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1. HEJIX U 3AJJAYN OCBOEHUSA N CHUITJIMHBI

I[I/ICI_[I/IHJII/IHa «I/IMI/ITaL{I/IOHHOe MOACIIMPOBAHUCH 3HAaKOMUT CTYACHTOB C
(GyHIaMEHTaJIbHBIMU METO/aMU KOMIIBIOTEPHOI'O MOJAEIMPOBAHUS U HENOCPEACTBEHHO CBSI3aHa
C OCHOBHBIMH MAaTEMATHYCCKHMMH NUCHUIIJIMHAMU. HpeIIMCTOM HU3YyYCHUS ABJIAOTCA MCTOIBI U
OPUHIUNBL  [OCTPOCHHUS MaTeMaTHYeCKMX W  KOMIBIOTEpHBIX Mozenei. Jlucuumianna
3aKJIaabIBacT (bYHI[aMeHTaJIbHBIe 3HaHuA, HCOGXOI[I/IMBIC AJI1 U3y4YCHH BCECX OCHOBHBIX KYpPCOB,
HOCBALIEHHBIX MAaTeMaTMYeCKOMY W HMMMTAlMOHHOMY KOMIIBIOTEPHOMY MOJIEIMPOBAHUIO
peabHbIX 00BEKTOB U MPOLIECCOB.

e oCBOEHUA TUCIIUILIHHDI:

® M3y4YeHHE OCHOBHBIX MOHATHI U METOJO0B MOCTPOCHUS U MCCIICOBAHUS MAaTEMaTHYECKUX
MOJIeJIeH, CUCTEM U SI3BIKOB MOJICTTUPOBAHMSI.

3agaum 0CBOEHHSA JUCHMILINHBI.

e BBHIPa0OTKA y CTYJCHTOB HABBIKOB HCITOJIb30BAHUSI CUCTEM KOMIBIOTEPHOTO MOJIEIUPO-
BaHUS,

e 000CHOBAaHHOTO BEIOOpA METOJIOB U CPEJICTB KOMITBIOTEPHOT'O MOJIEITMPOBAHHSI,

® TIOHMMAaHUS MPOIIECCOB KOMIIBIOTEPHOTO MOJICIIMPOBAHUS;

® OCBOCHHMS METOJIOB ITOCTPOSHUS MaTEeMAaTUUECKUX U KOMITBIOTEPHBIX MOJICIICH.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

JucuuiuinHa OoTHOCHTCS K 0a3oBoit vactu 1mkia bl (b1.B.1.12) obpa3oBarenbHO# po-
IpaMMbl 1 UUTAETCS B 5-M CEMECTpe CTyACHTaM crieuaibHoCcTH «MH(popMallMOHHbIE CUCTEMBI U
TEXHOJIOTUM» OYHOU (PopMbI 00ydeHUs U B 4-M ceMecTpe cTylneHTaM crnennanbHoctu «Mubop-
MAaIlMOHHBIE CUCTEMbI U TEXHOJIOTHI» 3a0YHON (OPMBI 00yUEHUSI.

s ee ycnemrHoro M3y4eHHs HEeOOXOIMUMBI 3HAHHUSA M YMEHUS, HABBIKH M KOMIICTCHIHH
OIIK-1, OIIK-8, TIK-2, 4acTU4HO WJIM TMOJHOCTHIO MPUOOPETEHHBIE B PE3yJIbTaTe OCBOCHHUS
y4eOHBIX quciuIuivH: «Pusuka», «Matematnueckuil aHammus3y», «Anredpa u reomerpus», «Jluc-
KpeTHass MaTeMaTHKa W MaTeMaTHdeckas JIOTHKay, «JJeKTpoHukay», «Jluddepenunanbheie
ypaBHEeHUs», «Teopust cucreM M CUCTEMHBIM aHaN3», «OCHOBbI MH()OPMALIMOHHBIX CHCTEM»,
«HucneHHnele MeTOBI, «MyJbTUMEINA TEXHOJIOTUNY, «O3HAKOMUTENIBbHAS [TPAKTUKAY,

s ocBOEHUS AMCUMIUIMHBI CTYJEHT JOJKEH HMMETh CIEAYIOLUE «BXOJHBIE» 3HaHUS,
ymeHus1, HaBbiku M komnereHuu OIIK-1, OIIK-8, [1K-2: nonstue nugdepeHnuaibsHoro ypas-
HEHUS, METO/bI perieHus TuddepeHINaTbHbIX YPaBHEHU, TOHATUS aJlfOPUTMA U IIPOrPaMMBl,
MOHATHE CIIyYalfHOT'O YMCIIa, METO/Ibl JINHEHHOMN anreOpbl U BBIUMCIUTENIHOW MaTeMaTHKH, Ma-
TEMaTHYECKOI'0 aHAJIN3a, TEOPUU BEPOSATHOCTEN.

ConyrcrByrommme  (MapaJuieibHO  W3y4YaeMbIMH)  TUCHHUIUIMHAMH  siBisiiores:  «Web-
porpaMMupoBaHue», «Teopusi BEpOSITHOCTEN M MaTeMaruhyeckas cTaTHCTUKay, «Teopust vH-
dopmanuny, «KoMnbroTepHast reoMeTpus U rpadukay.

PesynbpTaTsl ocBOeHMs AMCUMILINHBI «IMUTAallMOHHOE MOAETMPOBAaHNE» OYIyT HEOOXOAM-
MBI JUI JTaJIbHEHIIIEro mpoiecca 00ydeHus: B paMKax MMO3TaHOro (JOpMUpPOBaHHS KOMITETEHIIUI
OIIK-1, OIIK-8, TIK-2 mpu W3y4YeHHH CICAYIONINX CHEIMUATBHBIX JUCIHUIUIHH: «MeToIsl U
CpeCTBa MPOEKTUPOBAHHS MH(DOPMAIIMOHHBIX CUCTEM M TeXHOJOrui», «IP-renedonus B kom-
NBIOTEPHBIX ceTax», «Hampasinsromue cpenpl cucreM nepenayn nHpopmanun», «Kopnoparus-
Hble HTHPOPMaILMOHHBIE CUCTeMBbD», «lIpeanumiomnas npaktukay, «Iloaroroska k ciave u crava
roCy/apCTBEHHOTO HK3aMeHay», «BhINoIHeHNe U 3alIuTa BRITYCKHON KBaM(UKAIIMOHHONW pabo-
TBD».

3. IEPEYEHbDb [INTAHUPYEMBIX PE3YJIbTATOB OBYYEHUSA 110 JIUCHUIIJIMHE
MOAVYJIIO), COOTHECEHBIX C INTAHUPYEMBIMU PE3YJbTATAMU
OCBOEHUS OBPA3OBATEJBbHOM ITPOT'PAMMBI
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[Tponecc n3yueHust TUCHUIUTMHBI «KOMITbIOTEpHOE MOJIEIMPOBAHUE HANpaBieH Ha (GopMu-
POBaHHE CIEIYIOIINX KOMIICTCHIIUN.

Konx u HanmeHoBaHue peanu-
3yeMOU KOMIIETEHIIUH

[lepedenp MmIaHUPYEMBIX PE3YJIHTATOB OOYUYEHHUS 10 JUCIHUILUIMHE
(MOJTyJTI0), COOTHECEHHBIX C MHIUKATOPaMHU JTOCTHXKCHHS KOMIIE-
TEHIIUN

OIIK-1 — cnocoGHOCTh TpH-
MEHSTb €CTECTBEHHOHAYYHbBIE
U OOIICHH)KEHEPHBIC 3HAHMUSA,
METOABl  MaTeMaTU4YEeCKOTO
aHaM3a W MOJCITHPOBAHMUS,
TEOPETUYECKOTO M IKCIIEPH-
MEHTaJIBHOTO HCCIICIIOBAHUS
B Ipo(eccCUOHAIbHON Jes-
TEJIBHOCTH

3HaTh:

METO/Ibl MAaTEeMaTHYECKOT0 aHaJIu3a U MOJEIIMPOBAHUS, TEOPETH-
YECKOTO M JKCIEPUMEHTAIBHOTO HCCIIeIOBaHUs B Tpodeccuo-
HaJIbHOM JIeATSIIHHOCTH.

VYMern:

MPUMEHSTh €CTeCTBEHHOHAYYHBIE M OOIICHMH)KEHEPHBIC 3HAHUS,
METOJIbl MAaTEMATUYECKOI0 aHalii3a U MOJICTMPOBAHUS, TEOPETHU-
YECKOr0 W OJKCICPUMEHTAIBHOTO WCCIEAOBaHUS B IMPOQECCHO-
HaJILHOH JIeSITeIILHOCTH.

Bnaners:

HABbIKAMU TPUMEHEHHUS! €CTECTBEHHOHAYYHBIX M OOILEHHKEHEp-
HBIX 3HaHWUM, METOJIOB MAaTEMaTUYECKOTO aHaJIM3a U MOJIEJTUPOBa-
HUSI, TEOPETUUYECKOTO U IKCICPUMEHTAIBHOTO HCCIIECIOBaHUS B
POoeCCHOHAIBHON JESITEIIbHOCTH.

OIIK-8 — cnocobHOCTh TMpH-
MEHSTh MaTeMaTHYECKHEe MO-
JeNd, METOJbl M CpeACTBa
IIPOEKTUPOBaHUS HUHPOpMa-
[MOHHBIX W aBTOMATU3HPO-
BaHHBIX CUCTEM

3HaTh.

METO/Jbl MATEeMaTHYECKOTO M WMHUTALMOHHOTO MOJICIMPOBAHMUS,
METO/Ibl U CPEACTBA IMPOCKTUPOBAHUSA MH(POPMAITMOHHBIX U aBTO-
MaTHU3UPOBAHHBIX CUCTEM.

VYMeTh.

MPUMEHATh METOJbl MaTEMAaTUYECKOr0 U MMHUTAIMOHHOTO MOJIe-
JUPOBAHUsS, METOABI U CPEJCTBA MPOCKTHPOBAHUS HH(OpMaIIH-
OHHBIX U ABTOMATU3UPOBAHHBIX CUCTEM.

Bnanets:

HaBBIKAMH TPUMEHEHHUS METOJ0B MAaTEeMaTHYECKOTO U MMHTAIH-
OHHOTO MOJEJIIMPOBAHUS, METOJOB U CPEICTBA MPOECKTHUPOBAHUS
WH()OPMAIIMOHHBIX U ABTOMAaTU3HPOBAHHBIX CHCTEM.

[TIK-2 — crocoGHOCTh TIPOBO-
JUTh MOJICIIMPOBAHHUE TIPO-
IIECCOB U CUCTEM M O00OCHO-
BBIBaTh MPABWIBHOCTH BBI-
OpaHHOIl MOozenn

3HaTh.

METO/Ibl MOJICIUPOBAHUS MPOIIECCOB M CUCTEM M MPOBEPKU aJICK-
BaTHOCTH BBHIOPAHHOU MOJIETH.

YMeTn:

MPOBOANTH MOJIEIUPOBAHHUE MPOIIECCOB M CHUCTEM M OOOCHOBHI-
BaTh NMPABWJILHOCTh BHIOPAHHON MOJICIIH.

Bnaners:

HaBBIKAMH MOJICTTUPOBAHUS TIPOIIECCOB M CHUCTEM M TIPOBEPKH
aJICKBaTHOCTHU BBIOpaAaHHOW MOJIEIIH.

4. OBIIAA TPYAOEMKOCTb JUCHUIIJIMHBI

4.1. O0beM TUCHUILTHHBI B 324eTHBIX eIMHUIAX (Bcero): 4.

4.2. O0beM IUCUMIIMHBI 10 BUAAM Y4eOHOIi padoThl:

dopma o0yueHus

o4dyHasa

Dopma A
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KosmyectBo yacoB (popma oOyueHwus - OUHAS)

BunyueOuoii paorer | Beero B T.4. mo cemectpam
1o
IUIaHy 5
KonraktHas pabora
00y4YaroIuXcs ¢ Mpero- 54 54/54
JaBaTesieM
AyIUTOpHBIEC 3aHATHS 54 54/54
o Jlekuuu 18 18/18
o [IpakTuyeckue u ce- 18 18/18
MUHAPCKHUE 3aHSATH
e JlaGoparopHsie pa-
00THI (MabopaTopubii [ 18 18/18
IIPAKTUKYM)
CamocrositenbHas pabo- 54 54
Ta
DK3aMeH 36 36/36
Bcero vacoB no nuciu- 144 144/144
TUTHE
dopma TeKylIero KoH-
TpOJIsl 3HAHUW U KOH- JlabopaTopHblie paboThI, TPOBEPKA pelie-
TPOJISI CAMOCTOATEIHHON HUS 33724
paboThl
Buael npomexxyTouHoOM
aTTecTaluu (dK3aMeH, 9K3aMeH
3a4er)
OO61mas TpyA0eMKOCTh B 4 4

3a4. €.

®dopma 00yueHHsT 3a04Has

KonnuecTBo yacoB (popma 00ydeHHs - OuHast)

Bun yuebHoii paboTsl | Beero B 1.4 110 cemecTpan
1o -
UIaHy 4
KonrakTHas pabota
oOyJaroIuxcs ¢ mperno- 18 18/18
JaBareneM
AyIMTOpHBIC 3aHATHSA: 18 18/18
e Jlexuuu 8/8
e [IpakTuyeckue u ce- 6/6
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MHHAPCKHUEC 3aHATHA

e JlaboparopHsie pa-

3ad4. ef.

00THI (J1aOOpaTOPHBIN 4 4/4
IIPAKTUKYM)
CamocTosTenbHas pabo- 117 117
Ta
DK3aMeH 9 9/9
Bcero gacos no gucuu- 144 144/144
TUTMHE
@®opMa TeKyIero KoH-
TPOJISi 3HAHUUM U KOH- JlaGopartopHble paboOThl, TPOBEPKA pelie-
TPOJIsE CAMOCTOSITEIIbHOU HUA 33724
paboThI
Buael npomexxyTouHOM
aTTecTaluu (3K3aMeH, IK3aMeH
3a4er)
OO6m1ast TpyA0€MKOCTh B 4 4

B cnyuae neobxooumocmu ucnonvzoganus 8 yueOHOM npoyecce YaACMUYHO/ UCKIHOYU-
MeNbHO OUCMAHYUOHHBIX 00PA308AMENbHBIX MEXHOI02UL 8 maduye yepes cieul YKa3vl-
saemcs koauvecmeo yacos pabomul II1C ¢ obyuarowumucs npu npogederuy 3aHAmuil 8
OUCMAHYUOHHOM popmame ¢ NPUMeHeHUueM 21eKMPOHHO20 00YUeHUs.

