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BBEJIEHHUE

Ie/n ¥ 321a4H OCBOCHHUSA THCHHILTHHbI
Llenamu ocBoenust qucHUIuIMHE OCHOBEI KOMITBIOTEPHOTO MOAEIUPOBAHUS SABISIOTCA:
MOATAMHOE (pOPMUPOBAHNE Y CTYAEHTOB CIAEAYIONIMX 3HAHWI, YMEHUH U BIAJECHUN:

- W3Yy4E€HHE W OCBOEHHE 0A30BBIX HOHATHH, METONOB M AJITOPUTMOB, HPHUMEHSIEMBIX
Ipu pa3padOTKe KOMITbIOTEPHBIX MOJIENEH;

- (opMupOBaHUE

B3IJIA04a HA

KOMIIBIOTEPHOE

IPOEKTUPOBAHUE KAk  Ha

CUCTEMAaTHYECKY HAYUHO-TPAKTUYECKYIO NEATEIBHOCTh, HOCAIIYI KaK TEOPETHUECKHHU, TAK U

MPUKJIATHON XapPaKTED;

- (opMupOBaHUE

04a30BBIX TEOPETUUECKUX

KOMITbIOTEPHOTO ITPOEKTUPOBAHUA;
- OCBOCHHME CTYIEHTAMH METONOB PELICHHUA 3aJad [POCKTUPOBAHWUA K pacuera

TapaMeTPOB

CKTPHUCCKIX CXCM H

MAIITHH C

WH(OPMAITMOHHBIX TEXHOJIOTHH.
3aayaMH OCBOCHHS MHCIHILTHHBI SBJISIIOTCH:

- mpuobperenue

HABLEIKOB IKCILTYATalHH

IMOHATHH,

HCITOJIBE30BdHHECM

CHCTEM

JICHKAIITHX B OCHOBEC

COBPEMEHHBIX

dBTOMATH3HPOBAHHOTO

TPOEKTUPOBAHUA B CBOEH OTPACIN, OPUEHTUPOBAHHEIX HA PEMICHUE MPO(PECCHOHATLHBIX 3a7a4.

- W3Y4YE€HHE METOJ0B KOMITbIOTEPHOTO ITPOEKTHPOBAHHUA;

KoMIeTeHIIHA
THCIHHUILTHHBI:

odyyaruierocs,

(popmMupYyeMbIe

pe3yJjibTaTe H3VHCHHHA

Kona, ¢popmymipoBka
KOMITETEHINH

Koxa, (popmynupoBKa MHINKATOPA

[Inanupyemeie pe3yIbTaTel
00ydeHMA N0 JUCIIUTLINHE
(MOZyTO),
XAPAKTEPUIYIOTITNE STAITBI
(¢opMupoBaHIA
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CTPYKTYPA U COAEPKAHHUE JIABOPATOPHBIX PABOT

JlabopaTopHasi padoral. Broa u penakraporanue ¢popmya B MathCAD

eab papombl.

M3yuute narepdenic nporpammel MathCAD, HayunTeCa 3a1aBare 3HAYEHNUA TIEPEMEHHBIX 1

BBOOUTE (JOPMYJIEI C MCMOIB30BAHNEM MTEPEMEHHBIX U KOHCTAHT, MUCIOIL30BATE CTAHTAPTHEIE
¢pyakmmm MathCAD.

TeopeTHUeCKAA YACTh.

@opmyasneil pegaktop MathCAD nosBomser OvicTtpo U 3 (PEKTUBHO BBOOUTH M
W3MEHATh MAaTEMATHUECKUE BEIPAKEHUA. 1 €M HEe MEeHee, HEKOTOPHIE ACMEKTEI €r0 MPUMEHEHUA
HE COBCEM MHTYUTHUBHBI, UTO CBA3aHO C HEOOXOIMMOCTEIO M30€kaTh OMMOOK NPH pacueTax Io
ytum popmysram. I1o3ToOMy HE moKaIEUTE HEMHOTO BPEMEHH HA 3HAKOMCTBO C 0COOEHHO CTAIMHU
(POpPMYJIBHOTO PENAKTOPa, U BOOCIEACTBUM IPH PEATBHOM PadOTE BB COKOHOMHUTE TOPa3a0
OosbILIE.

[Tepeancmm snementsl naTepdeiica pegakropa MathCAD:

— yKazarems MBIN (mouse pointer) — urpaer oObuHy mia mpuwioxkenuin Windows
OB, CIEAYS 3a IBUKECHUSAMHU MBIIIH;

— Kypcop — 0053aT€IbHO HAXOIUTCSA BHYTPU JOKYMEHTA B OJHOM U3 TPEX BUIOB:

— Kypcop BBOma (crosshair) - KpeCTHK KPAaCHOTO IIBETA, KOTOPBIM OTMEUYAET IyCTOe
MECTO B JOKYMEHTE, Ky1a MOKHO BBOJUTH TEKCT WIH (POPMYITY;

— muann BBoaa (editing lines) — ropmsontanmeHas (underline) u BeprukamsHas (insertion
line) TuHUY CHHEro IBETA, BEIACIIAIONINE B TEKCTE WK (DOPMYJIE OTIPEAETICHHYIO YaCTh;

— JIMHUAA BBOJA TEKCTa (text insertion point) — BEPTUKAIBHAA JTUHUA, AHAIOT JTMHUH
BBOJA JJI1 TEKCTOBEIX 00J1acTei;

— mecro3anoauTend (placeholders) — mosgBIAIOTCS BHYTPH HE3aBEPIICHHBIX (POPMYIT B
MECTaX, KOTOPHIE MOJIKHBI OBITh 3aTOTHEHBI CUMBOJIOM WA ONIEPATOPOM:
— MECTO3aIOJIHUTETh CHMBOJIA — YEPHBIH MTPIMOYTOTEHHUK;

— MECTO3AIT0JIHUTEN OIIeparopa — depHas MPAMOYTOJIbHAA paMKa.

Kypcopsl u MECTO3amOJHUTENM, OTHOCANIMECA K pPEOakTUPOBAHUIO (POpPMYIL,
OpEeICTABIEHEI HA puC. 1.

I:& yvRasaTeJ s MELUM

4+ Rypcop BBOIA

| JIMHMM BBEOIO&
1 MeCTO3 AIIOIIHHTEID

Puc. 1 UaTepdeiic peqakTHpOBAHHS
Broa (hopMyI
BeecTH MareMaTHyeCcKoe BEIpaKEHHE MOXKHO B JIFOOOM MycToM Mecte qokyMeHTta MathCAD.
Jng 3TOro IMOMECTHTE KYpCOp BBOAA B KelaeMoOe MeCTO JOKYMEHTA, IICIKHYB B HeM MEIIIBIO, H
[IPOCTO HAUYMHAHTE BBOAUTL (POPMYITY, HaXKUMas KIAaBUIIK Ha kJIapuarype. [IpH 5TOM B JOKYMEHTE
co3maeTcs MateMaTHueckas obnacts (math region), koropad InpeaHasHaueHa a1 XpaHeHHs (popMyI,
HHTEepIpeTHpYeMBIX IporeccopoM MathCAD. TIpogeMoHCTpUPYEM IOCIIeTOBATEIbHOCTE AeHCTBUIA
Ha HpHMEpE BBOMA BEIpakeHHs X~ *(puc. 1.4):
e TKHETe MBI 1610, 0003HAYHB MECTO BBO/IA.
" Ill‘f{]ﬁéfﬁg{@gﬁlﬁtﬂgm_ﬂII;I;J;}{I{:)E} - B 3TOM MecCTe BMEeCTO KYypcopa BBOJA IMOSBUTCI PETrHOH C
p;g.g}ﬂm_:m; gqlqepﬂ;amég QIHUH CHMBOJ X, PHUEM OH OYIET BEIIEIEH THHUIMH BBOJIA.
3. Breaure omeparop BO3BeAEHHUS B CTelEHb, HAXkAaB KIABUINY <>, THOO BHEIOpAaB KHOIKY
BO3BE/ICHNS B CTCTICHL HA MAHEH HHCTPYMEHTOB Calculator (Kamsxkynsitop) - B (hopMyiie TTOSBUTCSH
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MECTO3alOJIHUTENb JIS BBEAEHHS 3HAUEHHS CTeleHH, a JIMHHW BBOAA BBIAENST HSTOT
MeCTO3aIlOJTHHTENb.

4. TTocnenoBaTeIbHO BBETUTE OCTAIBHBIE CHMBOJIBL <5>, <+>, <X,

Takum oOpaszoM, MoMecTHTh (OpPMYIY B AOKYMEHT MOHO, IMPOCTO HadyMHAas BBOJUTH
CUMBOJIBI, UUCIIA WA ONepaTtopsl, HarpuMmep + Wi /. Bo BceX 3THX cliydadX Ha MecTe Kypcopa BBoma
co3maercsd MareMatudeckas o0nacTh, MHAYe HasblBaeMasi perHoHoOM, ¢ (popMyJIO#, comepskalled u
JMHUHM BBOja. B mocnemHeM ciiydae, eClid IM0JIb30BaTe/lb HAUYWHAaeT BBOA (POPMVIILI C olleparopa, B
3aBUCHMOCTH OT €ro THIA, aBTOMATHYECKH IMMOSBJIMIOTCS H MECTO3aloHUTeIH, 0e3 3aroJIHeHus
KOTOPBIX (popMyIla He OyaeT BOCIIpHUHUMAaThCH TporeccopoM MathCAD.

g

xj+j

Puc. 2 IIpumep BBOSIA (DOPMYIIEL

Puc. 3 [IpuMmep Havala BBOga OIeparopoB

[lepeMellieHHe JTUHUA BBO1Aa BHYTPH (DOPM VI

YT0o0Bl U3MeHUThL (POpMYITY, IIEJIKHUTE HAa HeH MBIIIBI, IMOMECTHB TakUM 00pa3oM B ee
obnacTk JUHUH BBOJA, U MepedguTe K MeCcTy, KOTOpOoe XOTHTe HCIpaBuTh. [lepeMelniaiite THHHH
BBOIA B Ipeaesiax (popMyJIBEl OHUM M3 IBYX CITIOCOOOB:

— IIeJIKasg B HYKHOM MeCTe MBIIIEIO;

— HaKNUMad Ha KIIaBUaType KIAaBHUIIH - CO CTpelIkaMu, Tpodell U <Ins>;

— KIIABHIIH CO CTpellkaMH HMEIOT eCTeCTBeHHOE HasHaueHHe, IIepeBoas THHHH BBO1A BBEPX,
BHH3, BJIEBO HJIH BIIPABO;

— KJIaBuNIa <Ins> MepeBOAHUT BEPTHKAIBLHYIO THHHIO BBOAA ¢ OJHOTO KOHIA TOPU30OHTAIIEHON
JTMHHWHU BBOJ1A HA IPOTHBOMOIOKHEL;

— nipo0ell pegHa3HaYeH IS BBIIEIeHUS! pa3INUHBIX JyacTeil (hopMYyIIEL.

Ecmi pa3 3a pa3oM H&KUMaTh KIAaBHIIYy Ipodeila B (opMylle, MpUMeEP BBOAA KOTOPOl
paccMOTpEH BHIIIE (CM. PHC. 3), TO JUMHUH BBOAA OVAYT MUKIHYECKH H3MEHSTh CBOE IMOJIOKEHHUE, KAK
3TO MOKA3aHO Ha puc. 4. EcH B cUTYallUH, TTOKA3aHHOM CBEepXY Ha STOM PHCYHKE, HAXKATh CTPEJIKY <-
, TO JINHUHW BBOjIAa MepeMecTaTcd BIIeBO (pHuc. 5). IIpu Haxkaruu rnpodena Tenepb JHHUH BBOJA OYayT
[moIepeMeHHO BBIISISTh OJHY U3 ABYX JacTeil (popMyIIEL.

o+
S5+
S+
S5+
OOKYMEHT NoarmmcCAH =
ANEKTPOHHOW NMOANUCHIO
Ceprudukar:  2C0000043E9AB8B952Pie 4 HISMEHEHTE MOTOKEeHUS JIMHUH BBO/IA C IMIOMOIIBIO Mpobena

Bnapeneu;
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Puc. 5 VIsMeHeHHe MONOKEHNS JIMHAN BBOAA MPOOEIIOM ITOCHe CABUTA CTPEIIKON
Takum o00Opa3oM, KOMOMHAIHA KJIABHII CO CTpeJiIkaMd H [polella TMO3BOJMET JIeTKO
mepeMeniarbcd BHYTpH (popMyll. MHOTrma MoMecTUTh JTUHUH BBOAA B HYKHOE MECTO (DOPMVIEL C
[TOMOIIBIO Vka3zarelid MEIIIHA Hempocto. [Tosromy B MathCAD gng sToro iydile HCIOIb30BaTh

KJIABHATYPY.

O0opyaoBaHie H MATePHAIbL.

[Tepconanmpueiit komnerotep, nporpamma MathCAD.

Ykazanusd 1o TexHuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHHUKE 0€30MACHOCTH MO padOTe C KOMIBIOTEPHOU TEXHUKOM.

Jaxanus
Broja popmya
. e
Otkpoure nanens Kanskynarop ﬁ 1 na"ens OneHka
HabOepure tekcr: 2+3= - HA SKpaHE MOSIBUTCSA PE3IYABTAT BBIYMCICHHUSA BBIPAKEHUA —

qUCIIO 5.

Habepure tekcr 1.25%2.44= - Ha skpaHE NMOABUTCS PE3yIbTAT BEIYHUCIEHHUSA BBIPAKECHUA
—gquciio 3.05.

Habepure texcer 1.5/8 npu 5ToM Ha 5KpaHe MOABUTCA BBIPAKEHUE B IMPUBBIYHOM HAMH

1. 5

pume 2 . [Tpu nabope momoOHEIX M OONEE CIOKHBIX BBRIPAKEHUM HEOOXOTMMO CIEOWTH 34

KypCOpOM BBOJIA B BH/JE WU , OKAUMJIAIONIETO 4YacTh BEIpAKEHUA. M3meneHnue

OKAaMMIEHHUS OCYMIECTBILIETCA IO KinaBumie “npoden’ Ha knaBuarype. Mamenenne | Ha| w
HA00OPOT BEIMOJIHAETCS MO KAaBuile |Ins], a mpoaBukeHUE Kypcopa | WM | BBIOTHAETCA

knapumamn |—| u [«—|. B mannom ciaydae mpu HaxaruM KIABUIIK “‘POOEN” BBIPAKEHUE
1.5

IpPUMET BUT: “ | IMocrne naxarus KIaBumM |=] monyuiMm pesynsrar: 0.188.

[Ipu BBOOE BEIpAKEHWUU MOKHO HUCIMOJB30BATE MATEMATHUYECKUE (PYHKIMH C TAHEIN
Kawokyismop wmi Gonee ClokHBIE (YHKIMM 1O KiIaBumie 1% Ha CTaHJAPTHON NaHemd
WHCTPYMEHTOB. |aK, €CIM BBl MIEJKHUTE MBIMIBIO MO Sin HA maHemn KanbKyisamop, TO B
nokymenre na coorsercrayiomem mecre mossurcs Sin(l). Bumecto M maGepure apryment
()yHKIMM B BUAE YMCIA WIM KOHCTAHTHOTO BBIPAKEHHUI.

[To gMUJIIIHr%%CEEE}’ﬂLTHT BCEX BLIpH,H\E‘HHIfI BEIUHCIIACTCA C TOUHOCTBHY OO 3-X 3HAKOB

[10CIIE 3AMALOIL: OHHQOFELBBIUACIIEHUH MOKHO W3MEHUTE. J[JI 3TOr0 Ha BEIpa»eHUU (OHO Oyaer
Cepm 1BHI,I[EHEHG qépﬁfﬁ? pﬂﬁ%&%ﬁ)"ﬁiﬁ*ﬂKﬂﬁTe IBa paza J1€BOU KHOMKON MEBIIKH. [logBuTcsa nuamorosoe

EI'IIkk (XoBd IsHHA F IHOPOBHA

OKHO (ﬂﬂpuam pesytomama (Result Format):

S e = A0 A8 37T 5 - 3 M T3
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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PopmaT PeaynbTtaTa .%
Onuwd OToSpaxeH9A ] OTofpaxeHds EguHML ] Hornyck ]
FopraT HorMepos
Fopraar
[ nasHee Kaon-Bo gecAT. TONEE 3 —
JEcATHYHEIE -
H ay4HbIE | HEOCTUBLIS HYM
W H#eHepHEE
Npofe | JECNOTEHTE B HHAKSHERHDM
DOprASTE
AKCNOT EHUMANEHEA NoOpor |3 o
Ok Canicel | T K&K ';IMI:IJ'I'-IEIH| Help

Ycranosure 3aknanky @opmam Homepos (Number Format), Tun ¢popmara: “lI'masnoe”
(General) n B mone BBOma Koi-60 decam. mouek HYKHOE€ UMCIO 3HAYAMIMX LIU(P pe3yIbTarta,
Hampumep 6.

[Tonre BBOma Okcnonenyuanrvhbiu nopoe (Exponential thereshold) ¢opmara “I'nmaBnoe™
yKAa3bIBAET HAUMHAA C KAKOTO 4MCiId UU(p [EJI0H 9aCTU BEIBOAUTE YUCIO B SKCIIOHEHIIMAIEHOU
¢opme. Tak, ecrm 5T0 3HAueHWEe 3amaTe paBHBEIM 2, TO yucao 887.55 Oymer BEIBENEHO B
YKCIMOHEHIIMATBHON (opme 8.8755x10°. Pe3ynerar BRIYMCIEHMH MOKHO BCErjJa BBIBOIUTH B
HYKCIMOHEHIMAIBHOM (popMe ycTaHOBKOM Thna popmara “‘Hayansie™.

Ilepemenmienne 00beKTOB B JOKYMEHTE: TTOIBEAUTE MBIIIKY K TPEOyeMOMY OOBEKTY; 3TOT
00BEKT OYAET BEIAEIEH UEPHOM PAMKOIL;, TEPEMENIAA MBIIIKY TO0OEHUTECH MOABIACHUA YKA3ATENS B
BUE KUCTU PYKH; HAKMUTE JIEBYIO KHOMKY MBIIIKH U NIEPEMECTUTE OOBEKT B APYTOE MECTO.

PenaxrupoBanue opmy.i.

[Tpu naGope QopMyaT BO3MOKHO moABIeHME ommbok Habopa. Kmomka ' Ha

CTAHJZAPTHOM NMAHEIN MHCTPYMEHTOB ITO3BOJIIET OTMEHHUTH MOCIEIHEE NEHUCTBUE, BRIMOITHEHHOE
IPU PETAKTUPOBAHNH, T.€. BEPHYTLCS K TEKCTY, HAOPAHHOMY paHee.

[Tpumep pemakTupoBaHus onmepaHad BRIPAKEHHS MPUBENEH HUkKE (B OIPUMEPE MOKA3aHA 3aMeHa
onmepanaa 26 Ha gucno 13). 3amummure B mucre MathCAD cnenyromee Beipaxenue. [lna toro,
gTOOBI TOABECTH YEPTY APOOH MOJ BCEM UHMCIMTENEM, HYKHO HAMMUCATH €ro, a 3aTeM HAKUMATh
knaumy «I[Ipobdem» moka cuHMI yka3aTens Kypcopa HE HNPOTSHETCS MOI BCEM BEIPAKEHHEM.
[Tocne wero HaxaTe KIABUILY «/» U HANMACATH 3HAMEHATEb.

i_l 14341 [1OZWUMOHWPYEM KYPCOP MEILLK 38 YMCno B
() + 3 W WEKHEM NEBOA KHOMKOH  MEILLM

Wi 133-3 15 LBad el HaXWMaeM KNSBULLY Backspace
brdy + 3

AOKYMEHT MNOANMCAH

13 133?”%‘“8““" ”%Hﬁ’ﬁé%m amen 13

................
LBERBA52205ETE ALRLN] 1!

Bnapeney I_]ﬂif-{h'm-;j TbAHA AnekcaH) IHa
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N3menenue omnepanuii BBIPAKEHUSA HPOWU3BOIUTCA B 3aBUCUMOCTH OT TOTO, yHapHas
omepanus wim OuHapHas.

