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1. EJIM 1 3AJIAYH OCBOEHUS JUCHHUITJIMHBI

I[I/ICHI/IHJ'II/IHa «KOMHBI-OTCpHOG MOJICIINPOBAHUC) 3HAaKOMUT CTYACHTOB C
q)yHl[aMeHTaJIBHbIMI/I MCTOAAMHU KOMIIBIOTCPHOI'0O MOACIUPOBAHUA U HCIIOCPCACTBCHHO CBA3daHA
C OCHOBHBIMH MaTE€MaTHYCCKHUMH JUCHHUIIJIMHAMH. HpeI[MeTOM N3YUYCHUA SABJIAOTCA METOABI U
INPpUHOUIBI MMOCTPOCHUA  MATCMATHYCCKUX W KOMIIBIOTCPHBIX MOIICHCP’I. ILI/ICI_[I/IHJII/IHa
3aKjIaabIBacT (bYH,Z[aMCHTaJ'IBHI)Ie 3HaHHI, HeO6XOI[I/IMBIC AJI1 U3YUCHHA BCCX OCHOBHBIX KYPCOB,
MOCBAIICHHBIX MATCMATHYC€CKOMY HW HWMHUTAIIMOHHOMY KOMIIBIOTCPHOMY MOACIUPOBAHUIO
PE€aIbHBIX 00BEKTOB U IIpOLECCOB.

Ilean ocBOeHUS AU CIMILIMHBI

® 3yuYEHHUE OCHOBHBIX MOHITUI U METOJOB MOCTPOCHUS U UCCIICIOBAHUS MAaTEMAaTUYECKUX
MO/IeJIeH, CUCTEM U SI3BIKOB MOJICITUPOBAHHS.

3agayu 0CBOEHHS JUCIUIIHHLI.

e BBIPa0OTKA Yy CTYJACHTOB HAaBBIKOB HCIIOJB30BAHUS CHUCTEM KOMIIBIOTEPHOT'O MOJEIUPO-
BaHM,

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

® TIOHMMAaHUS MPOILIECCOB KOMITBIOTEPHOTO MOICIMPOBAHUS;

OCBOCHHMS METOJIOB ITOCTPOSHHUS MaTEMAaTHUYECKUX U KOMITBIOTEPHBIX MOJICIICH.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

JucuuiuinHa oTHOCHTCS K 6a3zoBoii yactu mukia b1 (b1.B.1.71B.04.01) o6pa3oBarenbHOi
POrpaMMBbI M YMTACTCS B 5-M ceMecTpe cryaeHTaM Hamnpasienus «[Ipuknannas napopmarukay
04HOM GopMbI 00yUEHHS.

s ee yCHemHOro M3y4YeHUs HEOOXOIUMBI 3HAHUSI M YMEHUSI, HaBBIKM U KOMIIETCHIIUU
OIIK-1, OIIK-2, OIIK-6, ITK-5 yacTHuHO HJIM MOIHOCTHIO TPUOOPETEHHBIE B PE3YIbTATE OCBOE-
HUS y4€OHBIX TUCHUILUINH: «/[uckpeTHas marematukay, « MHpopmManimoHHbIe CUCTEMBI U TEXHO-
noruny», «BBeneHne B cCienuanbHOCThY, « TeXHOIOrus nNporpaMMHpoBaHusy, «MaTeMaTuyeckuii
aHanu3», «MartemaTnueckas Jorukay», «Anredpa u reometpus», «MHpopmaTuka u nporpammu-
poBanuey», «Wudopmaruzamus obmectBay, «uddepenuuanpapie ypaBHEHHUs Y, «DuU3UKay,
«Teopust cucTeM M CHUCTEMHBIN aHaNu3», «BeunucIUTENbHAS MaTeMaTHKa», a TaKXKe TPH TPo-
XO0KJICHUH TEXHOJIOTMYECKOH (IPOEKTHO-TEXHOIOTUIECKOM) MPAKTUKH.

Jnst ocBOEHHUSI TUCHUIUTUHBI CTYJEHT JOJKEH HMETh CIEAYIOUIUE «BXOJHBIC» 3HAHMS,
ymenus, HaBbIKH U komreTeHuu OIIK-1, OIIK-2, OIIK-6, TTK-5: nousatue nuddepeHnuansHo-
r0 ypaBHEHHUS, METObI pelieHus auddepeHInaibHbIX YpaBHEHUH, TTOHATHS aIrOpUTMa U MPO-
TrpaMMBbI, TIOHATHE CITyYalHOTO YKCIa, METOJIbI JIMHEWHOU anreOphl U BHIYUCIUTENLHON MaTeMa-
THUKH, MAaTEMaTHYECKOTO aHAIN3a, TCOPUU BEPOSTHOCTEH.

ConyTcTBYIOMMME (TApAIIEIIBHO U3YYaeMbIMH) NUCHUIUIMHAMU SBISIOTCS: «CHCTEMBI
npuHATUS petieHuit», «llpukiagnas ctatuctukay, « HbopManmoHHbI MeHEKMEHT», « MOHHU-
TOPUHT HH(POPMAIIMOHHBIX TIPOAYKTOB U yCIyT», « YIIpaBIeHUE cTapTallaMyi B TEXHOJIOTHYECKOM
npeanpuHUMaTenbcTBey, «[IpoekTHas aestenbHOCTh», «Teopus BepoOSATHOCTEM M MareMaThye-
CKasi CTATUCTHKAY.

Pe3ynbTarhl ocBOeHUs IUCHUIUIMHBI «KoMIblOTEpHOE MoJenupoBaHue» OyayT HeoOXo-
JTUMBI JJIs TaldbHEHIIero mporecca o0y4eHus B paMKax MO3TamHOro (OPMUPOBAHUS KOMIIETCH-
it OI1K-1, OI1K-2, OIIK-6, ITK-5 npu n3ydeHnn ciaeayonux JUCIHILTAH:

«CoBpeMeHHbIe (PMHAHCOBBIE HHCTPYMEHTHI TEXHOJOTHYECKOTO MpPeaIPUHUMATEIHCTBAY,
«IIpencraBnenue 3HaHM», «VHTEMIEKTYyaIbHbIe HHPOPMAIIMOHHBIE CHCTEMBI», «COBpEMEHHbIE
METOJIbI 00pabOTKK OONBIINX O0BEMOB JAHHBIX», «YTpaBleHUE WHHOBAIUAMNY, «OOHaApYyKe-
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HUE BTOP)KEHUH U 3amuTa HHQOPMAIIMOHHBIX cHCTeM», «MeToabl U cucTeMbl 00paboTKH O0JIb-
muX JaHHbIX», «KoMmbroTepHas rpadukay, a TakKe MPU BBIOJHEHUH MPOESKTHOW JEATENBHO-
CTH, TIPH MPOXOXKACHUN TEXHOIOTHYECKON (IPOEKTHO-TEXHOJIOTUYECKOMN) MMPAKTHKH, SKCILTyaTa-
[IMOHHOM NPAKTHKH, NPEAJUIIIOMHON MPAaKTUKH, IPU MOATOTOBKE K cIade W crade rocynap-
CTBEHHOTO 9K3aMEHA, NPH BHITIOJIHEHUH U 3alIUTE BBITYCKHON KBATH()UKAMOHHON PabOTHI.

3. IEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHMUS 110 JTUCHUIIJIMHE
MOAYJIO), COOTHECEHBIX C INTAHUPYEMBIMMU PE3YJIbTATAMMU
OCBOEHHS OBPA3OBATEJBbHOMN ITPOT'PAMMBI

[Tponiecc n3yueHus: AUCHUILTUHBI « KOMIBIOTEpHOE MOJESIUPOBAHKEY HANpaBleH Ha Qop-
MHPOBAHUE CIEAYIOINUX KOMIIETCHIIUM.

Kon u HanmeHoBaHue peanu-
3yeMOH KOMIIETEHILIUH

[lepedeHp MIaHUPYEMBIX PE3YJIHTATOB O0YUYEHUS MO JUCIUILINHE
(MOIyTI0), COOTHECEHHBIX C MHIMKATOPAMU TOCTHKEHUS KOMIIe-
TEHIUN

OIIK-1 — cmocobeH mnpume-
HSTh €CTECTBEHHOHAYYHBIC U
OOIICWHKCHEPHbIC  3HAHMSA,
METOABl ~ MaTeMaTU4YEeCKOTO
aHaM3a ¥ MOJCTHPOBAHMUS,
TEOPETUYECKOTO U IKCIIePH-
MEHTaJIBHOTO HCCIICIIOBAHUS
B Ipo(eccHOHAIbHON Jes-
TEJIBHOCTHU

3HaTh:

METO/Ibl MAaTEeMaTHYECKOTO aHAJIh3a U MOJICITUPOBAHUS, TEOPETH-
YECKOTO M JKCIEPUMEHTAIBHOTO MCCIICIOBAaHUS B IMPOdeccuo-
HaJIbHOM JIeATSIILHOCTH.

VYMeTh:

MIPUMEHATh €CTECTBEHHOHAYYHBIE M OOIEUH)KEHEPHBIC 3HAHUS,
METO/Ibl MAaTEeMaTHYECKOTO aHAJIM3a U MOJICTUPOBAHUS, TEOPETH-
YeCKOr0 W OJKCICPUMEHTAIBHOTO HCCIEIOBaHus B mpodeccro-
HAJILHOM IeITEIbHOCTH.

Bnaners:

HABbIKAMU TPUMEHEHHUS! €CTECTBEHHOHAYYHBIX M OOIEHHKEHEep-
HBIX 3HaHWUM, METOJIOB MAaTEMaTHYECKOTO aHaJlM3a U MOJIeTUPOBa-
HUS, TEOPETUUYECKOTO U SKCHEPUMEHTAIBHOTO HUCCIENIOBAHMS B
PoeCCHOHAIBHON JESITENIbHOCTH.

OIIK-2 — crnocobOeH HCIOJIb-
30BaTh COBPEMCHHBIE WH-
dbopMaImoHHbIE TEXHOJIOTUU
U TIPOrpaMMHBIC CPEJICTBA, B
TOM 4YHCIE OTECYECTBEHHOI'O
MIPOU3BOJICTBA, TIPH PEIICHUH
3a71a4 npodeccuoHaNbHOM
EeSTENTLHOCTH

3HaTh.

COBpEMEHHbIE HWH(OPMAIMOHHBIE TEXHOJOTMH U TMPOrPaMMHbBIC
CpeacTBa, B TOM YHCJIE OTEYECTBEHHOI'O MPOU3BOJACTBA, NPU pe-
[IEHUU 33J1a4 MPOo(heCCUOHATBLHOM TSI TEIbHOCTH.

VYMeTh.

WCIIOJIH30BaTh COBPEMEHHbIE HH(GOPMAIIMOHHBIE TEXHOJOTUU U
MIPOrpaMMHBIE CPEJICTBA, B TOM YHCIIE OT€YECTBEHHOTO TPOU3BO/-
CTBa, TIPH PEIIEHUH 3a/1a4 TPO(PECCHOHATEHOMN ACSITEIIBHOCTH.
Bnanets:

HaBBIKAMH  HCIIOJIb30BAHUS COBPEMEHHBIX HH(POPMAIIMOHHBIX
TEXHOJIOTHI M POrPAMMHBIX CPEACTB, B TOM YHCIIE€ OTE€YECTBEH-
HOTO MPOMU3BOJICTBA, TIPH PEIICHUN 3aJ1a4 MPOdeCcCHOHATHHON JIe-
SITEJILHOCTH.

OIIK-6 — crrocobOeH aHaIN3u-
poBaTh U pa3pabaThIBaTh Op-
TAHU3AIIMOHHO-TCXHHUYCCKHC
U SKOHOMHYECKHE MPOIECChI
C HpI/IMeHeHI/IeM METOOAOB CH-
CTEMHOTr'0O aHajau3a U MaTeMa-
THYCCKOT O MO}IGJ’II/IPOB&HI/ISI

3HaTh:

METOJIbI aHaNN3a U pa3paboTKH OPraHU3AIMOHHO-TEXHUYECKUX U
SKOHOMHUYECKUX TPOIIECCOB C MPUMEHEHHUEM METOJO0B CHCTEMHO-
ro aHajii3a U MaTeMaTUYEeCKOT0 MOJIETMPOBAHUS.

VYMeTn:

aHAIM3UPOBATh M pa3pabaThiBaTh OPraHU3alMOHHO-TEXHUUYECKUE
Y SKOHOMHUYECKHE MPOIECCHI C MPUMEHEHHEM METOI0B CHCTEMHO-

Dopma A
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ro aHaJu3a U MaTeMaTHYE€CKOTO MOJICTTUPOBAHMUS.
Bnaners:

HaBBIKAMH aHAJIN3a M Pa3pabOTKU OPraHU3AIMOHHO-TEXHUYECKUX
1 9KOHOMHMYECKHX MPOLIECCOB C MPUMEHEHUEM METOJ0B CUCTEM-
HOTO aHaJIM3a U MaTEMaTHYECKOT0 MOJICITMPOBAHUS.

[IK-5 — cnocobHOCTh MOAe- | 3HATh!

JUPOBaTh MPUKIAIHBIE (OM3- | METOABI MOJACIHUPOBAHUSA NPHUKIAAHBIX (OM3HEC) MPOLECCOB M
HEC) NpOIEeCChl W NpPeaMeT- | IpeAMETHOH 001acTu.

HYI0 00J1acTh YmeTs:

MOJICTTMPOBATh MPUKIATHBIE (OM3HEC) MPOIECChl U MPEIMETHYIO
007acTb.

Bnaners:

HABbIKAMU MOJICIMPOBAHUS MPUKIATHBIX (OU3HEC) MPOLIECCOB U
MIPEAMETHOM 00JIACTH.

