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BBEAEHUE

Mathcad  sBnsercs YHHUBEPCAIbHBIM MaTEeMaTUYECKUM MAKETOM,
MO3BOJISIIOLMM pelllaTh OOJIBIIOE KOJIMYECTBO CIOKHBIX 3a7ad 0e3 HCMOIb30BAHMS
MIPOrpaMMHUPOBAHHS.

[Taker Mathcad pa3paboTaH ¢ y4eTOM HHTEPECOB MPOCTOTO IMOJH30BATENS.
Peanu3oBaH MHTYWTHMBHO TMOHSATHBIM MHTEpQEC, OCHOBHOM YINOp CcHAelaH Ha
HArJIHOCTh M MPOCTOTY paboTel co cpeaoid. Pa3paboTumku caemanu Bce
BO3MOXKHOE, YTOOBI IMOJIb30BATEb HE YYBCTBOBAJ c€0si OpOILIEHHBIM B UYXIYIO U
BpaxacOHyro cpeny. [ns pabdoret ¢ Mathcad mocrtatouHo 0a30BBIX HaBBIKOB
nonw3oBarensi. PaGora B Mathcad HemHOrum cnokHee paboOThl B TaKHUX
npuioxkenusix, kak Word u «Kanbkynstopy», U, moxaiyi, Aaxke mpoiie padoTbl B
Excel.

OcHoBHBIM npenMyIiecTBOM Mathcad siBnsiroTCst:

* IIUPOKUE BO3MOKHOCTH;

* POCTOTA U yJI0OCTBO dKCILTyaTallUH;

* JIETKOCTh M HATJISIAHOCTh MMPOTPaMMHUPOBAHUS 3a/1a4.

B Mathcad peanuzoBan mnpuHmuN: «YTO BHUIWIIB — TO W IIOJTY4YacIIby.
CrnosxHble MaTeMaTU4YeCKre (POPMYIIbl 3aMUCHIBAIOTCS 0€3 UCIIOJIb30BAHMS BCAUECKHUX
raJIo4ueK U 3Be370YEK BMECTO BO3BE/ICHHS B CTEIIEHb U YMHOKEHHUS.

Mathcad paboraeT kak uHTepmperaTop. Bce coBeplleHHbIE MOIb30BaTEIEM
OLIMOKM HEMEIJICHHO nmomMevarorcs. B m000if MOMEHT MOXKHO IPOBEPUTH 3HAUYECHUE
KOHKPETHOT'O ITapameTpa.

[Taker Mathcad co3maBancss Kak MOIIHBIA HAYYHBIA  KaJIBKYISATOD,
MO3BOJISIOIIUI JIETKO CIPABJISATHCS C BBIYMCICHUEM CIOXKHBIX (GOPMYT U (PYHKIMM,
pElIeHNEM aIre0OpanyecknuxX ypaBHEHUH, YIPOUIEHUEM aNreOpandecKux ypaBHEHMIA,
pemieHueM auddepeHInanbHbIX YpaBHEHHUM, aHATN30M (PYHKUIUN, TOCTPOCHUEM HX
rpaduKos, MIOMCKOM KCTPEMYMOB, YU CJIEHHBIM u aHATTUTUYECKUM

nudpepeHIMpoBaHUEM U UHTETPUPOBAHUEM U TOMY MOJI00HOTO.



[epsoie Bepcun Mathcad mosBuuCh emie 3a10aro 10 noseieaus Windows, HO
IIMPOKOTO PACTIPOCTPAHEHHWs] OHM HE TOJYYWJIH. OTO CBS3aHO C OTCYTCTBHEM
rpaduyeckoro wHTEpdEiica B 3TUX BEPCHAX W MaJOl MOIIHOCTH KOMITBIOTEPOB.
Habop marematnuecknx (opmyn ObBUT TOCTaTOYHO 3aMyTaHHBIM M YTOMHTEIHHBIM
3aHATHEM, TOCKOJIbKY TpeOOBalloCh 3HATH ACCITKH KIABHATYpHBIX KOMOWHAIWH.
YroObI MPOUYyBCTBOBaTh, KaK CIOKHO MPUXOJWIOCH TOTJALTHUM IOJIH30BATE- JISIM,
MOXKHO M CeidYac OTKIIOYUTh MBIIIKY H TOMPOOOBATh YIMPAaBIATHCS C JHOOBIM
NPUII0KEHUEM, UCTIONB3Ys TOIBKO KIaBUATYPY.

B nauane 1990x ronos, ¢ pacnpoctpanenueM Windows, Mpou30II0 BTOPOE
poxxknenue Mathcad. J{ns pa6otel B Windows 3 Obuia pa3paboTaHa odepeiHasi BEpCus
nporpammbl - Mathcad 3.0. Mathcad 3.0 Obu1  yxke BHOJHE JOCTYINEH s
AKCIUTYaTalliM HE TOJBKO MPOrpaMMHUCTaMH, HO M OOBIYHBIMHU TOJb30BaTessMu. C
TEX TMOp TMporpaMma HENpPepbhIBHO AopabaThiBacTcs, OTHUIU(OBBIBACTCA W
JOTIOHSIETCS. HOBBIMM (DYHKIIMSIMU U BO3MOXHOCTSIMH, pa3zpabaThiBatoTcs Oosee

yno0HbIe (DYHKITUW U BBIYUCIUTEIbHBIE OJIOKH.

INIPAKTUYECKOE 3AHATHUE Nel

PACCMOTPEHHUE IPUMEPOB INPOCTEHIIINX MATEMATHYECKHX
BBIYNCJEHUHA, TIOCTPOEHUS TPA®UKOB, 3AJJAHUSI TIEPMEHHBIX,
®YHKIMHA U JEMCTBUS HAJI HUMHA

3.‘:1}1.‘:1lele N UCXOJHBbIC JaHHBbIC:

HNurepdeiic
Jlns 3amycka Mathcad HeoOXoauMo aMOO IMIENKHYTHh Ha COOTBETCTBYIOIICH
MUKTOrpaMMe Ha paboueM crose, 1uoo B MeHto [lyck 3aittu B MathSoft Apps u Tam

BbIOpaTh Mathcad.



[Tocne 3amycka mporpamMmebl 3arpy3stcst 3 okHa: riaBHoe okHo Mathcad , okHo
Resource Center u oxno Tip of the Day. Oxno Tip of the Day (Coser [Ius1) xopoiro
3HaKOMO Mosb3oBarensM naketa Microsoft Office kak ogHO U3 CTaHAAPTHBIX OKOH.
OHO cOAEpKUT ONHUCAHWE OAHOW W3 MPOU3BOJIBHO BBIOPAHHBIX BO3MOXKHOCTEU
Mathcad. Ilepen Hauasom pabOThI ’TO OKHO HAJ0 3aKpbITh, HA)KaB Ha KHONKY Close.
Ecnmn MBI HE XOTHM, 49TO OBl 3TO OKHO TMOSBUJIIOCH TMPH CIEAYIOLIEM 3aIycKe,
J0CTaTOuHO yOpaTh ramouky B (uaxkke Show tips on startup. Eciu conepkumoe okHa
HaC 3aMHTEPECOBANI0 U MBI XOTUM YBHJIETh €IIe OJWH COBET, JOCTATOYHO HICIKHYTh
Ha KHomke Next tip.

Okno Resource Center (LleHTp AOKYMEHTalMH) COAECPKHUT CIPABOUYHYIO
uHpopmaiuio o pabore B Mathcad. OnsTh ke 3aKpoeM 3TO OKHO.

Jlns Toro 4troObl o0a 3TH OKHa OOJbIlIe HE TMOSBISUINCH TPH 3amycKe,
HeoOxoauMo B MeHI0 Tools (Cepsuc) Beiopars noanyHkT Preferences (Ilapamertpsr)
M B BO3HHUKIIEM OKHE yOpaTh COOTBeTCTByMImui ¢akoxk Show Mathcad tips at
startup.

Paccmotpum Teneps riaaBHoe okHO Mathcad. OHo siBisieTcst cTaHIapTHRIM 1S
OOJIBIITMHCTBA TMPUIIOKESHHUH OIEPAIIMOHHON CUCTEMBI

Windows. BeirimsaauT, kak mokasaHo Ha puc.1.1

B cTpoke 3arosoBka mpeicTaBlIeHO MM OTKPHITOTO JokymeHTa Mathcad. Ilo

yMoa4aHuio oH Ha3biBaeTcs Untitled].

I'1aBHOE MeHIO

Huxe cTtpokum 3arosioBka pacmosiokeHa CTpOKa IVIaBHOIO MeEHK. B crpoke
MEHIO CTPYIIUPOBAHbI BCE T€ JEUCTBHS, KOTOPHIE BBHIMOIHAIOTCS B okHe Mathcad.
[Ipu HaxaTHu Ha 000N MYyHKT TJIAaBHOTO MEHIO MOSBIISIETCSI CIMUCOK MEHIO MEPBOIO
ypoBHsA. HekoTopble MyHKTBI MEHIO MEPBOTO YPOBHS COAEPIKAT MOJAMEHIO BTOPOIO
ypoBHsl. Takue mMyHKTBHI TOMEYEHBI CIIpaBa TPEyroJbHUKOM. PaccMoTpuM noapoOHee

IIYHKTBI I'NITaBHOT'O MCHIO.
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Puc.1.1 OcHOBHOE OKHO MPOTpamMMBbI

Dauin
B MeHIo crpynnupoBaHbl JIEHCTBHUS, CBS3aHHBIE C BBIXOJIOM W3 IIPOTrPaMMBI,

OTKPBITHEM, 3aKPBITHEM, CO3/IaHUEM M NEYATHIO JOKYMEHTOB (CM. puc. 1.2)

“"Mathcad [BestiMan
m- Mpaska Bua Bcraska Oopmar Mncrpymembl CnMBoanbleonepauuu Oxno Cnpaska

O [ Cosaare... Ctrl+N ’ ’ e =250 ‘ M‘
| (& OTKpbITb... Ctrl+0 ST
@ 3akpbiTe Ctrl+W ::]' B £ U |-§ é = =)
@ﬂ CoxpanuTb Ctrl+S

CoxpaHuTb KaK...

CoxpaHuTb Kak Be6- cTpaHuLy...

MapameTpe! cTpaHnLbL..,
| [ Mpeasapwrenstbiii npocmotp
| & Neuars... Ctrl+P

Oznpaeuts
CeoiicTea...

1 MNpak pab 3 npumep_2

2 C:\Users\..\lNpak pab 3 npumep
3 Mpumep npaxr1 (1)

4 C:\Users\..\lNpumep npakt 1

Beixoa

Puc. 1.2 Menro «®aitr»



Ilpasxa
OtBeyaeT 3a ACUCTBHS, CBSI3aHHBIE C PEJAKTUPOBAHMEM TEKCTA, KONMHPOBAHUEM U

MOMCKOM B JIOKyMeHTe (cM. puc. 1.3).

@ ®aiin Bua Bcraska @opmar WHcrpymentei  Cumsonenbie onepaumn  Okvo Cnpaeka
O~ OTerHuTs Ctri+Z ' ) \ o LI | e = ‘ R, & D| 100% v” @

————— 04 BepHyte Ctrl+Y e
Normal = v|10 VH B 7 U ‘E = | == | «
z .| v Boipesats Ctrl+X
B A [ 52 KonwposaTts Ctri+C
Bcraeute Ctrl+V

C[I_&LLMBJ’IbHaR BCT3BKa...

