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PaGouasi nporpamma

[To nucuumnHe: [TakeTbl IPUKIAAHBIX POTPAMM

Hnst cienmansaocty: 230102 — ABTOMaTH3UPOBAaHHBIE CUCTEMBI 00PaOOTKH
uH(popMaLMK U ypaBiIeHUs

Kypc: 3 Cemectp: 6

Jlexrun: 36 (yac.) DK3aMEH: HET

[TpakTuyeckue 3aHsATHS: HET 3auert: 6 cemecTp

JlabopaTophbie 3ausTus: 18 (uac.)
CamocrosrenbHas pabora: 34 (dac.)

Bcero gacos: 88 (uac.)

CocraBurens: Epémun N.E.
®axynbreT MaTeMaTuku 1 UHPOPMATUKH

Kadenpa MudopmaimoHHbIX U YIIPABISIOIIUX CUCTEM

1. Ilenm u 3a7a4u AUCITUTIINHBI, €€ MECTO B y4eOHOM IpoIiecce

1.1. llens mpenogaBaHust AUCUUILTUHBI
O3HakOMUTH 00y4aeMbIX ¢ 0a30BBIMH BO3MOXHOCTSIMU COBPEMEHHOTO MpO-
IrPaMMHOr0 oOecredeHusi, NpeIHa3HAaYeHHOI0 Il aBTOMAaTU3allud BBIYHUC-
nenuii. CHopMUpOBATH €IMHYIO CUCTEMY 3HAHMM, JAIOLIYI0 BO3MOXHOCTb
Oosee pe3yslbTaTUBHO MCMOIb30BaTh DBM mnpu mpoBeAeHHHM NPUKIAIHBIX
pacyeTos.

1.2. 3agaun u3ydeHust AUCUUILIMHBI
ITo 3aBepmienuto kypca «IlakeThl MPUKIAAHBIX MpPOTrpaMm», OOydaeMble
JIOJDKHBI MPUOOPECTH YCTOMYMBBIC HABBIKM W YMEHHMs, MO3BOJIAIONIUE d(]-
(eKTUBHO aBTOMATU3UPOBATh PEIICHUE PA3IMYHBIX THIIOBBIX 33/a4 U3 psaa
MPUKIAIHBIX HAYYHBIX 00JIACTEH ¢ MOMOINBI0 HECKOJIBKHX IMPOTPaMMHBIX
MPOAYKTOB, MPEAHA3HAYEHHBIX IS BBITIOJHECHHUS MaTeMaTUYECKUX pacue-
TOB, a TAK)KE€ TUIMOBBIX O()UCHBIX MPUIOKEHUI ONEPAITMOHHON CUCTEMBI.



1.3. Ilepedens pa3aenoB (TeM) HEOOXOIUMBIX TUCITUIIINH

1.3.1.

1.3.2.

1.3.3.

1.3.4.
1.3.5.

Anre0Opa U TeOMETpHsi: METO/bl pEUICHUS alre0panuyecKuX ypaBHEHUN
U CUCTEM.

BbruncnurenpHas mMareMaTuka: 4YMCIEHHBIE METObl pelieHUs Tud-
(depeHLranbHbIX YPAaBHEHUN U CUCTEM; CIIOCOOBI alllIPOKCUMAIIUU UC-
XOJHOW 3aBUCUMOCTH.

®dusuka: TeopeTHyYecKas MEXaHHWKa; KMHEMAaTUKa; TEePMOIAMHAMMKA;
TEOpUs NOJSPU3ALIH TUIIIEKTPUKOB.

NudopmaTuka: odrcHbIC TPUITIOKEHHS ONEPAIMOHHON CPEIbI.
ANropuTMUYECKHE S3bIKH U NMPOTrpaMMHUpOBaHHE: 0a30Bble KOHCTPYK-
[[UU TPOIIETYPHOTO MPOTPaMMHUPOBAHUSI.

2. CopnepxaHue TUCIUTLIAHBI

2.1. ®enepalibHbI KOMIIOHEHT
O6m1e npodeccuoHanbHas TUCIHUILUIMHA IO BEIOOPY
I'OC BIIO: 2200 OITJ.B1 — 1.

2.2. JIeK1IMOHHBIE 3aHATHS

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.2.5.

2.2.6.

2.2.7.

Beeaenune. O6mas xapakrepuctuka [IIII1: Tabnuunbie mpoiieccopsi;
NakeThl aBTOMAaTH3al[MM MaTeMaTUYECKUX PacueToB; OOIIas CTPYKTY-
pa, cienraan3anis 1 BO3MOXKHOCTH MaTeMaTHYECKUX AKETOB — 2 Y.
Tema 1. Ilpsamoe BbIOSTHEHNE BBIYUCICHUM U MPeoOpa3oBaHmii: AU )-
depeHnrpoBaHue U WHTETPUpOBaHUE (PYHKLIMN; HAXOXKICHUE Mperie-
JIOB; CUMBOJIbHBIE ITPE0Opa30BaHUs BbIPAXKEHUHN — 2 4.

Tema 2. Pemienue anreOpandyeckux ypaBHEHHM U CUCTEM: BCTPOCHHbIE

OMEepaTopbl U PaCUETHBIE MOJYJHM; BEKTOPHO-MATPUYHOE pEUICHUE
CJIAY; ananuTu4eckoe peneHue ypaBHEHH U CUCTEM — 4 4.

Tema 3. I'padmyeckue W aHUMAIMOHHBIE BO3MOXHOCTH: 3a/IaHHE
GyHKUMIA ¥ apryMEHTOB; ONpeeseHue o0jacTed W CTUJIEH BBIBOJAA
rpaduKoB; TOCTPOEHUS MOJSAPHBIX U TPEXMEPHBIX I'paPUKOB; 0POopM-
neHue rpaduKoB; aHUMAIUS U300paKeHUN — 4 d.

Tema 4. IIporpammupoBaHre Ha MAaKpOS3BIKE CpPEABI: CPEICTBA MPO-
rpammupoBanus mnakera MathCAD; naubonee pacnpocTpaHEHHbBIE
KOHCTPYKIMU IPOLETYPHOIO IPOrpaMMUpPOBaHus — 4 .

Tema 5. Pemenne nuddepeHmanbHbpIX YpaBHEHNUH: 0COOCHHOCTH HC-
MOJIb30BAaHUSI COOTBETCTBYIOIIMX BCTPOCHHBIX (PYHKIMH makera
MathCAD; wucmonp30BaHHE BO3MOXHOCTEH BCTPOCHHBIX OHOIHMOTEK
Maple u MatLAB — 4 u.

Tema 6. Anmpokcumariusi UICXOIHBIX 3aBUCHUMOCTel Buaa f(X): Kycou-
HO-JIMHEWHAas allpoOKCUMAals; CIJIaiHOBas anmpOKCUMAaIus; MOJIU-
HOMUAJIbHAS anmnpoKcuMarus — 4 .



2.2.8.

2.2.9.

Tema 7. Cucremubiii unrerparop MathConnex: nonarue u Ha3zHaye-
HUE CHUCTEMHOI'0 MHTEIrpaTopa; 0COOEHHOCTH MCIOJIb30BaHUS MPHUIIO-
xenust MathConnex — 4 u.

Tema 8. Drtansl aBTOMaTU3alMK pELICHUs NMPUKIAAHOMN 3aaauu: dop-
MYJUpPOBKA 3a/lauydl M JeTalu3alusi UCXOIHBIX JaHHbBIX; (QU3nYecKas
UHTEepIpeTanus 1 (GopMaan3anusi MaTeMaTHUYECKOrO OIMCaHUs 3aja-
YM; OCYLIECTBJICHHE IPOTPAMMHOM peanu3anuu — 6 4.

2.2.10. Tema 9. X Ku3HEHHBI! IIUKI IPOTPAMMHOIO MPOAYKTA: TOHATUE KU3-

HEHHOr'0 IMKJa MPOrpaMMHOr0 MHPOJYKTA; COJEpkKAHUE OTACIIbHBIX
ATANoOB Pa3pabOTKH MPOTPAMMHOTO MPOAYKTa — 2 .

2.3. JlabopaTopHble 3aHATHS

2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

2.3.7.

2.3.8.

BBonHOE 1abopatopHOE 3aHATHE: 3HAKOMCTBO CO CIPABOYHBIMH CHC-
TeMaMu ¥ uH(popmanmonHsiMu pecypcamu MathCAD, a Takxe npu-
MEpaMHU pelIeHUs 3a1a4 — 2 4.

JlaGoparopnas padota 1. IIpeoOpazoBanue u BbUKUCICHUE (YHKIUM:
ucnoisib3oBanue Bo3MokHocTed MathCAD mnpu HaxoXIEeHUU CHUM-
BOJIBHOT'O M YHMCIIEHHOTO PeIIeHUH N7l (QYHKIIMOHATBHBIX 3aBUCHUMO-
CTeHl B peKMMeE MPSMBIX BBIYUCICHHUM — 2 4.

JlabopatopHast pabota 2. Pacyer peakiuii orop Harpy>KeHHOU OanKu:
pEIIeHHE CUCTEM JIMHEHHBIX ajireOpandyeckux YpaBHEHMIA;, UCTIOIb30-
BaHue rpaduyeckux Bo3MmoxkHocTedt MathCAD npu wuccnenoBanumu
(GyHKIIMOHATBHBIX 3aBUCUMOCTEH — 2 4.

JlaGopartopHast pabota 3. MonenupoBaHue TPacKTOPUU ToOJIeTa Tema:
peanu3anys aHUMAIMOHHBIX BO3MOXHOCTEH TpadHuecKoro pemaakTo-
pa MathCAD; HaxoeHruEe ONTUMAIBHOIO PEIIeHUs — 2 .
JlaGopatopHasi pabotra 4. MojaenupoBaHUe XapaKTEPUCTUK PaOOTHI
HArpeBaTENIbHOTO YCTPONCTBA C TEPMOPETYIISATOPOM: HPOTPaMMHUPO-
Banue B cpeae MathCAD; wucnonp3oBaHHe ONEpaTOPOB pELICHUS
O0OBIKHOBEHHBIX UG (DHEepeHIINATBHBIX YPAaBHEHHUHN — 2 U.
JlaGopartopnas pabora 5. O6paboTka JaHHBIX (HU3UIECKOTO IKCIEPH-
MEHTa: ucrnoJib3oBanue Bo3MoxkHocted MathCAD nnst anmpokcuma-
IIUM TAHHBIX — 2 4.

JlabopatopHasi padota 6. MIMuTanimoHHOE MOJETUPOBAHHUE BEIECT-
BEHHOM YaCTOTHOM XapaKTEPUCTUKUA KOMIUIEKCHOU AUAJIEKTPUYECKOU
MPOHUIIAEMOCTH KOMIO3UIIMOHHOTO MaTepuaia B 00JacTH JIEKTPOH-
HOW TOJISIPU3aIMU: COBMECTHOE HCMOJIb30BaHHUE BO3MOXXHOCTEH He-
CKOJIBKAX TIPOTPAMMHBIX MPUJIOKEHUN TSl aBTOMATH3AIUN PEIICHUS
MIPUKIIATHON 3a/1a9M C IIOMOIILI0 nHTerparopa MathConnex — 4 4.
HtoroBoe nmabopaTopHOE 3aHATHE: CHUCTEMATH3AIUs MPAKTHUECKUX
HABBIKOB, MTOJIYYCHHBIX B PAMKaX U3y4aeMOW JUCITUTUTHHBI — 2 9.



2.4. CamocTosTenbHas padoTa CTyICHTOB

2.4.1. Marematnueckuii naker MatLAB: n3yuenue 6a30BbIX BO3MOKHOCTEM
MaKeTa; MPaKTUYECKOe HUCIOIb30BAHUE €r0 MPOTPAMMHOMN Cpeabl s
BBITIOJIHEHUS J1Tab0opaTOpHbIX padoT — 20 u.

Pexomennyemas nureparypa:

1. KpuBuieB A.B. OCHOBBI KOMIIBIOTEPHOM MaT€MaTUKHU C HUCIOJIb30-
BanueM cructemMbl MatLAB. M.: Jlekc-Knaura, 2005. — 496 c.

2. Iloremkun B.I'. Cuctema MatLAB 5 11 CTyA€HTOB: CHpaBOYHOE
nocobue. M.: JImamor-MU®U, 1998. — 314 c.

3. IssixonoB B.II. CnpaBounuk no npumenenuntro PC MatLAB. M.:
®dusmarnut, 1993. — 112 c.

2.4.2. Marematnueckuii naker Maple: m3yueHue 0az0BBIX BO3MOXHOCTEH
MaKeTa; MPaKTUYECKOE UCIOIb30BAHUE €r0 MPOrPAaMMHON Cpeabl Js
BBITIOJTHEHUS J1A0OPATOPHBIX paboT — 14 4.

Pexomennyemas nureparypa:

1. BacunseB A.H. Maple 8: camoyuutens. M.: U3a. nom «Buibsimcy,
2003. -352c.

2. MarpocoB A. Maple 6. Pemienue 3aa4 BeICIIEl MaTeMaTUKH U Me-
xanuku. CI16.: BXB-Iletepoypr, 2001. — 528 c.

3. IIpoxopos I'.B., JleneneB M.A., Konbeer B.B. IlakeT cuiMBOIBHBIX
Borurciiennid Maple 5. M.: Komnanus «Iletut», 1997. — 200 c.

2.5. Bompocsl K 3auery
2.5.1. IlonsATHE M Ha3HAYEHUE ITAKETOB MPUKIIAJHBIX IIPOTPAMM.
2.5.2. IlporpaMmHBbIE CpEACTBA ABTOMATU3ALIUY BEIYMCIICHHM.
2.5.3. TabnuuHbIE TPOIIECCOPHI.
2.5.4. MaTeMaTH4eCKue MaKeThI.
2.5.5. CTpyKTypa U XapaKTEpUCTUKA JJIEMEHTOB MaTE€MaTUYECKUX MMAKETOB.
2.5.6. OcOOEHHOCTH UCTIONB30BAHUS BCTPOECHHBIX OMOINOTEK.
2.5.7. Cneumnanu3anusi MaTEMaTHYECKUX TTAKETOB.
2.5.8. ba3oBble BO3MOKHOCTA MATEMAaTUYECKHUX MTAKETOB.
2.5.9. BcTpoennbie 070K AJI PEIICHHS] CUCTEM YpPaBHEHUH.
2.5.10. I'padnueckue BO3MOKHOCTH MaTEMaTUUECKUX MMAaKETOB.
2.5.11. CpeacTBa nporpaMMupOBaHUs MATEMATUYECKHUX ITAKETOB.
2.5.12. Cpenctna pemrenus qudpepeHnnanbHbIX YpaBHEHUH.
2.5.13. IlonsTie 1 Ha3HAYEHUE CUCTEMHOTO UHTErpaTopa.
2.5.14. Dramnbl aBTOMaTU3alUN PELIECHNs IPUKIATHON 3a1a4H.
2.5.15. )KuzHeHHBIN HUKII IPOTPaMMHOTO ITPOAYKTA.

2.6. OLleHOYHBIE KPUTEPUH
CryneHT moisiydaeT 3ayeT IO M3y4aeMOW IMCLUIUIMHE B Cllydae, €ClId OH
CBOOOJHO BJIaJIEET OCHOBHBIMH TE€OPETHUECKMMHU MOHITHSAMHU U ONpejere-
HUSMH, a TaKKE€ yMEeT IPaBWJIbHO HCIOJIb30BaTh PACCMOTPEHHBIE NPAKTHU-
YEeCKHE METO/IBI.



3. Y4eOHO-MeTOauYeCKre MaTepUalbl MO JUCHUILIUHE

3.1. Ucnonb3yemasi U peKkOMEHyemas JIuTepaTypa

3.1.1.

3.1.2.

3.1.3.

OcHoBHas:

BacunseB A.H. Maple 8: camoyuutens. M.: U3n. nom «Bunbsimcy,
2003. -352 c.

I'ypckuit JI.A. Beruucnenus B MathCAD. Munck: HoBoe uznanwue,
2003.-814 c.

Kpusunies A.B. OCHOBBI KOMIIBIOTEPHOW MaT€MaTUKH C HCIOJIb30Ba-
nueMm cucteMbl MatLAB. M.: Jlekc-Kuwnra, 2005. — 496 c.

3.1.4. Kyapssues E.M. MathCAD 2000 Pro. M.: /IMK IIpecc, 2001. — 576c.

3.1.5.

3.1.6.

3.1.7.

3.1.8.

3.1.9.

JlononHUTENIbHAS:

HpsaxonoB B.I1. CnopaBounuk no npumenenuto PC MatLAB. M.: ®us-
matiuT, 1993. — 112 c.

HbsikonoB B.I1., AGpamenkoBa 1.B. MathCAD 7.0 B marematuke,
¢usuke u B Internet. M.: U3a-Bo «Hommmx», 1999. — 352 c.

MatpocoB A. Maple 6. Pemenue 3amay BeICIIe MaTeMaTHKH U MeXa-
Huku. CII6.: BXB-Ilerepoypr, 2001. — 528 c.

[Toremkun B.I'. Cucrema MatLAB 5 17151 CTyA€HTOB: CIpaBOYHOE MO-
cooue. M.: Imanor-MUDU, 1998. — 314 c.

[TpoxopoB I'.B., Jlenenes M.A., Konbees B.B. Ilaker cumBOIBHBIX
BerunciieHuit Maple 5. M.: Kommanus «Iletut», 1997. — 200 c.

