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1. HEJIM U 3AJAYH OCBOEHUSA JUCHUITJINHBbI

I[I/ICI_[I/IHJII/IHa ((KOMHBIOTepHOG MOJCIIMPOBAHUCH 3HAaKOMUT CTYACHTOB C
(GyHIaMEHTATBHBIME METO/IaMH KOMITBIOTEPHOT'O MOJICIMPOBAHUS M HEMOCPEICTBEHHO CBSI3aHA
C OCHOBHBIMHM MAaTEMAaTHYCCKHMMH JUCHUIIIIMHAMU. HpeIIMCTOM HU3YyUYCHUSA ABJIAOTCA MCTOIbI U
NPUHOMAOBl  TOCTPOEHHMS MaTeMaTW4eCKUX W KOMIIBIOTEPHBIX Mozened. Jlucuurumza
3aKJIaabIBacT q)YHHaMeHTaJIbHBIG 3HaHUA, H€O6XOI[I/IMBIC AJId U3y4YCHUA BCECX OCHOBHBIX KYPCOB,
HOCBSIIIEHHBIX MAaTeMaTHYECKOMY W HMMHUTALMOHHOMY KOMITBIOTEPHOMY MOJAEIHPOBAHHIO
peabHBIX OOBEKTOB U MPOLIECCOB.

Iesin 0ocCBOEHUA TUCIIUILIHHDI:

® 3y4Yy€HHE OCHOBHBIX MOHATHI U METOJ0B MOCTPOCHUS U UCCIICOBAHUS MATEMaTUYECKUX
MOJIeJIeH, CUCTEM U SI3BIKOB MOJICTTUPOBAHMS.

3agaum 0CBOEHHSA JUCHMILINHBI.

e BBIPa0OTKA Yy CTYACHTOB HAaBBIKOB HCIIOJB30BAHUS CHUCTEM KOMIBIOTEPHOIO MOEIHUPO-
BaHUS,

e 000CHOBAaHHOTO BEIOOpA METOJIOB U CPEICTB KOMITBIOTEPHOT'O MOJIEITHUPOBAHMS,

® TIOHMMAaHUS MPOLIECCOB KOMITBIOTEPHOTO MOJICTUPOBAHUS;

® OCBOCHHMS METOJIOB MTOCTPOEHUSI MAaTEMAaTUUECKUX U KOMITBIOTEPHBIX MOJIETICH.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

JlucuuruimHa OTHOCUTCA K 0a30Boi yacTH mukiia b1 oOpa3zoBarenbHOI MpOrpaMMBbl U YUTAET-
csl B 5-M ceMecTpe CTyJeHTaM HampasieHus «MaremaTuueckoe obecreyeHue u aAMUHUCTPUPO-
BaHME WH(OPMAIIMOHHBIX CHCTEM» OUYHOU (POPMBI O0yUCHHUS.

Jl1s1 ee yCIenIHOro U3y4eHusl He0OXOIMMBbI 3HAHUSI U YMEHHUsI, HaBbIKU U KoMrieTeHuuu OITK-
2, OIIK-3, yacTUYHO WJIM MOJIHOCTBIO IPUOOPETEHHBIE B PE3Yy/IbTATE OCBOCHMS YUEOHBIX TUCLIH-
wMH: «/{uckpetHas mMaremaTtuka», «BBeneHHE B CHENUAIBHOCTHY», «TE€XHOJIOrUS MpOrpaMMHu-
pOBaHU», «APXUTEKTYpa BBIYUCIUTENIBHBIX CUCTEM W KOMIIBIOTEPHBIX CHUCTEM», «Airedpa u
reomerpusi», «MHpopmMaTtuka u mporpaMMupoBaHue», «Maremaruyeckas JOruka», «Mojaenu
JIAHHBIX U MPUKIIATHBIE aTOPUTMBIY, «MaTeMaTtuueckuil ananusy», «Jluddepenimansubie ypas-
HeHMsD», «TexHomorus pa3paboTK1 IporpaMMHOro obecredeHus», «BrIcCOKOypoOBHEBbIE METO/IbI
MH(OPMATUKU U NIPOrpaMMHUPOBAaHUSI», yueOHas MpakTuka, «[eopus cCUCTEM M CUCTEMHBIN aHa-
a3y, «BerauciaurenbHas MaTeMaTukay, «OnepanoHHble cCUCTeMBbl U 0007104Kn», «[IporpamMmu-
poBanue B cpene Windowsy.

1 oCBOEHHs AMCLMIUIMHBI CTYAEHT JOJDKEH HMMETh CIEAYIOIIUE «BXOJHBIE» 3HAHU,
ymenusi, HaBelku 1 KomreTeHnuu OIIK-2, OIIK-3: noustie nuddepeHnuanrsHoro ypaBHeHMs,
MeTOAbI pelieHus TudepeHaIbHbIX YPaBHEHUH, TOHATHS aJrOpUTMa M MPOTrPAMMBI, MOHS-
THE CIIy4allHOTO YHUCJIa, METObI JIMHEWHOM anreOpbl U BHIYUCIUTENbHON MaTeMaTHKU, MaTeMa-
TUYECKOTO aHaJIN3a, TEOPUU BEPOATHOCTEH.

ConyTcTBYIOIMMH (MapaJJIENIbHO HW3YYaeMbIMH) AUCHUIIIMHAMM SBISIOTCS: «DYHKIHO-
HaJIbHBIA aHanu3», «HPOpMaLMOHHbIE TEXHOJIOTUNY, «CHCTeMBbl IPUHATHUS pelieHuit», «Teo-
pHs BEpOSTHOCTEN M MaTeMaTH4eCcKasi CTaTUCTHKAY.

Pe3ynpTaThl OCBOEHUS JUCHUIUIMHBEI «KOMIBIOTEpHOE MOAECTUPOBAHUE» OYAYT HEOOXOAUMBI
JUIsL AalibHEHIIero mpouecca oO0y4eHHs B paMKaX MO3TamHOro (OopMUPOBAaHUS KOMIETEHIIUN
OIIK-2, OIIK-3 npu U3y4eHUuH CIeIyIoUMX CeNHualbHbIX TUCIMIUIMH: «TeopHs BeposTHOCTEN
U MaTeMaTHyecKas CTaTUCTUKa», «MeTo/bl MpOorpaMMUPOBAHUS COBPEMEHHBIX MH(POPMAIIMOH-
HBIX  CHCTeM»,  «AJMHUHUCTPUpOBaHME  HMH()OPMAIMOHHBIX  cUcTeM»,  «OOBEKTHO-
OpPUEHTUPOBAHHOE MPOrpPaMMHUPOBAaHUE», «METpoJIoTus U KauecTBO MPOrpaMMHOI0 olecrede-
HUs», «CHCTEMBI peallbHOTO BpeMeHn», «Kpuntorpapudeckue METOAbI 3alUTHl HHPOPMALIUN»,
«[TapannenbHoe nporpammupoBanuey, «KommnerotrepHas rpadukay, «O0HapykeHne BTOPKEHUN
U 3anmTa nHpOopMaluny, a TAaKXKe IpU MOATOTOBKE K cAaye U ¢1ade TOCYAapCTBEHHOTO 3K3ame-
Ha.
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3. IEPEYEHb [INTAHUPYEMBIX PE3YJIBTATOB OBYYEHUA 110 JUCHUIITIMHE
MOAYJIIO), COOTHECEHBIX C INTAHUPYEMBIMMU PE3YJIbTATAMMU
OCBOEHMUS OFPA30OBATEJBLHOM ITIPOT'PAMMBI

[Tpouecc u3yuenus: AucuUILIUHBI «KOMIBIOTEpHOE MOJEIUPOBAHKE» HAIpaBlieH Ha (op-
MHUPOBAHUE CJICIYIONMUX KOMITETCHIIUM.

Kon u HammeHoBaHue pea-
JIU3yeMON KOMITETEHLIUH

[lepeueHpb MIAHUPYEMBIX PE3YJIHTATOB OOYUYEHUS MO JUCIUTLINHE
(MOJyJII0), COOTHECEHHBIX C WHIUKATOPaMH JOCTHXKCHUSI KOMITE-
TEHIIUN

OIIK-2 — cnocobeH mpume-
HATb COBPEMEHHBIM Mare-
MaTUYECKUM anmnapar, CB-
3aHHBIM C IIPOCKTUPOBAHU-
eM, pa3paboTKOH, peanu3a-
UAEN M OLEHKOM KayecTBa
MPOrpaMMHBIX MPOAYKTOB U
IIPOTPaMMHBIX KOMILJIEKCOB
B pa3iIM4YHBIX OOJIACTSAX Ue-
JIOBEYECKOH IESTEIBHOCTH.

3HaTh:

COBPEMEHHBIN MaTEMaTUYECKUN aIlapar, CBA3aHHBIN C IPOEKTH-
poBaHueM, pa3pabOTKOM, peanu3aleil 1 OLleHKON KauecTBa Ipo-
IPaMMHBIX NPOAYKTOB M INPOrPaMMHBIX KOMIUIEKCOB B pPa3jivy-
HBIX 00JIaCTAX YEJIOBEUECKON JesITeIbHOCTH.

YMers:

IIPUMEHATh COBPEMEHHBIN MaTeMAaTUYECKUI almapar, CBs3aHHBIN
C MPOEKTHUPOBAHUEM, Pa3pabOTKOM, peaanu3alue U OLIEHKOW Ka-
4eCTBA MPOrPaMMHBIX NPOLYKTOB M IPOIPAMMHBIX KOMILIEKCOB B
pa3IMyYHbIX 00JaCTIX YEJIO0BEUECKOH 1eATEIbHOCTH.

Bnaners:

HAaBBIKAMM IIPUMEHEHHUsI COBPEMEHHOI0 MaTE€MaTH4YEeCKOro armma-
parta, CBA3aHHOI'O C IPOEKTUPOBAHUEM, Pa3pabOTKOM, peanzaru-
€1 M OLIEHKOM KayecTBa MPOrPAMMHBIX MPOAYKTOB U IPOTPaAMM-
HBIX KOMILJIEKCOB B PA3JIMYHBIX 00JACTAX YEJIOBEYECKOH JesITeNb-
HOCTH.

OIIK-3 — cnoco0eH mpume-
HATH COBPEMEHHBIE HH(OP-
MalMOHHBIE TEXHOJIOTUH, B
TOM YHUCIIE OTE€YECTBEHHBIE,
OpU CO3JaHUU TPOTPaMM-
HBIX TPOJYKTOB H TIPO-
TPaMMHBIX KOMIIJIEKCOB
pa3IMYHOTO Ha3HAYCHMS.

3HaThb.

COBpeMeHHbIE WH()OPMAIMOHHBIE TEXHOJIOTHH, B TOM YHUCJE OTe-
YECTBEHHbIE, MPU CO3JaHUU MPOTPAMMHBIX MPOJYKTOB MU MIPO-
TPaMMHBIX KOMILUIEKCOB Pa3JINYHOTO HA3HAUCHUS.

VYMeTh.

MIPUMEHATH COBPEMEHHbBIE MH(POPMAIIMOHHBIE TEXHOJIOTHH, B TOM
YHCJIE€ OTEUECTBEHHbIE, MPU CO3JaHUU MPOrPAMMHBIX MPOJYKTOB
Y TIPOTrPaMMHBIX KOMILUIEKCOB Pa3JIMYHOTO HA3HAYEHUS.

Bnaners:

HaBBIKAMH MPUMEHEHHSI COBPEMEHHBIX MH(GOPMAIIMOHHBIX TEXHO-
JIOTUM, B TOM YUCII€ OTEUECTBEHHBIX, MPU CO3JIAHUU MPOTrpaMM-
HBIX TPOAYKTOB W TPOTPAMMHBIX KOMILUIEKCOB Pa3IMYHOTO Ha-
3HA4YECHMUS.

4. OBIIAA TPYAOEMKOCTb AUCHUIIJIMHBI

4.1. O6beM TUCHUILIHHBI B 324eTHBIX eMHHUIAX (Bcero): 5 3eT (180 yacon).

4.2. O0beM JUCHUILIMHBI 10 BUAAM y4eOHOMH padoThI:
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KonngectBo yacoB (popma oOyueHus - 1HEBHAs)
Bu eOHOI paboTHI
abhe P Beero B 1.4. o cemectpam
1o
IIaHy 5
KonTaktHas pabora
00yJaromuxcs ¢ Mpero- 72 72[72*
JaBaTesieM
AyIUTOpHBIC 3aHATHS:
o Jlexuun 18 18/18*
e [IpakTuueckue u ce- 18 18/18*
MUHAPCKUE 3aHATHUS
e Jlaboparopusie pa-
00THI (1abopaTopublii [ 36 36/36*
IPAKTUKYM)
CamocrositenbHas pabo-
P 72 72
Ta
DK3aMeH 36 36
Bcero vacoB no nuciu-
AHER 180 180
TUTHE
dopma TeKylero KoH-
TPOJIS 3HAHUN U KOHTPO- JlabopaTopHblie paboThI, TPOBEPKA pelie-
TS CAMOCTOSITENTEHOM HUS 33724
paboThI
Kypcosas paborta
Buael npomexxyrouHon
aTTecTaluu (dK3aMeH, 9K3aMeH
3a4er)
OO61mas Tpy10eMKOCTh B 5 5
3ad. el

*B cnyuae neobxo0umocmu UCnonib308anusl 8 y4eOHOM npoyecce 4acmuyHo/ UCKIIOYUMETbHO
OUCMAHYUOHHBIX 0OPA306AMENbHBIX MEXHONI02UIL 8 MAbIUYe Yepes cleul YKA3bleaemcsi Koaude-
cmeo yacoe pabomst I11C ¢ obyuarowumucs npu npoeedeHuu 3aHAMul 8 OUCMAHYUOHHOM
Gopmame ¢ npumenenuem 1EKMPOHHO20 0OYUEHUS.