X Yaanute Ctri+D
Beigenwte Bce  Ctrl+A
&% Haiitw... Ctrl+F
3aMEHUTL... Ctrl+H

lMepeittn Ha cTpaHnLy...

Cebinkm...

CBoext

Puc. 1.3 Menrw «IIpaBkay»

Buo
OtBevaeT 3a oOmmit Bug okHa Mathcad, ucnons3yemble MaHeTd WHCTPYMEHTOB,

aHUMaIHMIO U T.10. (cM. puc. 1.4).

Bcemasxa
ConepKUT 3JEMEHTBI, KOTOPhIE MOKHO BCTaBUTh B JOKYMEHT (TpaduKu, MaTPHIIBI,
BCTPOCHHBIE (DYHKIIMHM, PUCYHKH, OOBEKTHI APYrux npuioxkeHuid Windows u T.1I.)
(cm. puc. 1.5).

Dopmam
B sTOM myHKTE CTpynmUpOBaHBI OMEPAIMH, IMO3BOJSIONINE YIPABISITH CTHISAMH

BBIUMCIICHHS U CTHIIEM pabodero jucta (cMm. puc. 1.6).
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P
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F— 2

Konontutynet...
PeruvoHsl
AHHOTaUMK

OBHoBNTL Ctrl+R

Macwrab...

Puc. 1.4 Menro «Bun»

m ®aiin  [paeka Bug rﬁcrauxaj Dopmar  MHCTpymeHTbI

Cumeonsreie onepauynn  OkHo  Cnpaska

D@ M|

e

| @ A [ »=

SR [eeome 'ba-%a}mMI@\
vE [:3] Marpuua... Ctrl+M |-§ = |i= i= | X X,
[ <E 19 Dyrkyws... Ctrl+E
z 4 E? EavHnua namepenus... Ctrl+U
Pucyrok Ctrl+T
QO6nacte
Pazpbie crpanmLbl Ctrl+)
Pernod dopmyn  Ctrl+Shift+A
PervoH Tekcta b
i KomnoweHr...
JanHbie >
SNEMEHT yNpasneHna »
ObpexT...
Cebinka...
Tunepccoinka;., Ctri+K

Puc. 1.5 Meunro «BcTaBkay



m ®aiin [paska Bug Bcraeka [d’opua‘rl WHcTpymenTs!
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Puc. 1.6 Mento «Dopmar

JOKYMCHTA MW IIPOT'PAMMBI,

ONTUMH3UPOBATH U OTJIAJUTh BBIMIOJIHEHUE porpamm (cM. puc. 1.7).

m ®aiin [Mpaska Bug Bcraeka Oopmar[lﬂucrpyuem’bd Cumeonehbie onepaumn  Oxno  Cnpaeka

D~

sH SRV ¢

~ | Arial

Anumayua

' % Mpoeepka npasonucanus

»

y O

=

A [ = [ <2 3D ap #

3aLMTUTE ZOKYMEHT...

Il

==
z= x.
i= z

CpaBHUTb AOKYMEHTBL...

Knovel®

Kornucopia®

Boiuncaute

Otrnagka

OnTtumunsnposats 4

OTknrounTs BoIMUCNEHNE

Tpaccupoeka ownbok

Nnyenzna

Brarouunts agpeca PTC

Mapametpel...

MapameTpel sokymeHTa...

Puc. 1.7 Menr «MHCTpyMEHTBI»
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Cumeonuyeckue onepayuu
MeH1o0 Mo3BOJSET YNPaBIATh paO0TOI C CUMBOJIBHBIMU BBIPQXKEHUSAMU. Y IPOLIATh
CUMBOJIbHBIE aJTre0panveckue BbIpaKeHUsI, IPUBOAUTH MOJOOHBIE CIaraeMble,
packiIaabiBaTh HA MHOXHUTENH, PACKIAAbIBATh IPOOHO-PALIMOHATIbHBIE BBIPAXKEHUS HA

MHOKHUTENHN U T.1L. (cM. puc. 1.8).

}m ®aiin [paska Bug Bcraska @opmar  VHcTpymenToi (Cumsonbnbleonepaunu] Oxro  Cnpaska

D= ’ &[4 Y | % B @| STl e L Boeiuncante * B
- — = =—|  Y¥npocmus
lNormaI v | Arial v |10 v]| |t
@ A [] x= I% <F z:l aff DakTopuz08aTh
Cbopka T

MoawHomMnanbHelE KO3PPMLNEHTEI

MepemenHan 4
Marpuua 4
[Npeobpazoeanne ’

DopmaT BbINUCIEHWNIA...,

Puc. 1.8 MeHwo «CHUMBOJIBHBIC OIIEpALIUN

OKHO

OTtBeyaeT 3a pabOTy ¢ OKHAMHU MPHU OTKPHITUM HECKOJBKUX JTOKYMEHTOB (CM. PHC.

1.9).

'@ ®aiin lpaska Bua Bcraska @opmar  WHcrpymenter  CumBonbHbiE onepauum 7 Cnpaeka

D -BHSBRY| L OB|o | T [MDE|R QL Keowon
s e — - S Ceepxy BHU3
:liNormal lenaI "lm '” B .2 U ‘i = Cnaeeananpaso

3 A [ = (22 T ap @

v 1 Besbimannsiil

Puc. 1.9 Menro «OxHO»
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Cnpasxka

B Mento crpynnupoBana cripaBouHast uHpopmaiusa no Mathcad (cm. puc. 1.10).

;G] ®aitn  [lpaska Bug Bcraska Qopmar Wactpymentst  Cumsonsbheie onepayun  Okno | Cnpaska

D-2H SR Y| B @ o o | 2 J,@g:\,1_;}5[@@gnpasnaMathcad F1
Jo o) 8 7 u|B= =]

[ Normal v I Avrial

B A [ = [R<E T ap @

| W2 Yro 370 Takoe? Shift+F1
|
=k
= i3

PykosoacTeo ana paspaBoTynkos
PyKOBOACTBO Ans 3BTOPOE

PykoeoacTea n yuebHuku
Wnapranku
Cnpasoutbie Tabaunupl

3NEKTPOHHbBIE KHATK 4

%,] ®opymsl nonbzosateneit
Beb-yzen Mathcad
QO6yyenne Mathcad

O nporpamme Mathcad...

+

Puc. 1.10 Mento «CripaBka»

ITanes M HHCTPYMEHTOB

[Toxg cTpokOM MEHIO PACHOJOKEHBI MAHEIW HHCTPYMEHTOB. EcCiM Tekymmux

MaHeJled  HMHCTPYMEHTOB  HEIOCTATOYHO,

Bcerga MO>KHO MOAKJIIOYUTH

JIOTIOTHUTENbHBIE, BbIOpaB B MeHO View (Bua) moanmynkt Toolbars (Ilanenwn

MHCTPYMEHTOB) U YCTAHOBUTH raJIOUKU HAIIPOTUB HY>KHBIX MAHEJIEH HHCTPYMEHTOB.

Ha manensx HHCTPYMCHTOB, B IIOHATHOM IJIA ITIOJIB30BATCILA Fpa(l)I/I‘-ICCKOM

BHJIC, MIPEJICTABIICHBI HanboJIee 9acTo BeIMoJHsAeMble B Mathcad netictBus.

PaccmoTpum ocHOBHBIE TTaHEIM UHCTPYMEHTOB (cM. puc. 1.11).
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'&] Qaiin  [lpaeka Bcraska ®opmar  Whcrpymentei  Cumeonbbie onepauwm  Okvo  Cnpaska

D5 6| oI - Censserer o]
y Jinneiika v DopmatupoeaHmne e o 0
lNormaI E | 1= i= ’ < X,
IL ||v Crpoka cocToaHus v  Marematuka
T riiv‘ [] x= I% OkHo Tpaccuposku 3NEMEHTbI yNPaBAeHNA
Pecypcnl
Konontutyner...
Otnaaka
Pernonbl
AHHOTauun Kanbkynatop
[paduk
O6HoBWNTL Ctrl+R Lpag
Marpuua
Macwrab...

Bbiuncnerne

Maremaruyecknin aHannz
bynesa anrebpa
[Mporpammupoeanne
Ipeueckue

CUMBOABHBIE
Moaudukarop

AOHOJ’IHMTE}’IbeIe CUMMEBEObI

Puc. 1.11 Mento «IlaHenu HHCTPYMEHTOB»

IManeab nHCTPYMeHTOB «CTaHAaApTHAN»

JlaHHasT TaHeNlb WHCTPYMEHTOB COJACPKHUT 3HAUYKH, CBSI3aHHBIE C paboOTOi ¢
(aiinamMu: co3maHue HOBOTO (hailiia, OTKPHITHE CYIIECTBYIOMIETO (aiiiaa, COXpaHSHHUS
pemaktupyemMoro ¢aiiia, TedaTH TEKYIIEro JOKYMEHTa, pEeIaKTHPOBAHHEM
JOKYMEHTOB, BCTaBKOW OOBEKTOB U T.II.

YroObl MONYYHTHh MPEICTaBICHHE O TOM, KakKas BBIMOJHUTCS KOMaHAA IPH
Ha)XaTUH Ha JIAaHHYIO KHOMKY, TOCTATOYHO MOKA3aTh HA HEE MBIIIKON U 3aJepiKaThCs

Ha ITOJICCKYHABI, ITOCJIC YCI'O BOBHUKHCT BCILIbIBAIOIIAasd IIOJCKA3Ka.

ITanenb HHCTPYMEHTOB «DopMaTHpPOBaHME»
JlanHasi TlaHeTh WHCTPYMEHTOB OTBEYaeT 3a (OpMATUPOBAHUE TEKCTA U
dbopmyn, TO3BOJSIET W3MEHSTh CTWIb TEKCTa, Tum Impudrta, pasmep mpudra,

BbIpaBHHBAHUC U T.II.
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Kak u nmanenb uHCTpyMeHTOB «CTaHIapTHas», OHA XOPOUIO 3HAKOMA JIIOOOMY
MOJIb30BATENI0, IOCKOJbKY (UIypUpPYyeT B TaKUX IIHPOKO HCIOIB3YEMbIX

nporpammax naketa Microsoft Office, kak Word, Excel, Access, PowerPoint u T.1.

ITanenb nHCTPYMEHTOB «MaremaTuka»

31eCh CIPYNIUPOBAHbI AEBITH MaHeICH HHCTPYMEHTOB, MPeIHA3HAYCHHBIX IS
paboTel ¢ MaremaTuueckumu mnpuinoxenusmu: «Calculftor», «Graph», «Matrix»,
«Evaluation», «Calculus», «Boolean», «Programming», «Greek» u «Symbolicy.

OTH Ke MaHeJId MHCTPYMEHTOB MOYKHO MOJKIIIOUUTD U yepe3 MeHto Toolbars.

ITanenb nHCTPYMEHTOB «KanbKyasaTop»

JlanHasi maHejab UHCTPYMEHTOB UMHUTHPYET OOBIYHBIM HAYYHBIM KaJbKYISATOP.
31ech CrpynnupoBaHbl OCHOBHBIE MaTeMaTH4eckue QyHKIIUH,

MHHUMasi eIMHUIA 1, 1u(pel U apudmeTrueckue onepaunu. Mcnoap3ys naHHyIO
[IaHEIb, MOXKHO TOJIBKO IIPU IIOMOIIM  MBIIIA  IPOU3BOJUTH  OCHOBHBIC

apI/I(l)MGTI/I‘IGCKI/IG BBIYMCJICHHUA.

