CumBosbHbIe Bbiunciaenust B Mathcad MOKHO OCYIIECTBIISITh B IBYX pa3IMUHbIX BapHaHTaX:

e  C IIOMOIIbIO KOMaH/ MEHIO;

e  CIIOMOIIBIO ONIepaTOpa CUMBOJIBHOTO BBIBO/IA >, KIIIOUEBBIX CJIOB CUMBOJILHOTO IIpOIieccopa
U oObyHBIX (opmyn (B cmpaBouHoi cucreme Mathcad »3TOT cnoco0 Ha3bIBaeTCs
CHMBOJILHBIMU BBIYHCIICHUSMH B pealibHOM BpeMeHH — live symbolic evaluation).

ITepBeiii croco06 ©Oonee yaoOeH, Korga TpeOyeTcss OBICTPO TONYYUTh KaKOW-THOO
AHATUTHYECKUI pe3ysbTaT JJIsl OJHOKPATHOTO WCIIOJNIB30BaHUS, HE COXpaHSsS CaM XOJ
BbIUUCIICHUH. BTopoli cmoco0 Oosee HarisaeH, T. K. MO3BOJSIET 3alHMCHIBATh BBIPAKECHUS B
TPATUIIMOHHON MaTeMaTHYeCKON (opMe M COXPaHATh CUMBOJIBHBIC BBIYMCICHHS B JIOKyMEHTaX
Mathcad.

B CHMBOJIBHBIX BBIYHCICHUSX [ONYCKAeTCS MCHOIb30BaHHE OOJBIIMHCTBA BCTPOCHHBIX
¢ynkuuit Mathcad.

Jns  CHMBOJBHBIX BBIYMCICHMM 0P NOMOIIM KOMaHJ IPEAHA3HAYEHO TJIABHOE
meHio Symbolics (CuMBorka), 00beIuHSIONIEE MaTeMaTHYECKUE onepanun, kotopeie Mathcad
yMEeT BBIMONHATHh aHAIUTU4Yecku (puc.l). [{ns peanuzanuu BTOporo crnocoda MpUMEHSIIOTCS Bce
cpeactBa  Mathcad, IIPUTO/IHbIE JUIst YHCJIEHHBIX BBIUHCIICHUM (manpumep,
nanenu Calculator, Evaluation u T. 1.), 1 cienuanbHas MaTeMaTu4eckas aHeJIb HHCTPYMEHTOB,
KOTOpPYIO MO>XHO BBI3BaTh Ha 3KpaH HaxkatueMm kHonkd Symbolic Keyword Toolbar (ITanens
cumBonivkn) Ha maHenu Math. Ha manenu Symbolic (CumBonnueckune) HaxXxoasTcs KHOIKH,
COOTBETCTBYIOIIME CHEHU(PUUYECKMM KOMaHIaM CHUMBOJIbHBIX IpeoOpa3oBaHuil (puc 2)
Hanpumep, Takum, Kak pa3lioKeHHE BBIPAKEHHS HAa MHOXUTEIH, pacueT MpeoOpazoBaHUs
Jlarnaca u IpyruM omnepanusiM, kotopsie B Mathcad Henb3st IpOBOAUTE YUCICHHO U JUISI KOTOPBIX,
COOTBETCTBEHHO, HE MPEAYCMOTPEHBI BCTPOCHHBIE (PYHKIIUH.
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Puc. 5.1. Mento Symbolics Puc. 5.2. [lanens Symbolic

PaccmoTpuM 006a THIa CUMBOJIBHBIX BBIYMCIEHHHM Ha MPOCTOM IpUMEpPE Pa3oKeHUs Ha
COMHOXHTEIHN BbIpaXKeHUS sin (2X)

[TepBslit crioco6 (C MOMOIIIBIO MEHIO).

e Bseaure BeipakeHue sin (2x).
e Brmigenure ero nenukom (cum. puc. 1).
e BriGepure B rmaBHoM MeHio myHKTHI Symbolics » Expand (CumBonuka » PaznoxuTs).

[Tocne aToro pe3ynabTaT pa3noKeHUs BBIPAKEHUS MOSBUTCS YyTh HIKE B BHJIE €IIe OJHOU
cTpoku (puc. 3).

sin( 2-x)

2-sin(x) cos(x)

Puc. 5.3. PesynbpraT npumeHenust koman sl MeHio Symbolics / Expand



CuUMBOJIbHBIE ONEpali C MOMOIIBI0O MEHIO BO3MOXKHBI JIMIIb HaJ KaKUM-THO0 OOBEKTOM
(BBIpOKEHHEM, €ro 4YacThl0 WJIM OTHENBbHON TmepeMeHHOU) J[lins Toro 4ToObl TPaBHIBHO
OCYIIECTBUTH JKEJIaeMO€ AaHAJUTHYECKOe IMpeoOpa3oBaHue, MpPeABAPUTEIHLHO HEOOXOAUMO
BBIJICTIUTH TOT OOBEKT, K KOTOPOMY OHO OyJIeT OTHOCUTHCS. ECIu ke BBIICIUTh YacTh OPMYIIBL,
KaK [MOKa3aHo Ha puc 4, TO COOTBETCTBYIOIIee MpeoOpa3oBanre OyeT OTHECEHO K BBIJIEICHHOMN
4acTH (HIKHSISI CTPOKA Ha 3TOM PUCYHKE).
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Puc. 4. CuMBOIbHOE Pa3NI0KEHNE YaCTH BBIPAKEHUS U €r0 Pe3yIbTaT
BTopoii cnoco6 cuMBOIBHBIX TPe0Opa3oBaHuii (C TOMOIIBIO OllepaTopa —).
e Bsenure BelpakeHue sin (2-X).
e Haxwmure kHonky Expand (Pa3znoxuts) Ha nanenu Symbolic.

sm( 2-x) expand j —

sm(2-x) expand.x — 2-sin(x)-cos(x)