4.3. Conep:xkanue AUCHMILTUHBI. Pacnpenesienue yacoB mo reMaM M BHJAaM y4eOHOI pado-

ThI:
dopma 00yueHus o4Has
Buapl yueOHbIX 3aHATHI ®opma TeKy-
AyauTOpHBbIE 3aHATHS -
- HpaKTn Jlabopa 3ansus Camo . KOHTI*)'O
Ha3Banue pase- p P B HHTe- JIst 3BHAHUI
Bcero YecKkne TOPHBbIE cTosA-
JIOB ¥ TEM PaKTUB-
Jlexuyu | 3aHsTHS, | padoTHI, o TeJIbHASA
CeMHHA- | IPAKTH- padora
dopme
pPbl KYMBI
1 2 3 4 5 6 7
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Pasznen 1. MaremaTn4yeckoe u KOMIILIOTEPHOE€ MOJI€JIMPOBaAHHUE (l)HSHKO-TeXHI/I'leCKI/IX nmpoueccon

U cHCTeM

1. Monenu 8 1 1 2 1 4 Jlaboparopuas

00BEKTOB, pabora. Jlo-

MIPOIIECCOB U MailnHee 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 JlaGopatopHnas

JEeTUPOBAHUS pabora. Jlo-
MallHee 3a/a-
HUE

4. lenn moxaemnu- 8 1 1 2 1 4 Jlaboparopuas

pOBaHHS pabora. Jlo-
MaliHee 3a/a-
HUE

5. Dranbl Mmoze- 8 1 1 2 1 4 JlaGopatopHnas

JMPOBAHUS pabora. Jlo-
MalHee 3a/a-
HUE

6. 3agauu moze- 8 1 1 2 1 4 JlaGopatopHnas

JTMPOBAHUS pabora. Jlo-
MarlHee 3a/1a-
HUE

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

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

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

CTPYUPOBAHUS pabora. Jlo-

Mojenei MalliHee 3a/1a-
HUE

9. muranmonHoe 8 1 1 2 1 4 JlaGopatopHas

MOJIETTUPOBAaHUE pabota. [lo-
MallHee 3a/a-
HUE

10. KommnbroTep- 8 1 1 2 1 4 JlaGopatopHas

HOE MOJIETTUPOBa- pabota. [lo-

HUE MalHue 3a/1a-
HYSI

11. Cratucruye- 8 1 1 2 1 4 JlaGopatopHas

CKO€ MOJIETTUPO- pabora. Jlo-

BaHHE MallHue 3a/1a-
HYSI

Paznen 2. MatemaTnuyeckue U KOMIbIOTEPHbIE MO/IeJIM JIMHEHHBIX JUHAMHYECKHX CHCTEM

12. TIpeoGpa3zo- 8 1 1 2 1 4 JlaGopaTopHas

Banue Jlamnaca pabota. [lo-
MalrHue 3a/a-

®opma A
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HUS

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

HEHHOW TUHAMU- pabota. [lo-

YEeCKON CHCTEMBI MaIlllHue 3a/1a-
HUS

14. OcHoBHBIE 8 1 1 2 1 4 JlaGopaTopHas

CBOWCTBA JTMHEH- pabota. [lo-

HOW JMHAMHYe- MaIllHue 3a/1a-

CKOM CUCTEMBI HUS

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

penaTodHoi pabota. [lo-

byHKIUN MaIllHue 3a/1a-
HUS

16. Xapakrepu- 8 1 1 2 1 4 JlaGopaTtopHas

CTHKH JIMHEWHBIX pabota. [lo-

JTMHAMUYECKHUX MaIlllHue 3a/1a-

CUCTEM HUS

17. Monenu B 8 1 1 2 1 4 JlaGopaTopHas

MIPOCTPAHCTBE pabora. [lo-

COCTOSIHUH MaIlllHue 3a/1a-
HUS

18. O600uIeHHBIH 8 1 1 2 1 4 JlaGopaTtopHas

aHaJIN3 yIpaB- pabota. [lo-

JSIEMOCTH U Ha- MaIlllHue 3a/1a-

0J1r0/1TaeMOCTH HUS

Mojelen

DK3aMeH 36

Hroro 180 18 18 36 18 72

5. COAEP)KAHUE JUCHUILIMHBI (MOLYJIS)

Paznen 1. Maremaruyeckoe M KOMIIBIOTEPHOe MOJAeTHPOBaHHE (PU3MKO-TEXHHYECKHX
NPOLECCOB M CHCTEM

Tema 1. Mozaenu 00BbEKTOB, IPOLIECCOB U SIBICHUH.
Tema 2. Knaccuduxarus Mmojenei.

Tema 3. TlonsiTue MOJENIUPOBAHHUS.

Tema 4. Ilenn MmoaenupoBaHusl.

Tema 5. DTansl MOAEIUPOBAHUS.

Tema 6. 3agaun MOJIENTMPOBAHUS.

Tema 7. CTpyKkTypa MoeIei.

Tema 8. MeTonbl KOHCTpYHPOBAaHUS MOAEIEH.
Tema 9. UMuTanimoHHOE MOAEINPOBAHUE.

Tema 10. KomneroTepHO€ MOJIENTMPOBAHUE.

Tema 11. CratucTnueckoe MOIEIUPOBAHUE.

Pa3nen 2. MatemaTuyeckue H KOMNbITEPHbIE MO/IE/IH JUHEHHBIX JUHAMHYECKUX CUCTEM
Tema 12. [IpeobpazoBanue Jlamiaca.

Tema 13. TTousTie MTMHEHHON TUHAMUYECKON CHCTEMEL.

Tema 14. OcHOBHBIE CBOMCTBA JIMHCHHON JUHAMHYECKON CHCTEMEL.

Tewma 15. [TonsTe nepenatoyHon QyHKITUH.

dopma A Crpanuna 6us 32



MuHucTepcTBo HayKu U Bbiciiero oopasosanus Poccuiickoit ®enepauin
Y bSHOBCKHUII FOCYAPCTBCHHBII YHHBEPCUTET

®dopma

®-Paboyast mporpamMma o IUCLHUIIIHHE

Tema 16. XapakTepuCTUKH JUHEWHBIX THHAMHYECKHX CHCTEM.
Tema 17. Monenu B IpoCcTpaHCTBE COCTOSHUM.
Tema 18. O600MIEHHBII aHAIU3 YITPABISIEMOCTH U HAOIIOJaEMOCTH MOJIEIICH.

6. TEMbI IPAKTUYECKHUX U CEMAUHAPCKHUX 3AHATHUI

[IpakTuueckue 3aHATHA (CEMHUHAphl) MPEAYCMATPHUBAIOT PEIIEHUE 3a/ay [0 TeMaTHKe
PaznenoB 1 u 2 u 06cyx)aeHne HAWJCHHBIX PELICHUH.

Tema 1. Mooenu nazpesanusloxnasxcoenus.

Tema 2. Mooenu gvimexanus sHcuOKocmu u3 pezepeyapa.

Tema 3. Mooenu snudemuii.

Tema 4. Mooenu pocma uuciennocmu OUOI02U4eCKOU NONYIAYUU.

Tema 5. Mooenu osudicerust 6e3 yuema conpomueieHus cpeobi.

Tema 6. Moodenu 0sudicenust ¢ yuemom conpomueieHus Cpeobi.

Tewma 7. IIpeoopaszosanue Jlannaca.

Tewma 8. Boiuucnenue nepedamounoui pynkyuu.

Tema 9. Ananusz ceoticme moodenetl 6 npOCMpPaHcmee COCMOSHUIL.

7. JABOPATOPHBIE PABOTBI (JIABOPATOPHBIN TIPAKTUKYM)

Tembl J1a60paTOPHBIX padoT
Jlaboparopuas padora 1. OcBoeHue cpensl MmoaenupoBanus AnyLogic (AL). Liensb
npuoOpeTeHne HaBBIKOB paboThl B cpene AL. JloctmwkeHnue menu odecrieunBaeTcs pe-
[IEHHEM TTOJIHOCTHIO JOKYMEHTHPOBaHHBIX TpuMepoB. Coaepkanne paboThl — pelieHne
TPEHUPOBOYHBIX 3aJJaHUI U BHITIOJHEHHE KOHTPOJIHHOTO 3a/JaHUsl.
JlabopaTopnas padora 2. Beox u pemenne B cpene AL cuctem AJ1Y. Lens paGotst —
OCBOEHUE TEXHOJIOTUHU TipuBeieHus cucteM AJlY Kk HoOpMallbHOMY BUY U TTPHOOpETe-
HUE HaBBIKOB UX PENICHHS W aHUMaIuu perniennii. Copeprkanne paboThl — pelieHne
TPEHUPOBOYHBIX 3aJJaHUH U BHITIOJHEHHE KOHTPOJIHHOTO 3aJaHUsl.
JlabopaTopHas padora 3. Pa3paboTka u ncciaea0BaHue MOJIEICH HEMPEPHIBHBIX CHUC-
TeM. Llenb paboThl — OCBOCHHE TEXHOJIOTHH MTOCTPOCHHUE MOJIETIE HETIPEPHIBHBIX CUCTEM
U uccienoBanue ux nosenaeHus B cpeae AL. Conepxanue paboThl — pelieHne TPEHUPo-
BOYHBIX 33/IaHUH 1 BBITIOJIHEHUE KOHTPOJIBHOTO 3a/1aHUS.
JlabopaTopuas padora 4. Vnentudukamus Moieneit mo 3KCepuMEHTATBHBIM JTAHHBIM.
[enb paGoThI — 3aKperUieHre 3HAHUI U HaBBIKOB M0 UACHTU(DUKAIIMH MOJENHU 110 JKCIIe-
PUMEHTAITLHBIM JIaHHBIM, MPHOOPETEHUE HABBIKOB PaOOTHI C ONTHMH3ATOPOM IyTEM
pemienus 3amad. CogepxaHue pabOThl — pelleHHe TPEHUPOBOYHBIX 3aJaHUN U BBINOJ-
HEHHME KOHTPOJIBHOTO 3a/IaHusl.

Meroarueckre yka3aHUs: OCHOBHOE BHHMaHHE JIOJDKHO OBITh YICICHO OCBOCHHIO PabOTHI C
cucrteMoii MmoaenupoBanust AnyLogic.
JlabopaTopnas padora 1.

[TocranoBka 3ajaun. MaTtemarndeckasi MOJENb TUHAMUKHI COKPAICHUS CEPJCYHON MBIII-
1Bl 32JIACTCS HETMHEHHBIM U GEepeHIINATLHBIM YPABHEHUEM MIEPBOTO MOPSIKA:
dx/dt=(x-x>-b)/eps, re X TmpexcTaBIseT pasMyc Cepaua, a mapaMeTp b cam SBISeTCs IepeMeH-
HOM, ompenesieMoit nuddepennuansubiM ypaBaenuem: db/dt=x-Xo. D10 oxHa M3 MpoCTEHITHX
MoJeJIell TaKoW JMHAMHKH. 3aJaueil TaHHOTO YIPAKHEHHUS SBISIETCS TIOCTPOSHHUE ITOM MPOCTOM
MOJIEJIH, TIO3BOJISIOIICH MOTYYUTh BPEMEHHbBIC 3aBUCMOCTH MEPEMEHHBIX X U D OT BpeMeHH, a
TaKke (a3oByl0 AMarpaMMy M3MEHEHHs paauyca X oT 3HaueHus b. OdeBuaHO, 4TO BCE 3TH Be-
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JIMYUHBI BELIECTBEHHbBIE (C TUIaBarollel TOUKoi). J[1s mocTpoeHus: Mojenn HeoOX0AUMO 33/1aTh
HavaJIbHbIC 3HAYCHHUS TICPEMEHHBIX X U D, a Takke 3HaUCHHE apameTpa eps.

Coznanue HOBOro mpoekra. /[nst XpaHeHus: Balux MPOEKTOB HEOOXOAWMO CO3AaTh HO-
Byto nanky. Co3naiire, Hanpumep, nanky C:\My Models. ITocie 3Toro mjis mocTpoeHus: HOBOTO
MIPOEKTa B Balllell Tamnke KIMKHUTE KHOMKY “Co3marh” WM BBHIOEpUTE B OCHOBHOM MEHIO
“@aitn|Co3nars|Monens”. B mosSBUBIIEMCS] UAJIOTOBOM OKHE YCTAaHOBUTE HYXHYIO pabO4yro
nanky, B Heil HaOepute Heart kak umst HOBoro (haiiia, B KOTOpOM OyJIeT XpaHUTHCS Balll HOBBI
npoekT, 1 kmukauTe OK. HoBeiii mpoekT moj Ha3BanueM “Heart” Oyzaer co3naH, U Ha SKpaHe BB
YBUJUTE CIENYIOLIEE:

®aiin Mpaeka Bua Pucosarme Mogens Wucrpymermi  Crpaska

B-oEH@ew @ Q-3 -m| 75 | -] - & O6pamrica 33 nomouso... FlE
%3 Mpoexrst 12 = O ||&l Main 2 = 0 || ceoticraa & ¢ ==
(4] Modelt ~ Model1 - Mogenb
© 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
¥ || Anrebpanueckue vnasnens: Vsmenenroii Heroron v ¥

< > < >

Puc 1. HoBslif mpoexT

OTKpBITOE OKHO PENAKTOpa HOBOTO NMPOEKTAa CONEP>KUT TpU OKHA. Kak y»e roBopuiioch, B OKHE
KJIaCCOB (CJIeBa) aBTOMATUYECKU CTPOUTCS IEPEBO BCEX OOBEKTOB MPOEKTA, KOTOPHIE BBl OyieTe
OIIPEAEIIAT 10 XOAY MOCTPOCHMsI MOJENU. [IJIs1 HOBOTO IIPOEKTa B HEM YXKE CO3/1aH KOPHEBOM
KJlacc aKTUBHOTO oObekTa ¢ umMeHeM “Model”, a qis mpoBefeHHs SKCIIEPUMEHTOB ¢ Oyayiei
MOJICNIBIO YK€ CO3[1aH OJMH KCIIepUMEHT ¢ umeHeM “Simulation” y kopHeBoro kiacca “Oxcrie-
pumMeHThl”. lleHTpalbHOE OKHO — OKHO TpadHuyuecKkoro peaakTopa CTPYKTYpPBI IS CO3JIaHUS
CTPYKTYpPbI aKTMBHOTO 00BEKTa, MpeACTaBIAIONEro Moaeab. C MOMOIIbI0 KHOMOK YIpaBlIeHUs
TUM OKHOM, KOTOpbIE HaXOJSATCS BBEPXY CIpPaBa, MO)KHO YMEHBIIUTh, CBEPHYTh WM 3aKPBITh
3TO OKHO. YMEHBIIHNTE pa3Mep OKHA PeAaKkTopa CTPyKTypbl o0bekTa “Model”, menkuyB mo co-
OTBETCTBYIOLIEH KHOIMKE CIpaBa BBEpXY. [[BOIHBIM IIETYKOM MBIIIM HA UMEHH Kjlacca aKTUBHO-
ro o0ObeKkTa B OKHE KiaccoB (B JaHHOM ciydae “Model”) MOXHO OTKpBITH OKHO pegakTopa
CTPYKTYpPBI 3TOr0 00beKTa, €ClIi OHO 3aKphITO. OKHO CrpaBa Ha puc.1l— 3TO OKHO CBOWCTB Bblje-
JIEHHOT'O 2JIEMEHTA MOJENN. B 1aHHOM cilydae 3TO OKHO MOKa3bIBa€T CBOMCTBA KJIacca KOPHEBO-
ro oobekTa ¢ umeHeM “Model”, ecii OKHO e€ro CTPYKTYphl aKTHBHO. B OKHE CBOMCTB MOKHO pe-
JAKTUPOBATh CBOWCTBA COOTBETCTBYIOIINX OOBEKTOB.

