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BBEJAEHHUE

Heau u 321244 0CBOCHHS 1M CHHUILTIHHBI

]_IGJISIMI/I OCBOCHUA NUCHUIIINHBI OCHOBBI KOMITBIOTCPHOTI'O MOACIIMPOBAHUS ABJISAFOTCA:

no3TarHoe GoOpMUPOBAHUE Y CTYACHTOB CIECIYIOIINX 3HAHUHN, YMEHHUI U BIIaJICHUMN:

- HN3YUCHUC U OCBOCHUC 0a30BBIX HOHSITI/If/'I, MCTOHOB MU AJITOPUTMOB, MMPUMCHACMBIX
pu pazpaboTKe KOMIBIOTEPHBIX MOJIENEH;

- (QopmupoBaHue B3INIAJAa Ha  KOMIBIOTEPHOE  MPOCKTHPOBAaHME KaK  Ha
CHUCTEMAaTUYECKYI0 HAYYHO-IPAKTUYECKYIO JESATEIbHOCTh, HOCALLYIO KaK TEOPETUYECKH, TaK U
MPUKJIaJHON XapaKTep;

- (¢opmupoBaHue 0a30BbIX TEOPETUYECKUX MOHSTHUM, JIeKAllUX B  OCHOBE
KOMIIBIOTEPHOTO MTPOEKTUPOBAHUS,

- OCBOCHHME CTYACHTaMU METOJIOB pEIICHUS 3aJad IPOECKTUPOBAHMS M pacyera
napameTpoB QJICKTPHUYCCKUX CXEM u MalluH C HCIIOJIb30BaHUEM COBPCMCHHBIX
MH(OPMALIMOHHBIX TEXHOJIOTHIA.

3agayaMu 0CBOEHHS TUCIUNIUHBI SIBJASIOTCS:

- HpI/IO6p6TeHI/Ie HAaBBIKOB OKCIITyaTallun CHUCTEM ABTOMATHU3UPOBAHHOI'O
MIPOEKTUPOBAHUS B CBOEH OTpaciiv, OPHEHTUPOBAHHBIX Ha PelIeHHE MPOPEeCCHOHANBHBIX 3a/1a4.

- HN3YUYCHUC MCTOJOB KOMIILIOTCPHOTO IIPOCKTUPOBAHUSA

Komnerennun oOyuaiomerocsi, ¢opMupyemble B  pe3yJbTaTe HM3yYeHUA
JAUCHHUILTHHBI

[Inanupyemsble pe3ynabTaThl
00y4eHUS IO TUCUIUIITNHE
Kox, popmynupoBka MOZYJIIO
I;O%\)/IHPGTZHHEI/I Kox, opmy:uposka HraukaTopa xapaKTe(pmy}Iloml?I’e JTarbl
(dbopMupoBaHus
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ITIK-1 Criocoben N -1nk-1 Bemomnnser cbop u BeiOupaer  u mpuMeHser
Y4acCTBOBATh B AHaJIU3 TAaHHBIX JJId MNPUKIIAAHOC  MPOTPAaMMHOC
POEKTUPOBAHUU CUCTEM | IIPOEKTUPOBAHUS CUCTEM o0ecrieyeHue JUIsl pEeLIeHUs
AIIEKTPOCHAOKEHU S JIEKTPOCHA0KEHUS KOHKPETHBIX  HMHYKEHEPHBIX
M A-2nk-1 BeiOupaet Tunossle 3amadq; OLICHUBACT
MPOEKTHBIE PEIICHUS] CHCTEM 3(pPEKTUBHOCTD
JIEKTPOCHA0KEHUS MPUMEHEHUS
JIbTEPHATUBHBIX JJIEMEHTOB
MaTEMaTHYECKOT O
obecieuenus ~ CAIIP B
KOHKPETHBIX CUTYyalUsIX

HAUMEHOBAHMUE JIABOPATOPHBIX PABOT

TeMmbl
HaumMmenoBanue TeM IUCIHIUIMHBL, UX W3 Hux mpakTuyeckas
UCIIA O0BeM yacoB

THH KpaTKO€ COACPIKAHUC IIoAroToOBKa, 4aCoB

bl




4 cemecTp

Tema 1. BBox u penaktupoBanue Gopmyi

10 | 5 MathCAD 2
Tema 2. [lepeMeHHBIC U BBIPAKCHHS C 2
11 NepeMeHHbIMU. Vcnionbp30BaHue
GyHKIHH.
Tema 3. KowmmiekcHble uucna 2
12 MathCAD u w©xX mnOpuUMeHEeHHe
npodeccuoHanbHON cdepe
13 Tema 4. I'padyku GyHKIUHA. 2
14 Tema 5. MaccuBbl, MaTpHIIbl, BEKTOPEI. 2
15 Tema 6. [IpeoOpazoBaHne MacCHBOB. 2
Tema 7. TlocTpoeHne TpPEXMEPHOTO 2
16 rpaduka 3aBHCHMOCTH TOKa B memu R, L,
CorRu XL
17 Tema 8. Pemenue ypaBHeHUi 2
Tewma 9. Pemenne nuddepeHnanbHbIX 2
18 YpaBHEHUI
19 Tema 10. CHUMBONBHBIE BEIYHACICHUS 2
Tema 11. IlocTpoeHue BOJHOBBIX U 2
20 MOTEHIMATBHBIX TUarpaMm
Tema 12. TlocTtpoeHHMe BEKTOPHBIX 2
21 JarpaMmm
29 Tema 13. @yHKINY C yCIOBUEM 2
Tema 14. Pemenune CHUCTEMBI 2
23 OOBIKHOBEHHBIX g depeHImanTbHbIX
YpaBHEHUI.
Paszen 2. KommbrorepHas rpaduka. 2
24 Tema 15. B3anmojeiicTBrE OIB30BATEINS
¢ AutoCAD.
Tema 16. O0bexkTHas PUBA3ZKA U 2
25 o0bekTHOe cnexxenue. Co3naHue U
HacTpolka rpa@uIeckux MPUMHUTHBOB.
26 Tema 17. PepaktupoBanne 0ObEKTOB. 2
Tema 18. OdopmieHue uepTexed u
27 2

MPOeKTHOM qokyMeHnTaru B AUtOCAD.

UTOIroO

36




CTPYKTYPA U COAEPKAHUE JJABOPATOPHBIX PABOT

JlabopaTopnasi paboral. Beox u penakruposanue popmys B MathCAD

Llenv padomui:
W3yuuth untepdetic mporpammsl MathCAD, HayuuThCsl 3a/1aBaTh 3HAYCHUS IEPEMEHHBIX U
BBOJIUTH (POPMYJIBI C UCTIOIB30BAHUEM IIEPEMEHHBIX U KOHCTAHT, UCIIOJIb30BaTh CTAaHIapPTHHIC
byuxuun MathCAD.
Teopernyeckasi 4acThb.
®opmynbHbd pegaktop MathCAD mosBosisier ObIcTpo ¥ 3(PGEKTUBHO BBOAWTH H
M3MEHATh MaTeMaTHUECKUE BbIpakeHUs. TeM He MeHee, HEKOTOpBIE aCIEKThl €0 MPUMEHEHUS
HE COBCEM MHTYUTHUBHBI, UTO CBSI3aHO C HEOOXOIMMOCTBIO H30€KaTh OMMUOOK MPH pacyeTax Mo
>tiM (hopmynam. [ToaTomy HE moskaneliTe HEMHOTO BPEMEHHU Ha 3HAKOMCTBO C 0COOCHHOCTSIMH
(OpMYIIBHOTO pelakTopa, U BIOCIEICTBUU MPH PEaTbHOM padoTe BBl CHIKOHOMHUTE Tropa3fio
Oosp1e.
[Tepeuncium 3nemenThl HHTEpPeiica penakropa MathCAD:
— yKazaTelb MbIIM (mouse pointer) — urpaer oOBIMHYIO s mpuiiokeHH Windows
pOIib, CIeAys 3a JIBUKCHHUSIMH MBbIIIIH;
— Kypcop — 00s3aTeIbHO HAXOIUTCS BHYTPH JOKYMEHTA B OJJHOM M3 TPEX BUIOB:
— Kypcop BBojJa (crosshair) - KpecTHK KpacHOTO I[BE€Ta, KOTOPBIM OTMEYAaeT MyCcTOe
MECTO B IOKYMEHTE, Ky/la MOXKHO BBOJUTH TEKCT WU (POpMyITy;
— nuaun BBoja (editing lines) — ropusonrtansHas (underline) u BepTukanpHas (insertion
line) muHUM CMHETO LBETA, BHIIEISAIONINE B TEKCTE WK (PopMyJsie OnpeeTICHHYIO YacTb;
— JUHUSA BBOAA TekcTa (text insertion point) — BEpTHKaIbHAS JIMHUS, aHAJIOT JIMHUMA
BBOJIA JIJI TEKCTOBBIX 00J1aCTei;
— Mecro3anonHuTenu (placeholders) — mosiBiIAIOTCS BHYTPU HE3aBEPLICHHBIX (OPMYII B
MECTax, KOTOPBIE TOJKHBI OBITh 3aTI0JTHEHBI CHMBOJIOM HITH OIIEPATOPOM:
— MECTO3aIOJIHUTENh CUMBOJIA — YEPHBIN MPSIMOYTOJIbHHUK;
— MECTO3aIlOJIHUTEIh OTlepaTopa — YepHas MPSMOYTOJIbHAs paMKa.
Kypcopsl M MecTO3anoJIHUTENH, OTHOCAIIMECS K peAakTHPOBaHUIO (opMmyd,
IIpEACTABIIEHBI HA pUC. 1.

% YVERasaTeJb MbBOUM

+ Rypcop BBOOA

I JMHMM BBEOOA
[ e CTO3 AIIQITHMT I

Puc. 1 UnTepdeiic peaaktupoBanus

Broa popmyn

BBecTn MaTemMaTHueckoe BEIpaKEHHE MOXKHO B JIF00OOM IycToM Mecte nokymenta MathCAD.
st 3TOrO0 MOMECTUTE Kypcop BBOZA B XKEJIAEMOE MECTO JOKYMEHTA, IIEIKHYB B HEM MBIIIBIO, U
NPOCTO HAaYHMHATE BBOJMUTH (HOpMYITy, Ha)KrMasi KIaBUIIM Ha kiaBuarype. [Ipu 3ToM B JJOKyMeHTe
co3aaercs MaremaTHueckas 00acTh (math region), KoTopas npeaHa3HaYeHa IS XpaHeHUs hopMyI,
uHTepnperupyembix nporeccopom MathCAD. [IpogeMoHCTpupyeM Mocae10BaTeIbHOCTh ASHCTBUN
Ha pUMepe BBOJIA BRIpaKeHus X° *(puc. 1.4):

1. HlenkHUTE MBINIBIO, 0003HAYNB MECTO BBOJIA.

2. Haxwmure kmaBHIly <x> - B 3TOM MeECT€ BMECTO Kypcopa BBOJA MOSIBUTCA PETHOH C
bopmyIoii, cogeprkalieii OIUH CUMBOJ X, IpUYEM OH OyJIeT BbIJIEJICH TUHUSAMH BBOJA.

3. Beenure omepaTop BO3BEIEHUS B CTEICHD, HAXAB KJIABUINY <>, MuO0 BRIOpaB KHONKY
BO3BEJICHHS B CTEINCHb Ha maHenu nHCTpyMeHToB Calculator (KampkymnsTop) - B ¢opmyiie mosBUTCS



MECTO3aIOJIHUTEb JJIi  BBEJCHUS 3HAYCHUS CTENEHW, a JIMHUU BBOJA BBUICNAT OTOT
MECTO3aIOHUTEb.

4. ITocneaoBaTeIbHO BBEAUTE OCTAIBHBIC CUMBOJIBI <53, <+>, <x>,

Takum o00Opa3oM, TOMECTHUTH (GOpPMYITy B JOKYMEHT MOXKHO, MPOCTO HA4YHHAS BBOJIUTH
CHMBOJIBI, YHCJIa WM ONIepaTophl, HanpuMmep + wmin /. Bo Bcex 3TUX cilydasx Ha MecTe Kypcopa BBOJIa
co3laeTcs MareMarhdeckass o0llacTh, WHAYE Ha3blBacMas PErHOHOM, ¢ (GOpMyIoH, copepiKaied u
JUHUH BBOJA. B mocnemHeM ciydae, eciid MoJib30BaTellb HAYMHAET BBOJ (DOPMYJIBI C OIeparopa, B
3aBHCUMOCTH OT €r0 THIA, aBTOMATHYCCKH TOSBISIFOTCS W MECTO3aIlOJHUTENH, 0e3 3aroHEHHUS
KOTOpBIX popmyna He OyaeT BocIipuHUMATECS Tporieccopom MathCAD.

E

x5+)_d

Puc. 2 [Tpumep BBOIA PpOpMYITBI

Puc. 3 IIpumep Hauana BBOAA ONEPaTOPOB

[epemernieHre JMHKUN BBOJIa BHYTPH (hopMyt

UroObl M3MEHUTH (QOpPMyYIy, LICTKHUTE HA HEW MBIIIBIO, IOMECTUB TaKUM OOpa3oM B ee
o0iacTh JTMHWW BBOJA, W MEpPEHIUTE K MECTy, KOTOPOE XOTHUTEe HMcHpaBuTh. llepementaiite nuHUM
BBOJIA B MpejiesiaXx (OopMyJIbl OTHUM U3 IBYX CIIOCOOOB:

— LIEJIKask B HY’)KHOM MECTE MBIIIBIO;

— Ha)XMMas Ha KJIaBUAType KJIaBUIIM - CO CTpeJIKaMu, mpoden u <Ins>;

— KJIAaBHIIHM CO CTPEJIKAMH MMEIOT €CTECTBEHHOE Ha3HaueHHe, IepeBo/is JIMHIUHN BBO/A BBEDX,
BHU3, BIIEBO WJIM BIIPABO;

— KJ1aBuIa <Ins> nepeBOANT BEPTHKAIBHYIO JIMHUIO BBOJA C OAHOIO KOHIA TOPU30HTAIBHOM
JIMHUM BBOJA Ha MPOTHBOIOIOKHBIN;

— mpo0en npeTHa3HaYeH IS BBLICTICHUS Pa3IMYHbBIX YacTel (pOpMYIIbL.

Ecnu pa3 3a pasoM HakumaTth KiaBuily mnpoOena B (opmyse, mpuMmep BBOAa KOTOPOM
paccMOTpeH BhIIE (CM. pUC. 3), TO IMHUM BBOAA OYAYT LUHMKIMUYECKH U3MEHATH CBOE MOJIOKEHHE, KaK
3TO MOKa3aHo Ha puc. 4. Eciu B cuTyalum, MoKa3aHHOW CBEPXY Ha 3TOM PUCYHKE, HAXKaTb CTPEJIKY <-
, TO JJMHUH BBOJA NepemecTsTcs BieBo (puc. 5). [Ipu Haxarum npobena teneps JMHAK BBOAA OYAyT
MIONIEPEMEHHO BBIIENATH OAHY U3 ABYX 4acTei (hOpMYIIbI.

x5+>_4

x_jﬁi
m

Puc. 4 VI3MeHeHre TTOJIOKECHHSI TMHUH BBOJA C IIOMOIIBIO TIpooOeria




x5+hc

Puc. 5 V3MeHeHMEe MOI0KEHUS IMHUHI BBOJIA MMPOOEIIOM ITOCIIC CIBUTA CTPEIIKON
Takum o0pa3oM, KOMOHMHAITMS KJIABHII CO CTpENKaMd M Tpobena TO3BOJISAET JIETKO
nepeMeniatbcs BHyTpH (Qopmyn. MHOTIA MOMECTHUTh JIMHAW BBOJA B HY)KHOE MECTO (DOPMYIBI C
MOMOIIIBIO YKa3aTens Mblm HenpocTo. [loatomy B MathCAD anst 3TOTO JIydIlie HCIOJB30BaTh
KIJIaBHATYDY.

O0opyaoBaHHEe H MATEPHAJIbI.

[TepconanbHbIi KOMIBIOTEp, porpamma MathCAD.

Yka3zaHus o TeXHUKe 0€30IaCHOCTH:

COOTBGTCTBYI-OT TEXHUKE 0€30I1aCHOCTH IO pa60Te C KOMHBIOTCpHOfI TEXHHKOM.

3aganus
BBox ¢popmya

o b, e
Otkpoiite nanens Kanbkymnsatop ’E u nagens Orenka | .

HabGepute Tekct: 2+3= - Ha SKpaHEe MOSBUTCSA PE3YNbTAT BBIYUCICHUS BBIPAKECHUS —
quCIIo 5.

HaGepure tekcr 1.25%2.44= - Ha sKkpaHe MOSIBUTCS PE3yJIbTaT BBIUMCICHUS BBIPAXKECHUS
—uucio 3.05.

Habepute Texcr 1.5/8 mpu 3TOM Ha 3KpaHe MOSBUTCS BBIPAKEHUE B MPUBBIYHOM HaMU
E
Buge 2| . IIpu HaGope MOJOOHBIX M GOJIEE CIOKHBIX BHIPAKEHHI HEOOXOIMMO CIEIHUTH 3a
KypcopoM BBOJa B BHAE€ | wuiaum |, OKalMIISAIOLIEro 4acThb BbIpakeHus. l3Menenue
OKalMJIEHHS OCYILECTBISETCS M0 KiaBuule “npoden” Ha kinaBuarype. 3meHenune | Ha| w
HAaoO0OpOT BBINOJIHSETCA 110 KiIaBulle [INS], a mpoaBukeHHe Kypcopa | WU | BBIIOJHAETCS
KiIaBuimamMu [—] ¥ [«]. B maHHOM ciy4yae mpu HaKaTHU KJIABUIIHM “TIpoOen” BBIpaKEHUE
1.5

IIPUMET BU: 2] Hocne naxarus knapumm [=] nomyuum pesynsbtart: 0.188.

HpI/I BBO/JIE BBIpa)KeHI/Iﬁ MOXHO HCIIOJB30BaTh MaTEMaTHYECKHUEC (1)yHKHI/II/I C TIaHCIHU

Kanvkynsmop Wi Gonee CHOXHbIe (GYHKIMH IO KiaBuile 1@ Ha CTaHAAPTHOH MaHENH
UHCTPYMEHTOB. Tak, €clii Bbl INEIKHUTE MBINIbI0 Mo SiN Ha maHenw Karbkyrsmop, TO B
noxymente Ha coorserctytomeM Mecte nossutcs Sin(l). Bmecro M naGepure apryment
(GYHKIIMY B BUJIC YHCIIA WJIM KOHCTAHTHOTO BBIPAKCHHUSI.

[To yMon4aHuiO pe3ynbTaT BCEX BBIPAXKEHUN BBIYMCISETCS C TOYHOCTBIO 0 3-X 3HAKOB
nocie 3ansAToi. TOYHOCTh BEIUMCICHU MOKHO U3MEHUTh. J[7151 3TOT0 Ha BBIpaykeHUHU (OHO OyneT
BBIICJICHO YEPHOW PAMKOH) IICIIKHUTE JIBa pa3a JICBOW KHOMKOW MBIIIKH. [TosBUTCS aranoroBoe
okHO @opmam pesyremama (Result Format):



®opmart Pezynbtata

Onuuk OTofpakeHHA ] OrotpaskeHde EgmHu ] Jonyck ]
F opraar Homepos

P oprar

I NaBHEE Kon-eo gecar. Todek 3 Eli
Hecariunoe

HayuHee [7 HEoCToBBE HYAW

HHsteHEpHEIE ra

Npotio K.CTNOTEHTE B WHKEHERHORM

POpHETE

kCNOTEHLHANEHEI nopor |3 3:

QK | Cancel | 3T Kak gmomaH| Help |

YcranoBure 3axnanaky @opmam Homepos (Number Format), tun dopmara: “I'aBHoe”
(General) u B mone BBonma Kos-60 decsim. mouexk HY)KHOE YUCIIO 3Ha4Yalmux 1udp pesyibrata,
Hanpumep 6.

[Tone BBoma Oxcnonenyuanvuwiti nopoe (Exponential thereshold) ¢opmara “TnaBHoe”
YKa3bIBAaeT HAYMHASI C KaKOr0 Yucia MUQp IeNI0i 4acTh BBIBOAUTH YHCIO B AKCIIOHEHIIUAIHLHON
dopme. Tak, ecnu 3TO 3HAYEHHE 3aqaTh pPaBHBIM 2, TO uuciao 887.55 OyneT BHIBEACHO B
SKCTIIOHCHIIMAIBHON (hopme 8.8755x10%. Pe3ynpTaT BBIUMCIEHHA MOHO BCErJa BBIBOJUTH B
SKCIIOHEHIMABLHOM popMe ycTaHoBKoOM Tuna Gopmara “Hayunbie”.

Ilepemenienne 00bEKTOB B IOKYMEHTE: TIOJIBEANTE MBIIIKY K TpeOyeMOMy O00BEKTY; ATOT
00BEeKT OyJeT BBIACTICH YEPHOW PaMKOM; TIepeMeIiasi MBIIIKY JOOeHTech MOsSBICHUS yKa3aTels B
BU/JIE KUCTH PYKH; HAXKMUTE JIEBYIO KHOIIKY MBIIIKU U IIEPEMECTUTE OOBEKT B JPYTroe€ MECTO.

PepaktupoBanue gopmy.i.

[Ipu HaGope GopMya BO3MOXKHO TOsBIEHME OmMOOK Habopa. Kuomka 7 Ha

CTaHJapTHOW NAHEIN MHCTPYMEHTOB IIO3BOJIAET OTMEHUTH IOCIENHEE ACUCTBUE, BBIIIOIHEHHOE
IIPU PEIaKTUPOBAHUM, T.€. BEPHYTHCS K TEKCTY, HAOpaHHOMY paHee.

[Tpumep penakTupoOBaHUs ONE€paH/a BbIpaXEHUs MPUBEACH HUXKeE (B IMpUMeEpe MOKa3aHa 3aMeHa
orepanaa 26 Ha uucio 13). 3anummute B mucre MathCAD crnenyromiee Boipaxkenue. st Toro,
4TOOBI IMOABECTHU YEPTY )IpO6I/I noa BCEM YHCIUTCIIEM, HY>)KHO HallMcaTb €ro, a 3aTc¢M HAXXKUMATh
knasumry «[Ipobem» moka CHHHMI yKaszaTeslb Kypcopa He MPOTSHETCS TOJ BCEM BBIPAKCHHEM.
[Tocrne "ero HaxaTh KJIABHIY «/» U HATUCATh 3HAMEHATEJIb.

29 133-3 15 MoaUUMOHKPYEM KYPCOR MBILLK 33 4Wcho B

nfd) + 35 W LLENKHEM NEBOM KHOMKOH MBI

\1."; -133-3-15 Heaxnel Haxumaem knaerwy Backspace

In(d) + 3
J13-133-3-15 HaBupaem wmcno 13

In(4) + 5



W3meneHnue omnepauuii BBIPa)KEHUS MPOU3BOJIUTCS B 3aBUCUMOCTH OT TOrO, yHapHas
orepanus wiu OuHapHasl.

[Ipumep wu3MEHEHMs YyHapHOHl omnepanuu IPHUBEAEH HIKE (B IpUMEpPE H3MEHEHa
orepaliys KBaJpaTHOro KOPHS Ha oreparuo Sin):

\,.'E 133 -3 15 MoaMUHMOHKMpYEM KYPCOp EEOLA B DEMME BECTABKH
In(4) + 5

M Hamumaem knaeuwy Backspace
In(d) + 5

sin(1%) 133 - 3. 15
In(4) + 5

Ha naHenu Fanekynatop eeliMpaem gyHEUM0 Sin

[Ipumep u3MeHeHuss OWHapHOW olepaluu IPUBEAECH HUWXKE (B MpUMepe omepanus
YMHOXXEHUS U3MEHEHA Ha ONEpaLUIO ACTICHUS):

sin(13) 33 -3-15 YCTAHAENMEBAEM KYCOp BEOAE B NEXMME BCTABKM
i) + 5 Nepes onepaunel yMHOKEHMA

sin(1%) 033 - 3- 15
In(4) + 5

Haxumaem knaeuwy Backspace

sin(13)
133
In(d) + 5

-3-15

Haskumae KNAEMWY / ONEpaLUMH 4EfeHKA

IIpumep BcTaBkM OWMHApHOW omepanuy NpPUBEAEH HIDKE (B MPHUMEpE OCYIIECTBIIEHA
BCTaBKa ONepaluu JAeJIeHus):

ity
—5”11233:] ~3-15
YCTaHAENMEAEM KYQCOp EEOLE N0, ETOPLIM
() + 5 ONepaHaoM ONepaUun JeneHua
_ 1
5"1::31333' _315 Ha naHenw KanekynATop BelBHpaem onepalui 4eneH1a
n(4) + 5




3

sm(14) .5 HafiMpaem NepELIl 0NepaH ONEpaLMK 4eneHua
123
() + 5

Ecnu MbI momneiTaeMcs, Kak B IMPEIbIAyIIEM MPUMEpPE, BCTABUThH OMEPAIMI0 BbIUUTAHUS,
TO TOTEPIHUM HEyAady, TaKk Kak 3Ty omeparnuto Mathcad BocnpuHMMaeT Kak 3HaK Tepe[
BBIPKEHHUEM:

Hsm(l% -3 15]
133

In(4) + 5

N30exarh 3TOro 04eHb MpPOCTO:

37 - sin(l3) 7.15 Habupaem nepesid apryMedT onepaumu
- 133 ELIMHTAHKA
In(4) + 5
sin(13)
32|~ (W -3 15] Jea paza Haxumaen knaewwy Del
ANA YAANEHHA ONEPALMH YMHOMEHHA
nd) + 3

OueHr YacTo MNPpUXOAUTCA 3aKI04YaTb 4YaCTb BBIPAXKCHUA B CK06KI/I, Harpumep I
HU3MCHCHUA MMOPAAKa BBIUKCIICHHI. DTO OCYHICCTBJIACTCA CICAYIOIIUM O6p8_30M:

slld) s
133 YCTAHAENMEAEM KYPCOP BEOOA NOJL BEIPEMEHHEM
' (g + 5 KOTOROE XOTMM E3ATE B CRODKK

sinl1
(% _3D 15 Haxmmaem knaeuwy [ anoctpod
tnfdy + 5

HpI/I HCO6XOZ[I/IMOCTI/I B YKC C(bOpMI/IpOBaHHOC BBIPAKCHUC MOKHO BCTaBUTb YacCTb
MMOBTOPAOUICTOCA BBIPAXKCHUA:

sing17)
(? - 3] 15 OI'IEF]EIH,[I,EII'U'I CNOXEHWA ABNABTCA NOEBTORARIWESACA
YECTE EbIpaX¥eHWA

) + 3+
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ER o
C IIOMOIIBIO KJIAaBHIIIN Ha CTAHAAPTHOU TAHCIM HHCTPYMCHTOB KOIIMPYCM BbLIICICHHOC

BbIpaxkeHHe B Oydep. YcTaHaBnuBaeM Kypcop BBOJA Ha OMepaH/ BhIPAXKEHUS U M0 KJIaBHILIE
BCTaBJISIEM CKOIMMMPOBAHHOE BBIPAKECHHE:

[M _ 3] 15
133

sin(13)
Il + 3+ (—133 3]

Coodepocanue omuema : BBINOJHEHHYI0O paldoTy COXpPaHWTH B Nalnke NoJA cBoed (ammianeid u
NMOKA3aTh MPeNnoiaBaTeIio

Koumponavnvie gonpocot

Kakue metonbl BBOAa (hOPMYIT HCTIONIB3YIOTCS IPH UCIOIB30BAHUN MBITIIH?
Kakue metobl BBoa (hOpPMYIT UCIIONIB3YIOTCS MTPH MCIIONIB30BAHUH KIIABUATYPHI?
Kak B (hopmys1y BCTaBHTH MOBTOPSIOIIEECS BIpakeHUE?

Kak nmepemecTuth Kypcop B Hy’KHO€ MeCTO (hOpMyIIbI?

Kak Beinenmuts hopmyiry?

Kak pengaxtupoBats hopmyny?

oukrwdE

Cnucok 1umepamypol, peKOMEHOYEeMbLl K UCHOJIb3068AHUI0 O OAHHOU Heme:
1. bepnunep, 3. M. CAIIP B MammHoCcTpOoeHuH : yueOHUK 11t By3oB / O. M. bepnunep, O.

B. TapateiHoB. — MockBa : ®opym, 2014. — 448 c.

2. AdanacbeBa, H. 1O. BpluncnutenbHble M HSKCHEPUMEHTANbHbIE METObl HAY4YHOTO
’KcHepuMeHTa : [yued. mocobue*]. — M. : KHOPVYC, 2013. —330 c.

3. Xne6HukoB, A. A. IHpopMamoHHbIe TEXHOJIOTHH : y4eOHUK / A. A. XneOHukoB. — M. :
KnoPyc, 2014. —472 c.

4. MATHCAD 14: OcHoBable cepBuchl u texHonoruu I[loxapckas I'. 1., Hazapos 1. M.
Wz natens: Hanmonaneueiit OTkpeiThiil YHUBepcuTeT « MHTYUTY, 2016

JlabopaTtopHass pabora2. IlepemeHHbIe W BBIPAKEHHS] C TNepPeMEHHBIMH.

HUcnoab3oBanue QpyHKIUit

Llenv pabomoi:
N3yauTh criocoObl 3a1aHus IEPEMEHHBIX ¢ HY)KHOH TOYHOCTHIO, 33/1aHUE THAITa30HOB
NIEPEMEHHBIX, CO3/]aBaTh U MCITOJB30BaTh (DYHKIIMH OT HETIPEPHIBHOTO M JUCKPETHOTO
apryMeHTa.

Teopemuttecxaﬂ yacmo.

B MathCAD ¢opmynsl MOTYT pa3MeliaThcs B JIFOOOM MecTe pabodero JIOKyMeHTa
MathCAD. YUto0sl moBeCTH Kypcop K HY)KHOMY MECTY, HE BUIUMOMY B HACTOSIINNA MOMEHT B
OKHE, MOXXHO HCIIOJIb30BaTh TOJIOCHI MPOKPYTKH, Kak B Jt000i mporpamme aias Windows.
[Mogo6Ho apyrum mporpammam miast Windows, MathCAD comepskut monocy MeHro. UToObI
BBI3BATh MEHIO, JOCTATOYHO MICIKHYTH 10 HEMY MBIIIBIO WM HaxaTh KiaBuiny Alt BMecre ¢
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OYEPKHYTBIM cHMBOJIOM. Hampumep, mis BbizoBa meHto ®aiin HyxHo HaxkaTh Alt-d. Humke
MOJIOCKI MEHIO HAXOAWTCS TMaHellb MHCTPYMEHTOB. MHOrMe KOMaHIbl MEHIO MOXKHO OBICTPO
BbI3BaTh, HAXaB KHOIKY Ha TaHEIM HHCTPYMEHTOB. JlJsi TOro 4roObl y3HaTh, YTO JeEiaeT
KHOTIKa, JJOCTaTOYHO MOJIBECTH K HEH yKa3aTellb «MBIIIN», U MOSBUTCS CTPOKA COOOIIECHUS.

[IpsiMo oA TMaHeNIbI0 MHCTPYMEHTOB pacmnojaraercs manenb PopmarupoBanue. OHa
COJEPXKUT Ia0JI0HBI BEIOOPA M KHOTIKH, UCIOIB3yEMBbIE IS 3aJJaHHsI XapaKTepH- CTUK MIPU(PTOB
B YpaBHEHUSX M B TekcTe. Kakast KHOMKa B MMaHEIM MHCTPYMEHTOB MaremaTuka, OTKPBIBAEeT B
CBOIO OYe- pe/ib HOBYIO MTaHENb HHCTPYMEHTOB. DTH MaHET MHCTPYMEHTOB CIYXKAaT JJIsi BCTABKU
orepaTopoB, Tpedecknx OykB, rpadukoB u T. m. B Tabmune 1.1 mpuBeneH cnucok mHaHenen
UHCTPYMEHTOB.

Tadonuuma 1.1

Kuonka [Tanens HHCTPYMEHTOB
H OOuime apuMeTHiecke oneparopsl
;i_g 3Hak paBeHCTBA. 3HAKH OTHOLLEHHS
¥ Paznu4yHble 1BYX- H TpeXMepHble rpaduku
E MarpuHHbIe H BEKTOPHEIE ONEpalii
12 [Ipon3soaueie, nHTErpansl U npeaensl. Paasl u npousseneHns
z [IporpamMmHEIe CTPYKTYpBI
ofi ['peueckue OYKBEI
IE| 3HaKH BBIMUCIEHHA W ONEepParop.l
- Oneparopsl CHMBOJIBHBIX BbIMHCIIEHUI

OcHoBHbIM npenmytiectBoM MathCAD no cpaBHeHHIO C OOBIYHBIM KaJbKYJsl- TOPOM
ABJISIFOTCS BO3MOXKHOCTHh BO3BPAILEHUS K PaHEE BBINOJHEHHBIM pacyeTaM M BHECEHUS B HHX
u3menenuil. [locne BHecenus mameneHuit MathCAD mo3Bossier mpo- BEeCTH MepepacyeT Bcex
BbIpakeHUIl 0e3 ux nmosropHoro Habopa. MathCAD Ttaxke 1a- €T BO3MOXKHOCTb COXPaHUTh BCE
pacueTsl B BUJe (paiina u BEpHYTHCSA K HUM B J1I000€ BpeMsl.

O0opyaoBaHHe H MATEPHAJIbI.

[TepconanbHblii KomIblOTEp, Tporpamma MathCAD.

Yika3aHus no TeXHUKe 0€30IACHOCTH:

CoOOTBETCTBYIOT TEXHUKE O€30IIaCHOCTH 1O padoTe ¢ KOMIBIOTEPHON TEXHUKOI.

3ananuns
OueHp YacTo MNPUXOAUTCSA BBIIIOJHATH BBIPAXKCHUA HWIIM LCIIOYKU BI)Ipa)KeHI/Iﬁ C

ucnoip3oBaHueM mnepeMmeHHbiX. [lepemennas B MathCad — 310 uaeHTH(UKAaTOp, KOTOPOMY
IpUCBaMBaeTCs YMCIOBOE 3HAUEHHE U KOTOPBI HMCIOJNIb3yeTCs B BhIpakeHusix. Maentuduxarop
— 9710 Habop OykB W 1U}p, MEPBBIM U3 KOTOPHIX JOJKHA OBITh OyKBa; OyKBBI MOTYT OBITH
JATUHCKUMH MJIM TPEYECKUMHM C COOTBETCTBYIOIEH MaHenH; Majible M OoJbIinue OYKBBI
pa3InvaloTcs; B KauecTBe HMU(PBHI MOKET MCHOIb30BATHCS CUMBOJI MoquepkuBanus . Mmeercs
BO3MOXXHOCTh OIpEICICHUs] HIECHTH()UKATOPOB C HIDKHUM HHICKCOM. [lis 3Toro mepen
YKa3aHWEeM HWKHETO WHJEKCa HEeoOXOAMMO HakaTh KiaBuinly ['] (TOUKy) W 3areM HaOparth



uHjaekc, HanpuMep Wmin. MaeHTuduUKaTOp ¢ MHACKCOM IO BHEIIHEMY BUAY MPAKTHUYECKH HE
OTJIIMYACTCA OT DJIEMEHTA OJHOMEPHOT0 MaccuBa. YNCTO BU3YaJIbHO UICHTH(PHUKATOP C HHICKCOM
OTJIMYACTCd HEMHOro OOJIBIIMM YAaJCHHEM HHAEKCa BIPABO B CPABHEHUH C DIIEMEHTOM
MacCHUBa.

[Ipu BBINONIHEHNN LIENTOYKH BBIPAXKEHUN 110CJIE0BATEIbHOCTD BBIYMCICHUHN B JOKYMEHTE
OIIPENIEIAETCS CIEBa-HAIIPaBO U CBEPXY-BHU3.

UYroObl 1ernoYka BBIpAKEHWN Oblla BBIYHCICHA, HEOOXOAMMO BCEM IEPEMEHHBIM H3
BBIPQ)KEHUI IPUCBOUTH YUCIIOBBIC 3HaUeHUs. [IpricBanBaHus ObIBAIOT IBYX BUAOB: JIOKAJIbHBIE U
riobanbHble. JIOKallbHOE TPUCBAaMBAHHUE OCYHIECTBISICTCS HA)KaTHEM CHMBOJIA = Ha IIaHENH
Kanbkyisarop. IIpucBoeHHOE 3HaYeHHE B JOKYMEHTE HAYMHAET ACHCTBOBAaTH C MOMEHTa €ro
3anMcH (ciieBa-HaIpBO U CBEPXY-BHU3).

I'moGanbHOE mpuCBaMBaHUE JEHCTBYET B IIpelesiax BCEro JOKYMEHTa HE3aBUCHUMO OT
MecTa ero ompezeneHus. ['nobaibHOEe NpHUCBAaMBaHME ONPENENSIETCS CHUMBOJIOM = C IaHEIu
Onenka. Huwke npuBeneH npumep HENOYKH BBIPAKEHUN € UCIIOJIb30BAaHUEM JIOKAIBHOTO (115 X)
Y TJIOOQIBHOTO (JUTsI a) TPUCBAWBAHMS:

x=1 5r:=x+3—cu:us(x2:l I=X+v+a

=2 |-LZ=E+EK
a

b= 15592 4=3

KoHcTpyupoBaHue  BBIp@KEHMH  OCYILECTBJIIETCS ~ QHAJIOTMYHO  KOHCTAHTHBIM
BbIpakeHUAM. [IpoMeKyTOUHbIE IPUCBANBAHUS IEPEMEHHBIM OCYILIECTBIISIIOTCS, KaK 9TO BUAHO,
CHUMBOJIOM :=, OKOHYAaTeJIbHbIE OTBETHI BBIPAKEHUH OMpPEIeNsoTCs HakaTMeM KJIaBHUILU [=] Ha
KJIaBHaType.

B kadecTBe 37€MEHTOB BBIPAXKEHUS MOTYT HCIOJB30BATHCS (PYHKIUHU ONpEAETIeHHBIX
MHTETPAJIOB, CYMM U NPOU3BEACHUN ¢ naHenu Mcuucienune. s 3TOro JOCTaTOYHO IIEIKHYTH
MBILIKOW MO COOTBETCTBYIOIIEH (YHKLUHU, YTOOBI ee TpadapeTka OblUla MepeHeceHa Ha MeCTO
Kypcopa. [laiee, Ha MeCTO METKM M IIOMECTUTb COOTBETCTBYIOIIME 3HaueHus. IIpumep
BBIPa)KEHUS C UCMOJIb30BaHUEM (pyHKIMI naHenu Mcuncienne NpuBeieH HIDKeE:

1

. 5
=12 y::J cns(xzjldx+x4+ Z (x+i2;|(5ﬁ1(i'xj +4
i=1

1
+
Cpenun nHabopa cTaHAapTHBIX (GYHKIMA OOpaTUM BHUMaHHE Ha HEOOBIYHYIO

¢byuknuto If, koropas ucnonbp3zyercs g NpHUCBaMBaHMS YHCIOBOTO 3HAUEHUS MO YCIOBHIO.
Cunrakcuc ¢pynkuuu If:

If(ycnoBue, 3HadeHHWe MpH BBINOJHEHUM YCIOBHUS, 3HAUEHUE MPU HEBHIIOJIHEHUH
YCIIOBHSA)

[Tpumep ucnonp3oBanus ¢pynkuuu If npuBenen Huxke:

x=12 7= sit¥) + cos(x)

i = =
Hy 0,05 =0307 oo 50020

Jlerye Bcero BBOJWUTH MMEHA BCTPOEHHBIX (YHKIMI C KJIaBHATyphl, KaK B MpHUMeEpe C
BBIUMCJIEHHEM apKKOCHHYCa, HO, YTOOBI N30€KaTh BO3MOKHBIX OIIMOOK B UX HAMMCAHUH, JIyUIlle



BbIOpaTh JIpyroi myTh (TeM Oojee YTO MHOTHE M3 HHUX BECbMa CJOXHBI U MMEIOT HECKOJIbKO
apryMEHTOB, TaK YTO CJIOKHO 3alIOMHUTH UMEHA U TTapaMeTphl BCeX (PYHKIIUI HAU3YCTh).
InsertFunction x|

Function Cateqany Function Mane

Fiandom Mumbers ;I
Signal Processing

Salving

Sorting

Special

Statistics J

Skrin
T e mm = biman, mamd O my e C1EE ;I

|acns[z]

Returnsz the angle [in radians] whose cogine iz 2. Principal value for ‘I
comples 2.

gl QK I Irzert Cancel |

YToObI BBECTH BCTPOCHHYIO (DYHKIIMIO B BHIPAYKEHUE:

1.0Ompenenute MecTO B BBIpaXEHHH, KyJa CIEAyeT BCTaBUTh  (DYHKIHIO.
2.Haxmute kHOOKy ¢ Hagnuchlo f(X) Ha CTaHIapTHOM TMaHeNM HWHCTPYMEHTOB.
3. B cnucke Function Category (Kareropus (pyHKIMM) TOSIBUBIIETOCS IUAJIOrOBOro OKHa Insert
Function (BcTaButh (hyHKIHIO) BBIOEpUTE KATETOPUIO, K KOTOPOW MPUHAIICKUT QYHKIHS, — B
HAIlIeM CiTy4ae 3To Kareropus Trigonometric (Tpuronomerpuueckue).

4. B cnucke Function Name (Mmst pyHkuuu) BeiOepuTe UMsI BCTPOCHHOM (DYHKIIMH, O]
KOoTOpbIM OHa ¢urypupyetr B Mathcad: B Hamem npumepe — apkkocunyca (acos). B ciayuae
3aTpyJHEHUS C BHIOOPOM OPHUEHTHUPYHTECh HaA MOJCKA3Ky, MOSBISAIOLIYIOCS NpHU BbIOOpE
(GYHKIIMM B HIJKHEM TEKCTOBOM II0JI€ 1MajIoroBOro okHa Insert Function.

5. Haxmwure kHonky OK —  ¢yHKUMA  TOSBUTCI B JOKYMEHTE.
6. Beenure HenocTarole apryMeHThl BBEJIEHHOW (YHKIMM (B HAllleM CIy4yae 3TO YHUCIIO O) B
MECTO3aIMoJIHUTENE, 0003HAYAEMOM YEPHBIM MPSMOYTOJIBHUKOM).

Jljig osy4deHus 3Hau€HUs! OCTaJIOCh JIMIIb BBECTH 3HAK (YMCIEHHOTO WM CUMBOJIBHOTO)
BBIBO/JIA.

Cob6cTBeHHbIe QYHKIIUU TTOJTH30BATEIIS.

[Tomumo mmpokoro Habopa cranaapTHeIXx ¢yHkuuii B Mathcad Bo3MoOXxHO
orpeneneHue coOCTBEHHbIX (YHKIMH monb3oBarens. Teno 3Tux (yHKIMH MOXeT B 00IeM
cllyyae coJiepXaTh JJIEMEHThl NPOTrPaMMHUpPOBAHUs, UYTO OyAeT paccMOTpeHO Huxke. B
npocTeiiieM ciaydae QYHKIUS MOXKET OBbITh ONpe/ieieHa BhIpaKEHUEM IMoJIb30oBaTeNsl. DyHKIUA
OTIpeNieNIeTCs CASAYIOIUM 00pa3oM:

uMsi_YHKIHH(apTyMEHTHI):=BBIpaKEHUE

rae ums_(QyHKIMH — JH000M HIeHTH(UKATOp; apryMEeHTbl — CIHCOK apryMEHTOB
(GyHKLIMU Yyepe3 3alsTylo; BhIpaXKEHHE — JH000€ BBIPAKEHUE C HUCIOJIb30BAHUEM CTaHJIAPTHBIX
¢yHkuui W QYHKIMHA 1OJIb30BaTeNsl, ONpPENEeNeHHBIX B JOKYMEHTE Iepel 3THM. BoipaxeHue
JOJDKHO — COJiepXaTh WACHTU(HUKATOPHl aprymMeHToB. IlpuMep 1emoyku BBIpaXXEHUH ¢
UCIIOJIb30BaHUEM (DYHKIIMH MOJIB30BATENs IPUBEICH HUXKE:



x=12 yo=x4 tarx)  fix, v = £+ E.rz

s(x,y) =x+ v+ flx,7)
m:= s(x,¥7) +x | m|=308.508

Onepau,uu npuceanBaHuUA U BblYNUC/NIEHUA B I/1IEKTPOTEXHUKE

[IpumeHrMM Ha @pakTHUKE OIllepalud INpUCBauBaHMA. PaccuMTaeM HSKBUBAJIECHTHOE
COIIPOTHUBJIEHUE JIBYX MapajuleIbHO BKIIIOYEHHBIX PE3UCTUBHBIX 3JIEMEHTOB (pe3uctopoB) RI u
R2 (puc. 1.4). HyxHo yuutbiBath, 40 MATHCAD BBINOSTHSET ACHCTBUS HaJ BHIPRKCHUSMHU B
CTPOTO OINpPENIEICHHOM MOpsAAKe — OJIOKH aHAIM3UPYIOTCS Cle€Ba HAIlPaBO M CBEPXY BHU3. DTO
3HAYUT, 4YTO OJOKM HENb3s paclojaraTb IPOU3BOJBHO — OJOKHM, HEoOXoauMble JUIs
BBINOJIHEHUS] KaKUX-THMO0O0 omepanuil, TOJKHBI IpeAlIecTBOBAaTh OJIOKaM, BBIMIOJIHSIOMUM 3TH
onepauuu. B nmporuBHom ciydsae MATHCAD ykaxer Ha ommOKy, BbIAE JIUB IEPEMEHHYIO,
KOTOpasi HE OIIPEAEIICHA, KPACHBIM I[BETOM.

VauteiBas CKa3zaHHOC, CJICAYCT CHada/la C IMOMOIIbIO OIICpalluu NpHUCBaMBAHUA 3a1aTb
COITIPOTUBJICHUA PE3UCTOPOB.

R1 R2

o
w

Puc. 1.4. Tlapannesns-
HOE BKJTIOYEHHE
Pe3HCTOPOB

Beeaure R1:10 [Tab] u R2:15 [Tab], lanee Hy>xHO HanucaTh GOpMyIly 3KBUBAJIIEHTHOTO
comnpoTtuBieHus R12 nis napamiensHo coenHeHHbIX pe3uctopoB R12:R 1 *R2/(R 1+R2) [Tab],
YroObl MOSYyYUTh Pe3yabTaT BBIYUCICHH, T.€. BbIBeCTH 3HaueHue R12, HyxHo HaOpate R12=.
Ha skpane nucriest 3To OyAeT BBIIIAAETD CIEAYIONMM 00pa3oM:

R2

: R12 =6
(Rl + R2)

Rl =10 R2 =15 R12 = RI

YroObl 3amuch Obula 0OJice MPUBBIYHON, MOXXHO BBIPQKCHHUE B YHCIIHUTENE B3STh B
CKOOKMU:

(RIR2)

RI=10 R2=15 RI2=—="22
(R1+R2)

H




[Tpome HaOpate popmymy miast R12 craenyromum o6pazom:

R12: R1*R2 [Space]/RI+R2 [Tab], Ha skpaHe noayuynm

RI1.R?2
Rl1=10 R2=15 RI2=z— R12
RI+R2

H
N

Ectp eme ogun cioco6 moayuuts dhopmyny s R12 B Takom ke Buae. Begure R12:/.
Bbl monyuute npoOGb, B KOTOPYIO OTIENIBHO BBEIWTE YHUCIWUTEIb W 3HameHaTenb. [locie
HECKOJIbKUX YIPaKHEHUN B BBIUMCICHUAX Bbl camMu ompenenurte, Kak Jiydlle BBOIHUTH
MaTeMaTU4ecKue JEHCTBUS U TJie HYyKHO CTaBUTh CKOOKH, a rae HeT. [lone3Ho 3anoMHuTh, 4To B
ClIy4ae COMHEHHs JIydllle MOCTaBUTh BHIpAKECHHE B CKOOKH, YeM HamucaTth ero 0e3 CKOOOK.
CkoOKHM HE TTOBPEIAT.

Coodepocanue omuema : BBHINIOJHEHHYI0O paldoTy COXpPaHWTH B Namnke Mo cBoeid (amuiaueid u
MOKA3aTh NMPeNnoaaBaTesiio

Koumposavnvie gonpocot

Kak BcTaBUTH IrpevecKyro OYKBY B JIHCT?

Kaxk co3nate rnobanbHyr0 KOHCTaHTY?

Kak 3amaroTcst apryMeHThl GyHKINHU?

Kakwue BcTpoennbie pyHKIMH ucrnonb3yores B MathCAD?
Kak coznate ¢yHKIMIO TOIB30BaTENS?

agrwdE

Cnucok numepamypeol, peKoOMeHOyeMblil K UCHOJ1b308AHUI0 O OAHHOU meme:
1. Bbepnunep, O. M. CAIIP B MammmHOCTPOCHUH : Y4eOHHK 1715t BY30B / D. M. bepmunep, O.

B. TapateiHoB. — MockBa : ®opym, 2014. — 448 c.

2. AdanacbeBa, H. 1O. BpluncnutenbHble M HSKCHEPUMEHTANbHbIE METObl HAY4YHOTO
’KcHepuMeHTa : [yued. mocobue*]. — M. : KHOPVYC, 2013. —330 c.

3. Xne6HukoB, A. A. IHpopMamoHHbIe TEXHOJIOTHH : y4eOHUK / A. A. XneOHukoB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcuHoBable cepBucel u Texnosiorun [loxapckas I'. U., Hazapos JI. M.
W3narens: Haunonansueiit OtkpeiTeiil YHUBepcuteT «MHTYUT», 2016

JlaGoparopuas padora3. Kommiekcubie yncia B MathCAD u ux npumeHeHHe B

IJIEKTPOTEXHUIECCKUX pacueTax

Ilenv pabomui:
N3yunTth OCHOBHBIE (PYHKITUU JJ1 pAOOTHI C KOMIUIEKCHBIMHU YHCIIaMU, CITOCOOBI 3aJaHuUs

MHUMOH €IUHUIEI.

Teopemuueckas yacmo.
Mathcad BocmpuHHMaeT KOMIUIEKCHBIE uncia B ¢opme a + bi, rme a u b — o0ObIuHBIC
yrciaa. MOXHO HCIIOJIb30BaTh OYKBY | BMECTO I, €CJIH 3TO yIoOHee.
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KomriekcHble ynciia MOTYT TaKXXC BO3BHHUKATDh B PC3YJILTATC BBIHHCHGHHﬁ, JaXX€ €CJIM BCC

MCXOJIHbIC 3HaYeHUsI BellleCTBEHHBI. Hanpumep, eciu BBIYUCINUTh ~~1, Mathcad BEpHET |.

XoTs MOXXHO BBOJUTh MHHUMBIC YHCJA, COMPOBOXKAAs uX I wiau |, Mathcad 00buHO
oTo0OpakaeT HuX COmpoBoXkAaeMbiMu i. UtoOb Mathcad moOKa3piBajg MHHMBIC YHCIA C |,
BbIOepuTe DopmaT umMciaa U3 MeH0 MaremMaTnka, HaXMUTE Ha KHONKY “TioGanpHblii” n
nepekarounte “MH. en”. Ha |.

[Tpu BBOJIE KOMIUIEKCHBIX YUCEN HE 3a0yAbTe, YTO HENb3s HCIOIb30BaTh | HIIH | CAMH TIO
cebe nns BBoJAa KOMILIEKCHOM eaununbl. HyxkHo Bcerna meuatath 11 wiaum 1j, B MPOTHBHOM
ciydyae Mathcad wucronkyer | wim jkak nepemeHHyro. Korma Kypcop MOKHIAeT BBIpaKEHHE,
conepxkamiee 1i mwau 1j, Mathcad ckpeiBaeT n30bITOUHYO 1.

CneuuajbHble Onepanuu HaJ KOMILIEKCHBIMHM YMCIaMHU

B Mathcad ectp ciemyroomme crenuaibHble (YHKIIUH W ONEPaTOphbl JUisl pabOTHI C
KOMIIJICKCHBIMHU YHCIIAMHU:

Re(2) BerectBenHast 4acTsb Z.
Im(z) MHunmast 4acThb Z.
arg(2) Yron B KOMIUIEKCHOM TJIOCKOCTH MEK]1y BEHIECTBEHHON OCBIO U Z.

Bo3Bpaiiaet pe3yapTaT MeXIy -p U P pajuaH.

Monyns z. UtoObl 3amucath MOIYJdb OT BBIPQKCHHUS, 3aKIIOYHTE
|z | ero B BBIICISIONIYI0O PaMKy M HaXMHUTE KJIABUIIY C BEPTHKAIbHON
[OJIOCOH | .

Yuciio, KOMIUIEKCHO COMPsDKEHHOE K Z. UTOOBI MPUMEHHUTH K
BBIPAXKCHUIO OICPATOP CONPAKCHHA, BBIACIUTC BBIPAKCHUC, 3aTCM
Ha)kMHUTE JBOMHYI0 KaBbiuky ("). Uucno, conpsukénnoe k a + bi ects a -
bi .

PI/ICYHOK 2 MOKa3bIBaeT HCKOTOPBIC HNPUMEPHLI HCIIOJIB30BAHHA KOMIIIICKCHBIX 4YHCCI B

Mathcad.

z

Mathcad PLUS - [Untitled:1)

=|Paan [lpaska Texcr MaTemaTerka [paduxa Cumeonmka Oxno  Kuurn 2 ?
+

3w

4

OnpepgenuM KOMNAEKCHBIE NEpeMeHHble 21 | 22

z1 = ,J—i 22 =gl ?

zl =i z2 = -1414 +1.414i

Huse NpHEENEHE NPHMEPE! BED3MIKHBIX NEACTEHA Ha[ HUMK

r =2 g :

z1+22 = -1.414 + 2 414i Re(z2) = -1.414

z1-22 = -1.414 - 1.414i Im(z2) = 1.414

25 = -] 414 - 1 414i sin(z2) = -2.152 + 0.302i
% . 1414 +1.414i sinh(z2) = -0.302 + 2.152i
il

In(z2) = 0.693 + 2.356i

|z2| = 2 arg(z2?) = 2.356

Pucynox 2: Komnnexcuvie uucna 6 Mathcad.
MHorozHayHble GyHKIHMH



[Ipn ucnonp30BaHWM B KOMIUIGKCHOH O0O0JAcCTM MHOTHE (YHKIIMH, O KOTOPBIX MBI
MPUBBIKIIM AyMaTh KaKk O BO3BPALIAIONINX OJHO 3HAUYEHUE, CTAHOBSATCS MHOTO3HAYHBIMHU.

OOmiee mpaBUIIO COCTOMT B TOM, YTO JUIsi MHOro3HayHOW (yHkumu Mathcad Bcerma
BO3BpalllaeT 3HAYEHHUE, COCTABIISIONIEE HA KOMILIEKCHOM IUIOCKOCTH CaMblii MaleHbKUN
MIOJIO)KUTEJIbHBIA  YTOJl C TOJIOKHUTEIBHBIM HampaBiIeHUEM JAeicTBUTENbHOW ocu. OHO
HA3bIBACTCS IIABHBIM 3HAYCHHUEM.

Hanpuwmep, ecin tpebyercs Boramcanth (-1)Y2 | Mathcad BepréT .5 + .866i , x0T MBI
00b1yHO cumTacMm -1 KyOumdyeckuMm kopHeM u3 1. Jlemo B ToM, uto .5 + .8661 COCTaBIsCT C
MI0JIO’KUTEIbHBIM HAIIPaBICHUEM BEILECTBEHHOM OCH Yroi ToJibko B 60 rpamycoB, B TO Bpems
Kak -1 coctaBinser 180 rpamycos.

EnvHCTBEHHOE HCKIIIOYEHHE W3 JTOr0 IpaBuUja — OIEpaTop N-oro KOpHsS. ITOT
orepaTop BO3BpAIllaeT BEIIECTBEHHBIM KOpPEHb BCSAKHUM pa3, KOorja 3TO BO3MOXKHO. PucyHok 3
MOKa3bIBACT 3Ty 0COOEHHOCTB.

Mathead PLUS - [Untitled:T] i
=|maan [lpaska Texer MaTemaTerka [paduxa Cumeonuka Deno  Kuurun 2 =
+

3[_.' -1 +— ONEPATOP N-HOMD KOPHA BO3EPAWAET BEWECTEEHHOE

FHAYEHHE, ECNM 3TO BO3IMOKHD.

n=1.3.5

exp(n-i -60-deg) exp(ni ‘60-deg)®  « youno Tarxe, KaK Y BCAKOIO
0.5 + 0,866 -1 YHCNA ECTh B3 KEAOPATHDIX
_'I _1 KOPpHA, ¥ BCAKODIo YMCNa eCTh

05 0866 = TpH KyGHUECKHX KOPHA.

Jpeck" iV NPEOCTABNAET MHHMYH
enHHnyy. HanewaradTe " 11 ", uTobbl
EEECTH EE.

] =

- 0.5 + 0.866i +— BozepawaeT "rnaenoe snauenne" kylnieckoro xopHs —
) ’ IHAYEHHE, NPHBENEHHOE B NEPEOHA CTpOKe B Tabnuuye

BEEPXY.

(-1)

Cp 1
Pucynok 3: HaxoxaeHue BeIIECTBEHHBIX KOpHEH n-ol CTENEeHH W3 OTPHUIATEIbHOrO
4HCIIa.

O06opyIoBaHNe 1 MATEPHAJIBI.

[Mepconanbhelil KommboTep, mporpamma MathCAD.

YkazaHnus no TexXHukKe 0e30nacHOCTH:

CoOOTBETCTBYIOT TEXHHUKE O€30IaCHOCTH 1O padoTe ¢ KOMIBIOTEPHON TEXHUKOI.

3aoarnus
TpeOyeTcsi BLINOJIHUTH BHIYMCIEHHS MPUBEIEHHOTO IPUMEPA ¥ CBOEr0 BAPHAHTA

1. Coznmath HOBBIH Qaitn. OpraHnu3o0BaTh TEKCTOBYIO 001acTh (CM. TipuMep 2).



2. 3amaTh MHUMYIO €IUHUIY B BUae 1= —1 wim j=—1.

3. B BelpaxkeHHH A (CM. caMoCTOATENbHYIO padoTy Nel) onHy U3 epeMeHHBIX (HarpuMep, X)
c/enaTb MHUMOM (JOMHOXHTD Ha 1 WiH j). [loMecTUTh 3HaYeHNEe BBIPAKEHHS B IEPEMEHHYIO
A_complex.

4. Berauciute A_complex.
5. Co3naTh TEKCTOBYIO 00JacTh U TOMECTUTH B HEE HAMUCH (CM. IpuMep 2).
5. BpUMCIATE MOJYJIb KOMIUIGKCHOW BEJIMYUHBI, TIOMECTHB €ro B TepeMeHHyro modul.

HaGpatp nms nepemenHoit modul, 3aTemM omneparop MpUCBaUBaHU =, 3aT€M UM IEPEMEHOM
A_complex, 3aTeM 3HaK MOIYJIs (B3STh ¢ maHenu AprudMeTHKa Ui BBECTH 3HAK | ¢
KJIaBHATYPBHI).

6. BeUMCIHTE ACHCTBUTEIBHYIO U MHHMYIO YacTH KOMIUICGKCHON BEIMYHHBI C TTOMOIIBIO
BCcTpoeHHBIX ¢yHkuuii Re() u Im( ), momecTuB 3HaueHusi B nepemMeHHble real part u
imag_part.

7. BBIUUCAUTD apryMeHT KOMILIEKCHOM BEJIMYMHBI C TIOMOIIbIO BCTPOCHHOM QyHKImH arg( ),
MMOMECTHUB 3HAUYCHHE B MIEPEMEHHYIO argument.

8. Co31aTh TEKCTOBYIO 00JIACTh U IOMECTUTH B HEE HAAMKUCH (CM. IpuUMeEp 2).

9. Beruncnuth MOAYJb, apr'yMEHT U CaMO KOMIIJICKCHOC YUCJIO0, UCITIOJIB3YSA MATECMATHYCCKUC

N v
|2| =N\X" )y, p=arclg—,z= :|€" .

IIPEJICTaBICHUS x IZle Z — KOMIUIEKCHOE YHCIIO, X., Y —
JefCTBUTENbHAS U MHUMAsl YacTH, (¢ — apIyMEHT. 3Ha4eHHsI IOMECTUTH B nepeMeHHble modull,
argumentl, A complex]l. CpaBHUTH CO 3HAYEHUSIMH, PACCUUTAHHBIMU C HCIOJIb30BAHHEM

BCTPOEHHBIX (YHKLIUH.

10. Bropoii BapuaHT 3afaHus MHHUMOW €IMHUIBI. YJaduTh 00JIACTh C 3amuChio 1= —1.
[TepemenHble 1 B BhIpaKEHHUSIX OyqyT KpacHOrO IIBETa, YTO o3HadaeT omuOky. [loctaBuTh
Kypcop nepeJl IepeMeHHOi 1 1 HabpaTh 1, T.e. 11. BEIMOIHUTSE 11e140K BHE 00JIACTH BBIPAXKEHHUS,
npu 3ToM 1 ncuesner. McnpaBuTh TakuM 00pa3oM Bce OIINOKH.

11. Coxpanuts (aiin ¢ umenem task2 damunus.

KomnneKkcHble yucna B 33

KommniekcHoe ymcno B anreOpanueckoid (opMe MOXeT OBITh 33JaHO C TOMOUIBbIO
¢bynkuuu npucBauBaHus B Buae Z1:=3 + 4i umm Z2: = 3 + 4j. BeBogutbcs 06a yucna OyayT
OJIMHAKOBO B 3aBUCHUMOCTH OT TOrO, Kakoe o0o3HaueHHue (1 WiIM j) YCTAaHOBJIEHO JUII MHUMOM
€/IMHUIIBL.

B cnywae, ecnu KOMIUIEKCHOE YHMCIO 337acTCs HE YMCICHHBIMU 3HAYCHHUSIMH, a
MaTeMaTHYeCKUM BBIpa)KEHUEM, TO BBOJ j TOCJI€ MHUMOW YacTH AacT omnOKy B rrom ciyudae
JUISE MHUMOM 4acTH TIEpe]l j HaJI0 TIOCTaBUTh 3HAK YMHOXKEHHUS (*). HO MepEN ITUM 0053aTeIbHO
HAJI0 ONPEJICTUTh | Kak MHUMYIO enHuIly. KOMIUIeKke B 3TOM ciydae 3a1acTcs Tak:



L Ha JKpaHe
i\ -] j= J-1

73: 120*cos(1) +120* sin(1)* | Z3 :=120cos(1) +120sin(1)
(mpucBauBaHHE)

23 = Z3 = 64.836 + 100.977j (BbiBOX)

Ilpumep 2.

3anaHue MNoZ eapuadT 1

i=.F1 =1
k]

2 a2 —
—(:}: bty +i-x° ¥

A compler = 048] = 02041

A complex =

BbIMHMCNEHHMA C NOMOWEK BCTROBHHEIX iy KHUMA
modul = |4 complex| modul = 0.927
el part = Re(d complex) real pat = 0461
imag_part = Im(A  complex) imag_pat = -0.304
aromuhent = argld  complex) argument = =105

Briuncnenna no dgiopmynam

modull = Jreal_pan? + imag_pan? modull = 0927
+
i art
argumentl = ﬁtm[%j argament]l = -1.05
teal part
_ i Tt
#A_vomplesl = modul - & A_complexl = 0.461 — 0204

Otmerum, uto B HOBbIX Bepcuax MATHCAD 3Hak yMHOXeHHA Mexnay uucioMm 120 u
(GYHKLIUSAMH — CHHYCOM U KOCHHYCOM MOXHO HE CTaBUTh. JTO HE Oy/leT BOCIPUHUMATHCS KaK
omuokKa.

JleiicTBuTENnbHAs YacTh KOMIUIEKCHOTO dHcia Oepercs ¢ nomomibio ¢GyHKiuu Re
(marpumep, Re(Z3)=64.836), a MHUMas 4acTh — ¢ oMoInbio Gyakmun Im (Hanpumep, Im(Z3)=
100.977). Moaynb KOMITJIEKCHOTO YHCia BhIEIsETC ¢ momombio ¢yHknuu |Z3|=120, kotopas



BBOJIUTCS Ha)KaTHEM KJaBwill [|] Z3. ApryMeHT KOMIUIEKCHOTO YUCia, T.€. TTOKa3aTellb CTEIeH!
Opy TOKa3aTeNbHOW (opMe 3amucu, KOTOPbIM paBeH HadalbHOH (haze COOTBETCTBYIOIICH
CHUHYCOMIANbHON (DYHKIMH, BBIIENAETCS C momoulbio ¢yHkuuu arg(Z3)= 1. 3gech aprymeHt
yKa3aH B paauaHax. YToObl MOJIY4YUTb COIPSDKEHHOE KOMIUIEKCHOE YHCIO (IPUHATOE B
MATHCAD o603Hauenue ¢ BepXxHEH 4epToil), HYy>KHO IMOCIE KOMILJIEKCHOTO YHCia MOCTaBUTh
kaBbluku. Hanpumep, eciu BBecTr Z3"=, TO Ha 3KpaHe TUCIUICS MOJTYyYUM

Z3= 64.836 — 100.977;

KoMmruiekcHple 4mcna MOXHO BBOJAWTH W B IOKa3aTenbHOUW (opMe, Hampumep,
Z:50*exp(1.2)) mmu Z:50*eA1.2j.

Jlanee NeWCTBHSA ¢ KOMIUICKCHBIMU YHCIaMH PACCMOTPHM IIPU pacdeTe dIICKTPUUECKON
LIEHHU, CXeMa KOTOpoH npuBeaeHa Ha puc. 1.5 u 1.6.

R' 1"1‘1
o MR L G50
— al.
I. le) i r‘;
l -~
ol
Xoo%oif i R+ Puc. 1.5. DnexTpudeckas 1ens
’ U ) CO CMENIaHHbIM COEAUHEHHUEM
.
i NMPUEMHHUKOB
Z
oy P
r———
f
i3 Z3 Z3y Puc. 1.6. DnexkTpuyecKas Lenk
) A I CO CMEIIAHHBIM COCAHHEHHEM
(‘-n NPHEMHHKOB MPHU pacyeTe ee
o , KOMIUIEKCHBIM METOJ0M

Ha puc. 1.7 npeacrasnena konus 3kpana B cucreMe MATHCAD c pacueToMm yka3aHHOM LienH,
BBE/IUTE CAMOCTOSITEILHO MPUBE/ICHHBIE HA pUC. 1.7 BhIpaKeHHUSI.



IHpumep 1.Pacger 21eKTpHYecKOM 1eNH nepeMeHHOro ToKa,
npe/icTapjieHHoM Ha puc. 1.5 1 1.6 KoMIUIeKCHRLIM MeTOIOM.

ao: U:=220 Z;:=2+3 Zp:=3+4 Z3:=5-12

3HayeHus: COMPOTUBIICHUH JaHbl B OMaXx, a4 Hallps)XEHHE B BOJIbTAX.
Haiit TOKH B KaXZ0H BETBH U MOILIHOCTD, IOTPEOIsAeMYI0 H3 CETH.

Penrenue: 1l
DKBHBAJIEHTHOE 2:43 :
conpoTupnenue Been mem; 2¢ = 21+ Zy + 23 26'=69364°9,9381

U &
Tox B Hepa3BeTBIEHHOMH YacTH: i := 7a [ = 18.304 - 15.666]

Hanpax( CHHEC Ha pa3BCTBJICHHOM Y4acCTKe IICIIH:

Uyz :=U-1;-Z, U,s = 136.395 — 23.581;
o : Uy : Ujys
OKH B napamIeJlebe BETBAX. 3= Zz 3= L3
I, = 12.594 — 24.653] I3 = 5.71 + 8.987j

TlonHas MOIHOCT: g ._ (1., §=4.027 x 10° + 3.446] x 10°
AKTHBHasi MOILHOCTD B BaTTaXx (ACHCTBHUT. 4acTh) Re(S) = 4.027 x lO3
PeakTiiBHasi MOLIHOCTH B BapaX (MHIMas 9acTh) Im(S) = 3.446 x 103
Moayau TOKOB (eHCTBYIOIIHE 3HaYCHHs B amIiepax )

11| = 24.093 |12| = 27.684 |I3| = 10.648

ApryMeHTh! TOKOB (HayajbHble (pasbl B paaHaHaXx)
arg(l;) = -0.708 arg(l) = -1.098  arg(l3) = 1.005

Puc. 1.7. Pacuer 3nekTpHYeCcKOH LENu NnepeMeHHOro ToKa

WNHpekcsl y COnMpOTUBIEHUN U TOKOB MOXHO BBOJHTH JIMOO OTKPBIBAIOIICH KBaJpaTHOM
cko6Oxoit (Z [ 1) mnmu Toukoii (Z . 1). Hago To1bKO MOMHHUTH, UTO B IEPBOM cilyyae Zj 3aJaeTcs
KaK MHIEKCUPOBAHHAS MEPEMEHHAas, T.€. KaK 3JIEMEHT MacCHBa, a BO BTOPOM Cllydae MpPOCTO Kak
[IEPEMEHHAs C CHMBOJIBHBIM HHJIEKCOM.



[Tockonbky MHOTHE MPHUBBIKJIM BBIpaXXaTh yIJIbl HE B pajuaHax, a B Tpajaycax, TO B

MATHCAD npenycMoTpeHa M Takas BO3MOXKHOCTb. APryMEHTBl TPUTOHOMETPUYECKHX
(GyHKLUI MOXHO 3alMChIBAaTh B Ipajlycax, CTaBs 1ociie HUX HaumeHoBanue deg. Hammpumep:

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

cunycounanbHas Gynkmus sin(ot + 30deg),

Ej-lSdeg

MoKasareiabHask QyHKIHS

Uro0Obl niepeBecTy paguaHbl B AJIEKTPUUYECKHE IPATyChl, HY)KHO (YHKIUIO pa3/ieinTh Ha

deg. Hanmpumep, apkcunyc ot 0,5 paBen 0,524 panuana wim 30 rpagycos:

asin(0.5)

asin(0.5) = 0.524
deg

30

B TekcTe KOMILIEKCHBIE BEIUYNHEI 0003HAYAIOTCS ¢ TOUYKAMH HaBEpXy (/) nin

NOMYEPKHYTHI IPSIMO JTMHMEN (Z), a Ha 3kpaHe nuciuiest B cucteme MATHCAD 3ty BenuuuHsl
HE UMEIOT TaKHX JIOTOJIHUTENbHBIX 0003HaueHu. OTMETUM, YTO CUMBOJIBI U UAECHTU(PUKATOPBI,
HaOpaHHbIe B TekcTe KypcuBoM, B cucteme MATHCAD nabpans! npsiMbiM mpudToMm.

Koumponavhnvie gonpocot

ook wndE

Kax nomyunts 1eHCTBUTENBbHYIO YaCTh KOMIUIEKCHOTO yuciia?
Kak nmoiay4uts MHUMYIO 4acTh KOMIUIEKCHOTO YHcCiIa?

Kax nepeBectu paguansl B rpaaychl?

Kak HaliTh MOZlyJIb KOMIUIEKCHOTO YHclia?

Kax HaiiTu apryMeHT KOMIUIEKCHOTO yuciia?

Kaxk 3amaerca MHUMast equHAIA?

Cnucok qumepamypbl, peKOMEHOYEMbLIL K UCNOJIb306AHUI0 NO OAHHOIL meMe:

1.

bepnunep, 3. M. CAIIP B mammHOCTpoeHUY : yueOHuUK i By30B / 3. M. bepaunep, O.
B. TapateiHoB. — MockBa : @opym, 2014. — 448 c.

AdanaceeBa, H. 0. BpluuncinurenbHble U SKCHEPUMEHTAJIbHbIE METOJbl HAy4YHOTO
JKcTiepuMeHTa : [yae0. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.

XneOHukoB, A. A. UndopmaninonHsie TexHonoruu : yueoHuk / A. A. XneOHukoB. — M. :
KnoPyc, 2014. — 472 c.

MATHCAD 14: OcHoBHuble cepBuchl u texnosoruu Iloxapckas I'. U., Hazapos 1. M.
Wzparens: Hatmmonaneueiit OTkpeiThid YHUBepcutetr « MHTYUT», 2016

JlabopaTopnasi pa6ora4. I'padpuxu ¢pyHkuuii

Ilenv pabomer:

N3yunTth criocoObl MOCTPOCHHUS U PEJAKTUPOBAHUA I'paUKOB (PYHKUIMN OTHOM U ABYX
NEPEMEHHBIX, TPA(QUKOB B MOJSIPHBIX KOOPUHATAX.