[Ipumep wu3MeHEHUA YHApPHOM ONEpanuy IPUBENEH HWKE (B IMpPUMEpEe HU3MEHEHA
Omepanusa KBaAparHOro KOPHA HA OMEPAIHIO Sin):

JE- 133 -3 12 [MOZHUHOHHEYEM KYPCOR BEOLE B HEXHME BCTIEKH

BEEEE

13- 133 - 3. 15
() + 5

Haxumaem knaeuwy Backspace

sin(17) - 133 = 3 - 15
Ind) + 3

Ha navend Kanckynatop eslbnpaet QyHELAD SN

[Ipumep wu3meHenuns OwHApHOW OTEpAlMU NOPUBENEH HUXKE (B MOPUMEpPE OMEparusa
YMHOKEHUS U3MEHEHA Ha OMEPAINIo JEJICHUA):

sinl) 33 -3 13 YCTEHAEMEEEM KYACOR BEOLE B PEXMME BCTABKM
n(4) + 3 Nepef, ONBRALMER ¥MHOKEHWA

sin(1%) 0133 - 3 - 15
(A4 + 2

Haxumaem knaeawy Backspace

sin13)
133

In(4) + 3

- 315

Hakmaem Knaenuwy £ onepayrm 4eleHqq

[Ipumep BeTaBku OMHAPHON OMEpAMM NPHUBEIEH HWKE (B MPUMEPE OCYNIECTBICHA
BCTABKA ONEpalMU JEIEHU):

iy

]I;;:;:I - 415

VCTAHABNMESEM KYPCOR BEEDLE NOG ETOPEIM
ey + 3 ONEpAHAOM OMERaLMKM LeleHHA
1

sl L Ha naneny Kankkynatop BeiBWpacs onepauyi LeeHus

133

OKYMEHT NOANMCAH
I 4} FPKTPOHHOWM NOANUCHIO



EX

sin( 13) 315 Habupaem Nepeelid onepadd onepauuy JeneHus
133
In(dh + 5

Ecmit MBI mOmBITAEMCS, KaKk B MPEOBIIYIIEM NIPUMEPE, BCTABUTE OMEPALMIO0 BEIYUTAHMUS,
TO NOTEPOUM HEyIady, Tak Kak o1y onepanuro Mathcad BocnmpuHuMaer kKak 3HAaK HOepen

BBIPAKCHUCM.

swild) 5 s
133

lnf ) + 5

M30exare 3TOro 04eHb MPOCTO:

33 _[ sl 7 ljj Habrpaem nepeuin apryMedT onepagum

153 EEIMHTAHAA
(4 + 5
ity 17)
32— ( e 3 15] [Ea paza Haknmaem knasuwy Del
ONA YAANEHHA DNEPALMA Y MHDKEHWA
Infd) + 3

OdeHp 9acTO MPUXOJUTCS 3AKITIOUATH UACTh BBEIPAKEHUSA B CKOOKW, HANIPUMED IS
W3MEHEHW IMOPAIKA BEIUUCICHUN. JTO OCYMIECTBILIETCA CIEAYIOMINM 00pa3om:

ing 1
LGOIy
133 YCTAaHABNMEREM KYQRCOR BEOLA N0 BEIPEHEEHHEM,

]:ELI:-{EI + 5 FOTOpoE K0THMM B3ATh B CkobEM

sit 13)
( 1= -3D RE Hasumaem knaeuwy ['] anocTtpod

) + 3

[Tpn HeoOxomumocTn B yxke CHPOPMUPOBAHHOE BEIPAKEHHE MOYKHO BCTABUTH YACTh

[TOBTOPAOIICTOCA BRIPAXKCHHA.

st 17
133 3115 ClnepadHgom CNoXeHHA AENAETCA MOBTOPAMILWAACA
JACTE BRIPEKEHHA
Infdy + 3+

1OOTNTNGAl
3 fﬁiﬂ' ]ﬁ%_ﬁ.ﬂﬂEM AOETOPARKWL YHICA YacTe BRI EHMA




E- - e
C [MTOMOIIIBH KJIdBHIITH Hd CTﬂHﬂﬂpTHUH [MTaHC I Iﬂ{chyMEHTDB HDHHP}IEM BEIICIICHHOC

BeIpaxkenue B Oy(ep. Yeranapmnsaem Kypcop BBOIA HA ONEPAHI BEIPAYKEHUS U M0 KJIABHIIE &=
BCTABJIIEM CKOMMPOBAHHOE BLIPAKECHUE:

(mﬁm _ 3] 15
133
sin(13)
s + 3 + ( 1 3)

Coodepycanue omuema :  BbINOJHEHHYI0 PpadoTy cCOXpaAaHHTL B NankKe mojJ cBoeldl (amuianeii u
MoKa3aTh MPenoJaBaTero

Konmponshbie gonpocsl

Kakue meronsl BBoa (DOPMYIT UCHOIB3YIOTCA TPH UCTTOIB30BAHUHN MBIIIH?
Kakue metoasr BBOAA (POPMYIT UCIIOJIB3YIOTCA MPU UCITOIB30BAHUM KIABUATYPHI?
Kak B (hopMyJTy BCTABUTE MOBTOPAIOMIEEC BEIPAKEHUE?

Kak mepeMecTUTE KypCcop B HYKHOE MECTO (hOPMYITBI?

Kak Bergemuts popmymny?

Kak penaktuposats popmymny?

ALl S

Cnucok numepamypbol, peKoMeHOYeMblil K UCNO0J1b306AHUI0 RO OAHHOUL HteMe:
1. bepmunep, 5. M. CAIIP B mammnocrpoennu : yueOHUK 1 By30B / 3. M. bepmanep, O.

B. TaparemnoB. — Mocksa : @opym, 2014. — 448 c.

2. Adanaceea, H. 0. BrruncimrensHbplE W SKCOEPUMEHTATBHBIE METOALI HAYYHOTO
yKcnepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. Xnebnukop, A. A. Uadopmarmmonnsie Texuonoruu : yueOnuk / A. A. XmeOHukoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: Ocnosnsie cepBuckl u texnonoruu Iloxapckas I'. U., Hazapos [[. M.
N3parens: Haumonamsuerit Otkperteiil Y HuBepeuter « MHTYHWUT», 2016

JlabopaTropHasi paOora2. IlepeMeHHBbIe H BbLIPAXKEHHS ¢ IMepeMeHHbLIMH.

HUcnogb3oBanue GyHKIHA

Ilenv padompi:
M3yuuth ctocoObI 3a1aHNSA IEPEMEHHBIX C HYKHOH TOYHOCTBIO, 3aJaHAE THATTa30HOB

[IEPEMEHHBIX, CO31ABATE U UCIOIL30BATE (PYHKIIMU OT HENMPEPEIBHOTO U TUCKPETHOTO

apTyMEHTA.
Teopemuueckan uacms.
B MathCAD ¢opmynsr MOryT pasmeniateCsa B JAHO00M MeCTe padodero IOKyMeEHTa

MathCADIM@OEr a0 aBeeTH KypCcop K HYKHOMY MECTY, HE BUIUMOMY B HACTOSIIUN MOMEHT B

ANEKTPOHHOW OLNTMCBH) - .
Ceprih QKHE; c MOIKHO, JACTTONE30BATE: IIOIQCH MPOKPYTKH, Kak B moOon mporpamme mist Windows.

snanendo gobHO AP YUY Tiporpavimam 1 Windows, MathCAD cogepsxut momocy mento. UTOOB
BBEI3BATE MEHIO, JOCTATOYHO MIEJKHYTH IT0O HEMy MBIIIBIO WJIM HAXaTh KiaaBuily Alt Bmecre C
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DOMYEPKHYTEIM cuMBOJIOM. Hampumep, amsa BeizoBa meHro Daiin Hy)HO Haxkare Alt-D. Huxe
TOJIOCEI MEHIO HAaXOJWTCH ITAHENIb WHCTPYMEHTOB. MHOTrME€ KOMAaHIBI MEHIO MOKHO OBICTPO
BBI3BATH, HAKAB KHOIKY HAa HAHEMM WHCTPYMEHTOB. [l TOro droObl y3HATH, 4TO OENIAET
KHOMKA, JOCTATOYHO MMOJABECTH K HEH YKA3aTENIb «MBIILIN», U MMOABUTCA CTPOKA COOOIIEHMS.
[Ipsmo mon manenpr0 WHCTPYMEHTOB pacmonaraerca manens @opmarupoBanue. OnHa
COOEPKUT MA0IOHEI BEIOOPA ¥ KHOTIKW, UCHIONB3YEMBIE I 3aaHU XapaKTepH- CTUK MPU(PTOB
B YPABHEHMAX M B TeKCTe. Kaxkgas KHONKA B MaHETM MHCTPYMEHTOB MaremaTtuka, OTKPEIBAET B
CBOIO O04€- PEb HOBYIO ITAHEIb HHCTPYMEHTOB. JTH ITAHEIN UHCTPYMEHTOB CIIYKAT AJI BCTABKH
omeparopoB, rpeuecknx OykB, rpagukoB u 1. 0. B tabmume 1.1 nmpuBenen cmicok manenen

WHCTPYMEHTOB.
Tadnuua 1.1
KHonka [laHEeIb HHCTPYMEHTOB
@ O01me apupMeTHYECKHE ONEPaTOPLI
E 3HAK paBeHCTBA. JHAKH OTHOIIEHHS
i A Paznuvnasie 1BYX- H TpEXMepHbIE MpadukH
] MarpHuHble H BEKTOPHLIE ONEPALHH
|2 [Ipou3soaHbIe, HHTErPaAAL!I H Npeaebl. Psasl 4 npoU3Be/IeHHs
] [IporpaMMHBIe CTPYKTYPEI
o f | peueckue OyKBbI
x= 3HAKH BBIMHCIIEHHA M OIEPaTOphl
Oneparopel CHMBOJIBHBIX BEIYHCIEHH

OcunoBubeiM npeumyniectBoM MathCAD mo cpaBHeHUIO C OOBIUHBIM KANbKYIS- TOPOM
ABIIAIOTCS BO3MOYKHOCTH BO3BPANICHUS K paHEe BBIMOJIHEHHBIM pAacueTaM M BHECEHMSA B HHX
n3meHeHni. [locne Buecenua nm3menenu MathCAD mo3BosaeT mpo- BECTH mepepacuer BCEX
BEIpAKEHUU O€3 nx nmoBropHOoro nadopa. MathCAD Takxke ma- er BO3MOKHOCTE COXPAHUTE BCE
pacdeTsl B BUE (paiiyia U BEPHYTHCSA K HUM B IF000€ BpEM.

O0opyaoBaHie H MATePHAIbL.

[Tepconanmpueiit komnerotep, nporpamma MathCAD.

Ykazanusd 1o TexHuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHHUKE 0€30MACHOCTH MO padOTE C KOMIBIOTEPHOU TEXHUKOM.

3aaHus
OdyeHp 4YACTO TPUXOAUTCS BBIMOJHATH BBIPAKEHUS WM IEMMOUKU BBIPAKEHUH C

MCMOJIb30BaHueM nepeMenHbix. [lepemennas B MathCad — sto umentudukarop, KOTOpOMY
IPUCBAUBACTCS YMCIIOBOE 3HAYCHUE M KOTOPBIA MCITOJIB3YETCA B BEIpAkKEHWAX. UneHTudukarop

— 9TO Haﬁ op, Oyke on%ﬁq)p’ OEPBBIM M3 KOTOPBIX AOJkKHA OBITE OykBa; OYKBBEI MOTYT OBITEH

HﬂTIﬂ{CI{M Pﬂmﬂﬁl’ TPeYeeruMH  C CDDT’BETCTB}’TO]]_IEH MAHENW, MaJble W OombmMe OYKBEHI
Ceptvidbukar: 2C00000 IEQABBBOS2205ETBASO006Q000I
Branes paam{qamwﬂma $aqec;$e mﬂbpﬂ MOKET MCITOJIB30BATLCA CUMBOJI moguepkuBanusa . Mmeercs
BO3MOYKHOCTE OIPEAENCHUA HACHTHU(PUKATOPOB C HIKHUM WHAEKCOM. [lna sroro mepen

Nencre Y KA3AHEM  HIKHEDO, - MHIEKCA HEOOXO0AUMO HakaTh KiaBumly [°] (TOuky) u 3arem HaOpaTe



NencTel

nHaekc, Hanpumep Wmin. Upenrudukarop ¢ MHOAEKCOM MO BHEMIHEMY BHUIAY MPAKTUUECKU HE
OTJIMYAETCA OT NIEMEHTA OTHOMEPHOIO MAaCCHUBa. YUCTO BU3YAIBEHO HAEHTU(PUKATOP C HHAEKCOM
OTJIMYAETCA HEMHOTO OOJBIIMM YyOAJIEHUEM WHIEKCA BIPABO B CPAaBHEHUH C OBIEMEHTOM
MAaCCHBA.

[Tpn BEIMOJTHEHUN LETOYKH BRIPAKEHUN ITOCIEN0BATENBHOCTE BEIYNCIEHUH B TOKYMEHTE
OMpPENEIeTCA CIEeBA-HAIPABO U CBEPXY-BHM3.

UroOBl memo4yka BBIpAXKEHWUNM OBIIA BBEIUMCIEHA, HEOOXOOWMO BCEM MNEPEMEHHBIM M3
BEIPAKECHUI OPUCBONUTE YUCJIOBEIE 3HAYeHUA. [IpricBanBanns OBIBAIOT ABYX BUIOB: JIOKAIBHEIE U
rnoOaneneie. JIokanpHOE NPUCBAMBAHUE OCYMIECTBIAETCA HANKATHEM CHUMBOJIA = HA MAHEIH
Kanekymarop. [IpucBoennoe 3naueHue B JOKYMEHTE HAUMHAET AEHCTBOBATHE C MOMEHTA €r0
3amicH (CIEeBA-HANPBO U CBEPXY-BHU3).

['mobansrHOE mpucBaMBaHME AEUCTBYET B OPEAENaX BCEr0 MOKYMEHTA HE3aBHUCUMO OT
MecTa €ro ompeneneHusa. [100anpHOE NpPHUCBAMBAHME ONPENENIAETCSA CHUMBOIOM = C HAHEIH
Ouenka. Huxke npuBeneH mpuMep HEMOYKH BEIPAKEHUM C UCHOIB30BAHUEM JIOKAIBHOTO (114 X)
1 r1100aIBpHOTO (A1 4) MPUCBAUBAHUA:

x:=1 3.r:=:-:+3—-:|:-s|::-:z) ZT=X+vV+a
¥= 2 e e E+E
a
= 15592 =
=3

KoncrpyupoBanue  BBIPAKEHMM  OCYMIECTBISETCA  AHAJIOTHUYHO  KOHCTAHTHBIM
BEIpakeHUAM. [IpomekyTouHbBIe NPUCBAUBAHNS MEPEMEHHBIM OCYIIECTBIIAIOTCS, KAK 3TO BUIHO,
CUMBOJIOM =, OKOHUATEIbHBIE OTBETHI BRIPAKEHUN OTPEAEIAIOTCA HAXKATHUEM KIABUIIM [=| Ha
KITABUATYPE.

B kauecTBe 5JIEMEHTOB BEIPAKEHHMA MOTYT MCIOJIL30BATHECA (DYHKIMU ONPEOEIEHHBIX
WHTETPAIOB, CYMM M mpou3BeneHud ¢ nanenu Mcaucnenme. Jlnga 5TOro moCcTtaro4HoO MIENKHYTH
MBIIIKOW MO COOTBETCTBYHOMIEH (PyHKIMHM, 4TOOBI €€ Tpadaperka Obla mepeHeceHa Ha MECTO
kypcopa. [laiee, Ha MeCTO METKH M TOMECTUTH COOTBETCTByIomMe 3HaueHus. [Ipumep
BEIPAKEHUSA C UCITOIB30BaAHNEM (PYHKIIMI manem Mcancnenme npuBeaeH HUKE:

x =12
1

3 5
V= J- EDS[]{E) dr+ 1 + z (:-: + iﬂ)t:sin[:i- X + 4
1 =1

+
Cpenu nHab®opa crangapTHeIX (PyHKUMM 0OpaTMM BHUMAHUE HA HEOOBIYHYIO

¢pynkuuro If, koropas ucnome3yercsa A NMPUCBAMBAHUA YUCIOBOIO 3HAYEHUS IO YCIOBUIO.
Cunrakcuc pyukumm If:

[f(ycnoBue, 3HaueHuwe IpU BEINOJHEHWM YCIOBUSA, 3HAUEHUE IIPU HEBBITOJIHEHUH
yCJIOBHS)

[Tpumep ncnonszoBanmsa ¢pyHkimu If npusenen Hmxe:

=14 w=siWx) + cosx)

AT o

MDWKAT I-_II ................ I:"' I: ‘\-I".-'_.-'_ I E I: LU ""'.‘:"

WXOBL iITEHHA F dHOPOBHA

J'[erqe BCETO BBD,I[HTE MMEHA BCTPOEHHBIX (DYHKIMM € KIaBUATYPHI, KAK B MPUMEPE C
BEIUVICJEHMEM aPKKOCUHYCA, HO, 9TOORI N130€kKaTh BO3MOKHBIX ONIMOOK B UX HAITUCAHWUHM, JTy4LIE



CepTud

Bnapneneu Ulen3

NelcTeUTe

BRIOpATE APYrod myTh (T€M 00J€€ U4TO MHOTUE U3 HUX BECHMA CJIOKHEI U MUMEIOT HECKOJBKO
APTYMEHTOB, TAK 4TO CJI0KHO 3aITOMHUTE UMEHA M ITAPAMETPEI BCEX (DYHKIIMNA HAU3YCTH ).

Insert Funckion EI
Funchon Categorp Funchon M ame
Random Mumbers .| = .
Sigral Praceszing acot
Solving ACEC
Sorting angle
Special AEEC s
Stakistics asin
Strim T atan
atanz
Trime—m =bimen —emd Oy e TLEE — —— ll
acogz]
Returnz the angle [inradians| whoge cosine iz 2. Principal walue for -

cormnples 2.

@ | OF. I Inzert Cancel

YToOBI BBECTH BCTPOEHHYIO (DYHKIIUIO B BEIPAKEHHUE!

1.Onpenemure MeCTO B BRIPAKEHWHM, KyJda CIHEOYET BCTABUTH  (PyHKINMIO.
2.Haxmure KHOMKY ¢ Hagmacero f(X) Ha CTaHgapTHOM HAHEIM  HMHCTPYMEHTOB.
3. B cnucke Function Category (Kareropusa (pynkumnmn) moaBuUBHIETOCS IUATOTOBOTO OKHA Insert
Function (BctaButs (pyHKI[UIO) BEIOEPUTE KATETOPHIO, K KOTOPOU MPUHANNEKUT (PyHKIUA, — B
HAIIEM CIIydae 3TO kareropus Trigonometric (T puronomerpudeckue).

4. B crmucke Function Name (MM Qynkiium) BeiOepuTe uMa BCTPOEHHOU (PYHKUIMU, IO
KoTOpeIM OHa (urypupyer B Mathcad: B mamem npumepe — apkkocunyca (acos). B cmyuae
3aTPyIHEHUA C BEIOOPOM OPHUEHTHUPYWTECH HA ITOACKA3KY, MMOABILAIONIYIOCSA IIpU BEIOOpE
()YHKIIMM B HUKHEM TEKCTOBOM MOJIE UATOTOBOT0 OKHA Insert Function.

5. Haxmmure  kHOnKy OK —  (yHKOMA  TOABUTCA B JOKYMEHTE.
6. Beenure Hepocraronme apryMeHTEl BBEACHHOU (DYHKIMA (B HALLIEM CIy4de€ 3TO YUCIO O) B
MECTO3aM0JHUTEINE, 0003HATAEMOM YEPHEIM OPAMOYTOJIEHUKOM).

Jlnsg monmydeHus 3HaUYEHUA OCTANOCH JIMIE BBECTH 3HAK (UM CIEHHOTO WM CHMBOJBHOTO)
BBEIBOIA.

CoOcTBeHHEIE (PYHKIIMM TTOJIB30BATEA.

