DHTeNbCCKUIA TEXHOJIOTHUECKUI HHCTHTYT ((pumai) ¢enepaabHOTo
TOCYAapCTBEHHOTO OIO/PKETHOTO 00pa30BaTEIbHOTO YUPEIKICHHS
BBICIIIETO 0Opa30BaHUs
«CapaToBCKUN TOCyIapCTBEHHBIN TEXHUUECKHUI YHUBEpCUTET UMeHHU [ arapruna
I0.A»

Ka(i)ez[pa «EcTecTBEHHbBIC M1 MaTEMAaTUUYCCKUE HAYKH»

PABOYAS ITPOI'PAMMA
10 TUCLUIUINHE

b.1.3.4.2 «MoaenupoBanre HHPOPMAITHOHHBIX ITPOIIECCOBY

HampaBJICHUS TOATOTOBKU
09.03.01 «MapopmaTrKa U BEIYACITUTEIbHAS TEXHHKA»

npopuiIb
«[IporpammHOe oOecriedeHre CPECTB BEIUNCIUTEILHOW TEXHUKH U
ABTOMATU3UPOBAHHBIX CHCTEM)

®opmbl 00ydeHUS: OYHAS, 3a0YHAS
OO0BbeM TUCIHIIINHEIL:
B 324CTHBIX CIMHUIAX: 5 3.€.
B akagemuueckux vacax: 180 ak.q.
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Pabouas mporpamma mo jgucimiuimee  b.1.3.4.2  «MonaenupoBaHue
MHPOPMALIMOHHBIX  MPOIECCOB» HaIlpaBJICHUs MOATOTOBKH 09.03.01
«MupopMaTka © BBIYUCIUTENBHAs TeXHUKa», mpodwmis «l[Iporpammuoe
o0OecrieyeHre CpEJICTB BBIYMCIUTEIFHOW TEXHHKH ¥ aBTOMAaTH3MPOBAHHBIX
cucTeM» COCTaBJIeHA B COOTBETCTBHHM C TpeboBanmsiMu DenepansHoro
TOCYAapCTBEHHOT0 00pa3oBaTeNIbHOTO cTaHaapTa Beiciiero odpasopanus 09.03.01
«lHpopMaTHKa ¥ BBIYUCIHUTENbHAs TEXHHUKa», YTBEPXKJICHHBIM IPHKA30M
Muno6paayku Poccun Ne 929 ot 19.09.2017 r., ¢ u3MEHEHHUSIMH BHECECHHBIMU
npukazom Ne 1456 ot 26.11.2020 r

Pabouas nmporpamma:

00CYKJeHA I PeKOMeHJIOBAHA K  YTBEPKICHHIO peENIeHHEM  KadeIpsl
«EcTecTBeHHEIE H MaTeMAaTHUSCKHE HAYKH» OT «_20 » _HioHd 2023 r., IpPOTOKOI
Ne 30 .

/

3aBeMyromuil Kadeapoit £ 7%/ | KumHaEB./

-

onodpena Ha 3acenannu Y MKH ot «20» utons 2023 r., mpotokon Ne 5.

Ipencenarens YMKH A ;-,z'// /XKunmuua E.B./



1. Hesn u 32724 TUCHHITTAHBI

Hemstmu OCBOEHUS TUCILUTLINHEI b.1.3.4.2 «MonenupoBaHue
MH(POPMALIMOHHBIX MPOLIECCOBY» SIBJISIOTCS MOATOTOBKA CTYIEHTOB K IPOSKTHOMY U
MIPOM3BOJICTBEHHO-TEXHOJIOTUYECKOMY BHJIIaM MPO(HECCHOHAIBLHON /eATEIbHOCTH,
a IMEHHO K PEUICHHUIO CIICAYIONINX 3a/1a4:

- cOop u aHanu3 wHPOpMAIMK O (HU3HUECKON cUCTEME, HEOOXOJUMON H
JOCTaTOYHOM M1 TMOCTPOCHMS MCKOMOW MOAENM HaOMI0JaeMOro sBJICHMS,
KOTOPBIM TPOSBISIET ce0s pu3nvecKas CUCTEMa;

- CTPYKTYpHUpPOBAHHE SBIICHHsS B IUIAHE COOTHECEHHS OCOOCHHOCTEH ero
MIPOSIBJICHUS 110 TUIIAM OOIICTIPUHSITHIX KITACCUYECKUX (PU3UICCKUX CHCTEM;

- paszpaboTka (MW ajanTanus) MaTeMaTHYeCKOW MOJIenu HaOII0IaeMOro
SBJICHUS C LEJNbI0 JalbHEHIIEro MOAEIMPOBAHUS IpoLecca WM SBICHUS B
IIMPOKOM JIMara30HEe BapbUPYEMbIX TapaMeTPOB;

- HUCTOJIb30BAHUEC MaTeMaTHUYCCKUX MPUJIOKeHHu makera MatLab 5.x, 6.x.,
texHojoruii VBA wmu VB, mnoacucremsr Signal Processing ToolBox (SPT)
MatLab;

- pa3paboTKa MPUIIOKEHUH 51 MOJCTUPOBAHMS MOBEACHUS KIACCUYECKHX
(U3NIECKUX CUCTEM.

2. Mecrto qucuuniunsl B ctpykrype OIIOIT BO
Jucnumnuaa b.1.3.4.2 «MopenupoBanue WHGOPMAIMOHHBIX TMPOIECCOB»
OTHOCUTCSI K 4acTu, (HOpMUpPYyeMOil ydyaCTHHKaMU OOpa30oBaTeIbHBIX OTHOLICHUH
Jucuumnmasl o BeIOopy bnoka 1 «/lucuurmamaet (MOIym).

3. TpeGoBanus K pe3yJibTaATaAM OCBOEHUS TUCHUTLINHBI

W3yuenne OUCHMIUIMHBI HANpaBlIeHO Ha (OPMHPOBAHUE CIETYIONINX
KOMITETEHIIHI:
YK-1. CriocobGeH OoCymecTBIATh TOWUCK, KPUTUYECKUN aHallu3 W CHHTE3
nH(pOpMaLIMK, TPUMEHSATh CUCTEMHBIN MOAXOJ IJis PEIICHHs MOCTaBICHHBIX
3a/1a4.

[lepeyeHp TIUIAHUPYEMBIX pE3yAbTATOB OOYYCHHS IO JUCIHILIHHE,
COOTHECEHHBIX C IUIAHUPYEMBIMH pE3yJIbTaTaMHd OCBOCHHS 00pa3oBaTeIbHOMN
MPOrpaMMBbl:



Kox u Kon u HaumeHoBaHue HanmMeHoBaHue nokaszartesis OLCHUBAaHUS
HanMEHOBaHHUE HHAMKATOpa (pe3ynbrara 00ydeHHs 10 AUCLIHUIUIMHE)
KOMITETEHIUU JOCTHXKEHUS
(pe3ynbrar KOMIICTCHIIUN
OCBOCHHS) (cocraBnsromeit
KOMTICTCHIIUH )
YK-1. HU-5 yk-1 [Ipumenser | 3HaTh: OCHOBHBIC TIOHATHUS M COBPEMCHHBIC
Cnocoben 3HaHMA 110 TPUHIUIEI PAaGOTHI C OCHOBHBIMHA
OCYHICCTBIIATH MAaTEMaTUYCCKOMY MaTEeMaTHICCKUMHU MOJCIISIMU KJTACCUYECKUX
TIOHUCK, MOJIEJIMPOBAHUIO JIJIS (M3NIECKNX, TEXHHYECKUX, SKOHOMHUCCKHUX,
KPUTHYECKUI TEOPETUYESCKOIo 1 COLIMAJIBHBIX CHCTEM, a TaKKe OBITh
AHAJIN3 U CUHTE3 | 5KCMEPUMEHTAJILHOTO MH(OPMHPOBAHHBIM O COBPEMEHHBIX CHCTEMaX
UH(pOpMAIIUH, HCCJICIOBaHMS B [IPOrpaMMHUPOBaHUA U MOAEIUPOBaHMS ABJICHUHN U
OPUMCHATH podeccHOHaILHOM MPOLECCOB B MPUPOJC U TCXHUICCKUX
CHCTEMHBIN JESTCIIbHOCTU yCTpOMCTBax, a8 UMEHHO:
OoAXO0M st -KJIACCU(HKAINIO ¥ THIIBI MATEMAaTHICCKUX
penieHus Mozenein
TIOCTAaBJICHHBIX -00mue MeToIIIecKre MPUHIUITEI HOCTPOCHNUS
3a1a4. MaTeMaTHYECKUX MOJIETIEH,

-OCHOBHBIE 3Tallbl IOCTPOCHUS MAaTEMAaTHYECKUX
Moe e

-MOJIEJIH HETIPEPBIBHBIX U TUCKPETHBIX CHCTEM.
-OCHOBHBIC MaTEMaTHYECKHUE METOIBI,
WCTIONB3YyeMbIE TIPU HCCIIeJOBAHNH
MaTEeMaTHYECKHUX MOJIEeH

