DHTeNbCCKUIA TEXHOJIOTHUECKUI HHCTHTYT ((pumai) ¢enepaabHOTo
TOCYAapCTBEHHOTO OIO/PKETHOTO 00pa30BaTEIbHOTO YUPEIKICHHS
BBICIIIETO 0Opa30BaHUs
«CapaToBCKUN TOCyIapCTBEHHBIN TEXHUUECKHUI YHUBEpCUTET UMeHHU [ arapruna
I0.A»
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B 324CTHBIX CIMHUIIAX: 5 3.€.
B akajieMuuecknx dacax: 180 ak.u.
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Pabouas mporpamma mo jucimiuimEe  b.1.3.4.2  «MoxaenupoBaHue
MH(POPMALIMOHHBIX IIPOLIECCOBY HaIlpaBJICHUS MIOATOTOBKH 09.03.01
«MudopmaTka © BBIYUCIUTENBHAs TeXHUKa», mpodmis «lIporpammuoe
o0OecrieyeHre CpEJICTB BBIYMCIUTEIFHOW TEXHHKH ¥ aBTOMAaTH3MPOBAHHBIX
CUCTEM COCTaBJIeHA B COOTBETCTBHHM C TpeboBanmsiMu DenepansHoro
TOCyapCTBEHHOTO 00pa30BaTENBHOTO CTaHAapTa Beiciiero oopazoBanus 09.03.01
«H(popMaTKa M BBIUHCIWTENBHAS TEXHHMKA», YTBEPKAECHHBIM IPUKA30M
Muno6paayku Poccun Ne 929 ot 19.09.2017 r., ¢ u3MEHEHUSIMI BHECECHHBIMU
npukazom Ne 1456 ot 26.11.2020 r

Pabouas nporpamma:

00cysK/1eHa H PeKOMEHI0BAHA K YTBEP)KACHUIO pelIeHneM Kadeapsl
«EcTtecTBeHHbIE U MaTeMaTudyeckue Haykm» ot 11» ampens 2025 r.,

& %ﬂ// -
3aBeayronuii kadeapoit : /XKununa E.B./

HOIIHCEH D.1.0.

npotokoi Ne 16

oxo0pena Ha 3acenanuu YMKH ot «14» anpens 2025 r., npotokon Ne 4.

Ilpencenarens YMKH 4 g#%/— /XKununa E.B./



1. Iean 1 3a0a4u JUCHUILIAHBI

Hemstmu OCBOEHUS TUCILUTLINHEI b.1.3.4.2 «MonenupoBaHue
WH(OPMAITMOHHBIX MPOIIECCOBY SBJISIOTCS MTOATOTOBKA CTYICHTOB K IPOSKTHOMY U
MPOU3BOJICTBEHHO-TEXHOJIOTHUECKOMY BUJaM NMPOQPECCHOHATBHON JeITeIhHOCTH,
a UMCHHO K PEIICHUIO CIICIYIOIINX 3a1ay:

- cbop u aHanu3 wHPOpMAIMK O (HU3HUECKON CUCTEME, HEOOXOJIUMON H
JIOCTaTOYHON IS TIOCTPOCHHST HMCKOMOW MOJIENM HaOII01aeMOro SIBJICHUS,
KOTOPBIM TPOSBISIET ce0s pu3nvecKas CUCTEMa;

- CTPYKTYpHUPOBAaHHEC SIBJICHHUS B IIAHE COOTHECEHHS OCOOCHHOCTEH ero
MIPOSIBJICHUS 110 TUIIAM OOIISTIPUHSITHIX KITACCUIECKUX (PU3UYCCKUX CHCTEM;

- paszpaboTka (MW ajanTanus) MaTeMaTHYeCKOW MOJIeNnu HaOI0IaeMOro
SBJICHUSI C LETbl0 JadbHEHIIero MOJEIMPOBAHUS Mpollecca WM SIBICHUS B
IIUPOKOM JTHana3oHe BapbUPYEMbIX TapaMeTPOB;

- MCIIOJIb30BAaHME MATeMaTHUYECKUX MpHIoXKeHud nmakera MatLab 5.x, 6.x.,
texHonoruii VBA wmu VB, moacucremsr Signal Processing ToolBox (SPT)
MatLab;

- pa3paboTKa MPHIOKEHUH TSI MOJICTMPOBAHUS MOBEIACHUS KIACCHYECKUX
(U3NIECKUX CUCTEM.

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

3. TpeGoBanus K pe3yJibTaATaAM OCBOEHUS TUCHUTLINHBI

W3yuenne IUCHMIUIMHBI HAMpaBIeHO HAa (OPMHPOBAHUE CIETYIONINX
KOMITETEHIIHI:
YK-1. CrocobeH oCyImecTBIATh TOUCK, 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
POrpaMMBbl:



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 MOJCIISIMHU 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(DUKATIMIO M THITBI MATEMaTHIECKIX
penieHus Mozenein
TIOCTAaBJICHHBIX -00Imre MEeTOANIECKHE IPUHINIIEI TOCTPOCHHS
3a1a4. MaTeMaTHYECKUX MOJIETIEH,

-OCHOBHBIE 3Tallbl IOCTPOCHUSI MATEMATHYECKUX
Moe e

-MOJIETIH HETPEPHIBHBIX U AUCKPETHBIX CUCTEM.
-OCHOBHBIC MATEMAaTHYECKHUE METOIBI,
WCTIONB3YyeMbIE TIPU HCCIIeJOBAHNH
MaTEeMaTHYECKHUX MOJIEeH

-METOJIbl CAMOKOHTPOJISI, HCTIOB3yEMBIE TIPH
MMOCTPOCHHUU MAaTEMaTHYECKUX MOJIENEH,
YMeTh:_IpUMEHATh PU3UUECKHE 3aKOHBI U
MaTeMaTHYeCKHe METObI (aHATUTUYECKUE U
YUCIICHHBIC) JUISl aHAIM3a © MOJICITMPOBAHHUS
KJIACCUYECKUX (DU3UUECKUX, TEXHUUCCKHX,
SKOHOMHUYECKHX, COLMANBHBIX IBJICHUA K
MPOLIECCOB, & UMEHHO:

