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1. Hean, 3a7a4u ¥ NJIAHMPYeMble pe3yJabTAThl 00y4YeHUsI 10 JUCHUIITIHHE

K o0CHOBHBIM meJasiM OCBOCHHS JUCHUIUIMHBI «BHUpTyanbHbIE HCHBITAHUSA
AJIEKTPOMOOMIIEH B TPOTPaMMHBIX KOMIUIEKCAaX» CIEAYeT OTHECTH:

—  peanu3aunus  OCHOBHOM  oOpazoBaTenbHOM — mporpammel  (OOII)  mo
cnenuainbHocTn 23.04.02 «HazeMHble TpaHCTIOPTHO-TEXHOJOTUYECKHE KOMIUIEKCHI,
npoduis 23.04.02.01 «OnexTpudunrpoBaHHbIE TPAHCTIOPTHBIE CPEICTBAY;

—  ¢dopmupoBaHue y OOyYarOImIMXCS 3HAHUH O COBPEMEHHBIX MPHUHIUIMAX,
METOJIaX M CPECTBAX aHaN3a U MPOTHO3UPOBAHUS SKCILTyaTallMOHHBIX CBOMCTB Ha3€MHBIX
AIIEKTPUYECKUX TPAHCIIOPTHBIX CPENICTB;

—  IOJArOTOBKA CTYJEHTOB K CaMOCTOSITEIbHOMN JEATEIbHOCTU B COOTBETCTBHHU C
TpeboBanusIMU DeepanbHOTO rOCYAapCTBEHHOTO 00pa30BaTEIbHOIO CTaHAPTa BBICIIETO
obpazoBanust mo crnenuanbHocTH 23.04.02 «HazemHbIe TpaHCIOPTHO-TEXHOJIOTHUECKHE
KOMILIEKChD», Mpouib noaAroToBku 23.04.02.01 «OnekTpupuuupoBaHHble TPAHCIOPTHHIE
CpEICTBaY.

K ocHOBHBIM 3agadyaM OCBOCHMS JUCLUUIUIMHBI «BuUpTyanbHble HWCHBITAHUA
AJIEKTPOMOOMIIEN B IPOrPaMMHBIX KOMIUIEKCAaX» CIEAYeT OTHECTH:

—  (opMHpoBaHHE NPEJCTABICHUS O KOMIUIEKCE SKCITyaTallMOHHBIX CBOMCTB,
OTIPEACTSAIONMX  OCOOCHHOCTH  TOBEACHHS  AJICKTPU(DUIIMPOBAHHBIX  HA3EMHBIX
TPAHCIIOPTHBIX CPENICTB, UX CUCTEM Y3JIOB M arperaTos;

—  OCBOEHHE OOIIMX MPHUHIMIIOB U OCOOCHHOCTEW MOJAETUPOBAaHUS ITHUHAMUKU
AIIEKTPOMOOMIIEN € LIETbI0 0OecTieueHUs] BO3MOXKHOCTEN aHalln3a UX HKCILTyaTallMOHHBIX
CBOIICTB;

—  (dopMmupoBaHHE HABHIKOB TIOJNyuYeHHsT Ha 0a3e W3YYCHHBIX METOIUK
KOHKPETHBIX JaHHBIX 00 OJKCIUTyaTallMOHHBIX CBOWCTBAaX AJICKTPUPHUIIMPOBAHHBIX
TPAHCIOPTHBIX CPEACTB, HMX CHCTEM, arperaToB M BIUSHUE HA HUX PA3IUYHBIX
KOHCTPYKTUBHBIX U BHEIIHUX (PaKTOPOB.

OOyuenne mno aucuuiianHe «BupTyanbHble HCHBITAaHUS SJIEKTPOMOOUIIECH B
MPOrPaMMHBIX KOMIUIEKCAX» HaIMPaBJIeHO Ha (POPMUPOBAHNE Yy 00YJAIOIINUXCS CIEAYIOIINX

KOMIICTCHITHH:
Koa u HauMeHOBaHHE KOMIETEHIUI NHaukaTopbl 10CTHKEHUS KOMIIETEHIIUU

I1K-1. CriocoOHOCTH POBOJUTH UIIK-1.1. 3naeT ocobeHHOCTH

HCCTIE0BATENIbCKOE U KOHCTPYKTOPCKOE MOJICIIMPOBAHUS U KOHCTPYKITUN

COIIPOBOXKACHHUE TIPOU3BOACTBA U UCTIBITAHUHN | SJEKTPUPHIIMPOBAHHBIX TPAHCIOPTHBIX

AIEKTPUUIIUPOBAHHBIX TPAHCTIOPTHBIX CPENICTB M NX KOMIIOHEHTOB;

CPENICTB U UX KOMIIOHEHTOB NIIK-1.2. YMmeer miaHupoBaTh BUPTyaJIbHBIE
WCTIBITAHUS KOHCTPYKITUN
ANEKTPUPUIIMPOBAHHBIX TPAHCTOPTHBIX
CPEJICTB M NX KOMIIOHEHTOB;




oOpaszoBaTenbHbIX OTHOIIEHUH O710Ka b1 «lucuuminnael (MOIYIIN)».

HIIK-1.3. Bnageet npakTHYE€CKUMHU
HaBbIKaAMHA MOI[GJII/IpOBaHI/IH nu HpOBeILCHI/IH
BUPTYJIbHBIX UCTIBITAHUA KOHCTPYKIIHHA
NEKTPUPHUIMPOBAHHBIX TPAHCTIOPTHBIX
CPEJICTB U KOMIIOHCHTOB

2.

MecTo IMCUMILINHBI B CTPYKTYpe 00pa3oBaTeibHOM MPOrpaMMbl

JlucuunianHa OTHOCUTCS K 00s3aTelbHOM YacTd, (OpMHUPYEMOW YYaCTHHUKAMU

]_II/ICHHHJII/IHa «BI/IpTyaJIBHBIe HUCIIBITAaH

U DIIEKTpOMOOMIIEH

B IPOrpaMMHBIX

KOMIUICKCax» B3aMMOCBA3aHa JIOTUUCCKU U COACPKATCIIbBHO-MCTOANYCCKHU CO CIICAYIOIUMU

aucuuimaamu u npaktukamu OOIT:

KoHcTpyKus 31eKTpOMOOHIIEH.

MGTOIH)I pPacucTOB U ITPOCKTHUPOBAHUA 3H€KTp0MO6HJ’I€ﬁ.

MaremaTtudeckoe MOACIUPOBAHNUC pa60t114x IIpOoLcCCOB aBTOMOOMJIS.

[{upoBbie TEXHOIOTHH B ABTOMOOUIECTPOEHUHU.

OcHOBBI p33pa6OTKI/I N TCCTUPOBAHUA aJITOPUTMOB YIIPABJICHUA DJICKTPHUICCKHUX

TPaHCIIOPTHBIX CPE/ICTB.

3. CTpykTypa u coaepxanue JTUCHUILTHHbI

OO11ast TPyI0EMKOCTh IUCIUILIMHBI cocTaBisgeT 3 3aueTHbIXx eaunuil (108 vacos).

3.1 Buabl yueOHOH padoThl M TPYI0€MKOCTD

(no hopmam oOyueHus)

3.1.1. Ounas dpopma o0yueHus

Ne Cemectp
n/n Buj yue6Hoii padoThl Koauecrso 3
4acoB
1 | AyauTopHble 3aHATHS o4 o4
B Tom uncie:
1.1 | Jlexuun 18
1.2 | CemuHapcKue/mpakTHICCKUE 3aHITHS
1.3 | JlabopaTopHbIe 3aHATHS 36
2 | CamocTosiTe1bHaAsi padoTa 126 54
3 | Ilpome:xkyTouHasi aTTecTamus
OK3aMeH JK3aMeH
Hroro 180

3.2 TemaTuyeckui NJIaH U3y4YeHUs TUCUUIIMHBI
(o hopmam oOyueHus)



3.2.1. Ounas ¢popma oOyueHus

n/n

Pa3nenbl/TeMbl
JUCHHUILIHHBI

TpyaoeMKocTh, 4ac

Bcero

AynuTopHasi pabora

Jlexuun

Cemunapckue/
MPAKTUYCCKHE
3aHATHUS
JlaGoparopHsbie
3aHATHUS

[IpakTnueckas

IoAroTOBKa

CamocrosiTeJIbHASA
padora

Pa3nen 1. OcHOBHBIE TOAXOOEI U
MPUHIIAITEl UMUTAIIMOHHOTO
MOJICTTUPOBAHUS JUHAMUKH OOBEKTOB.
Pa3paboTka TuHAMHYECKHX MOJIEICH
00BEKTOB C MOMOIIBIO CPEJICTB U
OUOINOTEK B TPOTPAMMHBIX
KOMIUIEKCax IO pacyeTy TUHAMUKU
CBSI3HBIX CUCTEM

1.1

Tewma 1. Beenenue B MmojieupoBaHue

10

1.2

Tema 2. OcHOBBI U IPUHLMIIBI PAOOTHI B
IIPOrpaMMHBIX KOMIIJIEKCAX 110 pacyeTy
JMHAMHKU CBSI3HBIX cucteM. M3yueHue
1 OCBOEHUE HHTep(eiica IpOorpaMMHOTO
KOMILIEKCa

10

1.3

Tewma 3. H3yueHue u ocBoeHuE
MIPOCTEUIINX CPEICTB CUTHAJIOB
ynpasieHus B 1-D MmoaenupoBaHuu.
N3yuenue n oceoeHue OUOIMOTEKN
CUTHAJIOB YNPABJIEHMS B IPOrPaMMHOM
KOMILIEKCE

10

1.4

Tema 4. I3yueHue u 0CBOEHHE CPEICTB
Ut ofHOMepHOro 1-D MonenupoBanus
JUHAMHYECKUX cucTeM. M3ydeHnune u
OCBOEHUE OUOIMOTEKN CUTHAJIOB
OJIHOMEPHOU MEXaHUKU B
IIPOrpaMMHOM KOMILJIEKCE

10

1.5

Tema 5. M3yueHune 1 0CBOEHHE CPECTB
JUTsl IpocTpaHcTBeHHOTO 3-D
MOJIETUPOBAHUS AUHAMHUYECKUX
cucteM. M3yyeHnue u ocBoeHue
OUOIMOTEK CUTHAJIOB
MIPOCTPAHCTBEHHOMN TMHAMUKH B
MIPOrpaMMHOM KOMILJIEKCE

10

Paznen 2. Pa3zpaboTka muHAMUYECKHX
MoJIeJIel 3eKTPUUITUPOBAHHBIX
TPAHCIIOPTHBIX CPEACTB U UX
KOMIIOHEHTOB B MPOCTPAHCTBEHHOM
IIOCTAaHOBKE B IIPOTrPaMMHBIX

10




KOMINJICKCAX I10 pacdyeTy ATUHAMUKU
CBS3HBIX CUCTEM

2.1

Tema 1. Pa3zpaboTka BUpTyaJIbHBIX
IIOJIMTOHOB OIIOPHBIX OCHOBAHUI
pa3nuyYHbIX TUIIOB. MozienpoBaHue
HEPOBHOCTEH OMOPHBIX OCHOBAHMI
Pa3JIMYHBIX KATETOPUNA HEPOBHOCTEN
JI0por

10

2.2

Tewma 2. Pa3zpaboTka TuHaMHYECKUX
CUCTEM MOJIEIIEH TPAaHCIIOPTHBIX
CPEICTB B IPOCTPAaHCTBEHHOM
nocraHoBke. Opranu3zaius CUCTEM
KOOPJIMHAT, B3aUMHOTI'0 PACIIOI0KEHHS
KOMITOHEHTOB JJUHAMUYECKON MOJIeNIU U
CBA3EH MEXAY HUMU

10

10

2.3

Tema 3. Pa3zpaboTka nuHamMuueckoi
MO B3aNMOJIEHCTBHS KOJjIeca ¢
MOJATINBON IMIMHOMN
ANICKTPUPUIIUPOBAHHOTO
TPAHCIIOPTHOTO CPEJICTBA C
BUPTYaJIbHBIMU [TOJIUTOHAMU OMOPHBIX
OCHOBAHMH pa3IMYHBIX TUIIOB

10

2.4

Tema 4. Pa3zpaboTka TuHaMHYECKUX
MOJIETIEN CUCTEM NOAPECCOPUBAHUS
NMEKTPUDHUIIUPOBAHHBIX TPAHCTIOPTHBIX
CPEACTB U UX KOMIIOHEHTOB

10

10

2.5

Tema 5. Pa3zpaboTka nuHaMuuecKux
MOJIeTIE CUCTEM CHIIOBOM YCTaHOBKH
ANEKTPUPULIINPOBAHHBIX TPAHCIIOPTHBIX
CpencTB

10

10

2.6

Tema 6. Pa3zpaboTka AMHAMUYECKUX
MOJIEJIEH CHCTEM PYJIEBOTO YIIPABICHU
Y TOPMO3HBIX CUCTEM
ANEKTPU(PULIIIPOBAHHBIX TPAHCIIOPTHBIX
CPEICTB

10

2.7

Tema 7. [Ipouenypsl Bepuduxanyuu u
MIPOBEPKH aJ€KBAaTHOCTH PAOOTHI
paspabaTrbiBaeMbIX MOJIEJIENH AUMHAMUKHI
EKTPUPULIIIPOBAHHBIX TPAHCIIOPTHBIX
CpEeACTB

10

Pasnen 3. Ucnons3oBanue
IUHAMHAYECKUX MOJEIIEN U UX
KOMITOHEHTOB, pa3pa0OTaHHBIX B
MIPOTPaMMHBIX KOMIUIEKCaX IO pacueTy
JIMHAMHKH CBSI3HBIX CUCTEM, B
nporieccax KOHCTPYKTOPCKOTO
MIPOEKTUPOBAHUS

10

3.1

Tewma 1. IIpouenyps! nposeneHus
BUPTYaJIbHBIX UCIIBITAHUM
ANEKTPUULIIMPOBAHHBIX TPAHCIIOPTHBIX
CPEICTB B IPOrPaMMHBIX KOMILIEKCAX

12

10




10 pacyeTy TUHAMUKH CBS3HBIX CHCTEM
JUISL OLIEHKH IIOBEIECHHS U aHAIN3a
IKCILIyaTal[MOHHBIX CBOMCTB
TPAHCIIOPTHBIX CPEJICTB

3.2 | Tema 2. IlIporienypbl IpoBeACHHS 12 3 3 10
BUPTYaJIbHBIX UCIIBITAHHUN
ANMEKTPU(DUIMPOBAHHBIX TPAHCIIOPTHBIX
CpPE/ICTB B IIPOTPAMMHBIX KOMILIEKCAX
10 pacyeTy JUHAMUKH CBS3HBIX CHCTEM
JUISL OLEHKHU Y aHAJIM3a U3MEHEHUI
KHHEMATHYECKUX M TUHAMUYECKHX
apaMeTPOB TPAHCIIOPTHOTO CPEACTBA B
IpolLeccax ero ABMKCHHS, a TAKKe
MOJIYYCHHUSI CUIIOBBIX [1APaMETPOB B
KOMITOHEHTAX TPAHCIOPTHOI'O CPEJICTBA
JUIST BO3MOKHOCTEH JAITLHEHIIICTO
MIPOBEICHUS PaCYETOB Ha MPOYHOCTh M
JI0JITOBEYHOCTh JICTalICH y3J10B U
arperaroB JeKTPUPUIIUPOBAHHBIX
TPAHCIOPTHBIX CPEJICTB

HUroro | 108 18 - 36 - 126

3.3 ConepxaHue TUCIHHIIMHBI

Pa3zgen 1. OcHOBHBIE MOAXONbI W TPHUHIMITEI WMHUTAIIMOHHOTO MOJCITHUPOBAHUS
JUHAMUKH 00BEKTOB. Pa3paboTka AMHAMUYECKUX MOJIETE OOBEKTOB € MMOMOILBIO CPEJICTB
1 OMOJIMOTEK B IPOrPAaMMHBIX KOMIUIEKCAX 110 PacYeTy JMHAMUKH CBSI3HBIX CHCTEM

Tema 1. BBenenue B MoaeIMpoOBaHUE

Ilonsamue modenuposanusi OUHAMUKU 8 NPOSPAMMHBIX KOMNIEKCAX NO pacyemy
OuHAMUKU c8sa3ublx cucmem. OcrnosHvle mepmunsl. Memoowvl modenuposanus. [100xo0vbl K
MOOenuposaruio. Xapakmepucmurku OUHAMUYECKUX mooeetl 00beKmos.

