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1. Hean, 3a1a4u U IVIaHUPYeMble pe3yabTAThl 00yUeHusl N0 JTUCIUIITHHE

K OCHOBHBIM meJAIM OCBOCHMS JAMCHUIUIMHBI «BUpTyallbHbIE HWCIBITAaHUS
3IIEKTPOMOOMIIEH B IPOrPAMMHBIX KOMIUIEKCAX» CIEAYET OTHECTH:

—  peanuzamusi OCHOBHOW  oOpazoBarenbHOM  mporpammbl  (OOII) 1o
criennanbHOCTH  23.04.02 «HazeMHble TpPaHCIOPTHO-TEXHOJIOTUYECKUE KOMILIEKCHI»,
npoduiib 23.04.02.01 «DnekTpupuIupoBaHHbIE TPAHCTIOPTHBIE CPEACTBAY;

—  ¢opmupoBaHHe y O0OyYarOIIMXCS 3HAHUH O COBPEMEHHBIX NPUHIUIAX,
METO/IaX U CPEJICTBAX aHAJIM3a U MPOTHO3UPOBAHUS IKCILUTYyaTallHOHHBIX CBOMCTB HA3€MHBIX
AIEKTPUYECKUX TPAHCIIOPTHBIX CPEJICTB;

—  TIOATOTOBKA CTYJEHTOB K CAMOCTOSITENBHOUN NESITENbHOCTH B COOTBETCTBUU C
TpeOoBaHUsAMU DerepanbHOro rocyAapCTBEHHOr0 00pa3oBaTeNbHOTO CTaHAapTa BICILIETO
oOpazoBanus no crneuranbHocT 23.04.02 «Ha3zemHble TpaHCIOPTHO-TEXHOJOTHYECKUE
KOMILIEKChI», Mpoduib noarotoBku 23.04.02.01 «DnexkrpudunnpoBaHHbIe TPAHCIIOPTHBIE
CPENCTBay.

K ocHOBHBIM 3agauyaM OCBOEHUSA JUCHUIUIMHBI «BuUpTyalibHblE HCIBITAHUS
3JIEKTPOMOOMIIEN B IPOrPAMMHBIX KOMIUIEKCAX» CIEAYET OTHECTH:

—  (opMUpOBaHHME TPEJCTABICHUS O KOMIUIEKCE 3KCIUTyaTallUOHHBIX CBOICTB,
ONPENESAIOUX  OCOOEHHOCTH  MOBEIEHHUS  DJIEKTPU(PHUIMPOBAHHBIX  HA3E€MHBIX
TPaHCHOPTHBIX CPEACTB, UX CUCTEM Y3JIOB U arperaTos;

—  OCBOEHHE OOLMX MPUHUMUIOB M OCOOEHHOCTEH MOJEIUPOBAHUS JUHAMUKH
3IIEKTPOMOOMIIEN € LIENBI0 0OecreueHus] BO3MOKHOCTEH aHalM3a MX 3KCIUTyaTallhOHHBIX
CBOICTB;

—  (dopMupoBaHME HaBBIKOB IIOJIyueHUsT Ha 0a3e MH3YYEHHBIX METOJUK
KOHKPETHBIX JaHHBIX 00 OKCIUTyaTal[MOHHBIX CBOMCTBAaX d3JIEKTPUPHUIIMPOBAHHBIX
TPAaHCHOPTHBIX CPEICTB, HMX CHUCTEM, arperaroB M BIMSHHE HAa HHUX Pa3JIHYHBIX
KOHCTPYKTUBHBIX U BHEIIHUX (haKTOPOB.

OOyueHue mno jucuuiinHe «BupTyanbHble UCOBITAHUS JIEKTPOMOOMWIIEH B
POrpaMMHBIX KOMITJIEKCAX» HAMPABIECHO Ha (OPMUPOBAHUE Y O0YUAIOLIUXCS CIETYIOUIUX

KOMITCTCHIIUM:
Koa u HauMeHOBaHHe KOMIIETEHIIM I NHaukaTopbl J0CTHKEHUS] KOMIIeTEHIIUH

[TK-1. CnocoOHOCTH MPOBOAMUTH NIIK-1.1. 3naeT ocobeHHOCTH

HCCJIEI0BATEIbCKOE U KOHCTPYKTOPCKOE MOJICIIUPOBAHUS U KOHCTPYKITUH

COTPOBOKICHHE MPOU3BO/ICTBA U UCTIBITAHUNA | JEKTPUDUIIUPOBAHHBIX TPAHCTIOPTHBIX

ANEKTPUPUIIUPOBAHHBIX TPAHCTIOPTHBIX CPEJ/ICTB M IX KOMITOHEHTOB;

CPECTB U MX KOMIIOHEHTOB NIIK-1.2. YMeeT miaHupoBaTh BUPTYaIbHBIC
WCTIBITAaHUSI KOHCTPYKITUN
ANEKTPU(UIIMPOBAHHBIX TPAHCIIOPTHBIX
CPEJICTB ¥l IX KOMITOHEHTOB;




o0Opa3zoBaTeNbHBIX OTHOIIEHUM 0710Ka b1 «Jlucuumminael (MOTYIIN)».

NIIK-1.3. Bnaneer npakTuuecKuMu
HaBbIKAMU MOJICIIMPOBAHUS U IPOBEICHUS
BUPTYAJIbHBIX UCIIBITAHUM KOHCTPYKLIHM
ANEKTPUPHULMPOBAHHBIX TPAHCIIOPTHBIX
CPENICTB U KOMIIOHEHTOB

2.

MecTO AUCHUIIIMHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl

JlucuuniauHa OTHOCUTCS K o0O0s3aTenbHOW dYacTd, (OpMUPYEMOM ydaCTHUKAMU

I[I/ICHI/IHJIHHa «BI/IpTyaJILHBIC HUCIIBITAaHUA

AIEKTPOMOOMIIE B  MPOTrpaMMHBIX

KOMILICKCAX» B3aUMOCBA3aHa JIOTHYCCKU U COACPIKATCIbHO-MCTOANYCCKHU CO CIACAYIOIINMU

nucuurinHamMuy 1 npaktukamu OOIT:

KoHcTpykuus 31eKTpoMoOHIIeH.

MeTobl pac4eTOB U MPOEKTUPOBAHUS SJIEKTPOMOOHIIEH.

MaremaTtudeckoe MOJICIIMPOBAHUC pa6qux IIponccCcoB aBTOMOOHJIA.

[{udppoBbie TEXHOJIOTUH B aBTOMOOUIIECTPOEHUHU.

OcCHOBBI pa3pabOTKU U TECTUPOBAHUS aJITOPUTMOB YIIPABIECHUS AIEKTPUUIECKUX
TPAHCIIOPTHBIX CPEICTB.

3. CTpyKTypa u coaep:kaHue TUCHUILITHHBI

OO11ast TPy 10€MKOCTh AUCIUIUIMHBI cocTaBisteT 3 3aueTHbIX eauHull (108 gacos).

3.1 Buabl yueOHOI padoThl M TPYI0EMKOCTD

(o dhopmam 0OydeHwMs)

3.1.1. Ounas gopma oOyueHus

Ne Cemectp
n/n Buj y4eonoii padoThI Kommecrso 3
4acos
1 | AyauTopHble 3aHATHSA 54 54
B Tom umcre:
1.1 | Jexuuu 18
1.2 | CemuHapcKue/IpaKTHYECKHIE 3aHIATHUS
1.3 | JlabopaTopHbIe 3aHATHS 36
2 | CamocrosiTeabHasi padora 126 126
3 | [IpomexyTouHAasi aTTECTAMUSA
3auer 3auer
Hroro 180

3.2 Temaruuyeckuii NJIaH U3yYeHUS TUCIUTITHHBI
(o dhopmam 0OydeHMs)



3.2.1. Oynas gopma oOyueHus

n/n

Pa3nennl/TeMbl
JTUACHHUILTUHBI

TpyroeMKocTb, 4ac

Bcero

AynutopHas padora

Jlexmun

Cemunapckue/
NPaKTHYCCKHE
3aHATHS
JlaGopaTopHbie
3aHATHS

[TpakTuueckas

IIOATr0OTOBKA

CamocroaTebHAA
padora

Pa3nen 1. OcHOBHBIE TOAXO/BI U
MNPUHINIB IMATAMOHHOTO
MOJICTTUPOBAHUSI TUHAMUKU OOBEKTOB.
Pa3paboTka quHAMHYECKUX MOJIEINEH
0OBEKTOB C MOMOIIBIO CPEJCTB U
OUOINOTEK B TPOTPAMMHBIX
KOMILJIEKCaX 110 pacyeTy IMHAMUKU
CBSI3HBIX CHCTEM

1.1

Tewma 1. BBenenue B MoieTupPOBaHNE

10

1.2

Tema 2. OCHOBBI U IPUHIIUTIBI PAOOTHI B
IIPOrpaMMHBIX KOMILJIEKCAX 110 pacueTy
JTMHAMHKU CBSI3HBIX cucteM. M3yueHue

1 OCBOEHHE HHTep(eiica mporpaMMHOTO
KOMILIEKCa

10

1.3

Tewma 3. 3yueHue u ocBoeHue
MIPOCTEUIINX CPEICTB CUTHAJIOB
ynpasieHus B 1-D MoaennpoBaHuu.
N3yuenue n ocBoeHue OUOIMOTEKN
CUTHAJIOB YIIPABJIEHUS B IPOTPAMMHOM
KOMILIEKCE

10

1.4

Tema 4. I3yueHue 1 0OCBOEHUE CPEICTB
U1t omHOMepHoOTO 1-D MoaenupoBanus
JUHAMUYECKHX cucteM. M3yduenue u
OCBOEHHE OMOJIMOTEKH CUTHATIOB
OJIHOMEPHOI MEXAHUKH B
MPOrPaMMHOM KOMILJIEKCE

10

1.5

Tema 5. MI3yueHue u 0OCBOE€HUE CPECTB
JUTsl IpocTpaHcTBeHHOTO 3-D
MOJIETUPOBAHUS AMHAMHUYECKUX
cucteM. M3yueHnue u ocBoeHue
OUOIMOTEK CUTHAJIOB
IIPOCTPAHCTBEHHOMN JUHAMHKY B
IIPOrpaMMHOM KOMILJIEKCE

10

Paznen 2. Pa3zpaboTka qTMHAMUYECKUX
MoJIeIIel 3eKTPUUITUPOBAHHBIX
TPAHCIIOPTHBIX CPEACTB U UX
KOMIIOHEHTOB B IPOCTPAHCTBEHHOM
IIOCTAaHOBKE B IIPOI'PAMMHBIX

10




KOMIUJICKCAX I10 paCuCTy ATUWHAMUKU
CBS3HBIX CUCTEM

2.1

Tema 1. Pa3zpaboTka BUpTyanbHBIX
IIOJINTOHOB OIIOPHBIX OCHOBAHUM
pa3IMYHBIX TUIIOB. MoJenpoBanue
HEPOBHOCTEW OITOPHBIX OCHOBAHUM
Pa3IMYHBIX KaTErOpui HEPOBHOCTEMN
J0por

10

2.2

Tema 2. Pa3zpaboTka TuHaMHUYECKHUX
CUCTEM MOjIeJiell TPAaHCIOPTHBIX
CpEeACTB B IPOCTPAHCTBEHHOU
nocraHoBke. Opranuzanus CUucTeM
KOOP/IMHAT, B3aUMHOTO PACIIOJIOKCHHS
KOMITOHEHTOB TUHAMHYECKON MOJIETN U
CBA3EH MEXAYy HUMH

10

10

2.3

Tema 3. Pa3zpaboTka nuHamMuueckoi
MO B3anNMOJIEHCTBHS KOJIeca ¢
MOJATINBON IIMHOMN
ANEKTPUPHUIIMPOBAHHOTO
TPAHCIIOPTHOTO CPEJICTBA C
BUPTYaJIbHBIMU TIOJIMTOHAMH OTIOPHBIX
OCHOBAaHMH Pa3IMYHBIX TUIIOB

10

2.4

Tema 4. Pa3zpaboTka muHaMUUeCKUX
MOJIEJICH CUCTEM TOJJPECCOPUBAHUS
ANIEKTPUPHUIIUPOBAHHBIX TPAHCIIOPTHBIX
CPE/CTB U MX KOMIIOHCHTOB

10

16

2.5

Tema 5. Pa3zpaboTka nuHaMuuecKux
MOJIeTIE CHUCTEM CHIIOBOM YCTaHOBKH
ANEKTPUPHUIIMPOBAHHBIX TPAHCIOPTHBIX
CpEICTB

10

10

2.6

Tema 6. Pa3zpaboTka AMHAMHUYECKUX
MOJIEJIEH CUCTEM PYJIEBOTO YIIPABICHUS
U TOPMO3HBIX CUCTEM
ANEKTPUPHUIMPOBAHHBIX TPAHCIIOPTHBIX
CpEACTB

10

2.7

Tema 7. [Ipouenypsl Bepudukanuu u
MIPOBEPKH aJ€KBAaTHOCTH PAOOTHI
paspabaTrbiBaeMbIX MOJEJIEN JUHAMUKU
ANEKTPUPHUIMPOBAHHBIX TPAHCIIOPTHBIX
CpEJICTB

10

Pasgen 3. Ucnons3oBanue
IUHAMHAYECKUX MOJENEH U UX
KOMITOHEHTOB, pa3pa0OTaHHBIX B
MIPOTPAMMHBIX KOMITJIEKCAX 110 PacyeTy
JIMHAMHUKH CBSI3HBIX CUCTEM, B
mporieccax KOHCTPYKTOPCKOTO
MIPOSKTUPOBAHHMSI

10

3.1

Tewma 1. [Ipouenyps! npoBeneHus
BUPTYaJIbHBIX UCIIBITAHUM
ANEKTPU(PULIIPOBAHHBIX TPAHCTIOPTHBIX
CPEJCTB B MPOTrPAMMHBIX KOMIUIEKCAX

12

10




10 pacyeTy IMHAMUKHU CBSA3HBIX CUCTEM
JUISL OIICHKH ITOBEJICHMS U aHaJIn3a
AKCIUTyaTalMOHHBIX CBOMCTB
TPAHCIIOPTHBIX CPEJICTB
3.2 | Tema 2. [Iporieaypsl MpoBeACHUS 12 3 3 10
BUPTYQJIbHBIX UCTIBITAHHHA
ANEKTPUDUIIMPOBAHHBIX TPAHCTOPTHBIX
CPEJIICTB B MPOrPaMMHBIX KOMITJIEKCAX
10 pacyeTy AMHAMUKH CBSI3HBIX CUCTEM
JUISL OIEHKHU Y aHaJIn3a U3MCHCHHI
KUHEMATUYSCKUX U THHAMHYCCKUX
rapamMeTpOB TPAHCIIOPTHOTO CPEJICTBA B
rpoliieccax ero JBHKEHHUS, a TAKXKE
MOJTYYEHUS CUIIOBBIX TTaPaMETPOB B
KOMITOHEHTaX TPAaHCIIOPTHOT'O CPEJICTBA
JUISL BO3MOXKHOCTEH JaabHEHIIIEro
MIPOBEACHUS PACUETOB HA TPOYHOCTH U
JOJITOBEYHOCTH AETajeil y37I0B U
arperaToB MIEKTPUPUIIUPOBAHHBIX
TPAHCIIOPTHBIX CPEJICTB

Hroro 180 18 - 36 - 126

3.3  Conep:xxanue IUCUUNIHHBI

Pa3znen 1. OcHOBHBIC MOAXOABI W TMPHUHIUIBI MUMUTAIMOHHOTO MOCIUPOBAHUS
JTUHAMUKHA 00BEKTOB. Pa3paboTka qTuHAMUYECKUX MOJieel 0OBEKTOB C TOMOIIBIO CPEICTB
1 OMOJIMOTEK B POrPAMMHBIX KOMILIEKCAX IO PacyeTy JMHAMHKH CBSI3HBIX CHCTEM

Tema 1. BBenenue B MogeIMpOBaHUC

THousmue modenuposanusi OUHAMUKU 8 NPOSPAMMHbLIX KOMNIEKCAX N0 pPAcyemy
ounamuxu cesazHvlx cucmem. OchosHvle mepmunvl. Memoowvl mooenuposanus. I1o0xoovl k
MOOenuposanuro. Xapakmepucmuxku OUHAMUYECKUX Mooeneti 00beKmoa.

