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1. IEJIM ¥ 3AJJAYY OCBOEHUSI U CIIATIIAHBI

HI/ICHI/IHHI/IHa ((I/IMI/ITaHI/IOHHOC MOJCIIMPOBAHUC) 3HAKOMUT CTYACHTOB C
q)yHl[aMeHTaJIBHbIMI/I METOJaMHU KOMHBIOTepHOI‘O MOI[CJII/IpOBaHI/ISI u HeHOCpeHCTBeHHO CBs3aHa
C OCHOBHBIMH MAaTEMAaTHUYCCKUMHU AUCHUITIIIMHAMH. HpeI[MeTOM HU3YYCHUS ABJIAIOTCA METOABI U
HpI/IHI_[I/IHBI HOCTpOeHI/Iﬂ MATEMATHUYCCKUX nu KOMHBIOTepHLIX MO,[[eﬂeﬁ. ILI/ICI_[I/IHJII/IHa
3aKj1aabIBacT (by'H,Z[aMeHTaJ'II)HI)Ie 3HAHUA, HCO6XOI[I/IMBIC JJI1 U3YUCHHA BCCX OCHOBHBIX KYPCOB,
ITOCBAIICHHBIX MaTeMaTI/I‘ICCKOMy nu I/IMI/ITaL[I/IOHHOMy KOMHLIOTepHOMy MOI[CJ'H/IpOBaHI/IIO
PE€aIbHBIX O6’LCKTOB H IIPOLECCOB.

Ilean ocBOeHHUS M CIMILJIMHDI

® 3YyuYEHHUE OCHOBHBIX MOHATHI U METOJ0B MOCTPOCHUS U UCCIICIOBAHUS MAaTEMaTHYECKUX
MO/IeJIel, CUCTEM U SI3bIKOB MOJICITUPOBAHMUS.

3agaun 0CBOEHHS JUCIHUIIHHDI.

e BBHIPA0OTKA y CTYJCHTOB HABBIKOB HCITOJIb30BAHUS CHUCTEM KOMIIBIOTEPHOTO MOJICTUPO-
BaHM,

e 000CHOBaHHOTO BEIOOpA METOJIOB U CPEICTB KOMITBIOTEPHOT'O MOJIEITUPOBAHMS,

® TIOHMMAaHUS MPOLIECCOB KOMITBIOTEPHOTO MOICTUPOBAHUS;

® OCBOCHHMS METOJIOB MOCTPOEHUS MAaTEMAaTUUECKUX U KOMITBIOTEPHBIX MOJIEIICH.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII
JucnunnuHa oTHOCUTCS K 6a30Bo# yacTu nukia b1 o6pa3oBareiabHON MPOrpaMMBbl  UUTAETCS B
5-M cemecTpe cTyneHTaM HampaBlieHus: «MaTemMarndeckoe o0ecrieueHre U aIMUHICTPUPOBAHUE
MH(OPMAILIMOHHBIX CUCTEM» OYHOUN (POPMBI O0YUECHHUS.

Jlist oCBOEHUSI NUCHMIUIMHBI CTYACHT JOJDKEH MMETh CIEAYIOIINE «BXOJIHBIC) 3HAHMS,
ymenusi, HaBbikd U Kommerenuuu OIIK-2, OIIK-3, IIK-5: nonstue nuddepeHnnaabsHOro ypas-
HEHUS, METO/IBI penieHus MU GepeHINATBHBIX YPaBHESHUH, MOHATHS aJlTOPUTMA U IPOTPAMMBI,
MOHSTHE CIIY4aHOTO YUCIA, METObI JIMHEHHOM anreOpbl U BBIYUCIUTEILHOW MaTeMaTUKH, Ma-
TEMaTUYECKOT0 aHaln3a, TEOPUH BEPOSATHOCTEH.

JlanHast nucuuIUIMHA Oa3upyeTcsl Ha BXOAHBIX 3HAHMSX, YMEHUSX, HABBIKaX M KOMIIETEH-
[UAX CTYACHTA, MOJTYYEHHBIX UM MPU U3YUYEHUU MPEAMISCTBYIOMMUX yYeOHBIX NTUCIUIUIMH. Ma-
TeMaTH4ecKuil ananus, Anredpa u reomerpusi, MTadopmaTuka u nporpammupoBanue, Berancin-
TenbHasg mMatemaTuka, Juckpernas maremartuka, uddepenunansubie ypaBHeHusi, BBenenue B
CIELUATBbHOCTh, TE€XHOJIOTHS MTporpaMMupoBaHusi, Teopusi cucTeM U CUCTEMHbIA aHanu3, Ma-
TeMmatuueckas joruka, [IporpammupoBanue B cpegae Windows, Mojienu JaHHBIX U IPUKIIATHBIC
AITOPUTMBI.

Pe3ynbpTaTel OCBOGHMS NUCHUIUIMHBI OyJIyT HEOOXOAMMSBI Ul JajbHEHIIEro npoiecca
o0ydeHHs B paMKax MOATAmHOro (OPMUPOBAHUS KOMIETCHIIMH MPU U3YYEHUU MOCIETYIOIIHX
JTUCHUTIINH: MeToAbl U CUCTEMBI 00pa0OTKH OONBIINX JAaHHBIX, MeTOIbl MAITMHHOTO O0OYYEeHHUS,
Komnrerotepnas rpaduka, Kpunrorpadhuueckue Meronbl 3amuThl uHGopMammu, MHTENIEKTy-
aJbHBIE CUCTEMBI U TEXHOJIOTHH, a TaKXKe ISl TPOXOXKJICHHUSI BCEX BHUJIOB MPAKTHUK U TOCYIap-
CTBEHHOM UTOTOBOM aTTECTALIUH.

3. MIEPEYEHD INTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUSA 11O JUCHUIIJIMHE
MOAYJIIO), COOTHECEHBIX C INTAHUPYEMBIMMU PE3YJbTATAMHU
OCBOEHUS OBPA3OBATEJBHOMN NPOT'PAMMBI

[Tponiecc u3yueHus: TUCHUILIMHBI « IMUTallMOHHOE MOJEIMPOBAHUE) HAMpaBieH Ha (op-
MHPOBAHUE CIEAYIOMNX KOMIIETCHIIUMN.

Kon u mammenoBanue pea- | [lepeueHb miuaHUPyEMBIX pe3yibTaTOB OOyUEHUS MO AUCIUILIMHE
JM3yEMON KOMIETEHIINI (MOJTyJI0), COOTHECEHHBIX C WHIUKATOpPaMHU JTOCTHXKCHHS KOMITE-
TEHIUHI
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OIIK-2 — cnocobeH mpume-
HATb COBPEMEHHBI Mare-
MaTUYECKUM ammapar, CBs-
3aHHBIM C IIPOCKTUPOBAHU-
eM, pa3paboTKOH, peanuza-
UAE M OLEHKOW KayecTBa
MPOrpaMMHBIX MTPOJIYKTOB U
IIPOrPaMMHBIX KOMIUIEKCOB
B pa3jM4YHbIX 00JIACTAX ue-
JIOBEYECKOM IESITEIBHOCTH.

3HaTh:

COBPEMEHHBII MaTEMaTUYECKUN aIllapar, CBA3aHHBIN C IIPOEKTH-
poBaHMEM, pa3pabOTKOM, peann3alreil u OLeHKON KauecTBa Impo-
IPaMMHBIX MPOAYKTOB U NPOTrPaMMHBIX KOMIUIEKCOB B pa3ivy-
HBIX 00J1aCTAX YeJIOBEYECKOI 1eATeIbHOCTH.

YMers:

IIPUMEHATh COBPEMEHHBI MaTeMaTUYECKHUI annapar, CBS3aHHbIN
C MPOCKTHPOBAHUEM, Pa3pabOTKOU, pean3alfeid U OICHKOW Ka-
YeCTBa MPOrPAMMHBIX MTPOJYKTOB U MPOTPAMMHBIX KOMILJIEKCOB B
pa3IMYHbIX 00JaCTIX YEJIOBEUECKOH 1€ATEIbHOCTH.

Bnaners:

HaBbIKAMHU IIPUMEHEHHSI COBPEMEHHOI'O MAaTEMaTHYECKOIrO ara-
parta, CBSI3aHHOT'O C IIPOEKTUPOBAHUEM, pa3pabOTKOH, pearn3alu-
€l U OLIEHKOM KayecTBa MPOrpPaMMHBIX MPOJYKTOB M IPOrpaMM-
HBIX KOMILJIEKCOB B Pa3IMYHBIX 00JACTIX YEIOBEYECKOM JeaTelb-
HOCTH.

OIIK-3 — cmocobeH MHOHU-
MaTh W TPHMEHSATH COBpE-
MEHHBbIC HH(GOPMAIMOHHBIE
TEXHOJIOTHH, B TOM YHCIIE
OTCUYCCTBCHHBIC, IIPH CO3]1a-
HUU TPOTPAMMHBIX TPOIYK-
TOB M HPOrPAaMMHBIX KOM-
IIJIEKCOB Pa3IUIHOTO
Ha3Ha4YEHHS.

3HaTh.

COBpEMEHHBIC HH(POPMAIIMOHHBIC TEXHOJOTHHU, B TOM YHCIIE OTe-
YECTBEHHbIE, IPU CO3JaHUU MNPOrPAMMHBIX IMPOAYKTOB U IpPO-
IPaMMHBIX KOMILJIEKCOB Pa3JIMYHOTO HA3HAYCHUS.

VYMeTh.

MIPUMEHSTh COBPEMCHHBIE MH(POPMAIMOHHBIE TEXHOJIOTUH, B TOM
YKCJIE OTEUECTBEHHbIC, MPU CO3JaHUU MPOTPAMMHBIX IPOIYKTOB
Y TIPOTrPaMMHBIX KOMILUIEKCOB Pa3JIMYHOTO HA3HAYCHUS.

Bnaners:

HABBIKAMU TPUMEHEHUSI COBPEMECHHBIX MH()OPMAIIMOHHBIX TEXHO-
JIOTUH, B TOM YHCII€ OTEYECTBEHHBIX, MPU CO3[JaHUU MPOrpamM-
HBIX TPOAYKTOB M TMPOTPAMMHBIX KOMIUIEKCOB Pa3JIUYHOTO
Ha3HAYECHHUS.

[IK-5 — cnocobeH ucnosib-
30BaTh COBPEMEHHBIE METO-
Jbl pa3paboOTKU M peanu3a-
UM KOHKPETHBIX aJrOpHUT-
MOB MaT€MaTHYCCKHUX MO-
neneil Ha 6a3e SI3bIKOB IPO-
TpaMMHUPOBaHUA H ITAKCTOB
HPUKIIAJIHBIX porpamMm
MOJIETTUPOBAHUS.

3HaTh.

COBPEMEHHBIE METOJbI Pa3pabOTKH M peanu3alil KOHKPETHBIX
QJITOPUTMOB MaTEMaTHYECKUX MoOjeNied Ha 0a3e S3bIKOB IIPO-
IPaMMHPOBAHMS U MIAKETOB MPUKIAJHBIX IPOTPaMM MOJEIUPOBaA-
HUSL.

VYMeTh.

WCIIOJI30BaTh COBPEMEHHBIE METOABI Pa3pabOTKH U pean3aluu
KOHKPETHBIX aJrOPUTMOB MaTeMaTHYeCKUX Mojeeil Ha 0aze
SI3BIKOB MPOTPAMMMPOBAHUSI U TMAKETOB TMPHUKIATHBIX MPOrPaMM
MOJEIIUPOBAHUS.

Bnaners:

HABBIKAMU HCIOJIh30BAHUS COBPEMEHHBIX METOAOB pa3paboTKu U
peanu3anui KOHKPETHBIX aJITOPUTMOB MAaTeMAaTHUYECKUX MOJIEIICH
Ha 0a3e A3bIKOB MPOrPaMMHUPOBAHUS U MAKETOB MPUKIATHBIX TIPO-
rpaMM MOJICTUPOBAHMSI.

4. OBLHAA TPYIOEMKOCTDb JUCIUAITIJIMHBI

4.1. O6beM TMCUMILUIMHBI B 32a4€THBIX eJUHUIAX (Bcero): 5 3et (180 vacoB).

4.2. O0beM JTUCHUILIMHBI 10 BUAaM y4eOHOH padoThI:

Dopma A
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KonmuaecTBo yacoB (hopma oOydeHuUs - THEBHAS)
Bun yaebHol paboThl
atd P Beero B T.4. mo cemectpam
1o
IUIaHy 5
KonTaktHas padora
00yJaromuxcst ¢ mperno- 72 72[72*
JaBaTesieM
AynUTOpHBIE 3aHATHS:
o Jlekuuu 18 18/18*
o [IpakTuyeckue u ce- 18 18/18*
MUHAPCKUE 3aHSATHUS
e JlaGoparopHsie pa-
00THI (MabopaTopublii [ 36 36/36*
IIPAKTUKYM)
CamocrositenbHas pabo-
p 72 72
Ta
DK3aMeH 36 36
Bcero vacoB no nuciu-
AHE 180 180
TUTHE
dopma TeKylIero KoH-
TpOJIsl 3HAHUW U KOH- JlabopaTopHble pabOThI, TPOBEPKA peliIe-
TPOJISi CAMOCTOSITENTEHOM HUS 33724
paboThl
KypcoBas pabota -
Buael npomexxyTouHoM
aTTecTaluu (dK3aMeH, 9K3aMeH
3a4er)
OO61mmas Tpya0eMKOCTh B 5 5
3ad. el

*B cnyuae Heobx00UuMoCmu UCnOIb308AHUS 8 YUeOHOM npoyecce YacmuyHo/ UCKAIOYUMEIbHO

ducmam;uouﬁblx 06pa30€am€ﬂbelx MexHoN02Ul 8 maéﬂuue uepes Cjleul yKkasoleaencs Kojaude-

cmeo uyacoe pabomul I1T1C ¢ oOyuarowumucs npu npoeedenuu 3aHAmull 8 OUCIMAHYUOHHOM

Gopmame c npumenenuem 31eKMPOHHO20 0OYYEHUSL.