-BbIOUPATh KOPPEKTHBIC YHCICHHBIC METO/IBI,
MPOBEPSATH UX MPABOMEPHOCTh a/ICKBATHOCTb,
BO3MOYKHOCTbH IPAKTHUECKOTO MCIIOIb30BAHUS
-peann30BbIBATH ACKOMITO3UIUIO UCCIIEAYEMON
CHCTEMBI

-(hbopMHUPOBATH CHCTEMY PaOdOYHX TUIIOTE3
(TIOCTYNIaTOB) MOJIENN ¥ TOCTPOUTH
COJIepIKaTENbHYIO MOJICIIb;

-BBIOMPATH a/IEKBATHBIN MaTeMaTHYECKHIA
anmnapar;

-MCCIIeI0BATh OCTPOEHHYIO MOJIEJb 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, COLUATBHBIX
cHcTeMax, MPOrpaMMUPOBATh X, aHATM3UPOBATH
MOJYYCHHBIE PE3YJIbTaThl MOJICITUPOBAHUS,
IpHOOPECTH HABBIKHA MOJCIUPOBAHUS U
MCCIICIOBAHUS MOBEICHHS IPYTHX CHCTEM
(3KOHOMHUYECKHUX, COIMANBHBIX U JIP.) TI0
AHAJIOTUH, 2 UMEHHO:
-CIIOCOOHOCTBIO ANTOPUTMHU3HPOBATEH BEIOpAaHHEIC
MOJICTIH I METOJIBI B 33/1a4aX HayYHBIX
HCCIEIOBAHUN 1 HHKCHEPHOTO MIPOSKTHPOBAHNS;
-METOaMH IIOCTPOCHUS MAaTEMaTHICCKUX
MoJenel B cepe npohecCHoHATEHOH
JIeSITeIbHOCTH; METOJaMHU [TOCTPOCHHUS
AITOPUTMOB peIeHUs (POPMaTU30BaHHBIX
HNpaKTHIECKUX 3a]1a4;
-METOaMH UCIIOIb30BaHUS COBPEMECHHOT'O
MPHUKJIAJHOTO IPOrPAMMHOIO 00ECIICUCHHUS IPH
HCCIIEIOBAHNHN MaTEMAaTHIECKUX MOJICTICH;
-HaBBIKAMH PEATH3allii MATEMAaTHICCKUX
MoJeselt Ul IMHTAIlHOHHOTO MOJIETNPOBAHUS
MOBEICHUS KIIACCHYCCKHUX KITACCHYCCKUX
(bM3UYECKNX, TEXHUYECKHX, SKOHOMHUUYECKHX,

COIMATIbHBIX CUCTEM,;
-pa3pabaThIBaTh MOJICITH KOMITOHCHTOB

WHGOPMALMOHHBIX CHCTEM;
-pa3pabaTbIBaTh KOMIIOHEHTHI TPOTPAMMHBIX
KOMIUIEKCOB, UCTOJIb30BaTh COBPEMEHHBIE

WHCTPYMEHTAJIbHBIE CPEJICTBA U TEXHOJIOTUHI
IIPOrpaMMHUPOBAHUSI.

4. O0beM AUCUMIUIUHBI M BU/IbI Y4eOHOH padoThI

ounan gpopma odyuenus

AK.4yacoB
Bun yueOHO# nesaTenbHOCTH
Bcero 7 cemecTp
1. AyautopHble 3aHATHS, 9aCOB BCET0, B TOM YHCJIE: 64 64
* 3aHATHUA JICKIIUOHHOTO THUIIA, 32 32
* 3aHATHUSI CEMMHAPCKOI'0 TUIA:
MPAKTHYECKNE 3aHATHS 32 32
na0opaToOpHBIE 3aHATHUS
B TOM YHCJIE 3aHATHU B (POpMe MPAKTUIECKOM NOJATOTOBKH
2. CaMocrosTeNnpHast padoTa CTYyIEHTOB, BCETO 116 116

— KypcoBas paboTa (IpoeKT)

— pacueTHo-rpaduyeckas padora




3.IIpomexyToyHas aTTeCTALUsL: JK3aMeH 3K3aMEH
DK3AMEH, 3a4em C OYeHKOl, 3ayem

OO0BbEeM AUCHHUILIMHBEI B 3a4€THBIX €UHALIAX 5 5
OO0BbEM AUCHUILIMHBI B aKajl. yacax 180 180

O0UYHO0-3A0YHAaA Popma 00yUeHUs — He peanusyemcs

3aouHan gropma odyuenun

3aounas Gopma 3aouHas Gopma

o0ydeHus o0yd4eHHs 10
(akaz. yacoB) WHAUBHUYaJIbHBIM
. IUTaHaM B YCKOPEHHBIE
Bun yueOHol nesTensHOCTH CPOKH (aKajL. 4acoB)
1o o
Bcero | cemecrpam Bcero ceMecTpaM
7 ceMecTp
1. AyuTOpHBIE 3aHATHS, YACOB BCETO, - -
B TOM YHCJIE: 16 16

* 3aHATHS JIEKIIMOHHOTO THIA, 8 8 - -

* 3aHATHUSI CEMHHAPCKOTO TUIMA: - - - -
MPAKTUYECKHUE 3aHATHUS 8 8 - -
71a00paTOPHBIC 3aHATHUS - - - -

B TOM YHCIIE 3aHATHUS B (POpME MPAKTUIECKOM - - - -

TOJITOTOBKH

2. CamocrosiTenbHast paboTa CTYAEHTOB, - -

BCET0 164 164

— KypcoBas paboTa (IpoeKT) - - - -

— pacueTHO-rpaduueckas pabora - - - -

— KOHTpOJIbHAs paboTa + + - -

3.IIpomexxyToyHas aTTeCTaLusL: 9K3aMeH | JK3aMeH - -

9K3aMeH, 3a4em ¢ OYeHKOU, 3a4em

O0beM JUCHHITIMHBI B 3a4€THBIX €INHUIAX 5 5 - -

OO0BbeM TUCIIUILTUHBI B aKaJ. 9acax 180 180 - -
\ 3ad. €. 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
MO/JIETUPOBAHNUS POJIb YHCIEHHBIX METOIOB M BU3yaIH3aIUH IIPH MOJETUPOBaHNH. CHCTEMBI
MOJICTTMPOBAHMSI U CPEJIbl IpOrpaMMupoBanus st MoaenupoBanus OC (MatLab 6.x,
Electronics Workbench, Simulink MatLAB, Visual Basic for Applications 6.0).