Hoctpoenue monenu. OcHOBHAs 3a7aya — MOCTPOEHUE MOJEINH, B KOTOPOIl MPUCYTCTBY-
10T JIBE MepeMeHHble, X U D, u aBa mapameTpa — Xo 1 €ps, rie Xo — HayanbHOe 3HaueHue X. Ha-
YaJbHOE 3HAUCHHE MEPEMEHHOW D 3amaanM HemocpeacTBeHHO KOHCTaHTOM. [l BBEACHUS Mep-
BOM MepeMEeHHOM X BpIOepeTe B MEHIO NAIUTPHI paznen “CucremHas auHamuka’. [lepemennas X
JOJKHA ONpeaensThest auddepenmanseM ypasaeruem dx/dt = (x-x°-b)/eps ¢ HauanbHbIM
3HA4YE€HHEM X, PaBHBIM Xo M ¢ TapamerpoM eps. B AnyL0giC MOXHO 1mM0o100HbIE 3aBHCUMOCTH OTI-
penenaTh UMEHHO B TaKOM BUJE, B BUE AU hepeHInaNbHbIX YpaBHEHUI.
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Bropas nepemennas b onpezaensercst hopmynoit d(b)/dt=x-x0. [{eficTBus 0 €€ BBEICHUIO B MO-
nens oueBUAHBL. [TycTs HauanbHOE 3HaUeHHME NIepeMeHHOl b paBHo 0. B mone HauanpHoe 3Haue-
HUE MpU 33J]aHUM HadajabHOro 3HaYeHUs b BennunHy 0 MOKHO HE 3allMCBhIBATh: €CJIH I0JIe 3Ha-
YEHUS yCTO, IO YMOJIYAHUIO 3TO 3HAYEHUE CUUTACTCS HYJIEBBIM.

Jlns nmpoBepku NMpaBUIILHOCTU CHUHTaKcHca ((hOpMaIbHBIX MPABHII) MOCTPOSHUS MOJIEIH B
KKl MOMEHT MPHU €€ MOCTPOCHUH MOYKHO HCIOJIb30BaTh KHOMKY [locTpouTh maHenu MHCT-
pyMeHTOB. Eciu KIMKHYTH Ha 3TOW KHOIIKE, TO B MOSIBUBIIEMCSl OKHE BbiBon OyaeT BbIBeIeHA
uHpopmanus o0 ommbOke. [y 3aBepuIeHHS MOCTPOCHHS MOJENIM HMX HYXHO 3anaTh. IlycTs
X0=0.5, eps=0.01. [TapameTpsl 3Tu SABIAIOTCA apameTpamu areHta Heart, mo3ToMy oHU BBOJSIT-
Csl B OKHE CBOMCTB 3TOr0 00OBeKTa. [t 3amanus Xo nepeianTe Ha BKIAAKY “ATeHT’ MaJIUTPHI U
no6aBbTe 00BeKT “Tlapamerp”.

3aMeHHUTe UMS TapaMeTpa Ha Xg, B osie 3HadeHus ycranosure 0.5, a Tum ocraBbre double.
OcranbHble OIS TakKe ocTaBbTe O0e3 m3MeHeHus. [lepemenHas eps 3amaercs Tak xe. B koHe
HEOOXOMMO CO3/7IaTh CBSI3M MEXIY NepeMEHHBIMH. PyKOBOJICTBYSCh BBEJIEHHBIMU (hopMyTamMu
U UCTOJB3Ysl HUHCTPYMEHT “CBsi3p” BKIIaAKH “CHCTeMHas TMHAMHUKA  MAJIUTPhl, YCTAHOBUM Tpe-
OyeMble B3aMMOCBSI3M MEXAy IepeMEHHbIMU. B pe3ysnbTare Ha AKpaHe Bbl MOJYUUTE CIENYIO-
niee: Haanuch “TlocTpoeHue ycrenrHo 3aBepiieHo” B HIDKHEM JIEBOM YTy CHUTHAIH3UPYET HaM,
YTO BCE BBIIOJIHEHO BEPHO.

3anyck monenu. Knuk Ha kHonke “3amyck’” NpHUBEAET K TOMY, UTO IEPEMEHHBIE B OKHE
HAYHYT U3MCHSTHCSI B COOTBETCTBUH C ONPEICICHHBIMU JUIsl HUX ypaBHEHUsMU. CUCTEMBI U (-
bepeHnnaIbHBIX U aNredpanvyeckiux ypaBHEHUM, onpeielieHHble B poekTax AnyLogic, npu BbI-
MIOJTHEHUW MOJIENIH PEIIAIOTCsl OJHUM M3 BCTPOCHHBIX YHCICHHBIX MeTo/10B. CaM MeTox U HEe0O-
XOJIMMasi TOYHOCTh PEIICHUS BBIOMPAIOTCS CHCTEMOM aBTOMATHYECKH, €CIM TOJb30BaTellb HE
W3MEHUT TIpEABAPUTEIIbHBIE YCTAHOBKM B OKHE CBOMCTB MOJIeH. BrIMoNHEHNE MOAEIN 3aKOH-
YHUTCS, KOTJa CYETUYUK MOJICTHHOTO BPEMEHHU JONAET 10 3HAUY€HHUs, YKa3aHHOTO OKHE CBOWCTB
obbekra “Simulations”. TTo ymonuaHHi0 3HaYCHUE HE YCTAHOBJICHO, SKCIICPUMEHT JUTHTCSI, TOKa
MOJIb30BaTEh HE OCTAHOBUT €T0 CAMOCTOSITENILHO. Y CTAaHOBUTE BpEMSI OKOHYAHUSI IKCIIEPUMEH-
ta Ha 100. [IpoBenuTe HECKOJIBKO 3KCHEPUMEHTOB C PA3JIMYHBIMU CKOPOCTSMHU BBIITOJIHEHUS
JTAaHHOW MOJIEJH, UCIIOJIb3Ysl KHOIIKK OCTaHOBA, pecTapTa, 3amycKa.

Jladboparopnasi padora 2. AJ/[Y kak kjacc Mojenell HaxXxoAsT IIMpoyaililee NMPUMEHEHHE B
MMUTAIMOHHOM MoJienrpoBaHuu. [Iporiece rccneaoBanus MOJENN BKIIOYAeT pa3paboTKy MoJie-
JH B BUJIE CHCTEMBI anreopo-nuddepeHanbHbIX ypaBHEHUH, peoOpa3oBaHue MOJenu B Gop-
My, TOMyCKaromyo BBoJ ee B OBM (B maHHOM ciiydae 3TO ypaBHEHHUS B HOPMaJIbHOU (opme),
pelleHre ypaBHEHUH, BBIBOJL M COZleprKaTeIbHasi HHTepIpeTalys pe3yabTaToB.

Brimonnenue paboThI:

1. 3ajaHHbIE B IPHIIOKEHUH YPABHEHUS MEPBOrO U BTOPOTO MOPSJIKA MPUBEIUTE K HOPMATbHOU
dbopMe U uccienyite X penieHus Npu CTAaHAAPTHBIX UCHBITATENbHBIX CUTHANIAX U U3MEHEHHU
ko3 PunnentoB. Ocoboe BHUMaHUE 00paTUTE HA U3MEHEHHE XapaKTepa IMepexoIHOro mpolecca
B CHCTE€ME BTOPOTO MOpsi/ika. B KauecTBe MCTOYHMKA CTaHJAPTHBIM MCHBITATENbHBIX CUTHAJIOB
UCTIONb3yiTe BcTpoeHHbIe GyHKIMM AnyLogic (TabinyHas GyHKINS, CHHYC).

2. Mogenu mpuiIoXKeHUs MPUBEAUTE K HOpMallbHOMY BHAY. BBenurte cucreMy ypaBHEHUS B
OBM wu uccrnenyiite peuieHue MpHu pazIMYHBIX BXOAHBIX CHUTHalax. YOeAUTh B MPaBUIbHOCTH
MOJIyYEHHBIX PE3y/IbTaTOB OMHUPAsCh HA YCTAHOBUBIIHMECS 3HAYEHUS U XapaKTep MPOLECCOB.

3. Aaumupyiite moaens. Hapucyiite CTpyKTypy CHUCTEMBI, OIMCBHIBAEMOM 3alaHHBIMHU ypaBHE-
HUSIMHU, YCTAaHOBHUTE MHJIUKATOPHbIE TUAarpaMMbl U claiiiepsl, MO3BOJIAIONIME HAOMI0IaTh Tepe-
MEHHBIE U U3MEHATH napaMeTpsbl. [IpociennTte 3a n3MEHEHHEM XapakTepa NEPEXOIHbIX MPOIieC-
COB IPU U3MEHEHUH I1apaMETPOB CXEMBI.

KoHTponnHas pa60Ta: HJ’IH BaHaHHOfI CXEMBI ITPU CTAHAAPTHBIX BXOJAHBIX CHUTIHaJIaX BBIIIOJHHUTEC
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OIlepaIyy 110 IMyHKTaMm 1 - 4.
[Tpunosxxenue 1.

1. 0.053—{+2y—10x =0
[Tpunoxenue 2.

2
2. 29Y  02% 5y sx-0
dt dt

JlabopaTopnasi pa6ora 3. DIEKTpUUYECKHE CXEMbI 3aMEUIeHMsI (IIOTOKOBBIE CXEMBbI) KaK Kjacc
MOJIEJIEN UCIIONB3YIOTCS JUIsl MOJECIUPOBAHMSI KaK IEKTPUUYECKUX CXEM, TaK U MHOTHMX APYTUX
00BEKTOB: MOJIYIPOBOJAHUKOBBIX ITPUOOPOB, FNEKTPOMEXAHUYECKUX U THIPOMEXaHUUYECKUX YCT-
potict. [ToaTomy, Kak U paHee, OyZieM OHUMATh ITOJT AJIEKTPHUECKON CXEMOU MOJIEINb KaK JJIeK-
TPUYECKOH 1IeTH, TaK U JIF0OOr0 APYroro ycTpoicTaa.

Coneprxanuie pabOTHI:

1. g mpocTeWmx LEeno4YeK M3 MpUJIoXKeHUs | 3anmuiuuTe ypaBHEHUs M BBeauTe ux B OBM.
Hccnenyiite peakiivio Ha OCHOBHBIE HCIIBITATENbHbIE CUTHAJIBL. B KauecTBe UCTOUHMKA CUTHAJIA
ucnonb3yite Onok func u3 Oubimorexku SignalShema (OKHO KJIacCOB) WM OUOIMOTEUYHYIO
¢ynkuuio AnyLogic.

2. JIns cxeMm MpUJIOKEHMs 2 MOCTPONTE JEPEeBO U CEUEHMs, 3allUIINTE COOTBETCTBYIOILYIO CHC-
TEMY YpaBHEHUU U NPUBEIUTE €€ K HOpMallbHOMY Buiy. BBenute ypaBHenus B OBM u uccie-
NyHTe UX pelIeHre IPU PA3JIMYHbIX BXOJHBIX CUTHANAX. YOEeIUTh B IPAaBUIBHOCTH MOJYYEHHBIX
pe3yJIbTaToOB, ONUPASICh Ha YCTAHOBUBIIMECS 3HAUEHUS U XapaKTep MPOLIECCOB.

3. IToBTOpHUTE NMYHKT 2 C MCNONB30BaHUEM IakeTa Stream. CpaBHUTE CUCTEMBI YpaBHEHHUI: CO-
craBneHHble Bamu u makerom Stream.

4. Anumupyiite monens. Hapucyiite 2IeKTpUUECKY0 CXEMY, YCTaHOBUTE MHIMKATOPHBIE JHa-
IpaMMBbI U CJIaliJIepbl, MO3BOJISIONINE HAOII0JaTh IEpEMEHHbIE U U3MEHTh napameTpsl. [Ipocie-
JUTE 3a U3MEHEHUEM XapaKTepa MEPEeXOJHBIX MPOLECCOB IPU U3MEHEHUH [TAPAMETPOB CXEMBI.

JlaGopaTopnas pabora 4. MnenTudukanus MOAEIN O SKCIIEPUMEHTAIBHBIM JaHHBIM MPEAIo-
Jaraer:

- BbIOOp, B COOTBETCTBUU C OCOOEHHOCTSIMH OOBEKTa U YCIOBHMSIMM pellaeMoi 3ajauu,
KJlacca Mojiesiel, B KOTOpOM OYAET CTPOUTHCS MOJENb JaHHOTO 00BEKTa, M KPUTEPHs aJeKBaT-
HOCTH.

- oTpejiesieHUe MapaMeTpoB MOJIETH, 00ecreunBarOIINX HAUTy4Illie 3Ha4eHHs BbIOpaHHO-
ro KpUTEepHUs aJeKBaTHOCTU (HaWJIydlllee COBIAJECHUE BBIXOJHBIX CUTHAJIOB MOJEIH U O0BEKTa
IIPY OJIMHAKOBBIX BXOJHBIX BO3ICHCTBHSX).

[Ipeamonaraercsi, 4yTo 3KCHepT, o0janas OMpeIeNeHHOM anpHOpHOl uH(popmanuend o
CBOIicTBax 00BEKTa, BBIIBUTAET TUIOTE3Y O CTPYKTYpPE MOJENH U 3a/laeT HadalbHble 3HAUYEHUs
napameTpoB. 3aTeM Ha O0BEKT U MOJIENIb OJAI0TCA OJIMHAKOBBIE BXOJIHBIE BO3/IECHCTBHS, CPaB-
HUBAIOTCS UX BBIXOJIHBIE CUTHAJIBI U OLICHUBAETCS KPUTEPUN aJleKBaTHOCTH. [lapamerpsr monenu
KOPPEKTUPYIOTCS 10 IOJIYYEHUs IPUEMIIEMBIX 3HAYEHUN KpUTEpHs aleKBaTHOCTH. Eciau nmero-
nieiicss anpuopHoil MHGoOpMaAIMU HEAOCTATOYHO, TO OPraHU3YIOTCS JTOMOJHUTENbHbBIE HCCIea0-
BaHUs 00BEKTA.

Hacrosmas pabora mpeamnosnaraer, 4To B KayecTBE OOBEKTAa MCIOJB3YETCS CTPYKTYypHas
CXeMa C HEU3BECTHBIMU IapaMeTpaMu. Tak Kak U3 TEOPUU CUCTEM U3BECTHO, UTO CUCTEMBI BbI-
COKOTO MOopsiika BeAyT ceOsi B 00J1aCTH HU3KUX YaCTOT KaK CHCTEMBI 2-3 TopsKa, TO B KaueCcTBe
MOJIEJIN MIPEAJIaraeTCs UCIIOJIb30BaTh CUCTEMY BTOPOTO MOPsIIKa.

Brinongenne paboTHI:

1. Habmtonas nmepexoHblii mporiecc B 00bEKTe MpU AMHUYHOM BXOJHOM BO3ZCHCTBUU OTI-
pENEINTD:
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- Koaddunment nmepenaun Ha HyaeBoi yactore K=hbo/ay.

- YactoTy cOOCTBEHHBIX KOJICOAHUH.

- [TokazaTtens 3aTyxaHus. [[s 3TOTO BBIMOJHUTE CEPUIO IKCIIEPUMEHTOB — HAOIIOAATh T1e-
PEXOJIHBIN MPOLIECC B CUCTEME BTOPOTO MOPSAKA MPHU PA3TMYHBIX 3HAYCHUSX MOKA3aTeNs 3aTy-
XaHUs U CPABHUTH UX C MEPEXOTHBIM MTPOIIECCOM B BallleM OOBEKTE.

