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MuHucTepcTBO HayKH U BbIcLIero obpasosanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET
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®-Paboyast mporpaMma 1o JUCLUIUIHHE

1. IEJU U 3AJAYU OCBOEHUS JUCLUIJINHbI

Hucuumnubaa  «VIMUTaMoHHOE ~ MOJEIUPOBAaHUE»  3HAKOMHUT  CTYIAEHTOB  C
(GyHIAMEHTAIBHBIMA ~ METOJIAMH  KOMITBIOTEPHOTO  MMHTALMOHHOTO  MOJCJIHPOBAHUSA U
HENOCPEJCTBEHHO CBsI3aHA C OCHOBHBIMM MaTeMaTH4YEeCKMMM aucuuiuimHamu. I[lpeamerom
W3YYEHHUs SIBIISIOTCSI METOJbl M IMPUHLMIIBI OCTPOEHUS MAaTEMaTHMUECKUX M KOMIIbIOTEPHBIX
MMUTAMOHHBIX Mojenel. Jucuurmna 3aknaapBaeT GyHgaMeHTalbHbIe 3HaHUsA, HEOOX0IMMbIe
JUIl U3YYEHHsI BCEX OCHOBHBIX KYPCOB, IOCBSIIEHHBIX MAaT€MaTHYECKOMY M MMHUTALMOHHOMY
KOMITBIOTEPHOMY MOJIEIMPOBAHUIO PEAIbHBIX 0OBEKTOB U IIPOLIECCOB.

Ilenn ocBoeHNs TMCHUIIIUHBI:

® U3y4eHUE OCHOBHBIX MMOHATHI U METO/I0B ITOCTPOCHHUS U UCCIIEIOBAHUS MaTEMAaTHYECKIX
MoJeNel, CUCTEM U SI3bIKOB MOJETUPOBAHUS.

3agauu ocBOCHMS IMCHMIJIMHBI

e BbIpabOTKA Y CTYJI€HTOB HAaBbIKOB HCIIOJIb30BAHUS CUCTEM KOMIbIOTEPHOTO UMUTAIIMOH-
HOTO MOJICIIUPOBAHMS;

e 000CHOBaHHOIO BHIOOPA METOJIOB M CPEACTB KOMITBIOTEPHOTO MMUTALMOHHOTO MOJIEIH-
pOBaHMUS;

® [IOHHUMAaHUS MPOILECCOB KOMIBIOTEPHOTO UMUTALIMOHHOTO MOIETUPOBAHUS;

® OCBOEHHMS METOJIOB MIOCTPOEHUSI MATEMATUYECKUX U KOMIIBIOTEPHBIX MOJETEH.

2. MECTO JMCHUIIVYIMHBI B CTPYKTYPE OIIOII

JlucrumnmuHa OTHOCHUTCS K 0a30BoM yactu nukiia b1 oOpa3oBaTenbHON TpOrpaMMBbl U YU -
Taerca B 5-M cemectpe cryaeHTam HampasiaeHus 09.03.02. — «MHpopMalMOHHBIE CUCTEMBI U
TEXHOJIOTHUI.

JanHasi ntucuuIuinHa 0a3upyeTcsl Ha BXOAHBIX 3HAHMSIX, YMEHHUAX, HABBIKAX U KOMIIETCH-
LUSAX CTYAEHTA, MOJYyYCHHBIX UM MPH U3YyYEHUH MPEAIIESCTBYIOMNUX YUeOHbIX AUCUMILINH, yKa-
3aHHbIX B [Ipunoxenun kK nanHoi paboueit nporpamme (B (poHAaX OIEHOYHBIX CPEIACTB — Aajiee
®OC, nyHKT 1).

Pe3ynbTartel OCBOGHMS AMCUMILIMHBI OyIyT HEOOXOAMMBI JUIsl AajbHEHIIEero mpolecca
oOyueHusi B paMKax MOSTanmHOro (GopMHUPOBaHMS KOMIETEHIMM MPH HU3YYEHUU MOCIEAYIONINX
mucuuiinH (ykazanel B @OC, nyHKT 1), a Takke A7 MPOXOKIECHUS BCEX BUIOB MPAKTUK U I0-
CyJapCTBEHHON UTOTOBOM aTTeCTallUU.

3. IEPEYEHDb IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHUSA 11O JUCHUIIJIMHE
(MOAYJIIO), COOTHECEHBIX C INTAHUPYEMbBIMHU PE3YJ/IbTATAMU
OCBOEHMSA OBPA3ZOBATEJIBHOU ITPOI'PAMMBI

Hpouecc HU3YUCHUSA NUCHUILINHBL «MMuTanimoHHOE MOACIIMPOBAHHEC) HAIIPABJICH Ha (I)Op'
MHPOBAaHHUC CIICAYIOIINUX KOMIICTCHITUM.

