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O6wue cBegeHUs

Onnoi U3 oCHOBHBIX oOnactei mpumenenus [IK sBistoTcss MareMaTndeckue u
Hay4YHO-TEXHUYECKHUE pacyeThl. CIIOXKHbBIE BHIUUCIUTENbHBIC 3a/1a41, BOSHUKAIOLIWE
MIPU MOJIETMPOBAHUN TEXHHUUECKUX YCTPONCTB U MPOIECCOB, MOXKHO PazOUTh HA Pl
JNIEMEHTAPHBIX:  BBIUUCICHUE HHTETPAJIOB, pEIICHWE YPAaBHEHMI, pEIICHUE
nuddepeHuanbHbIX ypaBHEHUH U T. 1T

MathCAD — 310 MomHas u B TO € BpeMs MPOCTasi YHUBEpCaNbHas cpeaa AJis
pEeNIeHNs 337a4 B Pa3INYHBIX OTPACISAX HAYKH U TEXHUKU, (PMHAHCOB U IKOHOMHUKH,
(U3UKU 1 aCTPOHOMUH, MATEMATUKH U CTATUCTUKH.

MathCAD octaeTcsi €TMHCTBEHHOM CHCTEMOMW, B KOTOPOW OINHCAHHE PEIICHUS
MaTEeMaTUYECKHX 3a/1a4 3a/1a€TCsI C TTOMOIIBIO MPUBBIYHBIX MATEMATHIESCKUX (OPMYIT
Y 3HAKOB.

MathCAD mo3BonsieT BBHINIONHATH KaK YHCJICHHBIE, TaK W AHAIUTUYECKHE
(CUMBOJIbHBIE) BBIYMCIEHHUS, IPH O3TOM TOYHOCTb, C KOTOPOH OTOOpaxkaercs
pe3ynbTar, 3aaeTcsi MOJb30BaTelIeM, UMEET Upe3BbIYatHO YJIOOHBIH MaTeMaTHKO-
OPUEHTHUPOBAHHBIN HHTEP(DEIC U MPEKPACHBIE CPEICTBA HAYIHON TPadUKH.

B cocrae MathCAD BXOAST HECKOIBKO WHTETPUPOBAHHBIX MEXKIY COOOM
KOMIIOHEHTOB:

— MOIIHBIA TEKCTOBBIM PENAKTOP, NO3BOJIAIOIUUNA BBOAUTH, DPEAAKTUPOBATH U

(dbopmMaTUpPOBATh KaK TEKCT, TAK U MATEMATHYECKUE BBIPAKEHUS;

— BBIYUCIUTEIbHBIA MPOLIECCOpP, YMEIOWIUI MNPOBOAUTH PAacHeThl MO BBEIACHHBIM

(dbopMynaM, UCTIOIBL3Ys BCTPOCHHBIE YHCICHHBIE METOIBL;

— CHMBOJIBHBIN MTPOLIECCOP, TO3BOJIAIONIUN MPOBOINUTH AHATUTHYECKUE BBIYMCIICHUS

U SABJISIIOIUNACS, (PaKTUYECKU, CUCTEMOUN UCKYCCTBEHHOTO UHTEILIEKTA;

— Habop 1mabJOHOB, KOTOPHIM YCKOPSICT BBOJI MCXOJHBIX JIAHHBIX U OOCCIICYMBACT
ya00HYIO ¥ 3 ()EKTUBHYIO CHCTEMY BBOJIA;
— OTPOMHOC XPaHWIHIIE CIPaBOYHOW WHGOPMAINH, KaK MaTCMAaTHYCCKOW, TaK U

HWHKEHEPHOU, 0()OPMIIEHHOHN B KQUECTBE NHTEPAKTUBHOU 3JIEKTPOHHOM KHUTH.

Jns ocBoeHHs OCHOBHBIX mpueMoB padotel B MathCAD Boeimonsstores 5
7abopaTopHBIX PaboT:

1. OcHoBsl padoTs ¢ MathCAD;

[locTpoenue rpadukos;
BekTopa u Matpu1ipl;
Pelienue ypaBHEHU;
CHUMBOJIbHBIC BBIYUCIICHUS.

JlabopaTopHbic pabOTHI paccUMTaHbl HA BBIOJIHCHUE B PyCUBUIIMPOBAHHOU
Bepcun mnporpammbl MathCAD 12, HO UX MOXHO BBINOJHATL U B 0Oojiee paHHHUX
BEPCUSX POTPAMMEBI.
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JIOKyMEHT COCTOMT M3 TpeX BUAOB oOjacTei: (OPMYJBHBIX, TEKCTOBBIX U
rpadpuuecknx. PacnomokeHre HETeKCTOBBIX OJIOKOB B JOKYMEHTE HUMEET
MPUHLIUIHATBHOE 3HAYCHHE. Obnactu MIPOCMATPUBAIOTCS CUCTEMOI,
WHTEPIPETUPYIOTCSA U UCTIONHAIOTCS. [Ipocmomp udem ciesa Hanpago u c8epxy 6HU3.

s 6600a mexkcmo6o2o KoMmenmapus Hy KHO BBIIOTHUTH KoManay Text Region
(TexcroBas 00macTh) M3 MYHKTAa MEHIO Insert WiaM HakaTh KJIABMILY C JIBOMHOM
KaBbIYKOH (), MM HaXaTh HA KHOIIKY TEKCTA HA MaHEIW UHCTPYMEHTOB. TeKcToBas
00JIaCTh CIYXKUT JJIs pa3MeIIeHUs TeKCTa MeX1y (popMynamMu U rpadrKamu.

[Tpu 5TOM B MecTe BBOJIa TIOSBJISAETCA KYpPCOp B BUJIE BEPTHUKAILHOTO IITPUXA, HA
MECTO KOTOPOTO BBOJIATCS CHMBOJIBI TeKCTa. BHYTpH TeKcTa Kypcop mepeMeniacTcs
KJIaBHIIIAMH TIepeMeITIeHusT Kypcopa. llepexon Ha HOBYIO CTPOKY TPOHU3BOIUTCS
HaxaTueM Ha kinaBuiry Enter. JIns okoHYaHWS BBOJA HYKHO IMIEKHYTH MBIIIBIO BHE
TEKCTOBOH OOIACTH.

s 8600a hopmynbt HY>KHO YCTAaHOBHUTH YKa3aTelIb MBIIIA B CBOOOTHOM MECTE

OKHa PEeJIaKTHPOBAHUS U IICIKHYTh JEBOW KHOMKON MBIIIH. [10SBUTCS BU3HP B BHJIC
KpacHOTo kpectuka. OH yKa3bIBaE€T MECTO, C KOTOPOTO HAYHHAETCS HA0Op GopMyIIEL.

Koncranrsl n NEPEMECHHDBIC

KoHcTaHTaMu Ha3bIBAIOTCS TIOMMEHOBAHHBIC OOBEKTHI, XPaHSAIIUE HEKOTOPHIE
3HAYCHHUS, KOTOPHIC HE MOTYT OBITh N3MEHEHBI.

B MathCAD npumeHsitoTcs AeCITHUYHbIE, BOCBMEPUYHBIE U HIECTHAALATEPUYHBIE
YUCJIOBbIE KOHCTAHThI. JlE€CATUYHBIE KOHCTAHTHI MOTYT OBITh IEJIOYUCICHHBIMU,
BCIIICCTBEHHBIMHU, 33JlaHHBIMH C (PUKCHPOBAHHON TOYKOW, M BEUICCTBEHHBIMH,
3aJIaHHBIMU B BHJIC€ MAHTHUCCHI M TIOPSI/IKA.

B MathCAD conepxutcsi 0coObIH BH KOHCTAHT - pa3MepHbie. [lomumMo cBoero
YUCJOBOTO 3HAYCHUS OHU XAPAKTEPUBYIOTCA €UI€ U yKa3aHUEM Ha TO, K Kakou
¢u3nuecKoi BeMUUHE OHU OTHOCSATCS. {151 3TOro ykaszaHusi UCIOJIB3YETCS CUMBOJ
ymHoxeHus. B cucreme MathCAD 3amaHpl  ClleyroIMe OCHOBHBIC — THIIBI
¢du3ndeckux BenuunH: time (Bpems), length (mmna), mass (macca) u charge (3apsin).
[Tpy HEOOXOIUMOCTH UX MOXKHO U3MEHUTD HA JIpyTHE.

[lepeMeHHbIE SIBIAIOTCS MOUMEHOBAHHBIMU OOBEKTAMHU, KOTOPHIM MPHUCBOCHO
HEKOTOPOE 3HAUEHHE, KOTOPOE MOXKET U3MEHATHCS MO XOAY BBITIOJHEHUS
1porpaMmbl. THII IIEPEMEHHON ONPEACISIETCS €€ 3HAYCHUEM; IIEPEMEHHBIE MOTYT
OBITH YUCJIOBBIMH, CTPOKOBBIMH, CHUMBOJIBHBIMH H T. 1. VMeHa KOHCTaHT,
MEPEMEHHBIX 1 MHBIX 0OBEKTOB HA3BIBAIOT UJICHTU(HHKATOPAMM.

Nmsa nepemenHoi Ha3biBaeTca uuaeHTuPukaropoM. MathCAD pasznuyaer B
uJcHTU(UKATOpaX CHUMBOJIBI BEPXHET0 M HUkHero peructpoB. Hampumep: ABC u
AbC nMeHa pa3HbIX ICPCMCHHBIX.

Unentuduraropsr MathCAD n10mkHBI HAaUMHATBCS ¢ OYKBBI U MOTYT COJICPXKATh
CJIeIYIOLIUE CUMBOJIBI:



— JIaTUHCKHE OYKBBI JTFOOOTO PETUCTDA;

— apabckue mudpsr ot 0 10 9;

— CHUMBOJ nojguepkuBanus (), CMMBOJ IpotieHT (%) u cuMBoII (.);

— OyKBBI Tpeueckoro andaBura (HabuparoTcs ¢ ucnoibzoBanueM kiasuiy Ctrl wim
MPUMEHSETCA MaTUTpa rPEeYeCKuX OYKB).