-METOJIbl CAMOKOHTPOJISI, UCTIONB3YeMbIE IPU
MMOCTPOCHHUU MAaTEMaTHYECKUX MOJIENEH,
YMeTh:_IpUMEHATh PU3UUECKHE 3aKOHBI U
MaTeMaTHYeCKHe METObI (aHATUTUYECKUE U
YUCIICHHBIC) JUISl aHAIM3a U MOJICITMPOBAHHUS
KJIACCUYECKUX (DU3UUECKUX, TEXHUUCCKHX,
SKOHOMHUYECKHX, COLMANBHBIX IBJICHUA K
MIPOLIECCOB, & UMEHHO:

-BBIOMPATh KOPPEKTHBIE YUCIICHHBIC METO/IbI,
MPOBEPSATH UX MPABOMEPHOCTh a/ICKBATHOCTb,
BO3MOYKHOCTbH IPAKTHUECKOTO MCIIOIb30BAHUS
-pean30BbIBAThH ICKOMIIO3HUIIMIO HUCCIIEyeMOMH
CHCTEMBI

-popMHUpOBaThH CUCTEMY PabOYUX THIIOTES
(TIOCTYNIaTOB) MOJIENN ¥ TOCTPOUTH
COJIepIKaTENbHYIO MOJICIIb;

-BBIOMPATH aJIeKBATHBIM MaTeMaTHIECKUN
anmnapar;

-HCCIIe10BaTh IIOCTPOCHHYIO MOJIENb Ha
aJIEKBaTHOCTb, TMIOJHOTY, YCTOMYHUBOCTD IO
BXOJHBIM MTapaMeTpaM.




BuiageTs:_mporpaMMHBIM 00eCIICUCHUEM,
IpeAHa3HaYeHHBIM JUT paOOTHI C MOACISIMH
KJIACCHYECKUX (PU3UYECKHUX, TEXHHICCKHUX,
HYKOHOMHYECKUX, COLMATBHBIX CHCTEM,
pa3pabaThiBaTh aITOPUTMbI MOJICTHPOBAHUS
MPOIIECCOB B KJIACCHUSCKUX (DI3UUECKUX,
TEXHHYECKUX, IKOHOMHYECCKUX, COLIUATBHBIX
cHcTeMax, MPOTrpaMMHUPOBATh X, aHATM3UPOBATH
MOJTYYCHHBIE PE3YJIbTAaThl MOJICITMPOBAHUS,
IpHOOPECTH HABBIKHA MOJCIUPOBAHUS U
MCCIICIOBAHUS MOBEICHHS IPYTHX CHCTEM
(3KOHOMHUYECKHUX, COIMATBHBIX U JIP.) TIO
AHAJIOTUH, 2 UMEHHO:
-CHOCOOHOCTBIO aJITOPHTMH3UPOBATH BEIOPaHHBIC
MOJICTIH I METOJIBI B 33/1a4aX HayYHBIX
HCCIEIOBAHUN 1 HHKCHEPHOTO MIPOSKTHPOBAHNS;
-METO/IaMH TIOCTPOCHUS MaTeMaTHIECKUX
MoJenel B cepe npohecCHoHATEHOH
JIeSITeIbHOCTH; METOJaMHU [TOCTPOCHHUS
AITOPUTMOB peIeHUs (POPMaTU30BaHHBIX
HNpaKTHIECKUX 3a]1a4;
-METO/IaMH HCIOJIE30BaHHsI COBPEMEHHOTO
MPHUKJIAJHOTO IPOTPAMMHOIO 00ECIICUCHHUS IPH
HCCIIEIOBAHNN MaTEMAaTHIECKUX MOJICTICH;
-HaBBIKAMH pPeajn3alii MAaTeMATHYCCKIX
MoJeselt Ul IMHTAIlHOHHOTO MOJIETNPOBAHUS
MOBEICHHUS KIIACCHYCCKHUX KITACCHYCCKUX
(bM3UYECKNX, TEXHUYECKHX, SKOHOMHUUYECKHX,

COIMATIbHBIX CUCTEM,;
-pa3pabaThiBaTh MOJICIH KOMITOHCHTOB

WHGOPMALMOHHBIX CHCTEM;
-pa3pabaThiBaTh KOMIOHEHTHI IPOTPAMMHBIX
KOMIUIEKCOB, UCTOJIb30BaTh COBPEMEHHBIE

WHCTPYMEHTAJIbHBIE CPEJICTBA U TEXHOJIOTUHI
IIPOrpaMMHUPOBAHUSI.

4. O0beM AUCUMIUIUHBI M BU/IbI Y4eOHOH padoThI

ounan gpopma odyuenus

aK.4acoB
Bup yuebHOi AesTensHOCTH
Bcero 7 cemectp
1. AynuTopHbIe 3aHSTHS, 4aCOB BCEro, B TOM YHCJIE: 64 64
* 3aHATHUS JICKIIHOHHOTO THIIA, 32 32
* 3aHATHS CEMUHAPCKOTO THIA:
MPAKTUUECKUE 3aHATHS 32 32
JTa00paTOPHBIC 3aHSTHS
B TOM YHCJIC 3aHITHs B (JOpPME MPAKTHIESCKON MMOTOTOBKU
2. CaMocrosTeNnpHast padoTa CTYyIEHTOB, BCETO 116 116

— KypcoBas paboTa (IIpoeKT)

— pacueTHo-rpaduyeckas padbora




3.TIpoMexyTOUHast ATTECTAIIHS: JK3aMeH JK3aMEH
OK3AMEH, 3auem ¢ OYEHKOl, 3a4em

O0beM AUCLMIUIMHEI B 3a4€THBIX €IUHULAX 5 5
OO0BbEM AUCHUILIMHBI B aKajl. yacax 180 180

OUYHO-3A0YHAaA Popma 00yUeHUs — He peanu3yemcs

3aouHan gropma odyuenun

3aounas Gopma 3aouHas Gopma

o0ydeHus o0yd4eHHs 10
(akam. yacos) HHIUBHYaJIbHBIM
. [UIAHAaM B YCKOPCHHBIC
Buy yaeOHOM esiTelbHOCTH CPOKH (aKaji. 4acos)
o o
Bcero | cemecrpam Bcero ceMecTpaM
7 ceMecTp
1. AyauropHbie 3aHATHS, Y4COB BCETO, - -
B TOM YHCIIC: 16 16

* 3aHATHUS JCKIUOHHOTO THIA, 8 8 - -

* 3aHATHS CEMHHAPCKOTO THIIA! - - - -
MPAKTUYECKUE 3aHITHUS 8 8 - -
71a00paTOPHBIC 3aHATHUS - - - -

B TOM YHCIIC 3aHITHS B (JOPME MPAKTHICCKON - - - -

MOATOTOBKH

2. CamocrosiTenbHast paboTa CTYAEHTOB, - -

BCErO 164 164

— KypcoBas pabora (IpoeKT) - - - -

— pacueTHO-rpaduueckas pabora - - - -

— KOHTpOJIbHAs paboTa + + - -

3.ITpoMexyTOYHAsI aTTECTALIU: 9K3aMEH | 3K3aMeH - -

9K3AMeH, 3a4em c OYeHKOU, 3ayem

O0BbeM TUCIIUTUINHBI B 3a4STHBIX SJIMHUIIAX 5 5 - -

OO0BbeM TUCIIUILTUHBI B aKaJ. 9acax 180 180 - -
\ 3ad4. eJl. 5 5 -

5. Copep:xkanue IMCHUILIMHBI, CTPYKTYPUPOBaHHOe 10 TeMaM
(pa3gesaM) € YyKa3aHHeM KOJIMYeCTBA aKaJeMHMYeCKHX 4YacoB M BHJIOB
Y4eOHBIX 3aHATHI

5.1. Conepxanue IMCUMNIUHBI

Tema 1. AnanuTHyecKue U YMCTEHHbIE MOIEIH (PUIHUECKUX CHCTEM

Knaccugukanus cucteM 1 METOJIOB UX MOJICTHPOBAHUS. AJITOPUTMHYECKOE H
nporpaMMHOe 00eCIICUCHHEe MOJCIUPOBAHMS: CUCTEMBI U CPEIbl IPOTPAaMMHUPOBAHHS; TAKEThI
MOJIEITUPOBAHNS POJIb YHCIEHHBIX METOIOB M BU3yaIH3aIUH IIPH MOJETUPOBaHNH. CHCTEMBI
MOJICTTUPOBAHMSI U CPEJIbl pOrpaMMupoBanus st MoaenupoBanus ®C (MatLab 6.x,
Electronics Workbench, Simulink MatLAB, Visual Basic for Applications 6.0).