2. 3a1aBIIMCh 3HAYCHUEM OJJHOTO M3 MapaMETPOB, ONPEEIUTh OCTAILHBIE MTAPaAMETPhl MO-
nenu (PEeKOMEHYeTCsl 3a1aThCsl 3HaYCHHEM mapameTpa o).

3. [TocTpouTh CTPYKTYPHYIO CXE€MY Ipoliecca ONTHMH3AINN TTapaMeTPOB.

4. CpaBHUTPH NEPEXOTHBIE MTPOIECCH 00BEKTa U MOJEIH, 3a(DUKCUPOBATh HAKOIUIEHHYIO T10-
IPEIIHOCTh IPY HEONTHMAIbHBIX 3HAYEHUSIX ApPaMETPOB.

5. Peanu3oBaTh mpoueaypy onTUMH3ALUH TAPaMETPOB.

6. CpaBHUTH MEepPEeXOIHBIC MPOIECCH 00BEKTa U MOJICNN TPU ONTUMAIBHBIX 3HAYCHHSX I1a-
pameTpoB. CpaBHUTH pe3yJbTaTbl, MOJYYEHHbIE 1O W IIOCIE ONTUMHU3AIMM (HAKOIUICHHBIE
OIITNOKM).

7. Wnentudunmpyiite 00bEKT B 4aCTOTHON 00JIaCTH — ONPEISIUTE aMIUTUTYHO-4aCTOTHYIO

XapakTepucTuKy “Bpyunyro”’. Haiimure AUX Mozmenu ¢ ucmonb3oBaHWMEM makeTa frequency.
CpaBuute AUX. Oco60 obpaTuTe BHUMaHUE HAa COOCTBEHHBIE YaCTOTHI U KO (PUIIMEHTHI Tiepe-
Jlauu: TIOJYYECHHBIEC SKCIIEPUMEHTAIFHO BO BPEMEHHOW 00J1aCTH U ¢ TOMOIIBIO MakeTa frequency
(110 aMIUTUTYTHO-9aCTOTHOW XapaKTEPUCTUKE).

I[TPUJIOXKEHMUE 1. Ouenka napameTpoB MOJIEIIH.
JuddepernmansHoe ypaBHEHUE CUCTEMBI BTOPOTO MOPSIIKA UMEET BUI:

d? d
) dt2y+ald—)t/+aoy:x(t).

COOTBETCTBYIOIIEE XaPAKTEPHCTHIECKOE YPABHEHHE:
a,p>+a,p+a, =0,

OTKyza
a 2
D, =——L N N
2a, 2a, a,
roe o= Zi; - II0Ka3arTeib 3aTyXaHusl, a)g =a, / a,, — CcOOCTBEHHAsT 4acTOTa.
a'2

Hapsiny ¢ mokasarerneM 3aTyXaHuUsl 4acTO HCIOJb3yeTcs emlé oJHa BelMWYMHA — Kod3dduimeHt
YCIOKOEHUS (M0Ka3aTeNb yCIIOKOCHHUS):

f=6lwy=—2
211328.0

Koa¢ppunmenr nepenaun Ha HyneBoi vactote paBeH K=bo/ag. Onpenenuth ero mMoxxHO
BKCHepHMeHTaﬂBHO KaK OTHOIIICHUE CHUTHAJIOB HA BBIXOAC U BXOIC O6’BeKTa B YCTaHOBI/IBHIeMCﬂ
pexxume. [Tocie sToro, 3axaBimck 3HaueHueM b0, MmoxHo HaiiTu a0.
CoOCTBEHHYIO YacTOTY CHUCTEMBI MOKHO OLIEHUTHh 10 NEPEXOJHOMY MPOIECCY BO BPEMEHHOM
06J'IaCTI/I; AHAJIOTUYHO OIIPCACITIACTCA MOKa3aTC]Ib YCIIOKOCHU .
Haﬂee, 3Has 3KCHepI/IMeHTaHBHBIe OIICHKHN HaﬁHeM 3HAYCHUA OCTAJIbHBIX HapaMeTpOB MOACIIN.

[MPUJIOXKEHUE 2. Ins maxoxaenus AUYX Bocmonb3yitech maketoM frequency. [Ipu stom
MOMHHTE, YTO MOJIeTh JOJKHA OBITH MpEACTaBlieHa B BUJE CTPYKTYPHOM CXEMBI, a BXOJHOU U

BBIXOJIHOM TIepEMEHHBIM JIOJKHBI OBITh MPUCBOEHBI UMEHA Src U dest COOTBETCTBEHHO.

I[TPUJIOXXEHUE 3. Ilpu onTUMH3alMKU MapaMeTpPOB PEKOMEHIYETCS HCIOJIb30BaTh CpeaHE-

dopma A Crpanura 11u3 32




MuHucTepcTBo HayKu U Bbiciiero oopasosanus Poccuiickoit ®enepauin
Y bSHOBCKHUII FOCYAPCTBCHHBII YHHBEPCUTET

®dopma

®-Paboyast mporpamMma o IUCLHUIIIHHE

KBaJAPAaTUYHBIN KPUTEPHI aICKBATHOCTH MOJIENIM U 00bekTa. Ha BXo1bI Moienn U 00beKTa 1o/1a-
€TCs OJIMH U TOT K€ CUTHAJI, HA BBIXOJE CUTHAJIBI BBIYMTAIOTCS,

OOBeEKT +1
Bxonuoi \ Haxonnennas
Bossene- Wurerpa-
CUTHAJ q >
HHEC B »”| TOp
KBamnar MTOTPEITHOCTD
Moaenb 1

Pa3HOCTh BO3BOJUTCS B KBAJIPAT U MOJAETCS HAa HHTErpaTtop. Ha BbIXoje HHTErpaTopa Mbl MO Y-
JacM HAKOIUICHHYIO IMOIpCIIHOCTb, KOTOpass MUHUMHU3BUPYCTCA B IIPOLCCCE ONTUMHU3ALUU. I[JISI
3TOr0 HCIOJB3YEeTCS BCTPOCHHAs Mpolleaypa ontumuzanuu. CTpYKTypy MOJAETH CUMTaeM 3a-
JAHHOH B BUE 3BeHa BTOporo nopsaka. Koaddumuents ciemyer BBecTH B CHMBOJIBLHOM BHJIE:
bo, @0, a1, a2. He 3a0yapTe 3a71aTh MX YHCICHHBIC 3HAYCHHS, OMPEICIICHHBIC 0 pe3yIbTaTaM
AKCIIEPUMEHTA C 0O BEKTOM.

[MPUJIOXEHUE 4. Ontumuzanus napamerpoB B cpene AnyLogic.

OnTuMHU3alMoOHHBIN dKcriepuMeHT B AnylLogic mo3BojsieT HailTh Takue 3HAYEHUS MapaMeTpoB
MOZACIIH, ITPU KOTOPBIX 06pan1aeTcsl B MUHUMYM HWJIM MAKCUMYM HCKOTOPAsA ONpCACJICHHAs IMOJIb-
30BaTeseM IieneBas GyHKIUsA. 3HaueHUe 1eneBoi PyHKIUU MOoJACUUThIBatoTCs B AnyLogic kax-
IH)IfI pa3 10 OKOHYAHUH OYCPCIHOI'0 BBIMMOJIHCHUSA MOACIIHU, U AJITOPUTM ONTUMH3ALWH aBTOMAa-
TUYECKH BHIOMpAET HOBBIC 3HAUCHUS MapaMeTPOB IS OUYepeIHOTo 3amycka Mojenud. OnTuMusa-
mus B AnyLogic peann3oBana ¢ ucnosib3oBanueM nakera OptQuest dupmer OptTek. s onru-
MU3aIIUHY TTOJIb30BaTENh JOKEH B COOTBETCTBYIOIINX OKHAX 3a7aTh (YHKIIMOHA, KOTOPBIH clie-
AYyET MUHUMHU3UPOBATH o0 MAaKCUMH3UPOBATh, 3a4aTb MapaMETPhl U OrPAaHUYUCHUA UX JUallad-
30Ha, B KOTOPBIX JOJKHA BBIMOTHATHCS ONTHUMH3AIMS, a TAaKXKe YKa3aTh OTpaHUYEHUs, OIpeie-
JSIONIUE KJIace JIOMYCTUMBIX pelIeHui. 3a/laB BCe 3TO, MOJIb30BaTEb MOXET 3allyCTUTh ONTH-
Mu3anuto, u maket OptQuest mocie HEKOTOPOro YUCIa MPOO aBTOMATUYECKU BBIOEPET HAMITY4-
1805051 METOA OIITUMU3ALUN IJIA I[&HHOfI MOZACIIN Cp€anu TEX METOA0B, KOTOPBIC HAXOOATCA B €TI0
Ooubnuoreke, U OyAeT cienoBaTh BBIOPAHHOMY ONTHUMH3AIMOHHOMY anroputMy. WHTepdeiic
AnyLogic o3BoJISIET TIOJIE30BATENIO TAK)KE UCIIOJIE30BATh CBOM aJITOPUTM ONTHMH3AIUH.

8. TEMATUKA KYPCOBBIX, KOHTPOJIbHbIX PABOT, PE@EPATOB

KypcoBble 1 KOHTpOJIbHBIE pa0OThI HE IPEAYCMOTPEHBI YUE€OHBIM IIAHOM JUCLUTIIIHHBIL.
9. HEPEYEHbB BOITPOCOB K OK3AMEHY

[lonsiTe Moaenu U opuruHaia.
Mogenu 00LEKTOB.

Mogaenu mpoueccos.

Monenu sIBIIEHUI.

[Ipupona moxenen.

Tunel Moenet mo 06acTu MPUMEHEHUS.
Tunsl Mosieneii mo GpakTopy BpeMeHHU.
Tumnbsl MoJENel 1O XapakTepy CBA3EH.
Tursl MOJENEN IO CTPYKTYPE.
IMuTanimoHHEIe MOJENH.
KomMmnbrorepHbie MOJENH.

Urposeie moaenu.

LCoNoOAEWNE

[ Y
N o
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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.
62.

[lonsiTHE anEeKBaTHOCTH MOJEIIH.

[TonsiTre cucTeMbl 0OBEKTOB.

[lonsiTHE MOAEIN CUCTEMBI.

[TonsiTHEe MOAENMPOBAHUA.

Lenu monenupoBaHusi.

Oranel MOAEIUPOBAHUS.

[Iponecc moaenpoBanus.

[ToHsiTHE MaTeMaTUYECKON MOJIEIIH.

Krnaccudukanus MaTeMaTHUYeCKUX MOJIEIEH.

CtpykTypa MOAEIEH.

O61ue TpeboBaHusl, MPeIbABIsIEMbIE K MOJICIH.
ConeprxatenbHoe onucanue GU3NIECKON CUCTEMBI.
MopenupoBaHrie KOMIIOHEHTOB CUCTEMBI.

[Ipsimas 3agaya MoJIETMPOBAHUS.

OO6patHas 3a7a4a MOJEITUPOBAHHUS.

3amavya uaeHTUPUKALINH.

Buibl KOMIIOHEHTOB CUCTEMBI.

MeTo bl KOHCTPYUPOBAaHUS MaTEMaTUYECKUX MOJEIIEH.
AKcHOMaTHYECKUI METO.

Meron ypaBHEHHI 2JIEMEHTOB.

MeTtoa naeHTuUKALINN.

Otansl OPMHUPOBAHUS MATEMATUIECKON MOIEIIH.
CrocoOsbI UCIONIB30BAHUS MATEMATHYECKUX MOJIENICH.
AHaNnUTUYECKOE UCCIIEI0BAHUE MOJIEIINPYEMOI CUCTEMBI.
KauecTBeHHOE uCCiie0BaHNE MOACIUPYEMON CUCTEMBI.
HccnenoBanue ¢ mOMOIIbIO YUCIEHHBIX METOOB.
NmMutanimioHHOE MOJIETUPOBAHUE.

OcHOBHBIE 3Tallbl UMUTALIHOHHOT'O MOJIETTUPOBAHUSI.
[IpeumyiiecTBa UMUTATMOHHOTO MOJIETUPOBAHMUS.
MeTo CTaTUCTUYECKOTO MOAETUPOBAHUS.

IToHsATHE TMHENHON CUCTEMBI M €€ OCHOBHBIE CBOMCTBA: CYNEPIO3ULMS U TOMOT€HHOCTb.
[Tonstue npeobpazosanus Jlamiaca.

O6patHoe mpeodpa3zoBanue Jlamnaca.

CBOMCTBO TUHEHHOCTH.

IToBenenne nzoOpakeHust Ha OECKOHEYHOCTH.

Teopema nono6us.

Teopema 3anasabIBaHus.

Teopema cMemieHus.

Teopema o nuddepeHrpoBaHIM OpUTHHAIA.

Teopema 06 HHTErpUPOBAHNUN OPUTHHATIA.

Teopema o nuddepenmpoBanun U300paKESHHUSL.
Teopema 006 MHTETPUPOBAHUHT U300PAKEHUS.

Teopema yMHOKEHUST U300pAKESHHIA.

HaxoxaeHne opuruHaaoB 1Mo H3BECTHOMY U300pakKeHHIO.
Teopema 0 pa3noKeHUH.

ITonsaTHEe TMHAMHYECKON CHCTEMEI.

[Tonatue nepenaToyHoi GyHKIMHM TMHEHHONW TUHAMHYECKOW CUCTEMBI.
XapakTeprucTUYecKoe ypaBHEHNE CUCTEMbI. BpIuncieHne mosocoB.
OcHOBHBIE CBOMCTBA JIMHEWHOW TMHAMUYECKOU CUCTEMBI.
3ajaun MOAEIIUPOBAHUS TUHENHBIX JUHAMAYECKUX CUCTEM.
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63.  XapakTepuCTHKH JUHEHHBIX IMHAMUUYECKHX CHCTEM BO BPEMEHHOM 00JIaCTH.

64.  XapakTepUCTHKH JUHEWHBIX TUHAMHYECKHX CHCTEM B YACTOTHOM OOJIACTH.

65.  IloHsATHE BEKTOpa COCTOSHUS CUCTEMBI.

66.  Bpruucnenue nepegaTouHoN GYHKIUH 10 GU3UIECKON MOJETH CUCTEMbI B IPOCTPAHCTBE
COCTOSIHU.

67. HeennHCTBEHHOCTH ONIMCAaHUS B IPOCTPAHCTBE COCTOSIHUM.

68.  CranpmaprtHas ynpasisemas MoJelnb. Teopema.

69.  CranpaptHas HaOmonaemas Mojenb. Teopema.

70.  KaHoHunyeckas MOJeJIb B ClIyyae IIPOCTBIX KOPHEH XapaKTepUCTUYECKOTO YpPaBHEHMSL.

71.  KanoHuveckas MOJIEINb B ClTydae KpaTHBIX KOPHEH XapaKTePHUCTUYECKOTO YpaBHEHHUS.

72.  KaHoHunyeckas MOJelb B ciydae KOMIUIEKCHO-CONPsDKEHHBIX KopHeH. [lepexon B Bere-
CTBEHHBIH 6a3uc.

73. [Tepexon u3 moboro 6a3zuca MOACIN CHCTEMBl B KAHOHUYECKH.