JluHamMuka MaTepHaabHOM TOUKU. /IBUKEHME Tel IPU MOCTOSIHHOW CHJIE TATH. YYeT CHI
CONpoTHUBIEHUs. J[BHKEHHME Tela MO HHEPLUUM C y4eTOM BS3KOrO TpeHHsA. AHaIUTHYECKHe
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Mojzenu. KoOHEYHO-pa3HOCTHBIE CXEMBl YHCICHHOTO MOJAEIMPOBAHHS. AHAIUTHYECKHE H
YUCIICHHBIE MOJENN (PU3MIECKHX CHCTEM. TEeXHOJOTHH MOJIESIUPOBAHUS (PU3NIECKUX CHCTEM:
UHTErpanbHble, — AndepeHIranbable, — Pa3HOCTHBIE MOJIEIH.

[Inockoe nBukeHue. [IBrkeHue Teln Moj yrioM K TOPU30HTY. YUEeT CHII CONPOTHUBIICHHUS,
MPOTIOPIIMOHANBHBIX cKOopocTH. [lajeHne mapamnmotucta ¢ OONBIIOW BBICOTHI C yYYETOM CHII
CONPOTHUBJICHHUS, MPONOPLUUOHANBHBIX KBaJpaTy CKOPOCTU. AHaJUTHYEeCKas M YHCICHHAas
Mozend. [IBiKeHre Tell B MoJie TATOTeHUS: MaJIeHUe TeJl Ha TPaBUTAIIMOHHBIE MacChl — pacyer 2-
1 KOCMUYECKOU CKOPOCTHU.

Tema 2. TexnoJaorau MoaeJMpPOBaHAs (GPUIMIECKAX CHCTEM

JIBiwkeHue Ten BOJMM3M TPaBUTALMOHHBIX Macc. IlocTpoeHue OpOUT ABMXKEHUS: KPYTOBBIX,
SJUTUNITHYECKUX, TUIEPOOINIECKUX.

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

MOHGHHpOBaHI/Ie BpamaTeJIbHOTO0 ABMKCHUA. Yuer cun TPEHUA [JId BpalIAOMUXCA TEII.
OcTraHOBKa KoJieca TPEHUEM — PpaCUCT KHUHCMATUYCCKHUX XAPaKTCPUCTUK BpalIaTCIbHOIO
JBUXCHHUS.

FapMOHI/I‘IeCKI/Iﬁ MasTHUK. DU3NYECKUNA MaSTHUK npu 0OJIBIITUX aMIlIMTygax. 3amaya o
TMagaromeM Kapanaarie. CXeMBbI YHUCIICHHOTO MOJCIUPOBAHUA.

Tema 3. Cucrembl M cpeibl NPOrpaMMHPOBAHMS; NaKeThl MojeaupoBanus. Cpena
BU3YyaJIbHOTO porpaMmMupoBanust VBA st MogetupoBanus (pU3HYECKUX CHCTEM
JIBIDKeHHE TeN BO BpamIamoleiics cHUCTeMe KOOPIWHAT. YUeT CHI: IEHTPOOEKHOW CHIIBI
uHepimu U Kopuonuca. Pa3paboTka airoputMa MoJIeIUPOBaHUS TPACKTOPHUHU Telia, OPOIICHHOTO
Ha BPaIIAIONTyocs mIaTdopmy.

Tlone ueHTpanbHBIX cuil. MozenupoBaHue JABWKEHHUS 3apsDKEHHBIX 4YacTUI B IOJie
HETOABIXHOTO 1eHTpa. OnbIT Pesepdopaa — pazpaboTka anropuT™Ma MOJACTUPOBAHUS TBUKEHHS

anbda-yacTuil.

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

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 camMoc—
/i TEMbI JUCIMITINHBI THTA / U3 HAX JIOCTIKEHUS
JIEKITMOHHOTO TOSITEIbHAS
B opme KOMIIETEHIIUN
THTIA . pabota
MIPAKTUIECKOH
MIOJTOTOBKH
1 | Tema 1. AHanuTHYECKUE U WUI-5 vk
YHCJICHHBIE MOJIEIIN 10 10/- 20
(DU3HYECKUX CUCTEM
2 | Tema 2. Tex"onoruu WU-5 vk
MOJICJIUPOBAHUSA 12 16/- 20
(hu3MUeCcKuX CUCTEM




3 | Tema 3. CucteMsl U CpeJibl NI-5 vk
MPOTPaMMHUPOBAHHUS;
TIAKeThl MOAETIMPOBAHHUSL.
Cpena BU3yaiabHOTO 10 6/- 40
nporpaMmupoBanusi VBA
JUTST MOJICTTPOBAHUS
(u3nUeCcKuX CUCTEM
4 | [ToarotoBKa K HK3aMEHY - - 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. AHanuTHYECKUE U WI-5 vk
YKCIICHHBIE MOJEIIA 2 2/- 26
(bH3HYECKUX CHCTEM
2 | Tema 2. TexHonoruu WU-5 vk
MOJICJIMPOBAHUSA 4 4/- 26
(DU3HYECKUX CUCTEM
3 | Tema 3. CucteMsl U cpeJibl NI-5 vk
MPOTPaMMHUPOBAHHS;
TIAKeThl MOAETIUPOBAHHUSL.
Cpena BU3yalbHOTO 2 2/- 40
nporpaMmupoBanusi VBA
JUTST MOJICTTPOBAHUS
(u3nUeCKUX CUCTEM
4 | [ToaroroBka K SK3aMEHY - - 36 WUI-5 vk
5 | BeinonHeHne KOHTPOJIbHOM i i 36 -5 vk
paboTHI
HToro: 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 obydern /
JIICITUILIAHEI obyacHns o0ydeHus / uIry
uiry (npu
(npu nanuyuu)|  HaauuuL)
1 Tema 1. Kunemaruka - 1

AHaJIUTHYECKUE U
YHUCJICHHBIC MOICTIN
q)HSPILICCKI/IX CHCTEM

MaTepPIaJ'[BHOfI TOYKH.