4.3. Conep:kanue TUCHMILTUHBI. Pacnipenesienue 4yacoB mo reMaM M BHJAaM y4eOHOM pado-

ThI:

dopma 00yueHus Oo4Has
Buapl yueOHBIX 3aHSATHIA dopMa TeKy-
AyAUTOpHBIE 3aHATHUS SansTHst 1ero KOH-
IpakTu- | Jladopa- Camo- i
Hazgaune pasne- p p B WMH- TPOJIst 3HAHMIA
Bceero YyecKHe TOpHBIE CTOsI-
JIOB H TEM Tepak-
Jleknun | 3aHATHSA, | PadoOTHI, . | TeabHas
THBHOM
ceMHMHA- | NPAKTH- paGora
dopme
pol
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1 | 2 3 | 4 | 5 [ 6 | 7 |
Pa3gen 1. MatemaTuyeckoe U KOMIbIOTEPHOE MOAeTUPOBaHHE (PU3MKO-TEXHUYECKHX MPOIECCOB
U CHCTeM

1. Mogenu 8 1 1 2 1 4 JlaGopatopHnas

00BEKTOB, pabora. Jlo-

MIPOIIECCOB U MailiHee 3a/a-

SIBJICHUI HUE

2. Knaccuduka- 8 1 1 2 1 4 Jlaboparopuas

U MOJeen pabora. Jlo-
MailnHee 3a/a-
HHE

3. IlonsiTe Mo- 8 1 1 2 1 4 JlaGopatopHas

JEeTUPOBAHUS pabora. Jlo-
MalnHee 3a/a-
HHE

4. llenn moxaenu- 8 1 1 2 1 4 Jlaboparopuas

pOBaHHS pabora. Jlo-
MallHee 3a/a-
HHE

5. Drambl Mmoze- 8 1 1 2 1 4 JlaGopatopHas

JTMPOBAHUS pabota. Jlo-
MallHee 3a/a-
HHE

6. 3amaun Mmone- 8 1 1 2 1 4 JlaGopaTopHas

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

7. CTpyKTypa Mo- 8 1 1 2 1 4 JlaGopatopHas

nene pabora. Jlo-
MallHee 3a/1a-
HUE

8. MeTo/1bl KOH- 8 1 1 2 1 4 JlaGopatopHas

CTPYHUPOBaHUS pabora. Jlo-

Mojenei MalliHee 3a/1a-
HUE

9. UmurtanmonHoe 8 1 1 2 1 4 JlaGopatopHas

MOJIETTUPOBAaHUE pabota. [lo-
MalliHee 3a/1a-
HUE

10. Kommnbrotep- 8 1 1 2 1 4 JlaGopatopHas

HOE MOJIETTUPOBa- pabota. [lo-

HUE MalllHue 3a/1a-
HUSI

11. Cratucruye- 8 1 1 2 1 4 JlaGopatopHas

CKO€ MOJIETTUPO- pabora. Jlo-

BaHUE MalllHue 3a/1a-
HUSI

Pazgen 2. MatemaTHyecKHe U KOMIIBIOTEPHbIE MOJIeJIM JIMHEHHBIX JUHAMHYECKHX CHCTEM
12. TIpeoGpa3zo- 8 1 1 2 1 4 JlaGopatopHas
Banwue Jlammaca paborta. Jlo-
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MaIlllHue 3a/1a-
HUS

13. IlonsTue nu- 8 1 1 2 1 4 JlaGopaTopHas

HEHHOW TUHAMU- pabota. [lo-

YEeCKON CHCTEMBI MaIllHue 3a/1a-
HUS

14. OcHoBHBIE 8 1 1 2 1 4 JlaGopaTtopHas

CBOWCTBA JTMHEH- pabota. [lo-

HOW JMHAMHYe- MaIllHue 3a/1a-

CKOM CUCTEMBI HUS

15. ITonsTue ne- 8 1 1 2 1 4 JlaGopaTopHas

penaTodHoi pabota. [lo-

byHKIUN MaIllHue 3a/1a-
HUS

16. Xapakrepu- 8 1 1 2 1 4 JlaGopaTtopHas

CTHKH JIMHEHHBIX pabota. [lo-

JTMHAMUYECKUX MaIlllHue 3a/1a-

CUCTEM HUS

17. Monenu B 8 1 1 2 1 4 JlaGopaTtopHas

MIPOCTPAHCTBE pabora. [lo-

COCTOSIHUH MaIlllHue 3a/1a-
HUS

18. OGo0uIeHHBIH 8 1 1 2 1 4 JlaGopaTopHas

aHaJIN3 YIIPaBIIs- pabota. [lo-

€MOCTH U Ha0JIro- MaIlllHue 3a/1a-

JaeMOCTH MOJIe- HUS

Jen

DK3aMeH 36

Hroro 180 18 18 36 18 72

5. COAEP’KAHUE JUCHUILIMHBI (MOLYJIS)

Paznen 1. Maremaruyeckoe M KOMIIBIOTEPHOe MOJeTUPOBaHHE (PU3MKO-TEXHHYECKHX

nmpoueccoB U CHCTEM

Tema 1. Mozaenu 00BbEKTOB, IPOLIECCOB U SIBICHUH.

Tema 2. Knaccuduxarms Mmoene.

Tema 3. TlonsiTue MOJEIUPOBAHMUSL.

Tema 4. Llenn moaenupoBaHusl.

Tema 5. DTansl MOAETMPOBAHUS.

Tema 6. 3agaun MoJIENTMPOBAHUS.

Tema 7. CTpykTypa MoeIei.

Tema 8. MeTozibl KOHCTPYHPOBaHMSI MOJEIIEH.
Tema 9. UMuTanimoHHOE MOAEIINPOBAHNE.
Tema 10. KomnerorepHO€ MOJIENTMPOBAHUE.
Tema 11. Cratuctrueckoe MOAEIUPOBAHUE.

Paznen 2. MatemaTu4ecKue U KOMIIbIOTEPHbIE MO/ JJUHEHHBIX JTMHAMHYECKHUX CHCTEM
Tema 12. [IpeobpazoBanue Jlamiaca.

Tema 13. TTousTie MTMHENHON TUHAMUYECKON CUCTEMEL.

Tema 14. OcHOBHBIE CBOKMCTBA JIMHEHHON TUHAMHYECKOH CHCTEMEL.
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Tema 15. [lonarue nepenaToyHON PYHKINH.

Tema 16. XapakTepuCTUKH JIUHEWHBIX THHAMHYECKUX CUCTEM.

Tema 17. Monenu B IpocTpaHCTBE COCTOSHUM.

Tema 18. O600IEHHBII aHAIU3 YIIPABIIEMOCTH U HAOIIOaEMOCTH MOJIEIICH.

6. TEMbI IPAKTUYECKHWX U CEMUHAPCKHUX 3AHATHUI

[IpakTuueckue 3aHATHA (CEMHUHAphl) MPEAyCMATPHUBAIOT PEIIEHUE 33/ay [0 TeMAaTHKe
PaznenoB 1 u 2 u 06cyxaeHne HAWJCHHBIX PEIICHUH.

Tema 1. Mooenu nazpesanusloxnasxcoenus.

Tema 2. Mooenu evimexanus scuokocmu uz pezepeyapa.

Tema 3. Mooenu snuoemuii.

Tema 4. Mooenu pocma uuciennocmu OUOI02UYECKOU NONYIAYUL.

Tema 5. Mooenu osudicenust 6e3 yuema conpomusierus cpeobi.

Tema 6. Moodenu 0sudicenus ¢ yuemom conpomusierus cpeobi.

Tewma 7. IIpeoopaszosanue Jlannaca.

Tewma 8. Boiuucnenue nepedamounoni pynkyuu.

Tema 9. Ananusz ceoticme moodeneti 6 nNpOCMpaHcmee COCMOSHUIL.

7. JABOPATOPHBIE PABOTbBI (JIABOPATOPHbLIN ITIPAKTUKYM)

Tembl J1a60paTOPHBIX PadoT
JlabopaTopuas padora 1. OcBoeHue cpensl MmoaenupoBanus AnyLogic (AL). Liensb
npuoOpeTeHne HaBBIKOB paboThl B cpene AL. JloctikeHnue menu obecrieunBaeTcs pe-
[ICHUEM TTOJIHOCTHIO JOKYMEHTUPOBAaHHBIX TpuMepoB. Coaepxanne paboThl — pelieHne
TPEHUPOBOUHBIX 33JJaHUH U BHITIOJHEHHE KOHTPOJIHHOTO 3a/IaHUsI.
JlabopaTopuas padora 2. Beox u pemenne B cpene AL cuctem AJ1Y. Lens paGotst —
OCBOEHHUE TEXHOJIOTUHU TIpuBeieHus cucteM AJlY kK HOpMallbHOMY BHLy U IPHOOpETe-
HUE HaBBIKOB UX PENICHUS U aHUMaIuu pernreHnid. Comeprkannue paboThl — pelieHne
TPEHUPOBOUHBIX 33JJaHUH U BHITIOJHEHHE KOHTPOJIHHOTO 3aIaHUsI.
JlabopaTopHas padora 3. PazpaboTka u ucciegoBaHue MoJIeJIeH HEMPEPHIBHBIX CH-
cteM. Llenb paboThl — OCBOEHNE TEXHOJIOTUH MOCTPOSHUE MOJIeNiel HEMPEePHIBHBIX CH-
CTEM U uccienoBanue ux noseaeHus B cpene AL. Coneprkanue paboThl — pelieHue Tpe-
HUPOBOYHBIX 33/IaHUH U BBIIIOJIHEHHUE KOHTPOJIBLHOTO 3aJaHMsL.
JlabopaTopHas pa6ora 4. Vnentudukamms Moieseit o 3KCepUMEHTATBHBIM JTAHHBIM.
Ienb paGoThI — 3aKperUieHre 3HAHWI U HaBBIKOB 10 UACHTU(DUKAIIMI MOJENHU 10 JKCIIe-
PUMEHTAITLHBIM JIaHHBIM, TPHOOPETEHUE HABBIKOB PAbOTHI C ONTHMH3ATOPOM ITyTEM
pemienus 3amad. CogepxaHue pabOThl — pelIeHHe TPEHUPOBOYHBIX 33JaHUN U BBIMOJ-
HEHHME KOHTPOJIBHOTO 3a/IaHUsI.

Meroarueckre yKa3aHus: OCHOBHOE€ BHUMAHHUE JIOJDKHO OBITh YJIEJICHO OCBOSHHIO PabOTHI C CH-
cTeMoit MosenupoBanusi AnyLogic.
JlabopaTopnas padora 1.

[TocranoBka 3ajaun. MaTtemaTndeckasi MOJENb TUHAMUKHN COKPAICHUS CEPJCYHON MBIII-
Il 32JIACTCS HETMHEHHBIM T GEepeHIINATBEHBIM YPAaBHEHUEM TIEPBOTO TMOPSIKA:
dx/dt=(x-x3-b)/eps, rae X mpeacTaBIAET pamMyc Cepila, a mapameTp b cam sBIseTcs HepeMeH-
HOM, ompenensieMoit nuddepennuansubiM ypaBaenuem: db/dt=x-Xo. D10 oxHa W3 mpocTeHIIUX
MojesIel TaKoW JMHAMHKH. 3aJadeil JaHHOTO YIPaKHEHUS SBISIETCS IOCTPOSHNE ITOH MPOCTOM
MOJIEJIH, TIO3BOJISIOIICH MOTYYUTh BPEMEHHbBIC 3aBUCHMOCTH MEPEMEHHBIX X U D OT BpeMeHH, a
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TaKke (a3oByro JAuarpaMMy M3MEHEHHs paauyca X oT 3HaueHus b. O4eBuaHO, 4TO BCE 3TH Be-
JIMYUHBI BELIECTBEHHbIE (C TUIaBarollel TOUKoil). [ mocTpoeHus: Mojenn HeoOX0AUMO 33/1aTh
HavaJIbHbIC 3HAYCHUS TICPEMEHHBIX X U D, a Taxke 3HaUeHHME apameTpa eps.

Coznanue HOBOro mpoekra. /[nst XpaHeHus BaluX MPOEKTOB HEOOXOIHWMO CO3JaTh HO-
Byto nanky. Cosnaiite, Hanpumep, nmanky C:\My Models. [Tocie 3Toro mjis mocTpoeHUsT HOBOTO
MPOEKTa B Balllel TNamnke KIMKHUTE KHOMKY “Co3nmarh” WM BBHIOEpUTE B OCHOBHOM MEHIO
“@aiin|Co3nars|Moyens”. B mosBUBIIEMCS IHAJOTOBOM OKHE YCTAaHOBUTE HYXKHYIO pabOuyro
nanky, B Heil HaOepute Heart kak ums HOBoro (haiina, B KOTOpoM OyJIeT XpaHUThCS Balll HOBBIN
npoekT, u kmukauTe OK. HoBelii mpoekT noj Ha3BanueM “Heart” Oyzaer co3naH, ¥ Ha SKpaHe BB
YBUJIUTE CIEAYIOIIEE:

®aitn Mpaska Bug Pucosanme Mogens Wncrpymenmel Crpaska

EB-2EH w O v B om | 5% | - - {9 OBpamTeca 33 noMowEK... #
% Mpoexrer &3 = 8 ||& Main 2 = 8 |[E csoicrsa m~v=a
‘ Model] . Model1 - Mogens
& Main
~
@ Simulation: Main
Vs Modell
EAVHULE! MIOAENEHOTO BPEMEHH: | CERyHADl v
~ 3asncumoctn
Buanotern AnylLogic, HeoBxoanMBIe ANA NGCTPOEHNA MOAEAM:
Vs Be.. Mecror
Jar dhaiinel u NanKkK KNaccos, TeByEMbIe ANA NOCTROEHIA MOAE.
Mectononoxerie
* Yncrennbie Metoas!
[ndbepenumantHie ypaenerns: | Jinep v
© AnreBpandeckie voasHeHms: Wsmenennpiii Heroron v ¥

< > < >

Puc 1. HoBslif mpoexT

OTKpBITOE OKHO PENAKTOpa HOBOTO MPOEKTAa CONEP>KUT TpU OKHA. Kak y»ke roBOpmJIOCh, B OKHE
KJIaCCOB (CJIeBa) aBTOMATUYECKU CTPOUTCS IEPEBO BCEX OOBEKTOB MPOEKTA, KOTOPHIE BBl OyieTe
OINPEACIAT M0 XOAY MOCTPOEHMsI MoJenu. /sl HOBOro IMpOeKTa B HEM YK€ CO3JaH KOPHEBOH
KJIacC aKTHBHOTO oObekTa ¢ mMeHeM “Model”, a s mpoBeeHUsT SKCIIEPUMEHTOB ¢ OyayIei
MOJICNIBIO YK€ CO3[1aH OJMH IKCIIEPUMEHT ¢ umeHeM “Simulation” y kopreBoro knacca “Oxcrie-
puMeHThl”. LleHTpasibHOE OKHO — OKHO Ipa)MuecKoro peaakTopa CTPYKTYphl Uil CO3AAHUS
CTPYKTYpPbI aKTUBHOT'O 00BEKTa, MpeACTaBISIONEro Mojenb. C MOMOIIbI0 KHOMOK yIpaBIeHUsS
TUM OKHOM, KOTOpbIE HaXOJSATCSl BBEPXY CIpPaBa, MO)KHO YMEHBIIUTh, CBEPHYTh WM 3aKPBITh
3TO OKHO. YMEHBIIHNTE pa3Mep OKHa PeAaKkTopa CTPyKTyphl oobekTa “Model”, menkuyB mo co-
OTBETCTBYIOIIEH KHOMKE CIpaBa BBEPXY. [BOIHBIM IIETYKOM MBILIN HA UMEHH KJlacca aKTUBHO-
ro o0beKTa B OKHe KiaccoB (B maHHOM ciydae “Model”) MOXHO OTKpBITH OKHO perakTopa
CTPYKTYPbI 3TOr0 00bEKTa, €CIU OHO 3aKphITO. OKHO CrpaBa Ha puc.1l— 3TO OKHO CBOWCTB Bblje-
JIEHHOT'O JIEMEHTA MOJENIN. B 1aHHOM ciydae 3TO OKHO MOKa3bIBAE€T CBOMCTBA KJlacca KOPHEBO-
ro oobekTa ¢ umeHeM “Model”, ecn OKHO ero CTPYKTYpbI aKTHBHO. B OKHE CBOWCTB MOXKHO pe-
JAKTUPOBATh CBOWCTBA COOTBETCTBYIOIIMX OOBEKTOB.