Onpenesenue nepeMeHHbIX

[lepemeHHBIE TOJDKHBI OBITH IPEABAPUTEIHLHO OMPEACICHBI TIOIB30BATENICM, T. €.
UM HEOOXOAUMO XOTSI OBl OJJHAX/IBI MPUCBOUTH 3HaueHWe. B kadyecTBe omeparopa
MPUCBAWBAHKUS WCIOIB3YETCSA 3HAK =, TOTJIa KaK 3HAK = OTBEJICH /IS BBIBOJA
3HAUEHHUS KOHCTAHTHI WIH TepeMeHHOU. [TombITka HUCIONb30BaTh HEONPEICICHHYIO
MEPEMEHHYIO BEJIET K BEIBOAY COOOMIEHNs 00 omHOKe.

B MathCAD pa3znuuarot: nokanbHbIE U rI100aJbHbIE TIEPEMCHHEBIE.

JlokanpHBIE TTIEPEMEHHBIE BBOJIATCS:

Nma_nepemMeHHON : BbipaxeHue

Ha s>kpane:

Nma_nepemeHHON := BblpaxeHue
['noGanbHbBIE IEPEMEHHBIEC BBOSITCS:
Nms_nepemeHHON ~ BblpaxeHue

Ha skpane:

Nms_nepemeHHON = BbipaxeHue

Ecnu mepeMeHHOI npuCcBavBaeTCAd Ha4aJlbHOE 3HAYEHHUE C MOMOIIBIO Oreparopa
=, Takoe TMpPHUCBAMBAHHE HA3bIBAETCSA JOKaIbHBIM. Jlo 3TOro mnpucBauBaHus
MepeMeHHas He ONpeJiesieHa U €€ Helb3s ucnonb3oBaTh. MathCAD uutaeT pabouuit
JOKYMEHT CJIeBa HANpaBO U CBEpPXYy BHHU3, MO3TOMY ONPEIEIUB MEPEMEHHYIO, €€
MOYHO HUCIIOJIb30BaTh B BBIUHMCIICHUSIX BE3JI€ IIPaBEC U HUXKE PABCHCTBA, B KOTOPOM
oHa ompeneicHa. OJHAKO ¢ MOMOINBI0 3HAKA = (TPU TOPU3OHTAIBHBIC YCPTOUKH)
MOXHO OOECIMEUNTh TJI00ATBHOE MPUCBAUBAHUE, T. €. OHO MOXKET MPOU3BOAUTHCA B
mo0oM MecTe JokymeHTa. K mpumepy, eciiv nepeMeHHON MPUCBOCHO TaKUM 00pazoM
3HAYCHHUC B CAMOM KOHIIC JIOKYMCHTA, TO OHa OyJeT MMCETh 3TO K€ 3HAYCHHUC H B

Ha4daJIC JOKYMCHTA.

Hanpumep:
Bgox ¢ knaBuatypsl  Bua Ha skpane
local:137 local := 137 JIOKaJIbHOE OIPEICIICHHIE [IEPEMCHHOM local;
global~987.23 global = 987.23 1yI06aIbHOE OIPEACICHUE IIEPEMCHHOMN

global.



ITlepeMeHHBIE MOTYT HCIIOJIB30BAaThCSA B MAaTEMATHYCCKUX BBIPAXKCHHSX, OBITH
aprymMeHTaMu (YHKITUH HIIH OIepaHI0M OIepaTopoB.

IlepemeHHbIE MOTYT OBITh W Pa3MEPHBIMH, T. €. XapaKTEPHU30BaThCS HE TOJIBKO
CBOHMM 3HAYEHUEM, HO W yKa3aHHEM (U3HUYCCKON BETHYMHBI, 3HAUYCHUE KOTOPOH OHU
xpaHaAT. [IpoBefeHHE pacyeToB ¢ pasMEpPHBIMH BEIMYHHAMH M TEPEMEHHBIMU
0COOEHHO YZI00HO TIPH PEIICHUH PAa3TUIHbIX (DH3NYECKUX 3a71a4.

IIpenonpenesieHHbIC IepeMEHHbIE

[Ipenonpenenennble  (CUCTEMHBIE) TIEPEMEHHBIE — OCOOBIE TEPEMEHHBIE,
KOTOPBIM M3HAYAJILHO CUCTEMOW MPUCBOECHB! HAYAIbHbIE 3HAUEHHUS.

Ilepemennas Bgon Haznauenue 3HaueHue
10 YMOJTYAHUIO

T Ctrl + Shift+p | Yucio n 3.14159

e e OcHOBaHUE HATYPAIBHOTO 2.718
Jorapudma

0 Ctrl + Shift + z | Cucremnast 06CKOHEUYHOCTh 10°

1 1M | 11w 1 MHuuMmas equHHUIA
% [Tponent 0.01
TOL IlorpemHoCTs 4YUCIECHHBIX 0.001
METOJI0B
ORIGIN HwxHss rpaHULA 0

WHJIEKCAllUU MacCHUBOB

Oneparopsl

Onepamopebl - BIEMEHTBHI $3bIKA, C [OMOLIBIO KOTOPBIX MOHO CO31aBaTh
MareMaTHYecKue BblpakeHHd. K HHMM, Hanpumep, OTHOCSTCS  CHMBOJIBI
apu(PMETUYECKUX M  JIOTHYECKHUX  Onepaluii, 3HaKh BBIYHUCIEHUS  CYMM,
MTPOU3BEACHUM, TPOU3BOIHON U MHTETpAja U T. [I.

Omneparopbl, 0003HAYAIOLIME OCHOBHBIC apU(PMETUUECKHUE JICHCTBUS, BBOISTCS C
nanenu Calculator (Kanbkynsrop, Apudmernxa).

BreluncnuTenbHble onepaTopbl BCTABISIOTCA B TOKYMEHTHI TP MOMOIIM MaHENH
uHctpymeHToB Calculus (Matananus). [Ipu HaxaTuu J1F000N M3 KHOIIOK B JOKYMEHTE
MOSIBISETCA CUMBOJI COOTBETCTBYIOIIETO MAaTeMaTHUYECKOro ASUCTBUS, CHAOXKEHHBIH
HECKOJIbKUMU MECTO3aIIOIHUTEIISIMH. KonunuectBo U pacIoIOKEHNE
MECTO3aIIOJIHUTENICH OIIPEACIIICTCS TUIIOM OIIEPATOpPa U B TOYHOCTH COOTBETCTBYET
UX OOILETPUHATON MaTEMATUUECKOM 3aMUCH.
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Pesynbrarom neficTBUS JOTHYECKWX, WM OYJEBBIX, OINEPATOPOB SBISIOTCS
TONBKO uyMciaa 1 (eclid JOrMYecKoe BBIPAKEHHE, 3allMCAHHOE C HMX MOMOIIbIO,

UCTUHHO) Ui 0 (eclu TOrMYEeCKOE BhIPAXKEHUE JI0KHO).

BreruncnurensHbie

(Berancnenus):
— UYucnennsiii BeiBoA (Evaluate Numerically) =

OIIEPATOPBI

CTPYIIIUPOBAHEBL Ha IMaHeJIn

— CumBoswHbIN (aHanuTHueckuil) BIBO (Evaluate Symbolically) —
— TlpucsauBanue (Definition) :=

— T'mo6ansHoe npucBanBanue (Global Definition) =.

Omneparop Knauiia Haznauenune oneparopa
X:=Y X:Y JlokanpHOE nprucBanBanue X 3HaueHus Y
X=Y X~Y ['mo6ansHOE MprcBanBanue X 3HaUeHUs Y
X= X= BriBoj 3Hauenus X
X+7Y X+Y Cnoxenue Xc Y
X-Y X-Y Bpruutanue u3 X 3HaueHus Y
X-Y X*Y YmHoxenue X Ha ¥
X X/Z Henenue X Ha Z
VA
X=+Y Ctrl +/ Jluneiinoe neneHue
.2 Ctrl + Shift + + | 1poOs (cMmerianHbIN HOMED)
C
z" zNw Bo3BezieHne z B CTENEHDb W
z z ) Brruncienrue kBagpaTHOTO KOPHSA U3 Z
n! n! Brruncnenue ¢gakropuana
B, B[n BBojg nmxxHero unaekca n
Apm Aln,m BBoa ABOMHOrO HIMKHETO MHAEKCA
AT ACtrl+6 n Broa BepxHero unaekca (151 BEKTOPOB)

Pan:xupoBaHHbIe (IUCKPETHBIE) NTEPEMEHHBIE

Evaluation

PanxmpoBaHHas nepeMeHHas — NEpPEeMEHHasi, KoTopasi MPUHUMAET P 3HAYCHUH
P KaXOM €€ UCIOIb30BAHUU.

Jns onpeneneHus paHXKHUPOBAHHOM MEPEMEHHON OOILIEro BUAA HCIOJIB3YETCS
BBIPAKECHHUE:

MMH_HepeMeHHOVI ‘= Ha4anbHOe_3Ha4eHWue, Ha4anbHOEe_3Ha4deHue + War ..
KOHEe4YHOEe_3Ha4YeHue.

Ecmm mar paBen 1, Torna pamXMpOBaHHYIO TEPEMEHHYIO MOXHO 3a]1aBaTh
CICAYIOMUM 00pa3oMm:

MMﬂ_ﬂepeMeHHOVI .= Ha4vanbHOEe__3Ha4eHne.. KoHe4YHOoe 3Ha4eHne.