Junamuka

MaTepPIaJ'II;HOfI 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
cpeasl
MPOTPaMMHUPOBAHNST;
[aKETHI
MonempoBanus. Cpena
BH3YaJIbHOTO
MIPOTPaMMHUPOBAHUS
VBA misa
MOJIEJTUPOBAHHUS
(UBHYECKUX CUCTEM

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

Komnsrotepuoe
MOJICTTUPOBAaHUE
JIBYXDJIEKTPOHOM
3JIEKTPOHHOH JIAMITBI —
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 | obyuenns /- jobyuenus /
o0yuenus | UITY (mpu |UITY (npu
HAIMYHW) | HAJTHIHAN)
1 | Temal. MonenupoBanue -
AHanuTH4yecKue u ONTUYECKUX 3334 —
YHCIIEHHBIE MOJICITH pacmpocTpaHeHHE CBETa B
(u3uueckux cucTeM | cpeie C MOHOTOHHO
M3MEHSIOIIIMCS
MoKa3aresieM
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. Texnonorun | BonHoBbIE siBIEHUS. -
MOJICTIMPOBAHUS Anamms Oypeoe.
¢usnaeckux cucreM | Anropurmbl JI1D (
JUCKPETHOE 20 26
npeobpaszoBanue Dypne) u
BII® ( 661cTpOE
npeobpaszoBanue Dypne).
3 | Tema 3. Cuctemsbl u MopenupoBaHnue -
cpenbl nonyasauuii. Mozaens
MporpaMMHUpoOBaHus; | ManbTyca «XUIIHUK-
TaKeTHI xepTBay. Jlorucrmdeckas
MOJIIMPOBAHUSI. MoJiesis ManbTyca-
Cpena BU3yaJbHOTO ®epxronbera. Mojens
IPOTPAaMMHUPOBAHUS | «XUIIHHUK-ITUIIA-KEPTBaA»:
VBA nns B.A Heiimapk (1994),
MOJICITUPOBAHUS Tpy6eukos .1. (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 OFHO-3A0THA 3a01HAT
Ne OYHas ¢dopma dopma
paszena, TeMbl CaMOCTOSITEIILHOTO
wn JUCLUTUIAHBL n3y4eHNs (3aJaHus) popma | 0byuenus /- jo0yuenus /
obyuenus | UITY (mpu |UITY (mpu
HaJM4YWHU) | HAJTMYHH)
IMoncucrema Signal
Processing ToolBox (SPT)
MatLab. CriekTpanbHbIit
aHanus. BeiiBneTHbIi
aHaIm3.
4 [loaroroBka K s5K3aMeHy 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 pabOThI COCTaBIsAET 36 ‘IaCOB.L//

KonrtpospHast paboTa BBIOIHACTCS CTYACHTaMH 3a04HOI (hopMbl 00ydeHus B 8

CEMECTpPE U BKJIIOUYACT PELICHUE 3a4a4 110 BapHaHTaM.
[Tpumeps! 3a1aHuii 1711 KOHTPOJIBHOM paboThI

1. Haitt 3HaueHME CKOPOCTU PaBHOMEPHOI'O ABMIKCHUSA ITPU MOCTOSIHHOM CHJIE TATH U
CONPOTHUBJICHUH, TPONOPIIMOHATIBHOM CKOPOCTH.

d2
m—=F
dt T

d x
dt

F

-A—=0->V  =—

pasn A

2. Tlomy4nTs opMyJIbI AT YUCICHHOTO MOACIMPOBAHUS JIBHKEHNUS TeJa IPU CONPOTHBIICHUH,
HPOTIOPIHNOHAIBHOM CKOPOCTH.

d?x dx
m =F -A—
dt> 7 dt
d x
dt
dv _F _A,
dt m m
n=0,Xx, =Xy;V,

Mpumeuanune [JIHM1]: OGbem vacos
Ha BBITIOJIHEHHE KyPCOBOTO POEKTa (13
CPC — ne menee 20%).
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3. Hanucatpb ¢parMeHT mporpaMMHOI0O KOJa, PEaIu3yIoIero MOJASIUPOBAHUE ABIKEHUS Tela

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

2
Xy = X, +V, - At lxe = 17 _ He
m  m
e
vn+l=vn+FT_AVn At
m
2
A=102 10 _ 10 Cp_F /A
C M- C M

Sub PaBHOMepHOE()
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,”KoopauHater”’

End Sub

4. ITocTpoUTh YUCIICHHYIO CXEMY MOJICIMPOBAHHUS ABHKEHUS TeNla B BO3yXe O] IeiicTBUEM
CHJIBI TSPKECTH M CONPOTHUBIICHUS, TPOIOPIMOHAIBHOTO 1-i U 3-i cTeneHsIM CKOPOCTH.

d?x
mW:mg—(Av+ B1?)
dx
22y
dt
dv g Av+Bv?
dt m

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

5. ToBapHblif moe3n Macchl M=2000T npu cune Taru F,=25-10" H u conpotusnenun

.~ He .. .
A=10" — B TeueHun 1 MUHYTHI ABMKEHUS O3 yueTa TPEHHs HAOEPET CKOPOCTh, PABHYIO:
m

2
miX_p_ A%
dt dt
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dx
2y
dt
4
QZFT AV:E_)VZE,[ZZS 10 (60:7’5E:27 KM
dt m m m 2-10° c yac

6. MaremaTrueckast MOJIE/Ib ABHIKCHUS Tella B Cpeac C CONMPOTHUBICHUEM UMECT BHU!

¥ -K03((UIMEHT CONPOTHBICHHUS

m -Macca Tena

a- yCKOpeHHe Tena

V - CKOPOCTh Tella

Ilonyuuts uHTETpaN ABUXKEHU, T.e. V =V(t), eciu 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. ToBapubii moe3x wmaccel m=2000T npu cwie Tsarm F,=25-10" H u

