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BBenenue

IJenvro nabGopaTOpHBIX pabOT MO JUCHMIUIMHE «BblUUCIUMENbHbIN  NPAKMUKYM»
ABJISETCS TIPUBUTHE Yy CTyJEHTa HABBIKOB IIPUMCHEHHS COBPEMEHHBIX IPOIPAMMHBIX
IPOAYKTOB B IIPOLECCE MCCIIEAOBATEIBCKON AEATEIbHOCTH, TP IPOEKTUPOBAHUN MU3AEIUN U
pa3paboTKe TEXHUYECKON JOKYMEHTAIMH, a TAKKe MPU 0POPMIICHUN MOSCHUTENbHBIX 3alHCOK
WJIM HAy4YHBIX OTYETOB.

3adauamu NVCUUIIIVHBI ABJISIOTCSA U3yYEHUE!
- IPOrPaMMHBIX IPOAYKTOB, NPEIHA3HAYECHHBIX I MPOBEICHUS BBIYMCICHUHW Pa3JIMYHOIO
YPOBHS CIIOKHOCTH;
- rpa)MIeCKUX U TEKCTOBBIX PEIAKTOPOB;
- IPUJIOKEHUH I TPEXMEPHOT'0 TBEPAOTEIBHOTO MOACIUPOBAHUS.

Oobopyoosanue: JBM.



JlabopaTtopHas pabora Nel

U3YUEHUE CTAHJIAPTHBIX QJIEMEHTOB UHTEP®ENCA
TEKCTOBOI'O PEJAKTOPA. POPMATUPOBAHUE TEKCTA

1. HEJIb PABOTHBI
Henbto npaHHOW paboOThl  SIBISETCA MONY4YEHHE MPAKTUYECKUX HABBIKOB  I10
PENaKTUPOBAHUIO TEKCTOBBIX JOKYMEHTOB B porpamme MS Office Word.

2. KPATKHE TEOPETUYECKHE CBEJAEHUSA

K ocHOBHBIM 3TanaM co3JaHus J0KYMEHTOB OTHOCSTCS:
BBOJI TEKCTa (TaOJIUI, pUCYHKOB, TpapHUECKUX OOBEKTOB);
penaKkTUPOBAHHE COJEPKUMOTO TIOKYMEHTA;
(opmaTupoBaHUE TOKYMEHTA;

IpOBEpKa MPaBOIUCAHUS,;
rieyaThb TeKCTa,
coxpaHeHHe ¢aiina.

BBoJ TekcTa

Jns BBoma B nokymeHT Word TekcTa MCHOJIb3yeTcs TIJIaBHBIM 00pa3oM KiaBuaTypa.
BBoj TekcTa ocymiecTBiIseTCs B MO3ULIUIO TEKCTOBOIO Kypcopa, KOTOPbIN B JOKYMEHTE UMEET
BHJI MUTAIOILEH BEPTUKAIBHOMN YEPTHI.

[Tpu BBOIE cUMBOJIOB B TOKyMeHT Word mepexoj] Ha HOBYIO CTPOKY OCYILIECTBIISIETCS
aBTOMAaTHYECCKH. KJ'IaBI/IIHy Enter CIICAYCT HAXHUMAThb TOJIBKO JIA 3aBCPIICHHA TCKYILICTO
ab3ama u mepexona K cieayromeMy ab3any. HenpaBuibHoe ucnons3oBanue kiaBuiu Enter
3aTpyaHseT B ajbHeieM GopMaTHpOBaHNE TEKCTA.

A63ay — oyeHb BaxkHoe MOHATHE B Word, Tak Kak CyLIECTBYeT TpyIa OMeparui,
KOTOpasi ICUCTBYEeT Ha BeCh ab3aim B IieJoM. A03all Bcerja HAYMHAETCS ¢ HOBOM CTPOKH U
3aKaHYMBAETCS MapKepoM KoHIa ad3ana [ (mu). DTOT HemeyaraeMblii CHMBOJI TOSABJISICTCS MIPH
Hakatuu knaBuim Enter.

Mapkep ao3aya | — 5TO HE NMPOCTO 3HAYOK, MMOMEUArOIIUK KOHell ab3ama. B Hem
conmepxkutcss uHPopmanms o (OpMaTUPOBAHWH, KOTOpOE NPHUMEHEHO K JToMy al3airy.
VYnanenne mapkepa a0zana ynaiseT W Bce mapamerpsl (opmartupoBaHusi. UToObI M30ekKaTh
CIIy4aifHOTO yJaJeHHuss MapKepoB a03alleB, a ¢ HUMHU U BCEro ux (opmMaTHpOBaHUS, BO BpeMs
paboThl HaJ TOKYMEHTOM Ha dKpaH BBIBOAAT OTOOpaXEHHE MapKepoB ad3alleB, MIEIKHYB IO

KHOTIKE (HemeuaTraemble 3HAKM), KOTOpas HAaXOOUTCS HAa MaHEIM HWHCTPYMEHTOB
CrangaprHas.

CylIiecTBYIOT 1 Jpyrue HemedataeMbie cUMBOIIBI Word (TTpo0Oenbl, 3HaKU TaOYISIIIK U
Ip.), KOTOpbIe Tak)Ke BBIBOAATCA HA SKpaH IIEIYKOM MbImK 1o kHonke Hemewaraemble
CHMBOJIBI.

CumBoJ @®parMeHT JOKyMeHTa KnaBumm niist BBoga
|| Kouwnerr ab3ama Enter
—» TaOynsauus Tab
+— [IpuHYyIUTENBbHBIN KOHEL CTPOKHU Shift+Enter
— Bo3moxHBIN (MITKHIT) TEpeHoC Ctrl+(-)meduc
o Hepactsxumelii npoGen Shift+Ctrl+IIpoGen
. [Tpoben [TpoGen




MerTtka 3arosoBska

Koner Tekcra B siuelike TaOIUIBI

Mapkep nepemereHus: TaOIuIbl

DE{;}'

Mapkep n3MeHeHus pazmepa TabIuIbl

[Tpu 3aBepiieHNN TEeKyIIero ad3aia HOBBIN ab3al] HacIeAyeT CTUITb PEIbITYIIETO.

OO0bennHEeHNE MBYX a03alleB O3HAYACT yJajeHUE CUMBOJIA KOHIIA ab3a1ia MEeX1y HUMH.
IIpu sTomM Bech OOBenuMHEHHBIH ab3an (opmartupyercs, Kak HIKHUNW MPUCOETUHEHHBIN
¢dparmeHT.

Pa3Ouenue omHoro aGzana Ha JBa JOCTHTaeTCs BCTaBKOW CHMBOJA KOHIA a03ama B
MecTO pa30ueHust Tekcta. st 3Toro B Mecto pa3OuWeHUs HY)KHO YCTAaHOBUTH TEKCTOBBIN
Kypcop 1 Haxatb kinaBuiry Enter. JlomyckaroTcst mycTbie a03a1bl.

Jliist Toro uToOBI BHYTpH ab3aria nmepeiTe Ha HOBYIO CTPOKY (HE HauWHasi HOBBIM ad3ar),
clIemyeT UCIoJIb30BaTh kKoMOuHanuto kiasuin Shift+Enter.

TekcToBBI KypcOp MOKHO YCTaHOBUTH JBOWHBIM IIETYKOM MBIIIM B JIIOOOM MecCTe
MyCTO# CTpaHulbl, eciu B AuanoroBoMm okHe Ilapamerpsl Ha Bkiagke IlpaBka ycraHoBIeH
¢dmaxxox Pa3pemiuTh CBOOOAHBINH BBOI.

CB000AHBIH BBOJ MOXET BBINOJIHATHCA TOJIBKO B pekuMax PazmMerka cTpaHMubl U
Web-noxkymenTt. B pexxrime O0bI4HBIi CBOOOIHBIN BBOJT HETOCTYIICH.

VY naneHue cCMMBOJIOB, CTOSIIIIUX CIpaBa OT Kypcopa, ocyiiecTisercs kinasuiieid Delete.
CuMBOJIBI, CTOSILIME CIIEBA OT Kypcopa, yaanstoTcs kinasuieil Backspace («<—).

UcnonszoBanne komOunanmu kiaBui Shift+F3 mo3Bonser u3MEHUTH perucTp
BBIJICJICHHOT'O TEKCTa — MEPEeBECTH MPOMUCHBIC (3aryiaBHbIE) OYKBHI B CTPOYHBIC, 1 HA00OPOT.
JL1s1 5TOM 11ean MOKHO TaKXke UCIoJib30BaTh KoMaHy MeHI0 @OPMAT - Perucrp.

BBon Tekcra MoeT MNpou3BOAUTHCA B pexuMe BeraBkm wunu 3amenbl.  Jlns
MEPEKIIIOUYCHNSI PEKUMOB HYXHO BBl IICIKHYTh MBIIIBIO B CTPOKE COCTOSHUS Ha

HWHJAUKATOPC 34M .

Touka BBOAUTCS KJIaBUILIEH, paco0KEHHOU ciaeBa oT npaBoil kiasuiu Shift.

3amnsTast BBOJUTCS TOH K€ KJIaBUIIeH Ipu HaXkaToil ogHoBpeMeHHO Kkiasuiie Shift.

HekoTtoprie cHUMBOJIBI M 3HAaKM MpeNUHAHUS YIOOHO BBOJAUTH, HCIIONb3YS BTOPYIO
CBEpPXY CTPOKY KJIaBHATYpPHI - CTPOKY ¢ IHppamu (cM. TabiuiLy).

Psin knaBuatypsl ¢ uudgpamu e 1231456718910 (-|=\
Ha pycckom peructpe + Shift E |« PNef; (%] |2 [*1CD ||+ V
Ha nmatunckom peructpe + Shift ~N @@ ($ (%™ |&*[CD |- |+ |

[Ipy BBIpaBHMBaHMM TEKCTa JOKYMEHTa MO MIMPHUHE HHOT/AAa 00pa3zyroTcsi OoJbIive
WHTEpBaJIbl MEXAYy clioBaMH. JlJis yJydllleHHs] BHEIIHETO BHJIa JOKYMEHTAa HCIOJb3YIOT
«MSTKHEe» nepeHockl. [IepeHoc CioB MOXKHO MPOU3BOIUTH BPYUYHYIO WJIM ABTOMAaTUYECKH.

AemomamuyecKkylo paccmanoéKy nepeHocoé YCTAHABIMBAIOT C IOMOIIBIO KOMAaH[IbI
MeHio CEPBUC - S3bik - PaccranoBka nepenocoB. He cienyer paccTaBiiTh NMEpEeHOCH! B
CJIOBaX C MCHOJB30BaHUEM KJABHIIU "—" (MHHYC), TaK KaK 3TO OCJIOXHHUT IOCJEAyIolIee
dbopmaTtupoBaHue.

[Tpu BBOzE Tekcra nokyMeHT Word aBTOMaTHUYECKH pasfensercs Ha cTpaHullsl. [Ipu
HEOOXOJUMOCTH MOHO BCTaBUTh JKECTKMM KOHEI] CTPAaHULbI C IOMOLIbI0 KOMAaH/IbI
BCTABKA - Pa3psiB - HauaTh HOBYI0 cTpaHuny. JKecTkuii KOHEL CTPAaHUIbI MOKHO TAKXKe
BCTaBHUTH C MoMoIIbi0 koMOnHanuu kiasuin Ctrl+Enter. ['panuia pasznena crpaHuiibl B BUE
NYHKTHPHOW JMHUM BHUJIHA Ha JKpaHe MpH padbore B pexume OObIYHBIH M MOXET OBITh
ynaneHna HaxxatueM kinaBuiu Delete.




Cyu.lECTByeT HECKOJIbKO  CII0COO0B BbIJeJIEHHUA  OTAEJIbHBIX q)paI‘MeHTOB
TEKCTOBOTO JOKYMEHTA.

T T N

@parmeHT Cnocod Bulne/ieHUA

| Cnoso '2 paza 1UEeJKHYTh MBIIBIO [0 COBY
| :

HlenkHyTh MBILIBI B TI060M MecTe NpPe/UTOXeHHs! Py Ha-
#xatoi krasuine Cirl

CTpOKa u.lt‘-JlKH)"fb MBILILIO B NOJMOCE BhIAENIEHHWA — CHAEBa OT TEKCTA

[Mpeanoxenune

Hdpaxsl HEAKHYTE MBILIBIO B MOJA0CE BBLICACHHA HANPOTHB

63a
Abzau af3aua Wid TPHXALL WeAKHYTh BHYTPH ab3aua

IlenkHyTh MBILIBIO B Hauasle BRIIENSEMOTO (hparMeHTa, 3a-
Jhobo# dparmenT TeM HaxXarh Kiapuiny Shift u wenkHyTH Mo nocnegHeMy
CHMBONY BLUIENAEMOTO (hparMenTa

Beprukansubiit 6nok | Tlpu BeiieneHuy gepxarth HaxaTtoit knasuiny Alt

b
PucyHok, obnexr HlenkHyTh MBILLILID MO 0OLEKTY

Beectu koMmaHay MeHio TTPABKA= Beuzennts Bce
Tpuskabl WIEAKHYTE MBIIIEIO B MONOCE BLUIENECHHSA
Haxary xnapumy Ctrl M mmenkHyTs B nojiloce BblAeNEHUS
Haxare kombuuaumio xnapym Cirl+A win Cirl+5

e

Becs mokymeHT

g g

R e e

M3MeHUTb pa3Mepbl rPaHUL] TEKCTA MOXKHO C MOMOIIbI0 MaCIITaOHOW JIMHEWKH -
YCTAaHOBHUTE ab3allHble OTCTYIbI CJIeBA U CIIpaBa.

OTMeHy mToClIeTHeT0 JeWCTBUS (OIHOTO WM HECKOJbKHX) W BOCCTAHOBJICHHE
OTMEHEHHBIX JIEUCTBUI MOXXHO OCYIIECTBUThH C MOMOIIbI0O KHOMOK HAa MAaHEIW UHCTPYMEHTOB

CrangaptHas — (OT™MeHHuTB) U (BepHyTh), ¢ momonipro komang MeHio IIpaBka,
a Taxke komOnHanuen kinasum Alt+Backspace.

IToBTOPUTH MOCIENHEE NENCTBUE pEAAKTUPOBAHUSA MOXHO KoMaHaoi meHio ITPABKA
- HoBTOpHUTH MM ¢ nomouibio kinaBuiu F4.

PeaaKkTvupoBaHUe TEKCTa

PenaktupoBanue mpenHa3HAYCHO JIs YCTPAHEHHUS OIIMOOK, MEepeMEelIeHNsT CUMBOJIOB,
CIIOB, CTPOK, (pparMEHTOB M BHECEHHUE JAPYTUX H3MEHEHHH B COJEPKHUMOE [OKYMEHTa.
PenaktrpoBanue JOKyMEHTa OCYIIECTBIIAETCS KaK B MPOLECCE BBOJAA TEKCTA, TaK M IMOCIE €ro
BBoja. Kak mpaBuiio, pegakTHpOBaHWE TEKCTa BBINOJHSAETCS Iepes (popMaTUpOBAHUEM U
IIPUMEHEHUEM CTUJICH.

K cpeactBam penakTUpOBaHHsS OTHOCSTCS CICIYIONIHE KOMaHIbI (KHOIKH, KOTOPBIX
pacnoyioKeHHble Ha BKIaake 'iiaBHas):

. IpOBEpKa MPaBOMUCAHUS;

o BBIJICTINTb, BHIPE3aTh, KOMUPOBAThH, BCTABUTH uepe3 Oydep oOMeHa;
° Haiitu n 3aMeHUTE;

. OtMeHuTh 1 BepHyTh (KHOTIKH Ha IMaHEIN OBICTPOTO JIOCTYTIA).

Kpome Toro, misi pemakTUpoBaHUS TEKCTa HCMOJb3YIOTCS KJIaBUIIM KiaBuaTypsl Del,
Backspace, Space bar u npumensiercs cpeactso Drag and Drop («meperamy u OTITyCTH
IIPU HAXaTOM JIEBOW WJIM IPABON KHOMKHU MBIIIN).

B npunoxenun Microsoft Word 2007 mo ymoduaHHIO YCTaHOBJIEHBI CIIEAYIOIIHE CHOCOOBI
IIPOBEPKU MPABOIIUCAHUS:

J ABTOMaTHUYECKHU NPOBEPATH opdorpaduio;

. Hcnonb30BaTh KOHTEKCTHYIO IPOBEPKY opdorpadum.



CrniocoObl TIPOBEpKH, YCTAHOBJICHHbBIE O YMOJIYAHHIO, MOKHO OTMEHHTH, JJIS 3TOTO
Ha10 BeinoHUTh KoMauay Office - Ilapamerpst Word - IIpaBonucanue u B nosBUBILIEMCS
OKHE JIaJiora yIaJIuTh COOTBETCTBYIOUIHE (DIaXKKH.

Cytb npoBepku opdorpaduu 3aKar04aeTcss B TOM, YTO sl IPOBEPKU HAMTUCAHUSI CIIOBA
peIaKkTop CpaBHUBAECT 3TO CIOBO CO CIIOBApPEM, MPU ITOM HEW3BECTHBIE CJIOBA PEAAKTOP
MOMYEPKUBACT BOJIHUCTOM KpacHOW iuHued. TakuMm oOpa3om, BOJIHHUCTas KpacHas IJWHUS
CBUJICTEIILCTBYET MO0 00 ommOke B cioBe, aub60 o ToMm, uTo B cioBape Office 2007 Takoe
CJIOBO OTCYTCTBYET.

Uto kacaeTcss MpPOBEPKH TpaMMATHKH, TO PEJAKTOp MPOBEPSET TpaMMAaTUUECKHE U
CTWJIMCTUYECKHE TIpaBWia TMHChMa (HECOTNIACOBAaHHOCTh TMOJIEKAIIETO M CKa3yemoro,
HEBEpHBIC TPEMJIOKHBbIE codeTaHus). [Ipu Hanuuuu BO3MOXKHBIX OMIMOOK B MPEIOKEHUU
pEeNaKkTop MOAUYEPKUBACT BOJHUCTON 3€JICHON JIMHUEH MPETIOAKEHUE WU €r0 YacTh.

Jns mpoBEepKH M HMCHPABJICHHS] OIIMOOK MOXKHO HCIIOJIb30BaTh KOHTEKCTHOE MEHIO,
IICJIKHYB TTPaBOi KHOIIKOM MBIIIK HA CIIOBE ¢ BOJHUCTOM JuHueH. [Ipu mposepke opdorpadun
- B TIOSIBUBIIEMCS KOHTEKCTHOM MEHIO BBIOCPUTE OJHO M3 JEHCTBUI: MPOMYCTUTH CIIOBO,
OTKOPPEKTHUPOBATH €r0 WJIM 3aHECTH B cloBapb. [Ipu mpoBepke rpaMMAaTUKH - Ui yCTPAHEHUS
OIMOOK BBIOEPUTE OJTHY M3 MPETIaraeéMbIX KOMaH/ B KOHTEKCTHOM MEHIO.

Jnst pydnoit mpoBepku opdorpaduu ¥ rpaMMaTHKA HEOOXOIUMO YCTaHOBHUTH Kypcop
BHaJaJie TeKCTa W BbIOpaTh koMaHay Pemen3upoBanue - IlpaBomucaHue, MOSBHUTCS OKHO
nuanora [IpaBonucanue, ¢ MOMOIIBI0 KOTOPOTO MOKHO BBIMIOJIHUTH TPEOyeMYIO TPOBEPKY.

B nosiBuBmemMcst okae auanora [IpaBonucanue oToOpakaeTcsi MepBOe MPEUIOKECHHE C
ommOKON 1 3amuchio B pazzaeiic Bapuantsl - He xBaTaeT 3ansiToil mocje cjoBa J0KYMEHT.
s ycTpaHeHus OMMOKM HAIO IIEIKHYTh Ha KHOmMKe M3MEHHMTh W MPOAOKATh paboTy C
OKHOM JHaJIora JI0 3aBEePIICHUS MTOJTHON MTPOBEPKHU TEKCTA.

dopMaTUpOBaHHUE TEKCTA

[Tocne 3aBepiieHHs] pEAAKTUPOBAHUS TEKCTAa JOKYMEHTAa HAJO BBIMOJHUTh €T0
dbopmaTupoBaHue, T.e. K3MEHUTH €TO0 BHEITHUI BUI.

K ampubymam ¢popmamuposanus cumeonoe mexkcma oTHOCATCA: rapHUTYpa MWIpUPTa,
pazmep mpudra, HauepTanue wmpudra (MOTYKHUPHOE, KYPCHBHOE, MOJYEPKHYTOE), IBET
BBIJICJICHUSI TEKCTA, IIBET TEKCTA, PETUCTP, HHTEPBAJI MEXKy CUMBOJIAMU B CJIOBE U T.J.

K napamempam popmamuposanus aévzayes ciegyer OTHECTH: BHIDAaBHUBAHUE TEKCTa
(o neBomy WM MpaBOMY Kparo, IO LEHTPY, M0 HIUPHUHE), OTCTYIBI a03alleB, OTCTYIIBI MIEPBOI
CTpoku a03aleB, MEXCTPOUYHBIM HHTEpBaN, 3alMBKa [BeTa (OHA, MapKephl U Hymepanus
CIIUCKOB U T.I.

Ocnognvle napamempuvl gopmamuposanusn (ohopmaenus) cmpanuy:. TPAHUIBI
pabodero mois (moisl CBEpXy, CHHU3Y, CIEBa, CIpaBa), pa3Mepbl CTPAHUIIBI, OPUCHTAIUS
CTpaHUIL

K gopmamuposeanuio pazoenoé otHocutcs co3iaHue HOBBIX Pa3AEoB CO CIEAYIOLIEH
CTpaHUIIbI UM HA TEKYILEeH CTpaHUIIe, KOJIOHTUTYIIbI pa3JesioB, CO3/IaHNUE KOJIOHOK U T.1.

Dopmamupoeanue 00KymeHma 6 yeaom - 3To GopMaTupOBaHHUE HOMEPOB CTPAHHMIL,
odopmIIeHHEe aBTOCOOMPAEMOT0 UM PYYHOTO OTJIaBJIECHUS U T.1.

B Word 2007 ocHoBHbIe cpeacTBa (opmMaTUpoBaHHsS TEKCTa, abd3aleB W TaOIHI
nomerieHsl Ha Bkiaake [aaBHas. [lns OwicTporo ¢GopMaTupoBaHUs BPYYHYIO CHMBOJIOB
(Texcra) 1 ab3areB MOXKHO HCIOIB30BaTh KoMaHbl B rpymnme lpugTt u Ad3am Ha BKIagke
I'naBnas.

Kpome Toro, koMaHI6I (OpMATUPOBAHUS TOCTYITHB HA MUHH-IIaHEeJIM HHCTPYMEHTOB,
KOTOpasi MOSBIISCTCS MPU HABEACHUH YKA3aTeJs MBI Ha BbIICJICHHBIN ()parMeHT TEKCTa.
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Taxoke CymIeCTBYeT elle OAMH MHCTPYMEHT AJIsi OBICTPOro (opMaTUpOBAHUS TEKCTA -
310 KHOnka ®@opMmar mo odpasuy B rpynne bydep odmena na Bknanke I'taBHasi, kotopast
MO3BOJISIET KOMUPOBATh MapaMeTphl (pOpMaTUPOBAHHUS OAHOTO (parMeHTa M IMEepeHOCUTh Ha
Jpyroi (hparMeHT TEKCTa MIPU €ro BbIACICHUH.

Jns  OblcTporo M OJHOBPEMEHHOIO  M3MEHEHHUS  HECKOJIbKUX  aTpuOyTOB
dopMaTHpOBaHUs CHMBOJIOB M a03alleB MOXXHO HCIIOJNB30BAaTh JKCHPECC-CTHIIM U3 TPYIIIEI
cTUIM Ha BKJIajake [1aBHas.

Cmuau npenHasHavyeHbl 11 0QOPMIICHHSI TEKCTa TOKyMeHTa U ero abzameB. s
dopMaTupoOBaHUs CHUMBOJOB M a03alleB BPYYHYIO HCIOJBb3YIOT HE TOJbKO KHONKH IS
ObIcTporo gopmaTipoBaHusi, HO U okHa auainora llpudrt u Ad3an, KOTOpble aKTUBU3UPYIOTCS
KHONKaMHU Ha Bkiajike ['naBHas B rpynmnax [pudt nu A63am cooTBETCTBEHHO.

OcHoBHbIe 3Tanbl (POPMATHPOBAHUS TEKCTA JOKYMEHTA:
. OTKpBITh OTPEJAKTUPOBAHHBIM JOKYMEHT U H3MEHMTHh CTwib OObluHbIH Ha bes
HHTepBaJja B rpynne Cruiu;
. ycraHoButh Ilapamerpsl (rapautypy) mpugra Times New Roman, pazmep 12 myHKTOB
- BBIJICJIIUTh BECh TEKCT, HABECTU HA HEro yKa3aTelb MBIIIM U B MOsSBUBIIEHCcS MuHU-TaHEeH
WHCTPYMEHTOB BBIOpaTh mpudT: Times New Roman u pazmep 12 myHKTOB;

o BBIPOBHSTH TEKCT MO IIMPUHE, JJISl 3TOTO BBIICTUTHh BECh TEKCT M MICIKHYTh HA KHOITKE
ITo mmpune B rpymnme Ad3an;

o YCTaHOBUTH OTCTYI IMEPBOM CTPOKH, VISl 3TOTO BBIACIUTH TEKCT, IIEIKHYTh Ha KHOIKE
A03an 1 B OTKPBIBIIEMCSI OKHE JIHAJIOra YCTAHOBUTH BEJIMUMHY OTCTYyNa MEpPBOM CTpoku 1, 25
cM;

. n00aBUTh K TEKCTYy 3arojoBOK (Hampumep, Moil NepBbIid TOKYMEHT), YCTAaHOBUTH €My

YpOBEHb 3aroyioBka: 3arojioBOK 1 M BBIPOBHATH €ro IO LEHTPY, Uil ATOrO BBIIEIHUTH
3aroJI0BOK, IEJKHYTh Ha KHOMKe 3aroyioBok 1 B rpynne CTuim (3arojoBok (opMaTHPYIOTCS C
IIOMOIIBI0 BCTPOEHHOI'O CTUJISI 3ar0JI0BKOB «3arojioBok 1»), a 3areM Ha kHomnke Ilo menTpy B
rpynne Ad3an;

. B niepBoM ab3arie ¢parmMenTy Texcra (Moil nmepBblii JOKYMEHT) Ha3HAYUTh HAuepTaHHE -
KYpPCHUB, IOTYEPKHYTHIN, JIS1 3TOTO BBIACIUTH yKa3aHHBIM ()parMeHT U LIEJIKHYTh Ha KHOMKAX
Kypcus u Ilon4yepkHyThIif;

o YCTaHOBUTH pa3Mepbl MOJIEH CTPAaHUIIbl: BEpXHEE M HUXKHEEe - 2 cM, JieBoe - 2,5 cM,
npasoe - 1,5 cm, 11 3Toro Ha Bkiajgke Padmerka cTpaHMIBI LIEIKaeM Ha KHOIKE 3allycKa
okHa nuasnora [Tapamerpsl crpannnsl B rpynie Ilapamerpsl cTpaHuibI.

Jlns Gonmpmux JTOKyMEHTOB (pedepaToB, KYPCOBBIX M JUIUIOMHBIX pPaboOT) Kpome
(dopmMaTupoBaHUsl CUMBOJIOB, a03aIleB U CTPAHMUI BBITIOIHIETCS (POPMATHPOBAHUIO PA3IEIIOB U
JOKYMEHTa B IIEJIOM. BoJbIne TOKYMEHTHI (CTPYKTYPHPOBAaHHBIC HOKYMEHTBI, COJCpIKAIIHC
HECKOJIbKO CTpPaHMII), KaK MpaBmlo, pa3OuBaroTcs Ha pasaensl. Co3qaHne HOBBIX Pa3/esioB CO
CIIEAYIONIC CTpaHWIBI WJIM Ha TEKylIed CTpaHWIe, BCTaBKa BEPXHETO M HUKHETO
KOJIOHTUTYJIOB ISl IPEABIYILETO U CIEIYIONIETO pa3esioB, CO3/IaHNe ra3eTHBIX KOJIOHOK - BCE
9TO OTHOCHUTCS K TarnaM (opMaTHPOBaHUS TOKYMEHTA.

Pa3pbiBbl pa3/iesioB BHINOJNHSAIOTCS Ha BKJIaAke Pa3Merka cTpaHMubl B rpymme
ITapameTpbl cTpaHuibl, KHONKa Pa3pbiBbl. BecTaBka KOJOHTHTYJIOB BBITIONHIECTCS Ha
BkIagke BeraBka B rpynmne KoaoHTHTYbI, a paboTa ¢ KOJOHTHUTYJIAMU BBIMIOJHSAETCS Ha
Bkianke KoHcTpykrop, koTopas nosiBisieTcst Ha JIeHTe ipu paboTe ¢ KOJIOHTUTYIIAMHU.

dopmaTHpoBaHUE IOKYMEHTa B LIEJIOM - 3TO (hOpMATHUPOBAHHUE HOMEPOB CTPAHHMIL,
oopmieHre aBTOCOOMpPAcMOro WM pYydYHOro oOrjaBieHuss W T1.1. Homepa cTpaHun
BCTAaBISIIOTCS Ha BKiIagke BeraBka B rpynmne Kosontutyabl. B nuanoroBoMm oxHe
HEOOXOIMMO YCTaHOBHTH TNapameTpsl (opmara Homepa cTpaHuipl: DopMaT HoMepa,
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Braouuth Homep riaBsl, Hymepanus crpanuny (Ilpomomxuts nunu Hauats c). OrnaBienue
no0aBisieTcs B TOKyMeHT Ha BkJIaake Cepliku B rpynne Oriasienue, kHonka OriasieHue.

3. HOPAJOK BBIITOJIHEHUSA PABOTbI

1) U3y4nth TeopeTHuecKre OCHOBHI BHIITOJIIHAEMOI pabOTHI.
2) BBecTn TeEKCT, NPEJIOKEHHBIM NPENOJaBaTENIEM, C HCIOJb30BAHUEM IPOTrpaMMBbl

Microsoft Word.
3) OtpenaktupoBatb W OT(HOPMATUPOBATH IMOJYUYEHHBI TEKCT B COOTBETCTBHH C

tpedoBanusmu 'OCT.
4) CoxpaHHMTh COOTBETCTBYIOLIMM 00pa30oM MOIY4YE€HHbIE PE3YIbTaThl PAOOTHI.
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JlabGopaTtopHuas pabota Ne2

HNCITIOJIb3OBAHUE PEJAKTOPOB ®OPMYJ U TPAOUYECKUX OFBEKTOB.
PABOTA C TABJIMIDJAMM U CIIUCKAMUA

1. HEJIb PABOTbI
Lenpto nmaHHOW paboOTHl SBISIETCA TMOJTY4YEHHE TMPAKTHUECKUX HABBIKOB pPAaOOTHI C
penaktopoM GOpMyJ, CO3/IaHUE M PEAAKTUPOBAHUE PUCYHKOB WM JUArpaMM B IMPOTpaMMe
Microsoft Word.

2. KPATKHE TEOPETUYECKHUE CBEJAEHUA

2.1 Ucnoab3oBaHue pexakTopoB ¢popmyJ1 u rpaguyeckux 00beKTOB

Pepnaxrop dopmy.

Mamemamuueckan ¢opmyna - TpUHATAsE B MareMatuke (a Takke ¢uU3MKe U
IOPUKIAJHBIX HayKaxX) CHMBOJMYECKas 3alUCh 3aKOHUEHHOTO JIOTMYECKOTO CYKICHUS
(ompeneneHus BEIMYUHBI, ypaBHEHUS, HEPABEHCTBA WM TOXKAECTBA), MpeAcTaBistonias co0oit
KOMOWHAIIMIO CTAaH/IAPTHBIX MAaTEMATUYECKUX 3HAKOB.

Hns cozmanus dopmyn B mporpamme Microsoft Word MOXKHO HMCIOIB30BaTh KOJIBI
cuMBOJI0B FOHMKO/A 1 3aITUCH aBTO3aMEHbI MAaTEMATUUECKMMU CUMBOJIAMU ISl 3aMEHBI TEKCTa
cumBoiamu. [Ipu BBoe popmyibl npuioxkeHne Word MOXKET aBTOMaTHYECKH TTPeoOpa3oBaTh
dopmyny B npodeccroHabHO-(HOpMaTHPOBAHHYIO (hopMyITy.

s BBoga popMysn HEOOXOIMMO BBITIOIHUTD CIEAYIOIINUE JEHCTBUS:

1)  ycTaHoBUTe Kypcop Ha MecTe BBOJa (hOPMYJIbI;

2) na Brianke BceraBka B rpynne CHMBOJIBI IICIKHUTE CTPENIKY PSJIOM C HAAMKHCHIO
dopmy.ia;

3)  BBIOEpHUTE HYXHYIO (popMyIy WM KOMaH1y BeraBuTh HOBYIO (popmyJiy, uTOOBI BBECTH
dopmyay;

4)  IIEJKHUTE MBIIIKOW BHE NOJIs (OPMYJIbl, YTOOBI BBINTH U3 peaakTopa Gopmy.

B Microsoft Word cymiecTByeT BO3MOXHOCTH JTOOABJICHHUS 4YaCTO HMCIOJIb3yEeMbIX
dbopMyn B Tak Ha3bIBAEMbIH CIIUCOK YACTO UCHONIB3YeMbIX Gopmy. [ 3Toro Heo6Xoaumo:
1) B mokymeHTe BbIOEpUTE POPMYITy, KOTOPYIO HY)KHO JO0aBUTh B CIIUCOK;
2) wHa Bkiaake Koncrpykrop B o6mactu Pa6ora ¢ popmynamu B rpymine CepBHC IIECTKHATE
®opmyJbl, a 3areM IienkHUTe COXpaHMTBh BbIACJIEHHBIH (pParMeHT B KOJUICKLIHIO
dbopmyur;
3) B auanoroBoMm okHe Co3/1aHHe HOBOI'O CTAHAAPTHOrO 0J10Ka BBEIUTE UM (DOPMYIIBI;
4) B cnucke Kossieknus menkautre @opmyJibl;
5) BeIOEpHTE ApyrHe HEOOXOIUMBIC TTAPAMETPHI.

BcraBka MaTeMaTH4ecKUX CTPYKTYp OOILIETo Mojab30BaHus (IpoOb, KOpeHb, GYHKIUS U
T.Jl.) OCYIIECTBIISACTCS CIASAYIOIINM 00pa3oM:
1) Ha Bximagke BeraBka B rpynne CHMBOJIBI ILIEIKHUTE CTPENKY PSAAOM C HAIIHUCHIO
dopmyJia u BeIOEpUTE HY)KHYIO (POopMYyITy;
2)  Ha Bkiaake Koncrpykrop B rpynne PaGora ¢ ¢dopmynamu B rpynne CTpyKTyphl
BbIOEpUTE HEOOXOAUMBIN THI CTPYKTYpPHI (Hampumep, ApoOb UK paluKal), a 3aTeM ILEIKHUTE
3Ha4OK HEOOXOUMON CTPYKTYPHI;
3) eciu CTPYKTypa COAEPNKUT MECTO3aNOJHUTENN (HEOOJbIIME IYHKTHPHBIE I10JIf),
IIEJIKHUTE MECTO3ANIOIHUTENb U BBEAUTE HY)KHBIE UHCIIA WM CUMBOJIBI.
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Cy1iecTByeT HECKOJIBKO CIIOCOOOB PEJaKTUPOBAHHUS YK€ CYLIECTBYIOIIUX (GopMys, B

3aBHCUMOCTH OT TOT0, KaK UMEHHO OHU OBLIIM CO3/1aHBI:
1) usmenenue dhopmyisl, coznannoit B Office Word 2007, 2010:

e IIEIKHUTE GOPMYIY, KOTOPYIO HYXKHO OTPEIaKTHPOBATh;

® BHECUTE HEOOXOAUMbIE U3MEHEHHS.
2) usMeHeHHe (POPMYIbI, CO3TaHHOW B MpeabIIyluX Bepcusix Word, co31aHHOIM ¢ TOMOIIbIO
Hazactpoiiku Equation 3.0 (eciu OTKpBIT JOKYMEHT ¢ (OpMYIOH, CO3IaHHON B MpPEabIyIeit
Bepcun Word, BcTpoeHHass MOAJEp)KKa JJis CO3JaHUs W U3MEHeHUs ¢opmyn Oyner
HEJIOCTYITHA):

® JIBaXK/IbI HICTKHUTE (POpMyYITy, KOTOPYIO HY’)KHO OTPEIaKTHPOBATH;

® BHECUTE HEOOXOAUMbIE U3MEHEHMUS;

® IS TIOJIyYSHHs CIPABOYHBIX CBEIEHHH B pemakTope (opmysn BBIOEPHTE KOMaHIY
Bbi3oB cnipaBkm B MeHI0 CnipaBKa;
3) um3MeHeHue GopMyIIbl, CO3TaHHOM ¢ momoIbio HaacTpoliku Math Type:
JUIsT U3MEHeHUs (GopMylibl, co3ganHoi ¢ momonipio Math Type, HE0OXOaMMO YCTaHOBHTH
HajcTpoiiky Math Type;

® 1B/l LIETKHUTE (POpMyYITy, KOTOPYIO HY’)KHO OTPEIaKTHPOBATH;

e orpenaktupyiite hopmyrny B Math Type;

e B MeHI0 Daiin BbIOepUTE NYHKT 3aKpbITh U BEPHYTHCI B HUMS JIOKYMEHTa C

hopmyoii;

e s nocryna k cnpaBke Math Type BriOepute Coaepaanue U WHACKC B MEHIO

Cnpaska.

Ecnu npeoOpa3oBaTh OKYMEHT M COXpaHuUTh ero B Buae (¢aiima DOCX, s
W3MEHEHHUs JH00bIX ero (GopMyIt Heab3s OyIeT UCIoNIb30BaTh Npeapaymue sepcu Word:
1) otkpoiite Bknaaky Paiti;
2) menkHute CBeaenus, a 3aTeM HienkHuTe NyHKT [Ipeodpa3oBars;
3) otkpoiite BKiIaaKy Daui;
4) menkHuTe NyHKT COXpPaHUTh KAaK;
5) B cnucke Tun ¢aiina BeiGepute JlokymeHT Word, 4ToObI COXpaHUTH JOKYMEHT B (aiiie
DOCX.

Juarpammsl ¥ rpagpuxku B Word

B Office Word mnpemnaraercss BO3MOXXKHO CO3/IaHHE pAa3HBIX THIIOB JHarpamMMm H
rpaduKOB, HCHOJb3YEMBIX B pa3IMYHBIX TUIAX JOKYMEHTOB. JluarpaMmbl MOJHOCTBIO
unterpupoBanbl ¢ Office Word 2007. Ecnu ycranosnena nporpamma Excel, MoxkHO co3naBath
nuarpammsbl Excel HemocpeactBeHHo B Word: 10cTaTrouyHo HaxaTh KHONKY Jlmarpamma Ha
nente (Bkinaaka BeraBka - HiumiocTpaunuM) M 3aTeM BOCIOJB30BAaThCS CPEACTBAMHU  JUIS
paboThl ¢ auarpaMMamu JUis M3MEHEHUs WM ¢GopMmaTtupoBaHus Auarpammbl. Co3JaHHbIE
IrarpaMMbl OyayT BHEApPEHBI B TOKyMeHT Word, a JTaHHBIE AMarpaMMbl COXPAHEHBI B JIUCTE
Excel, Bkimtouennom B aitn Word.

MoxHo Takke ckomupoBarh auarpammy u3 Excel B Word. Ilpu komupoBanuu
JarpaMMbl OHa MOKET OBITh BHEJPEHA KaK CTATUYECKUN OOBEKT WIIM CBSi3aHA ¢ KHUIOW. J{nd
CBSI3aHHOW JUarpaMMbl, K KOTOPOHl TOJb30BaTellb HMEET JOCTYI, MOXHO 3aJaTh
aBTOMAaTHYECKYI0 IIPOBEPKY M3MEHEHUH B CBA3aHHOW KHHUIE IIpU KaXJIOM OTKPBITHH
JarpaMMBbl.

Bo3moskHbI ABa crioco6a 100aBiIeHUs JuarpaMMbl WM Tpaduka K JOKYMEHTY:
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1)  nobGaBneHue auarpaMMbl B JOKYMEHT IIyT€M BHEApPEHHs (IIPH BHEIPEHUHU IAHHBIX U3
muarpammbl Excel B Word atu nannble penaktupyrores B Excel u 3ToT nuct coxpansiercs ¢
nokymentom Word);

2)  BcraBka quarpammbl Excel B mpe3eHTanuio U ycTaHOBKa CBS3M ¢ NaHHBIMU B Excel (mpu
KOMMPOBaHMU JuarpaMMbel U3 Excel um BcraBke HX B JOKYMEHT JaHHBIE JUarpamMmMe
cBs3biBatoTes ¢ auctoM Excel. Jluct Excel siBnsiercst otnenbHbIM (ailiioM U He coXpaHsieTcs ¢
nokymentom Word. Ilockonbky B 3ToM ciydae paboumii nuct Excel He siBisiercss 4acTbio
nokymenta Word, TO a8 UW3MEHEHMsI JaHHBIX B JMarpaMMe HeoOXOJIUMO BHECTH
COOTBETCTBYIOIIME U3MEHEHMsI B CBsA3aHHBIN JucT B Excel).

JUis BCTaBKM AMarpaMmbl B JOKYMEHT Hymem 6HeOpeHus HeOOXOIUMO BBINOIHUTh
CIEAYIOLIME NEUCTBUSA:
1) B pokymente Word LIENTKHUTE B MECTE BCTABKHU JIMarpaMMbl;
2) HaBkianke BeraBka B rpynmne Mimiocrpanuu BeiOepute myHKT Juarpamma;
3) B nuanoroBoM OokHe BeraBka auarpaMmbl IIEIKHUTE AMAarpaMMy M HaKMUTE KHOIKY
OK;
4) mocie TOro Kak B pa3/ieJIeHHOM OKHe 3amycTturcs Excel ¢ Tabmuneid, cogepaxarieit oopasen
JAHHBIX, WIEJIKHUTE SYEHKYy B JINCT€ M 3aMEHUTE IPUMEpHbIE [aHHBbIC, BBEAS HY)KHBIE
peaJIbHbIE TaHHBIC;
5) 3aMeHuTEe NMPUMEpPHBIC MOANMHUCUA OCed B CTONOIE A M Ha3BaHUE JJEMEHTA JIETECHIBI B
CTPOKE;
6) B oxHe Excel naxxmute knonky Microsoft Office u BoiOepute komanny CoXpaHMTh Kak;
7) B muamoroBoM okHe CoxpaHeHHe JOKYMEHTa B CHHMCKe MANOK BHIOCPUTE MAINKy WIHA
JIMCK, HA KOTOPOM HYXXHO COXPaHHUTh paOouuil JUCT (UTOOBI COXPAaHUTh JIMUCT B HOBOW MArke,
HaxmuTe KHOIKY Co31aTh nanky);
8) B mone Ums ¢aiinaa Beenute HOBoe UM (aiina;
9) naxMute KHONKY COXpaHHUTh;
10) B Excel naxxmute knonky Microsoft Office, a 3aTem HaxkmMuTe KHONKY 3aKPBITh.

B Excel moxHO co3math paboumii aucT, cBsi3aHHbIM ¢ gokymeHtom Word. Ilpu
oOHOBIIeHNHU JaHHBIX B ucTe Excel mannbie oOHOBIsIOTCS U B ToKymeHnTe Word.

UToObl ycTaHOBUTH CBSI3b C JAaHHBIMU BHEIIHEro pabouero nucta Excel , cienyiite sToii
WHCTPYKITUU:
1) B Excel BoiOepute nuarpammy, IIEJIKHYB €€ IpaHUIly, U 3aTeM Ha BKjiaake ['1aBHasi B
rpynne Bydep od0mena HaxmuTe KHONKY Bbipe3aTs;
2) npmarpaMma ynansieTcs, HO ee JaHHble ocTatoTcs B Excel;
3) B gokymeHTe Word IIEIKHUTE B MECTE BCTABKU JUATPAMMBI;
4) na Brianke HavanbHasi cTpanuma B rpynne bydep o0mena BeiOeputre KOMaHTy
BcTaBuTh;
5) kxomnka IlapamMeTrpsl BCTAaBKM YKa3bIBa€T Ha TO, YTO JUarpaMMa CBsA3aHa C JAHHBIMU B
Excel;
6) coxpanute qokymMeHT Word ¢ auarpaMMoi, CBs3aHHO# ¢ naHHbIMU B Excel;
7) Tpu cIenyroeM OTKPBITUU JoKyMeHTa Word B OTBET Ha IpeIoKEeHUE OOHOBUTH JIaHHBIC
Excel naxxmute kHonky Jla.

Iloozomoeka oannvix 014 ouazpammel uau paguxa

Jist OONbIIMHCTBA JUArpaMM, TaKUX KaK THCTOTpaMMbl W JIMHEWYaThle, MOXHO
BBIYEPUYUBATH JIaHHBIC, PACIOJIOKEHHBIE B CTpOKax win croidmax Ha jucre Excel. Omgnako
HEKOTOpBIC THUIIBI JUArpamMM, Takue Kak KPYroBbIe U MYy3BIPHKOBBIC, TPEOYIOT OIMpeneiIeHHON
MOATOTOBKH JaHHBIX.
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Tun nmarpamMmmbl Pacnojioskenue 1aHHBIX

['mcrorpamma [To cronbiam uiu CTpoKam, Harpumep,
= KOO CHMMA
JInneliuaras
1 2
I'pacdux
3 4
C obnactsamu -
IToBepxHOCTH
Kog 1 3
JlenecTtkoBas
Cymmaa 2 4
Kpyrosas Omun croyGerl Wik CTPOKAa JAaHHBIX W OJMH
Konbiesas (¢ omHUM psIOM) cTonOell WM CTpOKa TMOAMNHCEeH JaHHBIX,
Harpumep
A
B 2
S &
K
A B C
1 2 3
Toueunas JlaHHBIE PACIOTIOKEHBI 110 CTONIOLAM, IPHYEM
[Ty3bippKOBas 3HAYEHUsI OCH X - B TIEPBOM CTOJIOIIE, a

COOTBETCTBYIOIIIME 3HAYCHUS OCH Y W/HIIN
pa3Mepbl My3bIPHKOB B COCEAHMX CTOJIOLAX,

Harpumep:
¥ Y PAIMEPHIN¥3bIPLKOB
1 2 3
4 5 6

I'pa¢mnyeckne o0bexkTHI B Word

I'pagpuxa - 510 oguH U3 BakHeWmMx smeMeHTOB aokymenta Word 2007. I'paduka
ObIBaeT IBYX BUIOB - pacTpoBas U BeKkTopHas. Pactposas rpaduxa B Word 2007 moxkeT ObITh
3arpyxena u3 rpapudeckoro daitia (¢ pacmmpenuem BMP, TIFF, PNG, JPG unu GIF) nin u3
JIPYToi mporpaMMsbl (Hampumep, rpadudeckoro peaakropa Adobe Photoshop).

['padmyeckue WILTFOCTpAIlUU, HAXOAsIUeCs B ToKyMeHTe Word, MOTyT UMETh pa3HyIo
npupony u hopmar:

e WUIIOCTPAIlNH  G6eKMOPHO20 muna, CcPOPMUPOBAHHBIE C TOMOINBID JUHUH U
reOMEeTPUUYECKUX PUTYP; UX OOBIYHO HA3BIBAIOT PUCYHKAMU,;

e pacmposvle 00beKmbl, COCTOSIIHE U3 OTACTBHBIX TOYEK; OOBIYHO WX HA3BIBAIOT
HU300pKCHHUSIMU.

[To cnocoOy 63aumooeticmeuss ¢ OKpYICArOWUM UX MeKCmoM WILTIOCTPAIIMH MOTYT
MOJIpa3eAThCs Ha JIBa OCHOBHBIX TUMA!

1) énedpennsvie 6 cmpoKy mekcma — pactoiiOKEHHbBIE B CJIO€ TEKCTa;

2) oomekaemoie mexkcmom — pacroI0KEHHbIE BHE €05 TEKCTA .

Wnmroctpanuu, pacrioioKEHHBIE B CIIO€ TEKCTa, MOYKHO PacCMaTpUBATh KaK OTACIbHBIC
CHUMBOJIBI, TIO3TOMY IPHU pabOTe ¢ HUMH HCIOJB3YIOTCS HEKOTOPBIC TPUEMBbI (pOpMATHPOBAHHUS
CHUMBOJIIOB U a03al1IeB.
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IIpu BbIAEIEHNN PUCYHKOB BOKPYI HUX IOSIBISIIOTCS MApPKepbl U3MEHEHUs Pa3Mepos.
Bun stux MapkepoB MO3BOJISIET CYIUTh O XapakTepe B3aUMOJICHCTBUS WJUIIOCTPALlUU C
OKPY’KAIOIIUM UX TEKCTOM.

Bexmopnasa zpagpuxa moxer O0bITh co3aana B jokymente Word 2007 uiaum BcTaBiieHa B
JIOKYMEHT C ITOMOIIbIO BCTPOEHHBIX rpaduueckux cpeacts Word 2007.

B noxyment Word 2007 MOXHO BCTaBUTbH CJIEAYIOIINE TUIBI TpaduKu (PUCYHOK, KIIHII,
rpadudeckue o0ObEKThI, pUCYHOK SmartArt, quarpamma) ¢ moMoIlbio KHONOK Pucynok, Kaum,
®@urypsl, SmartArt u Jlmarpamma, pacnojiO’)K€HHBIX Ha BKJIajake BeraBka B rpymme
HiumrocTtpanuu.

Kpome Toro, rpaduueckue o0bekThl unu BekTopHylo rpadguky Hagnuer u WordArt
MO>KHO BCTaBUTh U3 rpynibl Teker Ha Bkinaake BeraBka.

ITocne BctaBku rpaduku B qokymeHT Word 2007, Ha JleHTe MOSABATCS KOHTEKCTHO-
3aBUCHMBbIE€ HTHCTPYMEHTHI 10J] OOIIMM Ha3BaHUEM, KOTOPOE 0TOOpakaeTcsi B CTPOKE 3arojIoBKa
OKHa TpuiiokeHUsl. KOHTEKCTHbIE MHCTPYMEHTHI, pa3/elieHHble Ha KOHTEKCTHBIE BKIIAJKHU,
HOSBIISIIOTCS TOJIBKO TOT/A, KOTJa B IOKYMEHTE BBIJIENIEH OOBEKT OMPEIeIEHHOTO THIIA!

- (hopmar B rpynmne Padora ¢ pucyHkamu (BCTaBKa pacTPOBBIX PHUCYHKOB U3 (aiina u
KJIUIA);

- ¢popmar B rpymnme CpeacrBa pucoBaHus (BCTaBKa B JOKYMEHT F'OTOBBIX (QUTYP);

- KOHCTPYKTOp, dopmat B rpynmne Padora ¢ pucynkammu SmartArt (BcraBka pucyHKa
SmartArt 175 BU3yaJlbHOTO IIpECTaBIeHUs HH(OpMAIUN);

- KOHCTPYKTOp, MakeT, (opmar B rpymme Pabora ¢ auarpammamu (BCTaBKa
Jarpammbl JJis IPEJICTaBICHUS U CPABHEHUSI JTaHHBIX );

- ¢opmar B Trpynne Padora ¢ HagnucaAMH (BCTaBKa IPEIBAPUTEIHHO
oT(opMaTUPOBaHHBIX HAJIIUCEH);

- ¢popmart B rpynne Padora ¢ o6bekTamun WordArt (BcTaBka JEeKOPATUBHOTO TEKCTa B
JIOKYMEHT).

Pacmpoevle pucynku (pacTpoByr0 TpaduKy) W KIUNBI MOXKHO BCTaBIATH WA
KOMMPOBAaTh B JIOKYMEHT W3 MHOXECTBAa DPA3JIMYHbIX HCTOYHHUKOB. PacTpoBble pUCYHKH
CO3MIAIOTCSl Pa3IMYHBIMU TpapUUECKUMH TPHIOKCHUSIMH WM TEXHHYECKUMH CPEICTBAMU
(ckanepamu, ¢oroanmnapataM U T.A.) U BcTaBiAoTcs B JokymMeHT Word 2007 u3 daiina nim
npukiagHod mporpammbl. BeraBky rpadguku B Word 2007 ocymecTBISIIOT B TO MECTO
JOKYMEHTA, TJie YCTaHOBIIEH KypCop.

['oTOBBIE WITIOCTpAliM W3 JOKYMEHTOB, CO3JAHHBIX JAPYTUMH HPUKIAJIHBIMA
porpaMMamMu, MOT'YT ObITh TOMEUICHBI B JOKYMeHT Word pa3nuyHbIMU crioco0amu:

1) HenmocpenCTBEHHBIM nepemackugaHuem (QpParMeHTOB M3 OJHOTO JOKYMEHTa B JIPYrou ¢
MOMOIIBIO MBIIIY;

2) c nomortsio komang BCTABKA - ®aiin (Pucynok, O0bekr);

3) c nomomko Oygepa obmena (¢ ucnonbzoBanueMm komaug meHio [IPABKA - KonupoBath
(Bbipe3atsn), a 3atem IIPABKA - BeraButh i CnennajabHasi BCTABKA.

BceraButh B 1okyMeHT Word HIITIOCTPALMIO MOXKHO C TTOMOIIBIO CIEIYIOLIUX
KOMaH/] ¥ KHOTIOK:

1) BCTABKA - Pucynok - Kaprunku wm (Jo6aBuTh KapTHHKY) Ha TNaHEIH
UHCTpYMEHTOB PucoBaHue;

2) BCTABKA - Pucynok - U3 ¢aiina unu (Jlod0aBUTh PUCYHOK) HA TTAHETW MHCTPYMEHTOB
Hacrtpoiika nzo0paskenus;

3) BCTABKA - O0bekT, Ha Biagke Co3nanue u3 gaiina spiopats daiin us3 nanku ClipArt.

Bcemaexka pucynka ocymecTBisieTcsl CIEAYIOUIM 00pa3oM:
1. B ZOKyMEHTE HaJ0 ONPEEIUTh MECTO BCTABKU PUCYHKA,
2. YCTaHOBMTH KypcOp Ha MECTE BCTaBKU PUCYHKA;
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3. LIenKHYTh Ha KHoNKe PucyHok Ha BKiIaake Beraska B rpynne Minmocrpanuu;

4. B OTKpBIBLIEMCS OKHE JAMaliora BeIOpaTh TpeOyemblii (haill 1 JBaX/Ibl LIEIKHYTh HA HEM;

5. Korja pucyHOK Oyner BCTaBieH B JOKyMeHT, Ha JleHTe okHa mpuioxxeHuss Word 2007
NOSIBATCS. KOHTEKCTHBIE MHCTPYMEHTHI ¢ HaszBaHueM Pa0ora ¢ pHCYHKaMH, KOTOpBIE
IIOMEILEHbI HA KOHTEKCTHOM BKiIaike dopmar.

2.2 Pabora ¢ Ta0JMIIAMH M CIUCKAMHU

K OCHOBHBIM 3Tanmam co31aHHUA JOKYMEHTOB OTHOCSTCS:

. BBOJI TEKCTa (TaOJINI, pUCYHKOB, TpadUIECKUX OOBEKTOB);
PEIAKTUPOBAHUE COAECPKHUMOIO JOKYMEHTA;
(dopMaTupoBaHueE JTOKYMEHTA,

IIPOBEpKa PABOIMCAHUS;
1e4aTh TEKCTa;
coxpaneHnue (aiina.

Padora ¢ Tadbaunamu

Tabmuet Word npuMeHSIIOTCS [UIS CTPYKTYPUPOBAaHUS COJCPKHMOTO CTPAHHUIIEL.
Kpome Toro, TaGnuipsl HConb3ylOTCs i BblunciaeHuil. B Word ucrnonb3yercss TexHomorus
BCTaBKH U co3MaHus Tabmuil. BcraBky u coszmanue Tabnun Word MOXKHO OCYIIECTBUTH C
noMonipto KHomku Taoaumma. KHomka pacrnosiokeHa Ha BKIaake BceraBka B rpyiie
Tab6auupl. [lepen BcTaBkoil mo6oro obobekra B JokyMeHT Word HEOOXOIUMO YCTaHOBHTH
Kypcop B TO MECTO JIOKYMEHTa, TJie OH OyJeT HaXOUThCS.

[Tpu Haxatuu kHonku Tabamua oToOpakaroTcs OMIMK BCEX MSATH METOJIOB BCTABOK U
CO3IaHUs TaOJIHIL:

e I TOro 4TOOBI OBICTPO BCTaBUTh TaOiuIly, Hampumep Tabmuny 4x6, HEOOXOAUMO B
obrmactu BeraBka Ta0JMIbI BBIACTUTh HY)KHOE KOJMYECTBO CTONOIOB (4) U cTpok (6), u
HIETKHYTH JICBOW KJIABUIIIEH MBIIITN Ha BBIICIEHHON 00JIaCcTH;

e BTOpOU CHOCOO OCYIIECTBISIETCS C MOMOIIbIO OKHa auanora BeraBka tadauubl. [lis
NPUMEHEHHUs STOT0 METO/a HaJao BBIOpaTh M3 crmucka KoMaHay BeraBuTh Tadiaumy. 3ateM B
MOSIBUBIIIEMCSI OKHE JTMAJiora BHIOPATh YHCIIO CTOJIOIOB U CTPOK, BHIOPATH MIUPUHY CTOJIOIOB U
Haxxath OK;

e BCTaBKa TaOJNWIBI M3 KOJUICKIIMHM C TIOMOIIBIO OKHa jauanora BcerpoeHnslid. [ sToro
MOCJIC MIETUKA Ha MYHKTE JKCNMpecc-TadJauIbl HYXHO BBIOpaTh B OKHE quanora BerpoeHHbIi
TpeOyeMbIii 11a0JI0H (CTHITL) TaOIUIIbI;

e co3maHue TAONHMIBI MOXKHO OCYIIECTBUTh C TIOMOINBIO YKa3aTels MBIIIU, KOTOPBIH
NpPUHUMAET BHJ KapaHjalla IOCcje IIeYKa MbIbio Ha komaHie HapucoBaTh Tadaumy.
PucoBanue (co3manue) BhINONHSETCS B CBOOOAHON ¢opme. CHavama MOXKHO HapHUCOBATh
IPSIMOYTOJILHUK, 0003HAYAIOIINK BHEIIHWE TPAHWIIBI TAOIHIBI, 3aTeM B MPSMOYTOIHHHUKE
HApHUCOBaTh JIMHUU CTPOK U CTOJOLOB. UTOOBI ynanuTh JMHHUIO B HApUCOBAHHOM TabmuIe
HaxmuTe kHOMKy JlacTtuk Ha Bkiagke Koncrpykrop B rpynne HapucoBars rpaHuubl u
HICTKHUTE Ha JIMHUM, KOTOPYI0 HEOOXOAMMO yAanuTh. YToObl BbIMTH M3 pexkuMma JlacTuk,
HaxMuTe Ha KHomke JlacTuk. Jljis BbIXOJa W3 peXUMa PHUCOBAHUS HEOOXOJUMO Ha)KaTh
kHonky HapucoBars Tabauny Ha Bkiagke Koncrpykrop B rpynne HapucoBatsh rpaHuubl;
e cle OMWH CHoco0 co3maHusi TaONMUIBI TMO3BOJISIET MPEoOpa3oBaTh TEKCT B TaOIHILY.
[IpeoOpazoBanue Tekcra B Tabnuiy ocymiectiusercs peaakropoM Word 2007 B Tom cirydae,
KOTJ]a IMEIOTCS 3HAKW Pa3e/IUTeNel, TaKue Kak 3arsaTas Wid 3HaK TaOyIsIiH, B TEX MECTax,
/i€ TEKCT JOJKEH OBITh pa3OuT MO CTOIOIAM.
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Kpome Toro, B nokymente Word 2007 MOXKHO JIETKO BBITIOJHUTh BJIOKCHHE TAOIUII.
Hanpumep, mist pacmonoxkeHus: psaoM aAByx Taomun. CHadana co3gaercsi TaOiuia ¢ JBYyMS
s;TYeKaMu, a 3aTeM B OTH JIBE TUCHKU BCTABJISIOTCS TaOIHUIIBL.

[Tocne BcTaBKM, CO3JaHMS WM BbIIEICHUS TaOnuIbl Ha JIeHTe OKHA MPHIIOKEHHUS
MOSIBJISIFOTCSI KOHTEKCTHBIE MHCTPYMEHTHI TOJ 0o0muM Ha3Banuem PabGora ¢ Tadjauuamu,
KOTOpBIEC pa3JIeICHbI Ha JABE KOHTCKCTHBIC BKiIaaku Koncrpykrop u Maket. O01iee Ha3BaHHE
KOHTEKCTHBIX HHCTPYMEHTOB OTOOpakaeTcsl B CTPOKE 3arojIOBKa.

ITocne BCTaBKM WM CO3MaHUA TAOMUIBI IIEIKHUTE HAa OJHOM U3 €€ S4eeK, YTOOBI
HayaTh BBOJ TEKCTa WJIM BCTaBUTh H300paxkeHue. g penaktupoBaHusi U (HopMaTUPOBAHUS
TaOJUII MOXKHO HCIOJBb30BaTh HMHCTPYMEHTBI, TIOMEIIECHHBbIE Ha BKIaakax MakeT u
KoHcTpyKkTOp, KOTOpbIE aKTUBU3UPYIOTCS IIPU BbIAEICHUM TaOJIMIIbI UM YCTAaHOBKE Kypcopa
B OJIHY U3 €€ STYCCK.

st co3maHusi HOBOTO CTHUIA TaONMUIBI HAa BKIaake KOHCTPYKTOp B TpyIIe CTHIU
TAaOJIMIl HAIO0 INEJIKHYTh Ha KHONKe JlomoJHMTeJbHbIE MapaMeTpbl, a 3aTeM BbIOpaTh
koMaHy Co3natb cTuiau Tadaunbl. OTkpoercs okHO auanora Co3aaHue CTHJISL, B KOTOPOM
MOJKHO CO3/1aTh HOBBIM CTWIb. PenaktupoBanue u (OpMaTUPOBAHUE TaOJIUI[ MOXHO
BBITIOJIHUTD, I/ICHOJIB3y$I KOHTCKCTHOC MCHIO U BCHJIBIB&IOH.[YIO MHUHU-IIAHCJIb (bOpMaTI/IpOBaHI/ISI,
KOTOpasi MOSIBIICTCS TPU KaXKIOM BBIJICJICHHH 00BEKTA.

Pabora co cmuckamu

B Microsoft Word MoxHO 100aBUTh MapKephl K CYIMIECTBYIOIIMM CTPOKAaM TEKCTa WU
aBTOMATUYECKU CO3JaBaTh MapKUPOBAaHHbIE CIHMCKM IpHU BBoxe. lcmonab3oBaTh OAMH U3
NEPEYUCIIEHHBIX HMKE MOJIX0/I0B MOYKHO B 3aBUCUMOCTH OT KOHKPETHOM CUTYyallUH.

Llobasnenue mapkepos unu wymepayuu K Cyujecmeyroujemy mekcmy.

e 3anycture Word u OTKpoOiiTe TOKYMEHT;

® BBIJICIHUTE AIEMEHTHI CIIUCKA, K KOTOPBIM TpeOyeTcst 100aBUTh MapKephl UM HyMEepaluio;

e Ha Bkiaake IlaHeab wWHCTpyMeHTOB - DOpMaTHpPOBaHHE, BBHINOJIHUTE OJHO W3
CIIEYIOIUX:

® Ha)XXMHUTE KHONKY MapKHPOBaHHBIH ciucoK - KHonka /151 100aB/ieHUs1 MapKepoB;

e Haxmure kHonkKy Hymepaums, yToObl 100aBUTh HyMEpPALIHIO;

e 110 yMONuYaHUIO (WM BbIOpaHHBIA B JTAaHHBI MOMEHT) MapKepa WM YHCIOBOM (opmar
N00aBISAETCS K 3JIEMEHTAaM CIIHUCKA.

Jlobasnenue mapkepos unu HOMepO8 CHRUCKA CYWECMEVIOUWUX IIEeMEHMO8 MeKCMa MOICHO
UCNONbL306aAMb HOPMAM MAPKUPOBAHHO20 UNIU HYMEPOBAHHO20 CNUCKA:

e 3amycture Word 1 OTKpOHTE TOKYMEHT;

® BBIJCIUTE IEMEHTHI CIIUCKA, K KOTOPBIM TpeOyeTcst 100aBUTh MAPKEPhl UM HYMEPALUIO;

e Ha BKIagke DopMaT MeHI0O, HaOXMUTE KHOIKY Mapkepbl W HyMmMepaums, a 3aTeM
BBIIIOJIHUTE OZHO U3 CICAYIOIIUX JECHCTBUN:

® HaXMHTE KHONKY MapKHpOBaHHbIE BKJIAAKH, €CIIU TpeOyeTcs 100aBUTh MapKephl;

e HaxmuTe KHONKY Hymepanus BKIagKH, €Clid Bbl XOTUTE 100aBUTh HYMEpALMIO;

e BbIOEpUTE (hOpMAT MAPKUPOBAHHOTO UM HYMEPOBAHHOI'O CIIMCKA, U HaxxMuTe kHonky OK.
MHnozoyposnesvie cnucku u cmpyKkmypupoearue MapKuposaHHvlX CHUCKOS:

e 3amycture Word U OTKpOHTE TOKYMEHT;

e Ha BkiIaake Dopmar MeHI0, HUKMUTE KHONIKY Mapkepbl 1 HyMepanusi, a 3aT€M HA)KMUTE
kHonKy IIponymepoBaHHoii cTpyKTypoii Briaaka;

e BBIOEpHUTE 11000 CTHIIL (KpoMe ¢TI 3aro10BoOK 1) B BEpXHEM psily U HAKMHUTE KHOIKY
OK;

e TIEpBbII HOMEp CIIHUCKAa 0TOOPAXKAETCs B IOKYMEHTE;
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® BBEJUTE TEKCT CIIUCKA;
e He 3a0yabTe Haxarh kiasuiry ENTER nocnie kaxxnoro snemeHra.

Word aBromMaTtudecku BCTaBJsIET HOMEpA IOCIEA0BAaTEIbHOCTH B Hadaje KaXJIOW CTPOKHM Ha
IIEPBOM YpOBHE.

YToObl MepeMecTUTh 3JEMEHT MHOTOYPOBHEBOI'O JKEIA€MbI YpOBEHb, BBIIIOJHUTE OJIHO U3
CIENYIOLIUX ACUCTBUM:

e 4TOOBI NMEPEMECTUTH AJIEMEHT Ha 0oJee HU3KHUI ypOBEHb, BHIOEPUTE 3JIEMEHT U HAKMUTE
KHOIIKY YBeJMYHMTb OTCTYII;

e 4yTOOBI IEPEMECTUTH JEMEHT Ha 0ojiee BHICOKMI ypOBEHB, BHIOEPUTE JIEMEHT U HAKMUTE
KHOIIKY YMEHBIINTD OTCTYII;

® 13JIEMEHT MEpPEMEIIEH Ha YPOBEHb, KOTOPHII MOXHO yKa3aTh U COOTBETCTBYIOLIUN yYPOBEHb
HyMEpaliy BCTABJIETCS B HA4alI0 CTPOKHU.

3. IOPAJOK BBIIIOJIHEHUSA PABOTHBI
1) N3yuuTh TEOpETHYECKHE OCHOBBI BBIITOIHAEMON paObOTHI.
2) BbINOMHUTE NPEAJIOKEHHBIE IPENOAABATENEM JEHCTBUS C  HUCIOJIb30BAaHUEM

nporpammel Microsoft Word.
3) CoxpaHHTh COOTBETCTBYIOIIUM 00Pa30M MOJTYYEHHBIE PE3YIbTaThl PAOOTEHI.
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JlabopaTtopHas pabota Ne3

PACIIO3HABAHMUE TEKCTA, ®OPMATUPOBAHUE 1 O®OPMJIEHUE
JOKYMEHTA B COOTBETCTBHUU C I'OCT

1.IHEJIb PABOTbI
Lenbto naHHOW paboOTHl SABISETCS TMOJTYYEHUE MPAKTHUYECKHMX HABBIKOB IO CO3JAHUI0 U
PEAAKTUPOBAHUIO TEKCTOBBIX JOKyMEHTOB B nporpamme MS Office Word, ocBoenue onepanuit
(dopmaTupoBaHUs CUMBOJIOB U a03alieB, OCBOCHUE MPUEMOB pabOThI C TAOIUIIAMU U CIIUCKAMHU.

2. KPATKHE TEOPETUYECKHUE CBEJAEHUA

K oCHOBHBIM 3TanaMm co3gaHHs TOKYMEHTOB OTHOCSTCS:
BBOJI TEKCTa (TaOJIUI, pUCYHKOB, TpapHUECKUX OOBEKTOB);
penakTUPOBAaHHUE COJIEPKUMOTO TIOKyMEHTA;
(bopmaTupoBaHUE TOKYMEHTA;

NpOBEpKa MPaBOIHCAHMS,

neyaTh TeKCTa;

coxpaHeHue (aiina.

I'OCT u ECKJ

I'ocynapctBennble crangaptel (I'OCT) — 3TO0 HOpMaTHBBI, KOTOPBIE YCTaHABJIMBAIOT
B3aMMOCBSI3aHHBIE [TPABUIIA U MTOJIOKEHHUS IO MOPAAKY Pa3padbOTKH, 0(OpMIIEHHUS U 0OpalleHHs
KOHCTPYKTOPCKOW JOKYMEHTAallMM, pa3padaTbiBaeMOil M TNPUMEHSIEMOM OpraHU3alUsIMH,
MPEANPUATHAMHI U YUeOHBIMU 3aBEICHUSMU.

Enunas cucrema koHcTpykTtopckoit pokymentauuu (ECKJ[) — »sT0 KOMIuekc
rOCYy/IapCTBEHHBIX ~CTaHAAPTOB C HOPMAaMH, COIJIACHO KOTOPBIM  pa3padaThIiBalOTCA,
COCTABJISIIOTCS U IPUMEHSIOTCS. KOHCTPYKTOPCKHUE YEPTEKHU.

ECKJ — sto enunas cucrema, a ['OCT — 3T0 craHiapThl, HUCIOJIb3yeMbIE€ B 3TOl
cucreMe. B cBsA3M ¢ pa3sBUTHEM IPOMBIIUIEHHOCTH W COBEPIICHCTBOBAHUEM WH)KCHEPHOU
rpaduKu CTaHJAPThI IEPUOIUUECKH ITEPECMAaTPUBAIOTCS.

Ocnosnblie TpedoBanusi 'OCT, npumensiembie K 0(pOPMIIEHHIO TEKCTOBBIX
JOKYMEHTOB

BOSBITMHCTBO TEKCTOBBIX JAOKYMEHTOB (pedeparsl, MOSCHUTENbHbIC 3alMCKA U T..I.)
opopmitsirorest B coorBeTcTBum ¢ TpeboBanusmu ['OCT 2.105-68 ECKJI. HambGonee uacto

BCTPCHUAIOIIUCCA Tpe6OBaHI/IH IIPpUBCACHLI B Ta6J'II/II_Ie.

Tpebosanus k oghopmaenuro mexkcma 6 pedaxmope Word

dopmar 6ymaru A4 (210 x297)
I"apHuTypa Tekcra Times New Roman Cyr
Kerns (pa3zmep mpudra) 14
Mex)CTpOUYHBIM UHTEPBAJI ITonyropHslit
AG3arr (kpacHast CTpOKa) 1.5cm
Ilepenoc ABTOMAaTHUYECKUI
BrIpaBHHBaHUNE Ilo mmpuHe nucra
Penakrop dopmyn Microsoft Equation 2.0/3.0
Pazmepsr:

OOBIYHEIN; 12
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KPYITHbIA UHCKC; 8.4
MEJIKMU UHJCKC; 7.2
KPYIHBIN CHMBOJT, 16
MEJIKUH CUMBOJI 9

C neBoii CTOPOHBI JICTa HEOOXOAUMO OCTABUTH IOJIE, INUPUHON 25 MM, CIiTy>Kalee s
CHIMBKM JIMCTOB, BCE OCTaJbHBIE NOJII JOJDKHBI MMeTh mupuHy 10-15 mMm. Bee crpanuis
TEKCTa JIOJDKHBI OBITh NpPOHYyMepoBaHbl. Hymepauus cTpaHuUI] CKBO3HAas, MPOCTABISETCS B
IpaBOM BepxHeM yriy. [lepBoi cTpaHMIEN SBISE€TCA TUTYJIBHBIM JINCT, HA KOTOPOM HOMEpP
CTpaHULbl HE CTABUTCSI, JaJIee UAYT COACPKAHUE U U3JI0KEHUE BCETO MaTepuaa.

Pucynok (tabimia) momemaercs B 3alMCKe Ha JIMCTE, MMEIOIIEM HOMEp, NMpUYEeM He
paHee TOM CTpaHUIlbl, HA KOTOPOW Ha HEro CAejlaHa CChbUIKA B TEKCTE. B 3ammcke He NOIKHO
OBITh PUCYHKOB M TaOJMI], Ha KOTOpble HET cCchUIOK. Kakaplii pucyHOK (Talnuia) JOKHbI
MMETh Ha3BaHUE.

®opMyJbl, ypaBHEHUS U IpYyrUe MAaTEMaTHUYECKUE BBIPAXKEHUS MOTYT ITOSIBUTHCS B TEKCTE
TOJIBKO II0CJIE COOTBETCTBYIOLIETO MMOSCHEHUS.

[Ipn wncnosib30BaHMU JIMTEPATYPHBIX HCTOYHMKOB OOSI3aTENIBHO [EJIAaeTCsi CChbUIKa Ha
UCTOYHUK. B KOHIlE JOKyMEeHTa NPUBOIUTCS CIHUCOK JIMTEpaTyphl, KOTOpas OblLia
UCIIOJB30BaHA IIPU €ro COCTaBJIEHUHM, N0JA 3aroyioBKOM «CIHCOK HCIIOJIb30BAHHBIX
UCTOYHMKOBY». CNMHCOK M CCHUIKM Ha Hero B Tekcre odopmisrorcs nmo 'OCT 7.32 -91. B
CIIMCOK CJIEAYET BKJIIOYUTH BCE MCIOJIb30BAaHHBIE UCTOYHUKHU B MOPSIIKE MOSBICHUS CCHUIOK B
TEKCTE 3alMCKU WM B ayipaBUTHOM nopsake. [Ipy 3ToM B KBaJpaTHBIX CKOOKaX yKa3bIBaeTCs
€ro MOpPSAKOBBII HOMEpP B CIMCKE MCIIOIB30BAHHOW JIATEPATypbl M HOMEDP CTPAaHULbI WU
pucyHka, Haripumep [7, c.15], [10, ¢.203, puc.2.15].

3.110PAJOK BBIIIOJIHEHUSA PABOTbI

1) M3yuuTh TEOpETHUECKHE OCHOBBI BBIIIOJIHAEMOM paObOTHI.

2) BpINONHUTH TNpPEANIOKEHHBIE IPENOJABaTENEM JEHUCTBUS C HCIIOJIb30BAHUEM
nporpamMmbl Microsoft Word.

3) CoxpaHHMTh COOTBETCTBYIOLIMM 00pa30oM MOJYUYECHHBIE PE3YJIbTAaThl PAOOTHI.
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JlabopatopHas pabota Ne 4

W3YUYEHUE CTAHIAPTHBIX DJIEMEHTOB HHTEP®ENCA ITIPOT'PAMM
PABOTDI C QJIEKTPOHHBIMHU TABJIMIAMHU. COPTUPOBKA JTAHHbBIX B
IJIEKTPOHHbIX TABJIMIAX

1. HEJIb PABOTbI
Henbto naHHOW paboThl SBISIETCA MOJIY4YEHHE MPAKTHUUECKUX HABBIKOB pPA0OTHI €
3JIEKTPOHHBIMH Ta0JIMIIAMU U ITaHHBIMU B Iiporpamme Microsoft Exsel.