Tema 2. OCHOBBI M IPUHIIMITEI PAaOOTHI B MPOTPAMMHBIX KOMILIEKCAX IO pacyeTy

JTMHAMUKH CBSI3HBIX cHCTeM. M3yueHue n 0ocBOeHHE HHTEpdeiica MporpaMMHOTO KOMIUIEKCa

OcHogvl u npuHyUnsl pabomul 8 NPOSPAMMHBIX KOMIJIEKCAX NO pacyemy OUHAMUKU
CBA3ZHBIX CUCmEM 051 MOOENUPOBAHUSL OUHAMUKYU MPAHCHOPMHBIX CPEOCMS.

Tema 3. N3yueHue u oCBOEHUE MPOCTEHIIMX CPEJICTB CUTHAJIOB yrpasiieHus B 1-D
MOJICTUPOBAaHUH. VI3ydyeHWEe ¥ OCBOEHHUE OWOJIMOTEKM CHUTHAJIOB YIPABICHUS B
IPOrpaMMHOM KOMILJICKCE

H3yuenue npocmetimiux cpeocmes 01 hopmMuposanusi cueHanios ynpasierus ¢ I1-D

MOOeUPOBAHUMU.



Tema 4. M3yyeHue u OCBOEHHME CpPEICTB Il OAHOMEpHOro 1-D monpenupoBaHus
JUHAMUYECKUX cHUCcTeM. M3yueHue u OCBOeHHE OMONMOTEKH CUTHAJIOB OJHOMEPHOM
MEXaHHUKHU B POrPAMMHOM KOMILIEKCE

H3yuenue cpedcme 01 oonomeprozo 1-D mooenuposarnusi Ounamuyeckux cucme.

Tema 5. I3ydyeHHMe UM OCBOEHME CpPEACTB A HOPOCTpaHCTBEHHOro 3-D
MOJICIMPOBAHUSl JTMHAMUYECKHX cucTeM. M3ydyeHue um ocBoeHue OUOIMOTEK CUTHAJIOB
MPOCTPAHCTBEHHOW TUHAMUKH B IPOrPAMMHOM KOMILJIEKCE

H3zyuenue cpeocme 0ns npocmpancmeenno2o 3-D moodenupoanus OUHAMUYECKUX
cucmenm.

Pasnen 2. Pazpaborka guHaMHUYECKMX MojJeNed  DIEeKTpUPUIIMPOBAHHBIX
TPAHCIIOPTHBIX CPEACTB M HUX KOMIIOHEHTOB B MPOCTPAHCTBEHHON IIOCTAaHOBKE B
MPOTPaMMHBIX KOMIUIEKCAX MO pacueTy JUHAMUKU CBSI3HBIX CUCTEM

Tema 1. Pa3zpaboTka BUPTyaJIbHBIX IMOJIMTOHOB OTMOPHBIX OCHOBAHMUM PA3ITHMUYHBIX
TANOB. MoaenupoBaHue HEPOBHOCTEH OMNOPHBIX OCHOBAHUM PAa3JIMYHBIX KaTErOpUHN
HEPOBHOCTEN JOPOT

Mooenuposanue HeposHocmeli nymu no CMAMUCMUYECKUM XAPAKMEPUCTIUKAM.
Mooenuposanue eupmyanvHvlx noaucoHoé oopoe. Henoosuodicnas cucmema KOOpOUHAm
ONOPHO20 OCHOBAHUSL OOPO2U.

Tema 2. Pa3zpaboTka TUHAMHUYECKHX CHCTEM MOJEJICH TPaHCIOPTHBIX CPEACTB B
IIPOCTPAHCTBEHHOW  MOCTaHOBKe. OpraHus3anys CUCTEM KOOPAWHAT, B3aWMHOIO
pacIoaoKeHUs KOMIOHEHTOB JUHAMHUYECKON MOJICIIH U CBSI3EH MEXKIy HUMU

Mamemamuueckas MmoOenb NPOCMPAHCMBEHHO20 OBUCEHUS MPAHCNOPIMHOZ0
cpeocmea. Tpebosanus Kk mamemamudeckou Mooeiu, npoyecc paspabomxu mooenu u
npogedeHusi  MoOenuposanus,  ocHoguvle  oonyweHus.  CmpykmypHas — cxema
mpancnopmuoco cpeocmea. Cucmemvl KOOPOUHAM, UCHOTb3YEMble NPU MOOETUPOSAHUL.
Dopmuposanue 610K08 KOMNOHEHMO8 MPAHCNOPMHO20 cpedcmea. Onpeodenenue 63auMHOL
opueHmayuu NOOBUNCHBIX U HENOOBUINCHOU cucmem Koopounam. Kunemamuueckue
napamvempul U HPUHYUNBLL POPMUPOBAHUS C8A3EU 8 MOOEIU OBUNCEHUS MPAHCHOPMHO20

cpedcmaa.



10

Tema 3. PazpaboTka AMHAMHUUYECKOI MOJIENIM B3aUMOJIEUCTBUSA KoJieca ¢ MOAATIMBOI
IIMHOH 3JICKTPUPHUIIMPOBAHHOTO TPAHCIIOPTHOTO CPEJICTBA C BUPTYAIbHBIMU ITOJTUTOHAMHU
OTIOPHBIX OCHOBAHHI Pa3IMYHBIX TUIIOB

Mamemamuyeckass ~ modenb — 63auUMOOEUCMEUs  DIACMUYHOU — WUHbL  C
HeoeopmupyemviM  ONOPHbIM  OCHOo8aHuem.  Moodenuposanue  ko3gguyuenma
COnpomunenus O0BUNCEHUI0 U Kodp@uyuenma 63auMo0elucmsus Koaeca ¢ ONOPHOU
NOBEPXHOCMBIO.

Tema 4. Pa3paboTka JUHAMHYECKHX MOJCIEH CHCTEM TOJPECCOPUBAHUS
AIEKTPUPUIIUPOBAHHBIX TPAHCIIOPTHBIX CPEJICTB U UX KOMIIOHEHTOB

Mamemamuueckue modenu HAnpasisOWe20 annapama cucmem noopeccopusaniisl,
MOOenUPoBaHue Ux 6 NPOCMPAHCMEEHHOU NOCMAHOBKE, OP2AHUZAYUSL CUCEM KOOPOUHAM
u ceasell 0N B83aUMOOeiCmBUs C KOMNOHEHMAMU MPAHCHOPMHO20 Ccpedcmea OJisl
MOOenUPoBaHusi pabomsl pe3sUHOMEMANIIUYECKUX WAPHUPOE U UHLIX YNPYeUX GMYJIOK.
Mamemamuueckue mooenu ynpyeux sjiemeHmos noogecok. Moodenu aucmosvix peccop,
APYICUH, NHeeMopeccop u m.n. Mamemamuueckue mooenu amopmu3amopos Ho08ecoK.
Mamemamuyeckue mooenu cmaduIU3amopos NONEePeyHol yCmouuU8OCHu.

Tema 5. PazpaboTka AMHAMUYECKHMX MOJENEH CHUCTEM CHIIOBOM YCTaHOBKHU
ANCKTPUPUITMPOBAHHBIX TPAHCTIOPTHBIX CPEJICTB

Ocnogubie  napamempwvl U  3ABUCUMOCTIU Ol MOOEIUPOBAHUS  OUHAMUKU
NeKmMpoogu2amensi MpaHcnopmuoz2o cpeocmea. Mamemamuyeckue mooenu cyenjieHul,
KOpPOOOK nepeoau, pazoamodHblx KOPOOOK, 2/A6HbIX nepeoday, KOJeCHbIX pedyKmopos ¢
exXo0awuUMU 8 UX cocmas KomnoweHmamu. Mamemamuyeckue modenu 3y0uaAMbIX
3ayenienuti pasHvlx munos, nap MmpeHus, NiaHemapHvlx MEXaHUu3Mos U m.n.

Tema 6. Pa3paboTka nuHaAMUYECKHMX MOJENEH CHCTEM pPYJEBOTO YIpaBJICHUSA U
TOPMO3HBIX CHUCTEM DJIEKTPUPHUIIMPOBAHHBIX TPAHCTIOPTHBIX CPEACTB

Mamemamuueckue Mmodenu  pyneeoeo  YnpaeieHus 8  NPOCMPAHCMEEHHOU
NOCMAHOBKe, Op2AHU3AYUs CUcmem KOOpOUHam u cesazeu Oad 63aUMOOelCmeus ¢
KOMNOHEHMAMU MpAaHCnopmuo2o cpedcmea. Mamemamuueckas mooenb MOPMO3HOLU

cucmemovbl mpaHCnopmHozco cpeécmea Uu opeavusayusl ee 83AUMOOCUCMEUSL C
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KOMNOHEHMamu mpaHcnopmuo2o cpedcmea. Moodenv cucmem aHmuOIOKUPOBOUHOU U
nPOMUBOOYKCOBOUHOLL.

Tema 7. Ilpouenypsl BepuduKamu #W TPOBEPKH aIEKBATHOCTH PaOOTHI
pa3pabaTeiBaeMbIX MOJAENEH TUHAMUKH 3JICKTPUPUIIMPOBAHHBIX TPAHCTIOPTHBIX CPEJICTB

Ocnogvl  npoyedyp npogedeHusi epuukayuu U NpoBepoK  AOeK8AMHOCHU
@yHKYUOHUpOBaAHUS  paA3pPAOOMAHHBIX  MOOenell MPAHCHOPMHBIX — CPeOCm8 U UX
KOMNOHeHmos. llepeyeHb pexcumos SUPMYAnIbHbIX UCHBIMAHUL MOOerel, HeoOX00UMbIl
0/l NpoBepKU  AOeK8AMHOCMU  pa3pabOMAaHHbIX  Mooenell  INeKMPUDUYUPOBAHHbIX
MPAHCNOPMHBIX CPEOCME U UX KOMHNOHEHMO8.

Paznen 3. Ucnonb3oBaHHWE JHHAMUYECKUX MOJEIEM U HUX KOMIIOHEHTOB,
pa3paboTaHHBIX B MPOTPAMMHBIX KOMILIEKCAX MO pacyeTy AMHAMHKH CBSI3HBIX CHCTEM, B
npoueccax KOHCTPYKTOPCKOTO IPOEKTUPOBAHUS

Tema 1. [Ipouemypbt MIPOBEICHMUSI BUPTYaJIbHBIX UCITBITAaHUH
ANEKTPUUIIMPOBAHHBIX TPAHCIIOPTHBIX CPEAICTB B MPOTPAMMHBIX KOMILIEKCAX MO pacdeTy
JUHAMUKH CBSI3HBIX CHCTEM ISl OLICHKH IMOBEJICHUS U aHAJIN3a SKCIUTyaTallHOHHBIX CBOMCTB
TPAHCTIOPTHBIX CPEJICTB

H3zyuenue npunyunos u Memooo8 OYeHKU  IKCHIYAMAYUOHHBIX  CBOUCME
INEKMPUDUYUPOBAHHBIX ~ MPAHCNOPMHBIX ~ CPEOCM8  MAKUX  KakK: YCMOUYUBOCHIb,
YAPABIAeMOCMb, NIAGHOCIb X00d, MA206AS U MOPMO3HASL OUHAMUKA.

Tema 2. [Ipouenypsel [IPOBEICHUS BUPTYaJIbHBIX VICTIBITAHHM
MEKTPUPUIIUPOBAHHBIX TPAHCTIOPTHBIX CPEACTB B MPOTPAMMHBIX KOMIUIEKCAX O pacyeTy
JTUHAMUKH CBSI3HBIX CHCTEM Ui OICHKM W aHaju3a W3MEHCHWW KUHEMATHYCCKUX W
JTUHAMUYECKUX MapaMeTPOB TPAHCIIOPTHOTO CPEICTBA B MPOIIECCAX €T0 JIBIXKECHMUS,  TAKKE
MOJIYYCHHUSI CHJIOBBIX TMapaMeTpPOB B KOMIIOHEHTaX TPAHCIIOPTHOTO CpEACTBA ISt
BO3MOXKHOCTEH JallbHEHIIIET0 MPOBEACHUS PacdyeTOB Ha MPOYHOCTh W JIOJITOBEYHOCTH
JIeTae y3JI0B M arperaToB dJIEKTPUGUIIMPOBAHHBIX TPAHCTIOPTHBIX CPE/ICTB

H3yuenue npunyunos u memooos OyeHKU KUHeMAmu4ecky U CUI08bIX NaApamempos
KOMNOHEHMO8 MPAHCNOPMHBIX CPeOCM8 U UX USMEHEHUUl 6 Npoyeccax O8UNCEeHUs
MPAaHcnopmuo2o  cpeocmea. Auanus, obpabomka U NOO20MOGKA  pe3yIbmamos

MOOENUPOBAHUSL OUHAMUKU MPAHCHOPMHO20 CPeOCmBa 05 OdlbHelule20 NPoBeoeHUs
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pacdemos Ha npodYHocmbsv u 0oneo8euHoCmb Oemanell Y3706 U acpecamos mpancnopmmioco

cpeocmaa.