3.2. YueOuble nocoous:

3.2.1.

BbymmanoB A.B., Epemun N.E., bansiea B.B. [1akeTsl mpukiagHbIx
nporpamMm: JabopatopHbliii mpakTukyM Ha [IBOM. bnarosemenck:
N3n-80 AMI'Y, 2002. — 64 c.



4. YyebHO-MeTOIUUYECKAs (TEXHOJIOTMYECKasi) KapTa AUCITUTLITUHBI

CamocrogrenpHas
3aHaTusa O =
- 25 paboTa CTy/IeHTOB
§ H © -
= — 2 28 =
o R = = =3 2 2
an) Q 5 an O =) @)
o | & &2 5] 3 2 9 5 = Z
P) 3 T = 5 <
= ) = s = Q
2185 £ 0 2 | 2:| & | 2 | E
° | = S > 1) 2 g =4 = g
~ 2|8 | E5| S &
2 = = s =
g’ =~
1 2 3 4 5 6 7 8 9
1 |s8'| 221 - 2
> 1 227 - 2.3.1 3.2.1 37Ip
i 2 1223 : 2.3.2 32.1 3IIp
2 3 224 - 2.3.3 3.2.1 3IIp
7 - 24.1 20
g 4| 225 - 234 3.2.1 3P
190 5 2.2.6 : 2.3.5 3.2.1 37Ip
11 - 3J1p,
T 6 | 227 - 2.3.6 32.1 6.
ii 7 | 2.2.8 :
15 - 2.3.7 3.2.1 37Ip
16 8 | 2.2.9 - 2.4.2 14
17 - cO.,
18] 9 [2.2.10 - 2.38 3.2.1 3aq.’
' BBeneHue

23anmTa OTYeTa O BBIIOJIHEHUH Ja00paTOPHON padOThI
* CobecetoBaHuE MO pe3yIbTaTaM CaMOCTOSATEIbHON pabOThl CTYIEHTOB

*Cpada 3a4yeTa 10 JUCIUILINHE




Pabouas nporpamma

[To nucuuruze: [TakeTsl NPUKIATHBIX TPOTPAMM

JIns cnennanbHOCTH: 230201 — MHdpopManmoHHbIE CUCTEMBI U TEXHOJIOTHH
Kypc: 3 Cemectp: 6

Jlexrum: 36 (yac.) DK3aMEH: HET

[IpakTueckue 3aHATUS: HET 3auer: 6 cemecTp

JlaGopartopusie 3ansTus: 18 (uac.)

CamocrosrenbHas pabora: 54 (dac.)

Bcero gacos: 108 (gac.)

CocraBurens: Epémun NL.E.

®daxynprer MaTeMaTuku 1 UHPOPMATUKH

Kadenpa MudopmaimoHHbIX U YIIPABISIOIIUX CUCTEM

1. Ilenm u 3a7a4u AUCITUTIIMHBI, €€ MECTO B y4eOHOM IpoIiecce

1.1. Llens npenogaBaHus UCIUATUIMHBI

O3HakOMUTH 00y4aeMbIX ¢ 0a30BEIMH BO3MOXHOCTSIMU COBPEMEHHOTO MpO-
IrPaMMHOr0 oOecredeHusi, NpeIHa3HAaueHHOI0 Il aBTOMAaTU3allud BBIYHC-
neanii. CHopMHupOBaTh €IMHYIO CHCTEMY 3HAHHi, MAIOUIYI0O BO3MOXHOCTH
Oosee pe3ysNbTaTUBHO MCMOIb30BaTh DBM mnpu mpoBeAeHHH MPUKIAIHBIX
pacyeToB.

1.2. 3agaun u3y4eHust AUCHUILTMHBI

[To 3aBepmienuto kypca «llakeTbl HpUKIAAHBIX MpOrpaMM», OO0ydaeMble
JOJIKHBI TIPUOOPECTH YCTOMYMBBIE HABBIKK M YMEHHsI, TO3BOJISIONINE (-
(eKTUBHO aBTOMATU3UPOBAThH PELICHUE PA3JIMYHBIX TUIOBBIX 3a7a4 U3 psia
NPUKJIAJIHBIX HAYYHBIX 00JIaCTEH C MOMOIIBI0O HECKOJIBKUX MPOTPAMMHBIX
IPOJYKTOB, MPEIHA3HAYEHHBIX [JIS1 BBINOJIHEHUS MAaTEMAaTHYECKUX pacue-
TOB, a TAK)KE TUIOBBIX O(DUCHBIX MPUTIOKEHUI ONIEPAITMIOHHON CUCTEMBI.



10

1.3. Ilepedens pa3aenoB (TeM) HEOOXOIUMBIX TUCITUIIINH

1.3.1.

1.3.2.

1.3.3.

Anre0Opa u reoMeTpusi: METO/Ibl pEeLIEHUs aNreOpanyecKux ypaBHEHHM
U CUCTEM.

BoruncnuTenpHas MaTeMaTHKa: YMCIEHHbIE METO/IbI perieHus Audde-
PEHLMATIBHBIX YPAaBHEHUH M CUCTEM; CHOCOOBI allllpOKCUMALIUU HC-
XOJHOW 3aBUCUMOCTH.

®dusnka: TeopeTudecKas MEXaHWKa; KMHEMAaTHKa; TEPMOJWHAMMKA;
TEOPHsI MOJAAPU3ALUN JUIIIEKTPUKOB.

1.3.4. UndopmaTuka: oducHbIE TPUITIOKESHHS ONEPAITMOHHON CPEJIbI.

1.3.5.

AJTOPUTMHUYECKHUE S3bIKA U TPOrPaMMHUPOBaHUE: 0a30BbIE KOHCTPYK-
WU TPOLELYPHOTO MPOTrPAMMUPOBAHUSL.

2. CopnepxaHue TUCIHUTLIAHBI

2.1. ®enepanbHbIi KOMIIOHEHT
JIuciumnianHa cnenyain3anuy
I'OC BIIO: 1224 1C — 12.

2.1. JIek1iMoHHBIE 3aHATUS

2.2.1.

2.2.2.

2.2.3.

224

2.2.5.

2.2.6.

2.2.7.

Beeaenune. O6mas xapakrepuctuka [IIII1: Tabnuynbie mpoiieccopsi;
MaKeThl aBTOMATU3AIMH MAaTEeMaTHUYECKUX PacyeToB; OOIIasi CTPYKTY-
pa, cnenuanu3anyus U BO3MOKHOCTH MaTEMAaTHUYECKUX TTAKETOB — 2 Y.
Tema 1. IIpsMoe BBIMOTHEHUE BBIYUCICHUN U TIpeoOpa3oBaHuii: Aud-
bepeHnrpoBaHre U WHTETPUpOBaHUE (PYHKLIMN; HAXOXKICHUE Tperie-
JIOB; CUMBOJIbHBIE ITPE00pa30BaHUs BbIPAKEHUHN — 2 4.

Tema 2. Pemienne anreOpandyeckux ypaBHEHHI U CUCTEM: BCTPOCHHbIE

OMepaTopbl U PaCUETHBIE MOJYJM; BEKTOPHO-MATPUYHOE pEUICHUE
CJIAY; ananuTu4eckoe peneHue ypaBHEHH U CUCTEM — 4 4.

Tema 3. I'paduueckue M aHUMAIMOHHBICE BO3MOXKHOCTH: 3aJlaHUE
GyHKUIMIA ¥ apryMEHTOB; ONpelesieHue o0jacTed W CTUJIeH BBIBOJAA
rpaduKoB; TOCTPOEHUS MOJSAPHBIX U TPEXMEPHBIX I'paPUKOB; 0POopM-
neHue rpaduKoB; aHUMAIUS U300pakeHUul — 4 d.

Tema 4. IIporpammupoBaHre Ha MaKpOS3BIKE CpPEAbI: CPEICTBA MPO-
rpammupoBanus mnakera MathCAD; nHauGonee pacmnpocTpaHEHHbBIE
KOHCTPYKIIUU MPOILEAYPHOIO MPOrpaMMUpPOBaHUs — 4 4.

Tema 5. Pemenne nuddepeHIManbHbpIX YpaBHEHUNH: 0COOCHHOCTH HUC-
MOJIb30BAHUSI COOTBETCTBYIOIIMX BCTPOCHHBIX (PYHKIMH Makera
MathCAD; wucmonp30BaHHE BO3MOXHOCTEH BCTPOCHHBIX OHOIMOTEK
Maple u MatLAB — 4 4.

Tema 6. Anmpokcumariusi ICXOIHBIX 3aBUCHUMOCTel Buaa f(X): Kkycou-
HO-JIMHEWHAas allpoKCUMAalus; CIJIaiHOBas anmpOKCUMAaIus; MOJIU-
HOMUAJIbHAS anmnpoKcUMaIus — 4 .



2.2.8.

2.2.9.
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Tema 7. Cucremubiii unrerparop MathConnex: nonarue u Ha3zHaye-
HUE CHUCTEMHOI'0 MHTEIrpaTopa; 0COOEHHOCTH MCIOJIb30BaHUS MPHUIIO-
xenust MathConnex — 4 u.

Tema 8. Drtansl aBTOMaTU3alMK pELICHUs NMPUKIAAHOMN 3aaauu: dop-
MYJUpPOBKA 3a/lauydl M JeTalu3alusi UCXOIHBIX JaHHbBIX; (QU3nYecKas
UHTEepIpeTanus 1 (GopMaan3anusi MaTeMaTHUYECKOrO OIMCaHUs 3aja-
YM; OCYLIECTBJICHHE IPOTPAMMHOM peanu3anuu — 6 4.

2.2.10. Tema 9. X Ku3HEHHBI! IIUKI IPOTPAMMHOIO MPOAYKTA: TOHATUE KU3-

HEHHOr'0 IMKJa MPOrpaMMHOr0 MHPOJYKTA; COJEpkKAHUE OTACIIbHBIX
ATANoOB Pa3pabOTKH MPOTPAMMHOTO MPOAYKTa — 2 .

2.3. JlabopaTopHble 3aHATHS

2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

2.3.7.

2.3.8.

BBonHOE 1abopatopHOE 3aHATHE: 3HAKOMCTBO CO CIPABOYHBIMH CHC-
TeMaMu ¥ uH(popmanmonHsiMu pecypcamu MathCAD, a Takxe npu-
MEpaMHU pelIeHUs 3a1a4 — 2 4.

JlaGoparopnas padota 1. IIpeoOpazoBanue u BbUKUCICHUE (YHKIUM:
ucnoisib3oBanue Bo3MokHocTed MathCAD mnpu HaxoXIEeHUU CHUM-
BOJIBHOT'O M YHMCIIEHHOTO PeIIeHUH N7l (QYHKIIMOHATBHBIX 3aBUCHUMO-
CTeHl B peKMMeE MPSMBIX BBIYUCICHHUM — 2 4.

JlabopatopHast pabota 2. Pacyer peakiuii orop Harpy>KeHHOU OanKu:
pEIIeHHE CUCTEM JIMHEHHBIX ajireOpandyeckux YpaBHEHMIA;, UCTIOIb30-
BaHue rpaduyeckux Bo3MmoxkHocTedt MathCAD npu wuccnenoBanumu
(GyHKIIMOHATBHBIX 3aBUCUMOCTEH — 2 4.

JlaGopartopHast pabota 3. MonenupoBaHue TPacKTOPUU ToOJIeTa Tema:
peanu3anys aHUMAIMOHHBIX BO3MOXHOCTEH TpadHuecKoro pemaakTo-
pa MathCAD; HaxoeHruEe ONTUMAIBHOIO PEIIeHUs — 2 .
JlaGopatopHasi pabotra 4. MojaenupoBaHUe XapaKTEPUCTUK PaOOTHI
HArpeBaTENIbHOTO YCTPONCTBA C TEPMOPETYIISATOPOM: HPOTPaMMHUPO-
Banue B cpeae MathCAD; wucnonp3oBaHHe ONEpaTOPOB pELICHUS
O0OBIKHOBEHHBIX UG (DHEepeHIINATBHBIX YPAaBHEHHUHN — 2 U.
JlaGopartopnas pabora 5. O6paboTka JaHHBIX (HU3UIECKOTO IKCIEPH-
MEHTa: ucrnoJib3oBanue Bo3MoxkHocted MathCAD nnst anmpokcuma-
IIUM TAHHBIX — 2 4.

JlabopatopHasi padota 6. MIMuTanimoHHOE MOJETUPOBAHHUE BEIIECT-
BEHHOM YaCTOTHOM XapaKTEPUCTUKUA KOMIUIEKCHOU AUAIEKTPUYECKOU
MPOHUIIAEMOCTH KOMIO3UIIMOHHOTO MaTepuaia B 00JacTH JIEKTPOH-
HOM TOJISIPU3aIlMU: COBMECTHOE HCIOJIh30BaHHE BO3MOXKHOCTEH He-
CKOJIBKAX TPOTPAMMHBIX MPUJIOKEHUHN TSl aBTOMATH3AIUN PEIICHUS
MIPUKIIATHOM 3a/1a9M ¢ IIOMOIILI0 nHTerparopa MathConnex — 4 4.
HtoroBoe nmabopaTopHOE 3aHATHE: CHUCTEMATH3AIUs MPAKTHUECKUX
HABBIKOB, MTOJIYYCHHBIX B PAMKaX U3y4aeMOW JUCITUTUTHHBI — 2 9.



2.4. CamocTosTenbHas padoTa CTyICHTOB
2.4.1. Marematnueckuii naker MatLAB: n3yuenue 6a30BbIX BO3MOKHOCTEM
[IAKETa; MPAKTUYECKOE HUCIOJIb30BAHUE €T0 MPOTPAMMHOMN Cpeabl s

2.4.2.

24.3.

BBITIOJIHEHUS J1Tab0opaTOpHbIX padoT — 20 u.
Pexomenyemas nureparypa:

12

1. KpuBusie A.B. OCHOBBI KOMIIBIOTEPHOW MAaT€MaTUKHU C UCMOJIb30-

BaHueM cucteMbl MatLAB. M.: JIekc-Kuura, 2005. — 496 c.

2. Iloremkun B.I'. Cucrema MatLAB 5 1151 CTyJIeHTOB: CpaBOYHOE

nocobwue. M.: Inanmor-MU®DU, 1998. — 314 c.

3. HpsikonoB B.II. CnpaBounuk no npumenenuto PC MatLAB. M.:

®duzmatiut, 1993. — 112 c.

MatemaTuueckuii maket Maple: n3ydeHrne 0a30BBIX BO3MOKHOCTEH
MAKeTa; MPAaKTUYECKOE HCIOJIb30BAHUE €0 MPOrPAaMMHON Cpebl IS

BBITIOJTHEHUS JTA0OPATOPHBIX padoT — 14 4.
Pexomennyemas nureparypa:

1. BacunbeB A.H. Maple 8: camoyuutens. M.: U3a. nom «Buibsimcy,

2003.-352 c.
2. MatpocoB A. Maple 6. Pemienue 3amay BbICIIed MaTEMaTUKH
mexanuku. CI16.: BXB-ITerepOypr, 2001. — 528 c.

u

3. TIpoxopos I'.B., Jlenener M.A., Kon6eeB B.B. Ilaker ciMBOIBHBIX

Berancienuit Maple 5. M.: Komnanus «Iletut», 1997. — 200 c.

HoBbie BO3MOXXHOCTH MaTeMaTUYECKUX MAKETOB: 3HAKOMCTBO C HO-
BUHKaMHu TmporpamMmmHoro obOecneuenuss MatLAB, Maple, Derive,

Mathematica — 20 4.
Pexomengyembie HCTOYHUKU:

1. http://www.derive-europe.com
2. http://www. maplesoft.com

3. http://www. mathsoft.com

4. http://www. mathworcs.com

2.5. Bompockl k 3auery

2.5.1.
2.5.2.
2.5.3.
2.5.4.
2.5.5.
2.5.6.
2.5.7.
2.5.8.
2.5.9.

[ToHsATHE M HA3HAYEHHE MAKETOB MPUKIAJHBIX TPOTPAMM.
IIporpaMmMHBbIE€ CpeaCTBa aBTOMATU3ALlUA BBIYMCIICHUM.
TabnuyHbIe IPOIIECCOPHI.

MaremaTtnueckue nakeThl.

CtpykTypa U XapakTEepUCTHKA JJIEMEHTOB MAaTEMATUUYECKUX MAKETOB.

Oco0eHHOCTH UCTIOIB30BaHHS BCTPOCHHBIX OMOTHNOTEK.
Crennanu3anysi MaTeMaTHYECKUX MTaKETOB.

ba3oBbIe BO3MOKHOCTH MAaTEMAaTUYECKUX MMAKETOB.
BcerpoeHHbie G10KH 17151 pellieHUs CUCTEM YPaBHEHUH.

2.5.10. I'paduueckue BO3MOKHOCTH MaTEMAaTUUECKUX MaKETOB.
2.5.11. CpeacrTea nporpaMMUpOBAHUS MATEMATUYECKUX MTAKETOB.
2.5.12. CpenctBa pemenus nuddepeHnalIbHbIX YpaBHSHUM.
2.5.13. IlonsiTe ¥ Ha3HAYEHUE CUCTEMHOT0 MHTETpaTopa.
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2.5.14. Dramnbl aBTOMaTU3alUN PELIECHUS IPUKIATHON 3a1a4u.
2.5.15. )KuzHeHHBIN HUKII IPOTPaMMHOTO ITPOAYKTA.