Teopemuueckasn uacmo.



http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

dopmaTtupoBaHUe TBYMEPHBIX Ipa(UKOB.

Jlis BbIBOAa OKHa (OpMAaTUPOBAaHUS OBYMEPHOTO TpaduKa IOCTATOYHO IOMECTHUTH
yKasarejab MBIIU B 00JIacTh Tpaduka M ABAXKILI IIEIKHYTH JIEBOM KHONKON MbIIKM. B OkHe
JIOKYMEHTa TMOSBUTCSA OKHO (opmaTupoBaHusi. OHO MMeeT psij BKJIaJokK. Bkiagka craHoBUTCS
AKTUBHOM, €CJIM YCTAHOBUTD HA €€ UMS YKa3aTeJb MbIILIU U IIEJIKHYTh JIEBOM KHOIIKOM.

=
Dt = ] Cneg, I Mem.wl Hmnmamal
O Doy
[T Norapueed. wekana [T Morapsig. usana
I™ Bonosd. neEum [ Bonom auHuu
I+ Hyrmepaua [+ Hugaepauwa
V¥ Asromacwrad [+ Apromacwrat
I NMokazare MeTks [ MNowazare Metkis
I+ Aerocetea [+ AeTo caTRa
Fazrep ceTre: Faariep ceTrm:
CTine ocedl rpaduEa
(* (rparsenas 060acTs
" Mepecaverue I PaeHeia macwTadic
" EBes rpaHuy

QK I Orrena I [T | Cnpasra |

Kak BuHO Ha pucyHke OKHO (pOpMaTUPOBAHUS UMEET YEThIPE BKIIAIKU:

ocu X-Y- 3a/1aHue mapameTpoB (OpMaTHPOBAHUS OCEIH;

JTUHUY rpaduka — 3a/laHue napameTpoB hopMaTUPOBaHUS JTUHUM rpaduka;

HAJIKCH — 33IaHUE TTapaMeTpoB (hOpMATUPOBAHMSI METOK OCEH;

0 YMOJYaHHUIO — HA3HAYCHHE YCTAHOBJCHHBIX MapaMeTpoB (HopMaTHPOBAHUS
napaMeTpamu 1o yMOJIYaHUIO.

1. ®PopmaTHpoBaHue Ocel rpaduka.

Ha Bxnanke X-Y ocu comeparcsi ClelyrolMe OCHOBHBIE MapaMeTpbl, OTHOCSALIUECS K
ocsim X n Y (Axis X u Axis Y):

Jlorapudmuueckuii Macmtad — ycTaHOBIIEHHE JOrapu(pMHUUECKOro MacIuTaoa;

JIMHUM CeTKM — YCTaHOBKA JIMHUI MacluTaOHOM CETKHU;

[TpoHymMepoBaTh — yCTaHOBKA IIU(PPOBBIX JAHHBIX 110 OCSM;

ABTOMAacCIITad — aBBTOMAaTUYECKOE MacIITaOupoBaHue rpaduka,;

HanecTtu pucky — ycTaHOBKa JI€JIEHUH IO OCSM;

ABTOCETKa — aBTOMAaTU4YeCKasl yCTaHOBKA MacCIITa0OHBIX JTUHUM;

Yucno MHTEpBAJIOB — YCTAHOBKA 33/1aHHOTO YHCJIa MAaCIITaOHBIX JIMHHUM.

I'pynna Ctune ocell mo3BoJISET 3a7aTh CTUIIb OTOOPaKEHUsI KOOPAMHATHBIX OCEH:

PamMka — ocu B Bujie IpsIMOYTOJIbHUKA;

Busnp — ocu B BHE KpecTa;

Huuero — orcyrcrBue ocei;

PaBHBIC neneHus — ycTaHOBKA OJJMHAKOBOTO MaciiTada mo ocsiM rpaduka.

2. @opMaTHpoBaHueE JHHHUI rpaduKoB.

Ora BKJIAJIKa CIYKUT ISl YIIPABICHHS OTOOpa)XCHHEM JIMHUN, U3 KOTOPBIX CTPOUTCS
rpaduk. Ha 3Toi BKI1aaKe MpeACTaBiIeHBI CIASAYIOIIHNE TapaMeTPhI:

MerTka nereHapl — BEIOOpP TUIIA TMHUU B JIETEH/IE,

CumBOJI — BBIOOp CHMBOJIA, KOTOPBIA TMOMEMIAETCS HA JIMHUIO, JJII OTMETKH 0Oa30BbIX
TOYeK rpaduka;

JluHus — ycTaHOBKA THIIA JINHUH,

[IBeT — ycTaHOBKA 1IBeTA JTMHUH U OA30BBIX TOYCK;

Tun — yctaHoBKa Tuma rpaduka;

TosnuuHa — ycTaHOBKA TONIIUHBI TUHUU.




VY3noBbIe TOYKH (TOYKH, JUIsI KOTOPBIX BBIYUCISIOTCS KOOPAWHATHI) TPadUKOB YaCTO
TpeOyeTcs BBIICTUTh KakoW-HUOynb ¢urypoit. Crnmcok cronbma Symbol mo3Bossier BbIOpaTh
CIIETYIOIME OTMETKH JIJIsl 0230BBIX TOUEK rpaduka Kaxk10i U3 QyHKIIHIA:

HUYero — 6e3 OTMETKU;

X’S — HaKJIOHHBIM KPECTHUK;

+’X — IpsIMON KPECTHK;

KBaJIpaT — KBaJ[par;

pomO — poMO;

0’S — OKPY>KHOCTb.

Crnucok B cronbue JInHus 1Mo3BoIIsieT BHIOPATh TUIIBI TUHUI: HENpepbIBHAS, TyHKTHPHAS,
HITPUX-TTYHKTUPHAS.

PackpeiBarorieiics crimcok ctonbua Type mo3BoiisieT BbIOpaTh CIEAYIOUUE THIIb JTUHUN
rpaduka:

JUHUS — IOCTPOCHUE JTUHUSIMU;

TOYKH — IOCTPOCHUE TOYKAMU;

UHTEpBAIbl — TOCTPOEHHUE BEPTUKAIBHBIMH YEPTOUYKAMH C OIICHKOW HHTEepBala
IIOTPELIHOCTEN;

CTOJI0E1 — MOCTPOEHHUE B BHJIE CTOJIOIIOB THCTOTPAMMBI;

CTYIIEHbKAa — TOCTPOEHUE CTYIIEHYATON JIMHUEN;

MPOTSKKA — MOCTPOCHHUE MPOTSIKKOM OT TOYKU A0 TOUYKH.

3. 3apanue Haanuceil Ha rpadukax.

OTa BKJIJKa TMO3BOJISIET BBOJIUTH B rpaduK JOMOJHHUTEIbHBIC HAAMUCH. /i1 ycTaHOBKH
HaJMMCEN CIIy»KaT M0JI BBOJA:

3aroJioBOK — yCTaHOBKA TUTYJIbHOM HAJIIMCH K PUCYHKY;

Ocp X — ycTaHOBKA HaAIMCH 110 OcH X;

Ocp Y — ycTaHOBKA HaAMKCH IO OCH Y.

B rpynmne 3aronoBoxk HMEIOTCS NEPEKIIOYATENM CBEPXY M CHU3Y MJI YCTAaHOBKHU
TUTYJIBHOM HaJIUCH MO0 Haj rpaduKoM, JTUOO MO HUM.

4. IlapameTpsbl rpad)MKOB 110 YMOJTYAHHIO.

Bxnagka "I[lo ymon4anuoo" no3Bosis€T Ha3HAYUTh YCTAHOBJIEHHBIE HA JPYTHX BKIIAIKaX
napaMeTpsl (opmaTupoBaHHUS MNapaMeTrpamMH IO YMOJYaHHIO. JlJIi 3TOro CIIy)XHUT (UIaXkok
YCTaHOBKM "HCNOJIB30BaTh MO yMoidaHuto". IlleJkHyB Ha KHONKe "BEpHYTb 3HAUEHUS IO
YMOJTYaHHIO" MOKHO BEpHYTh CTaHAApTHBIE TapaMeTphl rpaduka.

TIlocmpotime epagux ynkyuu p(x)=5*X"6-3, 3a0as ceou yeem u cmuib KPUgo.

A Temeph paccMOTpUM, Kak Ha OJHOM PHUCYHKE OTOOpa3sUTh HECKOJBKO IPadHKOB,
Hanpumep y=2*cos(x), y=sin(x)"2 u y=x.

5
5 I
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3amaiite  gaHHble  ¢yHkuuu  (0Oo3HaubTe WX, Hampumep f(x),  g(x), q(X):
iz =2 cos(x) g = si.n(::xc:]2 gl =

Bbi3BaB mabnoH rpaduka, BBeIUTE MO OCH X HMs HE3aBUCUMOW NEpeMEHHOW (Win
MEPEMEHHBIX, €CIM WX HECKOJIBKO), M0 ocu Y BBeauTe f(X), moctaBbTe 3amsTyro (P 3TOM
MIEPBOE BBIPAKEHHUE YXOIUT BBEPX, a IMOJ HUM MOSBISETCS MECTO BBOJA), BBenuTe g(X), 3HAK
3aMsATON U CIAeAyIoIIee BeIpaxeHue q(x).

OTtBenst ykazaTenb MBIIIK 3a Tpenenbl rpaduka, METKHUTE JIEBOW KHOMKOW MBIIIU —
MOSIBUTCS TPaUK ¢ TpeMsi KPUBBIMH.

Ilocmpotime na oonom pucynke epaghuxu pynxyuu y=x"2+2*x, y=tg(x), y=x-5.

[locne Toro, Kak Mbl OCBOWJIHM IIOCTPOGHHE JBYMEPHBIX TIpaMKOB OIHOH WU
HECKOJIbKUX (DYHKIIMH, PacCCMOTPUM TMOCTpOeHHE I'padUKOB MOBEPXHOCTEHl (TpeXMepHBbIE HIIU
3D-rpaduxu). C momompto cuctembl MathCad Takue rpaduku CTpOSITCS AaKe MPOIIE, YeM
JIBYMEpHBIE.

[Toctponm rpaduk GyHKIHH Z(X,y)=X"2 + y*2, 1 3TOTO:

3anaiiTe QYHKIMIO ABYX IepeMeHHpIX: ZX.¥) = £+

Hcnonp3ys nanutpy rpaduku, BBEAUTE MAOJIOH TPEXMEPHOTO rpaduka.

Ha enquHCcTBEHHOE MECTO BBOJA O] IIA0JIOHOM BBEJIUTE Z.

BriBenuTe Kypcop MBIIIU 3a Tpeeiibl rpaduka U IIEIKHUTE JICBOM KIIABUIICH MBIITH —
OyzeT mocTpoeH rpaduk B BUAC "MIPOBOJIIOYHOTO Kapkaca'.

S0 —t"..
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O0opyaoBaHHe H MATEPHAJIbI.

ITepconanbHblii KOMIBIOTED, Tiporpamma MathCAD.

Ykazauus no TexHukKe 0e30nacCHOCTH:

CoOOTBETCTBYIOT TEXHUKE O€30MaCHOCTH MO PadOTe ¢ KOMIBIOTEPHON TEXHUKOM.
3ananus

[Toctpoenue rpadukoB GPyHKIIMM OHONM NEPEMEHHOIA.

Ha nanenu HHCTPYMCHTOB I BBOJAd MATCMATUYCCKUX 00BEKTOB MICJIKHUTEC Ha
KHOIIKE ’EIDLI - Ha 3KpaHC€ MOABUTCA ITaHCJIb ITOCTPOCHUA l"paCbI/IKOB. Ha »rtoit manenmn MICJIKHUTEC Ha

KHOTIKE C M300pakeHHeM AByXMepHOro rpapuka KX - ma skpane mosButcs maGmon rpaduka,
KaK 9TO Moka3zaHo Ha puc.51.4 (mwabiaoH rpaduka MOXKHO BBIBECTH TaKkKe HaKaTWeM KJIaBHILIU
[@]). BBequTe Ha MecTe METKH CHU3Y OCH X MMS HE3aBHCHMOIO apryMeHTa — X. BBenurte Ha
MeCTe METKH clieBa OT ocH Y (yHKIIHIO, [l KOTOpoii cTpoutcs rpaduk, Hanpumep Sin(x)>.



Puc.514

ITomecTuTe ykazaTenb MbIIIM Ha 00NACTh NOCTPOEHMS rpaduKa U INEIKHUTE JIEBOH
KHOTIKOW MBIIIHN — rpaduk Oyner moctpoeH (cM. Puc.51.5).

Jlis nepemenenust rpaguka B Ipyroe MeCTO JIMCTa HEOOXOJUMO IMOMECTUTh YKa3aTellb
MBIIIM HAa paMKy, 4TOOBI TOSBWIACH YepHas JIQAOIIKa, W HaXaB JIEBYIO KHOIKY MBIIIH,
nepeTauTh rpaduk B Apyroe MecTo.

Jlnst u3MeHeHus: pa3MepoB rpadruka MCHOIB3YIOTCS YePHBIE KBAAPATHKH 10 IICHTPY U B
Y1y paMKH, IIPY 3TOM HarpaBlIeHUE U3MEHEHHs IPpaHullbl Tpaduka yKa3blBae€TCsl CTPEIIKOM.

Ha oxmnoi#l 1utockocTd rpadmka MOXKHO TMOCTPOUTH TPapUKU HECKOIBKUX ()YHKIIHH.
Jlo6aBuM K yxe mocTpoeHHOMY rpaduky Ha puc.51.5 eme oaun rpadux Cos(x). s storo Ha
seipakennn Sin(x)® puc.51.5 uenKHUTE EBOI KHOMKOM MBIIIM, TIOSBUTCS MapKep BBOJA B BUJIE
cuHero yrojka. JloGeiiTech, uTOOBI STOT Mapkep OXBaTual Bce Bepakenue Sin(x)®. Ha
KJIaBHAType HaOEepUTE CUMBOJ 3aIATON, IIPH STOM MapKep BBOJA MEPEMECTUTCS BHU3 Ha HOBOE
mecto. Habepure dynkiuio HoBoro rpaduka Cos(X). BeiBeaure Kypcop MbIIIH 3a moJie rpaduka
¥ IMeNKHUTE JeBoii kHomkoit. Ha rpaduke 6yayt moctpoens! ase dynxmuu Sin(x)® u Cos(x).
HoBblil rpauk K y>ke MOoCTpOEHHBIM (YHKLHAM J100aBISETCS aHAJIOTHYHO.

sin(:\:j3 0

L 10 1 10

Puc.51.5

CranpgapTHO JAMana3oH UW3MEHEHHs (QYHKIMA 1o ocu Y  ompeaensercs
aBTOMATUYECKU, a MO0 ocu X 3amaerca auana3zoH oT —10 mo +10. duanazon mo X MOXHO
M3MEHUTH cliefyromuM oopasom. [logseante ykazarenb MbIIIK K IIKaJle MO Ocu X U IIEIKHUTE
J€BOM KHONKOM MbIM. IIpn 3TOM HMKE NOSBATCS METKM U1 BBOJA INpPEAETOB MO ocu X.
W3menuTe 3TH npenesbl. AHAIOTUYHO MEHSeTCs IMara3oH 1no ocu Y.

[To ymomuanuto rpaduku CTPOSATCS MO TOYKAM C aBTOMAaTUYECKHMM H3MEHEHUEM
nrara no ocu X. Ilpu oueHb CHOXKHBIX (PYHKUIHAX BO3MOXKHA MOTEps] HHGOPMALUU U TOITOMY
JUIs HUX HeoOXOAMMO 3a/JaBaTh CBOM IIar HW3MEHEHHs Mno ocu X. DTo Jenaercs ¢
HCITOJIb30BAaHNEM PAaHKUPOBAHHOW ITEPEMEHHOM X, KAK 3TO [TOKAa3aHO, HaIlpuMep, Ha puc.51.6.

B cinyudae, korma HEOOXOOMMO TOYHOE ONpEAEICHHUE KOOPAMHAT JIMHUM Trpaduka,
BBITMIOJIHSETCST TpaccupoBKa. llepemecTuTe Kypcop MbIIM B TMoje rpapuka U BBI3OBHUTE
KOHTEKCTHOE MEHIO MpaBOi KHONKOW MbImM. Bribepure myHKT MeHi0 Creod. IlosiBUTCS OKHO
TPAaCCUPOBKU Ipaduka, OKa3aHHOE HUXKE:
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YcranoBute Quiakok Omcaedc.mouex Oau, YTOOBI BBIOMpAnach OJvpKaIIas JIMHUS
rpaduka K yKa3zaTelr0 MBIIIM. YKa3aTelb MBIIIA IMOMECTHTE B HY)XHYIO TOYKYy rpaduka (dTa
TOYKa OyZIeT OTOOpakaThCs Ha MEPECEYCHUH JBYX IMYHKTHPHBIX JIMHUI). B OKHE TpaccupoBku
MOSIBSITCSL KOOPJUHATHI OTMEUEHHOW TOYKU rpaduka. ITH KOOPIAUHATHI MOKHO TIEPEMECTUTH B

Oydep oOMeHa U MOTOM MMOMECTHTh UX B JokymeHT Mathcad wiu apyroit 10KyMeHT, HarpuMep
Word.

f(f) = — x=-15,-1495.15

)

- 1 ] ]
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3aKaH4YMBaETCS TPACCUPOBKA HAKATUCM KIIABUIIH BaKpLITB.

Beinienenue o6mactu noctpoeHus rpauKoB ¢ TOMOIIBIO MBIIIH.
[IpaBoii KHONMKOW MBIIINM BBIBEAUTE KOHTEKCTHOE MEHIO. BpiOepure MyHKT MEHIO

Macwma6. Tlpu >ToM Ha rpaduke MOSIBUTCS AOMOJHUTENBHOE IUAIOTOBOE OKHO, KaK ATO
MoKa3aHo Ha puc.51.7.

XY Zoom
2 o
b 1 | |
MaKcl |
| | | |
Ok | OTrieHa |
Puc.51.7

[ToxBenuTe ykazareiab MBIIIN B JEBBIA BEPXHHUI yroll BbIACIsIEMOI 001acTH Ha rpaduke,
HQOXMUTEC JICBYIO KHOIIKY MBI W OPOTAHUTC MBIIIb BHU3 W BIIPABO. Ha rpa(bm(e BbIJACJIICHHAs
obnacth OyAeT oTMeueHa MyHKTUPHOUN muHHe. OTIYCTUTE JIEBYIO KHOMKY MBI U HAXKMUTE B
JINAJIOTOBOM OKHE KHOMKY Macwma6b. Tloctpoutcs rpaduk BbIeneHHONW oOmactu. B aToid
00yacTi MOKHO TaKUM ke 00pa3oM 3a/1aTh HOBYIO 001acTh 1 T.1. KHomka Hazao Bo3BpaIiaer Ha

OJHY BBIJENCHHYIO 00nacTe Hazan. Kuomka [Joinblii BOCCTAaHABIMBACT HMCXOAHYIO 00J7acTh
rpaduka. Knonka Ok youpaet AuajaoroBoe OKHO.



dopmaTupoBaHHUE ABYXMEPHBIX I'PapHUKOB.

[TomecTHTe yka3aTreiab MBIIK B 00JaCTh rpadyKa U JABAXKAbI MIEIKHUTE JIEBOW KHOIKON
MmbImd. [TosBuTCS OKHO popMaTupoBaHus, okazaHHoe Ha puc.51.8. Beibepure Bkinanky Ocu X-
Y. Kak BugHO 13 puc.51.8, oTa BKIaaKa MO3BOJISET 330aTh XapaKTep OTOOPaKEHUS OCCH.

Onaxku 1o ocsim X 1 Y 3aJa10T Clieyrolee:

Cemka — yCTaHABIMBACT JTUHUH MAacIITaOHOH CETKH,

Hymepayus — ycranoBka HU(pPOBBIX TaHHBIX IO OCSIM;

Ne cemox — ycTaHOBKa 33/JJaHHOTO YHCJIA MAacIITaOHBIX JUHUK (TIPH yCTAHOBJICHHOM
bnaxke Cerka);

- pmaxku Kopookoii, [lepeceuenue, Hem 3a1atoT MECTO PacIOIOKEHUS KOOPIUHATHBIX

oceit;
- hnaxkox Oounaxosvie yCTaHABIMBAET OJUHAKOBBIM MaciiTad mo ocsiM rpaduka.
Formatting Currently Selected X-Y Plot
Oemi ] Chneakl ] MeTtkmn ] Hmonanwﬂ]
Ok = Oce v
[ *uypran [ *uypnan
™ Cetka ™ Cetka
v Humepauwa ¥ Hymepauwa
v AsTowrana IV AeTowkana
[ Mok. Maprepe [ Mok. Maprepe:
Iv AeToCeTk: Iv¥ AeToCetka
Mz Ceror: Mz CeTor:
[ [
Crune Oceii
* KopoSkoi
" Mepecevere | DauHakossie
" Her
Ok | Cancel Help
Puc. 51.8

Bxnaaka Credst auanoroBoro okHa puc.51.9 ycTaHaBiIuBaeT HBET W THI JIMHHUI
Kaxxaoro rpaduka. Mcrnonb3oBanue 3TOH BKIAJAKU OYEBUIHO U 37€Ch HEe 00BSICHSIETCS.

Formatting Currently Selected X-Y Plot

Oomxyy  Cnene ] METKMI !:lmonanMq]

MeTtra MNerenael Chmeon Munva Ueer Tun Bec

trace 1 none zalid red lines 1 [
trace 2 none dot bilu lines 1 =]
trace 3 none dazh arn lines 1 -
trace 4 none dadat mag lines 1
trace 5 none zaolid cya lines 1
trace B none dot brr lines 1

e
-

|trace‘| |n0neﬂ |solidj |redj ||ines j 1

[ Crp. ApryreHTEl v Crkp. Nerenay
Ok, I Cancel Help
Puc.51.9

Bxnanka Memku mo3BOJISIET 33/1aBaTh HAAMKUCHU MO OCSIM KOOPJIMHAT M JIJI BCETO
rpaduka. Mcrnonbp3oBaHue 3TOW BKIAKA OUEBUTHO.

Bxnanka VYmonuanus no3BossieT ycraHaBIMBaTh BCE 3a/laHHbIE MapaMeTpbl Tpaduka 1mo
YMOJIYAHHUIO.

[TocTpoenne TpeXxMepHbBIX TpapUKOB

Ecmu B npexxanx Bepcusix Mathcad mist moctpoenust TpexmepHoro rpaduka oos;3aTeIbHO
TpeOOBAIOCH CO3/IaHWE MacCUBa 3HAYEHUH (YHKIHUHU, TO TEmeph MPOIeaypa IOCTPOSHUs
rpaduka ynpocTuiach.



HaGepure ums GyHKIMU JBYX TEPEMEHHBIX, OTIEPATOp MPUCBAUBAHUS (:=) U BbIpA)KEHUE
GyHKIIHH.

YcTaHoBHTE Kypcop B TO MECTO, II€ BbI XOTUTE MTOCTPOUTH IrpauK.

Ha wmaremartnueckoit manenu Graph (I'paduk) 1menxkaure Ha KHomke Surface
Plot(Tpexmepnsiii rpaduk). Ha mecte Kypcopa MosiBUTCSI IA0JIOH TPEXMEPHOTO IpaduKa.

B enuHcTBEeHHOE MecTO BBOJIa 11abiioHa TpaduKa BBEAUTE UM (DYHKIIHH.

[IlenkHuTe MBIIBIO BHE oOsacTu mabnoHa. ['padux Oynet nocrpoen (puc. 1)

Kpome yckopeHHOTO mocTpoeHus rpaduka MOBEPXHOCTH 1O (QYHKINHU IBYX ITEPEMEHHBIX
CYIIECTBYET M 4YAacTO MpPUMEHSETCS JPYroil cmoco0 co3naHus Tpaduka HOBEPXHOCTH C
UCTIOJIb30BAHUEM MACCHBA YHCIICHHBIX 3HAUYCHNUH (yHKINH.

C moMoIIbI0 AUCKPETHBIX NEPEMEHHBIX BBEAUTE 3HAYCHUS 00OMX apryMEHTOB 3aaHHOM
GYHKIIHH.

BBenute maccuB, 3eMEHTaMU KOTOPOTO SIBJISIIOTCS 3HAYCHUS (YHKLUH, BBIYMCICHHbIC
IpY 3aJIJaHHBIX 3HAYEHUSX apTyMEHTOB.

YcTaHoBHTE Kypcop B TO MECTO, TI€ BBl XOTUTE IMMOCTPOUTH rpauK.

Ha maremaruueckoit manenun Graph menkuute Ha KkHomke Surface Plot. Ha wmecte
Kypcopa MOsIBUTCA MIa0JIOH TPEXMEPHOTO TpaduKa.

B enuncTBeHHOM MecTe BBO/a 1madiaoHa rpaduka BBeAUTE UMs (DYHKIIUH.

[enkauTe MBIIBIO BHE oOsacTu madnoHa. ['paduk OyneT moctpoeH (puc 2)

[TocTpoeHHbIi TakuM 00pa3oM rpaduk oKa3bpIBaeTCs YepHO-OEIIbIM,

fox,g) = | )

Puc.1. IToctpoenue TpexmepHoro rpagpuka

a TOTOMY HeE CIHMIIKOM KpacuBbiM.. Mathcad mo3Boisier cnmemaTp W3 HEro MOYTH
MIPOU3BEIEHUE UCKYCCTBA.

BhInonHNUTE ONUCAHHYIO HUXKE MTPOLEAYPY.

JIBaXKIpI MIENKHUTE MBIIIBI0 B 00JACTH TpaduKa — TOSBHUTCS OKHO (HDOpMaTHPOBAHUS
rpaduka (puc.3).

[Mepeiinute Ha BriIaaky Appearance (OdopmiieHne) u ycraHoBute nepekimtoyarenu Fill
Surface (3amuth nmoepxHocth) U Colormap (IlBeroBasi kapta). ll[enKHUTE MBIIIBEIO HAKHOIIKE
Apply (ITpumeHUTH), 4TOOBI cAENaTh rPadUK [IBETHBIM.



f= th = i=0.n {=0.m

% =054 ¥i= 0.2j z .= sin(x.-y.)

Puc.2. Co3nanue rpaduka ¢ HCIIOIb30BAaHHEM MAaCCHUBA YHCICHHBIX  3HAYCHHM

B okne dhopmarupoBanus nepeiante Ha Brianaky Lighting (Ocsemenne) u ycranoBuTe
dmaxok Enable Lighting (Bkimrounts ocBenienne) u nepekarodaress On (Bkmounts). Beibepure
oJHy 13 6 BO3MOXHBIX cxeM B crucke Lighting scheme (Cxema ocBerienust ) U menKHUTE Ha
kuomnke Apply (TTpumennts) nmu OK.

3-D Plot Format
Backplanes ] Special ] Advanced ] GuickPlot Data ]
Eeneral ] fes ] AppEarance Lighting l Title: ]

Light 1 | Light 2 | Light 3| Light 4| Lic ¢ | »

Lighting P Light Direction
o * On
v Enable Lighting ~ of =4
Bl Ambient Light Color Licht Col v 1
Lighting Scheme: s it
aring B Diffuse Color | Z |0
Schems 1 bl B Specular Color | [ Infinite Light Source

0k, | OTrmeHa ‘ nDHMEHHTb| Cnpaeka

Puc.3. Oxno dhopmatupoBanus rpaduxa

4. lllenxkHuTE MpaBO KHOMKOM MBIIIN HAa TpapuKe — OTKPOETCS

KOHTEKCTHOE MEHIO, Jalolllee JOIMOJHUTEIbHbIE BO3MOXHOCTH MO YIYUYIICHHIO BHJA
rpaduxa. Beioupas pazHsle KOMaHAbl, CMOTPUTE, KaK OHU BIUAIOT Ha BuJ rpaduka (Puc. 4).

5. B okne QopmarupoBanus Ha Bkiaake General (O6mme) B rpymme Display as
(IToxazatp kak) uMeeTcs 6 epeKITFoYaTeNIeH, MTO3BOJISIOMNX BEIOpaTh TUT Tpaduka (cM. puc. 3):

Surface plot — rpaduk nosepxuocTy;

Contour plot — rpaduk TuHHN YPOBHS;

Data points — na rpaduke npeacTaBieHbl TOJIBKO PaCYETHBIC TOYKH;

Vector Field plot — rpaduk BekTOpHOTO OIS,

Bar plot — rpaguk TpexMepHOii TUCTOTPaMMBbI;



Patch plot — mutomanku pacyeTHBIX 3HAYCHHIA.

YroObl BeIOpaTh TOT WJIM MHOM THUIl rpaduka, HyKHO YCTaHOBMTb COOTBETCTBYIOIIMH
HepEeKIII0YATeNb U MICIKHYTh Ha KHoIke Apply. Ouienute Bce THITBI TpaUKOB.

CylIecTBYIOT 1OMOJHUTENIBHBIE CIIOCOOB! YIIPABIEHHS IPaduKOM.

Bpamenne rpaduka BBINOJHSAETCS IOCIE HABEACHHWS HA HETO yKas3aTesdsl MBILU TpU
Ha)KaTOH JIEBOM KHOIIKE MBILIH.

MacmrabupoBanue rpaduka  BBIIOTHSETCA  AHAJIOTMYHO, HO TPH  HaKaToH
nonoyHuTenbHO Kiasume Ctrl.

Anumanus rpaduKa BBIIONHAETCS AHAIOTWYHO, HO MPHU HAXKATOH JIOMOJHUTEIHHO
wiaBume Shift. s octaHOBKM BpallleHHs ClIEIyeT MIEIKHYTh JEBOW KHOIKOW MBIIIN BHYTPU
obnactu rpaduka.

OkHO, HpHUBEJEHHOE Ha pHUC. 3, CONEPXKHUT 9 BKIAJOK, OTKPHIBAIOIIMUX ILUPOKUE
BO3MOXKHOCTH 110 (POPMATHPOBAHUIO IPahUKOB

e N S N S S N N NSNS
Y Ry

PP PP PP eR PR eR PP PP P e eI I 7777 PP 777777777777 77777
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Puc.4. Bun rpaduxka nocne GopMaTupoBaHUsL.

IToctpoenue rpagukoB GyHKIMIA ABYX MEPEMEHHBIX (IOBEPXHOCTEN).
Omnpenenute ¢ynkuuto Z(X,Y) nByx mnepemeHHubix X u Y. Ha mnanenu

MOCTPOCHUS TPadUKOB IMICTKHUTE MO KHOMKE & nmocTpoeHusi moepxHocTeil. Ha skpane
MOSIBUTCS IAOJIOH MTOCTPOCHUS MOBEPXHOCTEH, KaK MOKa3aHo Ha puc. 5. EMMHCTBEHHBIM MOJIEM
BBOJIa OTOr0 MIadJI0Ha




Puc.5

SBIISICTCA JIEBBIM HIDKHUM yroi, rae Habepure umsa Gynkuuu Z. [lepemecTture ykaszarenb
MBIIIH 3a 10jie rpaduka ¥ HaKMHUTE JICBYIO KHOIKY MBIIIH, MOBepXHOCTh it Z(X,Y) Oyner
nocTpoeHa (cm. puc. 6).

Ha omnom rpaduike MOXHO MOCTPOUTH HECKOJBKO IMOBepXHOCTEW. g 3TOro
HeoOXoauMo Tmepes; rpadukoM omnpenenuTs (YHKIMU CTPOMMBIX IOBEpXHOCTEH. B jeBom
HUKHEM yriy 1mabiaoHa rpaduka yKazaTh yepes 3arsTyio Bee () yHKIUH.

Bpaienue noBepxHOCTEN.

[TomecTuTh ykaszaTenb MBIIIM B 00JacTh Ipaduka U, yAEp>KUBas JIEBYIO KHOMKY
MBIIIH, IEPEABUTaTh MBIIIb B TOM WM HHOM HalpaBJICHUH.

Ecnu omepupoBaTh MbIlibi0 Mpu Haxkaroi kiaBuine Ctrl, MOKHO ¢ ee TOMOIIbBIO
OTJAIIATH M TPUOIINKATH OOBEKT.

2.2
=L, F) =%+ ¥

z

Puc. 6

dopmaTrupoBaHnEe TPEXMEPHBIX IPapUKOB.
OxHO auanora (GOpMaTHPOBAHUS BBIBOJUTCS HA)KATHEM JICBOW KHOIKU MBIIIN B
1oJ1e KOOpJAMHAT MoBepxXHOCTU. OKHO (hOpMAaTUPOBAHUS MTPECTABICHO HA PUC.3.

Bxmaaku Plotl, Plot2, Plot3 o3nauaroT cooTBEeTCTBEHHO MOBepXHOCTH 1,2,3 B TOpSIIKE,
OIIpeJICTICHHOM TIpH YKa3aHWU (pYHKIMH B N1a0JIOHE IPH OCTPOSHUH TTOBEPXHOCTEHA.

Bknanka AXeS CIyKUT jisl yYCTAHOBKH TapaMeTPOB KOOPMHATHBIX OCEH.
Hasnadyenue (h1a)xKkoB ¥ peKMMOB 3TOH BKJIQJKH OYEBHIHO.

Bknanka Lighting mo3Bonsier 3anath 3¢ dext moacsetku moBepxHocT. Pexxum Enable
Lighting mo3BoiseT BKIIOYMTH OINpEICICHHBIE BapHaHTBI CXEMBl IOJCBETKH. IMeercs
BO3MOXKHOCTh TMOJICBETKH Pa3UYHBIMU HCTOYHMKamu cBeTa Ligth |, moMemeHHbIME B TOYKY C
koopauHatamu X,Y,Z.

Kpome HemocpencTBEHHO MOCTPOCHUSI MOBEPXHOCTH BO3MOXKHO IMOCTPOCHUE
JIMHUI yPOBHS MOBEpXHOCTH. J{J1st 3TOTO OTKpONTE BKIaAKy Special u ycranosure duaxokx Draw
lines.ITpumep mocTpoeHUs TMHUN YPOBHS IPUBE/ICH Ha pHC 7.



fix,7) = xg + 3?2

MocTtpoeHue rpadurKoB GpyHKUMNIT ANCKPETHOro aprymeHTa

ITo3nakoMumcst ¢ paboToi rpaduueckoro mpoueccopa. 3agaauM JBe (QYHKLUU
JMCKPETHOTO apryMeHTa X: IuHeiHylo OyHkmmio yl(x)= 2+4x u mapabomy y2(x)=x>.
JIMCKpeTHBIN apryMeHT x M3MEHseTcs B JAMana3oHe OT HyJs A0 maTh. TpeOyercs mOCTpOUThH
rpadpuku >Tux QyHkuuil. Ha puc. 2.4 noka3aHo, Kak 3aJal0TCsi U BBIBOJAATCS JAUCKPETHBIN
apryMeHT u ero gpyHkuuu. Eciu aprymeHT He OyneT ompefenieH 3apaHee, TO 3TO BOCIIPUMETCS
KaK onoka.

x=0.5 ylx):=2+4-x y2(x):=x3
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Jns 3amaHus ma0ioHa rpaduka clieIyeT BBIBECTH KypCOp W3 BBIYHCIUTEIBHOTO OJOKa U
MIOMECTHTB €0 B TO MECTO, KOTOPOE OY/IET JIEBEIM BEPXHUM YTIIOM Ipaduka. ITO MECTO TOJIKHO
OBITH 0053aTENBHO HIKE CTPOUEK 3a/laHus apryMeHTa U omnpeneneHus GyHkuui. B mpotuBHOM
ciaydae Oyzaer cooOuieHue o6 omubke (He onpe/iesieHbl IepeMeHHbIe). 3aTeM HYKHO: BbIOpATh B
merio Beraska (Insert) onmumio I'paduk (Graph) u B Heit X—Y 3aBucumocts @ (X—Y Plot @),
aub0 B TaHeTu MHCTpyMEeHTOB (puc. 2.5) BeIOpaTh kHONKY WMHcTpymeHTsl rpaduxoB (Graph
Toolbar) (kHonka ¢ rpadukamu, BbIIEICHHAs 00Jiee CBETIBIM TOHOM), IICJIKHYB MBIIIBIO T10



ATOH KHOIIKE U B OTKpbIBIIEHcs manenu ['paduku (Graph) (puc. 2.6) BeiOpaTh [{exapToB rpaduk
(X—Y Plot Shift+2) (BepxHsist JeBast KHOIIKa), JIMOO MPOCTO BBeCTH cuMBOII @, (Shift + 2).

Ha »kpane mosiButcs mabioH s rpaduka. CpemHue mpsIMOYTOJBHUYKH, PACIIOIOXKCHHBIC
BJIOJIb OCEd X W Yy, CIOyXaT JUIsl yKa3aHWs TMEPEeMEHHBIX — apryMeHTa U (QyHKOuH (Wi
HecKosbkuX (yHKIMiIT). B kadecTBe aprymeHTa BBEAUTE MO TOPU30HTAIBHOM OCH 1:, a B
KadecTBe (DYHKIMI 1O BepTUKAIBHON ocu y\{X) m y2(X) uepe3 3amsaryro. UTOOBI yIpaBIsiTh
KypCOpOM, CIIeJlyeT HCIOJb30BaTh YKa3aTelb MbBINK WK KiaaBumy [Tab]. Ecnim dyHkumii
0oJbIIE BYX, TO BCE OHU NEPEUUCIIAIOTCS 110 CIMCKY Yepe3 3alsTyIo.

BriBenuTe Kypcop BHe mabiona U Haxmute [Enter], mocie 3Toro OyayT BBIUKCICHBI BCE TOYKH
¢yukuunit u mocrpoen ux rpaduk. [lox kaxnoi GpyHkuen nospiseTcs oopaszel] JIHHIH, KOTOPOi
HapucoBaH rpaduk. KpaiiHue npsSAMOYrolpHHYKM MO OCAM 33Jal0T JMANa30H W3MEHEHUS
NEPEMEHHBIX Ui rpaduka — MUHUMAaJIbHBIE M MaKCUMaJIbHbIC 3HaYeHHUs. OHM HEe ObLIM 3a/1aHbI
U CHCTEMa CJieNaia 3TO 10 YMOJIYAaHHUIO camMa, aBTOMAaTHYeCKH, oTMedast udpsl yronkamu. Ecmu
BBECTH HYXHbIE HU(PHI BPYUHYIO, TO YTOJIKU OyIyT OTCYTCTBOBaTh. [locTaBhTe KypCcop BHYTPh
rpaduKa U IMETKHUTE KHOMKON MBIIIH. VI3MEHNTEe BEpXHUU MPEJest 10 OCH X, 3aMeHHB udpy 6
Ha 1udpy 5. [locMoTpuTe, Kak U3MEHUTCS TpaduK.

dopmartnpoBaHue rpadpuka

['paduk, mokazaHHbI Ha pHC. 2.4, ObUT HAPHCOBAH IO yMOI4Ya-HUK. ['paduk MOKHO U3MEHHUTH
M0 CBOEMY JKelaHuw, (opmatupys ero. PaccMoTpum OCHOBHBIE ATambl (OpPMaTHPOBAHUA.
[ToctaBpTe yKazaTelnb MBIIIM B 00JIacTh rpaduka W IMIETKHUTE MPaBOW KiIaBHIIEH MbImd. B
MOSIBUBIIEMCSI TMAJOTOBOM OKHe BbiOepute om0 @Popmar (Format). I[locne »srtoro
OTKpBIBAETCSl CTPaHMIIA BHIOOpA XapaKTEPUCTHK KpPUBBIX. MM ee MOXHO BBI3BaTh, IIEIKHYB
JIBAXK/IBI 110 JIEBOW KJIABHUIIIE MBIIIY, KOTJIa YKa3aTellb MBI HaXOAUTCSA B 001acTu rpaduka.

B BepxHeil nuHeiike ctpanuipl BeiOepute ommioo Ocu X—Y (X—Y Axes) (ecnu oHa He
OTKpBIJIaCh aBTOMAaTUYECKH). Y CTAHOBUTE aKTUBHBIMU TOJIbKO JBe onuuu: Benom. Jlunum (Grid
Lines unmu Jlunum cerkn) u Hymepamuss (Numbered) (B OKHaX STUX OMIMIA JOKHBI OBITH
YCTAHOBJICHBI TaJIOYKH, a OCTaJbHbIE OKHa MycThle). B okHe Pa3mep cerku (Number of Grids)
Ui obeux oceil ycranoBute 5 u Haxkmute kHonky OK. CHoBa BoiiinTe Ha cTpaHuUIly BbIOOpa
XapakTEepUCTHK U BbIOepUTE Terepb B BepxHel nuHelike onuuto Cren (Traces). Beenute ms
nepBoil kpuBoil yl U BTOpO# KpHBO# y2 yCTaHOBKM coriacHO Tadi. 2.1. UToObl HE BBIXOJS M3
pexxuma popMaTupoOBaHUs TIOCMOTPETh, Kak U3MeHsI0TCs rpaduku, BMecto kKHonku OK cienyer
Ha)kaTh KHONIKY [IpMEHUTS.

Tabauya 2.1
WUmMs B nerenje CnmBon Jlunns Llger Tun Bec
Legend Label Symbol Line Color Type Weight
y1(x) o’s solid blk lines 2
y(x) none dash blk lines |

WNHorna ObIBaeT HYKHO BBIJICIUTH Y3JIOBbIE TOUYKM Ipaduka JUil HArJSAHOCTH Kakou-1r0o
burypoi: Kpy>KKkoMm, KpeCTUKOM, pPOMOOM U T.I.

Omniust CHMBOJT MO3BOJISIET 33/1aTh CIIEAYIONINE OTMETKH 0a30BbIX TOUYEK TpaduKa:



none (0e3 OTMEeTKH), X's (HaKJIOHHBIM KPECTHK), +'s (MpsMoi KpecTuk), box (kBampat), dmnd
(pom0), 0's (OKpY>KHOCTB). ¥Y3JIOBbIE TOUKH MEPBOM KPUBOM OTMEUEHBI OKPY>KHOCTSIMHU, a BTOPOIl
— HauepyeHbl 0e3 oTMmeToK. /[l BeimeneHus rpadukoB wucnonb3dyoTces suHHU (Line)
pa3au4HOTO THMA: Tore (JIuHUs He cTpouTcs), solid (crutommnas), dash (mynktup), dadot mrpux-
nyHkTHp). IlepBas kpuBas MOCTpOEHA CIUIOIIHOM JIMHUEH, a BTOpas — IYHKTUpHOW. LIBeT y
oboux rpadukoB BbiOpan uepHbiii (DIK). OtdopmaTrpoBanHblii rpaguk nmokasan Ha puc. 2.7.
MOHO TOIKCHEPUMEHTUPOBATh, 3ajaBas pPa3IWYHYIO TOJIIMHY JUHUN rpaduxoB (Bec) u
JIMHUU PA3JIMYHOTO THIIA.
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Puc. 2.7. OTrdhopMaTHPOBAHHBIN
rpaduk

MoxHO BOWTH elle pa3 Ha CTpaHMIly BbIOOpa XapaKTEpPUCTHK U BBIOpaTh Temepb B BepXHEH
nuHelike onuuto Metku (Labels). ITocae 3Toro MoxHO BBECTH HazBaHUE Ipaduka M Ha3BaHMS
ocen XuY.

Yactp rpaduka MOXKHO MPOCMOTPETh B YBEIMYEHHOM BHJE. {151 3TOro mocraBbTe yKa3aTellb
MBI B 00JaCTh Ipaduka M I KHUTE MPaBOW KiaBUIIEH MBIIIM. B OTKpbIBIIEMCS OKHE
BbIOepuTe omnuuio Macmtad (Zoom). Ilpu stom otkpoercss uHbOpManmoHHOE OKHO X—Y
Zoom. IlocTaBbTe yka3aTeib MBIIIN Ha Tpa@UK U C €ro IOMOIIbIO BbIIETUTE (JBUTAst MBIIIb PU
Ha)kKaToM JIeBOM KJaBHUIIE) y4acTOK rpaduka, KOTOPbIH XOTHTE yBenuuuTh. [locie BbiaeneHus
HaXMHUTEe KHONKY MacmTab+ (Zoom) M NPOCMOTPUTE BBIJACIEHHYIO YacTh rpaduka B
YBEITUYCHHOM MaciTade, 3aTeM HakMuTe KHOnKy Macimta6b- (Unzoom) uinu O630p (Full View).
I'paduk npumer nepBoHaYAIBHBINA BUL.

UtoObl YyBUIETh KOOPAUHATHI JTIOO0N TOYKM Ha rpaduke, HEOOXOIUMO YCTAaHOBUTH yKa3aTelb
MBI B 00JIacTh TpaduKa W IIEIKHYTHh MPaBON KIABUIIEH MbIMH. B OTKpBIBIIEMCS OKHE
BeIOepuTe onuuio Tpaccuposka (Trace). IIpu 3ToM oTKpoeTcss HHPOPMALMOHHOE OKHO X—Y
Trace. Eciu Crnen touek nannbix (Track Data Points) BkirodeH, TO MOKa3bIBalOTCSI KOOPAMHATHI
TOJIBKO T€X TOUYEK, KOTophie 3amaHbl (B HameMm ciydae x=0,1,2,3,4,5). Eciu xe Cnen Touek
nannbix (Track Data Points) BeIKIIOUEH, TO MOTYT OBITH TOKa3aHbI KOOPAMHATHI JIFOOOH TOYKH,
Jexaiei Ha rpaduke. BkitounTh u BEIKITIOUNTH Clie]] TOYEK TaHHBIX MOXKHO, IIEIKHYB MBIIIBIO



0 ATOW HAJMKUCH WK 10 OEJIOMY KBaJIPaTUKY, pacnoioxkeHHomy nepen Heil. Korma Cren Touex
JAHHBIX BKIIOYEH, TO B KBaJpaTHKE MOSBISIETCA Tajouyka, a KOrJa BBIKJIIOYEH — KBaJpaTUK
nyctoit (puc. 2.8). Beiximounte Crie Touek JaHHBIX, TOMECTHTE KypCOp MBIIIH B JIFOOYIO TOUKY
rpaduka ¥ HAKMUTE JIEBYIO KHOMKY MBIIIIH.
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Puc. 2.8. Onpenenenye KOOpAMHAT OAHOM U3 TOYEK Ha rpaduke
Ha puc. 2.8 kypcop ycTaHOBIICH Ha TOUuke Tpaduka y2 ¢ koopauHaramu: x=2,4 u y=6,0526.

[Iepemecture Kypcop B 00y Opyryro TOUKy rpaduka yluiam Y2 v CHOBa HaXKMHUTE JIEBYIO
KJIABMIIY MBIIIHM. BpIBeqyTCcs OpAMHATBI HOBOM TOYKM. MOXHO nEpeMemiarb Kypcop M ¢
Ha)xaToW KiaBwiel Meimd. [loHaOmonaiTe, Kak B 3TOM Clly4ae MEHSIOTCS KOOpAUHATHI. st
BBIXOJIa U3 OKHA HAXMHUTE KHOMKY 3akpbITh (Close).

B kaudectBe mpumepa HCCIEAyHTE CAMOCTOATENIBHO CXeMy, MOKa3aHHyl0 Ha puc. 2.9 mpu
n3MeHeHuu conpoTtusieHus R B mpenenax ot 0 1o 10 Om gepes 0,5 Om

Puc. 2.9. Ilens MocTOAHHOTO TOKA C
PErYJUPYEMBIM COTIPOTHBIICHUEM
HArpy3o4HOTO Pe3ncTropa

O/1C ucrounuka nuranus E = 6 B, BHyTpeHHee cONPOTUBICHHE UCTOUHUKA MUTAHUA T - 1,5 OMm.
CHavasa BBeJWTE NIMANa30H U3MEHEHHUs apryMeHTa R, a 3aTeM (QyHKIIMU 3TOr0 apryMeHTa: TOK
I(R), Hanpspkenue U(R) u momtHOCTh P(R). TToKaxknTe 3TH 3aBUCMOCTH Ha rpaduke.

PesynbTar nomxeH ObITh TaKUM, KaK 3TO MOKa3aHo Ha puc. 2.10.



Puc. 2.10. Uccneno-

BaHME JJIEKTPHUYECKOH

LENMH TOCTOAHHOTIO
TOKa

Koumponavnvie gonpocot

ook wndE

"CCJIOJIO!IHI? 2 ICK I'PHYCCKOH [ICNTH MOCTONHHOTO TOKA
IIPI IMCHCEHINS COIIPOTHRICHIA HAIPYIKI R
ot Hyis 20 10 Om yepes 0,5 Om.
BAC neroynnka E=6 B, BiyTpennee conpornpnense r=1,5 Om.

R:=0,05..10 E:=6 r:=1.5
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Kaxue ciocoObl popmaTrpoBaHus rpaduKoB Bbl 3HaeTe?

Kak BbI1eUTh y3710BbIe TOUKU Tpaduka?

Kaxk n3menuts quana3on rpaduxa?

Kak 3a1aTh HECKOJIbKO apryMeHTOB (DyHKIIMM Ha rpaduke?

Kax noctpouts HeckosbKO rpaduKoB PyHKIMN HA OAHOM PUCYHKE?
Kak nmoctpouts rpapuk HoBepXHOCTH?

Cnucok qumepamypbl, peKOMEHOYEeMblIl K UCNOJIb306AHUI0 NO OAHHOIL meMme:

1. bepmunep, 3. M. CAIIP B mamuHocTpoeHuu : yueOHuk i By30B / 3. M. bepaunep, O.

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

2. AdanaceeBa, H. 1O. BprumcnutensHple W HSKCHEPUMEHTAIbHBIE METOIBl HAYYHOTO

sKcriepuMenTa : [y4ue0. mocoobue*]. — M. : KHOPVYC, 2013. -330 c.

3. Xnebnukos, A. A. apopmMarmoHHbIe TeXHOJIOTHHA : y4eOHUK / A. A. XneOHuKoB. — M. :
KuoPyc, 2014. — 472 c.
4. MATHCAD 14: OcHoBHnble cepBucsl u texnosoruu Iloxapckas I'. 1., Hazapos . M.

Wzparens: Hatmmonaneueiit OTkpeiThid YHUBepcutetr « MHTYUT», 2016

JlabopaTopHasi padoraS. MaccuBbl, MATPHUIIbI, BEKTOPHI

Ilenwv pabomot:

N3yunTh KOMaH/IbI CO3AaHUS U MOAU(DUKAIINA MATPHUIL U BEKTOPOB, BHIMIOJTHEHUS OTIEPAIINI HAJT

HCCKOJIbKUMHU MAaCCUBaMU, 3arpy3Ku JaHHbBIX B MACCUBLI M3 BHCIIHCTO q)afma.

Teopemuueckasn uacmeo.



http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

MaccuB npeactasisieT co0o0if TabIuILly, 3aI0IHEHHYIO YHCIOBBIMU 3HAYEHUSAMHU. DIIEMEHT
MaccuBa He 00s3aH ObITh CKAIIpOM. BO3MOKHO cenaTh MacCHBOM caM 3JIEMEHT MacCuBa —
3TO IO3BOJIAET CO3/1aBATh MAaCCUBBI U3 MACCUBOB.

OTH MacCUBBI BEAYT ce0sl BO MHOI'OM CXOX€E C MAaCCUBAaMHU, YbH IEMEHThI — CKaJsipbl. OHaKoO
HUMEIOTCS] HEKOTOPBIE PA3ITUYHMSL:

Henb3sa nucnonp3oBars kKoMaHay MeHI0 MaTpuubl, 4TOObI BCTABUTH MAaCcCUB B I10JI€, KOTOPOE
YK€ HaXOJUTCSI BHYTPU MacCHUBa.

Henb3s 0T0Opa3uTh Bech cocTaBHON MaccuB. Bbl Oyziere B3aMeH BUJETh CTPOKY MOJO00HYIO
{3,2}, KoTOpas yKa3bIBaeT, YTO 3 X 2 MACCHUB HaXOJMUTCS B OMPECIEHHON sIUeHKEe MacCUBa.
BonbmmHCTBO MaTeMaTHYECKUX ONEPAaTOPOB U (PYHKIMI HE UMEET CMBICIIA 10 OTHOILICHHUIO K
COCTaBHBIM MacCHBaM.

Crenyromue pa3aessl IPOSICHAIOT 3TH PA3IUYHUSL.

OnpeneseHue cOCTABHOIO MacCCHBa

Be1 onpesensiere cocTaBHON MacCUB CIOCOOOM, MOAOOHBIM OIPEACICHUIO JTF000r0 MacCuBa.
EnuHCTBEHHOE pa3Inyue COCTOUT B TOM, UTO HEJIb3s UCIOJB30BaTh KOMaHay MaTpuusbl u3
MeHI0 MaTeMaTHka, KOrjia y>ke BEIOpaHo 110Jie BHYTPHU CYLIECTBYIOIEro MaccuBa. MoHO,
OJIHAKO, IEIKHYTh Ha II0JI€ B MACCHUBE U BIIEYaTaTh TYyJa UM IPYyroro MacCuBa, Kak MOKa3aHo
Ha Pucynke 22.

Pucynoxk 22 noka3beIBaeT TpH criocoda OnpeaesiuTh MaTPHUILy, COCTOSIIIYIO U3 MaTPHIL:
UCIIOJIb30BaHUE TUCKPETHOIO apryMEHTa, OIIpeIelIeHNE KaXK10T0 3JIEMEHTa B OT/IEIbHOCTH, U
KoMaH0i1 MaTpuubl u3 MmeHr0 MaTtemMaTuka.

B nononnenue k Meronam, nokazaHHeIM Ha PucyHke 22, MOKHO TakKe MCIOJIb30BaTh
¢yukuo READPRN B MaccuBe mycThIX HoJ€#, co3naHHbIX koMan 1o Martpunbl. meiite B
BUJY, YTO Helb3s ucnonb3oBat READPRN ¢ ogauM ¢aitnom 6obiiie uemM oAuH pa3 B JaHHOM

matpuie. ynkius READPRN nonpo6no onmcana B rnaBe “@aiiibl 1aHHBIX .
Mathcad - [Untitled 1)
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Pucynox 22: Onpedenenue cocmagnvix Maccugos.
OTo0pakeHne COCTABHBIX MACCHBOB


http://old.exponenta.ru/soft/Mathcad/UsersGuide/chapter18/18_0.asp

Korna Bbr oToOpaskaeTe cOCTaBHOW MacCUB, UCTIONB3YS 3HAK =, BBl HE YBUANTE KaXKIbIN
3JIEMEHT B KaX/I0M BJIOKEHHOM MaCCUBE — 3TO ObUIO Obl OUEHb IPOMO31K0. BMecTo 3T0r0
BCSIKUH pas, KOTJa 2JIeMEHT MaccuBa — caM MaccuB, Mathcad ykassIBaeT 4yMciio CTpOK u
CTOJIOLIOB BJIOYKEHHOT'O MAacCHBa B3aMEH €ro 0TOOpa)KeHUs1 HeoCpeACTBEHHO. PucyHok 23
MOKa3bIBACT, KAK MACCHBBI, CO37aHHbIe Ha PucyHke 22, BRITISAAT pu oToOpaskeHnH. Kaxipiii
3JIEMEHT MaccuBa OTOOpaXkaeTcst TM00 Kak:

YUCII0, Korga 3JIEMEHT MaCCHBa — IIPOCTO YHCIIO
yHnopsiAo4CHHas mapa m, N, rae M u N — YMCJIO CTPOK U CTOJI6I_[OB B MaCCHBEC, pacCIlOJIO’KCHHOM B
JaHHOM 3JICMCHTC.

3amMeThTe, 4TO MaccuB B cofepKuT 371€MEHT , KOTOPBIH SABISETCSA CaM COCTaBHBIM MacCHBOM.
[l ero mpocMoTpa ciieyeT IPOM3BECTU OBTOPHYIO HHIEKCALIUIO, KaK IT0KA3aHO B HIXKHEM
npaBoM yriy Pucynka 22.
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Pucynok 23: Omobpasicenue cocmagnvix Maccusos.

OmnepaTopbl U PYHKIUH A5 COCTABHBIX MACCHBOB

BonbimmHcTBO 0nepaTopoB U (GyHKIMIA HE paboTaeT ¢ COCTaBHBIMU MAacCHBaMH, TOCKOJIbKY
TPYAHO ONPEACTUTh UX JCHCTBUE B TAKOM CIIOKHOM ciiydae. Harmpumep, coBepiieHHO
HEMOHATHO, YTO IOHUMATh MOJ] 0OpallleHueM COCTaBHOW MaTpHIlbl. [IpH MOMbITKE BBHITOIHUTH
OOBIYHBIE ApUPMETHIECKHE OTIEPAIINU HAJl COCTABHBIMH MAaCCHBAMHU CKOPEE BCETO MOSBUTCS
1100 coobuieHune 00 ommoKe THIA epenoIHEeHUE, TM00 OECCMBICICHHBIN pe3yibTar.
CocTaBHBIE MaCCHBEHI MPeTHA3HAYCHBI TJIABHBIM 00pa3oM JUIsl yIOOHOTO XpaHEHHS U JIOCTYTIA K
JTAaHHBIM.

HexoTtopsie orepatopsl U GyHKIINU BCE ke MPAMEHUMBI U TTOJIC3HBI JUIST UCTIOJIb30BaHUS C
COCTaBHBIMHM MaccuBaMu. Hanpumep, TpaHCIOHHPOBAHKE BBINOIHSAET OCMBICIIEHHOE JIEHCTBHE,
KaK ITOKa3aHo B HWKHeW yacTu Pucynka 23. Ha cnenyromiei crpaHuiie NpuBeIEH CIMCOK
OIIepaToOpPOB, MPUMEHSIEMBIX K COCTAaBHBIM MaCCHUBaM:

Onepanus O6o3nauenne KaaBumm  Onucanue
TpaHcioHUpOBaHHE AT [Ctrl]1 [TepeBomuT cTONMOIBI A B CTPOKH.
Bepxuwuii unngexc A<n> [Ctrl]6

N-HbIi cTonOer maccuBa A. Bo3Bpamaer



BEKTOP.

HwxHuii naexc Vn [ N-HBIA 3JIEMEHT BEKTOPA.
N 3JIEMEHT MaTPUIIBI U3 M-0T0 psia U N-0ro
JIBOWHOM HHIEKC Amn [ pHl P
cronomna.

byneBo paBencrBo. Bo3spamaer 1, ecinu
JIBa COCTaBHBIX MAacCUBA, BKYIIE CO BCEMHU

ByneBo paBeHCTBO w=2 [Ctrl]= BJIOKCHHBIMHA MacCHBaMH,
COJIepKALIUMHUCS BHYTPU HUX, UIEHTHYHBI;
rnHaue Bo3Bpamiaet 0.

BeposiTHO, BecbMa 1OJIE€3HBIMHU IS HCIIOJIB30BAHUS C COCTABHBIMU MAaCCUBAMU OKa)XKyTCsl
(GyHKLUY, CBA3aHHBIE C OIPEEICHHUEM Pa3MEPOB MaCCUBOB, a TaKXe 00bEIMHEHUEM MACCUBOB
Y BBIJICJICHHEM ITOJIMACCUBOB. B 4aCTHOCTH, MOKHO MCIIOJIb30BaTh QYHKIMHU COIS 1 FOWS, YTOOBI
O0OHapYKUTh 3JIEMEHTBl MaCCUBA, KOTOPBIE SIBJIAIOTCS BIOXKEHHBIMU MaccuBaMu. O6e 3TH
(yHKLIMY BO3BPAIIAIOT HyJIb, KOTJA IEMEHT — CKaJIsSIp, U COOTBETCTBYIOILEE YHUCIIO B
IPOTUBHOM ciaydae. DyHKIMH, KOTOpbIe OYAyT MOJIE3HBIMU ITPU paboTe C COCTaBHBIMU
MacCHUBaMHU:

HNmsa pynkuun Bosspamaercs...

rows(A) Yuciao cTpok B MaTpuiie A.

cols(A) Yucio cTonbioB B marpuiie A.

length(v) Yucio 3JEMEHTOB B BEKTOpE V.

last(v) Wupgekc mocsaeHero s1eMeHTa B BEKTope V.

augment(A, B) Maccus, cpopmupoBaHHbIii pazmerienreM A u B 60k o Ook.
' MaccuBsl A u B 10KHBI IMETH OIMHAKOBOE YHCIIO CTPOK.
stack(A, B) Maccus, copmupoBaHHbIii pazmerienneM A Haza B.
' Maccussl A 1 B 10/DKHBI IMETH OJJMHAKOBOE YKCIO CTOJIOIOB.

[TonmaccuB, cocTosiuMiA H30 BCEX AJIEMEHTOB, COIEPKAIIUXCS B

CTpOKax c If 1o jr u ctosb1ax ¢ ic mo jC. YToObl MoaAepKUBATH
submatrix(A, ir, jr, ic, jc) MTOPSIJTIOK CTPOK M-HJTU CTOJIOIIOB, YOCTOBEPHTECH,

9TOIr<=|r u IC <=]C, HHAYE MOPSIOK CTPOK U-HIIU CTOJOIIOB OyIeT

oOparmiéH.

O0opvyaoBaHue M MATEPHAJIDLI.

[MepconanbHbIi KoMITBIOTEp, porpamma MathCAD.

Yika3aHus no TeXHUKe 0€30ACHOCTH:

CoOTBETCTBYIOT TEXHHMKE O€30MaCHOCTH 10 paboTe ¢ KOMIBIOTEPHOM TEXHUKOM.
3aganus

MaccuB — D10 mocnea0BaTeIbHOCTh Yncesn. OTHOMEPHBIN MAaCCHUB Ha3bIBAIOT BEKTOPOM, a
JBYXMEPHBII — MaTpuULeil. DIIEMEHThI BEKTOpa XapaKTEPU3YyIOTCs OPSIKOBBIM HOMEPOM HIIN



uHAeKCcOM. OOBIYHO UX HYMEPYIOT C HYJIS. DJIEMEHTHI BEKTOPa UMEIOT OJIUH UHJIEKC, a
3JIEeMEHTBI MATPUIIBI UMEIOT JIBa UHJIEKca (HOMEep CTPOKH U HOMep cTojbua). PaccmoTpure
JIEUCTBUSI C BEKTOPAMH M MaTPULIAMU

Ha NpUMepe, MPUBEJAECHHOM Ha puc. 2.11.

[TycTh, HaTmpuUMep, TSI SJICKTPUUECKOH IEeTH MOCTOSHHOTO TOKa ObLTa COCTaBlIEHA CHCTEMa
ypaBHEHUH:

22'11“]0'111‘6'][”=110 Wags D =0 I 110

10-4+18- 1 —4. 1, —22¢ |-10 18 -4 Ty |=|220
=yl —4'111+20-1“1=220 -6 -4 20] |hn 220

YpaBHEHUS MPEACTABIAIOT cO00H 3ak0oH OMa B MaTpUYHON (opMe, KOTOPBIH COKPAIIEHHO
3aIAChIBACTCS TaK:

R*I =E,
rae R — kBasjpaTHas MaTpuua COIPOTUBIICHMI;
| — maTpua-croaoer (BEKTOp) HEU3BECTHBIX TOKOB;
E — marpumna-cronber cBOOOAHBIX WICHOB; MAaTPHUIIA-CTOIOCI B TAHHOM CITydae sSBISEeTCS
BEKTOPOM.
Pemenne cuctemsl 3anuckiBaercsa: I=R™ E, rne R — o6pamennas maTpuna conpoTHBIeHHit
(BBOIUTCS C KiIaBHATyphl Kak RA-1). PaccMoTpuM, Kak MO>KHO 3a71aTh BEKTOP HIIM MaTpUILY.
Jlis 3a1aHusl BEKTOPA WM MAaTPUIIBI CIEYET YCTAaHOBUThH KypCOp Ha MECTO, II€ IJIaHUPYETCS
3aJaTh BEKTOp WJIM MaTpuily ¥ HaxaTh kiasuiu [Ctrl]+[M], Hanpumep, uToObI 3a1aTh MaTpuUIly
conpoTuBIieHU! R , nMeroIIyto Tpu CTpokH u Tpu cToiidna, cienyet BBectu R:[Ctrl]+[M], B
uH(popManinoHHOM okHe BeraButh Matpuiy (Insert Matrix) mosiBatcs aBa okomika CTpoku
(Rows) 1 Cron6usl (Columns) ¢ 3apocoM 0 KOJIMYECTBE CTPOK U cTOIOL0OB. B oTBeT Ha 3anmpoc
BBeauTe B okHe CTpoku 3 u B okHe Ctonbus! 3.ITocne atoro Haxkmute kHonky OK. Ha skpane
MOSIBUTCS 11A0JIOH MaTPUIlhI 3 Ha 3.



IpuMep pelueHHsI CHCTEMbI JIHHEHHBIX YpaBHeHHI

3akon Oma B matpuuHO# (opme: R*¥I=E, 3neck | MaTpuua-tron6en
HEHU3BECTHBIX TOKOB,

MaTpHIla CONPOTHBIICHUH cronbeu cBoOOAHBIX YieHOB
22 <10 -6 110
R:=(-10 18 -4 E:=|220
6 -4 20 220

Bbipa3zuM BEKTOp HCKOMBIX TOKOB, JUT YEro BBEAEM
I :R”-1[Space][Space]*E u nosyuum Ha skpaHe:
I:==R'- E
OGPaIHCHHaﬂ MaTpHuad BBIBOAUTCA Ha 3KpaH KaK Marpuvua R B crenenm |
BbiBeaem BeKTOp HCKOMBIX TOKOB, 15t 4ero BeeaeM 1= n mogyyym:

26.955
1=|32.901
25.667
BriBeaeM 3HaY€HUs TOKOB KaK HHAEKCUPOBAHHBIE NEPEMEHyple:
lo=26.955 [,=32.901 l,=25.667

(4ToOBI BBECTH UHAEKC, CICAYET HAKATH KITABULILY OTKPbLIBAD el
KBaApaTHO# cKOOKH [ )

BblYHCIUM AETEPMUHAHT MaTpHLbl R.

Beenem [R=u nonyunm:  [R|=4.44 x 10°

3amenum B MaTpHue R nepsbid cronbeu cronbuom

cB00OOAHBIX YJIEHOB M Ha30BeM 3Ty MaTpuuy R1:

BbluMcinM A€TEpMUHAHT MaTpuiiel R1:

[10 -10 -6
Rl:=|220 18 4 IRI|=1.197x10’
(220 -4 20
Beiyrcnnum nepBblit TOK no Meroay Kpamepa:
R
10 := = 10 = 26.955
R

Puc. 2.11. Pemenue cuctemMbl THHEHHBIX YpaBHEHUH, 3aIMMCAHHBIXB MAaTPUIHON (hopme

Jlnst BcTaBKM 11a0JI0HA MaTPHUIIBI MOYKHO HUCTIOIB30BaTh Takke omniuio BeraBka (Insert) rmaBHOTO
MEHIO, TJIE B BBINTAAIOIIEM OKHE HaJ0 BbIOpaTh omiuio Matpuna (Matrix...Ctrtl+M). MoxHo

@+ ED == 13(EET »

TaK)Ke B MAHEIM HHCTPYMEHTOB (! ) BEIOpaTh KHOTIKY




Bekropusie u marpuunsie oneparun (Vektor and Matrix Toolbar) (kHonka ¢ n3o6paxxenuem
Matpuilsl). B Beimagatomem okae Marpuiibl (Matrix) Hajo BeIOpaTh KHONIKY C03/1aTh MaTpUILy
i BekTop (Matrix or Vektor Ctrl+M) (BepxHsisi ieBast kKHOmKa). [lompoOyiiTe caMOCTOSITETEHO
OIMCAHHBIE CIIOCOOBI 3a/IaHUsI MAaTPULIbI U BEIOEpUTE sl ce0s1 Harnbosiee MoIXO0IALIHH cr1oco0.
[Tepememast Kypcop 1o mabaoHy, BBEAUTE B MPSIMOYTOJIbHUYKH YHCICHHbIE 3HAYCHUS
3JIEMEHTOB MaTpulibl R, mokazanueie Ha puc. 2.11.

[TepememaTs Kypcop yao0OHO ¢ momoisio kinaBumm [Tab], s 3ananus Bekropa E (cronbia
cBOOOIHBIX WieHOB) cieayeT BBecTu E:[Ctrl]+[M] u Ha 3ampoc o pa3Mepax MacCHUBa BBEIHUTE
mudpy 3 Ut KouyecTBa CTPoK U udpy 1 U1t KonuyecTBa cTon0oB. YUCIeHHbIE 3HAUCHHS
3JIEMEHTOB BEKTOpPa BBOJSATCS TaK K€, KaK U 3HaYCHHs 3JIEMEHTOB MaTpullbl. Haliiute BexTop
MCKOMBIX TOKOB TakK, Kak 3TO yKa3aHo Ha puc. 2.11. TekcT Ha 3TOM pUCYHKE SBISETCS
KoMMeHTapueM. OH JTUIIb MOSCHSET X0/ BBIYUCICHUH. DIIeMEHTaMH MaTPHIIbl U BEKTOPa MOTYT
OBITh M KOMILIEKCHBIE Yynciia. MaTpu4Hble ollepaly ¢ KOMIUIEKCHBIMU YHCIIaMH PACCMOTPUTE
Ha npumepe puc. 2.12.

OO6patum BHUMaHUE, 4TO 4 cTosbna B Marpule Z (wiu 2 cronbua B marpuue U) sBIsOTCS B
JNENCTBUTENBHOCTH JBYMsI KOMILIEKCHBIMH CTOJIONAaMH (MM OJHUM KOMITJIEKCHBIM CTOJIOIIOM B
Bektope U). /st onpenenenust MOAYNeH U apryMEHTOB KOMIUIEKCHBIX YUCEJI C IIOMOILBIO
nepemenHoi nukina k:=0..1 cnenyer Beectu | Ik = u arg(lk) =.

HanmomuuMm, 4TO MHAEKCHI Y HHIEKCUPOBAHHBIX IEPEMEHHBIX HaunHatoTcA ¢ Hyls. [loaTomy
HCKOMBIE TOKH OynyT o6o3Hauathcs kak 10 u Ij. Ha puc. 2,12 nmokazaHo npuMeHeHHE onepaTropa
BEeKTOpHU3aIuu BekTopa win Matpuiibl [Ctrl]+[-]. DToT onepaTop rOBOPUT O TOM, UTO OIEpaIus
MIPOU3BOUTCS C KK/IBIM JIEMEHTOM BEKTOpa WM MaTpulibl. [leiicTBUTENBHO, HENb3s B3SITh
MOJ1yJIb WM apryMeHT ((ha30BbIi Yyroi) OT BEKTOpa KOMIUIEKCHBIX YUCEIl, HO MOKHO B3STh €r0
OT KaXXJIOT0 3JIEMEHTa BEKTOPa B OTAETBHOCTHU. (DJIEMEHT — MOCIeI0BaTEIbHbIC 3HAYCHHUS
YHCell, BXOISAIINUX B BEKTOP.)



DNeMEeHTAMH MATPHIIbI MOTYT ObITh KOMIUIEKCHBIE YHCIA.
Hanpumep, BBEANTE MaTpully KOMIJIEKCHbIX COMMPOTHBIICHUH

Z pa3mepoM 2 Ha 2 1 MaTpHLy-CTO/IOE KOMIIEKCHBIX CBODOAHBIX
uneHoB U pasmepom 2 Ha |:

= (I5+8j2+2j) U._(I90+32j
242 26-4 3004

AN g

BekTop HCKOMBIX KOMIUIEKCHBIX TOKOB: | := Z_l U
(11.726-5.14” ) IO=||.726-5.14]i

~2.925+10.582i [, =-2.925 +10.582i
MOlIy.ﬂH H apryMmeHTbl KOMITJICKCHBIX YHCCJ1 MOXKHO ONpPCACIINTh:

Il = 12.803 arg(lo) = —0.413
L] = 10.979 arg(l,) = 1.841

WJIM € MOMOIUBIO ONEPATOpa BEKTOPU3ALHH
(eBoauTca HaxkatueM knasuin [|] [I] [Spaze][Ctrl]+[-]) [[] [1]

i 1 2.803\|

3 L|0.979,

apryMeHT B paqyaHax apryMmeHT B rpaaycax

—>
> (-0.413 arg(l) [-0.413
arg(1)= =
1.841 deg 1.841
Onpenenenune Moay/ 1l ¥ apryMeHTa ¢ NOMOLUBIO IEPEMEHHOHN LIMKA!
k:=0.1 |Ii|= arg(l)=

12.803 -0.413
10.979 1.841

Puc. 2.12. Pemienne cucreMbl JIMHEHHBIX YPAaBHEHHUH C KOMIJIEKCHBIMH

ko3P PHUHEHTAMHU
Ha puc. 2.13 noka3zano 3aganue MaTpHIlbl 0€3 BBIBOJIA €€ 1M1a0J0Ha ¢ UCIIOIh30BAHUEM (ITHUKJIA B
uKiIe». Bo BHeNIHEM IHKIIe epeMeH-Has 1 u3Mensercs ot 0 10 5, a BO BHyTPEHHEM IIHKJIe
nepeMeHHas k u3mensiercs ot 0 o 8. Dnementsl Matpuilbl Z=1*k (3amaercs kak Z[(1,k):1*k. s
BBIBOJIa MaTPULIbI HY>)KHO BBECTH Z=.