Puc. 5. CuMBOJIbHOE Pa3JI0KEHUE BBIPAKEHUS
e Breaurte B MeCTO3amoIHUTEIB TTOCIIE TIOSBUBIIIETOCS KITFOYEBOTO ciioBa expand (pwuc. 5,
CBEpXY) UMs NIEPEMEHHOM X 100 HaxxmuTe Kiapuiny Del, 4To6bI IPOCTO yIaIUThH
MECTO3aIIOTHUTEb.
e Baeaure onepaTop CUMBOJIBHOTO BBIBOAA —.
e HaxwmuTte knaBuiry Enter 1160 mpocTo MICIKHUTE MBIIIBIO 32 TIPEICIaMU BHIPKCHHUS.
Omneparop CMMBOJBHOTO BBIBOJA, Kak BBl MOMHHTE, MOKHO BBecTH B pemaktope Mathcad
HECKOJIBKMMH crocobamu: Ha)kKaTueM KHOTIIKM — Ha 0001 u3
naneneld Evaluation (Bripaxxenus) wiu Symbolic (CumBonuka) 160 COYETaHHEM
kiaBuil CTRL+ —. Pe3ynpTaT CMMBOJIBHOTO Pa3jioKEeHUsI BBIpAXKCHUS TIOKa3aH Ha pUC 5, BHU3Y.

Ecnu  cuMBONbHBIE BBIYMCICHUS OCYLIECTBISIOTCS BTOPBIM CIIOCOOOM, CHUMBOJIBHBIN
MIPOLIECCOP YUUTHIBAET BCE (POPMYJIbL, IPEIBAPUTEIBHO BBEIEHHBIE B JOKYMEHTE (pUC. 6, BHU3Y).
Ho ecnu Te ke npeobpa3zoBaHUs BBITOIHSAIOTCS MTPU IOMOIIY MEHIO, CHMBOJIBHBIH ITporieccop "He
BUJIUT" HUYET0, KpoMe OAHOU (hOpMYJIbl, 1 BOCIPUHUMAET BCE €€ MEepEMEHHbIE aHAIUTUYECKH,
Jla’ke €CIIM UM Tpe/IBapUTeIbHO ObUIM MPUCBOEHBI KaKHe-To 3HaueHus (puc. 6, cepxy). I1o atoii
IpUYMHE, HAlpuUMep, CHMBOJBHBIM  NpPeoOpa3oBaHUSIM  Yepe3 MEHI0  HEJOCTYIHbI
npeBapuTeNIbHbIE ONpeiesieHs (PyHKIUI MoJIb30BaTe .
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Puc. 5. Paznuune B CUMBOJIBHBIX BBIYMCICHUAX ITPU IIOMOILM MEHIO (CBEPXY) U oneparopa »>
(cHU3Y)
Ecnu Bel MoxkeTe BBIOpaTh crioco0 CUMBOJIBHBIX BHIYMCICHUH, pEKOMEHIyeM BTOPOU MyTh —
C IIOMOIIBIO Olleparopa —, IOCKOJbKY IIPU 3TOM B JOKYMEHTE COXPAHSAIOTCS JEUCTBUSA
10JIb30BATEIA.

He Bcskoe BoipaykeHue NoaeTcs aHaTUTHUECKUM npeoOpazoBanusiM. Eciu 3o Tak (inbo B
CHIIy TOTO, YTO 3a/ladya BOBCE HE MMEET AHAJTMTUYECKOTO PEIIeHHs, JIMOO OHAa OKa3bIBACTCS
CIIMIIKOM CJIOXHOM JJsi CHMBOJIbHOTO mpoueccopa Mathcad), To B kauecTBe pe3yibrara
BBIBOJMUTCS CAaMO BhIpaKeHue (JIMCTUHT 1. BHHU3Y).

Jluctunr 1. CumBoIBHBIC TPEOOpPA3OBAHMS:
2
cog(2-x) expand,x — 2-cox(x)” -1
cos(x) expand.x — cog(x)

VYopouienne Bolpakenuit (Simplify) — nanbonee dyacto mnpuMeHseMas —oreparus.
CumBonbHBIH TIporieccop Mathcad crpemurtes Tak mpeoOpa3oBaTh BBIpaKEHHE, YTOOBI OHO
npuobpeno 6onee mpoctyo ¢opmy. Ilpu 3ToM HCHONB3YIOTCS pa3nuyHble apudMeTHuecKue
(bopMyIibl, MpHUBEAECHHE NOJOOHBIX CllaraeéMblX, TPUTOHOMETPUUECKHE TOXKIECTBA, IEpecyeT
oOpatHbIX QyHKIMH U Ap. UTOOBI yIPOCTUTH BBIpaXKEHHUE C MTOMOIIBI0 MEHIO (puc. 7):

o Bsenure BeIpaxkeHHE.
e Brigenure BblpaxkeHHE LETUKOM WM €T0 YaCTh, KOTOPYIO HY>KHO YIIPOCTHUTb.
e BriGepure komanay Symbolics » Simplify (CumBosnka > YpocTuTs).
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Puc. 7. Ypomenue BelpaxeHus
Jlnst ympoliieHus: BeIpaKEHUs MPU MOMOIIN OTepaTopa CUMBOJIBHOTO BBIBOJIA MCIONB3YHTE
kimoueBoe  cioBo simplify (muctuar 2). He 3a0biBaiiTe, €cnu HEKOTOPBIM TIEPEMEHHBIM,



BXOJSIIMM B BBbIpaXXKEHHE, paHee ObUIM TNPUCBOCHBI HEKOTOpbIE 3HAYEHUS, TO OHH OyAyT
MOJ/ICTABJICHBI B HETO MPU BHIIIOJIHEHUH CUMBOJIBHOT'O BBIBOJIA (JIUCTUHT 3).
JlucTuHr 2. YOpoIlleHne BhIPaKeHU:

2 - . ~ 2 < 2
(x+2v)z-Z(x+5y)+zsmplify - zx+2zy-zx—- 52 y+z

JlucTuHr 3. YpolileHne BhIpaKeHUs ¢ MOJCTAHOBKOM 3HAYEHHUS MIEPEMEHHBIX:

x= 10 y=1

(x+ 2vy)z— zz-(x+ 5-v) + zsmmplity — 13-z - 15-2z

YrpoieHue BEIpaKeHUH, COIepKAIIX YUCIA, TIPOU3BOIUTCS MO-Pa3HOMY, B 3aBUCIMOCTH
OT HaJIM4Ms B YHCIIaX JECATUYHON TOUKU. Eciy oHa ecTh, TO BBITIOTHSAETCS HETIOCPEICTBEHHOE
BBIYHCIICHUE BBIPAKEHUS (JIMCTHHT 4).