Hoctpoenne monenu. OcHOBHAs 3a7aya — MOCTPOEHUE MOJEINH, B KOTOPOI MPUCYTCTBY-
IOT JIB€ MEpeMEHHbIe, X ¥ D, U 1Ba mapamerpa — Xo W €psS, rie Xo — HayaJbHOE 3HAYCHHE X.
HauanbHoe 3Ha4YeHHE MEpEeMEHHOW D 3amamuM HEmocpeJCTBEHHO KOHCTaHTOW. J[is BBemeHwUsI
NepBOil mepeMeHHO X BbliOepeTe B MEHIO ManuTpsl paznen “CucremHas auHamuka”. Ilepemen-
Has X JIOJDKHA ompenenaThes auddepeHrmansabsM ypasHerreM dx/dt = (x-x3-b)/eps ¢ magans-
HBIM 3Ha4€HHEM X, PaBHBIM Xo M ¢ mapamerpom eps. B AnyLogiC MOXHO MOJOOHbIE 3aBHCUMO-
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CTH OIpENIeIsTh HMEHHO B TAKOM BHUJIE, B BUJIe AUPPEPECHINATHHBIX YPABHCHHIA.

Bropas nepemennas b onpeaensercst hopmynoit d(b)/dt=x-x0. JleficTBUs MO €€ BBEICHUIO B MO-
nens oueBUAHBL. [TycTs HauanbHOE 3HaUeHHE NIepeMeHHo# b paBHo 0. B mone HauanpHoe 3Haue-
HUE MpU 33J]aHUM HadajIbHOro 3HaYeHUs b BennunHy ) MOKHO HE 3allMCBhIBATh: €CJIH I0JIe 3Ha-
YEeHMUsI ITyCTO, 10 YMOJIYAHUIO 3TO 3HAUYEHUE CUUTAETCS HYJIEBBIM.

Jls nmpoBepkH NMpaBUIILHOCTU CHUHTaKcUca ((hOopMambHBIX MPABUII) MOCTPOSHUS MOJICIH B
KOKIBIA MOMEHT MPHU €€ MOCTPOCHHWU MOKHO HUCIOJB30BaTh KHONKY llocTpouTh maHenw WH-
cTpyMeHTOB. Eciy KIMKHYTH Ha 3TOM KHOIMKE, TO B MOsABUBIIEMCs OKHE BbiBo OyzeT BhiBeneHa
uHpopmanus o0 ommOke. [y 3aBeplIeHHs MOCTPOCHUS MOJEIU HMX HYXXHO 3anaTh. Ilycth
X0=0.5, eps=0.01. [TapameTpsl >Tu SABIAIOTCS apameTpamu areHTa Heart, mo3ToMy OHU BBOAST-
Csl B OKHE CBOKMCTB 3TOro oObeKTa. [yt 3amanus Xo mepeianTe Ha BKIAAKY “ATeHT’ MaJIUTPHl U
no6aBbTe 00BeKT “Tlapamerp”.

3aMeHHUTe UMs TapaMeTpa Ha Xo, B osie 3HadeHus ycranosure 0.5, a Tum ocraBbre double.
OcranbHble OIS TakKe OcTaBbTe 0e3 m3MeHeHus. [lepemenHas eps 3amaercs Tak xe. B koHie
HEOOXOIMMO CO3/IaTh CBSI3M MEXIY NMEPEMEHHBIMH. PyKOBOACTBYSCh BBEIECHHBIMU (DOpMyIamMu
U UCTOJb3Yys UHCTPYMEHT “CBsi3b” BKIIaAKH “CHCTEeMHast TMHAMHMKA  MAJIUTPhl, YCTAHOBUM Tpe-
OyeMble B3aMMOCBSI3M MEX1y NEpeMEHHbIMU. B pe3ynbpTaTe Ha SKpaHe Bbl MOJYUUTE CIEAYIO-
niee: Haanuch “TlocTpoeHue ycrnenHo 3aBepiieHo” B HIDKHEM JIEBOM YTy CUTHAJIU3UPYET HaM,
YTO BCE BBIIOJIHEHO BEPHO.

3anyck monenu. Knuk Ha kHonke “3amyck” NpHBEAET K TOMY, YTO NIEPEMEHHBIE B OKHE
HAYHYT U3MCHATHCS B COOTBETCTBUH C ONPEICICHHBIMU JUIsl HUX ypaBHeHUsMU. CUCTEMBI U (-
dbepeHnnaIbHBIX U aNredpanvyeckiux ypaBHEHU, onpeiesieHHble B poekTax AnyLogic, mpu BbI-
MIOJTHEHUW MOJIENIH PEIIAIOTCS OJTHUM M3 BCTPOCHHBIX YHCIECHHBIX MeTo/10B. CaM MeTox U HE0O-
XOJUMasi TOYHOCTb PEIICHUS BBIOMPAIOTCS CHCTEMOM aBTOMATHYECKH, €CIHM TOJb30BaTeNlb HE
W3MEHUT TIpEeABAPUTEIIbHBIC YCTAHOBKH B OKHE CBOMCTB MOJIeJU. BrinonHeHne Moaenu 3aKoH-
YHUTCS, KOTJa CYETUYUK MOJICIHHOIO BPEMEHHU JONAET 10 3HAUY€HHUs, YKa3aHHOTO OKHE CBOWCTB
obbekra “Simulations”. TTo ymon4aHuio 3HaYCHHE HE YCTaHOBJICHO, SKCIICPUMEHT JUTUTCSI, TTOKa
MOJIb30BaTEIh HE OCTAHOBUT €T0 CAMOCTOSITENILHO. Y CTAHOBUTE BpeMSI OKOHYAHUSI IKCIIEPUMEH-
ta Ha 100. [IpoBenuTe HECKOJIBKO 3KCHEPUMEHTOB C PA3IUYHBIMU CKOPOCTSMH BBIIOJIHEHUS
JTAHHOW MOJIEJH, UCTIOJIb3Ysl KHOIIKA OCTaHOBA, pecTapTa, 3amycka.

JladbopaTopHasi pabora 2. A/[Y kak kjacc mMojenell HaxXoAsT IIMpoyaillee NMPUMEHEHHE B
MMUTAIMOHHOM MoJienrpoBaHuu. Iporecc uccneaoBanns MOJENN BKIIOYAET pa3paboTKy Mojie-
JM B BUJIE CHCTEMBI anreopo-nuddepeHanbHbIX YpaBHEHUH, peoOpa3oBaHue Mojienu B Gop-
My, IOMyCKaroIyo BBoA €¢ B OBM (B gaHHOM ciiydae 3TO ypaBHEHHUsI B HOPMaJIbHOU (opme),
pelleHre ypaBHEHUH, BBIBOJI M COZIeprKaTeIbHasi HHTepIpeTaLsl pe3yIbTaToB.

Brinosinenune paboThI:

1. 3ajaHHbBIE B IPUIIOKEHUH YPABHEHUS MEPBOrO U BTOPOTO MOPSJIKA PUBEIUTE K HOPMAIbHON
dbopMe U uccienyiTe uxX peuieHus Npu CTAaHAAPTHBIX UCHBITATENbHBIX CUTHAJIAX U U3MEHEHHU
ko3 duurentoB. Ocoboe BHUMaHUe 0OpaTUTE HA N3MEHEHHE XapaKTepa IepexoIHOro mpolecca
B CHCTE€ME BTOPOTo MOopsi/ika. B kauecTBe MCTOYHMKA CTaHIAPTHBIM MCHBITATENbHBIX CUTHAJIOB
UCToNb3yiTe BcTpoeHHble pyHKImN AnyLogic (Tabnuunas GyHKIMS, CHHYC).

2. Mogenu mpuiIoXKeHUs MPUBEAUTE K HOpMallbHOMY BuAY. BBeaurte cucreMy ypaBHEHUS B
OBM wu uccnenyiite peuieHue MpHu pa3iIMyHBIX BXOAHBIX CUTHalax. YOeAUTh B NMPaBUIbHOCTH
MOJTy4YE€HHBIX PE3YyJIbTaTOB OMHUPAsACh HA YCTAHOBUBIIMECS 3HAYEHUS M XapaKTep MPOLECCOB.

3. Anumupyiite Monenb. Hapucyiite cTpykTypy CHCTEMBI, OMHMCHIBAEMOM 3aJaHHBIMU YpaBHE-
HUSIMHU, YCTAaHOBUTE MHJUKATOPHbIE IUarpaMMbl U claiiiepsl, MO3BOJIAIONINE HAOMI0IaTh Niepe-
MEHHBIE U U3MEHATH napaMeTpsbl. [Ipociennre 3a n3MEHEHHEM XapakTepa NEPEXOIHBIX MpOIieC-
COB IPU U3MEHEHUH ITapaMETPOB CXEMBI.
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KonrponbHas pabora: /[ 3aqaHHoi cXeMbl IPU CTAaHAAPTHBIX BXOJHBIX CUTHAJAX BBIIOJTHHUTE
orepaiuu 1no nyHkram 1 - 4.
[Tpunosxxenue 1.
1. 0.05ﬂ+2y—10X =0
dt
[Tpunoxenue 2.

2
2. 29 102 5y 5x-0
dt dt

JladopaTopHasi pa6ora 3. DIeKTpUUYECKHE CXEMbl 3aMeIIeHHUs (ITOTOKOBBIE CXEMBI) KaK KJlacc
MOJIEJIEN UCIIONB3YIOTCS JUIsl MOJCIUPOBAHMS KaK IEKTPUUYECKUX CXEM, TaK U MHOTHX APYTUX
O00BEKTOB: MOJIYHNPOBOJHUKOBBIX IPUOOPOB, 3IEKTPOMEXAHUYECKUX M THUIPOMEXAaHMUYECKHX
ycrpoiicts. [ToaToMy, Kak 1 paHee, Oy/eM MOHUMATh IO AJICKTPUUYSCKON CXEMOW MOCIh Kak
3JIEKTPUUECKON LENHU, TaK U JII000ro Jpyroro yCTponcTBa.

ConepxaHue pabOThI:

1. JInst mpocTedIinX LEeno4YeK U3 NPUIIOKEHUs | 3amuimTe ypaBHEHHUS W BBenuTe ux B OBM.
Hccnenyiite peakiivio Ha OCHOBHBIE HCIIBITATENbHBIE CUTHAJBL. B KauecTBe MCTOUHMKA CUTHAJIA
ucnonb3yite Onok func u3z Oubimoreku SignalShema (OKHO KJIacCOB) WM OUOIMOTEUYHYIO
¢ynkuuo AnyLogic.

2. JInsa cxeMm NpuiokeHus 2 NOCTPOWTE NEPEBO U CEYEHMS, 3allMLIMTE COOTBETCTBYIOLLYIO CH-
CTEMY YpaBHEHHI U MPHUBEANUTE €€ K HOpMaJIbHOMY BUIy. BBenute ypaBHeHnus B OBM u uccie-
OyHTE UX pelIeHHe IPU Pa3JInYHbIX BXOJHBIX CUTHANAX. Y OEIUTh B IPAaBUIBHOCTH MOJTyUYEHHbBIX
pe3yNbTaToB, ONUPASICh HA YCTAHOBUBLIMECS 3HAUEHUS U XapaKTep MPOLIECCOB.

3. IToBTOpHUTE MYHKT 2 C UCNOJIB30BAaHUEM MakeTa Stream. CpaBHUTE CUCTEMBI YPaBHEHHUM: CO-
craBneHHble Bamu u makerom Stream.

4. Auumupyiite monens. Hapucyiite 21eKTpUUECKyO0 CXEMy, YCTaHOBUTE MHIMKATOPHBIE AHa-
TpaMMBbI U CJIali/Iepbl, MO3BOJISIONINE HAOII0JaTh IEpEMEHHbIE U U3MEHTh napameTpsl. [Ipocie-
JUTE 33 U3MEHEHUEM XapaKTepa MEPEeX0JHbIX MPOLECCOB IPU U3MEHEHUH [TAPAMETPOB CXEMBI.

JlabopaTopnasi padora 4. UneHTudukanus MOAETU MO SKCIIEPUMEHTAIbHBIM JTAHHBIM MPEIIO-
JIaraer:

- BBIOOP, B COOTBETCTBUU C OCOOEHHOCTAMH OOBEKTa U YCIOBUSIMU pellaeMOil 3agauu,
KJIacca MOJIeJield, B KOTOPOM Oy/I€T CTPOUTHCS MOJIETb JaHHOTO OOBEKTa, U KPUTEPHS aJIeKBAT-
HOCTH.

- ompeJielieHUue MmapaMeTpoB MOJIEIH, 00€CTICUNBAIONINX HAWTYYIINe 3HaYeHUsI BEIOpAHHO-
ro KpUTEpHUs aJeKBATHOCTU (HAWITydIllee COBMAJCHHUE BBIXOJHBIX CUTHAJIOB MOJIENH M 00BEKTa
P OJIMHAKOBBIX BXOJIHBIX BO3JICHCTBUSX).

[Ipenmonaraercsa, 4tro 3KcmepT, oOianas OMpeNeNeHHON ampuopHO wuHbOpManuen o
CBOMCTBaxX 00BEKTA, BHIJIBUTAET TUIIOTE3y O CTPYKTYpE MOJIEIH M 3a/1aeT HAaYaJIbHbIC 3HAUYCHUS
napaMeTpoB. 3aTeM Ha OOBEKT U MOJIeNb MOJAIOTCS OJUHAKOBBIC BXOJIHBIC BO3JIEHCTBUS, CPaB-
HUBAIOTCS WX BBIXOJIHBIC CHTHAIBI M OIICHUBACTCS KPUTEPUI afiekBaTHOCTH. [TapaMeTpsl Moaenn
KOPPEKTUPYIOTCSI IO TIONYyUYEHUs MPUEMIIEMbIX 3HaYeHHUH KpUTepus ajekBaTHOCTU. Ecin umero-
nieics anmpuopHON WH(POPMAITUU HEAOCTATOYHO, TO OPTAHU3YIOTCS JIOMOJHUTEIIBHBIC HCCIIE0-
BaHHs 00BEKTA.