11















3apaHuna K nabopatopHom pabote 1

3amanue Ne 1

BrruucianTs 3HaueHHE aprPMETHISCKOTO BBIPAKCHHUS

BapuanTt Bripaxxenue BapuanTt Bripaxxenue
1 1 E + ! 2 11 +2 1
4 9 7 5
; 34 ) 5.4
4 5 7 21
5 1 + el 6 2. 2.4
3 12 6
7 4 2.5 8 E + !
5 11 3
9 1 +2 ! 10 5 2
5 9 3 17
11 8 L7 12 1 +4 1
2 14 5 2
35 9
15 2 1.8 16 2 + 8
9 39
3ananue Ne 2
Bbryncnuth 3HaueHHE apu(PMETHUECKOTO BBIPAXKEHUS:
Bap Bripaxxenue Bap Bripaxxenune
WaH WaH
T T

l+O.1+i + l+O.1—i -2.52
6 15) \6 15

2
(0.5—1+0.25 —1)+(o.25—1) ’
3 5

6) 13

1

3§+2.5 4.6-2—-

1

0.05

3501 +5.7

-

25— 46+2-
3 3

1 l—0.125
7

0.4+8-(5—O.8'Zj—5+21

2 90

17~8—(8.9—2.6+2) -3.4g
8 3 5
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3 . 301
(5+0'425_O'005)70'1 6,75, 31094195548 35442402
5 — + S-003 3 2. 3715
L3t 232 62 '
305+ +33 263 220.16 0511 +41
75 20
1 (17 1
1=+ -1 +0.6—-0.005| [-1.7 1 2 2
[5 [40 D ATHTS (4.5-1—6.75)- 14022403096
7 133 + S 025 g 3 3 .1
e 33+4= 1 113,52 3
35-03+5--- |+25  [02-" |16
6 3 30 / (3 3 8) 3 ( 40}
3) 3 (0216
1.88+2— |- = +0.56 |+0.5
[ 25} 16 (0.15 j 012823 240,86 (12?—5} 3.6
+32+
1326 : 2+0.06,
O | 065220 (750043, 2 45| 10 5 2
189 415 L12+08  0.505--0.002
0.125+025+1 2 +2.5 (3.4—1.275)&
16 17 7 12.5
I f0-22+23) 046116 20 )00 12 1
(10-22+23)0. ' -[l+6j 575+~
1885 17 2
1 1 23
3.75+1-+|1.5+3° S
0.3275- [215+4j 122 20,07 2 [ j [7 29) 147
13 88 33 9 14 1 1
- N 2:3- 4313+ 2220
(13-0.416)+6.05+1.92 s (4 j [18 36j
4625-12.2 1.2 425:125:675] 1> 7 11 .1 31,3
18 26) 4 64 G IR, Lk, T 1§ A A B
s |7 6 2 %1824 32 P2 e
1037501254 2= |- +(0.358-1.4796:1 19 (13 13 5) .2 14
2 6 12 Pl it ot il L Dot
84 \742 "28 24) 27 39

3aganne Ne 3

Boruuciuth 3Ha4YcHNEC apruMETHUYCCKOTO BRIPAKCHUA. Pe3ynbpTaT BBIBEIUTE C 6

3HAKaMH I10CJIE 3aIIATOMH.

Bapwuant | 3HaueHus Bripaxeunue
IICPEMCHHBIX
x =3.981 \/c+x2-(coss(x)—c)+51/sinx+lny
1 y=1.625 h=
c=0.512 ¢ty
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x=-6.251
a=0.827
z=25.001

3 X

X" +z 5 : o
b:27+fgx —+sinx —a +—
cos“x +1 3y

x=23.251
y=23.325
z=0.466

= Sznz+cos2x+m

2x° +1gx

x=0.622
y=23.325
z=15.541

_(cosx—siny)’

J1g(z)

+ll/l2(x-y-z)

x=17421
b=10.365
z=10.828

L+sin’ x ,  Inx+b
=5 tcosTx+ J
z X

k

X =2.444
3 =0.869
z=-0.166

2 1 \ 1+ sin’ x

" _ea+3‘_ a’

x=0.335
y=0.025
z=32.005

3x .2
zZ —SIn
f=yx”+ ‘x‘+ey — (y)

y+z7(e")

x=3.258
r=4.005
z=-0.666

* 3
e —2 . o +1
pP= + Sll’12)c5 _

z+3 cos2(r—2)+1

x=10.100
y=-8.750
z=10.765

3
y{(lw)-m_y;x]

10

x=1.542
a=23.261
z=8.005

X 1 .
r="—+—-sin’ z—In[2x
e

11

k=1.426
a=-1.220
p =3.500

kS

a—p k> —1

12

x=-4.500
y=0.750
z=0.845

b= ~3-tg y-In(x* + 2)
e’ +1

13

a=3.741
x=0.825
z=15.160

ia + sinz—tg2x
5+a3 ex

v:tg

14

x=0.400
a=2.875
f=-0.475

.2

sin“ x+1 3 o\
= tcos"x+e ;
* cos” a

d
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t=0.750

_0845 ma+t (am) e
15 Zl; 2"5 / era —lnt‘
x=-15.24 a
16 a=15.642 U= (1+x ) X+ 3
bh=20.001 2x +5 b *COS X

3amnanue Ne 4

OHpGI[CJII/ITB PAaHXKUPOBAHHLBIC TICPCMCHHLBIC X, Y, U Z, TIOKAa3aTh UX 3HAUCHUA B

TabJIuIax BHIBOIA.

OHpeI[eHI/ITB 10 3aaaHHOMY BBIPAXXCHHUIO (I)YHKI_II/IIO IIOJAB30BaTCIIsA, BBIYMCIIMTDH
3Ha4YCHUA (1)YHKI_II/II/I A ICPCMCHHBIX X, ¥, U Z U II0KA34aTh UX B Ta6J'II/ILIe BbIBOJA.

Bapuant PamxupoBanHas nepeMeHHas BrIpaxenne

x=3,3.9.5

1 y=35,4.6.1 2% —=9x% +1
z=5.10
x=44.9.6

2 y=3,14.-2 5y —x2 43
z=06.11
x=15,59.7

3 y=-7,-8.6..-13 x> —10x+2
z=7.12
Xx=6,609.8

4 y=8,7.4.4 x* —4sin(x)
z=-8..-4
x=7,79.9

5 y=873.5 cos2x —0.4x° +1
z=9.15
x=28§,8.9..10

6 y=9,7.8.5 (x+1)3+x—2
z=10..15
x=23,3.5..6 1

7 y=26,53.2 ln(j_4
z=6..10 X
x=5,56.8

8 y=4,23.0 2-x—sinx
z=238..13
x=3,3.5.8 1

9 y=9,75..-4 — =3
z=-9.4 X
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x=2,25.7

10 y=8,6.5.1 cos(— x)-sin(xj
2=6.12 100 10
x=28,8.3..10 )

11 y=10,7.5..3 Sil’l( j—4
z=1.5 X+25
x=7,75.9.5

12 y=9,8.8..6 2 =3x+10
z=22.27
x=28,8.9..10

13 y=2,1.8..-0.2 Caxro12
z=-1..5
x=2,25..6

14 y=10,6.8..1 x> —2cos(x)
z=-3..5
x =38, 8.5..10

15 y=643.1 (x-0.5) +1.5x
z=10..25
x=1,15.5

16 y=8,6.8..1 x* —2sin(x)
z=-2.4

3aganne Ne 5

Onpenenuts QyHxnuwo f(X), BEIUUCIUTHL €€ 3HAUeHUEe NpHU X = 2,9 U MOCTPOUTH
Tabnuiry 3Hauennid pyakuuu nis X [2; 12] ¢ marom 1. Iloctpouts rpaduk GyHKIINN.

Bap Bap
HaH DOyHKIUA HaH OyHKIMSA
T T
8(x—1)
1 2 2(x+2)
(x+2)2 (2x+4)e
5 3
3 > 4 P
x +3 x +3
3
-2 4
5 X 73x > 6 —(x+4)e
X
5 2
7 - g 8 (2 + lj
X +2 X
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2 2
9 xX+2 10 2); +1
x—1 X" +3
11 (x+1)e**? 12 (2x — 1)
2 2
13 x6x—2+9 14 5x
(X - 1) x> +3
3x-2
-x=3 S
15 (x+4)e 16 (x+1)

3apanue Ne 6

Ha onHoMm rpaduke nmoctpoiite rpaduxy GyHKIIHIA:
1. sinx

2. sin 2x
3. 2sinX
4. sin X’

KoHTponbHble BONpOCHI

1. Ha3oBuTe ocHOBHEBIE 351IeMeHTHI HHTEpdeiica nporpammsl MathCAD.
2. C moMOUIBI0 KAKOT0 OMEPaTOpa MOKHO BHIYUCIUTh BhIpakeHue?

3. Ha3oBuTte npasuiia 3anuMcy UMEH NEPEMEHHBIX.

4. Kak BCTaBUTBH TEKCTOBYIO 00s1acTh B ToKyMeHT MathCAD?

5.UeM otnuuaercs riao0alibHOE W JIOKaJIbHOE oOlpejeneHue mnepeMeHHbix? C
ITOMOIIBIO KAKUX ONEPAaTOPOB ONPENEIIAIOTCA?

6. Kak n3menuts popmar pesynbrara st BCero T0KymeHTa?
7. Kak n3meHuTs popMat pe3ynbprara Jjisl OTAEILHOTO BBIPAKEHUS?

8. Kakue cucremuble (mpeaomnpeneiieHHbie) nepeMeHHble Bam uzBecTHBI? Kak
y3HaTh UX 3HaueHHe? Kak U3MEHNTh X 3HAUeHUE?

9. Kakue Bunpl dynkunii B MathCAD Bam u3BecTHBI?
10. Kak BcTaBUTH BCTpOCHHYIO (yHKIHIO B AOKyMeHT MathCAD?
11. Kak co3naTth dyHKIINIO TOJIH30BATEISA?

12. Kak onpenennuts TUCKPETHBIE IEPEMEHHBIE C MPOU3BOJNBHBIM marom? Kakoi
mar o yMOJI4aHUIo?

13. Kak BbIBeCTH 3HA4YCHUSA JUCKPCTHOM IICPEMCHHOMN?

14. Kaxk moctpouts rpadux?
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Na6opaTtopHan pabota 2. MTOCTPOEHUE NPA®UKOB

O6wue cBegeHun

B MathCAD BcTpoeHO HECKOIBKO Pa3IMYHbBIX THIIOB rPa)uKOB, KOTOPHIE MOXKHO
pa3OuTh Ha ABE OOJBUIME TPYIIIHL.