ITanenb nHCTPYMeEHTOB «byJieBa anredopa»
JlaHHas TnaHeIb HMHCTPYMEHTOB COJAEPKUT IIECTh OINEpaluil OTHOLIEHHS,

HCITIOJIb3YCMBbIX B JIOTHYCCKHX BBIPAKCHHUAX U YCTBIPC JIOTMUCCKHUX OIICpAaIlhH.

IManens uncTpymentoB «I'padpui»

[To3BomsieT cTpouTh rpaduku GyHKIUN IBYX U 00Jiee IIEPEMEHHBIX Pa3IMdHON
CJIOHOCTH, 3aJaHHBIX B JCKApTOBBIX WJIM B TOJSAPHBIX KOOpJAWHATAX, Tpaduku
GyHKIIMA, 3aldCaHHBIX B MapaMeTpudeckoM Buzae. Jns dyHKuMM MHOTHX
MEPEMEHHBIX MOXHO CTPOUTH TpadUK MOBEPXHOCTU WIIW JIMHUU YPOBHS, TUATPAMMBI

U THCTOI'PaMMBI.

ITanenb HHCTPYMEHTOB «MaTpuua»
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Tyt crpynnupoBaHbl AOJOHBI JUisi pabOThl C MaTpUIlaMU U BEKTOPAMH.
3agaHue pa3MEPHOCTH MATPUIl U BEKTOPOB, BBEJICHUE HWHJCKCOB, BBIYMCIICHUE
oOpaTHOM MaTpHIlbl, OMPEACIUTENsA, ONEepaToOp BEKTOpPU3AIMU MATPHIl, BBIJICICHUE
CcTOJIOIIa MATpHUIIBl, TPAHCIOHUPOBAHUS MAaTPHI], CO3JaHUE PAHXUPOBAHHBIX
BEKTOPOB, CKaJSIPHOE M BEKTOPHOE MPOU3BEAECHUE, CYMMa 3JIEMEHTOB MAaTPUIbI WU

BEKTOpA.

ITanenb HHCTPYMEHTOB «Bbruucienue»

[To3BosI€T BBIYMCIIATE IPOU3BOIHBIE IIEPBOIO U N-T'O MOPAJIKA, ONPEACICHHbIE
UHTErpajbl, CyMMY psJa, INPOU3BEICHUE DIIEMEHTOB BEKTOPA, HEONPEACICHHBIC
UHTETpaibl, TMpeaeabl (QYHKIUH W TOCIEJOBATeNIbHOCTEH, B TOM  4HCIIE

OJHOCTOPOHHUC.

ITaneab MHCTPYMEeHTOB «I'peueckue»

ConepxuT andaBuT rpeYeCcKUX CUMBOJIOB.

ITaneab wuHcTpyMeHTOB «IIporpammupoBanue» mnpeaHA3HAYEHA IS
co3daHusl TMporpamMM Ha BcTpoeHHOM B Mathcad s3plke mporpamMMmupoBaHuUs.

Komanny Add Line MOXHO HCHOJIB30BaTh MpPH HAINMCAHWHU CJIOKHBIX COCTaBHBIX

byHKIMA.

PexomeHnaanum no BINOJTHEHUIO

Ilpumep 1.

[Toctpouts rpaduk pynkmuu f (X) = xsin X Ha otpeske [0, 27].

Pewenue:

OnpenenuMm 3amaHHyr0 (QyHKIuio. Jlos 3TOoro B NPOU3BOJIBLHOM MeECTE
JIOKYMEHTa C KJIaBUATYpbl HEOOXOIUMO BBECTH MM (PYHKIIMHM M B CKOOKaxX 3ajaTh
apryMeHT. JIJis BBOJIa 3HaKa MPHCBAMBaHKUS MOXKHO UCIIOJIb30BaTh, TaK HA3bIBACMOIO,
«ropsuyto» KiaBumry. Jlims 3TOro HEoOXOAMMO HaXaTh KOMOWHAIMIO W3 JBYX

kiraBui Shift u «:». B ganpHeineM KOMOWHAIIMU «TOPSYUX» KIABUIIT MBI Oyaem

15



3aKJTI0YaTh B KaBBIYKH W MEXKIY YyICPKUBAEMBIMHU KJIABHIIAMH CTaBUTh 3HAK +.
Hampumep «Shift+:», o3Hauwaer, yTo HeoOXOAMMO HaxkaTh Ha KiaBuimy Shift u,
yAEpKUBasl €€, HaKaTh Ha KjaBuile aBoerouue. [locne 3Haka nmpucBauBaHUs BOJIUM
npaByto yacTb. [Tomyumu: f(x) = x - sin(x)

Br3piBaeM MacTep moctpoeHusi rpauKoB B JEKAPTOBOM CUCTEME KOOPJIMHAT.
DTO0 MOXKHO celaTh JIMOO W3 maHeau rpadukos, 1uo0 u3 MeHto Insert/Graph, nmu6o
Opyd  momomu «ropsuei» kinaBuimm — «Shift+2». B pesynbraTe mosBisercs
NpSIMOYTOJIbHUK, B KOTOPBIH BINHCAaH KBajapaT. BHEMHWN MpSIMOYTOJIbHUK
o003HayaeT 1noJyie 00beKTa MacTepa rpaduKoB, a BHYyTPEHHUN — 00J1aCTh MOCTPOEHUS
rpaduka. [logBoaMM Kypcop MBIIH K JIEBOMY NPSIMOYTOJBHOMY MapKepy,
Ha)KMMAaeM JICBYIO KHOIIKY MBIIIH ¥ TIPHU IIOMOIIM KJIaBUATYPhl BBOJUM UMS (QYHKITUN
u B ckoOkax apryment: f(X). Ilocrme HaxkaTust kimaBuiu Enter wiam mpu Haxatuu
JICBOM KHOTIKM MBIIIA BHE IMOJSA Tpaduka Ha 3KpaHE MOSBISCTCS MPEACTaBICHHBIHN
cripaBa rpaduk.

Mactep moctpoenus rpadgukoB nmoctpoun rpaduk Gyskiuu Y=f(X), npu sTom
MOJICTAaBUJI 3HA4YEHHUsI BCEX IApaMETPOB, pPaBHBIE 3HAYCHUSM TI0 YMOJYAHHIO.
Jlnama3oH H3MEHEHHsS apryMeHTa mpuHsl paBHbIM [—10,10]. Jns Toro d4ToOBI
NPaBWIBHO YCTAHOBHUTH JHAMa30H HW3MEHEHHUsSI apryMEHTa, IEePEMECTUM Kypcop
MBI BHYTPb Tpaduka ¥ HAXKMEM JIEBYIO KHOTIKY MBIIIH. B pe3ynbrare, Mbl BOIILIN
B PEXKUM KOPPEKIUU CBOMCTB rpaduka QyHkiuu. [lomBoauMm Kypcop K MO0, B
KOTOPOM OmpejiesieHa JieBasi rpanuna nuana3ona (—10), u nomensieM ee Ha 0. 3aTeM —
K TI0JII0, B KOTOPOM OIpeielieHa jeBas rpanuiia quamna3ona (10), u MeHnsem ee Ha 2.
Jlist TOro 4ToOBI MOMYYUTh KOHCTAaHTY 7, HEOOXOAMMO B TAHETHW WHCTPYMEHTOB
(Calculator) BeiOpath cumBoOI 7. Jlnama3oH oToOpakeHHs 3HaYCHUS (DYHKIUU TAKKe
MO>XHO M3MEHHTh. [[JIs1 9TOTO MOAX0auM K 00JIaCTH OTpeeieHHs] 3HAYCHUN ITOTO
nuarma3ona, B HamreM npumepe [—10,10] u m3mensiem Ha [—6, 5].

Jlnana3oH W3MEHEHHsI apryMeHTa MOXKHO 3aJaTh JAPYTUM crmocoOom. Jms
3TOTO, 10 MOCTpOoeHHU Tpaduka GyHKIIUH, HEOOXOAMMO 3a/1aTh JUAMA30H U3MEHECHUS

aprymenTta komanjaoi x := a0 ,al..b, roe 0 a — neBas rpanuna odnactu, 1 a — 3agaer
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miar Tabyssiuu h (h = a; — ap ), b — npaBas rpanuna nuanazona uamenenus x. [Ipu
3TOM JIB€ TOYKH BBOJATCS KJIABUIIIEH ; (TOYKA C 3amsATOM).

Hampumep, komanma X := —2,—1.9..2 o3HayaeT u3MEHEHUE apryMeHTa B
nuaria3oHe ot —2 10 2 u rpaduk pucyetcs 1o 41 Touke ¢ marom Mexay Toukamu 0,1.

Tenepp HeoOXoaumo OTHOPMATHPOBATH MOJNY4YeHHbIH rpaduk. g storo,
HAXOJsICh BHYTPH TOJIs Tpaduka, HAKUMAaeM Ha MPaBYI0 KHOMKY MBIIIKH, TEM CaMbIM
BBI3IBAEM KOHTEKCTHOE (3aBUCHMOE OT IIOJIOKEHHUS Kypcopa MBIIHM) MeHI0. B
MOSIBUBIIIEMCST OKHE BbIOMpaeM myHkT Format... B 3akmagke X-Y AXes
yctanaBnuBaeM ¢naxku Grid Lines (JIMHUM CETKH), a OCTaJIbHBbIE Bce (DIIAXKKHU
copaceiBaeM. B mosie Number of Grid (uucno siueek) mo o6eMM OcCsiM 3alUChIBaeM
mudpy 5. D10 03Hayaer, 4To Oy/eT HAPUCOBaHA PaBHOMEPHAS CETKAa JIMHUU U3 TISATH
SYeeK MO OCU alCIucc W ocu opauHaT. Jlamee HakuMaeM 3akjaaky lraces, B
KOTOPOH MOYKHO YCTAHOBHUTBH INMapaMeTpbl KakJIoi u3 16 BO3MOXKHBIX TpadukoB. B
Halie 3amade Bcero numib oauH rpaduk trace 1. YcramaBnuBaem Uisi HEro
napametpbl Color = Dblk (uepHsblit), onpenensromumii 1BeT Tpaduka, U MapameTp
Weight=3 (tommuua nunuu). Kaxaywo guHHIO rpad@UKOB MOXXHO moanucaTh. [lis
3TOro Heobxoaumo yopars duaxok Hide Legend (ckpeith serenanl) u moje Legend

label (meTku nerenn), BMecTo tracel BHeCcTH Ha3BaHUE TEPBO TUHUH.

KoHTpobHBIE BONIPOCHI

1) B wem cocrout otnmure Mathcad ot Apyrux aHaJIOTUIHBIX CUCTEM ?

2) KakoBbl BO3MOXHOCTH cucTeMbl Mathcad?

3) JlaiiTe XapakTepHUCTUKY COCTaBHBIX yacTeid Mathcad?

4) Ha3zoBuTe cocTaB Majaromiero MeHio nynkra daiin

5) Kakue maHenu BXOASAT B IMaHEIb MaTeMAaTHKHU U3 yHKTa MeHI0 Bu/Ilanenu
WHCTPYMEHTOB?

6) [lepeurciuTe yCIOBHBIC ONEPATOPhl U HA30BUTE OCOOCHHOCTH MX BBOJA B
MaTeMaTHYECKOE BRIPAKEHUE.