Hacrosimas paGota mpesmosiaraeT, 4To B Ka4yecTBE 00BEKTa HMCIOIB3YETCS CTPYKTYpHas
CXeMa C HEeM3BECTHBIMU MapaMeTpaMu. Tak Kak W3 TE€OpUU CHUCTEM U3BECTHO, YTO CHCTEMBI BBI-
COKOT0 TOps/IKa BEAYT ceOs B 00IACTH HU3KUX YaCTOT KaK CHCTEMBI 2-3 TIOpsIKa, TO B KAa4eCTBE
MOJIEJIH MPeAIaraeTcs UCMOIb30BaTh CUCTEMY BTOPOTO MOPSAKA.

Brimongenne paboTHI:

1. Habmronass mepexoaHblii mpolecc B 0ObEKTEe MPH €IUHUYHOM BXOJHOM BO3ACHCTBUU
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OIpEAEIUTh!
- Koaddunment nmepenaun Ha HyJeBoi qactore K=bo/ao.

- YactoTy cOOCTBEHHBIX KOJICOAHUH.

- [Tokazarens 3aryxanus. [[jst 3TOro BBIMOJIHUTH CEPUIO SKCIIEPUMEHTOB — HAOII0aTh Te-
PEXOJHBIN MPOLIECC B CUCTEME BTOPOTO MOPSAKA MPU PA3TUYHBIX 3HAYEHUSX TOKa3aTels 3aTy-
XaHUS U CPABHUTH UX C MEPEXOAHBIM MPOIIECCOM B BallleM 00BEKTE.

2. 3a/aBIIUCh 3HAYEHUEM OJJHOTO U3 IapaMeTpOB, ONPEAEINUTh OCTaIbHbIE IAPAMETPBI MO-
nenu (PeKOMEHIyeTCsl 331aThCsl 3HaYeHUueM apameTpa bo).

3. [TocTpouTh CTPYKTYPHYIO CXEMY IPOLIECCa ONTUMM3ALUH 1APAMETPOB.

4. CpaBHUTH IIEPEXOHBIE MTPOLIECCHl 00BEKTA U MOZEIH, 3a(UKCUPOBATh HAKOIICHHYIO T0-
PEIIHOCTh MPU HEONTUMAJIbHBIX 3HAYEHUSAX TapaMETPOB.

5. PeanuzoBarh npouenypy onTUMHU3AIUHN TAPAMETPOB.

6. CpaBHUTH MEPEXOAHBIE MPOIIECChl 00BEKTAa M MOJETH MPH ONTHMAJBHBIX 3HAYCHUSX IMa-

pametrpoB. CpaBHHUTH pe3yibTaThl, MOJTYYEHHbIE J0 U TOCIE ONTUMHU3ALUU (HAKOIJICHHBIC
OIITNOKH).

7. Wnentudunupyiite 00bEKT B YaCTOTHOW 00JIACTH — ONPEACITUTE aMILTUTYJHO-YaCTOTHYIO
XapakTepucTuKy “Bpyunyro’. Haiimute AUX Momenu ¢ uWcCmonb30BaHWMEM makeTa frequency.
CpaBuute AUX. Oco60 obpaTuTe BHUMaHUE HA COOCTBEHHBIE YaCTOTHI U KOA(DPHUIIMEHTHI Tiepe-
JIauu: TIOJyYCHHBIE SKCIIEPUMEHTAIFHO BO BPEMEHHOM 00JIaCTH M ¢ IOMOIIBIO MakeTa frequency
(110 aMIUTHTYTHO-YaCTOTHOW XapaKTEPUCTHUKE).

I[TPUJIOXKEHMUE 1. Onenka napameTpoB MOJIEIIH.
JuddepernmansHoe ypaBHEHHE CUCTEMBI BTOPOTO MOPSIIKA HMEET BU/I:

d?y
a, —
dt
COOTBETCTBYIOIIEE XaPAKTEPUCTHUECKOE YPABHEHHE:
a,p’+ap+a, =0,
OTKyJa

d
+a1d—¥+aoy:x(t).

2

R S sist 0l

a,

rae o= i; - MOKa3aTeNb 3aTyXaHus, @, =a,/a,; — COOCTBEHHAs] YacToTa.

a2
Hapsiny ¢ mokasareneM 3aTyXaHHs 4acTO MCIIONb3yeTcs eulé ojiHa BeIMYMHA — KO03(dduimeHt
yCHoKoeHus (ToKa3aTellb yCIIOKOEHUs ).

f=6lw,=—2
2,/a,a,

Kosddumment nepenaun Ha HyneBoit wyacrore paBeH K=bo/ap. Onpenenuts ero MOMXKHO
SKCIICPUMCHTAJIIBHO KaK OTHOIICHUE CUTHAJIOB Ha BBIXOAC M BXOJC O6’B€KTa B YCTaHOBHUBIICMCS
pexxume. [locne aToro, 3aaaBuiucek 3HadeHreM b0, MokHO HaiTH al.

CoOCTBEHHYIO 4acTOTY CHUCTEMBI MOKHO OLEHUTH IO NEPEXOJHOMY IPOIECCY BO BPEMEHHOM
06J'IaCTI/I; AHAJIOTUYHO ONIPCACITIACTCA MOKA3aTCIIb YCIIOKOCHU .
llanee, 3Had SKCIICPUMCHTAJIbHBIC OLICHKU HaﬁHeM 3HAYCHHA OCTAJIBHBIX IMMapaMETPOB MOACIIN.

[MPUJIOXKXEHUE 2. Ins maxoxaenus AUYX Bocmonb3yitech maketoMm frequency. [lpu stom

MOMHUTE, YTO MOJEJb JOJKHA OBITh MPEICTaBlIeHa B BUJIE CTPYKTYPHOM CXeMbl, a BXOJHOU U
BBIXO/IHOM TIEpEMEHHBIM JJOJKHBI OBITh MPUCBOEHBI UMEHA Src U dest COOTBETCTBEHHO.
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[MPUJIOXXEHUE 3. Ilpu onTuMM3anuu NapaMeTpoB PEKOMEHAYETCS HCI0JIb30BAaTh CpEIHE-
KBaJpaTUYHBIA KPUTEPHH aleKBaTHOCTU MOJIesIn U 00bekTa. Ha BXoabl Mojenu 1 00bekTa noja-
€TCsl OIMH U TOT 7K€ CUTHAJI, HAa BBIXOJI€ CUTHAJIBI BBIYUTAOTCS,

OOBEKT

+1
BxozHoit \ Haxoruiennas
A Bo3ssene- Wnrerpa-

CHUTHAaJ
HHE B TOp

KRATNAT TMOrpCIIHOCTH
Monenb L

v

A 4

Pa3HOCTh BO3BOIMTCS B KBAJIPAT M MOJACTCS Ha MHTEerpaTop. Ha BbIX0e MHTErpaTopa MbI MOJTY-
JacM HAKOIUICHHYIO IOTPCIIHOCTb, KOTOpasds MUHUMHU3BUPYCTCA B IMPOLECCCE ONTUMU3ALIUU. I[J'IH
ATOTO HUCMOJB3YETCs BCTPOCHHAs Tporeaypa onTuMmuzanuu. CTPyKTYpy MOJEIM CYHUTAeM 3a-
JAHHOH B BUE 3BeHa BTOporo nopsaka. Koaddumuents cienyer BBeCTH B CHMBOJIBLHOM BHJIE:
bo, @0, ai, a2. He 3abyapTe 3a7aTh WX YHCIICHHBIC 3HAUCHHUS, ONMPEICICHHBIC 1O Pe3yibTaTaM
IKCIIEPUMEHTA C O0BEKTOM.

[MPUJIOXXEHUE 4. Ontumusanus napamerpos B cpene AnyLogic.

OnTuMu3alMOHHBINA 3KcnepuMeHT B AnyLogic mo3BosiseT HallTU Takue 3HaYeHUs MapaMeTpoB
MOJIEINH, TIPY KOTOPBIX 00paIIaeTcsi B MUHUMYM WM MaKCUMYM HEKOTOpasi OTIPEIeICHHAs T0TIb-
30BaTeseM IeneBas QyHKIMs. 3HaueHue 1eaeBoi GyHKIMM noacuuThiBaroTes B AnyLogic kax-
JBIA pa3 M0 OKOHYAHWH OYEPEIHOTO BBITOJHEHHUS MOJICNH, M aJTOPUTM ONTHMH3ALNU aBTOMa-
TUYECKU BBIOMpAET HOBbIE 3HAUCHMSI ITApaMETPOB JUIsl OYEPEIHOro 3amycka Moaenu. Onrumusa-
us B AnyLogic peann3oBana ¢ ucrosibzoBanueM nakera OptQuest dupmer OptTek. s onru-
MH3aII1H T10JIb30BATEIb J0JDKEH B COOTBETCTBYIOUIMX OKHAX 33/1aTh (PYHKIIMOHAJI, KOTOPBIX Clie-
yeT MHHAMHU3UPOBATh MO0 MaKCHMHU3UPOBATh, 3a/1aTh IMapaMeTPbl U OTPAaHUYEHUS MX JHara-
30Ha, B KOTOPBIX JIOJI’KHA BBIMOJHATHCS ONTUMHU3ALM, @ TAKXKe yKa3aTh OrpaHUYEHHUs, OIpe/e-
JSIFOIIME KJIacC JIOMyCTUMBIX pelIeHuil. 3a/1aB Bce ITO, MOJIB30BaTEh MOXKET 3aIyCTUTh OITH-
mu3aiuio, u naker OptQuest mociae HEKOTOPOro yKcia Npod aBTOMATUYECKH BbIOEpET HaWITyd-
MK METOJ ONITUMU3AINH ISl JAHHOW MOJIENIN CPEN TeX METO/IO0B, KOTOPBIE HAXOATCS B €ro
6ubnuoreke, U OyJeT cieqoBaTh BBIOPAaHHOMY ONTHMHU3ALMOHHOMY aiaroputmy. MHrepdetic
AnyLogic mo3BOJISET MOTB30BATEIIO TAK)KE HCIIOIB30BaTh CBOM aJTOPUTM ONITHUMHU3AIIH.

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

KypcoBble 1 KOHTpOJIbHBIE pa0OTHI HE PEAYCMOTPEHBI YU€OHBIM IIIIAHOM JUCLUIIIIHHBIL.
9. HEPEYEHbB BOITPOCOB K 9K3AMEHY

[lonsiTve MoAenu U opuruHaia.
Mogenu 00LEKTOB.

Mogaenu mpoueccos.

Monenu sIBIIEHUI.

[Ipupona moxenen.

Tunel Moeneit mo 06acT¥ MPUMEHEHUS.
Tunsl Mozieneii mo GpakTopy BpeMeHHU.
Tumnbsl MoaEnel o XapakTepy CBA3EH.
Turbsl MOJENEN IO CTPYKTYPE.
IMuTanimoHHEIE MOJETH.
KommnbrorepHsie Moenu.

LCoNoOAEWNE

N
= o
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

Hrpossle Mozenu.

[lonsiTHE anEeKBaTHOCTH MOJEIIH.

[TonsiTre cucTeMbl 0OBEKTOB.

[lonsiTHE MOJENIN CUCTEMBI.

[TousiTHEe MOENMPOBAHUA.

Lenu monenupoBaHusi.

Oranel MOAEIUPOBAHUS.

[Iponiecc moaenpoBanus.

ITonsiTHE MaTeMaTUYECKONU MOJCIIH.

Krnaccudukanus MaTeMaTHueCKUX MOJIEIEH.

CrpykTypa MoJenei.

O61ue TpeboBaHusl, MPeIbABIsIEMbIE K MOJICIIH.
ConepxatenbHoe onucanue GU3NIECKON CUCTEMBI.
MopenupoBaHre KOMIIOHEHTOB CUCTEMBI.

[Ipsimas 3agaua MoJIeTMPOBAHUS.

OO6patHas 3a7a4a MOJEITUPOBAHHUS.

3amada ueHTH()UKAINN.

Bubl KOMIIOHEHTOB CUCTEMBI.

MeTo bl KOHCTPYHUPOBAHUS MAaTEMaTUUECKUX MOJIENIEH.
AKCHOMaTHYECKUI METOLI.

Meron ypaBHEHHI 2JIEMEHTOB.

MeTtoa naeHTuUKaINU.

Otansl OPMHUPOBAHUS MATEMATUIECKOH MOIEIIH.
CrocoOBbI UCIONIB30BAHUS MATEMATHUECKUX MOJIEIICH.
AHaNnUTUYECKOE UCCIIEI0BAHUE MOJIEIINPYEMOI CUCTEMBI.
KauectBenHOe HccneoBaHuE MOACIUPYEMON CUCTEMBI.
HccnenoBanue ¢ mOMOIIbIO YUCIEHHBIX METOOB.
MMuTanimoHHOE MOJEINPOBAHNE.

OcHOBHBIE 3TaIlbl UMUTALMOHHOT'O MOJIETUPOBAHMUSI.
[IpenmyniecTBa UMUTalMOHHOTO MOJIETTUPOBAHUS.
MeTo/ CTaTUCTUYECKOTO MOAECTUPOBAHUS.

IloHsATHE TMHENHON CUCTEMBI U €€ OCHOBHBIE CBOMCTBA: CYNEPIO3UIIAS U TOMOTE€HHOCTb.
[Tonstue npeobpazosanus Jlamiaca.

O6patHoe mpeoOpa3zoBanue Jlamnaca.

CBOMCTBO TUHEHHOCTH.

IToBenenne nzoOpakeHust Ha OECKOHEYHOCTH.

Teopema nonpo6us.

Teopema 3anasabIBaHus.

Teopema cMmemeHus.

Teopema o nuddepeHurpoBaHNM OpUTHHAA.

Teopema 06 HHTErpUPOBAHNUN OPUTHHATIA.

Teopema o nuddepentmpoBanny U300paKEeHHUSI.
Teopema 006 MHTETPUPOBAHUHN U300PAKEHUS.

Teopema yMHOKEHUST U300pAKECHHIA.

HaxoxieHre opuruHagoB 1Mo H3BECTHOMY H300paKeHHUIO.
Teopema 0 pa3noKeHUH.

ITonsaTHEe TMHAMHYECKON CHCTEMBEI.

[Tonatue nepenaToyHoi GPyHKIUHN TUHEHHONW AMHAMHYECKOW CUCTEMBI.
XapakTeprucTUYecKoe ypaBHEHNE CUCTEMbI. BrIuncieHne mosocoB.
OcHOBHBIE CBOMCTBA JIMHEHHOW TMHAMUYECKOU CUCTEMBI.
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62.  3agaum MOAETMPOBAHMUS JIMHEHHBIX JTUHAMUYECKUX CUCTEM.