JIncTuur 4. ¥V npoiieHne BeIpaXXeHUsI ¢ YUCIaMU:

\.ﬁ simplify —)\/G

o 3.01 simplity — 1.7349351572897472412

Paznoxxenue BelpakeHuil Ha mpocteie MHOXuTenu (Factor) mpous3BoguTCs MpH MOMOIIH
koMan bl Symbolics » Factor (CumBonuka > Paznoxute Ha MHOXUTENH) (puc. 8) nubo
HCIIOJIb30BaHUEM BMECTE C OTIEpaTOPOM CHMBOJIBHOTO BBIBOJIA KIIFOYEBOIO ciioBa factor (JIMCTUHT
5). Dra omepamus TO3BOJSET PA3JIOKHTHh IOJTHHOMBI HA MPOU3BEACHHE O00Jiee TPOCTHIX
MOJIMHOMOB, a IIeJIbIE€ YKCIIa — HAa IPOCTHhIE COMHOKHUTEIH.
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Puc. 8. PaznoxeHue BeIpaXeHUs: HA MHOXKHUTEIH
JIuctunr S. [IpuMeps! paziioKeHuss Ha MHOKUTEIIN:

X4 — 16 factor — (x—2)-(x+ 3)'(XZ+ 4)
18 £ . 52 5
28 factor — 277

UtoOb1 mpuBecTH no100HbIe ciiaraembie oinHoMa (Collect) ¢ moMorso MeHio (puc. 9):
o Bseaure BelpakeHue.
e Brzenure B BBIpaXEHUHM HMMS TNEPEMEHHOM, OTHOCUTENIBHO KOTOPOH HaJ0 INPHUBECTH
noj00HbIe claraemMbie (B MpuMepe Ha puc. 9 3To mepemeHHas Y).
o Bribepure xomanay Symbolics » Collect (CumBoinuka > [IpuBectu mogo6HsbIe).

B pesynbTaTe mosSBUTCS CTpOKA C PE3yIbTaTOM MPHUBEIACHUS MOJOOHBIX ClaraeMbIX (HUKHSSA
CTpoOKa Ha puc 9).
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Puc. 9. [IpuBenenre mogoOHBIX CllaraeMbIX

Uto0Bl TpuBECTH TOJO0HBIC ClIaraeMble C IMOMOIIBI0 OMEepaTopa CHMBOJIBHOIO BBIBOJA

(yuctuHr 6):

Beenute BeipakeHue.
Haxxmute kHonky Collect Ha nanenu Symbolic (CumBosnka)
BBeaure B MecTO3aloJIHUTENb II0CJIE BCTAaBJIEHHOIO Kiro4eBoro ciosa collect nms

IEPEMEHHOI, OTHOCHUTENBHO KOTOpOW TpedyeTcs NpUBECTH MOAOOHbBIE ciaraeMble (B
NepBOM CTPOKE IpUMEpa U3 JINCTUHTA 6 3T0 nepemMeHHast X, BO BTOpoi — Y).

BBenute onepaTtop cUMBOJIBHOT'O BBIBOJA —.
Haxxmure knaBuiry Enter.

ITocne xmroueBoro ciiosa collect nomyckaercs 3aJaHue HECKOJIBKUX IIEPEMEHHBIX Yepe3
3arsTyro. B aTom ciyuae, npuBeieHre NOJOOHBIX CJIaraéMbIX BBIIOIHSIETCS TOCIEA0BATENBHO 10
BCEM IIEPEMEHHBIM.

Jluctunr 6. [IpuBenenne nog0OHBIX ClIaraeMbIX 10 Pa3HBIM MIEPEMEHHBIM:

(x+
(x+

(x+

Yoxr).

-

Yo

Z

]

R
y)z—Z v (x+ 5

1 ]
-y} + z collect.x — (z— z -*_.,-'}-:-:+ zy—-5z2-y

3}

-z

2 2 1 2
¥y + zcollect.y — =527y + {l-z— z'-}:)-}'+ zZX—2Z

5
y)+ z collect,z — —z2"-v(x+5v)+(x+ 2-y- 1)z

Ecnu BelpakeHHE ABIAETCS IOJIMHOMOM OTHOCUTENIBHO HEKOTOPOU EPEMEHHOM X, 3aJaHHBIM
He B 0OBIYHOM BHJIE ao+aiXx+azx” +..., a Kak IPOU3BeIeHHE APYTHX, 60jee MPOCTHIX MOIMHOMOB,
TO KO3 (UIMEHThl aptai+as JIETKO OMNpeAessIloTCs CHUMBOJIBHBIM —Mporieccopom  Mathcad.

Koaddurmentsr camu MoryT ObITh ¢
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Puc. 10. Beruucnenue korhGuiimeHToB moanHoma

BBIYHMCIINTb ITOJIHMHOMHUAJIBHBIC KOB(I)(I)I/II_II/IGHTBI

(Polynomial Coefficients) B

BBIPOKEHHUH MPHU TToMoIu MeHro (puc. 10):

Beenute BBIPAXKCHUC.



e Brigenure B HeM UM IEpEMEHHON WM BhIpaXXEHHE, JIJIs1 KOTOPOTo TpeOyeTcsl paccUnTaTh
NOJMHOMHANbHBIE K03((dUIeHTs (B mpumepe Ha puc. 10 3To nepemeHHas z).
o Brmosnnute komanay Symbolic > Polynomial Coefficients (CumBonuka » KoadduruenTsr
MOJIMHOMA).
B pesynpTaTe moa BbIpaXXEHHEM IMOSBUTCS BEKTOP, COCTOALIUMN M3 TMOJTMHOMHUAIBHBIX
k03P duureHToB. [IepBbIM 371eMEHTOM BEKTOpA SBISETCS CBOOOIHBIN WIEH ao, BTOPBIM — ai, U T.
.