_ 4 He
conpoTuBiieHur A=10'— B Te4eHHMU | MHUHYTHI IBM)KCHHUs O3 ydera TPEHHUS
m

HaOepeT CKOPOCTh, PABHYIO:
3. Tlomy4uth wWHTErpan [yisi ypaBHEHUS [BUKCHUS B BO3IyXe MpH
CONPOTHUBJICHHH, POMOPLIHOHAIBHOM KBaPaTy CKOPOCTH.
dv
—=g-aV’
dt

4. IToka3ath , YTO €CJIM TEJO JIBMXKETCS 10 KPYroBOH OpOHUTE C MEPHUOIOM
2 2

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

5. [Ilpomecc 3apsikyd HW3HAYAIBHO HE3apsHKEHHOIO  JIEKTPUYECKOIO
koHAeHcaTopa B RC-menu, K KOTOpOMy B MOMEHT BpeMeHu t=0 mpuiokeHo
HanpsbkeHue U, onuceiBaeTcs U@ QepeHnnaibHbIM ypaBHEHHEM

Rd—q=U—g l—Ell 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. MaremaTndeckas MOJENIb JIBMXKCHHUS Tella B cpeaec € COMPOTHBICHUEM

HMEET BUJI:
dv_ y
—=-2v+a ,TIae
dt m

7 -KO3(PPHULIMEHT COTPOTUBICHUS

m -Macca Tena

a- YCKOpeHHe Tena

V- CKOpOCTB Tela

[TonyunThs MHTErpaNl ABMKEHUS, T.€. V =V(t), eciu v(0)=0.

8. YckopenHoe apmwxkeHue ToBapHoro noezga m=2000T npu cune Tiaru
JH-C 3

F. =2,5-10"* H, npoucxoaur npu ydere TpeHus: A=10"—, B:SO% U
M M

d’x
ONHUCHIBACTCSI MOJICIIBIO mF =F, - Av-BV’

Hanucatb (I)paFMeHT MIporpaMMHOIo Koaa, HNO3BOJIAIOLICTO BBIYUCIUTH

CKOPOCTh Yepe3 OJTHO MUHYTY OT Havalla JIBHKEHUSI.
9. CKOpOCTh METEOPHTA Y TTIOBEPXHOCTH 3EMIJIH, €CJTH OH TMAaJacT ¢ BBICOTHI h

onMchIBaeTcs Mojensio: V(h) =,[2gR(1 —%), rae R=6377 kM.

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

~112
C

dN
10.YpaBHEeHHE pagrOaKTUBHOTO paciaja UMEeT BUJ o -w-N, rae

1 dN
W — CKOpPOCTh pacraja = ——
P p 2= S
N(t) — KOTM4YecTBO siiep B MOMEHT t,
dN — konmuecTBO pacmaBmuxcs siaep 3a dt.

[Tomyunts aHamuTHYECKYI0 MoJiesb N(t), T.€. UHTErpajl ypaBHEHHS.

11. Haiftu 3HaueHnEe CKOPOCTH PaBHOMEPHOTO ABMKEHHS MPHU MOCTOSIHHOM
CHJIE TSTH U CONPOTUBIIEHUH, TPOOPLIUOHATBHOM CKOPOCTH.
12. Haitnure nojoykeHue CBOOOHO MaJAIONIEro Tejia B TIyOOKHH KOOI

KakK (YHKIHIO BpPEMEHH, T.e. y=y(t)
13. Teno OpoiieHo TOJ YIiIoM K TOPU30HTY CO CKOPOCThIO V( = 15 M/c m

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

14. Ucxonas u3 3aKOoHA 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?

o o |
+®’9=0 U mepuol KosiebaHuil omnpexaensercs Gopmyiaoi T =27r\f ,
g

rue l-mmHa MasTHHKA.

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

15.OHepreruueckas CBETHMOCTh aOCOJIOTHO YEpPHOTO Tea IOTYUHSETCS
Bm

——, T — abcomorHas
m°K

TemIeparypa.

[To Tabmuue 3Hawenwi {R,,T,},,, HamucaTb IPOTrpaMMHBIH KOJI B

cucreMe MatLab, nNO3BOJISIOMUN BBUUCIUTE o - TOCTOsHHYIO Credana-
bonbnmana.

16. TTomyunTh GOPMYIBI ISl YUCIEHHOTO MOJICIMPOBAHUS JIBUKCHUS Tela

MIPU CONMPOTUBIIEHUH, IPOMOPLIMOHAIIEHOM CKOPOCTH.

Bonpoce! 1151 3x3aMeHa

CHCTeMbI MOJISTMPOBAHUS M CPEJIbl MPOrpaMMUpOBaHus st MoaenupoBanus OC(MatLab
6.x, Electronics Workbench, Simulink MatLAB, IToacuctema 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.

JIBIDKeHME 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: MaJeHHe Tel Ha IpaBUTALMOHHBIE MAacChl — 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 XapaKTEPUCTHK BPAaIIATEIbHOTO
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
uaepuun u Kopuommca. Pas3paboTka anroputmMa MOAENTHUPOBAHHSA TPACKTOPHUH  Tea,
OpOIICHHOTO Ha BPAIAFONIYIOCS TIATHOPMY.

12.

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

13.

KoMIbroTepHOE MOJCTTMPOBAHUE ABYXIJICKTPOIHOM AIICKTPOHHOM JIAMITBI — BAKYYMHOTO
JTHOJIA.
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14. MopenupoBaHie ONTHYSCKUX 3a/1a4 — PACTIPOCTPAHEHHE CBETa B Cpe/ie C MOHOTOHHO
M3MEHSIOIIUMCS TIOKa3aTelieM MPeJIOMIICHHsI. 3ajaui: MUPax, CBETOBOJI, allepTypa
CBETOBOJIA.

15. MonenupoBaHue 3aKOHOMEPHOCTEH TEIUIOBOTO M3IydeHus: kpuBas [lnanka. aeHtuduxanus
3axoHa Credana-bosbriMaHa METOOM HANMEHBIINX KBAIPATOB.