4.3. Coaep:kanme TUCUMILTUHBI. Pacnipenesienue yacoB mo reMaM M BHJAaM y4eOHOii pado-

ThbI:

dopma o0yueHus

Oo4dyHasia

Buapl yueOHBIX 3aHSATHIA

®opma TeKy-

AyIuTOpHBIE 3aHATHS -
. HpaKTH JlaGopa Sansmhs Camo oo i
Haspanue pasje- P P B HH- TPOJIsl SHAHUM
Bcero yecKHe TOPHBIE cTos-
JIOB U TeM Tepak-
Jlekuuu | 3aHATHS, | PadOTHI, ., TelbHas
THBHO¥
CeMHMHA- | NPAKTH- pabora
dopme
pbl KYMBI
1 2 3 4 5 6 7
Pasnea 1. MaremaTH4yeckoe 1 KOMIIBIOTEPHOE MOJCJIMPOBaHNE (PU3HKO-TEXHHYECKHUX NPOLECCOB
U CHCTEM
1. Monenu 6 1 1 1 1 3 JlaGopatopHas
00BEKTOB, pabora. Jlo-
IIPOLECCOB U MalllHee 3a/1a-
SIBJICHU HHE
2. Knaccuguxka- 6 1 1 1 3 JlaGopatopHas
U MOJIENIEeH pabora. Jlo-
MalllHee 3a/1a-
HHE

Dopma A
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3. [lonsatue mo- 6 1 1 1 3 JlaGopaTtopHas

JeIIMPOBAHUS pabota. [lo-
MallHee 3a/1a-
HUE

4, Ilenmu moaenu- 6 1 1 1 3 JlaGopaTtopHas

pOoBaHHUS pabota. [o-
MallHee 3a/1a-
HUE

5. DTansl Mojie- 6 1 1 1 3 JlaGopaTopHas

JTUPOBAHUS pabota. [lo-
MallHee 3a/1a-
HUE

6. 3agauu mMoze- 6 1 1 1 3 JlaGopaTopHas

JTUPOBAHUS pabota. [lo-
MallHee 3a/1a-
HUE

7. CtpykTypa mMo- 6 1 1 1 3 JlaGopaTopHas

nenen pabota. [lo-
MallHee 3a/1a-
HUE

8. MeTtobl KOH- 6 1 1 1 3 JlaGopaTtopHas

CTPYUPOBaHUS pabota. [lo-

MoieInei MallHee 3a/1a-
HUE

9. UmuTanoHHoe 6 1 1 1 3 JlaGopaTtopHas

MO/JICIIMPOBAHHE pabora. [lo-
MarlrHee 3aja-
HUE

10. KomrmeroTep- 6 1 1 1 3 JlaGoparopuas

HO€ MOJIeJINPOBa- pabora. [lo-

HUE MaIlHue 3a/a-
HUS

11. Crarucruye- 6 1 1 1 3 JlaGoparopuas

CKO€ MOJIeNINPO- pabora. [lo-

BaHUE MaIlHue 3a/a-
HUS

Paznen 2. MatemaTnuyeckHe H KOMIIBIOTEPHbIE MO/IeJIN JTUHEHHBIX THHAMHYECKUX CHCTEM

12. TTpeoGpa3zo- 6 1 1 1 3 JlaGopatopHas

Banwue Jlammaca pabora. Jlo-
MaIIHHe 3a/1a-
HUS

13. IousTHE TH- 6 1 1 1 3 JlaGopatopHas

HEWHOUN JUHAMU- pabora. Jlo-

YEeCKOH CHCTEeMBbI MaITHHE 3a/1a-
HUS

14. OcHoBHBIE 6 1 1 1 3 JlaGopatopHas

CBOMCTBA JTMHEH- paborta. Jlo-

HOU TUHAMUYE- MaIIHHe 3a/1a-

CKOM CHUCTEMBI HUSI

15. IousiTHE NIE- 6 1 1 1 3 JlaGopaTopHas

Dopma A
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penaToyHon pabora. Jlo-
byHKIIUN MalIHHE 3a/1a-
HUs
16. Xapaxkrepu- 6 1 1 1 3 JlaGopatopHnas
CTUKH JIMHEUHBIX pabora. Jlo-
JTUHAMUAYECKHUX MalIHHE 3a/1a-
CUCTEM HUs
17. Mopenu B 6 1 1 1 1 3 Jlaboparopuas
MIPOCTPAHCTBE pabota. [lo-
COCTOSHUU MalllHUE 3a]a-
HUs
18. O60061meHHbII 6 1 1 1 1 3 JlaGopatopHnas
aHaJlu3 yIpaBisi- pabota. [lo-
€MOCTH U HalJto- MallHHE 3a/1a-
JaeMOCTH MOJIe- HUS
nen
DK3aMeH 36
Hroro 144 18 18 18 10 o4
®dopma 00yueHus 3a04Has
Buap! yueOHBIX 3aHATHI ®opma TeKy-
Ay&“}?g:;fniaﬂﬂ;lzgopa_ JawaTHs | g OO
Ha3zsanmne pasne- B HMH- TPOJIA 3HAHUH
J10B M TeM Bcero YeCKue TOPHBbIE Tepak- CTOA-
Jlekuuu | 3aHATHS, | PadoTHI, . TeJIbHAA
CeMUHAa- | NPAKTHU- THBHOU paéora
pbl KYMBI (bopme
1 2 3 4 5 6 7

Pa3zpnen 1. MatemaTnyeckoe 1 KOMIbIOTEPHOE MOAeIMPOBaHHE (PU3MKO-TEXHMYECKUX U MH(OP-
MAIMOHHBIX MPOLECCOB U CUCTEM

1. Monenu 8 1 1 - - 6 JlaGoparopuas

00BEKTOB, pabota. [lo-

MPOIIECCOB U MarHee 3a/1a-

SIBJICHUU HUE

2. Kimaccuduka- 7 1 1 - - 6 JlaGoparopuas

LU MOJIENIEN pabota. [lo-
MarHee 3a/1a-
HUE

3. [NonsiTrie Mo- 7 - - - - 6 JlaGoparopuas

JeTUPOBaHUS paborta. [lo-
MarHee 3a/1a-
HUE

4. e Mopaenu- 4 - - - - 6 JlaGoparopras

pOBaHUs pabora. [lo-
MarHee 3aj1a-
HUE

5. Dramel Mojie- 7 - - - - 6 JlaGoparopHas

JUPOBAHUS pabora. [lo-

MalrHee 3ajaa-
HUC

Dopma A
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6. 3agauu Moze- 7 - - - - 6 JlaGopaTtopHas

JTUPOBAHUS pabota. [lo-
MallHee 3a/1a-
HUE

7. CTpyKTypa mMo- 7 - - - - 6 JlaGopaTtopHas

neneu pabota. [lo-
MallHee 3a/1a-
HUE

8. MeTtojb! KOH- 7 - - - - 6 JlaGopaTopHas

CTPYyUpPOBaHUS pabota. [o-

Moienei MallHee 3a/1a-
HUE

9. UmuTanimonHoe 10 1 1 1 1 6 JlaGopaTopHas

MO/JICIIMPOBAHHE pabora. [lo-
MallHee 3a/1a-
HUE

10. KommbroTep- 9 1 1 1 - 6 JlaGopaTopHas

HOE€ MOJIEIINPOBa- pabora. [lo-

HUE MaIlllHUe 3a/1a-
HUS

11. Cratucruue- 7 - - - - 6 JlaGopaTopHas

CKO€ MOJCITUPO- pabota. [lo-

BaHUC MalllHue 3a/1a-

HUWs

Pa3zjien 2. MaTemaTHyecKHe H KOMIbIOTEPHbIE MOIEIH JUHEHHBIX THHAMHYECKUX CHCTEM

12. TIpeob6pa3zo- 8 1 1 - - 7 JlaGopaTtopHas

Banwue Jlammaca pabora. Jlo-
MalllHue 3a]1a-
HUS

13. IousTHE MTU- 7 - - - - 6 JlaGopatopHas

HEWHOUN JUHAMU- pabora. Jlo-

YECKOI CHCTEMBbI MalllHue 3a]1a-
HUS

14. OcHoBHBIE 8 1 - - - 6 JlaGopatopHas

CBOMCTBA JIMHEH- pabora. Jlo-

HOW JMHaMu4e- MalllHue 3a]1a-

CKOM CHUCTEMBI HUSI

15. IousTHE TIE- 9 - 1 1 - 8 JlaGopatopHas

penaTouHoi pabora. Jlo-

byHKIMN MalllHue 3a/1a-
HUS

16. Xapaxkrepu- 7 - - - - 8 JlaGopatopHas

CTUKH JIMHEUHBIX paborta. Jlo-

JTMHAMUYECKUX MalllHue 3a/1a-

CHCTEM HUS

17. Mogenu B 8 1 - 1 1 8 JlaGopatopHas

MIPOCTPAHCTBE pabota. [lo-

COCTOSIHUI MalllHue 3ajia-
HUS

18. O600611eHHBII 8 1 - - - 8 JlaGopaTopHas
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aHaJIU3 yIIpaBis-
€MOCTH U Ha0JIIO-
JAEMOCTH MOJIE-
e

pabora. Jlo-
MaIllHue 3aja-
HUS

DK3aMeH

HUroro

144

8

6

4

117

5. COJEPJKAHUE JUCHUILIMHBI (MOLYJIS)

Paznen 1. MaremaTudeckoe M KOMIBbIOTEPHOEe MOAeJIMPOBaHHEe (HU3MKO-TEXHUYECKHX
NMPoLECcCOB U CHCTEM

Tema 1. Moaenu 00BbEKTOB, IIPOLIECCOB U SIBJICHUH.
Tewma 2. Kimaccudukarus moenei.

Tema 3. [lonsiTue MOJEIUPOBAHMUSL.

Tema 4. [lenu MoIeTUPOBAHUS.

Tema 5. DTansl MOAETMPOBAHUS.

Tema 6. 3agaun MoICIMPOBAHUS.

Tewma 7. CTpyKTypa Moiemnei.

Tema 8. MeToabl KOHCTPYUPOBAHUS MOJIETEH.
Tema 9. IMuTalinoHHOE MOJIETMPOBAHUE.

Tema 10. KomnbroTepHOE MOICIUPOBAHUE.

Tema 11. Cratuctuueckoe MOACIUPOBAHUE.

Pazjnen 2. MaremaTHyecKkue H KOMNbIOTEPHbIE MO/Ie/IH JUHEHHBIX JUHAMHYECKUX CUCTEM
Tema 12. IIpeoOpazoBanue Jlamaca.

Tema 13. ITonsiTre TMHEHHON JUHAMHUYECKOW CHCTEMBI.

Tema 14. OcHOBHBIE CBOICTBA JIMHECHHON JUHAMHYECKON CHCTEMBI.

Tema 15. [lonsiTue nepenaTouHoil GyHKIMHU.

Tema 16. XapakTepuCTUKU JTUHEHHBIX TUHAMHUECKUX CHCTEM.

Tema 17. Monienu B mpoCcTpaHCTBE COCTOSHUM.

Tema 18. O6001IeHHBII aHATTU3 YIPABISAEMOCTH U HAOII0JaeMOCTH MOJIEICH.

6. TEMbI IPAKTUUYECKNX U CEMUHAPCKUX 3AHSTHN

[IpakTryeckue 3aHATHS (CEMHUHApBI) MPEIYyCMAaTPUBAIOT PEIICHHE 3aJad M0 TEeMaTHUKe
PaznenoB 1 u 2 u o0cyxkneHue HallICHHBIX PEILICHHH.

Tema 1. Mooenu nacpesanusloxnaxcoenus.

Tema 2. Mooenu svimexanus sxxcuoxocmu u3 pezepsyapa.

Tema 3. Mooenu snuoemuii.

Tema 4. Mooenu pocma uucienHocmu 6UO102UHECKOU NONYAAYUU.

Tewma 5. Mooenu osudicenust 6e3 yuema conpomusierust cpeobi.

Tema 6. Mooenu ogudicerus ¢ yuemom conpomusieHus cpeobi.

Tewma 7. IIpeobpaszosanue Jlannaca.

Tema 8. Buiyucnenue nepeoamounoti oyHkyuu.

Tema 9. Ananusz ceoticme moodeneti 6 npocmpancmee coCMOoSHU.

7. JABOPATOPHBIE PABOTHI (JABOPATOPHBIN ITIPAKTHKYM)
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TeMbl 1a00paTOPHBIX padboT
JlaGopaTopuas pa6ora 1. OcBocHue cpeabl moaenupoBanus AnyLogic (AL). Lens
npuoOpeTeHrne HaBBIKOB paboThl B cpene AL. Jloctiwkenue menu odecrieunBaeTcs pe-
IIICHUEM ITOJIHOCTHIO JIOKYMEHTHPOBAHHBIX puMepoB. Coaepxanne paboThl — pelieHne
TPEHUPOBOYHBIX 33JJaHUH U BHIIOJHEHHE KOHTPOJIHHOIO 33/IaHUsI.
JlabopaTopHas padora 2. Beoa u pemenne B cpene AL cuctem AJ1Y. Lens pabotst —
OCBOEHHUE TEXHOJIOTUHU IpuBeieHus cucteM AJ[Y kK HopManbHOMY BHY U IIpHOOpETe-
HUE HaBBIKOB UX PEIICHHS U aHuMaIuu perienuid. Comeprkanue paboThl — pelieHne
TPEHUPOBOUYHBIX 33JJaHUH U BHIIOJHEHHE KOHTPOIHHOIO 3a/IaHUsl.
JlabopaTopHas padora 3. Pa3paboTka u ncciegoBaHue Mo/jIeleil HeMpEepPhIBHBIX CH-
cteM. Llenb paboThl — 0CBOEHNE TEXHOJIOTUHU MOCTPOCHUE MOJIENIel HEPEPHIBHBIX CH-
CTEeM U UcclieoBaHue ux nosenaeHus B cpeae AL. Coaepxanne paboThl — pelIeHHe Tpe-
HUPOBOYHBIX 33/IaHUH U BBIIIOJIHEHHUE KOHTPOJIBHOTO 3aJaHHUsL.
JlabopaTopHas pabora 4. Vnentudukaius MoJieseil o 3KCepuMeHTAIbHBIM JTAHHBIM.
Lenb paGoThl — 3aKperUieHne 3HAaHUI U HABBIKOB 110 UICHTHU(PHUKAIIUN MOJIEIH 10 JKCIIe-
PUMEHTAIILHBIM JIaHHBIM, MPHOOPETEHUE HABBIKOB PabOTBHI C ONTHMH3ATOPOM IyTEM
pemienus 3amad. CogepxaHue pabOThl — pelIeHHE TPEHUPOBOYHBIX 3aJaHUI M BBIMOJ-
HEHHUE KOHTPOJILHOTO 3aIaHHUS.

Mertonuyeckue ykazaHusi: OCHOBHOE BHUMAaHHE JI0JKHO OBITh YAEJIEHO OCBOEHUIO pabOTHI C CH-
cTeMoii MmoaenupoBanus AnyLogic.
JlabopaTopnas padora 1.

[ToctanoBKka 3amaun. MaTemaTuyeckasi MOJENIb JTUHAMHUKU COKPAIICHUs CEPIeYHON MBIII-
161 3371a€TCsl HEMMHEHHBIM T hepeHInanbHbIM ypaBHEHHEM TIEPBOTO MOPSIKA!
dx/dt=(x-x3-b)/eps, e X mpejcTaBnseT paamyc cepaua, a mapameTp b caM SBIseTCS MepeMeH-
HOW, ompenaessiemoit nuddepennnansubiv ypaBaenuem: db/dt=x-Xo. D10 oxHa M3 mpocTeimux
MoOJIeJIed TaKOW IMHAMHUKH. 3aadyell TaHHOTO YNPAKHEHUs SIBJISIETCS TIOCTPOEHUE 3TOM IPOCTON
MOJICJIH, TIO3BOJISIONICH MOTYYUTh BPEMEHHBIC 3aBUCHMOCTH TIEPEMEHHBIX X U D OT BpeMeHH, a
Take (a3oByI JUarpaMMy M3MEHEHHs paauyca x oT 3HaueHus D. OueBHIHO, YTO BCe ITH Be-
JUYUHBI BEIIECTBEHHBIE (C TIaBarolei Toukoit). s moctpoenus Moaenu HeoOX0aUMO 3a1aTh
HavaJbHbIC 3HAUCHHUS IEPEMEHHBIX X 1 D, a Taxke 3HaYeHHe mapamerpa eps.

Coznianue HoBoro mpoekra. /[nst XpaHeHus BallluX IPOEKTOB HEOOXOIMMO CO3AaTh HO-

Byto manky. Co3naiite, Hanpumep, nanky C:\My Models. ITocne 3Toro ajist mocTpoeHuss HOBOTO
IpoeKTa B Ballell mnamke KIMKHUTE KHOMKYy “Co3narh” WM BBIOEpUTE B OCHOBHOM MEHIO
“@aiin|Co3nats|Moaens”. B mosBUBIIEMCS AMAaJOTOBOM OKHE YCTAaHOBUTE HYXKHYIO pabouyro
nanky, B Heil HaOepute Heart kak umst HoBoro (aiina, B KOTOpOM OyJIeT XpaHUThHCS Balll HOBBII
npoekT, 1 kukHuTe OK. HoBBIN mpoekT no Ha3BaHueM “Heart” Oyaer co3zaH, U Ha SKpaHe Bbl
YBUIUTE CIENYIOIIEE:
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®aiin Mpaeka Bua Pucosarme Mogens Wucrpymermi  Crpaska

B-eRBadD W Q- -E| 5 | % - - &2 OBpauTbca 32 nomowsto... FlE
% Mpoexrs &2 = B8 || & Main 2 = 8 ||/ ceoiicraa 2 =0
4 [A] Moden ~ Model1 - Mogenn
© Main
~
@ simulation: Main
Wnam: Modell
EAWRULDI MOAENBHOrD spemeni: | CEkyHASl ¥
~ 3asnchmoc
BuBanotexn AnyLogic, Heobroanmsie 478 NGCTPOEHMA MogENK:
s Be.. Mector
Jar dhaiinet u naMKH K1GCCO8, TREBYEMBIE AR MOCTPOEHIR MOAE.
Mecromonosenie
+ Ynchennie meTops:
Oubdepenumansrsie ypasnens: | JAnep v
v

AnreGpauueckue vpasHeHns: WismeneHHeIi HetoTon v ¥
< > >

Puc 1. HoBslii mpoexT

OTKpBITOE OKHO PEAAKTOpa HOBOTO MPOEKTA COAEPXKUT TpHU OkHa. Kak yke roBopuioch, B OKHE
KJIACCOB (CJIeBa) aBTOMATHYECKU CTPOUTCS JIEPEBO BCEX OOBEKTOB MPOCKTA, KOTOPHIC BBl Oyjiere
OINpEAEIATh 110 X0y MOCTPOEHUS] MOJenH. /{151 HOBOro mpoekTa B HEM YK€ CO3[aH KOPHEBOM
KJIacC aKTHBHOTO oObekTa ¢ mMeHeM “Model”, a s mpoBeeHUsT SKCIIEPUMEHTOB ¢ OyayIiei
MOJICTIBIO YK€ CO3/IaH OJIMH SKCIIEPUMEHT ¢ uMeHeM “Simulation” y kopHeBoro kiacca “Dkcrie-
puMeHTh!”. LleHTpanbHOE OKHO — OKHO Ipa)MyecKoro peaakTopa CTPYKTYpPbI Ul CO3JaHMS
CTPYKTYpbl aKTUBHOTO O0BEKTA, MPEACTABIAIOMIEI0 MO/eab. C MOMOLIbI0 KHOMOK yIpaBiIeHUS
3THUM OKHOM, KOTOpbI€ HaXOASTCS BBEPXY CIIpaBa, MOKHO YMEHBUIMTh, CBEPHYTh WJIM 3aKPBITh
3TO OKHO. YMEHBIINTE pa3Mep OKHa peaKkTopa CTpyKTypsl o0bekta “Model”, menkHyB mo co-
OTBETCTBYIOIIEH KHOIKE CrpaBa BBEpXY. JIBOMHBIM IIETYKOM MBI HA UMEHHU KJlacca aKTUBHO-
ro oobekTa B OKHE KiaaccoB (B maHHOM ciydae “Model”) MOXHO OTKpBITH OKHO peaakTopa
CTPYKTYPBI 3TOT0 00bEKTa, €CIIM OHO 3aKpbITO. OKHO cIipaBa Ha puc.1— 3TO OKHO CBONCTB BBIJe-
JICHHOTO 3JIeMEeHTa MoJiesid. B 1aHHOM citydae 3TO OKHO MOKa3bIBaeT CBOKWCTBA KJlacca KOPHEBO-
ro oobekra ¢ umeHeM “Model”, ecrii OKHO ero cTpyKTYpbl aKTHBHO. B OKHE CBOICTB MOYKHO pe-
JTAKTUPOBATH CBOICTBA COOTBETCTBYIOLINX OOBEKTOB.