63.  XapakTepuCTHKH JUHEHHBIX THHAMHUYECKUX CHCTEM BO BPEMEHHOMN 00JIaCTH.

64.  XapakTepUCTHKH JUHEHHBIX THHAMHYECKUX CUCTEM B YACTOTHOM OOJIACTH.

65.  IloHsATHE BEKTOpa COCTOSHUS CUCTEMBI.

66.  Bpruucienue nepenaToyHoON GYHKIUH 11O GU3UIECKON MOJETH CUCTEMBI B IPOCTPAHCTBE
COCTOSIHUH.

67. HeennHCTBEHHOCTH ONMCAHUS B IPOCTPAHCTBE COCTOSIHUM.

68.  CranpmaprtHas ympasisemas Mozenb. Teopema.

69.  CranpaptHas HaOmonaemas mojelnb. Teopema.

70.  KanoHunyeckas MOJeJb B ClIy4yae IIPOCTBIX KOPHEH XapaKTepUCTUUYECKOTO YpaBHEHHUS.

71.  KanoHundYeckas MOJIEJNb B ClIyyae KpPAaTHBIX KOPHEH XapaKTepUCTHIECKOTO YPaBHEHHS.

72.  KanoHunyeckas MoOJelb B clydae KOMIUIEKCHO-CONPsDKEHHBIX KopHeH. [lepexon B Bere-
CTBEHHBIH 6a3uc.

73. [Tepexon u3 moboro 6azuca MOACIN CHCTEMBl B KAHOHUYECKH.

74.  OOmee pemieHne TMHEHHOTO MU (HEPEHINATEHOTO YPaBHEHHUS COCTOSHUS.

75.  YnpaBisieMOCTb JIMHEHHON IMHAMHYECKONW CUCTEMBI.

76. Kpurepnii ynpasisieMOCTH JIMHEHHON HENIPEPBIBHON CUCTEMBI.

77.  Kpurepuil ynpaBiasieMOCTH JMHEHHON M MHBAPUAHTHOW BO BPEMEHHM HENPEpPHIBHOM CHU-
CTEMBI.

78.  Kpurepuii ynpapiisseMOCTH JUHEHHONU JUCKPETHON CUCTEMBI.

79. Kpurepuii ynpapisieMOCTH JTUHEHHON M MHBAPUAHTHOW BO BPEMEHH JUCKPETHOM CUCTE-
MBI.

80.  HaOxromaemMoCTh TMHEHHON TUHAMUYECKON CHCTEMBI.

81.  Kpurepuii Hab1r01a€MOCTH TUHEHHON HENPEPbIBHON CUCTEMBI.

82. Kpurepuii Habnro1aeMoCTH JIMHEHHOW ¥ MHBApUAHTHOM BO BPEMEHU HEIIPEPHIBHOW CH-
CTEMBI.

83.  Kpurepwuii HaOIFOAa€MOCTH TUHEHHON JUCKPETHOW CHCTEMBI.

84. Kpurepuii HaGmo1aeMOCTH TMHEHHON U MHBapUAaHTHOM BO BPEMEHU TUCKPETHON CUCTe-
MBI

85.  Jluneapuzanus HETMHEHHBIX CUCTEM.

86.  OO0O0OIIEHHBIN aHAIHU3 YIIPABIIEMOCTH U HA0IIF0IAEMOCTH CUCTEMEI.

10. CAMOCTOSATEJIBHASA PABOTA CTYJAEHTOB

PacnpenesieHue yacoB M BH/I CAMOCTOATEIbLHOM padoThI
®dopma 00yueHHs: ouHas

HasBanue paznenoB u tem | Bua camocrosTenbHON O6beM B dopMa KOHTPOJIA
paboThI yacax
1. Mozaenu 0ObEKTOB, [IpopaboTka yueGHOTO 4 DK3aMeH, MPOBEPKa
IPOLIECCOB U SIBJICHUN MmarepHaa, moJIroToBka K 1a00paTOpHBIX PadoT,
c/ade sK3aMeHa. MPOBEPKA PEIICHUS
Jluteparypa: OCHOBHast 3a1a4
[1], c. 9-26.
2. Kimaccuduxkarst Mmoie- [TpopaboTka yueOHOTrO 4 DK3aMeH, IpoBepKa
aen MmarepHaia, moJroToBka K 1a00opaTOpHBIX PadoT,
c/ade sK3aMeHa. MPOBEPKA PEIICHUS
Jluteparypa: OCHOBHast 3a1a4
[1], c. 9-26.
3. IlonsiTe MosenupoBa- [TpopaboTka yueOHOTO 4 DK3aMeH, IpoBEpKa
HUS MaTepuaa, MoAroTOBKa K J1a00paTOPHBIX padoT,

Dopma A
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claue dK3aMeHa.
Jluteparypa: oCHOBHast
[1], c. 9-26.

MIPOBEPKa pelIeHUs
3aja4

4. llenu MoaenupoBaHUs

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

DK3aMeH, IpoBeEpKa
J1ab0paTOPHBIX padoT,
MPOBEPKA PELICHUS
3amad

5. Dranbl MOAETUPOBAHUS

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

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

DK3aMeH, IpoBeEpKa
J1ab0paTOPHBIX padoT,
MPOBEPKA PELICHUS
3amad

6. 3aaun MOACIIUPOBAHUS

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

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

DK3aMeH, MpoBepKa
nabopaTopHEBIX paboT,
pOBEPKa PEHICHHUS
3aaa4

7. CTpyKTypa Monaenein

[TpopaboTka yueOHOTO
Marepuaa, 1a0opaTopHbIC
paboThI, MOJITOTOBKA K
c/1aye SK3aMeHa, PeIIeHHe
3ajad.

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

DK3aMeH, IpoBepKa
J1a00paTOPHBIX padoT,
MIPOBEpPKA PEUICHUS
3aaq

8. MeToapl KOHCTPYHpPOBa-
HUA MoJelei

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

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

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MPOBEPKa peleHUs
3amad

9. UMuTanimoHHOE MOJIEIHN-
poBaHUe

[TpopaboTka yueOHOTrO
MaTepuana, 1a0opaTopHbIe
paboThI, MOJITOTOBKA K
c/1aye HK3aMeHa.
Jluteparypa: ocHOBHast
[1], c. 9-26.

DK3aMeH, IpoBepKa
n1a0opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4

10. KoMrmeroTepHOE MOJIe-
JTUPOBAHUE

[IpopaboTka yueGHOTO
MaTepuaia, 1abopaTropHbie
paboTHI, MOJITOTOBKA K
claue dK3aMeHa, peleHHe
3aj1ad.

JlutepaTtypa: ocHOBHAs
[1], c. 9-26.

DK3aMeH, ITPOBEPKa
1a0opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4

Dopma A
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11. CraTtucruueckoe Moe-
JTUPOBAHUE

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

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

DK3aMeH, MPoBepKa
nabopaTopHbBIX paboT,
[pOBEpKa PELICHUS
3aaaq

12. IlpeoGpa3zoBanue
Jlammaca

[TpopaboTka yueOHOTO
Marepuaa, 1a00paTopHbIe
paboThI, MOJITOTOBKA K
clade SK3aMeHa, pelieHue
3ajad.

Jluteparypa: yaeOHO-
meroauueckas [1], c. 6-15.

DK3aMeH, NMPOBEpKa
J1ab0paTOPHBIX padoT,
MIPOBEPKA PEIIeHUs
3amad

13. I[loHsATHE TUHEHHON IU-
HAMHUYECKOH CUCTEMEI

[TpopaboTka yuyeOHOTrO
Marepuaa, 1abopaTopHbIe
paboThI, MOJTOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajad.

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

DK3aMeH, MpoBepKa
nabopaTopHEBIX paboT,
pOBEpKa PEHICHHUS
3a1a4

14. OcHOBHEBIE CBOWUCTBA
JIMHEUHOU TUHAMUYECKOU
CUCTEMBI

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

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

DK3aMeH, MpoBepKa
nabopaTopHEBIX paboT,
MpOBEpKa PEHICHHUS
3a1a4

15. TlonsTHE IEpeaTOuHON
byHKIMHA

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

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

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MPOBEPKa peleHUs
3amad

16. XapakTepucTuku au-
HEWHBIX JUHAMHYECKUX CH-
cTeM

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

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

DK3aMeH, MpoBepKa
m1abopaTOPHBIX padoT,
MIPOBEPKa pelIeHus
3amad

17. Mogenu B nmpocTpaH-
CTBE COCTOSIHUI

[TpopaboTka yueOHOTO
Martepuaa, 1abopaTopHbIe
paboTHI, MOJTOTOBKA K
c/1adye HK3aMeHa, pelIeHue

DK3aMeH, MpoBepKa
1abopaTOPHBIX padoT,
MIPOBEPKa peleHus
3amad

Dopma A
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3a1ad4.

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

18. O6001IEeHHbBI aHATN3
yIPaBIIEMOCTH U HAOIIIO-
IAeMOCTH MoJenei

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

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

DK3aMeH, MpoBepKa
nabopaTopHbBIX paboT,
MIPOBEPKa peleHus
3ama4

MeTtoauyeckue peKOMeHAalMU K CAMOCTOATEIbHOM padoTe CTyeHTOB.

Jast 1adopatopHoii padorel Nel. Oqnum u3 npeumyniectB AnyLogic sSBIsSeTCS BO3MOXKHOCTb
HarJIsJHOTO IMPEJCTaBICHUS [TOBEACHUSI MOJEIHU, B YAaCTHOCTH, MPEACTABICHUS MU3MEHEHUS BO
BPEMEHH BCEX €€ MEepeMEeHHBbIX. BBeneM rpaduku M3MeHeHHs MepeMeHHbIX X U b. B mamutpe
BbIOepeM BKiIanKy «CraTucTuka» u o0bekT «BpemenHoi rpaduk». B okHe cBONCTB n100aBiieH-
HOTO rpaguKa 3aroJIHUM BKJIAJKU «3aroJIoBoK» U «3HaueHue» nepeMeHHol X. L{Ber u Tommuny
JMHUI MOKETe YCTAaHOBUTH 110 CBOEMY YCMOTPEHMIO. AHAJIOTMYHBIM 00pa3oM CO3/1aiTe BTOPO
rpaduk Ui IepeMeHHO#t b TpeTuit 11 IByX mepeMEeHHbIX OJHOBPEMEHHO.

TRy E AKTHEROIND AbLaKTE
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?)aHy'CTI/ITe MOJEIb Ha BHINNOJHEHHE. B okHax 6yIIYT PUCOBATHCA Fpa(I)I/IKI/I COOTBCTCTBYIOIIUX

MEPEMCHHEBIX OT BpEMCHU.

Dopma A

Crpanuria 17u3 32




MHHHCTEPCTBO HayKH U BbICIIero oopasoanus Poccuiickoii deepanun Dopma
VIbsHOBCKHMIA TOCY/IapCTBEHHBIH YHUBEPCUTET P

®-PaGoyast nporpamMmma o JUCHHILUIHHE

vkl ®H | @y ®| x5 & G, | Q @[3 |root:Heart v| @ | D # AnyLogic

CTpykTypa aKTWeHoro obbekTa

0.5

@ x0
- Cj)0(.5

@ s s

-2 -1 1} 1 2

== Dataset Title

0.4 /‘

0.a1-f |

0LETS

D.I_I(II \ u"l || r." ‘l III | ]I \ | 05 4

0.1 | ‘ / | | | |' | /

| I |

0.2 1 | | ( 0.5 4
0.3 1 || L | \/ |

D s

-0.5

—x

Nporok: 0 [ Maysa | Bpews: 13.98 | Nporos: il | mara: 2s.04.20150:1402 | 7, | mamsre: W o ez o

Hactpoiika mapameTpoB rpaduka npou3BOJUTCS C IOMOIIBIO OKHA CBOMCTB rpaduka. Ilo-
HKCIIEPUMEHTUPYHITE C YCTAHOBKOM 1IBETA TPaPHKOB, pa3MepaMi 0TOOPaKaeMOTO OKHA JTaHHBIX,
C BO3MOXKHOCTbBIO OTOOpakeHus (a30BON JUarpaMMbl, KOTAa 10 000UM OcsM rpaduKa OTKIIa/Ibl-
BalOTCA 3HAUYEHUS [IEPEMEHHBIX, U T.I. J{1s mocTpoeHus pa3oBoil quarpammsl, BbIOEpeTe 0OBEKT
«I'pauk» manuTpel U B KOHTEKCTHOM MEHIO rpaduka ¢ IBYMs IEPEMEHHBIMU ClIeAyeT BbIOpaTh
T€ IIepEMEHHBIE, KOTOPbIE JOHKHBI OTKJIAbIBATHCS MO OCSIM.

Ecnu kpuBas Baiero rpaguka mokaxercsi BaM He IJ1aJIK0i, a «pBaHOil», TO MPUYHMHA 3TOTO
MOJKET 3aKJIF0UaThCs B TOM, 4TO AnylLogic HETOCTATOYHO 4acTO OOHOBIIET HAOOPH! JaHHBIX HO-
BbIMU 3HaueHUsIMU. UTOOBI M3MEHUTh YacTOTY OOHOBJICHHMSI aBTOMATHUYECKH CO3/1aBaEMbIX IS
NEPEMEHHBIX Ha0OPOB JaHHBIX IepeianTe Ha BKIAAKy «Crnenuduueckue» TOro Kjacca akTHB-
HOro 00BEKTa, Ha JMarpaMMe KOTOPOTO HaXOJUTCS MepeMeHHas U U3MEHHUTE Iepuo]; OOHOBIIe-
HUA JaHHbIX B noje [lepuona. Takue e momst ecTh y Kaxkaoro rpaduka.

ITpoBenuTe cepuro HIKCIEPUMEHTOB C MOAEIIBIO, IIEpE3aIycKast €€ ¢ pa3JInYHbIMU NTapaMeT-
paMH.
Anumanus Mojienu. Jist JIydiiero noHUMaHusl AMHAMHUKU MOJIENT U HaOJII0/IeHUs! pa3BH-
BAaIOLIMXCSI BO BpPEMEHHU IpolieccoB, B AnylLogic mperycMOTpeHa BO3MOXKHOCTh MOCTPOEHUS
AHMMHPOBAHHOTO M300paKEHUs, COCTOSIILIETO0 U3 AMHAMHYECKUX TpapHruecKux 37aeMeHToB. [ 'pa-
(duyeckure AJIEeMEHTHI 371eChb Ha3bIBAIOTCS TUHAMHUYECKHMH, MOCKOJIbKY BCE MX MapaMeTpbl: BU-
JUMOCTD, LIBET U T.II. MOXKHO CJI€JaTh 3aBUCUMBIMH OT IIEPEMEHHBIX U MapaMETPOB MOAEIH, KO-
TOpbIE MEHSAIOTCSI CO BPEMEHEM IIPU BBITIOJTHEHUH MOJIEIH.