7) Kak mocTpouTh JByXMEPHBIN TpaduK B IEKaPTOBOM CHCTEME KOOPIMHAT?
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IHPAKTHYECKOE 3AHATUE Ne2

PACCMOTPEHUME TIPUMEPA PACUETA JIMHEMHOM
SJJEKTPUUYECKOM CXEMbI HA OCHOBE COCTABJIEHUSA U
PEINEHUA CUCTEMBI IMHEMHBIX AJITEBPANYECKUX
YPABHEHUWM B TIPOT'PAMME KOMIIbIOTEPHOM MATEMATHUKH

3aganue M UCXOAHbIE JAHHbIE

| 14 2
_'—lb Rl yh—> R4 ¢ — R2 ¢ ;
¢ A C)J

: 15 | K3 if RuT
Rum | fy111)/ N 133 | [Rum

) /16 P
El . RS R6 F2

Up | 3

L w
f XX ¢l ve Ru

Puc.2.1. Cxema nuHENHON LeNH HOCTOSHHOTO TOKa

B QJICKTPHUUYCCKUX MCILIX IMOCTOAHHOI'O TOKAa UCTOYHHUKAMHU SHCPIUN ABJIAIOTCA

UCTOYHUKH TIOCTOSIHHOTO HampspkeHuss E M HMCTOYHMKM MOCTOSHHOTO TOKa J.
[loHsiTHE «MOCTOSHHOE HAIpSKEHHE (TOK)» O3HAYAET, YTO BO BPEMEHHU 3HAUYECHUE U

HalpaBJICHHE HanpsKeHUsl (TOKa) HE MEHATCA. MOXHO CKa3aTh, YTO YacToTa

M3MEHEHHUS TTOCTOSTHHOTO HamnpsikeHus (Toka) o = 0.

B uneanbHOM HCTOYHMKE HAMpPSKEHUS] BHYTpEHHEE conpoTuBieHue Ry, = 0 u

HaAIIPAKCHUC Ha BBIXOAC MACAJIBHOIO HCTOYHHMKA HAIIPSAKCHUA PABHO E u He 3aBucur

OT BHEIITHEH 1IETIH.

B uneanbHOM HCTOYHMKE TOKa BHYTPEHHEE CONPOTUBIEHHE R,~= o0, TOK,

OTJaBacMBbIil BO BHEIITHIOIO II€Mb, HE 3aBUCUT OT CBOMCTB BHEIIHEH IICIIH.
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Hcroynuk ToKa J ¢ mapayieabHO BKIFOYEHHBIM CONPOTUBIEHUEM RUT MOXHO
3aMEHUTh SKBUBAJECHTHBIM UCTOYHUKOM HampsbkeHus E2 = J - Ry, B koTopoM Ryy =
Rur.

N Hao60poT, nCTOUHMK HampsikeHuss E2 ¢ BHYTpeHHUM conpoTHBIeHHEM RuH
MO>KHO 3aMEHUTh UICTOYHUKOM TOKa UH J, B KOTOPOM Ry = Ry

[TaccuBHBIMU 3JIEMEHTAMU SJIEKTPUYECKOW LIENMU SIBISIOTCA CONPOTHUBIICHUE
(pe3ucTop), UHYKTUBHOCTb, EMKOCTb.

I[To 3axony Oma Hanpspkenue Ha pe3uctope Ur = | -R.

BonpramnepHoi XapaKTEpUCTUKON 3JIEMEHTA 3JIEKTPUYECKON LENMU HA3bIBAIOT
3aBUCUMOCTh TOK4, MPOXOJAIIETO 4YEpe3 3TOT DJIEMEHT, OT HANpPSIKEHUS HA €ro
3aKUMax.

OneKkTpuueckas Lenb IOCTOSHHOTO TOKa SBIIAETCS JIMHEWHOW, €CIH BCE
AJIEMEHTHI LIEMN UMEIOT JIMHENHBIE BOJbTAMIIEPHBIE XapaKTEPUCTUKH.

CrpykTypa DIIEKTPUYECKOW LIENH OINPENENsAeTCsl BETBAMH, Y3JIaMH H
KOHTypaMmu. BeTBb 3T0O y4acToOK Lienu, 4epe3 KOTOPBIM NPOXOAUT OJHUH U TOT K€ TOK.
VY3en — MecTo coenwHeHHUs TpeXx W Oonee BeTBel. KOHTyp — 3aMKHYTBIM MYTh,
MOCJICIOBATEIILHOCTh BETBEM M Y3JI0B, B KOTOPOM KaXKJas BE€TBb M KAXKIBIM y3€]
BXOJIUT OJWH pa3. B cxeme puc.2.1. 6 BerBelt (He cunTasi pa30MKHYTOM €MKOCTH), 4

y3na u 3 koHTypa. OauH u3 y3710B (HanpuMmep, f) 3a3eMIISIOT U CUMTAIOT OOTUM.

PexoMeHnaanum mo BbINOJHEHUIO

PaccuutaTh TOKM B uHEHOM 11enu (puc.2.1.) mo 3akonam Kupxroda.

3anuceiBacM ypaBHEHHS 110 TIepBOMY 3akoHy Kupxroda s y3ioB b, C, e:

Vzenb: I} =1, +I;
Vzenc: I, =1, +1;

Vzene: Iy =1, +1,

3anuceiBaeM ypaBHEHHUS MO BTOpoMY 3akoHY Kupxroda st Tpex KOHTYpPOB:
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1 —dtxonmyp : R I, + Rsl5 = E|

2—akoumyp Ryl + Rglg + Ryly — RsI5 =0
3—ttkoumyp :Ro1, + R, I, — Rl =—FE,

HH

Pemaem ypaBHenust B Mathcad.

3aaeM SHaUEHI A MapanMeTpoB LIEr
El 12 BE2=8 B Rii=4 Om Rl =20 Om
R2 =30 O R3 =30 OmMm R4 =20 Om
R5 =40 Om R6 =20 Om

CocTapmaeM VpapHeHHA 110 sakoHaM  Kupxroda
ven (Kmoyepoe cNoBo peleHi i VpasHeH 1)
[To nepeomy saxkoHy Kupxroda

NN=HM+I5
H=12+16
B=I6+12

ITo BTOpoMy 3akoHY Knpxroda
Rim 11 + R1.11 + R5.15 = El
R4H+R6I64R3I3-R5I5=0
R2-12 + Run-12 — R6.16 = -E2

[Ipumeuanne 06 omepaTopax: OmnepaTop JOKAJIBHOTO MPUCBaUBaHUS (:=)
MIPUCBANBAET YUCICHHOE WM CUMBOJIBHOE 3HAUEHUE IMEPEMEHHBIM, PaCIOI0KEHHBIM
HIKE U MIPaBEE ATOT0 3HaKa. 3HAK JIOKAJbHOrO MPUCBAaUBAHUS HAXOJUTCS HA MAHEIU
«KanpKynsaTop» WM BBI3bIBACTCS KJIABHIIEH (: - TBOSTOUYME) aHTIIMMCKOTO aldaBuTa.

KupHbiii 3HaK paBeHcTBa W3 mnaHenu «byneBbl omepatopb» ( = ) - 3TO
JIOTUYECKOE PaBEHCTBO, UCIIOIB3YETCS B YPABHEHUSIX MOCJE KII04YeBOro ciaoBa Given
U B CHMBOJIBHBIX BBIYHUCIECHHUSIX. JTOT 3HAK MOKHO BbI3BaTh COYETAHHUEM KJIABUII

Ctrl=. OObIuHBII (TOHKHIT) 3HaK paBEHCTBA (=) JacT BBIBOJ Pe3yJbTaTa YHUCICHHOTO

pacuera.

HaXOI[I/IM BCKTOP HCKOMBIX TOKOB!
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HNHcTpyMeHTBl CUMBONIBHBIX BbluncieHnuit float,4 — naror pe3ynbpTaT pereHus

B BHJIC CTOJIOIA 3HAYEHUH TOKOB C YEThIPhMSI 3HAYaIIUMHU [UPPaAMHU.

KoHTpoJsibHBIE BONIPOCHI

1) Kakuie 351eMEeHTBI HCIIOB3YIOTCS B IMHEWHBIX IIETISX MOCTOSHHOTO TOKa?
HapucyiiTe BonpTaMnepHbIe XapaKTEPUCTUKH 3TUX AJIIEMEHTOB.

2) Kak npeoOpa3oBaTh HCTOYHHUK HAMIPSDKEHUS B UICTOYHHUK TOKa M 00paTHO?

3) Hapucyiite 4eThIpeXKOHTYPHYIO IIeTIh TOCTOSIHHOTO TOKa C IByMSI
UCTOYHUKAMH HAMPSIKEHUS U UCTOYHUKOM Toka. O003HAUbTE TOKU B BETBSIX U
3alMUINTE YpaBHEHHUs Ul pacuera TOKOBIO 3akoHaMm Kupxroda, no metony
KOHTYPHBIX TOKOB U II0 METOZY Y3JIOBBIX HaIlpSKEHUM.

4) HapucyiiTe TByXKOHTYPHYIO LI€Ilb C ICTOYHHKOM HANPSKCHUS U
MUCTOYHUKOM TOKA. 3a/laiiTe 3HAa4E€HHUs IApaMETPOB BCEX JIEMEHTOB. Paccuuraiite

TOK B OJTHOM U3 BETBEH METOJ0M HajiokeHUs. OnpenennuTe oCTaabHbIC TOKH.

IMNPAKTUYECKOE 3AHATUE Ne3

PACCMOTPEHUE IPUMEPA PACUETA HEJIMHEWNHOM
JEKTPUUYECKOMN CXEMBbBI C JUOJIOM HA OCHOBE HEJIMHEHHOI'O
AJITEBPANYECKOI'O YPABHEHUS B ITIPOI'PAMME
KOMIIbIOTEPHO MATEMATHUKHU

SaHaHne N UCXOJHBbIC JaHHbIC

B HaHHOﬁ riaBc IIPOBOAUTCA aHAIM3 CXCM OJHOIIOJYIICPHOAJHOIO H
ABYXIIOJIYIICPHUOAHOI'O  BBIIPAMIICHHA IICPECMCHHOI'O TOKa C HCIIOJIB30BAHUCM

MOJIYNIPOBOAHUKOBBIX 110J10B. BAX peanbHOro HeymnpasisieMoro avoja (kpusas 1,
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puc 12.1) umeer BeTBb IpsiMOro Toka npu U>0 u BeTBb 0OpaTHOro Toka mpu U<O.
OOpatHbIii TOK logp Y KA4eCTBEHHBIX JUOJOB OYCHb HEBEIUK (€IMHUIIBI
Mukpoammnep). [Ipsamoif TOK MOKET TOCTUTaTh Y MOITHBIX TUOJ0B

necsatkoB  ammep. [Ipu  TeopeTMUEeCKOM  HMCCIEIOBAHUM  MPOLIECCOB
BBITIPSIMJICHUSI ~ peajibHBI  HUOJ MBI  3aMEHSEM  HJICAIbHBIM, HUMEIOIINM
npsimoyrosibHyto BAX (kpuBas 2, puc. 3.1).

Ha puc. 3.2a mnokazana mnpocTeillias cXxeMa OJHOMOJYNEPHUOIHOTO
BBITIPSIMJICHUS, paboTaroIias Ha PE3UCTOPHYIO HArpy3Ky. [Ipyu BXOHOM HampsiKEHUH
u(t) = Un -SIN wf Tok W HampsbkeHHe Ha Ry MMEIOT BUJ MOJOXKHUTEIbHBIX MOJYBOJIH
puc.3.2 6. MOMEHTBI OTIUPAHUS U 3aMUPAHUS JUO0JIa ONPEISSIOTCS COOTBETCTBEHHO
MOMEHTaMHM MEPEX0/1a HANPSXKEHUS U TOKA Yepe3 HyJIEBbI€ 3HAUCHUSI.