Cnioco€ 3anaHHs MaTPHLb! ¢ UCIIOJIL30BAHHEM
KIHKJIA B [UKIIE»:

R0 =08 =T

(0 0O 0 00O 0O 0 0O
01 2 3 4 5 6 7 8
7 = 0 2 4 6 8 101010 10
" 0 3 6 9 121518 21 24
0O 4 8 1216 20 24 28 32
0 5 1015 20 25 30 35 40} Puc. 2.13. 3ananHue

MaTpHUBI

Koumponavnvie gonpocot

Yro takoe Maccus??

Yro Takoe BeKTop?

Kak tpancnonnpoBaTh MaTpuiry?

Kak BBIYHCINTH ONpeNeNuTe b MaTPHIIBI?

Kak co3nate MaTpuiry ¢ KOMIUIEKCHBIMU KO3 urmenramu?
Kax 3arpy3uthb gaHHble B MACCHB M3 BHEITHETO HCTOYHHUKA?

ook wdE

Cnucok numepamypol, peKOMEHOYEeMbLI K UCHOJIb306AHUI0 O OAHHOU meMme:

1. bepmunep, 3. M. CAIIP B mammHocTpoeHuu : yueOHuk i By30B / 3. M. bepaunep, O.
B. TapartbeiHoB. — Mocksa : @opym, 2014. — 448 c.

2. AdanacbeBa, H. FO. BrplumcnurenbHble M SKCHEPUMEHTANbHBIE METOJbl HAy4YHOTO
sKcTiepuMeHTa : [yue6. mocobue*]. — M. : KHOPVYC, 2013. — 330 c.

3. XnebHukos, A. A. HpopmMarmoHHbIe TeXHOJIOTHH : y4eOHUK / A. A. XneOHuKoB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBable cepBuchl u TexHosoruu Iloxapckas I'. 1., Hazapos 1. M.
N3narens: Haunonaneuelit OTkpeiThid YHUBEpcuTeT «MHTYUT», 2016



http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

JlabGoparopHas padora6. IIpeoGpazoBanue maccuBoB

Ilenv pabomor:

N3y4nTh KOMaH]IbI peAaKTUPOBAHUS BEKTOPOB M Matpuil B cpene MathCAD.

Teopemuueckan yacnib.

MarpuuHoe MCUUCIIEHHME UIrpaeT BaXHYI0 pOJb B KOMIIBIOTEDHOW MaTeMaTHKe.
[IpakTHdyeckn BCe YMCICHHBIE METOJBI Ha TOM WM HMHOM 3Tame paboThl CBOETO aJrOpUTMA
CBOJISITCSL K PEIICHUIO CUCTEM JIMHEHHBIX anreOpanveckux ypaBHeHuit (CJIAY), koTopoe 1acTto
NPOM3BOJUTCS MaTPUUYHBIMH MeToAaMu. BooOmie roBops, HenIb3s Ha3BaThb HU OAHON obiacTu
UCIIOJIb30BaHUSI KOMIIBIOTEPA, B aJrOpPUTMaxX KOTOpOH (B OOJbIEH MM MEHbILIEH CTENEHHU) He
HCTIOJIL30BAIMCH ObI MATPHIIHI [7].

[TonsTHe «BEKTOp» OOBIYHO HE OTAEISIOT OT MOHATUS «MaTpuUll». BekTopsl MOryr
paccMaTpuBaThCs KaK MaTpUIbl, COCTOSIINE U3 OJHOTO CTOJIOLA (MU CTPOKH).

Matpuunbie Borauciaenus B MathCAD M0XHO YCIIOBHO pa3/ieluTh Ha TPU OCHOBHBIX THIIA.

K mepBomy OTHOCATCS Takue 3JeMEHTapHbIC ACUCTBUS HAJ MAaTPHIIAMH, KaK CO3JIaHHE,
U3BJICUEHHE W3 HUX JIaHHBIX, UX YMHOXXEHHUE, CIOXEHHME WJIM CKaJsipHOE INpou3BelcHHE (B
cilydyae BEKTOpoB). [l MX peanu3alMy CIIy)KaT CIeLUalbHbIEe OIepaTopbl TpexX MaHesen
cemeiictBa Math (Marematuueckue): Calculator (Kanbkymnstop), Matrix (Matpuunbie) u
Symbolics (CumBosibHBIE).

Ko BTOpOMy THIly MOXHO OTHECTH T€ MaTpUYHBIE NMPeoOpa3oBaHUs, KOTOPHIE TPEOYIOT
UCIIOJIb30BaHUS CIIEHUAIBHBIX (DYHKIMI U BCTPOCHHBIX aJlTOPUTMOB MaTPUYHOM anredpsl, TAKMX
KaK, Harmpumep, (YHKIUH BBIYUCICHHS OIPENSIUTENs, MAaTPUYHBIX HOPM WM COPTUPOBKH
3JIEMEHTOB BEKTOPOB IO Bo3pacTaHuio. DYHKIUM 3TOH IpyIIbl MOXHO HalWTH B KaTeropuu
Vector and Matrix (BekropHble 1 MaTpu4HbIC) Y MacTepa GyHKITHIA.

W1, HakoHel, K TpPeTheMy TUIy MaTPUUHBIX BBIYMCIECHUH CleIyeT OTHECTH Te€ 3a/lauH,
pPEeIIUTh KOTOpPBIE MOXKHO TOJBKO HCIONB3YysS BO3MOXKHOCTH CHCTEMBI IIPOTPAMMHPOBAHUS
MathCAD.

B s3p1Kax mporpaMMHpOBaHUSI HAYaJIbHBIE WHIEKCHI MacCUBOB 00bI9HO paBHstoTcs 0. [o
ymorruanuto B MathCAD uHIeKCHI CTPOK U CTONOLIOB Takke oTcuuThiBaroTes ¢ 0. B Tom ciydae,
€CIIM TaKas CHCTEMa BaM HEyJ0OHa WM HENPUBBIYHA, MOXXHO M3MEHHUThH TOUKY OTCUETa WHJICKCOB
Ha 1, 3anaB cucremuyto nepemennyro ORIGIN: ORIGIN: = 1.

JlocTym K D9JeMEeHTaM BEKTOpa WM MATPHIBl OCYHIECTBISIETCS C  MMOMOIIBIO
UH/IEKCUPOBAaHHBIX MepeMeHHBIX. Hanpumep, 4ToObl MCHONB30BATh MATHIA 3JEMEHT BEKTOpa C
UMEHEM A, HYXXHO 3allicaTh 3TOT 3JEMEHT B Bue: As. A Jis TOro, 4TOOBI B3ATh JJIEMEHT
MaTpullsl B, pacnosnoxeHHbIH Ha nepeceyeHUH 3-i CTPOUKU U 4-TO CTOJIOLA HYXKHO 3aIHUCaTh:
B3 .

Jns 3aaHus MHAECKCOB Ha maHenu MatriX mpeaycMoTpeHa crienuaibHas kHorka Subscript
(Munekc). IlepediTu Kk 3amMcu HHAEKCA MOXHO TakKe C IMOMOLIbIO KIAaBUIIM «[» (jeBas
KBajJpaTHas ckoOka). HakaB ee, BbI yBUAMTE, UTO Ha MecTe OyAyIlero MHJAEKCa, YyTh HIDKE
TEKCTa MUMEHU MAaTpHIbl, MMOSABUTCS YEPHBIA Mapkep. B Hero depes 3amaTyro cieayeT BBECTH
3HA4YCHMS MHJIEKCOB. Ha rmepBoM MecTe Ipu 3TOM AOJKEH CTOSTH HOMEP CTPOKH, a HA BTOPOM —
cronbna.

OQo0opvaoBaHHE U MATEPHAJILI.

[TepconanbHblii KomIblOTEp, Tporpamma MathCAD.

YkazaHnus no TexHukKe 0e30macHOCTH:

CoOOTBETCTBYIOT TEXHHKE O€30MaCHOCTH 10 paboTe ¢ KOMIBIOTEPHOM TEXHUKOM.



3adanus
Co3paHue BEKTOPOB U maTpul,

B cucreme NpeaAyCMOTPECHBI PA3JIMYHBIC BO3SMOKHOCTH 3aaHNs BEKTOPOB U MaTPHIL:

e OrmpeneneHre MaTPUIIbl OCTIEA0BATENbHBIM 33JJaHHEM Ka)KI0TO 3JIEMEHTA.

e C MoMoIIbIO0 HHIEKCUPOBAHHBIX IEPEMEHHBIX.

e C [OOMOIIBKD MCIIONB30BaHUS KOMaHabel Insert*Matrix, mmbo ¢ IOMOIIBIO
COOTBETCTBYIOIICH KHOIKH maHenu Matrix.

e 3ajaHue C MOMOIIBIO FIIEMEHTOB IIPOTrPAMMHUPOBAHHUSL.

e [IpumeHeHHE BCTPOCHHBIX (PYHKITUH.

e Uepes cBsI3b ¢ qpyruM NpuiIoKeHneM, Harpumep Excel.

e Co3znanue TabIUIbl JaHHBIX.

e UreHue u3 BHeNIHero (aiina.

Paccmotpum Hekoropble U3 HUX. OmnpeneneHre MaTpULbl MMOCIEIOBATEIbHBIM 33aJaHUEM
KaXXJIOTO 3JIEMEHTa OYEBHIHO U HE TpeOyeT mosicHeHui. [Ipu co3manny MaTpUIbl WIIH BEKTOpa C
MOMOIIbI0 HWHACKCUPOBAHHOW TIEPEMEHHOW CleIyeT WCXOOUTh U3 TOro, 4To Jro0as
WH/ICKCUPOBaHHAs MEepPEeMEHHas, WHICKCAMU KOTOPOHW SIBISIFOTCSA NMEpEeMEHHbIE, MPHHUMAIOIINE
[EJIOYHCIICHHbIC 3HAYCHUS U3 HEKOTOPOTO MPOMEXKYTKA, YK€ MPEACTABIAIOT OO0 BEKTOP UIU
MaTpHILy.

[Tpumep 3. Tpebyercs chopMUpOBaTh BEKTOP X, COCTOSIIIUN U3 6 3JI€MEHTOB. DIIeMEHTaM
ATOTO BEKTOPA MPUCBOUTH 3HAYCHUS HHJICKCOB.

Pemenue. [IpenocraBum /1Ba BapuaHTa pellieHUs dTON 3aauu:

1) ¢ mOMOI1IbIO UH/IEKCUPOBAHHOM IIEPEMEHHOI;

2) ¢ momoIbo kKoMa bl Inserts-Matrix.

Bapuanr a

Jlnis Toro uto0bl cOPMHUPOBATH BEKTOP, BOCIOIb3yEMCsI BCIIOMOIaTeIbHOM MepeMeHHOH,
KOoTOpasi OyneT Wrpath poyib WHAEKca (Hampumep, 1), a3ateM OyaeM HCIOJIb30BaTh 3Ty
NEpEeMEHHYI0 Ul 3/1aHUsl JIEMEHTHBIX 3HadeHWH BekTopax. @dopMmMupoBaHHME BEKTOpa
npeJCTaBIeHO Ha puc. 8.

Bapwuanrt b

dopmMupoBaHUe BEKTOpa X OyjaeM MPOM3BOJMUTH C MOMOIINBI0 KoMaH el Matrix. J{ist atoro
CHayYasia HaIUIIeM ONepaTop MPUCBAUBAHUS: «X=», a 3aTeM BBHIIOJHUM KoMmanay Matrix. Dra
KOMaH/ia OTKPBIBAaeT auanoroBoe okHo «lInsert Matrix», koTopoe mpejacraBieHo Ha puc. 9, B
KOTOPOM HEOOXOIMMO yKa3aTh YMCIO CTPOK M YMCIIO CTOJIOLOB. B HameM npumMepe 4ucio CTpok
paBHO 6, a YMCIIO CTONOOB paBHO 1.



JAQAHHE HHOEKCUDOEIHHOMD TPOMEsyTER
1=0.3

|_|III.|'I!||"4E|HI-'IEI BEEETOfR= C WCNONE2O0BAHHEN HHEEECOR

CTobps™¥eHHS EQKTOHER SHAYEHHE

Puc. 8. ®opmupoBanue BeKTopa
C UCIOJIb30BaHNEM MH/IEKCUPOBAHHOM MEpEMEHHON
IMocne naxkatus xkHomku «OK» KOMaHga MPENOCTaBUT INAOJIOH C LIECTHIO SUCHKAMH, B
KOTOpBIE CJeyeT BIHCATh 3HAUEHUS 3JIEMEHTOB BEKTOpA.

-* Mathcad Professional - [Lintitled:1]
@Elle Edt Yew BRE-IS Format Math  Symboics

D~ W&

MNormal

| Eunction... S\CrHE T

B Unit... |4+ x=
Bichure CerlT
frea

Texk Rzgion
Page Erezk

Reference. .

L2 Component, ..
Chieck. .

It G W I
e [ 55
peee |

Puc. 9. Be13oB nuanorosoro okHa «lnsert Matrix»
JUTSL CO3JIaHKSI MATPHUIIBI C IIOMOIIBIO KOMaH bl «Matrix»



[Mpumep 4. B daiine ¢ umenem «int(4_4).txt» 3amucanbl yncia B BUJAE MAaTPHIBI YETHIPE
CTPOYKH II0 YEThIpE JJIEMEHTA, pa3ieicHHbIME Ipobenamu. B daiine ¢ umenem «int(4_1).txty»
3anycaHbl Yuciia B cToNONK. TpedyeTcst mpoYnTaTh 3TU JaHHbIE B MaTpuily Q u BexTop P.

Pemenne. Jlns ureHus AaHHBIX U3 (aiia B MaTPUILy/BEKTOP MOXXHO BOCIIOJIb30BaThCS
¢yakuueit READPRN, xoTopas umeeT oauH napameTp — ums (aitna. dparMeHT ¢ pereHuemM
npejcTasieH Ha puc. 10.

(] = READPRHN{ “intial_4) bet" ) F := READPRN("intd_1)tet")
123 4 1
23453 2
q =] P =]
3456 3
4567 a

Puc. 10. Urenue nanHpIX U3 (HailsioB

C MaTtpuniaMy MOTYT TPOU3BOJUTHCS KaK YHMCICHHBIC, TAK U CUMBOJIbHBIC BBIUMCICHHUS.
Oneparn ¢ marpuniamd B cucteme MathCAD o6o3Havarorcss Tak, Kak 3TO HPUHATO B
MareMaTuke: —, +, *, ... .

Ha puc. 1] mnoka3aHo Ha3HaueHHE HEKOTOPBIX CHEUUAIM3UPOBAHHBIX KOMAaH[,
pacIooKEeHHbIX Ha MAHEIN HHCTpyMeHTOB Matrix.

IMomumo storo, cuctema MathCAD mnpencrapisier OONbIIOS KOJUYECTBO (PYHKIMNA IS
paboThl ¢ BEeKTOpaMH U MaTpHullaMu. Bocronb3oBaTbess 3STUMU (YHKLIUSAMH MOKHO C HOMOIIBIO
macrepa ynkuuit f(X).

X' — DOIYVIHTE 0GPATHYIO MAaTPHIY

|| — BEMHECANTE geTEpMHHEAHT

Y TPAaHCIOHHPOEATE

N M~ — H3 MATPHIEI B3ATE BeKTOP-CTOIOEI
Rt et B 7V — DOIVIHTE CYMMY 3IeMEHTOR

X-¥ — cEanApHOEe IPOH3IBEdeHHE BEKTOPORE

[ %, o Il

¥®J — BEETOPHOS NPOHIEEIEHHE BEKTOPOE

Puc. 11. Ha3HaueHre HEKOTOPBIX KOMAaH]I,
PacIoIOKEHHBIX Ha ITAHEIH HHCTPYMEHTOB «Matrix»»

Ha puc. 12 MMPpEACTaBJICHBI BBIYUCIICHUSA C UCIIOJIB30BAHUCM onepaunﬁ Haa MaTpUulaMu.



JAHE! METOHUEL
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BozEeneHAR B CTRA2HE:

. 15 037
D= 0=
0 -0z
1D
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01
R L [7 s
0 -10z4

Puc. 12. Ilpumepsl MmaTpuuHbix Berurciacauii B MathCAD

[Tpumep 5. TpeOyercs chopMupoBaTh AMATOHATIBHYIO KBaJpaTHYIO MaTpuly c(6x6).
3Ha4yeHus HJIEMEHTOB IJIaBHOM TMaroHa M JOJKHBI COBIIAAATh C HOMEPOM CTPOKH/CTONOIA.

Pemenwue. [{ns nonydeHus: AMaroHaJbHOW MaTPHIIBI B CUCTEME MpPEAyCMOTpeHa (yHKIIUS
diag, koTopas uMeeT OJHMH MapaMeTp — BEKTOP [HArOHAIBHBIX 3JeMEHTOB. [loaToMy
(dbopMUpOBaHKE MATPULIBI HAYHEM C CO3/IaHUSI BCIIOMOTaTEIbHOIO BEKTOPA, B KOTOPBIN 3aHECEM
AJIEMEHTHI JUIst tuaroHanu. /s popMupoBaHMs 3TOr0 BCIOMOTaTeIbHOTO BEKTOpa (HarpuMep, ¢
UMEHEM S), BOCIIOJIb3yeMCS BCIIOMOTATEIbHOW IMEPEMEHHOW, KOTopas OylneT WrpaTh poJb
uHJeKca (HanpuMmep, 1). Toraa ¢popMupoBaHHE TUATOHATBHON MATPHUIIBI MOKET OBITH TTOTYYEHO
B pe3yJIbTaTe ONepannii, Kak 3TO MMoKa3aHo Ha puc. 13.

i=0.5
5= T fooo0Do0o
10000
¢ = diag(s) 5=j . o000
00300
N 00D 40
W3 Woooono3

Puc. 13. ®opmupoBaHne 1HaroHaIbHOM MaTPUIIbI

[Tpumep 6. aubr n8e matpuilsl: A(4x3) u B(4x2). Tpebyercs 00beIUHUTH TH MaTPHIIBI B



onuy marpuity C(4x5), npudem, nMepBbIMU CTOJIOIAMH HOBOM MaTPHIIbI JOJHKHBI OBITH CTOJIOIIBI
MaTpullbl A, a copaBa OT 3THUX OJJIEMEHTOB CJEJ0BaTh CTONOLBI MaTpullbl B (MeTomom
«JIOTIMCHIBAHUS CIIPABA»).

Pemenmne. I[HSI COCAMHCHUA [BYX MaTpull B OAHY MAaTpully MOKHO HCIIOJIb30BAaTh
¢dyHkuuo augment, mapamerpamMu KOTOpOi OyAyT SBIATHCS UMEHA COEIMHAEMbIX MaTPULL, KaKk
3TO NOKa3aHo Ha puc. 14.

111 i
2112 I
A= =
3313 i
4 4 4 Jog
111504
C = augmeni’ A Bl o= 22258
T34 45h
444 50

Puc. 14. O0beuHeHUs ABYX MaTPUIL
10 TIPABUITY <«JIOMUCHIBAHUS CTIPABAY

[Tpumep 7. Nausl aBe matpuibl: A(2x3) u B(3%3). TpebyeTcs 00beMHUTD STH MATPHIILI B
onny matpuiy C(5x3), mpuueM, B HOBOH MaTpHIlbl B KAYECTBE MEPBBIX CTPOK JOJDKHBI OBITH
CTPOKH MaTpHUIIbI A, a 32 HUMU JIOJDKHBI CJI€I0BaTh CTPOKU MaTpUIlsl B.

Pemenne. [lns coenvHeHMs AByX MAaTpUll B OJHY MaTpuLly IO NPaBUIy <«IpYyr IO
JPYroM» MOKHO MCIIOJIb30BaTh QyHKIMIO Stack, mapameTpamu KOTOpOW OyIyT SIBISATHCS UMEHA
COEMHAEMBIX MATpPHIL, KaK 3TO IMOKa3aHo Ha puc. 15.

124

111
A= B=|2 3 4
ooan

353

L
I
C=|1
i
5

L= starkls B

L O S — R
[ A

Puc. 15. O0benuHeHUS JBYX MaTPHIL
0 TIPABHITY «IPYT TOJ IPYTOM»

[Mpumep 8. Jlana matpuia A(6x6). TpedyeTcs MOIy4InUTh U3 3TOW MATPHILY MOJIMATPHILY, B
KOTOPYIO BKJIIOYMTH DJIEMEHTHI, PACIIOJOKEHHBIE B CTPOKaX, HaUMHas ¢ HOMepa 2-TO 110 HOMEP
4-i1, u cTonOax, HaunHas ¢ Homepa 0-To 1Mo HoMmep S-il.

Pemenne. Jlns  BeIgeNeHUS TOAMATPHIBI  C  HOMEpaMH  CTOJOIOB M CTPOK
NpPE/ICTABICHHBIMU TPAHUYHBIMU 3HAYCHUSIMU MpeAycMoTpeHa ¢yHkmus Submatrix. Ora



GyHKIMS UMEeT 5 mapamMeTpoB: UMsi MaTPUIIbl, U3 KOTOPOH MPOHM3BOIUTCA BBIOODP; HAYAIBHBIN
HOMEp CTPOKH BbIOOpA; KOHEUHBIH HOMEp CTPOKH BHIOOpA; HaYaJIbHBI HOMEp CTOJIONA BBIOOpA;
KOHEYHBIN HOMep cToJI0Na BeiOopa. Bo3MokHOE penieHre npeacTaBieHo Ha puc. 16.

1ot 11 11
2 L i & 1 Z
304 2 8 7 B
o101t 1% 15 14
I3 16 17 18 19 i
o0 0000

b = submaiezg 4, 2,4,0,5

34 5 6 7 8
El-| 8 10 11 12 13 14 |4
13 16 17 18 15 20

Puc. 16. Boigenenue noaMaTpuiibl U3 3aJaHHON MaTpULIb

ITpumep 9. Jlana marpuiia A(6%6). TpeOyeTcs MOAYIUTh M3 ITONW MATPHUILy JBa BEKTOPA.
[TepBBIii BEKTOp TOJDKEH COBIANATh C 4-bIM CTOJOIIOM MaTpHIBI A, a BTOpOH — ¢ 3-if cTpOKOH
MaTpuIibl A.

Pemenue. [Ins monydeHus BEKTOPHBIX 3HAYEHU MOYKHO BOCIOJIb30BATHCA KOMaHI0M M=<>
(M3 MaTpuIbl B3sITh BEKTOP-CTOJOEI), KOTOpas pacrmoyiiokeHa Ha maHean «Matrix». s
MOJTYYEHHS IEPBOr0 BEKTOPA 3TY KOMaHy HYKHO IPUMEHHUTh HEMTOCPEACTBEHHO K MaTpuIle A, a
JUIsi  TIOJIyYeHHMs] BTOPOTO BEKTOpa HYKHO CHadajla MOJY4YMThb M3  MaTpuisl A
TPAaHCIIOHUPOBAHHYIO MATPHILy, & TOJBKO TOTOM BOCIOJIb30BATHCS KOMAHION «B3SITh CTOJOCI.
Bo3morkHOe perienue npeacTaBieHo Ha puc. 17.

U R A T A
PRI A A A
14 5 6 7 8

o=
0 1112 13 14
15 16 17 1% 10 20
Lboooooo 0o
el
B s o= 2T
§ o
10
7 1
B= o=
13 12
10 Co |1z
o, v 14

Puc. 17. BoigeneHne BEKTOPHBIX 3HAUEHUI
W3 33IaHHON MaTPHUIIbI



[Mpumep 10. 13 matpuipl A(6X6) BBIISINTL MUHOP, KOTOPBI 00pa3yercsi B pe3yibTare
BbIUEPKUBAHUS u3 3TOMU MaTpPHUILIbI HYJIEBOM CTPOYKHU
U TPETHETO CTONOIA.

Pemienue. Pemenue 3a1aum MOXHO CBECTH K COSAMHEHUIO JABYX MOIMATPHUIL, BBIICICHHBIX
U3 MaTpullbl A, KaK 3TO MoKa3aHo Ha puc. 18.

i T T B |

H
H
i

[P T N U
L I S

B = augment)submatria’4 1,50, 0, submatmor A, L5450

13487
34373

B=|4 5682
n1z14
iiare +

Puc. 18. Boigenenne MuHopa U3 3aJaHHON MaTpUIb

Mcnonb3oBaHMe maTpul, CNeunanbHOro BUAA ANA BbINOIHEHMA MaTPUUHbIX onepauuii B cucteme
MathCAD

W3BecTHO, 9TO B pe3yibTaTe YMHOXCHHHM MATPHUIBI Ha BEKTOpP IIOJy4aeTcss BEKTOP.
[Mpudem, KakAbIA I-ii 3JEMEHT 3TOr0 BEKTOpa-pe3yibTaTa MpPEACTaBIsACT COOOW CymMMy
MOTIAPHBIX TPOM3BEICHUI COOTBETCTBYIOIIUX JJIEMEHTOB I-OH CTPOKHM MATPHIIBI HA 3JIEMEHTBI
BEKTOpa-COMHOXUTeNsA. OUYeBUAHO, €CIM B BEKTOpE, Ha KOTOPBIA YMHOXKAeTCsl MaTpulla, Bce
9JIEMEHTHI PaBHBI HYITIO, & OJTMH DJIEMEHT PaBEH EMHHMIIC, TO PE3YJIbTATOM TaKOTO IPOU3BEICHUS
OyZeT YHCIIO, COOTBETCTBYIOIIEE TOMY O3JEMEHTY I-il CTPOKM MATpHIbI, TJ€ BEKTOPHBIM
COMHOXHTENIEM OyJIeT eauHHWIa. Takol BBIBOJ MOXKHO HCITOJIB30BAaTh JUIS  BBIJCIICHUS
(popmupoBaHusi) U3 MATPUIILI HY>)KHOTO CTONIOIIA.

[Mpumep 11. dana marpuna: A(4x4). Tpebyercs MOTYYIUTh U3 3TOW MATPHILY J1Ba BEKTOPA.
[TepBbIii BeKTOp AOJKEH coBNaaath ¢ 0-bIM CTOIOLOM MaTpuLbl A, a BTOpoi — ¢ 3-M cTOJI01I0M
MaTpHuIbl A.

Pemenue. /151 nonydeHust HOBBIX BEKTOPOB CPOPMUPYEM JBa BCIIOMOTaTENbHbBIX BEKTOpPA:
BekTop Bl — ¢ enuHuuHBIM 3HaueHHeM B cTpoke ¢ Homepom 0, a BTOopoil BekTOop B4 — ¢
€IMHUYHBIM 3Ha4eHHEM B CTpoke ¢ Homepom 3. Torma s TOMYYEeHUS BEKTOPOB B
COOTBETCTBUH C YCIIOBUEM 3a/layl JOCTaTOYHO YMHOXXMTh MaTpully A crpasa Ha BeKTOpsl Bl u
B2, xak 310 mokazano Ha puc. 19.
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Puc. 19. Boiienenne BEKTOPHBIX 3HAYEHUN U3 3aIaHHON MaTpHUIIbI

AHAJIOTUYHBIM 00Pa30M MOXKHO TOJIYYHUTh BEKTOP-CTPOKY M3 MaTpuiel. [l storo
JOCTaTOYHO C(HOPMUPOBATH BCIIOMOTATENbHBIM BEKTOP-CTPOKY, y KOTOPOH BCE KOMIIOHEHTHI
PaBHBI HYJIIO, @ O/IHa KOMIIOHEHTa, HOMEP KOTOPOM COOTBETCTBYET HOMEPY BBLACIAEMON CTPOKU
W3 MaTpUIlbl, paBHA eAMHULE. ECiM 3TOT BEKTOp YMHOKUTH ClI€Ba HAa MAaTpUILy, TO B pe3yJbTaTe
OyJeT noyy4eHa Hy>KHasi CTPOKa.

[Tpumep 12. Jlana marpuna: A(4x4). TpeGyercs BbLACIUTH U3 MaTPULIbI IEPBYIO CTPOKY IO
nopsaky (¢ Homepom 0).

Pemenne. Cravana TpeOyeTcs MOATOTOBUTH BCIIOMOTATEIbHBIH BEKTOP-CTPOKY, a MOTOM
YMHOXHTB 3Ty CTPOKY cJI€Ba Ha MaTpully A. BEKTOp-CTPOKY MOKHO IMOJIYYUTh U3 IIPEIBIIYILErO
nprMepa TPaHCTIOHUPOBAHKUEM BeKTOpa-cTosbna Bl.

Takoil mpueM MOKHO HCIIONB30BaTh JJIsl MEPECTAHOBKM CTPOK M CTOJOLIOB MaTpPHIIbI,
TOJIBKO JJIsl 3TOTO MOTpedyeTcs y)Ke BCIoMOrareibHas MaTpulla, COCTOsINAs U3 BEKTOPOB-
CTOJIOLIOB (BEKTOPOB-CTPOK), MECTO E€AMHMYHBIX AJIEMEHTHl KOTOPBIX COOTBETCTBYIOT TOMY
HOPS/IKY, KOTOPBI HY’KHO UMETh B pe3yJibTaTe NpeoOpa3oBaHUsl MATPUILIBIL.

[Tpumep 13. Jlana marpuna: A(4x4). TpeOGyercs mnepecTaBUTh B MaTpUIIE CTPOKU C
Homepamu O u 1.

Pemenne. Jlns mnpeoOpa3oBaHMs HUCXOJHOW MaTpuubl TpeOyercss IMOATOTOBHUTH
BCIIOMOTaTeNbHYI0 MaTpully. Bo BcrmoMorarenbHONW MaTpulleé MECTOMNOJIOKEHUE EIUHUIl B
CTPOKax [JOJDKHO COOTBETCTBOBATh HYXHOMY IMOPSJIKY JUIsl PaclOOXKEHUS CTPOK B HOBOM
Mmatpute. [locie aToro pernienre MoOKHO MOJIYYUTh MPOCTHIM MEPEMHOKEHUEM MATPUIL:

0100 4 111 0
Loaan I 37 &
A=
oo1a0 3 M40 2

oooil 0T 44



[Tpumep 14. Jlana marpuna: A(4x4). TpeOyercsa mepecTaBUTh B MaTpUIE CTOJOLBI C
Homepamu O u 1.

Pemenne. Jlng npeoOpa3oBaHus HCXOJHOW MaTpullbl  TpeOyeTcss MOJArOTOBHUTH
BCIIOMOTATeNIbHYI0 Marpuily. Bo BcrmomorareiabHON MaTpHIle MECTOIOJIOKEHUE EIUHUIl B
CTONOIIaX COOTBETCTBYIOT HY)KHOMY MOPSAKY sl BRIOOpa MX B HOBYIO MaTtpuiy. Ilocie atoro
pEIIeHUE MOKHO MOJIYYUTh MPOCTHIM MEPEMHOKEHUEM MATPUIL;

01oa LT %
L ooana 1410
A =

no1a0 3430 2
nooil T 04 244

Paccyxxnas Takum 00pa3oM, MOXHO C TIOMOIIbIO BCIIOMOTaTENIbHOIO BEKTOpa C
€AMHUYHBIMA KOMITIOHEHTaMHU TOJIYyYUTh BEKTOP, KOMIIOHEHTHI KOTOPOro OyIyT paBHBI CyMMeE
CTPOK (CTOJIOIIOB) MATPHIIBI, @ TAKIKE CYMMBI OTICIIBHO BBIJICIICHHOTO CTOJIOMKA (CTPOYKH).

[Mpumep 15. [lana marpumna: A(4x4). TpeOyercs HailTH CyMMy DJIEMEHTOB B CTOJIOLE C
HOMEPOM 3.

Pemenne. ns pemenus 3anaun TpedyeTcs MOATOTOBUTH BCIIOMOTATENbHBIM BEKTOP-CTPOKY
U3 €IMHUYHBIX 3JIEMEHTOB U BBIIIOJIHUTH YMHOXCHHUE:

E=(111 11

E-A B4 = [5)

[Mpumep 16. [Jana marpuna: A(4x4). TpebyeTcs MONyYUTh BEKTOPA, 3JIEMEHTBI KOTOPOTO
OyAyT MPeJCTaBIATh CYMMBI 3JIEMEHTOB B CTOJI0LIAX MATPUIIBL.

Pemenue. I[J'I}I peICHUA Tpe6yeTc;1 HoATOTOBUTH BCIIOMOTaTeIbHBIN BCKTOP-CTPOKY H3
CAWHHUYHBIX 3JICMCHTOB W BBIIIOJTHUTH YMHOXCHUC!

E=cl 11 1)
Ea=(17 57 12 54

Konmponavhsie gonpocei

Kak noMeHsATh MECTaMH CTPOKH MATPUILIbI?

Kak BBIYMCINTH TOCTPOYHBIE CYMMbI MaTpPHUIIbI?

Kak u3MeHUTh CBONCTBA YK€ CO3/1aHHOM CTPOKH TeKcTa?
Kaxk co3maTh HOBEIN TEKCTOBBINA CTHIIL?

Kak 3arpy3utb JOMOTHUTENBHBIN MpupT?

s E



6. Kak co3mare BepTUKAIbHYIO CTPOKY TEeKCTa?

Crnucok 1umepamypul, peKOMeHOVeMblil K UCNOJ1b306AHUI0 NO OAHHOIL meme:
1. Bepnuuep, 3. M. CAIIP B MammmHOCTpOSHUH : y4eOHUK 11 By30B / D. M. bepnunep, O.

B. TaparsinoB. — Mocksa : ®opym, 2014. — 448 c.

2. AdanaceeBa, H. FO. BbruuciautenpHble W 3KCHEPUMEHTAIBHBIE METOIbI HAYYHOTO
JKcTiepuMeHTa : [yue6. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.

3. Xnebuukos, A. A. UndopmarimoHHbIe TEXHOJIOTHH : YIeOHHUK / A. A. XJ1€OHUKOB. — M. :
KnoPyc, 2014. —472 c.

4. MATHCAD 14: OcuHosubie cepucsl u Texunosoruu [loxapckas I'. U., Hazapos JI. M.
Nznatens: Hannonaneuelit OTkpeiThiil YHUBepeuteT « MHTYUT», 2016

JlaGoparopuasi padora7. [loctpoenue TpexMepHoro rpaguka 3aBUCUMOCTH TOKA B
menu R, L, C ot Ru XL

Teopemuueckas uacmo.

Hapsny ¢ nByxmepubimu rpapuxkamu MATHCAD mno3Bonsier co3naBaTh U TPEXMEpPHBIE
rpaduxu. st 3T70r0 HEOOXOAMMO CO3/1aTh MATPHILy, COACPIKANIYI0 3HAYCHUS (DYHKIHUU IABYX
[IEPEMEHHBIX, U NTOKa3aTh €€ B BUJE IOBEPXHOCTH B TPEXMEPHOM MPOCTPAHCTBE.

Hcnonb3yeM MonydeHHbIE paHee HABBIKK MOCTPOSHUS M PEIAKTUPOBAHUS TPAUKOB IS
peLIeHUS 33]1a4 SJIEKTPOTEXHUKH.

O0opynoBaHnue U MATEPHAJIBL.

ITepconanbHblii KOMIBIOTEp, Tiporpamma MathCAD.

Yka3zanus no TexHukKe 0€30MacHOCTH:

CoOTBETCTBYIOT TEXHHMKE O€30M1aCHOCTH 10 paboTe ¢ KOMIBIOTEPHOM TEXHUKOM.

3ajaHus
IlycTts, HampuMep, B CXeMe, ITOKa3aHHOW Ha puC. 1, U3MEHSIOTCA JBa MapaMeTpa: HHIYKTUBHOE

conporusiienne XL u aktuBHOe conportusicHue R. Bemnumna emkoctu konaeHcaropa C u
€MKOCTHOE comnpoTuBiieHue JloctaroTcss mocTossHHBIMU. [10CTOSSHHBIM OCTaercss U BHYTpEHHeEe
AaKTUBHOE CONPOTHBIICHHE WHIYKTMBHOW Karymiku T. IlomHoe compoTuBieHue Lenu
nepemeHHoMy TOKY Z = y](R + 1)~ + (XC - XL)2 u Tok B uenu [ = U / Z ansitorcst GyHKIUAMU
ITUX ABYX I1apaMETPOB.

ITyctes muraromee Hanpspkenwe U - 10 B, Xc = 1 OM, BHyTpeHHEE NOCTOSHHOE AKTUBHOE
COINPOTHUBIIEHNE UHAYKTUBHOM KaTymku T = 0,4 Om.

AxTuBHOe compoTuBieHue R mamensiercs ot vyas 10 0,4 Om ¢ marom 0,02 Om. UHaykTHBHOE
conpotusiieHne XL n3mensiercsa ot Hyna 10 2 Om ¢ marom 0,1 Owm.


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

3asucumocTh TOKa B enu R, L, Cor Ru X,
n:=0.20 m:=0.20 R,:=0,02n +04

Xy :=0Im U:=10 Xoi=t
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Zomi— VR + X=Xy ) [ =77
n,

Pucynok 1. TpexmepHblii rpaguk ¢ pe30HAHCHBIMU KPUBBIMU
HNunexcer snementoB mMaccuBoB R, XL, Z u [ momkHbl OBITH 1EdbIMH YHCIaMH. [loaTomy
ONpeNeIuM LEeIble TUCKPETHBIE apryMEeHThl NUTH BbIpasuMm nepeMeHHele R m XL kak
uHAekcupoBanHbele mnepemeHHble Rn u XL (cm. pucl). U3 3roro pucyHka BUAHO, 4YTO
JVCKPETHBIE APIYMEHTBI ITUT U3MEHSAIOTCA OT HYJIA 10 20 ¢ maroM, paBHbIM €IMHHULIE.
[Tocne Toro kak OymyT ompeaeneHbl 3Ha4eHUS QYHKIMHA Z W / OT apryMEHTOB IUT, MOXHO
cTpouth rpaduk. i atoro Hamo Haxkath knaBuiu [Ctrl]+I2] wnu BeiOpaTh B MeHIO BceraBka
(Insert) — I'padux (Graph) — IToBepxuoctu (Surface Plot). MokHO Tak)ke BOCIIOIB30BATHCS
kHonkoi Wuctpyments! rpagukoB (Graph Toolbar) u B nnpopmanmonHom oxHe (cMm. pucl)
BBIOpaTh cpenHtoro KHomKy ['paduk mosepxunoctu (Surface Plot). BeeauTe onanM u3 yka3zaHHBIX
Croco0oB IIAa0JIOH TpEeXMEpPHOro rpaduka W B IOJe BBOJA (B YEPHOM MPSMOYTOJbHUYKE)
HareuaTaiite ums QyHKIu, T.¢. L.
Bbl yBUnnTE HarnsaHoOe NpeacTaBlIeHUe MaTpUlbl. [1o TOpU30HTAIBHBIM OCAM OTKJIAaJbIBAIOTCS
apryMEHTHI T U T, a 1O BepTUKaIbHOU ocu — TOK . [TomMecTtuTe ykazarenab MBI Ha Tpaduk
MOBEPXHOCTH M MOIMPOOYIHTE NepeMeniaTh MBIIIb ¢ Ha)KaTOM JIeBOW KHOMKOM. Bl yBuanTE, Kak
MOBOpaYMBaeTCs rpaduk.
[TonGepute i Hero Hauboee MOAXOIAMINN paKypc.



Puc. 2.15. DnexTpuueckas uens Mg HCCICHO-
BAHHSA SIBJICHHS PE30HAHCA HATIPsSHKEHUH

Koumponavhnvie gonpocot

KomaHAabl peaakTMpoBaHusa BEKTOPOB 1 maTpuL, B cpege MathCAD.

Jyist 9ero mpuMeHSIOTCs Ta0I0HbI?

Kak co3naTh JOKyMEHT Ha OCHOBE I11a0sI0Ha?

Kaxk co3ngaTh HOBBIN 11a0I0H?

TpexmepHble rpaduKu.

Co3zanue MaTpullbl, CoAEpKalllel 3HaUeHUs] (PYHKIIUU JBYX MMEPEMEHHBIX, U
O0TOOpa)XKCHHE €€ B BUC MOBEPXHOCTH B TPEXMEPHOM MPOCTPAHCTRBE.

SouhkwdE

Cnucox 1umepamypbl, peKOMEHOYeMblil K UCHOIb308AHUI0 NO OAHHOU meMme:
1. bepnunep, 3. M. CAIIP B MmammHoCcTpoeHUH : yueOHUK [ By30B / O. M. bepnusnep, O.

B. TapatbsiHoB. — MockBa : @opym, 2014. — 448 c.

2. AdanacbeBa, H. HO. BpuuciautensHble U SKCIEPUMEHTAJIbHBIE METOJbI HAay4YHOTO
sKcrepuMeHnTa : [yue0. mocodbue™]. — M. : KHOPYC, 2013. - 330 c.

3. XnebHukos, A. A. IHpopMarmoHHbIe TEXHOJOTHH : yueOHuK / A. A. XneOHUKOB. — M. :
KnoPyc, 2014. —472 c.

4. MATHCAD 14: OcuHoBable cepBucsl u Texunosiorun [loxapckas I'. U., Hazapos JI. M.
N3narens: HaunonaneHeiit OTkpeiThiid YHUBEpcuTeT «MHTYUT», 2016

JlabGopaTopHas padora8. Pemenue ypaBHenuid

Ilenv pabomer:

HayuuThcs co3naBarh 0JI0KU, UCTIOIB30BAaTh TOTOBBIE OMOIMOTEKU OJIOKOB U pa3padaThIBaTh
coOCTBEHHBIE OMOINOTEKN.

Teopemuueckaa uacmeo.

OrpomMHO€ KOJMYECTBO 3aJa4 BBIYUCIUTEIHLHOW MAaTeMaTHKU CBSI3aHO C pELICHUEM
HEJIMHEHWHBIX anreOpanvyecKux ypaBHEHHM, a TaKKe CHCTeM Takux ypaBHeHHil. [lpu sTtom
HEOOXOUMOCTh PELIEHUS] HETUHEHHBIX YpaBHEHUH BO3HUKAET 3a4acTyl0 Ha MPOMEKYTOUHBIX
marax, mpH peainu3anii GparMeHToB 00Jiee CIIOKHBIX aJTOPUTMOB (K MPUMEPY, TIPU pacueTax
muddepeHIMaTbHBIX YPaBHEHUM MPU MOMOIIM Pa3HOCTHBIX CXEM M T. I1.). YUCIIeHHOe pelieHne
HEJIMHEWHOTO ypaBHEHHUS AJTOPUTM MpUOIMKEHHOro perieHust ypaBHeHus f(x)=0 coctout u3
JIBYX 3TAIlOB:

1. HaxoXIeHHs TPOMEXKYTKa, COJIEPKAIIEro KOPEeHb YypaBHEHHMS (WM HavaJbHBIX
npUOIMKEHUHN 1J1s1 KOPHS);


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

2. NOMy4YeHUs: NPUOIMKEHHOTO PELIeHUs C 3alaHHON TOYHOCTBIO € TIOMOIIbI0 (PYHKIIUU
root. Eciu mocne muorux wurepanuii MathCAD He HaXoauT MOAXOIAIIEro MPUOIMKEHUS, TO

, :
MOSIBUTCS COOOLICHHE | Can't converge to a solution. |(0TcyTCTByeT CXOAMMOCTB).

OQ0opvyaoBaHue M MATEPHAJILI.

[epconanbublil KomIbIOTEp, porpamma MathCAD.

YKa3aHnus no TexHuke 0e30nacHOCTH:

COOTBETCTBYIOT TEXHHKE O€30MaCHOCTH 10 paboTe ¢ KOMIBIOTEPHOM TEXHUKOM.

3aoanus

Mpumep 1. PeweHmne ypaBHeHUA ¢ nomoLwbio GpyHKLMKM ROOT

[Mpumep 1. PelleHne ypaBHEeHWS C NOMOLLLIO YHKLMKM ROOT

f(x) = 2-In(x) - % 1 3anaem yHkUMIO f(X)

Ctpoum rpadumk u
' ' ' ' ‘ HaxoAUM HavanbHoe
f(x) npubnuxeHune

x:=07
root (f(x),x) = 0.728
Ota ommbKa MOXKeT ObITh BbI3BaHA CIEAYIOIIMMH NPUUHMHAMU:
* YPaBHCHUEC HE UMEECT I(OpHGfI;
* KOpHHU YpaBHCHH:A PACIIOJIOXKCHBI JAJICKO OT HAYAJIBHOT'O HpI/I6J'II/I)KeHI/I$I;
¢ BBIPAXKECHUE UMECT KOMIIJIEKCHBIHN KOPE€Hb, HO HAYaJIbHOC HpI/I6JII/I)KCHI/IC OBLIO BCIICCTBCHHBIM.

UroObl yCcTaHOBUTh NpUUYUHY OIIMOKH, uccienyirte rpadux f(x). OH MOMOXKET BBIICHUTH
Hanuuue KopHel ypaBHeHus f(x) = 0 W, ecaM OHU €cTh, TO ONPENENIUTh NMPUOIU3UTEIBHO HX
3HayeHusa. YeM TouHee BBIOpAaHO HayalbHOE MPHOMMKEHHE KOpHs, TeM ObicTpee Oyaer root
CXOUThHCS.

ITpumep:

HaxoxneHnue KOpHA HEJIUHEHHOTO YpaBHCHUS:
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1. Onpenenure KOpeHb HETMHENHOIO YpaBHEHUS:

_eX

X+0,323- =0

¢ TouHocThio € =107 , eciit Xo = 0,8.

2. OnpenenuTe KOPeHb HEIMHEUHOTO YPABHEHUS:

X
x-e =4.28
¢ TouHocteio  €=10° | ecim Xo =1.2.

3. Onpenenurte KOpeHb HEJIUHEHHOTO YPaBHEHHS:
2
x+x ++/X =4.75

¢ TouHocThio € =10 | ecom Xo =1.5.

4. Onpenenurte KOPEHb HEIMHEMHOTO YPaBHEHHUS:

x-3/x =0.109
¢ Tounoctsio € =10 | eciu Xo =1.1.

5. Onpenennute KOpeHb HEMTUHEHHOTO YPABHEHUS:

X2 +x=3.3
¢ TouHocThIo € =10 | ecim xo =1.4.

HaxoxpeHue KopHeii noaMHOMa



Jlnst HaXOKIeHUsT KOpHEW BBIpaxkeHus, uMeromiero Bua vO+vix+... vn-1x n-1 +vnx n , mpyqme
UCTIONB30BaTh (pyHKIHMIO polyroots, Hexenu root. B ornmume ot dyHKImmM root, QyHKIUSL
polyroots He TpeOyeT HAYaIbHOTO TMPHUOIMKEHHS M BO3BpaIaeT Ccpa3dy BCcEe KOPHH, Kak
BEISCTBEHHBIE, TAK U KOMILJIEKCHBIE.

Oynknus Polyroots(v) - Bo3Bpamaer KOpHU MOJIMHOMA cTerneHd n. KoagduuueHTsl nmoamHoMa
HAXOJATCS B BEKTOpEe V JUTMHBI n + 1. Bo3Bpamiaer BEKTOp JJIUHBI N, COCTOSINUN M3 KOpHEH
MOJIMHOMA.

Mpumep 2. HaxoxaeHne KopHeit noanHoMa

075X — 8X+ 5
[na cozgaHus BeKTopa V.
1. NocTaBbTe Kypcop Ha NepPeMEHHYI0 X B BbIpaXXeHUN
3
( 5 075X — 8X+ 5
-8 2. BeinonHute komaHay CuMBOnbl —
vi= KoadpdpuumneHTbl NONUHOMa
3. BeinonHute komauay lNpaBka — Beipesats
4. HanevyataiTe v:= 1 BbINONHUTE KOMaHALY
MNpaBka — BcTtaBuTh
—3.542
polyroot{v) = | 0651
2.892

Pewenne cucrem ypaBHeHul PemieHne cucrem ypaBHEHMH MaTpU4HbBIM MeTOI0M Paccmorpum
CHCTEMY N JIMHEWHBIX alre0pandyecKux ypaBHEHHM OTHOCUTENIBHO N HEU3BECTHBIX X1, X2, ..., Xn:

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

Ay X) + Ay Xy + .t Ay X, = by,

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

CucremMa IMHEHHBIX ypaBHEHUI MOXET OBbITh 3alycaHa B MaTPUYHOM BUJIE:

Ax =Db, rze:
_ . x| by
a,  dp a,
a, a a, X b,
A = " N X = s b =
_anl an2 ann | b
7xﬂ' 1 | h_|

Ecnu det A # 0 To cuctema miM SKBUBAJICHTHOE €if MAaTpUYHOE ypaBHEHHE UMEET €IMHCTBEHHOE
peumenne. Pemenue cucreM ypaBHeHHH ¢ momoinbeio ¢yHkuun Lsolve Cuctembl JTUHEHHBIX
ypaBHEHMI y100HO pemarh ¢ nomousio GyHkuuu Isolve. @ynkius Isolve(A, b) - BozBpamaer
BEKTOp pEIIeHUs X TaKol, 4To AX =b.

Mpumep 3. PelieHne cuctembl ypaBHEHU I



X, +2x,+3x;+4x, =30
-x,+2x,-3x;,+4x, =10

X, —X;+x, =3

X, +x,+x;+x,=10

3anuwem B MaTpU4YHOM BMAE:

1 2 3 4 30
-1 2 =3 4 b 10
A= 0 1 —1 1 B
L1 11 IJ LIOJ
|A| = -4
(2]
1 2
XZA ‘b X =
A 3
4
X = Isolve(A,b)
1
2
X =
3

PelieHune cuctembl ypaBHeHU meToaom laycca

Meton I'aycca, ero eme Ha3bpBalOT METOAOM ['aycCOBBIX MCKIIIOYEHMM, COCTOMT B TOM, YTO
CUCTEMY YpPaBHEHUH MPUBOAAT IOCIEAOBATEIbHBIM  HMCKIOYEHHEM  HEM3BECTHBIX K
DKBHUBAJIEHTHOW CUCTEME C TPEYTrOJIbHOM Marpuuei. B MaTpu4HON 3amucH 3TO O3HA4aeT, 4To
cHavyasia (mpsiMOi Xoj MeToja ['aycca) aneMeHTapHBIMU OIEpalUsiMHU HaJ] CTPOKaMHU HPUBOJSAT
pacIIMpPEHHYI0 MATpHUIly CHUCTEMBbl K CTYNEHYaToMy BHAY, a 3aTeM (0OpaTHBIM X0/ MeToja
laycca) oty cTymeHuaryro MaTpuIly MpeoOpa3yloT Tak, 4YTOObl B TIEPBBIX N CTOJOIAx
nojsyumiach enuHuyHass marpuua. I[locmemnmii, (n + 1) cromben 3ToM MaTpULIBI COAEPKUT
pEILIEHNE CUCTEMBI.

B MathCAD npsimoit u oOpaTHsIit x0a61 MeTo1a ["aycca BoimonHseT hyHkuus rref(A).

Mpumep 4. PewneHne cuctembl ypaBHeHuii metogom lFaycca

X, +2x,+3x;+4x, =30

I 2 3 4 30
-Xx,+2x,-3x,+4x, =10 19 -3 4 10
X, —X;+x, =3 A= 01 =1 1 b= 3
Xp+ Xy + X, +x, =10 I 11 ]J IUJ

ORIGIN =1



dopMUPOBaHUE PACLUIMPEHHON MATPULIbI CUCTEMBI:

b2 (2%
|l w
('S}

IS
=
o ©

Al = augment(A,b) —1

_— O
—_ |
= w
o

\“-_

MpuBEAEHWE paCLUMPEHHOW MaTPULIbl K CTYNEHYATOMY BUAY
(npsimon n obpaTHbIA Xoabl MeToaa [aycca

(1 00 0 1\
A2 = rref(Al) AD = 0100 2

00103
00014

MpoBepka:
o)
0

0

X = submatrix(A2,1,4,5,5)

= e

PeweHue cuctem ypaBHeHuU ¢ nomowbio pyHKuui Find nam Minner

Jns pemieHust cucTeMbl ypaBHEHUW ¢ momormibio (yHKuu Find HE00XOIUMO BBITIOIHUTH
ClIelyIoIIee:

1. 3amaTe HauanbHOE MPUOIIKEHUE ISl BCEX HEU3BECTHBIX, BXOJAIINX B CUCTEMY YpaBHEHHIA.
MathCAD pemiaer cucteMy ¢ MOMOIIBI0 UTEPAITMOHHBIX METOIOB;

2. Hanewarats kimodeBoe ciioBo Given. OHo ykassiBaeT MathCAD, uto nanee cineayer cucrema
YpaBHEHUN;

3. BBenute ypaBHeHUs W HepaBeHCTBa B NtoOoMm mopsake. Mcmonsdyiite [Ctrl]= mns neuyatu
cuMBolIla =. Mexay JeBbIMH W TPaBbIMH YaCTIMU HEPABEHCTB MOXET CTOSATh JHOOON H3
CUMBOJIOB , > U <;

4. Beenute nro00e BeIpakeHne, KoTopoe BkitodaeT pynkmuio Find, manpumep: x:= Find(x, y).

KiroueBoe ciioBo Given, ypaBHEHHs] U HEPABEHCTBA, KOTOPBIE CIEAYIOT 32 HUM, U KaKoe - JTu0o
BhIpakeHHe, cojepxaniee Gpynkuio Find, Ha3piBaloT 6/10KOM pelieHUs! ypaBHEHMIA.

Mpumep 5. PewneHne cuctembl ypaBHeHMi ¢ nomolubio ¢pyHKumm Find



xl:=0 x2:=10 x3:=0 x4 :=0 HavansbHele npnbnwkeHus

Given

X1+ 2x2+ 3x3 + 4x4 = 30

X1+ 2x2-3-x3+4x4 =10
X2-x3+x4=3
xl+x2+x3+x4=10

1]

4

Find(x1,x2,x3,x4) =

Oynkuus Minner oueHb noxoxka Ha ¢yHkuuto Find (ucmons3yer ToT e anroputm). Eciu B
pe3yabTaTe MOUCKa HE MOXKET OBITh MOIYYEHO JallbHEHIIee yTOUHEHHE TEKYIIETO MPHOIMKEHHS
K pemeHuro, Minner Bo3Bpamiaet 31o npubmmkenne. @ynkuus Find B aTom cinydae Bo3Bpaiaet
coobmuienne 06 ommoOke. [IpaBuna ncnonp3zoBanus GyHKIUM Minner Takue xe, Kak U GyHKIUU
Find. ®yskums Minerr(x1, X2, . . .) - BO3Bpamaer NPUOIMKEHHOE PpEIICHUE CHUCTEMBI
ypaBHeHHMH. YUCII0 apryMeHTOB JOJKHO OBITh PaBHO YHCITY HEU3BECTHBIX

CMMBObHOE pelleHne ypaBHEHWIA

HmeroTcss HEeKOTOphIE 3a7adu, s KOTOPhIX BO3MOxHOCTH MathCAD mMmo3BOJSIIOT HAXOIUTh
peuieHuss B CUMBOJIbHOM (aHAJIUTHYECKOM) BHje. PereHue ypaBHEHUN B CHMBOJBHOM BHUJIE
MO3BOJIIET HANTH TOYHBIE WU MPUOIIMKEHHBIE KOPHU ypaBHEHUSI:

¢ C€ClIM peluracMoC€ YpaBHCHHC HUMCCT IapaMeTp, TO PCEHICHUEC B CHUMBOJIBHOM BHIC MOXKCET
BBIPA3UTh HCKOMBIH KOpPCHb HEMIOCPCACTBCHHO YCPE3 IMapaMETp. HOBTOMY BMECTO TOT'O YTOOBI
peliaTh YpaBHCHUC JIA KAXKAOTO HOBOI'O 3HAYUCHUS IMMApaMCTpa, MOKHO IIPOCTO 3aMCHATH €TI0
3HAYCHHUE B HAlJICHHOM CHMBOJIHLHOM PCLICHUH,

¢ CCJIM HY>XXKHO HaWTH BCE KOMIIIEKCHBIE KOpHH IMOJIMHOMA CO CTCIICHBIO MCHBIIIC HUJIN paBHOﬁ 4,
CHUMBOJIBHOC PCIICHUEC JAaCT UX TOYHBLIC 3HAYCHUSA B OAHOM BCEKTOPEC WM B aHAJIUTUYCCKOM HJIA
U(pPOBOM BUJIE.

Komanna CumBonsl — IlepemenHble — BpIUMCINTE TO3BOJSET PELIUTh ypaBHEHUE
OTHOCHUTEJIBHO HEKOTOPOH INEPEMEHHON M BBIPA3UTh €r0 KOPHU YE€pe3 OCTAIbHBIE IapaMeTphbl
YpaBHEHUS.

YroObl peluTh ypaBHEHHE CUMBOJIBHO, HEOOXO0AUMO:

1. Harmeuaratno BBIPAXXCHUC ():[J'IH BBOJIa 3HAKa PaBCHCTBA PICHOJ'H:3y1>iTC KOMGI/IHaLII/IIO KJIaBHUIII
Ctrl + =);

2. BblIenuTh MepeMEHHYI0, OTHOCUTEIBHO KOTOPOM HYKHO PEIIUTh ypaBHEHHE, IICJIKHYB Ha
HEI MBIIIBIO;

3. BwiOpats nmyHkT MeHio CumBoisl — Ilepemennbie — Bpruucnuts. Her HeobGxoammoctu
OpUpaBHMBATh BbIpakeHHe Hymo. Ecaun MathCAD He HaxonuT 3HaKa paBeHCTBA, OH
IpeJoiaraet, 4To TpedyeTcsl NpUpPaBHAThH BhIpaXKEHHUE HYJIIO.

UToObl pemuTh cucmemy yYpaeHeHUll 6 CUMBOIAbHOM 6ude, HEOOXOIUMO BBINOIHUTH
CleyIolIee:

1. HaneuaTath katoueBoe ciioBo Given,;



2. Hanevaratp ypaBHEHHS B JI0OOM mopsake Hwke ciaoBa Given. YIOCTOBEpPHTECH, YTO IS
BBOJIa 3HaKa = ucnonb3yercs Ctrl + =;

3. Hamreuatats ¢pynknuio Find, COOTBETCTBYIONTYIO CHCTEME YpaBHEHUH;

4. Haxare Ctrl +. (xmaBuma CTRL, compoBokmaemass Toukoit). MathCAD otoGpasut
CUMBOJIbHBIN 3HaK PaBEHCTBA —;

5. lllenkHyTh MBITIBIO HA GyHKIHH Find.
Npumep 6. PelneHne cucteMbl ypaBHEHUI B CUMBONIBHOM Buae

Given
X+2my=a

4x+y=b 2nb-a
-1+ 8m
—(-4-a+b)

-1+ 87

Find(x,y) —>

Koumposavnvie gonpocot

Pemenune ypaBHenus ¢ nomotibto ¢pynkiuun ROOT.

HaxoxneHne KOpHs HEIMHEHHOTO YPaBHEHMUS.

HaxoxeHre KopHed NoJIMHOMA.

Pemenne cucremsl ypaBHeHU MeTo1oM [ aycca.

Pemenue cuctem ypaBHeHui ¢ nomorubio Gpyukiuii Find wim Minner.
CHUMBOJIBHOE pellIeHUE YpaBHEHHH.

ook wnE

Cnucox 1umepamypol, peKOMeHOYeMblil K UCHOJ1b308AHUI0 RO 0AHHOU meme:
1. Bbepnunep, 2. M. CAIIP B MmammmHOCTpOSHUH : Y4eOHUK 1715t BY30B / O. M. bepmunep, O.

B. TapateiHoB. — Mocksa : ®opym, 2014. — 448 c.

2. AdanacbeBa, H. FO. BpluncnutenbHble M HSKCHEPUMEHTANbHbIE METOJbl HAY4YHOTO
sKcHepuMeHTa : [yued. mocobue*]. — M. : KHOPVYC, 2013. —330 c.

3. Xne6HukoB, A. A. IHpopMamoHHbIe TEXHOJIOTHH : yueOHUK / A. A. XneOHukoB. — M. :
KuoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHable cepBuchl u TexHomoruu Iloxapckas I'. 1., Hazapos 1. M.
N3narens: HanmonaneHeiit OTkpeiTeiil YHUBEpcuTeT «MHTYUT», 2016

JlabopaTopnasi pa6ora9. Pemienue nuddepeHunanbHbIX ypaBHEHHUIA.

Ilenv pabomer:

HayuuThcs HaHOCUTB TMHEWHBIE, paiuaibHble, TMaMeTpaabHbIe Pa3Mephl, HACTPAUBATh
pa3MepHbIe JINHUU U pa3MEPHBINA TEKCT, HAHOCUTH IITPUXOBKY HA YEPTEXKeE.

Teopemuueckas uacmo.



http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

B cucremy MathCAD BBeneHa BO3MOXKHOCTh pemieHus AuddepeHnaabHbIX YPaBHEHHI
U CUCTCM C TaAKMMH YpPAaBHCHHAMU B YUCJICHHOM BUIC. 3Ty BO3MOXHOCTb TPYAHO IICPCOLUCHUTD,
TaK KaK MHOTHE CEPbE3HbIe HAYYHO-TEXHHYECKHE 3a7aul (0COOEHHO OTHOCSIIMECS K aHaU3y
JUHAMAYECKUX CHCTEM M K UX MaTeMaTHYEeCKOMY MOJECIMPOBAHUIO) 0a3UPYIOTCS Ha YMCICHHBIX
METO/IaX PEIICHUs] CUCTEM MU PEPEHIINATBHBIX YPAaBHECHHN.

Henuneiinbie nuddepeHipanbubie ypaBHEHUS U CUCTEMBI C TAKUMH YPaBHEHHUSIMH, Kak
IpaBWJIO, HE HWMEIOT AaHAIUTUYECKUX METOJOB pElIeHUs, M 37eCb OCOOCHHO Ba)kHa
BO3MOXXHOCTh HX PpEUICHHs] YHUCICHHBIMU MeToJaMu. B OOJIBIIMHCTBE CllydaeB >KeJIaTelbHO
MPEJICTAaBICHUE pPEUIeHU B TpaduyeckoM Buje, yTo U mo3BossieT MathCAD.

Jns peuieHuss auQPepeHIUATBHBIX YpaBHEHUH (CHUCTEM) pa3lIM4HOrO MOPSIKa U
pasmuunbiMi Metosamu B MathCAD BBenensl 13 Berpoennbix ¢ynkumii: rkadapt, Rkadapt,
rkfixed, Bulstoer, bulstoer, bvalfit, multigird, relax, sbval, Stiffb, stiffb, Stiffr u stiffr.
Ha3HaueHue U OnucaHue apryMeHTOB 3THX (DYHKIIHIA aHbI B JICKIIHH.

B ¢ynukmuio rkfixed 3amoskeH IIMPOKO pacHpOCTpPaHEHHBIM METOJ  PpeHICHUS
muddepeHManbHbIX ypaBHeHU — meton Pynre-Kyrra. HecMoTpst Ha TO, 4TO 3TO HE camblii
obicTpbiii MeTon, ¢yHkuus rkfixed mouTm Bcerga cmpaBisieTcsl C MOCTaBICHHON 3aqadei.
OpHako ecTh Cilydau, KOrja Jydlle HCIOJb30BaTh 0oJiee CIIOKHBIE METOAbl. OJTH Cilydau
MOMAJAl0T TMOJA TPHU IIUPOKHE KATErOpUH: cHcTeMa MOKeT ObITh kectkoil (Stiffb, Stiffr),
dbyHkyu cuctembl MOryT rnaakumu (Bulstoer) nin miaBasimu (Rkadap). Hepenko npuxoaurcs
poOoBaTh HECKOJIBKO METOJIOB Ha OJJTHOM AH(depeHInanbHOM ypaBHEHUH (Ha OHOM cucTeMe),
4TOOBI ONpeAEInTh, KaKoi MeTox aydie. Kak n3BecTHO, 4TO pelieHHe IJ1aJKoe, UCIOIb3yeTCs
dbyukus Bulstoer, kyna 3anoxen meron bypnumi-Illtepa, a ne Pynre-Kyrra, ucnonb3yemsbrit
¢yuknueit rkfixed. B atom ciydae pemenue Oyzaer TouHee. MokHO pemuTh 3agady Oosee
TO4HO (60Jee OBICTPO), €CIAM YMEHBIIUTH Iar Tam, TJIe TPOU3BOAHAS MEHSETCS OBICTPO, U
YBEIIMYNTH IIar Tam, TJe OHa BeleT Oosee crokoiHo. [is sTtoro mpemycMoTpeHa (GyHKIHS
Rkadap. Ho, HecmoTpss Ha TO YTO OHa MpH pelIeHUH AUPPEPEeHLIUaTbHOIO YypaBHEHUS
UCIIONIb3YET HemocTosiHHBbIM mmiar, ¢yHkuuss Rkadap mpeacraButr oTBeT uid  TOYeK,
HaXOMAUIMXCS HAa  OJWHAKOBOM pACCTOSHUM, 3aJaHHOM  Tojib3oBarerneM.  Cucrema
mubdepeHIMaNbHBIX  YpaBHEHUM, 3amucaHHas B MaTpuuHoil ¢opme y=A-X, rae A — modurtu
BBIPOXK/IGHHAs] MAaTpHULA, Ha3bIBaeTcs >KeCTKOW. Ilpum pemeHuM »KEcTKHX CHCTEM CleayeT
UCIMOJIb30BaTh OJHY M3 JBYX BCTPOEHHBIX (PYHKIUH, pa3paOOTaHHBIX CHENMAIbHO JAJIS TAKUX
ciyuaeB: Stiffb u Stiffr. Onu ucnonssyror meron bymupm-Iltepa (b) unu Posen-6poxka (r).
OyHKIMY, HAYMHAIOLINECS CO CTPOUYHOM OYKBBI, JAIOT PELICHUs TOJBKO /ISl KOHEYHOH TOYKH.
Jlnist penieHns IBYXTOUEUHBIX KPaeBbIX 3aa4 NpeaHazHayenbl GyHkiuu: sbval u bvalfit. dns
pemenns aud¢epeHnuanbHblX  ypaBHeHU# IlyaccoHa (B 4YacCTHBIX MPOM3BOAHBIX BTOPOTO
nopsijika) U ypaBHeHuit Jlamnaca B cucremy BBeJeHbI cienyromue ¢yHkuuu: bvalfit, multigird,
relax, sbval.

O0opvyaoBaHue M MATEPHAJIDLI.

[MepconanbHbIi KOMITBIOTEp, porpamma MathCAD.

Yika3aHus no TeXHUKe 0€30ACHOCTH:

CoOOTBETCTBYIOT TEXHUKE 0€30MMAaCHOCTH IO pabOTe C KOMIIBIOTEPHON TEXHUKOM.
3amanus

Pemuth 00bIkHOBEHHOE MU (DG EpeHITNANTBHON YpaBHEHNE



PeweHune cuctembl U3 ABYX AndpepeHunanbHbIX ypaBHEHWIA
meTopnom PyHre-KyTTa ¢ hMKCMpOBaHHBIM LLArom

w:=-0.1 [lapameTp cuctembl X .= 1 YCINOBUIA

[ 0 ) BekTop Ha4anbHbIX
—’ Cuctema HenuHenHbIX
v depeHyManbHbIX

- Xp
w- X, + Xu—[{}(n)z + (X,)E] X, J ypaBHEHWIA

D(t. X) F{ R A

Z = rkfixed X, 0,20, 100,D) n:=0.99 3apaHue pelueHns

|
0 20 40 60 80 100

3aganue k pabote: Pemute Ha orpeske [Xo,Xn] 3amauy Komm y' = f(X,y),

Y (Xo) = Yo ™etomom Pynre-KyTTel ¢ mocTosiHHBIM mrarom. M300pasute rpaduKu perieHui,
BBIYHCIICHHBIX C maramu h, 2h u h/2. 3nauenue xn > Xo BBIOEPUTE CAaMOCTOSTEIBHO.

BapuaHTbl UHAUBUAYANbHbIX 3a4aHNIA



F(x,y,y)=0
Ne (x,,)) Hauanwnoe ycnosue
1 (e" +Ddy+e'dx=0 »(0)=0.5
2 | ylny+x'=0 y)=e
3 4-x y 4+ +x=0 y(0) = -1g2
4 _ —e" I)=arctg(2-e
3e'tgydx + 2 f dx=0 y0 ¢ )
cos” x
5 | (I+e )y =e" »0)=1
6 | y'sinx=ylny ["T]
| =e
2
7 xdx _ ydy _o v =1
I+y l+x
8 | (1+y*)dx = xdy y ﬁ']_l
" 4
Q | y'sinx=siny ?T] 7
V =
2 2
10 | 3Gy + y)dy+ 2+ y*de =0 ¥(0)=1

Pemmmts 3anauy Komm y1' = fi(X, y1,¥2 ), y2=f2 (X, y1, ¥2), y1(a) = Y10,

y2(a) = y2,0 Ha oTpe3ke [a,b] MeTogom Pynre-Kyrra ¢ mocrosiaubiM marom h=0.1. M3o6pasute
rpaduKy penieHni, BBIYUCIEHHBIX ¢ maramu h, 2h u h/2.

BapuanTsl HANBUAYAIBHBIX 3a/JaHUT

Ne Si(x,p1,2) JECAUNEY, yi(@ | yoa) | a b
1 X+ (1)’ 0o [ 1 | 1 [ 1
2 siny;, COSY| 0.5 -0.5 -1 3
3 xcos(yitys) sin(y1-y2) -0.6 2 2 5
4 siny]coszyz COSYCOSY> 0 0 -1 3
5 cos(y12) sin(y,+y,) 0 0 0 2
6 yolnx Yitys -2 -1 1 |
7 2ni/y 2y1-y2 1 1 1 3
8 ity L/(1+ yity») 0 0 0 4
9 arctg(xy,) siny, 0 0 -2 1

10| sin(x™+2y,) cos(xy;) 0 0 0 4




Koumposivnvie gonpocot

1. PeweHune anddepeHLManbHbIX YPaBHEHNIN (CUCTEM) PA3/IMYHOTO NOPSAKa U
pasanyHbiMn metogamm B MathCAD

2. BctpoeHHasa ¢yHKumsa rkadapt, ee HasHauyeHMe, 0COBEHHOCTH, CUHTAKCUC.

3. BcTpoeHHana ¢pyHKumA Rkadapt, ee HazHayeHWe, 0COBEHHOCTU, CUHTAKCHUC.

4. BcTpoeHHaa dpyHkuma rkfixed, ee HazHayeHMe, 0COBEHHOCTM, CUHTAKCKC.

5. BcTpoeHHana dpyHKumMA Bulstoer, ee HasHauyeHMe, 0COBEHHOCTU, CUHTAKCUC.

6. BcTpoeHHasa ¢yHKuma bulstoer, ee HazHaueHWe, 0COBEHHOCTU, CUHTAKCHUC.

7. BcTpoeHHasa ¢yHKums bvalfit, ee HazHayeHne, 0cOBEHHOCTU, CUHTAKCHC.

8. BcTpoeHHasa ¢yHKuma multigird, ee HasHauyeHMe, 0COBEHHOCTU, CUHTAKCUC.

9. BcTpoeHHasa ¢yHKUmsA relax, ee HasHavyeHMe, 0COBEHHOCTH, CUHTAKCUC.

10. BctpoeHHas ¢yHKumA sbval, ee HazHaueHWe, 0cCOBEHHOCTU, CUHTAKCUC.

11. BctpoeHHasa ¢yHKuma Stiffb, ee HasHaueHne, 0COBEHHOCTH, CUHTAKCUC.

12. BctpoeHHasa pyHKums stiffb, ee HasHaueHWe, ocobeHHOCTU, CUHTAKCKC.

13. BctpoeHHas ¢yHKuma Stiffr, ee HazHayeHWe, 0cOBEHHOCTM, CUHTAKCKC.

14. BctpoeHHas ¢yHKumA stiffr, ee Ha3HauyeHWe, 0cOBEHHOCTU, CUHTAKCUC.

Cnucox numepamypul, peKOMeHOyeMblil K UCHOIb308AHUI0 NO OAHHOU meme:
1. Bepnuuep, 3. M. CAIIP B MammmHOCTpOSHUY : yaeOHUK sl By30B / O. M. bepnuuep, O.

