JleficTBUTE/IbHO, ceMaHTUKa 9TUX KOMAaH]| OCTaeTCs TaKo#l »Ke, KaK 1
pu paboTre co CIUCKAMU / MHOYKECTBAME, HO B OTJIMYUY OT UCIIOJIb30BAHUS B HUX YIIOMSIHY-
TBIX OOBEKTOB, MPEJICTABSABIIAX CBOU JIEMEHTBI JIJI BBIIOJHEHHUS ITOCIEI0BATETHLHOCTH
OJIHOTHITHBIX JICHCTBUI, IIPU UCIIOJIL30BAHUHN AJIreOparmdecKuX BbIpayKEHUl UTEpaIru Ocy-
IECTB/IAIOTCS 110 ONepaHjiaM TUX Bbipaxkenuit. Hampumep, ciemyiormast komania map()
BBIYHCJIAT KBAJPAT KaXKJIOTO OllepaH/ia BhIPaXKeHNs 1 BO3BPATUT Pe3YJIbTAT B BUJIE UCXOJI-
HOTI'O BBIPaKeHUs, HO C JIPYTUMU OllePaH/IaMU:

> map(x->x72,y°n);
(y*))

B BbIpazKeHUn 9TOro IpHUMepa, UMEIONEeM SKCIOHCHIMAIBHBI TUIT ~, JBa ollepaTopa y
¥ 1, KaxKJIblil 13 KOTOPBIX BO3BOAUTCS B KBAJIPAT, & IOTOM M3MEHEHHbIH HepPBbIil olepaH/|
BO3BOJIUTCSL B CTEIIEHb U3MEHEHHOTO BTOPOTO OnepaH/ia. AHAJIOIMYHBIM 00pa30M paboTaor
u Komansl select() u remove():

> 1:=x->evalb(is(x<0)=true);
[ :=x — evalb(is(x < 0) = true)
> select(l,sin(x)-5-cos(x)-x"2);
-5
> remove(type,sin(x)-5-cos(x),function);

—5 — cos(x)

Komania remove( ), Kazaaoch Obl, J0JI2KHA yIauTh Bee (byHKIMI 13 Bbipaskerust. O qHa-
KO 9TOr'0 He IIPOM30IILI0. DTa KOMaH/Ia B HAIIIEM IIPUMepe JIOJIKHA YIAIUTh U3 BbIPAXKEHH
BCe omepaH/ibl, uMetorue T function. I[Iposepum, Kakoit Tum umeer mocjeHUI TPETHIt
OllepaH/I;

> whattype(op(3,sin(x)-5-cos(x)));

%
> op(op(3,sin(x)-5-cos(x)));
—1, cos(x)

OKaBbIBaeTCH, THUII TpeThero olepaH/ja IIPpou3Be/IecHue *

, a He (PYHKIMS, KaK MbI JIyMaJIu,

[O9TOMY-TO 4jieH cos(X) U He ObLT yaaeH u3 BbipakeHusi. Jlej0 B TOM, 9TO THII BCErO BbIpa-
JKEeHHsI CyMMa —, M II03TOMY THUII TPEThero olepaH;ia He (DYHKIUs, a IIPOU3BEJIEHUE, TaK KakK
dbyukimo cos(x) ciemyer ymMmHOKUTH Ha -1. Maple mpesmosaraer 60J1bIm0oe KOIMIecTBo GyJie-
BBIX (DYHKIMI, KOTOpbIe MOXKHO HCIIOJB30BaTh B KoMaH 1ax select() u remove() st paboTsl co
CTPYKTYDOIl BbIpazkeHuit. MbI TOJIBKO paccKazkeM 00 uxX HeOOJIBIIIOM YHCIe, OCTATBHbBIE MOXKHO

HaiiTu B cripaBouHOil cucreme Maple.

Komana has() onpesiensier, cofep:KuTces Jiu HEKOTOPOE TIO/IBbIPaXKEHNe B 3a/IaHHOM BbIPa-

2KEHUU.

IIpumep II11.41. Dynuxyus has()

> has(x*esp(cos(x+2)),x+2);
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true

> has(x*exp(cos(x+2)),cos);
true

> select(has,cos(x)+sin(x)+cos(2*x)*sin(x),cos);
cos(z) + cos(2 z) sin(z)

> remove (has,exp(cos(x))+sin(x)+cos(2*x)*sin(x)+exp(x+y) ,exp);

sin(x) + cos(2 z) sin(z)

Komanja has() moHmMaeT TOJIBKO Te MOJBBIPAYKEHUsI, KOTOPbIE MOIYT OBITH OIPE/IEJICHBI
C TIOMOITIBI0 KOMaH bl op() Tpu pasbope cTPYKTYpPHI Bbipazkerus. [loaromy, ecin HeOOGXOANMO
BBIJICJINTD W3 BBIPAXKEHUS TOJBKO HJICHBI, COJEpKAIe HEKOTOPYIO (DYHKIMIO, TO B KOMAHJIE
has() cieayer 3ajaBarh Juinb uMs Toil GyHKIUK, Kak mokasano B npumepe (IT11.41)

Komana hastype() onpejie/isier, coiepKuT Jin BbIparKeHue Mo/BbIPazkKeH sl 3a[aHHOTO
TUTIA:

> select(hastype,exp(cos(x))+sin(x)+cos(2*x)*sin(x)+exp(x*xy), ‘*¢);
cos(2 x) sin(z) + e@¥)

> select(hastype,exp(cos(x))+sin(x)+cos(2*xx)*sin(x)+exp(x*xy), ‘+¢);

0

Ob6paTuTe BHUMAaHNE, €C/IM B BHIPAXKCHUHU He HAWJIEHO HU OJIHO IIOJBBIParKeHHE 3aaHHOIO
tuia, To GyHKusa select() Bozparmaer 0.

EC.HI/I HeO6XO,ZH/IMO BBIJIC/JIUTL U3 BbIPpazKC€HH A HU OII€paHAbl, COJACpzKalllue IIOJABbIPazKe-
HUS 38JIAHHOTO THUIIA, & CAMHU TI0/IBBIPAZKEHNU, TO CJIEJIyeT UCIOJIb30BaTh KoMan ity indets(),
BTOPBIM IAPaMETPOM KOTOPOI 3a1aeTCA TUII TI0{BbIPAZKCHUS:

> indets(exp(cos(x))+sin(x)+cos(2xx)*sin(x)+exp(x*y), ‘*¢);

{cos(2z)sin(z), vy, 22}

Ora (l)yHKIlI/IH BO3BpalllacT B BUJAEC MHOXKECTBa BCE€ IIOABbIDpAXKEHUA YKAa3aHHOI'O TUIIA.

He Bce nosiBeipazkennst MOXKHO BbIJIE/INTh, UCIIO/Ib3YsI TOJBKO TUIIBI JJAHHBIX [0/JIEPIKHU-
BaeMble Maple. /lesio B TOM, 94TO HEKOTOPBIE, BCTPEYAIONINECS B MaTEeMaTUKE OIIEPATOPHI, HE
UMEIOT COOTBETCTBYIOMero Tuita. Hanpumep, oneparus auddepennuposanus. B srom ciry-
Jae cJIejlyeT UCIoIb30BaTh BMecTo Tuiia Maple crieranbayio dyukimio specfunc(type,name),
KOTOpasi CBA3BIBAET MMsl oriepaTropa name ¢ TuoM type. Creryromuii mpuMep, JIeMOHCTPHU-
pyeT BbljieJIeHNE U3 BhIPAXKEHUs UJICHOB ¢ omneparueii 1uddepeHnnpoBaHust:

> DE:=expand(diff (sin(y(t))*t~2,t));
DE := cos(y(t)) (% v(t)) 2 + 2sin(y(t)) ¢
> select(hastype,DE,specfunc(anything,diff));
cos(y(t)) (5 ¥ (1) *
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HO,ZLCT&HOBK& n npeo6pa3OBaHI/Ie THUIIOB

IIpu BBINOJHEHUH MATEMATUIECKUX [PEOOPA30BaHUI YacTO HEOOXOJUMO MIPOU3BECTH 3aMEHY
IIEPEMEHHBIX B BBIPAYKEHUH, (DYHKIIUH, YPABHEHUU U T.JI, TO €CTh BMECTO KAKON-TO II€PeMeH-

HOH IIO/ICTABUTD €€ MPEeJICTABJIeHNe Yepe3 HEKOTOPbIe Jpyrue IepeMeHHble. [Ijist 9Tux meseit B

Maple cymiecrByer komania subs(), CHHTAKCHC KOTOPOIT MMeeT cJie/yonuii Bui:

subs(cmapoe_ evipasicerue= HOBOE_ GUPANCENUE, BUPANCEHUE);

subs(sl,... sn, swpasrcenue);

Bo Bropoit opme 3Toit KOMaHIbI KaxK10€ U3 sl,...,S1 siBJIsieTCsl yPaBHEHUEM UJIH CIIMCKOM / MHOZKECTBOM
YPaBHEHUN.

I[TepBasi (hopMma KOMaH/ bl AHAJIUUPYET GbPACEHUE, BBIIEIISIET B HEM BCE BXOXKICHUS CINAPOE_
BULPAdICEHUE M TIOJICTABIISET BMECTO HUX HOB0€_6bipadicenue. Bropast (hopMma MO3BOJISIET Bbl-
IOJIHUTH CEPUIO TIOJCTAHOBOK B Guipadicerue. [[0CTaHOBKY BBIOJHAIOTCS MOCIEI0BATEIBHO,
HaurHas ¢ sl. DTo o3HAUAET, YTO MOCJE BBIIOJIHEHHS I[IEPBOii MOJICTAHOBKH, OIIPE/ICICHHOI
ypaBaenueM sl, Maple oTbIcKHBaeT BXOXKJIEHUsI JIEBOH YacTu ypaBHEHHs $2 BO BHOBb IIOJIY-
YEHHOM BBIPAKEHUHU U 3aMEHsieT KazKJI0e TaKoe BXOXKJICHUE Ha BhIPAasKeHUe, 33/JaHHOE B JICBOIL
gacT ypaBHeHust s2. Eciiu 110JCTAaHOBKY 3a/1aHbl B BUJIE CIIMCKA UM MHOYKECTBA yPAaBHEHHI,
TO OHU BBITIOJIHSIIOTCSI OJJHOBPEMEHHO, T.€. BXOXK/IHWsI BHIDAYKEHUH, 3a/[aHHbIX B JIEBBIX YACTSIX
yDaBHEHHUIl, ONpPeJIeJIAIOTCsI B UCXOIHOM LlapaMeTpe swuipasicerue. Hanpumep, 1ocse BbIoJIHe-
HUsI [IOJICTAaHOBKY subs(x=y, y=X, |X,y|) ucxomubiii cnucok [x,y| 6yaer npeobpasosan B [X,X|,
TOrJIa KaK [IPU UCI0JIb30BaHnu KoMaH bl subs({x=y, y=x}, [X,y|) nepementbie X u y B Crucke
IIOMEHSIIOTCS MECTaMU: CIMCOK Oy/IeT umeTh BU [v,X].

Ipumep III1.42. [lodcmarosku 6 6vipasrtceru

> ex:=cos(x)+cos(x)~(1/3);
ex 1= cos(x) + cos(x)1/3)
> subs(cos(x)=27,ex);
27 + 270173

> exl:=s8"3;
exl = s3

> subs(s~2=1-c~2,ex1);

[Mocaenusas komanga nojcranoBku subs() B mpumepe (I111.42) He nmomcraBuia B BhIpazke-
nue s° Bmecto s2 Boipazkenue 1 — 2. Jleso B TOM, YTO 9Ta KOMAHJIa OCYIIECTBIISACT 3aMe-
HY, TOJIBKO €CJIM JieBas 9acTh yPaBHEHUsI TOJCTAHOBKU COBIIAJAET C OJHUM U3 OIEPAHJIOB B
CTPYKTYPHOM IIPE/ICTABJICHIN BBIPAXKCHHs. TaKas [MOJCTAHOBKA HA3BIBACTCH “CHHTAKCHICCKOIL
[IOJICTAHOBKOM .

J171s1 BBIXO/IA U3 TAKUX CUTYAIMH PACCMOTPUM HECKOJIBKO ciocoboB. IlepBblit 3akmouaeTcst
B TOM, UYTO CJIEJyeT sIBHO BBIDA3UTDh IEpEeMeHHyIo S u3 ypasHenns s> = 1 — ¢ u cHoBa BoC-

I10JIb30BATHCS KOMAH/IOM JIEKCHIECKOIT 110j1cTaHoBKU subs():

> subs(s=sqrt(1-c~2),exl);
(1= )2
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MozkHO BocHosb30BaThCst KoMam o simplify(), yka3zaB B Heil B KauecTBe ImapaMerpa Tpe-
OyeMyIo 3aMeHy:

IIpumep III1.43. Vposhu sviuucaerus umeru

> eval(x); #llonHoe BHYUCIICHUE

5
> eval(x,1); # BoumcieHue IO IEPBOTO YPOBHSA

Yy
> eval(x,2); # BouucieHue IO BTOPOTO YpPOBHS
z

> eval(x,3); # BouucneHwe OO TpeThero ypOBHSH

>

MozkHO BoCTO/IB30BaTHCsT KOMaH 10l algsubs(), ocyIiecTBsioneil He CHHTAKCHIECKYTO, a
aJredpanvIecKyro MOJICTAaHOBKY:
> algubs(s~2=1-c~2,exl);
5(1—¢?)

B nepBoM BapuaHTe B BbIDasKeHHU 3aMEHEHBI BCe BXOXKJIEHUs IIEDEMEHHOIl $,Torjia Kak B
JPYIHX 9T& [ePeMEHHAasi OCTAeTCsl B Pe3YJIbTUPYIONIEM BbIParKeHUH.

Ecsin u3BecTHO, KaKoii ollepa i BbIpazKeHusi HeOOXOMMO 3aMEHUTD, TO CJIeJlyeT UCIOJIb30~
BaTh KOMaHy Subsop() o CJIeyIONMUM CHHTAKCUCOM:
subsop(ypasrenuel, ypasnenue, ... ypasrenuen, 6upaxrcerue );
[IepBble mapaMeTphl MPEJICTABIISIOT YPaBHEHUS, B IIPABOIM YacTH KOTOPBIX CTOAT MOPSIKOBbIE
HOMepa OILIEPAHJIOB BBIPAKEHHSI, 33/ JAHHOIO MOC/IEJIHIM NapAMETPOM 6uipadiCeHUe, a TIPaBble
TacCTu MIPpeacTaB/IAI0T BbIPDazK€HUsI, Ha KOTOPbIE 3aMEHAIOTCA COOTBETCTBYIOIIIUE OIl€ePpaH/IbI:

> ex:=cos(x)+cos(x)~(1/3);
ex := cos(x) + cos(z)1/?)
> subsop(1=x"2,ex);
2% + cos(z)1/?)
> subsop([2,1,0]=sin,ex);
cos(x) + sin(z)(/3)

O6parnTe BHUMaHUe Ha IIOCJIEAHMN ONEpaH | IIOJCTAHOBKHU. 3/1eCh B IIPABOM 4aCTU ypaB-
HeHUsl, 3aJal0IIeil HoMep olepaHjia, CTOUT CIUCOK, B KOTOPOM IeJIble 9HC/Ia IIPEICTABIAIOT
HOPAIKOBbIE HOMEPa OIIEPAHIOB MOCIELYIONMX YPOBHEH B CTPYKTYPE BbIpaxkKeHus. B Haimem
npumepe (I111.42) coorBercTBYET BTOPOMY OIEpaHJLy MCXOIHOTO BBIDAYKEHUST (cos(x)l/ 3), 1-
[ePBOMY OIlepaHJIy 9TOro BToporo omepania (cos(x)), a 0 ucnosp3yercs s uMeHn GyHKIUI
B IIEPBOM OIIEPaH/Ie BTOPOrO OlEePaH/Ia KCXOJHOIO BhIPAsKEHUs, KOTOPBI UMeeT TUIl (DyHKIHUS.
TakuM c110cO60M MOXKHO B BBIPAsKCHUH 3aMEHAThL UMeHa (DyHKIHIL.

Mnorma HeoOX0AMMO BBIIOJHUTE IPEOOpa3oBaHne BLIPAXKEHUA OJHOIO THIA B APYIOil THUIL.
Takoe npeobpa3zoBaHue TUIOB MOXKET HOTPe6OBATLCA I BLIIOJIHEHUS HEKOTOPBIX JeiCTBHil

o8



I1.5. Komanpl mpeobpa3zoBaHusi BbIpasKeHUIH

HaJI BBIPAYKEHUEM C ITOMOIIbI0O KOMAH/IbI, He PAOOTAIOIIEH ¢ UCXO/IHBIM THIIOM BhIparkenus. Ha-
IpUMED, HeJIb3d CTPOouTh rpaduk paia Teitopa Kakoit-mmbo pyHKIUN, HO BCEra MOXKHO T10-
crpouTh rpaduk nosmHoMa. ClieoBaTeIbHO, Clie/lyeT BhipazKeHue, NMerolee TUIl series(psi),
peobpa3oBaTh B BbIpAXKEHUE, MMeroliee THIT polynom (IOJMHOM), a MOTOM BOCIOJIB30BAThHCSI
KoMam10it plot() st mocTpoenust rpaduka.

IIpumep III1.44. Ilpeobpasosariue svipasiceruti

> restart:
> f:=eval(exp(x));
> t:=taylor(f,x=0);

f::ex
1 1 1 1
t:=1 —2 4 234 —at 4 — 2% 4+ O(af
+x+2x +6x+24:)3 +120x+ (x°)

> p:=convert(t,polynom);

IR S S S
= xr — T — — X —
p 2 6 24 120
plot([f,p],x=-2..6,color=black,linestyle=[1,4]);

Vv

400 ]

[Ipeobpaszosanue TunoB B Maple nmeer nekoTopble OrpaHUYeHusd, T.€. HeJIb3d IIpeodpa3o-
BaTh BbIpaKeHHE ITPOU3BOJILHOIO TUIIA B BBIPAXKEHUE JIPYTOro TUIIA, KOTOPBIH MO/JIEPKUBACTCS
CUCTEMOI aHAJINTUYECKUX Bbluncaenuii. Hampumep, Mbl Bujien, 9To psiji MOXKHO TTpeodbpa3o-
BBIBATH B IIOJIMHOM, OJIHAKO, OOpaTHOE HEBEPHO.
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I11.5.12 Bpruuciienue BbIpayKeHUIA

B mporpaMmax CUMBOJIBHBIX BBIYUC/IEHUI 110JI30BATE/ b CTAJTKUBACTCS C TIOHATUEM GblYUCAE-
HUe CHMBOJIBHBIX IMeH, KOTOPOEe OTCYTCTBYET B CUCTEMaX YNCJIEHHBIX pacdeToB. /leficTBuTesnb-
HO, TaK KaK MOKHO UCII0JIb30BaTh Heollpe/le/IeHHbIe IIepEeMEeHHbIe, NI HeU3BECTHbLIEe, TO KAKOMY
SHAYCHUIO JOJI2KHa PAaBHATLCA IIEpEMEHHasA T, €CJIM CHaYdaJla en IIPUCBOUJIN HEU3BECTHYIO BEJIU-
YUHY Y, 3aT€M HEU3BECTHON Y IIPUCBOMJIN HEU3BECTHYIO BEJIMYMHY 2, U, HAKOHEeI], IIepeMeHHON’
Z IIpUCBOWJIX YHCJIO 5. OTBeT Ha 9TOT BOIIPOC JalOT IIpaBHJIa BI)I‘{I/ICJIGHI/IfI7 BKJIIOY9aIOIIInE B
cebsl TIOHATUE YPOBHEH BBIYUC/ICHUIA.

YpoBHU BBIYMCJIEHUIA

B 6osbmuncrse ciygaes Maple ucrosib3yer ajaroputM noanoz2o 8uiucAerus IMEH. JTO O3Ha-
YaeT, 4TO KOTJia HeOOXOJMMO BBLIYUC/IHUTL 3HAYEHUE CUMBOJILHOI TEPEMEHHOM, MpOBEpseTcs,
IPUCBAMBAJIOCH JIN €if KaKoe-Inbo 3HadeHue. Ecim ma, To OHO TOJICTABISAETCS BMECTO MMEHT
epeMeHHOI W TPOBEPSETCs, COJEPXKUT JIM IMOJICTaBJIEHHOE 3Ha'UeHNe HEeN3BEeCTHBIE TepeMeH-
Hble. Ecam cofiep:kut, TO mpoBepsieTcs, ObLIO JIM MIPHCBAUBaHUE JJIg STUX UMEH U IIPOIECC
IIPOJIOJIZKAETCH JIAJIbIIIe PEKYPCUBHO, TIOKA BMECTO MMEH BCEX IePEMEHHBIX He OY/IyT IO/ICTaB-
JIEHBbI IIPDUCBOCHHbLIC MM 3Ha4Y€HMWA, UJIN €CJIM UM HHUYICro He IIpUuCBarMBaJIOCh, TO TaKHUE HMeEHa
OCTaHYTCd B OKOHYaATEJILHOM pPE3YyJ/IbTaTe BbIYMCJICHNA WUMEHU HepeMeHHOﬁ KaK HEN3BCCTHBIC
BesimauHbl. Tenepb monsaTHO, Kak Maple pemmuT mocraB/ieHHYIO B Hadaje pasjiesa 3aj@ady -
3HavYeHNe IMepeMeHHo x OyIeT paBHO 5.

IIpumep III1.45. [loanoe svivucienue umeru

> X:I=Y;

=Yy
> y:i=z;

Yi=2z
> z:=h;

z:=25
S &

)

[Ipu BBrYmC/IEHNN 3HAYEHUS UMEHU WM CHMBOJIA MOYKET OKA3aThCsl, 9TO HEOOXOIUMO OCY-

MECTBUTH HECKOJIBKO T0/ICTaHOBOK. KazK 1as 1moicTaHOBKa TIPU BLIYUC/ICHUH UMEHH HA3bIBACT-
Cs YPOBHEM BHIMUCAEHUA UMEHN, U BCE OHU TI0CJIE/IOBATE/ILHO HYMEPYIOTCS, HAUUHAA ¢ CaMOI'0
[IEPBOIO MMPUCBANBAHUs 3HAUYCHUN UMEHHU.
Komana eval() ciryzKuT jijist SBHOTO MOJTHOTO BBIYUC/ICHNsI UMEHH, 3a[aHHOIO B KAYeCTBE 3HA-
YeHUsI ee TIePBOTO IapaMeTpa. BTopbiM mapamMeTpoM, MPUHIMAIONINM [E/IbIe 3HATEeHUsT, MOXKHO
3aJ1aTh TJIyOWHY BBIYUC/IEHUS] UMEHU, OIPEJIEJINB YPOBEHB, 0 KOTOPOI'O UM CJIEYeT BBITHC-
quthb. [Ipumep (IT11.46) wimocTpupyeT nemob30BaHue SO KOMAHIBI JIJisl BHIYUCJIEHUS UMEHH
x, oupejiesienHoro B npeapaymiem npumepe (I111.45).

IIpumep III1.46. Vposnu eviuuciernus umeny
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> eval(x); #llonHoe BHYHCIIEHUE

b}

> eval(x,1); # BoumcieHue IO IEPBOTO YPOBHSA
Y

> eval(x,2); # BouucneHue IO BTOPOTO YpPOBHS
z

> eval(x,3); # BruucieHue IO TPeTbero ypOBHSA

bt

[IpaBusty MOJHOTO BBLIYUC/IEHUS MOJIYUHAIOTCH TIePEeMEHHbIe BCEX THUIIOB 38 MCKJ/IIOYEHUEM
MIEPEMEHHBIX, COJIEPYKAIINX MACCHUBBI, TAOJIUIIbI, MATPUIILI U Mporeaypbl. L Hux JeiicrByer
IPaBWJIO, B COOTBETCTBUU C KOTOPBIM OHU BBIYUCIIAIOTCA IO 3HAYEHUS TOCJIEJHETO ITPUCBOECH-
HOT'O UMEHH, COJEePXKAIero yKa3aHHbIe BhIIe 00beKThI. Takoe MpaBuIo /i MacCUBOB, TaOJIUIL,
MATPHUIL U IIPOIEIYP BBEJCHO JJIst TOTO, YTOOBI COXPAHATH KOMIIAKTHOE IIPEJICTAB/IEHUE 3/IEMEH-
TOB MaCCHUBOB C HE IIPUCBOEHHBIMU 3HAUEHUSIMU U HE BbIYUCJIEHHBIMU KOMaH/IaMU, HalIPUMED
sin(x). /Ljst TOJTHOTO BBIYHCIIEHNST UMEH, XPAHAIINX MACCHBbI, TAGIUIIB 1 IPOIIELY DB, CJIEe/IyeT
SIBHO MHUIIMMPOBATH [OJTHOE BbIUuc/IeHne Komanoii eval().

IIpumep III1.47. Vposnu swuucsernus umenu

> x:=y;
r=y
> y:=array([[1,2],[2,111);
1 2
=2 7]
> X3
Y
> eval(x);
1 2
2 1
> eval(x,1);
Y

> eval(x,2);

o]

[To ymouanuio Maple e oTobpazkaeT Koji 6GUOJIMOTEUHBIX MPOIELYP IPU UX TOJTHOM BbI-
uucsrennu dyukimeii eval(). Takoit pexkxum oTo6pazkeHusT MOXKHO U3MEHUTH YCTAHOBUB OIIIUIO
verboserpoc, paBHoii 2, B komanie interface();
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B ciemyromeM mpumepe TEKCT IMPOIEyPbl BLIUYUC/IEHUS CUHYCA TTPUBEJICH He
MIOJTHOCTBIO B CBS3U C €r0 OOJILINTUME pa3MepaMu
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IL.5.

V V.V V V V V V V V V V V V V V V V VYV VYV VYV VYV V VYV VYV VYV VYV VYV VYV VYV VYV YV

\

Komanapr npeobpasoBaHust BbIpaXKeHHIT

eval(sin);

proc (x::algebraic) local n, t, pull_out,%2d

keep_in; option ‘Copyright

(c) 1992 by the University of Waterloo. All rights reserved.‘; if
nargs <> 1 then error "expecting 1 argument, got %1", nargs elif
type(x,’complex(float)’) then evalf((’sin’) (x)) elif
type(x,’infinity’) then if type(Re(x),’infinity’) then

“if ¢ (type(Im(x),’undefined’) ,NumericTools:-ThrowUndefined (x) ,x*undefin
ed) elif type(x,’imaginary’) then x else infinity+infinity*I end if
elif type(x,’undefined’) then

NumericTools:-ThrowUndefined(x, (’preserve’) = (’axes’)) elif
type(x,’SymbolicInfinity’) and traperror(is(x,real)) = true then
undefined elif type(x,’imaginary’) or type(x,‘*¢) and

member (true,map(type,{op(x)}, ’imaginary’)) then I*sinh(-I*x) elif
type(x,’complex(numeric)’) then if csgn(x) < O then -sin(-x) else
(’sin’) (x) end if elif type(x, ‘*‘) and
type(op(1,x),’complex(numeric)’) and csgn(op(1l,x)) < O then -sin(-x)
elif type(x,‘*‘) and type(x,’‘&*‘(rational,identical(Pi))’) then t :=
op(1,x); if t < 1/2 then (’sin’)(x) elif t < 1 then sin((1-t)*Pi) elif
t < 2 then -sin((2-t)*Pi) else sin((t-2*iquo(trunc(t),2))*Pi) end if
elif type(x, ‘*‘) and

select(type, lop(x)], (’specfunc’) (’anything’,’csgn’)) <> [] then
pull_out, keep_in :=

selectremove (type,x, (’specfunc’) (’anything’,’csgn’));
pull_out*sin(keep_in) elif type(x, (’specfunc’) (’anything’,’csgn’))
then x*sin(1) elif type(x, ‘+¢) and traperror(sign(x)) = -1 then
-sin(-x) elif type(x,‘+‘) and has(x,Pi) then t := map(proc (x) if
type(x/Pi,’rational’) then x/Pi end if end proc,{op(x)}); if nops(t)

= 1 then t := op(t); if t < O then sin(x-2#Pi*trunc(1/2*t)+2*Pi) elif
t < 1/2 then sin(x) := (’sin’)(x) elif t < 1 then cos(x-1/2#Pi) elif ¢t
< 2 then -sin(x-Pi) else sin(x-2*Pi*trunc(1/2%t)) end if else
‘sin/normal‘(x) end if elif type(x, ‘*‘) and member(Pi, [op(x)],’n’) and
Im(x) = 0 then t := subsop(n = 1,x); n := frac(t); if n = 0 then 0
elif frac(1/2*%t-1/4) = 0 then 1 elif frac(1/2*%t+1/4) = 0 then -1 elif
frac(t-1/2) = 0 then (-1)"(t-1/2) else ‘sin/normal‘(x) end if elif
type(x,’function’) and nops(x) = 1 then n := op(0,x); t := op(1l,x); if
n = (’arcsin’) then t elif n = (’arccos’) then sqrt(1-t~2) elif n =
(’arctan’) then t/sqrt(1+t~2) elif n = (’arccsc’) then 1/t elif n
(?arcsec?’) then sqrt(1-1/(t~2)) elif n = (’arccot’) then 1/sqrt(1+t~2)
else ‘sin/normal‘(x) end if elif

type(x, (’specfunc’) (’anything’,’JacobiAM’)) then JacobiSN(op(x)) elif
type(x,’arctan(algebraic,algebraic)’) then
op(1,x)/sqrt(op(1l,x)~2+op(2,x)~2) else ‘sin/normal‘(x) end if end
proc;

interface(verboseproc=2);

eval (exp) ;
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vV V.V V V V V V V V V VYV VYV VYV VYV VYV VVVVVVVVVVVVVVVVVVVVV VYV YV VYV YVYVYVYV

proc (x::algebraic) local i, t, q, n, f,

r; option ‘Copyright (c) 1992 by the University of Waterloo. All
rights reserved.‘; if nargs <> 1 then error "expecting 1 argument,
got %1", nargs elif type(x,’complex(float)’) then

evalf ((’exp’) (x)) elif type(x,’rational’) then exp(x) :=
(Pexp?) (x) elif type(x,’function’) and op(0,x) = (’1n’) then
exp(x) := op(1,x) elif type(x,’function’) and

type (op(0,x),’function’) and op([0, 0],x) = (°‘@‘’) and op([O,
11,x) = (’1n’) then exp(x) := op([0, 2],x) (op(x)) elif
type(x,’function’) and type(op(0,x),’function’) and op([0, 0],x) =
(?¢@@¢’) and op([0, 1],x) = (°1n’) then exp(x) := ‘@8‘(1ln,op([O,
2] ,x)-1) (op(x)) elif type(x,’‘*‘’) and type(-I*x/Pi,’rational’)
then i := -I*x/Pi; if 1 < i or 1 <= -1 then t := trunc(i); t :=
t+irem(t,2); exp(x) := exp((i-t)*Pi*I) elif type(6%i,’integer’) or
type (4*i,’integer’) then exp(x) := cos(-I*x)+sin(-I*x)*I else
exp(x) := (Cexp’)(x) end if elif type(x,’‘*‘’) and
member (Pi, [op(x)]) and Im(-I*x/Pi) = 0 and

type (frac(-I*x/Pi) ,NumericClass(0)) then i := -I*x/Pi; if
frac(1/2*i) = 0 then exp(x) := 1 elif frac(1/2%i+1/2) = 0 then
exp(x) := -1 else exp(x) := (-1)"i end if elif type(x,’infinity’)

then if type(Im(x),’infinity’) then if type(Re(x),’undefined’)
then NumericTools:-ThrowUndefined(x) else undefined+undefinedxI
end if elif type(Re(x),’neg_infinity’) then 0 elif
type(x,’pos_infinity’) then x else infinity+infinity*I end if elif
type(x,’SymbolicInfinity’) and

type (signum(0,x,undefined), ’numeric’) then

“if ¢ (signum(0,x,undefined) = 1,infinity,0) elif
type(x,’SymbolicInfinity’) and member (signum(x),{-I, I}) then
undefined+undefined*I elif type(x,’undefined’) then
NumericTools:-ThrowUndefined(x, (’preserve’) = (’real’)) elif
typematch(x,’ ‘&*¢(r::rational,f::specfunc(anything,1ln))’) then if
type(r,’fraction’) and irem(denom(r),2,’q’) = O then exp(x) :=
sqrt(op(1,f)) ~(numer(r)/q) else exp(x) := op(1,f)"r end if elif
type(x,’function’) and nops(x) = 1 then n := op(0,x); t :=
op(1,x); if n = (Parcsinh’) then exp(x) := t+sqrt(1+t~2) elif n =
(’arccosh’) then exp(x) := t+sqrt(t+l)*sqrt(t-1) elif n =
(’arctanh’) then exp(x) := (t+1)/sqrt(1-t~2) elif n = (’arccsch’)
then exp(x) := 1/t+sqrt(1+1/(t~2)) elif n = (’arcsech’) then
exp(x) := 1/t+sqrt(1/t-1)*sqrt(1/t+1) elif n = (’arccoth’) then
exp(x) := 1/sqrt((t-1)/(t+1)) else exp(x) := (’exp’) (x) end if
elif typematch(x,’‘&*‘(r::rational,f::arctrigh)’) then exp(x) :=
exp(f)"r elif typematch(-Ix*x,f::(’arctrig’)) then n := op(0,f); t
:= op(1,f); if n = (Parcsin’) then exp(x) := t*I+sqrt(1-t~2) elif
n = (’arccos’) then exp(x) := t+sqrt(1-t~2)*I elif n = (’arctan’)
then if nops(f) = 1 then exp(x) := (1+t*I)/sqrt(1+t~2) else exp(x)
:= exp(convert(x,’1n’,"old mode")) end if elif n = (’arccsc’) then
exp(x) := 1/t*I+sqrt(1-1/(t~2)) elif n = (’arcsec’) then exp(x) :=
1/t+sqrt(1-1/(£~2))*I elif n = (Parccot’) then exp(x) :=
(t+I)/sqrt(1+t72) else exp(x) :=gf’exp’) (x) end if elif
typematch(-I*x,’ ‘&*‘(r::rational,f::arctrig)’) then exp(x) :=
exp(f*I)~r else exp(x) := (’exp’)(x) end if end proc;
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Nuorna HeoOX0IMMO MTPOCTO BBIYUC/IUTH UM ITEPEMEHHON, He MHUIUMUPYS AJTOPUTM I10JI-
HOTO WM YaCTUIHOrO BhIuucjaeHus. s momobubix neseit B Maple npucyTcTByeT KoMaHIa
evaln(), Koropast “BeIUHC/IIeT UMs’ CUMBOJIBHOI ITepeMeHHOil, IepelaHHoil eif B KadecTBe Ia-
pameTpa, JaxKe ecJu 3TOH mepeMeHHO ObLIN TPUCBOEHBI 3HAYEHUS:

> xi=u
ri=u
> X
u
> evaln(x);
x

Ecin 3akmounTh nMs NepeMeHHON B OJMHAPHbIE KaBLIUKU, TO UX JieficTBUE OyJeT aHa-
JIOr4IHO JeiicTBrio KoMauapl evaln(). Ilomobnoe 06cTOATEILCTBO YACTO UCTIOIB3YETCS JIIST
[epeiatin B HEKOTOPhIe KOMAH IbI, KOTOPhIE B KAUECTBE IapaMeTpa TPeOYIOT UMsl epeMeH-
HO1, “3aKaBbIYeHHOE MM IIePEMEHHO, 9TOObI N30€2KATH IMOABJICHUS OTTHOOK:

> 1:=5;

> sum(i~2,i=1..3);

Error, (in sum) summation variable previously assigned, second
argument evaluates to 5 =1 .. 3

> sum(’i’~2,%i’=1..3);

14

Ecim nepeMenHOIl TPUCBOUTD €€ YKe UM, 3aKJII0YEHHOE B KABBIYKHU, TO TA OlepaIlus ITPHU-
BEJIET K TOMY, 9TO IIepEMEeHHasl CHOBA CTAHET “9uUCTOil’, T.e. Oy/IyT aHHYJITMPOBAHBI BCE IIPE/IbI-
JIyIIAE TPUCBAMBAHUSA, U €€ CHOBA MOYKHO HCIIOJIb30BaTh B KAUeCTBE HEU3BECTHOW BEJTMYUHDIL:
> x:=1;

r:=1
> x;
1
> xi='X;
=z
> x;
x

ILGIU/ICTBI/IH OoIepanuvm 3aKJ/II0OUYeHUA B OJ/MHAPHbBIC KaBbIYKH PACIIPOCTPaHACTCA Ha IIEJIbIC BbIpa-
2KeHMgd, OTKJIa/JAblBasd UX IIOJTHOE BbBIYHCJICHUE!

> yi=1;
y:=1
> xi=y+1;
r =2
> xi="y+17;
ri=y+1
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Komanma assigned() mposepsier, ObLIO Ji IEPEMEHHOI, OIPEJIEJICHHON ee mapaMerpoM, IIpH-
CBOEHO KaKOe-JInO0 3HAUCHUE:
> assigned(i);

true

3ajiaua BEIYUC/ICHUS UMEH - 9Ta crernuduieckas 3a/a4a CUCTeM aHATUTUICCKUX BHITUCICHUI,
a B IMPAKTUKE MATEMATUIEeCKIX BBIYUC/ICHUI YaCTO BCTPEYAETCH 3a/1a9a BRITUCICHUS 3HAUEHU
HEKOTOPOI'0 BbIpayKeHusl Wn (pyHKIMU B ompejiesiennoit Touke. B Maple ee Moxkno pemurb
HECKOJTbKIMH CIIOCOOAM.
Hanpumep, nmpucBouTsh HEKOTOPOIT BeJIMUNHE HEOOXOIMMOEe 3HAYEHIE, U IIPU OYEPETHOM BBIUUC-
JIEHUU BMECTO 9TON BEJIUYIUHBI OYJIET TOJICTABJICHO 3HAYCHIE BbHIPAXKEHUs B 3aJ[aHHOI TOUKE:
> gi=XT2+x+1;

g=2"+x+1

- &

[Ipu TakoM 1oOjIX0jIe, MBI “TepsgeM’ BbIpaKeHHe KaK BbIPpaKeHHe ¢ HEU3BECTHOM MePEMEHHO.
[TosroMy B MOMOGHBIX CJIydasiX JIydilie BOCIIOIb30BaThes (pyHKIMel eval(), 3a1aB ee BTOPbIM
napaMeTpoM ypaBHEHUe, B JIEBOI 4acTH KOTOPOT'O CTOUT HEM3BeCTHas BEJINYNHA, & B IIPABOi
ee 3HaYEHUeE:

> gi=XT2+x+1;

g=x"4+z+1
> eval(g,x=1);
3
= 8
2+ +1

[lepemennas, Xpansmias BhIPazKeHue ¢ HeU3BECTHOM, IIPOIOJIZKAET €r0 XPAHUTD U IOC/IE Bbl-
qrcseHns: KoMauioii eval(). DToro ke MOXKHO JOCTUIHYTDh U C MOMOIIBI0 (byHKInu subs(),
HO UCIIOJIb30BaHue (byHKIMN eval() IPUBOJAUT K KOPPEKTHBIM MATEMATHICCKUM BBbITHCIIE-
HUAM. DTa (DYHKIMA yMEET BBIYUCIATH MHTErPAJIbl U IPOM3BOIHBIC, a TaKxKe paboTaTh ¢
KYCOYHO-HEIIPEPBIBHLIMU (DYHKIMAME, TOTA KAK NCIOIL30BAHUE /IS HEeJIeH BLIMACICHUST
BbIpaKeHus B Touke (pyHKIWU susbs() MOXKET MPUBOJUTH K HENPABUILHBIM MaTeMaTHIe-
CKHMM PE3YJILTATOM:

> der :=diff(f(x),x)+f(x);

der := (L f(z)) + {(x)
> eval(der,x=0);

(4 £(2))|  — o +£(0)

> subs(x=0,der);

diff(£(0), 0) + £(0)

Maple 110 ymMoT9aHUIO CTPEMUTCS TPOU3BOIUTE BCE ITPE0OPA30BaHNs M BHIYUCICHUS ¢ MaK-
CUMaJIbHON TOYHOCTBIO, T.€. TaM, IJIe 9TO BO3MOXKHO, UCIIOJIb30BaTh apudMETHKY ¢ JIPOOHBIMU
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YucJIaMu U pajukasamu. VHorma, 3To He coBceM YJI00HO M HEOOXOIMMO IOJYYHUTH PEe3yJIbTaT
B (popMe MPUBBIYHBIX JECATUYHBIX duces. /g Beraucaenus u npeodpazoBanus Ko duiimen-
TOB BBIPasKEHUIl, TPEJICTaBICHHBIX OOBIKHOBEHHBIME JIpOOsIME, cyinecTByeT Komana evalf(),
AIMTPOKCUMUPYIOMAas TPOOHBIE YNCTIa JECATHIHBIMI YNCIAMU, & TaKyKe BBIUUCIILIONas BbIpa-
Kenus u KoHctantel Maple B dpopme umcsra ¢ niaBaiomieil TOUKoOii.

[To ymosrganuio ucnosib3yercs apudmeTnka qrces ¢ masaomnieil Toukoii ¢ 10 3nagamamu rud-
pamMu. DTo 3HAYCHIE MOYKHO U3MEHHUTH, [IepeyCTaHOBUB CUCTEMHYIO KoHncTanTy Digits B apyroe
3HaUeHne, HallpuMep:

> Digits:=15;

[Tocsie BBITIO/IHEHNS STOTO OllepaTOpa BCe mocJieyiorniue B ceance Maple Berauciienus ¢ niaBa-
I0IT[e#l TOUKOIT OYIyT TPOU3BOIUTHCH ¢ 15 3nadarumu rudpamu. O6paTuM BHUMAHKE, YTO UM
9TOfi CHCTEeMHOI TlepeMeHHON HaunmHaeTcs ¢ mporucHoit 6ykBel. CunTakcne koMauabl evalf()
CJICJTYTOIITATA:

evalf(f);

evalf(fn);

rjie f - BerUmC/IsIeMOe BhIpazKeHue, a N - 9UCJI0 3HAYAIUX TUdP, UCHOJIb3YEMbIX ITPU BBIUHCIIE-
HUH.

ITpumep III1.48. Buvucaenue swpasicenuti 6 decamuunoti popme

> evalf(Pi,20);
3.1415926535897932385
> Digits:=30;
Digits := 30

> evalf(5/3*%exp(-2)*sin(Pi/4));

0.159494160850684873267979942007
> evalf(cos(1));

0.540302305868139717400936607443

>  evalf(3/4%x~2+1/3*x-sqrt(2),10);
0.7500000000 % + 0.3333333333 = — 1.414213562

g yckopeHus: BbIYUC/IEHUA OOJBIIUX M CJOYKHBIX YHCJIOBBIX BBIPAYKEHUN MOYKHO BOC-
0JIb30BaThCst KoMaH10i evalhf(), emHCTBEHHBIM TApAMETPOM KOTOPOI SIBJISIETCS BBITHCIIsIE-
MOe BbIpazKeHne. DTa KoMaH/a, B omaue ot evalf(), ncrnob3yer BerecTBeHHY 0 apudMeTHKY
IIpolleccopa KOMITbIOTEPa, & He TMPOrpaMMHYIO SMyJdanuio. [IpaBia, TOYHOCTH BBIYUCTIEHUS B
9TOM CJIydae 3aBUCHUT OT Pa3psIHOCTUA KOMIILIOTEPA M Ha MAIWHAX C 32-pa3psHbIM ITPOIEeCc-
COpPOM He TIpeBbIriaeT 15 3Havarmmx mudp B MAHTUCCE [IPEJICTABICHUS TUC/IA.

11.5.13 Pemenne ypaBHeHUii, HEPABEHCTB U UX CUCTEM

[IpakTryeckn HE O/fHA 3ajada HE 00XOMUTCst 6e3 pelleHnsT KaKOro-HuOy/Ib YpaBHEHHUS W CHU-
cTeMbl ypaBHEHHIl, HepaBeHCTBa WM cucTeMbl HepasencTB. Komanma solve() cucrembr Maple
SBJISIETCS YHUBEPCAJBHBIM CPEJICTBOM, IO3BOJISIONIUM PEIIaTh aJredpandecKue ypaBHEHUs,
HepaBeHCTBa U UX crucTeMbl. Ho mpexkie uem mepeiT K CUHTAKCUCY 9TOM KOMAaHJIbI, CJIe/IyeT

67



I'masa II. OcnoBuble komangbsl MAPLE

ere HeMHOT'O OCTAHOBUTBHCsI HA TeX 00bEKTax, ¢ KOTOPBIMHU 3Ta KOMaHIa paboTaeT,- Ha ypaB-
HEHHAX 1N HEepaBEHCTBaX.

Kak MbI yKe ompeJie/inin paHee, JiBa BbIPaXKEHUsI, COEJIMHEHHBIE 3HAKOM paBeHCTBa (=),
[IPEJICTABJISIOT CAMOCTOSTE/IbHBIN TUIl JaHHBIX Maple - ypasnenue (equation). YpaBuenusd
MOXKHO IPUCBAMBATH OOBIYHBIM ITepeMeHHbIM Maple, ¢ HUMU MOYKHO OCYIIECTB/IATL ITPEoOpa-
30BaHUd, UCIIOJIb3Ys O6quHbIe apI/I(i)MeTI/I“IeCKI/Ie ,ZLGﬁCTBI/IH, KOTOPbI€ BBIIIOJIHAIOTCA OTAE/JILHO
JIIS JIEBOI U TIPaBOil YacTeil ypaBHEHU. DTN JefCTBHUS MO3BOIAIOT IPeoOPa30BaTh yPaBHEHUS
K BUJLY, YJIOOHOMY JIJIsi MCIIOJIb30BaHUs, a MHOIJA U objerdaroriemy Maple mounck pereHust.
B cienyromem npumepe mpuBeieHbl HEKOTOPBIE IIPE0OPA30BAHMSI, KOTOPHIE MOYKHO OCYIIECTB-
JIATH ¢ ypaBHeHuaMu B Maple.

IIpumep III1.49. Jlonycmumovie onepayuu ¢ yYpasHeHUAMU,

> 2%xx"2+5=x+x"4;
222 +5 =242
> whattype (%) ;

>  f:=2%xx"2+b=x+x"4;
f=22*+5=a2+2"
> whattype(f);

> eql:=sin(x)+cos(x)=cos(x)"2;
eql := sin(z) + cos(z) = cos(x)?
> eql-(cos(x)=cos(x));

sin(z) = cos(x)?

— cos(x)
> eql+(cos(x)=cos(x));

sin(z) + 2 cos(z) = cos(x)? + cos(x)

[Ipu mpoBepke THIIA TIEPEMEHHOM, 3HAYEHUEM KOTOPOil sSIBJISIETCS yPABHEHUE, C MOMOIIIBIO
KoMaH bl whattype() pesysbTaToM siBJISIETCS PABEHCTBO =, O3HAYAIOIIEE, ITO THUII IIPOBEpsie-
MOH IIEPEMEHHON ABJIACTCH yPaBHCHUEM.

TouHO Tak ke, KaK U [IPU 3a/IaHIN yPABHEHNUIT,/IBa BbIPazKeHUsl, COeIMHEHHbIE 3HAKAMU > =
(6oJtbIe WM PABHO), <= (MEHBIIe WK PABHO), > (6oJIbIle) WK < (MEeHBIIE), MPEICTABIISIOT
HOBBIIT THII - Hepasencmeo (inequation).

IIpumep IIIL.50. Hepaserncmesa

> X<y,
T <y
> whattype (%) ;

> fi=x>y;
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f=y<zx
> whattype(f);
<
> f-(z>4);
y—z<x—4
> f-(z<4);

y—4<zxr—z

[Ipu mpoBepke Tura 00bEKTA, MPEJICTABIISIONIEIO HEPABEHCTBO, B 00/IACTH BBIBO/IA OTOD-
paxkaercs oo <>, JImbo <, ymbo <=. [leno B Tom, uro Maple «ImoHHMaeT» TOJIBKO STHU
Tpu Tuna. HepaBeHCTBa MPOTHUBOIIOJJIOXKHOIO 3HAKA IMPUBOJSTCS K HUM II€PECTAHOBKOI JIEBOI
U IIPaBoil JacTeil ¢ 3aMEeHOI 3HAKOB Ha IPOTUBOIOJIOXKHBIE.

Komanga solve()

Komanga solve() ogHa M3 caMbIX IMOJE3HBIX KOMAH][ CHCTEMbI AHATUTUYIECKUX BBHIYUCICHUIT
Maple, mosBosisionias pemiarb ypaBHEHUS U CUCTEMbl YpaBHEHHil, HEpABEHCTBA U CHCTEMBbI
HepaBencTB. OHa Beerja IbITAeTCd HAWTH 3aMKHYTOE pellleHre B aHAJIUTUIecKoil ¢popme. Ee
CHHTAKCHC KaK U CHHTaKCHC Bcex Komanj Maple, 10cTaTouHO TIPOCT M JIET'KO 3aIlOMUHAETCH:

solve(ypaBHeHue, IepeMeHHAd) ;
solve ({ypaBrenuel ,ypaBuernue?, ...}, {nepemennasl ,nepeMennas? ...});

[IepBast bopma KOMaH/IBI MIpeHA3HAYEHA JIJIs PEIIeHUs] OJHOTO YPABHEHUS OTHOCHTEb-
HO 3aJIaHHON IIEePeMEeHHO, Torja Kak BTopas (hopMa IM03BOJIAET PeIaTh CUCTEMbI YPaBHEHU
OTHOCUTEJILHO TIEPEMEHHbBIX, 38/[AHHBIX BTOPBIM mapamerpoM. OOpaTuM BHUMaHUE HA TO, UTO
CUCTEeMa YPaBHEHUI U ee HeU3BECTHDIE ITEPEMEHHbBIC 38/1al0TCd B BHJIE MHOXKeCTB. Pe3yabraTom
B 9TOM CJIy4ae dABJIeTCdA TaKxKe MHOXKECTBO 3HA4YEeHUN HEU3BECTHBIX B BUJE YPaBHEHUI, TOLJIA
Kak B CIydae 3aJlaHds OJHOTO yPABHEHUs DPEe3yJIbTaToM OyjleT BbIpazkeHue (B CJydae OJHO-
IO KOPHsI yPaBHEHMsI) WIH [OCJIEI0BATEIbHOCTD BBIDAKEHUN (B CJIydae HECKOJbKUX KOPHENi).
Eciin me 3aana nepeMenHast /llepeMeHHbIe, OTHOCUTEIbHO KOTOPBIX CJIEJyeT pelnaTh ypaBHe-
Hue/cucreMy ypasHenuii, To Maple BblacT Bce pelieHusi OTHOCUTEIBHO BCEX HEOIPEIEIeHHBIX
IepeMeHHBIX B MCXOIHBIX YPaBHEHUSX. CIM BMeCTO ypaBHEHUS 3a/IaHO BBIDAyKEHHE C HEem3-
BECTHBIMU, TO OHO PACCMaTPUBAETCd Kak JieBasg YacTbh ypPaBHEHUd, TOrJa KakK IIpaBas 4acTb
npejnosiaraercd pasuoit (. Creyromuii TpuMep WLIIOCTPUPYET HEKOTOPbIe M3 IePEednCJIeH-
HBIX CUTYyaIlUi.

IIpumep IIII.51. Pewenue ypasrenud u cucmem ypasHeHul

> eq:=X"2-2*x+y~2=0;
eqi=a>—2x+1y>=0
> solve(eq,x);
14+ 1 =92 1—+/1—19?
> solve({eq},x);
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{r=1+/1—-9*}, {x=1—1—9?}

eql . =x+y=20

> eql:=x+y=0;

> solve({eq,eqll},{x,y});
{y=0,2=0},{z=1,y=—-1}
> solve(eq);

{y:\/—x2—|—2x,x:l‘}7 {y:—v—l‘Q—l—Qﬂf,l‘Il’}

Korzma Maple He MoxkeT HaifiTu HE OJHOTO pelieHust, TO KoMaua solve() BosBpamaer Iy-
cryio nociienoBareibHocts NULL. 910 o3nadaer, uro jubo pereHusi He CYIIECTBYET, JINOO
Maple me ymasioch ero naiitu. Eciu He yjajgoch HaliTH BCe pelleHUs, TO TJI00AJIbHAS Iepe-
MeHHas _SolutionsNayBelost ycranmaBamBaeTcs paBHOU true. Perrenne mocseinero npuvepa
OCYIIECTBJISITIOCH O€3 yKa3aHus MepeMeHHON, OTHOCUTETLHO KOTOPOI CJIeJI0BAJIO PellaTh ypaB-
nenue. Maple pemm ux OTHOCHUTETLHO BCEX HEU3BECTHBIX BEJIUYUH, BXOJISIIUX B ypaBHEHUE.
[Tpuuem oH BBIOpAJI HEM3BECTHYIO T B KauecTBe Hapamerpa (r = &), & HEM3BECTHYIO II€PEMEH-
HYIO 4 BBIPA3WUJI Ye€pe3 BBEJICHHBIH apaMeTp «. UToObl MOJIydYuTh PEeIIeHue, CaelyeT mapameT-
Py & TPUCBOUTDH IIPOU3BOJIbHOE 3HAUEHNE, TOT/a 3HAYEHIEe HEM3BECTHOM Y OyIeT ompeeleHHO
OJTHO3HAYHO.

B obmiem cityuae nosmHoMuabHOE ypaBHEHUE CTEIEHU BhIIIe 4 MOXKET He UMETh PelleHus,
BBIPAKEHHOT'O C ITOMOIIBIO paIuKaIoB. B aToM city4ae it npejictaBienns pe3yabratoB Maple
ncrosib3yer crenuaabayo dyakmmio RootOf(), koTopast mpuMmensieTcst J71st 0003HAYEHNUST JTIO-
600 KOPHSI BBIPAyKeHMs, 33/ ITAaHHOTO B KaJdeCTBe ee IapaMerpa;

> eq:=x"b+x"3+1=0;
eq i =2°+23+1=0

> s:=solve(eq,x);

s := RootOf (%1, index = 1), RootOf (%1, index = 2), RootOf(%1, index = 3),
RootOf (%1, index = 4), RootOf (%1, index = 5)
%l:= Z°+ Z°+1
> evalf(s[1]);
0.6366631068 + 0.6647015651 1

> solve(x=cos(x));
RootOf(_Z — cos(_Z))

B stom npumepe dyukims Root0f (_Z-cos(_Z)) mupejcrapiiger Jirodoe perieHne ypaBHe-
Hust _Z-cos(_Z)=0. OOparuM BHUMaHWE Ha [T€pEMEHHYIO _Z. DTa CHCTEMHas TepeMeHHast
creiepupoBaniasg Maple, KoTopasi Bcero JiMib 3aMEHAET MEPEMEHHYIO & HAIIEero ypaBHEHUS.
Ormmus index co 3HAYEHNEM PABHBIM IEJIOMY YHCITY, CYKUT JIJId HyMepaIud U yIOPSAI09nBa-
Hus KopHeil ypaBHenust. O6paTuM BHUMAHUE, 4TO € IIOMOIIBI0 (yHKiuu evalf() MoxkHO mosry-
YUTH TPUOJINKEHHbBIE YNCI0BbIe 3HaUeHns GyHKImu RootOf.

Ocob0 OTMETHM peIlieHne ¢ MOMOIIBI KOMaH/bI Solve() TPUIOHOMETPUIECKUX yPaBHEHUIA.
[To ymomganuto Maple pemaer ux Ha npomexyrtke |—m, 7w|. s mojydenusi Bcex perieHuit
TPUTOHOMETPUYIECKUX YPaBHEHU cjiejlyeT 3a/laTh 3HadeHue 1/100aIbHOI IIepeMeHHOI
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_EnvAllSolutions paBubiM true. Creyromiuii npuMep WILIIOCTPUPYET UCIOJIb30BAHUE IJIO-
OaJIbHOI TTepEeMEHHOM
_EnvAllSolutions:
> eq:=sin(x)"2+2*sin(x)+1=0;
eq :=sin(z)? + 2sin(x) + 1 =0
> s:=solve(eq,x);
T T
§i=—=, —=
27 2
> _EnvAllSolutions:=true;
_ EnvAllSolutions := true

> s:=solve(eq,x);

1 1
§:= —§7T+27T_Z]~, —§7T+27T_Z,2~

Kak Bugno, B ciaydae _EnvAllSolutions:=true Maple jeiicTBUTEILHO CTPOUT BCe perlre-
HHUsl TPUTOHOMETPUYECKOI'O yPaBHEHUsd C HCIIOJIb30BAHUEM I1€JI0UNCIEHHOI CUCTEeMHOI mepe-
MeHHO _Z17, B KOoTopoil 3HaK Tuibga (~) O3HAYAET, 9YTO HA 3HAYCHHUS IIEePEMEHHON HaJIOXKe-
HbI HEKOTOPbIE Or'paHndeHus. B jJaHHOM ciiydae 3Ta rmepeMeHHas MOXKET NMPUHUMATH TOJIBKO
1eJI0UnC/IeHHbIe 3HaYeHusl. (B 9ToM MOXKHO yOeuThes, BBIIOJHUB KoMaH Ty about (_Z1).) ITo-
JobHbIe 1epeMennble ucnosb3yores Maple s npejictaBienust Bcex pereHuil TPUroHOMeT-
putueckux ypasuenuit. [Ipecdukc _Z B mumenu nepemennoit, crenepuposannoit Maple, ciayxut
yKazaHUEM TOr'0, YTO dTa IepeMeHHasd MOXKeT IPUHUMATbH TOJILKO Iiejible 3HadeHus. Kpowme
yKa3aHHBIX TEPEMEHHBIX TaKyKe HCIOJIL3YIOTCd TepeMennbie ¢ npedukcom _NN, mpuHHMATO-
Iie HeOTPUIATeTbHbIE TIeJIble 3HAUEHNs, 1 TpedUKCOM _B, 171 mpejicTaBieHns epeMeHHbIX
¢ jBonyHOl obuacThio 3Hadenus (0 wm 1).

Korma mMb1 Bpy4HyTo peniaeM ypaBHEHUE WM CHCTEMbBI YPaBHEHUIH, TO IOCTE MOy YeHI OT-
BETa MBI BCEIJa OCYLIECTBJIACM IIPOBEPKY IOJIYUYCHHOI'O PEIICHUd, IIOJCTaBIIAS €r0 B NCXOTHOE
ypaBHeHue win cucremy. Touno TakxKe ciejyer moctynarh u npu pabore B Maple. U perie-
HUs, 10JIy4daeMble B BUJE II0OCJIE/IOBATEIbHOCTENl MHOXKECTB, KOIJla YpaBHEHUE WJIM CUCTeMa
YPaBHEHU 3a/1aHbI B BUJ/I€ MHOXKECTB, OKa3bIBAIOTCS CAMBIMU TTOJXOJISIIIIAMU JIJIsT STUX I1eJIeil.

HawuboJtee ymo6HBIM 1 TIOJIXOIATIIAM METOJIOM ITPOBEPKU PEIIECHU SIBJISETCS UCIIO/IH30BAHME
dbyukium eval(). Ilycts MBI permmim, HapuMep, CHCTEMY YDABHEHHWIA:

> eqns:={x+2%y=3,y+1/x=1};

1
eqns == {x+2y=3,y+— =1}
x

> sols:=solve(eqns,{x,y});

1
sols == {x =—1, y = 2}, {$:2ay:§}

ITocste10BaTeILHOCTD MHOZKECTB, IIPEICTABIIAIONINX /1B II0JIy YeHHBIX DEIICHUs, COXPaHeHa
B nepeMennoit sols. Tenepn, 9TOOBI IPOBEPHUTD IPABUILHOCTD HMOJIyYEHHBIX DEIIeHnil, cie/ry-
eT HOJCTABUTD UX B HCXOJHYIO CUCTEMY W BBIMHC/IUTH IIOJIY9IEHHbIC BLIPAKEHHS C HOMOIIBIO
koMan bl eval().