74.  OOmee pemnieHne TMHEHHOTO MU (HEepeHINAIBEHOTO YPaBHEHHUS COCTOSHUS.

75.  YnpaBisieMOCTb JIMHEHHON INHAMHYECKONW CUCTEMBI.

76. Kpurepuii ynpapiisieMOCTH JTMHEHHON HEPEPHIBHON CUCTEMBI.

77.  Kpurepuii ynpapiiseMOCTH JIMHEHHON M MHBApUAHTHON BO BPEMEHHU HENPEPBIBHOM cuc-
TEMBI.

78.  Kpurepuii yrpapisieMOCTH JUHEHHONW JUCKPETHON CUCTEMBI.

79. Kpurepuii ynpapisgseMOCTH TUHEHHOM U MHBAPUAHTHOW BO BPEMEHM JIHUCKPETHOW CUCTE-
MBI.

80.  HaOxromaemMoCTh TMHEHHON TUHAMUYECKON CHCTEMBI.

81.  Kpurepuii Hab1r01a€MOCTH TUHEHHON HENPEPbIBHON CUCTEMBI.

82. Kpurepuii Habmr01a€MOCTH JIMHEHHOW M MHBAPUAHTHOM BO BPEMEHM HEIPEPBIBHOM CHC-
TEMBI.

83.  Kpurepwuii HaOIF0Aa€MOCTH JTUHEHHON JUCKPETHON CHCTEMBI.

84. Kpurepuii HaGm01aeMOCTH IMHEHHON U HHBApUAHTHOM BO BPeMEHU JAMCKPETHOH cHCTe-
MBI

85.  JIuneapuzanus HEIMHEHHBIX CUCTEM.

86.  OO0O0OIIEHHBIN aHAIA3 YIIPABIIEMOCTH U HA0I0IAEMOCTH CUCTEMEI.

10. CAMOCTOSATEJBHASA PABOTA CTYAEHTOB

PacnipenesieHue yacoB M BU/JI CAMOCTOSATEILHOM PadoThI
®dopma 00yueHus: ouHas

Ha3zBanue pasnenos u tem Bun camocrosTenbHOU O0BeM B dopma KOHTPOJIS
paboThI yacax

1. Mogenu 0ObEKTOB, [IpopaboTka yue6HOTO 4 DK3aMeH, MpoBepKa

IPOLIECCOB U SIBJICHUN MmarepHaa, moJroToBka K 1a00paTOpHBIX padoT,
c/ade sK3aMeHa. MIPOBEPKA PEIICHUS
Jluteparypa: OCHOBHas 3a1a4
[1], c. 9-26.

2. Kimaccuduxarst Mmoe- [TpopaboTka yueOHOTO 4 DK3aMeH, MpoBepKa

aen MmarepHaa, moJroToBka K n1a00paTOpHBIX padoT,
c/ade sK3aMeHa. MIPOBEpPKA PEIICHUS
Jluteparypa: OCHOBHas 3a1a4
[1], c. 9-26.

3. IlonsiTne MonenupoBa- [TpopaboTka yueOHOTO 4 DK3aMeH, IPOBEpKa

HUSA MaTtepuaa, MoAroToBKa K 1abopaTOPHBIX padoT,
c/1aye HK3aMeHa. IIPOBEPKA PEUICHHUS
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Jluteparypa: OCHOBHas
[1], c. 9-26.

3aga4

4. llenu MoaenupoBaHuUs

[TpopaboTka yueOHOTO
Mmarepuaia, 1abopaTopHbIe
paboThI, MOJITOTOBKA K
c/1adye HK3aMeHa.
Jluteparypa: OCHOBHasI
[1], c. 9-26.

DK3aMeH, MPOBEpKa
J1a00paTOPHBIX padoT,
MPOBEPKa PEIICHUS
3ama4

5. Dranel MOAETUPOBAHUS

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

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

DK3aMeH, MPOBEpKa
J1a00paTOPHBIX padoT,
MPOBEPKa PEIICHUS
3ama4

6. 3agaun MOACITUPOBAHUS

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

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

DK3aMeH, IpoBepKa
mabopaTOpHBIX padoT,
MIPOBEPKA PEUICHHUS
3ama4

7. CTpyKkTypa Moaeneit

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

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

DK3aMeH, MPOBEpKa
J1a00paTOPHBIX padoT,
MIPOBEPKa PEIICHUs
3a1aq

8. MeToapl KOHCTPYHpOBa-
HUA MoJelei

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

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

DK3aMeH, MpoBepKa
1abopaTOpPHBIX padoT,
MPOBEpKa peIeHUs
3amad

9. UMuTaimoHHOE MOJEIHU-
poBaHmHe

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

DK3aMeH, MPOBEpKa
1a00paTOpHBIX padoT,
MIPOBEPKA PEIICHUS
3a1a4

10. KoMrmeroTepHOE MOJIe-
JTUPOBAHUE

[IpopaboTka yueGHOTO
MaTepuana, 1abopaTopHbIe
paboThI, MOJITOTOBKA K
claue dK3aMeHa, peleHHe
3aj1ad.

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

DK3aMeH, MPOBEpKa
n1a0opaTOpHBIX padoT,
MIPOBEPKA PEIICHUS
3a1a4

11. Cratucruueckoe Moze-

[TpopaboTka yueOHOTO

DK3aMEH, MPOBEpPKa
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JUPOBAaHUE

MaTepuania, 1abopaTopHbIe
paboThI, MOJATOTOBKA K
cllave SK3aMeHa, pelicHue
3ajay.

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

nabopaTopHbBIX pabdoT,
pOBEpKa PELICHHUS
3a1a4

12. IlpeoGpa3oBanue Jlam-
naca

[TpopaboTka ydeOHOTO
Mmarepuaia, 1abopaTopHbIe
paboThI, NOJITOTOBKA K
c/1adye SK3aMeHa, PeIIeHHe
3ajad.

Jluteparypa: yueGHO-
merouueckas [1], . 6-15.

DK3aMeH, MPOBEpKa
J1a00paTOPHBIX padoT,
MPOBEPKa PEIICHUS
3aga4

13. I[loHsATHE TUHEHHON IU-
HAMHUYECKOHN CUCTEMEI

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

Jluteparypa: yueOHo-
meroaunueckas [1], . 16-
35.

DK3aMeH, IpoBepKa
mabopaTOPHBIX padoT,
MIPOBEPKA PEUICHHUS
3agad

14. OcHOBHEBIE CBOWCTBA
JIMHEUHOU TUHAMUYECKOU
CUCTEMBI

[TpopaboTka yuyebHOTO
Marepuaa, 1abopaTopHbIe
paboThI, OJTOTOBKA K
claue dK3aMeHa, PelIcCHHe
3ajad.

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

DK3aMeH, MpoBepKa
mabopaTOpHBIX padoT,
MIPOBEPKA PEUICHHUS
3amad

15. TlonsTHE MIEpenaTouHON
byHKIUM

[TpopaboTka yueGHOTO
Marepuaa, 1abopaTopHbIe
paboThl, TOATOTOBKA K
c/1aye HK3aMeHa, pelieHne
3ajay.

Jluteparypa: yueOHo-
meroauueckas [1], €. 16-
35.

DK3aMeH, IpoBepKa
1abopaTOpPHBIX padoT,
MPOBEpKa peIeHus
3amaq

16. XapakTepucTuku au-
HEWHBIX JHHAMHYECKUX
cHCTeM

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

Jluteparypa: yueOHo-
metoauueckas [1], c. 16-
35.

DK3aMeH, MpoBepKa
1abopaTOPHBIX padoT,
MPOBEpKa peleHUs
3amad

17. Mozenu B IpoCTpaHCT-
BE€ COCTOSTHUUI

[TpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIe
paboTHI, MOJTOTOBKA K
c/1adye HK3aMeHa, pelIeHue
3ajad.

DK3aMeH, MpoBepKa
1abopaTOPHBIX padoT,
MIPOBEPKa peIIeHUs
3amad
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Jluteparypa: yueOHO-
meroaunyeckas [1], c. 16-
35.

18. O0001IeHHbBII aHATN3
YIPaBIIEMOCTH U HA0IIIO-
IAeMOCTH MoJenei

[TpopaboTka yue6HOTO
MaTepuania, 1abopaTopHbIe
paboThI, MOJATOTOBKA K
claue dK3aMeHa, PeIICHHE
3ajay.

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

DK3aMeH, IpoBepKa
nabopaTopHbBIX padoT,
MIPOBEPKa peLICHUS
3a1a4

MeTtoauyeckue peKOMeHIAlMU K CAMOCTOSATE/ILHOM padoTe CTy1eHTOB.

Jast 1adoparopHoii padorsl Nel. Oqaum u3 npeumyniects AnyLogic sSBIsS€TCS BO3MOXKHOCTb
HarJIsJHOTO IMPEJCTaBICHUS MOBEACHUSI MOJEIHU, B YaCTHOCTH, MPEICTABICHUS U3MEHEHUS BO
BPEMEHH BCEX €€ MepeMEeHHBIX. BBeseM rpadku M3MEHEHHs MepeMEHHbIX X U b. B mamutpe
BbIOepeM BKIAAKy «CratucTtuka» U 00bekT «BpemeHnHoit rpaduk». B okHe cBOWCTB 100aBiIeH-
HOTO rpaguka 3arojIHUM BKJIAJKU «3aroyioBoK» U «3HaueHHe» nepeMeHHoi X. L[BeT u Toimuny
JIMHUI MOKETE YCTAaHOBUTH 110 CBOEMY YCMOTPEHUIO. AHAJIOTUYHBIM 00pa3oM co3/1aiiTe BTOPOM
rpaduk Ui IepeMeHHO#t b TpeTuit ast IByX MepeMEeHHbIX OJHOBPEMEHHO.
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?)aHYCTI/ITC MOJeb Ha BBINOJHEHHE. B okHax 6YI[}/T PpUCOBATHCA l“pa(l)I/IKI/I COOTBCTCTBYIOIIIUX

MEPEMCHHEBIX OT BPEMCHU.
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Hactpoiika mapameTpoB rpaduka mpou3BOIUTCS C TOMOIIBIO OKHA CBOMCTB rpaduka. Ilo-
HKCIIEPUMEHTHUPYITE ¢ YCTaHOBKOM 11BeTa Tpa(uKoOB, pa3MepaMH 0TOOpaXkaeMOro OKHa JJaHHBIX,
C BO3MOXKHOCTBIO OTOOpakeHus (Pa30BOM JuarpaMMbl, KOT/Ia 0 000MM OCsiM Tpaduka OTKIAIbI-
BAIOTCs 3HAUEHUS IEPEMEHHBIX, U T.1I. [[g moctpoenus ¢pa3oBoil ruarpamMmsl, BeioepeTe 00BEKT
«I'padpux» mamuTpsl U B KOHTEKCTHOM MEHIO TpaduKka ¢ IByMs IEPEMEHHBIMU CJIElyeT BbIOpaTh
T€ IIEPEMEHHBIE, KOTOPBIE JOJKHBI OTKJIABIBATHCS IO OCSIM.

Ecnu kpuBas Bamiero rpaguka nokaxercs BaM He TJ1aJIKOH, a «pBaHOW», TO IPUYUHA 3TOTO
MOYKET 3aKJIIouaThes B TOM, 4To AnyLogic HelocTaTOYHO 4acTo OOHOBIIIET HAOOPHI JaHHBIX HO-
BbIMH 3HaY€HUSAMHU. YTOObI M3MEHUTh YAaCTOTY OOHOBJIEHMSI aBTOMATHUYECKU CO3/IaBAEMBIX JUIS
MEPEeMEHHBIX Ha0OpOB JaHHBIX MepeinnuTe Ha BKIaAKy «Crennduueckuey TOro Kiacca aKTHB-
HOT0 00BEKTa, Ha AMarpaMMe KOTOPOTO HAXOJUTCS MepeMeHHasi U U3MEHUTE Mepuo]i 0OHOBIIe-
HUs AaHHBIX B none [lepuoa. Takue ke moiis ecTh Y Kaxa0ro rpaduka.

[IpoBeauTe ceprro 3KCIIEPUMEHTOB C MOJIEIBIO, IIEPE3aNyCKas €€ C pa3JINYHbIMU ITapameT-
pamu.
Anumanus Mozenu. J{is ydiiero noHMMaHusl AMHaAMUKH MOJIENN U HaOJII0/IeHUs pa3BU-
BAIOIIMXCSl BO BPEMEHHU IpoleccoB, B AnylLogic mpeaycMoTpeHa BO3MOKHOCTH MOCTPOEHUS
AHUMHUPOBAHHOTO M300pa)KeHMsI, COCTOSIIETO U3 AMHAMUYECKUX IrpauuecKux 3JeMeHTOB. ['pa-
¢dudeckue AIeMEHTHI 37IeCh Ha3bIBAIOTCS TUHAMHYECKHMH, TTOCKOJIBKY BCE WX MapaMeTphl: BU-
JUMOCTb, LIBET U T.II. MOXKHO CJIeJaTh 3aBUCHUMBIMH OT TIEPEMEHHBIX U MapaMeTPOB MOJAEINH, KO-
TOPBIE MEHSAIOTCS CO BPEMEHEM IIPU BBITIOJHEHUHN MOJEIIH.

[TocTpoum mpe3eHTanuio cepala B BUAe U300pakeHUs OBaJla, painyc KOTOporo 0yner me-
HATBCS. DTOT PaUyC SIBISETCS (PYHKIUEH OT 3HaYeHUs NTepeMeHHOM x MozemnH. i1 mocTpoeHus
n300paXkeHHsI OBayla MepeTalluTe MbIbio U3 BkiIagku lIpesentanus nanenu [lamutpa nukro-
rpammy OBan Ha quarpammy kiacca. CrpaBa MOSIBUTCS OKHO CBOMCTB 3Toro oana. [lo ymonua-
HUIO UM 9TOTO 00BheKTa Oyner oval, koopauHaTel X 1 Y COOTBETCTBYIOT MECTY, KyJa MbI IIOMEC-
TUJIM OBaj, a paauyc X u paauyc Y COOTBETCTBYIOT TOMY, YTO Mbl HAPHUCOBAIU. 3aITyCTUB MO-
JIeJTb, MBI YBUJIUM, HETIOJIBIDKHBIN OBasl, HAXOJAIIUICS B 3a7aHHOM MecTe. B AnyLogic nmpunsTa
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CleyIolas KOHUEMIUS: Kax/as XapaKTepucTUKa rpaduueckoro 3neMeHTa MMEeT JiBa 3Haue-
HUS: CTaTHUYECKOE U JuHaMHuueckoe. CTaTUYeCKOe 3HAUYE€HUE OIpeAeseT napamerp (KoopanHa-
Ty, YrOJ IIOBOPOTa, I[BET U T. II.) 00bEKTa KaKk KOHCTAHTY. J{uHaMu4eckoe onpeensier 3HaueHue
ATOTrO MapaMeTpa B MPOIECCEe BHIMOTHEHHSI MOJICITH M MOKET OBITh OMPENEICHO KaK 3HAuYCHUE
mo0oi mepeMeHHOl mozenu. Ecnu auHaMudeckoe 3Hau€HUE HE OMNperesieHo, rpaduueckuit
00BEKT COXPAaHHUT CBOE CTAaTHMYECKOE 3HaueHHe. Bobigenure oBaj, MpeaCTaBISIOMINN TUHAMUKY
cepaua. Cratuyeckue 3HAUY€HHUs €ro MapamMeTpoB 3a/laifiTe Tak: B MAHENIM CBOMCTB OBaJia IIBET
3JIMBKU OMPEACNIUTe OOp/IOBBIM, IIBET JIMHUU T'PAHULIBI — KPACHBIM; TOJIIIUHY JIMHUU TPaAHUIIBI
YCTaHOBHUTE 2.