2.6. OueHOYHbIE KPUTEPUH
CryaeHT moiiy4aeT 3a4yeT MO M3y4aeMoW AMCIMIUIMHE B Cly4yae, €Cld OH
CBOOOJIHO BIJIaJIE€T OCHOBHBIMH TEOPETHUECKMMHU MOHATHUSIMU U OMpejere-
HUSMH, a TaKXKE YMEET MPABUIBHO KCIIOJIb30BaTh PACCMOTPEHHbIC MPAKTHU-
YECKHE METO/BI.
5. YueOHO-MeToANYeCKHe MaTeprabl MO AUCIHUILINHE

3.1. Ucnonb3yemasi u peKkOMEHayemas JINTepaTypa

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.1.6.

3.1.7.

3.1.8.

3.1.9.

OcHoBHas:

BacunseB A.H. Maple 8: camoyuntens. M.: Uzn. nom «Buibsmcy,
2003.-352c.

I'ypckuii [1.A. Beruucnenus B MathCAD. Munck: HoBoe usnanwe,
2003.-814 c.

Kpusunes A.B. OCHOBbI KOMIIBIOTEPHOW MAaTEMATUKHU C UCIIOJIb30Ba-
aueM cucteMbl MatLAB. M.: JIekc-Kuwnra, 2005. — 496 c.

Kyapssues E.M. MathCAD 2000 Pro. M.: JIMK IIpecc, 2001. — 576c.

JlonmonmHuTenbHAS:

HpsikonoB B.I1. CnpaBounuk no npumenennto PC MatLAB. M.: ®us-
MatTimT, 1993. - 112 c.

Hesaxono B.I1., A6pamenkoBa M.B. MathCAD 7.0 B matemaruke,
¢usuke u B Internet. M.: U3a-Bo «Homumxk», 1999. — 352 c.

MatpocoB A. Maple 6. Pemenne 3aay BoICIIeil MaTeMaTUKH U MeXa-
Huku. CII6.: BXB-IlerepOypr, 2001. — 528 c.

[Toremkun B.I'. Cuctema MatLAB 5 1151 cTyIeHTOB: CIIpaBOYHOE I10-
cooue. M.: Imanor-MUDU, 1998. — 314 c.

[IpoxopoB I'.B., JleneneB M.A., Konbees B.B. Ilaker cumMBOIBHBIX
Berunciennii Maple 5. M.: Komnanus «Iletut», 1997. — 200 c.

3.2. YueOHbIe 10CO0OUus:

3.2.1.

bymmanos A.B., Epemun N.E., bansiesa B.B. [1akeTsl npukiagHbIx
nporpamm: JjiabopaTtopHbiii mpakTukym Ha [IBOM. bmarosemieHck:
H3n-Bo AMI'Y, 2002. — 64 c.



6. YueOHO-MeToau4ecKas (TEXHOJOTUUECKas ) KapTa TUCIUIUTUHBI

CamocrogrensHas
3ansTus 0 w

- 2 5 |pabora cTy[eHTOB

= = 3 w
= — < 5 O B
5 E — g D) o c% = &
= | g| &9 3 o, Z O o - <
) = 3 5 o = 2 5 3 <
= o aa) 02) = a S & < =
=) an < 5 5] 2 = = &
~ =l &2 8 | Es| S S

= = = S 2 ©

g =
~
1 2 3 4 5 6 7 8 9
1 [BB>] 2.2.1 - 6
> n 7272 - 2.3.1 3.2.1 3IIp
i 2 1223 - 232 3.2.1 2.4.1 20 31p
) - 3IIp,
6 3 1224 - 233 3.2.1 6.
; 4 | 225 : 234 3.2.1 3IIp
190 5 | 226 : 2.3.5 3.2.1 24.2 14 37Ip
11 - 3JIp,
D 6 | 227 - 2.3.6 3.2.1 6
}i 7 | 228 :
3 - 2.3.7 3.2.1 3J1p
16 8 | 229 - 2.4.3 20
17 - cO.,
181 9 [2.2.10 - 2.38 3.2.1 3au.’
> BBenenue

*3ammTa OTYeTa O BBIIOJIHEHUH Ja00paTOPHON padOThI
7 CobecetoBaHuE MO pe3yIbTaTaM CaMOCTOSATEIbHON pabOThl CTYIEHTOB
$Cnada 3a4eTa 10 JUCIHUILINHE
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JlabopaTopHbie padoTHI

[Ipenmnaraemspiii Kypc 1a00paTOpHBIX pabOT HAmpaBiieH Ha (OpMHUpPOBaHHUE Ha-
BBIKOB 00y4aeMbIX MPH aBTOMATH3AI[MH PEIICHUsI HHKEHEPHO-(QU3NUECKUX 3a]a4 U3
psina obnacTteil, B 4aCTHOCTH — CTaTHKH, KHHEMATHKH, TEPMOJAMHAMUKH, 00pabOTKH
JAHHBIX SKCIEpPUMEHTa U (PU3MKHU AUDIIEKTPUKOB. Bce nmabopartopHbie pabOThl BbI-
MOJIHAETCS C NMPHUBJIICYEHUEM BO3MOKHOCTEH Pa3IUYHBIX MAaTEMaTUYECKUX MAKETOB
IIPU OJIHUX U T€X K€ UCXOJHBIX JAHHBIX pelIaeMoi 3a7auu, YTO MO3BOJIAET CTYACHTY
HE3aBUCUMO OIIEHUTh JOCTOMHCTBA M HEIOCTAaTKM Ka)XJOr0 U3 M3y4aeMbIX IpO-
I'PaMMHBIX CPE/CTB.

[TpakTHKyM COJEPKUT BOIPOCHI TEKYLIEro KOHTPOJS 3HAHWUMU, a Takke ydeo-
HbI€ 3aJ]aHusl JUIsl BBIIIOJIHEHUSI BBOJHOIO JIAOOPATOPHOTO 3aHSTHUS U IIECTH Jlabopa-
TOPHBIX padboT. OCHOBY NMPOrpaMMHOI0 OOECIEUEHHUs] COCTABISAIOT MaTEMaTHUYECKHE
naketbl MathCAD 2000 Professional, Maple V u MatLAB 5.2.

BBOJIHOE JIABOPATOPHOE 3AHATHUE

Tema. CripaBouHble CHUCTEMBI U MH(POPMALIMOHHBIE PECYPCHl MATEMATH-
YECKUX ITAKETOB.

enp. O3HaKOMIIEHUE C HAIIOJIHEHUEM BCTPOEHHBIX JIEKTPOHHBIX CIIpa-
BOYHUKOB U IIPUMEpPaMU pelIeHus 3a1a4.

3ananue 1

1. AktuBu3upyiTe nporpammuyto cpeny MathCAD 2000 Professional.

2. Boitnure B nozuruto Help (?7) TmaBHOTO MEHIO U BbhIOepuTe kKomanny [Jenmp Pe-
cypcog (Resource Center) WK 3aIlyCTUTE €TI0 C IOMOIIBIO COOTBETCTBYIOIIEH MUKTO-
rpaMMbl Ha HHCTPYMEHTAIBHOU TIaHEH. B mosBUBIIEMcsI OKHE TIeHTpa WHpOopMaIu-
OHHBIX PECypcOB BoWaute B paznen Cnpagounviii cmon u Kpamkoe pyKO8OOCHIBO
(QuickSheets and Reference Tables).

3. IlpocMoTpuTe mpUMEPHI UCTIOIB30BaHUS BO3MOXkHOCTe MathCAD tipu peiiie-
HUU 3aja4, IpUBeJCHHBIC B toapazaene [lnapeanku (QuickSheets).

4. AxtuBusupyiite noapasaen Cnpasounviii cmon (Reference Tables). O3HaKOMb-
TECh C COCTaBOM IPEACTABICHHBIX B CIPABOYHUKE CBEACHHI.

5. 3amyctute cucteMHbli uHTerparop MathConnex. Havinure mnanky Samples
(IIpumepwor) n otkpoiiTe B Hel qupektoputo MathConx. IIpocMoTpuTe NpUMEPHI UC-
M0JIb30BaHUSI BOBMOXHOCTEH cucTeMHOro uurerparopa MathConnex.

3ananue 2
1. AKTUBU3HUPYHTE Cpelly aKeTa CUMBOJIBHBIX BhIUKMCIIeHu Maple V.
2. Boitnutre B mosunuto Help (I[lomows) TIaBHOTO MEHIO, BBHIOCPUTE KOMAHIY
Contents (Cooepocanue). B mosiBUBIIEMCS OKHE BCTPOEHHOI'O CIPABOYHUKA IPO-
CMOTPUTE UHTEPECYIOLINE PA3/ICIbI.
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3aganue 3
1. AxTHBU3UpYHTE NPOrpaMMHYI0 cpeny nakera MatLAB 5.2.
2. 3arpy3urte AEMOHCTpaIMOHHbIE (aiibl, OTpa)KarIIME 0COOEHHOCTH pabOThI B
CHUCTEME, C TIOMOIILI0 KOMaH bl demo (IIpumepol u demoncmpayuu).
3. Ilpocmotputre coaepxkanue Oxna nomowu (helpwin) u Cmona nomowu
(helpdesk).

JIABOPATOPHAS PABOTA Ne 1

Tema. [IpeoOpa3zoBanue u BeIYUCIeHUE QYHKITHIA.

ens. Mcnonp3oBaHne BO3MOYKHOCTEH MAaTEMAaTHYECKUX IAKETOB IIPU
HAXO0XJICHUU CUMBOJIBHOTO U YHCIIEHHOTO PEIIeHUH sl PYyHKIMOHAIIb-
HBIX 3aBUCUMOCTEN B PEKUME MPSIMBIX BEIYUCICHUN.

Bonpocvr mexywezo konmpoas 3nanuu
1. Jatite ompeneneHue mpousBoAHOUW OT (yHkiuu. Ilosicnute ee dusmveckyro
CYIIIHOCTb.
2. PackpoliTe MOHATHS ONPENEICHHOTO U HEONPEIEIEHHOIO UHTETPAJIOB.

Hcxoouvie oannvle
1. Bemonnauts quddepeniupopanue QyHKINN:

a) f(x)= sinz(x) — HAWTH TIEPBYIO TPOU3BOJIHYIO;
b) f(x,y)=cos(x)y+sin(y)x — HalTU NEePBbIE MPOU3BOIHBIE 110 X U };

c) f(x)= x? cos(x3) — HaTH BTOPYIO IPOU3BOIHYIO.

2. BBIUMCIUTH UHTETPAJIBL: 3. Haiitu npenensl:
2 0x: .1
a) [x7dr; a) lim —;
10 X—>o0 xz
d .
b)  [oxdx; b) lim .
0 x—0" X

c) Tcos(x2 )dx ;

Ilaxem MathCAD
3ananue

1. Beimmonnute TpeOyemble NpeoOpa3zoBaHUs C HCIOIB30BAHHEM BO3MOKHOCTEH
BCTPOCHHOT'O CMMBOJILHOTO MpoIieccopa — KoMaH u3 no3uiuu Cumeonst (Symbolic)
TJIaBHOTO MEHIO.

2. Beimonnute TpebyeMble mpeoOpa3oBaHUs C MOMOIIBIO MIA0JOHOB U3 MATUTPHI
Mamemamuueckuii ananus.

3. Odopmute oTUeT COTIACHO TPEOOBAHHMIA.
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Ilaxemovr Maple unu MatLAB
3aganue
BrimotauTe mipeasiaraemMbie peoOpa3oBaHMsl U BBIYHCICHHUS BCEMH CITOCo0a-
MU, TOCTYITHBIMU B UCTIOJB3YEMOM MTPOTPaMMHOM cpejie.

JIABOPATOPHAS PABOTA Ne 2

Tema. Pacuer peakuuii onop HarpyXeHHOM OajKu.

Lens. Pemenune cucrem JIMHEWHBIX alreOpanyeckux ypaBHeHuil. Hc-
MOJb30BaHUE TpaUUecKuXx BO3MOKHOCTEH MaTeMaTHYECKHUX MAaKEeTOB
IPU UCCIIETOBAHUH (DYHKIIMOHAIBHBIX 3aBUCUMOCTEH.

Bonpocvr mexywezo konmpons snanuu
1. OxapakTepu3yiTe OCHOBHBIC AHATUTHUUYECKHE W YUCICHHBIE METOJbI PEIICHUs
CUCTEM JIMHEWHBIX aJIreOpanyecKux ypaBHEHHM.
2. B xakoil pa3MEepHOCTH B MAaTEMATHYECKUX MAKETaX UCIOIb3YETCS 3HAUEHUE ap-
I'YMEHTa TPUTOHOMETPUUYECKON (DYHKIIMH 110 YMOTYAHUIO?

Hcxoonvie oannvie

I A PHUP

PaccmaTpuBaercs 6alnika, mapHUPHO 3aKpeIJICHHAs Y CBOETO JIEBOTO Kpasi. B cpeanei
yacTu oHa noanepra karkoM. CrpaBa mojBewieH rpy3. TpeOyercs: HaWTH peaklHH
onop X, Y u P, eciivu U3BECTHA Macca rpysa m, a TakKe reoMeTpus Oasiku (ruieuu a, b
U YTOJI (Y); UCCIEeI0BATh 3aBUCUMOCTh PEAKIIUU OTOP OT U3MEHEHUS ¢ U M.

3aaya CBOJAUTCS K HAXOXIACHUIO YCIOBHI paBHOBECHUSl OalKH, T.€. PEIICHUIO
CUCTEMBI JIMHEWHBIX alreOpanuecKuX YpaBHEHUM, OMUCHIBAIOIIUX OallaHChl JCHCT-
BYIOIIMX HA HEE CWJI U UX MOMEHTOB:

P-sin(a) = X — GajylaHC CHII TI0 ocH X
Y+m-g=P-cos(x) — OajiaHc cuJi o ocu Y
P- a=m- g . (a + b) . Cos(a) — MOMCHT CHJI I1O IHapHpr

rZie g — yCKOpeHue CBOOOIHOTO NaIeHNUs.
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Tabnuua 1

ITepBas udpa HoMepa BapruaHTa Bropas nudpa HOMepa BapraHTa

No a (m) b (m) No o (rpan) m (Kr)

1 0,1 0,9 1 20 5

2 0,2 0,8 2 25 6

3 0,3 0,7 3 30 7

4 0,4 0,6 4 35 8

5 0,5 0,5 5 40 9

6 0,6 0,4 6 45 8

7 0,7 0,3 7 50 7

8 0,8 0,2 8 55 6

9 0,9 0,1 9 60 5

10 1,0 0,5 10 65 4

llaxem MathCAD
3ananme 1

1. Pemmure UCXOAHYIO CUCTEMY YpaBHEHUMN, UCTIOIb3Ys pacyeTHBIN 010K “Given...
Find” v puznueckne pa3MepHOCTH UCXOIHBIX JAHHBIX.
2. IIpoBepbTe TOCTOBEPHOCTH MOJYYEHHOTO pe3ysibTaTa pacuyeTaMu OaJaHCOB CHII
no ocu P u Oajke, a Tak’ke MOMEHTA CHJI OTHOCHTETIFHO KaTKa.
3ameuanue. Kaxxoe HOBOE 3aJJaHNE PEKOMEHIyEeTCs BBIIIOJIHSTh, CO37aBasi OT-
JEeNbHBIN (hai.

3ananue 2
1. IlpencraBbTe UCXOIHYIO CUCTEMY B BEKTOPHO-MAaTPUUYHOU (popMme 3amucHu.
2. BplyuciauTe BEKTOp UCKOMBIX 3HAYEHUN PEAKIUI OTOp.
3. IloBTOpuTE perieHune, UCTOIb3Ys GYHKIHIO [solve.
3ameyanue. J1yst BBoJ1a BCTPOCHHBIX (DYHKIIMIT MOXHO MCIIOJIb30BAaTh COOTBET-
CTBYIOIIUK MacTtep U3 raHen HUHCTPYMEHTOB.

3aganue 3

1. Mcnons3yss MEHIO CHMBOJBHBIX MPEOOpa30OBaHMil, MOJYYUTE AHATUTUYECKOE
penIeHne NCXOAHOU CUCTEMBI YPABHEHU .

2. Chopmupytite pynkuuu X( ), Y(a) u P().

3. Ha ocHOBaHMHU CBOMX MCXOJHBIX JIaHHBIX O F€OMETpHUM OajKu U Macce rpysa,
MOCTPOMTE JIJIsl TIOMYYCHHBIX (PYHKIIUN TPSIMOYTOJIbHBIN I€KapTOB U TOJIAPHBIN rpa-
¢uku npu u3menenuun ¢ ot 0 1o 360 rpan.

4. Chopmupyiite pynkiuro X( ¢, m).

5. 3agaiiTe 4YuCIO0 U HYMEpAaILMIO y3JIOBBIX TOUYEK MO OcsiM. PaccunTtailTe BEKTOPHI
apryMeHTOB (DYHKLUU JUIS Y3JIOBBIX TOUEK M MaTpUILy, COAepIKallas pe3yibTaThl Bbl-
YUCJICHUH alllUIMKAT IOBEPXHOCTH B y3JI0BBIX TOYKAX
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6. Ha ocHOBaHMM MOTYyUYEHHOM MATPHUIIbI allIUIUKAT MOCTpoiTe st pyHKunu X( &,
m) rpadUK MOBEPXHOCTH, KapTy JIMHUK yPOBHS, BEKTOPHOE IOJIE, TPEXMEPHBIN TO-
YEUYHBIN TpaduK, a TaKKe TPEXMEPHYIO CTOI0YaTyr0 ructorpammy npu m = 0, 0.5, ...
I0kru ¢=0,9, ... 180 rpan.