2. KPATKHUE TEOPETUYECKHWE CBEJIEHUSA
Hacrpoiika 3xpana Excel

1) 3amyctute TabauuHbIM nporeccop Excel.
2) O3HaKOMBTECH C MAHEIIMU UHCTPYMEHTOB B OKHE ITporpaMMsbl Excel.
3) Beenute mapamerpsl HacTpoiiku nporpammsl Excel (uiam mpoBepbTe X YCTaHOBKY), HE
CHMMasl paHee YCTaHOBJIEHHBIE ApYrue (IaXKKu U MePeKITI0YaTeNH.
4) C nomoupto komanasl MeHI0 BUJI - I1aHein HHCTPYMEHTOB BBIBEIUTE HA HKpaH MaHEIH
uHcTpyMeHToB: CTanaaptHas, @opmarupoBanue, QOdaacThb 3a1a4.
5) C nomompto koMauael MeHio CEPBUC - Ilapamerpsl Ha Bkiagke Bua ycranoBure:
CTPOKY COCTOSIHUS, CTPOKY (hOpMyJI, OKHA HA IAHEH 3a/a4, 00JIacTh 3a/1a4 IIPU 3aIlyCKe.
6) Ycranosure nepekitouatesib O0beKkThl — OTOOPaKATS.
7) B none IlapameTpbl OKHA yCTaHOBUTE CJICAYIOIIHME (PIIAKKH: CETKAa, 3ar0JIOBKH CTPOK U
CTOJIOIIOB, CUMBOJIBI CTPYKTYPBI, BEPTHUKAJIbHAS I10JI0OCA MPOKPYTKHU, TOPU3OHTAIbHAS 110JI0CA
MIPOKPYTKH, SIPIBIYKHU JIUCTOB, aBTOPA30MEHNE HA CTPAHUIIBI.
8) CHumure Quaxox ®OPMYJIbI B nosie [lapameTpbl OKHA 10JIKEH OBITh CHAT
9) Ha Bknaake OOmye yCTaHOBUTE CIIEIYIOIINE TapAMETPhIL:
e cuumute ¢naxok Cruap ccebliok R1C1. B 3TOM ciyyae mo yMONTYaHHIO
yCTaHABIMBAETCS CTHIIb CChUIOK Al mpu KOTOpoM cTosOIbl 0003HaYal0TCs OyKBaMHU OT
A no Z; Ilpu ycranoBiaenHoM ¢naxkke R1C1 u cronbupl, U CTpOKHM 0003HAYAIOTCS
wpamy;
® JIIICTOB B HOBOM KHHTE - 3;
e crangapTHsI mpudt - Arial Cyr, pasmep 10;
® yKa)xuTe pabounii KaTajor JJs COXpaHEHUs! HOBBIX (ailyioB (110 yMOJIIYaHUIO) - BBEJIUTE
IyTh Y UM Balllel MaIku;
® BBEANUTE UMS IIOJIb30BATEIS.
10) Ha Bxiagke BplumciaeHMsi  yCTaHOBUTE — Iepekirodarenu: BulumciaeHuss —
aBTOMATHYeCKH, TOYHOCTh KaK HA JKpaHe.
11) Ha Bxiaake IIpaBka ycTaHOBUTE Cieqyronue (prIakku:
e [IpaBka npsiMo B sU€CHKE;
e JleperackuBaHue sueek;
e [lepexon k Apyroi siueiike mociie BBOAA;
e ABTO3aBEpILECHUE 3HAUECHUN SUYEEK.

Anpecanus siuyeex
dnekmponnas mabauya - 5>T0 paboTtarolias B JUAJIOTOBOM peXHME IporpamMmma

00pabOTKM YHCITIOBBIX MaHHBIX, XpaHAmas v obpabaThiBaromias JaHHbIE B MPSIMOYTOIBHBIX
TadIuIax.
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DJeKTpoHHas TabIuIa COCTOUT U3 CTONONOB U cTpoK. CTonO1bl 0003HaYa0TCss OyKBaMu
(A, B, C,...,Z, AA, AB,..., IV) a ctpoku - uncinamu (ot 1 1o 16384). [lepeceuenne crondua u
CTPOKH - AUCHKA.
AJlpec sTYEHKH DJIEKTPOHHOM TaOJMIIBI COCTABIISCTCS M3 3arojOBKa CTOJOIA M 3arojoBKa
ctpoku (A4, C7).
B Excel taGnuier Ha3bIBaOTCS padouumu aucmamu. Vimena u mopsioKk pacroioKeHUs
JMCTOB MOKHO MEHSTb.
Kaxnpiii ¢aiin anexrponHoi Tabnuuel Excel sBnsercs padoueii knuzoi.
Jlnis BBOJIa TaHHBIX B siYEHKY MOKHO HakaTh KiaBuily Enter wiu menkHyTh MBIIIBIO HA
JIpYrou siuelKe.
OCHOBHBIMU Munamu OAHHLIX SBISIIOTCA: YUCIIO, TEKCT, (hopMmyIa.
Yuciaa MOTyT OBITH 3aIMCaHbl B 0OBIYHOM YHCIIOBOM MJIM SKCIIOHEHIIMAIFHOM (opmare.
TexcToMm sBIsETCA MOCIEI0BATEIBHOCTh CUMBOJIOB.
®opmyna AOKHA HauMHATHCSl CO 3HAKa PABEHCTBA M MOXKET BKJIIOYAaTh B ceOsl 4ucia,
UMEHa sf4YeeK, GYHKINU U 3HAKM MaTeMaTUUECKUX OMeparui.
OcHoBHbIE ghopmambl oannpix: YucnoBoi, DxcrioHeHIMANBHBIN, [lenexusiii, [laTta, Bpems,
TekcTOBBIN U T.1I.
O6o3HaueHne SYEHKH, COCTABIEHHOE M3 HOMEpa CTOJIOIA U HOMEpa CTPOKH, Ha3bIBAETCS
omuocumenbHvim adpecom (OTHOCUTEIBHOM CCHUIKON) MM MPOCTO CCHUIKOM MIIN aJpecoM.
Abcontomnbtit adpec sueiikyu (aOCONIOTHYIO CCBUIKY) HCIIONB3YIOT B TOM CIIy4ae, €Clid Ipu
KOMMPOBAHUU (OPMYJIbI CChUIKA HA SYEUKY HE J0JKHA U3MEHSATHCS.
AOcComIoTHast CChUIKA CO3/a€TCd M3 OTHOCUTEIBHOW CCBUIKM IyTEM BCTABKH 3HAKA
oonnapa ($) epe 3aroJIoBKOM CTOJIOIA U/ HOMEPOM CTPOKH, Harpumep: $AS1.
AbcomioTHas ajgpecanus sUE€EeK HCIOJIb3yeTcs, HalpuMep, IPU BBIYMCICHUU MPOLIEHTOB
(m0aM) OTAENBHBIX KOMIIOHEHTOB OTHOCHUTENBHO Kakoro-iu0o uwuciaa (CyMmsbl). Agnpec
CYMMBI [JOJKEH OBIThb IOCTOSHHBIM (aOCOJIIOTHBIM), a ajpeca JApPYTruX KOMIIOHEHTOB
BBIYMCIICHUS JOJKHBI ObITh OTHOCUTEIbHBIMU.
WHorpa mcnonb3yloT cmewiannwlii adpec, TIe OCTA€TCA MOCTOSIHHBIM TOJBKO OAWH W3
KOMIIOHEHTOB, HallpuMep,
$B7 — He Oynet u3MEHATHCSI HOMEP CTOJIONA;
B$7 — He Oyzmer U3MEHSTHCS HOMEP CTPOKH.
HN3meHeHne THIA CCBUIKM Ul PEJAKTUPYEMOIO ajpeca IPOU3BOJUTCS € IOMOUIbIO
knapuiu F4.
B Excel mpeagycmotpeH ymoOHBIH CIOCOO CCHUIKM Ha SYEHKY MyTeM MPUCBOCHMS ITOUN
A4yeiike IPOU3BOIBHOTO UMEHU.
Nmena siueexk MCHoNb3yloT B (GopMysax BMeCTO aapecoB. VMIMeHa syeek HpeiCTaBisOT
co00it abcontomuule ccoliKu.
Ilpuceoumps sueiike coOCTBEHHOE UMS (WIH yOaaums UMs) MOXKHO C MTOMOILBIO KOMaH[Ibl
BCTABKA — Ums - [IpucBouTh UM UCIIONB3YS nOME UMEHU.
B nocnennem ciydae HeoOX0MMO:
* BBIICNIUTH AUEHKY (WJIM TMaIa30H siueeK);
* LIEJIKHYTh MBILIBIO B [10JI€ UMEHH (B CTpOKe (pOpMyIT), HOCIIE ITOr0 TaM MOSBUTCS TEKCTOBBIN
Kypcop;
* BBECTU MMs U HaXaTh KiaBuiy Enter.
WM 10MKHO HAYMHATHCS ¢ OYKEbl PYCCKOTO WIIM JIATUHCKOTO andaBuTa. B uMeHu nenvss
UCNONb306aMb NPOOEbI.
Jns ObICTPOro NPHUCBOEHUS sA4YeHKe COOCTBEHHOTO HMMEHHM HCHOJIb3YeTCsl KOMOMHAIUS
knasum Ctrl+F3.
Jnist ObICTpOM 6cmasku umenu 6 gpopmyny uctonb3yercs kiapuma F3.
g nepexooa x syeilkaM, UMEIOIIMM COOCTBEHHbIE MMEHA (WJIM yKa3aHMs UX ajapeca B
(bopmynax), paCKpbIBAIOT CIIUCOK 104 UMeHU Y BBIOUPAIOT HE00X0AUMOE UMSL.
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st 6pICTpOro mepexoja K siueiikam, KOTOPHIM MPUCBOECHBI UMEHA, UCHOJb3YIOT KIABHUIIY
FS.

®opMaTHpPOBAHUE JAHHBIX

[Iporpamma Excel ¢ momompio xomanasl @OPMAT - ¥YciaoBHoe ¢opMmaTupoBanue
MO3BOJIICT BBINONHATH YC106HOE (hopmamuposanue, T.. BHIICIITh B TaOMUIE OTAETbHBIC
SYEHKH, YAOBJICTBOPSIONIME OIMPEACICHHBIM YCIOBUSAM, U MPUMEHATh K HUM OdopmIieHHE,
oTnu4YHOe OT (opMaTupoBaHus Bced Tabmuipl. Ecnu 3HayeHWe sueiiku W3MEHSAETCs |
MepecTaeT yIOBIETBOPITh 33JaHHBIM YCJIOBHSM, TO IMpOrpaMMa aBTOMATHYECKH OTMEHSET
(ckpbIBaeT) MPUMEHEHHOE K ATUM sueiikaM (opMaTUpOBaHUE.

B xauectBe ycnoBuii (kputrepueB) (GpopmMaTUpPOBAHHS OTIETBHBIX SUEEK TAOIUIBI MOKHO
HCII0JIb30BATh:

* TIOCTOSIHHBIC 3HAYEHUS ueeK (KOHCTAHTHI);
* (opMyIIBL, COMIEprKaIINe CCHUIKH Ha APYTUe STYCHKHU U 1aThI.

s mpuMeHeHUs ycIoBHOTO (opmarupoBaHus (BBIICICHUS SYCEK, YIOBICTBOPSIONIUX
OTIpeIeIEHHBIM YCIOBUSIM) HYXKHO:
1) Bergenuth HEOOXOAUMEIC SUCHKH.
2) Beectu komangy @®OPMA - YcioBHoe popMaTHpOBaHUE;
3) B nuamoroBoM okHe Yc¢J0BHOe (POPMATHPOBAHHE BBHINOJHUTH OJHO M3 CIEAYIOIIUX
JICUCTBUIA:
e BHIOpaTh MapameTp 3HAYEHHE U BBECTH HYKHOE 3HAYCHHE Wi (HOPMYIy, IIOCTABUB Tepe
Hel 3HaK paBeHCTBa (=);
e BbIOparh napamerp PopmyJia U B 10JI€ CIIpaBa BBECTH HYXHYIO GOpMYITy.
4) llenkuyth mo kHONike PopMaT U BeIOpaTh TUM HipudTa, 1[BET, NOJICPKUBAHHUE, PAMKY, a
TaK)Ke IBET 3aJTUBKH U Y30P.

Jl7iss 0TMeHBbI PUMEHEHHBIX K SYeKaM YCIOBHBIX (DOPMAaTOB HYXKHO:
1) BBIIEINTH HEOOXOMMMEIC STUCHKH;
2) BBectu koManay POPMAT - YcaoBHoe popMaTupoBaHue;
3) B AMAJIOrOBOM OKHE YCJOBHOe (hopMaTHpOBaHHME IIEIKHYTh IO KHOIKE YIAJUTh U
yKa3aTh HY’KHbIE YCIIOBUSI.

Buvioenenue aueek, cmpok, cmonoyoe, 610K08 u aucmos

brnox (auama3oH) syeek MOXKET OBbITh YyKa3aH HEMOCPEICTBEHHBIM Ha0OpoM ¢
KJIaBHATypbl HA4YaJIbHOTO MU KOHEUHOI'O aJpecoB suyeeK, (pOopMUPYIOIIMX Auana3oH, HalpUMep,
Al1:C12.

IIpu BBOJE JaHHBIX B SYEHKH 3JIEKTPOHHOM TaOIMILIBI UX HEOOXOIUMO 3aUKCUPOBATh,
T.€. COOOLIUTH IpOrpaMMe 00 OKOHYaHHH BBOJA.

3aukcupoBaTh TaHHBIE MOKHO OJIHUM H3 CIIOCOOOB:

* HaXkaTh Kiasuiy Enter;

* LIEJIKHYTh MBIIIBIO T10 IPYroi s;TYeUKe;

* NIEPEUTH K IPYroy STYEUKe C MOMOLIBIO KIIABULI YIIPABIICHUS KypCOPOM;

* LIEJIKHYTh MbILIbIO 110 KHOIIKe Konen BBoaa B Ctpoke gopmy.r;

* [ICJIKHYTh MBIIIBIO HA KBAJAPATUKE B HUYKHEM MpaBoM yriy siueiiku Taoauua 1.

OOparure BHMMaHHME Ha TO, YTO B EXcel TeKCTOBbIe NaHHBIC BHIPABHUBAIOTCS II0
JICBOMY KpPal0, a YNCIIa U JaThl - 110 IPAaBOMY KpaIo.

* Boirenure stueiiky D1, BBenuTe hopMyiy Asisi BBIYMCICHHUS BO3pacTa 3eJeHorpaja.

Beoa ¢opmys Bcerna HaYuMHAeTCsl CO 3HAKA paBeHCTBA =. Ajpeca sSYEEK HYKHO
BBOJIUTH 0€3 MpoOEJIOB U M0 JATUHCKOMY PErucTpy. Azlpeca siueek MOKHO BBOJUTH B (POPMYJIBI
0€e3 UCMOIb30BaHMS KIABHATYPbI, a IPOCTO LIEJIKAsl 10 HUM MBIIIbIO.

V3MeHuTh MUpHHY CTOJOLA MOXKHO, MEpETalMB MBIIIbIO MpPaBbIil pa3ienuTenb B
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CTPOKE 3aroJIoBKa CTOJIONA WM ABAXKABI IIEIKHYB M0 Pa3JeNUTeNI0 CTOI0IA WIM UCHOIb3Ys
koMaH/pl MeHI0O D®OPMAT - Croaben - IHHupuna (ABTOmoadop IMMPHHBI WIH
CrangapTHasi IIUPHHA).

N3MeHNUTH BBICOTY CTPOKH TAKXKE MOKHO € IIOMOILIBIO MBIIIN WX C TOMOLIBIO KOMAH[
MeHI0 ®OPMAT - Ctpoka — Beicora.

Ilepemewienue, konuposanue, 3anoiHeHue
UtoOBI ckomupoBath (HOPMYITy M3 OJHOU SUYEHKH B JAPYTYH0 HEOOXOIUMO BBITOTHUTH
CIEAYIOLIME NEUCTBUS:

® BBIJICTIUTE STUYEHKY;

® YKQKUTE MBIIIBIO HA MApKEp aBTO3AMNOJHEHUs MAaJCHbKHUI KBaJapaT B MPABOM HUKHEM YLy
STUYCHKMU;

® 110CJIe TOTO KaK Kypcop MPEBPATUTCS B YEPHOE MEPEKPECTHE, HAKMUTE JIEBYIO KHOIKY MBIIIH
U, YIEpKHUBasi €€ HaXKaTou, IepEMECTUTE MapKep BHU3, B CIEAYIOIIYIO SUCHUKY;

e o0paTuTe BHHUMaHHE Ha TO, YTO B CTPOKE BBOJA BhICBeUMBaeTcs (popmyia sl pacuera, a B
camoil sueiike OTOOpa)kaeTcsl 3HAUYEHUE - YHCIIO0, TOJYyYEeHHOE B pPEe3yNIbTaTe BBIYMCICHUS 1O
aToit hopmyie.

Takke MOKHO CKOITUPOBATh COAEPKUMOE OJJHOM SAYEHKH B IPYTyI0 IMOMOIIBI KOMaH/
ITPABKA - Beipesats, [IPABKA - BeraButs.

Yem oriamuarorcs onepauuu Bbipedats u BeraButh B Excel oT ananormdHbix
onepanuii B nporpamme Word MOKHO IMOHATB, BBHIIIOJIHUB CIIEYIOIIEE YIPaKHEHUE:
* CKOMUPYHTE C TOMOIIBIO MBIIIH COJIEPKUMOE aueiiku Al B stueiiky AS;
* BBIACHIUTE sUeKy Al M mpoTamuMTe €€ MBIBI0 Ha MATh PSJAOB BHU3, «yXBATHUBIIKHCHY» 3a
MapKep 3aIloJIHEHUS - KBaJpaT B IPAaBOM HUKHEM YTIIY;
B siueiiky F1 BBeaute moboe uncio, B sueiiky G1 — moboe ciioBo, a B sueiiky H1 BBenure
2000;
* Beienute 0710k F1:H1 u nmportamute ero 3a Mmapkep 3anonHeHus Ha 10 cTpok BHU3;
* NIPOAHAIM3UPYNUTE PE3YIIbTAT.

Pe3ynbpTar ncnonab30BaHs MapKepa aBTO3aN0JHEeHUs] MOXHO YBUIETh, BBIIIOJHUB CJIEIYIOLINE

oreparuu:

* B aueliky E9 BBenute cnoBo Cpena;

* BpIZIENUTE sTuekky E9;

* YKa)XUTE MBIIIBIO HA MapKep aBTO3aIMOJIHEHMUS;

* HOXMUTE JIEBYIO KHOIIKY MBIIIU U, YIEPKUBAsA €€ HAKATON, IEPEMECTUTE yKa3aTedb MBIIIH
Ha ISTh CTPOK BHU3;

* cHOBA BhIJIeTUTE siueiiky E9 u mpoTtamure ee 3a Mapkep aBTO3aMoOJHEHUS Ha MSATh CTOJIOIOB
BIIPABO;

* TOBTOPUTE OMNEpAIMIO MepeTackuBaHus sueiiku E9 ¢ momoiipio Mapkepa aBTO3aroOIHEHUS
enie 2 pas3a - BBEpX U BIIEBO;

* IPOAHATMZUPYITE PE3yAbTATHl U OUYUCTUTE JIUCT.

* B saueiiky E9 BBequTe uncio 1;

* B sueiiky E10 BBenute uncio 2;

* B siueliky F9 BBeaute uncio 3;

* Bpienute 0ok m3 aByX sdyeek: E9:E10 m mporamure ero 3a mMapkep aBTO3aIlOJTHEHUS
BHavaje BHU3,;

* cHoBa Beiienute 0s10k E9:E10 u mportamuTe ero 3a Mapkep aBTO3aroIHEHUS BBEPX;

* Beienute 0sok stueek E9:F9 u mporamuTe ero 3a Mapkep aBTO3aroHEHUsT HAIPABO;

* BeIENUTE enie pa3 ook siueek E9:F9 u mpoTamuTe ero 3aMapkep aBTO3arnogHEHUS HAJIEBO;

* [IPOAHAIU3UPYHUTE PE3yIbTATHI U OUUCTUTE JIUCT.
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* B sueiixy ES BBeaute uncio 25;

* B siueiiky F5 BBeaute uucno 50 u mporamure 0ok siueek ES:FS 3a mapkep aBro3anosiHeHus
Ha HECKOJIbKO CTOJIOLIOB BIPABO;

* B siueiiky E1 BBeguTe SAnBaps;

* BeIEenUTE A4eliky E1 u mpoTamuTe ee Ha NATh CTOJIOLOB BIPABO;

* cHOBa BeIZenuTe sUeiiky E1 u mpoTamnuTe ee 3a Mapkep aBTO3aMOJHEHHS 0 KOHIAa pabodero
JIMCTA BIIEBO;

* BBIJICJIUTE BCIO NIEPBYIO CTPOKY U MPOTALIUTE €€ 32 MapKep aBTO3ANOJIHEHHUS, CTOSIILUN ClieBa
B Hayaje cTpoku, Ha 10 cTpok BHU3;

* [IPOAHAIU3UPYUTE PE3YIIBTATHI.

CopTupoBka U GUIbTPAIUA JAHHBIX

WNHorpa Tabmumpel MOTYT COJAEpKATh JIOBOJIBHO OOJbIIOE KOJIMYECTBO JIaHHBIX,
NPE/CTAaBICHHBIX B BHJIE CIHCKA. B TakoM ciydae, OueHb IMOMOraloT B paboTe Takue
UHCTPYMEHTBI, KaK COPMUPOBKA CRUCK06 U UX (unvmpayus. [Tpu 3TOM CIUCOK JOJIKEH ObITH
oOpMIIEH OMpEeNeIeHHbBIM 00pa3oM, B IMPOTHBHOM CIIy4a€ HHCTPYMEHTHI COPTUPOBKU U
¢unpTpaun padborats HEe OYAYT.

Kak mpaBmiio, Cmucok COCTOMT W3 3amucei (CTpok) u mosier (cTonO1oB). CTonOibl
JIOJDKHBI COAEpXKaTh OJAHOTUIHbBIE JaHHbIe. CIIMCOK HE JOJKEH COAEpPXKaTh MYCThIX CTPOK MU
cTon6uoB. Eciu B criucke mMpUCyTCTBYIOT 3arojIOBKU, TO OHH JIOJIKHBI OBITH OT(hOPMATUPOBAHBI
IpyruM 00pa3oM, HEXENIM OCTalbHBbIE JJIEMEHTHl chnucka. Ilocie copTupoBkM 3amnucu
OTOOpaXarOTCS B TIOPSAZIKE, OINPEACICHHOM 3HAYeHUsSMH CTOJOIOB (o andaButy, Mo
BO3PACTaHMIO/yObIBAaHHIO LIEHBI U TIP.).

[Ipu copruposke no Bozpacranuto Microsoft Excel ucnonesyer cnenyrouiuii mopsiiok:
1) Yneaa - COpPTUPYIOTCS OT HAMMEHBIIErO  OTPULIATEIBHOIO 70  HaumOOJBIIETo
MI0JIOKUTEILHOTO YHUCIIA.

2) AnpaButHo-uudpoBas coptupoBka. Ilpu coptupoBke anpaBUTHO-LIU(POBOTO TEKCTa
Microsoft Excel cpaBHuBaeT 3HadeHuUs1 1O 3HAKaM clieBa HampaBo. Hampumep, ecnu sdeiika
conepxutT TekcT «A100», Microsoft Excel momectur ee mocie stueiiku, coiepskaiiei 3anmuch
«Al», u nepen aueikou, cogepkaiei 3anuch «All».

3) Teker, B TOM unucCIie cOAepKaIUN YUCIIa, COPTUPYETCS B cienyromeM nopsake: 01 23 45
6789 (mpoben) ! "#$% &()*,./ ;2@ [\]1*_"{|}~+<=>ABCDEFGHIJKL
MNOPQRSTUVWXYZABBTJJEEX3UUKIMHOIIPCTY ®XI[YI
Ol b bI b D IO 4 Anocrpopsr (') u neducel (-) UTHOPUPYIOTCS C €IWHCTBEHHBIM
UCKJIIOYCHHEM: €CITU JIBE CTPOKM TEKCTa OJUHAKOBBI, HE cuMTas neduca, TEKCT ¢ aeducom
CTaBUTCSI B KOHEIL.

4) Jlormyeckune 3Havenusi: Jjgorndeckoe 3HaueHue JIOJKDb craBuTcs mnepen 3HaYCHUEM
NCTHHA.

5) 3naveHus OMIMOKM: BCe 3HAYCHUS OIIMOKH PaBHBI.

6) IlycTbie 3Ha4YeHHUs BCETa CTABATCS B KOHEL.

[Ipn copTupoBke MO yOBIBAHUIO OSTOT TMOPSINOK 3aMeHsieTcs Ha OOpaTHBIM 3a
UCKJIIOYEHHEM ITYCThIX AYEEK, KOTOPbIE BCET1a IOMELIAIOTCS B KOHELL CITUCKA.

Copmupoexa cmpok 110 Bo3pactanuto (0T A no S wimm ot 0 10 9) wnm yosiBanuio (ot S
10 A wium ot 9 1o 0):
1) ykaxure Y€Ky B COPTUPYEMOM CIIHCKE;
2) HaxxMuTe KHONKY COpTHPOBAaTh 10 Bo3pacTaHuio Wi CopTHPOBaTh N0 YOBIBAHHUIO;
[Ipumeuanune. B otuere cBomHOM Tabmumsl Microsoft Excel coprupoBka
OCYILIECTBIISIETCS 110 BBIIEJICHHOMY IOJIIO.

Copmuposeka cmpok no 06ym uiu mpem cmoaduyam:
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1) BeIIENUTE AYCHKY B CIIMCKE, KOTOPBIA TpeOyeTcs OTCOPTUPOBATS;

2) B meHio JlanHble BeiOepuTe KoMaH1y COpTHPOBKA;

3) ykaxwure cToyOIBl COPTUPOBKU B NoJsix CopTHpPOBATH MO U 3aTEM I0;
4) BeIOEpPUTE OCTAILHBIE TTAPAMETPhI COPTUPOBKHU U HaxkmuTe KHONKY OK.

Copmupoeka no uemuvipem cmonoyam:
1) ykaxure Y€Ky B COPTUPYEMOM CIIHCKE;
2) B MeHI0 JlaHHble BoiOepuTe KomaHay CopTHpPOBKa;
3) B okHe CopTHpOBATH 10 CHAYaja YKaXXHUTE CTOJIOCI] HAMMEHbIICH BaXKHOCTH;
4) naxwmute kHonky OK;
5) B MeH10 JlanHble BrIOepuTe KoMaH1y COpTHPOBKA;
6) B noisix CopTHpoBaTh N0 ¥ 3aTeM MO YKOKUATE TPHU APYTHX CTONOIA, HAYWHAS C HanboJee
Ba)KHOT0;
7) BbIOEpUTE OCTAJIbHBIE ITapaMeTPhl COPTUPOBKHU U HaxxmuTe KHONIKY OK.

Copmuposka cmpok no mecayam u OHAM HeOeau:
1) ykaxuTte s4eiiKy UM IUAaIa3oH SYEeK B COPTUPYEMOM CIIHCKE;
2) B MeH10 JlaHHbIe BoIOepuTe KoMaHly COpTHPOBKA;
3) yKaxxuTe CTOJIOEI] COPTUPOBKH B 1ojic COpTHPOBATH MO.;
4) naxmute kHonky Ilapamerpsl;
5) B none IlopsiioKk COPTHPOBKH MO NMEPBOMY KJIIOUYY BbIOepUTE TpeOyeMblid MOPSIOK U
HakmuTe KHONKY OK;
6) BBIOEpHUTE OCTaJIbHBIC MMAPAMETPhl COPTUPOBKHU U HakMuTe KHONKY OK.

Hcnonvzoeanue coOCmeeHH020 CRUCKA 6 KAYECMEe NOPAOKA COPMUPOCKU:

1) B nuama3zoHe siueeK BBEIUTE 3HAUEHHsI, 110 KOTOPHIM TpeOyeTcsi COPTHPOBKA, B MOPSIKE
yObIBaHus, Hanpumep, JlanHble - Boicokuii ypoBeHb - Cpeanuii ypoBenb — Huszkmii;

2) BBIACINUTE IHAIIa30H;

3) B meHto CepBuc Boibepute komanay [lapamerpsl 1 oTkpoiite BkiIaaky CucKH;

4) BeiOepuTe koManay UMmopTupoBath, a 3areM Haxmure KHONKy OK;

5) yKaxkurte sYelKy B COPTUPYEMOM CIIHCKE;

6) B MeHI0 JlaHHbIe BbIOepuTe KomaHy COpTHPOBKA;

7) ykaxxure cTojoel copTupoBkH B noje CopTupoBaTh 10;

8) Haxxmute kHonKy [lapamerpsl;

9) B okHe CopTHpPOBKa IO NEePBOMY KJIKOYY LIEIKHUTE CO3JaHHbI cnucok. Hampumep,
BbIOEpUTE O1MH U3 BapuaHToB Bricokoe, Cpeanee, Huskoe;

10) naxxmute kHonky OK;

11) BbIOEpHTE OCTaJIbHBIE TApAMETPBl COPTUPOBKU U HaxkmuTe KHONKy OK.

[Ipumeuanue. Henb3ss UCHONB30BaTh HECTAHAAPTHBIM IMOPSAIOK COPTUPOBKU B OKHE
3aTem mo. 3alaHHBIN OPSAAOK COPTUPOBKU IMPUMEHSETCS TOJIBKO Ul CTOJIONA, YKa3aHHOTO B
noje CoprupoBaTrh mo. YTOOBI HCMONB30BaTh HECTAHAAPTHBIA MOPSAOK Ui COPTHPOBKH
HECKOJIbKUX CTOJIOIIOB, CIEAYyeT IOCIEI0BATENbHO BBIIOIHUTE HECKOJIBKO OTAEIbHBIX
COPTHPOBOK JUIsl K&KAOTO U3 cTo010B. Hampumep, 4T00b1 COPTUPOBATH AaHHBIE MO CTOIOIAM
A u B (cHavana o A, a motom 1o B), cHauana npoBeauTe COPTHPOBKY 1O cToi0my B, 3amaB
TpeOyeMblii TOPSAOK COPTHUPOBKM B okHe Ilapamerpbl cOpTHpOBKH. 3aTeM MpPOBEAUTE
aHAJIOTHYHYIO COPTHUPOBKY CIMCKA MO CTOIOLY A.

Copmuposka cmpok no cmoaouam:
1) ykaxkurte Y€Ky B COPTUPYEMOM CIIHCKE;
2) B meHio JlanHble BeiOepuTe koMaHay COpTUPOBKA;
3) naxxmure kHonky Ilapamerpsr;
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4) ycranoBute mnepekiatouatens CoprupoBarh B mnonoxeHue CToadunbl AWanasoHa U
Haxmute kHotky OK.;

5) BeIOEpUTE CTPOKHM, IO KOTOPBIM TpeOyeTcs OTCOPTUPOBATH CTOJOIBI, B  MOJAX
CoprupoBath 1o u 3aTem no.

IIpu copTHUpOBKE CTPOK, SBISAIOLIMXCA YacThIO CTPYKTYphl jucta, Microsoft Excel
COPTHPYET TPYIIIBI BBICIIETO YPOBHS (ypoBeHb 1). ITopsimok pacroyioskeHus JeTalbHBIX CTPOK
WIA CTOJIOLIOB HE M3MEHUTCS, HE3aBUCHUMO OT TOTrO, SIBJISIOTCS OHHM CKPBITBIMH WJIH
0TOOpaxkaroTcsl Ha SKpaHe.

Ilpeoopazosanue uucen us mekcmogozo gpopmama 6 HUC1060i

1o 00HOI sueliKe:
1) B mentio Cepsuc BbiOepute koMmanay Ilapamerpsl u otkpoiite Bkiaaky KoHTpoJasb
OIINOOK;
2) ybenuTech, YTO YCTaHOBIIEHBI (priakki BKIIOYHMTH (p)OHOBYIO MPOBEPKY OLIMOOK M YHCJIO
COXPaHEHO KaK TeKCT;
3) BbIOEpUTE TIO0YIO SYEHKY C 3€JICHBIM HHAMKATOPOM OIIMOKH B BEPXHEM JIEBOM YTIIY;
4) HA)XMUTE Ha TOSABUBUIYIOCS pAIOM C sYEHKOW KHONKY M BbIOEpUTE KOMaHIy
IIpeoOpa3oBath B unCII0;

cpazy 0/ 6ce2o OUANA30HA.
1) B mycTyto siueriky BBeaute uugpy 1;
2) BBIIENHTE 3Ty sSUCiKy U BbiOepuTe B MeHIO [IpaBka xomanay Konuposats;
3) BBIOEpHUTE AMAIIA30H YUCET, COXPAHEHHBIX KaK TEKCT, KOTOpBIE TpeOyeTcs mpeoOpa3oBaTh;
4) B mento [IpaBka BriOepuTe KoManay CrnienuajabHasi BCTABKA;
5) B rpynne Onepanus BHIOEpUTE BapUAHT YMHOKHUTD;
6) Haxxmure kHonky OK;
7) ylanuTe conepKUMOeE STYEHKH, BBEIEHHOE Ha IIEPBOM IIIare.

HekoTopsie cuctemsl yueta 0TOOpa)karoT OTpHUIATENbHbBIE 3HAYEHUSI CO 3HAKOM MHUHYC
(-) cupaBa oT 3Ha4yeHus. UToObl mpeoOpa30BaTh 3TH TEKCTOBbIE CTPOKH B 3HAYCHMS, BO3BMUTE
BCE€ 3HAKU TEKCTOBOW CTPOKH, KPOME CAMOI'0 MPaBOro (3HaKa MUHYC), U YMHOXbTE Pe3yJbTaT
Ha -1. Hampumep, ecnu B sueiike A2 copepikutcsi ctpoka «156-», cienyromas ¢dopmyna
peodpasyeT 3TOT TeKCT B 3HaueHHe -156.

Qunvmpayusa (6b160pKa) 0AHHBIX TIO3BOJISIET OTOOPA3UTH B TAOIHUIIE TOJBKO T€ CTPOKH,
COJIEP’KUMOE sTueeK KOTOPhIX OTBEUaeT 33JaHHOMY YCIIOBHUIO (MJIM HECKOIBKUM YCIOBUSM). JTa
OTIepalMsi MOKET BBITIOJIHATHCS C TIOMOIIBIO Ad6MOGuUabmpa Vil pacuiupeHHoOro QGuibTpa.

OcHoBHOE oTiiMuue PUIBTPa OT YHOPSAJOUYUBAHUS - ITO TO, YTO BO BpeMs (PUIbTpaLluU
3aIKCcH, He YAOBIETBOPSIONINE YCIOBUSM OTOOPA, BPEMEHHO CKPBIBAIOTCS (HO HE YIAIISIOTCS),
B TO BpeMs, Kak MpPU COPTUPOBKE IMOKA3bIBAIOTCA BCE 3alMCHU CIHCKA, MEHSETCS JHIIb HX
MOPSIJIOK.

OunbTphl OBIBAIOT ABYX THUIIOB: 00bluHbLI (hunrbmp (€ro enie Ha3bIBalOT aBTOPUILTD) U
pacuiupennslil unomp.

Jnsa mpuMeHeHuss aBTOQUIBTpPa HAXKMUTE Ty K€ KHOIKY, YTO M IMPH COPTUPOBKE -
CopTupoBka u GUJIbTP 1 BeIOepUTE MYHKT PUIBTP (KOHEUHO Ke, Iepel STUM JOJDKEH OBITH
BbIJIEJICH JTMAINa30H sYeeK).

Pacuwupennutii ¢punbmp MO3BOISET OCYIIECTBISITh 00JIee CIIOKHYIO BBRIOOPKY JTaHHBIX
3NEKTPOHHON TaOIHUIIBI C 3aJJaHHEM OJTHOBPEMEHHO HECKOJIBKHUX YCIOBHIA.

Pabora B peskume GopMbI JAHHBIX

@Dopma Oannpix TIpENCTaBIsIET cOOOM IUAIOTOBOE OKHO, B KOTOPOM OTOOpa)kaercs
OJIHA CTPOKa (3aMHCh) TAOIUIIBI.
B okHe (opMBbI TaHHBIX MOYKHO BBIIIOJIHATH CJIEIYIONINE ONEpPaIiK:
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* N00aBJIATH HOBBIC 3aMKCH (CTPOKH ) TaOJIHIIBI;

BBOJIUTH HOBBIC JAHHBIC U PEAAKTUPOBATH UMCIOIIUECCA 3alIUCH;

* YIAIATh HEHYXXHBIE CTPOKH;

* IPOCMAaTPHUBATH 3AIHCH;

* ICKaTh HY)KHBIE 3aIMCHU 110 3371aBa€MbIM B OKHE ()OPMBI YCIOBUAM (KPUTEPHSIM).

Jisa otoOpaxeHus: Tabnuubl B BUAE (QOPMBI JAHHBIX HYXHO YCTaHOBUTH KypcOp B
1100011 3amosHeHHOH stueiike Tabuuibl U BBecTn KoManay MeHio JIAHHBIE - ®@opma.

C

MIOMOUIbIO MOJIOCHI MPOKPYTKH, KJIaBHUII YIPABJIECHUS KypcOpoM (BBEpPX/BHU3) WIH

kHonok Ha3zan u Jlajiee B okHe JOPMBI JaHHBIX MOKHO BBIBECTH JTFOOYIO 3aMKCh CITUCKA.
Peoakmuposanue Oaunblx 6 nOAAX (Popmel BHIIOIHSAETCS TaK ke, Kak H
penakTupoBaHHe OOBIYHOrO TekcTa. [locie mM3MeHeHus AaHHBIX Ui OOHOBIEHUS TEKYIIeH

3alliucCu U

nepexo/ia K Ceayollel 3alncu cieyeT HaxxuMarh kiasuiny Enter.

Bes undopmarnus, BHeceHHas B OopMy, aBTOMATHUYECKH BOCIIPOU3BOIUTCS B UCXOAHOMN

TaOJIHIIE.
D)
2)

3)
4)

3.1IOPAJOK BBIIIOJIHEHUSA PABOTbBI

N3yunTh TEOPETHUECKUE OCHOBBI BHIITOJIHAEMON PaOOTHI.

BBIIOMTHUTE  TIPEANIOKEHHBIC TperoaBaTesieM JeUCTBUS C HCIOJIb30BaHUEM
nporpammbl Microsoft Exsel.

CoxpaHUTh COOTBETCTBYIOIIUM 00pa30M MOTydeHHBIC PE3yIbTaThl paOOTHI.
OTBEeTUTH Ha KOHTPOJIBHBIC BOTIPOCHI.
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JlabopaTtopHas pabota Ne 5

NPOBEJEHWE BHIYMCJEHAN M TIOCTPOEHUE I'PA®HUKOB. PABOTA C
JAUATPAMMAMM. IIOJIYYEHUE 3ABUCUMOCTEHN ITAPAMETPOB
ATMOC®EPBI OT BBICOTHI

1. HEJIb PABOTbBI
Henbto nanHON pabOTHl SABISETCS MOJYUYEHHE MPAKTUUYECKHX HABBIKOB IPOBEICHUS
BBIUNCJIEHUH U IOCTPOEHUs AuarpaMm B rporpamme Microsoft Exsel.

2. KPATKHUE TEOPETUYECKUWE CBEJIEHUSA
®opmyna - 3T0 MaTEMaTUYECKOE BBIPAXKEHUE, KOTOPOE CO3/1aeTCs IJIs BBIYHUCICHUS
pe3yibTaTta U KOTOPO€ MOXKET 3aBUCEThb OT COJEpPKUMOro aApyrux suyeek. dopmyna B sueiike
MOXKET COJepKaTh JaHHbIE, CChUIKM Ha JApYyrHe sueiku, a Takke o0O3HadeHHE NeHCTBUIA,
KOTOpPbIE HEOOXOAUMO BBIMOIHUTb.

Bpruuciaenus B Excel

Ucnonb3oBaHne CCHUIOK Ha SYEHKH TIO3BOJISIET TIEPECUUTHIBATH pE3yibTaT IO
dbopMmynaMm, Koraa MPOUCXOIAT U3MEHEHHUS COACPKUMOro sYeeK, BKIOUYEHHBIX B (hopMyibl. B
Excel popmynsl HaunHarOTCS co 3HaKa =. CKOOKH () MOTYT MCIOIB30BATHCS IS OMIPEICICHHUS
NOpsiIKa MaTEMAaTUYECKUX OTMEPALIUH.

Excel moxnepxuBaet clieayronue oneparopsl:

apugmemuueckue onepayuiL:

cnoxenue (+);

yMHOXeHHe (*);

HaxoxaeHue nporeHTa (%);

BbIUMTaHUE (-);

nenenue (/);

sKcroHeHTa ().

onepamopvl CPAGHEHUA!

= paBHO;

< MEHBIIIE;

> 0O0JIbIIIE;

<= MEHbIIIE UJIU PaBHO;

>= 0O0JIbIIIe WX PABHO;

<> HE paBHO.

onepamopul CeA3uU:

. IUara3oH,
; 00bEINHEHNE;
& omeparop coequHEeHUS TEKCTOB.
Ddopuyna CocTaenAwWME INEHMEHTLI
=27+36 Lddpel
=AT+A2-A3 CChINEA HE AYEAEM
=45%%A3 LMkl M CCEINEM Ha AYEREK
=W (AT A,
—MAKC(AZ:AS) MpedEapUTENEHD ONPEAENEHHEIE dYHE LMK
=] +AZAS CCBINEA Ha AYEREM NPW 2303HHOM NOPAGEE OEHCTEHH

IIpumep: BcTaBka Gpopmyisl -25-A1+A3
1) mpenBapuTeNbHO BBEAUTE JI0ObIE Uyncia B sueiku Al u A3;
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2) BeIOEpUTE HEOOXOAUMYIO sTueiiKy, Hanpumep Bl;

3) HauHUTE BBOJ (DOPMYIIBI CO 3HAKA=;

4) BBenuTe yucio 25, 3aTEM onepaTop (3HaK -);

5) BBEAUTE CCHUIKY Ha MEPBBINA ONEpaH I, HaIpUMEp IIEeTIKOM MBIIIN Ha HY)KHYIO STYeUKy Al;
6) BBEAUTE CIEAYIOUINI onepaTop(3HaK +);

7) LIENTKHUTE MBILIBIO B TOM sYeiike, KOTOpas SABJISETCS BTOPHIM ONEpaHIIOM B (hopmyiie;

8) 3aBepimTe BBOJ (GOpMYIIbI HaXaTueM kiaBuiu Enter;

9) B suelike B1 nomyunre pe3ynbTart.

Aemocymmupoganue

Knonka ABTocymMMa (3)) MOXET HCHOJb30BAaThCA JUIsI aBTOMAaTHYECKOI'O CO3JaHUs
(GopMyIbI, KOTOpass CyMMHPYET O00JacTh COCEIHUX SYEEK, HAXOJAIINXCS HETOCPEICTBEHHO
CJIeBa B IaHHOW CTPOKE M HEMOCPEICTBEHHO BbIIIE B JaHHOM cTojoue. [lopsiok neicTBuii mpu
BBINIOJTHEHUH aBTOCYMMHUPOBAHUS MOYKET OBITh CIIEAYIOLIUM:
1) BeIOEpUTE AUEHKY, B KOTOPYIO HAJ0 IIOMECTUTh Pe3yJIbTaT CyMMHUPOBAHMS;
2) HIENTKHUTE KHONKY ABTOCYMMA UJIM HA)KMUTE KOMOMHALIMIO KJIABUIIL;
3) Excel npumer pemienue, kakyro 00JacTh BKJIIOYUTH B AMANIA30H CYMMHPOBAHUS, U BBIICJIUT
€€ IIyHKTUPHOW JIBHIKYILEWCS paMKOM, HA3bIBAEMOM I'PaHULIEH;
4) naxxmute Enter nns npuHatus oOnacTu, KOTopyro BblOpana mnporpamma Excel, nam
BBIOEPUTE C IOMOIIBIO MBIIIA HOBYIO 00JIaCTh U 3aTeM Hakmute Enter.
OyHKIUS ABTOCYMMA aBTOMaTHUYECKU TPAHC(HOPMUPYETCS B cilydae J0OaBIECHUS U yAAJICHUS
s;ueeK BHYTpHU 00JIaCTH.

Tupasicuposanue gpopmyn npu nomouwju maprKepa 3ano0IHeHUA

ObnacTh siueek (siuelika) MOKeT OBbITh pa3MHOKE€HA MPU IOMOIIM HCIOJIb30BaHUS
Mapkepa 3amoJjHeHus. Kak Obulo MOKa3aHO B NpenbIIylIeM pasfenie, MapKep 3aroJIHEHHS
MIPE/ICTaBIsET COOON KOHTPOJIbHYIO TOUKY B IPABOM HMKHEM YIUIy BBIICICHHON STUEHUKH.

Yacto ObIBaeT HEOOXOIMMO pa3MHOXKaTb HE TOJIBKO JaHHble, HO M (OPMYIIbI,
coJiepkanire aapecHble ccbulkd. IIponecc TupaxupoBanus Gopmysi IpU NOMOIIM Mapkepa
3aMl0JIHEHHS TMO3BOJISIET KOJMPOBATh (OPMYINy IMPH OJHOBPEMEHHOM HM3MEHEHHH aJpecHBIX
CCBUIOK B popmyiie:

1) BeIOEpUTE AUEHKY, CoAepKaLLyI0 (OPMYITY A TUPAKUPOBAHMS,
2) mepeTauuTe MapKep 3aroJHEHNs B HY)KHOM HalpaBJIeHUH;
3) dopmyna OyaeT pa3MHOXKEHA BO BCEX SYCHKaX.

OOBIYHO ATOT MPOIECC HCIOJIB3YEeTCsS MPU KOMUPOBAaHUH (HOPMYIT BHYTPH CTPOK HITH
CTOJNIOLIOB, COAEpXAallluX OAHOTUIHBbIC AaHHbIe. [Ipu TupaxkupoBaHuu QGopmMya ¢ HOMOIIbIO
MapKepa 3aloJHEHUs] MEHSIOTCSl TaK Ha3bIBaeéMble OTHOCUTENIBHBIE ajpeca sueek B Gopmyie
(mopoOHO OTHOCUTEBHBIE U A0COFOTHBIE CCHUTKH OY/TyT OIKMCAHBI Jajiee).

HUmena 6 ¢popmynax inerde 3allOMHUTH, YEM ajpeca SUEEK, I03TOMY BMECTO
aOCOIIOTHBIX CCHUIOK MOKHO MCIIOJIb30BaTh MMEHOBaHHBbIE 00MacTh (OJHA MU HECKOJIbKO
syeek). HeoOxonumo coOumoaTh ciaeayromye mpaBuia Mpu Co3aHuU UMEH:

® IMEHA MOTYT COJIEPKaTh He Oosiee 255 CHMBOJIOB;

® IMEHAa JI0JKHBI HAYMHATBCS ¢ OYKBBI M MOT'YT COJIEPKaTh JIF0O0H CUMBOJI, KpoMe Ipobera;
e 1IMEeHA He JOJDKHEI OBITH ITOXO0KH Ha CCBLIKH, Takue, kak B3, C4;

® IMEHA HE JIOJDKHBI UCTONb30BaTh (yHKIMHN Excel, Takue, kak CYMM, ECJIU u T. m.

B wmenio BceraBka - HMsA  CylmiecTBYIOT [IB€ pa3iM4Hbie KOMAaHJbl CO3JaHUS
UMeHOBaHHbIX oOnacteil: Co3xars u [IpucBONTD.

Komanna Co3parb mo3BOJNSET 3amaTh (BBeCTH) TpeOyemMoe uMs (TOIBKO OJHO),
komaHJa IIpucBOUTH UCTIONB3YeT METKH, pa3MellleHHbIe Ha paboueM JIMCTe, B KaueCTBE UMEH
oOnacreli (pa3peniaercs co3gaBaTh cpa3y HECKOJIbKO UMEH).
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ITopsanok nelicTBU IPU CO30AHUU UMEHU:
1) BIIEAUTE STUEHKY;
2) BeIOepuTe B MeHIO BeraBka - Umst komany IlpucBouts;
3) BBeauTe uMs gueiikn 1 HaxxMute OK;
4) Beinenute sueiiky Bl u yOeaurecsh, 4To B 10Jie IMEHU YKa3aHO BEPHOE MM,

Han6osee THumu4HbIe 0IIMOKH B hopMyJIax

benu npu BBOAE (GopMyn WIM JaHHBIX JAOMYyIIEHA OIIMOKAa, TO B PE3yNbTUPYHOIIEH
sueiKke TosBisieTcs cooOmienne 00 ommuOke. [lepBbIM CHMBOJIOM BCEX 3HAYEHUH OIIMOOK
SBIISIETCS] CUMBOJ #. 3HaUEHUS OLUIMOOK 3aBHUCST OT BHJIA AOMYIIEHHOW OMIHUOKH.

Excel MokeT pacnio3HaTh CIeIyIOIUE BHIBI OITHOOK:
e ommbka # # # # mosiBiAETCH, KOrJa BBOJMMOE YMCJIO HE YMeEIIAaeTcsl B siueiike. B saTom
cllydae cielyeT yBeJIHUUTh IUPUHY CTONIOIA;
e ommoka #/IEJI/0! nmosBnsercs, korga B GopMylie JeNaeTcs IMOIbITKA JICJICHUS Ha HYIb.
Yame Bcero 3To Clly4aeTcsi, KOrja B KayecTBE JEIUTENsl MCIOJIb3YeTCS CChUIKAa Ha SYEUKY,
COJIEpIKallyI0 HYJIEBOE WJIH ITyCTOE 3HAUEHUE;
e ommbka #H//! sBusercs cokpalieHHUeM TEepMHHA «HEOINPEEIeHHbIE JaHHbIe». IJTa
omnOKa yKa3pIBaeT Ha UCIOJIb30BaHUE B POPMYJIE CCHUIKHM HA MYCTYIO SYEHKY;
o omudka #UMSI? nosBnseTcs, Korga UM, UCIOIb3yeMoe B Gopmysie, ObUIO yIaleHO WU
He ObUIO paHee ompezeneHo. [l MCHpaBIeHHS OINpPENeUTe WIM HCIpaBbTe UMs 00JIacTu
JTaHHBIX, UMS QYHKIIUHU U 1p;
o ommubka #IIYCTO! nosBnsercs, Korjaa 3a1aHo IepeceyeHHe JAByX 00JIacTei, KOTOphle B
JeMCTBUTENIFHOCTH HE UMEIOT o0IMX sueek. Yare Bcero ommoOKa yKa3bIBaeT, YTO JOMYIICHA
omnOKa py BBOJE CCHUIOK Ha JIMaNa3oHbl SYEeK;
e ommbdka #UMCJIO! mnosBusercsd, Korga B (YHKIMM C YHCIOBBIM apryMEHTOM
UCTIONIb3YyeTCs HEBEPHBIN (hopMaT WM 3HaUCHUE apTyMEHTa;
e ommoOka #CCBIJIKA! nosBisiercs, korja B GopMyIie UCTIOIb3yeTCs HEMOMyCTHUMas CChLUIKa
Ha sueliky. Hampumep, ecnu siueliku ObUIM ynajeHbl WM B 3TU SYEHKH OBLJIO MOMELIEHO
COACPIKUMOEC NPYTUX STICCK;
e ommbka #3HAY! nossisercs, koraa B (opMylie HCIOJIb3YETCS HEJOMYCTHUMbBIH THII
apryMeHTa uiau omnepasja. Hampumep, BMECTO 4YMCIOBOrO MM JIOTHYECKOIO 3HAYECHHS IS
orieparopa Wiu (pyHKIIUH BBEJICH TEKCT.

Kpome mepeuncneHHBIX OMUOOK, MPU BBOAE (POPMYIT MOXKET MOSIBUTHCS ITHKITHYSCKAS
CCBIJIKA.

Hukaunyeckasi ccblLIKA BO3HUKAeT TOrAa, Korma (opmyna mpsMo WM KOCBEHHO
BKJIFOYACT CCBUIKM Ha CBOIO COOCTBEHHYIO sSUeiiKy. [[ukimueckas cChlIKa MOXKET BBI3bIBATh
UCKQXCHHS B BBIYHMCICHUSIX HA padO4yeM JUCTE W MOITOMY pacCMAaTPUBAETCS Kak OIMOKa B
OOJIBIINHCTBE MIPUITOKEHU . [Ipu BBOJIE UAKJINYECKON CCBUIKU HOSIBJIIETCS
npeIynpeanTeTLHOE COOOIICHNE.

DOPMyNa HEPSSPELIMMG M3-33 LMKITMHECKOH CCBINKH, YCTpaHerse ownbku,
) 0 ECNk UMsNiHecKkan CCBUKS CO3A8HA CAYHAHHO, HAXITE KHOMKY "OK", BY AST OTKPBITA NAHENS MHETPYMEHTOS
. LMK AHYECKHE CObINKH' CO CIPABKOH N0 €8 HCNONB30BaHHID,

+ AN NONyHEHHA CEEAESHI O LIMKNHHECKMX CCBUNKAaX HaXMATE KHOMKY "Cnpaska”,
« Yrobsl 0cTasK TS hopiyny 683 H3MEHEeHNH, HAKMHTE KHOKY "OTreHa',

oK I OTHeHa | Cnpaska

NHaukaTop IUKINYECKOW CCBHUIKM B CTPOKE COCTOSHUS TIOKa3bIBAET CCBHUIKY Ha
MOCTIEHIO0 3aBUCUMYIO (hOPMYITY.
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Korna ¢dopmyna, comepkaiias MUKINYECKYIO CCBUIKY, HAXOIUTCS Ha paboyeM JIUCTe,
HOSIBUTCSI COOOIIEHNE, YKa3aHHOe Ha pHUCYyHKe. [l ucrpaBieHus OMIMOKU yAalluTe sUelKy,
KOTOpasi BbI3BaJIa IIMKJIMYECKYIO CCBUIKY, OTPEIAKTUPYHTE WM BBEAUTE 3aHOBO (POPMYITY.

®yuxkuuu B Excel

bonee cnoxuble BbeuMCIeHHs B Tabmumax Excel ocymecTBIsIOTCS ¢ MOMOILIBIO
cnenuanbHbX (QyHKuMA. Coucok KaTeropuid (QyHKUMHA JOCTYHNEH HpU BBIOOpE KOMaHIbI
®yukuus B MeHIO BeraBka.

QDunancosvie ynkyuu OCYLECTBISIIOT TaKUE pPACUYEThl, KAaK BBIYMCIECHUE CYMMBbI
IIaTexa 1o ccyje, BeIUYHHY BBIILIATHl TPUOBLIN Ha BIOKEHUS U AP.

@Dynuxyuu /Jama u épema MO3BOJIAIOT paboOTaTh CO 3HAYEHUSIMH JaThl U BPEMEHHU B
¢dbopmynax. Hampumep, MOXKHO KCIONIB30BaTh B (hOpMylie TEKYIIYIO JaTy, BOCIOIb30BaBIIUCH
¢ynxuueit CETOHSI.

Mamemamuueckue ¢yHKkyuu BBIIOIHAIOT MPOCTHIE U CIIOXKHBIE MAaTEMaTUYECKHE
BBIUMCJIEHUSI, HAIPUMEP BBIYUCIIEHUE CYMMBI JIMaIla30Ha siueeK, aOCOIIOTHONW BETMYMHBI YHCTIa,
OKpYTJIEHUE YHUCEeN U JP.

Cmamucmuueckue @yHKyuu TIO3BOJIIIOT BBIMIOJHITh CTAaTUCTUUYECKUN aHANU3
naHHbIX. Hampumep, MOXHO ONpeAenuTh CpeAHee 3HAa4YeHHE W JAMUCIEPCHI0 1O BHIOOpKE U
MHOT'0€ IpYyroe.

Dyukyuu CeoblIKu U Maccugwpl MO3BOJISIOT OCYIIECTBUTh TOMCK JAHHBIX B CIIMCKAX WIIU
TabIMIax, HAUTH CCBHUIKY Ha sUeiKy B MaccuBe. Hampumep, [ moucka 3HaYCHHUS B CTPOKE
Tabnuiel ucnonb3yercs dyaknus ['TIP.

@Dynukyuu padbomvl ¢ 0azamu OAHHHLIX MOKHO HCIOIb30BaTh Ui BBIIIOJIHEHUS
pacydeToB U JIsl 0TOOpa 3amKcei Mo yCIOBHIO.

Texcmosvle @ynKyuu TPEIOCTABISAIOT TMOJB30BATENI0 BO3MOXHOCTH O0OPabOTKH
tekcra. Hanmpumep, MOKHO 00beIMHUTH HECKOJBKO CTPoK ¢ nomoipio pynkunu CIEINIATD.

Jocuueckue @ynkyuu npeaHA3HAUYEHBl A IMPOBEPKM OJHOTO WM HECKOJBKUX
ycioBuii. Hanmpumep, ¢ynkius ECJIM mo3BomsieT onpenenuTh, BBIMOTHISTCS JIM YKa3aHHOE
YCIJIOBUE, U BO3BPAIAET OJIHO 3HAYEHHUE, €CIIU YCIOBUE UCTUHHO, U IPYTO€, ECIIA OHO JIOXKHO.

@ynxyuu Ilposepka ceéoiicme u 3nauenuil IpeHA3HAUEHBI JUJIS ONIPEIETICHUS JAHHBIX,
XpaHUMBIX B sueiike. DTW (YHKUMHM MPOBEPAIOT 3HAYECHUS B SYEHKE [0 YCIOBHIO MU
BO3BpAIAOT B 3aBUCUMOCTHU OT pe3yabrata 3HaueHuss MCTUHA i JIOXKD.

Jns BeIYMCIEHUH B TaOMUIE C TOMOIIBIO BCTPOCHHBIX (DYHKIHMNA PEKOMEHIyeTCs
UCIIONIb30BaTh MacTep QyHKImiA. JlunamoroBoe oKHO MacTepa (GYHKIIUH JOCTYITHO MPHU BBIOOpE
KoMaH/ibl PyHKIUSA B MEHIO BeraBka wWiM HaXaTWUM KHONKHM, Ha CTAHJApPTHOW MaHENH
MHCTPYMEHTOB. B mpoiiecce nuanora ¢ mactepoMm TpeOyeTcst 3a7aTh apryMEHThl BHIOpaHHOMU
(GyHKIMH, A7 3TOTO0 HEOOXOAWMO 3allOJIHUTH MOJI B AMATOTOBOM OKHE COOTBETCTBYIOIIMMHU
3HAYCHUSIMU WITU aJpecaMt STYeeK TaOIHIIbI.

Jns BBOJa nuamna3oHa sueeKk B OKHO MacTepa (yHKIMII MOXHO MBIIIBIO OOBECTH Ha
pabouem mnmcTe TAOIUIBI ATOT Auana3oH. Ecau okHO MacTepa (yHKIMHA 3aKphIBAaeT HY)KHbIE
AYEHKH, MOKHO NIEpEABUHYTh OKHO auaiora. [locne BbaeeHns Auana3oHa ssuYeeKk BOKPYT HEro
NOSBUTCS Oerylas MyHKTUPHAs paMKa, a B IOJIE apryMeHTa aBTOMAaTUYECKH MOSBUTCS aapec
BBIJICJICHHOI'O JIMAIIa30HA AYEeK.

IHocTpoenune quarpamMmm

JuarpamMmbl SIBJISIFOTCSL CPEACTBOM HATJISIIHOTO TNPEACTABICHUS JAHHBIX U OOJIEr4aroT
BBINIOJIHEHUE CPAaBHEHMM, BBIABICHHE 3aKOHOMEPHOCTEM M TEHICHUMN NaHHBIX. Hampumep,
BMECTO aHaJIM3a HECKOJIbKUX CTOJIOLIOB YMCEN Ha JIMCTE MOKHO, B3IVISIHYB Ha JUarpammy,
y3HaTh, NaJIAI0T WIK PACTYT 0OBbEMBI IPOJIaK MO KBapTajlaM MM KaK JeHCTBUTENbHbIE 00bEMBI
IIPOJIaYK COOTHOCSTCS C TUIAHUPYEMBIMH.
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JuarpaMmMy MOKHO c€O37aTh Ha OTJECIBHOM JIMCTE WJIM IOMECTHTh B KayecTBE
BHE/IPEHHOTO 00BEKTa Ha JINCT C TaHHBIMHU. KpoMe Toro, quarpaMmMy MOKHO OIyOJIMKOBAaTh Ha
BeO-cTpanuie. YToObl co3aaTh quarpaMmy, HEOOXOIMMO CHayaja BBECTH JJIsl Hee JIaHHbIE Ha
mucrte. Ilocne 3Toro, BbLACTUB 3TH JaHHbBIE, CIEAYET BOCIIOJIb30BATHCS MAcCTEpOM JMarpamm
JUIS TIOLIaroBOTO CO3JAaHMS AMArpaMMbl, NPH KOTOPOM BBIOMpAIOTCS €€ TUI M Pa3JIM4HbIC
napameTpsl. Wi ucmonb3yiiTe s co3MaHusl OCHOBHOW JHarpaMMbl NaHETh HHCTPYMEHTOB
JluarpaMma, KOTOPYIO BIIOCJIEACTBUU MOXKHO OyJIe€T U3MEHUTb.

Omuem ce00HOIl Ouazpammepl NIPEICTABISET COOOM MHTEPAKTUBHYIO CBOJKY JaHHBIX B
¢opmare muarpammbl. Ero cozmanue otinuaercs oT oObluHBIX auarpamm Microsoft Excel.
[locne co3manusi OT4eTa CBOAHON IUArpaMMbl MOKHO MPOCMATPHBATH pPAa3HBIE YPOBHH
JeTalu3alliui U U3MEHATh MaKeT TharpaMMbl, IEPETaCKUBasl €€ MO U DJIEMEHTHI.

Juarpamma cBsi3aHa C JIaHHBIMH, Ha OCHOBE KOTOPBIX OHa CO37[aHa, U OOHOBISETCS
AaBTOMATUYECKU MPH U3MEHEHUU JaHHbIX. Kak mpaBumio, AuarpaMma COCTOMT M3 CIEIYIOIIHUX
OCHOBHBIX JIEMEHTOB (CM. PUCYHOK).

Ke.l | Ke.2

Maawoesie | 75 | 85 | 1 --- Mapkep naHHBIX
'I-abfAmw»:--:r.:n»':_ 84 | 99 2 . OCHOBH&H JIUHUA
}7 1 3 --- Nmena kateropuit

120

b 4 --- VmeHa psiioB IUarpaMMbl
Il_l U+

o JAaHHBIX

B0 ¢ +2;

40

20 -

0 -

Ke.1 Ke.2 — 3J

Mnanoere M DakTMYeCcKHe ‘J

Mapxep oannvix. Kaxplii Mapkep COOTBETCTBYET OJHOMY 3HAUEHHUIO JIaHHBIX JIMCTA.
Mapkepbl JaHHBIX OJHOTO I[BETA MPEACTABIISIOT OJUH PsAIl JaHHBIX. B mpuBemeHHOM mpumepe
caMblil TpaBblii Mapkep AaHHBIX COOTBETCTBYET JACHCTBUTEIBHOMY 3HAUEHHIO 3a BTOPOU
KBapTaJl, paBHOMY 99.

Ocnognvie nunuu. Microsoft Excel co3maer 3HaueHHs Ha OCH U3 JAaHHBIX pabouero
mucta. OOparuTe BHMMaHHE€ Ha TO, YTO B TMPHUBEACHHOM TMpHUMEpE 3HAYCHHUS Ha OCH
u3MeHsaTess oT 0 1o 120, 4TO COOTBETCTBYeT 3HAUEHUSM SYEEK JAMana3oHa Ha JIHCTE.
OcHoBHbIE JMHMM O0003HA4YalOT OCHOBHBIE HHTEpBaJibl Ha ocu. Ha numarpamMme MOXKHO
0TOOpa3uTh M MPOMEXKYTOUHbIE JHHHHM, OOO3HAUYAIOIIME WHTEPBAbl BHYTPU OCHOBHBIX
HWHTEPBAJIOB.

Hmena kamezopuii. Excel ucnonb3yeT 3arojloBKA CTOJOLIOB WM CTPOK JaHHBIX B
KaueCcTBE UMEH PAJIOB JaHHBIX. B mpuBeeHHOM MpUMepe B KaueCTBE UMEH PsIIOB MEPBOTO U
BTOPOTO KBapTasa JINCTA BBICTYIAIOT UMEHA OCHU KaTEeropHil.

Hmena paooe oannvix ouazpammet. Excel NCTIONb3yeT 3aroJIOBKH CTOJIOIOB HITH CTPOK
JAaHHBIX B Ka4eCTBE UMEH PsI0B JaHHBIX. FIMeHa psiioB 0TOOpakaroTCsl B JIETEH/IE JUarpaMMBl.
B nmnpuBeneHHOM mnpuMepe B KauecTBE HMMEH pSIOB BBICTYIAIOT 3arojOBKU CTOJIOLOB
MJIAHUPYEMBIX U JCHCTBUTEIBHBIX 3HAYCHU.

[Ipu ypepxkaHuu ykazaTeiass Ha DJEMEHTE JUarpaMMbl TOSIBISETCS TOJCKa3Ka C
Ha3BaHMUEM JIaHHOTO 3yieMeHTa. Hanpumep, npu HaBeeHUHU yKaszaTess Ha JIETeHAY MOsBIseTCs
MOJ/ICKa3Ka, cojieprkaias cioBo Jlerenaa.

JuarpamMmmy MOXHO c€O37aTh Ha OTIEIbHOM JIMCT€ WJIM IOMECTUTh B KadyecTBe
BHEJPEHHOT0 00BEKTa Ha JIUCT ¢ AJaHHBIMHU. HezaBucuMo OT crocoba pa3MmelieHus uarpamma
SBJISICTCSI CBS3aHHOM C MCXOAHBIMHU JAaHHBIMH Ha JIUCTE, TO €CTh NMPU OOHOBIICHUU TaHHBIX
OOHOBJISIETCS U CO3/IaHHAs HA MX OCHOBE JIMarpaMMa.
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Bunedpennas ouazpamma paccmatpuBaercs Kak rpaduueckuil 0ObEKT U COXpaHseTCs B
KayecTBe 4YacTH JIMCTA, Ha KOTOPOM OHa co3JgaHa. BHeapeHHble auarpaMMmbl CIeayeT
UCIIOJIb30BaTh B ClIydyasiX, KOrja Tpedyercs 0TOOpa3uTh WM HaleyaTaTh OAHY WM HECKOJIBKO
JMarpaMM BMECTE C IaHHBIMH JIUCTA.

Jucm oOuazpammer - 3TO OTHEIBHBIA JHUCT B KHHUIE, UMEIOIIMNA COOCTBEHHOE WM.
Jluctel auarpamMm cieqyeT HCIOJIb30BaTh B Cilydasx, Korjaa TpeOyeTcss MpOCMOTPETh WU
U3MEHHUTH OOJIbIIME WM CIOXKHBIE TUarpaMMbl OTIEJIBHO OT JAHHBIX, WM KOTAa Tpedyercs
COXPAaHUTh MIPOCTPAHCTBO 3KpaHa AJisi pabOThI C JIUCTOM.

Komoéunuposannasa ouazpamma VCToNb3yeT ABa WM Oojee THMA AMArpaMM, YTOObI
NOMYEPKHYTh HCIOJb30BaHUE DA3IMYHBIX TUNOB HHpopmainuu. [IpuBeneHHas auarpaMma
nokasbiBaeT oauH psn naHHbix (Ilaan) Ha rucrorpamme, a apyroit (Pakr) - B Buje rpaduka.
YroObl mOMyYHuTh TaKOK THUH 3P (PeKTa NePEeKPHITUS, BEIOSPUTE HECTAHAAPTHBIN TUI AHArPaMM
Ha mare 1 macrepa auarpaMm IpU CO3JaHUU JUArpamMMbl. DTOT HPHUMEpP HUCHOJIb3YET THII
nuarpammbl I'paduk - 'merorpamma. UtoObl mpeBpaTUTh CYMIECTBYIOUIYIO JUArpaMMmy B
KOMOMHHMPOBAHHYIO, BEIOEPUTE P JAaHHBIX M U3MEHUTE TUI TUArpaMMBI JUIsS 3TOTO psija.

Bcnomozamenvnaa oce. Eciin 3HaueHMs] pa3iMyYHBIX DPSIOB JAaHHBIX Ha Juarpamme
3HAQUMUTENIbHO OTJIMYAIOTCS JIPYr OT Jpyra WKW €CJIM Ha JAuarpamme IpeJCTaBiICHbl JaHHbIE
pa3IMYHBIX THUIIOB, IEIECOO0OpPAa3HO BBIBECTH OJMH WM HECKOJBKO pSJIOB JaHHBIX Ha
BCIioMoTrareNibHOM ocu 3HaueHui (Y). Macmta®d BCIOMOTaTeIbHOM OCH BBIOMPACTCS ¢ y4€TOM
3HAQ4YCHHUI COOTBETCTBYIOLIETO psAla. B mpuBENEeHHOM IpUMEpe AUArpaMMBbl 10 JIEBOM ocu Y
OTKJIaAbIBAETCS YMCIIO MPOJAXK KUJIbS, a MO IPABOM - CPEHSA LICHA.

Korga nuarpamma co3gaercst mo JaHHBIM U3 JIMCTA U JIAThl 33JaI0T OCh KaTeropuit (X)
nuarpammbl, Microsoft Excel aBTomMmaTHdecku UCIIONB3YEeT OCh BPEMEHH.

Omoopascenue dam. Ha ocu BpeMEHM JaThbl NIPEICTABIECHBI B XPOHOJOTMYECKOM
NOPSAZIKE C ONPENEICHHBIMH HWHTEpBAJlaMU WM €IWHULAMHU H3MEPEHHUs, Ja’Ke €ClIU JIaThl Ha
JMCTE HE YIOPSAI0YEHBI UM UMEIOT IPYTYIO EAUHUILY U3MEPEHMSL.

Microsoft Excel nmepBoHauanbHO yCTaHABIMBAET €IUHUILY U3MEpPEHUs (IHU, MECSIIbI
WIN TOJbI) B COOTBETCTBUM C HAaUMEHBLIMM PACCTOSHUEM MEXIY ABYMS JaTaMHU B JaHHBIX.
Hampumep, ecnu ecTb JaHHBIE 0 IIEHAM aKIMA Ha OMpXKe ¢ MUHUMAJIbHON pasHULIEH MEeXAy
JaTaMu paBHOU ceMu AHAM, Microsoft Excel yctaHOBUT enmHMIly H3MEpeHUs JEHb.

MOoXHO U3MEHUTh €IMHUILY U3MEPEHUsI Ha MECALbI /ISl OLIEHKH MOBEIACHUS OUPXKU 3a
OoJiee KpaTKU WK JJTUTEIbHBIN MEpHOJ] BPEMEHHU, KaK Ha MepBoi Auarpamme B npumepe. s
U3MEHEHUsl €IVHMIIBI MU3MEPEHUs BbIOEpUTE OCh, BbIOEpUTE KOMaHIy BblaesieHHast och B
MeHI0 Dopmar, a 3aTeM HYXHbIM BapuaHT Ha Bkiaake Ilkana.

uazpammol ¢ ocvlo epemenu u epemsa. Jluarpamma ¢ OCbl0 BpEMEHU HE MOXKET OBIThH
CO3/1aHa M0 JAHHBIM, U3MEPSIOIIUM ITPOMEXKYTKH B Yacax, MUHYTaX U CeKyHJax. TONbKO JTHH,
MECSIIbl U TOABI PACCMAaTPUBAIOTCS KaK €AMHMIIBI U3MEPEHUS B JUarpammax ¢ OCbl0 BpEMEHHU.

Tunwvt Oouazpamm, Komopwvlie moym ucnonavizoeamsv ocb epemeHu. OCb BpEMEHU
JOCTyIHA Ui OWpP)KEBBIX JUarpaMM, rpa@uKoB, TPEXMEPHBIX TIpadUKOB, THUCTOTPaMM,
JUMHENYaThIX OUarpaMM M 3aloJIHEHHBIX JUarpaMM 3a HCKJIOYEHUEM TeX CIydaeB, KOrja
JuarpamMmbl MMEIOT MHOTOYPOBHEBBIE Ha3BaHUs Kareropuil. Ocu BpeMEHHU TaK)K€ HENOCTYIHBI
B OTYETAX CBOAHBIX AHArpaMM.

YroObl M3MEHUTHh HCHOJNB3YEMBIH 10 YMOJYAHHIO THI JUArpaMMbl, HEOO0XOIUMO
BBIIIOJIHUTH CIIEAYIOIINE ICHCTBUS:

1) uToOBI aKTUBU3KUPOBATH MEHIO Jlmarpamma, BEIOEpHUTE AUArpaMMY;

2) B MeHio Jluarpamma Beioepute koManay Tun guarpaMmmal;

3) BBIMIOJIHUTE OJHO U3 CIIEIYIONIUX JIEHCTBHIA;

4) BbIOEpUTE CTAHJAPTHBIN TUIT AUATPAMMBI;

5) otkpoiite BkiaaKky CrTaHgapTHble U BBIOEpUTE BCTPOCHHBI TUN JUArpamMMbl JUIs
UCIIOJIb30BaHUs 110 YMOIYAHUIO;

6) BeIOepuTE KOMaHly CesaTh CTAHAAPTHON U HAXMUTE KHOTIKY [la;

7) nHaxwmure kHonky OK;
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8) BBIOEpUTE HECTAHAAPTHBIM TN TUArpaMMBbl WIIM TEKYLIYIO AUarpaMmy;

9) orkpoiite Bkiaaky HecrangapTHele U BblOepuTe TpeOyeMblii HeCTaHAAPTHBIM THIT
JarpaMMbl WM, €CIM 10 YMOJYaHUIO TpeOyeTcs UCMOIb30BaTh TEKYIIUH THII IHArPaMMBI,
HUYETO HE BHIOMpANTE;

10) BBIOepuTe KOMaHy CAenaTh CTAHAAPTHON U HAXMHTE KHOTIKY [la;

11) ecnu Ha 3KpaHE MOSBWIOCH AMAIOrOBo€ OKHO /lo0aBjieHMe HOBOIO THIA JMATPAMM,
BBeauTe UMs B nnosie ms, onucanue B nose Onucanue, a 3ateM Haxmute kHonky OK;

12) naxmute kHonky OK.

Co3danue, coemecmnoe UCNOb306aAHUE U YOATeHUE OUAZPAMM HECHIAHOAPHIHBIX
munoe

MoXHO cO3/1aBaTh TOJIb30BATEIIbCKUE THUIIBI JMAarpamMM, U3MEHsS CTaHIapTHBIC WIIU
BCTPOEHHBIE HECTAHJAPTHBIC TUIIBI JUarpamMm. DTHU HECTaHJAPTHBIC TUIBI AHMArpaMM MO>KHO
UCIIOJIB30BaTh COBMECTHO C JIPYIMMHM MOJb30BaTenssMu. Hampumep, eciu OOUH M TOT Ke
3aroJIOBOK JIOJDKEH MOSIBISATHCS BO BCEX AMAarpaMMax JAaHHOW OpraHM3alllH, MOXKHO CO3JaThb
JIUarpaMMy C 3TUM 3aroJIOBKOM, COXPAaHUTh JUArpaMMy Kak HECTaHJIAPTHBIA THI IUArpaMMBI,
OTpe/ieNICHHBIN MOJIb30BATENIEM, a 3aT€M OTKPBITh IOCTYI COTPYIHHKAM JJIsS UCIIOJIL30BaHUs €€
B KaueCTBE 11a0JI0HA.

Jna  o0obasnenus coOCMEEHHO20 HECMAHOADMHO20 MURA OUAZPAMMBL IS
UCIIOJIb30BaHUs B APYTUX TUarpaMMax He0OXO0IUMO BBITIOIHUTE CIIEAYIONINE ICHCTBUS:
1) BbIOEpUTE AMarpaMMy, KOTOPYIO HEOOXOJIMMO COXPAHUTh B KAYECTBE HECTAHAAPTHOIO THIIA
JMarpaMmebl;
2) B MeHio Jluarpamma Beioepute koManay Tun guarpamMmal;
3) na Bknaake HecranaapTHble BoIOEpUTE KOMAHIY JAOTOJIHUTEIIBHBIE;
4) naxxmute KHONKY /Jlo0aBUTH;
5) B none Ha3Banue BBeUTE HA3BaHUE IUATrPAMMBI;
6) ecii HEOOXOAUMO JTOOABUTH ONMCAaHHUE, BBEIHUTE €ro B nojie Onucanmue;
7) naxxmute kaonky OK.