TecToBbIe 3aJaHUS 110 AUCHUILIMHE (MeKCECCHOHHBII KOHTPOJIb 3HAHMIA)

BAPUAHT Ne 1
1. YpaBHEHUE OHOMEPHOTO ABMXKEHHUS T€Ja IPU IIOCTOSHHOM CUIle TATM UMEET BUL

2. ToBapHblii noe3n Maccbl M=2000T npu cune Taru F,=2,5-10 H u conpotupnenuu
4 He ..
A=10" — B TedeHHM | MHHYTHI IBIKCHHUS O€3 ydeTa TpeHHs HabepéT CKOPOCTh, PaBHYIO:
m

3. INomyuuTh UHTETpa AJIs YpaBHEHHUS ABWKECHUS B BO3AYXE IPU CONPOTUBICHHH,
MIPOIIOPIUOHATIBHOM KBaJpaTy CKOPOCTH.

dav
—=g-aV’
dt
4. Ioka3ath , YTO €CIIM TEII0 JBIDKETCS M0 KPYroBoi opoure ¢ mepuoaoM T, To cripaBeuiuB 3-i
T 2 2
3akoH Kerutepa, T.e. —-=—— = const
r M

5. Ilpouecc 3apsaAKy U3HAYAIEHO HE3apsHKEHHOTO MEKTpUYecKoro konaeHcaropa B RC-uienu, k
KOTOPOMY B MOMEHT BpeMeHH t=0 npuioxeHo HanpsokeHue U, onuceiBaeTcs

nudhepeHInaIbHBIM YpaBHEHHEM
R

U e
dt C
T T

Pa3pa60TaTb CXEMY AJIA YHUCJIICHHOI'O MOJACIIMPOBAHUA ITpoHecca 3apaaKHu.

BAPUAHT Ne 2

1. YpaBHEeHHE OJHOMEPHOTO JBIIKCHHS TEJa IIPH MOCTOSIHHOMN CHIIC TSTH U HATHYUH
COIPOTHUBJICHUSI, TIPOMOPIIHOHATILHOTO CKOPOCTH, UMEET BUI:
2. MaTtemaTnyecKasi MOJICNb IBIDKCHUSI Tella B CPE/IC C COMIPOTUBICHUEM HMEET BHI:
dv_ y

—=-2vVv+a ,rme

dt m

¥ -K02(pHUITEHT CONPOTUBIECHUS

m -Macca Tena

a - yCKOpeHHe Tema

V - CKOPOCTb Telia

TTonyuuts uHTErpaN ABWKeHM, T.c. V =V(t), ecimm v(0)=0.

3. YckopeHHOe BHKeHue ToBapHOro moe3na m=2000T npu cune taru F, = 2,5-10% H,
3

H-C HC
IPOMCXOUT TIpH yueTe Tpenus: A=10*—, B = 30—~ ¥ ONKCHIBAETCS 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 METECOPUTA y MMOBEPXHOCTH 3€MJIH, €CJIM OH TMAaeT C BBICOTHI h omuckiBaeTcs

mozensto: V(h) = 1/2gR(1 —%) , rae R=6377 km.

. KM
IToka3atk, 4TO METEOPUT, MPUIETAOLIMN U3 KOCMOCA UMEET CKOpOCTh ~ 11,2 —
C

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

W — CKOpPOCTb pacmana = L dN
N dt
N(t) — Konu4yecTBO s7ep B MOMEHT t,
dN — xonm4ecTBO pacmaBIIUXCS sAaep 3a dt.

ITonyuuts aHanuTHYECKYI0 MOJeab N(t), T.€. UHTErpaji ypaBHEHUsI.

BAPUAHT Ne 3

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

2. Haiinute nososxeHue cBOOOTHO MaJaroIIero Tejaa B TyOOKUH KoJoAen KaK (GYHKITUIO
BpeMeHH, T.€. y=y(t)

3. Teno GpoIICHO O] YTIIOM K TOPH30HTY €O CKOPOCTBIO V = 15 M/c u nBmxeTcs 0e3

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

paBHO 22,5 M.
4. Ucxons u3 3aK0HA TUHAMUKY BPAIIATEIILHOTO JIBIKEHHS:
do
M=1— MOMEHT CHJIBI
dt
do
W= ’r YIIJIOBasi CKOPOCTb, MOKA3aTh, YTO MOJICIBI0 MATEMATHIECKOTO MAsSTHHKA
ABJIAETCA MU depeHnInaTbHOe ypaBHEHNE:
2 (0 I
e +w’p =0 u nepuon konebaunuii onpenensercs popmynoit T =27z |— , rae l-amuna
MasTHHKA.
5.9HepreTuyecKkas CBETHUMOCTh a0COJIIOTHO YEPHOTO Teja moaunHsercs 3akony CredaHna-
g Bm
Bomsumana R =oT*, rae 0 =5,67-10° ——, T — abcomoTas TemMneparypa.
M

Ilo tabmuue 3nauenmit {R;,T,},,, HamucaTb NpPOrpaMMHBIH Kox B cucteme MatLab,

TIO3BOJISFONIHI BEYHCINTE O - MOcTOoSHHYTO0 Ctedana-bonbivmana.

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

JBIDKEHHS OHO MPoiaeT BeicoTy H?

3. Teno nagaer B Bo3yxe ¢ 0oibioi BeicoThl. Cuita conporusienus F = A -V, rne A =50
Hc/m, V — ckopocts. Macca tena m = 100 kr.

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+l1

t, =t, +At

5. W3BecTHO, UTO ycnoBUe cxoauMocTH MeToaa Pynre-Kyrra 4-ro nopsaka, UCIIONb3yeMOro IIpy
YHUCIICHHOM MOJIETMPOBAHUH, 3alIUChIBAETCA B BUJIE!