Heymepusie epaghuru:

e X-Y (nekaprtoBslil) rpaduk (X-Y Plot);

e nonspHbi rpaduk (Polar Plot).

Tpexmepuvie epagpuxu:

¢ rpaduk TpexmepHoi moBepxHocTH (Surface Plot);

e rpaduk muaui yposHs (Contour Plot);

e TpexmepHas ructorpamma (3D Bar Plot);

e TpexMmepHoe MHOKecTBO Touek (3D Scatter Plot);

e BekTopHoe none (Vector Field Plot).

Jlenenue rpauKkoB Ha TUMBI HECKOJIBKO YCIOBHO, T. K., YIPABISSl YCTAHOBKAMHU
MHOTOYHUCJIEHHBIX MapaMeTpPOB, MOKHO CO3/1aBaTb KOMOMHAIIMU TUIIOB IpapuKoB, a
TaK)ke HOBBIE€ TUIIBI (HAIpUMEP, JBYMEpHasi TUCTOrpaMMa pacipeiesieHUs! SBIISeTCS
Pa3HOBHUIHOCTHIO MTpocTOro X-Y rpaduka).

Jlna moctpoenus rpauKoOB UCIOIb3YIOTCS abIoHbl. VX mepedeHb COaepKUTC
B koMmaHJe MeHI0 BcraBka—I'paduku. bonabmuHCTBO mapamMeTpoB rpaduyecKkoro
npoleccopa, HeOOXOAUMBIX ISl MOCTPOCHUS T'PaPHUKOB, MO YMOIYAHUIO 337aeTCs
apromMaTuyeckd. [loaToMy [ HayanbHOrO MOCTPOEHUS TOTO WM HHOTO BHJA
J0CTaTOYHO 3aAaTh Tl rpadguka. B nogmento Graph comepXurcs CIHUCOK U3 CEMH
OCHOBHBIX THIOB Irpa)uKOB.

X-Y Plot ['paduk B 1ekapTOBOM CHCTEME KOOPAUHAT

Polar Plot ['paduik B MOJSIPHBIX KOOpAMHATAX

Surfase Plot TpexmepHslii rpaduk

Contour Plot KonTtypHbIii rpadux TpeXMepHOI MOBEPXHOCTH

3D Scatter Plot I'papux B BuUme TOuek (Puryp) B TpexMepHOM
IIPOCTPAHCTBE

3D Bar Chart I'padpux s wu300pakeHUs B BHUJE COBOKYIHOCTH
CTOJIOMKOB B TPEXMEPHOM MTPOCTPAHCTBE (THCTOIpaMma)

Vector Field Plot I'paduk BEKTOPHOTO MOJIS HA MJIOCKOCTU

MathCAD  mnpexacraBisieT — TOJIB30BATCII0  pa3HOOOpasHBIC  CPElICTBA
dbopmaTtupoBanus rpaduka - U3MECHECHHE TONMIWHBI W I[IBETA JIMHWHA, BUJA OCEH
KOOPJIMHAT, KOOPJIMHATHBIE CETKH, TEKCTOBbIE KOMMEHTApUHU U Ap. IS TOTo YTOORI
W3MCHUTh BHJ[ H300paKCHMSI, HY)XHO IICIKHYTHh JBaXKIbl II0 IO Tpaduka H

YCTaHOBUTH TPEOyEMbIC ITAPAMETPBI B OKHAX HACTPOUKH.
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I'paduxu mr000r0 BHAA, Kak TIOObIE OOBEKTHI JTOKYMEHTA, MOXXHO BBIJCISTH,
3aHOCUTH B Oydep oOMena, BBI3BIBATH MX OTTYNa M NEPEHOCUTH B JII00O0OE HOBOE
MEeCTO JOKyMeHTa. X MOXHO M MPOCTO MEPETACKUBATh C MECTAa HA MECTO KypCOPOM
MBIIIIM, a TAK)KE PACTATUBATh 1O TOPU3OHTANIM, MO BEPTUKATU W IO JUATOHAIH,
LEIUISASACH 3a CICIHATIBHBIC MapKePhl BBIICIICHHBIX TpahMKOB KypCOPOM MBIIIIH.

Topsook deiicmsuii npu nocmpoenuu Bcex rpapukoB onuHakoB. [locie BriGopa
mabmoHa TmocTpoeHuss rpaduka B pabodeM JOKYMEHTE OTKPBIBACTCS TOJIe
nocTpoeHUsi rpadyka ¢ TMOMEUCHHBIMHU JUJIS BBOJA MO3UIHUAMH, KOTOPBIE HYXHO
3aMOJHUTH JIJIA ONpeJieTcHUs rpaduka.

Korma rpaduk omnpeneneH (3amoiHEHbl BCE MOMEUEHHBIE TO3UIUHU), TO IS
NOCTPOCHUS TpaduKa MPH ABTOMATHYECKOM pPEXKHUME BBIUYUCIECHUN JOCTATOYHO
HIETKHYTh MBIIIBIO BHE TOJS TpaduKa.

3anonHeHue mabioHa /I pa3HbIX TUIIOB Ipa)iKOB UMEET CBOM OCOOEHHOCTH.

MOXXHO HAYEepPTUTh HECKOIbKO KPUBbLX HA OOHOM W TOM ke udeprexe. UToOwI
IpeICTaBUTh IpauuecKd HECKOJIbKO BBIPAXKEHHH MO OCH OPAMHAT OTHOCHUTEIHHO
OJTHOTO BBIPAXKEHHA MO OCH aOCHHUCC, BBEAUTE MEPBOE BHIPAKEHHUE MO OCHU OPJMHAT,
CONPOBOXKAaeMoe 3ansAToil. HemocpencTBeHHO MOJ NMEPBbIM BBIPAXKEHUEM MOSBUTCA
mycToe noJjie. Beeaure Tyaa BTopoe BBIpaXkeHHE, COMPOBOXKIAEMOE IPYTroOH 3amsiToM,
YTOOBI MOJYYUTH MTyCTOE MOJIE, U T. JI.

YtoObl MOCTPOUTH HECKOJIBKO HE3aBUCHMBIX KPHUBBIX Ha OJHOM YEpPTexXe,
BBEIIUTE /IBa WM OOJee BBIPAKEHHUA, OTIEISIEMbIX 3aMAThIMU MO OCU adCIHCcC, U TO
Ke caMoe BbIpakeHHue 1o ocu opauHaT. MathCAD cornacyet BeIpaskeHHs MOMAPHO -
MEPBOE BBIPAXKEHUE IO OCH a0CITUCC C MEPBBIM BBIPAXKEHHEM 110 OCH OpAUHAT, BTOPOE
CO BTOPBIM H T. . 3aTEM pUCYyeTCs rpapuK KaKJI0H napsbl.

MosxHo noctpouts A0 16 QyHKIME MO OCH OPAMHAT B 3aBUCUMOCTH OT OJHOTO
aprymenTa no ocu adcuucc. OTHAKO €Clu JUTsl KaKJ0M KPUBOUW MCIIONB3YETCS CBOM
apryMeHT, TO MOKHO OTOOpa3uTh ToJIbKO 10 10 rpadukos.

TouHO Tak € MOXHO TMOCTPOUTH HECKOJIBKO Ipa)MKOB HAa OJHOM U TOM K€
4YepTeKEe B IMOJSIPHBIX KOOPAMHATAX, HUCIOJb3YS 3Ty XK€ TEXHOJIOIMIO 3aIllOJIHEHHS
mabmoHa rpaduka.

dopmaTupoBaHue rpagukoB

YToObl UBMEHUTHL hopmam epaghuxa, HEOOXOAUMO JBAXK]IBI IIEIKHYTh MbIIIBIO B
obnactu rpaduxa.

Ecim ctpouM rpaduk B JICKapTOBOW CHCTEME KOOPJWHAT, TO IIOSBHTCS
CIICYIONICE JIUAJIOTOBOC OKHO Uil opMaTtupoBaHusi rpaduka (pa3HbIC THUIIBI
rpaMKOB MUMEIT Pa3HbIM BHUJ JHUAIOTOBBIX OKOH, HO AHAJOTHYHYIO TE€XHOJOTUIO
dbopmaTHpOBaHUs).

dopmaTtupoBaHue ocu rpadruka MOKHO TaKXe MPOU3BECTH, BHIIIOJIHUB Ha HEH
JIBOMHOM ICITUOK.
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3t

x =
1 3
7 y=x"-1g(x) ;;l; Zzln(x+w/x2+y2)
Y=1.:
1+¢
: & o) )
cos(x) y=t-exp(-¢) y
B cos(x) —sin(x) x=3t+1 _ .
? ~ cos(x)+sin(x) y=t +2t == ln(x Yy )
10 = (1 +x° )arccos(x) x=t+expl-) _
r= y=2t+exp(—2t) 2=
t
)
1 y = arctg(x) 2 1 2= (1+1g(x))
")
12 y = sin(x)-arcsin(x) gy n(t ' \/7) z=2Y
y=tJt* +1 x—y
x -1 x = 6cos(z)-3cos(2¢) - .
13 Y= e » = 6sin{r)—3sin(2r) 2=l +57)
x=tVt* +1 .
14 y = x-cos(x)- In(x) [mm ] -5
y=In 71‘ X =y
x=2cos(t) s 4 33 4o
15 y—ln( exp(x)) » = 3sin(t) z=xy" —-x'y +x"y
_ 3 B
16 y = exp(x)-(tg(x)-x) x—1+lg(21+\/7) z=2 1=y
y =57 -1) 1+ /xp

3aganne Ne 2

OTo0pa3uTh rpad@uUecKud IMEPECCUCHUE ITOBEPXHOCTCH

2

I~

x+y)

Sl(x,y):= 0

u

x— .
f2(x,y) .'ZSCOS( 3y j Matpuubl mJIsE MOCTPOECHUS MOBEPXHOCTEHW 3a4aTh C

roMoIsro Gyakmuu CreateMesh.
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KoHTponbHbIe BONPOCHI

Kaxk nmoctpouts rpaduk?