Coemecmnoe ucnonivb3oeanue HECMAHOAPMHO20 MURA OUAZPAMMBL HECKOTbKUMU
ROb308AMENAMU:
1) Ha KOMIIBIOTEPE KaXIOTO MOJIb30BATENSl OTKPOMTE KHUTY, COJAEPKAIlYI0 HECTaHAapTHBIN
THUII TUATPaMMBbl, K KOTOPOMY HEOOXOIUM COBMECTHBIN JOCTYII;
2) BbIOEpUTE AMArpaMMy, KOTOPYIO HEOOXOJUMO COXPAaHUThH B KaUueCTBE HECTAHAAPTHOIO THUIIA
JMarpaMmBbl;
3) B MeHi0 /Imarpamma BeioepuTe kKoMaH 1y THIl JHATpaMMBI;
4) na Bkiaake HecranaapTHbie BRIOCPUTE KOMAHITY TOTIOJTHUTEILHBIC
5) Haxmute KHONIKY /[00aBUTH;
6) B none Ha3Banue BBeUTE HA3BaHUE JIUArPAMMBI;
7) ecin HEOOXO0AUMO JOOABUTH ONMCAaHUE, BBEIUTE ero B noye Onucanue;
8) naxxmure kHonky OK.

Yoanenue necmanoapmnozo muna ouazpammul, onpedenennoit nonv3oeamenem:
1) yT0OBI aKTUBU3UPOBATH MeHIO JImarpamma, BeIOEpUTE TUarpamMmy,
2) B MeHI0 Jlnarpamma BeiOepute koMaHay Tun AnarpaMmmesl;
3) na Bimanke HecrangapTHble BEIOEpUTE KOMaHy TOMOJIHUTEIBHEIE,
4) B none Tun nuarpammsl BeIOepUTE (hopMaT, KOTOPHI HEOOXOAUMO YATIHTh;
5) BbIOEpUTE KOMaHy YAAJIUTh, a 3aTeM HaxkMmuTe KHonky OK.
BceTpoeHHBINM HeCTaHAAPTHBINA TUI IUAarpaMMBbl YAAJIUTh HEBO3MOXKHO.
H3zmenenue muna ouazpammol
Jist GONBIIMHCTBA TUIOCKUX AMAarpaMM MOXXHO M3MEHHUTh THII JUArpaMMbl Kak psaa
JAaHHBIX, TaK U JUarpaMMbl B 11eJI0oM. [ my3bIpbKOBBIX JTUarpaMM MOXKHO M3MEHHUTH TOJIBKO
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TUN JUarpaMmbl B 1ienoM. J[nsi OONBIIMHCTBA OOBEMHBIX JUAarpaMM H3MEHEHHE THIIA
3aTparuBaeT BCIO auarpammy. s OObeMHBIX JIMHEWUYAThIX JAUArpaMM U THCTOTPaMM €CTh
BO3MOXKHOCTh TIPEOOPA30BBIBATh OTJCIBHBIE PSIbI JAHHBIX K KOHYCHOMY, IHJIUHAPUIECKOMY
WJIY IUPaMUIAIBHOMY THITY.

YrtoObl uzmenums mun ouazpammut, BHIIOIHATE OJHO U3 CIETYIOIUX ACHCTBUI.
1) s uenoi auarpamMmbl BEIOEpUTE JUarpamMmy;
2) i psiaa JaHHBIX BBIOEPUTE PSIT JAHHBIX;
3) B meHio JImarpamma BeiOepute koManay Tum auarpamMmsi;
4) nHa Bkiaake CTaHgapTHbIE BEIOEPUTE HEOOXOIUMBIN TUII IUATPAMMBI.
5) mpu W3MEHEHWW THUMNA AWarpaMMbl JJis psfa JaHHBIX, a HE MJs BCEeU JauUarpaMmebl,
HE00X0IUMO ycTaHOBUTH Guiakok [IpuMeHHTH K.

Jlyist TOrO 9TOOBI MPUMEHUTh KOHUYCCKHUN, [IMITUHAPUICCKUN WIH TTHPaMUIATbHBIA THIT
K pSay JaHHBIX OOBEMHOW JMHEHYAaTOW JuarpaMMbl WM THCTOTPAMMBI, IIEIKHUTE
Mumunapuyeckass, Konumueckas wim IlupammaanbHasa B noise Tum Ha BKIAIKe
CranaapTtHble, a 3ateM ycTaHOBUTE (Giiaxkok IIpumMeHuTs.

Buvioop 3nemenmos ouazpammol

YroObl BEIOpATh 3JEMEHT AUArpaMMbl C IIOMOLIbIO MBIIIH, IIETKHUTE HY>KHBIH JIEMEHT
auarpammbl. Psabl TaHHBIX, MOANKUCH 3HAYEHUH UM JIETE€HIbl MOYXXHO M3MEHAThH MOAJIEMEHTHO.
Hanpumep, uToObl BEIOpAaTh OTJENIBHBIA MapKep JaHHBIX B A€ JaHHbBIX, BBIOEPUTE HYKHBIN
PSA NaHHBIX M IIEJIKHUTE Mapkep JaHHbIX. VIMs syeMeHTa auarpaMMmbl OyneT BBIBOJAUTHCS B
NOJCKa3Ke B cilyyae, eciau ycraHoBieH (uaxok IlokaspiBaTh mmeHa (MeHio CepBuc —
ITapamertpsl - lnarpamma).

Bropoii crioco6 BbIOOpa 37€MEHTOB JUarpaMMbl CIIEIYIOMIMIA: MIETKHUTE JUarpammy,
HOXMHUTE CTPEIKYy panoM c mnojeM OO0beKTbl JMarpaMM  Ha IaHEIU WHCTPYMEHTOB
JAuarpamma, a 3aTeM BbIOEpUTE HY>KHBIN 3JI€MEHT.

YroObl BBIOpaTh »JJIEMEHT JUarpaMMbl C TIOMOIIBIO KIJIABUATYphl, IOJb3YHTECH
KJIaBHIIIAMH CO CTpeskaMu. YToOBI OTMEHHUTH CIeNIaHHbIN BbIOOD, HakMuTe Kiapuiry ESC.

IHonyyenue 3aBUCUMOCTEl MapaMeTPOB aTMOC(EphI OT BHICOTHI
CTaHJAapTHOH aTMocdepbl

UccnenoBanusi moka3pIBalOT, YTO (PU3MYECKHE TapaMmeTpbl aTMoc(epbl 3HAYUTEITHHO
M3MEHSIOTCS B 3aBUCUMOCTU OT KJIMMATUYECKUX YCIOBUM, BPEMEHU T'0JIa U BBICOTHI.

bannmuctuyeckue  pacueTsl  MPOBOAATCS  AJIE  HOPMAJbHBIX  METEOYCJIOBHUIA,
COOTBETCTBYIOIIMX CPEAHUM CTAaTUCTHUYECKUM OIBITHBIM JAaHHBIM WM TaK Ha3bIBAEMbIM
CTaHJIapTHBIM aTMoc(epam.

B 1920 r. Opuia mpuHsATa MEXIyHapoaHas cranmaptaas atmochepa (MCA), koropas
BIIOCJIC/ICTBUY YTOYHSJIACh M B HacTosiee Bpems aeiicteyet B cootBeTcTBUM ¢ ['OCT 4401-81
- CA-8l1.

Hns aptumnepuiickoil npakTukd B 1927 1. BBEIM HOPMAJIBHYIO apTUIUIEPUHCKYIO
atmocthepy (HAA) u no Hacrosimero Bpemenu, corimacHo ['OCT 24288-80, pacueTsl Tadnwil
CTpenbObl M TOJATOTOBKM HUCXOAHBIX JaHHBIX Ha TMyck pakeT CyXONyTHBIX BOWCK
OCYILIECTBIISIOTCS UCKItoUnTenbHO 10 HAA ¢ BBeieHHMEM B He€ HE3HAYUTEIbHBIX KOPPEKIUN
U1 BEICOT cBEIe 27000 m.

B CA-81 B ornmume or HAA BbicOTa HaJl IOBEPXHOCTBIO 3aJaeTCsl 4epe3 Tak
Ha3bIBAEMYIO T€OMOTEHIINATBHYIO BBICOTY.

B CA-81 3nauenme g(h) Bbuucisioch 0e3 ydera IHEHTPOOEKHOTO YCKOPEHHUS IIO
dbopmyre mis chepruueckor Moaenu 3eMITu
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Ric )2
g =8¢ (m) s
rae g = 9,81 m/c%, Torma kax B HAA HOpPMaJIbHOE YCKOpEHHE CBOOOJHOTO MaJACHUs gy =
9,80665 m/c’.
B CA-81 ycTaHoBieHBI CTaHIapTHBIC YACIICHHBIE 3HAUYEHHUS MapaMeTpoB aTMoc(hepsl B
GYHKIIUM ~ TEOMETPUUYECKON h wu reomorenumansHoit [ BpICOT. CBSI3H MEXIY
TEOMETPUUYECKOM U FE€ONOTEHIIMAIILHON BBICOTAMU CIIEIYIOIAs

— R3ch h= R3CH
R, +h’ R, —H

C

)

rae R, =6 356 766 M — cpennuii paaiyc 3emi.

B 3aBucumMocTu oT xapakTepa nusmeHeHus: remneparypsl armocepa CA-81 pazdura Ha
Pl CIIOEB, TeMIepaTypa B KaXIOM CJIO€ allpPOKCUMHUPYETCS JTHUHEWHOW (QyHKIUEH OT
FCOHOTCHHHaHBHOﬁ BBICOTHI

T=T.+[(H-H.)
rie [ - rpaaMeHT TemmepaTyphbl MO TeoNmoTeHUMaibHOH Bhicote; 1., H, - Temneparypa u

T'COIIOTCHIINAJIbHAs BBICOTA HOKHEN TpaHUIbI COOTBECTCTBYIOLICTO CJIOA.
HCHOJ’IBSy}I 3HAUCHUA TCMIICPATYPbI, OIIPCACIIAIOT JABJICHUC
_&c
p ke
P =D 1+7(H—H*) :
*
IJIOTHOCTb,

p

P=—
RT
CKOPOCTb 3ByKa

a =kRT =20,046796\JT ,

e k =1,4 — noka3zarenp aguadater, K - yAenbHas ra3oBasi MOCTOSIHHAS (R =287,053); g, -

YCKOpEHHUE CBOOOIHOTO Ma/IeHuUs AJIsi HYJIEBOU BBICOTHI.

Ilo npuBeneHHbIM (opMyaaM MOTYT OBbITh BBIYMCICHBI TaOJUIBI, COJEpKallue
OCHOBHBIE XapaKTEPUCTHUKU aTMoc(hephl: TeMIeparypy, AaBJIEHUE p, IUIOTHOCTb BO3AYXa,
YCKOpEeHHe CBOOOJTHOTO MaJeHUs, CKOPOCTh 3BYKa. IIpuBeeHbI Takke OTHOCUTEIbHbBIC BEIU-

n.n

YHHEI p/p. 1 1p. UHmekcom "c" oTMeueHbl 3HaUSHUS MapaMeTPOB I CPEAHETO YPOBHS MOPS
(HyneBoW BBICOTHI). 3HAUEHUSI TEMIIEPATYPHBIX T'PaJUEHTOB JJIsi CTaHJAPTHU30BAHHOM dYacTu
atmocdepsl CA-81 npuBeneHs! B Ta0I.

B HAA 3a HOpMasbHbIE YCJIOBUS Ha YPOBHE MOPS MPUHSTHI:

hyy =750Mm pr. cr.,

€,y = 6,35 MM pr. 1. (50% BIAxkHOCTH),

Toy = 288.9°K (7, =15 °C);

BecOBas IIOTHOCTH Bo3ayxa [, =1,206 krc/m i

2 4
IJIOTHOCTH Bo3ayxa Oy =0,1229 krc ¢ /M

a,, =340,8 m/c. Kak u B CA-81, IpUHATO, YTO BETEP OTCYTCTBYET.

HN3menenune TemmepaTypbl €  BBICOTOM  PAacCUMTHIBAETCS 1O  3aBUCHUMOCTSIM,
npeanoxxeHHsiM [{.A.Bentuenem:
Tz geicor ¥ < 9300 m npunsto
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T =17,y —0,006328y;

st Beicor 9300 < y <12000 m npunsito

7=230-0,006328 y —9300)+1,172- 10°° (v— 9300)2 ;

s Beicor 12000< y <31000 m npunsito 7 = 22 L5°K = const.

3HaquI/Ie JAaBJICHUSA U IIJIOTHOCTHU paCC‘{I/ITBIBaIOTCH 110 (I)OpMYHaM
1 +dy hon 1 tdy
h=nh,, exp| ——|— | II=13,6———exp| ——|—
o R "R
4 Ton 4
ECJ'II/I OTHECTHU 3Ty IIJIOTHOCTH K HOpMaﬂBHOﬁ IIJIOTHOCTHU B03z[yxa y HOBerHOCTI/I
3eMii, TO MOXKHO MOJTYYHUTh Oe3pa3sMepHYI0 (QYHKIIHIO H3MEHEHHSI TUIOTHOCTH C BBICOTO

11,
[Ipn pemenun psga MOpakKTUYECKUX 3a7ad, HANpuUMep TMpU  OATMCTHYECKOM
NPOCKTHPOBAHUH, [UIS BBIYUCICHHS Oe3pa3MepHON (YHKIMU HM3MEHEHHUS IJIOTHOCTH C
BBICOTOM, yI0OHO HCIONIB30BaTh SMIUPHUUECKHUE (HOPMYIIBI:

B.IIL. Berunukuna: H(y) = m;
20000+ y
Jnneinas: H(y) =1-ky;
Tunep6ommueckas: H (y) = ! ;
1+ ky

e kK =0,0001.
3.TIOPSITIOK BBITIOJIHEHUSI PABOTBI
1. PaCC‘II/ITaTb I10 (I)OpMyHaM, Hpe,Z[CTaBHeHHLIM BBIIIIC, 3HAYCHU r[apaMeTpOB

atMoc(epbl B 3aBUCUMOCTUM OT BBICOTBI W MPEACTaBUTh HUX BHUJE TaOJIUIBI
CTaHJApTHOU aTMOC(epHl:

H, m T,.K p, [la Py, KT/M® | 8, M/C g, M/c” P/pe

PacueTsl mpoBeCTH ¢ HCMOJB30BAaHUEM MPOTPAMMHBIX TpHIokeHud MicroSoft

Excel.
2. Tloctpouth rpaduKe 3aBUCHMOCTH IIapaMETPOB aTMoc(epsl OT BBICOTHI II0

MOJTy4eHHOM B 1.1 Tabnuie.
3. Crnenatb BBIBOJBI 110 MTOJTYYCHHBIM PE3yJIbTaTaM.
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JlabopaTtopHas pabota Ne6

PACYET TPAEKTOPHUHU ITOJIETA CHAPAIA PC30

1.HEJIb PABOTHBI
OTIpeIeIUTh OCHOBHBIE MTapaMeTPbl TPAEKTOPUHU HeympasisieMoro JIA, MOCTPOUThH TPAEKTOPHIO
U Ipo(pUiIb CKOPOCTH.

2.0CHOBbI TEOPUH
Cucrema ypaBHEHUN TBUKEHUS
[Ipn BBIBOAE CHUCTEMBI ypaBHEHUUN [BIDKEHUS pAaKeThl Ha aKTHUBHOM Y4acTKe
TPAEKTOPUH MOXKHO MCIOJIb30BaTh 3€MHYIO (HEMOJABUKHYIO) WIIK TPAEKTOPHYIO (TIOABUKHYIO)
CUCTEMY KOOpJMHAT.
B kadectBe mnpumepa, BOCHOJIB3YEMCS HENOOBUNCHOU 3eMHOU cucmemou KOOpAHHAT

(pUCyHOK .
Yo% Xa

Ya >

»
'

Xo

PacuetHas cxema IBHKEHUS PaKCThI

[Ipu cocraBieHNN MaTEMaTHIECKON MOJICTTH IPUHUMAEM CIICTYIONTUE 0ONVUleHUSL:
- BIIMSIHUE BpallaTesIbHOTO JBIKEHUs JIA Ha JBMKEHUE ero [EeHTpa Macc OTCYTCTBYIOT;
- TpaekTopus nojera JIA cuutaercs miocKou;
- KpUBH3HA 3€MJIU U BETEP HE YUUTHIBAIOTCS;
- CHJIa TATH CYATAETCS IOCTOSHHOM;
- I3MEHEHHE IJIOTHOCTH BO3/[yXa C BHICOTON YUUTHIBACTCS MPUOITMIKEHHBIMUA 3aBHCUMOCTSIMH.
TpaekTopuro mojera Heynpasisiemoro JIA B TaHHOM ciiydae MOXHO pa3JeiuTh Ha JBa
ydacTKa: aKTHBHBIA (C paboTalpiieM JBUTATENEM) H TMACCUBHBIN (C  OTpaboTaBIIUM
JIBUTATEJIEM).
Ha pakery Ha axmugHnom yuacmke TpaeKTOPUU AEHCTBYIOT CUJia TSATU P, HanpaBJIeHHAs
M0 KacaTelbHOW K TPACKTOPHHM M COBIAJAIONIAs C BEKTOPOM CKOPOCTH, adpPOJMHAMHYECKAs

cuna X ,, HAIIPABIICHHAs 110 KACATENBHON K TPACKTOPUU B HAIPABIEHUH, IPOTHBOIOIOKHOM
BEKTOPY CKOPOCTH, U cuiia Tsbkectd G=mg (PUCYHOK 1).
[poeunpys ykasanusie cunbl Ha ocu OX j u OY,y, nonyunm ypasuenus yckopenuii

Ve = (P(t) = Xo(M)) cos 6(¢) /m(2), (1)
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V, = (P() = Xo(M)) sin 8(t) /m(t) — g. )
K naHHbIM ypaBHEHHAM HEOOXOIUMO J0OABUTh KHHEMATHUYECKUE COOTHOLICHUS
x =V, 3)
y =V, )
Kpome Toro, Heo6x0auMO 3anucaTh COOTHOLICHHUS I pacueTa:
- TEKYLUEH MacChl

m(t) =mgy— mc(ta)t, (5)
- aPOJMHAMUYECKOUN CUIIBI
VZ
Xo(M) = 2-5,,Cx, (M), (6)
- TEKyIIeH MIOTHOCTH BO3IyXa
p = poH(y), (7
- IBMCHCHU IIJIOTHOCTHU Bo3z[yxa C BBICOTOﬁ
_20000—y
H(y) = 200004y’ &)
- CKOPOCTH
V= V& + V2, 9)
- yIJia HaKJIOHA TPAeKTOPHUHU
6(t) = arcsin(V,,/V). (10)

rZie My - IOJHAsg Macca PaKeThl ¢ TOIUIMBOM; M. (t,) CEKYHIHBII MacCOBBIH Pacxo] TOIIMBA
(m.(ty) = m;/ty); m, - mMacca TOIUTMBA; t,- BpeMs PaOOTHI NBUTATENS, Py - IUIOTHOCTD
BO3/lyXa Ha ypoBHE 3eMIn; S, - IIOmaab MUaeIeBoro ceuenns; Cy (M) - xoopduumenT cuibl
J000BOT0 CONPOTUBJICHNUS, SIBIISIOUIMICSA QyHKIMEH yncna Maxa.

VYpaBHeHMs] ABUKEHUS PAKEThl HA NACCUBHOM yuacmke TONy4aroTcsl U3 cuctemsl (1)-
(10), ecnu monoxkute m = const, P = 0.

YucnenHas peanusanus MOJEIN
[Ipusenennsie ypaBHeHus (1)-(10) BkitouyaroT yeThipe AuddepeHInaIbHbIX YpaBHEHUS
nepBoro nopsaka u 6 anredpanyeckux. Pemenne nuddepeHnnanbHbIX ypaBHEHHH BO3MOKHO
TOJIBKO YHCIIEHHBIMU METOJIaMHU.
PaccmarpuBaemass cuctema nu¢@depeHIUalbHBIX YpaBHEHHs HMEET pellleHHe Ipu
HEKOTOPBIX 33JaHHBIX HAYaJIbHBIX YCIOBUAX:
t:0' Vx:VxO' Vy: y0 X = Xo, Y =Yo-
OmarMm w3  Hamboyiee pacIpOCTPAHEHHBIX METOJOB PEHICHHS  OOBIKHOBEHHBIX
nuddepeHMaibHbIX YPaBHEHUIN SBISETCd METOJ  KOHEUHBIX pa3HOCTEH (MKP).
Paccmorpum npumenenne MKP i umcnenHoro pemenus Ha OBM  mpocreiimero

nudepeHIHATBHOTO YpaBHEHUS MTEPBOTO MOPSIIKa:
dy
—=fX,Y
— = fL)
¢ HavajupHbIMU ycnoBusiMu  Xo, Y(Xp) = Yo.

Pemenne Oynmem uckaTh B mHTEepBasie [Xo, ] u Oymem momararh, 4To (YHKIHS HA
JTAHHOM MHTEpBaJie YIOBIETBOPSAET YCIOBHIM IIaIKOCTH.

Pazobbem oOmacth aprymeHta X Ha MHOXECTBO OTPE3KOB UIMHOW AX W pa3ioxum
byaknuo Y B psan Teisopa B OKPECTHOCTH MPOM3BOJBHON TOUKM X; M3 00OJacTu
CYIIECTBOBaHUSA (DYHKIIUU:

_ . AX o, AXZ
Yip1 = Y(Xl- + AX) = Y(Xi) +?Y X) +7Y X))+ .

OT6paCBIBa}I YICHBI psAda, COACPKAIIUC MPOU3BOJHBIC BTOPOrO M BBICHICTO IMOPAJIKOB,

I10JTy4aeM KOHEYHO-Pa3HOCTHOE BhIPAKEHNE NIEPBON IPONU3BOTHON
' _ Yiga Yy
Y'(X) = -
Otrcioma Y1 =Y, +AX - f(X,Y)
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Brraucnsas mociieIoBaTeNIbHO OT HAYaJILHOTO 3HaUCHUs Yy 3HadeHus Yi, Y, Y3, ... 1o
JaHHOU (opMyIie, HAXOAUM HCKOMOE peIlieHHE.
Ha pucynke nmokazana gopma YHCIEHHOTO PEIICHHUS, TTOTy4aeMOro ¢ TIOMOIIBIO TaKHX

BEIUYHCIICHUN
VA

yfEEEE=2
b

|

| ' |
| ' |
| : |
|

| | ! .

X X X X X %

3

CxeMa mpuOIMKEHHOTO PEIICHHsI METOIOM Dijepa

JlaHHplii MeTOJ pernieHus OOBIKHOBEHHOTO IU(p(EepPEHIINATLHOTO YPaBHEHHS HOCUT
Ha3BaHue Merona Jinepa. Ilpu mocrarouno Manbix BenuuumHax mara AX . Meton Diinepa
JaeT pelleHHe ¢ OObBIION TOYHOCTBIO, TAK KAaK IOrpelHocTh 6imska k 0(AX?) Ha Kakaom
miare rmpoiiecca.

Jns peiienusi cucteMbl ypaBHeHUHM nBwxkeHus JIA metonoM Diijiepa 3amuileM €€ B
KOHEYHO-Pa3HOCTHOM BUJIE:

Xig 4 —Xi
( VX — Xi+17Xi
1 At
Vy- — Yi+t17¥i
1 At
4 Vi .. =V
it1 X __
m; —At = [Pl — Xai] COSs Gi
) Vyie ~Vyi

L m; = [P, — X,i] sin 6; — m;g

At
r€ [ — HOMEpP TEKYUIEro I1ara o BpeMeHHU.
BbipaszuM B 3THX ypaBHEHHsX B siBHOM Buje Vi, V)., Xi11,Vis1

Vir1 = ¥i T Vy, At

At
in+1 = VXi + E [Pl - Xai] cos Gi
At :
Vi, =V, + m [[Pi — X,il sin6; — mig]

Pemass cucremy ypaBHeHuil (3) Ha KaxXAOM ImIare IO BpPEMEHH, MOXKHO
MOCJIEIOBATEIHHO BBIYMCIUTE BCE TOUKH TpaekTopuu nosera JIA.

3.110PAJOK BbBIITIOJIHEHUA PABOTBI

1) M3yunTh TEOPETHUECKHUE OCHOBBI BBIIIOJIHAEMOMN paOOTHI.
2) CpenaTh pacyeT TpaeKTOPUHU MOJIeTa HeyIpaBisieMoro JIA.

Pacyer TpaekTopuu Heynpasiasemoro JIA.
Pacyer  TpaexkTtopum  Heympamiasiemoro JIA  BeIMOdHSETCS B ClEQYOIIEH
IIOCJIE0BATENBHOCTH:
1. CocTaBUTh MaTEMAaTUYECKYIO MOJEIb JBMKEHMS LeHTpa mMacc JIA mpu NpUHATBIX
JOIYILEHUSX.
2. Hcnonp3ys YHUCICHHBIA METOZ, COCTaBUTh IPOrpaMMy pELIEHMs ypaBHEHUN Ha
OBM c ucnonpzoBanueM nporpammHoro npuioxenust MicroSoft Excel.
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3. lIlocne omiagku nporpaMMmbl IPOBECTH BBIYMCIEHHE WM3MEHEHHMS IapaMeTpoOB
TPaeKTOPUH OT BpeMeHHU (MCXOAHbIE JAaHHbIE JJIs pacuera B MPWIOKEHUH 1), ¥ 1O HUM
OIIPEACIUTD CIEAYIOLNE OCHOBHBIE AIEMEHTHI TPACKTOPHUH:

- MaKCUMaJlbHasi BbICOTA TPACKTOPUU;

- IapaMeTpbl TPAEKTOPUH B KOHIIE aKTUBHOT'O y4acTKa (CKOPOCTh, JaJIbHOCTh, BHICOTY);

- CKOpOCTh, YIOJl HAKJIOHA TPAeKTOPUHU B TOUKE MaJICHHUS;

- JAIBHOCTH U MOJIHOE BPEMs I10JIETA.

4. Tloctpouth rpauku: TPAeKTOPHH, MNPO(HUIS CKOPOCTH, MPOEKIMH CKOPOCTU U
YCKOPEHHM OT BPEMEHU.
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JlabopaTtopHas pabota Ne 7

PABPABOTKA CTPYKTYPbBI IIPESEHTAIIUN

1. HEJIb PABOTBI
Lenbto nanHOW paOOTHI SBISIETCS H3YyYEHHE CTAaHAAPTHBIX 3JEMEHTOB MHTepdeiica
CO3J1aHUs [IPE3CHTALINH, [TOJTy4YEHUE HABBIKOB CO3/IaHUs IIPE3CHTALIMIA.

2. KPATKHE TEOPETUYECKUE CBEJAEHUSA

B nporpamme PowerPoint cymmecTByeT HECKOIBKO pEKUMOB, KOTOPBIE MPEIOCTABIISIOT
IIMPOKUE BO3MOKHOCTHU JJIs1 CO3AAHUS U AEMOHCTPALUU IIPE3CHTALUNI:

. OObIuHBIH (C 00JACTBIO CTPYKTYPBI, CIIali1a U 3aMETOK);
. CopTUpOBIIUK CIal0B;
. ITokas cnaijos.

[lepexirouenue MeXIy peKMMaMU OTOOpaxeHus U paboThI ¢ Mpe3eHTaluein
BBITIOJIHSIETCSI C TIOMOIIBI0 KOMaHT MEHIO BM/1 TN KHOTIOK, PacioyIOKEHHBIX B HUKHEH 4acTH
paboueii obmacTu okHa rmporpammel PowerPoint, — ciieBa 0T ropr30HTaIBHOM MOJIOCH

HIPOKPYTKH.

OObIYHBIN pesKuM
OOBIYHBIN PEKUM — TO OCHOBHOW PEXKHUM PEIAKTUPOBAHUS, KOTOPHINA UCIIOJIB3YETCSI
JUTSL 3aIACH U pa3paboTKu npe3eHTanun. B pesxxume OOBIYHBIN Ha SKpaHEe OJJHOBPEMEHHO
O0TOOpaXKarOTCsl TP paboune 00JIacTH MPE3CHTAINHN:

. neBasi 00JacTh COACPKUT BKIIAAKH, TIO3BOJSIONINE EPEXOIUTh OT CIMPYKMYpbl
mexcma cnaina (Bkiaagka CTPYKTypa) K 3CKu3aMm cratioos (Bkiaaka Ciaiabl);

. meKywutl c1aio co BCEMH COAEPKAIIUMUCST B HEM 00BEKTaMU — OTOOpaXkaeTcst
CTIpaBa;

. obaacmuv 3amemox — pa3MeINIaeTcs Huke 00JIacTH ciaiiia.

Pa3mepr! o6sacTeit MOKHO U3MEHATH, TIEpeMeIIasi UX TPAHUIIbI C TOMOIIBIO MBIIIIH.

Bkaaaka (o0aacts) CTpykTypa

B oOnactu CTpyKTypbl Mpe3eHTanusi u300pakaeTcsi B COKPAIEHHOM BHJE:
0TOOPaXKAIOTCS MONbKO 3G201068KU CANO08 N COAEPKAILUNCS B ClIalilaX meKkcm.

Pexum Crpykrypa B mporpamme PowerPoint mpeanasHadeH [Uisi OpraHHU3AlHH |
pa3BepTHIBaHUS COAECPKUMOTO MPE3EHTAINH, JIJIsl OBICTPOTO BBOJA, MPABKU U YIOPSAJOUYUBAHUS
TeKkcTa. B 3TOoM pexume MOKHO M3MEHSAThH 3aroJIOBKM U OCHOBHOW TEKCT, U3MEHSATH MOPSIOK
PaCIOJIOKEHUS CIaliIOB WM MYHKTOB MAPKUPOBAHHOTO CHHCKA. /{151 3TOro Hy»XHO BBIIEIHUTH
COOTBETCTBYIOIIUHN IIYHKT U IEPEMECTUTH €T0 B HY’)KHOE MECTO C IIOMOILBIO MBIIIIH.

Hnst 0obasnenus mexcma B pexume CTpyKTypa HY>KHO IIOMECTHTh TEKCTOBBINA Kypcop B
MO3UIMIO Hayaja TeKCTa U BBECTHU TEKCT.

s 0obasnenuss HOBOTO cratioa HY>)KHO HaxaTh kKiaBuinry Enter.

s ynoGcTBa paboThl CO CTPYKTYpO# mpe3eHTanuu B nporpamme PowerPoint umeercst
crelaibHas aHelb HHCTpyMeHTOB CTpyKTypa.

Briaaaka Caaiabl
Ha Bxnaake Cnaiiipl MOXKHO IPOCMOTPETH CJaibl NMPE3EHTALlMM B BHUJE 3CKH30B BO
BpeMsl PEIaKTUPOBAHUS. DCKU3bl OOJEryaroT MepeMelieHHe MO0 MPEe3eHTAUHd U MPOCMOTP
3¢ dexToB BHOCUMBIX M3MeHeHUH. Ha 3Toil BKiIagke MOXHO J00aBIATH, YIANATh CIAlAbl U
U3MEHSATh UX MOPSAAOK.
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Oobaacrsp caaiiga
Obnacth crnaiina mnpegHazHayeHa aisi pabOThI C  OTACIBHBIMU CIAalgamMu, s
N00aBJICHHS] PUCYHKOB, TEKCTa, JUATPaMM U IPYTUX O0BEKTOB — (PHIIBMOB, 3BYKOB, aHUMAIIUH
" CO3J1aHUSA TUIICPCCHUIOK.

[lepemenienne mMexay ciaaiijaMu BBINOJHAETCS C MOMOIIBI MOJIOCHI MPOKPYTKH WU

kiauin PageDown u PageUp.
Eciu ipu pepakTrpoBaHUM TpeOYETCsl 0TOOpaKaTh TOJIBKO 00JIACTh TEKYIIETO Cllaiia,
To BKJIaaku CTpykTypa u Crnaiipl MOKHO yOpaTh € 9KpaHa C MOMOIIBIO KHOTIKH 3aKPBITh.

Obaactb 3ameToK (pe:xxuM CTpaHUIbI 3aMETOK)
OO6nacTh 3aMETOK pacrioyiaraeTcsi HUKe O0JIACTH ClIaiiia; OHA CIYXKUT Iisi 10OaBICHUS
KOMMEHTapueB K JIOKJIaay, KPaTKUX 3aMETOK, T€3UCOB MJIM JAPYIMX CBEIEHUI, HEOOXOAMMBbIX
JOKJIAIYUKY WA ayAUTOPHUH.

Pe:xxum CopTHpPOBIIMK cJ1aii/10B

B pexume CopTUpOBIIMK CHaiiioB Mpe3eHTalus OToOpakaeTcs B BHUAE OICKH30B
ciaiiioB. B »TOM pexuMe Henv3si pedakmuposamsv codepiscumoe OTIEIbHBIX C1ati0os, HO
yIoOHO A00aBIATh, YAAIATh U MEepeMelaTh Claijibl, 3a1aBaTh BpeMs UX MOKa3a U BHIOMpPATH
croco0 mepexosa MEeXIy CilaiaMu, IPOCMaTPUBATh CIIOCOOBI CMEHBI CIAI/IOB, aHUMAIHIO U
BpeMsl X OTOOpaKEeHHUS.

Jns paGoThl B 3TOM peXHME CYLIECTBYET CIelHalibHas IaHelb WHCTPYMEHTOB
CopTHUPOBILHK CIANOB.

[llenuok MBI MMO3BOJSAET 6bl0€IUMb OMOEIbHbLI CAald. BelaeleHne HeCKOIbKHX
CJIAI0B MTPOU3BOAMTCS IETIKOM MBIIIH MPU OJHOBPEMEHHO HaXXaThIX KiaBumax Shift wim
Ctrl.

st Toro 4TOOBI UBMEHUmMb MeCcmO pAacnoN0NHCeHUs Claudd, €ro HYXHO IpPOCTO
HepeTalyTh C MOMOLIbI0 MbIIIM. /[ KomupoBaHMs claiiia Mmpu MepeTacKuBaHUM CIEAyeT
ynepxkuBath Haxatoi kinasuiry Ctrl vuinmn ucnonb3oBats 6ydep oOMeHa.

Mna yoanenus cnaitida €ro HY)XXHO BBIICIWTh W Haxarh kiaBuily Delete wniu
UCITOJIB30BaTh KOMAaH/1y KOHTEKCTHOI'O MEHIO ClIaii/1a Y AaJIMTh CJIAMI.

Jns Toro 4tobbl npocmompemv 3(P(PEKTHl CMEHBI CIAWJOB M aHUMALMIO HYXHO
IENKHYTh 110 3HAUKY Hiy, PACIOI0KEHHOMY MO/ C1ati00M.

Pe:xxum Iloxka3s ciaaiinos

B pexume I[loka3 cnaiioB clailibl 3aHUMAKOT BECh JKpPaH KoOMIbioTepa. B 3Tom
pexuMe paboTarOT THUIIEPCCHUIKH, COOJIFOMAIOTCS 3aJaHHbIE BpPEMCHHBIC WHTEPBAIBI H
pa3paboOTYMK TIPE3CHTAIMU MOXKET OLEHUTh, KaK OYIyT BBHITISACTh PUCYHKH, (DHIBEMBI,
AHUMHUPOBAHHBIE 3JIEMEHTHI W 3()(EKTH Mmepexojia CIAiI0B MPH peaTbHOM MPEICTaBICHUN
MPE3CHTALIUH.

s mepexona B pexxuM [1okas citaifioB MOKHO UCIIOIB30BaTh OMH U3 CITOCOOOB:

) komany meHio [IOKA3 C.JIAfII[OB - HauaTthb nokas;

. komanny BU/I - Iloka3 ciaiinos;

o kHonky (IToka3 ciaiioB ¢ Tekyllero cjaiga), KOTopas HaXOAUTCA ClIEBAa OT
TOPU30HTAIILHOW MOJIOCHI TPOKPYTKH — ISl POCMOTpAa MPE3EHTALMU, HAYMHAS C BBIICIEHHOTO
clamnna;

o kiaBumy FS.

[To ymomuanuio B pexxume [1okas cnaitioB nepexoo k ciedyrouemy ciatioy
OCYIIECTBIISIETCS MIEITYKOM MBIIIH, a nepemeujeHue eneped u Hazao — KIABUIIAMHU YIIPABIICHUS
kypcopom miu PageUp/ PageDown. [111a Beixoaa u3 pesxkuma [1okas ciaifioB Hy’)KHO HaxaTh
kiaBuiny Esc nin BRITTOJHUTS KOMaHAy KOHTEKCTHOTO MEHIO 3aBepIINTDH MOKA3 CJIAI0B.
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Oo6pasubl PowerPoint

st Toro yToOB! JOOABUTH WJIM U3MEHUTH KaKOU-THO0 0OBEKT Cpa3y Ha BCeX crlaigax
MPE3CeHTAINH, CIIEAYEeT U3MEHUTh ITOT 00BEKT Ha obpasye ciaioos.

B nmporpamme PowerPoint umeercs uetsipe Buia o0pa3nos:

1. Oo0pasen caaiigoB — 3ajgaer cBoicTBa ((OH, I[BET TEKCTa, CTHIb MapKEpOB
CIIMCKa, TUII U pa3Mmep Mpu@Ta) BCeX CIaiiI0B MPE3ECHTAIIH.

2. Oo0pa3sen Bb11a4 (pa3gaToOuHbIX MAaTEPUATIOB).

3. OO0pa3zen 3aMeTOK — COJEPKUT YMEHBIIICHHBIA BApUAHT CJIalijla U MECTO JIs

BBOJIa TEKCTA 3aMETOK.
Ha oOpa3ue cnailloB MOKHO BBINOJHATH CIEAYIOIIME AEHCTBUS: NepeMeniarb HIn
MOJU(PHUIMPOBATh MECTO3AIOJHUTENN, T.€. M3MEHATh pa3Mepbl IYCTHIX PaMOK, H3MEHSThb
mpUQT, €ro pasMep W UBET, N00ABIATH PHCYHKH, W3MEHATH (OH, 100aBIATH (POHOBEHIC
00BEKTHI, HAIPUMEP Ha3BaHHE WM JIOIOTHUIl KOMITAHUU, HAUMEHOBaHHUE MPOAYKTA U T.II.
V3MeHeHNEe XapaKTepUCTUK oOpa3lia BBHI3BIBACT AHAJIOTMYHBIC U3MEHEHHS BO BCEX
cianjax.
st paboThI ¢ 00pa3amMu HCroNb3yoT koManay MmeHio BUJL - O6pas3en.

HUToroBeii ciiaig. Crana coaepKaHus

Co3gaTh UTOrOBBIM Cllaiil MOXHO B pexxkumax CTpykTypa U COpTHUPOBIIMK CIAH0B C
nomouibto kHonku (MToroBmii ciaaiix), KOTopas HaXOIUTCS Ha MaHENSX HHCTPYMEHTOB
Crpyktypa u COpTUPOBIIUK CJIAKI0B.

Jnsg  co3gaHus  WTOrOBOroO  Clamjaa, COMAEPIKAIIEro 3arojOBKM  BCEX  CIAWI0B
MPE3EHTALINN, HY>)KHO BBIITOJIHUTH CJICAYIOIINE 1EUCTBUS:

1) mepeiitu B pexkxum OOBIUHBIN, MENKHYTh B 001acTu CTPYKTypa, BBIBECTH Ha SKpaH
naHenb MHCTpYMeHTOB CTpyKTypa, a 3aTeéM — M0 KHOIKE MaHeld WHCTPyMeHTOB CTpyKTypa
(CBepHyThH BCe);

2) BBIJCIUTH 3arojIOBKH BCEX CIAM0B C MOMOIIBI0 MbIN wid KomMaHasl IIPABKA -
BplaeanTsb Bce;

3) menkHyTh N0 kHonke (MToroBsiii ciaiix) Ha maHenu HHCTPyMEHTOB CTpYyKTypa.

HToroBeiii ciaiii MOKHO IpeoOpa3oBaTh B CAW COJEP>KaHUsS, €CIIM U3 3aroJIOBKOB
CJaNI0B CO3/1aTh THIIEPCCHUIKU.

Chaito cooeprcanusa (aHaIOT OTJIABICHUS, CO3/1aBA€MOT0 aBTOMaTHYECKH B JJOKYMEHTE
Word) conepXut CIucOK BOIPOCOB MOBECTKHU JHS WM OCHOBHBIX PA3fClIOB MPE3CHTALUU 6
sude ecunepccoiiox. C TIOMOIIBIO TakKOro claiiia BO BpeMs JAEMOHCTPAllMU MOYKHO
(hopMHUPOBATH NPOU3BOIbHBIE NOKA3bL, OBICTPO TIEPEXOTUTH K HY)KHOMY pasJiey Mpe3eHTaIlnN
U TOCJE€ €ro MpOCMOTpa BO3BPALLATHCA HA CIIAl COAEp)KaHUs I Mepexona K APyroMy
paszeny.

s coznanus cnaiiia coaepkaHusi Hy>)KHO eperTu B peskuM COPTUPOBIIMK CIIANA0B, a
3aTeM BBIINOJHUTH CIIEAYIONINE JECHCTBUS:

1) BBIIEIUTH CIIAalJbl, 3aroJIOBKM KOTOPBIX TpeOyeTcs HCIONIb30BaTh B HTOTOBOM
cranje, clnanae ColepKaHus Uin B IPOU3BOJIBHOM TOKA3eE;

2) BBIBECTU HA 3KpaH NaHeJdb MHCTPYMEHTOB COPTUPOBILMK CIANAOB U IIEIKHYTH IO
kHonike (MTOroBbIi caaiin);

3) 11 co3aHusl claiia CoAepKaHusl HY>)KHO JBAK/Ibl IIEJIKHYTh IO HOBOMY ClIailay U
B KaXIOM 3JIEMEHTE CIIUCKA CO3JaTh TUIEPCCHUIKY, KOTOPYIO BO BPEMs JEMOHCTPALIMM MOKHO
OyZeT UCIOIb30BaTh I Mepexo/ia K HyKHOMY pazfeny TeKyIlel Npe3eHTaluu Wik K Ipyromy

JOKYMEHTY.
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IIpou3BOJIbHBIE NOKA3bI

Ilpou3eonvublit nokaz — 5TO OTACIbHAS TPE3CHTALMS BHYTPH OOIICH Mpe3eHTaIUH.
Craiifpl, BXOASIINE B TPOU3BOJIBHBIN MOKa3, TOJDKHBI OBITH YaCTHIO TEKYILEH MTPe3eHTAIHH.

Jns co3maHus MPOM3BOJBHOTO IIOKa3a HYXHO TIepedTd B pekuM COpPTUPOBIIMK
CJIai/I0B U BBIMIOJIHUTH CIEAYIOIINE IEUCTBUS:

1) BBectr komanay ITIOKA3 CJIAMJIOB - IIpon3BoibHbIii MOKa3;

2) B nuanioroBoM okHe IIpon3BoJibHBIN MOKA3 BBECTH HAa3BaHHE MPOU3BOJIBHOIO MTOKA3a;

3) menkHyTh 1Mo kHotke Co3aaTh;

4) B cneayroleM OKHE Mo100paTh CIal/bl A7l TPOU3BOIBHOTO MOKa3a U MIETKHYTh T10
kHonke OK.

Ilepetimu Kk npouseonvbHOMY HOKA3Y BO BpeMs OOBIYHOTO MOKa3a MPE3EHTAIIMH MOKHO C
MOMOIIIbI0 KOMaHAbl KOHTEKCTHOro MeHIO IIpoM3BOJIbHBIH TMOKa3 WJIH C TOMOIIBIO
c(hOopMUPOBAHHOM 3apaHee TUTIEPCCHIIKHA HA TAHHYIO JEMOHCTPAIIHIO.

Co3aHue runepccblIOK

['unepccriiku B mporpamme PowerPoint MoryT ykassiBaTh Ha ClieAyIOIIne OOBEKTHI:
000 ClTaiT TEKYIEeH Mpe3eHTaInu;

NIPOM3BOJILHBIN MTOKa3, 3apaHee chOPMUPOBAHHBIN B TEKYIIEH MTPE3eHTAINH;
Ipyryro npe3entanuto PowerPoint;

Jpyroi JOKyMeHT, ¢aiin uaun Web-ctpanuny;

aJIpec IEKTPOHHOMU MOYTHI.

Jnis co3manus Tunepcchliok B mporpamme PowerPoint HyxHO B peskume OOBIYHBIN
BBIICNIUTh HA ClIaiijie (pparMeHT yIsl Imendyka (TeKCT, pUCYHOK WIIH JIFOOOH Ipyroi oOBEKT), a
3aTe€M MCIO0JIb30BaTh OJIUH U3 BApPUAHTOB!

. komaHay MeHio okHa [IOKA3 CJIAMJIOB - Hacrpoiika neiicrBus;

o xomanay MmeHio BCTABKA - I'mnepcceblika;
o KOMaHAy KOHTEKCTHOro MeHI0 - I'mnepcceblika;
J KHONKY Ha CTaHAApTHOM MaHeNIn HHCTPYMEHTOB (/[00aBUTH rHIIEPCChLIKY).

Hampumep, nist hopMupoBanus TUIIEPCCHUIOK HA Caiie COAEPKaHMs HY>KHO:

1) BbLACNUTDH MEPBBIN ANEMEHT CIIMCKA;

2) BBectu komauay MeHio [IOKA3 C.JIAﬁIlOB - Hacrpoiika neiicTBus;

3) B nuanoroBoM okHe HacTpoiika aeiicTBUS BHIOpaTh OJIHY U3 BKJIAJIOK U
YCTaHOBHTB NE€peKouarens — [lepeiTn mo runepecbLiKe:;

4) BBIOpaTh U3 PACKPBIBAIOLIETOCS CIIHCKA OOBEKT, K KOTOPOMY TpeOyeTcs nepenTn
(npyro# cmaiin, Mpou3BOJILHBIN MMOKa3, uMs (aiina, aapec B HTepHEeTE), U pu
HEOOXOMMOCTH BBECTH JIPYTHUE aJipeca U AOMOIHUTEIbHBIC CBEICHUS;

5) ecnu B KauecTBe 00BEKTa Mepexoa Mo TUIEPCChUIKEe BHIOpAaH BapHaHT
I[IpousBo/BLHBII MOKA3, TO JJI1 BO3BpAICHHs Ha CIAai]] TOBECTKU JHS MOCIIE MOCJIEIHETO
claiija MpOM3BOJIBHOTO TI0Ka3a B 1MajJoroBoM okHe CBfI3aTh ¢ MPOM3BOJIbHBIM MOKA30M
HY)KHO YCTAHOBUTH (IaXkoK [¥|T10KazaTe M BEpHYTHCA:;

6) MOBTOPUTH ITYHKTHI C 1-T0 10 4-¥ 17151 KXKI0T0 3JIEMEHTA CIIMCKA Ha ClIai/ie TOBECTKU

TTHSL.
[Ipu co3zganuu runepccbuiku ¢ nomouisio komana MeHio BCTABKA OI'unepccblika,

KOHTEKCTHOIO MEHIO - ['HIepcehliIKa WM KHOIIKU (Jo06aBUTH rUnepcCbLIKY) Ha SKpaHe
NosiBIIsA€TCA TuanoroBoe okHo /lobaBiienune runepcecbliku. Co3/1aHue TUIEPCChIIOK B 3TOM
JTMAJIOTOBOM OKHE BBITIOJHSETCS] aHAJIOTUYHO J100aBJICHUIO TUIIEPCCHIIOK B JIOKYMEHT
nporpammbl Word (cM. 3aaHue 5 npakTu4eckoil padoThl 4).
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CKpbITBIE C1aiabl

[Tporpamma PowerPoint mo3BosnsieT co3maBaTh CKpPBITHIE CIAMJIbI, TAK KaK B HUX MOXET
coJiepkaThCsl MH(OpPMaIHsl, KOTOPYIO JOKJIATYMK HE CUUTACT IEIeCO00pa3HbIM OTOOPaKATh MPH
Ka)XJI0M TIOKa3e, a MpeAHa3HavaeT ee TOIbKO Il ONPEACIICHHON ayIuTOPHH.

s ckpvimus caaioa HyKHO:

o BBIICTIUTH CIaii/l, KOTOPBIA TPeOyeTCs CKPHITH;

o Beectn koMmanay ITOKA3 CJIAMJIOB - CKpeITh claiifl WIH IIETKHYTH 110

KHOTIKE (CxpoITh caaiin) Ha maHean HHCTPYMEHTOB COPTUPOBIIUK CIIAII0B.

Lna ommenwvl ckpvimusi caaiioa HY»KHO BBIAETUTb CKPBITBIN Claiil U MOBTOPHO
HICJIKHYTH 10 KHOTKe (CKpPBITH CJ1aiin).

s omobpadxcenus cxkpvlmoco caanida HYKHO BO BpeMsi TIOKasza Claiifa,
IPEIIECTBYIOLIETO CKPBITOMY, HA)KUMAaTh OJHOBPEMEHHO LIU(PY, COOTBETCTBYIOLIYI0 HOMEPY
CKpBITOTO ciaifa, u kiaBumry H (aHIu.) WM KCMONB30BaTh KOMaHJy KOHTEKCTHOTO MEHIO
IlepeiiTu K ciaainy.

OcHOBBI HCNIOJIb30BAHUS NepPeKII0YaTe e

Jns nro0oii aHuManuu, GuiabMa WiIM 3BYKOBOTO 3(QeKTa Ha ciaiifie B MporpaMme
PowerPoint M0o>xHO 3a/1aTh epeKIIIOYATENb.

Jn1s1 5T0r0 HEe0OXOIMMO BBITIOJIHUTE CIIETYIONIHNE ICHCTBUS:
BCTaBUTh AJIEMEHT, KOTOPBI OyJeT CIyXHTh HEepeKrovaTesieM, HalmpuMep, KapTUHKAa WIH
¢dororpadus;
BCTAaBUTh KAPTHUHKY B JIEBYIO PaMKy Ha ciaiiie (U1 UCTIONB3yeMbIX P (PEKTOB M MaKeTa JIydIe
BCETO MOJIOMIET KapTHHKA C BEPTUKAJILHON opueHTaIuei). Bel MoxkeTe camu BBIOpATh CIIOco0
BCTaBKHU M300paKeHUs. 3HAUKHU HA CJIaiijie TOMOTal0T BCTaBUTh KapTUHKY WK (oTorpaduto u3
¢aiina Ha JIOKATBEHOM KOMITBIOTEPE;
¢ nmoMoIeio kHonkd Haanmueb Ha maHenu MHCTpyMeHTOB PucoBaHme 100aBbTe MOANUCH K
KapTUHKE, HarpuMep «Ll{enxnume ghomo, umobvl omxpoims 6uocpaguroy.

Co3nanne aHUMAaINHA
OddexT aHnmManuu MoXKeT ObITh IPUMEHEH K JTI0OOMY TEKCTY B cIUCKe. DTOT 3 (DeKT u
OyZIeT neiicTBUEM, 3aIyCKaeMbIM MEePEKI0YaTeIeM.
CrenaTh 3TO MOXKHO CIEAYIOIIMM 00pa3oMm:
B paMKe, paclojOXeHHOW B MPaBOW 4YacTH cllaiifia, HY)KHO BBECTH CBEACHHs, 0QOpPMHUB UX B
BUJIC MAPKUPOBAHHOTO CITUCKA;
n00aBbTe 2P GHEKT aHUMAIUH I TeKCTa, JIJIS 3TOTO:

1) OTKpPBITh 00acTh 3a1au HacTpoiika anumamuu. (ITporme Bcero a3To cuenarte Tak:
HISJIKHUTE TEKCT Ha ClIaiiie mpaBoi KHOMKOW MbIK 1 BeIOepuTe HacTpolika anumanum);

2) HIEIKHYTh MApKUPOBAHHBIN CIIMCOK Ha ciaiiae

3) B 001acTH 3a1a4 HEOOXOIMMO BOCIOJB30BaThcsi KHOMKON Jl06aBUTH 3deKT
JUIst IpUMeHeHust ogHoro u3 3¢ dexkroB Bxoa, Hanpumep LiBeTHasi nuIIyasi MalIMHKA;

4) Ha cnaiine psiaom ¢ KakabIM MYHKTOM CHUCKAa TOSIBUTCS HOMEp. DTH HOMEpa

yKa3bIBAIOT HA IOCIECIOBATEILHOCTh BOCIPOU3BEACHHUS aHMMAIMK Ul MyHKTOB CIHCKa. B
obnactu 3ama4 3 (eKT nmpeacTaBIeH Tak

1 ’ﬁ W TekcTz: CNELHaneHICTE: ... ™
¥
[Tockonpky MBI CO34a€M  aBTOMATHYECKYI0  IPE3EHTAlMI0, JIydlle  3aJaTh
aBTOMAaTHYECKOe BocmpousBeAcHUEe dS(PdekToB aHuManuu. YToObl M3MEHHUTH IapaMeTphl

3amycka 3¢ (ekToB, B 007aCTH 33124 HY)KHO LIEJIKHYTh CTPEJIKY CIpaBa oT 3¢ ¢eKra 1 BHIOpaTh
KOMaH1y 3amyckaThb mocJje npeasiaymero. [Ipu 3Tom HOMepa psIoM € 3JIEMEHTaMH CIHCKA
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1y

2)
3)
4)

5)
6)

Ha crlaiiie 3aMeHsIoTcs Ha HylId, a B 00JacTh 3afady psAaoM C Ha3BaHueM 3(ddekxra
OTOOPaXKAFOTCS YaCHI.

1 "ﬁ *TEKETE: Cneunanu—u:u:rb:...Elé

3anwekaTh Wen4KoM

3anwikaTh BMECTE C NPEAblLAYLILHM

|{E| JaMyCKaTE NOCNE NPEABIAYLLETD |

MNapaweTpel 3hdekToE. .,

UToObl yBUIETH, KaK 3TO OYJET BBIMISIETh B IPE3EHTALMH, JOCTATOYHO HAXKATh KHOIIKY
Iloka3 caaiinoB B oOnacTu 3agady. AHUMAIUS MapKUPOBAaHHBIX 3JIEMEHTOB CIIHCKA
3amyckaercss B mpeseHTauuu aBromarudecku. (Haxmwure wnasumy ESC nns Bo3Bpata B
OOBIYHBII PEXKUM. )

IIpucoeanHeHne MepeKIIOYATENS

Uto6s! puBsA3aTh 3QPEeKT aHUMAIH K U300paKEHUIO (U1 ero 3aIycka Mo IIeT4Ky Ha
KapTUHKE) HEOOXOUMO BBIMIOTHUTH CIEAYIOLINE JCHCTBUSA:
HIETKHYTh CTPEJIKY psiioM ¢ 3pdexTomM B 00JacTH 3a/1a4, 4TOOBI OTKPBITH PACKPHIBAIOIIEECS
MEHIO;
BbIOpaTh KOMaHy Bpemsi;
Ha)xaTh KHOIKY Ilepekiouarein B JieBOW HHKHEH YACTH OKHA.
BbIOpaTh mapameTp Havarh BbInoJjiHeHHe 3¢ dekTa Npu meadKe, 1MOCie MOSBUTCS CIIHCOK
pa3JIMYHBIX 3JIEMEHTOB Cllaiiia
BBIOpATh (pait1, comepxkariuii J00aBICHHYIO KapTHHKY.
HaxaTb kHONIKY OK.

Teneps anumarus 0y1eT BOCIPOU3BOAUTHCS 0 MENUKy (pororpadum.

3a)1alme AOMOJTHUTEJIBbHBIX ITAPAMETPOB IAJIA JeicTBHUA

UroObl mpH IIETYKe MEepeKIoYaTessi BbIIOJHSINCH JONOJHUTENbHbIE IEeUCTBUS —
NO0aBISUIMCh 3BYK M aHUMAIMIO K H300paK€HUI0 — HEOOXOIMMO BBINOJHUTH CIEIYIOLINe
JICUCTBUS:

1) menkHyTh KapTUHKY Ha claiiie u HaxaTb kHONKy /lodaBuTh 3¢ ekt — Bbinesnenue -
HN3MmeneHnue pazmepa.
2) utoObl 3P deKT BOCHPOU3BOAWICA IO IIETYKY TPUITEpa, MEPETAIUTh €ro MOJ CTPOKY
TPUTTEPA U TIOMECTUTH HaJ AP (HEKTOM aHUMALIUHU TEKCTA.
3) 4TOOBI HACTPOUTH CTENEHb YBENUYECHHS KAPTUHKU, IIEIKHYTh 3¢ (eKT BblIeIeHus,
NEPEHECEHHBId B CIHCOK, IIETKHYTh CTPEIKY PAIOM € 3TUM 3(PQPEKTOM Ui OTOOpaKEHHS
MEHI0, 1 BBIOpaTh KoMaHay [lapamerpsbl 3¢ exToB.
4) ENKHYTb CTPENKy psaaoMm c¢ nojseM Pasmep. B mone pspom ¢ nynkrom Jlpyroi ykasarb
HeoOXoauMBbIN pa3zmep (Hampumep, 125 % Bmecto 150 %), naxats kinasumy BBO/, a 3atem
kHonky OK
5) HoGaBbTe 3ByKOBOM 3 dekT, mpumeHuB dddekt, nodaBneHHbIN K TekcTy panee (LlBeTHas
NUIIYIAsi MAIINHKA, 3P PeKT BX0o/a, NPeACTABICHHBIH 3HAYKOM CO 3Be31aMH):

® TIENKHYTH 3PPEKT TeKCTa B CIIUCKE

® IIEIKHYTHh CTPEJIKY CIpaBa U BIOpaTh koMaHy [lapameTrpsl 3¢ dexToB

e B crucke 3BYK BbIOpatTh nemMeHT Ilnmymas MammHka

e Haxarb kHonky OK.

B 3aBucuMOCTM OT JK€JaeMoro pes3yjbTaTa, BOCIPOU3BEIEHUE D3JIEMEHTOB
MapKUPOBAHHOTO CIMCKA MOXET BBIMOJIHATHCA CIUIIKOM OBICTPO (IO YMOJYAHUIO 337aHO
Bpems 0,08 c¢). BeiopaB sdpdext LiBeTHas munrymas MamMHKa B 00JIaCTH 3a/1a4 U IIEIKHYB
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cTpeniky psiioM ¢ mojieM CKOpoCTh, pacloyioKEHHBIM BBIIIE, MOXKHO BBIOpATh Pa3IMUHbIC
BapuaHThl oToOpaxkeHusi: bbicTpo, Ouenb OblcTpo u T. 1. OJHAKO CKOPOCTH
BOCIIPOM3BEJCHUS IPH 3TOM MOXET OKa3aThCsl CIUIIKOM MeQieHHoW. YToObl 3amath
KOHKPETHOE KOJMYECTBO CEKyHJ JUIsl BOCIPOM3BEIEHHMS CIMCKA, MOYHO BbIOpaTh
nocienoBarenbHOCTy KomaHa [lBerHasi nmumymas mammHka — Bpems - Ckopocts u
YBEJIMYUTh BBIOPAHHOE 3HAUEHHE HA HECKOJbKO CEKYHI. OTO MO3BOJIUT ClIETKa CHHU3UTH
CKOpPOCTb BOCIIPOU3BECHHUS.

BAPUAHTHI 3AJIAHUI

B paMkax BbIONHEHUS JIaHHOW  J1abopaTOpHOW  pabOThl  CTYACHTHI O]
HEIMOCPEICTBEHHBIM KOHTpPOJIEM MIpErno/iaBaTess BBITIOJIHSIET onpe/elICHHbIC
MOCIIeI0BaTENbHOCTH JIelcTBUI B iporpamme PowerPoint.

3.NOPAJOK BBIIIOJIHEHUS PABOTbBI

1) N3yunTh TEOpETHUECKUE OCHOBBI BBIIOJIHAEMON pabOTHI.

2) BeimonHuTe  mpemyiaraeéMele  IpenojaBareileM  JEHCTBHS B IIporpamme
PowerPoint.

3) CoxpaHUTh COOTBETCTBYIOIIMM 00Pa30M MOIy4EeHHBIE pe3yIbTaThl paboThI.

4) OTBETUTH HA KOHTPOJIbHBIE BOIPOCHI.
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JlabopaTtopHast pabota Ne8

CO3JIAHUE UHTEPAKTUBHOM MNMPE3EHTAIIUU HA CBOBOIHYIO
TEMY

1.HEJIb PABOTbI

Henpto maHHO# pabOTHI SBISETCS MOTYYCHHE MPAKTUYECKHX HABBIKOB MO CO3JAHUIO B
nporpamme PowerPoint npe3enTaruit

2. KPATKHE TEOPETUYECKUE CBEJAEHUSA

Co3zpnaiiTe COOCTBEHHYIO NPE3CHTALUIO JUIA JOKJIana C JAEMOHCTpAMed pe3ylbTaToB
Balllel Hay4yHOH pabOTHI WM A 3aIIUTHl Auruioma. [Ipe3eHTanust 1oipKHA copepKaTh He

meHee 10 cnaiinoB, cogepkaHue KOTOPbIX U PEKOMEHyEMbI€ MAKEThI IIPUBEICHBI B TAOIULIE:

Howmep Coneprxanue ciaiiia Maket

ciaizia

1. Ha3Banue Tembl paboThl TutynbHBIN Cran

2. ITocTanoBka 3aauu, 1eib pabOThI 3aroyoBOK M TEKCT B JIBE KOJIOHKHU

3. [Tnan paboTsl 3aroioBOK M TEKCT

4., JlnarpamMma c JIUTEpaTypHBIMHU TAHHBIMU 3aroJIoBOK, TEKCT U TUarpaMma

S. Tabnuna c pe3ynpratamu 3aronoBOK ¥ TabiuIa

6. Jnarpamma Ha OCHOBE TaOJIHIIBI C 3aroyioBOK W Iuarpamma

pe3ynbTaTaMmu

7. Wnmoctpanyu k pabore 3aroyioBOK, TEKCT U rpaduka

8. Wnmoctpanmu K pabore ITycroii cianj

9. BoiBogbI 3aronoBOK M TEKCT (MapKUpPOBaH-
HBIH WM HyMEpOBaHHBINA CIMCOK)

10. WTOroBslii ciaiiji ¢ rMIEPCCHIIKAMU

BrimonuuTe cneayromie 1eHCTBUS:
 3anycrure nporpammy PowerPoint.

* CozpaiiTe [N1eBATH CJAiIOB, MOCJIENOBaTeNIbHO BBIOMpas [ KaxAo0ro ciaija
NPUBEICHHBIC B Ta0INIIE MAKETHI.
* Ucnonw3yss komanny @opmart - ®DoH, pa3pabortaiiTe COOCTBEHHBIM TU3AWH IS
IEPBBIX TPEX CIIANI0B MPE3eHTAUH (Pa3HbIi JUIsl KaKI0T0 craiina).

* BoiGepute HambOojiee yAadHbIA BapuaHT W TPUMEHHUTE €ro KO BCEM ciaiijgam
IIPE3CHTALNH.

* CoxpaHuTe AOKYMEHT o7 uMeHeM /Joknao.ppt.

* 3anoyHATE CO3JaHHbBIC CIaiIbl HH(POpPMAIUEl B COOTBETCTBUHU C MPUBEICHHON BBIIIIE
TabJIMLeH.
* OrdopMaTupyiiTe TEKCT U BCE OOBEKTHI, HAXOSIIMECS Ha caiax.

* JloGaBbTE 3aMETKH K TIEPBOMY U TTOCJICTHEMY CJIaiaMm.

* Co3paiiTe UTOTOBBIH caia 1 cHOPMUPYHTE IBE-TPU TUIIEPCCHUIKH.

* Beeaute komanny Bua — O6paszen — OOpasen chaiiioB u 106aBbTe Ha oOpaseln
CITaliIOB YIPABISIONINE KHOTIKK M KaKOH-TNO0 PUCYHOK — aBTO(MUTYPY, JIOTOTHUTI WU AP.

* YcranoBure 3¢ PexTh mepexoa ciaiiioB u 3P PexTs aHuMaIu 00bEKTOB.

* Beenute komanay Iloka3 ciaaiigoB — CMeHa ciaiiioB, B 00J1acTu 3a/1a4 yCTAaHOBUTE
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¢naxxok CMeHa ciiaiia no meadKy U meiakHuTe 1o kHonke [IpuMeHnTs KO BeeM ciaiigaMm.

* [IpocmoTtpuTe co3ganHyro npeseHTanuto B pexume Ilokas ciaaiaos.

* Coxpanute padory.

* [IpeabsBUTE IpENoONaBaTENI0 Pe3yabTaThl Pa0dOThHL: COXPAaHEHHbIE B CBOEW Ialke
daiinel Ipesenm.ppt, Ilpezen_aemom.ppt, IIpesenm_pps, /loknao.ppt.

* 3akpoiiTe Bce JOKYMEHTHI U OKHa.

* Ynanure U3 cBoeH Mmanku Bce (ailiibl.

* 3aBepmure padborTy.

3. IMOPAJOK BBIIIOJITHEHUSA PABOTbBI

1) N3y4unuTh TEOpETUUECKHE OCHOBBI BBIIIOJIHIEMOM paOOTHI.

2) CoOparp MaTepuay, HEOOXOAWMBIN Il CO3/IaHMS TMPE3CHTALUMHU 10 3aJIaHHOMN
TEME.

3) [ToaroToBUTH MpE3eHTALNIO HA 3aJaHHYIO TEMY.

4) OdopmuTts oTuer 1o padoTe.

5) OTBETUTh HA KOHTPOJIbHBIE BOIIPOCHI.
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JIaGoparopHas padota Ne 9

W3YYEHUE CTAHIAPTHBIX 9JIEMEHTOB UHTEP®EMCA
BBIYUCJIMTEJIBHOU CPE/IbI

1. HEJIb U 3AJIAYU PABOTbI
O3HakOMJIEHHE CTYICHTOB C BBIUHCIUTENbHOU cpegor MathCad, ocHOBHBIMU
aJeMeHTaMu uHTepderica.

2. TEOPETUYECKHUE CBEJIEHUSA

[Ton wuHTepdeiicom monbp3oBaTeNns MOAPA3yMEBAETCSs COBOKYIHOCTh  CpEACTB
rpaduueckoit o6onoukn Math CAD, obGecnieunBaromux JErkoe ynpaBlIeHHE CUCTEMOM, KaK C
KJIAQBUIIHOTO MYJIbTa, TaK U C MoMollpio MblH. [loa ympaBieHueM MOHUMAeTcs W MPOCTO
Ha0Op HEOOXOIUMBIX CUMBOJIOB, ()OPMYII, TEKCTOBBIX KOMMEHTAPHEB U T. A., © BO3MOKHOCTh
nosiHoM moarotoBku B cpene MathCAD noxymenToB (Work Sheets) m 37I€KTpOHHBIX KHUT C
MOCIIEAYIONINM UX 3allyCKOM B peabHOM BpeMeHH. [lonp3oBarenbckuii HHTEPQEHC CHCTEMBI
CO3/IaH TakK, YTO TMOJB30BaTENIb, MMEIOLIUI 3JIEMEHTapHble HaBbIKM pPaboThl ¢ Windows-
MIPUIOKEHUSIMH, MOKET cpazy HadaTh paboty ¢ MathCAD.

. Mathcad Professional - OkHo
File Edif “iew Insert Format Math  Symbolics Window Help

10 HI@E&‘?I%E’J_nﬂ SRR T

INorm l ’éhﬂal I jI‘ID j| B 7 U

|CTaH,II,apTHiﬂ cr[}hl(a Windows;'-npunomeuuﬂ [Math F1|
I/ !

TnaeHoe ueH CranaapTHaA NaHenb M +

MHCTPYUEHTOE [H] ==

MNaHenb anA paboTel ¢ haiinaun I% 2

thopuatupoBaHun W TEKUTOM 5 2

] aff

|I'IaHenb UATEUATHYECKHX WHCTPYUEHTOB -

<1 | Bl
Prezz F1 for help. AUTO MUK |Page 1 o

OxHO PCAaKTUPOBAHHU A

Bropas cTpoka okHa cucTeMsl - rllaBHOE MeHI0. HazHaueHue ero KoMaH]1 IpUBEACHO Ha
PHUCYHKE.

Eile Edit “iew |nzert Format Math  Sembolice:  Window  Help

I'naBHOE MEHIO

File (®aiin) — pabora ¢ daitnamu, CEThbI0 MHTEPHET U AIEKTPOHHON TTOUYTOM;
Hucnanaromee MEHIO COIEPKUT KOMaHbI, CTaHAapTHBIE 1711 WindOows-TIpUIT0KEHHH.
Edit (IlpaBka) — penakTupoBaHue JOKYMEHTOB;
Hucnanaromee MeHIO TakKe COICPXKUT KOMaH[bl, cTraHgapTHeie ig Windows-
MPIIOKEHUN. BOJIBIMMHCTBO M3 HUX JIOCTYIHBI TOJIBKO B CIIy4ae, €ClIM B JOKYMEHTE
BBIJICJICHBI OJTHA WJTM HECKOJIBKO obOJacTeit (TekcT, popMyina, rpaduk u T.1.)
View (O030p) — u3MeHeHUe CPeaCTB 0030pa;
Toolbars (ITanesu) - Mo3BONSET OTOOpPaXKAaTh WM CKPHIBATh MAHEIM HHCTPYMEHTOB
Standart (Crannaptaas), Formatting (Dopmaruposanus), Math(Matemaruka).
Status bar(Ctpoka cOCTOsSIHHS) - BKIIOYEHUE WU OTKIIOUYCHHE OTOOPaKEHUSI CTPOKH
COCTOSTHUSI CUCTEMBI.
Ruler(sinnetika) - BKIFOYCHUE-OTKIIFOYCHHUE JIMHEUKH.
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Regions (I'panuner) - JlemaeT BHAMMBIMH TPaHUIBI  00JAcTe  (TEKCTOBBIX,
rpaduyeckux, popmyn).
Zoom (M3MEHEHUE MacITada).
Refresh (O6HoBuTH)[Ctrl+R] - 0OHOBIIEHHE CONEPKUMOTO IKpaHa.
Animate (Anumanus) - Komanaa mo3BomsieT co3aaTh aHUMAIIHIO.
Playback (IIpourpsiBatens) - BocnpousBenenue aHumanuu, xpasuieiica B (aiiie c
pacmupenrem AVI.
Preferences (Hacrtpoiiku) - Opna u3 BriIagok BciuibiBaromiero oxHa (General)
MO3BOJIIET 3aJaTh HEKOTOpbIE MapaMmeTphl paboThl BIPrpamMMmbl, HE BIUSIOIIME HA
BbluKceHMs, napyras Bkiagka (Internet) cimyxur st BBoJa HHGMOpMalUuu MpH
coBmecTHOM pabote ¢ MathCAD-nokymentamu uepe3 Internet.
Insert (BcraBka) — Komanabel 3T0ro MeHI0 mo3BoysiioT nomemniath B MathCAD -mokymeHT
rpaduku, QyHKINUN, TUTIEPCCHUIKH, KOMIIOHEHTHI U BCTPauBaTh OOBEKTHI.
Format (®opmar) — u3menenue popmara 00bHEKTOB
Equation (YpaBuenue) - ®opmarupoBanue GopMys U CO3aHHE COOCTBEHHBIX CTHIICH
JUTSL IPEICTABIICHUS JTaHHBIX
Result (Pesynsrar) - Ilo3Bomser 3amath QopmaTr mpencTaBICHUS pPE3yIbTaTOB
BBIYMCIICHHI.
Text(Tekcr) - DopmaTUpOBaHKE TEKCTOBOTO dparMeHTa (mpudT, pa3mMep, HaYEePTAHHE)
Paragraf (A63an) - Mi3meHenue ¢popmara Tekymiero ad3ama (0TCTyIbl, BRIpAaBHUBAHUE).
Tabs(Ta0Oymnsmus) - 3aganue nNo3uIui MapKepoB TaOYIISAIUH.
Style (Ctunb) - OpopmiteHre TEKCTOBBIX ab3a1ieB.
Properties (CpoiictBa) - Bxkimagka Display (OtoOpakeHne) mo3BojsieT 3aaTh IBET
¢dona s Hambosiee BaXKHBIX TEKCTOBBIX M TpaduuecKux o0jacTeil; BCTaBICHHBINA B
JTokyMeHT pucyHok (Insert -> Picture) mo3BoJisieT 3aKIIOYUTh B PaMKy, BEPHYTb €My
NepBOHAYAIILHBINA pa3Mep.
BkBazaka Calculation (Bsruncienue) no3BosisieT 1iisl BbII€ICHHONW (OPMYJIbl BKIOUHUTD
U OTKJIIOYMTH BBIYMCIICHHE; B IOCJIEIHEM Cllydyae B IPAaBOM BEpXHEM YIIy objacTu
(bOpMYITBI TTOSIBIIIETCS] MaJICHBKHI YE€PHBIN MPSIMOYTOIBHUAK U OpMYJIa MpeBpaIiaeTcs
B KOMMEHTapHH.
Graf (I'paduk) - [To3BoasieT MEHATDH MapaMeTphl 0TOOpaKEHUS TPapUKOB.
Separate regions (Pa3znenuts ob6nactu) - Ilo3BosisieT pa3aBUraTh MepeKpbIBAIOLINECS
o0nacTH.
Align regions(BeipoBHAT, 00y1acTH) - BbIpaBHHMBaeT BBIACICHHBIE O00JIACTH TI0
TOPU30HTAIN MJIH 11O BEPTUKAIIH.
Headers/Footers (KonoHTUTYIBI) - CO3AaHNUE U PeJaKTUPOBAHKE KOJIOHTHUTYJIOB.
Repaganite Now (Ilepenymeparusi crpanui) - [Ipow3BoauT pazOMBKY TEKYIIETO
JIOKYMEHTa Ha CTPaHHIIbL.
Math (MaremaTuka) — ynpasiieHue nporeccoM Berancienuii; B MathCAD cymiecTByer nBa
peXMMa BBIYMCIICHUN: aBTOMAaTUYECKUH W pydyHOU. B aBTOMaTHuecKOM pexuUME pe3yJbTaThl
BBIUMCIICHUH MTOJIHOCTHIO OOHOBIISIOTCS MTPH KAaKOM-TTHO0 U3MEHEHUH B hopMyIIe.
Automatic Calculation (ABTOMaTnyeckoe BBHIYHMCICHHE) - MO3BOJIAET MEPEKIIOYaTh
PEKUMBI BBIYUCIICHU.
Calculate (Bpruucnutp) - [lpu pydHOM pekrMe BBIYMCICHHUI MO3BOJISET MEPecUuTaTh
BUIMMYIO YacTh SKpaHa.
Calculate Worksheet (IIpocuntats qoxkymeHT) - [lepecder Bcero JoOKyMeHTa EITUKOM.
Optimization (Ontumuzanus) - [Ipy moMomu >TOW KOMaHABI MOXHO 3aCTaBHUT
MathCAD nepen 4YHCIEHHOM OLEHKOM BBIpAXEHHUS IPOU3BECTH CHUMBOJIBHBIC
BBIUMCJICHHSI ¥ IPU HAXOXKJIEHUU 00JIee KOMITAKTHOM ()OPMBI BBIPAKEHHUS UCIIOIb30BATh
UMEHHO ee. Ecim BeIpakeHHE yIaloch ONTHMHU3WPOBaTh, TO CIpaBa OT HETO
NOSBIISICTCS MaJeHbKas KpacHas 3Be3704Ka. /IBOMHOM 1Ie90K Ha Heil OTKPHIBAET OKHO,
B KOTOPOM HaXOJHTCSl ONTHMH3HPOBAHHBINA PE3yNbTaT.
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Options (ITapameTpsl) - MO3BOMSIET 32/1aBaTh ApPaMETPhl BEIYUCICHUIA.
Symbolik (CumBoJinKka) — BEIOOp omneparuii CHMBOJIBHOTO TPOIECCOopa.
Window (OxHO) — ynipaBiieHH€ OKHAMH CUCTEMBI;

Help (?) — paboTa co cripaBo4HOM 0a30i JaHHBIX O CHCTEME;

Mathcad Help (CnpaBka mo MathCAD) - conmepxur Tpu Bkiaaku: Coaep:kanue -

CIIpaBKa YIMOpsAI0YEeHA MO TeMaM; YKa3zareJb - NPEeIMETHbIM ykaszatenb; Ilomck -

HAXOJUT HY)KHOE MOHSATHE TIPU BBOJE €ro B hopmy.

Resource Center (Llentp pecypcoB) - MudopmanimoHHsIi EHTp, CoAEpkKaIIHi 0030p

BbIUMCIUTENbHBIX criocoOHocTeil MathCAD (Overview and Tutorials), OwicTpyro

CIpPaBKy B BHUJE NPUMEPOB U3 paznuuHbix obsacteil maremaruku (Quicksheets and

Reference tables).