Konkpernast 3amaua, TpeOyromias BBIYUCICHHUS MOJMHOMHAIBHBIX K03 uLneHTOoB,
NpUBEICHa B pasjelie, MOCBAIIEHHOM YHCICHHOMY OTICICHUIO KOpPHEH MoJMHOMa (CM. pas.
"Kopnu nonuuoma" ri. 8).

YTOOBI BEIYMCINUTH MOJMHOMHAIBHBIE K03(1)(1)I/II_[I/ICHTBI C IIOMOMUIbIO OIICpaTopa CUMBOJIBHOI'O
BbIBOJA:

e Bseaure BbIpaxkeHue.

e Haxwmurte kHonky Coeffs na nanenu Symbolic (CumBosuka).

e BaeauTte B MecTO3amoIHUTEND MTOCIE BCTABICHHOTO KII0YEBOro cioBa coeffs aprymeHT
MOJIMHOMA.

e Baeaute onepaTop CUMBOJIBLHOTO BBIBOJA —

o Haxwmure xknasumy Enter.

[Tpumeps! BorurcieHus: KO3(G(UINEHTOB MOJIMHOMA IPUBEIEHBI B IUCTUHTAX 7 U 8. JIucTuHr
7 mokKa3bIBaeT pacyer KOX(PQUIMEHTOB [UIi pPa3HBIX apryMeHToB. llocieaHuii JMCTHHT
JEMOHCTPHUPYET BO3MOXHOCTh oOmpesesieHuss Kod(h(UIMEHTOB HE TOJIBKO JUISl OTAENbHBIX
IIEPEMEHHBIX, HO JUIsl 00JIee CIIOKHBIX BBHIPAKEHUM, BXOAAIIUX B paccCMaTpUBaeMyto Gopmysy B
KaueCcTBE COCTAaBHOM YacTH.

Jluctunr 7. Beraucnenue Kod3GGUIMEHTOB MOJTUHOMA!

0
2 - - .
(x+2y)z—Z -y(x+5y)+zcoeflg,z = | X+ 2v+1
- 2
VX - 5y J
s _ 3 -? "
2 ) 3 lzy-53z2 -y +z
(x+2v)z— 2 y(x+5y)+ zcoeffs,.x — ,
\ Z—Z -y )

JIuctunr 8. Boruncnenue NoIMHOMUHAIBHBIX KOI((UIMEHTOB AJIs IPOCTOM MEPEMEHHON U
BBIPpAXKCHUA:
(99 )
28

—-11

(x—4)-(x—T7)x+ 99 coeffs.x —

(x=4)° 4+ (x=4)-(x=7)-x+ 99 coeffs, x— 4 —

UYTOoOBI BEIYHUCIUTH CUMBOJIFHO KOHEYHYIO MM OECKOHEYHYIO CYMMY WJTH TTPOU3BEICHUE:

e Bgreautre Bolpaxkenue, wucnonb3dys manens Calculus (Beruuciaenus) Uit BCTaBKU
COOTBETCTBYIOIINX CHMBOJIOB CyMMHUPOBaHUsS WiH npousBenenus/ [Ipu HEeoOXomumocTu



BBEIMTE B KauecTBe mpenaena psga cumBon oeckoneunoctr (kimaumu CTRL + SHIFT +
7).

B 3aBucMMOCTH OT JKEJaeMOro CTHJIS CHMBOJBHBIX  BBIUMCICHUW  BBIOEpPHUTE
komanay Symbolics > Simplify (CumBonuka > VYOpocTuTb) WM BBEAUTE OIEPATOP
CHMBOJILHOT'O BEIBOJIA —>.

HpI/IMepBI YUCJICHHOIO U CUMBOJIbHOT'O BBIYHCJICHUA PAIOB U HpOI/I3BC[[eHI/H>'I IMPUBCACHLI B

muctuHrax 9 u 10.

JInecrunr 9. CUMBOJIbHBIE U UNCIIEHHBIE PACUEThI PSAJIOB:

0 0
PR 10° > 2somr
1i=0 i=10
(=]
i -1
RS
a—1
1i=0
=2 n I N =2 n 10
Z — exp‘ —X ‘ Z — exp| — ‘ = 1.649
n_, 2 n \ 2
n=0 ~ n n=10 n

n
= 1.649

H
Mz
[an]

11
!
n=0 - 1.

JIuctunr 10. CUMBOJIBHBIN pacyeT MPOU3BEICHUS:

=e)

M5 I6e

n=1 1 +1

n=1

YroOBI pa3iaokHTh CI0KHYIO JpoOb Ha 6osiee npocTsie Apodu (Convert to Partial Fractions),
cienyer JMbOO BBIMONHUTH KomaHnay Symbolics >
Fractions(CumBonuka > [lepemennas » Pa3noxuTh Ha siemMeHTapHbIe podu) (puc. 11), nubo
yKa3aTh KJItoueBoe cioBo parfrac (muctunr 11).

Variable » Convert to Partial
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1 Partial Fraction

Puc. 11. Paznoxxenue ciaoxxHOU ApoOH Ha dJIEMEHTapHBIE 1podu



[Tpumensist iepBbIil crmocod (MeHI0), He 3a0bIBaiiTe Tepea BHIOOPOM €r0 KOMaH/Ibl BBIICTUTh
MEPEeMEHHYI0, TI0 KOTOPOH OyAeT MPOU3BOIUTHCS PA3NIOKEHHE, & €CIIU HCIOJIB3YeTCS BTOPOI
crocob (¢ omeparopoM CHUMBOJIBHOTO BBIBOJA), TO MMs MEPEMEHHOW cleayeT yka3aTh Ioclie
KJIII04eBOTO ciioBa parfrac. B obuiem, mocienoBaTenbHOCTh ISHCTBUN MTPH pa3I0OKEHUN HA IpooU
Ta e camasi, 9To U OOBIYHO (CM., HapuMep, pasi. 5.2.4).