4. ObIIAA TPYAOEMKOCTDb JUCHUITIJIMHBI
4.1. O0beM TUCUMILIMHBI B 32a4€THBIX eJUHUIAX (BCero): 5.

4.2. O0beM TUCHUILINHBI 10 BUAAM y4eOHOH padoThI:

KonuuecTtBo yacoB (hopma oOyueHus - JHEBHAs)
Bun yaebHol paboThl
ny P Beero B T.4. mo cemectpam
1o
TUIaHy 5
KonTaktHas padora
00ydJaromxcsi ¢ mpero- 72 72
JaBaTesieM
AyIUTOpHBIE 3aHATHS:
o Jlexuu 18 18
e IIpakTuyeckue u ce- 18 18
MUHAPCKUE 3aHSATH
e Jlaboparopusie pa-
00TsI (;1aboparopusblii | 36 36
MIPAKTUKYM)
CamocrosiTenbHas padbo-
P 72 72
Ta
DK3aMeH 36 36
Bcero vacoB no nuciu-
ARER 180 180
TUTHHE
dopma TeKyIero KoH-
TpOJIsl 3HAHUW U KOH- JlaGopaTopHbIie paboTHI, TPOBEPKA pelle-
TPOJISI CAMOCTOSATEIHHOM HUS 3a]1a4
paboThI
Kypcosas pabota
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Buas! npoMexyTo4HON

3ad4. ef.

arrectaiuu (9K3aMeH, 9K3aMEH
3a4er)
OO01mmas TpyA0eMKOCTh B 5 5

4.3. Couepmalme AUCHHUIIIMHBI. Pacnpeuenefme YacoB 110 T¢cMaM U BUAaM y‘leﬁHOﬁ paﬁo-

ThbI:

dopma 00yueHUs

Oo4yHasa

Bunbl yueOHBIX 3aHATHH

AyIuTOpHBIE 3aHATHS

®opma TeKy-
1Iero KOH-

IpakTu- | Jladopa- 3ausrusn Camo- i
Haspanue pa3sne- P p B HH- TPOJIsi SHAHUM
OB 1 TeM Bcero YyecKue TOPHbIE Tepak- CTOSI-
Jlekuuu | 3aHATHS, | PadoOTHI, N TeJIbHAA
ceMMHA- | NMPaKTH- THBHOM pa6ora
dopme
pbl KYMBbI
1 2 3 4 5 6 7
Pa3gen 1. MatemaTn4yeckoe H KOMIbIOTEPHOE MO/IeTUPOBaHHe (PU3MKO-TEXHUYECKHX MPOIECCOB
U CHCTEM
1. Monenu 8 1 1 2 - 4 Jlaboparopuas
00BEKTOB, pabora. Jlo-
MIPOIIECCOB H MalmHee 3a/a-
SIBJICHUI HUE
2. Knmaccuduka- 8 1 1 2 - 4 Jlaboparopuas
LU MOJIENIEN pabota. [lo-
MarlHee 3a/1a-
HUE
3. IlonsiTie Mo- 8 1 1 2 - 4 JlaboparopHnas
JEeTUPOBaHUS pabora. [lo-
MarlHee 3a/1a-
HUE
4. e Moxaeru- 8 1 1 2 - 4 JlaGoparopuas
pOBaHUS pabora. [lo-
MarlHee 3a/1a-
HUE
5. Drambl Mmozie- 8 1 1 2 - 4 JlaGopaTopHas
JMPOBAHUS pabora. [lo-
MarlHee 3a/1a-
HUE
6. 3amaun Mone- 8 1 1 2 - 4 Jlaboparopnas
JUPOBAHUS pabora. Jlo-
MarrHee 3aja-
HUE
7. CTpyKTypa Mo- 8 1 1 2 - 4 JlaGopatopHas
Tenen paborta. Jlo-
MarlrHee 3aja-
HUE
8. MeTo1bl KOH- 8 1 1 2 - 4 JlaGopaTopHas
dopma A Crpanuna 5u3 32
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CTPYHUPOBaHUS pabora. [lo-

MOZEeIIeH MallHee 3a/1a-
HUE

9. UmuranmonHoe 8 1 1 2 - 4 JlaGopatopHnas

MO/JICIIMPOBaHUE pabora. [lo-
MalnHee 3a/a-
HUE

10. KommbroTep- 8 1 1 2 - 4 Jlaboparopuast

HOE MOJICIINPOBa- pabora. [lo-

HUE MaIllHue 3aja-
HUS

11. Crarucruye- 8 1 1 2 - 4 Jlaboparopuast

CKO€ MOJIEIIUPO- pabora. [lo-

BaHHC MaIlHue 3a/a-
HUS

Paznen 2. MatemaTnyeckue U KOMIBIOTEPHbIE MOJIEJIM JIMHEHHBIX TUHAMHYECKHX CHCTEM

12. TIpeobpa3zo- 8 1 1 2 - 4 JlaGopaTtopHas

Banue Jlamnaca pabota. [lo-
MalllHUe 3a/1a-
HUS

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

HEHHOW TUHAMU- pabota. [lo-

YEeCKON CHCTEMBI MaIlllHUe 3a/1a-
HUS

14. OcHOBHBIC 8 1 1 2 - 4 Jlaboparopuas

CBOWCTBA JIMHEH- pabora. Jlo-

HOM TUHAMHYe- ManiHue 3aja-

CKOM CHUCTEMBI HUS

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

penaToYHON pabora. [lo-

byHKIIN MallHue 3a/1a-
HUS

16. Xapaxkrepu- 8 1 1 2 - 4 JlaboparopHnas

CTHKH JTMHEHHBIX pabora. [lo-

JTMHAMHAYECKHUX MaIlHue 3a/a-

CHCTEM HUS

17. Monenu B 8 1 1 2 - 4 JlaGopaTtopHas

IIPOCTPAHCTBE pabora. [lo-

COCTOSTHUU MalllH1E 3a]1a-
HUS

18. O600IIeHHBIH 8 1 1 2 - 4 JlaGoparopHas

aHaJIN3 yIpaBs- pabora. [lo-

€MOCTH 1 HabJTt0- MaIlTHue 3a/1a-

JaeMOCTH MOJIe- HUS

nen

DK3aMeH 36

Hroro 180 18 18 36 - 72

Dopma A
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Paznen 1. MaremaTuyeckoe M KOMIBbIOTEPHOEe MOAeJIMPOBaHHEe (HU3MKO-TEXHUYECKHX
NPOLECCOB U CUCTEM

Tema 1. Mozaenu 00BbEKTOB, IPOLIECCOB U SIBJICHUH.
Tema 2. Kimaccudukarus moaenei.

Tema 3. [lonsiTue MOAENIUPOBAHMUSL.

Tema 4. [lenu MoIeTUPOBAHUS.

Tema 5. DTanbsl MOAEIMPOBAHUS.

Tema 6. 3agaun MoCIMPOBAHUS.

Tema 7. CTpykTypa Moiemne.

Tema 8. MeTopl KOHCTPYUPOBAHUS MOJEIICH.
Tema 9. IMuTaninoHHOE MOJIETMPOBAHUE.

Tema 10. KomnbroTepHOE MOICIHPOBAHUE.

Tema 11. Cratuctuueckoe MOACIUPOBAHUE.

Pazjnen 2. MaremaTHyecKkue H KOMNbIOTEPHbIE MO/Ie/IH JJUHEHHBIX JUHAMHYECKUX CUCTEM
Tewma 12. IIpeoOpazoBanue Jlamaca.

Tema 13. ITousTie MTMHEHHON TUHAMUYECKON CHCTEMEL.

Tema 14. OcHOBHEIE CBOMCTBA JIMHEHHON JUHAMUYECKON CUCTEMBIL.

Tema 15. [lonsiTue nepenaTouHoil PyHKIMHU.

Tema 16. XapakTepuCTUKH JIUHEHHBIX THHAMHYECKHX CHCTEM.

Tema 17. Monienu B IpoCTpaHCTBE COCTOSHUM.

Tema 18. O6001IeHHBI aHATTU3 YIPABISAEMOCTH U HAOII0JaEMOCTH MOJIEICH.

6. TEMbI IPAKTUUYECKUX U CEMUHAPCKUX 3AHATUA

[IpakTuueckue 3aHATHA (CEMHUHApBI) MPEAYCMATPHUBAIOT PEIIEHUE 33/ay [0 TeMAaTHKe
PaznenoB 1 u 2 u o06cykaeHne HallZICHHbIX PEIICHUH.

Tema 1. Mooenu nacpesanusiloxnasicoenus.

Tema 2. Mooenu gvimexanus scuoxocmu u3 pezepsyapa.

Tema 3. Mooenu snudemuii.

Tewma 4. Mooenu pocma yucnennocmu 6UOnI02UYECKOU NONYTIAYUU.

Tema 5. Mooenu dsusicenus b6e3 yuema conpomugnenust cpeobi.

Tema 6. Mooenu 0sudicenust ¢ yuemom conpomusierust cpeobi.

Tema 7. Ilpeobpasosanue Jlanaaca.

Tewma 8. Boiuucnenue nepedamoynoti (hyHKyuu.

Tema 9. Ananus ceoticme modeneii 6 npocmpancmee coCmMoAHUIL.

7. JABOPATOPHBIE PABOTbI (JABOPATOPHBIN TPAKTUKYM)

Tembl J1a60paTOPHBIX PadoT
JlaGopaTtopuas padota 1. OcBoenue cpensl Mmoaenuposanus AnyLogic (AL). Liens
nprobpereHue HaBbIKOB paboThl B cpene AL. JlocTmxenue e obecrieuuBaeTcs pe-
IIEHUEM TOJIHOCTBIO JOKYMEHTUPOBAaHHBIX TpuMepoB. Coaepxanne paboThl — pelieHne
TPEHHUPOBOYHBIX 33/IaHUH W BBIITOJHEHHE KOHTPOJIBHOTO 3a/IaHMHsL.
JlaGopaTopHas padora 2. Box u pemenne B cpene AL cuctem AJ1Y. Lens paGoTsr —
OCBOEHHE TEXHOJIOTMH NpuBeieHns cucteM AJ[Y k HOpManbHOMY BUAY M TpHOOpeTe-
HUE HaBBIKOB WX PEIICHHS U aHUMaIuu pemennii. Conepxanne padoThl — pelieHIe
TPEHUPOBOYHBIX 3aJIaHHI U BBHIIIOJHEHHE KOHTPOJIBHOTO 3a/1aHMsL.
JlabGopaTopHas padora 3. Pa3paboTka u ncciegoBaHue MoJieJieli HEMPEPhIBHBIX CH-
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cteM. Llenb paboThl — 0CBOEHNE TEXHOJIOTUHU MOCTPOSCHUE MOJIENIel HEPEPBIBHBIX CH-
CTEeM U UcclieoBaHue ux noseaeHus B cpeae AL. Coaepxanne paboThl — pelIeHHe Tpe-
HUPOBOYHBIX 33/IaHUH U BBIIIOJIHEHHUE KOHTPOJIBHOTO 3aJaHHUsL.

JlaGopaTopnasi padora 4. neatudukaus MoJelel mo SKCIepUMEHTATLHBIM JTAHHBIM.
Lenb paGoThl — 3aKperieHrne 3HAaHUI U HaBBIKOB 110 UACHTU(DUKAIIMKM MOJIEINIHU 10 JKCIIe-
PUMEHTAILHBIM JIaHHBIM, MPHOOPETEHUE HABBIKOB PAbOTHI C ONTUMHU3ATOPOM ITyTEM
pemienus 3aaad. CogepxaHue pabOThl — pelleHHe TPEHUPOBOYHBIX 3aJaHUM U BBINOJ-
HEHHUE KOHTPOJIbHOTO 3aJaHusl.

Metoanueckie yKa3aHusi: OCHOBHOE BHUMAaHHE JIOJDKHO OBITh yJIEJIEHO OCBOCHUIO paboTHI C CH-
creMoii MmoaenupoBanus AnyLogic.
JlabopaTopHas padora 1.

ITocranoBka 3agaun. MaTtemMaTHueckasi MOJIE€Ib JUHAMUKHA COKpAILEHHUs CepASUYHON MBbILI-
161 3371a€TCSl HETMHEHHBIM (D hepeHIInanbHbIM ypaBHEHHEM TIEPBOTO MOPSIIKA!
dx/dt=(x-x3-b)/eps, e X mpejcTaBuseT paamyc cepaua, a mapameTp b caM SBIseTCS MepeMeH-
HOW, ompenaesiemoit nuddepennnansubiv ypaBaenuem: db/dt=x-Xo. D10 oxHa W3 mpocTeiux
MoJienell Tako TUHAMUKU. 3aiauell JaHHOTO YNpaKHEHUs! SIBJISETCS] IOCTPOSHHUE 3TOU MPOCTOM
MOJICJIH, TIO3BOJISIONICH MOJYYUTh BPEMEHHBIC 3aBUCHMOCTH MEPEMEHHBIX X U D OT BpeMeHH, a
Take (a3oByI0 IUarpaMMy M3MEHEHHs pajauyca x oT 3HaueHus D. OueBHIHO, YTO BCe ITH Be-
JUYUHBI BEIIECTBEHHBIE (C TJIaBaroliei Toukoi). s mocTpoeHus Moaelu HeoOX0AuMO 3a/1aTh
HavaJbHbIC 3HAUCHNUS IEPEMEHHBIX X U D, a Taxke 3HaYeHHe mapamerpa eps.