JluHamMuka MaTepHaabHOM TOUKU. [IBUKEHME Tel IpU MOCTOSIHHOW CHJIE TATH. Y4eT CHUI
CONpOTHUBIEHUs. J[BUKeHHME Tela MO HHEPLUUM C Y4eTOM BS3KOrO TpeHHsA. AHAIUTHYECKHe
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Mojzienu. KoOHEYHO-pa3HOCTHBIE CXEMBl YHCIEHHOTO MOJAEIMPOBAHHS. AHAIUTHYECKHE H
YUCIICHHBIE MOJENN (PU3MIECKHX CHCTEM. TEeXHOJOTHH MOJIESIUPOBAHUS (PU3NIECKUX CHCTEM:
UHTErpanbHble, — AndepeHIranbable, — Pa3HOCTHBIE MOJIEIH.

[Inockoe nBukeHue. [IBrkeHne Teln Moj yrioM K TOPU30HTY. YUEeT CHII CONPOTHUBIICHHUS,
MPOTIOPIIMOHANBHBIX cKopocTH. [lameHune mapamnmotucta ¢ OONBIIOW BHICOTHI C yYYETOM CHII
CONPOTHUBJICHUS, MPONOPLUUOHANBHBIX KBaJpaTy CKOPOCTU. AHaJUTHYeCKas M YHCIEHHAas
Mozend. [IBiKeHre Tell B MoJie TATOTeHUS: MaJIeHUe TeJl Ha TPaBUTAIIMOHHBIE MAcChl — pacyer 2-
1 KOCMUYECKOU CKOPOCTHU.

Tema 2. TexnoJaorau MoaeJMpPoOBaHAs (GPUIMIECKAX CHCTEM

JBikeHue Ten BOMM3M TPaBUTALMOHHBIX Macc. IlocTpoeHue OpOUT IBMIKEHUS: KPYTOBBIX,
DJUTUNITHYECKUX, TUIEPOOINIECKUX.

IIpakTuueckue acmeKkTbl MOAEIMPOBAHMS: TPACKTOPUM Tell BONM3M TATOTEIOIUX Macc.
UncneHHbIN aHaIN3 ABHKEHUS CITyTHUKOB, METCOPUTOB, KOMET.

MOHGHHpOBaHI/Ie BpammaTeJIbHOTO0 ABMKCHUA. Yuer cun TPEHUA [JId Bpallaromuxcsa TEII.
OcTraHOBKa KoJieca TPEHUEM — PpaCUCT KHUHCMATUYCCKHUX XAPaKTCPUCTUK BpalIaTCIbHOIO
JBUKXCHUS.

lapmonnyeckuii masTHUK. DuU3NYECKUH MasATHUK TpU OOJBIIMX aMIUIUTydax. 3ajadya o
najaromeM kapajaiie. CxeMbl YHCIEHHOTO MOJEITUPOBaHUS.

Tema 3. Cucrembl M cpeibl NPOrpaMMHPOBAHMS; TNaKeThl Mojeauposanus. Cpena
BU3YyaJIbHOTO porpaMmMupoBanust VBA st MogetupoBanus (pU3HYECKUX CHCTEM
JIBIDKeHHE TeN BO BpamIamoleiics CHUCTeMe KOOPIWHAT. YUeT CHJI: IEHTPOOEKHOW CHIIBI
uHepimu U Kopuonuca. Pa3paboTka airoputMa MoIeIUpOBaHHS TPACKTOPHUHU Telia, OPOIICHHOTO
Ha BPAIIAIONIyoCs IaTdopmy.

Ilone ueHTpanbHBIX cuil. MozenupoBaHue JABWKEHHUS 3apsDKEHHBIX 4YacTUI B IOJIe
HETOABIXHOTO 1eHTpa. OnbIT Pesepdopaa — pazpaboTka anropuT™Ma MOJACTUPOBAHUS TBIKEHHUS

anba-yacTuil.

KomnbrorepHoe MOAEIUPOBAHUE IBYXAIEKTPOIHOMN 3IEKTPOHHOM JaMIIbl — BAKYYMHOI'O JUOJA.

5.2. Pazaenbl, TeMbl JHCHHMIJIMHBI U BUAbI 3aHATHI
ounan popma odyuenus

Bunpel 3ansTHil, BKIH0O4asi caMOCTOSATENBHYIO
paboTy CTYIEeHTOB (B aKkaj.gacax)
3aHATHS Kon
Ne | HaumeHoBaHue pasnena, CEMUHapCKOIo HHIMKATOpa
3aHATHS camoc—
/i TEMbI JUCIMITINHBI THTA / U3 HAX JIOCTIKEHUS
JIEKITMOHHOTO TOSITEIbHAS
B opme KOMIIETEHIIUN
THTIA . pabota
MIPAKTUIECKOH
MIOJTOTOBKH
1 | Tema 1. AHaIUTHYECKHE U WU-5 vk
YHUCJICHHBIE MOJEIIU 10 10/- 20
(DU3HYECKUX CUCTEM
2 | Tema 2. TexHOIOTUU WU-5 vk
MOJIETTUPOBAHMS 12 16/- 20
(hu3MUeCcKuX CUCTEM




3 | Tema 3. CucTeMbI U Cpe/ibl WUI-5 vk
MPOTPaMMHUPOBAHHUS;
TIAKeThl MOAETUPOBAHHUSL.
Cpena BU3yalabHOTO 10 6/- 40
nporpaMmupoBanusi VBA
JUTSE MOJICTTPOBAHUS
(u3nUeCcKuX CUCTEM
4 | [ToarotoBKa K SK3aMEHY - - 36 WUI-5 vk
HToro: 32 32/- 116
3aounasn gopma odyuenus
Bunp! 3ansTHi, BKIIOYast CAMOCTOSTENILHYIO
paboTy CTyIeHTOB (B aKaj.4acax)
3aHATHUS Kon
Ne | HaumeHoBaHue pa3ena, CEMHHApPCKOTO HWHAUKATOpa
/o TEMBbI TUCIUILIHHBI SAHATHA THTA / U3 HAX camoc= JOCTIDKEHHS
JIEKITHOHHOTO TOSITEbHAS
B hopme KOMIIETCHIIUN
THIA . pabora
MIPAKTUIECKOM
MIOJITOTOBKH
1 | Tema 1. AHanuTHuyeCcKUe U WUI-5 vk
YHCIIEHHBIE MOJENH 2 2/- 26
(bH3HYECKUX CHCTEM
2 | Tema 2. TexHomoruu WUI-5 yka
MOJIETTUPOBAHMS 4 4/- 26
(DU3HYECKUX CUCTEM
3 | Tema 3. CuCTeMBI U Cpe/IbI WU-5 vk
MPOTPaMMHUPOBAHHS;
TIAKeThl MOAETIMPOBAHHUSL.
Cpena BU3yalbHOTO 2 2/- 40
nporpamMmmupoBanusi VBA
JUTST MOJICTTPOBAHUS
(u3nUeCKUX CUCTEM
4 | [ToarotoBKa K SK3aMEHY - - 36 WUI-5 vk
5 | BrinosiHeHne KOHTPOIBHOM i i 36 WUI-5 yka
paboTHI
Hroro: 8 8/- 164
5.2. [lepeyeHb MPAKTHYECKUX 3aAHATHH
O0BbeM TUCIUILTUHBI B aKaJ. 9acax
OYHO- 3a04Has
No Hanmenosanue HanMeHoBaHNE ounHas 3a04Has dopma
/I pasiieia, TeMbl MPAKTHYECKOTO 3aHATHUS (dhopma (bopva obyuenns /
JIMCIUTIIMHEI oByucHus o0yuenus / Uy
uiry (npu
(npu nanuyuu)|  HaauuuL)
1 Tema 1. Kunemaruka - 1
AHaTUTHYECKUE U MaTepUalTbHON TOYKH.
YHCIICHHBIE MOJEIH
(U3UYECKUX CHCTEM
JluHamuka - 1
MaTepUaITbHON TOYKH.




VYuer cun
COTIPOTHUBJICHHUS,
MIPOTIOPLIMOHAIILHBIX
CKOPOCTH.

Tema 2. Texnomorun
MOICTUPOBAHHUS
(U3UUECKUX CHCTEM

ITanenue napamrroTucra
¢ OOJIBIIION BEICOTHI C
Y4ETOM CHJI
COTPOTHUBJICHHUS,
MIPOMOPIIMOHATBHBIX
KBa/IpaTy CKOPOCTH.
AHanutuyeckas u
YHCJICHHAs MOJCIIH.

MonaenupoBanue
JTUHAMHAKHI
BpallaTeIbHOTO
JIBUKCHHUS.

Tapmonnueckuit
MaATHUK. Ousnueckuit
MAasITHUK TIPU OOJBIINX
aMIUTUTYIaX —
«HETapMOHUYECKHI»
MAasITHUK.

3ajaya o majaroieM
KapaHjaie.