3.4 TemaTuka CeMHMHAPCKUX/MPAKTHYECKUX U J1aA00PATOPHBIX 3aHATHH

3.4.1. CemuHapCcKHe/MPaKTHUECKUE 3aHATHS
3.4.2. JlabopaTtopHbIe 3aHATHUS

Tema 1.1. Bpenenue B MoJieTupoOBaHUE

Ceoticmeéa Mmemo008 HYUCIEHHO020 MOOeauposanus. Bwibop medxcoy sAsHbIMU U
HesI8HbIMU MEeMOoOamMu 8 Npoyedypax Mooeauposanus Cucmem mpancnopmubix cpeocma.
IIpoyedypul yucienno2o MoOeIUpOBanUsL ¢ AgMomamuieckum evibopom waza. Ilonamue
«Hcecmxocmuy mooenupyemoul cucmemvl. OcobeHHOCMU MOOEIUPOBAHUs C peuleHueMm
oupgepenyuanbHbvix ypasHeHutl 8 cpeoe no paciemy OUHAMUKU CEA3HbIX CUCTNEM.

Tema 1.2. OCHOBBI U NPUHIUIIBI pA0OTHI B CpeiaX MO pacyeTy AMHAMUKUA CBSI3HBIX
cuctem. M3ydyenne u ocBoenne uHTepderica mporpaMMHOTO KOMITJIEKCa

OcHoebl U npuHyunvl pabomovl 8 NPOSPAMMHOM KOMNIeKce. H3yuenue u oceoemnue
unmepdetica.

Tema 1.3. 3yueHue u 0CBOCHUE MPOCTEHUIINX CPECTB CUTHAIOB ynpasieHus B 1-D
MojaenupoBaHuu. M3ydeHue W OcCBOeHHWE OHOJMOTEKH CHUTHAJIOB YIPaBJICHHUS B
IPOrpaMMHOM KOMILIEKCE

Oceoenue Oubruomexu cuenanos ynpaesnenus «Signal, Controly 6 npoepammnom
KOMNeKce.

Tema 1.4. M3ydyeHue n 0cBoeHHE CPEACTB I OJHOMEpHOro 1-D moaenupoBanus
TUHAMHYECKUX cucTeM. M3ydeHne W OCBOCHHE OMOIMOTEKH CHUTHAJIOB OJHOMEPHOMN
MEXaHUKH B MPOTPAMMHOM KOMIIJIEKCE

OcsoeHue OubaUOMEKU CUSHANIO8 00HOMepHOU mexanuku «I1-D Mechanicaly 6

npocpamMmmHOM KOMNieKce.
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Tema 1.5. H3yueHue u OCBOEHME CPEACTB JUIsl NPOCTPAaHCTBEHHOro 3-D
MOJICJIMPOBAHUSl JIMHAMUYECKHX cucTeM. M3ydyeHue um ocBoeHue OUOIMOTEK CUTHAJIOB
IPOCTPAHCTBEHHOHN TMHAMHUKHU B MPOTPAMMHOM KOMIIJIEKCE

Ocesoenue bubruomex cueHaio8 npocmpancmeeHnou ounamuxu «3-D Mechanicaly,
«Powertrainy, «Vehicle dynamics» 6 npoecpammnom komniexce.

Tema 2.1. PazpaboTka BUPTyaJIbHBIX MOJUTOHOB OMOPHBIX OCHOBAHMI Pa3IMYHBIX
TUTNIOB. MoJenupoBaHue HEPOBHOCTEH OIMOPHBIX OCHOBAaHUM Ppa3IUYHBIX KaTeropui
HEPOBHOCTEN JOPOT

Paspabomka  eenepamopa  08ymepHnoz2o  cayuainiHo2o  npoyecca  OOPONHCHBIX
HeposHOCmell ¢ yuyemom 803modcHocmetl 0 cozoanusi 3D-nons nepoenocmeu. Ilonyuenue
peanuzayuil HeposHocmel acghanbmogo2o wocce 8blCOK020 Kauecmed, achanbmo-
OemoHHOU 00pocU, 2PYHMOBBLIX 00P0O2 PA3IUYHO20 COCMOSHUSA, VCIO8UU 0e300pPOXHCHA.
Ilocmpoenue supmyanbhbix NOIUSOHOB8 HEPOBHOCMEU U OPY2UX MUNOE8 YCA0BUL OOPOIHCHBIX
OCHOBAHUIL 8 NPOZPAMMHOM KOMNIEKCe.

Tema 2.2. Pa3paboTka THMHAMHUYECKUX CHCTEM MOJEJIEH TPAHCIOPTHBIX CPEICTB B
MPOCTPAHCTBEHHOM mocTaHoBKe. OpraHuzanuss CHCTEM KOOPAMHAT, B3aUMHOTO
PaCIoJIOKEHUSI KOMIIOHEHTOB TMHAMUYECKOW MOJIEIIH U CBSI3€H MEXKy HUMH

Paspabomka  Oounamuueckou — mooenu  nNpoOCMPAHCMBEHHO2O0  OBUINCEHUS.
MPAHCNOPMHO20 CPEOCMBA NPU PATUYHBIX GUPIYATbHBIX NOJIUSOHAX ONOPHBIX OCHOBAHULL
8 cpede HNo pacuemy OUHAMUKU C8A3HbIX cucmem. OnpedeneHue  BblXOOHbIX
KUHEMAMU4eckux u OUHAMUYECKUX Napamempos OBUNCEHUs. MOOelu MpaAHCNOPMHO20
cpeocmaa.

Tema 2.3. Pazpaborka JguHaMHUYECKOW MOJEIM B3aMMOJICUCTBUSA KoJieca C
MOIATIMBON IMIMHOW TPAHCIIOPTHOTO CPEJICTBA C BUPTYAJbHBIMHU TMOJIMTOHAMH OTIOPHBIX
OCHOBAHMI Pa3INYHBIX TUTIOB

Paspabomka modenu 63aumooeiicmeus nooamaugou WUHbl MPAHCHOPMHO20
cpeocmea ¢ ONOPHLIMU NOBEPXHOCMAMU PA3IUYHBIX GUPMYAIbHLIX NOAUSOHO8 ONOPHbLIX
OCHOBaHUIL 8 cpede no paciemy OUHAMUKU C8A3HbIX cucmeM. Paszpabomka ounamuueckoii
MoOenu Koneca u Qopmuposanue cesazeli e20 83auMOOelicmeus ¢ KOMNOHEHMAaMU

MPAHCHOPMHO20 CPeOCmada.
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Tema 2.4. Pa3zpaboTka aUHAMHYECKHX MOJENEH CHUCTEM MOAPECCOPUBAHUS
TPAHCHOPTHBIX CPEACTB U UX KOMIIOHEHTOB

Paspabomxa oOunamuueckux mooeneil Hanpasiawuje2o annapama nooeecKu 8
NPOCMPAHCMBEHHOU NOCMAHOBKe 8 cpede No pacdemy OUHAMUKU CEA3HBIX CUCHEM,
NPUCOeOUHeHUe K HUM OUHAMUYECKUX MOoOeell YRPY2ux 2JIeMeHmMo8 N008eCOK: TUCHOBLIX
peccop, NPYHCUH, NHEBMOopeccop U m.; OUHAMUYECKUX MOoOoenel aMopmusamopos u
OUHAMUYECKUX MOoOenel CMabuIu3amopos NonepeyHol yYCmouiueocmu.

Tema 2.5. PazpaboTka TMHaAMHYECKUX MOJIENIE CUCTEM JBUTATENS U TPAHCMUCCHH
TPAHCIIOPTHBIX CPEJCTB

IIpumenenue 6010K08 Osucamensi U e20 cucmemvl YnpasieHus Oisi MOOeIUPOBAHUS
OUHAMUKU O8Ucamesi MpaHCNOPMHO20 CPeoCcmaed 8 cpede no paciemy OUHAMUKU CEA3HbIX
cucmem Simcenter AMESim. Paspabomka ounamuyeckux mooenei cyenjieHutl, KopoooK
nepeoau, paz0amoyHvix KOpoOOK, 21A6HbIX nepeoad, KOJeCHbIX pedyKmopo8 ¢ 8X00AuUMU
8 UX COCMA8 KOMNOHEHMAaMU & cpeoe no pacdemy OUHaAMuKu ceasHvlx cucmem. OceoeHue
Mooeneti 3y064amulx 3ayenjieHull pasHvlx Munos, nap mpenus, NiaHemapHulx MeEXaHusMos u
M.Nn. 8 cpede no pacyemy OUHAMUKU CEA3HLIX CUCTEM.

Tema 2.6. Pa3zpaboTka TuHaMHYECKHX MOJEJIEH CHUCTEM PYJIEBOTO YIpPAaBIEHUS U
TOPMO3HBIX CUCTEM TPAHCIIOPTHBIX CPEJCTB

Paspabomka ounamuueckux mooeneu pynreoco ynpasieHus 6 npocmpaHCcmeeHHOU
HOCMAHOBKe 8 cpede No pacuemy OUHAMUKU CEA3HbIX cucmem. Paspabomkxa mooenu
MOPMO3HOU CUCTNEMbL MPAHCHOPIMHO20 CPeOCmEa U OP2aHUu3ayus ee 83aumooeticmeus ¢
KOMNOHEHMAMU MPAHCNOPMHO20 CPeoCcmed, a makyice uHmezpayusi ¢ Heu mooenel
AHMUONIOKUPOBOUHOU U NPOMUBOOYKCOBOYHOU Ccucmem 6 cpede No pacdemy OUHAMUKU
CBA3HBIX CUCTNEM.

Tema 2.7. Ilpouenypsl BepuduKaluu ¢ TPOBEPKU aJCKBATHOCTH pPaOOTHI
pa3zpabaThiBa€MbIX MOJieNIel JUHAMUKH TPAHCIIOPTHBIX CPEACTB

Ilposedenue  npoyedyp  eepugpuxkayuu U NPOBEPOK  AOEKBAMHOCU
@DYHKYUOHUpOBaHUs  paspaboOmanHvlx  Mooelel  MPAHCNOPMHBLIX — Cpeocms U Ux

KOMNOHEHRMOB 6 cpe()e no pacuenty OUHAMUKU CBAZHBIX CUCMEM.
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Tema 3.1. Ilpouenypel NpoBeA€HUS BHUPTYaJIbHBIX MCIHBITAHUA TPAHCHOPTHBIX
CPEICTB B cpefax II0 pacyeTy AMHAMHUKH CBSI3HBIX CHUCTEM JUI OLEHKH ITOBEIACHUS U
aHaJIM3a HKCILTYyaTAllMOHHBIX CBOWCTB TPAHCIOPTHBIX CPEACTB

IIpogedenue 6upmyanvbHbix UCNLIMAHUL MPAHCNOPMHBIX CPEOCME OJisl OYEHKU UX
IKCIILYAMAYUOHHBIX CEOLUICNE YCIMOUYUBOCU, YNPABAAEMOCU, NAAGHOCU X00d, MA20601
U MOPMO3HOU OUHAMUKU 6 PeNCUMAX OBUICEHUS. PA320H, MOPMOJICEHUe, DblOK DYI,
nosopom R35, nepecmaexa, pasnomepHnoe npaMoauHeuHoe 08uUddceHue ¢ no00epIHCanuem
HOCMOAIHHOU CKOPOCMU 8 Cpede No paciemy OUHAMUKU CEA3HbIX CUCTEM.

Tema 3.2. Ilpouenypsl NpoBENECHHS BUPTYaIbHBIX HCHBITAHUN TPAHCHOPTHBIX
CPEICTB B Cpelax IO pacyeTy AWHAMHUKH CBS3HBIX CHCTEM [UISl OLICHKM M aHaIHu3a
U3MEHEHU KMHEMAaTUYECKHX U JMHAMUYECKUX [MapaMeTpPOB TPAHCIOPTHOIO CPEACTBA B
Ipolieccax €ro JBWKEHHUSA, a TAKKE MOJYYEHHsS CHJIOBBIX MapaMeTpOB B KOMIIOHEHTax
TPAaHCIOPTHOTO CPEACTBA I BO3MOXXHOCTEH JaJIbHEHIIETO IPOBENCHHS pacyeToOB Ha
MPOYHOCTH U JIOJITOBEYHOCTH JIETAJIEH Y3JI0B U arperaToB TPAHCIIOPTHBIX CPEJICTB

IIpogedenue supmyanvbHbiX UCNLIMAHUU MPAHCNOPMHBIX CPEOCME ONsl OYEHKU UX
KUHeMAmU4eckux U CUlO8bIX NAPAMEMpPO8 KOMNOHEHMOB 6 DPAa3IUYHbIX DeNCUMaX

08UICEHUS 8 cpe()e no pacuemy OUHAMUKU CE3HBIX CUCEM.

3.5 TemarTuka KypcoBbIX IPOEKTOB (KypPCOBbIX padoT)

OTCYTCTBYIOT KYPCOBBIE ITPOEKTHI COMIACHO YYEOHOMY TUTaHY

4, Y4eOHO-MeTOAMYECKOEe M MH(POPMALIMOHHOE 00ecTiedeHue
41 HopmatuBHble 1okyMeHThI 1 'OCTobI

1. TOCT 12.1.012-2004 Cucrema cTaHIapTOB OE30MACHOCTH TpY/a.
Bubpanunonnas 6e3onacuocts. O6mue TpedoBanus. — M.: Crannaptundopm, 2010.
2. T'OCT 22576-90 ABToTpancnopTHble cpeacTBa. CKOPOCTHBIE CBOMCTBA.

Mertonsl ucneiTanuii. — M.: U3gaTtenscTBO cTanaaptos, 1991.
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3. TOCT 41.13-2007 EgwmHoOoOpa3Hble TpEANHUCAHMS, KACAIOIIUECS
TPAHCIOPTHBIX cpeacTB KaTteropuiit M, N u O B OTHOLIEHHH TOPMOXKEHHUS. — M.:
Crangaptuadopm, 2009.

4. TOCT P 52302-2006 ABTOTpaHCHIOPTHBIE CpEACTBa. YTPABIIEMOCTb U
yCTOMYMBOCTh. TexHuueckue TtpeOoBaHus. Mertoasl wucnbitanuit. — M.: HIIK
N3parenscTBO cranaaptos, 2005.

5. TOCT 31507-2012 ABTOTpaHCIIOPTHBIE CpEACTBa. YIPaBIIEMOCTb U
yCcTOMYMBOCTh. TexHuyeckue TpeOoBaHus. MeToapl HUCHBITaHUA. — M.:

Cranpaptundopm, 2013.

4.2  OcHoBHasl TUTepaTypa

1. MoaenupoBaHUE CHCTEM TPAHCHOPTHBIX CPEICTB: Kypc jekuuid / M.M.
Kunetikun, ['.O. Kotues, E.b. Capaud. — M.: u3a-so MI'TY um. H.O. baymana, 2016.
2. XKuneiikun M.M. MogennupoBaHue CHCTEM TPaHCHIOPTHBIX CPEICTB:

yueoHuk. / M.M. Kuneiikun, I'.O. Kotue. — Mocksa: M3nareasctBo MI'TY um.