Ioctpoenne monenu. OCHOBHas 33j1a4a — MOCTPOCHUE MOJIENH, B KOTOPOM MPUCYTCTBY-
IOT JIBE MEpEeMEHHbIe, X ¥ D, U 1Ba mapamerpa — Xo U €pS, I/ie Xo — Ha4YaJbHOE 3HAYCHHE X.
HavanpHoe 3HaueHHE MEPEMEHHOW D 3amaaMMm HemocpencTBEHHO KOHCTaHTOW. [lnsi BBeAeHHS
NepBoi MEPEMEHHOM X BbIOEpeTe B MEHIO MaJUTphl pasaen “CucreMHas auHamuka’. [lepemen-
Hast X JOJKHA OMpenenaThes AuddepeHnnanbHbpIM ypaBHenrem dx/dt = (x-x3-b)/eps ¢ Hauans-
HBIM 3HAYEHHUEM X, PaBHBIM Xo U ¢ napameTpoM eps. B AnyLogiC MoHO 1o/100HbBIE 3aBUCHUMO-
CTH OINpEEATh UMEHHO B TAKOM BH/JIE, B BUE AU PepeHIINATbHBIX YPaBHEHUH.
Bropas nepemennas b onpenensiercst popmyinoit d(b)/dt=x-x0. JlelicTBus 10 ee BBEIEHUIO B MO-
nenb oueBUAHBL [TycTh HauanbHOE 3HaYeHHE epeMeHHol b paBHO 0. B mone HavyansHoe 3Have-
HUE MpU 33J]aHUM HavyaJbHOrO 3HaueHus b BennuuHy 0 MOKHO HE 3alMChIBaTh: €CIU MOJe 3Ha-
YeHUs MyCTO, 10 YMOJIYAaHHUIO 3TO 3HAYCHUE CUUTAETCS HYJIEBBIM.

Jist mpoBepKH MPAaBUIBHOCTH CHHTAKcHca (POpMaIbHBIX MPABUI) MOCTPOSHHSI MOJICITH B
KaX/Iblii MOMEHT IpU €€ MOCTPOCHUH MOXKHO HCIIOJIb30BaTh KHOMKY IlocTpouTh manenu uH-
cTpyMeHTOB. Ecli KITMKHYTh Ha ATOI KHOIIKE, TO B TIOSIBUBIIIEMCS] OKHEe BBIBO/I OyIeT BhIBEICHA
uHpopmanus o6 ommbOke. [y 3aBeplIeHHs MOCTPOCHUS MOJENU MX HYXXHO 3anaTh. Ilycth
X0=0.5, eps=0.01. [TapameTpsl 3TH ABIAIOTCS MapameTpamu areHTa Heart, mo3ToMy OHH BBOJIST-
Csl B OKHE CBOMCTB 3TOro oobekTa. [l 3agaHus Xo nepeianTe Ha BKIAAKY “ATreHT’ MaluTphl U
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no6asbTe 00BeKT “Ilapamerp”.

3aMeHHUTe UMs IapaMeTpa Ha Xo, B 1oJsie 3HadeHus ycraHosure 0.5, a Tun ocraBbre double.
OcraJsibHBIE OIS TaK)Ke OCTaBbTe O3 m3MeHeHus. [lepeMenHas eps 3amaercs Tak xke. B koHIie
HE00XO0IMMO CO3/1aTh CBSI3U MEXIY IEepeMEHHbIMHU. PyKOBOACTBYSCh BBEJICHHBIMH (pOpMyJIaMu
Y HCII0JIb3Ysl MHCTPYMEHT “CBs3b” BKIaAKHU “CHcTeMHas TMHAMHUKA  MaJUTPbl, YCTAHOBUM Tpe-
Oyemble B3aMMOCBSI3U MEXIy IEepeMEHHbIMU. B pesynbraTe Ha 3KpaHe Bbl HOJIY4YHMTE CIELYIO-
niee: Haanuch “TlocTpoeHue ycrneumHo 3aBepiieHo” B HUYKHEM JIEBOM YIJIy CUTHAJIU3UPYET HaM,
YTO BCE BBINOJIHEHO BEPHO.

3anyck Mozaenu. Knuk Ha kHomnke “3amyck” MPUBEAET K TOMY, YTO IIEPEMEHHBIE B OKHE

HAuHYT U3MEHSATHCS B COOTBETCTBUM C ONPEAEICHHBIMU AJIs HUX ypaBHEHUsMU. Cuctemsl qud-
(bepeHIanbHBIX U adredpandecKux ypaBHEHHH, onpeaereHHble B mpoekTax AnyLogic, mpu Bbl-
IOJTHEHUU MOJIENIH PEIAOTCsl OJTHUM M3 BCTPOCHHBIX YUCIEHHBIX MeT010B. CaM MeToa U He0O-
XOJMMasi TOYHOCTh PEIICHUS] BBIOMPAIOTCS CHCTEMON aBTOMATHYECKH, €CIH I0JIb30BaTeNb He
U3MEHUT Ipe/IBapUTElIbHbIE YCTAHOBKU B OKHE CBOWCTB MOJeNU. BhlmonHeHne mMoaenu 3aKoH-
YUTCSI, KOTJIa CYETYUK MOJIEIBLHOTO BPEMEHM AOMJIET 10 3HAYCHMsI, YKa3aHHOTO OKHE CBOMCTB
obbekTa “Simulations”. ITo ymoi4aHuio 3Ha4eHHE HE YCTAHOBJICHO, SKCIICPUMEHT [UTUTCS, TOKA
[10JIb30BATEb HE OCTAHOBUT €0 CaMOCTOSITENIbHO. Y CTAHOBUTE BpeMsl OKOHYAHMSI IKCIIEPUMEH-
ta Ha 100. IIpoBenuTe HECKOIBKO SKCIEPUMEHTOB C PA3IMYHBIMH CKOPOCTSIMH BBIOJHEHHUS
JTAHHOW MOJIEJH, UCII0JIb3Ysl KHOIIKA OCTaHOBA, peCTapTa, 3alycKa.

JladopaTopnasi padora 2. AJ/[Y kak kiacc Mojened HaxXOAsAT MIMpouaililiee MPUMEHEHHUE B
UMHTAaLMOHHOM MojenrpoBaHuu. Ilponecc nccnenoBanust MoAeIu BKIOYaeT pa3paboTKy Moje-
J¥ B BUJIE CHCTEMBI anreOpo-auddepeHnaabHbpIX YpaBHEHUH, TpeoOpa3oBaHie MOAETH B (op-
My, JOIyCKaIoIIyo BBOA ¢ B OBM (B AaHHOM cilydae 3TO ypaBHEHHUS B HOPMaJbHOU (opme),
pelieHre ypaBHEHUH, BBIBOJ U COZIEpKaTeIbHasi MHTEPIPETalus pe3yIbTaToB.

Beinonnenue paGoTsl:

1. 3agaHHble B NPUIIOKEHUHN YPAaBHEHUS MIEPBOTO U BTOPOIO MOPsiIKa IPUBEIUTE K HOPMAIbHOMN
dopme U uccrneayiiTe UX pelieHus Npu CTAHJAPTHBIX UCHBITATENBHBIX CUTHAJaX U U3MEHEHUHU
koaPurmentoB. Ocoboe BHUMaHKE O0OpaTUTE HA K3MEHEHHE XapaKTepa MepexXoHOro mpolecca
B CHCTEME BTOPOTO MOpsJKa. B KauecTBe MCTOYHMKA CTaHJAPTHBIM MCIBITATEIBHBIX CUTHAJIOB
UCIIOJNIb3YHTE BCTpOoeHHbIE PyHKIMKN AnylLogic (TabnuuHas QpyHKINS, CHHYC).

2. Moaenu npuiaoXKeHUs NPUBEAUTE K HOpMaJbHOMY BuAy. BBeaure cucreMy ypaBHEHHUs B
OBM wu uccnenyiite peuieHue IpU pa3IMYHbIX BXOJHBIX CUTHaNaX. YO€AUTh B MPaBUIbHOCTH
MIOJTIyYEHHBIX PE3YyJIbTaTOB OMMUPAsACh HA YCTAHOBUBILHECS 3HAYEHUS U XapaKTep MIPOLECCOB.

3. Aaumupyiite moaens. Hapucyiite cTpyKTypy CUCTEMBI, OIMCHIBAEMOI 3a/laHHBIMHM ypaBHeE-
HUSIMH, YCTAaHOBUTE MHJUKATOPHbBIE TUArpaMMbl U CIIaijiepbl, O3BOJISIONIME HAOMIOIATh Mepe-
MEHHBIE Y U3MEHATh napameTpsbl. [Ipociennre 3a n3MEHEHHEM XapaKTepa MepexOoaHbIX MpoIiec-
COB IIPY U3MEHEHUH [1apaMETPOB CXEMBI.

KonTponbnas padota: st 3a1aHHOM CXeMBI MPU CTaHJAPTHBIX BXOJHBIX CUTHAJIAX BBITOJHUTE
OTIEpaIH 110 TTyHKTaM 1 - 4.
[Tpunosxenue 1.

1 005V 4 2y-10x=0

dt
IIpunoxenue 2.
2
2. 29 102 5, sx—0

dt? dt

JlabopaTopHasi pa6ora 3. DIeKTpUUECKHE CXEMBbI 3aMeIeHus1 (TOTOKOBBIE CXEMbI) KaK Kiiacc
MoJieJIeld UCTIONB3YIOTCS JIi MOJEIMPOBAHUS KaK JIEKTPUUECKUX CXEM, TaK U MHOTHX JPYTHX
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O00BEKTOB: IOJYNPOBOJHUKOBBIX HPUOOPOB, 3IEKTPOMEXAHUYECKUX U T'MJIPOMEXAHHMYECKHUX
ycrpoiicts. [ToaToMy, Kak U paHee, Oy/ieM MOHUMAThH MO JIEKTPUUECKON CXEMOI MOJeNb Kak
AIIEKTPUUYECKOMN 1IeTIH, TaK U JII00OT0 JPyroro yCTPOHCTBA.

Conepxanue paboThI:

1. JIns mpocTedinx nenoyek U3 IpuiIoKeHus | 3amuimre ypaBHEHHUS U BBenuTe ux B OBM.
HccenenyiiTe peakunio Ha OCHOBHBIE MCIBITATEIbHBIE CUTHAJBL. B KauecTBe NCTOYHMKA CUTHAJIA
ucnonp3yiTe Omok funC u3 Ombmmoreku SignalShema (okHO KiaccoB) wim OUOIMOTEUHYIO
dbynkuuo AnyLogic.

2. JInsa cxeMm mpuioXeHus: 2 IOCTPOWTE NEPEBO U CEUEHMS, 3allMIIMTE COOTBETCTBYIOLIYIO CH-
CTEMY YpaBHEHUU U MPUBEIUTE €€ K HOpMalbHOMY BUAY. BBenure ypaBHenus B 9BM u uccie-
OYWTE X pPeUIeHHUEe MPU Pa3IMYHBIX BXOJIHBIX CUTHAJaX. Y O0eAUTh B MPABUIBLHOCTH MOIYYEHHBIX
pe3yIbTaTOB, ONUPASCh HA YCTAHOBUBILIMECS 3HAYCHUS U XapaKTep IPOLIECCOB.

3. [loBTOpHUTE MYHKT 2 C UCIOJIb30BaHUEM IakeTa Stream. CpaBHUTE CUCTEMbI YpaBHEHHI: CO-
cTaBiieHHbIe Bamu u makerom Stream.

4. Auumupyiite moaenb. Hapucyiite 31eKTpUUECKYIO0 CXEMY, YCTAaHOBUTE MHIMKATOPHBIE AHa-
TpaMMBbI U CJIaliJIepbl, MO3BOJISIONINE HAOMI0JaTh TIepeMEHHbIE U U3MEHATH apameTpsl. [Ipocie-
JUTE 33 U3MEHEHHEM XapaKTepa MEePeX0JHbIX MPOIECCOB IPU U3MEHEHUH [TAPAMETPOB CXEMBI.

JlaGopaTopHnasi padora 4. nenTrudukanys MOJCIH M0 SKCIIEPUMEHTATBHBIM JTAHHBIM TIPE/IIO-
Jaraer:

- BBIOOP, B COOTBETCTBUU C OCOOEHHOCTAMU OOBEKTa U YCIOBUSIMU pEIIaeMOM 3ajauu,
KJlacca Mojiefiel, B KOTOpOM OyAeT CTPOUTHCS MOJENb JaHHOTO 00BEKTa, U KPUTEPHUS a/leKBaT-
HOCTH.

- orpezieNieHUe MapamMeTpoB MOJIETH, 00eCIeUNBAIOIINX HAUTYUIINe 3HaYeHHs] BHIOpAHHO-
r0 KpUTEepHUs aJeKBAaTHOCTH (HaWJIydYIllee COBIIAJCHUE BBIXOIHBIX CHTHAJIOB MOJEITH U O0OBEKTa
IIPU OJIMHAKOBBIX BXOJIHBIX BO3ICHCTBHSIX).

[Ipeamonaraercsi, 4To JKCIEpT, oOJamasi OMpeneeHHON ampuopHON HHbOpMaIel o
cBOMCTBaX 00BEKTA, BBIIIBUTAET TUIIOTE3Y O CTPYKTYPE MOJIENHU U 33JaeT HayalbHble 3HAYCHUS
napameTpoB. 3aTeM Ha 00BEKT W MOJIENb TIOJAIOTCS OJIMHAKOBBIE BXOJIHBIC BO3JICHCTBHSI, CpaB-
HUBAIOTCS UX BBIXOJHbIE CUTHAJIBI U OLIEHUBAETCS KpUTEPHi afekBaTHOCTH. [lapameTprl Mosenu
KOPPEKTHPYIOTCS 10 TOJMYUYCHUS TIPUEMIIEMBIX 3HAUeHUI KpUTepus afekBatHocTd. Ecim mMero-
mieicss anpuopHOW MHGOPMALUU HEAOCTATOUYHO, TO OPTraHU3YIOTCS JONOJHHUTEIbHbIE HCCIEN0-
BaHUs 00BEKTA.

Hacrosimas paGota npezmnonaraer, yTo B KauecTBe OOBEKTa MCHOIb3YETCs CTPYKTypHas
cXeMa C HeM3BECTHBIMHU TapaMeTpaMu. Tak Kak W3 TEOPHUH CHCTEM M3BECTHO, YTO CHCTEMBI BBI-
COKOTr'o Hopsijika BeayT ceOsl B 007acTH HU3KUX YacTOT KaK CHCTEMBbI 2-3 MOpsi/IKa, TO B KaYeCTBE
MOJIENTN TIpeIIaraeTcs NCIOIb30BaTh CHCTEMY BTOPOTO MOPSIKA.

Beinonnenue paboTsl:

1. Habnromass mepexoaHblii mporiecc B 0OBEKTE NMPH €AMHUYHOM BXOJHOM BO3JICHCTBHU
OTIPENIeNUTH:

- Koaddunuent nmepenaun Ha HyJeBoi qactore K=bo/ao.

- YacToTy cOOCTBEHHBIX KOJICOaHUH.

- [Toka3zarens 3aryxaHus. [|Jis1 5TOTO BBHIIOJHUTH CEPHIO IKCIIEPUMEHTOB — HAOIFOIaTh Tie-
PEXOJHBIN MPOIIECC B CUCTEME BTOPOTO MOPSAJIKA MPU Pa3IUUHBIX 3HAUEHHSX TOKa3aTens 3aTy-
XaHUS ¥ CPABHHUTH UX C MIEPEXOTHBIM IPOIIECCOM B BalieM 0OBEKTE.