> eval(eqns,sols[1]);
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{1=1,3=3}
> eval(eqns,sols[2]);

{1=1,3=3}

KaK BUJIUM, B pe3yﬂbTaTe BBIYUCJICHUA CHUCTEMBI ypaBHeHI/Iﬁ Ha ILByX HOﬂyquHbIX peHle—
HHAX MBI TIOJIY9HAIM TOKICCTBA, YTO FTOBOPUT O NPABIJILHOCTH HAIINX pertenuit. Ecim nam s
JaJILHEHINNX BBIMUCICHUI HeoOXOIMMO UMeTh 3HaUeHUs IIePBOrO PEIICHUs B BUJIE OTIEIbHBIX
IIeEPEMEHHBIX, TO TOM ¥Ke caMoii KoMaH10#i eval() MOKHO U3BJI€Yb UX, BBIYUC/IUB, COOTBETCTBEH-
HO, HEM3BECTHYIO T U i HA IIEPBOM PEIIeHUN:
> xl:=eval(x,sols[1]);

> yl:=eval(y,sols[2]);

J171s1 TpoBEpKH perlieHnst MOZKHO HCII0JIb30BaTh (hyHKINIO0 map() BMmecre ¢ dyHKIwmeit subs(),
KOTOpast 3a OJIHY ONEPAIHIO BBIIOJHUT MPOBEPKY BCEX PEINCHUil. DTa METOAMKA JTOCTATOUHO
yA00Ha, 0COOEHHO TOTJIA, KOT/a PelleHri OYeHb MHOIO U I KazKJOr0 U3 HUX IPHUILIOCH ObI
BBINOJIHATH KOMaHy eval(), ec/iu ucroib3oBaTh peabayumit nojgaxo. s pemenus naieit
CHUCTEMBI BBI30B KOMAH bl Map() BHINISLJIUT TaK:
> map(subs, [sols],eqns);

[{1=1,3=3}{1=1,3=3}

Komanja solve() MoxkeT perarh HEOIpEIeEHHbIe CUCTEMBI YPABHEHH, B KOTOPBIX KOJIHIe-
CTBO ypaBHEHHI MEHbINE YHC/a HEM3BECTHBIX. B sToM cirydae cucrema Maple cama pemraer,
KaKHe U3 HEUM3BECTHBIX IPUHATH 3& IapaMeTpPhl, & KaKue 3& HEUM3BECTHBIC, OTHOCUTEIbHO KO-
TOPBIX CJeJyeT CTPOUTH DEeIICHUE:

> eqnl:=x+2*xy+3*z+4*xt=41:

> eqn2:=b*xx+b*xy+4xz+3*%t=20:

> sols:=solve({eqnl,eqn2});

11z 17t Tz 14t

sols:z{yzB?—T—T,x:—33+?+?,z:z,t:t}

31ech pelrenne oIy IeHo B HapaMeTpuIeckoii popMe OTHOCUTETHHO HEU3BECTHBIX 2 1 T, KO-
TOpbIe BBIOpaHbI cucTeMoii. MoKHO IBHO yKa3aTh, OTHOCUTEIbHO KAKUX HEU3BECTHBIX CJIC/TYeT
pelaTh CUCTEMY YPaBHEHUil, TOT/Ia OCTaBIINECd Oy/IyT pacCMaTPUBATHCS KaK MapaMeTphI:

> solsl:=solve({eqnl,eqn2},{y,z});
5x 165 112 104

Is1 := = — 2t y=——2 "4 ¢
sols {z 7—1—7 Y - 7+}

B sTroMm periennu siBHO yKa3aHbl HEM3BECTHBIC Y U Z, U TOJIYYEHHOE pPEIIeHUe 3aBUCHT OT
JBYX IapaMeTpOB X | .
C nomorpio dbyHKIwN eval() MOXKHO BBIYUC/INTD 3HAUEHUST PEIIeHUs] [TPU KOHKPETHbIX 3Ha-
YEeHUAX IapaMeTPOB U JazkKe BbIJICJIUTh UX B OT/Ie/IbHBIE IIepeMeHHbIE:
> eval(solsl,{x=1,t=1});
156 —108

{z= 7 asz}
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> xl:=eval(x,sols);

Tz 14t
1 =-33+—+ —
T + 5 + 5
> eval(y(1,1),solsl);
11 104
——x(1, 1) — — +t(1, 1
7 X( ) ) 7 + ( ? )

O/1HaKO BBIJIEJIEHHOE pEIeHre He COBCEeM YJIOOHO i JAJIbHEHIIero mpuMeHeHs: OHO He
saBJgeTcd (PYyHKIMEH CBOUX ITapaMeTPOB M KaXKJIbIi pa3, Korja HeoOX0MMO BBIUYUC/IUTD €r0 IIPH
KaKIX-TO 3HAUEHUSX [apaMeTpoB, HeobxonauMo obpararbest K dyakmun eval(). Xoresoch Obl
MOJIYYUTH €ro B BUJe (PYHKINU OT JABYX IepeMeHHBIX. [ 9Toro ciie/lyer BOCHOJIb30BATHCS
koMan 101 unapply(), koropast peobpasyer BbipakeHue B (yHKIuio. [lepBbiM mapameTpom
3aJIAETCS CAMO BBIPAaYKEHUE, & ITOCJIe/IYIONINE OIPEIEISIOT, OT KAKUX IapaMeTpPOB 3Ta (hyHKIU
OyJ1eT 3aBUCETD.

Eciu nipu perenun cucreMm ypaBHEHHUI OTBET MOJIYyYaeTCsd B BUJIE MHOYXKECTBA ypaBHEHMUIA,
B KOTODBIX JIeBasl YaCTh ABJISE€TCS HEM3BECTHON MEepeMEeHHOM!, TO I TOr0, YTOOBI IPUCBOUTH
HallJleHHble 3HAYEeHNS IIepEMEHHBIM, OTHOCUTEIBHO KOTOPBIX Pellajiach CUCTEMA, CJIeJIyeT IIpU-
MeHSTh KoMaH Ly assign(). 9Ta KOMaH/a IPUCBAMBAET IIEPEMEHHBIM, CTOSIINUM B JIEBOH YaCTH
ypaBHEHUII U3 MHOYKECTBA PEIeHMi, 3HAYUEHUs, paBHbIE MpaBbiM dacTsaM. OO 9Toit KoMaH e
MOXKHO JlyMaTh KakK O KOMaH[e, KOTOpas 3aMeHsIeT 3HAK PaBeHCTBa (=) Ha 3HAK Olepalin
npucBanBaHus (:=) BO MHOYKECTBE, COCTOSIIEM M3 yPABHEHUIi, B KOTOPBIX JIEBbIE TaCTH TIPeJl-
CTaBJIEHbl HEN3BECTHBIMU:

> {qg=atb,w=g+pl};
{g=a+b w=g+p}

> assign(%);q;w;

a+b

g+tp
>  eq:=x*aty*b=c;

e :=xa+yb=c

> s:=solve({eq,x+ty=1},{x,y});

a—-c b—c
sEW=r T e
> assign(s);x;y;
b—c
Ca—b
a—-c
a—>b

Ecm penenue 1moJiydeHo B Buae 10CJIE10BaTCJIbHOCTHA Bpra}KeHHﬁ, TO IIOJIY9IUTDh 3HAYECHUE
COOTBETCTBYIOIICI'O peElIeHnd MOXKHO C ITIOMOIIbIO MH/IEKCA.

> eq:=x"4+2xx"2+1=0;
eq =2 4+2224+1=0

> s:=solve(eq);
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Tabsuna.10. 3navenue nmapamerpa onyus Komauasl fsolve()

3uauenue CwMbIci

complex PasbickuBaOTCS KOMILIEKCHBIE KOPHU (TOJIBKO J1JIsT TIOJIMHOMOB )
Fulldigits Hcnonb3yercs apudMeTnka ¢ MAKCUMAJILHON MaHTUCCOIM
Maxsols=n  PaspickuBaercs n pemenuit (TOJIbKO ISt TOJTHHOMOB)

a..b mmm Bajan poMeRyTOK [a,b|, Ha KOTOPOM pa3bICKMBAETCsI PeIlieHne
x=a..b (Bo BTOpOI hopMe 3ajaHUs ITO ONIUK X 0003HAUAET UMSI

HEU3BECTHOI B ypaBHEHIE)

s:=1,-1,1, —I
> x1:=s[2];x1;

HaHOMHI/IM, 49TO B IIPUBEJICHHOM IIpHUMEDPE I o3mauaer KOMIIJIECKCHYIO MHUMYIO €JIWHUILY,

paBHYIO v/ —1.

Komanza fsolve()

ITo ymouanmio Maple mbiTaeTcs HaAlTH aHAJIUTUYIECKOE BhIPayKeHUE JIJIsi KOPHEH ypaBHEHUS.
Ecin 310 eMy He ymaercs, To, KaK OTMeYaJIoCh BBIIIE, OH IIPOCTO HUYEro He MedaTaeT B 00/1acTH
BBIBOJIA. B 1mo100HbIX ciryuasx (ecm KOpHU JAEHCTBUTENILHO CYMECTBYIOT) MOXKHO BOCIIOIB30-
BaThCsi KOMaH10#i fsolve(), KoTOpas HAXOAUT YUC/IEHHOE PEeIleHUe YPABHEHUsI UJIM CHCTEMbI
ypasHenuii. PopmMaT KOMaHIBI OTINTIaeTCs 0T hopMaTa KOMaH bl solve() HaJIudneM TpeThero
mapaMeTpa, Onuusi;

fsolve(ypasnenus, nepemenmoie, onyus );

3aianue nepBhIX JABYX IIapaMeTPOB COOTBETCTBYET 3aIaHUI0 aHAJOTMYHBIX apAMETPOB B KO-
mam/Ie solve(), a mapamerp onyus MOXKET IPUHUMATDL 3HadeHus u3 tabsmipl Tabsr.10.

[To ymor9anuio [1j1st IIPOU3BOJILHOIO ypaBHEHNs 3Ta (DYHKIUSA HAXOANT OJHO PeIleHne, HO s
IOJIMHOMOB OIPEJIEIAIOTCS BCe ACHCTBUTEIbHBIC KOpHU. UT0ObI HATH BCe KOPHH IOJUHOMA,
BKJIIOYas KOMILIEKCHBIE, CJeLyeT 3aJaTh onuio complex. Mcmonb3oBanue KoMaH bl YUCICH-
HOTO pelrieHrsi ypaBHeHuii mokasano B npumepe (I111.52).

IIpumep IIII.52. Yucaennoe pewenue ypasrenudi

> ristart:
> eq:=x"4+2*x"2-1=0;
eq:=2*+222—-1=0

> s:=fsolve(eq,x);
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s := —0.6435942529, 0.6435942529
s:=fsolve(eq,x,complex) ;
s := —0.6435942529, —1.553773974 I, 1.553773974 1, 0.6435942529
> fsolve(ln(sin(x))=0,x);

\

1.570796327
> fsolve(ln(sin(x))=0,x,x=2..infinity);

14.13716694
> fsolve(ln(sin(x))=0,x,x=15..infinity);

26.70353756

B sToM npumepe TakzKe MOKA3aHO, KAKUM OOPA30M MOYKHO IOCJIE0BATEIBHO HAXOJIUThH
KOPHU TIPOM3BOJILHOTO yDABHEHHUS, 3aJ/1aBasi MHTEPBAJ U3MEHEHHsI HEM3BECTHON BEJMIUHBI C
YUYETOM MOJIy4eHHOIO PEIleHMs] Ha HPEbIIYIIeM IIare HAXOXKIEHNs KOPHg ([OC/IeHue TP
KOMAH/IbI ).

Jpyrue xkomMaHIbl pelieHus ypaBHEeHUIA

Kpome yuusepcaibibix kKoman solve() u fsolve() pemtenusi ypaBuenuii u cucreMm ypaBHEHUId,
Maple comepKuT creruan3upoBaHHbIe KOMAH/IBI, IpeJHAa3HaYeHHbIE /I PEIIeHnsT JTU00 OIpe-
JIGJIEHHOT'O KJIacca ypaBHEHUl, MO0 HAXOXKJIEHUE PEIIeHuil B 3aJJaHHOM YHCI0BOM moje. B
JAHHOM pa3jieJie 3T KOMaH/Ibl OMMCAHbI OUYeHb KPaTKO.

Komana isolve() urmer Bee 1esible perenusi ypasaenuii. Ecin B ypaBHeHUN 38/1aHO HECKOJIBKO
HEM3BECTHBIX, TO CTPOUTCSI PEIleHne OTHOCUTEBHO BCEX 3a/IaHHBIX HEM3BECTHBIX.

IIpumep IIIIL.53. I[esovucaenroe pewenue ypasHenut

> isolve({(x-1)*(x-1/2)=0});

fe=1)

> isolve({3xx+4*y=1});
(t=-1-4 Z1,y=1+3 71}

B pemenun ypasuenust (I111.53) ucnosb3osana 1eouncientas nepeMentas _Z1, crenepu-
poBanHasg Maple.
Komana msolve() Tak»ke WIer 1e09nc/IeHHbIE PEIeHnsT YPABHEHUST, HO TOJIBKO [0 MOJLYJIIO,
38JAaHHOMY BTOPBIM IIapaMeTPOM.

ITpumep III1.54. I[esouucaennoe peuwenue ypasHenuti no 3a0aGHHOMY UEAOMY MOOYAIO

>  solve({3*x-4xy=1,7xx+y=2}) ;

{ 9 -1
rT = — = —
31777 31

> msolve ({3*x-4*xy=1,7*x+y=2},11);
{r=1,y=06}
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> msolve({3"n=4},11);
{n=4+5 717}

st periernst peKyppeHTHBIX ypaBHenuii B Maple Briiouena crierasibHast kKomania rsolve(),
KOTOpasl CTPOUT 00IIee PelrieHne peKypPEeHTHOIO YPaBHEHU s, HCIIOIb3Yy s HAUAIbHbIC 3HAUCHUSI,
€CJIM OHU 3aJIaHbl, WA Yepe3 UX CUMBOJIbHBbIE 0003HAYEHU, €CJIU OHU He 3aJIaHbI.

IIpumep IIIL.55. Pewenue pexyppenmunr ypacHeHul

> rsolve({F(n+2)=F(n+1)+F(n)},F(n)); # 6e3 HavambHHX yCJIOBH

VEE) (& = Yy

2 2
1 1 1 1 5
+(-35 VEE(0) + 5 F0)+ 2 V5F(1)) 5+ g)”
> rsolve({F(n+2)=F(n+1)+F(n), F(0)=1,F(1)=1},{F(n)}); # ucnonssys
> 3ajaHHHE HadYajbHHE yCIOBUS

P = (Lo HE Ly L)

(% VEF(0) + L F(0) -

1
2 3

Pemmenne HepaBeHCTB

JI1 pelmenns HepaBeHCTB W CHCTEM HEPABEHCTB B OOJIACTH BEINECTBEHHBIX UHCEN CJIC/LyeT
UCIIOIB30BaTh KoMaH Ly solve() TOYHO Tak »Ke, KaK M Jyis PEelIeHns yPaBHEHUI W CHCTeM
ypasuennit. OTBeT BbIpazkaercs Jubo B BHJE MHOXKECTBA HEPABEHCTB, MO0 depe3 (hyHKIMN
RealRange() u Open(). IlepBas onpeessier 3aMKHYTBIil OTPE30K JIEHICTBUTEIHHBIX YUCET, a
BTOpad HCIIOJIb3YyeTCd OJjid YKa3aHMWd TOI'0, 9YTO I'PaHU4YIHagd TOYKa HE BXOJUT B ITOCTPOEHHOE
pemmenne. JIist Toro 9To6BI 331aTH pEIeHIe B BUJIE MHOYKECTBA, CJIELYeT 3a/1aTh B BUIE MHOMKC-
cTBa JIbO caMO HEpPaBEHCTBO, JIMOO HEM3BECTHYIO, OTHOCHTEILHO KOTOPOIl MINETCS pelieHHe.
Ecyin sToro me cienarb, TO OTBET OyAeT IOJIyYeH ¢ HCHOJIb30BAHUEM YKA3aHHBIX (DYHKIUIA
olpe/iesIeHusl JIENCTBUTEIbHBIX OTPE3KOB.

IIpumep IIIL.56. Pewenue repasercms

> solve((x+2)/(3-x)>2,x%);
RealRange(Open(%), Open(3))
> solve((x+2)/(3-x)>2,{x});
{ar<:3,§ <z}
> solve(log[1/3](logl[2] (x~2-8))>=-1);

RealRange(Open(—4), Open(—3)), RealRange(Open(3), Open(4))
> solve({log[1/3] (log[2] (x~2-8))>=-1});

76



I1.6. /luchpepennupoBanne u HHTErPUPOBAHUE
{-4<z, <=3}, {3<z, <4}

B npumepe (ITI1.56) perenst JBa HepaBeHCTBA, JJIsl KAXKIOI0 U3 KOTOPBIX TIOCTPOEHO pellie-
HIUE B BHJIe MHOXKeCTBa U B (hopMe JIefiCTBUTE/ILHBIX HHTepBaJIoB. [lo/ib3oBaTesb caMm pemnaer,
Kakas (popMa oTBeTa eMy 00J1ee MOIXOINT.

I1.6 JInddepenrnmmpoBanne n nHTEIPUPOBAHME

Maple 1103BOJISIET BBIYUCISITH OOBIKHOBEHHBIE U YaCTHBIE IIPOU3BOHBIE AHAJIUTUIECKOI'O BhIpa-
JKEHUs 110 OJTHOW UJIM HECKOJIBKUM ITepeMeHHbIM. /[1s 9ol Ipotie 1y phl petHa3HadeHbl KOMaH-
aet diff() u Diff(). Bropast komama siBjisiercsi Tak Ha3bIBaeMOil om.aootceroti Komanoii (inert
command), KoTopasi He BBIYUC/ISET IIPOU3BOIHYIO OT BBIPAYKEHHUs, a IPOCTO OTOOPAXKAET MaTe-
MaTUYIeCKYIO 3aIiCh B3STHUs IIPOU3BOJIHON. Pe3yibrar /eiicTBus OTJIOXKEHHON KOMaH bl MOK-
HO NPHCBOUTH mepeMennoit Maple, a B masibHeiieM npu moMory KoMaH bl value()BbIancanTh
Pe3yIbTAT ITON OTJIOKEHHOM KoMaHIbl. OTmoykeHHast (hopMa KOMaHIbI 1uddepeHImpoBaHus
yJI00Ha, KOrjIa HeOOXO0IMMO BUJIETh, KaK1e ollepaliun ObLIN CJIeJIaHbl JIJId Oy YeHus HYKHOTO
BbIpazkeHusi. CHUHTaKCUC KOMAHIbI TuddepeHmpoBatust Cie Ly FoIuii:

diff (Brpaxenue, mepeMenHasi_l, mepeMeHHas_2,..., IepeMeHHas n);
diff (Brpaxenue, [mepemennasi_1, mepemennas_2,...,nepeMeHHas_n]);

B pesyibrare BbIoJHeHHs JIO00H M3 IPUBEIEHHBIX KOMAaHJ[ OyJeT BLIUYUCIEHA YacTHAsI

POM3BOJIHAS N-T'0 TOPSAJIKA OT 3a/JIaHHOIO HEPBBIM IapaMeTPOM BbIPasKeHUs 110 3aaHHBbIM 7
[IEPEMEHHDIM.
[Tpu dpopMUPOBAHUU TIPOUZBOJHBIX BBICOKOTO MOPSAIKA MOJIE3EH OIEPATOP MOC/IEI0BATEIHHO-
ctu $, KOTOPBIii [I03BOJISIET MIPOIIE U HAIJIsIIHee 3a/1aTh IPOU3BOIHY 0. Hanpumep, jijist Bbrduc-
JIeHUsT TpeTbeil mpou3BoHoi dbyHKInu f(X) M0 mepeMeHHOi X MOYKHO UCIIOJIB30BATH KOMAHTY
diff(f(x),x,x,X), B KOTOpOii Tpu pasa ykazaHo 1uddepeHnnpoBatie 1Mo IepeMeHHON X, UIIN [IPU-
MEHNTH B KoMaHe auddepeHnupoBains OlIepaTop HOCIeI0BaTeJIbHOCTH x$3, UTO yupomaer
u JiesiaeT OoJiee HAIJIAAHBIM 3a/laHne Tperbeil mpousBoanoit: diff (f (x) ,x$3).

ITpumep IIIL.57. Boruucaenue npoussooHv

Vv

f:=x"2*sin(x)+sqrt(y)*1n(cos(x));
[ = a?sin(z) + /yIn(cos(z))
> diff(f,x);

Vysin(x)

2w sin(z) + 22 cos(z) — cos(2)

> diff(f,x$2);

Vysin(z)?

2sin(x) + 4z cos(x) — x?sin(z) — \/y — cos(z)?

> diff(f,x,y);
1 sin(z)

2 VY cos(x)
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> fDerive:=Diff(f,x);
fDerive := 2 (2*sin(x) + \/y In(cos(z)))
> g:=sqrt(fDerive);

g = \/a% (22 sin(x) + /y In(cos(x)))

> value(%);

VY sin(x)

cos(z)

\/2 xsin(x) + 22 cos(z) —

[Tocnennue Tpu KOMaHIbI MOKA3BIBAIOT UCIIOIB30BAHIE OTIOXKEHHON (POPMBI KOMAHIBI A1 (-
depeHImpoBaHNA.
UurerpupoBatue BIPAXKEHUIT 110 3a/IaHHOM [IepeMeHHOI OCyIIecTBIIsieTcsl KoManioi int(), Ko-
Topasi TakyKe uMeeT OTIokKeHHYIo dopmy Int(). Dra KoMaHa MO3BOJISET BBIYUCISTH KAK
HEOIPeIeJIeHHBIN MHTErpaJl OT BhIpazkeHus (IIPU 9TOM B OTBeTe He Oy/1eT HUKAKOI MOCTOSTHHOI
MHTErPUPOBAHNS) C MCHOJIb30BAHUEM CJIEIYIONIEr0 CHHTAKCHCA KOMAHJIBI:
int(evpascenue, nepementas),
TaK M OIpPeJIeIeHHbI MHTErpas ¢ MOMOIILIO CJIeIYIOIIEro CUHTAKCHCA KOMAHIbI
int(ewipasicenue, nepemennas=a..b);
rjge a u b gBIAIOTCA OpeJe/aMi HHTETPUPOBAHMs, IIPUIEM 3TH IPEJEIbl MOI'YT ObITh W aHa-
JIUTHYECKUMI BBIPAZKCHUSIM.

ITpumep III1.58. Hnumeepuposanue dyrryul

> fi=a*x~2*sin(b*x) ;
fi=ax?sin(bx)
> int(f,x);
a(—b*z%cos(bx) + 2cos(bx) + 2bxsin(bx))
b3

> int(f,x=0..1);
a (b2 cos(b) — 2 cos(b) — 2bsin(b) + 2)
b3

> int(f,x=0..a);
a (b?cos(ba)a? — 2cos(ba) — 2bsin(ba) a + 2)
b3

> Int(f,x=0..Pi);

/ az?sin(bz) dx
0
>  value(%);
a (0?7 cos(mb) — 2cos(mb) — 2w bsin(mb) + 2)
b3

Jl1s1 ciMBOJTBHOTO BBIYNCJIEHUST OIIPE/IEIEHHOTO WHTErpaJia CyIeCTBYET JIBe OIIINN, YIIPaB-
JIATOIIe 00pPabOTKON Pa3pPhIBOB MOJBIHTErPAIbHON (DYHKIIUNA. DTU OIIUU 3aJAI0TCA TPETHUM
napamerpoM B Komasax int() u Int().
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Tabsumia.11. 3uayenue nmapamerpa flag mipu YmcieHHOM MHTErpUPOBAHUU

3uauenvue CwMmbIci
[Ipumensiercst TobKo KBajparypa Kienmo - Kypruca

_Coquad
6e3 BbI30Ba IPOIELYPhl 00PAOOTKU CHHIYISIPHOCTH
D [Ipumensiercst aalTUBHBII METOJ| JIBOMHBIX SKCIIOHEH-
—-exXp AAJIbHBIX TPOIELY D
[Ipumensiercss MeToJ1 KBaJipaTypHoii popmysbl HeioTo-
Nerule Ha - Koreca, gapisgromnuiics MeToaoM (hUKCHPOBAHHOIO

nopsijika, u He 3DQdEKTUBEH I BBICOKUX TOYHOCTE
(Digits>15)

[To ymorganuio KoMaH/1a HHTEIPUPOBAHUS IIPOBEPsieT BbIpaykKeHUe Ha, HEIIPEPBIBHOCTD B 00J1a-
CTH UHTEI'PUPOBAHUST U BBIYHUC/IIET HHTErPAI KaK CYMMY OTJEJIbHBIX OIPeIeIeHHBIX NHTEIPa-
JIOB Ha IIPOMEXKYTKaX HelmpepbiBHOCTH (byHKIuIi. Otmims ‘continuous’ OTKIFOYAET 9TOT PEXKUM
U BBIYUC/ISIET WHTErPaJl KaK Pa3HOCTh 3HAYEHUI IepBOOOPA3HOI MOABIHTErPATBHON (DyHKITIN
B TOYKE HaJaJja U KOHIA ITPOMEXKYTKA WHTEIPUPOBAHUSI.

Eme onna onmusa ‘CauchyPrincipalValue’ Bbramcisger HecoOCTBEeHHBIE MHTErPaJIbl IIEPBOIO U
BTOPOI'O poja B CMbICJIE TVIABHOIO 3HadYeHust Korru.

Eciiu Maple ne moxker HaliTi 3aMKHYTYI0 (hDOPMY BbIpaXKEHUs JIJIsl OIIPEICJICHHOTO HHTErpaJia,
TO KOMaH 13 HHTErPIHPOBAHIs BO3BPAIIAECT IIPOCTO BBI30B camoii cebst (B 001acTi BBIBO/IA TT€9a-
TaeTcsd MaTeMaTUIeCKasl 3allCh BBIYHUC/IEHNsT MHTErPasia, Kak Ipu OOpaIleHnn K OTIOKEeHHON
KOMaHJIe MHTerpUpOBaHusi). B MOMOOHBIX CIydasX MOYKHO BBIYUC/IUTH 3HAYEHUE OIPe/IeJIeH-
HOTO MHTerpaJia IUCJAeHHBIM criocoboM ¢ nomornbio KoMausl evalf(). Cunrakcuc moo6HOI
KOHCTPYKIIUH CJIE LY IOIITHIA:

evalf(int(f,x=a..b));

evalf(Int(f,x=a..b));

evalf(Int(f x=a..b),digits,flag);

[Tapamerp digits mo3BosisgeT 3a/1aTh IUCI0 3HATAITUX UMD ITPU BHIYUCICHUAX TPUOINZKEHHOTO
3HaYeHUsT WHTerpasa (o yMOJIAHUIO TO YUCJIO PABHO YUCIy 3HAYANINX 1D, OIpeIe/eH-
HBIX 3HAYEHHEM CHCTEMHOl KoHcTaHThl Digits ).

[Ipu yucieHHOM HHTEIPUPOBAHUN 110 YMOJTIAHUIO UCTIOIb3yeTcs KBaaparypHas popmysia Kiren-
mo - Kypruca (Clenshaw - Curtis). Eciu B ogbiHTerpajbHOM BbIDaXKeHUH BCTPEYASTCS CHH-
I'YJISAPHOCTD, TO IIPUMEHAETCS CleluaJbHas MEeTONKA CUMBOJILHOTO aHAJII3a JIJI ee paspere-
Hus. JI1s 381819 ¢ HEyCTPpAHUMBIME CHHIYJISIPHOCTSIMU UCIIOJIb3YETCs aIallTHBHBIN METO/T JIBOM-
HBIX 9KCIIOHEHIINAIBHBIX KBaIpaTyp. [lapamerp flag mo3Bosiser siBHO 3a/1aTh METO/T INCICHHO-
ro uaTerpupoanus. OH MOXKeT IPUHUMATH 3HAYCHUS, [IPeJICTaBIeHHbIe B Ta0 uie Tabr.11.

Heckoabko IpUMEPOB YHUCJIEHHOI'O BbIYHC/IEHUA UHTEI'PaJIOB IIOMOI'YT OCBOUTBLCA C UCIIOJIb-
30BaHNEM BBIIIIC HpI/IBeﬂeHHOI'?'I METOJUKMN.

ITpumep III1.59. Yucaenrnoe unmeepuposarue GyHnruyu
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> int(sin(x)*1n(x),x=0..1);
Ci(1) — v
> evalf(int(sin(x)*1ln(x),x=0..1));
—0.2398117420
> Int(sin(x)*1ln(x),x=0..1)=evalf(Int(sin(x)*1n(x),x=0..1,20,_Dexp));

1
/ sin(z) In(z) dz = —0.23981174200056472594
0

> Int(1/(1+x°2),x=0..infinity)=evalf (Int(1/(1+x~2),x=0..infinity, 30, _De
> xp));

<1
/ 2 dr = 1.57079632679489661923132169164
0

> Int(exp(x-x~2/2)/(1l+exp(x)/2),x=-infinity..infinity)=evalf (Int (exp(x-
> x72/2)/(1+exp(x)/2) ,x=-infinity..infinity));

00 e(x71/212)
/ — T dz = 1.805577062
1+ 5 et

[Tepsoriit uarerpas npumepa (I111.59) BoraucsieTcst B aHAJINTHIECKOM BH/IE, HO IPEJICTABIISI-

eTcs Yepe3 3HaueHUe CIeUAIbHON (DYHKIMN UHTEerpaIbHbIil Kocunyc. st moydenus: oTsera
B BUJIE JICCATHUYHOTO YUCJIA MPUMEHSETCS aJrOPUTM YHUCJICHHOTO WMHTerpupoBanud. Ha sTom
JKe TIpuMepe TOKa3aHO HMCIOJIL30BAHUE OTJIOXKEHHON (POPMBI KOMAaH/Ibl MHTETPUPOBAHUS JIJIs
6oJ1ee yI00HOTO TPEJICTAB/ICHUS OTBETA.
B cucreme Maple nmeercst Habop KOMaHI JJisi IIOJTHOTO MccyeoBanus dyHkiuii:limit() - s
oTbICKaHUsl npejesa GyHKIuE, sum() - JJIg HAXOXKJIEHUs] BCEBO3ZMOXKHBIX KOHEUHBIX CYMM,
series() - st paszsoxkenus dyHKIwiA B psijbl Teitmopa, Makiopena u Jlopana, extremaf() -
JIUIsT UCCJIEJIOBAHMST SKCTPEeMYyMOB (DyHKIMI KaK OJIHOi, TaK MHOI'MX MepeMeHHBIX, minimize()
1 maximize() - JiJIg TOUCKa MUHUMYMa ¥ MakKcuMyMa (QYHKIUH Ha 33 JAHHOM ITPOMEXKYTKe.

I1.7 Penienue oObIKHOBEeHHBIX AnddepeHInaJIbHbIX ypaB-
HEHUN

g pemenust OOBIKHOBEHHBIX JAuddepennuaibHbIX YPaBHEHUNH U UX CUCTEM MOXKHO BOC-
oJib30BaThCst KoMauioit dsolve() mim dyuknusvu nakera DEtools,koTopbie mo3Bosistior
CTPOUTDH YHCJIeHHOe perienne JuddepeHualbHbIX yPaBHEHNIT U 0TOOPaKaTh UX B I'Da-
duteckoM Bujie, BKJIIOYas mocTpoenne (hazoBoro mnoprpera cucreM uddepeHinasbHbIX
ypaBHeHUiA. B anHOM pasz/iesie Mbl OCTAHOBUMCS TOJBKO Ha ONUcaHuM KoMaHbl dsolve(),
C TTIOMOIIBIO KOTOPO# MOXKHO HE TOJIBKO TOJIYIUTh aHAJIUTHIECKOe perrenne i depeHi-
AJIBHOTO ypaBHEHWS, HO U COPMUPOBATDH IPOIELYPY IOCTPOEHUS UNCIEHHOTO PEIeHs
zasaun Komn, ecu cucrema Maple He cMmoxker HailiTH 0OIlee pellleHre B aHAJIUTUIECKOM
BU/IE.

Haubostee ob1imit cuHTAKCHUC BBI30Ba KOMAH/IbI perieHus uddepeHnajbLHOr0 ypaBHEHIST
CJICJTYTOIITATA:

dsolve(ypasnerus, neussecmmuie, [onyuul);

[Tapamerpom ypasrerus 3aaercs oHo auddepeHIalbHoe ypaBHEHNE UIH CUCTeMa, Tiud-
depennmabHbIX ypaBHeHuit. B mociie/ineM ciiydae Bce ypaBHEHUS CUCTEMBI JIOJIZKHBI ObITh
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[PEJICTABJICHBI B BIJIE MHOXKECTBa (MX CIECOK Yepes3 3alsTyIO CIe/IyeT 3aKII0IUTh B (DUryp-
Hble cKOOKM). [Tapamerp neussecmnuvie onpesienser Hen3BecTHYIO GyHKIMIO auddepeHim-
AJILHOTO YPABHEHUs U/ HEN3BECTHBIE (DYHKITUHU CUCTEMBI T depeHIna bHbIX yPaBHEHMI,
KOTOpBIe, KaK W CaMU yPaBHEHUs] CUCTEMBI, JTOJZKHBI OBITH IIPEJICTABIEHBI B BHJIE MHOXKe-
crBa. HeobszaTe IbHbIN TapaMeTp onyuy, ONpeieaseMblil B BUIe
KJI0YeBOe_3HadeHWe=3HadeHue, [M03BOJIAET 33/I[aTh METOJIbl U (DOPMY IIPeJICTaB/IEHUs pe-
IIICHUS.

Jlns 3ataHus TPOU3BOIHON MCKOMOM (byHKIMM B audpepeHnnaabHOM YPaBHEHUN MOZK-
HO ucnob3oBarh kKomany diff() wiu oneparop D, npuuem camy HemsBecTHYIO (DYyHKIIUIO
cJIeJlyeT ONpPeJIeJIATh ¢ ABHBIM YKa3aHUEM He3aBHCUMOI nepemMenHoit, nanpumep y(x). Orne-
patop D omnpenenser onepanuio JuddepeHIupoBanus 1 UMeeT CASYIOMNUi CUHTAKCUC:
(D@@n) (pynryua)( nepementian);

B sroit 3ammcn n mpejicraBisieT 1e/10e 9uc/io, Onpeessioliee mopsiI0K MPOU3BOJIHOM, Ta-
paMeTp GyHKyuA - UCTIOIB3YEMbIH UIeHTUGUKATOD (DYHKINN, a TapaMeTp nepementas -
HE3aBHCUMYIO IepeMeHHylo dyukiun. Hampumep, mpousBo/HYI0 BTOPOTo MOpAIKa QPyHK-
mn f () ¢ UCHOJIB30BAHUEM STOTO OMEPATOPA CJEYeT 3aIaBATh CJICIYIONIM 0OPa30M:
(Dee2)(f) (x):

Heckonbko npumepos 3ajianus guddepeHnnalbHbIX YPaBHEHIT IIPe/ICTaBIeHbl HUKe!
> eqnl:=diff (y(x),x$2)+k~2*y(x)=0;
eqnl = (1 y()) + K y(2) =0
>  eqn2:=(D002) (y) (x)+k~2*xy (x)=sin(k1*x);
eqn2 = (D@)(y)(x) + k? y(z) = sin(k1 z)

> sysl:=
> {D(y1) (x)=al1l,1]*yl(x)+al1,2]*y2(x),D(y2) (x)=al2,1]*yl(x)+a[2,2] *y2(x
> )}

sysl == A{D(yl)(x) = a1,1 y1(z) + a1,2y2(x), D(y2)(2) = az,1 yL(z) + az,2 y2(2)}

Obpature BHUMaHEE, 9TO B MPUBEJIECHHBIX TPUMEPAX U YPABHEHUsI, U CUCTEMbI yPaBHEHHIT
COXpaHsIOTCs B epeMeHubix Maple.
[TorpobyeM permmTh mepBoe U3 MPUBEJIEHHBIX MpUMepoB. JIJIs 3TOro JI0CTaTOYHO BBITOJHUTH
caenytontyo komany dsolve():

> dsolve(eqnl,y(x));y(x) = _Cl*sin(k+*x)+_C2*cos(k*x)

Haiineno obiee pertenne quddepeHuaibHOro ypaBHeHns, B KOTopoM mepementbie _C'l
_C2 - 310 crenepupoBaniblie Maple crienmaibHbIe TEpEMEHHbBIE, TPEICTABIIAIONIIE ITPOU3BOIb-
Hble KOHCTAHTBHI O0Iero pemnteHust auddGepeHmaj bHOr0 ypaBHEHNsT BTOPOTO MOPSIIKa. DTOT
IpUMeEpP TOKA3bIBAET, UTO IPH OTCYTCTBUU KaKuX-JnOO ommumit Maple nbitaercs HaifiTu TOY-
HOe o0IIee pelleHne B siBHOM Buje. Ec/in B SBHOM BHjIe pelleHns He CYIIEeCTBYET, TO CHCTEMA
HOIBITACTCS HAWTHU €r0 B HESIBHOM BHUJIE, KAK BUIHO U3 CJICYIOIIEr0 MPUMEPA.

> eq:=diff (y(x),x)=sqrt(x"2-y(x))+2%*x;

eq = %y(w) =22 —y(x)+ 2z

> dsolve(eq,y(x));
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8y(z) /22 —y(z) 4dy(x)x 62%/2?—y(z) 32°

%1 T %1 %1 -
%1 :=2\/22—y(z) —x

> isolate(%,y(x));

C1=0

5x? — v—_01 C1
) =28 2RV DT,

Komana isolate() B 9TOoM mpuMepe BbIpazkaeT 3aJIaHHOE BTOPBIM ITapaMETPOM BbIpa-

xkenne (y(r)) U3 ypaBHEHUs, ONPEIE/ISIEMOr0 MEPBBIM apaMeTpoM (B HAIlleM CJIydae U3
HESIBHOTO BHJIa 00Iero pemnenus audepeHiuaibHOro YpPaBHEHNUs ).
ITo ymomruanuio komana dsolve() cHagasia nbITaeTcsi HARTH 00Iee PellleHne B SIBHOM BH/IE,
U eCJIM TaKOBOE He YJIAeTCsl HAWTH, TO PEIIeHNe BBIIACTCS B HESBHOM BUje (KOHEYHO, IIPH
ycJioBum ero cytectsoBanust ). Moxuo “o3amaants” Maple monckoM obImero perenns B siB-
HOM BHJI€, UCIIOJIb3YsI omiuio explicit=true (o ymosraanuio ucrnosb3yercs explicit=false):

> dsolve(eq,y(x),explicit=true);

y(z) = RootOf(8 _Z /22— Z+4 Zx—6x>°\/22—~ Z-32°-2 Cl\/22— Z+z_ CI)

Kak BugmMm, B 9TOM ciydae Mbl J€HCTBATEIBHO IOJIYUUIN Cpa3y rKe PeIleHne B SBHOM
BHJIe, HO OHO TpejcTaBieno depe3 dyakimuio RootOf(), Tak uro Hamm mepBoHaYATBHbII
IOJIX0/T K perieHuio auddepeHnuajibHOoro ypaBHEeHUs OKa3aJjcs 0oJiee POy KTUBHBIM.
Haiitu obiee perrenre B SIBHOM WJIM B HESIBHOM BHJIE yJjlaeTcs He Jjisi Jiioboro audde-
peHIInaIbHOrO ypaBHEHUdA. B 9TOM ciIydae MOXKHO IOCTPOUTH HPUOIUKEHHOE PEIleHne B
dbopme psima Teitmopa. st sToro ciemyer 3agaTh omuio type=series B komane dsolve()
(0 yMOJTYAHHIO WCIIOJB3yeTCsl type—exact), a Tak»Ke yCTaHOBKOI 3HAYEHMsI CHCTEMHOIT
nepemerHoit Order orpeesnTh, 10 KAKOTO MOPSAIKa MaJOCTA OTHOCUTETHHO HE3aBUCUMOI
IepeMeHHON (DYHKIIMH UIETCs Pa3/IozKeHne pereHus B psj Teityiopa B OKPeCTHOCTH HyJIe-
BOWl TOYKU:

> (Order:=3:
> eq:=(D0O2) (y) (x)+(a+b*x~2)*D(y) (x)+y(x)=0;

eq == (DP)(y)(x) + (a + ba®) D(y)(x) + y(x) =0
> dsolve(eq,y(x),type=series);

() = y(0) + D(y)(0) 2 + (=5 aD(y)(0) — 5 ¥(0)) #* + O(a?)

B pemenun nuddepennuaibHOTO ypaBHEHHS BTOPOrO MOPSIKA, TPEJICTABICHHOM Psi-

nom Tefinopa, B KadecTBe BYX MPOU3BOJIBHBIX IMOCTOSTHHBIX MCIOIB3YIOTCS 3HAYEHUS HC-
KOMOii yHKIMK 1 ee nepsoii mponssoanoii B Touke x = 0 : y(0), D(y)(0).
Pemtenne zamaan Ko nin kpaesoit 3aadn s nudepeHuajibHoro ypaBueHus B Cu-
creme Maple Tak ke IpoCcTO KaK 1 OTBICKAHUE OOIIEro WK PUOJINZKEHHOTo perenus. s
9TOT0 HEOOXOMMO 3aJIaTh MEPBBIil MapaMerp KoMaHbl dsolve() B BuIe MHOXKeCTBa, 3Je-
MEHTAMHU KOTOPOT'O SIBJIAIOTCS CAMO yDaBHEHHE U BCe HadaJIbHBbIE MM KPaeBbIe YCJIOBHUS.
Permm 3a1aqy Ko n kpaeByto 3ajady i ciaeayomero auddepeHnuaabHoro ypaBHe-
HUS BTOPOI'O MOPSIJIKA:
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Tabuuiia.12. 3HaveHus ONIUU Memod IIPU YUCJTEHHOM pernieHnn auddepeHIaib-
HBIX ypaBHEHUIA

3unauenue QOnucanue

Rkf45 Meton Pynre-Kyrra-®@ansbepra mopsiiaka 4-5
Dverk78 Meton Pynre-KyTra nopsjika 7-8

> eqnl:=diff (y(x),x$2)+k~2*y(x)=0;
eqnl = (% v(z)) + k*y(x) =0

SBajaua Ko st sroro juddepeHnaibLHoro ypaBHeHnsl BTOPOro MOpsijika TpedyeT
3aJlaHnd B HYJIEBOI TOYKE 3HAYEHUs] HEM3BECTHOU (PYHKITUU U €€ 1epBoil mpon3BojiHoii. Ee
pelIeHre IIpeJICTaBICHO HUZKEe:

> eqnl:=diff (y(x),x$2)+k 2%y (x)=0;

eqnl = (4 y(2)) + K y(z) = 0
> dsolve({eqnl,y(0)=0,D(y) (0)=1},y(x));

o) = sin(kk x)

Kpaesast 3amata j11st 9Toro quddepenuaisioro ypaBHeHns BTOPOro Hopsika TpedyeT
3a/JlaHus B JIBYX TOUYkKax, HaupuMmep, = 0 u x = 1 3HadeHus nemspectHoil pyukuuu. Ee
PEIIeHre TaKKe IIOJIYIeHO C MOMOIIbIo KoMaH Il dsolve():

> dsolve({eqnl,y(0),y(1)=1},y(x));
sin(k x)
¥(z) = sin(k)

Haqaﬂbele njm KpaeBble YCJIOBHA 3a/1al0TCA B BUIE ypaBHeHHﬁ, B JIEBO YacCTU KOTO-
PBIX OIpeJIeeH 3a/IaBaeMblil TapaMeTp (3HavYeHre HeM3BeCTHON (DYHKIMN WM ee [TPOU3BOJI-
HOIl HEOOXOIMMOrO TIOPSJIKA) B COOTBETCTBYIOIIEH TOUYKE, a B MPABON YaCTH 3HAYEHUE ITOrO
napamerpa. O6paTuM BHUMaHUe, 9TO IIPH 3aIaHUU TPOU3BOIHBIX B HAYAIBHBIX MJIA KPAEBBIX
YCJIOBHSAX CJIeJIyeT MCIojIb30oBaTh orneparop D - komana diff() 3mecs me ynorpebisercs.
Ecmu Tognoe pemtenne 3agaun Kommm nim KpaeBoit 3aga4un cucrema Maple He cMmoriia HaiTH,
a MpubJINKEeHHOe pellleHne B Buje psija Teiiiopa Hac He yCcTpauBaeT, TO MOYKHO ITOCTPOUTH
YHCJIEHHOE PellieHre, ¢ UCHoJb3oBanneM KoMman bl dsolve(). st sToro ciremyer 3a1arh onmumio
type=numeric, a ¢ momoripio ommuun method=wmemod onpeaeuThb UCIIOIB3YEeMBbIi /IS TTOCTPO-
eHUsl YUCJIEHHOTO pereHus meros. [lapamerp memod MoxKeT NPpUHUMATH OJHO U3 3HAUYEHUI
npejictaBiaeHubix B Tabsmie Tabs1.12, B KOTopoil TakzKe JIaHO KPaTKOe OIUCAHUE COOTBETCTBY-
IOIETO 3HAYECHUIO METOA.

[To ymosraanuio (eciu He 3aaHa onrus method) npumensiercst meton Pyrre-Kyrra-Pansbepra
nopsijika 4-5. OiHaKO TPHU MCIOJIB30BAHUK YUCIEHHOTO PEIeHUs CJIeIyeT MOMHUTH, 9TO
BCe TapaMeTphbl udGepeHIualIbHOr0 ypaBHeHns! (CHMBOJIBHbIE KOHCTAHTBI) JIOJIZKHBI OBIThH
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omnpenenensl. Hanpumep, iia 3agaun Komu ypaBuenus egn! npeablayInero mpuMepa ciie-
JIyeT 3aJ1aTh YUC/IEHHOE 3HaYeHue Jjid mapamMerpa k.

Yucennoe perrenne crpoutcd B (popMe mporeypsl Maple, mosTomy ciie/lyeT HEKOTOPOi
[IePEMEHHOl [TPUCBOUTH PEe3yJIbTaT MOCTPOeHUs KOMaHIoi dsolve() ducieHHOrO perneHunst
B BHU/Ie TIpoIeyphl. B paimbHeiieM nMms 3Toi mepeMeHHoil MOYKHO UCIIOJIb30BaTh KaK UM
MPOIIETYPHI JIJIsi BBIYUC/IEHUS 3HAUYEHUs peleHns 3ajiadn Ko B HEKOTOPO#l TOYKe, CO-
OTBETCTBYIOIIEH 3HAUECHNIO HE3aBUCUMOI ITIepeMEHHON (DYHKIIUN PEIeHns. DTOT 3HATCHHE
nepeJiaeTcsd B IMPOIEIypPy KakK ee IapaMeTp - IMOCIe UMEHH MPOIIeyPhl B KPYTJIbIX CKOOKAX.
Crenyromnuit mpuMep JeMOHCTPUPYET MOCTPOEHUE YNCIEHHOTO perrenns 3ajadn Ko u
€ro UCII0JIb30BaHue.

> eqnl:=diff (y(x),x$2)+k~2*y(x)=0;
eqnl := ({5 y(x)) + k?y(z) = 0

[Tepemennoit F' npucBanBaeM pe3y/IbTaT YUCIEHHOIO pertenns 3aaaqn Komm s aud-
bepennuaabHOTO ypaBHEHHs] BTOPOTO MOPsiJIKa (B HYJIEBOI TOUKE 3a,/1a€TCsl 3HAYCHUE HEn3-
BECTHON (DYHKIMM U ee [ePBOii IIPOU3BOIHOI):

> F:=dsolve({eqnq,y(0)=0,D(y) (0)=1},y(x),type=numeric) ;
F :=proc(z_rkf}5) ... end proc

Eciu #e npucBouts mapamerpy k KOHKPETHOI'O YUCJIOBOIO 3HAYEHUS, TO TOIBITKA IOJIY-
YUTH PENICHUs B TOYKE, HAIIpUMED & = 1, NpUBEJIET K OIIMOKE:

> F(1);
Error, (in F) global ’k’ must be assigned to a numeric value
before obtaining a solution

CrenryeT 06g3aTe/IbHO OIPEJIETUTD BCe CUMBOJIBLHBIE TapaMeTPhI M depeHITuATLHOTO yPaB-
HEHUs YUCJIOBBIMU 3HAUEHUSMHU I1epe/]] UCIIOJIb30BaHUEM YUCJIEHHOT'O PEeIeHns:

> k:=1:
> F(0);F(1);F(2);
[z =0., y(z) =0., &£ y(z)=1]
[x =1., y(x) = (0.841471136026033850, dd (ZE) =0. 540302304342744177]

[z = 2., y(z) = 0.909297642748657208, dd y(xz) = —0.416146922604897218]

O6paTI/ITe BHUMaHNHE€, B KaKOM BHI€ IIOCTPOEHHAaA IIPOLEAYypa YUC/JICHHOI'O PpEIIeHUsd Bbl/1a-

€T pe3yJIbTaThl - B BHUJE CIIMCKA 3HAYEHUNl HE3aBUCUMON TepeMEeHHOM, caMoil (pyHKIUU U ee
IPOU3BOJIHBIX (10 MOPsijiKa Ha eJIUHUILY MEHBIIE MOPSIIKa CAMOrO YDABHEHHs ).
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I1lakeTnl

II1.1 Ilonkarodyenme nmakeroB Maple

Maple, kak u J100as apyras IporpaMMHas CHCTeMa, UMeeT COOCTBEHHYIO apXUTeKTYyPy. fAapo,
OCHOBHAs OMOJIMOTEKA U MAKETHI - 9TO BCE JIEMEHTBI, COCTAB/ISIONIE B COBOKyIHOCTH Maple.
[TosbzoBaresnb, paborasi B cucTeMe aHAJUTUIECKUX BhIuncieHuit Maple mocrosinao “obimaer-
cst’ ¢ 9TUMHU TpeMsl KOMIIOHEHTaMU: OJIHU KOMaH/Ibl HAXOJSITCA B IOCTOSTHHO HAXOJIAIIEMCS B
aMsTH KOMIIBIOTEpa sjpe, JIPYyrue aBTOMATUIECKU 3arpyKaloTcsd U3 OCHOBHOW OMOJIMOTEKH,
a I BBIIOJTHEHUS TPEThUX CJIEyeT SBHBIM 00Pa30M IOJKJIIOYUTH COOTBETCTBYIONINN ITaKeT.
Bce 910 B COBOKYIHOCTH M COCTaBJIsIET IIpeaMeT opranu3amuu Maple.

[Ipu zamycke Maple B maMsaTh KOMITBIOTEPA 3arpyzKaeTcsd TOJIBKO SJIPO, ABJIAIONICECS €ro
OCHOBHBIM KOMIIOHEHTOM. B HeM comepzkarcs mporpamMmbl, 6e3 KoTopbix Maple He moxker
GYHKITMOHUPOBATD, & TaK¥Ke IIPOIPAMMbI, PEAJTUIYIOIINE OCHOBHBIE HU3KOYPOBHEBbIE KOMAaH,IbI
BBITIOJIHEHHS TIPOCTHIX aHAJTUTUIECKUX ITPeoOpa30BaHUil U HMCIIOJIb3yeMble KOMaHIaMU U3 OC-
HOBHOI OMOIMOTEKN 1 HakeToB. K HUM OTHOCHUTCSI MHTepIIpeTaTop sizbika Maple, mporpaMmbr
pabOThI ¢ YUCJIOBBIMH JIAHHBIMU, & TaKxKe IIPOrpaMMbl, OTOOparKaroliue pe3yIbTaThl BBIIOJI-
HeHus KoMaH |, Maple u BbIIOJIHSAONIME JPyTIUe Ollepallu BBOJA/BbIBOJIA. Zjipo cocTouT u3
[IporpamMM, HAIMCaHHBIX Ha a3bike (', n cocraBisier 0Kojao 10 % obiiero pasmepa CUCTEMBI
AHAJIMTUIECKUX BBIYUCJICHHUIA.

OcranbHas 9acTh IPOrPaAMM, peaJu3yioIuX (GpyHKIoHAIbHOCTH Maple, Hammcana Ha s3bIKe
Maple u xpanurcsa B 6ubmoTeKke, KOTOpas COCTOUT U3 JBYX YacTeil: OCHOBHOI OMOIMOTEKN
1 MHOI'OYHCJIEHHBIX IIaKeTOB, B KOTOPBIX CIPYIIINPOBAHBI KOMAaH/IbI JIJIsSI BBIITOJIHEHUST OIIpeie-
JIEHHBIX MaTeMaTU4eCKUX JICHCTBUM.

OcHoBHast OUO/IMOTEKA COJAEPKUT HamboJee JacTo MCIOJb3yeMble KoMaH bl Maple, KoTopbie
3arpyzKarloTcs aBTOMATUYIECKH, KaK TOJIBKO II0JIb30BaTe/b oOpaliaercsd K HUM. B oriudne or
NPEIbIIYIINX BepCUil HE CTOUT 3a00THThCS 00 UX SBHOW 3arpyske. IIporpaMmbl Ha s3bIKE
Maple mpejicrapisitoT cob0il 0OYeHb KOMIIAKTHBIE ITPOIEyPhl, OBICTPO 3arpyzKaroIiuecs B Iia-
MATb U BBIIOJHSAIONIUECA C JIOCTATOYHO BBICOKOW CKOPOCTBIO, TAK UTO IMOJIb30BaTE/Ib TPAKTH-
JeCKU He MOYKET OTJIMYUTH, KaKasd KOMaHJIa HAXOJUTCA B sijipe, a KaKas 3arpyzKaercs u3 Oud-
Jmorekn. Eciin HeobxoiuMast JIJ1s BBIIOJTHEHUST MaTeMaTHIeCKUX IIpeo0pa30BaHnii KOMaHIa He
HAXOJIUTCS B siJIpe WU OCHOBHOH OHOJIMOTEKE, TO TOJIH30BATEIO IPUXOIUTCI SIBHO IOJIKJIIO-
JaTh HaKeT WK TOJbKO OJIHY IPOrpaMMy U3 IHaKeTa, YTOObl UMEeTh BO3MOXKHOCTH O0PaTUTHCS
K TpebyeMoil KoMaH/Ie.

[Takersr B Maple wucrionb3yrores s yaobcTBa opraHu3alini paboThl 1moJib3oBaTessd. [laker
1peJicTaBiigeT coboil HabOp KOMaH/I JIjIs PEIIeHUsT 3a/1a9, OTHOCAIINXCA K OIPEJIeIEHHBIM Pa3-
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JelaM MaTeMaTUKU, WX PEIIeHUs OIpPeIe/IeHHbIX 3a1a4 I'PapuIecKoro MmpeacTaBIeHns] NH-
dopmanm, HaAIpUMep, MaKeT finance CAYKUT JIJIsi PelleHns 3a1a49 (PUHaAHCOBO MaTeMaTUKMI,
B makeTe stats coOpaHbl KOMAH/IBI /ISl CTATHCTUIECKONH 00pabOTKN Pe3yIbTATOB U T.II.

s Toro, 9ToOBI MCIIOJIB30BATh KOMaH/Ibl KaKOrO-HHOY/Ib IMaKeTa, HeOOXOIUMO IOKIIOUYATD
ero, TakK KaK OHU BCe HaXO/ATCs He B sijipe cucteMbl Maple, a B cuienuasibubix (aitnax. [oako-
YeHHe ITAKETOB OCYIIECTBIISETCsI C TOMOIIBI0 KOMAH bl with(nakem); T1e B KauecTBe ImapaMeTpa
YKa3bIBAETCA UMsI COOTBETCTBYIOIIEro makera. MoxkeT 0oKa3aTbCsd, 9TO HMOIKJII0YAEMbIi HaKeT
COJIEPKUT KOMAaH/Iy ¢ TAKIM YK€ UMeHeM, UYTO U B paHee IIOAK/II0UIeHHOM makere. B aTom ciaydae
B 00JIACTU BBIBOJA@ OTOOPaXKaeTCs COODINEHHME O IEePEOIpe/IeICHUN COOTBETCTBYIONICH KOMaH-
JIbI, U pe3yJIbTaT ee JefcTBUs OyJIeT COOTBETCTBOBATH KOMAHJIE, HAXOJMAIIEHCS B ITOCIEIHEM
HMOJIK/TI0UEeHHOM Takere. [[oJK/oYnB maker, B JaJIbHEHIIEM I10Ib30BATE/b MOYKET BbI3bIBATH
BCE €ro KOMAaHJbI, IIPOCTO HabWpas X UM U TpebyeMble NI €€ BBIIOJHEHHSI ITapaMeTpPhl B
objacTu BBOJA.

Eciu neobxoanma Kakasg-ToO KOHKpeTHas KOMAaH A MaKeTa, TO BMECTO IOJIK/TIOUEHUs BCETO Ta-
KeTa TEeJTUKOM MOXKHO IMOJKJIIOYUTD OJIHY 9TY KOMaH/Iy C ITOMOIIBIO CJIEIYIOIMIEro CHHTAKCUCA
oneparopa with():

[IaKeT , UMsI_KOMAHIH ;

B nanpHeiimem 3Ta KOMaHa TaK:Ke MOXKET ObITH MCIIOJb30BaHAa CCHLIKON TOJBKO Ha €€ MM,
0e3 yKasaHUs ITakeTa, B KOTOPOM OH& HAXOJINTCS.

Ecnmu nosib3oBaTeb He »KejlaeT, 9ToObl KOMaH/Ia MOCTOSTHHO HAXO/W/IACh B MaMITH, MOXKHO
3arpy3uTh €e TOJILKO Ha BPeMsl €€ BBIIOJIHEHUs, ITOCIe Jero oHa OyJ/IeT BBITPYZKeHa U3 aMsi-
. 1 9TOrO0 Clleiyer ykKasaTh ee IOJIHOE UMs, COCTOAIIee U3 MMEHU IaKeTa U UMEHU CAMOI
KOMAH/IbI B CJIE/IYIOIIEM BHJIE:

nMs_nakeTa [uMsa_roMauzs] (. ..);

[Ipu ciepyromem obOpallleHUU K KOMaHJie ee HeoOXOJMMO CHOBA 3arpPy3UThb OJIHUM W3 TPEX
ykazanubix crocobos. [Tpumep (TII1.1) memoHcTpUpyeT HOJK/IIOYEHHE TAKeTa U BBI3OB €ro
KOMAH/IBI.

Ilpumep IIIII.1. [lodkarouerue naxema

> with(combstruct);

lagfeqns, agfmomentsolve, agfseries, allstructs, count, draw, finished, gfeqns, gfseries,

gfsolve, iterstructs, nextstruct]
> bin:={B=Union(Z,Prod(B,B))}:

> count([B,bin,unlabelled],size=7);
132

Ecau nosbzoBaresb He KejtaeT, 9T0ObI 0TOOpaXKaIluCh BCE KOMaH/ bl TOJIKII0YAEMOTO Ia-
KeTa (CIHMCOK KOMAaH]| HEKOTOPBIX MMAKETOB MOXKET 3aHUMATh IEIYI0 CTPAHHUILY), TO KOMAHJLY
with() caeayer 3aBepumTh BoeTouneM (:). Berpoennsie B Maple makeTs! MO3BOJIAIOT BBIIOJ-
HATH MaTeMaTUYeCKIe IIOCTPOEHMS U IIPeodpa3oBaHusl, HAUNHAS OT 3JIEMEHTAPHONR MaTeMaTH-
KU U 3aKaHdIuBas 00IIeil Teoprueir OTHOCUTE/IbHOCTH.
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II1.2 Ilaker linalg

[Taker junHeitnoit aaredpsl linalg comepKuT KOMaH/Ibl CO3JaHUs MaTPHUIL I BEKTOPOB, IIPE/I-
JlaraeT OOJIbINION HaOOp (bYHKIMIA Jjisi pabOThl CO CTPYKTYPOIl 3TUX OOBEKTOB, JIJIS Bbl-
[IOJTHEHUsT OCHOBHBIX MaTPUYIHBIX U BEKTOPHBIX OITEPAITHIl U JJIsI PEIIeHNsT OCHOBHBIX 3,1
JIMHEHOW aJireOPhI: pellleHne CUCTeM JIMHEHHBIX ypaBHEHU, HAXOXKJIEHUS COOCTBEHHBIX
BEKTOPOB M COOCTBEHHBIX BEKTOPOB MaTPHUIIBI, IIPUBEIEHNE MATPHUIL K CIIeIHaIbHBIM (POop-
MaM 1 T.J. Y Bce 3TH JefCTBUSA MOYKHO BBIIOJIHATH C MaTPUIIAMU U BEKTOPAMU, JIEMEH-
ThI KOTOPBIX MOI'YT OBITH OOIIUMU AJINeOPANICCKIMUI BbIPAYKEHUSIMHU, TIOJTyIasi PE3Y/IbTATHI
TaK’Ke B BUJIE a/INeOpanIecKNX BbIPAXKEHNUI.

Bce komaHbI makeTa JTMHEHHON a/reOpbl TakzKe pabOTAIOT ¢ MATPHUIIAMU U BEKTOPAM.
B Maple marpumeit cuanraercsa JIBYMEPHBI MAaCCUB, WHIEKCHI KOTOPOIO U3MEHSIOTCS OT
eJIMHUIBI. AHAJIOTUYHO, BEKTOP - 9TO OJHOMEPHBI MACCUB ¢ M3MEHSIONUMCSI OT €IMHIIIbI
unjekcoM. Orpeie/inTh MaTpuily win BeKTop B Maple MoxkHO JByMst criocobamu: Jubo ¢
HIOMOITIBIO KOMaHIBI array() cranaapTHOM 61bInoTeK, Tnb0 KoMaHaMu matriz( )u vector()
makeTa linalg.

Haubosee obrmumit cuaTakcuc KOMaHabl array(), KoTopasi HO3BOJISAET 3a/1aBaTh OJHOMEPHbIE
MACCHUBBI C UHJIEKCAMU, M3MEHSIONMMUCS B JIHAIA30HAX TEIBIX (TaK ITOJIOKUTETbHBIX, TaK
U OTPUIATEIBHBIX ) YUCEJI, CJIEIYFOIIHIi:

array (ouamna3oHsl, CIHCOK,OIINH) ;

Bce mapamerpsr HeoOs13aTeIbHBI U MOTYT 3a/aBaThCs B POU3BOILHOM mopsiike. [Tapamerp
Jduana3onsl IPEICTABIISIET COOOI 1e/TOTMC/IEHHbBIE THANa30Hbl N3MEHEHUsI UHIEKCOB MaCCH-
BOB, 3aJIaBa€MbIX UYepe3 3alsTylo, - Pa3MEePHOCTh MACCHBa paBHA KOJMYECTBY 3aaHHBIX
JIMaNa30HOB. SHAYCHUS JIEMEHTOB MACCUBa 33/IAI0TCs ITAPAMETPOM CRUCOK B BHUJE CIUCKA
JIIsT OJTHOMEPHBIX MaCCHBOB WJIM CIHCKA CIIUCKOB JIJIsi MHOTOMEPHBIX MAacCHBOB. B kade-
CTBE 3HaYCHUS IMapaMeTpa Onyul MOYXKHO IIPUMEHITEL symmetric, antisymmetric,identity u
diagonal. OHE HCTIONIB3YIOTCS J1JIsT 38/IaHKsT MACCUBOB CIIEIUATBLHOTO BU/Ia (CHUMMETPHUYHBIX,
AHTUCHUMMETDUYHBIX, €/IMHUYHBIX U JUArOHAJILHBIX ). Jljist 3a/1aHus BEKTOPOB ¥ MATPHIL C
MTOMOIIIBIO 9TON (DYHKITUH CJIeIyeT YKAa3bIBAThH JTUAIIA30HBI N3MEHEHUsI HH/EKCOB, HATMHAIO-
IIUecs C €IUHUIBI.