Tema 2. OCHOBBI ¥ TIPUHIIUIIBI PA0OTHI B MPOTPAMMHBIX KOMIUIEKCAX IO pacueTry
JTMHAMUKH CBSI3HBIX CUCTeM. M3ydeHue u ocBoeHue nHTepderica mporpaMMHOTO KOMIUIEKCa

OcHogbl U npuHYUnsL pabomol 8 NPOSPAMMHBIX KOMNJIEKCAX o pacuemy OUHAMUKU
CBA3HBIX cUCmeEM OJisL MOOeNUPOBAHUS OUHAMUKY MPAHCHOPMHBIX CPEOCMS.

Tema 3. M3ydyeHnue u 0CBOEHUE MPOCTEUIINX CPEACTB CUTHAIOB yrpasiieHus B 1-D
MOJICTTUPOBAaHUH. VI3yueHHWe ¥ OCBOeHHE OWOJMOTEKHM CHUTHAJIOB YIPABICHUS B
MIPOrPaMMHOM KOMILJICKCE

H3zyuenue npocmetiumux cpedcme 0 popmuposanus cucHaios ynpasienus ¢ 1-D

MOOENUPOBAHUL.



Tema 4. V3yueHue u O0CBOE€HHE CPEACTB AJIA OgHOMEpHOro 1-D mMopenupoBaHus
JUHAMUYECKUX cHCcTeM. M3yueHue M ocBoeHuEe OHOIMOTEKHM CUTHAJIOB OJHOMEPHOMU
MEXaHHUKH B IIPOTPAMMHOM KOMILIEKCE

H3yuenue cpedcme 0ns oonomeprozo 1-D moodenuposanus ounamuueckux cucmem.

Tema 5. U3yuenme wu OCBOCHHME CpPEICTB s MpocTpaHcTBeHHOro 3-D
MOJICTTUPOBAHUS JUHAMHYECKUX CUCTeM. M3yueHue u OCBOeHHE OMOIMOTEK CUTHAJIOB
POCTPAHCTBEHHOM IMHAMHUKHU B MPOTPAMMHOM KOMILJIEKCE

Uszyuenue cpeocms 0nsi npocmpancmeenno2o 3-D mooenuposanusi OUHAMUYECKUX
cucmenm.

Paznen 2. Pa3paboTka AMHAMHYECKHX MOJENECH  AIEKTPUUIIMPOBAHHBIX
TPAHCIOPTHBIX CPEJICTB M HMX KOMIIOHEHTOB B MPOCTPAHCTBEHHOW TOCTAHOBKE B
MPOrPaMMHBIX KOMIUIEKCaX MO pacdyeTy TUHAMUKHU CBA3HBIX CHCTEM

Tema 1. Pa3paboTka BUPTYaJbHBIX MOJUTOHOB OMOPHBIX OCHOBAHHMM PA3THYHBIX
TUTNOB. MoJenpoBaHue HEPOBHOCTEH OIMOPHBIX OCHOBAaHUN Ppa3IMYHBIX KaTeropui
HEPOBHOCTEN JIOPOT

Mooenuposanue HeposHocmeli nymu no Cmamucmu4yecKum XapaxKxmepucmuKam.
Mooenuposanue eupmyanvHulx noaucoHoé oopoe. Henoodeuswcnas cucmema xkoopounam
ONOPHO20 OCHOBAHUSL OOPO2U.

Tema 2. Pa3zpaboTka AMHAMUYECKHUX CHUCTEM MOJIEJIEH TPAHCIOPTHBIX CPEICTB B
MPOCTPAHCTBEHHOW mocTaHoBKe. OpraHuzamusi CHCTEM KOOPAWHAT, B3aUMHOIO
PaCIOJIOKEHHUSI KOMITOHEHTOB IMHAMUYECKOW MOJICIIN U CBS3EH MEXy HUMHU

Mamemamuueckas mooenb NpPOCMPAHCMEEHHO20 OBUNCEHUS  MPAHCNOPMHO20
cpeocmea. Tpebosanus k mamemamuueckou MoOenu, Npoyecc paspabomku Mooeiu u
npogedeHUuss  MOOenuposanus,  OcHoeuvle  donyweHus.  CmpykmypHas — cxema
mpancnopmuoco cpeocmea. Cucmemvl KOOPOUHAM, UCNONb3YEMble NPU MOOETUPOBAHUU.
Dopmuposanue OJI0KO8 KOMNOHEHMO8 MPAHCNOPmMHO20 cpedcmea. Onpedenenue 83aUMHOL
OpUeHmayuu NOOBUICHBIX U HENOOBUIICHOU cucmem Koopounam. Kunemamuueckue
napamempusl U NPUHYUNbLL QOPMUPOBAHUS CEA3eli 8 MOOeNU OBUNCEHUS MPAHCNOPIMHOZO0

cpedcmaa.



10

Tema 3. Pa3zpaboTka TMHAMHUYECKON MOJIEH B3aUMOACHCTBUS KOjeca ¢ TI01aTIUBOMN
IIMHOW JICKTPU(PHUITUPOBAHHOTO TPAHCIIOPTHOTO CPEACTBA C BUPTYAJTbHBIMU ITOJIUTOHAMU
OTIOPHBIX OCHOBAHHM PA3IMYHBIX TUIIOB

Mamemamuueckas ~ mooenv — 83aUMOOeUCmMBUs  DIACMUYHOU — WUHBL  C
HedeopmupyemviM  ONOPHLIM — OcHosaHuem.  Moodenuposanue — kod3¢phduyuenma
CONpoOmMuUBIeHUs. 08UdNCeHUIo U Kodppuyuenma e3aumooelicmeus Koieca ¢ ONOPHOLU
NOBEPXHOCMbIO.

Tema 4. Pa3paboTka JAWHAMHUYECKHX MOJCICH CHCTEM II0JIPECCOPHUBAHUS
ANEKTPUPUIIMPOBAHHBIX TPAHCTIOPTHBIX CPEJICTB U UX KOMIIOHEHTOB

Mamemamuueckue mooenu HanpasiAwWe20 annapama cucmem nOOPeccopusanusl,
MOOeUPosaHue ux 6 NPOCMpPAHCMEEHHOU NOCMAHOBKe, OP2aAHU3AYUSL CUCEM KOOPOUHAM
u ceazell 01 83auUMOO0elcmeus ¢ KOMNOHEHMAMU MPAHCHOPMHO20 Cpeocmed Oiis
MOOeUPOBaHust pabomsl Pe3UHOMEMALIUYECKUX WAPHUPOS U UHBIX YIPYeUX 6MmyJoK.
Mamemamuueckue mooenu ynpyeux sjnemMeHmos noosecok. Modenu nucmosvix peccop,
npYJHCUH, nHeemopeccop u m.n. Mamemamuyeckue mMooenu amopmuzamopos noo8ecok.
Mamemamuueckue mooenu cmadbuIu3amopos nonepeuHoll YyCmoudueoCcmi.

Tema 5. Pa3paboTka JIUHAMUYECKMX MOJEJIEH CHUCTEM CHUJIOBOM YCTaHOBKHU
ANEKTPUPHUITIPOBAHHBIX TPAHCTIOPTHBIX CPEJICTB

OcHosHble napamempvl U 3A8UCUMOCIIU OISl MOOEIUPOBAHUS — OUHAMUKU
eKmpoosucamenss. MpancnopmHo2o cpeocmea. Mamemamuueckue mooenu CyenieHul,
KOpoOOK nepeoau, pazoamodHbvlx KOpoOOK, 21a8HbIX nepeoad, KOJNeCHbIX pedyKmopos C
BXO0AWUMU 8 UX cocmas KomnoHewmamu. Mamemamuueckue mooeru 3y0uamolx
3ayenjieHutll pasHvlX Munos, nap mperus, NiaHemapHblX Mexanuzmos u m.nm.

Tema 6. Pa3zpaboTka JuHAMHYECKHX MOJEJECH CHCTEM pYJIEBOrO YIpPABICHUS WU
TOPMO3HBIX CUCTEM DJICKTPUPHUITUPOBAHHBIX TPAHCIIOPTHBIX CPEJICTB

Mamemamuueckue mooenu  pyresoco  YNpaeieHus 6  NPOCMPAHCIEEHHOU
NOCMAHOBKe, Op2aHU3AYUs Cucmem KOOpOUHam u cesa3zeu Olsl 83auMOOeUcCmsusi ¢
KOMNOHEHMamu mpancnopmuo2o cpeocmea. Mamemamuyeckas Mmooeib MOPMO3HOU

cucmemsvl mpaHcnopmHo2co cpe()cmea u opearuzayus ee 83AUMOOCUCMBUSL C
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KOMHOHEHMAMU Mpancnopmuo2o cpeocmea. Moodenv cucmem aHmubIOKUPOBOUHOU U
NPOMUBOOYKCOBOUHOIU.

Tema 7. Ilpouenypsl BepupHUKAMU W TPOBEPKH aJEKBATHOCTH PaOOTHI
pa3pabaThiBaeMbIX MOCIICH THHAMUKHU IEKTPUDUITUPOBAHHBIX TPAHCIIOPTHBIX CPEACTB

OcHosbl  npoyedyp npogedeHus Gepugurayuu U HpPoBepoK adeK8AmHOCHU
QyHKYUOHUpOBaHUs  paspaboOmaHublx  Mooenel  MPAHCNOPMHBbIX — CPeOCm8 U UX
KOMNOHeHmos. llepeyeHb pedcumos SUPMyalbHbIX UCNBIMAHUL MoOeell, HeoOdX0OUMblil
Ol NPOBepKU  A0eK8AMHOCMU  pPA3PAOOMAHHBIX MOOenell  NeKMPUPUYUPOBAHHBIX
MPAHCROPMHBIX CPEOCME U UX KOMHNOHEHMOB.

Paznen 3. Hcnonbp3oBaHuME [HMHAMUYECKUX MOJIEI€M U HX KOMIIOHEHTOB,
pa3paboTaHHBIX B MPOTPAMMHBIX KOMIUJIEKCAX MO pacyeTy AWHAMUKH CBS3HBIX CHCTEM, B
mpoleccax KOHCTPYKTOPCKOTO MTPOSKTUPOBAHHMS

Tema 1. [Tpouenypst MIPOBEICHUS BUPTYaJIbHBIX UCIIBITAaHU
ANEKTPU(UIIMPOBAHHBIX TPAHCIIOPTHBIX CPEJICTB B MPOTPAMMHBIX KOMITJIEKCAX MO pacyeTy
JUHAMUKH CBSI3HBIX CUCTEM IS OLIEHKU MOBEICHUS U aHaJIN3a SKCILTyaTallMOHHbBIX CBOMCTB
TPAHCIIOPTHBIX CPEJICTB

H3zyuenue npunyunos u Memooo8 OYeHKU  IKCHIAYAMAYUOHHBIX — CBOUCME
INEKMPUDUYUPOBAHHBIX — MPAHCNOPMHBIX ~ CPEOCME  MAKUX  KAK.  YCHMOUYUBOCHb,
VIPABIAemMoCcy, NIAGHOCHb X004, MA208as U MOPMO3HASL OUHAMUKA.

Tema 2. [Ipouenypsl IIPOBEICHUS BUPTYaJIbHBIX VCIIBITAHUN
ANEKTPUPHUITMPOBAHHBIX TPAHCTIOPTHBIX CPEJICTB B IPOTPAMMHBIX KOMITJIEKCAX IO PACUYETy
JMHAMHMKHN CBSI3HBIX CHCTEM [UIsl OICHKM M aHajin3a M3MEHEHUH KUHEMAaTHYeCKUX U
JMHAMHMYECKUX [TapaMeTPOB TPAHCIIOPTHOTO CPEICTBA B MPOLIECCAX €r0 IBUKEHUS, a TAKKE
MOJTy4eHHUsI CHJIOBBIX IapaMeTpOB B KOMIIOHEHTaX TPAHCIOPTHOTO CpEACTBa MJis
BO3MOXXHOCTEH JalIbHEHIIIET0 MPOBEACHUS PacuyeToOB Ha MPOYHOCTh U JIOJTOBEYHOCTH
JeTanell y3JI0B U arperaToB 3JIeKTpU(UIMPOBAHHBIX TPAHCTIOPTHBIX CPEJICTB

U3yyenue npunyunos u memooo8 oyeHKU KUHeMamuyecKu U CULO8bIX Napamempos
KOMHOHEHMO8 MPAHCNOPMHBIX CPEOCm8 U UX USMEHEeHUll 6 Npoyeccax OBUMCEHUs.
MPAHCnOpmHo2o0  cpeocmeda. Auanusz, obpabomka u nOO20MOBKA  pe3)Ibmamos

MOOENUPOBAHUSL OUHAMUKU MPAHCHOPMHO20 CPeOCmBa 01 0allbHelule20 npo8eoeHUsl
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paciemos Ha npouyrHocmbv u 0oneo8eyHOoCmb demainel Y3108 U azpezcamos mpancnopmmioco

cpeocmaa.