B. TapateinoB. — Mocksa : ®opym, 2014. — 448 c.

2. AdanaceeBa, H. 1O. BprumcnutenbHbple W SKCHEPUMEHTAIbHBIE METOIBl HAYYHOTO
sKcTiepuMeHnTa : [yue6. mocobue*]. — M. : KHOPVYC, 2013. — 330 c.

3. XnebHukos, A. A. HpopmMarmoHHbIe TeXHOJIOTHH : y4eOHUK / A. A. XneOHuKoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: OcHoBHble cepBuchl u texHosnoruu IToxapckas I'. 1., Hazapos . M.
N3narens: Haunonaneuelit OTkpeiThil YHUBEpcuTeT «MHTYUT», 2016

JlaGopaTopHnas padoral(). CuMBOJIbHbIE BHIYUCIEHUS

Henv paoomor:

HayuuTbcs BBOOUTH TpeXMepHbIE KOOPAMHATH 00BEKTOB, UCIOIB30BaTh (DUIBTPHI TOUEK.
[TepexmouaTh peKUMBI TPEXMEPHOTO OTOOpAKEHUSI, HACTPANBATH BU3yaJbHbBIE CTHIIH.

Teopemuueckasa uacms.

CuMBOJIBHBIM 3HaK paBeHCTBa mo3BosiseT Mathcad BbIMTH 3a paMKH YHCIEHHOTO
BBIYUCIICHUS BBIpaOXEHUH. MOXHO MOAyMaTh, 4TO 3TO OOBIUHBIA 3HaK =. B oTianume oT
0OBIYHOTO 3HaKa PaBEHCTBA, KOTOPBIM BCerja BO3BpaIllaeT YMCIIO, CHMBOJIBHBIN 3HAK PaBEHCTBA
MO>KET BO3BpAIllaTh BBIPAXKEHUE.

Uto6bl MMETh BO3MOKHOCTb MCIIOJIB30BaTh CHUMBOJIBHBIM 3HAK PaBEHCTBA, TpeOyercs
Mathcad PLUS. Ecnu 5T0 Tak, ynpoCTUTh BBIpa)K€HUE MOKHO CIIETYIOLIIM 00pa3oM:

. Y nocroBepbTeCh, 4To KOMaHIa ABTOMATHYECKHH pexuMm B
MeHI0 MaTemMaTHKa IOMEYeHa, B IPOTUBHOM CIIy4ae CAEJIaliTe 3TO U3 MEHIO.
o Y nocroBepbTeCh, qTO0 koMagaa Ucnmoip30BaTh CHUMBOJIUKY B

MeHI0 MaTeMaTHKa IOMEYeHa, B MPOTHUBHOM ciydae clenaite 3To u3 MeHio. OOpatute


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

BHMMAaHHWE, 4YTO H5Ta KOMaHJla HamucaHa CepbIM, IOKAa HE YCTAHOBJIEH ABTOMATHYeCKHMH
pe:xum u3 MeHio MaremMaTuka.

. BBeauTe BhIpakeHHEe, KOTOPOE HYXKHO YIIPOCTHTb.

. Haxxmute [Ctrl]. (kmaBumy CTRL, compoBoxmaemyro Toukoif). Mathcad
0TOOpa3uT CTpenKy “®”.

. [1IénKHNTE MBIMBIO BHE BhIpakeHus. Mathcad oToOpa3uT yIpOIIEHHYIO BEPCUIO

MEePBOHAYAIILHOTO BhIpakeHHs. Eciii BeIpakeHUE HE MOXKET ObITh ymporieHo, Mathcad mpocro
MOBTOPHUT €r0 CIIpaBa OT CTPEJIKH.

CHUMBOJIBHBI 3HAK PaBEHCTBA SIBISICTCS OIEPATOPOM, MOAOOHBIM JIFOOOMY OIEpaTopy
Mathcad. Korma pgenmarorcs u3MeHeHMs TIae-1u00 BhIIE WM JieBee OT Hero, Mathcad
Moaudummpyer pe3yabraT. CHUMBOJI paBEHCTBA 3HAST MPEIBAPUTEILHO OINPEICICHHBIC ()YHKIIUU
U TICpEMEHHBIC W HCIOJb3YeT WX Be3Jie, IJe HEeoO0X0oauMo. MOXKHO MpearucaTb CHMBOIY
paBEHCTBA UTHOPUPOBATH MPEAIISCTBYIOIINE ONpeaeIeHNs (PYHKIUN U IEPEMEHHBIX, UCIIOb3Ys
KJIFOYEBOE CJIOBO assume, Kak rmoka3aHo Ha Pucynke 4.

PucyHok 2 TmOKa3pIBaeT HEKOTOPBIE MPHUMEPBI HCIIOJIB30BAHHUS ITOTO OIeparopa.
OOpatute BHMUMaHHE, 4TO ®IpUMEHsETCS TOJBKO KO BCEMY BbIpakeHUI0. Henb3s, Hampumep,

NpUMEHUTh ® HU K YaCTHU BBIPAKECHUS, HU K PE3YJIbTATY MPEAbIAYIIEro qeicTus ®.
Mathcad - [Untitled 1) ¥
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Yrofibl 22aNMCaTh CHMBONLHLIA 3HAK pABEHCTES, HAKMHTE [Cirl] W KNABMWY TOUKM .

1
1.3
a 3
Ecnu EBBIPAHEHHE HE ?HEETCSI YNPOCTHTL Aanbllue, CMMEONBHBIA 3HAK pPaBEHCTER

BEO3EPAWAET Er0 HEHIMEHEHHBIM.
XZ —_ )[2
JTO aHANOrHYHO NOBENEHMIO 3HAKA PABEHCTEA B YHCNEHHDbIX pactETax.
2=2
CHMBOABHBIA 3HAK PAEBCHCTEA TAKKE paﬁn‘raz‘r C MACCHEAMM.

811 42 1 B2 ~842
—

85 32 (“11'“22‘“12'“2!) “8;: 8n

Pucynok 2: Hcnonvzoeanue cumeoibHO20 3HAKA pABEHCMEA.

Hacrpoiika CHMMBO/ILHOI'0 3HAKA PaBeHCTBA

CumBost ® OepeT BRIpaKEHHE C JIEBOW CTOPOHBI U TTOMEIIAET €0 YIPOIICHHYIO BEPCHIO C
npaBoil croponsl. [Io yMonuaHuio 3Ta onepaunus yrnpouaer JeByK CTOPOHY TOYHO TaK, KakK 3TO
JenaeT komaHaa BeruuceauTs = BBIYHCIANTL B CHMBOJIAX 13 MeHIO CMMBOJIMKA.

KoneuHo, 4To 03Ha4yaeT ynpocTuTh — OCTaE€Tcsi BompocoM. Jlo onmpenenéHHoN cTeneHn
MO>XHO YIIPaBISATh CIOCOOOM, KOTOpPBIM omepaTtop ® Tpanchopmupyer BbIpake€HHE, MMOMemias
OJIHO W3 CIEAYIOIIMUX KIIOUEBBIX CIIOB IMepea BhIpakeHueM, coaepxamuM ®. Jlns Oonee
BCECTOPOHHETO KOHTPOJISI HaJ CHUMBOJBHBIMH TPEOOpa3OBaHUSIMU HY)XHO HCIIOJIH30BaTh
MeHI0 CHMMBOJIMKA.

KuroueBoe cjioBo DyHKIUA




symplify VYhpolaer BbIpak€HUE, BBIMOJHAS apUPMETHUYECKUE MPeoOpa3oBaHMs,
COKpamlas oOIIMe MHOXHTEIU W HCIOJIB3YyS OCHOBHBIE TOXKIECTBA IS
TPUTOHOMETPHUYECKUX M 0OpaTHBIX (YHKIIUH.

expand Pasnaraer Bce CTENEHH U TPOU3BEICHUS CYMM B BBIPAXKCHUU.

series Paznaraer BBIPpaXKCHUEC OT O,Z[HOf/i HJIIM HECKOJIBbKHUX IECPEMCHHBIX B
OKpPCCTHOCTHU OHpCZ[GJIGHHOfI Touku. Ilo YMOJIYAaHUIO PA3JIOKCHUC NUMECT
BHU/ ITOJIMHOMA HIECTOI'O IMOPAJIKA.

factor Paznaraer Ha MHOXXUTENIM BHIOpAaHHOE BBIPAYKEHHE, €CIIH BCE BBIPAXKEHUE
MOJKET OBITh 3aIIMCaHO B BUJE IPOU3BEIACHUS COMHOXKHUTEICH.

assume [TpennuceiBaer Mathcad paccmaTpuBaTh IEepEeMEHHYIO, KOTOpasi CIEAYyeT
1ocJie 3TON KOMaH[Ibl, B KaYeCTBE HEONPEJCICHHON MepeMEHHOU, aaxe
€CIM €W TPUCBOEHO OMNpelesieHHoe 3HadyeHue. Kpome artoro,
UCIIONIB3YETCSl JJIsl OMpeeNieHUusT OTpaHHYeHUM, HCIHOIb3YeMbIX IS
BBIYUCJICHUS BBIPAKCHHA.

complex [peanuceiBaer Mathcad BBIIOTHUTE CHMBOJIBHOE MpeoOpa3oBaHUE B
KOMILIEKCHOU oOacTu. Pe3ynbrar 6yaer o0bruHO B hopme a + i - b.

float [TpenmuceiBaecr Mathcad oToOpakaTh 4uciio B ¢opMaTe ¢ IUIABAOIICH
3aMsTOM BCAKHUIA pa3, KOria 3T0 BO3MOXKHO.

literally 3ampenaeT CHUMBOJBHOMY MPOIECCOPY IMBITATHCS  ONTHMHU3HPOBATH
J1000€ MOCIIEYIOIIEe BHIPaKEHHE.

KitoueBble ciioBa 4yBCTBUTEIBHBI K PETMCTPY M MO3TOMY JAOJDKHBI I1€YaTaThCsl TOYHO
TakK, KaK IMMOKa3aHo. 3aT0 OHU HEUYBCTBUTEIbHBI K IIPHPTY.
Mathcad - [Untitled 1)
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ﬂEfIETBIrIE CHMBONBHOID 3HAKA PAEEHCTEA CaMOro nao cefe IKEMBANEHTHD
AEACTEAN KoMAaHOL! BeMcanTs => BeuAcneTe B cCHMEONAX MeHo CUMMBDAMKA

(x+y)% = (x+y)°

WcnonbzoeaHKe pasnMYHBIX KIHHMEBLIX CIOE H3MEHSAET Er0 2HAYEHHE!

expand
(= + ng - x3 + 3-12-3; + 3-:-c-1|,|r2 + y3

KniMegoe cnogo E)fpﬂﬂﬂ NENAET CHMEONbHLIA 3HAK pPABEHCTES 2KBHEANEHTHRIM
koMange PasnosnTe no cTeneHam MeHo CHMBONMKa

factor

x3 & 3-):2-5; + 3-x-y2 + yE == (X + y]a

Knimeeoe cnogo  factor penaeT cCMMEONbHBEIA 2HAK PABEEHCTES 3KEWEANEHTHLIM
KoMaHae PasnoaMTe HA MHOKHTENH MEHI0 CHMBONKKA

Friueebie CNOBEa QOMNKHL HAXOAKTHCA B MATEMATHIECKIX ofnacTax.
He cnegyeT 2akniMaTh WX B KABLIMKH,

T|:=
Pucynox 3: Hcnonv3oearnue Kiouesvix cio8 ¢ CUMBOIbHbIM 3HAKOM PABEHCMEA.
PI/ICYHOK 3 ITIOKA3bIBACT HGKOTOpBIC HpI/IMepI:I HCITIOJIB30BAHH DTHUX KJIIKOYCBBIX CJIIOB.
3aMeTbTe, 4YTO KIIOYEBOE CJIIOBO JEHWCTBYET TOJBKO M0 cieayrouero cumposia ® . Korma



CHUMBOJIbHBII 3HaK paBEHCTBA HCHOJNb3yeTCs s mpeoOpa3oBaHusi BblpaxkeHusi, Mathcad
IPOCMaTPHUBAET BCE NMEPEMEHHBIC M (YHKIMH, MPOBEPsis, ObUIM JIM OHU paHEEe ONpE/EeNICHBI B
pabouem nokymente. Ecnmu Mathcad Haxogut onpeznenenus, oH UX Ucnoib3yer. JIroObie npyrue
nepeMeHHble M (YHKIMM YYacTBYIOT B INpeoOpa3oBaHMM B BHJE CHUMBOJOB. EcTh Tpm
UCKIIIOYCHUSI M3 JITOTO MpaBWia, WUIocTpupyemble Ha Pucynke 4. Ilpu mnpeoOpa3zoBaHum
BBIPDAKCHUS, HCIIOJIB3YIONIETO paHee OIpe/eNieHHble nepeMeHHble W (yHkumu, Mathcad
UTHOPHPYET NPEALICCTBYIONINE ONPEACICHUS, €CITH:

. NepeMeHHas onpeziesieHa Kak Yiclio, CoiepKallee AeCATUIHYIO TOUKY;
. KIIIOUEBOE CJI0BO ASSUME MPEAIIECTBYET ONPEAEICHUIO WIIH;
. nepeMeHHas Oblia onpe/eeHa Kak IMCKPeTHbIA apryMeHT.

MOXHO TaKXe HCIOJIb30BaTh KIFOYEBOE CIOBO asSUMe, 4ToObl HAIOXHUTh OTPAHUYCHUS
Ha repeMeHHble B BblpaxkeHuu. [locnennuii npumep Ha PucyHke 4 moka3sbiBaeT, Kak 3aJaHuEM
OTpaHMYCHUN HA MapaMeTp MHTErpal MOXET OBITh CAENaH CXOAAIMMCA. UTOOBI ONpenenuTh
HECKOJIbKO YCIIOBHI, JOCTATOYHO OTAEIUTh UX 3aISATHIMU, KaK IIOKa3aHO B IpuMepe Ha Pucynke
4. KiroueBoe ci10BO aSSUME JAOKHO IMPEALIECTBOBATh JIIOOOMY APYromMy KIHOYEBOMY CIIOBY,
OOpalleHHOMY K BBIP@KEHHUIO, IIOCKOJIbKY KIIIOYEBOE CIIOBO OyleT MPHUMEHSATHCS TOJBKO K
BBIPAXEHHIO, PACIIOJI0KEHHOMY cpa3y nocie Hero. [Ipumep nokasan B cepenune Pucynka 4.

Mathcad - [Untitled 1) ¥
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X = 3 = 2. m = 1. 10
expand (x +1)(z-1) > 4z-4 < I'u'!ia'thcad FAMEHAET NEPEMEHHYH X HA
€2 FHAYCHHE, 3 NEPEMEHHYID Z HE
FAMEHAET.
assume X

2 -1 < 3pech Takcke HIHOPHPYETCA M
ONpEQENEHHE X, NOCKONLEY X CNEAYET
23 KNHHEEBIM CNDEOM AsSsSume .

expand (x + 1) (x-1) = x

< Mockonwky M oNpPefenela Kak AUCKPETHLIA APryMenT,
eE onpeneneHHe KrHOpMPYETCA.

m » 0,
assume a> 0, x P nDCKDany G NpeQnonaraeTcl NONOXHTENBHBIM,

- uHTerpan cxogutes. MNockoneky X cnegyeT 3a
- E—ll!-l dt —= i KNHMEBBIM CNOBOM  ASs5UmMEe , Ero onNnpefencHue
0 & MCHOPHPYETCA.

Cp 1

Pucynox 4. Knouesoe cnoso assume onpeoensiem, 3amenum uiu nem Mathcad 3navenus
nepemMeHHOU U UMeH QYHKYULL 8 8bIPAICEHUU.

Kirouesie  cnoBa complex u float  oOecrieunBarOT  HEKOTOPBI  JOMOIHUTEIbHBIN
KOHTpoJb Hajx (opmoif, B koropoi Mathcad oroOpaxkaer pe3yabTaT NpPU CHUMBOJBHBIX
peoOpa3OBaHUSX.

KiroueBoe cioBo complex nepen BeipakeHueM mnpennucbiBaer Mathcad Bo3Bpamiath
pesynbtar B Gopme a+ i-b. Her HykIpl KaxIblii pa3 BBIBOIUTH TaKyld T'POMO3IKYIO
KOHCTPYKILMIO, KOTJa BCE IapaMmeTpbl BeleCTBEHHBI. OHAKO, KOTJa BBIPAKEHUE MOXKET
CoJlep’KaTh KOMIUIEKCHbIE BEJIIMYMHBI, BO3MOXKHOCTH YBHUAETH Oojiee oOIlee NpeJcTaBlIeHUE
CTaHOBUTCA NOJIe3HON. PUCYHOK 5 cpaBHHMBaeT HEKOTOpBIE MPEOOpPa30BaHMs C UCIOIb30BAHUEM
¥ 0e3 UCIIOJIb30BaHUs KIIFOYEBOTrO cJIoBa complex.



KiroueBoe cnoro float mpeanuceiBaeT oToOpaXkaTh BCSKUN pa3, KOTJa BO3MOXKHO,
MOCJICYIONME CUMBOJIBHBIE PE3yJIbTaThl B BHJE YHUCEN C IUIABaIOmIeld 3amsaToi. MoHO
YIPaBJIATH TOYHOCTHIO 3TOTO YKcia, cornpoBokaas float cooTBeTCTBYIONIMM I1EJIBIM YKCIIOM, KaK
nokazano Ha Pucynke 6. Ha stom pucynke Mathcad oroOpakaer Beamuuny p/2 B dopmare ¢
wiaBaroniei  3amaroi. Opnako kioueBoe cioBo floatnukak He Bimser Ha X. Iloka

BenuuuHa X He onpeaenieHa, Mathcad He MOkeT 0TOOpaXkaTh HUYETo, Kpome X.
Mathcad - (Untitled 1) ¥
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R . Mo yMoAuMaHKI0 pEIyABTAT OCTABAAETCA
- ‘i — -
e exp(i -n 8} B 3KCNOHEHUMaNbHoRA dopMe.

complex
gl mf cos{n #) +i -sin{n-8) <— lcnonbzoBanke knimesoro cnoea
complex npHBORMT K BOSBPALLEHHID
pexynbTaTa B hopme "atbi'.

cos(bi + 2) = cos{2 + hi) «— MMopofio BCEM KNIMEBbIM CAOEAM,

complex npMNaraeTcs TONbKS K
HENOCPEACTEEHHO CNEQYILIEMY 33
HHM EbIpaxeHHI.

complex

cos( 51 +2) = cos(2)-cosh(5) - i -sin(2)-sinh( &)

1

Pucynox 5: Kurwouesoe cnoso complex onpedensiem, wnysicno unu nem Mathcad
so3epawams pezyiomam 6 gpopme a +1-b.

Mathcad - (Untitled 1)
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MpHMep CHMBORBHOO BbIMHCNEHHA
1
¥ acos(0) —= E-X-n

OTofpaxeHue PEIYAETATE B (POPME C NNABAWUER FANATORA
float
¥-acos(0) — 1.5707963267948966193- X

To E, MTO W BbILWE, HO C YCTAHOBNEHHOA TOMHOCTbH B 4 3Hauawmx uHdpol

float 4
¥ acos(0) = 1571-X

Takum DEPBSEH MOMNHD NOAYYWATE CUHEHD TOHMHBIE QECATHYHBIE I'IPHEIII'I](EI{I‘ISl

float 58
e = 2.718281828459045235360287471352662497757247093699959574967

Pucynox 6: Hcnonvsyume xnouesoe crnoeso float, umobvr omobpazums pesyromamor 6
YUCTIOB80M BUO€ BCAKULL pa3, KO20A IMO 803MONHCHO.

KiroueBoe ci1oBO Series ucronb3yercsi, 4TOObI COIMOCTABUTH BBIPAKEHUIO OTPE30K €ro
psana Tolnopa mo ompeneneHHON KoMOWHalmMu mepeMeHHbIX. [lo ymomuanuio Mathcad
pasnaraer B psiJi OTHOCUTEIBHO TOYKH 0 M MCHOJIB3YET BCE WIEHBI PANad, y KOTOPBIX CyMMa



nokaszarejeil CTEeNeHH MeEHbIIe IIecTH. MOXKHO, BIPOYEM, ONPEIENATh TOYKH, B KOTOPBIX
HEOO0X0MMO TNOJYYHUTh pa3jIokKeHHe B psjl, Kak IMokazaHo Ha Pucynke 7. D10 0ocoOeHHO
MOJIE3HO, KOTJa BBIpaKEHHWE HMMeeT OCOOCHHOCTh B (. MOXHO Takke ONpeneisiTh MOPSI0K
pasIoKeHus, Kak [M0Ka3aHo B MocieqHeM npumepe Pucynka 7.

Wnorpa psin Oyaer comepxkarbh Kod((UIMEHTHI, 0TOOpakaeMble B JOBOJBHO UIMHHON
cuMBOsIbHON (opme. [lonesno wucnone3oBaTh KiodeBoe cioBo float BMecTe c series, kak
nokaszano Ha Pucynke 7. B mpuBeIeHHOM Pa3iioK€HUH IPU OTCYTCTBUU KitoueBoro ciosa float

MO>KHO OBLITIO OBl TOJIYYHTh BhIpaXKEHHUE, conepxkariee exp(1).
Mathcad - [Untitled 1)
=| @madn [lpaeka Tekct MaTematdka [padwura Cumsonuka Okno Kndru 2

PaznoxeHue B 0KpeCcTHOCTH ToukM x=0, y=0

]|

series X,y
1 9 1 2 1 3 1 2 1 2z 1
X+y o q : : - - —y —. 3
=] + R+ Y F =X+ YR+ + =X+ X+ . -
¥ > ¥ 23!" e 23!" 23:" x+Ey +

Paznoxenue B okpecTHocTH ToukK x=0, y=1
series x,y=1 ¢—HTo6bI BEECTH 3HAK PABEHCTES, HCNONbayATE [Cirl]=

float 3 «— BMecTo Henonbzopanua B kavecTee KoadpuyuHenTa
exp[1). 3aMEHRET ro QECATHHHbIM APUEAKEHHEM.

eXtY = 272.x + 272y + 136 %% + 272 (v - 1.)x + 136 (y - 1.1% + .454

Pazno#eHude, HCNONBZYHILLEE YNEHL! PARA CO CTENSHEW, MeHbWeR 3.

series  x.y,3

2

e"*¥ =1 +x+y+l-:-: +y-x+%-y2

Pucynok 7: Hcnonwsyiime knwouesoe cogo SEYIeS, umobvl pasiodcums GblpadceHue 6
OKpecmHOCmu 8b10PAHHOU MOYKU.
Hcnonp3oBanne MmeH0 CUMBOIMKA

XOTsI CUMBOJIbHBII 3HAaK PaBEHCTBA, OOCYXIECHHBII B MOCJIEIHEM pa3felne, yIo0eH A
UCIIONIb30BaHUsI, Ha0Op TMPENOCTAaBISIEMBIX MM CHMBOJIBHBIX TIPe0Opa3oBaHUil OrpaHUYEH.
Komanapr n3 MeHro CHMBOJIMKA00ECTICUNBAIOT 3HAYMTENILHO OOJIbIlIee YIPaBICHUE BHIAMH
JOCTYIHBIX CUMBOJIBHBIX MPEOOPa30BAHMIA.

OcHOBHBIE TIard ISl UCTIONb30BaHUsT MeHIO CHMBOJIMKA — T€ K€ camble, 9TO W JUIs
BCEX KOMaH/]l MEHIO:

. 3akirounTe BCE, 9TO TpeOyeTcst MpeoOpa3oBaTh, B BRIJCISIONIYIO PAMKY.
. Bribepure cOOTBETCTBYIONIYIO KOMaHly U3 MeHI0O CHMBOJIHKA.
. Mathcad nomecTuT npeodpazoBaHHOE BhIpaKEHUE B paOOUHil TOKYMEHT.

NMeeTcss BakHOE pa3IMyMe MEXKIY CHMBOJIBHBIM TPEOOpa3OBaHUEM, HCIIONB3YIOIIUM
MeH0 CHMBOJIMKA, W TIpeoOpa3oBaHUEM, HCIIOJB3YIOIIUM CHMBOJIBHBIM 3HAK PAaBEHCTBA,
ONMCAHHBIN B MpeaplaylieM pasjaene. Pe3ynbTaTel ¢ mIpaBOM CTOPOHBI OT CUMBOJIBHOTO 3HaKa
PaBEHCTBA BBIYUCIISIOTCS 3aHOBO BCSIKHMM pa3 MPH BHECEHWU M3MEHEHUN B paOOYMil JOKYMEHT.
Pesynbrar, mody4yeHHBII ¢ UCHONb30BaHMEM  MeHIO CMMBOJIMKA,  aBTOMAaTHUYECKH
MOAU(HUIIIPOBATHCS HE OYIET.

[IpenmonoxkuM,  Hampumep, YTO  TOCIE  BBIACICHUS  BBIPAKEHUS  BhIOpaH
nyHKT Pa3goxkuThs Ha MHOXHTeaun3 MeHio CumBojimka — Mathcad BcTaBUT pasnoskeHHBIN
Ha MHOXHUTEIM pe3yhabTar. Eciau Temeps OTpenakTHUpOBaTh IEPBOHAYAIBHOE BBIPAXKEHUE,



CUMBOJIBHBIN OTBET HE M3MEHUTCS. UTOOBI OMYyYUTh HOBBIH OTBET, MPUIETCS CHOBA BBHIICTUTH
BBIPOKEHHE, KOTOPOE TOJIHKO YTO M3MEHWJIM, U CHOBA BHIOpATh M3 MEHIONMYHKT Pa3jiokuTh Ha
MHO:kuTe M — Mathcad 3ameHuT pe3ynbTar.

B cumemyromux  pasgenax — moApoOHO — OMHMCBHIBAIOTCS — Pa3IMYHbIE  KOMaHIbI
MeHI0 CHMBOJIMKA.

OQ0opyaoBaHue M MATEPHAJIDI.

[TepconanbHbIi KOMIBIOTEp, Mporpamma MathCAD.

YKka3zaHus o TeXHUKe 0€30IMACHOCTH:

COOTBETCTBYIOT TEXHUKE O€30IACHOCTH 10 PadOTe ¢ KOMITBIOTEPHON TEXHUKOM.
3ajaHus

B MathCad umeercs 1ocTtaTouHO MIMPOKUN CHEKTP BBIYMCICHUI B CUMBOJILHOM BHJIC.

Jl1s BBIYUCIIEHUS B CUMBOJILHOM BHUJE Ha)KaTHEM KHOIKH ® NaIUTPe MaTEeMAaTUYECKUX
3HAKOB OTKpoiTe nanens Cumeonuxa, Kak 3To nokazaHo Ha puc.51.13.

CHMBOAHKS =1
— - Modifiers
flaat camplex ASSUme
solve sitplify substitute
factar expand coeffs
callect series parfrac
fourier laplace Zirans
invfourier invlaplace invztrans
[ — [ p— Ml —

Puc.51.13

[IpocreiimiuM  OpUMEpOM  CHUMBOJBHBIX  BBIYUCIEHUH  SIBISIETCA  BBIYMCIICHUE
HEONPEIEIEHHbIX WHTErpajoB. [[ias 3TOro ¢ MCHOJb30BaHUEM CHMBOJIA HEONPENEIEHHOTO
UHTETpasia Ha nmaHenu Hcuucnenue HaOepute TpeOyeMblil HEONpPEIEIEeHHbIN HHTerpal. 3areM
BMECTO CHMBOJIa = HAOEpHUTE CUMBOJIBHBIN 3HAK paBEHCTBA — Ha MaHenu Oyenka W HAKMUTE
[Enter]. 3Hak — Takke BBOJIUTCS KomMOuHaruel kiasui [Ctrl+].

[IpuMep CHMBOJILHOTO BBIYMCICHHS HMHTErpaia mokasaH Ha puc.51.14. Ha sTom ke pucyHKe
MOKa3aHbl MPHUMEPhl CHMBOJBHOTO BBIYHMCIICHHS TPOWHOTO HWHTErpaja W OMPeIeIeHHOro
UHTErpaja ¢ mapamerpamu a,b.

3amMeTuM, 4TO JaleKo He BCe MHTErpalibl U TeM Oosee JBoiHbIe u TpoliHble Mathcad
MOKET BBIYMCIUTH B CHMBOJBHOM BHje. [Ipumep HEBBHIUMCISEMOr0 B CHMBOJIBHOM BHJIE
uHTerpaia (HeGepyuuiicss UHTerpai) npuBeaeH Ha puc.51.14.

AHaJIOTUYHBIM O6p330M B CHMBOJIBHOM BHJIC€ MOXHO BBIYHUCIHUTL IIPOU3BOAHLBIC J11000r0
nopsiika, CyMMbI, pou3BeieHus. [IpuMep Takux BeIYMCIEHUN puBeaeH Ha puc.51.15.
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8" + sinf®) Cexp(3) + sin(E)

Puc.51.14

Mathcad umeer Tarke CleAyrOIIUE BO3MOXKHOCTH: YIpouieHue Bbipaxenus Simplify,
pa3iioKeHHUEe BBIPAXKECHUS MO crerneHsM Expand u pasiokeHHe BBIPAKCHHS Ha MEOXKHUTEIU
Factor. Oneparnust — moapasymeBaer Symplify mo ymosuanuio, 0HaKO €€ HEmOCPEICTBCHHOES
UCIIOJIb30BaHUE JaeT 0oJjiee TPOCTOM pe3yibTaT, KakK »dTO IMoKazaHo Ha puc.51.15 nmus
MPOU3BECHUM.

2 3z 1 2 1
= i-=i+-i 1 -1 1
E—_;,_.P'lk__
Z 3 2 f :Iﬂ P 51(: 2]

i 2 k-1

Hk_l simplify — T(1) - (k - 1)

k

Puc.51.15

Jlns BBITOJMHEHHST COOTBETCTBYMOmIeH komauabl tuma Simplify, Factor wnmm Expand
HEOOXOAMMO BMECTO — BBIOpaTh COOTBETCTBYIOIIEE CIO0BO Ha maHenu Cumeonuka. Ilpumep
koman Simplify, Expand, Factor npusenen na puc.51.16.



2 2

. 3o a-h L
sin(x)” + cos(x)” simplfy — 1 m simplify — 1
a
—_5 + 3 _ 3 + i} _ 4 simplify — (x —5)
2 oxml gop? @-n? @-nt [z - 1*]

sit5 - ) expand,2 — 16 - sin() - u:u:us(x)4 - 12 - sin(®) - cns(sz + Finx)
fa+b) expand 2 S a +5 4 b+l £ b 4108 b +5 a-bt+p’
3-(4 cos(2 &) + cos(d-a) expand,2 — 2 -4 cos(2-a) -8 c:tnsl':a)4 +8- cas(a)z

2 2 2
xg—ygfactcurj g [(a)—E-a-b+b]f&ctar,2 —+(a-t

Zx— nfactor,2 —n- (- 1) -1 factor,2 —(x-1)- I[xg + x4+ 1)

I

Puc.51.16

Komanma Collect pasmaraer BbIpakeHHE IO CTEIEHSM YKa3aHHOW B 3TOH KOMaHje
HepEeMEHHOM, €Cli Takoe MpejcTaBlieHre Bo3MoxHO. [Ipumep ucnonszoBanus komanaer Collect
npuBesieH Ha puc.51.17.

(a+t) collest,a > a +5 a b+ll-a b +10 & B +5a-b +1

(-4 -(x-h)-(x-c) collect,x —>x3+(—a—b—c)-x2+[a-b—(—a—h)-c]-x—a-b-c
(a+b+ )7 collect,a =2 +(2-b+2 ¢) a+(b+c)
(at b+ collest,b = b 4+(2 a+2- Q) b+lat o)

(a+b+ )7 collect,c = +(2 a+2 k) c+(ath)

Puc.51.17

Komanna Coeffs wucnonms3dyercs mns  BblUUCIHCHHS KOI(D(OUIMEHTOB IMOJMHOMA
OTHOCHUTEJBHO yKa3aHHON B KomaHne nepemeHHou. [Ipumep xomanmasl Coeffs mpusenen Ha
puc.51.18.



(= B) - o+ b coeffs,x =1 g [(4) -x3+3-x2:|-(x+ 1) coeffs,x —

B R S T e B e |

=X

2
(x—1)- (xz + 2;' coeffz,x — z Iix"' b :I(h - 13 coeffs, b — G

Puc.51.18

Komanna Solve mo3BossieT pemuTh ypaBHEHHE HJIM HEPaBEHCTBO C HYJICBOM IpaBOM
YaCThIO OTHOCHUTEJIBHO YKa3aHHOW B JTOM KOMaHJe IepeMeHHOH. [Ipumep ucnonb3oBaHusA
koMan 16l SOlve mpuBenen Ha puc.51.19.

2
¥ +a-x+haobvex —

&' — asolve,x — Lt )

Puc.51.19

Komanna Solve mo3Bomser Takke pemiath CHCTEMbl JIMHEWHBIX M HEJTMHEWHBIX
ypaBHEHMH (C HyJeBOH MpaBoi 4acThio). [Ipumep pelieHus cucTeM YpaBHEHUH MpUBEJEH Ha
puc.51.20.

2

%.\;3—5 B
252

La |

] 2
{x el _?]sulve,x,y —

2ox-v

x2+3r2+zg—3 1 -1 -1
t+y-z-1 golve x, v,z — | 1 1 1

x.}r.z_l _1 1 _1

Pnc.51.20



B03MOXHEBI TAKXe CHMBOJIbHBIE onepanuu M'— , M1— 1 |[M|— Hax maTpuneii.

a-x2+h-x+csubstitute,x=5 —= 25 a+5- b+

5 substitute o= 3
a-¥ +h-x+rc —=23-a+5-h+3

substitute x= 5
substitute x= 5
a-x2+b-x+|: authstitute .o = 4 —= 25 a+ 59

authstitute b= 11

substitute ,x =5

subhstitute, ¢

3 soom
auhstitute b = 4

a-x2+b-x+c

substitute,a=3

Puc.51.21

Komanna Substitute wucnone3yercs aiasi TMOJCTaHOBKM 3HAYCHHH IEPEMEHHBIX B
BBIpQ)KEHUE M BBIYMCICHHUE ATOr0 BbIpakeHMs. [lng sToro HabepuTe BbIpakeHHE, Ha MaHEIH
Cumeonuxa BbiOepuTe KOoMaHny Substitute, 3amomnute Tpadaper. Jlamee ycraHOBHTE

u-x:+h-x+csuhstitutc,x=5|—> .
oOpamieHue B BHJIE: U BeIOEpHUTE OMSTH KoMaHay Substitute, u
TaK Jajee 10 NMPUCBanBaHUS YHUCIOBBIX 3HAYEHHI BCeM NepeMeHHbIM. [Ipumep ucnonap3oBaHus
koman 161 Substitute npusenen Ha puc.51.21

Koumponavhnvie gonpocot

CMMBO/IbHbIM 3HAaK paBeHCTBA.

Mathcad PLUS.

MeHto MaTtemaTuKa.

HacTpoiKka cMMBO/IbHOIO 3HaKa paBeHCTBaA.

CumBoibHbIE onepaumn: assume, complex u float, series
Ucnonb3oBaHue meHo CMMBOINKA.

ok wnE

Cnucok numepamypeol, peKoOMeHOyeMblil K UCHOJ1b308AHUI0 O 0AHHOU meme:
1. Bbepmunep, O. M. CAIIP B mammHOCTpOeHUH : Y4eOHUK 1715t By30B / D. M. bepmunep, O.

B. TapateinoB. — Mocksa : ®opym, 2014. — 448 c.

2. AdanacbeBa, H. 1O. BpluncnutenbHble M HSKCHEPUMEHTANIbHbIE METOJbl HAy4YHOTO
sKcrepuMeHnTa : [yueb. mocobue™]. — M. : KHOPVYC, 2013. - 330 c.

3. XnebHukos, A. A. HpopmMarmoHHble TeXHOJIOTHH : y4eOHUK / A. A. XneOHukoB. — M. :
KuoPyc, 2014. — 472 c.




4. MATHCAD 14: OcuoBuble cepBuchl u texHosioruu Iloxapckas I'. U., Hazapos JI. M.
Nz natens: Hannonaneuelit OTkpeiThiil YHUBepeuteT « MHTYUT», 2016

JlabGoparopuas padorall. IlocTpoeHue BOJTHOBBIX M MOTEHUMAJBLHBIX IHATPAMM

Ilenv pabomer:

HayuuTbcst HCIONb30BaTh PEXKUM TUHAMUYECKOTO BBOJIA /IS 33]JaHU TPEXMEPHBIX KOOPAUHAT
00BEKTOB.

Teopemuueckas yacmo.

JluHaMHYeCcKUi BBOJI MO3BOJIICT BBOJUTH MH(OPMAIMIO OKOJO Kypcopa, HE HCIOJIB3YS
KOMaHJIHYIO CTPOKY, KOTOpasi HaXOAMUTCS B HIDKHEH 4acTH OKHA KOMaHI. boiee Toro, caMo OKHO
KOMaH]] MOKET OTCYTCTBOBAaTh B TeKyIlel KoH(urypawun padodero npocrpanctsa. B AutoCAD 2006
UMEETCST BO3MOXKHOCTh IIMKIIMYECKU YAAISTh M BBIBOJAUTH 3aHOBO OKHO KOMAHJ| IPU TTOMOIIH
HAXaTUs KOMOMHAMU kinapum <Ctrl>+<9>.

JnHamMuyecknii BBOJ MOXKET PEATTM30BATHCS B IBYX PEKUMAX.

—  Kypcopmulii 6600, KOTOPBIA HCIIONB3YeTCs IS BBOJIA a0COMIOTHBIX M OTHOCUTEIIFHBIX KOOPIUHAT
TOYEK B CIEHUAbHOE IOJe OKOJO Kypcopa. Ilo ymonmuyaHuro BBOISTCS OTHOCHTENIbHBIE
KOOPJIMHATBI, @ €CJIM HY>KHO BBECTU aOCOTIOTHBIE KOOPAMHATBI, U3MEpSEMBbIE OT Hadajla TEeKyIeH
CHCTEMBI KOOP/IMHAT, TO CJIelyeT CHauasIa BBECTH 3HAK # 1epe/] IepBOil KOOpAUHATOM.

—  Pasmepnoii pesxcum 6600a, xotopbiii goctynen ans komann pucoBanusi LINE (OTPE30K),
ARC (AYT'A), CIRCLE (KPYT'), ELLIPSE (Qmmunc) u PLINE (IIOJIMJIMHMS), BeBOIMAT
OKOJIO Kypcopa TOZCKa3Ky KOMaHIIbI M MMEET MOJIS JUIsl PAacCTOSHUSL M aOCONIFOTHOTO YIJIa €ro
HakiIoHa K ocu Ox. Ilepexo0 OT OTHOTO MOJS K JPYTOMY BBIMOJTHSIETCS MPH MOMOIM KJIABUILIN
«Taby». B 3T0M pexxiMe MOXKHO BBIBECTH THMHAMHUYECKOE MEHIO, B KOTOPOM COJICpXKATCsl paHee
BBEJICHHbIE KOOP/IMHATHI U TMHAMUYECKOE MEHIO C OIMIMAMHU KOMAaH/Ibl, €CJIM HAKaTh KJIABUIILY CO
CTpEJIKOM, HalpaBlIeHHOH BHU3 (<|>). OOpaTHas oneparus — O0TKa3 OT MEHIO — BBIIOJIHAETCS
I0CJIe HAYKATHsl KJIABHIIN CO CTPEIIKOW, HalpaBJICHHOM BBepx (<71>).

Hacrtpoiika nuHaMHUYECKOT0 BBOJA BBHIMOJIHAETCS B auanoroBoM okhe Drafting Settings

(Pexxumbl pucOBaHMS) Ha JOMOJHUTENBHON Bkiaake Dynamic Input ([unamudeckuii BBOJ),

nosiuBLIelics Brepssie B AUtOCAD 2006.

O0opyaoBaHHe H MATEPHAJIbI.

[MepconanbHbIi KoMITBIOTEp, porpamma MathCAD.

Yika3aHus no TeXHUKe 0e30ACHOCTH:

CoOOTBETCTBYIOT TEXHHUKE 0€30IaCHOCTH MO padoTe ¢ KOMIBIOTEPHON TEXHUKOM.

3aanus
B mpenpyrymmx pabotax MBI CTpOWIH TpadWK ISl WHIESKCHPOBAHHBIX IEPEMEHHBIX,

KOTJ]a MHJEKChl ObUIM LENbIMM 4YuciaMu. Ecnu ke HyXHO MOCTPOUTH 3aBUCHUMOCTH i=i(t) U
apryMeHT t He NpPUHUMAET LEeNble 3HAYEHHUs, a U3MeHsercs, Hanpumep, oT 0 no 0,03 ¢ uepes
0,0001 c, To B 3TOM ciy4ae CyliecTByeT HECKOJIBKO CIOCOOOB IMOCTPOEHUs rpaduka.

[TepBrrit cioco6. Tak ke, Kak W paHee, HAJAO BBECTH IEIOYUCICHHYIO YIPABIISIONIYIO
nepemeHHyto, Hampumep, K:= 0..300. Temepp aprymeHT t OyAeT yKe HWHISKCHPOBAaHHOM
MePEMEHHOM, T.€. IEPEMEHHOM, UMEIOIEH MHACKC K. DTOT MHIACKCUPOBAHHBIA apryMEHT OyneT
BBIPAXKATHCS Yepe3 YIPaBISIIONIYIO TepeMeHHY0 (1 uHieke K) ciemyromum oopazom:


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

t, = 0,0001*k.

. @yHKIUs TOKa TaKxke OyneT MHACKCUpOBaHHOH nepeMeHHoH lk. Ilycth, Hampumep, B

pe3yabpTaTe pacuera 3JIEKTPUYECKOM LEeNU KOMIUIEKCHBIM METOJOM IMOJIYYEHbl KOMIUICKCHBIE
3HAYEHUS TOKOB:

I =5673+2,419);  I,=2,094+2,532; Iy =3,58-0,112;.

[TocTpouM 1O 3TUM JAaHHBIM BOJHOBBIC auarpamMmbl TOKOB (puc. 3.1). Toku Ha puc. 3.1
MPEICTABJICHBI KaK WHJCKCUPOBAaHHBIC (DYHKIIMY OT WHIACKCUPOBAHHOTO apryMeHTa Ik.

OtmeTuM, 4TO apryMeHT t MOKeT 3a/laBaThCsi HE KaK WHICKCHUPOBAaHHAs MEpPEeMEHHas,
3aBHcsIIas OT K, a kak GpyHKIus K, KOTopast BeIpaskaeTcst 4epe3 K CICAYIONMM 00pa3oM:

t(k):=0.0001*%.

[Mepemennsie il,i2, i3 3amaroTcst Kak GyHKIIMU apryMeHTa t, T.e.:

i1(1) = 2|1 |-sin(314 - i(k) +arg(],)) ;

i1(1) = 2|1 |-sin(314 - (k) +arg(l,)) ;

P—

i1(1):=~2 |1 | -sin(314 - (k) +arg({,)) .

[ToctpoeHHe BOTHOBLIX IHArpamm (nepsbii crnocob)
I,:=5673+2419 I,:=2.094 +2.532
I3:=3.58-0.112j
k:=0.300 t:=00001k

il =2 1| -sin314-t; +arg(1,))
2 :=v/2 |l -sin(314 -, +arg(l,))
By = V2 -|I3|-sin(314- t,, +arg(1;))
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Puc. 3.1. HOCTpOCHI/IC BOJIHOBBIX AHUarpamMmm C NIpuMCHCHUCM NHICKCUPOBAHHLIX IEPECMCHHBIX

[ToctpoiiTe rpaduk TaKUM CIOCOOOM CaMOCTOSATENIBHO.



Bo BTOpOM crioco6e BMeCTO HIKHUX HHIIEKCOB Y TOKOB UCTIONB3YETCSI BEKTOPHAS 3aIHCh
C TIOMOIIIBIO OTepaTopa BeKTopu3auu (puc. 3.2).

[TocTpoenne BONHOBBIX JuarpamMm (Bropoii crnocob)
I} =5.673+2.419 15 =2.094+2.532)
I3:=3.58-0.112] k =0..300 ty == 0.0001k

i1= 2 .|| sin(3 14 +arg(1}))

i2 = V2 |I|-sin(3141 + arg(I))

i3:= V2 |13|-sin(3 14+ arg(I3))
10
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Puc. 3.2. ITocTtpoenue
BOJIHOBBIX IHATPaMM C
HCIIONIb30BaHHEM OTle-

-10
0 0005 00 0015 002 0025 003 paTopa BEKTOPH3aLHH

@opMyITbI, KOTOPBIE HCIOIB3YIOT BEKTOPHYIO 3aITMCh BMECTO HUKHHUX HHJIEKCOB, OOBIYHO
BBIYUCIISIIOTCS. HaMHOTO ObIcTpee. HamoMHUM, YTO CHMBOJI BEKTOPH3AIlMM BBOJMTCS Kak
[CtrI]+[-].

B Tperbem cmocobe ympaBisooIias MepeMeHHas BOOOIIE OTCYTCTBYeT. AprymeHt t
3amaercs ¢ marom 0,001 c, a Tok 3amuckiBaeTcss kKak (yHKIMs aprymeHTa t. DTOT crmocoO
MOCTPOCHUS BOJTHOBBIX JHarpamMm MpuUBEAeH Ha puc. 3.3.



IocTpoenie BOJIHOBBIX jyiarpaMM (TpeTHi ciocob)
I, = 5.673 4 2.419j I, =2.094 + 2.532
t:=0,0.001..0,03 I; =3.58-0.112]

1) = 2 |1y sin(314- ¢+ arg(1y))
2():= V2 |1 - sin(314- t + arg(1,))
i3(t) = V2 -|I3| - sin(314 - t + arg(13))

i1(t) 5

i3ty
Puc. 3.3. IocTpoe-

HHE BOJIHOBBIX IHar-
pPaMM C HCIOJIb30Ba-
HHUEM QYHKLMH IUCK-
PETHOTO apryMEeHTa

10

U 1.005 0.01 0.015 0.02 0.025 0.03

t

Bo Bcex paccMoTpeHHBIX BbllIe Tpex criocobax Bpems t uamensercs ot 0 no 0,03 c, yto
COOTBETCTBYET 1,5 mepuoaaM MUTAIOIIETO HAMpPsHKEHHWsI ¢ yriIoBod yactoTod o =314 1/c, a
KOJIMYECTBO TOYEK Ha ITOM HHTEpBajie paBHO 300.

ITocTpoeHune NOTeHHAIBHBIX JHATPAMM
To oOCTOATENBCTBO, YTO COCEIHUE TOYKH JIFOOOW 3aJaHHOM (QYHKIUH COEAMHSAIOTCS
npsiMod JUHMEHN (st Thna JguHuil line unm draw), Mo3BOJISI€T CTPOUTH NMOTEHUUANbHBIE U
BEKTOpHbIE AuarpaMMsbl. lloTeHnmanbHON AuarpaMMoid Ui 3aMKHYTOTO KOHTypa Ha3bIBarOT
3aBUCHUMOCTb IIOTEHIIMAJIOB B TOYKAX KOHTYpPA OT BEJIMYMHBI CONTPOTHBIICHUH.

Puc. 3.4. Dnexrpuyeckas Uenb NOCTOSHHOIO TOKA C ABYMS HCTOYHUKAMU
21C

BenuuuHbl CONPOTUBIIEHUI OTKJIAABIBAIOTCS MO OCH X, @ 3HAYEHUS IOTECHIMAJIOB — 10
ocu y. IToCKOJIBKY COMPOTHBIICHHUS JJIEMEHTOB, KaK TPAaBWJIO, pa3HbIe, TO IJIsI TOTO, YTOOBI
OTJIOKUThH UX TI0O OCH X, HEOOXOJMMO BBECTH IEIOYHCICHHYIO YIPABISIIONIYI0 MMEPEMEHHYIO K,
KOTOpasi OyJeT COOTBETCTBOBaTh TOYKAM 3aMKHYTOro KOHTypa. CONMpOTHBIEHWE ydYacTKa
o6o3HaunM Rj. a morenmman toukn — UK. TlocTtpoeHre MOTEHIMAIBHONW AHAarpaMMbl JUIs
CXEMbl, TPUBEICHHOMN Ha puc. 3.4, MOKa3aHo Ha puc. 3.5.



[locTpoenHe noTeHHAIILHON HArpaMMbl
JIJIA 11eI1H IMTOCTOAHHOIO TOoKa

HzBecTHEL 19 Leniu Ha pHe. 3.4

0l :=14.5 r02:=75 R1:=82.72 R2:=110
R3:=71.9 R4:=80 R5:=114.15 11:=0.22
12:=0.04 13:=0.26 El :==65.4 E2:=268
BriGepem xoHTYp o6xoma 0-1-2-3-4-5-0 n paccunTaeM

B Kaxmoii Touke conpoTHRIeHAe R (HapacTaionHm

HTOroM OT Hauasia o6xoza) u noTeHunan U

Ry=0 R;=Ry+R4 R,:=R +1r02 R;:=R,+R2
R;:=R;+R4 R5:=R,+r01 Rg=Rs+R5 Uyz:=0
U,=Uy—R4-12 Uy:=U;+E2-r02-12 Uy:=U,-R2-12
U,=U;+RI-Il Usg:=U,-El + 01 -1 Ug:=Us+R5-1l

B pesynbTare rojiyunM aBa BeKTopa

0 0
80 =3
87.5 233
R=| 197.5 U=| 189
277.5 37.098
292 ~25.112
\406.15 (1.4x1073)

Beeaem nepemennyio k :=0.. 6
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Puc. 3.5. TlocTpoeHne noTeHUHMANBEHON THATPAMMBI IS LIEHH MOCTOSHHOTO
TOKA C JByMs UCToYHHKaMu DC

Kak crnenyer u3 puc. 3.5, cHauana (opMHUPYIOTCS BEKTOPbl CONPOTHBIECHHH R u
INOTCHIHUAJIOB U. 3arem BBOJUTCSA IICPCMCHHAsA [UKJIA WK YIOPABJIAKOMIAA HNCPEMCHHAA K,
npuHuUMaromas 3HaueHus ot 0 go 6, T.e. Ha eAMHUIy OOJIbIIE KOJMYECTBA TOYEK, TaK Kak



HyJIeBasi TOUYKA Y4acTBYET B MOCTPOCHHUH IBaXAbI. [10 OCH X OTKIaIbI-BalOT apryMeHT Rk 1o ocu
y — dynknuio Uk

KoumponwvHbie eonpocot

nOCTpOGHMe rpacbm(a 3aBUCMMOCTU C BEW,ECTBEHHbBIM apPryMmeHTOM.
nOCTDOEHVIe BOJIHOBbIX AMarpamMmm C NCNOJIb30BaHNEM ONepaTopa BEKTOPU3aLUMN.

MocTpoeHune NOTEHLMANbHbIX AMarpaMmm

Kaxkue criocoOb1 popMaTupoBanus rpaukoB Bbl 3HaeTE?

Kak BbI1enUTh y3710BbIe TOUKH IpaduKa?

Kak n3menuts nuama3on rpaduka?

Kak 3agaTh HECKOIBbKO apryMeHTOB (DyHKIIMH Ha rpaduke?

Kak moctpouth HECKOIBKO TpaduKoB HYHKIMI HA OTHOM PUCYHKE?
Kak moctpouTs rpauk moBepXHOCTH?

©CoNoOk~WN P

Cnucok 1umepamypbl, peKOMEHOYeMblil K UCNO1b308AHUI0 N0 OAHHOU meme:
1. bepnunep, 3. M. CAIIP B MmammHOCTpOoeHUH : yueOHUK 11t By3oB / O. M. bepnunep, O.

B. TapatbiHoB. — MockBa : @opym, 2014. — 448 c.

2. AdanaceeBa, H. 1O. BprumcnutenbHbple W SKCHEPUMEHTAIbHBIE METOIBl HAYYHOTO
sKcrepuMeHTa : [y4eb. mocooue*]. — M. : KHOPVYC, 2013. — 330 c.

3. XnebHukos, A. A. adopmarmonHsie TeXHOJIOTHHA : y4eOHUK / A. A. XneOHukoB. — M. :
KnoPyc, 2014. —472 c.

4. MATHCAD 14: OcHosHable cepBucsl u TexHosoruu IToxapckas I'. 1., Hazapos 1. M.
N3narens: Haunonaneueiit OTkpeiThi YHUBEpcuTeT «MHTYUT», 2016

JlabopaTopnasi padoral2. IlocTpoeHHe BEKTOPHBIX AUATPAMM

Ienv pavbomor:

Hay‘{I/ITI)CSI HU3MCHATH TCKYIIUE YPOBHHU YEPUCHUA, CO3aBaTh U HACTPAUBATD ITOJIB30BATCILCKHUE
CUCTCMbI KOOpJAUHAT.

Teopemuueckasn uacme.

Bce koopauHaThl TOUEK MPHU BBOJE W BBIBOJIE OMpeAeNsitorTcs OH Hayana Tekymend UCS
(IICK). IInockue puUCYHKH BBINOJHSIOTCS B IUIOCKOCTH, MapajijielIbHOM WJIM COBMAJaronIiei c
wiockocThio XY Tekymiei cuctembl koopauHatT. M3menuts monokenue tekymieir [ICK wmm
CO3/1aTh HOBYIO MOYKHO C TIOMOIIBIO TPYTIITBI KOMaH/I, HaXOIsIelcsi B MeHIO0 «THCTPYMEHTBI».

Ecnu my1st TOYKH, pacmonoKeHHON B MPOCTPAHCTBE, YKA3bIBAIOTCS TOIBKO KOOPAUHATHI X U
Y, To KoopauHaTa Z 3TON TOYKH MPUHUMAETCS PABHOH TOMY 3HAYSHHIO, KOTOPOE YCTAaHOBJIICHO
komanaoir ELEV (YpoBeHp). DTo 3HaueHuWe KOOpAMHATHI Z Ha3bIBaeTCs YPOBHEM U HeE
U3MEHSETCS IPU TIepEX0/Ie K IPYTOi TMOIb30BaTEIbCKOM CHCTEME KOOPIMHAT.

VYrpaBneHre Ha3HAYEHHEM KOOPAMHATHI Z BHOBb CO3/IABAEMBIM OOBEKTaM TPH MPHBS3KE K TOUKAM
TUIOCKHX, YK€ TIOCTPOCHHBIX OOBEKTOB BBINTOJHSACTCS TPU TIOMOIIM chucTeMHON TiepeMerHoir OSNAPZ,
KOTOpasi NpuHMUMaeT 3HaueHue 0 wm 1.

Eciin OSNAPZ = 0, To B kauecTBe KOOpAMHATHI Z UCIIOIB3YETCsS KOOPAMHATA TOW TOYKH, K
KOTOPOI POM3BOJUTCS MPHBSA3KA MPU MTOCTPOSHUN OOBEKTA.



http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

Ecmn ke npucBoute OSNAPZ — 1, To B KadecTBe KOOpAMHATHI Z WCHOJb3yeTCs 3HAuUCHHUE
ypoBHs1, 3ananHoro komadaor ELEV (YPOBEHD).

YpoBeHb HCMONB3YEeTCs I YepuUeHUs] HaJl WIM TIOJ IUIOCKOCTBIO XV M TO3BOJSET 33JaBaTh
pa3IMYHbIC 3HAYEHUs] KOOpAuHaTe Z, B KOTOPOW BbIYEPUMBACTCS OCHOBAHUE TpeXMEpHOro oonekra. [l
BHOBb CO3/IaBAeMbIX 00BEKTOB YPOBEHb ycTaHarmBaercsi komanion ELEV (YPOBEHD), koropast BBomwTCst
C KJIaBHATYPbL. JTOH e KOMaHI0M MOYKHO IPHATh ITIOCKHMM O0BEKTOM U BeICOTy Thickness (Bricora).

[Ipunanne mIOCKMM OOBEKTaM BBICOTHI TO3BOJISET CO3/ABATh Pa3HOOOpa3HBIE MOBEPXHOCTH C
TOJIIMHOM, PaBHOM TOJILMHE MCXOAHOro oObekTa. Onepanus MpUIAHUS BBICOTHI IIOCKOMY OOBEKTY
Ha3bIBACTCs 8bloagnueanuem. 11py BbIIABIMBAHIN CTPOHTCS TIOBEPXHOCTH, COOTBETCTBYIOIIAS KOHTYPY
IUIOCKOTO 00BEKTa. J{Jis1 BbIIABIMBAHKS TBEPABIX TN U3 IUIOCKHX OOBEKTOB HEOOXOIMMO BOCIIONB30-
BaThCs KOMAH/OM BBIIABIIMBAHMS, O KOTOPOM pEYb MOMIET MO3XKE.

V3ke BbIYEpUEeHHBIM 00beKTaM ypoBeHs Elevation (Yposers) u Bbicoty Thickness (Beicora) MOKHO
3a/1aBaTh Ha MAMTPE CBOUCTB 0ObekTa Properties (CeoiicTsa).

O0opyaoBaHHEe H MATEPHAJIbI.

[TepconanbHbIi KOMIBIOTED, porpamma MathCAD.

Yka3aHus o TeXHHKe 0€30IaCHOCTH:

CoOTBETCTBYIOT TEXHUKE 0€30MMACHOCTH IO pabOTE C KOMIIBIOTEPHON TEXHUKOM.

3ajgaHus
PaccmorpuM mocTpoeHre BEKTOpHBIX auarpamMm. IlycTe B pesynbrare pacyera Tpex(asHOM Iernu
TIOJTy4YCHBI 3HAYCHHS TOKOB B (ha3ax a,b u C:

. =33 Jip 2 _—1..41,,{{. =—4+ j,
TpebyeTcss MOCTPOUTh BEKTOPHYIO AMArpaMMy TOKOB. YKaKEM IS KaKIOro BEKTOpa HaYalbHYIO U
KOHEUHYIO TOUKH. HadanbHO# TOYKO# 151 BceX BEKTOPOB Oy/IeT HyJIeBasi TOUKa, a KOHEYHON TOYKOM —
3HaYeHHE KOMIUIEKCHOTO YKCIIa, COOTBETCTBYIOIIETO 3HAYECHUIO TOKA. TakuM 00pa3oM, HY»KHO TIPOBECTH
MPSIMBIE JIMHUKM MEXKTy TOUYKaMH C KOOpAMHATAMH

0-1 .,0-1,,0-1.
a b ¢

CrnenoBaresbHo, HYKHO copmupoBath BEKTOP (oTHOMEpPHBII MAaccuB) TOKOB

07,017,071,
BBECTH VIPABILSIIOIIYIO TiepeMeHHyro K:=0..5 (I IIecTd To4eK, HauMHas ¢ HyJs) U Ha Tpaduke
OTKJIa/IbIBATh 10 OCH X MHHMMbIe 3HaueHus TokoB Im[Ik] , a mo ocu y — nelicTBUTENBHBIE (peaslbHBIC)
3Ha4yeHus TOkoB Re[lk], kak aTo mpuHsATO B TpexdazHbIx cuctemax. [locTpoeHne BeKTOpHOM AuarpaMmbl
TOKOB IIPUBEJIEHO Ha pHC. 3.6.
Crpenku y BEKTOPOB M CHMBOJIbHBIC OOO3HAUEHWS] TOKAa Ha PUC. 3.6 TIOCTaBICHBI B Tpaduaeckom

penaktope Paint BpyuHy?to.



ITocTpoeHHe BEKTOPHBIX AHATPAMM
B pesynbTate pacyera TpexdasHOl Lienu NoyyeHbl CIeAyIoLUe TOKH:
la:=3+3 Ib:=1-4 lc:=-4+;
Tpebyercs OCTPOUTEL BEKTOPHbIE AHArPAMMb] TOKOB.
k:=0..5 gl n:=0.3
la ' 0
0 la
- 1l:=
Ib la+1b
0 la+ib+lc)
Ic,
R ;
2 5 J
e IC 5 .-'97
lIJ e (" l;
Re(l) | 0 Re(lly) 7
» 2 IJ.
FHA :
4 . 4
43210-1-2-34 43210-1-2-3-4
Im(l,) Im(I1,)

Puc. 3.6. [loctpoeHne BEKTOPHBIX TUarpamMM JUIsl CAMMETPUYHON Tpex(a3HOH Lernu

Cam MATHCAD crpenku He craBuT. Ha 3TOM ke pHCYHKE TIOKa3aHa CyMMa BEKTOPOB

(I, +1r+1.],
KOTOpasd, Kak BHJAHO H3 IIOCTPOCHHSA, paBHA HYIIHO. HOI[O6HBIM KE 06pa30M MOKHO IIOCTPOUTH H
BCKTOPHBIC IHAarpaMMbl Hal'IpSDKCHI/If/'I, 3alMcChiBasA B MaTprIiC HEC TOKH, a HAIIPSYKCHMA.

Koumponavhnovie eonpocot

NoabkowdhE

MocTpoeHmne BEKTOPHbIX ANarpamm a1a CUMMETPUYHOM TpexdasHom Lenw.
Kakwue crioco6s1 popmatrpoBanus rpauKkoB Bbl 3HaeTe?

Kak BeIIenuTh y3710BBIE TOUKH Tpaduka’?

Kax n3menuts quama3on rpaduka?

Kak 3agaTh HeCkoIbKO aprymeHToB (pyHKIIUU Ha Tpaduke?

Kax mocTpouTs HECKOIBKO TpadukoB (DyHKIINI HA OTHOM PUCYHKE?
Kak moctpouts rpaduk moBepxHOCTH?

Cnucok aumepamypbl, peKOMEHOYEMbLIL K UCNOJIb306AHUI0 NO OAHHOI MmeMe:

1.

Bepnunep, 3. M. CAIIP B MammHOCTpOeHUH : yueOHUK 17 By30B / O. M. bepnunep, O.
B. TapateinoB. — Mocksa : ®opym, 2014. — 448 c.

AdanaceeBa, H. HO. BpruncnutensHble M SKCHEPUMEHTAJIbHBIE METOJbl HAYYHOTO
sKcTepuMeHTa : [yae6. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.



3. Xnebnukos, A. A. UadopmanrionHbie TeXHOIOTHUH : Y9eOHHK / A. A. XneOHUKOB. — M. :
KnoPyc, 2014. —472 c.

4. MATHCAD 14: OcuHosubie cepucsl u Texunosoruu [loxapckas I'. U., Hazapos JI. M.
Wznatens: Hannonaneuelit OTkpeiThiil YHUBepeuteT « MHTYUT», 2016

JlaGoparopHasi padoral3. @yHKIIUU C YCIOBUEM

Ilenv pabomor:

N3yuuTh npuMeHeHne QyHKIHHA C YCIIOBHEM.

Teopemuueckas uacme.

KapkacHbie Mojenu — 3TO JIBYMEpHBIC OOBEKTHI, MOMEIIEHHBIE B MPOCTpaHCcTBO. OHH
COCTOAT W3 TOYEK, OTPE3KOB M KpuUBBIX. UTOOBI KapkacHass MOJENb CTaja IOJHOLIEHHON
MPOCTPAHCTBEHHOW MOJIENIbIO, HA HEE HY)KXHO HATAHYTh IMOBEPXHOCTH KOMaHAAMH CO3IaHUS
MTOBEPXHOCTEH.

O0opyaoBaHHEe H MATEPHAJIbI.

[TepconanbHbIi KOMIBIOTED, porpamma MathCAD.

Yka3zaHus o TeXHHKe 0€30IMaACHOCTH:

COOTBGTCTBYI-OT TEXHUKE 0€30I1aCHOCTH IO pa60Te C KOMHBIOTCpHOfI TEXHHKOM.

3adanusn
PaccMoTpuM HekoTOpble (DYHKLHHU C YCIIOBHEM, T.€. (GYHKIHHU, pe3yabTaT KOTOPBIX 3aBHCUT OT
BBIMIOJTHEHUS] WJIM  HEBBINOJHEHUS Kakoro-inbo 3aJaHHOro YCJIOBHS. OTH  (pyHKUUU
3alMChIBAIOTCSA TaK:
if (ycioBue, BolpaskeHue 1, BepaxeHue 2).
Ecnu ycnoBue, 3amucaHHoe B CKOOKax, BBIMOJHSAETCS, TO (DYHKIMS NpPUHUMAET 3HAuCHHE,
paBHOE BBIPAKEHHUIO 1, €cliu ’K€ yCIIOBHE HE BBIMOJIHAETCSA, TO (PYHKIUS NPUHUMAET 3HAYCHHE,
paBHOe BblpakeHuto 2. [Ipumenenue ¢ynkuuu if Ui MOCTpOEHHS KPUBOM BBHINPSMIIEHHOTO
HANpPsDKEHUS. TIPU OJHOMNOJIYNEPUOJHOM U JABYXIOJIYNEPHUOJHOM BBIIPSIMIIEHUH IPHUBEIEHO Ha
puc. 3.7.
until ( BbIpakeHue 1, BbIpa)keHHE 2) — BBINOJHIET HMTEpPAllMM M BO3BPAILAET 3HAUYECHUE
BBIpa)KEHUS 2, €ClIM BhIpakeHHe | OoJiblie UM PaBHO HYIIO, MHAYE MPEKPAIIaloTCs UTepaus U
BBIUMCJICHUSI BhIpasKeHUs 1.
®(a') — ¢ynknus XeBucaiija, NpUHUMAeT 3HaueHHe 1, eclIM X paBHO HYNIIO WIK
noJyiokutenbHoe, 1 0 B MPOTHBHOM ciy4ae. 3arjiaBHasi rpeuyeckas OykBa @ BBOJUTCS C
MOMOIIIBI0 TPEYECKUX CHMBOJIOB OMNIMM MaremaTtuka Wiu cienyiomuMm obpasoM. ChHauana
BBEJIUTE 3arjlaBHYIO JIATUHCKYIO OykBYy F (pumckuii sxBuBasieHT), a 3ateM Haxwmute [Ctrl]+[G]
(mepeBoa B rpedeckuii angaBurT).
sign(x) — ¢yHkus 3Haka, MpUHUMaeT 3HaveHue 1, ecnu x>0 u 3Havenwe -1, ecmu x<0, u
3"ayenue 0, ecau x=0. [Ipumep ucnonb30BaHus IBYX MOCIEAHUX (PYHKIMH MoKka3aH Ha puc. 3.8.
[Tone3HBIMU OKa3bIBAIOTCS TAKXKE CIEAyIOMNe QYHKINU Ui PeLeHUs] ypaBHEHUI:
root (BbIpaXxeHHE, UM IEPEMEHHON) — HILET 3HaUeHHe MePeMEHHON, P KOTOPOM BBIpAKEHHE
CTAaHOBUTCS PaBHBIM HYJO. [IOMCK KOpHS OCYIIECTBISIETCS MTEPALMOHHBIM METOJIOM, NPHUYEM
nepes 3TUM 3a/1aeTCsl HaualbHOE 3HaYEHHE HCKOMOM NEPEMEHHOM.


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

ITpuMenenue pyHkiHH if
x:=0,0.02..20

f(x) := 25 - sin(x)

0/\\/ =

0

i s
—300 7

14

yl1(x) := if(f(x) > 0 ,f(x) ,0) OpHonoNynepHoaHOE BLINPAMIICHHE

30 T
yl(x) /\ /_

y2(x) := if(f(x) > 0 ,f(x) ~{(x)) /[ByxnomynepHo/HO€ BLINPSMIEHHE

30

y2(x)

-30
0 fi

Puc. 3.7. [Ipumenenne GyHKIMM C YCIOBUEM IS IOCTPOCHUSI KPUBOM BBIMPSMICHHOTO
HaIpsKEHUs

14



[TpumeHeHne pynxuuu Xeucaiina @ (x) u yHKUHH 3HaKa sign(X)
x:=0,0.02.. 20 f(x) := 25 - sin(x) — 15
40
20
f(x)
0
s
v 7 14
X
dyHkuua Xepucaaa D yHK1HSA 3HAKA
pl = O(f(x)) p2(x) := sign(f(x))
2 2
1 1
pl(x) p2(x)
{ {)
0 0
— ] m—
g 2
0 7 14 0 7 14
X X

Puc. 3.8. Ilpumenenne pyukumnu Xesucaina u byHKIHUH 3HaKa

ECJ'II/I HeO6XO}II/IMO peHII/ITB CI/ICTeMy ypaBHeHI/Iﬁ C HECKOJIBKMMH HEU3BECTHBIMU, TO I/ICHOJIBSYIOT
Find(x,, x,.....x,),
byHKLHIO e

OTHICKMBAIOIYI0 TOYHOE 3HAUYECHHE MEPEeMEHHBIX X,, X2 ....XH. [IpuMep HCTOIB30BaHUS ATHX
dbyHKIMA MoKa3aH Ha puc. 3.9. 3HaKW paBEeHCTBA B CHCTEME YpaBHEHUW TPH HCIOJIb30BAHUH
¢byukun Find mabuparotcst Haxkatuem knapui [Ctrl]+[=].



Fpumenenne pyHKuMH root 119 peuieHUs YpaBHeHUs!

x:=0.1 HavanbRoe 3HaYeHHe UCKOMO# NEPeMEHHOM
1 y Onpenenuny KOpeHb YpaBHEHUS
root ——2-x,x 1=0.707 i3 P IP
'\ X } I/X‘2X""‘0

INpumenenue pyuxkunu Find s naxoxaeHus koapdpHuueHToB
annpokcuMauuu KpuBoi Hamarumunsanus H=a*sinh(b*B)

Jano: Bl:=0.8 B2:=1.6 Wuayxkuus B Tn
H1 := 400 H2 := 3900 Hanpsiokenuocts B A/M
a:=1 b:=1 Munumanusaums. HavanbHble 3Hayenusia v b
Given Kniwouyepoe cnoso. Havyano 6noka pewenus

a - sinh(b -Bl) = HI Cuctema ypaBHeHuid. JKHpHbIH 3HaK

a - sinh(b -B2) = H2 paBEHCTBA HAOMpaeTCs HAXaTHEM KJiaBHL
[Ctrl] +[=]

L~ =="1

a>0 b>0

TOYHOE petIeHHE HCKOMBIX
2.833 P

83.834 Find — dyukuus, Haxonswas
Find(a,b)=
HEHU3BCCTHBIXa M b

Puc. 3.9. Peruenue ypasHeHHiH ¢ npUMeHeHHeM dyHKuHi root H find

Koumponavhnovie gonpocot

1. NpumeHeHne GYHKUUM C yCAOBMEM ANA NOCTPOEHNA KPUBOW BbINPAMIEHHOIO
HanpsXeHus.
2. MpumeHeHne dyHKUMM XeBUcaliaa U GyHKLMM 3HAKA.

Cnucok numepamypbol, peKOMEHOYEeMbLIL K UCNO1b306AHUI0 NO OGHHOI meme:
1. bepmunep, 3. M. CAIIP B mammHoCTpoeHuu : yueOHuUK 1 By30B / 3. M. bepaunep, O.

B. TapateinoB. — Mocksa : ®opym, 2014. — 448 c.

2. AdanaceeBa, H. 10. BprumcnutensHble W OKCHEPUMEHTAIbHBIE METOJBl HAYYHOTO
JKcTiepuMeHTa : [yae0. mocodue*]. — M. : KHOPVYC, 2013. — 330 c.

3. Xnebnukos, A. A. apopmMarmoHHbIe TeXHOJIOTHHA : y4eOHUK / A. A. XneOHuKoB. — M. :
KnoPyc, 2014. — 472 c.

4. MATHCAD 14: OcuoBuble cepBuchl u texHosioruu Iloxapckas I'. U., Hazapos JI. M.
Wzparens: Hatmmonansueiit OTkpeiThid YHUBepcuter « MHTYUT», 2016


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

JlabopaTopnasi paboral4. Pemienne cucremMbl 00bIKHOBEHHBIX IH(depeHInATbHBIX

YPaBHEeHUM

Ilenv pabomor:

I/I3yT-II/ITb 0COOEHHOCTHU MMOCTPOCHUS NOBCPXHOCTHBIX MO[[GJIefI Pa3iInuHbIMU MCTOJaMHU.