[Tommmo mmpokoro wabopa crammapraex ¢Qyekimin B Mathcad Bo3MOKHO
OmpeneneHue COOCTBEHHBIX (DYHKIIMM ITOJIB30BATENA. 1€10 5THX (PYHKIMI MOKET B 00mEM
CIydae CONEpKATh OJIEMEHTHI NPOrpaMMHpPOBAHHA, UYTO OyIer paccMOTpeHo Huxke. B
OPOCTEUILEM CIIydae (PyHKIMA MOKET OBITh ONMPENEIEHA BRIPAKEHUEM MOIL30BATENA. DyHKIUS
OMpPEenesIeTCA CAEaYIONMM 00pa3zom:

UMA_(PYHKUIMH(APryMEHTHI ): =BBIPAK CHUE

rae umiA_(PyHKIMM — I000M HAEHTU(UKATOP; APTYMEHTHI — CHOHUCOK AapryMEHTOB
(pyHKIMU 4Yepe3 3aIATYIO0; BEIPAXKEHUE — JMH000€ BBIPAKEHUE C HCIIOIB30BAHUEM CTAHIAPTHBIX
(GyHKIMH U (PYHKUIMN TOJB30BATENA, ONMPENEIEHHBIX B JOKYMEHTE Iepen STUM. BripaxkeHue
OOJKHO COOEep:KaTh WIAEHTU(PUKATOPBI aprymMeHToB. llpumep nemouku BBRIpAKEHUU C
HCITOJIb30BAHMEM (DYHKIIMH MOIB30BATENA MPHUBEICH HIKE:

OOKYMEHT f:l[}ﬂ,I_IHCAH
INEKTPOHROW NOQINTMCLIO
ukat: 20000004 3ESABBB952205E7BAS00060000043E

—_

- .
VXOEBa iITbHHA ~Ad1eKCaHapoBHa

ned: c 19.08. 2022 no 19.08. 2023
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x=12 vo=xXx+ taxy  fix,v) = 7+ jg.r2

sx. v =x+ v+ fx,7
o= s(x,¥) + % | = 3083502

DI'IEPEILI,HH npUCceanBaHHUA U BbIYUCNEHUA B INIEKTPOTEXHUKE

[Ipumenum HA @IpakTHKE oOnepanuu OpucCBauMBaHWA. PaccumTaem HKBUBAJICHTHOE
COIPOTHUBJIEHUE ABYX MAPAJUIENBRHO BKIIOUEHHBIX PE3UCTHUBHEIX 31E€MEHTOB (pe3uctopoB) Rl u
R2 (puc. 1.4). Hyxno yunteBars, 410 MATHCAD BemmmonnaeTr nercTBus HaA BEIPAKEHUAMUA B
CTPOTO OMPENETCHHOM TOPSIAKEe — OJIOKM aHATM3UPYIOTCS CJIEBA HAMPABO W CBEPXY BHHU3. IJTO
3HAYUT, 4YTO OJOKM HEIB3sA pacmojaraTb MPOU3BOJBHO — OJIOKHM, HEOOXOOUMEBIE JIA
BEITIOJTHEHUST KAKUX-TMO0 Omeparuil, JOJKHBEI HPEAMIECTBOBATE OJIOKAM, BBITIOJHSIONIIM 3TH
omeparm. B mporuBHoM cayuae MATHCAD ykaxer Ha omwuOKy, BBIIE JTUB MEPEMEHHYIO,
KOTOpas HE OMpeNesieHa, KPACHBIM 1IBETOM.

YuuTeIBas CKazaHHOE, CIEAYET CHAYaJia C MOMOIUBID ONMEPAIUM IPUCBAWBAHMA 3a1aTh
COIPOTUBIIEHUSA PE3UCTOPOB.

Puc. 1.4. TTapauieins-
HOE BKJIIOYEHHE

PE3UCTOPOB

Beemure R1:10 [Tab] m R2:15 [Tab], /lanee nyxHo Hamicats (pOPMyTy SKBUBATIEHTHOTO
conporuBienns R12 mig mapannensro coenuaeHHsrx pezuctopoB R12:R 1 *R2/(R 1+R2) [Tab],
YToOBI MOMYINUTE PE3YILTAT BRIYUCICHHUH, T.€. BEIBECTH 3HaueHue R12, HyxHo Habpare R12=.
Ha skpane qucries 570 OyAeT BEITIAOETH CICTYIONIMM 00pa3oM:

CKOOKM:

CblO
Ceptudukar: 008004 ABBB9S5 E/BASO00O 043E ( R 1 R2)
Bnapeneu; AN el Hoposna := I 5 R 12:= Rl 2

(R1+R2)




[Tpome vabpare popmyiry naa R12 cnenyronium oOpazom:

R12: R1*R2 [Space]/RI+R2 [Tab], Ha akpaHe noay4ynm

R1.R?
RI=10 R2=15 RI2= A RI12

6

RI1+R2
5 TNIEL PN TTINY .

Ecte enie ogun crocod momyuuts popmyny ansa R12 B takom xe Buge. Beenure R12:/.
Bel momyuure npoOb, B KOTOPYH OTAENBHO BBEAWUTE 4YHCIUTENL W 3HaMeHarens. [locie
HECKOJBKUX YIPAXKHEHWM B BBRUMCICHUSX Bvl camu omnpemenure, Kak Jydiie BBOJIUTH
MATEMATUUECKUE AEHCTBUA U TAE HYKHO CTaBUTH CKOOKH, a rae HeT. [lone3no 3amoMHUTE, UTO B
CJIyuae COMHEHHA JIyUllle MOCTABUTH BBIPAKEHHE B CKOOKHM, 4EM HAMMCATH €ro 0e3 CKOOOK.

Ck0OOKH HE MOBPENAT.

Codeprycanue omuema :  BbLINOJHEHHYI0O PadoTy cOXpaHHTL B NanKe moj cBoell (pamuianeii u
MOKa3aTh MPenoaaBaTero

Konmponwsusie gonpocsl

Kak BCTaBUTH rpeuecKyto OyKBY B JIUCT?
Kak co3nare rmo0ansHyr0 KOHCTAHTY ?

Kak 3amaroTcs apryMeHThl ()yHKITAN?
Kakue Bcrpoennsie (pyHKIun ucnos3yrTcea B MathCAD?

Kak co3nars QyHKIMIO MOJIB30BATEN?

ol N

Cnucok 1umepamypbol, peKOMeHOVeMblil K UCNO1b308AHUI0 N0 OGHHOI meMe:
1. bepmunep, 5. M. CAIIP B mammnocrpoennu : yueOHuk 1s By30B / 3. M. bepmunep, O.

B. TaparemnoB. — Mocksa : @opym, 2014. — 448 c.

2. Adanaceea, H. 0. BrruncimrensHbplE W SKCOEPUMEHTATBHBIE METOALI HAYYHOTO
yKcnepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. Xnebnukop, A. A. Uadopmarmmonnsie Texuonoruu : yueOnuk / A. A. XneOHukoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: Ocnosnsie cepBuckl u texnonoruu Iloxapckas I'. U., Hazapos [[. M.
N3parens: Haumonamsuerit Otkperteiil Y HuBepeuter « MHTYHWUT», 2016

JlabopaTopuasi padora3. Kommiexkcusle uncia B MathCAD u ux npuMeHeHHe B

JIEKTPOTEXHHYECKHX pacyeTax

I eny pabomoi:
M3yunte 0CHOBHEIE (PYHKIMH A1 PA0OTEI ¢ KOMIUIEKCHBIMU YU CIIAMHA, CITOCOOBI 3a0aHus

MHHMOM €THHUIIEL.

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

Cept .'-1;.Tgﬂwlﬁqg@_#@ﬁ:%tjﬁcﬁigp.&.s:)::n::ns1:}::'::':}::' }3E
Bnageney, UleGgyxogs |lategHa AnekcaHapoBHa .
Mathcad BOCIpHHUMAET KOMIUIEKCHEIE uMCiaa B (opMme a + bi, rae a u b — 0OBIYHEIE
gucaa. MokHO UCIIOIB30BATE OYKBY j BMECTO I, €CIIM 3TO yao0Hee.

- = - O YT e 4 (=] ] -]
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KomrmiiekcHiIe uucaa MOTYT TAKKC BO3HHKATE B PC3YJIBTATC BLIHHCJIEI—H*IFI, Oaxe €CJIM BCC

MCXOJHBIE 3HAYEHUS BEMIECTBEHHBI. Hanmpumep, eciit BEIYMCINTE <=1 _Mathcad BEPHET .

XOTS MOKHO BBOIUTH MHHUMBIE YHUCIA, COMpoBOXKmas wx i wm j, Mathcad oOpraHO

orobOpaxaer wux compoBokgaeMeiMu . YtoOer Mathcad mokaseiBam MHMMBIE YHCTA C J,
BeIOepuTe DopMar u4Hc/Ia u3 meHro MareMaTHka, HaXMATE HA KHONKY “‘TmobaneHeNl U
nepexkmouure “MH. ex’’. Ha J.

[Tpu BROZIE KOMIJIEKCHBIX YHCET HE 3a0yIbTE, UTO HEIB3A MCHOIB30BATH [ WM j CAMU IO

cede mIg BBOOA KOMIUIEKCHOM eauHunbl. HykHO Bcerma mewarars 11 mmma 1), B mMpOTUBHOM

ciygae Mathcad wmcromkyer i wnu jkak mepemenHyio. Korma Kypcop MOKHIAET BBIPAKEHHE,
comepxamee /i wiu /j, Mathcad ckpreiBaeT u30prTounyto 1.

CrenuajibHbIe ONepAlHU HA/I KOMILIE KCHBIMH YHCJIAMH
B Mathcad ecrs cnemyromme crnenmanbHbe (PYHKIIMM W OTEPATOPHI i PAOOTHI C

KOMINUICKCHBEIMH JHCITdMH.

Re(z) Beniecrsennas 4acrs Z.
Im(z) MuuMmas 9acTo Z.
arg(2) Vron B KOMIUIEKCHOM MJIO0CKOCTH MEKIY BEMIECTBEHHOW OCBIO M Z.
Bo3ppamaer pesyiasTaT MEXIY -p U P paauaH.
Moayme z. UToOBI 3ammcars MOIYIbL OT BEIPAKCHHA, 3AKITFOUMUTE
|7 ] IEr0 B BBIIEIAIONIYH0 PAMKY M HAXMUTE KIABUIIY C BEPTUKAIBHOM
MOJIOCOH | .
UuCno, KOMIUIEKCHO CONPSXKEHHOE K Z. YUTOOBI HPUMEHUTE K
— BREIPAKEHHUIO OMEPATOP COMNPSAKEHHA, BBIOEIWTE BEIPAKEHUE, 3aTEM
< HAKMUTE JBOMHYIO KaBeIUKY (). Hucno, conpsk€nHoe K a + bi eCTb a -
[bi .

Prucynok 2 mOKa3elBa€T HEKOTOPBIE IIPUMEPEI UCHOIB30BAHMA KOMIUICKCHBIX YUCEN B

Mathcad.

CepTudukar:
Bnaneneu:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

Mathcad PLUS - [Untitled: 1] T|¥
=gaﬁn MNpaeka Texkct MaTemaTeka [padeka CHMBonNMKa OkHO KHHrR -
3% =
r = 2 B - oo
4 B
OnpenenuM KOMNNEKCHLIE NEPEMEHHBIE 21 B 22
z1 = J—i 72 = r-gt! ¥
Z1 =1 77 = -1.414 +1.414i
Hue NpHEEAEHB! NPUMEDPBH BO3MOXHbIX AERCTBHA Hapm HUMH
Z1 +22 = -1 414+ 2414 Re(z2y = -1.414
Z1 22 = -1.414 -1.414i Imi{z2) = 1414
% - 1414 +1.414 sinh( z2) = -0.802 + 2.152i
£ In(z2) = 0.693 + 2 356i
22| = 2 arg(z2) = 2.356
JORVMERTTHOANMCAY - |
0 () Tl e s b oo e e ﬂ_

lleGayxoea TaTeAHa AnexkcaHgpoBHa

ucynok 2: Kounaexcuwie uucia 6 Mathcad.
MuorosznauHpie QyHKIIHH



[Ipn ucnome30BaHMM B KOMIUIEKCHOM 001aCTM MHOTHE (PYHKIMU, O KOTOPBIX MBI
MPUBBIKJIN IYMATE KaK 0 BO3BPAMIAIONIMX OJHO 3HAUEHHUE, CTAHOBATCS MHOTO3HAYHEIMHU.

OOmiee mpaBWwIO COCTOMT B TOM, 4YTO I MHOro3HauHoW (yHkrmu Mathcad Bcerma
BO3BPANIAET 3HAYEHWE, COCTABIAIONIEE HA KOMIUIEKCHOM IJIOCKOCTH CaMBIM MAJIEHBKUH
MOMOKUTEILHEIM YIOJd C MOJOKUTEIBHBIM HAMNPABICHUEM OEUCTBUTENBHOU oOcH. OnHo
HA3BIBAETCSA TJIABHBIM 3HAUECHHEM.

Hampuwmep, ecm tpebyerca Beraucmuts (-1)Y°, Mathcad sepuér .5 + .866i, XOTS MBI
00BuHO cuyuraem -1 kyOmueckum kopuem u3 1. Jlemo B Ttom, uto .5 + .8661 COCTaBIAET C
MOMOKUTEILHBIM HANPABIEHUEM BEMIECTBEHHOM OCH IOl TOMBKO B 60 rpamycoB, B TO BpeEMI
kak -1 cocrasmser 180 rpagycos.

EnuHCTBEHHOE MCKIIIOUEHME W3 OSTOTO MpaBUIa — ONEpPaTop n-0T0 KOPHA. ITOT

ONEepaTrop BO3BPANIAET BENMIECTBEHHBIM KOPEHB BCAKWUW pa3, KOrAd 3TO BO3MOKHO. PUCyHOK 3
TOKA3BIBAET 3Ty 0COOEHHOCTB.

Mathcad PLUS - [Untitled: 7] -
Tekct MaTemaTeka [padurka Cnmsonvka OkHo

=|daan [lpaBka Kuurm

E.L 1 =1 —— ONepaTop NM-HOMN®> KOpHA EOIEPALRAET ECLWIECTEEHHDE
SHAYCHHE, €CNM 3TO BO3MOXKHO.

n:=1.3.5

expin-i -60-deg) exp(ni 60-deg)® . Toumo Tamke, KaK ¥ BCAKOD

0.5 + 0.866i -1 YMCNa eCTk OBA KBE3AAPATHDLEX
__I —1 I:-UEIHF'. '!I'Eﬂﬂl{urﬂ YHCHA €ECTh

88 _ 0866 3 TPpH KybHueckux KopHs.

Jpech " i " NpeAcTAaBNAET MHUMYID
eqHHLWY. HaneyaTadre " 10 ™, uTobp
EEECTH BB,

1
(-1 3 - 0.5 + 0866 +— BoszepawaeT "rmagHoe sHaveHue'" kyHUECKOro KOpHS —
' ' JHAYEHHWE, NDMBEOEHHDE B NEPEDMA CTPOKe B TabDnuue

BB EPXY.

g ¥

Pucynok 3: HaxoxkneHue BENMIECTBEHHBIX KOPHEH N-OM CTENEHU W3 OTPULATEIBHOTO

qHCIId.

O0opvaoBaHie H MATEPHAIbL.

[Tepconanpueiit komnerotep, nporpamma MathCAD.

Ykazanus 1o rexuuke 0e30nacHoOCTH:

COOTBETCTBYIOT TEXHUKE 0€30MACHOCTH MO padOTE ¢ KOMIBIOTEPHOU TEXHUKOM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO Jaoanus

Ceptudwgar: LC0000043E9ABEBEDS52205E 7BAS00060000043E .
sranen PEOY.ETCH BRIOIHATE BRIUHCIEHHS IPHBEIEHHOT0 IPAMEpPA H CBOET0 BAPHAHTA

1. Coznare HOBEIN (paiut. Oprann3oBaTh TEKCTOBYIO 001ACTh (CM. mpUMeEp 2).
Nencteutened: ¢ 19.08.2022 no 19.08.2023



2. 3apgate MHUMYIO €QUHUILY B BUAE 1 = —1 wm j=—1 .

3. B Brrpaxkenun A (cM. camocToaTensHyro padory Nel) onHy U3 nepeMeHHEIX (HaAImpuMep, X)
CIEeIaTs MHUMOU (ZOMHOXKUTE Ha 1 i ). [lomecTuTs 3HaueHNE BEIPAKEHUS B IEPEMEHHYIO
A_complex.

4. Beraucimts A_complex.
5. Co31are TEKCTOBYIO 00JIACTE ¥ MOMECTUTE B HEE HAAIMNCE (CM. mpumep 2).
5. Beramcnute MOOYJIE KOMIUIEKCHOM BEIMYMHEI, MOMECTHB €ro B IepeMmeHHyr modul.

HabGpars nma nepemennoit modul, 3arem oneparop npucBanBaHus =, 3aT€M UM EPEMEHON
A _complex, 3arem 3HaK MOy (B3ATh C maHenu Apu()MeTnka Win BBECTH 3HAK | C
KJIABUATYPEI ).

6. BerunciuTe AEUCTBUTENBHYI0O M MHUMYK Y4aCTH KOMIUIEKCHOW BEIMUYWHBI C MOMOIIBIO
BcTpoeHHBIX (pyHKIMin Re( ) w Im( ), momecTuB 3HadeHus B mepeMeHHbIe real part u
imag_part.

7. BeIUMCIIMTE aPTyMEHT KOMIUIEKCHOW BEMMYWUHEI C TOMOTIIBIO BCTPOEHHOM (PpyHKImuM arg( ),
MOMECTHB 3HAUEHHUE B MEPEMEHHYIO argument.

8. Co3mare TEKCTOBYIO 00JTACTh ¥ MOMECTUTE B HEE HAAIMMUCH (CM. IpuUMep 2).

9. Beruncmte MOOVJIb, APTYMCHT M CaMO KOMIUICKCHOC YHCJI0, HCITOJIB3YA MATCMATHYCCKHEC
.

[ . 1 '
‘E‘ =\ x +y p=arctg—,z=zg" .
MPENCTABICHUSA X I€ Z — KOMIUJIEKCHOE 4HCIIO, X., Y —
NEHCTBUTEILHAS U MHUMAA YaCTH, () — APTYMEHT. 3HAYEHUS TOMECTUTH B TepeMenHsre modull,
argumentl, A complex]l. CpaBHUTE CO 3HAYEHMSAMH, PACCIUTAHHBIMH C HCIIOJH30BAHUEM

BCTPOEHHBIX (DYHKIIUM.

10. Bropou1 BapuaHT 3amaHus MHUMOM €QWHMIEBL. ¥YIAnUTh 001acTh C 3amucero 1= —1.
[lepemenHrie 1 B BRIpak€HUAX OyayT KpAacCHOTO IBETA, 4TO O3Hadaer ommOky. [locraBurs
Kypcop nepen nepeMeHHon 1 u Haopars 1, T.e. 11. Beimomaurs menaoxk BHE 0071aCTH BEIpAKEHMA,
npu 5ToM 1 ncuesner. Mcnopasurs Takum 00pa3zom Bce ommOKH.

11. Coxpanure ¢aiin ¢ nmenem task?2 danvmmms.

KomnaeKkcHble yucna s 33

KomnnekcHoe uucno B anredOpanueckod (opme MOKEeT OBITH 3a0aHO C HOMOIIBIO
¢yukmpm npucBanBanusa B Bune Z1:=3 + 41 wiu Z2: = 3 + 4j. BeBoguTteca 00a gucma Oyvayr
OMHAKOBO B 3aBUCHUMOCTH OT TOTO, Kakoe 00o03HaueHue (1 WiM ]) YCTAHOBIEHO A MHHUMOH
€ TUHUILIBL.

B cayuae, eciM KOMIUIEKCHOE UMUCIO 3a0ACTCA HE YUCJICHHBIMHU 3HAUEHUSAMH, QA
MATEMATUYECKUM BBIPAKEHUEM, TO BBOJ ] MOCIE MHMUMOW 4aCTH JACT OmMOKy B rrom cmyuae
IJI1 MHUMOUW 4aCTH MEPET ] HAA0 MOCTABUTE 3HAK YMHOKEHUA (*). HO MEPET STUM 00A3aTEIBHO
HAJ0 ONPENECINTE 1 KAK MHUMYIO €InHUIly. KoMmieke B 5 TOM Cirydae 3a1aCcTCs TaK:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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L Ha JKpaHe

i\ -1 j:T*J“i

7.3: 120*cos(1) +120* sin(1)*j | Z3 :=120cos(1)+120sin(l) j
(mpHcBanBaHHE)

73 = Z3 = 64.836 + 100.977j(BbIBOKX)

[Ipumep 2.