H.D. baymana, 2020. — 239 c. ISBN: 978-5-7038-5351-1

4.3  JlomosHUTeNbHAS JUTEPATypa

1. TIpoexTupoBaHue MOTHOMPUBOIHBIX KoecHbIX MammuH: B 3 1. T1-T3. Yueb.
Hns BY3os/ B.A. Adanacees, b.H. benoycos, I'.1. I'nanoB u ap.; mox oodui. pe.
A.A. llonynrsna. — M.: uzn-so MI'TY um. H.O. baymana, 2008.

2. MonenupoBaHHe CHUCTEM KOJECHBIX MalMH: ydeOHoe mocodue / Bb.A.
AdanacbeB. — M.: uzn-Bo MI'TY um. H.O. baymana, 1997. — 30 c., ui.

3. Teopust nBUXKEHHUS MOJHONPUBOJIHBIX KOJIECHBIX MalMH: yuyeOHuk / B.B.
Jlapun. — M. : U3n-s8o MI'TY um. H.O. baymana, 2010. — 391, ¢ : u.

4. TlapxwioBckuii M.I'. ABTOMOOUJIBHBIE JUCTOBBIE PECCOPBl. — 2-€ U3I.,
nepepad. u pomn. — M.: Mammnoctpoenue, 1978. — 232 c., .

5. JloeuoB HKO.M., Macno B.K., Xaputonop C.A. HMmuranuoHHoe

MOJEIUPOBAHUE JBUKEHUS TYCEHMUHBIX MamnH. — M.: MBTYVY, 1989. — 60 c.
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6. Caoukun B.A., JImutpueB A.A. CraTucTudeckas JUHAMUKA
TPAHCIIOPTHBIX W TATOBBIX T'YCEHHMYHBIX MaimiuH — M.: Mammunoctpoenue, 1993. —

320c.

44  JnekTpoHHBbIE 00pa3oBaTebHbIE PeCypPChl

1. OBbC «YHUBEPCUTETCKA BUBJIMOTEKA OHJIAVH»
www.biblioclub.ru

2. DBC «BOOK .ru» https://www.book.ru

3. DBC «ZNANIUM.COM» www.znanium.com

45  JluieH3NOHHOE ¥ CBOOOHO PACIPOCTPAHsSIEMO€e MPOrPaAMMHOE ofecreyeHne

1. Office / Poccuiickuii makeT opUCHBIX TPOrpamMm

2.  Simcenter AMESIim

46 CoBpeMeHHble TIpoeccHOHATIbHBIE 0a3bl JaHHBIX W HHGOPMAIHOHHBIE
CIIPABOYHbIE CHCTEMBI

1. CI10 MockoBckoro ITonurexa

S. MarepuajnbHO-TEXHHYECKOE O0ecneyeHue

CnenumanusupoBannbie aynutopun «llepenosas mnuxkenepHas mkona»: AB4701 u

AB4710 ocHameHHbIE TPOEKTOPOM, 3KkpaHoM, [IIBM.

6. MeToanuyeckue peKOMeHIAIUH

6.1 MeToauyeckue peKOMeHIAUM IJIsI PenoaBaTe/is 0 OPraHu3aluuu
o0yueHust

OcCHOBHBIM TpeOOBaHMEM K TMPEMOAABAHUIO JUCIUTUIMHBI SBISETCS TBOPYECKUI
POOIEMHO-TUATIOTOBBIM  TTOAXO0MA, TO3BOJISIONIMNA TIOBBICUTh HMHTEPEC CTYJICHTOB K
COJIepKaHUI0 yueOHOTO MaTepHaia.

OcHoBHast popma 0OydeHUS U 3aKpEIICHUs] 3HAHUH 110 3TOW TUCIUIIIMHE — JICKIIUU
u JabopatopHble 3aHsATHA. [IpemojaBarenph MOMKEH TMOCIEAOBATEILHO BBIYUTATH
CTyJCHTaM PSJ JIEKLU, B XOJI€ KOTOPBIX CIEAYET COCPEAOTOUNTh BHUMAHUE HA KIIFOUEBBIX
MOMEHTAaX KOHKPETHOI'O TEOPETUUYECKOT0 MaTepuasa, a TakKe OpraHu30BaTh MPOBEAECHUE
71a00paTOPHBIX 3aHATUI TaKUM 00pa30M, YTOOBI AKTUBU3UPOBATH MBITINICHUE CTYICHTOB,


http://www.biblioclub.ru/
https://www.book.ru/
http://www.znanium.com/
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CTUMYJIMPOBAaTh CaMOCTOSITEIbHOE M3BJICUEHHE MMM HEO0OXOIMMOM uHpoOpManuu u3
Pa3JINYHBIX MCTOYHUKOB, CPAaBHUTEJIBHBIM AHAJIW3 METOJOB PELICHUH, CONOCTABICHUE
MOJTyYEHHBIX PE3yJIbTaTOB, (DOPMYIHPOBKY U apryMEHTAIMI0 COOCTBEHHBIX B3TJISZOB Ha
MHOTHE CIIOPHBIE TPOOIIEMBI.

OcHOBY yueOHBIX 3aHSTUH MO AUCIUIUIMHE COCTABIISAIOT JICKIIMOHHBIC 3aHsATHA. Ha
NIEPBOM 3aHITHH 1O JAHHOW Y4eOHON UCUHUILITMHE HEOOXOAMMO O3HAKOMUTH CTYACHTOB C
MOPSIAKOM €€ H3YyYEHMS, PACKpbITh MECTO W POJIb AUCHUIUIMHBI B CHCTEME HAyK, €€
IIPAKTUYECKOE 3HAYECHUE, OTBETUTH HA BOIIPOCHI.

TeopeTnueckoe M3y4eHUE OCHOBHBIX BOIIPOCOB PAa3AENIOB IUCLMIUIMHBL JOJDKHO
3aBepIIaThCA MpaKTHUECKoW padoTod. Tembl 3amad, mpemsaraeMbIX CTYACHTaM IS
pelieHus Ha TabOpaTOPHBIX 3aHIATHUSIX, TOJDKHBI OBITh MAaKCUMAaJIbHO MPUOIMKEHBI K TEMaM
NOCIIEAHUX JEKIUH [0 JaHHOM JUCUMILINHE. B CBSI3U ¢ yKa3aHHBIM, 11€J1€C000pa3eH TECHBIN
KOHTaKT JIEKTOPA C MPEINoaBaTessIMU, BEAYIIUMU JJaA00pATOPHBIC 3aHITHSI.

N3ydyenne OuCHUIUIMHBI —3aBepmiaeTcs JK3aMeHOM. OneHKa  BBICTABISIETCS
npenojaBaresieM U 00bsABIsSETCA Mocie oTBeTa. [IpenogaBarens, NpUHUMAIOIUN SK3aMEH,
JIMYHO HECET OTBETCTBEHHOCTH 34 MPABUJIBHOCTH BBICTABJICHUS OLICHKHU.

6.2 MeToanuyeckue yKa3aHus JJIsl 00y4AIIUXCS M0 0CBOECHHIO THCIUTLTHHBI

CaMmocTosTenbHass paboTa CTYJEHTOB IPEACTaBIsE€T COOOW BaKHEHIIEe 3BEHO
yueOHOro mporecca, 0e3 IpaBUIBHOW OpraHU3alM KOTOPOTO OOYyYaroUIUiiCs HE MOKET
OBITh BBICOKOKBaTM(UIIMPOBAHHBIM BBIMTYCKHUKOM. CamocTosATenbHas paboTa sIBISETCS
OJIHUM W3 BUJIOB YUYEOHBIX 3aHSITHM.

[lenb camocTOSITENEHOM pabOThl — MPAKTUYECKOE YCBOCHHE CTYAEHTaMU BOIIPOCOB
YCTPOMCTBA 3JIEKTPU(DUIIMPOBAHHBIX TPAHCIOPTHBIX CPEACTB, PACCMATPUBAEMBIX B
npoliecce M3ydeHus: AUCHMILUIMHBL. CaMocCTosTeNbHas paboTa CTYJEHTOB HalpaBlieHAa Ha
U3YYEHUE TEOPETUYECKOr0 Marepuajna, MOJATOTOBKY K JEKUHMOHHBIM, J1a0OpaTOpHBIM
(MpaKTUYECKUM) 3aHATUSM; BBIMOJHEHUE KOHTPOIbHBIX 33/IaHUM.

AyauTopHasi caMOCTOsITeNIbHAsE padoTa MO AUCHUIUIMHE BBITOJHIETCS Ha YYCOHBIX
3aHATUAX TMOJ HENOCPEICTBEHHBIM PYKOBOJCTBOM IIPENOJABATENS WU IO €r0 3aJaHUI0.
BueayautopHass camocTositenpHas pa0oTa BBINOJHSETCS CTYACHTOM [0  3aJaHUI0
npernoaaBaress, Ho 6€3 ero HermoCPeACTBEHHOTO yYacTHsl.

3ajauyaMu caMOCTOSATEIBLHON PabOThI CTYIEHTA SIBISIOTCS:

- Pa3BUTHE HABBIKOB CAMOCTOATENbHON yueOHOM paboThI;

- OCBOEHUE COZEP>KaHUS AUCLUILITUHBL

- yriayOsieHue cofiepKaHusl U OCO3HAHUE OCHOBHBIX MOHSATUHN TUCIUILINHBI;

- ICMIOJIb30BaHUE MaTepHuaia, COOpaHHOTO U MOJYYEHHOT'O B X0JI€ CAMOCTOSTEIbHbBIX
3aHATHH 17151 9 (PEKTUBHON TTOJITOTOBKHU K AK3aMEHY.



19

CTyaeHT AOJKEH MOMHUTbH, YTO HAYMHATH CAMOCTOSATENIBbHBIE 3aHSATHUS CIEAYET C
IIEPBOIO0 CEMECTpa M NPOBOJUTH HUX PETYIApHO. Kaknapli CTyIEeHT [OOKEH caMm
IUIAHUPOBATh CBOIO CAMOCTOATENBbHYIO pPaboTy, MCXOAS M3 CBOMX BO3MOXKHOCTEH H
IPUOPUTETOB. DTO CTUMYIUPYET BBINOJIHEHHE pPaOOTHI, co3laeT Oojee CIOKOMHYIO
00CTaHOBKY, YTO B UTOI'€ MOJOKHUTEIBHO CKa3bIBAETCA HA YCBOEHUU MaTepHuaa.

CTyZneHT JOJKEH NMOMHHUTh, YTO B IpolLecce O0y4YeHHUs Ba)KHEUIIYIO POJIb UIpaeT
camMocTosiTelIbHass paboTra ¢ TexHUYeckod Jurteparypoil. Hayuutbes pabotats c
TEXHUYECKON JIUTEepaTypoil - BaKHEWIIas 3ajaya CTylneHTa. be3 sToro HaBbika Oyner
Ype3BbIYAITHO TPYAHO HU3y4aTh MPOTPaMMHBIM MaTepHal, ¥ MHOTO BpeMEHH OyaeT
MOTPAvYeHO HEepalMOHAIBHO. PaboTa ¢ TeXHMUECKO! TUTepaTypOi CKIaIbIBACTCS U3 YMEHUS
nonoOpaTh HEOOXOAMMBIE KHUTH, pa3o0paTbCsi B HUX, 3aKOHCIEKTHPOBATH, BHIOpATh
IJIABHOE YCBOUTH U IPUMEHUTH Ha IIPAKTHUKE.

1. DoH/1 OLIEHOYHBIX CPEICTB

7.1  MeToabl KOHTPOJISI U OLIEHUBAHNS Pe3yJIbTATOB 00y4eHHs

B npornecce 00yueHHs1 UCIIONIB3YIOTCS CIEAYIOIINE METObI KOHTPOJIS U OLICHOYHbIE
(GOpMBI CaMOCTOATEIbHON PAOOTHI CTYAEHTOB, OLICHOYHBIE CPEICTBA TEKYIIETO KOHTPOJISA
YCIIEBAEMOCTH Y ITPOMEKYTOUYHBIX aTTECTALIN:

— MOJITOTOBKA K J1a0OPaTOPHBIM 3aHSTHSM;

— TMOATOTOBKA K PYOEXKHBIM KOHTPOJISIM TEKYLIEro YPOBHSI OCBOCHHMsSI Marepuaia
JTVCLUTLINHBI;

— TpOBEJEHHE JEKIUM U 1a00paTOpHBIX 3aHATHM B JUAJIOTOBOM PEXHME,
MO3BOJIAIOLIEM  OCYILECTBIATh HENPEPBIBHBIA KOHTPOJIb BOCIHPHUATHS CTyJEHTaMU
BOCIIPUATHS TEKYLIErO0 MaTepHUaa.

OneHoYHbIE CPECTBA TEKYILETO KOHTPOJIS YCIIEBAEMOCTH BKJIIOYAIOT KOHTPOJIBHBIE
BOIIPOCHI K pyO€KHBIM KOHTpOJIsIM. Ha OCHOBaHMHU MOTYYEHHBIX MPENOAABATENIEM OTBETOB
CTYJEHTOB TI0 BOINpOcaM OujieTa pyOeKHOTO KOHTPOJSI WM JIIOOBIX MHBIX, CBSI3aHHBIX C
TEMaMU M3 TEKYILEro paszzesia AUCLMILIMHBI, ONPEAENsAeTCs UTOroBasl OLEHKa paboThI
CTYZEHTA 110 TEKYLIEMY KOHTPOJIIO.
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7.2 lIkanau KpUTEPUH OLIEHUBAHUSA Pe3yJIbTATOB 00yUYeHUsI

IIIxanxa oueHnBaHUA

Onucanue

3aureHo

Beimonnensl Bce BUAbI yueOHOM pPabOTHI, MPENyCMOTPEHHBIE Y4EOHBIM
wiaHoM. CTyAEeHT JeMOHCTPUPYET COOTBETCTBUE 3HAHUM, yMEHHI,
HaBBIKOB  NPUBEACHHBIM B  Tal0iMIax  TOKaszaTeled, Oomepupyer
OpUOOPETEHHBIMU 3HAHUSAMH, YMEHUSMH, HaBbIKAMM, IPUMEHSET UX B
CUTYallUsSX TMOBBIIICHHOW CIIOKHOCTHU. [Ipu 3TOM MOTryT OBITH JOMYIIECHBI
HE3HAYUTEJIbHbIE OIIMOKU, HETOYHOCTH, 3aTPYJHEHUS IPU aHATUTUYECKUX
OIepanusx, epeHoce 3HaHUM U YMEHUM Ha Ipyrue KOHCTPYKLIHH.