Jluctunr 11. PaznoxxeHune Ha dJieMeHTapHBIE IPOOH:

2 )
11'x +9x+1 X 21 63
convert,parfrac . x — 11 - +

Xl—3-X+3 x-1 x-2

[TomHS 0 TOM, YTO OOJBIIMHCTBO OINEPALMA U BCTPOCHHBIX (DYHKUMN OCYILECTBISIOTCS Hall
MaTpHUI[AMUA TOYHO TaK K€, KaK HaJ OOBIYHBIMU YMCIIAMH, K MAaTPUYHBIM BBIYUCICHUSAM MOXKHO
IPUMEHSATh PAaCCMOTPEHHYIO BbIllle KOMaHAy ympoiueHus (Simplify) u3 MeH0 CHUMBOJIBHBIX
BBIYMCIICHUM.

Kpome Ttoro, umeercs psa crnenuUYHBIX MATPUYHBIX OIEpPAlUii, KOTOPHIE MOXKHO
OpraHu30BaTh JUOO C TMOMOIIBIO MyHKTa MeHI0 Symbolics » Matrix (CumBonuka > Matpuiia),
aMb0 C MOMOIIBIO HECKOJIbKHUX KHOMOK Ha mnaHenu Symbolic (CuMBonMka), OTHOCSAIIMXCS K
MaTpuiaM (cM puc. 2). DTO clieAyIonue MaTpUIHbIE OTEePAIIHH.

e Transpose (TpancnonupoBanue);
e Invert (OGparHas mMaTpuia);
e Determinant (Onpenenurens).

Bremmonnasiorces HeﬁCTBHﬂ C MaTpulaMu B TOH ke MocCjaca0BaTCIbHOCTH, YTO U pACCMOTPCHHBIC
CHUMBOJIBHBIC OIICpallu CO CKAJIAPHBIMU NIEPEMCHHBIMU. Hepeﬂ HUX MPUMCHCHUCM HE 3a0bIBaiiTe
BBIJCIINTDL B BbIPA’KCHUHU MAaTpULly, K KOTOpOI>'I 6yz[eT OTHOCHUTBCA OIICpanusl.

Ouenp ynoOHasi BO3MOXKHOCTh CHUMBOJIBHBIX BBIYMCICHHMM — 3TO OIepaius IMOACTaHOBKU
3Ha4YeHUS TIepeMEeHHOM B BhpakeHue (Substitute).

[Ipu momoIy MEHIO MOJACTAaHOBKA MPOU3BOIUTCS CIEIYIOMUM 00pa3om (puc. 12):

e Brizenure 3HaueHue NepeMEHHON, KOTOpOE€ HEOOXOIUMMO MOJCTaBUTh B HEKOTOPOE
BbIpaKCHHE. 3HAUCHHE MEPEMEHHON MOXKET OBbITh JHOOBIM BBIPAXKEHHEM OTHOCHUTEIBHO
JTr0OBIX MepeMeHHBIX (Ha puc. 12 B KadyecTBe IMOJCTAHOBKM B3sTa camas IepBas CTpOKa
JIOKYMEHTA).

o CkomnupyiiTe 3HaueHHe nepeMeHHOl B Oydep oOMeHa, Hampumep, HakaTueM, KIIaBHII
CTRL + C wmu xHonku Copy (KommpoBarh) Ha maHenu HHCTpyMmMeHTOB Standard
(CranpmaptHasi).

e Brigenure B BelpakeHHH, B KOTOpOoe TpeOyeTcs MOJACTaBUTh 3HaUeHue u3 Oydepa oOMeHa,
NEpEeMEHHYI0, KOTopas OyJeT 3aMeHATbCs (BO BTOpPOM CTpoke Ha puc. 12 BblieneHa
HepeMeHHas X).

o Brmonaute xomanay Symbolics > Variable > Substitute (CumBonuka > [lepemennas >
[ToxcTraBuTs).

Pe3ynpTar 9THX NEMCTBUI MIUTFOCTPUPYETCS HYKHEN CTPOKOM B IOKyMEHTE Ha puc. 12.
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Puc. 12. [TogcranoBka 3Ha4€HUs IEPEMEHHON
Jls ocyniecTBieHUs TOM )K€ OIepaliii B COBOKYITHOCTH € OTIEPaTOPOM CUMBOJIBHOTO BBIBOJA
UCIIOJIB3YHTE KIIIOUEBOE CJIOBO substitute, kKoTopoe BCTaBiseTCs B JOKYMEHT OJHOMMEHHOMU
kHonKo# Ha manenu Symbolic (CumBonuka). [locne kiaroueBoro ciopa substitute Heo6xoauMo
BBECTH B MECTO3AIOJHUTENIN JIOTUYECKOE BBIPAKCHHUE, ITOKA3bIBAIOIIEEe, KaKyld HWMEHHO
MEepPEeMEHHYI0 Kakoi (hopMyIioil creayeT 3aMeHUTh (JTUCTHHT 5.12).
Jluctunr 12. [TogcraHoBKa 3HaUYEHUS IEPEMEHHOM:

siu( k-x2 + b-X_) substitute , k = a-x)' — sin( a-x4 + b-X_)

Uro0b1 ananuTH4ecKu IpoaupHepeHIpoBaTh BEIPAKEHUE 110 HEKOTOPOH TIEPEMEHHOM,
BBIJICJIUTE B HEM 3Ty IIEPEMEHHYIO0 U BbIOepuTe komanay Symbolics » Variable »

«* Mathcad - [Untitled:1]

@ File Edit Yiew Insert Format Tools BN window  Help
O-=Ed & & v & Evaluate 4 = | 1750, W
Sirnplify
|Variables W |Times Mew Roman u x*
Expand

Factor
Collect

Polynomial Coefficients

atrix 4

. ( 2 ) Transform 4
sinlkex” + b Inteqrate

Ewaluation Style, ..