3afaHue N2, BapnaHT 1

1 q -1 1
" +
A_-:l:lmplﬂ:-: = ), i + 1. ; },i'j

Hox-y

A complex = 0.4al - 0,304

Bk 4HMCNEHHA C NOMOWER BCTROBHHBE (Y KHU A
modul == |&  complex| tnodul = 0.927
redl patt = Rel s complex) real part = 0461
inag part = ImA complex) imag patt = 11504
argument = argl A complex) argument = =103

BtidHcnedua no fopmyizm

tnodull = Jreal_part.g + ircmg_-f:uﬁrt.2 modudl = 0927
_|_
imag_ patt
argumentl = alan argamentl = -1 .05
tedl part

_ ] Laramhent
#i_complexl = modul - & & complex] = 04461 — 0304

OrmeruMm, uT0 B HOBBEIX Bepcusax MATHCAD 3nak ymHO)eHUs Mmexay uucaom 120 u
(PYHKIMAMH — CHHYCOM U KOCHHYCOM MOKHO HE CTABUTh. JTO HE OyIET BOCIIPHHHUMATHCS KAK

onmoKa.
OOKYMEHT I_ID,D,I_IL*’ICAH

JEHTPDHHGF NHO4NcoiO
CHCTBUEEILHAL, , YACTh  KOMIUIEKCHOTO 4uciaa Oepercs ¢ momonipio (pyHkium Re

Brane (Hanpﬁmep, Re(Z£3)=64:836), a MHMMAad 9aCTh — C mOMOMIBIO (PpyHkumu Im (Hampumep, Im(Z3)=
100.977). Monyne KOMIIIIEKCHOTO YHCHA BBIAEIAECTCA ¢ momomipo pyakimm |Z3|=120, koropas
Nencteutenex: ¢ 19.08.2022 no 19.08.2023



BBOJUTCA HAXKATHEM KIaBuil ||| Z3. APryMEHT KOMIUIEKCHOTO UMCIIA, T.€. MOKA3aTENb CTEIEHU
OpU I[OKA3aTEIBRHOM (POopMe 3amicH, KOTOPBIM PAaBEH HAYANBHOU (pa3e COOTBETCTBYIOMIEH
CUHYCOUJATBHON (DYHKUMHM, BBIACIAECTCA C moMomiero (yHKiuu arg(Z3)= 1. 3mecs aprymeHr
ykazaH B pamuaHax. YToOsl MOMyYHUTH CONPSIKEHHOE KOMIUIEKCHOE YHCJIO (NMPUHATOE B
MATHCAD o0003HaueHne ¢ BEpXHEH 4epToii), HyKHO TOC/IE KOMIUIEKCHOTO YHCJIA MOCTABHTH
KaBeldku. Hampumep, ecnu BBectn Z3"=, TO HA SKpaHe QUCILIES MOJTYIUM

Z3= 64.836 - 100.977;

KommnekCcHple 9HMCIa MOKHO BBOOUTE M B MOKA3aTENBHOM (Opme, HAMPUMED,

Z:50*exp(1.2)) wmu Z:50*eA1.2].

Jlanee meMcTBUS C KOMIUIEKCHBIMHU UMCIAMH PACCMOTPHUM IPU PACUETE AIEKTPUIECKOM
IIEHH, CXEMa KOTOPOH MpUBEaeHA HA puc. 1.5 u 1.6.

R: Puc. 1.5. DnexTpudeckas NemnE
CO CMCINIAHHBIM COCIUHEHHUEM
NPHEMHHKOB

Puc. 1.6. DnexTpuyeckas uent
CO CMEIIAHHBIM COEJHHEHHEM
NPHEMHHKOB MPH pacyeTe ee

KOMIUIEKCHBIM METOI0M

Ha puc. 1.7 opencrasnena koms skpana B cucreme MATHCAD ¢ pacuerom ykaszaHHOH 1I€MH,
BBEJIUTE CAMOCTOATENLHO MPUBEACHHEBIE HA PUC. 1.7 BEIpaKeHN.

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ipuvep 1.PacgeT M1eKTpHYecKOH 1eNnH nepeMeHHoro Toka,
npejAcTapjaeHHoM Ha puc. 1.5 1 1.6 KoMILIEKCHRIM METOIOM .

MlaHo: U:=220 Z1:=2+3] Zp:=3+4j Z3:=5-12

3HaueHusA COMPOTHUBIICHUH JlaHbl B OMax, 4 HarnpsXe€HHe B BOJIbTaX.
Haiiti TOKH B KaX/J0H BETBH H MOIIHOCTb, NOTPEOIIsieMYIO H3 CETH.

Pemenne: 7.7

DKBHBAJIEHTHOE 2°43 :
conpoTusente Been merm; 2 = 41+ Zs +2Z3 255 0,958 9,991
Tok B HepasBeTBlICHHOMH YacTH: T = 7 [1 = 18.304 - 15.666j
HanpsixeHue Ha pa3BETBIIEHHOM Y4YacTKe [T :

Uyz :=U-=-1,-Z, U3 = 136.395 — 23.581;

. - Uz2s = Uz

OKH B I1apaJUleJIbHbIX BETBHX: 2 - 7 3= 7

> = 12.594 - 24.653; [3 =571 + 8.987)

[lonHas MOIHOCTE: g . {1.], §=4.027 x 10° + 3.446j x 10”
AKTHBHas MOILIHOCTB B BaTTax (XCHCTBHUT. 9acT) Re(S) = 4.027 x l(}3
PeakTiiBHasi MOILIHOCTB B Bapax (MHIMas 9acTh) Im(S) = 3.446 x 1(}3
Mojysii TOKOB (AeHCTBYIOIHE 3HaYCHHA B aMIiepax)

1| = 24.093 I[gl = 27.684 |13‘ = 10.648

ApPryMeHTBI TOKOB (HauadbHbIe Gaskl B paaHaHax)
arg(l;) = -0.708 arg(l;) = -1.098  arg(l3) = 1.005

Puc. 1.7. Pacyer 3neKTpHYECKON LENH NEPEeMEHHOro TOKa

WNHAeKkce y COMPOTUBICHNWI M TOKOB MOKHO BBOJUTE OO OTKPHIBAIOMIEH KBAAPATHOM

CRDGKDﬁa%ga:@ﬁ%’ﬂ%@i (Z . 1). Hamo TOABEKO MOMHUTE, YTO B IEPBOM CiIydae 7] 3amaercs
CepdbKaK WHIEKCHPOBAHIAS TFOPEMEHHAS; T.€. KaK 3JIEMEHT MAaCCHBA, & BO BTOPOM CIydae MPOCTO Kak

T HepeMerHAS ¢ CHMBO b HEIM HHIEKCOM.
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[Tockonpky MHOTHME NPUBBEIKIN BBEIPAXKATh YIJIEI HE B paguaHax, a B rpagycax, TO B
MATHCAD mnpengycmorpeHa W Takas BO3MOKHOCTE. APryMEHTEl TPUTOHOMETPUUECKHX
(pyHKIMIT MOKHO 3aITMCEIBATE B TPAAyCax, CTABA MOCJIe HUX HanMeHoBanue deg. Hampumep:

cunyc 30 rpagycos sin(30deg)=0.5,
kocunyc 30 rpamycos cos(30deg)=0.866,

cunyconmansHas pyukips sin(ot + 30deg),

J15deg

MOKa3arenbHas () yHKIUA €

UTo0BI mepeBECTH paguaHEl B AJIEKTPUYECKUE TPAAYCHI, HYKHO (DYHKIIUIO pa3IeluTh Ha
deg. Hammpumep, apkcunyc ot 0,5 pasen 0,524 paguana win 30 rpagycos:

asin(0.5)
deg

asin(0.5) =0.524 =30

B TekCTe KOMIUIEKCHBIE BEMMIUHEI 0003HAYAIOTCA ¢ TOUKAMU HaBEPXY (/) wian
MOMYEPKHYTHI MPAMOMN TUHUEH (Z), a HA skpane gucnies B cucteme MATHCAD stu BemmanHel
HE UMEIOT TAKUX JOTOMHUTENBHEIX 0003HaueHuil. OTMETHM, YTO CUMBOJIBI U UACHTU (PUKATOPHI,
HaOpaHHbIE B TEKCTE KYpCUBOM, B cuctemMe MATHCAD nabpansr mpsameiM mpruTom.

Konmponwsusie gonpocsl

Kak monyuuTs J€HCTBUTENBHYIO YACTh KOMIUIEKCHOTO YA Cia?
Kak mony4uTs MHUIMYIO 94CTh KOMITIEKCHOTO umncia’?

Kak mepeBecTH paguaHsl B TPagycChl?

Kak Haitu MOaynb KOMILUIEKCHOTO uncia’

Kak Haut apryMeHT KOMIUIEKCHOTO 9HuCia?

Kak zamaerca MHHMAA € THHATIA

A

Cnucok numepamypol, peKOMeHOYEeMblI K UCNO1b308AHUI0 N0 OGHHOU meMe:
I. bepmunep, 3. M. CAIIP B mammnnocrpoenuu : yueOHuk 11 By30B / J. M. bepmuep, O

B. TaparsmoB. — Mocksa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. 0. BrramcimrensHbelE W OKCHEPUMEHTAIBHBIE METOABI HAYYHOTO
yKcmepuMenTa : [yued. mocodbue™]. — M. : KHOPYC, 2013. — 330 c.

3. Xnebnukosp, A. A. Uudopmarmonnsie Texnonornu : yueOnuk / A. A. XneOHnkoB. — M. :
KnoPyc, 2014. - 472 c.

4. MATHCAD 14: Ocnosnrie cepBuckl u texnonoruu Iloxapckaa I'. U., Hazapos [[. M.
M3pgarens: Hanmonameueit OtkpeiTeiid Y HUBepeuter « MIHTY U Ty, 2016

JlabopaTopHas paborad. I'paduxu pyHkIHH

Lens padembls- MOAMnWCAH
S M3yanrs Eﬁﬂﬁ%ﬁﬂrﬁﬁﬁﬁb@ﬁm U PeNaKTUPOBaHMs IPAQUKOB (PyHKIMIL OAHOI 1 ABYX

e ESABBBO952205E
BnanendIEPEMEHHEIX; TPAPHKOB BIOIAPHEIX KOOPIHHATAX.

Neict saL'I?EQPEM.HEENHH Qacmb.




dopmarupoBaHuE IBYMEPHBIX I'Pa(pUKOB.

Jlns BeIBOmAa OKHA (OopMATUPOBAHUSA ABYMEPHOTrO rpaduka TOCTATOUHO HOMECTHUTH
yKa3arenp MBIMM B 00JacTh rpauka W ABAXKALI MIEJIKHYTH JIEBOM KHONMKOM MBIK. B okHe
OOKYMEHTA MOABUTCA OKHO (popmarupoBanua. OHO MMEET psan BKIANOK. Bkianka CTaHOBUTCA
AKTUBHOW, €CJIM YCTAHOBUTEL HA €€ MM YKA34TEIb MEIIIH U MIEIKHYTh JIEBOM KHOIKOM.

=
Dcid 5 I Cneg, I Meteu | Yronuanee |
D Oce-Y:
™ Norapuer, wekana [ Norapudr. weana
[T Bcnoe. neeae [T Bonort ausHM
v Hyrdepsies v g mpaLLER
IV aeTomacwrad v AEToMacTai
™ Morkazare MeTrd [ MowazaTe MeTeu
v ApTocerka W 2peTo coTEA
F’Ernﬂ:p CETEM; Faariep cerrm

IE-_

— CTidNe OCeH MpapuE &
i* Crpami4eHas ofnacTe

" NepecadeHLe [ PaBHbig Macirabc
(" BES rpaHHL

LI I Ll e I [ ST | Cnpases

Kak BuaHO HA pUCYHKE OKHO (pOPMATUPOBAHUA UMEET YETHIPE BKIIAIKU

ocu X-V¥Y-3ananue nmapamMeTrpoB (pOpMaTUPOBAHUS OCEH;

TUHUY rpaduka — 3aganne mapaMerpoB (popMaTUpOBAHNS TMHUN rpaduka;

HAOMUCH — 3aJaHUE TapaMETPOB (POPMATHPOBAHUS METOK OCEH;

M0 yMOTYAHUI0O — HA3HAUEHUE YCTAHOBIEHHBIX MApaMeTpoB (popmMaTHUpPOBAHUA
mapaMeTpaMu Mo yMOTYAHUIO.

1. ®opMaTHpoOBaHHe oceli rpaduka.

Ha Bximagke X-Y ocu comepKarcsa CIENyOMMe OCHOBHBIE MAPAMETPHBI, OTHOCAIMIMECA K
ocam X u Y (Axis X 1 Axis Y):

Jlorapu(pmmuecknit macmrad — yCTaHOBICHUE TOTAPU(PMUUECKOT0 MACIITa0a;

JluaMM CeTKN — yCTaHOBKA JIMHUW MACIITA0OHOM CETKU,

[TponymepoBars — ycTaHOBKA IM()POBEIX JAHHEBIX IO OCAM;

ABTOMacmTad — aBTOMATHUECKOE MACIITA0OUpPOBaHME rpaPUKa;

Hanectu pucku — yCTaHOBKA AENEHUN MO OCAM;

ABTOCETKA — ABTOMATUUECKAs yCTAHOBKA MACIITAOHBIX JIMHUN;

Yucno MHTEPBAIOB — YCTAHOBKA 3aJAHHOTO UM CJIA MACIITAOHBIX JIMHUI.

I'pynma Ctums 0celt mO3BOSIET 34Tk CTIIBE OTOOPAKEHMS KOOPAMHATHEIX OCEH:

Pamka — 0CH B BUI€ NPAMOYTOJIEHUKA;

Busup — ocu B BUIE KpecTa;

Huuero — orcyrcrBUe ocel;

PaBHpIe neneHnsa — yCTaHOBKA OJMHAKOBOTO Macmrada mo ocsM rpaduka.

2. @opMaTHpPOBAaHHE JJHHUN rpa) HKOB.

JTa BKJAAKA CIAYKUT JIA YIPABIEHUSA OTOOpaKEHHMEM JIMHWUN, U3 KOTOPBIX CTPOUTCH
rpauk. Ha 51011 BKJIAIKE NPEACTABICHEI CIECAYIONINE TAPAMETPHI:

Mertka nereHas — BEIOOp THNA TUHUU B JIETEH/IE;

CuMBON — BBIOOpP CHMBOJIA, KOTOPBIM IMOMEMIAETCS HA JMHUIO, 71 OTMETKH Oa30BBIX

TOYEK rpa%m(m HT NOAMVCAH
SHEKTPORROW TIOANTMCEH)

HHA, 5 ¥ CTAHOB KA, THIE, JIMHHH,

Bnaneneu:  Wech{BexTssyeranoBra HBETA IMHUN M 0A30BBIX TOUEK;
Tun — ycranoska Tuna rpapuka;
Neicraurenen: ¢ 19 LOZIMAIHA 68 YETAHOBKA TOJIIMHBI JIMHUU.

™ &S T i L ST Tl
CepTudMKa 208600




WDKUKAT 2C0000043E9AB8B952205E7BAS00060000043E

V310BEIE TOUKHM (TOUKHM, IS KOTOPHIX BBEIUUCIAIOTCA KOOPAMHATHI) TPa(UKOB 9acTo
TpeOyercs BRIACTUTE KakoH-HuOyas (urypoi. Cmucok crondria Symbol mo3zsomaer BeIOparsh

CIEIYIOIIMNE OTMETKH IJIA 0A30BBEIX TOYEK rparuka KaKaonu u3 (PpyHKIHUH:
HUUETO — 0€3 OTMETKH;

X’S — HAKJIOHHBIU KPECTHUK;

+’X — OpAMOU KPECTHUK;

KBaIpaT — KBaapar,

poMO — poMO;

0’S — OKPYHOCTb.

Crmmcok B cTonbue Jlnausa no3BoJeT BEIOPATh TUITEI JIMHUM : HEOPEPEIBHAS, TyHKTUPHAL,
IITPUX -ITy HKTUPHAA.

PackpriBaronieiica cnucok cronbua Type mo3Boaser BRIOpaTh CIEAYIONIME THUMBI JIMHUI
rpaduka:

JIMHUA — ITOCTPOEHUE JTNHUAMU,

TOYKH — IIOCTPOEHHUE TOUKAMU;

MHTEPBATEI — IOCTPOEHUE BEPTHUKATBHBIMH YEPTOUKAMHA C OIEHKOW WHTEpPBaia
MOTPEIIHOCTEN;

CTOJIOEI] — MOCTPOEHUE B BUJIE CTOJIOIOB TUCTOT PAMMEI;

CTYIIEHBKA — ITOCTPOEHUE CTYNMEHYATON JIMHUEH;

OPOTAKKA — MMOCTPOCHUE MPOTAKKON OT TOUKHU JO TOUKHU.

3. 3ananue HAANKCel HA rpadgukax.

JTa BKJIAOKA MO3BOJIAET BBOAWUTE B rpa()MK TOMOTHUTENBHBIE HANMUCH. [{7d yCcTanoBKu
HAQIIHUCEH CIYKaT HOJIA BBOJA:

3aroJ0BOK — yCTAHOBKA TUTYJILHOM HAZIMMCH K PUCYHKY;

Ocp X — yCTAaHOBKA HAAIMACH MO OCH X;

Ocp Y — ycTaHOBKA HAAMMCH TIO OCH Y.

B rpymnme 3arosoBOK HMMEIOTCS NOEPEKMOYATENA CBEPXY M CHU3Y [OJA YCTAHOBKH
TUTYJIBHOU HAAOUCH TU00 HAX rpapukoM, 1100 MO HUM.

4. IlapaMeTpsl rpa(UKOB 110 YMOJYAHHIO.

Brmanka "[lo ymomuanuio" mo3BOISET HA3HAUNTE YCTAHOBJIEHHBIE HA IPYTHX BKJIATKAX
napaMeTrpel (POpMATUPOBAHMUA MMApaAMETPAMH N0 yMOJ4aHuio. JliAg 3TOoro Cayxur (Praxkok
YCTAHOBKU 'MCMHOJB30BATE IO ymomdanuro'. lllenkHyB Ha KHONKE "BEPHYTE 3HAUEHUA IO
YMOIYAHUIO ' MOKHO BEPHYTH CTAHIAPTHEIE mApAMETPEI Tpapuka.

llocmpoume ecpagpux ghynrkyuu p(x)=5*x"6-3, 3a0ae ceou yeem u cmuib KPUGOU.

A Temepep paccMOTpPUM, KAk HA OJHOM pPHUCYHKE OTOOpa3uTh HECKONBKO rpa]pukoB,
HampuMmep v=2*cos(x), v=sin(x)"*2 u yv=x.
y y y

s ! 7

1 x)
Zl %) DW\!‘E ::Hi:;::
qf =)

NOKYMEHT RdonucaH |
3NEKTPOHHOW NGANWCLIO 0 10

W 10

o~ - "
LeD3yxXoBd iITbHAHA AJHERKCARODOBHA - -

ANTOPUTM BBITTIAOWT TaK:
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3apanre  manHele  (QyHkuumu - (00o3HausTe  mx, Hampumep  f(x), g(x), g(x):
flx) =2 cos(x) ¥ = sii:n(:-:'jE grE) =X

Bemsear mabmon rpaduka, BBemuTe M0 OCH X MM HE3aBUCUMOW NEPEMEHHOH (WIIH
MEPEMEHHEBIX, €CITU UX HECKOIBKO), MO OCHM Y BBeauTe f(X), MOCTABBTE 3amATYIO (IPU STOM
MEPBOE BBIPAKEHHUE YXOOUT BBEPX, 4 MOJ HUM IOSBIIETCA MECTO BBOJA), BBEAUTE Z(X), 3HAK
3AMATOUN U CIEAYIOMIEE BEIPAKEHNE ((X).