Tip of the Day - BcruibiBaromue okHa-10ICKa3KH € MOJE3HBIMU COBETaMU (BO3HUKAIOT

MIPU 3arpy3Ke CUCTEMBI).

Open Book (OTKpBITh KHUTY) - TO3BOJISIET OTKPHITH clipaBoYHUK cucteMbl MathCAD.

About Mathcad (O nporpamme Mathcad) - mHbOpMaIus o0 BepcuH MTPOTPaMMBI,

aBTOPCKHX IpaBax U MOJIb30BaTEe.

Kaxxgas mosunms T1aBHOrO MEHIO MOXET ObITh claenaHa akTuBHOW. Jlms 3Toro
JOCTAaTOYHO yKa3aTb Ha HEe KypCOpOM — CTPEJIKOW MBIIIM M HaXXaTh €€ JIEBYIO KIIABHUIILY.
MoxHo Takxke HaxaTh KiaBuiny F10 u uCHonb30BaTh KJIABUIIM IE€PEMELIECHUS BIIPaBO U
BJICBO. 3aTeM BBIOOp (UKCHpyeTCs HaxkaTHeM KiaBUIIKM BBoja Enter. Ecnmu kakas-mu6o
MO3UIMS TJIABHOTO MEHIO JIeJIaeTCsl aKTHMBHOM, OHa BBIBOAMT HHCIMAJAIOUIee MOIMEHIO CO
CIIUCKOM JIOCTYIMHBIX H HEAOCTYMHBIX (HO BO3MOXHBIX B JallbHEHIIIEM) OMEepalui.
[lepemeniennie Mo CHUCKY MOJAMEHIO M BBIOOpP HY)KHOH ONepaldy MPOU3BOJUTCS aHAIOTUYHO
TOMY, KaK 3TO OMHCAHO JJIsl TTITABHOTO MEHIO.

Cmanoapmnas nanens UHCMPYMEHMOE

TpeTbio CcTPOKY OKHa CHCTEMBI 3aHMMAET naHesb nHCTpyMeHTOB (Toolbox).

OHa cOIEepKUT HECKOJBKO I'PYNII KHOIOK YIpPaBJiICHMs C MUKTOIpaMMaMH, Kaxaas U3
KOTOpBIX IyOnupyeT OJHy W3 BaXHEWIIUX omepauuid riaaBHOro MeHo. CTOUT TOJIBKO
OCTaHOBUTH KYypPCODP MBIIIH Ha JII000H U3 ATUX MUKTOTPAMM, KaK B 5KE€JITOM OKOILIEYKE MOSIBUTCS
TEKCT, OOBSICHSIOMMNA (YHKIUM NUKTOrpamMm. PaccMoTpuMm nelcTBHE KHOMOK OBICTPOro
YIPaBIEHUS CUCTEMOM.

O E SR Ee e

CranjapTHas naHellb HHCTPYMEHTOB

Knonku onepayuii c ¢aiinamu

Hoxymentsr cuctembl MathCAD siBnsiroTcs (paitiamu, T.€. IMEIOITUMU UMEHA OJIOKaAaMH
XpaHeHuss WH(GOpMAIlMM HAa MArHUTHBIX Auckax. Dailikl MOXHO CO37aBaTh, 3arpy’kaTh
(OTKpBIBaTh), 3aMUCHIBATh U paclieyaTbiBaTh Ha NMpuHTepe. Bo3aMokHble onepanuu ¢ dailnamu
MPE/ICTABJICHBI B TTAHETU UHCTPYMEHTOB MEPBOM TPYMION U3 TPEX KHOIOK:

New Worksheet (Co3nmaBath) — co3gaHMe HOBOTO JIOKYMEHTa C OYHMCTKOM OKHA
peIaKTUPOBAHUS,

Open Worksheet (OTkpbITh) — 3arpy3ka paHHee CO3JaHHOTO JIOKYMEHTa U3
JINAJIOTOBOTO OKHA;

Save Worksheet (CoxpaHuTtb) — 3amuch TEKYIIETO JOKYMEHTa C €T0 HMEHEM.

Ileuamb u KoHmpo16 OOKyMeHmos

Print Worksheet (Ileuats) — pacrieyarka 1oKyMeHTa Ha IPUHTEPE;
Print Preview (IIpocMoTp) — npenBapuTeNbHbII IPOCMOTP JOKYMEHTA;
Check Speling (IIposepka) — mpoBepka opdorpaduu J0KyMeHTa.

56



Knonku onepayuii peoakmupoeanus

Bo BpeMst HOATOTOBKM JOKYMEHTOB MX MPUXOAUTCS PEIAKTHPOBATH, T.€. BUIOU3MEHATh
U JIOTIOJIHSATb.

Cut (BoipezaTts) — mepeHOC BBIJICIIEHHOW YacTh JOKyMeHTa B Oydep oOMeHa ¢
OYMCTKOW 3TOM YacCTH JTOKYMEHTA;

Copy (KomupoBaTb) — KonupoBaHUE BBIJCICHHON YacTH JOKyMeHTa B Oydep oOMeHa ¢
COXpaHEHHEM BBIJICIICHHON YaCTH JOKYMEHTA;

Paste (BcraButh) — nepenoc coaepkumoro 0ypepa oOMeHa B OKHO pelakTHPOBAaHU Ha
MECTO, YKa3aHHOE KypCOPOM MBIIIIH;

Undo (OT™MeHuTh) — OTMEHA NpeIeCTBYONIEH onepaiy pelakTUPOBaHUS;

Tpu mocnemHue omepanuu CBs3aHbl ¢ NpuMeHeHHeM Oydepa oOmena. OH
IpeHa3HaYeH /ISl BpeMEHHOI0 XpaHeHUs JaHHBIX U UX IepeHoca U3 OJHOW 4acTH JOKYMEHTa
B IPYT'YI0, INOO /7151 OpraHu3auyd 0OMeHa JAaHHBIMU MEKAY Pa3IHYHBIMU IPUIOKEHUSMH.

Knonku pazmewenus o10x06
JIOKYMEHTBI COCTOSIT U3 Pa3JINUHbIX OJIOKOB: TEKCTOBBIX, (POPMabHBIX, I'papUUECKUX U
T.J. BJIOKM IpOCMAaTpUBaIOTCS CUCTEMOM, HHTEPIIPETUPYIOTCS U UCIONHAIOTCS. [IpocMoTp nuer

CIIpaBa HaJIeBO U CHU3Y BBEPX.
DI]D
. - Align Across (BbpoBHATH MO TOPHU30HTANM) — OJIOKM BBIPABHMBAIOTCS 10
TOPU30HTAIIN.

o
= - Align Down (BbIpoBHATh BHH3) — OJOKH BBIPABHHUBAIOTCS 10 BEPTHKAIH,
pacrosiarasich CBepxy BHH3.

[TukTOorpaMmbl 3THX KHOMNOK M300paxaioT OJIOKM W yKa3aHHbIE BapUaHThl MX

pa3MeIIeHHS.

Kuonku onepayuii ¢ éviparxcenuamu

@®opmynpHbIe OJOKM YacTO SIBJISAIOTCS  BBIYUCISEMBIMH  BBIDOKEHHSMH  WIH
BBIPQXEHHUSIMH, BXOASIIMMHU B COCTaB 3a/IaHHBIX 0JIb30BaTeIeM HOBbIX (pyHKUUH. J{1s1 paboThI
C BBIP@)KEHUSAMH CIIYXaT MUKTOIPaMMBI

Crnenyroniye Tpynnbl KHOMOK SBJSIOTCS ClEUU(DUYHBIMA HMEHHO [UIsl CHUCTEMBI
MathCAD.

e o =g

KHonku onepanuii ¢ BeIpa)KeHUAMU

Ry .
| Insert Function (BcraBute ¢GyHKIMuM) — BCTaBKa (GYHKIMM W3 CIIKCKA,
TIOSIBIISTIOIIETOCS] B TMA0JIOTOBOM OKHE;

Insert Unit (BcTaBuTh e1uHUIBI) — BCTaBKa €IUHUL] U3MEPEHNUS;

Calculate (IlepecunTaTh) — BEIYUCIIEHNE BbIICJICHHOT'O BBIPAXKCHHUS;

Hocmyn k noevim 603moxncnocmam MathCAD
Haunnas ¢ Bepcun MathCAD 7.0 mosiBUIHCh HOBbIE KHOIKH, JAIOIIME JOCTYI K HOBBIM
BO3MOYKHOCTSIM CUCTEMBI:

| &

THIICPCCBIIKH,

Insert Giperlink (BxiroueHue rumepcchliku) — oOOeCHeurBaeT CO3JaHHE
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@ Component Wizard (Mactep KOMIIOHEHTOB) — OTKpBIBaeT OKHO Macrepa,
JAI0IIEro yAOOHBI JOCTYH KO BCeM KOMIOHEHTAaM CHCTEMBI;

o | Ran Math Connex (3amyck cuctembr Math Connex) — 3amyck CHUCTEMBI IS
CTUMYJIHPOBAHUS OJIOUYHO-3a/IaHHBIX YCTPOUCTB.

Knonku ynpaenenus pecypcamu

&
?|

Resource Center (LleaTp pecypcoB) — naeT A0CTyN K HEHTPY PECYPCOB;

Help (CrnpaBka) — maet A0CTYII K pecypcaM CIIpaBOYHOM 0a3bl TaHHBIX CHCTEMBI.

Hanens popmamuposanus

UYerBepTas cTpoka BEpXHEH 4YacTH SKpaHa COICPKUT TUIIOBBIE CPEJICTBA YIIPABJICHUS
mpupTaMu:

Style — [Iepexirouarens BrIOOpa CTHUIIEH;

Font — I[1epexmtouarens BeiOOpa HabOpa CUMBOJIOB;

Point Size — [lepexirouarens BpIOOpa pa3MepoB CUMBOJIOB;

Bold — YcraHoBka *XHpPHBIX CUMBOJIOB;

Italik — YcTaHOBKA HaKJIOHHBIX CHMBOJIOB;

Underline — YcranoBka nogu€pKHYTHIX CUMBOJIOB;

Left Align — YcTaHoBKa JI€BOCTOPOHHETO BHIPABHUBAHMSI,;

Center Align — YcranoBka BeIpaBHUBAHUS 110 LIEHTPY;

Right Align — YcTanoBka mpaBoCTOpOHHETO BEIPAaBHHUBAHMS.

o Tex mop, moka He Ha4yaT HabOp AIEMEHTOB JOKYMEHTA, YacTh OMHUCAHHBIX KHOIMOK U
WHBIX OOBEKTOB IIOJIb30BATEILCKOTO HWHTEp(delica HaXOAWUTCS B IMACCHBHOM COCTOSIHHH. B
YaCTHOCTH, B OKHAX TMEpeKIrouaTeneil maneian GopMaTHpoBaHus HET Haanucel. [TukrorpaMmel
U TICPEKIIIOYaTeNId CTAHOBATCS AKTUBHBIMH, KaK TOJBKO IOSBISETCS HEOOXOAUMOCTh B HX
UCTIONTb30BaHUU.

BHu3y skpaHa KpoMe MOJIOCHI TOPU3OHTAIBHON TMPOKPYTKH PACIOIOKEHa emé OaHa
CTpOKa — CTpOKa cocTOsHUS. B Heill BbBomuTcs ciayxebHas wuHPopMaIus, KpaTKue
KOMMEHTApUH, HOMEpP CTPaHUIBl U Ap. JTa MHPOPMAIUs MOoJe3Ha ISl ONEPaTHBHON OIIEHKU
COCTOSTHUS CHCTEMBI B X0/1€ PabOTHI C HEIO.

Habopnvie mamemamuueckue naneau uHCMpymeHmos

Jns BBoga wmarematnueckux 3HakoB B MathCAD wucnone3yrorcss  ynoOHbIe
nepemMelnaeMble HaOOpHbIE MMaHeNu co 3HakamMu. OHU cioyXaT A8 BbIBOJA 3arOTOBOK —
1a0JIOHOB MaTeMAaTUYECKUX 3HAaKOB (LU(p, 3HAKOB apU(PMETHUECKUX OIepanuii, MaTpHil,
3HaKOB MHTErpajioB, IMPOM3BOAHBIX M T. X.). ua BbeiBoja mnaHenun Math neoOxogumo
BHINMOJIHUTG KoMaHAy View -> Toolbar -> Math. HaGopHble maHenu MOSBISIOTCS B OKHE
pelaKkTUPOBaHMs JOKYMEHTOB IIPHU aKTHBHM3AallMM COOTBETCTBYIOIIMX MUKTOTPAaMM — IepBas
JMHUS TUKTOTPaMM yIpaBlieHUs] cucteMoi. Mcmonb3ys o0myro HaOOpHYIO MaHedb, MOXKHO
BBIBECTH WJIM BCE MaHEJN cpa3y UM TOJBKO T€, YTO HYXHbI JUId paboThl. J{1s yCTaHOBKM C MX
IIOMOIIBI0 HEOOXOUMOr0 HIA0JIOHA J0CTATOYHO MOMECTUTHh KYPCOp B JKEJIa€MOE MECTO OKHa
penakTupoBaHus (KpacHbI KpeCTMK Ha I[BETHOM [JUCIUIEE) U 3aTeM aKTUBU3UPOBATb
NUKTOIpaMMy HY)XHOTO IIa0JjoHAa, YCTAaHOBMB HAa HErO KypCOp MBIIIM U HaXXKaB €€ JIEBYIO
KJIaBHILY.
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«" Mathcad Professional - [Untitled: 1] [_ O] =]

@ File Edit Wiew Inseit Format Math  Symbolics  Window Help _|ﬁ||5|
IDsE|any | JERca | (we = |e
| [Hormel [l = = » z

{Math 3| :|

Aprdimetuieckne onepatopel [ A | MacTposnmwe rpaducos

Matpuunbie onepatopel | [5#] £= | MpuceosHME, BRMMCNEHME
Onepaunn ewiciei matematnen | [2 <E | Oneparopsl oTHoWeHKA
Onepatopel nporpamMmuposanna | 21 @B | Mpeveckue Bykeel

Onepatopel cHMEonEHoR %)
MATEMATUKHA

-

4 | | »
Press F1 far help. AUTO MHUM |Page 1 G

Martemaruueckas naHejab HHCTPYMEHTOB
MHorue (yHKIUM W ONEpaluH, KOTOPbIC BCTABISIOTCS B JOKYMEHT C ITOMOIIBIO
HAOOpHBIX MATEMAaTHYECKUX MaHeledl, MOryT OBITh MOMENICHBI B JOKYMEHT C IHOMOIIBIO
"opicTpeix kiaBum". Ilpm 3TOoM pabora B cucreme MathCAD cranoBurcs 0Ooinee
NPOAYKTUBHOI. PekoMeHayeM 3amOMHHTh COYETaHHs KJIABUII XOTS Obl sl HEKOTOPBIX
HanboJiee 4acTo ynoTpeosieMbIX KOMaHI.

3.1NOPAJOK BBITIOJIHEHUA PABOTbI
1) Ha3zoBute OCHOBHBIE KOMaH/bI IJITABHOTO MEHIO
2) Vxkaxurte HazHaueHUE BKIaaku Math

3) Vkaxure HazHaueHHE BKiIagku Symbolik
4) BpIOIHUTE ONEpaluy Mo 3aJaHUI0 TPENoAaBaTe .
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Jlabopatopnas pabota NelO
YIPABJIEHUE BBIYNCJEHUSIMH, MEHIO CUMBOJIbHBIX BBIYNCJIEHUI

1. HEJIb 1 3AJIAYHU PABOTbI
N3yuenne MEHIO CUMBOJIBHBIX BBIYMCIIEHUM U O3HAKOMJIEHHE C CUMBOJIBHBIM BBOJIOM-

BBIBOJIOM MEPEMEHHBIX U (DYHKIIUH.
2. TEOPETUYECKHUE CBEJIEHUSA

IIepeMeHHbIe U PYHKIMU

B Mathcad nepemennsie, oneparopbl U (YHKIIMH peaTn30BaHbl B HMHTYHUTHBHOH (hopme,
T. €. BBIPQXKEHHUS B PEJAKTOPE BBOJSATCS M BBHIYUCISIOTCS TaK, KaKk OHM ObLIM Obl HamucaHbl Ha
mucre Oymaru. Ilopsimok BbeuucieHumii B JokymMeHte Mathcad Ttakke odeBHICH:
MaTeMaTUYeCKUe BBIPAKEHUSI U JACMCTBHUS BOCHPUHHUMAIOTCA MPOLECCOPOM CIIEBAa HAMpPaBO U
CBEpXY BHU3.

[Tepeuncnum OCHOBHBIE IEHCTBUS, KOTOPBIE MOIB30BATENIb MOKET COBEPIIATD IS
oTpezieNieHus! ¥ BBIBOJA MMEPEMEHHBIX U (DYHKITUH.

Onpeoenenue nepemeHnubix

Uro0bl ompenenuTh MNEpPEeMEHHYI0, JOCTaTOYHO BBECTH €€ WM M IPUCBOUTH ei
HEKOTOPOE 3HAUEHUE, JUI YETO CIYKUT ONepaTop MPUCBAaUBaHUS.

Hpuceaueaﬂue nepemeHHnbim 3HAYEeHU

UroObl NPUCBOUTH MEPEMEHHONW HOBOE 3HAYEHHUE, HANpUMeEp MEPEMEHHYI0 X CleNaTh
paBHoii 10:

1) BBeaure B jxenaeMoM MecTe JOKYMEHTa UMs IEPEMEHHOM, HanpuMmep X.

2) Bseaurte omeparop NTpPUCBAMBAaHHUA C TIOMONIBIO KIABUIIM <:> WIH Ha)KaTHEM
cootBercTBytomeil kHonku Definition (IIpucBanBanue) Ha nanenu uHctpymentoB Calculator
win Evaluation (BeipaxeHus), Kak oka3aHo Ha pUCYHKE.

3) BeeguTe B NOSIBUBLINICS MECTO3AMNOIHUTEIL HOBOE 3HaUeHHE nepeMeHHou (10).

Calculator B

ginocos tan Inolog o nl 0 el [T

%= et L (V2" 7B

el e |
S = e

Evaluation | %]

== B = T Ay ﬂ}!‘ yF;

r‘| ¥

Pe3ynbTar BBOZIa oniepaTtopa mprcBauBaHUs

Pe3ynbTaT nepeyncieHHbIX JEHCTBUM:

x=10

Knomka omeparopa mpucBamBaHUSI [UIs yJOOCTBa TOMEIIEHA Cpa3y Ha JBE MaHEIH
Calculator (Kanbkynstop) u Evaluation (Beipaxenus).

60



BBectu HOBOE 3HaueHME NEPEMEHHOM BO3MOXKHO KaK B BHUJE 4YMCIA, TaK U B BUJE
MaTeMaTUYECKOTO BBIPAKEHUS, COJAEpIKAILEro Jpyrue NnepeMeHHble W (YHKIHMH, a Takke B
BUJIE CTPOKOBOI'O BBIPAKEHUS.

x=10
¥o=[x- 3)2 45
g = "Hello, "

B nocnennem ciyuyae OyAer co3gaHa epeMeHHas S He YMCIEHHOr0, a CTPOKOBOIO TUIIA.

Ecnu mepemeHHast ¢ HEKOTOPHIM UMEHEM CO3/1a€TCS B IaHHOM JIOKYMEHTE BIEPBBIE, TO
JUIs BBOJIA OTIepaTopa MPUCBAaMBaHUS, BMECTO JIBOCTOYHS, TOIYCKAECTCSl MCIIOJIb30BATh CHMBOJ
paBeHcTBa "=", koTophlii Mathcad aBTOMaTH4YecKu 3aMEHUT CUMBOJIOM MTPHCBANBAHMSL.

B HEKOTOpBIX ciaydasx 3TO HEBO3MOXKHO, B YACTHOCTH, KOTJIa 3HAYCHHE MMPUCBAUBACTCS
NepeMeHHOM, UM KOTOpoil 3ape3epBupoBano Mathcad. Hampumep, mpucBouTh 3HauYeHHE
nepeMeHHOl ¢ uMeHeM N MOXKHO, JIMIIb BBOJS JTBOETOYHE, T. K. IO YMOJYAHUIO ITO UMS
ob6o3navaet B Mathcad pazmepHocts cuibl (HproTOH).

UtoOBI nepeonpeieTuTh 3HaYeHNE TIEPEMEHHOM, OMPEEICHHON B JJOKYMEHTE, ONepaTop
pHUCBaMBaHMs CIEAYyeT BBOAWTH HE 3HAKOM PABEHCTBA, a JBOCTOUYMEM, JTUOO MOJB30BATHCS
NaHEJIbI0 HHCTPYMEHTOB.

He BmonHe CcOOTBETCTBYIOIIMK OOMICIPUHSATOMY MaTeMaTHYEeCKOMY CTHIIIO BHJ
oreparopa NpucBauBaHus (He =, a :==) ABJIICTCS, HA CAMOM JleJie, KOMIIPOMHICCOM, CBS3aHHBIM
¢ HazHaueHueM Mathcad kak cucteMbl MpOrpaMMHUpPOBaHUs. JTOT ONEPATOP MOKA3BIBAET, YTO
OH JCWCTBYeT, B OTIMYME OT JAPYrHUX, HE CJIeBa HANpPaBO, a CIpaBa HAJIEBO, IMOCKOJBKY
3HaueHHE (CrpaBa) 3a7aceTcsi mepeMeHHoW (cieBa). M ecnmu HEMOCBAIIEHHOTO MaTeMaTHKa
BHEIIHUIA BHUJ 3TOTO ONEpaTOpa MOXKET BBECTH B HEKOTOPOE 3a0IyXKIACHHE, TO MOJIb30BATEIIO
Mathcad oH TpsIMO TOBOPUT O JICWCTBHHW, BBHINIOJHSAEMOM B JaHHOM MECTE JOKYMEHTa!
3HauUEHUE TEePEMEHHOW HE BBIBOJUTCS Ha JKpaH (O UeM TOBOPUT 3HAK =), a HEKOTOpOE
3HaueHUE NMPUCBAaUBaAETCs (:=) JaHHOW NEePEMEHHOM.

J1J1s MOATOTOBKH OTYETOB, TEM HE MEHEE, MOXKET MOTPEOOBATHCSI H3MEHUTH OTOOpakeHHe
omnepaTopa MPUCBAWBAHUS C NPUHATHIX MO YMOJTYAaHUIO CUMBOJIOB ":=" Ha CUMBOJI PaBEHCTBA.
OTo gemaercs s KOHKPETHOTO OIEpaTopa IPHCBaWBaHUS C IOMOINBIO MyHKTa View
Definition As KOHTEKCTHOTO MEHIO JTHOO JIJIsl BCET0 TOKYMEHTa C MOMOIIbI0 KoMaHabl Tools /
Worksheet Options / Display) (Cepsuc / Oniuu gokymenta / OToopaskeHue).

x="00

Yiew Definition bz * v Lrefault |

Lt Colon Equal
& Cut Colon Equal
El__‘; Eeste

Properties. ..

Dizable Evaluation

Optimize

Paznmunoe oroOpakeHHe oreparopa MprUCBanBaHUS

[TomuMo pazoOpaHHOTO omeparopa MprucBanBaHUs (a OH MPUMEHSETCS HauboJIee 4yacTo),
CYLICCTBYCT TAKIKC BO3MOKHOCTDH FHO63HBHOF0 npucBavuBaHUs.

DOyHKIUH
Oynknuu B Mathcad 3anuceiBatoTcst B 0OBIMHOM TSl MaTeMaThka hopme:
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f(x, ...) — byHKUUS;
f — umsa pynkmy;
X,... — CIIMCOK MIEPEMEHHBIX.

Jlerde Bcero BBECTH HarucaHue GyHKIUU B JOKYMEHT ITPH MOMOIIM KJIaBUATYPBHI.

B Mathcad dhopmanbHO MOKHO pa3znenuTs GYHKIIMHA HA 1BA THTIA:

BCTPOCHHBIE QYHKIMU U (PYHKIIMH, ONIPEICIEHHBIE TT0JIb30BaTENIEM.

[Ipumenenne QyHkuMii 0OOMX THUIIOB B pacuerax COBEPIICHHO OJIMHAKOBO, C TEM
UCKJIIOUEHHEM, YTO JIIOOYI0 BCTPOCHHYIO (DYHKIIMIO MOXKHO Cpa3y MCIOJb30BaTh B JHOOOM
MeCTe TJOKyMEHTa (0 BCTaBKE BCTPOCHHBIX (PYHKIMM B TOKYMEHT YUTaiTe B pa3]. "3HAKOMCTBO
¢ Mathcad" ra. 1), a moap30BaTENbCKYIO (GYHKIIMIO HEOOXOAUMO MPEIBAPUTENHHO ONPEACTUTh
B JIOKYMEHTE 0 MOMEHTA BBIUMCIICHUS €€ 3HAUCHUSI.

Omnpenesnenne pyHKIMH M0/1b30BATENs

Js1s Toro uToOBI onpenenuTh GYHKIUIO Mob30BaTes, HanpuMmep f(X,y) = x2-cos (X+y):

Benure B xenmaeMoM Mecte TokymMeHTa uMs GyHKiuu (f).

Benure neByto ckooky "(", MMeHa MepeMEHHBIX uepe3 3amiaTyI0 X, Y U MPaByl0 CKOOKY
")". Ilpu BBOZIE N1€BOI1 CKOOKM U 3aATON aBTOMaTU4ECKH OyIyT MOSBISATHCS COOTBETCTBYIOLNE
MECTO3aMOIHUTEIH.

BBenurte oneparop mpucBaMBaHUS C MAaHEIUW WHCTPYMEHTOB WJIM Ha)KaTUEM KJIABUIIU
<>

BBenuTe B MOSBUBIIMICSA MECTO3ANIOIHUTENb BEIPAXKEHHE, ONIpeeNsonee GyHKIUIO X2-
cos(x+y), OJNb3yACh KJIaBUATYpPOU MM MaHEIIMU HHCTPYMEHTOB.

filx, %) = xz--:cus(x + 7

Bce nepemenHble, MPUCYTCTBYIOIIUE CIIPABa B BHIPAXKECHUU OIIpeiesIeHUs] PYHKIUH, T100
JOJKHBI BXOJUTDH B CIIMCOK apryMEHTOB (PYHKIMHU (B CKOOKax, clieBa Mocjie UMEHH (YHKIIUH),
1100 TOJDKHBI OBITH OIpe/ieNieHbl paHee. B MpoTHBHOM ciiyyae OyaeT BHIBEIEHO COOOIIEHHE 00
omnoOKe, MpUYeM UM HEONpeAeIEHHON TepeMEHHON OYAET BbIIEIEHO KPACHBIM LIBETOM .

fix) = xz-c-:us(x + 7

Thiz wanable or function
iz hot defined above.

CooOmienne 06 omuodke ("ITa nepeMeHHas Wi QpyHKIUS paHee He ornpeaeneHa')

BbiBoa 3HAYeHUIT TepeMeHHbIX U (PYHKIM A
UTo0Bl BBIYUCIHTH B JOKYMEHTE HEKOTOPOE MaTEeMaTHYeCKOE BBIPAKECHHE, KOTOPOE
MOJKET COCTOSTh M3 IEPEMEHHBIX, OMEepaTopoB M (PyHKUUN (BCTPOCHHBIX M ONpEAEICHHBIX
MOJIb30BaTEIIEM):
BBeaute 3710 BbIpakeHHE, HAIPUMED XY.
Haxxmure knaBuy <=>.
B pe3synbrare cripaBa OT BB€ACHHOI'O 3HAKa PABEHCTBA MOSBUTCS BBIYUCICHHOE 3HAUCHHE

BBIPAJKCHUSL.
x:=10
¥o=x- 3:]2 +1
= 1x 107"
x=10
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Henb3s u3MeHATh COEP)KUMOE BBIPAKEHUS CIIpaBa OT 3HaKa PaBEHCTBA, TOCKOJIBKY OHO
€CTh pe3yibTaT pabOThl BBIYMCIHUTEIBLHOTO mporieccopa Mathcad, coBepiieHHO CKpPBITONH OT
ria3 nonb3oBarens. [loguac (korna BeIpaXKEHHE CONEPKUT (YHKIMH, PEaTU3YIOIINE pa3HbIC
YHCJICHHBIC METOJbI, YaCTO B CJIOXHBIX KOMOHMHAIUSX) QJTOPUTMBI pacyera OBIBAIOT OUYCHb
3aTEMJIUBBIMH U 3aHUMAIOT CYIICCTBCHHOC BpPCMI. O TOM, 4YTO HCKOTOPOC BBIPAKCHHUC
JOKYMEHTA HAaXOAUTCA B CTaJWU BBIYUCICHUSA, CBUACTCIBCTBYCT O6paMJ'I5HOHIa$[ €ro 3cJjicHas
paMKa ¥ HEBO3MOXXHOCTh PEIPUHATH Kakoe-1u0o neicTBue ¢ nporpammoit Mathcad.

BaMeTBTe, qTo0, INepea TEM KaK BbIYUCIUTb 3HAUYCHUC MATCMATUYCCKOI'O BBIPAXKCHUA, Bl
00s13aHBl OMpPENENUTh 3HAUYCHHE KaXKIOM BXOJAIIEH B HEro mnepeMeHHOW. Brruucisemoe
BBIPAXCHHIE MOXKET COJICPIKATh JTF000€ KOJIMYECTBO MTEPEMEHHBIX, OTIEPaTOPOB B (DYHKIIHH.

BriBoj 3HaUeHMS QyHKITHH

flx,v) = xg-n::n:ns(x + %)

f2,5.90) = —0.542

13,7 =-0729
=13

=7

fix,v) = -0.739

[Tpu onpeneneHnn GyHKIUH MTOJIB30BATENS Yepe3 pa3IndHbIe TIEPEeMEHHBIE BAKHYIO POJIh
Urpact NpuCyrCTBUC MMCH 3TUX NCPCMCHHBLIX B CIMCKC APrymMCHTOB WJIM OIPCACIICHUC HUX
BBIIIIC B TEKCTEe JOKymMeHTa. Hampumep, pe3ynbrarhl BbIBOJa 3HaueHUs (yHkmuu f (X,y)
OCTJINCh OBl TOYHO TAKUMHU K€, €CIM J0 WM TOCie OnpeneneHus (yHKIHUU MPUCBOMUTH
NEPEMEHHBIM X U Y HCKOTOPBIC 3HAUYCHUS. Tak MIPOUCXOUT IMOTOMY, YTO 3HAUCHUSA apryMCHTa
3a/laHbl HEMOCPEACTBEHHO B CTPOKE BhIUMcIeHUs QpyHkuuu. Ecnu sxe onpeaenuts GyHKIuo f
(x) cnexyromum oOpa3om

wi=3

2
fi%) =% cos(x+ ¥
i1y =09

TO OHa OyJeT 3aBHCETh OT 3HAUEHUS MEPEMEHHON y B MOMEHT ompenenenus f (x) (T. e. y=95),
IIOCKOJIbKY y HE BXOJUT B cnucoK aprymeHToB f (x). ®@aktuuecku f (x) =x2-cos (x+5). Haxe
ecli rJe-HuOy/Ib HIDKE B TpOrpaMMe IMoJIb30BaTelNb MepeorpeaenuT 3Hauenue y, Mathcad Bce
paBHO OyzneT moMHHUTH (yHKIHUIO f (X) Kak BeIpakeHUe x2-cos (X+5).

w=10
x=1
fix) =09

xz--:cus(x + 7 =054

xz-n:cus(x + 5 =059

BHumarenbHee oTHOCHUTECh K 00s3aTeNbHOMY TpPeOOBAHMIO COBMAICHUS KOJIUYECTBA
apryMEHTOB IpH OIPEEICHUH U BbIBOJIE 3HAUECHUS (PYHKIUII.

BBojs 3HaK paBeHCTBa Ui BBIUYMCICHUS MaTeMaTU4YeCKUX BbIpaxeHwit B Mathcad, Bol
(dakTUYeCKH TpUMEHSETe OIepaTop BBIYMCIEHUS WIM YHUCJIEHHOTO BbIBOAAa (numerical
evaluation). Ero MOXHO BBECTH Takke Ha)KaTMEM KHOIIKHM CO 3HaKOM paBEHCTBA Ha OJHOW U3
naHesneit uHctpymeHTtoB: Calculator (Kanpkynstop) wnm Evaluation (Beipaxkenus) (cm.
Pucynok - 1). OnepaTop 4MCIEHHOIO BBIBOJIA O3HAYAET, YTO BCE BBIUMCIIEHUS MPOBOIATCS C
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qucilaMu, a pas3jIM4yHbIC BCTPOCHHBIC AJITOPHUTMbI PCAIU3IYIOTCA COOTBCTCTBYIOUIUMUA
YHUCJIICHHBIMH METOJaMU.

CHuMBOJILHBIA BBIBO/

Hapsiny ¢ uncnennsiM BeiBoJOM, B Mathcad mmeeTcss BO3MOXXHOCTh CUMBOJIBHOTO, WIIH
AQHATUTUICCKOTO, BBIYMCIICHUS 3HAUCHUS BBIpOKEHUS. JJIT CHMBOJIBHBIX BBIYUCIICHUH UMEETCS
P CIICIUANBHBIX CPENICTB, KOTOPhIE OYAYT JIETaIbHO PAaCCMOTPEHBI MO3AHEE, CaMOe MPOCTOe
U3 HUX — 9TO OMEpaTop CHUMBOJBHOTO BbIBOAa (symbolic evaluation). O o0o3Hauaercs
CUMBOJIOM -» W B OOIBUIMHCTBE CIy4aeB MPUMEHSETCS TOYHO Tak e, Kak orepaTop
YHUCIIEHHOTO BBIBOJIA, OJTHAKO BHYTPEHHEE Pa3ININe MEKIY NEHCTBHEM ITHX JIBYX ONEPaTOPOB

orpomMHo. Ecium ducneHHbli BBIBOA — 3T0 B OOBIYHOM CMBICIE 3TOrO  CJIOBA
"3amporpaMMUpOBaHHBIN" pacdeT 1Mo (opMyinaM M YHCICHHBIM METOJIaM, CKPBITHIH OT Tia3a
[I0JIb30BATENsl, TO CHMBOJIBHBIA BBIBOJ — pE3YJbTaT pPabOThl CHUCTEMbI HCKYCCTBEHHOI'O

WHTEIJIeKTa, BCTpoeHHOH B Mathcad u Ha3piBaeMoil CHMBOJBHBIM TporieccopoM. Pabora
CHUMBOJIBHOTO TIpoIleccopa Takke HeBUAWMA (M, Yalle BCEro, Make TPYTHO IMPEACTaBUMA)
MOJIb30BATEII0 M 3aKJII0YAEeTCsl B aHAIM3€ CaMOro TEKCTa MAaTEeMaTUYECKUX BBIPAXKEHUH.
Koneuno, ropa3go Gonee y3kuil Kpyr QopmMyl MOXHO pacCUMTaTh CHUMBOJBHO, XOTS Obl
MOTOMY, YTO, BOOOIIIE TOBOPS, OTHOCUTENILHO HE Takasi O0JIbIllasi YaCTh MaTEMaTUYECKHUX 3aa4
JIOTTYCKaeT aHATUTHYECKOE peLICHHE.
UToOBI MOMBITATHCSI BEIYUCIUTH CUMBOJIBHO MAaTEMAaTUUECKOE BhIpaXKeHue, Harpumep B ¢
sin(arcsin(C * X)), rne B,C,X — HeKkoTOpbIC NTepeMEHHBIC:
1) Bsemute 510 BhipakeHue: B ¢ sin(asin(C ¢ X)).
2) Bsemute omepaTop CHMBOJIBHOTO BBIBOJA couyeTaHWeM kimaBuin <Ctrl>+<>, nubo
Ha)KaTUEM COOTBETCTBYIOIEH KHONKM Ha maHenu Symbolic (CumBonuka) win
Evaluation (Bsipaxxenus).

s | "= hdodifiars

float | 5 ymbolic Evaluation Chil. |E

golva simplify  substitute
factor expand coeffs
collect ‘series parfrac
fauriet laplace firans

invfourier nviaplace  imaEtrans

H' = T [H] =

Knomka BcTaBkH oreparopa CMHMBOJIBHOI'O BBIBO/Ia

[Tocne »TOro cmpaBa OT CHMBOJA OIEparopa CHMBOJBHOIO BBIBOJIa TOSBUTCS
ONpeJIeJICHHOE AHAIMTUYECKU 3HAUCHHUE BBIPAXKEHUS

B-zitf azin/C-%) — B-C-x
6o coobmenue o6 ommbke "No answer found" (OtBer He HaiineH). Ecnu cumBoOIBEHOMY
npoueccopy Mathcad He ynaeTcst aHaTUTHUECKU YIPOCTUTH BhIpaskeHUE, TO OHO OY/ET BBIAAHO
CIpaBa OT 3HaKa -» B TOM K€ BHJIE, UTO U CJIeBa.

CUMBOJIbHBIN BBIBOJ BRIPAKEHUH, KOTOPOE HE yIAJIOCh YIPOCTUTH

xz-cns(x + ¥ = xj-cns(x + ¥

I[JISI CHMBOJIBHOT'O BBIBOJA HC Tpe6yeTC$1 NpCABAPUTCIIBHO OIPCACIIAATL ICPEMCHHBIC,
BXOOAIIHUE B JICBYIO YacCTb BI)Ipa)KeHI/Iﬂ! Ecan xe MNEPEMEHHBIM OBLIIM BCE-TaKH IMPUCBOCHBI
paHeC HCKOTOPLIC 3HAYCHMUA, CUMBOJILHBIN mponeccop Mnmpocro noACTaBUT MX B YIHPOIICHHYIO
dbopMyITy U BBIIACT Pe3yJIbTAT C yYETOM ITHX 3HAUCHUM.
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TouHo Tak *e, KaK PaCCUUTHIBAIOTCS YUCIEHHO 3HAUYCHUS (PYHKIMI, MOXKHO BBIYHCIATD
UX M C INOMOIIBI0 CHUMBOJIBHOTO mpoueccopa. CpaBHUTE COOTBETCTBYIOIIHME PE3YJIbTAThI,
KOTOPBIE IIPEICTABIICHBI

fix) = xz--:cus(x + 3
i3 =-131
i3 — P-cos(E)

(KOHEUHO, CUMBOJIbHBIM M UYMCJIEHHBIA OTBETHI paBHbI: 9°cos(8)=-1.31). AHATOTMYHO MOXKHO
CHUMBOJIbHO BBIBOJIUTH 3HAUEHUS MepeMeHHbIX. HampumMep, MpUCcBOUTh HEKOTOPOIl mepeMeHHOM
3HaueHUE (PYHKIMU WIH CIOKHOTO BBIPAKEHUS

i) = xz-ccus(x + 3

a:=f3)
a— 9-cos(E)
a=-131

(BTOpas cTpoKa) M 3aT€M BBHIBECTU 3HAUCHHUE MEPEMEHHONU B CUMBOJIBHOM BHJIE.

Kak mokaspIBaloT NpUBEACHHBIC MPUMEPHI, MPEUMYIIECTBO CUMBOJBHBIX BBIYMCICHUN
3aKJIIOYAETCS. B BbIJIAaY€ AHAIUTHUYECKOTO pe3yJibTaTa, KOTOPBIA JIJIi MareMaThka 4YacTo
sBisieTcst O6onee meHHBIM. [loaTomy, mcxons w3 cnenu(uKd KOHKPETHBIX 3ajad, periaiTe,
CTOWT JIK HApSAy C YMCICHHBIMUA PACUETAMH MOIBITATHCS MOJIYYUTh U CUMBOJIBHOE PEIICHHE.

Oneparopsl
Kaxnpiii oneparop B Mathcad o6o3HauaeT HeKOTOpoe MaTeMaTHYECKOe JeCTBHE B BUE
CUMBOJIa. B MOJHOM corylacuu ¢ TEPMHUHOJIOTMEH, IMPUHATOW B MaTe€MaTHKe, Psif ACUCTBUU
(Hampumep, cloKeHue, AejeHUe, TPaHCIIOHUPOBaHUE MaTpUIlbl U T. 1.) peann3oBaH B Mathcad
B BUJIE BCTPOEHHBIX OIEPaTOPOB, a ApYyrue AeHCTBHs (Hampumep, sin, erf u T. m.) — B BUJE
BCTpOeHHBIX (yHKIMH. Kaxplil oneparop IeiHCTBYeT Ha OJHO WM JiBa yucia (IEpEMEHHYIO
WK (pyHKIHMIO), KOTOpBIE HAa3bIBAIOT ONepaHaamMu. Ecinyu B MOMEHT BCTaBKH OIepaTopa OJHOr0
Wi o00OMX OIEpaHJIOB HE XBATaeT, TO HEJAOCTAIOUIME OnepaHabl OyIyT OTOOpa)KeHbl B BUJE
Mmecto3anoiHureneil. CHMBON JH000ro omeparopa B HYXHOE MECTO JOKYMEHTa BBOJHUTCS
OJIHMM M3 JABYX OCHOBHBIX CITOCOOOB:
® Ha)XaTHEM COOTBETCTBYIOILEH KJIaBUIIM (MM COUETaHUs KJIaBHIL) HA KJIaBUATYpE;
® HAKATHEM YKAa3aTeJIeM MbIIIM COOTBETCTBYIOUIEH KHONKM Ha OJHOW W3
MaTEeMaTHYECKUX TaHeJIed HHCTPYMEHTOB.
HanoMuuM, 9T0 GOJBIIMHCTBO MaTeMaTHUECKUX IMaHENEH CoAepkKaT CrpyNnIupoBaHHBIC
II0 CMBICIy MaTeMAaTUYECKUE ONEPATOPBhl, & BbI3BAaTh T MAHEIU HA DKPaH MOKHO Ha)KaTUEM
COOTBETCTBYIOIIECH KHONKY Ha nanenn Math (Martemaruka).

ApudmeTnyeckue onepaTopbl
Omnepatopbl, 0003HaYarOIINE OCHOBHBIC apU(METHYECKHIE ACUCTBUS, BBOASATCS C TAHEIH
Calculator (KanpkynsaTop), moka3aHHON Ha PUCYHKE:

Calculator x|
sin cas tan In lag nl 0 =l T

et L) s 7oA

g i AR B w5
e e

ITanens Calculator
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® (CJIOKECHUE U BbIYMTAHUE: + —

1+3-7=-3
-(-9 =2
® YMHOXXEHHE U JIeJeHue: * / +
5
— =23
2
S+2=25
3
d—=275
4
1-2-.3-4-5 = 120

e (axropuai: !
5l =120
|-10] = 10

® MOIyJb yHCHa: [X|

® KBaJpaTHbI KOPEHb
® KOpEHb N-U CTENIEHU
BO3BECHUE X B CTENIECHb Y

Ji=1

1III|:|'2 = 1385

® HU3MCHCHHC IIPUOPUTETA: CKOOKH
(1+203=9

1+23=7

®  YUCJICHHBIN BBIBO.

Kak BuIHO, ¢ TOMOIIBIO 3TOM TNaHETHM MOKHO BBECTH HE TOJIBKO IEPEUYHCICHHBIC
OIIEpATOPBI, HO ¥ UX YaCTO MCIIOJIb3yeMble KOMOMHAIMH, HAIpUMEp, BO3BEICHUE IKCIIOHEHTHI B
CTENEHb, CMEIIAHHOE IPOU3BENICHHE M JICJIEHUE, a TaKKe MHHUMYIO C€IWHUIy U YHCIO S
3aMeTHM, 4TO JOMYCKAETCs 3alKCh ONepaTropa JeJNEHUs Kak B OAHY, TaK U B JIB€ CTPOKHU, YTO
o0ecrieunBaeTcsl HAJTMYMEM JIBYX COOTBETCTBYIOUIMX KHOIOK Ha manenu Calculator.

Hamomuum, uyto B pemaktope Mathcad moxxHO BBIOMpaTh OTOOpa)keHHE oIeparopa
yMHOEHUS. |11 TOro 4To0Bl MOMEHSTH €ro:

1) IllenkHuTe NpaBOW KHOMKOW MBIIMIM HAa BBIPAKCHUH, COJEPXKAIIEM OIepaTop
YMHOXKEHHUS.

2) BoibepuTe nepBblil MyHKT MOSIBUBIIETOCS] KOHTEKCTHOTO MeHI0 View Multiplication As
(ITpencraBieHne yMHOXKEHUS).

3) B noameHto BbIOEpUTE IMYHKT, COOTBETCTBYIOIINUN CTUIIIO MPECTABICHUS YMHOKECHHUS:
B Bujae o0ObuHONW Touku (Dot), TOUKM C YyMEHBIIEHHBIM pACCTOSHUEM OT HEro 0
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comuoxwureneit (Narrow Dot), Toncroit Touku (Large Dot), kpectuka (X), 6e3 cumBona ¢
HEOOJIBIIIUM paccTosiHueM Mexay coMmHoxutensiMu (Thin Space), Boobmie Bmecte (No Space).
YToObl MPOCMOTPETH, KaK OyIEeT BBHITTISACTH BBIPAXKEHUE B IBYX IOCIEAHUX NPEICTaBICHUIX,
HY>XHO CHSITh C HETO BbIIeeHHe. YTOOBI BEPHYTH MPEICTABICHHIE 110 YMOJIYaHUIO, BEIOEPHUTE B
MOJJMEHIO KOHTEKCTHOT0 MeHIo MyHKT Default.

HexoTopbix onepaTopoB, HalmpuMep TaKWX, KaKk ONepaTop KOMILIEKCHOTO COTPSHKEHUS,
Ha MaHEJIsX MHCTPYMEHTOB HeT. Ero mpuxomuTcs BBOJIUTH HCKIIOUUTEIBHO C KIIABUATYpPbI
Ha)kaTheM KJaBulIM <'"> B Ipesienax MaTeMaTuyeckoil o0acTu.

GB+D=3-1i

BbrunciaurenbHble onepaTopbl

BrluucnurenbHble  oneparopel  BCTaBJISIOTCS B JOKYMEHTHl IMpPU IOMOIIM MaHEIH
uHctpymeHToB Calculus (Beruncnenus). Ilpu nHakatum m000H W3 KHOMOK B JOKYMEHTE
MOSIBJISIETCS.  CHMBOJI  COOTBETCTBYIOLIIETO  MaTEMaTHYeCKOro  JeHCTBHUS, CHaOXEHHBIN
HECKOJIbKUMHM MECTO3anoiIHUTENIMU. KoauuecTBO M paclojoKEHUE MEeCTO3aloJHUTENEH
OmpezeNseTcss TUIIOM OIeparopa M B TOYHOCTH COOTBETCTBYET WX OOIICTIPHUHSITON
MaTeMaTuyeckou 3amucu. Hampumep, mpu BcraBke orepatopa cymmbl (Pucynox - 7)
HEOOXOIUMO 3aJaTh 4YeThIpe BETUYMHBI: TEPEMEHHYI0, MO KOTOpPOHl Hajg0 MpPOU3BECTU
CYMMHUpOBaHHE, HWKHUHA M BEPXHHUU TpENEeNbl, a TAaKKe CaMmoO BBIpaKEHHE, KOTOpoe Oyaer
CTOSITh 1101 3HAKOM CYMMBI.

Jlozuueckue onepamopul

Pe3ynbTatom AeicTBUS JIOTMUECKUX, UM OYJIEBBIX, OIIEPATOPOB SABJISIOTCS TOJIBKO YHCIIA
0 (ecnu JOrMYEcKOE BBIPAKEHHE, 3aMMCAHHOE C HX MOMOIbIO, MCTUHHO) win | (ecnu
JIOTHYECKOE BBIPAKEHHUE JIOKHO). UTOOBI BBIYUCIUTH 3HAYEHHE JIOTHUECKOTO BBIPAKEHUS,
Hanpumep 1=1:

1. BcraBwte ¢ manenu Boolean (byneBsl omnepaTopbl) COOTBETCTBYIOIIHMI OTEPATOP

2. B mosBHBIIMECS MECTO3AIMOJIHUTENIN BCTABLTE OMEPAHIbI (IBE €UHUIIBI).
3. HaxmuTte KnaBuiry <=>, 4T00bI MOTYYUTH OTBET.

ST Eoolean | ]
=_|{- > £ >

&
Equalto Ctil+=

BcraBka noruueckoro oneparopa

ITomyuaercs abcypaHOe Ha epBbIi B3I BeIpaskeHHe 1«i=1. OJJHaKO Ha caMOM JIeJie Bce
npaBwibHO. CrpaBa OT oreparopa BBIBOJA 3alKCaHO JOruyeckoe Bbipakenue 1*1 (oOparute
BHUMAaHHE, YTO JIOTUYECKUH 3HAK PABEHCTBA BBIMJIAUT IO-APYrOMY, HEXEIU OOBIUHBIN),
KOTOPOC HABJIICTCA HWCTUHHBIM. HOBTOMy SHAYCHUC JAHHOT'O BBIPAKCHUSA PABHO 1, qTO H
IIOKA3aHO CIIpaBa OT 3HAaKa PABCHCTBA.

IIpuMepsl elCTBHS IOTUYECKUX ONIEPATOPOB

— OIIepaTopsl CPaBHEHHUS

2=3=10 dxl=1 3¥3=10
T=i=1 Fcwm=1 3z23=1
D=0=0

— OyJeBBI ONEpPaTOPHI
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lwviO=1 1~0=0 l&l=1 —-1=10
Owo=0 Onl=0 0=0=0 —0=1

lwl=1 lal=1 l&1=10

Jlornuyeckue omepaTropbl Ype3BbIUAHHO Ba)KHBI IPH 3allUCH TOAJEKAIIUX PEIICHHUIO
anredpanvyeckux ypaBHEHUH 1 HEpaBEHCTB B nmpuemieMoit i Mathcad dopwme.

YnpasJjieHue BbIYHCJICHUAMH

JokymenT Mathcad — 3TO B OJTHOM CMBICIIE 3TOTO CJI0BAa KOMIBIOTEpHAs MPOrpamma, a
cama cucrema Mathcad — Hacrosias cuctema nporpaMMHUpOBaHMsl, IIpaBAa OPUEHTUPOBAHHAS
Ha MaTeMaTHKa, a He Ha NpOQecCHOHAIBHOIO MpOorpaMMHcTa. BOJIBLIIMHCTBO ApPYrux cpen
IPOrpaMMHUPOBAaHUS (3HAKOMBIX YHTATENIO MO peai3alluy TaKuX fA3bIKOB, kak Cu, @oprpaH,
belicuk u T. m.) pa3fensioT pelakTUPOBaHHME KoJa MPOTrpaMM M MX BBINOJHEHHUE, KOTOPOE
MOYKHO BBI3BaTh INpeIHa3HAYEHHBIMU Ui 3Toro Komanaamu. B Mathcad u xox mporpamwmsl, u
pe3ysibTaT UX BBINOJHEHHUS OObEIMHEHbI B OJHOM JOKyMeHTe. TeM He MeHee, (QyHKIUM
penaktupoBaHust GOPMYIT M MX pacyeThl BBIMOJHSIOTCS Pa3/eibHO, M TOJIH30BATENb HMEET
BO3MOKHOCTb YIIPABJIATH BCEMU BaKHEUIIMMU ONLUSAMHU BBIYACICHHUMN.

Pe:xxumbl BBIYHCICHUH

Bce npumepsl, KOTOpbIe MBI pacCMaTpUBaeM B 3TOM KHHUIE, HESBHO IMPEIIOaratoT, YTo
BKJIIOUYEH aBTOMATHYECKUW pEeXHUM BbIYUCIECHUNH. OH BKIIOYAETCS IO YMOJYAHUIO TpPU
CO3JIaHUH ITYCTOTO JOKYMEHTa, TO3TOMY €CII BBOJSATCS BBIPAXKEHUS, COJIEpKAIIE ONEpaTOphl
BBIBO/Ia, OHU BBIYHCIISIOTCSI HEMEJICHHO. BooO11Ie ToBOpS, UMeeTCst IBa PeKUMa BBIYHCIICHUH:

e aBTOMaTHuecKuil pexxuMm (automatic mode) — Bce BBIYHUCICHUS MPOBOIATCA
aBTOMAaTHYECKH 110 Mepe BBOja GopMyT,

e pyuHOil pexuM (manual mode) — Hayano BBIYMCICHUN KaXXIOW (OpMYIbl WU
BCEro JOKYMEHTA MPOU3BOAUTCS MOJIb30BATEIEM.

PexxyM BbIYMCICHHH MOXKHO BBIOpaTh € MOMOIIbI0 Komauawsl Tools / Calculate /
Automatic Calculation (Cepsuc / [lepecuntars / CuutaTh aBTOMaTH4YeCKU. EC B 3TOM CTpoKe
MEHIO YCTAHOBJIEH (JIaKOK INPOBEPKH, 3HAUUT, BKIIIOYEH AaBTOMATHYECKUH DPEXKUM, €CIU
¢raxkka HeT, TO peIaKTUPYETCS TOKYMEHT B PYYHOM pPEXHME BBIYMCICHHNA. YTOOBI CMEHHTH
PEKUM, MIPOCTO BBIOEPUTE STOT MYHKT MEHIO (HAlpUMeEp, Ha)KaB KHOMKY MBIIIU B CUTYallUH,
IIOKa3aHHOM Ha PUCYHKE, BKIIOYUTE PYYHOU PEKUM).

Pexxum  BbIUMCICHMI YCTaHABIMBAETCS HE3aBUCHUMO JUISI  KaXJOro JOKYMEHTa
OMHOBPEMEHHO MOTYT OBITh OTKPBITHI HECKOJBKO JOKYMEHTOB, BBIYMCIISIEMBIX B Pa3IMYHBIX
pexuMax

[IpeumymiectBa M HEOOCTAaTKM KaXIoro pexuma oueBUAHBL. C OAHOM CTOPOHBHI,
ABTOMATUYECKUE BBIYMCIICHUS YIPOUIAIOT paboOTy C JIOKYMEHTOM, IOCKOJIbKY pe3yibTaThbl
pacueToB TOSBISIIOTCS B pEaJbHOM BpPEMEHHM, M IIOJIb30BaTe€lb MMEET BO3MOXKHOCTD
aHaIM3UpOBaTh uX cpaszy. C Ipyrod CTOpOHBI, €CIM BBIYUCICHUS CIOKHBIE, TO OHH MOTYT
OTHUMAaTh MHOTO BPEMEHHU (UTO OCOOEHHO 3aMETHO Ha KOMIIBIOTEpPaX C HE CIUIIKOM MOIIHBIM
MPOIIECCOPOM M HEOONBIIMM O0BEMOM OllepaTUBHOM mamsaTh). [loaToMy 3adacTyro, 4TOOBI
IPOJIOJDKUTh PENAaKTUPOBAHHE JIOKyMEHTa, TpeOyeTcss HIOBOJIBHO JUIMTEIbHOE OXKHJIaHHUE
3aBepIICHUs] pacueToB. B uacTHOCTH, €ciu MOMEHATh Kakoe-THOO BBIpa)KEHHE B Hauaie
OONBIIOrO JOKYMEHTa, KOTOpPOE BIIMSET Ha TMOCIEAYIOIIME BBIYMCICHHUS, TO BCE OHH
NEPECYUTHIBAIOTCA 3aHOBO. B Takux ciyyasx yacTo yAoOHee peJakTUPOBaTh TEKCT B PYYHOM
pexuMe, a BBIYMCICHHS BKII0YATh IO Mepe HEOOXOJUMOCTH.
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2 *Mathcad - [2.1.med]

|G) File Edit View Inset Fomat | Tools Symbolics Window Help

|D-3@ &[5y &V Seelng. |Ime=2e0 [100% =]
| [Normal x[aial el B 7 U ”gg === <
- Protect Worksheet,

+

F3
» Calculate \Worksheet  Ctd+FS

xm23

L+ %= 433133
Waorksheet Options...
Preferences..

Bp160p peskrma BeIYUCICHUH

[IpepbiBanne BoIuMcIeHH

Mathcad ocymiecTBisieT BEIUMCIICHUS JOKYMEHTA, KaK 3TO MPUHATO B OOJIBIIMHCTBE CpeJl
IpPOrpaMMUPOBAHUSA: CBEPXY BHU3 U clieBa HampaBo. [loka ouepenHoe BoIpakeHHnE HAXOAUTCS B
npouecce pacuera (BBIYMCIUTENIBHBIM MM CHUMBOJBHBIM IIPOLECCOPOM), OHO BBIAEISAETCS
paMKOii 3eJeHOro 1[BETa, a JH00bIe ACHCTBUS MMOJIb30BATENS 10 JabHEHIIeMY peJaKTHPOBAHUIO
JnoKyMeHTa Onokupytorcs. Ecnm y Bac He COMIIKOM OBICTPBI KOMMBIOTEP, a (POPMYIIBI
JIOCTaTOYHO CJIOKHBIE, TO MOKHO HaOJI0/aTh, KaKk 3ejieHas paMKa MepecKakuBaeT C OJHOTO
BBIPAXXEHMSI HA PyTroe

UtoOBbI mpepBaTh 3aTSAHYBIIMKCS MPOILECC BBIYMCICHUM, HaXMUTE KiaBuiry <Esc>
[osiBUTCS TMaOroBO€ OKHO, B KOTOPOM HYKHO MOJATBEPAMTH NpepbiBanue BbruuciaeHuit (OK).
B »stoM ciyuae BwIpakeHusi, kotopsle Mathcad He ycmen BbBIUMCINTB, OyIyT NMOMEUYEHBI B
JOKYMEHTbl KpacHbIM IBeTOM. IIpepBaHHbIE BBIYUCIEHHS BO30OHOBISIOTCS Ha)KaTHEM
kinaBumu <F9> mumm komanoit Tools / Calculate / Calculate Now (Marematuka / [lepecuntars
/ TlepecuuTath)

Bbrunciienusi B py4YHOM pexnMe

Ecnu ¢naxok B crpoke komannel Tools / Calculate / Automatic Calculation (Cepsuc /
[epecunrtath / CunTaTh aBTOMAaTUYECKH) CHST, TIOJIH30BATENb JIOJIKCH 3aITyCKaTh BBIYMCICHHSI
CaMOCTOSITEITLHO

Jlnist TOro 9ToObl BBIUUCIUTH BCe (OPMYJIBI BO BCEM JOKYMEHTE, BBIIIOJHHTE KOMaHIY
Tools / Calculate / Calculate Worksheet (Maremaruka / [lepecunrars / [lepecuurars Bce).

Jlnst BeIUUCIIeHHsI Bcex (GOpMYIT B BUIMMOW 4YacTH JOKYMEHTa BeiOepuTe MyHKT Tools /
Calculate / Calculate Now (Cepsuc / Ilepecuntats / Ilepecuntars) 60 HaXXMUTE KIaBHIITY
<F9>, nmmbo mIeNKHUTE HAa KHONKE C u300pakeHneMm 3Haka paBeHcTBa (Calculate) Ha
CTaH/IapTHOM ITaHEe HHCTPYMEHTOB

[IpepBath BBEIUUCIIEHUS MOKHO OOBIYHBIM 00pa30M, HaxaB KiaBuIry <Esc>.

VYrpaBnsaTe pasMepoM BHIUMON YacTH JOKYMEHTAa MOXKHO TPH IOMOIIM HW3MEHEHUS
MaciTaba 0ToOpaxeHus JOKyMEHTa

[Ipu pepakTUPOBaHUM TEKCTa B PYYHOM PEKHME HE BBIMOJHIIOTCS HU BBIYHCICHUS, HU
TIOCTPOCHHE TPa(HUKOB, a COOTBETCTBYIOIIME MECTa B BBIPAKCHUAX (POPMAIBHO OTMEYAIOTCS
MECTO 3aIIOTHUTEIISIMH
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»*Mathcad - [Untitled:1]

|£] File Edit “iew Inset Fomat Tools Spmbolice ‘Window Help
ID-ZHd GRAY| L =8| (e S50
“NDrmaI ;"F'.rial ;]IIEI ;!l B I H §|

im0 pavig iR

YroOBI 3a1yCTUTh BBIYHUCIICHUS B PyYHOM pexuMe, HaxmuTe KHonky Calculate

OTkI04eHne BHIYNCIEHHS OTeJIbHBIX (hopMYy.JI

Mathcad mo3BoOJNISIET OTKIIOUNTH BBIYMCICHHE KakoWH-mn60 (Gopmynsl. Ilpu sTOM oHa He
OyZIeT BAUATH Ha MOCIEAYIONIe BhlunciaeHHs. YTOOBI HE BBIUUCIATH ONMPEEICeHHYI0 (hopMyTy
B JIOKYMEHTE:

[enxHUTE MpaBOl KHOMKON MBIIIN HA (hopmyIe.

Bribepure B koHTeKCTHOM MeHI0 MyHKT Disable Evaluations (BeikimounTs BeIYHCICHNS),
KaK IMOKa3aHo Ha pUCYHKe 9.

DOKBHUBAJICHTHBIN C1IOCOO BBIKJIIOYECHHUSI BEIYUCICHHS OTICIBHON (DOPMYJIBI 3aKITFOYAETCS B
BBI30BE JIMAJIOTOBOT0 OKHa Properties (CBoiicTBa) uepe3 OJJHOMMEHHBIN MYHKT KOHTEKCTHOTO
MEHIO (CM. PUCYHOK) Wi riiaBHoro meHr Format (Dopmar). B muanore Properties criemyer
nepeiith Ha Bkiaaky Calculation (Berumcinenus) u ycraHoBuTh Tam (uaxok Disable
Evaluations (BBIKIIOYHTH BRIYHCICHUS).

Pesynbrat BeIKITFOUeHHS (POPMYITBI U3 TIPOIIECCa BHIYUCICHUI

x=73
:v::=EIl
¥=173

3/1ech BBIKIIOYEH BTOPOM M3 ONEPATOPOB IPUCBaMBaHMUSA, O YEM MOXKHO CYIUThH II0
HAJIMYMIO 4YEpHOro KBajapara cpasdy 3a (opMynoi. COOTBETCTBEHHO, B IOCIEIHEH CTpPOKE
BBIBEJICHHOE 3HAU€HUE IEepeMEHHOW X "He 4YyBCTBYeT" BBIKJIIIOUEHHOTO NPUCBAaUBAHUSA U
0CTaeTCsl paBHBIM 3.

|
1+ }{54-}_;1 = tIIJD Cuit
Eu:up_l,l_.

2 Paste
Froperties:,

Digable Evaluation

OTxItoueHne BEIYUCIEHHS (POPMYITBI
C IIOMOILIBIO KOHTEKCTHOTO MEHIO

Ynpouenue Boipaxenuii (Simplify)
Ynpowenue evipasxcenuti - Hanbonee yacto mnpumensemas onepaiusi. CHUMBOJIbHBIHN
nporeccop MathCAD cTtpemutcst Tak mpeoOpa3oBaTh BBIpaXEHHE, YTOOBI OHO TPHOOPENo
6osnee mpoctyto dopmy. Ilpu 3TOM HCMONB3YIOTCS pa3nuyuHble apudmeruyeckue (Gpopmyssl,
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MPUBEICHUE TOJOOHBIX CIIaraeMbIX, TPUTOHOMETPHUECKUE TOXKIECTBA, MEpecdeT OOpaTHBIX
¢dbyHKui 1 1p. YTOOBI YIIPOCTUTH BRIPAXKEHHE C TIOMOIIIbIO MEHIO:

1. BBegute BeipakeHue.

2. Boigenute BeIpakeHHE HEIUKOM WM €r0 YacTb, KOTOPYIO HY>KHO YIIPOCTHUTb.

3. Beibepute komany Symbolics / Simplify (CumBonuka / YpocTuTs).

+* Mathcad Professional - [Untitled:1]

) Eie Edit View Insett Format Math | Symbolics Window Help
JD'@E|§[§27|.¥,I Evaluate >

j I'\/ afiables _'"T imes New |

Expand I

Factor
LCollect
Falynomial Coefficients

Wariable 4
Matri 4
Transform 4

zx+ 22y - 22-x - 5-z2-y +z Evaluation Style...

VYipoliueHue BeIpaKeHUs

Jns  ympouieHusi BBIpaXEHHsS TpPU  TMOMOLIM OIleparopa CHMBOJBHOTO BBIBOJA
ucnoib3yiTe kimoyeBoe cinoBo simplify. He 3a0wiBaiiTe, ecnu HEKOTOPHIM MHEPEMEHHBIM,
BXOJIIIMM B BBIp@KEHHE, paHee ObUIM IPHUCBOEHBl HEKOTOPbIE 3HAYEHUs, TO OHU OyayT
MOJICTaBJICHBl B HErO IPH BBIMOJIHEHUH CUMBOJBHOTO BBIBOJA. YIPOILEHHE BbIpAKEHUN,
COJIepKAIINX YHCTa, MPOU3BOAUTCS TO-pa3HOMY, B 3aBHCHMOCTH OT HaJIM4YHUs B YHCIAX
necaTHYHoil Touku. Ecnu oHa ecTh, TO BBIMONHAETCS HEMOCPEACTBEHHOE BBIUMCIICHHUE
BBIPQ)KCHUSI.

Pa3no:xenune Boipa:kennii (Expand)

Onepanist ~ CUMBOJBHOTO  pA3IOMCEHUs, WA  pACUUpPeHUs, BBIpKCHUH
IPOTHUBOIOJI0XKHA IO CMBICTY OIEpalluy yrpouieHus. B xoze pas3noskeHust pacKpbIBalOTCS Bce
CYMMBI M TPOU3BEACHUS, a CIOXHBIE TPUTOHOMETPUYECKHE 3aBUCHMOCTH DPa3JlaraloTcsi ¢
MIOMOIIBI0 TPUTOHOMETPHUYECKUX TOXIECTB. Pa3iioskeHue BBIPAKEHUH NPOM3BOIUTCS ITYTEM
BbIOOpa komaHasl Symbolics / Expand (CumBonuka / PaznoxuTs), TuO0O HCIONIB30BaHUEM
BMECTE C OIIepaTOPOM CHMBOJIBHOTO BBIBOJIa KIIFOYEBOTO ClloBa expand.

Pazno:xenue Ha muoxkutesu (Factor)

PaznoxeHne BBIpaXEHWH Ha MPOCTHIE MHOMKHUTEIH MPOU3BOIUTCS TPU ITOMOIIU
komauasl Symbolics / Factor (CumBonuka / Pa3noxuTe Ha MHOXUTENH), JTuOO
UCIIOJIb30BaHUEM BMECTE C OIEepaTopoM CHMBOJILHOTO BBIBOJA KIIFOUEBOTO ciioBa factor . Orta
orepalys Mo3BOJISET Pa3IOKUTh MOJUHOMBI Ha MPOU3BEACHHUE 0oJiee MPOCTHIX MOJIUHOMOB, a
1eIbIe YHCTIa - Ha IPOCThIe COMHOXHTENH. [IprMeHsis komMaHIy MeHIo, He 3a0bIBaiiTe nepes ee
BBI30BOM BBIJICIUb BCE BBIPAXEHHE WM €r0 4acTh, KOTOPYIO IUIAHMPYETE pa3jOKUTh Ha
MHOXHTEJIH.
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+} Mathcad Plofessional - [Untitled:1]

lg] File Edit View Insett Format Math I Symbalics Window Help

|D-BR | &EY| & Bl Evae »
Simpli L
J lCor;stantr; ;" Times New | E:np::: L

MI
Collect

Palynomial Coefficients

Yariable 4
Matrix »
( g '| Transform 4
x-2D(x+2\x +4
Ewvaluation Style...

Paznoxenue BBIPpAXKCHUA HA MHOXKXHUTCIIN

IpuBenenue noaoo6HbIX ciaaraembix (Collect)

UroObl mpuBeCTH MOAOOHBIE cllaraeMble MOJIMHOMa C MOMOINbI0 MeHio: 1. BBemute
BBIpaXXeHHE. 2. Bpinenute B BBIPAKCHUU WMS TMEPEMEHHOH, OTHOCHTEIHHO KOTOpPOH HaIo
npuBecTd Nojao0HbIe ciaraembie. 3. Boibepute komanay Symbolics / Collect (CumBonuka /
[IpuBectrn mo00HkIE). B pe3ynbraTe MOSBUTCS CTPOKA C PE3yJIbTATOM MPUBEICHUS MOT00HBIX
ciaraemMbix. YTOOBI MPUBECTH MOJOOHBIE ClaraéMble C MOMOIIBIO ONEepaTopa CUMBOJIBHOTO
BbiBojia  1.BBemute Beipaxkenue. 2. Haxmute kHomky Collect va manenmu Symbolic
(CumBomnuka). 3. BBeguTe B MECTO3aMOMHUTENH MTOCJIE BCTABJIEHHOTO KITFOYEBOTO ciioBa collect
UMsl TIEPEeMEHHOH, OTHOCHTEIBHO KOTOpOH TpeOyeTcsi MPHUBECTH MOJO0HBIC claraeMeie. 4.
BBenuTte onepaTop cHMBOJIBHOTO BbIBOAA ->. 5. Haxkmure kimaBumry <Enter>.

«» Mathcad Professional - [Untitled:1]

|a) File Edt View Inset Fomat Math | Symbolics Window Help

|D-BH(&E | & Bl vl '
Simplify ™
J I"v"ariables E" Times New | Espand I
Factor i
(x+2-y)z- zz-y-(x + 5~ﬁ) +z MI
Polynomial Coefficiénts
—5-22-3?2 + (2-2 - zz-x.l-y +zx+z Yariable 4
Matriz 4
Transform 4
Ewvaluation Style...

[IpuBeneHne MOTOOHBIX CTAraeMBIX

Ko3¢ppunnentsl nonmnoma (Polynomial Coefficients)

Ecnu BbeIpakeHue SBISETCS MOJMHOMOM OTHOCHUTEIIBHO HEKOTOPOM MEPEMEHHOU X,
3aJaHHBIM He B 00bIYHOM Buje a0+aix+a2x2+..., a Kak IpOU3BEIECHUE APYTHX, O0JIee MPOCTHIX
MOJIMHOMOB, TO K03(dunnenTsl al,ai,a2... JErKO ONMPEACISIOTCS CHUMBOJIBHBIM TPOIECCOPOM
MathCAD. Kos¢pdunuentsl camu MOTYT ObITh (YHKUUSAMH (II04AC, TOBOJBHO CIIOKHBIMH)
JIPYTUX MepeMEHHBIX. YTOOBI BHIYUCIUTD TOJTMHOMHAIBHBIE KOA((UITMECHTHI B BRIPAKEHUH TTPH
noMomu MeHio: 1. BBeaurte BbIpaxenue. 2. Bbimenure B HeM MM NEpEeMEHHON WM
BBIpOKEHHUE, I KOTOPOTO TpeOyeTcss pacCuYuTaTh MOJIMHOMHAIBbHBIE KO UIMEHTH. 3.
Beimonnute komanny Symbolic / Polynomial Coefficients (CumBonuka / KosadduunenTs
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nmoJivHOMa). B pe3ynbrare moj  BBIpOKEHHUEM MOSBUTCS  BEKTOP, COCTOSIIHMA U3
MOJIMHOMHAJILHBIX KO3 PUIEHTOB. [IepBbIM 3JIEeMEHTOM BEKTOpa SIBJISICTCS CBOOOJIHBIN 4JICH
a0, BTOpBIM - ai, U T. JI.

«* Mathcad Professional - [Untitled:1]

|£] File Edit View Inset Fomat Math | Symbolics Window Help

|D-Z8|SE Y| %81 Eakeo S
Simplif —
J [ Variables ][ Times New | E::Z:)z ‘_l
Factor
Collect

(x+2-y)z- zgy‘(x + 35 + E

Palynomial Coefficients I

¥

0 Yariable
5 | Matrix
3320 45 Transform
5 2
“yx-2y Evaluation Style...

Beruucnenue kKodQGUIMeHTOB MOTMHOMA

UroObl BBIYMCIUTH NOJUHOMHATIBHBIE KOA(D(UIMEHTHI C TOMOIIBIO Oleparopa
cUMBOJIbHOTO BbIBOAa: 1. BBenurte Bolpakenue. 2. Haxmute kHonky Coeffs Ha nanenu
Symbolic (CumBonuka). 3. Beenure B MecTO3aloNHUTENb MOCIE BCTABIEHHOTO KIFOYEBOIO
cioBa coeffs apryment nonuaoma. 4. Beeaure orneparop CMMBOJIBHOTO BbIBOJA ->. 5. HaxkmuTe
kiaBuiy <Enter>.

Psaab1 1 npou3BeaeHus

UroObl BBIYMCIUTH CHMBOJIBHO KOHEYHYIO WM OECKOHEYHYI0 CyMMYy WIH
npousBenenue: 1. Bemure BwIpakenue, ucnonb3ys mnanens Calculus (Berumcnenus) mis
BCTaBKM  COOTBETCTBYIOIIMX CHMBOJIOB CYMMHUpPOBaHUs Wiu mpousBeaeHus. Ilpu
HEOOXOJMMOCTH, BBEIWTE B KauecTBE Mpelena psifa CHMBOJI OSCKOHEUHOCTH (KJIABHILIU
<Ctrl>+<Shift>+<Z>). 2. B 3aBUCHMOCTH OT KEJIA€MOT'0 CTHJISI CHUMBOJIbHBIX BBIYUCIICHUH,
BbIOepuTe komanay Symbolics / Simplify (CumBonuka / YIpocTuTh) UIU BBEAUTE ONEPATOP
CHMBOJIBHOT'O BBIBOA ->.

Pemenne ypaBuenuii (Solve)

C momo1pl0 CUMBOJIBHOIO IMPOILIECCOPa MOXKHO BBIUHCIUTH AHAIUTHYECKH 3HAUYECHHE
MEPEeMEHHOM, MPH KOTOpPOM BBIpakKeHHE oOpamraercs B Houb. Jlnsg atoro: 1. Beeaute
BeIpaKeHHE. 2. BrlgennTe nepeMeHHyr0, OTHOCUTENEHO KOTOPOH OyIeT pemaTscsi ypaBHEHHE,
npUpaBHUBAIOIIEE BhIpakeHue Hymo. 3. Beibepute B MeHio Symbolics (CumBoninka) myHKT
Variable / Solve (ITepemennas / Peruts).

al - [Untitled:2]

et Format Math | Symbolics Window Help

& ¥ | & Bal Evauae ’I@=|I&g§>|woz |
—_—— Simplify
'"TirnesNewl Eerd | B 7 U | == ==
Factar
Collect
!12 +4 Palynomial Coefficients
T T
( 24 ] I atrig 4 Substitute
=2+ Transform 4 Differentiate
Integrate

Evaluation Style...

Expand to Series...
LConvert to Partial Fraction

CHUMBOJIBHOE pellieHUEe YpaBHEHUS
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HNuTerpanbHbie Npeodpa3oBaHus

WuTterpanbHble IpeoOpa3oBaHus, 0 ONPEACICHHIO, CTaBAT B COOTBETCTBHE HEKOTOPOU
¢ynkuuu f (x) apyryio ¢yHkuuio ot apyroro aprymenta [Ipuuem 3to coorBerctBue f (X)-
>F(CO) 3amaercss uWHTErpajgbHON 3aBUCUMOCTBIO. CuMBONBHBIM mpoueccop MathCAD
MO3BOJISIET  OCYHIECTBJIATH TPU BHJA HMHTETPAIbHBIX mnpeoOpa3oBaHuil  (QyHKUMHA -
npeobpazoBanue @Dypne, Jlammaca u  Z-npeoOpasoBanue. Hapsangy ¢ npsMbeiMu
npeoOpa3oBaHUSMH, HMMEETCS BO3MOXKHOCTb COBEpIIATh JH000€ U3 3THX TpeX OOpaTHBIX
npeoOpa3zoBanuif, T. €. F(co)->f (X). BbIMOMHAIOTCS BCE CHUMBOJBHBIE WHTETPAIbHBIC
npeoOpa3oBaHUsl AHAJOTHYHO YyXE PACCMOTPEHHBIM omnepanusaM. J{ng  BblYMcIeHHs
npeoOpa3oBaHusl BBIPAKEHHS BBLICISIETCS TIEPEMEHHAs, TI0 KOTOPOiH OyIeT OCYIIeCTBISTHCS
npeoOpazoBaHue, U 3aTeM BBIOMpAETCs COOTBETCTBYIOIIMI MyHKT MeHro. [IpeoOpasoBanus ¢
IPUMEHEHHUEM OIepaTopa CUMBOIBHOTO BBIBOAA UCIOIB3YIOTCS C OAHUM U3 COOTBETCTBYIOIIHX
KITIOYEBBIX CJIOB, BCIIE] 32 KOTOPHIM TpeOyeTcs yka3aTh UMs HYXHOU nepeMeHHoM. [IpuBenem
PUMEpPBI CHMBOJIBHOTO pacyeTa KaKI0ro U3 TPEX HHTETPAIbHBIX MPeoOpa3oBaHUii.