Ilaxemwvr Maple unu MatLAB
3ananue 1
1. PemmTe HCXOMHYIO CHCTEMY YPaBHEHHI B CHMBOJIBHOM BUJIC.
2. Haiigute 4YuciIeHHOE pEIIEHUE CUCTEMBI, UCTOJIb3ys COOTBETCTBYIOIIHE IPO-
rpaMMHbBIE CPE/ICTBA.
3. Pemure cucteMy BEKTOPHO-MAaTPUYHBIM CITIOCOOOM.

3aganue 2
1. Tloctpoiite ais dyukuuid X( ), Y(@) u P(¢¥) nekapToB U MOJSPHBIN rpaduxu
npu usmeHenuu & ot 0 no 360 rpan.
2. Hoctpoiire s pynkuuit X(¢, m) TpexMepHblii TpaduK MOBEPXHOCTU TPU U3-
MeHeHun ¢ ot 0 1o 180 rpax u m ot 0 1o 10 kr.
3ameyanue: I'paduku TOJKHBI OBITH O(DOPMIICHHBIMHU, T.€. COAEPKATh KOOP-
JAHATHYIO CETKY, METKH OCEH U T.II.

JIABOPATOPHASA PABOTA Ne 3

Tema. MonenupoBaHue TpacKTOPHUHU TOJIETA Tea.
Lenp. Peanuzanus aHMMalMOHHBIX BO3MOKHOCTEH MaTeMaTHYCCKUX Ta-
keToB. HaxoxeHre ONTUMAanbHOTO PEIICHHS.

Bonpocvr mexywezo konmpoas 3nanuu
1. IlosicnuTe Ha3HaYeHUE cucTeMHON nepemeHHol FRAME.
2. Uto 03HayaeT CyIIEeCTBOBAHWE 3HAUCHUU apryMeHTa (YHKIIMH, TIPU KOTOPBIX
3HA4YEHUE €€ NEPBOM MPOU3BOIHON PABHO HYIIO?

Hcxoonvie oanunvie

'}JJL

=

¥y
0 s

Teno, paccmaTpuBaeMoe Kak mMaTepualibHasi TOYKa, OpPOIIEHO MO YIioM & K
TOPU30HTY C HaudajdbHOW ckopocThio V. TpeOyerca: HailTM Bpemsl ero mojera H
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TANbHOCTh OpOCKa, CUUTas, YTO COMPOTHRBIICHHE BO3IyXa OTCYTCTBYET; OMPEICIUThH
3HAYCHHE ¢, TIPH KOTOPOM JIaIbHOCTh OpOCKa OyIeT MaKCHUMAaJIbHOM.

Pemenne paccMarpruBaeMoit 3aa4i KHHEMATHKA Oa3UpyeTCs Ha YPaBHEHHUSIX
TPaeKTOPHH I0JIETa TeJla, OMKMCHIBAIOIINX €TI0 KOOPAUHATHI B 000K MOMEHT BpeMe-
HU:

x(t)=Vy-cos(x)-t
/2
y(@) =V 'Sin(a)-t—g-g

rZie g — yCKOpeHue CBOOOIHOTO NaieHNU.

Tabnuya 2

ITepBast nudpa HOMEpa BapuaHTa Bropas mndpa Homepa BaprHaHTa
o a Vo Vo

® lapan | e | e | P ] e
1 30 6 43 1 15 6 27
2 33 7 47 2 17 7 30
3 35 8 50 3 20 8 33
4 37 9 53 4 23 9 35
5 40 10 55 5 25 10 37

Iaxem MathCAD
3ananmue 1

1. Ha ocnoBanuu ycnoBus )(f) = 0, ucrnonb3yst KOMaHay solve u3 MEHIO CUMBOJIb-
HBIX ITpeo0pa30BaHUid, HAWUTE BpeMs T0JIEeTa Tea.
2. Paccuurtaiite 1anbHOCTb OpocCKa.
3. CozpaiiTe aHUMaLMIO JBM)KEHUS TEJla B pEaJIbHOM MaclITade BPEMEHH.
3ameuanue. CueHapuil BpIBOJA aHUMALMM JIOJDKEH OTpaXkaTb M300pakeHus,
KaK TPaeKTOPHUH MOJIETA, TAK U HEITOCPEJCTBEHHO CaMOro Tea.

3ananue 2
1. ChopmupyiiTe QyHKIIMOHATBLHYIO 3aBUCUMOCTh X((¥) MaIbHOCTH OpOCKa OT yT-
Ja OpocaHusl.
2. Tloctpoiite rpaduk x( ) s 3Hauenuit yraa ¢ ot 0 mo 90 rpan.
3. Ucnonw3ys pacuetHslii 070K “Given... Minerr”, HaWauTe ONTUMAIBHBIA YTOJ
OpocaHusi, MpU KOTOPOM JATbHOCTH TOJIeTa Tejia OyAeT MaKCUMaIbHOM.

3aganue 3
1. Tloctpoiite rpaduk nepBoil mpou3BOAHON PYHKIMH X((¥).
2. PaccuuraiiTe ONTHUMAJIBHBIA yrojd OpocaHHs C MOMOIIBID KOPHEH ypaBHEHUS
NepBOM MPOU3BOAHON PYHKIMH X( ), UCTIONB3YS HYHKIUIO — F0OL.
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Ilaxemovr Maple unu MatLAB
3ananmue 1
. Haiinmure cuMBOIBHOE M YUCIICHHOE PEIICHUS JIJISI BPEMEHH M TaJTbHOCTH.
. PeanmsyiiTe aHuMaruro mojera Tena.

N —

3aganue 2
. Haiinure mepByro mpou3BOAHYIO QYHKITUHU X( ().
. Onpenenure ONTUMAIBHBIN YTOJI JIJ1s1 HAUOOJIBIIEH TAIBHOCTH OpOCKa.

N —

JIABOPATOPHAS PABOTA Ne 4

Tema. MonennpoBaHue XapakTEpUCTUK pabOThl HArpeBaTEIbHOIO YCT-
pOICTBA C TEPMOPETYIISATOPOM.

Lensb. [IpumeHeHrne THUMOBBIX 3J€MEHTOB IMPOrpaMMHUpPOBAaHUS MaTeMa-
TUYECKHUX IMaKeToB. Vcronb30BaHue OMEepaTopoB perieHuss OOBIKHOBEH-
HBIX U depeHIanbHbIX ypaBHEHUH.

Bonpocwr mexywezo Konmpous 3HaHuu
1. Packpoiite nonsitue (pyHKIMOHAIBLHOTO IPOrPAMMHUPOBAHHS.
2. llosicHnTe HA3HAUYEHUE U CTPYKTYPY THIIOBBIX KOHCTPYKLUHW IPOLIEAYPHOIO
IIPOrPaMMUPOBAHHS.

Hcxoonvie oannvle

TpeOyeTcst MOMyYuTh BPEMEHHYIO 3aBUCUMOCTh TEMIIEPATyphl HArpeBaTeIbHO-
ro yCTPOMCTBA, [P MOIIHOCTU HAarpeBarels P, Macce yCTPOMCTBA /1 U €0 YAEIbHOU
terioemkoctn C = 400 [x/(kr-K). B ycTpoiicTBe ecTb TEpMOpPEryasiTOp, KOTOPHIM
BKJIFOYaeT ero, ecnu 1 < T, , U BeIKIItO4YaetT, ecnu 1 > 1,,,,. [lorepu termna npoucxo-
JAAT 10 3aKOHY:

—=A'(T_Tcp)’ (1)

rae T — TeMmepaTypa HarpeBaTelIbHOIO yCTpOWcTBa, 1, — TEMIIEpaTypa OKpy>Karo-
mieit cpenbl (Hanpumep, 20° C = 293° K), A = 2 B1/K, a Taxxke 3a CYET U3IyUYCHHS B
cooTBeTcTBHUM ¢ 3akoHOM CTedana-bonpimana:

d
L2 5.t -1, @
rae S = 3,4-10° Br/K*. JludbdepeHimanpHoe ypaBHEHHE, OMMCHIBAIOIISE HAPACTAHUC
TEeMIIepaTypbl C TEYEHUEM BPEMEHHU, MOXKHO MOJYUYUTh, UCXOJS U3 TOTO, YTO MOJBO-
TuMasi K YCTpOUMCTBY sHeprust P - df pacxomyercs Ha ero HarpeB d() U Ha MOTEPH B
OKPY’KaIOILYIO Cpeay:

P-dt=dQ+dQ, +d0O,,

dQ=C-m-dT. )
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I[aHHaH 3aJa4da Hp@I[CTaBJ'ISICT I/IHTepec C TOYKH 3peHI/I$I HpI/IMCHCHI/IH IJIs1 €€
peLIeHUs IPOrPaMMHOI0 MOJYJISA, YUYUTBIBAIOLIETO ACHCTBUE TEPMOPETYIIATOPA U UC-
MOJIB3YIOIIETO UTEpalMOHHYI0 popMyy Diinepa:

ST, P)

i—1>
—, P, 4)

2
rae At — mar npupaiienus Bpemenu; f(T, P) — dyHKIus, onpenenstonas mpou3Bo/I-
HYIO TeMHepaTprI 10 BPEMGHI/I C y‘-IeTOM MOIIIHOCTHU HarpeBaTeJ]ﬂ.

T; :Ti—1+At'f(Ti—l+At'

Tabnuya 3
ITepBas iudpa HOMepa BapuaHTa Bropas nmudpa HOMepa BapraHTa

P m Tin Tax

e (xB1) (x1) * () ()
1 1,5 2,0 1 300 350
2 1,6 2,1 2 300 345
3 1,7 2,2 3 300 340
4 1,8 2.3 4 290 340
5 1,9 2.4 5 290 335
6 2,0 2.5 6 290 330
7 2,1 2,6 7 310 360
8 2,2 2,7 8 310 355
9 2.3 2.8 9 310 350
10 2.4 2.9 10 300 400

Ilakem MathCAD
3aganue 1

1. BeauTe BalM MCXOIHBIE NaHHBIE, YUYUTBIBAsI, YTO TEMIIEpaTypa JOJDKHA 3a/1a-
BatTbcA B rpanycax KensBuna (0° C = 273° K).

2. Ha ocHoBanuu ypaBHenwuit (4.1)-(4.3) 3anumute auddepeHnnaibHOe ypaBHe-
HUE, OMUCHIBAIOIIEE HApacTaHUE TEMIIEpaTyphbl HArPEBATEILHOTO YCTPOUCTBA C TEYe-
HUEM BPEMEHU.

3. 3apaiiTe mar npupauieHus Bpemenu At = 1 u yucno maro pemenus N = 500.
Cdhopmupyiite hyukumio f(7, P).

4. CozpaiiTe MpOrpaMMHBIA MOMAYJb, PEATMU3YIOUIUNA BBIYUCIEHUE TEMIIEpaTypbl
YCTPOMCTBA MO UTEPAIMOHHON popmyTie (4) ¢ yueToMm paboThl TEPMOPETYIIATOPA.

5. TMoctpoiite rpadvk BpeMEHHOUW 3aBUCUMOCTH TEMIEpaTyphl B JHalNa3oHE 3a-
JAHHBIX L1aroB PEIICHMS.

3ameuanue. [IporpaMMHbie onepaTopsl JOJKHBI BBOJUTHCA C MAHETN UHCTPY-
MEHTOB, HAOUPATh UX HA KJIIABUAType HE PEKOMEH]IyEeTCsl.

3ananue 2
1. Pemmure paccmaTpuBaemyro 3amady Oe3 ydeta paOOThl TEPMOPETYJIATOpa, HC-
MOJIb3Ysl BCTpoeHHyto hyHkuuio Bulstoer(v, x1, x2, n, F).
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2. YuurbiBas COCTaB JAHHBIX B MOJYYEHHOW MATPHUIIbI PELICHUI, TOCTPONTE rpa-
(GbUK BpeMEHHOM 3aBUCUMOCTH TEMIEPATyphl JJIsl [Uarna3oHa 3aJaHHbIX [IaroB pele-
HUSL.

3amanue 3
1. BeiBenute coBMeCTHO rpa)MKyd BPEMEHHBIX 3aBHCHMOCTEH TeMIlepaTyphl YCT-
poiicTBa ¢ HarpeBareiieM u 0e3 Hero.

Ilaxemovr Maple unu MatLAB
3aganme 1
1. ChopmupyiiTe nporpaMMy BBIYHMCIEHHUS TEMIIEpaTypbl YCTPOWCTBA MO UTEpa-
HMOHHOU popmyiie (4.4) ¢ ydeToM padOThl TEPMOPETYIIATOPA.
2. Tloctpoiite rpaduk BpeMEHHOW 3aBUCHUMOCTH TEMIIEpaTyphbl B AUana3oHE 3a-
JAHHBIX I1arOB PEIIEHHUS.

3ananue 2
1. Pemmre paccmarpuBaemyro 3amady Oe3 ydera pabOTBl TEpMOPETYJSATOpa, HC-
noJb3ys BcTpoeHHbIe pematenyd O/Y.
2. Tloctpoiite rpaduk perieHus.

3aganue 3
2. BreiBenuTe COBMECTHO rpadyiku BPEMEHHBIX 3aBUCHUMOCTEH TEMIIepaTyphl yCT-
poiicTBa ¢ HarpeBaresieM U 0e3 Hero.

JIABOPATOPHAS PABOTA Ne §

Tema. OOpaboTKa TaHHBIX KCIIEPUMEHTA.
Henb. HMcnonb3zoBaHne BO3MOKHOCTEH MaTeMaTUYECKHUX IMAKETOB MpPH-
KJIAQHBIX TIPOTPAMM JIJIsl allIPOKCUMAIUU JaHHBIX.

Bonpocwr mexywe2o konmpoasn 3HaHuu
1. JlaiiTe onpeneneHus MOHATUN «MHTEPHOJALUA» U «OKCTPATIOJISLUNY.
2. Tlepeuucnure Hauboiee MOMYJIAPHBIE METO/IbI AMMPOKCUMALIUU TAHHBIX.

Hcxoonvle oannvie

Jlnist pencTaBiieHuss GU3NYECKUX 3aKOHOMEPHOCTEH U NP MPOBEACHUN Hay4-
HO-TEXHUYECKUX PACUYETOB YaCTO HCIOJIb3YIOTCS 3aBUCUMOCTH BHUAA J(X), IpUYEM
YUCJIO TOYEK 3TUX 3aBUCUMOCTEH orpaHnyeHo. Hem3z0exHO BO3HMKAET 3ajiaya IMpu-
OJMKEHHOTO BBIYUCIICHUS 3HAYCHHM (DYHKIMI B TIPOMEKYTKAX MEXKIY Yy3JI0BBIMU
TOYKaMH (MHTEPIOJISIIUS) U 32 UX Mpe/iefiaMu (IKCTPpanoJisius). ITa 3a/iauya pelaet-
Csl anMpPOKCUMAIINEH UCXOMHON 3aBUCHUMOCTH, T. €. €€ TOJMEHON KaKoh-1mbo 1ocTa-
TOYHO TIPOCTOMN (QyHKITHUEH.
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[Ipu npoBeaeHN PU3NYECKOTO IKCIIEPUMEHTA ObUIA MOJIYUYEHBbI TAHHbIE 3aBU-
CUMOCTH )(X), mpuBeaeHHbIE B Ta0u. 4. Tpebyercs annpoKCUMHPOBATH PE3YJIbTAThI
AKCIIEPUMEHTA.

Tabnuuya 4
IlepBas nmudpa HoMepa BapuaHTa Bropas mudpa HOMepa BapuanTa

Neo XJ X2 X3 X4 Xs Neo Vi V2 V3 V4 Vs
1 1 0 2 4 3 1 50 0 20 10 5

2 1,5 105 1] 25| 45| 35 2 55 0 20 10 5

3 2 1 3 5 4 3 50 S 20 10 S

4 25 |1 1,51 35 ] 55| 45 4 55 S 20 10 S

5 3 2 4 6 5 5 50 0 25 10 5

6 35125145 65 | 55 6 55 0 25 10 5

7 4 3 5 7 6 7 50 0 20 15 S

8 45 1 35155175 ] 6,5 8 55 0 20 15 S

9 5 4 6 8 7 9 50 0 20 15 10
10 | 55|45 | 65| 85| 75| 10 55 0 20 15 10

Ilaxem MathCAD

3aganme 1

1. BBenuTe BamM MCXOAHBIE JAHHBIE B BHJE MaTpullbl. cronb3ys BCTPOEHHYIO
byHkuuto csort (A, n), OTCOPTUPYHUTE MATPUILY B MOPSAIKE BO3PACTAHMS 3HAUCHUS ap-
TYMEHTA X.

2. Cospaiite BekTOopbl X M Y, colepikalive 3HAUYCHUST apryMEHTa U COOTBETCT-
BYIOIIIME UM 3HAYCHUS (PYHKIMU. 3aJalTe i — YUCIIO DJIEMEHTOB B X U Y, UCTIONB3YS
BCTPOCHHYIO QyHKITHIO length (V).