OtBens ykaszarenb MBILHW 34 NMpEeAensl rpauka, MIEAKHATE JEBOW KHOMKOM MBI —
MOABUTCA TPAPUK C TPEMS KPHUBEIMH.

[locmpoume na o0Hom pucynke epaduxu pyuxyuu y=x"2+2%x, y=tg(x), y=x-5.

[Tocne ToOro, kak ™Mbl OCBOMIM NOCTPOEHHE OBYMEPHBIX Tpa@uKOB OTHOHM WM
HECKOJBKUX (DYHKIWM, PACCMOTPUM IOCTPOCHUE Ipa()UKOB ITOBEPXHOCTEH (TPEXMEPHEBIE WA
3D-rpaduku). C nmomomipio cucremer MathCad Takue rpaduku CTpoOSTCA ma)e MPOMIE, 4EM
IBYMEPHEIE.

[Tocrpoum rpaduk pyukumu z(x,y)=x"2 + y"2, nas 510r0:

3amaiiTe (PYHKIMIO ABYX MEPEMEHHBIX: 2%} = 4y :

Hcnmonp3ys nammtpy rpaduky, BBEAUTE MAOIOH TPEXMEPHOTO rpaduka.

Ha emmHcTBEHHOE MECTO BBOOA IO IHAOJI0OHOM BBEOUTE Z.

BriBenuTe Kypcop MBIIM 34 Opeaensl rpauKa U NICIKHUTE JIEBOM KIABUIIEH MBI —
Oyzner mocTpoeH rpa(uk B BUAE "TPOBOJIOTHOrO Kapkaca'.

O0opyaoBanne H MATepHAIbL.

[Tepconampueiit komnerotep, nporpamma MathCAD.
YKa3aHHud 10 TeXHHKe 0e30IaCHOCTH:
COOTBETCTBYIOT TEXHHUKE 0€30MACHOCTH IO padOTE C KOMIBIOTEPHOU TEXHUKOM.

JaqaHus

[Tocrpoenne rpadukoB PyHKIIMM OTHOM NEPEMEHHOM.

Ha manemm MHCTPYMEHTOB U1 BBOJA MATEMATHYECKUX OOBEKTOB MIEIKHUTE HA
kHOTKe *F - Ha SKpAHE MOABUTCA MAHENL NOCTPOEHUA rpapukoB. Ha 5T0o1 naHnemm nmienkHuTe Ha

KHOIKE C MQEMMQB}IEM@HDFD rpaduka = - ma SKpaHe MOABUTCA madmoH rpaduka,
KaK 3TO ﬁﬁﬁ%ﬁﬁ@rﬁﬁL?WFl 4 (mabmoH rpaduka MO¥KHO BBIBECTH TAKKE HAKATHEM KJIABHIIIMN
CepTi ‘I 0004 3ESABBBAO52205 E,._-.lll-.'lllll',:-:.E
Bnages k[@])UBBﬁ WTE HA, MECTE€ METKU CHHU3Yy OCH X MM HE3aBHUCHUMOIO aprymeHTta — X. Beaure nHa

MECTE METKH CJIEBA OT OCH Y (PYHKIMHIO, U1 KOTOPOH crpourcs rpaduk, Hampumep Sin(x)’.

- = - « } 'l L E [=] ]
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Puc.51.4

[Tomecture ykazaremp MBI HA 00JACTH ODOCTPOEHMA TpapuKa M MIETKHWUTE JIEBOM
KHONKON MBEIIIK — rpaduk Oyaer moctpoeH (cm. Puc.51.5).

Jlnsa mepemenienus rpauka B Apyroe MECTO JMCTA HEOOXOOUMO HOMECTUTE YKA3aTENb
MBIIIIA HA pPaMKy, 49TOOBI MOABWIACHE YEpHAA JAOOMIKA, W HAXKAB JEBYI0 KHOMNKY MBIIIH,
mepeTanmuTh rpa)uK B IPyroe MeCTo.

Jlnsa n3meHenus pasMepoB rpaduka UCHOML3YIOTCA YEPHBIE KBAAPATHKUA MO IEHTPY U B
yIJIy pAMKH, IIPU 3TOM HAIPABICHUE U3MEHEHU S ITPAHULEI TPpa(UKa YKA3BIBAETCA CTPEIKOM.

Ha omuon mmockoctu rpaduka MOMKHO MOCTPOUTE TPa(UKM HECKOJBKUX (PYHKIMH.
JlobaBum k yxke moctpoeHnomy rpadguky Ha puc.51.5 eme ogun rpadguk Cos(x). [lna sToro Ha
BBIPAKEHU U Sin(x)’ puc.51.5 nienKHUTE IEBOU KHOMKON MBIIIH, TOSBUTCA MAPKEP BBOOA B BUIE
cunero yrosaka. JloGeitecs, uToOBI STOT Mapkep OXBATHA Bce BeIpakeHme Sin(x)’. Ha
KJIaBUAType HAOEepUTe CUMBOI 3AILATOM, IPU 3TOM MApPKEpP BBOAA IIEPEMECTUTCSA BHU3 HA HOBOE
mecto. Habepure (pyukimo nosoro rpaduka Cos(x). Bemegure kypcop Meitim 3a nojae rpaduka
W IIEJIKHUATE J1eBOH kHOmKoM. Ha rpaduxe Oyayr mocrpoensr ase ¢yukium Sin(x)® u Cos(x).
HoBsn1 rpauk k y#e moCTPOEHHBIM (PyHKIMAM J00ABIAETCA aHATOTHIHO.

51’11(:-::33 L

—10 L 10

Puc.51.5

CrammaprHo awana3oH W3MEHEHHs (YHKIUM II0 OCH Y OHPEIEIACTCA
ABTOMATHYECKH, 4 mo0 ocu X 3amaerca aumanazoH ot —10 mo +10. Jluamazonm mo X MOKHO
W3MEHUTH crenyrommm oopazom. [logsenure ykazarens MbIIM K MIKAJE MO OCH X U MIEIKHUTE
JIE€BOM KHOMKOW MEIMHM. [Ipm 5TOM HMKE MOABATCA METKH AJA BBOJA MNPENENOB MO OCH X.
M3menure 5tu npenensl. AHATOTMYHO MEHAETCA QUAMA30H M0 OCH Y.

[To ymonmuanuio rpauku CTPOATCS MO TOYKAM C ABTOMATHMUECKUM HW3MEHEHUEM
mara mo ocu X. [Ipu odeHp CAONKHBIX (YHKIIUAX BO3MOKHA mOTEPS MH(POPMANHA U MOATOMY
IJIA HAX HEeoO0XO0OMMO 3amaBaTh CBOM MIAr M3MEHEHUA M0 OCH X. JTO [JOejJaerca C
HCITOJIb30BAHUEM PAHKUPOBAHHOM MMEPEMEHHOM X, KAK 5TO ITOKA3aHO, HAITPUMED, HA pruc.51.6.

B Sy aas, | KOTaa, HEOOXOOUMO TOYHOE OMPENEIEHUE KOOPAWHAT JIMHUM Trpauka,
BRINIOJTHSEECIPOMpacoperka. llepemecture kypcop Melmm B moae€ rpauka U BEI3OBUTE
_“PMPKOHTEKCTHOE 'MCHEO” TTpaBoit ‘Kiofikoi memun. BeiGepure mynkr memto Cred. Ilosmurcs oxmo

Bnapeneu ITbHAHA AJ

TPACCUPOBKHU IPaPUKa, HOKAZAHHOE HUKE:
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A-ralue 1B Copy
o L -0.19952 Copy ™y
v OTcnes. ToYek nad JakpbITE

YcranoBure (praxok Omcaedc.moyex OaH, 4TOOBI BeIOMpanace Ommkanmas JIMHUA
rpauka K ykazaremro MBIIIM. Y KA3aTEIb MBIIINA ITOMECTUTE B HYKHYIO TOUKy rpaduka (sra
TOUKa Oyaer oroOpa)karsCs HA MEPECEUEHUM IBYX IMYHKTHPHBIX JUHUM). B OKHE TpacCHUpOBKHU
MOABATCA KOOPIMHATEI OTMEUEHHOHM TOUKH rpa()uka. ITH KOOPAMHATHEI MOKHO NMEPEMECTUTH B

Oy(ep oOmena u moToM noMeCTUTh X B nokyMeHT Mathcad wim gpyromt 1OKyMeEHT, HAIPUMED
Word.

zak ol

x

Fi3) = o= —15,—1495 13

0.5 -

1)

- | | |
D'S—ED - 10 L 10 20

n

3aKaHYMBAECTCS TPACCUPOBKA HAKATUEM KIABUIIH 3AKPEITE.

Breinenenue o0macTu mocTpoeHus rpa)MKOB € MOMOMIBIO MBIIIIH.
[IpaBoli KHONMKOW MBIIIM BBEIBEIUTE KOHTEKCTHOE MeEHI0. BpiOepuTe MyHKT MEHIO

Macwma6. Ilpun sToM Ha Tpaduke MOABUTCA AOMOJHUTEILHOE IHANIOTOBOE OKHO, KAk I3TO
moKa3aHo Ha puc.51.7.

FH—'I" foom ﬂ.
= il
P 1AR:
bl Gk
| |
k. | OTrEHS ‘
Puc.51.7

[TonBenure ykazarens MBIIIN B JIEBEIH BEPXHUHN yTOJI BRIIEIAEMON 001acTH HA rpaduke,
HAQKMUTE JIEBYHO KHOIIKY MBI U ONPOTAHUTE MBIIIE BHU3 U BIpaBo. Ha rpaduke BrimeneHHas
obmacte Oymer OTMeueHa MyHKTUPHOW JuHUEH. OTIyCTUTE IEBYI0 KHOMKY MBIIIN U HAJKMUTE B

TUAIOT OB OMCVOKHE! R0 Macwima6. Tloctpourcs rpaduk BeimenenHoi ooOmactu. B oToit
SJIERTPORHROW NO4NMCBEI0

ConmsQOTACTH, MOKHO, TAKMM #KE 00pazemM-3anars HOBYI0 00OnacTe u T.4. Knonka Hasao Bo3Bpamaer Ha
Snanen@nHy!BerOeieanyrocobmacrs Haszan. Kuomka //oiublii BOCCTAHABIMBAET MCXOAHYI0 OOIACTEH
rpa¢uka. Knonka Ok yOupaer quaioroBoe OKHO.

- = - « } YT e E [=] ]
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@opmaTHpOBAHNE ABYXMEPHEIX TPA(PUKOB.

[Tomecture ykazarens MM B 001MacTh rpauika ¥ OBAXKIEI MIEIKHUTE JIEBOM KHOMKOM
mbId. [losBurca okHO (popmarupoBanusa, nokazanHoe Ha puc.51.8. Berbepure Bkmaaky Ocu X-
Y. Kak Bugno 3 puc.51.8, 5Ta BKiIaaka Mo3BOJLIET 3a04Th XapaKTep 0TOOpaKeHNUA OCEH.

@Onaxku mo ocsam X 1 Y 3a7a10T CAEAYIONIEE:

Cemxa — yCTaHABIMBAET IMHUH MAaCIITAOHOMN CETKH;

Hymepayus — ycraHoBKa IU(PPOBEIX TAHHBIX IO OCAM;

Ne cemok — yCTaHOBKA 3aJaHHOTO YHUCIA MACIITAOHBIX JUHUM (IIPU yCTAHOBJIEHHOM
(prnaxke Cerka);

- (pnaxxu Kopobrou, Ilepeceuenue, Hem 3an1ar0oT MECTO PACTIONOKEHUS KOOPIUHATHEIX

OCeH:
- (pmaxok OQourakoeble yCTAHABINBAET OOUMHAKOBEIM MACIITA0 ITO 0CAM rpafHka.
Formatting Currently Selected X-Y Plot
O l I:Ju:u.l.nl] Ml:lrm] HMUJHUHHH]
e Do ™"
[ AypHan [ AupHan
[ lrTRA [ | lrTRA
[ Hiyr4epaui4a v Hiriepaua
[ METOWKaNa W METOWwkana
[ Moie. Maprecp | Mo Maprecpod
It AT oCeTr v ApToCeTra
M= Cerur., M= Cerur.
Crine Doai
f+ KopoSkof
7 Mepecederue | OuvAdk s
{" Her
OF. Canccl Help
Puc. 51.8

Bknanka Credsr nnanoroBoro okHa puc.51.9 ycranaBiuBaer UBET U THUIN JTUHUH
Kaxa0ro rpaduka. Mcnmons30Banue 5TOH BKIAAKM OUEBUIHO U 3E€CH HE 0OBACHACTCA.

—.,

Formatting Currently Selected X-Y Plot

[l P=TH ' Creak l HDTH.I-I] Ut anaan A ]

Merea Nerenael CHkeon . NHHWA Ueer Tun Bec

trace 1 none zolid red lines 1 |-
trace & none ok bilu lines 1 =
brace= ([l dash anm lime=s 1 -
trace 4 none d adok mag lines 1
trance b (g Tulgl=} 20 fid N lines 1 B
laue & [ s e ol Lairi lir =2 1 [

|tlEu:lE='| |r‘n:nneﬂ |3|:|Iidﬂ |n3-:IL| |Iines j | [ LI

[ Crp. &prymeHTEl W LCrp. Nerenqay
(] s Carnzel Help
Puc.51.9

Bknanka Memku mo3BOnsSeT 3a0aBars HAAMUCH MO OCAM KOOPIWHAT YU Ui BCETO
rpaduka. MUcrose3oBanue 370U BKIAIKA OUEBHIHO.

Bxrmanka Vwmonuanua mo3BonsfeT yCTaHABIMBATE BCE 3aJaHHEIE ITAPAMETPBI Ipaduka mo
YMOJIUAHUIO.

[TocTrpoenune TpexMmepHBIX TPa(pUKOB

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

Ceprucukar:  2C0IOIFEB ATP! xepepemmxoMathcad nna mocrpoenns TpexmepHoro rpaduka odga3arensH

[0 B aIpescHIx: BEPe Mathcad oOCTpOE€ pexmepHoro rpapuka 00sa3arensHo

S Tpe0OBANOTE T CO3 AT MACccuBa 3HAaYCHWH (DYHKIMH, TO TEHEephL MPOLEAypa MOCTPOCHU
rpauka yopoCTHaIaCs.

— - . A 2T w] YT = 4 i (=] Y L ]
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Habepure uma pyHKIUM IBYX NMEPEMEHHBIX, ONEPATOP MPUCBAUBAHUA (:=) U BEIPAKECHHUE
(yHKIMHA.

Y CTaHOBHUTE KypCOP B TO MECTO, I'I€ BBl XOTUTE MOCTPOUTE IPaUK.

Ha w»arematnueckon manemm Graph (I'paduk) menkaure nHa kHOmke Surface
Plot(Tpexmepnsiu rpaduk). Ha mecre kypcopa mosBuTcs mada0H TPEXMEPHOTO rpaukKa.

B equncrBeHHOE MECTO BBOJA madmoHa rpaduka BBeauTe UM (DYHKIIAH.

[llenkaure Mermisio BHE 00mactu mabdnona. ['paduk Oyaer mocrpoen (puc. 1)

Kpome yCkopeHHOT0 moCcTpoeHus rpa)uka MOBEPXHOCTH MO (DYHKIIUHM OBYX IMEPEMEHHBIX
CYIIECTBYET M 4YaCTO IPUMEHAETCA OPYrol Ccmocod co3manua rpauka ITOBEPXHOCTH C
VCITOJIb30BAHUEM MACCHUBA YUCJICHHBIX 3HAYEHUN (DYHKIIHU.

C mOMONIBEK JUCKPETHBEIX NEPEMEHHBIX BBEIUTE 3HAYEHUA O000MX apryMEHTOB 3aJaHHOU
(pyHKIMH.

Beemure mMaccuB, 2JI€MEHTAMH KOTOPOTO ABIAIOTCA 3HAYEHUA (DYHKI[UM, BBIYMCICHHBIE
TP 3aJAHHBIX 3HAUEHUAX aPTYMEHTOB.

Y CTaHOBHUTE KypPCOP B TO MECTO, I'I€ BBl XOTUTE IMOCTPOUTE Ipaduk.

Ha maremarnueckonn manenu Graph menxaure Ha kHomke Surface Plot. Ha wmecre
Kypcopa MosSBUTCS MAOI0H TPEXMEPHOTO rpauka.

B eguncTBEHHOM MeEcCTE BBOAA madnoHa rpaduka BBEAUTE UM (PYHKIINH.

[llenkuure Meimieio BHE 00nactu mabnona. ['paduk Oyaer mocrpoen (puc 2)
[TocTpoennsni Takum 00pazoM rpapuk OKa3eIBAETCA YEPHO-OETBIM,

(x50 = ey

Puc.l. [TocTtpoenue Tpexmepnoro rpaduka

a TmoTOMYy HE€ CciaumkoM KpacuBelM.. Mathcad mo3Bonser cpemars W3 HEro MOYTH
MPOM3BENECHUE UCKYCCTBA.

BEIMOJTHUTE OMUCAHHYIO HUKE NMPOLENYPY.

JIBaK Bl MIEIKHUTE MBIIBIO B 00macTu rpa)uka — MOABUTCA OKHO (popMarupoBaHUAd
rpajguka (puc.3 ).

[Teperinure Ha Bkmanky Appearance (Odopmuenune) n ycranosure nepexmouaremmn Fill
Surface %ﬁgﬁ%mcm) u Colormap (LIBeroBas kapra). lllenkHnuTe MBINIBI0O HAKHOIIKE

n O
ceomn AP P TPHMEHEITE bo HEFOBE SAGHATE TPADHK IBETHEIM.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc.2. Co3zganue rpaguka ¢ UCITOJIB30BAHUEM MACCUBA YUCJICHHBIX 3HAYCHUU

B okue (popmarupoBanusa nepenaure Ha Bkaaaky Lighting (Oceemienune) m yCTaHOBUTE
(pmaxok Enable Lighting (Bxarounts ocBenienue) n nepeknogarens On (Bkarounrs ). Betbepure
onHy u3 6 BO3MOXKHBEIX CXxeM B crucke Lighting scheme (Cxema ocBenmieHus ) U MIEJIKHUTE HA
kanonke Apply (IIpumennrs) nin OK.

3-D Plot Format
Backplanes ] Special I Advanced I LluackFlot Data
General ] B e ] Lppearance Lighting l TiHe

Light 1 ]Lightzl Light 3| Light4 | Lict | »

FRRE Light DV irection
5 Erade Ligt ey %[
rnable Lighting i
B Zrbiznt Light Colar _ 'l
Lighting 5cheme: Lot el
B [Diffuze Calor £ |0
Scheme T ha B Specular Color | v Infinite Light Source
ak. CTreieHa ‘ [Pl EHIT ‘ Crpaeka

Puc.3. Oxno popmarupoBanus rpaduka

4. lllenkaure mpaBou KHOMKOMW MBIIIN HA TPA(HUKE — OTKPOETCA

KOHTEKCTHOE MEHIO, NAIONIEE MOIOJHUTEIBHBEIE BO3MOKHOCTH IO YIYUIICHUIO BHUIA
rpa¢uka. BetOupas pazneie KOMaHIEl, CMOTPUTE, KAK OHM BIUAIOT HA BUA rpaduka (Puc. 4).

5. B oxnme ¢opmarupoBanus Ha Briaagke General (O6mmie) B rpymme Display as
(ITokazaTe kak) umeercsa 6 mepexmoyareneii, H03BOIMIONIMX BEIOpAaTs THI rpaduka (cM. puc. 3):

Surface plot — Iﬁlﬁq)ﬂl{ MOBEPXHOCTH;

QKYMEHT LIORY o _
CoRtouT, o PAPUK MMHUNA YPOBHI;
Ceprudpncar: 2CO0DALAPEIS 2L HA TPAPHKe IPENCTABIEHB] TOJBKO PACUETHBIE TOUKH;
Bnapeney LleGgyxoBa |aryAsa AFEKGAHOPOBHA
e Vector Field plot — Tpaduk BEKTOPHOTO IOJISA;

Bar plot — rpa¢guk TpexMepHON THCTOTPAMMEL;

- = - « } YT e E [=] ]
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Patch plot — nmomagku pacdeTHBEIX 3HAUEHUI.