2. 3a1aBIIMCh 3HAYCHUEM OJJHOTO M3 MapaMeTpOB, OMPEACIUTh OCTaJIbHbIE MapaMeTpbl MO-
nenu (PeKOMEHTyeTCsl 331aThCsl 3HaYeHueM napametpa Do).

3. [TocTpouTh CTPYKTYPHYIO CXE€My Ipoliecca ONTUMH3ALNU TapaMeTPOB.

4. CpaBHUTH IEPEXOIHBIE MPOLIECCHl 00BbEKTAa U MOJEINH, 3a(UKCUPOBATh HAKOIJIEHHYIO T10-

TpPCHIHOCTD MMPU HCONITHUMAJIbHBIX 3HAUCHUAX TAPaAMETPOB.
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S. PeanuzoBaTh npouenypy onTUMU3ALNN TAPAMETPOB.

6. CpaBHUTH NEepexXOAHbIE MPoLecChl 00BEKTa U MOJAETH MPU ONTHUMAJIbHBIX 3HAYCHUSX I1a-
pameTrpoB. CpaBHUTHb pe3yibTaThbl, MOJYYEHHBIE 0 U IIOCIE ONTUMHU3ALUU (HAKOIICHHBIE
OIIMOKHM).

7. Wnentupunupyiite 00bEKT B YaCTOTHON 00JIACTH — ONPEACTUTE aMILTUTY/JHO-4aCTOTHYIO
XapakTepuCcTUKy “Bpyunyro”’. Haiimure AUX monmenu ¢ umcnosib30BaHHMEM Takera frequency.
CpaBaure AUYX. Ocob0 obparuTe BHUMaHHE HA COOCTBEHHBIE YAaCTOTHI U KOA((HUIIMEHTHI Mepe-
Jlaud: MOJTYYEHHbIE SKCIIEPUMEHTAIBLHO BO BPEMEHHOI 001acTy U ¢ MOMOIIbI0 nakeTa frequency
(MO aMIUTUTYAHO-4YaCTOTHOM XapaKTEPUCTHKE).

[MPUJIOXKXEHUE 1. Ouenka napameTpoB MOJEIH.
HuddepenunansHoe ypaBHEHHE CUCTEMbl BTOPOTO MOPSIIKA UMEET BUJL:

d’y _dy
a—>+a —+a,y=Xx(t).
COOTBeTCTBYIOH_[ee XapaKTepI/ICTI/I‘IeCKOC ypaBHeHHe:
a,p>+a,p+a, =0,

OTKyJia
2

a
P ~2 - _s5+8 -,

a,

a
rme o= 2—1; - oKasareJb 3aTyXaHus, @; = a,/a,; — COOCTBEHHas YacTOTa.
a
2
Hapsny c mokaszarenem 3aTyxaHHs YacTO HCIIONB3yeTCs emé oJHa BeIMYMHA — Kod(duumeHt

YCIIOKOCHUA (HOK&S&T@J’IB YCHOKOCHI/IH):

f=6lw,=—2
2,/a,a,

Koaddunuent nepenaun Ha HyseBo# uyactote paBeH K=bo/ap. Ompenenuts ero MOKHO
9KCIIEPUMEHTAIbHO KaK OTHOIIEHHE CHTHAJIOB Ha BBIXOJE U BXOJ€ 00BEKTa B YCTAHOBUBIIEMCS
pexume. [locne sToro, 3anaBmucek 3HaueHreM b0, MmoxxkHo HaiiTu al.

CoOCTBEHHYIO YacTOTYy CHCTEMBI MOKHO OIEHHUTH IO MEPEXOTHOMY IPOIECCY BO BPEMEHHOM
00JIaCTH; aHAJIOTHYHO OIPEIEISETCS MOKAa3aTeNlb YCIIOKOEHHS.
Jasee, 3Hast SKCIIEPUMEHTAIILHBIC OIIEHKH HalIeM 3HaYE€HHUS OCTAIBLHBIX TAPAMETPOB MOJICITH.

[MPUJIOXEHUE 2. Ins naxoxaenuss AUX Bocmonb3yiitech maketoM frequency. Ilpu stom
MOMHUTE, YTO MOJIEb JOJIKHA OBITh MPEICTABIICHA B BUJIE CTPYKTYPHOM CXEMBI, a BXOJIHOU U
BBIXO/IHOM TIEpEMEHHBIM JJOJKHBI OBITh MPUCBOCHBI UMEHA St¢c U dest COOTBETCTBEHHO.

I[TPUJIOXXEHHUE 3. Ilpu ontuMM3anuu napaMeTpoB PEKOMEHIYETCS MCIOJIb30BaTh CpEIHE-
KBaAPaTUYHBIN KPUTEPHM aICKBATHOCTH MO U 00bekTa. Ha BXoapl MoeNu u 00bEeKTa Mmoaa-
€TCsl OIMH U TOT 7K€ CUTHAJ, HAa BBIXOJI€ CUTHAJIBI BBIYUTAOTCS,

HEKT

O0Be +1

BxoHoi \ HaxoruteHHas
Bosseze- HHrerpa-

CHUTHAJ _ >
HHUC B ”| TOp
KRATNAT IIOrpeITHOCTH

Mogens
-1
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Pa3HOCTb BO3BOJUTCS B KBaJpaT U MOJACTCS Ha MHTEerpaTop. Ha BeIxone uHTErpaTopa mMsl 1oJy-
4aeM HaKOIUICHHYIO IOTPEIIHOCTh, KOTOpas MHUHHMHU3HMPYETCA B Ipoliecce onTtumusanuu. s
3TOr0 MCIOJIB3YETCs BCTPOEHHAs Ipoluenypa ontumuszanuu. CTpyKTypy MOJENM CUHUTAEM 3a-
JAaHHOH B BUjE 3BeHa BTOporo nopsaka. Koadduuuenrts! cienyer BBeCTH B CUMBOJIBLHOM BHJIE:
bo, ao, a1, a2. He 3a0yapTe 3amaTh MX YKCICHHBIC 3HAYCHUS, ONPEACICHHBIC IO PE3yJibTaTam
9KCHEPUMEHTA C OOBEKTOM.

[MTPUJIOXXEHUE 4. Ontumu3anus napameTpoB B cpeae AnyLogic.

OnTUMU3aIMOHHBINA dKcriepuMeHT B AnyLogic mo3BosseT HAalTH Takue 3HAYCHUS MapaMeTpoB
MOJIEJIH, IIPU KOTOPBIX 00paIaeTcsi B MUHUMYM WM MaKCUMYM HEKOTOpPas ONpe/IeieHHas 0Jb-
30BaTeneM IeneBas QyHKIus. 3HaueHue 1efeBoi PyHKIUN MOACUUThIBalOTCS B AnyLogic kax-
JbIA pa3 10 OKOHYaHUM OYEPEAHOIO BBIIOJHEHUS MOJENU, U aIrOPUTM ONTHMHU3ALMUHU aBTOMa-
TUYECKU BBHIOMPAET HOBBIC 3HAYCHUS ITAPAMETPOB I OYEepeIHOro 3amycka Moaenu. Ontumusa-
s B AnyLogic peanu3oBana ¢ ucnosb3oBanueM nakera OptQuest pupmelr OptTek. s ontu-
MU3AIIH [T0JIb30BATEIh JOJDKEH B COOTBETCTBYIOUIMX OKHAX 331aTh (DyHKIIMOHAJ, KOTOPBIN Cie-
yeT MUHUMHU3UPOBaTh JTM00 MaKCHMHU3UPOBaTh, 33JaTh MapaMeTphbl U OTPaHUYEHUS UX JHaria-
30Ha, B KOTOPBIX JOJDKHA BBIMNOJIHATHCS ONTUMU3ALMSA, a TAK)KE YKa3aThb OIpaHUYEHMs], ONpeie-
JSIOIIME KJIace JIOMYyCTUMBIX pelleHui. 3ai1aB Bce 3TO, MOJIb30BaTEIb MOXET 3allyCTUTh ONTHU-
Mu3aluto, u naker OptQuest mocie HEKOTOPOro yucia Npod aBTOMaTHUYECKH BbIOEpET HaUIyy-
IMIMHA METOJ ONTUMU3ALMM I JAHHOW MOJIENIN CPeAU TeX METOA0B, KOTOpbIe HAXOIATCS B €ro
Ooubmmoreke, U OyIeT clea0BaTh BBIOPAaHHOMY ONTHMH3AIMOHHOMY airoputmy. MHTepdetic
AnyLogic mo3BoJIseT 0JIb30BaTENI0 TAKKE UCIIOIb30BaTh CBOM alNrOPUTM ONTUMU3ALMH.

8. TEMATHUKA KYPCOBBIX, KOHTPOJIbHbIX PABOT, PE®@EPATOB

KypcoBble 1 KOHTpOJIbHBIE pA0OTHI HE MIPELYCMOTPEHBI YUEOHBIM JIAHOM JIUCLUIIINHBI.

9. HEPEYEHb BOITPOCOB K OK3AMEHY

1. [TonsiTMEe MOJENM W OpUTHHAJIA.

2. Monen 0ObEeKTOB.

3. Mopenu nporeccos.

4, Monenu sIBJI€HHUIA.

S. [Tpupona moxeneil.

6. Tunsl Moieneii mo 061acT MpUMEHEHUS!.
7. Tunel Mogeneit mo pakTopy BpeMeHH.
8. Turbl MOZENEN IO XapaKTepy CBA3EH.
9. Tunsl MoJieel o CTPYKTYpE.

10. MMutanmoHHbIE MOJEITH.

11. Komnberorepubie Mmoaenu.

12.  HUrpoBsie moaenu.

13. ITonsaTHe ateKBaTHOCTH MOJIENIH.

14. [TonsiTHE cUCTEMBI OOBEKTOB.

15. [ToHsiTHE MOJENN CUCTEMBI.

16.  IlonsTHE MOJEIUPOBAHUSL.

17. [enn MmonenupoBaHus.

18.  Drambl MosenMpOBaHUS.

19.  Tlpomecc MOaETHPOBAHHS.

20. [lonsiTie MaTeMaTUYeCKOU MOJEIIH.
21.  Krnaccudwukamus MaTeMaTHIeCKHX MOICTICH.

22.  CrtpykTypa Mojesei.
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23.  OOume TpeOOBaHUS, IPEIBIBIIEMbIE K MOJEIH.

24, ConeprxarenbHoe onrcaHue GU3NIECKON CHCTEMBI.

25.  MogenupoBaHHe KOMIIOHEHTOB CUCTEMBI.

26. [Ipsimast 3a1adua MOACITUPOBAHUS.

27.  OOparHas 3a7aya MOJICITMPOBAHUS.

28. 3aiaua uaeHTU(QUKAIUH.

29. Buasl KOMIIOHEHTOB CUCTEMBI.

30.  Mertoabl KOHCTPYHUPOBAHUS MATEMATUYECKUX MOJIEIIEH.

31.  AxcuomaTtHyecKuil METOJ.

32. Meroa ypaBHEHHI 3JIEMEHTOB.

33.  Meroa uaeHTUDHUKAIHH.

34. Ortanbl GOPMUPOBAHKS MATEMATHIECKON MOJICIH.

35.  CnocoObl HCTIONIB30BAaHMS MATEMAaTHYECKUX MOJICIICH.

36.  AHaJIUTHUYECKOE UCCIIETOBAaHHE MOACIUPYEMOM CUCTEMBI.

37. KauecTBeHHOE HCCIEq0BaHUE MOAECITUPYEMOM CUCTEMBI.

38.  HccrnegoBaHue ¢ TOMOIIbIO YHCICHHBIX METO/IOB.

39.  HMmuTanuoHHOE MOJCTUPOBAHUE.

40.  OcHOBHBIE 3Tallbl UMUTAMOHHOTO MOJICTHPOBAHHUSL.

41.  IlpeunmyiiecTBa UMUTALMOHHOTO MOJECIUPOBAHMUS.

42.  Metoj cTaTUCTUYECKOTO MOJICTUPOBAHUSL.

43. [ToHsITHE TMHEWHOW CUCTEMBI U €€ OCHOBHBIE CBOMCTBA: CYNEPHO3ULIMS U TOMOT€HHOCTb.
44,  Tlonsarue npeoOpazoBanus Jlamiaca.

45. Oo6patHoe nipeoOpazoBanue Jlamaca.

46. CBOMCTBO TUHEHHOCTH.

47.  lloBenenue u3zoOpakeHus: Ha OECKOHEYHOCTH.

48. Teopema nmogoOus.

49.  Teopema 3ama3apIBaHUA,.

50.  Teopema cMmelIeHHUS.

51.  Teopema o nuddepeHIIIpOBaHUN OpUTHHAIA.

52.  Teopema 00 UHTErpUPOBAHUU OPUTHHATIA.

53.  Teopema o muddepeHITPOBAaHIN H300PAKEHUSI.

54.  Teopema 00 MHTEIPUPOBAHUU U300PAKEHHUS.

55. TeopeMa yMHOXKEHHS N300pa>KEHUN.

56.  HaxoskIeHue OpUrMHAJIOB [0 H3BECTHOMY U300paKeHHUIO.

S57. Teopema o pazyoxeHuu.

58.  lTloHATHe AMHAMHUYECKON CHUCTEMBI.

59. [TonsiTre nepenaTouHoil PyHKIMN TMHEHHON THHAMUYECKONH CUCTEMBI.

60.  XapakTepucTUUECKOE YpaBHEHHE CUCTEMBbI. BbIUnCIeHNE MONTIOCOB.

61. OcCHOBHBIE CBOMCTBA JIMHEHHOW THHAMHYECKON CUCTEMBI.

62.  3agauu MOIENHPOBAHUS JIMHEHHBIX JTUHAMUYECKUX CUCTEM.

63. XapaKkTeprUCTUKU JTUHEHHBIX JUHAMHUYECKUX CHCTEM BO BPEMEHHOM 001acTH.
64.  XapakTepUCTHKU JIMHEHHBIX TUHAMUYECKUX CUCTEM B YaCTOTHOM 00sacTu.
65.  IloHsATHE BEKTOpa COCTOSIHUS CHCTEMBI.

66.  Brruucinenue nepenaTouHol GYHKIHMH MO (HU3MUECKON MOJEIHN CUCTEMBI B IPOCTPAHCTBE
COCTOSIHUH.

67. HeenuHCTBEHHOCTH OMHUCAHUS B IPOCTPAHCTBE COCTOSTHUM.

68.  CrammaprtHas ympapusiemas MoJiesb. Teopema.

69. CrangaprtHas Habmogaemas Mmojenb. Teopema.

70.  KanoHmdYeckas MOJIENb B CITydae MPOCTHIX KOPHEH XapaKTePHUCTUIECKOTO YPAaBHEHUSI.
71.  KanoHMueckas MOJIelb B CIydae KPaTHBIX KOPHEH XapaKTepUCTUIECKOTO ypaBHEHUSI.
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72.

Kanonnueckass Mozienp B ciiydae KOMILUIEKCHO-COIIPSKEHHBIX KOpHEH. [lepexon B Bemie-

CTBEHHBII Oa3uc.

73.

74.

75.

76.

77.
CTEMBI.
78.

79.
MBI
80.

81.

82.
CTEMBI.
83.

84.
MBI.
85.

86.

[epexox u3 ar060ro0 6azuca MOIENIH CUCTEMBI B KAHOHUYECKHIA.

Ob1ee penienue TUHEHHOTO AU(GEepeHIINaTIbHOTO YPaBHEHUS COCTOSHUSL.
YpaBisieMOCTh JTMHEMHON AUMHAMUYECKON CUCTEMBI.

Kputepuit ynpapinsgeMocTH JIMHEHHON HEPEPHIBHOW CUCTEMBI.

Kpurepuii ynpasisseMOCTH JTMHEMHOW M MHBAPUAHTHOM BO BPEMEHM HEIPEPBIBHOW CHU-

Kpurepuii ynpapisieMOCTH JTUHEHHON TUCKPETHONU CUCTEMBI.
Kputepuit ynpasinsgemMocTy JMHEHHOW U UHBAPUAHTHOW BO BPEMEHHM JMCKPETHOW CHUCTE-

HaOmromaeMoCTs JIMHEMHOW JUHAMUYECKOM CUCTEMBIL.
Kpurepwnii Habm01a€MOCTH JIMHEHHON HETTPEPHIBHOW CUCTEMBI.

Kputepuii HaGnr01aeMOCTH IMHEHHOW ¥ MHBApPUAHTHOM BO BPEMEHU HEINPEPHIBHOU CH-

Kpurepuii Habmro1aeMocT JIMHEHHON TUCKPETHON CUCTEMBI.
Kpurepuii HaO1r01a6MOCTH TMHEHHON U UHBApUAHTHOW BO BPEMEHH JUCKPETHOM cUCTe-

JInneapu3anys HEIMHEWHBIX CUCTEM.
OO0001IeHHBIN aHAJIN3 YIIPABIIAEMOCTH U HAOJIIOAaEMOCTH CUCTEMBI.