3.4 TemaTuka ceMUHAPCKUX/MIPAKTHYECKHUX H JIA0OOPATOPHBIX 3aHATHIA

3.4.1. CemuHapckue/mpakTUYECKUE 3aHATHUS
3.4.2. JlabopaTopHbIe 3aHATHUS

Tema 1.1. Brenenue B MoJieTMpOBaHue

Ceoticmeéa Mmemo008 UUCIEHHO20 MOOenuposanus. Buvibop medcoy saenvimu u
HESIBHBIMU MEemOoOaMu 68 Npoyeoypax MoOeIuposanusi CUCmem mpaHCnOpmHbIX CPeOCms.
IIpoyedypol yucienHo2o MoOeIUpPoBaHUs ¢ A8MoMamuieckum evibopom waza. llonamue
«arcecmkocmuy mooenupyemou cucmemvl. OcobeHHOCmU MOOeIUPOSAHUs. ¢ peuleHuem
ougppepenyuanvHvix ypasHeHutl 8 cpeoe no paciemy OUHAMUKU CBA3HBIX CUCTIEM.

Tema 1.2. OCHOBBI U NPUHIUIIEI PAOOTHI B Cpeax MO pacueTy MUHAMUKHU CBSI3HBIX
cucteM. M3ydeHnne u ocBoeHre HHTepdeiica MporpaMMHOTO KOMILIEKCa

OcHo6bl u npuHyunvl pabomol 8 NPOSPAMMHOM KOMNIeKce. H3yuenue u oceoenue
unmepdetica.

Tema 1.3. M3yuenue n 0OCBOCHHE MPOCTEHIINX CPEACTB CUTHAIIOB yIpaBieHus B 1-D
MozaenupoBaHuu. M3ydeHue W OCBOeHHUE OWOJMOTEKM CHUTHAJIOB YIPABICHUS B
MPOrPaMMHOM KOMILIIEKCE

Oceoenue O6ubnuomexu cuenanos ynpaenenus «Signal, Controly 6 npocpammmuom
KOMMNJIeKce.

Tema 1.4. N3ydyenue u 0CBOEHHE CPEACTB JUIsl OMHOMEPHOTO 1-D MonenupoBanus
IMHAMHYECKUX cucTeM. M3ydeHne M OCBOCHHME OMOIMOTEKHM CHUTHAJIOB OJHOMEPHOMU
MEXaHUKH B POTPAMMHOM KOMILJIEKCE

Ocsoenue oOubaUOMEKU CUSHANO08 00HOMepHOU mexanuku «I-D Mechanicaly 6

npocpammHoOM KOMNJIEKce.
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Tema 1.5. M3yueHue U OCBOEHHE CPEACTB s MPOCTpaHCTBEHHOTo 3-D
MOJICIMPOBAHUSl MHAMUYECKHX cucTeM. M3ydueHue um ocBoeHue OMONIMOTEK CUTHAJIOB
MIPOCTPAHCTBEHHON JUHAMHUKHU B POTPAMMHOM KOMIIJIEKCE

Ocsoenue bubauomex cueHano8 npocmpancmeennou ounamuxu «3-D Mechanicaly,
«Powertrainy, «Vehicle dynamics» 6 npocpammnom komniexce.

Tema 2.1. Pa3zpaboTka BUPTyaNbHBIX MMOJIUTOHOB OMOPHBIX OCHOBAHUM Pa3IMYHBIX
TUTNOB. MojenpoBaHue HEPOBHOCTEH OIMOPHBIX OCHOBAaHUM pa3IMYHBIX KaTEropui
HEPOBHOCTEN JJOPOT

Paspabomka  ecenepamopa  0eymepnozo  cayuaiino2o  npoyecca  OOPONCHBIX
HeposHOCmell ¢ yuemom 803modcHocmell 0nis cozoanust 3D-nons neposnocmeii. I[lonyuenue
peanuzayuil. HeposHoCmel acganbmogo2o WOCce BblCOKO2O Kayecmed, acghanbmo-
OemoHHOU 00pocU, 2PYHMOBBIX 00pO2 PA3IUYHO20 COCMOSHUS, YCI08UL 0€300P0JHCHAL.
Ilocmpoenue supmyanbHbIX NOIULOHO8 HEPOBHOCMEN U OPY2UX MUNO8 YCIO08ULL OOPOHCHBIX
OCHOBAHUL 8 NPOCDAMMHOM KOMMNJIEKCE.

Tema 2.2. PazpaboTka TUHAMUYECKHX CHCTEM MOJI€NIEH TPAaHCHOPTHBIX CPEACTB B
MPOCTPAHCTBEHHOM  mocTaHoBKe. OpraHuzanus CHCTEM KOOPJAMHAT, B3aUMHOTO
PaCIOJIOKEHHUS KOMITIOHEHTOB IMHAMUYECKOW MOJICITH U CBSA3EH MEXTy HUIMHU

Paspabomka  Ounamuueckoui ~ moodenu  NPOCMPAHCMBEHHO20 — OBUICEHUS.
MPAHCNOPMHO20 CPeOCMBA NPU PA3IUYHbLIX GUPMYATbHBIX NOJUSOHAX ONOPHBIX OCHOBAHUL
8 cpede no pacuemy OUHAMUKU CB8A3HbIX cucmem. OnpeoejieHue B8bIXOOHbIX
KUHeMAmuyecKux U OUHAMUYECKUX NaApamMempo8 OBUNCEHUS MOOelU MPAHCHOPIMHO20
cpeocmaa.

Tema 2.3. Pa3paboTka JMHAMUYECKOM MOJIETTM B3aMMOJICHCTBHS KoJieca C
MOJATIMBON IIMHOW TPAHCIIOPTHOTO CPEJCTBA C BUPTYAIbHBIMU TMOJUTOHAMU OMOPHBIX
OCHOBAHMH Pa3IMYHBIX TUITOB

Paspabomka moodenu 63aumooeticmeus nooamiugou UWUHbL MPAHCNOPIHO2O
cpeocmea ¢ ONOPHLIMU NOGEPXHOCMAMU DA3IUYHBIX BUPMYATbHBIX NOJUCOHOE ONOPHBIX
OCHOBAHUIL 8 cpede No pacyemy OUHAMUKU CEA3HbIX cucmeM. Paspabomka ounamuyeckou
MoOenu Koneca u opmuposanue cesazeli e2o0 83auMOoO0elicmeus ¢ KOMHOHEHMAMU

MPAHCNOPMHO20 CPeOCcmada.
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Tema 2.4. Pa3paboTka AMHAMMYECKUX MOJEIEH CHCTEM MOAPECCOPUBAHUS
TPAHCHIOPTHBIX CPEACTB U MX KOMIIOHEHTOB

Paszpabomka oOunamuueckux moodenei HanpaeisaOweco annapama nooeecKu 8
NPOCMPAHCMBEHHOU NOCMAHOBKe 6 cpede No pacuemy OUHAMUKU CEA3HbIX CUCTEM,
npUcoeOuHeHue K HUM OUHAMUYECKUX MoOoeell YNpyaux 21eMeHmo8 n008eCOK: ITUCIOBbIX
peccop, NPYHCUH, NHEBMOopeccop u m., OUHAMUYECKUX Mooenell amMopmu3amopos u
OUHAMUYECKUX MoOelell CIMaduIu3amopos NonepeyHol yCmou4ugoCmu.

Tema 2.5. Pa3zpaboTka qTuHAMUYECKUX MOJIETIECH CUCTEM JBUTATENSI U TPAHCMHUCCHUU
TPAHCIIOPTHBIX CPEJICTB

lIpumenenue 610K08 Osucamens u e20 cCucmemvl YNPAsLeHUs 01 MOOETUPOBAHUS]
OUHAMUKU O8uUcameisi MPAHCNOPMHO20 CPeOCmaa 8 cpede no pacuemy OUHAMUKU CBAZHbIX
cucmem Simcenter AMESim. Pazpabomka ounamuueckux mooenel cyenieHuil, Kopoook
nepeoau, paz0amoyHvlix KOpoOoK, 2I1AGHbIX nepedad, KOJEeCHbIX PeOyKMopos8 ¢ 8X00AUUMU
8 UX COCMAa8 KOMNOHEHmMamu 8 cpede no pacyemy OUHAMUKU C8A3HbIX cucmem. Ocoenue
Mooerneti 3y6uamvix 3ayenyieHull pasHvlX Munos, nap mpeHus, NiaHemapHbix MexanusmMos u
m.n. 8 cpeoe no pacuemy OUHAMUKU CEAZHBIX CUCTIEM.

Tema 2.6. Pa3paboTka TuHAMUYECKHX MOJENEH CHUCTEM PYJEBOIO YIPABJICHUS U
TOPMO3HBIX CUCTEM TPAHCIIOPTHBIX CPE/ICTB

Paspabomxa ounamuueckux modeneii pyneeoeo ynpasieHus 8 npocmpaHcmeenHou
NOCMAaHoBKe 8 cpede no pacuemy OUHAMUKU CEA3HbIX cucmem. Paspabomka moodenu
MOPMO3HOU CUCTNEMbL MPAHCHOPIMHO20 CPEeOCmEa U OP2aHU3ayus ee 83aumMooeucmsusi ¢
KOMHOHEHMAMU MPAHCHOPMHO20 Cpedcmeda, a makKdce ummezpayus ¢ Heli mooenel
AHMUOIOKUPOBOUHOU U NPOMUBOOYKCOBOUYHOU CUcmeM 6 cpede No pacyemy OUHAMUKU
CBA3ZHBIX CUCTNEM.

Tema 2.7. Ilpoueaypsl BepudUKAIMM W TPOBEPKU aAJEKBATHOCTH pPaOOTHI
pa3pabaThiBaeMbIX MOJICNICH TMHAMUKH TPAHCTIOPTHBIX CPE/ICTB

Ilposedenue  npoyedyp  eepuguxkayuu U HPOGEPOK  AOEKBAMHOCHU
@DYHKYUOHUPOBAHUS — pa3paboOmanHulX  MoOeNell  MPAHCNOPMHBIX ~ CPpeocmé U UX

KOMNOHEHmMOE6 6 cpede no paciemy OUHAMUKU CEA3HBIX CUCEM.
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Tema 3.1. [Ipouenypsl mpoBeAeHUS BHUPTYaTbHBIX HCIBITAHUNA TPAHCIOPTHBIX
CPEICTB B CpeAax IO pacyeTy AMHAMHUKU CBA3HBIX CHUCTEM IS OLICHKM IOBENCHMS U
aHaJIM3a dKCIUTyaTallMOHHBIX CBOMCTB TPAHCIIOPTHBIX CPEICTB

IIposedenue 6upmyarvbHbix UCHLIMAHUL MPAHCHOPMHBIX CPEOCME O OYEHKU UX
IKCNIYAMAYUOHHBIX CEOUCME YCMOUYUBOCMU, YAPABIAEMOCMU, NIABHOCMU X004, MA2080U
U MOPMO3HOU OUHAMUKU 6 DEHCUMAX OBUIICEHUA. PA320H, MOPMOJCEHUEe, DbIGOK DY,
nosopom R35, nepecmaexa, pasHomepHoe NPAMOIUHEUHOe OBUNCEHUE C NOOOEPICaAHUEM
HOCMOSIHHOU CKOPOCMU 8 Cpede No paciemy OUHAMUKY CAZHBIX CUCTEM.

Tema 3.2. [lpouenypsl TpoOBEAEHUS BHUPTYaTbHBIX MCIBITAHHA TPAaHCIOPTHBIX
CPEACTB B Cpelax II0 pacyeTy IAWHAMHUKHA CBSA3HBIX CHUCTEM Ul OLICHKM WM aHalIu3a
U3MEHEHUM KMHEMAaTHYECKUX M JUHAMHUUYECKUX IapaMeTpOB TPAHCIOPTHOIO CPEICTBA B
IIPOLIECCAX €T0 JBWKEHUSA, a TAKXKE MOJYYEHHUs CUJIOBBIX ITApaMETPOB B KOMIIOHEHTAX
TPAHCIIOPTHOI'O CPEINCTBA Ul BO3MOXKHOCTEM JAJbHEHIIErO IPOBEACHUS pPAacueTOB Ha
IIPOYHOCTH U JTOJATOBEYHOCTH JIETAIEH Y3JIOB U arperaToB TPAHCIIOPTHBIX CPENCTB

IIposedenue supmyanvHbix UCNLIMAHUU MPAHCNOPMHBIX CPEOCME O/l OYEHKU UX
KUHEMAMU4ecKux U CUIO8bIX NAPAMEmpo8 KOMNOHEHMOE8 6 pPAa3IUYHbIX DPeNCUMaX

08UdICeHUs. 8 cpec)e no pacuenty OUHAMUKU CBSI3HbIX CUCMEM.

3.5 TemaTnka KypcoBBIX NPOEKTOB (KyYPCOBBIX padoT)

OTCYTCTBYIOT KypCOBBIE€ MPOEKTHI COTVIACHO YYEOHOMY TIJIaHy

4, Y4eOHO-MeTOAMYEeCKOEe M HHPOPMALIMOHHOE OOecneyeHmne
4.1 HopmatuBHble 10KyMeHTbI H [OCTbI

1. TOCT 12.1.012-2004 Cucrema cTaHmapTOB OE30MAaCHOCTH TpPY/a.
Bubpanuonnas 6e3onacuocts. O6mue tpedosanus. — M.: Cranaaptundopm, 2010.
2. T'OCT 22576-90 ABTroTpaHcnopTHble cpeactBa. CKOpOCTHBIE CBOWMCTRBA.

Mertonas! ucnsiTanuii. — M.: M3gaTenbecTBo ctanmapTos, 1991.
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3. T'OCT 41.13-2007 EnunHooOpa3Hble MpeanucaHusi, Kacaroluecs
TPaHCIOPTHBIX cpeacTB kateropuit M, N u O B OTHOLIEHUH TOPMOKEHUS. — M.:
Cranmaptundopm, 2009.

4. TOCT P 52302-2006 ABTOTpaHCIOPTHBIE CpPEACTBA. YTMPAaBIAEMOCTb U
yCTOMYMBOCTh. TexHuueckue TpeOoBanus. Meroasl ucnbeiTanuit. — M.: UIIK
N3narenscTBO cTanaaptos, 2005.

5. TOCT 31507-2012 ABTOTpaHCHIOpPTHBIE CpEACTBA. YMPABIIEMOCTb U
yCTOMYMBOCTh. TexHudeckue TpeOoBaHus. MeToapl uUcObITaHWN. — M.:

Cranmgaptundopm, 2013.

4.2  OcHoBHasi TUTEpPaTypa

1. MogenupoBaHuEe CHCTEM TPAHCIOPTHBIX CPEACTB: Kypc Jekuui / M.M.
Kuneiikun, I'.O. Kotues, E.b. Capau. — M.: uzn-Bo MI'TY um. H.O. baymana, 2016.
2. XKuneitkun M.M. MogennpoBaHue CHUCTEM TPAHCTIOPTHBIX CPENICTB:
yaeoHuk. / M.M. XKunetikun, I'.O. KotueB. — Mocksa: U3narenscteo MI'TY um.