Expand to Series...

Convert ko Partial Fraction

cos(k-xz + b-x}-(}k-x—i— b)

Puc. 13. Tuddepenumponanue no nepeMeHHOM

B pesynbrare B cienyronieil cTpoke 3a BBIPAXKEHHEM IOSIBUTCS 3HAYEHHE €€ MPOU3BOIHOM.
Jl1st Toro 4ToOBl HAWTH BTOPYIO MPOU3BOAHYIO, IOBTOPHO MPUMEHHUTE 3Ty MOCIEI0BATEILHOCTD
JeMcTBUHM, HO YK€ K MOJy4YeHHOMY pe3yibTarty auddepenunpoBanus. Tak ke Haxoasrcs U
IIPOU3BO/IHBIE BBICIINX MOPSIIKOB.

J11 BEIUMCIIEHNS HEOIIPEIETIEHHOTO HHTErpajia OT HEKOTOPOT'O BHIPAYKEHUS 110 ONPEEIIEHHON
MIEPEMEHHOI BbIIETUTE B BHIPAKEHUU [IEPEMEHHYIO U BRINOIHUTE KoMaH 1y Symbolics > Variable
> Integrate (CumBonmuka > Ilepemennas > WurerpupoBats) (puc. 14). BeruucienHoe
AQHAIUTUYECKOE MPe/ICTaBICHHE HEONPEeIEHHOTO NHTErpaja MOsSBUTCS HIDKE.
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Puc. 14. NnrerpupoBanue (Integrate) mo nepeMeHHON

C mnomoubio CHMBOJIBHOTO TIPOLIECCOpPa MOXHO BBIUMCINTh AHAJIUTUYECKH 3HAUYEHUE
NEPEMEHHOM, ITPH KOTOPOM BBIpaXKeHHE 00pamiaercs: B HOJb. J{iist aToro:

o Bsegute BoIpaxkeHue.

e Brigenure mnepeMEHHYI0, OTHOCHUTEIBHO KOTOpOM Oyler pemarbcsi ypaBHEHHE,
PUPABHUBAIOIIIEE BBIPAKECHHUE K HYIIIO.

e Bribepure B mento Symbolics (CumBonnka) myHkT Variable > Solve (Ilepemennas >
Pemmts) (puc. 19).
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Puc.19. CumBosbHOE penieHre ypaBHEHUS

C mnomoIpl0 CHUMBOJBHOrO mpoueccopa Mathcad BO3MOXXHO MOJYyYUTHh pa3IOKEHUE
BbIpaxkeHUs B psj Teinopa o mo00ii mepeMeHHoi X B Touke X=0, T. €. IpeCTaBUTh BhIpa)KEHNE
B OKPECTHOCTH TOYKH X CYMMOMW BUA aotaix+ax* +asx’ +...

3n1ech ai— HEKOTopble KO3((PUIIMEHTHI, HE 3aBHUCALINE OT X, HO, BO3MOXKHO, SIBJISIFOIIMECS
(GYHKIMSAMU IPYTHX MIEPEMEHHBIX, BXOJSIIUX B HCXOHOE BBIpAKEHHE.

UtoOb1 paznoxuth Beipakenue B psan (Expand to Series):

e Bsenure BoIpaxkcHHE.

e Brigenure 3HaUeHNE IEPEMEHHOM, TT0 KOTOPOU TPeOYeTCs MOTYUUTh Pa3IOKEHHUE B PA/I.

o Brmonnute kxomanay Symbolics > Variable » Expand to Series (CumBonuka »>
[Tepemennas » Paznoxuts B psna) (puc. 15).

o B nosBuBmemcs auaaoroBom okHe (puc 16) BBeAHTE jKeIaeMblid MOPSIOK alllIPOKCUMAILIUN
(Order of Approximation) n Haxkmute kHonky OK.



He 3a0mnIBaiiTe, 4TO pasznoxeHnue CTPOUTCS TOIBKO B Touke X=0. UTOOBI MOTYyUUTh pPa3I0KEHNE
B IPYrOi TOYKE X=a, MOKHO, K IIpPUMEPY, ITOACTABUTH BMECTO IIEPEMEHHON X 3HAYECHHE X-a.
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Puc. 15. [loaroroBka Belpaske€HUs U1 PA3JI0KEHMSI B PAJ 10 IEPEMEHHOM X

Expand to Series

Order of Approximation: > 0

[ [1]4 l [ Cancel ]

Puc. 16. Paznoxenue B psin Teitnopa

siu( k-X)‘ + bx)

-1 -1 (1 12 6
b-x+ k-X)‘ + —-b3-X3 + —-k-bz-x4 + —-b'q - —-kz-b ‘-Xs + O(Xﬁ}
6 2 L 120 2

Puc. 17. PesynbraT paznoxxenus B psia Teitnopa

i pa3nokeHust B psiji albTEPHATUBHBIM CIIOCOOOM, C MOMOIIBIO OepaTopa CUMBOJIBHOTO
BbIBOJIa, HCIIOJIb3YWTE KIIOYEBOE CJIOBO Series, BCTaBisisl €ro OJHOMMEHHON KHOIKOMN
na"enu Symbolic (CumBomnuka). ITocie xitoueBoro cioBa series, uepes 3amsTyro, yKa3bIBaeTcs
UMsl TIEPEMEHHOH, MO KOTOpPOM MPOM3BOAUTCSA pAa3OKEHHE, U MOPAJOK aNIpOKCUMaluU
(muctunru 13. u 14.). CpaBHeHue (QyHKIMM U €€ Pa3IoKEHHH B pAIbl C Pa3HBIMH MOPSIKaMU
annpokcuManuu (st k=b=i) wimoctpupyercs puc 18. BunHo, 4To pasnoxkeHue B psiJi XOPOIIO
paboTaeT B OKpecTHOCTHM TOukd X=0, a O Mepe yJajleHUs OT Hee BCE CHUJIbHEEe M CHIIbHEe
OTIIMYAeTCs OT (PYHKIIHH.