[TocTpoum npe3eHTanuIo cep/ama B BUAE U300pakeHUs OBaja, pajuyc KOTOporo oyaer me-
HATBCSA. DTOT paauyc sBiseTca GpyHKIMENH OT 3HaUeHUs! IepeMeHHoM x Moenu. J{s moctpoenus
n300pakeHNs OBajla MepeTaliTe MbIIbio U3 BkiIaaku Ilpesentanms nanenu Ilamurpa mukTo-
rpammy OBan Ha quarpammy kiacca. CripaBa mosiBUTCS OKHO CBOMCTB 3Toro oaia. I1o ymonya-
HUIO UM 3TOT0 00bekTa OyaeT oval, koopauHatel X U Y COOTBETCTBYIOT MECTY, KyJla MbI IIOME-
CTHJIM OBaJl, a paguyc X U paauyc Y COOTBETCTBYIOT TOMY, YTO Mbl HAPHCOBAJHU. 3allyCTUB MO-
JIeNib, Mbl YBUJIUM, HEIIOJBYKHBIN OBaJl, HAXOQAIIUiCs B 3ajaHHOM MecTe. B AnyLogic npunsra
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cleAyrouas KOHIENIU: KaKIas XapaKTepUCTHKA TparuecKoro 3JIEMEHTa MMEET JIBa 3Hade-
HUS: cTaTMYecKoe M JTuHaMudeckoe. CTaTHuecKkoe 3HaYeHHe OIpeaeliseT napaMeTp (KoopauHa-
Ty, YTOJI IOBOPOTA, LIBET U T. I.) 00BbEKTA KaK KOHCTAHTy. J[MHaMUYeCKOe OnpeenseT 3HaueHue
3TOrO IapaMeTpa B MPOLECCE BBINOJHEHUS MOJEIM M MOXKET OBbITh ONpPENENIeHO KaK 3HAYeHHE
mr060i1 mepemenHoi Mozaenu. Ecnu nuHamuyeckoe 3HAUYE€HUE HE ONPEAENICHO, rpadudyecKuit
00BEKT COXPaHUT CBOE CTATHYECKOE 3HaueHue. BeinennTte oBajl, MpeACTaBIAIOUIMA AUHAMUKY
cepaua. CraTuyeckue 3Ha4Y€HUsl €ro MapamMeTpoB 3a/aiiTeé Tak: B IIAHEJIM CBOMCTB OBaJla IIBET
3aJIMBKHU OIpEIeNuTe OOpPAOBBIM, LIBET JIMHUU T'PAHULBI — KPACHBIM; TOJIIMHY JUHUU TPAHULIBI
YCTaHOBUTE 2.
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JluHamuueckue XapakTepUCTUKU OBajla JI0JKHBI OTPaKaTh “KU3HB~ 3TOr0 00BEKTa B MPO-
LIECCE BBINIOJHEHUS MOJENHU. 3alycTuTe MoJenb. IIpoBeauTe sKCriepuMeHThI ¢ YCTaHOBKOM pas-
JIMYHBIX KOA(P(UIUMEHTOB MEX/y pealbHbIM U MOJAEIbHBIM BpeMeHeM. Kpome Toro, MoxHO U3-
MEHSTh apaMeTpbl MOJEIH (Xo ¥ €PS) U HAOII01aTh, KAK U3MEHAETCS XapaKkTep cepALleOreHusl.

Crnaiinepsl B anumanuu. B AnyLogic cyliecTByeT 3/1€eMEHT YIpaBiIeHHUs, TO3BOJISIOLIUI
NOJIb30BATENI0 TpagUUecKy BBIOMpPATh YMCIIO M3 33JaHHOTO JUala3oHa 3HAuYeHUHl MmyTeM mepe-
TaCKUBAHUSI PYKOSATKU — OETYHOK. BeryHkH WM MX ellle Ha3blBaloT ClIaliJiepbl, OOBIYHO HCIIOJIb-
3YIOTCA U1 U3MEHEHUs 3HAaYEHUH YHMCIEHHBIX IIEPEMEHHBIX U NIapaMETPOB BO BPEMS BBINOJIHE-
Hus Mozenu. [lepetamuTe MbIIBIO € BKIAJKH DJIEMEHTHI ynpasieHus nanenu [lanurpa nukro-
rpamMMy beryHok Ha nuarpaMMy kiacca Heart Mexy CTpyKTypoil 1 aHUMallMOHHBIM OBaJioM. B
nosie «CBsi3aTh C» MaHENIN CBOMCTB BBEAUTE MM MapameTpa Xo, @ MUHUMAaJIbHOE U MaKCHUMaJlb-
HOE 3Ha4eHHs1, KOTOpble MO>KHO PEryJHpoBaTh ciaiiiepom, yctanoBute 0 u 1. Jlo6aBute noanu-
CH K CIIaiiJiIepy MOKHO MPOCTHIM HakaTHeM KHOMKHU “‘J[00aBUTH” METKH. 3alyCcTUTE MOJEIb U
IIPOBEPBTE ACUCTBUE claiifiepa. AHAJOTUYHO CAENalTe claiaep uisl napaMerpa eps, yCTaHOBUB
orpannyenus ot 0.01 1o 0.5.
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s nadopatopHoii padoTsl Ne2. /Ing Havana HE0OOXOAMMO MCCIEN0BATh KaX/10€ U3 ypaB-
HEHUIl CUCTEMbI U MPHUBECTH MX K HOpMalbHOMY Buay. HopManuszanus moapaszymeBaeT paspe-
LIEHUE YPaBHEHUsI OTHOCUTEJIBHO CTapIliel NPOU3BOAHOM. {151 3TOro BOCIOJIB3yeMCsl TPUEMOM

— 3aM€Ha Ha HOBYIO IIEPEMEHHYIO.
dy; d 2}’2

1,2 %y, +05 o + 2 TS =0.7
dys
02—+ v, =0.04
dt ¥3

Ya=¥3t+ )2
PaccmotpuM nepBoe ypaBHEHUE CUCTEMBI. 3/1€Ch CTapliasi MPOU3BOIHAs — BTOPOTO MOPSJI-
ka. BBeneM HOBYIO MepeMEeHHYIO Z, KOTOpasi 3aMEHUT MPOU3BOIHYIO 110 Y. [Iyst aTOr0 moctaBuM
Ha pabouyro ob6macte AnyLogic aBe mepemenHbie — Y2 U Z. [Ipu 3TOM BUa 00eUX MepeMeHHBIX
Oyner «MHTErpan v HakomuTeNnby. [|Jst mepeMeHHoM Y2 3HaueHne MOCie 3HaKa paBHO OyJeT Z.
st mepeMeHHOM Z B OKHE 3HAUEHMM 3alMIleM BBIPAKEHHE, KOTOPOE MOJYUUTCS MOCIE 3aMEHBI
nepemenoil. [Iponenaem Bce AEHCTBUS IO TOPSIKY:
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s
1. 3amena d—: Ha Z.
w d=

2. llepenumieM nojgy4YeHHbIH pe3yabTar 1,2 * ¥, + 0.5+ z + 2; =0.7.

dz d=z

3. Bripazum ~; 13 MOJTYH4EHHOT0 BBIPAKCHHUA — = (0.7 —1,2%y, —05=%z)/2.

4. 3amnuineM Mmoy4eHHOEe BhIpaKEHHE B OKHE 3HAYCHHI TIepeMeHHO# Z B AnyLogic.
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Tenepb oOpaTHMcs KO BTOPOMY YpaBHEHUIO B cuctemMe. OHO MepBOro nopsijika, Ho 3aMeHa
NEpEMEHHOM Takke moHamo0uTcs. BBeaem emne aBe nepemennbie — y3 u K. TTockonbky crapiias
IPOU3BO/IHAS TIEPBOTO MOpPsiIKa, TO y3 OyaeT umeTh B «VIHTerpan win Hakonurtenb», a K —
«Dopmyna». B pe3ynpraTe aHaIOIMUHBIX EHCTBUM, KOTOpPBIE ObUIM MCIONIb30BaHbI 111 HOpMa-
JIM3alMH MIEPBOTO YPaBHEHHUsI, MbI TOIy4uM cliienyrotiee Beipaxenue k=(0.04- y3)/0.2

C TpeTbuM ypaBHEHHEM BCE MPOCTO (IIOCKOJIbKY B HEM HET MPOU3BOJHBIX) — MOCTaBUM
elle O/IHy NMEPEMEHHYIO V4, BUJ KOTOpOi Oyaer «PopMyna», 1 IPOCTO MEPENUIlIeM BhIpaKeHUe
U3 CUCTEMBI.
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I[anee 3aIlyCKaM JKCIICPUMCHT, CTaBUM HOBYIO JUAIr'paMMy U IIEPETACKHBAEM Ha HEC )2, )3,
ya. IIocme atoro 3aIlyCKacM MOACIIMPOBAHUC U CMOTPUM, KaK IIPOUCXOJUT UBMCHCHHUEC IICPECMCH-
HBIX BO BPCMCHHU. OTo n 6y,HeT PCHICHUC CUCTCMbI ypaBHCHHﬁ.

821 root [=a)[@ =]
=~ @ root 1
B k=00 0.95
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Ha rpaduke MbI MOXKeM BUAETH, YTO OTJIMUUE CUHETO Tpaduka (mepeMeHHas y4) OT Kpac-
HOTO rpaduka (MepeMeHHas y2) paBHO B TOYHOCTH 3HAYCHHIO 3e€JICHOTO Tpaduka (repeMeHHas
¥3) B K&X/Ibli MOMEHT BPEMEHH. JTO HECITy4yallHO, TaK KaK B3IJISIHYB Ha TPEThE YPAaBHEHUE B CH-
CTeMe, Mbl YBUJIUM COOTBETCTBYIOIIYIO 3aBUCUMOCTH ITHX TPEX MEPEMEHHBIX.

s mabopaTopHoi padoTbr Ne3
Cpena AnyLogic mo3Bosisier MoAM(UIIMPOBaTh, KOMOMHHUPOBATH OOBEKTHI, MPOBOIUTH
SKCIIEPUMEHTHI C HUMHU U MPEACTABIATh PE3yJIbTaThl SKCIEPUMEHTOB B HarsiiHOM dopme. [Ipo-
rpaMMa Stream NpeaHa3HaueHa JUulsl IOCTPOEHUS MOJEINIEN MMOTOKOBBIX CXEM B CPEZle MOIEINPO-
BaHus AnyLogic.
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1. Onpenenenuie THNA JIEMEHTOB M MX YCIOBHO MOJOKUTEIBbHOr0 Hanpasienus. CHavana omnpe-
JEJISIeTCS TUII BCEX AJIEMEHTOB, BXOSAIINX B CXeMY. 3aTe€M 3JIEMEHThI HyMepYyIOTCSl TAKUM 00pa-
30M, 4TOO HOMEpa AIEMEHTOB ObLTH YHUKATBHBIMU. [T0ocIie 3TOro Ajst Kak0ro 3JieMeHTa BhIOH-
paeTcs YCJIOBHO MOJIOKHUTEIbHOE HampaBienue. /s aktuBHbix snementoB (E, I) ycnoBHo mo-
JIO’)KUTENIbHOE HAMPAaBIICHUE OMPENEsSeT MOJISIPHOCTh MCTOYHMKA, ISl OCTAJIbHBIX 3JIEMEHTOB

MOJIOKUTEIBHOE HAPaBIEHUE MOXKET OBITh BHIOPAHO MTPOU3BOJIBHO.
[TycTh, HampuMep, HaM HYKHO BBECTH B Stream CJIEAYIOIIYIO 3JIEKTPUUYECKYIO cXemy (puc.

1).

Pucynok 1.
[Tocne Becex omepanuii cxema OyJeT BBITIISIIETh CISIYIOIUM 00pazom (puc. 2).
LG

VYV

—

el

Mo =N R I

Pucynok 2.
2. Haxoxaenue y3710B. Ha anekTprueckoii cxeme y3JaMu SKBUITOTEHIIMABHBIE YIaCTKHU JIEK-
TpUUYecKoi cxeMbl. Brlenum y3ibl Ha Halel cxeme Tak (puc. 3)

— r7| |\

0

Pucynok 3.
3. ®opMHUPOBAHUE CUCTEMBI VDABHEHUIA.
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RY

Pucynok 4. M300pakeHne 31IeKTpUIeCcKOi CXeMbI B BUjIE Tpada.
HopmanbsHoe nepeBo — AepeBo, B KOTOpOE BETBU BKiItouvaroTcs ¢ npuoputerom U, C, R, L, L.
Anroput™m (popMHPOBAHHS CHCTEMbI YPABHCHHIA CYIIECTBEHHO YIIPOIIACTCS, €CIIA TPUHSATH
cnenyroiee cornamienue: saemMenTsl U, C Beceraa BXOAST B I€peBO, 3eMeHThl Tuna L, 1 — Huko-
IJ1a He BXOJIAT B JiepeBo. UTo Kacaercs ajeMeHTa R, To OH MOXKeT OBbITh, IO 0OCTOSITEIILCTBAM,
160 pedpoM, 00 XopaoH (BXOIUTh B IEPEBO WIIM HE BXOJHUTH B HETO).

R2

Pucynok 5. Iloctpoenue HopMaiibHOTO JiepeBa rpada 1 ycTpaHeHHue IPOTUBOPEUHs TyTEM 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 CEUYCHHME MOXKET BXOJUTh TOJIBKO OJHO pedpo.

s o N
- ==

PucyHok 6. Beiaenenne ceuyeHui.
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E1 3

R2

Pucynox 7. Belaenenvue KOHTYpOB.

[IpuMeHuTENHHO K TIOTOKOBOM CXEMe ClieAyeT 00paTuTh BHUMAaHUE Ha CIICAYIOIIee: CyMMBI Ie-
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 MO KOHTYpPY paBHa HYJIIO, TO KaKIbIi KOHTYp JaeT HaM
OJTHO JIMHEHHO HE3aBHCHMOE YpaBHEHHUE; B UTOTE MBI MOXKEM 3amucaTh M-N+1 ypaBHEHHH KOH-
TypoB. COOTBETCTBEHHO, KaXJI0€ CCUCHHE TAK)KE JIACT HaM JIMHCHHO-HE3aBUCHMOE YpaBHEHHE,
4TO B UTOTe 00ECIIeYnBaeT Moay4deHue N-1 ypaBHEHUs CCUCHH.