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

4.3  JlomoaHUTEIbHAs IUTEPaTypa

1. ITpoexTupoBaHKe MOJIHOMPUBOAHBIX KoJiecHBIX MamuH: B 3 1. T1-T3. Yueo.
Hnsa BY3oB/ B.A. AdanaceeB, b.H. benoycos, I'.I1. I'magoB u ap.; mox o011 pex.
A.A. llonynrsaa. — M.: uza-so MI'TY um. H.O. baymana, 2008.

2. MogenupoBaHne CHCTEM KOJIECHBIX MamiuH: yueOHoe mocodume / B.A.
Adanacwes. — M.: uzn-so MI'TY um. H.D. baymana, 1997. — 30 c., u.

3.Teopust ABUKEHUS MOTHONPUBOAHBIX KOJECHBIX MaluH: yyeOHuk / B.B.
Jlapun. — M. : Uzn-Bo MI'TY um. H.D. baymana, 2010. — 391, ¢ : un.

4. Tlapxwnockuii M.I'. ABTOMOOHWJIBHBIE JIUCTOBBIC PECCOPBI. — 2-€ H3.,
nepepad. u gon. — M.: MammnaOocTpoenue, 1978. — 232 c., uin.

5. JloBuoB IO.M., Macno B.K., XaputonoB C.A. HmuramuoHHoe

MOJICJIMPOBAHUE JABMXKEHUS TyCeHHYHBIX MamuH. — M.: MBTYVY, 1989. — 60 c.
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6. Caoukun B.A., JImutpueB A.A. Cratuctudueckass JIWHAMHUKA
TPAHCIIOPTHBIX U TATOBBIX T'YCEHUYHBIX MamuH — M.: MammHoctpoenue, 1993. —

320c.

4.4  DJaexkTpoHHBIEe 00pa3oBaTeibHbIE PeCypChl

1. 9bC «YHUBEPCUTETCKAA BUBJIMOTEKA OHJIAVH»
www.biblioclub.ru

2. DBC «BOOK.ru» https://www.book.ru

3. DBC «ZNANIUM.COM» www.znanium.com

4.5 JluneH3MOHHOE W CBOOOTHO PACTIPOCTPaHsAeMOe MPOrpaMMHOE oDecedeHne

1. Office / Poccutickuii makeT 0(pHCHBIX TPOrpaMM

2.  Simcenter AMESIm

4.6 CoBpemeHHble TpodeccuoHaIbHbIe 0a3bl JAaHHBIX U HWHGOPMALMOHHbIE
CIPaBOYHbIE CHCTEMbI

1. CI10 Mockosckoro ITonurexa

5. MarepuajibHO-TEXHHYECKOE 00ecredeHne

CneunnanusupoBanubie aynutopun «llepenoBas mnxkenepHas mkona»: AB4701 u

AB4710 ocHanieHHbIE TPOEKTOPOM, F3KpaHoM, [IIBM.

6. MeToauuecKkue peKOMeHIAI UM

6.1 MeToauveckne peKOMeHIAIUM VISl TIPenoaBaTeisi M0 OPraHu3anun
00y4eHus

OCHOBHBIM TpeOOBAHHWEM K IPEINOJABAHUIO JUCIMIUIMHBI SBISETCS TBOPYCCKHMA
MPOOJIEMHO-TUATIOTOBBIM  MOAXO0M, TO3BOJISIIONIUMN TMOBBICUTh HMHTEPEC CTYJIEHTOB K
CoJIepKaHMI0 yueOHOTO MaTepHaia.

OcHoBHas popma 00ydeHUS U 3aKPEIJICHUS 3HAHUKN TI0 3TON JUCIUTUIINHE — JICKIIUU
u sabopatopHbie 3aHsATHS. [IpemonaBarens MOMDKEH TMOCIEAOBATENLHO BBIUMATATH
CTyJICGHTaM PS1 JIEKIHMH, B X0JI¢ KOTOPBIX CIEAYET COCPEIOTOUYNTh BHUMAHKE Ha KITFOUCBBIX
MOMEHTaX KOHKPETHOTO TEOPETHYECKOT0 MaTepuaja, a TakKe OpraHu30BaTh MPOBEIACHUE
71a00paTOPHBIX 3aHATUH TaKUM 00pa30oM, YTOOBI aKTUBH3UPOBATH MBIIIUICHHE CTYACHTOB,


http://www.biblioclub.ru/
https://www.book.ru/
http://www.znanium.com/
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CTUMYJIMPOBATh CAMOCTOSITEIPHOE W3BJICYCHHE HWMH HEOO0XoauMoil uHdopmaruu u3
Pa3IMYHBIX MCTOYHHUKOB, CPABHUTEJIBHBIA aHAIU3 METOJOB PEIICHUH, COIOCTABJICHUE
MOJIYYCHHBIX PE3YyIbTaTOB, (DOPMYIHUPOBKY U apTryMEHTAIIMI0 COOCTBEHHBIX B3IJIAIOB HA
MHOTHE CIIOPHbIE TPOOIEMBI.

OCHOBY Y4eOHBIX 3aHSTHI MO JUCHUIUIMHE COCTABIISIOT JEKIUOHHBIE 3aHATUs. Ha
NIEPBOM 3aHATHUH MO TAaHHON y4eOHON AUCIUIUIMHE HEOOXO0IMMO O3HAKOMUTH CTYJIEHTOB C
MOPSAJIKOM €€ HM3YYEHHS, PACKPBITh MECTO WU POJIb JIUCIUIUIMHBI B CHCTEME HAyK, €€
MPAKTUYECKOE 3HAYECHHE, OTBETUTH HA BOMPOCHL.

Teopernueckoe WM3yd4eHUE OCHOBHBIX BOIIPOCOB Pa3ACiIOB AUCHUIUIMHBI JIOJDKHO
3aBEpIIATBbCS TMpaKTHUeCKo padotod. Tembl 3amad, mpemjiaraéMbIX CTYICHTaM IS
penieHus Ha 1a00paTOPHBIX 3aHATHUSAX, TOJKHBI ObITh MAaKCUMAJILHO MPUOIMKEHBI K TEMaM
MOCJICTHUX JICKITUH 110 JAaHHOW AUCIUIUTHHE. B CBSA3M ¢ yKa3aHHBIM, 11eJIeco00pa3eH TECHbIN
KOHTAKT JIEKTOpa C MPenoaaBaTeIsIMU, BEAYITUMU Ja00OPAaTOPHBIE 3aHATHUS.

N3ydyenne AuCHMIUIMHBI 3aBepliaeTtcsd dk3aMeHOM. OIEHKa  BBICTABISACTCS
IpernojiaBaresieM U 00bsABIseTCs mocie orBera. [IpenogaBaTenb, MPUHUMAIOIINN YK3aMeEH,
JINYHO HECET OTBETCTBEHHOCTH 3a MPABUIIBHOCTH BBICTABJICHUS OLICHKHU.

6.2 Meroauueckne yKa3aHus sl 00yYAIOIINXCS MO OCBOCHUIO THCIUNIMHBI

CamocTosiTenbHass paboTa CTYACHTOB MPEACTaBISIET COOOW BaXKHEHIee 3BEHO
yueOHOro mpouecca, 6e3 MpaBUIbHONW OpPraHu3alydyd KOTOPOro OOyYaroLIUICS HE MOXKET
OBITh BBICOKOKBaTU(UIIMPOBAHHBIM BBITYCKHUKOM. (CamocTosiTenbHas paboTa sBIsSETCS
OJIHUM U3 BUJOB YUCOHBIX 3aHSATUH.

[lenb camocTOATENBHONW PabOThl — MPAKTHUECKOE YCBOEHUE CTYJAEHTAMH BOIIPOCOB
YCTPOMCTBA BJIEKTPU(DPHUIIMPOBAHHBIX TPAHCIOPTHBIX CPEACTB, pPAaCCMATPUBAEMBIX B
Mpoliecce M3y4yeHus: AUCUMIUIMHBL. CamocTodTenbHas paboTa CTyAEHTOB HalpaBiieHA Ha
M3yYEHUE TEOPETUYECKOr0 Marepuasna, MOJATOTOBKY K JIEKIMOHHBIM, Ja0OpaTOPHBIM
(TpaKTUYECKUM) 3aHSITHUSAM; BBITIOJTHEHUE KOHTPOJIBHBIX 3aJaHUMN.

AynuTopHasi caMOCTOsITeIbHAsE padoTa MO JTUCIUIUIMHE BBIMOTHSACTCS HA y4eOHBIX
3aHATUSAX TOJ] HENOCPEICTBEHHBIM PYKOBOJCTBOM MPEMNOJABaTeNsi W MO €ro 3aJaHulo.
BueaynutopHast camocToATeNbHas padoTa BBINOJHAETCS CTYJEHTOM 10 3aJaHHI0
npenoiaBaresis, Ho 0e3 ero HemoCpPeACTBEHHOTO y4aCTHs.

3amauaMu CaMOCTOSTEILHON pabOThI CTY/IEHTA SBIISIOTCS:

- Pa3BUTHE HABBIKOB CAMOCTOSITEILHOM y4eOHOM pabOTHI;

- OCBOEHUE COJIEp KaHUsl TUCIUILITNHBI;

- yriryOJieHue COIepKaHusl U OCO3HAHUE OCHOBHBIX TOHSITHH TUCIUTIINHBI,

- HCTI0JIb30BaHNUE MaTepuaina, COOPaHHOTO U MOJTYYEHHOTO B XO/€ CAMOCTOSITENbHBIX
3aHATHH 17151 3P (HEKTUBHON MOATOTOBKH K SK3aMEHY.
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CTyeHT JOKEH NOMHHUTh, YTO HAYMHATh CaMOCTOSITENbHBIE 3AHATUS CIEIYET C
IIEPBOr0 CEMECTpa M NPOBOJUTH HUX PETYIApHO. KaKapli CTyIEHT JOJDKEH CcaM
IUIAaHUPOBATh CBOIO CaMOCTOATENbHYIO padOTy, HMCXOJsi M3 CBOMX BO3MOYKHOCTEH U
IPUOPUTETOB. DTO CTUMYJIUPYET BBIIIOJIHEHUE pPAa0OTHI, co31aeT Ooyiee CHOKOWHYIO
00CTaHOBKY, UTO B UTOT'€ [TOJIOKUTEIBHO CKa3bIBAETCS HA YCBOCHUM MaTepHaa.

CTyIeHT NOJKEH NMOMHUTh, YTO B Ipoliecce OOydeHHUs BaXKHEHILYIO0 pOJIb UTPaeT
caMoCTOsITeNIbHas paboTa ¢ TeXHUYeckoil Jsmrteparypoi. Hayumtbcs pabotaTh cC
TEXHUUYECKOHN JINTEepaTypoll - BakHeWIIas 3adada cTyaeHTa. be3 aToro HaBbika OyaeT
Ype3BBIYAIHO TPYAHO HU3ydaTh NPOrPaMMHBIM MaTepual, U MHOTO BpPEMEHH OyaeT
NoTpadeHo HepalmoHaabHO. PaboTa ¢ TEXHMUECKOH TUTepaTypOoil CKIaAbIBAETCS U3 YMEHUS
nogoOpaTb HEOOXOAMMBIE KHUIH, pa3o0paThCsi B HUX, 3aKOHCIEKTHUPOBATh, BBIOpAThH
[JIABHOE YCBOUTH U IIPUMEHUTH Ha IIPAKTHUKE.

1. DoH/I O1LIEHOYHBIX CPEICTB

7.1  MeToabl KOHTPOJIS U OLlECHNBAHUSA Pe3yJIbTATOB 00y4YeHHs

B npouecce 00ydeHust HCHOIB3YIOTCS CIEIYIOIMINE METOABI KOHTPOJIS U OLICHOUYHbIE
(bOpMBI CaMOCTOATENBHON PabOTHI CTYJAEHTOB, OLIEHOYHBIE CPEACTBA TEKYIIETO KOHTPOJIS
YCIIEBAEMOCTH U ITPOMEKYTOUHBIX aTTECTALIAN:

— OJITOTOBKA K JIA0OPATOPHBIM 3aHATHSIM;

— MOJTrOTOBKA K PYOEXHBIM KOHTPOJISIM TEKYILIEro YpPOBHS OCBOEHUSI MaTepuasa
TVCLUUIUIAHBL;

— TMpOBEIEHUE JIEKIUM U J1a0OpaTOPHBIX 3aHATUA B JAHATOTOBOM PEXHUME,
IIO3BOJIAIOIIEM  OCYILECTBIATH HENPEPBIBHBIA  KOHTPOJIb BOCIHPHUATHS  CTYIAECHTAMMU
BOCIIPUATHS TEKYILLErO0 MaTepuaia.

OueHOYHBIE CPENCTBA TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH BKIIFOUAKOT KOHTPOJIBHBIE
BOIPOCHI K pyO€KHBIM KOHTPOJsIM. Ha 0OCHOBaHMM MOJTy4eHHBIX MPENOJaBaTEIEM OTBETOB
CTYJIEHTOB MO BoMpocaMm OuseTra pyOeHOro KOHTPOJIA WM JIFOOBIX WHBIX, CBA3aHHBIX C
TeMaMU M3 TEKYyILIEro paszesia JAUCLUUIUIMHBI, ONpPEAENseTCs] UTOroBas OIEHKa padOThI
CTYZIEHTA IO TEKYLIEMY KOHTPOJIIO.
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HIkasa u KpuTEeprM OLIEHUBAHUS PE3YJIbTATOB 00y4YeHM I

Ixana oueHNBaHUSA

Onucanue

OT1iauyHO

BrimonHeHs! Bce BUABI y4eOHOM paboThI, IPeAyCMOTPEHHbBIE YIEOHBIM TIAHOM.
CTyIeHT AEMOHCTPUPYET COOTBETCTBUE 3HAHHI, yMEHHH, HABBIKOB MTPHUBEACHHBIM
B Ta0nuIax mokas3arelnei, onepupyeT NPHOOPETCHHBIMH 3HAHUSAMHE, YMEHHSIMH,
HaBBIKAMH, MPUMEHSET UX B CHUTYAIMsIX IMOBBIIIEHHOW CIOXHOCTU. [Ipm 3TOM
MOTYT OBITH JOMYIIEHBI HE3HAYMTENBHBIC OIIMOKH, HETOYHOCTH, 3aTPyTHEHU
IIPY AaHAJTMTUYECKHUX OIEpalysixX, IepeHoce 3HaHWH M yMCHHH Ha HOBEIC,
HeCTaHJapTHBIC CUTYaIHH.

Xoporo

BrimonHeHs! Bce BUABI y4eOHOH paboThl, IPeAyCMOTPEHHBIC YIEOHBIM IIJIAHOM.
CTyIeHT IEMOHCTPUPYET HEMOIHOE, TPABIIILHOE COOTBETCTBHIE 3HAHUMN, YMEHUIA,
HaBBIKOB TPUBEACHHBIM B TaOJIMIIAX IOKa3aTeseH, TuO0 eCIi TP 3TOM OBLIH
JIOTTYIIIEHBI 2-3 HECYIIIECTBEHHBIE OIIHOKH.