He 3aureno

He Bemomnen omauH wiam  Oomee  BHJIOB — yuyeOHOW  paboTHI,
MPEyCMOTPEHHBIX yueOHBIM MIaHOM. CTYJIEHT JEMOHCTPUPYET HETOTHOE
COOTBETCTBUEC 3HAHWW, yMCHHH, HABBIKOB IIPUBCJACHHBIM B TaOJIMIAX
MoKa3aTesie, JOMYCKAIOTCS 3HAYUTENIbHBIC OLIMOKHU, TIPOSBIISECTCS
OTCYTCTBUC 3HAHWW, YMEHHH, HABBIKOB 1O DSy IOKa3aTelei, CTyICHT
UCIBITBIBACT 3HAYUTEIILHBIC 3aTPYTHEHUS MIPU OTICPUPOBAHUN 3HAHUSMU U
YMEHUSIMU TIPH UX TIEPEHOCE Ha PYTUe KOHCTPYKIINH.

7.3 OueHoOYHBIE CPeCTBA

7.3.1. Texymuii KOHTPOIb

PY6€)KHBIC KOHTPOJIX I10 KaXXKIOMY U3 pa3aCIOB JUCHUIIIINHBI

7.3.2. IIpoMexyTOUHAs aTTeCTAIIHS

DK3aMeH

No Bompoc
ILII.

ITaJIOHHBIN OTBET

1. |TlousTue
BUPTYaJIBHOTO

[Tox BUpTYyaIbHBIM UCHIBITAHUEM TOHUMAETCS MPOLIECC,
COCTOSINMUA B  BBIIBJIEHUM OCHOBHBIX CBOWCTB

ucnbiTanuss. OCHOBHas | HUccleqyeMoro o0bekTa (B T.4. TEXHHMYECKOIO),
Lelb  BUPTYQIbHBIX | IOCTPOCHUH MOJIE€ W HUX M[PUMEHEHUU IS
UCIIBITAHWUM B TEXHUKE. | IPOTHO3UPOBAHUS IOBEJIEHUS JTAHHOIO HMCCIIEyEMOro

o0BeKTA.
Ilens — 1O3BOJISIET 3aMEHUTh WM 3HAYUTEIHLHO
COKpPATUTh ATANbl OTIAJKH W HATYPHBIX HCIBITAHHA.
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Ponb BUPTyalbHBIX HCIBITAHUN OCOOCHHO BaXKHA,
KOT'JIa HATYPHbIE UCIBITAaHUS IOPOTH / OTIACHBI.

Yro SIBJISICTCS
00BEKTOM
HCCJICJOBAHMS B
nporiecce
BUPTYaJIbHOIO

ucnelTanusg? B uem
CMBICJI MCTOAa
HCCIICAOBaHUA

TAHHOTO OOBEKTa C

OOBEKT UCCIIeOBAHUS — TMHAMHYECKHE CUCTEMBI, T.C.
CUCTEMBI, COCTOSTHIE KOTOPBIX U3MEHSIETCS BO BPEMCHH
1 KOTOPbIE OTIHCHIBAIOTCS CUCTEMaMU
nuddepeHIanbHbIX YPaBHEHUH.

Meton — wWccnenoBaHWE JTUHAMUYECKOW CHCTEMBI
CBOJIUTCSL K PEIICHUIO CHCTEeMbI AU(QepeHIInaTbHBIX
ypaBHEHUH, T.€. K OINPEACICHUI0 BCEX BBIXOIHBIX

(YHKIIMI PU pa3IuYHBIX BXOJIHBIX BO3JCHCTBUSIX.

TTOMOIIIBIO

BUPTYaJIbHOIO

HCIIBITAaHUSA?

Knaccudukanus MopenupoBanue ObIBaeT JBYX THIOB: (pU3UUYECKOE U
THUIIOB MaTeMaTHIECKOe (mo3BoOIISIET IIPOU3BOJIUTH

MOJEIUPOBAHUS U
MECTOHAXOXKJCHUE B
HEW MpPOIIECCOB
BUPTYJIbHBIX
vucneITanui. B uem
pa3Hulla B TOHATHSIX
BUPTYAJILHOTO
WCIIBITAHUS U
UMUTALIUOHHOTO
MOJICTUPOBAHUS B
LHIMPOKOM CMBICTE?

BAPBUPOBAHUE MApPaMETPOB HCCIEAYEMOU CHCTEMBI).

MaremaTuyeckoe  MOJCIMPOBAHME  JEIUTCA  Ha:
AIEKTPUUECKOE, CTPYKTYPHOE U UMUTAIITMOHHOE.

NmuTanmonHoe MOJEIUpOBaHUE B IIUPOKOM CMBICTIE
BKJIFOUYAET B ce0s BECh MPOIIeCC pa3pabOTKU U CO3/IaHUS
JIOTUKO-MATEMATUYECKOM MW JJIEKTPOHHOM MOJEIH
UCCIIENYyEMOTO OOBEKTa, HACTPOUKH MOJACIH H
MPOBEJEHUS C €€ MOMOIIBI0 SKCIEPUMEHTOB Ha DBM
JUIST  TIOYYEHMs] JaHHBIX O (PYHKIMOHUPOBAHUU
oobekTa.  IlonsiTue

BHUPTYAJIBbHOTO HUCIIBITaHUA

BKJIIOYAET TOJBKO TPOIECCHl HACTPOMKH TOTOBOM
MOJIEIM TIOJi KOHKPETHBIE YCJIOBHUSI HMCCJIEAOBaHUA M
MOJICIMPOBAHUS BUPTYaJIbHOIO OAKCIEPUMEHTA BO
BpEMEHU TSI MOJTy4YECHUS JIaHHBIX 0
(GYHKIIMOHUPOBAHUHM OOBEKTA B JAHHOM KOHKPETHOM

PCKHUMC UCIIBITAHHA.

MmMurtaimonHoe
MO/ICJTUPOBAHUE B
IMPOKOM CMBICTIC.
O0s3aTenbHEIE DTAIBI
MMHUTAIOHHOT'O
MO/ICJIUPOBAHUS B

NmutanimonHOe MOAEIMPOBAHUE B IIMPOKOM CMBICIIE
BKJIFOUAET MPOLECC CO3/IaHUS JIOTUKO-MAaTEMaTHUYECKOU
MOJIENIA, OIKCBHIBAIOIIEH CTPYKTYPy U IIOBEIACHHUE
UCCIIEyeMOTO OO0OBEKTa M MNpUHUMAIIEH dopmy
AJIEKTPOHHOM TaKxKe

MOACIIN, a IMPOBCACHUC

BUPTYAJIIbHBIX SKCIICPUMCHTOB C IMOMOLIBIO I[aHHOﬁ
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Jr000M MPOTPAMMHOM
KOMILIEKCE.

AIEKTPOHHOM Mojenun Ha DBM nJig monyyeHus JTaHHbIX
0 (DyHKIITMOHMPOBAHUU CUCTEM OOBEKTA MCCIICIOBAHUS
B TEUCHHUE OIPEJIEICHHBIX HHTEPBAJIOB BPEMEHH.

OO0s13aTenbHEBIC STaIbI MMHUTAIMOHHOTO
MojienupoBaHus: 1) pa3paboTka CTPYKTYPHOM CXEMBI
Mozenu; 2) (GopMHUpPOBAHHE B KaXKJIOM CTPYKTYPHOM
BJIEMEHTE MOJICIM BHYTPEHHHUX 3aBUCHUMOCTEH U
ONpPE/ICICHUE BXOJHBIX W BBIXOAHBIX JaHHBIX; 3)
3aJlaHUE TMapaMeTpPOB MOJCIM W UX 3HAuYeHUl; 4)
MIPOBEICHUE MOJAEIUPOBAHUS (CUMYJISILMU) U aHAIHU3

PE3yJIbTaTOB.

XapakTepruCTUKU
MOJEIIHN 00BEKTa
HCCJICIOBAHUS MTPU
MIPOBEACHUU
BUPTYATbHBIX
ncnbiTannii. Korma
MOJICIb CUUTAETCS

AI[GKB&THOCTB; 9KOHOMHNYHOCTb, YHHUBCPCAJIbHOCTDb,
yCTOfI‘IHBOCTB; YYBCTBUTCIIbHOCTD.
MOI[eJ'IB CUHNTaCTCA aI[eKBaTHOﬁ, CCJIIN  OTpaxxacT
HCCIICAYCMBIC CcBOMicTBa O0OBCKTa HAa KauyeCTBCHHOM
YPOBHEC U KOJIMYCCTBCHHOM C aneMneMoﬁ TOYHOCTBIO,
rac I1moa TOYHOCTBIO ITOHHMMACTCA KOJINYECTBEHHBIN

ITOKa3aTcCJib, XapaKTepI/I?»}IIOHII/Iﬁ CTCIICHb pPa3JIn4du:d

aJIeKBaTHOU? PE3yJIbTaTOB MOJEIUPOBAHUS U UCCIIEYEMOIO
SBJICHHS B HATYPHOM OOBEKTE.

JIns kakux nenen bubmoreka Oe3pa3MepHBIX CUTHAJIOB  IO3BOJISIET
HeoOXxoauMa OpraHu30BaTh B JTOO0N MOJIETU UCTOYHUK (TEHEPATOP)
ounbaroTeka A000ro curHana(oB), MPOBOJUTH JIFOOYIO YHUKAIbHYIO
0e3pa3MepHBIX 00paboTKy curHana(oB) B COOTBETCTBUE C IIEIBIO U
CUTHAJIOB 3a/layaMy BUPTYAJIBHOTO MCIIBITAHUS U OPTaHWU30BaTh
yTpaBiIcHUS? BBIBOJI pe3yibTaTa BHUPTYaJIbHOTO WCIBITAHUS B

Kakune tunsl
CHUTHAJIOB
MPUCYTCTBYIOT B
aHHOU OMOIMoTEKE?
(mpuBecTU HE MEHEE D

Tpymm).

TpeOyeMoM BUJIE.

VcTOYHUKH/3aryIIKYA; MaTeMaTHUYECKHE OIePaTOpPHI;
MapIIPyTHU3aTOPHI,
oIepaTopbl;

BEKTOpHbIE W MaTPHYHBIC
UHTEerpajgbHble U JauddepeHunanbHble
oTepaTopbl; OJOKU yIpaBJICHUSI CUTHAJIAMU; (PUIIBTPHI,
TabmIbl U GyHKINUN;, 00paboTKa Pa3phIBHOCTEH;

JIOTUYECKHUE OTepaTOpHhI.

IIpuBecT  mIpuUMeEpHI
HUCTOYHUKOB (OJIOKOB)
CO3J1aHUs

(reHepupoBaHUs)

CHUI'HAJI0B C

Koncranra; JVCKPETHBIN BOJIHOBOU CUTHAJI;

CTYIICHYaTOE€  BO3JICMCTBUE; HAKJIOHHAA MpsMasd;
KyCOYHO-3aJlaHHasi (PYHKIMS; JUHAMHUYECKas TaOauIa;
CHHYCOMJAQJIbHBIA CUTHAJI, TAPMOHUYECKUM CUTHAI;

CIIy4alHBIA IIPOLIECC U T.1.
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OIMCaHUEM ux
BHYTPEHHUX
napaMeTpoB u
buznueckoin

CYILIHOCTH (HE MEHEee 5
IIPUMEPORB).

8. | [IpuBectT TpuMephl | YCHIUTENb;  CYyMMAarop; OINEpaTop  BBIYUTAHUS,
MaTeMaTHUeCKUX (B | MyJIBTHUILUIMKATOP; JIeIUTEb; UHTETPaTop;
MIMPOKOM  cMbIcie) | nuddepeHnurarop; QyHKIMs;, TMHaMUYecKas: Tabauia;
OIIepaToOpOB C | omeparop CpaBHEHHUS; IOTHUECKHUE OIEpaTop U T.1I.
OTMHMCaHUEM ux
BHYTPEHHUX
napaMeTpoB U
(buznueckoin
CYILIIHOCTH (HE MEHee D
IPUMEPOB)

9. | Ins kakux memnei MonenpoBaHiue OJHOMEPHBIX CHUTHAJIOB I103BOJISET
HEO0XO0AUMO IPOBOJNUTH BHUPTYaJIbHBIE MCIBITAHUS IPOCTEUILINX
MO/IEIUPOBAaHUE CUCTEM u MEXaHU3MOB, COBEpIIAIOIINX
OJTHOMEPHOI MOCTYMATENbHOE,  BpallaTeIbHOE WM  IJIOCKOE
TUHAMUAKH? naBuwkeHne. Kpome Toro, mo3BoJisieT OpraHu30BHIBAThH
Kakwue Tumbl curHanoB | GopMupoBaHHE CHUJIOBBIX CBS3€H MEXAy TelaMu
IIPUCYTCTBYIOT B | (TOUKaMu).
ouboTeke 3arnymky, JaT4dKH, Macchl  (Telna  WHEPIUH),
OJTHOMEPHOI1 OpYKUHBI, JeMI(EpPbl, OTPAaHUYUTENN XOA0B, MOJEIU
JTUHAMUKH? TPEHHUsL, pblYaru 1 T.1.

(mpuBECTH HE MEHEE S
NPUMEPOB  CHUTHAJIOB
pa3HbIX 1O  CBOEH
CYILHOCTH)
10. | Ha kakue nBa thma | MojaenupoBaHHWE OJHOMEPHOH JHHAMUKH TJI00ATBHO

rI100aJIbHO MO>KHO
pa3ieuTh
MOJCIIUPOBAHUE
OJHOMEPHOMU
JTUHAMUKHU? Kaxkue
KOMITOHEHTEI

HEeO00XO0IMMO 3a1aBaTh

ACINTCA Ha MOACIUPOBAHUC MOCTYIIATCIIbHBIX

JIBUKCHUW U BpAIlaTEJIbHBIX JBUKCHUM.

Jns

3ajaBaTh yOpyrud u jAemndupyoomue cBs3u (B

dbopmMupoBaHUsl MOJATIUBOCTH HEOOXOIUMO

OT/ICJIBHBIX CIy4YasiX TPEHUe).
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B MOJIEIISX
OJJHOMEPHOMU
JTUHAMUKA TUIst
dhopMHUpOBaHUS
MOIATJIMBOCTH

(MOIaTIIMBBIX CBSI3EH)

B MOJIETTUPYEMOM
cucreme?

11. | [Touemy BupTyasbHble | BupTyanbHbie HCTIBITAaHUS SIEKTPOMOOUIIeH TpedyeTcs
UCIIBITaHUSA IPOBOJUTH B TPOCTPAaHCTBEHHOM 3D-MIOCTaHOBKE M3-32
AIEKTPOMOOMIIEH U X | HEOOXOJUMOCTHU yudera KOMILJIEKCHOTO
KOMIIOHEHTOB B3aUMOJICHCTBUSI CUCTEM W KOMIIOHEHTOB MOJEJIEH
HE00X0TUMO JeKTpoMOOMiIe  Mexay coboit  (uemM  Oosblie
MIPOBOJIUTH B | COKpAIaeTCsl KOJIMYECTBO MOJIETIEH B3aUMOACHCTBUMN 1
POCTPAHCTBEHHON YBEJIMYUBAETCS KOJIMYECTBO YIPOLIAOIINX
3D-nocranoBke? JNOMYILIEHWH, TEM XYXE€ TOYHOCTb PE3YJIbTATOB
Kakum CIIOCOOOM | BUPTYaJIbHBIX UCIIBITAHUN U UX (pU3UYECKasi HaTypHas
dbopmupyercs peann3yeMoCTb U UHTEPIIPETALUS) U y4eTa CBA3ZHOCTH
B3aUMOJICHICTBUE TUHAMUKHU KOMIIOHEHTOB MOJENH MEXKTY
KOMIIOHEHTOB B | HAllpaBJICHUSMH  TPOCTPAHCTBA  (JIMHEHHBIMH |
MIPOCTPAHCTBEHHBIX YTJIOBBIMU).