Kak mocTpouTh HECKOIBKO TPA()UKOB B OJTHOM CUCTEME KOOPIUHAT?
Kax nocTpouTh nexapToBbiii rpaduk?

Kak otdopmatrpoBaTh TOCTPOSHHBIN rpaduk?

Kax nocTpouTts rpaduk KpuBoH, 3aJJaHHON MapaMeTpruyecKu?

Kax mocTpouts rpad)uk B OJISAPHOI CHCTEME KOOPAUHAT?

Kax nocTpouTts rpadux noBepXHOCTH?

N kWD =

Jns yero ucnonws3yrores pyaknun CreateMesh, CreateSpace?

Na6opaTopHasn padota 3. BEKTOPbl U MATPULIbI

O6wune cBegeHun

3anaun nuHeHHON anreOpsl, pemaemble B MathCAD, MOXHO YCITOBHO pa3jieiuTh
Ha JBa kinacca. [IepBblii - 3TO MPOCTEUIIME MATPUYHBIE ONIEPALIMU, KOTOPBIE CBOAATCA
K OIPEACICHHBIM apru(dMETHYECKUM JEeUCTBHSIM HajJ 3JeMeHTaMu Matpuilbl. OHH
peaqu30BaHbl B BHJAE OINEpPATOPOB M HECKOJIBKUX CHEUU(DUUECKUX (YHKLUH,
MpeAHa3HAYEHHBIX IS CO3JaHus, O0BEAUHEHHS, COPTUPOBKH, IMOJYYEHUS OCHOBHBIX
CBOMCTB Matpuil u T. A. BTopoil knacc - 3To Goyee CIOXKHBIE NEWUCTBHS, KOTOPHIC
peanu3yloT aITOPUTMBI  BBIYMCIUTENBHONW JIMHEWHOW anreOpbl, Takue Kak
BBIUMCIICHHE OIpeaenuTeNneil 1 oOpalleHne MaTpull, BBIUKCICHHE COOCTBEHHBIX
BEKTOPOB M COOCTBEHHBIX 3HAYEHUH, pELIEHUE CUCTEM JIMHEHHBIX aare0pandyeckux
YPaBHEHUU U PA3JIMYHBIE MATPUUHBIE PA3IOKECHMUS.

[Ipocreiimue onepanuu MaTpudHON anreOpsl peanu3oBanbl B MathCAD B Buae
OTIepaToOpoOB, MPUYEM WX 3aMUCh MAKCHUMAJbHO TPHUOIMKEHAa K MATeMaTHYECKOMY
3HaUeHU0. Kaxaplii oneparop BBIPAXKAETCS  COOTBETCTBYIOIIUM  CHMBOJIOM.
Hekoropeie onepauuMd NOpUMEHHMMBI TOJIBKO K KBaApPaTHbIM marpumaMm N x N,
HEKOTOpPbIE  JIOMYCKAlTCS TOJBKO i1  BEKTOPOB  (HAampuMEp, CKAJIAPHOE
MIPOU3BEICHUE), a JApPYyrHe, HECMOTPs Ha OJMHAKOBOE HAIUCaHUE, MO-Pa3HOMY
JNENUCTBYIOT HA BEKTOPBI 1 MATPHIIBI.

Co3nanune marpun

HNmeeTcs aBa crocoba co3/1aTh MaTPHILY.

1-11 cnoco6. cnonp30BaHue KOMAHIBI CO3IaHNsI MAaCCUBOB:
e Bocnosb3oBatbcsa koMaH 101 BectaBka — Marpuia;
e Haxartue kinasui Ctrl+M;

31












mean(M) - Bo3BpaIaer cpeaHee 3HaUCHHUE dIEMEHTOB MaccuBa M;
median(M) - Bo3BpaliaeT Me1uany 3JeMEeHTOB MaccuBa M;

eigenvals(M) - Bo3Bpamaer BEKTOp, DJJIEMEHTaAaMH KOTOPOIrO  SIBIAIOTCA
cobcTBeHHbIC 3HAUCHUs MaTpullbl M (M nmoimkHa OBITh KBaJIpaTHON MATPHUIICH. );
submatrix(M,ir,jr,ic,jc) - BO3BpalllaeT TMOJMACCUB, COCTOSIIIIUHA U3 BCEX

AIIEMEHTOB, KOTOPBIE COJIEPIKATCSA B CTPOKAX C ir MO jJr ¥ CTOAOLAX C iC MO j¢ MaccrBa
M.

CuMBoOJIbHBIE BLIYHCJIEHUS

Bce maTpuuHble M BEKTOpHBIE OMNEPATOPBI JOMYCTHUMO HCIOJB30BAaTh KAaK B
YUCJIEHHBIX, TaK W B CHMBOJIBHBIX pacyeTax. MOoIs CHMBOJIBHBIX OIEpAIIHii
3aKJIH0YAETCS B BO3MOXHOCTH IPOBOAUTH UX HE TOJBKO HaJl KOHKPETHBIMU YMCIIAMH,
HO U HAJl IEPEMEHHBIMHU.

®parment gokymeHnTa MathCAD:

a b c uv w a+u b+v c+w
+ —

d g Xy z d+x f+y g+z

a b c uv w a-u b-v c—-w
- —

d g Xy z d-x f-y g-z

a b ¢ a+k b+k c+k
+ k>
d f g d+k f+k g+k
3apaHunsa kK nabopaTtopHom pabote 3

1. BBectu B JOKyMEHT Ha3BaHHE JabOpaTOpHOU pabOThI, BapUaHT 3ajaHUs U
(baMuIHIo CTyICHTA
2. Cosnatb kBaapatHbie MaTpulbl A, B, D, pazmepom (5,5,4 cOOTBETCTBEHHO)
TICPBBIM CIIOCOOOM
3. HccrnenoBarh crenyrolmue CBOKWCTBA MaTpHIl Ha MpUMEpe MpeoOdpa3zoBaHUs
3a/1aHHBIX MACCUBOB:
® TPAHCIOHWPOBAHHAS MATPHUIIA CYMMBI JIBYX MaTpPHUIl paBHA CyMMC
TpaHCIOHMPOBAaHHBIX Matpull (A+B)'=A"+B";

® TPAHCIIOHUPOBAaHHAS MATPHULA IPOU3BEACHNUS ABYX MaTPUL] paBHA CYMME

IPOU3BC/ICHUIO TPAHCIIOHHUPOBAHHBIX MATPHIL, B3SITHIX B 00paTHOM MOPSIKE:
T_pTs AT

(A*B) =B *A";
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® [IpH TPAHCIIOHUPOBAHUU KBAJPATHON MATPHUIIBI OMPEACTUTEND HE
T
mensiercs : [D|=|D[;

® [IPOM3BEICHUE KBAJIPATHOW MATPHUILIbI HA COOTBETCTBYIOIIYIO €1
KBaJpaTHYIO JAeT AMHUYHYIO MAaTPUILY (3JIEMEHTHI INIABHOW AUAroHallu
€AMHUYHON MaTpullbl paBHHI 1, a Bce ocTanbHbie — () D*D"'=E.

4. [na matpun A,B naiitu oOpaTHbIC MaTPUIIBL.

5. Haiitu onpenenurenu marpuil A,B.

6. Jlns marpuiibl A yBENMYHMTH 3HAUYCHHS 31€MEHTOB B Ne pa3, rae Ne - HoMmep
BapHaHTA.

7. [dns matpuiibl B yBenInUnTh 3HaUEHHS 2JIEMEHTOB Ha Ne.

8. Cosznare BekTop C BTOPBIM CIOCOOOM, KOJIHYECTBO DJIEMEHTOB KOTOPOTO
paBHO 6.

9. Ilpumenuts k wmatpumam A, B, D BcTpoeHHbIE MaTpuyHbie (GYHKIIUN
(BCEBO3MOXKHBIE) U3 MPUBENCHHBIX B MyHKTE “DyHKIMM 1151 paboTsl.....”

10. [IpumenuTs K BekTOpy C BCTpOEHHBIE BEKTOPHbIE (hYHKIIUH.

11. [IpuMeHUTH KO BCEM MAaTpUIIaM U BEKTOPY OOIIME BCTPOEHHBIE (PYHKIMH.

12. CoxpaHUTh TOKYMEHT.

KoHTponbHble BONpPOCHI

1. Kaxk co3mate MaTpuily, BEKTOp - CTPOKY, BEKTOP - CTOJIOEIT?

2. Kakwue onepatops! ecTh st pabOThI C MATPUIIAMHU?

3. Ilepeuncnure KOMaHAbl NAHENH HHCTPYMEHTOB MaTpHLIbI.

4. Kak BCTaBUTb MaTpUYHbIE (PYHKIIUU?

5. Kax BBITIOJNHSTH BBIUMCIEHUS, €CIIM MAaTPULA 33/1aHa B CHUMBOJIbHOM BUJE?

Na6opaTopHas pa6oTa 4. PELUEHUE YPABHEHUW

O6wue cBeageHun

OrpoMHO€ KOJHMYECTBO 3a]a4 BBIYMCIMTEIBHOW MAaTEMAaTHKH CBA3AHO C
pELIEHUEM HETUMHEHHBIX alireOpanyeckuX YpaBHEHUH, a TaKKe CHCTEM TaKHUX
ypaBHeHUH. [lpu 3TOM HEOOXOAMMOCTH pELIEHUS HEJIWHEWHBIX YypaBHEHHM
BO3HUKACT 3a4acTyl0 Ha NPOMEKYTOUHBIX IIArax, NpU peaau3aluyd (PparMECHTOB
0oJiee CIOXKHBIX aAMrOPUTMOB (K TpUMEpYy, IpH pacydetax audepeHIMaNbHBIX
YpaBHEHUH MIPU MOMOILM Pa3HOCTHBIX CXEM U T. I1.).