[ Ceoticrea 2 A =L

O oval - Osan

LgeT sannskn: = fireBrick hd

LlgeT annim =, red v

TonuHa nuHue =, w 2 pt
CTune AnHnK: = | —
+ Mecrononomenne pasmep
Tun: @ Okpysrocts () Oean
X = 500 Pammyc: = @
¥: = |e = @

Z = [0 Z-BeicoTa: = [10

Mesopor, = = |00 v | |rpagycer w

Macwrab no oon X
Macwrab no ocu Y2
Macwrab no ocn Z:

F Cneundmueckme

» Onucanne

< >

JluHaMu4eckre XapakKTepUCTUKH OBasla JIOJKHBI OTpaXaTh “KU3Hb~ 3TOr0 00BEKTa B MpO-
1IECCe BBINIOJHEHUS MOJENU. 3amycTuTe Mojeib. [IpoBeauTe sKCrIepuMEHThI ¢ YCTaHOBKOM pas-
JUYHBIX KOA(P(HUIMEHTOB MEXIY PealbHbIM U MOJEIbHBIM BpeMeHeM. Kpome Toro, Mo>xHO U3-
MEHSATh apaMeTpbl MOJENH (Xo U €PS) U HAOJII01aTh, KAaK U3MEHSETCS XapakTep cepAleOneHusl.

Craiinepsl B anumaim. B AnylLogic cymiecTByeT 3feMeHT yHpaBieHHUs, TO3BOJISIOLUIMN
M0JIb30BATENI0 IpaduyecKy BHIOMpATh YMCIO M3 33JaHHOrO JMana3oHa 3HAYeHWH IyTeM Iepe-
TAaCKUBaHMsI PYKOSTKH — OE€rYHOK. BeryHku mim ux elie Ha3blBaloT claiepbl, OOBIYHO HUCIIOJb-
3YIOTCS 111 U3MEHEHUS 3HAYCHUN YHMCIICHHBIX IIEPEMEHHBIX U [TapaMETPOB BO BPEMs BBHIIIOJIHE-
Hus mMozenu. [lepeTamuTe MBIIBIO ¢ BKJIAJKH DJIEMEHTHI ynpasieHus nanenu [lanurpa nukro-
rpammy beryHok Ha nquarpammy kiacca Heart mexay cTpyKTypoi U aHUMallOHHBIM OBajioM. B
nosie «CBsi3aTh C» MaHEIN CBOMCTB BBEIUTE MMsI IapameTpa Xo, @ MUHUMAJIbHOE U MaKCHUMaJlb-
HOE 3HAYEHUS, KOTOPHIE MOXKHO PETYIHPOBATh cianaepom, ycranoBute 0 u 1. JlobaButh moamnu-
CH K cIaiJiepy MOXHO MPOCTHIM Ha)kaTHeM KHOMKU “‘/[00aBUTH” METKH. 3amycTUTe MOJENb U
IIPOBEPHTE ACHCTBUE Cllaiiiepa. AHAJOTUYHO CAENANTe claiep s napaMerpa eps, yCTaHOBUB
orpannyenus ot 0.01 1o 0.5.
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ran: slider] [] Mexniounte
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MakcumansHoe 3HaqeHne 8.5
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dh/dt=(x-x"3-b)leps 1 dbidi=x-x0
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Jas naboparopHoii padotbl Ne2. J[ns Hauana HEOOXOIMMO UCCIE0BATh KaXI0€ U3 ypaB-
HEHUIl CHUCTEMBI U IIPUBECTH MX K HOpMalbHOMY BuAy. HopManuszanus nmozxpasymeBaeT paspe-
HIEHUE YPAaBHEHMSI OTHOCUTENBHO CTAapUIe MPOU3BOIHOM. s 3TOro BOCHOIB3yeEMCs MPUEMOM
— 3aM€Ha Ha HOBYIO IEPEMEHHYIO.

dy; d?y;

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

Ya=¥3t+ )2
PaccmotpuM niepBoe ypaBHEHHE CHCTEMBI. 3/1€Ch CTapiliasi MPOMU3BOIHAS — BTOPOTO TIOPSI-
Ka. BBelleM HOBYIO MEPEMEHHYIO Z, KOTOpasi 3aMEHUT MPOU3BOAHYIO 110 Y. [list 3TOr0 moctaBumM
Ha pabouyro obnacte AnyLogic nBe nepemeHHbie — Y, U Z. [Ipu 5TOM BU 00enX TEepeMEHHBIX
Oynet «MHTerpan uiv HaKOMUTeNby. [ mepeMeHHOoH Y, 3HaYeHHe MOCIe 3HaKa PaBHO OyIeT Z.
st nepeMeHHOM Z B OKHE 3HAYCHHM 3aIMILEM BBIPAXKEHHE, KOTOPOE MOIYYUTCS MOCTIE 3aMEHBI
nepeMenoi. [Iponenaem Bce AEUCTBUSA IO TOPSAAKY:
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s
1. 3amena d—: Ha Z.
o d=

2. llepenumieM nojgy4eHHbIH pe3ynbTaT 1,2 * ¥, + 0.5+ z + 2; =0.7.

dz d=z

3. Breipazum ~; 13 TOJTy4CHHOTO BRIPAKCHHUA — = (0.7 —1,2%y, —05=%z)/2.

4. 3anwieM NOTy4YeHHOE BBIpAXEHUE B OKHE 3HAUCHUH nepeMeHHoi Z B AnyLogic.
ey - Aoy - Man) P R
D 2% Dea g Bowa Peooseee Moaen CGoew Qoo (roasa g

15 d ax n 2 senE »» 3 - WBr Ay g
Puxnxanydlaed N MK waix 30wy X
Npoecy 2 x ““.'l Coodcres aix
M Moges =~ Ot
Py %
X M -
. ’-‘ geatre &
whuoe
e g P a v
Oﬂ
o Horvemrose: [t rapacove
x ,_,‘ orerran s =] | 1.
PGt an e
W Ondloumars wa
Efﬁ'ﬁ‘lja " G xropes

rgo90 —

Teneps 0OpaTHMCsi KO BTOPOMY ypaBHEHUIO B crcteme. OHO MEpBOTo MopsiaKa, HO 3aMeHa
HIePEeMEHHOI Takxke nmoHanooutcs. Beenem erie nBe nepemeHHbie — y3 U K. TTockonbKy cTapiias
NPOM3BOIHAS TIEPBOTO MOPS/IKA, TO Y3 Oyaer uMeTh BUA «MHTErpans WM HaKOMUTEb», a K —
«Dopmynay. B pe3ynbraTe aHAIOTHYHBIX IEHCTBUIA, KOTOpbIe OBLIM MCIONB30BaHbI sl HOpMa-
JIM3alUK IEPBOTO YPaBHEHHMSI, MbI ITOJIy4nM cienayroniee Boipakenue k=(0.04- 3)/0.2

C TpeTpbMM ypaBHEHHEM BCE MPOCTO (IOCKOJIBbKY B HEM HET MPOHM3BOAHBIX) — IMOCTaBHM
ele OJJHy MEPEMEHHYIO V4, BUJ KOTOPO# OyneT «PopmMyiay, ¥ IpOCTO MEPEUIleM BbIPaKECHUES
U3 CHCTEMBI.
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[anee 3ammyckaMm 3KCIIEPUMEHT, CTABUM HOBYIO IMarpaMMy M IIEPETACKUBAEM Ha HEE )2, V3,
va. Ilocne aToro 3amyckaemM MOJEIMPOBAHUE U CMOTPUM, KaK IIPOUCXOAUT U3MEHEHUE NIEPEMEH-
HBIX BO BpEMEHU. DTO U Oy/ET pelIeHue CUCTEMbI YPAaBHEHUH.

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
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0.4
o,
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0.3
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0.05 v/
P

0
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B rooty? B rooty3 M root.y4

Ha rpaduxe MbI MOXKEM BUIETH, UTO OTJIMYHME CHHETO rpaduka (mepemMeHHas y4) OT Kpac-
HOro Tpaduka (MepeMeHHas );) PaBHO B TOYHOCTH 3HAYEHUIO 3eJIeHOro rpaduka (mepeMeHHas
V3) B KaXIbIi MOMEHT BpEMEHH. DTO HECIy4alHO, TaK Kak B3TJIIHYB Ha TPEThE YpaBHEHUE B
CHUCTEME, Mbl YBUJIUM COOTBETCTBYIOLIYIO 3aBUCUMOCTh 3THX TPEX MEPEMEHHBIX.

st 1abopaTtopHoii padoThl Ne3
Cpena AnyLogic mo3Bomisier MoaupuuupoBaTh, KOMOMHHUPOBATH OOBEKTHI, MPOBOJIUTH
HKCIEPUMEHTHI C HUMHU U MPEICTABIATh PE3yJIbTaThl SKCIEPUMEHTOB B HarisAHo# ¢opme. IIpo-
rpamma Stream npeHa3HaueHa JUIsl HOCTPOSHUs MOJIEIEeH MMOTOKOBBIX CXEM B CpE/ie MOJEIUPO-
Banus AnyLogic.
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1. Onpenenenue TuNa JIEMEHTOB M MX YCIOBHO MOJOXKHUTEIBLHOT0 HanpaBiaeHus. CHavana omnpe-
JIeNISIeTCS TUIT BCEX DJIEMEHTOB, BXOJALINX B CXeMy. 3aTeM 3J€MEHThI HyMEepyIOTCsl TakKuM o0Opa-
30M, 4YTOO HOMEpa AJIEMEHTOB ObLIN yHUKaIbHBIMU. [locie 3Toro mist Kaxaoro 3JeMeHTa BbIOU-
paeTcst YCIOBHO MOJIOKHUTENIbHOE Hampasiienue. s aktuBHbX 3nemeHToB (E, I) ycnoBHo mo-
JIO’)KUTEJIbHOE HAMPABIICHUE ONPEIEsAeT MOJIIPHOCTh MCTOYHMKA, JUISl OCTAJIbHBIX 3JIEMEHTOB

MOJIOKUTEIHHOE HAIPABIICHUE MOXKET OBITh BEIOPAHO MTPOU3BOIIBHO.
[Tycth, HanpuMep, HaM HY>KHO BBECTH B Stream CIIEAYIOLIYIO JIEKTPHUUECKYIO CXeMy (puc.

1).

Pucynok 1.
[Tocrne Bcex omeparuii cxema OyeT BBIMIAACTD CIEIYIONMM 00pa3oM (puc. 2).
LG

VYV

—
C4
_||
|

Mo =N R I

Pucynok 2.
2. Haxoxaenue y31oB. Ha snexTpuueckoil cxeMe y3naMu SKBUMIOTEHIIMATbHBIC YUYACTKHU DJIEK-
TPUYECKOM cXeMbl. Beizienum y3ibl Ha Hamei cxeme Tak (puc. 3)

— r7| |\

0

Pucynoxk 3.
3. @opMUPOBaHUE CUCTEMBI YPABHEHUH.
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RY

Pucynox 4. M300paxeHue 2JIeKTPHUIECKOM cXeMbl B BUe Tpada.
HopmanbsHoe nepeBo — aepeBo, B KoTopoe BeTBU BKJItoyaroTcs ¢ npuoputerom U, C, R, L, L.
Anroput™ (opMUpOBaHMSI CUCTEMbI YPaBHEHHH CYLIECTBEHHO YIPOIIAETCs, €CIH PUHSTh
cienymolee cornamienue: anemenTsl U, C Beerza BXOAST B 1€PEBO, AMeMeHThl Thna L, | — Huko-
I71a He BXOJAT B JiepeBo. UTo Kacaercs 3neMeHTa R, To OH MOXeT ObITh, IO OOCTOSTENBCTBAM,
1160 pedpom, MO0 XOpaoil (BXOAUTH B AEPEBO UM HE BXOAUTH B HETO).

R2

Pucynok 5. [TocTtpoeHne HOpMalbHOTO epeBa rpada 1 ycTpaHeHUE MPOTHBOPEYHS ITyTEM BBe-
JIEHUS JOIOJIHUTEILHOIO dJIeMeHTa Z8.
CeuenrieM i-ro peOpa Ha3bIBAIOT COBOKYITHOCTh BETBEH, MePeCceKacMbIX 3aMKHYTOM JIMHUCH MPH
YCIIOBUSAX:
«  mo0as BEeTBb NepecekaeTcs He Ooyiee 0JTHOTO pasa;
* B CEUYCHHE MOXXET BXOJIUThH TOJIBKO OJHO PeOpo.

s o N

Pucynok 6. Brinenenue ceueHui.
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E1 3

R2

Pucynok 7. Beigenenue KOHTYpOB.

[TprMeHHUTETHHO K MMOTOKOBOW CXEMe ClIeyeT 0OpaTHTh BHUMAHUE Ha CIEAYIOIIEe: CYMMBI IIe-
PEMEHHBIX U IS K&KI0TO KOHTYpa U MEPEMEHHbIX | [T KaKIO0Tr0 CeUYeHHsI paBHbI HYJ110. Kpome
TOTO, €CJIM N — YUCJIO BETBEH M M — YHCIIO y3JI0B, TO Tpad mmeer N-1 pedbpo u m-n+1 xopx. Tak
KaK CyMMa pa3HOCTHBIX MEPEMEHHBIX IO KOHTYpPY paBHA HYJIO, TO KaXIbld KOHTYp JAeT HaM
OJIHO JIMHEITHO HE3aBUCHUMOE ypaBHEHHUE; B UTOI'€ Mbl MOXKEM 3anucaTtbh M-N+1 ypaBHEHUI KOH-
TypoB. COOTBETCTBEHHO, KaXJ0€ CEUCHUE TAKXKE JAeT HaM JIMHEHHO-HE3aBUCUMOE YpaBHEHMUE,
YTO B UTOTE 00ECIIEYUBAET MoTydeHue N-1 ypaBHEHUsI CEUCHUH.