3.110PAJOK BbBIITIOJIHEHUSA PABOTbBI

1. MUcrionb3yst KoMaHAbl MeHIO Symbolic, BBIYUCINTE B CHMBOJIEHOM BUJIE:
dx "
—_— cos, n-aQ
My 5y B oost mal
n=1
2. Pasnmoxure mo cremeHsM Sin(5x); IlocunraiiTe NPOU3BOMHYIO OT MOJYYEHHOTO
BeIpakeHus. [locTpoiite rpaduk GyHKIUM U €€ MPEACTABICHUI B BUE Psja, BKIIOYAIONUX 2
YIEHA Pa3JIoKEHHUs, 5 WIEHOB pas3iiokeHus U 10 4IeHOB pa3ioKeHusl.
3. Beruncnaute k03 PpUIHMEHTHI TOJIMHOMA 10 CTETIEHSAM X U V:
2yt 4 5xty -6yt 4+ Txy—8x 4+ 9y - 10
4. Hcnonp3yst mHTErpampHOoe mpeoOpa3zoBanue Jlammaca (m oOpaTHOEe Tpeopa3OBaHHE
Jlannaca) pemuTe B CHMBOJIBHOM BUe AU depeHnnanbHoe ypaBHEHHE

%y@—hﬂﬂ=mu)

5. Hcnone3yst maiauTpy CHMBOJIBHBIX NpeoOpa3oBaHMi, HAWIUTE TOYKY, B KOTOpOMH
(GYHKIMS IBYX IEPEMEHHBIX UMEET IKCTPEMYM

éw@—hﬂﬂ=m3)

6. Berunciure B CUMBOJIBHOM BHJI€ MHTErpaj, MPEANOI0XKUB, YTO C - JACHCTBUTEIHHOE
qucio, ¢>0:

% _[ expl—et dt
1]
7. Hcnonp3ys omepaTop CHMBOJIBHOTO BbIBOAa u Oyok Given... Find, Pemmure B
CHUMBOJIbHOM BHUC CUCTEMY ypaBHGHHﬁZ
—400(y —x*) x=2- b+ 2x=10
200y — 200x% =0

8. Beruncnure npenen ot GyHKIuH tg(X) mpH X cTpemsiiemMcs K p/2- 0OBIKHOBEHHBIH,
CJIeBa U CIIpaBa.

9. Uccnenyiite ananutudecku ¢yHknuoo f(X): ompenenure TOYKM MaKCUMyMma U
MUHUMYMa, TOYKHU nieperunda, nocrpoiitre rpadpuku f(x), f' (x) u £ "(x)

Fay=2F

¥ +1

74



Jlabopatopnas pabota Nell

CPEJCTBA OBBIYHBIX BBIYACJIEHUIA

1. HEJIb 1 3AJIAYHU PABOTbI
N3ydyeHne OCHOBHBIX MaTEMaTHMYECKUX  ONEpalui  TakUX, KaKk 4YHCICHHOE
muddepeHIIMpoBaHNE U UHTETPUPOBAHUE PYHKIIHH.

2. TEOPETHUYECKHUE CBEJEHUSA
WuterpupoBanue u auddepeHnupoBaHe — camble MPOCTbIE, C BBIYUCIUTEIBHOM
TOYKH 3pPCHHUS, OTIepaluy, peann3oBanabie B Mathcad B Bune onepatopoB. Tem He MeHee, eclin
pacyeThl BBITIOJHSIOTCSA C MOMOIIBIO BBIYMCIUTEIBHOTO MPOIECCOopa, HEOOXOAMMO XOPOIIO
MPEJICTABISITh ce0e 0OCOOCHHOCTH YHMCIICHHBIX aJTOPUTMOB, JNEHCTBHE KOTOPBIX OCTACTCS IS
nosb3oBaTens ""3a kaapom'.

Hnumeepupoeanue

WuterpupoBanne B Mathcad peann3oBaHo B BHJE BBIUYUCIUTEIHLHOTO OIEPaTOpA.
JlomyckaeTcsi BBIYUCIATh MHTETpalibl OT CKANSPHBIX (PYHKIMNA B Mpeaesiax MHTETPUPOBAHMUS,
KOTOpBIE TaK)Ke JTOJDKHBI OBITh CKansgpamu. HecMoOTpst Ha TO, YTO Mpenesbl HHTErPUPOBAHUS
00s13aHbl OBITH ACMCTBUTEIBHBIMU, MOABIHTETpAJIbHAA (QYHKIIUS MOXKET UMETh M KOMIUJIEKCHbBIE
3HA4YEeHHUs, MOATOMY M 3HAYCHHE HHTErpaja MOXeT ObITh KOMIUIEKCHBIM. Ecim mpenesns
MHTETPUPOBAHUS HMEIOT Pa3MEpPHOCTh, TO OHA JOJDKHA OBITh ONHOM M TOM ke A 0O0oux
IIPEIENIOB.

Onepamopul unmezpuposanus

WuterpupoBanue, nudQepeHnupoBaHne, Kak ¥ MHOXKECTBO JPYTHX MaTeMaTHYECKUX
neiictBuii, yctpoeHo B Mathcad mo mpunmuny "kak mnumiercs, Tak U BBoguTcs'. UToObl
BBIYMCITUTH OMpPECNICHHBI HHTErpall, CleAyeT HaredaTarh ero OOBIYHYI0 MaTeMaTHYeCKYIO
dbopmy B mokymente. Jlemaercst 3To ¢ momouipio manenu Calculus (Berancnenus) Haxatuem
KHOIIKM CO 3HAYKOM HHTErpajia WM BBOJAOM C KJIAaBUATyphl coyeTaHus KiaBuil <Shift>+<7>
(umu cumBona "&"). [losBUTCS CHMBOJN MHTETpaja ¢ HECKOJIBKHMMH MECTO3alOJHUTENSIMU, B
KOTOpBIC HYXKHO BBECTH HIDKHUHN W BEPXHUN WHTEPBAIBI MHTETPUPOBAHUS, ITOABIHTET PATBHYIO
(YHKIUIO U TIEpEMEHHYI0 HHTETPUPOBAHHSI.

MOXHO BBIYHCIIATH HHTETPAIIBI C OJHUM HJIM 000MMHU OECKOHEYHBIMH TipeaenaMu. [1iis
9TOTO HAa MECTE€ COOTBETCTBYIOIIEIO TMpeJesia BBEAWTE CHMBOJ  OECKOHEYHOCTH,
BOCITOJIB30BAaBIINCh, HampuMmep, Tod ke camoi maHenbto Calculus (Beraucnenus). UToOw
BBECTH -> (MHUHYC OE€CKOHEUHOCTh), 100aBbTE€ 3HAK MHHYC K CHMBOJIY O€CKOHEUHOCTH, KaK K
OOBIYHOMY YHCITY.

Calculus E3

. I“ |
dxh 3 ]

m

5
I %Definite Tntearal Shift+7 |

lim  lim_ lim
1
j 1 ch

=3 a3t sa-
1

a is ;‘ln-

OrnepaTop UHTErpUpOBaHUS

YTo0BI MOJIYYHUTb PE3YJIbTAaT MHTCIPUPOBAHUA, CICAYCT BBCCTU 3HAK PAaBCHCTBA HIIN
CHUMBOJIBHOTO PAaBCHCTBA. B INEPpBOM CJIIy4a€ UMHTCTPHUPOBAHUC 6y£[€T MMPOBCACHO YUCIICHHBIM
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MCTOAOM, BO BTOPOM — B CJIy4dac YCIcxa, 6YI[GT HaﬁHCHO TOYHOC 3HAUCHUC HHTCrpajga C
MOMOIIIBI0 CUMBOJIBHOTO Tiporieccopa Mathcad.

7
j situx) du = 2
0

n
J situx) dx — 2
0

KOHGLIHO, CUMBOJIbBHOC HHTCIPUPOBAHHUEC BO3MOKHO TOJIBKO JIA HEOOJIBIIOTO Kpyra
HCCJIOKHBIX ITOABIHTCTPAJIbHBIX q)YHKI_II/Iﬁ

[TogpiaTerpanpHas (YHKIHUS MOXKET 3aBHCETh OT JIOOOTO KOJIMYECTBA NEPEMEHHBIX.
WmenHo ans toro uytoObl yka3aTh, MO Kakoil mepeMmeHHoi Mathcad ciemyeT BbIMUCIATH
HUHTCrpaj, U HY’)KHO BBOJAUTH €C UMS B COOTBeTCTByIOHII/Iﬁ MECTO3aIIOJIHUTCIIb. HOMHI/ITG, qTo
JJIA YUCJICHHOTI'O HHTCTPUPOBAHUS 110 OI[HOﬁ N3 IICPEMCHHLIX IPCABAPUTCIIBHO CICAYCT 3a1aTh
3HAYCHHUC OCTAJIbHBIX MNMCPEMCHHBIX, OT KOTOPLIX 3aBHCHUT IMOJABIHTCIPAJIbHAA q)YHK]_II/ISI n s
KOTOPBIX Bbl HAMCPCHBI BBIYHMCJIUTb UHTCIPaJl.

o= 2

10
j o singE) da = 42074

OnepaTtop HMHTErpUPOBAHMSI MOKET HCIIOJIB30BAThCS TOYHO TaK XK€, KaK U Jpyrue
orepaTopsl: s ompezeneHuss (QyHKUMHA, B IUKJIAX W TNPU BBIUKUCICHUHM PAaHKUPOBAHHBIX
nepeMeHHbIX. [IpuMep mnpucBaMBaHUS IOJIB30BATEIbCKOW  (QYyHKIMHM JA(X) 3HAYCHUSA
OIIpE/IeIEHHOT0 UHTErpaa U BbIUMCICHUS HECKOIbKUX €€ 3HaYeHUH

T
g(m) = J- oL gt da

06 anzopummax uHmezpuposanus
Pe3ynpTar 4MCIeHHOTO MHTETPUPOBAHUS — ATO HE TOUHOE, a MPUOIHNKEHHOE 3HAYCHHE

WHTErpajla, ONpPEIEIICHHOE C NOTPEIIHOCTBI0, KOTOpas 3aBUCUT OT BCTPOCHHOM KOHCTAHTHI
TOL. Yem oHa MeHbIIIE, TEM C JIy4YIlIeH TOUHOCTBIO OyJeT HallJIeH HHTErpajl, HO U TeM OOoJblie
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BpeMeHH Oynmer 3arpadeHo Ha pacuerbl. [lo ymomdanuto TOL=0.001. dns Toro dYroObI
YCKOPHUTB BBIUYHCIEHUS, MOKHO YCTAaHOBUTH MeHbLIee 3HaueHue TOL.

Ecin ckopocTh pacueTroB nMeeT g Bac nmpuHIMNMAanbHOE 3HAUEHUE, HApUMEpP IpU
MHOTOKPaTHOM BBIYMCIICHUM HHTErpaja BHYTPU LHKJIA, IPOSIBUTE OCTOPOKHOCTb, BBIOMpas
3HayeHne TOYHOCTH OO0s3aTeIbHO TMOIKCHEPUMEHTUPYHTE Ha TECTOBOM IIpUMeEpe C
xapaktepHoil g Bamux pacueroB mnopabiHTerpanbHOM ¢yHkmnuei. Ilocmorpure, Kak
yMeHbllleHne KOHCTaHTbl TOL cka3biBaeTCs Ha MOTPEHIHOCTH MHTETPUPOBAHMSI, BBIYMCIINB
MHTErpall JUlsl pa3HbIX €€ 3HAYeHUH M BBIOpaB ONTHMAIbHOE, UCXOAS M3 COOTHOILIEHUS
TOYHOCTH / CKOPOCTb BBIYMCICHUH.

OrtnaBaiiTe cebe OoT4eT B TOM, YTO TpU BBOAE B pemakrope Mathcad omeparopa
YHCJICHHOTO MHTETpUpOBaHus, B, GpakTHuecku, co3paere caMyro HacTOSAILY0 Imporpammy. B
OONBIIMHCTBE CilydaeB 00 A3TOM HE TPUXOAUTCS CIEHUAIBHO 3aJyMbIBaThCA, MOYKHO
HOJTHOCTBIO NOJ0XHUThess Ha Mathcad. Ho nHorna moxxer nmorpeOoBaTbcsi yMEHUE YNPaBIATh
napaMeTpaMM 3TOM MPOrpaMMbl, KaK MbI YK€ pacCMOTpENN Ha MpUMeEpEe BbIOOpa KOHCTAHTHI
TOL. Kpome Hee, mosp30BaTeab UMEET BO3MOXHOCTh BBIOUpPATh CaM aJITOPUTM YHUCIEHHOTO
UHTErpupoBanus. s aToro:

[IenkHuTe NMpaBOW KHOINKON MBIIIM B JIIOOOM MECTE Ha JEBOM 4YacTH BBIYMCIISEMOIO
UHTErpasa.

B mnosBuBIIEMCS KOHTEKCTHOM MEHIO BBIOEpUTE OIMH M3 YEThIPEX YHCICHHBIX
AJITOPUTMOB.

Infinite Limit

Singular Endpioink

-:IH:- Zuk
Copy

ﬁ Paske

Propetties. ..

Disable Evaluation

Bei0op anroputma YHMCIEHHOTO HHTEIPUPOBAHUS

OOparuTe BHUMaHHE, 4TO, TIEpEe/l TeM KaK OJWH U3 aJrOPUTMOB BBIOpAH BIIEPBBIC, KaK
HOKa3aHo Ha PucyHok - 2, (haaok mpoBepKy B KOHTEKCTHOM MEHIO YCTAHOBJIEH BO3JIE ITYHKTA
AutoSelect (ABromMaTrueckuii BEIOOP). DTO 03HAYAET, UTO aNroput™m omnpenensercs Mathcad,
UCXOJIsl U3 aHaJIM3a NPE/IEIOB HHTETPUPOBAHMS M OCOOCHHOCTEH MOABIHTETPATBHON (YHKIIHH.
Kak Tombko OIuMH W3 alropuTMOB BBIOpaH, 3TOT (iakok cOpachiBaeTcs, a W30paHHBIN
AJITOPUTM OTMEYAETCs! TOUKOM.

PazpaGorunkamu Mathcad 3amporpaMMupoBaHBI — YeThIpEe YHUCIEHHBIX METO/a

UHTErPUPOBAHMSL:
Romberg (Pombepra) — mm 601bpIMHCTBA GYHKINHN, HE COACPIKAILMX OCOOCHHOCTEH;
Adaptive (ApanTtuBHbI) — a0 QYHKUMHA, OBICTPO MEHSIOUIMXCS Ha HWHTEpBaJe
UHTETPUPOBAHMS;

Infinite Limit (beckoHeuHblil npeaen) — s HHTErPajIoB ¢ OECKOHEYHBIMHU Ipe/ieIaMH;
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Singular Endpoint (CunrynsipHas rpaHuia) — JJisi HHTETPAJIIOB ¢ CHHTYJISPHOCTBIO Ha
KoHIe. MoauduimpoBanHblid anroput™ PomOepra ans GyHKuui, He ONpeesIeHHbIX Ha OJJHOM
WM 000WX KOHIAX MHTEPBajia HHTETPUPOBAHUSI.

CrapaiiTech BCe-TaKd OCTaBUTh BBIOOp YHCIEHHOTO MeTona 3a Mathcad, ycraHoBuB
¢dnaxox AutoSelect (ABTomMaTHueckuil BIOOpP) B KOHTEKCTHOM MeHI0. [lompoOoBaTh apyroit
METOJT MOXHO, HallpuMep, YTOObI CPABHUTH PE3YyJIbTaThl PACUETOB B CHEIU(PUUECKUX CIydasx,
Korja y Bac 3akpaipIBatoTcst COMHEHUS B UX NTPaBUILHOCTH.

Eciu nonpiHTerpanbHas ¢yHkuus "xopoumass', T. €. HE MEHSETCS Ha HHTEpBae
UHTETPUPOBAHMSI CIUIIKOM OBICTPO U HE 0OpalaeTcs Ha HeM B OECKOHEYHOCTb, TO YUCIEHHOE
pellleHre WMHTEerpaja He MPUHECeT HUKAKUX HENpPUATHBIX cropnpus3oB. IIpuBenemM OCHOBHBIE
UJIen UTEepalMoOHHOTo anroputma PomOepra, KOTOpbIN npuMeHseTcs UIsl OOJIbIIMHCTBA TaKUX
GyHKINH.

CHauana cTpOUTCsI HECKOJIBKO MHTEPIIOIUPYIOIIHUX MOJMHOMOB, KOTOPBIE 3aMEHSIOT Ha
MHTEpBaJIe HHTETPUPOBAHUS MOABIHTErpasibHy0 GyHKuuio f(x). B xauecTBe nepBoil nureparun
MOJMHOMBI BbIUMCHAOTCS 10 1,2 w4 wuHTepBamaMm. Hampumep, nepBblii MOJMHOM,
IOCTPOEHHBIM 1o | uHTEpBany, — 3TO NPOCTO MpsiMas JIMHUA, NPOBEJIEHHAs Yepe3 IBe
I'paHUYHbIE TOUKH UHTEpBala HHTErPUPOBAHU, BTOPON — KBajJpaTHuHas rnapadosia u T. 1.

WHTerpan oT KaX0ro MOJUHOMA C U3BECTHBIMU KO (PHUIIMEHTAMHU JETKO BBIYUCISIETCS
aHamUTHYecKH. Takum o00pa3oM, OIpenensercss IOCIeI0BaTeIbHOCTh HHTErpajJoB  OT
UHTEpHoIupyonmx noauHomos: ilf 12, i4,... Hanpumep, nmo mpaBuiry tpaneuuid il=(b-a) (f
(a)+f(b) )2 u 1. 1.

W3-3a MHTEPNOISILMU 10 PAa3HOMY YHMCIY TOYEK BBIYMCICHHBIE WHTETpajbl ii, i2,...
HECKOJIBKO OTJIMYAIOTCA JApyr OT aApyra. [Ipudem, dyeM Oojbllie TOYEK HCHOIB3YETCS IS
WHTEPHOJAIMYA, TEM HMHTErpal OT MHTEPHOJSAIHMOHHOIO MOJMHOMA OJIMKE K HMCKOMOMY
MHTErpally, CTpeMsCh K HeMy B Ipejiesie 0eCKOHEUHOro yucia Touek. [loaromy onpeneneHHbIM
00pa3oM OCyLIECTBISETCA HKCTpanoisus mnocienoBarenbHoctu ilf 12, I4,... mo HyneBoi
IIMPHUHBl 3JIEMEHTAPHOIO HHTEpBaja. Pe3ynbpTaT 3TON »KCTpanoysiuuu J OpuUHUMAeTcs 3a
npuOJIMKEHUE K BBIYUCISIEMOMY UHTErpaly.

OcymiecTBisercs NHepexo] K HOBOM HTepallud C IOMOIIBI0 elle O0ojee 4acToro
pa3OueHus] MHTEpBaja WHTETPUPOBAHUS, NOOABIEHUS HOBOTO WIEHA I0OCIEI0BAaTEIbHOCTH
MHTEPIIOIMPYIOLIUX TOJIUHOMOB U BbrunciaeHust HoBoro (N-I'O) nmpubmmkenus Pomb6epra JN.

YeMm Oosibliie KOJIMYECTBO TOUEK MHTEPIIONIALUM, TEM OJIMKe ouepeaHoe NMpHOIMKEeHHe
Pombepra x BbIUMCISIEMOMY MHTETpally U, COOTBETCTBEHHO, TEM MEHbBIIE OHO OTIMYAETCS OT
npuOIvKeHus: mpeaslayed urepanuu. Kak TOIbKO pa3HULA MEXIY JBYMs MOCIECIHUMU
urepatusamu | JN-j11"11 cranoBurcst menbine morpemrHoctd TOL wmn menbine TOL-|TN],
uTepalnuy npepbiBatoTcs, U JN MosBiISeTCs Ha 3KpaHe B KaUeCTBE pe3ysbTaTa HHTErPUPOBAHUSI.

O pacxoosawuxcs unmezpanax

Ecnu unTerpan pacxoautcs (paBeH OECKOHEYHOCTH), TO BBIYHCIUTEIBHBINA MPOIIECCOP
Mathcad wmoxer BbIIaTh cooOIIeHHME 00 OmuOKe, BBIICIUB TPU ITOM OlEepaTop
UHTETPUPOBAHUS, KaK OOBIYHO, KpacHBIM IBeToM. Yamie Bcero ommOka OyaeT MMETh THUIl
"Found a number with a magnitude greater than 107307" (Halimeno umucio, mpeBbIIIarOIIce
3nagenne 10307) mmm "Can't converge to a solution" (He cxomutcs K pemieHuio), Kak,
HalpuMep, NpU TOMBITKE BBIYHCIUTH HHTErpasl. TeM He MeHee, CHMBOJIBHBINA IPOIECCOp
CIPABISETCS C OTUM MHTETPAIOM, COBEPUICHHO MPABWJIBHO HAXOIs €ro OeCKOHEYHOe

3HA4YCHHC.
i)

1
— dx—=w

7
1]
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CHMBOJIBLHBIN nponeccop npeaocCTaBsACT 3aMCYaTCIbHBIC BO3MOXXHOCTH
AHAIIUTUYCCKOI'0 BBIYMCIICHHUA HWHTErpajloB, B TOM YHCIC 3aBHUCAIIUX OT MDapaMETpOB U
HCOMPCACIICHHBIX UHTCI'PAJIOB

1

=3 Fi

1
—I:J.}c—>2-=2¢2

[Ipy TONBITKE YHCICHHOTO PEIICHUs 3aJa4dl METOIOM, OTIWYHBIM OT alTOpUTMa
BBIYKCIICHUSI MHTETpPaNoB ¢ OceckoHeyHbIMH mpeaenamu (Infinite Limit), Oymer mosrydeHO

HEBCPHOC PCIICHUEC —
Les!

= i = 6.325-10153

X

1]
BMECTO OECKOHEYHOCTH BBIAAHO OOJIBIIOE, HO KOHEYHOE YHMCII0, HEMHOTO HE JOTATHBAIOIIEE JI0
YHCJICHHON OECKOHEYHOCTH, SIBISIIONICHCS ISl  BBIYMCIHMTEIBHOTO IPOIEccopa MPOCTO
oompmmM ymciioMm 10307. Otmerum, yto Mathcad B pexkuMe aBTOMaTHYECKOTO BhIOOpa
anroputMma (AutoSelect) mpenaraer umMeHHo anropuTm Infinite Limit.

Kpamnwvie unmeepanvi
Jlnst TOro 4TOOBI BEIYMCINUTD KPATHBIA HHTETPA:

1. BBeauTe, kak OOBIYHO, OTIEPATOP UHTETPUPOBAHHUS.

B cOoOTBETCTBYIOIIMX MECTO3AMOJHUTENSAX BBEAUTE UM IMEPBOM MEPEMEHHON
MHTETPUPOBAHUS U NIPEAEIBI UHTETPUPOBAHUSA 110 ITOU EPEMEHHOM.

3. Ha mecre BBOAA MOABIHTErpaJIbHOM (YHKIIMH BBEAMUTE €II€ OAMH ONEpaTop
WHTETPUPOBAHMUSL.

4. To4HO TaKk XK€ BBEOUTE BTOPYIO MEPEMEHHYIO, MPEAEiIbl UHTCTPUPOBAHHS M
MOJBIHTETPANBbHYIO (YHKIUIO (€CU WHTErpal IBYKPATHBIN) WU CIETYOIIUN
OmepaTop HWHTErpupoBaHus (eciu Oojee YeM JBYKpaTHBIA) W T. 1., IOKa
BBIpQXEHHE C MHOTOKPATHBIM HHTETPAJIOM He OYAeT BBEIEHO OKOHYATEIHHO.

[TprMep CHMBOBHOTO M YHCIICHHOTO pacyera JIBYKPAaTHOTO MHTErpajia B OECKOHEUHBIX
npejaenax
OO 0

9 L]
e_[x+5r:|d.xd3r—>ﬂ

lvn) lenl

L
-+
. i E‘r;ld:cdj,r=3.142
-0

OOparutre BHUMaHHE, YTO CHUMBOJIBHBIM TIporieccop 'yraapiBaeT" TOYHOE 3HAYCHHE
UHTETpaia pi, a BBIYMCIUTENBHBIM ONpeAeNseT ero MpHOIMKEHHO M BBIJAET B BHJE YHCIA
3.142.

AkkypaTHee BBoAHWTE B pemakTope Mathcad kpaTHble MHTErpajbl, €CIH OHH HMEIOT
pa3yInuHbIe Mpeesbl UHTETPUPOBAaHUS IO pa3HbIM IepeMeHHbIM. He mepenyraiite npenensi,
OTHOCSIILIUECS K Pa3HBIM IEPEMEHHBIM.
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b -1 i
JJ x+5r3dxd5r—}5-b4—

a "—1

b ~1
J-J- x+3r3d3rdx—>b2—a2

a "—1

B nepBoii cTpoke mpenenbl HHTErpUpoBaHus [a, b] OTHOCATCS K MEpeMEHHON Y, a BO
BTOPOU CTPOKE — K IIEpEMEHHON X.

Jugepenyuposanue

C nomomrsio Mathcad MOXHO BBIYHCIATH MPOM3BOHBIE CKAISIPHBIX (YHKIHHN JIF0OOOTO
KOJIMYECTBA apryMEHTOB, OT 0-T0 70 5-T0 MOpsiIKa BKIIOUUTENbHO. M QyHKIMH, U apryMeHTHI
MOTYT  OBITh  Kak  JEHCTBUTENBHBIMH, TaK W  KOMIUIGKCHBIMH.  HeB03MOXKHO
mddepenmpoBanre GyHKIMN TOIBKO BOIU3M TOYEK UX CHHTYIISIPHOCTH.

Beruucnurensupiii  mpoueccop Mathcad obecrneunBaeT NPEBOCXOJHYIO TOYHOCTH
gyucineHHoro auddepeHumpoBanus. Ho Oorble BCero moib30BaTeNb OLEHUT BO3MOYKHOCTH
CHMBOJIBHOTO ITPOIIecCcOpa, KOTOPBIi TO3BOJSIET C JIETKOCTHIO OCYIECTBUTH PYTUHHYIO paboTy
BBIYHCIICHUS TIPOM3BOIHBIX I'POMO3AKHX (YHKIHMH, TMOCKOJBbKY, B OTJIIMYHME OT BCEX IPYIHX
orepauuii, CUMBOJIbHOE IU(G(GEPEHIIMPOBAHNE BBIMOIHACTCS YCHEIIHO JUIS TTOAABISIONIETO
OOJIBIIMHCTBA AHATNTHYECKU 33/1aHHBIX (QYHKIHH.

B Mathcad a5 yckopeHust U MOBBIIIEHUS! TOYHOCTH YHUCIEHHOTO UG hEepeHIINPOBaHUS
(GyHKIMIA, 3aTaHHBIX AaHATUTUYECKH, aBTOMaTHYECKH 3a/ICHCTBYETCS CHMBOJIBHBII ITPOIIECCOP.

Ilepeas npouzeoonas

Jnist Toro utoOsl npoauddepentupoBath GyHkIHio f (X) B HEKOTOPOii TOUKE:

Omnpenenure TOUKY X, B KOTOPOH OyAeT BhIUMCIIEHA TPOU3BOIHAS, HaITpuMep X:=1.

Beenure oneparop auddepenumponanus HaxxatueM kHonku Derivative (ITpou3sBoaHast)
Ha nanenu Calculus (Beraucienus) uiv BBEAUTE ¢ KJIIABHATYPBI BOPOCUTEIIBHBIN 3HAK <7>.

B nosiBUBIIMXCS MECTO 3alOJHUTENSAX BBEAUTE (DYHKIIMIO, 3aBUCALIYIO OT apryMEeHTa X,
T. €. f(X), 1 uMs camoro aprymeHra x.

BBenure onepatop <=> YMCIIEHHOTO WM < -> > CUMBOJIBHOTO BBIBOJA JUISl OJIYUYEHHUS
OTBeTA.

Calculus  x |

Onepatop nuddepeHunpoBaHus

[Tpumep nuddepenmpoanus pyakuun f(x)=cos(x)In(x)
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=001

d
—cos(®) % = 100.041
dx

%xcus[:xj-]n(xj — —sm[l.-lﬂ_z)-ln(l.-lﬂ_gJ + 1.-102-131:15[1.-10_2)

He 3a0bIBaiiTe mnpenBapuTelIbHO OINpENeNiaTh TOYKY, B KOTOPOM MPOU3BOIUTCSA
ylclieHHOe Au(depeHMpoBaHNue, KaKk 3TO ClelIaHO B MepBoi cTpoke. MHaue Oyner BbIIaHO
cooOmenne o0 ommOKe, MOKa3aHHOE Ha PHCyHOK - 4, riacsimee, YTO TNEpPEeMEHHAs WIH
¢GyHKIuMs, BXoAAmIas B BBIPpAKEHHE, paHEe HE OmpeaercHa. Mexay TeM, CHUMBOJIbHOE
mapdepenmpoBanne  He  TpeOyer  00sA3aTENBHOTO  SIBHOTO  3aJaHUs  TOYKH
muddepeHmpoBanus. B 3ToMm cirydae BMeCTO 3HAUYEHUS MPOU3BOAHON (YMCIIAa UM YHCIOBOTO
BBIpXEHUS) OyZIeT BbIIaHA aHATUTHYECKAst 3aBUCHMOCTb.

%xsin(x) — cos()

d .
—SitX) = nn
)

_ﬂ;is wariable ar function
iz not defined abowve.

Omunbka B mpuMeHeHHH oreparopa auddepeHIupoBaHHs

KoHe4HO, MOXHO, KaKk M IIPU MCIOJIB30BAHMM JIPYIMX OIEPATOPOB, IPEIBAPUTEIBHO
onpeAenuTh (PYHKLHIO B OTAEIBHOM BBIPaXEHHH, a 3aT€M IOCUYUTATh €€ MPOM3BOAHYIO, WU

OPUMEHHUTh omepartop IudQepeHIpPoBaHUs Ul ONpEAeieHUsT COOCTBEHHbBIX (DYHKIMHA
HI0JIb30BATEA.

9= =

X
% =
d 2

X

x=01
3—xﬁ:xj - 100
3—}{1{:{) S0

1
) = =

X
& = R
o(0.1) = ~100
S(01) = -1.10°
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Kak Ber 3amerunu, onepatop auddepeHIpoBaHus, B OCHOBHOM, COOTBETCTBYET €0
OoOLIeNPUHATOMY MaTeMaTHuecKoMy 00o03HaueHuio. OHaKO B HEKOTOPBIX CIy4yasX MpU €ro
BBOJIE CJIEYET NPOSIBUTH OCTOPOKHOCTh. PaccMOTpUM OJJMH MOKa3aTeabHbI IPUMED

r=05

d
2 sinfy) = 0278
dx

%xsi.n(liljj =

[lepBbie ABE CTPOKH BBIYUCIAIOT MPOU3BOJAHYIO sin(x) B Touke x=0.5. Ilocmemusis cTpoka
JIEMOHCTPHPYET HEMpaBWIbHOEC TpUMEHEHHne onepatopa auddepeHnupoanus. Bwmecto
BBIUMCJICHHSI IPOU3BOIHOM SIn(X) B TOM ke TOUKE, KaK TOT0 MOKHO ObLIO 03KUATh, MOTYYEHO
HYJIEBOE 3HaYeHHE. DTO CIYYMUIIOCH MMOTOMY, YTO apryMeHT (yHKUHUH sin(X) BBEJEH HE B BUJIEC
nepeMeHHoi x, a B Buje uucia. [losromy Mathcad BocpruHHMaeT MOCIETHIO CTPOKY Kak
BBIUHMCIICHHE CHaJajla 3Ha4eHUs cuHyca B Touke x=0.5, a 3areMm nud¢epeHpoBaHue 3TOro
3HaueHus (T. €. KOHCTAHTHI) Takke B Touke Xx=0.5, B COOTBETCTBHM C TpeOOBaHHWEM IMEPBOI
cTpoku jnuctuHra. IToatomy oTBeT, Ha caMOM Jiele, HEYJUBUTEIEH — B KaKOH TOYKE HHU
nuddepeHIupyi KOHCTAHTY, PE3yJIbTaTOM OyIeT HOJb.

Just yucnennoro muddepenmupoBanus Mathcad npuMeHsSET MOBOJBLHO CIIOKHBINA
ITOPUTM, BBIUMCISIOIINNA MPOU3BOJHYIO C KOJOCCAJIbHOM TOYHOCTBIO J10 7-8-TO 3HAKa IOCIE
3ansaToil. JroT anroputMm (Mmeron Pupnepa) ommcaH BO BCTPOCHHOM CHpPaBOYHOM cUCTEME
Mathcad, mocrymnoit uepes meHio Help (Cnpaska). [lorpemHocts auddepeHniupoBanus He
3aBucuT OT KoHcTaHT TOL mmm CTOL, B mpOTHBOMONOXHOCTH OOJNBIIMHCTBY OCTaJIbHBIX
YHUCIIEHHBIX METOJIOB, a ONPEAEIAETCS HEMOCPEICTBEHHO aAJITOPUTMOM.

VckmroueHne COCTaBISAIOT (DYHKIMH, KOTOpble TU(PHEPEeHIUPYIOTCS B OKPECTHOCTH
CUHTYJIIDHOW TOYKM; Hampumep s paccMoTpeHHOM Hamu ¢yHkiuu f (x)=1/x 310 Oynyt
TOYKU BOJIM3K X=0. [Ipu mombITke HAUTH ee MPOU3BOAHYIO MPU X=0 OYAET BbIIAHO COOOIIEHNE
00 onHOI U3 ommbOoK nenenus Ha Hoib "Can't divide by zero" (/leneHue Ha HOJb HEBO3MOXKHO)
win "Found a singularity while evaluating this expression. You may be dividing by zero"
(Haiinena CHUHTYJISIPHOCTh IPHU BBIUMCIEHUU 3TOro BbIpaxeHus. Bo3mokHo, Bl nenure Ha
HOJb). Ecnu mompoGoBaTh YMCICHHO OINPENENUTh NMPOU3BOAHYIO OYEHb OJM3KO K HYIIIO,
Hanpumep, npu x=10-100, To MoxeT nosiBUTLCS coodienne o6 ommodke "Can't converge to a
solution" (HeBo3MoxHO HaiiTH pelieHue). BeTpeTuBIKCh ¢ OAHON W3 YMOMSHYTHIX OIMIMOOK,
IPUCMOTPHUTECh TOBHUMATENbHee K AuddepeHnupyemMorr pyHKIUN U yoeaurtech, uto Brl He
UMEETE JIEJIO C TOUKOW CUHTYIISIPHOCTH.

IIpoussoonsie evlcuiux nopsiOKo8

Mathcad mo3BoJISieT YMCIEHHO OMPEAETATh MPOU3BOAHBIC BBICHIUX MOPSAKOB, OT 0-r0
JI0 5-TO BKIIIOYMTENIBbHO. UTOOBI BBIUMCIUTH Npou3BoaHYH (yHKmuu f (X) N-ro mopsaka B
TOYKE X, HY’)KHO IIPOJIEIaTh T€ K€ CaMble JEHUCTBUS, YTO U IIPU B3SITUU IEPBOU IIPOU3BOIHOM,
32 TeM UCKJIIOYEHHEM, YTO BMECTO OIleparopa MpPOU3BOJHOW HEOOXOAUMO MPUMEHHUTH
omepatop N-ii mpousBomnoit (Nth Derivative). OToT omeparop BBOIUTCS C TOW Ke HaHEIH
Calculus (Beraucnenust) 0o ¢ KIaBUaTypbl HkatueM kiaBuil <Ctrl>+<?> u comepxuT ee
JIBa MECTO3AIOJIHUTENS, B KOTOPBIE CIEAYEeT MOMECTUTh yhcio N. B MonHOM COOTBETCTBUU C
MaTeMaTUYECKUM CMBICIIOM OIlepaTopa, ONpeiesieHHue MOpsAaKa MPOU3BOJHON B OJHOM U3
MECTO3alOJHUTEICH MPUBOAUT K ABTOMAaTHUYECKOMY IOSIBJICHUIO TOTO K€ YUCIIA B APYIOM U3
HUX.

"IlponsBonnas" mpu N=0 mno ompeaeneHuro paBHa caMoil QyHKuuu, npu N=1
TIOJTy9aeTCsi OOBIYHAS TIepBasi IIPOU3BOTHASL.
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=101

2

i} u:u:us[::xcj-:xc2 =154
dx

2
& cos(wx — 199-cos( 1) - 4 sin()
i

OOpatutTe BHHMMaHWE, YTO, KAaK W TIPH BBIYUCICHHM OOBIYHON IPOM3BOIHOM,
HEOOXOAMMO Tiepe OnepaTopoM IU(QepeHIPOBaHNs MPUCBOUTH apryMeHTy (QyHKIHMU
3HAYEHHE, UII KOTOPOTro OyIeT BBIYUCIIATHCS MTPOU3BOIHAS.

YOenuThcs B TOM, 4TO CUMBOJIbHBIHN mporieccop Mathcad B mocnenneit cTpoke gaeT ToT
e pe3yJbTaT, YTO ¥ BBIYMCIMTEILHBIN MPOLIECCOP B MPEIBIAYIICH CTPOKE, MOXKHO, YITPOCTUB
ero. JIist 3TOrO ClieyeT BBIACIUTH TOJNyYeHHOE MOCTCHEe BBIPAKEHHUE U BHIOPATh B MEHIO
Symbolics (CumBonmka) myHkT Symplify (Ympoctuts). [locne 3Toro Huke MOSBUTCS eIle
OJIHA CTPOKA C YUCICHHBIM PE3yJIbTATOM BBIICICHHOTO BBHIPAKCHHSL.

UYroObl BBIYMCINTH MPOU3BOAHYIO MOPSAKA BbIIIE 5-To, CIEAYET MOCIEI0BATEIbHO
NPUMEHHUTh HECKOJIBKO pa3 omeparop N-ii MpOW3BOJHOM, MOZOOHO TOMY KakK BBOJMIHCH
OIepaToOpbl KPaTHOTO HHTEerpupoBaHusi. OQHAKO IS CHMBOJBHBIX BBIYMCICHUI 3TOr0 HE
HOTPeOYeTCsl — CUMBOJIBHBIN MPOIIECCOP YMEET CUMTATh IPOU3BOAHBIC MOPSIKA BBIIIE 5-T0.

Cka3aHHOE WLTIOCTPHPYETCS CIISITYIOIUM 00pa3oM

=01

Tl _

sin(%) = —0.995
e

S K] — —Cosl.
i

I7Ie CHayajla 4HMCJIEHHO, a 3aTEM CHMBOJIBHO BBIUMCIIAECTCS CeAbMas IPOM3BOJHAs CHUHYCa B
touke x=0.1.

Pacdyer npoM3BOAHBIX BBICIIMX MOPSAKOB IPOU3BOIAUTCS TEM K€ BBIUMCIMTEIbHBIM
MeTonoM Puinepa, 4To M pacuer NepBbIX NMPOU3BOAHBIX. [IprueM s mepBON MpPOM3BOIHOM
9TOT METOJl 00ecredynBaeT TOYHOCTh N0 7-8 3HaYalMX pa3psiioB 4yHcia, a MPH MOBBIIIEHUH
HOpsJIKa IPOU3BOJHON Ha KaXKIyI0 €IMHUILY TOUHOCTb [1aJJaeT IPUMEPHO Ha OAUH pa3psii.

W3 cka3aHHOTO $ICHO, YTO MAaJEHUE TOYHOCTH IPU YHUCIEHHOM pacyeTe BBICHIMX
IPOU3BOJHBIX MOXKET OBITh OYEHb CYLIECTBEHHO. B 4aCTHOCTH, €C/IM MONBITATHCS ONPENETUTh
NEBATYIO0 IPOM3BOIHYIO CHHYCa, TO B KQUeCTBE pe3yJsibTaTa OyJeT BbIJaH HyJb, B TO BpeMs Kak
MCTUHHOE 3HaYeHUE JAEeBATON Mpou3BoaHoN paBHO cos (0.1).

Yacmmuvie npouzsooHble

C momomnipro 06oux mporeccopoB Mathcad MOXHO BBIYMCIATH MPOU3BOAHBIC ()YHKIIMIA
JTr000TO KOJMYECTBA apryMEHTOB. B 3TOM ciydae, Kak M3BECTHO, NMPOM3BOJHBIC 10 Pa3HBIM
ApryMCHTaM HAa3bIBAIOTCA HYaCTHBIMMU. qTOGBI BbIYUCIIUTH YaCTHYIO IMPOU3BOAHYIO,
HE00X0aMMO, KaKk OOBIYHO, BBECTH omepatop npous3BoaHoi ¢ madenu Calculus (Beraucnenus)
" B COOTBCTCTBYIOIICM MCCTO3AIIOJIHUTCIIC HAIICHATAThL UMS HepeMeHHOﬁ, 110 KOTOpOﬁ JOJIZKHO
ObITH ocymiecTBiIeHO auddepenimpoBanue. [Ipumep nmpuBeneH B nuctuHre 7.16, B mepBoi
CTPOKE KOTOpPOTro ompezeicHa (YHKIMS JIByX HNEPEMEHHBIX, a B JIBYX CIEIYIOUIMX CTPOKax
CUMBOJIBHBIM 06p330M BBIYHUCJICHBI €€ YaCTHBIC ITPOU3BOAHBIC I10 obenm NEPEMCHHBIM — X U Y
— COOTBETCTBEHHO. UTOOBI OMpeNelnuTh YACTHYIO MPOU3BOIHYIO YHCIEHHBIM METOJIOM,
HeO6XOI[I/IMO nNpeaABapuTCIIbHO 3aJlaTb 3HA4YCHUSA BCCX APrymMCHTOB, 4YTO MW CACIIAHO B
CIEIYIOIIUX IBYX CTpokax juctuHra. [locnenHee BbIpakeHHE B JIMCTUHTE CHOBa (KaKk M B
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TPeTheil CTPOKE) ompenenseT CHUMBOJIBHO YAaCTHYIO MPOU3BOAHYI MO y. HO mMOCKOIbKY
NEPEMEHHBIM X M Y YXe NPUCBOCHO KOHKPETHOE 3HAYEHHE, TO B PE3ysbTaTe IOJy4aeTcs
YHCII0, @ HE AHATTMTUYECKOE BBIPAXKECHHUE.

CuMBOJIBHOE M YMCIICHHOE BBIUMCIIEHUE YACTHBIX POU3BOHBIX

filx, v = xﬁ}.r + cos(x)-y

Ly = 22 7L singpy
dx X

d—ﬁ:x,yj — E-xE'Y-M(xj + cos(x)
dy
=1 =01

& ey =054
dyr

d—ﬁ:x,yj — cos( 1)
dy

Yacrable MMPOU3BOAHBIC BBICIIHMX HNOPAAKOB PACCUUTBHIBAKOTCA TOYHO TaK KC, KaK U
OOBIYHBIC TPOM3BOJHBIC BBICIIUX TOPAIKOB. HIke WIIIOCTPUPYETCS pacdeT BTOPBIX
NPOM3BOIHBIX (YHKLIMU U3 MPEIbIAYIIEro MpHMepa MO0 NEePEMEHHbIM X, Y U CMEIIaHHOU
MIPOU3BOJIHOM.

2 2
ij[:-czj'r+ cos(x j.r) — 4-x2'3r-5r— - 2_}{2-3{1
e XE XE

— cos(x-y

2
%[xﬂy + cos(¥) 5,?) — 4-}{2?-]11(}{)2
dy

o
id—(xzy + cos(x) j,r) — 4.}{2'5?.3.]11[:@ ek sit ¥
X X

dxdy

Bo3moxHo, Bbl o0patunum BHuUMaHMe, YTO B OOOMX JIMCTUHIAX OIepaTop
muddepeHMpoBanusl 3anucaH B (Qopme dYacTHOW mpou3BoaHOW. [lomoOHO ToMy Kak
CYIIECTBYET BO3MOYKHOCTb BBIOMpaTh BHJ, HAlpuUMep OIepaTopa MPUCBAUBAHUSA, MOYKHO
3aMMChIBaTh ONepaTopbl audepeHMpoBaHns B BUJe OOBIYHOW HMIIM YaCTHOW MPOU3BOIHOM.
3anuch onepaTopa He BIMSET Ha BBIYMCIEHUS, a CIYXHUT JMIIbL 0ojiee MPUBBIYHON (hopMoi
IpeCTaBIeHUs pacyeToB. J{Jst Toro 4ToObl H3MEHUTH BHU] oniepaTropa AuddepeHunpoBaHms Ha
IpeCTaBICHNE YaCTHOM MPOU3BOAHOM, ClleayeT:

BbI13BaTh KOHTEKCTHOE MEHIO M3 o0siacTH omepartopa auddepeHunrpoBaHus HaKaTHEM
IPaBOM KHOMKH MBIILIH.

BbiOpate B KOHTEKCTHOM MeHIO BepxHuUU MyHKT View Derivative As (Iloka3eiBaTh
MIPOU3BOJHYIO KaK).

B nosiBuBmemcs noamento BeiOpath myHKT Partial Derivative (UactHast nmpousBoHas).
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!-: Cefault

Detivative

Partial Derivative

Dizable Evalaation

W3menenue Buaa oneparopa AuQdepeHInpoBaHus

Yr1oObl BepHYTH BHJ NMPOU3BOJHOM, MPUHSATHIA O YMOJTYaHHIO, BBIOEPHUTE B MOJIMEHIO
nyHKT Default (ITo ymomuanuto) nubo, U1t mpeAcTaBiIeHus ee B 00bIYHOM Buze — Derivative
(ITpousBoaHas).

3aBepiIuM pa3roBOP O YAaCTHBIX MPOM3BOJHBIX JBYMsI IPUMEpPaMH, KOTOPhIE HEPEIKO
BCTPEYAIOTCS B BBIYMCIUTEIbHOW mpakTuke. Ilporpammuas peanusanusi MepBOro M3 HHUX,
MIOCBSAICHHAS BBIYMCIICHUIO TPaJUeHTa (PYHKIIMH ABYX MEPEMEHHBIX

fix, ) = xz + I:I.l-j.r3

d
_ﬂ:XFY:]
o
grad(x,y) = 7
_ftx=Yj
dy
=23
1=0.2-I j=0.2:H
F, j=fi-N,j- )

TJi,j =grad(i- N,j- M

BBl Yl

B kagectBe npumepa B3ara ¢pynkuus f (X,y), onpenensemas B IepBoi CTPOKE JTMCTUHTA,
rpadguk KOTOpOW TMOKa3aH B BHUE JIMHWK YpoBHS Ha PucyHok - 6. Kak m3BecTHO, rpaineHT
¢bynkuun f(x,y) sBIsSeTcs BEKTOpHOW (yHKIMEH Tex e aprymeHToB, urto u f (X,y),
OTpe/IeICHHOM Yepe3 €€ YacTHbIe MPOU3BOJHBIC, COTJIACHO BTOPOW CTpPOKE JUCTHHra. B
OCTaBIIEICS YacTH 3TOTrO JIMCTHHIA 3a/aloTcsi pPAaHXUPOBAHHBIE IEPEMEHHBIE M MAaTpULIbI,
HE0OXO0UMbIE AJIs MOATOTOBKU IpaduKoB (PYHKIIMU U €€ TpaaueHTa.

Bowiuucnenue epaouenma

BekropHoe mose paccuuTaHHOro TpanueHta QyHkiuH f(X,y) MokazaHo Ha PHCYHKe.
MaremMaTHYecKHii CMBICT TPaJNeHTa COCTONT B 3aJaHUU B KXIOW TOUKE (X,y) HalpaBJIeHUs HA
IUIOCKOCTH, B KoTopoM ¢yHKus f (X,y) pacter Hanbonee ObICTPO.

Jlo cux mop B AAaHHOHM IJIaBe MBI PAacCMaTPUBAIN CKATSAPHBIE (QYHKIUH, K KOTOPBIM,
COOCTBEHHO, W MOXHO TNPUMEHSTh omeparopsl AuddepeHnrpoanus. Yacto MpUXOIUTCA
UMETh JIeNI0 C BBIYMCICHHEM IPOHM3BOJIHBIX BEKTOPHBIX (yHKIWH. Hanmpumep, B pa3imaHBIX
00J1aCTsAX MaTeMaTUKH Mbl CTAIKMBAEMCS C MPOOJIEMON BBIYMCIICHUS SIKOOMAaHA (MJIM MaTPULIBI
SIxo0M) — MaTpPUIIBI, COCTABICHHON M3 YaCTHBIX MPOU3BOJHBIX BEKTOPHON (DYHKIMH 1O BCEM
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ee aprymeHTtam. llpumep BblumMcneHus sikoOuaHa BeKTOpHOH ¢yHkmmu f (X) BEKTOPHOTrO

apryMeHTa X

xD-sm[xljl
- B
fix) - —(xl) + %
3 H o+
a mezes 2 e o
d d
dx dy
L Z 1
=il : i L
d
dx dy
L z -
Los v 2 i
d d
dx dy
- L z A L

X x
d
v{lofl =¥ |0
dz
— L z —
=E =it i sin(y)  wcos(yr O
x x
d X iy d
vl =¥ = | -y (v -ye— 1
dz ¥
z =
Eol Ame Hi 0
X x
d
vl =f]|¥ ||z
dz
— Sy . z —_d

3

1

Jlyist onipeieNieHnst 9aCTHBIX MTPOU3BOIHBIX STKOOMAaHA KaK/bIN 1-i CKAISIPHBIA KOMITOHEHT f (X)i
nuddepeHnupyeTcs: CAMBOJIBLHBIM mpolieccopoM Mathcad.

| /I:_,ﬂ____lx
] 4 G

10

I'padux nmuHMI ypoBHs hyHkumH f (X,y)
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BexTopHoe nosne rpaauenta pynkuuu f (X,y)

Tor xe camblii SKOOMAaH MOKHO BBIYUCIUTH W HECKOJIBKO TIO-IPYTOMY, €CIH
onpeAenuTs GyHKIMIO HE OHOTO BEKTOPHOTO, a TPEX CKaJSPHBIX apryMeHToB f(X,y,z).

x sin(y)
fx,7,20 = _Sr:’: -~
3v+cz

d d :
il e [ —

d d d
Ix(ﬁ:x’y’z:]l) d—y[ﬁ:x,y,zjl) Iz(ﬁ:xsﬁfszjl) = | -y tnlp) -E.fxé 1

1] 3 1

| Sy Sy Slrnga)

He 3a0piBaiiTe, 4TO Ui YMCIEHHOTO OIpENeNieHHs sSKoOMaHa HEOoOXOAWMO CHayala
OTIpeACTUTh TOUKY, B KOTOPOIl OH Oy/IeT pacCUUTHIBATHCSA, WIIH BCE TPU MIEPEMEHHBIX X,Y, Z.

3.110PAJOK BbIITIOJIHEHUA PABOTBI

1)  U3y4uTh TEOpETUUECKHE OCHOBBI BHIIOIHIEMON pabOTHI.
2)  BBINOJHUTH pacueTsl MO 33AaHUI0 PENoJaBaTesl.
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Jlabopatopnas pabota Nel2

PABOTA C TPA®UKOM B BBIYNCJIUTEJIBHBIX CPEJAX

1. IEJIb U 3AJJAYU PABOTbI
[Tonmy4yeHne HaBBIKOB MOCTPOEHUS TPAPUKOB PA3TUUHBIX (YHKIUI.

2. TEOPETUYECKHUE CBEJIEHUSA
MathCAD 1no3BosisieT JIerko CTPOUTD JIBYX- U TPEXMEPHBIE TUCTOTPAMMBI, IByXMEpPHBIE
rpaduku B JEKApTOBBIX M TMOJSPHBIX KOOPAWHATAX, TPEXMEpHbIe IpaUKH MOBEPXHOCTEH,
JMHUW YPOBHS TIOBEPXHOCTEH, N300paKEHHUSI BEKTOPHBIX IOJICH, TPOCTPAHCTBEHHBIEC KPHUBHIE.
CymectByeT TpH criocoda noctpoenus rpadpukos B cucteme MathCAD:
1. MOXXHO BOCTOJIB30BaThCs mo3unper ['maBHoro mento Insert, BEIOpaB KOMaHIy
Graph u B packpbIBaroIeMcsi CIUCKE - TUT TpaduKa;
2. BolOparh Tun rpaduka Ha HabopHOW maHenu Graph, KOTOpas BKIIIOYAeTCs
KHOIIKOM Ha nmaHenu Math;
3. BOCIIOJNB30BaTHCS OBICTPHIMU KJIABHUIIAMHU ( OHU TPEITyCMOTPEHBI HE JJIS BCEX
THTIOB IPaUKOB).
Paccmorpum Gonee moapoOHO KomaHmbl MeHio Insert->Graph (cnmeBa m300paskeHBI
COOTBETCTBYIOIIME KHOIIKM HaOOpHOU nanean Math):

= X_Y Plot (X-Y 3asucumocts) wiasnma [@]
Cryxut 107 noctpoenus rpaduka GpyHkmuu y=f(X) B BUIe CBSI3aHHBIX APYT C APYTOM
nap KoopAuHaT (X1i,yi) Ipu 33JaHHOM ITPOMEKYTKE U3MEHEHUS 1A 1.

@ Polar Plot (ITosisipubie koopauHaTel)kaasumu [Ctrl+7]
CayxuT ans noctpoenus rpapuka Gpynkuuu r(q), 3aJaHHON B MOJISPHBIX KOOpJIUHATAX,
/i€ MOJIIPHBIN Pafnyc I 3aBUCUT OT IOJISIPHOIO yIJa q.

G Surface Plot (IToBepxnocTn) kiaapumm [Ctrl+2]

Cnyxut nns npencrasieHus GyHkuuu z=f(x,y) B BUJE MOBEPXHOCTH B TPEXMEPHOM
npoctpancTBe. [Ipu 3TOM JOKHBI OBITH 3a7aHbl BEKTOpPHl 3HAUEHUH X1 U yj), a TaKxke
onpezaeneHa marpuua Buga Aij=f(xi,yj). Ums maTpuubl A ykasplBaeTcs NpU 3alOJHEHUU
paMku-11a6s1oHa. C TOMOIIBIO 3TOM KOMaH/Ibl MOKHO CTPOMTH ITapaMeTpHUeCKUe rpauKH.

Contour Plot (KonTypHblii rpaguk)
Crpout auarpamMMmy JUHUN ypoBHS QyHKIMH BUAa z=f(X,y), T.e. OTOOpakaeT TOYKH, B
KOTOPBIX JIaHHAs (YHKITUS IPUHUMAET PUKCHPOBAHHOE 3HAUYCHUE Z=CcOonst.

* 3D Scatter Plot (3D Toueunsblii )

CiyXuT U1 TOYEUHOTrO IMPEJCTABICHHUs] MAaTpULbl 3HAYeHUH Al,) UIM OTOOpa)KeHUs
3HayeHnd QyHKMK z=f(X,y) B 3aJaHHBIX TOYKaX. DTa KOMaHAa MOXKET TaKXKe HCIIOJIb30BaThCS
JUI IOCTPOEHUS IPOCTPAHCTBEHHBIX KPUBBIX.

iy 3D Bar Plot (3D /Iuarpammbi)
CayXur 1l NpeaCcTaBICHHUsT MAaTpUllbl 3HaueHUH Al,) WM OoTOOpa)KeHWsl 3HAa4eHUH
¢bynkuun z=f(X,y) B BUe TpEXMEPHOH CTOJIOUATON TUarpaMMsl.

L
52 Vector Field Plot (ITone Bextopos)

CnyxuT 11 npeAcTaBleHusl IByXMEPHbIX BEeKTOpHbIX noned V=(Vx, Vy). Ilpu stom
KOMIIOHEHTBI BEKTOPHOTO NoJs VX U Vy JOKHBI OBITh MpeacTaBieHbl B BUAe Marpuil. [lpu
MIOMOIIY 3TOW KOMaH bl MOXHO MOCTPOUTSH T0JI€ IpaaneHTa puHkuun f(x,y).

3D Plot Wizard (BbI30B MacTepa sl OLICTPOro NOCTPOEeHusi 3-XMepHOro rpaguka)

[Tpu BbIOOpE 3TO KOMaH bl BO3HUKAET Psi/i BCIUIBIBAIOIUX OKOH, B KOTOPBIX TpedyeTcs
BbIOpaTh MapaMeTpbl IOCTPOEHHUS TPEXMEPHOTo rpaduka (3a7alTcsd THI TPEXMEPHOIO
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rpaduka, CTWIb €ro M300pakeHus, 1BeToBas ramma). ['paduk 1Mo yMOIYaHUIO CTPOMTCS Ha
MIPOMEKYTKE OT -5 710 +5 (110 00enuM IEpEeMEHHBIM).

Heymepnule epaguku 6 dexapmosoti cucmeme KOOPOUHAM
I'paduk pynkuun y=f(x).

[Tpu BeimonHenun komaunwl Inset -> Graph -> Plot B 1oKyMeHT momMeniaercsi paMmka-
111a0JIOH € IBYMsI HE3aIlOJIHEHHBIMU siueiikaMu A1 mocTpoenus rpaduka. (Knasumma [@]).

fi=) = sin() x=0,001.2-=m

11

£z

oz 1] 5 10

X

B siaeiike, pacmosioxkeHHOM MO/ OChI0 a0CIHUCC, YKAa3bIBACTCS HE3aBUCUMAs TIEPEMEHHAs
x. Ee cnemyer ompenenuth 3apaHee Kak NEPEMEHHYIO, NPUHUMAIOIIYI0 3HAYEHMS U3
MIPOMEKYTKa (paH)KMpPOBaHHASI IEPEMEHHAs ).

B sueiike psaaoM ¢ ocbio OpAMHAT HEOOX0IUMO 3a1aTh GyHKIuIO f(X), rpaduk KoTopoi
MBI XOTHM NOCTpouTh. Ecian 31a QyHKIMS Obla onpesieneHa 3apaHee, To B A4eiKy 10CTaTOYHO
BBeCTH f(X), B MPOTUBHOM Cllyyae CJIEIyeT BBECTH HM300pakaeMyio (YHKLHIO B SBHOM BHUJE
(mammpumep, cos(x)).

[Tocne BBoga X u f(X) B rpaduueckoil 061acTH MOSBATCA €1e YeThIpe STUCHKHU, KOTOphIe
He oOs3arenbHOo 3anonHdaTh. MathCAD aBromMarnueckud HaXOAUT MOAXOMSIINHUE 3HAYECHUS I
Xmin, xmax, ymin, ymax. Eciu xe npennaraembie MathCAD 3HaueHus Bac HE yCTpauBaloT,
BbI MOXKETE 33]1aTh CBOU.

B MathCAD cymecTByeT BO3MOKHOCTb CTpPOUTh rpaduk (yHKIMH, HE 3ajaaBas
IIPEIBAPUTEIIBHO IIPOMEKYTOK M3MEHEHUS He3aBUCUMOM nepemeHHoW. [Io ymomyanuio 3toT
IPOMEKYTOK TpuHUMaeTcs paBHbIM [-10, 10].

Jns  mpencraBneHuss Ha OAHOM JuarpamMme TpadUKOB HECKOJNBKUX  (DYHKIMNA
HEOOXOIMMO BBIACTHUTH SUEHKY PAIOM C OCbIO OpAMHAT U Yepe3 3aliTyl0 BBECTH BTOPYIO
¢ynakuuto. [lo ymomyanuio rpaduk 3Toil GyHKIUU OyAeT MpEACTaBICH MYHKTUPHOW JIMHHEH
JIpYToro 1BeTa.

Kpusvie na niockocmu, 3a0annvle napamempuyecku

VYpaBuenus x=f(t), y=y(t) , rme f(t) m y(t) HempepeiBHBI mpu t u3 (a, b),
yCTaHaBJIMBAIOIINE 3aBUCUMOCTb JIEKaPTOBBIX KOOPAMHAT (X,Yy) TOUKHU IUIOCKOCTH OT 3HAYCHUS
napamerpa t , OnpeensioT Ha IUIOCKOCTH KPUBYIO, 3a/IaHHYIO B ITapaMeTpUIecKoit popme.
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B cnywyae moctpoeHMs mapaMeTpUYeCKH 3aJaHHOM KpPUBOM, BMECTO HE3aBHCUMOMU
MEePEMEHHON X TOJT OChI0 abCcIHMCcC HEOOXOIMMO 3a/1aTh WHACKCHPOBAHYIO TIEPEMEHHYIO Xi. A
PSIOM € OCBIO OPAMHAT HEOOXOIUMO COOTBETCTBEHHO YKa3aTh Yi.

Jlis HaHeceHus Ha rpaduk (QyHKIMM OTAEIbHBIX TOYEK, UX KOOPAMHATHI YKa3bIBAIOTCA
yepe3 3alATylo0 IOJ OChbl0 abcuucc M ciieBa OT ocu opauHaT. Ecimmu TpeOyercst BbIBeCTH
MHOKECTBO TOYEK, TO MOKHO C(POpPMHUPOBATH [1Ba BEKTOpPAa, OJUH U3 KOTOPBIX COJEPKUT
abcIucchl TOYeK, a Ipyroi - ux opAuHaThl. B 3TOM ciydae Ha rpaduke B COOTBETCTBYIOIIUX
A4yeiikax yKa3blBalOTCS TOJILKO HMEHA BEKTOPOB.

Heyxmepnvie epaghuxu 6 nonapnoii cucmeme KoopouHam

s mocTtpoeHust moyiipHOTO rpaduka HEoOXOIMMO BBHINOJHUTH KoMmaHny Inset ->
Graph -> Polar Plot. IIpu sToM B noKkymMeHT nomemaercsi rpaduueckas o0JacTb € JABYMs
HE3aloJIHEHHBIMHU sueiikamu ams moctpoenus rpaduka. (Kmapummu [Ctrl +7]).

B HIKHIOI S4€Ky BBOAUTCS MOJSAPHBIA Yroi . Ero cienyer onpenennTs 3apaHee Kak
NEpEeMEHHYI0, NMPUHUMAIONIYI0 3HAUYEHUS M3 NPOMEXYyTKa (paH)XKMpoBaHHas nepeMeHas). B
JIEBYIO SYEHKY BBOAMTCS MOJSIpHBINA paamyc 1(q) mwim Re(r(q)) u Im(r(q)). @ynxmus r(q) aubdo
3aaercs 3apaHee, 1100 ee onpeesieHe BBOAUTCS HETIOCPEICTBEHHO B SUEHKY.

90



—~
I
-

]

—_

+
m.

- B
e
b
I
+
L
|
o

I'paduk B MONSIPHBIX KOOpAMHATAX MOXKHO IOCTPOUTH U MOCPEACTBOM KOMaHIbl X-Y
Plot/ Tombko B 3TOM ciydyae HEOOXOIUMO JIOTIOJHHUTEIBHO 331aTh CIEAYIOMHE (QYHKIIHH:
x(q)=r(q)cos(q) u y(q)=r(q)sin(q), a B sUeiKax g abCHUCC W OpPAUHAT YyKa3aTh
COOTBETCTBEHHO X(q) 1 y(q)

Ecnu s HekoTOpbIX yriaoB q ¢YyHKIMS HE ompelerneHa (He CYLIeCTBYET paauyca ¢
NeHCTBUTENBHBIM 3HAUYCHHEM, OH IPUHUMAeT YHUCTO MHHMMbIE 3HaueHus), To MathCAD
oToOpaxaeT Ha rpaduKe TOJIKO JeHCTBUTENbHBIE 3HAYeHHUS paauyca. Ho mpu momomin
¢ynkuuii Re u Im MoOXHO mnpencTaBuTh Ha OJHOW KPYroBOW aMarpamme rpadukd Kak
JEHCTBUTENLHOMN, TAK U MHUMOM YacTu PyHKIUH 1(q).

I'paguru 6 mpexmepnom npocmpancmee

[Toctpoenue rpaduka ¢pynkuun z=f(x,y) B Buae MOBEPXHOCTH B JIEKAPTOBOW CHUCTEME
KOOp/IMHAT.

[TocTpoenue rpaduka MOBEpXHOCTH, 33JaHHON TapaMeTPHUECKH.

dopmaTupoBaHHE TPEXMEPHBIX IPAPUKOB.

KpuBas B mpocTpaHCTBE.

BekTopHble U rpalu€HTHBIE TOJIS.

IToBepxHOCTH, NOJTy4YEHHbIE BpAIllEHUEM KPUBBIX BOKPYT OCEH.

Ilocmpoenue epaguxa gpynxyuu z=f(x,y) 6 uoe nosepxHocmu 8 0eKapmosol cucmeme
KOOpOuHam
s moctpoeHust rpaduKa MOBEPXHOCTH MOXKHO BOCIIOJIB30BAThCS JIBYMsSI CIIOCOOAMM:

1. Ecntu BaM Hago TOJIBKO IMOCMOTPETh OOIMi BUJ ToBepxHOCTH, To MathCAD
NPEJOCTABISAET BO3MOXHOCTh OBICTPOTO TOCTPOCHHS NOAOOHBIX rpadukoB. s s3Toro
JIOCTaTOYHO omnpenenuTh GyHkuuio f(X,y) u BeImonHUTh KOoMaHay Insert -> Graph -> Surface
Plot unu HakaTh COOTBETCTBYIOIIYIO KHOIIKY HaOoOpHO# maHenu Graph (coueHaHHMe KIIaBHII
[Ctrl+7]). B mosiBuBmIelics rpadudeckoil 006JacTi MO OCSIMH Ha MECTe madyioHa Jisi BBOJA
Ha/o ykazath ums (6e3 aprymentoB) pynkiun. MathCAD aBromMaTHuecku MOCTPOUT rpaduk
MOBepXHOCTH. He3aBucHuMBbIe IepeMEeHHBIC X U Y IPUHIMAIOT 3HAYCHUS U3 MPOMEXyTKa [-5,5].

91



2 2
By =% -y

ITpu HEOOXOAMMOCTH 3TOT MPOMEXKYTOK MOXKET ObITh YMEHbIIEH WIN yBeaudeH. s
3TOTO HEOOXOJMMO BBIACTUTH Ipa)MK U BOCHOJIB30BaThCs KoManaoi Format -> Graph -> 3D
Plot mmn menkuyTs IIPABOM KHOMKO#H MBIIIH O BBIICICHHOMY rpadHKy W B KOHTEKCTHOM
MeHI0 BbIOpaTh komaHy Format. B nosBuBmemcs okue 3-D Plot Format na Bknaake QuickPlot
Data M0O’XHO yCTaHOBMTB ApYyrHe MapaMeTpbl U3MEHEHHs HE3aBUCHMBIX IEPEMEHHBIX X U Y.

3-D Plot Format ]
General I bes I Appearance I Lighting I Title |
Backplanes I Special I &dvanced QuickPlot Data
Plat1 |
—Range1l———— —Range 2= [ Coordinate Syatem —

shart ||:| start -3 ¥ Cartesian
end |1E| end [E " Spherical

# of Grids [20 = # of Grids E " Cylindrical

k. I OTrEHa | [pMEEHHTE Cnpaeka

Jns moctpoeHus rpaduKa TOBEPXHOCTH B ONPEACTICHHON 001acTh W3MEHEHHUs
HE3aBHCUMBIX MEPEMEHHBIX WM ¢ KOHKPETHBIM IIaroM WX M3MEHEHHs HeoOXOAMMO CHadasa
3aJaTh Y3JIOBbIE TOUKH Xi M Y], B KOTOPBIX OyIyT onpeaensaThes 3HaueHus ¢pynkuuu. [Tocie (a
MOXXHO H JIO) 3TOTO Hajo ompenenuTh GyHknuio f(X,y), rpaduk KOTOPOH XOTHUTE MOCTPOUTH.
[Tocne sToro Heo6xoMMO cOPMHUPOBATH MATPHILy 3HaUeHUH QyHKIMK B Buae: Al,j=f(x1,yj).
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MN=15

=00 J=0._N
Tygryg = —1.2 Ty = 1.5
Fagig = —1.5 Fapay = 1.5

J’J- =Fann T %'(fmax - fm:'n;'

Fra) = sin)-expher® - )

A!',,i" = f[x!.,yj.j]
Tenepp mocne BeinonHeHus komauabl Insert -> Graph -> Surface Plot B mosiBuBmIeiics

rpaduuecKoit 00JIACTH TOCTATOYHO BBECTH MM MATPUIIBI (0€3 HHIEKCOB).

Eciu BBl XOTHTE, 4YTOOBI Y3/OBbIE TOYKH OBUIM pPACIONOXKEHBI 4Yepe3 paBHBIC
IPOMEXKYTKH, BOCIIOIB3YHTECh (POpMyTIaMH, H300paskeHHBIMHU Ha PUCYHKE.

Jnst moctpoenus rpadguka JUMHUNA YpOBHS AaHHON (YHKIIMM HEOOXOAMMO MOCTYINAaTh
TaKkkKe Kak 3TO ObUIO OIKCAaHO BBIIE, TOJIBKO BMecTo KoMmauawl (IloBepxnocth) cnemyer
BbIOpaTh KomaHay Contour Plot (KoHTypHbIi). AHamornuHo, mpu momoiy komanael 3D Bar
Plot (3D /InarpamMMbl) MOKHO ITOCTPOUTH TPEXMEPHBIN CTOI0YATHIN rpaduk JTaHHON QYHKIUH,
npu nomomu komaHabl 3D Scatter Plot (3D ToueuHslid) - TpexXMEpHBI TOYCUHBIH Trpaduk, a
npu nomoinu koman el 3D Patch Plot (3D JlockyTHBIi) - TpeXMepHBIii rpaduK MOBEPXHOCTH B
BUJIE HECBSA3aHHBIX KBAJIPaTHBIX IUIOIMIAJIOK - TNIOCKOCTEH YPOBHS ISl KAXI0M TOUKH JAHHBIX,
MapajuieNIbHbIX INIOCKOCTH X-Y
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Ilocmpoenue epaghuxa nosepxnocmu, 3a0aHHOU NAPAMEMPULECKU

Ecnu noBepXHOCTh 33aJjaHa MapaMeTpUIecKy, 3TO 03HAYAET, YTO BCE TPU KOOPAMHATHI -
X MY ¥ Z - 33J1aHbI KaK (YHKIHU OT JIBYX mapameTrpoB u U v. CHa4yama HE0OXOIUMO 3a1aTh
BEKTOpBI 3HAYEHUH MapaMeTpoB Ul U Vj. 3aTeM HEOOXOIUMO OINpPEeNeIUTh MATPUILIbI 3HAUCHUN
¢dbysaKIIUH KoopauHAT X(1,V), y(U,V) u y(u,v).

MN=30 =0 j=0.1
¢’:!-:=3-r.1:-ji;r WJ.:_EHI;_.J.

_¢ _
R(ﬁ:) =88 ) r(.ﬁ):=4e )
x!.,j = (R(lﬁl-j + rll.ﬁﬂ-cu:usliwj))-cu:usll@-ﬂ

‘F!',,i" = I:R[l.ﬁl) + r[lél-)-cnsliwj))-smliéﬂ

zl.,j = rllg':!-?] . sin( wj-:l
[Tocne BeiOopa komanel Surface Plot B MathCAD nokymeHTe mosiBUTCS rpaduueckas
obnacte. B cBoOomHO# sueiike BHU3Y obmactu Hamo yka3zath B CKOBKAX wumena (6e3

apryMEeHTOB M MHJIEKCOB) TpeX MaTpHil - X,y,Z.
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Kpusas 6 npocmpancmee

TpexmepHble ToueUHbIE IPaQUKU MOKHO HUCIIOJIB30BATH JIJISl MOCTPOSHUS N300paKEHUS
IPOCTPAHCTBEHHBIX KPHUBBIX. IIpocTpaHCTBEHHBIE KpUBBIE 33JalOTCS, KAk MPaBUIIO, B BUJE
(x(t),y(t),z(t)), rme t mpeacTaBisieT coO0 HEMPEPHIBHBIN ACHCTBUTEIBHBIN ITapaMeTp.

[TockonbKy Ipu MOCTPOSHUH TEXMEpHOH ToueyHoit auarpammbl MathCAD mo3Bosnser
oToOpaxarh Ha rpaduke TOJIbKO OTIENbHbIE TOYKU U COCIUHSAIONINE UX JTUHUHU, HEOOXOAUMO
CHaydaoa OIpPEEIUTh TPU BEKTOpa KOOPAMHAT - Xi, Yi, Zi.

M:=3 “Mcno zHaJYeHWA NapamMeTpoe
i=0.N-1 WHAEKCHAA NEpEMEHHAA |

X, = cns(i 6 11:] 3ajaHue BRKTOPOE
KOOPOMHAET %, ¥ W Z,
; KOTOpEIE ABNAKITCA
¥ = sm[ﬁ B nj l:laj.fHKu,Hﬂw o7
MHAekCE | JaHHeIE
EBETOREl KOOPOKWHAT
z=— 3 OMUCEIESHIT BHHTOEYH
H TIUHMHD.

[IpoctpancTBeHHass kpuBas co3faercss komanaoil Insert3D -> Graph ->Scatter Plot.
MoHO HCIoNB30BaTh HaOOpHYIO0 maHenb Graph, BBIOpaB COOTBETCTBYIOUIYIO IMHKTOTPAMMY.
Jns coenuHeHHs TOYEK HEOOXOAMMO Ha BKIaJKke Appearance OKHa (OpPMATUPOBAHMS
rpaduKOB yKa3zaTh onmuio Line.

(x.7.2)
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Bexmopnule u epaduenmmuvie nons
Komanpa Insert -> Graph -> Vector Field Plot (Ilome BekTOpoB) CiiyXuT s
MIPEICTABICHMS] IBYMEPHBIX BEKTOPHBIX ITOJIEN V=(VX, VY).

20
“"r‘.’w“‘“

-

10 \

%

i

W

u

w

"

T

a

[Tpu 3TOM BEKTOpHOE MOJe HEOOXOAMMO BHAYaje OMNPEACTHTh KaK BEKTOP-(YHKIUIO
IBYX KOOPAMHAT - X M y. 3aTeM 3a/al0TCsl BEKTOPbl 3HAUYEHUH Y3J10BBIX TO4eK X u y. Ilpu
IIOMOIIM 3TUX BEKTOPOB KOMIIOHEHTBI BEKTOPHOIO MOJSA VX(X,y) M VY(X,y) T€HEpUPYIOTCS B
BU/JIC MaTPHI] 3HAYEHUH VX1, ] ¥ VYi, j.

—F | w=m
2 2
¥+ F i=0.MN-1
VX, F) =
¥ j=0.N-1
2
4y
;
a=-2 bh=3 x =g+ (h-4a
; N—l[: )
c=-2 d=2 y.=c+ I {d - £)
J MN-1

V!.’J. = v[x!. "F_;'jl

Fx!.,j = IIF]',J';ID Fy!.,j = IIFJ',_;'}II

[TogoGHBIM 00pa30M MOKHO ITOCTPOUTH TPAJAUEHTHOE TOJIe CKAIpHON GyHKINHU f(X,y).
I'paguentHoe mone s (QyHKIMM JBYX MEPEMEHHBIX TPEACTaBIsseT co00i AByMepHOE
BEKTOPHOE TIOJIE.

Kak u B ocTajpHBIX CITydasx, BHEITHUI BHJ W300paXKCHHUS BEKTOPHOTO TOJIST MOYKHO
JIETKO W3MEHHTH, BBHIMIOJIHUB JIBOMHOHM IIETYOK B 0o0jacTu rpaduka U M3MEHHB TpeOyeMble
OMIUU B OTKpbIBIIEMCS inanoroBom okHe 3-D Plot Format.
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fx, %) = sinfx)-cos(y)

df Hi=10 a=-2 b=2 1=0.Hx-1
ST | Ny i0 c=-4 d=4 j=0.Ny-1
grad(x,y) = 4 . h-a d-r=
—f[::{,j.r:) x=4a+1 ~ ¥.=C0+] _
dy ! Mr-1 ] H 1
Fi,j = f[xi’yjjl vi,j = grad(xi,yjj] T.in’j = [vi,j)n vyi,j = (?i,jjl
. b
yre=
- e —at m— me -
/ ; Ao ;o
LI O
54 = b P -
—— b
A 1 A
[ LR
.
0= el “
1 T ||
1] 5 10
F
(¥, Vi)

Tlosepxnocmu, nonyuennvie paujeHuemM KPUgbIX 60Kpye ocell

HuTepecHbie 00beMHbIE (PUTYPBI MOXKHO MOJIYYHUT, Bpalllas HEKOTOPYIO KPUBYIO BOKPYT

ToW MM uHOM ocu. [locTpoeHue 3TUX GUryp BpalleHUs CPOJHU MapaMEeTPHUUECKH 3aJaHHBIM
ITOBEPXHOCTSIM.