10. CAMOCTOATEJIBHASA PABOTA CTYJAEHTOB

Popma o0yuyeHus: ouHas

Hasganue paznenoB u tem | Bua camocrosTenbHOM O6beMm B ®opMa KOHTPOJIA
paboTHI yacax

1. Monenu 0o0BEKTOB, [TpopaboTka yueOHOTO 3 OK3aMeH, IPOBEpKa

MPOLIECCOB U SBJIEHUN MaTepuaa, MoAroToBKa K 1abopaTopHbIX padoT,
c/1aye HK3aMeHa. IIPOBEPKA PELIeHUs
Jluteparypa: OCHOBHasI 3amadq
[1], c. 9-26.

2. Kimaccuduxanmst Moie- [TpopaboTka yueOHOTrO 3 DK3aMeH, IpoBepKa

nen MmarepHaa, moJroToBka K n1a0opaTOpHBIX PadoT,
c/laue SK3aMeHa. MPOBEpPKA PEIICHUS
Jluteparypa: OCHOBHas 3a1a4
[1], c. 9-26.

3. IlonsiTHEe MOsIeNMpOBa- [TpopaboTka yueOHOTO 3 DK3aMeH, IpoBEpKa

HUS Martepuaa, MoAroToBKa K abopaTOPHBIX padoT,
c/1aye HK3aMeHa. MPOBEpPKA PELICHUS
Jluteparypa: OCHOBHasI 3amaq
[1], c. 9-26.

4. llenmn MoaemMpoOBaHUS [IpopaboTka yueGHOTO 3 DK3aMeH, MPOBEPKa
MmarepHaia, 1a0opaTopHble 1a00opaTOpHBIX PadoT,
paboThI, MOATOTOBKA K MPOBEPKA PEIICHUS
c/1aye HK3aMeHa. 3a1a4
Jluteparypa: ocHOBHast
[1], c. 9-26.

5. Oranel MogenupoBanust | [IpopaGoTka yueOHOrO 3 DK3aMeH, IpoBepKa
MmarepHaia, 1a0opaTopHbIe n1a0opaTOpHBIX PadoT,
paboThI, MOJTOTOBKA K MPOBEPKA PEIICHHS
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cliaue PK3aMeHa, pelieHue
3ajad.

Jlutepatypa: ocHOBHas
[1], c. 9-26.

3a1a4

6. 3amaun MoACITUPOBAHUS

[TpopaboTka yue6HOTO
MaTepuaia, 1abopaTopHbie
paboThI, MOJATOTOBKA K
c/1aye SK3aMeHa, perieHue
3ajay.

Jluteparypa: oCHOBHast
[1], c. 9-26.

DK3aMeH, PoBepKa
nabopaTopHbBIX paboT,
MPOBEpKa PELICHUS
3aaaq

7. CtpyKkTypa monenein

[TpopaboTka yueOHOTO
Marepuaa, 1a00paTopHbIe
paboThI, MOJITOTOBKA K
claye SK3aMeHa, pelieHue
3ajay.

Jlutepatypa: OCHOBHAs
[1], c. 9-26.

DK3aMeH, MPOBEpKa
J1ab0paTOPHBIX padoT,
MIPOBEPKa PEIICHUS
3ama4

8. MeToapl KOHCTPYHpPOBa-
HUA MoJelei

[TpopaboTka yueOHOTrO
Marepuaa, 1abopaTopHbIe
paboThl, TOATOTOBKA K
c/1aye SK3aMeHa, perieHue
3ajad.

Jluteparypa: oCHOBHas
[1], c. 9-26.

DK3aMeH, MpoBepKa
nabopaTopHEBIX paboT,
pOBEpKa PEHICHHUS
3a1a4

9. UMUTAUMOHHOE MOAEIIM-
poBaHUe

[TpopaboTka yueOHOTO
MaTepuana, 1abopaTopHbIe
paboThI, MOJITOTOBKA K
c/1aye HK3aMeHa.
Jluteparypa: oCHOBHast
[1], c. 9-26.

DK3aMeH, NMPOBEPKa
na0opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4

10. KommeroTepHOE MoJIe-
JTUpPOBAHUE

[IpopaboTka yueGHOTO
MaTepuana, 1a0opaTopHbIe
paboThI, MOJITOTOBKA K
claue dK3aMeHa, pelieHHe
3ajad.

Jlutepatypa: ocHOBHas
[1], c. 9-26.

DK3aMeH, NMPOBEPKa
1a00paTOpHBIX PadoT,
MIPOBEPKA PEIICHUS
3a1a4

11. Cratuctuueckoe Moe-
JTUPOBAHUE

[TpopaboTka yueOHOTO
Martepuaa, 1abopaTopHbIe
paboThl, MOArOTOBKA K
c/1adye HK3aMeHa, pelieHue
3ajay.

Jluteparypa: ocHOBHast
[1], c. 9-26.

DK3aMeH, MpoBepKa
m1abopaTOPHBIX padoT,
MIPOBEPKa pelIeHus
3amad

12. TlpeoGpa3zoBanue
Jlannaca

[IpopaboTka yueGHOTO
MaTepuaia, 1abopaTopHbie
paboThI, MOJITOTOBKA K
claue dK3aMeHa, peleHHe
3aJ1ad.

DK3aMeH, MpoBepKa
1a00opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4
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Jluteparypa: yueOHO-
merouueckas [1], ¢. 6-15.

13. IloHsTHE TUHEHHON IHU-
HAMHYECKOHI CUCTEMEI

[TpopaboTka yueOHOTO
MaTepuaia, 1abopaTopHbIe
paboThI, MOJATOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajay.

Jluteparypa: yuebHO-
meroaunueckas [1], ¢. 16-
35.

DK3aMeH, MPoBepKa
nabopaTopHbBIX paboT,
MpOBEpKa PELICHUS
3aaaq

14. OcHoBHBIE CBOWCTBA
JIMHEUHOU TUHAMUYECKOU
CUCTEMBI

[TpopaboTka yue6HOTO
MaTepuaia, 1abopaTopHbIe
paboThI, MOJATOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajau.

Jluteparypa: yueOHO-
meroaunueckas [1], ¢. 16-
35.

DK3aMeH, MPoBepKa
nabopaTopHbBIX paboT,
MpOBEpKa PELICHUS
3a1a4

15. TlonsiTHE epenaTOYHON
byHKIMHA

[TpopaboTka yueOHOrO
Marepuaa, 1abopaTopHbIe
paboThI, MOJTOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajau.

Jluteparypa: yueOHO-
meroauueckas [1], ¢. 16-
35.

DK3aMeH, MpoBepKa
nabopaTopHEBIX paboT,
pOBEpKa PEHICHHUS
3a1a4

16. XapakTepucTuku am-
HEWHBIX JMHAMUYECKUX CH-
cTeM

[TpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIe
paboThI, MOJTOTOBKA K
c/1aye HK3aMeHa, pelieHue
3ajay.

Jluteparypa: yueOHO-
meroauueckas [1], . 16-
35.

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MPOBEPKa peleHUs
3amad

17. Mogenu B npocTpaH-
CTBE COCTOSIHUI

[TpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIe
paboThI, MOJTOTOBKA K
c/1aye HK3aMeHa, pelieHne
3ajay.

Jluteparypa: yaeOHO-
metoauyeckas [1], c. 16-
35.

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MPOBEPKa peIIeHUs
3amad

18. O000LUIECHHDII aHATU3
YIPaBIsieMOCTH U HAOIIO-
TAEMOCTH MOJIENIEN

[TpopaboTka yueOHOTO
MaTtepuaa, 1abopaTopHbIe
paboThI, MOJTOTOBKA K
c/1adye HK3aMeHa, pelieHue
3ajau.

Jluteparypa: yaeOHO-
metoauueckas [1], . 16-
35.

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MIPOBEPKa peleHus
3amad

Dopma A

Crpanuria 19u3 37
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dopma

®-PaGoyast nporpamMmma o JUCHHILUIHHE

Popma o0yueHus: 3a04Has

HasBanue pasnenoB u tem | Bua camoctosiTenbHOM O06nem B dopma KOHTPOJIS
paboThI yacax

1. Monenu 00BbEKTOB, [TpopaboTka yueOHOTO 6 DK3aMeH, NMPOBEPKa

IPOIIECCOB U SIBJICHUN Marepuaia, moJroToBka K nabopaTopHBIX PadoT,
c/1adye sK3aMeHa. MPOBEPKA PEIICHUS
Jluteparypa: OCHOBHasI 3ama4
[1], c. 9-26.

2. Kimaccuduxkarms Mmoze- [TpopaboTka yueOHOTO 6 DK3aMeH, MpoBepKa

aei Marepuaa, moJroToBKa K n1abopaTOpHBIX PadoT,
c/1aye HK3aMeHa. MPOBEPKA PELICHUS
Jluteparypa: OCHOBHasI 3amad
[1], c. 9-26.

3. [lonaTue MmoaenupoBa- [TpopaboTka yueOHOTrO 6 DK3aMeH, IpOBEpKa

HUS Mmarepuaa, moJroToBka K nabopaTOpHBIX PadoT,
c/1aye HK3aMeHa. MIPOBEPKA PEUICHHUS
Jluteparypa: OCHOBHas 3ama4
[1], c. 9-26.

4. llenn MoeTupoBaHUs [TpopaboTka yueOHOTO 6 DK3aMeH, MpoBepKa
Marepuaa, 1abopaTopHbIe J1a00paTOPHBIX padoT,
paboThI, MOATOTOBKA K MIPOBEpPKA PEUICHUS
c/1a4ye HK3aMeHa. 3ama4
Jluteparypa: oCHOBHas
[1], c. 9-26.

5. DOranbel monenupoBanust | [IpopaGotka yueOHOTO 6 DK3aMeH, MpoBepKa
Mmarepuana, 1abopaTopHbIe 1a00paTOpHBIX PadoT,
paboThI, MOATOTOBKA K MIPOBEPKA PEIICHUS
c/laye SK3aMeHa, pelieHue 3a1a4
3ajad.

Jlutepatypa: OCHOBHast
[1], c. 9-26.

6. 3agaun Mmonenuposanus | [IpopaGoTka yuebHOTO 6 OK3aMeH, IPoBEpKa
Marepuaa, 1abopaTopHbIe abopaTOPHBIX padoT,
paboThl, MOArOTOBKA K IIPOBEPKA PELIeHUs
c/1aye HK3aMeHa, pelieHne 3amad
3ajau.

Jluteparypa: oCHOBHast
[1], c. 9-26.

7. CtpykTypa mozenei [TpopaboTka yueOHOTrO 6 DK3aMeH, MpoBepKa
MmarepHaia, 1a0opaTopHble 1a00opaTOpHBIX PadoT,
paboThI, MOATOTOBKA K MPOBEPKA PEIICHUS
c/1aye SK3aMeHa, pelieHue 3a1a4
3ajad.

Jluteparypa: OCHOBHast
[1], c. 9-26.
8. Meronsr koHCTpyHpoBa- | [IpopaboTka yueOHOTO 6 DK3aMeH, IpoBepKa

HUA MoJelei

MaTepuaia, 1abopaTopHbie
paboThI, MOJITOTOBKA K
caue dK3aMeHa, pelIeHHe

n1a0opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4
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3ajad.
Jluteparypa: oCHOBHast
[1], c. 9-26.

9. UMUTAUMOHHOE MOAEIIU-
pOBaHHE

[TpopaboTka yueOHOTO
Mmarepuaia, 1abopaTopHbIC
paboThI, NOJITOTOBKA K
c/1adye sK3aMeHa.
Jluteparypa: oCHOBHast
[1], c. 9-26.

DK3aMeH, IpoBeEpKa
J1ab0paTOPHBIX padoT,
MPOBEPKA PELICHUS
3amad

10. KommeroTepHOE MOJIe-
JUPOBAHUE

[TpopaboTka yueOHOTO
Marepuaa, 1a00paTopHbIe
paboThI, NOJITOTOBKA K
clave SK3aMeHa, pelieHue
3ajay.

Jlutepatypa: OCHOBHas
[1], c. 9-26.

DK3aMeH, IpoBeEpKa
J1ab0paTOPHBIX padoT,
MPOBEPKA PELICHUS
3amad

11. CratucTueckoe Mo/ie-
JTUPOBAHUE

[TpopaboTka yueObHOTrO
Marepuaa, 1abopaTopHbIe
paboThl, TOATOTOBKA K
c/1aye SK3aMeHa, perieHue
3ajad.

Jluteparypa: oCHOBHas
[1], c. 9-26.

DK3aMeH, MpoBepKa
nabopaTopHBIX pabdoT,
pOBEPKa PEHICHHUS
3aaa4

12. IlpeoGpa3zoBanue
Jlannaca

[TpopaboTka yueOHOTO
MarepHaa, 1a00paTopHbIe
paboThI, MOJITOTOBKA K
cliaye SK3aMeHa, pelieHne
3aj1a4.

Jluteparypa: yueOHO-
meroauueckas [1], . 6-15.

DK3aMeH, IpoBepKa
J1a00paTOPHBIX padoT,
MIPOBEPKA PEIICHUS
3aaq

13. IlonsTHe TUHEHHON THU-
HaMHYECKOI CUCTEMEI

[TpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIe
paboThI, MOJTOTOBKA K
c/1adye HK3aMeHa, pelieHne
3ajay.

Jluteparypa: yueOHO-
meroauueckas [1], . 16-
35.

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MPOBEPKa peleHUs
3amad

14. OcHOBHEIE CBOWCTBA
JIMHEWHOUN TWHAMHYECKOH
CUCTEMBI

[TpopaboTka yueOHOTO
Martepuaa, 1abopaTopHbIe
paboThI, OJTOTOBKA K
c/1adye HK3aMeHa, pelieHue
3ajau.

Jluteparypa: yaeOHO-
metoauyeckas [1], . 16-
35.

DK3aMeH, MpoBepKa
1abopaTOPHBIX padoT,
MIPOBEpKa pelIeHus
3amad

15. TlonsTHE IEpEATOUHOM
byHKIMHA

[TpopaboTka yueOHOTO
Martepuaa, 1abopaTopHbIe
paboTHI, MOJrOTOBKA K
c/1adye HK3aMeHa, pelIeHe

DK3aMeH, MpoBepKa
1abopaTOPHBIX padoT,
MIPOBEPKA pelIeHus
3a1ad
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3a1ad4.
Jluteparypa: yuebHO-
meroaunyeckas [1], ¢. 16-
35.

16. XapakTepuCTHKHU -
HEHHBIX TUHAMUYCCKUX CH-
cTeM

[TpopaboTka yueOHOTO
MaTepuaia, 1abopaTopHbIe
paboThI, MOJATOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajay.

Jluteparypa: yuebHO-
meroaunyeckas [1], ¢. 16-
35.

DK3aMeH, PoBepKa
nabopaTopHbBIX paboT,
MpOBEpKa PELICHUS
3aaaq

17. Mopaenu B mpocTpaH-
CTBE COCTOSHUH

[TpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIe
paboThI, OJTOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajau.

Jluteparypa: yueOHO-
meroauueckas [1], ¢. 16-
35.

DK3aMeH, PoBepKa
nabopaTopHEBIX paboT,
MpOBEpKa PEHICHUS
3a1a4

18. O000mEHHbI aHaATIN3
YIPaBIsiEMOCTH U HAOJIIO-
IaEMOCTH MOJEIEH

[TpopaboTka yueOHOTrO
Marepuaa, 1abopaTopHbIe
paboThI, OJTOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajad.

Jluteparypa: yueOHO-
meroauyeckas [1], ¢. 16-
35.

DK3aMeH, MpoBepKa
n1abopaTopHEBIX paboT,
MPOBEPKa PEIICHUs
3a1a4

MeTtoauyeckue peKOMeHAALMHU K CAMOCTOSATE/IbHOM padoTe CTyAeHTOB.

Jisa nadopatopHoii padorsl Nel. Ogaum u3 npeumyiiects AnylLogic siBisieTcss BO3SMOXKHOCTb
HarJIsTHOTO IMPE/ICTaBICHMs MMOBEACHUSI MOJEIHU, B YAaCTHOCTH, MPEICTABICHUS U3MEHEHHUS BO
BPEMEHH BCEX €€ MepeMEHHBIX. BBeneM rpaduky M3MEHEHHs MepeMeHHbIX X u b. B mamutpe
BbIOEpeM BKJIaAKy «CTaTUCTHKa» U 00BeKT «Bpemenno#t rpaduk». B okHe cBOMCTB q00aBieH-
HOTO rpauKa 3aroJIHUM BKJIAKU «3aroJIoBoK» U «3HaueHHe» nepeMeHHoi X. L{BeT u Tommuny
JMHUIM MOKETe YCTAaHOBUTH 110 CBOEMY YCMOTPEHMIO. AHAJIOIMUHBIM 00pa3oM CO3/1aiTe BTOPOH
rpaduk Ui IepeMeHHO#t b TpeTuit 1 IByX MepeMEeHHbBIX OJHOBPEMEHHO.
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®-PaGoyast nporpamMmma o JUCHHILUIHHE
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38.HYCTI/ITG MOJIeNIb Ha BbINOJHEHUE. B okHax 6y,HYT PUCOBATBHCA I‘pa(bI/IKI/I COOTBECTCTBYHOLIUX

NEPEMCHHBIX OT BPCMCHU.
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Hactpoiika mapameTpoB rpadrka mporu3BOAUTCS ¢ TTOMOIIBIO OKHA CBOMCTB rpaduka. [lo-

AKCIIEPUMEHTHUPYUTE C YCTAHOBKOM 11BeTa rpa)KkoB, pazMepaMu 0TOOpaKaeMoro OKHA JTAHHBIX,
C BO3MOKHOCTBIO OTOOpakeHUs (a30BOM JUArpaMMbl, KOT/Ia 0 000UM OCSIM TpaduKa OTKIaabI-
BalOTCS 3HAYCHUS MMEPEMEHHBIX, U T.I1. J{71s1 mocTpoeHus Gpa3zoBoi quarpaMmbl, BEIOEpETE OOBEKT
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«I'paduk» mamuTpel ¥ B KOHTEKCTHOM MEHIO rpaduka ¢ ABYMs IEPEeMEHHBIMU CIIEAYET BHIOPATh
T€ IIEPEMEHHBIE, KOTOPBIE JOJLKHBI OTKJIAIBIBATHCS IO OCSIM.