> vec:=array(1l..2,[1,2]);
vec :=[1, 2]
> matr:=array(1..2,1..2,[[1,2],[10,15]1]1);

1 2

matr = 10 15

s 3aaHus TeX ¥Ke BEKTOPOB U MaTPUIILI MOYKHO HCIIOJIL30BATh COOTBETCTBEHHO KO-
man el vector() u matrix() u3 makera linalg, npeaBapuTesbHO TOJIKIIIOUNB €r0 KOMAH/IOM
with(linalg). Cunrakcuc 3Toit KOMaHIbI CJIeJLy IOIIHii:
vector(n, [a1emenTl, smeMeHT2,...]);
matrix(n,m, [snemMenTl, >meMeHT2,...]);
3/1eCh 1e/Ible BeJIMYUHBL 1 U M 38J]aI0T Pa3MEPHOCTH BEKTOPa U MATPUILLI, a 3HAYCHUS UX
9JIEMEHTOB 3a/1al0TCs B BUJIE IIPOCTOIO CIIMCKA.

> vec:=vector(2,[1,2]);
vec :=[1, 2]
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> matr:=matrix(2,2,[1,2,10,15]);

1 2

matr = 10 15

SHaueHnsT 3JIEMEHTOB BEKTOPa WM MATPHUIIBI HEOOA3aTe/IHbHO 3a/1aBaTh IPU CO3IAHII
9TUX 00BEKTOB. MOXKHO MO3/IHEee ¢ IMOMOIILIO OOIIEIPUHATON MHIEKCHON CCHLAKKA Ha 3JIe-
MEHTBI BEKTOPA MJIM MaTPHUIIBI (B KBAPATHBIX CKOOKAX MOC/Ie MMEHHU BEKTOPA UM MACCUBA
3a/1a10TCs MHJIEKC(bI) TpeOyeMoro 3/ieMeHTa) IPUCBOUTL UM HOBbIE 3HAYEHUS MU UCIIO/Ib-
30BaTh y»Ke IIPUCBOCHHBIC 3HAYECHUS B BHIYUCICHUSX.

> vec[1]:=5;
vecy ;= H
> eval(vec);
[5, 2]

Ob6paTure BHUMAHHUE, 9TO JJIsi OTOOpaKeHUsT COAEPXKUMOTO BEKTOPa VEC UCIOJIb30BaHa KO-
MaH/Ia eval(), Tak Kak IepeMeHHasi, COJIepKAaIast CJIOXKHBIE 0ObEKTHI, KAKOBBIMHE SBJISIOTCS U
BEKTOPBI, U MATPHUIIBI, BEIYUC/ISIETCS] HE IOJHOCTHIO, 8 TOJBKO JIO0 CBOEIO MMEHU. DTy K€ KO-
MaHJIe CJIeJIyeT IPUMEHATh U B CJIydae, eCIi HeOOXOIUMO ITOCMOTPETDb COJIEPKUMOE MATPHUIIDI.
JI1s1 BBIYUC/IeHNsT HEKOTOPBIX XapaKTEePUCTUK MaTPHI] HY?KHO OCYIIECTBIATH IIpeobpa3oBaHme
caMuX MaTpPHIl, HAIpUMeEP, MpuOaBICHUEe K OIHON CTPOKE MATPHUIIbI JTUHEHHYI0 KOMOUHAIUIO
HEKOTOPBIX APYTHUX, WU BbIICIATH HEKOTOPbIE TOIMATPHUIIBI, HAIIPUME]D, IIPU BEIYUCICHUN ME-
HOPOB MaTpHUIbl. s 9TUX 38189 MOXKHO HCIIOJIB30BATh PsIJ KOMAH/I, COAEPKAIIIXCS B IIaKeTe
linalg.

BbisicHUTH pasMepHOCTH (KOJIMYECTBO CTPOK U CTOJIOIOB) MATPUIIBI TOMOTYT COOTBETCTBEHHO
koMan bl rowdim() u coldim(), a onpeeuTb KOJIMIECTBO 3JIEMEHTOB BEKTOPa MOKHO KOMAaH-
qoit vectdim(). EjuHCTBEHHBIM TI€peIaBAeMBIM B 9TH KOMAHJIbI IAPAMETPOM $IBJISIETCS UJIEH-
TUGHUKATOP MaTPHUILl Win BekTopa. Ceayomuii IpuMep JeMOHCTPUPYET UCIOIb30BAHIE STUX
KOMAaH,/I:

> vectdim(vec) ;

> coldim(matr) ;
2

Nuorna meobxoiuMo yIa/uTh WU, HA000POT J00AaBUTH B MATPUILY HECKOJHKO CTPOK WJIH
CTOJIONOB. YIAJNTh CTPOKU WU CTOJIOIBI ¢ HOMEPAMU OT § JIO j W3 MATPHUILl A MOXKHO
coorBercTBeHHO KoMaHgamu delrows(A i..j) u delcols(Ai..j). dns yaanenus onHoit crpoku
WJIN OJIHOT'O CTOJIONA CJIe/IyeT UCIIOJIHL30BATh JIUAIIa30H i...1. /J{06aBUTH CTPOKHU U CTOJIONDI B
marpuity A MoxxHO Koman1oit extend (A, rows,cols,expr),B KOTOpPOii mapaMeTpsl rows u cols
SIBJIATOTCS TEJBIMU IUCTaMU, BKJIO4Yas (, U MPEICTABISIOT COOTBETCTBEHHO KOJIUIECTBO
J100aBIgeMOe KOJTMIECTBO CTPOK M CTOJIONOB. [lapameTp expr - BbipakeHue, 3HaUe€HUe KO-
TOPOT'O HCIOJIB3YeTCd B KadeCTBe 3HAUEHU 100aBI/I€MbIX 3JIEMEHTOB CTPOK U CTOJIOIOB.

> with(linalg):
> A:=matrix(2,2,1);

Warning, the protected names norm and trace have been redefined and
unprotected
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11
=11 ]
> delcols(A,1..1);
[ 1
_1
> Al:=extend(A,1,0,-1);
[ 1 1
Al = 1 1
_—1 —1

Bosbimast rpyrimma KoMaH 1 I03BOJIAET BBIIEIATD U3 MATPHUIILI IOJICTPYKTYPBL: CTOJIOIHI,
CTPOKH, TOJIMATPUIIBI U MUHODPHI. [[jIs BbIJeeHud CTPOKU C 3a/IaHHBIM HOMEPOM CJIEJTy-
eT TPUMEHATh KOMaHTy row(A)i), a 9To0bl MOJYIUTh HYXKHBIH CTOIOEI] MOKHO HCIIOJIb-
3oBaTh KOMaH/y col(A,j), 3mecs A - maTpuiia a mapamerpbl ¢ U j SIBISIOTCS HOMEPAMU
COOTBETCTBEHHO BbIJIeJIsIeMOil cTpoku mwin crosdma. opMupoBanme Mo IMaTPUIIBI, COCTOSI-
el U3 3JeMEHTOB CTOJIONOB ¢ HOMepamu OT ¢l J10 92 u cTpoK ¢ HOMepamu oT jl 5o j2,
OCyIIeCTBIIsIeTCs: KOMaH 10l submatrix(A,il..i2,j1..j2). CymecrByer aHaJIOrn9IHasi KOMaHJIA
JJT BBIJIEJIEHUST BEKTOPA, COCTOSINEro M3 3JIEMEHTOB ¢ HOMepaM® OT ¢1 J10 12 MCXOJHOTO
BekTOpa,- subvector(vec,il..i2). Marpuna MuHOpa 3/1eMeHTa ¢ HHIeKcaMu (i, j) ToJIydaeTcs
KoMaH 10t minor(A i,j). HamoMmHuM, 910 MUHOD TIOJIy4aeTcs U3 UCXOIHOM MATPUILLI BbIYep-
KUBaHUEM ¢-Oif CTPOKH U jJ-r0o crosidma. OTMeTuM, 4TO BCe Iepevdrc/IeHHble KOMAH bl He
U3MEHAIOT CTPYKTYPY MCXOJHON MATPUIIBI, & TOJTbKO BBIJIESIOT U3 Hee COOTBETCTBYIOIINE
OJICTPYKTYPbI. [IpuMepb! ncroib3oBanms TUX KOMAH/I IPUBEJIEHBI HUKE.

> with(linalg):
> A1=matriX(4,3: [1:1:_1:1:1’_1:1’1’_1’_1’_1’_1]);

Warning, the protected names norm and trace have been redefined and

unprotected
1 1 —1
1 1 —1
A: 1 1 -1
-1 -1 -1
> row(A,4);
-1, -1, —1]
> Al:=submatrix(A,2..3,2..3);
1 -1
T
> A2:=minor(A,3,2);
1 -1
A2 = 1 -1
-1 -1

[Taker linalg cojepkut pg KOMaH/I, IpeTHA3HAYCHHBIX JIJIA BBIIIOJTHEHUS JIMHEWHBIX TTPe00-
pas0BaHMil HAJT CTPOKAME U CTOJIONAME HexoaHOi MaTpuisl. Komanma addceol(A,j1,j2,expr) co-
3/1a€T HOBYIO MATPUILYy U3 MaTPHUIlLl A 1myTeM npubaBjienns K ¢ToyiOIy nomep j1 crosbia ¢ Ho-
MepOM j2, YMHOKEHHOT'O Ha 3Ha4Y€eHUe IapamMeTpa expr. Komana /i1 BBIITOTHEHNST aHAJIOT Y-
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HBIX JIefiCTBUIl HAJI CTPOKAME MATPUIIBI MMeeT cieayomuii cuarakcuc: addrow(Ail,i2,expr).
YMHOXKUTH CTOJIOEI] C HOMEPOM j Ha 3HaUeHHe BbIpayKeHHe eXPr MOKHO KOMAaHI0#
mulcol(A,j,expr), a To ke camoe JefcTBHe Jisi CTPOKU C HOMEPOM i BBINOJIHSETCST KOMaH-
Joit mulrow (A iexpr). [l nepecTaHOBKE MeCTAMU JIByX CTPOK HJIM JIBYX CTOJIOIOB MaTPHUITHI
A cregyer o6paTUThCA COOTBETCTBEHHO K KoMamgaMm swaprow(A,il,i2) uau swapcol(A,jl,j2).
OTU KOMaH/IbI [TOJIE3HBI IIPU IIPUBEICHIN MATPUIILI K TPEYTOJbHOMY BUJLY WU BBITHCJICHUS €€
OIIPeIEIUTEIA PA3JI0ZKEHUEM 110 CTPOKAM U CTOJIOIaM.

Koman bl nakera linalg rnpeictaBisgioT BO3MOXKHOCTD BBIIIOJTHEHUST OCHOBHBIX
MaTPUYHBIX U BEKTOPHBIX OllEpAIUii: IepeMHOXKEeHNEe MaTPUIL, yMHOXKEHUAE MaT-
PUIIbI HA BEKTOD, BBIMHUC/ICHUE TPAHCIIOHMPOBAHHON U 0OPATHOM MATPHII, & TaK-
2K€ BBIYHMCJICHUC ONPEICIUTEIA KB IPATHON MATPUIIBL.

CuioKeHne JIByX MaTPHIL OCYIIECTBIISETCs ABYMs criocobamu: koman 1ot add() u Koman10i
evalm(). Ormernm, ¥To KoMaHa evalm() CJIyKuT /s BBIYUCICHNST MATPUIBI JIH BEKTOPA
HA YPOBHE UX 3JIEMEHTOB W UCIIOJIb3YeTCs I BLIMACICHUS JIIOOLIX BO3MOXKHBIX JIeHCTBUIL
HaJI MaTPUIAMU, 3aJaHHBIMI OlepaTOpaMu CJIOKeHus! (+), BblauTaHus (-), YMHOKEHHUSI
{&x*}, nenenns (/) u BosBeJenus B crenenb ~. OOpaTuM BHUMaHUE, YTO JIJIS BBIIOJHEHUS
HEKOMMYTATUBHOI'O YMHOXKEHUsI MATPUI] UCIIOJIb3YeTCsl Olepalusi yMHOXKEHUs CO 3HAKOM
&*, a He 3HAKOM KOMMYTATUBHOI'O YMHOMKEHUs * qucesl. VTaK, CJI0KUTH JiBe MATPUILLI OJI1-
HAKOBOW DPa3MEpPHOCTH MOXKIO b0 Komanaoit evalm(A+B), mmbo komanmoit add(A,B).
[Tocaennion KoMaH Ly MOXKHO UCIIOJIB30BATD /I BLIYUCICHUS JIMHEHHON KOMOMHAIINT JIBYX
MaTpury co ckaasipabiMu MuOzKHTe M - add (A, B scalarl,scalar2). B arom ciydae pesyiib-
TATOM OYyJIeT MaTpHIla, BHIYUCIIeMasi 110 CJIe/Iyoleil (popmy.ie:

scalarl*A+scalar2x*B.

YMHOXkKEHHe MAaTPUIBl Ha MaTpHIly (MM BEKTOD) BBINOJHsAETCS KoMaHoi multiply(A,B)
nin evalm(A&*B). [Ipu sToM, ecTecTBEHHO, PA3MEPHOCTH MATPUII-COMHOXKUTEJICH JTOIZKHBI
OBITH TAKOBBIMHU, 9TOOBI COOTBETCTBYIOIINE OIEPAIN CYIIECTBOBAJIM.

BosBecTn KBaJIpaTHYIO MATPUILY B CTEIIEHb 1 MOYKHO KOMaH 10l evalm(A~n). /s Berauciie-
HItsl OOPATHON MATPHUIIBI K 3a/JaHHON MOXKHO BOCIIOJIB30BATHCs JIHOO KoMaH 101 inverse(A),
60 komanoit evalm(1/M). TparcrornpoBanHast MATPHIA BBIMUCIAETCS € TIOMOIIBIO 06~
pamienusi K koMmaHze transpose(A). Onpejesuresb U paHr MATPHUIILI MOXKHO IOJIYIHUTb,
obparusiuch K Komaugam det(A) u rank(A), coorBercrBenHo.

O1HO# M3 BarKHBIX XapaKTEPUCTUK KBaPaTHBIX MaTPHIL ABJIAIOTCA COOCTBEHHbBIE YHCJIA
1 COOTBETCTBYIOIINE UM COOCTBEHHBIE BEKTOPBI. JI/Is BbIYMC/IEHUsT COOCTBEHHBIX YHCEN U
BEKTOPOB YUCJIOBOI KBAJIPaTHON MATPUIBI MOYKHO BOCIOJIL30BATHCS OTIOXKEHHONW KOMaH-
noit Eigenvals(A,V) ocrosroit 6ubsmorekun Maple. B Heit nepsbiii mapameTp mpejicraisier
coboit MaTPUILY, /I KOTOPO# BBIYUC/ISIIOTCST COOCTBEHHBIE YNCIIa, a BTOPOH HeoOsa3aTe Th-
HBII [TapaAMeTpP SBJIAETCA MATPHUIIEH, CTOJIOIBI KOTOPOi CojlepKaT COOCTBEHHBIE BEKTODHI,
COOTBETCTBYIOIINE COOCTBEHHBIM 4ucjaM. Jljis 1mosydennst pesyabrara IMPUMEHEeHUs ITOil
OTJIOKEHHOI KOMaH/IbI CJiejlyeT UCIojib30oBaTh KomaH ity evalf(). [Ipumep Boranciienus c ee
HIOMOIIBIO COOCTBEHHBIX YUCEI U COOCTBEHHBIX BEKTOPOB MPEICTABICH HUKE:

> with(linalg):

Warning, the protected names norm and trace have been redefined and
unprotected
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> A:=matrix(3,3,[1, 2, 3,
-1,-2,3,0,2,91);

o
I
|
O ==
|
N DO DN
O W W

> evalf (Eigenvals(A,V));
[0.614232441, —2.066800990, 9.452568549]
> evalm(V);

0.955495034  —0.5719289135 0.4022344932
—0.2869586740  1.203146218  0.2228332916
0.06843945323 —0.2174334239 0.9847493465

Jlst mostyvenusi COOCTBEHHBIX YUCE/T U BEKTOPOB CUMBOJILHBIX MATPHIL CJIE/LyeT COOTBET-
CTBEHHO HCIIO/Ib30BATh KOMAHIE! eigenvals(A) u eigenvects(A). Pesysibrarom Bbioemnust
HEPBOl KOMAH/IbI OYJeT MacCHUB, COJEPXKAIIUII COOCTBEHHBIE YUC/Ia MATPUIILI, & Pe3y/IbTa-
TOM BBITIOJTHEHUST BTOPOI KOMaH/IbI OyJIeT MACCUB CTPOK, dJIEMEHTaAaMU KOTOPBIX SBJISIOTCS
CODCTBEHHOE YHCJIO, €r0 KPATHOCTb U COOTBETCTBYIONINN COOCTBEHHOMY YHC/IY COOCTBEH-
HBIA BEKTOP.

> with(linalg):

Warning, the protected names norm and trace have been redefined and

unprotected
> A:=matrix(2,2,[0, 1, a,bl);
A= [2 ll)}
> eigenvals(A);
b VB2+da b VB2+4da
2T T2 2T T 2

> eigenvects(A);

é Vb2 +4da é+ V2 +4da
Vb2 +4a 1 _2_ 9 1 é_\/62+4a 1 2 9
2 b ) a ) ) 2 2 b ) a

b
2 1
2" ’

B nakere ectb crienmaibHas komana linsolve() perennst cucreMbl JTMHEHHBIX ajrebpanae-
CKUX ypaBHEHMIT. DTa KOMaHa peniaeT marpudnoe ypasaeaune Axr = b. Marpura A u BekTop
b neperatorcs eif B KauecTBe MapaMeTpoB:
linalg(A,b,’r’,v);

PasmeprocTh BekTOpa b J0/IKHA PABHATHCA ducay cTpok marpuribl A. Hemssectnas mepe-
MEHHAasI 7', eCJIN 3aJaHa, COIEPXKUT Ioc/ie periennsi panr marpuibl A. Ecaun panr marpuiibt
MEHbIIIE KOJIMIECTBA HEU3BECTHBIX, OIPEJIEIAEMbIX KOJIMYECTBOM CTOJIOIOB MATPHUIBI A, TO
pelenne mpeJicTaBiIdgeTcd B mapaMerpuieckoit popme. Ecm 3a1an neodg3are/ibublil 4eTBep-
TBII TapaMeTp V, MPEJICTaBI[IONINI UM, TO TapaMeTphl 3ajat0Ted B Bujae _v[1], _v[2],...,
MHAYe UCIHOJIb3YeTCs UM 110 YMOJYaHUIO, pABHOE CUMBOJIY (1). Pe3yabraroM BbINOJHEHUST KO-
MaHJIbI OYJIET BEKTOD, B CIydae CYNIECTBOBAHUS PENIeHUs, U IIyCTas MOCJIEI0OBATEILHOCTD - B
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[IPOTUBOIIOJIOZKHOM CJIyYae.
DTa KOMaH]1a MOXKET pelraTh u MaTpudnoe ypapaenne Bujga AX = B, B KOTOPOM KOJTHIECTBO
CTPOK MATPUILI B paBHSETCS KOJUIECTBY CTPOK MATPHUIBI A, KOJIUIEeCTBO CTOJIOIOB MaTpH-
116l B paBHAETCS KOJIUYIECTBY CTOJIOIOB MATPUIIBI HEU3BECTHBIX X , & YNUCJIO CTPOK MaTPHUITBI X
paBHsAETC YUCITy CTOJIOIOB MaTpullel A. B aToM citydae, 1o cymecTBy, permaeTcs mocje/10Ba-
TeJIbHOCTE ypaBHeHuit A col(X,1)=col(B,1i), rye i mpoberaer 3HaYeHusi OT 1 J10 KOJTUIECTBA
cToJIONoB MaTpuilbl B. Pe3yibraroMm OyjeT Marpuiia, CToJIONbI KOTOPOil SIBJISIIOTCS PeIeHueM
COOTBETCTBYIOIICH JIMHEHHON! CUCTEMbI U3 YKa3aHHON 110CJ1e/10BaTe/IbHOCTU CUCTEM YPaBHEHUN.
Ecnn perrennst He cyImiecTByeT, TO Pe3yIbTATOM OyJIeT IIycTas IMOCIeI0BATETbHOCTD.

IIpumep IIIIL.2. Pewenue cucmem AUHETHBLT GA2E0PAUYECKUT YPAGHEHUT]

> with(linalg):

Warning, the protected names norm and trace have been redefined and
unprotected

> A:r=matrix([[1,2],[1,3]1]):

> b:=vector([1,-2]):

> linsolve(A,b);

Vv

B:=matrix([[1,1],[-2,1]1]):
> 1linsolve(A,B);

A:=matrix([[5,7],[0,0]1]):
b:=vector([3,0]):

> linsolve(A,b,’r’);

vV

vV

f5 ]
55— -h
> r; # Panr marpums A
1
> linsolve(A,b,’r’,par);
3 7
{5 - pary, parl]

[Taker linalg comepzkut 60siee cTa MOJE3HBIX KOMAHI BBITIOJTHEHUS MATPUIHBIX OIIE€PAITHiT,
a TaKKe CTPYKTYPHBIX IIpeobpa30BaHUil MATPHIL.

II1.3 Ilaker LinearAlgebra

Bce komanabr makera LinearAlgebra M0OXKHO BBI3BIBATH HEIIOCPEICTBEHHO IO MUMEHH, IIPEIBa-
PUTEIBHO TIOJIKJIFOYUB BCE €r0 KOMAaH IbI (DyHKITIEH

> with(LinearAlgebra) ;

WA OTJEJIbHYIO KOMAH/y C UCIOJIb30BAaHUEM CHHTAKCHUCA
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> with(LinearAlgebra, uMs_KOMaHIE) ;

Mo2KHO BBI3BIBATH KOMAH/LY, IIPE/IBAPUTE/IHHO HE TOJIK/II0YAd €€, a UCHOIb3YS JIJTMHHOE UM
> LinearAlgebra[umsa_xkomanzs] (mapameTps) ;

> LinearAlgebra[’umsa_xomanzs’ ] (mapameTpsl) ;

[Mocaenuss Gpopma (MMsi KOMaH/IbI, 32KII0YEHHOE B OJ[MHAPHBIE KABLIYKH ), BHI3bIBAET COOTBET-
CTBYIOILYIO KOMAH/Iy ITaKeTa, JazKe eCJIM B TEKYIIEeM CeaHce MCIOJIb3YeTCs KaKoi-Imbo 00beKT
C TAKUM K€ UMEHEM.

[Taker LinearAlgebra peasm3oBan B Buie MOJIyJIsI, HOBOIT si3bIKOBOI KoHCTpyKInu Maple, pea-
JIU3YIOMIEH 3JIeMEHTHI 00 bEKTUBHO-OPUEHTUPOBAHHOTO IIpOrpaMMupoBanus. Kaxkas komania
sIBJIZETCsT MeTO/IoM o0bekTa LinearAlgebra, a mosromy ee MOXKHO BBI3BIBATH, UCIOJIB3YsI CIIe-
[AAJBHYIO OIEPAIUIO : - OOpaIleHus K METO/Ly O0bEeKTa:

> LinearAlgebra :-ums_xomanzs (IapaMeTpsl) ;

B sTom cayuae BbI3bIBacMasi KOMaH/1a Tak:Ke Oy/IeT 3arpyzkeHa, He KOHPJIUKTYsSI ¢ 00bEKTOM
JIPYTOro THIIA, CO3/JIAHHOIO B TEKYIIEM CeaHce.

OcHOBHBIE THUIIBI AdaHHDbIX

OcHOBHBIE THITBI JJAHHBIX, C KOTOPBIMIA PA0OTAIOT KOMaH/IbI makeTa LinearAlgebra, sBisrorcs
CKAJIAPBI, MIPEJICTABISIONTE KaK UNCTa, TaK U aJaredpanvdecKie BhIPayKeHNs, & TaKyKe MaTpU-
IIbI U BEKTOPBI, OllpeJiesigeMble Ha 6a3e HOBOTO TUIIA JAHHBIX r-TabJ/HIbl. MaTpuIibl 1 BEKTOPbI
COBJIAIOTCS C IMTOMOIIBIO COOTBETCTBYIONINX KOHCTPYKTOPOB.

Koncrpykropom mMarpurs siBiisercst Komana Matrix() (o6s3aTesbHO ¢ 3araaBHOl OYKBBI), CHH-
TaKCUC KOTOPOHA UMEET CJICAYIONINA BUI;

Matrix(r, c, init, ro, sc, sh, st, o, dt, f, a);

CemanTHKa IMapaMeTpoB U UX JIOIMYCTUMBIX 3HAYEHUIT IIpeJicTaBieHsl B Tadaume Tabur.13.

Bce mapamMeTpsl gBJIAI0TCA HEOOA3ATEIBHBIMHI, U B CIydae UX OTCYTCTBHS CO3/IaeTCA MaT-
puria pasmeproctu 0 X 0. CobcTBEHHO TOBODs, Ui CO3/aHUs MATPUIILI BaXKHBI 1I€PBLIC TPU
napamerpa. OcrajbHble HCIOIb3YIOTCH PA3IUIHBIMUA KOMAHIAMA JJId YCKOPEeHus ee 00paboT-
K.

ITpumep IIII1.3. Cosdarue sexmopos

> with(LinearAlgebra):
> Matrix(2);

i)

> Matrix(2,3);

000
000
> Matrix(1..1,1..4,6);
[6 6 6 6]
> Matrix([[1,2,3],[4,5,6]]1);
1 2 3
4 5 6
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> Matrix(2,(i,j)->x~(i+j));
x? a3
3zt
CozaTh BEKTOP MOXKHO KOHCTPYKTOPOM Vector() co CJIe/lyfoIuM CHHTAKCUCOM:

Vector(d, init, ro, sh, st, dt, f, a,o0);
Vector[column] (d, init,ro, sh, st, dt, f, a, o);

Vector[row] (d, init, ro, sh, st, dt, f, a, o);

B makere LinearAlgebra pasimaaiorcs BeKTOPBI-CTOJIOIBI, 3a/aBaeMble C TIOMOIIBIO TIePBbIX
JIBYX (DOPM KOHCTPYKTOPA, U BEKTOPBI-CTPOKH, JIJIsI 38 IaHIsT KOTOPBIX CJIYKUT TPEThs (hopMa
KOHCTPYKTOpa. VX MOXKHO OIIpeIe/IATh TOJBKO ¢ IIOMOIIBIO TIEPBOi (hOPMBI, 3a/1aBast COOTBET-
CTBYIOIIee 3HAUEHNE TIOC/IeIHEro mapaMerpa o: column wiau row. Ilepsorit mapamerp d 3amaer
Pa3MEepPHOCTb BEKTOpa M MOZKET IIpUHUMAaTb TOJIBKO IIeJIbI€ ITOJIO2KHUTEJIbHbIEC 3HAYCHUA, 60I[b—
mue i paBabie 1. OcTajbHBIE TTApaMeTPhl COOTBETCTBYIOT aHAJIOIMIHBIM B KOHCTPYKTOPE
MaTPHIL.

IIpumep IIIII.4. Cosdanue sexmopos

> with(LinearAlgebra):
> Vector(2);
o
0
> Vector(1l..3,5,orientation=row);
5, 5, 5]

> Vector[row] ([1,2,3]);
[1, 2, 3]

7]

[Ipu untepakTuBHOll padore B Maple mHorma He coBceM yA00HO CO3JaBATh MATPHUIIBI U
BEKTOPBI, 0Opalasch K UX KOHCTPYKTopy. Pazpaborunku nakera LinearAlgebra npejcrasuin

> Vector(2, (i)->x"1i);

[OJTB30BATEII0 BO3MOYKHOCTH UCIIOJIB30BaHMs KPATKOiT (DOPMBI 33/IaHNsT BEKTOPOB U MATPHIL;:
<a,b,c> co3maeT MaTPUILy WX BEKTOP 110 CTPOKAM;

< alblc > co3maeT MATpUILYy WM BEKTODP IO CTOJIONAM.

Ecin Besmumubl, 3a/aBacMble B yIVIOBBIX CKOOKaX, HE SIBJSAIOTCA CKAJIAPAMHU, TO CO3/ACTCS
MaTpHIA, B IPOTUBHOM CJIydae BEKTOP.

IIpumep IIIIL.5. Kpamkas opma 3adanus 6eKmopos u Mampuiy
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Tabauna.13. IlapameTrpbl KOHCTPYKTOpPa MaTPWHIL

ITapameTp

Onucanue

T

nit

Iro

SC

sh

st

dt

HeorpunarenbHoe 1e10e mim Auana3oH HEeIbIX 9ucesl, HAdnHAIOMNNRC ¢
1. IIpesncraBiisier KOJIMIECTBO CTPOK B MaTPHUIIE

HeorpunareabHoe 1ejioe Win Auana3oH MeJIbIX 9rCe/T, HATNHAIOIIMIACS C
1. IlpecraBisieT KOJIMIeCTBO CTOJIONOB B MaTPHUIIE

BajaeT 3HAYEHUS 9JIeMEeHTOB MaTpuIlbl. MoKeT OBbITh OTHUM U3 CJIEIYIO-
mux obbekToB Maple:

OISy POii, BXOJHBIME IIapaMeTpaMu KOTOPOW SABJISI€TCs Iapa IEeIbIX
[IOJIOYKUTEIbHBIX YHUCEJI, OIPEJIE/ISIONINX WHICKCHI 3/IEMEHTA, a BO3Bpa-
IMAEMbIM 3HAYEHNEM BEJIMIMHA 9TOrO JeMeHTa, Hanpumep, (1,j)->i*j;
aJIredpanvIecKnM BbIPayKeHNeM, KOTOPOe BBIUNC/ISETCT Kak IIPOIeIypa
¢ JIByMsI ITapaMeTpaMi, BO3Bpallaioliasi 3HaUIeHne dj1eMeHTa; Tab/InIei,
9JIEMEHTBI KOTOPOil ¢ HEOTPUIIATE/IbHBIMIA NHJIEKCAMU ITPEJICTAB/IAIOT 3HA~
YeHUsI COOTBETCTBYIONINX 9JIEMEHTOB MATPHUIIBI;

MHOKECTBOM ypaBHeHuit Bua (1,j)=sHauenue, B KOTOPBIX HEOTPHUIATEI b
HbIe NHJIEKCHI TIPECTABIAIOT WHIEKCHI COOTBETCTBYIONIETO 3/IEMEHTa MaT-
PHIIHI;

MAaCCHBOM Ha OCHOBe TabOJIMIBI WU T-TabJIHMIBI, CO3JIaHHBIM, COOTBET-
CTBEHHO, JIO0 KoMaHoif array(), smbo komammoir Array(), y KOToporo
UHJEKCHI HAUMHAIOTCA ¢ 1

MaTpuIieil Ha OCHOBe 7r-TabJIUIIbI, T.e. MaTPUIIEH, CO3aHHON KOHCTPYKTO-
pom Matrix();

CITUCKOM, 3JIEMEHTHI KOTOPOI'0 MHTEPIPETUPYIOTCS KaK 3HAYEHUs TIEPBOii
CTPOKU MaTPHIIbI, U CIIUCKOM, 3JIEMEHTAMU KOTOPOI'O SIBJISTFOTCS CITUC-
KU UHTEPIPETUPYEMbIE KaK OC/IEI0BATE/IbHBIE CTPOKU MATPHUIIHI
Bajaerca B Bujie readonly mim readonly=true m ompesenser, 4To 3Ha-
YeHUs JIEMEHTOB MATPHUIIbI, OIIPEJIe/IEHHbIE IIPU €e CO3aHUuU, HE MOTYT
OBITh M3MEHEHBI B JaJIbHeIeM

YpaBHeHus BHUjIa SCAN=UMsA WA SCAN=CNUCOK, OIIPEJIEJISIONIEe CTPYKTY-
Py /WK TOPSJIOK JIAHHBIX [IPU UHTEPIPETAIMNA HAYAJIbHBIX 3HAYEHMUIA,
3a/laBaeMbIX ITapaMeTpoOM init

Vpasuenus Buga shape=umsa win shape=cnucox, onpesemnsioiiee OIHY
nn 00Jjiee BCTPOEHHBIX WJIN T0JIb30BATEIbCKAX WHICKCHBIX (DYHKITHI, 3a-
JIAIOIIUX PACIIOJIOKEHNE B TTAMSATH JIEMEHTOB MaTPUIIBI

VpaBuenus Buja storage=ums, TJI€ UMA SBJIAECTCI OJHUM U3 JOMYCTHU-
MBIX PEKUMOB ITAMSITH, OIPEJIEIsIst TEM CAMbBIM TPEOOBAHUS MAMSITH JIJIs
pPa3MeIEeHUsT 9JIEMEHTOB MATPHUITHI

YpaBHaenus Buja order=ums, rje umsa MoxkeT ObiTh b0 C_order, ubo
Fortran_order, 3a/iaBast xpaHeHue MaTPUILI B TaMsTH, COOTBETCTBEHHO
IO CTPOKAM WJIA CTOJIOTIAM

VYpasuenus Buja datatype=umsa, r/ie umA MOXKET OBITH JIFOOBIM THUIIOM
Maple, omnpeiesiioImM TUI JIAHHBIX, XPAHUMbBIX B MATPUIIE

VYpasuenus sBuia fill=3nauenue, onpeensiomniee 3HadUeHne, IPUCBaNBae-
MOe HeoIIpeeIeHHbIM 3jieMeHTaM MaTpuilbl. [lo ymModaHuio oHO paBHO

0
VpaBuenus  Buja attribu@eg;:cnucom OIIPEJIE/ISIONee  aTPUOYTHI

(IOJIOKUTEIbHO-OTIPE/Ie/IeHHAs, SPMUTOBA U T.JI.) C KOTOPBIMH MaT-
puiia ObLIa co3jaHa
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> with(LinearAlgebra):

> V1:=<1,2,3>; # Co3panue BekTOpa-cTonbIa

1
Vi:=1] 2
3
> V2:=<1|2|3>; # Cosganme BeKTOpa-CTPOKHU
V2 =11, 2, 3]
> M1:=«1]2>,<3|4»; # Cosmanue MaTpHUIE 10 CTPOKAM
SR
M1 =
(- 3 4 -
> M2:=«1,3>[<2,4»; # Cospmanme MaTpuIpl II0 CTON6IAM
SR
M2 = _ 3 4 _

> <M2|M1>; # Co3maHume MaTpHIb U3 OBYX IPYTLHUX
1 2 1 2
3 4 3 4
CymiecTByIOT crienuabHbIe TUIIBI MATPUIL, o1 IepzKuBaeMble makeraMm LinearAlgebra. [Ia
CO3JIaHU4 CIIEIINAJIbHBIX TUIIOB MATPUIL U BEKTOPOB - €JIMHUYHBIX, HYJIEBbIX, MATPUIL U BEKTOPOB
KOHCTAHT U CKAJISIPHBIX - MOXKHO HCIIOJIb30BaTh CIIEIUAJIbHbBIE KOHCTPYKTOPBI, XOTS O0bEKTHI

yKa3aHHBIX TUIIOB MOYKHO CO3/IaTh U TP moMoInu obmux KoHcTpykTopos. [Ipnmep (ITI11.6)
JIEMOHCTPUPYET BCE THIIBI CHEINAIbHBIX KOHCTPYKTOPOB.

ITpumep IIIIL.6. Cheyuaavrvie munve 6eKMoOpPos u Mampu,

> with(LinearAlgebra):
> IdentityMatrix(2,2); # EpunuuHas MaTpuua

o]

> ZeroMatrix(2,3); # Hyznemas maTpuua
0 00
0 00
> ConstantMatrix(6,2); # MaTpuuma-xoHCTaHTa
6 6
6 6
> ScalarMatrix(a~2,2); # CkandpHas MaTpuua
a> 0
0 a?

> UnitVector[row] (2,3); # EguHWYHHE BEKTOP
0, 1, 0]

96



II1.3. Ilaker LINEARALGEBRA

> ZeroVector[row] (3); # HymneBoii BekTOp

0, 0, 0]
> ConstantVector [row] (5,5); # BexTop-KOHCTaHTa
[5, 5, 5, 5, 5]
> ScalarVector [row] (x~2+y~2,3,4); # CxandpHHN BEKTOP
[0, 0, 2* + 32, 0]

SHeMeHTaprIe oriepanmum C MaTpunoaMm U1 BEKTOPaMHA

Kak yxe ormedasioch panee, OCHOBHBIE omeparun ¢ mMarpuiiamu B nakere LinearAlgebra Boi-
MOJTHATOTCS TIPOITE, YeM Takne »Ke B makere linagl. 9To cBs3aHO ¢ TeM, UTO MIEHTH(OUKATOPDI
BEKTOPOB U MATPWUI 3/IECh BBIUHUCJIAIOTCA HE 70 YPOBHS NMEHHU, a HEITOCPEICTBEHHO 10 YPOBHS
BBIYMCJIEHUS UX KOMIIOHEHTOB. B CBfA3M ¢ 9TMM BO3MOYKHO BBIIIOJIHEHHUE ITO3JIEMEHTHOIO CJIO-
JKEHUSI BBIYUTAHUS U COCTABJICHUS JIMHEHHBIX KOMOWHAIUN BEKTOPOB M MAaTPUIL OJUHAKOBOM
Pa3MEPHOCTHU C HMCIIOJIL30BAHUEM OOBIYHBIX apU(PMETUIECKIX OTIEPAIHil.

ITpumep IIIIL.7. Oaemernmapnvie onepayuu ¢ 6EKMOPAMU U MAMPUUAMU

> with(LinearAlgebra):
> Mil:=«1|2>,<3|4»;

1 2
AJJ:::{ 3 4 ]
> M2:=¢10|7>,<8|15»;
1
M'Q::[ g 121
> M1+M2;
{11 9]
11 19

> 3. 1xM1+5xM2;

53.1000000000000014  41.2000000000000029
49.2999999999999972  87.4000000000000057

> Vi:=<1[4>;

V1 =11, 4]
> V2:=<3[8>;

V2 =13, §
> 3xV1-6%V2;

[—15, —36]
> V3:=<3,8>;

3
V?:::[ 8}
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> V1+V3; #Henb3d HONYyYUT JIHHEHHYD
> KOMOMHAIVD BEKTOpa-CTPOKU H
> BeKTopa-cTonbia

Error, (in rtable/Sum) invalid arguments

Ecim cknagpiBaeTcd ckajisdp ¢ MATPUIIE, TO 9TO PABHOCUJILHO CJIOYKEHUIO MATPUIILI C
eAMHUYHON MaTpUIleil, 3JIeMeHThI KOTOPOI YMHOXKEHBI Ha 33/JaHHDbII CKaJIAD, BEKTOP HEJIb34
CKJIa/IBIBATh CO CKaJIAPOM:

> with(LinearAlgebra):
> 10+«2|5[11>,<4[6(7>»;

(12 5 11 ]
| 4 16 T |
> 10+IdentityMatrix(2,3)+«2|5|11>,<4|6]|7>;
(13 5 11 ]
4 17 T

> 24<1,2>;

Error, (in rtable/Sum) invalid arguments

Tak Kak mpousBejieHre MATPHIL (MMEEeTCsi B BHJLY ONEpAIlisi CKAJSIPHOIO YMHOYKEHUS )
He ABJIAeTCs KOMMYTATUBHOI, TO MCIOJIb30BAHUE ONePAINd KOMMYTATUBHOTO YMHOKCHNUSI
(*) ms BeKTOPOB M MaTpull IpUBoaUT K omubke. (VcKiouenne 10mycKaeTcs TOJbKO Jist
YMHOXKCHISI MATPHUILI Ha caMy ceOs, IpUYeM B 3TOM CJIydae BBLIIOJHSECTCS Ollepalys CKa-
ﬂHpHOFO yMHO}KeHHH). KOlVHVIyTaTI/IBHOe yMHO}KeHI/Ie MOZKHO HCIIOJIB30BaTb JIf HepeMHO-
KEeHU A CKaﬂHpa u ManI/IHbI nJjimn BeKTOpa. B 9TOM C.quae BC€E 9JIEMEHTHI 9TUX O6'beKTOB
YMHOKAIOTCA Ha COOTBETCTBYIONIMIT CKAJIAD.

> with(LinearAlgebra):
> -3%<1]2]3>;

> 4*x¢7,8>|<1,6%ty;
28 4
32 24t
O/HaKO ecyii CKaJIgp COJIEPKUT HEOIIPE/IEJICHHYIO IIePEMEHHYI0, TO MEePEMHOXKEHHs He
IIPOUCXOJIUT, TaK Kak Maple ne 3naeT Kakoii 0ObEKT B JlaJbHEHIIIEM 3Ta IepeMenHas MO-

JKeT cojiepKaTh. JIJs BBIMOJIHEHWsST TAKOTO YMHOYKEHHS CJIe/lyeT HCIIOJIb30BATh KOMAHLY
simplify() ¢ mapamerpom symbolic win onmueii assume=scalar:

> with(LinearAlgebra):
> mull:=x"2*<1]|2]|3>;
mull = 2?[1, 2, 3]
> simplify(mull,symbolic);
[22, 222, 327

> simplify(mull,assume(x,scalar));
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(272, 2272 3277
BeimonanTs HeKOMMyTATHBHOE yMHOXKeHne B Maple6 MOXKHO orepariyeil, CHMBOJIOM KO-
Topoii siBsieTcs Touka (.). OHA HUKOT/[a HE MEHSET COMHOYKHUTEIN MECTaMH, TO9TOMY IIPO-
U3BEJIEHNUS T.Y.2 U X.2.Y He SBJIAIOTCSA TOXKIeCTBEHHBIMU:
> with(LinearAlgebra):

> ml:=x.y.z;

> m2:=X.Z.Y;
me:i=x.z2.9

> if(m1=m2) then print("ucTuxa" else
> print("moxs") end if;

“710KB”
OTa Ke oIlepalys, NpUMEHeHHas K MaTPUIIAM M BEKTOPAM BBLIIOJIHAET UX CKAJSIPHOE
IPON3BEICHIE.
> with(LinearAlgebra):

> <1,3>.<4|6>; # BerTop-cTonber yMOXaeTCs HAa BEKTOP-CTPOKY

4 6
12 18
> <416>.<1,3>; # BekTop-CTpoKa yMHOXaeTCs Ha BEKTOp CToubel
22
> «3,-1>[<-8,15>|<9,10».«1,x,y>1<4,-7,2»; # MaTpuma 2x3 yMHOXaeTCs
> Ha MaTpuny 3x2
3—8x+9y 86
—-1+152+10y —89

st mosmydeHust cTeleHn KBaIPaTHON MaTPHUIIBI MOXKHO IOC/IE0BATEHHO TPUMEHUTD
OTIePAINIO CKAJISIPHOTO YMHOXKEHUA HEOOXOUMOE YUC/IO0 pa3 WU OIePAINi0 BO3BEJICHUs B
crerenpb (7):

> with(LinearAlgebra):
> M:=¢0.2]0.8>,<0.7]|0.5»;

0.2 08
M= { 0.7 0.5}

> M.M.M.M.M;

[ 0.679599999999999982  0.902320000000000011 |
| 0.789529999999999842  1.01797000000000004

[ 0.679599999999999982  0.902320000000000122 ]
| 0.789529999999999842  1.01797000000000004

ITokazaresn crenenn MOXKET ObITH U OTpuaTe/JIbHbIM IICJIbIM YHUCJIOM, 9TO IIO3BOJIAET
BBIYUCJIATD o6paTHon MaTpHUIly U €€ CTEeIleHN:

> with(LinearAlgebra):
> M:=«0.2]0.8>,<0.7]0.5»;
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0.2 0.8
M= [ 0.7 0.5 ]

> M~(-1);

—1.08695652173913060  1.73913043478260887

1.52173913043478270  —0.434782608695652272
> h.M;

1. —0.111022302462515654 10~ 1°
—0.555111512312578272 1016 1.

Jl1s1 BBIJIEJIEHES 9JIEMEHTOB MATPHUIIBI U €€ IOJMATPHUIL UCIOJIb3yeTCs WHJIEKCHASA 3a-
[IACh, IPUYEM B Ka9eCTBE MHICKCA MOYKHO IIPUMEHATD JUAIIa30H, 9YTO IIO3BOJISET BhIICISITH
1eJible OJIOKU MCXOJIHONW MaTPUIhI:

> with(LinearAlgebra):

> M:=Matrix (5, (i,j)->3%*i-j);

2 1 0 -1 =2
5 4 3 2 1
M = 8 7 6 5 4

1 10 9 8 7
14 13 12 11 10

> M[3,2]; # Bubop sneMeHTa MaTPHUIE

7
> M[3,1..-1]; # Bubop TpeTbell CTpPOKH:

8, 7, 6, 5, 4]

> M[1..-1,2]; # Bubop BTOporo cToxbIa

1

4

7

10
13

> M[2..3,2..4]; # Bubop 6moxa pa3sMepHOCTH2xX3
4 3 2
7 6 5
[IpucBauBaHie HOBBIX 3HAYEHUI SIEMEHTAM MATPHUIIHI TAKKe OCYIIECTBIIAETCA € IIOMOIIIBIO
UHJIEKCOB, IPUYEM U 3/I€Ch MOXKHO HCIIOJIH30BATh JIMAIIA30H. [U1aBHOE, YTOOBI Pa3sMEpPHOCTDH

MaTpUIbl B JIEBOU YacTU OllepaTopa HPUCBAUBaHUA COOTBETCTBOBAJIA PA3SMEPHOCTU MaTPUIIbI
B IIPABO# YaCTU.

BosmoxknocTh BbIOOpa 1 MpUCBauBaHue 3HAYCHUI 1EJIBIM CTPOKAM HJIU CTOJIONAM UCIIOJIb-
3yeTcs JJIs OCYIIECTBJIEHNS OMEPAIil CO CTPOKAMU WJIM CTOJOIAMI MATPHIIBL.

ITpumep IIIIL.8. Onepayuu co cmpokamu mampuy,

> with(LinearAlgebra):
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> M:=Matrix(3,(i,j)->i*5+j-5);

1 2 3
M = 6 7 8
11 12 13
> M[[1,2],1..-1]:=M[[2,1],1..-1]; # IlepecTaHoBka MecTaMu CTpoK 1 u 2
6 7 8
M[1,2},1..—1 = [ 1 2 3 }
> M;
6 7 8
1 2 3
11 12 13

> M[3,1..-1]:=3*«M[3,1..-1]; # YMHOXeHMe cTpoku 3 Ha uucio 3
M3’1_._1 = [33, 36, 39]

> M
6 7 8
1 2 3
33 36 39

> M[3,1..-1]:=M[3,1..-1] -16*M[2,1..-1]; # BauuTanuwe U3 CTPOKU 3 CTPOKU
> 2, yMHOXeHHOH Ha 16

M3,1..71 = [17, 4, _9]

> M;
6 7 8
1 2 3
17 4 -9

Bce niepeqnciiennble omepaiiun MOXKHO BBITIOJIHITE C TIOMOIIBIO KOMaH T makeTa Linear Algebra,
KOTOpbIE PEKOMEH/IyeTCs UCIIOJIb30BaTh IIpU IIporpaMmupoBanun B Maple, XoTsd u J101ycTUMO
UX KCIIOJIb30BaHNe IIPU MHTEPAKTUBHOI paboTe. HemoHbIi crincok KOMaH/I JIOIMYyCTUMBIX OITe-
paruii HaJ[ MaTpPUIAMU ¥ BeKTOpaMu IpuBejeH B Tabsuie Tabs.14

III.4 OopikHOBeHHBIe nud depeHInaIbHble YPaBHEHIS

MpbI 3HAKOMBI ¢ YHEBEPCAJIBHON KOMaH/I0i1 peleHns: OOBIKHOBEHHBIX Tud HepeHnaaIbHbIX yPaB-
aernit dsolve(). C ee MOMOIIBIO MOXKHO TIOJIydUTh 001IIee perenne JuddepeHnagbHOr0 ypas-
HEHUsI UJIN CUCTeMBbI JuddepeHnaabHbIX ypaBHeHn , pernaTh 3aa4qu Komm 1 KpaeBble 3a/1a-
qi. DTa KOMAaH/la BCErjia CTPEMUTCA HalTH o0Ilee perieHne B aHAJMTUIECKOM BUJIE M UCIIOJIb-
30BaTh €ro I IOCTPOCHMS KpaeBoi 3aaadu uin 3ajadn Ko, OHaKO He Beerja yIaeTcs
Jtst OOBIKHOBEHHOTO JinbpepeHInaibHOr0 ypaBHEHUT HallTh obIlee pereHne B 3aMKHYTOMN
dopme, u Oojiee TOro, CymecTBYOT auddepeHimaabible ypaBHEHNd, JJisi KOTOPBIX BOOOIIE
HEBO3MOKHO TIOCTPOUTH 00ITee pellienne B aHAJIUTUIECKOM BUjIe. B TakoM cirydae mpuOeratoT
K IPUOJIMKEHHBIM METOJIaM pellleHusi, KOTOPble peaju3yroTcs Toil e Komanoii dsolve() ¢
COOTBETCTBYIOIIUMHU ONIUAMHI (B (DOPME PSIJIOB, C UCIIOJIb30BAHUEM YUCJIEHHBIX METOJIOB TUIIA
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Tabauma.14. Komanabl BBITIOJIHEHUSI oNlepanuii Ha/l MaTpUIllaMu 1 BEKTOpaMU

HazBanue KomaHabl

Onucanue

DeleteRow
DeleteColumn

Row

Column

SubMatrix

SubVector
ScalarMultiply
MatrixVectorMultiply
VectorMatrixMultiply
MatrixMatrixrMultiply
MatrixInverse
Determinant

Minor
ConditionNumber
Eigenvalues
FEigenvectors

Viiajienue CTPOKHA MaTPHITHI

Ynanenue cTos01a MaTPUIIBI

Briesienne cTpoKu MaTpHIThI

Brigesenne cTpoku MaTpHIThI

Brizenrenne mogMaTpuilel u3 3aaHHON MaTPUIIBI
Brliestenne moiBekTopa u3 3aJ[aHHOTNO0 BEKTOPA
YMHOYKEHIE MATPUIIBI/BEKTOPa Ha CKAJISID

CxassipHO€e TIPON3BEJIeHNe MATPUIIBI HA BEKTOP-CTOJIOT]
CkassipHOoe TPOn3Be/IeHNe BEKTOPAa-CTPOKN HA MATPHUILY
CkassggpHoe IPOn3BeJIeHNe MATPUIILI HA MATPUILY
Brrauciienne o6parHoit MaTpHUIThI

Brrauciienue omnpeieiuTesis MaTpHUITbl

Brierenne MEHOPOB MATPHITBI

Borauciienne anciia 00yc/IOBJIEHHOCTH MaTPHITbI
Borauciienne coOCTBEHHBIX 3HAYCHUI MaTPUIIBI
Borauciienne coOCTBEHHBIX BEKTOPOB

Pynre-Kyrra paziauanoit tounoctn). [Tocse yero nosydennoe B Bujie nporeaypbl Maple pere-
HEE MOXKHO WCIIOJIb30BaTh JIJIsi IOCTPOEHUs Tab/IUIbl €10 3HAYEHUN 1n 0ToOpasuTh B hopme
rpacduka komanoii odeplot() u3 makera rpacdudeckux Komans plots().

IIpumep IIIIIL.9.

Yucaennoe pewenue cucmemvt dudheperuuaroiur ypasHerul

> difl:=diff (x(t),t)=x(t)-y(t);

difl = Lx(t) = x(t) — y(t)

> dif2:=diff(y(t),t)=x(t)+y(t);

dif2 == G y(t) = x(t) +y(t)

> inicond:=x(0)=1,y(0)=1;

inicond :=x(0) =1, y(0) =1

> sol:=dsolve({dif1,dif2,inicond},{x(t),y(t)},type=numeric);

sol := proc(z_rkf45) ... end proc

> 501(0);s01(1);501(2);501(3);

t=0.,x(t) =1, y(t) =1]
(

[t =1., x(t) = —0.818662182163631402, y(t) = 3.75604913325399004]

[t = 2., x(t)

—9.79378355381787812, y(t) = 3.64391365777240317|

[t = 3., x(t) = —22.7189934183264590, y(t) = —17.0500719979047837]

> with(plots):

> # ®az30BHH NOPTPET CHCTEMH
> odeplot(sol, [x(t),y(t)],t=-5..1,1labels=["x(t)","y(t)"],color=black);
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—08-06-04-029"—92 04 06 08 1
X(t)

# Pemenue cucTeMH B IPOCTPaHCTBE

odeplot(sol, [t,x(t),y(t)],-5..1,
labels=["t","x(t)","y(t)"],color=black,axes=BOXED,orientation=[15,80])

—

vV V.V V

_

-08 04 0
X

24
)
02040608 10 t
(t)

Oxka3zbIBaeTcs, it HEKOTOPBIX i depeHInajbHbIX yPaBHEHUIT peaTn30BaHHbIE B KOMAH-
Je dsolve() npubimKeHHBIE METOJBI HE JAIOT YJIOBJIETBOPUTEJILHOIO DE3yJIbTaTa B CBS3U C
HAKOILJICHIEM MOTPEITHOCTH IIPU UX UCIOJIB30BAHUU. B TaKux cydasix NPUXOIUTCS JIubO pas-
pabaThIBaTh CHEIUAJIbHbIE METO/bI MPUOJUAKEHHOTO UHTErPUPOBAHUSA UMD DEPEHITUATHEHOTO
ypaBHEeHUs, JIMOO yIPOIATh MaTeMATHIECKYI0 MOJe/b SBJIEHUs, BBOJsS HEKOTOPHIE OIDAHM-
YeHus, JIMOO MBITATHCA Tpeodpa3oBarh JuddepeHIuajibHoe YypaBHEHHE, IIPUBE/IA €ro K BULY,
JIJIT KOTOPOT'O MOXKHO TIOCTPOUTD YJIOBJIETBOPUTETHLHOE TPUOJIMKEHHOE PeIleHue.
[Taker DEtools cogepxkut nabop koman/ jijisi Ipeodpa3oBaHus OOBIKHOBEHHBIX T depeHIiu-
AJILHBIX YPaBHEHUI K CIICNUAIbHOMY BUJLY, JIJIS UCCJICIOBAHUS TaMUJIBTOHOBBIX CUCTEM, JIJIst
IpUMeHeHud alrapaTa ajareop JIu npu naTerpupoBanun JuddepeHIma bHbIX YPaBHEHU, /T
paborsl ¢ auddepeHnuaIbHBIMI OllepaTOPaAMI U JIjIs ITOCTPOEHHST PA3INIHbIX BUI0B rpadu-
KOB perenns auddepeHnnaibHOro ypaBHenus u cucreM jiudepeHnuaabHbIX YpaBHEHUI.
Bce nepeunciienibie BO3MOXKHOCTH TTaKeTa, KPOME TMOCJIEIHEN, ¢ OOJIBINOI CTENEeHBIO BEPOST-
HOCTH TIPEJICTAB/IAIOT UHTEPEC /ISl CHEIUAJINCTOB B 001acTu M depeHInabHbIX YPaBHEHNIH,
TOIJIa KaK BO3MOXKHOCTH OTOOparkeHud perienns guddepeHnuaabHoro ypaBHeHus 0e3 sBHOrO
MTOCTPOEHUST YUCIEHHOTO PeIleHns B BuIe pore Ly pbl Maple mpejicrasiisier naTEpEC 17T HOTH-
IIOr0 KPyra TEXHUYECKUX CIIENNAIICTOB, PADOTAIONINX B Pa3HbIX obsacTax. B sTom pasierne
MBI ¥ OCTAHOBUMCSI TOJIKO Ha IpaduvyecKnx BO3MOKHOCTAX rmakeTa DEtools.

103



I'maBa III. Ilakernr

Omnu Brinogaror koman el DEdlot() u DEplot3d() ayst mocrpoenust rpacdbukos perienuii ciucrem
muddepennuanbubix ypasaenuit, POEplot() mis pemenns ypaBHeHnil B 9aCTHBIX IPOU3BOJI-
HbIX U ero orobpazkenus, dfieldplot() u phaseportrait() mas orobparzkeHusi, COOTBETCTBEHHO,
10JIsI HallpaBJIeHui 1 (hazoBOro moprpera cucreM JinddepeHImaIbHbIX YPaBHEHNUI.

Komanga DEplot() uuciienHo pemaer Kak ojgHO OObIKHOBeHHOE jud DepeHimaibLHoe ypas-
HeHUe JIF0O0Ir0 MOpsiJiKa, TaK U HOPMaJbHYIO CHCTeMY OOBIKHOBEHHBIX b depeHImaabHbIX
YPaBHEHU{T, TPUYIEM B 3TOM CJIyUae JIOJKHA OBITH TOJIBKO OJIHA HE3aBUCHUMasl TIePEeMEeHHas, T.€.
nepeMeHHasi OT KOTOPOH 3aBUCAT UCKOMBbIE (DYHKITUH CUCTEMbI. JTa KOMAH/Ia MOYKET HCIIOJThb-
30BaTbCA C PA3JIUIHBIM CHHTAKCUCOM:

DEplot(deqns, vars, trange, inits, eqns);

DEplot(deqns, vars, trange, inits, xranges, eqns);

DEplot(deqns, vars, trange, xranges, eqns);

[Tapamerp deqns 3aiaeT b0 oHO I depenIuaabHOoe ypaBHEHNE ITPOU3BOJILHOIO ITOPSIIKA,
OO CUCTEMY B BUJIE CIIMCKA/MHOXKECTBA, 3JIEMEHTHI KOTOPOTo MPEeCTaB/IsioT JuddepeHIiy-
aJIbHbIE YPAaBHEHUs TIEPBOTO MOPSIKA, 00PA3YIOIIHe CUCTEMY.

SaBucHMbIe TIepeMeHHbIe CUCTeMbI Wn JuddepeHnuaibHble YpaBHEHUsI, T.e. HCKOMbIE (DYHK-
11U, 38IAI0TCS ITapaMeTpoM vars. B cirydae cucreMbl OHE JIOJIZKHBI OBITH IIPEJICTAB/IEHBI B BUJIE
CIIUCKA/ MHOZKECTBA.

[Tapamerpom trange ompejessieTcs Juamna3oH W3MeHEeHNs He3aBHCHMON epeMeHHON B BUJIE:
t = a..b. B aTom ypaBHeHUu t 3a7aeT UM UCIIOJIb3YEMOIl HE3aBUCUMOI IIepeMeHHO#, a duCI0-
BbI€ ITapaMeTPhl a U b OlpeIe/IAioT irnana3oH ee n3MeHeHnsd. Kie pa3 HaloMHUM, 9TO KOMaH/Ia
DEplot() paboraer ¢ cucremoii, B KOTOPOl BCe HEU3BECTHbBIE (DYHKIMU 3aBUCAT OT 00HOU Tie-
PEeMEHHO.

Hauanbable yc/ioBUst OpeiessiioTCsT TapaMeTpoM inits, KOTOPBIH IPeICTaB/IsieT CIIUCOK, JJIe-
MEHTaMU KOTOPOIO SIBJISIFOTCS CIUCKU (CIUCOK CIUCKOB). KazKplil Takoil s/1eMeHT-CIICoK
orrpesiesisieT HHTErPaJIbHYI0 KPUBYIO JinbdepeHInaIbHOro ypaBHEeHNsT UIN CUCTEMbI, KOTOPas
otobpazkaercsd Ha rpaduke. KomnaecTBo 971eMEHTOB-CIIMCKOB TapaMeTpa inits cooTBETCTBYET
KOJINYECTBY MHTErPAIbHBIX KPUBBIX HA rpaduke. ['paHnTHbIE YC/IOBUS 3a/[aI0TCS TAKXKe, KaK
u aist Komaubl dsolve(), wepes muddepentmanbublii oneparop D. Hampuwmep, coemyrormuit
CIIUCOK OIIpeJie/IgeT HavdaIbHbIC YCJIOBUS JJIsd JIBYX MHTErPAJbHBIX KPHUBBIX OJHOTO Judde-
PEHIINAIBHOIO YPABHEHUsI TPETHEro TOPSAJIKa ¢ Hen3BeCTHON (byHKImen z(X):

[[z(0)=1,D(z) (0)=2, (D$2)(z)(0)=0.5], [z(1)=1,D(z)(1)=2,(D$2) (z)(1)=0.5]]
[Tapamerpsr xranges, a X MOYXKeT OBITH CTOJIBKO, CKOJIBKO HEM3BECTHBIX (DYHKIIUI B CHUCTE-
Me, 33/IaI0T JTUAITA30HbI N3MEHEHUsI HEN3BECTHBIX (DYHKIINI U UCIOIB3YIOTCA JIJI 3aBEPITEeHUsT
[IpoIecca NHTErPUPOBaHUS. YUCIEHHOE HHTETPUPOBAHKE OCYIIECTBIIACTCH ¢ 38/ IaHHBIM IIArOM,
KOTODBIi 10 yMosuanuio pasen abs(b-a)/20, riae uncia a u b 3aja10Tcsa B napamerpe trange.
Kak Tosibko 1mmpu odepegHOM Iare 3HavYeHHEe KaKOW-IMO0 HEM3BECTHONW (DYHKIIMHM BBIXOJIUT 34
[IPEeJIEIbI 38JJAHHOIO B COOTBETCTBYIOIIEM IapaMeTpe JINAlla30Ha ee M3MEHEHUsl, IPOTeCC UHTe-
I'PUPOBaHUs OCTaHABINBaeTcdA. [lapaMerpsl Xranges MOXKHO 3a/1aBaTh B OJHON U3 ABYX (opMm:
x(t)=x1..x2

x=x1..x2

B nux z npencrasisger ums nenssecTHO DyHKIME JnddepeHInalbHOro ypaBHeHUs WU CU-
CTEMbI, t - UM HE3ABUCUMOI II€PEMEHHOI, a ducia x1 u x2 3aJ1ai0T, COOTBETCTBEHHO, HIUXKHIOIO
1 BEPXHIOIO I'DAHUILy M3MEHEHUs Hen3BecTHON GyHKuu z(t).