[Tpu 3TOM HEOOXOMMO 0OECTICUNTh MepecyeT KOOPAUHAT TOUEK (PUTYPHI IO U3BECTHBIM
u3 remerpun ¢popmynam. B MathCAD Bcrpoena @ynkuus CreateMesh, ¢ momouipo KOTopoi
MO’KHO MTOCTPOUTH MapaMEeTPUUECKH 3aaHHbIE TOBEPXHOCTH.

fix) = x-sin(sz a=-n h=1

2_-

ftw \/ 0
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1)
2)

Bpanerse kpeE o BoxpyT ock Ok Bpanmerrre xpeEof BoxpyT ook Oy
Flu,v)=u tesh = 30 Hu,%) = wsin(y)

Y, ¥ = wcos(v)

G, = ) cos(w)

Hiu,w) = fia) - sitg ) Za, v = i)

GE = CreateMeshEF,G,H,a,h,D,En,mesh) Ay o= CreateMesh(X,Y,Z,a,h,—ﬂ,ﬂ,mesh)

any aY
3.1IOPAJOK BBIIIOJIHEHUSA PABOTbBI

N3y4unTh TeopeTHUeCKre OCHOBHI BHIITOJIHAEMOM paObOTHI.
BrpinoaHuTh pacuersl N0 3a1aHUI0 TTPETOIaBATETIS.
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JlaboparopHas padota Nel3

POPMATUPOBAHUE OBBEKTOB

1. HEJIb U 3ATAYU PABOTbBI

[Tony4yenue HaBbIKOB (popmaTupoBanus 00bekToB B MathCad.

2. TEOPETUYECKHUE CBEJAEHUWSA

PenaktupoBanne rpa)mkoB B 1eKAPTOBOi ccTeMe KOOPAMHAT

Ecnu Bac He ycTpamBaeT BHELIHUI BUJ HOCTPOEHHBIX TIpa(UKOB, Bbl MOXKETE €ro
U3MEHUTH, BBIJIENIUB I'paduK (BHIMOJIHUB HAa HEM IIEITYOK, TaK, YTOOBI BOKPYT HEro MOSBUIIACH
paMka) u BocrnoJib3oBaBiuchk komauao Format -> Graph -> X-Y Plot, uiu, BeimosHuB Ha
rpaduke MIENMYOK MpaBOM KHONKOM MbImKM M BbIOpaB komanay Format u3 Breinmagaromniero
KOHTEKCTHOTO MEHIO (MOYKHO BBIMOJHUTH TAK)K€ JIBOMHOM LIEIYOK JIEBOM KHONKOM MbllIH). B
pe3ynbpTaTe Ha SKpaHe nosiBUTCs AuanoroBoe okHo Formatting Currently Selected X-Y Plot,
MO3BOJISIFOIIIEE U3MEHUTH BUJ Tpaduka.

JlaHHOE AMamoroBoe OKHO COAEPIKHUT HECKOIbKO BKIaI0K: X-Y Axes (hopmaTupoBaHue
oceit), Traces (tun munuii rpadukos), Labels (moxnucu), Defaults (mo ymoruanmuro).

Formatting Currently Selected - Plot |

HT Anes | Tracesl Lal:uelsl Defaultsl
b A
™ Log5cals ™ LogScale
[T Grid Lines [ Grid Lines
W Mumbered v Mumbered
V¥ futoscale ¥ Autoscale
[T Show Markers [ Show Markers
V¥ Auto Grid V¥ Auto Grd
Murnber of Grids: Mumber of Grds:
F E
Bmes Shyle

"~ Boxed

' Croszed [T Egual Scales

= Mone

] I OTraeHa | [ pHEHHTE | Cnpaeka |

[TepBas u3 BKIIaA0K 103BOJISIET (HOPMATUPOBATH OCH KOOPJIMHAT:

Log Scale (Jlorapudmuueckas mkana) - 3a1aet JIOrapuMUIECKUE OCH, B 3TOM
ClIydae TpaHuIlbl rpaduKa TOJDKHBI 33/1aBaThCS TTOJIOKUTETHHBIMU YHCTIAMH.
Grid Lines (BciomoratenbHble JUHUM) - 3agaeT OTOOpa)KEHUE CETKH U3
MapaJUIeIIbHBIX OCSIM JTUHHH.

Numbered (Hymepauus) - 3amaer oroOpakeHHe MOANUCH K MapKUPOBKaM Ha
OCSIX.

Autoscale (ABromacmTad) -  3amaer = aBTOMAaTHYeCKOE  HAXOXKICHHUE
MOAXOMANINX TpaHull Uil oced. Ho ecam Bel camu  3agaaute B
COOTBETCTBYIOIIUX SYCHKAX MHUHUMAIBHBIE W MAaKCHUMAIbHBIC 3HAYCHUS Xy,
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Xmax Ymins Ymax, AMEHHO 3TH 3HAYEHUS OYIYT MCIOIB30BATHCS JUIS ONPEACTICHHS
rpaHul rpaduka.
e Show Markers (Ilokazare MeTku) - Eciam ycTaHOBUTH 3Ty ONIMIO, TO B
rpaduyeckoil 00IaCTH TMOSABITCS YETbIPE JOMOJHUTEIbHBbIE SYEHKH IS
CO3JIaHMsI KPACHBIX JMHUH MapKUPOBKHU, COOTBETCTBYIOIIMX JIBYM CHEIIMATbHBIM
3HAYCHUSIM X U JBYM CIICIUAITGHBIM 3HAYCHUSM Y.
e Auto Grid (ABrocerka) - Ilpu ycraHOBKE 3TOH OMNIMM YUCIO JUHUNA CETKU
onpeaenser MathCAD.
e Axes Style (Bun oceit) - I'pynma KHOMOK 3TOH 00JIaCTH MO3BOJIIET BHIOpATh
CIIeyIOIINe BapHaHTHI mpejacraBieHus oceil: Boxed (orpannueHHas 00J1acTh)
, Crossed (mepeceyeHne) - OCH TMEPECEKAIOTCS B TOYKE C KOOpIAMHATAMU
(0.0), None (6e3 rpanuir). Gnaxox Equal Scales (paBHbIii MaciiTad) mo3BossieT
3a/1aTh OJJUHAKOBBINA MacIITad aJs 00ErX OCEe.
dopmaTtrpoBaHue OCH Tpaduka MOKHO NPOU3BECTH, BBIIOJHUB HAa HEH JIBOWHOM
HIETYOK.
Jns  w3MeHeHWs  TUna JMHUA  rpaduKoB  HEOOXOAMMO  aKTHBH3HPOBATH
BKianky Traces (Cnen)

Formatting Currently Selected X-Y Plot |

5 Awes  Traces I Lal:uelsl Defaultsl

Legend Label Symbal  Lin Color - Twpe  “Weight

red 2

I:uu i
arn i 2
trace 4 = dadat  mag  lines 1
trace 5 noheE zolid cya  lines 1
trace B none dot brr lines 1 ;I
Itrace1 Inn:nne;l Is::-lid;l Ired;l IIines ;I IE;I
[T Hide &rguments ¥ Hide Legend

] I OTrieHa | I'IpHmEHHTbl Cnpaeka

. Legend Lable (Mms B nerenne) - Kaxoil kpuBoii MOAHO IOCTaBUTH B
COOTBETCTBUE HEKOTOPBIM TEKCT, Ha3blBaeMbIil JiereHnoil. Jlerenga otoOpakaeTcs B
HIDKHEH 9acT rpaduueckoi 007acTu, a pAaoM ¢ Kax/I0i JIereHa0i oToOpaXkaeTcs TUI
JIMHUM COOTBETCTBYIOIIECH KPUBOM.

. Symbol (CumBon) - Ilo3Bosisser BbIOpaTh CHUMBOJN JUISl KaXKIOM TOYKH
KpUBOH (TUTFOC, KPECTHUK, KPY)KOK H JIp.)
. Line (Jluauss ) - MoxHo BBIOpaTh OIWH U3 CIEAYIONINX THUIIOB

nuHui: solid (crutomHas), dash (utpuxoBast), dot (ToueuHas)
nnudadot (IUTPUXIYHKTHPHAs). OTO MOJE CIHUCKA JOCTYNHO B Cllydae, €Clu B
nosie Type (Tum) BeiOpan 3emenT lines/

J Color (Llger) - 3agaercs 1IBET MPEACTABICHUS KPUBOW Ha SKpaHe.

. Type (Tum) - ITo3BonsieT BEIOpaTh OJIMH U3 CEMU BHUJIOB TpaduKa: B BUIE
KpuBbIX (), B Buae ctoiOuoB () u 1. n. CrneuuanbHbIM BHUJIOM TpaduKa SBISETCS
TUI (IIOTPELIHOCTb, PACXOXKACHHUE), MPEICTABISIOUINI COO0M Pa3HOCTh ABYX 3aJaHHBIX

100



¢bynkuuid. BennunHa mara He3aBUCUMOM NEPEMEHHON ONpPEeNseT PAaCCTOSHUE MEXKIY
OTJIeIbHBIMU CTOJIOLAMU, CTYNEHSIMH WM JIMHUSMHU MOTPEIIHOCTEH Ha AUarpaMMe.

. Weight (Bec) - [To3Bosier 3a1aBath TOIUHY JMHUH rpaduka.
B nuxHeit yactu Bki1agku Traces pacrionoKeHbl ONIUU:
. Hide Arguments (CkpbITh apryMeHTBI) - DTa ONIMS MO YMOIYaHHIO

oTkioueHa. B srom cinywae moj uMeHeM (YHKIUH pSAIOM C OCBIO  OpJIUHAT
yKa3bIBaeTCs TEKyIIUH Tul JuHUi. Ecin yCTaHOBUTH JaHHYIO OINLMIO, YKa3aHUE THIIA
JIMHUM UCYE3HET.

. Hide Legend (Ckpeite nerenay) - Ilo ymomuanuio Jseresjna He
otoOpanaerca. Ecino Bbl XoToTe OTOOpa3uTh MOjA TpapuKOM TEKCT JIET€HJIbI, €ro
HeoOxoaumo repes 3TuM BBecTH B nosicLegend Lable (Mms B nerenie) u moaTBEPAUTD
BBO/I, BBIIIOJIHUB II€T4Y0K Ha KHONIKE [IpuMeHuUTS.

Bxiaaka Labels (MeTkn) no3BosisieT BBECTH 3aroJIOBOK rpaduka U MOAINUCH Ui OCel.

Formatting Currently Selected X-Y Plot |

A .-*-.HESI Traces Labels | Defaultsl

— Title

& gbove O Below [ Show Title

— Az Labels
Hodiz: [V I

otz W I

k. I OTrieHa | I'IpHmEHHTbl Cnpaeka

B nmoamenio Graph (I'paduxa) mento Format (dopmar) comepkaTcs KpoMe MPOYHX
CJICAYIONINE KOMaH/IbL:

Trace (Cnen) - [Ipu nepemeriennu B o0nactu rpaduka yka3aTelsis MbIIIH PU HAXATON
neBoil kHomnke B noiisix X-Value (3Hauenue X) Y-Value (3Hauenue Y) auanorosoro okHa X-Y
Trace oToOpakaroTcs KOOPIWHATHI TOUKH, Ha KOTOPYIO YKa3biBaeT Kypcop. Ecnu yctaHoBneHa
ormuus Track Data Points (Criex Touek HaHHBIX), TO KypCOp-KPECTHK OyIeT mepeMeraThCs
BJIOJb rpaduka (YHKIUUM W BBl CMOXKETE CUHUTHIBATh TEKYyIlee 3HAUYEHHE apryMeHTa X U
COOTBETCTBYyIOMIEeEe 3HaueHUe GyHKIUU y=f{x). KoopauHaThl TEKymieil TOYKH MOXKHO
ckonupoBath B Oydep npu nmomouu kHomok Copy X (Komuposats X)Copy Y (Konuposatsb

Y).
X-Y Trace |

%A alug |D.338?4

A alue ID.E3?42 Copy ¥ |
¥ Track D'ata Paoints Cloze |
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Zoom (M3menenue macmraba) - Ilpu momomu 3Toil KOMaHIbl MOXXKHO YBEITHYUTh
¢dparmeHT rpaduka, mpeaBapUTEIFHO BBIIEINB €ro MPOTACKUBAHUEM MBIIIKU C HAXKATOH JIEBOU
knapumeil. [lociae oTmyckaHus KIAaBUIIM KOOPIMHATHI YIJIOB BBIJIENEHHOW oOmactu OymayT
oToOpakeHsl B moJisix okHa X-Y Zoom. [Ipu nmomomu kHonku Zoom (Macmtad +) ¢gparmMeHnt
MOKHO yBEIWYUTh, Tpu mnomomu KHomku Unzoom (MacmTa® -) OTMEHHUTH BBIIEIICHHE
¢parmenTa, a npu nomouy kHonku Full View (O630p) - BoccTaHOBUTH MEpBOHAYAIBHBIN BUJT
rpaduka. Eciu Bbl yBennumin ¢parmeHT rpaduka, To npu meuke Ha kHonke OK B nokymenTe
Oyznet oToOpaXkaThCs TOIBKO 3TOT (PparMeHT.

XY Zoom K|

¥ Y
Mir: |-0.578347 |-0.632353
Max: |0.526316 |0.352941
Unzoom | Eull"»-’iewl
arK | Cancel |

®opmaTHpOBaHHe NMOJSAPHBIX TPaguKOB

Ecnu BBl XOTHUTE OTpeAakTUpOBaTh TpaduK B MOJSPHBIX KOOpJAWHATAX, HEOOXOIUMO
BBIICTIUTH TpaduK (IIETIKOM JIEBOM KHOIKHU MBIIIHN) U BBITOJHUTE KoMaHay Format -> Graph
-> Polar Plot wiu BBINOTHUTH ABOWHOW IIETYOK HA BbIAEICHHOM rpaduke. [lpu stom
otkpoercsi okHO Formatting Currently Selected Polar Plot (popmarupoBanue nosisipHOro
rpaduka). 9TO OKHO COJEPKUT Te K€ BKJIAJKH, YTO U JJs TpaMKOB B JAEKapTOBOU cucTeMe
KOOpJIMHAT.

Bxnaaka Polar Axes cogepxut cieayromme dJIeMEHTHI:

Formatting Currently Selected Polar ... |

Polar Axes |Trau:es| Lal:uelsl Defaultsl
R adial: Angular;
I {ogScale
[ Girid Lines [T Giid Lines
¥ Mumbered I+ Mumbered
[T Show Markers
¥ auta Grid W auta Grid
Mumber of Grids: Murnber of Grids:
- e
Sues Style
& Perimeter
" Crossed
" Mone
(] I OTraeHa | [ pHEHHTE | Cnpaek.a

. Log Scale (Jlorapudgmuueckast mkana) - Mcrnonb3yercs uid co3gaHust
norapu(pMUIECKOM I-0CH.
. Grid Lines (Bcnomorarensnbsie nuHuu) - OToOpaxaeT CETKy JIMHHUH,
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COOTBETCTBYIOIUX YPAaBHEHUAM r=const u q=const.

. Numbered(Hymepanus) - Jluauu r=const u g=const cHabxaroTcs
MOJITUCSIMH.
. Show Markers (IToka3ars MeTku ) - [Ipy momoIu 3Toil OnuKUu MOXKHO

CHa0IMTh TpadUK ABYMS TONOJHUTEIHHBIMUA IMYHKTHPHBIMH OKPYXXHOCTSIMH r=const.
JIns 3TOro Hajo BBECTH HY)KHBbIE 3HAUCHHs pajauyca B MOsBUBIIMECS sueiku. Kpome
TOTO, CIpaBa OT TpadUKa YKa3bIBae€TCS MHHHMAJIBHBIA M MaKCUMAJIBHBIA paiyc;
MOXXHO YBEIMYUTh WM YMEHBIIUTh TIpadUK, BBEAS B JTU SUYCHKU COOCTBEHHBIC
3HAYCHMSI.

. Auto Grid (Asrtocetka) - Ilpu ycraHoBKe 3TOH ONUUHU YHUCIO JMHUN
cetku omnpenaensier MathCAD.

OcTalibHble 3HAYEHUS mapaMCTpOB Ha 3TOH BKJIAAKC WM HA APYrux BKJIaAKax TC KC
camble, 4TO U B ciaydyae komanael X-Y Plot.

dopMaTHpPOBaHUE TPEXMEPHBIX IrPapuKoOB

Ecnu Bac He ycTpanBaeT BHEITHUHN BUJ] CO3IaHHOTO TPEXMEPHOTO Tpadrka, BBl MOKETE
U3MEHUTHETro, BBIMOJHUB koMaHay Format -> Graph -> 3D Plot win BbIoNHUB 1BOMHOMN
HIETTYOK MBIIIKOW Ha rpaduyeckoi odnactu. B pesynbrare Ha 3KpaHe MOSBUTCS AMAJIOTOBOE
okHO 3-D Plot Format, no3Bossioiniee U3MEHATh MapaMeTphl OTOoOpakeHUs1 Tpaduka. Mpl
PacCMOTPHM 3]IeCh OCHOBHBIC OMIMU. Pa300parbcsi BO BCEX TOHKOCTSX YIPABICHUEM BHIIOM
rpaduka Bbl MOXETE CAMOCTOATEIbHO, MOCTPOUB TpaduK U MOIKCIEPUMEHTHPOBAB, BHIOMpas
T€ WJIA UHBIC OTIIIHH.

Huanorooe okHo 3-D Plot Format conepxut HeCKoIbKO BKIaioK. HekoTopsie U3 HUX
MBI paccMOTpuUM Ooliee MOAPOOHO, a Uis JPYrHUX - OINHUIIEM JHIIb UX (DYHKIMOHAIBHOE
Ha3Ha4YCHHE.

Ha BxnaakeGeneral (OOmue cBoiCTBa) BBl MOKETE

. B oOnactu View 3amaTh HampaBjJIeHHE B3IJIsAga HaOIMIOgATENsl Ha

TpexMepHbIi Tpaduk. 3HaueHue B mojie Rotation ompenensier yroia moBopora BOKpPYT

ocu Z B ockoct X-Y. 3nadyenue B nosie Tilt 3agaeT yron HakiioHa TUHUN B3MIsAA K

mwiockoctd X-Y. Ilome Zoom 1o03BOMSIET YBENMYUTH (YMEHBIIUTH) Tpaduueckoe

n300pakeHNe B YHCJIO pa3, paBHOE MU(pe, yKa3aHHOW B TOJIE.

3-D Plot Format

. B obOmactu Axes Style (Ctunb ocu) 3amaTh BUI oOcel, BbIOpaB
cesiekTopHyto kHonky Perimetr (Ilepumerp) wiu Corner (Yroin). B nepom ciyuae
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OCH BCer/la HaxoIsiTcs Ha nepenHem IwiaHe. [Ipu BbiOope kHomku Corner Touka
nepeceueHust ocert Ox u Oy 3a/1ae€TCsl JIEMEHTOM A gMATPHUILIBI A.

. B obmactu Frames omuus Show box (Kapkac) nmpennaznadena ms
0TOOpaxkeHHsI BOKPYT rpaduka Kyda ¢ mpo3pauHbIMH IpaHsMu, a onius Show border
(I'paHu1bl) MO3BOJISAET 3aKIIFOYUTH TPAPUK B MPSMOYTOJIBHYIO PAMKY.

. B obsactu Plot 1 (Plot 2...) Display as (I'pa¢uk/ HeCKOJIbKO TpaduKoB
OTOOpa3uTh Kak) - UMCHOTCS CEJICKTOPHBIC KHOMKH JUIs TpEACTaBJIeHUs rpaduka B
Ipyux BUAX (KOHTYPHBIN, TOUYCUHBIH, BEKTOPHOE TIOJIE U JIp.)

OnemenTsl BKIaku Axes (Ocbh) MO3BOJISIOT U3MEHSTh BHEIIHUHN BHJI OCEH KOOP/IMHAT.

. [MocpencrBom onmuit obnactu Grids (CeTkn) MOXHO OTOOpa3sUTh Ha
rpaduKe JIMHUH, OTIMChIBAEMbIE YPABHEHUSAMH X,Y,Z= CONSt.

. Ecmu  ycranoBnenst onmum  Show  Numbers  (Hywmepamus),
0TOOpaXKaroTCsl METKU HA OCAX U MOJIHMCH K HUM.

3-D Plot Format

ITpu s1OM pagom ¢ ocamu Ox u Oy yKa3bIBalOTCS HE 3HAUEHHsI Y3JOBBIX TOYEK X;, Vj, a
3HAUEHUs MHIEKCOB [ M j, B TO BpeMs Kak ocb (7 pa3MedaeTrci B COOTBETCTBUU C
MPOMEXKYTKOM, KOTOPOMY ITPUHAJUIEKAT 3JIEMEHThI MAaTPULbl 3HAUECHUH A, ;.

. Ecin  ycranoBnena ommus Auto Grid (ABroceTrka), mporpamma
CaMOCTOSITENILHO 33/1a€T PACCTOSIHME MEXAY COCEOHHUMH OTMETKaMU Ha OcsX. Bbl
MO’KETEe CaMH yKa3aTh YUCIIO JIMHUH CETKH, €CITM OTKIIOYUTE YKa3aHHYIO OIIIHIO.

. Ecnu ycranosnenna omniust Auto Scale (ABomikana) , To MathCAD cam
OTIpeIeIIIeT TPAHUIIBI TOCTPOKHUS Tpadrka ¥ MacIiTadbl Mo ocsiM. MOXKHO OTKITFOUUTh
JaHHYIO OILHUI0O M AN KaKIOM OCH CaMOCTOATEIbHO 33JaTh MpeAesibl M3MEHEHUs
nepeMeHHbIX B osiX Minimum Value(Munumym) 1 Maximum Value (Makcumym).
Bxnanka Appearance (BuernmHuil BU1) MO3BOISET H3MEHSTH I KaXKI0TO rpaduka BU

1 uBeT 3anuBku noepxHoctu (06macth Fill Options); Bua, 1BET U TONMIMHY AOMOIHUTEIBHBIX
auHui Ha rpaduke (obmacte Line Options); HaHOCUTh Ha TpadUK TOYKU JAHHBIX (OMIIUA
Draw Points o61actu Point Options), MeHsTh UX BHJI, pa3Mep | IIBET.

Bxnaaka Lighting (Ocpemenne) npu Bkiouennn onmuu Enable Lighting (Hamuuue
MOJICBETKH) TIO3BOJISIET BHIOpATh I[BETOBYIO CXEMY IS OCBEIICHHMs, "YCTAHOBUTH' HECKOIBKO
HMCTOYHUKOB CBETA, BHIOPAB IS HUX LIBET OCBEIICHUS U ONPEAEIUB €r0 HalpaBJeHHE.

Bxnagka Backplanes (3amHue IIJIOCKOCTH) ITO3BOJISICT HW3MCHUTH BHEIIHUH BUJI
IJIOCKOCTEH, OrpaHUYMBAIOIINX 001aCcTh MOCTPOCHHUS: 1IBET, HAHECEHHE CETKHU, ONpe/IeNICHUE €€
1IB€Ta U TOJNIIUHBI, TPOPHCOBKA TPAHUII TIIIOCKOCTEH.

Ha Briagke Special (CneumanbHasi) MOXHO M3MEHSTh IapaMeTpbl MOCTPOEHUS,
cnenupUIHbIe ISl pa3TUYHBIX TUTIOB TPAPHUKOB.
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Bximanka Advansed 1mo3BoisieT yCTaHOBUTH MapaMeTphl MEUaTH U U3MEHUTH [IBETOBYIO
CXeMy IS OKpalllMBaHUs TOBEPXHOCTH Hpaduka, a TaKKe YKa3aTh HAIPABJICHUE CMEHBI
okpacku (Bnosnb ocu Ox, Oy wiu Oz). Bxmouenue onuuu Enable Fog (Hanuuue Tymana)
nenaeT rpaguk HEYETKHUM, CIIeTKa Pa3MBITBIM (TIOJIymHpo3padHbiM). [Ipu BKIIOYEHWH ONMIUU
Perspective (IlepcriekTuBa) MmosBIsSETCS BO3MOKHOCTH YKa3aTh B COOTBETCTBYIOIIEM IIOJIE
paccTositHue 10 HaOII0JaTesl.
3.JIOPAAOK BBIIIOJIHEHUS PABOTbI

1) M3yuuTh TEOpETHUECKHUE OCHOBBI BBITOIHAEMOMN pabOTHI.
2) BbIONHUTH ASUCTBUS IO 3aJaHUIO TIPETIO1aBATEIIS.
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JlabopaTtopHas paborta Nel4

BEKTOPHBIE, MATPUYHBIE OIIEPALINU

1. IEJIb U 3AJJAYU PABOTbI
W3y4eHne BEKTOPHBIX U MATPUYHBIX ONEPALUH.

2. TEOPETUYECKHUE CBEJAEHUSA
Bexmopuvie, mampuunvie onepamopui

Jns pabotel ¢ BekTopamu u Marpunamu cucreMa Math CAD conepxutr psfg
oreparopoB M GyHKUUH. BBenéMm cienyronme 0003HaYeHUs: JUIsl BEKTOPOB — V, JJIsl MaTpUI] —

M, 1 151 CKanspHBIX BEJIUYHH — Z.

Omneparop Bron Hasnauenue oneparopa

V1+V2 V1+V2 Cnoxxenue 1Byx BeKTopoB V1 u V2;

V1-V2 V1-V2 Brruuranue nsyx BektopoB Vi V2

-V -V CMmeHa 3HaKa y 3JIEMEHTOB BEKTOpa V

-M -M CwmeHa 3HaKa y 3JIEMEHTOB MaTpullbl M

V-7 V-Z Beruntanue u3 Bexropa V ckaisipa Z
7*V,V*Z 7*V, V*Z YMHOKEeHUE BeKTopa V Ha cKaysip Z

Z*M, M*Z | Z*M, M*Z YMHo)xeHue marpunsl M Ha BekTop V
V1*V2 V1*V2 YMHOxeHue nByX BeKTopoB V1 u V2

M*V M*V YMHOxkeHue matpuisl M Ha BekTop V
M1*M2 M1*M?2 YMHOxeHue aByx Matpuy M1 u M2

V/Z V/Z Jenenne Bexkropa V Ha ckaysip Z

M/Z M/Z Jenenue marpunsl M Ha ckamsp Z

M-1 MA-1 Ob6parnienne MmaTpuiibl M

Mn M"n Bossenenue marpuisl M B CTENEHb n

| V| SV Beluncnenne KBaipaTHOTO KOpHs u3 pV

| M| SM Brrunciienue onpeaeauTesst MaTpuiibl M

VT V Cirl ! TpancnonupoBanue Bekropa V

MT M Citrl ! TpancnoHnpoBanue Matpuisl M

V1xV2 V1 Ctrl* V2 Kpocc — ymHOkeHue 1Byx BekTopoB V1 u V2
\ \ [TonyyeHne KOMITJIEKCHO — COTIPSIKEHHOTO BEKTOpa
M M?” [TonydyeHne KOMIUIEKCHO — CONMPSIAKEHHOW MaTPUIIbI
vV Alt$V Brrunciienre cymMbl 31€eMEHTOB BEKTOpa V
\ V Ctrl — Bekropusauus Bektopa V

M M Citrl - Bexropuzanus matpuisl M

M<n> M Ctrl n Brigenenue n—ro crondiia Mmarpuiisl M

Vn Vin Brinenenne n—ro ssemMeHTa Bekropa V

Mm,n M [(m,n) Brinenenue snementa (m, n) matpuiisl M

Ilong mDousTHEM

“BekTopuzanus’

MOJIpa3yMeBacTCsl OJIHOBPEMEHHOE IPOBEICHHE

MAaT€MaTHYECKUX Olepaluil B UX CKAJSIPHOM 3HAYECHUM HaJ BCEMU DJIEMEHTAMM BEKTOpa WU
MaTpHUIbl, MOMEYEHHbIMM BEKTOPU3ALMH. OTO MOXHO IIOHMMAaTb M Kak BO3MOXXHOCTb
NapaJljIeIbHbIX BHIYMCICHUMN.

Eciu A u B — Bektopsl, To A*B naér ckansgpHoe npousBeneHue 3Tux BekTopos. Ho To
e MPOMU3BEACHUE I10/] 3HAKOM BEKTOPHU3AIMM CO3[aeT HOBBIM BEKTOD, KaKIbIHA j-U 3JIE€MEHT
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KOTOPOTO €CTh NPOU3BEJCHHE ] —X 3JIEMEHTOB BEKTOpoB A u B. Bekrtopusauus mno3BoiseT
UCIIOJIb30BaTh CKASIPHBIE ONepaTOphl U (PYHKIIUU C MAaCCUBaMHU.

Bexmopuvie u mampuunvle gpynxyuu

CymiecTByeT Takke psiji BCTPOSHHBIX BEKTOPHBIX M MAaTpUYHBIX (yHKIuA. [IpuBeaem
BEKTOpHbIE PYHKIMH, BXxojsue B cuctemy Math CAD:

lenght (V) — Bo3BpaIaer JuIMHY BEKTOPA;

last (V) — Bo3BpamaeT HHACKC MOCJIECTHEr0 AJIEMEHTA;

max (V) — Bo3BpalaeT MaKCUMMaJbHbII M0 3HAYEHUIO 3JIEMEHT;

min (V) — Bo3BpamiaeT MUHUMAJIbHBIN M0 3HAYCHUIO DJIEMEHT;

Re (V) — Bo3Bpalmmaer BEKTOp ACHCTBUTEIBHBIX YacTEH BEKTOpAa C KOMIUICKCHBIMHU
3JIEMCHTAMHU;

Im (V) — Bo3BpaIaeT BEKTOp MHUMBIX YaCTEH BEKTOPa ¢ KOMIUICKCHBIMH 3JIEMEHTAMU;

e (1, j, k) — MOTHOCTBIO aCUMMETPUYHBIN TEH30p Pa3MEPHOCTH TPH. 1, j, K JTOIKHBI OBITH
nensiMu gncaamMu oT 0 mo 2 (mmum mexay >ORIGIN um ORIGIN+2, ecnmu ORIGIN#£0).
Pesynbrar paBen 0, eciu ir00bIe 1Ba apryMeHTa paBHbI, | — €ClU TPU apryMEHTa SIBISIOTCS
yétHOM mepectanoBkoit (0, 1, 2), m MUHyC 1, eciii Tpu aprymMeHTa SIBIISIOTCS MEPECTaHOBKON
(0, 1, 2), xpaTHO#1 2 ¥ HEKpATHOI 4.

Jns paGoThl ¢ MaTpUIlaMH TaKKe CYIIECTBYET Pl BCTPOEHHBIX GyHKIuA. OHH
MEePEUHCIICHBI HUXKE:

Augment (M1, M2) — o0beaunsier B ogHy MaTtpuilbl M1 u M2, nMeromme o1MHaAKOBOE
YHCIIO CTPOK (0OBeauHeHHE UAET “00K 0 60K”);

identity (n)  — co31aéT EAMHUYHYIO KBAJIpaTHYIO MaTPHILy pa3MepoM n*n;

stack (M1, M2) — obbenunsier B onny marpuisl M1 u M2, umeromume oanHAKOBOE
YUCJIO CTOJIONOB, pacnonaras M1 nag M2;

submatrix(A,ir,jr,ic,jc) — BO3BpalIaeT cyOMaTpuily, COCTOSIIYI0 H3 BCEX JJIEMEHTOB,
CoJIepXKaIINXCS B CTPOKAX OT ir TO jr U CTONIONOB ¢ ic 1o jc (irJjr u icljc);

diag (V) — co3ga€t nuaroHaibHyH MaTpPHILy, FJIE€MEHT TJIABHOM JUAroHajdu KOTOPOU —
BEKTOp V;

matrix (m,n,f) — MaTpuity, B KoTopoit (i,j)-i anemeHT conaepxut f(i,j), rnei=0, 1, ...mu
=0, 1, ...n;

Re (M) — Bo3BpamiaeT MaTpuily J€HCTBUTEIbHBIX YaCTEe MaTpULbl M ¢ KOMIUIEKCHBIMU
3JIEMEHTaMU;

Im (M) — Bo3Bpamiaer MaTpuily MHUMBIX 4YacTeid Martpuibl M ¢ KOMIUIEKCHBIMU
3JIEMCHTaMHU.

Dyukyuu, 6o3spawjaroujue CneyualbHble XapaKmepucmurku Mampuy

CriennanbHble XapaKTEPUCTUKUA MATPUIl BO3BPAIIAIOTCS CIACAYIOUIMME (PYHKIUSIMHU:
cols (M) — Bo3BpaImiaer 4ruciio CTOJIOIOB MATPHUIILI M;

rows (M) — Bo3Bpaniaer 4ucio CTpoK MaTpuiibl M;

rank (M) — Bo3Bpaiaer panr Mmatpulsl M;

tr (M) — Bo3Bpaimaer ciea (CymMMy AMAroOHAIbHBIX 3JIEMEHTOB) KBaApPAaTHOW MaTpPHUIIBI

M;

mean (M) — Bo3BpalllaeT cpe/iHee 3HAUCHHE DJIEMEHTOB MacCuBa M;

median (M)  — BO3BpalllaeT MeJIMaHy JIEMEHTOB MaccuBa M;

condl (M) — Bo3BpaImaer 4ucio 00yCIOBICHHOCTH MAaTPHUIIbI, BEIYMCICHHOE B HOPME
L1;

cond2 (M) — Bo3BpamaeT 4ynuciao 00yCIOBIEHHOCTH MATPHIlbl, BHIYMCIEHHOE B HOpME
L2;

conde (M) — BO3BpamaeT 4uciIo 0O0YCIOBICHHOCTH MAaTPHIlbI, BEIYMCICHHOE B HOPME
€BKJIMI0BA TPOCTPAHCTBA;

107



condi (M) — BoO3Bpamaer 4YHUCIO OOYCIOBIEHHOCTH MAaTpHIbl, OCHOBAaHHOE Ha
PaBHOMEPHOI HOpME;

norml (M) — Bo3Bpamtaer L1, Hopmy matpuiisl M;

norm?2 (M) — Bo3Bpaiaet L2, HopMmy Matpuiisl M;

norme (M) — BO3BpalllaeT €BKJINI0BY HOPMY MaTpulpl M;

normi (M) — Bo3BpalliaeT HeonpeaeaEHHY0 HOpMy MaTpHIlbl M.

Hononnumenvnvie mampuunvie QynKyuu
B npodeccuonansupie Bepcun Math CAD  Brmrou€H psii  JIOTNOJHUTENBHBIX

MaTpUYHBIX QYHKIMH. OHU EepEeYNCIIEHbl HUXKE!

eigenvals (M) — Bo3BpaIaeT BEKTOp, cojepKalliuil cOOCTBEHHbIE 3HAUEHUS MaTpPUIIbI
M;

eisenvec (M,Z) — 11 yka3aHHOM MaTpuibl M M 3aJaHHOTO COOCTBEHHOIO 3Ha4YeHUs Z
BO3BpalIaeT MPUHAISKAIINN 3TOMY COOCTBEHHOMY 3HAYEHUIO BEKTOP;

eigenvecs (M) — BO3BpalaeT MaTpUIly, CTOJIOLAMH KOTOPOH SBISIOTCS COOCTBEHHBIE
BEKTOpPHl MaTpuilbl M (HOPSIOK PACHOJONKEHHS COOCTBEHHBIX BEKTOPOB COOTBETCTBYET
MOPSAIKY COOCTBEHHBIX 3HAUEHUH, BO3BpallaeMbIX QyHKIHEH eigenvals);

genvals (M,N) — Bo3Bpamiaer BEKTOp OOOOIIEHHBIX COOCTBEHHBIX 3HAYEHUH V,,
COOTBETCTBYIOIIMK perieHuto ypaBHeHUsI M * X = vi — N - x (Matpuitbl M 1 N 107KHBI OBITH
BEIIIECTBEHHBIMHN );

genvals (M,N) — Bo3BpamaeT MaTpHIly, CTOJIOIBI KOTOPOH COJepX)aT HOPMUPOBAHHBIE
0000111eHHBIE COOCTBEHHBIE BEKTOPBI;

+ lu (M) — BeIONIHAET TpeyroiapHOe pasznoxeHue matpunbl M: P- M =L - U, Lu U -
COOTBETCTBEHHO HIJKHSISI M BEpPXHSA TPEYTrOJbHbIE MaTpulpl. Bce ueTblpe MaTpuibl
KBaJIpaTHbIE, OJHOTO MOPSIKA;

+ gr (A) — naet pasnoxenue marputiel A, A=Q - R, rae Q - opToroHanpHas MaTpuLa u
> — BEpXHsIS TPEyrojibHasi MaTpULIa;

+ svd (A) — gaet cUHIyJIsSIpHOE pas3noxeHue MaTpuubl A pasmepom n'm: A=U - S -VT
I7I€ U - OPTOTOHAJIbHBIE MATPHUIIBl Pa3MEPOM M M U N°N COOTBETCTBEHHO, S - THaroHaibHas
MaTpuLa, Ha JUaroHaJId KOTOPOM pacosI0KEHbl CUHTYIISIPHBIE YMClIa MAaTPULIBI A;

+ svds (A) — Bo3BpamaeT BEKTOp, COAEpPXAIIMW CHUHTYJISPHbIE 4YMciIa MaTpuilbsl A
pa3mMepoM m-n, Te mi n;

Egeninv (A) — BO3Bpalaet MaTpuily jJeByro oopaTHyto k Matpuue A. L-A=E, rne E —
€IMHUYHAs MaTpula pasMepoM n-'n, L — mpsMoyrosbHas MaTpuua pasMepoM n'm, A —
IPSIMOYTOJIbHAs MaTpULia pa3MEPOM m 1.

DyuKyuy copmuposku 01 6eKMopo8 U Mampuy

Haunmnas ¢ tperbeir Bepcun, B cucreme MathCAD mnosBuimMch HEKOTOpHIE
JIOTIOTHUTEIIHHBIC ()YHKITUH COPTUPOBKHU — IIEPECTAHOBKH JIEMEHTOB BEKTOPOB M MATPHII;

sort (V) — COpTUPOBKA JIEMEHTOB BEKTOPOB B MOPSIAKE BO3pACTAHUS UX 3HAYCHMUI;

reverse (V)  — mepecTaHOBKa AJIEMEHTOB (TIOCIIE SOrt) B 00OpaTHOM IMOPSIIIKE;

csort (M,n) — mepecTraHOBKa CTPOK MaTpuibl M Takum 00pa3oM, dYTOOBI
OTCOPTHPOBAHHBIM OKa3aJIcs N-il cTonber;

rsort (M,n) — TepecTaHOBKa CTPOK MaTpuilbi M Takum 00pa3oM, dYTOOBI

OTCOPTUPOBAHHOM OKa3aylach n-as CTPOKA.
3.1NOPSAJOK BBIIIOJIHEHUS PABOTbBI

1) M3yuuTh TEOpETHUECKHE OCHOBHI BBIMTOIHAEMOMN paOOTHI.
2) BpINOJHUTE AECHCTBUS M0 3aIAHUIO MPEMOIaBaATENS.
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JlabopaTtopHas pabota Ne 15

PEIIEHUE HEJIMHEWHBIX YPABHEHUI

1. HEJIb 1 3AJIAYHU PABOTbI
[Tony4yeHue HaBBIKOB PEIICHNS HEJIMHEWUHBIX YPAaBHEHHM.

2. TEOPETUYECKHUE CBEJIEHUSA

MHorue ypaBHEHUs, HAlpUMEp TPAHCLEHJIECHTHbIE, U CUCTEMBl W3 HUX HE HMEIOT
aHAIUTUYEeCKUX pemeHnil. OJTHaKO OHU MOTYT PELIaThCsl YUCICHHBIMU METO/AaMHU C 3aJaHHON
NOTPeIIHOCThI0 (He Oosee 3HaueHus, 3amaHHoro cucreMHoil mnepemenHoit (TOL). [lns
npocreimmx ypaBHeHu Buga F(x)=0 pemenre HaXxoAuTCs ¢ TOMOIIBIO (yHKIUN

Root (Beipaxkenue, ImMsi_niepeMeHHO})

Ora ¢QyHKIUS BO3BpAIIAeT 3HAYEHUE MEPEMEHHOW C YKa3aHHBIM yYPOBHEM TOYHOCTH,
IIpU KOTOPOM BhIpaxkeHue aaet 0.

g = x3 +e x=10
¥ = root ¥, Wl =-0773

M= ru:u:nﬂ:»:3 + ex) ,x:l w=-0773

@yHKIUS peanu3yeT BBIUMCICHUS WTEPALMOHHBIM METOJOM, IIPUYEM MOXHO 33]aTh
HayaJbHOE 3HAYCHHE MEPEeMEHHOH. DTO O0COOEHHO IOJIE3HO, €CIIM BO3MOXHO HECKOJIBKO
pemenuii. Toraa BeIOOp pelieHUs ONpeaesaeTcs BBIOOPOM HAYaIbHOTO 3HAYCHUS TIEPEMEHHOM.
[Ipumep HUXKe WIUTIOCTPUPYET TEXHUKY MPUMEHEHHUs (PYHKIMU 10Ot JUIsl BHIYMCICHUS KOpHEH
KyOMYEeCKOro MOJIMHOMA.

Kak u3BecTHO, KyOMUecKoe ypaBHEHHE 0053aTeIbHO UMEET XOTS Obl OJJMH KYOMUYEeCKHi
kopeHb x1. OH HaiineH BHauane QyHkuuen root. J[Ba ApPyrux KOpHS MOTYT OKazaTbCsi U
KOMIUIEKCHbIMU. DyHKIMSA root MOXKET OTHICKMBAaTh M Takue KOpHM. s momcka BTOPOTo
KOpHS, X2, mepBblil uckimouaetrcs neneHueM F(x) Ha (x-x1). CoOTBETCTBEHHO Ui MOMCKa
TPETHETO KOpI{H,‘X3I, F(X) nenurcs emie u Ha (x-X2).

fi2) = x3 - 6-:{2 +21x- 52

x:=10 xl = root( ) ,0 xl=4
=1+1
= too =14+ 3464
(x— xlj
3= too] — 2 | o1 3464
(x = xl)-(x - D)

OTy mporenypy MOKHO paclpOCTpaHUTh W Ha IMOHMCK KOpPHEH MOJIMHOMOB Ooiee
BBICOKOW CTEINeHH, OJTHAKO HAJI0 IOMHUTh, YTO HAaUTH KOPHM MOJIMHOMAa MOKHO ropaszo 6osee
U3SIHBIM U IPOCTBIM CIIOCOOOM - MCIIOJIB3YSI OTIEPAIIIO CUMBOJIBHBIX BHIYHCIICHUH.

DyHKYUA noucka KopHeil MHo204aeHa polyroots

Jlist moricka KopHe# 00braHOro moiauHoMa p(x) crenenu 1 MathCAD conepKuT o4eHb
yI00HYIO (QDYHKIIHIO:

polyroots(V)

Omna BO3BpalIaeT BEKTOP KOPHEH MHOrowieHa (IOJMHOMA) CTENEeHU 1, KO3 (OULIMEHTHI
KOTOPOr'0 HaxOoJATCS B BEKTOpE V, UMEIOILEM AJIMHY paBHYIO I+1.
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3aMeTHM, YTO KOpPHM TIIOJIMHOMa MOTYT OBITh KaK BEIIECTBEHHBIMHM, TaK U
KOMIUIEKCHBIMU unciaamMu. He pekoMeHayercss mojib30BaThesl 3TON (YHKIMEH, eciu cTeneHb
IIOJIMHOMA BBIIIE€ IATOW-IIECTOHW, TaK KAaK TOrAA TPYIHO IOJYyYHUTh MAayl IMOIPEIIHOCTh
BBIYMCIICHUS] KOPHEH.

-3
3
21 i
Vo= P o) = z -V,
-
1
1 + 3464
v = polyroots(V) yv=|1-3484

3.1IOPAJOK BBIIIOJIHEHUSA PABOTbBI

1) M3yuuts TEOpETHUECKHE OCHOBBI BHIMOIHIEMOM PabOTHI.
2) PemnTh HeNMHENHBIE ypaBHEHUS 10 3a/1aHUIO MIPENogaBaTes.
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JlaGopaTtopHas pabota Ne 16

PEIIEHUE JU®PEPEHIIUAJIBHBIX YPABHEHU. PEIIEHUE
CHUCTEM YPABHEHUH PACUET UBMEHEHUS TEMIIEPATYPHI 11O
TOJIIIUHE MHOT'OCJIOMHON CTEHKH

1. IEJIb U 3AJJAYU PABOTbI
[Tonmy4yeHne HaBBIKOB perieHus AuddepeHualbHbIX YPaBHEHUH U CHCTEM YpaBHEHUI.

2. TEOPETUYECKHUE CBEJIEHUSA

JlJis 9uCIeHHOTo penleHns OJUHOYHOTO nuddepeHnuanbHoro ypasaenus B MathCAD
umeercs ¢pynkuusa Odesolve, ¢ MOMOLIBI0 KOTOPOH MOKET OBbITH peleHa kak 3aaa4a Komm s
OOBIKHOBEHHOTO TU(PEpeHIINATBLHOIO YpaBHEHHs, TaK M TpaHW4YHas 3afada. JTta (yHKIHA
BXOJIMT B COCTaB OJIOKA PEIIEHUS U ABISETCS €ro 3aKIIOUUTEIbHBIM KIIIOUEBBIM CJIOBOM.

Odesolve(x,b,[step]) - BosBpamaer ¢yHKIIMIO, KOTOpas SBISCTCS PEHICHHEM
muddepeHnmanbHoro ypasaenus. Mcnomnb3yercs B 6i10ke ¢ oneparopom Given.

X - IEpEMEHHAasi UHTETPUPOBAHMUSI, IEHCTBUTENBHOE YU CIIO

b - KOHEYHas1 TOUKa OTpe3Ka UHTETPUPOBAHNUS

step - BeJIMUMHA 111ara 110 IepeMEHHON HHTErpUPOBaHUs (HEOOSI3aTEIIbHbIN apryMEHT)

3ameuaHus:

YpaBHEHUE JOHKHO OBITh IMHEHHBIM OTHOCHTENBHO CTapIIel IPOU3BOIHOM.

Yucno 3aaHHBIX HAyalbHBIX WM IPAaHUYHBIX YCIOBUH BHYTpU OJIOKa JOJIKHO OBITH
PaBHO HOPSIIKY YPaBHEHUSI.

[Ipu 3ammcu ypaBHeHUS s O0O3HAUEHHUS NPOM3BOAHBIX (YHKIUU HCIONb3YHTE
crenyanbHble KHOMKU ¢ maHenu Math wmm ' (wrpux) - [Ctrl+F7], ana 3Haka paBeHCTBa =
[Ctrl+=] (B ToM uucne u A AONOJHUTENbHBIX YCIOBUIL).

Koneunast Touka goimkHa ObITh OO0JIbIIIE HAYaTbHOM.

He nomyckarorcst HaganpHBIE U TPAaHUYHBIE yCIIoBUA cMemanHoro tuma (f'(a)+f(a)=5).

Hckomas ¢pyHkIms B 6J0Ke 10%KHA ObITh 00s13aTeNbHO ¢ aprymeHToM ( (X))

2

. CH
Given TRy ijf[:t) +ED =t
100 ¥ + 10 (0 + 101 y(x) = 30 cas(i : x] fih=4  f5=10
yith =0 yh=1 fi= odesolve(t,5) (21 = 15697
v = odesolve, 150) wilh =10 w5 = 0.474
20
2 T T
W o f(t) 10 .
. ! | ]
0 50 100 150 0 5

Yucnennoe pewenue 3a0auu Kowu ons oughghepenyuanvruvlx ypasnenuii u cucmem
Jis uucnenHoro pewmenus 3agaun Kommwm s auddepeHnuanbHbIX ypaBHEHUH H
CUCTEM MOTYT OBbITh MCIIOJIb30BaHbl (QYHKIUU:
rkfixed(y,x1,x2,n,F) - Bo3BpamaeT MaTpuily pelIEHUN CUCTEMbl YPaBHEHHH METOJOM
Pynre-Kyrra 4-ro nopsiika npu GpuKCHpPOBAaHHOM IIare o X
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rkadapt(y,x1,x2,n,F) - umer peuieHue ¢ nepeMeHHbIM MaroM ( TaM, IJi€ pelIeHue
MEHSIeTCSl Me/IJICHHee, Iar YBEJIMYMBaeTCs, a B 00JacTH ObICTPOro U3MEHEHHS PELIeHHs I1ar
¢byHKIIMM yMmeHbInaeTcs). BosBpamaercst pemieHue ¢ paBHbIM ImaroMm. DyHKIus paboTtaet
osicTpee, uem rkfixed

Bulstoer(y,x1,x2,n,F) - naer 6onee Tounoe permenne (Mmerogom Bulirsch-Stoer)

ApPryMeHTHI BbILIEYKa3aHHBIX (PYHKIIHIA:

y - BEKTOp HaYaJIbHBIX yYCIOBUMI

x1,X2 - rpaHuLBI MHTEPBANA IS IOMCKA PELICHUS

N - KOJIMYECTBO TOYEK HA MHTEpBaje

F(x,y) - BekTOp-(hyHKIIMS IEPBBIX MPOU3BOAHBIX

[Tpu pemennn nuddepeHuaNbHbIX YpaBHEHUM MOPsAKa BbIIIE MEPBOro (UM CHUCTEM
yYpaBHEHUH, BBIIIE TEPBOrO TMOPSAKA) HCXOAHOE YpaBHEHHUE (CHUCTEMY) HEOOXOAUMO
npeoOpazoBath kK cucteme quddepeHIalbHbIX YPaBHEHUH IEPBOT0 MOPsIKa.

Mpumep 1. PewuTte AuddepeHunansHOE YRAEHEHKE

d vy, .2
—y ==+
& x 0 1
_ i 1 0
NEH HavaneHom yocnoeuu y(1)=0 Ha otpezke [1,5]
7 1 14(0115
¥ =0 Fx,¥ 1=—+X2 2 1.2 0.264
x 3| 130448
Z = tdfieed(y,1,5,40,F) o4 4| 1.4|0672
) 5| 1.5|0937
G| 16(1.248
&0 I N Z=13] 171606
! 8| 158|206
ar WA G| 19]z2479
N o 0 '2 ' 2
0+ ! —
: 11| 21| 358
0 L1 12| 22[4224
1 18 26 34 42 5 T BEEIECEE
L, 14| z4|5712
16| 25|6.562

MNpumep 2. Pewute cucTemy Aud. ypaeHeHHRE
1-ro nopAdka
dx-y—xz—x d;r-E-x—xz—gr
dt dt

C HaYansHeIMK yonoerAmK x([0=0 | y(0=1
(zamaHMm ¥ Ha Y ¥ Ha 5r1]|

2
0 7~ (7] - 7
V= [1] Fit,v) =

2
35y~ (o) -7y
U = skfixed(y,0,10,100,F)
B pesynpTaTe paboThl yka3zaHHBIX (YHKIIMI pPacCUMTHIBACTCS MaTpPHUIIA, KOIUYECTBO
CTOJIOITOB KOTOPOW PaBHO MOPSIAKY ypaBHEHUs +1 (MM CyMMe MOPSIKOB YPaBHEHUN B CUCTEME

+1), a KOIMYEeCTBO CTPOK paBHO mapameTpy n. llepBblii cromben COAEpKUT 3HAUYCHHS
HE3aBUCHMOI NepeMEHHOM, BTOPOH - 3HaueHue (PyHKUUU, TPETHH - 1 1ud. ypaBHEHHUH 2-ro
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HopsiIka - 3HAYEHHE INPOU3BOJHOM MCKOMOW (YHKIUHM (€CIU pelaeTcs CUCTeMa JIBYX
ypaBHEeHUH 1-ro mopsiaka, ToO TpeTHil cTonden OyaeT coaepkarh 3HaUYEHUS] BTOPOU (DYHKIUH).
Jns BeigeneHus pemieHud (QyHKOUM HMIAM HMX TPOU3BOJHBIX) MOXHO BOCIIOJIB30BATHCA
CTaHJAPTHBIM OIIEPATOPOM BbIBOJIA CTOJIOLOB MaTpULl M< >

Mpumep 3. Pewnte aud. yoaEHeHKWE
ci2 d X

BTOPOT0 NOPALKE —=¥ — 2=—y=e 4+ xcosH
i ol

C HaYanbHEIMK yonoeramMK yI0=0, %xg.rﬁﬂj =1

CBozHAMKHM MEKOMYHD Gy HELW

d

H 3andemM Halle YpagHEeHWE B

IKEMEANEHTHOA QOPME - E EWLE CHCTEME OBV
YREEHEHHR 1-ro nopanka

d
—¥ =¥ ¥glth =0
g0 1 o
d _ [ X ) _
Exyl = 2-5r1 - E-yn + e + xcoa®) yI(I:Ij =1
1

o
¥= F(x.y) =
(1] E-yl - E-yﬂ + (ex + x-n:u:us(xj)

Z = didfiedly,0,n,314,F)

Mpumep 4. Pewwte cucTemy oud. ypaeHeHHA
2-T0 NOpALKE

p:
(=2
o
C H3YaNbHBIMK
2
dq
v=dv -2
| o J
d
Wm:ngqm=L5
i
YCNOEWAMM
d
wili=1 —wh=1
dt
¥
15 1
15 237y
y= Fit,v) =
1 3r3
L dorp. — 2.
¥a— e Ty

Z = thfived( . 0.1,100 F)

Ecnu mMaTpuna npaBbix yactedl JudQepeHnaabHbIX YPaBHEHUI OYTH BBIPOXKIEHA, TO
TaKHe CUCTEMbl Ha3bIBAIOTCS JKECTKUMHU. B 3TOM ciydae pelieHus, Bo3BpaiiaeMble GyHKIHEH
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rkfixed Oyzer HeycTOHUMBBIM M Il pEIIEHUS TaKUX CHCTEM HEOOXOAMMO HPUMEHSThH
byukuun Stiffb , Stiffr

Stiftb(y,x1,x2,n,F,J) - wumer pemenne naud. ypaBHEHHUS WM  CHUCTEMBI
nuddepeHnranbHbIX ypaBHeHui MetogoM Bulirsch-Stoer
Stiffr(y,x1,x2,n,F,J) - wumer pemenne aud. ypaBHEHUS WIX  CHUCTEMBI

muddepeHIMaTbHBIX ypaBHEHUH MeTo10M Rosenbrock

[lepBble NATH apryMEHTOB TaKHUE JK€,KaK M HPU PEIICHHUH XOPOIIO O0YCIOBIEHHBIX
cucteM nuddepeHIuanbHBIX YpaBHEHUHN . JIOTIOTHUTEIBHBIA apTyMEHT - MaTpuiia J pasmepom
nx(n+1), mepBblif cTONOEL KOTOPOHM COMAEpX HUT 4YacTHble NpousBoaHble dF/dXx, ocrambHbIE
CTOJIOIBI M CTPOKH MIPEACTABIISIIOT coOoi MaTpuiry Axkoou dF/dy

L
x ¥, P
o .
=& ¥ @,
A A
ERENEN

[Tpumep perieHus xecTKOi cucteMbl TuddepeHIanTbHbIX ypaBHEHUH.

Mpumen pelUEHHA HECTKOR CHCTEME

if'rn =%
e

d
=¥y =S4V,
a1 1'¥0

0
NP HAaYaNeHBIX YCOOEBWAX ¥ = [1]

Ilx, % =
1] —2-3r1 —E-yn

Z = Stiffary,0,4,40,F | T)
U = Stiffe(y,0,4,40,F I

Jis OThICKaHMS peIeHHs CUCTeMbl Iu(). ypaBHEHHH TOJBKO B KOHEYHOM TOUKE
ucrnonb3yroTess GpyHkuuu bulstoer,rkadapt, stiffb, stiffr (HaumnaroTcst ¢ MponuCcHONW OYKBBI).

HaGop napamTpoB /Ui 3TUX QYHKIHH :
bulstoer(y,x1,x2,acc,F,kmax,save)
rkadapt(y,x1,x2,acc,F,.kmax,save)
stiffb(y,x1,x2,acc,F,J . kmax,save)
stiffr(y,x1,x2,acc,F,J.kmax,save)
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z = stiffb(y,0,4,0001,F,7,20,0.0)

241],1 = 1185

0 1] 1
0402 002 0.97a
2548 1124 0.049

3882 1183 23209 = 1I:I_3

4 1134 1669 % 10 -

[leprie Tpu mapamerpa u nsaThid (F) sTtux dyHknumii Te xe, yto uans (QyHKUUU
Rkadapt. JlonoaHUTENBHBIE TAPAMETPHI:

acc - rmapameTp, KOHTPOIHPYIOUTUH TOYHOCTH pemeHus (pekoM. acc=0.001)

kmax - MakCHMaTbHOE YHCIIO MPOMEKYTOYHBIX TOUYEK B KOTOPBIX HUIIETCS PEIICHUE

save - MUHHUMAIIbHO JOMYCTHMBI HMHTEpBaJ MEXIY TOYKAMHU, B KOTOPBIX HIIETCS
perieHue Pemenne TpaHWYHBIX 3a4a4 IS OOBIKHOBEHHBIX JU(QEepeHIInaTbHBIX
ypaBHEHUH.

Ecmu nmnst muddepeHMaibHOro ypaBHEHHS N-TO MOpsAAka K TpaHMYHBIX YCIOBHH
3aJlaHbl B HaYaJIbHOM TOuke X1, a (n-K) rpaHUYHBIX YCIOBHH - B KOHEYHOW TOUYKE X2, TO TaKas
3amada HaszbiBaeTca KpaeBod. B MathCAD peanusoBanbl aBe (YHKIMH, TO3BOJISIONINE
YUCJIEHHO HANTH HEJOCTAIOIIHNE YCIOBHS B TOUKax X1 u x2.

Jleyxmoueunas kpaesas 3aoaua

3amaya pemaercs B aBa dtamna. CHadana ¢ momombio (yHkuuu sbval HaxomsTcs
HEJIOCTAIONINE HaJYaJlbHbIC 3HAYCHHS, a 3aTeM MPUMEHSETCS OJlHa W3 BBIIIE OMHUCAHHBIX
GbyHKIMH U1 penienust cTaHaapTHoU 3aqaun Korm Ha oTpeske.

sbval(v,x1,x2,F,load,score) - umier HemocTaroIMe HadYaJIbHBIC YCIOBUS B TOUKE X |

V - BEKTOp HAYATHBIX TPUOIMKEHUH 711 HCKOMBIX HayalbHBIX 3HAUYEHUH B TOUKE X1,

x1,X2 - rpaHUYHBIC TOYKH HHTEPBAJIA

F(x,y) - BekTtop-croiOery #3 n  DIEMEHTOB, COJEPXKUT TMpaBble  YacTu
G hepeHIMATBHBIX YPaBHCHHIMA

load(x1,v) - BEKTOp-CTOI0CI] U3 N AJIEMEHTOB, COACPKUT HAYAIbHbBIC 3HAYCHHS B TOUKE
x1; HEKOTOpbIE U3 3HAYCHHI- KOHCTAHTHI, JPYTHe HEM3BECTHBI U OyIyT HAWJEHBI B Mpollecce
perieHusl.

score(x2,y) - BEKTOP-CTOJIOCI Pa3MEPHOCTH BEKTOpA V, COJEPKAIINI Pa3HOCTh MEXKITY
HaYaJIbHBIM YCIIOBHEM B TOUKE X2 M 3HAYEHEM HCKOMOTO PEIICHUS B 3TON TOUKE.
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)

OPHUMER: Pewute gud. ypaeHerre v + v = 0 NpM rRaHAYHER YCIOEMAR

yy=0 »y(0)=7 Y1
»h=1 yih=10 »(=5 2
1% CTapToEBIE 2HAYEHMA _
Vool OnA NoOMCEs Fle,yh=] ¥3
DA (DR L (VR A () y4
0 =¥n
yo-1
T

score(32,y) = y1 — 10
L1(x1,%) =] ¥0 o s
2 —

W' o= sbval(®,0,1,F,L1,score)

85014 »(0) Henoctami ve
S=| 342107 (0 HavaneHele

—516.257 y.\'.\'(mj YCNOEKWA

Tenepe pelwaem 23034y TPASHLHOHHEIM METOLOM

1]
7
—| Sn
y= 7 = rkfixed(y,0,1,30,F)
3
1 U = Rkadapt{y,0,1,50,F)
=2 he=0.350

Kpaesas 3a0aua c ycnosusamu enympu unmepeana

Ha nepBom 3tamne ucnons3yercst pyHKIus

balfit(V1,V2,x1,x2,xf,F,load1,load2,score) - umier HepocTaromue Ha4aabHbIE YCIOBHS B
Toukax X1 u X2, clmMBasi peNICHUs, BEIXOISIINE U3 ITHX TOYCK, B TOUYKE Xf

V1,V2 - BekTtopa Ha4daJHBIX TPHOIMIKEHUW IS UCKOMBIX HAYalbHBIX 3HAYCHUNA B
Toukax X1 u x2

x1,X2 - rpaHMYHbIE TOYKH UHTEPBAJA

load1(x1,V1) - BekTOp-cTONOEI M3 N IEMEHTOB, COACPKHUT HAYaIbHBIC 3HAYCHUS B
TOYKe X1; HEKOTOpBhIE W3 3HAYCHMI- KOHCTAHTHI, JPYrMe HEU3BECTHBI W OYyIyT HaWIEHBI B
npoliecce pereHus
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load2(x2,V2) - BeKTOp-CTONOEN M3 N JIEMEHTOB, COACPKHUT HAdaIbHBIC 3HAYCHUS B
TOYKE X2; HEKOTOpbIC W3 3HAUYCHMI- KOHCTAHTHI, JPYrM€ HEU3BECTHBI M OYyIyT HaWJEHBI B
MPOILIECCE PEIICHHUS.

score(xf,y) - BEKTOp-CTOJIOCI pPa3MEPHOCTH N, COACP)KAUIUH Pa3HOCTh MEKIY
peIIeHUs MU, HAUMHAIOITMMHUCS B TOUKax X1 u X2, B Touke xf

TpebyetcA pewnte gudidepeHuManeHoe
YPAEHEHME ¥'SY NPH FPAHHYHEIX YCIOBEHAK
yi-11=1 W w312, clwkead pewenda e 1.x=0

¥l =-1 ] vig=1

wf=10
Fix,y) ! 2=73
K,y = e = =
Yo vilg =1
1 2
loadT (x1,¥1) = [ 1 ] loadd (x2 v2) = 20
¥in

score(xf,y) =y ol = bvalfit (vl w2, w1, %2 wf,F |, load1, load2 , score)

51 =(-0927 1965)] HefocTamuMe sHIYEHUA NPOMZE00HEX
B TOuKaX ¥= -1 W ¥=3, COOTEETCTEEHHO

| 0 1 2
y;:( ] CocTaenAem BeKTOR 1] -1 11-0.927
-0.927 HaYanbHEIX '_l,l'E.I'IEIEIHI:'I 1 o9l oo1? -8
L= rkfixed(y, 1 ,%2,40.F) j Ej Ejéj g;;;
N 4| 06| 07 [-0591
5 -0.5| 0645 [-0524
B -0.4] 0.595][-0.462
4 : : L=17| -03| 0s52][-0405
8| -0.2] 0514 [-0.352
Ly1  2F - 8 -0 0.482[-0.302
' \_// o] 0| 0454 [-0255
) S - i1 01| 043]-0211
12| 02| 0411 |-01689
-2 : ' 13 03| 0397 [-0124

-2 0 2 4

14 04| 0386 | -0.09
' 15 05| 0.379 |-0.081

CucTtembl TUHEHHBIX alTreOpanvyecKuX YpaBHEHUM MTUPOKO UCTIONB3YIOTCS B
WH)XXCHEPHBIX pacderax. CriocoObl pelieHHs CUCTEM JIMHEHHBIX YPaBHEHUH JIEISATCS HA JBE
TpyMIbI

— TOYHBIC METOJIbI, MPEJCTABISAIONINE COOOM KOHEYHBIE alTOPUTMBI JIJISl BBIYUCICHUS
KOpDHEW cHCTEeMBbI (pEIleHHe CUCTEM C TIOMOIIBID OOpaTHOM MaTpuilel, mpaBwio Kpamepa,
meton ["aycca u ap.);

— UWTEpalMOHHbIE METOJbI, MO3BOJISIIONINE MOJYYUTh PEIICHUE CUCTEMBbI C 3a/laHHOU
TOYHOCTBIO IMMYTEM CXOJSALIUXCS UTEPALMOHHBIX MPOLIeCCOB (METO/ UTEpaluu, METO] 3eiiens
u ap.).

Pemenne cucrem ypaBHenuit MathCAD ocymiecTBisieTcss ¢ TOMOIIBIO YHCIIEHHBIX
meTtoa0B (oneparop Given-Find u ¢pyakuums Isolve), aHanuTH4yecku, CAHMBOJIBHO U B MATPUYHON
dopme.
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Pewenue cucmem ypasnenuii c nomowwro onepamopa Given-Find

[Ipu pemennn cuctem ypaBaenuidn MathCAD ducieHHBIMU METOaMH JIOJDKHO OBITh:

— 3aJaHO0 HEKOTOpOE HayYaIbHOE NPUOMIKEHUE Al TeX IMEePEMEHHBIX, 3HAUCHUE
KOTOPBIX HEOOXOIUMO HANTH;

— OCHOBBIBaSICh HAa JTUX HayalbHbIX NaHHBIX, MathCAD Oyner mocnemoBaTenbHO
YTOYHSTH pElIeHHe A0 TeX MOop, MOKa He moa0epeT Hanboiee TOYHbIC 3HAUCHUS;

— 3a oguH pa3 MathCAD HaxomuT TOJBKO OJHO peIIeHHE, KOTOpoe OOBIYHO Ooliee
0JIM3KO K 33JaHHOMY Ha4aJIbHOMY IPUOIMKEHUIO.
Pemaromuii GJ0K COCTOMT M3 HECKOJIBKHUX KOMIIOHEHT, CJIEIYIOIIMX Ha JHUCTE B CTPOTO
OIIpEICIEHHOM IOPSIJIKE

[TocnenoBaTenbHOCTh HEOOXOJUMBIX IEHCTBUI:

— 3a/1aTh HauaJbHbIC 3HAYEHUSI UCKOMBIX HEM3BECTHBIX;

— omnucath cuctemy ypaBHeHui omepatopom Given (Ilycts...). B atom onmcanuun
CIIEAYeT YIOoTpeOIsATh BMECTO OOBIYHOTO paBeHCTBA «byneBo paBeHCTBOY (ctrl + =);

— HCIIONB30BaTh cTaHaapTHYO ¢yHKIuo Find (Hatitn);

— 3alpoCUTh 3HAUYEHHUS ONpEAENsEMBbIX MEePEeMEHHBIX, T.€. 33/1aTh 3HAK PaBHO MOCIE
¢ynkuu Find.
Bmecro naByx mocnenqHuX —MyHKTOB MOXHO (ynHkumu Find 3agath  «BEKTOPHBIN»
UICHTU(PHUKATOP B MA0IOHHOM hopme

X
E]: =Find(a,b)

a 3aTeM 3alPOCHTh 3HAUYCHUS 3JICMEHTOB 3TOT'0 BEKTOpA.
Ob6paszer.

PelueHne cHETEMEl THHEAHEIX YPABHEHWA

1. 3a030HM HaYaNkHEIE SHAYEHMA NEpEMEHHEBIX

x=10 v =100 z=1
2. Onuem cMCTEMY YPAEHEHWA, MCNONE3YA BEMecTo oBeMHOMO paeectea "Gyneso”
paeeHcTED (Ctrl + =)
Given
Fr-3y+z=32
2a-3v+4z=1d
x-5y+6Hz=13
3. 3anpocumM 2HEYEHMA ONPEENABMElX NEPEMEHHEIX, T.. 2343WM 2HAK "paeHo” Nocne
diyHELM Find
3
Find(z,v,81=| 2

3
4. KOpHH CHCTEME! YPEBHEHWA ¥=5, y=2, =3

5. Mpoeepka
x= 5 = 2

]
L

2

Frx-3y+z=732
2a-3v+d4z=14
x-5y+6Hz=13

C nomomipto omneparopa Given MOYKHO pellaTh CUCTEMY, COAEPIKAILYI TOJIBKO OIHO
YpaBHEHHUE, T.€. MOXKHO UMETh €Ille OJIUH cr1oco0 pemeHus ypasHeHus. [1o atoMmy criocoOy, Tak
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ke Kak W c (yHKIMenH root, OymeT MoJlyueH KOpeHb, Haumbosee OMM3KUN K 3aJaHHOMY
HAvyaIbHOMY 3HAUYCHUIO TIEPEMEHHOM.

Pewenue cucmem ypagrenuii, UCnOIb3ys MAMPUUHYIO POpMY

OksuBaneHTHOM /11 MathCad ¢opmoii npencraBieHns CUCTEM JIMHEHHBIX ypaBHEHUH
apnsercs MarpuuyHas (opma. Ilpm 3ammcu cucreMbl ypaBHEHUH B MaTpu4HON (dopme
UCIIONB3YETCSl  NaHeNIb HMHCTPYMEHTOB  «MAmpuybi». dopmupyeTcss  MaTpuLa U3
Kod(PUIIMEHTOB @ W BEKTOp CBOOOMHBIX wieHOB b. PaccmoTpenHas cucremMa JIMHEHHBIX
YpaBHEHMI MOXeET ObITh 3alMcaHa B MAaTPUYHOM BUJE a*x =b.

[IpencraBieHHble TakMM 00pa30M CHUCTEMBI MOKHO PEIINTh KaK CHMBOJIBHO, TaK U
YHUCICHHO. /{751 MOJy4YeHHs YUCIIEHHBIX KOpPHEW CHCTEeMBbl HEOOXOAWMO YMHOXHTH CTOJIOEl]
CBOOOHBIX WICHOB HA MAaTPHILY, 00PaTHYIO MaTPUILIE CUCTEMBI.

PemeHne cHCTEMBI NHHERHEIX YPABHEHWH, HCNONB3YA MATPH4HYO thopmy

1. 3anuem cHCTeMY NHMHEAHEX YRAEHEHMA B MATPHYHOM BHAE

CHecTema ypaeHeHHR WaTpULE CHETEME
Bektop ceobogHE YneHoE

Ta-3y+z=32 7 -31 32
2x-3y+4z=16 a=|2 -3 4 b= 16
x-Sy+dz=13 1 -546 13

2. PewwMm cuctemy ymHoxanA cneea ctonbey ceobogHe YneHoe b Ha matpuyy, obpatHy
MaTpHLUE .

x= a_l-b

3. Brleenem OTBET Ha 3KpaH

5
x=|2
3

Pewenue cucmem ypasnenuti ¢ nomowwio pynkyuu 1solve

Oynxkuus Isolve(A,B) pemaer cucreMy JIMHEHHBIX anredpanyeckux ypaBHEHHH BUa A
x X =B, BrI1aBas peleHue - BeKTop X, rzae A - marpuna ko3pguurenros pasmepHocty nxn; B
- BEKTOpP CBOOOHBIX WIEHOB Pa3MEpHOCTH N ; X - BEKTOP HEU3BECTHBIX ITOKA PEIIECHUI.
B ¢yskmum lsolve 3amporpaMMupoBaH YHCIEHHBI METOJ, OCHOBAHHBIM Ha aJrOpUTME
II0CJIeI0BATENbHBIX CKIIIOUeHnH ["aycca.

OH cocTouT B Ipeodpa3zoBaHUN MATPHUIIBI A TUHEHHOW CUCTEMBI K TPEYTOJIbHOMY BHULY,
T. €. K (hopMe, KOI/1a BCE JIEMEHTHI HIKE TTIABHOW JTMAaroHalId MaTpPULbI SIBJISIOTCS HYJIEBBIMU.
Taxkum 06pa3zom, B MPOTHUBOIIOJIOKHOCTh IPUMEHEHHUIO BhuuciuTensHoro 6ioka Given/Find (B
OCHOBE KOTOPOTO JICKHUT MPUOIMKCHHBIM WTEPAIMOHHBIA anropuT™m), GyHKOus lsolve He
HYX/IaeTcs B IPUCBOCHUN HAYaJIbHBIX 3HAUCHUH BEKTOPY X.
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1. 3anywemn cHCTEMY NMHERHEIX YPEEHEHHA B MATPHYHOM EWOE

CHCTEME YPAEHEHHA MaTpuUya cHETEME

Tr-3y+z=32 7 -31 32
2rx-3y+4z=1a a=|2 -3 4 bh=]16
i-Sy+6z=13 1 -5 13

2. Peluum cHcTemy

5
lzolvela,b) = | 2
3

PeweHHe cHCTEMEI NHHEAHBIX YPAaEHEHHHA, HCNONL3YA dyHKuKo Isolve

Bektop ceobogHeX YNeHoE

Ananumuueckoe peuteHue JUHEUHBIX U HEeAUHEUHBIX CUCEM ypaeHeHuL?

JlaHHOE pellIeHHEe UCTIONB3YETCs IUTS MOJTyUeHHsI pellieHui B 00meM Buae. OOBIYHO PU
9TOM CHCTEMa YPaBHEHHI 3alUCHIBACTCS TOJIHKO C MCIIOIH30BAaHHEM OYKBEHHBIX 0003HAUCHUN
NEepPEeMEHHBbIX, 0e3 KOHKPETHBIX uuced. Jd ModydeHHs aHAJIMTHYECKOTO PEelICHHUS
ucnoip3yercs oneparop. [Ipu cCHMBOJIBLHOM PELICHUU HE HAJIO BBOJIUTH HAYAIbHBIC 3HAUYCHUS,
a mocne kmoueBoro cioa Find(vl,v2,..vn) BMecTO 3HaKa paBEHCTBA CIENYET BBECTHU

CHMBOJIbHBIN 3HaK paBeHCTBa (mpu oMoty komouHanuu [Ctrl+.]

AHANMTHYeCKOE [FEeLWEHHe NUHERHEIX CHCTEM ypaBHEHHﬁ

Given

alx+bly=rcl

ady+ by =l

bl-c2d = b2l
Cal-b2 - 2abl
Find(x,v,21 — | alcd-2-acl
al-bh2 - 2-a-bl
I

HpHMep AHAJIUTUYICCKOI'O pCHICHUA HEJIMHEHHOU CUCTEMBI

AHANMTHYECKDR peLEHAE HENMHERHEIX CHCTEM }prBHEHHﬁ

Civen
o= snlwex — f)

y=cos(wx+ 1)

™

4w

™
cos| — + 1

Find(x, 7,2 —
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PACUET U3MEHEHHUA TEMIIEPATYPBI IO TOJIIAHE MHOIOCJOMHOM
CTEHKHA

bonapmmHCTBO IMPpOoHECCOB, BCTPCHAOIIHUXCA B IMPAKTUKC HHXCHCpA, 3aHHUMAIOLICTOCs

IMPOCKTUPOBAHUECM U COBCPHICHCTBOBAHUCM JIBUTATCIISA, — OTO IPOLCCChI, B KOTOPLIX
B3aMMOCBs3aHbI MHOXCECTBO  PA3JIMYHBIX napamMcTpoB, 3aBHCAIINX oT HECKOJBKHNX
HC3aBUCHMBIX NEpCMCHHBIX. Takue IMpONHCCChI qamie BCETO OIIMCBIBAIOTCs

mudPepeHIMaTbHBIMA  YPABHEHHSIMH B YACTHBIX IPOM3BOAHBIX C 3aJlaHHBIMU KPAeBBIMU
ycioBusiMu. [lpumepaMu MOTYT CIIyUTh ypaBHEHHUS! Ta30BOM JUHAMUKH, HECTAllMOHAPHOU
TEIUTONPOBOAHOCTH, MEXaHWKH JjJeopmupyemMoro Tena U japyrue. HesaBucumbiMu
NMEePEeMEHHBIMH B TaKHUX 3aJladyaX dYalle BCEro SBISIOTCA BpeMsS W IPOCTPAHCTBCHHBIC
KOOPIMHATHI.