JTUHAMHAYECKUX B3aumoneiicTBre MeXay KOMIIOHEHTaMU B MOJIENSIX
MoAensx (B T.4. B | GopMHUpyETCSs MEXIy TejlaMu (TBEpIbIMH  WJIU
MOJEJISIX MOJATIMBBIMA) B KOHKPETHBIX 3aJJaHHBIX TOYKaX,
AIEKTPOMOOMIICH) U | IPUHAJICKAIIMX COOTBETCTBYIOIIUM TeJlaM, W IO
M0 KakvM 3aKOHAM | 3aKOHaM, 3aJIO)KEHHBIM B MojAeIu (HOPMUPOBAHUS
OpraHU30BHIBACTCS KMHEMaTUYECKUX M CWJIOBBIX  CBSI3€d  MEXIy
bu3MKa KOMIUIEKCHOM | yKa3aHHBIMU TOYKAMH COOTBETCTBEHHO.

JTMHAMUYECKOU ®u3rKa KOMIUIEKCHBIX JUHAMHYECKUX MOJEIIEN U UX
MOJENH, KaK €IMHOM | LEJTOCTHOCTh OCHOBBIBAETCS HA 3aKkoHaX HproTOHA.
LEJTOCTHON CUCTEMBI?

12. | [Ipouecc [Iponecc HauMHaeTCs € 3aJaHHsl CUCTEM KOOPWHAT:
dbopMupoBaHUs HEMOABMKHOW  (Ipy  MOJCIMPOBAHUU  JUHAMUKH
MPOCTPAHCTBEHHOM AIEKTPOMOOWIISI, KAK TPABUIJIO, CUCTEMBbI KOOPAMHAT
JTUHAMUAYECKON JIOpOTH) W TOABWXHBIX. KOJIMYEeCTBO MOIBUKHBIX
MMUTALIMOHHOMN CUCTEM KOOPAMHAT OMNpPEAENSIeTCS] KOJUYECTBOM TeE,
MOeNN B | 3aJJaHHBIX ¥ (OPMUPYIONTUX JUHAMHUYECKYIO MOJIENb

POrpaMMHOM

A1 MPOBCACHUSA BHPTYAJIbHBIX HUCIBITAaHUH.

st
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KOMILIEKCE (CUCTEMBI
KOOpJIUHAT, Tena,
TOYKHU
B3aMMO/ICHCTBUS,
KUHEMaTUYEeCKUe U

CHJIOBBIC CBHSI/I)

Ka)XZI0TO Tejla B €r0 MOJABMKHOW CUCTEME KOOpAMHAT
3aJal0TCd  KOOPJAUHATBI TOYEK, B KOTOPBIX OyAyT
(opMUPOBATHCS CHIIOBBIE U KHHEMATUYECKUE CBS3H
B3aUMOJEHUCTBUSA C IPYTUMH TE€JIAMH U KOMIIOHEHTAMH

pazpabaTeiBaeMOil ~ Mozenu.  Mexay — TOYKaMu,
NpUHAISKAIMMHA ~ Pa3IndHBIM  TeNaM  MOJICIH,
HEOO0XOIUMO dbopmupoBaTh COOTBETCTBYIOIIINE

CHJIOBBIC 1 KHHEMAaTHYECKHUE CBA3H, AaHAJIOTUYHBIEC TEM,
YTO BO3HUKAIOT B HATYPHOM O0BEKTE, MOJIEh KOTOPOTO
paspabaThIBacTCs JUIsI  TIPOBEACHUS  BUPTYaJIbHBIX
ucnbiTanust  (pusuka mporieccoB B (HOPMHUPOBAHUH
CBSI3€H JTIOJIKHBI ObITh AHAJIOTUYHOMN JICHCTBUTEIILHOM ).

13. | [lonsTre Bupryanbnslii VCIIBITATENbHBIN IIOJIUTOH —
BUPTYaJIbHOIO HEMOABWKHAS ~ IOBEPXHOCTb B IPOCTPAHCTBE
UCITBITATEIBHOTO MOJEIUPOBAHUSA, NPUBA3aHHAs K  HAYaJIbHOM
NOJIMIOHAa (B T.Y. | HEMOJBWKHOM CHUCTEME KOOPAMHAT WMHUTALMOHHOM
BAPTYAJIBHOTO MOJEJIH, ONKMCAaHHAs (PYHKIIMOHAIBHON 3aBUCUMOCTBIO
ITOJINTOHA 3HAYCHUI BEPTUKAIBHBIX KOOpJUHAT TOYEK
HEPOBHOCTEN). IIOBEPXHOCTU  OT  KOOpAMHAT  IPOJOJBHOIO U
[IpuBecT  IpPHUMEpHI | TONEPEYHOTIO HaIPaBJICHUS IIPOCTPAHCTBA
JOPOKHBIX IPOEKTUPOBAHNS UMUTALMOHHONW MOJIEIH.
BUPTYaJIbHbBIX BupryanbHplii  HOJMIOH  HEPOBHOCTEM —  3TO
MOJIUTOHOB (HE MEHEE | BUPTYAJIbHbIM  MOJHUIOH, MOBEPXHOCTb  KOTOPOIO
5 mpumepoB). MaKCHUMaJIbHO TIPUOJIMKEHA K HEPOBHON MOBEPXHOCTHU

JECUCTBUTEIBHOM  JOPOTM  3aJaHHOW  KaTeropuu
HEPOBHOCTEN.

[Ipumepsr: IIOJINTOH  HEPOBHOCTEW  3aJaHHOM
KaTErOpUH; MOJIMTOH THIA MOABEM / CIYCK; TIOJIMIOH
TUIA BBIITYKJIasI HEPOBHOCTH («wiexaunit
HOJIUICHCKUIY) / BHaJWHA; MOJUTOH THIIA OOpPIIIOp;
IIOJINTOH THUIIA KOCOTOP.

14. | Kakum oOpa3oM | Peanuzanisi HEpOBHOCTEH JOPOKHOM TMOBEPXHOCTH
dbopmupyercs npencTaBiigeT cOOOM 3aBUCUMOCTh 3HAYEHUN BBICOT
peanu3anus HEPOBHOCTEW OIIOPHOM IMOBEPXHOCTH JOPOTH OT
HEPOBHOCTH JMHENHON KOOPAMHATBI ONPEIEIEHHOrO HAIpPaBICHUS
TOPOIKHOU npoctpancTsa, T.e. g(l).

MTOBEPXHOCTHU? CdopmupoBaTh peaiu3aliio HEPOBHOCTH MOMXHO C
Koppensiunonnas MOMOIIIBI0 T€HepaTopa, MPEACTABISIONIETO CcO0O0M
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byHKIUSA MaTeMaTUYeCKyl0 TMporenypy oOpabOTKH curHaia
HEPOBHOCTEU CIIy4allHOTO Tpollecca Tuma «Oedblii mIym» B
OIIOPHOM COOTBETCTBUE C AaNNPOKCUMALMEN KOPPEIALMOHHOU
MOBEPXHOCTH. GyHKIIIH CIIy4aliHOTO npodus OMOPHOM
Knaccudukanus MOBEPXHOCTH.  ANMNPOKCHUMALUA  KOPPEIALHUOHHOM
HEPOBHOCTEW  J10por | (PyHKIMK HEPOBHOCTEN OTMIOPHOM OBEPXHOCTH JTOPOTH:
10 KATETOPHSIM. R(1) = Dq- e~ cos(B: - D).
Knaccudukanus HepoBHOCTEH opor: 1-s1 kaTeropus —
aBTOMArucTpaib; 2-s KaTeropus — achanbro-0eToHHOE
miocce; 3-s1 KaTeropusi — TPyHTOBAs JOPOTa XOPOILIETOo
KaudecTBa; 4-51 KaTeropus — pazouTas rpyHTOBast
Jopora; 5-s1 KaTeropus — 6€3710pOKbeE.
15.| B kakoii cucreme | B HEmoaBM)XHOM cHCTEME KOOpIUHAT.
KoopauHaT 3aaaercs | [ns nomyuyenus 3D-noss HepoBHOCTEN TpedyeTcs
BUPTYaJIbHBIN co3math | = 1...n pa3IMYHBIX peaaH3aIii
MTOJIUTOH HepoBHOCTeH Z(X) ¢ 0quHaAKOBBIMU KO3 pHIImeHTaMH
(BUpTyasbHOE annpOKCUMAIMU KOPPEISAIMOHHON (yHKIIMU
OIIOPHOE OCHOBaHUS | MUKPOIPODUIIA TOPOKHON MOBEPXHOCTH 33JaHHOTO
noporu)?  I[lpuHnun | Tuna. B 3a1aHHOM HEMOABMXKHOM CUCTEME KOOPUHAT
(bopMUpoBaHUS niepeMeHHbIe Zi(X), 3aJaroIue 3aBUCUMOCTH
BUPTYAJIBHOTO 3D- | BepTUKaIBbHBIX KoOpAUHAT Z ToYeK 3D-momnst ot
IOJIMTOHA OPOAOIBHBIX KOOpAUHAT X SIBISIFOTCS N peau3ausiMu
HEPOBHOCTEH. q(l). Ipu pacnonoskennu N peanusaiuii Zi(X) Ha

HEKOTOPOM pacCTOSHUU Yi APYT OT Ipyra B
HaNpaBJIEHUH MONEPEYHON KOOPAUHATHI Y
HEMOJABM)KHOW CUCTEMBI KOOPJIMHAT, a 3aTEM
COCTMHCHUM KKJIOM TOYKH Zj(X) TEKyIleH peain3anun
C IONIEPEYHON KOOPJIMHATOM Yi C KaXKJI0W U3 TOUEK Zj-
1(X) 1 Zj+1(X) cocemHUX pean3aIyii ¢ MONEPESYHBIMU
KOOpPJIMHATaMHU Yi.1 U Yi+1 COOTBETCTBEHHO MPHU
MOMOIIIM JIMHEWHOM MHTEPIIONALNY, nTonydaercs 3D-
10JIe HEPOBHOCTEM ClyyaltHOTO Npoduis 3aJaHHOTO
tuna zi = f (X; Yi) B HENOABWKHOM cucTeMe
koopauHat. CiydailHOCTb NpOo(dUis B IONEPEUHOM
HanpasieHur 3D-nosns HepoBHOCTEH oOecreurBaeTcs
HECOBIAICHUEM 3HaYCHUH BBICOT Zi-1(X), Zi(X) 1 Zi+1(X)
COCEJIHUX pealln3aliil Ha OJTHOM YPOBHE MPOAOJIBHOM




27

KOOpAWHATHI X 1 COCAMHCHNECM 3THX TOYCK B
IMPOCTPAaHCTBC MCTOIOM JIMHEHHOU WHTCPIIOJIALUH.

16. | [Ipunuun noctpoenus | Iloctpoenue JTUHAMHUYECKOU MOJICTIH
MPOCTPAHCTBEHHBIX MPOCTPAHCTBEHHOTO  JIBWJKEHUSI  DJIEKTPUUECKOTO
JTUHAMHUYECKHUX TPAHCIIOPTHOTO  CPEJICTBA JIOJDKEH HAYMHATBCS C
MoJIelei MPEBSABICHUS TpeboBaHMi K MOJIECTIH u
AIEKTPUUECKUX GbOopMyIMpPOBKM  OCHOBHBIX  momymieHuil. [Iporecc
TPAHCIIOPTHBIX pa3pabOTKN NUHAMUYECKOW MOJIENU ISl MPOBEACHUS
CPEJICTB U | BUPTYaJIbHBIX UCIBITAHUN B MPOrPAMMHOM KOMILIEKCE
MOCJIEIOBATEIBbHOCTh | JOJKEH HAYMHATHCS C CO3JIaHUSI CTPYKTYPHOU CXEMBbI
JEUCTBUMA mpu WX | Mojenu. Jlamee CO3ar0TCs CHCTEMBI  KOOPJAMHAT,
CO3JIaHUU B | MCIIOJIb3yEMbIC MPU MOJEIUpoBaHUM. Ilociae nomKHO
MIPOTPaMMHBIX Ut popMupoBaHue OJIOKOB KOMIIOHEHTOB MOJCIH
KOMILIEKCaxX 0 | TPAHCIIOPTHOTO CPEJICTBA U OIpEJEIeHUE B3aUMHOMU
pacuery  JWMHAMUKHU | OPUCHTAIIMU UX MOJABH)KHBIX M HEMOJIBUKHOU CHUCTEM
CBSI3HBIX CUCTEM. koopauHaT. Hanbosee Tpy10eMKHUM M OTBETCTBEHHBIM

SBJISIETCS (PUHANIBHBIN ATall 3aJaHus KHHEMAaTHYECKUX
MapaMeTpoB MOJICIN U IPUHIIUIIOB U XapPaKTEPUCTHK
dbopMupoBaHMsT  CBSI3ed B MOJCIM  JBUXKEHUSA
3JIEKTPUYECKOTO TPAHCIIOPTHOTO CPEJICTRA.

17.| Nuaamuueckas JluHamudeckas  MoOJeIb  Kojeca  TPaHCIOPTHOTO
MOJCIIb  Kojeca C|cpeactBa —  Mojeldb  (OPMHPOBAHHMS  CBS3H
MOJATIMBOM IIMHOM, | B3aUMOJICCTBUSL MEXKY JBYMSI TOYKAMHU B MOJIEIU
B3aMMO/JICUCTBYIOIICH | TPAHCIIOPTHOTO CPEACTBA: TOYKOM, PACIOJIOKEHHOU
C OTIOPHOM | OJTHOBPEMEHHO B IJIOCKOCTH BpAIlICHUS W Ha OCH
MTOBEPXHOCTHIO COOCTBEHHOI'0 BpAIlICHHS KOjieca M TpHHAICKAIISH
BUPTYaJIBLHOIO TeJly OCU TPAHCHOPTHOTO CPEJCTBA U TOYKOM IIEHTpa
MIOJIUTOHA. MATHA KOHTAaKTa IIWHBI C OMOPHOM TMOBEPXHOCTHIO
OcobenHoctu noporu. B BepTUKaJIbHOM HaNpaBJICHUHM, a TOYHEE
dbopmupoBaHUs HOPMAJIbHO K OMNOPHON MOBEPXHOCTU JOPOKHOTO
HOPMAJILHOM YIIPYro- | OCHOBaHUA, (QopMupyeTcss  ymnpyroaemmgupyromas
nemridupyromen CWIa, 3aBUCALIAs OT TEKyIIero Imnporuda IIMH U
CHJTBI KoJieca, | CKOpocTH Tiporuba mmHBL. [lpu  MoaenupoBaHuu
IPOJIOJIbHON U | HEOOXOIUMO YYUTHIBATh BO3MOXKHOCThH OTPBIBA IITMHBI

OOKOBOI CHJI B IISITHE
KOHTAKTa IIHHBI C
ONIOPHOU

MOBEPXHOCTHIO.