3. BrImonHUTE JMHEWHYIO W CIUIAH-KyOM4eckyro uHTepnoysauuu. IIpoBenure
npoOHBIE PaCcUYEThI AJIsl MPOBEPKU MOMyUeHHBIX (yHKIUI. CpaBHUTE UX PE3YJIbTATHI B
MHTEPHOJIUPYIOIIEH U SKCTPANIOJIUPYIOIIE 00nacTsX.

4. Tlocrtpoiite rpaduku, OTpakarolIe BHUJ KPUBBIX ANMPOKCUMUPYIOMIMNX (YHK-
U C HAJIO)KEHUEM Ha HUX JAHHBIX HKCIIEPUMEHTA.

3ananue 2

1. BBenute BekTopbl X 1 Y. 3agaiiTe paHKUPOBAHHbBIE IEPEMEHHBIC [ U j TIO YUCITY
AJIEMEHTOB BEKTOpa X.

2. Haiigute anmpokcuMHpPYOIIYIO (YHKIUIO, BBIpAa3WB €€ B BUJAE MOJMHOMA Ha
OCHOBaHMH 0011l GopMyisl MHTEepHosanuu Jlarpamka, 3amaromieii B SBHOM BHUJIC
3HAaYeHHE UHTEPHOIUpYIoe pyHkumu f s arodoro 3HayeHus x. [Iposenure mpoo-
HbIE PACUETHI U MOCTPONTE rpaduK.

f(X)—ZY Hlf{l‘]lX );j
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3ameuanue. [lonuHom Jlarpanxa siBisieTcsl JOCTAaTOYHO CJIOKHON (PyHKIUEH.
B psne cnydaeB g annpoOKCUMAIIMKM UCXOHOM 3aBUCUMOCTH MPUMEHSIIOT OOBIYHBIN

CTENIEHHOM MHOTOYJICH — IMOJIMHOMHUAJIBHYIO alIIIPOKCHUMAIIUIO.

3aganue 3

1. Beeaute BekTOpsl X U Y. BolunuciauTe cTeneHb AanmpoOKCUMHUPYIOMIETO MOJIU-
HOMa 7.

2. Chopmupyiite matpuny XI: i =0, ..., n; 1 =0, ..., n; X[;; = in, Xl = 1. IIpo-
CMOTPHUTE, YTO OHA COOOM MpECTABIISIET.

3. Beruuciute ko3hduimenTs! noanHoma a = X1 - Y.

4. 3anaiite GopMmyay anmpOKCUMHUPYIOLIETO IMOJMHOMAa B BHJIE 3aBUCUMOCTH:

P(x)=>ay i ,k=n, ..., 0. IIpoBenure npoOHBIC pacueThl. BBeuTe paH)KUpoBaH-
k

HYI0 nepeMeHHyo: xi = x;—1, x;-0.9, x5;+1 u nocrpoiite rpaduk P(xi).

3ameyanue. TloBeneHne MOJIMHOMA MEXAY y3JIOBBIMH TOYKAMHU U TPU IKCTpa-
MOJIAIIMK 3a4acTyI0 TPYJIHO TpeackazyeMo. Kpome Toro, ¢ poctom crenenu (n g0 8-
10) nmorpemHocTh NOJTMHOMUAIIBHOM allPOKCUMAIIMK PE3KO BO3PACTAET.

llaxemovr Maple unu MatLAB
3aganmue 1
1. AnnpoxcMMHpyHTE MCXOAHYIO 3aBUCUMOCTH OTPE3KaMH IOJIMHOMOB TPETHETO
HopsJIKa.
2. TIocTtpoiiTe anmpoKCUMUPYIOMUH TpaduK.

3aganmue 2
1. BpINOaHUTE NOJMHOMHUANBHYIO allIPOKCUMAIUIO ISl JAHHBIX MCXOJHOM 3aBHU-
CUMOCTH.
2. TloctpoiiTe COOTBETCTBYIOUIMI alIPOKCUMHUPYIOIIUNA FpauK.

JIABOPATOPHAS PABOTA Ne 6

Tema. IMATalIMOHHOE MOJEIMPOBAHNE BEIIECTBEHHOM YaCTOTHOM Xa-
PAKTEPUCTUKHA KOMIUIEKCHON THUAJIEKTPUYECKON MPOHULIAEMOCTH KOMIIO-
3ULIMOHHOTO MaTepuasa B 00JIaCTH YIPYToW 2IEKTPOHHON NOJISPU3ALUH.
Henp. CoBMeElLIEHHE BO3MOKHOCTEW HECKOJIBKUX MAKETOB JJISI PEIICHUS
NPUKJIATHOM 3a/1a4X B pAMKax CUCTEMHOT'O MHTErpaTopa.

Bonpocwvl mexyweeo konmpons 3nanuii
1. JlaifTe onpeneneHue nepeaaToIHon GyHKINH.
2. KakoBO MakCHMaJIbHOE YMCJIO BBOJIOB M BBIBOJIOB OJTHOTO MIPOTPAMMHOTO 0J10-
Ka MPU UCTOJIb30BAHUM CUCTEMHOr0 uHterparopa MathConnex?
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Hcxoonvle oannvie

PaccmarpuBaercss KOMIO3UIMOHHBINA JUDJIEKTPUYECKUNA MaTepHUai, COCTOSIIUN
U3 JIByX KOMIIOHEHTOB PaBHON KOHIICHTPAIIMH, MapaMeTphbl KOTOPBIX MPUBEACHBI B
tabnuie 5. TpeOyeTcss MOCTpOUTh rpauK BEHIECTBEHHON YaCTOTHOM XapaKTEepPUCTH-
KU JIUAJICKTPUYECKON MPOHUIIAEMOCTH MaTepuaia B 00JIaCTU YIpYyrou 3JeKTpOHHOM
MOJISIpU3alliM, @ UMEHHO: B IMAMa30HE YacCTOT OT 10" hi (e} 10" paj/cex.

CMeleHre dJIEKTPOHHBIX 00JIAKOB OTHOCUTEIBHO aTOMHBIX fJI€p, BHI3BAHHOE
JEHCTBHMEM BHEIITHETO DJIEKTPUYECKOTO TOJIsA — HanboJiee OOMUN BHU]T TTOJISIPU3AITIH,
MMEIOIIUI MECTO BO BCEX 0€3 MCKIIIOUYEHUS TUDJICKTPUKAX, HE3aBUCUMO OT UX CTPYK-
TYypbl U arperaTHoro coctosiHus. [10CKOIbKY BHYTpPEHHUE AJEKTPOHBI B3aUMOJIEHCT-
BYIOT C SJIpOM TOpa3f0 CUJIbHEE BHEUIHUX, TO MPU PACCMOTPEHUU CMEIIECHUS DJICK-
TPOHHOT'O 00JlaKa MOKHO OTPAaHUYUTHCA YUETOM MOJISIpU3AIUU TOIBKO ONTHYECKOM
(BHEIIHEH) AJIEKTPOHHON 000JI0YKH HOHA.

B kauecTtBe mMaTeMaTHYeCKOro ONMCAaHMS Mpoliecca MOJISIpU3aluKd MaTepuana
noJ IEUCTBUEM MEPEMEHHOTO 3JIEKTPUUECKOTO ToJsl Ey(f) ¢ Majlol aMITUTYy A0 JUIst
UCCJIeIyeMOT0 YaCTOTHOTO JUana3oHa MOXKET ObITh MCIOJb30BaHA CIEIYIOIIasi CUC-

TeMa ypaBHeHHﬁ'

2 —_—
L0 3, B 03y 0= V4 B0k -1,
dt2 dt me

E(t) = Eo(f)——zn 4 (1),

€0 j=1
r7ie k — MHAEKC pa3HOBUIHOCTU MOHA; 4(f) — €ro MHAYLMPOBAHHBIN AUIIOIBHBINA MO-
MEHT; by U Wy, — COOTBETCTBEHHO, KOA(D(MUIIMEHT 3aTyXaHHsI U YaCTOTa COOCTBEHHBIX
KoJIe0aHUIl AJIEKTPOHHOIO 00Jlaka MOHA; Ny — YMCIO 3JEKTPOHOB, COCTABISIOLINX
ONTUYECKYI0 000JIOUKY MOHA; € U M, — 3apsii U Macca AJIEKTPOHA; & — dJICKTpUYe-
CKasl IOCTOsIHHAA; K — YUCII0 Pa3sHOBUIHOCTEH MOHOB, UMEIOLIUX MECTO B KOHKpPET-
HOM JUAJIEKTPUKE; 1; — UX KOHLIEHTPALUH.

C mo3uuuii TeXHUYeCKOoi kKubepHeTuku, ypaBHeHus (1) mpeacTaBisioT coboi
MaTEMaTUYECKYI0 MOJENb 3aMKHYTOM JIMHEHHON CUCTEMBI C OTpULIATEIBHOU 00Opat-
HOU CBS3bI0. BBINOJHUB Ui NaHHOW CUCTEMBI YPAaBHEHHUM IPSIMOE HHTErPajbHOE
npeoOpa3oBanus Jlamnaca, MOXHO IKBHBAJIEHTHO M300pa3UTh €€ B BHUIIE CTPYKTYp-
HOW CXEMbI, IOKa3aHHOW Ha pHc. 1, WM 3amucaTh B CTAaHIAPTHOM (popme 3amucu ye-
pe3 nepenaTouHble QyHKIUU:

(1)

Nkez/me

S2 + 2ka + Cl)gk

i () =W ()E(s),k =LK, Wy (s) =
)
E(s)=Ey(s) - 3— Zﬂz (s)n;,

€o i=1

IJIe S — KOMIUIEKCHAsI repeMeHHast; (4(s), E(s) u Ey(s) — n3obpaxenus no Jlammacy
byukuit 1 (1), E(t) u Eo(t); Wi(s) — nepenatounbie QyHKITUU.
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Puc.1. CtpykTypHas cxema mpoliecca Mnoyisipu3aliy MmaTepuana

3ameHa s—j@ B niepeaToOuHbIX QyHKIUIX Wi(s) O3BOISET MEPEUTH K UX Yac-
TOTHBIM aHajoram. TakuMm 00pa3oM, Ha OCHOBAaHWU OIMHCAHHBIX MaTEeMaTHYECKHUX
MoJieNiel U OIpeesieHus] KOMIUIEKCHOW TUAJIEKTPUUECKOW MpoHuiiaeMoctu (&(jw)=

Ey(jw)/E(jw)) nns ee mpeAcTaBIeHUs] MOKET ObITh MCIIOJIb30BaHa cieayromas GyHK-
ITUOHATbHAS 3aBUCUMOCTD:

. 2 K .
e(jo)=1+—3 nW;(jw),
€0 =1

2
Ntlme g

3)

Wi(jo)=—F——— :
Wy —W™ + ) Zbka)

I[.HH HMHUTAIMOHHOI'O MOACIIMPOBAHUSA CIICKTPOB KOMIUICKCHOM AUDBJICKTPHUYC-
CKOM IMPOHHULIACMOCTH KOHKPCTHOI'O MaTCpHaiad H606XOI[I/IMBI YUCJIICHHBIC 3HAYCHUA
napaMeTpoOB, YHAaCTBYIOIINX B OIMMCAHNH BCCX IMOJIAPU3ATMOHHBIX ITPOLCCCOB, ITPOTC-
Karomux B AHU3JICKTPUKCE. B paccMaTpuBacMOM AMUAIIA30HC YaCTOT BHCHIHCEIO ITOJIA
TaKUMH apaMeTPaMH SBJISIOTCS — by, (o, Ny U 1 HOHOB Kax/J10i pa3HOBUIHOCTH.

Ko/nMuecTBEHHBIM COCTaB ONTUYECKUX (BHEIIHMX) DJIEKTPOHHBIX O0O0JIOUEK
HOHOB AOCTATOYHO IIPOCTO YCTAHOBUTHL HA OCHOBAHHHN CIIPABOYHBIX OdHHBIX. I[Hﬂ
BCCX MOHOB, BXO/SIIIUX B COCTAB UCCIICAYCMbIX KOMIIO3UTOB, Nk:8

I[Ipy HAXOKIEHUH (W MOYKHO MCIIOIB30BaTh (POPMYIy:

4

rae Oy — >bPeKTUBHBIN 3aps sapa, ISUCTBYIONINNM Ha BHEIIHIO 000JIO0YKY U YUH-
THIBAIOIIUH SKPAHU3AIMIO €T0 MOJHOTO 3apsiaa BHYTPSHHUMHU 000JI0UKaMH (IS Bcex
MOJIOKUTEIbHBIX MOHOB pPacCMaTpUBAEMBbIX MaTepuaioB (;=9, g OTpUIATEIbHBIX
— O«=7); ry — NOHHBIN paanyc.

3HaveHus by, MpuHUMas BO BHUMaHUE CUITy BHYTPEHHErO TPEHMUS, JACHCTBYIO-
IIYI0 Ha DJICKTPOHHBIN JUTIOJNB C 3apsoM N, e IpU DJIEKTPOMArHUTHOM H3JTYYEHUH C
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($a30BOil CKOPOCTHIO, PABHOM CKOPOCTH CBETa B BaKyyMe€ — €, MOXKHO PaccuMTaTth
KaK:

2 2
_ HoNye ook

()

127m ¢

r1ie Uy — MarHUTHasi IOCTOSIHHASL.

[TocKONBKY HCCIENYIOTCS UCKIFOYUTEIBHO KOMIIO3UTHI PaBHOTO MPOIEHTHOIO
COJIepKaHMsl, COCTOSIIIUE TOJBKO M3 JIByX MOHOB, UX KOHIICHTPAIIMM B MaTepuaie
pacCUMTHIBAIOTCS MO cleaAyrolen popmyie:

_ P
(my + my)-aem

rac O — INIOTHOCTh KOMIIO3MTA, m) U My — aTOMHBIC MAacCChbl COCTABJIAIOININX €ro ho-
HOB, aem — aTOMHasid €ANHHIa MAaCChI, 0,5 — IPOLOCHTHOC COACPIKAHNC KaXK/I0I'0 KOM-
IIO3UTa COIJIaCHO UCXOJHBIM AAaHHBIM.

Tabnuua 5
ITepBas nudpa Homepa BapuaHTa Bropas nudpa Homepa Bapuanra

r+ r— r+ r—

Ne | Komnosur (Kr7M3) (1070 ) | (10710 vy | o | OMBO3HT (Kr7M3) (107° M) | (107 )
1 LiF 2632 | 0,68 1,33 1 KF 2480 | 1,33 1,33
2 LiCl 2072 | 0,68 1,81 2 KCl 1990 | 1,33 1,81
3 LiBr 3462 | 0,68 1,96 3 KBr 2752 | 1,33 1,96
4 Lil 3500 | 0,68 2,20 4 K1 3120 | 1,33 2,20
5 NaF 2790 | 0,98 1,33 5 RbF 3560 | 1,49 1,33
6 NaCl 2165 | 0,98 1,81 6 RbCI 2760 | 1,49 1,81
7 NaBr 3210 | 0,98 1,96 7 RbBr 2780 | 1,49 1,96
8 Nal 3665 | 0,98 2,20 8 RbI 3550 | 1,49 2,20
9 CsF 3590 1,65 1,33 9 CsBr 4440 | 1,65 1,96
10| CsCl [3970 | 1,65 | 1,81 |10 CsI | 4512 | 1,65 | 2,20

JUI IMHTAallMOHHOTO MOJEJIMPOBAHUS BELICCTBEHHOM YaCTOTHOW XapaKTepHU-
CTHKH TUAJIEKTPUUECKON MPOHUIIAEMOCTH MaTepuana yJoOHO UCIOIb30BaTh CUCTEM-
Hbel uHTEerparop MathConnex, NOCKOJIbKY OH IO3BOJSET COBMECTHTH DPAa3IMYHbIE
IpOrpaMMHBIE MPOIYKTHI C IEJBI0 MPUBJICUEHUS psAfa UX ocobeHHocTel. B yactHo-
CTH, UCXOJHbIE JaHHbIE HanloJiee HAIJISIIHO U 1eJIeCO00pa3HO MPECTABIATh B BUJIE
tabuui Excel, a Ay onrcanus MpOIECCOB MOJSIPU3AIUMN Yepe3 MepeaaTouHbIe (PyHK-
IIUH MIPUBJICKATh CHeIUAIN3UpoBaHHbIe QyHKIMH MatLAB; kpome TOro, A IpoMe-
KYTOYHBIX PacyeTOB MOXHO HcHoib30BaTh MathCAD. Takum o0pa3oM, aBTOMaTH-
3allMI0 PEIICHUs] PacCMAaTPUBAEMOMN 3a/ladll MOXHO CBECTH K peanu3anuu QyHKIHO-
HaJIbHOM CXEMBI, IPEICTABICHHON Ha pUC 2.
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Puc.2. aTerpaninonHas cxeMa aBTOMAaTU3aLUHN PELICHUS

Cucmemnwiti unmeepamop MathConnex
3ananue

1. Buecute B okHO mpoektupoBaHusi MathConnex OIOK 3JIEKTPOHHBIX TaOJIHIY
Excel B BUJie UUCTOM 3aTrOTOBKH, a TaKXKE YKKUTE OTCYTCTBUE BBOJOB M Hajuuue 4
BBIBOJIOB. 3alOJIHUTE TAa0JIMIly [TapaMeTpOB MEPBOTO0 KOMIIO3UTA, BKIIOUYHUB B HEe (-
(dbeKkTUBHBIC 3apsbl sIep UOHOB U X paauychl. OTpeqakTupyiTe MeTKy 010Ka u 00-
JIACTH BBIXO/IHBIX IAHHBIX B COOTBETCTBUHU C MHJEKCaMHU sueek Excel.