Ecnu xpuBas Baiero rpaguka mokaxercsi BaM He TJIaJIKOH, a «pBaHOI», TO IPUYMHA 3TOTO
MOJKET 3aKJIIouaThcs B TOM, 4To AnyLogic He0CcTaTOYHO 4acTo 0OHOBIIAET HAOOPHI JAHHBIX HO-
BbIMU 3HaueHUsIMHU. UTOOBI M3MEHHUTH YacTOTy OOHOBIICHHSI aBTOMATHUYECKH CO3/1aBAEMbIX JIJIS
IEpEeMEHHBIX HA0OpOB JaHHBIX NepeduTe Ha BKIaAKy «Crnenupuueckuey) Toro Kjiacca akTHUB-
HOro 00BEKTa, Ha JHarpaMMe KOTOPOTO HAaXOAWUTCS MEepeMeHHas U U3MEHHUTE Iepuo]; OOHOBIIE-
HUs aHHbIX B noje [lepuon. Takue sxe moss ecTh y KaX10ro rpaduka.

IIpoBeauTe cepuro 3KCIEPUMEHTOB C MOJIEIIBIO, IIEPE3aAIlyCKasl €€ C pa3INYHbIMU I1apaMeT-
pamu.

Anumanus Mozaenu. i qydiero moHUMaHus JUHAMUKA MOJICNN U HAOJIOACHUS pa3BU-
BAIOIIMXCSl BO BPEMEHHU IpoleccoB, B AnylLogic mpeaycMOTpeHa BO3MOKHOCTb IOCTPOEHUS
AHMMHPOBAHHOTO M300paKEHUs, COCTOSIILIETO U3 AUHAMHYECKUX TpapUuecKux 3JIeMeHTOB. ['pa-
(uueckue 3JIeMEHTHI 3/IeCh Ha3bIBAIOTCS AMHAMUYECKHUMH, IIOCKOJIbKY BCE UX MapaMeTpbl: BU-
JUMOCTb, LIBET U T.II. MOKHO CJI€JaTh 3aBUCHMBIMU OT IIEPEMEHHBIX U IIaPaMETPOB MOJEIH, KO-
TOPBIE MEHAIOTCSI CO BPEMEHEM IIPU BBIIIOJHEHUHN MOJEIIN.

[TocTpoum mpe3eHTanuIo cepilia B BUAE U300paKeHUs OBaJla, pajinyc KOTOporo Oyaer mMe-
HATBCSL. DTOT PaguycC sABJISETCS QyHKUUEH OT 3HaUeHHsI IepeMeHHON x Mozemnu. i1 mocTpoeHus
M300paKeHUs OBaJla IepeTalluTe MbIbio U3 BKiIaaku [Ipesenranus manenu [lanurpa nukro-
rpamMMy OBan Ha nuarpaMMy kKiacca. Crpasa MOsSIBUTCS OKHO CBOMCTB 3Toro osana. Ilo ymomnya-
HUIO UM 3TOTO 00beKTa OyaeT oval, koopauHatel X 1 Y COOTBETCTBYIOT MECTY, KyJla MBI IIOME-
CTHJIM OBaJI, a paauyc X U paguyc Y COOTBETCTBYIOT TOMY, YTO Mbl HAPHCOBAIU. 3aIlyCTHB MO-
JIelTb, MBI YBHIUM, HENIOIBYDKHBIN OBaJI, HAXOIAIIMICS B 3agaHHOM MecTe. B AnyLogic npunsita
cllefyroulas KOHLENUUs: Kakas XapaKTepUucTHKa rpauueckoro 3jJ1eMeHTa MMeeT JiBa 3Haye-
HUS: CTaTMYECKOE U JUHaMHuuyeckoe. CTaTHyecKoe 3Hau€HUeE OIpeesseT napamerp (KoopanHa-
Ty, YTroJl IOBOPOTA, LBET U T. I1.) 00bEKTa KaK KOHCTaHTY. JJ[uHamMuuyeckoe onpenenser 3HaueHue
ATOro MapameTpa B IPOLECCE BBIMOIHEHUSI MOJEIN U MOXKET OBbITh ONpEAESCHO KaK 3HAaueHHeE
060l mepemeHHoi Mozaenu. Ecnu nuHamuyeckoe 3Hau€HUE HE ONpEAENeHO, rpadudeckuit
00BEKT COXPAaHUT CBOE CTATUYECKOE 3HaueHHe. Bpiienute oBall, MpPEACTABISIONIUN TUHAMUKY
cepaua. CraTnyeckue 3HA4YEHHUs €r0 MapaMeTpoB 3a/laiiTe TaK: B MAHENIM CBOMCTB OBajla IBET
3aJIMBKH OIpeenuTe OOpJOBbIM, IIBET JMHUU T'PAHUIIbl — KPACHBIM; TOJIIHUHY JIMHUU TPaHULIbI
YCTaHOBUTE 2.
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®-PaGoyast nporpamMmma o JUCHHILUIHHE

JluHaMu4eckre XapakTepUCTHKH OBajla JOJDKHBI OTPaXaTh “XKU3HB~ 3TOTO 0OBEKTa B IPO-
1[ecce BBIIOJHEHUS MOJENu. 3arycTuTe Mojienb. [IpoBequTe S3KCIEpUMEHThI C YCTAaHOBKOW pa3-
JMYHBIX KOA(PPHUIMEHTOB MEXAY PeaIbHBIM U MOJEIBHBIM BpeMeHeM. Kpome Toro, MokHO u3-
MEHSTh [TapaMeTpbl MOJIEINH (Xo ¥ €PS) U HAOII01aTh, KAK U3MEHSAETCS XapaKTep cepALeOneHus.

Craiinepsl B anuMaimu. B AnylLogic cymiecTByeT aneMeHT yrpaBieHHs], TTO3BOJISIONINIA
I0JIb30BATENI0 TpapUUecKy BBIOMPATh YMCIIO M3 33JaHHOrO JMala30Ha 3HA4YEeHUH MmyTeMm mepe-
TACKUBAHMSI PYKOSITKH — OETyHOK. BeryHKM WM uX elie Ha3bIBaIOT Claiaepbl, OOBIYHO MUCIOIb-
3YIOTCSl JUI U3MEHEHUS 3HAUYCHUH YMCIIEHHBIX NIEPEMEHHBIX U MapaMeTPOB BO BPEMs BBIIIOJIHE-
Hus mozenu. [lepeTamiure MbIIbIO ¢ BKIAJAKK DJIEMEHTHI ynpasiieHus nanenu [lamurpa nukro-
rpammy beryHok Ha auarpammy kiacca Heart Mexay cTpykTypoil 1 aHUMallMOHHBIM OBajioM. B
nosie «CBsi3aTh C» NAHEJIM CBOMCTB BBEAUTE MM IapaMeTpa Xo, @ MUHMMAJIbHOE U MaKCUMaJlb-
HO€ 3Ha4€HHUs1, KOTOPbIEe MOXKHO PEryJIMpoBaTh ciaiiaepoM, yctanoBute 0 u 1. Jlo6aBuTh noamnu-
CH K CJIaliilepy MO>KHO MPOCTHIM Ha)kKaTheM KHOMKH “‘J00aBUTH” METKH. 3alyCTUTE MOJAEIb U

IpoBEphTE ACHUCTBHE Claiiiepa. AHAJOTUYHO CleNaiiTe ciaiiep Ui nmapameTpa eps, yCTaHOBHB
orpanuuenus ot 0.01 o 0.5.
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st maboparopHoii padoThl Ne2. /[ Hauana HEOOXOIUMO HUCCIEA0BATh KAXKI0€ U3 ypaB-
HEHUU CHCTEMBbl U MPUBECTH UX K HOpMalibHOMY BuIy. Hopmanuzanus noapasymeBaer paspe-
LIEHUE YPAaBHEHMS] OTHOCUTEIBHO CTapuIeil MpOU3BOAHOM. J[JI1 3TOro BOCHOJB3yeMCsl IPUEMOM
— 3aM€Ha Ha HOBYIO IIEPEMEHHYIO.
dy; d?y;

+2

= = 0.7
dt dt<

1,2 %y, +0.5

0.2% + y3 = 0.04
dt
Ya =¥zt )2
PaccMoTpuM nepBoe ypaBHEHHE CUCTEMBI. 3€Ch cTaplilias IPOU3BOIHAs — BTOPOro MOPsiA-

Ka. BBeneM HOBYIO IEPEMEHHYIO Z, KOTOpask 3aMEHUT IIPOU3BOIHYIO 110 Y2. [l 3TOro nocraBum
Ha pabouyro oOmacte AnylLogic nBe mepemennsie — Y2 u Z. [Ipu 3TOoM BUa 00€MX TEpeMEHHBIX
Oyzner «VHTerpan niM HakonuTeb». [l nepeMeHHo Y2 3HaueHue 1ocie 3Haka paBHO OyJeT Z.
JIns1 mIepeMeHHOM Z B OKHE 3HAYECHMM 3alMIIEM BBIPAKEHHUE, KOTOPOE IMOIYUNUTCS IOCIIE 3aMEHBI
nepeMmeHoil. [IponenaeM Bce AecTBUS 110 OPSAKY:

1. 3amena % Ha Z.

2. llepenumieM moidy4eHHbIH pe3yabTar 1,2 * ¥, + 0.5+ z + ZE =0.7.

3. Breipazum E U3 MOJIyY€HHOTO BBIPAKEHUS E =({07—-12+y, —05%z)/2.
4

3anuieM NoIy4eHHOE BhIpakeHHe B OKHE 3HaYeHU niepeMeHHoi Z B AnyLogic.

v eigdalp - Andoge -« (Man) To us
P S o Tag Boma  Paosees Moaem Cgowmw Qoo Do »
) T aAx N seny »» 3 - Y T
L« RIS YDLianed N MK sl 30LaR _
Npoecy X “'”.“ - S5
¥ Moses Obane
| FE
. @D Mam -
@ Duiregemseme .
W Shnalation -

¥ Cuamp - -
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an
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Comparars m20m0

Tenepb oOpaTHMCcs KO BTOPOMY YpaBHEHHIO B cucTteme. OHO MepBOro mopsijika, Ho 3aMeHa
NIEPEMEHHOM Takke moHamo0uTcst. Beaem eme aBe nepemennsie — y3 u K. TTockonbky crapiias
NPOM3BO/IHAS TIEPBOTO MOPsKA, TO 3 Oyner mMeTh BUI «VHTErpan wim Hakomurenb», a K —
«Dopmyna». B pe3ynpTaTe aHAIOTHYHBIX JEHCTBUM, KOTOPhIE OBUIA UCTIOIB30BaHBI JJIsI HOpMa-
JHM3alUy IEPBOTO YPaBHEHHS, MBI ITOTy4YHM cienytoniee Boipaxkenue k=(0.04- 3)/0.2

C TpeTbuM ypaBHEHHEM BCE MPOCTO (MOCKOJIBKY B HEM HET MPOU3BOJHBIX) — MOCTaBUM
ele O/IHy MEPEMEHHYIO V4, BUJ KOTOpOH Oyaer «PopMynna», U MPOCTO MEPENUIIEM BhIpAKEHHUE
U3 CUCTEMBI.
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®-PaGoyast nporpamMmma o JUCHHILUIHHE
» adigdalp < Amploge « Mas) o
@ 2% o Mg Boaea Pacoaees  Moaen Cpoe Qo Crposa H
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I[anee 3aIlyCKaM JKCIICPUMCHT, CTaBUM HOBYIO JUAIr'paMMy U IIEPETACKHBAEM Ha HEC )2, )3,
ya. IIocme atoro 3aIlyCKacM MOACINPOBAHUC U CMOTPHUM, KaK IMTPOUCXOAUT U3MCHCHUC IICPEMCH-
HBIX BO BPCMCHHU. OTo M 6yI[eT PCHICHUC CUCTCMbI ypaBHeHHﬁ.

821 root [=a)[@ =]
=~ @ root 1
B k=00 0.95
-b> y2 = 0582899531191 2456 0.8
B> y3=004 0.8
[> yi = 06228995311912456 )
- i[> z = -0.0010362072292390389 08
0.75
Bl root s = =] 0.7
0.65
0.6
e, °,
0.55
o, 0.5
0.45
O
0.4
o,
0.35
0.3
0.25
0.2
0.15
0.1
0.05 v/
P

0
02 46 8 10121416 15 20 22 24 26 25 30 32 34 36 35 40 42 44 46 40 50 52 54 56 55 60 62 64 66 63 70 72 74 76 75 80 82 84 86 85 90 92 94 96 98100 104
B rooty? B rooty3 M root.y4

Ha rpaduke MbI MOXKeM BUAETH, YTO OTJIMUUE CUHETO Tpaduka (mepeMeHHas y4) OT Kpac-
HOTO rpaduka (MepeMeHHas y2) paBHO B TOYHOCTH 3HAYCHHIO 3e€JICHOTO Tpaduka (repemMeHHas
¥3) B KQX/Ibli MOMEHT BPEMEHH. JTO HECITy4YallHO, TaK KaK B3IJISIHYB Ha TPEThE YpaBHEHUE B CH-
CTeMe, Mbl YBUJIUM COOTBETCTBYIOIIYIO 3aBUCUMOCTH ITHX TPEX MEPEMEHHBIX.

s mabopaTopHoi padoTbr Ne3
Cpena AnyLogic mo3Bosiser MoaAu(UIMPOBaTh, KOMOMHHUPOBATH OOBEKTHI, MPOBOJUTH
SKCIIEPUMEHTHI C HUMHU U MPECTABIATh PE3ybTaThl IKCIIEPUMEHTOB B HarsiAHOM (opwme. IIpo-
rpaMMa Stream npeaHa3HaueHa Julsl HIOCTPOEHUs MOJEINIEN MTOTOKOBBIX CXEM B CPEJle MOAEIUPO-
BaHus AnyLogic.
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1. Onpenenenuie THNa 3JIEMEHTOB M MX YCIOBHO MOJOXKUTEIBHOTO HarpasieHus. CHavana orpe-
JEJISIeTCS TUI BCEX AJIEMEHTOB, BXOJAIIUX B CXeMy. 3aTeM 3JIEMEHThl HyMEpYIOTCs TakuM o0Opa-
30M, 94TOO HOMEpa AIEMEHTOB ObLTH YHUKATbHBIMU. [loce 3TOro s KaXKJ0ro 3JeMeHTa BhIOU-
paeTcs YCJIOBHO MOJIOKHUTENbHOE HampaBienue. /s aktuBHbix s1ementoB (E, I) ycrnoBHo mo-
JIO)KUTENIbHOE HAMPABJICHUE OMPEESeT MOJISIPHOCTh MCTOYHHKA, JUJISi OCTaJIbHBIX 3JIEMEHTOB
MOJIOKUTEIBHOE HAPaBIEHUE MOXKET OBITh BHIOPAHO MTPOU3BOJIBHO.

[TycTh, HampuMep, HaM HYKHO BBECTH B Stream CJIEAYIOIIYIO 3JIEKTPUUYECKYIO cXemy (puc.

1).

Pucynok 1.
[Tocne Becex onepanuii cxema OyJeT BBITIISIIETh CISAYIOMNUM 00pazoMm (puc. 2).