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

Byto nanky. Co3naiite, Hanpumep, nanky C:\My Models. [Tocne 3Toro ajst mocTpoeHHs: HOBOTO
IIpOEKTa B Ballel nanke KIMKHUTE KHOMKY “Co3narh” WIM BBIOEPUTE B OCHOBHOM MEHIO
“®@aitn|Co3natsMogens”. B mosiBuBLIEMCs AMAJIOrOBOM OKHE YCTAaHOBUTE HY)XKHYIO pabouyro
narnky, B Heil HaOepute Heart kak umst HOBoro (haiina, B KOTOpoM OyeT XpaHUThCS Balll HOBBIN
npoekT, 1 kukHuTe OK. HoBBIN mpoekT noj Ha3BaHueM “Heart” Oyzaer co3/iaH, M Ha SKpaHe Bbl
YBUIUTE CIENYIOIIEE:

®aiin Mpaeka Bua Pucosarme Mogens Wucrpymermi  Crpaska

B2l oD @M O3 -E| 758 | %~ - 2 OBpautbca 3a nomowsto... )| %
% Mpoexrs &1 = B8 || & Main 2 = 8 ||/ ceoiicraa 3 =04
« [&] Moden ~ Model1 - Mogenb
© Main
~
@ simulation: Main
Vs Modell
EAuMUUBI MOAEBHOTG Bpement: | CEKyHIB v
~ 3asmcumocrn
BuGnuoTexn AnyLogic, HeOBXOAUMBIE AR NOCTPOEHIA MOAENM:
Viua Be.. Mector
Jat paiins! u RaNKu KNaCCOB, TPESyEMbIE 417 NOCTPOEHIA MOAE.
Mecrononoxenne
~ Uncnennsie uetope:
[ndpepenumansrie ypasnerma: | iinep v

e AnreBpaudeckue voasHerus: WismeneHHeIi HetoTon v ¥
< > >

Puc 1. HoBslii mpoekT
OTKpBITOE OKHO PEIaKTOpa HOBOTO IMPOCKTa COMEPIKHUT TpU OKHA. Kak y»ke roBOPHIIOCH, B OKHE
KJIACCOB (CTIeBa) aBTOMATUUYECKU CTPOUTCS JIEPEBO BCEX OOBEKTOB MPOEKTA, KOTOPBIE BBl OyieTe
OTIPENeNATh M0 X0y IOCTPOCHUST MOJeNu. J[JIsi HOBOTO MpOEKTa B HEM YXKE CO3[aH KOPHEBOH
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KJIacC aKTHBHOTO oObekTa ¢ mMeHeM “Model”, a s mpoBeJeHUsT SKCIIEPUMEHTOB ¢ OyayIei
MOJICITBIO YK€ CO3JaH OJMH SKCIIEPUMEHT ¢ MMeHeM “Simulation” y kopHeBoro kiacca “Jkcre-
puMeHThl”. LleHTpanbHOE OKHO — OKHO Ipa)uyecKoro pemakTopa CTPYKTYpPbI Ul CO3JIaHHS
CTPYKTYpPbI aKTUBHOI'O O0BEKTa, MPEACTaBISIONEro Mojenb. C MOMOIIbI0 KHOMOK yIpaBJIEeHUsS
3TUM OKHOM, KOTOpbIE HaXOJATCSl BBEPXY CIPaBa, MOXKHO YMEHBILINUTh, CBEPHYTh WJIH 3aKPbITh
9TO OKHO. YMEHBIIUTE pa3Mep OKHa pelakTopa CTPyKTypsl oobekTa “Model”, menkuys mo co-
OTBETCTBYIOLIEH KHOIKE CIpaBa BBEPXY. /|BOMHBIM IETYKOM MBIIIM HA UMEHU KJIacca aKTHBHO-
ro o0beKTa B OKHE KilaccoB (B JaHHOM ciydae “Model”) MOXHO OTKpBITH OKHO penakropa
CTPYKTYPBI 3TOTO 00BEKTa, €CIIi OHO 3aKpbITO. OKHO cIipaBa Ha puc.1— 3TO OKHO CBOHCTB BBIJE-
JIEHHOT'0 3JIEMEHTa MoJiesiu. B TaHHOM cityyae 3TO OKHO IOKa3bIBaeT CBOMCTBA Kjlacca KOPHEBO-
ro oobekTa ¢ umeneM “Model”, eciu OKHO ero CTpYKTYpbl aKTHBHO. B OKHE CBOWCTB MOKHO pe-
JAKTUPOBATh CBOWCTBA COOTBETCTBYIOLINX OOBEKTOB.

Iloctpoenue monenu. OcHOBHAs 3ajaya — MOCTPOEHUE MOJENHU, B KOTOPOI NMPUCYTCTBY-
10T JIBe MEpEeMEHHbIe, X ¥ D, u aBa mapameTpa — Xo U €PS, Iie Xo — HayaubHOE 3HAYCHHE X.
HauanpHoe 3HauYeHHE MEPEMEHHOW D 3amamuM HENnoCpeJCTBEHHO KOHCTaHTOW. J[is BBemeHwUsI
NepBOM MEPEMEHHOI X BbIOEpeTe B MEHIO ManuTphl pasaen “CucremHas auHamuka’”. [lepemen-
Has X JIOJDKHA ompenenaThes auddepenrmansabM ypasaerreM dx/dt = (x-x3-b)/eps ¢ magans-
HBIM 3HaU€HHUEM X, PaBHBIM Xo U ¢ apameTrpoM eps. B AnyLogiC MoxHO 10JJ00HBIE 3aBUCUMO-
CTH OTIPE/ICIISITh UMEHHO B TAKOM BHJIE, B BUJC TU(PPEpEeHIINATBHBIX yPAaBHECHHIA.
Bropas nepemennas b onpenensiercst popmynoit d(b)/dt=x-x0. JlelicTBus 1o ee BBEICHUIO B MO-
nenb oueBuAHbI. [lycTh HauanbHOE 3HauUeHue nepeMeHHoi b paBuo 0. B none HayanbHoe 3Have-
HUE IIPU 33/1aHUU HA4aJIbHOI'O 3HaUeHMs b BennuuHy (0 MOXKHO HE 3alMChIBATh: €CIIM I10JIe 3Ha-
YEHUS IYCTO, IO YMOJYAHUIO 3TO 3HAUEHUE CUUTAETCS HYJIEBBIM.

Jlis mpoBepKU MPaBUIBHOCTH CUHTaKcHca (popMaIbHBIX MPABUI) MOCTPOCHHSI MOJIEIH B
KKl MOMEHT IIpU €€ MOCTPOEHUU MOKHO HMCIOJb30BaTh KHONKY IlocTpouTh manenu uH-
CTpyMeHTOB. Eclin KIMKHYTh Ha 3TOM KHOIIKE, TO B MOsIBUBIIEMCS] OKHEe BbIBOJ Oy/ieT BbIBeieHa
uHpopmanusg o0 ommbOke. J[ns 3aBepiIeHUss MOCTPOEHUST MOJENM HUX HYX HO 3anaTh. [lycTh
X0=0.5, eps=0.01. [TapameTpsl 3TH SBISAIOTCS MapaMeTpaMu arenta Heart, moaToMmy oHM BBOJSAT-
Csl B OKHE CBOMCTB 3TOr0o 00bekTa. Jls 3a1anus Xo nepeninTe Ha BKIAAKY “ATEHT’ MaauTpbl U
no6aBbTe 00BeKT “IlapameTp”.

3amMeHUTE UM TTapaMeTpa Ha Xo, B Toie 3HaueHus ycranoure 0.5, a tun ocraBsTe double.
OcranbHble MOJIs TaKKe ocTaBbTe 0e3 u3MeHeHus. [lepemMenHas eps 3amaercs Tak xe. B koHue
HEO0OXOJUMO CO37aTh CBSI3U MEXAY MEepPeMEHHbIMU. PYKOBOACTBYSCh BBEIEHHBIMU (POpMYyIaMHU
Y UCIIOJIb3Ysl MHCTPYMEHT “CBs3b” BKIaAKHU “CHcTeMHas JMHAMHUKA  NaJUTPbl, YCTAHOBUM Tpe-
OyeMble B3aMMOCBSI3M MEXJy NEepeMEeHHbIMU. B pe3ynbpTaTe Ha SKpaHe BbI MOJYUUTE CIEAYIO-
niee: Haanuch “TlocTpoeHune ycrnemHo 3aBepiieHo” B HUPKHEM JIEBOM YIJIy CUTHAJIU3UPYET HaM,
YTO BCE BBINOJIHEHO BEPHO.

3anyck Mozxenu. Knuk Ha kHomnke “3amyck” mpHUBENET K TOMY, UTO NEPEMEHHBIE B OKHE
HAYHYT U3MEHSTHCSI B COOTBETCTBUU C OIPENEICHHBIMU JUIsl HUX ypaBHEHUsAMH. Cuctemsl aud-
(bepeHIaTbHBIX U alredpanyecKux ypaBHEHHH, onpeieneHHble B npoektax AnyLogic, npu BbI-
MOJIHEHUH MOJIETH PELIAIOTCsl OJHUM U3 BCTPOCHHBIX YHUCICHHBIX MeTO0B. CaM MeTon U HeoO-
XOJIMMasi TOYHOCTh PEIICHUS] BBIOMPAIOTCS CHCTEMOM aBTOMATHYECKH, €CJIM IMOJb30BaTeib HE
M3MEHUT IpEIBapUTENbHbIE YCTAHOBKM B OKHE CBOMCTB Mojenu. BrinonHeHne Moaenu 3aKoH-
YUTCS, KOTJa CYETUYUK MOJIEIBHOIO BPEMEHHU JOMAET 10 3HAYEHUs, YKa3aHHOI'O OKHE CBOMCTB
obbekra “Simulations”. TTo ymonuaHuio 3HaYeHHE HE YCTAHOBJICHO, SKCIIEPUMEHT JUTUTCSI, TOKa
I10JIb30BATEb HE OCTAHOBUT €0 CaMOCTOSITENILHO. Y CTAHOBUTE BPEMSI OKOHYAHHUS IKCIIEPUMEH-
ta Ha 100. IIpoBeanTe HECKOJIBKO SKCIEPUMEHTOB C PA3IMYHBIMU CKOPOCTSIMU BBIIOJHEHUS
JTAHHOW MOJIEJH, UCII0JIb3Ysl KHOIIKA OCTaHOBA, PECTapTa, 3aIycKa.

JlabopaTopHasi pa6ora 2. AJ/[Y kak kjacc mojenedl HaxoAsT LIMpoyailliee NMPUMEHEHHE B
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UMHUTALMOHHOM MojenrpoBanuu. Ilpomecc nccnepoBanust MOAETH BKIIOYAET pa3paboTKy Moje-
JIY B BHJIE CUCTEMBI anreOpo-auddepeHnaibHbpIX ypaBHEHUH, Mpeodpa3zoBaHue MoJieinu B (hop-
My, JOIyCKaIoIIyo BBOA e¢ B DBM (B IaHHOM ciy4ae 3TO YpaBHEHHS B HOpMalbHOU (hopme),
pelleHre ypaBHEHUH, BBIBOJ U COJIepKaTelbHasi MHTEPIpETalus pe3yIbTaToB.

Beinonnenue paOoThI:

1. 3aganHble B MPUIIOKEHUHN YPAaBHEHUS MIEPBOTO U BTOPOIO MOPsiIKA IPUBEIUTE K HOPMAIbHON
dbopMe U uccienyiTe X PelIeHHs MPU CTAHAAPTHBIX UCTIBITATEIIBHBIX CHTHAIAX M U3MEHECHUU
koa¢punmentoB. Ocoboe BHUMaHNE 00paTUTE HA U3MEHEHHE XapaKTepa MepexoHOoro mnpoiecca
B CHCTEME BTOPOTO MOpsi/iKa. B KauecTBe MCTOYHWKA CTaHJIAPTHBIN UCTBITATEIILHBIX CHUTHAJIOB
UCIIONB3yiTe BCTpoeHHbIe hyHKIMH AnyLogic (TabnuuHas QyHKIUS, CHHYC).

2. Mojenu TpUIIOKEHUS MPUBEANTE K HOPMAILHOMY BUAY. BBeaute cucreMy ypaBHEHUS B
OBM wu uccieayite pemieHrue MpH Pa3IMYHBIX BXOJHBIX CUTHaiaX. YOEIUTh B MPAaBHIBHOCTH
MOJTyYEHHBIX PE3YJIbTATOB OMHUPASCh HA YCTAHOBUBIIMECS 3HAUYCHUS M XapaKTep MPOIECCOB.

3. Aaumupyiite moaenb. Hapucyiite cTpyKTypy CHUCTEMbI, OIMHCHIBAEMOI 3a/laHHBIMU ypaBHE-
HUSMH, YCTAHOBUTE MHIUKATOPHBIC ITUArPAaMMBI U CJaiIepsl, TO3BOJISIONINE HAOIIOIATh TIepe-
MEHHBIE ¥ U3MEHATh NapameTpshl. [Ipocienure 3a U3MEHEHHEM XapaKTepa MepeXOHbIX MPOoIiec-
COB IPU U3MEHEHUH ITAPAMETPOB CXEMBI.

KonTponbHas pabota: /st 3a1aHHOM cXeMbl IPU CTAHJAPTHBIX BXOJHBIX CUTHAJIAX BBIITOJIHUTE
orepaiuu 1o nyHkram 1 - 4.
[Tpunosxenue 1.
1. 0.05d—y+2y—10x =0
dt
[Tpunoxenue 2.

2
2. 29 02 5y 5x-0
dt dt

JlaGopatopHas padora 3. DiekTpuyeckre CXeMbl 3aMeLeHHs (IOTOKOBBIE CXEMbl) KaK Kilacc
MoJieJIe UCIIONB3YIOTCS JIUIsl MOJCIUPOBAHMS KaK NEKTPUUYECKUX CXEM, TaK U MHOTHX APYTUX
00BEKTOB: MOJIYHNPOBOJHUKOBBIX MPUOOPOB, 3IEKTPOMEXAHUYECKUX M THUIPOMEXAHHMUECKUX
yctporictB. [loaTomy, kKak u panee, OyJeM MOHUMATh MO JIEKTPUUYECKON CXEMON MOJENb Kak
AIIEKTPUUYECKOMN 1IeTH, TaK U JII000ro JPyroro yCTponcTBa.

ConepxaHnue pabOThI:

1. Jlnsa mpocTedmmx 1HenoyeKk U3 NpuiiokeHus | 3anuimmre ypaBHEHHUs W BBeauTe ux B DBM.
Hccnenyiite peakiivio Ha OCHOBHBIE UCIIBITATEIbHBIE CUTHANBI. B KauecTBe NCTOYHMKA CUTHAJIA
ucnone3yite Omok func u3 O6mbmmoreku SignalShema (oxkHO KiaccoB) WM OUOIMOTEUHYIO
¢ynxuio AnyLogic.

2. JInsa cxeMm NpuiokeHus 2 NOCTPOWTE NEPEBO U CEUEHMS, 3allMIIMTE COOTBETCTBYIOILLYIO CH-
CTEeMy YpaBHEHHI U MpHUBEIUTE €e K HopMaJIbHOMY BUIy. BBeaure ypaBHenus B OBM u uccine-
IyWTe UX pelIeHUe MPU Pa3INYHbIX BXOJHBIX CUTHANAX. Y OeAUTh B MPAaBUILHOCTHU MOJTYYESHHBIX
pE3yIbTaTOB, ONUPASCh HA YCTAHOBUBIIMECS 3HAYCHUSI M XapaKTep IPOLIECCOB.