Tema 3. Cuctemsl 1
cpensl
MPOTPaMMHUPOBAHNST;
MMaKeTHI
MoaenupoBanus. Cpena
BH3YaJbHOTO
MIPOTPaMMHUPOBAHUS
VBA misa
MO/IETTUPOBAHUS
(UBHYECKUX CUCTEM

Iose IeHTpaJIbHBIX CHIL.
MopenupoBaHue
JIBYDKEHHS 3aPSKEHHBIX
4acTuIl B MOJIE
HETIOJIBIDKHOTO IICHTpA.
OmnbiT Pezepdopaa Ha
KOMTIBIOTEpE —
pa3paboTKa anropurma
MOJICITAPOBAHHS
JIBUKCHUS aJib(a-4yacCTHIL

Komnsrotepuoe
MOJICTTUPOBAaHUE
JIBYXDJIEKTPOHOM
3JIEKTPOHHOH JIAMIIBI —
BaKyyMHOT'O IMOJIA.

HUroro:

32

5.3. [lepeuyens 1a00paTOPHBIX PadoT
JlabopamopHvie 3anamus ne npedycmMompeHsi.




5.4. 3apanus 1Jis1 CAMOCTOAITEILHOH PaGoThl CTYJIEHTOB
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OO0BEM IUCIUININHGL B aKajl. yacax

OYHO-3a04YHasz

3a04Has

No HaumenoBanue 3ananus, BOMPOCHI, IS ounas (bopma (bopma
pazznena, TeMbI CaMOCTOSITEIIFHOTO
wn JTUCHIUTUIAHBI n3y4yeHus (3a1aHus) popma | obyuerus /' joGyuerns /
o0yuenus | UITY (mpu |UITY (npu
HAIMYHW) | HAJTHIHAN)
1 | Temal. MonenupoBanue -
AHanuTH4yecKue u ONTUYECKUX 3334 —
YHCIIEHHBIE MOJICITH pacIpocTpaHeHHE CBETa B
(u3uueckux cucTeM | cpeie C MOHOTOHHO
M3MEHSIOIIIMCS
NoKasaresieM
npeaoMiIeHus. 3a1aun:
MHpPaX, CBETOBO/I,
areprypa CBETOBOAA. 20 26
MopenupoBanue
3aKOHOMEPHOCTEH
TEIUIOBOT'O U3JIydEeHUS:
kpuBas [lnanka.
Nnentudukanus 3akoHa
Credana-bonsumana
METOJIOM HaHMMEHBIIINX
KBaJJpaToOB.
2 | Tema 2. Texnonoruu | BoiHOBBIE sIBIEHHUSI. -
MOJICTIMPOBAHUS Anamms Oypeoe.
¢dusmyeckux cucrem | Anropurmst IO (
JUCKPETHOE 20 26
npeobpaszoBanue Dypne) u
BII® ( 661cTpOE
npeobpaszoBanue Dypne).
3 | Tema 3. CucreMsl u MopenupoBaHnue -
cpenbl nonyasauuii. Mozaens
IporpaMMHUpoBanus; | ManbpTyca «XUIIHUK-
TaKeTHI xepTBay. Jlorucrmdeckas
MOJICJIMPOBAHUSI. MoJiesis ManbTyca-
Cpena BU3yaJbHOTO ®epxronbera. Mojens
IPOTPaMMHUPOBAHUS | «XUIIHUK-ITUIIA-KEPTBAY:
VBA nns B.A Heiimapk (1994),
MOJIEMPOBAHUS Tpy6euxos .M. (1997)
¢mnyecknx cucteM | Cucrema MatLab s 40 40

MOJIEJIUPOBAHHUS
(I3UUIECKUX CHCTEM.
JIuneiinble U HeNnMHEHHbIE
OCLIWLISITOPBL.
[Mapmonnyeckuii
OCIMJUIATOP.

MaremaTH4eCKU MasSTHUK.

Ocumsitop Ban-nep-
[Mons. Ocuunnstop

Jdybounra.
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O0BbeM QUCLUILINHBI B aKajl. yacax
Haumenosanue 3aiaHus, BONPOCHIL, IS OHHO"3A0THAA  3a0UHAA
Ne OYHas ¢dopma dopma
pasnena, TeMbl CaMOCTOSITEIIFHOTO
wn JUCLUTUIAHBL n3y4eHNs (3aJaHus) popma | obyuerms /- 06yuerns /
obyuenus | UITY (mpu |UITY (mpu
HaJM4YWHU) | HAJTMYHH)
IMoacuctema Signal
Processing ToolBox (SPT)
MatLab. Criekrpanbubiit
aHanus. BeiiBneTHbIi
aHaJm3.
4 [ToaroToBka K 9K3aMeHy 36 - 36
5 BelnonHenyne KOHTPOIBHOM i - 36
paboThI
HToro: 116 - 164

6. PacuerHo-rpaduueckas padgora
Pacuemno-epagpuueckas paboma e npedycmompena

7. KypcoBas pa6oTta
Kypcosas paboma ne npedycmompena

8. Kypcosoii npoekt
Kypcosoti npoexm ne npedycmompen

9. KonTpoabnas padora

’pr,)lOeMKOCTB BBITIOJTHEHUSI KOHTPOJIBHOW pabOThl cocTaBisieT 36 ‘IaCOB.L//

KonTponpHast paboTa BBITIOJIHSETCS CTyJIEHTaMH 3a049HON (opMbl oOydeHHs B 8
CEMECTpPE U BKJIIOUYAET PELICHUE 3a1a4 110 BapHaHTaM.
[Tpumeps! 3a1aHmii 1711 KOHTPOJIBHOM paboThI

1. Haiitu 3Ha4eHMe CKOPOCTU PaBHOMEPHOI'O ABMIKCHUSA ITPU MOCTOSIHHOM CHJIE TATH U

CONPOTHUBJICHUH, TPONOPIIMOHATIBHOM CKOPOCTH.

d2
m—-=FK-A—=0-V
dt

d x
dt

F

pasn A

2. ITomy4nTs opMyJIbI A7 YUCISHHOTO MOJCIMPOBAHUS JIBHKEHNUS Tela IIPU CONPOTHBIICHUH,
HPOTIOPIHNOHAIBHOM CKOPOCTH.

d?x dx
m-—=F, - A—
dt? 7 dt
d x
dt
dv _FK _A,
dt m m

t,, =t +At

n=0,x, =XV, =Vyt, =t,

Mpumeuanune [JIHM1]: OGbem vacos
Ha BBITIOJIHEHHE KyPCOBOTO POEKTa (13
CPC — e menee 20%).
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3. Hanmcathb (pparMeHT OporpaMMHOTO KOJa, PEai3yIOMIero MOJCIUPOBAHUE [BIDKCHUS Teja

K2
maccel 10T, mpu cunte Taru F; =1,5 T npu conporuBnernn A=10— mo popmynaam:
c

2
X = X, +V, - At 1;<z=£: He
m  m
te
vn+1=vn+FT_AVn At
m
2
A=102 10 _10Cp_F /A
C M-C M

Sub PasromepHoe()
t=0: V=0: A=1E1: m=1E4: F=1.5E4: dt=0.5: VP=F/A
metka: V=V+(F-A*V)*dt/m
X=x+V*dt
t=t+dt
if V>=0.9*VP then goto result
goto metka
result: MsgBox t,0,”Bpems”
MsgBox V,1,”ckopocTs”
MsgBox X,2,”koopanHaThl”

End Sub

4. ITocTpoUTh YUCIICHHYIO CXEMY MOJICIMPOBAHHUS ABHKEHUS Tela B BO3yXe O] IeiicTBUEM
CHJIBI TSPKECTH M COIIPOTHUBIICHUS, IPOIOPIMOHAIBHOTO 1-1 1 3-i cTeneHsIM CKOPOCTH.

2

md—;(:mg—(Av+Bv3)
dt

dx

2y

dt

y_g_Av+Bv3

dt m

Xps1 = X, TV, - At
v,(A+ BV}
Vig =Vo t [g _Q]At
m
t, =t +At

n=0t, =t;v,=v,=0;x, =% =h

5. ToBapHblif moe3n Maccbl M=2000T npu cune Taru F, =25-10° H u conpotusnenun
4 He ..
A=10" — B TeyeHun | MUHYTHI IBMKECHUA O€3 ydeTa TpeHUs: HabepET CKOPOCTh, PaBHYHO:
m

2
mdX_p . A%
dt dt
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dx
2oy
dt

—_ . 4.
Q:M:E_ﬂ,:it:w:mﬂzgy Km
dt m m m 2-10 c yac

6. MaTtemaTrueckas MOJIEIIb JBMXKEHHs TeJIa B CPEJIE C CONPOTUBICHUEM MMEET BHI:
dv_ y

—=-2v+a ,rae

d m

¥ K03 PUITHEHT CONPOTHBICHHUS

m -Macca Tena

a - yCKOpeHue Tena

V - CKOPOCTb TeJia

[MonyunTs UHTErpan aBwxeHus, T.e. V=V(t), ecim v(0) =0.