B utore nomyuaem (n-1)+(m-n+1)=m, To ecth M JIMHEHHO-HE3aBUCUMBIX 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. BBoJ1 snekTpudeckoil cxeMbl B Stream. Kaxiplil 51€eMEHT cXeMbl NPEICTaBISETCS CTPOKOW B
tabnuie. YToObl BBeCTH aTpuOyTHI AJIEMEHTOB, 3alIOJTHUTE COOTBETCTBYIOIINE CTOJIOIBI TaOIH-
16l. YTOOBI T0OABUTH HOBBIN AJIEMEHT MEPEeHUTE Ha TOCIETHIO CTPOKY TaOIUIIbl U 3alIOJTHUTE
ee. Jlng ynaneHus: CTpOKM M3 TaOJNMIBI BBIJACIUTE €€ IIETYKOM MBI [0 MapKepy CTPOKU U
HaxMuTe kiaBunry Delete. JlobaBneHue sieMeHTa K MOJAEIH MPOUCXOAUT TOJIBKO IMOCTE Mepe-
X0Jla C pelakKTUpyeMOi CTpoKHu Ha Japyryro. [Ipu BBoje cxembl B Stream JUIsl KaXJ10T0 HEOOXO-
JUMO OIPEIENINTD CIEIYIOIIEE:
*  YHUKaJbHBIH HOMEpP — OBLI ONpEeJIEIeH IPU HyMEpalluy AJIEMEHTOB;
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*  THII — ONpE/ETICH paHee;

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

*  3HauEHHUE MapaMeTpa — ONPENENIeTCS UCXOJs U3 KOHKPETHOM 3aJayu, MOXKET ObITh U3Me-
HeHo B Mozenn AnyLogic mocne ee cozmanus;

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

Homepa s1eMeHTOB U y3710B — Liejible HEOTpULIATEIbHbIE YUCa. THUIIBI 2JI€MEHTOB — 3a-
TJIaBHBIC WJIM CTPOYHBIE JIATUHCKUE OYKBHI €,C,l,r,1. 3HaYeHus mapamMeTpoB U HavyajabHbIC 3HAYeE-
HUS DJIEMEHTOB — JICHCTBUTENIbHbBIC YMCIa B OOBIYHOM MJIM 3KCHOHEHIUANbHON (opMe (Hampu-
mep: “1507, “-3.58”, “1.02E06” u T. 1.). BBenennas B nporpammy Stream cxema OyAeT BBITJIS-
JICTh CIeAyIouM 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 YCIOBHUSIMHU pelIaeMOM 3a/1auu, Kiac-
ca MoJieliel, B KOTOPOM OYJIeT CTPOUTHCS MOJEIb JAaHHOTO 0OOBEKTa, M KPUTEPHS aJIeKBaTHOCTH.
- OrmpeneneHue nmapamMeTpoB MOJIENH, 00eCTIeUMBAIONINX HAWIYYIlINe 3HaYeHHs] BBIOPAaHHOTO
KPUTEpHsl a/IeKBATHOCTH (HaMJIy4lllee COBIMAJICHUE BBIXOJHBIX CUTHAJIOB MOJIENU U 00BEKTa MpU
OJINHAKOBBIX BXOJIHBIX BO3JEHCTBUSIX).

Brinosnnenue paboTsl mpeanoaraer:

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

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

- YacToTy cOOCTBEHHBIX KOJICOaHUH.

- Iloka3arens 3aTyxaHus. /i1 3TOro BBIOJHUTH CEPHIO HKCIIEPUMEHTOB — HAOIIOAATh Mepe-
XOJHBIN MpoLIecC B CUCTEME BTOPOTO MOPSAJIKA MPHU pa3IUYHbIX 3HAUEHUSAX MOKa3aTess 3aTyXa-
HUS U CPAaBHUTH UX C IEPEXOJAHBIM ITPOLIECCOM B BallleM 00BEKTeE.

2. 3ajaBIIMCh 3HAYCHHEM OJJHOTO M3 IMapaMeTpPOB, OTMPEACIUTh OCTAIBHBIC TTapaMeTPhl MOJIe-
M (PEKOMEHyeTCs 33/1aThCsl 3HAaUEHHEM mapameTpa o).

3. TlocTpouTh CTPYKTYpHYIO CXeMy Ipoliecca ONTHMH3AINN TTapaMeTPOB.

4. CpaBHHUTbH NEpexoJIHbIEe MPOLECChl 00BEKTa U MOJENH, 3a(h)UKCUPOBAaTh HAKOIJICHHYIO MO-
IPEUIHOCTh IPHU HEONTUMAJIbHBIX 3HAYEHUSIX TapaMeTPOB.

5. Peanu3zoBatb mporenypy ONTUMHU3AIMH TAPAMETPOB.

6. CpaBHHTH EpexXOIHBIC MPOIECCH 00BEKTA U MOAETH MPH ONTUMAIBHBIX 3HAYCHHUSIX Tapa-
MeTpoB. CpaBHUTH pe3yJIbTaThl, MOJyUYEHHBIE 10 U MOCIE ONTHMM3ALUU (HaKOIUIEHHBIE OLINO-
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7. Wpentuduuupyiite 00BEKT B YACTOTHOM OOJIACTH — OINpPEENIUTEe aMILTUTYAHO-YaCTOTHYIO
XapaKTEePUCTUKY «Bpy4yHyro». Hailimure AUX Mozenu ¢ ucmonbp3oBaHHEM IakeTta frequency.
Cpasaure AUYX. Oco60 obparuTe BHUMaHUE Ha COOCTBEHHbIE YAaCTOTHI U KO (PUIIUEHTHI TIepe-
Jlauy: NOJYYEHHbIE SKCIIEPUMEHTAIBbHO BO BPEMEHHOM 00J1acTH U ¢ IOMOIIBIO NTakeTa frequency
(10 aMIUIUTYIHO-4YAaCTOTHOM XapaKTEPUCTHUKE).

IMPUJIOXXEHMUE 1. Ouenka napameTpoB MOJIEINH.

Koaddunuenr nmepenaun Ha HyjaeBoi yactore paBeH K=bo/ag. Onpenennuts €ro MOXHO dKCIIe-
PUMEHTAIBHO KaK OTHOIIIEHUE CUTHAJIOB Ha BBIXOJIC U BXOJIe 00BEKTa B YCTAHOBUBIIIEMCS PEXKH-
me. [locse atoro, 3aaaBuikch 3HaueHHeM Do, MOKHO HaiiTu 8o. COOCTBEHHYIO YaCTOTY CHCTEMBI
MO>KHO OILIEHUTH TI0 MIEPEXOTHOMY MPOIIECCY BO BPEMEHHON 0071aCTH; aHAJIOTHYHO OIPEACTSAETCS
nokasarenib ycrokoeHus. Jlanee, 3Has 3KCIepUMEHTaIbHbIE OIICHKU HAlJeM 3HAUYEHHUS OCTallb-
HBIX [1apaMEeTPOB MOJICIH.

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 Bocmoib3zyiTech maketoMm frequency. [lpu aTom
MOMHHTE, YTO MOJIETh JOJKHA OBITH MpEACTaBlieHa B BHUJIE CTPYKTYPHOH CXEMBI, a BXOJHOU U
BBIXOJTHOM TIEPEMEHHBIM JIOJDKHBI OBITh IPUCBOEHBI UMEHA SIC U dest COOTBETCTBEHHO.

IMPUJIOXKEHUE 3. TIlpu onTuMH3anuy¥ HapaMmeTpoB PEKOMEHIYETCsS HCIOJb30BaTh CpeaHe-
KBaJIPATHYHBIM KPUTEPHA aJleKBATHOCTH MOJENHU U 00bekTa. Ha Bxoabl Moaenu u o0bekTa moja-
€TCSl OJTMH U TOT K€ CHTHAJ, Ha BHIXOJ/I€ CUTHAJIBI BEIYUTAIOTCS, PAa3HOCTh BO3BOJUTCS B KBaApaT
U nojaercs Ha uHTerpatop. Ha BbeIXoge mHTErparopa Mbl MOJIy4aeéM HAKOIUIEHHYIO MOTpel-
HOCTh, KOTOpasi MUHUMHU3HUPYETCS B TIPOIIECCe ONTUMU3AIUH. J1JIsI 3TOT0 HCMOJIb3yeTCs] BCTPOCH-
Has mpouenypa ontuMuzanuu. CTpyKTypy MOJIEIM CUMTAEM 33JaHHOW B BHJI€ 3BE€HA BTOPOIO
nopsika. KoadduimeHTs! cieayer BBECTH B CHMBOJIBHOM Buje: Do, do, a1, a2. He 3abyapTe 3a-
JaTh UX YUCIICHHBIC 3HAYCHHUSI, OTIPEJICIIEHHBIC 110 PE3yIbTaTaM IKCIEPUMEHTa C 00BEKTOM.
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[MPUJIOXKEHUE 4. Ontumu3zanus napamerpoB B cpesie AnyLogiC. OnTumu3aioHHbIH dKcIie-
pumeHT B AnyLogic mo3BossieT HaiiTH Takue 3HAYECHUs TapamMeTpOB MOECIH, IIPH KOTOPHIX 00-
paiaercs B MUHUMYM WJIM MAaKCUMYM HEKOTOpasi ONpeieieHHas 10JIb30BaTeNneM 1eneBas QyHK-
. 3HaYeHUe [eNeBOM (DYHKIMM MOJCUUTHIBAIOTCS B AnyLogic KaKIblii pa3 1Mo OKOHYAHHH
OUYEPEHOT0 BBIMOJIHEHUS MOJIENIU, U AJITOPUTM ONTUMHU3ALMHN aBTOMAaTHYECKH BbIOMPAET HOBBIE
3HAYCHHS MMapaMeTpoB IS OYepeHOTo 3amycka monxenu. Ontumusanus B AnyLogic peanu3zo-
BaHa ¢ Mcnosib3oBaHueM nakera OptQuest gupmbl OptTek. [l onTuMuzanuu mosib30BaTelb
JIOJDKEH B COOTBETCTBYIOIIMX OKHAX 331aTh (DYHKIIMOHAJ, KOTOPBIA ClelyeT MUHUMH3HPOBAThH
1100 MaKCUMM3MPOBATh, 3a/1aTh TapaMETPbl U OIPaHUYEHUS WX AMAIa30HA, B KOTOPBIX JOJDKHA
BBITIOJHATBHCS ONTUMU3ALMSA, a TAK)KE yKa3aTh OTPaHUUYEHUSs, OINpPENESIoNINe KJIacC JO0MYyCTH-
MBIX pELIEHUH. 3aJaB BCE O3TO, IOJI30BATEIb MOJYKET 3allyCTUTh ONTHUMHU3ALUIO0, U IAKET
OptQuest mociie HEKOTOPOTO YKCIIA MPOO ABTOMATHYECKH BBHIOCPET HAMITYYIINN METO/ ONTHMH-
3allMy JJIs JAHHOW MOJIENH Cpelld TeX METOAOB, KOTOpbIe HaXOAiTCs B ero 0ubianoTeke, u Oyaer
ClIeZIoBaTh BBIOPAaHHOMY ONTHMHU3AaIMOHHOMY anroputMmy. MHTepdeiic AnyLogic mo3Bomser
MI0JIB30BATENIO TAKXKE UCIIOJIB30BATh CBOM aJITOPUTM ONTHUMM3ALUH.
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11. YYEBHO-METOANYECKOE 1 UTH®OPMAIIMOHHOE OBECIHEYEHHUE JUC-
HNUITJINHBI

a) CniucoK peKoMeHyeMOoil JIuTepaTypbl

OCHOBHAasI

1. boes, B. JI. UMmutanmoHHOEe MOJCIMPOBAHUE CHCTEM : yU4eOHOE MOCOOHue I MPUKIIAI-
Horo OakanaBpuata / B. [I. boeB. — Mocksa : U3natensctBo HOpaiit, 2019. — 253 ¢. — (baka-
nasp. [Ipuxknagnoit kypc). — ISBN 978-5-534-04734-9. — Tekct : anexktponHsbIii // O6pa3oa-
tenpHas miatdopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/438785

2. [Menyxun O.U., MoaenupoBanre WHGOPMAIIMOHHBIX CHUCTEM : YueOHOE MmocoOue s
By30B / lllenyxun O.W. — 2-e u3x., nepepad. u nom. — M. : I'opsiuas nmuaus — Tenexom, 2012. —
516 c. — ISBN 978-5-9912-0193-3 — Tekct : anmektponHbiii // DbC «KOHCYIbTaHT CTyICHTAY :
[caitT]. — URL : http://www.studentlibrary.ru/book/ISBN9785991201933.html

JAOMOJTHUTEIbHAS
1. Jlucsx B.B., MonenupoBanue MHQOpPMAIMOHHBIX CHCTeM : ydyeOHoe mocobue / Jlucsk
B.B. — PocroB w/]l : M3n-Bo FODY, 2018. — 88 c. — ISBN 978-5-9275-2881-3 — Tekcr : aiiek-
TPOHHBIN // OBC "KoncynpTaHT cTyneHra" : [caiiT]. — URL
http://www.studentlibrary.ru/book/ISBN9785927528813.html

2. 3apukoBckas, H. B. Matemarnueckoe MoaenupoBaHue cucrteM : yaeOHoe mocodue / H.
B. 3apuxosckas. — Tomck : ToMckuii rocyjapcTBEHHBIM YHUBEPCUTET CUCTEM YIPABICHUS U
panuosnekrponuku, 2014. — 168 c. — ISBN 2227-8397. — TekcT : 31eKTpoHHBIN // Dnek-
TPOHHO-OMOJIMOTCUHAS cucremMa IPR BOOKS : [caiT]. — URL:
http://www.iprbookshop.ru/72124.htmi

3. Cogemos, b. 1. MoaenupoBaHue CUCTEM : YUCOHHK i akamemudeckoro OakamaBpuara/ b. SI. CoBeros,
C. A. fIkoBneB. — 7-e u3n. — Mocksa : UznarensctBo HOpaiit, 2019. — 343 c. — (bakanaBp. AxaneMu4eckuii

kypc). — ISBN 978-5-9916-3916-3. — Tekcr : anektponHblii / Obpa3oBarenbHas miardpopma FOpait [caiit]. —
URL: https://urait.ru/bcode/425228

4. MogenupoBaHue cucteM M mporeccoB. [IpakTukyM : yyeOHOe mocoOue i akageMude-
ckoro OakanaBpuata/ B. H. BonkoBa [u nap.]; mox penakmueit B. H. BonkoBoii. — Mockaa :
NznarensctBo FOpaiit, 2019. — 295 c. — (bakanaBp. Akxanemudeckuii kypc). — ISBN 978-5-
534-01442-6. — Tekct : anexTpoHHbIi // O6pa3oBarensHas iardgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/436475

S. CemymuH, U. B. CroxacTuueckue MOJENH, OLEHKU W yOpaBlieHue : pasziein: Jlerepmu-
HUCTCKHME MOJIEJIN JJUHAMUYECKUX cucteM: MeTol. mocobue / M.B. Cemymun, 0. B. L{piranosa ;
Val'V. — Vapsguoscek : Ynl'Y, 2007.