B MocToBoli cxeme JBYXIOIYNMEPUOTHOTO BBIIPSMIICHUS, pHUC.3.3, TIpHU
BXxoAHOM HampspkeHud U(t) = Up -SIN wf TOK B Harpy3Ky IHOCTyHAaeT B KaXKIbId
nonyrnepuon  (puc.12.4), m wumeer ¢opMy ABYX TOJOKUTEIBHBIX IOJTYBOJIH
MOJIOKUTEIBHBIE MOTYNEPUOIbl BXOAHOTO HaNpsKeHust Auoasl VD1 u VD2 OTKpBITHI,
a VD3 u VD4 3akpbiThl, B OTpHUATEIbHBIE MOJyIepuoAsl auoasl VD1 u VD>

3anepthl, @ VD3 u VD4 OTKpBITEHL.

iuﬁp
Puc.3.1. BoasTammnepnas xapaktepuctuka peaabHoro (1)

U ujeabHorO (2) nuoaa
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Puc.3.3. CxeMa nBYXIOIYNEPHUOTHOTO BBITPSIMUTENS

Ru

Hanpspkenne Ha Harpyske R, pasuo #u(1)=U fsinet| OyIeT MOBTOPATH 10
(dhopme KpUBYIO TOKA.

Oyuknun  i4(t), Uy(t) B 3TUX cCloydasx COCTOST U3 CYMMBI ITOCTOSHHOM
COCTaBJISIIOLIEN U TAPMOHHUK.

B cxeme OJHOIIOJIYIICPHOIHOI'O BBIIIPAMIICHHUA ITOCTOAHHBIC COCTABJIAIOIINC

|
{7y =—\n i

HalnpsDKEHUsSIT WM CPEJHHUE 3a MEPUOJ 3HAUYCHUs HAIPSIKCHUS G U TOKa

,._'_\, = l.ﬁ(ff

17
T'a paBubl: Uo=Un/7 , l=lwz . TlepBas, BTOpas u dYeTBepTas TapMOHHUKHU

I 218 218
U m 20U m 20 m
2 Ry & |57
HaIPsDKCHHUS] UMEIOT aMILTUTYAbI COOTBETCTBEHHO - T,
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Puc. 3.4. JlnarpaMmma Toka B Harpy3Kke JIByXIOJYIepPUOIHOTO BBIIPSIMUTEIS

J l ; i:dl

==
o B i
JIQI/ICTByIOIIIee 3HAYCHUC TICPCMCHHOI'O TOKAa B HAI'PYy3Ke \/ L . I[JISI
.IF= 'I!r.':'?
CXCMbl ABYXITIOJYIICPUOAHOI'O BBIIIPAMIICHHA \E TO CCTb TaKOC XKC, KaK JJIA

CUHYCOUIAJIIBHOTO TOKaA. JIJ'ISI CXCMBbI OJHOIIOJYIICPHUOAHOI'O  BBIIIPAMIICHUA

,ZIGIZCTBYIOIHCG 3HAa4YCHHC TOKa B ‘:'IE pa3 MCHBIIC, YCM B CXCMC IBYXIIOJIYIICPHUOIHOI'O

BBIIIPAMIICHUA.

u i (;: - li,.

Puc.3.5. OgnononynepuoaHbIi BEITPSIMUTEND C EMKOCTHBIM (DHIIBTPOM

B oTkpeiTOM cocTostHUM nmuoaa wi < wt < wt; (puc.3.6) HaPsHKCHHE
U = Un -SiN ot npunoxeHo Kk Harpy3ke Ry, C. EMKOCTHBIH 3JIeMEHT CXEMBI B OTH
MOMEHTBl BPEMEHHU 3apsiKaercs, TOK uepe3 JUOJ pPaBE€H CyMME TOKOB 4Yepes
PE3UCTUBHBIA U €EMKOCTHOM 2JIEMEHTHI. B MOMEHT BpemeHu t, TOK yepes U0 paBeH
HYJII0, THOJ 3aKpbIBacTCs. YTOJ 3amupaHus auona paBeH: wt2=arctg(-wRuC) = n-
arctg(wRuC), Tok wuwepe3 awon i(wt2)=0, HampspKCHHE Ha KOHICHCATOPE
uc(wt2)=UmSIin wt,. Tlocne 3akpeiTus auona, HauwHas ot t2 mo (T+ty), mpoucxoaut
paspsan konaeHcatopa C Ha pe3uctop Ry MO HSKCIOHEHIMATBHOMY 3aKOHY
(1t MRuC

—T 7] er1v >
u.=UnSinwt;e™" . KpuBas Uc(t) npusenena na puc.3.6. B MomeHT t; BXOmHOE
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HaNpsKCHUC CTAHOBUTCS PABHBIM HAIIPSKCHHUIO Ha CMKOCTHOM JJICMCHTC, AHUOM

OTKPBIBACTCA. I[J'ISI OIPCACICHNA MOMCHTA OTKPBLITUA ANOJa t1 3anuiem paBCHCTBO!

U sinowts
Foo
U sint;

l'Li'l| ﬂ.'lltz l U}tl'| _'_2 T[ I I
i 21 in  4n

Puc.3.6. Hanpsikenne Ha eMKOCTH (pUIIbTpa

2+ iy —ly

I = wR,C
U, sin(wt,)=U, sin(wt,)e X

(3.1)

Bennuuny émxoctn C NpakTUYECKHM BBHIOMPAIOT TakK, YTOOBI MPHU 3aJaHHOUN

HArpys3KkeC BbIIIOJIHAJIOCH COOTHOLICHUC Q)RHC>1, TOraa HAIIPAXKCHUC Ha €MKOCTH

CIragacT OTHOCHUTCIIBHO MCIJICHHO.

Cxema ABYXITIOJIYIICPUOAHOTO  BBIIIPAMUTCIII €  CMKOCTHBIM

bunbTpomM

oTnu4aeTcss oT puc.3.3 TeM, 4YTO NapajuieJbHO COMPOTHUBICHUIO HArpy3ku RH

BKJTIO4aercsa eMkocTh C.

Pemenne ypaBaeHus (3.1) MOXKHO BBIIOJIHUTH YHCJICHHO, HCTIOJIB3ys Mathcad.

PexoMeHnaanum mo BbINOJHEHUIO
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Pacuer YTN0B OTKPERBAHHA H 2AMMHPAHHA THOOA

Hexomiie pamseie
1

=314 = =1
o z M:=10
SE g T ORIGIN = 1
Opm= |formel M
% —atan(m)

12
W

2at+aill-012

(2aean
)

!lleroot[sm[m t2) e

_('nm-ﬂ}«:oﬂ
112 & root| sin(e@ t2) e *
180

i
180

180
A3 D 12 T

m

) me -t

Uy e -t2

Un,m

B sroii nporpamme 7 =@R,C=1+10.M =10

J-sm[w t11) t11 .0.t2]

- sin{ @ -112) ,112,0.12]

fo - MOMEHT 3aKpbIBAHWA W04,

t11 - MOMeEHT OTKPBIBAHHA OHUOJAa B OAHOIIOJIYIICPHUOJIHOM BBIIIPAMUTCIIC, 12 t -

MOMCHT OTKpBIBaHUA OHUOHAa B

JIBYXIIOTYTIEPUOTHOM

BBIIIPAMUTCIIC. Vsl

OTKPbIBAHM:A, BBIPAKCHHBIC B I'paaycCax, AJIA Pa3HbIX 3HAYCHUH M, MOKa3aHbI HA pUC.

3.7 (aym - OTHOMONYNEPUOAHBIA BBIMPAMHUTENb, O2m - JABYXIOJIYNEPUOIHBIN

BBITIPSIMUTED ).

60

50
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Puc.3.7. I'paduku yrioB oTkpbiBaHus Au0A0B (1- 0JHONOTYEPUOIHBIN
BBINIPSIMUTEIIb, 2- ABYXIOIYIEPUOIHBINA BHINPSIMUTEID )

[Iporpamma pacyera ¢GOpMbl BBIIPAMIECHHOTO HAINpPSOKEHUS Ha Harpyske
npuBeAeHa Hke. B pacuerax mpHUHSATO, YTO aMIUIUTY1a MIEPEMEHHOIO HAIPSKEHUS
Un=10B, wR,C =5, U01,UC1 - nocrosinHas coctapiustomias u Gopma HarpsKeHUs
Ha Harpyske B opHomnohynepuoaHoMm Beimpsamutene, U02,UC2- mnocrosHHas
cocTaBisAoOImas U (QopmMa HaNpsHKEHWsT Ha Harpy3ke B ABYXIIONYNEPUOJIHOM

BBIIIPAMUTEIIC.

Up= 10
24t

( ot-01 |
1 1] — ——J
U0l = : Up- sin[mt) dot + Up: shl(m : tg) = o dot

wt11 -t
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U0l = 6.662

+m1]12

ts N (cot-w:tz)
U2 = l r Um~sin((ot) dot + Un sin(m 'tg) e " dot

x wi12 ot

U02 = 8.356

UC1(mt) = (Um~sin(wt)) f o fjp<ot<a- -ty
i _(mt—w-tgj
_Um- sin(m-tg)-e m fota<at<2 n+0- 1

Uc2ot) = |(Up-sin(ot) if o 4y <ot<o-t

[ (oat—co-tg]
Upp - sm[w~tg)~e " f o th<ot<n+o- -t3

UCZ[mt) = (Um sin(mt)) f o-fp<ot<m 1y

(mt-m-tg]
Up sin(m.tg)-e = if o <ot <n+o- to

(|Un-sin(ot) ) if 0 ya+a<ot<o p+x

l:_[wt—wiz—a]]
_|Um-sir1(co-t2+1t)|- e = fo-bh+a<ot<2-1+0- 7

10 I T T = L T
8 s —
UC1| ot)
uc2lat) | i
4 - —

wt

Puc.12.8. I'padmku HanpspkeHUs: Ha Harpy3ke B ogHononynepuogaaom (UCL(wt) ) n

asyxnonyrnepuogaom (UC2(wt) ) Bempsimutente npu wR,C =5
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CreneHp myJibCalluy HAIIPs’KCHUA WKW TOKAa B HArpy3k€ MOKHO OICHUTH

ko3 purmenToM myabcaruu Kn=(Umax-Umin)/Uo.

Ecan m> 100-200, emkocts C He ycneBaeT pa3psbKaThCsl 32 BpeMs mepuoja T
Y HamnpshKEHUE Ha Harpy3ke OyAeT MPakKTUYeCKU PaBHO aMILIUTYE (ITMKY) BXOJIHOTO
HanpspbkeHus: Up. Takol BBIIPSIMUTENb HAa3bIBA€TCSl THUKOBBIM JETEKTOPOM U

MMPHUMCHSACTCA B pAAUNOTCXHUYCCKUX YCTpOﬁCTBaX AJIs1 JE€TCKTUPOBAHUA CUTHAJIOB.

KonTpoJsibHbIE BONIPOCHI

1) Hapucyiite BoJibTaMIIEPHbBIC XapaKTEPUCTUKN UACATLHOTO M PEAIbHOTO
auoja.

2) Hapucyiite cxemy OJHOMOIYIIEPHOAHOTO BBIIIPSIMUTENS K OOBSICHUTE €T0
Ha3Ha4YeHUE U padoTy.

3) Hapucyiite cxemy ABYXIOIYIIEPHUOTHOTO BHITPSIMHUTENS U OOBSICHUTE €TI0
Ha3HaueHue u padoTy.