10. OueHouHble cpeacTBa [Jis1 NPOBeJeHHS TEKYUIero KOHTPOJS H
NMPOMEKYTOYHOI aTTecTALMHA

OneHuBaHue pe3yabTaToB OOyueHHs 1O JUCLUUIUIMHE W YPOBHSA
c(OPMHUPOBAHHOCTH KOMIIETEHIIMKA (4aCTH KOMIIETEHIIMM) OCYIIECTBISETCS B
paMKax TEKYyHIEro KOHTPOJII YCHEBAEMOCTH W MPOMEXYTOYHOM AaTTECTAlMM B
COOTBETCTBUHU ¢ POHIOM OLICHOYHBIX CPELCTB.

IIpumepsl BOIPOCOB TecTa

1. YpaBHEeHHE OJHOMEPHOIO JIBUXKEHHs Tejla IPU MOCTOSHHOM CHile TSATU
UMeeT BUJ:
2. Tomapubiii moe3x wmaccel m=2000T npu cuine taru F,=25-10° H wu

_qq4 He
conpoTtuBiieHur A=10*— B Te4eHHMH | MUHYTHI IBW)KCHHs O3 ydera TPEHHUS
m

Ha0epéT CKOPOCTh, PaBHYIO:
3. llomyuuTs uHTErpas [ YypPaBHEHUS [BWXKEHUS B BO3LyXe IIpU
COIIPOTHUBIIEHUH, IIPOINOPLIMOHAILHOM KBaJApaTy CKOPOCTH.
av
—=g-aV’
dt

4. Ilokasatp , YTO €CIIM TEeNIO0 JBIKETCS MO KPYroBOM opOHTE ¢ MepHOI0oM
2 2

T, To cnpaBennus 3-ii 3akon Kennepa, T.e. —- = M = const
r

5. Ilpomecc 3apsikd HW3HAYAIBHO HE3apsHKEHHOIO  DJIEKTPUYECKOIO
kKoHzmeHcaropa B RC-menm, K KOTOpoMy B MOMEHT BpeMeHH (=0 mpuiioxeHo
HanpsbkeHue U, onuceiBaeTcs U@ QepeHnnanbHbIM ypaBHEHHEM

Rd—q=U—g fml C
dt C
1 1

R
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Pazpabotath cxemy i1l YUCICHHOTO MOJAEIMPOBAHUS MPOLIEcca 3apsSaKH.

6. ypaBHeHI/Ie OIHOMCPHOI'0 ABUIKCHUS TCJIa IIPpU MOCTOSIHHOM CHJIC TATH U
HaJIMYUH CONIPOTUBJICHUSA, ITPOITOPIIHOHAJIBHOTO CKOPOCTHU, UMECT BU/I:
7. MaremaTuueckas MOZICJIb IBMKCHUA TECJIa B CPEAC C COIPOTUBIICHUCM

HMEET BUJI:
dv_ y
—=-2v+a ,rIae
dt m

7 -KO3(PPHULHEHT COPOTUBICHUS

m -Macca Tena

a- YCKOpeHHe Tena

V- CKOpOCTB Tela

[TomyunTh MHTErpaN ABMKEHUS, T.€. V =V(t), ecau v(0)=0.

8. Yckopennoe nBmxenue ToBapHoro moeszga M=2000T mpu cune Taru
JH-C s

F, =2,5-10* H, MPOMCXOAUT NpH ydeTe TpeHus:. A=10"—, B :30% )54
M M

d?x
ONHUCHIBACTCSI MOJICIIBIO mW =F - Av-Bv®

Hanucatb (I)paFMeHT MIporpaMMHOIo Koaa, HNO3BOJIAIOLICTO BBIYUCIUTH

CKOPOCTb 4€pEe3 OJJHO MUHYTY OT HadaJla JBUKECHUA.
9. CKOpOCTh METECOPHUTA y TIOBEPXHOCTH 3E€MIIH, €CITH OH IMaJaeT C BHICOTHI h

OTMCHIBAETCS MojeNbIo: V (h) :1/29R(1—%), riae R=6377 kwm.

[Tokazatrh, 4TO METEOPUT, TMPHICTAIOIINN U3 KOCMOCAa MMEET CKOpPOCTh

~112
C

10.YpaBHeHue paJioaKTUBHOTO paciiajia UMeeT BUJ ?Tt =-w-N, rme

W — CKOPOCTh pacraja = L1dNv

N dt

N(t) — xomruecTBO s1€p B MOMEHT {,

dN — KoIMYecTBO pacmaBimxcs siep 3a dt.

[Monyunts aHanuTHUecKyto Mozenb N(t), T.e. MHTErpas ypaBHEHUSI.

11. HaiiTi 3Ha4eHHE CKOPOCTH PAaBHOMEPHOTO JBWXECHUS IPH MOCTOSHHOM
CHJIE TSITU M CONPOTUBIICHHUH, TPOMIOPLHOHAITIBHOM CKOPOCTH.

12. HaiiguTte monokeHre CBOOOAHO MaJAroOIIEro Tela B IIyOOKHUil Kosoen
KaK (YHKIHIO BpeMeHH, T.¢. Y=Y(t)

13. Teno OpomieHO MO YIJIOM K TOPU30HTY CO CKOpocThto Vo = 15 M/c u

nBxkeTcs: 6e3 conmpoTuBicHus. [lokaxkure, 4To HAMOOJbBIIEE pPACCTOSHWE, Ha
KOTOPOE MOXKET YJIETETh TEJIO PaBHO 22,5 M.

14. Hcxonas U3 3akoHa JUHAMUKU BpamaTCJIbHOI0 ABUKCHHUA:
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M=1— MOMEHT CHJIBI

a):E yrijioBad CKOpOCTb, IIOKasaTb, 4YTO MOJICIIBIO

MaTeMaTHYECKOTO MasTHUKA ABJseTCs TG GHepeHIIMATbHOE YpaBHEHHUE:

2

d°e
dt?

+0’p=0 u mepuoxa konebauuit onpenensiercs Gopmynoin T = 27[\/T ,
g

rae |-nmHa MasTHHKA.

3akoHy Credana-bonbumana R=oT*, rue o =5,67-10"°

15.0HepreTuueckass CBETUMOCTh a0COJIIOTHO YEPHOTO Tela MOIYHHSIETCS
Bm

——, T — abcomoTHas
MK

TemIeparypa.

[To tabmuue 3HaueHwit {R;,T,},, ~ HamucaTh IPOTPaMMHBIH KOX B

cucreme MatlLab, no3Bomsitommii  BeuHMCIHT o - TOCcTOsiHHYO Credana-
bonbnmana.

16. [omyunts GopMyITBI I YUCICHHOTO MOJCTHUPOBAHUS JBWKEHUS Teja

MIPU CONMPOTUBIIEHUH, IPOMOPLIMOHAIIEHOM CKOPOCTH.

Bonpoce! 1151 3x3aMeHa

CucTeMbl MOJIEIMPOBAHUS U CPEIbI IPOrpaMMHUpOBaHus it Moaeauposanus PC(MatLab
6.x, Electronics Workbench, Simulink MatLAB, TToacucrema Signal Processing ToolBox
(SPT) MatLab ,Visual Basic for Applications 6.0).

Kunematuka. /IlunaMuka maTepualbHON TOUKH. J[BHDKEHME Tell MPU MOCTOSIHHOW CHUJIE TSTH.
VY4er cun conpoTUBICHUS.

JIBI>KeHME Tea MO MHEPLUH C YYEeTOM BSI3KOro TpeHMs. AHanuTudyeckue moaenu. Koneuno-
Pa3HOCTHBIE CXEMBI UUCIIEHHOT'O MOJENUPOBAHMUSL.

ITnockoe nBuxeHue. JIBUNKEHUE T IO YIIIOM K TOPU30HTY. YUET CUJI CONIPOTHUBIICHNUS,
IIPONOPLUOHAIBHBIX CKOPOCTH.

IManenne mapanmroTicTta ¢ OOIBIION BEICOTHI C YIETOM CHJI CONIPOTHBIICHNUS,
MPONOPLIMOHAIBHBIX KBaAPATy CKOPOCTH. AHAIMTHUECKAas M YUCISHHAs MOJEINH.

JIBmkeHWe Tell B IOJIe TATOTEHWs: NaJeHHe Tel Ha IpaBUTALMOHHBIE MAcChl — pacuer 2-if
KOCMHYECKOH CKOPOCTH.

HBI/I)KCHI/IC TE BONIM3HU T'paBUTAlTMOHHBIX MaccC. HOCTpOCHI/Ie Op6I/IT JABHIKCHUS: KPYTOBBIX,
OJINTMNTHYCCKUX, rnnep60ﬂnqecxnx.