2. Beeaure 610k MathCAD, 3apukcupyite ero n3oopaxeHue B BUJAE UKOHKH, 3a-
naite 4 BBoaa u 4 BeiBoJa. COEIMHUTE CO3/IaHHbBIE OJIOKU CBSI3AMH. AKTUBU3UPYUTE
cpeny MathCAD BuyTpu nipoektupyemMoro 0isoka. [IpucBoiite nepeMeHHbIM ¥;, O, 1>
1 (J, COOTBETCTBYIOIIME BXOAHBIC TaHHBIC, UCTIOIB3YsI NMEHA MHTEP(HEHCHBIX (PYyHK-
uid (in0... in3). Beeautre Gopmynsl (4) u (5) ans pacdyera 3HAYSHUU by, Wy, DIIEK-
TPOHHBIX 000JIOYEK MOHOB KOMIIO3UTA, MPHU BBOJIE (PyHIAMEHTAIbHBIX KOHCTAHT UC-
nosib3yire CrpaBouYHBIN CTON (0OpaTuTe BHHUMAaHHUE, YTO PE3YyJbTaThl BHIYMCIICHHMA
OynyT uHTerpupoBansl ¢ MatLAB, T.e. pa3MEPHOCTH BEJIMYMH KOMMHPOBATH HE CIICTY-
er). [IpucBoiite pynkumsm BoiBoaa (out(... out3) BEIUNCICHHBIE TaHHBIE.

3. Co3snaiite 6mox MatLAB (ukoHka, 4 BBOJa, 2 BeIBOJa). BBemure dhopmymy (6)
JUI BBIYUCIICHUS KOHIIGHTPAIlMM HOHOB IEPBOT0 KOMIIO3UTA HCCIEAYEeMOro MaTe-
puana. Ha ocHoBaHuM ypaBHEHUS (2) ONMUIIUTE TIepeaaTOuHbIe (PYHKIIUU MPOIECCOB
MOJISIPU3AIMN HOHOB, 33/1aB KOY()(PHUIIMEHTHI MOTMHOMOB B X YHCIUTENAX U 3HAME-
Hatensix. Mcnonb3yst BCTpOCHHYIO QYHKIMIO parallel, HailauTe oOIIyr0 mepenaTroy-
HYI0 (QYHKIMIO TOJIpU3aluu kommno3uTa. [IpucBoiite QyHKIMSAM BBIBOAA €€ YUCIH-
TeIb U 3HAMEHATENb.

4. CrpoeKTUpyHTe aHAJIOTUYHbIE OJIOKU JJIsl BTOPOTO KOMITO3UTA.
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5. Beegute 610k MatlLAB (uxonka, 4 BBOJa, 1 BBIBOJ C OJIOKOM OCTaHOBKH).
Haiinute oOuryto nepenaroynyro QyHKIHIO Mpolecca MoJspu3aluu Marepuana. 3a-
JaiTe orepaTop BHIYUCIICHUS €€ BEIIECTBEHHOM YacTH, IJI UCCIIETYyEeMOr0 YaCTOTHO-
ro JMAra3oHa ¢ MTEPaIlMOHHBIM ImaroM paBueiM 10'* pam/cex (ucrmomb3yiite dyHK-
o nyquist). Ha ocHoBanuu ¢GyHKIIMOHAIBHOW 3aBUCUMOCTH (3) ONMMIINUTE BHIYHMC-
nenre BUX nusnekTpuueckoil MpoOHUIIAEMOCTH U 3aJlaiiTe IOCTPOCHHE ee rpaduka B
nosrynorapugmudeckom macirade (GyHKus semilogx). 3amyCcTUTe UMUTAIHIO.

TpedoBanusi kK 0pOpMIIEHHIO OTUYETOB

[Tocnie mpakTUYECKOTrO BBIMOTHEHUS 3aJaHUN KaKI0# J1abopaTopHOW padoThI,
32 UCKIIFOUEHHUEM BBOJHOTO 3aHATHUSA, KKl 00y4aeMblil JOJKEH MOJTOTOBUTH OT-
4eT O €€ BbINOJIHEHUH Ha OCHOBAaHUU MHIMBUYaJIbHOTO BapUaHTA.

Copnep:xaHue oTueTa 10JKHO COOTBETCTBOBATh CIEAYIOLIEH CTPYKTYpeE:

1. OTBeThl Ha BONPOCH! TEKYIIEr0 KOHTPOJIS 3HAHUM.

2. Onucanue paccMaTpuBaeMoOu 3aa4l U UCXOIHBIX TaHHBIX.

3. OroOpakeHue MpOrpaMMHBIX CPEJICTB MUCIOJIb3YEMOI0 MaTeMaTH4eCKO-
ro nakera, He0OXOAUMBIX Il aBTOMAaTH3alK PEIICHHUS.

4. IlomaroBoe ONMCaHWE BBINIOIHEHUS MPAKTUYECKUX 3aJaHUU C OTpaKe-
HUEM MOJTYYCHHBIX SKPAHHBIX (GOPM.

OT4eTsl BBINOJHAIOTCS M NPEICTABISAIOTCS K 3alUTE B AJIEKTPOHHOM BUJE
(daiin dhopmarta Microsoft Word). B TUTYyABHOM JHUCTE, TOMUMO CTaHIAPTHON WH-
dbopManmK yKa3bIBalOTCA: Ha3BaHUs JJAOOPATOPHBIX pabOT U HOMEpa BapUaHTOB HH-
JTUBUTyaJIbHBIX 33JJaHUM, IPUBEICHHBIX B Tabmuuax 1-5.
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IIpumepsl aBTOMaTH3aNNK pelieHus 3aaa4 B cpene MathCAD 2000

IHOCTPOEHUE 'PA®UKOB

s coznanus rpaduxoB B cucteme MahtCAD nmeercs nporpaMMHbIN rpadu-
yeckuid mpoueccop. OCHOBHOE BHHMAaHHE MpHU €ro pa3paboTke yieneHo olecreye-
HUIO MPOCTOTHI 33JaHus TpaPUKOB U MX MOAU(PHUKALIMKU C MIOMOIIBIO COOTBETCTBYIO-
IIUX OMIMH. BOJIBIIMHCTBO HEOOXOAMMBIX MapaMeTpoB rpaduueckoro mpoieccopa
110 YMOJTYAHUIO 33a€TCSI aBTOMATUYECKH.

MahtCAD 103BOASIET IPUMEHATH IIA0JIOHBI CEMU THUIIOB IPaQUKOB, KOTOPBIE

npuBelieHbl B noaMeHto I pagux (Graph) nosunuu Bemaska (Insert) TIIaBHOTO Me-
HIO:

X-Y Plot — JIBYXMEpHBIN rpaduK B JEKAPTOBOUN CHCTEME KOOPAUHAT;
Polar Plot — rpaduK B NOJSPHOU CUCTEME KOOPJIMHAT;

Surfase Plot — TpexXMepHbIN rpaduk;

Contour Plot — KOHTYPHBIH rpaduk;

3D Scatter Plot ~ — TpexMepHBIN TOUEUHbIN TpaduK;

Vector Field Plot — xapTta BEKTOPHOIO IOJIS;

3D Bar Chart — TpexmepHas ctondyaTasi THCTOrpaMMma.

Jl5ia BBI30Ba MIAOJIOHOB TAaK)K€ MOXKHO MCIOJB30BaTh MAIUTPY rpaduKoB, IMO-
Ka3aHHYI0 Ha pucyHke 1. I'paduxu 1100010 BHJIa MOKHO MEPEHOCUTH B HYKHOE Me-
CTO JOKyMEHTa, U3MEHATh UX pa3Mep C MOMOIIbI0 MapKEpOB, MOSBISIOMIUXCSA TPH
BbIICJICHNH Tpaduka, a TakkKe PeIaKTHpPOBaTh T'PAHUIIBI OOJIACTEHl apryMEHTOB U
(GyHKUIUH.

:" Mathcad Professional - [Untitled:1]

@ dain Mpaeka Bug BeTaeka dopmar  hMatematwsa  Cumeonel Qo 7 _|ﬁl|5|

NEE SRy 2ale ™ (my =& A 582

“Normal =[eial e H| ® x4 ||§§ ===
| [ [] == [ <2 51 ap
Hazgayermte kHomok rpadirde ckoil TamaTpen ﬂ
Mp... B

HMexapror rpatue | 2 & | ITpubnmzenue

Cnexenne | 57 0 | Ilonapuuit rpadus
Tpatuk mopepsgocTH | &5 Kapra nunuit ypoeua
Tpeszmepraa cronbuarad ructorpamma | il ie | Tpexmepruil Touednnil rpadux

BexTopHoe Done | |24

o o

Press F1 for help. |&0TO [NUM |Page1

Pucynox 1. Ilanutrpa HHCTPYMEHTOB Tpaduku
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Jns pemakTUpoBaHMs 3aJlaHHBIX IO YMOJYAHUIO TpaUUECKUX MapaMeTpOB
UCIIOIBb3YETCSl OKHO 3ajiaHusi (opMaToB, JJIS BHI30Ba KOTOPOTO JOCTATOUHO JBAXK]IbI
OBICTPO IICJIIKHYTH JIEBOM KHOIKOM MBIIIIH, YCTAHOBUB Kypcop B 00JacTh rpaduka.

JleyxmepHhulit dekapmoe zpaghux

[Taker MahtCAD 2000 Professional mo3BoJseT WCIOJIL30BaTh JBa Crocoda
MIOCTPOCHUS TIOCKUX TpapuKOB B IEKapTOBOM cucTteMe KoopawHat. [Ipu mepBoM —
Han0oJiee MPOCTOM CIIOCOOE MOCTPOCHUSI — JOCTATOUHO BhI3BATh ma0sioH X-Y Plot, B
KOTOPBIH ClIelyeT BBECTU UM IEPEMEHHOM X 10 OCH X M BBIpaXKEHUE, ONHMCHIBAIOIIIEE
dbynkuuro f{x) mo ocu Y.

st BTOporo crnoco6a HEOOXOaUMO BHayase 3ajaTh PAHKUPOBAHHYIO Tepe-
MEHHYIO — HallpuMep X, OMpEIeNMB AUana3oH €€ N3MEHECHHsI U mar d, KOTOPhINA yKa-
3BIBACTCS BBOJOM HAYaJIbHOTO 3HAYCHUS MTEPEMEHHOM X)) U, Yepe3 3aIATYI0, 3HAUCHUS
xp + d. Tlocne yero depes JABE TOUKHU YKa3bIBACTCSI KOHEUYHOE 3HAUYEHHUE X, CM. PHC. 2.
3areM HazO 3aJaTh COOTBETCTBYIOIIME (DYHKIIMU U BBI3BATh rpaduyeckuil 1mabdiioH,
IIPU 3aMOJIHEHUH KOTOPOTO UCIOJIb3YIOTCS UMEHA MepeMeHHbIX U pyHkiuii. Eciu B
OJIHOM I1a0JIOHE CTPOMUTCS HECKOJBKO rpamKoOB, TO AJISl UX pa3/ieNICHUs! CleayeT Uc-
MOJIb30BaTh 3aISTHIC.

:" Mathcad Professional - [Untitled:1]
|§] dain Mpaeka Bua BeTaewa dopmat  hlaTematwka  CMMEONE OiHO 2 _|E|5|

T me= B0 A o H&E e

IDzR|8AY| =B o

| [Nomal ][ e Hox xull===|EE
£(%) = sin(z)” x=0,01.2 = il

Ma... 3| 1 T
|+ e £
[:::] x: . L 1 @ .@
Ig aﬁ © " i - [
—_— DU |2 !1 ] 8

T r

Lna zanycka cnpagkd No padoTe © Nporparroi, Hastarme F1 |&UTO [MUM [Page1 2

Pucynox 2. llpumep mocTpoeHuUs IBYXMEPHOTO JeKapToBa rpaduka

Honapuwti cpagux
B nonsipHOii crcTeMe KOOpAMHAT KaKJaask TOUKa 3ajaercs yriiom W u monynem
paauyc-Bektopa R(W). I'paduk pyHKIMU OOBIYHO CTPOUTCSA B BHUJIE JIMHUU, KOTOPYIO
OIHCHIBAET KOHEL] painyCc-BEKTOpa MPU M3MEHEHUU yria W B onpeleneHHbIX Ipese-
nax, yamie Bcero ot 0 1o 27 (puc. 3).
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&) Mathcad Professional - [Untitled:1]
@ Qain lMpaeka Bua BoTaeka  dopmar  MaTemaTvss  Cumeonsl OkHo 7 _|ﬁl|5|
IDEE GRY | BR o (T =83 o ¢8R
| [Mormal =] [ Hn G x x u === |i= =
£ = singn’ x=0,01.2 =x :’
Mo F A Fasun E3|
&+ b 2 2
| x= 150 k] @ .@
< T 5o
& <& 9 g . i L [
yal
210 330
240 300
270
ol ; il
[sUTD [ [MUM |[Page1 2

Presz F1 for help.

Pucynox 3. Tlpumep mocTpoeHust MOJIIPHOTO Tpaduka

Tpexmepnwuii cpaguk

Onepanusi CIIy>KUT JJIsl TIOCTPOCHUSI TTOBEPXHOCTH Buja Z(X,Y), npeacrapiieH-
HOM Matpuiieil M 3HadueHuil anmiukat Z. B e IMHCTBEHHBIN 11a0JIOH TaHHBIX BBOIUT-
Csl UMsI MaTPUIIbI CO 3HAUEHUSIMU alIUTMKAT MOBEPXHOCTH (puc. 4).

&) Mathcad Professional - [Untitled:1]
@ dain  Mpaeka Big BoTagkas  dopmat  MaTematwka CHmeEOnel OkHO 7 _|5|5|
IDEE SRy | BB« (T Mo = |83 A [ -8
| [Nom =] [sia Ao & x x u 2= ===
flx.%) = —si.n[xj : 3r| x=0.20 yo=0.20 j
HEWE Moy 4y = f(x_ 10 Y_—m] M aTpHLa aNNAMKET NOBERXHOCTH
e C e o
5] == O &
I% < i L[5
2] ap
-
N
ki
N
M =
kI _>I_I
[sUTD [ NUM [Page1 4

Prezz F1 for help.

Pucynox 4. llpumep nocTpoeHus! TpEXMEPHOTO rpaduKa MOBEPXHOCTH
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[Ipexae yeM MPUCTYNUTh K MOCTPOEHUIO rpaduka MOBEPXHOCTH, €€ HEOOXO-
TuMO c(OpMHUPOBATh MATPUIly €€ alllJIMKAT C MOMOLIBI0 CIEAYIOUIe mociienoBa-
TEIILHOCTH JCHUCTBUU:

® BBECTH BBIp@XKEHHUE IS pacyeTa amiuidKaT MOBEPXHOCTH B BHUAE (DYHKIIUU
JIBYX apryMeHToB Z(x, y):=f(x, y);

® 33/1aTh BEKTOPHI YKUCIIA y3JIOBBIX TOUYEK MO ocsaMm i:=0.. n, j:=0.. m;

e chopMupoBaTh BEKTOPHI 3HAUYCHUM apryMEHTOB (DYHKIIMU B Y3JOBBIX TOYKAX

X =i (x—=x0)/n , y;=j (Viryo)/m;

® paccuuTarth Matpuily M, colepxairyro pe3yibTaThl BHIYUCICHUN JJISI alIlIv-

KaT MMOBEPXHOCTH B Y3JIOBBIX TOUKax — M; :=Z(x; ;).

[TockonbKy rpaduk CTPOUTCS Ha OCHOBAaHUU MAaTPHUIIbI, COAEpPKAIIEH TOJIBKO
KOOPJIMHATHI BBICOT (DUTYpHI (alIUIMKaThl), TO UCTUHHBIE MaciITaObl 1o ocsiM X u Y
HEW3BECTHBI U HA PUCYHKaX HE MPOCTABJIAIOTCSA. MOryT, BOpOYEM, BEIBOJUTHCS IPO-
CTO MOPSAIKOBBIE HOMEpPA 3JIEMEHTOB MaTPUII B 3aJaHHOM HaIlPaBJICHUH. bonb-
[IME BO3MOXHOCTH J1a€T HECKOJIbKO MHOW CIoco0 3aJlaHusl IOBEPXHOCTU — B Mapa-
MeTpuyeckoM Buje. Ilpu stoM mpuxoautcs GopMUpOBaThH TPU MATPHUILI U yKa3bl-
BaTh UX B mabdnone B Bujae X, Y, Z.

Koumypmnuwtii epaghuk
Eme oauH mmpoko pacnpocTpaHEHHBIH THUI T'padUKOB AJsl MpeACTaBICHUS
MOBEPXHOCTEN — € MOMOILBIO JIMHUI paBHOrO YpoBHs (puc. 5). Mcnonb3yemblil s
UX MOCTPOEHHUS A0JIOH MO00EH ONMMCAHHOMY BBIIIE TPEXMEPHOMY IpaduKy.