B utore momygaem (n-1)+(m-n+1)=m, To ecTh M JIMHEHHO-HE3aBUCUMBIX ypaBHEHHIA, pe-
HIEHUE KOTOPBIX OIIPEAEIIeT M NEPEMEHHBIX 10 YHCIy 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. CocraBieHne cucTeMbl ypaBHEHUH.
4. BBoa »yeKTpu4eckoil cxeMbl B Stream. Kakapiit 2IeMEHT CXeMBbI TIPEACTABISAETCS CTPOKOW B
tabnuie. YToObl BBECTH aTpHOYTHI JIIEMEHTOB, 3alIOJTHUTE COOTBETCTBYIOIINE CTOJIOIBI TaOIH-
1161, UTOOBI T0OABUTH HOBBIM AJIEMEHT TIEPEHANTE Ha TTOCICTHIOK CTPOKY TaOJIUIIBI U 3aTIOJTHUATE
ee. Jlns ynaneHus: CTpOKH U3 TaOIHIIBI BBIACIUTE €€ MISTYKOM MBIIIN 110 MapKepy CTPOKH U Ha-
xmute knaBuiny Delete. JloGaBneHue sneMeHTa K MOJIEIH MPOUCXOAUT TOJIBKO TOCIIE TIepexoaa
C penakTupyeMoil cTpoku Ha mapyryio. [Ipu BBoge cxembl B Stream Al KaKJOTO HEOOXOAMMO
ONPEACIUTD CIAEAYIOUIEE:
*  VHHUKaJIbHBIA HOMEpP — OBLI OMpPEIEICH MPU HyMEPAILIUU JIIEMEHTOB;
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*  THUII — ONpEJENICH paHee;

*  y3Jbl UCTOKA U CTOKA — OIPENEISIOTCS M0 CXEME M MCXOZS U3 YCIOBHO IOJIOXKHMTEIbHBIX
HAIPaBIICHUH 3JIEMEHTOB;

*  3HaAuUCHHWE MapaMeTpa — OMPEIENIICTCS UCXOJs W3 KOHKPETHOM 3a/Ja4u, MOXET OBITh M3Me-
HeHO B Mojienu AnyLogic rociie ee co3iaHus;

*  HaYaJbHOE 3HAYCHHE — 3aJAaeTCs TOJBKO JyUIsl AuHamuyeckux 3iaemeHToB (C u L), nns oc-
TaJIbHBIX 3JIEMEHTOB HTHOpUpPYyeTCs. MOKeT Takxke ObITh u3MeHeHo AnyLogic.

Homepa snemMeHTOB U y3710B — Li€Jible HEOTpHUILATEIbHbIE YKcaa. THIBI 3JEMEHTOB — 3a-
[JIaBHBIE UM CTPOYHBIC JTATUHCKHE OYKBHI €,c,Lr,1. 3HaueHus: mapaMeTpoB U HayaJbHbIE 3HAUE-
HUS DJIEMEHTOB — JICHCTBUTEIILHBIC YMCIa B OOBIYHOW MIIM 3KCIOHEHIIMAIBHON (hopMe (Hampwu-
Mmep: “1507, “-3.58”, “1.02E06” u T. n.). BBenennas B nporpammy Stream cxema OyJeT BBITJIS-
JeTh cieayronmmM oopasom (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}
Pucynoxk 9.

s madoparopHoii padorbr Ne4

WnenTudukaiys MoIeIH M0 3KCIIEPUMEHTAIBHBIM JIAHHBIM MPEAIOIaraeT:

- Bribop, B cooTBeTCTBUU ¢ OCOOEHHOCTSAMH OOBEKTA U YCIOBUSMU pelIaeMoil 3a1aun, Kiiac-
ca MoJiesield, B KOTOPOM OYJIeT CTPOUTHCS MOJIEb IaHHOTO O0BEKTA, U KPUTEPHUS aJIeKBaTHOCTH.
- OmpeneneHue mapamMeTpoB MOJIENH, 00eCTIEYHBAIONINX HAWIYYIINE 3HAYCHHs] BBIOPAHHOTO
KpUTEpHS aICKBATHOCTH (HAWIyYIllee COBIA/JICHUE BBIXOAHBIX CUTHAJIOB MOJICIH U 00BEKTa TIpH
OJINHAKOBBIX BXOJIHBIX BO3JCHCTBHSIX).

BoinonHenue paboThl peanonaraet:

1. HaGmronas nepexoIHblil mpoiiecc B 00bEKTE MpU eAMHUYHOM BXOJHOM BO3/ICHCTBUHU, OTpe-
JIEIINUTD:

- Koaddunuenr nepenaun Ha HyaeBoit yactore K=bo/ao.

- YacToTy COOCTBEHHBIX KOJIeOaHUI.

- Tlokazarenp 3aryxaHus. [{js1 5TOTO BBIMOJHUTEH CEPUIO IKCTIEPUMEHTOB — HAOJI01aTh TIepe-
XOJIHBIN MPOIIECC B CUCTEME BTOPOTO MOPSAIKA MPH Pa3lTUYHBIX 3HAUYCHUSAX TOKa3aTels 3aTyXa-
HUS ¥ CPAaBHUTH MX C TICPEXOTHBIM MTPOIIECCOM B BaIlleM OOBEKTE.

2. 3ajaBUIMCh 3HAYEHHEM OJHOTO M3 MapaMeTpPOB, OMPEIEIUTh OCTaIbHbIC TapaMeTPhl MOJIe-
v (pPEeKOMEH TyeTCs 3a/1aThCs 3HaUeHHEeM apameTpa D).

3. TlocTpouTh CTPYKTYpHYIO CXeMY Ipoliecca ONTUMHU3AINN TapaMeTPOB.

4. CpaBHHUTH MEPEXOHBIE MPOIECCHl 0O0BEKTA U MOJIETH, 3a)UKCHPOBATh HAKOILJICHHYIO I10-
TPEUTHOCTh P HEONTUMATBHBIX 3HAYCHHSIX TApaMeTPOB.

5.  Peanm3zoBath nporeaypy ONTUMHU3AINHT TTapaMeTPOB.

6. CpaBHHUTH EPEXOTHBIE MPOIECCH OOBEKTA U MOJICIH MPH ONTHUMAIBHBIX 3HAYCHUSAX Mapa-
MeTpoB. CpaBHUTH PE3yJbTaThl, OJYUYCHHBIE IO M MOCJIEC ONTUMH3AIMN (HAKOIIJIEHHBIE OIIHNO-
KH).
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7. Wnpentudunupyiite 00bEKT B YACTOTHOW OOJIACTU — OMpPENEIUTE aMIUIUTYTHO-YaCTOTHYIO
XapaKTEepUCTHKY «Bpy4Hyto». Haiimute AUX Mmonmenu ¢ ucrnosip3oBaHueM mnakera frequency.
CpaBaute AUX. Ocob0 0OparutTe BHUMaHKHE HAa COOCTBEHHBIE YaCTOTHI U KOA(D(DHUITMEHTHI TIEepe-
Jlauu: TOJyYECHHBIE SKCIIEPUMEHTAIFHO BO BPEMEHHOM 00J1aCTH 1 ¢ IOMOIIBIO Makera frequency
(10 aMIUIUTYTHO-4YAaCTOTHOM XapaKTepUCTHUKE).

[MTPUJIOKEHUE 1. Ouenka napamMeTpoB MOJIEIIH.

KoaddunmenT nepenaun Ha HyneBol yacToTe paBeH K=Dhg/ag. Omnpenenurb ero MOXHO JKCIIe-
PHUMEHTAJIBHO KaK OTHOILICHUE CUTHAJIOB Ha BBIXOJIE M BXOJIe 00BEKTA B YCTAHOBHBIIIEMCS PEKHU-
me. [locie atoro, 3agaBmmck 3HaYeHUEM Do, MOXKHO HalTH 8g. COOCTBEHHYIO YaCTOTY CHCTEMBI
MO>KHO OLICHUTB I10 IIEPEXOHOMY IPOLECCY BO BPEMEHHOW 00JIaCTH; aHAIIOTHYHO ONPEACIISCTCS
HoKasaTenb ycrokoeHus. Jlanee, 3Hasi SKCIEPHUMEHTAJIbHbBIC OLICHKU HaieM 3HAYCHHUS OCTallb-
HBIX [1apaMETPOB MOJICITH.
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[MPUJIOXEHUE 2. Mnsa naxoxaenus AYX Bocmomnb3yiiTech makerom frequency. Ilpu stom
MOMHUTE, YTO MOJIENb JOJIKHA OBITh MPEJICTABlIEHAa B BUJIE CTPYKTYPHOH CXEMBI, a BXOJIHON U
BBIXOHOM TIEpEMEHHBIM JOJIKHBI OBITh MPUCBOCHBI UMEHA Stc U dest COOTBETCTBEHHO.

[MPUJIOXKXEHHUE 3. Ilpu onTtuMu3anuy NapaMmeTpoB PEKOMEHAYETCS HCHOJb30BaTh CpeAHe-
KBaJPAaTUYHBIN KPUTEPHI aIeKBATHOCTH MOJIENIM U 00bekTa. Ha BX01bI Moien u 00beKTa moIa-
€TCs OJIUH U TOT K€ CUTHAJI, Ha BBIXOJE CUTHAJIBI BBIUUTAKOTCS, PA3HOCTh BO3BOAUTCS B KBaApaT
¥ MoJaeTcss Ha uHTerparop. Ha BbIxome mHTErpaTtopa Mbl MOJYy4aeM HAKOIUICHHYIO MOTpenI-
HOCTb, KOTOpasi MUHUMHU3UPYETCS B IIPOLECCE ONTUMU3ALMU. [{JI 3TOr0 UCIOJIB3YETCS BCTPOEH-
Has npouenypa ontuMuzauuu. CTPYKTypy MOJENIH CUATAEM 3aJaHHOM B BHJI€ 3BE€HA BTOPOTO
nopsiika. KoadduimeHTs! cienyer BBECTH B CHMBOJILHOM BUje: Do, dg, a1, 82. He 3a0ynpTe 3a-
JIaTh WX YHUCIICHHBIE 3HAYCHUS, OTIPE/ICIICHHBIC 110 pe3yJbTaTaM dKCIIEPUMEHTA C 00BEKTOM.
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TIPUJIOXKEHUE 4. OntuMusanmsa napamerpoB B cpene AnyLogic. OnTUMHU3aliMOHHBIN dKCIIE-
pumeHT B AnyLogic mo3BoiseT HaliTH Takue 3HAYeHHsI [MapaMeTpoB MOJECIHU, MPU KOTOPBIX 00-
parmraercss B MUHIMYM WJIH MaKCUMYM HEKOTOpasi OTpe/IeJICHHAs MTOJIb30BaTesIeM 1ieieBas pyHK-
nus. 3HaUYeHUE 11eNeBOM (PyHKUMU MOJACUYMUTHIBAIOTCS B AnylLogic Kakaplii pa3 1Mo OKOHYaHUU
OUYEPETHOTO BBITIOJHEHUS MOJACIH, U AITOPUTM ONTHMH3AIMN aBTOMATHYECKH BBIOUPAET HOBHIC
3HAuUEHUs MapaMeTpoB JAJS OUepelHOro 3amycka Moaenu. Ontumusanus B AnyLogic peanuso-
BaHa C mcrosib3oBanreM makera OptQuest ¢upmber OptTek. s onTuMH3avu MoJb30BaTEIb
JOJKEH B COOTBETCTBYIOIIMX OKHAaX 3a7aTh (YHKIIMOHAJ, KOTOPBIH ClIeyeT MUHUMHU3UPOBATH
700 MaKCUMHU3UPOBATh, 337aTh MapaMeTPhl U OTPAaHUYCHHS UX JHarna3oHa, B KOTOPHIX JOJDKHA
BBINIOJIHATHCS. ONTHUMH3ALUS, a TAK)KE yKa3aThb OTPAHUYEHUS, ONPEIENSIOUUE KIAcC JOMYCTH-
MBIX pelieHud. 3afaB BCE 3TO, IMOJB30BATEIh MOXKET 3alyCTUTh ONTHMU3AIUIO, U TaKET
OptQuest mocne HEKOTOPOTo YKcia MPod aBTOMAaTUYECKH BHIOEPET HAWITYUIINN METO/ ONTUMH-
3aI¥H JUIS JAHHOK MOJICIH CPE TeX METOJIOB, KOTOPBIE HAXOJATCS B €ro OMOIMoTeke, u Oymer
CleIoBaTh BHIODAHHOMY ONTUMH3AIMOHHOMY anroputmy. MuTtepdeiic AnyLogic mo3Bomsier
MOJI30BATENIO TAKXKE UCIIOJIH30BaTh CBOM aITOPUTM ONTUMH3AIUH.
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11. YYEBHO-METOAUYECKOE U UHO®OPMAILIMOHHOE OBECHEYEHHUE AUC-

HUIJIUHBI

a) CniuCcoK peKoMeH/1yeMoii JTuTepaTypsbl

OCHOBHAasI

1. Kapnos [0.I'. Umuranmonnoe moxaenuposanue cucreM. — CII6.: BXB-Iletepoypr, 2005.—
400 c.

2. boes, B. /I. UmuTaninoHHOE MOJEIIMPOBAHUE CHCTEM : ydeOHOE TIOCOOME ISl IPUKIIATHOTO
OakamaBpuata / B. /I. boeB. — Mocksa : U3natensctBo FOpaiit, 2019. — 253 ¢. — (baka-
naBp. [lpuknagnoit kypc). — ISBN 978-5-534-04734-9. — Texkcr : anexrponnsiid // ObC
FOpaiir [caiit]. — URL.: https://www.biblio-online.ru/bcode/438785

3. Ienyxun O.M., MonenupoBanue nHGOPMAITMOHHBIX CUCTEM : Y4ueOHOe mocoOue It By30B
/ Wenyxun O.U. — 2-e uza., nepepad. u gom. — M. : ['opsuas muaus — Tenexkom, 2012. —

516 c. — ISBN 978-5-9912-0193-3 — Tekcrt : anekrponnsiii // 9bC «KoHCyabTaHT CTynEH-
tay : [caitr]. — URL : http://www.studentlibrary.ru/book/ISBN9785991201933.html

JIOTIOJTHUTEIbHAS

1. Jlucsk B.B., MonenupoBanue nH(pOpMaIMOHHBIX cUCTeM : yueOHoe nocodue / Jlucsk B.B. —
PocroB H/]] : U3n-Bo FODY, 2018. — 88 c¢. — ISBN 978-5-9275-2881-3 — TekcT : 3IeKTpOH-
HBIN // 9bC "KoHcynbTanT CTyneHTa" : [caiiT]. — URL :
http://www.studentlibrary.ru/book/ISBN9785927528813.html

2. 3apuxosckas, H. B. MaremaTtnueckoe MoaeIupoBaHue cUcTeM : yueOHoe mocobue / H. B.