YuciieHHOe pelieHue HeJIMHEeHHOr0 YpaBHEeHUs

ANTOpUTM MpUOJIMKEHHOTO pemenuss ypaBHeHus f(x)=0 coctour u3 nBYX
ATAIIOB:
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Oyukumuss  Polyroots(v) - Bo3BpamaeT KOpPHM MOJHMHOMA CTENEHU N
Kosddumuentsr nmonmaoma HaxomsTrcs B BekTope v jummHB n + 1. Bo3Bpammaer
BEKTOP JJIMHBI N, COCTOSAIIUN U3 KOPHEH MOJIUHOMA.

Mpumep 2. HaxoxaeHue kopHer NoanHOMa

0,75-X3 —8&X+5
[na co3ganus BekTopa V.
1. lNocTaBbTe KYpCOp Ha NEPEMEHHYIO X B BbIpaXXeHUN
5 0.75-)(3 —8X+5
-8 2. BoinonHute komangy Cumsonbl —
V= KoadppuumeHTbl nonnHoma
3. BeinonHute komanay lNpaska — Bbipe3atb
4. HanevaTanTe v:= 1 BbINOJSIHUTE KOMaHAy

NMpaBka —» BctaBuThH
—3.542

polyroot{v) = | 0.651
2.892

Pemenne cucrem ypaBHeHUH

Pewenue cucmem ypagrHeHu MampuyHvimM Memooom

PaccMoTpum crucTeMy n THHEHHBIX anreOpandecKuX YpaBHEHUU OTHOCUTEIBHO N
HEU3BECTHBIX X1, X, ..., Xy!

Ay X + AypXy +...+ay,x, =Dy,

a,X, +a,x, +..+a,x, =b,.

Cucrema TUHEHHBIX ypPaBHEHUI MOKET OBITH 3alicaHa B MATPUYHOM BU/IE:

Ax=b,
rae:
_ - X, i b,
a;p Ay ayy
X b
a a a 2 p)
21 2 2
A = " , X = , b =
_anl an2 ann i b
_xn J L7 _|
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3. BBenute ypaBHeHUs W HepaBeHCTBA B moboM nopsake. Ucmonp3yite [Ctrl]=
JUTSl TIeYaTH CUMBOJA =. MeXIy JeBBIMH M MPaBbIMH YaCTAMH HEPABEHCTB MOXKET
CTOSTE JIFOOOH U3 CUMBOJIOB <, >, > U <

4. Beeaute mr00oe  BbIpakeHHE, KoTopoe BKItouaeT ¢yHkuuo  Find,
Hanpumep: X:= Find(x, y).

KiroueBoe cnoBo Given, ypaBHEHHsI U HEPABEHCTBA, KOTOPHIE CAEAYIOT 32 HUM, H
Kakoe - JuOO BBIpaXeHue, coaepxkamiee (yHkuuio Find, Ha3pBalOT 0J0KOM
pelieHust ypaBHeHUH.

[Mpumep 5. PelueHne cuctembl ypaBHEHUN ¢ NOMOLLLID dhyHKkuKMK Find

xl:=0 x2:=0 x3:=0 x4:=0 HayanbHble NpubnmKkeHns

Given

x1 + 2x2 + 3x3 + 4x4 = 30

—x1+2x2—-3x3+4x4 =10
x2—-x3+x4=3
x1+x2+x3+x4=10

[u—

Find(x1,x2,x3,x4) =

AW

Oyukius Minner o4deHb noxoka Ha GyHKUHO Find (ACTIONB3yeT TOT Ke
anroput™m). Ecam B pe3ynpTaTe moucka HE MOKET OBITh MOJMYYEHO AalibHeiIiee
YTOYHEHHE TEKYyUIero npuOIIKEeHHs K pelleHuto, Minner BO3BpallaeT 3TO
npubaxenve. OyHkuus Find B 3TOM cilydae BO3BpallaeT cooOiieHre o0 ommoke.
[IpaBuna ucnonb3oBanust GyHKUUUA Minner Takue e, Kak 1 QyHKUMU Find.

®Oynkius Minerr(x1, x2, . . .) - Bo3BpamaeT npubIMKEHHOE PEIICHUE CHCTEMbI
ypaBHeHUU. YHCIIO apryMeHTOB IOJKHO OBITH PAaBHO YMCITY HEU3BECTHBIX.

CumesonbHoe peuteHue ypasHeHuu

HMeroTcst HEeKOTOphIC 3a1auu, st KOTOphIX Bo3MoskHOCTH MathCAD mo3Bositor
HaXOJUTh PEIICHUSI B CUMBOJLHOM (QHATUTHUYECKOM) BUJIE.

Pemienne ypaBHEHUH B CHMBOJIBHOM BHIE IMO3BOJAECT HAWTHU TOYHBIC WU
MPUOJIMKCHHBIC KOPHHA YPABHCHUS:

® CCJIM pelIaEMOE YPABHEHHUE UMEET MapaMeTp, TO PEIICHUE B CHMBOJIBHOM BUE
MOKET BBIPA3UTh HCKOMBIM KOPEHb HEMOCPEICTBEHHO uepe3 mapametp. [losromy
BMCCTO TOTO YTOOBI peliaTh YPaBHCHHE JIJIS KaXKJIOTO HOBOTO 3HAYCHHUS I1apaMeTpa,

MOZKHO IIPOCTO 3aMCHATH CI'0 3HAYUCHHUC B HEIIZ,ZICHHOM CHMMBOJIbHOM PCHICHHUH,
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¢ CCJIM HYKHO HAWTH BCE KOMILJICKCHbBIC KOPpHH IIOJIMHOMA CO CTCIICHBIO MCHBIIC
HUIIN paBHOﬁ 4, CHUMBOJIBHOC PCHICHUC JAaCT MX TOYHBLIC 3HAYCHHA B OJHOM BCKTOPC
HUJIKX B aHAJIMTHYCCKOM HJIN I_II/I(prBOM BHUIC.

Komanna Cumsoabl — IlepemenHble — BbIMMCJINTH NO3BOMSET PELIUTH
YPaBHEHHE OTHOCHUTEIIBHO HEKOTOPOM NMEPEMEHHOW U BBIPA3UTh €r0 KOPHU 4YEPE3
OCTaJIbHBIC TAPAMETPhl YPABHCHUS.

Umobul pewums ypasHeHue cumeoibHO, He0OX00UMO:

1. Hameyatath BbIpaxkeHue (/I8 BBOJIa 3HAKa PAaBEHCTBA HCIOJB3YHUTE
koMmOuHanuo kiaapum Ctrl + =);

2. Boinenuth nNepeMEeHHYI0, OTHOCUTEIBHO KOTOPOM HYKHO PEIIUTh YpaBHEHUE,
IICJIKHYB Ha HEW MBIIIbIO;

3. Beibpats mynkt MeHro CumMBodisl — [lepeMenHbie — BeraucinTs.

Her weobxommmocTu mpupaBHUBaTH BbIpakeHue Hymo. Ecam MathCAD wHe
HAXOJIUT 3HAKA PABEHCTBA, OH MPEATOJIaraeT, 4To TPeOyeTCs MPUPABHATH BRIPAKCHHE
HYJIIO.

Ymobvt pewums cucmemy YpasHeHUll 8 CUMBOJbHOM 6ude, HeoOX00UMO
BLINONIHUMb CedyIowee:

1. HaneuaTath kimrodeBoe ciioBo Given;

2. Hanevararb ypaBHEeHHUs B JI000OM TMoOpsiake Hmke cinoBa  Given.
Y aocToBepbTeCh, UTO IS BBOJA 3HaKa = ucnonb3yercs Ctrl + =;

3. Haneuarats pynknuio Find, cOOTBETCTBYIOIIYIO CUCTEME YPABHECHHI;

4. Haxars Ctrl + .(kmaBuma CTRL, compoBoxmaemasi toukoii). MathCAD
0TOOpa3UT CUMBOJIbHBIHN 3HAK PAaBEHCTBA —;

5. llenknyTh MbIIIBIO Ha pyHKIMM Find.

[Mpumep 6. PeleHne cuctembl ypaBHEHUN B CUMBOIBHOM BUAE

Given
X+ 2my=a

4x+y=b 2mb—a
-1+ 8m
—(—4-a+b)

-1+ 8m

Find(x,y) —
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3agaHuna K nabopaTtopHou pabote 4

3amanue Ne 1

[Toctpouts Tpadux ¢yakuu f(X) ¥ NpUOTH3UTENHHO ONPENCTUTH OJIWH U3
KopHel ypaBHeHus. Pemnth ypaBHenue f(x) = 0 ¢ mOMOIIbIO BCTPOCHHON (DYHKIIHH

MathCAD root.
BapuaHnT Jx) Bapuant )
e —x 0.25x> +x-2
1 2
xelo, 1] xelo,2]
1 >
X — 1-x
3 3+ sin(3.6x) 4 TR
xe[O,l] xe[z, 3]
5 arccos x—m ; 3x—4lnx-5
xel0,1] xe[2, 4]
m — arcsin x e’ —e =2
7 8
xe[O,l] xe[O,l]
3x—14+e" —e ™ N-x—tgx
9 10
xe[1,3] xe[O,l]
J2x2+1.2—cosx—1 l-x+sinx—In(1+x)
11 12
xe[O,l] xe[O,Z]
cos(zj—2sin(lj+l X —x=02
13 X xX) X 14
xe[l, 2] xe[1,2]
0.1x% —xlnx Sin(m) +0.84¢”
15 16 5.2

xXe [1, 2]

xel[-21]
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3ananne Ne 2

Jns monunoma g(x) BbIMOJIHUTH CIAEAYIOIINE AEHCTBHUS:
1. ¢ nomompo koMausbl CumBoJbl — Ko3gduumeHTsl MOJHHOMA CO371aTh