Y 10BIETBOPUTENBHO

BeImosHeHBI Bce BUIBI YUeOHOW paboThI, MPEIyCMOTPEHHBIEC YYCOHBIM IJTAHOM.
CTyJeHT IEMOHCTPUPYET COOTBETCTBUE 3HAHUIL, B KOTOPOM OCBEIllCHA OCHOBHAS,
Han0oJIee BayKHAs YaCTh MaTepraa, HO MPU 3TOM JIONYIIEeHA O/{HA 3HAYNTEIIbHAS
OIIMOKA WK HETOYHOCTD.

HeynosnersopurensHo

He BommonHeH oxauH wiu OoJjiee BHUAOB Y4eOHOH pabOTHI, MPeayCMOTPEHHBIX
yueOHpIM TIaHOM. CTyOEHT AEMOHCTPUPYET OTCYTCTBHE 3HAHUH, yMEHHIA,
HaBBIKOB TI0 PSITY ITOKa3aTelNeH.

7.3

OneHoyHble cpeacraa

7.3.1. Texymuii KOHTPOJIb

PY6C)KHBI€ KOHTPOJIN ITO KAXKAOMY M3 Pa3JCJIOB JUCHHUIIIINHBI

7.3.2. IIpomexxyTOUHAs aTTeCTAIUS

DK3amMeH
Ne Bomnpoc OTaAJIOHHBIN OTBET
IL.I1.
1. |TlonsTue [Tox BUpTyaIbHBIM UCIIBITAHUEM OHUMAETCS MPOIIECC,
BUPTYaJIBHOTO COCTOSIUMHA B  BBISIBJIEHMM OCHOBHBIX  CBOMCTB

ucneiTanus. OCHOBHas | uccineayeMoro oObekTa (B T.4. TEXHUYECKOTO),

oeiib BHPTYAJIbHBIX | IOCTPOCHUHA MOI[CJ'IGIZ N HNX IIPHUMCHCHHUHU I

WUCIBLITAaHUN B TEXHUKE. IMPOTHO3UPOBAHUA MMOBCACHUA JAHHOT'O HCCIICIYyCMOTO

o0BeEKTA.
Ilenp — mO3BONSIET 3aMEHUTL WM 3HAYUTEIBLHO
COKPAaTHTh ATalbl OTIAJAKA W HATYPHBIX UCIBITAHHM.
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Ponbp BUPTyanbHBIX HCHBITAHUA OCOOEHHO Ba)KHa,
KOT/Ia HATYypPHBIC UCTIBITAHUS JOPOTH / OTIACHBI.

Yro SIBJISIETCS
00BEKTOM
HCCJICIOBAHUS B
nporecce
BUPTYJILHOTO

ucnpiTanusa? B yem
CMBICJI MCTOOa
HCCICAOBaHUA

JTAHHOTO OOBEKTa C

OO0BEKT UcCIIeq0BAaHUS — JUHAMAYECKUE CUCTEMEI, T.€.
CHUCTEMBI, COCTOSTHIE KOTOPBIX U3MEHSIETCSI BO BPEMEHU
U KOTOpbIE OITMCHIBAIOTCS CHUCTEMaMU
nudpepeHnanbHbIX ypaBHEHUH.

MeTton — wucciaemoBaHHE IUHAMHYECKOW CHCTEMEI
CBOJMTCS K PEIICHHUIO CUCTEMbI AuddepeHIINaTbHBIX
YpaBHCHUH, T.€. K OIPEACICHUIO BCEX BBIXOJIHBIX

(yHKUIHIA IPU pa3IMYHBIX BXOJHBIX BO3JEHCTBUSAX.

ITOMOIIIBIO

BUPTYaJIHLHOTO

HCIIBITAHUS?

Knaccuduxanus MopenupoBaHnue ObIBaeT JIBYX THIIOB: (PU3UYECKOE M
THIIOB MaTEeMaTHYECKOE (mo3BoJIsSIET MPOU3BOAUTH

MOJEIUPOBAHUS U
MECTOHAXO0XKJICHUE B
HEW MpPOLIECCOB
BUPTYaJIbHbBIX
vucneiTanui. B uem
pa3Hulla B MOHITHUAX
BUPTYaJIbHOIO
WCIIBITAHUS U
MMHTAIMOHHOTO
MOJICTUPOBAHUS B
LIMPOKOM CMBICHE?

BapbUPOBAHUE MApaMETPOB HCCIECTYEMON CHUCTEMBI).
MaremaTuyeckoe  MOJEIUPOBAHHE  JECIUTCSA  HA:
AIEKTPUUYECKOE, CTPYKTYPHOE U UMUTAIIMOHHOE.

NmMuTanmoHHOe MOJEIUPOBAHUE B IIHUPOKOM CMBICIIE
BKJIIOUYAET B ce0s1 BECh MPOILIECC Pa3padOTKU U CO3aHUS
JIOTUKO-MAaTEMaTUYECKOM M JJIEKTPOHHOM  MOJECIIH
UCCIIEMYEeMOTO OOBEKTa, HACTPOUKH MOJACIH H
MIPOBEJCHHUS C €€ MOMOIIBI0 SKCIEPUMEHTOB Ha DBM
JUIST  TIOMYy4YeHUsS JaHHBIX O (YHKIMOHUPOBAHHUH

oObekra. IloHsTHE  BUPTYalbHOTO  HMCHBITAHUSA

BKJIFOYAET TOJBKO TMPOLECCHl HACTPOMKH TOTOBOM
MOJICIIM TI0J] KOHKPETHBIE YCJIOBHUSI HMCCJIEIOBaHUS U
MOJICIUPOBAHUS BUPTYaJIbHOIO DJKCIEPUMEHTa BO
BpPEMEHHU TS MOJTy4YCHUS JIaHHBIX 0
(GYyHKIIMOHUPOBAHUM OOBEKTa B JAHHOM KOHKPETHOM

PCXKHUMC UCIIBITAHHA.

HNmutanmonHoe
MOJICJTUPOBAHHE B
IIKPOKOM CMBICIIE.
OO0s13aTenbHbIE dTAIIbI
MMUTALIOHHOTO
MOJICJIMPOBAHUS B

MMUTaIMOHHOE MOJICTUPOBAHKME B IIMPOKOM CMBICIIC
BKJTFOYAET MPOIIECC CO3AAHMS JIOTHKO-MaTeMaTHICCKOM
MOJICNIA, OMMCHIBAIOIICH CTPYKTYpy U TIOBEACHHE
ucCIenyeMoro oObeKTa | TNpUHUMARIIEeH (opmy
3JICKTPOHHOM TAKXKeE

MOACIIN, a IIPOBCACHUC

BUPTYAJIBHBIX JKCIICPUMCHTOB C IIOMOIIBIO I[&HHOIZ
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J1000M MPOrpaMMHOM
KOMILJIEKCE.

AJIEKTPOHHOM Mojenu Ha DBM 115 mosydeHus: JaHHbBIX
0 (PyHKIIMOHUPOBAHUH CHCTEM OOBEKTa MCCIICIOBaHUS
B TEUCHHUE OIPEJICICHHBIX HHTEPBAJIOB BPEMEHH.

OO06s3areabHbIC STaIlbI HMUTAIIMOHHOTO
MonenupoBanus: 1) pazpaboTka CTPYKTYpHOU CXEMBI
mojienu; 2) (GopMUpOBaHUE B KaXIOM CTPYKTYPHOM
JIEMEHTE MOJIEIM BHYTPEHHHUX 3aBUCUMOCTEH W
OINpE/ACICHNE BXOMHBIX M BBIXOIHBIX JJaHHBIX; 3)
3aJaHUC TapaMETPOB MOJCAM M HX 3HAYCHHM; 4)
MIPOBEJICHUE MOJACIMPOBAHUS (CUMYJISAIIMN) U aHAJIU3

pE3yNbTATOB.

XapaKTepUCTUKHU
MOJCIIH 00BEKTa
HCCIIeIOBAHUSI TIPH
MIPOBECHUN
BUPTYaJIbHBIX
ncneiTanuii. Korga
MOJIENTb CUATAETCS
aJeKBaTHOM?

AJIEKBaTHOCTh; AKOHOMHMYHOCTb, YHUBEPCAIBHOCTD;
YCTOMYUBOCTD; YyBCTBUTEIbHOCTb.

Mopens cuuTaercs aJeKBaTHOM, €CIU OTpaXkaeT
UCCJIeyeMbIe CBOMCTBA OOBEKTa Ha KaueCTBEHHOM
YPOBHE U KOJJMYECTBEHHOM C MPUEMIIEMOIN TOUYHOCTBHIO,
I MOJT TOYHOCTBHIO TOHHUMAETCS KOJUYECTBEHHBIM
MOKa3aTellb, XapakTepU3yIOUIUNA CTENEHb pas3Idyus
pPE3yNbTATOB MOJIETUPOBAHUS U UCCIETYEMOTO

SBJICHHS B HATYPHOM OOBEKTE.

Jois kakux neneu
HE0OXoIMMa
oubimoTeka
0e3pa3MepHBIX
CHUTHAJIOB
yIpaBJICHHUS?

Kakue turbl
CHUTHAJIOB
MPUCYTCTBYIOT B
TaHHOW OMOIMoTEKE?
(mpuBecCTH HE MEHee 5

rpynn).

bubnuorexka Oe3pa3MEepHBIX CHUTHAJIOB TO3BOJISIET
OpraHu30BaTh B JIIOOON MOJENIM UCTOYHHK (TEHEPATOP)
1000T0 curHana(oB), MPOBOIUTH JFOOYIO YHUKAIBHYIO
00paboTKy curHanga(oB) B COOTBETCTBUE C IICJIbIO U
3aJlayaMyd BHPTYaJIbHOTO HCITBITAaHUS U OPraHU30BaTh
BBIBOJl pe3yibTaTa BHUPTYaIbHOTO HWCHBITAHUS B
TpebyeMoM BHJIE.

W cToYHMKN/3arTyIIKK; MaTEMaTUYECKUE OINepaTophl;
MapIIpyTH3aTOPHI;

BCKTOPHBIC " MAaTPpHUYHBIC

OTepaTopbl; HMHTETpaibHbie W Au(depeHInaIbHbIC
orepaTophl; OJIOKH YIPaBJICHUs CUTHAIAMU; (PHIBTPHI;
TaOnuIbl U QPYHKIMU; 00paboTKa pa3pbIBHOCTEN;

JIOTUYECKHUE OTIePATOPHI.

[IpuBectn  mpuUMeEpHI
HUCTOYHUKOB (0JIOKOB)
CO3/IaHUs
(reHepupOBaHMS)

CHUTI'HAJIOB C

Koncranra; JIUCKPETHBIN BOJIHOBOU CUTHAJI,

CTYIICHYAaTOE€  BO3JICWCTBUE; HAKJIOHHAA MpsMasd;
KyCOYHO-3a/IaHHast (PyHKITUS; TUHAMUYECKask TaOJInIIa;
CUHYCOUJAJIbHBIN CUTHAJ, TAPMOHUYECKUM CUTHAI;

CIIy4alHbIU IIpOLECC U T.A.
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OMHCaHUEM ux
BHYTPEHHHX
napameTpoB u
buznyeckoit
CYLIHOCTH (HE MEHEE O
IPUMEPOB).

8. | [IpuBecTr mpumephl | YCUIHMTENh; CyMMAarop;  ONEpaTop  BBIYUTAHWS,
MaTeMaTU4YecKuX (B | MYJbTUILTUKATOD; JIEJIUTEIb; UHTETpaTop;
IUPOKOM  cMbicie) | auddepenimaTop; GyHKIMSA; TUHAMUYECKasT TaOIuIIa;
OTepaTopoOB C | omepaTop CpaBHEHUS; JOTUUECKUE ONIepaTop U T.1.
OMHUCaHUEM 170'¢
BHYTPECHHHX
napaMeTpoB 17§
buznyecKkon
CYIITHOCTH (HE MEHEE 5
IPUMEPOB)

9. | s kakux neiei MoaenupoBaHue OJHOMEPHBIX CHUTHAJIOB MO3BOJISIET

HEO00XO0IUMO MPOBOJIUTh BUPTYAIbHBIC WCIBITAHUS TPOCTEHIITIX
MOJICTUPOBAHUE CUCTEM u MEXaHU3MOB, COBEPIIAIOIINUX
OJTHOMEpPHOU MOCTYyNaTEIbHOE,  BpAIATENIBHOE WU  IUIOCKOE
JTUHAMUKH? nBikeHrne. Kpome Toro, mo3BONSIET OpraHW30BHIBATH
Kaxkue Turbl curHanoB | GOpMUPOBAHME CUJIOBBIX CBSA3€H MEXKIYy TelIaMH
MPUCYTCTBYIOT B | (TOuKamm).
ounbnuorexe 3arnymky, JaT4dKd, Macchl (Tela  MHEpLUM),
OJTHOMEPHOU MPYKUHBI, AeMII(Pepbl, OTPAaHUYUTEIN XOJ0B, MOJIEIN
JTUHAMUKH? TPEHUS, pbIYary v T.JI.
(mpuBecTH HE MEHEe 5
MPUMEPOB  CHUTHAJIOB
pasHbIX 10  CBOEWU
CYIITHOCTH)

10. | Ha xakue nBa tuma MopenupoBaHue OJHOMEPHON TWHAMHUKHA TJIOOATBHO
rJ100aabHO MOXXHO | IGJIUTCS ~ HAa  MOJCJIHMPOBAHME  TOCTYMATEIbHBIX
pa3IenUTh JIBUKCHUM M BpAIIaTEJIbHBIX JTBUKCHUM.
MOJICTUPOBAHUE Jlnst dhopmupoBaHHMs TIOJATIUBOCTH  HEOOXOAMMO
OJTHOMEPHOU 3alaBaTh yOpyrud W jaeMmdupyoomue cBs3u (B
TUHAMUKH? Kakue | oTIenbHBIX Cilydasix TpeHUE).

KOMITOHEHTBI

HEO00XO0IMMO 3a/1aBaTh
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B MOJEIISIX
OJHOMEPHOH
TUHAMUKHA JUISE
dbopmupoBanus
MMOJATIIMBOCTH

(MOIaTIMBBIX CBS3EH)

B MOJIEIIUPYEMOM
cucreme?