LB

VYV

—
C4
_||
|

e1(O)) cs—| "es—| wr7[|4

Pucynok 2.
2. Haxoxaenue y3710B. Ha anekTprueckoii cxeme y3JIaMu SKBUTTOTEHIMATBHBIE YIaCTKH DJICK-
TpUUYecKoi cxeMbl. Brlenum y3ibl Ha Halel cxeme Tak (puc. 3)

—y r7| |

0

Pucynok 3.
3. ®opMHUPOBAHUE CUCTEMBI VDABHEHUI.

dopma A Crpanuna 28u3 37



MHHHCTEPCTBO HayKH U BbICILIero oopasoanus Poccuiickoii deepanun
VIbsHOBCKHMIA TOCY/IapCTBEHHBIH YHUBEPCUTET

dopma

®-PaGoyast nporpamMmma o JUCHHILUIHHE

RY

Pucynoxk 4. M300pakeHue 3JIeKTpUIECKOl CXeMbI B BUe rpada.
HopmanbsHoe nepeBo — AepeBo, B KOTOpOe BeTBU BKiItoudaroTcs ¢ npuopurerom U, C, R, L, L.
Anroput™m (popMHPOBAHHS CHCTEMbI YPABHCHHIA CYIIECTBEHHO YIIPOIIACTCS, €CIIA TPUHSATH
cnenyroiee cornamienue: snementsl U, C Bcerna BXOAAT B IepeBo, diaeMeHTsl Tuna L, [ — Huko-
I/1a He BXOJIAT B JiepeBo. UTo Kacaetcs dIeMeHTa R, To OH MOXET OBbITh, IO 0OCTOSTEIIECTBAM,
160 pedpoM, 00 XopaoH (BXOIUTh B IEPEBO WIIM HE BXOJHUTH B HETO).

R2

Pucynok 5. Iloctpoenne HopMaasHOTO JepeBa rpada U yCTpaHEHHE MPOTUBOPEUHs ITyTEM BBe-
JIEHUS TONIOJHUTEIBHOTO 2JIEMEHTA Z8.
CeuenuieM i-ro peOpa Ha3bIBAIOT COBOKYITHOCTh BETBEH, MEPECEKACMbIX 3aMKHYTOW JIMHUCH TPH
YCIIOBUSX:
*  ro0asi BETBb MepecekaeTcst He 0osee 0JHOTO pasa;
* B CEUYEHHE MOXKET BXOJUTh TOJBKO OJHO pedpo.

s o N
- ==

PucyHok 6. Beinenenne ceueHui.
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E1 3

R2

Pucynox 7. Beiaenenue KOHTYpOB.

[IpuMeHuTENHHO K TIOTOKOBOM CXeMe ClieyeT OOpaTUTh BHUMAaHUE Ha CIIEAYIOIEee: CyMMBI Iie-
PEMEHHBIX U ISl KaXKJI0r0 KOHTYpa M MEPEMEHHBIX | I KaXKI0r0 CEYCHUs paBHbI HyII0. Kpome
TOTO, €CJIM N — YUCIIO BETBEH M M — YHCIIO Y37I0B, TO rpad umeeT N-1 pedbpo u m-n+1 xopa. Tax
KaKk CyMMa Pa3HOCTHBIX MEPEMEHHBIX [0 KOHTYPY paBHA HYJIIO, TO KaXKIbI KOHTYp JaeT Ham
OJTHO JIMHEHHO HE3aBHCHMOE YpaBHEHHUE; B HTOTE Mbl MOJKEM 3amucaTh M-N+1 ypaBHEHHI KOH-
TypoB. COOTBETCTBEHHO, KaXJI0€ CCUCHHUE TAKXKE JTAeT HaM JIMHEHHO-HE3aBUCUMOE YpaBHEHHE,
4TO B UTOTe 00ECIIeYNBaLT MOTydeHue N-1 ypaBHEHUs CCUCHH.

B utore nomyuaem (n-1)+(m-n+1)=m, To ecTh M JMHEHHO-HE3aBUCUMbBIX YpaBHEHHIA, pe-
IIEHHE KOTOPBIX ONpeeNsieT M NepeMEHHBIX 10 YUCITY BETBEH.

(0, +u, —u, =0

U, +u; — ;=0

Uy +u. —t, +u, =0
i, — s =0
fi—i,=0

i +i,+i&—i, =0

i, —5=0

Pucynok 8. CocTtaBieHue CUCTEMBI YPABHEHUM.
4. BBoj snekTpudeckoil cxembl B Stream. Kaxiplil 31IeMEHT cXeMbl NPEICTaBISETCS] CTPOKOH B
tabnuie. YtoObl BBeCTH aTpuOyTHI AJIEMEHTOB, 3aMIOJTHUTE COOTBETCTBYIOIINE CTOJIOIBI TaOJIH-
16l. YTOOB! T0OABUTH HOBBIN AJIEMEHT MEpeiuTe Ha MOCIEIHIO CTPOKY TaOIHIIbI M 3alOJTHUTE
ee. Jlng ynaneHus: CTpOKM M3 TaOJNMIBI BBIACINUTE €€ LIEIYKOM MBIIIM 10 MapKepy CTPOKH U
HaxxMuTe KkiaBunry Delete. JlobaBneHue seMeHTa K MOJAEIH MPOUCXOAUT TOJIBKO IMOCTE Mepe-
X0Jla C pelakKTUpyeMOi CTpoKHu Ha Japyryto. [Ipu BBoje cxembl B Stream JUisl KaKJI0r0 HEOOXo-
JUMO OIPEIENINTD CIENYIOIIEE:
*  YHUKaJbHBIH HOMEp — ObLIT ONpeJIeIeH MPU HyMEpalluy AJI€MEHTOB;
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*  THII — ONpE/ETICH paHee;

*  y37bl UCTOKA U CTOKA — OIPENESIOTCS M0 CXeME M MCXOS U3 YCIOBHO IMOJIOKHUTEIbHBIX
HaIPaBJICHUI 3JIEMEHTOB;

*  3HauEHHUE IapaMeTpa — OMPENENIeTCs UCXOJS U3 KOHKPETHOM 3a7auu, MOXKET ObITh U3Me-
HeHo B Moaenu AnyLogic mocne ee co3nanus;

*  HayaJlbHOE 3HAUYEHHE — 3a/aeTCs TOJbKO s AuHamuyeckux siemeHtoB (C u L), mis
OCTaJIbHBIX 3JIEMEHTOB UTHOpUpYeETCs. MoxeT Takxke ObITh m3MeHeHo AnyLogic.

Homepa s1eMeHTOB U y370B — Liejble HEOTpUILIATeIbHbIE Yncia. THUIbI 3JIeMEHTOB — 3a-
TJIAaBHBIC WJIM CTPOYHBIC JIATUHCKUE OYKBHI €,C,1,1,1. 3HaueHus: mapamMeTpoB M HavaJbHBIC 3HAYE-
HUS AJIEMEHTOB — JICHCTBUTENIbHBIC YMCIa B OOBIYHOM MM 3KCHOHEHUUANbHOU (hopme (Hampu-
mep: “1507, “-3.58”, “1.02E06” u T. 1.). BBenennas B nporpammy Stream cxema OyJeT BBITJIS-
JICTh CIeAyIoIM oopazoM (puc. 9).

{3 MeHepaTOp NOTOKOBLIX CHEM ANA AnyLogic = |I:I|5|

Main Modene COpagka

[CxeMa He coxpaHeHa)”
Haraep | Tun | Metak | Crak | MNapamerp | Hay. sHaueru
1 E 1] 1 12 I}
2 F 1 2 h 1
3 C 2 ] 1E-4 01
4 C 2 3 3.5E-3 I}
a C 3 ] RE-4 0.025
G L 2 3 0.005 I}
7 A 3 ] 10 I}
2 12 [rall] 1] 0 1 I}
Pucynox 9.

Jasi 1abopaTopHoii pa6oTnl Ned

W nenTudukanus MoJieIu o SKCIEPUMEHTATbHBIM JAaHHBIM MTPEIIO0JIaraer:

- Br16op, B cOOTBETCTBUM ¢ OCOOCHHOCTMH O0OBEKTa U YCIOBUSIMHU pEIIaeMOM 3a/1auu, Kiac-
ca MoJieliel, B KOTOPOM OYJIeT CTPOUTHCS MOJIeNb TaHHOTO OOBEKTA, M KPUTEPHS aJIeKBATHOCTH.
- OrmpeneneHue nmapamMeTpoB MOJIENH, 00eCTIeUMBAIONINX HAWIYYIlINe 3HaYeHHs] BBIOPAaHHOTO
KPUTEpHsl a/IeKBATHOCTH (HaMJIy4lllee COBIMAJICHUE BBIXOJHBIX CUTHAJIOB MOJIENTU U 00BEKTa MpU
OJINHAKOBBIX BXOJIHBIX BO3JACHCTBUSIX).

Brinosnnenue paboTsl mpeanoaraer:

1. HaGmronas nepexoiHblii npoiiecc B 00bEKTE MpU €AMHUYHOM BXOJHOM BO3/AEUCTBUH, OIpe-
JIEJIATD:

- Koaddumment nepenaun Ha HyneBoit vacrore K=ho/ao.

- YacToTy cOOCTBEHHBIX KOJICOAHUIA.

- Iloka3arens 3aTyxaHus. /i1 3TOro BBITOJHUTH CEPHIO SKCIIEPUMEHTOB — HAOIIOAATh Mepe-
XOJIHBIN MpoLIecC B CUCTEME BTOPOIO MOPSAIKA MPH Pa3IUYHbIX 3HAUEHUSX MOKa3aTess 3aTyXa-
HUS U CPAaBHUTH UX C IEPEXOJAHBIM ITPOLIECCOM B BallleM 00BEKTeE.

2. 3ajaBIIMCh 3HAYCHHEM OJIHOTO W3 MapaMeTpPOB, ONPENEITUTh OCTALHBIC ITapaMeTPhl MOJIE-
M (PEKOMEHyeTCs 331aThCsl 3HaUEHHEM mapameTrpa o).

3. TlocTpouTh CTPYKTYpHYIO CXeMy Ipoliecca ONTHMH3AINN TTapaMeTPOB.

4. CpaBHHUTbH NepexoJIHbIE MPOLEeCcChl 00BEKTa U MOJENH, 3a(UKCHPOBAaTh HAKOIJICHHYIO IO-
IPEUIHOCTh MPU HEONTUMAJIBHBIX 3HAYEHHSIX TapaMeTPOB.

5. Peanu3zoBatb mpolenypy ONTHUMHU3ALUH [1APAMETPOB.

6. CpaBHHTH epexXOIHBIC MPOIECCH 0OBEKTa U MOIETH MPH ONTUMAIBHBIX 3HAYCHUSAX Mapa-
MeTpoB. CpaBHUTH pe3yJIbTaThl, MOJyUYEHHBIE 10 U MOCIE ONTUMM3AINUU (HAKOIUIEHHBIE OIINO-
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7. Wpentuduuupyiite 00bEKT B YACTOTHOM OOJIACTH — OINpPEENIUTEe aMILTUTYAHO-YaCTOTHYIO
XapaKTEePUCTUKY «Bpy4dHyro». Hailimure AUX Mozenu ¢ ucmonbp3oBaHHEM IakeTta frequency.
Cpasaure AUYX. Ocob0 obparuTe BHUMaHUE Ha COOCTBEHHbIE YAaCTOTHI U KO (PUIIUCHTHI TIepe-
Jaud: MOJTYYEHHbIE HKCIIEPUMEHTAIbHO BO BPEMEHHOM 00JacT U ¢ OMOIIbIO NTakeTa frequency
(MO aMITUTYAHO-4YaCTOTHON XapaKTEPUCTHUKE).

IMPUJIOXXEHMUE 1. Ouenka napameTpoB MOJIEINH.

Koaddunuenr nmepenaun Ha HyjaeBoi yactore paBeH K=bo/ag. Onpenennuts €ro MOXHO dKCIIE-
PHMMEHTAJIbHO KaK OTHOIIIEHUE CUTHAJIOB HA BBIXOJI€ U BXOJIe 00BEKTA B YCTAHOBUBIIEMCS PEXKU-
me. [locse atoro, 3aaaBuikch 3HaueHHeM Do, MOKHO HaiiTu 8o. COOCTBEHHYIO YaCTOTY CHCTEMBI
MO>KHO OILIEHUTH TI0 MIEPEXOTHOMY MPOIIECCY BO BPEMEHHON 0071aCTH; aHAJIOTHYHO OIPEACTSAETCS
nokasarenb ycrokoeHus. Jlanee, 3Has SKCIepUMEHTalIbHbIE OLICHKH HaiiieM 3HA4eHUs OCTallb-
HBIX [TapaMETPOB MOJIETIH.

workalp - Anylogic - o IEN
@wn [hawa By Boma Pwossue Mogem Cgpor Owo Crpma
a|lad # Bens Im|EBEBR W

&

e oty |

@ seow @

L) root =l @®

M rooty! ==

2 2 % 2 WM R M M M K 42 M 46 4D S R S S S A 62 44 6 68 T 22 T b T B & B4 66 68 S0 % M o6 48 100 L2 A0

foross CCE Epsta: 100,000000 Wer: L HomuscTeD; 1

IMPUJIOXKXEHUE 2. dns naxoxaenus AYX Bocmoib3yiTech nmaketoMm frequency. [lpu aTom
MOMHHTE, YTO MOJIETh JOJKHA OBITH MpEACTaBlieHa B BHUJIE CTPYKTYPHOH CXEMBI, a BXOJHOU U
BBIXOJTHOM TIEPEMEHHBIM JIOJKHBI OBITH TPUCBOEHBI UMEHA Stc U deSt COOTBETCTBEHHO.

[MPMJIOXEHUE 3. Ilpu onTUMH3aIMU apaMeTpoB PEKOMEHIYETCS WCIOJIb30BaTh CpEIHE-
KBaJIPATHYHBIM KPUTEPHA aJleKBATHOCTH MOJENHU U 00bekTa. Ha Bxoabl Moaenu u o0bekTa moja-
€TCSl OJTMH U TOT K€ CHTHAJ, Ha BHIXOJ/I€ CUTHAJIBI BEIYUTAIOTCS, Pa3HOCTh BO3BOJUTCS B KBApaT
U nojaercs Ha uHTerpatop. Ha BbeIXoge mHTErparopa Mbl MOJy4aeéM HAKOIUIEHHYIO MOTpPElll-
HOCTh, KOTOpasi MUHUMHU3HUPYETCS B TIPOIIECCe ONTUMU3AIUH. J1JIsI 3TOTO HCIOJIb3yeTCs] BCTPOCH-
Has mpouenypa ontuMuzanuu. CTpyKTypy MOJIEIM CUMTAEM 3a/laHHOW B BHJIE 3BE€HA BTOPOIO
nopsaka. KoadduimeHTs! cieayer BBECTH B CHMBOJIBHOM Buje: Do, ao, a1, 2. He 3abyapTe 3a-
JaTh UX YUCIICHHBIC 3HAYCHHUSI, OTIPEJICIIEHHBIC 110 PE3yIbTaTaM IKCIEPUMEHTa C 00BEKTOM.
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[MPUJIOXKEHUME 4. Ontumu3zaius napamerpoB B cpesie AnyLogic. OnTumu3alMoHHbIH 3KcIe-
puMeHT B AnylLOgic mo3BosnsieT HaiiTH Takue 3HaYCHUS NapaMeTPOB MOJIENH, IPH KOTOPBIX 00-
palaercs B MUHUMYM WJIM MAaKCUMYM HEKOTOpasi ONpeieeHHas I0Ib30BaTeleM 1esieBas QyHK-
usi. 3HaYeHHe [eNeBOl (QYyHKIMH MOACYUTHIBAIOTCS B AnyLogic KaKablii pa3 1Mo OKOHYaHUHU
OUYEPEHOT0 BBIMOJIHEHUS MOJIENH, U aJlTOPUTM ONTHUMHU3ALUN AaBTOMAaTUYECKU BHIOMpAET HOBbIE
3HAYCHHS MapaMeTPOB ISl OYepeaHOro 3amycka monenu. Ontumuzanus B AnyLogic peanu3o-
BaHa ¢ Mcnosib3oBaHueM nakera OptQuest gupmbl OptTek. [l onTuMuzanuu mosib30BaTelb
JIOJDKEH B COOTBETCTBYIOIIMX OKHAX 334aTh (DYHKIIMOHAN, KOTOPBIA CleIyeT MUHUMHU3UPOBAThH
1100 MaKCUMM3UPOBATh, 3a/1aTh apaMEeTPbl U OIPAaHUYEHUS UX JAMAIA30HA, B KOTOPBIX JIOJDKHA
BBITNIOJHATHCS ONTUMU3ALMSA, a TAK)KE yKa3aTh OTPaHMUYEHUSs, OINpPENESIONIMe KIIacC JO0MyCTH-
MBIX pELIEeHUH. 3agaB BCE ATO, IOJb30BATEIb MOXET 3allyCTUTh ONTUMH3ALMIO, U IAKET
OptQuest mocae HEKOTOPOTO YKCIa MPOO ABTOMATHYECKH BBIOCPET HAWIYUIIUH METOJI ONTHMHU-
3allMy JJIs JAHHOW MOJIENH Cpelld TeX METOAOB, KOTOpbIe HaXOAiTCs B ero 0ubianoTeke, u Oyaer
ClIeZIoBaTh BBIOPAaHHOMY ONTHMHU3aIMOHHOMY anroputMy. MHTepdeiic AnyLogic mo3Bomser
MI0JIB30BATENI0 TAKXKE UCIIOJIB30BATh CBOM AJITOPUTM ONTHMH3ALMH.
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11. YYEBHO-METOAUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JIUC-
IMUIIJINHBI

a) CnHCcoK peKoMeHAyeMOoii JTUTEePATYPbI

OCHOBHAasI

1. Kapnos, IOpuit I'ne6oBry. MiMuTanmonHoe MozieIupoBaHue CUCTeM. BBeneHne B MozeIu-
poanue ¢ Anylogic 5 / Kapnos IOpwuit I'me6oBuy. - Cankr-IlerepOypr : BXB-IletepOypr,
2006.