¥ Mathcad Professional - [Untitled:1]
|§] dain Mpasks EBwg Beraeka  dopmar  MaTematvda CMmMEdnsl OkHO 2 _|5|5|

DR Ry |28 oo mops B34 & &8¢

| [Morrl =[anal Hio Hx x 3 |l=== ==
=
Mo Fpagur B3R
|+ e 4L
[:::] x: @ .@
g; i L [
-

o o

Press F1 far help. |0t [NUM [Page1 2

Pucynox 5. llpumep mocTpoeHUs: KOHTYPHOTO Tpadrka MOBEPXHOCTU

3avacTyo KOHTypHbIe Trpaduku Oosee MHOOPMATHUBHBI, YEM MPOCTO MOBEPX-
HOCTH, TIOCKOJIbBKY y MOCJEAHUX HEPEeAKO OJHM YacTH 3aKphiBaroT apyrue. Hampu-
Mep, MUK Ha TepeTHEM IUIaHE MOXKET 3aKPbITh 3aJIHUM TUIaH, YE€ro HET Ha KOHTYPHBIX

rpadukax.
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Kapma eexmopnozo nona
Ecnu nuHMM KOHTYpHOro rpaduka 3aMEHHTh BEKTOpPaMH, CTPEJIKH KOTOPBIX
oOpalieHbl OCTPUEM B CTOPOHY HAapacTaHUs BHICOTHI IOBEPXHOCTH, a IUIOTHOCTh pac-

TIOJIO’KEHUS 3aBUCHUT OT CKOPOCTH ATOT'0 HApaCTaHUS, TO TOTYYUTCS KapTa BEKTOPHO-
ro noJjs (puc. 6).

2} Mathcad Profeszional - [Untitled:1]

@ dan  Mpaewka Buvg BeTapwa  dopMat  MaTemaTtuks  CMmBOnEl ORHO 7 =] |
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Prezs F1 for help. 0T [ [NUM [Page1

Pucynox 6. llpumep nocTpoeHusi BEKTOPHOTO Irpaduka MOBEPXHOCTH

Tpexmepnutit moueunwlit 2paguk
Hepenko moBepXHOCTH MPECTABISIIOT B BUJIE TOYEK WM MHBIX (PUTYp, HAxo-

JSIIUXCS. B TPEXMEPHOM IMPOCTPAHCTBE, KaXK]lasi U3 KOTOPHIX HECceT MHGOPMAIIHIO O
MOJIOKEHUH €€ T€OMETPUUYECKOro 1eHTpa (puc. 7).

& Mathcad Professional - [Untitled:1]

@ dain Mpaska Bug Boraeka dopmat Matematwiss Cumeonsl OkHo 2 =18 x|
IDE” 8RY & BR(o o (T me=s e A o &8
| [Nomal ][l Ao Hlx x 3w === ==
[

-

|+ [ 4

[] »= @ & -

I% <€ ab 3 3

%) ap

-

M

i o

Frezs F1 for help. [AUTO [MUM [Page1

Pucynok 7. llpumep nocTpoeHus: TpEXMEPHOTO TOUEYHOTO rpaduka
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Tpexmepnaa cmondouamasn zucmozpamma
Becsma pacrnpocTpaneHHoil GhopmMoil M300pakeHUs MOBEPXHOCTEH SBIISIETCS
MpeACTaBICHUE €€ PAJIOM TPEXMEPHBIX CTOJIOMKOB, BHICOTa KOTOPBIX OMPEAEIIeTCs

3HaYeHUEM KOOPAUHATHI z(X, ), CM. puc. 8.

:‘ Mathcad Frofessional - [Untitled:1]
@ Dain Mpaeka Bwg BeTaeks ©opmat  MaTematka CWMEONEl OkHO 2 -|El|5|

DS ERY | B oo |T: (= |2 A e 8¢

| [ R Ao Hix x u === i==
=]

CIM=]
al+ b 4%
[ x: O &
' =i
-

a1 . _I—"

Press F1 for help. [&0T0 [MUM |Page1 2

Pucynoxk 8. Tlpumep mocTpoeHus: TPEXMEPHOM CTOI0YATOIN THCTOTPAMMBI

[Tomo6uble Tpadukd HIMPOKO MPUMEHSIOTCS TPU MPEICTABICHUHU CIOXKHBIX
CTaTUCTUYECKUX AAHHBIX — HAIpHUMEp, MPEICTABICHHBIX TPeMs HE3aBUCHUMbBIMU IIe-
peMeHHbIMU. OOBIYHO UX MOCTPOEHUE JOCTATOYHO Tpyaoemko, MahtCAD xe mpe-

BpalllaeT JaHHYIO MPOLEyPy B OOBIICHHYIO ONEepPalUIo.

AHUMAIIMS U30BPAKEHUI

[Tpu Bu3yanu3auu pa3inNyHbIX MPOIECCOB JAOCTATOYHBIA HMHTEPEC BHI3BIBACT
CO3/I1aHH€ AaHUMAIIMOHHBIX T'pa(UKOB, UMUTHPYIONINX AMHAMUKY paccMaTpHUBacMOn
¢du3nyecKoil cCUCTeMbI WIH 00BEKTa, peanu3anus KoTopbix B MahtCAD ocyuiecTBiis-
€TCsl C MOMOIIBI0 KOMaH bl Anumayus (Animate) nozuuu Buo (View) Ti1aBHOTO Me-
HI0. Pa3zbepem mocnenoBaTeIbHOCTh AHUMAIIMK HA TIPUMEpe MOJICTHPOBAHUS JIBUKE-
HUS Tesa, OpoLIeHHOro co ckopocThio 10 M/c moa yriiom 45° K TOPU30OHTY.

Iloozomoeka ucxoonozo cpagpuka
[lepen Tem Kak aHUMHUPOBAThH MOBEJIEHUE KAKOTO-IHO0 (hHU3MUECKOro 00BEKTa
WIM TEYEHHUE Mpoliecca, ero CiaeAayeT MpeACcTaBUTh B BUJE COOTBETCTBYIOIIEH (PyHK-
MU BpeMeHU (WM psa BpeMeHHbIX (QyHKuMi). s paccmarpuBaemoro mpumepa
KOOPJIMHATHI TeJa B JI000M MOMEHT BPEMEHHU OMUCHIBAIOTCA CIEAYIONIMMH ypaBHe-

HUSMU:
x(t) =V, -cos(x) -t

t2

y(O) =V -sin(@)-1-g-—
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1€ g — YyCKOpeHHe CBOOOIHOTO MaACHUSI.

UtoOBbl aHUMAIMOHHBIN TpadUK OTpakal MOJET Tejla B peaJbHOM MaciiTade
BPEMEHHU, HAJUICKUT MPEIBAPUTEIILHO pacCUUTaTh BPEMsl €ro IoJieTa, MOCKOJIbKY 3TO
HEOOXOMMO B JTalbHEWIIEM IPHU OMNPECICHUN YUCiIa KaJpoB MU CKOPOCTH UX BOC-
Ipou3BeIeHUs (YUCIIO KapoB = BpeMs MoJieTa X CKOPOCTh BocmpousBeaenus). Kpo-
Me TOTO, CleAyeT HAWTH TaKKe JaIbHOCTH IMOJIeTa, T.K. IPU MOCTPOCHUU Tpaduka
HY>KHO OyJeT 3a7aTh TpaHHIlbl U3MEHEHUS KOOPAWHAT TeNa, YTOOBl 3a)UKCUPOBATH
n300paxkeHue padodeil 00JacTu, B MPOTUBHOM Cilydyae pa3sMmep rpauueckoro okHa
OyZleT MEHAThCS B Mpolecce BOCIPOM3BEACHUs KaapoB. UToObI copa3MepuTh Mac-
mrtad oceii, MOKHO BBECTH B IIA0JIOH rpaduka OJMHAKOBBIC 3HAUEHHSI TPAHUI] 10 X U
Y, a Takke OTperyiupoBaTh pa3mep objacTu rpaduyeckux MOCTPOEHUH 10 BHIA
kBajpara. CleqyloluM [IaroM sBJIETCS 3a/JaHue apryMeHTa BpeMEeHHOM (pyHKuuu
yepe3 CUCTEMHYI0 nepeMeHHyto MahtCAD — FRAME (puc. 9).

.:" Mathcad Professional - [Untitled:1]
@ Padn Mpaeka Bug  BoTaeka GopmaT  MaTemaTdka  CMmeonsl OkHo 7 _|ﬁl|5|

DS |(gl@y | i =2R|ae s (o= (224 [ &8¢
| [Norme =] [sia HAin Hix xu|===EE
V=10 o= 45 % Hexonune ganuze il
2
W)=y cus(mj t wit) = V' sin(m) t-g- v
1]
T=w1t =0salve,t — " 2

g
tomera = T1

tomers = 1442 b e = 101157

e 0.01 FRAME
ST SamaHie apTyMeHTa ONA H3obpakeHUA TRacKTpOpHHE TeNa
FRAME
tt = 0 SH,D;B.HHE ApRTYMEHTa OJA HBOBPE}KEHHH CAMOIo TEIA
|
1w —
i)
wy AT 7
o
| |

(1) 11t .
Ll | _'I_I

Press F1 far help. |&0TO MUM |Page1 4

Pucynox 9. llpumep moATOTOBKY UCXOTHOTO Tpadrka

[Ipu »TOM clieqyeT y4yuThIBaTh CLUEHApHUil BbIBOJA M300paK€HUM, a UMEHHO:
€CJIM apTryMEHT 3a/1a€TC KaK paHKUPOBaHHASI (DYHKIIMS, TO KAPTUHKA OTPa)kaeT rpa-
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(UK TpaeKTOpUHU MOJIETA, ECIIH KE aPTYMEHT 3aJaTh KaK €IMHCTBEHHOE 3HAYEHHE, TO
KaJIpbl MOJOKEHUS Tella B KaXJbli MOMEHT BpeMeHU OyAyT IMOCIEI0BAaTENbHO CMe-
HATH JIpYT Jpyra. B 3akitoueHre moAroTOBUTEIBHOTO 3Tana CTPOUTCS HEMOCPEACT-
BEHHO CaM HMCXOJHBII rpaduk, KoTopblil Oyner anuMupoBaH. EcTecTBeHHO, YTO Ipu
3aJIaHAH €r0 IMapaMETPOB CIEAYET YUUTHIBATH U3JI0KEHHBIEC BBIIIE PEKOMEHIALNH.

Peanuzayua anumayuonnozo zpaguka

JIyisi aHMManuu MCXOMHOTO TpaduKa CIeayeT 3amyCTUTh KOMaHIy AHumayus
(Animate). B nosiBUBIIEMCS OKHE 33JIal0TCSl HaYaJbHOE U KOHEUHOE 3HAYCHUE mepe-
MeHHOU FRAME (4uciio KaapoB) U CKOPOCTh BocmpousBeaenus. s paccMarpuBae-
MOTO TMpUMEpa YCTaHOBUM CKOpocTh — 10 kazap/c, Takum oOpa3oM, MUHUMAJIbHOE
YUCJIO KaJapoB JUIsl OTPaKEHMsI BCETO BPEMEHHM IMosieta Tena Oynet paBHo 15. Cre-
TYIOIIMM IIIaroM SIBJISIETCSI BBIZICJICHHE O0JacTH aHUMAllMU, T. €. caMoro rpaduka
(puc. 10).

[Tocne BbIAENEHHS aHUMALUMOHHOW 00JIACTU MOJIB30BATENI0 OCTAETCS HaXaTh
KHOTIKY “AHumayus’, IpU 3TOM, €CJIA BCE MOATOTOBUTEIbHBIE ONEPAIIMU BbITOTHEHBI
YCIICITHO, B OKHE aKTUBU3HUPYETCsS HEOONbIION BCTPOSHHBIM AMCILICH, HA KOTOPHIMA
OyZlyT BBIBOAUTH U300pAKEHUSI CO3aBAEMbIX KaJ[pOB U UX COOTBETCTBYIOIIME HOME-
pa psanom ¢ Haanuceto “FRAME”.

[Io TOTOBHOCTH aHUMAITMOHHOTO KJIMMA JUIsI €ro MPOCMOTpa MOSBUTCS OKHO
Playback (puc. 11). [Ins 3amycka kjnna JOCTaTOYHO HaXKaTh KHOIKY C U300paKeHU-
€M TPEYroJIbHUKA B JIEBOM HMXKHEM YIIIy OKHa MpocMoTpa. PsioM ¢ kHONKOM 3amyc-
Ka HaxOJIUTCA €Ile OJIHa KHOIKA, KOTopas MO3BOJISIET HACTPAaUBaTh MapaMeTphl Mpo-
CMOTpa: U3MEHSAThH Pa3Mepbl OKHA, BAPbUPOBATh CKOPOCTh BOCITPOU3BEACHUS U T.1I.

:"' Mathcad Profeszional - [Untitled:1]
@ dadn  Mpaeks Bug BoTaeks  dopmaT  MaTemaTdka  CMMECONEl OHOo 7 _|ﬁ'|5|
IDSHE gLy | BERdloc | T o= |adA o 582
| [Norm =] [asia Hdn Hix x 9 ===
o =l
E 10~ I I—: AHMMANHA
! LA FRAME . |
) oym | o ID e
R ml - OTreHa |
! £ ' Oo I'IE
E . CropocTe: |1I:| [EaRpEHUTE KEk. . |
' I ' L1} k.anpoe/Cek
| 0 3 10 ! MapameTpbd... |
| ), ) '
FRAME=
Coenalime nomMeTky ofinacti Bawero gokyreHTa, cogepirne
K.OTOPOM OCHOERIEAETCA Ha NepetenHoll FRAME , BEEgHTE HaYaNEHYHD
W KOHEYHYK EEAMYHHE! 208 FRAME | 1 BciGHpuTe AHWMELHA.
i} 2
Press F1 for help. |&UTO |MUM |Page1

Pucynox 10. Ilpumep 3a1aHust napaMeTpoB aHUMALIMOHHOTO Tpaduka
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.vMathcad Professional - [Untitled:1]
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Pucynok A.11. Tlpumep peanu3anuy aHUMAIMOHHOTO Tpaduka

MATEMATHUYECKHUE PACYETHI

Byny4un aBTOMaTU3MPOBAHHOM CHUCTEMOM, MpeIHA3HAYEHHOW NJIs MPOBEACHUS
buszuko-mMaremaTudeckux pacuetoB, MahtCAD cyiiecTBEHHO 0OJier4aeT U YCKOpSeT
BBITIOJTHEHUE CaMbIX Pa3HOOOPa3HBIX BBIYUCIHUTENBHBIX TIpolieAyp. B ganHOM pasje-
Jie IPUBOAMUTCS TOJIBKO Ta YacTh €ro BO3MOKHOCTEH, UCIOJIb30BaHHE KOTOPOH HEOO-
XOJIMMO JJIs1 YCIIEIIHOTO BBIITOJIHEHHS JIA0OPAaTOPHOTO MPAKTUKYMa.

Pewienue anzebpauueckux ypasnenuit u cucmem
Dynkyuu root u polyroots

MHorue ypaBHEHUSI U CHUCTEMBbI U3 HUX HE UMEIOT aHAIMTHYECKUX PEIICHUH.
OnHako OHM MOTYT PEIIAThCsl YUCIEHHBIMA METOJAMHU C 3a/IaHHOW MOTPEIIHOCTHIO
(ne Oosiee 3HAYEHMs, 33JaHHOTO CUCTEMHOW mepeMeHHoM TOL). lns mpocTermmx
ypaBHeHU# Buna F(x) = 0 perieHre HaXOAUTCs ¢ MOMOIIbI0 (GyHKIMH root (Beipaxe-
Hue, Mims nepemeHHoi).

Orta (QyHKUMS BO3BpalllaeT 3HAYEHUE NEPEMEHHOM, IpU KOTOPOM BBIPAKEHUE
naet 0. @yHKIUA peaau3yeT BbIUMCICHHUS UTEPALlMOHHBIM METOA0M, IPUYEM MOYKHO
3a]1aTh Ha4aJIbHOE 3HaYCHHE NEPEMEHHOM, 4TO ObIBAET OCOOEHHO IOJIE3HBIM IIPH CY-
IIIECTBOBAaHUU HECKOJBKUX pelleHud. PucyHok 12 uiurocTpupyeT TEXHUKY NpUMe-
HEHUs QYHKIUU root JJi BBIYUCIEHUS KOpHEeH KyOuuyeckoro noauHoma. [{ist moucka
KOpHE# 00br9yHOr0 osinHoMa p(x) crenenu n naket MahtCAD 2000 Professional co-
TIEPKUT QYHKIUIO polyroots(V), BO3Bpalalolyl0 BEKTOp KOpHEW MOJUHOMA, KO-
(UIIMEHTH KOTOPOTrO HaXOAATCSA B BeKTOpe V ¢ jumHOi, paBHOU n+1. IIpu aTom Oy-
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IyT HalIeHbl KaK BEIIECTBEHHBIC, TaK U KOMIUIEKCHbIE KOpHU (puc. 13). He peko-
MEHJTyeTCsl TI0JIb30BaThCs TaHHOU (DYHKITUEH, €CJIU CTENEeHb MOJIMHOMA BBIIIE MSATOM-
IECTOM, T.K. B 3TOM CJIy4yae TPYAHO IOJYYHUTh MaJyI0 IMOTPEIIHOCTH BBIYUCIECHUS

KOpPHEH.