HpaKTI/I‘IGCKI/Ie ACIICKThl MOJCIMPOBAHUA: TPACKTOPUU TEII BOIM3H TATOTCIOINIMX MaccC.
YucaeHHBIN aHATN3 JABWIKCHUS CITYTHUKOB, METCOPUTOB, KOMCT.

MogaenupoBaHue BpPAalIaTEIbHOIO JBWKCHHSA. YUYET CHI TPEHMS Ul BPAILAOIIMXCS TEL
OcTaHOBKa KoJeca TPEHHEM — pPacdeT KHMHEMATHYECKHX XapaKTEePUCTHK BPAaIIAaTeIbHOTO
JIBIDKEHMSL.

10.

Ilapmonmuecknii MasTHUK. Du3ndeckWii MAasTHHK NpH OONBIINX aMIDIMTyAaxX. 3ajgada o
najgaronmeM kapasaaiie. CxeMbl YHUCIEHHOTO MOAEIUPOBaHHs

11.

JIBmkeHHe Tesl BO Bpalaromieiicss cucTteMe KOOpAWHAT. YYeT CHIL LEHTPOOEKHOH CHIIBI
naepuun u Kopuommca. Pas3paboTka anroputmMa MOAENTHMPOBAHHSA TPACKTOPUH  Tena,
OpOIICHHOTO Ha BPAIAFONIYIOCS TIATHOPMY.

12.

ITone nenTpanbHpIX cul. MozenupoBaHHe JABHKCHUS 3apsHKEHHBIX YaCTHIL B I10JI€
HETIOIBIDKHOTO IeHTpa. OmbIT Pesepdopaa — pazpaboTka anropurMa MOACINPOBAHHS
JBIKCHUS alIb(a-qacTHlL.

13.

KoMIproTepHOE MOJCTMPOBAHUE ABYXIJICKTPOIHOM AICKTPOHHOM JIAMITBI — BAKYYMHOTO
JTHOJIA.
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14. MoaenupoBaHUE ONTHYECKUX 3324 — PACHPOCTPAHCHUE CBETA B CPE/ic ¢ MOHOTOHHO
M3MEHSIOIIUMCS TIOKa3aTelieM MPeJIOMIICHHsI. 3ajaui: MUPax, CBETOBOJI, allepTypa
CBETOBOJIA.

15. MogenupoBaHe 3aKOHOMEPHOCTEH TEIIOBOTO M3IydeHus: kpusas [Inanka. Mnentudukanus
3axoHa Credana-bosiMaHa METOIOM HANMEHBIINX KBAIPATOB.

TecToBbIe 3aJaHUS 110 AUCHUILIMHE (MeKCECCHOHHBII KOHTPOJIb 3HAHMIA)

BAPUAHT Ne 1
1. YpaBHeHHE OTHOMEPHOTO AB)KEHHMS TeJa ITPH TIOCTOSHHOM CHJIE TATH MMeeT BHI:

2. TosapHbIit moe3 Macchl M=2000T npu custe Taru F, =2,5-10* H u conpoTuBieHuu
4 He ..
A=10" — B TeueHHH | MUHYTHI ABIXKCHUS Oe3 ydeTa TpeHUsT HaOepET CKOPOCTh, PABHYIO:
m

3. IomyuuTh HHTETpa AJIs YpaBHEHUS ABWKECHUS B BO3AyXE IPU CONPOTUBIICHHUH,
MIPOIIOPIUOHATIBHOM KBaJpaTy CKOPOCTH.

av
—=g-aV’®
dt
4. IToka3ats , 9TO €CIIH TEJO JBIXKETCS 0 KPYroBoii opoute ¢ mepronoM T, To cripaBemB 3-it
T 2 2
3akoH Kerutepa, T.e. — = —— = const
r M

5. TIporecc 3apsaKu U3HAYaIbHO He3apsHKEHHOTO JIEKTPUIECKOro kKoHaeHcatopa B RC-iemny, k
KOTOpPOMY B MOMEHT BpemeHH {=0 npuoxxeHo Hanpspkenne U, omuceBaeTcs
nudhepeHInaIbHBIM YpaBHEHHEM

R
R e i
dt Cc
T T

Pa3pa60TaTb CXEMY AJIA YHUCJIICHHOI'O MOJACIIMPOBAHUA ITpoHecca 3apaaKHu.

BAPUAHT Ne 2
1. YpaBHEeHHE OJHOMEPHOTO JBIIKCHHS TEJa IIPH MOCTOSIHHOMN CHIIC TSTH U HATHYUH
COIPOTHBIICHHUS, TPOTIOPIIMOHATEHOTO CKOPOCTH, UMEET BH/I:
2. MaTtemaTnyecKasi MOJICNb IBIDKCHUSI Tella B CPE/IC C COMIPOTUBICHUEM HMEET BHI:
dv_ y
—=-—Vv+a ,rme
d m
¥ -K02(pHUITEHT CONPOTUBIECHUS
m -Macca Tena
a- yCKOpeHHe Tena
V - CKOPOCTb Telia
Tlony4yuTts HHTErpan ABMwkeHus, T.e. V =V(t), ecan v(0)=0.

3. YckopeHHoe nBHkeHue ToBapHoro noesna m=2000T npu cune taru F, = 2,5-10% H,
3

H-C HC
IPOMCXONT IIpH yuere Tperus: A=10""—, B = 30—;- ¥ ONKUCHIBAETCS MOJIENBIO
M M
d’x
mdtizz F’[ —AV_BV3

Hamucats parMeHT mporpaMMHOTO KO, TO3BOJISIOIIETO BBIYHUCIUTE CKOPOCTD Yepe3 OJHO
MUHYTY OT Ha4aja JBHKCHUS.
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4. CKOpoCTh METEOPHTA y OBEPXHOCTH 3€MJIM, €CJIM OH IIaJaeT C BHICOTHI N omnmchIBaeTcs

mozensto: V (h) = 1/2gR(l—%) , re R=6377 xm.

. K
[Toka3atk, 4TO METEOPUT, MPUIETAIOIIHA U3 KOCMOCa IMEET CKOpoCTh ~11,2—
c

dN
5.YpaBHeHHE PaJHOAKTHBHOTO pacraia UMeeT BUJT i -w-N, rme

W — CKOPOCTb pacrmanga = LdN
N dt
N(t) — xoi4ecTBO sAep B MOMEHT t,
dN — konMuecTBO pacaBiMxcs saep 3a dt.

[Monyauts aHauTHUeCcKy0 Moaeib N(t), T.e. mHTErpan ypaBHEHUS.

BAPUAHT Ne 3

1. HaiiTi 3HaueHre cKOpoCTH paBHOMEPHOTO JBM)KEHUS IIPU IOCTOSTHHOM CHUJIE TATH U
COMPOTHBIICHUH, ITPOTIOPIIHOHATEHOM CKOPOCTH.

2. Haiinute nososxeHue cBOOOTHO MAaJaroOIIEero Tejaa B TTyOOKHUH KOJoAe KaK (GYHKITUIO
BpeMeHH, T.e. Y=Y(t)

3. Teno GpoIIeHO O YIIIOM K TOPH30HTY €O CKOpOCThIO Vo = 15 M/c u nBmxkeTcs 0e3

CONIPOTHUBJICHUA. Hoxamme, YTO HAHOOJIbIIIEE pacCTodaHNE, HA KOTOPOEC MOKET YIICTECTH TEJIO

paBHoO 22,5 M.
4. Ucxons u3 3aK0HA TUHAMUKY BPAIIATEIILHOTO JIBIKEHHS:
do
M=1— MOMEHT CHJIBI
dt
do
W= Y YIIJIOBasi CKOPOCTb, MOKA3aTh, YTO MOJICIBI0 MATEMATHIECKOIO MAsTHHKA
ABJIAETCA MU depeHnInaTbHOe ypaBHEHNE:
2(0 I
+*p =0 u nepuon Konebauwmii onpenensercs hopmyioit T =27 |— , rae |-muna
dt?
MasTHHKA.

5.3HepreTqucxa;{ CBETHMOCTH a0COJIFOTHO YEPHOTI'o TEJIa MOAYUHACTCSA 3aKOHY CTC(I)aHa'

T — abcomnroTHAs TeMIeparypa.

Bomsimana R =oT*, rie o =5,67-107° % )
M

Ilo tabmume 3mavenmit {R;,T,},,, Hammcate mnporpaMmHeli kox B cucteme Matlab,

TIO3BOJISFONIHI BEYHCINTE O - MocToSHHYTO0 Ctedana-bonpimana.

BAPUAHT Ne 4

1. TlonyunTh GOPMYJIBI U YHCISHHOTO MOJICIUPOBAHHUS ABIXKCHUS TeJa IPU CONPOTHUBIICHUH,
HOPOMOPLHUOHATBHOM CKOPOCTH.

2. Teno 6poleHo BepTHKAIbHO BBEPX CO CKOpOCThIo V. Uepes kakoe BpeMs OT Hauana

JIBIDKEHHS OHO TPOiAeT BeIcOTy H?