HeobGs13aTenbHbBIM TTapaMeTpoM eqns 3a/1aeTcd Pl OIIUii, OIpeaesIsaioluii ool B rpa-
duKa pelreHus: NBET JUHUU HWHTErpajbHOW KPUBOW, IAr WHTETPUPOBAHUSA, BIUSIONIUN HAa
[JI8JIKOCTH 0TOOparkKeHusl KPUBOii, 9TO U KaK OTKJIA/IBIBAETCS 110 OCSIM KOOP/IMHAT JIBYMEPHOI'O
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rpacduka u 1. OHu, Kak u Bce omuu B Maple, 3ajai0Tcss B BUjie YpaBHEHUI, B KOTOPBIX
B JIEBOIl YACTU CTOUT WMsl OIIMU, & B IPaBoii - ee 3HaueHne. Kpome HEKOTOPBIX CIIEIUAJIb-
HBIX OIIIMiI OHM B OCHOBHOM COBIIQJIAIOT ¢ onmusMu KoMas el plot() makera plots, a Takzxke ¢
OIIUSIME, KOTOPble MOXKHO 3aJ1aBaTh [IPU [OCTPOEHUH YUCJIEHHOTO pernenust (type=numeric)
koMman1oit dsolve().

II1.5 Ilaket student

[Taker student pazpabaTbiBayics CHEIUAILHO JIJI CTYJIEHTOB, YTOOLI IIPEIOCTABUTH HAOOP KO-
MAaH/T JIJIs TIOIArOBOI peasn3alinu OCHOBOIIOIAraOINX MATEMATHICCKIX METO/IOB, N3y TaeMbIX
B Kypce Bbiciiell MmareMaTuku. OH MO3BOJIsIeT TPUOJIMZKATH UWHTErPAJIBI ITPABBIMEU U JIEBHIMU
CYMMaMHM, [IPOU3BO/IUTH BBIMHUC/IEHNE WUHTEIPAJIOB 3aMEHON IMepEeMEHHON U MHTerPUPOBaAHUEM
110 9aCTdM, II0JIy49IaTb HpI/I6JH/I}KeHHOG 3Ha4YCHUE OIIPCAC/JICHHBIX MHTECI'PaJIOB METOJaMU IIPAMO-
YI'OJIbHUKOB, TpaHeHI/Iﬁ j41 CI/IMHCOHa, HaXOIUTh MaKCUMaJIbHbIC 3HAYCHUA Cl)yHKL[I/H/I Ha 3a/JaH-
HOM HHTepBaJie 1 T.J1. KoMam bl 9T0r0 makera 0CBOOOKIAIOT CTYIEHTA OT BBIIOJIHEHIA HEKOTO-
PBIX “MEXaHMIeCKUX OIEPAInil, HAIIPUMED BBIYHUC/ICHUS TPOU3BOIHBIX, 1 KOHIICHTPUPYET €ro
BHUMAHUE HA ITPABUILHOM IIPUMEHEHUN HEOOXOUMBbIX IIPABUJI BHIMUC/IEHUS MATEMATHIECKUX
BCJIMYIUH, HallpUMEp MHTEI'PaJIioB. B HEro BXOJAT CJjaeAyIonine KOMaH/Ibl.

D, Diff, Doubleint, Int, Limit, Lineint, Point, Product, Sum, Tripleint, changevar, combine,
completesquare, distance, equate, extrema, integrand, intercept, intparts, isolate, leftbox,
leftsum, makeproc, maximize, middlebox, middlesum, midpoint, minimize, powsubs, rightbox,
rightsum, showtangent, simpson, slope, summand,trapezoid

Mpsr1 He OyjieM paccMaTpUBATH KaK/IyI0 KOMAH/Iy 9TOIO IMaKeTa: NX HAa3HAYEHUE CJIeyeT U3 UX
nMeH. PaccMoTpuM HECKOJIBKO TIPUMEPOB, KOTOPBIE /Iy T IPeJICTaB/IeHre 00 9TOM TaKeTe.
[TycTs HEOOXOMMO HATH 3HAYEHME CJIeIYIONIEro OIPEeIeIEHHONO0 NHTEerpaa

1

3
/ Zx — 2%dx

0

Ha OCHOBE €I'o olIpeejieHnsd 9epe3 HeHTPaJIbHYIO CYMMY. HpeyK;Le BCero onpeaesnuM I10/bIH-
TerpaJibHYyIO d)yHKH‘I/IIO " IIOCTPOUM /IJId MHTEr'paJia OT Hee Ha 3aJaHHOM HMHTEpBaJie IICH-
TPpaJIbHYIO CYMMY, UCIIOJIb3Yd Tt HEHTPAJIbHBIX ITPAMOYT'OJIbHUKOB!

> with(student):
> f:=x->3/4*x-x"2;

3
f:zx—)zx—xQ

> midsum:=middlesum(f(x),x=0..1,n);

midsum =

DTy CyMMy MOYKHO BBIYUC/ISITH MPU PA3IUIHBIX 3HAUEHUSI =X I[apaMerpa 7, MoJIydas
npubJIMKEeHHOe 3HadeHne nHTerpasa. s TouHoro 3nadeHns HEOOXOIMMO BBIYUCUTDL €e
npejes Ipu n — oo:
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> with(student):

> Limit(midsum,n=infinity);

1 1
n—]_ 3 . - . - 2
(i + 2) B (i + 2)
4n n?
1=0
lim
n—oo n
> value(%);
1
24

Terepb MOXKHO IPOBEPUTH TIOJIYUEHHBII Pe3yIbTaT KOMaHIO! int() 1 jgazxe MOCTPOUTH
MpUOJIKEHNE TIEHTPAJIBHBIMU IIPSIMOYTOJIBHUKAMI NCKOMOTO HHTETrPaJsIa:

> with(student):
> int(f(x),x=0..1);

1
24
> middlebox(f(x),x=0..1,20);
0.1
] o2 ola ole 0.8 1
0]
-0.1- -
0.2 N

I11.6 Csa3p ¢ Matlab

[Taker Matlab nozBoJisier HenocpeacTBento u3 cearnca Maple obpalarbest K orpaHudeHHO-
My MHOYKECTBY (DYHKITUI MOIYJISTPHOTO CPEJIM MHZKEHEPOB MTAKeTa IUCICHHBIX BHIUUCICHUI
Maple, ipu ycsioBum, 9T0 OH YCTAHOBJIEH Ha KOMIIbIOTEpe ToJib3oBaTess. [Ipu mojakiioe-
HUU KOMAH/I [IAKeTa, eCJIU OH He YCTAHOBJIEH, 0TOOPaXKaeTCs COOTBETCTBYIOIIEE IIPeIyIipe-
KJIEHUE:

> with(Matlab);

Error, (in execSystemInit) system level initialisation for package
‘Matlab’ failed
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HpI/I yCIIEITHOM IIOJIKJIFOYEHUU IIaKETa B obacTu BBIBOJIa II€9aTaroTCd, KaK 06bI“IHO, BCe
JOCTYIIHbIe KOMaH/Ibl ITIaKeTa:

> with(Matlab);
chol,closelink,defined,det,dimensions,eig,evalM,fft,getvar,
inv,lu,ode45,openlink,qr,setup,setvar,size,square,transpose

Yr1o6bl yeTaHOBUTH CBsA3b Mexjy jByMs nporpammamu (Maple u Matlab), ciemyer mpex-
Jie BCero BBIIONHUTH KoMmanty openlink() 6e3 kakux-imbo napamerpos. Ilocse sToro Mmoo
UCIIOJTb30BaTh BCE KOMAH/IbI ITAKETa JIJIsi BBIIOJHEHIS HEOOXO[IUMbIX JIEHCTBUN. 3aBepInaeTcs
CeaHC CBS3M BBINOJIHEHnEeM KoMaH/ bl closelink().

Oyuxum Matlab moryr paborats kak ¢ o6bekramu Maple (MaccuBbl, MATPUIBI U BEKTOPHI
HA OCHOBE T-TaOJIUII,BEIIIECTBEHHBIE C ILIABAIOIIEH TOUKOI U IeJible YUC/Ia), TaK U ¢ 00 beKTaMu
Matlab.

II1.7 1IlakeTr crarucruku stats

[Taker craTucTuky stats coaepKuUT OIrpoOMHOE KOJHMIECTBO KOMAH/I /I 0OpabOTKU aHa Iu-
3a W OTOOpaKeHUs CTATUCTUYIECKHUX JIAHHBIX. TaKKe OH COJIEPXKUT OOJIbIIIOE KOJIUIECTBO
CTATUCTUIECKUX PACIIPEIeICHHIA.

DTOT MaKeT sIBJIAETCS MPUMEPOM TIaKeTa, COCTOSIIUM W3 TOIAKETOB, B KOTOPBIX CIPYII-
IUPOBaHbl KOMAaH/IbI, OTHOCAIIMECS K OIpejeIleHHbIM pa3jesaM cTaTucTuku. Hampumep,
nomakeT describe comepKuT Bce HEOOXOIMMbIE KOMAH/IBI JIJI aHAJII3a JAHHBIX, KOMAHIbI
nofmnakera random IO3BOJISIIOT HOJIYIHUT JIFOO0E U3BECTHOE CTATUCTUIECKOE PACIIPeIeIeHne
B BIJIE CIIMCKA JIAaHHBIX 1 T.J1. Beero maxer stats comepKuT ceMb IOJIIAKeTOB U OJHY (DyHK-
o importdata(), mo3BOISIONIYI0 UMIIOPTUPOBATD JaHHbIe U3 BHermHero daiiia. MoxkHO
MOJIK/TIOUNTDH BCE KOMAH/IbI ITaKeTa ¢ IOMOIIbIO

> with(stats);

I KOMAHbI OT/IE/IbHBIX TAKETOB

> with(stats, uMa_mopgmakeTa) ;

Komanabr momakeTa BbI3BIBAIOTCS ¢ UCIIOJIb30BAHUEM ITOJTHBIX MMEH:

> wuma_noznakeTa [uMs_xomawuzs] (mapamMeTpsl) ;

JI1s1 ncrosib30BaHne KOPOTKUX UMEH KOMaH/I ITOJIIaKeTa CJIe/LyeT ITOC/Ie TOAKII0UeHI BCe-
ro rakeTa WJiIn OTJAEIbHOIO €ro MOAIAKeTa BBIIOJHUTH KOMAHLY:

> with(uMa_noxmakeTa) ;

Komanapr nakera stats paboTaroT ¢ JaHHBIME, PACIOIOKEHHBIMI B CTATHCTUIECKUX CIIHC-
KaX, KOTOPBIE BKJIIOYAIOT B cebst 1 0Obranble crucku Maple. CrenpaabHble CTATUCTHIECKIE
CIIUCKU MOTYT BKJIOYATH B ce0s JMANA30HBl M Beca (KOJTMYECTBO MMOBTOPEHHN B CIIHCKE
3a/[aHHOMN BEJIMINHBDI )

> restart:with(stats);

[anova, describe, fit, importdata, random, statevalf, statplots, transform]

> statlist:=[Weight(0.7,3),Weight(1.07,4),0.945,Weight(0.02..0.03,5),0.
> 896,1.01,1.04];

statlist =
[Weight (0.7, 3), Weight(1.07, 4), 0.945, Weight(0.02..0.03, 5), 0.896, 1.01, 1.04]
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Breipaxkenue Weight (x,n) ykasbiBaer, 9ro BeJIMUnHa X TOSIBJISIETCsI B CIIUCKe 1 pa3. Fem
KOHKPETHBIE 3HAYEHNS U3 KAKOTO-HUOY/Ib JUAITa30Ha HE ABIAIOTCA 3HAYUMBIMU U X MOYKHO
He pa3/indarh, TO JJId TAKUX CJIy9aeB IIPeIyCMOTPEHO 3aaHue guala3ona. Ilocie co3nanms
CTaTUCTUYICCKOI'O CIIMCKa MO2KHO BBIYMCJ/IUTDL €I'0 XapPaKTEPUCTUKHN KOMaHJdaMM IIOJIIaKeTa
describe:

> describe[mean] (statlist); # CraTucTudueckoe cpeIHee
0.6497500000
> describe[standarddeviation] (statlist); # CTamzapTHOe OTKIIOHEHUE

0.4398483402

[TosryunTh CIMCOK 3HAYEHUI N3 HOPMAJILHOTO PacIpe/ie/IeHrd MOXKHO KoMaH,10if normald
noamnakera random:

> normal_data:=[random[normald] (30)];

normal _data = [1.175839568, —0.5633641309, 0.2353939952, —1.442550291,
—1.079196234, —0.02201464613, —2.585278364, —0.4432712806, —1.003281481,
—0.02786973908, 1.526244859, —0.6051206219, 0.1640412457, 0.6530247357,
—0.5410542893, 2.135025838, 0.1844238837, —0.6166294309, —0.4486976019,
0.8238240523, 0.2521330308, 0.1918301186, 0.8279838784, —1.742267132,
1.123077087, —0.1605619318, —1.555929034, —0.7807191640, —0.5186676113,
—0.2582649678]

Tenepb MOXKHO TOJCYNTATH, CKOJIBKO 3HAYEHUN U3 IOJIYHYEHHOI'O CIHCKA IONAIAI0T B
OIIp€/Ie/IEHHBIE UHTEPBAJIBI U TIOCTPOUTH TUCTOTPAMMY JIJIst 3TUX JAHHBIX, YTOOBI BU3YAIHLHO
OTIEHNUTDH pacIIpejiesieHne, KOTOPOMY OHU ITPUHA/IJIeXKAT:

> ranges:=[-5..-2,-2..-1,-1..0,0..1,1..2,2..5];
ranges := [—5.. — 2, —2.. — 1, —1..0, 0..1, 1.2, 2..5]

> data_list:=transform[tallyinto] (normal_data,ranges);
data_list := [Weight(0..1, 8), Weight(1..2, 3), 2..5, —5.. — 2, Weight(—2.. — 1, 5),

Weight(—1..0, 12)]
> statplots[histogram] (data_list);

_6 4 -2 0 2 4 6
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I'maBa IV
I'pacdpuka

CucTeMbl aHAJIMTUIECKUX BBIMHUC/IEHNN MPUBJIEKAIOT UCC/Ie0BaTe el He TOJIBKO CBOUME BO3-
MOKHOCTSIMH peaJI3allii aJrOPUTMOB ITOCTPOEHNST aHAJIUTUIECKIX PeIeHnii, HO U pa3BUTOI
rpaduKoil, HAUNHASA OT MOCTPOEHUS IPOCTEHINNX JIBYMEPHBIX KPUBBIX U 3aKAHIMBAs CJIOXKHbI-
MU TPEXMEPHBIMU ITIOBEPXHOCTIMU ¥ aHUMAIlUell IBYMEPHBIX U TPEXMEPHBIX n300parkenuii. B
JII0OOI MOMEHT TI0JIb30BaTEIb MOYXKET OTOOPA3UTh PE3Y/IbTaThl CBOUX BBIMUCICHUI B BUJIE IPa-
dpuyeckux 00pa3oB, KOTOPhIe, KaK U3BECTHO, O0jiee NH(MOPMATUBHBI, YeM CKYIIbIe PAIbI ITUDDP.
YuuBepcabHble I'padudeckue KoMaH bl cobpaHbl B makeTe plots, a B nojanakere statplots ma-
KeTa stats HaxomATCs crernuaabHble KOMaH/ bl OTOOpaYKeH!sl CTATUCTUIECKUX JaHHbIX. Koman-
JIbI TOCTPOEHUsI TPAGMUKOB UNCICHHBIX PEIeHIi 0ObIKHOBEHHBIX /M PepeHITnATLHBIX YDaBHE-
uuit DEplot() u ypaBrenuii B wactubix npoussoaubix PDEplot() MoxKHO HalTH, COOTBETCTBEH-
no, B rmakerax DEtools u PDEtools. [Taker student comep:KuT HECKOIBKO HTIOCTPATUBHBIX
KOMaH/[ TIPeJICTaBJIEHNs OIPE/IeJIEHHBIX MHTETPAoB B BUJIE PA3IUIHBIX CYMM, a TaKyKe KO-
MaH/y OTOOparKeHMs KacaTeJIbHOI K (DYHKIMU B 33 aHHOI TOYKe. UTOOBI BOCIOJIb30BATHCS
HePEYNCIEHHBIME TPapUIeCKUMU CPEJICTBAME, 00A3aTEILHO MOJIK/IIOUYeHNE COOTBETCTBYIOIINX
nakeroB. Ho B Maple ectb Bcerma jsiBe jocrynnbie rpadudeckue koman bl plot() u plot3d(),
KOTOPBIE PaCIIOI0KEeHbI B OCHOBHOIT Oubsimoreke. [lepBast ipeHazHavMeHa /I [IOCTPOEHUs I'pa-
bukos byHKIWMIt 0HOI TepeMenHHOil (JByMepHas rpaduKa); ¢ HOMOIIBI0 BTOPOil MOYKHO CTPO-
UTHh TpexMepHble rpadudecKre OTOOPayKeHNs MOBEPXHOCTEH M MPOCTPAHCTBEHHBIX KPUBBIX
(mpocrpancTBenHas rpaduka). KoMaH bl B yKa3aHHBIX BBIIIE [TAKETAX TAKKE MOXKHO MOJIpa3-
JICJINTH HA KOMAHJIbI JIBYMEPHOI U MPOCTPAHCTBEHHON I'PadUKH.

IV.1 Komanabl 1BymMepHoii rpadpukn

Komanga plot

MHuorodyHKImOHAIbHAS IBYMepHas rpadudeckas KoMaHa plot() pacrosokeHa B CHCTEMHOI
oubmoreke Maple, m mosromy joctymHa B J1060e BpeMsi. C IMMOMOIIBIO 9TOH KOMaHIBI MOXK-
HO IOCTPOUTH IpadUK OJHON UM HECKOJBbKUX (DYHKIINNA OJIHON BEIEeCTBEHHON MePEeMEHHOM,
3aJaHHBIX B SBHOM WM ITapaMETPUIECKOM BHJE, a TaKKe OTOOPa3uTh MHOMKECTBO TOYEK B
JIEKapTOBOI WM TOJISIPHO cucTeme KoopauHaT. CHHTAKCUC KOMAHIbI plot() CJICJIYTOIIAT:
plot(f, h, v, ommun);

3nech £ - dpyHKIMA, rpaduK KOTOPOit HEOOXOTUMO 0TOOPA3UTh, h U V IIPEJICTABJISIOT, COOTBET-
CTBEHHO JIMAITa30H U3MEHEHUs He3aBUCUMOI IepeMeHHO 110 TOPU30HTAILHOM ocu rpaduka u
JIMaIla30H U3MEHEeHUs 3HadeHust (DyHKIMH BJIOJIb BEPTUKAJIBLHON ocu rpaduka.
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Jlnama3on n3MeHeHnsI He3aBUCUMOI IIEpEMEHHOM h 3a1aeTcs B BUIe X=a. . b, Ilie a 1 b HauMeHb-
1mee U HauOOJIbITIee 3HAYECHNEe U3MEHEHUd TEePEMEHHON, a X - UMs He3aBUCHMOI IePEMEHHOA.
Ecnmu nuamazon He 3ajiaH, T.e. BTOPOI mapaMeTp IPEJCTaB/IAeT COOOW MPOCTO UMs HE3aBU-
CUMOIl TIepeMEHHON B (DYHKIMH, TO MO YMOJIMAHUIO MPUHUMAETCS CJIEIYIONINi WHTEPBAJ ee
usmenenus —10..10. Dror napamerp (¢ JUANA30HOM WM HeT) 00A3aTEHHO JIOJKEH MPUCYT-
CTBOBATH TP 3aJaHnu rpaduka Koman1oii plot().

Beprukanbublit quama3on v, 3ajiaBaeMblil TPETbUM TapaMeTPOM, OTPDAHUIUBACT BBIBOJL I'Da-
duka onpesenenHoit obacTeio n3MeHerus Gyukimn. OH HeoOs3aTeIeH, KaK U OIINN, 388~
IOIyecsd B BUJIC YPABHEHUN UMsI_ONIUu=3Ha4deHue. [[pum OoTCyTCTBUU SIBHOrO 3aJaHUA OIIUI
HPUHUMAIOTCA UX 3HAYEHUs 110 yMo/rdannio. OIIun onpeesiioT BUI 0TobpazkaeMoro rpadu-
Ka: TOJIIUHY, [IBET U TUIl JUHUU I'paduKa, TUII OCell KOOPAMHAT, pa3MeIleHne HaIIucei u T./1.
1 3aJa10Tcd B popMe ypaBHEHUIT uMs_onuun=3HadeHwe. Habop BO3MOXKHBIX OIIINI BO BCEX
KOMAaH/IaX JIBYMEPHOTO IpadpUIeCKOro BbIBOJIA, 38 HEKOTOPBIM UCKJIIOYEHUEM,0THHAKOB. Pabo-
Ta ¢ KoMaH 10i plot() He MpecTaBIsgeT HUKAKIX CIOKHOCTeH. HeCcKOIbKO IIPUMEPOB MO3BOJISIT
JIETKO ¢ Hell ocBouThes. [lepBbiM HarmmuMm mpumMepoM OyjieT oTobpazkeHne rpaduka QyHKIIUA
y(z) = 2* + sin(z?) na unrepsase |-4,4| n3aMeHenus HE3aBUCUMON TIEPEMEHHOI T ¢ CO3IaHIEeM
HAJIITICH.

IMpumep IIIV.1. ['pagux dyrrxuyuu ¢ nadnucvro

plot(x~2+sin(x~2) ,x=-4..4, color=black,
titlefont=[HELVETICA,12] ,title="IIpumep

BeBOZa\nrpapuka" ,xtickmarks=8,thickness=3,
axesfont=[COURIER, 10] ,1abelfont=[TIMES,BOLDITALIC,12],
labels=["x","y(x)"],labeldirections=[HORIZONTAL,VERTICAL]);

vV V.V V V

[Ipumep BBIBOJIA
rpacduka

y(X)

Ob6paruTe BHUMaHUE, 9TO I CO3/IaHUS MHOTOCTPOYHON HAJIINCH B CTPOKE 3HATEHUS
orruu title mcrosb3oBan cuMmBOJI TIepexoga Ha HOBYIO cTpoKy (\n). Takxke na rpaduke
npumepa (ITIV.1) mbr usmennsm mpudT Hamuceil BIOIL OCel, 3aja/u UX HA3BAHWSA W
0TOOPA3UIN BEPTUKAJIHHO HA3BAHUE OCH .
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Komamna plot() moxker orobpazkars rpaduku GyHKIWA He TOJBKO HA KOHETHOM HHTEPBAJIE
U3MEHEHNS He3aBUCUMOU MePEMEHHON, HO U Ha OECKOHEYHOM:

> plot(cos(x)/x,x=0..infinity,-0.5..1,color=black,numpoints=800) ;

JAWYYN

0 infinity

3/1ech HaM MPHIIIOCH OIPAHUYUTH 06J1acTh 3HadeHuit dbyHkmil guanasonom [-0.5,1],Tax
KaK IPU & CTPEMSINeMca K HYJ0, MYHKIUSI CTPEMUTCs K OECKOHEYHOCTH, a TaKxKe 3a/1aTh
bosbilie TOuek Ha Tpadure QyHKIMHU, WHaYe B paiione nHajuucu infinity #e mabsoaach
OBI TVIQIKOCTh (DYHKITUHU, a ObLIN OBl SIBHBIE U3JIOMbI, KOTOPhIE HE COOTBETCTBYIOT ITOBEICHUIO
dyHKIIN.
He Bcgakyo yHKINMIO MOYXKHO IIPEJACTABUTH B siBHOM Bujie. MHorue yHKINM 33 a10TCA B TIa-
pamerpudeckoit popme. Orodpazkenne rpadukoB TakuxX QyHKIUH HUYEM HEe OTIMIAETCH OT
BBIBO/Ia SIBHO 3a/iaBaeMbIX (byHKIui. EanHcTBeHHOE OT/INYNe 3aK/II0YaeTCs B TOM, UTO Iapa-
MeTpHYecKas KPUBasl 3a/1aeTCsI B BUJIE CIIMCKA, TJ/Ie TePBbIil 1 BTOPOIl 9JIEMEHTHI SIBJIAIOTCS BbI-
pasKeHUsIMI dYepe3 mapaMerp, COOTBETCTBEHHO, TOPU30HTAIBLHON 1 BePTUKAIBHON KOOD/INHAT,
a TpeTHil SJIeMeHT 3ajiaeT u3MeHeHre napamerpa B Buje quanasona Maple. ITpumep (IT11V.2)
JIEMOHCTPHUPYET 0TOOparKeHHe ImapaMeTpUIecKu 3alaHHOM KPUBOIi.

ITpumep IIIV.2. Omobpasicerue epagpura napamempuvecku 3a0annoti GyrruuL

plot([cos(t)~3,sin(t)~3,t=0..2%Pi],

color=[black], titlefont=[TIMES,ROMAN,12], title="0OTobpaxeHue
mapaMeTpudeckoi \n kpusoit", xtickmarks=4, thickness=2,
axesfont=[COURIER, 10]);

vV V. V V

Orobpazkenne mapaMeTpuIecKoi
KPUBOM
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7151 BBIBOJIA. HECKOIBKIX (DYHKIWI Ha OHOM Ipaduke HeobxoauMo B Koman/e plot() 3a-
JlaBaTh (DYHKIUKM B BUJIE MHOXKECTBA WJIM CIIMCKa, a 3HAYEHUE OIIUH color B BHUJE CIIHMCKA
MIO3BOJISIET 33/IaTh I[BET I BbIBOJA TpaduroB dynkiuili. Ecam onmusa color e 3ajana, To
Maple orobparkaeT GpyHKIIUN B COOTBETCTBUU CO CIIMCKOM IIBETOB 110 YMOTIAHUIO.

ITpumep IIIV.3. Omobpasicernue epaguros neckorvrux Gynruyud

> restart:
> plot([x~2+sin(x~3), 20*exp(-2*x)*sin(x)],
> x=-1..3.5, -1..5,

> color=[black,green],

> titlefont=[HELVETICA,12],title="BuBoL rpaduKoB HECKOJNBKUX OYHKII]
> pi" ,

> legend=["x"2+sin(x"3)","20%exp(-2*x)*sin(x)"],
> xtickmarks=8,

> thickness=2,

> linestyle=[4,1],

> axesfont=[COURIER,10],

> labels=["x","Graphics"],

> labelfont=[TIMES,BOLDITALIC,10]);

BoiBoj rpadukoB HECKOJIBKUX (DYHKIIMIM
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53
44 v
. 3;
Graphics 2] - v,
14
1050765 1 1552 2.5 3 3.5

""""""""""" X"2+sin(x"3)
20*exp(—2*x)*sin(x)

Komanga plot() mosBosisier orobpazkarh Ha rpaduKe OTJeJbHbIE TOYKU, KOTOPbIE 3aJa-
I0TCA B BHJE CIIUCKA CIHMCKOB , T.€. CINCKA, 3JeMEHTaMU KOTOPOTO SIBJISIOTCS CIUCKUA. DTH
JIBYX3JIEMEHTHBIE CIIMCKU OIPEJIEIAIOT KOOPJANHATHI TOYEK Ha IJI0CKOCTU. 19 BBIBOJIA TOUYEK
HeoOXoMMO 3a1aTh 3HadeHne onmmn style, pasaoit POINT. Eciu sroro me caenars, To Maple
0TOOPA3UT JIOMAHYIO JIMHUIO, COEJIMHSAIONINE TOYKHU B IOCJIEIOBATEIbHOCTH UX 3aJIaHUS, He
BbIJIeJIssl UX crienuasibHbiMu cuMBosiamu. B npumepe (I1IV.4) rouku, 3ajaHHble CBOUMU KOOD-
JIMHATAMU Ha IJIOCKOCTHU, OTOOPaXKaIOTCs ¢ UCTOIb30BaHueM cuMmBoJia symbol=DIAMOND.

ITpumep IIIV.4. Omobpasicerue mouex na niockocmu,

plot([[1,1],(2,1],[3,4],[-2,3],[-1,4.5],([1.5,3],[1.1,2]],x=-3..3,
0..5,color=black,style=POINT, symbol=DIAMOND,
symbolsize=16,titlefont=[HELVETICA,11],title="BmBOoL TOYeK KOMAaHIO
plot",xtickmarks=4,axesfont=[COURIER, 10]
,labels=["","Points"],labelfont=[TIMES,BOLDITALIC,10]);

vV V.V V V

BruiBo, Touek komanoit plot

57
o i
4] o
o 3—: o
Points |
21 3
1i o o
52 a0 1772 %

114



IV.2. IlpocrpancrBenHast rpaguka

IV.2 IlpocrpancrBeHHas rpadpuka

Komanmga plot3d

OYHKIWIO JABYX IMEPEMEHHBIX MOXKHO OTOOPa3UTh KaK IMOBEPXHOCTh B TPEXMEPHOM IIPO-
CTPAHCTBE, JIBE OCH KOTOPOI'0 COOTBETCTBYIOT 3HAUEHUSIM JIBYX HE3ABUCUMBIX IT€PEMEHHBIX,
a 0 TpeTbeil 0CH OTKJaJbIBaloTcsa 3HadeHus yakiuun. B Maple momobnyio mporemypy
BU3yasm3anuu (QYHKIMU JIBYX [EepeMEHHbIX BBINOJIHsIeT KoMan a plot3d(), koropasi, Kak
1 KOMaHJla oTobpaxkenus rpaduka (GyHKIMU oHO mepementoit plot(), pacrosioxkena B
CTaHIAPTHON OMOIMOTEKE, & IIOITOMY JOCTYIIHA IOJIH30BATEI0 B JIOO0H MOMEHT. JTa KO-
MaHa T03BOJIsIeT 0ToOparkKaTh rpadukn (GpyHKIN, 3aJaHHBIX KaK B IBHOM BHJE, TaK U B
apaMeTpuIecKoM BH/IE.
Cunrakcuc komas bl plot3d() mpakTHIecKn MoJIHOCTHIO COOTBETCTBYET CHHTAKCUCY KOMAH-
Jibl plot() ¢ HEGOIBIIUM OYEBHJIHBIM JIOTIOJIHEHUEM, CBSI3AHHBIM C HAJIMYHEM BTODOI He3a-
BUCUMOIl IIepeMEeHHOI:
plot3d(expr,x=a..b,y=c..d, omnuuu)
31ech TapaMeTp expr mpeJcTaB/IsieT ajredpandeckoe BbIpaykeHne Uil obpalleHne K M0JIb-
30BaTEJILCKON (DYHKIMHU JIBYX IEPEeMEHHBIX C JUalla30HaAMU M3MEHEHUsl, OlpeIesIsseMbIMI
BTOPBIM U TPETBUM IIAPaMeTPOM, B KOTOPBIX BMECTO T U Y CJIE/IyeT 3a/[aBaTh UMEHa, Iepe-
MeHHBIX. [lob30BaTEIbCKYI0 (DYHKITUIO MOYKHO OIPE/IE/ISITh HEITOCPEICTBEHHO B KOMaH/Ie,
HO B 9TOM CJIydae 3a/1aBaTh UMEHa MePeMeHHBIX He HaJIo:
> plot3d((x,t)->cos(x)*sin(t),-1..1,-1..1);
OrmeTnM, 9TO U BbIpaxkeHue, U (DYHKIWS, IPEJICTaB/IIONINe TapaMeTp eXpr, He JTOJXKHbI
coJiepzKaTh HEOIIPEIeIeHHBIX CUMBOJILHBIX IIEPEMEHHBIX, KPOME JABYX YIIOMSHYTHIX He3aBU-
CUMBIX TIePEMEHHBIX. ['paHUIBl MANa30HOB MIPEJICTAB/ISIIOTCS UUCIAME, XOTs JJIsT BTOPOI
HE3aBUCUMOI TIePEMEHHON OHU MOTYT OBITh BBIPAXKEHUSIMU, 3aBUCSIIIIMHI OT MEPBOil mmepe-
MeHHOit. B aTom citydae rpaduk GpyHKIHE JIBYX ePEMEHHBIX 0TOOpasKaeTcs He Ha, IIPsiMO-
YIOJBbHOI 00JIaCTH, & Ha YeTBIPEXYTOJILHOM, Y KOTOPOi JIB€ IMPOTHUBOIOJIOKHBIE TPAHUIIBI
SIBJIAIOTCS KpUBOJIMHeHbIMEI. Hanpumep, ciemyomast KoMaHIa
> plot3d(cos(x)*sin(t),x=-1..1,t=-5..x"2);
orobpakaeT rpaduk yHKIUN Ha 00JIACTH, Y KOTOPOI OJ/IHA U3 I'PaHUIL IIPeJICTaBIeHa I1a-
paboJIoii.
Onmun 119 KOMaH I TpeXMEPHON rpaduKN OMpeIesIaioTCs TaK »Ke, KaK U JIJIsT KOMaHI Ipa-
dugeckoro orobpazkeHust Ha IJIOCKOCTH, B BUJIE YPaBHEHUs, B JIEBOIl 9acTU KOTOPOIO CTOUT
UMs OIIINU, & B IIPaBoil ee 3HavueHne. MHorue oniun KoOMaH 1 ITPOCTPAHCTBEHHO rpaduku
[IOJTHOCTBIO COOTBETCTBYIOT CBOUM JIBYMEPHBIM aHAJIOTOM, IIPAB/Ia B HEKOTOPBIX OIIUAX 0~
GaBJieHa JOMOTHATEIbHAS (DYHKIIMOHAIBHOCTD (CMOTPH, HAIIPUMED, OMIINIO color), HO ecTh
U cllelnnajbHbIe OIIUU, OTparKalole ClelnduKy IpPOoCTPaHCTBEHHON rpadukn.
Kak BugHOo u3 onmcanmii kKoman el plots() u ee orumit, pabora ¢ Heil sicia u npocra. Ha-
npuMmep, Jis oTobpazkenns rpaduka GyHkun z = cos(z)y? ¢ 3aroJ0BKOM U 3HAYEHUSME
OIIIUIA IO YMOJTIAHUIO CJIE/IYeT BBIIOJHUTH KOMAH/LY:

> f:=cos(x)*y~2;

f = cos(z) y?

> plot3d(f(x,y),x=-3..3,y=-3..3);

['pacduk pyukimn
z = cos(x)y?
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IIo YMOJI9aHUIO IIOBEPXHOCTD 3aKpPallnBa€TCA B COOTBETCTBUU C HBGTOBOﬂ cxeMoli XYZ,
KOTOpad BI)I6I/Ipa€T OBET TOYKHU ITOBEPXHOCTU B 3aBUCUMOCTHU OT 3HaYCHUNA Tpex ee KOOpAu-

HaT.

Mozkno OTO6pa3I/ITb Ty 2K€ IIOBEPXHOCTb B BHU/IE KapKaCHOfI MoJge/ C yJaJICHHBIMU HEBU-
JAUMBIMUA JINMHUAMA 1 ABHO 3aJaHHBIM HallpaBJICHHMEM B3IVIdJa Ha Hee:

> f:=cos(x)*y~2;

[ = cos(z) y?

> plot3d(f(x,y),x=-3..3,y=-3..3,

> style=hidden,color=black,orientation=[60,65],title="Tpadpur QyHKIUM
> \nz=cos(x)*y~2");

Komanoit plot3d() mMoxkuO oroGpazkaTh TapaMeTpruuecKy 3a/IaHHble TIOBepXHOCTH. ToJIb-
KO HAJI0 IIOMHHUTh, UTO /I TapaMeTPU3aIlnd TPEXMEPHOI MTOBEPXHOCTH CJIeIyeT UCIIOIb30BATh
JIBa IapaMeTpa, T.e. 3aJ1aTh TPU KOOPIMHATHI TOYEK ITOBEPXHOCTH KaK (DYHKIIUN WJIN BhIpayke-
HUst IBYX mepeMeHHbIX. CuHTakcuc Komas el plot3d()B aToM cirydae Gyer nMeThb cJretyoruii

BUI;

plot3d([x-expr,y-expr,z-expr] uanasox-napaml , iuanasoH-napam?2 , ONIIUN)

['pacduk dpyuximn
z = cos(x)y?
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IV.3. Komangaer nakera PLOTS

[Mpumep IIIV.5 unmoctpupyer oTodpazkeHue mapaMeTPpUYecKn 3a/IaHHON OBEPXHOCTH B Jie-
KapTOBOH cuCTeMe KOOPJAUHAT.

IIpumep IIIV.5.

> plot3d([sin(x),cos(x)*sin(y),sin(y)],
> x=-Pi..Pi,y=-Pi..Pi,style=hidden,color=black,grid=[40,40]);

ﬂﬂﬂ yaydmieHusd BUIa 0T06pa>KaeM0171 IIOBEPXHOCTU MBI 4dBHO 3a/la/JIi CETKY TOYEK, Ha KO-
TOpOfI BBIIUCJIAIOTCA, SHAYECHUA ITapaMEeTPpHUICCKU Saﬂ;aHHOI’?'I (byHKLLI/II/I IIOBEPXHOCTH.

IV.3 Komanapl makera plots

JIBymMepHbIe KOMaH/IbI ITakeTa plots

Ha miockocTu Kpome IpsAMOYTOJIBHON JIEKapTOBON CHCTEMBI KOOP/IMHAT UCIOJIb3YIOTCA U JIPY-
rue. OpHOit U3 HamboJiee YACTO NPUMEHSIEMOI ABJISIETCsS IOJIAPHAs CUCTEMa KOODP/MHAT, B
KOTOPOI TIOJIOYKEHHE TOUKH 3a/IaeTCsl Tak:Ke JAByMsi BeandnHaMu. OHHU IPEICTABISIOT cODOI
JUIMHY T PAJINYCa-BEKTOPA, IIPOBEJIEHHOTO U3 HaYasa KOODJUHAT B 3a[AHHYIO TOYKY, U yTrOJI
HAKJIOHA (0 3TOI0 BEKTOPA OTHOCUTEIHHO MOJIOYKUTETHHOTO HAIIPABJICHUS TOPU30HTAIBLHON OCH
koopauHaT. MHorne “3amevaresbHble’ ILJIOCKHE KPUBBIE Jierde U IIPOIe 3a1aBaTh UMEHHO B
HOJIAPHO# cucTeme KoopauHat. Hampumep, oKpy»KHOCTH pajinyca a ¢ MEHTPOM B Hadaje Ko-
OpJIMHAT B MOJIAPHON CHUCTEME KOOPJIUHAT 3aJIaeTCsl IIPOCTHIM yPaBHEHUEM " = @, TOTJ/la KakK B
JIEKApTOBOI cUCTEeMEe KOOP/IMHAT 9T K€ OKPYKHOCTH 3aJIaeTCs YPABHEHUEM B HESIBHOM BHU/IE
Va? +y? = a?

g orobpaxkenus rpaduka GpyHKIUH, 33/ JAHHON B MOJAPHON CUCTEMe KOOPJ/IMHAT, B TaKeTe
plots cymecrByer dyukius polarplot(). Ee cunrakcuc moxox Ha cMHTaKCHC KOMaH bl plot()
3a OJHUM MCKJIIOUEHUEM - He 3aJIaeTCs TPeTHil mapaMerp, OrpaHuInBAONINI JUAITa30H U3Me-
HEHUs 3HAYEeHUl, B JAaHHOM CJIy4yae JJIMHBI PaJNyCa-BEKTOPA:

polarplot(r, phi=gwamason, omnuwuu);

[Tapamerp r - 9T0O BbIpaxKeHue Wan (PYHKIWS, 3aBUCAIIINE OT HE3aBUCUMOIl IepeMeHHoii phi,
UHTEPIPETUPYEMOI KaK yT0JI IOBOPOTa PAJINYCa-BEKTOPA OTHOCUTEILHO FOPU30HTAILHON| OCH.
Jlnama3on u3MeHeHns] He3aBUCUMON ITePEeMEHHON MOXKeT OTCYTCTBOBATD, TOT/IA UCIOJIb3YeTCs
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I'maBa 1V. [@'pagpura

JIMAIIa30H U3MEHEHUs 110 yMoadanuio -Pi. .Pi. OcrajbHble mapaMeTpbl IPeJICTaB/IsioT coboil
Takue e onnuu, 9ro u B hyHkIwmn plot().

Wcnonbsosanne KOMaH/JIbI ITOCTPOEHUA OKPY2KHOCTH B HOJIHpHOfI CUCTeEME KOOpAUHAT e~

MoHCcTpuUpyercd B rnpumepe 1IV.6.

Ilpumep IIIV.6. [I'pagux dpynxuyuu 6 noraprot cucmeme xoopduram

> with(plots):

> polarplot(5,phi=0..2%Pi,color=black,thickness=2);

Eciin mocMmoTperh Ha BBIBOJM, 9TOil KOMAHJIbI, TO BMECTO OOEIaHHOW OKPYKHOCTH MbI
BUIMM dJuuic. Jlego B TOM, UTO 110 yMOJTIAHUIO BO BCEX IpadUUIECKUX KOMaHIAX UCIIO/Ib-
gyercs 3nadenne UNCOSTRAINED napamerpa scaling. A sTo o3naqgaer, uro rpaduk pac-
TATUBACTCA 110 OCAM TaKUM 00pPa30M, YTOOBI TOJTHOCTBIO 3aIIOJHUTH OTBOJIMMOE TIOJI HErO
IIPOCTPAHCTBO Ha pabOvYeM JIICTe, YTO MPUBOJIUT K HECOOTBETCTBUIO €JIMHUI] N3MEPEHUS T10
rOPU3OHTAJIBHON 1 BepTHKaIbHOM ocsaM. [loio0Hoe sBIeHNe XapaKTepHO I BHIBOJA 6CEX
rpadudeckux koman Maple. VcnpaButs 11omobublit 1edeKT MOXKHO C IIOMOIIBIO KOMAH]T
nnrepdeiica MOJIH30BATES WK NIPU OTOOPaYKEHNN KPUBOI B COOTBETCTBYIONIENH KOMAH/JIE,
zaytaB oo scaling=CONSTRAINED:

> with(plots):

> polarplot(5,phi=0..2%Pi,color=black,thickness=2,scaling=constrained);
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IV.3. Komangaer nakera PLOTS

Komana polarplot() Takzke mo3osisier oTob6pazkarh rpadiKn napaMeTpHIecKn 3a/1aH-
HBIX KpUBBIX. /15 9TOTO 1MOI00HYI0 KPUBYIO CJIeAyeT 3aJaTh B (DOpMe TPEX3/IeMEeHTHOTO
CIICKa, B KOTOPOM II€PBbIE JIBa 3JIEMEHTa IIPEICTaB/IAI0T BhIpaykKeHne depes3 mapaMeTp JIJIi-
HBI paJinyca-BeKTOpa U ero yrja IIoBOpOTa, a TPETUil 3JIeMEeHT 3a/1aeT JUAIa30H U3MEHEHU
apamMeTpa:

> with(plots):

> polarplot([r,sin(2*r),r=0..7], color=black, thickness=2,
> scaling=constrained);

B Maple komanoii coordplot() MOKHO Ha9epTUTH “JIMHUN yPOBHS MIOCKUX CUCTEM KO-
OPJIMHAT, MOJIepKuBaeMbix KoMan10if plot() yepes ommnuio coords. B kadecrBe napamerpa
9TOI (DYHKIMH [TepeIaeTcsl Ha3BaHUe CUCTEMbl KOODINHAT:

> with(plots):

> coordplot(polar,color=[black,navy],scaling=CONSTRAINED,
> thickness=2,title=‘llonsgpras cucTeMa KOOpPIUHAT®);
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Puc.IV.3. [lorspuast cuctema Koop-
JIMHAT

> with(plots):

> coordplot(bipolar,color=[black,navy],scaling=CONSTRAINED,
> numpoints=1000,thickness=2,title="Bunonspras cucTeMa KoopzuHAT");

Puc.IV.4. Bunosusprasi cucrema Ko-
opaHHAT

BriBaer Tak, aTo mcxoanas pyHKIMA, rpauK KOTOPO HAJI0 0TOOPA3UTh, IIPEJICTaABISACTCS
TOJBKO B HesiBHOM BuJie f(x,y) = 0 U HEBO3MOXKHO €e IIPEJICTABUTD B sIBHON (hopMe HU B OJI-
HO#l M3 M3BECTHBIX CHUCTEM KOOPJAWHAT. B Takom ciydae ciieyeT BOCIOJIB30BAThCS KOMAHIOM
implicitplot(), koTopas crenuaabHO paspaboTana Jjisi 0TOOPaXKeHUsT HeSIBHBIX (DYHKIIUIL:
imlicitplot(expr, x=a..b, y=c..d, omnmuum);
imlicitplot(f, a..b, c..d, omnuuwm);
31ech B mmepBoit hopMe BBI30Ba KOMaHbI IapaMeTp eXpr IPeJICTaB/IsieT YpaBHEHNe, 3aBUCH-
mee OT JIBYX I€EPpEMEHHBIX T U Y, a BO BTOpoil dhopme f mpejcrasiisier ypaBHEeHHE, B JIEBYIO
U IPABYIO 9aCTU KOTOPOI'O BXOJISAT TOJBKO MPOIEIYPbi-(DYHKIIUN U OIEPATOPHI OT JIBYX Iepe-
MeHHBIX. J[OIOJIHUTEIbHO KO BCEM M3BECTHBIM OIIIMAM KOMAaHThI plot() MOXKHO 33JIaTh OIIIIHNIO
grid=[m,n], onpesnensromee ceTKy U3 m X n TOYeK, Ha KOTOPOW BBIUEPUNBAECTCA KPUBas.

[Ipu yBemmuennn KoJm4IecTBa TOUEK B CETKE KpUBas oToOparkaeTcs OoJjiee riiajkoi 6e3

yoBbIX ToveK. [To ymosrdanuio ncnosibsyercs cerka 25 X 25 Touek. Omiueit coords MOXKHO
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IV.3. Komangaer nakera PLOTS

3a/JaBaTb FpaCbI/IK B Pa3HbIX CHCTEMaXxX KOOpIWHAT, II0 YMOJI9aHUIO HCIIOJIb3YETCA JCKapTOBasl
IpAMOYI'OJIbHasd CUCTEMa KOOpPJIUHAT.

Ilpumep IIIV.7. [I'pagux neasroti 3adanroti hyrxyuu

> with(plots):
> implicitplot(x~2+y~3-8=0,x=-10..10,y=-8..8,color=black,grid=[60,60],t
> hickness=2);

Ui

10

Tpexmepuble kKoMaH/IbI TakeTa plots

B npocTpancTBe KpoMme JIeKapTOBO# CHCTEMBI KOOPIMHAT UCIIOJIb3YIOTCs U jipyrue. Hanbostee
JaCcTO MPUMEHSIOTCS IMJINHIpUYIecKas 1 cdeprieckasl cUCTeMbl KoopauHaT. B makere plots
IPEeyCMOTPEHBI CIEIAIbHbIE KOMAHIbI, OTOOpazkaiomye rpaduk pyHKINNH IBYX HE3aBUCU-
MBIX [IEPEMEHHBIX B 9THX cucreMax KoopjmHar: cylinderplot() u sphereplot().

B mummaapudeckoil cucreme KOOPAMHAT MOJIOYKEHME TOYKU 33JIaeTCs YIVIOM MTOBOPOTa 6§ 1Ipo-
eKINU ee PaJINyC-BEKTOpa Ha IJIOCKOCTH XY OTHOCUTEJHHOIO TOJIOKUTETHFHOTO HAITPAB/IEHUS
OCH T, JTMHOM 7 9TOI IPOEKIK 1 3HaUYeHneM KoopauHaThl 2z Touku. Komana cylinderplot()
0TOOpazkaeT MOBEPXHOCTD. 3a/IaHHYIO MO0 B BUJE SBHON (DYHKINH, BhIPaKalolleil 3aBUCH-
MOCTb KOODJIMHATHI 7" OT JBYX Jpyrux 6 u z, ub0o B napaMeTpudaecKoM BHJIE, IIPU KOTOPOM
KazK/iast U3 KOOP/IMHAT OIpejiesisieTcs Kak (DYHKIUS JBYX IapaMeTpoB. B sTom ciiydae siBHOrO
3aiaHust (DYHKIME KOMAH/a UMEeT CJIeYIONNi CHHTAKCHUC:

cylinderplot (r-Brpaxenue, theta=guanazoH, z=guanaszoH)

3/1ech TIEPBBIN apryMEHT X-BHpaXeHUe SBJISETCS BbIpayKeHWeM OT JIBYX IepeMeHHbIX theta u
2 U TIPEJICTABJIET ABHBIN BUJ 3a/anus gyuknuu. [[1s napamerpudeckoil pyHKIUA HCIIOhb-
3yercs Jipyras ee (popma, B KOTOPOM IIEPBBIil APTYMEHT sIBJISI€TCS TPEXJIEMEHTHBIM CITUCKOM,
[IPEJICTABJIAIONINM 3aBUCAMOCTDb TPEX KOOP/IMHAT MTOBEPXHOCTU B IUJIUHIPUIECKON cucTeme
KOOP/IMHAT [Yepe3 JiBa IMapaMerpa, a CJIeIyIOIIe IBa apryMeHTa OIPE/IeIsIIOT TUATa30H N3Me-
HEHUS [TapaMeTPOB MOBEPXHOCTH:

cylinderplot ([r-Brpaxenue,theta-BrpaxeHnue,z-BrHpaxenue] ,paraml=granasoH,
param2=muana3oH)

121



Imasa IV. I'pacpuka

Kak u BO Bcex rpadutecknx KOMaHIax, KpOME YKA3aHHBIX apI'yMEHTOB MOXKHO HCIIOJIb-
30BaTh JIIOOBIE omnIuu TpexmepHoiil rpaduku. [pumep IIIV.8 nemoncTtpupyer nmocrpoenue mo-
BEPXHOCTH B IUJINHIPUIECKON crCTeMe KOOD/IMHAT

ITpumep IIIV.8. Ilocmpoenue nogseprHocmu 6 8 UusHIPUYECKOT CUCmeMe KoopOUHaMm,

> with(plots):

> # Kpyrosoi#l nunuenp pazuyca 1 u BecoTo# 2.

> cylinderplot(1,theta=0..2%Pi,z=-1..1,shading=ZGRAYSCALE) ;
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> # HapaMeTpI/I‘-IeCKI/I 3aaHHasdA IIOBEPXHOCTH

> cylinderplot([s*t,t,cos(s72)],t=0..Pi,s=-2..2,
> shading=ZGRAYSCALE) ;

> # CnupasibHEE IUINHIP BHCOTOR 2

> cylinderplot(t,t=0..4%Pi,s=-1..1, shading=ZGRAYSCALE,grid=[50,5]);
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Ob6parriaeM BHUMaHUE YUTATEIS, ITO /I TJIQJIKOTO OTOOPAXKEHUsI CIIUPAJBHOTO TIUIHHIPA

MIPUTIIOCh YCTAHOBUTDH CETKY C MATHIOECATHIO TOYKAME IO YIJIOBON KOOpAWHATE € U MATHIO
TOYKaAMU 110 JIMHEHHON KOOPJWHATE 2.
B cdepuueckoit cucreme KoopanHAT HOJIOKEHUE TOUKH OIPEJIE/IICTCS IBYMS yIJIAMHA U OJHUM
JinHeiHbIM pa3MepoM. [lepBriit yros 0, Kak U B MUJIMHIPUIECKONW CUCTEME KOODIUHAT, 33/1aeT
YTOJI IOBOPOTa ITPOEKITUU PaJINyC-BEKTOPA TOYKHU Ha IJIOCKOCTH Y. BTOpoil yroJ - 310 yroua ¢,
KOTOPBII 00pa3yeT paJInyc-BEeKTOP TOYKH C ITOJIOXKUTE/ILHBIM HAaIlPABJIEHUEM OCHU 2 JICKapTOBOI
cucTeMbl KoopauHat. JIunelinas KoopjiuHaTa 1 MPeJACTaB/SIeT JJIUHY Panyc-BeKTOPa TOYKHU.
[Tpu pabore ¢ koman it sphereplot(), Kak u B ciiydae ¢ KOMaHJIO MOCTPOEHUST MOBEPXHOCTEIA,
3aJIAHHBIX B IUJIHHIPUICCKON CUCTEME KOOPIMHAT, BOZMOYKHO JTUOO0 sIBHOE 3a/IaHie TTOBEPXHO-
cTH, Jud0 mapamerpuydeckoe. B repBoM ciiydae HEOOXOMMO B KadecTBE IIEPBOIO apryMeHTa
nepeaaTh BbIpazkKeHUE JIJIMHBI PAJINyC-BEKTOPa Yepe3 YIVIOBbIe KOOPDAWHATHI U 33JaTh UX JUa-
MIa30HbI U3MEHEHUS, BO BTOPOM CJIydae CJIejIyeT 3a/1aTh CIIMCOK c(hepUIecKrX KOOPINHAT TOUEK
MIOBEPXHOCTHU B (pOpMe BBIPAXKEHU OT JBYX IapaMeTPOB:

sphereplot (r-Bropaxenue, theta=gmanasoH, phi=gmanazox)
sphereplot ([r- Bmpaxemwe, theta-Bhpaxeruwe, phi-Brpaxenue],
paraml=guanasoH, param2=[uana3oH)

Komanasr npumepa 111V.9 nynmroctpupyioT nmocrpoenune nmoepxHocTeil B chepuyieckoii cucreMe
KOOD/IMHAT.

ITpumep IIIV.9. Ilocmpoenue noseprrocmu 6 chepuneckoti cucmeme KoopouHam

> with(plots):
Warning, the name changecoords has been redefined

> # EnuauyHas cpepa C IeHTPOM B Hadaje KOOPAUHAT.

> sphereplot(1l,theta=0..2%Pi,phi=0..Pi,shading=ZGRAYSCALE,scaling=CONST
> RAINED);
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> # IJlapaMeTprdyeckas NIOBEPXHOCTbD

> sphereplot([exp(s)+t,cos(s+t),t~2],s=0..2%Pi,t=-2..2,shading=ZGRAYSCA
> LE,orientation=[80,30],grid=[40,40]);

Kak ormeuasioch ripu onmmcanuu oniuii IpocTpaHCTBEeHHBIX KoMaH 1, Maple mo3BosisieT cTpo-
UTH MOBEPXHOCTH, 3aJIaHHBIC U B JIPYTUX IPOCTPAHCTBEHHBIX CUCTEMAaX KOoOpAuHaT. Eanncrsen-
HOE, UTO CJIe/IyeT 3HATH U XOPOIIO MPEJCTABIATH, - 9TO KAKIM 00Pa30M OIpee/IseTcs B HUX
nosioxkenne Touku. Komanga coordplot3d() Busyanmupyer KOOpJMHATHbBIE TIOBEPXHOCTH BCEX
BO3MOYKHBIX CHCTEM KOODJAMHAT, ucrojbdyembix B Maple. B mpumepe I11V.10 orobpazkenbt
HEKOTOpbIE U3 HUX.

ITpumep IIIV.10. Koopdunammwie noseprnocmu npocmpaHCMEERHbLL CUCmMem Ko0pouHam

> with(plots):
Warning, the name changecoords has been redefined

> # lunuegpudeckas CUCTeMa KOOpZUHAT.

> coordplot3d(cylindrical);
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> # Cdepudeckas cucTeMa KOOPIUHAT.
> coordplot3d(spherical,style=PATCH,orientation=[0,60],scaling=CONSTRAI
> NED);

> # JynWnTWdYecKas CHCTEMa KOOPAWHAT.
> coordplot3d(ellipsoidal,grid=[40,40],orientation=[40,60]);
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Kpusyio B mpocTpancTBe MOXKHO 33/1aTh HAOOPOM ee TOYEeK UJIN KaK IepeceveHre JIByX I0-
BepxHocreii. Komanya spacecurve() mossosisier 0ToOpasuTh MPOCTPAHCTBEHHYIO KPUBYIO, 3a-
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JIABAEMYIO TOJIHKO HAOOPOM €€ TOUEK, MPHUYeM KOOPIMHATHI TOYEK 3a/al0TCs KaK (DYHKIHN
onHoro mapamerpa (mpumep [1IV.11).

ITpumep IIIV.11. Omobpasicerue npocmparcmseennoti kpueot

> with(plots):

Warning, the name changecoords has been redefined

> spacecurve([cos(t),sin(t),t],t=0..4%Pi,color=black,thickness=2,
> axes=BOXED,orientation=[15,65]);
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MoKHO TOCTPOUTH KPYTOBYIO IUJINHIPUIECKYIO IOBEPXHOCTH 3aJJaHHOIO PaJINyca BIIOJIb
IPOCTPAHCTBEHHON KpuBoit Komanoii tubeplot(). B mpumepe TIIV.12 mocrpoena rakasi mo-
BEPXHOCTH BJIOJIb KPUBOW HPEIBLIIYIIErO ITPUMEPA.

ITpumep IIIV.12. Kpyeosoti yusundp 6dosv npocmparcmeenoli Kpueot

> with(plots):

Warning, the name changecoords has been redefined

> tubeplot([cos(t),sin(t),t],t=0..4*Pi,radius=1,tubepoints=20,projectio
> n=0.8,orientation=[15,65],shading=ZGREYSCALE) ;

126



I1V.3. Komanaer nakera PLOTS

Omrus radius ompeesisieT paauyc KpUBOJIMHEIHONO KPYTroBOTO IIUINHIPA, oy tubepoints
331a€T KOJIMIECTBO TOYEK, UCIIOJIb3YyEMBIX JIJIs IOCTPOEHUA KPYTOBOTO CEYECHUS ITUIUHIPA.
s mocTpoenns: HesIBHO 33 IAHHBIX MTOBEPXHOCTEN CJIEIyeT UCIOIb30BATH KOMAH LY
impliciplot3d(), B KoTOpOIt 33/1aeTCs ypaBHEHHE TIOBEPXHOCTH U JIMANA30HBI U3MEHEHUs BCEX
Tpex ee IepeMEHHbIX. Onuneﬁ COOI"dS MO2KHO OIIPE/IC/IATDL IIOCTPOCHUE HEABHO 3aJaHHBIX IIO-
BEPXHOCTENA B PaA3HBIX CUCTEMaX KOOPIAUHAT.

ITpumep IIIV.13. Omobpasicerue neasHo 3adanmvir noseprrocmer

> with(plots):

Warning, the name changecoords has been redefined

> # JlekapToBa CcuCTeMa KOOpAUHAT

> implicitplot3d(x~3+y~3+z~3+1=

> (xt+y+z+1)°3,x=-2..2,y=-2..2,z=-2..2,shading=ZGRAYSCALE, axes=BOXED
> )

47 WA . S

Zz N a4

X

> # Cdepuueckada cucTeMa KOOpPAUHAT

> implicitplot3d(r~2=(1.3) x*sin(y),x=-1..2%Pi,y=0..Pi,r=0.1..5,coords=
> spherical,orientation=[145,95]);
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ImaBa IV. I'pacgpuka

J1J1s1 co3/IaHmst METOJIOB B TPEXMEPHOM IIPOCTPAHCTEBE IIPeHa3HadeHa KoMaH 1a textplot3d(),
CUHTAKCUC KOTOPOIi TIOJIHOCTBIO COOTBETCTBYET AHAJOTUYHON KOMAHJIE JJIsi OTOOPAaXKEHUST TEK-
CTOBBIX CTPOK Ha ILIOCKOCTH C €JIMHCTBEHHBIM MCKJIIOUEHUEM, CBSA3aHHBIM C 3aJ[aHUEM TEKCTO-
BBIX TOYEK: UX KOOPJMHATHI MPEJICTABIAIOTCI TPEMs YUC/IOBBIMEU 3HadeHusaMu. Jlomyctumas
ormus aligh BRIpAaBHUBAHUS TEKCTa OTHOCUTETHLHO TOYKHU MMeEET Te yKe CaMble 3HAYEHUS C TEM
2Ke caMbIM CMBICJIOM, YTO U JIBYMEPHBIIl aHAJIOr 3TOI KOMaH/IbI.
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I'maBa V
Ilaker LaTleX 2e

V.1 Crpykrypa gokymeHTa LaTeX

LaTeX MOXHO HCIOJIB30BATb B PA3HBIX IE/IAX, HAIIPUMED, JIJIs HAITUCAHUS CTATHU UJIU MICHMa
WU JIJTsl TTOJTy9eHUs JIEMOHCTPAIMOHHBIX dailioB. AcHo, 9TO Jj1d pa3HbIX JTOKYMEHTOB Tpedy-
I0TCS pa3JInYHbIE JIOTUYECKUE CTPYKTYPHI, T.€e. pa3Hble KOMaH/Ibl 1 OKpYyzKeHus. ['oBopuTcs,aro
JOKYMEHT IPUHAJIEIKUAT K KAGCCY JOKYMEHTOB € OJIMHAKOBON CTPYKTYPOIi.