Uro0Or1 BEIOpaTh TOT WJIM WHOH THI TpapuKa, HYKHO YCTAHOBHUTH COOTBETCTBYIOMIMI
MEPEKTIIOYATENh U MIENKHYTh Ha KHOTIKE Apply. Onuenure Bce TUIEI rpa()UKOB.

CymIeCcTBYIOT JOTIOJHUTEILHEIE CTIOCOORI YITPABIECHUS TPaPuKOM.

Bpamenue rpaduka BEIMOJHAETCA ITOCJIE HABEACHWSA HA HEr0 YKAas3aTessd MBIIH IIPU
HAKATOU JIEBOM KHOIIKE MEIIIIH.

MacmrabupoBanme rpaduka  BBEITOTHAETCA  AHAJIOTWYHO, HO TPH  HAKATOH
monmoHHUTENRHO Kaasuae Ctrl.

AHnmanmsa rpauka BBINOIHACTCA AHAJIOTUYHO, HO NPU HAKATOU TOMOJHUTEILHO
knasume Shift. Jlag ocTaHOBKY BpamieHus CIEAYET MICIKHYTH JIEBOM KHOIIKOW MBIIIA BHYTPH
oOmactu rpaduka.

OKkHO, NPUBENEHHOE HA pUC. 3, CONEPKHUT 9 BKIANOK, OTKPBEIBAIOIIMX MIMPOKHUE
BO3MOJKHOCTH IO (p)OPMATHUPOBAHUIO TPA(PYUKOB

z

Puc.4. Bup rpaduka nmocie (popMaTUpOBAHMUA.

[TocTrpoenne rpadpukoB PyHKIIMI IBYX MEPEMEHHEBIX (TOBEPXHOCTEMH).
Onpenemmre ¢Qyakimo Z(X,Y) aByx mnepemeHHHelx X u Y. Ha manemn

DOCTPOEHUA TPAPUKOB NICIKHUTE MO KHOIKE &4 DOCTPOEHUA MOBEpPXHOCTEW. Ha skpane
MOABUTCS MIA0IOH IMOCTPOEHUS MOBEPXHOCTEHN, KAK MOKA3aHO HA PUC. 5. EMMHCTBEHHBIM MOJIEM
BBOIA ATOTO 11adJI0HA

EHT NOArcaH
PNEKTPOHHOW NOANUChLIO

| —
LU LR LW T ] S ] D] T A W g T LW LW WL L LW LWL L L ]

CepTudukar:

Bnaneneu: llleb i\al0Ba TaTesaHa AnekcaHapoBHa
| |
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Puc.5

ABIAETCA JEBBIM HUKHUHU yTroJI, rae Habepure uma Qpyukium Z. [lepemecture ykasarens
MBIIIH 34 MOJ€ rpauka ¥ HAKMUTE JIEBYH0 KHOMNKY MEINIM, MOBEPXHOCTE A Z(X,Y) Oyner
MOCTPOEHA (CM. puc. 6).
Ha omnom rpaduke MO¥KHO IMOCTPOUTE HECKOJIBKO HOBEPXHOCTEHU. [lnda 3TOTO
HEOOXoouMO mepen rpadukoM OmpenemuTs (PyHKIMHA CTPOMMEBIX MOBEPXHOCTEH. B neBom
HIDKHEM YTy maliiona rpapuka yKasaTs 4epes 3araTyro BCe (DYHKINH.
Bpamenune moBepxXHOCTEN.
[TomecTuTe ykazarens MbeIIM B OOACTe rpaduka u, yOEp:KUBAS JIEBYIO KHOIKY
MBIIIN, HEPEIBUTATE MBILIE B TOM WJIH WHOM HAIMTPABJICHHH.
Ecrm onmepupoBares Mbelmieio mpu Haxarou knasume Ctrl, MOXKHO € €€ mOMOIIBIO
OTHAJIATE U MPUOINKATh OOBEKT.

2 2
TELF) =K +F

ol

Puc. 6

dopmaTHpPOBAHNE TPEXMEPHBIX TPA(PUKOB.
Okno guanora (pOpMaTUPOBAHHUA BBIBOAUTCSA HAKATAEM JIEBOM KHOIKH MBIIIHA B
MOJIE€ KOOPAUHAT NOBEPXHOCTH. OKHO (pOpMATUPOBAHUS NPEACTABICHO HA PUC.3.

Brxmanku Plotl, Plot2, Plot3 03Ha4aroT COOTBETCTBEHHO MOBEpPXHOCTH 1,2,3 B mopsnke,
OMPENEIEHHOM MPU YKA3aHUH (PYHKUMH B I1A0I0HE TTPU O CTPOEHUU IMTOBEPXHOCTEH.

Bkrmanka Axes CHOy»WUT [UIi YCTAHOBKH HApPaMETPOB KOOPOWHATHBEIX OCEH.
Hasnauenue (prraxkoB ¥ pEKMUMOB 5TOU BKIAJIKH OUEBHUTHO.

Bxnanka Lighting nmo3BossgeT 3anare d(p ekt moacBeTku moBepxHocTu. Pexum Enable
Lighting mTO3BOISET BKIIOYUTH OMNPEACICHHBEIE BAPHUAHTHI CXEMBI MmOACBETKH. Vmeercs
BO3MOJKHOCTh MOJCBETKH Pa3IMIHBIMHU UCTOUHUKAMM CBera Ligth [, MOMENEHHEIMM B TOYKY C
koopauHatamu X,Y,Z.

Kpome HEmOCpenCTBEHHO IOCTPOEHHUA IMOBEPXHOCTH BO3MOKHO IOCTPOEHHE
JIMHWAH YPOBHA NOBEPXHOCTHU. [ 5TOr0 OTKPOUTE BKIAAKY Special u ycranoBure (pnaxoxk Draw
lines.ITpumep mocTpoeHUs MMHIUNA YPOBHSA MPUBEIEH HA PUC 7.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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fiz,v) = :-:2 + }.?2

NocrpoeHune rpadpmKoB GYHKLMK AUCKPETHOrO aprymeHTa

[Tozmakomumcss ¢ paboroit rpaduyeckoro mporeccopa. 3amaguMm  nBe  (PYHKITUH
TUCKPETHOTO aprymeHta x: jmHelHylo ¢yakimo yl(x)= 2+4x u mapaGoay y2(x)=x".
JIMCKpPETHBIN apryMEHT X WU3MEHSETCA B JUAMA30HE OT HYJA O0 maTH. [pedyercs moCTPOMTH
rpapukn stux Qyskumi. Ha puc. 2.4 mokazano, Kak 3aJar0TCs W BBEIBOOATCA TUCKPETHBIN
aprymenT u ero (yHkumu. Ecm apryment ve Oyzmer ompeneneH 3apaHee, TO 3TO BOCIIPUMETCA
KaK OmuoOKa.

x:=0.5 ylx):=2+4-x y2(x):= X’
T yl(x) = y2(x) = 30

y 1(X) 20
y2(x)

10

0

Jlna 3amanmsa mabmona rpaduka Craemnyer BBEIBECTHM KYPCOP W3 BBEUMCIUTETRHOTO OlOKa |
ITOMECTHTE €r0 B TO MECTO, KOTOPOE OYIET IEBEIM BEPXHHUM YTIIOM rpa(puka. IT0 MECTO JOIKHO

OBITE Gﬁﬂwﬁ%%,ﬁpﬂqEK 3a0aHusa apryMeHTa u onpeneneHus pynkuuu. B nportuBHOM

 Cayaae @%ﬁf 0601 E'%cbgg oumOKe (HE ONPENEICHE! ICPEMEHHEIE). 3aTeM HyKHO: BHIOPATE B
é;;1LJ.MEHthﬁahﬁ&{lnSﬂr1}}4ﬂmmm ['paduk (Graph) u B mHeit X—Y 3aBucumocts (@ (X—Y Plot @),
00 B maHenmu WHCTPYMEHTOB (puc. 2.5) BeiOpars kHOTKY MuHCTpy™enTsr rpadukos (Graph

nencrav koo lbary (kHemkas e ppadukamu, BeImeeHHAs OO0JIEE CBETJIBIM TOHOM), MIETKHYB MBIMIBIO IT0




3TOM KHONKE U B OTKpEIBIIEHCA nmanenu ['paduku (Graph) (puc. 2.6) BeiOpats /lekapToB rpaduk
(X—Y Plot Shift+2) (Bepxuss meBas kHOIKA), OO0 TPOCTO BBECTH CUMBOII (@ (Shift + 2).

Ha okpane mosBurca mabOmon nma rpadguka. CpemHue NIPsAMOYTOJIbHUYKH, PACIOIOKECHHEBIE
BAOJb OCEM X M Yy, CAyXKar I yKa3aHus NEPEMEHHBIX — apPTyMEHTa W (PyHKOMU (WU
HECKOJMBKMX (pyHKUMIT). B kauecTBe aprymMeHTa BBEOMTE IO TOPU30HTAIHLHOM OCH J:, 4 B
Ka4eCcTBe (PYHKIIMM IO BEPTHUKAIBHOM OCH y\{X) M y2(X) uwepe3 3amaTyro. UTOOBI yNIpaBIATEH
KypCOpOM, CIIEMyeT WCITOJb30BAThH yKa3zarenb MBI win knasumry [Tab]. Ecmu (ymxrmit
OoJBIIE ABYX, TO BCE OHU MEPEUUCTIAIOTCA MO CITUCKY Uepe3 3amAaTyIo.

BriBenure kypcop BHe madnona u Haxmure [ Enter|, mocne 3Toro OyayT BEIUMCIEHEI BCE TOUKHU
(pyHK1Mi 1 nocTpoeH ux rpaguk. [lox kaxmon QyHkImen nosABmaeTcsa o0pasen JMHUN, KOTOPOU
HapucoBaH rpaduk. KpaiHue npAMOYTrOIBHHMYKHA MO OCAM 3aJA0T AWAMNA30H W3MEHEHUA
MEPEMEHHBIX IJIA rpa(uka — MUHUMAIBHBIE U MAKCUMAJIbHBIE 3HAUEeHUA. OHM HE OBLIM 3a1aHBI
M CHCTEMA CAENaia 3TO [0 YMOJIYAHUIO CaMad, AaBTOMATHUUECKH, OTMedas nu(psel yroakamu. Ecian
BBECTH HYKHBIE IM(PPBI BPYUHYIO, TO YTOJIKHA OyayT OTCYTCTBOBATE. [locTaBeTe KypCOp BHYTPB
rpauka ¥ MIEIKHUTE KHOMKON MBIM. M3MeHuTe BepxHUI penen no OCH X, 3aMEeHUB Hudpy 6
Ha uu@py 5. Ilocmorpure, kak n3MEHUTCA rpaduk.

dopmatupoBaHue rpadpmKa

I'paduxk, mokazannenii Ha puc. 2.4, OB HAPUCOBAH MO yMOM4Ya-HUIO. ['pauk MOKHO U3MEHHUTE
mo CBOEMy KelaHur, (popmarupys ero. PaccmoTrpum OCHOBHBIE STanmbl (POPMATHUPOBAHUSL.
[TocraBeTe ykazaremp MBIIM B O0MACTH Tpaduka M MIETKHUTE MPABOW KJIABMUIIEH MbBINM. B
OOABUBIIEMCS OUAJOTOBOM OKHE BeIOepure om0 @Oopmar (Format). Ilocme 5srtoro
OTKPEIBAETCA CTpPaHMIA BBIOOpA XAPAKTEPUCTUK KPUBBIX. Mim €€ MOKHO BEBI3BATH, MICIKHYB
OBAKIBI 110 JIEBOM KJIABUIIIE MBIIIHN, KOTJA YKA3aTENIh MBIIIIM HAXOIUTCA B 001actu rpaduka.

B Bepxuen nunelnke crpanuipl BeiOepure ommipo Ocm X—Y (X—Y Axes) (ecrmu oHa HE
OTKPBLIACH ABTOMATHYECKH). YCTAHOBUTE AKTUBHBIMU TOJIBKO aBe ormu: Bemom. Jluamm (Grid
Lines wiu Jluawm cerku) m Hywmepamms (Numbered) (B okHAx 3THX OMIWi DOJDKHBI OBITH
YCTAHOBJICHBI TAJIOYKH, 4 OCTAJTbHBEIE OKHA TycThIe). B okue Pazmep cerku (Number of Grids)
nma obenx ocer ycraHoBute 5 u Haxmure kHonky OK. CHoBa BOMauTe Ha CTpaHUIy BEIOOpA
XApAKTEPUCTHK U BBIOEpUTE Tenmepsr B BepxHeW guHeuke omuro Cnexn (lraces). Bremure mus
MEPBON KPUBOU vyl ¥ BTOpOI KpHBOH y2 ycTaHOBKH coryacHo Tabi. 2.1. UTtoOwr HE BRIXOOS U3
pexuma (popMaTUPOBAHUS MOCMOTPETH, KAK U3MEHMOTCA rpaduku, BMecTo kHOmku OK cnemyer
HaxaTh KHONKY [IpumeHuTs.

Taﬁﬂuui 2

WUMsa B nereuie CnmBon Jlnuna | Lser 1 Tun Bec |
Legend Label Symbol Line Color | Type Weight
y1(x) | 0's | solid blk l lines 2 |

| ¥(x) none dash blk | lines l |

Muorna OprBaes THYMHOAFBBIIECINTE Y3J0BBIE TOYKM rpaduka i HATATHOCTH KaKOWU-ITHO00
SHIEKTPOHROW TIOQNTMCBHO

Ceprus PATY:POME KPYEKKOM, KPECTHKOMPOMOOM H T. 1.

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

Orma CUMBOJI TO3BOJIAET 3a4aTh CIEAYIONIUE OTMETKH 0a30BBIX TOUEK rpaduka:

- = - O YT e 4 (=] ] -]
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mome (0e3 orMerku), X's (HAKJIOHHBIM KpecTHk), +'s (mpamoii kpectuk), box (kBampar), dmnd
(poMO), 0'S (OKPYKHOCTE). ¥Y3JIOBEIE TOUKH IIEPBOU KPUBOU OTMEYEHEBI OKPYKHOCTAMHU, & BTOPOU
— HauepueHsl 0Oe3 orMerok. /[lna BeIOENeHUA TpaUKOB HUCOONB3YIOTCA JauHAM (Line)
Pa3IMYHOTO THITA: TTOTTe (JIMHUSA He cTpouTcs), solid (cmmommuas), dash (mynktup), dadot mrpux-
nyHkTup). [lepBas kpuBas mocrpoeHa CHIOMIHOM JIMHUEHN, a4 BTOpas — NOyHKTUPHOU. L[BeTt y
oboux rpadgukoB BeiOpan uepnsiil (blk). OrdopmarupoBanusiil rpaduk mokazad Ha puc. 2.7.
MOXHO MO’KCHEPUMEHTHUPOBATE, 3a1aBas Pa3IMYHYI0 TOJIMHY JMHUM rpadukoB (Bec)
JIMHUW Pa3JIMIHOrO THIA.

(:=0..5 yIx):=24+4-x v2x)=x

X

Puc. 2.7. OTpopMaTHpPOBAHHDIH
rpaduk

MoxkHO BOWTH €mI€ pa3 Ha CTPAHUIY BBIOOpA XAPAKTEPUCTHUK U BEIOPATH TENEPh B BEPXHEH
munerike omuio Metku (Labels). [Tocme sroro moxHO BBECTH HazBaHue TpauKa W HA3BAHUA
ocern XHu Y.

Yacre rpauka mMOKHO MPOCMOTPETH B YBEIMYEHHOM BHAE. {14 3TOr0 mOCTaBBTE yKA3aTElb
MBIIIK B O0OMAcTe rpa)uka W MIET KHUTE MPABOHM KIABUIIEH MBIMM. B OTKpBIBIIEMCSA OKHE
BeiOepure omuo MacmTad (Zoom). Ilpu sTtom otkpoercs wHPOpMAMOHHOE OKHO X—Y
Zoom. ITocTaBeTe yKa3aTens MBIIIN HA TPA(PUK U C €r0 MOMOMNIBIO BEIAEIUTE (JIBUTAs MBIIIEL TPH
HAKATOU JIEBOM KJIABUIIE) yUACTOK rpaduka, KOTOPeIM XOTUTE yBeIWuuTh. [locime BeimeneHus
HaKMuTe KHONKY Macmrad+ (Zoom) u mpoCMOTpPUTE BBEIICACHHYIO YacTh rpapuka B
yBEIIMUEHHOM MacmTade, 3atem HaxMuTe KHOKy Macmtad- (Unzoom) win O630p (Full View).
['padpux mpumeT nepBOHAYANBHBIA BU.

YTo0Bl yBUAETE KOOPAWMHATH OOOM TOYKM HA rpaduke, HEOOXOOUMO YCTAHOBUTH YKA3aTENb

MBI B 00macTe rpa)yika U MIEJKHYTh MPABOM KJIABUIMIEW MBINHK. B OTKpBIBHIEMCA OKHE

BeIOepure omimio TpaccupoBka (Trace). Ilpu sTom oTkpoercsa mapoOpMAITMOHHOE OKHO X—Y

Trace. Egﬁmpmm anHeIx (Track Data Points) BkmodeH, TO NOKA3bIBAIOTCA KOOPAMHATEL

Cepdb IR KO 'Tejcﬂ’f‘fﬁfqekééttm@phfe Banaier (B Hamem cayuae x=0,1,2,3,4,5). Ecom xe Cien touek
aHa

Erunu LlleGay IHAP
,I[HI—H—ILIK ﬁrdﬂk ijdtd U‘lﬂt‘ﬁ) BEIKJIFOYCH, TO MDF}’T G]E:ITB MOKd3dHEI I{DDP,I[I’H-IHTLI JTPDﬁDH TOYKH,
HEH\H EH Hd T'Ppa(PpHKC. BKJTI—D‘IHTB H BBIKJIHOYHTE CI[E-‘,I[ TOYCK JdHHBIX MOKHO, ]]_IEI[I{H}’B MEIIIEIO

- .. R R o]
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IO ATOW HAAIMUCH WM 10 OeI0My KBaJIpaTHKY, pacmonokenHomy mepen Heil. Korma Cnen Todek
NAaHHBIX BK/IIOYEH, TO B KBAPATHUKE IMOABJIACTCHA TAJIOUKA, 4 KOTAa BBEIKJFOUYEH — KBAJPATHUK
myctod (puc. 2.8). Berxwmouure Craen TOUEK TAHHBIX, TOMECTUTE KYPCOP MBIIIH B JIFOOYIO TOYKY
rpapuka 1 HAKMUTE JIEBYIO KHOTIKY MBIIIIH.

x:=0.5 ylx):=244-x y2(x):=x
. 55 25
2 3 s Y i e - L ]
.
yie) 15 fvvee  [0528 ]h
y2(x)
=== 10 ™ Cnen Touex naHHbx Bu;uru:.
ME
T beiecd
0 | 2 3 4 5

Puc. 2.8. OnpenencHye KOOpAMHAT OJTHOH U3 TOYEK Ha rpaduke

Ha puc. 2.8 kypcop ycraHoBieH Ha Touke rpaduka y2 ¢ koopaunaramu: x=2,4 u y=6,0526.

[Tepemecture kKypcop B moOyio Apyryoo TOuky rpaduka yluim y2 M CHOBA HaKMHTE JIEBVIO
KJIaBUIIy MBINK. BeBenyrca opauHaTel HOBOM TOYKH. MOXKHO nepememars Kypcop M C
Ha)XaTOW Kirapumed Meimu. [TomabdmromaiTe, kKak B 9TOM CIydae MEHSIOTCS KOOpmuHaTh. I
BBEIX0JA U3 OKHA HAXKMHUTE KHOTIKY 3akpeITh (Close).

B kauectBe mpumepa uccaeayWre CaMOCTOATENBHO CXEMy, IMOKa3aHHY Ha puc. 2.9 mpu
n3mMeHennu conporusBiaeHusa R B mpenenax ot 0 go 10 Om wepes 0,5 Om

Puc. 2.9, Ilens nocTOgHHOrO TOKA C
PEryJINPYEMBIM COTIPOTHBIIEHHEM
HArpy3o4yHoOro pe3ucropa

SJ1C ucrounuka nmuranusa E = 6 B, BHyTpeHHEE CONPOTUBIEHNE UCTOUHUKA MUTAHUA T - 1,5 Owm.
ChHagasa BBEIUTE ouana3oH U3MEHEHUA aprymeHTa R, a 3arem (pyHKImm 3TOr0 apryMeHra: TOK
[(R), nanpsmkenne U(R) u momaocts P(R). ITokaxure sti 3aBucumoct Ha rpaduke.