11. | [Touemy BUpTyanbHbIe | BupTyanbHble HCTIBITAHUS IEKTPOMOOMIIEH TpeOyeTcs
UCITBITAaHUS MPOBOJIUTH B IPOCTpaHCTBEHHOM 3D-mocTanoBKe n3-3a
AIIEKTPOMOOMIIEH U UX | HEOOXOIUMOCTH yuera KOMIUIEKCHOTO
KOMITOHEHTOB B3aMMOJICUCTBHUS CUCTEM M KOMIIOHEHTOB MOJIEICH
HE0OXO0UMO NEKTPOMOOMIIEH MexXay coboir (uem  Oosiblie
IIPOBOJUTH B | COKpAIIA€TCS KOJIMYECTBO MOJICIIEN B3aUMOJICVCTBUI 1
MIPOCTPAHCTBEHHOMN YBEITUYIHBACTCS KOJIMYECTBO YIPOIIAIOIITUX
3D-nmocranoBke? JMOMYIIEHUH, TEeM XyXE€ TOYHOCTh pPE3yJIbTaTOB
Kakum CIIOCOOOM | BUPTYAJIbHBIX UCIBITAHUM U X (hU3UYECKass HATypHas
dbopmupyeTcs peanu3yeMoCTh U MHTEPIPETAIHs) U Y4eTa CBA3HOCTU
B3aMMOJICHCTBHE JTUHAMUKH KOMITOHEHTOB MOJIEeTTH MEXTY
KOMITOHEHTOB B | HAllpaBJICHUSIMU  TIPOCTpPAHCTBA  (JIMHEWHBIMHU |
MIPOCTPAHCTBEHHBIX YTJIOBBIMH).

JTUHAMHAYECKHAX B3anMopeiicTBue MeXIy KOMIIOHCHTaMH B MOJEIIAX
Mozensix (B T.4. B | opMuUpyeTCs MeXAy TenamMu (TBEpABIMH WU
MOJIEIISX MOJATIMBBIMU) B KOHKPETHBIX 3aJIaHHBIX TOYKaX,
AIEKTPOMOOWIICH) U | MPUHAJICKAIIMX COOTBETCTBYIOIIUM TejlaM, U IO
M0 KaKuM 3aKOHaM | 3aKOHAaM, 3aJIO)KCHHBIM B MOJEIH (OPMHPOBAHUS
OpraHU30BHIBACTCS KHHEMAaTHYECKUX W CHJIOBBIX  CBSI3CH  MEXIY
bu3MKa KOMIUIEKCHOM | YKa3aHHBIMU TOYKaMH COOTBETCTBEHHO.
JTAHAMUAYECKOU @Pu3rKa KOMIUIEKCHBIX JUHAMUYECKUX MOJEIEH U UX
MOJIeNIM, KaK €IWHOM | IIeJIOCTHOCTh OCHOBBIBAETCS Ha 3aKkoHaxX HproTOHA.
LETTOCTHON CUCTEMBI?

12. | IIporecc [Ipomecc HauMHAETCSI C 3aJaHMSI CUCTEM KOOPIMHAT:
dbopmupoBaHUS HEMOABMKHOW  (TIpH  MOJICIMPOBAHUU  JTUHAMHKHU
MIPOCTPAHCTBEHHOMN AIEKTPOMOOWIIS, KaK TIPaBUJIO, CHUCTEMBI KOOpIAWHAT
JTUHAMUYECKON JOPOTH) U TOABWXKHBIX. KOTWYECTBO MOABMIKHBIX
UMUTAIMOHHOM CHUCTEM KOOPIMHAT OMpPENeNseTCs KOJIMYECTBOM T,
MOJIEeTN B | 3aIaHHBIX U (DOPMUPYIOIMIUX TUHAMUYECKYIO MOJIETh

POrpaMMHOM

s

AJIs1 IMIPOBCACHUSA BHUPTYAJIbHBIX HWCHBITAaHUM.
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KOMILIEKCE (CHCTEMBI
KOOp/IMHAT, Tena,
TOYKHU
B3aUMOJICUCTBUS,
KMHEMaTU4YeCKue |

CHJIOBBIC CBHBI/I)

KaXxXJo0ro rc€ijia B €ro HOI[BPDKHOﬁ CUCTCMC KOOpJAUHAT
3aJal0TCA KOOPAHWHATBI TOYCK, B KOTOPLIX 6y,HYT
q)OpMI/IpOBaTI)CH CHJIOBBIC W KHHCMATHM4YCCKHC CBiI3HU
BBaHMOHCﬁCTBHH C ApyrumMu 1CjiaMHu 1 KOMIIOHCHTAMHA

paspabaTeiBacMoil  Mozaenu.  Mexay ~— TOYKaMmH,
OpUHAJICKAIIMMH  Pa3jIM4YHbBIM  TeJlaM  MOJEIIH,
HE00XO0AUMO dbopmupoBaTh COOTBETCTBYIOIIHE

CHJIOBBIE 1 KHHEMATHYECKUE CBSI3U, AaHATIOTUYHBIE TEM,
YTO BO3HUKAIOT B HATYPHOM 00BEKTE, MOJIEIb KOTOPOTO
pa3pabaTeiBaeTcs JUIsi TMPOBEACHUS BUPTYAJIbHBIX
ucnbiTaHust (pusmka rmpoueccoB B (HOPMUPOBAHUU

CBsI3€i1 TOJDKHBI ObITh aHAJOTUYHOM JICHCTBUTEILHOMN ).

13. | IlonsTHe BupryanbHbii VCTIBITATEIbHBIN IIOJIUTOH —
BUPTYaJIHLHOTO HEMOJBW)KHAST ~ TMOBEPXHOCTh B MPOCTPAHCTBE
UCIIBITATEIILHOTO MOJICIUPOBaHUs,  NpPUBA3aHHAasT K  HadaJbHOMU
nojauroHa (B T.4. | HEMOABMXKHOM CHUCTEME KOOPJIUHAT HMMUTAIMOHHON
BUPTYaJIbHOIO MOJIeNId, onrcaHHasi (YHKIIMOHAIBLHON 3aBUCUMOCTHIO
MOJINTOHA 3HAYCHUH BEPTUKAJIbHBIX KOOpAMHAT  TOYEK
HEPOBHOCTEM). NOBEPXHOCTH  OT  KOOPJIMHAT  MPOAOJBHOTO U
[IpuBecT TpUMEpPHI | TOMEPEUHOTO HaIpaBJIeHUs MIPOCTPAHCTBA
JIOPOKHBIX MPOEKTUPOBAHKS UMUTALIMOHHOW MOJIEIH.
BUPTYAJIbHBIX BupTyanbHblli  NOJMTOH  HEPOBHOCTEM —  3TO
MOJINTOHOB (HE MEHEE | BUPTYAJIbHbI  TOJIMITOH, TOBEPXHOCTh  KOTOPOTO
5 mpumepoB). MaKCUMAaJIbHO MPUOJIMKEHAa K HEPOBHOM MOBEPXHOCTHU

JEUCTBUTEIBHOM  JOPOTH  33aJaHHOM  KaTerOpuu
HEPOBHOCTEMN.

[Ipumeppl:  NOJWIOH  HEPOBHOCTEM  3aJaHHOU
KaTerOpyy; MOJIMTOH TUTA TOIbeM / CITyCK; MOJUTOH
THTA BBIITyKJIas HEPOBHOCTH («mexaunii
HOJUICHCKUIY) / BIaauHa; MOJUTOH THIA OOPIIOp;
MOJIUTOH THUIIA KOCOTOP.

14. | Kakum oOpaszom | Peanuzaiius HEPOBHOCTEW JIOPOKHOM IMOBEPXHOCTH
dbopmupyercs MPEICTABIISIET COOOM 3aBUCHUMOCTh 3HAYEHUN BBICOT
peanu3anus HEPOBHOCTEW OIMOPHOM TMOBEPXHOCTU JOPOTH OT
HEPOBHOCTHU JMHENHON KOOPJMHATHI ONPEEICHHOTO HalpaBiIeHUs
JIOPOKHOM npoctpaHcTsa, T.¢. ((1).

MOBEPXHOCTHU? CdopmupoBaTh peanu3aiuio HEPOBHOCTH MOXKHO C

Koppensunonnas

MIOMOIIIBI0  TeHepaTopa, MPEACTABISIONIET0 CO0Oit
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byHKUIMS MaTeMaTUYeCKyl0 Tpolenypy oOpabOTKH cuUrHajia
HEPOBHOCTEN Clly4ailHOro rmpoiiecca TuNa «Oenblid mym» B
OTNIOPHOM COOTBETCTBHE C aNMPOKCUMALKMEN KOPPEISALMOHHOM
IIOBEPXHOCTH. GyHKIHH CIIy4alHOTO npodumns OIIOPHOU
Knaccudukanus IIOBEPXHOCTH.  ANNpPOKCUMALUsS  KOPPEIALUOHHOU
HEPOBHOCTEH  J0pOT | (GYHKIIMK HEPOBHOCTEW OMOPHON MOBEPXHOCTH JIOPOTHU:
10 KATCTOPHUSIM. R(1) =Dy - e~alll. cos(B, - ).
Knaccudukanus HepoBHOCTEH nopor: 1-s1 KaTeropus —
aBTOMAarucTpajb; 2-1 KaTeropus — ac(hampTo-0eTOHHOE
niocce; 3-s KaTeropusi — IpyHTOBAasl 1OPOTra XOPOIIETo
KauecTBa; 4-s KaTeropus — pa3ouTasi TpyHTOBAs
JIOpora; 5-s1 KaTeropusi — 0€3710p0XKbE.
15.| B kakoii cucreme | B HemoaBm:KHOM cucTEMe KOOPAUHAT.
KoopauHat 3amaercs | [ng nmomyuenus 3D-mons HepoBHOCTEH TpeOyeTcs
BUPTYaJIbHbIN co3maTh | = 1...n pa3muyHBIX peaau3aiuii
MTOJIUTOH HepoBHOCTeH Z(X) ¢ 0IMHAKOBBIMU KO3(DPHUIICHTaAMU
(BUpTyasibHOE anmnpoOKCUMAIUN KOPPEISAUOHHON PYHKINU
OMOPHOE OCHOBAHMS | MUKPOIPODUIIS JOPOKHOM MOBEPXHOCTH 3aIaHHOTO
noporu)?  Ilpunmun | Tuna. B 3ajaHHON HEMOABUKHON CUCTEME KOOPIUHAT
(dbopMupoBaHus nepeMeHHbIe Zi(X), 3a1a011re 3aBUCUMOCTH
BupTyanbHoro  3D- | BepTuKanbHBIX KoopauHaT Z Touek 3D-moss ot
MIOJINTOHA MPOJOJIBHBIX KOOPAUHAT X SIBISIIOTCA N peanu3auusMu
HEPOBHOCTEH. q(l). ITpu pacnonoxxenuu N peanusanuii zij(X) Ha

HEKOTOPOM PACCTOSIHHH Y APYT OT Ipyra B
HaIlpaBJICHUH MOMEPEYHON KOOPIUHATHI Y
HETOABMYKHOU CHCTEMBI KOOPIMHAT, a 3aTeM
COCTMHCHHUH KaXKI0M TOUKH Zi(X) TEKyIEeH peaan3aliu
C TIONIEPEYHON KOOPJAUHATOMN Yi C KaXKI0WU U3 TOUYEK Zij-
1(X) 1 Zi+1(X) coceqHUX peanu3aiuii ¢ MonepeYHbIMU
KOOPJIMHATAMH Yi-1 1 Yi+1 COOTBETCTBEHHO TIPH
MOMOILY JTUHEHHOW UHTEePNOJIALMH, TosTydaeTcs 3D-
0JIe HEPOBHOCTEN CITy4aitHOTO TPOdUIIs 3aIaHHOTO
tuna zj = T (X; Yi) B HEOABWKHOM CUCTEME
koopauHat. Ciay4altHOCTh MPOGUIsS B IOTIEPEIHOM
HanpasyieHuu 3D-moss HepoBHOCTEH 0OecTieynBaeTCs
HECOBIaJCHNUEM 3HaUCHHI BBICOT Zi-1(X), Zi(X) 1 Zi+1(X)
COCEJIHHX peaJin3aluil Ha OJHOM YPOBHE MPOJOJILHON
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KOOpJAWHATHI X U COCAMHCHUEM OTHUX TOYCK B
IMpOCTPAHCTBC MCTOAOM JIMHCHHOU HHTCPIIOJIAHUH.

16. | [Ipunnun nocrpoenus | [loctpoenue JUHAMHYECKON MOJIEIH
POCTPAHCTBEHHBIX IPOCTPAHCTBEHHOI'O  JIBHJKEHHSI  DIIEKTPHUYECKOTO
JTUHAMUAYECKHUX TPAaHCHOPTHOTO CPEICTBA JOJDKEH HAYUHATBCS C
Mojienei OpeIbsBICHUST ~ TpeOOBaHMH K  MOJENM U
AIEKTPUYECKUX (OpMyYIMPOBKM OCHOBHBIX jonyuieHuid. IIpouecc
TPaHCIOPTHBIX pa3paboTKu AMHAMUYECKON MOJIENU IS MPOBEICHUS
CpEICTB Y | BUPTYAJIbHBIX UCIBITAHUIA B IPOrPAMMHOM KOMILIEKCE
NOCJIE0BATENBHOCTh | JOJDKEH HaYMHATBCS C CO3JaHUSl CTPYKTYPHOH CXEMBI
nefctBuil  npu  ux | Mogenu. Jlamee co34al0TCS  CHCTEMBI  KOOPJAMHAT,
CO3JaHUU B | KCIIOJIb3yEeMbIE MpU MozenupoBaHuu. [locie nomkHO
IIPOTrPaMMHBIX UATH (popMupoBaHHe OJOKOB KOMIIOHEHTOB MOJIETHU
KOMIIJIEKCAX II0 | TPAHCIIOPTHOI'O CPEICTBA M ONPEIECICHUE B3aUMHOU
pacdyeTy  JAMHAMHMKHU | OPUEHTAMM WX MOJBMXKHBIX U HEMOJBUKHOU CHUCTEM
CBSA3HBIX CUCTEM. koopauHat. Hanbonee TpyJOEeMKUM M OTBETCTBEHHBIM

sBIIsieTCS (DUHAIBHBIN ATal 3aJaHUsl KHHEMaTHYECKUX
[IapaMeTpOB MOJENHW U NMPUHIUIIOB M XapaKTEPUCTHUK
bopMHpOBaHUS  CBA3€H B  MOJEIU  JABUKEHUS
AIEKTPUYECKOT0 TPAHCIIOPTHOIO CPEICTBA.

17.| Aunamuueckas JlnHamuueckass MOJI€NIb  KOJEeca  TPaHCIOPTHOIO
Mozedb  Kojeca | cpeactBa —  MoAenb  (OPMHUPOBAHUSA  CBS3M

MOJATJIMBOM  IIIMHOM,
B3aUMOJICHCTBYIOLLIEH
Cc ONIOPHOM
MOBEPXHOCTHIO
BUPTYaJIbLHOTO
MOJIUTOHA.
OcobenHoctu
dbopmupoBaHUs
HOPMAJIbHOM YIIPYTO-
nemidupyromiei
CUJIBI KoJieca,
MIPOJIOJIBHOM u
OOKOBOHM CHJI B MSITHE
KOHTAKTa [IHHBI C
ONIOPHOM
MTOBEPXHOCTBIO.