3. IloBTOpHUTE NMYHKT 2 C UCHOJIB30BAaHUEM MakeTa Stream. CpaBHUTE CUCTEMBI YPaBHEHHUM: CO-
cTaBieHHbIe Bamu u makerom Stream.

4. Auumupyiite monens. Hapucyiite 31eKTpHUECKyl0 CXeMy, YCTAaHOBUTE MHAMKATOPHBIE JHa-
IpaMMBbI U CJIaliJIepbl, MO3BOJISIONINE HAOII0OJaTh IepeMEHHbIe U U3MEHATH apameTpsbl. [Ipocie-
JIUTE 3a U3MEHEHUEM XapaKTepa MEPEX0JHbIX MPOLECCOB IPU U3MEHEHUH [TAPAMETPOB CXEMBI.

JlaGopatopnas padora 4. nenTuduxanys MOAEIH MO SKCIIEPUMEHTAIBHBIM JaHHBIM MPEAIO-
Jaraer:
- BbIOOp, B COOTBETCTBUU C OCOOEHHOCTSIMH OOBEKTa M YCIOBHSMM peIlaeMoOi 3ajau,
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KJlacca Mojieliei, B KOTOPOM OyAeT CTPOUTHCS MOJENb JaHHOTO O0BEKTa, M KPUTEPHS aJeKBaT-
HOCTHU.

- oTpesieNieHUE MapaMeTpoB MOJICTH, 00eCIIeUHBAOIINX HAUTYUIINE 3HAYCHHS BEIOpAaHHO-
ro KpUTEpHs aJeKBATHOCTU (HAWIydlllee COBIAJCHHUE BBIXOJHBIX CUTHAJIOB MOJIENH M 00BEKTa
P OJIMHAKOBBIX BXOJIHBIX BO3JICHCTBUSIX).

[Ipenmonaraercsa, 4tro 3Kcmept, o0Jazas OMpENeNIeHHON ampuopHoil uH(OpMaluei o
CBOMCTBaxX 00BEKTA, BHIIBUTAET TUIIOTE3Y O CTPYKTYypE MOJIEIH M 33/1a€T HadallbHbIC 3HAYCHUS
napaMeTpoB. 3aTeM Ha OOBEKT UM MOJIeib MOJAI0TCS OJUHAKOBBIE BXOJIHBIE BO3JIEHCTBUS, CPaB-
HUBAIOTCSl UX BBIXOJHBIC CUTHAJIBI M OLICHUBAETCSl KpUTEepUi afnekBaTHOCTH. [lapameTpbl Moaenu
KOPPEKTUPYIOTCS JI0 TOTYyUYEHUs MPUEMIIEMbIX 3HAaYeHUI KpuTepus ajekBaTHOCTH. Eciu umero-
nieiicss anmpuopHO MHGOPMAIMN HEAOCTATOYHO, TO OPTAHU3YIOTCS JTOTIOJHUTEIBHBIC HCCIIEI0-
BaHUs 00BEKTA.

Hacrosimast pabora mpejmnonaraer, 9To B KaueCTBE OOBEKTa HCIIOJIB3YETCS CTPYKTypHas
CXeMa C HEM3BECTHBIMU MapamMeTpaMu. Tak Kak U3 TeOpUU CHCTEM M3BECTHO, YTO CHCTEMBbI BbI-
COKOTO TMOPsiAKa BeIyT ceOsi B 00JIaCTU HU3KUX YaCTOT KaK CUCTEMBI 2-3 TopsJiKa, TO B KAYECTBE
MOJIEJIH MpeAJIaraeTcs UCMOIb30BaTh CUCTEMY BTOPOTO MOPSAKA.

Brinosnnenune paboThI:

1. Habmronass mepexoHplii mpolecc B 0ObEKTEe MPH €JUHUYHOM BXOJHOM BO3AEHUCTBUU
OTPENICTTUTD:

- Koadhdurment nepenaun Ha HysneBoit yactrore K=bo/ao.

- YactoTy cOOCTBEHHBIX KOJICOAHUH.

- [Tokazarens 3aryxanus. [yt 3TOro BBIOJIHUTH CEPUIO SKCIIEPUMEHTOB — HAOIIOaTh Te-
PEXOJIHBIN TPOIIECC B CUCTEME BTOPOTO MOPSAKA MPU PA3IUYHBIX 3HAUYEHUSAX MOKa3aTelss 3aTy-
XaHMS U CPABHUTH UX C MEPEXOAHBIM MPOIIECCOM B BallleM 0OBEKTE.

2. 3a/aBIIUCh 3HAYEHUEM OJJHOTO U3 IapaMeTpOB, ONPEIEINTh OCTaIbHbIE TapaMeTPhbl MO-
nenu (pPeKOMEHIyeTCsl 331aThCsl 3HaYeHueM napametpa bo).

3. [TocTpouTh CTPYKTYPHYIO CXEMY MpOoIlecca ONTUMH3ALUH 1apaMETPOB.

4. CpaBHUTB NIEpeXO/IHbIE MPOLIECCHl 00BEKTa U MOEIH, 3apUKCUPOBATH HAKOIIJICHHYIO TO-
IPEUIHOCTh IPU HEONTUMAJIbHBIX 3HAYEHUSIX TapaMeTPOB.

S. PeanuszoBars npouenypy ONTUMHU3ALUN TAPAMETPOB.

6. CpaBHUTH NepexoAHbIE MPOLIECChl 00BEKTa U MOJETH NMPH ONTHUMAJIbHBIX 3HAUEHUSX I1a-

pameTpoB. CpaBHUTH pe3yJbTaThl, IMOJYyYEHHbIE O W IOCJIE ONTUMHU3AIMM (HAKOIJICHHBIE
OIINOKN).

7. Wnentudpunupyite 00beKT B YaCTOTHON 00JIACTH — ONPEACTIUTE aMILTUTYJHO-YaCTOTHYIO
XapakTepucTuky “Bpyunyto”. Hailimute AUX mozenu c ucnonb3oBaHHeM makera frequency.
CpaBuute AUX. Oco60o 0bpaTuTe BHUMaHUE HAa COOCTBEHHBIE YAaCTOTHI U KOA((DUIIMEHTHI Hepe-
JIauu: TIOJyYeHHBIE SKCIIEPUMEHTAIFHO BO BPEMEHHOM 00JIaCTH 1 ¢ TTOMOIIBIO MakeTa frequency
(10 aMIUTUTYTHO-4aCTOTHOW XapaKTEpUCTHUKE).

[TPUJIOXXEHMUE 1. Ouenka napamMeTpoB MOAEIH.
JuddepennnansHoe ypaBHEHHE CUCTEMbBI BTOPOTO MOPsIIKA UMEET BUJL:

d’y _dy
a,——+a —+a,y=x(t).
COOTBETCTBYIONIEE XapaKTEPUCTHUECKOE YPAaBHEHNE:
a,p’+a,p+a, =0,

OTKyJia
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a
rie o= 2—1; - oKasarenb 3aTyXaHus, @; = a,/a,; — COOCTBEHHAsT YacTOTa.
a
2
Hapsany c mokasareneM 3aTyXaHHs 4acTO HCIONb3yeTcs el OfHA BeIMYMHA — KOI(PQUIUEHT

yCHoKoeHus (ToKa3aTellb yCIIOKOSHUS):

f=6lw,=—2 .
2,/a,a,

Koaddunuent nepenaun Ha HysieBo# yactore paBeH K=bo/ap. Ompenenuth ero MOXHO
9KCIEPUMEHTAIBHO KaK OTHOIICHUE CUTHAJIOB HA BBIXOJIE U BXOJIC OOBEKTA B YCTAHOBUBIIIEMCSI
pexxume. [locie sToro, 3axaBmmck 3HauenueM b0, MoxHo HaiiTu a0.

CoOCTBEHHYIO YaCTOTYy CHCTEMbI MOXKHO OICHHUTH IO MEPEXOJHOMY IPOIECCY BO BPEMEHHO
00I1aCTH; QaHATIOTHYHO OTPEACIISETCS MOKA3aTes b YCIOKOCHHUS.
Jasee, 3Hast 3KCIIEPUMEHTAIBHbBIC OIICHKU HaIeM 3HAYCHHS OCTAILHBIX ITAPAMETPOB MOJICIIH.

[TPUJIOXEHME 2. JIna naxoxnenus AUX Bocnonssyiirecs naketoMm frequency. Ilpu stom
IIOMHUTE, YTO MOJEJb JODKHA OBITh MPEACTaBlIE€HA B BUJIE CTPYKTYPHOH CXEMBbI, a BXOJHON U
BBIXOJHON IIEPEMEHHBIM JIOJKHBI OBITh IPHUCBOCHBI MMEHA Src U dest COOTBETCTBEHHO.

[MPUJIOKEHUE 3. Ilpu ontumuzanuu mnapaMeTpoB PEKOMEHJYETCSl UCIIOJIb30BATh CPEIHE-
KBaJIpaTUYHBIM KpUTEPUM aleKBaTHOCTH MOJiesid U oO0bekTa. Ha BXoabl Mosienun u 00bekTa noaa-
€TCsl O/IUH U TOT K€ CUTHAJ, Ha BBIX0JI€ CUTHAJIbI BBIYUTAOTCS,

'BEKT

O0ne +1

BxoHoit \ HaxorureHHas
Bo3sgene- Wurerpa-

CHUTHAJ - >
HHC B ”| TOp
KRAMNAT IOrpCIIHOCTH

Moaenb

-1

Pa3HOCTb BO3BOJAMTCS B KBaJpaT M MOJAETCSA HAa uHTerpaTop. Ha BeIxoae mHTEerparopa Mel oiry-
4acM HAKOIUICHHYIO IOTPEIIHOCTh, KOTOpas MUHUMHU3UPYETCS B IpolLecce ontumusanuu. Jis
ATOr0 HCIOJIB3YETCsl BCTPOEHHAs Mpoueaypa ontuMusanuu. CTPYKTypy MOZEIN CUUTAEM 3a-
JTAaHHOH B B 3BeHa BTOoporo nopsjaka. KoadduiueHts! cienyer BBeCTH B CHMBOJIBHOM BUJE:
bo, @0, ai, a2. He 3a0yapTe 3a7aTh WX YHCICHHBIC 3HAUCHHS, OTPEIEIICHHBIC MO pe3yJbTaTaM
HKCIEPUMEHTA C OO BEKTOM.

[MTPUJIOXXEHUE 4. Ontumuzanus napametpos B cpeae AnyLogic.

OnTuMu3alMoHHbIN SKcniepuMeHT B AnyLogic mo3BosisieT HallTh Takue 3HaYyeHHUs MapaMmeTpoB
MOJIENU, IPU KOTOPBIX 00paIlaeTcsi B MUHUMYM WM MaKCUMYM HEKOTOpasi OIpeJieIeHHas OJIb-
30BaTeseM IeneBas QyHKIUA. 3HaueHue 1eseBol pyHKIMU nojcuuTheiBaroTces B AnyLogic kax-
JBIA pa3 M0 OKOHYaHMM OYEPEAHOTO BBIIOJHEHUS MOJIENU, U aIrOPUTM ONTHMHU3ALUHU aBTOMa-
TUYECKH BHIOMPAET HOBBIE 3HAUECHHUS MapaMeTpoB ISl OUYEpPeHOTo 3amycka Mmojenu. OnruMusa-
s B AnyLogic peanuzoBana ¢ ucnonszoBanueM nakera OptQuest pupmbr OptTek. lns ontu-
MU3ALIUHY [T0JIb30BATENb J0JKEH B COOTBETCTBYIOUIMX OKHAX 337aTh (YHKIIMOHAI, KOTOPBIH clie-
JyeT MUHUMHU3UPOBATh MO0 MaKCHUMHU3UPOBAaTh, 3a[aTh MapaMeTpbl U OTPaHUYEHUS MX Juama-
30Ha, B KOTOPBIX JOJKHA BBIMOTHIATHCS ONTHUMM3AIMS, a TAKXKe yKa3aTb OrpaHUYEHUs, Olpeie-
JSIOLIME KJlacc JOMYCTUMBIX PEIIeHUM. 3aJaB BCE 3TO, MOJIb30BATENb MOXET 3aIlyCTUTh ONTH-
Mu3zanuio, U naker OptQuest mocie HEKOTOPOro yuciaa Mpod aBTOMAaTUYECKH BBIOEPET HAMITyd-
MM METOJ ONTHUMM3ALMK JJIsl TaHHOM MOJENN CPeau T€X METOJO0B, KOTOPhIE HAXOJATCS B €r0
O6ubnuoreke, U OyJeT cienoBaTh BHIOPAaHHOMY ONTHUMH3ALMOHHOMY anroputMmy. MHrtepdeiic
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AnyLogic mo3BoJISEeT MOIB30BATENIO TAK)KE HCIIOIB30BaTh CBOM aIrOPUTM ONTHUMHU3AIIH.

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

KypcoBble 1 KOHTpOIbHBIE paOOThI HE MPELyCMOTPEHBI YUYECOHBIM IJIAHOM JIUCHUTIIHHBI.

CoNoOA~WNE

ADDADWWWWWWWWWWRNRNRNNNNNONE R R R R R R PP
WRhNPOCOLONDDNEONPOOONODORWNPOOONORAWNEO

9. HEPEYEHbB BOITPOCOB K OK3AMEHY

[lonsiTve Moaenu u opuruHania.

Monenu 00bEKTOB.

Mopenu npouneccos.

Mojgenu ABIEHUN.

[Ipupona moxeneil.

Tunel Mojeneit mo 061acTu MPUMEHEHUS.

Tunsl MoJieneit mo GpakTopy BpeMeHHU.

Turbsl MOAENEN 1o XapakTepy CBA3CH.

Tunel Moaeneil o CTpyKType.

NmuTaunoHHbIE MOJIEIH.

KommnbsrorepHsie Moenu.

Hrpossle Mmoxenmn.

[loHsiTHE anEeKBaTHOCTU MOJEIIH.

[TonsiTre cucTeMbl 0OBEKTOB.