AX-A1 <278,

rae AX -1ar UHTETpUpOBaHMUs,

A -x03dunmeHT, BXOAAMNI B MOJEIBHOE YpaBHEHHE g—y +Ay=0,y(0) =y,
X

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

BAPUAHT Ne 5
1. Hanmcats dparMeHT nporpaMMHOTO KOJIa, PETH3YIOIIEr0 MOJIEIUPOBaHHE ABWKEHUS Tella

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

2
Xosr = X, +Vn - At IKQZEZHL
M M
e
— L2 .
Vo=V + Ay | A 1022 102 _10Cvp—F/A
m c M- cC M

2. HamucaTh COOTHOIIEHMS MOJEIH IUIOCKOTO JBIDKEHMs O€3 ydeTa CONPOTHUBICHMS BO3IyXa.
Havansnsre ycnosust: V(0) =V, ; yroa Bctpena (K TOPH30HTY)=¢ .
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

S(1) = Ft _In®
o o

HPH KOTOPOM CKOPOCTb paBHa 5 M/cC.

, T.€. 3aBUCHUMOCTbB ABJIACTCA JIMHEHHOM OT BPEMCHHU U HaWTH 3HAUCHHEC a,

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

2,8-107 Hue;b =9,1-107 Huc® . Koneco 0cTaHOBHTCS, KOTA YIIIOBas CKOPOCTH CTAHOBUTCS
pasnoii 0,1 pan/c. Pa3paboTaTh YHCICHHYIO MOJIENB, OTIPENEISIONIYIO BPEMSI 10 OCTAHOBKHU 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- abcomroTHas Temmeparypa,
R, =1250m;R, =5,86-107Om;cx =4-107° K™

W =4,8-107 Joc;k =1,38-102 ﬂT"’C

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. KomnbrotepHoe MOJIeTUPOBAHNE TEXHOJIOTHIECKHUX MPOIIECCOB M CUCTEM :
yuebHoe nocooue / O. B. 3axapoB. — CapatoB : CapaToBCKUi TOCyIapCTBEHHBIN
TexHuueckuil yausepcureT umenu I0.A. T'arapuna, 95C ACB, 2023. — 160 c. — ISBN 978-
5-7433-3554-1. — Tekcr : anextponHbii // Lludposoii obpazosarenbHbIi pecypce IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/131666.html . — Pexxum goctyma:
11t apTopusup. [lonb3zoBaTeneit

2. boes, B. JI. Komnbrotepaoe MonenmupoBanue : ydebHoe mocobue / B. JI. Boes, P. I1.
Crimyenko. — 3-e u3a. — Mocksa : IHTepHeT-YHuBepcuTeT MHDOpMAnOHHBIX
Texuonoruit (UHTYUT), Ait ITu Ap Menwma, 2021. — 517 c. — ISBN 978-5-4497-0888-5.
— Texkcr : anexrpouHblit // [ludposoit odopazosatenbhblil pecypc IPR SMART : [caiiT]. —
URL.: https://www.iprbookshop.ru/102015.html . — Pexum gocTyma: ais aBTOPU3UP.
TI0JIb30BaTENEeH

3. Hcrsaruna, E. B. Maremarmueckoe MonenupoBanue : yde6Hoe mocobue / E. b.
Uctsruna, A. A. Ilesabix, T. A. Ilesubix. - KpacnHosipck : Cubupckuii denepaibHbIit
yauBepcurer, 2022. - 124 c. - ISBN 978-5-7638-4557-0. - Tekcr : anexrponHslid. - URL:
https://znanium.com/catalog/product/2086842 . — Pexxum gocTymna: o HOAMNUCKE.

4. Tapacuk, B. I1. MatemaTtnueckoe MOJSTHPOBAaHNE TEXHUUECKUX CHCTEM : YIeOHHUK
/ B.II. Tapacuk. — Munck : HoBoe 3Hanue ; Mocksa : UTHOPA-M, 2022. — 592 c¢. —
(Beicmree obpaszoBanue: bakanaspuar). - ISBN 978-5-16-011996-0. - TekcT : 37eKTpOHHBII. -
URL: https://znanium.com/catalog/product/1943585 . — Pexum gocTyma: 1o HOANUCKE.

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 TocyqapCTBEHHBIN TEXHHUSCKHI
yauBepcuteT, 2013. — 40 c. — ISBN 978-5-7782-2195-6. — TekcT : 31MeKTPOHHBIA //
Iudposoit  obpazomarempHelii  pecypc IPR SMART :  [caiitr]. —  URL:

https://www.iprbookshop.ru/45044.html. — Pexxum poctyna: ans apropusup. [lonb3oBaTencit

6. Kmunaes, 10.B. KomnblorepHoe MozenupoBaHHE B cpeaax mporpammupoBaHus VBA u
MatLab: Yue6. noco6ue. Capatos: Capart. roc. TexH. yH-T, 2002. 98 c¢. ISBN 5-7433-1036-X
— Tekct : AJIEKTPOHHBIH— URL:
http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=16455 &rashirenie=rar

7. TlpuHIMNBI KOMIBIOTEPHOTO MOJIETHPOBAaHUS. METOAbl YHCIEHHOTO HHTETPUPOBAHUS U
muddepennupoBanns. CrydaiiHeie OMyxIaHus : MeToquuecKre yKa3aHWs K BBITIOJTHEHHIO
npaktuueckux pabor / FO.B. KmunaeB, O.A. MonaxoBa— Durensc: OTU (pumman) CI'TY
nmenu Tarapuna 1O0.A., 2021. — 13 c¢. — Tekcr : 31EKTPOHHBIN — URL:
http://techn.sstu.ru/new/SubjectFGOS/InsertStatistika.aspx?IdResurs=7832 &rashirenie=doc

8. Pemenne ¢u3nueckux 3amgad Ha KOMITbIOTepe : MeToandeckue yka3aHus K BEIIOTHEHUIO
npaktuueckux padot / F0.B. Kimunaes, O.A. MonaxoBa— Durensc: OTU (punuan) CTTY
nmenu ['arapuna 10.A., 2021. — 25 ¢c. — TekcT : 3MeKTPOHHBIA —



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?IdResurs=7846 &rashirenie=
doc