\documentclass [adpaper,12pt]{article}
\usepackage [russian] {babel}
\usepackage{bar, curves,epic,eepic}
\usepackage{biblio,bibdoc}
\usepackage{amsmath,amssymb}
\usepackage{maple2e}
\usepackage{boxedminipage,shadow,fancybox}
\usepackage{epsfig,psfig}

\usepackage [cp1251,koi8-r]{inputenc}
\inputencoding{cp1251}
\begin{document}

Puc.V.5. Ilpumep npeaMbyJibr JOKyMEHTa

Kinacc sroro mokymenra - article. Maker coorBercTByer omiun adpaper. [lepas jieknapa-
s \usepackage rosoput LaTeX 'y, 9TO 3TOT HOKYMEHT COJEPKHUT KOMAHJbI U CTPYKTYPHI,
obecrieanBaemble akeroM multicol (mojepzkka bpaHIy3CKOro s3biKa).

Kiacc K KoTOpoMy OTHOCHTCs HAIl JIOKYMEHT 3aJaeTcsd ¢ MOMOINbIo 3amycka LaTeX 'oB-
ckoro (aitna Komanoit \documentclass, rie o0sg3aTe/IbHBIN TapaMeTp JaeT Ha3BaHHUE KAACCH
doxymerma. Kiace JIOKyMeHTa OIIpeJie/isieT BO3MOXKHBIE JIOTUIeCKNe KOMAHIbI U OKPYKEHUs
(nampumep, \chapter B Kjacce report) Tak e, Kak u (pOpMATHPOBAHKE 110 YMOJIIAHUIO JIJIsT
9TUX 3/1eMeHTOB. PaKky/IbTaTUBHBIA apryMeHT TO3BOJISIeT MOAUMPUIINPOBATH (POPMATHPOBAHIE
9THUX JIEMEHTOB, CHAbXKasl CITUCKOM onuudl kaacca. Hanpumep, onnus 11pt pacnosnaercst 6071b-
IIIHCTBOM KJIACCOB JIOKYMEHTOB U jaeT yKazauue LaTeX 'y BbiOparh mpudT Beuannoit 11
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IIYHKTOB B Ka4eCTBE OCHOBHOTO.

Muorue komanbl LaTeX 'a ne aBigroTcd crerudUIecCKUMA JIjIg OJHOTO KJIacca, & MOTYT
HCII0JIB30BaThCs B HECKOJTBKUX Kitaccax. CoOpaHme 9TUX KOMAaH HA3bIBAETCSI ITAKETOM, & MTOJThb-
zoBare/ib nndopmupyer LaTeX 06 MCIOJIB30BAHUE OIPEIEICHHBIX TAKETOB, pa3Memias OJIHY
WM HECKOJIbKO KOMaH I \usepackage rocjie komanpl \documentclass.

Komana \usepackage umeer 00s13aTe/IbHBII apIyMeHT, sABJISIONINIICS Ha3BAHNEM IaKeTa,
n (paKyJIbTATUBHBIN apPTyMEHT, KOTOPBI MOXKET COJIEPKAThH CITUCOK Onyuli naxema, Moaudu-
MUPYIOMINX paboOTy IaKeTa.

Kiaccenl IoKkyMeHTOB 1 TTAKEThI PeaJIM30Balbl BO BHEITHUX (hailjiax ¢ pacimmpeHus M COOT-
BeTcTBeHHo .cls u .sty*. Ko jais onmuit Kinacca mHor Ia coxpangeTcs B daitiax (B 3ToM cydae
¢ pacimpenueM .clo), Ho 0OBITHO OIPEIEJISIeTCs HEIIOCPEICTBEHHO B (haiijie Kiracca Wik IaKeTa.
B ciyuae ¢ ommusivu, ums daitia MOXKeT OTJINYIATHCS OT UMEHU OIIUH, HAalpumMep, omrus 11pt
MOXKEeT OTHOCUTbCA K aitiry artll.clo, eciim ona umcrmosb3yerca B Kjacce article, m xk daitny
bk11.clo BuyTpu KJracca book.

Komannpr, 3akmouennbie Mezk 1y kKomangaMu \documentclass u \begin{document}, - sra
TaK HasbIlBaeMas npeambysa doxkymenma. Bee mapaMerpbl CTHIS JOJKHBI OBITH OIIpeesie-
HBI B 9THX IIPEJIEIaX, B IMaKeTe, KJIacce WM HEeIOCPEJICTBEHHO B JOKYMEHTE Iepe]] KOMaHIO0M
\begin{document}, KoTopas ycraHaBIMBaeT IPUOPUTETHI JJIs HEKOTOPHIX INIOOATBHBIX IIa-
pameTpoB. Kak mpaBuio, HectanjgapThblii maketT LaTeX ’oBckux ¢ailjioB copepKuT obiue
MOJIUMPUKAIINN WK YJIYUIIeHHs, 10 CPABHEHUIO cO cTaHaapTHbIM LaTeX 'oM, B TO BpeMs Kak
KOMAaH/IbI B IIpeaMOyJie OlpeIe/IsioT U3MEeHEeHNA TeKYIero JoKyMeHTa. /s n3aMeHenust BHeII-
HEro BUJIa JIOKYMEHTA, €CTh HECKOJILKO BO3MOXKHOCTEI:

® 3MEHWUTH CTAHJAPTHBI HAOOp mapamMeTpoB B dailje Kjacca ¢ MOMOIIBIO O TOro
KJlacca;

] ,ILO6aBI/ITI:> OIMH MJIN 0oJjIee MMaKeTOB B JOKYMEHT U UCIIOJIb30BaTbh HX|

® U3MEHUTH CTaH/IApPTHBIN HabOp IapaMeTpoB B daiije makeTa C IIOMOIIBIO OMIIUi 9TOr0
MMaKeTa;

® OIIpe/Ie/IUTh CBOM COOCTBEHHBIE IMAKeThI, cojeprKaliie ocoOblii HAbOP IapamMeTpoB, U 3a-
rPY3UTHh UX C IOMOIIBIO KOMaHJIbl \usepackage IOcje MaKeTa WM KJacca, KOTOPbIE
JIOJI2KHBI OBITH MOAUMUIITPOBAHBL;

® CJIe/IATH TOCJIE/THUE YPEryJIMPOBAHUS BHYTPH ITPEaMOYJIb.

O6paboTka oruii 1 NaKeToB

Anropurym, ucniobsyemblii B LaTeX 2, njist obpaborku omiuii B Komangax \documentclass u
\usepackage, sgBisgeTcs O0J€ee MOIIHBIM, €M MEXaHW3M, YIPABJIAIONNNA ONIUAMA KOMAaHIbI
documentstyle B LaTeX ’e2.09. CymecTByeT 4eTKOe pa3rpaHnIeHue MKy OIIUSIMU KJIacca
Wi rakera u dailiaMyu IakeToB i obmux 1esieit. [lociaeanne 10/KHBI OBITH OIIPeIe/IeHbI
C TIOMOIIBIO KOMaH/Ibl \usepackage. DTH ONIUHU IPUHAJIEIKAT HOBOMY JIOKYMEHTY (€CJIi OHU
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V.1. Crpykrypa gokymenra LATEX

UCIIOJIB3YIOTCs B KoManjie \documentclass), 1100 OTIAEIbHBIM [TAKETOM (€C/IM OHU OIIPEIC/IeHBI
B KOMaH/le \usepackage).

MozkHo orpejiesiuTh ONIIMK B KOMaHje \usepackage, ecyii 3TU ONIUHU JIE€KJIAPUPOBAHBI
nakeroM. B mporuBHOM citydae OyJier coobinenue 06 omudOke, nHMOPMUPYIONIEe O TOM, UTO
JaHHas omrus Hem3BecTHa. Onmun Koman bl \documentclass oO6pabATBIBIOTCS 10 JIPYTOMY.
Ecnu onipejiesiennas onmus He JIeKJIapupoBaHa KJIaccoM, oHa OyJieT IpUHATa 38 TJI00aJbHYIO
OIIITUIO’ .

Bce ommmn koman el \documentclass (JekIapupoBaHHble U IJI0OATbHbIE) ABTOMATHIECKH
[IEPEJIAIOTCS B KAYECTBE OIIUI KJIacca BCeM JIeKIapalusgM KoMaH bl \usepackage. Takum 06-
pasoMm, ecyiu ail nakeTa, 3arpyzKaeMblii ¢ JieKJiapalueil KomMaHIbl \usepackage, pacrnosnaer
(T.€. JleKJIApUpYeT) HEKOTOPbIe M3 Ol KJIacca, OH MOXKET IIPOU3BOJUTH IIPUCBAMBAIOIIIE
JIEHCTBUS; B IIPOTUBHOM CJIydae KJIacc OIMIHil pu oOpaboTKe makeTa Oy1eT MPOUTHOPUPOBAH.
[TockosbKy BCe omIuu JOIKHBI OBITH OTPeJIeJIeHbl BHYTPH (haiiia Kjracca WIn MaKeTa, uX Jiei-
CTBUE KOHTPOJIUPYETCsT KJIACCOM HJIM MAKeTOM (MOXKHO YCTAHOBUTH BHYTDEHHUE CPEJICTBA, JJIsI
npouTenus BrentHero aitia). I1o 9ol npuunne ux MOPAIOK B (haKyIBTATUBHOM apryMeHTe
koman 1 \documentclass u \usepackage Hepe/IeBAHTEH.

Eciin Tpebyercst HCrosb30BaTh HECKOJIBKO MAKETOB ¢ OJIMHAKOBBIME ONIUAMUA (HAIPUMED,
HUKAKMMH), MOXKHO 3arpy3UTh MX BCE OJ[HOW KOMaHJOi \usepackage IIyTeM OIpPe/Ie/ICHUSI
UMEH TaKeTa, OTJIe/Isds UX 3alsaToil B obsi3areibHOM aprymente. Hampuwmep,

\usepackage [german] {babel}
\usepackage [german] {varioref}
\usepackage{multicol}
\usepackage{epic}

MOZKHO 3alliCaTb B TaKOM BHJC:

\usepackage [german] {babel,varioref}
\usepackage{multicol,epic}

OHpe,ILeJ'H/IB german Kak I"J'[O6aJ'IbHy10 OIIIHMIO, II0JIyYdaeM COKpaHleHHbeI BapHuaHT:

\documentclass [german] {book}
\usepackage{babel,varioref ,multicaol,epic}

mocJie 4ero KoMaHja german OyJjeT mepejiaHa BO BCe OIpe/ieJIeHHbIe MaKeThl U, CJIe/I0BATE b
Ho, OyJileT obpaboTana TeMH IaKeTaMu, KOTOPbIe ee JeKjgapupoBajm. Korjma Mbl JIOXOIUM JI0
koMman bl \begin{document}, Bce ryiobajibHbIe ONIUH TPOBEPEHBI, T.€. OHU OBLIN MCIIOJIH30-
BaHbI B KaKOM-JIMOO IIaKeTe, ecjii HeT , TO OyjeT Ipeaynpeskjatoriee coodiienne. [Ipuan-
HOI OOBIYHO sABJIsIeTCs opdorpadutdeckas ommuoOKa B HA3BAHUU OIIWH WK YIAJICHUE KOMAHIbI
\usepackage, 3arpyzkaomieil aker, UCIOJIb3YIONuil 3Ty ommuio. [losromy ecam HEeobXo MO
BBECTH HEKOTOpbIE M3MEHEHUs B KJIACC JIOKYMEHTOB WJIN HAaKeT (HAIpUMEp, U3MEHWUTH Iapa-
METPbI UJIN IIepeoIipeae/IMTbh HEKOTOPhbIE KOMaH,ZLbI), HaJ0 IIOMECTUTDb COOTBeTCTByIOHH/Iﬁ KO/ B
oT/enbHblil daila ¢ pacimmpenuem .sty. 3aTem 3arpy3uthb 31oT daiin koMman ot \usepackage
nocse makera, paboTy KOToporo Tpebyercs MoAuduInpoBaTh (MM Kjacca, eCJu U3MEeHEHHUsI
KacaroTcs KaaccoB). Takoil (ailsr JIoKaJIbHOro 1makera JOJZKeH CoJepKaTh OJHY CHelHaJIbHYO
JIeKJIapalfio B HavaJle, yKa3bIBAIOILyI0 AUCTpuOyTus nam peans LaTeX 2¢, a UMeHHO:
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\NeedsTeXFormat{formal}{release}

B kadectBe dpopmara nyxkuo ykazarb LaTeX2e. Ecnu onpenenen dhakybTaTUBHBIN apry-
MEHT release, OH JIOJIZKEH cojepzKaTh jgaTy oOHoBeHus juctpudyTusa LaTeX 2. B nociaenoBa-
TesibHOCTH TOJL - Mecsll - yucyio (YYYY/MM/DD). Hanpumep, Komania
NeedsTeXFormat{\Ltex2e}[1994/02/01]
sagaer Bepcuto LaTeX 2., obuosiennyio 1 despais 1994r. (LaTeX 2. obHoBjsieTcs: IBAXKIBI
B T'0J| B olpejie/ieHHble dncia). Llejib 910l KOMaHIbl - 06ECHEeYnTh 3aIUTy OT yCTAPEBIITNX
Bepcuit LaTeX2.. Ecnu, nanpumMep, B IaKeTe HUCIOJIb3YeTCsd KOMaH/a, KOTOpasd B BEPCUH OT
01.02.1994 umena HemocTaTKH, a 3aTeM Oblia ucnpasiena B Bepcun ot 01.08.1994, to da-
Ky/JabTaTuBHBIN aprymedT \NeedsTeXFormat mpejynpeauT O TOM, UTO MAKeT UCIOJb3yeTCsd B
crapoit Bepcun LaTeX2.. Bosee HoBast jjaTa 0OHOBJICHUS TPUHUMAETCs O€3 TIPETyIPEsKICHUS .

pyroii crrocod MOIu@UITTPOBATD MAKET 3aK/II09A€TCs B yCTAHOBKE COOTBETCTBYIOINIETO KO-
J1a B mpeaMOyJie JJokyMenTa. OTHAKO eCTh OJTHO BayKHOE TEXHUIECKOE Pa3/Indre MeXK Iy KOMaH-
JlaMu BHYTpH (ailIoB Kjacca WK IakeTa 1 KoMangamu B npeamobyie: y LaTeX'a ecth MHoro
8HYMPEHHUT KOMAH]I, KOTOPbIe HEJIb3s UCIO/Ib30BATh B CBOEM JOKYMEHTe 0€3 CIleluraIbHbIX
Mep IIPEIOCTOPOKHOCTH. VIMeHa 3TuX BHYTPEHHUX KOMaH/ cojepxkar 3Hak @. Ero Hy»kHO Ie-
PENMEHOBATH, TaK KaK 3HAKU, He ABJIIONMecsd OYKBaMU, OOBIYHO HE IMPUCYTCTBYIOT B MMEHU
LaTeX ’osckux koMani. (3a UCKIIIOUEHUEM JIBYX JIECATKOB KOMAH/I, Yb UMEHA TIPEJICTABIISIOT
coboit cumBos1 Oskyumt (\) U clegyromuil 3a HUM OJWH HEOYKBEHHBIN 3HAK, BCE OCTAJIbHBIE
KOMaH/Ibl COCTOSIT U3 CUMBOJIA \, COIPOBOXKJIAIOIIErOCS OJHON WJIM HECKOJIbKUME OyKBaMU. )
Tenepnb, Koryia KoMauJbl B daityie ucnomngiores, LaTeX paccmarpubaer 3uHak @ Kak OyKBY.
DTO MO3BOJISIET TMAKETHBIM (daifjiaM OecrpenssTCTBEHHO paboTaTh ¢ 3TUMU BHYTPEHHUMH KO-
MaHJIaAMHU, B TO BpeMs KaK OHU HE MOI'YT OBITh HCIIOJIb30BaHbI B 9TOM KadecTBE B IIpeaMOyJie
JIOKYMEHTA.
Hecmorpst Ha 5T0, MOXKHO paboTaTh ¢ BHYTPEHHUMH KOMAaHIAMH B IIpeamMOyse, OrpaHuInB
obJtacth, rje @ Oyaer cuumrarbcs OYKBOII BHyTpu KomaH] makeatletter m makeatother. B
Ka4decTBe IPUMepPa pacCMOTPUM KOMaH Ly, KoTopas npukasbiBaer LaTeX 'y ycTaHOBUTH HOBDII
CUYETYHNK, TOTJa KaK JPYTroil CYeTUYHK MPOJIOJIKAET HAPAIMBATH CBOM 3HAYEHUsI (BHYTDEHHSsI
koMaHia @addtoreset). Takum 06pa3oM, IPU UCHIOIL30BAHUK Kjiacca article MOXKHO HyMepo-
BaTh ypaBHEHUsI BHYTPHU PA3JEJIOB € IOMOIIBIO KOJa, YKA3aHHOTO HUXKE B IIpeaMoyJie.

\documentclass{article}

\makeatletter % ¢Q@" Temepb obmwunas "6yksa" mma TeX’a
\@addtoreset{equation}{section}

\makeatother 7 ‘@’ s3amoMmHaeTca kak "HebykBa" mma TEX’a
\bigin{document}

Kak obbscusanmoch panee, BHyTpu daiisia makera 3HaK @ cauraercs 0ObIYHON OyKBOI U MOYXKET
OBITH MCIIOIL30BAH B MMEHN KOMaH/ Ibl. [[o9TOMy HEUKOTIAa He cJlelyeT UCIOJIH30BaTh KOMAaHIbI
\makeatletter u \makeatother BHyTpH NakeTHBIX (hailIoB.
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Paznenenne mcxomHoro daiijia Ha 9acTn

Ncexoanbie pokymenTol LaTeX ’a MOKHO yaoO0HBIM 0O6pa3oM pa3OuUTh Ha HECKOJbKO YacTeil ¢
MOMOIIBI0 KOMaH bl \include. /JoKyMeHTBHI MOTYT OBITH YaCTUYHO TEePeOPMATHPOBAHBI ITY-
TeM OIpeJleIeHnsl apryMeHTOB KoMaH/ibl \includeonly Tosbko s Tex daitnmoB LaTeX ’a
KOTOPBIE HY?KHO 3aHOBO 0OpaboTaTh. s ocraimbabiX (aiiyioB, ykazaHHbIX B \include mHyme-
pyemas undopmMarus (cTpaHuria, riasa, Tabauia, PUCYHOK, ypaBHEeHNe U T.J1.) Oy/eT cauTaHa
13 COOTBETCTBYIONMNX (Pail/IoB ¢ PACHINPEHUEM .alX, KOTOPBIE IOy YAI0TCs TOC/Ie IPE/IbI Ly el
obpaborku. Hampumep, B cirydae, moka3zaHHOM Ha pucyHke Puc.V.6, mob3oBaTeib X04eT 3a-
HOBO 00paboTaTh TOJILKO (aitibl chapl.tex wim appenl.tex. LaTeX BbliaeT mpeaynpexkjienue
turta, «Her daiiia xxx.tex», Korjga oH He MOXKeT HaiTu (aiiy, onpeje/leHHbI B JIeKIapaliun
include, HO He BbIJIaeT COODOIIEHUE 00 OMMOKE U IPOJOJIZKAET paboTy.

Ecan nadopmarus B daiinax ¢ paciumpeHneM .aux OTBeYaeT HOBBIM TPEOOBAHUSIM, MOYKHO
00paboTaTh TOJIBKO YaCTh JIOKYMEHTa U IOJYUUTh BCE CUYCTUMKH, MEPEKPECTHBIC CCHLIKU U
CTPAHUIIBI B IPABUJIBHOM BHJE B IepedOpMaTHPOBAHHON YACTH.

\documentclass{book} % macc morymeHnTa ‘‘book”
\includeonly{chapl,appenl} ¥ BruouuTb Tonbko chapl u appenl
\begin{document}

\include{chap1} % BBecTu chapl.tex
\include{chap2} % BBecTm chap?2.tex
\include{chap3} % BBecTm chap3.tex
\include{appeni} % BBecTu appenl.tex
\include{appen2} % BBecTu appen?.tex
\end{document}

Puc.V.6. Crpykryuposanue jjoKymeHTa, mojroropiaenaoro B LaTeX ‘e

OHAKO, €CJIM OJIMH U3 CYCTUYUKOB (BKJIIOUYAs HOMEPA CTPAHMUIL IS IEPEKPECTHBIX CChLIOK )
MeHseTCd B 3aHOBO 00pabOTAHHOW YacTU, JTOKYMEHT IEJIMKOM JIOJI2KEH OBbITH TePEKOMITHITIPO-
BaH, YTOOBI MOJTyYUTh TPABUJIBHBIE YKa3aTe/ b, OTJIaB/IeHre U OMOIMorpapuiecKue CChLIKN.

Takum obpazoMm, B Tex ciydasx, KOrja Ie1ecooO0pa3Ho pa3duTh OOJBINON JOKYMEHT Ha
MeJIKIe YacTH M padoTaTh C OTJAEJbHBIME (aillaMi ¢ IMOMOIIBI0 TEKCTOBOTO PeTaKTopa, B
IIPOMEXKYTOYHOM CTaJuK pabOThI HAJI OJIHOM mim OoJiee TyiaBaMu YacTUIHOe MepedopMaTupo-
BaHUe JIOJIZKHO OCYIIECTBJIATLCH ¢ OOJIbINOI ocTopokHoCcThIo. Kora ke Tpedyercs moc/ie/iHsist
U TIpaBUJIbHAS KOIIWs, €UHCTBEHHDIN O€30ITaCHbIi IIyTh - 9TO HOBasi 00PabOTKA IEJI0r0 JIOKY-
MeHTa. Ecm JJOKyMEHT CJIMIITKOM OOJIBINO#, 4To0bI 00paboTaTh €ro 3a OJUH CeaHc, ero MOXKHO
pa3buTh Ha YacTu 1 00paboTars yacTsamu. OTHAKO B 9TOM cJIydae 00pabOTKYy cJieIyeT IIPOnu3Bo-
JIATH B NPAsUAbHOU NocAedo8amesbHOCmU, ITOObI YOeIUThCH B MPABUJILHOCTH MEPEKPECTHBIX
CCBLIOK M HOMEPOB CTPAHMUII.
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KombunupoBaame HeCKOObKUX (hailjioB

[Tocehrnast komy-HUOYIb JOKyMeHT B LaTeX ’e, MoxKeT MOHaI00UTHCS ITOCTIATDh JJOKAIbHBIE UJIN
HeCTaHIapTHBIE MAaKeTHbIe Gailyibl (HaIpuMep, YacTHbIe MOIU(MUKAIINA HEKOTOPBIX TAKETOB) C
UCXOTHBIM daiiyioM. B Takux ciydasx d9acTo ObIBAET OJIE3HO MMOMECTHTh BCIO WHMOPMAIIUIO,
TPeOYIONLyIOCs st 00PabOTKU JIOKYMEHTa B OJUH (aill.

s sroro LaTeX upennaraer okpyxkenue filecotents. 1o okpy:kenume Geper ojuH ap-
ryMeHT, uMs Qaiiia; ero Teao OygeT COCTOSATh U3 COJEpP:KUMOro 3roro daiira. OHO MOKeT
MOSBJIATHCS TOJILKO Tiepes] jek/aaparueir \documentclass.

Ecimm LaTeX cronkHeTcd ¢ TAKUM OKPYKEHUEM, OH ITPOBEPUT, MOXKET JIU OH HAWTHU YIIO-
MaHyTOe UMs Qaitia. Ecimm HeT, OH 3aIluIeT TeJI0 OKPYXKEeHHs JOCJIOBHO B daiiil TeKyIei
JUpeKTOpun u coobruT 00 3ToM geiicrBun. C Apyroit cTOpoHBI, ecan ¢aila ¢ TaKUM HMeHeM
oyner oonapyzkeH LaTeX oM, o mpornHMOPMUPYET O TOM, YTO IPOUTHOPUPOBAJ STOT IIPUMED
okpyKenus filecotents, Tak Kak sToT daiiy y:ke mpeaocTaBieH.

JI1s1 oIy deHust CIMCKa BCEX, MJIM IOYTH BeeX (bailjioB, MCIIOIb30BAHHBIX B JIOKYMEHTE, CJie-
Jayet 3ajarb KoMaHy \listfiles B npeamobyiie.

Jlornyeckasi CTpyKTypa

Crangaprable Kiaaccel LaTeX ’a comepzKaT KOMaHIbl M OKPYXKEHUs JIJIsSI OIPEIeIeHUs Pas3-
HBIX HEPAPXUIECKUX CTPYKTYDPHBIX €JIMHUI] JTOKYMEHTa (T.€. TJIaBbl, PA3JIEJIbl, TPUIOKEHNS).
Kaxxmag Ttakasg KoMamia OIpeJesisieT YPOBEHb BJIOKEHHOCTH BHYTPU UEPAPXUHA U KaXKJIyIO
CTPYKTYPHYIO €JIUHUILY, IPUHAJIEZKAIILYIO TOMY WX HHOMY YPOBHIO.

Tunuanaeil TOKyMEHT COCTOUT U3 3arjlaBHs, HECKOJIBKUX PA3JIeJIOB, MO/IPa3/Ie/IAI0MIXCs,
BO3MOXKHO, Ha 0oJiee MEJIKHE pa3JIesibl, U CIIUCKA JTUTEPATYPHI.

\documentclass{article} % cTaHmapTHHE kimacc ‘‘article”
\begin{document}
\maketitle
\section{...}
\section{...}

\subsection{...}

\subsection{...}

\section{...}
\begin{thebibliography} ... \end{thebibliography}
\end{document}

Puc.V.7. Hepapxuueckast ctpyktypa npoctoro LaTeX ‘oBckoro jjoKymeHTa.

DTOT TpUMEp IMOKA3BIBAET BJIOXKEHHOCTH CTPYKTYpbI joKymeHTa B LaTeX ’e. B ciyaae
KJacca article komanga \chapter megocrymnna.

J11s1 ontmcanus Takoi CTPYKTYPbI HCIIOJIB3YIOTCS KOMAaH/Ia, TeHepUpyIoiias 3arojioBku \maketitle,
KOMAaH/Ibl CeKIIMOHUPOBaHUs \section u \subsection u OKpyKeHHE
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thebibliography (Puc.V.7). Komanbl 10/2KHBL OBITH TPABUIBLHO BJIOZKEHBI. Harmpumep, Ko-
MaH1a \subsection JI0JKHA IPUMEHSITHCS TOJIBKO IIOCJIE COOTBETCTBYIOIIEl KOMaH/IbI \section.

Bonee jqnmunble paborhl (Taknme Kak JIOKJIAJIbI, PYKOBOJICTBA W KHHIH), UMEIOIIHe Oosee
CJIOXKHBIA THTYJI, pasOUThle Ha TJIaBbl M YACTH, OOECIEUMBAIOT IEPEKPECTHOH nHbOpMAaIm-
eil (oryaBIeHEEM, CIIUCKOM WJLIFOCTPAIUii, CIIMCKOM TabJIuIl ¥ yKas3aTesaeM) W HHOIJIA HMEIOT
IPHIOZKEHNs. B TaKOM JIOKyMEHTE JIErKO Pa3nIuTh BCTYIUTEILHYIO YaCTh, TEJIO M 3aK/IIOTH-
Tesibiyio dacth (Puc.V.8).

Bo BerynuTenbHO# YacTu OOBIMHO MCIOJIB3yeTCsl TaK HA3bIBAEMbIil BAPHAHT «CO 3BE3704-
KOIl» KOMaHJ/[bl CEKIIMOHMPOBaHUs \section. DTOT BapUAHT IOJABJIAET HYMEPAIUIO 3aro-
JIoBKOB. Pazsesnbl ¢ (uKCHpoBaHHBIME MUMEHaMM, Takue Kak Bpemenne, Ykazareynb u [Ipe-
JIUCJIOBUE, OOBIMHO He HyMepyloTcd. B cranjgapTHbIX KiaccaXx KoMaHJbl \tableofcontens,
\listoftables, \listoffigures u okpyxkennsax theindex u thebibliography BeI3BIBatOT H3-
HyTpu KoMaHy (\section mim chapter), ucrno/b3ys CBOil BAPUAHT CO 3BE3I0YKOI.

KOM&H,B;I:I CEKIINMOHUPOBaHUNA

Crannaprubiit LaTeX obecnieunBaer paboTy KoOMaHJ| ceKimonupoBanus. Komamna \chapter
OIIpeJIe/ISIeT HYJIEBOI YPOBEHb MEPApPXUIECKONW CTPYKTYPbI JOKyMEHTa, KOMaH/a \section -
NEPBBII yPOBEHb W Tak Jiajiee, J10 (aKyJIbTATUBHON KOMaHJIbl \part, KoTropas OIpeessdeT
ypoBeHb - 1 (uin HyJIeBOil B Kilaccax, Ijie He onpe/iesieHa Komana \chapter). He Bce u3 s1ux
KOMaHJI, OIlpeJieIeHbl BO BCeX KJlaccaxX JIOKYMEHTOB: B Kjacce article mer komansnsl \chapter,
a KJacc letter BooOIie He TOJIEP2KIBAET KOMAH/IbI CEKITMOHUPOBAHUSI.
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\documentclass{book} % cTaHmapTHHE kiacc ¢ ‘book”
\begin{document}
e BCTYNUTeNbHAs YacThb LOKYMEHTA
\maketitle

\section*{...} % Ha3BaHWe pa3zmeia
\tableofcontents % oTrIaBIlleHUe
\listoffigures % CIHCOK HIITOCTpanui
\listoftables % comcor Tabiull
Jommmmm e TEeJ0 LOKyMeHTa
\part{...}

\chapter{...}
\section{...}
\chapter{...}

\part{...}
hmmmm - 3aKIOYNTEIbHAA YaCTb LOKYyMEHTA
\appendix % mpunmoxeHme, pazbuToe Ha TIJIABH

\chapter{...}
\chapter{...}

\begin{thebibliography} ... \end{thebibliography}
\begin{theindex} \end{theindex}
\end{document}

Puc.V.8. Hepapxuieckasi ctpyKrypa cioxroro LaTeX 'oBckoro jOKyMeHTA.

B nmakerax MOXKHO TakK»Ke OIPEJIEIATh JIONOJTHUTE/IbHBIE KOMAHbI CEKITMOHUPOBAHUS, NC-
OJIB3Ys JIHOO JIONMOJTHUTEIbHBIE YPOBHU, JIUOO BapUAHTHI y2Ke CYIIECTBYIOINIUX YPOBHEI.

OOBITHO KOMAH/IbI CEKIMPOBAHUS ABTOMATHIECKH BBITTOTHSIIOT OJTHO I HECKOJIBKO M3JI0-
JKEHHBIX HIUKe HMOJIUrpaduiecKux AeiCcTBHil;

® CO3Jal0T HyMepalliio 3al'0JIOBKOB, OTPazKaloIIlyIO I/IepapXI/I‘{eCKI/Iﬁ ITOPAJIOKS

e HAKAIUIMBAIOT 3ar0JIOBKHU I PA3MeIleHns X B oriapjieHun (B daiije ¢ pacimuperieM
.toc);

® COXPaHSIIOT COJIEPYKAHUE 3ar0JIOBKOB JIJIsi BOSMOYKHOI'O UCIIOJIL30BAHKS B BEPXHEM U /MU
HUZKHEM KOJOHTHTYJIAX;

e (popMaTUPYIOT 3ar0JIOBKU.
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CrangapTHbIEe KOMaHIbI ceKIfnoHupoBauus LaTeX ’a

\part (book m report) ypoBeub -1 \part(article) ypoBers O

\chapter ypoBeEbr O \section ypoBeHb 1
\subsection ypoBeHb 2 \subsubsection ypoBeun 3
\paragraph ypoBeHb 4 \subparagraph ypoBeHb 5

CunTakcuc KOMaHd CEKIINMOHMNPOBaHNA

BUL HyMepalus .toc B/H KOJOHTHUTYILI
\section{title} na title title
\section[toc_entry] gma toc_entry toc_entry
\section{title} HeT HET HET

Bce koMaHIbI CeKITMOHUPOBAHMUS UMEIOT 0o0IIuil cuHTakcuc. KomaHga, moMedeHHas 3Be3/10Y9-
Koil (Hampumep, \section*(...)), mojasiser Hymepaluo 3arojoska. PakyibTaTUBHBINA ap-
I'YMEHT UCIIOJIB3YETCs, KOTJla TEKCT B OIVIABJICHUN M B BEPXHEM ¥/ MJIM HUKHUM KOJIOHTHTYJIAX
OTJIMYIAETCS OT HAIleYaTAHHOI'O 3ar0JIOBKA.

Hymepauﬂﬂ 3aroJioBKOoB

st mopiepkku nymeparuu LaTeX ucnob3yer cYeTUuK s KazKJI0# €JIMHUIbI CEKITNOHM-
POBaHNA 1 CO3/IaeT HyMEPAIMIO 3ar0JIOBKOB M3 3TUX CUETINMKOB. BO3MOKHBIE KejlaeMble U3-
MEHEHUsI, Kacaloluecss HyMePalluy 3aroJIOBKOB, Yallle BCETO CBA3aHBI C N3MEHEHUEM YPOBHS
BJIOZKEHHOCTH, JIJIsT KOTOPOTO JIOJIZKEH OBITH CO3/[aH HOMED. DTO yIPABJISIETCA CIETINKOM I10/T
HazBaHueM secnumdepth, KOTOpBIil OTBeUaeT 3a BBICHINN YPOBEHBb C IIPOHYMEPOBAHHBIMU 3a-
rojioBkamu. Haripumep, HeKoTOpbIe JIOKYMEHTBI He COJIepKaT ITPOHYMEPOBAHHBIX 3aI'0JIOBKOB.
BwmecTo Toro, 4To6b! Kazk/Iblif pa3 NCI0JIb30BaTh BAPUAHT «CO 3BE3/I0YKOI» KOMAaH,I CeKITHOHNU-
poBanud, yiaobnee cueTunk secnumdepth ycranoButh B -2 B npeamOyJie jgokymenTa. [Ipenmy-
IIeCTBA 9TOT'0 METO/1a 3aK/TI0YAI0TCS B TOM, 9YTO MOKET OBITH CO3/IaHO BXOKJIEHUE B OTJIABJIEHUE
U apI'YMeHTBI U3 KOMAaH]I CEKITMOHUPOBAHNSA MOTYT CO3/IaBATh MHMPOPMAINIO B KOJOHTUTYIAX.
Kak 0b110 cKa3zaHo BbIIE, 3TH Y€PTHl B OTMEYEHHOM 3BE3JI0UKOI BapUAHTE IOJIABJISIIOTCS.
Y1008 TPOHYMEPOBATH BCE 3aTOJIOBKH BIJIOTH JI0 Subparagraph min JI0 HU3IIEro yPOBHS
B JJAHHOM KJIacce, JIOCTATOYHO HAIMCATDH CJIeYIOIIee:
\setcounter{secnumdepth}{10}
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\newcounter{part} % (-1) wactm
\newcounter{chapter} % (0) rnaBu
\newcounter{section}{chapter? % (1) pasgemns
\newcounter{subsection}{section} % (2) nompazzmeis

\newcounter{subsection}{subsection} % (3) mnozmompazmess
\newcounter{paragraph}{subsection} % (4) nyHKTH
\newcounter{subparagraph}{paragraph} % (5) mnommyHKTH

Puc.V.9. Hywmepamnus 3arogoBka pa3zieia

B koneunoMm cuere mcmoJib3oBanne KoMaHIbl addtocounter jaer JierkKuii criocod HymMepa-
1uu OOJIBIIEr0 WJIK MEHBINETO YHC/Ia yPOBHEH, 03BOJIsisd He OECIIOKOUTHCS O TIOBOJLY yPOBHE-
BBIX HOMEPOB COOTBETCTBYIOIINX KOMaH] ceKImonnposanud. Hampumep, ecin tpebyercs ere
OJINH YPOBEHb HYMEPAIMH, TO MOYKHO IIPOCTO JTI00ABUTH
\addtocounter{secnumdepth}{1}

B IIpeaMOyJ/ie JOKYMEHTA.

Kaxknas KomaH1a CEKITMOHUPOBAHUSA MUMEET CBA3aHHBIN C Hell CUeTYMK, KOTOPBIH 110 J10-
IOBOPEHHOCTH Ha3bIBACTCA TaK Ke, KaK KOMAaHJa CEKI[MOHMPOBaHHUsS (HAIPUMED, KOMAaHJA
\subsection ocyIecTBiIsIeTCsi BMECTe CO CUYETYHMKOM subsection). DTOT CYETUMK COTEPIKUT
TEKYIIUiIl HOMED JIjId JIAHHOW KOMAHJIbl CEKIIMOHUPOBaHUSA. TakK, B KJiacce report KOMaH bl
\chapter, \section, \subsection u T.JI. IPEJCTABIAIOT UEPAPXUIECKYIO CTPYKTYPY JTOKY-
MeHTa, & cueTduK (Hampumep, subsection) cienut 3a Hymeparueii moipas;iesios (\subsection),
HCIIOJIb3YEMBIX BHYTPH TeKyIero pasjesia (\section). O6br4HO KOrja paboTaer CUeTINK Ha
JIAHHOM HMEPAapXUIeCKOM YPOBHE, BCE CUETYMKH HU3IIEro YpoBHs (T.e. Te, ¥ KOTOPBIX HOMEpa
Gosbie) mepesarpyzkaiorcs. Tak, nanpumep, daiin Kiacca report COIep:KHUT ONPeIeIeHNUs,
nokKasaHHble Ha pucynke Puc.V.9.

DU KOMaH/ bl B3aUMOJIEHCTBYIOT ¢ pasHbiMu cuerdnkamu. CueTduk nepBoro ypoBHst (pas-
JleJia) mepe3arpyKaercsi, Korja paboraeT CcIeTdnuK HyJIeBOrO yPOBHs (IJIaBBI), a Tk JKe CueT-
YUK BTOPOIO YPOBHS (II0/Ipa3iesia) mepe3arpyKaeTcs, Korjua paboTaer CYeTdnK [epBoro ypoB-
Hs (pasmesa). Tor ke MexaHW3M JefiCTByeT 1O OTHOIIEHWMIO K KoMaHJe \subparagraph. B
CTAHJAPTHBIX KJIAccaX CUYETIUK dacTeil (part) MOJHOCTBIO OTJEIEH OT JPYIHX CYETUYUKOB, U
Ha HEro He BJIUSIOT KOMAH/Ibl CEeKIIMOHUPOBAHUS HHU3IIETO YPOBHS. DTO O3HAYAET, YTO IJIABbI
B KJlaccax book mim report mim pasiesbl B Kiacce article OyayT mpoHyMepoBaHBI MTOCTIEI0-
BaTeJILHO, JIayKe eC/In BTopraeTcd Komanja \part. M3MenuTb 3T0 mpocTo, HyKHO 3aMEHUTH
COOTBETCTBYIOIEE OIPeIe/ICHUE CUCTINKA IJIaB, HAIIPUMED:

\newcounter{chapter}[part] [loBemenne yke CymecTByOIIEro cUeTINKa MOXKET ObITH W3-
MEHEHO C IIOMOIIbI0 KoMaHabl \@addtoreset, Hanpumep:

\@addtoreset{chapter}{part}

Hamo moMHHUTH, 9TO 3Ta MHCTPYKIUS MOXKET OBITH MCIOJIb30BaHA TOJHLKO BHYTPHU HEKOETO
BCIIOMOTaTe/IbHOTO (ailjla Ui B mpeaMOyse JOKYMEHTa, MeXKy KoMaHjgamu \makealetter
n \makeatother.

Kazxxnprit caerunk B LaTeX ’a, BK/IOYasd CUYCTINKU CEKIIMOHUPOBAHUS, UMEET CBA3AHHYIO
¢ HEM KOMaH/Ly, CO3/IaHHYIO IIyTeM IPUCOeINHEHNsT K UMEHU cuyeTdnKa mpedurca \the, Ko-
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TOPBIl reHepupyer nojmrpaduyueckoe MpeICTaBIeHue JJAHHOr0 cUYeTInka. B ciiydae KOMaH,T
CEKITMOHUPOBAHUS ITO IPEJICTABICHUE UCIIOIB3YeTCs JIJI TOr0, ITOObI CO3/aTh IOJIHBIN HO-
Mep, CBSI3aHHBIN ¢ KOMaHIAMI, TaK KaK MOKA3aHO B CJIEIYIONINX OIPeIe/IeHIsIX:
\renewcommand{\thechapter}{\arabic{chapter}}
\renewcommand{\thesection}{\thechapter,\arabic{section}}
\renewcommand{\thesubsection}{\thesection, \arabic{subsectionl}}

B npusejsiennom Bbiliie ipuMepe Komana \thesubsection cozjaer HyMeparuio apabCKuMu
nudpamu caerdnka subsection ¢ momorpo KoMaH bl \thesectionu TOUKH. DTOT BUI PEKYP-
CUBHOTO OIIPeJIeJIEHNs] YIIPOIaeT MOAMMDUKAIINN TTPeJICTaBIeHNs] CUeTUYNKa, TaK KaK M3MeHe-
HUS HYKHO CJIeJIaTh TOJIBKO B OJHOM MecTe. Eciu, Hanpumep, Hy?KHO TPOHYMEPOBATD TJIABHI,
UCIIO0JIb3Ys IPOIUCHBIE OyKBbI, HAJIO Iepeonpeae/inTh Komany \thechapter. Takum obpa-
30M, MEHsIsl KOMAH/IbI [IPE/ICTABICHUSI CICTUNKA, MOKHO U3MEHUTH HOMED, JTEMOHCTPUPYEMBbIi
KOMaH/IO! ceKImonnpoBanns, O HAKO, n300pakeHne HoMepa He MOYKeT ObITh W3MEHEHO ITPO-
MU3BOJILHO C TTOMOIIIBIO 3TOTO MeTo 1a. KoMan ibl n300parkKeHns CYeTINKa, TaKyKe UCIOJIb3YIOTCS
MEXaHU3MOM TIEPEKPECTHBIX CCBhLIOK (Koman bl \label, \ref).
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Habop maremarnueckux popmy.i

VI.1 Hab6op dopmMmysa B mpocTelmmx ciaydasax

OcHoBHBIE IIPpUHIINIIBI

B nokymenrtax LaTeX ’a, paznumdaior mareMaTudecKue (pOpMyJibl BHYTPU TEKCTA U «BBIKJIIO-
JYeHHbIe » (BBIIEJIEHHbIE B OTJIEIbHY0 CTPOKY ). DOpPMYJIbI BHYTPH TEKCTa OKPYKAIOTCsT 3HAKA~
mu $ (¢ 0b6enx cropoH). Beikimodernbie hopMyIbl OKPYZKaOTCA HapaMi 3HAKOB jio/utapa $$ u
$$ c obeux cropon. Popmy/IaMu CIUTAIOTCS KaK Iejiblie pOPMYJIbl, TaK U OT/JE/JIbHbIE OYKBHI,
B TOM YHCJIe IpedecKre, a TaKyKe BepxXHUe U HUKHHE MHJEKCH U cre3Haku. [Ipobesnbl BHyTpu
HCXOJIHOTO TEKCTa, 3a1ato1ero ¢hopMyity, uraopupytores (#a nedaru LaTeX cam cienaer HyxK-
HbIe TIPOOEJTBL; HAJIO MO-IIPEKHEMY CTABUTh MPOGEJIb, 0003HAYAIOIIIE KOHEI] KOMAH/Ib ); Ty CThIe
cTpoku He pazpemmatorcd. LaTeX paccrapisieT mpodesbl B MATEMAaTHIeCKUX (POPMYJIaX aBTO-
MaTHIeCKN (HAIPUMeED, 3HAK PABEHCTBA OKDPYZKaeTcs HeOOJbIMMU 1pobetamu). Ecam mamo
OCTABHUTH IIPOOEJT ITepPeI I T0C/Ie BHYTPUTEKCTOBON (hOPMYJIbI, HAJI0 OCTABUTH €r0 Hepe Uiin
[I0CJI€ OTPAHIMIUBAIOIIErO ee 3HAKA JI0JIapa. 10 2Ke caMoe OTHOCUTCS U K 3HAKAM ITPEITMHAHNUSI,
CJIEJIYIONNM 32 BHYTPUTEKCTOBOM (DOPMYJIOi: UX TaKKe HaJI0 CTABUTH IOCJIE 3aKPBIBAOIIETO
dopmyny 3naka jjo/utapa. Kaxmas Oyksa B hopmy/ie paccMaTpUBaACTCAd KaK UM IEPEMEHHOM
u Habupaercs Mpu@TOM «MaTEeMATHIECKUN KypCcuB» (B OTJIMYMU OT OOBIYHOIO KypPCHBA, B
HEM yBEJINYEHbl PACCTOSTHUS MEXK/JIy cocegiHuMu OykBamu). Hacts aiiia, cocrap/sionas Ma-
TEeMaTUIeCKyI0 pOpMYIIy, 0Opa3yeT IPYIILY: U3MEHEHHsI TapaMeTPOB, IIPOU3BeIeHHbIE BHY TPH
dopMyIIbl, 320BIBAIOTCS 110 €€ OKOHYAHUM.

CreneHu 1 MHIEKChHI

Crennu u NHJIEKCBI Ha6I/IpaIOTCH C IIOMOIIBHIO 3HAKOB ~ U _ COOTBETCTBEHHO.

Karersr a, b Tpeyrospuuka cBsa3anbl ¢ | | Katets $a$, $b$ Tpeyrompruxa ceszams
runotenysoit opmyitoit ¢ = a? + b?| | ¢ rumoTenysoit $c$ dopmymoit
(reopema ITudaropa) $c~2=a~2+b~2$ (Teopema Iudparopa) .

Ecim NHIEKC MWJIN IIOKa3aTeJIb CTEIIeHU - BbIpazKEHHE, COCTOLAIIee boslee yeM 1u3 OIHOI'O
CHUMBOJIa, TO €0 HaJd0 B34dTb B (bI/IprHbIG CKOOKU:
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113 reopembr Pepma caieryer, 4To ypas- U3 Teopemn ®epmMa ciemyeT, dUTO
HeHue ypaBHEHUE
21993 | 1993 _ 1993 39
Y x~{1993}+y~{1993}=2"{1993}
He HMeeT pelleHuit B HaTypaJbHbBIX 5% .
N He MMeeT pelmeHW# B HATYpPaJbHHX YHCIAX.

Ecmu y onoit OyKBbI €CTh KaK BEpXHUE, TaK U HUKHUAE UHJIEKCHI, TO MOYKHO yKa3aTh UX B
IIPOU3BOJIBLHOM IIOPAIKE.

Ob6o3nauenne R;kl s Tenzopa Kpu-| | O6osmavenme $R7i_{jkl}$ nna Temsopa
BU3HBI OBLIIO BBEJIEHO elle Pumanom. KpUBU3HE ObIO BBeLEeHO eme PuMaHOoM.

Ecym ke Tpebyercst, 4TOOBI BepxXHUE M HUZKHIE UHJIEKCHI PACIoJIarajuch He OJUH IO/, JIPY-
I'UM, & Ha PA3HBbIX PACCTOAHUIX OT BhIPaXKeHUsd, K KOTOPOMY OHU OTHOCATCA, TO HyKHO LaTeX
HEMHOT'0 0OMaHyTh, 0O(POPMUB YaCTh MHJIECKCOB KaK MHIEKCHI K “TIycTOl (hopmyie’

Moxuo Tak:ke Hamucarh Rj'y,| | Moxmo Takxe mamucaTts $R_j{}-i{}_{k1}$,
eCJIH BasKeH HOPSIOK HYMEDAIUH. | | €CHIA BaXeH NOPSLOK HyMepaluw.

Ecnmm nHeobxomMo Hammmcarb pOpMyITy, YUTAIONIYIOCHA KaK “JiBa B CTEIIEHW UKC B Kybe ”) TO
3
HaJI0 IucaTh He 27x73, a 27 {x~3}: 27"

Jpobu

pobu, obosHauaemble KOCOI 4epToil (Tak peKoMeHyeTcst 06003HaYaTh JIPOOH BO BHYTPUTEK-
cToBbIX (hOpMyJIax), HABUPAIOTCsT HEIIOCPEICTBEHHO:

HepaBencTBo $x+1/x\geq 2%

Hepasencrso x4 1/ > 2 BbImos-
BHIIOJHEHO nus Bcex $x>0$.

HeHO 11 Bcex x > 0.

Hapsany co 3makamu mectporux nepasencts, LaTeX mnpejscrapiger 60JIbIIOE KOJTUIECTBO
CIIeNUAaIbHBIX CHMBOJIOB Il MaTeMaTndeckKux Gopmyi (rpedeckne OYyKBbI TaKXKe pacCMaTpU-
BAIOTCS KaK CIIEIUasbHbIe CUMBOJIBIL. ) Bee 3Tu cMBOJIBI HAGUPAIOTCSI € TOMOIIBIO CHEIAbHBIX
KOMaH 1 (He TPeOYOIIUX MapaMeTpoB).

Ecmu B bopmysie uCIob3yioTes JiecaTUIHbIE IPO0U, B KOTOPBIX JIpOOHAS YACTb OT/IEIeHA
OT TIEJIOH € TIOMOIIBIO 3aIATOM, TO 3Ty 3aIATYIO CJIeyeT B3ATh B (PUIypPHBbIE CKOOKM:

T~ 3,14 $\pi\approx 3{,}14$

31ech KoMalga pi MOPOXkKIaeT IpevdecKylo OyKBY 7, a KOMalaa \approx - 3Hak ~ (‘mpu-
OJIMZKEHHO PABHO').
pobu, B KOTOPBIX YUCIUTENb PACIOIOKEH HaJl 3HAMEeHAaTe/eM, HaOMPAIOTCs ¢ OMOIIBIO
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koMmaHbl \frac. 9Ta KOMaH/a UMeeT JiBa 00sA3ATEIbLHBIX apryMEHTa: IEePBBIi - YUC/IUTEb,
BTOPOII - 3HaMeHaTe b. [Ipumep:

$$
(a+b)?  (a—b)? ; \frac{(a+b) ~2}{4}+
T \frac{(a-b)~2}{4}=ab
$$

Ecyin auciuress u/umm 3HaMeHATE b JIPOOH 3allUCHIBAETCs OJHON OYKBOH (B TOM dmCIe
rpedeckoit) nim nudpoit, ToO MOKHO He O6paTh UX B (DUT'YPHBIE CKOOK:

g = 1 ;— r $$\fraci2+\frac x 2=\frac{1+x}2%$

+

1
2

CkoOKnu

Kpyrible n kBajpaTHble CKOOKH HAOUPAIOTCA KaK OOBITHO, JIJId (PUTYPHBIX CKOOOK HCIIOJIb3Y-
forced Komanabl \{ u \}, /it Ipyrux TakzKe ecTh CHeluajbHble KOMaH b, HarpuMep \langle
(;ieBast yruioBasi ckoOKa ( ). Komanma \left mepes oTKpbiBaoIieii cCKOOKO B COBOKYITHOCTHU C
KOMaH0# \right mepes coOTBETCTBYIONIE €l 3aKpbIBAIOIIEil CKOOKOII IT03BOJISET aBTOMAaTH-
YeCKU BBIOPATh HYXKHBII pa3Mep CKOOKH.

- ( 1 )3 $$1+\1eft (\frac{1}{1-x~{2}}
1 — 22 \right)~3$$

Kopan

KBasipaTublit Koperb HaAOUpPAETCA € IMOMOIIBIO KOMAHJIBI \Sqrt, 00sA3aTeIbHBIM apryMeHTOM
KOTOPOIi sIBJISETCs TIOJIKOPEHHOE BbIPayKeHNe; KOPeHb IIPOU3BOJILHON cTeleHn Habupaercs ¢
IIOMOIIBIO TOH 2Ke KOMaHJIbl \Sqrt C HeoOsA3aTebHBIM apryMEHTOM - IOKa3aTeeM KOpHs
(HEODOsI3aTeIbHBIN APTYMEHT Y 9TON KOMAHJIbI CTABUTCS Hepe]| obst3aresibHbiM). [Ipumep:

[lo obmenpuHATOMy COTJIAllEHUD,
$\sqrt [3]1{x~3}=x$,
Ho $\sqrt{x~2}=[x|.$

[Io oOmenpuHgTOMYy  COTJIAIIIEHUIO,

Va3 =x, 5o Va2 = |z|.

ILITpuxu 1 MHOroTO4YNSI

[Mrpuxu B Maremarundeckux (opmynax obo3HaYa0Tcst 3HAKOM ~ (1 He O0QOPMIISIOTCS Kak
BEpXHUE WHJIEKCHI):
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VI1.2. Kak nabupatb popMyJIbl

Cortacuo dopmyiie Jleitbnuna, Cornacuo ¢opmyne Jleiibuuna,
$$(fg)=fg+2f’g’ +fg”’.$$
(f9)" = f"g+2f'g"+ fq" Tounee rosops, dopmyna Jleiibruna
II03BOJIAET HAWTK NPOU3BOAHYD J60TO
Tounee rosops, dopmyna Jleiibauna 1mo3Bo- IOpAIKA OT NpOM3BEAEHUT IBYX
JIIeT HalTU IPOU3BOIHYIO JIIOOOIO MOPSIKa byHRIH .
OT NPOUBBEJICHUSA JABYX (DYHKITUA.

B maremarudeckux dopmysiax Bcrpedatorcd MHororodus; LaTeX pazimdaer MHOIOTOYHE
PAacCIIoIOKEHHOE BHYTPH CTPOKH (0b0o3Hadaercs \1dots), u pacroyoXKEeHHOE 10 EHTPY CTPOKH
(ono oboznauaercst \cdots). [lepBoe u3 HUX UCIIOJIB3YETCSI IPU TIEPEUUCIEHUSX, BTOPOE - KOTJIA
HY2KHO 3aMEHUTDH IIPOIIYIIECHHBIE CJlara€eMbl€e UJIM COMHOXKHNTECJIN:

B nercrBe K.-®@. Taycc npuaymast, Kak

B mercTtBe K.-®. "Taycc npunymarn,
OBICTPO HANTU CyMMY

KAk OHCTPO HaliTu cyMMy
$$1+2+\cdots+100=5050;$$

9TO CIYYUIOCH, KOTZA WKOJBHHHHR
yUNTEeNb 33TaJl KJIACCYy HAUTH CyMMy
yucen $1,2,\1dots 100$.

I+2+---+100 = 5050;

9TO CJIyYWJIOCh, KOIJIa UIKOJIBHBIA y4u-
TEJIb 33JaJ1 KJIACCY HaWTU CYMMYy YHUCE
1,2,...100.

3nak ~ nocse nnunuaaos ['aycca Mbl mocTaBun, 9T00bI (haMUIdsd HE MOIJIA [IEPEHECTUCH HA
JPYTYIO CTPOYKY OTJIEILHO OTJIEIBHO OT MHUITUAJIOB. LaTeX 1mo3BosIseT ncnoab30BaTh KOMAH LY
\ldots 1 B OOBIMHOM TEKCTe, BHE MAaTEMaTUIECKUX (DOPMYJI, JJIsi 3HAKA MHOTOTOYHUSI.

DOyHKIINU TUIIA CUHYC

OyHKIMY THIIA Sin, log 1 T.71., UMeHa KOTOPBIX HAJI0 HabUPaTh NPAMBIM MPpUMTOM, HAOUPAIOTCS
C TIOMOIIBIO CHENUATBHBIX KOMAHJI (OOBIYHO OJIHOMMEHHBIX ¢ 0003HAUYEHUSIMI COOTBETCTBYTO-

mux (GyHKIHUIL).

HeTpynHo BUIETH,
gro $\log_{1/16}2=-1/48%,
a $\sin{\pi/6}=1/2$.

Herpynno Busern, uro log 62 = —1/4, a
sinw/6 = 1/2.

OcHoBanne jorapudma 3a1aeTCsd KaK HUXKHI HHIEKC.

V1.2 Kak nabuparb popMyJibl

Ta6J'II/II_[I)I CIlelI3HaAKOB C KOMMEHTapudadMNn

Haunewm ¢ rpedeckux 6ykB. VIMs KomaH/Ibl, 3a/a1011ell CTPOYHYIO I'PpedecKyio OYKBY, COBIIa/1a-
eT ¢ aHIJIMACKIM Ha3BaHHeM 3Toil OyKBbI (Hampumep, GyKBa « 3ajaeTcst KoMaHoii \alpha).
Hexkoropnie rpeveckne OyKBbI UMEIOT 110 J[Ba BapraHTa HAYePTAHUI; 9TO OTPAXKEHO B CJIE/LYIO-
et TabJInIIe.
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I'maBa VI. Habop martemaTudecKux ¢popMmyJa

Tabauna.15. Komanabl rpedeckux OykKB

« \alpha 15} \beta Y \gamma
4} \delta € \epsilon 3 \varepsilon
¢ \zeta n \eta [ \theta
9 \vartheta L \iota K \kappa
A \lambda Iz \mu v \nu
§ \xi T \pi w \varpi
p \rho 0 \varrho o \sigma
S \varsigma T \tau v \upsilon
o \phi @ \varphi X \chi
(0 \psi w \omega
Tabaumna.16. Komanapl MpONMCHBIX I'PevecKnX OyKB
r \Gamma A \Delta S \Theta
A \Lambda P \Sigma T \Upsilon
P \Phi II \Pi U \Psi
) \Omega

Nmsa koMaHIbl, 3a/1aI01Ieil MPOIUCHYIO I'PEYeCcKYI0 OYKBY, IUIIETCA C MPOIMUCHON OyKBBI
(nanpumep, GykBa 1 3ajaercs komanoil \psi). Hekoropble mnporucHble rpedeckie OyKBbI
(‘anibba’, HAIIpEMED) COBHAJAIOT [0 HAYEPTAHUIO C JIATHHCKUMU, U JJisi HAX CIEIHAJIbHBIX
KOMAaH/I HeT - HaJO0 IIPOCTO HAOMPATh COOTBETCTBYIOIILYIO JIATHHCKYIO OYKBY HPSIMBIM IIPUd-
Tom. He Hamo mcnoJsib3oBaTh rpeveckue OyKBbI X u II u3 3Toii Tabsmnbl B KadecTBe
3HAKOB CyMMBbI U ITPOU3BEJIEHUSI; JIJId ITUX Ie/ieil eCTh cleluaIbHble KOMaH bl B cemry-
fo1eit TabJ/IuIIe TPOIUCHDBIE TPeYecKre OYKBbI, He COBIA IAIONINE 110 HAYEPTAHUIO C IATUHCKIMU:

Cahemyroras cepusi CHMBOJIOB - CUMBOJIBI, paccmaTpuBaembie LaTeX oM Kak CHMBOJIBI OH-
HAPHBIX oleparuii (Hamoobne 3HAKOB CJIOYKeHUsI, yMHOXKeHusi u T.11.). LaTeX ocrasisier B
dopmysie HEOOJIBIINE IPOOEIBI 10 00€ CTOPOHBI ATHX 3HAKOB, KPOME CJIYIaeB, KOIJla €CTh OC-
HOBaHUS CUYUTATH, YTO ITU 3HAKHU UCIOIB3YIOTCA He JIJId 0003HAUEHUA ONIEPAITHil, & JIJId JIPYTHUX
neseit. B ciemyroreit Tabsuie moIHbIH CIIMCOK OMHAPHBIX OllepaIlnii:

Tabauna.17. Komanapl OMHApHBIX Oomepamnuii

+ + * \star + \pm

F \mp X \times = \div

\ \setminus : \cdot o \circ
o \bullet N \cap U \cup

W \uplus M \sqcap U \sqcup
vV \vee A \wedge ® \odot
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VI1.2. Kak nabupatb popMyJIbl

Hywmeparus dopmy

B maremaTndecknx TeKCTax OOBIYHO MPUXOIUTCS JIJIsd yJI00CTBA CCHIIIOK HYMEpPOBaTh (hOPMY-
Jibl. LaTeX 1103BOJIIE€T OPrann30BaTh 9Ty HYMEPAIMIO TAKUM 00pa30oM, 4ToObI HoMepa (hopMy.T
U CCBUIKH Ha HUX NeHEPUPOBAJINCH aBTOMaTn4decku. HymepoBarh TaKuM 06pa3oM MOXKHO TOJTb-

KO 8uikAt0unvie popmyiibl. lenaercs 3To Tak.

Briksmounast dhopmyna gokHa ObITH 0QOpPMIICHA KAk OKpyKeHne equation (3makoB $$
OpiTh He no/kHO!). Kaxkmas Takast dopmyra Ha mmedaTn aBTOMATHYIECKH MIPOJIYYUT HOMED.
Yr00bI HA HETO MOYKHO OBLJIO CCBHLIATLCS, HAJIO (DOPMYJIy MOMETUTH: B JIIOOOM MeECTe MEXKIY
\begin{equation} u \end{equation} mocraButh KoMaHy \label, u mocje 3TOro KOMaHa

\ref Oyzer renepupoBath HOMED POPMYJIbl. PaccMOTpUM HECKOJIHLKO ITPUMEPOB

\begin{equation}\label{psi}

\Psi(\vec{r})=\int \limits_O~{\infty}

\int\limits_O0~{\infty}\int
\limits_0~{\pi} \frac{\varphi(\ve
\vec{r})e~{i\vec{k}\vec{r}}}{|\ve
-\vec{k_0}|}dxdyd\varphi
\end{equation}

c{k};
c{k}

\begin{equation}\label{P}

P \sum\limits_{n=1}"{\infty}
\sum\limits_{j=1}"n
\left\{\frac{e~{i\vec{k}\vec{r}}
k~{2n}}{\sin{n\tau} \right\}~2.
\end{equation}

|k — ko
(VL1)
o 2
o n ezkern
P = . .
Z Z { sinnrt } <VI 2)
n=1 j=1
11  Aa12 A1n
a a Ao,
A=| ? (VL3)
An1  Ap2 Ann

B dopwmyrne (VI.1) (\ref{psi}) dyukuusa ¥V wenpepniBHo auddepeHimpyeMa, B TO BpeMs,

\begin{equation}\label{A}

A= \left(

\begin{array}{cccc}

a_{11} & a_{12} & \ldots & a_{in}
a_{21}& a_{22} &\ldots &a_{2n}\\
\vdots & \vdots &\ddots &\vdots
a_{n1}& a_{n2} &\ldots & a_{nn}\\
\end{array}

\right)

\end{equation}

\\

\\

kak Marpuiia A B dhopmyme (VI.3) (\ref{A}) - KycouHO-IIajKAasl.
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I'taBa VII

Nmnopt pucynkoB B popmate “EPS”

VII.1 NMnoprt ctaHJapTHBIX PUCYHKOB B LaleX

Bce coBpemennbie rpadutdeckie makeThl IPOIPAMM CIHOCOOHBI OCYIMIECTBIISATD SKCIOPT PUCYH-
koB B dopmare .EPS. [lns nmmopra stux daitioB B LaTeX B npeambyne TEX- jgokymeHTa
HAaJI0 HAIUCATH CTPOUKY:

\usepackage{epsfig,psfig}.