Teopemuueckaa yacme.

KapkacHble Momenu — 3TO JIBYMEpHBIE OOBEKTHI, MOMEIICHHBIE B MPOCTpaHCTBO. OHU
COCTOSIT W3 TOYEK, OTPE3KOB M KPUBBIX. UTOOBI KapKacHas MOJENb CTalla IOJTHOIEHHOU
MPOCTPAHCTBEHHOW MOJIENIbIO, HA HEE HY)KHO HATSAHYTh IMOBEPXHOCTH KOMaHAaMH CO3JaHUs
MTOBEPXHOCTEH.

[Ipu MonenrpoBaHUM IPOCTPAHCTBEHHBIX O0BEKTOB OBEPXHOCTAMU CO3JAOTCSI HE TOJIBKO
pebpa, HO U rpaHu 00beKTOB. CaMu MOBEPXHOCTU B CBOIO OUEPEb MOJCIUPYIOTCS IIOCKUMHU
TPEYroJbHBIMH W  YETHIPEXYrOJbHBIMH MO3aWYHBIMH KyCOYKaMH, o00pasys CTpPYKTYypy,
Ha3bIBAEMYIO CETBIO.

O0OopyaoBaHue U MATEPHAJIbI.

[TepconanbHbIil KOMIBIOTEp, porpamma MathCAD.

Yka3anusi 1o TeXHHKe 0€30IACHOCTH:

CoOTBETCTBYIOT TEXHUKE O€30IIaCHOCTH 10 pabOTe ¢ KOMIBIOTEPHON TEXHUKOM.

3aoanus

PaccMmoTpuMm cHavana, kak pemaercs AuddepeHnnanbHoe ypaBHeHHe epBoro nopsaka. Ha puc.
3.10 mpuBeneHa 3JIeKTpUUecKas 11eTb, CoJIeprKalias MociIe10BaTeIbHO COEAMHEHHbIE
MHAYKTHBHYIO KaTylky L u pesucrop R.

— O~

Puc. 3.10. Bxmrouenue uenu R,
L Ha MOCTOSHHOE HalNpsHKeHHe

3ambIkaHueM pyOUIIbHUKA P 11enb moIKITIouaeTcsi K HCTOYHHUKY OCTOSTHHOTO Hamnpsihkenust U u
IO TIENM HAaYMHAET MPOTEKaTh TOK 1. B 1ienu Bo3HMKaeT nepexoaublil mporecc. Tpedyercs
OTIPENIEIIUTh TOK MEPEXOHOTO Tpoliecca I. I3BecTHO, UTO mociie 3aMblKaHus pyOuibHUKA P
COCTOSIHHE IICTIH OIUCHIBACTCS YPaBHEHHUEM, COCTaBICHHBIM IO BTOpoMY 3aKkoHY Kupxroda:

di 3
uyp +up =U HUIn LF-FRI:U.
{
Takum 00pa3om, HAXOXKACHUE TOKA 1 CBEACTCS K pemeHno AuddepeHInaabHOoT0 ypaBHEHH

MIEPBOTO MOPSIKA.
[Toxaxxem nHTErprpoBanue nudhepeHITMATBPHOTO YpaBHEHUS, 3aucaHnHoro B hopme Kot



di U-Ri
= —
. = y
ar L,
YUCJICHHBIM METOI0M DHJjIepa MepBoro mopsijaka (IpocThiM METOIOM Dijiepa). PekyppenTHas
(dopMyIa YMCICHHOTO UHTETPUPOBaHUs AU (HEePEHINAITBHOTO YPaBHEHUS 3aITUIIETCS:

] I, + { di Al
— k i —— -
k+1 At
CornacHo 3Toii hopMyIie HHTErPUPOBAHUE TIPOU3BOAUTCS C IaroM At U 3HaYeHHE (PYHKIUU Ha

mare k+1 HaXOJUTCS 10 U3BECTHOMY 3HAYCHUIO PYHKIMHU Ha 1are K u mpupalieHuio ee Ha
nanHoM 1are. CkazanHoe wunoctpupyet puc. 3.11. TlocrosinHas BpeMeHH 1enu

t=L/R=02c.

Pacuet nepexosinoro npouecea Merogon Jiisiepa B JMueiiHoi nenu
R, L npH noak/iiouenny ee ¥ HCTOYHHKY MOCTOAHHOIO HanpakeHus

Hano: U:=100B, R:=4Q0wm, L.:=081n

Hauam,Hoe 3HaYeHHe Toka Mo [1epBOMY 3aKO0HY
KoMMyTauuil iy := 0

k:=0..9 HunaexcHas nepemenHad
dt:=0.1 t,:=k-dt Illar uHTETPHPOBaHIIA 11 TEKYIIEE BpeMs

Pekyppentnas dopmyiia uncneHHOTO
IIHTCI"plIPOBaHHS[ O
. . U—R'lk
g =1 + - dt 0 0
¥ 1 12.5
2] 1875
/T.Y 3 I 3 [21.875
r ] . [4 123438
i R I & T 5 124.219
— A 6 [24.609
| 7 |24.805
| l c 8 |24.902
04 06 08 I 9 124.951
§ 10{24.976

Puc. 3.11. Pacuet nepexoanoro nporecca B rienu R, L meTomom Diinepa



JlirenpHOCTh IEPEXOIHOTO Mpoliecca NpuMepHo paBHa 4t = 0,8 c. BpeMs unterpupoBanus
BbIOpaHo paBHbIM 0,9 c. HauanbHOe 3HaueHHE TOKA [0 IEPBOMY 3aKOHY KOMMYTALIUU IIPUHSITO
PaBHBIM HYIIIO.

Merton Diinepa npocT, HO Ui NOJIY4YEeHUs IPUEeMIIEMON TOYHOCTH LIar UHTETPUPOBAHUS JOJKEH
OBITH OTHOCUTEIBHO HEOOIBIINM. YeM MeHblIe 1iar, TeM 0oJbiie TOYHOCTh. [Ipu 6onbmom
11are HHTErPUPOBAHUS MPOLIECC MOXKET 0Ka3aThCsl HEYCTOMUMBBIM. BBeauTe, Harrpumep, mar =
0,4 c, u Bl yBuauTe, 4TO IpoLEecC HE MPUXOAUT K YCTAaHOBUBLIEMYCS TOKY (puc. 3.12).

PacueT fiepeXo0/iHOI 0 fipoiecca Me ro/1o0M JHjepa B Toif ke
penu (puc. 3.10) npu yBeaH4eHHOM LIare HHTErPHPOBAHHSA

U:=100B R:=40m L:=08TH 15:=0 k:=0.9

Q=04  Goi=kodt gy =i bk gt 0] o
N 1] 50

2| o

50— . 3| s0

40 I\ :b A 1 i = |5 _U

' 2| 50

o ﬂ | \{L \ TR
= 2p \ff 1 ‘\ AE
10 \ \ 8 o

0 ‘! VC 91 50

0 08 16 24 32 4 0] O

te
Puc. 3.12. HeycToiiuuBblii nporiecc Npy yBEJIWYEHUH 11ara HHTErPUPOBAHUS

YroOBbl perieHne NoIy4nsIock 6o1ee TOUHbIM, IPUMEHSIOT MOIU(GHUIIMPOBAHHBIN MeTo | Ditnepa,
KOIJla HaxoJIT 3HAa4eHHE IPOM3BOJHON HE TOJNBKO B Hayajge, HO M B KOHIE HHTEpBaja
UHTETPUPOBaHUs (Lara MHTETPUPOBAHHUA), M OEpyT cpeAHee 3HAUYE€HUE IPOU3BOJAHON Ha
UHTEpBAJe.

Eme Gonee Tounsie pe3ynbraThl gaet meton Pynre—Kyrra 4-ro nopsinka. MATHCAD
coaepkuT Habop pyHKMH I perneHus quddepeHranbHbIX ypaBHEHUH MeTo1oM PyHre—
Kyrra. PaccmoTtpum, kak ucrions3yercs ¢pyukius rkfixed mis perienus npuBeIeHHOTO BbIIIIE
maddepentmansaoro ypasuenus (puc. 3.13). Rkfixed — sto pyHkums uaTerpupoBanus
muddepenimanbHbIX ypaBHeHui B popme Kol ¢ HaualbHBIME YCIOBHSIMUA METOJIOM PyHre—
Kyrra werBeproro nopsaka (rk) ¢ puxcupoBannsiM marom (fixed). B ckoOkax dyHkumu
MEPEUUCIISIFOTCS Yepe3 3aIsITyI0: BEKTOP HAYaIbHBIX YCIOBHUI, HAYaIbHAsL M KOHEYHASI TOUKH
MHTEpBaIa MHTETPUPOBAHMS, YUCIIO TOYEK, HE CUMTAsI HYJCBOH TOUKH, U PYHKIIHS EPBBIX
MPOU3BOHBIX HCKOMBIX (DYHKIIHI.



Pacuer nepexoanoro npouecea B Toi xe
nenu (puc. 3.10) meropom Pynre—Kyrra

U:=100B, R:=40M, L:=0.8H g 1=
D i)= U-R-1 OnpepnenieHie $yHKLHH,
LA - 3a/lal0UleH NPOH3BOJHYIO TOKA

I .= rkfixed(l .0.1,10 D) BriuncneHne pelueHis B10
TouKax Ha orpeske [0-1]

n:=0.10 IHpexcHas nepeMeHHas UL NOCTPOEHH
rpaduxa rio 10 ToykaM

0.1] 9.831
0.2] 15.796
0.3119.415
04| 21611
1= [""0.5[22.944
s | 0.6] 23.752
i'] r 0.7 24.243
"0 02 04 06 08 1 0.8] 24.541

0.9]24.721
[ 24831

I,

n.u

Puc. 3.13. Pacuer nepexonnoro mnpoiecca B rienu R, L metonom Pyare—KyrTa yetBeptoro
nopsiaka ¢ GUKCHPOBAHHBIM IIaTOM HHTETPUPOBAHUS

B Hamewm crydae peyb ueT ToJabKo 00 0JHOM Heu3BecTHOH. s pyHKumu nepBoit
npousBogHON D(t, 1) B ckoOKax yka3bIBaeTCsl CHayasa epeMeHHas, o KoTopoil Oepercs
IPOM3BOIHAS (B HAILIEM cIydae 3To t), ¥ uepes3 3aIsATylo yKa3blBaeTcsl PyHKIUS, OT KOTOPOH
OepeTcst Mpou3BOIHAS (B HAIIIEM CTydae 3To 1).

[Ipu ucnons3oBanuu Gpynkuun rkfixed pemenue onHoro qudQepeHIaIbLHOr0 YpaBHEHU
MOJTyJaeTcCsl B BUJIE MaTPHITHI |, mmeromeit aBa cronbia. [lepBriii cronber coaepKUT TOUKH, B
KOTOPBIX UILETCs pereHune quddepeHnmanbHoro ypasaenus (Bpems (). Bropoii cronben
COJIEP’KUT 3HAYCHHsI HAWJIEHHOTO pellleHus (Toka I') B 3alaHHbIX Toukax t. Ha puc. 3.13 npu
noctpoeHuu rpaduka i-i(t) mo ocu abeuuce (Mo ocH X) OTKIIAILIBAIOTCS 3HAYCHUS [IEPBOTO
ctonbua In 0 matpuis! 1, a mo ocu opAMHAT (110 OCH y) OTKJIAAbIBAIOTCS 3HAUEHUSI BTOPOTO
cronbua 1o | matpusr 1.

Kax Bunmno u3 puc. 3.13, meron Pynre-Kyrra naer 6osiee TouHble pe3yabTaThl. bin3kue Kk HUM
pe3yabTaThl MOXKHO MOJYUYHTh, B3AB O0Jiee MeJIKUi 1mar B MeToze Diinepa. Hampumep, Ha puc.
3.14 mar unTer pupoBanus B3AT dt = 0,001 ¢, 3T0 3HAYNUTENBHO MOBBICHIIO TOYHOCTH PACUETOB.



Pacuer nepexoaHoro npouecca MeTooM JiHJcpa k TOH %e
ienu (puc. 3.10) npu Manom mare HHTErpUPORAHHH
U =100 B, R:=40M, L:=08TH 1p:=0
k :=0.. 1000 dt := 0.001 t, :=k - dt
) . U=-13, ‘R
i =iy +——— e dt n :=0,100.. 1000
n
0
e 9.856
X e 15.826
20 Z 19.443
) 21.634
: i 22.961
E [0 X o a5 I 23.765
' 24.252
» { 24.547
0 - 24.725
0 02 04 06 038 I 24.834
t
Puc. 3.14. Pacuet nepexoHoro npouecca B uenu R, L meronom Diinepa npu Maiom mare
HUHTCTPHUPOBAHUSA

Oyukius rkfixed uHTErpHpYeT ¢ PUKCHUPOBAHHBIM YHCIIOM IIaroB. MIMEIOTCS Tarkke QYHKIIHH,
KOTOpBIE HHTETPUPYIOT C IEPEMEHHBIM IIIarOM.

PaccMotpuM perienue cucteMsl quddepeHaIbHbIX YpaBHEHUH BTOPOTO MOPsIKA Ha IPUMEpe
BKJIFOUCHHSI IIeTH, COJEepIKallell IOCIIeIoBaTeIbHO BKIIOUeHHbIe anmeMeHTsl R, L, C Ha
nocrosiHaoe Hanpsbkenne U (puc. 3.15).

Ky
+O-<’A'/P L

Puc. 3.15. Bxmouenue uerm
R, L, C Ha nocrosuHoe
HanpsxeHHue

Hano: U=100B,R=18 Om, L=10,1 I'u, C =200 MxD.
Cucrema ypaBHEHUM JIJIs TOCAEKOMMYTAIIMOHHOW CXEMBbI:



Urptugp+uc=U, j:Cﬁ._

dt
Hinu
di . e
1.—“f‘ R[ "l(( :l“(, I = v'_'(—
dl (ff
3anumem ypaBHeHus B popme Komu:
di U-Ri- Ue duc 1 .
Y e , —_— =,
dt L a: ik

BBenem nepemeHHbIE

[Mpumenenne ¢ynkumu rkfixed 1uig  pemieHuss NpPHUBENECHHOH BBINIE CHUCTEMBI  JIBYX
muddepeHIMaTbHBIX YpaBHEHHI ¢ 3aMeHol nepemeHHbIX Ha X0 u x1 mokaszaHo Ha puc. 3.16.

B sTom cinydae nayanpHble yenoBus (HY) u npousBonHbie GyHKIMIA 321a10TCSI B BUIE BEKTOPOB
x u D (t, x). Korna pynkuus rkfixed npumensercs ais pemenust onHoro nuddepeHmanibHoro
YpaBHEHUS, TO PEHICHUE MOJy4aeTCsl B BHJIE MAaTPUILIBI U3 JIBYX CTOJIONOB. B Tom ciydae, eciu
pelaeTcsi cucTeMa M3 I YpaBHEHUI, TO pEIICHUE MOTy4YaeTcs B BHJE MATPHUIIbI, coAepKalien
n+1 cron6mos. Ha puc. 3.16 takas matpuma obo3HaueHa OykBoi Z. [lepBbiil cTOIOCI MaTPHUIIBI
COOTBETCTBYET BPEMEHH, BTOPOH — TOKY, a TPETUI — HANPSDKEHUIO HA KOHJIEHCATOPE.

Pewenne cucremsl U3 1Byx andpdepeHunanbHbIX
ypaBHenuii ¢ moMombio pyuxumun rkfixed

Nano:U:=100B R:=180M L:=0.ITu C:=200-10"

BexTop npou3BOAHBIX:
BexTop HauabHbIX pTip g

nosuit (HY):
yoronsi (H) U—-(R x)g =X

o SN

\O l ' X
C {

Z .= rkfixed(x, 0, 0.06, 300, D) n := 0.. 300
Toki,:=Z, Hanpsxeuue u, :=2Z,_ , Bpems t, = % ‘n
I'pagux ctpoutcsa no 300 Toukam: HHaekc ang BbiBoAa 7 TOUEK

k:=0,50..300




2 0 0 0

I
e / \ 0.0f 1.765 102.748
00lu, 1f—A—Peceeeprnna 0.02 -0.658 115.506
v \ 0.03 -0.047 93.767
L e e

. b - -.‘ | -

¢ 0.06 -6,197-10 99.622

L¥S]

/\ tk= I = u =

0 0.02 0.04 0.06
lll
C

Puc. 3.16. Pacuer nepexoaHoro npouecca B uend R, L, C

Koumponavnwvie gonpocot

AP

o

Kakue metonpl perienust qudepeHanbHbIX ypaBHEHUN Bbl 3HaeTe?

B uem ocobennocts Merona Pynre-Kyrra?

Pemenune nugdepeHnuanbHOro ypaBHeH:s IEPBOTo MOPSIKA.

Pacuer nepexoanoro npouecca MerosioM Jisiepa B JinHelHOM nenu R,L npu
MOJKJIIOUEHUH €€ K UICTOYHUKY IIOCTOSIHHOT'O HAIPSKEHUS.

HeycroitunBelii MpOLECC NpH YBEIUYECHUH 111ara UHTErPUPOBAHUS.

Pacuer nepexoanoro nponecca B uenu R, L meronom Pynre—Kyrra uerseproro
NopsJKa ¢ PUKCUPOBAHHBIM 1IaTrOM UHTETPUPOBAHUS.

Pacuer nepexoanoro nponecca B nenu R, L meronom Diinepa npu MajioM mare
MHTETPUPOBAHUS.

Cnucok qumepamypbl, peKOMEHOYEMbLIL K UCNOJIb306AHUI0 NO OAHHOIL meMe:

1.

bepnunep, 3. M. CAIIP B mammHOCTpoeHUH : yueOHUK Juist By30B / O. M. bepausnep, O.
B. TapateiHoB. — Mocksa : @opym, 2014. — 448 c.

AdanaceeBa, H. 1O. BpluncnurenbHble W SKCIEPUMEHTAJIbHbIE METOJbl HAay4YHOTO
sKcTiepuMeHTa : [yue6. mocobue*]. — M. : KHOPVYC, 2013. — 330 c.

XneOHukos, A. A. UnpopMalinoHHbIe TEXHONOTHHY : YueOHUK / A. A. XneOHukoB. — M. :
KnoPyc, 2014. — 472 c.

MATHCAD 14: OcHoBHable cepBucsl u texnosoruu Iloxapckas I'. U., Hazapos 1. M.
Wzparens: Hatmmonansneiit OTkpeiThid YHUBepcuter « MHTYUT», 2016


http://biblioclub.ru/index.php?page=book_red&id=429120&sr=1

JlabopaTopHas padoralS. BzaumoaeiicrBue nosin3oBaresisi ¢ AUtOCAD.

Llenv padomui:

N3yuuts untepdeiic nporpammsl AUtOCAD, HayduThCS BBOAUTH KOOPAMHATHI PA3HBIMU
METO/IaMH, U3YUYUTh METObI IOCTPOCHUS IPUMUTHUBOB Ha YEPTEXKE.

Teopernyeckas 4acTh.

Cucrembl  aBTOMatm3upoBaHHoro  mpoektupoBanust  (CAIIP)  oGecneumBaroT
MaKCUMaJIbHYI0 TOYHOCTb BBITIOJIHCHHSI YEPTEKEU M SKOHOMST BpeMs 3a CUET aBTOMATHU3AllUU
MHOTMX PYTHMHHBIX omnepaiuil. bosiee Toro, co3naBaemple ¢ UX IMOMOIIBI PE3YJIbTAThl MOKHO
nepeJaBaTh 10 TEXHOJIOTMUYECKOM MLEeNoYKe Jaibllle JJi1 BbIIOJHEHHS IOCIIEIYIOINX
MIPOU3BOJCTBEHHBIX ONEpALIHil.

Jlupepom cpenu CUCTEM aBTOMATU3UPOBAHHOTO NpoeKkTupoBanus cuntaercs AUtoCAD.
[Iporpamma nosiBuiack Ha peiHKe B 1982 1. 1 cTasia 0JHOM W3 NEPBBIX TAKUX CUCTEM ISl
MEPCOHANIBHBIX KOMIIBIOTEPOB.

EH AutoCAD 2008 - YUEGHAA BEPCHA - [Ye pre w1, dwg] (=13
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entpanpHas 00IaCTh OKHA HA3BIBACTCA Zpaghuueckoil i padoueii ooracmoro. B Heit
0TOOpaxaroTcsi 00BEKTHI (OTPE3KU, OKPYKHOCTHU U JIP.), U3 KOTOPBIX COCTOUT 4epTéx. Kypcop B
Hell mMeeT Gopmy KpecTthka. B neBoM HWKHEM yriry rpadudeckoil 00JIaCTH pacrioiaraeTcs
3HAYOK CHUCTEMbI KOOPIUHAT.

Hwxnsis gacte okaa AUtOCAD coaepkuT obnacmos KOMAHOHBIX CHPOK, KOTOpas IO
YMOJYaHUIO COCTOMT U3 TPEX CTpoK. B HuxX mosiBisercs mobas BBEACHHAs KOMaHAA WU
npuriamenue AUtOCAD. KomanjgHas cTpoka OTOOpakaeTcsl BCerJa, B HEH MPEJCTaBICHO
TEKYyIIIee COCTOSHUE MPOIlecca YePUCHHUS.

AutoCAD mpemocraBiseT IOJIb30BATEII0 HECKOJIBKO TMaHENeH JUIT  CO3JaHwus,
penakTHpPOBaHUS OOBEKTOB, yIIPaBICHUS (ailiaMu U T.1.

B BepxHell wacTm 3KpaHa HAXOJIUTCSA cmanoapmuas naueap. Yactb U3 €€ KHOIOK
noxoxka Ha cranmaptHbie s Windows-npunoxennii (New, Open, Save, Print u T.1.), a
HEKOTOpBIE XapakTepHbI TOIbKO st AUtOCAD.

[Tox crangapTHONM MaHENbI0 HAXOAUTCS HAHEb C6OUCME, TIPEIHA3HAUCHHAS 1JI PAOOTHI
C TAKUMU CBOWCTBaMHU OOBEKTOB, KaK I[BET, THIT JIMHHUH U T.II.

[To ymonm4anuio cieBa Takke 0TOOpa)karoTcs maHenu uHcTpyMmeHToB Draw (PucoBanue)
u Modify (PenaktupoBanue).

Hcnonbs3oBanue HeKOTOPHIX KinaBuil B AULOCAD oTinyaetcst OT Ipyrux MpHIOKEHUH]:



o <Esc> - maxarue KIaBUIIM TPHUBOJUT K OTMEHE KOMAaHJbI, 3aKPBITHIO MEHIO WJIU
JTUAJIOrOBOT0 OKHA JTMOO MPEephIBAHUIO Mpoliecca 00pabOTKU YepTeka WK IITPUXOBKH.

o Ilpoben — Hakathe KiIaBUIIM mpoleia aHajlorM4HO HaxaTuio <Enter> wumu mpaBoit
KHONKU MbIu. [IpobGern npu akTUBU3aLMU 3TON KJIABHUILK CO3AaETCS TOJIBKO MPHU BBOJE TEKCTa
Ha YepTexke.

o <Enter> - ecam sta knaBuma wunu IlpoGen HaxkaThl B TOT MOMEHT, KOrja HeE
BBIMOJIHSACTCSI HU OJHA KOoMaHja (Ha dKpaHe oToOpaxaercs mpuriamienne Command:), To
MOBTOPSIETCS MOCIEIHSS BBITOJTHEHHAs] KOMaH/Ia.

Jis Be1zoBa komanibl AUtOCAD MOKHO MOTB30BaTHCS CISAYIONUMHU METOJAMH:

- BBITMIOJIHUTD LIEIYOK Ha KHOIIKE HHCTPYMEHTA,

— OTKPBITH MCHIO M BEIOpATh B HEM KOMAaHTy IISITYKOM MBIIIIH;

— BEIOpaTh KOMaH]y B SKpaHHOM (OOKOBOM) MEHIO, €CJT OHO OTOOpasKaeTCs;

— BBECTH C KJIABUATypbl HUMs KOMaH[bl, €€ TICEBIOHUM (OIHO- UM JBYXOYKBEHHOE
COKpalieHue e€ Ha3BaHUs) WJIM BOCIOJB30BAaThCS KiaBUIamu-yckopurtemsmu (Ctrl  +
COOTBETCTBYIOIIAs OyKBa).

OQ0opvyaoBaHue M MATEPHAJILI.

[lepconanbHbIi KOMIBIOTED, Tporpamma AUutoCAD.

Yka3zanusi 1o TeXHHKe 0€30IACHOCTH:

COOTBGTCTBYI-OT TEXHUKE 0€30I1aCHOCTH IO pa60Te C KOMHBIOTCpHOfI TEXHHKOM.

3ananus

1. Hactpoum oO0nacte uepyeHus. BrmrounTe oTOOpaskeHHE CETKH, Ha)KaB KHOIKY
CETKA B cTpoke COCTOSIHUSI B HWDKHEH 4acTH OKHA. BBl BUIuTE, 4TO 4epTek OoTOOpakaeTcs B
OYeHb MaJleHbKOM MmactTabe. JUisi TOro, 4ToObl TpaHUIlBl YepTeka YBEIWYWIHCH BO BCHO
pabouyro 00JacTh, HY’KHO B MeHIO «Bua» BeiOpaTh «3ymMmmMupoBanue» - «Beey.

Jis Be13oBa koman 1 B AUtOCAD MOXHO HMCTIONTE30BATh CIICAYIOIINE METOIBI:

o BBIITOJIHUTH IICTYO0K Ha KHOIIKC NHCTPYMCHTA,
@) OTKPBITH MCHIO U BI)I6paTI> B HEM KOMaHAy IMEJITYKOM MBIIIH,
©) BBCCTU C KJIABHUATypbl HMSA KOMAaHJbI HIIN ec ICCBJOHUM (O)IHO' 151

NBYXOYKBEHHOE COKpaIlleHHE €€ Ha3BaHUs);
Ha‘lepTI/IM HECKOJILKO JIMHUH ¥ Ha UX puMeEPE NPOAEMOHCTPUPYEM PA3JIMYHBIC METOABI BBOAAa KOMaH/I.

1. 3anycture AutoCAD.
2. Beemute B komaHgHOU cTpoke OTPE30OK u naxwmute <Enter>. Ilociie 3TOro mosiBUTCS
TaKoM Jauanor (cueayiTe yKa3aHHsIM B CKOOKax):
Komanoa: ompesox
Ilepeaa mouka:
(Bp1GepuTe MBIIIBIO THO0YI0 TOUKY; TIOSIBUTCS «PE3UHOBAS JIMHUS)
Cnedywwaa mouxka unu [Ommenuma]:
(BwiOepute m100yI0 TOUKY; TIOSIBUTCS €IIE OJTHA «PE3UHOBAS JIMHHUS)
Cnedywwaa mouxka unu [Ommenuma]:
(Haxxmute <Enter> ans 3aBepiieHust KOMaHIbI)
3. Otkpoiite mMenro PucoBanme u BeIOepuTe B HEM KoMaHay Ompesok. Ilocne storo
JIEMCTBYHTE TaK, KaK OMKMCAHO B IMAJIOTax MPeIbIAYIIUX MYHKTOB.
4. Boibepute KHONKY Ompe30K W3 NaHENIU UHCTPYMEHTOB Pucoeanue 1 BBHITIOIHUTE TE e
JIEUCTBHUS, UTO U B IMAJIOTAX K IMYHKTY 2 Uiu 3.

IIa"e1b KOOPAUHAT M CTPOKA COCTOSIHMS.



B HmwxHem neBom yriy skpana AUtOCAD HaxoauTcs maHenb KOOPAWHAT, T/I€ BBIBOJIUTCS
uH(poOpMaIlMsg O TEKyIled NO3WIMH Kypcopa B OJHOM H3 JBYX (hopMaroB: abCONIOTHBIE
koopauHatsl (X, Y, Z) win JJIMHA U YTroJl HAakKJIOHAa «PE3UHOBOW» JMHUH, IPOBEAEHHOW OT
MOCJICAHEH 3aJaHHON TOUKH.

1. TTomecTuTe yKaszaTesb B 00JIaCTh YepUYCHHUS U HAYHUTE €T0 NepeMeniarth. Bbl yBUAUTE, 4TO
3HaueHUs1, 0TOOpakaeMbIe B MMaHEIH KOOPIUHAT, U3MECHSIFOTCS.

2. BeimonauTe mienmyok B maHenu KoopauHar. OHA OTKIOYHMTCS, W 3HAYCHUS B HEH
U3MEHATHCS He OyayT. UTOOBI BKIIFOUUTE TIAaHEIb KOOPAMHAT, MIETKHATE HA HEel emié pas.

3. BeoBute komaHay Ompe30K ¢ TIOMONIBIO TAaHEId HWHCTPYMEHTOB M B IPOHM3BOJIHLHOM
MECTE YepTeKa YKAKUTE MEPBYIO TOUKY JTUHUU.

4, TlepeMecTuTe YyKa3aTelb MBIIIM W B3TJITHUTE HA IMaHENIb KOOpAWHAT. Ternepp B HEH
0TOOpaXaroTCs 3HAYCHHUSI, COOTBETCTBYIOIINE JUTMHE U YTy HAKIIOHA «PE3UHOBON)» JTMHUU,
MPOBEIEHHOM OT MOCAEAHEN 3aJaHHON TOYKH.

5. OTmeHuTe KOMaHy, Ha)KaB KiaBuiry <Esc>.

B HmxHe# yacTu OKHa, ClipaBa OT MaHENU KOOPIMWHAT, PACIOAraeTcsi CTPOKa COCTOSIHHUS.
OHa coAep>KUT KHOTKH, MIPEACTABIISIIONINE TEKYIIEE COCTOSHUE PEKUMOB MPUBSI3KH U YEPUCHUS,
YTO 00JIeT4aeT MPOIECC YEPUCHUSI NPU UCIOJIb30BAHUU MBIIINA. JTH PEKUMBI MOKHO BKJIFOUATh
M OTKJIIOYATh IICITYKOM MBIIIIH.

Wwar [ceTks 0FTO [aTC-nOnAP [NPMBAZKS [OTC-OBREKT DYN BEC [MOLDENE

6. Bemonaute mendok Meimbio Ha kKHomke LIIAI. Tlocne atoro B rpadudeckoit obmactu
MOSIBUTCSL CeTKa. B gaHHOM ciydyae OylIeT HCIOJIb30BaH IIar CETKH, 3aJlaHHBIA 10
YMOTYaHHIO.

7. TloBTOpHBIM MIEITYKOM MBI Ha KHOTIKE LIIAT OTKITIOUHTE peXKUM OTOOPAKEHHSI CETKH.
Pexxum ORTO wucnoneiyercst A TOro, 4YTOOBI OTPE3KU MPU YEPUYCHUH aBTOMATHYECKH

pacrnosaraiich TOPU30HTAIBHO WM BEPTUKAIBHO.

8. Brimounte pexxum ORTO. BrizoBure komManay Ompe3ok W HAYePTUTE HECKOILKO
OTpPE3KOB, 4YTOOBI YBHJIETh, Kak paboTaeT 3TOT pexuM. llo 3aBepiieHHH dYepyeHHs
OTKITIOYHTE €TO0.

2. YepueHue 00bEKTOB M BBOJ KOOPIHHAT
3aganue: [locmpoums ompe3oK, KOMOPbIU pPACHONAZAeMC CMPO20 2OPUIOHMATLHO,
Hauunaemcs 6 mouke ¢ koopounamamu (10; 10) u umeem onuny 150 mm.
3ananuda:

1. HaunnTe HOBBIN YEPTEXK.

2. OnHUM U3 CIeAyOIUX METOIOB BBI30BUTE KOMaHLy Ompe3ok.
[Tocne 3TOro B KOMaHAHOM CTPOKE MOSBUTCS JUAJIOT:
Komanpa: _line IlepBas Touka:

3. B orBer Ha 3TO mpuriameHue MOXHO TNPUMEHHUTH JI000H u3
nojnepxxuBaeMbix AUtOCAD MeTo10B BBOJa KOOPAMHAT U yKa3aTh NEPBYIO TOUKY
oTpeska. Mbl BocnoJib3yeMcsi abCONMIOTHBIMU KOOPAMHATAMHU.

Beenute B koMmanaHOM cTpoke 3HaueHus 10,10 u Haxkmute kinasumry <Enter>. Teneps B
KOMaH/JHOM CTPOKE BBl YBUAUTE CIIEIYIOIIEE:
Creodyrowas mouka unu [Ommenums] :

4. Bropyro TOUYKy [ TOPH30HTAIBHOIO OTpe3Ka OINpeNeIEéHHON
muHbL (150 MM) 3a1aliTe OTHUM U3 CIIEAYIONIUX CIIOCOOOB:

O HCIONb3yd abCONIOTHBIE KOOPJIMHATHl — BBEAUTE B KOMAHIHYIO CTPOKY
160,10 u Haxxmute <Enter>;

O HCIONb3ysd OTHOCHUTEIbHBIC MPSIMOYIOJbHBIE KOOpAUHATHI — BBEIUTE B
KoMaHHoH cTpoke @ 150,0 u naxxmute <Enter>.



[Tocne 3TOro MOKHO MPOIOJKUTH YePUEHUE M HAPUCOBATH JIOMAHYIO JIMHUIO TNOO BHINTH
W3 KOMaHbl, HakaB <Enter>,
S. 3aKkpoiTe uepTEK, HE COXPaHss €r0.

Hcnoan3oBaHue PAa3JTUHYHBIX ME€TOAOB BBOJAAa KOOpAUHAT

Jna aghgpexmusnoii pabomei 8axcHO ymemv NPAsUILHO 8b10pamb HAUbOLee npuemiemslil
68 KOHKDEMmHOU cumyayuu memoo 6600a Koopounam obvekma. Oceoum pasuvie Memoovbl HA
npocmom npumepe. Ilo 3asepuienuu pabomul y 8ac 00AHCEH NOLYUUMBC CAEOVIOWULL YePMENC:
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Co3zpaiite 1151 yripa)KHEHUSI HOBBIM YepPTEXK U COXPAHUTE €T0 MOJ UMEHEM «3aHSITHE 2.

Cuauana Hapucyem KBaJapar ¢ JJIMHOW cToponbl 40 equHul] (HuxHUM cineBa). Ero neBbiit
HIOKHHUM yros JojbkeH pacnonarathesi B Touke (50, 50). Mcnonb3yeM MHTEPaKTUBHBIM METOJ
3a/IaHUs] KOOPJIMHAT.

1. Bxmounte pexumsl AT (SNAP), CETKA (GRID) u OPTO
(ORTO), HaxxaB COOTBETCTBYIOIINE KHOIKH B CTPOKE COCTOSIHUSI.
2. Bezosute komanay OTPE3OK (Line) u3 maHean MHCTPYMEHTOB.

[To3unmonupyiite ykazarenab Mblu B Touke (50, 50) 1 BBINOIHUTE LIETYOK. 3aTeM
MOCNeA0BaTeNbHO MIEIKHUTE MBIIBI0 B Toukax (50, 90), (90,90) u (90, 50),
BBEJMTE B KOMaHIHON CTPOKE OIIHUIO ¢, YTOOBI 3aMKHYTh JIOMaHYIO, U HaXMHTE
npo6en niau <Enter>. (IIpoepsiiTe 3HaUEHHS ¢ TOMOIIBIO MTAHEIH KOOPANUHAT.)
Teneps HauepTUM KBaapatT C JUIMHON cTOpoHBI 40 eAMHMII, KOTOPBIHA OyJIeT pacnoaoKeH
npaBee npezbiayiiero. JIeBblii HIKHUM yros 3Toro kBajapara HaxoauTcst B Touke (110, 50).
Hcnonp3yem aOCOMIOTHBIM MeToJ 3afaHusi koopAauHar. OH NpUMEHSeTCs, KOrja B OTBET Ha
NpPUIJIAIIEHUe KOMaHJIHOW CTPOKM MOXHO YKa3aTh TOYHBbIE KOOPAMHATBHI PACIOI0KEHUS
00BEKTA.

3. BezoBute komanay OTPE30K w3 mnaHenu HWHCTPYMEHTOB U
BBEUTE B KOMAaHJIHOW CTpPOKE JMJaHHbIE, yKa3aHHbIe HIDKE (HE 3a0bIBaiiTe
MIOJITBEPK/1aTh BBOJ] HAXKATHEM KJIaBHIIH rpoderna uin <Enter>):
Komanna: OTPE30K
IlepBasi Touka: 110,50
Caenyromast Touka i [Ormennts]: 110,90
Caenyromasi Touka o [Ormennts]: 150,90
Caenyromast Touka i [Ormennts]: 150,50
Cnenyromasi Touka Wi [3aMkHyTH/OTMEHUTD|: 3
Tperuit kBagpar (Hag TEpPBBIM) HAUEPTUM, UCIHOIB3Yys METOJ OTHOCHUTENBHBIX
OPSIMOYTOJIBHBIX KOoopauHaT. OH OTIWYaeTcss OT METOJa BBOJA aOCOIIOTHBIX KOOPAMHAT TEM,
41O KOOpAuHAThl X U Y 33Jat0TCs OTHOCUTEIBHO MOCIEIHEH TOYKH, a HE Hayana KOOpJMHAT.
OTOT METOJ HCIOJIb3YeTCsl, KOTJa He W3BECTHBI 3HA4YCHHsS] aOCOJIOTHBIX KOOpPAWHAT, HO BBI
3HAETE paccTosiHUE M0 ocsiM X U Y OT MOCJIeIHEN 3aIaHHON TOUKH.




4. Br13oBute komanay Ompe3ox U3 naHeln MHCTPYMEHTOB U BBEIUTE
B KOMaHJHON CTpOKe NaHHbIE, YKa3aHHbIe HUXKe (He 3a0bIBaliTe MOATBEPKAAThH
BBO/JI HA)KATHEM KJIaBUIIM 1podena wim <Enter>):
Komanna: OTPE30K
IepBas Touka: 50,110
Caenyromnast Touxka wim [Ormenurs|: @0,40
Caenyrwonnasi Touxa wm [Ormenurs|: @40,0
Caenyromnast Touxka wim [Ormenuts]: @0,-40
Cuienyromas Touxa i [3aMkHyTH/OTMEHHTD|: 3
YerBEpThIii KBaZpaT (BHU3Y CIIpaBa) HAPUCYEM C HUCIOJIb30BAaHHUEM METO/a 3aJIaHUS
HanpaBieHus/pacctosuus. OH TMpeacTaBiIsieT coOoil KOMOMHALMIO IBYX METOJIOB — BBOJAA
OTHOCHUTEJIbHBIX MOJIIPHBIX KOOPAWHAT U UHTEPAKTUBHOTO, TOCKOJIbKY 3HaYEHHE PacCTOSHUSA (OT
NOCJIEAHEW TOYKM) BBOAMTCS B KOMAaHAHYIO CTPOKY C KJIaBHAaTypbl, a HampasiieHue (yroim)
YKa3bIBa€TCs IEPEMEIICHUEM Kypcopa OT MOCIEIHENW TOUKH.
5. Orxmtounte pexxuM HIATL. Beizosute komanny OTPE3OK w3 naHeinu UHCTPYMEHTOB
U JCHCTBYWUTE COMIACHO NMPUBEIEHHOMY HUKE OITUCAHUIO:
Komanpa: OTPE30K
IepBast Touka: 170,50
Cnenyroasi Touka wim [OTMeHuTs|:
(HampaBbTe yka3artenb MbIIIM BBEpX U BBeauTe 3HaueHHe 40)
Caenyromasi Touka wim [OTMeHuTs|:
(HampaBbTe yka3arteib MBIIIN BIIPaBO U BBeAUTe 3HaueHue 40)
Cnenyroast Touka wim [3aMkHyT/OTMEHUTS|:
(HampaBbTe yka3arenb MbIIIA BHU3 BBeauTe 3HaueHHE 40)
Cuaienyromasi Touka wi [3aMxHyTs/OTMEHHTD]: 3
PaBHOCTOpOHHMII TPEYroJbHUK YEPTHUM C HCIOJIb30BAHUEM METO/a OTHOCUTEIbHBIX
HOJIAPHBIX KOOPJAMHAT. DTOT METOJl MIPUMEHSIETCS, €CIM HE0OX0IMMO HapucoBaTh OTPE30K HIIU
yKazaTh TOYKY, KOTOpBIE pACIOJIAralOTCs TOJ ONpeAeNEHHbIM (TOYHO 3a/laHHBIM) YTJIOM
OTHOCHUTENIbHO TocheAaHed Touku. Hampumep, 3amuch @2<45 o3HadaeT «Ha pacCTOSHUU 2
€UHUL OT MOCJIEAHEN TOUKHU MO YIJIOM 45 rpaaycoBy.
6. Otxmounte pexumsl IIIAI" u OPTO. BoizoBure xomanny Ompe3ok W3 TaHENH
WHCTPYMEHTOB U BBEAUTE B KOMAaHIHOMN CTPOKE JJaHHBIE, YKa3aHHBIE HIXKE:
Komanpna: OTPE30K
IlepBas Touka: 110,110
Caenyronnasi Touxka wim [Ormenuts|: @40<60
Caenyromiasi Touka wm [Ormenuts|: @40<-60
Cnenyromasi Touka Wi [3aMkHyTH/OTMEHUTD|: 3
Komanga:
Tenepsr mocTpoum aBe OKpy)HOCTH paaumycoM 20 emmnwuil. [Ipu sToM Oynem 3amaBath
LHEHTP U PaJuyC OKPYKHOCTH. [lepByt0 HauepTUM C MCMOJIB30BAaHUEM HHTEPAKTHMBHOTO METO/AA
3aJlaHUs KOOPAMHAT, a BTOPYIO — KOMOMHUPYS HECKOJIBKO METO/IOB.
7. Bxmrounte pexxum IIIAI. BeizoBute komanay Kpyr n3 naHenu. YKaXuTe MBILIBIO
LEHTP U PaguyC OKPYKHOCTH:
Komamnga: circle
Henmp kpyza unu [3T/2T/KKP(kacc kac paduyc)]:
(I1énxuurte MpIimbio B Touke 190,130)
Paouyc kpyza unu [/luamemp|:
(ITepemeriast MbIIIIb, BEIOEPUTE HYKHBIN pa3Mep U 3aUKCUPYNUTE €ro IMEeTIKOM MBIIIIb)
Komanpa:
8. Bropas okpyX)HOCTh JOJKHA pacronaraThes Ha 60 equHUIl HUXKE TepBoil. BrizoBuTe
komanay Kpyr (Circle) u neiicTByiiTe cOritacHO OIMUCAHHIO:
Komamnpna: circle
Henump kpyza unu [3T/2T/KKP(kacc kac paouyc)]: 190,70




Paouyc kpyza unu [/luamemp]: 20
9. CoxpaHute 4epTex.

3. IlonsipHasi NpUBSI3KA U MOJSAPHOE CIesKeHne

B sToMm ynpaxkaeHnu MBI pazpaboTaeM 4epTéx MTaMIIOBAaHHOHN ITACTHHBL:

I

(40,50)%

| - .

CosznaiiTe HOBBIM UEpTEXK C METPUUECKHMMH YCTAaHOBKAMHU MO YMOJYAHHUIO U COXPAHUTE
€ro NoJ UMEHEM «3aJaHue 5».

CHavana co3laguM paBHOCTOPOHHUM TpeyrojpHUK. [l ympoieHus mpolecca
IOCTPOCHMSI UCMOJIb3yeM PEXKUM IOJSIPHOIO CIEKEHUS B KOMOMHALMU C METOAOM 3a/laHus
HaIpaBJICHUS/PACCTOSHUSL.

1. VYcranoBure mnapamerpbl pexuma. OHM 337ar0TCSl Ha BKIAAKE
OrcnexuBanue uanoroBoro okHa Pe:kumbl pucoBanmusi. OTKpoiiTe 3TO OKHO,
BOCIIOJIb30BABIINCH CIEAYIOLIIMM CIIOCOOOM:

OIIENKHUTE NpaBoil kHonkoi Mplu Ha kHonke OTC-IIOJISAAP B cTpoke
COCTOsIHUSA M BbIOepHUTe KoMaHay HacTpoiika B KOHTEKCTHOM MEHIO;

2. Ilepesinure Ha Braaaky OrciexkuBanue OKHa PexuMbl
pucoBanus u B nosie lar yrioB BeiOepute 3HaueHue npupamienus yria 30.0.

[TposepsTe cTpoky coctosiuus: pexxum OTC-IIOJISAP nomken ObITH BKIIOYEH (KHOTKA B
HaxxaToM cocTtostHum), a pexxumsl LA, OPTO, I[TPUBA3KA u OTC-OBBEKT — BBIKIIOUYEHBI.
[Tpu xenanun Mosxere ucnonb3zoBaTh pexum CETKA.

3. BezoBute komanny OTPE3OK. Hauynute 4yepTUTh B TOYKE C
koopaunatamu (60,70), ucrionb3yst METOI BBOAa a0COMIOTHBIX KoopauHat. Kaxnas
CTOpOHa TpeyroibHMKa paBHa 50 MM, [O3TOMY BBEIWUTE 3TO 3HAUYCHHE B
KOMaHJHYIO CTPOKY MOCJ€ 3aJJaHusl C MOMOIIBI0 Kypcopa MbIIIN HalpaBiIeHUs 1Jis
K101 13 cTOpoH. COXpaHUTE UepTEXK, HE 3aKPBIBANTE €TO.

Ha cnenyromiem sTtame HapucyiiTe BHEIIHME TpaHUIIbl IUIACTHHBI, UMeroUel Gopmy
npsiMoyrosibHuKa pazMepoM 120x100 eauaun. Ero MO>KHO MOCTPOUTH € NOMOIIBKO OTPE3KOB,
pacroIOKEHHBIX 4Yepe3 paBHbIE HWHTEPBAJIbl, MMO3TOMY IIE€JIECO00pPAa3HO HUCIOIB30BaTh PEKUM
npuBs3ku k cetke lllaroBasi npuBsizka.

4, [[[énkauTe mpaBoi kHOMKOW MbImM Ha kHomke IIIAIT B cTpoke
cocTossHusl M BbiOepuTe KomaHay IllaroBasi mpuBsi3Ka BKJI. U3 KOHTEKCTHOI'O
MmeHto. [Ipocneaute 3a Tem, 4TOOBI BKJIHOYEHBI ObUIM TOJBKO pekumbl LA n
OTC-ITOJIAP.

5. BezoBute komanay OTPE3OK w mnoctpoiite npsSMOYTrojbHUK.
Haueprute nuuuio B TOuke ¢ koopauHartamu (40,50), 3amaB aOcoIrOTHBIE
KOOpAMHATBI. 3aT€M MOJYKETE HCIOJIb30BaTh HWHTEPAKTUBHBIA METOJ, IOCKOJIBKY
BKJIIOUEH PEXUM MPUBS3KH.




JIBa BHYTpEHHUX MPSIMOYTOJIbHUKA IIOCTPOMTE C Ucrosb3oBaHueM pesxxuma OTC-110JIAP
B KoMOuHanuu ¢ pexxumoM Iloasipuasi mpuBsizka. B To Bpems kak B pexxume OTC-I1O0JIAP
OCYILIECTBJISIETCS TPUBSI3KA «PE3MHOBOI» JIMHMM C YIVIOBBIMM IPUPALLEHUSAMH, PEXKUM
IHonsipHasi npUBSA3KA MO3BOJISIET CTPOUTh OTPE3KU C 33JIaHHBIMU ITPUPALLEHUSIMHU PACCTOSHUS.
Ecnu Bbl, Hanmpumep, 3aJaJuTe NPHUPALICHUE PACCTOSHUS, PAaBHOE 2 €IUHHUIAM, TO MOXKHO
CTPOUTH OTPE3KH C MHTEepBasIamMu 2, 4, 6, 8 u 1.1. Takum oOpa3oM, COBMECTHOE HCITOJIH30BaHUE
TUX JIByX pEXHMOB JaéT BO3MOXHOCTb CTPOUTh OTPE3KM C 3aJaHHBIMH YIJIOBBIMH U
JMHENHBIMU UHTEPBAIaMHU.

6. [lenxkHuTe mpaBoil kHOnKOM MblM Ha KHomke IIIAIT B crpoke
cocTosiHUS U BblOepuTe kKoMaHy HacTpolika B KOHTEKCTHOM MeHI0. B nuansorosom
okHe Pexumbl pucoBanusi oTkpoire Bkiaaky lllar u cerka (cMm. puc.). Beibepure
MOJISIPHBIM TUI NPUBS3KH, AKTUBU3UPOBAB Nepekitovareisb [lonspHas npussska, u
ybenurech, uTo 3HaueHue unrepnaia B nose lllar pasuo 10. I[Ipocnenure 3a Tem,
4TOOBl B CTPOKE COCTOSIHUS OBLIM BKJIIOYEHBI TOJbKO pexumbl LA u OTC-

Pe wHMBI pHCOBAHMA @E]
War v cetka | Orcnemusanue | DfbekTHan npHEASKa | JUHaMUYECKME BEOD
[ War Bra (F9) [ CetraBra F7)
W ar npuEAzkM War cetku
War cerTem no X 10
War ceTkmno ' 10
PaBHEMA Wwar no ocam =4 1Y OcHoBHaA AMHUA vepes: |5 S
MonApHaA NpresAska Pesiard ceTkm
War: 10 Hacrpoiika cetku
[ Paspewwe gpotinerme
TN NpHEASKM MENBYE WAra CETKH
O Warosan npreAska
[ Nokaszars cetky 5a nummard
[ Crenogate auHariseckoi MK
(%) NongpHan NpHEASKa
[ 0k l [ OrreHa ] [ Cnpaeka ]
7. C nomompto koMauasl OTPE3OK co3naiiTe 1Ba MpSIMOYTOJbHUKA

50x10 (mapamienbHBIX CTOPOHE TPEYTONbHHKA). YKAXKHUTE HadYallbHbIE TOYKH IS
KOKJIOTO MPSIMOYTOJIbHHMKA METOJOM  3aJlaHusi  aOCOJIOTHBIX  KOOPAMHAT
(xoopmunatel  (120,75) wu (140,85)). 3arem cTpolTe MNPAMOYTOIBHUKU
WHTEPAKTHBHBIM METOJIOM, UCTIOJB3YS TOJICKA3KH PeXKUMa IMPUBS3KH.

8. [To 3aBepiieHNN pabOTHI COXPAHUTE YEPTEK.

[TomauTe, 9TO B JFOOOW MOMEHT BPEMEHH MOXET OBITh AKTHBEH TOJBKO OJWH W3
pexxuMoB TpuBsizku: u00 [lomsipHas mpussizka, 6o IllaroBast mpuBsizka. Briarounte Kakou-
aub0 M3 3TUX pPeXUMOB Ha BkIaake [llae u Cemxa nuamoroBoro okHa PexuMbpl pucoBaHUS
myTéM akTuBM3aIuy nepexiarovarens [llarosas npussizka winu [lorapras npugsska.

Ilpumeuanue: CymecTByeT U Jpyroi cnocod pekuMa MpUBSI3KH: METKHUTE MPaBOM
KHOIKOHM MbIti Ha kKHOTIKe SNAP B cTpoke coCTOsSHUS U BeIOepruTe KoMaHay [lonspHas
npuBsizka BKI. win LllaroBast mpuBs3Kka BKII. W3 KOHTEKCTHOTO MEHIO.

4. Bb100p 00bEKTOB

HpI/IMeHH}I KOMaH/bl PpCAAKTUPOBAHHA, MOXKHO H3MCHATH CYHICCTBYIOMIUC OOBEKTHl HIIU
HCIIOJB30BATh UX I CO3aaHUA HOBBIX. B atoMm 3aHsTHU BBI Y3HaAcCTC, KaKk MOXXHO BI:I6paTI> 00BeKTHL. MXx
MOXXHO BI:I6paTL nepea BbI30OBOM KOMAaH/IbI WJIK B OTBCT HAa NPUTTIAICHUC KOMaH,Z[HOfI CTPOKH.



Hanpumep: paccMOTpUM AHAJIOT KOMAHIHOW CTPOKH NPH WCHOJIH30BAHWHM KOMAaH[BI yJAJICHUS
Erase (Be100p 00HEKTOB BHITIOJIHIETCS ITOCJIE BBOIa KOMAH/IBI).

Komanoa: cmepemow

Bri0epuTe 00beKTHI:

Komanma otobpaxaer moackasky «Bbibepure OOBEKTHI:», KOTOpas MpeajaraeT 0O0O03HAYUThH
00BEKTHI, TTOIeKAIINE YIAICHUIO, TIOCTIe Yero yKa3aTelb MBIIIN MPUHIMAET BU HEOOIBIIOT0 KBaapara.
Br1 MoxeTe BBIOpaTh OOBEKTHI JTMOO0 ¢ IOMOIIBIO 3TOTO KBaAPaTHOTO MapKepa, IM0O OJHUM U3 METO/OB,
ONHMCAaHHBIX HIDKE. BrIOpaHHBIE OOBEKTHI OTOOpaKAIOTCA NYHKTUPHOW JmHUeH. Jlms 3aBepiieHus
mporiecca BEIOOpa HEOOXOAMMO HaXKaTh KiaBuiry <Enter>, mocie 4ero MOXXHO BBINOJHATH 33JaHHYIO
KOMaHJy peAaKTHPOBaHHSI.

Ortkpoiite ueptéx «3anstue 2». Boikmounte pexxum LIAT, uroObl ObUTO JI€Tde BBIACTATH OOBEKTHI.

Keaopammuwiit mapkep. DTOT PEeXUM aKTHBH3MPYETCS IO YMONYAHUIO W HCIONB3YETCS s
BBIOOpA TOJBKO OJJHOTO OOBEKTA.

1. BezoBute komanay Creperh IOOBIM crocoOoM. Beizenute ¢ moMOMIBIO
KBaJI[paTHOTO MapKepa JIeBBIH HIDKHUA KBampar (cM. puc.). Jas sToro momectute
KBaJIpaTHBI MapKep Ha OOBEKT (Tak, YTOOBI OH MepeceKall 0OBEKT) U IMIETKHUTE MBIIBIO.
Kaxxayro cTopoHy KBajpara MOXKHO BBLICIUTH OTAeAbHO. Haxkmute kiapumry <Enter> mus
3aBepIeHnst KoMaHabl Cmepems.
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3. JIro0oii 00BEKT, yIAIEHHBIN ¢ TOMOIIBIO TIOCIIeAHEH KoMaHabl Cmepemb, MOXKHO
BOoccTaHOBUTh. [y 3TOro mpeanasHadeHa komanna Ou. E€ He 00s3aTesbHO NMPUMEHSTH
HEMeIJIEHHO Tocie koMaHabl Cmepemsb, Bbl MOXeTe BbI3BaTh Ou B JH000€ BpeMs Iocie
yaaiieHus o0bekTa. BoccTaHOBUTE KBampaT ¢ MOMOIIBI0 KoMaHAbl Ou (U1 3TOTO BBEIHUTE
Oii B KOMaHZIHYIO CTPOKY).
C momouIp0 KBagpaTHOTO MapKepa MOXKHO HE TOJNBKO BBLACIUTH OTAENBHBIA OOBEKT, HO U
chopMHPOBaTh PaMKy HJIH CEKYIIYIO0 PaMKy BbIOOpa.
Pamka u cexywman pamka. Pamxa (Window) mossosisieT BEIOpaTh 0OBEKTEI, KOTOPBIE TOJTHOCTHIO
eil oxsauenol. OHa umeer (OpMy MNPSIMOYIOJIbHUKA, NPEACTaBIECHHOTO CIUIOMIHBIMUA JHHUSAMH. C
nomoreio  cekymeir pamku (Crossing Window) MOXHO BBIICTHTh OOBEKTHI, KaK IOJHOCTHIO
HaxoJISIIMECs] B PaMKe, TaKk W mepecekaeMbie er0. OHa Takke mMeeT (HopMy NPSMOYrOJIbHUKA, HO OH
NpEeACTaBiIeH yHKTUPHBIMU JIMHUSIMH. [[J1 co3/1aHnsl paMKu clielyeT yKa3aTh JIB€ TOUKU e€ AuaroHaiu.
4. Bozoure komanny Cmepems. Boiienure cpeHUN KBaIpaT B HIDKHEM Py C
MIOMOIIBI0 PAMKH, & PAaBHOCTOPOHHHUI TPEYTOJBHUK BBEPXY C MOMOIIBIO CEKYIIeH paMKH.
s aTOT0 MOMECTHTE KBaApaTHBIH MapKep B 00JacTh YepTeka Tak, YTOObI OH HE IepeceKal
HU OJIUH OOBEKT, U BHIIOJIHUTE LIETYOK MBILBI0. DTUM BBl 0003HAUYUTE yroJl paMKH BbIOOpa.
[lepemecTnTe MBI BIPaBO, W Bbl chOpMHpYeTe paMKy. BbINMonHWATE MIETYOK IS
¢buKcanuu BTOporo yria pamku. Eciu mepemeniats MbIIIb BIEBO, CHOPMHPYETCS CEKyIIast
paMka. Ynanute oOBEKTHI, HaxaB kiaBumy <Enter> (cm. Puc. 2). 3atem ¢ momouipro
xoMauas! O BOCCTAHOBUTE OOBEKTEL.
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Puc. 2.

Onyusa «/Iunusn. C TOMOWIBIO 3TOWM OMUMHM co3daéTca ceKyllas JuHUS. B pesyibrate
BBIZICTISIIOTCST BCE OOBEKTHI, KOTOPHIE OHA MEepeceKacT, MPHIEM BBl MOXKETE CO3JaTh 000 KOINIECTBO
CETMEHTOB CEKYIIIEH JTMHUH.

5. CHoBa BeOBUTE KoMaHay Cmepems. [locie NMosBICHUS MPUTITIAIIEHHS BHIOPATH
HEOOXOMUMBIe OOBEKTHl BBEAWTE B KOMaHAHYIO cTpoky JI. 3amaiiTe cexyulyro IJIWHHIO
(YKka3bIBasi €€ KOHIIBI) TaK, YTOOBI BBIIEIUTH BCE BEPTUKAIBHBIE OTPE3KH W OKPY)KHOCTH B
HIDKHEM PsiTy. Y TaluTe UX ¢ MOMOIIbI0 KoMaHasl Cmepems (puc. 3), a 3aTeéM BOCCTAHOBUTE
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Puc. 3
Onuyusa «Bcey». Boinenser Bce 00beKTh YepTexKa.
Shift +resan knonka moiuu. Vickinodenne 00beKTa U3 rPyIIbl BHIICICHHbIX.

6. BozoBute xomangy Cmepems. CHauana BBIIEINTE BCE OOBEKTHI C IOMOILBIO
omuun Bcee (B). 3areM HCKIIOYUTE W3 TPYIIBI BBIACICHHBIX OOBEKTOB YETHIPE OTpE3Ka,
NPEACTaBICHHBIX Ha pUC. 4 IITPUXOBBIMH JUHUAMH. [JI1 3TOrO NpH BBHIOJIHEHUH IIETYKOB
Ha JaHHBIX OTpe3Kax yuepkuBaiite kmaBumry <Shift>. 3aBepumre komanay Cmepems,
nocie 4ero OyAyT yAajeHbl Bce OOBEKTHI, KpOME 3THUX YEThIpEX OTpe3koB. BoccTaHoBute

00BeKTEI KOMaunon O,
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Puc. 4
7. Tlepen BBI30BOM KOMaHABI Cmepems BBIIEIUTE TPEYTONBHUK C ITOMOIIBIO
KBaJ[paTHOTO MapKepa WM PaMKO¥ (HHKaKHe JAPYrHe KOMAaHJbI MPU 3TOM BBIMOIHATHCS HE
nomkHbl). [Tocse sToro BBequTe KoMauay Cmepems v Haxmute <Enter>, B pesynbrare uero

TPEYTOJIBHUK OyIeT yaanéH. BoccTaHOBUTE €Tro mocpeacTBOM KoMaH bl Oil.
8. 3axkpoiite daiin, He COXpaHssT U3MCHEHHM.




Cooepircanue omuema . BBINOJHEHHYI0O PadoTy COXPAaHUTHL B Mamnke moja cBoeil gamMuiueil u
MoKAa3aTh MPenoaaBaTeIio

Koumposivnvie eonpocot

Kakue meTosbl BBO/Ia KOOPAMHAT UCHOIB3YIOTCS IPU YEPUYCHUH MBIIIbIO?
Kakwue Turbl KoopIMHAT MOXKHO UCIONIb30BaTh B cucteme AUtoCAD?
J51s 4yero ucnonb3yercs MOJIIPHOE ClIeKeHUe?

Kaknem 00pazom ocymiecTBiIsieTcs: HACTpOHKa MOJISIPHOTO CIICKEHUs?
Kaxkas pazuuia mexnay BeigeneHueM «Pamka» u «Cekyias pamka»?

Kak ocymecTBisieTcs BoleIeHHE 00BEKTOB C IOMOIIBIO CeKYyILei?

ook wdE

Cnucok n1umepamypol, peKOMEHOYEeMblil K UCHOJIb306AHUI0 O OAHHOU meMme:
1. Opnos, A. AutoCAD 2014 / A. Opnos. - CII6. : [Tutep, 2014. - 384 c. : . - [Ipun.: c. 382. - ISBN

978-5-496-00761-0

2. HmxeHepHas v KOMIBIOTEpHAas rpaduKa : 1a00paTopHbI MpakTukyMm / aBT.-cocT. T.U. [IpoBocekoBa
; Ces.-Kas. denep. yu-1. - CraBponons : CKOY, 2014. - 2015. - bubmmorp.: c. 159

3. CewmenoBa, H.B. mxenepHas rpaduka : yaedHoe mocodbue / H.B. Cemenona, JI.B. bapanosa. -

ExarepunOypr : M3narenscTBo Ypanbckoro yauepcurera, 2014. - 89 c. : cxem., Tadi., ui. -
bubmmorp.: c. 71. - ISBN 978-5-7996-1099-9 ; To xe [DnexTpoHHbIi pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=275945
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JlaGoparopHasi padoral6. O0bekTHasi NPUBSA3KA U 00beKTHOE cie:kenne. Co3nanue u

HACTPOiika rpag)u4yecKuX NPUMUTHBOB.

Ilenv pabomer:
N3yuuTh METOIBI YEPUEHUS OT YK€ UMEIOIIUXCs 00BEKTOB Ha IByMEPHOM uepTexe. HayunToes
UCIIOJIb30BaTh MOJISIPHOE M OOBEKTHOE CIICKEHHE.

Teopemuueckas uacme.

B AutoCAD umeertcst BO3MOKHOCTh TOYHOM MPUBS3KH CO37aBAEMBIX OOBEKTOB K JPYTUM
oObekTaM. D10 obwexmuasn npussska (Object Snap). MokHO 3amaTh ONpEACIEHHYIO TOUYKY
(KOHEYHYIO TOYKY, CPEIHIOI TOYKY, TOYKY MEpPECEUeHUs U T.1.), TMO0 3a1aTh PACIIOIOKCHUC
OTHOCHUTEJIbHO 00BEKTa (MapajuiebHO, B 3aJJaHHOM KBaJIpaHTE).

Obwvexmnoe cnexcenue (Object Snap Tracking) — 3Tto pekuM, B KOTOPOM MOKHO
BBITIOJIHATH TIOCTPOCHHS, pacroyiarasi 3JI€MEHThl B 3aJaHHOW MMO3HIMH OTHOCHTEIBHO TOYEK
IPUBSI3KHU K O0ObEKTaM.

JIist BKITFOUEHHST OOBEKTHOW TPHBA3KK HCIONB3yeTCsl auanoroBoe okuo <Drafting
Settings> (mento <Tools>), Bkmagka <Object Snap>. OOBIYHO OJHOBPEMEHHO BKJIOYAIOT
pexxumbl  Endpoint (mpuBsizka K KOHEYHOW Touke otrpe3ka), Center (mpuBsizka K LEHTPY
okpyxnoctn), Midpoint (mpussizka Kk cepenuHe oTpeska). Eciam moaBecTd Kypcop K HYXKHOM
TOYKE, TOSABUTCS COOTBETCTBYIOIINI MapKep, U MIETYKOM MBIIIBIO BBITOJHIETCS IPUBSA3KA.

PexxuM 0OBEKTHOTO CIICKEHHSI MO3BOJIAET PUCOBATh OOBEKTHI, PACIOJIOKEHHBIC IO
3aJIaHHBIM YIJIOM M B 3aJJaHHOM MMO3MIIMK OTHOCHUTEIBHO CYIIECTBYIOIIUX 00hEeKTOB. B mporiecce
paboTBl C HHM OTOOpaXarOTCsA BpeMEHHbIe (IMYHKTHPHbBIC) HAMpaBISIOIINE, HA3bIBAEMbIC
BEKTOpaMH BbIpaBHHBaHHS. OHHM TO3BOJISIIOT TOYHO YCTAHOBUTH Kypcop B TO3MIHIO,
HaXO/ISAIIYIOCS MO/ 33JaHHBIM YTJIIOM OTHOCHUTEIBHO MMEIOIIMXCS Ha YepTeke OOBEKTOB.

O06opyI0oBaHHE U MATCPUATIEL.
[TepconanbHbI KOMIBIOTED, Tporpamma AutoCAD.
VYka3aHus no TeXHUKE 0€30IMaCHOCTH
CoOTBETCTBYIOT TEXHUKE 0€30MaCHOCTH 1O PabOTe ¢ KOMIBIOTEPHOU TEXHUKOH.
3aaHus
Coznaaum 4epTex JIeTaid, MPeJACTaBICHHBIA Ha PUCYHKE, U H3yYUM MIPUMCHCHHE PEKIMa
00BEKTHOM MPUBSZKU.

:/Eﬁ\ﬁfﬁfﬁﬁﬁﬁﬁﬁﬁﬁffﬁz\:
- -

1. 3amyctute AutoOCAD u co3aiiTe HOBBIH YepTEK C YCTAHOBKAMH 110 YMOJTYAHHIO.
2. BwBoBure komanay Kpye U HauepTUTE YEThIpe OKPYKHOCTH paguycoMm 20 mm. LleHTpsl

OKpYy)KHOCTeH pa3zmectute B Toukax (50,100), (50,200), (230,200), (230,100).
IToBTOpHBIN BBI30B KOMaH Ibl MOKHO OCYILECTBIIATh, HA’KaB KiaBuury <Enter>.




Haueptum uetsipe oTpeska, COEOUHSIONIME OKPYKHOCTH. IIpu 3TOM HMcnonb3yeM pexum
00bekTHOW mpuBsA3KU. [lpu wumcmosb3oBaHuu Tekymiedl oObekTHOM mnpuBssku [IPMBS3KA
OJTHOBPEMEHHO AaKTHUBHBI OJWH WM HECKOJBKO PEKUMOB IMPHUBSI3KU, KOTOpPHIE pPabOTaIOT
HE3aBHCHMO JIpYT OT Jpyra.

3. Chayanma cozjgaiiTe HWKHHH TOPU3OHTAJIBHBIA OTpE30K. YOeauTech, YTO KHOIKA
I[TPUBA3KA B cTtpoke coctosinus Haxarta. lllenkuute Ha He€ MpaBoil KHOMKOW MBIIIU U
BblOepuTe nNyHKT «Hacrtpoiika». OTKpoeTcs AMaJOroBO€ OKHO, B KOTOPOM MOYKHO
BbIOpaTh peKUMblI O0BEKTHOM MPUBSZKH.

War w cerkal| OTcnesuearue | JEBEKTHAA NPUEASKE | QuHamMM4eckul BBOG
[¥]i0&mekTHan npueaska Bra [F3f OfbekTHoE oTcnesuearue Ben (F11]
Pestitabl ofeekTHON NpHEASKM
0 Blkorose @ Osrsm
5 D 2 Db
O UeHTp 7 [ KacarensHas
= Yzen ® [ Bmumaiiwan
<y [JKgaopanr H [ KakywescA nepeceyeHms
% [¥] Depecevetue 4 []MNapanneneHo
= [ Nponomkerue
)] YToBk! HaYATE OTCABKMBAHUE, SA0EPMHMTE KYDCOP HAG TOUKOH NPMBAZKM,
L NP AaNEHEALEM NEPEMELLEHHW NOABKTCA NWHMA OTCNExMEaHKA. Jna
OTMEHE] OTCNEHMEAHWA BHOBR SA0EPKMTE KYDCOP HAO TOUKOM,
(o [omes ] [omma ]

OOBIUHO OJHOBPEMEHHO BKIIOYAIOT pexuMbl Koumouka, [lenmp, Cepeduna. B stom
cllydae, eciii Bbl MOABEAETE Kypcop K OKPYKHOCTH, HOSBUTCS MapKep MPUBS3KU K LIEHTPY, PU
pasMeleHUH Kypcopa BO3JIe KOHEUYHOW MM CpeAHEed TOYKM OTpe3ka OTOOpasuTCs MapKep
IIPUBA3KHA K KOHEYHOW MJIM CPEIHEN TOUYKE COOTBETCTBEHHO.

[TorpoOyiiTe uCHONB30BATH TPU MM UETHIPE pPEXUMa MPUBSI3KU OJHOBPEMEHHO,
aKTUBM3UpOBaB onuuu Konmouka, Llenmp, Cepeouna.

AxtuBusupyiite pexxum  Keaopaum, BbIOpaB  COOTBETCTBYIOIIYKO KHONKY Ha
BCIUIBIBAIOIIEH NaHeNu. JTa NpUBS3KAa IO3BOJISIET YEPTUTh OOBEKTHI OT KpaHHUX TOYeK
OKpY’KHOCTH (ITpaBoH, JIeBOM, BepxHel 1 HuxkHel). HaxxmuTe kHonky <OK>.

Ilpumeuanue: npu 00HOBPEMEHHOM UCNONL30GAHUU MAKUX pedcumos, kax ILlenmp,
Keaopaum u Kacamenvnas, mocym 603HUKHYMb MPYOHOCMU, NOCKONLKY 8 IMOM CLyyae Kypcop
HYJICHO DA3MeCmums KAk MOJNCHO Onudice K MOUKe NPUBA3KU, UHAYE NPUBAZKA MOJICem He
ocywecmeumucsi  (Hanpumep, pedcum Keaopanm nooasnsem peocum Llenmp). Ilpobremy
MOJICHO pewums ¢ NoMowblo Kiaguwu madyiayuu. Haoxcamue smou xkiasuwiu noseonsem
noCc1e0068amenbHO NePEeKIIOUAMbC MENHCOY PEHCUMAMU NPUBAZKU.

BezoBute xomanny Ompesok. Korga nosButesa noackaska «llepBast Touka:», MOSBUTCS
KENThI Mapkep B BHAE poMOa W MOJCKa3Ka. BBIMOMHUTE MIETYOK, 4TOOBI 3aHUKCHPOBATH
MEPBYIO TOUKY OTpE3Ka.

4. Korna nmosiBuTCS mpuriamnieHe BBECTH BTOPYIO TOUKY OTpe3Ka, IOJIBEIUTE

yKazaTellb K HIKHEW TOYKE BTOPOH OKPY)KHOCTH M IOCIE OTOOpPaKEHUs MOJCKA3KU U

MapKepa BBIMOJIHUTE LIEITYOK MBIIIbIO0. J{71s 3aBepieHns KoMaHabl HaxxMute <Enter>.

S. Haueprute, mosb3ysach ONMCAHHOW BBIIIE METOAUKOM, €IIE TPU OTPE3Ka,
oOpa3yroiue KOHTYp JeTainu (CM. puc.).

IIponomxum uepueHue aetanu. Pe3ynpTaT, KOTOPBIN BbI TOJKHBI OTY4YHUTh, BBIIIOJHUB
9TO yNpaXHEHHE, IPEJICTABIICH Ha PUC. 2:



Puc. 2

1. [IpoBeném nuaroHaabHBIA OTPE30K, KOTOPBIM COEAUHSECT LIEHTPHI JIEBOM
HWKHEHW U MpaBoil BEpXHEN OKpPYKHOCTEH. Y OequTech, YTO B CTPOKE COCTOSTHUSI HaXKaTa
kHonka [IPUBSA3KA. AktuBuzupyiite komanny Ompesox. Ilociie nosiBineHus: noacKka3Ku
«IlepBasi Touka:», MOABEAUTE yKa3zaTelb K 00JIaCTH, TJE PacloJiaraeTcsi LEHTP JIEBOU
HIDKHENH OKpyXHOcTU. Korna mosBsITCSA MapKep NpPHUBSA3KM M IOJCKa3Ka, BBIIOJHUTE
HICTYOK. AHAJIOTHYHBIM 00pa30M YKa)XKUTE BTOPYIO TOUKY OTpe3Ka, MpHUBs3aB €€ K
LEHTPY MpaBoil BepxHel okpykHocTu. Haxkmure <Enter> myist 3aBepiieHus KOMaH/IbI.