BEKTOp V, cofepkamiuii KoaPHUIIMEHTHI MOJIMHOMA;
2. pemuTh ypaBHeHHE g(X) = 0 ¢ moMoIpio GyHKIUHN polyroots;
koMmaHay CumBoablr —

3. PCOIUTE  YPABHCHHC CHUMBOJIBHO, HUCITIOJIB3YS
ITepemeHnHbIe — BBIYNCIHUTD.
Bapuant g(x) Bapuant g(x)
1 xt- 2% +xP- 12x + 20 2 xt+x7 - 17x% - 45x - 100
3 X'+ 6x7 +xP-4x - 60 4 Xt -5+ - 150+ 50
5 x*- 14x*- 40x - 75 6 x*-4x - 2x7 - 20x + 25
7 XX+ -1x+ 10 8 x5+ I+ Tx - 20
9 x*-x’ - 29x*- 71x -140 10 x*- 7+ 7x* - 5x + 100
11 x4 70° + 97+ 13x - 30 12 x4 10X’ +36x7 +70x+ 75
13 x*+3x7 - 23x% - 55x - 150 14 x*+9x+ 31x% + 59x+ 60
15 x*- 6+ 4x* + 10x + 75 16 15x*-6 x’+4x7 -12 x-10

3aganne Ne 3

PemmmTe crucTeMy JTMHENHBIX YPABHCHUN:
1. MaTpu4HBIM CIOCOOOM U HCTIONBL3YS GyHKUHIO Isolve;

2. meronom [aycca;
3. ucnons3ys ¢pyuknuio Find.



CucreMa JIJMHENHBIX

CucreMa JMHEHHBIX

Bapuant . Bapuant .
YpaBHEHUHU YpaBHEHHU
2% Xy +2x3 +3x, =8 2%, +x, = 5x;+x, =—4
3x, +3x; =6 X —3x, —6x, =7
1 2
2x, —x, +3x, =4 2%, —x;+2x, =2
X1+2x2—x3 +2X4 =4 x1+4x2_7X3+6x4:_2
Xp 2%y 3wy +4x, =22 X, +2x,+3x, +4x, =26
2x; +3x, + x5 +2x, =17 2x, +3x, +4x, +x, =34
3 4
X +x, +x3—x, =8 3x, +4x, +x;+2x, =26
X, _2x3_3x4:_7 4x1+x2+2x3 +3x4=26
9x, +10x, —7x; —x, =23 2x, —8x, —3x, — 2x, =18
5 Tx, —x, —5x, =37 6 X, —2x, +3x; —2x, =28
Sx,—2x,+x, =22 X, +x,+x, =10
4x, +x, +2x;, + 3x, =26 x, + 2,4+ 2x, =21
6x, —x, +10x; —x, =158 2x, —x, +4x; +x, = 66
. 2x, +x, +10x; +7x, =128 8 2x, —6x, +x, = —63
3x, = 2x, = 2x;—x, =7 8x, —3x, + 6x; — Sx, =146
X —12x, +2x; —x, =17 2x, = Tx, +6x, —x, =80
X, —2x, +6x; +x, =88 2x, —3x, —2x, =16
9 Sx, +2x;, —3x, =88 10 2x, —x, +13x; +4x, = 213
Tx,—=3x, +7x; +2x, =181 3x,+x, +2x,+x, =72
3x,—Tx, +5x, +2x, =99 x, —12x; = 5x, = 159
X, —2x, —8x, =7 T, +Txy, =Tx;—2x, =5
X, +4x, = Tx, +6x, =8 3x, +4x, +5x; +8x, = 60
11 12
X, +x, —5x;, +x, =10 20, +2x, +2x, +x, =27
2%, —x,+2x, =7 2%, —2x; —x, =-1
2%+ 2%, +6x;+x, =15 6x, —9x, +5x; +x, =124
13 —X, +2x;+x, =18 14 Tx, —5x; —x, = 54
4x, —3x, +x; —Sx, =37 Sx; = 5x, +2x; +4x, =83
3x, —5x, +x; —x, =30 3x, —9x, +x, +6x, =45
4x,—5x, + Tx, + 5x, = 165 X, +2x,+2x;+4x, =30
15 2%, 4+ x,—3x,—x, =15 16 —x,+2x,-3x;+4x,=10

9x, +4x, —x, =194

X, — X, —2x;,—3x, =19

X, —x;+x,=3

X, +5x, +x;+x, =10
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3ananune Ne 4

[IpeoOpazoBars HenMHEWHbIE ypaBHEHHS cucTeMbl K Buay fl1(x)=y

u

f2 (y)=x. Iloctpouts uX rpaduku U ONPEACIAUTh HAYAIBHOC MPHUOIIKCHUC

pelIeHus.

PemuTe cucTeMy HEIMHEWHBIX YpaBHCHUN ¢ TOMOIIBIO GyHKIIMK Minerr.

CucreMa HEJTMHEHHBIX

CucreMa HEJTMHEHMHBIX

Bapuant 5 Bapuant 5
YpaBHEHUU YpaBHEHUU
sinx +2y =2 siny+x=-04
1 2
\cos(y—1)+x =0,7 2y—cos(x+1):0
sin(x+0,5)-y=1 sin(x+2)-y=15
3 4
\cos(y—2)+x:0 cos(y—2)+x=0,5
cosx+y=15 cos(x +05)—y=2
5 6
2x—sin(y—0,5):1 siny —2x =1
(cos(x+0,5)+y=0,8 (cos(x—2)+y=O
7 8 <
(siny —2x =16 Ksin(y + 0,5) -x=1
rsin(x—1)=1,3—y rcos(x+0,5)+y:1
9 10 9
v —sin(y +1)=08 sin(y +05) - x =1
cos(x+0,5)+y=1 fsin(x)—2y=1
11 12 9
(siny = 2x =12 (cos(y+0,5)-x=2
—sin(x+1)+y=08 2y —sin(x-05) =1
13 14

sin(y—-1)+x=13

cos(y)+x=15
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BBIMOJIHSETCS Ta WA UHAS CUMBOJIbHAA ornepanusa. CaMoO BBIPAXXECHUE B TAKOM CIIyvae
HE BBLACIACTCS.

Takum o00pa3oM, ISl BBIMOJHEHUS OMNEpaludid C CHMBOJIBHBIM MPOIECCOPOM
HYKHO BBIJICTTUTE 00BEKT (11€710€¢ BBIPAXKCHUE WM €r0 YacTh) CHHUMH CIUIONTHBIMU
JTUHUSIMU.

CumBoibHBIE OMepalluy pa3OUThl Ha MSITh XapaKTepHbIX pa3aenoB. llepBbiMu
UayT HauOoJIee 4YacTo UCIMOIb3yeMble omnepauuu. OHM MOTYT BBIIOTHATHCS C
BBIPAKCHUSAMU, COJCPKAIIUMH KOMIUICKCHBIC YHCJ/Ia WIH HUMCIOIIMUMHU PCIICHUS B
KOMIIJICKCHOM BUJIC.

CumMBoOJIbHBIE ONIEPAIIUH

Onepauuu C BbIOC/ICHHbIMU 6bIPANCEHUAMU

Ecnu B 10KyMeHTE €CTh BBIICICHHOE BhIPAXKEHUE, TO C HUM MOKHO BBITOJHATH
pasInyHble ONepanuy, NPeJCTABICHHbIC HIXKE.

Pacuerbl - npeoOpa3oBaTh BbIpa)X€HUE C BBIOOPOM BHIA MpeoOpa3oBaHUN U3
MTOJAMEHIO:

e Cumoymueckue [Shift] + F9 - BBINOTHUTE CUMBOJLHOE TpeoOpa3zOBaAHUC
BBIJICJICHHOTO BBIPAKCHUS;

e C nmnraBarolled 3amsITOM... - BBIYUCIUTH BBIJICJICHHOE BBIPAXKCHHUE B
BEILIECTBEHHBIX YHCIIAX;

o KoMmImieKkcHbI€ — BBIITOJHUTH BHIUYKCIECHUS B KOMIUIEKCHOM BHJIE;

YHOpocTuTh - YOPOCTUTh BBIJICIEHHOE BBIPAXEHHUE C BBIIOJIHEHUEM TaKUX
omepaluid, KaK COKpalleHHe MOJOOHBIX CJIaraeMbIX, MPUBEIECHUE K OOIIeMY
3HAMEHATEIII0, UCIIOJIb30BAHUE OCHOBHBIX TPUTOHOMETPUYECKHUX TOKIAECTB U T I.;

Pa3BepHYTH - packpbiTh BbipaxkeHue (Hanpumep, Aist (X + Y) (X - Y) nonyuaem
X Y7

dakTop - pasNoXUTh YUCIO WIH BBIPAKEHUE HA MHOXHUTENHU (HANpUMED,
X - Y? mact (X +Y) (X -Y));

IMogo6Hble - coOparh ciaraeMble, MNOJOOHBIE BBLACIEHHOMY BBIPAXKEHHUIO,
KOTOPOE€ MOKET OBITh OTACNBbHOIN NIepeMEeHHOM HiId (DYHKITHEH CO CBOMM apTryMEHTOM
(pe3ynbTaToM OyAeT BbIpaKEHHE, IMOJHHOMHAIBHOE OTHOCUTENBHO BBIOPAHHOTO
BBIPAXKEHUS);

Koa¢ppuuuentst [osmuoma - no 3anaHHON nepeMeHHON HAWTH KOA()PUITUEHTHI
MOJMHOMA, AaIlMPOKCUMUPYIOLIETO BBIPAXKEHUE, B KOTOPOM 3Ta I[EPEMEHHAas
HCNOJIb30BaHA.