JudbdepeHnranbaple ypaBHEHHS] B YaCTHBIX IPOM3BOJHBIX COCTABJISIOT B HACTOSAIICE
BpeMsi OJIHY W3 HambOoJiee pPa3BUBAIOLIUXCS OTpacieil YMCIEHHOro aHainu3a. Bo3moxkHOoCTH
coBpeMeHHbIX OBM M03BOMSIIOT CTaBUTh Ha MOBECTKY JHS TaKHUE 3aJa4M, PEIICHUE KOTOPBIX
MIPOCTO HEMBICIUMO 0€3 MCIOIH30BAHUS BIYUCIUTEIIBHBIX MAIIIUH.

PaccmorpuM  oOmuii moaxoa K PEHICHHIO TAaKWX YPaBHEHUHW W TMpOaHATM3UPYEeM
HEKOTOPbIC YHCIICHHBIE METOJIBI U COOTBETCTBYIOIIUE UM MPOTPAMMBI pacdeTa, KOTOPhIE 4acTo
WCITOJIB3YIOTCSI B MH)KEHEPHOM MPAKTUKE U MOTYT OKa3aThCs MOJIE3HBIMA BO MHOTHX CIydasx.

[Ipu mepexone OT 0HOM K HECKOJIBKUM TEPEMEHHBIM Pa3HOOOpa3ne U CIOKHOCTH 3a1a4
pe3ko BO3pacTaer. Hame PaccMOTpEHHE Ooyner OTPAaHUYEHO JIMHEHHBIMU
muddepeHIMaTbHBIMU ~ YPABHEHUSIMH ~ BTOPOTO  MOpSiAKA C  JABYMS  HE3aBUCHUMBIMU
MepEeMEHHBIMH. DTH YPaBHEHHS B 0OIIIEM BUJIE MOYKHO 3aIHCaTh:

o’U o’U o’U ou _ou

—+B—+C —D —E—+FU=G

oX? oXoY oY’ oX oY ,

rae A, B, C, D, E, F, G sBnsroTcst GyHKIUSIMH TOJIBKO OT HE3aBUCUMBIX TIEPEMEHHBIX X U Y.
Kak u B cmyyae 0ObIKHOBEHHOTO U] PepeHIInaNIbHOTO YpaBHEHUS, ISl OTBICKAHUS
€IMHCTBEHHOTO PEIICHHSI, OTBEUAIOIIETO PeaThbHOMY IPOIIecCy, HE0OXOAUMO T0OABUTH
KpaeBble (TpaHUYHbIE, HAYalIbHBIE) YCIOBUSL.

A

Juddepennnansable ypaBHEHUS B YaCTHBIX MTPOU3BOIHBIX BTOPOTO MOPSAIKA Pa3AENAIOTCS Ha
TPH THUTIA!

1. YpaBHEHUE 37UIMITHYECKOTO THUIIA, €CITU B?—4AC < 0.

2. Vpasrenue napabomudaeckoro tuma, ecim B> — 4AC = 0.

3. YpaBHeHue runepbommyeckoro trmna, ecim B2 — 4AC > 0.

YpaBHEHMs pa3IMyarOTCsa B CBA3U C CYIIECTBEHHBIM OTJIMYMEM XAPAKTEPA UX PEUICHUS
JUIL KaXAOrO0 W3 YKa3aHHBIX THUIIOB. YPAaBHEHUs DIUIMIITUYECKOTO THUIIA BCTPEYAKOTCA B
pacdeTax HaNpsLDKEHUM IPU  YIPYrOM KpPY4YEHMHM JUIMHHOIO LIWJIMHIPUYECKOIO CTEPKHS,
JI03BYKOBOI'O TE€UEHHS Ia30BOr0 MOTOKA, CTALMOHAPHOIO TEMIIEPATYPHOTO IOJI B JJIEMEHTaX
KOHCTPYKLUH, HAIIPUMED:
2 2

o’U ouU

ox Fayr T °
D10 ypaBHEHME HOCUT Ha3BaHue ypaBHeHus Ilyaccona. Ero yacto 3anuchiBaior B Buge AU =

2
G um V?U=G.
YacTHBIM clTydaeM 3TOTO ypaBHEHUS siBIIsieTcs ypaBHeHue Jlariaca
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2 2
o-U N o°'uU
2 2
oX oY
XapakTepHbIM TPUMEPOM THIEPOOTMYECKOT0 YPAaBHEHUS SBJISIETCS] YpaBHEHUE KOJIeOaHHs
YIPYro HUTH, Ha3bIBAEMOE BOJHOBBIM YPAaBHEHHUEM:

o°’uU  ,o0°U
P
oX ot
K FI/IHep6OJ'II/I‘leCKI/IM YpaBHCHHUAM IMPUBOAATCA TAKIKC 3aJa4Ml CBCPX3BYKOBOI'O TCUYCHHSA I'a3a,
JUHaMHYCCKHUE 3aJaul YIIPYroCTU U TCIUIOMPOBOJHOCTH.

=0

Hapa6OJ'II/I‘{eCKI/IMI/I ypaBHeHI/I}IMI/I OIIUCBIBAKOTCA HpOLIeCCLI HeCTaHHOHapHOﬁ
TEIUIONPOBOAHOCTH B IBHTaTElNe, TudPy3un:
ou N o°uU
— =M
ot oX

IIJ'IH IOCTPOCHHA YHCIICHHOI'O MCTOZIda PCIICHUA PACCMATPUBACMBIX 3a/1a4 3aMCHAIOT 001acTh

HEIPEPBIBHOIO U3MEHEHUs apryMeHTOB X, Y PAacueTHON CETKOM — JUCKPETHBIM MHOKECTBOM
TOYEK C KoopaAuHaTamMu Xj , Yi.

y,j A

Jj=3
Us»

j=2

J=1 >
i=1 =2 =3 =4 i=5 X, I

Cxema 0u01<pemu3auuu obracmu uzMeHeHus apcymennoe.

B paccmotpenue BBogsTcs nBa napamerpa: AX, AY - maru cetku no koopauHaram X U
Y cootBerctBeHHO. BMmecro ¢ynknum U( X, Y ) paccmMaTpwBalOT CETOYHYI (YHKIIHIO,
COOTBETCTBYIOLYIO TOUKAM CETKH X; , Y; . [lanee 3aMeHar0T yacTHbIE TPOU3BOIHBIC, BXOIAIINE
B nuddepeHnraibHble YpaBHEHHS, Pa3HOCTHBIMU COOTHOIICHUSMH, TIOJYYEHHBIMU paHee Mpu
paccMOTpeHHH OOBIKHOBEHHBIX TU(PepeHITnaNTbHBIX YPaBHEHUH:
a) 7151 IepBOM MPOU3BOTHOM

ou U,,-u

N i.j i-1,j
Ox AX - JIeBasi Pa3HOCTH;
ou N U.; — U
OX Ay

- IIpaBas Pa3HOCTb;

OX 2AX - IEHTpaJIbHAas Pa3HOCTh
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0) A7 BTOPOil MPOM3BOAHOM
o’u U, -2U,;+U
> , 3
OX (AX)

B pesynbrare 3amMeHbl YacTHBIX MPOM3BOAHBIX B JAUPQPEpEeHUUANbHBIX YpPaBHEHMSIX
Pa3HOCTHBIMU BBIPDOKEHHUSIMU IIOJIy4alOT pa3HOCTHOE YypaBHEHHe. Pasymeercs, crocoboB
3aMeHbl U depeHINaTbHOTO YpaBHEHHUS PAa3HOCTHBIMM — MHOXecTBO. I[lomydaemsbie
pPa3sHOCTHBIE ypaBHEHUS OyAyT OTIMYATbCS TOYHOCTBIO, CKOPOCTBIO  CXOJMMOCTH,
YCTOMYMBOCTBIO M JPYTMMH CBOMCTBAaMH. YKa3aHHbIE BOIPOCHI HCCIEAYIOTCS B TEOPUH
YHMCIIEHHBIX METOJIOB.
PaccMoTpuM HEKOTOpPBIE 0COOCHHOCTH YHCICHHOTO perieHus uddHepeHInaTbHOr0 YPaBHEHHS
napaboJIMYecKOro TUIa Ha IPUMEPe OJJHOMEPHOI0 YPaBHEHMsI TEIIONPOBOAHOCTH

or _ . 0°T

ot ox*
B mpocrelimiem BapuaHTE KOHEYHO-PAa3HOCTHOE YPAaBHEHHUE, COOTBETCTBYIOLIEE JIaHHOMY
Qg depeHIaIbHOMY YPaBHEHNIO, MOXKHO TPEICTAaBUTh B BUJIE

Ti,k+1 - Ti,k _a Ti+1,k - 2Ti,k + Tifl,k

o 2
At (Ax)
B naHHOM cilyuae HEM3BECTHBIM fABIsETCS 3HA4eHUE Tixi; , 1 OHO SIBHO BBIPAXKAETCs uepes
U3BECTHBIC Y3JIOBBIC 3HAUECHUS TEMIIEPATyphl Ha MPEIbIYIIIEM BpeMEHHOM ciioe K™

i-1,

aAt aAt
Ti,k+1 =|1- 2@ Ti,k + m (Ti+1,k + Ti—l,k )

B cooTBeTCTBHMM ¢ 3TUM Takas cxeMa HOCUT Ha3BaHHE SIBHOU paBHOCTHOﬁ CXCMBI.

T

I, k+1

. . . >
i-1, k i,k i+1, X

Lllabnou s6HOU pa3zHoCmMHOL cxembl

SIBHas pa3HOCTHAsI CXeMa UMEET MEPBbIM NOPAIOK TOUHOCTH 110 BPEMEHU U BTOPOU MOPSAIOK -

110 IIPOCTPAHCTBEHHOM KoopAuHare. Ee morpemHsocTs oleHnBaercs Beauunnoi 0( A T+ A xz)

SIBHAs cxema 06J1az[aeT YCHOBHOﬁ YCTOﬁqHBOCTBIO, YCJI0BHC YCTOP'I‘{HBOCTI/I HUMCCT BUJ

0<1-2-24%

(Ax)’

JlanHOE yClOBHME NPUBOAUT K HEOOXOIMMOCTH 337aBaTh B MPAKTUUYECKUX pacyeTax
OUYCHb MAJICHbKHE BEJIMYMHBI IIArOB HHTETPUPOBAHUS 110 BPEMEHHU (CYIIECTBEHHO MEHBIIIE, YEM
TOro TpeOyeT yCIIOBUE TOYHOCTH PEHICHMs) , a 3TO MNPUBOAUT K YBEJIUYCHUIO BPEMEHU
peuieHus 3a1auu Ha OBM 1 HapacTaHUIO MOTPEIIHOCTH OKPYIJIEHUS YHCEI.
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B cB3M ¢ OTMEYEHHBIM IIUPOKOE PACIPOCTPAHEHUE IIOJNYYUIIUM HESIBHBIC CXEMBI
pacyeTa, MO3BOJISIFOLIUE CMATYHUTh YCIOBUE YCTOMUMBOCTH. CEMENCTBO JIBYXCIIOMHBIX HESIBHBIX
CXEM Il YPaBHEHUS TEIUIONPOBOJAHOCTH 3aIMILEM B BUJIE

1 a
A_T (Ti,k+1 - Ti,k) = w G(Ti—l,k+1 - 2Ti,k+1 + Ti+1,k+1) +
a
+ m (1- G)(Ti—l,k - 2Ti,k + Ti+1,k )

IJle G - MOCTOSIHHBIN KO GUIIMEHT, 3aJal0IIUN TUIT PA3HOCTHOM CXEMBI.

[Tpu 6=0 cxema nepexoIuT B pACCMOTPEHHYIO SBHYIO.

I[Ipyu =1 sTa cxema CTAaHOBUTCS 4YHUCTO HESBHOW cXxeMoOW, obnanaromiei Oe3ycioBHOU
YCTONYUBOCTHIO.

- —p

i-1, k+1 I, k+v+1 i+1, k+1

i, k

Lllabnou neasuou cxemwi

Crnenyer OTMETUTb, 4YTO pacyeT IO HEsIBHOM cxeMe TpeOyeT Ha KaXJAoM Iare
WHTErpUPOBAHUS IO BPEMEHU PEILIEHUSI CUCTEMbI alre0panyecKux ypaBHEHUMH, CBS3bIBAIOLINX
HEU3BECTHBIE TEMIIEPATYPHI Y3JI0BBIX TOYEK BPEMEHHOTO ciiost K+1.

Ha PUCYHKC IPCACTABJICHA OJHOCJIOMHAs CTCHKA.
T

Cxema mennonpogooHocmu

BHyTpeHHsAS MOBEpXHOCTh CTEHKHM HarpeBaeTcs ra3oM TakuM 00pa3oM, 4TO B TEUEHHE
BCET0 BPEMEHHU TEIIOBOTO MpoIiecca ee TeMIleparypa nojaaepxkuBaercs paBHoi Ty, . HapyxHas
IIOBEPXHOCTh OXJIAXJAeTCsl U B T€UEHME Ipolecca umeer Temmeparypy T, , TeMmmeparypa
CTEHKH IIepejl HayaJoM Iporecca - Temmeparypy To. MaTepuan CTeHKH MMEET MOCTOSIHHBIC
Ternopru3nuecKrue napaMeTpsbl:

A KO2(DPUIIMEHT TEMIONMPOBOTHOCTH ;
C - yZieJbHas TeMJI0EMKOCTb;
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p - IINIOTHOCTA.

IIpocTpancTBeHHas KoopauHarTa X , BpeMs T, TOJIIIMHA CTCHKU 0 .
MareMaTrueckoe OIMCcaHue IIPEACTABICHHOIO MIPOLEcCca TEIUIONPOBOJHOCTH UMEET BUL!
( 2

oT 0T
cp—=A—,

ot ot
T=Tzy, x=0, 1>0;
T=T,;, x=0, 1>0;

T=T,, 0<x <59, t=0.

Jns  mpencraBieHHOTo  nudepeHIIMANBHOTO  YpaBHEHHSI B YaCTHBIX  IPOW3BOIHBIX
1apaboJIMYECKOro THITA HEOOXOJAUMO BBIBECTH KOHEYHO-PA3HOCTHOE ypaBHEHHE, pa3padoTaTh
QITOPUTM YHUCJICHHOTO PEIICHUs, COCTaBUTh IMPOTPAMMYy pacdera W IMPOBECTH UYHCICHHOE
MOJICJIMPOBAHUE TpoIecca TEIIOMPOBOIHOCTH IS KOHKPETHBIX HMCXOJHBIX JTAHHBIX M THIIA
Pa3HOCTEH CXeMBbl, YKa3aHHBIX MPEIO/1aBaTEIICM.

[TepBBle aeCATH IIArOB MHTETPUPOBAHHS IMPOU3BECTH BPYYHYIO, MPEJICTABUB PE3yJbTaThl B
BH€E TaOIUIIEI.

B mponecce yucieHHOro mojenupoBanus Ha DBM uccie0BaTh BIMSHUEC BEJIUYHHBI IIArOB
WHTETPUPOBAHUS 110 BPEMEHH M TIPOCTPAHCTBEHHOW KOOPJAMHATE HA YCTOWYUBOCTh M TOUHOCTh
pelIeHHUS.

0<x<9, O<rt<1;

3.110PAJOK BbBIIIOJIHEHUSA PABOTbI

1) M3yuuTh TEOpETHUECKHE OCHOBBI BBIIIOJIHAEMOM pabOTHI.
2) BpINoONHUTE pacueT Mo 3aJaHuI0 IPENoaBaTes.

2.1.BpiBeCTM  KOHEYHO-Pa3HOCTHOE YypPaBHEHHUE, COOTBETCTBYIOIIEE HCXOAHOMY
g depeHIaTbHOMY YPaBHEHHIO 110 3a/IaHHOM pa3HOCTHOM cXeMe.

2.2.Pa3paboTaTh aIrOpuT™M pELICHUs 3a0a4H.

2.3.1lpou3Bectu py4HbIE pacyeThl IEPBBIX AECSITHU LIaroB HHTETPUPOBAHUSL.

2.4.CoctaBuTh M OTJIAAUTH Mporpammy pacdera. Ilpu oTmagke mnporpammsl
PEKOMCHAYCTCA BBHIBOJUTH Ha I1€YATh K&)KIILIﬁ mar MHTCrpupoBaHus.

2.5.Pemmth 3a7auy Npy pa3IUYHbIX BEIUYMHAX I1arOB UHTETPUPOBAHMSL.

2.6.1Ipoananu3upoBaTh pe3ysbTaThl pacueToB.

YKA3AHUS 11O O®OPMJIEHUTIO OTUETA
Kaxp1it ctyaeHT opopMIIsieT oTueT, KOTOPBIH TOIKEH COACPKaTh:
- IOCTAHOBKY 3a/1auu;
- BBIBEJICHHOE KOHEYHO-PAa3HOCTHOE ypaBHEHHUE;
- OJIOK-CXEeMY aJITOPUTMA PACUeTa;
- pacrneyaTKy Mporpammbl;
- pacrieyaTKy pe3yibTaToB;
- onucaHue OMMOOK, BBISBJICHHBIX B MPOIIECCe MPOXOKACHUS 3a/1aHus;
- aHaJIU3 PACUETOB;
- OTBCTBI HAa KOHTPOJIbHBIC BOIIPOCHI.
K cocraBnennoii mporpamme He0OX0IMMO JIaTh PACIIM(PPOBKH UCIIOIb30BAHHBIX UMEH
IIEPEMEHHBIX.

125



JlabopaTtopHnas paborta Ne 17

OCOBEHHOCTH O®OPMJIEHUS YEPTEXKEN B COOTBETCHUBU C
TPEBOBAHUAMMU I'OCT U ECK/J]

1. HEJIb PABOTbBI
Lenpto naHHOM pabOTHI SBISETCA MOMYyYEHHE TEOPETHYECKHX MPAKTUYECKHX HaBBIKOB
paboTHI € 3NIEKTPOHHBIMH Ta0IMIIAMU U JaHHBIMH B nporpamme Microsoft Exsel.
2. KPATKHUE TEOPETUYECKHWE CBEJIEHUSA

Jist TOrO 9TOOBI HHXKEHEP WIIH JIF000M JPYroi CHEHaaiCcT MOTIIH MPOYUTATh YePTEXK U
BBINIOJIHUTh BCE B COOTBETCTBUHU C €ro TPEeOOBAaHUSAMHM, CIEIyeT TOYHO COOIIOAATH €IUHbIE
npaBuJja mno ero 0o(hOpMICHHIO.

Yepresxk — 3TO PUCYHOK, JEMOHCTPUPYIOLIMI Trpaduyeckoe H300pakeHue LeI0ro
00BEKTa WJIM €ro 4YacTH, a Takke HHPOPMALHWI0, HEOOXOOUMYIO IS €ro H3TOTOBJICHUS,
MOHTa)Xa, COOpKH, CTpouTenbcTBa U T.A. OT TOro, HacKOJbKO MPaBUIBHO O(QOPMIICH HU
IrPaMOTHO HApHUCOBAH YEPTEK, BO MHOTOM 3aBUCUT Ka4€CTBO TOTOBOI'O MU3JIENIHSL.

Kak nmpaBusio, 0CHOBHBIMH 3JIeMEHTAMH YepPTesKa SBIISIOTCS:

. JIBYXMEpHBIE U TPEXMEPHBIEC BUIBI;
. pa3Mepsl;

. TEKCTOBBIC HAINCH;

. TaOINIBL;

. rpaduveckrue 0ObEeKTHI U CUMBOJIBI.

UepTrexk BBINOJIHAETCS CTPOTO MO MpaBUIaM, OMPEACISEMbIM M PErIaMeHTHPYEMbIM
ECKJl (Equnas cuctema KOHCTPYKTOPCKOHM JIOKyMEHTaluu). Ero MOYKHO co3/1aBaTh BPYYHYIO
a100 mpu moMoIM nporpamm st DBM.

TOCT u ECKJ]

I'ocynapcrBennsie cranaaptbl (TOCT) — 3T0 HOpMaTUBBI, KOTOPBIE YCTAHABINBAIOT
B3aMMOCBSI3aHHbIE TIPAaBUJIA U MOJOXKEHUS 110 MOPAIKY pa3paboTKu, opopMileHUs U oOpalleHus
KOHCTPYKTOPCKOW JOKYMEHTAallMM, pa3padaTbiBaeMoOil M NPUMEHSEMOM OpraHu3alUsIMH,
OPEINPUITUSIMU U y4COHBIMU 3aBEICHUSIMH.

Enunas cucrema koHcrpykropckoil aoxkymentanmu (ECKJ) — sTt0o Kommuiekc
rOCy/IapCTBEHHBIX ~CTaHAAPTOB C HOPMAaMH, COIJIACHO KOTOpPBIM  pa3padaTbiBalOTCA,
COCTABJISIFOTCS M IPUMEHSIOTCSI KOHCTPYKTOPCKHE YEPTEXKH.

ECKJl — sto enunas cucrema, a 'OCT — 3T0 craHmapThl, UCHOJb3yEMBbIE B 3TOU
cucreMe. B cBA3M C pa3BUTHEM NPOMBIIIJIEHHOCTH U COBEPIICHCTBOBAHWEM HWH)KEHEPHOU
rpaduKu CTaHAAPTHl IEPHOAMUYECKH ITEPECMATPUBAIOTCSL.

IIpaBuna ogopmiieHHs YepTeKen

Odopmisist yepTexu, cienyer odpamarh MPUCTATLHOS BHUMAaHUE HA TSATh KIFOUEBBIX
ACIIEKTOB:

. dopmar u oopmiIeHHE TUCTA;
o Macurao;

. JIMHUH;

. pa3Mepsl;

. HIPUQTHI.

[IpakTka TmOKa3bpIBa€T, YTO CamMo€ OOJIBIIOE KOJMYECTBO OIIUOOK CTYIEHTHI
COBEpIIAIOT IPU HAHECEHUHU Pa3MEepOB M APYruX 0003HAUYCHUN Ha yepTexax. UToObl u3bexkaTh
J11000r0 HEJOOHUMAaHMSI, PACCMOTPUM KaXKIbIi aceKT OoJiee AeTaabHO.
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UepTeku BBIMOJNHAIOT B ONTHUManbHbIX Macmtabax mo ['OCT 2.302 ¢ yderom ux
CJIO)KHOCTH M HACBIILIEHHOCTH HH(pOpMaluei.

MacmTaOpl 300paXeHH Ha 4YepTekax HE YKa3bIBalOT, 32 HCKIIOUYEHHUEM YepTexkKei
M3ACIUI U JAPYruX CIIy4aeB, MPEIyCMOTPEHHBIX B cooTBeTcTByromux crangaprax CIIJIC. B
THX CIy4asX MaclTa0dbl YKa3bIBAalOT B KPYIVIBIX CKOOKaX HEMOCPEJICTBEHHO IOoCye
HauMeHoBaHMH n3o0paxenuit B coorserctBuu ¢ 'OCT 2.316.

UYepTexku Ha OyMa)kHOM HOCHUTEIIE U 3JIEKTPOHHBIE UepTexkH (2D) MOryT ObITh BBIIOJIHEHBI
Ha OCHOBE 3JIeKTpOHHOM Mozenu (3D).

®opmart 1 opopMIIeHHE JIUCTA

Yeprerxxku 0oQOpMIISIOTCS Ha JIMCTaX ONpenesieHHOro pasmepa. dopmarbl, KoTOpbIE
HCITIONIB3YIOTCS TIpH opopmiieHuH yeprexeit MmoxkHo Haiitu B [[OCT 2.301-68.

CambIMU pacnpoCTpaHeHHBIMH SBISIFOTCS opmatbl A4, A3 u Al, HO Takke MOTYT
ucrnosb3oBathes popmatel A0, A2 u AS.

YroObl mpormie ObLIO OPHEHTHUPOBATHCS B TOM, KakuM ()OPMATOM IIOJIB30BATHCS, IS
Ka)xa0ro (hopMara JOroBOPHINCH UCTIOIb30BaTh CBOU Pa3MeEpHI.

| ®opmar Pasmeps! popmara, |
MM
| A0 841 x 1189 |
X
Al 594 x 841
[ A2 420 x 594 [
I A3 297 x 420 I
A4 210 x 297
| A5 148 x 210 |

841 mm
52mm 105 mm
| —lt—i— 210 mm 420 mm

A8
. A6

= A4
A5

74 mm

148 mm

>
w

1189 mm

>
—_—

Pamka yepre:ka 'OCT
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20 lone 4epmexa 5 Popmam
A4

OcHoBHas OcHoBHas
Hadnuck

[TpoBepka oopmiieHus: yepTeka HAYMHACTCSI HE ¢ caMOM JIeTalii, a ¢ OOLIMX JUIs BCeX
YEepTEKEN IIIEMEHTOB.

Yeprex 00s13aTeNIbHO AOJKEH ObITh OYEPUYEH PaMKOW, KOTOpas OrpaHUYMBAET I0JIe, Ha
KOTOpOM OyJeT BbIIIOJIHEHA paboTa. JINHUU AOKHBI OBITH CIJIOUIHBIMU U TOJICTBIMH.

B coBpemeHHOE BpeMsi CTYAEHTHI MOJb3YIOTCS TOTOBBIMHU IAOJIOHAMH, KOTOPBIE YK€
HaHECEHBI Ha JIUCTHI s yepTerka. OHAKO CTYIEHT IOJKEH 3HATh 3TH MapaMeTphl, YTOOBI IPH
HEOOXOIMMOCTH CaMOCTOATENbHO OYEPTUTh TPAHUIIBL.

[Tpuyem B 3aBUCUMOCTH OT TOTO, KaK OyJeT pacroyiaratbCsi 00beKT, BEPTHKAIBHO WIIN
TOPU30HTAIBHO, HEOOXOUMO COOJII0OaTh PACCTOSHUE OT HAPYKHOT'O Kpasi.

Ecnu 00bekT pacronaraercsi TOpu30HTAIBHO, TO PACCTOSIHUE OT Kpasi JOJDKHO OBITH 5
MM CBEpXY, CHU3Y U crpaBa. JleBas cropoHa pamku otaaisiercs Ha 20 MM T.K. Ha 3TOM CTOpPOHE
OyzeT MpOXOIUTh MOALIMBKA YEPTEKEH.

Ecnu oOwekT pacrosnaraercss BEPTHKaIbHO, TO paccTossHue B 20 MM JIOJDKHOM OBITh
TOJIBKO CBEPXY, C APYTUX CTOPOH COXPAHSAETCS PACCTOSIHUE PAMKHU OT Kpasi B 5 MM.

Baxno ormeTtuth, yto popmar A4 pacronaraeTcsi UCKIIOUUTEIBHO B BEPTHUKAJIHLHOM
NoJIo’)keHUU. Taxke HaamuCu MOTYT HaxXOJUTBCS TOJIBKO C KOPOTKOW CTOpOHBI. Jlpyrue
¢dopMaThl HE OrpaHUYMBAIOT CTYAEHTa. MOXHO HCIOJIb30BaTh WX B BEPTUKAJIBLHOM HWJIHM B
TOPU30HTAILHOM I1OJIOKEHHH.

dopmar aucTa yxe nmoaduHseTcs npasuiaam opopmieHus yeprexeit. [loaTomy mpoie
BCEr0 NMPHOOPECTH JIUCTHI C YK€ TOTOBOM paMKOH.

3anoyiHeHHe OCHOBHOM HaaANMUCH: 00pa3en

Odopmienne yepTexeil Ha CIeAYIOLIEM 3Tale — 3TO 3all0JIHEHUE OCHOBHOM HAJITUCH.
Ona pernamentupyercst I'OCT 2.104—2006.

3anonHseTcs OCHOBHAs HAAMNKNCh Ha HUKHEM Kpae uepTeka. ['padpl BbIEISIOTCS
YKUPHOU JINHUEH, a CTPOKHU BBIICTICHBI TOHKOW. B TOTOBBIX MabI0OHAX Cpa3y yKa3bIBaeTCs

. W3M. — IOpsIAKOBBIM HOMEP U3MEHEHMS B 4YEPTEKE

. JIuct — mopsAKOBBIM HOMED JIUCTA

. Pazpal. — pazpaborain, hammins 1 UHUIHAIIBI CTY/ICHTA

. [TpoB. — npenoaasarens WIK Hay4pyK, KOTOPBII IpOBEpUII paboTy

. T.KOHTPOJIb — TEXHUUYECKUI KOHTPOJIb, IOJINUCHIBAET IIPENIOAABATEID

. H.KOHTpPOJIb — HOPMOKOHTPOJIb, TOANUCHIBAET MIPENOIABATEND

. YTB. — yrBepamia, GamMuiIus HAYYHOTO PYKOBOAMTENS WM 3aBEAYIOLIETO
Kadeapsol.

CropaBa B cBOOOAHBIX rpadax CHadajda YKas3bIBaeTCs MECTO CO3JaHUS M IPOBEPKU
yeprexka. YKa3blBaeTcsi KOJ HaIlpaBlIeHUs OTIENbHO. Takke co3faeTcs YHMKAJIbHBIA KOX U3
CJIEAYIOIIMX 0003HAaYEeHUI: TpyIIa, HOMEp BapHaHTa, OPSIKOBBI HOMEp YepTexa.
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B HmwxHem Oioke yka3bplBaeTCsl HauMEHOBaHHeE jaucTa. [Ipy HanmucaHuu Ha3BaHUs
yepTerka HEOOXOAMMO CTAaBHTH CIIOBO B HWMCHHTENBHBIA TaJIeX EIWHCTBEHHOE YHCIIO,
HarnpumMmep, «Jletanby.

[Tox 5Tum G10KOM yKa3bIBAETCSl MaTepHual Jetaiu, a Takke Homep ['OCT.

B kpaiinem 610ke OCHOBHOW HAAMKUCH HEOOXOIMMO 3aMlOJIHUTH HEOObIINE Tpadbl:

JIutepa, mprCBOEHHAs YEPTEXKY

Macca, ykazaHHasi B KT

Macmrad — o0b1uHO yka3biBaercs 1:1 wm 1:2

85
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Odopmienne depTexeid TUKTYeT CTPOroe coOmoaeHue Bcex mpaBui. [loaTomy Bce
cioBa ¥ UG PHI JOJKHBI OBITh HATUCAHBI OCOOBIM MIPU(PTOM H O] HAKJIOHOM.

Tabuuua Ha yeprexe

Tabnuua Ha yepTexke — 3TO HeoOsA3aTeNnbHbIH 31eMeHT. Ho, TeM He MeHee, OH Takxke
JOJIKEH MOAYUHSATHCS NpaBuibHOMY odopmienuto o ['OCTy.

Ecnu nerans He coBceM MOHATHA, TO TabaHIa MOSCHsAET ee. B Tabauiry MoKHO BHOCHTD
JIOTIONIHUTENIbHBIE OOBSCHEHUS, HallpUMep, TEXHUYECKOe 3aJaHue, pa3Mepbl U Jpyrue
napametpsl. [1o npaBunam odopmieHus Tabauma 10HKHA HAXOAUTHCS BHU3Y uepTexa. Ecimu y
Ta0IHIBI UMEETCS Ha3BaHKE, TO OHO MUIIETCS HaBEPXYy TaOJHUIIbI, 33 €€ PAMKOiA.

Ipudrel yepTeKHbIC
[Tpu opopmieHnN YepTexRel HCIOIb3YIOTCS CleUalbHbIe PH(TH B COOTBETCTBHUU C
I'OCT 2.304-81. CymectByer 2 BapuaHTa uipu@Ta: NpsMoil M HakIOHHBIM. HakiaoHHBIH
BBITIOJTHSAETCS MOJ] YTJIOM CTPOTO 75 TpaycoB.
Mexnay OykBamMH HEOOXOOMMO COONOJATh OJWHAKOBOE paccrosHue. Taxoke
HeoOxogumo cornmacHo ['OCTam coOmronmath BBICOTY, ImMpUHY OykB W 1udp. OOBIYHO
UCTIOJIB3YIOTCS CPeIHUE HOPMBI B 3aBUCUMOCTH OT (hopMaTa JHcTa.

JInHuM yeprexa
OnHuM 13 Hanbosee BaKHBIX 3JIEMEHTOB SIBIIAIOTCS JUHMM uyepTexa. OHU MOMOraroT
«IIPOYUTATh YEPTEXK» U YBUIETh CKPBITHIC YACTH.

. CmromHast TOJCTas JIMHMS MCIIONB3YETCsl I 4epTeKa NETaa, €€ BUAMMBIX
ctopoH. [llupunra 06BoKK MOkeT ObITH OT 0,4 1m0 1,4 MM.

. CruromrHast TOHKast JIMHUS HUCIOJIB3YETCS JUIA: BBIHOCHBIX M PAa3MEPHBIX JIMHUM,
LITPUXOBKH, BBIHOCKH, ITOJIKM BBIHOCOK U IIOYEPKUBAHUE HAIIUCEH.

. [TynkTup — u300pa’keHUEe HEBUIUMBIX OUEPTAHUU MpeaMeTa, JJIMHA LITpuxa
MOJET OBITh OT 2 10 8 MM, a pacCTOSIHHE MEXIY HUMH — [-2 MM.

. I TpuxnyHKTHp — 0003HAYEHHE OCEBBIX JIMHUU U JIMHUN LEHTPA OKPYKHOCTEH.

JlnnHa mtpuxoB — o1 5 10 30 MM, paccTOSTHUE MEXKAY HUMU — 2-3 MM.
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. PazomkHyTast NTUHHS, MO-APYroMmy, JUHUS cedeHus. J[TMHA MITPUXOB MOXKET
BapbUpoBaTh OT 8 10 20 MM.

. CrutomHasi BOJHHCTAsl JIMHUS Yallle BCEro HCMOJIb3YeTcsl NMpH 00O03HAYEHUU
0OpBIBOB U pa3pesa.

Cnnowwas Toncran

CnnowHas ToHKasn

[lyHKTHpHaY

WrpuxnyHKTUpHaS

WrpuxnyHKTUPHaZ yTONLEHHAN - - - - -

PasomkHyTas — OBBEKT A

Cnnowwag BoNHKCTad /\/\/\/\

Macurad
Ha mnpakThke MOXHO CTOJKHYTBCS C HEOOXOJUMOCTBbIO COCTaBUTh YEPTEX OUYEHBb
KPYIHBIX U3JeNui (K IpUMepy, CaMoJIET, JOM, KopaldJib U T.J.) WIK OYEHb MAJIEHbKUX (JIeTallb
YacoOBOIO MEXaHM3Ma, 4YacTh KOMIIBIOTEPHOM MAaTepUHCKOM miatel W T.4.). KpymnHbie
M300pakeHUs] B HATypaJIbHYI0 BEJIHMYMHY HE TMOMENIAIOTCS Ha JIMCT, a MEJIKHME HEBO3MOXHO
BBIUEPTUTDH, ITOCKOJBKY OHM €[Ba PA3JINUYMMbl HEBOOPYKEHHBIM Ila3oM. VMEHHO B Takux
ClIy4asiX IPUMEHSETCS MaciluTad, MO3BOJISIIOIINN YBEIMYUTh MaJCHbKUE JE€TAIN U YMEHbIIUTh
OosnbLIne.
Macmrad — 3T0 COOTHOILLIEHUE Pa3MEPOB U300PAKEHUS B UEPTEKE C JEHCTBUTEIILHBIMU
pasmepamu oObekTa. Macmradbl u300pakeHM M HX 0003HaueHHEe Ha dYepTerkax
CTaH/1apTU30BaHBbI.
Cranzapt A0NyCKaeT MPUMEHEHHE CIEIYIOUINX MaclITa0oB:
. Hatypanbnas Bennuuna — 1:1. OTOT Macmitabd UCHONB3YETCS B PEAKUX CIIydasx,
XOTS M SIBISETCSI CaMbIM yJOOHBIM M IPOCTBIM, IOCKOJBKY MOXKHO Cpasy
MOHSITh, KAKOW JIEUCTBUTENBHBIN pa3Mep Yy 00beKTa.

. MacmTabsl ymenbmenus — 1:2; 1:2,5; 1:4; 1:5; 1:10; 1:15; 1:20; 1:25; 1:40 u
T.1. JlaHHBIN BUJ IPUMEHSETCS UIsl OY€Hb KPYITHBIX 00BEKTOB.

. Macmtabsl yBenuuenus — 2:1; 2,5:1; 4:1; 5:1; 10:1; 20:1; 40:1; 50:1; 100:1. Dra
Pa3sHOBUIHOCTH UCHOJB3YETCS I N300pasKEHMUSI MEIKUX U3ICITH.

. OcoOble MacITaObl YMEHbBIIIEHUSI BRIYUCIAIOTCS [0 ONPEICICHHBIM (popmynam.
B 4acTHOCTH, OHM MPUMEHSIOTCS ISl TPOPUCOBKH MOCTOB, (hacasoB 3aBOJIOB U
T.J.

. Oco0Oble MacmTaObl YBEIMYEHHUS TaKXKe ONPEACISIOTCS IO  CIEeHUaTbHBIM

dopmynaM. VX ucnonbp3yroT Aii MUKPOCKOITUYECKUX W3JIETHH.
MacmtaGpl 3amuchiBaloTCsl crieayromuM obpasom: M1:2, MS5:1, M1:1 u 1. n. Ero
YKa3bIBAIOT PSIIOM C 0OBEKTOM.

Pasmepni
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Pa3mepsl mpuMeHSIOTCS 17151 OTIpeieTIeHUs! TabapuToB OOBHEKTA.

. YrnoBsle pasmepsl. JJeMOHCTPUPYIOT BEJIIMUUHY yIJIa MEXAY ABYMs JIMHUIMH,
YKa3bIBaIOTCA Ha Pa3MEPHBIX JIMHUAX M BBIHOCKAX B MUHYTAX, CEKyHIAaX H
rpaaycax.

. JIunelinple pasmepsl. Mcnonb3yroTcs g ONpENENeHUs JUIMHBI, IIMPHHBI,

BBICOTHI, IMAMETpa, TOJLIHHBI U pajuyca 00bEeKTa UM €ro YacTH. DTU pa3Mephl
YKa3bIBAIOTCS B MUJJIMMETPAX, 0€3 0003HaYEHUS €ITMHULBI U3MEPEHUSI.
Pazmepbl u3zenus Bcerja HaHOCATCS JIGHCTBUTENbHBIE, HE3aBHCHMO OT MaciuTada
U300paKeHHUs.

N300paxenus (pa3pe3bl, ceueHHsl, BUAbl, BLIHOCHbIE 3JIEMEHThI)

N300paxenuss Ha yeprexax BBINONHIIOT B coorBercTBUU ¢ ['OCT 2.305 ¢ yuerom
TpeOOBaHMIT HacCTOAIIEro cTaHaapTa u npyrux cranaaproB CIIJIC.

Paspe3sr o0o3HawaroT apaOckumu 1UdpaMu  TOCICIOBAaTEIbHO B Ipeaenax
rpaduueckoro gokymeHta. CedyeHus: 0003HAYAIOT aHANOTUYHBIM 0Opazom. B ueprexkax
IPOEKTHOM M palouell JOKYMEHTallMd pa3pe30oM Ha3bIBAIOT, KaK IPaBUIIO, BEPTHKAIbHBIN
paspe3 34aHMS WM COOPYXEHHUs, T.€. pPa3pe3, BBINOIHEHHBIM CEKyIIeH IUIOCKOCTHIO,
NEPIEHANKYJIAPHON K TOPU30HTAIIBHOM IIJIOCKOCTH ITPOEKIIUMN.

JonyckaeTcss camocTosiTeNbHass HyMepauusl Uil pa3pe30B U CEYEHUH OTHEJIbHBIX
YYacTKOB, BCE YEPTEXH KOTOPBIX pPa3MEIIEHbl HA OJAHOM JIUCTE WM TPYIIE JUCTOB U €CIU Ha
3TUX YEPTEKAX OTCYTCTBYIOT CCBUIKM Ha pa3pe3bl U CEYEHMs, PACIOJIOKEHHBIE Ha JPYTHX
aucTax rpau4eckoro JTOKyMEHTa.

JomyckaeTcsi 0o0o3Ha4yaTh pas3pe3bl MPONMUCHBIMH OyKBaMHM pycckoro aindaBuTa, a
CEUEHHMsI - MPONKUCHBIMU MJIM CTPOUYHBIMU OYKBaMU pPyCCKOTO ajgaBuTa.

[TonoxxeHne ceKylel IUIOCKOCTH YKa3blBAIOT Ha YEPTEXKE JIMHUEH CEYeHUs
(pazomknytoit auHued mo [OCT 2.303). Ilpu cinoxHOM pa3pe3e WTPUXU MPOBOAAT TaKXKe Y
MECT IepeceueHus CeKYIINX MIOCKOCTeNH MeXIy coboil. Ha HauaabHOM M KOHEYHOM IITpUXax
CllefyeT CTaBUTb CTPEJIKM, YKa3bIBAIOLUE HANpPaABICHHUE B3IJIAAA; CTPEJIKH JOJKHBI
HAaHOCHUTBCS HA PACCTOSAHUM 2-3 MM OT KOHIIA IITpHUXA.

Hanpasnenue B3risna A paspesa 10 IUIaHY 31aHUS U COOPYXKEHMS IPUHUMAIOT, KaK
IIPAaBUJIO, CHU3Y BBEPX U CIpaBa HaJEBO.

Ecnu otnenpHble yacTu o00BekTa TpeOyroT Oosee NeTalbHOTO H300paKeHUs, TO
JIOTIOJTHUTEIBHO BBIMOJIHIIOT MECTHBIE BU/IbI U BBIHOCHBIE 3JIEMEHTHI - Y3JIbl U ()PArMEHTBHI.

3.110PAJOK BbBIITIOJIHEHUSA PABOTBI

1) M3yuuTh TEOPETHUECKHUE OCHOBBI BBIIIOJIHAEMOM paOOTHI.
2) OTBeTUTHh HA KOHTPOJIbHBIE BOIIPOCHI.

4. KOHTPOJIBHBIE BOITPOCBI

1) Kakume ¢opmaTsl NTUCTOB IS BBIMOJIHEHUS YEPTEKHOH HOKyMEHTAalUUu Bel
3Haere?

2) Yro Takoe maciTad?

3) KakuMu HOpMAaTMBHBIMH JOKYMEHTAMH PEIJIAMEHTUPYETCS  BBIIOJIHEHUE
yepTexen?

4) Yro takoe ECKJI?

5) Kakue ocHOBHBIE BUJIbI YEPTEKHBIX JIMHUN?
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JlabopaTtopHsbie pabotsl Ne 18

OCHOBHBIE ITOHATHUA U ITPUHIUIIBI PABOTBI B
I'PAOPUYECKUX PEJAKTOPAX. CPEACTBA ITOCTPOEHUA U
PEJAKTUPOBAHUS UEPTEXXEN

1. IEJIb U 3AJAYU PABOTbI
[To3HaKOMUTH CTYJEHTOB C OCHOBHBIMM MpPHUHLMIIAMU M TMOHATHUSAMH pabOThl B
rpadudeckux penakropax. M3yduts cpeacTBa HOCTPOCHUS U PEAAKTUPOBAHUS YEPTEXKEH.

2. TEOPETUYECKHUE CBEJIEHUA

[Tporpammuoe obGecneuenue SolidWorks — 3TO HAcTOIBKO €MKOE MPUIIOKEHHE C
OOMMPHBIME  (DYHKIIMOHATLHBIMA ~ BO3MOXXHOCTSIMH, YTO TIPAKTHYECKH HEBO3MOXKHO
pPaccMOTPETh IETaNbHO BCE €r0 HIOAHCHI U aCMEKThl B paMKaX y4eOHOTO Kypca MpHEeMIEMOro
oOvema. IloaToOMy B paMkKax JaHHOrO Kypca OCHOBHOE€ BHHUMaHHE yJEJseTcs
¢dbyHIaMeHTaIbHBIM HaBbIKaM U MOHSATHIM, KOTOpbIe HanOoJee BaKHBI AJIs YCIIEUTHONW paboThl
¢ mporpaMMHbIM oOecnieueHrneM SolidWorks. PykoBoacTBoO 1o yueOHOMY Kypcy HE0OX0IMMO
paccMaTpuBaTh Kak JOMOJHUTEIbHBIM UCTOYHHUK, @ HE 3aMEHY JOKYMEHTAlUU MO CUCTEME U
MHTEPaKTUBHOI crpaBke. Ilocie BBIpaOOTKM YCTOMUMBBIX HABBIKOB MOXKHO OOpamarbes K
WHTEPAKTUBHOW CIIpaBKE Il MOJIYYEHHS] CBEAEHUN O PEIKO HCIOJIb3yeMbIX KOMaHIaxX H
napameTpax.

[Iporpamma SolidWorks - 3To cucremMa aBTOMAaTH3MPOBAHHOTO MPOCKTUPOBAHUS
MEXAHUUYECKUX  Y3JI0B Ha ocHose a2nemenmos. OHa  SBISIETCS  MHCTPYMEHTOM
napamempuiecko2o 06vbemMHO20 MOOenuposanusi, B KOTOPON HCIONb3yeTCs MPUBBIYHBINA U
ynoOubIi rpaduueckuii uaTepdeiic mompzoBatens cuctembl Windows. [lons3oBaTens MoxeT
CO3/1aBaTb  MOJHOCMbIO — ACCOYUAMUBHble  TPEXMEPHbIE TBEPAOTENbHBIE MOJIEIU C
ocpanuyenusmy Wi 0e3 HUX HapsAAy C HCIOJIb30BAHMEM aBTOMATHYECKUX HIIU
OTpe/ICNIEHHBIX IOJb30BAaTEIEM B3aUMOCBSI3€H, TO3BOJISIOLIUX PpEaIU30BaTh 3aMbicCel
npoekma.

IIpu coznanum moaenu ¢ nomolursio nporpammsl SolidWorks nonb3oBatens paboTaer
C HAaCTPaWBAEMbIMH U JIOXOAYUBBIMH T'€OMETPUUECKUMHU 3JIEMEHTAMU, TAKUMH KaK OOOBIIIKH,
BBIpE3bl, OTBEpCTUs, pedpa, ckpyrieHus, (Gacku u ykioHsl. [1lo Mepe co3maHus AJIEMEHTOB
OHM BCTaBJISIIOTCS HEMIOCPEICTBEHHO B MIPOEKTUPYEMYIO MOJIEIb.

DneMEeHTHI MOXHO KJIacCU(UIIMPOBATh KaK HAPHMCOBAHHBIEC UJIH MPUKJIIAIHBIE.

. HapucoBannble 3nemeHThl. CO30al0TCS HAa OCHOBE JBYXMEPHOIO 3cku3a. B
OOJIBIIMHCTBE CIIy4aeB OSCKHM3 MpeolOpa3yercs B TBEpPAOE TEIO C IMOMOIIBIO BBITSIKKH,
BpallleHUs1, CO3/1aHuUs JIEMEHTOB "TI0 TPaeKTOpUM" WK "0 ceueHusIMm".

[Tpuxnagueie s1emMeHThl. CO37aI0TCS HEMOCPEACTBEHHO Ha TBEPAOTEIHLHOW MOJIEIH.
[TpumepaMu >1€eMEHTOB JTAHHOTO THIIA SIBJISIIOTCS CKPYTIIEHUS U (packu.

[Iporpamma SolidWorks B rpadudeckom Buae OTOOpakae€T CTPYKTYPY MOJACIHA Ha
OCHOBE 3JIEMEHTOB B CIEI[MAJIBHOM OKHE, KOTOPOE Ha3blBAE€TCS JAEPEBOM KOHCTPYHPOBAHMUS
FeatureManager®. B nepeBe xoHcTpyupoBaHus FeatureManager He TOJIBKO OTOOpa)kaeTcs
IIOCJIE0BATENBHOCTh, B KOTOPOH CO3[aBAIMCh JJIEMEHTBHI, OHO TaKXe IPEIOCTaBIISIET
yIOOHBI JOCTYl KO BCEM OCHOBHBIM COMYTCTBYIOIIMM CBeleHUsM. JlomonHurtenbHas
uHpopmanus o aepeBe KoHcTpyupoBanus FeatureManager OyneT npeaocTaBisThCs BO BpeMs
IPOXOXKACHUS JaHHOTO J1a00paTOPHOTro Kypca.

CpeacrBa nocTpoeHus U peJaKTHPOBAHUSA YepTerkei
Co3nanne J0KyMEHTa HOBOTO YepTekKa
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Hauaino paGoTsl ¢ 4epTeKoM HauMHACTCS C CO3/IaHMsI JOKYMEHTa HOBOT'O YepTerKa.

1. Co3naiiTe HOBBIM JOKYMEHT YE€pPTEXkKa, BHITIOJHUB OJHO U3 CICIYIONINX JIEHCTBHIA:,

* BeiOepute New document (Co3nath JOKyMeHT) B quanioroBom okHe Welcome to SolidWorks
(Bac mpuserctByet SollidWorks);

. *» Haxmute KHonky New (Coznats) nanenu nHcTpyMeHTOB Standard (CtannaptHas);

* Bei0epuTe komany File, New (®aiin, Co31ath);

» Haxxmute Ctrl+N.

2. Breibepute 3nagok Drawing (Yeprex) Bimagku Templates (I11aGioHBI) 1HagoroBoro okHa
New SolidWorks Document (HoBslit toxkymenT SolidWorks), u Haxxmute OK.

Bribepure A4-Portrait (A4-Kumxknas) U3 packpsiBatoierocs crnucka Standard Sheet
Format (CrammaptHas ocHOBHasi Haamuch) nuaimoroBoro okHa Sheet Format to Use
(Mcnonp30BaTh OCHOBHYIO HaANMuUCh), 1 Haxxmute OK.
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Co31anne OCHOBHOI HaAIMHCH

Coznanue n000ro yeprexka HauumHaeTcsl ¢ OCHOBHOM Haamucu. [Iporpamma SolidWorks
npearaeT 1abJOHBI OCHOBHBIX HAJIUCEH, COOTBETCTBYIOIIMX TpeOOBaHUSAM CTaHIApTa
yepuenus: ISO. IlosTomMy, B KadecTBe NpuUMepa, MBI CO3JaJUM OCHOBHYIO HAaJIUCh B
cootBeTcTBUU ¢ TpeboBanusmu ['OCTa.

1. Co3paiiTe HOBBIN TOKYMEHT YepTexa.

2. Boibepure napamerp A4 — Portrait (A4 — xuuxnas) B rpynmne Standard sheet format
(CranmaptHast ocHOBHas Haamnuck) auanoroBoro okHa Sheet Format to Use (Mcnonb3oBath
OCHOBHYIO Haamuch) 1 HaxkMute OK.
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Bribepute Edit, Edit Sheet Format (IIpaBka, PenaktupoBarh 0CHOBHYIO HAJIUCh) U3
r1aBHOTO MeHI0. OCHOBHAsl HAJIIUCh OKPACHTCS B CHHUM 1BET W OyAeT IOCTyIHA IS
penaktupoBanus. Hapucyiite muHuM paMK# B cOOTBeTCTBHH ¢ TpeboBanusmu ['OCTa.

Hanecenue naanuceit

B pamke wucmonp3yrOTCs JBa THMA HAAMNKCEH: MOCTOsHHBIC (Hampumep, Paspad.,
[IpoBep., YTB. u Tak nanee) u usMmensembie (Jluct, JIncroB, Macmiral), KOTOpPBIE SBISIOTCS
CBOWCTBaMH JI0OKyMeHTa. HauHeM ¢ HaHECEHHSI CTaTUYECKUX HAJIIACEH.

Haxmure kHomky II Note (3ameTka) maHeam HWHCTPYMEHTOB Annotation
(ITpumeuanus) wim BeiOepute Insert, Annotations, Note (BcraBka, [Ipumeuanus, 3ameTka) u3
[JIaBHOTO MEHIO.

B Jlucnetuepe cBoiictB Note (3amerka), B rpynme Text Format (Dopmar Tekcra),
ormenute napametp Use document's font (Vcronp3oBaTe mipudT ITOKyMEHTa) U HAKMHUTE
kaonky Font (ILpudr).

B nmuanoroom okune Choose Font (BriOpats mpudr) 3amaiire:

* Font (LLIpudt) — Century Gothic;
* Font Style (Ctmip mpudra) — Regular (O0b1uHBIif);
* Units (Eguani) — 1.50 mMm;
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* Space (MuTepBan) — 1.00 mm,
u Haxmute OK.

Ne AOKyMeHTT

e

Pa3mecTtute B pamke HCI/I3MGMIC zumc. Onuu Ooyayt OKpIJ_ICHBI B YEPHBIN LIBET.
3.110PAJOK BBIIIOJIHEHUS PABOTbI
1) M3yuuTh TEOpETHUECKHUE OCHOBBI BBIMTOIHAEMOM pabOTHI.

2) Co3garb JOKYMEHT HOBOIO YEpTeXa W HAuepPTUTh JEeTalb [0 3a/JaHHUI0
IIpernoiaBaTeds.
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JlabopaTtopHbie paboThl Nel9
IOCTPOEHUE JETAJIENA. PABOTA C JETAJISIMHA

1. HEJIb 1 3AJIAYHU PABOTbI
Hayuutscs cTponTh netanm.

2. TEOPETUYECKHUE CBEJIEHUSA

Jnst co3nanusg HOBOM Jeranu Haxkmute KHoOmKy "Co3znare" Ha MaHenu MHCTPYMEHTOB
wi BbiOepute "@aitn», «Co3nate". IlosButcs nuanoroBoe okHO "HOBBIA AokyMeHT Solid
Works".

OTtkpoiiTe BKIAIKy ¥ BIOepuTe 3HaUOK "JleTans".

Haxxmute "OK". TlosiBUTCS OKHO HOBO J1eTasu.

Cosz0anue 3cku3a ocHOBaHUs

UToObl OTKPBITH JBYXMEpPHBIM 3CKU3 HaXMUTE KHONKY "Ocku3" Ha MaHenu
UHCTPYMEHTOB.

Bri6epute myHKT MeHI0 "UHCTpYMEHTBI - OOBEKTHI 3CKH3a - MHOTOYTOJIBHUK (PUCYHOK

1.
Huctpyermes Okmo 7
Festure Palette,., |@,O,| 2 O g |"_:|:]
Solidworks Explorer... |
30 Mesling v iTae
v Bhifipars MpamouronsHIa:
Napansenorpates

[ freekTed 3crmMaa M HOF OYr O N HE

b

MHET DB HTES 30K »

Pa ’ Orpyprrecte

B saieocEAsH p  Uermpaurn
KacarensHan gura
Llyrs wepses TOW ToMEH

CrofcTea caeenuA...
Anmanc

W ameprs. .,

[lepemectuTe ykazartensb B rpaduyeckyro o0jgacTb U HaBEAUTE €ro Ha UCXOJHYIO TOUKY,
IIPY 3TOM yKa3aTeslb U3MEHUT CBOM IIBET.

4. HaxxmuTe Ha JIEBYIO KHOIKY MBIIIHU U, NepeMelas yKa3aTellb BEPTUKaJIbHO BBEpX,
HapUCyWTe MHOTOYTOJNBHUK, PSJAOM C YKazaTeleM OToOpakaeTcs paauyCc BIHCAHHON
OKPYKHOCTH U YT0JI, KOTOPBIH oJkeH ObITh paBeH 90. OTIycTUTE JIEBYIO KHOIIKY MBIIIH.

Haxmute Ha kHomky "Pasmep" Ha maHenu WMHCTpyMEHTOB '"B3aumMocBsizu Ockuza"
(pucyHok 2).

=
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Beipathasie ofuekT N

Toukal
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m BepruransHui
330 CHPOB SHHSI
[X] o

EHBIH

Haxxmute Ha kHOnky "JloGaBUTH B3aMMOCBs3b", OTKpoeTcs okHO "JloGaBneHue
reoMeTpuueckoil B3aumocBsa3u'". Ha sckusze BbIOEpUTE BEPXHIOI U HUKHIOIO BEPIIMHBI, UX
Ha3BaHUs TOABATCA B OKHe '"BpiOpanHele »siemeHThl". BpiOepute B3auMOCBA3b —
«BEPTUKATIBHOCTH» U HaxmuTe "[IpuMeHunTs".
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Haxwmute Ha JIMHUIO BIMCAaHHOW OKPYXXHOCTH, a 3aT€M Ha)XXMUTE B TOM MECTE, Il
TpeOyeTcsi HAaHEeCTU pa3Mep.

Jns m3MeHeHus pasMepa OKPYKHOCTH JIBaXAbl HAKMUTE Ha 3HAUYEHUE pa3Mepa.
[TosBuTca nuanoroBoe okHO "M3MeHHUTH", TEKyIIMI pa3Mep BblAeleH. BBeauTe Bai pa3mep u
Haxxmure "Enter".

Haxxmure Ha kHOmKy "JloOaBUTH B3aMMOCBs3b'", OTKpoercs OkHO '"JloOamieHue
reoMeTpuueckoil B3auMocBs3u". Ha scku3e BbIOepUTE BEPXHIOIO M HIDKHIOIO BEPIIMHBI, UX
Ha3BaHUA TMOSABATCA B OkHe "BpiOpanHble »5nemeHThl". BplOepure B3auMOCBS3b -
BepTUKAIbHOCTh M Haxmure "llpumenuts".Boibepure unctpyment "OceBas nuHMA" U
IPOBEUTE BEPTUKAIBHYIO OCEBYIO JJMHHUIO YEPE3 UCXOAHYIO TOUKY.

Bei0epute nnctpyment "JInHusa" v HapuCyiTe MOJOBUHY HUXKHEH 4aCTH OCHOBAHMSL.

Haxxmute Ha mHCTpyMeHT "BbiOpaTth" u, yaepxkuBas kHonky "Ctrl" HaxxmuTe Ha Tpu
JIMHUU U Ha OCEBYIO.

3areM Ha)XMUTE Ha HMHCTPYMEHT "3epkanbHoe oTpaxeHue". HapucoBaHHblE JIHMHUU
0TOOpa3ATCs 3epKalIbHO OTHOCUTEIBHO OCEBOM (PUCYHOK 3).

'\(\CD

Hanecnre pazmepsl OCHOBaHUS.

BeiOepute mHcTpyMeHT "OtTceup" W yAaauTe HMKHIOIO YacTh IIECTHYTOJIBHUKA Kak
MOKa3aHO Ha PUCYHKE.

Buvimsacka ocnosanus

Haxwmure kHonky "BoiTsnHyras 000bimika- OcHoBaHME" HAa MaHENH WHCTPYMEHTOB
"Onementsl". [losBuThCs nuanoroBoe okHO "OCHOBaHUE BHITSHYTH' HA JIEBOW MAHEINH, a BUJ
Jcku3a Oyzner mokazaH B u3omeTpuu. B okHe rpynnsl "HanpaBnenuel" BeimonHute
CJICAYIOIINE OTIePALIUU:

VYcranoBure st mapamerpa "I'panununbie ycioBus" 3Hauenue - "Ha 3amannoe
paccrosinue".

VYcranosure "['myOuHy" paBHYIO MOJOBUHE BAIIEro 3HAUYEHUSI 10 BAPUAHTY.

Haxmure "OK" mnst cozmanusi BbITSDKKA. HoBBIM 31eMeHT "OCHOBaHHE BBITAHYTH"
HOSIBUTHCS B IEPEBE KOHCTPYHUPOBAHUS.

CoxpaHeHue aeTanu

Bri6epute myHkT MeHto "®@aiin", "CoxpaHUTh Kak'", MOSIBUTCS AMAJIOTOBOE OKHO.

Benure B kadecTBe MMeHHM (aiina Bamly (GaMMIMIO U HOMEp TpYIIBl U HAXMHTE
kHONKY "CoxpaHuTh".
Co3zoanue pranyes

Jis cozmaHust JOMOTHHUTENBHBIX 3JIEMEHTOB Ha JIeTaiuy (Hampumep - (IaHIeB) MOXKHO
pHCOBaTh UX Ha T'PaHSIX WIH MJIOCKOCTSX MOJEIH, a 3aT€M BBITATMBATH 3CKU3BI.

Haxxmute Ha kHONKY "BbIOpaTh" Ha maHenn MHCTPYMEHTOB "Dcku3", ecnu oHa emeé He
Ha)KkaTa.

HaxxmMuTe Ha IMIEBYIO TpaHb JeTalu Uit €€ BHIOOpa, TpaHb U3MEHUT CBOM IBET.

Haxxmute KHONIKY 3CKHU3 U1 CO3JjaHMsI HOBOTO 3CKH3a.

Jns ynobcrBa pa®oThl HaxxmuTe Ha KHONKY "OpueHTtanus BuAa" M B OTKPBIBLIEMCS
okHe BrIOepuTe NyHKT "lleprnenauKkynspHo". Dcku3 pa3BepHETCS K BaM MepeiHel TI0CKOCTbIO.

137



Bri6epute myHkT MeHI0 "MHCTpyMeHTHI - OOBEKTHI 3CKHU3a - MHOTOYTOJIBHUK".

[lepemectuTe ykazartenb B rpaduyecKyio 001acTh U HABEIUTE €ro Ha UCXOAHYIO TOUKY,
IIPU 3TOM yKa3aTeilb U3MEHUT CBOM IIBET.

Haxmure Ha J€Byl0 KHOIIKY MBIIIM M, NEPEMEINasl yKa3aTellb BEPTHUKAJIbHO BBEpPX,
HApUCYHTE MHOTOYTOJBHUK, pPSAIAOM C YyKasaTeleM OTOOpakaeTcs paauyCc BIHMCAHHOM
OKPY’KHOCTH U YTOJI, KOTOPBIH JoikeH ObITh paBeH 900. OTIycTUTE JEBYIO KHOMKY MBIIIH.

Haxwmure Ha kHONKY "Pa3mep" Ha maHenum MHCTPYMEHTOB "B3aumocBssu Ockusa'.

Haxmute Ha JIMHUIO BOUMCAaHHOW OKPYXXHOCTH, a 3aT€éM HaXXMUTE B TOM MeECTe, Il
TpeOyeTcst HaHecTH pa3Mep (PUCYHOK 4).

Jns u3MeHeHusi pa3Mepa OKPYKHOCTH JBaXIbl HAXXMHUTE HAa 3HAUYCHHUE pa3Mepa.
[TosBuTca nuanoroBoe okHO "M3MeHHUTH", TEKyIIM pa3Mep BblaeieH. BBeauTe Bai pa3mep u
Haxwmute "Enter".

Haxxmute xHomky "BeITsHyTass OoObImKa" Ha TMaHETW HMHCTPYMEHTOB "DJIEMEHTHI".
[TosiBuTCS MuanoroBoe okHO "BOOBKIIIKA - BRITIHYTH'" Ha JICBOM MaHEIH.

B okne rpynmnsl "Hanpasnenuel" BIONIHUTE CAeAyIOIIME ONIEPALIUHN:

- ycTaHOBUTE AJ1s1 napaMerpa "I'pannunble ycioBus" 3HaueHue - "Ha 3aganHoe paccTosiHue";

- ycranosure "['nyouny";

- Haxmute "OK" nyst co3nanus BeITSKKU. HOBBI a5ieMeHT "OCHOBaHME BBITSHYTH'" MOSBUTHCS
B JiepeBe KoHCcTpyupoBanus. Haxkxmute Ha kHONKY "BbiOpaTs” v BbIOEpHUTE 3a/1HIO0 MIIOCKOCTh
(Ha pucyHke oOpalieHa K Bam) Kopiryca.

Boiiaure B nyHkT MeHio "BceraBka - Maccus/3epkaino - 3epkajabHO OTpa3uTh BCE" Kak
MOKa3aHO Ha PUCYHKE.

Beroena MucTpupsermed Owno 7
Botenura 3
Breipay ¥

]
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N opsperocT
Epunar

Nuseiais raccw.,
Kpyrosod) maccis..
JepeansHos OTDASSHE..

Maccue, ynpaensened Tadmued
Maccye, ynpaenaetead 30U ..

ITRE3HTE: BO&

SEPRARLHIS OTRAKSHAS QETAM

CnpasonHan reak e 3
Mpseaeiarnin 3

TafirsaLd NapaneTon
Hoesa Tadmus naparaTpon

15. B nogBuBIeMcs JuajoroBoM okHe Haxxmute "OK".
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Coz0anue 60K08020 pranya

BriOepuTe BepTHKAIBbHYIO TpaHb IICCTUTPAHHUKA, YCTAHOBUTEC OPUCHTALIMIO BUIA -
"mepreHuKyIsIpHO".

Co3paiiTe HOBBIN ICKHU3.

Hapucyiite npsSMoyroibHHUK, IPOCTaBbTE Pa3Mephl (PUCYHOK).

Bri6epute "boObimka - BHITSHYTH", B mapamerpax "Hampasnenus 1" BriGepure "Ha
3aJJaHHOE PacCTOSIHUE" U YKaXHUTE pa3Mep.

B mapamerpax "HampaBnenue 2" ykasplBaeTcs pa3Mep paBHBIN TOJOBHHE IUaMETpa
BIIMCAHHOM OKPYKHOCTHU IIECTUTPAHHUKA OCHOBAHUS.

Haxxmute kaonky "OK". Ha axpaHe nosiBUTCS M300pakeHHE, MOKa3aHHOE Ha PUCYHKE.

(v)(%)(2)

Co3zoanue omeepcmuil
Br16epuTe m1ocKkoCcTh 0OTHOTO U3 MIECTUTPAHHBIX (hJIAHIEB U CO3JalTE HOBBINA ICKU3.
Hapucyiite U3 uCX0IHON TOYKH OKPYKHOCTb.
[IpocraBbTe €€ pa3mep, Kak MOKA3aHO HA PUCYHKE
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st Toro, yToOBI clienaTh CKBO3HOM BBIpE3 Ha JieTanu, Beioepute "Boipes - BoITsaHyTh",
B napametpax "Hamnpasnenue 1" 3agaiite rpannynoe yciosue "Yepes Bceé" u Haxxmure "OK".

Br16epute nepeHio0 MmI0CKOCTh OOKOBOTO MPSIMOYTOJIbHOTO (hiIaHIla, CO3aiTe HOBBII
3CKHU3 HAPUCYHUTE OKPY>KHOCTh, TPOCTABHTE pa3MEPHl B COOTBETCTBUU C BAPHUAHTOM.

Boibepute "Bripes - BriTanyts", B mapamerpax "Hampasnenue 1" 3amaiitTe rpaHudHOE
yciosue "Jlo cnenyromeit" u naxmute "OK".
Co3z0anue omeepcmuil 6 OCHOBAHUU

Br16epuTe HIDKHIOKO IIOCKOCTh OCHOBaHUS Kopiryca. Co3/taiiTe HOBBIM 3CKH3.

Hapucyiite B yrinax oCHOBaHHSI OKPY>KHOCTH, KaK ITOKa3aHO Ha pUCYHKE 5.9.

ITocraBbTE TUAMETP OKPYKHOCTEH paBHBINA 20 MM.

Haxxmute Ha kHOMKY "Jl00aBUTHh B3aMMOCBs3b". BbIO€pHTE 1IEHTPHI IBYX OKPYKHOCTEH,
PacIoJIOKEHHBIX O/IHA IO/ IPYrod U 3aJaiiTe UM B3auMocBs3b "BeprukanbsHocts". [ToBTOpHTE
3TO AEHUCTBHUE C APYrOil Mapoil OKPYKHOCTEH.

AHaJOTUYHBIM 00pa3oM 3aiaiTe B3auMOCBs3b "[[OpU30HTATBEHOCTD" IS KaXKAON Maphl
OKPY>KHOCTEH, pacIioi0KEHHBIX Ha OJJHOM YPOBHE.

o620, eomerprcrve sspamean I [T=WopRIPe 1= ¥
Blesfiparinie 3 reHTE n o
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Faw peTis
Dq)aeknl ﬂ
Bammaocaasi
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e
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[TocTaBbTe pa3zmepsl OT Kpa€B OCHOBAHMS, TaK KaK MOKa3aHO Ha PHUCYHKE. DCKU3
OTIPEICIIEH.
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Bribepute "Bripe3 - BeITAHYTH" B mapamerpe "I'panmunble ycnoBus" 3amaiite "o
cinenyromen" u Haxmute "OK"
Co3z0anue omeepcmutl 8 OOKOBOM (hanye

Bei0epute nepenHion Mmi10CKOCTh OOKOBOTO MPSIMOYTOJIBHOTO (IaHLA, CO3JaiiTe HOBBIH
ICKU3.

AHaJOTMYHO MPEeIbIayIeMy TYHKTY BBIMOJIHUTE YETHIPE OKPYKHOCTH, KaK [MOKa3aHO HA
pPUCYHKE.

Bri6epute "Bwipes - BeITSHYTH" B mapamerpe "I'panuunbie ycioBus" 3amaiite "Ha
3aj1anHoe pacctostuue", pazmep - 30 u Haxkmute "OK". \

B pesynbpTate mpojenaHHbIX MaHUMYISIIMM MOdydaeTcs AeTaib CIEAYIOLIEro BHUAa
(pucyHOK):

Jlobasnenue ckpyenenuti

[lepeBoauM nieTanb B KapKacHOE MPECTABICHUE.

[ToBopaunBaeM €€ Tak 4TOObI ObUIM XOpOILIO BHJIHBI BCE YETHIPE YIJIOBBIX pedpa
HU)KHETO OCHOBAHHUS JETAIIH.

Haxxumaem Ha kHomnky "BbiOpats" u ynepkuBas kiasuiny Ctrl BeigenseM Bce yeThipe
pebpa.

Haxxumaem knonky "Ckpyrienue" U ykaspiBaeMm napameTpsl: "llocTosiHHbIA paauyc",
pazmep 10 MM n HaxxumaeM kHonky "OK" (pucyHok ).
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3.1NOPSJOK BBIIIOJIHEHUS PABOTbBI

1) M3yuuts TEOpETHUECKHE OCHOBBI BHIMOIHAEMON PabOTHI.
2) CoznaTh 4epTex ACTaNN 10 3aJaHUI0 TIPENoIaBaTelIsl.

AHaJOTUYHO BBINOIHIEM CKPYTJICHUS ISl MPSAMOYTOJIbHOTO 60KOBOrO duiania. B utore
MOJTy4aeM TOTOBYIO MOJEIb IeTallu (PHUCYHOK).
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Jlabopatopnas pabota Ne2(0

HAHECEHME PASMEPOB HA YEPTEXAX

1. HEJIb U 3AJIAYHU PABOTbI
Hayuwntcst HaHOCHTH Ha uepTekax pazmepsl B coorBeTcTBUE ¢ [[OCT.

2. TEOPETUYECKHUE CBEJIEHUSA

B nporpamme SolidWorks mnpexycmoTpeHo paBa Tuma pa3MepoB: OCHOBHBIX U
cupaBoYHbIX. OCHOBHBIMH CUMTAIOTCSI pPa3Mephbl, 3aJaHHbIE BO BpEMs CO3JIaHUS MOJENIU
netanu. CrnpaBOYHBIE pa3MeEpbl HAHOCSTCS HENOCPEACTBEHHO HA YEPTEXK M OTIMYAIOTCA OT
OCHOBHBIX pa3MepOB TEM, YTO OHM 3aKJIIOUEHBl B Kpyrible cKoOKU. Eciau monens aeramu Bo
BpeMsl CO3/1aHUsl OblUIa TOJHOCTBIO OIpEZAETeHa, HAHECEHHE pPa3MEepOB Ha YepTeXe He
MIPEICTaBISET HUKAKOro TPY/a.

Haxwmure knonky  Model Items (DnemMeHTsl Monenu) MaHENd HWHCTPYMEHTOB
Annotation (IIpumeuanne) unu Beioepute Insert, Model Items (BcraBka, DnemMeHTB MOeIH)
13 IVIABHOTO MEHIO.

IHanenv uncmpymenmos Annotation (llpumeuanue) npedocmasnsem uHcmpymeHmol 0t
0obasneHus 3aMemox u 0003Ha4yeHull 8 00KyMenmsl oemainetl, COOPOK UlU Yepmedicell.

B muanorosom okue Insert Model Items (BcraBuTh 31eMEHTBHI MOjENH) BhIOEpHTE
mapametp All types (Bce tumpl) m mHaxmute OK. Pa3mepsl, ucmons3yembie B Ipoliecce
CO3JIaHUS MOJIENH, OYIyT HAHECEHBI HA YEPTEXK.

OTtpenakTupyiTe MECTOIOIOKEHUE PA3MEPOB.
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HaneceM HECKOJIBKO CIIPaBOYHBIX Pa3MEpOB.

Haxxmute xHomky Dimension (Pasmepsr) manenn mactpymentoB Sketch Relations
(Bzaumocssizu ackuza) unm Beioepute Tools, Dimensions, Parallel (Muctpymentsi, Pazmepsl,
[apannenbHbie) U3 r1aBHOTO MeHI0. Hanecute rabapuTHbIe pa3Mepsl TaiKK Ha BHUJIE CTIEPEIU U
clieBa.

/™
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¥ I
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OSSR

e

T e - ]

T e

Bri6epuTte pazmep o603HaueHHS pe3n0bl M4.

B nucneruepe cBoiictB Dimension (Pasmep), B rpynme Dimension Text (Texct
pa3zmepa) 3amenute TekcT KMOD-DIAMXDIM> Ha <KM4 x 0.7>> u sHaxkxmute OK.

Haxxmute xHomnky Save (CoxpaHuTh) nmanenu nHcTpyMeHToB Standard (CranmaptHas),
nnu Beioepute File, Save (®Daiin, CoxpaHuThb) U3 TaBHOTO MEHIO, Wi Haxmute Ctrl+S.

UYeprexk raiky 3aKOHYEH U UMEET TaKOU BUJI.

3.1NOPSAJOK BBIIIOJIHEHUS PABOTbBI
1) M3yuuts TEOpETHUECKHE OCHOBBI BBHIOIHIEMOM pabOTHI.

2) Hcrmonp3ys 4YepTex AeTaid, TOJTYYEHHBIM TIPHU BBIMOJHEHUU TPEABIAYIIEH
paboThl, HAHECTH HA HETO pa3Mepsl B cOOTBETCTBUU ¢ TpeboBanusimu ['OCT.

144



JlabopaTtopHbie paboThl Ne2 1

AONOJIHUTEJIbHbI CPEICTBA ®OPMATHPOBAHUS IIEPTE}ISEI&/'I. YEPTEXKU
JAETAJIEN «IHMTAHI'OYT», «BTYJIKA», «KKPOHILITEUH>

1. HEJIb 1 3AJIAYHU PABOTbI
OcBOUTH JIONOJHUTENbHBIE CcpencTBa (OpMATUPOBAHUS uepTexeil. 3aKkpenuThb
IIOJIyYEHHBIEC paHEe 3HAHMS BBIIOJHSAA YEPTEIKU JCTAICH.

2. TEOPETUYECKHUE CBEJIEHUSA

B mporpamme SolidWorks npexycMoTpeHsl HHCTPYMEHTBI CO3JIaHHSI PA3IIMYHBIX THUIIOB
pa3pe3oB. PaccMoTpuM HekoTOpble M3 BO3MOXKHOCTEW MPOrpaMMbl Ha MpPUMEpE Kopiyca
BEHTHJISITOPA.

st paboThl HaM MOHAOO0UTCS MMaHETh HHCTPYMEHTOB:

* Drawing (Yeprex).
B mporiecce paGoThl MBI HAYYHMCS HCTIOIb30BATh:
* Unctpyment Section View (Pa3zpes);
* Uuctpyment Broken-out Section (BeinyTsiii pa3pes);
* Muctpyment Detail View (MecTHblii BUn);
* Uuctpyment Area Hatch/Fill (ILItpuxoBka/3anonnenue).

CHayana MbI BBIITOJTHUM IPOU3BOJIBHBIN pa3pe3 KopIlyca BEHTHIIATOPA, 3aTeM BBIHYTHIN
BbIpE3, MMOKaXXEM YacTh BbIpe3a B YBEITMUYEHHOM MaciliTabe W, B 3aKII0YEHHE, OTPEIaKTUPYeM
HITPUXOBKY pa3pe3a. Bribepure Kopryc BEHTHIIATOpA, PACIOJIOKEHHBIH Ha BTOPOM JIUCTE
yeprexa.

B [ucnetruepe cBoiictB Named View (lMmeHoBaHHBI BuA), B rpynmne View
Orientation (Opuenranus Buaa), Beioepure Front (Bun cnepean) u naxxmurte OK.

[TepemectuTe BUJ OJMIKE K JIEBOMY KPalO PaMKH.

Haxxmute xHomky Section View (Pa3pes) manenu wmHcTpymenToB Drawing (Yeprex)
nnn BeiOepuTe Insert, Drawing View, Section (BcraBka, Ueprexnsiii Bua, Paszpes3) us
TJIABHOTO MEHIO.

[TpoBennTe NPOU3BOIBHYIO JUHHUIO pa3pe3a, IePeceKaroyto KOPIyC BEHTUIIATOPA.