[lonsiTHE MOJENIN CUCTEMBI.

[TousiTne MOETMPOBAHUA.

Lenu monenupoBaHusi.

Oranbl MOAEITUPOBAHUS.

IIpouecc MoaenpoBanHus.

Ilonstue MaTeMaTHUECKO MOJEIIH.

Knaccudukanus MaTeMaTHUeCKUX MOJIENEH.
CtpykTypa MOJENei.

O6mue TpeboBaHus, MPEbIBISIEMbIE K MOJICIH.
CopepxarenpHoe onucaHue (pU3N4IeCKOl CUCTEMBI.
MopenupoBaHrie KOMIIOHEHTOB CUCTEMBI.

[Ipsimas 3agaua MOAEIUPOBAHUS.

OOpatHas 3a7a4a MOJETUPOBAHHUS.

3amaua uaeHTUGUKAIUH.

Buabl KOMIIOHEHTOB CUCTEMBI.

Metoapl KOHCTPYHPOBAHUSI MATEMATHIECKUX MOJIETIEH.
AKCHOMaTHYECKUN METOI.

Meron ypaBHEHHI 2JIEMEHTOB.

MeTtoa naeHTU(HUKAIINN.

Oransl GopMHpPOBaHUS MATEMAaTHYECKONH MOJIEIH.
CriocoObI UCTIONIB30BaHUS MATEMATHUECKUX MOJIEIIEH.
AHaTUTHYECKOE UCCIICIOBAHNE MOJIETUPYEMOI CUCTEMBI.
KauectBenHoe nccneqoBanne MOACIUPYEMONM CUCTEMBI.
HccnenoBanue ¢ MOMOIIBIO YUCICHHBIX METOJIOB.
NmutanionHoe MoieTupoOBaHUE.

OcCHOBHBIE 3TaNbl UMUTAIIMOHHOTO MOJICIIUPOBAHUS.
[IpeumymiecTBa UMUTAIMOHHOTO MOJIETUPOBAHMUS.
Meroa cTaTUCTUYECKOTO MOJIEITHPOBAHMS.

[ToHsiTHE TMHENHOM CHUCTEMBI U €€ OCHOBHBIE CBOMCTBA: CYNEPIO3ULIAS. U TOMOTEHHOCTb.
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44,  Tlonsarue npeoOpa3zoBanus Jlamnaca.

45, O6parnoe npeoOpa3zoBanue Jlamaca.

46. CBOMCTBO TUHEHHOCTH.

47, [ToBenenue n3o0pakeHuss Ha OECKOHEYHOCTH.

48.  Teopema momooOwus.

49, Teopema 3ama3apIBaHUs.

50.  Teopema cmemnieHus.

51. Teopema o nuddepeHITMPOBAaHUN OpUTHHAIIA.

52. Teopema 006 UHTErpUPOBAHUY OPUTHHATIA.

53. Teopema o nuddepeHInpoBaHUN U300PAKECHHUS.

54.  Teopema 00 MHTETPHUPOBAHUN H300PAKECHHUS.

55. TeopeMa yMHOKEHHS N300payKEHUMN.

56.  HaxoxaeHue OpUTrHHAIOB IO U3BECTHOMY M300PaKEHUIO.

57. Teopema o pazyoxeHuU.

58. [ToHsiTHE MMHAMUYECKOW CUCTEMBI.

59. [TonsTre nepenaTouHoi PyHKIMU TUHEHHON TUHAMUYECKONU CUCTEMBI.

60.  XapakrepucTHYECKOE YPaBHCHHE CHUCTEMbI. BEIYHCIICHHUE ITOTFOCOB.

61.  OcHOBHbIE CBOMCTBA JINHEHHOIN TMHAMUYECKON CUCTEMBI.

62.  3agauu MoIENMPOBAHUS JIMHEHHBIX JUHAMUYCCKUX CUCTEM.

63.  XapakTepHCTHUKU JIMHEHHBIX TUHAMUYECKUX CUCTEM BO BPEMEHHOU 00JIacTH.

64.  XapakTepHCTHKH JIMHEHHBIX TUHAMUYCCKUX CUCTEM B YaCTOTHOM 00JIacTH.

65.  IloHsATHe BEKTOpa COCTOSHUSI CUCTEMBI.

66.  Bpruucienue nepenaTo4HON QYHKIUH 110 (HU3UIECKON MOJIETH CUCTEMBI B TIPOCTPAHCTBE
COCTOSIHUH.

67. HeennHCTBEHHOCTH ONTMCAHUS B POCTPAHCTBE COCTOSIHUM.

68.  CranpapTHas ympaiseMas Mojenb. TeopeMma.

69.  CranpmaptHas HaOmomaemas MoJenb. Teopema.

70.  KanoHuueckas MoJielb B Cydae MPOCTHIX KOPHEH XapaKTepUCTUUYECKOTO ypaBHEHUSI.
71.  KanoHHueckas MOJIEIb B CIIydae KPaTHBIX KOPHEH XapaKTePUCTHICCKOTO YPaBHEHUSI.
72.  KanoHuueckas MoJeNib B Cly4dae KOMILJIEKCHO-COMPsKEHHBIX KopHel. [lepexos B Betle-

CTBEHHBII 0a3uc.

73.

74.

75.

76.

77.
CTEMBHI.
78.

79.
MBI.
80.

81.

82.
CTEMBI.
83.

84.
MBI
85.

86.

ITepexon u3 ar060ro 6azuca MoJIeNIH CUCTEMbl B KAHOHUYECKUH.

Ob6miee pernenue guHEHOTO MU HEPEHITUATHFHOTO YPAaBHEHUS COCTOSTHUSA.
YpaBnsieMoCTh JIMHEMHON AUHAMUYECKON CUCTEMBI.

Kputepuit ynpasnsgeMoCcTH JMHEHHON HEMPEPHIBHOW CHCTEMBI.

Kpurepuii ynpaBisieMOCTH JIMHEHHOW M MHBAPUAHTHOW BO BPEMEHM HENPEPBIBHON CH-

Kpurepuii ynpasinsieMocTH TMHEWHON TUCKPETHON CUCTEMBI.
Kpurepnit ynpapisieMOCTH JTUHEHHON M MHBAPUAHTHOW BO BPEMEHH JUCKPETHOM CUCTE-

Ha0OmrojaeMoCTh TMHERHON JUHAMUYECKON CUCTEMEL.
Kpurtepmnii HabmoaeMocT JIMHEHHON HENPEPHIBHONW CUCTEMBI.
Kputepuii HaOn1r01aeMOCTH JIMHEHHOW M MHBApUAHTHOM BO BPEMEHHU HEINPEPHIBHOW CH-

Kputepuii Habmro1aeMoCTH TMHEWHOMN THCKPETHONW CUCTEMBI.
Kpurepuii HaGm01aeMOCTH JTMHEHHONW U MHBApUAHTHOM BO BPEMEHU JMCKPETHOM CHUCTe-

Jluneapuzanys HETMHEWHBIX CUCTEM.
O060011IeHHBIN aHAIM3 YIPABIIEMOCTH U HAOIIOJaeMOCTH CHCTEMBI.
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10. CAMOCTOATEJIBHASA PABOTA CTYJAEHTOB

Pacnpeueﬂeﬂne 4acoB U BHJ] CAMOCTOSITEJILHOM paﬁoTbI

®opma 00yueHHs: ouHas

Hasanue paznenoB u tem | Bua camocrosTenbHOU O0bem B ®opMa KOHTPOJIA
paboTHI yacax

1. Monenu 00BEKTOB, [TpopaboTka yueOHOTO 4 DK3aMeH, MpoBepKa

MPOIIECCOB U SIBJICHUI Marepuaia, moJroToBKa K n1abopaTOpHBIX PadoT,
c/1aye HK3aMeHa. MPOBEpPKA PELICHUS
Jluteparypa: OCHOBHasI 3amad
[3], c. 9-26.

2. Kimaccudukamnus moe- [TpopaboTka yueOHOTO 4 DK3aMeH, NMPOBEPKa

nei Marepuaa, moJroToBKa K nabopaTOpHBIX PadoT,
c/1aye sK3aMeHa. MIPOBEPKA PEUICHHUS
Jluteparypa: OCHOBHasI 3amad
[3], c. 9-26.

3. IlonsiTe MoenupoBa- [TpopaboTka yueOHOTO 4 DK3aMeH, IpoBepKa

HUS Marepuala, moJroToBka K n1abopaTOpHBIX PadoOT,
cade HK3aMeHa. MIPOBEpPKA PEUICHUS
Jluteparypa: OCHOBHasI 3ama4
[3], c. 9-26.

4., llenu MoaeIUPOBAHUS [TpopaboTka yuebHOTrO 4 DK3aMeH, IpOBEpKa
Marepuaia, 1abopaTopHbIe n1abopaTopHEBIX paboT,
paboThI, OJrOTOBKA K MPOBEpPKA PEUICHHUS
c/aye HK3aMeHa. 3ama4
Jlutepatypa: OCHOBHas
[3], c. 9-26.

5. Oransl moaenupoBanus | IIpopaboTka yue6HOTrO 4 DK3aMeH, IPpoBEpKa
Marepuaa, 1abopaTopHbIe abopaTOPHBIX padoT,
paboThl, MOArOTOBKA K IIPOBEPKA PELIeHUs
c/1aye HK3aMeHa, pelieHne 3amad
3ajau.

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

6. 3amaun MmoenupoBanus | [IpopaboTka yueOHOTO 4 DK3aMeH, MMPOBEPKa
Mmarepuana, 1abopaTopHbIe n1a0opaTOpHBIX PadoT,
paboThI, MOATOTOBKA K MPOBEPKA PEIICHUS
c/laye SK3aMeHa, pelieHue 3a1a4
3ajad.

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

7. CtpykTypa Mozenen [TpopaboTka yueOHOTO 4 DK3aMeH, IpoBEpKa
Martepuaa, 1abopaTopHbIe m1abopaTOPHBIX padoT,
paboThl, MOArOTOBKA K MPOBEpPKA PELIeHUs
c/1adye HK3aMeHa, pelieHue 3amad
3ajay.

Jluteparypa: ocHOBHast
[3], c. 9-26.
8. Metojbl KoHCTpyHpoBa- | IIpopaboTka yuebHOTO 4 DK3aMeH, IPOBEpKa

Dopma A
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HUS MOJeEJIeH

Mmarepuaia, 1adbopaTopHbIC
paboThI, NOJITOTOBKA K
c/1aye SK3aMeHa, PeIIeHHe
3ajay.

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

J1ab0paTOPHBIX padoT,
MIPOBEPKA PEIIeHUs
3amad

9. UMuTanimoHHOE MOIEIHU-
poBaHue

[TpopaboTka yue6HOTO
MaTepuaia, 1abopaTropHbIe
paboThI, MOJArOTOBKA K
c/aye HK3aMeHa.
Jluteparypa: OCHOBHasI

[3], c. 9-26.

DK3aMeH, MPoBepKa
nabopaTopHbBIX paboT,
MpOBEpKa PELICHHUS
3aaaq

10. KomnproTepHoe mMojie-
JTUPOBAHUE

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

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

DK3aMeH, PoBepKa
nabopaTopHEBIX paboT,
MpOBEpKa PEHICHUS
3a1a4

11. Cratuctryeckoe MoJie-
JUPOBAHHUE

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

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

DK3aMeH, MPOBEpKa
J1a00paTOPHBIX padoT,
MIPOBEPKa PEIICHUS
3ama4

12. TIpeoGpa3oBanue
Jlamtaca

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

Jluteparypa: yueOHO-
meroauyeckas [1], c. 6-15.

DK3aMeH, MpoBepKa
abopaTOPHBIX padoT,
MPOBEPKa peleHUs
3amad

13. ITonsaTHE TUHENHON TH-
HAMHYECKON CHUCTEMBI

[IpopaboTka yueGHOTO
Mmarepuana, 1abopaTopHbIe
paboThI, MOJITOTOBKA K
c/laye SK3aMeHa, pelieHue
3ajad.

Jluteparypa: yueOHO-

meroaunueckas [1], ¢. 16-
35.

DK3aMeH, MPOBEPKa
1a0opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4

14. OcHOBHBIE CBOWCTBA
JIMHEMHON TUHAMUYECKOUN
CUCTEMBI

[IpopaboTka yueGHOTO
MaTepuaia, 1abopaTropHbie
paboThI, MOJITOTOBKA K
c/1aye SK3aMeHa, pelieHue
3ajad.

Jluteparypa: yueOHO-

meroaunueckas [1], ¢. 16-
35.

DK3aMeH, MpoBepKa
1a0opaTOpHBIX PadoT,
MPOBEPKA PEIICHUS
3a1a4

15. TlonsiTre nepenaToyHoOn

[TpopaboTka yueOHOrO

DK3aMeH, MPOBEPKa

Dopma A
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byHKIAHA

Mmarepuaia, 1abopaTopHbIC
paboThI, NOJITOTOBKA K
c/1aye SK3aMeHa, PeIIeHHe
3ajad.

Jluteparypa: y4eOHO-
metoaunyeckas [1], . 16-
35.

J1ab0paTOPHBIX padoT,
MIPOBEPKA PEIICHUs
3amad

16. XapakTepucTHKy Iu-
HEWHBIX TUHAMHYECKHUX CH-
cTeM

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

Jluteparypa: yaeOHO-

metoaunueckast [1], . 16-
35.

DK3aMeH, NMPOBEpKa
J1ab0paTOPHBIX padoT,
MIPOBEPKA pPeIIeHUs
3amad

17. Mopnenu B npocTpas-
CTBE COCTOSIHUH

[TpopaboTka yueOHOTO
Marepuaa, 1a00paTopHbIe
paboThI, MOJITOTOBKA K
claye SK3aMeHa, pelieHne
3ajad.

Jluteparypa: yueOHO-

metoaunyeckas [1], . 16-
35.

DK3aMeH, NMPOBEPKa
J1ab0paTOPHBIX padoT,
MIPOBEpKa PEIICHUS
3ama4

18. O600UIECHHDII aHATU3
YOpaBIsieMOCTH U HAOIIO-
aeMOCTH MoJenei

[TpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIC
paboThI, MOJITOTOBKA K
cliaye SK3aMeHa, pelieHne
3aj1ad.