4) Kak paccuurtaTh MOCTOSTHHOE HANPSDKEHUE B AKTUBHOM HArpysKe
OJTHOTIOJYIEPUOAHOTO U ABYXIOJIYIEPUOTHOTO BRIMPAMUTENS 0€3 CTIaKUBAIOIIETO
¢unbpTpa? Ha CKOJIBKO OTIMYAIOTCS 3TU HAMPSIKEHUS ?

5) Jlis 4ero mpUMEHSIIOT CTIIaKUBAIOIINN €MKOCTHON (DHIIBTP B
BBITIPSAMUTEIAX?

6) Kak MeHseTCst HANpsDKCHHE Ha EMKOCTH CIUIKHUBAIONIEro GUiIbTpa B
OJTHOTIONTYTIEPUOTHOM BBITIPSMUTETIE?

7) Kak MeHsieTCsl HalpsDKEHUE Ha EMKOCTH CTIAKHUBAOMIETO QUIbTpa B

JIBYXIOJYIIEPUOAHOM BhIIpSIMUTENIE?
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ITPAKTUYECKOE 3AHATHUE Ne4

PACCMOTPEHME IPUMEPA PACYHETA INIEPEXO/JHOI'O NIPOLUECCA B
SJEKTPUUECKOIN CXEME HA OCHOBE COCTABJIEHUSA U
PEHIEHUA OBBIKHOBEHHOI'O IU®PEPEHIIUAJIBHOI'O
YPABHEHMUS B TIPOTPAMME KOMIIBIOTEPHON MATEMATHKHU

3aganue M UCXOAHbIEe JAHHbIE

[TepexoaHbIM MPOIECCOM HA3bIBAETCS HEYCTAHOBUBIIUMCS, HECTAIMOHAPHBIN
MPOIIECC, BOSHUKIINUKM MPHU MIEPEX0JIe U3 OJHOTO pexkuMa paboThl K Ipyromy. Beskue
U3MEHEHHUS M TIEPEKIIIOYCHUSI B CXEeME Ha3bIBalOT KomMmyTaruen. B cxeme puc.4.1 B
MoMeHT t=0 mpoucxoauT KommyTalus (B JaHHOM CiIydae 3aMbIKaHUE KIIOUa).

Pexum pa6OTI>I O U3MCHSCTCA U BO3SHUKACT HGpGXO,Z[HBIﬁ mponccc.

i) is
et

Puc.4.1. Cxema nenu ¢ KoMMyTupyromum kiodom K
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Cunraercs, 9YTO KOMMYTalMsl MPOUCXOAUT MTHOBEHHO B MOMEHT BpPEMEHH
t=0. MomeHT BpeMeHH, MpEeALIECTBYIOINNA KOMMYyTaluu, oOo3HayeH t=0-
MoMeHT BpeMeHH, CIEAYIOIIMN cpa3y IMociae KommyTanuu, oOo3zHaueH t= 0.
[IpumeM cremyromye 3HaYSCHHUS TApaMETPOB ETH:

E=120B, L=10wMI's, C=68 HD, R1 = Ry, =1 xkOm.

(0 )=——

Jlo xommyTanuu B MOMeHT {=0- TOK B WHAYKTUBHOCTH

L-i2(0_)

o

ll'\.,((,l )

HWHAYKTUBHOCTH HAKOIUJICHA MAIHUTHAA OHCPIUA . QHCPI‘I/IH HC MOXCT

I
(P(t)= LN )

N3MCHUTHCA MI'HOBCHHO, TdK KaK MOIODHOCTH BCCTAa OI'PaHHUYCHA dr
HOC—)TOMy B JICKTPHUYCCKHUX ILCIIAX C MOCTOSTHHOM HHAYKTUBHOCTBIO HeﬁCTByeT.

HepBBIﬁ 3dKOH KOMMYTalluu: Tok B HHAYKTUBHOCTH JO KOMMYTAIIUHW PABCH
i (0_)=1i,(0_).

E-R
Ry +Ry

TOKY B MHIYKTUBHOCTHU B HA4aJIbHbI MOMEHT IOCIIC KOMMYTAIIUU:
Uc(0_)=
Jlo xommyTtanuu B MOMeHT t = 0- HanpsbkeHne Ha eMKOCTH
. ST, )
Wa(0_) = —E—=
Ha emkoctm HakomuieHa  DSJEKTpUYECKAs  HDHEPrus =
DNeKTpUUYecKasi SHEpPrusi TAaKK€ HE MOXKET H3MEHATHCS MIHOBEHHO. [loaTomMy B
BJIEKTPUYECKOMN LEMHU C TOCTOSHHOW €EMKOCTBIO IEMCTBYET
Bropoii 3akoH kommyTanuu: HanpsikeHre Ha eMKOCTH 10 KOMMYTAallUd PAaBHO
HaNpsDKEHUKD HAa €MKOCTM B  HAYAJIBHBIA MOMEHT IIOCJIE KOMMYTAIMHU:

Ue(0_)=Ux(0,)

Pacyer mnepexomHbBIX IPOLECCOB OCHOBAH HA WCIIOJIB30BAHMU IEPBOIO M
BTOPOI'0 3aKOHA KOMMYTaIlUU.

[IepexonHble TpoLECCH B JIMHEMHBIX JJIEKTPUUECKUX LEMSAX OMUCHIBAKOTCS
JUHEWHbIMU JH(P(dEepeHIMAIbHBIMU  ypaBHEHUsIMU. J[1s 1ienu, NOKa3aHHOM Ha

puc.4.1 cuctemy nuddepeHraibHbIX YpaBHEHUIN cocTaBUM 10 3akoHaM Kupxroda:
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dut - Ai
. 3=C—=. L—Lt+u.=E.
Rl . I3 T 7 T U,

Hcnonb3ys naHHble ypaBHEHUS PeoOpa3yeM UX K BUILY

d“uf-- 3 [ .a’u(-- L I .

[Monyunnu nuHelHOe, OAHOpOIHOE MUDPepeHInaTbHOE YpaBHEHHUE BTOPOTO
nopsiika. Pacuer mepexoIHbIX MPOIECCOB B JTMHEWHON AIEKTPUUYECKON e MOXKHO

BBIITOJTHUTH HCCKOJIBKMMHU MCTOAaMU.

PexoMeHnaanum mo BbINOJHEHUIO

Pacuer MEPCXOaHOr0 IMponecca AJisl HAIPAKCHUA Ha CMKOCTHU B pa3B€TBHCHHOﬁ

nenu (puc.4.1) BeIMOTHEH KJIACCUYECKUM C UcTonb3oBaHueM Mathcad.

Hexonmmie naHHbIE
. -2 . . -9
E:=120 B E=:10 I'm (C:=68-10 D
R1 := 1000 Onm R2 := 1000 Om

1. Pacuer PEAIIMA J0 KOMMYTALII

E
10 == ———— Ho=006 A
Rl + R2
UcCo := (I10-R1) Uco=60 B

2. Pacuer npHyEICHHOT 0 PesIma

E
P := — INIP=012 A
Rl

UCP := I1P-R1 UCP=120 B
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3. XapakTepHcTINECKOe YPABHEHIIE

(I’YHI\‘J.HIJI TIapamne bHOr o CoeMIHCHITA

x- \f

parallel(x,y) =
X+y

1
Z(p) =pL+ parallel(Rl ,—)

\ pC)
pl Z()
P2 e

KopHin xapakTepHeTIrecKoro ypaBHeHIA

solve,p [ —7353. + 3.764-10%4
%
float .4

—7353. — 3.764-10i

. 1
pl = —7.353x10° + 3.764ix 10* =
C

3 e 4 1

p2 =-7.353x10° - 3.764ix 107 =
C

O6uni Brg ¢B0o00gHOIT COCTABIAOLIEH HATIPTKEHIA HA €MKOCTH

pl-t+ Al.epZt

Ucp(Al,A2 1) :== Al-e
4. PacueT MocTOSHHBIX HHTCIPHPOBAHHA

Hna momenTa =0+ Haxomma UCOsv i [30sv.

UCO¢es := UCO - UCP UCOcB = 60
uCo
BOcs := 110 = — B0Oce =0
CB R CB

Haxommt Al A2
Grven
Al + A2=TUC0¢cs

pl-Al + p2-A2 = B0c¢s
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[ Al ) -30. + 58611
= Fmd(Al ,A2) flost 4 — )
A2 / ~30. - 58614

Peuierite Amt roaHoro HANPAKEHIE HA EMKOCTIE
& — T plt 5 P2t
Uc(t) := UCP + Al-¢" "+ A2-¢"" complex —
- [ o 4 o 2 fa o 4
120 = 60 -exp(=7353 -t)-cos' 3.764-10 -t' = 11 7T22-exp(=7353 -t)-sm 3.764-10 -t
Ipadiik moaHoro HATIPLKEHIDE HA EMEOCTIT

Uc(t) := UCP + Ucrlt)

-
2

t:=0,100°. 107"

160 T T

140 .

120
Ue(t)

100 u

80 n

60 1 | | |

o 2107 410% 610t g0t 0001
t

Puc.4.2. I'paduk moaHOTO HANPSHKEHUS] HA €MKOCTH

KoHTposibHbIE BONIPOCHI

1) Yto Ha3BIBAIOT NEPEXOTHBIMHU MTPOIIECCAMU M KOT/Ia OHH IPOUCXOIAT?

2) O0bsicHATE (U3HYECKUIN CMBICI IIEPBOTO W BTOPOTO 3aKOHA KOMMYTAITUH.

3) Kak omnpenenuTh MOPSIOK ISTH MPH pacdeTe MePEeX0THBIX MPOIECCOB?

4) OOBSICHUTE TIOCICAOBATEIBPHOCTh  pacuera TEePEeXOJHBIX  IPOIECCOB
KJIACCUYECKUM METOJIOM.

5) OOBsiCHUTE TIOCJIECIOBATSIIBHOCTh pacuera IEePEXOJHBIX  IPOIECCOB
OTIEPATOPHBIM METOJIOM.

6) Kakoli BUJ] IMEIOT ITEPEXOIHBIC MPOIIECCHI B IETISIX TIEPBOTO TOPsiaKa?
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7) Kak wu3MeHsieTcsl HampshKCHHE Ha KaKIOM U3 JIByX JJIEMEHTOB TIpU
ITOAKJIIOUYEHUH NOCTOAHHOTO HanpskeHus E k nemsim RC u RL?

8) Kak BeIrmsigsaT rpaduku  BBIXOJHBIX HANPSOHKCHUH TpH  JIEHCTBHU
MPSIMOYTOJILHOTO UMITYJILCHOI'O CHUTHajga Ha BxoAe JauddepeHuupyromero u
MHTETPUPYIOLIETO 3BEHA?