PesynpTar mosmkeH OBITH TAKMM, KaK 3TO MOKazaHo Ha puc. 2.10.

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Httﬂl‘,’[{}ﬂlﬂ.ﬁ J_IEHFPH"EEEI]II MeNH MOCTONHHRMTO TOoKa
NP IMCHEH T COILPOTHRIICHIIA HAIPYIKN R
ot Hyas a0 10 OM yepes 0,5 Om.
AAC neroynnka E=6 B, suyrpcHuee conpornpnense r=1.5 Om,

R:=005..10 E:=6 r:=1.5

= R):=R-I(R P(R) := U(R) - I{R
I(R) TR U(R) (R) (R) (R) - I(R)
6
3 3 : W A
< IR) 1>
Puc. 2.10. Uccneno- | — 2=
BaHHE JJICKTPHYECKOM N l |
LENMH TOCTOFHHOIO 0

01 2345678 910
R, Owm

TOKA4

Konmponwvnvie gonpocuol

SR

Kakue crocoOsr (hopmarupoBanus rpadpukoB BeI 3HAETE?

Kak BEIIEMUTE y3I0BEIE TOUKH rpauka?

Kak n3mennrs nuamnas3oH rpadguka?

Kak 3a1aTs HECKONBKO aPryMEHTOB (PyHK1IMHN HA Tpaduke?

Kak mocTpouTs HECKONTBKO TPA(UKOB (PYHKIIMA HA OTHOM PHUCYHKE?
Kak mocTpouTs rpaduk moBEpXHOCTU?

Cnucok aumepamypol, peKOMeHOYeMblil K UCNOJ1b306AHUI0 N0 OGHHOU meMe:

L.

bepmunep, 5. M. CATIP B mammHOCTpOeHMY : yueOHMK miig By30B / 3. M. bepmanep, O.
B. TapareinoB. — Mocksa : @opym, 2014. — 448 c.

AdanaceeBa, H. ). BrrunmcmitemsHBIE M HAKCIEPUMEHTAIBHBEIE METOIBI HAYTHOTO
sKcrepuMenta : [yaed. mocobue*]. — M. : KHOPVYC, 2013. — 330 c.

Xnebunkos, A. A. UapopMarmoHHeie TeXHOIOTHHY | yaeOHuk / A. A. Xnebuukos. — M. :
KnoPyc, 2014. - 472 c.

MATHCAD 14: OcnoBurie cepBuck u texnonoruu Iloxkapekas I'. WM., Hazapos JI. M.
WNznarens: Harnonamenetit OtkpeiTeiil Y HuBepeuter « MHTY W Ty, 2016

JlaboparopHasi padboraS. MaccHBbI, MATPHIIbI, BEKTOPbI

el1b Padombl:
HT NoanmcaH

SNEKTPOHHOW NOANKCLIO

Copru KIRY THTRKOMAHIEE COITAHIA M MO PUKAIMM MATPUI] 1 BEKTOPOB, BRIMTOTHEHUS OMEPAIHH HAL
HnaneniieCcKOMBK VIT MACCHBAMIL, Sarpy3KN JAHHBIX B MACCHUBEI U3 BHEMIHETO (paia.

NelcTewd I leﬁ’ emiuleCKaa uacinb.




Maccus npencrasmser co00u Tabmuiy, 3aMOTHEHHYIO YMCIOBEIMUA 3HAUCHUAMHU. JJIEMEHT
MAaCCHBA HE 00s13aH OBITE CKaTAPOM. BO3MOKHO CIETATE MACCUBOM CaM AJIE€MEHT MACCUBA —
9TO MO3BOJIAET CO3/1aBAThL MACCUBEI 13 MACCHBOB.

JTH MACCHBEI BEAYT CE0A BO MHOTOM CXO03K€ C MACCUBAMU, UbH SJIEMEHTHI — CKAJLAPBL. O qHAKO
MMEIOTCSA HEKOTOPBIE PA3TIHA:

e Henp3s ucnonsp3oBars kKOMaHAy MeHIO MaTpHIIbL, YTOOBI BCTABUTE MACCUB B TTOIE, KOTOPOE
YK€ HAXOOUTCA BHYTPH MACCHBA.

e Henp3a oroOpa3uTe BECH COCTABHOU MAacCHUB. Brl Oynere B3aMeH BUIETh CTPOKY MOZO0OHYIO
13,2}, KOTOpas YKa3eIBAET, 4TO 3 X 2 MACCHUB HAXOIUTCA B ONPENEICHHON AYCHKE MACCUBA.

e DOJBIIMHCTBO MATEMATUYECKUX OMEPATOPOB M (PYHKIIMM HE UMEET CMEICIA N0 OTHOMIEHUIO K
COCTABHBIM MACCHBAaM.

Crenyromme pa3aensl DPOSCHAIOT 5TH PA3IAYUA.

Onpee/ienne COCTABHOI0 MacCHBA

Br1 onpenensere COCTABHOM MACCHUB CITOCOOOM, TTOJ00OHEIM ONPENEICHHUIO JIF0O0T0 MACCHBA.
EmiHCcTBEHHOE pa3muiie COCTOUT B TOM, UTO HENB3S UCIOIB30BATE KOMaHTy MaTpHIbI 13
mMeHI0 MaTeMaTHKA, KOT1a YK€ BEIOPAHO I0JIE BHYTPH CYIIECTBYIONMIEr0 MaccuBa. MoxHo,
OTHAKO, MENKHYTh HA MOJIE B MACCUBE U BIIEYATATH TyJd UM JPYrOro MacCUBa, KK IMOKA3aHO
Ha Pucynke 22.

Pucynoxk 22 nmoka3ssIBaeT TpU Criocoda OmpeaeIuTs MATPUILY, COCTOANLYIO U3 MATPHIL!
HCITOJIB30BAHNE TUCKPETHOTO APryMEHTA, ONPEIEIEHUE KAKIOTO AIEMEHTA B OTAEIEHOCTH, U
komannoit Marpuusl u3 meHio MaTteMaTHkaA.

B nomonHenue k METONAM, IMOKA3aHHBIM HA PucyHke 22, MOKHO TaKKE UCIOIL30BATh
¢pynkumo READPRN B MaccHuBeE MyCTBEIX HONIEH, CO30aHHEIX KoMannou Marpuisl. Umenre B
BUY, UTO HENB3: UCNOIB30BaTh READPRN ¢ ogaum (paitmom OOnbmie 4ueM OUH pa3 B JAHHOU

marpune. Oyukimsa READPRN nonpoOHO omicana B riiase “Dailibl JAHHBIX .
= Mathcad - [Untitled 1)
= Maun [lpaska Texker MatemaTuka [padwmrka Cumeonueka Dkio  KHWAMH 3

+ |40 | 4F

Tpe cnoco Ga onpcocricHMA COCTABHDIX MACCHMBOE

Mcnonb3yd AHCKPETHBIA apryMedT “epes koMadHny "MaTpdaus”™ [loanéMeHTHO
m:=0,3 ’
n-=0_ 3 II'.:(Z) B[]

I'I.ﬂm'n = identitg(m + 1) ) EI2 :
Vo= ( )
W

e ITOBPANKEHWE ANEMEHTOB

=1

identity(2)

(B 2 V)

3
I

MIJ.EI=1 v=(1)
10 0 4z
IIII511,1=(|] 1)
V,=(2 4)
10 0

I'U122=I]'[l]

ao l‘nEP 1& I NCAH

CepTudukarn

—_

Bnapneneuy llleGayxoea TaTbAHa AnekcaHapoBHa

Pucynok 22: Onpedeinenue cocmagHblx Maccugos.
nercreA)TOOpaKe e €o0eTABHLIX MACCHBOB



Korga Ber oroOpaxkaere cocTaBHOM MAaCCHB, UCITOJIB3YA 3HAK =, BEI HE YBUANTE KAKIBIM
5JIEMEHT B KAKIOM BJIOKEHHOM MAaCCUBE — 5TO OBLIIO OBI OUEHB TPOMO30K0. BMecTo 3TOTO
BCAKHH pa3, KOTIa 37IEMEHT MacCuBa — caM MaccuB, Mathcad yka3siBaet 4ucio CTpok u
CTOJIOLIOB BJIOKEHHOTO MAaCCHUBA B3AMEH €TI0 0TOOPAKEHUA HEMOCPEACTBEHHO. PucyHoK 23
MOKA3BIBAET, KAK MACCUBEI, CO31aHHBIE HA Pucynke 22, BRIrnaaar npu otoOpaxennn. Kax e
3IE€MEHT MacCuBa oToOpaxkaercsa nudo Kak:

e HHCIO0, KOTOAd 3JICMCHT MACCHBA — ITPOCTO YHUCIIO

e YHOOPAAOYEHHASA mApa m, N, TAE M U N — YUACIO CTPOK U CTOJOIOB B MACCUBE, PACIIOJIOKEHHOM B
TAHHOM JJIEMEHTE.

3aMeThTE, yTO MACCHUB B comepKUT 27I€MEHT , KOTOPBIH ABIAETCS CAM COCTABHBIM MACCHBOM.
Jlng ero mpocMmoTpa caeayeT Mpou3BECTH MMOBTOPHYIO UHIEKCAIIUIO, KAK MOKA3aHO B HUKHEM
npaBom yriay Pucynka 22.

m=10.3 { B o
.= .
fo=10.3 Z By = identity13)
=02 4]
By=[By 2 v]
11
V=
My p = identitsytm + 1) v
_I_

OTobpaskeHde BROMEHHE MATRML

SIRVRNTRTRRTRTARTRIN 1
(23} (22} {22} (22) v:[{g’l}] B-| 22

M = [1,2) ’
(33} (33} {33 {33) (1.3}
44l (48] {44) (44]

v'= (2l {12 Bp=r1 2 {12}
211 {2,1}-)

S, ) - [{1,2} (1.2}

Bz, , =12 4

Pucyrnok 23: OmobpadsiceHue cocmagHbix Maccugoe.

Oneparopsl H PYHKIHHA VIl COCTABHBIX MACCHBOB

bonsmmHCTBO OneparopoB U (PYHKIMI HE padOTAeT ¢ COCTABHEIMI MACCHBAMU, MOCKOIBKY
TPYOHO ONMPENEIUTE UX JEUCTBHE B TAKOM CJIOKHOM cinydae. Hampumep, coBepuieHHO
HEMMOHATHO, 9YTO MOHUMATE MO 00pameHneM COCTaBHOM Marpuipl. [Ipu moneITKe BRIMOTHUTE
00BIUHBIE ApU(PMETHIECKHUE OTIEPALITH HAJT COCTABHBIMU MAaCCUBAMH CKOPEE BCETO IMOABUTCS
nubo coobnieHue 00 OmMOKE THITA MEPENOTHEHHNE, MO0 OECCMBICIEHHBIN PE3yIILTAT.
CocTaBHBIE MACCUBBI NPEIHA3HAUYEHEI TTIABHBEIM 00pa3zoM i yI00HOT0 XpaHEeHUsA U JOCTyHa K
IJaHHBIM.

Hekoropeie oneparopsl 1 (PyHKIIMA BCE K€ MPUMEHUMEI U ITOJIE3HEI /I UCITOJIB30BAHUA C
COCTaBHBIMH MaccuBaMu. Hampumep, TpaHCIOHUPOBAHUE BBIITOJIHAET OCMEICIIEHHOE JEUCTBHUE,
KaK ITOKa3aHO B HIKHEHN yactu Pucynka 23. Ha cnenyromen crpanuiie npuBeaéH CmcoK
OMEepPaTopOB, MPUMEHAEMEIX K COCTABHBIM MACCHBAM:

Onepanus Ob0o3nauenne Kiaapnmm — Onmcanue
[IOKYMEHT MOAMWUCAH
ANEKTPOHHOW MOAMUCHIO
CeprubkPAFRCTIOMMEOREETEC205E78A500860000043E  [Ctrl] 1 [lepeBoauT cTOIOEI A B CTPOKH.
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
L] {: -
Bepxnuit MHIEKC Atn> [Curl]6 n-He1i cronder maccusa A. Bosepamiaer
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BEKTOP.
Huxuanit nagexc Vn | N-HEIU 3JIEMEHT BEKTOPA.

SJICMCHT MATPHIIBI U3 11-0T0 piaga v n-oro

BOHMHOH MHIEKC Am.
A HA i [ cTonoria.

byneso pasenctBo. Bosspamiaer 1, ecan
IBA COCTABHBIX MACCHBA, BKYIIE CO BCEMU

7 [Ctrl]= BJIOKEHHBIMHM MACCHBAMMU,
COAEPKANMMUCA BHYTPH HUX, UIECHTUYHBEL;
nHaue Bo3Bpamaer 0.

byneBo paBeHCTBO W

BepoaTHo, BecbMa MOIE3HBIMU /14 UCITOJIB30BAHUS C COCTABHBIMU MACCUBAMU OKAKYTCS
(pyHKIMH, CBA3AHHBIE C ONPENEIEHUEM PAa3MEPOB MACCUBOB, d TAKKE 00BEAMHEHNEM MACCHBOB
Y BEIIEJICEHHEM ITOIMACCHUBOB. B 4aCTHOCTH, MOKHO UCHOIL30BATE (DYHKIINUH cOls U rows, 4TOOEL
0OHAPYIKUTH AIEMEHTHI MACCUBA, KOTOPBIE SBIIAIOTCSA BIOKEHHBIMA MaccuBamu. O0e 3T
(pyHKIMM BO3BPANIAIOT HYJIb, KOTAA AJIEMEHT — CKAIAp, U COOTBETCTBYIOIIEE UMCIIO B
IPOTUBHOM Ciydae. OyHKIMM, KOTOPBEIE OYAYyT MOJE3HBIMA ITPU padoTe C COCTABHBIMU

MACCHUBAMH:

Umsa pyaxuun Bo3Bpamaeresi...

rows(A) Yucno crpok B Marpuiie A.

cols(A) Yucno crondnos B marpurie A.

length(v) Yucno 5neMEHTOB B BEKTOPE V.

last(v) HMuaekc nocneqHero 3IeMeHTa B BEKTOPE V.

augment(A, B) Maccus, chopmupoBanHeiii pazMenienueM A u B 0ok o 00k.

g ’ Maccuser A 1 B 1omKHE UMETH OTUHAKOBOE YUCIO CTPOK.
B, MHPOBAHHEINA pazMenienneM A Haa B.
stack(A., B) Maccus, co OBa asmemnienneM A Hag B
stac
’ Maccusel A 1 B 10/KHBEI UMETh OOMHAKOBOE YHUCIO CTOIOIOB.

[Tonmaccus, coOCTOATIMI N30 BCEX SIIEMEHTOB, COIEPKANINXCS B
CTPOKAax C ir MO jr ¥ CTOJONAX ¢ ic 1o jc. UToOBI moaaepkuBaTh

submatrix(A, ir, jr, ic, jC) MOPSAO0K CTPOK U-WJIH CTOJIOIOB, YI0CTOBEPLTECE,
4TOIr<=jr U Ic <=jC, UHAYE MOPATOK CTPOK H-WJIN CTOJOI0B Oyaer
oOpaniéH.

O0opyaoBaHHe H MATePHAIbL.

[Tepconanpueiit komnerotep, nporpamma MathCAD.
Yka3aHHud 110 TeXHHKe 0e30IaCHOCTH:

COOTBETCTBYIOT TEXHUKE 0€30MACHOCTH MO padOTe C KOMIBIOTEPHOU TEXHUKOM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

MaccuB — 310 nMOCHea0BaTENBHOCTE Y Cen. OQHOMEPHEIM MACCHUB HA3BIBAIOT BEKTOPOM, a
NeiicranlBYXMEPHBI 5 MARPHLIEH. DJIIEMEHTHI BEKTOPA XaPAKTEPU3YIOTCA MO PAIKOBEIM HOMEPOM WIN

Sananus




MHAEKCOM. OOBIUHO UX HYMEPYIOT C HYJISA. DIEMEHTEI BEKTOPAa UMEIOT OJIMH UHIAEKC, a
5JIEMEHTEI MATPUIEI UMEIOT ABA MHAEKCA (HOMEDP CTPOKA 1 HOMED cTondia). Pacemorpure
OEUCTBUA C BEKTOPAMM U MaTPHUIIAMH

HA IIPUMEPE, IPUBEAEHHOM Ha puc. 2.11.

[Tycte, HanipuMep, A1 3IEKTPUIECKON LEMH IMOCTOAHHOTO TOKA OBLiIa COCTABJIEHA CUCTEMA
yPaBHEHU:

ZZ'II*IO'[H“E}-I“I:]IO B5% A0 611 I 1 [110]
104 +18-Iy —4.p —220  |-10 18 -4 T [=]220
--6-0; — 4'1”-{-20-]”1:220 h_-6 -4 20__ _1“1_ _220_|

YpaBHeHu NpeacTaBiLaoT co00i 3akoH OMa B MATPUIHOU (pOpME, KOTOPEI COKPAIIEHHO
3aIMUCHIBACTCA TAK:

R*1 =E,
rae R — kBagparHas mMaTpuia COmpoOTHBIEHUH;
| — marpuna-croadern (BEKTOP) HEN3BECTHBIX TOKOB;
E — marpuna-cronden cBOOOIHEIX WICHOB; MATPULA-CTOIOE B JAHHOM CJIy4ae ABIAETCS
BEKTOPOM.
Pemenme cucrems! 3amuceisaerca: I=R' E. rne R! — oOpamieHHas MaTpUIa COMPOTUBIEHUI
(BBOOUTCA C KiIaBUATyphl Kak RA-1). PacemoTpum, Kak MOKHO 3a0aTh BEKTOP WJIM MATPHUILY .
Jlna 3apanusa BEKTOpa WM MATPHULBL CIEAYET YCTAHOBUTH KYyPCOP HA MECTO, TI€ INITAHUPYETCA
3a7aTh BEKTOP WIM MaTpuily 1 HaxaTs kirasummm [Ctrl]+[M], Hanpumep, aTo05I 3a1aTh MaTpHILY
COMPOTHUBICHUN R , MMEIOTITYIO TPH CTPOKH M Tpu CToJ011a, ciaeayer Beectu R:[Ctrl]+[M], B
nH(pOopMarmoHHOM OKHE BeraBurs matpuny (Insert Matrix) mosaBsarca asa okomka CTpoku
(Rows) u Crondiwr (Columns) ¢ 3amrpocom 0 KOJTMIECTBE CTPOK U CTOIOIOB. B oTBET HA 3ampoc
BBeauTe B OKHE CTpoku 3 u B okue Cronduer 3.1Tocne sroro naxmmre knonky OK. Ha skpane
MOABUTCA Aa0JI0H Marpuile! 3 HaA 3.

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

N e ACANNNNAIEGABRDGEATINEETE A EACOENONMA 2
Ceprwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

Neii
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[IpuMep pelieHHs CHCTEMBbI JIHHEHHBIX Y)aBHEeHH I

3akon Oma B matpuuHOH Qopme: R*I=E, 3aeck | MaTpHua-ronben

HEU3BECTHBIX TOKOB,
MaTpH1iia CONPOTHBIEHHH cTon0eL CBOOOAHBIX YeHOB
722 -10 -6 (110"
R:=|-10 18 -4 Ea=| 220

-6 -4 20/ 220,

Bbipazum BEKTOp HCKOMBIX TOKOB, /U1 YE€r0 BBEAEM
I :R”-1[Space][Space]*E u nosyuum Ha skpaHe:
[:=R"'- E
O6paleHHas MaTpHUa BBIBOJAUTCA HA 3KpaH Kak Marpuua R g creneny -|
BbiBeaeM BeKTOp HCKOMBIX TOKOB, /UTS Yero BBeAEM |= u mogyyum:

(26.955"
1 =|32.901
25.667
BriBeaem 3HaY€HUA TOKOB KaK HHACKCUPOBAHHBIE NEPEMEHyple:
l,= 26.955 [,=32.901 l,=25.667
(uT0oOBI BBECTH UHAEKC, CNICAYET HAKATH KIIABULIY OTKPLIBAG[11EH

| KBaApaTHOH CKOOKH [ )

BbIYHCIMM AETEPMHHAHT MaTpHLbl R.