2. Cozpmaiite BTOpOM JIMAarOHAJIBHBIA OTPE30K, COCOUHSIONIMM JIEBYIO
BEPXHIOIO U MPaBYIO0 HIKHIOK OKPYXHOCTH. Mcnonp3yiiTe mpu 3TOM METOJ, OTIUCAHHBIH
B ITyHKTE 3.

3. Teneppr HauepTUTE OKPYKHOCTH pamuycoM 30 MM, LEHTpP KOTOpOit

HaXOJUTCSI B TOUKE MEPECEUEHMs JAUATOHAIBHBIX OTPE3KOB. AKTUBU3UPYWTE KOMaHIY
Kpye. CHavana ykaxutre UeHTp OKpyxkHocTH. [loxBenure ykazaTenb K TOYKe
nepeceyeHus, Korja MOSIBUTCS MapKep M TMOJCKa3Ka MPUBSI3KH, BBIIOJHUTE HIETYOK
MBIIIBIO. Paanyc OKpyKHOCTH JIydlle 3aJaTb METOJOM BBOJA €ro BEJIWYUHBl C
KJIaBUATYPBI.

4. CoxpaHuTte uepTéx NoJ UMEHEM «3aJaHue 5».

YepueHue ¢ HCNOJIb30BAHHEM 00BEKTHOTO CJIEKEHUsI

J171s1 BBITIOJTHEHUS 3TOM paboThl OTKpoTe (aitn «3amanue S».

[Tpogomxum BeimoMHEHUE YepTexka aetanu. Co3maaaum mo OokaM aeTanu 2 OKPYKHOCTH
pamuycom 10 mMm (puc. 3). LleHTpBl OKpYXHOCTEH MOMKHBI OBITH PACIOJIOKEHBI B TOYKAX
nepecedeHus CpeIHe TOPU3OHTATBLHON JIMHUU U BEPTUKATBHBIX JTMHHUH, COSAMHSIIOMINX [[EHTPbI
OKPY’KHOCTEH.

Puc.3

[Ipn yepueHun TpaAMIMOHHBIM METOAOM (KapaHAAlloM Ha Oymare) JUisi HaXOXACHUS
LIEHTPOB OKPYKHOCTEW NpHUAETCSA CclenaTh psii BCIHOMOIATEIbHBIX IMOCTPOEHUH (IIPOBECTU
TOPU30HTAJIBHYIO JIMHHMIO IIOCEpEAMHE JAETAIW W JIMHUHU, COCIUHSIONIME LEHTPhl OOJIbIINX
okpyxkHocteil). Te, KTo HE OCBOMT pPeXHMMbI NMPUBSI3KH, OyayT u npu uyepyenun B AutoCAD



MMOoCTynarb aHaJOTrMYHbIM 06p2130M. Mur Hay4YUMCs BBIIOJHATE TaKOC IMOCTPOCHUC Ooiee
pauroOHaJIbHO.

l. AKTHBH3prﬁTe pe)KI/IMBI 06’beKTHOﬁ HpI/IBH3KI/I u OGBCKTHOFO CJIC)KCHUA
(raxxmute kHonku [TPUUBA3KA nu OTC-OBBEKT B cTpoke cocTosiHuS).

2. [TapameTpsl peskiMa 0OBEKTHOTO CIIEKEHHUS YCTAaHABIMBAIOTCS Ha BKJIA/IKE
OtcnexnBanne okHa PesXxnMEI pUucoBaHUsl. OTKpOﬁTC 9TO OKHO, IICJIKHYB Ha KHOIIKY
OTC-IIOJIAP.

Pe #HMbI pHCOBAHMA @E]
War v ceTka ferTHAA NPHEASKS | JMHaMUYECKIUA BB
NonapHoe oTcneskueaHue Bra [F10)
MNaonapHelE Yrisl OfbekTHOR OTCARKMEAHMHE
War yrnos: (&) TonkbKo 0OTOrOHANEHD
5 4 () Mo BCEM NoAAPHEIM yrAam

[ LononsurensHsie yr sl
OTcueT nonapHer yrios
(&) AficonatHo
(O 01 nocneaHers cermeHTa

[ 0k ] [ OTreHa ] [ Cnpaek.a ]

Ha nanHoM sTame Mbl He OyaeM HM3MEHATh YCTaHOBKH DPEXHMOB, CIIEKEHUE JOJKHO
BBITTOJTHATHCS TTOJT yIIIoM 45°. 3aKkpoiiTe OKHO, Ha)kaB KHONIKY <OK>.

3. Haueptum OKpY)XHOCTb, KOTOpas JOJDKHa OBITh pAacHoOJIOXKeHa chpaBa. BriGepute
KoMaHAay Kpye, mociie 4ero B KOMaHHOW CTPOKE MOSBUTCA NMPUTJIAICHNE YKa3aTh LEHTP
OKPYKHOCTH.

4. TlomectuTe Kypcop B 007acTh, TJ€ JIOJDKHA HAaXOAMTbCA CEpellMHa MpPaBOro
BEPTUKAJIBHOIO OTpe3Ka, M, HE HaXMMas KHOIKY MBIIIH, 33JEpPKUTE Kypcop, UTOOBI
Ha3HAYUTh JIAHHYIO TOYKY HCXOJHOM (3TO OyIeT chenaHo, Korja IMOSBUTCS KENThIH
MapKep B BHJIE TPEYToJbHUKA U 1ojicka3ka Cepeduna).

5. Ilepemecure Kypcop BI€BO OT HCXOJHOM TOYKHM, NOKAa HE MOSBHUTCS TOPU3OHTAIbHBIN
BEKTOp BblpaBHUBaHuA. IlomecTuTte Kypcop B LEHTpP BEPXHEM OKpPYKHOCTH H
IepeMenianTe BHU3 0 T€X IOp, MOKA HE IMOSABATCS BEPTUKAIBHBIA M TOPU3OHTAIBHBIN
BEKTOPbl BBIPAaBHHUBAHMS, IOACKa3Ka M KPECTHUK B TOYKE IIEPECEUYECHUsS BEKTOPOB.
BhimonHuTe 1eM90K MBIIIBIO, 4TOOBI 3a()MKCUPOBATDH MO3UIUIO LIEHTPA OKPYKHOCTH.

6. Baenute c kaBuaTyphl 3HaU€HUE paanyca okpyxkHoctH (10) u HaxxmuTe <Enter>.

7. Hauepture, HCNONB3ysl OMUCAHHBIA METOJ, BTOPYIO OKPY>KHOCTH (Cji€Ba), COXpaHHUTE
4epTEX MO/ UMEHEM «3alaHue 5» U 3aKPOUTE €T0.

[TomHMTE, YTO BBI JOJKHBI aKTUBU3UPOBATH PEKUM OOHEKTHOM MPHUBSI3KH MEPE TEM, KaK
TE€HEPUPOBATh BEKTOpP BBIPABHMBAHUSA OT TOYKH IPUBS3KH, TO ecTh pexnmbl [IPUBA3KA n
OTC-OBBEKT npomxubl ObITh BKItOUeHBL. Peskxuim OTC-ITOJISAP Takke MOXKET OBITH BKIIIOUEH,
HO U151 QYHKIIMOHUPOBAHUS PEKUMA OOBEKTHOTO CIIEKEHUS ITO JIeJaTh HE0OI3aTEIHHO.

CoBMecTHOE HCII0JIb30BAHHE 00beKTHOIO H TOJISIDHOIO CJIeKeHUs
B HekoTopeix ciydasx 3¢G(EeKTUBHBIM SBISETCS COBMECTHOE HCIOJIb30BAHHE PEKUMOB
00BEKTHOTO U HOJISIPHOTO CJIEKEHUS. DTO MO3BOJIAET T'€HEPUPOBATh BEKTOP BBIPABHMBAHUS KaK
OT TOCJIeIHEH yKa3aHHOM TOYKH (TIPH MOCTPOCHUH TEKYILIET0 OTPE3Ka MM BBIMOJIHEHUH JPYTroi
OTIEPAIIVH ), TAK U OTHOCUTEIIBHO JIF000TO CYIIECTBYIOMIETO0 0OBEKTA.




Coznagum yepTéx KpeCTOBUHBI, UCIIOJIb3YSI COYETAHUE IBYX PEKUMOB.

e

Puc. 1

1. Co3zpnaiiTe HOBBIN YEPTEK C YCTAHOBKAMH 110 YMOJIYAHHUIO.

2. Ortkpoiite okHo Pexxumbl pucoBanus (Drafting Settings). [Ins sToro IienkHute Ha
kHonky IIIAI" mpaBoii kHOmKOM MbIM U BbIOepuTe NyHKT «Hactpoiiku». YOenurecs,
yro Ha Bkiajke «lllar u Cerka» 3Hauenue napamerpa [lonapuas npueaszka: [llaz paBHO
10 u ycranoBneH pexuM [lonapnas npusaska. Ha Bxiagke OTciexuBaHUE YroJl
HOpUpaleHus ToJDKeH ObITh paBeH 45 rpaaycam. AxktuBusupyiite onmmu KoHTouka,
Llenmp, Cepeoduna Ha Briaake OOBEKTHas TpUBsA3KAa M HaKMUTE KHOMKYy <OK>.
Y6enurech, yTo B CTpoKe cocTosiHus BKIodeHbl pexumbl IIATL, OTC-TIOJISAP
(POLAR), ITPUBA3KA (OSNAP) u OTC-OBBEKT (OTRACK).

3. BozoBute komanny Jlunus (Line) B maHeaw MHCTPYMEHTOB U IOCTPOWTE TPU OTpE3Ka,
obpasyromue ¢pparMeHT KpectoBUHBI (puc. 1). Haunute paboTy B TOUKE C 3a/laHHBIMU
koopauHatamu (160,160). ITpu mocTpoeHUM HAKIOHHBIX OTPE3KOB PYKOBOACTBYHMTECH
MOJICKa3KaMU peXUMOB [lonapHoe cresxcenue u lIlonsapuas npussaska.

4. Ha xoHLe (QparMeHTa KpECTOBUHBI HapHCyHTe OTBepcTue panuycoMm 2.5, BbIOpaB
xkomanay Kpyr (Circle). Jlnst 3amaHus MECTONOJOXKEHHS [EHTPa HCIHOJIB3YHTE PEXKHM
00BEKTHON mnpuBs3KU. Vcronb3yiiTe TOPU3OHTAIBHBIA M BEPTHKAIBHBIA BEKTOPHI
BHIPABHUBAHUSA, NMPOXO/AIINE 4Yepe3 YIibl Aetaiu. [|Jis MpHUBSI3KM K YIIOBBIM TOYKaM
ucnons3yiTe omiuio Konrouka (Endpoint).

5. AHaJIOTMYHBIM METOAOM CO3JaiTe TPH OCTABIIMXCS JJIEMEHTa KPecTOBHHBI. HadanbHbIe
TOYKH OIPEJIeNTUTe, UCTIONB3Ys 00beKTHYIO npuBsi3ky Konrtouka (Endpoint).

CoxpanuTte uepTéx noJ UMeHeM «3agaHue 6».
OTpe3KH, OKPY/KHOCTH, IVIH U TOYKH
Haueptum m3o0paskeHHe IUIACTUHBI, IPEICTABICHHOE Ha clieayromeM pucyHke. OHO COCTOUT
W3 JIMHUW, OKPYKHOCTEMN U JIyT.

1. 3amyctute AUtOCAD. Co3naiiTe HOBBI 4epTE&X C YCTAaHOBKAMH I10 YMOJYaHHMIO.
CoxpaHuTe ero B CBOEH paboyeil mamke moja UMeHeM «3aganue 7».

[Ipu BHINOJIHEHUH JAHHOTO YIPaXKHEHHSI TOJDKHBI OBITh BKITIOUEHBI pexkumsbl [IIAI" (SNAP
- [pussska k cetke) u [IPUBSA3KA (OSNAP). Otobpaxenue cetku u pexkum OPTO (ORTO)
MOYKHO BKITIOUMTB 1O XeNaHuto. [Ji1 00beKTHOM NPUBSA3KM KaK MUHUMYM JIOJDKHBI OBITh 331aHBI
omiuu Konrouka (Endpoint) u Lientp (Center).
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CHavana HauepTUM JBE MaJieHbKHE OKpPY:KHOCTH. Bocmomb3zyemcs st aToro komanaon Kpyr
(Circle).

1. BezoBute u3 maHenu uHctpymentoB komanay Kpyr (Circle). B otBer Ha mpuriamieHue
3a/1aTh IOJOXEHUE LEHTpa BBEAUTE €ro aOCOJIOTHBIE KOOpAMHATHl. MBI HCIOJIB3YEM
METOJ] TMOCTPOCHHSI OKPY>KHOCTH, HCIIOJNBb3yeMbIil MO yMoN4aHuio, To ecTh Center,
Radius. [Toaromy BBeuTE ¢ KJIaBHATyphl 3HAUCHUE paanyca okpykuoctu (10).

Komamnpa: circle
Hentp kpyra uaum [3T/2T/KKP(kace kac paauyc)]: 100,150
Pagnyc kpyra niam [Anamerp]: 10

2. Haueptute BTOpyIO OKpyKHOCTh. Bb3oBute xomanmy Kpyr (Circle) u B kauectBe
koopauHat nentpa Beeaure 200,150. IlockonbKy paanyc 3TOH OKPYKHOCTH TakoOM ke,
KaK ¥ y IpeABIAYILIEH, IS BBOJA €r0 3HaYEHHUs JOCTATOYHO HaXxKaTh <Enter>.

3akpyrieHHble Kpas JeTadd HAa4epTHUM C MOMOIIBI0 AYT, BOCIIOJIB30BABIIUCH JJISI STOM
nenu komanaon Jlyra (Arc). Komanma mpeaoctaBiseT OJUHHAIIATE CIIOCOOOB CO3JaHUS AYTH.
[Toackas3ky B KOMaHJIHOM CTPOKE MEHSIOTCS B 3aBUCUMOCTU OT METO]1a TOCTPOEHUS.

[To ymomganuto ayra Bcerja BbIYEPUMBACTCSl MPOTHB YacoBOM cTpenku. CienoBaTenbHO, Bb
JIOJDKHBI 3apaHee MpoAyMaTh, KAaKW€ TOUKU CJEQyeT OINpENeNuTh B KauecTBe €€ HavyalbHOU M
KOHEYHOU TOYEK.

3. Haueptum ayry, KoTopas I0JDKHA pacrojiaraTbes ciieBa. BoizoBure komanay Jyra (Arc)
u3 meHto Pucosath (Draw), Beioepure Meton noctpoenus ayru Lentp, Hauano, Konen
(Center, Start, End). ITocie 3T0r0 B KOMaHIHOM CTPOKE MOSIBUTCS MPHIJIAIICHHE YKAa3aTh
ueHTp ayru. Ilomectute ykaszarenb B LEHTP OKPYKHOCTH, Haxopselcs cineBa. Korma
oTobpasuTcs mojackaska oowekTHOM TpuBssku Llentp (Center), sadukcupyiite HeHTp
JIyTH TIETYKOM MBIIIIH.

4. Tenepr Hamo BbIOpaTh HaualdbHYIO U KOHEUHYIO TOUYKy ayru. [Ipm sTom o0s3arensHO
HAJ0 Yy4ecThb, YTO Jyra M0 YMOJYAHHUIO CTPOUTCSA MPOTHB YacOBOM CTpenku. B nanHom
CIy4ae — CBepXy BHHU3, TO €CTh HadallbHON Toukoil mayru Oymer touka (100,200), a
koHeuHoi — (100,100). Ecnu BKIIOYMTH NPUBSIBKY K CETKE, 3TU TOYKH MOXHO JIETKO
3a/1aTh C MOMOIIbIO MBIIIIH.

5. Tloctpoum BTOpYyIO Ayry (cmpaBa). AKTUBU3UpYHTE KOMaHIy ArC M BBIOEpUTE TOT Ke,
YTO M B MpeNbLAyIIeM ciaydae, Metoj mnoctpoenus ayru — llentp, Hauano, Konen
(Center, Start, End). YkaxuTe HeHTp Iyrd B TOYKE, COBIAMAONINI C IIEHTPOM BTOPOI
OKpYXHOCTH. Vcronb3yiiTe mpu 5TOM 00BEKTHYIO TIPUBSI3KY.

6. 3amaiite HavaNbHYIO W KOHEYHYIO TOYKY BTOpOH Iyru. [lOCKONBKY 1ayra CTpOUTCS
MIPOTUB YaCOBOM CTPEJIKH, 3Ty AYry HAJI0 CTPOUTh CHHU3Y BBEpX: €€ HayajabHas TOUYKa
oyner umeth koopauHatel (200,100), a koneunas — (200,200). 3agaiiTe UX yI0OHBIM IS
BacC METOJIOM.

7. HavepTuTe BEepXHHI W HIWKHUW OTPE3KH, COCTUHSIONIME Iyrd. BBI30BUTE KOMaHIy
Jluaus (Line) B maHenu HMHCTPYMEHTOB M YK&XHTE TOYKU oTpe3ka. OO0s3aTenbHO
PYKOBOJICTBYHTECH MOJICKA3KOi 00bekTHOM mpuBs3ku Kontouka (Endpoint).



Tenepb HaYepTUM JIMHUHM U METKH B BHUJIE KPECTHKOB, PACIOJIOKEHHBIC B HIDKHEH 4acTH
neraian. J{ast co3maHus METOK ya00HO Mmosb30BaThest 00bekTOM Touka (Point). Jins Toro 4ro0sn
CO3/aTh TOYKY, JOCTATOYHO YKa3aTh JIUIIb €€ KOOpAuHATHL. [ociie BEI30Ba KOMAH IbI MOSBISETCS
CIEAYIOUIMNA THAJIOT:

Komanna: point
Current point modes: PDMODE=0 PDSIZE=0.0000
Ykaxkure TOUKY:

3nauenne nepemenHoir PDMODE 3amaér ¢opmy toukm, a mepemenHorr PDSIZE — eé
pa3mep. Ilapamerpsl oObekta Point mokHo ompeaenuth B okHe Point Style (Ctwib Toukm).
Touku SBISIFOTCS O0OBEKTAMH YepTeXka M BBIBOAATCS Ha medaTh. [To ymomyanuio oobekt Point
npeacTaBieH  o0bluHOM  Toukod. Ilocime  BBIOOpPa  COOTBETCTBYIOIIETO  rpadUdYecKoro
nU300paKeHMsI BCE CO3JJaHHBIC HA YEPTEXKe TOYKU OyIyT MpEACTaBICHBI HA KpaHE U BBHIBEICHBI
HAa TIeYaTh B 3aJJaHHOM BHUJIE.

8. Brosure komanay Ctiab Touku (Point Style) uz menro ®opmar (Format) wiu BBenuTe

DDPTYPE B xoMaHAHYIO CTPOKY, M Ha 3KpaHe MOSBUTCS OKHO OTOOpa)xkeHHe TOYeK
(Point Style).

P

Faint Size: Units

i~ Set Size Belative to Screen

{* Set Size in Absolute Units

i

Ok Cancel I Help I

Puc. 2

9. BrImonHMTE yKa3aHHBIE HA PUCYHKE YCTAHOBKH (YETBEPTHIM THIT TOUYKH B BEPXHEM PSIY)
U 3aKpoiTe OKHO MyTéM Haxatus <OK>.

10. BoizoBure komannmy Touka (Point) ma nanenu wuHcTtpymeHTOB PucoBats (Draw).
YkaxkuTe no3unuu 00beKToB B Toukax ¢ koopauHaramu (120,130) u (180,130).

11. Bxirounte pexxuM OOBEKTHOW MPUBA3KU K TOuke. JIJI ILIENKHUTE MpaBod KHOIKOMN
meimin Ha KHomke [IPMBSA3KA (OSNAP) B cTpoke cocTostHMST W BBIOEpUTE B
KOHTEKCTHOM MEHIO KOMaHay Hacmpouxa. 3aTeM B AUAJIOTOBOM OKHE YCTAaHOBUTE
omuro Y3en (Node) u 3akpoiite okHO Haxkatnem <OK>.

12. Bocrionb3oBaBmuck komanmaoi Otpe3ok (LinNe), HauepTuTe HAKIOHHBIC OTPE3KH,
CBSI3BIBAIOIIME TOYKHM Hayaja Ayr u o0bekThl Touka (Point). [Tomp3yiiTech moackazkamu
00BEKTHOM MPUBS3ZKH.

CoxpaHute uepTéx MoJl UMEHEM «3aJaHue 7» U 3aKpOouTe ero.
IoauaMHUS U MHOTOYTOJIbHUK

Haueptum ¢urypy, npencrasieHHyio Ha pucyHke. KoHTyp Takoil ¢urypsl ynoOHO
CO3JaTh OJIHOW KOMAaHOH M MPeICTaBUTh 0JHUM 00bekToM — [Tomumuaueii (Pline). Ona mMoxet
COCTOATh M3 HECKOJBKUX TPSMOJIMHEWHBIX WIJIM JIYTOBBIX CETMEHTOB, WUMEET TOJIMHY |
ABJsieTCA 0oJiee YHUBEpPCAIbHBIM OOBEKTOM, YeM JHHUA. YTO KacaeTcs IECTHYTOJIbHUKA, TO B
AutoCAD cymiecTByeT KOMaHAa CO3/JaHUS MHOTOYTrOJIbHUKOB — MHoroyronbsauk (Polygon),
KOTOPOH MBI M BOCIIOJIb3YEeMCsl, YTOOBI HAPUCOBATH MIECTHYTOJILHUK B BUE OJTHOTO OOBEKTA.



1. CospaiiTe HOBBIA 4YepTEK € ycTaHOBKaMHU N0 yMmondaHuio. CoxpaHUTe ero B cBoeil paboueit
MaTKe MOoJ UIMEHEM «3aHATHE 8».

2. BepoBure komangay Ilomwmunaus (Pling). B koMaHIHOW CTpOKE TMOSBHUTCS TPUTJIANICHUE
Havanbnas Touka: (Specify start point:). VYkaxure HayaabHYyR TOYKY MOJWIMHHK C
koopauHatamu (50,50), 1 BB yBUIUTE TaKOH JIHUANIOT:

Texymas mupusa nojuanauu pasaa 0.0000
Caenyromast Touka niau [dyra/Ilonymmpuna/nnAna/Ormenuts/Inpunal:
IIporpamma coobIiaer, 4To TeKyllas TOJIIMHA MOJWIMHMM paBHa 0, W TIpeuaraeT ykas3aTb
CIIEAYIOIIYIO TOUKY JMHUH. 3/1€Ch BbI TAKXKE BUANUTE IepedeHb onuid komanas! [lonununus.

3. llonp3ysicb NMPUBA3KON K CeTKe JIMOO BO3MOXHOCTBIO BBOJA A0CONIIOTHBIX M OTHOCHUTEIBHBIX
KOOpJHMHAT, 33/1aliTe TOUKH JTUHUA, JOUEPTUTE A0 AYTH, HO HE BBIXOJIUTE U3 KOMAH/IbI.

4. Cregyromuii CerMeHT MONMWIMHUY TpeNcTaBisgeT coboit ayry. [losromy BBemuTe B KOMaHIHOU
crpoke onuuto J (Hyra). [lo yMonuaHuio mpu mepexole B JAHHBIM PEXHUM ISl YT HYXKHO
3aJaTh KOHEUHYyIo JUHMUI0. OIHAKO JYTy, BXOJAILIYI0O B COCTAaB MOJWJIMHUU MOXKHO 33JaTh U
npyrumu metoaamu. [locne BBoga omnruu / (lyra) B KOMaHAHOM CTPOKE MOSBUTCS IMOJCKA3Ka C
NPEIJIOKEHUEM BBIOpaTh METOJI IIOCTPOSHUS AYTHU:

Koneunas Touxa xyru wiu [Yroa/Ilentp/3amknyrs/Hanpasiienne/
Hoaymmpuna//Iuneiinsiii/Paguyc/Bropasa/Ormennts/ILupunal:

5. llepemecTuTe yKa3aTeab MBILIN BBEPX U, KOTJa 3HAUYCHUE PACCTOSHUS B IIOJICKa3Ke OyJeT paBHO
120, 3adukcupyiiTe MEeTIKOM MBI KOHEYHYIO TOUYKY AYTH.

6. Tenepr HaM HY)XHO IOCTPOMTH HPSMOJMHEHHBIN CEerMeHT MoiuiuHud. [losToMy BBeauTe B
KoMaHIHY10 CcTpoKy JI (JIMHeiHbIi), YTOOBI BBIMTH U3 PEXKUMA TOCTPOCHUS JTYTH.

7. B xomMaHIHOH CTpOKE BBl YBUAUTE CIEAYIOLIYIO TOICKA3KY:

Caenyromasi Touka niau [dyra/Ilonymmpuna/nnAna/Ormenuts/Inpunal:
Celiuac cnenyer npuMeHHuTh omuuio M (Jnuna). Beenute B KOMaHIHYIO CTPOKY /1, mociie 4ero
0TOOpa3WTCs 3aIpOC Ha BBOJ JUIMHBI cerMeHTa. Beenute 3Hadenue 180.

8. Temepp MOXHO 3aMKHYTh IOJWJIMHHIO, JIJIsI 4E€ro JOCTATOYHO BBECTH B KOMAaHIHYIO CTPOKY
omtuio 3 (3aMKHYTb).

9. IllecTuyroibHUK B LEHTpe AYT'W HAYEPTUM C MOMOILBI0 KOMaHIbl MHOTOYrOJbHUK, KOTOpas
C037aéT NPaBUIBHBIA MHOTOYroJbHUK. IIpn 3TOM MOXHO HCHONB30BATH CIEAYIOIIUE METOMABI:
33/1aTh PAJANYC OKPYXKHOCTH, MHOTOYTOJBHUK OymeT JmuO0 BnucauHvlil 8 OKpYICHOCMb, IUOO
Onucanmublii 60Kpy2 OKPYICHOCHU.

Ilo yMom4aHHIO yCTaHOBJIEH INEPBBIH METOJ, a HaM HM3BECTEH pPaJANyC BIHCAHHOM OKPYXKHOCTH,
MO3TOMY HYKHO BOCIIOJIb30BATHCSI BTOPBIM:
Komanma: polygon
Yucno cmopon: 6
Ykasicume yenmp muozoyzonvnuka unu [Cmoponaj:
YKaXuTe HEeHTP C MOMOIIBIO MOACKa3KH OOBEKTHOMN MPUBA3KH (OH JAOJDKEH COBIAAATH C IEHTPOM
nyru). Ha skpaHe nosiBUTCS ouepeHOe MpUriamieHue:
3agaiiTe onuuio pasMemieHusi [BnucanHbiii B OKpykHOCTH/ONUCAHHBIH BOKPYr
okpy:kHocTH] <B>: O (1yocno esecmu pycckyio 6yxay O)
Pannyc okpy:knoctu: 40
CoxpaHuTe U 3aKpoiTe Qaii.




IIpsAMOYTOJIbHUK U KOJIbLIO

B srom ymnpaxkHeHMH Mbl JOJKHBI HAa4epTUTh (DPArMeHT SJICKTPUUECKON CXEMBbI, Kak
MOKA3aHO HAa pPUCYHKe. Pa3sMmepwl Ha 4epTeke HE yKa3aHbI, MTO3TOMY IPH CO3JIaHUU OOBEKTOB
MO>KHO 33/1aBaTh MPOU3BOJIbHBIE TOUKH.

Puc. 1

1. Co3paiite HOBbI uepréx. CoxpaHuTe ero B CBOed pabouell mamke MOJ HMEHEM
«3ananue 9». [Ipu BBIMOIHEHWH [AHHOTO YMPAKHEHUS Iy4lle BKIIOYUTH PEKUMBI
HIAT(Grid Snap) u ITPUBA3KA (OSNAP). Pexumsr CETKA (GRID) u OPTO
(ORTHO) MOXHO BKJIIOYHTH IO >KeMaHUi0. [ 0OBEKTHOM MPUBA3KM KaK MUHHUMYM
JoJoKHA ObITh 3agana omuus Llentp (Center).

2. Kopryc MHKpOCXeMBbI MPOIIe BCEro HApHUCOBATH C IMOMOUIbI0 KOMaHb! [IpsiMOTONBHUK
(Rectang). B sTom ciy4dae oH OyaeT MpeacTaBisTh co00i oauH 00bekT. s co3aanus
IpsIMOYTOJIbHUKA TpeOyeTcs 3a/1aTh JBa yIJla, HaXOAAIIMecs Ha OJHON JUaroHayu. YTJIbl
MOYKHO yKa3aTh MBIIIbIO WIN MyTEM olpeneieHus ux koopauHar. [locne akTuBu3anuu
KOMAaH/IbI BBl YBHIUTE JTHAJIOT:

Komanpna: rectang
Iepsrlii yroa nim [Packa/yYposens/Conpsizxenue/Boicora/lllnpunal:

3. VYKaxuTe MBIIIBIO TO3UIHMIO JIEBOTO HIDKHEro yrjla Kopiyca MHkpocxembl. Korna
MOSIBUTCS TIPHUTJIALIICHUE BBECTH BTOPYIO YIJIOBYIO TOUKY YKAKHTe BTOPYI0 YIJIOBYIO
Touky mim [Area/Dimensions/Rotation]:, méiakHUTe MBINIBIO B MECTE, T OHA OyaeT
HaXOJUTHCS, U BBl YBUIHTE TIepel COOOH MPSIMOYTOIbHHUK.

Jlanee Mbl IPUCTYNAaeM K YEPUEHHUIO KOHTAKTOB MUKPOCXEMBI. MIX MOXHO OBICTPO cO31aTh
¢ nomouipto koMaH bl Koubuo. /lanHas koMaHJa MMO3BOJIAET 33/1aTh BHYTPEHHWM M BHEIIHUHN
JIMaMeTpPbl OJTHOTO KOJIbIIa M CO3aTh HECKOJIBKO KOJIEL.

Konbia SBISIFOTCS CIUTOIIHBIMU  3aITOJTHEHHBIMH KPYTOBBIMH OOBEKTaMH, HMEIOIIMH
HEeHyseBylo TonmuHy. CIUIOIIHOE 3alojHEHHE OOBEKTOB MOYKHO OTMEHHUTh MOCPEICTBOM
xoman bl Fill mim myTém nsmenenus 3nauenus cucteMHou nepemennoit FILLMODE.

4. YtoObl OONETYUTHh YEpUEHUE KOHTAKTOB, BKIIOYUTE PEXKUM OOBEKTHON MPUBI3KU
[TPUBA3KA. BrizoBute xkomanay Kombio u3 mento PucoBats. Komanpa oroOpaxkaer
CIEAYIOIIUNA THAJIOT:

Komanga: donut

BHyTpeHHuit 1nameTp KoJibLA:

[TockonbKy 3HaueHHE BHYTPEHHErO AMaMeTpa MO YMOJYAaHUIO HAcC HE YCTpauBaeT, BBEAUTE
HOBOE 3HAYE€HHE BHYTPEHHEro AMaMeTpa Koibla (B HamieM cjydyae 2), a 1mociie BTOPOro
NPUTJIAIIEHUS] — AMaMeTp BHEIIHEro KoJblla, paBHbIH S. B xoMaHAHOH cTpoke oToOpasuTcs
cienyrouiee:

HenTp xoabua uiam [Beixoa]:

VYkaxuTe IeHTp Koiblla Mblmbio. Co3maiite TpeOyemMoe 4YMCiio KOJel JUisi KOHTAaKTOB
IIEeTYKaMHU MBIIIN U BBIHANTE U3 KOMaH/Ibl, Ha)kaB <Enter>.




5. Bxiounte 00bEeKTHYIO IPUBA3KY M HAUEPTUTE JTUHUU COCIUHEHUS, UCTIONb3YsS KOMAHY
OTpe30K U NPUBA3KY K LEHTPY KOJIELL.

My.]'ILT]/I.]'I]/IHI/Iﬂ H 3JIJIMIIC

Hageptum ¢parMeHT miiaHa KOMHATHI, HA KOTOPOM IOKa3aHbl CTCHBI M OBaJIbHBIA CTOJ
(puc. 1). Crensl u npyrue oObEKThI, COCTOSIINE U3 MapalUieNbHbIX JIMHUHN, YI0OHO CO3/1aBaTh C
MOMOIIbI0 MYJIBTHIMHUHU, KOTOpas TPEACTaBIsgeT co0oii Habop mapauleNbHbIX JIMHUH,
oOpasyromux enuHbli 00beKT. Habop MokeT coaepaTh 10 16 OTACIbHBIX JUHUH, MPUIEM Y
Bac MMEETCSI BO3MOXXHOCTh OTJIEIBHO 33J1aTh MMApaMETPhl KaKI0W TUHUU Habopa.

Hns yepuenust asumncoB B AUIOCAD wumeercs chnenuanbHas KOMaHAa, KOTOpas
naswiBaetcs Diuaric (Ellipse).

1. CospaiiTe HOBBII YEPTEK.

< D

Puc. 1
CreHy MBI MPEICTaBUM C MOMOINBIO MYJIbTHIMHHH. DTOT OOBEKT CO3MaTCs KOMaHIOU
Mline, kortopoii coorBerctByer myHkT MynsTriauaus (Multiline) menio Pucosate (Draw).
OrmpezierneHre MapaMeTpoB OTACIBHBIX 3JEMEHTOB MYJIbTHIMHHUU (CMEIICHHS, THUIA U I[BETA)
OCYIIECTBIIAETCS C MOMOIIBI0 KoMaH sl MIstyle.
JInst Hamied 3amadd  CTAHJAPTHBIA CTWIb MYJIBTHJIMHHM HE TOAXOAUT, [OITOMY
HEOOXOIMMO CO3/1aTh APYTOW CTHITb.
2. Bwioepure komanay Ctinbs myabtrsinaun (Multiline Style) u3 mento ®opmar (Format), u
Ha sKkpane nosiButcst okaHo Multiline Styles (Ctunu mynbrununwmii) (Puc.2).

-

L] Multiline Style L)

Current Multiling Style: STANDARD

Hew...

rd odify. ..

Description:

Load...

Save..
Preview of: STAMDARD

[ Ok Cancel Help

Puc. 2
Crucok Styles (Ctunm) COaepXUT MMEHa 3arpyKCHHBIX B HACTOSIIIUA MOMEHT CTHJIEH
MYJIBTUIMHHANA. J{J1s1 MPOCMOTpa CTHUIIS TOCTaTOYHO BBIOPATh €r0 UMS U3 CIIHCKA.




3. Haxwmure knonky New (HoBblif) 1 OTKpoeTcs auanoroBoe OkHO, rzae B moie Name

(Ums) Bam ciienyet BBecTH nMs «CTeHa» M HaxaTh KHONKy «Continuey.

4. B cnenyromem okHe B mosie Description BBeuTe onucanue CTuiis, Hanpumep «BHemHsist
CTEHa».
Tenepp onpenenuM napaMeTpsl JIMHUAN, BXOASAIINX B HA0OP.

6. JlobaBuM B Habop emé oxHy IuHHIO, mocepeante. Haxxmure kHonky Add, u B Habope
HOSIBUTCS HOBAsl JIMHUS, KOTOpas 1o ymonrdanuto umeer cmerienue (Offset), pasuoe 0.

CMmerieHue sneMeHTa MYJIbTHIMHMHM — 3TO PACCTOSHUE OT HEro JO OCH CHUMMETPHUH
MYJIbTUIMHUA. VI3MEHATH 3TO 3HaueHUe MbI He OyzneM. Kpome cMmemeHnst MOXKHO TakkKe 3a/1aTh
L[BET U THII JIUHUU.

7. 3amaauM CBOWCTBA MYNBTWIMHUM B IIe7IoM (Hampumep, (opMa KOHILIOB JUHHH, €&
3aJIMBKa U U300PKEHHUE CTHIKOB).

8. 3apmaiiTe ckpyrieHune KOHIIOB MYJIBTWJIMHHH, BOCIIOJIb30BaBIIMCh omnmusimu Outer Arc
(Buemnsas nyra). 3akpoiTe OKHO HaxkatueM KHOnku <OK>.

9. Temepb COXpaHUTE CO3JAaHHBI BaMH CTWJIb MYJIbTWIMHUU. HaxkmuTe KHOTIKY <Save>, u
Ha 3Kkpane mosiButcst okHo Save Multiline Style, ananoruunoe y:xe 3HaKOMOMY BaM OKHY
coxpanenus (aiina. [Ipucsoiite daiiny ums «Crena.mlisy.

10. Terepy Hamo cnenath JaHHBIA CTHIb TeKymmM. J[as 3Toro Haxkmure KHOmKy Load
(3arpy3uts) u BbiOepute B okHe Load Multiline Styles (3arpy3ka cTuist MyJIbTHIHHUY)
kHonky File. ITocne atoro 3arpy3ure ¢aitn «Crena.mls», a 3aTtem BbiOepUTe U3 CHHCKA
ctiib «CreHa». Haxmure kHomky «Current» (Texymimii), 9ToOBI cenaTth 3TOT CTUIb
tekymuM. Haxmure OK.

11. BeizoBure komanay Mynetiinuans (Multiline) u3z mento Pucosare (Draw). Komanna
0TOOpakaeT CIeIyIOLUi Tualor:

Komanaa: mline

Texkymue nacrpoiiku: Pacnonoxenne = Bepx, Macmrad = 20.00, Ctuab =
CTEHA

Havaabnas Touka wim [Pacnosoxenne/Macmrad/Cruib|:

12.C mnomompr MBIIIA  YKQKHTE TEPBYI0 TOYKY, a 3aTeM, IIOCIe TOSBICHHS
COOTBETCTBYIOLLIETO MpHUIJIAIIEHUs, - BTOopyto. Hauepture H300paxkeHHE CTEHbI, a B
3aBepIleHHe MporpaMMbl HaxxmuTe <Enter>.

Tenepb MBI MpPUCTYHAeM K CO3JaHHUIO M300paKEHMs CTOJIa, UMEIOIIEro (opMy JLUIUIICA.
Haveptuth ero MoxHO Tpems crioco0amu: MyTEM OIpeAeseHUs] OJHOW OCH M KOHIA JIPYIroH,
nyTéM OmpeAesieHus ILEeHTpa W KOHLOB KaXIOH M3 OCel WM MOCPEACTBOM YepUeHUs Iyru
smmarnca. Kaxnaplidi M3 MeTOJ0B TO3BOJSET BMECTO JJIMHBI BTOPOH OCH YKas3bIBaTh yrojl
HIOBOPOTA.

13. AktuBuzupyiite komanay Jmurnc (Ellipse) u3 nanenu unctpymento Pucosars (Draw)
WM MyTéM BBOJAa €€ MMEHM B KOMaHJIHYIO CTpOKY. B KOMaHIHOH CTpOKe MOSIBUTCS
CJIemyIolee COo0IIeHnE:

Komanpa: _ellipse
Koneunast Touka ocu 3mnca uwiu [dyra/llentp]:

[IporpamMa MpOCUT yKa3aTh MEPBYIO TPAHUYHYIO TOYKY OONBIIOW WIM MaJod OCH
ammrica. Eciym BBl 3HaeTe pacrosioKeHWe IIEHTpa JJUIAIICA, MOXKHO €ro 3aaaTth. BBeaurte B
KOMaHJHYI0 cTpoky LI, mocie yero oToOpa3uTcs MpuIilalieHne yKazaTh LeHTp sJuinnca: Llentp
smunca:. Beibepute ero, monb3ysch mojackaskoi o0bekTHOM mpuBs3ku Cepenuna (Midpoint).
3areM mporpamma IMOMNPOCUT YKazaThb BTOpPOM KoHel ocu s3jumnca «KoHeuHas Todka OCH».
Cpaemnaiite 3T0 ¢ MOMOIIbIO MbIIIHU. [T0oABUTCA clieyroliee npuriameHue:

Jimna apyroi ocu uiau [Ilosopor]:

Termepp Hamo yKa3zaThb pacCTOSHHE OT IEHTpa JJUIMIICA 10 KOHIIA BTOPOH 3T0 OCH
(monoBHHY BTOPOI ocH). DTO MOXKHO clelaTh IMYTEM BBOJA HY)XHON BEIWYMHBI (IIOJIB3YHTECH
MbIbi0). [Tocne aToro AUtoCAD co3nacT siurc.

IIpsimas u cn1aiiH

o



[TpeamonoxumM, 4To BaM HYXHO HauepTuTh Kynauok. C momompio AUtOCAD moxHO
pelIuTh 3a/1a4y, MMOCKOJBbKY B Iporpamme umeercsi komanaa Crutaitn (Spline), mo3sossttomast
BBIYCPUUBATH KPHUBBIC TIPOU3BOJILHOM (POPMBI.

[TocTtpoum uepTé&x Kynadka, MMOKa3aHHBIH Ha pHUC. |, W Ha €ro NpHUMEpe H3YYUM
npuMmeHeHne koMman el Crutait (Spline) 1 KOHCTPYKIMOHHBIX JTMHUA.

o
{
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1. CospaiiTe HOBBII YEPTEK.

2. CHavama HayepTUM KOHCTPYKIMOHHYIO JHHHUIO. BbizoBure komanay [lpsimas
(Construction Line) u3 mento PucoBanue (Draw) wiu Beemute Xline B koMaHIHYIO
CTPOKY, U BBI IIOJYYUTE TAKOC IPHUTIIALICHUE:

Komanpma: xline
Yxkaxure Touky uim [I'op/Bep/Yroa/buccexkt/Oreryn|:

3. ITlocTpoum ropu3OHTaJIbHBIE KOHCTPYKIIMOHHBIC JIMHUH. BBenTe B KOMaHIHYIO CTPOKY

omuro /', ociie 4yero nosiBuTcs npuriamenue «Yepes Touky:» (Specify through point:).

Bkirounre mpusssky k cetke, HaxaB kHomky LIIAI' (SNAP) B crtpoke cocrosHUs, U

IIETYKOM MBIIIH 33/IalTe MOJI0KEHUE JIMHUH.

Co3zpnaiite 10 ropr30HTAIBHBIX JIMHUHA U BBIMIUTE U3 KOMaH/Ibl, HAKaB KiaBumry <Enter>.
5. Haueprtute 15 BepTHKaNbHBIX KOHCTPYKLIMOHHBIX JUHHUM, BOCIIONIb30BABIINCH KOMaHI0M

Xline ¢ onuueii B.

6. Ilpuctynmum K depueHHIO Kynauka. OTKIIOYHTE MPUBA3KY K CETKe, a W3 OIIHH
00BEKTHOU MPUBS3KU OCTaBbTe TONBKO [lepeceuenue (Intersection).
7. BszoBure komanay Crunaiin (Spline) u3 menro Pucosats (Draw), nanenu HHCTPYMEHTOB

WU TTyTEM BBOJIa B KOMaHHYIO CTPOKY.

[Ipomiecc cozmaHust CIuUTaifHA BKIJIIOYAET 3aJJaHWE OIOPHBIX TOYEK U  ONpeIeliCHHe
HanpaBJeHUs] KacaTeJbHBIX B JBYX OTPaHMYEHHBIX TOYKaX (Ui HE3aMKHYTHIX CIUIAlfHOB).
Omnmus 3amkayTh (ClOSE) mo3BosIsIeT co3/1aBaTh 3aMKHYThIC CIUIAIHBI.

Komanna npuriamaer BBECTH IEPBYIO TOUKY.

Komanpa: _spline

IHepBas Touka uau [O0beKT]:

Vkaxute e€ B TOYKE MepecedyeHHs KOHCTPYKIIMOHHBIX JIMHHH, MCHONB3YsI OOBEKTHYIO
NpUBSA3KYy. 3agaBaiiTe TakuM o0Opa3oM BC€ TOYKM KOHTypa Kyjlayka M 3aMKHUTE CIUIaiH,
npuMeHuB ommio 3 (3amxHwyms). Ha 3ampoc ykas3aTh HampaBleHHE KacaTelIbHOW B TOYKE
3ambikanus («Specify tangent:») naxmure <Enter>.

&

Cooepicanue omuema . BBLINIOJIHEHHYI0O PadoTy COXpaHMTHL B Malnke moja cBoeil gamuiaueil u
NMoKa3aTh MPenoJaaBaTeIio

Konmponvhsie gonpocei




Kak nactpaunBaercsi 00beKTHasi IpUBs3Ka?

Kakue cymecTByrOT peKuMbl OObEKTHOW MPUBS3KH?

Uro o3HauaeT npussska KBagpanr?

Kakue KHOIKH CTPOKH COCTOSIHUSA JOJKHBI OBITh HAXKAThI AJI UCIIOJIb30BaHUS
OOBEKTHOTO CIICKEHUS?

B yem pazHuiia MeX]1y UCIOIb30BAaHHEM OOBEKTHOTO U MOJISIPHOTO CIIEKEHUS?
UYro Takoe nossipHas npuBs3Ka’?

Kak nu3sMeHUTh HaCTPOHKH OOBEKTHOTO CIACKEHHA? YTOJ CIICKEHUS?

Kakoii koMaHa0! CTpOUTCS KpUBast TUHUSA?

Kak Hactpouts napamerpsl GopMaTUPOBAHUS TOUKU?

10 Kakue pexxumbl BeluepunBanus 1yru Bel 3Haere?

11. KakoBbl 0COOCHHOCTH TPUMEHEHUS TTOTMIIMHUN?

12. Jly1s 94ero UCronb3yeTcs MyJIbTUITHHHAS?

13. Kak HacTpauBaroTcsi mapaMeTpbl MyJIbTHIMHAN?
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JlaGoparopHas padoral7. PenakTupoBanue 00beKTOB.

Ienv pabomor:

N3yunTh METOABI PEIAKTUPOBAHUS U HACTPOHUKH OOBEKTOB C TTOMOIIIBIO KOMaH,T
penaktupoBaHus. M3yduTs paboTy cO CIIOSAMH, CO3IaHHUE, PEIAKTUPOBAHUE CBOMCTB,
(GUIBTPAIUIO CIIOEB, padOTY C TEKYIIUM CIOEM. 3aJJaHUe U PEIAKTHPOBAHNE CBOHCTB OOBEKTOB.

Teopemuueckas uacms.

KomaHnay peaakTupoBaHUs MOXKHO BbI3BaTh C MOMOIIbIO KHOIOK IAHEIU MHCTPYMEHTOB
Modify, u3 menro Modify win BBecTH B KOMaHIHYIO CTPOKY C KiaBHaTypbl. KomaHsl
pElaKTUPOBaHMUs BO3ICHCTBYIOT Ha YK€ HMeluecs OOBEKTbl, I[03TOMY Iepel HX
UCIIOJIb30BAaHUEM HYKHO OINPEEIUTh HA0OP BBIICIEHHBIX OOBEKTOB.

Hekoropele M3 KOMaHJA HE IMPOCTO PEAAKTUPYIOT OOBEKTBI, a MO3BOJSAIOT PEeaTu30BaTh
CJIO’KHBIE IPUEMBI CO3/IaHUS 3JIEMEHTOB YepTeKa, KOTOPbIe HEJOCTYIIHBI IPU «PYUYHOM METOJIE».

Ckpyznenue. YTOOBI TIOCTPOWTH CKpYIJICHHE, HUcmonb3yeTcs komannma Fillet, xoropas
ABTOMATHUYECKH CKPYIJISIET AYTrOM 3aJaHHOTO paamyca OCTPBIA yroi, oOpasyemblii Tmpu
nepeceueHun aByX oObekrtoB Tuma Line, Arc, Circle umu Pline. Ilocie BbI30oBa KOMaH[IbI
TpeOyeTcs 3a/1aTh PaglyC M BHIOpaTh OOBEKTHI, KOHIIBI KOTOPBIX HEOOXOIUMO CKPYTiHTh. [lpn
ATOM He 00s3aTeIIbHO, YTOOBI CompsiraeMble 0OBEKTHI NIepeceKanch. B ciryyae HeoOXoauMocTn
MOKHO 33]1aTh PEKUM aBTOMaTudeckoro npoaonkerus (Notrim) wiu oopesku (Trim) oObEKTOB.

@acka. Cusatue (Hacku — 3TO MPOU3BOJACTBEHHBIA MPOIECC, KOTOPBIA MPUMEHSETCS IS
3aMEHbl OCTPOrO yrjla HAKJIOHHOW MOBepXHOCThI0. OObuHO kKoMmanma Chamfer (dacka)
ucnonb3yercst B AULOCAD utst 1o6aBieHHs IMHUK CKOCA B MECTO TIepeCceueHHsI IBYX 00bEKTOB
tuna Line wiu Pline. TpeOyeT 3amanus 1ByX pacCTOSHUI U YKa3aHUS IByX OTPE3KOB.

Oopeska. Komannaa Trim mo3BoiisieT OTCeYb JHIIHHE KOHIBI OOBEKTOB B TOYKaX
nepeceueHust ¢ JpyrumMu oobekramu. BoimonHsercs B n1Ba sTtana. CHauyana HYXHO BBIJICIUTh
00BEKTBHI, KOTOpbIE OYAYT CIYXHTh I'paHMLAMU OOpe3Ku. 3aTeM HEeOOXOIMMO YKa3aThb OOBEKT
WITH OOBEKTHI, K KOTOPBIM MIPU MEHsETCsl KoMaHaa Trim (To ecTh, pparMeHThbl, KOTOPbIE HY)KHO
YIATUTh).

IIpoonenue. Komanna Extend (Ilpomnmuth) mo cBoeMy [IEWCTBHUIO IMPOTHUBOIOJIOKHA
xkoMange Trim. C moMOIIbI0 ATOM KOMaHIbI Takue 00BEKTHI, KaK YT, OTPE3KH M TOJUIHHUH,
MOYKHO HPOJJIUTH 10 MEPECEUEHUS C IPYTUM O0BEKTOM.

[Tpy BBIOMHEHMM 3TOM KOMaHJbl CHayalla HY)XHO BbIOpaTb OOBEKTHI, KOTOpbIE OyIyT
CIIY’)KUTh B KadecTBe IpaHWYHbIX. [locie 3Toro BBIOMPAIOTCS 0OBEKTHI, KOTOPhIE HEOOXOIMMO
HPOJJIUTb.

Konuposanue. ]I KONMPOBaHUS CYIIECTBYIOIINX OOBEKTOB WCIIOJIB3YETCS KOMaHIa
Copy (Kommmposats) u3 merto Modify (M3mennTs). DTa KOMaH1a KOMUPYET YKa3aHHBIE 00BEKTHI
U TIO3BOJISIET PACIOJIOXKHTh MX B 33JaHHBIX KoopaWHaTax. HyXHO BBIAETUTH KONHPYEMbIE
O00BEKTHI M OINpPENEIUTh JIBE TOUKH: 0a30BYI0 (TOUKY, OTKYJa KOMUPOBATh) U TOUKY CMELICHUS
(TOuKy, Ky/1a KOIIUPOBATh).

Maccuevr. Komanna Array crtpoutr MaccuBbl 00bekToB. Ecnmu TpeOyercsa co3nath
IPSIMOYTOJIbHBIA MacCHB, MOBEPHYTHIN TOJ1 YIJIOM, HY)KHO BBECTH 3HaueHHE yria B mojie <Angle
of array> (Yron maccusa).

Ecnu TpeOyercst co3maTh MONSPHBIA MaccuB, HYXHO BbiOpaTh omiuio <Polar array>
(ITonsipubrit MmaccuB). Ilo ymonmuaHuI0O MacCHB CTPOMTCSI NMPOTUB 4YacoOBOHM cTpenku. B crucke
<Method> 3amaércs meron ykazanus mapamerpoB MaccuBa. OObIYHO ucmonb3yercs <1 otal
number of items>. B aTom cityyae Hy»KHO 3aJaTh 00IIEe YUCIIO HIEMEHTOB MaCcCHBa.

Ilosopom. TloBepHYTh OOBEKTHI MOKHO ¢ TIOMOIIbIO KoMaH kI Rotate (IToBepHYyTh) MEHIO
Modify. Cra4yana Hy)XHO BBIIEITHTH OOBEKT, TIOTOM BHIOpaTh TOYKY, KOTOpas OYAET CIYXUTb




LEHTPOM TOBOPOTA, 3aT€M BBECTH 3HAUEHHE yIja MOBOPOTa (IIOBOPOT MPOU3BOJIUTCS MPOTHB
94acOBOW CTPEJIKH).

3epkanvnoe ompascenue. Jlis dOTOW  omepalMM  HMCHOJNB3yeTcss Komanma  Mirror
(Otpaxenue). CHavasia KOMaHna TpeOyeT OTMETUTh MMEIOIIHUECS Ha YepPTeKe OOBEKTHI, IS
KOTOPBIX CO3JaeTcsl 3epKalbHBIA 00pa3. 3aTeM HYKHO 3a/laTh JIB€ TOUKH, ONPEACISIONINE OCh
oTpaxeHus (ee JyIMHA HEe UMeeT 3HadeHus ). [locne atoro komanma MIrror cozgacT 3epkajibHOE
O0TOOpaXeHHEe HUCXOAHBIX OOBEKTOB, KOTOpbIE NPU HEOOXOIUMOCTH MOTYT OBITh YyJAJECHbI
(UTo6BI coxpaHUTh 00a MHOXECTBA, HYKHO HaxaTth N, 4TOOBI COXPaHUTh TOJIBKO OTPAKCHHOE
MHOKECTBO, HY»HO BBeCTH Y).

Komanmy Mirror MOXHO HCHONB30BaThb M ISl YEpPUCHHS BTOPOM  IOJIOBHHBI
CUMMETPUYHOTO 00OBEKTA.

Macwmabuposanue 06vekmos. /{151 IponopiuuOHAIBHOTO YBEIMYECHHS WU YMEHBIICHUS
00BEKTOB dYepTeka MpeaHasHaueHa Komanma Scale (Macmrab) (MEHIO WM —ITaHENlb
unctpymentoB  Modify). Komannma tpeOyer BbLICIUTH OOBEKTHI, YKa3zaThb 0a30BYIO
(HEeTIOABMKHYIO) TOUYKY, 3a1aTh MacimTaOHbIi koddduument. Hanpumep, ecnu BBectu 1.2, TO
00bekT Oyner yBenuueH Ha 20%. UToObI yMEHBIINTH O0BEKT, HY)KHO BBECTH 3HadeHHE <I.

Pacmsazueanue. ]I pactaruBanusi 00bEKTOB UCIONB3yeTcst Komanaa Stretch (PactsuyTs).
C ee noMmombl0 MOXHO pacTSHYTh (CKaTh) Jdaxe TIpYIIy OOBEKTOB, HE pa3pylIUB HX
B3anMOCBs3H. [loa BO3IEHCTBHEM KOMAH[bI OTPE3KU M MOJMIMHUM CTAHOBSTCS JJUHHEE WU
KOpoue, a IyT¥ U3MEHSIOT paanyc. OKpyKHOCTHU MO/ ACUCTBHEM KOMaHbl HE U3MEHSIOTCS, HO
€CJIA LIEHTP OKPYKHOCTH TIOMAaJ B BBIJCJICHHYIO 00J1aCcTh, TO OHA IEPEMECTUTCS.

[Tocne BBI30Ba KOMaHIbI HY)KHO BBIICIUTH OOBEKTHI CEKYIEH paMKoi, Haxarb <Enter>.
VYkazare 06a3oByt0 Touky. [losBHTCS 3ampoc Ha BBOJ BTOPOM TOYKH — JJISI ONpPEACIICHHS
HampaBlieHUusT M creneHu nedopmanuu o0bekToB. [locie 3Toro mpu mepeMenieHHH MBbIIN
00BeKT Oyner m3MeHsAThcs. Korja oH nmpuMer HyXHYIO (OpMY, HY)KHO IIEIKHYTh MBIIIBIO JJIS
buKcanuy U3MEHEHUH.

Yonunenue. C nomonipto xomanael Lengthen (VmiMHUTE) MOXHO HM3MEHHUTH JIHHY
oTpeska win Ayru. Ilocie BbI30Ba KOMaH/AbI HYKHO BBIJICIIUTh OOBEKTHI M BBECTU IPOLIEHTHOE
COOTHOILIEHUE U3MEHEHMs JUTHHBI (Hanpumep, 120 — yBenuuenue oowvekra B 1,2 paza).

Co3oanue noooonoii konuu oovexma. Komanna Offset (Orcrym) cozmaer momoOHYIO
KOIHIO BBIOpaHHOTO 00bekTa. Eif MOKHO BO3jeiicTBOBaTh Ha 00bekTHl THMa Line, Arc, Circle,
Pline u T.x1.

Jns oObekta Line komaHaa co3aeT napauielbHyI0 KONHIO Ha 33JJaHHOM PAacCTOSHUH OT
opurunaia. Oobektsl Arc u Circle umerot konreHTprueckoe mogodue, a 0obektot Pline u Spline
npeoOpaXkaroTcst B M0I00HbIE (PUTYPHI.

Komanga BBIBOAMT 3ampoc Ha BbIOOp omHOW M3 aByx ommuii: Distance — orcrym Ha
3aJjaHHOe paccTostHue, Through — oTctyn B 3amaHHyr0 Touky. Ilocnme BeIOOpa ommmu Through
MOSIBIIIIOTCSL 3alIPOChl Ha BBIOOp cMmemmaemoro oowekta. Komanma Distance tpeGyer BBOja
HalpaBJICHUS U PACCTOSHUSI.

Paspuievi. C momorpio komauapl Break (PazopBaTh) MOXHO pa3opBaTh OOBEKT WK
0TCeYb YacThb 00BEKTa C JI000H ero cTopoHsl. UTOOBI pazopBaTh OOBEKT MOCEpEeNUHE, CO3aB
TEeM caMbIM 2 00BEKTa, CICAYyEeT yKa3aTh MECTO pa3pbhiBa, 3a7aB 2 TOYKH. B cilydae OKpy>KHOCTH



BEJIMYMHA pa3pblBa OINPEIEIACTCS MPOTUB YACOBOW CTPEJIKM OT IEPBOM 3aJaHHOM TOYKU M0
BTOPOM.

\

[Tocie BhI3OBa KOMaH/bl Break HyxHO BBIOpaTh MEPBYIO M BTOPYIO TOUYKY paspbiBa W
pas3pbIB OyJeT CO3/aH.

Ilpagka ¢ nomowipro pyuek. ITOT METOJl MO3BOJIAET YIUIMHATH, II€PEMEILATh, BPaLIaTh,
MacIITabupoBaTh, MPOU3BOAUTH 3€PKAIbHOE OTOOpaKeHUE OOBEKTOB WJIM KONMPOBATh UX, HE
UCMONb3Yysl OOBIYHBIE KOMAH[Ibl DPEJAKTUPOBAHUSA WIM PEKUMBI NPUBA3KU. Pydkun — 370
MaJIeHbKUE KBajpaThl (y3jbl), KOTOPbIE MOSIBJIAIOTCS B TPAHUYHBIX TOYKaX, B CEPEAMHE WIH B
LIEHTPE BbIIEJICHHBIX O0OBEKTOB.

Pyuka mMoxxeT ObITh TEJION, ropsiueit uiu xonoaHoi. Koria oObEKT BbIEIEH, pyUYKH Ha
HEM Tos1y0oro 1jBeTa — 3T0 03HAa4yaeT, YTO OHM TeIible. Pyuku XonoaHble, €clii 00BEKT CHavaia
BBIJICJIUTH, & TIOTOM HCKJIIOYUTH M3 TPYIIBI BhIIEICHHBIX KoMOnHanueit SHIFT+neBas kHomka
MBIIIM. XOJOJHBIE PYYKH TOXKE MMEIOT Toyly0oil LBET, HO OOBEKT HpPHU 3TOM HE BbIIEJEH.
I'opsiuast pydka umeeT KpacHbI LBET. Pydky MOXHO cnienaTh ropsdeil, ENKHYB Ha TEILIYIO.
[Tpu akTMBHU3aUHU rOPAYEH PyUKH CTAHOBSTCS TOCTYITHBIMH IIPaBKU TP IIOMOIIH PyYEK.
O06opyioBaHKe U MaTEpUAIbL.
[TepconanbHbIi KOMIBIOTEp, porpamma AutoCAD.
Yka3aHus 10 TEXHUKE 0€30MacHOCTH:
CoOTBETCTBYIOT TEXHHKE O€30M1aCHOCTH 10 paboTe ¢ KOMIBIOTEPHOM TEXHUKOM.

3apanus

Hekoropele KOMaHIbl pPEJAKTHUPOBAHUS MOTYT OKa3aTbcs BecbMa AS(P(GEKTUBHBIMH B
IPOLIECCEe CO3JaHMs IEMEHTOB KOHCTPYKIMHU. TO €cThb OHM HE MPOCTO SIBISIOTCS KOMaHJIaMH
pelaKTUpOBaHMs (MCIPaBICHHUS) OOBEKTOB, a MO3BOJSAIOT pPEaTU30BaTh MPUEMBI CO3AHMS
AIIEMEHTOB YEPTE’kKa, KOTOPbIE HEIOCTYITHBI IIPH «PYUHOM METOJEN.

HauepTum neranb, mpeicTaBICHHYIO HAa PUCYHKE.
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Conpsizkenus 1 packu
B niepBoii paboTe Mbl HaUEPTUM BHEIIHUI KOHTYD IIACTHHBI.



1. 3amycrute AutoCAD wu co3naiite HOBBIN uepTEéx. CoxpaHuTe 4epTEX B CBOCH paboueit
Manke, BKIIOYUTE MPUBS3ZKY K CETKE.
2. BeoBure xomanay Line (JIunus) u HauepTHTE BHEUIHUH NPSIMOYTOJBHHK pa3MepoM
280x230. Jlns ymoOcTBa MOXKETE BKIIOUUTH PEXKUM OPTOrOHAIBHBIX TTocTpoeHuit ORTO.
[TocTponM compsiKeHUsI B BEpXHEH YacCTH IUIACTUHBI. DTO MOXKHO CHENIaTh C MOMOIIBIO
komanael Compspkenne (Fillet). Bam tpebGyercst 3agath paadyc U BIOpaTh OOBEKTHI, KOHI[BI
KOTOPBIX HEOOXOAMMO CKPYINIUTh. IIpu 3TOM He 00s3aTenbHO, YTOOBI cOmpsiraeMbie 0OBEKTHI
nepecekanuch. B ciiydae HEoOXOJUMOCTH MOXKHO 33/aTh PEXKHUM aBTOMATHYECKOTO
MPOIOJDKEHUS WIIA 00PE3KH 0OBEKTOB.
3. Beosure komanny Fillet (sseoume eé 6 xomanomnyro cmpoky, nubo nasxcmume Ha

KHONKY P Kpomxa, nubo 6 wmenio «Pedakmuposamvy evlibepume nyHKmM
«Conpsioicenue»). B KOMaHAHOW CTpPOKE TOSBUTCSA AHAIOr (BBEAWTE ONIMUIO /[ H
3Ha4YeHue paaunyca ckpyrienus 10, kak moka3aHo HUXKe):
Komanpa: _fillet
Texymme nactpoiikn: Pexxum = C OBPE3KOM, Paguyc conpsizkenus = 0.0000
Bri0epuTe nepBblii 00beKT WM [0 TMenuTs/noainnus/pa/lnyc/obpeska/Heckonbko]:
Bri0epuTe nepBblii 00beKkT WK [0 TMenuts/noaannus/pa/lnyc/obpeska/Heckoabko]:
<Enter>
[TporpaMMa nOBTOPHO BBIBEAET NMPENTIOKEHUE BBIOPATh OOBEKT:
Bri0epuTe nepBblii 00beKT WK [0 TMenuTs/noainnus/pa/lnyc/obpeska/Heckonbko]:

B oTBeT Ha 3TO mpuriameHue BbIOEPUTE JIEBbIM BepTUKaIbHBIA 0oTpe3okK. [locie Toro kak
KOMaHJla OTOOpasuT NpHIallecHue «Buibepume 6mopou o06vekm:», BBIOCPUTE BEPXHUU
TOPU30HTAJIbHBIM OTPE30K, U CKPYIJIEHUE B JIEBOM YaCTH IIACTUHBI OYJET CO3JaHO.

4. Beosute komanay Conpsokenue (Fillet) moBropHo, Haxas kiaBuiny <Enter>. Tenepn
paanyc COnpsKEHUs: MOXKHO He 3a1aBaTh. [103TOMy B OTBET Ha mpuIJIalIeHUs] KOMaHIbl
MOCJIeI0BAaTEIbHO BHIOEPUTE MBIIIBIO JIBa OTpe3Ka: MpPaBblii BEPTUKAIbHBIA M JIEBBIH
TrOPU30HTANBHBINA. TakuM 00pa3oM BbI CO3/IaUTE U BTOPOE CONPSIKEHUE.

[Tpomomxum depueHHe MIacTUHbBL. B HIDKHEH yacTH €€ KOHTypa HEOOXOAMMO CO31aTh
¢acku (BeieMkH). CHsiTHE (hacKM — 3TO IPOU3BOJCTBEHHBIN MPOIECC, KOTOPBIM MPUMEHSIETCS ISt
3aMEHBl OCTPOrO YIJIa HAKJIOHHOW moBepXxHOCThIO. OObuHO komanma @acka (Chamfer)
HaniomuHaer komanay Compsokenue (Fillet), Ho ecnm mocnemHsisi CKpyrisier yroia Iyroi
3aJJaHHOTO pajJuyca, TO IepBas aBTOMAaTMYECKHM YEPTUT JIMHHMIO CKOCAa Ha 3aJlaHHBIX HaMU
PAcCTOSHUAX OT CYHIECTBYIOILETO yIia.

dackun MOXHO co3maBath MeromoM Distance, kotopseiit TpeOyeT 3amaHus JABYX
paccrosiHuiA, uiu MetonoM Angle, yka3siBasi pacCTOSIHUE U YTOJI.

5. Bseorutre komanay ®Packa (Chamfer) - . Kak Bumute, Hapsay ¢ omnuusmMu B

KOMAaHJTHOW CTpOKe 0TOOpa)kaeTcs TEKYIUI METO/I, a TAK)Ke paHee 3a/laHHbIe 3HAUCHHUSL.
Komanoa: chamfer
(Pearcum C OBPE3KOH) ITapamempor packu: Juunal = 0.0000, Juuna2 = 0.0000
Buvibepume nepeuiii ompesok unu
[oTmenumv/nontnunus/nuna/yeon/obpesxa/Memod/Heckonvko] :

6. Bocmonp3yemcsi epBbIM M3 JBYX METOAOB. [l HEro HY)XHO yKa3aTh JBa 3HAUYCHUS
paccrosHusa. B Hamem ciydae ¢dacka sBISETCS CHMMETPHUYHOW, MOITOMY OHHU
OJIMHAKOBbI. BBeanuTe B KOMaHIHYIO CTPOKY OMNIUIO /[ , B pe3ylbTaTe 4ero KOMaHJa
0TOOpAa3UT CIEAYIOUIHNA 3arpoc:

[NepBas nmuHa dacku <0.000>:
7. Baenute 3Hauenue 15 u Haxxmute <Enter>. Bropoii 3anpoc OyJer Takum:
Bmopas onuna gpacku <15.000>:
Orto o3nauvaer, uyro AUIOCAD mnpeanaraer B KadyecTBE 3HAYCHHS MO YMOJIYAHMIO
yKa3zaHHOE paHee paccrosiHue. Hac oHO ycTpamBaeT, HOSTOMY B OTBET Ha JIaHHBIH 3ampoc
Haxxnmaem <Enter>. Komannga oToOpa3uT cliefyromiee mpuriiaiieHme:



Buibepume nepswiii ompe3ox unu
[oTmenumv/nonlnunus/{nuna/yeon/obpesxa/Memoo/Heckonvko] :

8. Bribepure MbIlIbIO JEBBINH BepTUKaNbHBI 0Tpe3ok. Korma AutoCAD monpocut 3a1ath
BTOPYIO JHHUIO («Bblbepume 6mopoi ompe3oK:»), BBIOEPUTE MBIIIBIO HIKHAM
TOPU30HTANILHBIN 0Tpe3oK. Kak BuauTe, Gacka cos3naHa.

9. Coxpanute uyepTex 1MoJ uMeHeM «3amanue 12y.

B pe3ynbrate y Bac J0KEH MOMYYUTHCS CICAYIOIINNA YePTEK:

-

Puc. 2
OO0pe3ka u npoaJieHue 00bEeKTOB
[TponomKuM 4epTUTh ACTalb, MPEACTABICHHYIO Ha pHC. 1.
B 37100t paboTe MBI co31a1MM BBIEMKY B HIDKHEH 4acTH MiacTUHbL. OCOOEHHOCTh TaHHOTO
3aJIaHus B TOM, YTO HAM HY)XHO yJQIUTh YacTh HWKHEH JIMHUH, 00pa3yIoNeil KOHTYP TUTACTHUHBI.
1. Bxmouute pexum OPTO (ORTHO), a Takyke MpUBSA3KY K CETKE M BBI3OBHUTE KOMaHIY

Otpesok (Line). Haueprute BhieMKy, Kak MOKa3aHO Ha PUCYHKE 3.
i "\

Puc. 3

Temepp HEOOXOTUMO  yAATUTH YaCTh TOPH3OHTAIBHOW JIMHHH MEXKIY JIBYMS
BEPTHKAIBHBIMU OTPE3KaMH, OOpPa3yIOIMMHU BBIEMKY. JTO MOXHO CcJlieJaTh C TOMOIIBIO
komaHael OOpesats (Trim). OHa MO3BOJSIET OTCEYh JIUIIHHUE KOHIBI OOBEKTOB B TOYKaxX
nepecedeHus] ¢ APYyruMu OOBEKTaMU WM YAAIUTh CPEIHUN y4acTOK OOBEKTa, HAXOMASIIUICS
MEXTy IBYMsI TOUKaMHU TIEPECEUCHHS ¢ TPYTHMH O0bEKTaMH.

Komannma OOpesars (Trim) BeimonHsieTcss B jaBa 93rana. CHavajga HYXHO BBIJICIUTH
CYIIECTBYIOIINE OOBEKTHI, KOTOPHIE OYIyT CIYKUTh TPaHHUIIAMHU OOpe3KH. 3aTeM HEOOXO0IUMO
yKa3aTh OOBEKT WU OOBEKThI, K KOTOPBIM NpuMeHsieTcs komanma OOpesats (Trim) (To ecTh
(bparMeHThl, KOTOpbIE HY>KHO YAAJIUTh).

2. BezoBure komanay Oopesats (Trim) 7 uHa 9KpaHe 0TOOPA3UTCS TUATIOT:
Command: trim
Current settings: Projection=UCN Edge=None
Select cuttings edges...
Select objects:



Komanoa: _trim

Texywue ycmanosku: Ilpoexyus=IICK, Kpomxu=he3 npooonicenus
Buvibepume peoicywue kpomku ...

Select objects or <select all>:

3. Tem campiv AutoCAD mnpurnamaer Bac yka3aTb I'paHHYHBIE OOBEKTHI. BriOepure c
MOMOIIbIO0 MBIIIY MPUMBIKAIOLIUE K HUKHEMY Kparo IUIaCTUHBI BEpTHUKAJIbHbIE OTPE3KH,
oOpa3yronire BRIeMKY (Ha pric.3 Ha HHX YKa3bIBAIOT CTpenku). YToObI co3maTh HAOOp U3
HECKOJIbKUX OOBEKTOB, ylep)KuBaiiTe Haxatod kiasuiny Shift, mo okoHuanuu BbIOOpa
Haxkmute <Enter>. IIporpamMma 0ToOpa3uT Takoe NpuriamieHue:

Select object to trim or shift-select to extend or
[Fence/Crossing/Project/Edge/eRase/Undo]:

4. VYxaxute MbIIIbIO (parMeHT, KOTOPBIM HY)XHO yAaauTh. B Hamiem ciydae 3TO 4acTh
JVHUAW, HAXOIAIIAsACSd MEXIY IOBYMS TPaHUYHBIMU OTpe3kamu. llockonbky Oosblie
HUYETO YAaJsATh HE HY)KHO, HAXKMUTEe <ENnter> aiis BeIxoga U3 KOMaHIbl.

5. Coxpanure uepTéx 1og uMeHeM «3ansatue 12».

KonupoBanue n MaccuBBI

[IponomxuM 4epTUTH J€Talb, MPEICTaBICHHYO Ha puc. 1. OTkpoiite yepTéx «3aHsATHE
12».