9) Kakoit BHI MOTYyT WMETh MEPEXOJHbIE MPOIECChl MPH IMOAKIIOYCHUN

noctosiHHoro Hanpsixenus E k RLC -uenu?
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IHPAKTHYECKOE 3AHATHUE Ne5

PACCMOTPEHME IPUMEPA PACYHETA HEPABHOMEPHOI'O 110
JJIMHE U BO BPEMEHU ITPOLHECCA HAT'PEBA ITPOBOJIA HA
OCHOBE COCTABJIEHUA U PEHIEHUSA JTUPPEPEHIIUAJIBHOI'O
YPABHEHUA B YACTHBIX ITPOU3BOJIHBIX B ITPOT'PAMME
KOMITIBIOTEPHOM MATEMATHUKH

3aganue M UCXOAHbIE JAHHBIE

Hcnonb3yeTcst onHOMEpHass MOJEb T.€. TEMIIepaTypa NPOBOJHUKA | cUMTaeTCs
HEM3MEHHOW Mo ceueHuio (cM. mpwioxkenue 1). IlpunasaTto, 4to dopma MPOBOJIOKHU
UJCaIbHO UWIMHAPUYECKass W HEW3MEHHAa B TEUYEHHE Mpoliecca. Y UYUTHIBACTCS
3aBUCUMOCTh TEIJIOPU3UYECKUX CBOMCTB Marepuaiga  OT TemmepaTypbl. Harpes
IIPOBOJIOKHU TIPOMCXOIHT 3a CUET JKOYJIEBa TEILIoBbIAeneHus j%/ o . COpOC TEMIOTH HIET
3a CYET CIEAYIOLINX MPOLIECCOB:

1. Ecmecmeennas xousexkyus. llpouecc cyuTaeTcs KBa3WCTAlMOHAPHBIM; HE
YUYUTBHIBAIOTCS TOTOKHA TEIUIOTHI B BO3AyXE B HAIIPAaBJICHUU BJOJb IPOBOJIOKH,
BBI3bIBAEMbBIE HEPAaBHOMEPHOCTBIO TEMIIEPATYpPHI 0 €€ JUIMHE - TO €CTh I pacyera
TEIUIOOT/IAYM C MaJOro y4acTKa JJIMHBI MCHOJB3YETCS MOJAENb OSCKOHEYHO JIMHHOTO

nuiarHapa (cM. npuioxenue 1). Toraa TEmiIoBoM MOTOK € MOBEPXHOCTH MPOBOJIOKH (:
qg=a(T)T-Tp) (5.1)

rane s ompenenenus ofT) wucnonedyercs Gopmyna M.A. MuxeeBa, paromias
HanOOJIbITIIEe 3HAYCHHUE O, JJISI TIEPEXOTHOTO OT TUIEHOYHOTO (TICEBIOTEIIIONPOBOTHOCTS )
K JJAMUHAPHOMY PEKUMY TE€UEHUS, XapaKTEePHOMY JIJIsI OXJIAXKICHUS TOHKUX MPOBOJOYEK

Ha Bo3ayxe (Grmy Prp<l)

)0.125

Nu,, = 1.18(Grm Pry, (5.2)
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3HaueHus1 Oe3pa3MepHBIX KputepueB Oepyrtcs mpu temmeparype Tm=(T+To)/2 .

[ToxcTaBuB B (2) BBIpaKCHHUS JUIS HUX , U BBeAs 6=T/Tg , morydanm:

0.125 53 0.125
= -1 =11 49(—;§] .
0)= ioH0m) OO el ) O 5 Uoao :3)
rae On=Tw/To A (6) = % V(0) = %f) alg = %;9) - COOTBETCTBEHHO

TEIUIONPOBOIHOCTh, KHHEMATUYECKAsI BA3KOCTh M TEMIIEPATYPOIPOBOJHOCTH BO3IyXa,
OTHECEHHBIE K CBOMM 3HAYCHUSIM TIpu 1=1Tg

2. Mznyuenue. TermnoBoit moTok onpenenseTcs o 3akoHy Credana-bonpimana:
q=c (T (5.4)

rne ocs=5.6710% JIx/M*K* - nocrosunas Credana-bonsumana, &(7) - cTeneHb
4epHOTHI MOJIUOIeHa. BO3ayX cuMTaeTcsa IMaTepMUYHOM CPEIO.

3. Tennonposoonocmo u “21eKmpoHHas KoHeekyus . YAUTBHIBACTCS , UTO, TIOTOKU
TEIUIOTHI M 3apsA/a JOJKHEI OBITh CBA3aHHKI APYT C APYTOM , TaK KaK M TEIUIOTa U 3aps
B MeTalle IepeHOCATCS  CBOOOAHBIMU DIEKTPOHAMM. Ta CBA3b OIUCHIBACTCH
YpaBHEHHSAMHU, MOJIy4aeMBIMH B 00LIEH TeopHu IepeHoca (U3 PelleHHs] KHHETHIECKOTO

ypaBHEHUA):

j=0F—oSVT (5.5)
G=-TloE — VT (5.6)
3nech j', q ,E - IUIOTHOCTh TOKA, TEIUIOBOM MOTOK M HANPSKEHHOCTH MOJS B

MPOBOJHUKE;, O ,A,S - MPOBOJAUMOCTb, TEIJIOMPOBOJHOCTH M AOCOIIOTHAST TEPMODJIC
(xoaddurment tepmodic) matepuana npoBogHuka ([/=ST - koaddumnuent [leapTre ).

®dopmyna (5.2) moka3pIBaeT, YTO TEIUIOTA MEpPEeaeTCs Kak 3a CYeT TeIUIONMPOBOIHOCTH,
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(1

TaK M 32 CYET “° MAKPOCKOMHMYECKOro~ JBMXKEHHUS  OJJIEKTPOHHOrO ras3a - aHaJior
BBIHYK/ICHHON KOHBEKIIMH B “00BIYHOM” raze Wi KuAakocTu. OIleHKa MOKA3bIBAET , UTO
TEMIOBOI IOTOK 3a CYET JJIEKTPOHHOM KOHBeKIuM mpu j~108A/M? MOXKeT COCTaBIATH
~ 10°B1/M%, 4TO CpaBHUMO C TEILIONPOBOJHOCTHBEIM HOTOKOM (~107-108 Br/M?,
JIAaHHOM Cllydae, Kak Iokasan pacuer, 10 5107 Br/m?), nostomy ero, mo BUIMMOMY,
HEO0OXOIUMO YYUTHIBATb.

Jls1 Toro BepasuM of u3 (5.5) u noxcraBus B (5.6) momydnM:

g =-ST(j +oSVT) - AVT =-5T] - (/1 ; aszT)ﬁT — _STj - AVT (5.7)

[Tocnennee paBeHcTBO B (5.7) 3amMcaHoO ¢ y4€TOM TOTO, YTO BEJIMYMHA 0S2T
KOTOpasi YYUTHIBACT MEPEHOC TEIJIOTHI TOKOM, BO3HHUKAIOIIUM TOJ] JCHCTBUEM JIaHHOTO
rpajgdeHTa TeMmieparyp (a He TMOoJa JCWCTBHEM BHEIIHETO TIOJIA)<< A, BCJICACTBHE
manoct TepModac (S~107°-107B/K ). Vpasuenne (5.7) npexacrasiusier coboil 3aKoH
buo-®ypne ¢ nmonpaBkoi Ha “3IEKTPOHHYIO KOHBEKIIUIO .

[Iporiecchl OKMCIEHUST U UCTIAPEHUS OKCUJIA B JAHHOW MOJIETN HE YUUTHIBAIOTCS,
YTO SIBJISIETCS OCHOBHBIM JIOMYIICHUEM .
Jlns ompeneseHus MoJsi TEMIEpaTypsl B mpoBosioke T(X,f) 3amuiieM ¢ ydeTom

(5.1), (5.4) u (5.6) ypaBHEHHE TEILIONMPOBOIHOCTH U TPAHUYHBIE YCIIOBUSA K HEMY:

2
e =2 “frfi?T}m; 2D -y - 2% (50)

N,.o=Tl.;=T (5.9) , I(x,00=Ty (5.10)

(TeruioTnaya ¢ MOBEPXHOCTH MpHBEAEHA K OOBEMHBIM CcTOKaMm Teria). 3aech Cy-
yaenbHas TEIUIOEMKOCTh MOJHMOJIEHA, O — ITUIOTHOCTh, Oe- YAEIBHOE DIEKTPUUYECKOE
COTIPOTHBIICHHUE, A - TEIUIONPOBOAHOCTh, & CTEMEHb UYEpPHOTH, | - cuma Toka B

npoBogHuKe. KoopauHara X HanpaBiieHa BAOJIb POBOIHUKA IO TOKY.
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PexoMeHIaIiH M0 BHITIOJTHEHU IO

Martemarnyeckasi Moaedb. [ YMCICHHOTO PEHICHUS YPaBHCHUS M IPAHUYHBIC
YCIIOBUSL TMPUBOAATCS K Oe3pasMepHOMYy BuAy. IlomMuMo Oe3pa3MepHON BEIMYUHBI
€ BBomsatcs y =X/l ; =tlty , rue t=L/Rs (mocTosiHHAas BpeMEHHM MEPEXOHOrO Mpoiiecca
B R-L memm); Tok i=I/lx ,rme Ix=Ez/Rs ( ycraHOBHBIIHMIiCSI TOK B Iienmu 0Oe3 ydeTa
CONMPOTHUBJICHUS MPOBOIOKH R,,). Bce ¢yHkmum or TemmepaTypsl (TEIJIOEMKOCTD,
TEIUIONPOBOAHOCTD U T.J.) 3anucsiBatorcs B Bune f (1) = fy - £(0), roe fo=f(To), f(0)
- HeKoTopast 6e3pazmepHas pyHkmwms. [lomydaem:

COa_o
Fo or oy

[Z(@)%‘? Pel -0-ij+0m- i2. 5. (6) - Bio-a(6)(0-1) - St-Z(0)0* (5.11)

0,=0,=6, . 0(x.0=l (5.12); i-H%:l . i(0)=0 (5.13)

2 2
¢ J4.
3necy Fo = ;’10 :0.014,()111:162[X4J
I"Cyop nd " ATy

3
40T 41,1 Ry I~
St:J—é):O.Bl e =H00 0504 ¢ 1+-2-[5,(0(x)dx , 6,=T./To.
0

Y d? A 5

=33.604, Bio=

I[J'IH pPCHICHUS UCIIOJIB3YCTCA YMCTO HCABHAA JIMHEMHAas cXeMma:

ntl on n+l  ntl ntl  ntl n+l n+l
T Uiyl — U Wi —Ui | qiplip] —4j-1j-1 .
=g J J J= U J= -I-f(ul? ln+1) (514)

I L I 2h Jr

0 1 1
up =1 (11.2) , uj" =ul" =6, (5.15)

) l-n+1_-n
" d =1, i%=0 (5.16)
T!
3nech u7 - HWCKOMas ceToYHas (QYHKIWs, OIMMCHIBAIONIAS PpaCIpEIeIICHNe

TEMIIEPaTyphl, N-UHIEKC BPEMEHHOTI'O CJIOA , | - MHJAEKC M0 KOOPJAMWHATE; 7'- IIar CETKU

)

~

n+ly
g =" 8wy,

~ ~ u
1o BpeMeHw, h - mo koopaunarte, a; = 0.5 /I(u?) +4 (u?_l) , c(u) = ;7(
0

39



f(u,)=0m-i2. 5 (1) - Bio-a(u)(u-1) - St-e(uu?, d =1+R - OS(pe(un)+pe(uJ+1)j
=

~

R= N - gucno mraroB mo koopauHare (h'N=1). KaHonudeckuii Bua CUCTEMBbI Ha

Ro
RZ
n+1 BpeMeHHOM cllo€:

A -l BT =—F (1< j<N) (5.17)

2
31ech A?zaj—O.Shq?_l, C}? ajy1taj +C( ) h / , aj+0-5hq}?+1,

F =

] f (u;‘, ”+1) h? +u ( ) 2 / Ha xaxaoM BpeMEHHOM CJl0€, HauyHHas C

in+1

HYJICBOT'O ( Ha4aJIbHOC YCJIOBHUC ),OHpC,HeJ'ISIeTCH 34aTCM pPCIIACTCA OTHOCHUTCIBHO

u"! MetomoM mporoskwu.