:" M athcad Professional - [Untitled: 1]
@ dain Mpaewa By Boraeka  dopmar  Matematka  Cumeonel Qo 2 _|5!|5|

DR Ry =id|o | T me= 234 o & &R
| [Morm =] [ial o H x x 3=

F(f) =% -6 % +21 - x- 52

-— 2—

-

BrlvMCneHHE ,D,EHCTBHTE.I'II:HDFD KOpHA

x=10 xl = root(Fx) %) =4

Brivvcnenne geyx Apyrvy (BOSMONHO KOMMONEKCHEX) KOPHER

x—xl

{ F) x:| =1 — 3464
(x—xly-(x-

o o

Fress F1 for help. lauTo | [NUM |Page1 2

F
=11 x=1+1-1 x2:=mc.t[ﬂ,x] w2 =1+ 3464

Pucynox 12. Tlpumep BbrauCIeHUS KOpHEN QYHKIHEH root

:" Mathcad Professional - [Untitled: 1]
@ dain  Mpaeka  Beg BeTaeka dopmat  MaTematika  CHMEOnEl OkHo 2 _|5!|5|

TE e = an Ao H& R

IDEE SRY| 2@ o

JINnrmaI ][aial Ao Hx x g |l===i=E
Fif)l=x -6 % +21 1- 52 ﬂ
Vp=-52 W=21 Vy=-6 WV;=1 Beoa eextopa c koaQHUMEHTAMKM NONMHOMS

1 + 3464

polyroots(W) = | 1 — 3464
4

o o

Fress F1 for help. |AUTO | [HUM |Fagel 2

Pucynoxk 13. [lpumep noucka KOpHEN ¢ TOMOILBIO polyroots

O6paTI/IT€ BHHUMAHHNUC HA 3adaHHUC 3JICMCHTOB BCKTOpPA. HpI/I 3aJaHH HOMCpa
9JICMCHTA MACCHUBA CJICAYCT HCIIOJIBb30BATb ma0JIoH U3 MMaJINTPBI ((ManI/IHI)I», b 1% (e10)
KJIAaBUIIY KIABUATYPbI «[». I[JI}I BBOJa TCKCTOBOI'O MHACKCA HepeMCHHOﬁ HCIIOJIB3Y-
CTCi KJIaBHIIIA TOYKH.

Bcmpoennwie 610xku Given... Find u Given... Mineer
[Tpu pemennn cucteM ypaBHenud MahtCAD nipegoctaBiseT AJig UCIOJIb30Ba-

HUS CICIHUATBHBIN BBIYMCIUTEIBHBIA OJOK, OTKPBIBAEMBIN CITY>KEOHBIM CJIOBOM —
JTUPEKTUBOMN Given M UMEIOUIUN CIIEAYIOITYIO CTPYKTYPY:
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® HavagbHBIC MPHUOIMKEHUS JJI1 UCKOMBIX PEIICHHIA;

e ciyxeOHoe ciioBo — Given,

® perracMbie YpPaBHEHHS, B KOTOPBIX JIOJDKEH HCITOJIB30BATHCS 3HAK CHMBOJIMYE-
CKOT0 (JIOTMYECKOI'0) PaBEHCTBA;

e BeIpaxeHus ¢ GpyHKusaMu Find u Mineer (puc. 14).

:‘ M athcad Profeszional - [Unhtled: 2]
|E1 damn Mpaeka Bwp Boctaews dopmar  Matematmka  Cvmeonsl OwkHO 2 _|5'|5|

(DR Ry | BB | T mp=|23A [ &2
| [Morms [l S x x 3=

Hcnonbzopanne bnoka Given... Find j

— y—
— i
— T

a=01"m b:=09m ao=20-deg m=3 kg McxoHEIE 1,a3HHEIE
P=m-g w=P V=P Beon HavaneHelx NpHERUHEHWEA
Siven Fsinfa) =X

Y4+m-g=P. cosla)

F-a=m-g (a+b) cos(o)

= Find( ¥, ¥ .F)

"I:l"?:p-q‘

¥ =157 Fkgms"
¥ = 38394l kgms
P = 460 762 kgms
HcnonkwszoBanue bnoka Given... Mineer
Givan cos(m) =2
Eppgy = Minarr(e)
gy = U
g of

Press F1 for help. [&0To |MUM |Page1 2

Pucynox 14. IlpumMepbl UCTIONB30BaHUsI PACYETHBIX OJIOKOB

B 3aknrodcHME pelIeHuss PeKOMEHAYETCs JOMOJHUTh OJIOK TIPOBEPKOW perre-
HUS CUCTEMBI. B 0J10Ke MOKET MCITOJIB30BaThCS OJTHA U3 QYHKITUN:
Find (varl, var2, ...) — BO3BpalaeT 3HaueHHUe JJIsI TOYHOTO PEeIIeHNS;
Mineer (varl, var2, ...) — HaxoIuT TPUOIUKEHHOE PEIICHUE.

[TepBast ucmosib3yercs, KOT/Aa PEIICHUE PEalbHO CYIIECTBYET (XOTS MOXKET U
HE SBISITBCS aHAMTHYCCKUM). BTopas mblTaeTcs HaWTH MaKCUMabHOE TPHOJIMKE-
HUE K HECYIISCTBYIOIIEMY PEIICHUIO MyTeM MHUHHMHU3AIUU CPEIHEKBAIPATUIHOM
MOTPEITHOCTH PEIICHUS.

Bexmopno-wampuunoe peuwienue cucmemul 1UHEUHBIX YPACHEHUT
MahtCAD 1no3BoJiieT pelarh MUPOKUA KpyT 3a/1ad JIMHEWHOM aireOphl, Uc-
MOJIb3YSl BCTPOCHHBIE BEKTOPHO-MATPUYHBIE (PYHKIIMM W OINEpaTopbl MaTeMarudye-
ckoi nanutpel «Matpuubs». K npumepy, ecinu 3agaHa Matpuua 4 U BEeKTOop B i
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CHUCTEMBbl JTUHEHWHBIX YpaBHEHUN B MaTpuuHOU popme 3amucu A -X=B, TO BEKTOp pe-
IICHUs MOXHO TONY4HTh U3 BhIpaxeHns X=A"'-B. Eciu ypaBHeHUil n, pa3MepHOCTb
BEKTOpa B oJIHA OBITH TOXKE 71, @ MATpUIIbl A — 1 X n. [10CKONBbKY pellleHne CUCTEM
JMHEHHBIX YpaBHEHUN — JOBOJIBHO pacmpocTpaHeHHas 3amada, To B MahtCAD BBe-
JieHa BCTpoeHHast GyHKIus [solve (4, B). BapuaHTbhl BEKTOPHO-MAaTPUYHOTO PEIICHHUS
CHUCTEMBI YPABHEHH, pACCMOTPEHHON B IPUMEPE, PUBEACHBI HA pUC. 15.

,:" Mathcad Profeszional - [Untitled:2]
@ $ain Mpaeka  Bey Boraeka dopmar  Matematwka  Cumeonsl OkHo 2 _|ﬁl|5|

IDEE SR_Y|FBER (o« T My =83 A o & @8

| [Nomal [l Ao Hlx x u=== ==
a=01 b=09 =20 — m=35 g=0807 :I
130
-1 0 sinfa) 0
A= 01 —cos(m:l B = - g
oo a m-g-(a+b)-c-:|s[u,j
=418

157.595 157 505

K= 383955 tsolve(d By = | 333955
460.778 460778

i o

Fresz F1 tor help. [&0TO |HUM |Page1

Pucynox 15. Tlpumepbl BEKTOPHO-MATPUYHOTO PEILICHUS

Ananumuueckoe peuienue ypasHeHuil

Jlist mpoBeneHHsl aHATMTHYECKUX BBIKIAJAOK W mpeoOpazoBanuit MahtCAD
2000 Professional NONOIHEH CUMBOJIBHBIM SIPOM (IIPOIIECCOPOM), aHAJOTUYHBIM
MPUMEHSIEMOMY B OIJHOW W3 CaMbBIX MOITHBIX CHUCTEM KOMIIBIOTEPHOH anreOpbl —
Maple. Onepannu, OTHOCSIITHECS K pad0Te CHMBOJIBHOTO TIPOIIECCOPa, COAEPIKATCS B
noaMeHto no3uiuu Cumeonwvt (Symbolic) TIaBHOTO MEHIO, JUIS peaau3aliid KOTOPhIX
MO>KHO TaK>K€ UCIOJIb30BaTh COOTBETCTBYIOIIYIO MAaTEMAaTUYECKYIO MMATUTPY.

[Ipn HaXOXAEHUM CUMBOJIBHOTO PEIICHUS CUCTEMbl YpaBHEHUN MOXET HC-
NoJIb30BaThCsl OJIOK Given... Find. Otnuuue OT MpUMEHEHUsS TaHHOTO OJioKa IS
YUCJICHHOTO PEIICHUS 3aKII0YaeTCsl B TOM, YTO B 3TOM CiIy4dae HadajbHbIe TIPUOIHU-
YKEHUSI ISl PEIICHU He 3aJal0TCd U BMECTO OIepaTopa MPUCBAMBAHUS “:=" YIOT-
pebsieTcss onepaTop CUMBOJIBHOTO BBIBOJA “—”°, BBOJMMBIA W3 COOTBETCTBYIOLIEH
MAJTATPHI.
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Kparkoe conep:kanue Kypca JeKIui

Bregenne. O0mas xapakrepuctuka [I1I1 (2 gaca).

TabnuyHbIE IPOIIECCOPHI.
OnexrponHas tabnuna. Crienuaanu3anus U BO3MOKHOCTH TaOIUYHBIX TMPOIECCOPOB
Lotus, Quattro Pro, Excel.

[TakeThl aBTOMATU3AIIMA MaTEMAaTUYECKAX PACUETOB.
OOmass cTpyKTypa MaTeMaTHYeCKUX MakeToB. Maremarnyeckoe sapo. BerpoeHHbie
oubnuoreku. Unrepdeiic nmonp3opatens. Crnenuanu3aius MaTeMaTUYECKUX MaKETOB
MatLAB, Mathematica, MahtCAD, Maple.

Tema 1. [IpssmMoe BbITIOJTHEHUE BRIYUCIICHUH U TTpeoOpa3zoBanmii (2 yaca).

B03MOXHOCTH MaTeMaTHYECKUX MAKETOB.
ba3oBble U cnienranu3upoBaHHbIE BO3MOKHOCTH MaremMaTudecknx nakeroB MatLAB,
Mathematica, MahtCAD, Maple.

[IpsiMmoe BBITTOTHEHUE BHIYUCICHUHN U TIPEOOPa30BaHUH.
Hcnonp30BaHue BCTPOCHHBIX MIA0JOHOB M3 MAaTeMaTHYEeCKHX HaiuTp. BerpoeHubie
omeparopsl U GyHKIHH. OCOOEHHOCTH CHHTAKCUCOB Makpos3bikoB MatLAB u Ma-
ple. uddepenuupoBanre 1 uHTErpupoBaHue ¢GyHkuuid. HaxoxxaeHue mnpenenos.
CuMBOJIbHBIE PE0OPa30BaHUS BbIPAKEHUN.

Tewma 2. Pemenue anrebpanyeckux ypaBHeHHUH U cucteM (4 daca).

3anstue 2/1.

Bcerpoennsie oneparopsl u pacuetrHbie moayiu. MahtCAD: ¢yskiuu root u
polyroots; Bctpoennsie 010k Given... Find u Given... Mineer. Maple: onepaTtopsl
solve u fsolve.

3anstue 2/2.

BekropHo-matpuunoe pemenne CJIAY.
MahtCAD: meron oOpaTtHoil MaTpuibl. Maple: oubnunoreka linalg. Ananutuueckoe
pelleHue ypaBHEHUN U CUCTEM.
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Tewma 3. ['paduueckrie 1 aHUMALIMOHHBIE BO3MOXKHOCTH (4 yaca).

3ansitue 3/1.

3amanue GyHKUMA u aprymeHToB. OmnpeneneHne o0acTeil U CTUIel BBIBOJA
rpa¢gukoB. MahtCAD: BcTpoeHHBIe 11a0JI0HBI TpapUUIECKUM MATUTPHI.
Maple: 6ubnuoteka plots.

3anstue 3/2.

[TocTpoenue momnsipHbIx U TpexMepHbIx rpadukoB B MahtCAD, MatLAB u
Maple. Odbopmienue rpadpuxoB B MahtCAD, MatLAB u Maple. Anumanus uzo0pa-
xenuit rpaduxos B MahtCAD u Maple.

Tewma 4. [IporpammupoBaHe Ha MAKPOS3BbIKE UCIOJIB3YEMOM Cpelibl (4 vaca).

3anstue 4/1.

Cpenctsa nporpammupoBanus nakera MathCAD.
[Manutpa nporpammupoBanusa. Oneparop Add Line. OnepaTtop BHYTpEHHETO MpH-
cBauBaHus <—. Omneparop co3gaHus yCIOBHBIX BeipakeHwuit if. Omepatop for. Omnepa-
top while. Omeparop otherwise. Omepatop break. Omepatop continue. Omepatop-
dbyukius Bo3Bpata return. Omneparop on error.

3ansitue 4/2.

Haubonee pacnpocTpaHeHHble KOHCTPYKIIMU ITporpaMmupoBanus Maple.
If <ycnmoBue> then <omepatopber> else <omeparopsr> fi. For < mepem.> from <3Hau.>
by <3Hau.> to <3Hau.> do <omep.> od. While <ycnoBue> do <omeparopsr> od.

Tema 5. Pemenne nuddepeHnuanbupix ypaBHeHui (4 daca).

3ansarue 5/1.

Berpoennbix ¢ynkuuit makera MathCAD.
rkadapt(y, x1, x2, acc, n, F, k, s). Rkadapt(y, x1, x2, n, F). rkfixed(y, x1, x2, n, F).
bulstoer(y, x1, x2, acc, n, F, k, s). Bulstoer(y, x1, x2, n, F).

3anstue 5/2.

Bcerpoennsie oubaunorexku Maple u MatLAB.
Bcerpoennas rpadgudeckas 6ubnuoreka DEtools.
[Tpunoxenue Symylinc.
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Tema 6. Anmpokcumaliusi UCXOAHBIX 3aBUcUMocTel Buaa f(x) (4 gaca).

3anstue 6/1.
Kycouno-nuneitHas u cruaiiHoBbIe anmpokcumanuu B makere MathCAD.
®yukiuu cspline (X, Y), pspline (X, Y), Ispline (X, Y) u interp (S, X, Y, x).

3ansitue 6/2.

[TormmHOMUATBHAS ATITTPOKCUMAITHS.
ArnmpoxcuMmanus mo dopmyie Jlarpamka. YmpoleHHas MOJMHOMUATbHAS aIlpPOK-
cumanus. [Tonbubnuorexka Maple — fit.

Tema 7. Cucremusiii uaterparop MathConnex (4 gaca).

3ausarue 7/1.
[ToHsiTHEe W Ha3HAYCHHE CHCTEMHOTO WHTEerpaTopa. I1oaroTtoBka JTOKYMEHTOB.
PenakTupoBanue 0J0KOB U JJOKYMEHTOB.

3anstue 7/2.
WuTerpanust pa3nuyHbIX TPWIOKEHUH. BBIMOTHEHUN (YHKIIMA MOAETUPOBa-
HUSI CUCTEM.

Tema 8. Dranbl aBTOMaTU3alMK PEIICHUS] PUKIIAIHOM 3a1aun (6 4acoB).

3ansTue 8/1.

®opmMynUpOBKa 3aa4d U AETaan3alNs UCXOJHBIX JTAHHBIX HA MPUMEpPE UMHU-
TAlMOHHOT'O MOJICJIMPOBAHUS BEIIECTBEHHOW YaCTOTHOW XapaKTEPUCTUKHA KOMILJIEKC-
HOW JUAJEKTPUYECKOM MPOHUIIAEMOCTH KOMIO3UIIMOHHOTO MaTepuajia B 00JacTh
YCTAHOBJIEHHUS TIPOLIECCOB YIIPYTOM AJIEKTPOHHOM MOJISIPU3ALIUH.

3ansartue 8/2.

dusndeckas HHTEpHpeTanus U (hopMaau3aus MaTeMaTHYSCKOrO OIMHCAHUS
3a/1a4M Ha TIPUMEpPe UMUTAIIMOHHOTO MOJICIMPOBAHMS BEIICCTBEHHOM YaCTOTHOM Xa-
PaKTEPUCTUKNA KOMIUICKCHON TUANEKTPUYECCKOW MPOHUIIAEMOCTH KOMIO3UITMOHHOTO
MaTepraiia B 00JJaCTH yCTaHOBJICHHUS IMPOIIECCOB YIPYTOW SJIECKTPOHHOU MOJISIpU3a-
1005048

3ausarue 8/3.
OcyecTBiieHHEe TPOrPaMMHOM peau3aliid paccMaTpUBacMOM 3a/1aud B paM-
Kax MCIOJIb30BaHUS CUCTEMHOTO MHTETPATOPA.

Tema 9. ) KuzHeHHbIN HUKI IPOTPaMMHOT0 IPOJYKTa (2 yaca).

[ToHsiTHE KU3HEHHOTO IMKJIA MPOTpaMMHOro npoaykra. CoaepxaHue OTIAENb-
HBIX 3TANoB pa3paboTKH MporpaMmMHOro npoaykra. ®@aza paspadorku. daza ucnonb-
3oBaHuA. Paza CONPOBOKICHUS.
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N3narensctBo AMIY.
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