B MMucneruepe cBoiictB Section View (Paspes), B rpynne Line Option (ITapametpst
JMHHH) BBEIUTE B TEKCTOBOM mosie MeTKy C, u Haxxmute OK.

= Koprye [T

o} TWGCTMK ABT 1 Tamiocepaue

Haxxmute xHomky Broken-out Section (BbeiHyThlli paspe3) maHennm HHCTPYMEHTOB
Drawing (Yeprex) wiu BwiOepute Insert, Drawing View, Broken-out Section (Bcrapka,
UeprexHblil BuA, BEIHYTHIN pa3pe3) U3 TI1aBHOTO MEHIO.

OO6BenuTe 3aMKHYTOH JTMHHUEH CIIaiiHa MpaBblii BEPXHUI yroil KOpIyca BEeHTWISATOPA.

B Hucneruepe cBoiictB Broken-out Section (BeiayThIil paspes) BBEAUTE B TEKCTOBOM
nonie 1] Depth (I'my6una) 3nauenue 10.00 mm, u Haxkmute OK.
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Haxxmute kHonky Detail View (MectHbili Buzn) maHenu MHCTpyMeHTOB Drawing
(Yeptex) unu Beioepure Insert, Drawing View, Detail (Bcraska, Ueptexxusiii Bua, MecTHBIN)
13 IJIABHOTO MEHIO.

Hagenure Kypcop Ha BBIHYTBIN BBIPE3 U 3a1aliT€ OKPYKHOCTBIO OXBAaT MECTHOT'O BHJIA.
12. BelHecuTE MECTHBII BUJL B ITPaBblii BEPXHUI YroJl YEPTEkKA.

13. B lucnieruepe croiictB Detail View (Mectasiit Bun), B rpymie Circle
Options (ITapameTpsl OKpy>KHOCTH), BBEIUTE B TEKCTOBOM mojie MeTKy D, 3anmaiite Custom
Scale (Macmtab nons3oBarens) kak 3:1, u naxxmute OK.

Dotail Vig

0000, 1234 5670 ‘
Kopnye{ii [wii

- Pnocmc ABG | Teiocapanc | | |

BrigenuTe mTpuxoBKY HA MECTHOM BHJIE.

15. Haxwmute knonky Area Hatch/Fill (IlItpuxoBka/3amonHeHue) MaHend WHCTPYMEHTOB
Drawing  (Yeprex) wm  BeiOepute  Insert, Area  Hatch/Fill  (Bcragka,
HITpuxoBKa/3anoiHeHe) U3 II1aBHOTO MEHIO.

16. B nmanorosom oxHe Area Hatch/Fill (IlItpuxoBka/3amnonHenue) 3axanre:

e Pattern (O6pazen) — ISO (Plastic);

* Scale (Macmra0) — 2.00;

* Angle (Yron) — 0.00 rpaxycos,

u Haxxmute OK.

PesynpTar nposenanHo#i paboTH MOKa3aH Ha CIIEAYIOIIEM PUCYHKE.
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Haxwmure xnHonky W Save (CoxpanuTh) mnaHenu UHCTpyMmMeHTOB Stan dard
(Cranmapthas), BwiOepure File, Save (®aiin, Coxpanuts), wiu Haxmutre Ctrl+S, uToOBI
COXPAaHUTD PE3yIbTAThl PAOOTHI.

Kpome ueprexeit oTnenbHbIX netaneit, mporpamma SolidWorks mosBomsieT co3npaBath
cOoopouHble yepTexu. B kauecTBe mpuMepa BBIIIOJIHUM COOPOYHBIA YEPTEK BEHTUIISITOpPA C
pa3HECEHHBIMU JICTAISIMHU.

st paboThl HaM MOHAO0ATCS TAKUE MTAHETTH UHCTPYMEHTOB:

* Annotation (I[Ipumeuanue);
* Drawing (Yeptex).

B nporiecce paboThl MBI HAYYUMCS HCIIOJIB30BATh:
* Unctpyment Balloon (ITo3umus).

B mporuecce paboTsl cO34aUMM HOBBIM JTOKYMEHT, OTOOpa3MM Ha HeM COOpOUYHBIN
YepTekK, a 3aTEM OTMETUM ITO3UITUH COCTABIISIFOIINX €ro 3JIEMEHTOB.

1. Haxxmute kHOniky O New (Co3nare) manenu unctpymeHToB Standard (CtanmapTtHas), uiu
BoiOepurte file, New (®Daits, Coznats) U3 riiaBHoro Mexto, uiu Haxxmurte Ctrl+N.

2. B numanoroBom okHe New SolidWorks Document (Homwii nokyment SolidWorks)
BbIOepuTe 3HauoK Drawing (Yeprex) u naxmure OK.

3. B muanoroBom okue Sheet Format to Use (Vcnonb30BaTh OCHOBHYIO HAJIUCh) HAKMUTE
Custom sheet format (OcHoBHas HAJMKCh 10JIb30BAaTENs ), BbIOEpHTE
temp_A4v_GOST.sldprt u3 packpsiBatomierocs cnucka u Haxxmute OK.

Bribepute File, Properties (®aitn, CBoiicTBa) U3 IJTaBHOTO MEHIO. 3allOJIHUTE TAaKHUE

TEKCTOBBIC TTOJIA:
* Author (ABTop) — TexHOcepBucC;
* Title (3aromoBok) — BenTumnsatop;
* Subject (Tema) - 1122.3344.5566;
* Marepuaa — [Inactux ABC.

Haxwmure kaonky Save (Coxpanutb) nanenu uHCTpymeHToB Standard (CrangaptHas),
i BoioepuTe File, Save (daiin, CoxpaHuTh) U3 IIaBHOTO MeHI0, Wik Haxmute Ctrl+S.

B nuanoroBom okue Save As (CoxpaHUTh Kak) 3a7aiTe:

* Save in: (CoxpaHUTh B:) — YKa)XUTE MECTO XpaHeHUs (aiina;

* File name: (Mwms ¢aiina:) — Bentunsarop;

* Save as type: (Coxpanuts B Buze:) — Drawing (*.drw, *.slddrw);

e Description: (Ommcanue:) — BBEIUTE KpaTKOE OMUCAHUE YEPTEKa, U HAXKMUTE Save
(Coxpanurts).

HoBblii JOKYMEHT uepTeska Co3/1aH U COXpaHeH noJ umeHneMm Bentumnsatop.slddrw.

Haxxmute kHonky Open (OTkpbiTh) nanenu nHcTpymMenToB Standard (CranmaptHas),
i Beioepute File, Open (®aiin, OTKpeITH) U3 INIaBHOrO MeHI0, ni Haxmute Ctrl+O.
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B nmuanoroBom okne Open (OTkpbiTh) BeiOepute (aiin <KBeHTHIATOp>> M HaKMUTE
Open (OTKpBITH).

Ortxkpoiite Bkianky ConfigurationManager ([{ucnetuep xoHdurypauuii), 1 B 1epese
AltPosition* menkaute mo HaszBanuto ExplView (Pa3necennslit Buy).

B rpaduueckom okHe MOSIBUTCS COOpKA BEHTHIISITOPA C Pa3HECCHHBIMH JCTAIISIMH.

Haxxmute Ctrl+Tab, uToOb! nepeiitu k uepTexy aeraiu.

Haxxmute knonky Named View (MIMeHOBaHHBIN BH[) MaHeIH HHCTpyMeHTOB Drawing
(Ueprex) wunm BoiOepute Insert, Drawing View, Named(BcraBka, Yeprexxnblii Buj,
NmenoBanHblit) U3 rinaBHOro MeHi0. @opma Kypcopa MpuMeT BU/I.

Haxxmute Ctrl+Tab, 4To0s1 mepeiTi K MOJEH 1eTalu.

Otkpoiite BKIaaky aepesa npoekta Future Manager (/lucnetdyepa KOHCTPYKTUBHBIX
9JIEMEHTOB) U IIEJIKHUTE M0 Ha3BaHUIO K Bentuisarop>>. COOpOoUHBIN YepTexk ¢ Pa3HECCHHBIMU
JeTIsIMU TIOSIBUTCS HA YEPTESKHOMIIHCTE.

Haxxmure KHOTIKY Balloon (ITo3unus) naHen WHCTPYMEHTOB
Annotation(Ilpumeyanne) wnu BeiOeputre Insert, Annotation, Balloon (Bcragka,
[Ipumeuanue, [lo3unus) U3 riIaBHOTO MEHIO.

B Jucneruepe cpoiicte Balloon (ITo3umus), B rpynne Balloon Settings (ITapametpsr
TIO3HIINH ) 3aaiTe:

Style (Ctuns) — None (Her);

Balloon Text (Tekct nmo3unun)

Custom (ITonb3oBaTensckmii).

Beeaute B TekcroBom mone moa Haamuckio Custom (ITonb3oBarenbckuii)TEKCT
«K3ammTHAs pemIeTKa>> M yKAKUTE KypCOPOM MBIIIM 3alIMTHYIO PEHIETKY Ha YEPTEKHOM
mucte. IloBropure sty aeictBusa Ui nosunuid KBeprymka>>, <Kopryc BeHTHIATOpa>> U
KOcp>.

ITocie manecenus Bcex no3zunmi Haxxmutre OK.
OTtpenakTupyiTe MecTononoxenne no3unuii. COOpoYHbIi YepTex MPUMET TaKOW BH]T
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Haxwmure kHonky Save (Coxpanutb) nanenu uHctpyMeHToB Standard(CrangaptHas),
BoiOepuTe File, Save (daiin, Coxpanuts), uiu HaxxMuteCtrl+S, 4T00b COXpaHUTH Pe3yabTaThI
paboTHI.

3.110PAJOK BbBIITIOJIHEHUA PABOTbI

1) M3yunTh TEOPETHUECKHUE OCHOBBI BBIIIOJIHAEMOMN paOOTHI.

2) Co3nmarth 4YepTEX) JETalleld <«IIIMaHroyT», «BTYJKa», «KPOHIITECHH». [lertanu
BBIIAIOTCSI MHAMBHUAYAJIbHO KaXXIOMY CTYAEHTY WIH B BHJE TPEXMEPHOIO
M300paXKeHUs UK B BUJE U3/1ETHS.
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JlabopaTtopHas paborta Ne22

PEJAKTUPOBAHHUE CBOPOK. CO3JAHUE YEPTEKA U3 TOKYMEHTA
JAETAJIN UJIM CBOPKH

1. IEJIb U 3AJAYU PABOTbI

Hayuutcs co3naBath COOPKU U3 TOTOBBIX TPEXMEPHBIX JI€TalCH.
Co3zoanue coopox

[TpoexT cOopkm ompenenseTcs Kak TMPOEKT, COCTOANIMA W3 ABYX WM Oojee
KOMIIOHEHTOB, COOpPaHHBIX BMECTE€ COOTBETCTBEHHO UX paboueMy mojokeHuto. KoMIoHEeHThI
cobupatorcsi BMecte B pexnume «COOpKa» Mpu MOMOIIM IMapaMeTPUYECKHX COOTHOIIeHWH. B
SolidWorks Takue cooTHOIICHHMS Ha3bIBAOTCS  conpsicenusimu. CONpsHKEHHE — JaeT
BO3MOXXHOCTh OTPaHMYMBATh CTEMEHb CBOOOJIBI KOMIIOHEHTOB COIJIACHO HX pabouemy
nosioxkeHuto. Jlis mpomomkeHuss paboTel B pekume «Coopka» SolidWorks BeI3oBHTE
nuanoroBoe okHO «Co3nanue nokymenTa» SolidWorks n menkaure Ha kHOTKE «COOpKay.

Jiig co3nanus HOBOTO JOoKyMeHTa cOopku menkHute Ha kHonke OK. Byaer co3nan HOBBI
nokyment SolidWorks B pexmnme «COopka». Ha skpaHe mTOSBHTCS MEHEIKEp CBOMCTB
«BcrtaButh koMmoHeHT». DkpaH SolidWorks B pexume «COOpka» ¢ MEHEIHKEPOM CBOWMCTB
«BcTaBUTh KOMITOHEHT» U MEHEPKEPOM KOMaH/I.

Memoowvl npoekmuposarusi cOOpox

B SolidWorks cGopku MoOxHO co3maTh AByMS MeTojgamu. llepBelii — MeTox
IPOEKTUPOBAHUS «CHU3Y BBEPX», BTOPOIl — METO]l MPOEKTUPOBAHUS «CBEpXy BHU3». Hike
OTIMCBIBAIOTCS 00a METO/Ia.

Memoo npoexmuposanusi COOpoK «CHU3Y 86epX»

Meton mpoekTHpoBaHUs COOPOK «CHHM3Y BBEpX» SBISETCA TPAAUIMOHHBIM, Oosee
pacrpoCTpaHEHHBIM ¥ TIPEANIOYTUTEIBHBIM METOJOM TPOEKTHPOBaHUs. [Ipy momomy 3Toro
METO/1a CO3JAI0TCSI JJOKYMEHTBI OTIIENIbHBIX JIeTalleil, KOTOpbIe 3aTeM pa3MelaloTcst B cOOpKe.
Ha HMX HMMEIOTCS CCBUIKM KaKk Ha BHEIIHWE KOMITIOHEHTHL. [IpW HCIoIb30BaHMM JaHHOTO
METO/la MPOEKTUPOBAHMS JI€Talld CO3/aloTcs B pekume Jleranb M XpaHarcs B (aiinax ¢
pacmupenuem .sldprt. Korma Bce neranmu cOOpKM CHPOEKTUPOBAHBI, CIEIYET OTKPBITH
NOKyMeHT cOopku (.sldasm) m BcTaBUTH BCe JETaad MpPU MOMOLIM HMHCTPYMEHTOB pEKUMa
CoOopka. Korma Bce KOMIOHEHTBHI BCTaBJIEHBl, OHM COOMpAIOTCS B COOPKY HpH IOMOIIU
conpsikeHnii. OCHOBHOE MPEUMYIIECTBO AAHHOTO METOJa MPOCKTHPOBAHHS 3aKIIOYAETCs B
TOM, YTO KOMIIOHEHTHl TPOCKTHPYIOTCS HE3aBUCUMO W MEXIy HHMH MOXXHO JIETKO
TIOJIEP’KUBATh B3auMOCBs3H. Clie/10BaTeNbHO, TAHHBIN METO/ MPOSKTUPOBAHHMS TIO3BOJIHUT BaM
yaeauTh Oonbllle BHUMAHUS OTIENbHBIM KOMIOHEHTaM. KpoMme TOoro, 3TOT METOA
IPOEKTHPOBAHUS O0Jiee MPEAOUTHTEIICH IPU PadoTe ¢ OONBIIMMH COOPKaMHU.

Memoo npoexmuposanus COOpoK «ceepxy HU3»

[Tpu ncnonb30BaHMM METOAA TMPOEKTUPOBAHHS COOPOK «CBEPXY BHH3» BCE JETalU
CO37AI0TCA B JOKYMEHTE OJHOW cOOpku. Takum 0o0pa3om, METOJ MPOSKTUPOBAHHUS COOPOK
«CBEpXY BHH3» B KOPHE OTIMYACTCS OT METO/Ia POSKTUPOBAHUS COOPOK «CHU3Y BBepx». Eciu
UCIIONIb30BaTh JTAaHHBIM METOJ MPOEKTUPOBaHMsI, paboTa HaYHETCS B AOKYMEHTE COOpPKHU, U C
MIOMOIIBIO0 TEOMETPHUU OJTHOU JETAIM MOXKHO OyIeT ONpeensiTh TEOMETPHUIO APYTOH.

Takxe cOOpKy MOKHO CO3/1aBaTh, UCIOJB3Ysl KOMOMHALIMIO METO/IOB MPOEKTUPOBAHUS
«CBEPXY BHU3» U «CHU3Y BBEPX».

Wrak, menkauTte Ha kHOmKe «COopkay, 3ateM — Ha kHomke OK B auasioroBoM OKHE
«Coznanne gokymenta SolidWorks». OTkpoeTcst HOBBIM JOKYMEHT cOopku. B aToM okymenTe
BbI MOKETE COCTaBUTh COOPKY M3 KOMIIOHEHTOB, XpaHSIIUXCS B pa3HbIX (ainax. Kpome Toro,
B HEM MO>KHO CO3/1aBaTh KOMIIOHEHTHI COOPKH.

[Tpumep cOOpKH MPHUBENICH HUXKE, HA PUCYHKE
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3.JIOPAAOK BBIITIOJIHEHUS PABOTbI
1) N3yuuTh TEOpETUYECKHE OCHOBBI BBIMOIHAEMOMN paOOTHI.

2) Co3garb uepTeXk TpeX BHJIOB JETald N0 WHIMBUIYaJbHOMY 33JaHUIO
IIpernoiaBaTels.
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JlabopaTtopHas paborta Ne23
BBIITIOJIHEHUE PA3PE30B U CEUEHUM

1. HEJIb U 3AJJAYU PABOTbI
3akpernieHue HaBBIKOB CO3JJaHUsI COOPOYHBIX €AMHHUII.

2. TEOPETUYECKHUE CBEIEHUSA

Pa3pe3nl M cedeHHsI - 3TO H300pPKEHUS KOHCTPYKIIUH, TOJNyYAIONIUECS TIPH
MBICJICHHOM €€ pacCeYeHHWH OJHOW WM HECKOJIbKUMH IUIOCKOCTSIMH. Pa3HuIa MEXIy HUMH
3aKJIFOYAETCS B TOM, YTO Ha CCUCHHUSAX ITOKA3bIBACTCS TOJIBKO H300paKCHHE, HaXOJsIIeecs
HEIMOCPEJCTBEHHO B CEKYIICH MIIOCKOCTH, a Ha pa3pe3ax - B CEKYIIEH IJIOCKOCTH, a TaKKe 3a
HEH.

C TOYKH 3peHHUs] KOHCTPYHPOBAHUS, CCUCHUS MPUMEHSIOTCS JUTSl OTIACIIBHBIX 3JICMCHTOB
JeTaliel, pa3pe3 KOTOPBIX BBINOJHATH HenenaecooOpazHo. OIHAKO TPH  MOJCIHPOBAHUH
IPOIECC MOTYYCHHS 00CHX THITOB N300paXKCHUH 00bEIMHEH €IUHBIM HHCTPYMEHTOM.

ITopsnoK BBINIOJIHEHHS Pa3pe30B
Jl1s BBINIOJIHEHUS pa3pe30B Ha 4epTeKax AeTaled CIyXUT MKoHKa Pa3pe3 Ha manenu
UHCTPYMEHTOB YepTexk.

5l L[f,i i
a @ |
J [B8 KopoGiox1
¥ (A noweuse

Paspes
AoBaenetse paspasa nyTen paspesaHna

Q@ POANTENSLKOND BHAS € NOMOWUBIO MMM
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i ® -8 Yepresesienad &
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s mocTpoeHusl pa3pe3a HY)KHO HakaTh Ha KHONKY Pa3pe3 W HapucoBaTh JMHHIO
paspesa Ha Jetanu. [loToM nepeTsHyTh BH] pa3pe3a Ha CBOOOIHOE MECTO YepTeikKa.

L 1 [ 1

CE4EHME A-A

[ 1

B nmapamerpax paspesa MOXKHO PEIaKTHPOBATh:

1. Hanpasnenue.

2. Upudr.

3. Tunm ceueHust (MeCTHOe, CeKyllas TpaHb, aBTO IITPUXOBKA, OTOOPA3UTH
MOBEPXHOCTHBIE TEJNA).

MMnopT npuMedaHuii.

Tun oroOpakeHus.

o oe
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Macura.
Tun pazmepa (MPOEKIIMOHHBIN WU pealIbHBbIIN).
YcroBHBIE H300paXKeHUs PE3bOBI.
9. JlonmoiaHUTENbHbIE CBOMCTBA.
Janee Hamry etanb HEOOX0IUMO 00pa3MEPUTh.
Jnist aTOTO CYIIECTBYET J1Ba CIIOCO0A:
1. ITpocTaBUTh pa3Mepsl B pyYHOM PEXHUME.
2. ImnopTupoBaTh pa3Mepsl U3 3CKU30B JETAIN U OTPEIaKTUPOBATH.
s 9TOro HaXkMMaeM KHOIKY JJIeMEHThI MOJEIM Ha IIaHEeId HWHCTPYMEHTOB
I[IpumeuyaHusi 1 OTMEUaEM HEOOXOAUMBIE 3JIEMEHTBI MOJIENHN ISl UMIIOPTA B UEPTEX.
--------- Wcrounvk/HasHavenne A
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Hanee naxxnmaem OK u noamnpasisieM B pydHOM peKUME pa3MEIEHUE pa3MeEpOB.

Jlis noGaBneHus emie Kakux-1MOO pa3MEpoB MOYKHO BOCIOJIb30BATHCA PYUYHBIM
PEXMMOM C MOMOILBIO KHONIKH ABTOMAaTHYeCKOe HaHeCeHHe Pa3sMepoB Ha NaHENAX JCKH3
nin Ilpumeuyanus. PaGotaer ona cienyromum obOpazom. HaxkumaeM KHOINKY, U HaBOAUM
yKa3aTelb Ha KPOMKY BHJa (OHAa JOJDKHA BBIACNUTCS JPYTUM LIBETOM) M HAaXHMAaeM JIEBYIO
KHOIIKY MBIIIKK OJuH pa3. [losBuTcs pasmep /uiMHbI KpoMKU. Jlamee OTBOAMM YyKaszaTeiab B
CTOPOHY M ellle pa3 HaXXMMaeM OJIMH pa3 JIEeBYI0 KHOMKY MbIIKUA. C MOMOIIBIO 3TOH (hyHKIMK
MOKHO NPOCTaBUTh BCE BO3MOXKHBIE pa3Mepbl (PacCTOSIHHME MEXKIYy KPOMKAaMHM, YIJIOBBIE
pa3Mephl, paCCTOSTHUS MEX/ly TOUKaMH, PACCTOSHUS MEXKAY LIEHTPaMU OTBEPCTUH U T.1.).
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Pa3nuyarot cieayromme BHAbI pa3pe3oB:
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. ITpocThie U CII0KHBIE CTYIIEHYAThIE pa3pe3sbl
. Jlomansie pazpessl
. MecTHbIE pa3pessl

IIpocTbie u ci10KHBbIE cTyneH4YaThie pa3pe3bl B SolidWorks
Co3nmanne pa3pe3oB MOAOOHO CO3/IAaHUIO MECTHBIX BHIOB TpeOyeT TMOCTPOCHHS
JOTIOTHUTEIPHOW T€OMETPUUYECKON KOHCTPYKIHMH - JUHUH cedeHus. OIUH WIH HECKOJIbKO
CEeTMCHTOB JaHHOW JIMHUHM TPEICTABISIFOT COOOM Ciies IMepecedeHus] IIOCKOCTH BHIA W
NEPIeHIUKYIIPHON eif TOBEPXHOCTH CEUCHHUSI.
JlommyckaeTcsi MOCTPOCHHWE JIMHUM CEYCHHS KaK 1O BBI30Ba KOMaHAbl BeraBka -
=

Yeprexublii BUJ +

Pa3pe3 (mpenBapuTenbHO aKTUBU3UPOBAB HMCXOIHBIM BUI), TaKk U mocie. B mepBom
Cllyyae MOKHO HAuepTUTh CTYNEHUYATYIO JIOMAHYIO JIMHUIO (CEKYILYIO CIOXHBIX Pa3pe3oB), BO
BTOPOM - IPOCTOM OTPE30K (CEKYIIYI0 TOPU3OHTAJIBHBIX, BEPTHKAIbHBIX WM HAKIOHHBIX
pa3pe3oB). Eciu nuHus ceueHus mpoBeieHa He Yepes3 BCI0 MOJIellb, OyIeT co3/1aH He TOJIHBIH, a
YaCTUYHBIN pa3pes.

BonbmMHCTBO apaMeTpoB JaHHOIO MHCTPYMEHTA aHAJIOTMYHbl PACCMOTPEHHBIM BBILIE,
OJTHaKO 0coOoro BHUMaHUs cpeau Hux TpeOyror Ilapamerpst Buaa. Eciu dnaxku MectHoe
ceueHrne 1 OTOOpPa3uTh TOJbKO cedYeHHe COpOILEHBbI, TO B KayecTBe M300paxkeHus Oyner
HOJIy4eH pa3pe3 (puc. a), B IPOTUBHOM ciydae - ceueHue (puc. 0).

i
| T -
& — |
bz
NapameTpe: mewet a | Mawrsd -
: : Vsmersrre + Mcnomsoeats nacwT b
HANOAENeIee POAHTEMOXOND CEYEHHE A-A
- Nons 08T MacwT b M2:1
ae A meTa
& AnomoeaTs MNOms300aTs HaCWT 6
WondT AcKymenTa NoMLI0oaTens
NapameTpe: snaa - | @
MecTioe Ceveren Tre) pasmeps -
OTofipamTs TOMKD * NMpoerwnoreest
cewrore -
Poamsest

(& Asro-wrprexs | : a) )

OnucaHHylO BbIllIe TPOLEAYPY MOXKHO MPUMEHATH HE TOJIBKO K MojensM jaeraieil. Ha
COOPOYHBIX UYepTek)axX pa3pe3bl U CEUCHHs BCE KOHCTPYKIIMU BBIOJHSIOTCS aHAIOTMYHO, C
TOW JMIIb Pa3HUIICH, YTO B OTACIHLHOM JAMAIOroBoM OKkHe WMHAMKATOpP cedeHUsi cienyeT
yKa3aTh, Kakhe KOMIIOHEHThl HYXKHO OCTaBUTb HEpa3pe3aHHbIMH. IJTO OKHO CTAaHOBHUTCS
JIOCTYITHBIM TIPU J100aBJICHUU HOBOTO paspes3a 3D moxaenu cObopku wim depe3 CBoiicTBa yxe
CO3/IaHHOTO paspe3a (BHIOOp Ha3BaHUU JeTanell Bo3MOKeH u3 JlepeBa KOHCTPYHPOBAHHS,
POIUTENBCKOTO BUJIA M CYILIECTBYIOIIETO pa3pesa).
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2 2

| T -

Jlomanble pa3pe3sl B SolidWorks
Jlomanble pa3pe3bl TakKe OTHOCSTCS K CIIOKHBIM pa3pe3aM U OT CTYNEeHYaThIX
OTJIMYAIOTCSI TEM, YTO UMEIOT HE MapajliebHbIe, a IepeceKaroluecs ceKylue miockocty. Ha
yepTekax MX YCIOBHO DPa3BOPAYMBAIOT O COBMEILIEHHUS B OJHY IUIOCKOCTb, & 3JIEMEHTHI
KOHCTPYKIIMU, PACTIOJIOKEHHBIE 32 CEKYIEH, BBIYEPUYUBAIOTCS MO IMpaBUiiaM MPOCLHUPOBAHUS
Ha TUJIOCKOCTh COBMEIICHHUS.
YuuteiBas IaHHYI 0COOCHHOCTH, B SolidWorks mpeaycMoTpeHa oTaenbHas KOMaH7a

JUIsL CO3J1aHus JIOMaHbIX pa3pe3oB: BeraBka - YeprekHblil BUA - £l BrIipoBHEHHBIH pa3pes.
E¢ cnmeuncpuka B TOM, 4YTO mOCIE IOCTPOCHHS CEIMEHTOB JIMHUM CEYEHHs M Tepen
MOCTPOEHUEM COOTBETCTBYIOIETO BHAAa HEOOXOIUMO BBIOpAaTh OTPE30K, MO KOTOpPOMY OyAeT
BBIPOBHEH BECh pa3pes - NPsSMOe yKa3aHHe Ha OOLIYIO INIOCKOCTh COBMEILIEHHUS.

Junus 1

Junun 2

Paspes, sviposuennotit no
aunuu 2

Paspes, eviposuennotit no
aunuu 1

Mectnblie pa3pe3bl B SolidWorks
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MecTHBIN pa3pe3 CIYKUT Ui BBISICHEHUS KOHCTPYKLUH M3AEHs JUIIb B OTACIBHOM,
OrpaHUYeHHOM MecTe. JlJIi ATOro Ha POJUTEIBCKOM BHJE CTPOUTCS 3aMKHYyTash KpHWBas -
IpaHHIla BBIHOCHOTO H300pa)KeHHsI, BHYTPEHHSS 00JacTh KOTOPOM B IOCIEACTBUU OyJeT
BBIPE3aHa Ha 3a/IaHHYIO TITyOHHY.

< TnyGema i -
® . @ " ,‘
. » l ofy | 30.000 -

[8]npeas. npoawotp

ol

(@] Asro-wrprcosxa

Komanna naxonurcs B MeHio BeraBka - UeprexHblii BUI - BoipbiB 1eTanu u B
KauecTBE MapaMeTpoB TpeOyeT 3a7aTh YUCICHHOE 3HAYCHUE PACCTOSHHUS WJIM SBHO YKa3aTh
KPOMKY, /10 KOpoii Oy/IeT BbIpe3aHa MOJICIIb.

Hcnonp30BaHre AaHHOM KOMaHJIbl BecbMa YAOOHO [JIsi CO3/IaHUS YACTHOTO Cilydas
MECTHOTO pa3pe3a - COBMEIIEHHOTrO C BHUAOM paspe3a. [leno B TOM, 4YTO CTaHAApTOM
JOTTYCKAeTCs 1T CUMMETPUYHBIX KOHCTPYKIIMH, C IEIbI0 DKOHOMHUHU IUIOMIAAM YepTeka U
YMEHbBIIIEHUsI 00beMa Tpaduyeckux paboT, COBMEMIATh HA OJHOM H300paKCHHH IOJIOBUHY
paspe3a U COOTBETCTBYIOIIYIO TMOJIOBUHY BHAA. JIOCTHYH ATOro MpH MOJIECIUPOBAHHH OYCHB
MPOCTO: B KAYECTBE OTPAHUYHMBAIOIICH JTMHUH CEUYCHUS YEPTUTCS MPSIMOYTOJIBHUK, BHIXOISIIUI
3a rabapuThl U3/IETHs, OJTHA CTOPOHA KOTOPOT'0 KOJMHHAPHA OCH CUMMETPHUH.

""F.';'ff.'.':f.'fff;f_]

3.110PAJOK BbBIITIOJIHEHUSA PABOTbBI

3) W3yuuTh TEOPETUYECKHE OCHOBBI BHIIOJIHAEMON PabOTHI.
4) BBINOIHUTH pa3HbIE BUJBI Pa3pe30B HA JETANM 110 3aJaHUI0 IIPENOAABATENS.
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JlabopaTtopHas paborta Ne24
CBOPOYHBIN YEPTEXK Y3JIA KPEILJIEHUS

1. HEJIb U 3AJIAYU PABOTbI
3akpernieHrue HaBBIKOB CO3JJaHUsI COOPOYHBIX CAHMHHUII.

2.ITOPAAOK BBIIIOJIHEHUS PABOTbI
Ucnonb3ys Texnudeckne onucanus JIA caMOCTOSITENHHO BBIMOIHUTL COOPKY KpbLIa C

KOPITyCOM, HAaHECTH BCE HEOOXOAMMBIE CONPSHKEHUS, BHIIOJIHUTE COOPOUHBIN YepTEX CO BCEMU
HEOOXOJUMBIMU BUJIAMU U pa3pe3aMu.
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JlabopaTopHas paborta Ne25
CO3JAHME COHELHU®UKALIUU

1. HEJIb PABOTbI
Hayuwnrtcs co3maBaTh 1 3aMOMHATE CHEU(UKAITTT

2. TEOPETUYECKHUE CBEJEHUA

Crnemuduxanuu B SolidWorks siBisrorest napamerpuaeckumu. Eciim KoMImoHeHT cOOpKr
ynansieTcsl uian qo0aBisieTcs, ’TO M3MEHEHUE aBTOMATHUECKH OTPaXKaeTcs B CHEHH(PUKAIUH.
Opnaxo 10 co3nanus crnenudukanuy HeoO0X0IMMO BEIOpaTh €€ TEKCTOBBIE TAPAMETPBHI.

1. OTkpoiiTe auanoroBoe okHO «CBoiicTBa nokyMeHTay — «Odopmnenuey - «llpudt
npuMedanuiiy. Breibepure mapamerp «Tabmuup» B obnactu «Tum mpumeuanuii», UYToOBI
BBIBECTH Ha HKpaH JUaiIoroBoe okHo «Bribop mpudrar.

2. B obmactu «Bwicora» BwIOepuTe mapamerp «IlyHKTBI» W BBIOEpUTE U3 CIIMCKA
3HaueHue 9 ans pazmepa mpudra. 3akpoiire 006a AMATOTOBBIX OKHA.

3. AHAJIOTUYHO YCTAHOBUTE BHICOTY TEKCTA MO3UIIUM paBHOM 12 MyHKTaM.

4. Bolgenute HM30METPUYECKUHA BHJI U BbIOEpUTE KoMaHay «Cnenmudukanus» B
MeHemKepe koMan . Ha skpaHe nosiBUTCS MeHeIKep CBONCTB «CrienuuKaus».

5. lllenkuure Ha KHONIKE «BBepXy» clipaBa B CIMCKE «YTOJ NPUBSI3KW» PA3ABUKHON
nanenu «IIpuBsska TaOIUIBI».

Kpowme Toro, ycranosure ¢uaxok «[IpuBsizkar.

6. lllenkuure Ha kHONKe OK B MeHemkepe cBoMCTB «CrierupuKaIums».

[Iabnon cnenudukanmu cozgan. OOpaTuTe BHUMAHUE, YTO B cHEIM(UKALUN TaKxkKe
comepxutcsi cronoer; «Omnucanue». OMHAKO ATOT CTONOCN HE SBISETCS OO0sS3aTEIBHBIM,
II03TOMY €T0 HYXXHO yIaJIUTh.

7. TlomectuTe Kypcop Ha 3arojloBOK crojibma «OmnucaHuey ¢ IISIKHUTE IpaBoOil
KHONKOW MBIIIM, 4YTOOBl BBIBECTM Ha SKpaH KOHTEKCTHOE MeHI0. BpiOepute KomaHIy
«Y namuthy» > «Ctonbery. Ctonber OyaeT ynaieH.

Jluct ueptexa nociue qo0aBiIeHus crenuUKauy U yaaaeHus ctoioua «Onucanuey.

Ecin nBer cneunduxanuu cepblii M IMJIOXO pa3iiMyUM, OTKPOWTE JHMAJIOroBOE OKHO
«ITapameTtpsl cuctembl» - «L{Beta». Beinenure ctpoky «VIMIoOpTUpOBaHHBIE TPUMEUYAHUS» U3
cnucka «CHUCTEMHBIE IBETa» U U3MEHHUTE LIBET HA YEPHBIH.

3.110PAJOK BbBIITIOJIHEHUSA PABOTbI

Coznate crneuudukanuio Ha COOPOYHBIM UYEPTEeK KPEIUIeHHS KpbUla C KOPILYCOM,
MOJTyYEHHBIN B XO/JI€ BBIITOJIHEHUS TIPS IBITYIIEH JIa00paTOPHOU PabOTHI.
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JlabopatopHas pabota Ne26

OCHOBHBIE 3TAIIbl TBEPIOTEJIBHOI'O MOJAEJIUPOBAHUAA.
IHOCTPOEHHME 3CKHMN30B TBEPJAOTEJBbHBIX MOJAEJIEN

1. HEJIb 1 3AJIAYHU PABOTbI
W3yunTe OCHOBHBIE 3Talbl TBEPAOTEIBHOIO IPOCKTUPOBAHUS M HAYYHUTHCS HX
IIPUMEHSATDH Ha IIPAKTUKE.

2. TEOPETUYECKHUE CBEJIEHMUA

[Maru nuaHUpOBaHUS U CO3/IaHUS AETAIH IEPEUNCIEHBI HIDKE.

m Tepmunosorns

Kakue TepMuHbI Hanboiee 4acTo UCHOIB3YIOTCS, €CIH PEeUYb UIET O MOJEIUPOBAHUH C
MOMOIIBIO TporpaMmMHoro obecredeHust SolidWorks?

m Bui6op npoduis

Kakoii npoduinb Hanbosiee noAXoUT B Havase npolecca MOAEIMPOBaHUs?

m Bbi0op miockocTu 3cku3a

Kak cBsi3an BbIOOp npoduiast ¢ BBIOOPOM INIOCKOCTH 3CKH3a?

m 3ambIces IpoeKTa

Yro Takoe 3aMbIceN MPOEKTa U KaK OH BIUSET Ha IIPOLECC MOJICIUPOBAHUS?

m HoBas gerajinb

OTKpBITHE HOBOM JAETAJM SIBJISAECTCS EPBBIM LIArOM.

m IlepBblii j1eMeHT

Yrto Takoe nepBhIil 3J1EMEHT?

m bo0bImKu, BbIpe3bl M 0OTBEPCTHSA

Kak u3mensiercs nepBblii 311eMeHT npu 100aBIeHUH O0OBIIIEK, BHIPE30B U OTBEPCTUI?

m Ckpyrienus

OKpyriieHHEe OCTPBIX YIJIOB - CKpYTJICHHE.

m Yeprexu

Co3znanue 4epTexHOTro JUCTA U YEPTEKHBIX BUJIOB MOJIEIIH.

m U3meHeHnune pa3mepoB

[Tpu u3meHeHnu pazmepa u3MeHsiercs reomeTpus Moaenu. Kak ato nomyuaercs?

ITpu mepexone K TpeXMEpHOW reoMeTpun TpeOyroTCs HEKOTOpble HOBblE TEpMHUHBI. B
nporpaMMHOM obecrieueHun SolidWorks ucmnonb3yercss MHOKECTBO TEPMHUHOB, ¢ KOTOPBIMU
Bbl [T03HAKOMUTECH B Ipoliecce paboThl ¢ MpoaykToM. Cpeand HUX MHOTI'O TaKMX TEPMHHOB, O
KOTOPBIX Bbl Y3HAETE, 3aHUMAsICh IPOEKTUPOBAHUEM U ITPOU3BOJCTBOM, HAIIPUMEP O BbIpE3ax U
000BIIIKAX.

Bce co3maBaembie BBIpE3bl, OOOBIMIKH, TIOCKOCTH M ACKU3bI CUUTAIOTCS 3JIEMEHTAMH.
HapucoBaHHbI€ 371eMEHTBI OCHOBaHbI Ha ACKH3ax (OOOBIIIKA U BBIPE3), IPUKIIAIHbBIE JIEMEHTHI
OCHOBaHbl Ha KPOMKaX WM IPaHAX (CKPYTJIECHHE).

[TnockocTy mnpencTaBislOT CcOOOH IIOCKME M OECKOHEUHble MOBEpXHOCTH. OHH
IPEJICTaBJIEHbI HA DKPaHE ¢ BUIAUMBIMU KpOMKaMU. OHHU UCHOJIB3YIOTCS B KAU€CTBE MIEPBUYHOMN
IUIOCKOCTH 3CKM3a JUIsl co3aHus OoObimiek M BbIpe30B. CylecTBYeT MHOXECTBO CIIOCOOOB
CO3JIaHMs DJIEMEHTOB M TpHJIAHHUS (OPMBI TBEPAOTEIBHOMY 3JEMEHTY, OJHAKO B JIaHHOM
yIpa)XKHEHUH OyIyT paccMaTpUBATBCSA TONBKO 6bimsadcKy. [IpyM HMCIOIB30BAHMU BBITSKKHU
npoduib YAJIUHSIETCS Ha HEKOTOPOE pPACCTOSHUE BIOJb IYTH, KOTOPBIH OOBIYHO
NEPIEeHIUKYIApEH IIocKocTu mnpoduid. TpaekTopusi mepeMelieHus BAOJIb 3TOTO MyTH U
CTaHOBUTCS TBEPIOTEIBHON MOJEIBIO.

B cucreme SolidWorks B KkauecTBe HMEHH, HWCHOJIB3YEMOTO JUIsl ONUCAHHS
JIByXMEPHOT'O MPO(UIIs, UCIIONB3YEeTC TEPMUH ICKU3. DCKU3BI CO3AAI0TCS HA MIIOCKUX TPaHAX
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U IIOCKOCTSX B Mojenu. OOBIYHO OHU HCIOJNB3YIOTCA B KaueCTBE OCHOBBI JJIs OOOBIIIEK U
BBIPE30B, XOTS M MOT'YT CYIIECTBOBAaTh HE3aBUCUMO OT APYTUX 3JIEMEHTOB.

bobviuxu ucmione3yroTest AN dobaeneHuss MaTepuana B Mojenb. Kpurtuueckuit
HayvaJbHbII 2JIEMEHT TaKKe sABJsieTcss 600bIKoM. [Tociie nepBoro 3aeMeHTa MOXKHO 100aBIIATh
CTOJIBKO OO0OBIIIEK, CKOJIBKO HEOOXOAMMO sl 3aBepllieHus mpoekta. Kak m B ciydae c
OCHOBaHHUEM, CO3/IJaHUE BCeX OOOBIIIEK HAUNHAETCS C ACKU3a.

Buipez wucnonpzyercst Uil yoanenus MaTepuala U3  MOJEIM. OJTO DJIEMEHT,
MPOTUBOMOJIOXKHBINA 000bIIKe. Kak u 000BIIIKH, CO3/1aHNe BhIpE3a HAUYMHACTCS C JBYXMEPHOTO
9CKHU3a, U BBIPE3bl UCHOJB3YIOTCA Ul YAAJCHHUS MaTepualla IyTeM BBITSDKKH, BpAIlEHUS U
HCIIOJIb30BAaHUS JPYTUX METOOB, O KOTOPBIX BbI Y3HAaETe.

Ckpyenenus U okpydceHusi 0ObIYHO HAOOABISAIOTCS B TBEPAOTENBHBIA 3JIEMEHT, a HE B
aekus. [1o criocoly pacronoxenwus paHei psIoM ¢ BRIOPaHHON KPOMKOW CUCTEMa OMPEIEsIeT,
TpeOyeTcsl M co3/laBaTh OKpyIJIeHHe (ylaleHue Mmarepuajia) WiIM CKpyrieHue (nobaBiieHue
MaTepuaia).

Oco0eHHOCTH CO3AaHUS U U3MEHEHUS MOJIENH ONpeAEII0TCS 3aMbICiIOM npoekTa. [Tpu
3aMbIC/IE€ TPOEKTa HEOOXOAMMO YUMTHIBATh OTHOILIEHUS MEXKAYy D3JEMEHTaMHM, a TakKke
II0CJIEJ0BATEILHOCTD UX CO3JIaHMSL.

Beibepure "naunyywui” npoduns. Ilpy BBITATMBaHWUM 3TOTO TPOQHIS CO3MAETCA
Oonblas 4acTh MOJENH, YeM IPHU MCIIOJIB30BaHUM JII0OOro apyroro mpoduis. B kauectse
MIPUMEPOB PUBEACHBI TH MOJICIIH.

Hawubosee noaxoasimii
BLITAHY TbIN Npoduin

Heraas

.

o P

Crenyronym 1marom 1ocie omnpeaeseHns Hanbosee MOIXOASIEro Mpoduis sSBiIseTcs
oIpeJieNIeHue BU1a, KOTOPbIM OyJeT MCIOIb30BaThCsl, M BBIOOP IJIOCKOCTH C TEM K€ UMEHEM
st pucoBanus. [Iporpammuoe obGecrnieuenne SolidWorks mpemoctaBiseT Tpu IIIOCKOCTH,
KOTOPbIE OMMCAHBI HIDKE.

CylmecTBylOT TpU IUIOCKOCTH IO YMOJYaHHIO, OOO3HaueHHble Kak llepenHsis
I10CKOCTh, BepxHss miockocTs U [1paBas miiockocts. Kaxaas miockocts OeCKOHEYHA, OJJHAKO
MMEeT TPaHUIbl Ha YKpaHe, YTOObI MOXKHO OBUIO MPOCMOTPETh BHIOpaHHBINA 3eMeHT. Kpome
TOTr0, KaKIasl MIOCKOCTh IMPOXOAUT 4Yepe3 UCXOAHYIO TOUKY M B3aUMHO IEPHEHIUKYJSPHA C
JPYTHUMH IIJIOCKOCTSIMHU.

[I;mockocT MOKHO TNEeperuMEHOBBIBaTh. B 3TOM Kypce mmeHa IlepenHsisi MI0OCKOCTb,
Bepxuss mnockocts, IlpaBast IIOCKOCTh 3aMEHSAIOT MMEHA MO0 YMOJYaHUK COOTBETCTBEHHO.
OT0 OO0IIEIPUHATOE HMMEHOBaHHE Hcmonb3yercs B Jpyrux cucremax CAD u ynobHo ans
MHOTHX M0JIb30BaTeNEN.

Hecmotps Ha TO, 4YTO TIUIOCKOCTH OECKOHEYHBI, BO3MOXHO, OyAeT mpole
paccMaTpuBaTh UX Kak IUIOCKOCTH, 0Opa3yrolllde OTKPBITYIO KOPOOKY, M COCTUHSIOIIMECS B
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ucxomHo Touke. Cruemys ATOH aHANOTWM, BHYTPEHHUE TpPaHU KOPOOKH SBISIOTCS
NOTEHUUATbHBIMU TJIOCKOCTSMHU ICKHU3A.

Jertanp Oyzner pazmemaThcst B KOpoOke Tpu paza. Kaxaplii pa3 Hanbosee moaxoasmi
npodmib OyIeT CONMPHUKACAThCs C OJHOM M3 TPEX IJIOCKOCTEH WM OyleT mapajulelieH HM.
HecmoTpss Ha TO, YTO CyIIECTBYET MHOXECTBO KOMOMHAIMM, B JaHHOW 3ajadye BBIOOD
OTrpaHHYEeH TpeMsl BapHaHTAMHU.

[Tpu BbIOOpE TIIOCKOCTH 3CKU3a CIIEAYeT YUUTHIBATh HECKOJIBKO acleKToB. JlBa U3 HUX -
BHEIIHUM BUJ M OpUEHTALMs JAeTainu B cOopke. BHemHuil Buj omnpenenser opueHTAIUIO
JeTald B CTaHJApTHBIX BHJAX, Hanmpumep B Buue Isometric (M3omerpuueckuit). OH Takxke
OTpesieNisieT, Ha YTO OyAET MOTpayeHo OOJIBIIMHCTBO BPEMEHHU IPU CO3AaHUU MOJIETH.

OpueHrtanus aetann B cOOpKe ONpenersieT Cnocod ee pacroyioKEeHUs] OTHOCHUTEIbHO
JPYTUX, CONPSDKEHHBIX C HEW JeTanei.

Eme oauH acnekTt, KOTOpBIN clelyeT YYUThIBATh IPU BBIOOPE MIOCKOCTH ICKU3a - KaK
TpeOyeTcs OTOOpa3suTh MOJENIb B uepTexe mnpu ee aeranusanuu. CieqyerT Tak HOCTPOUTH
MOJieNlb, 4TOOBI BUJ CIIEPEId COBHAAal C BUIOM CIIEpeId B OKOHYATEIBHOM YepTexe. ITO
MO3BOJIUT COKOHOMMTDH BPEMs BO BpeMsI O(pOPMIIEHHUS, ITOCKOJIbKY MOYKHO OYJIET MCIOIb30BaTh
IIPEIBAPUTEIBLHO ONIPEIEIICHHBIE BU/IBI.

Ecin TmatenbHO mnpoaymMaTb M BEPHO ONPEAEIUTh, KaKyl IUIOCKOCTb CIIEIYET
UCIOJIBb30BaH b AJIl PUCOBAHUSA NMPOQUIS, IO B JETAIBHOM 4YEpPTEXEe MOXKHO JIETKO CO31aTh
HaJJIeXkallue BUIbL.

IMocTpoeHue 3¢cKM30B TBEPAOTEIBLHBIX Mo/1eIei
SolidWorks mpemnaraer 6oratoe pa3zHOOOpa3Me HWHCTPYMEHTOB 3CKH3a, C TOMOIIBIO
KOTOPBIX MOKHO CO3/1aBaTh reoMeTputo npoduist. B aToit naboparopHoit OyaeT ucnoiab30BaHa
TOJILKO OJIHA M3 CAMBIX TJIaBHBIX (opm: JIunum.
B Tabnuie Huke NMpUBENEHbl HEKOTOpbIE OOBEKTHI 3CKM3a, MMEIOLIMECS Ha IaHEeH
HWHCTPYMEHTOB "Ocku3".
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. Kuonka naneau
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CICCRAR JTHHMS

OnTuManbHbIA croco0 A Havajga pUCOBaHUS - 3TO HCIOJIb30BaHHE CaMOil OCHOBHOM
¢dopmbl JIunus.

Jl1s prcoBaHus reOMETPUM MOXKHO HCIIOJIb30BaTh JIBa METO/IA!
m Haxxatb-Haxarhb

[TomecTuTe Kypcop B MeCTO TpeanojaraeMoro Hadana auHuu. lllenkaure (HaxMurte u
OTIIyCTUTE) JIEBYI0 KHONKY MbImM. IlepemecTuTre Kypcop B MECTO MpEAINoaraeMoro
OKOHuaHus JUHUU. [IpenBapuTenbHbIi BUa 00beKTa 3CKU3a OYJET CIIE0BATh 3a KYpCOPOM Kak
"pe3uHoBast HUTH'. HaskMuTe JIEBYIO0 KHOIIKY MBIIIY €1ie pa3. [Ipn qomoiHATENbHBIX HAKATHAX
CO3/1aeTCs CEPUSl COCAMHEHHBIX JIMHUMA.

m Haxkarb-Ileperamurtsb

ITomectuTe Kypcop B MECTO MpeAnojaraéMoro Hadajga JuHuM. Haxmute n
yIEp)KHBAWTEe JIEBYI0 KHOINKY MbIIHK. [leperamure Kypcop B MECTO IPENINOIAraeéMoro
OKOHYaHHUsI 00BeKTa 3cku3a. lIpenBapurenbHbId BHJ O0bEKTa 3CKH3a OyIeT ClIeqoBaTh 3a
KypcopoM Kak "pe3nHoBas HUTh". OTIYCTUTE JIEBYIO KHOTIKY MBIIIIH.

NucTpymenT JIMHUSA CIIy’)KUT JUIsl CO3/IaHMSI CETMEHTOB OJMHOYHOM JIMHUU B JCKH3E.
['opu3oHTanIbHBIE U BEPTUKAIBHBIE JTMHUHA MOKHO CO3[aBaTh BO BPEMS PHCOBAHUSA, ISl 3TOTO
cieanTe 3a 0003HaYeHUSIMH 00paTHOI CBSI3M BO3JIE Kypcopa.

m B menio UHcTpymenThl BoiOepuTe O0beKThI 3cKU3a, JIuHuUs.

m Unu, npeaBapuTENbHO PACIONOKUB Kypcop B Tpaduueckoil 001acTH, HaXXKMUTE IMPaBOH
KHOIIKOM MBILIN U BbIOepuTE JIMHUSA B KOHTEKCTHOM MEHIO.

m Mnu Ha naHenu MHCTPYMEHTOB "OCKu3" Ha)KMUTE KHONKY JInHus .

B3anMocBsI3M 3CKHM3a HUCHOJB3YIOTCS JJIs YNpaBICHHUS IMOBEJCHHUEM B D3JIEMEHTE
JCKH3a, B PE3YJIBTATE YETO BBINOIHIETCS 3aMbICEII ITPOEKTA.
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Bribepu Te uHCTpyMEHT JIMHMA U HApUCYITE TOPU30HTAIBHYIO JIMHUIO U3 HCXOJHON TOUKH. Y
Kypcopa nosiBisieTcsi o6o3HaueHune " — ", yKas3pIBaroliee Ha TO, YTO K JUHUU aBTOMATHYECKU
no0aBisieTcst B3auMOCBs3b ['opH30HTAIbHOCTD. UNCIIO YKa3bIBaeT Ha JUTMHY JTUHUH. HaxxmuTe
ellle pa3 I 3aBEPIICHUS TOCTPOCHUS JTMHUM.

Buumanue! MoxHO HE CITUIIKOM 3a00TUTHCS O TIOCTPOCHUU JIMHUM TOYHOM JITUHBI.

B mporpamme SolidWorks ympaBnenue 3aBUCHT OT pa3MepoB, TO €CTh pa3Mephl
yIpaBJIAIOT BEIMYMHOM TeOMeTpuu, a He Haobopor. Co3pmaiiTe 3CKU3 MPHUOIU3UTENBHO
HY’)KHOTO pa3Mepa M (QoOpMBbL, a 3aTe€M BOCHOJb3YyHTECh pa3MepamH, YTOOBI CIeNaTh €ro
TOYHBIM.

JIunus nmox yriaom.

HaunuTe ¢ KOHIIA IEPBOM JMHUY U HAPUCYWUTE JTMHUIO TOJ] YIJIOM.

Kpome o6o3nauenmit " — " u " | ", Takke OTOOpaXarOTCsS LITPUXOBBIC JIMHUH
(opMHpOBaHUS, TOMOTAIOIIUE BBIIOJIHUTE "BbIpaBHUBAHME" B COOTBETCTBUHU C CYILECTBYIOLIECH
reoMerpueid. K 3THUM IJIMHUSM OTHOCATCS BEKTOPBI, MEPHEHIUKYISPbl, TOPU30HTAIIH,
BEPTHUKAJIH, KACATEIIbHBIE U OCEBBIC JTMHUM.

OOparuTe BHUMaHUE, YTO HEKOTOPBIE JIMHUH (PAKTHUECKH SBISIFOTCS TEOMETPUIECKUMHU
B3aMMOCBS35IMH, TOrJa KakK JApyrue IpPOCTO BBICTYNAIOT B pOJM HANPAaBIAIOIUX WIH
CTIPAaBOYHBIX JTMHUN BO BpeMs prcoBaHUA. JIMHUM HOpMUPOBAHHS Pa3INYatOTCs [IBETAMHU.

OtobOpakxeHue B3aMMOCBS3EH HCKH3a, MOSIBIAIOLUIMXCS aBTOMATUYECKH, MOXET OBITh
BKJIIOUEHO WJIM OTKJIFOUYEHO C IIOMOIIbI0 MeHI0 Bua, Bzaumocssizu 3cknza. OHu octanyTcs BO
BpEMsI HAYaJIBHOM CTaIUU PUCOBaHUS.

JIunuu popmupoBanus.

CozpaiiTe JIMHUIO, TEPEMEINAsACh B  HANPABICHUHM, NEPICHIUKYIIPHOM
npeablAyIield JTUHUM. DTO NpPUBEAET K OTOOPaKEHUIO JUHUM (opMuUpOBaHMS MpU
pucoBaHur. Mexly 3TOM JIMHUEN U MOCTEAHEN JIMHUEN CO31aeTCsl

B3aUMOCBsI3b IlepneHaAnKyJIsIpHOCTD.

O6o3HaueHHe Kypcopa YKa3blBa€T Ha TO, 4YTO BBHINOJHSIETCS  B3aWMOCBS3b
"mepneHuKyIApHOCTh". OOpaTuTe BHMMAaHHUE, YTO Kypcop JHHMM He OTOoOpakaercs i
SCHOCTH.

IlepnieH UKy IAPHOCTD.

[pyras neprnieHaIuKyIspHas JUHUS CO3AAETCS U3 NOCIEHEN KOHEUHON Touku. 1 cHOBa
B3aMMOCBS3b "NIEPIEHIUKYJIIPHOCTD' BBIIIOJIHAETCS aBTOMATUYECKU.

CunpaBouHasi.

Co3zpaiiTe ropu30HTAIBHYIO JIMHUIO U3 NTOCIIEHEN KOHEUHOU Touku. HekoTopsle inHnn
(GOpMUPOBAHUS CIIY’KAaT CTPOTO JUIsl 0a3nca M He CO3MAI0T B3auMOCBsizeld. OHH 0TOOpaXaroTCs
CUHMM LIBETOM. OTOT 0a3MC MCIOJB3YeTCs Ul BEPTHUKAIBHOIO BBIPABHUBAHUS KOHEYHOW
TOYKHU C UCXOJHOM TOYKOM.

B uHCTpyMeHTe pucoBaHMS UMeEETCS MHOXXECTBO (yHKUMH oOpaTHOH cBsi3u. Kypcop
OyIeT U3MEHSIThCSI, YTOOBI ITOKA3aTh, KAKON THIT 00BEKTa CO3/1aeTCsl.

On Ttakxke OyneT ykas3blBaThb Ha HMMEIOIMECS BapUaHThl BbIOOpAa B CYIIECTBYHOILEH
reOMETPHUH, HalIpUMEp, KOHEYHasl TOUKa, TOUYKa COBIAACHUS WU CPEAHSISI TOUKA, C IIOMOIIbIO
KpacHOW TOYKH IIPU HAaBEJEHUU Kypcopa.

Tpems HauboJee pacpoCTpaHEHHBIMUA 0003HAYCHUSIMH OOPATHOW CBSI3H SIBIISTFOTCS:
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Ob6oanavuenue 3HauokK Onucauune
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3aKphITh.

3akpoiiTe 3CKHM3 MOCie TOro, Kak KOHEYHas JIMHUS OyJeT coeMHEeHa ¢ TOYKOM Havaia
IIEPBOM JINHUH.

AKTUBHBI MHCTPYMEHT OTKJIIOYAETCS C MOMOULIBI0 00HO20 W3 3TUX HHCTPYMEHTOB
CIIOCO00B:

m Haxxmute knaBuiny Esc Ha kinaBuarype.

m /i1 BeIOepuTE BTOPOI pa3 aKTUBHBIM HHCTPYMEHT (B IaHHOM

npumepe - JInnus).

m M HaxxmuTe HHCTpyMeHT BoiOpaTh

m Vnu HaxxmMuTe mpaBod KHOMKOW MBIMIM B rpaduyeckoil o0iaactu u mienkHute BoiOpaTs B
KOHTEKCTHOM MEHIO.

OTK/I1I0YHTE HHCTPYMEHT.

Haxwmure xnaBumy Esc Ha kiaBuarype Uil OTKIIOYEHMS] MHCTPYMEHTA CO3/AaHHUSA
JIMHUU.

B 110001 MOMEHT 3CKM3bl MOTYT HAaXxOIUTbCd B OJHOM U3 IMATH COCTOSIHUNA
onpezaeneHus. CoOCTOSIHME 3CKU3a 3aBUCUT OT T€OMETPUYECKHUX B3aHUMOCBS3EH Mexay
reoMeTpueil U pa3mMepamu, KOTOpbIE €€ OIpenesstoT. Tpems Haubosee pacnpoCTpaHECHHBIMU
COCTOSIHUSIMU SIBIISIFOTCSI:

HenocratouHoe ompeneneHue 3cku3a, OJHAKO 3CKU3 €lle MOKET ObITh HCIOJIb30BAH
JUISL CO3JJaHMsI DJIEMEHTOB. OJTO IMOJIOXKUTEIbHBI MOMEHT, MIOCKOJIbKY OUYE€Hb 4acTO Ha paHHHUX
CTagusX Ipolecca MPOSKTUPOBaHMUA HE XBaTaeT HMH(OpManuu JUIsl MOJHOTO ONpeAeTIeHUS
sckmu3a. OcTambHOE OIpeesieHNe MOXKET OBITh J00ABIEHO MO3KE, KOT/Ia CTaHET JOCTYITHOM
JIONOJIHUTENbHAA UH(pOpMaLus. ['eoMeTpuss HEJOONPEIENEHHOr0 3cK13a 0003HAYAETC CHHUM
IBETOM (TI0 YMOJTYAHHUIO).

B ackuze umeercs mnonHas uHQOpManus. ['eoMeTpuss MOJHOCTBIO OINPENEIEHHOIO
3CKHM3a 0003HAYAETCs] YEPHBIM IIBETOM (10 ymonyanuio). Ilo obmemy mpaBuiy, Korjaa aeraib
UJIET B IPOU3BOCTBO, €€ CKU3bI 10JIKHBI ObITh IIOJTHOCTBIO ONPEAEIIECHBI.

B sckuze nmerorcs ayOnaupyronmecs pa3Mepbl WM KOHGIUKTYIOIUE B3aUMOCBS3H, U
€ro He cjelyeT UCIOJIb30BaTh, IIOKA HE OYAYT BBIIIOJHEHBI UCTIpaBieHus. HenykHble pa3mepsl
¥ B3aUMOCBSI3U JIOJDKHBI OBITH YaJeHbl. ['eoMeTpust nepeonpeeIeHHOTo 3CK13a 0003HavaeTcs
KpacHBIM I[BETOM (II0 YMOJIYaHUIO).

JIByMs1 ApyrumMu cocTosHUsAMHU sBistoTCs Pemenune He Oblio HaiineHo u Haiineno
HegonmycTumoe pemenue. O0a OHM YyKa3bIBalOT HAa OMIMOKH, KOTOPBIE MJOJKHBI OBITh
VCIIPABJICHBI.
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169



O6paTI/ITe BHHUMAHHEC, YTO KOHCYHBIC TOYKH JIMHHUH, B OTIIMYUEC OT camou JIMHUU, MOTYT 6LITL
Pa3HOTO 1IBETA U B Pa3JIMYHOM COCTOSHUU.

IleperackuBanue.

[Ton ompeneneHHY0O TE€OMETPUIO (CHHIOW) MOXHO IIEpETalllUTh B HOBOE MECTO.
[losHOCTBIO OIpENENEHHYI0 T€OMETPUIO — HENb3sl. Ileperanure BEpXHIOK KOHEUHYIO TOUKY
JUIsT u3MeHeHus: Gopmbl 3ckuza. KoHeuHas Touka, KOTOPYIO MepeTalluig, OToOpa)kaeTcs B
BU/IE 3€JICHOM TOYKH.

OTMeHUTH U3MeHeHMe.

OTMeHHTe MOCIEIHIOI KOMaHAy C MoMOoIIblo mapamerpa OTMeHuTb. UTOOB yBUAETH
CITMCOK ITOCIICAHUX HECKOJIbKHX KOMaH]] (I/I BI)I6paTI> B HEM HY)KHYIO), Ha)XMHUTE MCHIO CO

CTpeaKON BHM3. ['OpsuMMH KJIaBHIIAMHU Ui KOMaHAbl OTMEHMTBb SBJISCTCS KOMOHMHALIHS
Ctrl+Z.

3.110PAJOK BbBIITIOJIHEHUSA PABOTbBI

1) M3yuuTh TEOpETHUECKHUE OCHOBBI BBIIIOJIHAEMOM paObOTHI.
2) Co3parb 3CKH3 I€TaJIN, BBIIAHHOW B KaU€CTBE MHAWBUIYAJIbHOTO 3aJaHHUS.
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JlabopatopHast pabota Ne27

CO3JIAHUE MOJIEJIA JIETAJIA IIO CEYUEHUSM. CO3JJAHUE TPEXMEPHOU
MOJEJIA JIA TBEPJOI'O TOIIJIUBA

1. HEJIb PABOTBI
3aKpenuTh NOJyUYEHHBIE HABBIKM TBEPAOTEILHOIO MOAEIUPOBAHUS.

2.1IOPAAOK BBIIIOJIHEHU S PABOTbI
Hcnons3ys MeToandeckue MaTeprallbl, BEIIAHHBIE ITPENIOIABATENIEM, a TAKXKE PEaIbHbIE
MakKeTbl CO3[aTh TPEXMEPHYIO MOJENb B COOTBETCTBUU C HHIMBHUAYAJIbHBIM 3aJaHUEM.
Hanectu Ha yepTex HEOOXOIUMBIE pa3MeEpPhl U COCTABUThH CHEIH(PUKALIUIO.
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JlabopaTtopHas pabota Ne28
CO3JAHUE ACCOUMATUBHOI'O YEPTEXKA

1. IEJIb PABOTbI
ITosry4nTh HaBBIKM IOCTPOEHUS ACCOLMATUBHOIO YEPTEXKa.

2. TEOPETUYECKHUE CBEJEHUA

AccoUMaTHBHBIA BUI — 3TO BUJ HEPA3phIBHO CBA3AHHBIN C TPEXMEPHOU MOJEIBIO, 110
o0pa3zy kotopoil (opmupyercs naHHb depTex. JlroOoe u3MeHeHue (OpMblI U pa3zMeEpoB
MO/JIEIM HEU30€KHO MOBJIEYET K COOTBETCTBYIOLIUM U3MEHEHHSIM B aCCOL[MAaTUBHBIX BUIAX.

Otkpoem pabouee oxkHO Yepremx. Ha manenu nepexiroueHuil BblOEpeM KHOIKY
AcconuaTuBHbIE BH/IbI, TIOCJIE YEr0 OTKpoeTcs naHenb Co3aaHue acCONMaTUBHBIX BH/I0B.

Ha paGoueli nanenu BBeneM KHoNKy CTaHgapTHble BH/bL [IPU 3TOM Ha 3KpaHe
IOSIBUTCS TUAJIOTOBOE OKHO, C IIOMOIIBIO KOTOPOTO MOYKHO OTKPBITH IANKY, € HaXOJUTCS
HE0OX0IMMBIH (aill, COOTBETCTBYIOIUI MOJAEIH.

ITocne »Toro Ha moise ueprexa oToOpasuTcs (PAaHTOM B BHJE NPAMOYTOJbHHUKOB,
YCIOBHO O00O03HAYAIOIIMX TPU OCHOBHBIX BHAA. B cTpoke mapameTpoB 00BEKTOB MOYKHO
YCTQHOBUTh OPHUEHTALMIO JETajdd, M TEM CaMbIM OIpPEJEeIUTh IJIABHBIA BUJA, MacuiTao,
BKJIFOYUTh WJIM BBIKJIIOYATH HEBUIUMBIC JIMHUH, JIMHUMU NIEPEXOJ0B, & TAK)KE HA3HAYUTH LIBET

N300paKeHHS.

oK -

& &

=Nra\i
S\ %,

3530D N0 rOPUOCHT a4, bavt

il

33300 N0 BAOTILAM, M

Jlist Toro uto0b1 HanboJiee palMOHAIBHO PACCTAaBUThH BUIBI HA TIOJIE YEPTEkKa, BBEIACM
kHonKy Cxema BHMAOB. B pe3ynbTaTe OTKpOETCS JUAIOrOBOE€ OKHO, B KOTOPOM MOHO
yCTaHOBI/ITB Ha6op CTaH[[apTHHX BUOB, HGOGXOI[I/IMLIX JJIS TIOJIHOT'O HpGI[CTaBJIeHI/ISI 0 (l)OpMe
JTAHHOM JICTaJIN.

[To yMom4aHuIO B IMAJIOTOBOM OKHE YCTAHOBJIEHBI TPU BUA: IJIaBHBIA BUI; BUJ CHU3Y;
BH]JI CJICBA. OCTaJIBHbIe OCHOBHBIC BHU/IbI HpeHCTaBJICHBI yCJIOBHBIMI/I HpSIMOyFOJIBHI/IKaMI/I. ECJII/I
MOHAJAO0UTCS TMOKa3aTh €Ile KaKOW-HUOYyAb BHJ, TO HEOOXOJMMO YKa3aTh €ro MBIIIBIO.
AHaHOFI/I‘IHO MOXHO yI[aJII/ITb JII060171 BH/, KpOMe TJIaBHOT O. OTMGHI/ITB HOCTpOCHI/Ie TJIAaBHOT'O
BHJIa HEBO3MOIKHO.

B HmkHel yacTH IMajIoroBOro OKHa HEOOXOJMMO yKa3aTh 3a30p MO rOPH30HTAIH U
3a30p N0 BepPTHUKAJM,T O €CTb BBECTU YHUCJIOBOE 3HAUECHHE PACCTOSIHUS MEXKIYy BUIAMHU B
FOpI/ISOHTaHLHOM n BepTI/IKaJIBHOM HaHpaBHeHI/II/I.

BriOpaB OCHOBHBIE BHJIbI M YCTAaHOBHUB WX HACTPOWKY, HYXHO YKa3aTh IOJIO)KEHUE
TOUYKH MPUBS3KU U300paKeHHs — Havyalla CUCTEMbI KOOPAMHAT TJIaBHOTO BUa. [locie Toro, kak
Ha TII0JIC qepTema TIOSIBSITCA BI)I6paHHBI€ BHUbI, B OCHOBHOI\/II HAAIIUCH B aBTOMATHYCCKOM
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pekume OynyT yCTaHOBIICHBI BCE HEOOXOMMMbIe cBeeHUs 00 m3aenuu. OHU mepenagyTcs U3
daiina momenu.

Ha pI/ICYHKaX ITIOKa3aHa MOICIb nu aACCOLIMaTUBHBIC BH/BbI, HOJIy‘-ICHHBIe B
ABTOMATHYECKOM PEXKHME.

—
Kopnge  [[[]ex]
mau N 70T N0-8)

ITpu mocTpoeHnn accoMaTUBHBIX BUJIOB HEOOXOIMMO IIOMHMTD, YTO MOHATHE «BUI» B
rpau4eckoM peJakTope M MAIIMHOCTPOMTEIbHOM YEpUYEHUH HECKOJIBKO pasiuyHo. B
YepueHUH BUJOM HAa3bIBACTCS HM300paXCHWE BUIMMON YacTH W3AETHs, OOpalleHHOH K
HaOJII01aTeN0, ¥ MEXIy OTIEIbHBIMU BHJAMHU JOJDKHA OBITh YCTaHOBJEHA MPOEKIMOHHAS
cBsi3b. HampotuB, B rpaduyeckoM pemakTope IOja BHIOM IOHMMAETCs JIF000€ JOrMYEeCKH
3aBepIIEHHOE U300paXKeHNe, U OTJENIbHbIE BUIbI MOT'YT ObITh HE CBSI3aHHBIMH MEX]ly COOOM.

Bun npu dopmupoBaHuu yepreka Ha KOMIIBIOTEPE — 3TO CPEACTBO, YNpPaBIIAIOLIEE
CTPYKTYpO#l nzobpaskenus. JIro0oii Bua o0nagaer psaaoM mapamMeTpoB: HOMEP; MaclITad; yroiu
MIOBOPOTA B Ipajycax; UMsl (HeoOs3aTeIbHbIN MapaMeTp): TOUKa MPUBSI3KU

B 151eBOil CTOpPOHBI B CTPOKE TEKYILIErO COCTOSHUS HaxoauTcsi kKHonka CocrosiHMe
BUJ/I0B, clipaBa HaxoauTcs kHomka Cnucok BuaoB U nosie Texymmii BUA, r7ie yKa3blBaeTcs
HOMEp TEKYIIETO BUAA.

st nonmyuenust nHopmanuu o BUAAX JOKyMEHTa BBeleM KHONKY CocTosiHue BH/AOB,
IIPU 3TOM OTKPOETCS IUAJIOr0BOE OKHO.

&8 sk ap g RE . >
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B 3TOM OKHe mpHUBOASATCS BCE CBEAEHUS O BHJAX, KOTOpble OyayT IpEe[CTaBIEHbI Ha
yeptexe. Kpome 3Toro, cucrema aBroMaTHuecku popMupyer crenuanbHblii CHCTeMHBIH B/
C HYJIEBBIM HOMEpPOM. B 3TOM Buj€ BBINOJIHSETCS BHYTPEHHSS paMKa U OCHOBHAs HAJIHUCh.
JIroboi1 W3 mapamMeTpoB BHIAa MOMKET MEHSATbCS IOJb30BAaTElIEeM B Tpolecce paldoThI.
Uckmouenue coctasisger CucreMHublii BuaA. Ero napamerpsl HEM3MEHHBI.
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AHAJIOTUYHO, HAa4aj0 aOCOJIOTHONW CHUCTEMBI KOOPAMHAT YepTexka BCErja HaxXOIUTCS B
JICBOM HUXKHEM YTIy.

[Tpu paccraHOBKEe M300paXEHUH CHUCTEMa OMpEAEISeT MOJI0KEHUE Hayalia KOOpIAHHAT
Ka)KJ0r0 BHJIa Ha OCHOBE JIAHHBIX O CUCTEME KOOpAMHAT TpexMmepHou moxaenu. Eciu Bun Ha
YyepTexe CO3/1aeTcsl BPYUHYIO, TO TOJIb30BaTENIb CaM YCTaHABIMBAET €ro HAyaJllo KOOPAMHAT.
[ToaTomMy, TOUKa NMPHUBA3KHM BUAA — TO €ro Hayalo KOOPAMHAT IO OTHOILEHHUIO K CHUCTEME
KOOpJMHAT JIKCTA.

[lpu cozmaHmm dYepTeka MOXKHO MAHHUIYJIHPOBATH OTACIBHBIMH BHIAMH (YAaJsTh,
nepemenaTh, IOBOpaunBath). Eciau Heo0X0oauMo yaanuTh BUJ cienyeT BBecTH KHonKy Delet.
Ecniu HeoOXoauMo TOBEpHYTh MM MEPEMECTUTh BHJ, TO MOXHO BOCIHOJB30BaThCS
OJIHOMMEHHBIMU KOMaH/IaMU B TpyIie komana Pegakrop.

BaxnpiM aTtarmoMm  odopMieHHST depTeka SBISAETCS M300pakeHUE  pa3pe3oB.
[TocTpoenue paspesa ciaeayeT BBIIOIHATh B CIEIYIONICH MOCIe0BATEILHOCTH.

1. Bun, Ha koTopoMm OyjaeM H300paxkaTh JTUHUIO CEUEHUs, HEOOXOIMMO TEPEeBECTH B

coctostare Tekymmii. B Hamewm ciydae 310 — [IpoekumoHHbIH BUA 2(BHI CBEPXY).

2. B 1unanoroBoM OKHE YCTAHOBKA IJ00AJbHBIX NPHUBA30K BKJIIOYUTH IMPUBSZKY

BbipaBHuBaHme.

. Ha manenn O603Ha4ennst HeoOX0MMO BHIOpaTh KHONIKY JIMHuUs pa3pesa.

4. C nomouibio mpuBsi3kk BbhIpaBHUBaHMe ClIEyeT yKa3aTh TOYKHU JABE TOUYKU JTUHHUH
paspesa.

5. Ilpu co3naHuy JIMHUU CEYEHHS] HY)KHO NMPOBEPUTH HANpaBICHHUE B3IJLAa, KOTOPOE
YKa3bIBAETCS CHEMAIbHBIMUA CTpelKaMH. Eciu oHO BBHIOpaHO HEMpaBMIIBHO, TO €ro
MO>KHO TOMEHSATH Ha MPOTHUBOIOJIOKHOE C TIOMOIIBIO CHIEIIMATbHOM KHOTIKH B CTPOKE
ITapameTpoB 00beKTOB 1 BBeCTH KHONIKY C031aTh 00BEKT.

(98]

¥ Y.

AT

T

6. Ha manenu Co3naHue accouMaTHBHBIX BHAOB BBeleM KHONKy Paspe3/Ceuenme,
[ocJIe Yero Kypcopom He0OX0IMMO yKa3aTh JMHUIO cedueHus. Ecnu Bce npeapiaymme
ornepanuu ObUIM BBINOJIHEHBI MPABUIBHO, TO JUHUS CEYEHUsI 0003HAYUTCS KPACHBIM
nBeToM. Ha skpane nosButcs (haHTOM B BHJIe TaOAPUTHOTO MPSIMOYTOJIbHUKA.

7. Hanee B ctpoke IlapameTpoB 00bekTOB cienyeT BBecTH 3akianky llITpuxoBka u
3aJaTh BCE MapaMeTpPhl IITPUXOBKH.

8. Mbl1Ibo creAyeT yKa3aTh HalpaBJIEHUE paclojioKeHus paspeza. OH yCTaHOBUTCS B
MIPOCKITMOHHOM cBsi3u ¢ BuioM CBepxy Ha mecte Buaa Cnepeau. HoBwiil Bum Oyner
TEKYIIMM U aBTOMAaTUYECKU NOIyuuT ums Paspes A — A.

[Tomy4yeHHBII B aBTOMaTHMYECKOM pEXHUME 4YepTeK HEoO0XOAUMO O(OPMUTH.
Odopmiienne mnpenycMaTpuBaeT: IOCTPOCHHE OCEH, MPOCTAaHOBKY pa3MepoB, BBEICHHE
TEXHOJIOTUYECKUX 0003HauYEHUH, BBEJCHUE TEXHUYECKUX TPeOOBaHUM, 3alI0JJHEHUE OCHOBHOM
HAJIMNCH.

Ha pucyHok nmoka3aH 3aBepIlI€HHBIN BapUaHT aCCOLMATUBHOIO YepTeka KOpIryca.
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3.IOPAJOK BBIIIOJIHEHUSA PABOTbBI

1) N3yuuTh TEOpETUUYECKHE OCHOBBI BHIMOJIHAEMON paOOTHI.
2) BbINONHUTB YepPTEXK I€TaIU MO 3aJaHUI0 TPENO1aBaTEeN .
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