Jluteparypa: yueOHO-

metoaunyeckas [1], . 16-
35.

DK3aMeH, NMPOBEPKa
J1a00paTOPHBIX padoT,
MIPOBEpKa PEIICHUS
3aaq

MeToanyeckue peKOMEeHIALHM K CAMOCTOSITeJIbHOI padoTe CTY/IEHTOB.

Jns nadoparopHoii padorsl Nel. Ognum u3 npeumyniects AnylLogic sSBIsieTCS BO3MOXKHOCTb
HarJIsIIHOTO MPEJCTaBICHUs MOBEIACHUS MOJENHU, B YaCTHOCTH, MPEACTaBICHUS M3MEHEHUS BO
BPEMCHHU BCEX €€ MepeMEeHHbIX. BBeseM rpaduku M3MEHEeHHs MepeMeHHBIX X U b. B mamutpe
BbIOepeM BKIaaKy «CraTHcTuKa» U 00beKT «BpemeHnHoil rpaguk». B okHe cBoiicTB 100aBiIeH-
HOTO TpaduKa 3aMoJIHUM BKJIAJKHU «3arojloBoK» U «3HaueHHe» NepeMeHHoH X. L[BeT u Tonmuny
JUHUN MOXKETE YCTAaHOBUTH 110 CBOEMY YCMOTPEHMIO. AHAJIOIMYHBIM 00pa3oM co3faiTe BTOpoit
rpaduk Ui IEpeMEHHOM D TpeTuii 171t [BYX MepeMEHHbBIX OJJHOBPEMEHHO.
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38.HYCTI/ITG MOJIeNIb Ha BbINOJHEHUE. B okHax 6y,HYT PUCOBATBHCA I‘pa(bI/IKI/I COOTBETCTBYHOIIINX

MNEPEMCHHBIX OT BpCMCHU.
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Hactpoiika mapameTpoB rpaduka mpou3BOAUTCS ¢ TOMOIIBI0 OKHA CBOMCTB rpaduka. [lo-

AKCIIEPUMEHTHUPYUTE C YCTAHOBKOM 11BeTa rpa)KkoB, pazMepaMu 0TOOpaKaeMoro OKHA JTAHHBIX,
C BO3MOYKHOCTBIO OTOOpakeHUs (a30BOM qTuarpaMMbl, KOT/Ia 0 000MM OCsIM Tpaduka OTKIIa IbI-
BalOTCS 3HAYCHUS MMEPEMEHHBIX, U T.I1. J[1s mocTpoenus pa3oBoOii TuarpaMMsbl, BEIOEpETe 0OBEKT
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dopma

®-PaGoyast nporpamMmma o JUCHHILUIHHE

«I'paduk» mamuTpel ¥ B KOHTEKCTHOM MEHIO rpaduka ¢ ABYMs IEPEeMEHHBIMU CIIEAYET BHIOPATh
T€ IIEPEMEHHBIE, KOTOPBIE JOJLKHBI OTKJIAIBIBATHCS IO OCSIM.

Ecnu xpuBas Baiero rpaguka mokaxercsi BaM He TJIaJIK0i, a «pBaHOil», TO MPUYMHA 3TOTO
MOYKET 3aKJItouaThcs B TOM, 4To AnyLogic He10cTaTOYHO 4acTO OOHOBIIAET HAOOPHI JAHHBIX HO-
BbIMU 3HaueHUsIMHU. UTOOBI M3MEHHUTH YacTOTy OOHOBIICHHSI aBTOMATHUYECKH CO3/1aBAEMbIX JIJIS
IIEpEeMEHHBIX HAO0OpOB JaHHBIX MepeiuTte Ha BkIaaky «Crneunpuyeckuey) TOro Kjacca akTHB-
HOro 00BEKTa, Ha JUarpaMMe KOTOPOTO HAaXOAWUTCS MepeMeHHas U U3MEHHUTE Nepuo]i 0OHOBIIe-
HUs aHHbIX B noje [lepuon. Takue sxe moss ecTh y KaX10ro rpaduka.

IIpoBeauTe cepuro 3KCIEPUMEHTOB C MOJIEIIBIO, IIEPE3aIlyCKasl €€ C pa3INYHbIMU I1apaMeT-
pamu.

Anumanus Mozenu. [Iis qydiiero moHUMaHUs JUHAMUKA MOJICNN U HAOJIOACHUS Pa3BH-
BAIOIIMXCSl BO BPEMEHHU IpoleccoB, B AnylLogic mpeaycMOTpeHa BO3MOKHOCTb IOCTPOEHUS
AHMMHPOBAHHOTO M300paKEHUs, COCTOSIIIETO U3 AUHAMHYECKUX TpapruecKux 31eMeHToB. [ 'pa-
(uyeckue 3JIeMEHTHI 3[1eCh Ha3bIBAIOTCS AMHAMUYECKUMH, TIOCKOJIbKY BCE MX IapaMeTphbl: BU-
JUMOCTb, LIBET U T.II. MOKHO CJI€JaTh 3aBUCHMBIMU OT IIEPEMEHHBIX U IIaPaMETPOB MOJEIH, KO-
TOPBIE MEHAIOTCSI CO BPEMEHEM IIPU BBIIIOJHEHUHN MOJEIIN.

[TocTponm mpe3eHTanuio cep/ia B BUAe N300pakeHHsI OBala, paguyc KOTOporo Oyaer me-
HATBCSL. DTOT PaguycC sABIAETCS QyHKLIUEH OT 3HaUeHHsI TepeMeHHON x MozenH. i1 mocTpoeHus
M300paKeHUs OBaJla IepeTalluTe MbIbio U3 BKiIaaku [Ipesenranus manenu [lanurpa nukro-
rpamMMy OBan Ha auarpaMMy kiacca. CripaBa MOSIBUTCSI OKHO CBOWCTB 3Toro osana. [lo ymonya-
HUIO UM 3TOTO 00beKTa OyaeT oval, koopauHatel X 1 Y COOTBETCTBYIOT MECTY, Ky/la MBI IIOME-
CTHJIM OBaJI, a paauyc X U paguyc Y COOTBETCTBYIOT TOMY, YTO Mbl HAPHCOBAIU. 3aIlyCTHB MO-
JIelTb, MBI YBHIM, HENIOJIBMKHBINM OBaJl, HAXOIAIIMICS B 3aaHHOM MecTe. B AnyLogic npunsita
cllefyrouasl KOHIENUUsA: Kaxk/Jas XapaKTepUucTHKa rpauyeckoro 3j1eMeHTa MMeeT JBa 3Hade-
HUS: CTaTMYECKOE U JUHaMHuuyeckoe. CTaTHyecKoe 3Hau€HUeE OIpeesseT napamerp (KoopanHa-
Ty, YTOJl IOBOPOTA, LIBET U T. I1.) 00bEKTA KaK KOHCTaHTy. J[MHaMUUecKoe onpeesseT 3HaueHue
ATOro MapamMeTpa B IPOLECCE BBIMOIHEHUS] MOJIETN U MOXKET OBbITh OINpPEAETCHO KaK 3HaueHUe
060l mepemeHHoi Mozaenu. Ecnu nuHamuyeckoe 3Hau€HUE HE ONpEAENeHO, rpadudeckuit
O00BEKT COXpPaHUT CBOE CTAaTUYECKOE 3HauyeHHe. Bplnenute oBall, MpeACTABIAIOMNNA JUHAMUKY
cepaua. CraTuyeckue 3Ha4YEHUs €ro MapamMeTpoB 3a/laiiTe TaK: B IAHEIM CBOMCTB OBaja LBET
3aJIMBKH OIpeenuTe OOpJOBbIM, IIBET JMHUU T'PAHUIIbl — KPACHBIM; TOJIIHUHY JIMHUU TPaHULIbI
YCTaHOBUTE 2.

[T Cooicrea 52 ot ~v~°=E

O oval - OBan
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JluHaMu4eckre XapakTepUCTHKH OBala JOJDKHBI OTPaXarh “KU3Hb 3TOTO 00BEKTa B MPO-
LIECCE BBINOJHEHUS MOJEIU. 3alycTUTe MoJeib. IIpoBeaure sKCIIepuMEHTHI ¢ YCTaHOBKOM pas-
JMYHBIX KOA(PPHUIMEHTOB MEXAY PeaIbHBIM U MOJEIBHBIM BpeMeHeM. Kpome Toro, MokHO u3-
MEHSITh TapaMeTpbl MOJEIN (Xo ¥ €PS) U HAOIIO1aTh, KAK U3MEHAETCS XapaKTep cepALeOreHus.

Craiinepsl B anuMarmu. B AnyLogic cymiecTByeT 3jieMeHT YIpaBlIeHHS, MO3BOJISIOIINIA
I0JIb30BATENI0 TpapUUecKy BBIOMPATh YUCIIO M3 33JaHHOrO JMala3oHa 3HA4YE€HUH MyTeMm Inepe-
TACKUBAHMSI PYKOSITKH — OETyHOK. BeryHKM WM uX elie Ha3bIBaIOT Claiaepbl, OOBIYHO MUCIOIb-
3YIOTCS JJI1 U3MEHEHUS 3HAYCHUI YHMCIICHHBIX NIEPEMEHHBIX U ApaMETPOB BO BPEMS BBINIOJIHE-
Hus mozenu. [lepertamure MbIIBIO ¢ BKIAJAKU DJIEMEHTHI ynpasiieHus nanenu [laaurpa nukro-
rpamMMy beryHok Ha nuarpaMmy kiacca Heart Mexxy CTpyKTypoil 1 aHUMallMOHHBIM OBaJIoM. B
nosie «CBsi3aTh C» NAHEJN CBOMICTB BBEAUTE UMS MapaMeTpa Xo, @ MUHUMAJIBHOE U MaKCUMaJlb-
HOE 3HAa4€HHUs1, KOTOPbIe MOXKHO PeryJMpoBaTh ciaiinepom, yctanosute 0 u 1. Jlo6aBuths noamnu-
CH K CJIaliilepy MO>KHO MPOCTHIM Ha)kKaTheM KHOMKH “‘J00aBUTH” METKH. 3alyCTUTE MOJAEIb U

HpoBepbTE ACUCTBHE Claiiiepa. AHAJOIMYHO CleNaiiTe ciaiiaep Ul mapaMerpa eps, yCTaHOBHB
orpanuuenus ot 0.01 o 0.5.

&l Heart &2 = O || Ceoiicrea =2 ¥ = 0

* || == slider1 - Berynox

ran: slider] [] Mexniounte

OToBpaKaeTcA Ha BEPXHEM YPOBHE
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st maboparopHoii padoThl Ne2. /[ Hauana HEOOXOIUMO HUCCIEA0BATh KAXKI0€ U3 ypaB-
HEHUU CHCTEMBbl U MPUBECTH UX K HOpMalibHOMY BuIy. Hopmanuzanus noapasymeBaer paspe-
LIEHUE YPAaBHEHUS! OTHOCUTEIBHO CTAapUIEH MPOU3BOJIHOM. {11 3TOro BOCHOIB3yEeMCs PUEMOM
— 3aM€Ha Ha HOBYIO [IEPEMEHHYIO.
dy; d?y;

+2

= = 0.7
dt dt<

1,2 %y, +0.5

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

Ka. BBeneM HOBYIO EPEMEHHYIO Z, KOTOpask 3aMEHUT IPOU3BOAHYIO 110 Y2. [l 9TOro nocraBum
Ha pabouyro oOmacte AnyLogic aBe mepemenHbie — Y2 1 Z. [Ipu 3TOM BUa 00€MX TEpEeMEHHBIX
Oyzner «VHTerpan niM HakonuTeb». [l nepeMeHHo Y2 3HaueHue 1ocie 3Haka paBHO OyJeT Z.
JI1s1 mepeMeHHOM Z B OKHE 3HAQYE€HMI 3alMIIEM BBIPAKEHHE, KOTOPOE MOJIYUUTCS ITOCIE 3aMEHBI
nepeMmeHoil. [IponenaeM Bce aeicTBUS 110 MOPSAKY:

1. 3amena % Ha Z.

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

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

3anuieM NoIy4eHHOE BhIpakeHHe B OKHE 3HaYeHU niepeMeHHoil Z B AnyLogic.
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Tenepb oOpaTHMcs KO BTOPOMY YpaBHEHHUIO B cucteme. OHO MepBOro mopsijika, Ho 3aMeHa
NIEPEMEHHOM Takke moHamo0uTcst. Beaem eme aBe nepemennsie — y3 u K. TTockonbky crapiias
NPOM3BO/IHAS TIEPBOTO MOPsKa, TO Y3 Oyner mMerh BUI «VHTerpan wim Hakomurenby», a K —
«Dopmyna». B pe3ynpTaTe aHAIOTHYHBIX JEHCTBUM, KOTOPhIE OBLUTHA MCTIOIB30BaHBI 1T HOpMa-
JHM3alUy IEPBOTO YPaBHEHHS, MBI ITOTy4YHM cienytoniee Boipaxkenue k=(0.04- 3)/0.2

C TpeTbuM ypaBHEHHEM BC€ MPOCTO (MOCKOJIBKY B HEM HET MPOU3BOJHBIX) — MOCTaBUM
ele O/IHy MEPEMEHHYIO V4, BUJ KOTOpOH Oyaer «DPopMyina», U MPOCTO MEPENUIIeM BhIpaXKeHHe
U3 CUCTEMBI.
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®-PaGoyast nporpamMmma o JUCHHILUIHHE
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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 IIPOUCXOAUT U3MCHCHUC IICPEMCH-
HBIX BO BPCMCHHU. Oto M 6y,£[eT 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 (repemMeHHas
¥3) B K&X/Ibli MOMEHT BPEMEHH. JTO HECITy4yallHO, TaK KaK B3IJISIHYB Ha TPEThE YPABHEHUE B CH-
CTeMe, Mbl YBUJIUM COOTBETCTBYIOIIYIO 3aBUCUMOCTH ITHX TPEX MEPEMEHHBIX.

s mabopaTopHoi padoTbr Ne3
Cpena AnyLogic mo3BosisieT MoaAM(UIIUPOBaTh, KOMOMHHUPOBATH OOBEKTHI, MPOBOJIUTH
SKCIIEPUMEHTHI C HUMHU U MPEACTABIATh PE3yJIbTaThl SKCIIEPUMEHTOB B HarjsiiHoN dopme. [Ipo-
rpaMMa Stream npeaHa3HaueHa Julsl HIOCTPOEHUs MOJEINIEN MTOTOKOBBIX CXEM B CPEJle MOAEIUPO-
BaHus AnyLogic.
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1. Onpenenenuie TUNa 3JIEMEHTOB M X YCIOBHO MOJOXKUTEILHOrO HanpasieHus. CHavana orpe-
JEJISIeTCS TUII BCEX AJIEMEHTOB, BXOJAILIUX B CXeMy. 3aTeM 3JIEMEHThl HyMEpYIOTCs TaKUM o0pa-
30M, 94TOO HOMEpa AIEMEHTOB ObLTH YHUKATbHBIMU. [loce 3TOro s KaXKJ0ro 3JeMeHTa BhIOU-
paercs YCJIOBHO MOJIOKHUTENbHOE HampaBieHue. /st aktuBHbix snemenToB (E, ) ycinoBHo mo-
JIO’)KUTENIbHOE HAIMPABIICHUE OMPEESeT MOJIIPHOCTh UCTOUHMKA, ISl OCTAJIbHBIX 3JIEMEHTOB
MOJIOKUTEIBHOE HAPaBIEHUE MOXKET OBITh BHIOPAHO MTPOU3BOJIBHO.