Komanma, ocymectsisionas umiopt pucyakos B opmare EPS B LaTeX umeer Bu:

\epsfig{file=BookGirll.eps, width=7cm, angle=-30}

3/iech npuBeieHa KOMaH/a B COKPAIEHHOM BWJIE: MEPBbIi mapaMerp — Ha3Banue EPS-
daiita, TOMEIIEHHOIO B Ty Ke JIMPEKTOPHUIO, B KOTopoil Haxoautesd u LaTeX - daitn. Bropoit
mapaMerp - IUPUHA PUCYHKA, TPETHUil mapaMerp - yroJ [MOBOpOTa PUCYHKa (ITOT mapamerp
MOYKHO OITyCTHUTD ).
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VII.1. Nmnopr crangaprabix pucyakoB B LATEX

B aBropckom ctuse Biblio, B KOTOpOM cO3/1aHa JlaHHAas KHUTA U B KOTOPOM, KaK IPaBUJIO,
paboTaroT HalM KypPCOBUKU W JIUILIOMHUKHU, CYIIECTBYET HECKOJIBKO KOMAHJI JJI WUMIIOPTa
PHUCYHKOB B 9TOM yHUBEPCAJILHOM (bopMaTe, 3TO, BO-IIEPBBIX, KOMAH/IbI:

\corel{#1H{#2}{#3} \Corel{#1}{#2}{#3} \CORELI{#1}{#2}{#3},

coznaionue pucynku B dopmare (EPS) mmpunoit 7,10.5, 14 cm., coorsercrBento. [lepsbim
mapaMeTpoM THX KOMaH]I siBjisgeTcs Ha3Banne EPS-daiira, HaXoasiierocss B TOil »Ke Iu-
pekTopumn, uro nu TEX-daiir; mocienum mapaMeTpoM sBJIIETCd METKa 3TOr0 PUCYHKa Ha
JIaTBIHU. BTOpBIM mapamMeTpoM 9THX KOMaHJ, sIBJISeTCs Ha3BaHUe PUCYHKA.

Pucynknu nia nmmnopta B LaTeX MOXKHO 1IOJI'OTOBUTD, HAIIPUMED B rpauIecKOM peJaKTo-
pe CorelDraw, Corel PHOTO-PAINT,Photoshop u npyrux. IIpu skcmopre pucyHKOB U3 9THX
IIporpamMM HeoOXOMMO TIEPBOHAYAJILHO BBITIOJTHUTH YCJIOBHE 110 MMUPUHE SKCIIOPTUPYEMOTO PH-
CYHKA.

4 we pekomenjiyio skcroptupoBarh B LaTeX 1mBernbie (ororpadun, Tak Kak IMpH He
cauikoM 60sbIuX pasmMepax EPS-¢aiiioB kKadecTBO mepegadn I[BeTa OCTABJISET MOKa YKe-
JIATH JIYYIIEro, a CJUIIKOM 0oJibiiue (hailyibl JI0JIr0 3arpyzKaloTcs Mpu npocMoTpe. Pucynkn
B oymune otT (ororpaduii (JaxKe IBETHBIE) IOJIYyYAOTCA YKe JIyUIlle, U UX Ka4eCTBO BIOJTHE
IpUEMJIEMO TIPU HE CJUIIKOM 00sbIux pazmepax EPS-daitios, 410 BUIHO U3 MPUBEIEHHOTO
amke Puc.VII.10, koropsrit 6611 mosrydern nvmoprom n3 CorelDraw. B sTtom ciydae pasmep
EPS-daiina cocrapiasger npumepro 510KbBr. Biipouewm, 6e3 Hajudus 1iBeTHOrO MpUHTEPA, 1IBET
n300pakeHuit Bpsij1 jiu OyjieT HaC 0COOEHHO BOJIHOBATD.

Puc.VII.10. “/leBymka Ha 6epery Mopsi, HpUHHMAIOIIAsI COJTHCIHYTIO BAHHY
- npumep nmiiopra pucyuka u3 CorelDraw B ¢popmare .eps

\CORELI{Sunbath}{"[leBymka, npuHUMabmas COJNHEYHyoL BaHHy'" - IpuMep
uMopTa pucyHka us CorelDraw B ¢opmaTe .epst{Sunbath}

YeTbIpex-ntapaMeTpuIecKue KOMaH/Ibl:

\corell{#1}{#2}3{#3}{#4} n
\corelr{#1}{#2{#3}{#4}
cJlyZKaT JIjIsl TIOMEIIeHUs PUCYHKA B CpeJly TEKCTa.

\corell{ris83}{I'papur}{FigCorel}{llpn sToM kKoMaHZa
$\setminus$corell moMemaeT pHCYHOK WUPHHON 7CM ClIeBa OT TeKCTa, a
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komMaHza $\setminus$corelr -cmpaBa oT TekcTa. llepBhHe Tpu IapaMeTpa
S5TUX KOMaHJ TaKue Xe, KakK u B koMauze $\setminus$corel, ueTBepThHM
IIapaMeTpoOM CIYXHUT IIOMemaeMblf TEeKCT. 3IecChb Me IPUBOIUM IIpUMEP
obbgHOTO uYepHO-6emoro pucynka \ref{FigCorell}, BHIONIHEHHOTO B
CorelDraw. }

[Tpu sTom Koman/Ia \corell omemnaer pu-
CYHOK IIHUPHUHON 7CM CJieBa OT TEKCTa, a
KoMaH/Ia \corelr -ciipaBa or Tekcra. [lep-
BbI€ TPU TApaMeTPa STUX KOMAH]| TaKue
JKe, KaK U B KOMaHJle \corel, 4eTBepThiM
apaMeTpoM CJIYKUT IMTOMEIAEMbIil TEKCT.
3/1ech MbI IPUBOJIUM IPUMEP OOBITHOTO
qepHo-6esioro pucynka Puc.VIL.11, BbI-
nostiennoro B CorelDraw.

Puc.VII.11. [I'pacpur

VIL.2 BSxkcoopt Maple-daiiaoB B LaTeX

st sxermopra Maple-daiina B LaTeX neobxommmvo Beibpars B Merio Maple/File /Export /Latex
u sKcropTupoBarh Maple B Ty 2Ke jupekTopuio, B KoTopoit HaxojauTcs TEX-daita. [Ipu sTom
Maple coznaer rpyrny ¢daiisioB, OUH U3 KOTOPBIX UMEET pacimmupenue “.tex’.

B npeambyiie tex-daitsia kpome OOBITHBIX OyJ/IyT BBIIUCAHBI CJIEIYIOIINE CTPOUKH, COJIEP-
JKalle Ha3BaHUe IaKeTa M JIOIMOJTHUTE/IbHbBIE OIPEIe/ICHHS:

\usepackage{maple2e}

\def\emptyline{\vspace{12pt}}

\DefineParaStyle{Maple Output} \DefineParaStyle{Maple Plot}
\DefineParaStyle{Normal} \DefineParaStyle{Normal}
\DefineParaStyle{Warning} \DefineCharStyle{2D Comment}
\DefineCharStyle{2D Math} \DefineCharStyle{2D Output}
\DefineCharStyle{Page Number}

Jlnst Toro, arobbr LaTeX paboras, HEOOXOIMMO ITOMECTUTH COOTBETCTBYIONINI CTUIEBOI
daitsr bo B pabovyio IUPEKTOPHIO, JTUOO B JTUPEKTOPHIO

C:\localtexmf\tex\latex\.

Heobxoaumbie ctuieBbie daitibl HaxoaaTed B aupekTopunn \ETC B pabodeil 1upeKTopun
nakera Maple.

Hawnryuammnii criocod nmniopra B LaTeX Maple-daiiyioB 3ak/r0uaeTcss B UCIIOJIb30BaHUN KO-
MaH/Ibl
\input =HasBaHme.tex /i BCTABKHU COJIEPKUMOTO [IOJIYIeHHOTO (hailjia B OCHOBHOI teX-/I0KYMEHT.
[Ipu sTOM HEOOXOJMMO CKONUPOBATH HEJIOCTAIONIME KOMAHJIbI U3 TPeaMOyJIbl ITOJIyYeHHOTO
daitsta B ipeamM0Oy/Iy OCHOBHOTO teX-JIOKyMEHTa, a IpeaMOy/ly U OKOHYAHHE ITOJTyYeHHOTO IIPU
skcropTe tex-daitna HeodbxomMo 3aKoMeHTUPoBaTh. HeobxomMo TakKe 3aKOMEHTUPOBATD U
KOMaH 1y B ipeambdbyste \pagestyle{empty}.

148



VII.3. 3kcnopr pucyrkos u3 MAPLE B LATEX

Huke MBI IpUBOIUM HIPpUMED SKCIOPTa CTAHIAPTHOTO IIporpaMMHO- hopmyibHOTO Maple-
daiina B LaTeX :

Hagano skcmopra

ITpumep skcmopta Maple-daiiia B LaTeX
> psi:=Sum(n/(1+n"~2)"~2,n=0..infinity)=
> sum(n/(1+n"2)"2,n=0..infinity);

> n 1 1
=y — = T TW(l. -+ =-TU(1, I
D M e TR R A )

> Psi(a):=Int(exp(-a*xx~2)*x~2,x=0..infinity)=
> int(exp(-a*x~2)*x~2,x=0..infinity);

¥(a) _/°° 1 =207 0B/ 4 /rerf(yaz)a
0

(<05 12 0 — lim ~
e atde = lim 5 a7

Komnen skcnopta

Samerum, aTo Oosibiire Maple-dait/ibl jtydiie mepBoHavaIbLHO Pa3dbUTh HA KYCKHU, KOIUPYS
UX B OTJEeJIbHBIE (DailyIbl, & 3aTeM yzKe dKcrnopTuposaTh ux B LaTeX .

VII.3 Sxkcnoopt pucynkoB n3 Maple B LaTeX

DxcnoptT rpacdukos u3z Maple MmoxkeT ObITH TPpOU3BEIEH JABYMS pas3JnIHbIME criocobamu. [lep-
BBIIl JIOCJIOBHO TOBTOPSET TOJIBKO YTO ONMHUCAHHYIO Tporeaypy. [Ipm sTom, ecim mMbl xoTuMm
MOJIYYUTh OT/IE/ILHO TpaduK 6€3 COMPOBOKIAIONIEH €ro MPorpaMMbl, TO HEOOXOIUMO TPE/IBa-
PUTEBHO CKOIUPOBATH €ro B oTjeabublii Maple-daitn. [Ipu stom Maple coziiaer rpaduku B
dopmare EPS. Bropoit criocob cocTonT B 9KCHOpTE JIUIIL OTAEIBHOrO rpaduka B dpopMmare
PS wim EPS. Huxke nokazamno, Kak, HallpuMep, OCYIIECTBUTH SKCIOPT rpadukos B dpopmare
PS. [Ins ocymecTBienus sxcropra B ¢popmare PS HeoOX0 MO IPOCTO 3aMEHUTD B IIPOrPAMME
"eps"ua "ps".

[Tpumep skcropra rpaduka B hopmare EPS

> restart:

> X(u,v):=cos(u)*cos(v);
> Y(u,v):=sin(u)*cos(v);
> Z(u,v):=sin(v);
>

R:=[X(u,v),Y(u,v),Z(u,v)];
X(u, v) := cos(u) cos(v)
Y (u, v) := sin(u) cos(v)
Z(u, v) == sin(v)
R := [cos(u) cos(v), sin(u) cos(v), sin(v)]
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3Jiech MbI TIOKa3biBaeMm opurunas B Maple

plot3d(R,u=0..2*%Pi,v=0..2*%Pi,thickness=1,style=PATCH,color=white,scal
ing=CONSTRAINED,orientation=[20,45] ,numpoints=1000,axes=FRAME,
labels=[x,y,z],labelfont= [TIMES,BOLD,14],thickness=0,titlefont=
[TIMES,ROMAN,12] ,title=‘Teorpadudueckue KOOpOUHATH Ha cdepe‘) ;

T2t s &eHE (E L B ee

vV V. V V

3/ech MBI 9KCIIOPTHpYeM jiBa pucynka. ObpalnaeM BHIMAHIE HA CHHTAKCUC IyTH \
3aMeHsiercs Ha |/ !

Mpmr1 371ech, ojiHaKo, He OyJ/ieM JlaBaTh HA3BAHUSA PUCYHKY, a IMOYeMY, OObICHUM ITO37KeE.

plotsetup(ps,plotoutput=‘C:/MyDip/Sphere.eps‘,
plotoptions=‘width=7cm,noborder*):
plot3d(R,u=0..2%Pi,v=0..2*%Pi,style=PATCH, color=white,scaling=CONSTRAIN
ED,orientation=[20,45] ,numpoints=1000,axes=FRAME,
labels=[x,y,z],labelfont= [TIMES,ROMAN,12],thickness=0);
plotsetup(ps,plotoutput=‘C:/MyDip/Dirka.eps®,
plotoptions=‘width=7cm,noborder*) :
plot3d(R,u=0..2%Pi,v=-Pi/2..3%Pi/8,style=PATCH, color=white,scaling=CON
STRAINED,orientation=[20,45] ,numpoints=1000, axes=FRAME,
labels=[x,y,z],labelfont= [TIMES,ROMAN,12],thickness=0);

Bunbl cymecTBeHHbBIE HEOCTATKY MTPSIMOT0 KcropTa rpadudeckoro Maple-daitina B LaTeX
. Bo-niepBbix, n3obpaxkenne aedOpMHUPYETCsI, a, BO-BTOPHIX, Ha3BaHUEe PUCYHKA U METKH Ha
PYCCKOM $I3BIKE MSAT'KO TOBOPsI HE COBCEM aJIeKBATHO IepeaaloTcs mpu 3Kcrmopre. [losromy st

VVVVV VVYVYVYV
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PEKOMEH,IyIO BOCIIOJIb30BAThCS BTOPBIM CIOCOOOM SKCIOpTa rpaduKu, IPpUYeM He IIPUjiaBast
pUCYHKaM Ha3BaHUN. DTOT PUCYHOK 3aT€M MOXKET OBITbH JIONOJIHEH KaKMMU-THOO0 JIeTaJsIMU B
rpaduteckom pepakrope tuna CorelDraw m B3gT HENMOCPEJICTBEHHO B TEKCT KOMAHJION THUIIA
\direps{Sphere}{leorpajpuueckne xoopmuuaTi Ha coepelt{spherl}, rje nociennmii mapa-
MeTp - Ha3BaHUE CCBHLIKH Ha PUCYHOK. V3 IpUBEIEHHBIX HUXKE JBYX IIPUMEPOB BHJIHO, UTO
Ka9eCTBO PUCYHKOB CTAHOBHUTCS BBIITIE.

N

ST

N
== N
NS SNY

/4/;"///1111\\\\
OO SUITT

Puc.VII1.12. [Teorpagpudeckmue Koop-
JIMHATHI Ha chepe

Puc.VII.13. Cdepa c abipkoii

\z{\direps} [3]{\SMesto{7}{\refstepcounter{figure}
\epsfig{file=#1.eps,width=8cm,angle=-90}\1label{#3} \vskip 12pt
\noindent {\bf \thefigure.}\hskip 12pt{\sl #2\hfilll}}}
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I'masa VII. HWwmmopr pucyakos B ¢popmare “EPS”
CoBmecTHOe ucnosab3oBanne Maple u CorelDraw

OrmurireM JIOBOJIBHO CTAHIAPTHYIO HMPOIEAYPY HMOJATOTOBKHU I'Pa(hUKOB, SKCIIOPTUPOBAHHBIX U3
Maple:

1. Cootsercryiomuiit daitn B PS- mim
EPS-popmare oTkpbeiBaeTcs ¢ 1mo-
morpio CorelDraw;

2. Ilosyuennblit pucyHOK Ipeodpasy-
eTCsl ¢ MMOMOIIBIO TIOBOPOTA HA, YTOJI

e =-90°;

OO
S

e

3. Iemarorc €00x0 e Js100aBJIe-
“‘ Jenarorcst HEOOXOAMMBIE JTOOABIT

HUA K PUCYHKY;

4. Becb PHCYHOK IMOMEYAETCsI, TPYII-
[UPYeTCsl, TPUBOJUTCA K HYZKHOMY
pasMepy ¥ TOMEIIaeTcsi B JIEBOM
BepxHeM yriiy raHitera CorelDraw

?

Puc.VIIL.14. Ilpumep wunmmopra wu3s 5. OcymiecTBigercs 9KCLOPT 3TOro PH-
Maple rpacpura 1cesmocchepbr cyka B EPS-opmare B Tpebyemyio
mupekropuio (cm. Puc.VIL.14.)

\corell{Psevdo}{llpumep ummmopTa u3 Maple rpadura

ncenocoepst {Psevdo}{\begin{enumerate’

\item CooTBeTcTBybmuil daitnm B PS- mmu EPS-dpopMaTe OTKpHBAETCHA C IIOMOUBI
CorelDraw;

\item

[lony4yenH:it pUCYHOK IIpeobpasyeTcd C IOMOIBK IIOBOPOTa Ha yIOJ
=-90%$"0%$;

\item

llenaoTca HeobxomuMble HobaBileHUS K PUCYHKY;

\item

Becb puCyHOK moMedaeTCd, TPYNNUPYyeTCs, IPUBOIUTCS K HYXHOMY
pasMepy ¥ IIOMemaeTCd B JIeBOM BepxHeM yriay mnaHmeTra CorelDraw ;
\item OcymecTBnsieTCd 3KCIOPT 3TOr0 pUCYHKa B EPS-dopMaTe B
Tpebyemyo muperTopub (cM. \ref{Psevdo}.)

\end{enumerate}}

152



I'mtaBa VIII

IlpuMepbl MHAMBUAYAJIbHBIX 3adaHUI

KABAHCKUI (ITPUBOJI?KCKNI) ®EJEPAJILHBIN YHUBEPCUTET
Kagﬁedpa BHICULET, MAMEMAMUKY U MAMEMAMUYECKO20 Mode./mpoeanuﬂ

Sagaua AN 1.1 Haitru TouHOE U BEIMHCIATD npubsmkenHoe (¢ 21 3HavamuMu nudpam)

CEMECTP TV-VII
NHIVNBUJIYAJIBHOE 3AJAHUE A2

3HaY€HUA BbIpazKeHUd:

Samada N 1. 2

Bagaga A7 1. 3

Samada NP 1. 4

Samada NP 1. 5

V22 4 w2
V2 +log; 10
HpI/IBeCTI/I K O6LLL€My S3HaM€EHaTeJIIO:

x r+1 22

Pemmuth cucremy mppaluoHaJIbHBIX YPaBHEHUIL:

{\/E+\/@:2

r—2y+1=0.

Pemurs HEepaBeHCTBO:
20 —-17 x -5

3 > )
r—2>5 T+ 2

Borauciurs cymmy:

= 1y
) D e

n=2

1 HaliTU ee MPUOJIMKEHHOE 3HAYUEHNE.

Bagaua N’ 1. 6

Haiitu 3Havenue mpesena
. tgx —sinx
lim ————.
z—0 sin” x
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

3
Bagaua N’ 1. 7 Haiitu npoussoamnyio M dbyHKIUN:
0x0yox

Fa,y,2) = a2 (12 — w — 2y — 32)

U BBIYKCJIUTD ee 3HadeHue B Touke M (2,1,1).

Ba,u;aqa ./\Tq 1. 8 Boruuciuts HEOTIPEJACJICHHBIA NHTErPaJI:

/\/ a? — 2%dzx.

Ba,u;aqa ./\Tq 1. 9 Boruuciurs OonpeaeICHHBIA THTErpaJl:

+oo

/ dx p
——dx.

/ Va2 +1

Ba,zl;aqa ./\Tq 1. 10 Ha oxnom PUCYHKE TIOCTPOUTDH I'PpadpUKM JIBYX KPUBBIX, Y1 U Y :
vy =V8x? — x4

-TeMHO-CUHHUM IIBETOM M

Yo 1y = —V8x?% — x4,

- KpaCHbIM, HO,IL6I/IpaH npeae/ibl USMEHEeHUA IIEPEMEHHbIX TakK, 4TOOBI ,ILO6I/ITI>CH ero OoJibleit
HarJIAJHOCTH.

Bagada A’ 1. 11 TIlocrpours rpaduk HOBEPXHOCTH, 3aIaHHON IapAMETPHICCKIMU YPAB-
HEHUAME (TeJTHKONT):

Y. 7= (tcos¢,tsing, pu).
Bagaga N’ 1. 12 Pasnoxurs B psin Teitnopa dyHKIumio

(1- x2)€1 —cos’x

B OKPECTHOCTH TOYKM T = 1 mo cremeHsam x 110 1mectoii cremnenu. CpaBHuTh Ha rpaduxe
noBe/ieHre (DYHKIMH (3€7€HBIM [[BETOM U €€ PA3JIOKeHUs (CHHUM I[BETOM) Ha MHTepBaJe T €

[0, 7].

3agaua N1.13 [TocTpoutsb rpaduk MOBEPXHOCTH, 38 IaHHON HEABHBIM yPABHEHUEM:

X xyz=1.

Bamada N 1. 14 Jaus sextops: @ = (sint?,¢3,1) u b = (1,3t2,sint). Beraucants

da db
CKaJIAPHOE ¥ BEKTOPHOE HPOU3BEJICHH UX MPOU3BOIHBIX: d—j, 7
Bagaua N’ 1. 15 Jamer marpummt
1 -1 1 -3 -2 7
A=12 1 3 B = 2 6 -1
3 0 4 2 -1 2
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Haiitu ux panru, onpeaeuTe i, BBIYUCIUTD UX JTUHEHHY0 KoMOunamnuo: 3A — 43 B u npous-
Bejenus AB u BA.

Sagaga AN’ 1. 16 Haiitu coGeTBeHHbIC 3HAMCHUS 1 COOCTBEHHDIC BEKTOPBI MATPHUIBL A 13
PEJIBLIYIIErO TPUMEPA.

Bagaua AN’ 1. 17 Haiitu B KBasparypax 00mIce PeLICHHE OOBLIKHOBEHHOIO JIMHECHHOIO
b depeHnmaaTbHOro 2-ro mopsIKa:

dy | dy v
@—i—%—i—y:e (IQ—SL’—FQ).

Bagada A 1. 18 Peuwurs samaay Komn

Jyist npepLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns: Ha 0TPe3-
ke z € [0, 7].

Bagaua N’ 1. 19 Haiitu unciennoe perenne 3a1aan Komm

y(0)=0, Y(0)=1
JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JIuddepeHinaibHoro ypaBHEHU 2-T0 TOPsIKa:

2@ +1In(1 + z) &y 2 + y* = cos(x)?
da” ar) YT

1 TIOCTPOUTH Tpaduk perernst Ha orpeske x € [0, 10].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
NHINBUIYAJILHOE 3AJIAHUE A2

Samaga AN 2.1 Haitru ToMHOE U BEIMHCIATD npubsmkenHoe (¢ 24 3HavamuMu nudpam)
3HAYEHUs BBIPAZKEHUST:

\/43 + sin®(7/12)
log, 12 '

Samaga N 2.2 [IpuBecTu 1Mo 00HDBIE YJIEHBI B BHIPAYKECHUN:
a(z —1)° + 3ba® — 4 + 2z

II0 CTelleHdAM XI.

Ba,uaqa ./\7‘21 2. 3 Pemurs cucTeMy ajredOpaniecKux ypaBHEHUI:
2(z% +y?) = xyz
10(y? + 2%) = 29zy2
5(2% + 2?) = 13xyz.

Bagaua N 2. 4 Pemurs HepaBeHCTEO:

22 —5x+6
2 +5:+6

Sagaua N 2.5 Boruucauts CyMMYy:

- 1
nz:l n(n+1)(n+2)

U HaliTu ee MPUOJIMKEHHOE 3HAYUEHNE.

Banada AN 2. 6 Haiitu snadenne npegena

y v1 — cosx?
im ——

2—0 1 —cosx

& f(x,y)

Samaga N 2.7 Haiiru MIPOU3BOTHY IO
0x 0y

dyHKIIN:

fla,y)=e @

¥ BBIYHCIINTE ee 3Hadenne B Touke M (0, 1).
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Sagaua N 2. 8 Boruucaurs Heollpe/IeJIEHHbIIT MHTerpaJl:

/1—\/:U—|—1dw
1+ 2z +1

3a;:aqa /\7@ 2. 9 Boruucaurs OIIpeJIeJICHHBbII nHTerpaJl:

1

Inz
/ T deaz.

0

Samaga N2.10 Ha OJIHOM PUCYHKE TIOCTPOUTDH I'PpadpUKM JIBYX KPUBBIX, Y1 U Y :

1 10+ 1
1+2 322 1—=x

MYy =
- TEeMHO-CUHUM IIBETOM U
(z+1)?
)
(x —1)*
- KpPaCHBIM, II0J0Upas IIpeIesibl M3MEeHEeHHUsI [IePEeMEeHHBIX TaK, YTOObI J00UThCA ero OOJIbIIeit
HALJISITHOCTH.

Y2 Y =

Bagaua AN 2. 11 Tlocrponts rpaduk MOBEPXHOCTH, 3/ [aHHOMN APAMETPUIECKIMI YPAB-
HenuaMK (HUZKHSAS MOJIOBUHA HceBaocdephl ):

t
PO 7 = (sint cos ¢, sint sin ¢, cost + In(tg 5))

Bagaua N 2. 12 Pasnoxurs B psag Teitnopa dyHKImIO

1+z+ 22423
l—az+a22—2a3

B OKPECTHOCTH TOYKU T = 1 [0 CTeneHsM T JI0 cejbMoil crenenn. CpaBHUTH Ha rpaduke
noBe/ieHre (bYHKIMU (KPACHBIM I[BETOM)U €€ Pa3/IoKeHHs (UepHBIM I[BETOM) Ha HHTEPBAJIE
x € [—1,2].

Ba;[aqa ./\Tq 2. 13 [TocTpouts rpacduk MOBEPXHOCTH, 33/ IaHHON HEABHLIM yPABHEHUEM:

Y (@4 +z=1

Bamada N 2. 14  Jaubi sextopst: @ = (sint,cost,t) u b = (sht?, cht2,1). Berauciants

da db
CKaJISIpHOE ¥ BEKTOPHOE IPOM3BEICHUA UX IPOU3BOIHBIX: d—j, m
Bangaga A’ 2. 15 Taus marpums
2 1 3 11 -3
A= 3 1 3 B = 2 4 -1
1 2 3 3 o 1

Haiitu ux panru, ornpeennre/in, BRIYUC/INTL UX JHHEHHY0 KoMOnHamuio: 3A — 2B u npouns-
Benenuda AB u BA.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagauga N 2. 16 Haiitu coGeTBEHHbIC 3HAYCHUS 1 COOCTBEHHDIC BEKTOPBI MATPHUIBL A 13
PEJIBLIYIIErO TPUMEPA.

Bagaua N 2. 17 Haiitu B KBasparypax 00MIee PeLICHHE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHnmaIbHOro 2-ro MopsaIKa:

d? d
AN A 4y = e*(sinx + cos ).

90l J
dax? dx

Bagada N 2. 18 Peuwurs sasaay Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua N 2. 19 Haiitu uuciennoe perenne 3a1aan Komm
y(0)=0,  ¥'(0)=0
T HeJIMHEHHOTO 0OBLIKHOBEHHOTO /(¢ epeHInaIbHOTO yPaBHEHNS 2-T0 TTOPSIKA:

d? dy\*
—d—xg—COS25L’(d—i) +xy2:x2—|—a:

U TIOCTPOUTD TpaduK perennst Ha orpeske x € [0, 27].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP TV-VII
THIMBUIYATBHOE 3ATAHIE A?

Sama4ga AN 3.1 Haiiru TouHOE U BEIMHCIATD npubsmkenHoe (¢ 32 3HavamuMu nudpamm)

3HAYEHUS] BLIPAKEHUS:
— gin(72 1
e~ sin(m )10g5 sin | —5——
T+ 1

1+ V7

3amada N3.2 [IpuBecTu 1mo100HbBIE YJIEHBI B BHIPAYKEHUN:

a(cos® z — br)* — (¢ + dcosz)(sinw — 1)® + 2sinz

II0 CTEIIeHAM COSZ U SIn .

Ba,zl;aqa ./\Tq 3. 3 Pemuts nppanuoHaJIbHOE YpaBHEHNE:

V17 + 5z — /19 — 5z = 3.

Samaga N 3.4 Pemwurs HEPaBEHCTBO:

=522 +4 <0.

Sagaua N 3.5 Boruucauts CyMMY:
Z 1
— n(2n + 1)

1 HalTU ee MPUOJIMKEHHOe 3HAYUEHNE.

Banada A’ 3. 6 Haiitu sHaveHne npegena

lim x(Va?+2z—2Va?+x+x).

T—+00

2
Sagada N 3. 7 Haitrn ITPOU3BOTHYIO w dyHKIUN:
oY

CcosS T /1+cosz
f($ay):_2 ) +1n .
sin“ x sin x

T
¥ BBIUHCJIATD ee 3Hadenne B Touke M (1, —).

4
Samaga N 3. 8 Boruuciurs HEOIIpe/IeJIEeHHbBI UHTErpaJI:

/ 22dx
(4 — 204 2)V2 + 22 — 22
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

3amada N 3.9 Bouucaurs OIIpe/IeICHHBII MHTerpaJl:

—+00

d
/2—90@.
i+ x—2

2

3amada N 3. 10 Ha omuonm PUCYHKE TIOCTPOUTH rpaduKu JIBYX KPUBBIX, Y, U Yo

o r—2
S
- TeMHO-CHUHHUM IIBETOM U
o ’Va? —1
L v

- 3eJIeHbIM, IOJI0Upasi IPeJIe/ibl U3MEHEHHsI IePeMEeHHBIX TaK, 9TO0BI JI00UTHCsS ero OOoJIbIeit
HATJISATHOCTH.

Bagaua N 3. 11 Tlocrpouts rpaduk MOBEPXHOCTH, 3aaHHON IAPAMETPUIECKUMU YPAB-
HEHUSIMU:
Y : 7= (costcosp,costsing,t® + 4¢).

Banada A’ 3. 12 Paznoxurs B psin Tefinopa dbyHKImMIO

LIZ’2

1—sinx—e_§

{L‘4

B OKDECTHOCTH TOYKHM T = 1 10 cremeHsM x n0 miecroii crenenn. CpaBHUTL Ha rpaduke
noBe/ieHre (bYHKIMN (9ePHBIM [IBETOM)U €€ PA3JIoZKeHUs (CepbIM I[BETOM) Ha MHTEpBaJje T €

[0, 7].

Bagaua N 3. 13 Iocrpours rpaduk HOBEPXHOCTH, 3aAHHONH HEABHBIM yPABHEHUEM:
Y (wdy)P+r=1

Bagaua N 3. 14  Tamw sexropst: @ = (log, t,log, t, tg t) b= (t,t*,1 — t*). Beraucutn

da db
CKAJIIPDHOE W BEKTOPHOE ITPOU3BEJIEHUS UX ITPOU3BOJIHBIX: d_j’ e
Sagaua N 3. 15 JlaHbI MaTPUITHI
2 -2 3 -1 -2 3
A= 3 -1 -3 B = 2 2 -1
5 =3 0 2 3 2

Haiitn nx panru, onpejesuresin, BBIYACANTL UX JUHEHYIO KoMOuHaImo: —2A + 3B u mpo-
uspenennd AB u BA.

Bagaua A’ 3. 16 Haiitu coGCTBeHHbIE 3HAUEHHS 1 COGCTBEHHBIE BEKTOPI MaTpuIbl A 13
HIPEJILIIYIIErO IPUMEPA.

Bagada A 3. 17 Haiitu B KkBagparypax 00IIce PelICHHE OGBIKHOBCHHOIO JHHEHHOrO
nuddepeHImaibHOro 2-ro mopsiIKa:

d? d
d_xz + +£ + 4y = e “(1 + sinx).
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Sagaua N 3. 18 Pemwurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 3. 19 Haiitu unciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d> d
d—z — cos? x% + xy? = 2
X

U TIOCTPOHUTD TpaduK perenns Ha orpeske x € [0, 27].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
MHIVBIIYATBHOE 3ATAHIE A2

3amaga N 4.1 Haiiru TouHOE U BLIYHCIATD npubsimzkenHoe (¢ 24 3snavamumu 1Edpamn )
3HAYEHUS BbIPAYKEHUS:

log, (1 + COS% + log 5(sin(4/7)))
(1+1tg1/3)

Sagada N4. 2 [IpuBecTn 10106HBIE YICHBI B BHIPAZKCHUM:
a(x — y)3 + 3b(x + y)2 —442(x+ y2)

IO CTECIICHAM T U .

Sagaua N4. 3 Pemurs aJredOpamvyeckKoe ypaBHeHUE:
vt (z—4)' =82

Bagaua N 4. 4 Pemurs HepaBeHCTBO:

D

—— <L

3—2r—=x
Ba,u;aqa ./\Tq 4. 5 Boerunciaurn CYyMMY':

—~ (2n+1)!
U HalTH ee MPUOINKEHHOE 3HAYEHUE.
Banaua N’ 4. 6 Haiiru 3Hauenne npesena
2 —1

lim ——.
=1 2% —x — 1

3ajada N 4. 7 Haiirn ITPOU3BOTHY IO
Ox0ydx

dyHKIIN:

flz,y,2) = 2® +9° + 22 + 22 + 4y — 62

U BBIYHC/IATE ee 3Hadenne B Touke M (2,1, —1).

Ba,uaqa ./\Tq 4. 8 Bouucaurhb HEOTIPEJACJICHHBIA NHTEIPAJI:
/ sin® x cos® zd.
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Sagaua N4. 9 Buouucaurs OIIpe/IeICHHBII MHTerpaJl:

sin x sin 2z sin 3xdzx.

o\
ME}

3amada N 4. 10 Ha oxnom PUCYHKE TIOCTPOUTH rpaduKu JIBYX KPUBBIX, Y, U Yo

B |1+$|3/2

RN’ \/E

Ry
y=1—=x ,
Ty 34z

- (puosreToBbIM, 1TOIOUpas MpeJIe/bl U3MEHEHUS ePEMEHHBIX TaK, YTOObI JOOUTHCA €ro 00JIb-
el HarJIsIJJHOCTH.

- CMHMM IIBETOM M

Bagaua N 4. 11 Tlocrpouts rpaduk MOBEPXHOCTH, 3aaHHON IAPAMETPUIECKUMI YPAB-
HEHUSAMU:
Y : 7= (costcosp,costsing, t® 4 2¢).

Banada N’ 4. 12 Pasnoxurs B psi Teftnopa dbyHKImIO

e“sinz — x(1 + x)

SL’S

B OKpecTHOCTH TOYKM = = ( 1o cremensM x 10 miecroii crenenn. CpaBHUTH Ha rpaduke
nosejierre (byHKIUK (3€JIeHBIM IIBETOM)U €€ PA3JIOyKeHUs (CHHUM IIBETOM) Ha WHTEpBAJe T €
[—7?,7?].

Sagaua N 4.13 [TocTpouts rpaduk MOBEPXHOCTH, 3aJAHHON HESIBHBIM YDABHCHUEM:

Y o4yt —z2=1.

Bamada N 4. 14 JTaus Bexrops:: @ = (V1 —2,vV/1+1,v/1—1) u b= (t,—t*t3). Boi-

da db
YHUCIUTD CKAJISPHOE U BEKTOPHOE IMPOM3BEICHUA UX IPOU3BOIHDIX: d—j, I
Bagaua N 4. 15 lans marpuus
1 1 -2 —4 -2 2
A= 31 4 B = -3 4 -1
4 2 2 3 -1 2

HaijiTu uxX paHru, oupeaeanTe/d, BLIMUCIUTD UX JuHeiiHyio Kombunaimio: A — B u npousse-
nenuda AB u BA.

Bagaua AN’ 4. 16 Haiit cOGCTBEHHbIE 3HAUEHHS 1 COGCTBEHHBIE BEKTOPDI MATpUIbl A 13
IpeJILLLYIIero IpUMepa.

Sajada N 4. 17 Haitru B KBaJIpaTypax obiree perieHrne OObIKHOBEHHOI'O JIMHEHHOIO

b depeHIuaaIbHOro 2-ro MopsiIKa:
d*y )
— +y=sinx +cosz + 1.
dx
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaua N’ 4. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 4. 19 Haiiru uucsensoe pemenue 3a1aun Kormm

U 1I0CTPOUTH Tpaduk perenus Ha orpeske x € [0, 1.5].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
NHANBUIYAJIBHOE 3ATAHUE A2

Sajada ANP'5.1 Haitru TOUHOE 1 BEIMHCIATD npubsmkenHoe (¢ 21 3Havamuyu nudpam)

SHa4YeHUA BbIpazKeHUd:
V22 + 72
V2 +log; 10

Sagaua N5, 2 [IpuBecTu 1mo100HDBIE YJIEHBI B BHIPAYKEHUN:
a(lnz —2)? — (Inz + 2)* — (Inz — 1)* + 22°

O CTEeleHdAM Inx u x.

Bagada N’ 5. 3 Peuwrs cucremy ypaBHeHmil:

'+ 4logyy = 2
=3,

Sagaua N’ 5. 4 Pemurs HepasencTso:

Vi+z++V1—z>1.

Ba,u;atla ./\Tq 5. 5 Boruucimrs CYyMMY':

Z -
n
n=1

U HATU ee MPUOJIMKEHHOe 3HAYEHNE.

Sagaga N’ 5. 6 Haiitu snauenue npegena

. 22 —5x+6
lim ———-——.
z—=3 12 — 8xr + 15

O f(x,y,z)

Sagada N’ 5. 7 Haiitu npoussouyio
0xdyox

dyHKIINT:

flz,y,2) = 2® +9° + 2° + 120y + 22

¥ BBIYUCIUTD ec 3Hadenue B Touke M (0, 1,1).

Ba,z[aqa ./\Tq 5. 8 DBoruucaurs HEOIIPeJIeJICHHBIA NHTerpaJl:

/ sin 5x cos xzdx.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaua N'5. 9 Bouucaurs OIIpe/IeICHHBII MHTerpaJl:

1
/xlS\/ 1+ 3a8dzx.
0

Ba,/:[aqa ./\7@ 5. 10 Ha onnom PUCYHKE TIOCTPOUTDH I'padUKu JIBYX KPUBBIX, Y1 U Y :
Yy =sinz + cos’x
- CUHUM IIBETOM U
Yo 1y =sinx + gsin?)x,

- CepPBIM, MOJ0Upast IIPE/IEJIbl N3MEHEHHs IEPEMEHHBIX TaK, ITOOBI JTOOUTHCS €ro GoJIbIeil Ha-
VIS THOCTH.

Bagaua N’ 5. 11 Tlocrpouts rpaduk HOBEPXHOCTH, 38 AHHON TAPAMETPIYECKIMI yPaB-
HeHustMU (TOp):

Y 7= ((24 cos(v))cos(u), (2 + cos(v)) sin(u), sin(v)].

Bagaua N’ 5. 12 Pasnoxurs B ps Teiinopa dyHKImO

sin(sinz) — 2v/1 — 22

1'5

B OKpecTHOCTH TOYKH = ( 1o cremensM  Jo mecroil crernenu. CpaBHUTH Ha Tpaduke
nosejienne yHKIUN (3€JeHBIM IIBETOM U €€ Pa3/IoKeHUs (CHHUM I[BETOM) Ha MHTEpBaje T €
[—m, 7).

Sagaua N'5.13 [TocTpouts rpaduk MOBEPXHOCTH, 3aJAHHON HESIBHBIM YDABHEHUEM:

Yo B4y =0.

Bagaua N’ 5. 14  JTausl BekTOps: @ = (12, —t,2t) u b= (2t, —3t, t). Boraucaurs ckajsip-

da d*b
HO® U BEKTOPHO® NPOUSBEIICHNs UX IPOMSBOIHBIX: ) 3.
Bangada A’ 5. 15 lausr marpums
1 -1 1 -3 =2 1
A= 3 —1 3 B = 2 4 -1
4 -2 4 2 -1 2

Haiitu ux panru, omnpeuesuTelid, BbIUYUCIUTH UX JIUHEHHYIO KomOunarmio: 1/2A — 3/2B u
npoussenenns AB u BA.

Bagaua A’ 5. 16 Haiitu coGCTBeHHbIE 3HAUEHHS 1 COGCTBEHHBIE BEKTOPI MaTpuIbl A 13
HPEIBIIYIIErO IPUMeEpA.

Bagaua AN’ 5. 17 Haiitu B KBagparTypax obliee peleHne 0GBIKHOBEHHOTO JHHEHOIO
JnuddepeHImaibHOro 2-ro mopsiIKa:

d? d
d_xz +4d_i + y = sin 2.
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Sagaua N’ 5. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 5. 19 Haiitu nciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
d—‘z—coszﬁ—i—yzzl
x

U TIOCTPOHUTD TpaduK pereHns Ha otrpeske x € [0, 7).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP TV-VII
VHINBUIYVAJILHOE 3ATAHUE A? |6

Sajada AN 6.1 Haitrn ToUHOE 1 BEIMHCIATD npubsmkenHoe (¢ 24 3HavamuMu nudpam)

3HAYEHUSI BHIPAYKEHUS:
) 2 ) 1
sin { ) arcsin | ———
3 ™ +1

arctg 7

3amada N6.2 PanuonasimsupoBats Jpo0Ob:

V2+3
1+ 2

Bagaua A’ 6. 3 Pemuts TpUroHOMETpHUECKOE YPABHEHHE:

3z T T
cos® x + cos? T + cos? > + cos? 1 = 2.

Bagaua N’ 6. 4 Pemurs HepaBeHCTEO:

1
V1—2—Vr > —.
V3
Ba,z[aqa M 6.5 Bomuciurn CyMMY:
f: pAnt1
4dn +1

n=0

" HAfTH ee TPUOTUKEHHOE 3HAYCHHE.

Banada N’ 6. 6 Haiitu sHavenne npeiena

T+ r+Vx

lim

T—+00 vo+1
63
Samaga N 6. 7 Haiirn MIPOU3BO/THY IO M dyHKIIN:
Ox0ydx
2 2
e Y2

U BBIIHCJIATD ee 3Hadenne B Touke M (2,1,1).
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Bagaya N 6. 8 Beraucanrs HeOMpe e ICH DI HHTErPAT:
/(2z + 3%)%dx.

Ba,z[aqa M 6.9 Bomucmmrn OIpeJIe/IEHHBIN HHTEI'PAJIL:
9
/ v 1 — zdz.
1

3a;:aqa /\7@ 6. 10 Ha oxnom PUCYHKE TIOCTPOUTDH I'padpuKu JIBYX KPUBBIX, Y1 U Vs :

1ty =sin*z + costx

- YePHBIM I[BETOM U
Yo 1y = sinx - sin 3z,

- 3eJIEHBIM, ITOI0Upasi IpeIesbl U3MEHEHUsI TepEeMEHHBIX TakK, 9TOObI JOOUTHCA €ro OOJIbIIe
HaIJISTHOCTH.

Bagaga A 6. 11 Tlocrpours rpaduk HOBEPXHOCTH, 3, AHHO HAPAMETPIUECKIME YPaB-
HeHusAMEU (TOp):

Y: 7= ((14cos(v))cos(u),(1+ cos(v))sin(u),sin(v)].

Bagaua N 6. 12 Pasnoxurs B psg Teitnopa dyHKIHO

1 — (cosx)™™®
e
B OKpecTHOCTH TOUKH = ( 1o cremensM « Jo miecroil cremenu. CpaBHUTH Ha Tpaduke

nosejienre byHKIME (KPACHBIM IIBETOM)U €€ Pa3/IoKeHns (YepHBIM IIBETOM) Ha HHTEpBaJle
e [—1,1].
Bagada N 6. 13 Tlocrponts rpadbuk MOBEPXHOCTH, 3a[aHHOMN HESBHBIM yPABHCHIEM:

z
1+ 22

—ye " = 0.

Bagaua A 6. 14 lano sekTOps: @ = (sint,cost,t) u b= (12, —cht,sht). BeraucanTs

da d*b

CKaJIIPHOE M BEKTOPHOE IPOU3BEEHUS UX IIPOU3BOJIHBIX: d_(tl’ p7eR
Sagaua N 6. 15 JlaHBI MATPUITHI

21 3 1 2 =3

A= 31 3 B=|2 4 -1

1 2 3 5 —4 2

Haiitn ux panru, ornpejennre/in, BRIYUC/INTL UX JHHEHHY0 KoMOnHamuio: 3A — 2B u npouns-
Benenuda AB u BA.
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Sagaga N’ 6. 16 Haiitu coGeTBeHHbIC 3HAYCHUS 1 COOCTBEHHDIC BEKTOPBI MATPHUIBL A 13
PEJIBLIYIIErO TPUMEPA.

Bagaga N 6. 17 Haiitu B KBasparypax 00LIce PELICHHE OOBLIKHOBEHHOIO JIMHECHHOIO
b depeHnmaIbHOro 2-ro MopsaIKa:

2y d
08V 4 4 gy = (1 4 2).

@ dx

Bagada AN 6. 18 Peuwurs 3amauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua N’ 6. 19 Haiitu uuciennoe perenne 3a1aan Komm
y(0)=0,  ¥'(0)=0
T HeJIMHEHHOTO 0OBLIKHOBEHHOTO /(¢ epeHInaIbHOTO yPaBHEHNS 2-T0 TTOPSIKA:

2 _—x

e

Py dyldy|
d_+d_‘d_ Ty

1 TIOCTpOuTh Tpaduk perennst Ha orpeske x € [0, 10].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP TV-VII
TTH B IYAJTBHOE 3ATAHIE A?

Sajada AN 7.1 Haittu TOUHOE U BEIMHCIATD npubsmzkenHoe (¢ 32 3HavauMu nudpam)

SHAUEHUS BbIPAKEHUS:
\/sin?(7%) + 2+ V7% 44

62+€3

Bagaua N 7. 2 Pannonamusuposars 1polb:

V2+2V3
V3+vV2

Sajsada N'T7.3 Pemmrs JjorapudMuIecKoe ypaBHEHUE:

log,(z 4+ 12) - log, 2 = 1.

Bagaua N 7. 4 Pemwurs HepaBeHCTEO:

V25 — 22 + Va2 + Tx > 3.

Sagaua N7.5 Boruucauts CyMMYy:

Z (n+1)(n+2)(n+3)

n=1
1 HaliTHU ee HpI/I6JII/I}KeHH06 3Ha4YECHUE.

Sama4ga N 7. 6 Haiiru 3uavenue peJiesia

o2t =22 —4x +8
lim 1 5
=2 " — 8z + 16

0*f(x,y,2)
Ox0ydx

Ba,zl;aqa ./\Tq 7. 7 Haiitn IIPOU3BOTHYIO dyHKIIN:

1 xQ 2 252
flay)=-+=+L+5
T Yy z 2

U BBIYKUCIUTD ee 3Haderue B Touke M (1,1,1).

Ba/:[aqa /\Tq 7. 8 BorumeauTsb HEOIIpeJIeJICHHBII nHTerpaJl:
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

3amada N7, 9 Bouucaurs OIIpe/IeICHHBII MHTerpaJl:
1

e +zxz+1

-1

Sagaua N7.10 Ha omnonm PUCYHKE TIOCTPOUTH rpaduKu JIBYX KPUBBIX, Y, H Yo

fylzy:\/x2+1~ln<x+\/q:2+1>

- CMHUM IIBE€TOM M
arcsin T

Y2 Y= )
V1—a22
- CEPbLIM, HOﬂ6Hpaﬂ Ipeae/ibl UISMEHEHNA IIePEMEHHBIX TakK, qTO6bI ,HO6I/ITI3CH ero 6OJH3H_IGI71 Ha-
TVIAAHOCTH.

Sagada N’ 7. 11 Iocrpouts rpaduk HOBEpXHOCTH, 331aHHON aPAMETPUIECKUME YPAB-
HEHUAMU:

Y 7= ((24 ch(v))cos(u), (2 + ch(v)) sin(u), sin(v)),
3aJ1aBasi HHTEPBaJ U3MEHeHUsl [iepeMenHoii v noodepeso [0, 1], [0,2], [0, 3], [0,4] u T.x.

Bagaua N 7. 12 Pasnoxurs B psag Teitnopa dyHKIIO

sh(tgz) — z
e
B okpecTtHOCTH TOUkn r = () 1O cremensaMm x o mectoit creneru. CpaBHUTHL Ha Tpadure

noBe/ieHre (bYHKIMN (YePHBIM [IBETOM)U €€ PA3JIoZKeHUs (CepbIM I[BETOM) Ha HHTEpBaJje T €

~1,1].

3agaua NT7.13 [TocTpouts rpacduk MOBEPXHOCTH, 33/ IAHHON HEABHBIM yPABHEHUEM:

Y: sinzx+siny+sinz = 1.

Banaga A’ 7. 14 lausl BekTOpH: @ = (Int,sint, tgt) u b = (e!,sht,cht). Beraucurs

da d*b
CKAJIAPHOE U BEKTOPHOE ITPOU3BEJICHUS UX ITPOU3BO/IHBIX: d_j’ 7
Samaga NT. 15 JlaHbI MaTPUITHI
1 -2 4 -1 -2 3
A=13 -1 -3 B = 2 2 -1
4 -3 1 2 3 2

Haiitu ux panru, onpejeuresin, BBIYUC/AUTL UX JUHEHHYIO KoMOuHaIuo: —2A + 3B u mpo-
uspesiennst AB u BA.

Ba;[aqa ./Vq 7. 16 Haiitu cobcTBeHHbIC 3HAUCHUS U COOCTBEHHDIC BEKTOPBI MaTpUIlbl A n3
MPEJIBLIYIIETO TIPUMEPA.

Sagaua N7, 17 Haiiru B KBaJIpaTypax obiree perieHne OOBIKHOBEHHOI'O JIMHEWHOIO
b depeHnmaaTbHOro 2-ro mopsIKa:

d? d
_d_xz + 2% —y=¢"(sinz + 1).
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Sagaua N 7. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 7. 19 Haiitu nciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
In(1 + x)d—; + xQd—i +2y® = —cos’x

U TIOCTPOHUTD Tpaduk perenns Ha orpeske x € [0, 10].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
NHANBUIYAJIBHOE 3AIAHUE A2

Sagaua AN 8.1 Haiiru ToMHOE 1 BEIMHCINTD npubsmkenHoe (¢ 29 3HavamuMu nudpam)
3HAYCHUS BBIPAYKCHUS:
log,(sin?(?) + 1) 4 log, (72 + 1)

log, (1 + Vw2 + 23)

3amada N 8.2 PanuonasimsupoBats Jpo0Ob:

V-3
V24

Ba;[aqa /\Tq 8. 3 Pemuts CUCTEMY ypaBHCHUIA:

3ry
r+y N
2xz

xytz

Y+ z

Bagaua N’ 8. 4 Pemurs HepaBeHCTEO:

Vi +2)(z—5)<8—u.

Sagaua N 8. 5 Boruucauts CyMMYy:

00 1 .
;271—1362 1

U HalTH ee HpI/I6JII/I)KeHH06 SHa4YcHHE.

Samaga N 8. 6 Haiiru 3uavenue peJiesa

. ( 7T>
sin (x — —
lim ——~ 37
™ 1—2cosx
r—r —

3

O flx,y)

Bagaua N’ 8. 7 Haiiru nponssoanyo
0x 0y

dyHKIUNI:

flw,y) = 2T+ 3Y(82% — 6y + 347
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U BBIYUCIUTD ee 3uadeHne B Touke M (0, 1).

Ba,z[aqa ./\7q 8. 8 Boruucaurs HeOIIpe/IeJICHHBIN nHTerpaJl:
1+sinx
—e"dx.
1+ coszx

Ba,ua,qa ./\Tq 8. 9 Bouucaurs OIIpeJIeJICHHBbII nHTEerpaJl:

2

dx
ﬁdm'
sin” xr + Ccos

0

3a;1a11a ./\7‘4 8. 10 Ha omnoMm PUCYHKE TIOCTPOUTDH I'PpadpUKH JIBYX KPUBBIX, Y1 U Y :
sinx

MY =771\
sm(:p+1>

- CEepPbIM IIBETOM N
COS T

Y= cos 2z’

- 3€JICHBIM, HO,ZL6I/IpaH Ipeae/ibl UISMEHEHUA IIePpEMEHHBIX Tak, 9TOODI ,ZLO6I/ITI3C51 ero 6oJibleit
HarJIgdIHOCTH.

3amada N 8. 11 [TocTpouts rpacduk MOBEPXHOCTH, 38/ JAHHON TAPAMETPUIECKUMU YPAB-
HEHUSIMU:

Y 7= ((1+sinh(v)) cos(u), (1 + sinh(v)) sin(u), sin(v)),
3a/1aBasl HHTEPBAJ N3MEHEHHs IrepeMentoii v moodepesno [0, 1], [0,2], [0,3], [0,4] u 1.

Banaua N 8. 12 Pasnoxurs B s Teiinopa dyHKImO

r—In(x+1)
72
B OKpecTHOCTH TOUKH * = ( 1O cremensiM x 1o miecroil cremenu. CpaBHUTH Ha rpaduke

noBejieHne (QyHKIUN (3€JIEHBIM IIBETOM U €€ Pa3JIOyKeHUsl (CHHUM I[BETOM) Ha MHTEpBaje T €
[_71-7 77]'

Bagaya N 8. 13 Tlocrpouts rpadbuk HOBEPXHOCTH, 3a1aHHON HESBHBIM yPABHCHHCM:
Y In(va?4+y?+z]) =1

Bagaga N 8. 14 JTauw sexropoi: @ = (sht,cht, ) u b = (t,—t? sint). BoraucauTsb

da d*b
CKaJIIDHOE W BEKTOPHOE ITPOU3BEJIEHUS UX ITPOU3BOJIHBIX: d_j’ 7
Samaga N 8. 15 JlaHbI MaTPUITHI
1 2 -1 —4 =2 2
A= 11 3 B=| -3 4 -1
2 3 2 3 -1 2
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Haiitu ux panru, onpeaennTesn, BBIYACIUTD UX JUHEiHy0 KoMOunaiuo: 3A — B u npousse-
nenust AB u BA.

Sagauga N’ 8. 16 Haiitu coGeTBEHHbIC 3HAMCHUS 1 COOCTBEHHDIC BEKTOPBI MATPHUIBL A 13
PEJIBLIYIIErO TPUMEPA.

Bagaua N’ 8. 17 Haiitu B KBasparypax 00LIce PELICHHE OOBLIKHOBEHHOIO JIMHECHHOIO
b depeHnmaaTbHOro 2-ro mopsIKa:

d? d
Y oy = — 2+ sing.
dx dz

Bagada A 8. 18 Peuwurs samauy Komn

Jyist npepLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns: Ha 0TPe3-
ke z € [0, 7].

Bagaua N 8. 19 Haiitu unciennoe perenne 3a1aan Komm
y(1)=0,  y'(1)=0

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JIuddepeHinaibHoro ypaBHEHU 2-T0 TOPsIKa:

d’y dy\* | o
ln(l—l—x)@—l—x(%) +xy* ==z

1 TIOCTPOUTH Tpaduk perennst Ha orpeske x € [0, 10].

176



KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP TV-VII
VHNBU/IYAJIBHOE 3ATAHUE A2 |9

Sagaua AN 9.1 Haiiru TouHOE U BLIYHCIATD pub/zKenHoe (¢ 25 3Havamumu 1udpamn )

3HAYCHWS] BBIPAYKEHUS:
arctg(m® 4+ %) + arcetg(m® + 1)

arcsin(1 — 772)

Sagaua N9. 2 PanuonasnmsupoBats J1po0Ob:

V5 — /3
V5 + V2

3amada N9. 3 Pemurs aJiredpanvieckoe ypaBHeHMe:

22— 622 —x+30=0.

Samaga N9. 4 Pemwurs HEPaBEHCTBO:

x2

r—4< .

1+ V1+az)?

Ba/:[aqa ./\Tq 9. 5 BrouucauTs CYMMY':

S i
(2n — 1)2z*" !

n=1

U HalTU ee MPUOJIMKEHHOE 3HAYUEHNUE.

Banada A’ 9. 6 Haiitu sHaveHne npegena

lim (V142 +22—vV1—2+22).

T—r—00

2
3amada N9, 7 Haiirun [IPOU3BOJIHY IO w dyukun:
10y

fo,y) = e TY(5— 2 +y)

U BBIYHCJIUTD ee 3Hadenue B Touke M (0, 1).

Ba;[aqa /\Tq 9. 8 Buuucaurs HEOIIpeJIeJICHHbIIA nHTerpaJl:
/ Va3 + xidx.
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3amada N9. 9 Buuucaurs OIIpe/IeICHHBII MHTerpaJl:

2

/ dz
(2+ cosz)(3+cosx)
0

3agaua N9.10 Ha OJTHOM PHCYHKE ITOCTPOUTH TPA@UKN JIBYX KPUBBIX, Y1 U Vs :
Y1y =x+arctgx

- KpaCHBIM IIBETOM U
Y2 1 Yy = x + arcctgx,

- CepbIM, MOJa0Upasi IpeIesIbl U3MEeHEeHNs IIePEeMEHHBIX TaK, 9YTO0bI JJOOUTHCs ero OOJIbIIeil Ha-
IS THOCTH.

Bagaua AN 9. 11 Tlocrponts rpaduk MOBEPXHOCTH, 3aaHHON APAMETPUIECKIMI YPAB-
HEHUSMU:
Y: 7= (cos’tcos® ¢, costsing,t® + 4¢).

Bagaua N 9. 12 Pasnoxurs B psg Teitopa dyHKImO

sin(sinz) — 2v/1 — 22

.%‘5

B OKpecTHOCTH TOUKH x = ( mo cremensM x A0 mrectoil cremenu. CpaBHUTH Ha rpaduke
nosejenne (pyHKIUN (3eJIeHbIM [IBETOM U €€ Pa3jIOzKeHus (CHHUM I[BETOM) Ha UHTEpBaJe T €
[—m, 7).

Sagada N9. 13 [TocTpouTthb rpaduk MOBEPXHOCTH, 38/ [aHHON HEABHBIM ypPaBHEHUEM:
Y PP+l =1

Bagaua A 9. 14 Jansr sexrops: @ = (sint?, ¢%,1) u b = (1,3t2,sint). Borancants

da d*b

CKaJIIPHOE M BEKTOPHOE IPOU3BEJEHUS UX IIPOU3BOJIHBIX: d_(tl’ p7eR
Sagaua N9. 15 JlaHBI MATPUITHI

1 01 -3 =2 7

A=10 11 B = 2 6 -1

10 2 2 -1 2

Haiitu ux panru, onpejeure/in, BBIYUCIUTD UX JinHelinyo kombunarmio: 3A — B u mpousse-
nenust AB u BA.

Ba,uaqa ./\7‘4 9. 16 Haiitu cobcrBennble 3HAUEHUS] U COOCTBEHHbIE BEKTOPBI MaTpuIlsl A u3
OpeabIaAyIIero npuMepa.

Ba,uaqa ./\Tq 9. 17 Haiitu B KBaJIpaTypax ofIee perreHne OOBIKHOBEHHOI'O JIMHEIHOIrO
b depeHImaIbHOro 2-ro mopsaIKa:

Py dy v
@—E—l—y:e (353—3:).
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Sagaua N’ 9. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 9. 19 Haiitu nciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? dy\”
(1+ x)d—;; + (%) + zy® = arctg® x

1 1I0CTPOUTH Tpaduk perenus Ha orpeske x € [0, 10].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHINBU/IYAJIBHOE 3ATAHUE A?

Bamada A’ 10. 1 Haiiru rounoe u BHIYHCANTS NpubIIKenHOe (¢ 24 3HauayMy mudpa-

MI/I> SHa4YeHUd BbIpazKeHUA:
ch(2% 4+ 1) +sh(7? + 1)
arch(1 + 7 ?) '

Banada A 10. 2 Pammorammsuposars apolb:

Va+b
14+ vd

Ba,z[aqa ./\Tq 10. 3 Pemurs uppanuoHaJIbHOE YpaBHEHNE:

V17 + 52 — /19 — 5z = 3.
Bagaua N’ 10. 4 Pemwurs HepaBeHCTEO:
1Og(2x+4) .T2 —+ 1 S 1.
Sagada A’ 10. 5 Boruucaurs cymmy:

=1
Zn:c"

n=1

U HaliTH ee HpI/I6JII/I}KeHHO€ 3Ha4YeHue.

Sagaga N 10. 6 Haiiru 3naucnue upeuea

. T+ 2 &
lim )
z—o0 \ 20 — 1

2
Samaga N 10. 7 Haiiru ITPOU3BBO/THYIO w dyHKIUNI:
oy

f(z,y) =sinzsinysin (z + y)

U BBIIHCIATD ee 3HadeHne B Touke M (0, .)