JIncrunr 13. PaznokeHue BBIPAKEHUS B PsIZL ¢ Pa3HBIM NOPSAIKOM allPOKCUMALIVN:

sin(k-x2+b-x) geries , x,2 — bx
gin kx +b- X) series,x,3 —)b-x+k-x2

(
sm(kx +b-x) series,x,4 —)b-x+k-x2+_?1-b3-x3
(ke

-1 -1
sinlk-x" + b- X) series,X,5 —b-x+ k-x2 + —-b3-x3 + —-k-bz-x4
6

FA



Jluctunr 14.Pa3znoxeHnne BoIpaKE€HUS B Pl 110 Pa3HBIM MEPEMEHHBIM:

sin(k-:nc2 + b x) geries,k,3 — sin(b-x) + cos(b- x)-xz- k+ _Tl-sin(b-x}-xq- k2

-

siu(klxz + b‘x) series,b,3 — sin(k-xz) + cos(k-xz)qclb + _Tl-sin[le Xz)-xz

-

b2

CumBonbHBIH mpouieccop Mathcad mo3BonsieT OCyIIECTBIATH TPU BUJA HHTETPAIbHBIX
npeoOpazoBanuii pyHkuuii — npeodpazoanne Dypoe, Jlammaca u Z-nmpeodpazoanue. Hapsay ¢
IPSIMBIMU IPEOOPA30BAHUSIMU, UMEETCS BO3MOKHOCTh COBEpPIIATH JIF000E U3 ITUX TPEX 00paTHBIX
npeoOpazoBanuid, T. €. F (w) > f (x).

BeimonHsAoTCS BCE CHMBOJIBHBIE HMHTErpajibHble IMPEOOpa3oBaHMsl aHAJIOTHYHO YyiKe
paccMOTpeHHBIM omnepanusaM. Jljis BBIYUCIEHHUS MPeoOpa3oBaHUs BBIPAKEHUS BBIICIACTCS
IepeMEeHHas, M0 KOTOpOH OylIeT OCYyIeCTBIAThCS NpeoOpa3oBaHUE, U 3aTeM BbIOMpaeTcs
COOTBETCTBYIOIIUI MyHKT MeHI0. [Ipeobpa3oBaHus ¢ MPUMEHEHHEM OIepaTropa CHMBOJIBHOTO
BBIBOJIa HCIIOJIB3YIOTCSI C OJHHUM M3 COOTBETCTBYIOLIMX KJIFOYEBBIX CJIOB, BCJIEH 3a KOTOPBIM
TpeOyeTcsl yka3aTh UMs HYKHOM EpEMEHHOM.

IIpeoopasoBanue @ypne (Fourier)

[IpeobpazoBanne Dypre npeacrasiser GyHkuuio f (X) B BUIe HHTETpaja Mo rapMOHUYECKUM
(GyHKIMSIM, Ha3bIBAEMOT0 HHTETpaioM Pypbe:
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Laplace

n-A(m - 1) + :I-A(co + 1)

Inverse Laplace

Z
Inverse 2

Puc. 20. Pacuer ®ypbe-nipeodpa3oBaHust IPH MOMOIIU MEHIO
Ananutndeckuil pacuer npeodbpazoanus Oypre npu MOMOIIM MEHIO MMoKa3aH Ha puc. 20. B
JUCTHHre 15 mpuBeneHbl [Ba NpUMepa BBIUMCIEHMSI HpsiMOro mnpeoOpa3oBaHus Dypwse ¢
INPUMEHEHHEM KJIIo4eBoro ciiona fourier u omeparopa cuMBOJbHOTO BbIBoJA. Jluctunrom 16
WITIOCTpUpYyeTcs oOpaTHoe npeodpazoBanue ypbe 0 HON U3 QyHKIHIA Pe bl IyIero JUCTUHTA.
Jluctunr 5.15. Tlpsamoe npeoOpazoBanne Dypoe:

cos(x) fourier,x — 11:-;‘_\((0 - 1) + n-,ﬁ(&) + 1)
244 fourier,x — —2-1‘5-!}.(2,0)) + S-n-.f}.((ﬂ)
Jluctunr 5.16. O6patHoe nmpeodpa3oBaHue:

—2-11-5.(2,0)) + S-n-,r}.((x)) + 8-m-Dirac (m) imvfourier



IIpeoOpa3zoBanme Jlanuiaca (Laplace)

PaccunThiBaetcs npeobpazoBanue Jlamiaca coBepiieHHO aHanorudHo dypee-
npeoOpa3oBaHuIo (cM. npenpltynuii paszaen). [lpumepsl npeodpazosanus Jlamnaca npuseneHsl
B IMcTUHrE 17.

Jluctunr 17. IIpsamoe u oOpatHoe ipeoOpa3zoBanue Jlamnaca:

2 4
x2+4 laplace,x — 3 +—
8

+ — invlaplace,s — t2 +4

‘”u|lu
wo| =

Z-npeodpa3oBanue (7))
[Tpumep Z-nipeoOpa3oBaHusl IPUBEACH B JUCTUHIE 18.

Jluctunr 18. [Ipsmoe u o6patHOe Z-nipeoOpa3oBaHue:

2
2 -7z+5+4z
X + 4 #rang ,x 2 z——m—

(z- 1)

2

-Tz+ 5+ 4z . 2

z———————— invzirans .z >4+ 1
3
(z-1)

[Tpu mpoBeneHUN CHMBOJIBHBIX BBIUKCICHH C ONEPaTOPOM CHMBOJIBHOTO BBIBOJA (DyHKIIHUU
MOJIL30BaTeNs ¥ TIEPEMEHHEBIC, OlNpe/elicHHbIe paHee B JokyMeHTe Mathcad, BocipuHUMAarOTCs
CHMBOJILHBIM TPOIIECCOPOM KOPPEKTHO. TakuM 00pa3oM, UMEETCs] MOLTHBIHN anmapar BKIFOYCHUS
CHMBOJIBHBIX DPAacue€TOB B MPOrpaMMbl Mojb3oBarensd. l[lpumepbl npuMEeHEHHS (QYHKIUU
MOJIL30BaTENs IPUBEACHBI B TMCTUHTax 19 u 20.