B3aMMOJICHCTBUS MEXKIY ABYMS TOYKAMH B MOJIEIHU
TPAHCIIOPTHOTO CPEACTBA: TOYKOM, PACHOJIOKEHHOU
OJIHOBPEMEHHO B IUIOCKOCTH Bpall€HUs U Ha OCH
COOCTBEHHOT'O BpallleHUs KOJeca U MpUHaAIeKalen
TEJIy OCHM TPAaHCIOPTHOTO CPENCTBA U TOYKOM LIEHTpa
IIATHA KOHTAaKTa IIWHBI C OMNOPHOM IOBEPXHOCTHIO
Joporu. B BepTHKanbHOM HaIpaBIEHUM, a TOYHEE
HOPMaJIbHO K OIIOPHOW IIOBEPXHOCTU JOPOKHOTO
dbopmupyeTcss  ynpyroaemMnpupyoomas
CWJIa, 3aBHCSIIAs OT TEKyIIero mnporuda IMIHWH U

OCHOBAHUS,

ckopoctd mnporumba mmmHBL [lpm MoaenupoBaHuu

H€O6XOJII/IMO YUUTBIBATh BO3MOXKXHOCTb OTPbhIBA IIHMHBI

Kojeca OT ONOpPHOW TOBEPXHOCTH Joporu. B

MPOJIOJIBHOM U OOKOBOM HAIpaBlIEHUSAX (HOPMHUPYETCS
cuia, BEKTOP

HanpaBJICHUS KOTOpOH

IMPOTHUBOHAITIPABIICH CKOPOCTH CKOJIb)KCHHA KOJIECa, a
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BEJIMYMHA paBHA MPOU3BEICHUIO HOPMAJILHON peaKIuu
Ha JCHCTBYIOIIMH KOA(DPHUIIUCHT CLETUICHUS IITUHBI C
OTIOPHOM TTOBEPXHOCTHIO.

18.

Ilepeuenn
KOMIIOHEHTOB,
BXOASIIMX B COCTaB
CUCTEMBI
IIOAPECCOPUBAHUS
TPAHCIIOPTHOTO
cpeactsa. [IpuHIMIEBL
MIPOCTPAHCTBEHHOTO
MOJEIUPOBAHUS
JTVHAMUKH
u3 HUX B
IIPOTPaMMHOM

Ka)K10T0

KOMIIJICKCC.

B cocraB cucTeMBI IOAPECCOPUBAHUSA
amnmapar;  yInpyrau
NeMIpUPYIOUIN 351eMeHT. Takke B €€ COCTaB MOKET

BXOJIUThH CTA0MIIN3AaTOP MOMEPEYHON YCTOWYUBOCTH.

BXOJAT:

HaNpaBJISOIINAN JJIEMEHT U

Hanpasnsrompii  anmapar — pbel4arv, TATA W T.IL.
MOZEIIUPYIOTCS IIOCPEACTBOM CO3JaHuUs TBEPIOTO TEa,
3a1aHUS HA HEM TOYEK €T0 KPEIUICHUS K IPYTUM Tellam
(KOMIIOHEHTaM TPAHCIIOPTHOTO CPEICTBA), AaHAJIOTUYHO
TOMY, Kak OTO pEaJM30BaHO B  HATYpHOM
AIEKTPOMOOHUIIE, U CO3JAHUIO B ATUX TOYKAX KPEIICHUS
CHJIOBBIX CBSI3€H, MOJECIHUPYIOIINX CUIIOBbIE (PAaKTOPHI,
BO3HUKAIOIME B PE3MHOMETAIUIMYECKUX IIApHUPaAX U
YIPYTUX BTYJIKaX MOJBECKH FIEKTPOMOOUIISL.

Yropyruii  3J€EMEHT  MOJEINUPYETCS
(GbopMUPOBaHUS CHIIOBOM CBA3M, aHAIOTUYHON YIIPYTOH

Harpy304HON XapaKTEPUCTUKE HATYpPHOTO YCTPOWCTBA,

OCPEACTBOM

MEXIy IBYMS TOYKaMH, MPUHAJICKAIIUMA HECyIIen
CUCTEME DJIEKTPOMOOWIII U Tely, O0OpasyroleMy
HETOIPECCOPEHHYIO AIEKTPOMOOHIIS

N3MeHeHne paccTosiHuA — MEXIy

Maccy
COOTBETCTBEHHO.
STHMH JABYMSI TOUKAMH €CTh H3MEHEHHUE X0/1a YIIPYToro

DIIEMEHTA.
Hemndupyronuii BJIEMEHT MOJEIUPYETCS
OCPEACTBOM  (POPMUPOBAHUS  CHIJIOBOM  CBS3H,
aHAJIOTMYHONW  AeMOUPYIOIIEH  XapaKTEepUCTHKE
HAaTypHOTO YCTPOWCTBA aMOPTHU3aTOpa, MEXKIY ABYMS
TOYKAMM, NPUHAICKAIIMMUA  HECYIIEW CHUCTEME
AIIEKTPOMOOHIIS 51 Tely, oOpasymoieMy
HETOAPECCOPEHHYIO Maccy AIEKTPOMOOMIIS

COOTBETCTBEHHO. M3MEHEHHE CKOPOCTH W3MEHEHUS
pPacCTOSIHUSI MEXAY OJTUMU JBYMS TOYKAMH €CTh
U3MEHEHHE
JIeMIT(pUPYIOIIEro dJIEMEHTA.

CKOpPOCTH HU3MCHCHUA X04a
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Crabunuzarop NOTNEePEeYHOM YCTOMYMBOCTH
MOJICNIUPYETCS JBYMS TelaMU MEXIy KOTOPbIMU
3a/laeTcs KpYTHIbHAS U U3TUOHAS dKECTKOCTb.

19.

OcobenHoctu
MOICITUPOBAHUS
JTUHAMUKH YIPYTUX
AJIEMEHTOB CHCTEMBI
MOJIPECCOPUBAHMUS
(JINCTOBBIX peccop;
CIIUPATBHBIX MPYKHH;
MTHEBMATHYECKUX
peccop)
IeMI(UPYIOITNX
AJIEMEHTOB
(aMOpTH3aTOPOB).
Harpy3ounsie
XapaKTEPUCTUKN
KaXJI0TO U3
YCTPOMCTB.

JlucToBas peccopa MMeeT KaK MHUHMUMYM 3 TOYKHU
KPEIUICHUS K KOHCTPYKIUM SIEKTPOMOOUIST — K
HECylIE CHUCTEME M K HENOJPECCOPEHHOM Macce
COOTBETCTBEHHO, MIO3TOMY LEJIECO00Pa3HO
MOJIEIIMPOBATh PECCOPY TEIOM, B3aUMOJICHCTBYIOIUM
C BBINICYKa3aHHBIMUA D3JIEMEHTAMU DJICKTPOMOOMIIA.
Harpy3ounast xapakTepuCTHKa JINCTOBOM PECCOPHI, KAK
MPAaBWIIO, JIMHEWHA, TO €CTh M3BECTHO YHCIECHHOE
3HaueHue e€ xecTkocTu. Eciam peccopa mmeer Gomee
OJIHOTO JINCTa B CBOEM IIakeTe, TO HEO0OXOIUMO
BHEAPATH B MOJIENIb PECCOPBI MOJEIL MEXKIUCTOBOTO
TPEHUs, UTO CO3JacT IMETIK0 TUCTepe3uca Ha
Harpy304YHOU XapaKTEPUCTUKE JINCTOBOM PECCOPHI.
CnupanbHas NpyKMHA C MOCTOSTHHBIM IIIATOM HMEET
JIMHENMHYI0 HArPY30UYHYHK) XapaKTEPUCTUKY, TO €CThb
W3BECTHO UYHCIIEHHOE 3HA4Y€HUE €€ IKECTKOCTH.
[Ipyxuny 1enecoodpa3Ho MOJICTUPOBATH KaK CUIIOBYIO
CBSI3b MEXAY JABYMSI TOYKaMH, MPUHAMLICKAIIUIMU
HECYIIEW CHUCTEME€ W HEMOJAPECCOPEHHOM Macce
AIEKTPOMOOMIISI COOTBETCTBEHHO.

[THeBMaTHUYECKYIO peccopy 1eaecooopa3Ho
MOJIEJIMPOBATh TAK K€, B BUJIE CHJIOBOW CBSI3U MEKIY
JBYMSI TOYKaMH, HO HArpy304Has XapaKTEpUCTUKA
ITHEBMATUYECKOU peccopsl HEJIMHENHAS v
nporpeccuBHas. [THeBMopeccopa paboTaeT 1o 3aKOHY
nojmutponbl. (CTaThyeckass Cujia B IHEBMOPECCOPE
3aBUCUT OT  IIOJaBa€MOr0 B  MTHEBMOPECCOPY
CTaTHYECKOr0 JABIICHUS BO3AyXa.

AMopTH3aTOp 11e51ec000pa3HO MOJICTIUPOBATH TaK Ke, B
BUJE CHJIOBOM CBSI3M MEXIYy JBYMS TOYKaMH.
Harpy3ounasi  xapakTepucTuka amMopTH3aTopa B
JICVUCTBUTEILHOCTH HEJIMHEWHA U HECUMMETPUYHA IS
X0JIOB CKaTusl M 0TOOSI COOTBETCTBEHHO. Harpy3ounas
XapaKTEPUCTUKA aMOPTU3aTOpa MMEET JBa Yy4yacTKa:
JPOCCEIIbHBIN U Ki1anaHHbld. Ha agpoccenpsHOM pexnme
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IMPOUCXOOUT
COIIPOTUBJICHUSA

obICTpOE HapacTaHHue
amopTu3aTopa TpU  YBEIUYCHUU

CHJIBI

CKOpOCTH €TI0 XOJa, 4 Ha KJIallaHHOM MCIJICHHOC
HapacCTaHWC CUJIbI ITPU BBICOKUX CKOPOCTAX XOAa.

20.| Yto BXoauT B cocTaB | B cocTaB CHJIOBOM YCTaHOBKHM BXOJIST TJ100aJIbHO:

CWJIOBOM  YCTAHOBKHW | IBUTaTelb  (MCTOYHUK  DHEPruM  Ha  OOpTy

TPaHCIOPTHOTO TPaHCIOPTHOTO CPEJICTBA) U TPAHCMUCCHS (IEPEAATUNK

cpencrea? Kakue | sHEprun OT UCTOUYHHMKA K UCIIOJHUTEILHOMY OpraHy —

KOMITIOHEHTBl ~ MOTYT | BEIyILLEMY KOJIECY).

BXOJHUTHh €€ cocTaB? | B cocTaB TpaHCMUCCHMM MOTYT BXOJHUTH: CIEIUICHHE,

OcobenHoctu KopoOKa mepejiad, pa3iaroyHas KopoOka, KapJlaHHbIN

MOJEIUPOBAHUS BaJI, TJIaBHAs Mepeiaya, KOJIECHBIN peayKTop.

JUHAMUKH arperatoB | OCOOEHHOCThIO MOJICIMPOBAHUS JUHAMUKH CHIIOBOM

CUJIOBOM  YCTAaHOBKHM | YCTAHOBKH SIBJISIETCSI TO, YTO JIaHHAsl CUCTEMa MMEET

TPAHCIIOPTHOTO OJIHY BpalllaTeJIbHYI0 CTENEHb CBOOO/IBI.

CpelcTBa. [Ipy HeoOXOAMMOCTH  TOJNIYYEHHS Harpy3okK B
MPOCTPAHCTBE, BO3HUKAIOIIUX MpU pPabOTe JaHHBIX
arperaToB B TMPOIECCE IBIKEHUS JIICKTPOMOOUIIA,
HEOOXOJAMMO  MOJIEJIUPOBATh  HMX  BHUAE  Tel,
COOTBETCTBYIOIIUM  O0Opa3oM  YCTAHOBJEHHBIX Ha
HECYILEeW CUCTEME TPAHCIIOPTHOT'O CPEICTBA.

21.| Yto BXOOUT B COCTaB | B cocTaB CHUCTEMBI PYJIEBOTO YIPABICHHUS BXOJST:

CUCTEMBI  PYJIEBOTO
YIPaBJICHUS
AIEKTPOMOOUIIS?
OcobenHoctu
MOICITUPOBAHUS
JTUHAMUAKH ~ CHCTEMBI
PYJIEBOTO YIIpaBICHUS
TPaHCTIOPTHOTO
cpencTBa B
MIPOCTPAHCTBEHHOU

ITIOCTaHOBKC€.

PYJIEBOE KOJIECO; PYJIEBOM MEXaHU3M U PYJIECBOU
MIPUBOI.

BXOIHBIM CUTHAJIOM CHUCTEMBI PYJIEBOTO YIIPABJICHUS B
MOJICNIA  DJIEKTPOMOOWIISI JIOJDKEH — SBJISITBCS  YTOJI
IIOBOPOTA PYJIEBOTrO KoJjeca. Jlanee B MOJIENN PYJIEBOTO
MEXaHU3Ma JOJKHO MPOU3BOAUTCS MpeoOpa3oBaHUe
yIijla TOBOPOTA PYJsl B KHHEMATUYECKOE BO3JCHCTBUE
Ha BXOJHOE 3BEHO pYJEBOTO

npuBOIa  Yepes

MEPENATOYHOE OTHOLLIEHUE pYJIEBOI0 MEXaHU3Ma.
PynieBori nmpuBOa B NPOCTPAHCTBEHHOM IOCTAHOBKE
HEO0OXOJIMMO MOJCIMPOBATh TEJIaMH, COEIUHEHHBIMU
COOTBETCTBYIOIIUMH  IIApHUpPAMU  C  OOJBIION
KECTKOCThIO. lIpocTpaHCTBEHHass cxema pyJIEBOIO
MPUBOJIA TOJDKHA TTOBTOPATH MOBEACHUS AaHAIOTUYHOM

CHUCTEMBI B HATYPHOM J3JIEKTPOMOOUIIE.
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22.| OcobeHHOCTH BxoaHbIM CcHUTHaIOM MOJAEIW TOPMO3HOM CHUCTEMBI
MOJICTIUPOBAHUS AIEKTPOMOOMIIS SIBJISIETCSL CTETIEHb HAXKATUA Ha TIeAallb
JTUHAMUKH TOPMO3HOM | TopMo3a.  Jlamee  ATOT  CUTHaN — YCHUIIMBAETCS
CHUCTEMBI (YMHOKa€eTcs) Ha 3HAaYE€HUE MAKCUMaJIbHO BO3MOKHOTO
AIIEKTPOMOOHIIAL. (TeXHUYECKH  JOMYyCTUMOTO 1S  KOHKPETHOTO
Kakue nBe cucTtembl | TPAaHCIIOPTHOTO CPEACTBA) TOPMO3HOTO MOMEHTa M
BO3MOKHO NPUKIAIBIBACTCA K MOJENISIM KOJIEC TPaHCIOPTHOTO
(HEOOXOAMMO) Cpe/CTBa.

UHTErPUPOBAThH B| B Momenp cucteMbl  TOPMOXEHHS  3a4acTylo

MOJIeNIb  TOPMO3HOM | HEOOXOIUMO UHTErPUPOBAThH CUCTEMBI

CHUCTEMBbI M B YE€M HUX | aHTHOJOKHMPOBOUYHYI0O U  MPOTHUBOOYKCOBOYHYIO.