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

1).

Pucynok 1.
[Tocne Bcex onepanuii cxema OyAeT BBITJISAETh CIASAYIOUUM 00pa3oM (puc. 2).
LG

VYV

—
C4
_||
|

e1(O)) cs—| "es—| wr7[|4

Pucynok 2.
2. Haxoxaenue y3710B. Ha anekTprueckoii cxeme y3JIaMu SKBUTTOTEHIIMATBHBIE YIaCTKH DJICK-
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 Becerna BXOAST B I€peBo, 3aeMeHThl Thuna L, 1 — Huko-
I/Ia He BXOIAT B JiepeBo. UTo Kacaercs jeMeHTa R, To OH MOXKeT OBbITh, IO 0OCTOSITEIILCTBAM,
160 pedpoM, 00 XopaoH (BXOIUTh B IEPEBO WIIM HE BXOJHUTH B HETO).

R2

Pucynoxk 5. IlocTpoenue HOpMalbHOTO JiepeBa rpada 1 ycTpaHeHue NPOTUBOPEYHs ITyTEM BBe-
JIEHUS TONIOJHUTEIBHOTO 2JIEMEHTA Z8.
CeuenuieM i-ro peOpa Ha3bIBAIOT COBOKYITHOCTh BETBEH, MEPECEKACMbIX 3aMKHYTOW JIMHUCH TPH
YCIIOBUSX:
*  ro0asi BETBb MepecekaeTcst He 0osee 0JHOTO pasa;
* B CEUYCHHME MOXKET BXOJUTh TOJIBKO OJHO pedpo.

s o N
- ==

PucyHok 6. Beiaenenne ceuyeHui.
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E1 3

R2

Pucynox 7. Beiaenenue KOHTYpOB.

[IpuMeHuTENbHO K TIOTOKOBOM CXeMe ClieyeT OOpaTUTh BHUMAHUE Ha CIIEAYIOIEe: CyMMBI I1e-
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 HTOTE Mbl MOJKEM 3amucaTh M-N+1 ypaBHEHHI KOH-
TypoB. COOTBETCTBEHHO, KaX/I0€ CCUCHHE TAKXKE JIACT HaM JIMHEHHO-HE3aBUCUMOE YpaBHEHHE,
4TO B UTOTe 0OECIIeYnBaeT Mojy4yeHue N-1 ypaBHEHUs CCUCHHN.

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

(0, +u, —u, =0

U, +u; — ;=0

Uy +u. —t, +u, =0
i, — s =0
fi—i,=0

i +i,+i&—i, =0

i, —5=0

Pucynok 8. CocTraBieHue CUCTEMBI YPABHEHUM.
4. BBoj snekTpudeckoit cxeMbl B Stream. Kax/iplil 51€eMeHT cXeMbl NPECTaBIISETCS] CTPOKOW B
tabnuie. YtoObl BBeCTH aTpuOyTHI AJIEMEHTOB, 3aMIOJTHUTE COOTBETCTBYIOIINE CTOJIOIBI TaOJIH-
16l. YTOOBI T0OABUTH HOBBIN AJIEMEHT MEPEeHUTE Ha MOCIETHIO CTPOKY TaOIUIIBl U 3alIOJTHUTE
ee. Jlng ynaneHus CTpOKM U3 TaOJIMIBI BBIAEINUTE €€ LIEIYKOM MBIIIM 110 MapKepy CTPOKH U
HaxxMuTe KkiaBunry Delete. JlobaBneHue seMeHTa K MOJAEIH MPOUCXOAUT TOJIBKO IMOCTE Mepe-
X0Jla C pelaKTUpyeMOi CTpoKHu Ha apyryto. [Ipu BBoje cxembl B Stream JUIsl KaXJI0T0 HEOOXO-
JUMO OIPEIENINTD CIEIYIOIIEE:
*  YHUKaJbHBIH HOMEpP — OBLI ONpEeJIEIeH IPU HyMEpalluy AJIEMEHTOB;
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*  THII — ONpE/ETICH paHee;

*  Y3IJIbl UCTOKA W CTOKa — OMNPENCISIOTCS 10 CXEME U HCXOJS M3 YCIOBHO IOJIOKHUTEIBHBIX
HaIPaBJICHUI 3JIEMEHTOB;

*  3HaYCHHUE MapameTpa — ONPENeNIeTCS UCXOs U3 KOHKPETHOW 3a7adu, MOXKET ObITh M3Me-
HeHo B Mozaenu AnyLogic mocne ee coznanus;

*  HaAyaJbHOE 3HAYCHHE — 337aeTCs TOJILKO Uil nuHamudeckux siemeHToB (C m L), mus
OCTaJIbHBIX 3JIEMEHTOB UTHOpUpYeETCs. MoxeT Takxke ObITh m3MeHeHo AnyLogic.

Homepa 31eMEHTOB W y3JI0B — II€JIble HEOTPHIIATENIbHBIC YMCia. TUIBI AJIEMEHTOB — 3a-
TJIAaBHBIC WJIM CTPOYHBIC JIATUHCKUE OYKBHI €,C,l,r,1. 3HaueHus1 mapamMeTpoB M HavaJlbHbIC 3HAYE-
HUS 3JICMEHTOB — JICWCTBUTEJIbHBIC YUCIIA B OOBIYHON WJIM AKCIIOHEHIMAIBbHOW (hopme (Hampu-
mep: “1507, “-3.58”, “1.02E06” u T. 1.). BBenennas B nporpammy Stream cxema OyJeT BBITIISA-
JICTh CIeAyIonM oopazom (puc. 9).

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

Main Modene COpagka

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

Jasi 1abopaTopHoii pa6oTnl Ned

W nenTudukanus MoJieIu o SKCIEPUMEHTATbHBIM JAaHHBIM MTPEIIO0JIaraer:

- Br16op, B cOOTBETCTBUM ¢ OCOOCHHOCTMH O0OBEKTa U YCIOBUSIMHU pEIIaeMOM 3a/1auu, Kiac-
ca MoJieNiel, B KOTOPOM OYZIeT CTPOUTHCS MOJENb JTaHHOTO OOBEKTa, M KPUTEPHs aJIeKBaTHOCTH.
- OrmpeneneHue nmapamMeTpoB MOJIENH, 00eCTIeUMBAIONINX HAWIYYIlINe 3HaYeHHs] BBIOPAaHHOTO
KPUTEpHsl a/IeKBATHOCTH (HaMJIy4lllee COBIMAJICHUE BBIXOJHBIX CUTHAJIOB MOJIENIU U 00BEKTa MpU
OJINHAKOBBIX BXOJIHBIX BO3JEHCTBUSIX).

Brinosnnenue paboTsl mpeanoiaraer:

1. HaGmronas nepexoiHblii npoiiecc 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-
XOJIHBIN MpoLIecC B CUCTEME BTOPOTO MOPAIKA MPH Pa3IUYHbIX 3HAUEHUSAX MOKa3aTess 3aTryXa-
HUS U CPAaBHUTH UX C IEPEXOJAHBIM ITPOLIECCOM B BallleM 00BEKTeE.

2. 3ajaBIIMCh 3HAYCHHEM OJHOTO W3 IapaMeTPOB, OMPEACITUTh OCTAIBHBIC TTApaMeTPhl MOJIe-
M (PEKOMEHyeTCs 33/1aThCsl 3HAaUEHHEM mapameTpa o).

3. TlocTpouTh CTPYKTYpHYIO CXeMy Ipoliecca ONTHMH3AINN TTapaMeTPOB.

4. CpaBHHUTbH NepexoJIHbIE MPOLEeCcChl 00BEKTa U MOJENH, 3a(UKCHPOBAaTh HAKOIJICHHYIO IO-
IPEUIHOCTh IPHU HEONTUMAJIbHBIX 3HAUEHUSX apaMeTpPOB.

5. Peanu3zoBatb mpolieypy ONTHUMHU3ALUH TAPAMETPOB.

6. CpaBHHTH epexXOIHBIC MPOIECCH 0OBEKTa U MOIETH MPH ONTUMAIBHBIX 3HAYCHUSAX Mapa-
MeTpoB. CpaBHUTH pe3yJIbTaThl, MOJyUYEHHBIE 10 U MOCIE ONTUMM3AINUU (HAKOIUIEHHBIE OIINO-
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7. Wpentuduuupyiite 00bEKT B YACTOTHOH OOJIACTH — OINpPEENIUTEe aMIUTUTYAHO-YaCTOTHYIO
XapaKTEePUCTUKY «Bpy4yHyro». Hailimure AUX Mozenu ¢ ucmonbp3oBaHHEM IakeTta frequency.
Cpasaure AUYX. Ocob0 obparuTe BHUMaHUE Ha COOCTBEHHbIE YAaCTOTHI U KO (PUIIUCHTHI TIepe-
Jlauy: NOJYYEHHbIE SKCIIEPUMEHTAIBHO BO BPEMEHHOM 00J1acTH U ¢ IOMOIIBIO NakeTa frequency
(10 aMIUIUTYIHO-4YAaCTOTHOM XapaKTEPUCTHUKE).

IMPUJIOXXEHMUE 1. Ouenka napameTpoB MOJIEINH.

Koaddunuenr nmepenaun Ha HyjaeBoi yactore paBeH K=bo/ag. Onpenennuts €ro MOXHO dKCIIE-
PUMEHTAILHO KaK OTHOIIIEHUE CUTHAJIOB Ha BBIXOJIC U BX0JIe 00BEKTa B YCTAHOBUBIIIEMCS PEXKH-
me. [locse atoro, 3aaaBuikch 3Ha4eHHeM Do, MOKHO HaiiTu 8o. COOCTBEHHYIO YaCTOTY CHCTEMBI
MO>KHO OILIEHUTH TI0 MIEPEXOTHOMY MPOIIECCY BO BPEMEHHON 0071aCTH; aHAJIOTHYHO OIPEACTSAETCS
nokasareib ycrokoeHus. Jlanee, 3Has KCIepUMEHTalIbHbIE OLICHKH HailieM 3HaueHUsl OCTallb-
HBIX [1apaMEeTPOB MOJICIH.
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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 JIOJKHBI OBITh TPUCBOEHBI UMEHA SIC U dest COOTBETCTBEHHO.

IMPUJIOXKXEHHUE 3. TIlpu onTuMH3anuyM HapaMmeTpoB PEKOMEHIYETCsS HCIOJIb30BaTh CpeaHe-
KBaJIPATHYHBIM KPUTEPHA aJleKBATHOCTH MOJENHU U 00bekTa. Ha Bxoabl Moaenu u o0bekTa moja-
€TCSl OJTMH U TOT K€ CHTHAJ, Ha BHIXOJ/I€ CUTHAJIBI BEIYUTAIOTCS, Pa3HOCTh BO3BOJUTCS B KBaApaT
U nojaercs Ha uHTerpatop. Ha BbIXoge mHTErparopa Mbl MOJIy4aeéM HAKOIUIEHHYIO MOTpElll-
HOCTh, KOTOpasi MUHUMHU3HUPYETCS B TIPOIIECCe ONTUMU3AIUH. J1JIsI 3TOTO HCIOJIb3yeTCs] BCTPOCH-
Has mpouenypa ontuMuzanuu. CTpyKTypy MOJIEIM CUMTAEM 33/JaHHOW B BHJI€ 3BE€HA BTOPOIO
nopsika. KoadduimeHTs! cineayer BBECTH B CHMBOJIBHOM Buje: Do, ao, a1, 2. He 3abyabpTe 3a-
JaTh UX YUCIICHHBIC 3HAYCHHUSI, OTIPEJICIIEHHBIC 110 PE3yIbTaTaM IKCIEPUMEHTa C 00BEKTOM.
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I[MTPMJIOXEHME 4. Ontumusaiws napamerpoB B cpene AnyLogiC. OnTHMH3alUOHHBINA JKCIIe-
pumeHT B AnyLogic mo3BossieT HaiiTH Takue 3HaYeHUS NapaMeTPOB MOJIENH, PH KOTOPBIX 00-
palaercs B MUHUMYM WJIM MAaKCUMYM HEKOTOpasi ONpeieeHHas I0Ib30BaTeleM 1esieBas QyHK-
. 3HaYeHUe [elNeBON (DYHKIMHM MOJCUUTHIBAIOTCS B AnyLogic KaKIblii pa3 M0 OKOHYAHHH
OUYEPEHOT0 BBIMOJIHEHUS MOJICNH, U aJITOPUTM ONTUMU3ALMK aBTOMAaTUYECKU BHIOMpAET HOBbIE
3HAYCHHS MapaMeTPOB ISl OYepeaHOro 3amycka monenu. Ontumuzanus B AnyLogic peanu3o-
BaHa ¢ Mcnosib3oBaHueM nakera OptQuest gupmbl OptTek. [l onTuMuzanuu mosib30BaTelb
JIOJDKEH B COOTBETCTBYIOIIMX OKHAX 33JaTh (DYHKIIMOHAJ, KOTOPBIA ClelyeT MUHUMH3UPOBATH
1100 MaKCUMM3MPOBATh, 3a/1aTh TapaMETPbl U OIPaHUYEHUS WX AMAIa30HA, B KOTOPBIX JOJDKHA
BBITNIOJHATHCS ONTUMU3ALMSA, a TAK)KE yKa3aTh OTPaHMUYEHUSs, OINpPENESIONIMe KIIacC JO0MyCTH-
MBIX pELIEHUH. 3aJaB BCE ATO, IOJI30BATEIb MOJKET 3allyCTHTh ONTHUMH3ALUIO0, U IaKET
OptQuest mocae HEKOTOPOTo YHCIa MPOO ABTOMATHYECKH BhIOSPET HAMIIYYITHH METOJ ONTUMHU-
3allMy JJIs JAHHOW MOJIENH Cpelld TeX METOAOB, KOTOpbIe HaXOAiTCs B ero 0ubianoTeke, u Oyaer
ClIeZIoBaTh BBIOPAaHHOMY ONTHMH3AaIMOHHOMY anroputMmy. MuTepdeiic AnyLogic mo3Boser
MI0JIB30BATENI0 TAKXKE UCIIOJIB30BATh CBOM aJlTOPUTM ONTHUMU3ALIH.
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11. YYEBHO-METOANUYECKOE U UTH®OPMAIIMOHHOE OBECIHEYEHHUE JUC-