6. Kymymxues, K. B. Teopust cucreM M CUCTeMHBIN aHanu3 : yueO. mocobme. Y.1-2 : /
K.B. Kymynxues ; Yal'V. — Vaeauosck : Yal'V, 2003

yueOHO-MeTo Y ecKas

1. IlpranoBa 0. B. Meroauueckue ykazaHHs JJIi CaMOCTOSITEIbHOM pabOThI CTYJEHTOB IO
mucuuiuiiHe «VIMUTallMoOHHOE MOJEIMPOBAHUE) Ul CTYJEHTOB OakajaBpuara IO HalpaB-
aenusm 09.03.03 «IIpuxiagnas unpopmaruka», 02.03.03 «Maremaruyeckoe obecriedeHne
U aJJMMUHUCTpUpOBaHHE MHPOpPMALUOHHBIX cuctem», 09.03.02 «MHpopmanroHHbIE cUCTe-
Mbl 1 TexHosorum», 11.03.02 «MH(pOKOMMYHUKAIIMOHHBIE TEXHOJIOTUU M CHUCTEMBI CBS3H
oyHOU ¢opmbl 0oOyuenusi. - 2022. - 38 c. - HeomyOnmxoBanublii pecypc. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/13470. - Pexum gocryma: DbC Val'V. -
TekcT : 31MeKTPOHHBIN.

CornacopaHo:

__JHPEKTOP HB /__BYPXAHOBA -M,J_-_/J?;(_Q/@qu,%éz./

JLORHOCTE COTPYBNKA HayHHOR Gubiamorex DHO Aara
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0) [IporpamMHoOe o0ecnieueHne
Jlyist 06pazoBaTeNbHOTO TpOIlecca MO TaHHOW TUCIUIUIMHE HE00X0uM cTannoHapHbIi kiracce [TK
C YCTaHOBJIEHHBIM CJIEAYIOLIUM MPOTPaMMHBIM 00€CIICUCHUEM:

— oneparronHas cpeaa OC Windows/Linux;

— nporpammHas cucrema AnyLogic;

— nporpammHas cucrema Scilab.

B) [Ipodeccuonanibubie 0a3bl JAHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CUCTEMBbI:

1. Dy1eKTPOHHO-0UOJINOTEYHbIE CUCTEMBbI:

1.1. IPRboOKS : siekTpoHHO-OMOIMOTEYHAsT CUCTEMA : CalT / rpymma KoMmmanuii Ai ITu
Ap Menua. - Capatos, [2021]. — URL.: http://www.iprbookshop.ru. — Pexxum noctymna: st 3ape-
TUCTPHUP. NOJIb30BaTeNel. - TeKCT : 3JIEeKTPOHHBIM.

1.2. FOPAMT : snexTponHo-GubnuoTeunas cucrema : cait / OO0 DIeKTpoHHOE H31a-
tensctBo FOPAWT. — Mocksa, [2021]. - URL: https://urait.ru. — Pexxum mocTyma: st 3apert-
CTpHP. IOJIB30BATENEH. - TEKCT : 3JIEKTPOHHBIMN.

1.3. KoHCyJIbTaHT CTyJIEHTA : 3JIeKTPOHHO-0MOIMoTeuHast cuctema : caidt / OOO Ilonu-
Texpecypc. — Mocksa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum
JOCTyTa: 7Sl 3aPETUCTPUP. Mosb3oBareneil. — TeKCT : AIeKTPOHHBIN.

1.4. KoHcynbpTaHT Bpada : 3JEKTPOHHO-OmOMMoTedHas cucrema : cat / OOO Beicmas
IIKOJIa OpTraHU3allMy U YIpPaBIEHUS 3/paBOOXpaHeHueM-KOMIUIEKCHBIH MEAUIIMHCKUI KOHCAll-
taHr. — MockBa, [2021]. — URL: https://www.rosmedlib.ru. — Pexum moctyma: s 3aperu-
CTpuUp. nonb3oBareneil. — TeKCT : 3IeKTPOHHBIM.

1.5. Bonpuras MmeauiMHCKass OMOTMOTEKA © AJICKTPOHHO-OMOIMOTEYHAs CUCTEMA © CalT /
00O Bykan. — Tomck, [2021]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum mocryna:
JUISL 3aPETUCTPUP. MOJb30BaTENEH. — TEKCT : JJIEKTPOHHBIN.

1.6. Jlanp : snexktpoHHO-OMONMOTEeYHast cucteMa : cailt / OO0 3BbC Jlanp. — CaHKT-
[MetepOypr, [2021]. — URL: https://e.lanbook.com. — Pexwum moctyma: ajis 3aperucTpup. mojib-
30BaTesiel. — TeKCT : IIEKTPOHHBIN.

1.7. Znanium.com : 3JeKTpOHHO-OMOIHoTeYHas cucrema : cat / OOO 3HaHuUyM. -
Mockga, [2021]. - URL: http://znanium.com . — Pexxum moctymna : Ui 3aperucTpup. Mojb30Ba-
Tenen. - TeKCT : 2JIeKTPOHHBIM.

1.8. Clinical Collection : KoyIeKIMs 11 MEIUIMHCKUX YHUBEPCUTETOB, KIMHUK, MEIH-
IUHCKHAX OMOIMOTEK /l EBSCOhost : [moprau]. - URL.:
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-
e97828f9f7e1%40sessionmgrl02 . — Pexxum jgocTyma : Ui aBTOpH3. MmoJib3oBaresneil. — TekcT :
JJIEKTPOHHBIN.

1.9. Pycckuii s13bIK Kak HUHOCTPaHHBIN : 3JIEKTPOHHO-00pa30BaTENIbHbBIN pecypc UIsl HHO-
cTpaHHbIX cTyaeHToB : cailT / OOO Kommanus «Ait Ilu Ap Meauna». — Caparos, [2021]. —
URL.: https://ros-edu.ru. — Pexxum qoctyma: ajisi 3aperucTpHp. mosb3oBateneit. — Tekcr : ayek-
TPOHHBIN.

2. KoncyasTautIliaroc [DnekTpoHHBIN pecypc]: cipaBodyHas mpaBoas cuctema. /000
«Koncynbrant ITnroc» - Dnexktpon. naH. - Mocksa : Koncynsrantlnroc, [2021].

3. ba3bl JaHHBIX NEPHOAMYECCKUX U3AAHUI:

3.1. ba3a naHHBIX NMEPHOAMYECKUX M3JaHMUU : 3JIeKTpoHHBIE kypHaitsl / OO0 UBUC. -
Mocksa, [2021]. — URL.: https://dlib.eastview.com/browse/udb/12. — Pexxum moctyma : mist aB-
TOPU3. MOJIb30BaTENEH. — TEKCT : AIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snextponHas Oubmuoreka : caiitr / OOO Hayunas Dnek-
TpoHHast bubnmoreka. — Mocksa, [2021]. — URL: http://elibrary.ru. — Pexxum moctyna : st aB-
TOPH3. MOJIb30BaTeNIeH. — TEKCT : IIEKTPOHHBIN

3.3. «Grebennikony : snextponnas oudnauoreka / U/ I'pebennukoB. — Mocksa, [2021]. —
URL: https://id2.action-media.ru/Personal/Products. — Pexxum goctyma : JjIsi aBTOPHU3. MOJIB30-

dopma A Crpanuna 30u3 32



http://www.iprbookshop.ru/
https://www.studentlibrary.ru/cgi-bin/mb4x
https://www.rosmedlib.ru/
https://www.books-up.ru/ru/library/
https://e.lanbook.com/
http://znanium.com/
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-e97828f9f7e1%40sessionmgr102
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-e97828f9f7e1%40sessionmgr102
https://dlib.eastview.com/browse/udb/12
http://elibrary.ru/
https://id2.action-media.ru/Personal/Products

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

dopma

®-PaGoyast nporpamMmma o JUCHHILUIHHE

Baresnen. — TeKCT : 2JIEKTPOHHBIM.
4. HaumoHaabHasi 3JIeKTPOHHAsi OMO/IMOTEKA : dJIEKTpOHHAs OnOInoTeKa : eaepainb-
Hasi TOCYAapCTBeHHas: HH(POPMAIIMOHHAA cucTeMa : cadT / MunuctepcTBo KyibTypsl PO ; PI'B.

— Mockaa, [2021]. — URL: https://H306.pd. — Pexxum moctyna : mjis mojb3oBareiield Hay4YHOR
Ooubmuoreku. — TeKCT : AIIEKTPOHHBIN.
5. SMART Imagebase  // EBSCOhost : [mopTai]. - URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum goctyma : Ui aBTOPHS.
noJib3oBaresei. — M3o0pakeHue : 3JeKTpOHHBIE.

6. @enepanbHble HHGOPMALMOHHO-00pPa30BaTe/IbHbIE NOPTAJIbI:

6.1. EanHoe OKHO JIoCTyma K 00pa3oBarelbHBIM pecypcaM : (emepaibHbIi mopran /
yupeautens @TAOY 1O LIPT'OIT u UT. — URL: http://window.edu.ru/ . — TekcT : 31€KTpOH-

HBIH.

6.2. Poccuiickoe obpaszoBanue : denepanbHblii moptan / yupeautrens GIAOY 1O
LIPT'OIT u UT. — URL: http://www.edu.ru. — Tekct : 3J1eKTPOHHBIH.

7. Oopa3oBaresibHbIe pecypebl Yal'y:
7.1. Onexrponnas oubnuoreka Ynl'Y : moxyins ABUC Mera-ITPO / OO0 «/lata Dkcmpecey. —
URL.: http://lib.ulsu.ru/MegaPro/Web. — Pesxum toctymna : ajist oib30BaTeliel HayqHOoi O1o-
JMOTEKU. — TEKCT : IIEKTPOHHBIM.

CornacosaHo:
3amectrens Havansuuka YUTuT /Kioukosa A.B. *"k’,'_*//z_/' L X

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Aynuropun JUisl IPOBEACHUS JIEKIUH, CEMUHAPCKUX 3aHATUH, 17 IPOBEJEHUs J1abopa-
TOPHBIX paboT, /Ul MPOBEACHUS TEKYLIEro KOHTPOJI U MPOMEXYTOUHOW aTTecTaluu, IpymIio-
BBIX M WHAWBH/YaJIbHBIX KOHCYJIbTAIHH.

AyIUTOpUH YKOMILJIEKTOBAHBI CIIEUAIM3UPOBAaHHON MeOenblo, yueOHol focKoi. Ayau-
TOpUHU JJI1 MPOBEAEHUS JIEKIMH 000pYyAOBaHbI MYJIbTUMEIUNWHBIM 0O0OPYJOBaHHEM Ui Ipea-
cTaBieHuss MH(opMaruu OosblIoN ayaurtopuu. IlomemeHuss A caMOCTOSATENBbHOM paboThI
OCHAIIIEHbl KOMIBIOTEPHON TEXHUKON C BO3MOYKHOCTHIO MOAKIIOYEHUs K ceTu «MHTepHeT» U
o0ecreyeHrneM J10CTyna K 3JeKTPOHHOM HH(pOpMallMOHHO-00pa30BaTeIbHOM cpejie, 3J1eKTPOHHO-
oubimoteyHoit cucreme. [lepeuens 000pyI0BaHUS, UCIIONB3YEMOTO B y4eOHOM Tpoliecce, yKa-
3bIBACTCS B COOTBETCTBUU CO CBEIEHUSMH O MaTe€pHUaIbHO-TEXHHUUYECKOM OOECHeYeHUH U OCHa-
HIEHHOCTH 00pa30BaTEILHOTO MPOIlecca, pa3MEeeHHBIMU Ha oduimanibHoM caiite Yul'Y B pas-
nene “CpeneHust 06 00pa3oBaTesIbHOM OpraHu3anuu’”.

13. CHEIIMAJIBHBIE YCJIOBHUA IJISA OBYYAIOIIUXCA C OI'PAHUYEHHBIMH
BO3MOXKHOCTSAMMH 310POBbSA

B cnyyae HeoOxomuMocTH, 00ydaromUMCs U3 YMCIIA JIUI] ¢ OTPAHUYCHHBIMU BO3MOKHO-
CTSIMHU 37I0POBbsI (TI0 3aBJICHUIO 00YUaIOIIEerocs) MOTYT MPeJIaraTbCsi OJHA U3 CICIYIONUX Ba-
PHAHTOB BOCHPUATHS WH(POPMAIIUU C YIETOM MX WHIAUBUAYATBHBIX MCUXO(DU3MUECKUX OCOOCH-
HOCTEH:

— JUIsl MLl ¢ HapyLIEHUSIMHU 3pEeHHs: B Me4YaTHON (opMe yBeIMUYEHHBIM LIPU(PTOM; B
dbopMe 3MEeKTPOHHOTO JOKyMeHTa; B Qopme ayauodaiina (mepeBoj y4eOHBIX MaTepHaloB B
aynuogopmar); B rneyaTHou (opme Ha si3bike bpailnis; nHAMBUAYyalbHbIE KOHCYIbTALUU C TPU-
BJICUCHUEM THQIOCYPAONIEPEBOIUNKA; HHANBUTyalbHBIC 3a/IaHUSI U KOHCYJIbTAIINN;
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— JJIS1 JIAL C HapyIICHUSIMH CIIyXa: B Ie4aTHOU (hopme; B pOpMe FIMEKTPOHHOTO JOKYMEH-
Ta; BUJEOMAaTEpUasbl C CyOTUTpaMu; MHAWBUyallbHbIE KOHCYJIbTALMU C MIPUBJICYECHUEM CYpPJO-
NepPEBOJUMKA; UHIMBUyaJIbHbIC 3aJaHUSI U KOHCYJIbTALlUY;

— JUIA JMII ¢ HapyIIEHUSIMH OIOPHO-JBUTaTEIbHOTO ammapara: B MedaTHOU ¢opme; B
dbopMe FIeKTPOHHOTO JOKYMEHTa; B popme ayaunodaiina; HAUBUIYaAIbHbIE 33JaHUS U KOHCYJIb-
Talu.

B cnywae HeoOXOOMMOCTHM  HCIONB30BaHHMs B Y4eOHOM Ipoliecce  4YacTH4-
HO/HMCKJIIOUUTENBHO JIMCTAaHIIMOHHBIX 00pa30BaTEeNbHBIX TEXHOJIOTUH, OpraHu3anus padoThI
[IIC ¢ obyuaromumucs ¢ OB3 n nHBaNMIaMu MpeaycMaTpUBaeTCs B AJICKTPOHHOW HMH(pOpMa-
IIMOHHO-00Pa30BaTENILHON CPEie C YYETOM UX MHIUBUAYAIBHBIX MCUXO(PU3UIECKUX OCOOCHHO-
cTeil.

PaspaboTunk %V%c c}’ npodeccop kad. UT /L{piranosa 10.B./
nofiucs”” JIOJIKHOCTh dUO
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