KoJleca OT OINOPHOM MOBEpPXHOCTM Joporu. B

IIPOJIOJIBHOM ¥ OOKOBOM HaIlpaBJICHUSX (popMUpyeTcs
cuia, BEKTOD

HaIlpaBJICHUS KOTOpOH

IMPOTUBOHAIIPABJICH CKOPOCTH CKOJIBKCHHA KOJICCA, a
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BEJIMYMHA paBHA TPOU3BEICHUIO HOPMAIBHOMN peaKIuu
Ha JICUCTBYIOMMUK KO3(POUIIMEHT CIEIICHUS IITUHBI C
OTIOPHOM TTOBEPXHOCTBIO.

18.

ITepeuenpb
KOMITIOHEHTOB,
BXO/SIIIIMX B COCTaB
CUCTEMBI
MOAPECCOPUBAHUS
TPAHCIIOPTHOIO
cpeactsa. [ IpyuHIune!
IIPOCTPAHCTBEHHOIO
MOZEIIMPOBAHUSA
JUHAMUKH  KaXJ0ro
u3 HUX B
IIPOrPaMMHOM
KOMILIIEKCE.

B cocraB cucreMmsbl
HaINpPaBJIFOLIAN

HOJPECCOPUBAHUS  BXOJSIT:
anmapar; YHOpYrMid 3J€MEHT U
AeMIpUPYIONINi 37eMeHT. Takke B ee COCTaB MOXKET
BXOJUTh CTAOUIIN3aTOpP MONEPEYHON YCTONYMBOCTH.
Hanpapnstomumid  anmapar — pblyard, TSITH U T.IL
MOJIEIIUPYIOTCS TIOCPEICTBOM CO3/1aHUS TBEPAOTO TENa,
3a/I1aHHsI HA HEM TOYEK €ro KPEIUIEHU K IPYTrUM TellaM
(KOMIIOHEHTaM TPaHCHOPTHOTO CPEACTBA), AaHAJIOITMYHO
3TO  pPEATU30BaHO B  HATypPHOM
AIIEKTPOMOOWIIE, U CO3AAHHUIO B ATUX TOUKAX KPEIICHUS
CWJIOBBIX CBSI3€H, MOJIETUPYIOIINX CUIIOBBIE (PaKTOPBHI,
BO3HHKAIOIME B PE3MHOMETAJUIMYECKUX IIAPHUPAX U
YHOPYTHX BTYJIKaX MOJIBECKU 3JIEKTPOMOOUIIS.

Ypyrui

TOMY, Kak

JIEMEHT  MOJEIHUPYETCS

(hopMHpOBaHUS CHUIIOBOM CBSI3U, AaHAJIOTUYHOM YIIPYToi

TIOCPEICTBOM

Harpy304HOM XapaKTEepHUCTUKE HATYPHOTO YCTPOMCTBA,
MEKy ABYMsI TOYKAMH, NPUHAIICKAIUMHA HECYIIEH

CUCTEME DJIEKTpPOMOOWIII U Telay, oOpasyrouemMy
HETI0/IPECCOPEHHYIO maccy ANEKTPOMOOUJIS
COOTBETCTBEHHO. VI3MeHeHue pacCTOSHUSA MEXIy

9THUMHU ABYM:A TOYKAMHU €CTh H3MCHCHHUC X0 d YIIPYI'OIo

JJIEMEHTA.

Hemndupyromuii BJIEMEHT MOJIEJIUPYETCS
nocpeAcTBOM  (OPMUPOBAHMSI  CHUJIOBOWM  CBSI3W,
AQHAIOTMYHOW  AeMO(pUPYIOUIEH  XapaKTepUCTHKE

HAaTYypHOT'O YCTpPOMCTBAa aMOPTH3aTOpPa, MEXKAY IBYMS

TOYKaAMH, TNpUHAAJEKAINIMMU  HECYIIeH  cucteme
AIEKTPOMOOHIIS U Teny, oOpazyrouiemy
HEMNOJIPECCOPEHHYIO Maccy AIIEKTPOMOOUIIS

COOTBETCTBEHHO. M3MeHeHue CKOpPOCTH M3MCHCHUSA
pacCTosAsHusA MCKAY OTHMHU JIBYMA TOYKaMH CCTb
HU3MCHCHUC

CKOpPOCTH U3MEHEHUS

IeMII(UPYIOIIETO dIIEMEHTA.

xozia
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Crabunuzatop nonepeyHon YCTOMYMBOCTHU
MOJIETIUPYETCSl  ABYMsI TeJaMH MEXIY KOTOPbIMU
3a/1aeTcsa KpyTUIbHAs U U3rUOHAs )KECTKOCTb.

19.

OcobenHoctu
MOJIETTUPOBAHUS
TUHAMUKH YIIPYTAX
AJIIEMEHTOB CUCTEMBbI
MOJIPECCOPUBAHUS
(JIMCTOBBIX peccop;
CIUPAJIBHBIX TIPYKUH,
ITHEBMATHYCCKUX
peccop) u
neMIUPYIOLTUX
AIIEMEHTOB
(aMOpTHU3aTOPOB).
Harpy3ounsie
XapaKTePUCTUKU
KQKI0TO W3
YCTPOWCTB.

JlucToBas peccopa MUMEET Kak MHUHUMYM 3 TOYKH
KpPEIUIGHU K KOHCTPYKIIMHM DJJIEKTPOMOOWIS — K
HECYIIEH CHUCTEME W K HEMOAPECCOPEHHOM Macce
COOTBETCTBEHHO, MIO3TOMY 1es1ecoo0pa3Ho
MOJENUPOBATh PECCOPY TEIOM, B3aUMOJCUCTBYIOIINM
C BBIIICYKA3aHHBIMH JJIEMEHTaMHU  AJIEKTPOMOOWIISL.
Harpy3ounas xapakTepucTuka JINCTOBOU PECCOPBI, KaK
MIPAaBUJIO, JIMHEWHA, TO €CTb M3BECTHO YHCJIEHHOE
3HaueHue e€ xecTkocTH. Ecnmu peccopa nmeer Oosee
OJTHOTO JIUCTa B CBOEM IIaKkeTe, TO HEOOXOIUMO
BHEJIPATH B MOJIEJNIb PECCOPBI MOJEIb MEXKIMCTOBOIO
TPEHUA, YTO CO3JaCT IMETII0 TUCTEepe3nca Ha
Harpy304HOW XapaKTEPUCTHUKE JINCTOBOU PECCOPHI.
ChoupanbHas NpyXWHA C MOCTOSTHHBIM IaroM HMEET
JIMHEVHYIO HAarpy304HYK) XapaKTEpUCTHKY, TO €CTb
W3BECTHO YHCJIEHHOE 3HAYeHUE €€  IKECTKOCTH.
[Ipyxuny nienecooOpazHo MOJAEIUPOBATh KAK CHIIOBYIO
CBA3b MEXIY [JBYMS TOYKaMH, MpPUHAAJICKAIIUMA
HECYIIEH CHCTEME W HEMOJAPECCOPEHHOM  Macce
AJIEKTPOMOOUIISI COOTBETCTBEHHO.

ITHeBMaTHYECKYIO peccopy 1€J1eCO00pa3HO
MOJIEJINPOBATh TAK K€, B BUJIE CUJIOBOW CBSI3U MEXIY
IBYMSI TOYKaMH, HO Harpy304yHas XapaKTEepUCTHKA
ITHEBMATUYECKOU peccopsl HEJIMHENHAs u
nporpeccuBHasi. [ITHeBMopeccopa paboTaeT no 3aKoHy
nosmrtponsl. Crarhyeckas CcWia B ITHEBMOPECCOPE
3aBUCUT OT TIOJABAEMOr0 B  ITHEBMOPECCOPY
CTaTUYECKOI'0 TaBJICHUSA BO3AyXa.

AMopTH3aTOp 11e51€c000pa3HO MOJICTUPOBATH TAK KE, B
BUJE CWJIOBOM CBSI3M MEXAY JABYMS TOYKAMH.
Harpy3ouHnasg XxapakrepucTHKa aMopTH3aTopa B
NEWCTBUTEIBHOCTH HEJIMHENHA M HECUMMETPUYHA IS
XOJIOB CXKaTHUs M 0TOO0S cOOTBETCTBEHHO. Harpy3ouHas
XapaKTEpPUCTHKA aMOPTU3aTOpa MMEET JBa Yy4acTKa:
JIPOCCEIbHBIN U KiananHbli. Ha npoccenbHoM pexxume
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MPOUCXOIUT ObICTpOE HapacTaHue CHJIbI

COIIPOTUBJICHUA  aMOpTHU3aTOpa IIPU  YBCIIMYCHUU
CKOpPOCTH €TI0 X044a, a Ha KJIAIlaHHOM MCIJICHHOC

HapaCcTaHUC CUJIbI IIPU BBICOKHUX CKOPOCTAX XO/14.

20. | Yto BXOAHT B cocTaB | B cocTaB cHJIOBOM YCTaHOBKM BXOIAT TIJI00aJIBHO:
CHJIOBOM  YCTaHOBKH | ABUraTelb  (MCTOYHHUK  DHEPrMM  Ha  OOpTY
TPaHCIIOPTHOTO TPaHCIIOPTHOT'O CPE/ICTBA) U TPAHCMHCCHS (TIepeaaTUHK
cpencrtna? Kakue | sHeprum oT UCTOYHHMKA K MCIIOJHUTEILHOMY OpraHy —
KOMIIOHEHTBl ~ MOTYT | BeIyleMYy KOJEecy).

BXOJUTh ee cocraB? | B coctaB TpaHcMmuccud MOTYT BXOJUTH: CIICTUICHHE,

OcobenHoctu KOpoOKa mepenad, pa3aTouyHasi KOpoOKa, KapAaHHBIH

MO/JIEIMPOBAHUS BaJl, TJIaBHAs Iepeada, KOJIECHBIM PeyKTOoP.

JUHAMUKH arperatoB | OCOOEHHOCTBHIO MOJEIUPOBAHMS AUHAMUKH CUJIOBOM

CWJIOBOM  YCTAaHOBKH | YCTAaHOBKM SIBJISIETCSI TO, YTO JaHHAs CHUCTEMa HMMEET

TPaHCIIOPTHOTO OJIHY BpallaTeJIbHYI0 CTEIIEHb CBOOO/IbI.

CpescTBa. [lpy  HEOOXOMMMOCTM  TOMYYEHHS  HArPy30K B
MPOCTPAHCTBE, BOHHUKAIONINX MPH padoTe TaHHBIX
arperaroB B IIpoLEcCe JIBUKEHUS 3JIEKTPOMOOUII,
HEOOXOAMMO  MOJAETHPOBaTH WX  BHIE  Tell,
COOTBETCTBYIOIIMM  OOpa3oM  yCTAHOBIICHHBIX Ha
HecylIlel cucTeMe TPAaHCIIOPTHOTO CPEICTBA.

21. | YUto BXOOuT B cocTaB | B cocTaB cucTeMbl pyJleBOTO YNPAaBICHHUS BXOJST:

CHUCTEMBI
yIpaBICHUS
AIIEKTPOMOOHIIS?

pyJIEBOTO

OcobenHoctH
MOJICTTUPOBAHUS
TUHAMUKA
PYJICBOTO YIPABICHHS
TPAHCIIOPTHOTO

CHUCTCMBI

CpeAcTBa B
MIPOCTPAHCTBEHHOM
MTOCTAHOBKE.

PYJIEBOE KOJIECO; PYJIEBOM MEXAaHU3M M PYJIIEBOU
MIPUBO/I.

BX0aHBIM CUTHAJIOM CUCTEMBI PYJIEBOTO YIIPABICHUS B
MOJCIIA  DJICKTPOMOOWJISI  JIOJDKEH  SIBJIATBCS  YTOJI
IIOBOPOTA PYJIEBOTO KoJieca. Jlanee B MOAEIN PYyJIEBOTO
MEXaHHU3Ma JOJDKHO IPOU3BOJMTCS IMPpeoOpa3oBaHUE

yTJla TIOBOPOTA PyJsi B KHHEMATUYECKOE BO3JICHCTBUE
Ha 3BEHO

BXOJTHOE PYJIEBOTO

OTHOIICHUC

NpUBOAA  Yepes

NEPEIATOYHOE PYJIEBOTO  MEXaHU3MA.
PyneBoit nmpuBOa B MPOCTPAHCTBEHHOM ITOCTAHOBKE
HEOOXOJIMMO MOJICTUPOBATh TEJIAMH, COCIMHEHHBIMU
COOTBETCTBYIOIIMMHU  IIAPHUpPAMU  C  OOJIBIION
KECTKOCThIO. lIpocTpaHCTBEHHass cxemMa pyJeBOro
IIPUBOJIA JOJKHA MOBTOPATH MOBEAECHUS AHAIOTUYHON

CUCTEMBbI B HATYPHOM 3JIEKTPOMOOUIIE.




31

22.| OcobenHoctn BXOIHBIM CHTHajIOM MOJAEINM TOPMO3HOW CHCTEMBI
MO/JICIUPOBAHUS AIEKTPOMOOWIIS SIBJSIETCS CTETIEHb HaXKaTHs Ha MEAalb
JTUHAMHUKY TOPMO3HOU | TopMo3a.  Jlamee  3TOT  CHUTHAT  yCHIJIMBAeTCs
CHCTEMBI (YMHO>KaeTcs) Ha 3HaY€HHE MAaKCUMAJIbHO BO3MOXHOTO
AIIEKTPOMOOHIIS. (TeXHUYECKH  JOMYyCTUMOTO  JJIsi  KOHKPETHOTO
Kakue naBe cHCTEMBI | TPAHCIIOPTHOTO CPEACTBA) TOPMO3HOTO MOMEHTa W
BO3MOKHO NPUKIIAIBIBACTCA K MOJENSAM KOJEC TPaHCIOPTHOTO
(HE0OX0TMMO) CpeICTBa.

UHTETPUPOBATH B| B Momenp cuctemMbl TOPMOXXEHHSA  3a4acTylo

MOJIETTb  TOPMO3HOM | HEOOXOIUMO WHTEIPUPOBATH CHUCTEMBI

CHUCTEMBI U B YEM UX | aHTUOJOKUPOBOUHYIO M  IPOTHBOOYKCOBOUHYIO.