CpaBHHUTE TOCJIEIHUE CTPOYKH ITUX JTUCTUHTOB. HecMoTps Ha WX HMAEHTUYHOCTH CJIE€Ba OT
3HaKa CHUMBOJIBHOTO BBIBOJA, IMOJYUYEHHBIE PE3YyJIbTaThl OTIMYAKOTCSA. JTO CBSA3aHO C TEM, UYTO B
muctunre 20 mpenBapuUTENbHO MEPEMEHHON X MpucBOeHO 3HaueHue 4. [1ockoibKy 3HauYeHUs
MEPEMEHHBIX BIIUSIIOT HA CHUMBOJIBHBIC BBIUMCIEHUSA, TO PE3YJbTAT YUYUTHIBAECT IOJCTAHOBKY
BMECTO X yucia 4.

Jluctunr 19. OyHKIMS M0IH30BATENS B CHMBOJIBHBIX BHIYUCICHUSIX:
. 21z
flk.x) = cos(kx)+4x

fik.x) substitute .k = \F( — CO8\ X

- . 2 2
f(k,x) series k.2 > 1+4x +—4x In(x) k
JIuctunr 20. 3Ha4yeHNs IEPEMEHHBIX BIMSIET HA PE3YJIbTAaT CUMBOJIBHBIX BEIYMCIICHHMN:

flk,x) = cos(kx) + _1_Xl—k

x=4
f(k.x) series k.2 — 65 —64-In(4)-k

HamporuB, mnpu ocylIecTBIEHMM CHMBOJBHBIX oOmepauuil uepe3 MeHio Symbolics
(CumBonvKa), CUMBOJIBHBIN Tpoleccop "He BUAMUT' HUYET0, KpOME BBIpAXKEHUS, B Ipejaenax



KOTOpPOT0 HAaXoJAATCs JUHUH BBoja. [loaToMy HU (DyHKUMHU MOJIB30BATENs], HU MPEIBAPUTEILHO
oTpesieNIeHHbIC 3HAUYCHUS KAKUX-JIN0O0 MEPEMEHHBIX HUKAK HE BIUSIOT HA BRIYUCIICHUS.

C nOMOIIBIO CUMBOJIBHOTO MPOLIECCOPA MOKHO PacCUUTATh YACIECHHOE 3HAYEHUE BBIPAKEHUS
(meiicTBUTENBHOE WM KOMILIEKCHOE). MIHOT1a TaKo# My Th MpencTaBiisieTcs 6ojee y1o00HbIM, 4eM
IMPUMEHEHHUE YHCICHHOTO Mpoleccopa (T. €. 3HaKa OObIYHOro paBeHCTBa). UToOBI paccuuTaTh
3HAYCHHE HEKOTOpOoro BhIpaxkeHus (puc. 21), BeiOepute komanay Symbolics > Evaluate >
Symbolically (CumBonuka » Beraucnuts » CumBOJIBHO), OO0 myHKT Symbolics » Evaluate »
Floating Point (CumBonuka > Beruncnuts » C maBatoiieid Toukoit). B mocneanem ciyyae Bam
Oynet npeioxeHo ¢ momoinbio quanora Floating Point Evaluation (Beraucnenus ¢ miaBaromeit
TOYKOM) 3a/1aTh TOYHOCTh BBIBOJA. B mTOre mpumeHeHus maHHBIX komaHj Mathcad 3amensier
CHUMBOJIBHBIE PE3YJIbTAThI, II€ 3TO BO3MOXHO, 3HAYEHUSIMU B BHJI€ YUCEJI C IJIABAIOIIECH TOYKOM.
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.78796280669659243929 = 0.788

Puc. 21. Briuucienue BblpakeHUsI € IJIaBarOIIEH TOUKON

Eme onun mynkr menio Symbolics > Evaluate > Complex (CumBonuka > Bwruucnuts >
KommuiekcHO) TI03BOJISIET IPEACTAaBUTH BRIpAXKEHUE B BHJIE a+b-i.

AHaJIOrMYHbIE TIO0 JEHCTBUIO KitoueBble ciioBa float u complex MOXXKHO HCIONIB30BaTh B
JTIOKyMeHTax, BBOAS ux ¢ nanenu Symbolic (CumBonuka). KintoueBoe cioBo float nmpumensiercs
BMECTE CO 3HAYEHHMEM TOYHOCTH BbIBOJA pe3yJibTaTa ¢ IuiaBatomied Toukoi (mctusr 21). C
MOMOIIBIO CJIOBa complex MOXKHO IPeoOpa30BbIBaTh BRIPAXKEHUS KaK B CUMBOJIbHOM BHUJIE, TaK U
C YYETOM 4YHCJICHHbIX 3HAYEHHUH, €CIi OHM ObUIM paHee MPUCBOEHbI NEPEMEHHBIM (HECKOJIBKO
IIPUMEPOB MPUBEJEHO B JTUCTUHTE 22).

JIncTunr 21. Beruncienne BoIpaXeHUs C MJIaBaOLIEH TOUKOM:

x=3 k=124
2k
cos(kx) +4-x~ ~ float,3 — 3.19
cos(kx) + 45> X float,10 —> 3.185927374
cos(kx) + 4-x float,20 — 3.1859273744412716730

JIncrunr 22. KoMmiekcHble mpeoOpa3oBaHus BBIPAKEHUS:

ez+21 complex — exp(z)-cos(2) + i-exp(z)-sin(2)

L83 complex — 1193.4523970930846183 + 1107.3477730509390980i

4.2:21
Xx:=1

3 .
4.x7 complex — —4-i

4-::3'1 complex — .62573786016092347604 — 3.9507533623805509048-1