T.K

e

Le

Puc.5.1. TemnepaTypa B LIEHTpE IPOBOJIOKH B 3aBUCUMOCTU OT BPEMEHH
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Puc. 5.2. I3MeHeHne CyMMapHOW MOIITHOCTH UCTOYHUKOB U CTOKOB TEILIA
00YCJIOBJIICHHBIX PA3IMYHBIMU MPOIIeccamMu : 1 - HKOYJIeBO TEIUIO , 2- KOHBEKIHS , 3 -

u3jIydeHue , 4 - cymma 2 u 3.

KoHTposbHbIE BONIPOCHI

1) Uto Takoe meperpeB u 4eM ONpeessieTCs JOMyCcTUMasl BeJIMYMHA TIeperpena
M30JIMPOBAHHBIX U HEU30JUPOBAHHBIX IPOBOJHUKOB?

2) IloyeMy KpuBBIE HarpeBa pasjM4yalOTCsS [0 XapakTepy H3MCHEHUS
TeMIrepaTypbl BO BpEMEHU ?

3) Uro Takoe moCTOSTHHAS BPEMECHH HarpeBa W OXJaxJIeHus nmpoogauka? [Tpu
KaKHX YCJIOBUSIX OHU OYIyT OJJUHAKOBBI?

4) Kak rpanympyroTcst TepMmomnapbl? Kakas Temmeparypa H3MepseTcs
TepMONapoit?

5) Kakue oOTCTyIUIeHHS OT TOHSTHS OJHOPOJHOCTH HMMEIOT MECTO B

AKCHEPUMEHTAIbHON YCTaHOBKE?
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IMMPAKTUYECKOE 3AHATUE Ne6

PACCMOTPEHME IPUMEPA UHTEPIIOJIAIIUN JAHHbIX B
MPOT'PAMME KOMIBIOTEPHON MATEMATHKHA PA3JIMUHBIMHU
CIHOCOBAMMU U OIIEHKA 9O®EKTUBHOCTHU JAHHBIX CITIOCOBOB

3aganue M HCXOHbIE JaHHbIE

JIuHeriHas UHTEPNIOJISILINS

[IpocTelimum ciaydaeMm JIOKQJIBHOM WHTEPIONSAIMKM  SBISCTCS JIMHEHHAs
UHTEPIOJIAIMSA, KOTJa B KauyeCTBE HWHTEPIIOSAIMOHHON (QYHKIIUM BBIOHUpAETCS
MOJIMHOM TIEPBOU CTETNIEHH, TO €CTh y3JI0BBIE TOUKH COCTUHSIOTCS MPSIMOM JIMHUCH.

Jlunetinas wuHTepnojsaius Ha Mathcad’e ocyiiecTBiseTcss ¢ IOMOIIBIO
BCcTpoeHHOM GyHKImu linterp.

[Tycte TpeOyeTcs MPOBECTH JIMHEHHYIO HMHTEPHOJIANHNI0 (GyHKIHH Sin(X) Ha

uHtepBaie [0..6], UCTONB3ys MATH Y3JIOB MHTEPIOJSALMH, U BBIYMCIUTH 3HAYCHUS

(GYHKIIUU B YETHIPEX TOUKAX Xk

k:=0..3

-0.5

1.111
2.333
4.574

3az:aeM HHTCPBAJI U3MCHECHUS X H YHCJIO Y3JI0BBIX TOYECK

xmin::Oxmax::Bn::S
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{ %,
I — . i
X max ~ X min/

h =

OmnpeernseM mar u3MEHEHHS X: n
BolunciisieM KOOPAMHATEI Y3710B M 3HaYeHUs (PYHKIUH B HUX:

i'=0..n-1 X '= X min T I-h Y, i= sin{X,

TTpoBouM nuHeiinyio uatepnomsmuto: 9(Z) — linterp(x,y, z)

Beruucium 3HaueHHE HHTCpHOHHHHOHHOﬁ (pyHKI_[I/II/I B 3aJaHHBIX TOYKaXxX H

CpaBHUM UX C TOYHBIMHU 3HAYCHUAMHA

9% sin (X}

0.388 0.479
0.863 0.896
0.69 0.723
-0.892 -0.99

Kak BHIHO, pe3ynbTaTbl MHTEPIOJSALUMU OTIMYAIOTCS OT TOYHBIX 3HAYEHUU
(GYHKIIMN HE3HAYUTEITBHO.

NuTepnossinus crimaiHaMu

B nacTosimee Bpemsi cper METOJIOB JIOKAJIbHON MHTEPIOJSALIUUA HauOOJbIIIee
paclpoCTpaHEHUE TMOJNY4YWJia HMHTEPHOISAUUS CIUlaiHaMH (OT AHIJIMIICKOrO CJIoBa
spline — rubkas nuuHeiika). Ilpu 3TOM CTPOHMTCS HMHTEPIOISIHOHHBIA ITOJTHHOM
TPETbEN CTENEHH, NPOXOIAIIMN Yepe3 BCE 3aJaHHbIE Y3JIbI W HUMEHOUIUN
HENPEpBIBHBIC TIEPBYIO M BTOPYIO MPOM3BOAHBIC. Ha kaxxaoM wmHTEpBaye [Xi, Xi+i]

WHTEPIOIUPYIOMast GYHKITUS SBISECTCSA MOJTHHOMOM TPEThEH CTETICHU

1)

S(x)=S.(x)=ay’ +a’ (x-x)+a’ (x-x,)* +a}’ (x—x,)’

U yIoBieTBOpseT ycinoBusaM S(X;) = Yi. Ecim Bcero N y310B, TO HHTEPBAJIOB — N
-1. 3nauur, Tpedyercss omnpeaenauts 4(N -1) HEU3BeCTHBIX KOIPDUIMEHTOB

MOJIMHOMOB. Y CIIOBHE JaeT HaM N ypaBHEHUN. Y CIOBUE HEMPEPHIBHOCTU (DYHKIIUU U
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€€ TMepBbIX JIBYX MPOM3BOJHBIX BO BHYTPEHHHMX y3JaX HWHTEpBaja Jaer
JIOMOIHUTENBHO 3(N - 2) ypaBHEHUI

Si (xr'+1) - Si+1 (xr'+1)

i) =57 (%)

Si”(xr'+1 ) - S:—l (xr'+1 )

Bcero umeem 4n - 6 pasnuuHbIX ypaBHEHHU. /[Ba HEIOCTAIOINX ypaBHEHUS
MOKHO TOJIYYHTbh, 3ajlaBas YCJIOBMsS Ha Kpasx HHTepBajia. B 4YacTHOCTH, MOXKHO
NOTpeOOBaTh HYJICBOM KPHUBHM3HBI (DYHKIIMHM Ha Kpasx MHTEpBajia, TO ecTh S”(a) =
S”(b) = 0.

3anaBasi pa3jIMyYHbIC YCJIOBHS Ha KOHIIAX MHTEPBAJa, MOXHO MOJIYYUTh Pa3HbIE
CILJIAMHBI.

Pemum 3agaduy 006 MHTEPHOISIUKA CHHYCA C MOMOIIBIO CriiaitHoB. Jljist 3TOro
BOCIIONIb3yeMcs BcTpoeHHOU Gynkmuei interp(VS,X,y,z). [lepemMennbie X U Y 3a1a10T
KOOPJIMHATHI Y3JIOBBIX TOUEK, Z ABJISAETCS apryMeHTOM (QYHKIMH, VS OonpeaenseT TUIl
IPAHUYHBIX YCJIOBHUI HAa KOHLIAX NHTEPBAJIA.

OnpenenuM HMHTEPIONSIMOHHBIE (DYHKIUU IJII TPEX THUIOB KyOHWUYECKOTO

cIaiiHa
VSI = Ispline(x,y) gl(z) = interp(VSI,x,y,z)
VSp = pspline(x,y) gp(z) = interp(VSp.x,vy,z)
VSc = cspline(x,y) ge(z) = interp(VSe,x,y,2)

PexoMeHnaanum no BbINOJHEHUIO

BrruucnsieM 3HaueHUs HHTCPIOJIAIMOHHBIX (l)YHKHPII;'I B 3aJaHHBIX TOYKaxX H

CpaBHHUBACM PEC3YyJIbTAaThbl C TOYHBIMHU 3HAYCHUAMUA
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-0.5 -0.473 -0.737 -0.752 -0.479
1.111 0.896 0.903 0.904 0.896
2.333 0.724 0.722 0.72 0.723
4574 -0.927 -0.962 -1.014 -0.99

OOpature BHUMaAHUE, UYTO PE3YJbTAThl HMHTEPIONSLUU  Pa3IUYHBIMU
TUNIAMUKYOUYECKUX CIUIAHHOB MPAKTUYECKU HE OTIIMYAIOTCS BO BHYTPEHHHMX TOUYKaX
MHTEpBaJa M COBMAJAIOT C TOYHBIMU 3HaYeHUAMH QyHKIUU. BOnu3um kpaes
MHTEpBaJa OTIIMYUE CTAHOBUTCA 00Jiee 3aMETHBIM, a MPU SKCTPANIOJIALIMY 32 TIPEIEIIb
3aIaHHOTO MHTEpPBaJa Pa3JMYHbIE TUIBl CIUIAWHOB JAlOT CYIIECTBEHHO pa3HbIE

pe3ynbrathl. [l Oobliel HarJIAIHOCTH IPEJICTABUM pe3yJIbTaThl HA TpaduKax

-1,-09..6

Z .

00 - B | o000

Puc.6.1. I'paduku bynkuumii
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Puc.6.2. I'paduku pyHkumii

Y6€}II/IMCSI B TOM, 4YTO IICPBBIC U BTOPBIC IIPOU3BOJIHLIC crjaliHa HCIIPCPHBIBHLI

; N / - gz}
2 giiz) '\ (| a2

) ; ] . 1
—api=z N h — gp(z)

:—gcv:‘ 4" e < \
= N Y | e o i

-1

zz.2 z,z,Z

Puc.6.2. I'padpuku mpou3BoaHBIX (HYHKIHH

Ho nmnpousBogubie Ooyiee BBICOKMX TMOPSAKOB YK€ HE  SIBISIOTCS

HENPEPHIBHBIMU.

KonTposibHbIE BONIPOCHI

1) Kakue cymiecTByrOT CIIocOOBI allpOKCUMAITUH OIBITHBIX JaHHBIX?
2) Kakas QyHKIUS UCTIONB3YETCs IS JIMHSWHOW WHTEPIIONISIIIAN?

3) Jluist 4ero UCIoIb3yeTCsl CIUIaiH-MHTePIIOJISAIINS ?

4) Kakast pyHKIHS UCITOJIb3YETCS IS CIUTaliH-UHTESPIIOJISAIIAHN ?

5) B uem otimune B-cruaitH-MHTEPIONSAIMN OT OOBIYHOW WHTEPITOJISIIAN ?
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6) Kakas GpyHKIUS HCTIONB3YeTCS IS CIUIAHH-UHTSPIOISIIH?

7) Uto Takoe JTUHEHHOE Npe/cKa3aHue?

8) Kak ompenenuth y3ibl, Yepe3 KOTOPBIE HPOXOIUT TOBEPXHOCTh, MpPHU
JIBYXMEPHOU CIUIAH-UHTEPIOJISIUN?

9) Kak mocTpouts rpaduk moBepXHOCTH?

10) Kakumu pyHKIMsIME peanu3yercs ogqHoMepHas perpeccust B MathCAD?
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