Ba;[aqa /\7@ 10. 8 Broruuciurs HEOIIPeJIeJICHHBIA nHTerpaJl:

/x3 In® z.
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3amada N10. 9 Bouucaurs OIIpe/IeICHHBI MHTerpaJl:

1
n
x
[
1—22
0
YUHUTBIBAA, YTO HAPAMETP 7 HPUHAMAET IIE/IbIE IIOJIOXKUTEIbHbIC 3HATCHUSL.
Banaga A 10. 10 Ha ommowm PHUCYHKE IIOCTPOUTH I'PaUKU JBYX KPUBBIX, YV U Vs

arcsin 2x

MY = 1+ 22
- CUHHUM IIBETOM U

1—=x
1—22’

- 3eJIeHbIM, II0JI0Mpasi IPeJIe/Ibl U3MEHEHHSI IePEMEHHBIX TaK, YTOOBI JI0OUTHCS ero OoJibIeit

Y2 1Y = arccos

HaTrJIAIHOCTH.

Sagaua N10.11 [TocTpouTts rpaduk MOBEPXHOCTH, 33/ IAHHON TapaMEeTPUIECKUME yPaB-

HEHUAMU:
Y : 7= (cos’tcosp,cos®tsing,td + 2¢).

Bagaua A 10. 12 Pasnoxurs B psg Teitopa dyHKImO

1 — (cosz)™®
e
B OKpecTHOCTH TOYKM z = 0 1o cremensM x 0 miectoii crenenu. CpaBHUTh Ha rpaduke

nosejieHre OYHKIMKU (KPACHBIM IIBETOM)U €e Pa3/IoKeHns (YepHBIM IIBETOM) Ha HHTEpBaJle
x e [—1,1].

3amaga N 10. 13 [TocTpouts rpaduk MOBEPXHOCTH, 38JaAHHON HESIBHLIM YDABHEHUEM:

Yo o (z+y)P+2=1

Bagada A’ 10. 14  Jlaner Bexroper: @ = (sint, cost,t) u b = (sht2, ch 2, 1). Beraucants

da d*b
CKaJIAPHOE ¥ BEKTOPHOE HPOU3BEJICHH UX TPOU3BOIHBIX: d—j, prE
Bagaua A’ 10. 15 lans marpuus
21 3 -1 1 3
A= 31 3 B = 2 4 -1
1 2 3 1 5 2

Haiitu ux panru, onpeaeuren, BBIYUCIUTD UX JIMHEHHY0 KomMOuHarmio: 3A — B u mpousse-

nenusg AB u BA.

Saga4a AN 10. 16 Haiitu cOBCTBEHHbIC 3HAYCHUST U COOCTBEHHDIC BEKTOPBI MaTpuisl A
73 TPEJBLIYINEro IpuMepa.

Samaga N 10. 17 Haiitu B KBaJpaTypax oOlee pelieHne 0ObIKHOBEHHOI'O JIMHEHHOIO
b depeHnmaIbHOro 2-ro MopsIKa:

& d
24d_x:z _ 4% + y e 31/2(81111’ + COS T _'_ 1)
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaga N 10. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada AN 10. 19 Haiiru uncsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

1 42y dy\>
5(1 + x?’)@ —2° (cTi) —zy® =In(1 4 2?)

1 TI0CTPOUTH Tpauk perenusi Ha orpeske x € [0, pil.
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHINBUIYAJILHOE 3ATAHUE A2

Sama4ga AN 11.1 Haiitu TouHOE U BBIMACIAT npubsmkentoe (¢ 24 3navamumu nudpa-
MU ) 3HAYECHUS BHIPAZKEHUSI:

\/43 + sin®(7/12)

log, 12

Bagaua N’ 11. 2 PackpbiTh CKOOKU B BBIPAZKCHUH:
(z+2)°(z — 4)%
Bagaua N 11. 3 Pemwurs anrebpanueckoe ypaBHeHue:
'+ (z —4)* = 82.

Bagaua N 11. 4 Pemwurns nepaseHcTsO:

Sagaua N’ 11. 5 Beruncaurs cymmy:
i :
2 2
“—~n(n+1)

1 HalTU ee MPUOJIMKEHHOe 3HAYEHNE.

Sagaga N’ 11. 6 Haiiru 3naucnue upeuea

lim (1+2)(1+22)(1+ 3z) — 1.
z—0 x

2
3ajada N 11. 7 Haiitu MTPOU3BOTHY IO % dyHKIUNI:
oy

f@,y) = (@ + e (@ T

¥ BBIYNCIUTD ee 3Hadenue B Touke M (1,2).

Ba,uaqa /\7@ 11. 8 Broruuciaurs HeOolIpeJIeJICHHbIA nHTerpaJl:

/ r+ V14 o+ 22
1+m+\/1+1‘+x2
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Ba;[aqa /\Tq 11. 9 Boruucaurs OIIpeJIeJICHHBII nHTerpaJl:

0
/ (z1lnz)’dz.
1

Ba;[aqa ./\Tq 11. 10 Ha OJIHOM PUCYHKE TIOCTPOUTDH Ipa]pUuKM JIBYX KPUBLIX, Y1 U Vs :

Inx
71iy:ﬁ

- CMHUM IIBE€TOM M

Wgzy:1n<:17—|—\/:v2+1>,

- 3eJIeHbIM, IIOJ0Upasi IPeJIe/ibl I3MEHEHHsI [IePEMEHHBIX TaK, 9TO0BI JT00UTHCS ero OOJIbIeit
HATJISATHOCTH.

Sama4a N11.11 [TocTpouTts rpacduk NOBEPXHOCTH, 33/ ITAHHON TapaMeTPUIECKUME yPaB-
HEHUSIMU:

Y. 7= (shtcos¢,shtsing,cht + 2¢),
3aJ1aBasi HHTEePBaJI HU3MEHeHns IlepeMentoii ¢ moouepesnno [0, 1], [0, 2], [0, 3], [0,4] u 1.
Bagaua N’ 11. 12 Pasnoxurs B psag Teitnopa dbyHKImO

thx —z?

z? tg2 T
B OKpecTHOCTH TOUKM r = () 1O cremeHsM X /10 BOCbMOi crernenn. CpaBHUTH Ha Tpaduke

noBe/ieHre (byHKIMU (KPACHBIM I[BETOM)U €e Pas3/ioyKeHHs (YepHBIM I[BETOM) Ha WHTEpBaJIe
z € [-1,1].

Ba;[aqa ./\Tq 11. 13 [TocTpoutsb rpacuk MOBEPXHOCTH, 33/ IaAHHON HEABHBIM yPABHEHUEM:

z
1+ 22

—yPem ™ = 0.

Bamauga AN’ 11. 14  Taus Bexropsi: @ = (sint, cost,t) u b= (t?, —cht,sht). Boruucaurn

&*a d*b
CKaJIIPHOE M BEKTOPHOE ITPOU3BEIEHNS UX IMPOU3BOIHBIX: prealert
Sajada N 11. 15 JlaHbI MaTPUIIBI
2 1 3 1 1 -3
A=1 3 1 3 B=| 2 4 -1
1 2 3 3 5 1

Haiitu ux panru, onpee/nTe i, BEIYUCINTh UX JUHEHHYI0 KoMOuHammo: 3A — 2B u mpons-
Bejenus AB u BA.

Bagaua A’ 11. 16 Haiitu coGcTBeHHbIE 3HAYEHNS U COGCTBEHHDBIE BEKTOPBI MaTpuIbl A
W3 TPeJIBLIYIIEro IpIMepa.
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Sagaua AN’ 11. 17 Haiitu B kBagparypax 06IIee PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaabHOro 2-ro mopsaIKa:

d*y | dy v
ﬁ—i—%—i—y:e (I2—$+2>.

Bagaua A’ 11. 18 Pemwurs sagauy Koum

JUTst TIpesibltyiero uddepeHnnaabHOro ypaBHeH!s U MOCTPOUTE Tpad K peIeHnst Ha OTpes3-
ke z € [0, 7).

Samaga AN 11. 19 Haiitu uucsennoe permenue 3atadu Kot

JIJIS HEJIMHEITHOTO OOBIKHOBEHHOTO JTudDepeHinajibHOro ypaBHEHU 2-T0 TOPsiJIKa.:

d? dy\’
\/1+xd—;§+(1+x2) (—y> —V1i+y?=V1+a?

dx

U OCTPOUTH Ipaduk perienust Ha orpeske x € [0, 100].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/IBUIYAJIHLHOE 3AJTAHUE A2

Sagaua AN12. 1 Haiitu TouHOE U BBIMUCIATH npubsimkenHoe (¢ 32 3Havamumu nudpa-

M) 3HAYCHUS BBIPAZKEHMUSI:
. 2 1
— sin(7”) :
e log; sin
85 (7r2 + 1)

1+ V7

Bagada AN 12. 2 PackpbiTh CKOOKHI B BBIPAZKCHHI:

(2% — 2%)(z(x — 1) + z(z + 1)?).

Sagaua N 12. 3 Peuwnrs CHACTEMY ypaBHEHUIA:

p

1

Y+ 2
1

1
T
1
%+z+x
2

1
—|— —
r+y

e R VA Ml NOR BN |

\

Bagaua N’ 12. 4 Pemwurs HepaseHCTBO:

Vii+dr+4<x+6..

Ba,uaqa ./\Tq 12. 5 Boruucaurs CyMMY:

>

n=1

1 HaflTh ee MpUOINKEHHOE 3HAYEHUE.
Sagaga N’ 12. 6 Haiiru 3naucnue upeuea

1 —cosxz

lim 5

z—0 €T

Drydr Py

Bagaua A 12. 7 Haittu npoussoamyio
f(z,y,2) =sinz +siny + sinz — sin(z + y + 2)

m
¥ BBIYNCIUTD ee 3HadeHne B Touke M (0, T ).
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Sagaua N 12. 8 Boruucauts Heollpe/IeJIEHHbIIT MHTerpaJl:

/ x° sin brdz.

Ba,u;aqa ./\Tq 12. 9 Boruucaurs onpeaeCHHBIA THTErpaJl:

3
T
/ arcsin dz.
1+z
0

Ba;[aqa ./\Tq 12. 10 Ha oxnom PUCYHKE TIOCTPOUTDH I'padpUKM JIBYX KPUBBIX, Y1 U Vs :

2

: = arccos
My 1 —|—[E2

- KpacHBIM IIBETOM 1
1
Y2y = (2 +2)7,

- CepbIM, MOJa0upasi IpeIesibl N3MEeHeHUsT IIePEeMEHHBIX TaK, 9TO0bI JJOOUTHCs ero OOJIbIIeil Ha-

TJISITHOCTH.
Bagaua N 12. 11 TlocrponTs rpaduk HOBEPXHOCTH, 3a1AHHO TApAMETPUIECKIMH yPaB-
HEHMAMMU:

Y 7= (costcos¢,costsin¢,sintsin @),
3aJlaBasi HHTepBaJl U3MEHeHUs iepeMeHHoil ¢ moouepesno [0, 7/2], [0, 7], [0,37/2], [0, 27] u 1.1
Bagada AN 12. 12 Paznoxurs B paz Teitnopa dbyHKIMO

sin(sinz) — 2v/1 — 22

{L‘5

B OKpecTHOCTH TOUKH = = () MO cTemeHdaM X JI0 BOCbMOil crenenn. CpaBHUTH Ha Tpadukre
noBejierne (byHKIME (YEePHBIM IIBETOM)U €€ Pa3/IoKeHUs (CepbIM I[BETOM) HA HHTEpBAJe T €
[—1,1].

Ba;[aqa ./\Tq 12. 13 [TocTpoutsb rpacduk MOBEPXHOCTH, 33/ IaAHHON HEABHBIM yPABHEHUEM:
Y 2¥sing? +yPsiny? + 22sin2? = 1.

Bamaua N 12. 14 [laus sexropsr: @ = (Int,sint, tgt) u b = (ef,sht,cht). Borancanrs

-

d*a d*b
CKAZIAIPHOE U BEKTOPHO® MPOM3BEAICHNS X IPOUSBOMHBIX: —g, —g.
Bagaua N’ 12. 15 lans marpuus
2 =2 3 -1 -2 3
A= 3 -1 -3 B= 2 2 -1
5 =3 0 2 3 2

Haiitu ux panru, onpee/nTe/n, BHIYUCIUTL UX JIMHERHYI0 KoMOuHaimio: —2A + 3B u upo-
uspesennd AB u BA.
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3amada AN 12. 16 Haiitu cOBCTBEHHDIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Bagaua N’ 12. 17 Haiitu B KkBagparypax 00IIee PEIICHHE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d? d
AN A 4y = e*(sinx + cos ).

0l J
dax? dx

Bagada A 12. 18 Peuwurs 3asauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua A 12. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d*y dy 5 1
1 37 J 1 2\3 [ 9 3 1 2
(1+2) da? T+ (dw) Ty 2 + sin(x)

1 TIOCTPOUTH Tpaduk perernst Ha orpeske x € [0, 20].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/INBU/IYAJIHOE 3ATAHUE AP

Samaga AN 13. 1 Haiirtu TouHOe U BBMUCIAT npubsmkenHoe (¢ 24 suaganmmMu nudpa-
M) 3HAYEHUS BBIPAYKEHUSI:

log, (1 + cos& + log g(sin(4/x)))
(1 + tg 1/3)

3ajada N 13. 2 [IpuBectu K 06IIEMY 3HAMEHATETIO:

1 _a:—l_x—?)
z+1 z+2 z-1

Bagaua A’ 13. 3 Pemurs uppanuonajibHoe ypapHeHue:

VBr +T7—V2x+3 =3z +4.
Bagaua N’ 13. 4 Pemurs nepaseHcrso:

log s (> = 5x+7) <0,

Ba,ua,qa ./\Tq 13. 5 Broruuciaurs CYMMY:

o

1
n*(n+1)*(n +2)?

n=1
U HallTu ee MpUOINKEHHOE 3HAYEHIE.

Banaga A’ 13. 6 Haiitu 3Hadenne npeiena

.1 —cosxcos2xcos3x
lim .

z—0 1 —cosz
62
Samaga N 13. 7 Haiiru MIPOU3BOTHY O # dyHKIINI:
oy

Fe,y) = (5 + Ty — 25)e— @ T2y +97°)

¥ BBIYNCIUTD ee 3HadeHne B Touke M (0,1, ).

Ba/:[aqa /\Tq 13. 8 Broruucaurs HeOIIpeJIeJICHHBIA nHTerpaJl:

[ ()
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3amada N 13. 9 Bouucaurs OIIpe/IeICHHBI MHTerpaJl:

™

/ e cos® x.dx

0

Sagaua AN 13. 10 Ha oxnonm PUCYHKE TIOCTPOUTH rpaduKu JIBYX KPUBBIX, Y, H Yo

Inz

NnNY=——
' V1+ 22

:2\/232+1—\/:E2—1

- CMHUM IIBE€TOM U

Y2 Y
- 3eJIeHBbIM, IOJI0Upasi IPeJIe/ibl U3MEHEHHSI IePEeMEHHBIX TaK, ITO0BI JI00UTHCsS ero OOJIbIeit

HarJIdIHOCTH.

Bagaua N’ 13. 11 TlocrponTs rpaduk HOBEpXHOCTH, 3a1AHHO TAPAMETPUTECKIMH yPaB-
HECHUSIMU:

Y : 7= (shtcos¢,chtsing,sint + ¢),
3aJ1aBasi HHTEPBaJ U3MEHeHUsl IiepeMenHoii ¢ moouepenno [0, 1], [0, 2], [0, 3], [0, 4] u ..

Bagaua N’ 13. 12 Pasnoxurs B psag Teitnopa dbyHKImO

chr— 6Ch x—1)
A
B OKpecTHOCTH TOUKM T = ( mo cremensm x 10 mectoii cremenu. CpaBHuTh Ha rpaduke

noBe/ieHre (GYHKIMHI (3€7€HBIM [[BETOM U €€ PA3JIoKeHUsl (CHHUM I[BETOM) Ha MHTepBaJe T €
[—7, 7).

Bamaua N 13. 13  Iocrpours rpaduk MOBEPXHOCTH, 38,IAHHON HESBHBIM YPABHEHUEM:
Yo In(y/a22 +92) = 22

Bagagya AN 13. 14 JTaus Bekropsr: @ = (sht,cht, t?) u b = (t, —t% sint). Beraucaurnb

d*a db
CKaJIIPHOE ¥ BEKTOPHOE IPOU3BEJEHUS UX IIPOU3BOJIHBIX: d—tg, e
Sagaua N 13. 15 JlaHbI MaTPUITHI
11 =2 -4 -2 2
A= 31 4 B=| -3 4 -1
4 2 2 3 -1 2

Haiitn ux panru, onpeennres, BEITUCIUTh UX JUHEHHYIO KoMOuHaImio: A — B u mpounsse-
nenusa AB u BA.
Banada A’ 13. 16 Haiitu coGeTBeHEBIE 3HAYEHHS U COOCTBEHHBIE BEKTOPBI MATPHIIBI A
U3 TPEJIbLIYIIETrO IPUMeEpa.
3ajada N 13. 17 Haiitu B KBaJparypax oOlee pelieHne 0ObIKHOBEHHOI'O JIMHEHHOIO
muddepeHnnajabHOro 2-1o MOPsIIKa:

d’y  dy

2 + 4% +4y = e “(1 +sinz).
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Sagauga N’ 13. 18 Pemurs 3agauy Koum

JJIsT TpeabLayero guddepeHnnaabHOr0 ypaBHEHUsI U IIOCTPOUTD IpaduK pPeIleHnst Ha 0TPe3-
ke x € [0, 7.
Bagaua N 13. 19 Haiitu unciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

2

d dy\’
(1+ sing(x))d—ag + (1 + cos®x) (%) — V1+y?=—/1+ sinb(x)

1 1I0CTpOUTH Tpauk pertenusi Ha orpeske x € [0, 100].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP 1V-VII
VH/IMBUIYAJIBHOE 3AJIAHUE A2

Ba,uaqa ./\Tq 14. 1 Haiitu Tounoe U BHIYMCINTD PUOJIMKEHHOE (C 21 3navamumu mudpa-
MI/I) 3HaQ4YCHUs BbIPparKEHUS:
V22 4 72
V2 4 logs 10
Bagaua N 14. 2 Ipusecrn K o6ueMy 3HAMEHATETIO:

x r+1 22

3a,£[aqa /\7@ 14. 3 Pemurs CUCTEMY UpPpalMOHAJbLHbIX YPaBHCHUN:

{ (z +yvz +y*)/xr +y? =65
(z —yvz +y?) /o +y? = 185.

Sagauga N 14. 4 Pemuts nepasencrso:
logs (22 +3)>0

Ba,ua,qa ./\Tq 14. 5 Boruuciaurs CYMMY:

> n?+1 n
Z Q”n!m

n=0

U HaliTH ee HpI/I6JII/I}KeHHO€ 3Ha4dYeHHue.

Bagaua N 14. 6 Haiitu snavenne npesena

. V142 -3
hm —_———.
T—4 \/_—2

& f(x,y)

Bagaua N 14. 7 Haitte npoussoamyio
0x0y

dyHKIINI:

fr,y) =2+ 2y +y* —4lnz —10lny

U BBIYNC/IUTD ee 3Hadenue B Touke M(—1,1).

Ba,ua,qa ./\7‘4 14. 8 Broruuciurs HEeOIIPeIe/ICHHBIA NHTerpaJl:

2 x
A/ dx.
/a: 1_xx
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Sagaua N’ 14. 9 Boluuciurs oupeieseHHbIH HHTErpaJL:
1
/ xdx
L Vh— 4z

Ba,z[aqa ./\Tq 14. 10 Ha oxnom PUCYHKE TIOCTPOUTDH I'padpUKu JIBYX KPUBBIX, Y1 U Vs :

1
MiYy=xr
- KpaCHBIM IIBETOM U
1
Y2 Y= 1 —|—ijl§"

- CEPbIM, HO,H6I/IpaH Ipeae/ibl UISMEHECHNA IIePpEMEHHBIX TakK, YTOOBI ,HO6I/ITBCH ero 6oJibLIeil Ha-
TJIAJHOCTH.

Bamaua NF 14. 11  Tlocrpouts rpadbuk MOBEPXHOCTIL, 3a[aHHOI TAPAMETPIUECKIMIL YDaB-
HEHUAMMN:
Y. 7= (shucosv,shusinv,chu).

Bagaua N 14. 12 Pasnoxurs B psg Teitnopa dbyHKImIO
(1 —x)log, 2

B OKPECTHOCTH TOYKH & = 1 10 cremensiM x J0 miectoil cremenu. CpaBHUTH Ha rpaduke
nosesienne GYHKIUN (3€ICHBIM IIBETOM ) €€ PA3JIOKEHUs (CHIIM I[BETOM) Ha HHTEpBAJe T €
[+0, 7).

Bagaua N 14. 13 Iocrpours rpaduk MOBEPXHOCTH, 3a[AHHON HEABHBIM yPABHEHUEM:
Y 224 yP+sindr=1.

Bagaua AN 14. 14 Tans Bexrops: @ = (sint?t3,1) mn b = (1,3t?,sint). BeraucanTsb

d*@ db
CKaJIAPHOE U BEKTOPHOE IIPOU3BEICHUA UX MPOU3BOAHBIX: d—tg, 7
Sagauga N 14. 15 Jauer marpumst
1 -1 1 -3 -2 1
A= 3 -1 3 B= 2 4 -1
4 =2 4 2 -1 2

Haiitu ux panru, ompemesnTesid, BBIYUCIUTH WX JHHEHHYIO KoMOmHarmio: 1/2A — 3/2B u
npousseenns AB u BA.

Samaga N 14. 16 Haiitu cOGCTBEHHbIEC 3HATCHUST U COOCTBEHHDIE BEKTOPBI MaTpuIsl A
13 MIPEABbIAYIIETO IIPUMEPA.

Samaga N 14. 17 Haiitu B KBaJIpaTypax obiiee pereHne 0ObIKHOBEHHOT'O JIMTHEHTHOTO
muddepeHnnaabHOro 2-10 MOPsIIKa:

d*y )
— +y=sinx +cosz + 1.
dx
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Sagauga N 14. 18 Pemurs 3asauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 14. 19 Haiiru uucsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:
2

d dy\’
—g#—(l—l—cosx) (%) +/1+y2=V1+sin’z

dx

1 1I0CTpOuTh Tpauk pertenusi Ha orpeske x € [0, 100].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/IMBUIYAJILHOE 3AJTAHIE A2

Sagaua AN 15. 1 Haiitu ToUHOE U BBIMUCIATH npub/imkentoe (¢ 24 3HavamumMu nudpa-

M) 3HAYECHUS BBIPAYKEHMSI:
. (2 . 1
sin | = | arcsin
3 2+ 1

arctg 7

Bagada A 15. 2 Ilpusecti 10106HbIE ICHBL B BBIPAZKCHHH:
a(r —1)* 4+ 3bx* — 4 + 22

II0 CTEeIIeHAM I .

Ba,uaqa ./\7‘4 15. 3 Pemwrs JlorapuMUIecKoe ypaBHEHUE:
7VIgx +2lge —9=0.

Sagaga N’ 15. 4 Pemuts nepasencTso:

< 1.
1—-2x

Ba;[aqa ./\7@ 15. 5 Broruuciaurs CyMMY:

= (-1
Z<n3)

n=1

n

U HalTU ee MPUOJIMKEHHOE 3HAYEHNUE.

Banada A’ 15. 6 Haiiru 3Hadenne npeiena

lim z ctg 3x.
z—0

2
Samaga N 15. 7 Haiitu ITPOU3BBO/THYIO w dyHKIUNI:
oy

50 20
fle,y) =oy+ —+ —
Ty

U BBIUHCJIATD ee 3Hadenne B Touke M (2,1,).

Samaga N 15. 8 Boruuciuts HEOITpe/IeJIEeHHBI MHTErpaJt:

/a: arctg (z + 1)dz.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

3amada N15. 9 Bouucaurs OIIpe/IeICHHBI MHTerpaJl:

In2

/ Ve —Tda.

0

Samaga N 15. 10 Ha oxmoum PUCYHKE TIOCTPOUTDH I'PpadpUKu JIBYX KPUBBIX, Y1 U Vs :

- CMHUM IIBE€TOM M

- 3€eJIEHBIM, ITOA0Mpasi Ipeaesibl N3MEeHeHHUsI [IePEMEeHHBIX TakK, 9TOObI JOOUTHCS ero OOJIbIIei
HAIJISJTHOCTH.

Sagaua N15.11 [TocTpouTts rpaduk MOBEPXHOCTH, 33/ IAHHON TapaMEeTPUIECKUME yPaB-
HEHUSIMU:

Y : 7= (cosucosv,cosusinv,shusinv).

Banada A’ 15. 12 Pasnoxurs B pax Teitopa yHKImo

2 2
ot 437\ ¥
2T 4 3%
B OKpecTHOCTH TOYkH = = ( 1O cTemeHaMm x 10 mmectoit creneru. CpaBHUTH Ha Tpaduke

nosesienne (byHKIME (KPACHBIM IBETOM)U €€ PA3/IoKeHns (YEPHBIM IBETOM) HA MHTEPBAJIE
xr e [—1,1].

Sagaua N 15. 13 [TocTpouts rpaduk MOBEPXHOCTH, 38JaHHON HESIBHBIM YDABHEHUEM:

Yo o (r—yP+(z-1)7=1

Bagada N 15. 14  lams sexkropsi: @ = (sint, cost, t) u b= (sht? cht? 1). Boruucauts

&P*a d?b
CKaJIAPHOE U BEKTOPHOE IIPOU3BEJICHUsT UX IIPOU3BOIHBIX: PR R
Sajada N 15. 15 JlaHbl MaTPUIIBI
21 3 1 2 =3
A= 3 1 3 B=\|2 4 -1
1 2 3 5 —4 2

Haiitn ux panru, ornpejennre/in, BRIMUC/INTH UX JHHEHHY0 KoMOnHammio: 3A — 2B u npons-
Benenuda AB u BA.

Bagaua A’ 15. 16 Haiitu coGcTBeHHbIE 3HAYEHNST U COGCTBEHHDBIE BEKTOPBI MaTpuIbl A
W3 TPeJIBLIYIIEro IpIMepa.
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Sagauga N’ 15. 17 Haiitu B kBagparypax 00IIee PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaabHOro 2-ro mopsaIKa:

d’y  dy .
a2 +4% + y = sin 2z.

Bagada A 15. 18 Peuwurs 3amauy Komn

Jyist npepLyiero auddepeHuaibHOro ypaBHeH:sI U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7).

Bagaua A’ 15. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHinaabHOro ypaBHEHUS 2-T0 TOPsiIKa:

@+ o 3+{"/1+ 4 =v/1+ 2
dz? " \dz Y

1 TIOCTPOUTD TpaduK perernst Ha orpeske x € [0, 7).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
VHVBIIYATIBHOE 3ATAHIIE A2

Samaga AN 16. 1 Haiitu ToUHOE U BBIMUCIATE npubsmkentoe (¢ 30 sHavanwMu rudpa-

MI/I) SHa4YeHUd BbIpazKCHUAd:
\/1+\/1+\/1+x/§+\/1+\/%

V2+4/3

Bagaua N 16. 2 Pannoramusuposars 1polb:

Vi +2Vd
VetV

3amada N16. 3 Peuwrs CHUCTEMY UPPAITMOHAJIBHBIX YPaBHEHUIL:

VTt y=38
Ty — T+ .y —2/Ty=2.
Bagaua N’ 16. 4 Pemurs nepaseHcrso:

3 3
(35— 2)2 + (2 —9)2 > %(\/35 —r+Vz—9)%

Ba,z[aqa ./\7‘q 16. 5 Berunciaurs CyMMY:
i (2n + 1)a*
!
p— n!
1 HaiiTH ee NpUOJINKEHHOE 3HAYEHHE.

Bagaua N’ 16. 6 Haiitu snavenne npemena

iy R+ 2)
x—0 €T

0*f(x,y)
0x 0y

f(ﬂfay):$—2y+ln\/x2+y2+3arctgy
x

Sagaua N 16. 7 Haiitu [IPOU3BO/IHYIO dyukun:

U BBIIHCJIATD ee 3Hadenne B Touke M (1, —1).
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Sagaua N 16. 8 Boruuciuts Heollpe/IeJIEHHbIIT MHTerpaJl:

sin4x
ﬁdw .
smn” x + cos® x

3a,z:aqa ./\Tq 16. 9 Boruucaurs onpeaeeHHBIA THTErpaJl:

1

JECEERRS

0

Sama4ga N 16. 10 Ha OJIHOM PUCYHKE TOCTPOUTDH I'padpUKM JBYX KPUBBIX, Y1 U Vs :

2
711926% .

- KpacHBbIM IIBETOM U
2
o — 2\, —T
Yory=(1+2z%)e ",
- CepbIM, MOJI0Upasi IpeJie/Ibl U3MEHEHUs ITIePEMEHHBIX TaK, YTOOBI JJOOUTHC €ro OOJIbINeil Ha-
[JISITHOCTH.

Bagaua N 16. 11 TlocrponTs rpaduk MOBEpXHOCTH, 3a1AHHO TAPAMETPUTECKIMH yPaB-
HEeHNSAMI:

Y : 7= (chtcos¢,chtsing,t’+ 4¢),
3aJ1aBasi HHTEPBaJ U3MEHeHUsl IiepeMenHoii ¢ moouepenno [0, 1], [0,2], [0, 3], [0, 4] u ..

Bagaua N’ 16. 12 Pasnoxurs B psg Teitopa dyHKImO

Ve+1l+V1l—z-2
e

B OKpecTHOCTH TOYKH = = () 1O cTeneHsM x J10 BocbMoit cremenu. CpaBHUTD Ha rpaduke
noBe/ieHre (bYHKIMU (YePHBIM [IBETOM)U €€ Pa3JIoKeHus (CepbIM I[BETOM) Ha UHTEpBaJe T €
[—1,1].

Saga4a N 16. 13 [TocTpouth rpacduk MOBEPXHOCTH, 33/ IaHHON HEABHBIM yPABHEHUEM:

IR PR L L

Bamaga AN 16. 14 Taus sexrops: @ = (V1—12,VI+1,vV/1—1) u b = (t, —t%,13).
da db

BLIMUCIUTL CKaJIAPHOE W BEKTOPHOE IPOU3BEICHNS UX TPOU3BOIHBIX: d_j’ e

Bagada A 16. 15 Jlaubr marpums

2 -2 3 1 -2 0
A=\ 3 -1 -3 B=\|2 2 -1
5 =3 0 1 -1 -1

HaiiTu ux panru, onpeaeauTen, BbYUCIUTh UX JUHEeHHY0 KoMOuHammo: —2A + B u npous-
Benenuda AB u BA.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

3amada AN 16. 16 Haiitu cOBCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Sagaua AN’ 16. 17 Haiiru B kBagparypax 00IIee PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d? d
d_xgé + d—i +y=e"(1+sin’x).

Bagada A 16. 18 Pemwurs 3amauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua A’ 16. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d*y dy\*
(1+1n(x))@+x o) = arctg(x + 1)

U TIOCTPOUTD TpaduK perennst Ha orpeske x € [0, 27].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/INBUIYAJILHOE 3ATTAHUE A2

Sagaua N 17. 1 Haiitu TodHOE U BBIMUCIATH npubsimkentoe (¢ 24 3Havamumu nudpa-
M) 3HAYCHUS BBIPAZKEHISI:

1
’ 1+ !
V2
Ba,ua,qa .Nq 17. 2 [IpescTaBuTh B BUJle TPUTOHOMETPUYECKUX (DYHKIIUN apryMeHTa &

BbIPpa2KCHHEC:
tg(3x) — cos(2x) sin(4x).

Sagaua N17. 3 Peuwrs JlorapudMuIecKoe ypaBHeHue:
1

lgvae -1+ §lg(2x +15) =1.
Bagaua N 17. 4 Pemwurs nepaseHcTBO:

3
logs x — log; x < 5 logﬁ 4.

Ba;[aqa ./\Tq 17. 5 Boruucaurs CyMMY:

i": om—1
— n*(n+1)?

1 HalTU ee MPUOJIMKEHHOe 3HAYEHUE.

Bagaua N’ 17. 6 Haiitu sHavenne npeena
i T o
im z - — arctg —— ) .

& flx,y)

Bagaua A’ 17. 7 Haittu npoussoamyio
0x 0y

dyHKIMNI:

flz,y) =zyln(2* +y?)

U BBIIHCJIATD ee 3Hadenne B Touke M (1, —1).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Samaga M 17. 8 Buruueaurs HEOIIpeIe/ICHHBI NHTerpaJ:
/ dx
V1t ad

Ba,/:[aqa ./\7@ 17. 9 Boruucours OIIpeJICJICHHBII nHTerpaJl:
-1
/ dx
, Va2 —1

Ba,zl;aqa ./\Tq 17. 10 Ha OJIHOM PUCYHKE TIOCTPOUTDH I'padpUKM JIBYX KPUBBIX, Y1 U Vs :

T

nry=r+te

- CMHUM IIBE€TOM M
Y2ty =x3€ 7,
- 3€JICHBIM, HO,ZL6I/IpaH Ipezeibl UISMEHEHNUA IIEPpEMEHHBIX Tak, YTOOBI ,HO6I/ITI)CH ero 6oJibleit

HaIl'JIAJHOCTH.

Sama4ga N17.11 [TocTpouTts rpaduk HOBEPXHOCTH, 33/ IaHHOI ITapaMeTPUICCKUME yPaB-
HEHUSIMH:

Y : = (sinhtcos¢,sinhtsin ¢, t> + 2¢),
3aJlaBasi MHTEPBAJ U3MEHeHUs TepeMenHoii ¢ noouepesno [0, 1], [0, 2], [0, 3], [0,4] u ..

Bagaua N’ 17. 12 Pasnoxurs B psag Teitnopa dbyHKImO

2
<1—$—|—%>6x— 1+ 2°

173

B OKpecTHOCTH TOUKH ¥ = ( 1o cremenam z o mecroit crenenn. CpaBHuTh Ha Tpaduke
nosejieHne byHKIMU (3eJIeHbIM [[BETOM)U €€ PA3JIoXKeHns (CUHUM IBETOM) Ha UHTepBaJe T €
[—7, 7).

Bagaua N’ 17. 13 Iocrpours rpaduk MOBEPXHOCTH, 3a/[aHHON HESBHBIM yPABHEHUEM:

i et +e¥4ef =1.

Bagaga AN 17. 14 Taus sexrop: @ = (V1—2,VI1+t,vV/1—1) u b = (t, —t2 t3).

da db
Boraucinth ckaJispHOe U BEKTOPHOE ITPOU3BEJICHUsT UX ITPOU3BO/IHBIX: d_ctl’ e
Sajgada N17. 15 JlaHbl MaTpPUIIBI
-2 1 2 -4 -2 2
A= 3 1 4 B=| -3 4 -1
1 2 6 3 -1 2

Haiit ux panru, onpejeaure/n, BBIYUCIUTD UX JIMHEHHY0 KomOnHarmio: A — 3B u mpousse-
nenua AB u BA.
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3amada N 17. 16 Haiitu cOBCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Sagaua N’ 17. 17 Haiitu B kBagparypax 00IIee PEIICHUE OOLIKHOBEHHOIO JIMHEHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d*y
W —Yy= shx.

Bagadga A 17. 18 Peuwurs 3amauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua A’ 17. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d*y  (dy
2 [ —_—
(1+2°)—5 + (dw

2
I ) — xy3 = arctgx
Z

1 TIOCTPOUTD TpaduK pererns Ha orpeske x € [0, 5].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/INBU/IYAJILHOE 3ATAHUE AP

3amada AN 18. 1 Haiitu TodHOe U BBIMUCIATH npubsmkentoe (¢ 21 3Havamumu nudpa-

MI/I) SHa4YEHU A Bblpa}KeHI/Iﬂ:
V22 4 72
V2 + log, 10

Bamaua AN 18. 2 IIpejcraBurh B Bije TPUTOHOMETPHYECKHX (DYHKIMH apryMeHTa
BBIpasKeHNeE:
cos(3z) sin(2x) — cos(2x) sin(3z).

Ba,ua,qa ./\Tq 18. 3 Pemwrs TPUTIOHOMETPUIECKOE YPABHEHUE:

cos2x +sin2x + cosz — sinx = 1.

Bagaua N’ 18. 4 Pemwurs HepaBeHCTBO:

1 HalTU ee MPUOJIMKEHHOe 3HAYEHNE.

Banaga A’ 18. 6 Haiiru 3Hadenne npeiena

lim (Va3 +22+1— Va3 — a2 + 1),

T—00

& f(x,y)

Samaga N 18. 7 Haiiru MIPOU3BOTHY IO
0x0y

dyHKIINI:

flz,y) =z +y+4sinxsiny

U BBIMUCIUTD ee 3uadenne B Touke M (0,1, ).

Ba,uaqa /\7@ 18. 8 Broruuciurs HeOlIpeJIeJICHHbIA nHTerpaJl:

/ cos® zdzr.
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3amada N 18. 9 Boumcaurs OIIpe/IeICHHBI MHTerpaJl:

sin” xdzx,

o\
VB

VUIUTBIBAS, UTO HapaMeTp 1 MPUHUMAET Iejble TOJIOKUTETbHbIE 3HATEHUSI.
Sama4ga N 18. 10 Ha OJIHOM PUCYHKE TOCTPOUTDH I'padUKM JIBYX KPUBLIX, Y1 U Vs :

iy =e “sin?z

- KpaCHbIM IIBETOM U

eiD

)
1+ 22
- CepbIM, TOJOUPAas Mpe/Ie/Ibl U3MEHEHHS [TePEMEHHBIX TaK, YTOOBI JIOOUThCs ero OoJIbInei Ha-
[JISJTHOCTH.

Y2 Y=

Bagada N’ 18. 11  Iocrpouts rpaduk MOBEpXHOCTH, 3a,1aHHOM TAPAMETPUIECKIMI YPAB-
HEHUSIMU:
Y : 7= (chtcos¢,chtsing,shit + ¢),
3aJlaBasi HHTEePBAJI U3MEHeHus IlepeMennoii ¢ moouepenno [0, 1], [0, 2], [0, 3], [0,4] u 1.
Bagada N 18. 12 Paznoxurs B paz Teitopa dbyHKIMIO
sin®z — a®
23 sin®

B OKpecTHOCTH TOUKM o = ( mo cremenam x 10 mectoii crenenu. CpaBHuTb Ha rpaduke
noBe/ieHre (DYHKIUH (3€J€HBIM [[BETOM U ee PA3JIoKeHUsl (CHHUM I[BETOM) Ha MHTEpBaJe T €
[—7, 7).

Bagaua N’ 18. 13 Iocrpours rpaduk MOBEPXHOCTH, 3a[AHHON HESABHBIM yPABHEHUEM:
Y (z4y)’+2=1

Banaga A’ 18. 14 lans Bexkrops:: @ = (12, —t,2t) u b = (2t,—3t,t). Berancaurs cka-

d*a d*b
JAPHOE U BEKTOPHO® NPOM3BEAICHNs X IPOUSBONHBIX: —g, — 5.
Bagaua N’ 18. 15 lanb marpuus
1 -1 1 -3 =2 7
A= 2 1 3 B = 2 6 -1
3 0 4 2 -1 2

Haiit mx panru, onpejaeuTesin, BEBITUCIATD UX JUHEHHY0 KoMOnHanmoo: 3A — 43B u npons-
Benenuda AB u BA.

Bagaua A’ 18. 16 Haiitu coGCTBeHHbIE 3HAYEHNS U COGCTBEHHDBIE BEKTOPBI MaTpuIpl A
13 TPeJIBLIYINEero IpIMepa.

Bagaua AN 18. 17 Haiitu B KBagparypax o0liee pelieHne 0ObIKHOBEHHOTO JIHHEHOTO
nuddepeHnnaabHOro 2-I0 MOPSLIKAa:

Py dy
— — 2= = z? 1.
122 dx+y r°+x +
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagauga N’ 18. 18 Pemwurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 18. 19 Haiiru uncsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

1 d2y 3 d
1+\/_dw2+<1+$)2< ) TVu= \/1+

U 1I0CTPOUTH Tpaduk perenust Ha orpeske x € [0, 20].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHINBUIYAILHOE 3ATAHUE A2

Sama4ga AN19. 1 Haiitu TouHOE U BBIMUCIAT npubsmkentoe (¢ 21 3nagamumu nudpa-

MI/I) SHa4Y€HUA BbIpazKEHUAI:
V22 + 72
V2 4 logs 10

Sagaua N19. 2 [IpencraBuTh B BHjie TPUTOHOMETPpUYECKUX (DYHKIHMIT apryMeHTa X
BbIpazKeHUe:

sin(4z) — cos(3x).
Ba;[aqa /\Tq 19. 3 Pemurs uppanuoHaJIbHOE YpaBHEHUE:

VT =/(6z+1) =2z + 1.

Samaga N19. 4 Peuwrs HEPaBEHCTBO:

2
—4 3

x2 T + >0

r°+5r—060

Ba,ua,qa ./\Tq 19. 5 Broruuciurs CYMMY:

— (=)"@2n* +1) o,
2 Qn)

n=0

1 HAfTH ee TPUOINKEHHOE 3HAYCHHE.

Banaga A’ 19. 6 Haiiru 3Hadenne npeiena

sin bx — sin 3z

im .
2—0 sin 2x

Bagaua A 19. 7 Haittu npoussoamyio
0x0ydx

dyHKIIN:

fl@.y,2) =n(a® +y* + 2%

U BBIYUC/IUTE ee 3Hadenne B Touxe M (0,1, —1).

Ba,ua,qa ./\Tq 19. 8 Broruuciurs HeOIIpeJle/ICHHbIA NHTerpaJl:

/ re T sin zdr.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Saga4a MN19. 9 Buruuceaurs OIIpe/Ie/IEHHbII MHTerpaJl:
1 2
e v 2
ﬁda’;.
5+ a
0

U HAWTU €ro npudIMzKEeHHOe 3HaYeHue 1Mpu a = 7.

3amada N 19. 10 Ha omuonm PUCYHKE TIOCTPOUTH rpaduKu ABYX KPUBBIX, Y, U Yo

3

MY =
r —a

-CUHUM T[BETOM U
Yo iy = zalnz?,
- bHOJIETOBBIM, TIpHIaBas IapaMeTpy ¢ pa3JIndHble 3HAYCHUS.

Bamaga N 19. 11  Tlocrpouts rpadbuk HOBEPXHOCTIL, 3a[aHHOI TAPAMETPIYECKIMIL YPaB-
HEHUSAMI:
Y¥: 7= (chucosv,chusinv,shu).

Bagaua N’ 19. 12 Pasnoxurs B psg Teiinopa dbyHKImO

i 02
ZE26 S T

B OKPECTHOCTH TOYKU T = 7/2 1O cTenensaM x 1o miectoii crenenn. CpaBHUTH Ha rpaduke
noBejieHne (QyHKIMN (3€JIEHBIM IIBETOM U €€ Pa3JIOKeHUsl (CHHUM I[BETOM) Ha MHTEpBaje T €

[0, 7].

Sagaga N 19. 13 Tocrpours rpaduk IOBEPXHOCTH, 3 1aHHOI HESBHBIM YPABHCHHEM:
Yooty 4= 1

Sagada N 19. 14 Tanb Bexrops:: @ = (12, —t,2t) n b= (2t, —3t,t). Boraucaurh cka-

da db
JIIPHOE U BEKTOPHOE IIPOM3BEICHUA UX IPOU3BOIHDIX: d—j, o7
Bagaua N’ 19. 15 lans marpuus
1 -1 1 -3 -2 1
A= 2 1 3 B = 2 4 -1
2 2 2 2 -1 2

Haiitn ux panru, onpeaennre/in, BRIMUC/INTL UX JHHEHHY0 KoMOnHammio: 2A — 3B u mpouns-
Benenua AB u BA.

Bagaua A 19. 16 Haiitu coGCTBeHHbIE 3HAYEHNS U COGCTBEHHBIE BEKTOPBI MaTpuIpl A
W3 TPeJIBLIYINEero IpIMepa.

Bagaua A 19. 17 Haiitu B KBagparypax ofliee pelieHne oObIKHOBEHHOTO JIHHEHOTO

b depeHIuaaIbHOro 2-ro MopsiIKa:

Py dy
Y Y — e
12 Tap Ty e
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Sagaga N 19. 18 Pemurs sagauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 19. 19 Haiitu unciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
d—‘z—coszﬁ—i—yzzl
x

U TIOCTPOHUTD TpaduK pereHns Ha otrpeske x € [0, 7).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
VH/IMBUIYAJILHOE 3AJTAHUE A2

Sagaua AN 20. 1 Haiitu ToUHOE U BBIMUCIATD npubsimkentoe (¢ 24 3Havamumu nudpa-
M) 3HAYCHUS BBIPAZKEHMUSI:

\/43 + sin®(7/12)
log, 12 '

Bagaua N 20. 2  PackpbiTh CKOOKH B BBIPAZKCHUH:
(z +2)%(x — 4)%.

3amada N 20. 3 Pemwmrs UppalmoHaIbHOE ypaBHEHUE:

VT =+v6z+1—+22+1.

Sagaga N 20. 4 Pemuts nepasencrso:

2_
T 5a:+4<

22 —5r—6 "

Sagaua N 20. 5 Boruucaurs CyMMYy:

U HaliTH ee HpI/I6JII/I)KeHHO€ 3Ha4YeHHue.

Bagaua N 20. 6 Haiitu sHavenne npeena
liy V22
0*f(x,y)
0x0y
r+3y+6

’$2+y2+1

Sagaua N 20. 7 Haiiru IIPOU3BOTHYIO dyukIINn:

flz,y) =

¥ BBIYUCJIUTD ee 3HadeHue B Touke M (5, 1).

Ba/:[aqa ./\Tq 20. 8 Borunciuth HEOTIPEACJICHHBIA MHTErPaJI:
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3amada N 20. 9 Bouucaurs OIIpe/IeICHHBI MHTerpaJl:

™

/ (2 sin 2)2da.

0

3amada N 20. 10 Ha oxrom PUCYHKE TIOCTPOUTH rpaduKu JIBYX KPUBBIX, Y, H Yo

In 22

MY =
x

vy = /|z[Ina?,

- CHHHM, TI00upast mapamMerpsl rpaduka Tak, 9To0bI JOOUTHCA €ro OOJIbIIeil HarJIsSIHOCTH.

-9YEPHbIM IIBETOM K

Sa,z[aqa ./\7g 20.11 [TocTpouTts rpacduk NOBEPXHOCTH, 33/ IAHHON TapaMeTPUIECKUME yPaB-
HEHUAMMN:
Y : 7= (cosucosv,cosusinv,shu).

Bagaua N 20. 12 Pasnoxurs B psg Teitnopa dbyHKImO

14z + a2
1—x+2°

B OKPECTHOCTH TOYKH & = 1 10 cremensiMm z 10 miecroil cremenu. CpaBHUTH Ha rpaduke
nosesienne GYHKIUN (3€ICHBIM IIBETOM ) €€ PA3JIOKEHUs (CHINM I[BETOM) Ha HHTEpBAJe T €

[0, 7].

Bagaua N 20. 13 Iocrpours rpaduk MOBEPXHOCTH, 3a/[aHHON HESBHBIM yPABHEHUEM:
Y 2?4yt 42—t =1.

Bamada AN 20. 14  Jans sexropss: @ = (sint, cost,t) u b = (12, — cht,sht). Beraucants

da db

CKAJIIPDHOE W BEKTOPHOE ITPOU3BEJIEHUS UX ITPOU3BOJIHBIX: d_j’ e
Sagaua N 20. 15 JlaHbl MaTPHUITHI

21 3 1 2 -3

A= 31 3 B=|2 4 -1

1 2 3 5 —4 2

Haiitn ux panru, ornpejennre/in, BRIMUC/IATL UX JHHEHHY0 KoMOnHammio: 3A — 2B u npouns-
Benenua AB u BA.

Bagaua A 20. 16 Haiitu coGcTBeHHbIE 3HAYCHNST U COGCTBEHHDBIE BEKTOPBI MaTpuIbl A
13 TPEJIBLIYIICTO TpIMepa.

Sagaga AN 20. 17 Haiitu B KBajgparypax 06IIee PEIICHHE OOBLIKHOBEHHOIO JIMHEHHOIO
b depeHnmaabHOro 2-ro mopsaIKa:

Py dy
20%Y 4% oy —lna.
g tap TV e
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaga N 20. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada AN 20. 19 Haiiru uncsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

Py | dyldy| |, 5,
w—l-:ﬂ% % +y* =2z

U HOCTPOUTH Ipaduk pernienus Ha orpeske x € [0, 10].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP 1V-VII
VH/IUBUIYAJIBHOE 3AJTAHUE A2

Sa,z[aqa ./\Tq 21. 1 HaiiTu TouHOE U BLIYUCIUTD IpUOJINZKEHHOE (C 32 snagamumu nudpa-
MI/I) 3Ha4YE€HUsI BbIPa KEeHU:

logg 2
231

Bagaga N 21. 2 Packpbith CKOGKI B BbIPAZKEHIIL:
(2 — 22 (x(x — 1) + z(x + 1)?).

Ba,z[aqa ./\Tq 21. 3 Pemwurs cucTeMy ajreOpamvecKnx ypaBHEHUIL:

( 4
x+y:@
G
Z+x=—

\ Yz

3a;1at{a N21. 4 Pemurs HEepaBEHCTBO:

22 +2r—3

2—>O.

r° —2x + 8

Ba,z[aqa ./\Tq 21. 5 Bsruncaurn CyMMY:

o

— (2n + 1)( 2n+3)

n

1 HalTU ee MPUOJIMKEHHOe 3HAYEHNE.

Sagaga N 21. 6 Haiiru 3naucuue upeuea

_ 2
lim V1—-2x—x (1—|—x).

z—0 T

0*f(x,y)
0xdy

/(. y)—xy\/l—ﬁ—yz

U BBIYHCIIATE ee 3Hadenne B Touke M (0, 1).

Ba,uaqa ./\7‘4 21. 7 Haiitu IIPOU3BOAHYIO dyukuu:
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Ba;[aqa M 21. 8 Buruueaurs HeoIpeIe/IeHHbI HHTErPaJT:
sinx

——dx.
Vecosd z

Ba;[aqa ./\Tq 21. 9 Boruuciurs OIIpEJICJICHHBII MHTEerpaJl:

1
/ dz
—dx.
. V1—ax?
Bagada A 21. 10 Ha oxnom PUCYHKEe TIOCTPOUTH rpaduKn ABYX KPUBBIX, Y, U Yo
Yy =3z — 2?
-3eJIEHBIM I[BETOM U

Yoy =142 —2%/2,

- OpPaHKeBbIM, ITOJAOUPAasT IIPEe/Ie/Ibl U3MEHEHNs [IePEeMEeHHBIX TaK, I9T00bI JJ0OUTHCs ero O0JIbIeit
HATJISATHOCTH.

Ba,ua,qa ./\7g 21.11 [TocTpouTs rpaduk MOBEpXHOCTH, 38 /IAHHON ITAPAMETPUICCKIMU YPAB-
HEHUAMMN:
Y : 7= (chucosv,chusinv,sinu).

Bagaua N 21. 12 Pasnoxurs B psg Teitnopa dbyHKImIO

B OKpecTHOCTH TOUKM - = ( mo cremensm x 10 mectoii crernenu. CpaBHuTh Ha rpaduxe
noBe/ieHre (QYHKIUH (3€JI€HBIM [[BETOM U ee PA3JIoKeHUsl (CHHUM I[BETOM) Ha MHTepBaJe T €

[0, 7].

Ba;[aqa ./\Tq 21. 13 [TocTpouts rpacuk MOBEPXHOCTH, 33/ IaHHON HEABHBIM yPABHEHUEM:
Yoo o2 =y

Bagada A 21. 14  Jlaner sexroper: @ = (Int,sint, tgt) u b = (e, sht, cht). Beraucants

da db
CKAJIIPHOE U BEKTOPHOE ITPOU3BEJICHUS UX ITPOU3BOJIHBIX: d—j, e
Sagaua N 21. 15 JlaHbI MaTPUITHI
2 -2 3 -1 -2 3
A= 3 -1 -3 B = 2 2 -1
1 —4 4 2 3 2

HaiiTu ux panru, onpee/nTe/nd, BHIYUCIUTL UX JIMHERHYI0 KoMOuHamio: —2A + 5B u npo-
uspesennd AB u BA.
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3amada N 21. 16 Haiitu cOBCTBEHHbIC 3HAYCHAS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Sagauga N 21. 17 Haiitu B kBagparypax 00IIee PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d*y dy _
—3@ + 2% — 4y = sinz.

Bagada A 21. 18 Peuwurs 3amauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua N 21. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d? dy | d
2, ady |y

2 _  _—=x
dx® dx dx‘—'—y —°

1 TIOCTPOUTD TpaduK perennst Ha orpeske x € [0, 7).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHINBUIYAJIBHOE 3ATAHUE A2

Bamaga A’ 22. 1 Haiiru tounoe n BLIMHCANTS TpubmzKennoe (¢ 24 snauanmnyy mudpa-
MU) 3HAYECHUS BBIPAYKEHUSI:
logy(1 + cos 1/4 + log, 5 (sin(4/7)))
(14+tgl/3) '

Bagaua N 22. 2 Ipusecrn K o6umeMy 3HAMEHATETIO:

1 r—1 z-—-3
x+1 z+2 z-1

Bagaua N 22. 3 Pemurs anreGpantieckoe ypaBHEHHE:

e+l 7T xz+1

2—r+1 9 z—1

Bagaua N 22. 4 Pemurs HepaBeHCTBO:

(42® — 1)(x + 2)?

> 0.
2 (r+1)(z —2)°
Ba;[aqa ./\7@ 22. 5 Beruncaurn CyMMY:
n!
n=1
7 HalTH ee TPUOINKEHHOE 3HAYEHNE.
Bagaua N 22. 6 Haiitu 3HaveHne npeena
sin Hx
im
z—0 x
O*f(x,
Sagaua N 22, 7 Haiiru MIPOU3BOTHY IO # dyuKIINI:
Loy

f(z,y) =sinx + cosy + cos (x — y)
1 BBIYHUCJIUTD €€ 3HadeHne B Touke M (g, 0).

Ba;[aqa /\Tq 22. 8 Boruuciuth HeOIIpeJIeJICHHBIA nHTerpaJl:
sin z cos® x
14 cos”zx
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Sagaua N 22. 9 Boluuciurs oupeeseHHbIH HHTErpauL:

In sin zdzx.

=)
(ME]

Ba,ua,qa ./\Tq 22. 10 Ha OJIHOM PUCYHKE TIOCTPOUTH I'pa]pUKM JIBYX KPUBBIX, Y1 U Vs :

) T
-TeMHO-CUHHUM IBETOM M
. (z+ 1)

- KpacHBIM, TOJIONpas IPeJIeibl U3MEHEHUs TePEMEHHBIX TaK, YTOObI JIOOUThCS ero OOJIbIIeit
HATJISTHOCTH.

Bagaua N 22. 11 Tlocrponts rpaduk HOBEPXHOCTH, 331AHHOM IAPAMETPUICCKIMI yPaB-
HEHUAMMN.
Y. 7= (chucosv,chusinv,sinu).

Bagaua N 22. 12 Pasnoxurs B psg Teitnopa dbyHKImO

e’sinx — z(1 + z)

ZL’S

B OKDECTHOCTH TOYKN = = 1 IO cTemeHsAM x 10 ceapMoil cremenu. CpaBHUTH Ha rpaduxe
noBejienne OYHKIUN (3€JeHBIM IIBETOM ) €€ Pa3/IoyKeHUs (CHHUM I[BETOM) Ha MHTEpBaje T €

[0, 7].

Bagaua N 22. 13 Iocrpours rpaduK MOBEPXHOCTH, 3a/[AHHON HESBHBIM yPABHEHUEM:
Y 22—yt 4+22=1.

Bagaua N 22. 14 lanb BekTopbl: @ = (sht,cht, t3) n b = (t, —t* sint). Beramcaurnb

da db
CKaJISIPHOE M BEKTOPHOE ITPOU3BEIEHNS UX IMPOU3BOIHBIX: d—j, p7e
Sagada N 22. 15 JlaHbI MaTPHUITHI
11 =2 —4 -2 2
A= 11 3 B=| -3 4 -1
2 2 1 3 -1 2

HaiiTu ux panru, onpeaeuTe/n, BHIYUCIUTh UX JUHEHYI0 KoMOuHamio: A — 4B u npousse-
nenua AB u BA.

Bagaua A 22. 16 Haiitu coGCTBeHHbIE 3HAYEHNS U COGCTBEHHDBIE BEKTOPBI MaTpuIbl A
W3 TPeJIBLIYINEero IpIMepa.

Bagaua N 22. 17 Haiitu B KBagparypax o0liee pelieHne 0ObIKHOBEHHOTO JIHHEHOIO
muddepeHnnaabHOro 2-10 MOPsIIKAa:

Py dy
— — 2= = z? 1.
122 dx+y r°+x +
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaua N 22. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 22. 19 Haiiru uncsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

dy dy
2—= +1In(1 —
o + In( —i—:r;)dx

d
_y' +y? =singw
dx

2 l

U HOCTPOUTH IpaduK pernienus Ha orpeske x € [0, 10].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHVBUIYATIBHOE 3ATAHIIE A2

Sama4a N 23. 1 Haiitu ToUHOE U BBIMUCIATH npubsimkenHoe (¢ 32 3HavamuMu nudpa-

M) 3HAYCHUS BBIPAZKEHMUSI:
\/sin?(7%) + 2+ V7% 44

e’ + el

Sagaua N 23. 2 [IpuBecTu 1Mo00HDBIE YJIEHBI B BHIPAYKECHUN:
a(cos® x — br)?> — (c+dcosz)(sinz — 1)* + 2sinz

II0 CTEIICHAM COSZ U Sin .

Bagaua N 23. 3 Pemurn anrebpantieckoe ypaBHEHHE:

2 1 n r—4 0
?—4 z(x-2) wxz+2)
Bagaua N 23. 4 Pemwurs HepaBeHCTEO:
x
log% 77 > 0.
Bagada N’ 23. 5 BbiuucauTs cyMmy:
—~2"n+1
>
n=0
¥ HaliTh ee NpUOIMZKEHHOE 3HAYCHHE.
Bagada N 23. 6 Haiitu suauenue npesena
, T
hn;r tg 2z tg (Z — a:) .
z— 1
82
Sagaua N 23. 7 Haiiru IIPOU3BOTHYIO M dyuxIINn:

0xdy

f(z,y) =In(1 — /2% + y?)

U BBIIHC/IATE ee 3Hadenne B Touke M (—1,—1).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE
Saga4a N 23. 8 Brorunciurs HEOIIpe/ICJIEHHBIN MHTErPaJI:
/ dx
Vo +x
Ba;[aqa ./\Tq 23. 9 Boruuciuts OIIpeJICJICHHBII NHTerpaJl:

3
1

O/(:U—I—l)djm.

Sama4ga N23.10 Ha OJIHOM PUCYHKE TOCTPOUTDH I'padpUKM JIBYX KPUBBIX, Y1 U Vs :

1 2
Yy = arccos® x2
1+=x

- KpaCHBIM IIBETOM U
1
x

Yo 1y = sin(x + 2)=,
- CepbIM, MOJ0Upasi Ipeiesibl U3MEeHEeHNsT [IePEeMEHHBIX TaK, IYTO0bI JJOONTHCs ero OOJIbINeil Ha-
TJISTHOCTH.

Bagaua N 23. 11 TlocrponTs rpaduk HOBEPXHOCTH, 331AHHO TAPAMETPUTECKIMH yPaB-
HEeHUAMMI:
Y : 7= (chucosv,chusinv,sinu).

Bagaua N 23. 12 Pasnoxurs B psg Teitnopa dbyHKImO

3372 - 21’2
T )2
(57— 2%)
B okpecTtHOCTH TOUku = = () 1O cremensam x 10 mmectoit creneru. CpaBHUTHL Ha Tpadure

noBe/ieHre (byHKIMU (KPACHBIM I[BETOM)U €e Pas/IoyKeHHs (YepHBIM I[BETOM) Ha HHTEpBaJIe
r e [—-1,1].

Bagaua N 23. 13 Iocrpouts rpaduk MOBEPXHOCTH, 38/ [AHHON HESBHBIM yPABHEHUEM:

R P Ty

Bagada N 23. 14 Jlans sexroper: @ = (log, t,1og, t,tgt) n b = (¢,12,1—%). Beraucants

da d°b
CKaJIAPHOE U BEKTOPHOE ITPOU3BE/ICHUSA UX TPOU3BOAHBIX: d—j, prt
Sagaga N 23. 15 Tamer marpuist
1 -2 4 -1 -2 3
A=1 3 -1 -3 B = 2 2 -1
4 -3 1 2 3 2

Haiitu ux panru, onpee/nTe/n, BHIYUCIUTL UX JIMHERHYI0 KoMOuHaimio: —2A + 3B u upo-
uspesennd AB u BA.
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3amada N 23. 16 Haiitu cOBCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Bagauga AN 23. 17 Haiiru B KBagparypax 00IICe PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

2y d
08V 4 4 gy = (1 4 2).

@ dx

Bagada A 23. 18 Peuwurs 3asauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua N 23. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d%y dy\” \/7
T3t +<dx) +4/1+y e

1 oCTpouTh rpaduk pernenus Ha orpeske x € [0, 10].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/IMNBUIYAILHOE 3AJTAHUE A2

Sagaua N 24. 1 Haiitu TouHOE U BBIMUCIATH npubsimkenHoe (¢ 29 3Havamumu nudpa-
M) 3HAYEHUS BBIPAZKEHMUSI:

log,(sin?(?) + 1) + log, (72 + 1)

log, (1 + Vw2 + 23)

Sagaua N 24. 2 Tpusecrn 1010GHbIC WICHD B BHIPAXKCHIL:
a(x —y)® +3b(x +y)* — 4+ 2(x +17)

IO CTECIICHAM T U .