Ceiiuac MbI CO3/1aJJUM OTBEPCTHSI B YIJIaX IJIACTHHBI M TPYIITY OTBEPCTUH B €€ LIEHTpe (CM.
puc.4). pu BBIIOJTHEHUN TOTO 33JJaHUS BBI MOMMETE, KaK MAaKCHMAITLHO (D PEKTUBHO
OCYIIECTBIISICTCS YePUECHHUE HECKOJIBKIX OJIMHAKOBBIX OOBEKTOB.

. o ° o O
Q o
Q o
Puc. 4

1. Besosure komanay Kpyr (Circle) u co3maiite B J1IeBOM BEpXHEM YNy IUIACTHHBI
OKpPYXHOCTb paguycom 10.

2. Btopyroo OKpyXHOCTh CO3/aiiTeé METOAOM KOMHpPOBaHUS, BbI3BaB kKoMaHAy KomupoBark
(Copy) u3 mento Penaktuposate (Modify), Ho He u3 Menro [IpaBka (Edit)! Dta komanma
KOMUPYET yKa3aHHbIE OOBEKTHI U MO3BOJISIET PACTIONOKUTh UX B 33JJaHHBIX KOOPAMHATAX.
OtmeTbTe Moasiexanue KOMUPOBAaHUIO OOBEKTHl W OINpEAETUTE JBE TOUYKU: 0a30BYIO
(TouKy, OTKyJa KOMHMpOBaTh) M TOYKY CMEUIeHHUsS (TOYKY, Kyaa komupoBaTh). [locme
BbI30Ba KOMAaH/JBbI BBl YBUAUTC CJ'I@I[yI—OIIII/Iﬁ JAuajior:

Komanoa: copy
Buvibepume obwvexmui:
3. BribepeTe ¢ MOMOIIIBIO MBIIIN OKPY>KHOCTh U HOXXMUTE ENter, ykaspiBas TeM caMbIM Ha
OKOHUaHUe npoiiecca BriOOpa. Komania BeIacT 3ampoc:
Specify base point or displacement, or [Displacement]:
VKaxuTe MEHTP OKPYKHOCTH B KauecTBe 0a30BOM TOUKH, IMOCJE YEro IMOJTYYUTE CIICTYIOUTUN
3armpoc:

3aoatime emopyro mouxy unu <Hcnonwv3yime nepeyio Kak 3ameujenue™:
[I[€nKHUTE MBILIBIO B TOYKE, I'/I€ JOJDKEH PACIOIaraTbCsl HEHTP CKOIIMPOBAHHOU
OKPY’KHOCTH, Y TAKOBAsI MOSBUTCS B 3aJaHHOMN MO3ULUU.



Teneps IPUCTYNIUM K CO3JaHUIO TPYIIBI OTBEPCTUM B LEHTPAJIBHON YacCTU ILIACTUHBL. B
cllydae 4Yep4yeHHUs BPYYHYIO 3a/aya TaKoro poja OTHHMAaeT JOBOJIBHO MHOTO BpeMeHu. B
AutoCAD wumeercs komanna Maccue (Array), kotopas CTPOUT MaccuBbl 00bekTOB. C €
IIOMOIIBIO OYEHb MPOCTO CO3/1aBaTh (PparMeHTHl YepPTEkKel, KOTOPhIe COCTOSAT U3 OJMHAKOBBIX
00BEKTOB, PACIOJIOKEHHBIX B omnpenenéHHoM nopsake. IIpu pabore ¢ 3Toll KOMaHAOH BbI
JIOJDKHBI BBIOpaTh OOBEKTHl, HAa OCHOBE KOTOPBIX OyOeT CO3MaH MacCHB, W ONPEACIUTH
napamMeTpbl MaccuBa.

4. Cuavana ¢ nomormpto komanael Kpyr (Circle) B BepxHeil yacTH IUIaCTHHBI HAUYEPTHTE
OKpyXHOCTh paaumycoMm 2.5. Ilo BepTHKain €€ LEHTp HOJDKEH OBbITh PpaCIOIOXKEH
HocepeInHe TUIACTHHBI.

5. BeioBure komanmy Maccu (Array) u3z mento Penakruposare (Modify), u AutoCAD
0TOOPA3UT TUATIOTOBOE OKHO, B KOTOPOM MOKHO BBECTH IapaMeTphl MAacCHBAa M YBUIETb,
Kak OH Oyner BbIIJISIIETh. [Iporpamma IMO3BOJSIET CTPOUTH MAacCUBBI JBYX BHJIOB:
IMpsmoyroseubiii MaccuB (Rectangular Array) u Kpyrosoii maccus (Polar Array). Ilo
YMOJTYaHHIO MIPEJIaraeTcsi CTPOUTH IMPSIMOYTOJIbHBIN MAaCCHB.

Jns mpsMOYTOJIBHOTO MacCHBa 3aJaéTCsi KOJMYECTBO PSIOB M CTONONOB (moist ROWS u

Columns),a Taxxe paccrosHue Mexay psaamu u cronbiamu (Row offset u Column offset).

B mpsMoyroipHOM MaccHBEe HMCXOJHOE MHOXKECTBO OOBEKTOB HAXOJHUTCS B €ro JIEBOM

HIDKHeM yruty. Jlns co3maHusi MaccuBa B HampaBieHUH — X WiH- Y MOXHO BBECTH

OTPULIATEIBHOE 3HAUCHNUE PACCTOSHHS MEXITY CTPOKAMH MIIH CTOJIOAMH.

Ecnu BeI XOTUTE CO31aTh MPSMOYTOJNBHBIA MAacCHB, MOBEPHYTHIA O] YIJIOM, BBEIUTE
3HaYeHWe yriia B mosie Yrou nmoBopota (Angle of array) wiam Bocmonb3yidTech KHOIKOM CO
CTPEJKON, HAXOIALIEHUCS PSIAOM C 3TUM IOJIEM, U 33JIAUTE YroJl C HOMOIIBIO MBIIIH.

6. Ham HyXHO co3/1aTh MOJIIPHBI MacCUB, MO3TOMY BbIOepuTe omuuio KpyroBoit maccus
(Polar array).

7. Haxwmure kHOnKy «Bb100op 00bekToB» (Select objects) B mpaBoii BepxHeil 4acTu OKHaA U
YKaKUTE OKPYKHOCTh, KOTOpasi JOJDKHA 00pa3oBaTh MaccHB. UTOOBI BEIMTH U3 peXHMa
BbIOOpa 00BEKTOB, HAXKMUTE <Enter>.

8. Baemute xoopauHaThl 1eHTpa MaccuBa B monss X u Y ob6mactu Ilentp (Center point)
A100 HAKMHUTE KHOIIKY PSIIOM C STHMH TIOJIIMH U YKQKUTE LIEHTP MacCHBa MBIIIBIO.

9. B crnucke Merton noctpoenus (Method) BeiOeprTe nepBbiii MyHKT — YUCIO JIEMEHTOB U
VYron (Total number of items & Angle to fill). 3amaiite Yuciao sneMeHTOB MaccuBa
paBHbIM 12.

10. Haxxmute kHOnKy Preview (ITpocmotp). IIpou3oiiaér mepexoj B 001acTh dYepueHHs, U
BbI YBUJIUTE, KaKoi MaccuB co3faiu. OkHo Array OyneT colep:kaTh TOJBKO TPH KHOIKH,
C TOMOIIBI0 KOTOPBIX BBl MOXKETE NPHHATH YCTAaHOBKH MacCHBa, W3MEHHUTh HMX WJIH
OTMCHUTh KOMaHIy. Ecim pe3ynbraT Bac yCTpauBaeT, HAXMUTE KHONKY [IpuHSTH
(Accept). CpaBHUTE OTYYEHHBIH YePTEXK C MPEICTABICHHBIM Ha pHc.4.

IloBopoT u 3epkajibHOE 0TOOpPaKeHHEe 00HEKTOB

[IpoaomKUM 4epTUTh JeTallb, IPEICTABICHHYIO Ha puc. 1.

Ha nnactuHe nMeeTcs JiBa MPsIMOYTOIBHBIX OTBEPCTHS, KOTOPBIE PACIIOIOKEHBI

CHMMETPHYHO. B 3TOM ynpaskHEeHUH MMOKa3aHo, KaK MX MOKHO CO31aTh C HANMEHBIINMHU

3aTpaTaMH BPEMEHHU.

1. BeoBure komanny IIpsmoyroiapHuk (Rectang) u cieBa HadepTUTE BEPTUKAIBHO
OPHEHTHPOBAHHBIH MPSIMOYTOJIbHUK.



2. TloBepuure mpsiMoyroiabHHK Ha 30 rpagycoB. DTy ONEpalyio MOXXHO BBITOJHHUTH C
oMoIIbI0 KoMaHbl Bpamats (Rotate), Be13BaB €€ U3 naHesln MHCTPYMEHTOB MIIM MEHIO
N3menuts (Modify). Komananas ctpoka Ternepb BBITISINT TaK:

Komanpa: _rotate

Texymme ycranoBkm orcyera yrjoB B IICK: ANGDIR=nporus 4/c
ANGBASE=0

Bbi0epure 00beKTHI:

I[Ipumeuanue: xomangoit Rotate ympasnsior nBe cucremubsie nepemenHbsie: ANGDIR
OTIpe/IeIIIeT HAMpAaBJICHHUE yIia MOBOpOTa (MPOTHUB WM 1o 4acoBoi crpenke), a ANGBASE —
3Ha4yeHue 0a3MCHOro yria.

3. Bocnoip30BaBIIUCH MBIIIBIO, OTMETHTE MPSIMOYTOJIbHUK U Haxkmute <Enter>. AutoCAD
BBIJIACT 3aIIPOC HA BBOJI TOYKHU, KOTOpasi OyJeT CIIyKHUTh LIEHTPOM IIOBOPOTA:

ba3oBas Touka:

4. 3apmaiiTe B KadecTBE TAaKOBOM NpaBblii HWKHUH Yroysl HpsSMOYTOJIbHUKA (TIpH
HEOOXOIMMOCTH BOCIIOJIB3YHTECh OOBEKTHOW TNPHBS3KOM), a 3aTeM BBEIUTE 3HAUCHHE
yIj1a HOBOPOTAa:

Yka3aTh yroJi BpalleHusi WM [KonupoBaTh/cocaaTbes] <0>:

5. TlockonabKy HaMm HYXKHO TOBEPHYTb MHPSIMOYIOJIBHHMK IO YacOBOW CTpeNKe, BBEIUTE
orpuniatesibHoe 3HaueHue yriaa moBopota (-30). Ilocie storo AutoCAD BeITIOTHUT
OTepalurio MOBOPOTA.

B mpaBoii yactu turacTHHBI TpeOyeTcs Ha4epTHTh euié OAHO MPSIMOYTOJIBHOE OTBEPCTHE.
Ero Mo>xHO c037aTh, BOCIIOJIB30BABIINCh 3€PKAIBHBIM OTOOpak€HHUEM OTBEPCTHS, KOTOPOE MbI
HauepTUiIM panee. JlaHHas omepariust ocyIiiecTrisercss komaumoi 3epkano (Mirror). Crauana
KOMaH/Ja MPOCUT OTMETHTh HMEIOIIMECs Ha 4yepTeke OOBEKTHI, AT KOTOPBHIX OyAeT co3laH
3epKaNbHBIA 00pa3. 3areM BBl JOJDKHBI OyAeTe 3aJaTh JIBE TOYKH, OIPEIEISIONINE OCh
OTpaXeHHUsi, JJIMHA KOTOpPOM 3HaueHusi He mmeeT. Ilocime atoro komanaa 3epkano (Mirror)
CO3/IaCT 3€pPKAIBHOE OTPaKEHHE HCXOMHBIX OOBEKTOB, KOTOpPHIE MPU HEOOXOJMMOCTH MOTYT
OBITh y/1aJICHBI.

6. Bezosure komany 3epkano (Mirror) us naneau uncmpymenmos Hamenumo (Modify). B
pe3ysbTare 3TOro B KOMaHIHOW CTPOKE MOSIBUTCS OYEPEAHOM TUalor:

Komanga: _mirror
Bbi0epure 00beKTHI:

7. Bpimenure MpSMOYTOJIIEHUK C TIOMOIIBIO MBIIIH, HOKMHUTE KiaBuiry Enter, m Ha skpaHe
MOSIBUTCS TAKOE MPUTTIAllICHHE:

IlepBasi ToUKa OCH OTPaKEHHST:

8. Ilporpamma mpocuT yKa3aThb NEpPBYI0 TOYKYy oOcu oTpaxeHus. Cpaemaiite 370,
BOCIIOJIb30BABIIINCH, OISATH-TaKH, MBIIIBIO. [locie 3TOro oToOpa3uTcsl 3ampoc Ha BBOJ
BTOPOW TOYKH OCH OTPAKEHUS:

Bropas Touka ocH OTpasKeHH:
9. Korga Bbl e€ ykaxute, AUtOCAD cnpocut, ynanate au BbIOpaHHBIE JUISL OTpasKEeHHS
OOBEKTHI:
Yoanums ucxoonvie oowvexmoi? [/la/Hem] <H>:
Haxxmurte <Enter> wnu BBequte H (Hem), 4ToOBI COXpaHUTh 002 MHOXKECTBA OOBHEKTOB
(4TOOBI COXPaHUTH TOIBKO OTPAKEHHOE MHOXKECTBO, HYKHO BBecTH /[ (/]a)).



Coxpanute yepréx mnoa umeHeMm «3aHatue 12». CpaBHUTE NOJYYEHHBIM YepTEX C
3agaHueM. OH HOJHOCTBIO [OTOB.

Co3nanue conpsixeHuit

Coznanum uepTex ceueHus penbcea (puc. 1).

C noMoup0 KOHCTPYKLIMOHHOM JIMHUM HAYEPTUTE LEHTPAIBbHYIO JIMHHUIO, KOTOPYIO MBI
IIOTOM 3aMEHMM Ha OceBYI0. KOHCTpYKIIMOHHAs JIMHUS BEPTUKAJIbHAS, IPOXOJIUT YEPE3 TOUKY
(0,0).

IlepeiineM K BBIYEPUMBAHUIO IIPABOM IIOJIOBUHBI KOHTypa pesbca. BBI30BUTE KOMaHAy
Jlunus (Line) u BBemmre cienyromme touku: (0,0) (57,0) (57,9) (39.6,9) (6.5,20) (6.5,95.8)
(34,105) (34,135) (0,135).

7l

Pucynok 1. YUepTex ceueHus penbca

B pesynbrate nmomyuminack mojaoBUHA MPOGUIIS penbca, HO 0e3 paJnycoB.
BrinmonHuTe conpsikeHus TMHUM TEMU paauycaMu, KOTOPbIE 3aJaHbl Ha pUCYHKe 1.
C nomorsio Komans1 3epkaio (Mirror) co3aaiite JeByIO MOJOBHHY 00BEKTA.
CoxpaHuTe YepTexk B CBOIO MOMKY Mo uMeHeM Perbe.dwg.

3ananme 2.
HayTH/IMCH CO3aaBaThb COIIPSKCHUA BTOPOTO BUAA.
Jnst aTOM e HapucyeM KOopombIcio (puc. 3):

& a k2
2

OTnuure JaHHOTO YepTexa OT NPEeAbIAYIIEro COCTOUT B TOM, YTO Jyrd (Yactu
OKPYKHOCTEH) MPUBSA3aHBI K CTPOTO ONpPEJEICHHBIM IIEHTpaM, a COIpSATalollhe UX OTPE3KU



JUHUAN HE 3aJjaHbl KOHKPETHBIMH pa3MepaMu. B mepBoM ciydae Bce OBLIIO HA0OOPOT: OTPE3KU
JIMHUI TOYHO ONpEETIeHbl KOOPAUHATAMHU, a LIEHTPBI CONPATAIOLIUX AYT HE YKa3aHBI.

J1J1 BBIIOJTHEHUS COIIPSDKEHUN BTOPOTO BUAA HEOOXOIMMO HAalTU TOYKHU COIPSKEHHUS.

CHayana 0003HaUYMM TOYKH LEHTPOB TPEX OTBEPCTUN. DTH TOYKU OyAyT UMETh BUJ
KkpectukoB. OnHy TO4ky HaueptutTe ¢ koopaunatamu (100,0), Bropyo — (0,0), TpeTbio — B
3aJIaHHOM TTO3UIIUU OT BTOopoit (@W40<207.

HavepTtum Tpu OKpY)KHOCTH C LIEHTpaMH B CO3/JaHHBIX TOukKax. [[ist aToro BKiIrouMTE
O00OBEKTHYIO TPHBS3KY K TOYKE (IIEIKHUTE NpaBol KHONMKOW Mblmm Ha KHOnKy [TPMBS3KA,
BbIOEepUTE MYHKT HacTpoliku U B OKHE YCTaHOBUTE NEpeKitoyaTensd Y3ein). Paauyc nenrpanbHoi
=20, a nBe kpaitnue — 1o 10 mm.

v

o\ ©

Bxirounte pexum npuBsskn KacarenbHas. BeizoBure komanmy Jluaus (Line) u
MPOBEJINTE KACATEJIbHBIE OT JIEBOW OKPYKHOCTHU K CPEIHEM:

A
I

O

Haueptum npaByro yacth KopoMmbicia. PazmepoB uist €€ mocTpoeHus HET, TOITOMY OynieM
pHUCOBaTh 1O COOCTBEHHOMY YCMOTPEHHIO.

Otxmtounte pexumbl OPTO (ORTHO) u IIATIT (SNAP). B nanHoMm crmydae HEe MMeeT
3HAYeHHs JUIMHA STOW JIMHWW, TOYHEE, IOJIOKEHHE €€ KOHIIOB OT HapHCOBAHHBIX paHee
OKpyXHOCTel. B nmanpHeiimem, koraa mporpaMMa OyAeT BBOJUTH PAIANYChl COMPSDIKEHUS, OHA
ABTOMATHYECKH YIJTUHUT KOPOTKHE KOHIIBI IMHUHM WIH YKOPOTHUT JUTHHHBIC. HauepTuTe 2 TnHUN
B MpaBoil dYacTh (BTOPYIO IJIMHUIO MOXKHO TIONYYUTh 3€pKAbHBIM OTPaKEHHUEM IEePBOM
OTHOCHUTENBHO ocu X):

LY

-\—\—\—\_\—_

RO

b

JInst conpsikeHnss HAKIIOHHOM JIMHUM C IBYMSI OKPY’KHOCTSIMH BBITTOJTHUM CJIETYIOLIEE:

Fillet — r — 5 — BeIgeNMTE MTMHKM, KOTOpBIE OyneTe conpsrate. [Ipu 3TOM HeManoBaKHOE
3HaYeHHE UMEET MECTO Ha OKPYKHOCTH, TJI€ BbI IEIKHUTE MBIIIbI0. OT 3TOTr0 OYy/AET 3aBUCETD, B
KaKylo CTOpPOHY OYZET BBINOJIHEHO conpsikenue. Paguyc Oyzner oOpallieH B Ty CTOPOHY, KyZa BbI
HIEJIKHUTE MBIIIBIO.

[Tonyuynnu cienyronun 4eprex:




Bocnonesyiitech komanmoi O6peska (Trim), 4ToObI yIaIUTh JUIIHHAE YaCTH OKPY:KHOCTH

c ueprexa. ['pannniamu o0pe3ku OynyT CIIY>KUTh JINHUHM KacaHUsl.
B 3akmoueHne HauepTUTE HEJOCTAIONINE OKPY)KHOCTH U yAAJIUTE TOUYKU PAa3METKH.

Pabora co ciioamu

3amyctute AUtOCAD u otkpoiite daiin db_samp.dwg u3 manku C:\Program Files\ AutoCAD
2008\Sample. Tlepeiinure Ha Brinaaky Model, yBenuubTe n3o0paxeHnue (KOJIECCUKOM MBIIIH
WIM KHOMKOW ZOOM CTaHJapTHOW IMaHEeIH WHCTPYMEHTOB). BbI yBHaWTE, 4TO B YepTexke
PUMEHSIFOTCSI JIMHUU HECKOJIBKUX [IBETOB.

CaMblii TIpOCTOM CIOCOO yIMpaBJICHHS CIOSMHU MPEIOCTaBIsSET IHAIOTOBOe OKHO «Layer
Properties Manager». Ero moxxHo BbI3BaTh BbIOOpOM 3Hauka Layer (Ciou) Ha maHenu CBOMCTB
00BEKTOB WM KOMaH Ibl Layer uz menro «Formaty.

2.

Ortkpoiite okHo «Layer Properties Manager» oaHuM M3 yka3aHHBIX BbIlE croco0oB. Kak
BUAMTE, MH(OpMAIHs 00 UMEIOIUXCS B UEPTEXe CII0AX MPeJICTaBlIeHa B BUE TaOIHUIIbI.

21
— Named layer fiter
Ehom 2l laverd I~ Invert filker. | New I Delete |
~ [~ Apply to Object Properties toolbar. Current | Show details |
|Eurrent Layer. O Save state... | Restore state.. |
Mame | On | FIE?'EE... | L. | Calor | Linetype | Llnawgphl | Plat Style | Pl &
W o = ] whie Conlinuous —— Default Calor 7 &
WA APPL SPEC 7 ] = g4 Continuous —— Defaut  Color_14 &
R APPLIANCE 9 ] = g Red Continuous —— Default Color_1 &
R BRICK WALL @ 4 = [ Vellow Continuous —— Default  Color_2 &
WA D CABINET 7 ] = [ Green CABLIM —— Defaut Color_3 &
W DOOR @ ] = [gYelow  Conlinuous —— Default  Calor_2 &
R FIREPLACE @ 4 = mEBe Continuous —— Defaul  Color 5 &
MR FIRESFEC a7 4] = mi3 Continunus —— Default  Color_13 &
WR GLAZING @ ] = [gYelow  Conlinuous —— Default  Calor_2 &
WA HEADER @ 4 = [ Green HDR —— Defaul  Color 3 &
MR INTERIOR ELEV a7 4] = [ Green Continunus —— Default  Color_3 &
R 5 CABIMET @ ] = @ Magenta Conlinuous —— Defaut  Calor B &
R STAIR @ [+ = [ Green Confinuous —— Default  Color 3 &
R WALL a7 4] =[] 'Wwhie Continunus —— Default  Color_7 &
WRES 9 ] = mFRed Conliruous —— Defaut  Color_1 &
BEAM @ [+ = [ 'whie BEAM —— Default  Color 7 &
ELOCK w7 41 =[] 'Wwhite Continuous —— Default  Color_7 &
ELOCK TEXT 9 ] = [ Green Conliruous —— Defaut Color_3 &
ELOCKTERT @ [+ = [ Green Confinuous —— Defaut  Color_3 & =
Roicsuc - o A e PRSI, Feton ol | .r

|45 Tatal layers 45 Layers displayed

gk | Cancel | Help |

Beiie ykaszan tekymuit ciaoit (Current Layer) 3To cioif, B KOTOPOM MOKHO Y€pTUTh OOBEKTHI B
JaHHBIM MOMEHT.

3.

5.

Cnenaiite TexkymuMm cinoit AREA — BblienuTe ero u HaxxMuTe KHonky «Current». O6parure
BHUMaHWE Ha W3MeHeHHWss B okHe Layer Properties Manager. Omsath caenaiite cioit 0
TEKYILLUM.

Coznaiite HOBbIN cioit «[IpoGay. [{nst sToro Haxmure KHONKY «NEW», MOSBUTCS HOBBIH
cioit ¢ umenem «Layer 1y», umetorum et White (6enbrit), Tun nuaum Continuous u Bec
muaun Default (ITo ymomganuro). [lepenmenyiite cioii, mpucBous ums «IIpoday.

VY nanure cioit «IIpoGay, BBIICTUB €ro B CIKMCKE U HakaB KHOMKY «Deletey.

HmeeTcst BO3MOKHOCTh COPTUPOBKH CJI0€ MO KAKOMY-TO MPHU3HAKY. JIJI 3TOTr0 HYKHO HIEIKHYTh
Ha 3arojioBke cTooua. J[BoifHOi 1mem4ok copTUpyeT B 00paTHOM MOPSJIKE.

6.

Hanpumep, HaMm HeoOXOIUMO 3aMOPO3UTh BCE CJIOU, MPEJCTABICHHBIE KEITHIM I[BETOM.
Hlenknute Ha 3aromoBke cromdua Color. Ilocne sToro Bce ciom B crnucke Oyay
YHOPAIOYEHBI 0 LBETY. BplienuTe NepBbId JKENTHIM CIOM IIETYKOM Ha €ro UMEHH.
Haxxmure xnaBuury Shift u, yaepkuBas ee, HIETKHUTE MBIIIBIO Ha MOCICIHNUMN JKENITHINA CIOH.
Teneppb Bce KeNnThle CIIOM BBIAEIEHBI, U BaM OCTaJIOCh IIETYKOM MBIIIM B cTOJOLIE Freeze
Jr000TO BBIJICIICHHOTO CJIOS 3aMOPO3UTh MX. Beiiiaure u3 okna Layer Properties Manager,
HaxxaB KHONKY «OK». Kak Buaure, )KenThIC TMHUNA HA YEPTEIKE OTCYTCTBYIOT.



7.

Bepuurecs B okHo Layer Properties Manager u pa3mMopo3bTe KeNnThie CJIOH. Beriaute u3
OKHa.
Ha nanenu cBOHCTB uMeeTCs CIHCOK, YCKOPSIOLIUMN YIpaBiI€HHE CIOSIMHU (TI€PBBIi

pacKpbIBalOLUICS CHUCOK). B cBepHyromM Buzae B HeM oToOpaxkaercst Tekyumuil cioil. [lpu
pa3BOpauMBaHUK B HEM OTOOPaXKAIOTCS BCE UMEIOLINECsS CIOM M UX cBOKCTBa. [Ipu BBIOOpE Ci1ost
B CIIMCKE OH CTaHOBUTCS TeKyIIMM. C IIOMOILIBIO 3TOrO CIIUCKA MOKHO IIOMEHATH TEKYIIUN CIIOM,
U3MEHUTh CBOMCTBA CII0EB, HO HENb3s CO3/1aTh HOBBIM.

Ecnu Ha dyeprexe MHOTO CIIOEB, TO MpPU pabOTe MOXKHO HCHOJIB30BaTh (PUIBTP CHHCKA

CJIOCB.

8.

10.

11.

12.

o

~

[Ipenmonoxum, 4To0 HaM HYKHO OTOOPa3UTh TOJIBKO T€ CJIOU, UMEHA KOTOPBIX HAUMHAIOTCS
Ha «AR» u paborare ¢ Humu. Haxmure B oxHe Layer Properties Manager kHomky
packpbiBaromierocsi crricka «Named layer Filters», u mepen Bamu MOSBUTCS OJHOMMEHHOE
okHO. OHO TO3BOJISIET OIPENENIUTh, KaKhue CJIOW OyAyT IMpelCTaBleHbl B CHHCKax. B Hem
MOXHO 3a7aBaTh 70 11 kputepueB otOopa cioeB. [IpucBanBas kpuTepHio 3HaueHue Both
WK *, BBl 33J1a€T€ OTOOPAKEHUE BCEX YJIOBIETBOPSIOLINX CBOMCTBY CJIOEB.
Beeaure B mone Layer Name cumBonet AR*. 3arem 3amaiite ums AR-ciou B mone «Filter
Name» (Ums ¢unbrpa), Haxmute kHonky Add ([lo6aButh) u 3akpoiite okHO. HoBBbIi
(GUIBTp CO3/1aH.
Ycranosure onmuio «Apply to Object Properties toolbar» (IlpumeHuTh K maHEeTH
UHCTpYMEHTOB) B okHe Layer Properties Manager. Boibepute B cicke Named Layers Filters
ateMeHT AR-cion (Tem cambiM BB 3amaere, 4ToOBI B CIIMCKE CJIOCB HA IMAHEIH CBOWCTB
0TOOpaXalluch TOJIBKO TE€ CJIOU, KOTOPHIE BBl OTOMPAETE C MOMOIIBIO CO3JAHHOTO (GUIBTPA).
[TpoBeppTe cnincok cnoeB. Haxxmure B okHe KHONKY «OK», 4TOOBI BEpHYTHCS K YEPTEXKY.
[TpoBepbTe CIUCOK CIOEB B MAHENIU CBOWUCTB. [IeHICTBUTENBHO I OH COACPKUT JIMIIL UMEHA
cioeB, HauynHatomeecss ¢ OykB AR? Bepuurech B okHO «Layer Properties Manager» u
BeIOEpUTEe U3 crucka ¢GuibTpoB dmemeHT «Show All Layersy (IToka3eiBaTh BCe CIIOHM).
Haxwmure kHonky «OK» 1 cHOBa IpOCMOTPUTE CIIUCOK CJIO0EB NaHenu cBoicTB. OH JOKEH
coJiepKaTh UMEHa BCEX CJIOEB.
3akpoiite Qaiii, He COXpaHss U3MEHEHUMN.

YnpaxkHenue 2. YnpasjeHue cBoiicTBaMH 00bEeKTOB.
Co3paiiTe HOBBIN YepTEkK C METPUUECKUMHU YCTAaHOBKAMHU.
OTtkpoiite okHO «Layer Properties Manager» u cosmaiite Tpu HOBBIX ciiost: «OCHOBHBIEY,
«tpuxossiey» u «OceBble». Hcnonp3yiite kHonky «New» Ilocne BBoja uMMEHM cCilost
HaxxumanTe «Entery.
Bribepute cnoit «llITpuxoBble» M 3amaiiTe AJis HEro COOTBETCTBYIOIIUN THIT JIMHUMH,
meakHyB B cronbOme Linetype. Ha skpane mosiButcs okHo «Select Linetypey», omnako
BBIOMpATh B HEM He u3 vero. [lostomy HakmuTe KHOMKY «L0ady, 4ToOBl OTKPHITH OKHO
3arpy3ku Tumna JuHEA. OTMEThTE B 9TOM OKHE NEPBBIH M TPETHUH SJEMEHTHI CIHCKa (TIPH
BeIOOpe ynepxwuBaiite kinaBuiy CTRL waxaroif) m menknute Ha kHomke «OKy. IMocne
sToro B okHe Select Linetype mo6aBstcs 1Ba THa JTMHUH.
BrigenuTe mITpUXOBOWM TUT JIMHUHU, YTOOBI Ha3HAUUTH €ro clioro «lITprxoBbIe» U HAKMUTE
«OK».
HasnaubTe nms crnost «OceBbiey MTPUXTYHKTUPHBIA THI TUHUH.
HasnaubTe my1s1 BHOBH CO3JaHHBIX CJIO€B pasHble I1BeTa. Hampumep, caenaiite cion
«OcHOBHbIE» CHHMM, clloi «lIITpuxmyHKTHpHBIE» 3€JeHbIM, a ciloil «OceBbie» roayObIM.
JInst 3TOro0 B CTPOKE HY)KHOTO CJIOSI IIENKHYTh CBOMCTBO COlOr m B OTKpBIBIIEMCS OKHE
«Select Colory BeiOpaTh 1BET.
Caemnaitte Tekymum ciiod «OCHOBHBIEY, HAKMUTE «OK».
HauepTure ocHOBHBIE (CIUIOLIHBIE) IMHUM CIEAYIOIIEro yepTeska. Obparure BHUMaHHUE, YTO
OHHM JTOJIKHBI OBITH IIPEJICTABIICHBI HETIPEPHIBHOM JTMHUEH CHHETO I[BETA.



9.

10.

Crnenaiite TekymuMm cioi «OceBbie» (JUIsl ’TOI0 MOKHO BOCIIOJIb30BaThCsl CIIMCKOM CJIOEB B
[IAHEJIM CBOWCTB). YCTaHOBUTE IpPUBA3KY M HadepTuTe ocb oObekTa. Kak BuauTe, oHa
IpeCTaBIeHa ITPUXIIYHTUPHON JIMHUEH roiay0oro 1sera.
Crnenaiite TexymuM ciioil «llITpuxoBble» M HadepTUTE I'PAHULIBI OTBEpCcTUA (OHHM OyAyT
Ipe/CTaBJIECHbI IITPUXOBON JIMHUEH 3€JICHOT0 1IBETA).

B nanHOM cnyyae Mbl HEe Ha3Ha4yajid CBOMCTBAa OOBEKTOB SIBHO, IO3TOMY OOBEKTHI

YHACJIeIOBaJI CBOMCTBA, 3aJJaHHbIC Ui Cios. [103TOMY B CBOMCTBaX 3THX OOBEKTOB 3aIIMCAHO
«ByLayer» (Ilo cnow). UtoObl yBUAETH CBOWCTBA OOBEKTAa, MOXKHO BBIICTUTH OOBEKT U
MIOCMOTPETh B MTAHEIH CBOMCTB.

11.

12.

13.

14.

15.
16.
17.

18.
19.
20.

Texkymum B TaHHBIM MOMEHT sBisieTcs ciaou «llITtpuxoBeiey». Belnennre CHHIOK JIMHUIO U
MMOCMOTPUTE Ha TaHEJb CBOMCTB. B Hel ykazan cioit «OCHOBHBIEY, a IIBET, TUIl U BEC JIMHUU
«ByLayer» (ITo cnoro).

BezoBute xomanmy «Properties» (CpoiictBa) u3 mento Modify. TlosiBuTcsi OKHO CBOJCTB.
W3meHuTe 1BeT BBIOPAHHOM JIMHUU. J{J151 9TOTO B OKHE CBOMCTB ILEJIKHUTE B CTPOKE CBOMCTBA
Color, a 3arem BbIOepUTE B CIIHCKE HYXHBII [[BET. 3aKPONTE OKHO CBOIMCTB U IIOCMOTPHUTE HA
MaHeNlb CBONCTB — Temepb LBET OOBEKTa B HEM 3aJaH SBHO M HE 3aBHCHT OT CIIOS.
AHaJIOTUYHBIE U3MEHEHHSI MOKHO TTPOU3BECTH U B TTAHETTU CBOMCTB.

OtMenuTe BbIIEeHHEe 00BEKTOB, HaxaB «ESC». Bri3oBure komanmay Linetype w3z menro
«Formaty», Ha skpane mosiBUTCS OKHO «Linetype Manager» (Macrep TumoB juHuii). B
OTJIMYKE OT aHATOrMYHOro okHa «Select Linetype» oH mprcBamBaeT CBOWMCTBa HE CIIOSIM, a
oOwvexTaM. Ecnu 3a1aTh 371€Ch TUI IMHUM, TO BCE OOBEKTHI OyIyT YEPTUTHCA UM HE3aBUCUMO
OT THIIA T10 CJIOK0.

Beibepure Tun Continues u maxxmure «Currenty (Texymmit). Haxkmute «OK». TTonpoOyiite
HAa4YepTUTh HECKOJbKO JIMHMM. BBl yBHIWTE, UTO HECMOTpS HAa TO, YTO TEKYIIUWA CIOU
«IITpuxoBbie», TUHUU OYTYT CIUIOITHBIMH.

OTkpoiiTe TO e OKHO UH YCTaHOBUTE THI «ByLayer.

Bezosute u3 mento «Format» komany «Colory u momeHsiiTe TEKyIINi 1IBET.

BeszoBute u3 meHo «Format» komanny «Lineweighty u momeHsiiiTe TeKylnid BeC JTUHHH.
[Tpu stom ycranoBute (iaxok «Display Lineweyght». Tornma 3amaHHas TOJNIIMHA JTHMHUN
Oyner oToOpakaTbesi Ha Skpane. OOBIYHO TOJIIMHA HA YKpaHe HE OTOOpa)KaeTcsi, 9TOOBI HE
Merrana mpu padore. OgHAKO, OHA BHIBOJUTCS HA MEYaTh.

HauepTtute HECKOJIBKO OTPE3KOB C HOBBIMU CBOMCTBAMH.

[IpenbsiBUTE pe3ynabTaThl padOTHI MPEMOIABATEINIO.

3aKOHCIIEKTHPYITE BHITIOJHEHHYIO paboTy.

21. 3akpoiiTe uepTex, HE COXpaHss €ro.

Koumposivnvie eonpocot

1. Kak u3MeHHUTb paguyc CONPsHKCHUS?
2. Kakue napamerps! TpeOyeT 3a1aTh KOMaH/1a 00pe3Ku?
3. Kakue mapametpsl TpeOyeT 3a1aTh KOMaH 1a IPOJICHUS?



Kakue napamerpsl Tpedyer 3agath komanaa dacka?
Kaxkue mapameTpsl TpeOyeT 3a1aTh KoMaH1a 3epKano?
Kak HacTpouTh NpUBS3KY K TOUKAM KacaHHsi?

Yro Takoe ciou?

Kak caenarp cnoit Texkymum?

Kak oTcopTupoBats clioH 1o 3aJJaHHOMY [apameTpy?
10. Kak nepeMecTuTh OOBEKT U3 OJJHOTO CJIOS B APYToit?
11. Kak oTkpbITh MeHemkep cinoeB?

12. Kak co3iath U UCIONIB30BaTh (PHILTPHI CIIOEB?

©CoN A

Cnucok a1umepamypul, pEKOMEHOYEeMblil K UCNOb306AHUI0 O OAHHOU meme:
Opiios, A. AutoCAD 2014 / A. Opinos. - CII6. : [Tutep, 2014. - 384 c. : un. - [Ipun.: c. 382. - ISBN 978-
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WmxenepHas ¥ KOMITbIOTEpHAs Tpaduka : 1abopaTOpHBINA MpakTUKYM / aBT.-cocT. T.W. JIpoBocekoBa ;
Ceg.-Kas. penep. ya-T. - CraBpomons : CKOVY, 2014. - 2015. - bubmwmorp.: c. 159

CemenoBa, H.B. Unxenepnas rpaduka : yaeoHoe mocobue / H.B. Cemenora, JI.B. bapanoga. -
ExarepunOypr : U3narensctBo Ypanbsckoro yauBepcurera, 2014. - 89 c. : cxem., Tab:1., wi. - bubnmorp.:
c. 71. - ISBN 978-5-7996-1099-9 ; To e [OnexTponnsiii pecypc]. - URL:
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JlabGoparopuas padoral8. Odopmiienne yepTexkeil U MPOEKTHON JOKYMEHTALMH B
AutoCAD.

Ilenv pabomor:

N3yunuth paboTy C TEKCTOM, CO3/1aHUE, pEJaKTUPOBAHUE CBOMCTB TEKCTA, CO3/1aHNE U HACTPOUKY
CTHJIEH TEKCTa, BCTaBKY CIIEIUAIbHBIX CUMBOJIOB. HayuuThcs co3naBath 11a0I0HbI YepTexeil,
CO3/1aTh PaMKH YepTeXel pa3HbIX (pOpMaToB.

Teopemuueckas uacme.

Texctr B AUtOCAD ueptutcs ¢ momombio komana Dtext u Mtext. Komanga Dtext co3gaer
CTPOKH TeKcTa (OJHOCTPOYHBIM TEKCT), a KomMaHjaa Mtext — ab3am TekcTa (MHOTOCTPOYHBIN

TekcT). Komanabl MokHO BbI3BaTh U3 MeHIO Draw, a Ha nanenu Draw ecth kHorika Mtext A

Komanpna Dtext tpeOyer 3aaHust HAUaIbHOM TOYKH CTPOKH TEKCTA:

Specify start point of text:
[Tocre 3ananust CTApTOBOM TOYKH MOSIBUTCS 3aIIPOC BBICOTHI CHMBOJIOB:
Specify height: (ranpumep, 10, m.e. esicoma mexcma 10 eournuy)

[losiBuTCS 3ampoc Ha 3aJaHWE yIJIa HAKJIOHA CTPOKH TeKcTa (M0  YMOJIYaHHIO
ropu3oHTaNbHbIA TeKCT). [locne 3amanus 3tux napamerpoB AUtOCAD BeiacT 3ampoc Ha BBOJ
TEKCTa:

Enter text:

B oTBer Ha 3TO TpUINalIeHHEe MOXXHO BBOJUTH HYXHBIH TEKCT. EcCiiM HYXHO BBeCTH
HECKOJIBKO CTPOK B PAa3HBIX MECTaX YEpPTEXka, TO MOCIEC BBOAA CTPOKU HYXKHO IIIEIKATh MBIIIBIO B
CJICIYIOIIEM MECTE.

Bonbie Oioku Tekcrta Gopmupyor komanmoit Multiline Text. ITpu 3TOM MBIIIBIO
3aaeTcs MpSIMOYToJbHAsE 00JacTh, B KOTOPOH MOJDKEH pacroyiarateesi TekcT. Ilocie sToro
3ajaercs BbicoTa Tekcta. OTkpoercs auanoroBoe okHo Multiline Text Editor (TekcroBbrit
penakrop). B aToM OKHE MOXHO BBOJIUTH TEKCT, CHMBOJIBI, OTCYTCTBYIOIIME Ha KJIaBHUATYpE,
MEHSTh CTHJIb ¥ TEKCT mpudra.

O0opyIoBaHKWE U MAaTEPHATIBL.

[TepconanbHbIil KOMIbIOTEp, Tporpamma AutoCAD.

VYka3zanus 1mo TexHuke 0€301aCHOCTH:

CoOOTBETCTBYIOT TEXHUKE O€30IaCHOCTH MO padoTe ¢ KOMIBIOTEPHON TEXHUKOM.

3adanusn

Oonocmpounwtit mexcm.

1. Beosure u3z menio Pucoanune <Draw> xomanny <Texkct><OmHOCTPOUYHBIA TEKCT> WU
BBeaure dtext B KoMmaHAHON CTpoke. DTa KOMaHAa IO3BOJSET CO3[aBaTh |
(dbopmaTupoBaTh HAMKUCH Ha SKpPaHe B MOJIE YepTEkKa.

— Ha Bompoc  komanaHOW  cTpoku  Hauanemas  mouka  mexkcma — uiu
[Buipasnusanue/Cmunv]: 3afaiiTe HUKHIOIO JIEBYIO TOYKY HAAMUCU (MBIIIBIO WU
BBEJIUTE KOOPAUHATHI C KJIaBUATYPHI).

— Ha Bompoc Bwsicoma: BBenuTe BBICOTY HAAMUCH B MIJTUMETpax (Hampumep,
2.5). Haxwmute «Entery.

— Ha Bomnpoc Veon nosopoma mexcma <(0>: BBEIUTE Yoyl HAaKJIOHA TEKCTa OT
ropusonTtanu (Hanpumep, 0). Haxxmure «Entery.



— Jlanee BBoauTe HYXXHBIN TeKCT Ha yepTexke (Hanumute [IPOBA). Haxxmure «Entery.
Kypcop nepeiiner Ha cienymoouyro cTpoKy. MOXXHO NMPOJODKUTh BBOJ TEKCTOBBIX
CTPOK WJIM €LIE pa3 HaxaTb «Enter.
2. Bocnons3syiitech komangoii Zoom ¢ ommueii Window (mento <View>) 4To0bl yBETHUUTH
Haxnuck. [pudr Txt.sShX mocraTodHO HMPOCT M NPUTOJICH, B OCHOBHOM, JJISI 3CKH30B U
3aMETOK Ha MOJISX.

Ha ueprexax, orBeuatomux crporum tpedoBanusm ECK/I, nagnucu Takum mpudTom
BBINOJIHATH HENb3s. [103TOMY HY>)KHO YCTaHOBHUTD B 4epPTEXke CBOM LIPU(THI (TEKCTOBBIE

CTHUJIH).

3. BemoBure u3z MmeHwo <dopmar> komaHay <Ctuiab TekcTta>. Ha dkpaHe mnosBUTCA
JIMAJIOTOBOE OKHO:

— Style M arne pply |
Standard Mew... | Fename... | [relete | ’m
—Font Help |
Fant Mame: Fant Style: Height:
[{Z- v s = =] [ooooo
[~ Uz Big Fort
~ Effect Frevie
[ Upside down 'width Factor: IW
[~ Backwards Oblique Angle: ID— _A Q. B |O [: — D |
[~ Wertical lm Presvicw |

B coiucke «Font Name» nepeuuncnens! Bee mpudter AUtOCAD u Windows. IIpudter AutoCAD

0003HaYECHBI CUMBOJIOM & U pacuimpenuem .Shx.
4. lllenknute mo kHotnke «Newy, 3agaiite uMs CTHIISL (MMST TOJDKHO OBITH KOPOTKHUM, T.K. TIPH
BbI30BE KOMaH/Ibl HY’)KHO OyJleT BBOAMTBH €ro C KJIaBUATyphl). 3ajaiiTe B KaueCcTBe UMEHH

uugpy 1 (ecnu Hy’)KHO epeuMeHOBaTh CO3JaHHbIN MPUPT, HAKMUTE KHONIKY «Renamey).
— B cnucke «Font Name» BbiOepuTe HYKHBIH HIPUQT, IPOCMATPUBASL €r0 BUJ B OKHE
«Previewy. Jlnst nepBoro ctuis Beioepute Trn Simplex.shx.

— B nmone «Height» 3anaiite Beicoty mpudra 2.5.

— B mome «Width Factory 3amaiite ko3 uIMEHT cxxaThs, OH ymo0eH, KOrjaa HYKHO
MOMEIIATh TEKCT B y3KHe rpadbl OCHOBHOW HAJNHCH uYepTexa. B Hamem mpumepe
3amatite 0.8.
— B mnone «Oblique Angle» 3anmaiite Hakmony mpudpra 3HaueHue 15 — 3710

COOTBETCTBYET OOBIYHOMY YII1y 75° K TOPU30HTAIBHOMN JTMHUH.

— B cmucke «Font Style» MoxHO BbIOpaTh BapHaHTBl HauepTaHHUs (SKHPHBI,
HAKJIOHHBIN | T.1T.).

5. 3akoHYMB BCE YCTAHOBKH JJISl IEPBOTO CTUIISA, HAKMUTE KHONIKY «Apply» (IIpumenuts) u
NEPEeXOUTE K CO3JIAaHHIO CIETYIOIINX CTHIIEH.

6. Co3maiite cieayromuii HAOOP PEKOMEHTYEMBIX MIPUPTOB JIJIS HAITUCEH.

Nms cTuis Hlpudpr Beicora Cxkartne HaxkJion
1 Simplex.shx 2.5 0.8 15
2 Times New Roman 2.5 0.9 0
3 Times New Roman 3.5 1 0
4 Courier New 5 1 0
5 Courier New 5 0.7 0

7. BezoBure komanay DTEXT. UToObl MOMEHSATH CTHUIb TEKCTA, BBEAWTE C KIIABHATYPHI
OykBy S, Haxxmure <Enter>. B oTBeT Ha mpuriameHue MpOrpaMMbl BBEAUTE UMS CTUIIS
(manpumep, 1).




— B xomanaHO# cTpoke nosiButTcs npuriamenue Specify start point:. O603HaubTe HayaIO
TEKCTa MIETYKOM MBIIIN WIH BBEAUTE KOOPIUHATHI.

— B otBer na npurmamenue Specify rotation angle of text: 3amaiitre yron moBopora
Haanucu (1o ymomnadanuio 0°, T.e. FOpU30HTAIIBHBIN).

— B otBer nHa mpurmamenue Enter text: BBoauTe HYXHBIH TeKCT. UYTOOBI coO3/1aTh
CIIEIYIOIIYI0 CTPOKY, Haxkmute <Enter>. YtoObl BBECTHM TEKCT B APYroM MecCTe,
LIEJIKHUTE B HEM JIEBOM KHOIIKOM MBIIIIH.

8.  ChenuanbHbIE CHMBOJIBI B YPTEK MOKHO BBOJHUTH C TOMOIMIBIO CIICYIONUX KOJIOB:
Kox Pe3yabrar Onucanue
%%c %) Huametp
%%d ° I'pamychbt
%%p + [Tnroc-munyc
%%nnn Mensercs Kon cumBosia ASCII (BBonuTes Ha
YUCJIOBOM KJIaBUATYpE, YAEPKUBAS
«ALTy»)
9. CospaiiTe B pa3HBIX MeCTaxX 4YepTeKa PasHbIMU CTUJISIMH IOJ Pa3HBIM YIJIOM HaKIIOHA

CJIEIYIOIIME HAITUCH:
— Ilpumeyanue 1;
— Ilpumeyanue 2;
— acka 45°;
— Cranpnas neranp &
— CTONUK BBIMUJIOBOYHBIN *.

Mmuozocmpounwlit mekcm.
bonbmne Onoku TekcTta (MHOTOCTPOYHBIM TEKCT) yA0OHO (opMmHupoBaTh KOMaHAON

Multiline Text (Mtext). Ilpu 3ToM 3amaeTcs NpsSMOYTojibHas 00JacTh, B KOTOPOH JOJKEH
pacnoiaratbCst TEKCT.

1)

2)

Coznanum Ha yepTexe 0JIOK TeKCTa C TEXHUUYECKUMHU TPeOOBaHUSIMHU.
Be3oBure komanny Mtext (u3 mento Draw unm HaOpaB B komaHnaHOW ctpoke). AutoCAD
BBIBEJICT MPHIJIAIICHHE BBECTH MEpBYIO TouKy: Specify first corner: .
3anaiite mepBbIl yroia NpPSIMOYTrOJIbHUKA, B KOTOPOM JOJDKEH pa3MelaTbcs TEeKCT.
[IporpaMMa MOMPOCHUT BBECTH CIEAYIOIIMN yroj, pACIOJOKEHHBI 10 JWarOHAIN
OTHOCHTEJIBHO MEPBOTO:

Specify opposite corner or [Height/Justify/Line spacing/Rotation/Style/Width]:
3,I[eCL YKa3zaH TIICPEUCHb BCCX MNOAACPIKHUBACMBIX KOMaH,Z[OI\/'I Ol'II.IPIfI (pa3Mep TCKCTAa,
BbIpaBHHUBAHUE MTOBOPOT, CTHJIb U T.1I.). UX MOXHO 3aaTh Ha 3TOM 3Tale WU B OKHE peAaKTopa.

3)

4)

Ha sToM sTame momeHsieM BBICOTY CUMBOJIOB. B OTBeT Ha mpuriameHue BBeIUTE OMIHIO h
(height). TlostBuTcs mpuriamenue Ha BBOJA BBICOTHI TekcTa Specify height: . Beemute
3HayeHue BBICOTHI /. Ha »sKkpaHe o0TOOpasuTCs MpUINIALIEHHE BBECTH BTOPYIO TOUKY
npsimoyrosnbHuKa. Korga Bbl 3TO chenaere (MBIIIKONM WM KOOPAWHATHI C KIIABUATYpHI),
otkpoercs okao Multiline Text Editor (TekcToBslii pemakTop).
BBenute crnenyrommii TEKCT TEXHUYECKUX TpeOoBaHuil. OOpaTHTe BHUMaHHE, YTO MEPEHOC
CIIOB Ha HOBYIO CTPOKY OCYILECTBIII€TCS aBToMaTuyecku. Ecimu HeoOXxoaumo
NPUHYAUTEIBHO CO3/]aTh HOBYIO CTPOKY, HAXXMHUTE «ENter.
1. OcTpble KPOMKH NPUTYIHUTb.
2. ®acku B 0oTB. 0,5 x 45° ¢
00eHnx CTOPOH.
3. IToxkpbiTe AH.Oxc. Y.
(uepHeHHe).



BBox CHMBOJIOB, OTCYTCTBYIOIIMX Ha KiaBuaType (IUIFOC/MUHYC, IHAaMETp, TPaayc,
HEpa3pBIBHBIA Tpo0e), OoCylIecTBIsgeTcss ¢ momoinbio madean Symbol. Ilpu BeiOOpe B Hei
anemenTa Other oTkpbIBaeTCsi OKHO ¢ TaOJIHIEH CMMBOJIOB, MPEIOCTABISIONICH TOCTYI KO BCEM
CHUMBOJIaM HIPUPTA.

Jlns BBOJA CHMMBOJIA Ipajyca MOXXKHO B crmmcke Symbol BeiOpats mynkT Degreed wiu
BOCIIOJIb30BaThCsl TAOJUICH CHMBOJIOB. UTOOBI BCTAaBUTh CHUMBOJI Y4, HY)KHO OTKPBITH OKHO
Symbol, BeiienuTh HYXXHBIH CHMBOJI, IOCJIE YETr0 OH MOSABUTCS B 10Jie «JIJ1s1 KOMTUPOBaHUSIY.

5) Haxwure knomky «KomupoBaTh», 4TOOBI CKONMHMPOBATH BHIOpAHHBIM CHMBOI B Oydep
oomena Windows, a 3atem 3akpoiTe OKHO. B TEKCTOBOM pelakTope MOMECTUTE Kypcop B
MO3HIINIO, T]IE JIOJDKSH HaXOAUTHCS CUMBOJI. Ha)kMUTE TpaByr0 KHOIKY MBIIIN U BBIOCPUTE B
KOHTEKCTHOM MEHIO KoMaHy «Paste» (BctaButs).

6) B chnucke nBeToB (MO yMOJYAaHUIO [BET OCblid) 3aJaifTe [BET TEKCTa KPaCHBIM,
HOJYXHPHBIM KYPCHBOM (CITUCOK M KHOTIKH B BEPXHEH YacTH peaaKkTopa).

7) B OKHE TEKCTOBOTO pelakTopa MMEIOTCsS 4 BKIaIKd. PaccMOTpUM HasHa4YeHHE KaXKIOH U3
HUX.

— Bkuanka Character ucnonb3yercs st peAakTHPOBAHUS OTACIbHBIX CHMBOJIOB — THIIA,
[BETA, BBICOTHI, HAUepTaHus mpudra.

— Bkuanka Properties ucrons3yercst i onpezenaeHus Gpopmara ab3aia B 1EJIOM — CTHIISA
TekcTa (crucok Style), BeipaBHuBanus (crucok Justification), mmpunsr ad3ana (Width) u
yria moBopoTta (Rotation).

— Bkuanka «Line Spacing» mo3BoJisieT yCTaHOBUTh PACCTOSIHUE MEXKIY CTpOKaMH ab3aria.

— Bxmagka «Find/Replace» (Haiitn/3aMeHUTh) TO3BOJSET HAXOAWTh M 3aMEHATHh
(parMeHThI TEKCTA.

8) VcraHoBHTE MEXKCTPOYHOE paccTOosHUME Ha BKiajke «Line Spacing» paBHbIM enuHHIE —
Single(1x).

9) IIpomeMOHCTPHUPYHTE MPEIOAABATENIO PE3YIbTATHI PAOOTHI.

Peoaxmupoeanue mexcma.
st penakTHpoOBaHUS yXKe CO3JaHHOTO OJI0KA TeKCTa HEOOXOIMMO ABAXK/IBI MIEIKHYTh HA HEM
JIEBOM KHOMKOU MBITIH. OTKPOETCS OKHO TEKCTOBOT'O PEAAKTOPA, B KOTOPOM MOXKHO
OTpPEAaKTUPOBATH U OTHOPMATUPOBATH TEKCT.

Co3aanue madJoHa

1. Co3pnaiiTe HOBBIN YEPTEK.
2. OTkpoiiTe 0OKHO MeHepKepa padboTsl co ciosimu (Popmat — Croil. .. ).
3. Co3paiiTe cieayromue 5 cioes:

HNmsa caos Color (IlBeTt) Linetype (Tun Lineweight (Bec
JIMHUU) JIMHMH)
0 White — Genbrif Continuous Default
OcnoBHas-06 Yellow — xenThrit Continuous 0.6 MM
HItpuxoBas-04 Green — 3eneHbIi Acad_Iso 02w100 0.4 mm
Tonkas-02 Cyan — rony6oii Continuous 0.2 MM
Layerl Ne 8 - cepwrii Continuous Default

4. Tenepsb nepeiigem k ycranoBke mpudros. Cozgaiite 5 HOBBIX TEKCTOBBIX CTUIICH:

Style name Font name Height Width Factor Oblique Angle
(Ums cTuns) (Ipudr) (BbicoTa) (Ilnpuna) (HakJion)
1 Simplex.shx 2.5 0.8 15




2 Times New Roman 25 0.9 0
3 Times New Roman 3.5 1 0
4 Courier New 5 1 0
5 Courier New 5 0.7 0

5. Ycranoure mar cetkd 5 (5 MM), a mar npusssku 1 (1 Mm). YBennubte Macitad ceTku
Ha Bechb 3kpaH (Bux — Macmirab — Bee, View — Zoom — All).

6. YCTaHOBUTE CTHJIb TOYEK, KOTOPBIE MBI OyJ€M HCIIOJIB30BaTh B CICAYIOUIMX YepTEkax
i pasmerkud. Otkpoiire okHO «OToOpa)keHHe TOYEK», BBIOEPUTE TOUYKY B BHJE KOCOTO
KpPECTUKa X M YCTaHOBUTE (iakok «OTHOCHTENBHO HKpaHay. JlaHHas yCTaHOBKA MPEIIOIaraer,
YTO pa3Mep YCIOBHOI'O M300pakeHUsI TOUKU BO BpeMsl pUCOBaHMs OyleT Bcerja OJNHAKOBBIM U
B JajbHEWIIeM OH OyJeT MpOMOpPIHOHAIBHO M3MEHSATHCS MPHU M3MEHEHUH BHIUMOIO pazMepa
yepTexa.

7. Coxpanute mabdsoH. [Jns sroro B meHto «®aiin» BbiOepuTe «COXpaHUTh Kak...». B
OTKpBIBIIEMCsI OKHE B criricke «Tum daiina» Beidepute «lllabnon pucynka AutoCAD (*.dwt)y.
Hanumwure wums «abnon 1», HaxkMure kHOmNKy «Coxpanutb». @aiin aBTOMaTHUYECKU
3anuieTcs B nanky mabiaoHoB Template mox umenem Hladaon_1.dwt.

[To3xe 1onoaHUM 11a0JI0H HOBBIMHM YCTAHOBKAMM, HAIIPUMED, Pa3MEPHBIM CTHIIEM.

OdopMmiienue YepTeKHBIX JIUCTOB
B cootBercTBuU C )xectkumu TpedoBaHussMu ECKJI 11t BeIIOIHEHUS YepTexen
YCTaHOBJICHBI (POPMATHI JIMCTOB M COOTBETCTBYIOIIEE X ohopmieHne. B 00buHON pakTHKe
Takue JUCTHI Ha3bIBatOT popmarkamu. Cozmagum GpopmaTky A4, n3o0paskeHHYO Ha puc. 1.

1. Barpy3ure co3manubii [11abmon-1.dwt.

2. B ctpoke cBoiicTB BeiOepuTe ciior «Tonkas-02.

3. BezoBute komanay Line u nHadeprute npsMoyrosibHuK ¢ koopaunaTamu (0,0), (210,0),
(210,297), (0,297). MBI OTY4YUIIN paMKy, OTPaHUYMBAIOLIYIO Kpast JIHCTA.

4. Cpenaiite TexkymuM cioil  «OcHoBHas-06». Haueprure npsIMOYroJbHUK C
koopauHatamu (20,5), (20,292), (205,292), (205,5). [Tonyunnu pamky hopMaTKH.

5. Tenepb HauepTHUM OCHOBHYIO HAaJANUCh B HMKHEW yacTu ¢opmatku. [[ns ¢popmarta A4
OHA 3aHMMAET BCIO HIDKHIOI YacTh, a JUIs IPYruX (POpMaTOB — HAXOAUTCS CIpaBa. YBEIHYbTE
HIDKHIOIO 4acTh 4yepTexa. Bei3oBute komannay Line m gyeprute coriacHo pasmepam (puc. 1) B
HOpsi/IKe, yKa3aHHOM Ha puc. 2. [ uepueHHs HUCHOIb3yHTe MPUBA3KY K ceTke. s ¢popmara
A4 nunus Nel He moTpeOyeTcs.

6. B BepxHem neBom yriay Gopmartku HaxoauTcs rpada AyOnupoBaHHS 00O3HAUYECHUS
yepTexa. YBEIUYbTe 3Ty YacTh 4YepTexka, BbI30BUTEe LiNe W HavyepTUTe NPSMOYTONBHUK C
COOTBETCTBYIOLIUMH pa3MepamH.

7. Tenepp NPEACTOUT BBIYEPTUTH HECKOJBKO TOHKHX JIMHWM B HWKHEW JIEBOW YaCTH
dopmatku (cMm. puc. 1). DT0 OIHOTUIIHBIE JUHHH, KOTOPbIE PACIOJOKEHBI HA OJUHAKOBOM
paccTosiHUM ApYT OT Apyra. [l Takoro cirydas 1esnecoo0pa3Ho MCIONb30BaTh KoMaHy Array.

8. YcranoBure Tekymum ciioi «Tonkas-02», BeizoBuTe Line u, mosb3ysch MPHUBSI3KOH K
CeTKe, HAauepTUTE HUKHIOIO JIMHHUIO HA PACCTOSHUH 5 MM OT Kpasl.

9. Beyienure nuHHIO, BbI3OBUTE KoManay Array (MaccuB) u3 wmenio Modify. B
OTKpBIBIIEMCS  JMAJOTOBOM OKHEe BblOepuTe THI MaccuBa — Rectangular  Array
(ITpssmoyrombHBIN), 3amaliTe kKonmndecTBO cTpok (Rows) - 10, a xomuuectBo kKosoHok (Columns)
— 1. B crpoke Row Offset (paccrosinue mMexmy crpokamu) 3amaire mudpy 5 (5 mm). B cTpoke
Column Offset (mar mexmy crtonOiamu) MOXHO 3aJaTh JHO0OE 3HAYCHHE, T.K. HaM HYKEH
TONBKO oanH cToioerr. Haxmure «OK».
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Puynox 2. [lopsimok mocTpoeHuss OCHOBHOM HA/IIHCH.
10. H gepTesxe 1BE BHOBH CO3aHHBIEC IMHUU TIEPEKPOIOT paHee BbhiuepueHHbIe TMHUU NelO

u Nell, mosToMy HOBBIE TUHUW HEOOXOAUMO yIaiauTh. BeizoBute komanay Erase, Beiaenure 3tu
auHAK U HaxMute «Entery. Tlocne ymanenust nyx ronyOsix auauid NelO u Ne 11 Ha ux mecte




OCTaHYTCS paHee BBIYEPUCHHBIE JKENThIC TUHUU, COOTBETCTBYIOLIUE OCHOBHOM JIMHUU ITUPUHON
0.6 MM.

11. BeoBure Line u nouyepTuTe OBE TOHKHWE BEPTUKAIBHBIC JIMHUU B NPABOW YacTH
OCHOBHOI1 HaJIMUCH, MTPeIHa3HAUYEHHON U1 JTUTEPHI (CM. puc. 1).

12. HadepTuM JOMOJHUTENbHBIE Tpadbl, PACHOIOXKEHHBIE B TIOJE JUIS TIOJIIUBKH.
Hanecem BcrioMorartenbHbIe MapKephl B y3JI0BBIX Toukax. Cruenaiite TeKymum cioit «Layer 1.
3anaiiTe THUII TOYEK B BHIC X. Bbi3oBuTe KomaHay POINt u HaHecuTe MapKepbl B CIICIYHONIUX
toukax: (8,30), (8,65), (8,90), (8,115), (8,150), (8,172), (8,232), (8,292).

13. VcranoBure Ttekyumm ciod «OcHoBHas-06» u, ucmnoib3ys komanay Line, mo
MapKepaM U CeTKe HauepTuTe Bce rpadsl B MoJie AJis MOAIIUBKY (IOJB3YCH puc. ).

14. Temepp HYXHO OTKJIIOYUTH CJOM, B KOTOPOM IIPOBOJMIMCH BCIIOMOTaTelIbHbIC
noctpoeaus. OTkpoiite okHO «Layer Properties Manager» u B crpoke ciost Layer 1 mienkHuTe
Ha N300pakeHUE JTAMITOYKH JICBOK KHOITKOW MBIIIIH, JIAaMITOYKa «roracHeT». Haxkmure «OK». Bbr
BEpPHETECh B IOJIE YepTexka, a CEporo ciosi (KOTOPbIM YEepPTHJIA BCIIOMOTaTelbHbIE TOYKH) HE
Oyner.

15. 3anonuum ¢popmatky Hagnucsmu. Craenaiire TekymuMm cioit «Tonkas-02». BeizoBute
komany dtext. 3amaiiTe i Haamuce# cTriib 1. 3amoaHuTe Bee rpadbl MITamIiia CoriiacHo puc. 1.

16. 3apmaiite cTuinb TEeKCTa 2 W BBEAWTE B HYXKHBIX MecTaXx (aMWIMM — CBOIO U
MIPETo/1aBaTelIs.

17. Coxpanute ueptexxk B manke «Mou JOKyMeHTB». [IpeabsBute pe3ynbTarhl pabOThI
IIpenoaaBaTesio.

AHanoru4HeIM o0pa3om HaueptutTe popmatky Al ¢ anbOOMHOI opueHTanuel (PacnoioKeHHYIO
TOPU30HTAJIBHO).

Konmponsnsie gonpocoi

Yem paznuuarorcs Komauabl OTHOCTPOUHBIN TeKCT U MHOTOCTPOYHH TEKCT?
Kakwue cymecTByrOT CriocOOBI BCTABKY CHEITHATEHBIX CHMBOJIOB B TEKCT?
Kak u3MeHUTh CBOWCTBA YK€ CO3/1aHHOM CTPOKH TeKkcTa?

Kaxk co31aTh HOBBIM TEKCTOBBINM CTUIIH?

Kak 3arpy3uth 1OMOIHUTENbHBIN MIpUGT?

Kak co3nath BepTUKAILHYIO CTPOKY TeKcTa?

Kakoe pacmupenue umeet aiin madnona?

J71s1 4ero mMpUMEHSIFOTCS TIA0JIOHBI?

Kak co3nmaTh JOKyMEHT Ha OCHOBE I11a0sI0Ha?

10 Kax co3naTh HOBBIN 1m120J10H?

11. Kak u3menutsb popmat yeprexa?

CoNoOARWNE

Cnucok qumepamypbl, peKOMEHOYEeMbLIl K UCNOJIb306AHUI0 NO OAHHOI meMe:
1. Opnos, A. AutoCAD 2014 / A. Opaos. - CIIO. : [lutep, 2014. - 384 c. : ni. - [Ipun.: c. 382. -

ISBN 978-5-496-00761-0
2. WmxeHepHas v KOMIBIOTEpHAs rpaduka : 1abopaTopHbIi MpakTukyMm / aBT.-coct. T.H.
Hposocekosa ; Ces.-Kag. penep. yu-1. - CtaBponois : CKOVY, 2014. - 2015. - bubnuorp.: ¢. 159

3. Cewmenosa, H.B. Umxenepras rpaduka : yueonoe nocooue / H.B. Cemenosa, JI.B. Bapanosa. -
ExarepunOypr : UznarensctBo Ypanbckoro yausepeurera, 2014. - 89 c. : cxem., Tadu., ui. -
bubmuorp.: c. 71. - ISBN 978-5-7996-1099-9 ; To xe [DnexTponHslii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=275945
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BBEJAEHUE

DNeKTpOHUMKa — OJHAa W3 Haubosnee OypHO pa3BUBAIOUIMXCSA HAYK, B
3HAYUTENBHOU CTENEHU OIPENEISET COBPEMEHHOE COCTOSHME TEXHUKH. IMeHHO
Omaromaps €€  pa3BUTHIO CTPEMUTEIIBHO  MEHSIOTCS  MAIIMHOCTPOCHHE,
BBIUMCIIMTENbHAS TEXHUKA, AaBTOMAaTHKa. OJIEKTPOHHBIE CXEMbl  OOIIEro
Ha3HAYEHUS SIBJISIIOTCS PA3HOBUIHOCTBIO DJIEKTPUYECKUX CXEM, METOJMKA pacuera
KOTOPBIX UMEET CBOU OCOOEHHOCTH, OOYCIIOBICHHbBIE HEJIMHEHHOCThIO M, MHOT/A,
HEOIPEICICHHOCThIO XapaKTEPUCTUK AJIEKTPOHHBIX HpubopoB. Hecmorps Ha
OOJBIIOE  KOJMYECTBO  BBIMYCKAEMBIX  DJIEKTPOHHOH  MPOMBIIIJIEHHOCTHIO
IIOJIYIIPOBOJHUKOBBIX JJIEMEHTOB PACYETY DJIEKTPOHHBIX CXEM IPUCYLIU BIIOJIHE
ONIPENIECIICHHBIE  3aKOHOMEPHOCTH;  CYIIECTBYET CPABHUTEIBHO  HEOOJBILIOE
KOJIMYECTBO IPaBWJI, METOJOB U IPAKTUYECKUX IIPUEMOB, I1O3BOJIAIOLINAX
BBIIIOJIHUTH OPUEHTUPOBOYHBINA pacyeT 3JIEKTPOHHOIO YCTPOUCTBA.

BoinonHeHne  KOHTPOJIBHOW — paboThl 1o  aucuumuiuHe  «OCHOBBI
KOMIIBIOTEPHOI'O MOJEIUPOBAHU» BBIIIOIHAIOTCA C HCIOJb30BAHUEM I1AKETA

IporpamMM MoOJIeTUpPOBaHUs 3JIeKTPOHHBIX cxeM «Electronics Workbenchy.



3az1aHne. Pacuer cxeMm ¢ MOJYIIPOBOAHUKOBBIMH JHOAAMU

OcHoBHbIE TCOPETUIECCKHUE CBCICHUSA

Juon npeacraBiser coO0M IBYXCIONHYIO MOTYNPOBOAHUKOBYIO CTPYKTYPY

C IBYMsI BBIBOJIaMU, TIOJIYYMBIIMMH Ha3BaHUs aHOJ U kaTo (puc 1.1).

AHOL  [~] Katop
.

Puc. 1.1. YVerosnoe oooznauenue owooda

[TapameTpsl 1 pexxuM padOThl JUOJA ONPEAEISIIOTCS €ro BOJbTaMIIEPHOM
XapaKTEpUCTUKOMN, HMIUIIOCTPUPYIOLIEH 3aBUCHUMOCTH IPOTEKAIOLIEro0 4Yepe3 AUO.
Ttoka | ot npunoxenHoro HampsbkeHus U. TumoBas  BoJbTammnepHas
XapakTepuCcTHKa Nprudopa nokazaxa Ha puc. 1.2.

[IpunoxkeHHOE K 11Oy HANPSKEHUE MOXKET ObITh Pa3HON MOJIIPHOCTH.

[1on0XHUTENBHBIM NPUHATO CUMTATh HAIPSDIKEHHE MEXAY DJIEKTPOAAMU,
IPUIIO’KEHHOE IIJIIOCOM K aHOAY pubopa, MUHYCOM - K KaToay.

IIpy MONOKUTEIBHOM HAIIPSHKEHUM 4epe3 IUOJ IIPOTEKAET MNPSIMOM TOK,
PE3KO BO3PACTAIOIINKM NPU YBEJIWYEHUH HAIpsDKEHHs. MaKkcuMalabHOE 3HAaYEHUE
IIPSAMOr0 TOKa IMakc Henb3s MPEBBIIATH W3-3a BO3MOXKHOI'O II€perpeBa Auona U
BBIX0/1a €ro u3 cTpod. IIpn MakcuManbHOM 3HAYEHUU TOKA MPUIIOKEHHOE K JUOLY
HalpspKEHUWE Majlo 3aBUCUT OT THUMa Opudopa W i AMOJOB W3 TepMaHUs

HaxoauTcs B npenenax 0,7- 0,9 B, nis auonos u3 kpemuus - 1,0 - 1,2 B.
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Puc. 1.2. Boremamnepuas xapakmepucmuxka ouooa

[Tpu oTpuraTeIbHOM HAMPSHKEHUN U0 CYUTACTCS 3aIepPThIM, YepPe3 HEro

MPOTEKACT HE3HAYUTENIbHBIA OOpaTHBIM TOK, HAa HECKOJbKO TMOPSJIKOB
MEHBIIUK TMpsAMoro. MakcuManbHOE 3HaueHue oOpartHoro HampspkeHuss UoOp
MakC TakKe orpaHndeHo. HampspkeHue OoJbIlle MaKCHMaJIbHOTO 3HAYCHUS
MPUBOJUT K BO3HUKHOBEHHIO JJABUHHOT'O MPO0O0s, MPU KOTOPOM TOK uepe3 mpudop
HAYMHACT PE3KO BO3pACTaTh MPHU HEU3MEHHOM HANPSDKCHHUH, W TOCIEAYIOMEMY
neperpeBy npubopa.