3. Teno magaeT B Bo3ayxe ¢ 60ibmoii BeIcoTH. Cruta conpotusienus F = A -V, roe A = 50
Hc/Mm, V — ckopocts. Macca tena m = 100 xr.

IMoyynTs MOJZIENT CKOPOCTH TeJa KaK (hYHKINIO BPEMEHH B HAHTH CKOPOCTh 4epe3 OOJBIIOi
OTpPEe30K BPEMEHH OT HaJaa I1aeHHs.
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4. Taparouuii kapaugam uMeet MuHy |. I3BeCTHO, 4TO MOMEHT CHITBI TSDKECTH, 3aCTaBIISIOIIHIA
KapaH/alll [aJjath, Bpalas ero BOKpyr octpus, umeeT Bu1: M = mglsing/2

HOKaSaTL, YTO YpaBHCHUS IJIA MOACIMPOBAHUA MAACHUA KapaHaalla UMECT BU:
P = @, + O, AL

W, =0, +(32—?sin(p)-At

n+l

t., =t +At

5. W3BecTHO, UTO ycnoBUe cxoauMocTH MeToaa Pynre-Kyrra 4-ro nopsaka, UCIIONb3yeMOro IIpy
YHUCIICHHOM MOJIETUPOBAHUH, 3alIUCHIBAETCA B BUJE!
AX-A <278,

rae AX -Iar HHTErpUPOBaHM,
. d
A -k03pHHUIHMEHT, BXOASAIINI B MOJCIBHOE YpaBHECHHE d—y + 4y =0,y(0) =y,
X

Yo — Ha4albHOE YCIOBHE U1 HHTETPUPyeMOoil QyHKIHN.
INomyunTts 3HaYeHNe A I 3aJaHHOTO mara AX, WM IO A OIpPEeAeNUTh ONTUMAJIBHBIHN IIar
UHTErPUPOBAHUSL.

BAPUAHT Ne 5
1. Hamucats (hparMeHT porpaMMHOTO KOJia, PEalIM3yIOIIero MOAEIUPOBaHHE ABVIKCHUS Tella

K2
maccsl 10T, npu cune Tt ;. =1,5 T npu conpotuBnernn A=10— 1o dopmymam:
c

2
X 4 =X, +V_ At 1K3:£:H7C
M M
s
— L2 .
Vo=V, 4t Men | A—1022 2102 ¢ _10 P —F/A
m c M- cC M

2. HamucaTb COOTHOIIEHMS MOJEIHN IUIOCKOTO JBIDKEHMs 0€3 ydeTa CONPOTHUBICHMS BO3JyXa.
Hauansnsre ycnosus: V(0) = V,; yroxa Berpena (K TOPU30HTY)=¢ .
3. [IpolineHHblil MyTh NapamoTUCcTa NpU Y4€Te CONPOTUBIICHUS BO3IyXa OITUCHIBAETCS

clenyroIel MOJENbIo:

[c"'{g‘gt+ e_@t]

S(t) = ~n >

oL

INoxazaTs, uToO MpH OOIBITUX BpEeMEHAX

g. In(2
S(t) = ; t— , T.€. 3aBUCUMOCTD SABJIICTCA JIMHECHMHON OT BpEMCHU U HAUTH 3HAYCHUC O,

HPH KOTOPOM CKOPOCTb paBHa 5 M/cC.

4. Koneco, maccoii 1kr, pactipeaeseHHON 1o 0001y paguycom 0,35M, Bpamaercst ¢ yrioBoit
ckopocTsio 10,5 pan/c u TopMo3utcs TpeHueM B ocu; KoadhuuueHTs! conpoTuBIeHUS: a =

2,8-1072 Huc;b =9,1-107" Huc® . Koneco 0CTaHOBHTCS, KOT/[a YTIOBAs CKOPOCTh CTAHOBHTCS

pasHoti 0,1 pan/c. Pa3paboTaTh YHCICHHYIO MOJIEIB, ONIPEACIISIONIYI0 BPEMs 1O OCTAHOBKH H
YHUCIIO0 000POTOB.
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5. TlocnemoBaTedbHO  COEAUWHEHBI  PE3UCTOP M3  METAJUIMYECKOM  MPOBOJOKH U

HOIIprOBOI[HHKOBBIfI PpE3UCTOP. TeMHepaTypHLIe 3aBUCUMOCTHU UX COHpOTI/IBJ'IeHI/Iﬁ HUMCIOT BU!:
W

R, =R,aT;R, = R(;eﬁ, rae T- abconoTHas TeMieparypa,
R, =1250m;R, =5,86-102Om;cx = 4-10°K ™

W = 4,8-10"2 Jioc;k =1,38-10% ﬂT""

Paspaboraiite anroput™, MO3BOJISIONMN OIPEIEIUTh TEMIIEPATYPY, IPHU KOTOPOii obiiee
COIPOTHBIICHNE OyIeT MUHUMAIILHBIM.

11. YyeOoHO-MeTOAMYECKOE O0€ecIeyeHne AN CHUIIHHbI
11.1. PexomeHayemasi iuTepaTypa

1. 3axapos, O. B. KomnbeioTepHOe MOIETMPOBAaHHE TEXHOIOTHYECKUX TIPOIIECCOB M CHCTEM !
yuebHoe nocooue / O. B. 3axapoB. — CapatoB : CapaToBCKUl TOCyIapCTBEHHBIN
TexHH4Yecknil yausepcuteT nMerH H0.A. T"arapuna, 95C ACB, 2023. — 160 c. — ISBN 978-
5-7433-3554-1. — Texkct : anextpounsii // Iupposoit o6pazoBarenbHbiil pecypc IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/131666.html . — Pesxwum moctyma:
11t apTopusup. [lonb3zoBaTeneit

2. boes, B. JI. Komnbrorepaoe MonenmupoBanue : ydebHoe mocobue / B. JI. Boes, P. I1.
Crimyenko. — 3-e u3a. — Mocksa : IHTepHeT- Y HuBepcuTeT MHDOpMAIMOHHBIX
Texuonoruit (MUHTYUT), Aii [Tu Ap Menawna, 2021. — 517 ¢. — ISBN 978-5-4497-0888-5.
— Texkcr : anexrponHslit // [ludpooit odopazosatenbhblil pecypc IPR SMART : [caiiT]. —
URL: https://www.iprbookshop.ru/102015.html . — Pesxum mocTyma: st aBTOPH3HP.
TI0JIb30BaTENEeH

3. Hcrsaruna, E. B. Maremarmueckoe MonenupoBanue : yde6Hoe mocobue / E. b.
Uctsruna, A. A. Ilesabix, T. A. Ilesubix. - Kpacnosipck : Cubupckuii denepaibHbIit
yHuBepcutet, 2022. - 124 c. - ISBN 978-5-7638-4557-0. - Texcr : anexrponssmi. - URL:
https://znanium.com/catalog/product/2086842 . — Pexum gocTymna: o MOAIKCKE.

4. Tapacuk, B. I1. MatemaTtnueckoe MOJSTHPOBAaHNE TEXHUUECKUX CHCTEM : YIeOHHUK
/ B.II. Tapacuk. — Munck : HoBoe 3nanue ; Mocksa : UHOPA-M, 2022. — 592 c¢. —
(Briciee obpa3oBanue: bakanaBpuar). - ISBN 978-5-16-011996-0. - TekcT : 21eKTpOHHBIH. -
URL.: https://znanium.com/catalog/product/1943585 . — Peskum J0CTyIIa: 110 MOIUCKE.

5. Kynmuko, M. M. TexHomoruu paspabOTKH MPOTPaMMHOTIO obOecreueHus A
MaTeMaTHYECKOTO MOJIeupoBanusl (u3nmdeckux mporeccoB. Yacte 1. Hcmonms3oBanue
CYNEPKOMIIBIOTEPOB, OCHALLICHHBIX TPaQUIECKUMHU YCKOpUTENsIMH : ydeOHoe mocobue / U.