Onepab;uu C 8blOEACHHbIMU nepemenHnbiMU

Jna psnga omepanuid Hago 3HATh, OTHOCUTEIBHO KAaKOM IIEPEMEHHOW OHH
BBITIOTHAIOTCSA. B 3TOM ciiyyae HEOOX0AUMO BBIAEIUTH MEPEMEHHYI0, YCTAHOBUB Ha
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Hell Mapkep BBoa. Ilociie 3TOro CTaHOBATCSA MOCTYNHBIMHU CIEAYIOUIME OINEpalyn
komaH; 16l MeHI0O CuMBoOJIbI —> Ilepemennbie:

BbriyuciauTs - HaWTU 3HAYEHUS BBIJCICHHONW TNEPEMEHHOM, TPU KOTOPBIX
cojicp Kallce €¢ BEIPaKCHUE CTAHOBUTCS PaBHBIM HYIIIO;

3aMeHa - 3aMEHUTH YKa3aHHYIO IEPEMEHHYIO COAEPKUMBIM Oydepa oOmena;

Audppepenumanst -  gudbdepeHnupoBaTh  BbIpaXKE€HHUE,  COJAEpIXKaIIee
BBIJICTICHHYIO TIEPEMEHHYIO, 110 3TOM TMepeMeHHON (OCTaldbHble IMEpPEeMEHHbIC
paccMaTpUBaAIOTCA KaK KOHCTAHTBHI);

NuTerpanms - UHTETPUPOBATh BCE BBIPAXKCHUE, COJCPIKAIIICEC IIEPEMCHHYIO, 1O
3TOM MEPEMEHHOM;

Pa3n0kuTh Ha COCTABJMAIONIHME... - HAWUTH HECKOJBKO WWICHOB pAa3JI0KEHHUS
BBIpaKCHUSA B psijl Telopa OTHOCUTENIBHO BBIJICIICHHON TIEPEMEHHOMT;

IIpeoOpa3zoBanue B Yactuunbie Jlosm - pa3noxuTs Ha dleMEHTapHbIE JIpoOu
BBIpAXXCHUE, KOTOPOE paccMaTpUBACTCS KakK pallMoOHalbHAsl JpoOb OTHOCUTEILHO
BBIAEICHHON NMEPEMEHHOM.

Onepauuu C BbIOC/ICHHbIMU mampuyamu

Onepanuu ¢ BbIJIETICHHBIMU MaTpUIlaMK  TPEJACTABICHbl KOMAaHAOW MEHIO
CumBoOJIbI — Marpuubl, KOTOpas HMEET CBO€ IOJMEHIO CO CIEAYIOLIHUMHU
OTIEpALUSMH:

TpancnoHupoBaHue - OJIYYUTh TPAHCIIOHUPOBAHHYIO MaTPUILY;

HNuBepTHpOBaHME - CO37aTh OOPATHYIO MATPUILY;

Onpenenureb - BEIYUCIUTH IETEPMUHAHT (ONPEACIUTEINb) MATPHUIIHI.

Onepayuu npeobpazosanus

B nozunnu KonBeprupoBath COAEPXKUTCS pasfiell onepanui npeodpazoBaHUs
CO CINEAYIOIHMMH BO3MOKHOCTAMHU:

@ypbe - BBIIOJHWUTH MpsMoe mnpeoOpazoBaHue @Dypbe OTHOCHTEIBHO
BBIJCICHHOMN MEPEMEHHOM;

®ypbe OO6parHoe - BHIIONHUTH, 00paTHoe mnpeoOpazoBanue Dypne
OTHOCHUTENBHO BBIJICICHHOW IMEPEMEHHOM;

Jlamnaca - BBINOJHUTH mOpsAMoe IpeoOpasoBaHue Jlamnmaca OTHOCHUTENTBHO
BBIJZICIICHHOW TIEPEMEHHOU (pe3ynbTar - (PYyHKIHS IePEMEHHOH S);

Jlamimaca QOOparHoe - BbINOJIHUTH 0OpaTHoe mnpeoOpa3zoBanue Jlannaca
OTHOCHUTENBHO BBIICJICHHOM MepeMeHHOH (pe3ynbTaT - QyHKUIHUS TEPEMEHHOH t);

Z. - BBINOJHUTH TMpsAMOe 7 - NOpeoOpa3oBaHUE BBIPAKEHUS OTHOCHUTEJIBHO
BEIZICIICHHOW TIEPEMEHHOM (pe3ynbTar - GyHKIHS IEPEMEHHOH Z);

OOpatHoe Z - BBHIOTHUTH oOOpaTHOe Z - mpeoOpa3oBaHUE OTHOCHUTEIHHO
BBIJICJICHHOM IIEPEMEHHOM (pe3y/IbTaT - (YHKIUS ITIEPEMEHHOM n) .
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1) ¥-7;



3) st BeIpakeHUs 2) MOCJIENOBATENbHO BBIMOJHUTE onepauuu Pacuetsr —
KowmiuiekcHbie 1 CUMBOJIBI — YIIPOCTHUTD.

3amanue Ne 3. /Ins monuHOMa g(X) BBITOJIHUTD CASAYIONIUE JEHCTBUS:
1) pa3nokuTh Ha MHOXKUTEIIHN, UCTIONIB3Ys oniepalinio CuMBoisl — MakTop;

2) oJICTaBbTE BhIpAXEHUE X =y + z B g(X), Ucnolib3ys onepaiuio CUMBOJIBI —>
[Tepemennbic — 3aMeHa (TIPEIBAPUTEIHLHO CKOMMMPOBAB MOJICTABIACMOC BRIPAXKCHUC
B Oydep oOMeHa, BBIICINB €ro 1 HaxkaB komOunaruto kinasuii Ctrl + C);

3) ucnonn3ys oneparuio CUMBOABI — PacupuTh, pa3inoxkuTe 1Mo CTEICHIM
BBIPAKCHUE, TTOJIYYCHHOE B 2);

4)ucnonw3ys oneparmo CumBossl — [log1006HEIC, CBEPHUTE BBEIpaKEHHUE,
MOJIYy4YE€HHOE B 3), MO MEPEMEHHON Z.

Bapuant 2(x) Bapuant g(x)
1. X2 X7 12x+ 20 2. x4 x7 - 17x7 - 45x - 100
3. X' 6x’ +xP-4x - 60 4, X -5 - 150+ 50
5. x*- 14x* - 40x - 75 6. x*-4x - 2x7 - 20x + 25
7. XX -1+ 10 8. x50+ T+ 7x - 20
9. xt-x? - 29x7 - 71x - 140 10. x*- 7+ 76 - 5x + 100
11. x'+ 7+ 9x*+ 13x - 30 12. x*+10x° +36x*+ 70x + 75
13. x*+3x7 - 23x*- 55x - 150 14. x*+ 9%+ 31%° + 59x + 60
15. x- 6+ 4P+ 10x + 75 16. 155" 6 X’ +4x* -12x - 10

3ananme Ne 4. Paznoxkure BbIpaXeHHUS Ha JJIEMEHTapHbIe IpoOHU HCHOJB3YA
onepaunto Cumposasl — [lepemenHbie — KOHBEPTUPOBATH B YaCTUYHBIE JTOJIH:

6x% —x+1 3x? =2
y ———7; 2 ;
) X —x ) (x2+x+1Xx+1)
+1 2 -
3) X 13; 4) Sx 4x2+16 ‘
ox-1) (@ e[ (x-3)
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3amanue Ne 5. Paznoxure BeIpaXeHUs B PsJl ¢ 3aJJaHHONM TOYHOCTBIO, UCTIONb3YS
onepanuto CumBosbsl — [lepemennnic — Pa3noxurs...:

1) In(1+x), xo=0, nopsanox pasioxeHus 6;

2)  sin (x)%, xp = 0, IOPSIOK pasIoKeHHs 6.

3aganme Ne 6. Haiitu mepBooOpa3Hyr0 aHaIUTHUYECKU 3aJaHHON (GyHKIHH f{x)
ucnons3ys komauny CumBonsl — [lepemennsie — UnTerpanus.

3ananune Ne 7. OmnpeaenuT CHMBOJBHOE 3HAUYCHHE IIEPBOW M BTOPOH
OPOU3BOJIHBIX  f(X), wucHonb3ys koManay Cumpoibel — IlepeMennwie —
Juddepenumansl.

Bapuaunrtsl 3aganuit Ne 6 u Ne 7

Bapuant fAx) Bapuan fx) BapuanTt fx)
T
1 R 6 x*arctg * 11 (2X+3)Sinx
tg2x+1 3
COS X - cos 3x
2 — 7 1 12
2545 e sin3x (1= cos3x)?
; 1 g ctg2x 3 1
sinx . 1+ x
4 L 9 (x+1)sinx | 14
1+ sinx 2+x
2
5 x lg(x4 10 Sx+xlgx | 15 Jl+e "

3ananune Ne 8.

1. Tpancnonupyiite Matpuily M ¢ nomoiibto onepauyu CUMBOJIb — MaTpuisl
— TpaHcnioHHpOBaHUE.
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Iy
2. UuBepTUPYUTE MATPHUILY Lx 2j ¢ momonipo omnepanuu CHUMBOJIBI —

Marpuupsl — MuBepTupoBanue.

1 b

a
3. Beraucnure OHpPCACIUTCIIL MATPUIIBI X 2 C TIOMOIIBIO OoNICpaIrun
3

2
X

c
d
CumBonbl — Matpuusl — OnpenenuTens.

3amanue Ne 9. Beruuciaute npeaensl.

V1+2x - 3 . NI-x-3

1. lim 2. lim

x> 4 \/_ 2 x —> -8 2+\/7

2 2

— . -x+1-1
3. limx 1. 4. lim X X X
x o1 lnx x> 1 lnx

3ananme Ne 10. Haiinute cymmy psa.

LS 2. S
Z9n2+12n 5 ,,Z9n2—12n 5

n=1

3apnanue Ne 11. Haiinure npon3BOaHYIO U YIIPOCTUTE BBIPAKEHUE.

1 4x+1 1 arct 4x +1
Y ot 1 8x 13 o8

2 > 1+v2x— x>
2. y=——n~2x—x" +In :
x—1 x—1
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