11.2. llepuoanyeckue N3aaHus
He HCIIOJIB3YIOTCA

11.3. HopMaTHBHO-NIPABOBbIE AKTHI U HHbIE IPABOBbIE TOKYMEHTHI

He ncnons3yrorest
11.4 IlepeveHb 3J1eKTPOHHO-00Pa30BaTEJBHBIX PECYPCOB

1. YuebHo-meroanueckue Matepuaisl o auciuiuinae b.1.3.4.2 «MoaenupoBanue
MHPOPMALIMOHHBIX ~ TPOIECCOBY»  (DIIEKTPOHHBI  00pa3oBaTEeNbHBIA  pecypc
pasmemied B HMOC DOTU (pwman) CITY wumenn Tarapumna HO.A.
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=1680

2. Caitr OTU (duman) CI'TY umenu 'arapuna FO.A. (http://techn.sstu.ru )

11.5 Dy1eKTPOHHO-0MOTUOTEYHBbIE CHCTEMBI
1. «<OBC IPR SMART»,

2. 9BC «3nanue»

3. «OBC elibrary»

4. 9bC «kKOHCVJIbTAHT CTYAEHTA»

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

11.7. IleyaTHbIe U 3J1eKTPOHHbIE 00pa3oBaTe/IbHbIC pecypchl B (hopmax,
aJanTHPOBAHHBIX /IJIsl CTYJEHTOB ¢ OrPAHUYEHHBIMH BO3MOKHOCTSIMHU
310POBbs (JUIA TPYIN U MOTOKOB € TAKUMU CTY/I€HTAMM)

1. ApantupoBaHHass Bepcuss HOb, nns ucnonp30BaHMs WHBAIUIAMUA U
JIUI[AMH ¢ OTPaHUYCHHBIMHA BO3MOXKHOCTSIMU 37I0POBbS

Obyuarowuecs u3z uucna uneanudos u auy ¢ OB3 obecneuenvl nevamuvivu u
(unu)  DNEKMPOHHLIMU — 00pPA30BAMENbHLIMU — pecypcamu 8  ¢hopmax,
A0anmMupoOBaAHHLIX K OCPAHUYEHUSM UX 300POBbSL.

12. HNudopmanuoHHO-cIPaBOYHbIE CHCTEMbI U TpodeccHOoHAIbHbIE
0a3bl JaHHBIX

OOGyuatorumcsi obecriedeH AOCTyM (yAaleHHBIA JIOCTYI), B TOM YHCIIC B
Cllydae IPUMEHEHUS JIEKTPOHHOTO 00yUYEeHHS, JUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOTHH, K COBPEMEHHBIM MNpo(ecCHOHAIBHBIM 0a3aM  JaHHBIX U
WH(POPMAIMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

12.1 Mepevyens HHGOPMAITHOHHO-CIIPABOYHBIX CHCTEM
He ncnons3yercs

12.2 Tlepeyenb npoecCHOHAIBHBIX 0a3 JaAHHBIX

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
OCYLIeCTBJIEHUH 00pa30BaTeJbLHOI0 Ipolecca MO AUCHUILVINHE, BKJINOYAS
nepeyeHb NPOrPaMMHOIO0 odecreyeHust

OO0pa3zoBarenbHBIA TPOIECC MO JTUCIUIUIMHE OOCCreueH HEOOXOIUMBIM
KOMIUICKTOM JIMIICH3HOHHOTO M CBOOOJHO paclpoCTPaHsSEMOro IMPOrpPaMMHOTO
o0OecrieyeHHs, B TOM YHCJIE OTEYECTBEHHOTO IPOU3BOACTBA  (TIOJICIKUT
O0OHOBJICHHIO TIPU HEOOXOAMMOCTH).

1) JluneHsnoHHOE MPOrpPaMMHOE 00CCIICUCHHE

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

2) CBo00JIHO pacHpoCTpaHsieMOe MPOrpaMMHOE obecTieueHre

VisualStudio

Kaxnpiii  oOywaromuiicss B TEYEHHE BCEro Iepuojia  O0ydeHHs
o0ecrieuynBaeTCs MHIMBHYaJTbHBIM HEOTPAaHHMYEHHBIM JOCTYIIOM K JJIEKTPOHHO-
OMONIMOTEYHON cHUCTEME U BIIEKTPOHHOM HMH(OPMAIMOHHO-00pa30BaTeIbHOMN
cpene.

13. MaTepuajibHO-TeXHUYECKOe o0ecrieyeHue

OO0pa3zoBarenbHbIl MpoLecc oOecredeH y4eOHBIMH —ayIUTOPHIMHU JUIS
MPOBEICHUS YYEOHBIX 3aHATHUH JIEKIMOHHOTO THUIA, NPAKTUYECKUX 3aHITHH,
TPYNIIOBBIX W HWHIUBUIYaJbHBIX KOHCYNBTAIMi, TEKYIIETO KOHTPOJIS U
IPOMEKYTOUHOW AaTTECTAllud, TOMEIIECHUSIMHU ISl CaMOCTOSITENIbHOW paboTh
CTYICHTOB.

VYdeOHble ayAWTOPHH OCHANICHHBI O0OpPYIOBaHWEM ¥ TEXHUYECKHUMU
cpeacTBaMu 00y4eHUs, KOTOPbIE BKJIIOYAIOT B ce0s yueOHyI0 MeOenb, KOMIUIEKT
MYJIbTUMEIUHHOT0 000pyI0BaHNUs, B TOM YHCIIE IEPEHOCHOTO (IIPOEKTOP, IKPaH).

[Tomemienuss Ui caMOCTOSITENbHOM pabOThl 0OYYaAIOLIMXCSl OCHAILEHBI
KOMITBIOTEPHOM TEXHUKOW € BO3MOXXHOCTBIO MOAKIIOUEHUS K ceTh «HTEpHET» M
o0ecrieueHHEM JOCTyna B DJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTEIbHYIO
cpeny OTU (dbumman) CI'TY umenn [Marapuna HO.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. kadeapoii / /

Brecennble m3mMeHeHusl yTBEPKAeHbBI Ha 3acenannn Y MKC/YMKH
« » 20 _ ropa, mpoTtokoiu Ne
[pencenarens YMKC/YMKH /

~
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