M. KymmkoB. —  HoBocmbupck : HoBocuOuMpckmii TocyqapCTBEHHBIH TEXHHUSCKHI
yauBepcutet, 2013. — 40 c¢. — ISBN 978-5-7782-2195-6. — TeKkcT : 3IEKTPOHHBIN //
Hudposoit  obpazomarenmsHerii  pecypc IPR SMART :  [caiitr]. —  URL:

https://www.iprbookshop.ru/45044.html. — Pexxum goctyma: ais apropusup. Ilonb3oBareseit

6. Kmmnaes, }0.B. KommbioTepHOe MonenmmpoBaHHe B cpemax mporpammupoBanus VBA u
MatLab: Yue6. mocobue. Caparos: CapaT roc. Texd. yH-T, 2002. 98 ¢. ISBN 5-7433-1036-X
— Teker AIIEKTPOHHBIH— URL:
http://techn.sstu. ru/neW/SublectFGOS/InsertStatlstlka aspx?ldResurs=16455&rashirenie=rar

7. TIpuHUMIIBI KOMIIBIOTEPHOT'O MOJICIHPOBAHMSA. METOObl YHCICHHOIO HMHTEIPHPOBAHUS H
muddepennupoBanns. CrydaiiHeie OMyxIaHus : MeToauuecKre yKa3aHWs K BBITIOJTHEHHIO
npaktuueckux pabor / FO.B. KmunaeB, O.A. MonaxoBa— Durensc: OTU (pumman) CI'TY
nmenn [larapmma IO.A., 2021. - 13 c. — Tekcr : osmekrpommsii  — URL:
http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=7832&rashirenie=doc

8. Pemenue pusnveckux 3a7ad Ha KOMITbIOTepe : MeToIudeckue yKka3zaHus K BBITOTHEHUIO
npaktuueckux padot / F0.B. Kimunaes, O.A. MonaxoBa— Durensc: OTU (punmuan) CTTY
nmenu ['arapuna 10.A., 2021. — 25 ¢c. — TekcT : 3neKTPOHHBIH —



https://www.iprbookshop.ru/131666.html
https://www.iprbookshop.ru/102015.html
https://znanium.com/catalog/product/2086842
https://znanium.com/catalog/product/1943585
https://www.iprbookshop.ru/45044.html
http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=16455&rashirenie=rar
http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=7832&rashirenie=doc
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URL.:http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?ldResurs=7846 &rashirenie=
doc

11.2. llepuoanyeckue N3aaHus
He ucnone3syrorcs

11.3. HopMaTHBHO-NIPABOBbIE AKTHI U HHbIE IPABOBbIE TOKYMEHTHI

He ncnons3yrorest
11.4 IlepeveHb 3J1eKTPOHHO-00Pa30BaTEJBHBIX PECYPCOB

1. YueOHo-MeToaMuYecKre MaTepuaisl o quctmiuinae b.1.3.4.2 «MonenupoBaHue
MHPOPMALIMOHHBIX ~ MPOIECCOB»  (DIIEKTPOHHBI  00pa3oBaTEeNbHBIA  pecypc
pasmemmied B HMOC DTU (pumman) CI'TY  wumenm Tarapuna FO.A.
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=1680

2. Caiitr OTU (punman) CI'TY umenu Narapuna FO.A. (http://techn.sstu.ru )

11.5 Dy1eKTPOHHO-0MOTUOTEYHBbIE CHCTEMBI
1. «3BC IPR SMART»,

2. ObC «3nanue»

3. «OBC elibrary»

4. 5bC «KKOHCVYJIbTAHT CTYJIEHTA»

11.6. Pecypcbl  HH(pOPMANMOHHO-TEJEKOMMYHMKALMOHHOH  ceTH
«HHTEepHET»
He ncnons3yrorest

11.7. IleyaTHbIe U 3J1eKTPOHHbIE 00pa3oBaTe/IbHbIC pecypchl B (hopmax,
aJanTHPOBAHHBIX /IJIsi CTYJEHTOB ¢ OrPAHUYEHHBIMH BO3MOKHOCTSIMHU
310POBbs (VI TPYII U MOTOKOB € TAKUMU CTY/IEHTAMM)

1. ApantupoBaHHas Bepcuss HOb, nns ucmonp30BaHMs WHBAIUIAMUA U
JIUI[AMH ¢ OTPaHUYCHHBIMHA BO3MOXKHOCTSIMU 37I0POBbS

Obyuarowuecs u3z uucna uneanudos u auy ¢ OB3 obecneuenvl nevamuvivu u
(unu)  DNEKMPOHHLIMU — 00pPA30BAMENbHLIMU — pecypcamu 8  ¢hopmax,
A0anmMupoBaAHHBIX K OCPAHUYEHUAM UX 300DOBbSL.

12. HNudopmanuoHHO-cIpaBOYHbIE CHCTEMbI U TpodeccHOoHAIbHbIE
0a3bl JaHHBIX

OOGyuatorumcsi obecriedeH AOCTyM (yAaleHHBIA JIOCTYI), B TOM YHCIIC B
Cllydae IPUMEHEHUS JIEKTPOHHOTO 00yUYEeHHS, JUCTAaHIIMOHHBIX 00pPa30BaTEIbHBIX
TEXHOJIOTHH, K COBPEMEHHBIM Mpo(ecCHOHAIBHBIM 0a3aM  JaHHBIX U
WH(POPMAIMOHHBIM CIIPaBOYHBIM CHCTEMaM.

12.1 lMepevyens HHGOPMAITHOHHO-CIIPABOYHBIX CHCTEM
He ncnons3yercs

12.2 Tlepeyenb npoecCHOHAIBHBIX 0a3 JAHHBIX

HE UCIOJIb3YETCs


http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=7846&rashirenie=doc
http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=7846&rashirenie=doc
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=1680
http://techn.sstu.ru/
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12.3 TlepeyeHb MH(GOPMANMOHHBIX TEXHOJIOTHiH, HMCNO/JIb3yeMbIX HNPH
OCyILeCTBJIECHMH 00pa30BaTeIbHOr0 Mmpouecca MO AUCHHUILIMHE, BKJIYAS
nepevyeHb MPOrpaMMHOI0 odecrevyeHust

OO0pa3zoBarenbHBIA TPOIECC MO JTUCIUIUIMHE OOCCreueH HEOOXOIUMBIM
KOMIUICKTOM JIMIICH3HOHHOTO M CBOOOJHO paclpoCTPaHsSEMOro IMPOrpPaMMHOTO
obecrieueHrs, B TOM YHCJIE OTEUECTBEHHOTO MpPOM3BOACTBA  (MOMICKHUT
O0OHOBJICHHIO TIPU HEOOXOAMMOCTH).

1) JIuneH3noHHOE MPOTPaMMHOE O0ECIICUCHHE

Microsoft Windows 7, Microsoft Office 2010 (Word, Excel, PowerPoint)

2) CBo0OOIHO pacmpocTpaHseMoe IPorpaMMHOE oOecreueHrne

VisualStudio

Kaxnpiii  oOywaromuiicss B TEYEHHE BCEro Iepuojia  O0ydeHHs
o0ecrieuynBaeTCs MHIMBHYaJlbHBIM HEOTPAaHHYEHHBIM JOCTYIIOM K DJIEKTPOHHO-
OMONMMOTEYHON cHUCTEME U BIIEKTPOHHOH HMH(OPMAIMOHHO-00pa30BaTeIbHON
cpene.

13. MaTepuajibHO-TeXHUYECKOe o0ecreyeHue

OO0pa3zoBarenbHbIl Mpolecc oOecredeH y4eOHBIMH —ayIUTOPHSIMHU JUIS
MPOBEICHUS YYEOHBIX 3aHATHI JIEKIIMOHHOTO THIA, NPAKTUYECKUX 3aHATHH,
TPYNIIOBBIX W HWHIWUBUIYaJbHBIX KOHCYJIBTAIMi, TEKYIIETO0 KOHTPOJIS U
IPOMEKYTOUHOW AaTTECTAllud, MOMEIIECHUSMH JUIsl CaMOCTOSITENIbHOW paboTh
CTYJIEHTOB.

VYdeOHbIE ayAWTOPHH OCHANICHHBI O0OpYIOBaHWEM ¥ TEXHUYECKHUMU
cpeacTBaMu 00y4eHUS, KOTOPbIE BKJIIOYAIOT B ceOs yueOHyI0 MeOenb, KOMIUIEKT
MYJIbTUMEIUHHOr0 000pyI0BAaHNUs, B TOM YHCIIE IEPEHOCHOTO (IIPOEKTOP, 3KPaH).

[Tomenienuss Ui caMOCTOSITENbHOM pabOThl OOYYaAIOUIMXCSl OCHAIEHBI
KOMITBIOTEPHOM TEXHUKOW ¢ BO3MOXXHOCTBIO MOAKIIOUEHUS K ceTh «HTEpHET» M
o0ecrieyeHHEM JOCTyna B DJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTEIbHYIO
cpeny OTU (dumuman) CI'TY umenu [Narapuna 10.A.

Pabouyto nporpammy CoctaBun 4 47, .
a.¢.-M.H., mpodeccop S
28.05.2023

/10.B. Kimnuaes/

14. lono;tHeHUs1 U U3MeHEeHHs B padoueii mporpamme

Pabouas nmporpamMma nepecMoTpeHa Ha 3aceJaHuH Kadeapsl
« » 20 rojia, mpoTokosa Ne

3aB. kadeapoit / /

Brecennble m3mMeHeHusl yTBEPKAeHbBI Ha 3acenannn Y MKC/YMKH
« » 20 __ ropxa, mpoTokoia Ne
[Ipencenarens YMKC/YMKH /

~
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