CMBICH? AHTHOJIOKMPOBOYHASI CUCTEMA HE TO3BOJIAET KOJIECY
3a0JIOKMPOBATHCS (OCTAHOBUTH BpallleHHE) B MPOLIECCE
TOPMOKEHUS TPAHCIIOPTHOTO cpeacTBa IS
COXPAaHEHUsl €ro YCTOWYMBOCTH M YIPABIIEMOCTH 32
CUeT TMOJAJCPKAHUSI CKOJIBKEHUS KojJeca B 30HE
peain3yeMoCTH MaKCUMaJbHOIO CIETUIEHUS KoJieca C
ONOPHOM  TNOBEpPXHOCThIO.  IIpoTMBOOYKCOBOUHAs
CUCTEMA HE TIO3BOJISIET KOJIECY OYKCOBATh (BpallaThCs C
BBICOKHM  CKOJBKEHHEM) B TMPOLIECCE  pasroHa
TPAHCIIOPTHOTO CpPEACTBA I COXPAaHEHHUS €ro
YCTOMYMBOCTH U YIIPABJISIEMOCTH 3a CUET MO ACPKAHUS
CKOJIbKEHUSI ~ KoJieca B 30HE  peallu3yeMOCTU
MaKCHMaJIbHOTO CLEIUIEHHs KOJeca C OMOPHOM
MOBEPXHOCTBIO.

23. | [lousiTus AJIIEKBAaTHOCTb MOJEIH — COOTBETCTBHE MOJCIHN
aJIeKBaTHOCTHU MOJICTTUPYEMOMY H3JENUI0 (MIPOLIECCy, SBICHUIO) IO
(GYHKIIMOHUPOBaHUSA, | 0OOCHOBAaHHOMY IE€PEUHIO XapakTepuctuk. [loBenenue
BaJIUIAIuU U | MOJCIHU JOJDKHO COOTBETCTBOBAaTH OOBEKTUBHOMY
BepudUKaIuu MOBEJICHUI0O HATYPHOM CHCTEMBbI, KOTOpas MOAJIEKUT
UMUTAIMOHHOM UMUTAIMOHHOMY MojeiupoBanuio. Ilpu sToM He
JTUHAMHYECKON JOJDKHBI HapylmiaThCsl 3aKOHBI (U3UKH W JpYTHE
MOJICIH (B T.4. | €CTECTBCHHBIE 3aKOHBI TPUPOJIBI.

AIEKTPUUECKOTO
TPAHCIIOPTHOTO
CpeacTBa).

Banupanus Mopenu — MNOATBEPKIEHUE TOrO, 4YTO
KOMITBIOTEpPHAsT MOJ€NIb B  3asBICHHOM 00JacTH
NPUMEHEHUSI aJEKBAaTHO M C 3aJaHHOW TOYHOCTBIO
BBITIOJIHSET MOATOTOBKY MCXOJHBIX JAHHBIX, TPOBOJAUT
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MMUTALIMOHHOE  MOJIETUpOBaHHE U 00paboOTKy
pe3yIabTaTOB MOJICTUPOBAHMUS.

Bepuduxkanus monaenn — MOATBEPKIACHHE TOr0, YTO
KOMIIBIOTEpPHAs]  MOJI€JIb  BBINOJHSAET  MOATOTOBKY
UCXOJIHBIX JAHHBIX, MOJEIUPOBAHHE € OOpPabOTKY
pPE3yJAbTAaTOB MOJICIUPOBAHUSI B COOTBETCTBUE C

3aJIJaHHOM MaTEMaTHYE€CKOM MOJCIIBIO.

24. | Kakue BUJBI | MonenupoBaHue CTaTHYECKOTO MOJIO>KEHUS
BUPTYaIbHBIX SJIEKTPOMOOWIISI;  MOJCIIMpOBaHWe  pasroHa [
UCITBITAaHHUH TOPMOXXEHUS;,  MOJCITUPOBAHWE  JBIDKEHUS  TIO
HE00XO0 MO HEPOBHOCTSM OTIOPHOTO OCHOBAaHUS BHUPTYAIBHOTO
IPOBOTUTH JUTSI | TIOJTUTOHA C TIOJJICP)KaHUEM TTOCTOSIHHOM CKOPOCTH
MIPOBEPKHU JIBU>KECHUS AIEKTPOMOOUIIS; MOJICIUPOBAHUE
aJICKBaTHOCTH NMBIDKEHUS B TIOBOPOTE C ITOCTOSIHHBIM PaTuyCcOM,
GYHKIIMOHUPOBAHUS | MOJICTTUPOBAHKE JBW)KCHHUS B PEKHME «IIEPECTABKa,
MOJICIH MOJICTUPOBAHUS PEKUMA JIBIKCHHS «PBIBOK PYIIS;
AIEKTPOMOOMIISA? MOJICIUPOBAHUE JIBIXKCHUS B 3aHOCE; MOJICTUPOBAHHE

peXrMa ONPOKHUABIBAHMS TPAHCIIOPTHOTO CPE/ICTBA.

25. | BuptyanbHbie H3mepsieMbIME TTapaMeTPaMH SBIISTIOTCS] BEpTUKATHHBIC
UCIIBITAaHUS U TOPU3OHTANIbHBIE (MIPOJOJIBHBIE U TIOTEPEYHBIC)
ANEKTPOMOOWIIEH Ha | BUOPOYCKOpEHUSI HA pabodyeM MecTe BOAMUTENS U B
TUTaBHOCTH X0Ja. | MeCTax pa3MeIIeHNs MaCCAKUPOB DIECKTPOMOOUIIS.

Y ci10BuUs TPOBENCHUS.
N3mepsiemble
napameTphbl.

YcnoBus IIPOBCACHUA: JUHaAMH4YCCKasd MOACIIb

ANEKTPOMOOWIISI  JIBHDKETCSI  NPSAMOJUHEHHO 1O
BUPTYaJbHOMY IIOJIMTOHY HEPOBHOCTEW 3aJlaHHOU
KAaTeropuu ¢ MOJACPKAHUEM IOCTOSHHOM CKOPOCTH
nemwxenns (10, 20, 30 km/g 10 MaKCHUMaJIbHOU
ckopocTH) B TeueHue He menee 60 cexyna. Yactora
JUCKPETU3allMK 3allMCU peann3aluuii BUOPOYCKOpEHUI
He MeHee 50 I'.

AHanu3 pe3yibTaTOB BHUPTYaJbHBIX HCHBITAHWM Ha
miaBHOCTh  xoaa mnpousBoautcss 1o ['OCTy Ha
0e30MacHOCTb.

BUOPAIMOHHYIO AHanuzupyemsble

MPOIIECCHI BUOPOYCKOpEHUI

buabTpalMK € MOMOIIbIO (QUIBTPOB HU3KHUX YACTOT.

MOJABEPraroTcs

Uccnenyemsbiii quana3on yactot 0,7...22.4 ',
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26. | BuptyanbHbie N3mepsieMbIMM  ITapaMeTpamMu  SIBJISIOTCA  CKOPOCTb
UCIIBITaHUS JBUKEHUSI DJIEKTPOMOOWIISI U €ro KypcOBOH yroiu
3JIEKTpoMOOWIIE Ha | (OTKIIOHEHHE OT MPSIMOJIMHEHHON TPAEKTOPHH).
TATOBO- VYcnoBus IPOBE/ICHHUS JBUKEHUE MOJEINN
JTUHAMUYECKHE AIIEKTPOMOOWIJII HAYUHACTCSI M3 COCTOSHUS TOKOS
CBOMCTBA.  YcioOBHS | (Ha4aJdbHasi CKOPOCTh paBHA HYJI0). COCTOSHHE U BUJ
IIPOBE/ICHHUS. OMOPHOM TOBEPXHOCTH — CyXO€ IOKPBITHE C
N3mepsiemble KO3 (PUIMEHTOM CLEIJICHUS IPU MTOJIHOM CKOJIbKEHUU
napaMeTphl. 0,8 (achanpToOeTOHHOE  IIOCCE  BUPTYaJIbHOTO

nosuroHa). Ilpom3BoguTcst pasroH Mpu  IOJHOM
Ha)XaTUW Ha TeJallb akcejaeparopa 10 MaKCUMalbHOU
cKopocTu 3nekTpomoOuis. IIpu 3ToM nepekitoueHue
nepeaay Nporu3BOAUTCS C HU3IIEH Ha BBICHIYIO.

[lo pe3ynpTaTam mpPOBEACHUS CTPOUTCS Tpaduk
Pa3rOHHOW XapaKTEPUCTUKH, OIPENEIACTCS BpeMs
pa3roHa MOJEIH 3IEKTPOMOOUIS JO MaKCUMaIbHON
CKOPOCTH JBUKEHUS.

27.| BuptyanbHbie N3mepseMbIMM mIapamMeTpaMu SBJISIIOTCS TTPOVICHHBIN
UCIIBITaHUS nyTh MpPU TOPMOXKEHUU (3aMepsieTCss C MOMEHTa
AIEKTPOMOOWIIEH Ha | HAXKATUS Ha NeJallb TOPMO3a /10 MOMEHTa MOJHOM

TOPMO3HBIE CBOMCTRBA.
VY ciioBus IpOBEICHUS.
N3mepsiemble
apaMeTphl.

OCTaHOBKH  JJICKTPOMOOWJIS), YIJIOBBIE CKOPOCTHU
BpaIICHUsI KOJIEC, CKOPOCTh JIBHXKCHHS DJICKTPOMOOMIIS,
€ro KypcoBOW yroJi (OTKJIOHEHHE OT MPSMOJIMHEHHOU
TPACKTOPUM) U YTOJI CKIIaJIbIBaHUS (TIPH YCIOBHUH, YTO
BUPTYyaJbHOE  HUCMOBITAHUE  TMPOU3BOAUTCS  JUIsS
aBTOIIOE3/1A).
YcnoBust JIBUYKCHUE

IMPOBCACHUA: MOACIN

3J'IGKTpOMO6I/IJIH Ha4YMHACTCA u3 COCTOAHUA

NPSIMOJIMHEWHOTO  JIBMDKEHHSI HAa  MAaKCUMAIbHOU
ckopocTu. CocTosiHME U BUJ ONOPHON MOBEPXHOCTH —
cyxoe (CKOJIb3KO€) TOKphITHE C KodhduimeHTom
creruieHuss npu moysHoM ckoibxkennn 0,8 (0,35)
(achanbTOOETOHHOE MIOCCE BUPTYAIBHOTO MOJUTOHA).
[Ipou3BOAUTCS TOPMOKEHUE MOJEIU AJIEKTPOMOOUIIS
IpU TOJHOM HaXaTUW Ha TeJalb TOpMoO3a J0 €ro
MTOJIHOM OCTaHOBKH.

ITo

HUCIBbITAHUS AHAIMU3UPYIOTCA: OTCYTCTBUC PBICKAHBA,

pe3ylibTataM IIPOBCACHUA BUPTYAJIBHOT'O
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OTCYTCTBHE CKJIaJbIBaHMsI AaBTOIIOE3/a; OTCYTCTBHE
OJIOKUPOBKM KOJIEC; OTCYTCTBHE PE3KUX CKAuKOB HU
KojeOaHui B pealu3allud CKOPOCTU  JBUIKEHMS
AIIEKTPOMOOMIISL;, OLEHUBACTCS TOPMO3HOW MyTh H
BpeMsl TOPMOKEHHUS BJICKTPOMOOUIIS; OICHUBACTCS

MaKCHUMaJbHOE IPOAOIBHOE YCKOpPEHHE
AIIEKTPOMOOMIIS TPH TOPMO>KEHHUH.

28. | BupryanbHbie Peructpupyembimu napameTpamu SIBIIIIOTCS
UCIIBITAaHUS TPACKTOPHSI ABUKECHUS MOJEIH DIEKTPOMOOUIIS; Yroi
AIIEKTPOMOOMIIE Ha | MOBOPOTAa PYJIEBOIO KOJIECa; CKOPOCTh JIBUKCHHS
YCTOWYHUBOCTD U | MOACIH DJCKTPOMOOWIS; yroid OOKOBOTO KpEHA;
yIpaBIsieMOCTh  TPH | KYpCOBOM  yroJ;  YIJIOBas CKOpPOCTb  IOBOpPOTa
JIBUKEHUH B TIOBOPOTE | TPAHCIIOPTHOTO CPEJCTBA; BEPTUKAIBHBIC PEAKIIUU
R35. VYcnoBus | B3aMMOACHCTBUSL  BCEX KOJEC AJICKTPOMOOWIS €
MIPOBEICHMUSI. OTIOPHBIM OCHOBAHHEM.

H3mepsiembie YcnoBus TPOBEACHHS: BHPTYaIbHBIC HCIIBITAHUS
[apaMeTpsl. npoBoasaTrcas 1o ['OCT Ha  ycTOHYMBOCTH U

yIPaBISIEMOCTh; BUPTYaJIbHbIEC HCTIHITAHHS BBITIOIHSIOT
10 33JJaHHOMY Pa3METKOW MaHEBpY MPH MOCTETICHHOM
YBEJIIMYEHUHU CKOPOCTH BBITIOJTHEHUS] MaHEBpa OT 3ae3/1a
K 3ae31y. BupTyanpHOe HCHBITaHME HAaYMHACTCS U3
COCTOSIHUS PABHOMEPHOTO MPSMOJIMHEHHOTO IBH>KEHUS
C 33JIaHHOM CKOPOCTBIO, M OHA K€ MOJAEPKUBACTCA Ha
OpOTSKEHUH Beero 3ae3aa. CocTosHUE U BUJ OMOPHOM
MOBEPXHOCTU — CYXO€ MOKPBITHE C KO3PPULIHUEHTOM
0,8
(achanbTOOETOHHOE 1I0CCE BUPTYATBLHOIO MOJUTOHA).

ITo
UCIBITAaHUS! aHATU3UPYIOTCS: TPACKTOPUS BBITIOTHEHUS

CLCIIVICHUA IpH ITIOJTHOM CKOJIB2KCHHUU

pe3yibTraTaM  MPOBEACHUS  BUPTYaJIbHOTO
JIEKTPOMOOMIIEM MaHeBpa MoBopoT R35; oTcyrcTBue
OTpBIBA KOJIEC OT OTMOPHOTO OCHOBAHUS; OTCYTCTBHE
PE3KHUX CKAYKOB M KOJEOAHUW CKOPOCTH JBHKEHUS
AIIEKTPOMOOHIIS; OTCYTCTBHE MOTIEPEYHOT O
pacKauMBaHMsI AIEKTPOMOOUIISI; OTCYTCTBUE PHICKAHBS
ANEKTPOMOOMIISE. PUKCUPYETCS] MaKCUMAaJIbHBIA Yol

OOKOBOT'O KpEHA AJIEKTPOMOOHIIS.