3apukoBckas. — Tomck : ToMckuil rocyapCTBEHHbIN YHUBEPCUTET CUCTEM YIPABIICHUS U
paauosnekTporuku, 2014, — 168 ¢. — ISBN 2227-8397. — TekcT : 37eKTpOHHBIH // Diek-
TPOHHO-OMOIMOTEUHAs cucreMa IPR BOOKS : [caiiT]. — URL:

http://www.iprbookshop.ru/72124.html

3. Cosetos, b. SI. MonenupoBanue cucteM : y4eOHHK ISl akaJeMudeckoro 6akanaBpuata / b.
S1. Coseros, C. A. SIkoBneB. — 7-¢ u3a. — Mocksa : M3narensctBo FOpaiit, 2019. — 343 c.
— (bakamaBp. Akanemuueckuit kypc). — ISBN 978-5-9916-3916-3. — Tekcr : 2neKTpoH-
Hbiii // OBC HOpaiir [caiiT]. — URL: https://www.biblio-online.ru/bcode/425228

4. MogenupoBaHue cucteM U nporeccoB. [IpakTukym : yaeOHoe nmocoOue /i akaieMUyecKoro
OakanaBpuata / B. H. Bonkosa [u np.] ; mox penakuueii B. H. Bonkosoit. — Mocksa : U3na-
tenbcTBo FOpaiit, 2019. — 295 c. — (bakanaBp. Akagemuueckuit kypc). — ISBN 978-5-
534-01442-6. — Texkcr : anextponnsiit / ObC FOpaiit [caiit]. — URL: https://www.biblio-
online.ru/bcode/436475

yueOHO-MeTo Y ecKas

1. Cemymwun, 1. B. CroxacTuueckue MOJENH, OLIEHKU U YIpaBlieHue : pasnen: JleTepMuHUCT-
CKHE MOJIeNIU JJUHAMUYECKUX cucTeM: Metoa. mocodue / M.B. Cemymun, 0. B. Llpiranosa ;
Val'V. — Vapsguoscek : Yal'Y, 2007.

2. Kymymxues, K. B. Teopus cucteM Hu CHCTeMHbI aHanu3 : y4de0. mocobume. Y.1-2 : /
K.B. Kymynxues ; Yal'V. — Viuesuaosck : Yal'V, 2003.

3. Hlpranosa 0. B. Meronuveckne ykazaHusi Uil CAaMOCTOSITEIEHOW paOOTHI CTYIEHTOB TIO
mucuuruiiHe «KoMmnbroTepHOe MOAETUPOBaHUE» Ul CTYJACHTOB OakaiaBpuara Mo Hampas-
nenusm 09.03.03 «IIpuxnannas uapopmarukay, 02.03.03 «MartemaTudeckoe obOecrieueHne
U aIMUHUCTpUpOBaHHE HHPopMaMOHHbIX cucteM» / FO. B. Lpiranosa; Ynl'Y, ®dak. mare-
MaTHKH, MHQOPM. U aBUAll. TEXHOJOTUU. - YibsHOBCK : Yal'V, 2019. - 3arn. ¢ skpana; He-
OIyOJIMKOBaHHBIN pecypc. - DieKTpoH. TekcToBble AaH. (1 ¢aiin : 1,03 MB). - Tekcr : anek-
tponHsIi. http://lib.ulsu.ru/MegaPro/Download/MObject/7491

CornacoBaHo:

v(\ 27 4 n B

Ih. pued- /’L' /e, ceclre L7 -0 y i (‘_QA,/// / /
JIOJDKHOCTh corpyﬁmmca Hay4HOH 6MOIHOTEKH [0)5(0) TIO/IMUCh jara
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0) [IporpammHoe obOecnieyeHue
Js 06pazoBaTebHOTO Mpoliecca Mo JaHHOW TUCIUILIMHE He0OXO0AUM cTalmoHapHsbli kiace [TK
C YCTAHOBJIEHHBIM CJIEYIOLIUM IPOrPaMMHBIM 00€CIIEUEHUEM:
— oneparronnas cpega OC Windows/Linux;
— nporpammHas cuctema AnyLogic;
— nporpaMmHas cucrema Scilab.
B) [IpodeccuonanibHbie 0a3bl JAHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMbI:

1. D/1eKTPOHHO-0UOJINOTEYHbIE CUCTEMBI:

1.1. IPRbooks : anexkTpoHHO-OMONMHMOTEeYHAst cucTeMa : caiT / rpynmna kommnanuid A [1u
Ap Meaua. - Capatos, [2020]. — URL.: http://www.iprbookshop.ru. — Peskum mocryma: s 3ape-
TUCTPUP. ITOJIb30BATENEH. - TEKCT: dJIEKTPOHHBIMN.

1.2. IOPAUT : snekrponno-6uénuoTednas cuctema: caiit / OO0 DIeKTpOHHOE H3/a-
tenbcTBo FOPAMT. — Mocksa, [2020]. - URL: https://www.biblio-online.ru. — Pesxum pocryma:
JUISL 3apETUCTPUP. MMOJIB30BaTENEH. - TEKCT : JIIEKTPOHHBIN.

1.3. KoHcynbTaHT CTyzeHTa: 3JEeKTpOHHO-OnOIMoTeyHast cucrema: caidt / OOO Ilonu-
Texpecypc. — Mockaa, [2020]. — URL: http://www.studentlibrary.ru/catalogue/switch_kit/x2019-
128.html. — Pexxum moctyma: 1yist 3aperucTpyp. mojib3oBaTeaeid. — TeKCT : 3IeKTPOHHBIH.

1.4. Jlanp : snektpoHHO-OMONMOTeYHast cucteMa : cailt / OO0 3BbC Jlanp. — CaHKT-
[MTerepOypr, [2020]. — URL: https://e.lanbook.com. — Pexwum moctyna: s 3aperucTpup. Mojib-
3oBaTesed. — TeKCT : 3JIeKTPOHHBIM.

1.5. Znanium.com : 3ieKkTpoHHO-OMOMoTeuHas cuctema : cat / OO0 3nanuym. - Mo-
ckBa, [2020]. - URL: http://znanium.com. — Pexxum rocTyma : ajist 3aperucTpup. MoJIb30BaTeICH.
- TekcT : DJIIGKTPOHHBIMN.

1.6. Clinical Collection : KoymeKIus 11 METUIIMHCKUX YHHUBEPCUTETOB, KIMHUK, MEIIH-
IIUHCKHUX OuOIHOTEK /! EBSCOhost : [mopTait]. - URL.:
http://web.a.ebscohost.com/ehost/search/advanced?vid=1&sid=e3ddfb99-ala7-46dd-a6eb-
2185f3e0876a%40sessionmgr4008. — PeskuM jrocTyma @ i aBTOPHU3. MoJIb3oBareieid. — TeKCT :
JJIEKTPOHHBIN.

2. Koncynperantllmoc [DnekTpoHHBIN pecypc]: crpaBouHas mpasoBasi cucrema. /OO0
«Koncynbrant [Tmroc» - Dnektpon. naH. - Mocksa : Koncynerantlnroc, [2020].

3. ba3bl JaHHBIX NEPUOANYECKUX U3TAHUI:

3.1. ba3za naHHBIX NEPUOAMYECKUX M3JIAHUH : AeKTpoHHbIE KypHansl / OO0 UBUC. -
Mockga, [2020]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum moctymna : s aB-
TOPH3. MOJIb30BaTeNIed. — TEKCT : JIIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snextponHas oubnuoteka : cailt / OOO Hayunast Onek-
TpoHHast bubnmoreka. — Mocksa, [2020]. — URL: http://elibrary.ru. — Pexxum moctyna : s aB-
TOPH3. MOJIb30BaTeNIel. — TEeKCT : IIEKTPOHHBIN

3.3. «Grebennikony : snextponnas 6udanoreka / UJI I'pebennnkos. — Mocksa, [2020]. —
URL: https://id2.action-media.ru/Personal/Products. — Pexwum moctyma : JUisi aBTOPU3. MMOJIB30-
Barenen. — TeKCT : 3JIEKTPOHHBII.

4. HanmoHabHas 3JIeKTPOHHAsi OMOJIMOTeKA : DJIEKTpOHHAs OubmuoTeka : deaepaib-
Hasl rocyaapcTBeHHas HH(GOpMalMOHHAas cuctema : cailt / MunucrepctBo KynbTypsl PO ; PI'B.

— Mocksa, [2020]. — URL: https://H36.pd. — Pexxum goctyma : juisi mojib30BaTeNied HAyIHOU
OonoMoTekn. — TEKCT : DIIEKTPOHHBIH.
5. SMART Imagebase  // EBSCOhost : [mopTan]. - URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum moctyma : Ui aBTOPH3.
noJib3oBaresei. — M3o0pakeHue : 3JeKTpOHHBIE.

6. ®enepanbubie ”HGOPMAIMOHHO-00pa30BaTeIbHbIE OPTAJIbI:

6.1. EqHoe OKHO J0CTyIa K 00pa3oBaTeIbHBIM pecypcam : (eepalibHbIN mopTan / y4-
pemutens ®I'AOY IO LIPT'OIT u UT. — URL.: http://window.edu.ru/. — TeKcT : 3IeKTPOHHBIH.
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6.2. Poccuiickoe obpasopanue : (enepainbHblii nopran / yupemurens ®IAOY 1O
[PI"OIT u UT. — URL: http://www.edu.ru. — TEKCT : 37€KTPOHHBIIA.

7. O6pasoBaTenbHble pecypeb Yal'V:

7.1. DOnextponnas 6ubanoreka Yal'V : moxyms ABUC Mera-ITPO / OO0 «Jlata Dke-
npece». — URL: hitp://lib.ulsu.ru/MegaPro/Web. — Pexum noctyna : ajisi monb3opatesneii Hayd-
HOM O6ubnuorexu. — TeKCT : 3IeKTPOHHBIH.

7.2. O6pasosarenbuprii nopran Yal'Y. — URL: http://edu.ulsu.ru. — Pexxum nocryna : st
3aperucTp. Moab30BaTeNeh. — TEeKCT : ANEeKTPOHHBIA.
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

AymuTopun Ui IPOBEICHUS JISKIIUH, CEMUHAPCKUX 3aHATUH, JUIA MIPOBEACHUS J1abopa-
TOPHBIX paboT, ISl MPOBEACHUS TEKYIIEro KOHTPOJIS U MPOMEKYTOYHON aTTeCTallUU, TPYMIo-
BBIX M UHJIUBUIYAJIbHBIX KOHCYJIbTAIIHH.

AyIUTOpUN YKOMIUIEKTOBAHBI CIIEIUATM3UPOBAHHON Mebenblo, yueOHO# Jockon. Ayau-
TOpUU JJI TIPOBEICHUS JICKIMA 000PYAOBaHBI MYJIbTHMEIUHHBIM OOOPYIOBAaHHEM IS TIPE-
cTaBieHus uHdopmanuu 601b1I0i ayauropun. [lomemneHus s caMoCTOSATeIbHOM paboThl OC-
HaIIEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOXKHOCTBHIO MOJKIIOUEeHHs K cetu «HHTepHeT» u
obecrneyeHreM J0CTyIa K IEKTPOHHON HH(POPMAIIOHHO-00pa30BaTeNbHON Cpele, dJIEKTPOHHO-
oubimoreuHoi cucreme. [lepedeHr o0opya0BaHUs, UCIIONIB3YEMOTO B yueOHOM Tpoliecce, yKa-
3BIBAETCSl B COOTBETCTBUU CO CBEJICHUSMHU O MaTEPHAIbHO-TEXHUYECKOM 00eCreYeHU: U OCHa-
[IEHHOCTH 00pa30BaTENbHOTO Mpoliecca, pa3MelIeHHbIMU Ha OpHUIIHaIbHOM caiite Ynl'Y B pas-
nene “Cenenust 00 oOpa3oBaTeIbHON OpraHu3anun’.
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13. CIEIIMAJIBHBIE YCJIOBHUA AJIAA OBYYAIOIIUXCA C OI'PAHUYEHHBIMUA
BO3MOXHOCTAMMU 3/10POBbA

B ciryuae HeoOX0aMMOCTH, 00YYaIOUIMMCS U3 YUCIIA JIUI] C OTPaHHYECHHBIMH BO3MOYKHO-
CTSIMHU 37I0POBBsI (I10 3asIBJICHUIO 00YYArOIIETroCcsi) MOTYT MPEUIaraTbCs OJHU U3 CIICAYIONINX Ba-
PHAHTOB BOCTIPUSTHS WH(POPMAIIMU C YUETOM MX WHAWBUAYAIBHBIX IMCUXOPU3NIECCKUX OCOOCH-
HOCTEH:

— JUIA JIMII C HapYIICHUSIMH 3PEHHs: B TIEYaTHOW (OpME YBEITUYEHHBIM HIPUPTOM; B
dbopMe NEKTPOHHOTO JOKYMEHTa; B (popme ayamodaiina (mepeBoi yueOHBIX MaTepPHAIIOB B ay-
nrodopMmar); B ieyaTHol (opme Ha s3bike bpaiiist; MHIMBUAYalIbHbIC KOHCYJIBTAIIUHU C TIPUBIIC-
yeHreM TH(IOCYpIONIePEBOIUNKA; WHAUBUIYaIbHbIC 331aHUS U KOHCYJIbTAIIHH;

— JIJIs1 JIAI C HApYIICHUSIMH CITyXa: B Tie4aTHOU (hopme; B PopMe IIEKTPOHHOT'O TOKYMEH-
Ta; BHJICOMATEPUAIIbI C CYOTUTPaMU; MHUBHIyaIbHbIC KOHCYJIBTAIIUH C MPUBJICYCHUEM CYPIIO0-
HEepPEBOAYMKA; WHANBUIYaTbHbIC 3a/IaHHS U KOHCYJIbTALINHY;

— JUIS JIMII C HapyIIECHHSIMH OIOPHO-JBHUIaTeIbHOTO ammapara: B NedaTHoW ¢opme; B
(dopMe 3EKTPOHHOTO TOKYMEHTa; B hopme ayauodaiisia; MHAMBUAYaIbHBIC 3aJaHUST K KOHCYJIb-
TaIHH.

B ciaydae HEOOXOOUMOCTH  WCIIONB30BAaHHMsI B  y4yeOHOM  Tpolecce  YacTH4-
HO/HMCKITFOYUTEIIBHO JIMCTAHIIMOHHBIX 00pa30BaTEeNbHBIX TEXHOJIOTHH, OpraHu3aius padoThI
[IIC ¢ obywaromumucs ¢ OB3 u mHBanMIaMu mpeaycMaTpuBaeTcss B AJIEKTPOHHOW MH(pOpMa-
IIMOHHO-00Pa30BaTEILHON CPEeie ¢ YYETOM UX MHIMBHIYaTbHBIX MCUXO(PH3MUECKUX OCOOCHHO-
CTEH.

Pazpabotunk %Z{cc/ﬁ/ npodeccop kad. UT /I{piranosa F0.B./
nofn'fn(:bo/ JIOJKHOCTD DdUO
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