Y4acTok XapaKTepUCTUKH, OTPAaHUYCHHBIH MAaKCUMaJIbHBIM OOpaTHBIM
HanpspkeHueM UoOp  MaKCc M MaKCHMAaJIbHBIM TIPSIMBIM TOKOM IMakc , cuuTaeTcs
pabounMm yuyactkoM. Ha paGodem ydacTke xapakTepuCTHKa MpuOOpa OMUCHIBACTCS

HKCTIOHEHIIMAJILHON 3aBUCUMOCTBI0 D0epca-Moiina:
U
mpr

I'=I[exp(

rae [, - TeopeTH4eckoe 3HaYeHHe 00paTHOTO TOKA,
m = [+2 - nonpaBo4Hbli KO3QOULHEHT,
(7 - TEPMHYECKHI OTEHIHA WIEKTPOHA.

B ceowo ouepens: ¢ =kT/q, (1.2)

rae  k=1,38*10" [Jlnc/K] - nocroannas bonsimvana,

I' [K] - abconmroTHas Temneparypa B rpaaycax KensBuHa,

g = 1,6%10°7" [kynon] -3apan snexrpona



IIpu xomHatHOM Temmepatype T=296 K Tepmuueckuii mnOTEHUMANT
3JIEKTpOHA TpubmM3uTensHo paBeH 25,5 mB. HemocpeactBenno dopmynoit 1.1
ylaeTcsi BOCIOJIb30BaThCS HAa TMPAKTUKE OYEHb PEAKO U3-3a  OOJIBIION
HEOIPEICIICHHOCTH napaMmeTpa lo, KOTOpBIA K TOMY K€ CHJIBHO 3aBHUCHUT OT
temriepaTypbl. CuuTaeTrcsi, 4YTO OOpaTHBIM TOK JUOJA YABAaWUBACTCS MpU
yBEJIMYEHUH TemIieparyphl Bcero Ha 10 K.

B nmpakTthueckux pacuerax BOJbTaMIIEpHAs XApaKTEPUCTHUKA JHOAA OOBIYHO

3aMCHACTCA ABYMA IIPAMBIMU:

w, npul, >U,, (1.3)

0, npul, <U,,

rae UQ - majgeHue HampspKeHHsl Ha JUOJE MPU NMPOTEKAaHUU TOKA B MPSIMOM
HarpaBieHuu. {15 kpeMHUEBBIX AHO00B BenmunHa 1,2 B, g repmanueBsix —0,6
- 0,8 B.

UO naxoautcs B npeaenax 0,8 —

[IpuMeHeHne YNpOIIEHHOTO OMHMCAHUs TMO3BOJISIET (POpMan30BaTh pacuer
CXEM U TIPOBOJIUTH €r0 C MUHUMAJIbHBIM UCIIOJIb30BaHUEM CIIPABOYHBIX TAHHBIX.

Pacuer cxemsl:

Hcnons3ys npocreinryo MOAenb AM0Aa, PACCUUTATh HAMPSHKEHUS U TOKU B
Pa3JIMUHBIX BETBSX AJIEKTPOHHOU cXeMbl. FICXO0/IHbIE JaHHbIE [IJIs1 pacyeTa B3ATh U3
tabmuipbl [, cxembl — u3 pucynka 1.3. Ilpu pacuerax majeHue HampsHKEHUS Ha
IVOJE NPUHATH paBHbIM | B.

Taoauua I Bapuantsl 3aannii 1Jia pacuera



Bapuautr | Puc. | Ul (B) U2 (B) R1 (kOm) R2 (kOm) R3 (kOm)
1 a 5 15 3 20 13
2 0 5 15 3 21 12
3 B 5 15 4 22 11
4 r 6 15 4 23 10
5 i 6 14 4 24 9
6 e 6 14 4 25 8
7 'y 7 14 5 26 7
8 3 7 14 5 27 6
9 5 7 13 5 28 5
10 K 8 13 5 29 20

BapuaHT onpeneJisiercsi o nocjieaHeii nugpe cryaeH4ecKoro ouiera.
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Puc. 1.3. BapuanTtsl 3a1aHuil U151 pacyeTa CXem ¢ JUOAaMHU
Jliis1 penieHus 3a1a4M HEOOX0AMMO:

1. AKKypaTHO BBIYEPTUTH PACUETHYIO CXEMY.

2. O003HAaYUTh BCE TOKM B BETBSIX CXEMBI M TTOTCHITMANBI y3710B. HampaBnenus
OKOB BBIOpaTh COBNAAAIONTUMU C TPOBOSIINM COCTOSIHUEM JTUOJIOB.

3. CocTaBUTh CHCTEMY ypaBHEHHUH B COOTBETCTBHH C 3aKoHamMHu Kupxroda mis
BCEX Y3JI0B U KOHTYPOB CXEMBI.

4. Pemmmth cUCTEMY ypaBHEHHH JIFOOBIM U3BECTHBIM METOIOM.

5. Tlpoananu3upoBath MOJyYEHHbIE pe3yybTaThl. ECu B pe3ysibTaTe pacueToB
TOK, TPOTCKAIOIIMK dYepe3 Kakou MO0 M3 JHOJOB CXEMbI, MOJYIHIICS
OTPULATENIBHBIM, TO CHIEJIaTh BBIBOJI O HECOOTBETCTBUM pEIIECHUS U
omnucaHus Auoaa. B 3ToM ciydae TOK yepes AuoJ CIeIyeT NPUHATh PABHBIM
HYJII0, IPe0Opa3oBaTh CUCTEMY YPAaBHEHHUH U PEITUTH €€ BHOBb.

3aHecTH pe3yabTarhl pacuera B Tadauuy mo ¢popme 1.
®opma 1

PGBYHBTaTBI pacducTa 1 MOACINPOBAHUA CXCMbI C IMOJaMHU

TokH B BETBAX CXEMBI [1, MA 12, MA 13, MA
PesyneTaTel pacuera
Pe3ynbTartsl MOAENHPOBAHHS C HACATBHBIMH
JTHO1aM
PesyneTaThl MOAETHPOBAHHA C PEAIbHBIMH
AHOIAMM

MopeaupoBaHue cxeMbl
CobOparp Mopenb cxembl B mnporpamme «Electronics Workbenchy.

YCcTaHOBUTH BCE HCO6XOIII/IMBIC napamMeTpbl CXCEMBEI. I[J'ISI HN3MCPEHHUA TOKOB M



HampsHKEHUH B BETBSIX CXEMBl BKIIOYATH B HEE HW3MEpPUTEIbHBIE MPUOOPHI:
aMIIEpMETPHI U BOJITMETPHI.

BriOpath /1 ucciaenoBanusi CXeMbl UaeallbHbIE TUOAbl. BKIIOUNTH MOJIETb.
PesynbpTaThl MOgeMpoBanus 3aHeCTH B Tabmuiry 1.1.

3aMeHUTh B CXE€ME HjealibHble NUOAbI Ha auoasl Gpupmel General Electric
nnu Motorola (o ykazaHuio mpemnojaBatess) u3 ouonuoreku makera Electronics
Workbench. IToBroputs moaenupoBanue. Pe3ynbraTel BHOBb 3aHECTU B TaOIHUILY
1.1.

CpaBHUTH pe3yJbTaThl MOJICTIUPOBAHUSI C TTOTYUYEHHBIMU PaHEE PACUCTHBIMU
naHHbiMHU. Crenath BBIBOJBI O TOYHOCTH PAacu€TOB, O BIMSHUU PEaTbHBIX
apaMeTpoOB JUOAOB Ha PE3YJIbTAThl PACUETOB.

Copep:xanue oryera

Tutyneublii nuct. Pacuetrnas cxema. Pacuetnbie dopmyinbl. PesynbTaTel

pacuera. BeiBoabl. [IpuBecTH OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.
KonTpoJsbHbIE BONIPOCHI

1. Yemy paBHO MaJicHUE HANPSKEHUS HA JUOJIE, BKIIFOUEHHOM B MIPSIMOM

HarpaBJIcHUU?

2. Kak uzmensiercs najieHue HanpsoKeHUs HA TMOJIE TIPU U3MEHEHHUH

POTEKAIOIIETO YEPE3 HETrO TOKa?

3. Kaxk BusroT peanbHbIe mapaMeTphl THOA0B Ha PE3YIbTaThl PACUETOB

AIEKTPOHHBIX CXEM?

4. MOHO JI1 pacCUnTaTh TUOJHYIO CXEMY, HE BBIOUpast TUObI?



Cnucoxk pekoMeHayeMoil JUTePaTyphl:

1. Beperexuna, C. B. Moaenu, MeToAbl, aJrOPUTMbl M MPOTPAMMHbBIC
pelIeHus] BBIYMCIUTEIBHBIX MAalluH, KOMIUIEKCOB U CUCTEM : yueOHUK : [16+] /
C. B. Beperexuna, B. JI. Cumonos, O. JI. Muanakaunss. — U3a. 2-e, qon. — Mocksa
; bepnun : Iupext-Menua, 2021. — 307 c. : ui., cxem., Tada. — Pexum goctyna: mo
noxmucke. — URL: https://biblioclub.ru/index.php?page=book&id=602526 (nara
obpamenus: 22.01.2025). — bubnwmorp.: ¢. 258-266. — ISBN 978-5-4499-1937-3. —

TeKCT : BIEKTPOHHBIM.

2.®omuH, /1. B. OCHOBBI KOMITBIOTEPHON JCKTPOHUKH : Y4eOHOE TTOCOOHE :
[16+] / 1. B. ®omun. — U3a. 2-e, crep. — Mocksa ; bepnun : [{upekr-Menua,
2019. — 110 c. : wum, cxeM., Tabia. — Pexum pocryma: mo TOJMHCKE. —
URL.: https://biblioclub.ru/index.php?page=book&id=575234 (nata  oOpamicHwus:
22.01.2025). — bubmumorp.: c¢. 105-106. — ISBN 978-5-4499-0152-1. — DOI
10.23681/575234. — TeKCT : 2JIEKTPOHHBIH.

3.®omuH, JI. B. OCHOBBI KOMIBIOTEPHOM JIEKTPOHUKH : y4eOHOE TTOCOOHE :

[16+] / . B. ®omun. — MockBa ; bepnun : Jlupexkt-Menua, 2014. — 109 c. : un.,

CXEM., TalJ1. — Pexxum Jocryna: o MIOIIIUCKE. —
URL.: https://biblioclub.ru/index.php?page=book&id=259075 (mata  oOpamicHwus:
22.01.2025). — bubmuworp. B kH. — ISBN 978-5-4475-2482-1. — DOI

10.23681/259075. — TeKcT : 2JIeKTPOHHBIH.
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1. O01mme M0JI0KEeHHU S

CaMmocrosiTenbHast paboTa - IUlaHUpyeMasi YydeOHas, y4eOHO-UCCIIeJOBATEIbCKAs,
Hay4YHO-UCCIIeIoBaTeNIbCcKasi paboTa CTY/ICHTOB, BBINIOJIHSIEMasi BO BHEAYAUTOPHOE (ayJUTOPHOE)
BpeMs 10 3aJaHUI0 M TPH METOJUYECKOM pYKOBOJCTBE TIpernojaBareis, HO 0e3 ero
HEMOCPEJACTBEHHOTO y4yacTHs (MpU YacTUYHOM HEMOCPEJCTBEHHOM Y4YaCTHUHU MpernojaBaTels,
OCTaBJISIONIEM BEIYIIYIO POJIb 32 PabOTOM CTYACHTOB).

CamocrostensHas padota crynentoB (CPC) B BY3e sBisiercst Ba)XHBIM BHJIOM Yy4EOHOM
U Hay4yHOM JesTenbHOCTH cryaeHTa. CamocrosArenbHas paboTa CTYAEHTOB  HIpaeT
3HAYUTENIbHYIO POJIb B PEUTUHIOBOM TEXHOJIOTHH O0YUECHHUS.

K 0CHOBHBIM BHJIaM CaMOCTOSITETILHON paOOTHI CTYIEHTOB OTHOCSTCSI:

— ¢opMupoBaHHE€ U YCBOGHUE COJAEpKaHMS KOHCIEKTa JieKuuid Ha 0aze
PEKOMEH/IOBAaHHOM  JIGKTOPOM  yueOHOH  juTeparypsl, BKIO4Yas  HMHGPOPMALMOHHBIE
o0pasoBartelbHbIC PECYPCHI (AICKTPOHHBIC YUEOHUKH, JIEKTPOHHBIC ONOIMOTEKH | JIp.);

— HamucaHue JOKJIA/I0B;

— IOJTOTOBKA K CEMHHApaM, MPAKTHYECKUM H Jab0opaTOpHBIM paboTaM, ux 0(hopMIICHHE;

— COCTaBJICHUE AaHHOTHUPOBAHHOT'O CIHMCKAa CTAaTell M3 COOTBETCTBYIOIIMX >KYPHAJOB IO
OTpacJisiM 3HaHHM (IIeIaroru4eCcKuX, ICUXOJIOTUYECKUX, METOIMYECKUX U JIP.);

— BBITIOJIHEHHE y4eOHO-NCCIIEAOBATENILCKUX pabOoT, IPOCKTHAS ACIATEIBHOCTD;

— MOATOTOBKA Ja00OpaTOPHBIX pa3pabOTOK U PEKOMEHAALNN MO PEHICHUI0 MPOOIEeMHOM
CUTYalluu;

— BBINOJHEHUE JOMAIIHUX 3a/laHUi B BUAC PEIICHUS OTICIBbHBIX 3a7ad, MPOBEICHHS
TUTIOBBIX PACYETOB, PACUETHO-KOMIBIOTEPHBIX U HMHIWBUIYaJIbHBIX pabOT MO OTIEIbHBIM
paszaenam colepKaHus JUCIHUIUTAH U T.1.;

— KOMIBIOTEPHBIA TEKYIIUl CAMOKOHTPOJIb W KOHTPOJIb YCIIEBAEMOCTH Ha 0asze
ANEKTPOHHBIX O0YYAIOIINX U aTTECTYIOIIUX TECTOB;

— BBITNIOJIHEHHE KYPCOBBIX paboT (MMPOEKTOB) B paMKaX JUCIMILINH;

—BBITIOJTHEHUE BBIMTYCKHOW KBANMH(PUKAIIMOHHOMN pabOThI U Ap.

MeToauka opraHu3alli CaMOCTOSTENIbHON paboThl CTYIACHTOB 3aBUCUT OT CTPYKTYPHI,
XapakTepa W OCOOEHHOCTEW HM3y4aeMOH IMCUMIUIMHBL, 00beMa YacoB Ha €€ M3y4eHHUe, BUA
3a/laHuil 11 CaMOCTOSITEbHONW pabOThl CTYAEHTOB, WHAMBHAYAJIbHBIX Ka4eCTB CTYJIEHTOB W
YCJIOBHM Y4EOHOMU eATeTbHOCTH.

IIpoiecc opraHu3alMu CaMOCTOSTENbHOW paboOThl CTYAEHTOB BKIIOYAeT B ce0s
CJIETYIOIINE ATAlbI:

® [I0/IFOTOBUTENbHBIN (OmNpesaeseHrne Lenel, COCTaBIeHUWE MPOrpamMMbl, IOJTrOTOBKA
METOJIMYECKOro 0OecredeH s, MoAroTOBKa 000pyJ0BaHHUS);

® OCHOBHOM (peanmu3alivs MPOrpaMMbl, UCIIOIb30BaHKE NMPUEMOB MOUCKa WHGOpPMAIIUH,
YCBOGHHSI, TepepadOTKH, TPUMEHEHUs, Tepeaadyd 3HaHWH, (UKCHpPOBAHHE pPE3yJIbTATOB,
caMOOpraHu3aIys rnpouecca paboTsl);

® 3aKITFOYUTENHHBIN (OIlEHKa 3HAYMMOCTH W aHAJIU3 Pe3yJIbTaTOB, HX CHCTEMaTH3AIHs,
omeHKa A((EKTUBHOCTH TMPOTPaMMBI U TPUEMOB pabOThl, BBIBOABI O HAMPABICHHUSIX
ONTUMM3ALMH TPYQ).

CamocrosiTenpHast pabora o gucruruinie «OCHOBBI KOMIIBIOTEPHOTO MOJIETHPOBAHUS
HarpaniieHa Ha (JOPMUPOBAHHE CICAYIONINX KOMIIETEHIIUIA:

[Inanupyemsble pe3ysbTaThl
00y4YeHHs 10 JUCLUTUINHE

Kon, popmynuposka MOZYIIIO),
% (opryamp Kon, popmynupoBka nHAMKAaTOpA (Mozy o)
KOMITETCHITH XapaKTePU3YIOLIHE ITAITbI
dopmupoBaHus

KOMIIETECHIINHI, HHAUKATOPOB




IIK-1 Cnocoben N/I-1nk-1 Bemonusier c6op u
y4acTBOBATh B
NPOCKTUPOBAHUY CUCTEM | IPOCKTUPOBAHUS CUCTEM

aHaJIM3 JAaHHbIX AJIA

BeiOupaer u  mpumeHser
NPUKIAJHOE  TPOTrPaMMHOE
o0ecrieyeHne Uil PELICHUS

ANEKTPOCHAOKECHHUS AJIEKTPOCHAOKECHUS KOHKPETHBIX  WH)XCHEPHBIX
N-2nk-1 Beibupaet Tumnossie 3a1a4; OLICHUBACT
MIPOCKTHBIE PEIICHHS CUCTEM 3¢ (HEeKTUBHOCTH
ANEKTPOCHAOKEHHS MIPUMECHCHUS
ATBTEPHATHBHBIX JJIEMEHTOB
MaTEeMaTHYECKOTO

obecnieueHus CAIIP B
KOHKPETHBIX CHTYaIHsIX

2. Ieab u 33124 CaMOCTOSITEIbHOH PadoThI

Benymas nens opranmzanuu u ocymiectsienus CPC coBmagaer ¢ menpio oOydeHUs
cTyaeHTa — (opMupoBaHue Habopa OOIIEHAy4YHBIX, HPOPECCHOHATIBHBIX U CIHELHATbHBIX
KOMIeTeHImii  Oymymero — OakamaBpa 1o  HampasieHuro — moarotoBku — 13.03.02
DJEeKTPOIHEPreTUKA U SJIEKTPOTEXHHUKA.

[Tpu oprannzanuu CPC Ba)XHBIM 1 HEOOXOIMMBIM YCIOBHEM CTAHOBSTCS (POPMHPOBAHUE
YMEHHUSl CaMOCTOSATEJIbHOW paOoThl sl NPUOOPETeHHs] 3HAHWUN, HABBIKOB M BO3MOXKHOCTHU
OopraHu3aly y4eOHOU U HaydyHOU nesrenbHOCTH. Llenbio camocTosTebHOM paboThl CTYJIEHTOB
ABISICTCA OBJIAJCHUE (PyHIaMEHTAIbHBIMU 3HAHUSAMM, NPO(PECCHOHAIBHBIMU YMEHUSAMH MU
HaBbIKAMHU  JIEATENbHOCTH MO NpOoQMII0, ONBITOM TBOPYECKOH, HCCIIENI0BATENIbCKON
nesrenbHocTH.  CamocrosiTenbHas ~— paboTa  CTYAGHTOB — CIOCOOCTBYET — Pa3BHUTHUIO
CaMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPTaHW30BaHHOCTH, TBOPUYECKOTO MOJIX0/1a K PEILIEHUIO
npo6ieM yueOHOTo U MpopeCcCHOHATBLHOIO YPOBHSI.

3anagamu CPC sBrnstoTes:

— cHCTeMaTH3allMsg M  3aKpelyieHHe TOJYYEeHHBIX TEOpPeTHYECKMX 3HaHUM U
71a00paTOPHBIX YMEHUM CTY/IEHTOB;

— yruyOseHne U paclIMpeHue TeOPEeTUYECKUX 3HAaHUM;

— (opMHUpOBaHHE yMEHHWI HCIONB30BaTh HOPMATHBHYIO, IPABOBYIO, CIPABOYHYIO
JOKYMEHTAIUIO U CHEIMATIbHYIO IUTEpaTypy;

— pa3BUTHE TO3HABATEIFHBIX CIIOCOOHOCTEH M AKTHBHOCTH CTYACHTOB: TBOPYECKOMH
WMHUIIMATHBBI, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

— (opmHpoBaHUE CaMOCTOSATEIBHOCTH MBILIUIEHUS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILEHCTBOBAHUIO U CaMOpeaIn3alty;

— pa3BUTHE UCCIIEIOBATEIbCKUX YMEHUII;

— HCIIOJIb30BaHUE MaTepHuaia, COOPaHHOTO U IOJyYEHHOTO B XOJI€ CaMOCTOSATENbHBIX
3aHATUA HA CEeMHHapax, Ha JaOOpaTOpHBIX U JIAOOPATOPHBIX 3aHATHIX, NpPU HAMHCAHUU
KYpCOBBIX U BBINYCKHOM KBaTU(pHUKAIMOHHON pabor, a1 3(p(EeKTUBHOW MOATOTOBKU K
UTOTOBBIM 3a4€TaM M SK3aMEHaM.

3. TexHosoruveckasi KapTa caMoOCTOATEIbHOI padoTHI CTyAeHTa

Bun . O0BeEM 4acoB, B TOM YHUCIIE
HWroroserit
Koner IEATEIbHOCT (actp.)

MPOAYKT CpenctBa u

peanu3yemMbIX | W CTYJCHTOB KonrakrHas

N CaMOCTOSI- TEXHOJIOTHHU

KOMIIETEHIIUI . pabora ¢

TEIbHOM OIICHKU CPC Bcero
Mperno/iaBaren
paboThI .
M

Ounas ¢popma 4 cemectp




[1K-1 CaMocTosTeNnb Koncmekr ColecenoBa
(MO-1nk-1 HOE U3yYCHHE HHE 38,88 4.32 432
NJT-2mk-1) JUTEPATyPhl U
HCTOYHUKOB
[1K-1 IToxaroroBska k Ompoc ColecenoBa
(MA-1mk-1 1a060paTOPHBIM HUE 9,72 1,08 10,8
NJT-2mk-1) paboram
Hroro 3a 4 cemectp | 48,6 54 54
Bug . OObeM JacoB, B TOM YHCIIC
Hrorossrit
Konpr JIeATEIIbHOCT (actp.)
MPOIYKT CpencrBa u
peanu3yemMbIX | W CTYACHTOB KonrakrHas
S — CaMOCTOS- TEXHOJIOTHH pabora ¢
TEILHOM OILICHKH CpPC Bcero
MIperno/1aBarel
paboThl
eM
04HO-3204Hasi popma 2 cemecTp
IIK-1 CaMocTosTenb Koncmekr CobecenoBa
(MA-1nx-1 HOE U3Yy4YCHHE HUE 88,92 3,88 92.8
NJT-2rk-1) JIMTEPATYpPhI U
HCTOYHUKOB
IIK-1 IToaroroBka k Onpoc CobecenoBa
(MO-1nk-1 1a060paTOPHBIM HUE 1,08 0,12 1,2
NJT-2rk-1) paboram
HToro 3a 2 cemecTp 90 4 94

4. TlopsiioK BBINMOJHEHHUSI CAMOCTOATEIHHOMH PadoThI CTYAEHTOM

4.1. Memoouueckue pekomenoayuu no pabome ¢ y4eoHou aumepamypou
ITpu pabote ¢ KHUro HEOOXOTUMO MOA0OpaTh JIUTEPATypy, HAYUUThCS MPABUIIBHO €€
YUTaTh, BECTH 3amucu. s moadopa aurepaTypsl B OMOIMOTEKE UCTIOIB3YIOTCS al(haBUTHBIN U
CHUCTeMaTHYEeCKHH KaTaloru.
BaxHO MOMHUTB, YTO pallMOHATHHBIE HABBIKA PAOOTHI ¢ KHUTOW - ATO BCeraa OoJbIast
HKOHOMMSI BpEMEHHU U CHIIL.

[IpaBuiibHBIE 1ONOOP YYEOHHMKOB PEKOMEHIYETCSl IPEerojaaBaTesieM,

YUTAIOIUM

JEeKIMOHHBIN Kypc. HeoOxoaumass nutepaTypa MOXKET ObITh TaKXKe YKa3aHa B METOAMYECKHX
pa3paboTKax Mo JaHHOMY KypcCy.
W3yuas maTepuan mo y4eOHMKY, CIeAyeT MEePeXOauTh K CIEIYIOLIEMY BOMPOCY TOJIBKO
1ocji€ TPaBUJIBHOTO YSCHEHHS MPEIBIAYIIEro, OMUCHhIBAas Ha Oymare BCE BBIKIAIKH U
BBIYUCIICHHUS (B TOM YHUCIIE T€, KOTOpble B y4eOHUKE OIYLIEHbl MM Ha JIEKUUU JaHbl JJIs
CaMOCTOSITEIIbHOTO BBIBOJIA).
[Tpu n3ydeHuu 1000 AUCIUIITUHBI OONBIIYIO U BAXXHYIO POJIb UTPAET CAMOCTOATENbHAs
UHAMBHUyalIbHas paldoTa.
Ocoboe BHHMMaHHE cielyeT OOpaTUTh Ha OIpeJesieHHe OCHOBHBIX IOHATHH Kypca.

CTyneHT NOKEeH MOAPOOHO pa30upaTh MPUMEPHI, KOTOPHIC MOSICHSIIOT TaKHe OMpEAeNICHUs, 1
YMETh CTPOHWTH AaHAJIOTUYHBIE MPHUMEPHl CaMOCTOSTeNbHO. HyXHO 100MBAaTbCS TOYHOTO
MPEACTABICHUSI O TOM, 4YTO H3ydaemb. [l0J€3HO COCTaBISATH OMOpPHBIE KOHCHEKTHL. [Ipu
W3YYCHUU MaTepuaia 1o y4eOHUKY TOJE3HO B TeTpaau (Ha CHEIUATbHO OTBEJICHHBIX IOJISIX)
JIOTIOJTHATHh KOHCTIEKT JIEKIMHA. TaM e ClIelyeT OTMedYaTh BOIPOCHI, BBIJCICHHBIE CTYICHTOM
JUISl KOHCYJIBTALUK C MPENOIaBaTeNIeM.

BriBosIbI, MONTydYEHHBIE B pe3yJbTaTe U3YUYEHHs, PEKOMEHIYEeTCS B KOHCIIEKTE BBIJCINATD,
9TOOBI OHU TIPH MEPEUUTHIBAHUH 3AIHCEH JTyUIle 3alIOMUHAIUCH.



OneIT MOKAa3bIBAET, YTO MHOTHM CTYICHTaM IOMOTAaeT COCTABJICHHWE JIHCTa OMOPHBIX
CUTHAJIOB, COJICPKAIIETO BaKHEUIIIME U HAMOOJIee YacTo YynoTpeossieMbie (GOPMYIIbI U MTOHSTHS.
Takoil TUCT MOMOraeT 3alOMHUTH (OPMYJIbI, OCHOBHBIC TMOJIOKEHHUS JICKIIMH, a TAKKE MOXKET
CIIY’)KUTh IIOCTOSTHHBIM CIIPABOYHHUKOM JIJISI CTY/ICHTA.

UreHrne Hay9HOTO TEKCTa SIBJISICTCS YaCThIO TIO3HABATENBHOU AestenbHOCTU. Ee menb —
U3BJICUCHHE U3 TeKcTa HeoOXoquMoit nHdopMaru. OT TOro Ha CKOJIBKO OCO3HAHHA YU TAFOIIUM
coOCTBEHHAs BHYTPEHHSS YCTaHOBKA MpU OOpAIIEHUU K TEYATHOMY CIIOBY (HAWTH HYKHBIC
CBEJICHUS, YCBOUTh WH(POPMAIIUIO TOJHOCTHIO WIIM YaCTHYHO, KPUTUYECKH MPOAHATH3UPOBATH
MaTepuai U T.I1.) BO MHOT'OM 3aBUCHT 3()()eKTHBHOCTh OCYIIECTBISEMOTO JCHCTBUSI.

Brinensirotr uemuvipe ocnogHnble ycmanosKu 6 YmeHuu HAy4HO20 MeKCmd.

MH(OPMAIIMOHHO-TIOMCKOBBIH (3a/1a4a — HAWTH, BBICITUTH UICKOMYIO HH()OPMAIIHIO)

ycBauBaromas (yCWJIMsS YWTaTe sl HANpaBiICHbI Ha TO, YTOOBI KaK MOXKHO IIOJHEE
OCO3HATh M 3allOMHUTh, KaK CaMU CBEJCHUS, H3JIaracMble aBTOPOM, TaK U BCIO JIOTUKY €ro
paccyxIeHUiA)

AQHAIUTUKO-KPUTHUYECKAsT (YUTATECNIb CTPEMHUTCS KPHUTHUYECKH OCMBICIUTh MaTepHall,
NIPOAHAIM3UPOBAB €TI0, ONPECIIUB CBOE OTHOILICHHE K HEMY)

TBOpUYECKas (CO3[aeT y YMTATES TOTOBHOCTh B TOM WJIM WHOM BHJC — KaK OTIPABHOM
NYHKT JJIS CBOUX PAcCYKICHHM, Kak 00pa3 Juis JCHCTBUS 10 aHAJIOTHH U T.II. — UCIOJIb30BaTh
CYXJIEHUS aBTOPa, XOJ €ro MBICIEH, pe3yibTaT HaONIoAeHUs, pa3padOTaHHYI0 METOAMKY,
JIOTIOJTHUTh WX, TIOJJBEPTHYTh HOBOW MPOBEPKE).

OchosHble 8U0bl CUCEMANUUPOBAHHOU 3ANUCU NPOYUMAHHO2O.!

AHHOTHpPOBaHME — TMIPENEIBHO KpPATKOE CBS3HOE OIMCAaHUE INPOCMOTPEHHOM WIH
IIPOYUTAHHOMN KHUTHU (CTaTbU), €€ COEPKAHUS, UCTOUHUKOB, XapaKTepa U Ha3HAUYCHUS;
[InanupoBanue — KpaTkas JIOTMYECKas OpraHu3alus TEKCTa, PaCcKpbIBAIOLIas

COJIEP’KaHUE U CTPYKTYPY U3y4aeMOI0 MaTepuana;

Te3upoBaHue — JTaKOHMYHOE BOCIPOM3BE/IEHHE OCHOBHBIX YTBEP)KIEHHUH aBTOpa 0€3
[pUBJICYEHUS (PAKTUUECKOTO MaTepuara;

[{utnpoBaHue — TOCIOBHOE BBIMCBIBAHUE U3 TEKCTA BBIACP)KEK, U3BJICUCHH, Hanboiee
CYIIECTBEHHO OTPAXKAOUIUX Ty WJIA UHYIO MBICIIb aBTOPA;

KoHcnektupoBaHne — KpaTkoe U IOCJIEI0BATEIbHOE M3JI0KEHHE COJIEPIKAHUSA
IIPOYNUTAHHOTO.

KoHCcneKT — C0XHBIH c11oco0 M3J105KEeHUs COAep)KaHUsI KHUTH UM CTaThH B JIOTMYECKON
noce0BaTeNbHOCTH. KOHCIIEKT akKyMyupyeT B ce0e Mpeplayliue BUAbl 3alKUCH, TO3BOJISET
BCECTOPOHHE OXBAaTUTb COACPKAHUE KHUTH, CTaTbU. [I03TOMY yMEHHME COCTABIIATH IUIAH, TE3UCHI,
JlenaTh BBIIMCKA U JPYTHE 3alUCH ONIPENEISET U TEXHOJIOTHUIO COCTABIICHUS KOHCIIEKTA.

Memoouueckue pekomenoayuu no cocmasienuo KOHCneKma:

1. BHuMaTenbHO NPOYMUTANWTE TEKCT. Y TOUHUTE B CIPABOYHOM JINTEpPAType HEMOHSITHHIE
cioBa. [Ipu 3anmucu He 3a0y/IbTe BBIHECTH CIPABOYHBIE IaHHBIE HA MOJIST KOHCIIEKTa,

2. BbimenuTe raBHOE, COCTaBbLTE IUIAH,

3. Kpatko cdopmynupyiiTe OCHOBHBIE MOJOXEHHS TEKCTa, OTMEThTE apryMEHTAIUIO
aBTOpA;

4. 3akOHCHEKTHpYHTe  MaTepuasl, YeTKo  cleays  NyHKTam  1uaHa.  llpum
KOHCIIEKTUPOBAHUM CTapalTeCh BBIPA3UTh MBICIb CBOMMH CIIOBAMH. 3aIlUCH CIEAYET BECTH
YETKO, SICHO.

5. I'pamotHO 3amnuckiBaiite nutatel. L{luTupys, yduTsiBaiiTe JJaKOHUYHOCTh, 3HAYMMOCTh
MBICJIH.

B TekcTe KOHCIEKTa kKenareJIbHO IPUBOJNTH HE TOJIBKO TE€3UCHBIE MOJIOKEHUS, HO U UX
JokazarenbcTBa. [Ipu odopmileHMH KOHCIIEKTa HEOOXOIUMO CTPEMHTHCS K €MKOCTH Ka)KIOro
nperioxkeHus. MpICIu aBTOpa KHWUTH CJeAyeT H3JlaraTb KpaTko, 3a00TsIChb O CTWIE U
BBIPA3UTEILHOCTH HAIMCAHHOTO. YHCIIO TOTONHUTENBHBIX JIEMEHTOB KOHCIIEKTA JIOJKHO OBITh
JOTMYECKH  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBl  paclpenenaTbCsi B ONpPEIETIeHHOU



IIOCJIEIOBATEIbHOCTH, OTBEYAIOLIEH JIOTUYECKON CTPYKTYype mnpousBeacHus. s yTroyHeHus u
JIOTIOJIHEHUSI HE0OXO0AUMO OCTaBJIATh MOJIS.

OnnazeHre HaBBIKAMHM KOHCHEKTHPOBAaHUS TPeOyeT OT CTyAEHTa IeNeyCTPEMIIEHHOCTH,
IIOBCEHEBHOM caMOCTOATENbHOIN paboThI.

Bomnpocsl 1i1st cobecenoBaHust

ba3oBblii ypoBeHb

1. Cucrtempl aBTOMAaTH3MPOBAHHOTO IPOCKTHPOBAHHS, WX HUCIOIb30BAaHUE B
WH)KEHEPHBIX pacyerax.

2. Hasnauenue cucrembl MathCAD. OcHOBHBIC () YHKITUH.

3. XapakTepucTuka W BO3MOXKHOCTH makera Mathcad. OcoOeHHOCTH JOKyMEHTa
Mathcad.

4. MHurepdeiic monw3zoBarens B cucreme MathCAD.

5. Bsox u pegaktupoBanue Gpopmyn B MathCAD.

6. Hcnonb3oBaHue PyHKIMNA JUCKPETHOTO apryMEHTa.

7. Joxyment B cucteme MathCAD(3arosoBok, paciimpeHue npu COXpaHEeHUH Ha JTUCK,
TUIIBI U PACIOJIOKEHUE OJIOKOB, TOYKA MPUBSI3KH OJ0Ka, pa3Mepsl OJIOKOB, CKBO3HAs Iepeaaya
JIAHHBIX B JIOKYMEHTE).

8. Hcnonb3oBaHue BCTPOCHHBIX (DYHKITUH.

9. [Ilepeumcianre OCHOBHBIE OOBEKTHI BXOAHOro si3bika cuctembl  MathCAD.
Pacckaxute 00 andaBuTe sA3bIKa U O BCTPOCHHBIX U IOJH30BATENBCKUX (DYHKIUSX CHCTEMBI
MathCAD.

10. KoncranTsl u nepemennbie B cucteme MathCAD?

11. Kak 3apmatorcss tumbl ganHbix B MathCAD? Yto Takoe rino0anbHOE W JIOKAIBHOE
prcBavBaHKe MepeMeHHbIX B TokymMeHTe MathCAD?

12. KowmrekcHbie unciia. Kak BcTaBiusieTcss MHIMAs TUHUIIA JIJIST KOMIUIEKCHBIX YHCeN?

13. Kak 3agatorcs maccusl B MathCAD? Kak M0OXHO 100aBIATH CTPOKH U CTOJIOLBI B
rotroBble MaTpulbl? Kak yaistoTcsi CTpOKU U CTONOLBI U3 MaTpull?

14. PaGota ¢ maccuBamu. OCHOBHBIE OTIEpaAIlUU ATl padOTHI C BEKTOPAMH M MaTPHUIIAMH.

15. 3arpy3ka AaHHBIX U3 TEKCTOBOTO (aiina.

IloBbIIEHHBIN YPOBEHD

1. Tlonydyenue pauaroHasbHOM MaTpuiel. OObenauHeHue MaTpul. Ilomyuenue
noaMarpunbl U3 Marpulbl. [lonmydeHune BeKTOpoB M3 Marpull. BeiieneHue MHUHOPOB
BBIYEPKUBAHUEM CTOJIOLIOB U CTPOK.

2. Kak ocymectBnsercs BbIBon pe3yibpratoB B cucteMe MathCAD? Kak MoxHO
HAcTPOUTh (GOpMAT BbIBO/IA PE3YJILTATOB?

3. Kak paborath ¢ enuHWUIAMH W3MEpPEHHWH (QHU3NYECKUX BEIMYHH B CHCTEME
MathCAD?

4. Tloctpoenue rpadukoB onHo nepemenHoit B MathCAD.
[TocTpoenue rpaguKoOB JBYX NMEPEMEHHBIX.
Hacrpoiika rpadpuxoB B MathCAD.
Pemenne ypasuennii B MathCAD.
Haxoxnenue kopHel moJIMHOMA.
Pemenue cucrem ypaBHEHUN.

10 OcHoBHbIE TPOOJIEMBI, BOSHUKAIOUINE MPU PELIeHNH ypaBHEHHH 1 cucteM. CriocoOsbl
UX pa3pelieHusl.

11. Pewenue nuddepeHmuanbHbIX YpaBHEHUH.

12. Pemenue cuctem audQepeHnnaIbHbIX ypaBHEHUH.

13. CuMBOJIbHBIE BBIYMCICHMSL.

©ooN O



4.2. Memoouueckue pekomeHOayuu no n0OO20MoGKe K NPAKMU4eckum u 1ao0pamopHuim
3aHAMUAM

st Toro 4ToOBI MpakTHYECKHE W JTAOOpaTOPHBIC 3aHATUS MPHUHOCHIM MaKCHUMAIIbHYIO
[0Jb3y, HEOOXOOUMO IIOMHMTH, 4YTO YIPAKHEHHWE M pelIeHue 3aJad M[pPOBOAATCA IO
BBIUNTAHHOMY Ha JIEKIUSAX MaTepualy U CBs3aHbl, KaK IpaBWIO, C JAETaJlbHBIM pa300pom
OTJEJIbHBIX BOIPOCOB JIEKLIMOHHOTO Kypca. CiefyeT MoAYepKHyTh, YTO TOJIBKO IIOCJIE YCBOSHUS
JEKLIMOHHOIO MaTepuajga C ONPEJENIEHHOM TOYKM 3peHHs (2 MMEHHO C TOW, C KOTOPOM OH
U3JaraeTcs Ha JIEKLUAX) OH OyJeT 3aKpelIsaThCs Ha Ja00paTOPHBIX 3aHATUSAX KaK B pe3ylbTare
00CYX/IeHUSI M aHAJIM3a JICKIMOHHOTO MaTepuaia, TaKk U C MOMOIIbIO PEHIeHUs] MPOOIEMHBIX
cuTyauui, 3agad. IIpum 3TUX yCIOBUSX CTYIEHT HE TOJBKO XOpOILO YCBOMT MaTepual, HO U
HAy4YUTCsl IPUMEHATHh €r0 Ha IPAKTHKE, a TAKXKE€ IOJIyYUT JOMOJIHUTEIbHBIM CTUMYN (M 3TO
OUYECHb BAXKHO) JUIsl aKTUBHOW IIPOPAOOTKH JIEKLIUH.

[Tpu camMOCTOATENBHOM pEIICHUH 3a7ad HYKHO OOOCHOBBIBATH KaX/IbI 3Tal pelIeHus,
UCXO0/ U3 TEOPETUYECKUX IOJIOKEHUH Kypca. Eciau cTyAeHT BUIUT HECKOIBKO IyTEeH pelieHus
npoOisieMbl (3aaun), TO HYKHO CPaBHMTb UX M BbIOpaTh caMblil panuoHanbHbId. [lonesHo no
Hayaja BBIUMCIEHUI COCTaBUTh KpaTKUM IJiaH pemieHus npoOneMsl (3amauu). Perienue
poOJIEMHBIX 3ajja4 WIM IPUMEPOB CIEAYET M3Jlararth MoApoOHO, BBIUMCIEHMS pacrojaraTb B
CTpPOrOM TMOPSJKE, OTHEJNsAs BCIIOMOIaTelbHbIE BBIYMCICHHMS OT OCHOBHBIX. Pemenus mnpu
HEO0OXOIUMOCTH HYKHO COIPOBOXKJIAaTh KOMMEHTAPUSIMH, CXEMaMH, YEPTEKaMHU U PUCYHKAMH.

Crnenyer NOMHUTB, YTO pELIEHHE Kaxa0M ydueOHOM 3ajaud JOJDKHO JOBOJAUTHLCS 10
OKOHYATEJIBHOIO JIOTHYECKOr0 OTBETa, KOTOPOro TpedyeT YCIIOBHE, U IO BO3MOXHOCTHU C
BbIBOZIOM. [loiydeHHBIH OTBET cienyeT HMPOBEPUTh CHOCOOAMHM, BBHITEKAIOIMMHU M3 CYIIECTBA
naHHoW 3ajmaun. llonme3Ho Taxke (eciu BO3MOMKHO) pellaTh HECKOJBKMMM CIOCOOaMH U
CPaBHUTH IOJIyYEHHbIE pe3yibTaThl. PelieHue 3agad AaHHOTO THUMA HYXKHO MIPOJOJIKATH 0
PUOOpPETEHUS TBEPIbIX HABBIKOB B UX PELICHUH.

4.3. Memoouueckue pexomenoayuu no camonposepke 3HaAHu

ITocne u3yuyeHus ompeneNeHHON TEeMBbI MO 3alHMCSIM B KOHCIEKTE U YYeOHHKY, a TakxkKe
pelIeHNs TOCTaTOYHOTO KOJIMYECTBA COOTBETCTBYIOLIUX 33/ay Ha JIaOOPAaTOPHBIX 3aHATHUAX U
CaMOCTOATENIBHO CTYAECHTY PEKOMEHIYETCs, IPOBECTH CAMOIIPOBEPKY YCBOCHHBIX 3HAHWM,
OTBETUB Ha KOHTPOJIBHBIE BOIIPOCHI 10 U3yYEHHOHN TEME.

B ciiydae HE0OXOIUMOCTH HYKHO €Ilie pa3 BHUMATEIbHO pa300paThcs B MaTepHale.

NHorna HEnOCTaTOYHOCTh YCBOEHHUs TOTO WJIM MHOTO BOIIPOCA BBISCHAETCS TOJIBKO HPH
U3Y4YEHUU JNaJbHEUIIEro MaTepuana. B oTom ciydae Hago BEpHYTHCS Has3al U MOBTOPUTH ILIOXO
YCBOEHHBIM Marepuasl. BaXHbIi KPUTEpHUI YCBOECHMS TEOPETHYECKOrO0 MaTepHualia - YMEHHE
pelaTre 3aJa4d WM IPONTH TECTUPOBAHME IO MpOiAeHHOMY Martepuany. OgHako ciemyer
IIOMHUTB, YTO INPAaBWIBHOE DPEIICHHE 3a/a4d MOKET IOJIYYMTHCS B pPE3yJbTaTe NPUMEHEHUS
MEXaHUYECKHU 3ay4eHHBIX (opMy 6e3 MOHUMAaHHUs CYIIHOCTH TEOPETUUECKUX TOJI0KEHUH.

4.4. Memoouueckue pexomenoayuu N0 HANUCAHUI) HAYYHLIX MEKCMO8 (00KIA008,
peghepamos, 3cce, HayUHbIX cmametl u m.o.)

Ilepen Tem, Kak MPHUCTYNMUTh K HANHMCAHWIO HAYYHOTO TEKCTa, BAXKHO pa3o0parhces,
KaKoBa MCTHHHAS II€Jb BAIllEr0 HAYYHOTO TEKCTa - 3TO MOMOXET BaM Pa3yMHO paclpeieiuTh
CBOM CHJIBI U BpeMs.

Bo-mepBbiX, CHavaga HYXXHO OMNPEAETUTHCS ¢ HAeeH HAydHOrO TEKCTa, a JJIS 3TOro
HEOOXOJMMO HAYYHUTHCS JHOO OTHOCHTHCS K pa3HbIM SBICHHSIM U (DakTaM HECKOJbKO
KPUTHYECKH (CBOS Mes — KaK WMHAs TOYKA 3PEHHs), MO0 HAYUMTHCS YBIEKATHCS KAKHMH-TO
U3BECTHBIMU HJICIMHU, KOTOpBbIC HYKIAIOTCA B JIOpabOTKe (MIaes — Kak ONTUMHUCTHYECKas
MO3WIIMS W HAMpPaBICHHOCTh HA JajbHEHIee COBEPIICHCTBOBAHUE YK€ H3BECTHOro). Bo-
BTOPBIX, HAYUYUTHCS OPTraHU30BBIBATH CBOE BPEMs, BElb, KaK M3BECTHO, CBOOOIHOE (OT BCAKHX
TIIYIIOCTEeH) BpeMs — BaKHEHIEe YCIOBHE HACTOSIIETO TBOPYECTBA, UII HETO HAKOHEI-TO



nosBisieTcs Bpems. VHOr/1a MMEHHO Ha OpraHM3alyi0 TAaKOTO BPEMEHM YXOIUT HeMasas 4acTh
CHWJI U TAJIAHTOB.

[Tucatp crnegyer SICHO W TOHATHO, CTAapasCh OCHOBHBIC IMOJIOKEHHS (OPMYINPOBATH
YEeTKO M HEABYCMBICIEHHO (4TOOBI M camMoOMy IOHSATHO ObLIO), a TakKXkKe CTPEMSCh
CTPYKTYPUPOBATh CBOW TeKcT. Kaxkplii pa3 HaJ0 MPEICTaBIATh, YTO Ball TEKCT OyJIeT KTO-TO
YUTaTh M €My 3aXO4yeTcsi COPHUEHTHPOBAThCSI B HEM, OBICTPO HAXOAUTh OTBETHl Ha
MHTEPECYIOIINE BOIPOCHI (320JHO MPEACTaBbTE ceOs Ha MecTe Takoro 4yenoseka). [lonarHo, uyTo
paboTa, HamucaHHas «CIUIOIIHBIM TEeKCTOM» (0e3 3aroyioBKOB, 0e3 BBIIEICHHUS KpPYIHBIM
mpudToM Hambosiee BaXHBIM MECT U T, I.), Y KyJIbTYPHOTO YMTATeNs JOJDKHA BBI3BIBATh
Ope3riauBOCTh U JaKe XKalIOCThb K aBTOPY (MCKIIIOYEHHS] COCTABIISIIOT HEKOTOpHIE JIPEBHUE
TEKCTHI, KOTJa U KaHp ObUT MHOM M K TEKCTaM OTHOCWJIMCH MHAYe, 1a U CaMHX TEKCTOB OBLIO
ropa3o MeHbIlIe — HE TO, YTO B JMOXY «MH(GOPMAIMOHHOTO B3PbIBa» U COOTBETCTBYIOILIETO
«UH(DOPMAIIIOHHOTO MYCOpay).

OO0beM TekcTa W pa3au4Hble OPOPMUTENBCKHE TPeOOBaHHS BO MHOIOM 3aBUCST OT
NPUHATHIX B KOHKPETHOM y4eOHOM 3aBEJICHUU TIOPSIIKOB.

Pedepar (mokmam) - 3TO caMOCTOATENBHOE HCCIIEOBAHHE CTYJIECHTOM OINpeAeeHHOM
po0JIeMbl, KOMIUIEKCA B3aUMOCBSI3aHHBIX BOIIPOCOB.

Pedepar nHe momxHa cocTaBiATbCA M3 (PparMEHTOB cCTaTei, MoHOrpaduii, MOCOOHil.
Kpome mpocroro m3noxeHus: (pakToB M LUTAT, B pedepare MOHKHO MPOSIBISATHCS aBTOPCKOE
BUJICHUE MPOOJIEMBI U €€ PEIICHUS.

PaccMoTpuM OCHOBHBIE ATAIlbI MOATOTOBKH pedepaTa CTyICHTOM.

Brinonnenue pedepara HadyMHAETCS C BRIOOpPA TEMBI.

3areM CTyIEHT NPUXOIUT HA TMEPBYI0 KOHCYJIbTAMIO K PYKOBOIUTEINIO, KOTOpas
pelycMaTpUBAaET:

- 00Cy>KIeHUE eI U 3a7a4d paOdoThl, OCHOBHBIX MOMEHTOB M30paHHOH TEMBI;

- KOHCYJIbTHPOBAHUE 110 BOIPOCAaM MO00pa JINTEPaTyphl;

- COCTaBJIEHHE IIPEIBAPUTENBHOTO IJIaHA.

Craenyrommm »sTanoM siBisercss pabotra ¢ nuteparypoil. HeoOxonumas nurepartypa
oI0MpPAETCs CTYJEHTOM CaMOCTOSITENIBHO.

ITocne monbopa auTeparypsl LenecoodbpazHo cienaTb pabounii BapuaHT IIaHa PabOTHI.
B HeM HYXHO BBLIETUTh OCHOBHBIE BOIIPOCHI TeMbl M Taparpadbl, pacKphIBAIOMIAE HX
COJIep/KaHue.

CocTaBJICHHBIN CIUCOK JIMTEPATYPBl U TPEABAPUTEIBHBIN BapHaHT IUIaHA yYTOYHSIOTCS,
COIJIaCYIOTCSl Ha OUepeTHON KOHCYJIbTALUU C PYKOBOJUTENIEM.

3areM Ha4yMHAETCS CIEOYIOUIMA dTam paboOThl - HW3YyYeHUEe JHTeparyphl. TOIBKO
BHUMATEJIbHO YUTasi U KOHCIEKTUPYS JINTEPATypy, MOXKHO pazoOpaTbcs B OCHOBHBIX BOIPOCAX
TEMBI ¥ TIOATOTOBUTHCS K CAMOCTOSITEIFHOMY (aBTOPCKOMY) U3JIOKEHHIO COJIEpKaHMs pedepara.
KoHcnekTupysi NnepBOMCTOYHHKH, HEOOXOAMMO OTpa3uTh OCHOBHYIO HJICI0 aBTOpa M €ro
MO3HIIAI0 TI0 HCCIIEyEMOMY BOMPOCY, BBISIBHUTH TPOOJIEMbI W HaMETHUTh 3aJa4yd IS
JabHEHIIEro U3y4eHus TaHHBIX TPOOIIEM.

Cucrematuzansi ¥ aHaATU3 W3YYCHHOW JUTEpAaTyphl IO MPOOJIeMe WCCIIeIOBAHHS
MO3BOJISIOT CTYJCHTY Hamucarh padory.

PaGounit BapuaHT TekcTa pedepaTa mpeaocTaBiIseTcss pyKOBOAUTENO0 Ha MpoBepky. Ha
OCHOBe palouero BapuaHTa TEKCTa PYKOBOJIUTENb BMECT€ CO CTYACHTOM OOCYyXAaeT
BO3MOKHOCTH JTOpabOTKH TekcTa, ero odopmienne. [locie mopaboTku pedepar cmaercs Ha
Kadeapy Ui ero OLeHUBAHUS PYKOBOJUTEIIEM.

Tpebosanus k Hanucanuio peghepama

Hanmcanue 1 pedepara sBnsercsa o0s13aTenbHBIM ycioBUeM BbinoiaHeHus miaana CPC mo
0001 TUCIUTUIMHE TPOGECCHOHATHHOTO IHKJIA.

Tema pedepata Moxer OBITH BBIOpaHa CTYAEHTOM M3 NPEIJIOKEHHBIX B paboueit
nporpaMmme win (hoHAE OIEHOYHBIX CPEACTB JUCIUIUIMHBL, 00 OIpe/ereHa caMOCTOSTENbHO,



UCXOJSl W3 HHTEPECOB CTyJAeHTa (B paMKax H3y4aeMol AWCHMIUIMHBI). BbeiOpaHHyi0 Temy
HEO0OXOIMMO COTJIacOBATHCA C IMPENoAaBaTeeM.

Pedepar nomxeH ObITh HATUCAH HAYYHBIM SI3BIKOM.

O6bem pedepara moimkeH cocTaBisaTh 20-25 crp.

Cmpyxkmypa pepepama:

e Bgenenue (e 6onee 3-4 crpanun). Bo BBeneHun HEOOXOIMMO OOOCHOBATH BBIOOD
TEMBI, €€ aKTyaJbHOCTh, OUEPTUTH OOJACTb MCCIICAOBAHMS, OOBEKT MCCIEIOBAHUS, OCHOBHBIC
LEJH U 33]]a41 UCCIIEIOBaHUSI.

e (OcHOBHas 4yacTb COCTOUT U3 2-3 paznenoB. B HuUX packpeiBaeTcs CyTb MCCIEAYEMOU
po0JIeMbl, MPOBOJUTCS 0030p MUPOBOM JIMTEPATypbl U UCTOUYHUKOB VIHTEpPHET MO MpeaMery
UCCIICIOBaHMs, B KOTOPOM JA€TCsl XapaKTePUCTHUKA CTENEHH pa3padOTAaHHOCTH HpPOOJIEeMbI U
AaBTOpPCKAsh aHaJUTHYECKas OIICHKA OCHOBHBIX TEOPETHUYECKHUX TIOJXOAO0B K €€ pEeIICHHUIO.
W3noxeHne wMarepuaia He JOJDKHO OIPaHHMYMBATBHCS JIMIIb OMHMCATENbHBIM MOJIXOAOM K
PacKpbITUIO BbIOpaHHOW TeMbl. OHO TaKkkKe [TOMKHO COJAEpPKaTh COOCTBEHHOE BHJICHHE
paccMaTtpuBaeMoi MpoOIeMBbl U U3JI0KEHNE COOCTBEHHOM TOUKH 3pEHHSI Ha BO3MOYKHBIE ITYTH €€
pelIeHusl.

e 3akimoueHue (1-2 crpanuusl). B 3akimoueHun KpaTko M3/1araroTcsi JOCTUTHYTbIE IIPU
M3YYEHUU MTPOOIIEMBI 1€, IEPCIIEKTUBBI PA3BUTHUS UCCIIEyEMOT0 BOTIpOCca

e CHHCOK MCIOJB30BAHHOW JUTEpaTyphl (He MeHbIne 10 MCTOYHHMKOB), B ain(aBUTHOM
nopsiake, 0opOPMIICHHBIN B COOTBETCTBUU C MPUHATHIMU MpaBWIaMU. B CIHCOK MCTIONB30BAaHHOMN
JUTEPATyphl PEKOMEHIYETCSI BKJIIOUATh PA0OTHI OTEYECTBEHHBIX U 3apYOEKHBIX aBTOPOB, B TOM
Yuclie CTaThH, ONMyOJMKOBAHHBIE B HAYYHBIX KYpHAJIaX B T€UEHUE MOCIEAHUX 3-X JIET U CCHUIKU
Ha pecypcsl cetn VIHTepHerT.

o [Ipunoxenue (mpu HEOOXOIUMOCTH ).

Tpebosanus k oghopmaenuro:

TEKCT C OJTHOW CTOPOHBI JINCTA,

mpudt Times New Roman;

Kerup mpudra 14;

MEXKCTPOYHOE paccTosiHue 1,5;

noJist: cBepxy 2,5 cM, cHU3y — 2,5 ¢M, cieBa - 3 cM, cipasa 1,5 cm;
pedepat gomxeH ObITh MIPEACTABICH B COPOIIIOPOBAHHOM BH/IE.

Tlopsook 3awumel peghepama:

3ammrTa pedepara TPOBOIUTCS HA JTAOOPATOPHBIX 3AHATHUAX, MOCIE OKOHYAHMS PaOOTHI
CTyJIEHTa HaJ HUM W HCIPABICHHUS BCEX HEIOYETOB, BBISABICHHBIX MPENOAaBaTeNIeM B XOJIE
KoHcynbTanuii. Ha 3amury pedeparta otBoautcst 5-7 MUHYT BpEMEHH, B X0J1€ KOTOPOTO CTYJIEHT
JIOJDKEH ToKa3aTh CBOOOJHOE BIAJIeHHE MaTepualioM IO 3asBieHHON Teme. Ilpu 3amure
pedepaTa MPUBETCTBYETCS HCIIOIB30BaHUE MYJIbTHUMEINA-TIPE3CHTAIIHH.

Oyenxa pepepama

Pedepar orieHnBaeTCs M0 CIEAYIOINAM KPUTEPUSIM:

* coOmoieHne TpeOoBaHUH K ero 0(pOPMIICHHIO;

* HeOOXOAMMOCTh W JIOCTaTOYHOCTh JJISI PACKPBITHS TEMbl TPUBEACHHOW B TEKCTE
pedepara nHGOpMAIUH;

* YMEHHUE CTyIeHTa CBOOOIHO M3JIaraTh OCHOBHEIC HJIeH, OTPAXKEHHEIE B pedepare;

* CIIOCOOHOCTH CTY/IEHTA IMOHSATH CYTh 33/JaBa€MBIX INPEMNOAABATENIEM M COKYPCHHKaMHU
BOTIPOCOB M C(HOPMYITHPOBATH TOYHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauyHoy» BBICTABISIETCS CTYJIEHTY, €CIIM B JOKJAJe CTYIEHT HCUEPbIBAIOIIE,
MOCJIEI0BATEIbHO, YETKO M JIOTHYECKH CTPOMHO M3JaraeT Marepuai; cBOOOIHO CIpaBIsIETCs C
3aJjauaM#, BOTIPOCAMH W APYTUMH BUIAMU TPUMEHEHUs 3HAHWIA, UCTIONB3YeT U HAIHCaHUsS
JOKJIala COBPEMEHHBIC Hay4YHbIE MaTEpHalbl, AaHAIU3UPYET IMONYYCHHYIO WH(OpMAIHIO;
MPOSIBIISIET CAMOCTOSTEIBLHOCTD TP HAIMUCAHUU JIOKJIA/1a.



Oyenka «xopouioy» BBICTABISETCA CTYIEHTY, €CJIM KAaueCTBO BBIMOJHEHUS JOKJIaaa
JI0CTaTOYHO BbICOKOE. CTy/IEHT TBEP/IO 3HAET MaTepuall, FPaMOTHO U MO CYIIECTBY U3JIaraer ero,
HE JIOIYCKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOMPOCHI 10 TEME JOKIIA/IA.

Oyenka «yoosiemeopumenbHo» BbBICTABISAETCS CTYACHTY, €CIM MaTepual JToKiIajaa
U3JIaraeTcs 4aCTMYHO, HO MPOOENbl HE HOCAT CYIIECTBEHHOTO XapaKTepa, CTYIEHT IOIMYyCKaeT
HETOYHOCTU UM OLIMOKH IMPH 3alUTe AOKJaja, 1aeT HeJOCTaTOUHO MPaBUIbHbIE (DOPMYIUPOBKH,
HAOJII0IAI0TCSl HApYIIEHUs JIOTUYECKON ITOCIEA0BAaTENbHOCTH B U3JI0KEHUHN MaTepHUaa.

Oyenka «Hey0081emeopumesibHO» BBICTABISETCS CTYICHTY, €CIM OH HE IMOATOTOBMII
JOKJIaJ] WM JIOMYCTHJ CYIIeCTBEHHBbIC OMMUOKUA. CTyIEHT HEYBEPEHHO H3JIaracT MaTepHal
JIOKJIaJia, HE OTBEYaeT Ha BOIIPOCHI NMPEMO1aBaTENs.

Onucanue wkanbl OYeHU8aHus

MaxkcruManbHO BO3MOXKHBIN Oajl 3a BeCh TEKYIIUH KOHTPOJIb YCTAHABIMBAETCS PABHBIM
55. Tekyliiee KOHTPOJIBHOE MEPONPUATHE CUUTAETCA CIAHHBIM, €CJIM CTYACHT MOJYYUJI 3a HETO
He MeHee 60% OT yCTaHOBJIEHHOT'O JJIE 3TOTO KOHTPOJS MakCUMalbHOro Oamia. PeTuHroBsIit
0au1, BBICTABISIEMBIN CTYACHTY 3a TEKYIee KOHTPOJIbHOE MEPOIPUSATHE, CIAHHOE CTYJIEHTOM B
YCTaHOBJICHHBIE TPadUKOM KOHTPOJBHBIX MEPONPUSTUNA CPOKH, OMPEAENSeTCS CIEAYIOIUM
o0OpazomM:

Yposenw evinonnenusn Peitmunzoeuiii 6ann (6 % om makcumanbHozo
KOHMPONAbHO20 3A0AHUA oanna 3a KOHMpPOAbHOE 3a0anue)
OTINYHbBIH 100
Xopomui 80
Y 10BIIETBOPUTETHHBIN 60
HeynosnerBopurenbHbiit 0

Tembl 10KI210B
ba3oBblii ypoBeHb
1. BIM TexHONOTHH B IPOEKTUPOBAHUH.
2. ABromaTH3aius NpOeKTUPOBAHUS IEKTPOHHBIX ycTpoiicTB EDA.
3. ApxurektypHo-ctpoutenbHbsie CAIIP.
4. Bunsr o6ecnieuenus CAIIP.
5. Beibop koHueniuu padotel Hag npoektamu B CAD cucremax.
6. UcnonszoBanue CAIIP B urpoBoit uHIyCcTpUH.
7. Ucnonb3zoBanue CAIIP B MalluHOCTpOEHUH.
8. Ucnonb3oBanue CAIIP st pemenus 3a1ad mpoeKTUPOBaHUS 00BEKTOB HH(Pa-
CTPYKTYPBHI.
9. UcnonwzoBanue CAIIP nmpu pazpaboTke Buieourp.
10. Uctopus pazsutus CAIIP.
11. Knaccuduxarmu CAIIP.
12. MeTonibl ynydieHns KauecTBa MPOEKTUPOBAHHUS.
13. Mo6unbhnbie npuinoxenus CAIIP.
14. Haznauenue [1O Autodesk Map 3D u ero oCHOBHBIE MOJTYJIH.
15. Haznauenwue I1O RasterDesk.
16. Haznauenue CAIIP ArchiCAD.
17. Haznauenue CAIIP Autodesk AutoCAD.
18. Hasnauenue CAIIP Autodesk Civil 3D.
19. Haznauenue CAIIP Autodesk Fusion 360.
20. Haznauenue CAIIP Autodesk Inventor.
21. Haznauenue CAIIP Autodesk Revit.
22. Haznauenne CAIIP Bentley MicroStation.
23. Haznauenne CAIIP




IToBbIIIEHHBI YPOBEHb

24. Haznauenune CAIIP nanoCAD.

25. Haznauenue CAIIP SolidWorks.

26. Haznauenne CAITP KOMITIAC-3D.

27. O630p u cpaBHeHue oreuecTBeHHBIX CAIIP.

28. Oomue ceenenus o CAIIP.

29. OcunoBHble Moayau CAIIP 1 BO3MOKHOCTH UX IPUMEHEHMSL.

30. [TapameTpuyeckoe MOJIETMPOBAHHUE.

31. Pabora ¢ Tpaccamu (co3nanue, pegakrupoBanue) B cpene CAIIP.
32. Pabora ¢ nudpoBoit Mojaenbo penabeda, peaakTupoBaHue TOBEPXHOCTEN, B CpeIe
CAIIP.

33. Pabora co cioxubiMu 00BbekTamu B cpene CAIIP.

34. Pa3Butue o6maunbix Texunonorui CAITP.

4.5. Memoouueckue pexomenoayuu no N0O20MoGKe K IK3AMEHaM U 3a4emam

N3ydyenne MHOrux oOmenpo@eccHOHAIbHBIX M CHEIUAIbHBIX JUCHUIUIMH 3aBEPIIAETCS
sKk3aMeHOM. [loAroToBka K 3K3aMeHy COCOOCTBYET 3aKPEIUICHUIO, YIIyOIeHUI0 1 0000IIeHUIO
3HaHWUM, NOJy4yaeMbIX, B IIpoLecce OOy4YeHMs, a TakKKe MPUMEHEHUI0 HX K pELIECHUIO
na0opaTOpHBIX 3a7ady. ['0TOBSCH K 3K3aMEHy, CTYICHT JHUKBUAMPYET MMEIoLIHecs mpooessl B
3HaHMSIX, YIIIYOJIIeT, CUCTEMATU3UPYET U YNOPSAOYMBAEeT CBOMU 3HaHUA. Ha sk3ameHe cTyneHT
JIEMOHCTPUPYET TO, YTO OH HpuoOpen B Ipouecce OOydeHHs IO KOHKPETHOW yueOHOM
JUCIUILINHE.

DK3aMeHAIMOHHAsl CEeCCUsl - ATO CepUsl 3K3aMEHOB, YCTAHOBJICHHBIX yYEOHBIM IJIAHOM.
Mexny sk3amenamu uHTepBan 3-4 nus. He cinemyer mymars, 4to 3-4 1IHS JOCTaTOYHO IS
YCIIEIIHOM MOATOTOBKH K 3K3aMEHaM.

B 3t 3-4 nHSA HYXHO cUCTEMaTH3UpPOBaTh yXKe HUMeromuecs 3HaHus. Ha koHCcynbTanmuu
nepes K3aMEHOM CTYJIEHTOB [TO3HAKOMSAT C OCHOBHBIMU TPEOOBAHUSMH, OTBETAT HAa BO3HHUKILINE
y HUX Bompockl. [loaToMy nocenienne KOHCyabTaluil 00s13aTENbHO.

TpeboBanust Kk opraHM3allMy MOATOTOBKU K PK3aMEHaM Te K€, YTO U NpH 3aHATHUAX B
TE€YEHHE CEeMeCTpa, HO COOJII0/IaThCs OHU JOJDKHBI Oojiee cTporo. Bo-mepBbIX, OUeHb Ba)XHO
coOJTIOJIeHHE peXrMa JIHS; COH He MEHee 8 4acoB B CYTKH, 3aHATHS 3aKaHUMBAIOTCS HE MO3HEE,
yeMm 3a 2-3 yaca 10 cHa. OnTuMaiabHOE BpeMs 3aHSATHM - YTpEHHHE U JIHEBHbIE yachl. B
IepeppIBax  MEXAY 3aHATHSAMM  PEKOMEHIYIOTCS TPOTYJIKHM Ha  CBEXEM  BO3JIyXe,
HEYTOMUTEJIbHBIE 3aHATHsI CIOPTOM. BO-BTOpBIX, HANIMYUE XOPOIIUX COOCTBEHHBIX KOHCIIEKTOB
nexkuuid. Jlaxxe B ToM ciywae, eciau Obula NpoIylleHa Kakas-mu0o JIEKHs, HeoOXOAUMO BO
BpeMsl €e BOCCTAaHOBHTH (IepenucaTh ee Ha Kadenpe), 00aymMaTh, CHATh BO3HHUKIIME BOMPOCHI
JUIS TOTO, YTOOBI 3alIOMMHAaHUE MaTepuaia ObLI0O OCO3HAHHBIM. B-TpeThux, MpH MOATOTOBKE K
9K3aMEHaM Yy CTYyJEeHTa JOJDKEH OBbITh XOpOIIMH Y4eOHHWK WM KOHCIIEKT JIMTEpaTyphl,
NPOYMTAHHOHM MO YyKa3aHUIO MpErnojaBareNs B TeUeHHE ceMecTpa. 3]1eCh MOXXHO 3((HEKTHBHO
HCIIOJIb30BAaTh JINCTHI ONIOPHBIX CUTHAJIOB.

Baauanie crnenyer mpocMOTpeTh BECh MaTepHall IO CAABAEMON AMCLHUIIIIMHE, OTMETUTH
uist cedst TpynHble Borpockl. O0si3aTenbHO B HUX pa3oOparbes. B 3akiroueHue emie pas
1es1ecoo0pa3Ho MOBTOPUTh OCHOBHBIE IIOJIOKEHHS, MCIONB3Ys NMPH 3TOM JIMCThI OHMOPHBIX
CUTHAJIOB.

CucremaTnyeckasi IOArOTOBKA K 3aHATHSAM B TEUEHHUE CEMECTPA MO3BOJIUT UCIIOIb30BaTh
BpeMs SK3aMEHAIIMOHHON CECCUU JJI CHCTEMATH3alliN 3HAHUI.

o. KoHTpoJs camocTosITE/IbHOI PadOTHI CTYIEHTOB

KoHnTpoab camocTosTenbHON paboThl IPOBOAUTCS MPENOAaBaTEIeM B Ay AUTOPHH.


https://topuch.ru/vzaimnoe-peresechenie-krivih-poverhnostej-razvertki-krivih-pov/index.html

[IpenycMOTpeHbl Clenylone BUABI KOHTPOJIS: coOeceloBaHUE, OlleHKa pedepara,
OIICHKA MIPE3EHTALINH, OLICHKA Y4acTHs B KPYTJIOM CTOJIE€, OLIEHKA BBIIIOJHEHUS IIPOEKTA.

[TogpoOHBIe KpUTEpPUM OIEHMBAHMS KOMIIETCHIIMM mpuBeaeHb B (DOHIE OLIEHOYHBIX
CPEJCTB JJIsl IPOBEAICHMS TEKYILEW U MPOMEKYTOUHON aTTECTALlUU.

6. Cnucok Jureparypsl s BoinoJHenuss CPC

OcHoBHas1 JiuTEeparypa:

1. bepnunep, 3. M. CAIIP B MammHOCTpOEHUY : y4eOHUK 175t BY30B / O. M. bepiunep,
O. B. TaparsinoB. — Mocksa : ®opym, 2014. — 448 c.

2. NmxenepHas 1 KOMIIbIOTepHas rpaduka : 1abopaTopHbIii MPakTUKyM / aBT.-cocT. T.1.
HpoBocekona ; Ces.-KaB. denep. yu-1. - CtaBponons : CKOVY, 2014. - 2015. - bubnwuorp.: c.
159

3. Muxeesa, E. B. lnpopmaioHHble TeXHOIOTHH B MPOdEeCCHOHATBHON JAeATeIbHOCTH
: yue6. mocobue / E.B. Muxeesa. - 14-e usn., crep. - M. : Axkagemums, 2016. - 384 c. -
(ITpodheccuonansHoe odpa3zoBanue). - budmmorp.: ¢. 371-372. - ISBN 978-5-4468-2647-6

4. Opnos, A. AutoCAD 2014 / A. Opmnos. - CII6. : ITutep, 2014. - 384 c. : un. - [pun.: c.
382. - ISBN 978-5-496-00761-0

JlonoTHUTEIbHAS JTUTEpaTypa:

1. AdanacseBa, H. }O. BpruncinutenbHble M 3KCHEPUMEHTAIbHBIE METOJbl HAYYHOI'O
JKcriepuMenTa : [y4e0. mocobue*]. — M. : KHOPVYC, 2013. - 330 c.

2. Iomemyk, H. H. Camoyunrens AutoCAD 2013 / H.H. IMonemyxk. - CII6. : BXB-
[TetepOypr, 2013. - 464 c. : un. - (Camoyuurens). - [lpun.: c. 136-444. - bubnuorp.: c. 445. -
ISBN 978-5-9775-0889-6

3. CepebpsikoB, A. C. MATHCAD u pemieHue 3a1a4 3J€KTPOTEXHUKH : [yuel. mocodue]
/ A.C. CepebpsixoB, B.B. Illymeiiko. - M. : Mapmpyt, 2005. - 240 c. : un. - (Beicmee
npodeccuonansHoe 0bpazoBanue). - bubnuorp.: c. 235. - ISBN 5-89035-209-1

4. XneOHukoB, A. A. InpopmarmoHHble TeXHOJIOTHH : yueOHUK / A. A. X71eOHUKOB. —
M. : KnoPyc, 2014. — 472 c.

MeToanyeckasi JuTepaTypa:

1. Meronnyeckue yka3aHMs IO BBIIOJIHEHHUIO JJAOOPAaTOpPHBIX pabOT MO AMCLUILUIMHE
«OCHOBBI KOMITBIOTEPHOTO MOJICIIUPOBAHUS.

2. Meroanyeckue yKa3zaHUs 10 OpraHU3alMM U MPOBEIEHUI0 CAMOCTOSTEIbHON paboThI
CTYACHTOB IO TUCHHIIIHHE «OCHOBBI KOMIBIOTEPHOTO MOJICIIMPOBAHUS.

HNuTepHer-pecypcenl:

1. http://www.biblioclub.ru/ - snekrponnas 6ubauoTeka

2. http://www.uts-edu.ru/ - «neKTpoHHBIE KYPCBI»



http://www.biblioclub.ru/
http://www.uts-edu.ru/