HNUITJINHBI

a) CniucoK peKoMeHyeMOoil JIuTepaTypbl

OCHOBHAasI

1. Kapnor 1O.I'. Umutanmonnoe moaenupoBanue cucrteM. — CII6.: BXB-Ilerepoypr, 2005.—
400 c.

2. boes, B. JI. IMuTaninoHHOE MOJISTUPOBAHKE CUCTEM : yueOHOE MocoOue ISl MPUKIATHOTO
OakanaBpuata / B. JI. boeB. — Mocksa : U3narenscTBo IOpaiit, 2019. — 253 ¢. — (baka-
nasp. [Ipuknagaoit kypc). — ISBN 978-5-534-04734-9. — Tekcr : anekrponnsiit // 9bC
FOpaiir [caiiT]. — URL: https://www.biblio-online.ru/bcode/438785

3. enyxun O.U., MoaenmupoBanue nH(OOPMAITMOHHBIX CUCTEM : YUeOHOE TOcOOHre I BY30B
/ Ienyxun O.U. — 2-e uzn., nepepad. u gom. — M. : T'opsiuas nmunus — Tenexom, 2012. —

516 c. — ISBN 978-5-9912-0193-3 — Tekcrt : anektponnsiii // 9bC «KoHcynbTaHT CTyIeH-
ta» : [caiit]. — URL : http://www.studentlibrary.ru/book/ISBN9785991201933.html

JAOMOJTHUTEIbHAS

1. Jlucsk B.B., MonenupoBanue nHQOpPMAIIMOHHBIX CUCTEM : yueOHoe rmocobue / Jlucsk B.B. —
Poctos v//l : U3n-Bo FODY, 2018. — 88 ¢. — ISBN 978-5-9275-2881-3 — TekcT : 21eKTpOH-
HBIN // 3BbC "KoncynbTant cTyjeHTa" : [caiiT]. — URL :
http://www.studentlibrary.ru/book/ISBN9785927528813.html

2. 3apuxosckas, H. B. MaremaTndeckoe MoaenMpoBaHuEe CUCTEM : ydeOHoe mocobue / H. B.

3apukoBckas. — Tomck : ToMckuil TocyJapcTBEHHBII YHUBEPCUTET CUCTEM YIIPABICHUS U
panuosnektponuku, 2014. — 168 ¢. — ISBN 2227-8397. — Tekcrt : anekTpoHHBbIN // Dek-
TPOHHO-OMOJIMOTCUHAS cucrema IPR BOOKS : [cauT]. — URL:

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

3. Cosgetos, b. SI. MonenupoBaHue CUCTEM : YUEOHHK JIJIs akaJieMUdeckoro OakamaBpuata / b.
S1. Cogeros, C. A. SlkoBieB. — 7-e u3a. — Mocksa : U3narensctBo FOpaiit, 2019. — 343 c.
— (bakanaBp. Axagemuueckuii kypc). — ISBN 978-5-9916-3916-3. — TekcT : anmekTpoH-
ubiii // OBC HOpaiir [caiit]. — URL: https://www.biblio-online.ru/bcode/425228

4. MojenupoBaHUe CUCTEM U IporeccoB. [IpakTukyM : yuebHOe mocobue Ui akaeMU4ecKoro
OakanaBpuata / B. H. Bonkosa [u np.] ; mox penakmueit B. H. BonkoBoit. — Mocksa : U3na-
tenbcTBO Opaiit, 2019. — 295 ¢. — (bakanaBp. Akagemuueckuii kypc). — ISBN 978-5-
534-01442-6. — Texcrt : anextponnsiii / DBC HOpaiit [caiiT]. — URL: https://www.biblio-
online.ru/bcode/436475

yueOHO-MeTOoAn4YecKas

1. Cemymmn, . B. Ctoxactuueckue MO/IeH, OLICHKH U yIpaBlieHHe : pa3zaen: JleTepMuHuCT-
CKHE MOJIENIM TMHAMHUYECKUX cucTeM: MeTo. ocobue / U.B. Cemymmun, FO. B. [{piranosa ;
Vul'V. — Vuesaosck : Yal'V, 2007.

2. Kymymxwues, K. B. Teopus cucteM W cuUCTeMHbIH aHanu3 : yd4eO. mocobme. U.1-2 : /
K.B. Kymynxues ; YnlI'Y. — YassHoBck : Y'Y, 2003.

3. Hpiranosa 0. B. Meronuueckue ykazaHusi JUIsl CaMOCTOSITENIbHOW pabOThl CTYAEHTOB MO
muciuminHe «KoMnbloTepHOEe MOAETUpPOBaHUE» ISl CTYAEHTOB OakanaBpuaTa 10 Halpas-
aeausMm 09.03.03 «IIpuxmnagnas unpopmaruka», 02.03.03 «Maremarnyeckoe obecredeHne
U aJMUHUCTpUpOBaHue MH(popMarmonHsix cucrem» / F0. B. Llpiranosa; Yal'V, ®ak. mare-
MaTUKH, MHQOPM. U aBHAIl. TEXHOJOTHH. - YIbsSHOBCK : Yal'Y, 2019. - 3arn. ¢ skpana; He-
OIyOJIMKOBAHHBIN pecypc. - DNeKTpoH. TekcToBble AaH. (1 ¢aiin : 1,03 MB). - TekcT : snek-
tpouHbIi. http://lib.ulsu.ru/MegaPro/Download/MObject/7491

CoracoBaHo:
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0) [IporpammHoe obecrieyeHne
Jliist 06pa3zoBaTebLHOTO TpoIlecca MO TaHHOW TUCIUIUIMHE HEOOXOIMM cTallmoHapHBIH kiacc [TK
C YCTaHOBJIEHHBIM CJIEAYIOLIUM MPOTPaMMHBIM 00€CIICUEHUEM:
— oneparronHas cpeaa OC Windows/Linux;
— nporpammHas cucrema AnyLogic;
— nporpammHas cucrema Scilab.
B) [Ipodeccuonanbubie 6a3bl JAHHBIX, HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBI:

1. J1eKTPOHHO-0MOJINOTEYHbIE CUCTEMBbI:

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

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

1.3. KoHCyNbTaHT CTyJeHTa: 3JeKTPOHHO-OmOmMoTeunas cucrema: cait / OOO Ilomu-
Texpecype. — Mocksa, [2020]. — URL: http://www.studentlibrary.ru/catalogue/switch_kit/x2019-
128.html. — Pexxum moctyma: [uist 3aperucTpup. nojib3oBateneid. — TeKCT : JIeKTPOHHBIH.

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

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

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

2. Koncynbrantllmoc [DnexTpoHHBI pecypc]: cnpaBouyHas mpaBoBas cucrema. /OO0
«Koncynbrant [Tnmtocy - DnexktpoH. naH. - Mocksa : Koncynsrantllntoc, [2020].

3. ba3bl JaHHBIX NEPUOTUYECKUX U3TAHUIA:

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

3.2. eLIBRARY .RU: nayunas snekTpoHHas 6ubnuoreka : caiitr / OOO Hayunas Dnek-
TponHast bubnuorexa. — Mocksa, [2020]. — URL.: http://elibrary.ru. — Pexxwum moctyna : st aB-
TOPU3. IIOJIb30BaTENEH. — TEKCT : ANEKTPOHHBIN

3.3. «Grebennikony : anextponnast 6udauoreka / U] I'pedbennrkos. — Mocksa, [2020]. —
URL: https://id2.action-media.ru/Personal/Products. — Pexxum moctyma : JjIsi aBTOpHU3. MOJIb30-
Baresnen. — TEeKCT : DJIEKTPOHHBIM.

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

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

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum aoctyma : s aBTOPH3.
nojb3oBaresei. — M3o0paxkeHue : 2IeKTpOHHBIE.

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

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

HBIH.
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https://www.biblio-online.ru/
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http://elibrary.ru/
https://id2.action-media.ru/Personal/Products
https://нэб.рф/
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
http://window.edu.ru/
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6.2. Poccuiickoe obpasopanue : (enepanbHblii nopran / yupemurens ®IAOY 10
[PT"OITu UT. — URL: http://www.edu.ru. — TEKCT : 37€KTPOHHBIIA.

7. O6pazoBaTenbHbIe 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 : ajist monb3opatesneii Hayd-
HOM O6ubnuorexu. — TeKcT : 3IeKTPOHHBIH.

7.2. O6pasosarenbubiii noptan Yal'V. — URL: http://edu.ulsu.ru. — Pexxum nocryna : st
3aperucTp. Noab30BaTeel. — TEKCT : ANEeKTPOHHBIA.

CornacoBaHo:
o a’ o~ 7
2. peae. FLfl |_flerorcotbe //2% 7 Y D /
agwiHocTth corpyanrka YU T OUO /'@2@/2{ Jlata

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE JUCIUIIJINHbI

Aynuropun JUisl IPOBEAECHUS JEKIUN, CEMUHAPCKUX 3aHATUH, 17 IPOBEJEHUS Jiabopa-
TOPHBIX paboT, IS MPOBEACHHS TEKYIEro KOHTPOJISI U MPOMEKYTOYHOU aTTECTaI|H, TPYIIIO-
BBIX U WH/IUBHIyQJIbHBIX KOHCYJIbTAITUH.

AynuTopur YKOMITJIEKTOBAHBI CIIEIIUATH3UPOBAHHON MeOenbto, yueOHON NocKoil. Ayau-
TOpUU IS TIPOBEJCHUS JICKIMA 000PYIOBaHBI MYJIbTUMEIUUHBIM O0OPYIOBAaHUEM ISl TPE-
CTaBJieHUs HHpopMauK O0JbIIoN aynutopuu. [lomemeHus st caMOCTOSTENbHOM PabOThHI
OCHAIIIEHBl KOMITBIOTEPHOM TEXHUKOW C BO3MOKHOCTHIO MOJKIIOUEeHHS K ceTu «MuTepHer» u
obecrnieueHreM J0CTyma K 3JEKTPOHHON HHPOPMAIIMOHHO-00pa30BaTeIbHON Cpeie, SJIEKTPOHHO-
oubmmoteuHoit cucreme. [lepeuenr 000pyI0BaHU, UCIIONB3YEMOTO B yUeOHOM Ipoliecce, yKa-
3BIBAETCSl B COOTBETCTBUU CO CBEJIEHUSMHU O MATEPUAIBHO-TEXHUYECKOM 00ECIIeYeHHH U OCHa-
HIEHHOCTH 00pa30BaTEILHOTO TMpoIlecca, pa3MelleHHbBIMU Ha oduiraibHoM caiite Yiul'V B pas-
nene “CpeneHust 06 00pa3oBaTeIbHOM OpraHu3anuuy’”.
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13. CHEIIMAJIBHBIE YCJIOBUSA 1JIsd OBYYAIOIIUXCA C OIT'PAHUYEHHBIMHU
BO3MOXHOCTAMMU 3JO0POBbA

B ciiydae HeoOX0AMMOCTH, O0YYAIOIMMCS U3 YMCIIA JIUI] C OTPaHMYEHHBIMH BO3MOKHO-
CTSIMH 3J10pOBbS (I10 3a8BJICHUIO 00YYaIOLIETrocs) MOTYT MpeJiaraTbCsi OJTHU U3 CIEAYIOIINX Ba-
PHAHTOB BOCHIPUATHS WH(POPMALIMU C YIETOM MX WHAWBUIAYAIBHBIX MCUXO(PU3NIECKUX OCOOCH-
HOCTEI:

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

— JUIS JIUI] C HApYILIEHUSIMU CllyXa: B e4aTHoi ¢opme; B popme 37IeKTPOHHOTO JOKYMEH-
Ta; BHJICOMATEPUAIIbI C CYOTUTPaMH; HHIUBUIYaJIbHbIC KOHCYJIbTALUU C MPUBJICUYCHHEM CYpPJIO-
NePEeBOIUNKA; MHIMBUyaJIbHbIC 3aJaHUS U KOHCYIJIbTAIlUY;

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

B cnywae HeoOXOOMMOCTHM  HCIONB30BaHMS B y4eOHOM  Ipoliecce€  YacTH4-
HO/HMCKITIOYHUTENBHO JUCTAaHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJOTWH, OpraHM3amnus padOThI
[I1C ¢ obyuarommmucs ¢ OB3 u uHBanIMIaMu MpeaycMaTpUBAETCS B AJIEKTPOHHOU MH(OpMa-
[IMOHHO-00Pa30BaTEILHON Cpeie ¢ YYETOM HMX MHIAMBHIYaJbHBIX MCUXO(PH3MUECKUX OCOOCHHO-
cTeil.

Pazpabotumnk ch}’ npodeccop kad. UT /L{piranosa 10.B./
nofrrfI/ICLO/ JIOJKHOCTD DUO
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