Ba;[aqa /\7@ 24. 3 Pemurs TPUTOHOMETPUIECKOE YpaBHEHUE:

arcsin 2x = 3 arcsin x.

Bagaua N 24. 4 Pemurs HepaBeHCTBO:

V5H2 — 22

< L
2—zx
3&,[[3}1& ./\Tq 24. 5 BoruuciuTh CyMMY:
(2n +1)!

Il
o

n

U HalTU ee MPUOJIMKEHHOe 3HAYEHNUE.

Banaua N 24. 6 Haiitu 3uadenue npeena

. 1—+/cosz
lim

=0 1 — cos\/z

Sagaua N 24. 7 Haiiru npoussonnyio y(19 dbyukimn
Y=z

" BBIYHUCJ/IMTL €€ 3Ha4dYeHue IIpu T = 1.

Ba,uaqa /\7@ 24. 8 Boruuciuth HeOolIpeJIeJICHHbIA nHTerpaJl:

/sinx+2cosx—3d

sinz —2cosx + 3
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Sagaua N 24. 9 Boluuciurs oupeeseHHbIH HHTErpaJL:

In2

/ ze “dx.

0

3amada AN 24. 10 Ha omuonm PUCYHKE TIOCTPOUTH rpaduKu IBYX KPUBBIX, Y, U Yo

gy 1 + 2
My =
' V14 22

- CMHUM IIBE€TOM U

72iy:7T\/x2+1_\/x2_17

- 3€eJIEHBIM, ITOI0Mpasi Ipeesbl U3MEHEHUsI TepEeMEHHBIX TakK, 9TOObI JOOUTHCA €ro OOJIbIIe

HarJIdJIHOCTH.

Bagaua N 24. 11 Tlocrponts rpaduk HOBEPXHOCTH, 331AHHOM TAPAMETPUIECKIMH yPaB-
HEHUAMMA:
Y. : 7= (chucosv,chusinv,sinmu).

Bagada N 24. 12 Paznoxurs B pax Teitopa dbyHKIMIO
sh? z
In(ch 3z)
B OKpecTHOCTH TOUKH * = ( 10 cremensiM © J0 miecroil cremenu. CpaBHUTHL Ha rpaduke
nosesienne GYHKIUN (3€ICHBIM IIBETOM)H €€ PA3JIOKEHUs (CHHIM I[BETOM) Ha HHTEpPBAJe T €
[—m, 7).
Banaya N 24. 13 Tlocrpouts rpabuk MOBEPXHOCTH, 3aIaHHON HESBHBIM yPABHEHHEM:

2 2 2
Yo oxzet +ye¥ +ze” =1.

Bagada N 24. 14 Jlano sexropsr: @ = (VI— 2, VI+6,V/T—1) ub = (¢, —12,13).

&*a d?b
BoranceanTs ckaJIspHOE W BEKTOPHOE IIPOU3BEICHUsT UX IIPOU3BOIHBIX: d_t(;’ 7
Sajada N 24. 15 JlaHbl MaTpPUIIBI
1 2 -1 —4 -2 2
A= 11 3 B=| -3 4 -1
2 3 2 3 -1 2

Haiitu ux panru, onpejenure/in, BBIYUCUTD UX JIMHEHHY0 KomMOuHarmio: 3A — B u mpousse-

nennss AB u BA.

Sagaua N 24. 16 Haiitu cOGCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
73 TPEJBLIYINErO IIpAMepa.

Sagaua N 24. 17 Haiitu B KBaJIpaTypax odiree pernieHue 0ObIKHOBEHHOT'O JIMHEHHOTO
b depeHnmaIbHOro 2-ro mopsIKa:

& d
24d_x:z _ 4% + y e 31/2(81111’ + COS T _'_ 1)
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Sagauga N 24. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 24. 19 Haiiru uucsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
d_xz + sin (%) + cos?y = sin(1 + 2?)

U HOCTPOUTH IpaduK pernienus Ha orpeske x € [0, 20].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VH/IBUIYAJIHLHOE 3AJTAHUE A2

Sagaua N 25. 1 Haiitu ToUHOE U BBIMUC/IATH npubsimkenHoe (¢ 32 3Havamumu nudpa-

M) 3HAYCHUS BBIPAZKEHMUSI:
. 2 1
— sin(7”) :
e log; sin
85 (7r2 + 1)

1+ V7

Bagada A 25. 2  PacKpbiTh CKOOKHI B BBIPAZKCHHML:

(2% — 2%)(z(x — 1) + z(z + 1)?).

Sagaua N 25. 3 Pemwnrs CHACTEMY ypaBHEHUIA:

(1 7
r yYy+z -2
1 N 1
%( z4+x 3
n 1
2z o4y 4
Bagaua N 25. 4 Pemurs HepaBeHCTBO:
Va2 +4r+4<x+6..
Ba,uaqa ./\Tq 25. 5 Boruuciuth CyMMY:
S
n=1 n
1 HaflTh ee MpUOINKEHHOE 3HAYEHUE.
Sagaga N 25. 6 Haiiru 3naucuue upeea
. l—cosx
lim 5
z—0 €T
83
Sajada N 25. 7 Haiiru IIPOU3BOIHYIO M dyHKIIN:
0x0ydx

f(z,y,2) =sinz +siny + sinz — sin(z + y + 2)
m
¥ BBIYNCIUTD ee 3HadeHne B Touke M (0, T ).
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Sagaua N 25. 8 Boruucauts Heollpe/IeJIEHHbIIT MHTerpaJl:

/ x° sin brdz.

Ba,u;aqa ./\Tq 25. 9 Borunciuth onpeaeCHHBIA THTErpaJl:

3
T
/ arcsin dz.
1+z
0

Ba;[aqa ./\Tq 25. 10 Ha oxnom PUCYHKE TIOCTPOUTDH I'padpUKM JIBYX KPUBBIX, Y1 U Vs :

2

: = arccos
My 1 —|—[E2

- KpacHBIM IIBETOM 1
1
Y2y = (2 +2)7,

- CepbIM, MOJa0upasi IpeIesibl N3MEeHeHUsT IIePEeMEHHBIX TaK, 9TO0bI JJOOUTHCs ero OOJIbIIeil Ha-

TJISITHOCTH.
Bagaua N 25. 11 Tlocrponts rpaduk HOBEPXHOCTH, 3a1AHHO TApAMETPUIECKIMH yPaB-
HEHMAMMU:

Y 7= (costcos¢,costsin¢,sintsin @),
3aJlaBasi HHTepBaJl U3MEHeHUs iepeMeHHoil ¢ moouepesno [0, 7/2], [0, 7], [0,37/2], [0, 27] u 1.1
Bagada N 25. 12  Paznoxurs B paz Teitopa dbyHKIMO

sin(sinz) — 2v/1 — 22

{L‘5

B OKpecTHOCTH TOUKH = = () MO cTemeHdaM X JI0 BOCbMOil crenenn. CpaBHUTH Ha Tpadukre
noBejierne (byHKIME (YEePHBIM IIBETOM)U €€ Pa3/IoKeHUs (CepbIM I[BETOM) HA HHTEpBAJe T €
[—1,1].

Ba;[aqa ./\Tq 25. 13 [TocTpoutsb rpacduk MOBEPXHOCTH, 33/ IaAHHON HEABHBIM yPABHEHUEM:
Y 2¥sing? +yPsiny? + 22sin2? = 1.

Bamaua N 25. 14  Jlaus sexropsr: @ = (Int,sint, tgt) u b = (ef,sht,cht). Borancanrs

-

d*a d*b
CKAZIAIPHOE U BEKTOPHO® MPOM3BEAICHNS X IPOUSBOMHBIX: —g, —g.
Bagaua N 25. 15  lanb Marpuus
2 =2 3 -1 -2 3
A= 3 -1 -3 B= 2 2 -1
5 =3 0 2 3 2

Haiitu ux panru, onpee/nTe/n, BHIYUCIUTL UX JIMHERHYI0 KoMOuHaimio: —2A + 3B u upo-
uspesennd AB u BA.
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3amada N 25. 16 Haiitu cOBCTBEHHbIC 3HAYCHAS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Sagauga N 25. 17 Haiiru B KBagparypax 00IIee PEIICHHE OOLIKHOBCHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d? d
AN A 4y = e*(sinx + cos ).

0l J
dax? dx

Bagada A 25. 18 Peuwurs 3asauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua N 25. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d*y dy

3
1
1 3 14228 (%) _ M+ 2=
(1+2) dx2+( +z) (dw) Ty 2 + sin(x)

1 TIOCTPOUTH Tpaduk perernst Ha orpeske x € [0, 20].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP TV-VII
VH/IMBUIYAJILHOE 3AJTAHUE A2

Sagaua AN 26. 1 Haiitu TodHOE U BBIMUCIATH npubsimkentoe (¢ 24 3Havamumu nudpa-
M) 3HAYCHUS BBIPAZKEHIS:

log, (1 + cos 1/4 +log s (sin(4/7)))
(1+1tg1/3) '

Banaga AN 26. 2 Ilpusecru K 06IIEMY 3HAMEHATEIIO:

1 r—1 z-3
x+1 z+2 z-1

Samaga N 26. 3 Peuwmrs CUCTEMY UPPaIlMOHAJIbHBIX YPABHEHUI:

{\/E+\/y:2

r—2y+1=0.

Banaua N 26. 4 Pemurs HepaeHCTBO:

2 — logy 2% + 3z > 0.

3a,z:aqa ./\Tq 26. 5 Boruuciaurn CyMMY:
i (="
- n?4n—2

U HalTH ee MPUOJIMKEHHOe 3HAYEHNUE.

Banada N 26. 6 Haiiru 3Hadenue npeiena

) T
hm7T tg 2z tg (Z — .Z‘) :
T—r —

4

O f(x,y)

Sagada N 26. 7 Haiitu npoussouyio
0x 0y

byHKIUI:

f(z,y) = xyln (2* + y?)
U BBIYKUCIUTD ee 3Haderue B Touke M (1, —1).
Ba/:[aqa ./\Tq 26. 8 Borunciuth HEOTIPEACJICHHBIA MHTErPaJI:
sinx

Vecosd z
228
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3amada N 26. 9 Boruucaurs OmpeJIeJIEHHBI NHTETPAJL:
1
/ xdx
V5 —dx

—1

Sagaua N 26. 10 Ha omnonm PUCYHKE TIOCTPOUTH rpaduKu JABYX KPUBBIX, Y1 H Yo
vy =sinz + costx

- YepHBIM I[BETOM U

Yo 1y =sinx - sin 3x,

- 3€JICHBbIM, HO,H6I/IpaH Ipeze/ibl UISMEHEHUA IIEePpEMEHHBIX Tak, 4TOOBI ,HO6I/ITI3CH ero 6oJibleit
HarJIdJHOCTH.

Sagada N 26. 11 Ilocrpouts rpaduk H0BEpXHOCTH, 3/ aHHOM IAPAMETPHIECKIMU YPaB-
HEHUAMMN:
Y: 7= (cos’tcos’ ¢, costsing,t’ + 4¢).

Bagaua N 26. 12 Pasnoxurs B psg Teitopa dbyHKImO

12
,IQ@ sSi- T

B OKPECTHOCTH TOYKU T = 7/2 1O creneHsM x 10 miectoil crenenn. CpaBHUTH Ha rpaduke
noBe/ieHIe QYHKINH (3€J€HBIM [[BETOM U €€ PA3JIOKeHUsT (CHHUM I[BETOM) HA MHTEPBAJIE T €

[0, 7].
Bagaya N 26. 13 Tlocrponts rpabuk MOBEPXHOCTH, 3a[aHHON HESBHBIM yPABHEHHEM:
2 2

2
Yo oxzet +ye¥ 427 =1.

Bamaua N 26. 14 [lams sexroper: @ = (sint, cost,t) u b = (t2, — cht,sht). Borancaurs

da db
CKAJIIPHOE W BEKTOPHOE ITPOU3BEJICHUS UX ITPOU3BOJIHBIX: d_j’ e
Sagaua N 26. 15 JlaHbl MaTPUITHI
2 -2 3 -1 -2 3
A= 3 -1 -3 B = 2 2 -1
1 —4 4 2 3 2

Haiitn nx panru, onpejeuresin, BBIYACANTL UX JUHEHYIO KoMOuHaImo: —2A + 5B u mpo-
uspenennd AB u BA.

Bagaua A 26. 16 Haiitn coGcTBeHHbIE 3HAYEHNS U COGCTBEHHDBIE BEKTOPBI MaTpuIbl A
13 IPEJIBLIYIICTO TpUMepa.

Bagaua N 26. 17 Haiitu B KBagparypax obluee pelieHne oGbIKHOBEHHOTO JIHHEHOIO
nuddepeHIumanibHOro 2-ro mopsiIKa:

d? d
2d_xz — 4% + 4y = €®(sinx + cos x).
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Sagauga N 26. 18 Pemurs 3agauy Ko

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 26. 19 Haiiru uucsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
d—z—COSCL'ﬁ—l-yZ:l
x

U TIOCTPOHUTD TpaduK pereHns Ha otrpeske x € [0, 7).
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHINBUIYAJILHOE 3ATAHUE A2

Sagaua N 27. 1 Haiitu TouHOE H BBIMUC/IATD npubsmkentoe (¢ 21 3navamumu nudpa-

MI/I) SHaYCHU A Bpra}KeHI/IﬂI
A /22 + 7-‘-2
V2 +log; 10

Bagaua N 27. 2 Ipusecru K ofueMy 3HAMEHATEIO:

T z+1 x?

3a,£[aqa /\7@ 27. 3 Pemmurn CUCTEMY ypPaBHCHUIA:
'+ 4logyy = 2
y" =3

Baﬂ;aqa ./\7q 27. 4 Peummtn HepaBEeHCTBO:

2_
332 Zl:)H—Z’)Z
7+ 5r —6

Ba,uaqa ./\Tq 27. 5 Borumeaurts CYMMY:

Z (n+1)(n+2)(n+3)

n=1
1 HaliTh ee HpI/I6JII/I}K6HH06 3HaA4YEeHUe.

Banaga N 27. 6 Haiitu 3Hadenne npeiena

o
lim

516 /1 — 4

§ O f(z,y) ,
Sagaga N 27. 7 Haiitu npoussoumyio iy dyHKIUI:
z0y
50 20

flz,y) =2y+ —+ —
X Yy

U BBIYUC/IATD ee 3HadeHune B Touke M(2,1,).

Sagaua N 27. 8 Boruucauts HeollpeJ/IeJIEHHbIIT MHTerpaJl:
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3amada N 27. 9 Bouucaurs OIIpe/IeICHHBI MHTerpaJl:

1
.2
e 2
ﬁdm.
x°+a
0
1 HalfiTu ero Npudb/INKEHHOe 3HaYeHUe IIPU a4 = 7.

3amada N 27. 10 Ha omuonm PUCYHKE TIOCTPOUTH rpaduKu IBYX KPUBBIX, Y, U Yo

2
7119262‘7: .

- KpacHBIM IBETOM 1
oy —1?
Y2y =(l+2x%)e ,
- CepbIM, MOa0Upasi IpeIesIbl U3MEeHEeHUs IIePEeMEHHBIX TaK, 9YTO0bI JJOOUTHCs ero OOJIbIIeil Ha-
IS THOCTH.

Bagaua N 27. 11 TlocrponTs rpaduk MOBEpXHOCTH, 331AHHO TAPAMETPUTECKIMH yPaB-
HEHUAMMI:
Y¥: 7= (chucosv,chusinv,sinu).

Banaga N 27. 12 Pasnoxurs B pax Teitopa yHKImo

e“sinz — x(1+ x)

{L'S

B OKpecTHOCTH TOYKM = = ( 10 crenensM x ;10 miecroii crenenu. CpaBHUTH Ha rpaduke
noBejieHne QyHKIUN (3€JIEHBIM IIBETOM U €€ Pa3JIOKeHUsI (CHHUM I[BETOM) Ha MHTEpBaje T €
[—m, 7).

Ba,ua,qa ./\Tq 27. 13 [TocTpouts rpaduk MOBEPXHOCTH, 38/ JAHHON HESIBHBIM YDABHEHUEM:
Yoo 242 =y

Bamada N 27. 14  Jlanw sexropor: @ = (Int,sint, tgt) u b = (e,sht, cht). Berauciants

@ d*

CKaJIIPHOE M BEKTOPHOE MPOU3BECHUS UX IIPOU3BOJIHBIX: PR E
Sagaua N 27. 15 JlaHbI MaTPUITHI

-2 1 2 -4 -2 2

A= 3 1 4 B=| -3 4 -1

1 26 3 -1 2

Haiitu ux panru, onpejeaure/in, BBIYUCIUTD UX JInHENHY0 KomOunarmio: A — 3B u mpousse-

nenust AB u BA.

Ba,ua,qa ./\Tq 27. 16 Haiitu cobcTBeHHBIC 3HAUEHUA U COOCTBEHHDIC BEKTOPBI MaTpuilbl A
13 OPebIAyIIero IpuMepa.

Ba,ua,qa ./\7@ 27. 17 Haiitu B KBaJIpaTypax obIree perreHrne 0ObIKHOBEHHOTO JIMHEHHOTO
b depeHnmaabHOro 2-ro mopsIKa:

d? d
d_xz + 4d_i +4y = e “(1 +sinz).
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Sagauga N 27. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 27. 19 Haiitu unciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
d—‘z—coszﬁ—i—yzzl
x

U TIOCTPOHUTD TpaduK pereHns Ha otrpeske x € [0, 7).
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
VHNBU/IYAJILHOE 3ATAHUE A?

Bamadga N 28. 1 Haiiru rounoe u BoiaucanTh npubmkennoe (¢ 21 suauanynm rudpa-

MI/I> 3Ha4Y€HUA BbIpazKEHMA:
V22 + 72
V2 +log; 10

Bagaga N 28. 2 IIpusectn m0106HbIE WICHB! B BHIPAKCHIIL:
a(r —1)* 4+ 3bx* — 4 + 22

II0 CTeIIeHAM I.

Samaga N 28. 3 Peuwrs JiorapudMuIecKoe ypaBHeHue:
7VIgx +2lgx —9=0.

Bagada N 28. 4 Pemurb HepaBeHCTBO:

5

— < 1.
3— 2 —2?

3amaga N 28. 5 Boruncauts CyMMYy:

n2x"
(2n 4+ 1)!

K

I
=)

n

1 HAfTH ee TPUOINKEHHOE 3HAYCHHE.

Banaga N 28. 6 Haiiru 3Hadenne npeiena

T+ r+Vx

lim
T—~400 vo+1
2
Sagaua N 28. 7 Haiiru IPOU3BOTHY IO %g;/) dyuKIUNn:

.T2 y2
— 12 _Z
f(z,y) = 2y 6 4

U BBIYHCIIATE ee 3Hadenne B Touke M (0, 1).
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Sagaua N 28. 8 Boruuciuts Heollpe/IeJIEHHbIIT MHTerpaJl:

/ 22dx
(4 — 224 2)V2+ 22 — 22

Ba,ua,qa ./\Tq 28. 9 Brruuciuth OIIpeJIeJICHHBbII MHTEerpaJl:

0
/ (z1lnz)’dz.
1

Ba,uaqa ./\Tq 28. 10 Ha OJIHOM PUCYHKE IIOCTPOUTH I'PaPUKN JIBYX KPUBBIX, Y1 U Vs :

1
Miy=xr
- KpaCHBbIM IIBETOM U
1
T2 Y= 1—{—3;‘377

- CEPLIM, HO,H6I/IpaH npeaesibl UISMEHECHNA IIEPEMEHHBIX Tak, YTOOBI ,HO6I/ITIDCH ero 6oJiblICit Ha-
TJIAJHOCTH.

Bagaga N 28. 11 Iocrpouts rpaduk HOBEPXHOCTI, 38, JAHHOI IAPAMETPHYECKUMIL Y PaB-
HECHUAMMN:
¥ : 7= (chucosv,chusinv,sinu).

Bagaua N 28. 12 Pasnoxurs B psg Teitopa dyHKImO

chr — eCh$ — ].)
%4
B OKpecTHOCTH TOYKH = = ( 1O cTemeHaMm x Ji0 mmectoit creneru. CpaBHUTH Ha Tpaduke

nosejieHne (bYHKIMU (3eJIeHbIM [[BETOM)U ee PA3JIoxKeHns (CHHUM IBETOM) Ha UHTepBaJe T €
[—7, 7).

Bagaua N 28. 13 Iocrpouts rpaduk MOBEPXHOCTH, 3a/[aHHON HESBHBIM yPABHEHUEM:

Y: sinz+siny+sinz = 1.

Banada N 28. 14 Jlauw sexroper: @ = (log, t,log, t,tgt) u b = (t,12,1—2). Beraucants

da d°b
CKAJIIPHOE W BEKTOPHOE ITPOU3BEJIEHUS UX ITPOU3BOJIHBIX: d_j’ p7es
Samaga N 28. 15 JlaHbI MaTPUITHI
2 =2 3 -1 -2 3
A= 3 -1 -3 B = 2 2 -1
5 =3 0 2 3 2

HaiiTu ux panru, onpeienTe/n, BHIYUCIUTL UX JIMHERHYI0 KoMOuHaimio: —2A + 3B u upo-
ussenennd AB u BA.
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3amada N 28. 16 Haiitu cOBCTBEHHbIC 3HAYCHAS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Sagauga AN 28. 17 Haiiru B KBagparypax 00IICe PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d*y dy )
a2 +4% + y = sin 2z.

Bagada A 28. 18 Peuwurs 3asauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua N 28. 19 Haiitu uuciennoe perenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

1 d*y dy 2
5(1 + x?’)W — z? (%> — 2y’ =In(1+ 2?)

1 TIOCTPONTH TpaduK perenns Ha orpeske x € [0, pi].
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII
VHVBUIYATIBHOE 3ATAHIIE A2

Samaga AN 29. 1 Haiitu ToUHOE U BBIMUCIATE npub/imkenHoe (¢ 24 3HavamuMu nudpa-
M) 3HAYEHUS BBIPAIKEHUSI:

\/43 + sin®(7/12)
log,. 12 '

Bagaua N 29. 2 Pannorammsuposars 1polb:

V5 -3
V5 + V2

Ba/:[aqa /\Tq 29. 3 Pemurs uppanuoHaJIbHOE YpaBHEHUE:
VT =/(6z+1) =2z + 1.
Sagaga N 29. 4 Pemuts HepaseHcTsO:

Va2 +dx +4<x+6..

Ba,u;atla ./\Tq 29. 5 Berunciaurn CyMMY:

o

1
— (2n+1)(2n + 3)

n

U HalTU ee MPUOJIMKEHHOe 3HAYEHNE.

Sagaga N 29. 6 Haiiru 3naucnue upeueda

sin (x — g)

lim .
™ 1—2cosx
r— —
3
P f(x,y, 2
Samaga N 29. 7 Haiiru MIPOU3BOTHY IO M dyuKIIN:
Ox0ydx

fl@.y,2) =n(a® +y* + 2%

U BBIYHCINATD ee 3HadeHue B Touke M (0,1, —1).

Ba,z[aqa ./\1@ 29. 8 BoruuciuTh HEeOIIpeIe/ICHHBIA NHTerpaJl:
/(2@’ + 3%)%dzx.
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3amada N 29. 9 Buuucaurs OIIpe/IeICHHBI MHTerpaJl:

In sin xzdzx.

o
VB

Ba;[aqa /\7@ 29. 10 Ha omnom PUCYHKE TIOCTPOUTDH IpadpuKu JIBYX KPUBBIX, Y1 U Vs :

Yot y:sinx+0082$

- CHHUM IIBETOM WU
Yo iy =sinzx + gsin?w,

- CepbIM, MOJ0Upasi IpeiesIbl U3MEHEHUs IePEeMEHHBIX TaK, YTOObI JJOOUTHCs €ro OOJIbIeil Ha-

[JISITHOCTH.

Bagaua N 29. 11 Tlocrponts rpaduk HOBEPXHOCTH, 3a1AHHOM TIAPAMETPUTICCKIMI yPaB-
HEHUAMU:
Y : 7= (costcosp,costsing,t’ + 4¢).

Bagaua N 29. 12 Pasnoxurs B s Teiinopa dbyHKImO

sh(tgz) — z
e
B okpecTtHOCTH TOYkn = = () 1O cTemeHsaMm x 10 mectoit creneru. CpaBHUTHL Ha Tpaduke

noBe/ieHre (bYHKIMN (YePHBIM [IBETOM)U €€ PA3JIoyKeHus (CepbIM I[BETOM) Ha HHTEpBaJje T €
[—1,1].

3agaua N 29. 13 [TocTpouts rpacduk MOBEPXHOCTH, 38/ IaHHON HEABHBIM yPABHEHUEM:

)R IPY Ce o

Bagada N 29. 14  Janb Bexropsr: @ = (sint, cost,t) u b = (2, — cht,sht). Beraucants

da d?b
CKaJIAPHOE U BEKTOPHOE [TPOU3BE/ICHUSA UX TPOU3BOHBIX: d—j, prER
Bagada A 29. 15 Jlaubl marpuis
1 -1 1 -3 =2 1
A=13 -1 3 B = 2 4 -1
4 -2 4 2 -1 2

Haiiti ux panru, ompeje/inre/id, BBIYUCIUTL UX JIMHEHY0 KomOmHanmio: 1/2A — 3/2B u
npoussesiennsa AB u BA.

3amada N 29. 16 Haiitu cOBCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MATPHUITBl A
U3 TPEIbIIYIEero IpuMepa.

Sagaga N 29. 17 Haiitu B KBagparypax 06IIee PEIICHHE OOBIKHOBEHHOIO JIMHEHHOIO
b depeHnmaabHOro 2-ro mopaaIKa:

d*y )
— +y=sinx +cosz + 1.
dx
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Sagauga N 29. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.
Bagaua N 29. 19 Haiitu unciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:
2

d dy\*
2d—x‘z +1In(1 + z) (ﬁ) + y* = cos(x)?

1 1I0CTPOUThH Tpaduk perenust Ha orpeske x € [0, 10].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
VHINBU/IYAJIBHOE 3ATAHUE A?

3amaga AN 30. 1 Haiitu TodHoe U BHIMUCIATD npubsimkentoe (¢ 32 3navdamumu nudpa-

MI/I) SHaYCHUA BbIpa2KCHUA:
lng 2
2

95— %
Bagaua AN 30. 2 IIpeacraBurb B BHge TPUrOHOMETPHUECKNX (DYHKIMH apryMeHTa T

BBIPasKEHUE:
sin(4x) — cos(3x).

Bagada A 30. 3 Peuwurs cucremy ypaBHeHmii:

(117
T +z_§
1+y1 1
% z4+x 3

R R
(2 x4y 4

Bagaua N 30. 4 Pemwurs HepaseHCTBO:

x2—5x+4<0.

2> —br—6

Bagada N 30. 5 Boruancaurs cymmy:
. 1
n*(n+1)*(n +2)°

n=1

U HAWTHU ee MPUOJINKEHHOE 3HAYCHIE.

Sagaua N 30. 6 Haiiru snaucnne npejesa

V1—2x—2%2—(1+x)

lim )

x—0 €x
82
Sagaua N 30. 7 Haiiru IIPOU3BOTHY IO % dbyuKIINn:
Loy
r+3y+6

e = g

¥ BBIIHCIIATE ee 3Hadenne B Touke M(5,1).
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Sagaua AN 30. 8 Borunciuts Heollpe/IeJIEHHbIIT MHTerpaJl:

, |
/w 1_xdx.

Ba,ua,qa ./\Tq 30. 9 Bruruucaurs OIIpeJIeJICHHBII MHTEerpaJl:

1
/ dx
—dx.
. V1— 22
3aga4a M 30. 10 Ha OJTHOM PHCYHKE TIOCTPOUTH IpadUKN JIBYX KPUBBIX, Y| U Vs

1’3

MY =
T —a

-CUHUM T[BETOM U
Yo iy = zalnz?,
- bHOIETOBBIM, TIPUIaBast TapaMeTpy ¢ pa3/IndHble 3HAYCHUS.

Bagaua N 30. 11 Tlocrponts rpaduk HOBEpXHOCTH, 3a1AHHO TAPAMETPUTIECKIMH yPaB-
HCHUSIMU:
Y : 7= (cosucosv,cosusinv,shusinv).

Bagaua N 30. 12 Pasnoxurs B psag Teitnopa dbyHKImO

sin® z — 2°
22 sin?

B OKpecTHOCTH TOYKM = = ( 10 crenensM x ;10 miecroii crenenu. CpaBHUTH Ha rpaduke
noBe/ieHIe QYHKINH (3€7EHBIM [[BETOM U €€ PA3JIOKEHUsT (CHHUM I[BETOM) HA MHTEPBAJIE T €
[—m, 7).

Ba;[aqa ./\Tq 30. 13 [TocTpoutsb rpacuk MOBEPXHOCTH, 33/ IaHHON HEABHBIM yPABHEHUEM:

Yo o2t -yt =1

Bagada AN 30. 14 dans sexrope: @ = (V1—t2,V/1+6,vV/1—1) n b = (t, —t2 t3).
da db

BbIMUC/INTD CKaJIAPHOE U BEKTOPHOE IPOU3Be/IeHNs] UX IIPOU3BO/IHBIX: d—j, e

Bagada A 30. 15 laubr marpums

1 -1 1 -3 -2 1
A=12 1 3 B = 2 4 -1
2 2 2 2 -1 2

Haiitn ux panru, ornpeennre/in, BRIYUC/INTEL UX JHHEHHY0 KoMOnHamuio: 2A — 3B u npouns-
Benenuda AB u BA.

Bagaua A 30. 16 Haiitu coGeTBeHHbIE 3HAYEHNST U COGCTBEHHDBIE BEKTOPBI MaTpuIbl A
W3 TPeJIBLIYIIEro IpIMepa.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaga AN 30. 17 Haiiru B kBagparypax 00IIee PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaabHOro 2-ro mopsaIKa:

d’y  dy .
—3@ + 2% — 4y = sinz.

Bagada A 30. 18 Peuwurs 3asauy Komn

Jyist npepLyiero auddepeHuaibHOro ypaBHeH:sI U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7).

Bagaua A 30. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHinaabHOro ypaBHEHUS 2-T0 TOPsiIKa:

d? d
d—xz—cosx£+y2:l

U TIOCTPOUTD TpaduK pererust Ha orpeske x € [0, 7).
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII

VH/IMBUIYAIBHOE 3AIAHIE A?

Samaga AN 31. 1 Haiitu TouHOE U BBMUCIATE npubsmkenHoe (¢ 21 snaganmu rudpa-
M) 3HAYEHUS BBHIPAIKEHUSI:

Bagaua N 31. 2

Bamada N 31. 3

Sagaga N 31. 4

Bagaga N 31. 5

V22 4 w2
\/§+10g310.

PackpbITh CKOOKH B BBIDaKEHWU:
(z +2)%(x — 4)2

Pemmurs asirebpandeckoe ypaBHEHHE:

1 HalTH ee HpI/I6JII/I}KeHHO€ 3Ha4YeHHue.

Sagaga N 31. 6

Bamaga N 31. 7

2 R S
-4 w(z—-2) z@@+2)
PemuTh HepaBeHCTBO:
ot —Br* +4 <0.
Boraucmrh cyMMy:
SIIMCIRBI
— (2n)!
Haiitu 3Hagenue mnpemesna
. x*—5x+6
lim ———.
z=3 % — 8x + 15
82
Haiitu nponssoamayio I /@y dyHKIUM:
0x 0y
f(z,y) =sinx + cosy + cos (x — y)

U
U BBIMUCJIUTD ee 3Hadenue B Touke M (5, 0).

Sagaua N 31. 8 Boruucauts HeollpeJIeJIeHHbIIT MHTerpaJl:

/ re T sin zdr.
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaua N 31. 9 Bouucaurs OIIpe/IeICHHBI MHTerpaJl:
s

/ (2 sin 2)2da.

0

Sama4ga N 31. 10 Ha OJIHOM PUCYHKE TOCTPOUTDH I'padUuKM JIBYX KPUBLIX, Y1 U Vs :

Inx
MY =—0

NS

- CHUHHUM IIBETOM U
fygzy:ln<x—i—\/:€2+1),
- 3eJIeHBIM, HOJI0Upas IIpejesibl U3MEHEeHUs epeMeHHBIX TaK, YTOObI JOOUThLCH ero 0oJIbIeit
HarJIdIHOCTH.
Bagaga A’ 31. 11 Iocrponts rpaduk HOBEPXHOCTH, 3a,[aHHOM IAPAMETPHIECKIMU YPAB-
HEHUAMUI:
Y : 7= (chucosv,chusinv,shu).

Bagaua N 31. 12 Pasnoxurs B psag Teitopa dbyHKImO

202
ZL’2€ Sinn- T

B OKDECTHOCTH TOYKN T = 7/2 1O creneHsaM x o mectoil cremenu. CpaBHUTh Ha rpaduke
noBejienne GYHKIUN (3€ICHBIM IIBETOM)H €€ PAa3/IOKeHUs (CHHUM I[BETOM) Ha MHTEpBaje T €

[0, 7].

Bagaua N 31. 13 Iocrpouts rpaduk MOBEPXHOCTH, 3a/[aHHON HESIBHBIM yPABHEHUEM:
Y 24yt +2z-20 =1

Bamaua N 31. 14 Jlaus sextopsr: @ = (12, —t,2t) u b = (2t, —3t,t). Boruncaurs cxa-

da db
JIIPHOE U BEKTOPHOE IIPOM3BEICHUS UX IIPOU3BOHBIX: d_j’ a0
Bagada A 31. 15 laubr marpums
1 -1 1 -3 -2 7
A=12 1 3 B = 2 6 -1
3 0 4 2 -1 2

Haiitu ux panru, onpeaenTesin, BBIYUCIUTD UX JUHEHHY0 KoMOuHamnmoo: 3A — 43 B u nupous-
Begenus AB u BA.

3amada AN 31. 16 Haiitu coBCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MATPHUIIBl A
U3 TPEIbIIYIEero IpuMepa.

Sagauga AN’ 31. 17 Haiitu B kBagparypax 06IIee PEIICHHE OOBLIKHOBEHHOIO JIMHEHHOIO
b depeHnmaabHOro 2-ro MmopsaIKa:

Py dy
— — 2= = z? 1.
122 d;z:+y r°+x +
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Sagauga N 31. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 31. 19 Haiiru uncsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? dy |d
2% +1In(1 —|—:1;)£ ‘%' +9y? =sinx

U HOCTPOUTH IpaduK pernienus Ha orpeske x € [0, 10].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
VH/IMBUIYAJIBHOE 3ATAHUE A2

3amada N 32. 1 Haiitu TodHOE U BHIMUCIATD npubsmkentoe (¢ 24 3Havamumu nudpa-
MU ) 3HAUEHUS BHIPAKEHUSI:

log,(1 + cosi +log ;5(sin(4/7)))
(1+tg1/3)

Bagaga N 32. 2 Packpbith CKOGKI B BbIPAZKEHIIL:
(2% — 2%)(z(x — 1) + z(z + 1)?).

3amaga N 32. 3 Peuwrs UppalMoHaJIbHOE ypaBHEHUE:

VT =6z +1—+2x+1.

Banaua N 32. 4 Pemurs HepaeHcTso:

2’ + 2z — 3
2— > 0.
x°—2r+8
Bagaua N 32. 5 Beruaucauts CyMMYy:
= (_1)71”3 n
—~ (n+1)!
1 HaifiTH ee TPUOINKEHHOE 3HATCHHE.
Bagaua N 32. 6 Haiitu suadenue npesena
) 2 —1
lim ——.
e—=1 207 —x —1
83
Sajada N 32. 7 Haiiru IIPOU3BOIHYIO M dyHKIIN:
Ox0ydx

F(a,y,2) = a2 (12 — w — 2y — 32)

U BBIIHCJIATD ee 3Hadenne B Touke M (2,1,1).

Ba,uaqa ./\Tq 32. 8 Boruucaurs HEOIIPEJACICHHBIA MHTErPaJI:

/ 2° sin Szdz.
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3amada N 32. 9 Buuucaurs OIIpe/IeICHHBI MHTerpaJl:

™

/ (zsinz)?dx.

0

Ba,zl;aqa ./\Tq 32. 10 Ha oxnom PUCYHKE TIOCTPOUTDH I'PpadpUKu JIBYX KPUBBIX, Y1 U Vs :

In 22
MY =

x
-JepHBIM IIBETOM U
Y21y = V/]e[lna?,
- CHHIM, TIoI0upas mapaMeTpbl rpaduka Tak, 9To00bI J0OUTHCA €ro OOJIbINeil HATJISIHOCTH.

Bagaga A’ 32. 11 Iocrponrts rpadpuk HOBEpXHOCTH, 3a,[aHHOM TAPAMETPHIECKIMHU YPAB-
HEeHUsIMU (TeJTUKONT):

Y. 7= (tcosd,tsing, pu).

Bagaua N 32. 12 Pasnoxurs B psg Teitnopa dbyHKImIO

B OKpeCTHOCTH TOYKH = = () IO cTeneHsM z 1o miectoil crenenu. CpaBHHTH Ha rpaduxe
noBejienne GYHKIUN (3€CHBIM IIBETOM ) €€ PAa3/IOKeHUs (CHHIM I[BETOM) Ha MHTEpBaje T €

[0, 7].

Bagaga N 32. 13 Tlocrpouts rpadbuk HOBEPXHOCTH, 3aJaAHHON HESBHBIM yPABHEHHEM:
Y (z4y)P+P=1

Bagaua N 32. 14 lanb Bekropbl: @ = (sht,cht, t3) n b = (t, —t% sint). Beraucaurs

da db

CKaJIAPHOe ¥ BEKTOPHOE HPOU3BEJICHUA UX TPOU3BOIHBIX: d_(tl’ o7
Bagaua N 32. 15 ansr marpuus

21 3 1 2 -3

A= 31 3 B = 2 4 -1

1 2 3 5 —4 2

Haiitn ux panru, ornpeennre/in, BRIMUC/IATEL UX JHHEHHY0 KoMOnHammio: 3A — 2B u npons-
Benenuda AB u BA.

Bagaua A 32. 16 Haiitu coGCTBeHHbIE 3HAYEHNS U COGCTBEHHBIE BEKTOPBI MaTpuIbl A
13 TPeJIBLIYIIEro IpIMepa.

Bagaua N 32. 17 Haiitu B KBagparypax obluee pelieHne 0ObIKHOBEHHOTO JIHHEHOIO
nuddepeHnnaabHOro 2-Io MOPsSLIKAa:

Py dy
Y Y — e
12 Tap Ty e
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagauga N 32. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 32. 19 Haiiru uncsennoe pemenue 3a1aun Kot

U [OCTPOUTH IpaduK perneHus Ha orpeske x € [0, 7).
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupO@aHu,ﬂ

CEMECTP IV-VII
VHVBIIYATIBHOE 3ATAHIIE A2

Samaga N 33. 1 Haiitu TouHOe U BBMUCIATE npubsmkentoe (¢ 30 sHavanwMu rudpa-

MI/I) SHa4YeHUd BbIpazKCHUAd:
\/1+\/1+\/1+x/§+\/1+\/%

V2+4/3

Bagaua N 33. 2 Pannoramusuposars 1polb:

Vi +2Vd
VetV

3amada N 33. 3 Peuwrs CHUCTEMY UPPAITMOHAJIBHBIX YPaBHEHUIL:

VTt y=38
Ty — T+ .y —2/Ty=2.
Bagaua N 33. 4 Pemurs nepaseHcTso:

3 3
(35— 2)2 + (2 —9)2 > %(\/35 —r+Vz—9)%

Ba,z[aqa ./\7‘q 33. 5 Boruucaurs CyMMY:
i (2n + 1)a*
!
p— n!
1 HaiiTH ee NpUOJINKEHHOE 3HAYEHHE.

Bagaua N 33. 6 Haiitu sHavenne npeena

iy R+ 2)
x—0 €T

0*f(x,y)
0x 0y

f(ﬂfay):$—2y+ln\/x2+y2+3arctgy
x

Sagaua N 33. 7 Haiiru [IPOU3BO/IHYIO dyukun:

U BBIIHCJIATD ee 3Hadenne B Touke M (1, —1).
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

Sagaua N 33. 8 Buruuciuts Heollpe/IeJIEHHbIIT MHTerpaJl:

sin4x
ﬁdw .
smn” x + cos® x

3a,z:aqa ./\Tq 33. 9 Buruucaurs onpeaeeHHBIA THTErpaJl:

1

JECEERRS

0

Sama4ga N 33.10 Ha OJIHOM PUCYHKE TOCTPOUTDH I'padpUKM JBYX KPUBBIX, Y1 U Vs :

2
711926% .

- KpacHBbIM IIBETOM U
2
o — 2\, —T
Yory=(1+2z%)e ",
- CepbIM, MOJI0Upasi IpeJie/Ibl U3MEHEHUs ITIePEMEHHBIX TaK, YTOOBI JJOOUTHC €ro OOJIbINeil Ha-
[JISITHOCTH.

Bagaua N 33. 11 TlocrponTs rpaduk MOBEpXHOCTH, 3a1AHHO TAPAMETPUTECKIMH yPaB-
HEeHNSAMI:

Y : 7= (chtcos¢,chtsing,t’+ 4¢),
3aJ1aBasi HHTEPBaJ U3MEHeHUsl IiepeMenHoii ¢ moouepenno [0, 1], [0,2], [0, 3], [0, 4] u ..

Sagaua N 33. 12 Pasnoxurs B psi Teitopa dyHKIUIO

Ve+1l+V1l—z-2
e

B OKpecTHOCTH TOYKH = = () 1O cTeneHsM x J10 BocbMoit cremenu. CpaBHUTD Ha rpaduke
noBe/ieHre (bYHKIMU (YePHBIM [IBETOM)U €€ Pa3JIoKeHus (CepbIM I[BETOM) Ha UHTEpBaJe T €

~1,1].

Saga4a N 33.13 [TocTpouth rpacduk MOBEPXHOCTH, 33/ IaHHON HEABHBIM yPABHEHUEM:

IR PR L L

Bamaga AN 33. 14 Taus sexrops: @ = (V1—12,V1+t,vV/1—1) u b = (t, —t%,13).
da db

BLIMUCIUTL CKaJIAPHOE W BEKTOPHOE IPOU3BEICHNS UX TPOU3BOIHBIX: d_j’ e

Bagada A 33. 15 Jlaubl marpuis

2 -2 3 1 -2 0
A=\ 3 -1 -3 B=\|2 2 -1
5 =3 0 1 -1 -1

HaiiTu ux panru, onpeaeauTen, BbYUCIUTh UX JUHEeHHY0 KoMOuHammo: —2A + B u npous-
Benenuda AB u BA.
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3amada N 33. 16 Haiitu cOBCTBEHHbIC 3HAYCHUS U COOCTBEHHDIC BEKTOPBI MaTpuilsl A
U3 TPEIbIIYIIEero MpuMepa.

Sagauga AN 33. 17 Haiiru B kBagparypax 00IICe PEIICHUE OOLIKHOBEHHOIO JIMHECHHOIO
b depeHmaIbHOro 2-ro MopaIKa:

d? d
d_xgé + d—i +y=e"(1+sin’x).

Bagada A 33. 18 Peuwurs 3asauy Komn

Jyist npepuLyiero auddepeHuaibHOro ypaBHeH:sl U IOCTPOUTH IpadUK pelleHns Ha 0TPe3-
ke z € [0, 7].

Bagaua A 33. 19 Haiitu uuciennoe permenne 3a1aan Komm

JIJIS HEJIMHEHTHOTO OOBIKHOBEHHOTO JTudDepeHIinaibHOro ypaBHEHUS 2-T0 TOPsiIKa.:

d*y dy\*
(1+1n(x))@+x o) = arctg(x + 1)

U TIOCTPOUTD TpaduK perennst Ha orpeske x € [0, 27].
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I'maBa VIII. Ilpuvmepbl HHAUBUYATBHBIX 38/ TaHUE

KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP TV-VII
VH/IMBUIYAJILHOE 3AJTAHUE A2

Sagaua N 34. 1 Haiitu TodHOE U BBIMUCIATH npubsimkentoe (¢ 24 3Havamumu nudpa-
M) 3HAYCHUS BBIPAZKEHIS:

log, (1 + cos 1/4 +log s (sin(4/7)))
(1+1tg1/3) '

Banaga AN 34. 2 Ilpusecru K 06IEMY 3HAMEHATEIIO:

1 r—1 z-3
x+1 z+2 z-1

Samaga N 34. 3 Peuwrs CUCTEMY UPPaIlMOHAJIbHBIX YPABHEHUI:

{\/E+\/y:2

r—2y+1=0.

Banaua N 34. 4 Pemurs HepaseHCTBO:

2 — logy 2% + 3z > 0.

3a,z:aqa ./\Tq 34. 5 Boruucaurs CyMMY:
i (="
- n?4n—2

U HalTH ee MPUOJIMKEHHOe 3HAYEHNUE.

Banada N 34. 6 Haiiru 3Hadenue npeiena

) T
hm7T tg 2z tg (Z — .Z‘) :
T—r —

4

O f(x,y)

Sagada N 34. 7 Haiitu npoussomyio
0x 0y

byHKIUI:

f(z,y) = xyln (2* + y?)
U BBIYKUCIUTD ee 3Haderue B Touke M (1, —1).
Ba/:[aqa ./\Tq 34. 8 Boruucaurs HEOTIPEACJICHHBIA MHTErPaJI:
sinx

Vecosd z
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3amada N 34. 9 Buuucaurs OmpeJIeJIEHHBI NHTETPAJL:
1
/ xdx
V5 —dx

—1

Sagaua N 34. 10 Ha omnonm PUCYHKE TIOCTPOUTH rpaduKu JABYX KPUBBIX, Y1 H Yo
vy =sinz + costx

- YepHBIM I[BETOM U

Yo 1y =sinx - sin 3x,

- 3€JICHBbIM, HO,H6I/IpaH Ipeze/ibl UISMEHEHUA IIEePpEMEHHBIX Tak, 4TOOBI ,HO6I/ITI3CH ero 6oJibleit
HarJIdJHOCTH.

Sagaga N’ 34. 11 Tlocrpouts rpaduk H0BEpXHOCTH, 3/ aHHOM IAPAMETPHIECKIMU YPAB-
HEHUAMMN:
Y: 7= (cos’tcos’ ¢, costsing,t’ + 4¢).

Bagaua N 34. 12 Pasnoxurs B psg Teitopa dbyHKImO

12
,IQ@ sSi- T

B OKPECTHOCTH TOYKU T = 7/2 1O creneHsM x 10 miectoil crenenn. CpaBHUTH Ha rpaduke
noBe/ieHIe QYHKINH (3€J€HBIM [[BETOM U €€ PA3JIOKeHUsT (CHHUM I[BETOM) HA MHTEPBAJIE T €

[0, 7].
Banaya N 34. 13 Tlocrpouts rpabuk MOBEPXHOCTH, 3a[aHHON HESBHBIM yPABHEHHEM:
2 2

2
Yo oxzet +ye¥ 427 =1.

Bamaua N 34. 14 [lams sexroper: @ = (sint, cost,t) u b = (t2, — cht,sht). Borancaurs

da db
CKAJIIPHOE W BEKTOPHOE ITPOU3BEJICHUS UX ITPOU3BOJIHBIX: d_j’ e
Sagaua N 34. 15 JlaHbl MaTPUITHI
2 -2 3 -1 -2 3
A= 3 -1 -3 B = 2 2 -1
1 —4 4 2 3 2

Haiitn nx panru, onpejeuresin, BBIYACANTL UX JUHEHYIO KoMOuHaImo: —2A + 5B u mpo-
uspenennd AB u BA.

Bagaua AN 34. 16 Haiitu coGCTBeHHbIE 3HAYEHNST U COGCTBEHHDBIE BEKTOPBI MaTpuIpl A
13 IPEJIBLIYIICTO TpUMepa.

Bagaua N 34. 17 Haiitu B KBagparypax obluee pelieHne 0GbIKHOBEHHOTO JIHHEHOIO
nuddepeHIumanibHOro 2-ro mopsiIKa:

d? d
2d_xz — 4% + 4y = €®(sinx + cos x).
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Sagaua N 34. 18 Pemurs 3agauy Koum

Jts peibLyTinero auddepeHnuaabHOro ypaBHeHs U IIOCTPOUTD I'paduK pelieHus Ha OTPe3-
ke x € [0, 7.

3amada N 34. 19 Haiiru uucsennoe pemenue 3a1aun Kot

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:

d? d
d—z—COSCL'ﬁ—l-yZ:l
x

U TIOCTPOHUTD TpaduK pereHns Ha otrpeske x € [0, 7).
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KABAHCKHUI (ITIPUBOJIZKCKHNI) ®EJEPAILHBIN YHUBEPCUTET
Ka&e(?pa GHlCULETT MAMEMAMUKY U MAMEMAMUYLECKO20 ,ModmupOsaHu,ﬂ

CEMECTP IV-VII

VHINBUIYAJILHOE 3ATAHUE AP

Sagaua AN 35. 1 Haiitu TounOe U BBIMUC/IATD npubsmkentoe (¢ 21 3navamumu nudpa-
M) 3HAYEHUS BHIPAKEHUSI:

Bagaga N 35. 2

Bagaga N 35. 3

Bagaga N 35. 4

Bagaga N 35. 5

A /22 +71'2
V2 +log; 10

[IpuBectu K 00IIEMY 3HAMEHATETIO:

T z+1 x?

Pemuth cucremy mppalnmoHaJbHBIX YPaBHEHUIL:

{\/E+\/§:2

r—2y+1=0.

PemnTs HEpaBEHCTBO:

217 x -5

3 > )
r—2>5 T+ 2

Borauciurs cymmy:

<
2 7 in s

n=2

U HaTU ee MPUOJIMKEHHOe 3HAYEHNE.

Sagaua N 35. 6

Samaga N 35. 7 Haiiru MIPOU3BOTHY IO

Haititu 3navenue npesesna

. tgx—sinz
lim ———s—
r—0 sm” x

0°f(,y,2)

Dudyoy Py

flx,y,2) = 2y?2°(12 — 2 — 2y — 32)

¥ BBIYNCIUTD ee 3HadeHue B Touke M(2,1,1).

Bagaua N 35. 8

BoranemmTs HeonpeaeeHHbIil nHTerpall:
/ va? — x2dzx.
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3amada N 35. 9 Buruucaurs OIIpe/IeICHHBI MHTerpaJl:

+o00
/ dz
——————dx.
A x2+1
Ba;[aqa ./\Tq 35. 10 Ha OJIHOM PUCYHKE TIOCTPOUTDH IpapUKM JIBYX KPUBLIX, Y1 U Vs :

vy =V8r? — x4

-TEMHO-CUHUM IIBETOM U

Yo 1y = —V8x? — x4,

- KpaCHbIM, HO,IL6I/IpaH npeae/ibl USMEHEeHUA IIEPEMEHHbIX TakK, 4TOOBI ,ILO6I/ITI>CH ero OoJibleit
HarlJIAJHOCTH.

Bagaua N’ 35. 11 Tlocrpouts rpadik MOBEPXHOCTIL, 3a[aHHOI TAPAMETPIYECKIMIL YAaB-
HEeHUsIMU (TeJTHKONT):

Y: 7= (tcos¢,tsing, pu).
Bagaua N 35. 12 Pasnoxurs B psg Teitnopa dbyHKImO

(1- x2)61 —cos’x

B OKDECTHOCTH TOYKHM - = 1 1O cremeHsM x 10 miectoii crenenu. CpaBHUTH Ha rpaduke
nosejieHre (byHKIUK (3€JIeHbIM IIBETOM)U €€ PA3JIoyKeHUs (CHHUM IIBETOM) Ha WHTEpBaJe T €

[0, 7].

Sama4a N 35. 13 [TocTpouTthb rpacuk MOBEPXHOCTH, 33/ IAHHON HEABHBIM yPABHEHUEM:

X xyz=1.

Banaua AN 35. 14 Tano Bexkropo: @ = (sint?,#3,1) u b = (1,3t? sint). Berauciurn

da db
CKAJIIPHOE W BEKTOPHOE ITPOU3BEJICHUS UX ITPOU3BOJIHBIX: d_j’ e
Sagaua N 35. 15 JlaHbI MaTPHUITHI
1 -1 1 -3 =2 7
A=12 1 3 B = 2 6 -1
3 0 4 2 -1 2

Haiit ux panru, onpeaenTe i, BBIYUCIUTD UX JUHEHHY0 KoMOuHanuoo: 3A — 43 B u npouns-
Bejenust AB u BA.

Ba,uaqa ./\Tq 35. 16 Haiitu cobcTBeHHbIC 3HAUEHUST M COOCTBEHHDBIE BEKTOPBI MaTpuilsl A
13 OPpeIbIAYIIEro IpUuMepa.

Samaga N 35. 17 Haiitu B KBaJipaTypax oOllee pelieHne 0ObIKHOBEHHOI'O JIMHEHHOIO
b depeHnuaIbHOro 2-ro mopsIKa:

PPy dy v
@—l—%ij:e ($2—x+2).
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Sagaga N 35. 18 Pemurs 3agauy Ko

JJIsT TpeabLayero guddepeHnnaabHOr0 ypaBHEHUsI U IIOCTPOUTD IpaduK pPeIleHnst Ha 0TPe3-
ke x € [0, 7.
Bagaua N 35. 19 Haiitu unciennoe pemenne 3amaan Ko

JIJIsT HeJTMHEITHOTO0 OOBIKHOBEHHOT'O MU hepeHInaIbHOTO YPABHEHUS 2-T'0 MTOPSIJIKA:
2

2@ +1In(1 + z) dy 2 + y* = cos(x)?
dz® dx

1 1I0CTPOUThH Tpaduk perenust Ha orpeske x € [0, 10].
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CrangaptHoe 3ajgaHue 1mo LaTeX

[TonroroButsh B makere LaTeX2e ciemyromuit TekeT!:

Hayunnaga MUMEHHO
C 3TOT0 MeCTa

cjaeayer 3aJlaHUE B
LaTeX2e !

Uccrenyem muddepennuanbrioe ypasnenne’suia (VIIL1):

d*y(z) cosw  d*y( Ny
VIII.1
dx? + 1+sin’zx dx ; 7]-[ g]h z). ( )

Pezysibrarsl aucienHoro uaTerpupoBanus npusejieHbl B Tadsuie Taor.18:

Tabaumna.18. Pe3yabTaThl YMCJIE€HHOTO MHTErpupoBaHusi KO3 PUIIMEHTOB ypaBHe-
uus Jlepu-IIlaykara (VIII.1)

Kosadbdunment | nepemennas | orepasga | urorosoe -mnoje | SH-eaunuia

G11 X 1.012 1=4.52 3.142
Go Tih 1.00132 U, =0.3821 2.87
GQQ TkJ, -1.0627 992—05439 3.12

VYpasuenne (VIIL.1) Buepebie 6b110 3amedeno Jlepu-Illaykarom mpu pasrisplBAHUT UM
kuuru Eroposa [1] va done nserymux orypros, a koadgdunuentsr ypasaenus (VIIL.2) Gbuin
TIIATEIBHO BBIYUCJIEHBI B paboTe [2| NM3BECTHBIME B HEKOTOPBIX KPYTaxX yIeHbIMU.

B ypasuenun (VIIL.1) ’]f[ (z) - dyHmaMeHTAIBHAS IIO0CTIE€40BATEIBHOCTh OIIEPATOPOB
J

IIEPBUYHOrO pacIlio3HABaHUs o0pa3oB marpuuHoro npexcrasienus (VIIL.2) G, a
y(x) - Hem3BeCTHBIN OO'BEKT, KOTOPBIN ONUCHIBAETCSI MATPUIHBIM YPABHEHUEM:

Gu = AE:;
Gj=1< Gy = 0 . (VIII.2)
Gji = 6.

LO6parure BHMMaHne U Ha HyMepanuio ypaBHeHui, Tabiui u crpanut!!!
2 lucbpepentmanbHBIM ypaBHeHHEM Has3biBaeTcsl Bestkoe ypasaenue suma F(y,y',y”, ... y") = 0, tue y'(z)
— 4~ Thle npou3BoHble dyHKIMU Y(T).
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Yros z, BXOzsIuii B KadecTBe mepeMeHHoit unterpupoBanust ypasuenus (VIIL.1), ssiis-
eTcs YIJIOM MEKJIy KeJTaeMbIM M BO3MOXKHBIM 1)-TIOJISIMA U OTIPEJIEIIeTCd U3 UHTErPAJTHLHOTO
ypasuenns (VIIL.3):

O(z) :/// eHi(“my)]—"j(u — vy)dudvdy. (VIIL.3)
Q

HO,ZLCT&BJIHH BMeCTO ds ero BbIpazK€HHUE U BBOAA ABHO IIEPEMEHHYIO MHTEI'DUPOBaHUA t,
IIOJIYy9YHMM OKOHYaTEJ/IbHO

t2
du\ du dv dv\?
s = / \/E (E) + QFEE + G (%) dt. (VIIL.4)
t1

3Hast BHyTpeHHee ypaBHEHNE KPUBOM, MbI JIOJI?KHBI BBIDA3UTH U U U 9epe3 t B BHIPAKEHUSIX

du dv
E. F,G, naiitn mpon3BoOHbIE — U —,
POTBPOAERE e ™ at

VIII.4 u 3aja4da cBejgeTCss K BIYUC/ICHUIO UHTErpaJia, BHIa

j F(t)dt.

CorocTaBiM yIIOpsI0UeHHON cucTeMe BEeKTOPOB {&; }, - mampuyy-cmpoky? :

IIOZACTaBUTL BCE 3TO B IIOAbIHTEI'DAJIbHYIO (bYHKHI/IIO

[gl] = [él 75/27 PRI g/n] ) (VIII5)
AHAJIOT'MYHO -
[é] = [51 752 7"'7é’n}7 (VIIIG)
a KOOp/IMHATAM KayKJIOr0 BEKTopa € B 6asuce {€; }, - mampuyy-cmonbeu;
Ch
k
el = | ¢ (VIIL7)
o

n

U CKOMIIOHYEM M3 3TUX CTOJIONOB KBaJIPATHYIO MATPUILY:

clt ool o C}
2 2 2

c— | & G , (VIIL8)
cr cyr ... or

B KOTOPOIl HOMEP CTOJIOIA COOTBETCTBYET HOMEPY BEKTOpa €/, a HOMED CTPOKH — HOMEpY
KOOPJWHATHI 9TOI'0 BEKTOPA.

Teopema Cucmema 6exkmopos {€y ,€m, ..., } ¢ xoopdunamamu Cf, (coeaacno (VIIL.5))
obpasyem bazuc V, mozda u moavko mozda, ecau:
det C' 0. (VIIL)

3Tlonm MaTpumelt 37ech W B JagbHefmeM GyoeM IOApa3yMeBaTh MPSMOYTOILHYIO TaOMHIYy “ImpuHOi” n

2299

(amcso cronbnos) n “Bpicoroil” m (YMCIO CTPOK)
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B amom cayuwae mampuya C' nazweaemes mampuuet neperoda om cmapozo basuca {€; }n ®

nosomy {€y tn.

Takum obpaszom, cornacuo (VIIL.9) marpuia mepexoja sB/IS€TCs HEBBIPOXKJICHHON KBaJI-

paTHON MaTpulein.

1
Yet1 =Y +qr + §A%717

1 5
Yk+1 = Yr + qr + §A%—1 + EAqu_Q’

1 5 3
Y1 = Yk + Qi + EAQk—l + —A%q 5+ gﬁqu—&

12
2
12

3

1
Y1 = Yk + qr + §AQk—l + 3

A’qpo+ =NPq3 +

A4qk—47

(VIIL10)
(VIIL11)
(VIIL12)

(VIIL.13)

Mps1 paccMoTpesu ciieIyolire YacTHbIe CIydan JIBuKennit npocrpanctsa E3: [lonpoduee o

JIBUZKEHHUHU B IIPOCTPAHCTBE CMOTpHUTE B pabore [2].

Kunaccudbukanusa apukenuii £3

Hpuxxenns I poga Hpumxenns 11 poaa
[IePeHoC CUMMETPHS OTHOCUTEHHO IIJIOCKOCTH
IIOBOPOT [IOBOPOTHOE OTPAKEHUE

BUHTOBOE JIBH2KEHUE | CKOJIL3dIIee OTpazKeHue

BameTum erre, 9TO TOXK/IECTBEHHOE 11peodpa30BaHme IPOCTPAHCTBA MOXKHO CIATAThH KAK TacT-
HBIM CJIy4aeM IepeHoca (BEKTOP IMePeHOCa — HYJIEBOM), TaK U YACTHBIM CJIydYaeM IIOBOPOTa

(yroa moBopora ¢ = 0).
Pemmaem cucreMy JuHERHBIX ypaBHEHUN

s S S
V2 V2
1, 1, 4
x + x° 4+ x> =0
3v/2 3v2 3v2
2 2 1 9

=0

—— ! - 2% + r? —
3v10 3v10 3v/10 3v/10

7

Bekropbl HOpMasibHOI (DYHIAMEHTAILHON CHCTEMBI pereHnii umetor Bu [1]

{E1:—2i1 —21'2 —f-lg +’i4,$2:i5.
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[TosTomy

(=20) — 2y 413 +11), ho=1s.

1=

1
V10

OproronajbHas MATPUIA [IEPEX0Oa OT Das3uca {;1 oy is } k 6azucy {71, go, 73, hy, ﬁg} nMe-
eT BUJL
2 2 0
3 3\/210 \/210
- - - 0
\1/ 10 \1/ 10

(VIIL.14)
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