Beenem |R=u nosiyunm:  [R| = 4.44 x 10’
3ameHumM B MaTtpHue R nepsbid crondeu crondouom
cBOOOAHBIX YJICHOB M Ha30BeM 3Ty MaTpuuy R1:
BoiyucauM aA€TepMUHAHT MaTpulbl R1:

(110 =10 -6
RI:=|220 18 4 RI|=1.197x10°
Beiyrcnum nepselii TOK no Meroay Kpamepa:
R
10 = T 10 = 26.955
R]

—
. S

Puc. 2.11. Pemenne cucTeMel IMHEUHBIX YPABHEHUH, 3AMMCAHHBIXB MATPUIHOU (popme

Tl BCTaBRU HA07 ﬁﬁ%@fﬂr@mm MOKHO MCTIONIB30BaTh Takxke omiuio Beraska (Insert) rmasuoro
Ceprud MEHTO;0DIe/B-BHITIA AATOIIEND OKHe HATO BEIOpaTh omrmio Marpuna (Matrix...Ctrtl+M). Moxnao

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa ;
. #Fz - £ T ﬂ:ﬂ -31

TAKIKE B MTAHEIN HHCTPY MCHTOB (! ) BEIOpATH KHOIIKY
o
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Bekropusie u marpuansie oneparmun (Vektor and Matrix Toolbar) (kHomnka ¢ uzo0Opaxkenuem
marputsl ). B Bemanaroniem okue Matpuniet (Matrix) nano BertOpars kHonky Co3maTte MaTpHUILy
wmm Bektop (Matrix or Vektor Ctrl+M) (Bepxusaa neBas kaomnka). [TompoOyiiTe camMocToATETEHO
OMMCAHHBIE CITOCOOBI 3a8aHNA MATPULIBI U BEIOEpUTE i1 ce0sa Hanbosiee moAXoJanpi Crocoo.
[Tepememas kypcop no madIoHy, BBEIUTE B MPAMOYTOJIBHUUKH YHCICHHEIE 3HAUCHU
3IE€MEHTOB MaTpullel R, mokazanueie Ha puc. 2.11.

[Tepememats kypcop ymo0HO ¢ momonisto knaumm [ Tab], Jlng 3agamms Bexropa E (cTomdia
ceBoOomHEIX wieHoB) cinenyeT Beectr E:[Ctrl[+[M] u ma 3ampoc o pazmepax maccuBa BBEIUTE
uu(py 3 A8 KOIM4ECTBA CTPOK U nudpy 1 qmsa komuecTsa cToa00B. YUNCIEHHBIE 3HAUEHNA
3JIEMEHTOB BEKTOPA BBOIATCA TAK K€, KAK U 3HAYCHUSA SJIEMEHTOB MaTpuilel. Halimure BekTop
MCKOMBIX TOKOB TaK, KaK 3TO yKa3aHo Ha puc. 2.11. Tekct Ha 5TOM pUCYHKE ABIAETCA
koMMeHTapueM. OH UMb TOACHAET X0 BEIYUCIEHUNA. DNEMEHTAMHI MATPHUIIEI U BEKTOPA MOTYT
OBITE M KOMIIJIEKCHEIE YUCIA. MaTpu4aHEIE OTIEpaiy ¢ KOMIUIEKCHBIMHM YHCIAMH PACCMOTPUTE
Ha puMepe puc. 2.12.

OOparum BHUMAaHUE, uTO 4 cTON0IA B MaTpuile Z (wm 2 crondua B marpurie U) ABAtoTCA B
OEVUCTBUTEIEHOCTH JABYMS KOMITJIEKCHBIMH CTOJIONAMH (MM O JTHAM KOMILIEKCHBIM CTOJIOIIOM B
Bekrope U). [lnga onpenenenua MOIyaeN U apryMEHTOB KOMIUIEKCHBIX YHCEI C MOMOIIBIO
nepemennou nukia k:=0..1 cienyer BBecru | Ik = u arg(lk) =.

HamomMHnM, 4TO MHAEKCH Y MHAEKCUPOBAHHBIX TEPEMEHHBIX HAUMHAIOTCA C HyIA. [TosTomy
HCKOMEIE TOKM OyayT 00o3Hauarscs kak 10 u Ij. Ha puc. 2,12 nmokazano npumenenue oneparopa
BEKTOpH3AIMK BekTopa mwim Matputiel [Ctrl]+[-]. DToT omepaTop roBopuT 0 TOM, UTO OIEepaIiy
MPOU3BOIUTCA C KAKIBIM 3JIEMEHTOM BEKTOPA WJIM MATPULEL. J|€HCTBUTEIIEHO, HENIB3S B3ATh
MOTyJIb WX APTYMEHT (()a30BBIN YyrOJI) OT BEKTOPA KOMIUIEKCHEBIX YHUCEI, HO MOJKHO B3ATh €r0
OT KaIOT0 NIEMEHTA BEKTOPA B OTAENBHOCTHU. ( JJIEMEHT — IOCIE0BATENLHBIE 3HAY CHU A
UHMCENI, BXOAAIIUX B BEKTOP.)

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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DNIEMEHTAMH MATPHIIBLI MOTYT ObITH KOMIUIEKCHBLIE YHCA.
Hanpumep, BBEAUTE MaTpully KOMIUIEKCHBIX COMMPOTHBIIEHUH

Z pasmMepoM 2 Ha 2 1 MaTpHLY-CTOJI0EL KOMILIEKCHBIX CBOOOAHBIX
yneHoB U pasmepom 2 Ha |:

. (|5+3j2+2j] 12 (l90+32j
12425 26-4; | 3004
BekTop HCKOMBIX KOMIIEKCHBIX TOKOB: | 1= Z_l -U
(11.726—5.14“ ] [g =11.726 - 5.141i
- 1-2925+10.582i [ =-2.925 +10.582i

Moaysiu 1 apryMeHThl KOMILIEKCHBIX YHCEJ1 MOXKHO ONpeae/IUTh:

lIo| = 12.803 arg(l,) =-0.413
II,| = 10.979 arg(l,) = 1.841

WK C NOMOIUBIO ONEpPaTopa BEKTOPH3ALIUH
(eBoauTca HaxkarueM knasuil [|] [I] [Spaze][Ctrl]+[-]) [] [1]

- (12.803"
= 10.07]
10.979,
apryMeHT B paJMaHax apryMeHT B rpaaycax
>
| (:"'I) [ -0.413 arg(l) [ -0.413
ar -— o)
S 1841 deg [ 1.84]
OnpeneneHyne MOay/1ei U apryMeHTa ¢ NoOMOLUBKD NMEPEMEHHOHN LIMKa:
k:=0..1 |I|;|= arg(ly)=

12.803 -0.413
10.979 1.841

Puc. 2.12. Pemuenne cucTtemMbl JUHEHHBIX YPAaBHEHHH C KOMIJIEKCHbBIMH

koa(ppruneHramm

Ha puc. 2.13 moka3ano 3amanme MaTpuilsl 0e3 BEIBOA €€ madioHa ¢ UCITOJIb30BAHUEM (IIUKIIA B
nukie». Bo BHeENmHEM HUKIIE TepeMeH-Has 1 u3Mensaercs ot 0 1o 5, a BO BHYTPEHHEM LIUKJIE

HEpEMEH%—}mgWBT 0 mo 8. Dnementel marpunsl Z=1*k (3amaercs kak Z[(1.k):1*k. JIna
Ceprut BEIBOAG MATPHHEICHYKHO BBECOTH £5F.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Cnoco€ 3aaHHA MAaTPHLb! ¢ HCIIOJIb30BAHHEM
«LHKJIA B LIHKJIIE»:

i:=0.5 k:=0.8 Z =ik
O 00 OO O O OTPDO
0 1.2 34 5.6 7 8

” = 0 2 4 6 810101010

; 0 3 6 9121518 21 24
0 4 8 1216 20 24 28 32
0 5 1015 20 25 30 35 40 Puc. 2.13. 3aganue

MaTpUHUBI
S —

Konmponsnbie gonpocol

Yro Takoe Maccus??

Yro Takoe BekTOp?

Kak TpanCrioHupoBare MaTpuiLy ?

Kak BEIYUCIUTE ONPEIETUTEs MATPULIEL !

Kak co3gars MaTpuily ¢ KOMIDIEKCHBIMU KO3 puimentamu?
Kak 3arpy3uTs TaHHBIE B MACCUB W3 BHENIHETO HCTOYHUKA?

S

Cnucok aumepamypol, peKoMeHOYeMblil K UCNO1b306aAHUI0 N0 OGHHOU meMe:
1. bepmunep, 3. M. CAITP B mamuHocTpoennd : yueOHUK 11 By30B / 3. M. bepminep, O.

B. Tapareinos. — Mocksa : @opym, 2014. — 448 c.

2. AdanacseBa, H. 1O. BpiuncmmrensHpleé M SKCIEPUMEHTAIBHBIE METOABI HAYYHOTO
sKcrepuMenta : [yged. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.

3. Xnebuukos, A. A. UupopMarmoHHbIe TEXHOIOTHH : yaeOHuk / A. A. Xiebuukos. — M. :
KnoPyc, 2014. - 472 c.

4. MATHCAD 14: OcuoBurie cepBuck u texnogoruu Iloxkapcekas I'. WM., Hazapos JI. M.
WNznarens: Harnonamenetit OtkpeiTeiil Y HuBepeuter « MHTY W Ty, 2016

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceprudukar; 2C0000043ESABBBO52205E7TBAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JlabopaTopHas padora6. Ilpeodpa3zoBaHHe MAaCCHBOB

e1b papombl.

M3yunTs KOMaHIBI peIAKTUPOBAHUA BEKTOPOB 1 marpul B cpene MathCAD.

Teopemuueckaa uacmeo.

Marpuunoe MCUHMCIEHWE WrpaeT BAXKHYK pPOIb B KOMIOBIOTEPHOH MATEMATHKE.
[IpakTuecku BCE€ YHCAEHHBIE METOALI HA TOM WJIM MHOM 5STamne padOTBEl CBOEro aaropurma
CBOJATCS K PEMIEHUI0 CHCTEM JMHENHEBIX anreOpanueckux ypaBHenuin (CJIAY), koTopoe dacrto
IPOU3BOAUTCSA MATPUYHBIMM MeTonamu. BooOmie roBops, HENb3A HA3BATH HU OJHOM oOmacTu
HCITOJIb30BAHUS KOMITBIOTEPA, B AITOPUTMAX KOTOPOU (B OOJIBILEN WJIA MEHBIIEN CTENEHH) HE
VICITOJIB30BAIMCE OBI MAaTpPULEL |7/ ].

[TonaTue «BEKTOpP» OOBIYHO HE OTAEHAOT OT IOHATHA «MATPUI. BEKTOPEl MOTYT
paccMaTpUBATHECA KAK MATPUIIBL, COCTOSMINE M3 OOQHOTO CTONONA (WIN CTPOKH ).

Marpuunsie Berancnenus B MathCAD mo0KHO yCIOBHO pa3ienuTs HA TPU OCHOBHBIX THIIA.

K mepBOMy OTHOCATCSA TAKWE NIEMEHTAPHBIE ACHUCTBHUA HAJI MATPULAMH, KAK CO3IAHUE,
W3BJICYCHUE M3 HUX NAHHBIX, UX YMHOYKEHHWE, CI0KEHUE WIH CKAJIPHOE NPOU3BEICHUE (B
cniydae BEKTOpOB). Jlnd ux peammzanuu CIOyKaT CHEIUAIBLHBIE OMEPATOPHl TPEX HAHEIEH
cemeirictea Math (Marematnueckue): Calculator (Kamskymarop), Matrix (Marpuunsie) u
Symbolics (CumBoIBEHEIE).

Ko BTOpOMY THUITly MOKHO OTHECTH T€ MATPHYHBEIE IPE0Opa30BaHUA, KOTOPEIE TPEOyIOT
VICITOJIB30BAHUS CIIEHUATBHEIX (PDYHKIIMH U BCTPOECHHBIX AITOPUTMOB MATPUIHOU AT eOpEL, TAKUX
KaK, Hampumep, (PyHKUMM BEIUMCIACHUS ONPENEINUTENA, MATPUUYHBIX HOPM MM COPTHUPOBKH
3JIEMEHTOB BEKTOPOB IO BO3pacTaHuto. DYHKIMHM 5TOW TPYIIIEI MOKHO HAUTH B KAaTETOPHUH
Vector and Matrix (BekropHbsie n MaTpudHsie) y Mactepa () yHKIIHH.

M, HakoHen, K TPETEEMY THITy MATPUUYHBIX BBEIUMCIECHWN CIEOYET OTHECTH TE€ 3aJadH,
pPEIINTE KOTOPBEIE MOKHO TOJBKO MCIOIB3YSA BO3MOKHOCTH CHUCTEMEI IPOTPAMMHPOBAHUS
MathCAD.

B sA3pIKax OporpaMMHpOBAHUA HAYAIBHBIE MHAEKCH MACCUBOB 00bIuHO paBHsAroTCs 0. Ilo
ymomganuto B MathCAD uHaekce CTpoK u cTONOMOB Takke oTcunThiBaroTcAa ¢ 0. B ToMm cnyygae,
€CJIW TaKas CHCTEMA BaM HEYI0OHA WM HEMPUBBIYHA, MOKHO MU3MEHHUTH TOUKY OTCUETA MHIEKCOB
Ha 1, 3amaB cucremuyro nepemeHHyro ORIGIN: ORIGIN: = 1.

Jloctym k 5S1meMeHTaM BEKTOpAa WIM MAaTPULBL  OCYIIECTBISAETCA C  ITOMOIIBIO
WHAEKCUPOBAHHBIX NEPEMEHHBIX. Hampumep, 4T00BI MCIOIB30BATE IATHIM 3JIEMEHT BEKTOPA C
NMEHEM A, HYKHO 3amMHUCaTh 3TOT SJAEMEHT B BUAE: As. A amd TOro, 4roOBl B34ATh SJIEMEHT
Marpunsl B, pacmoioxeHHbIN HA NEPECEYCHUN 3-M CTPOUKHU U 4-r0 CToa0na HyKHO 3aIMNCaTh:

Bia.

Jlns 3amanus MHIEKCOB HA maHenu Matrix mpenycMoTpeHa cnenuaibHas KHOTKa Subscript
(Mupekc). Ilepenrn k 3amucy MHOEKCA MOKHO TAaKkKe€ C MOMONIBIO KIABUINM «[» (JeBas
KBagpaTHai CckoOka). Haxkas ee, BB yBuauTe, 4T0 HA MECTE OyIOymIET0 WHAEKCA, YyTh HHUIKE
TEKCTA MMEHU MATPUIIEL, HOSBUTCS UEPHEBI Mapkep. B HeEro uepes 3amaryroo CIEAYET BBECTH
3HAUEHUS UHIEKCOB. Ha mepBoM MecTe mpu 5TOM IO0KEH CTOSTH HOMEP CTPOKH, & HA BTOPOM —
CcTOI0T11A.

O0opvaoBaHHE H MATEePHAJIbIL.

[Tepconampueiit komnerotep, nporpamma MathCAD.

Ykazanu Mﬁw&gﬂ JOINACHOCTH.
™

BNEKTPOHHOW MOAMNUCHIO . .
Ceprd ka0 TBOTOPBYHOIB S XHHKEAOL3OTACHOCTH 110 Pa00TE C KOMIBIOTEPHOU TEXHUKOM.
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JaoaHusn

Co3gaHue BEKTOPOB U MaTpuL,
B cucreme npenyCMOTPEHBI PA3JIMYHBIE BO3MOKHOCTH 33JaHUA BEKTOPOB U MATPHIL:

e OmnpeneneHne MATPULIEL IO CJIETOBATENBEHEIM 3aJaHUEM KAk I0T0 SJIEMEHTA.
¢ (C mOMONIEIO UHAEKCUPOBAHHEBIX MEPEMEHHBIX.
e C OOMONIBKO HMCIOMB30BAHUA KOMaHObl Insert™Matrix, b0 ¢ TTOMOIIBIO
COOTBETCTBYIONIEH KHOIIKY nanenu Matrix.
3amaHue ¢ MOMOMNIBIO JIEMEHTOB IPOrPAMMHUPOBAHU .
[Tpumenenyie BCTPOEHHBIX (PYHKIMM.
Yepes cBaA3b C ApyruM npuwioxkennem, Hanpumep Excel.
Cozmanue TabUIBl TaHHBIX.

Yrenue u3 BHemHero (amnna.

PaccmorpuMm HekoTOphie W3 HUX. OmnpeneneHne MaTpuipl MOCAEO0BATEIRHBIM 3aTaHUEM
KaIO0T0 3JIE€MEHTA OYEBHUIHO U HE TpeOdyeT nmoAacHeHud. [Ipu co3manmm Marpuiisl 1M BEKTOpa C
MOMOIIBI0 HMHIEKCUPOBAHHOW MEPEMEHHOW CIEOYEeT MCXOIWTh W3 TOr0, 4TO mrodad
WHAEKCUPOBAHHAA MEPEMEHHAA, UHAEKCAMU KOTOPOM ABJLAIOTCA IEPEMEHHBIE, TPUHAMAIOIINE
I[EIOUNCACHHBIE 3HAUEHUS U3 HEKOTOPOTO MPOMEKYTKA, YK€ MPEACTABIAIOT COOOM BEKTOP WIH
MaTPHILY.

[Tpumep 3. Tpebyercsa cpopmMupoBaATE BEKTOP X, COCTOANIAM U3 6 SIIEMEHTOB. JIEMEHTAM
3TOT0 BEKTOPA MPUCBOUTE 3HAYEHUS UHACKCOB.

Pemenwue. [IpenocraBum nBa BapuaHTa pemeHus 3TON 3a1a49u:

1) ¢ moMOnIE0 MHIEKCUPOBAHHON NEPEMEHHOM,

2) ¢ moMomnIs0 KoMaHasl Inserts-Matrix.

Bapuanrt a

s Toro uro0br chopMUPOBATE BEKTOP, BOCIIOJIB3YEMCA BCIOMOTATENBHON MTEPEMEHHOM,
KOTOpas Oyner wurpare pone HHAEKCA (HaAmpumep, 1), a3areM OyaeM HCIOJIB30BATH ITY
OEPEMEHHYI I 30aHUA OSJEMEHTHBIX 3HAUEHUM BekTropax. @opmupoBaHue BEKTOpa
MPEICTABICHO HA PUC. 8.

Bapuant b

dopmupoBaHuEe BEKTOpA X OyaeM mpou3BOOUTE C MOMOMIBI0 koMaHael Matrix. Jlng storo
CHAYaJla HAMMMIIEM OMEPATOp NPUCBAMBAHUA: «X=», 4 3dTE€M BBINOJIHUM Komanmy Matrix. Jrta
KOMaHaa OTKPBEIBAET OuanoroBoe OkHO «Insert Matrix», KOTOpoe mpencTaBIeHO HA puc. 9, B
KOTOPOM HEOOXOOMMO YKa3aTh YHUCIO CTPOK U YUACIO CTONONOB. B Hamem npumepe uncio CTpok
paBHO 6, @ YUCIO CTOJIONOB PaBHO 1.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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SA0AHHE HHOEKCUDOEIHHOMD NPOMEsyTER
1= 0.3

|_|I:IJ'I!|I"-IIEIHI-1EI EEFTOf= C MCNONEz20EAHHEM AHOBFCOE

CTobpadeHUs ESkTORHEX ZHAYEHKH

."D"'.

Puc. 8. ®opmupoBanue BeKTOpa
C UCHOJIb30BAHUEM HUHIEKCUPOBAHHOMN IMEPEMEHHOH

[Tocne maxarma kwomku «Ok» kKomMaHma mpemocTaBUT MIAOJIOH C MIECTBIO SYEHKAMH, B
KOTOPEKIE CIEAYET BIMCATHh 3HAYECHUSA YIEMEHTOB BEKTOPA.
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Piuc. 9. Brizo quamoroporo okHa «Insert Matrix»
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