2. boes, B. JI. IMUTaIlMOHHOE MOJEIUPOBAaHUE CUCTEM : yueOHOe ITocoOHe sl TIPUKIIATHOTO
6axanaBpuara / B. JI. BoeB. — Mocksa : U3narensctBo HOpaiit, 2019. — 253 ¢. — (Baxa-
nasp. Ilpuxnagsoit xype). — ISBN 978-5-534-04734-9. — Tekcr : anexTponHsbIi // DBC
FOpaiir [caiit]. — URL: https://www.biblio-online.ru/bcode/438785

3. Hlemyxun O.U., MonenupoBanue HHGOPMAIIHOHHBIX CHCTEM : Y4eOHOe MocoOue /1 By30B
/ Wenyxun O.U. — 2-e u3n., nepepab. u gom. — M. : I'opsiuast munus — Tenexom, 2012, —

516 c. —ISBN 978-5-9912-0193-3 — Texer : anexrponnslii / 95C «KoHCynbTaHT cTyneH-
tay : [caiit]. — URL : http://www.studentlibrary.ru/book/ISBN9785991201933.html

JOMOTHUTEIBLHAS

1. Jlucsax B.B., MonenupoBanue HH)OPMAMOHHBIX CHCTEM : ydeOHoe mocobue / JTucsak B.B. —
Pocros v/]1 : U3n-Bo FODY, 2018. — 88 c. — ISBN 978-5-9275-2881-3 — TekcT : 371€KTpOH-
HBIi I O9bC  "KoHcynbTaHT crymeHra" : [caiiT]. - URL :
http://www.studentlibrary.ru/book/ISBN9785927528813.html

2. 3apuxosckas, H. B. MaremaTudeckoe MoJeIHpOBaHHE CUCTEM : yueOHoe mocobue / H. B.
3apukoBckas. — Tomck : ToMCKHil rOCYIapCTBEHHBINA YHUBEPCHTET CUCTEM YIIPABICHHS U
panuosneKkTpoHukH, 2014. — 168 c. — ISBN 2227-8397. — Tekct : aneKTpoHHEIH // Diek-
TPOHHO-OHOIHOTEYHAS cucremMa IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/72124.html

3. Coseros, b. fI. MoaenupoBanue cucTeM : y4eOHHUK JUIS akageMudeckoro Gakanaspuara / B.
S1. Coseros, C. A. SIxoBneB. — 7-e u3n. — Mocksa : M3narensctBo FOpaiit, 2019. — 343
c. — (bakanmaBp. Axanemudeckuii kypc). — ISBN 978-5-9916-3916-3. — Tekcr : amek-
tpouHsli // OBC IOpaiit [caiit]. — URL: https://www.biblio-online.ru/bcode/425228

4. MopenupoBaHue CHCTEM U IpoIeccoB. [IpakTHKYM : yueGHOE mocoOue I aKaJeMUdIecKo-
ro 6akanaspuara / B. H. Bonkosa [u ap.] ; mox penakmueii B. H. Bonkxosoit. — Mocksa :
MsparensctBo IOpaiit, 2019. — 295 ¢. — (bakanaBp. Axanemudeckuit kypc). — ISBN 978-
5-534-01442-6. — Texer : omektpoHsbni // OBC IOpaiir [caiit]. — URL:
https://www.biblio-online.ru/bcode/436475

5. Cemymmn, W. B. CroxacTrueckue MOZIeNH, OLICHKH M yIIpaBleHue : paszeln: JleTepMUHUCT-
CKHE€ MOJENIH TUHAMUYECKUX cucTeM: MeToA. nocobue / U.B. Cemymus, FO. B. I{siranosa ;
ValI'V. — VYaesaoBek : Yl'Y, 2007.

y4eOHO-MeToAnYecKast

1. Ilpmranosa 0. B. Meronuyeckue ykaszaHHS IS CaMOCTOSITENBHOM PabOTHI CTYIEHTOB IO
JMCHHUIIIHHE «VIMHTallMOHHOE MOJEIMpPOBAaHUE)» IS CTY/ICHTOB OakaiaBphara IO Hampas-
nerusm 09.03.02 «MuEpopManmoHHbIe cHCTEMBI B TexHOJIorHm», 11.03.02 «MHpOKOMMYHH-
Kal[MOHHBIE TEXHOJIOTHH M CUCTEMBI CBS3UW» 04HOM (opmbl oOyuenus / 0. B. Lpiranona;
YalI'V, ®ak. matematuku, HHOOPM. M aBHAll. TEXHOJIOIHWH. - YIbsSHOBCK : Yal'V, 2019. -
3arn. ¢ sxkpana; Heomy6iauKkoBaHHEIH pecype. - DneKTpoH. TekcroBble maH. (1 daiin : 1,04
MB). - Tekcr : anexTponHsIit. http://lib.ulsu.ru/MegaPro/Download/MObject/7490
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0) [IporpammHoe obecrieyeHne
Jliist 06pazoBaTENBHOTO TpOIlecca M0 TaHHOM TUCIUIUIMHE HE00X0UM cTannoHapHbIi kiracce [TK
C YCTaHOBJIEHHBIM CJIEAYIOLIUM MPOTPaMMHBIM 00€CIICUEHUEM:
— oneparronHas cpeaa OC Windows/Linux;
— nporpammHas cucrema AnyLogic;
— nporpammHas cucrema Scilab.
B) [Ipodeccuonanbubie 6a3bl JAHHBIX, HH(POPMALMOHHO-CIPABOYHbIE CHCTEMBI:

1. J1eKTPOHHO-0MOJINOTEYHbIE CUCTEMBbI:

1.1. IPRboOKS : snekTpoHHO-OMOIMOTEYHAsT cUCTeMa : CalT / rpymnmna Kommanuid A [Tu
Ap Menua. - Capatos, [2020]. — URL.: http://www.iprbookshop.ru. — Pexxum noctymna: st 3ape-
TUCTPHUP. NOJIb30BaTeNeH. - TeKCT: 3JIeKTPOHHBIH.

1.2. FOPAUT : snexTpoHHO-6uGIMoTeuHas cuctema: caitt / OO0 DieKTpoHHOE H31a-
tensctBo FOPAMT. — Mocksa, [2020]. - URL: https://www.biblio-online.ru. — Pesxum moctyma:
IUTSL 3apETUCTPUp. MOJIb30BaTesel. - TeKCT : ANeKTpOHHBIM.

1.3. KoHCyNbTaHT CTyJeHTa: 3JeKTPOHHO-OmOmMoTeunas cucrema: cait / OOO Ilomu-
Texpecype. — Mocksa, [2020]. — URL: http://www.studentlibrary.ru/catalogue/switch_kit/x2019-
128.html. — Pexxum moctyma: [uist 3aperucTpup. nojb3oBateneid. — TeKCT : JIeKTPOHHBIH.

1.4. Jlanp : snekTpoHHO-OMOMMOTeyHas cucrema : cadt / OO0 DBC Jlanb. — CaHKT-
[TerepOypr, [2020]. — URL: https://e.lanbook.com. — Pexwum moctyna: majis 3apeructpup. Mojib-
30BaTesIed. — TeKCT : JIIEKTPOHHBIN.

1.5. Znanium.com : 3yeKTpoHHO-OMOIHOTeuHass cuctema : cat / OOO 3HaHUyM. -
Mockga, [2020]. - URL: http://znanium.com. — Pesxum gocTyma : [jisi 3aperiucTpup. MoJib30Ba-
TeJIeh. - TEeKCT : ANEKTPOHHBIN.

1.6. Clinical Collection : KOJUIEKIMS A MEAUIMHCKUX YHUBEPCUTETOB, KIMHUK, MEIH-
IIMHCKUX OMOJINOTEK / EBSCOhost : [moprai]. — URL.:
http://web.a.ebscohost.com/ehost/search/advanced?vid=1&sid=e3ddfb99-ala7-46dd-a6eb-
2185f3e0876a%40sessionmgr4008. — Pexxum gocTymna : s aBTOPH3. MOJib3oBateneit. — TeKcT :
AJIEKTPOHHBIN.

2. Koncynbrantllmoc [DnekTpoHHbI pecypc]: cnpaBouyHas mpaBoBas cucrema. /000
«Koncynbrant [lmocy - DnektpoH. aaH. - Mocksa : KoncynerantlLroc, [2020].

3. ba3bl JaHHBIX NEPUOTUYECKUX U3TAHUIA:

3.1. ba3a naHHBIX MEPUOAMYECKUX M3JIAHUH : 31eKTpoHHBIE kypHaisl / OO0 UBUC. -
Mockasa, [2020]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum moctymna : s aB-
TOPU3. IMOJIb30BaTENEH. — TEKCT : ANEKTPOHHBIN.

3.2. eLIBRARY .RU: nayunas snekTpoHHas 6ubnuoreka : caiitr / OOO Hayunas Dnek-
TponHast bubnuorexa. — Mocksa, [2020]. — URL.: http://elibrary.ru. — Pexxwum moctyna : st aB-
TOPU3. IOJIb30BaTENEN. — TEKCT : ANEKTPOHHBIN

3.3. «Grebennikony : anextponnast 6udauoreka / U] I'pedbennrkos. — Mocksa, [2020]. —
URL: https://id2.action-media.ru/Personal/Products. — Pexxum mocTyma : s aBTOpU3. MOJb30-
Baresnen. — TEeKCT : DJIEKTPOHHBIM.

4. HaunonanbHasi 3JIeKTPOHHAsi OM0/IMOTeKA : dJIEKTpOHHAsT OMOIMoTeKa : eaepannb-
Has TOCyAapCTBeHHasi HH(pOpMaIMOHHAs cucTema : cadT / MunucrepctBo KynbTypsl PO ; PT'b.

— Mockga, [2020]. — URL: https://H30.pd. — Pexxum moctyna : anst mosib3oBaresieil HaAy4HOU
O6uOmoTekn. — TeKCT : AIeKTPOHHBIH.
5. SMART Imagebase I EBSCOhost : [mopTan]. — URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum aoctyma : s aBTOPH3.
nojb3oBaresei. — M3o0pakeHue : 2eKTpOHHBIE.

6. ®PenepanbHblie HHGOPMALMOHHO-00Pa30BaTe/IbHbIE NOPTAJIbI:

6.1. EnuHoe okHO jgocTyna K oOpa3oBaTelbHBIM pecypcaM : (eaepalbHblidi mopran /
yupeautens ®ICAOY IO LPI'OIT u UT. — URL: http://window.edu.ru/. — TekcT : 31eKTpoH-

HBIH.
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6.2. Poccniickoe obpasoBanue : denepanbublii nopran / yupemurens ®IAOY 10
[PT"OIT u UT. — URL: http://www.edu.ru. — TEKCT : 37I€KTPOHHBIH.

7. O6pasoBaTenbHble pecypebl Yal'V:

7.1. Onexrponnas 6ubmoreka Yul'V : moxyms ABUC Mera-ITPO / OO0 «Jlata Dxc-
npeccy. — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexxum focryna : st monb3opatesneii Hayd-
HOM Oubnuorexu. — TeKcT : 3IeKTPOHHEI.

7.2. O6pasosarenbupiii nopran Yal'Y. — URL: http://edu.ulsu.ru. — Pexxum nocryna : st
3aperucTp. nojab3oBaTenel. — TeKCT : ANEeKTPOHHBIH.
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE JUCIUIIJINHbI

Aynuropuu JUisi IPOBEACHUS JICKIIUN, CEMUHAPCKUX 3aHSATUH, A7 IPOBEIeHUs Jiabopa-
TOPHBIX paboT, Ul MPOBEACHUS TEKYIIET0 KOHTPOJISA U MPOMEKYTOUYHOW aTTeCTAllMH, TPYIIIO-
BBbIX U MHJAUBHIYaJIbHBIX KOHCYJIbTAIHI.

AyIuTOpHH YKOMIUIEKTOBAHBI CIIEHUAIIM3UPOBAHHON MeOEIbl0, Y4eOHOH TOCKOH. Ayau-
TOpUU JI MPOBEIEHUS JIEKIH 000pYyJOBaHbI MYJIbTUMEAUWHBIM O0OpYIOBaHUEM [JIsl Mpea-
craBneHuss wH(pOpMaruu OoNbIION ayauTopuu. lloMemeHus ais cCaMOCTOSATENBHOW paboTHI
OCHAIIIEHbl KOMIBIOTEPHONW TEXHUKOW C BO3MOKHOCTBIO MOJKIIOYeHHS K cetu «HTepHeT» u
obecrieueHrneM JIOCTYTa K JIEKTPOHHON WH(OPMAIMOHHO-00pa30BaTEIbHON Cpeie, dTEKTPOHHO-
6ubnmuoreuynoit cucreme. Ilepeyenb 000py0BaHuUs, UCIIOIB3YEMOTO B yUeOHOM Ipoliecce, yKa-
3BIBACTCS B COOTBETCTBHU CO CBEIEHHUSIMH O MAaTE€PHAJIHHO-TEXHHYECKOM OOECTICYeHHH W OCHa-
IIEHHOCTH 00pa30BaTeIbHOTO MpoIiecca, pa3MELEHHBIME Ha opuIMaibHOM caiite Y'Y B pas-
nene “Cenenust 00 o0pa3oBaTeIbHON OpraHU3aum’ .

dopma A Crpanuna 36us 37




MHHHCTEPCTBO HayKH U BbICILIero oopasoanus Poccuiickoii deepanun
VIbsHOBCKHMIA TOCY/IapCTBEHHBIH YHUBEPCUTET

dopma

®-PaGoyast nporpamMmma o JUCHHILUIHHE

13. CHEIIMAJIBHBIE YCJIOBUSA 1JIsd OBYYAIOIIUXCA C OIT'PAHUYEHHBIMHU
BO3MOKHOCTAMMU 310POBbS

B ciiydae HeoOX0AMMOCTH, O0YYAIOIIUMCS U3 YMCIIA JIUI C OTPAaHUYEHHBIMH BO3MOXKHO-
CTSIMH 3J10pOBbS (I10 3a8BJICHUIO 00YYaIOLIETrocs) MOTYT MpeJiaraTbCsi OJTHU U3 CIEAYIOIINX Ba-
PHAHTOB BOCHIPUATHS WH(POPMALIMU C YIETOM MX WHAWBUIAYAIBHBIX MCUXO(PU3NIECKUX OCOOCH-
HOCTEI:

— JUId JHI C HapyIICHUSIMH 3pEHUS: B IMEYaTHOH (opMe yBEIWYCHHBIM HIPUPTOM; B
dbopmMe 3IEeKTPOHHOTO JOKYMeHTa; B ¢dopMme ayauodaiina (mepeBox y4eOHBIX MaTepuajoB B
ayauodopMar); B edyaTHOH (Gopme Ha s3bIke bpaiiist; MHAUBHIyadbHbIE KOHCYJIBTALUU C TIPU-
BJICUEHUEM TH(IOCYPAONEPEBOIUNKA; MHAWBUTyallbHbIC 3a/1aHUS U KOHCYJIbTALIUH;

— JUIS JIUI] C HApYILIEHUSIMU CllyXa: B eyaTHOU (opme; B popme 3JIEKTPOHHOTO JOKYMEH-
Ta; BHJICOMATEPUAIIbI C CYOTUTPaMH; HHIUBUIYaJIbHbIC KOHCYJIbTALUU C MPUBJICUYCHHEM CYpPJIO-
NePEeBOIUNKA; MHIMBUyaJIbHbIC 3aJaHUS U KOHCYIJIbTAIlUY;

— JUI JMII ¢ HapyIIEHUSIMH ONOPHO-JBHUTAaTEIbHOTO ammapara: B MedaTHOH ¢opme; B
dbopMe FIIeKTPOHHOTO TOKYMEHTa; B (hopme ayaunodaiina; MHAUBHUIyallbHbIE 331aHUS U KOHCYIIb-
TaIHH.

B cnywae HeoOXOOMMOCTHM  HCIONB30BaHMS B y4eOHOM  Ipoliecce€  YacTH4-
HO/HMCKITIOYHUTENBHO JUCTAaHIIMOHHBIX 00pa30BaTEeNbHBIX TEXHOJOTWH, OpraHM3anus padOThI
[II1C ¢ obyuarommmucs ¢ OB3 u uHBaNMIaMu IpeIyCcMaTPUBAETCS B AJIEKTPOHHOU MH(OpMa-
[IMOHHO-00Pa30BaTEILHON Cpeie ¢ YYETOM HMX MHIAMBHIYaJbHBIX MCUXO(PH3MUECKUX OCOOCHHO-
cTeil.

PazpaboTunk %V%cf}’ npodeccop kad. UT /Lpiranosa 10.B./
nojrncs”’ JIOJIKHOCTh dUO
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