CMBbICIT? AHTUOIOKMPOBOYHAs CUCTEMa HE IO3BOJISIET KOJIECY
3a0JI0KMPOBAThCS (OCTAHOBUTH BpAIllEHUE) B MPOIIECCEe
TOPMOKEHUSI ~ TPAHCHOPTHOTO cpeacTBa Ui
COXPAaHEHHUsI €r0 YCTOMYMBOCTH M YNPaBISIEMOCTH 3a
CUeT TMOAJEPKaHUS CKOJNBKEHHS Kojeca B 30HE
pean3yeMOCTH MaKCHMaJIbHOTO CIETUICHHUSI KoJieca C
OMOpPHOM  TMOBEpPXHOCThIO.  IIpoTMBOOYKCOBOUHAA
CUCTEMa He MO3BOJIET KoJieCcy OyKCOBaTh (BpaIlaThes C
BBICOKMM  CKOJIBKEHHEM) B  IpoOLlecCe€  pas3roHa
TPAHCIIOPTHOTO  CPEACTBA JJII COXPAaHEHHUs €ro
YCTONYHMBOCTH U YIIPABISIEMOCTH 3a CUET MO ACPKAHHMS
CKOJIbKEHUS  Kojieca B 30HE  pealn3yeMOCTH
MaKCHMAaJbHOTO CIEIUICHUS KoJeca C OTIOPHON
TIOBEPXHOCTHIO.

23. | IousTus AJIeKBaTHOCTb MOJEIU — COOTBETCTBUE MOJEIH
aJIeKBaTHOCTU MOJICTIUPYEMOMY H3ENINI0 (IIPOLECCY, SBIECHHUIO) IO
(GYHKIMOHMPOBaHUS, | 0OOCHOBAHHOMY MEpPEUHIO XapakTepucTuk. [loBenenue
BaTUIAIIH U | MOJIETH JOJHDKHO COOTBETCTBOBATH OOBEKTUBHOMY
BepuduKamu MOBEJIEHUIO HATypHOW CHCTEMBI, KOTOpas IMOIJICHKHUT
UMUTAIMOHHOM UMUTAIIMOHHOMY MoJenupoBaHuio. [Ipu 3ToM He
JTMHAMAYECKON JOJDKHBI HapyllaTbCsl 3aKOHbI (DU3UKHM U JIpyTHE
MOJIENN (B T.u. | €CTECTBEHHbIE 3aKOHBI TPUPOJIBI.

ANEKTPUUYECKOTO Banupgauus Monxenum — TMOATBEPXKACHHE TOrO, YTO
TPaHCIIOPTHOTO KOMIBIOTEpPHAsE MOJENb B 3asABJICHHOW 00JacTH
CpeiCTBa). NPUMEHEHHUSI aJeKBaTHO M C 3aJaHHOH TOYHOCTHIO

BBIITOJIHACT IMOATOTOBKY MCXOJAHBIX JaHHBIX, IIPOBOJUT
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MMUTAIIMOHHOE  MOJENUpPOBaHHE U 00paboOTKy
PE3yIbTaTOB MOAEIHPOBAHHMS.

Bepudukanus Momenn — MOATBEPKIEHHE TOTO, YTO
KOMIIBIOTEpHAs] MOJICNIb  BBITIOJHSET  MOJTOTOBKY
VCXOJHBIX JIAaHHBIX, MOJCIHPOBaHUE M OOpPabOTKY
pE3yJIbTaTOB MOJICIMPOBAHHS B COOTBETCTBUE C

3a,Z[aHHOﬁ MaTEMaTHYE€CKOM MOJCJIBIO.

24. | Kakue BUbI | MonenupoBanue CTaTHYECKOTO IIOJIO’KEHUS
BUPTYaJIbHBIX AIEKTPOMOOUIIS; MOJEIINPOBAHUE pasrona /
UCIIBITAHNN TOPMOXKEHHS,  MOJICIMPOBAHUE  JBWKEHUS IO
HEOO0XOAUMO HEPOBHOCTSIM  OINOPHOTO OCHOBAHHWSI BUPTYaJIbHOIO
IPOBOAUTD JUIS | IOJIUTOHA C MOJAEpP’KaHUEM IIOCTOSIHHOM CKOpPOCTH
IIPOBEPKHU JIBUKCHHUSI AIIEKTPOMOONIIS; MOJIETTUPOBAaHUE
aJIeKBaTHOCTHU JIBWKEHUSI B TIOBOPOTE C IOCTOSIHHBIM PaJUyCOM,
(GYHKIMOHMPOBAHUS | MOJIEIIMPOBAHUE JIBHIKEHHSI B PEKUME «IIEPECTaBKay,
MOJEIH MOJEIIMPOBAHUS PEKUMA JIBUKEHUS «PBIBOK PYIID»;
AIIEKTPOMOOIIS? MOJIEJTUPOBAHUE JIBVKEHHS B 3aHOCE; MOJIECIUPOBAHUE

peXUMa OIPOKHIBIBAHUSI TPAHCIIOPTHOTO CPENICTBA.

25. | BupryanbHble N3mepsieMbIMU TapaMeTPAMH SIBIIIFOTCSI BEPTUKAJIBHBIE
UCIIBITaHUS U TOpPU3OHTANbHbIE (IPOJOJBHBIE M IIONEPEUHBIE)
AIIEKTPOMOOWIICH  Ha | BUOPOYCKOpEHUsl Ha pabodyeM MecTe BOJUTENS U B
IJIABHOCTh X0Ja. | MEeCTax pa3MeIlEHUs aCCaKUPOB AIEKTPOMOOHIISL.
VYcnoBus poBesieHUs. | YCIOBUS — MPOBENEHUS:  JUHAMUYECKass  MOJEIb
N3mepsiembie ANEKTPOMOOWISL  JBMDKETCA — NPSIMOJIMHEMHO 1O
apaMeTpBl. BUPTYaJIbHOMY TOJMIOHY HEPOBHOCTEW 3aJlaHHOMU

KaTeTOpUHU C TOJICPKAHUEM ITOCTOSHHOH CKOpPOCTH
nemxenns (10, 20, 30 km/4 0 MaKCHUMaJIbHOM
CKOpOCTH) B TeueHne He MeHee 60 cexyna. Yacrora
JUCKPETU3ALMH 3aliCH pealn3alunii BUOpOyCKOpEeHU
He meHee 50 I,

AHanu3 pe3ysbTaToOB BUPTYaJIbHBIX MCHBITAHUNA Ha

wiaBHocTh  xoxa npowsBoautcss mno I['OCTy Ha
BUOpPALIMOHHYIO  O€30MaCHOCTb.  AHaIU3UpyEeMbIe
IPOLIECCHI BUOPOYCKOpPEHUI MOJIBEPratoTCs

GuIbTpallMK C TOMOUIBI0 (PUIBTPOB HU3KUX YACTOT.
Uccnenyemsblii nuana3on yactot 0,7...22.4 '
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26.| BupryanbHbie N3mepsiemMblMM  MTapaMeTpamMu  SIBJISIIOTCA  CKOPOCTb
UCIBITaHUS JABUKCHUST DJIEKTPOMOOWJISI W €ro KypCOBOH yroi
AJIeKTpoMOOWIe  Ha | (OTKJIOHEHHE OT MPSAMOJIUHEHHON TPAEKTOPHUH).
TATOBO- VYcaoBus MIPOBE/ICHMUSL: JBUYKEHUE MOJENN
JTUHAMHAYECKHUE ANEKTPOMOOWIISI HAYMHAETCS W3 COCTOSHUSA TOKOS
cBOMcTBa.  YcioBus | (HadajibHasg CKOPOCTh paBHA HYI0). COCTOSIHUE U BUJ
MIPOBEACHUS. ONOPHOM TMOBEPXHOCTHU — CYXO€ IOKpPBITUE C
N3mepsieMble KO3 (HUIIMEHTOM CUEIUICHUS NP MOJTHOM CKOJIbKEHUU
apaMeTphl. 0,8 (achanpbTOOETOHHOE  IIOCCE  BHPTYAIBHOTO
nonurona). IIpousBoaMTCS pasroH MpU  MOJHOM
Ha)KaTUW Ha NeJallb aKcejlepaTopa 10 MAKCUMAaJbHOU
CKOpocTH 3nekTpomoduiiss. Ilpu stom mepekioueHue
nepenady Iporu3BOJNUTCA ¢ HU3IIEH Ha BBICUIYIO.
[lo pe3ynapTaTam NpPOBEACHUS CTPOUTCS TIpaduk
Pa3rOHHOW XapaKTEPUCTUKU, OMNPENEISETCS BpeMs
paszroHa MoJIEIH 3JIEKTPOMOOUIIS O MAKCUMAIbHOM
CKOPOCTH JIBH>KECHUS.
217.| BuptyanbHbie N3mepsieMbIMU TTapamMeTpaMu SIBJISIFOTCS MPOWUIECHHBIN
UCIIBITAaHUS OyTh TpU TOPMOKEHUHU (3aMepsieTCss C MOMEHTa
ANIEKTpOMOOMIIE  Ha | HAXaTWsl Ha MNeAalb TOpMO3a JI0 MOMEHTa IOJHOMN
TOPMO3HBIE CBOMCTBA. | OCTAHOBKHA  3JIEKTPOMOOWJISI), YIJIOBBIE  CKOPOCTH
YcnoBus mpoBeieHMs. | BpalleHUs KOJIEC, CKOPOCTh JBUKEHUS JIEKTPOMOOUIIS,
N3mepsiembie €ro KypcoBOW yros (OTKJIOHEHHE OT MPAMOJIUHEHHOU
apaMmeTphl. TPAeKTOPHUM) U YroJ CKIAJbIBaHUA (IIPU YCIOBHUH, UTO

BUPTYyaJIbHOE  HWCIBITAHWE  MPOU3BOJAUTCS  JIA
aBTOIOE3/1A).
YcnoBus MPOBECHUSA:

JABHKCHHC MOACIIN

3J'I€KTpOMO6I/IJ'I$I HA4YMNMHACTCA u3 COCTOSAHUA

NPSMOJIMHEMHOTO  JBWKEHUA HAa  MaKCUMAJIbHOMN
ckopocTtu. COCTOsSIHME U BUJ OMOPHON MOBEPXHOCTU —
cyxoe (CKOJIb3KO€) TMOKpBITHE C Kod(pduimreHTom
cueryieHus: npu mnoiaHoMm ckoibxkeHuun 0,8 (0,35)
(acdanbTOOETOHHOE MIOCCE BUPTYATHHOTO TMOJMTOHA).
[Tpou3BoANTCS TOPMOXKEHHE MOJIETH DJICKTPOMOOHIIS
Opy TMOJHOM HaXaTUW Ha Menaib TOpMO3a 10 €ro
ITOJIHOW OCTaHOBKH.

ITo

HCIIBITAHUA AHAJIU3HUPYIOTCA: OTCYTCTBHC PBLICKAHDBA,

pe3ysibTaTaM  MPOBEACHUS  BUPTYaJIbHOIO
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OTCYTCTBUE CKJIQJBIBAHMSI aBTOMOE37a; OTCYTCTBHE
OJIOKMPOBKH KOJIEC, OTCYTCTBHE PE3KHMX CKAYKOB U
KoJIcOaHMiiT B

pcajiu3aninn  CKOPOCTH  ABUIKCHUS

ANEKTPOMOOMIISI; OLIEHUBAETCS TOPMO3HOM NyTh H

BpEMsI TOPMOMKEHHSI DJIEKTPOMOOWIIS; OIEHUBAETCA
MaKCUMAaJIbHOE MIPOJIOJILHOE YCKOpEHHUe
ANEKTPOMOOMIISI IPU TOPMOKEHHH.

28. | BupryanbHeble Peructpupyembimu napameTpamMu ABIISIIOTCA
UCTIBITAaHUS TPACKTOPHS IBIKEHHUS MOJEIH AJIEKTPOMOOMIIS; yroi
ANEKTpOMOOMIIE  Ha | MOBOPOTa PYJIEBOTO KOJIECa; CKOPOCTh JBUKCHUS
YCTOMYMBOCTD U | MOJICTIM  DJEKTPpOMOOUIISL; yroia OOKOBOTO KpEHa;
yIPaBIIEMOCTh  TIPU | KYpCOBOM  yroj;  yrjioBas CKOPOCTh  IOBOPOTa
JIBUKEHUH B TIOBOPOTE | TPAHCIIOPTHOTO  CPEACTBA; BEPTUKAIBHBIE PEAKIUU
R35. VYcnoBusi | B3aMMOJICEUCTBUSL  BCEX  KOJIEC  DAJICKTPOMOOWIS €
IPOBE/ICHUSI. OTIOPHBIM OCHOBaHHUEM.

H3mepsiemble VYcnoBuss TIPOBENEHUS: BHUPTyaJbHBIC  HCIIBITAHUS
IapameTpsl. npoogsatcs mno ['OCT Ha  yCTOMYMBOCTH U

yIPaBISIEMOCTb; BUPTYaJIbHbIE UCIIBITAHUS BBITIOIHSIOT
10 3aJaHHOMY Pa3METKONW MaHEBPY MPH MMOCTEIEHHOM
YBEJIMYEHUHN CKOPOCTH BBIMIOJHEHUS MAHEBPA OT 3a€3/1a
K 3ae3ly. BupTyainbHOE€ HUCHBITAHHE HAYMHAETCS W3

COCTOSIHHSI PABHOMEPHOTO MTPSIMOJIMHEHMHOTO JIBUYKEHUS
C 3aJJaHHOM CKOPOCTBIO, M OHA YK€ MOAJIEP>KUBAETCS Ha
MPOTSKEHUU Beero 3ae3aa. COCTOSIHUE U BHUJI OTIOPHOM
NOBEPXHOCTH — CyXO€ MOKpBITHE ¢ Ko3(hHIMeHToM
0,8
(acdanbTOOETOHHOE IIOCCE BUPTYAIBHOTO TTOJIMTOHA).

Ilo
UCIIBITAHUS AHATM3UPYIOTCS: TPAEKTOPUS BBITTOJTHEHUS

CHCIIIICHUA 1810)1 ITOJIHOM CKOJIb2KCHHUI

pe3ysipTaTaM ~ NPOBEACHHMS  BHPTYaJIbHOIO
AIEKTPOMOOMIIEM MaHeBpa MmoBopoT R35; oTcyTcTBUE
OTpbIBA KOJIEC OT ONOPHOTO OCHOBAHUS; OTCYTCTBHE
PE3KHUX CKAauKOB M KOJIEOAHUI CKOPOCTH ABHIKEHUS
AIIEKTPOMOONIIS; OTCYTCTBHE IIONIEPEYHOTO
pacKauMBaHMS NEKTPOMOOMIISI; OTCYTCTBUE PHICKAHBS
anekTpomMoOmist. Dukcupyercs MaKCUMAaJIbHBIA yroj

OOKOBOT'O KpEHa AJIEKTPOMOOMIIA.