[lepeyeHp muaHUpPyEeMBIX pE3yIbTaTOB OO0Y4EHUS
1O JMCUUIUIMHE (MOJIYNI0), COOTHECEHHBIX C WH-
JMKAaTOpaMU JOCTH)KEHHs KOMIIETEHINN

KOI[ 1 HAMMCHOBAHHUC peam/ByeMoﬁ KOMIIC-
TCHIIMH

[1K-2. 3HaTh:
CriocoOeH pOBOAUTH MOJICTHPOBAHUE TIPO- [COBPEMEHHBIE METO/bI Pa3pabOTKU U pealn3aluu
I[ECCOB U CHUCTEM U 0OOCHOBBIBATH MPABUIIb- [KOHKPETHBIX AJITOPUTMOB MAaTEeMaTHUECKHUX MOJie-
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Kon u HaumeHoBaHMe peanu3yeMoil Komrie-
TEHIIUHU

[lepeyeHp mIaHUPYEMBIX PE3YIbTATOB OOY4EHUS
10 JMCUUIUIMHE (MOJIYII0), COOTHECEHHBIX C HH-
JMKAaTOpaMU J0CTH)KEHUS KOMIIETEHIUM

HOCTb BBIOpaHHON MOJEIH

neit Ha 6a3e S3bIKOB MPOTPAMMHUPOBAHUS U ITAKETOB
MPUKIIAIHBIX IPOTPaMM MOJEIUPOBAHUA.

YMETh:

HCII0JIb30BaTh COBPEMEHHBIE METOIbI pa3pabOTKU U
peanmaulm KOHerTHBIX aJIFOpI/ITMOB MaremMaTtu-
YECKUX MOJIeTICi Ha 6a3e S3BIKOB MPOrPAMMHPOBA-
HUA U ITIAKCTOB HpI/IKJ'IaI[HBIX nporpaMM MOI[GJ'II/IPO'
BaHWNs.

Biagers:

HaBBbIKAMH HCIIOJIB30BaAHUA COBpeMeHHI)IX METOJ0B
pa3paboTK M pean3alui KOHKPETHBIX aJTrOpHUT-
MOB MaTeMaTHYECKHX Mojelell Ha 0a3e S3BIKOB
NIpOrpaMMHUpPOBAHUS U MAKETOB MPUKIAJAHBIX IIPO-
rpaMM MOJEIUPOBaHUS.

4. OBLIAA TPYTOEMKOCTD JUCHUIIJIMHBI

4.1. O6beM IMCIHHUILIAHBI B 3a49€THBIX eIHHHIIAX (Bcero): 3 3.c.

4.2. O0beM TUCHMILUIMHBI 0 BUAaM y4eOHO#H padoThI:

KonuuectBo 4yacos
(popma o0yueHus ouHas1)

I 3 D [T B 1.4. mo cemecTpam
Bcero no miany E
1 2 3
KonraktHas pabora obyuaronuxcs ¢ mpe- 54 54/54%
[10J1aBaTeNEM B COOTBETCTBUHU € YII
AyIUTOpPHBIE 3aHATHS: 54 54/54*
Jlexunu 18 18/54*
CeMuHapbI ¥ TIPAKTUUCCKUC 3aHITHS 18 18/54*
JIaGopaTopHble pabOThl, MPAKTUKYMBI 18 18/54*
CamocrostenbHas padoTta 54 54
opwma rekyitiero I A 3HaH,HH 1 Ko JlaGopatopHsble pado- | JlaboparopHbie pabo-
TPOJISI CAMOCTOSATENBHOM paboThI: TECTUPO- ThI, IPOBEpKa pellie- | Thi, MPOBEpKa pellie-
BaHUE, KOHTp. paboTa, KOJUIOKBUYM, pede- HH;{ sana HH;I sana
pat u 1p. (He MeHee 2 BUJIOB) A A
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KoangecTBo 4acoB
(popma oOyueHnusi ouHas)
Bunx yueOHOIi padoThI
1y p B 1.4. mo cemecTpam
Bcero no miiany
5
2 3
Kypcosas pabora - -
Buael mpoMexxyTouHOU arTectanuu (dK3a- . ..
JIBL TP yr n ( 3a4éT 3a4éT
MEH, 3a4€T)
Bcero yacos 1o qucCIUILIMHE 108 108

*B cyuae HeobX00uMOCmu UCNOAb308AHUSL 8 YHEOHOM Npoyecce YacmuyHo/ UCKTIOUUMETbHO OUCTHAHYU-

OHHbIX O6pa306(lm€./lbﬂblx mexHono2ull 8 ma@zuue uepes cield yKasvledemcs Koaudecmeo uacoepa60mbz HIIC ¢

00YHAIOWUMUCS NPU NPOBEOCHUU 3AHAMUL 8 OUCMAHYUOHHOM DOpMame ¢ npUMeHeHUeM INEeKMPOHHO20 00YHeHUs.

4.3. Coaeprxanue TUCUMILIMHBI. PacnpeneneHue 4yacoB no TeMaM M BHJIaM y4eOHOi pado-

ThbI:

dopma 00yueHus

o4yHada

Buasbl yueOHbIX 3aHATHIA

dopma TeKy-

e st s [, | Koo
HasBanue pasne- p p B MHTe- JISl 3BHAHMIA
OB 1 Tex Bcero SecKHE | TOPHBIE | crosi-
Jlekuuu | 3aHATHS, | PabOTHI, Hoil TeJIbHAsI
CeMHHA- | MPaKTH- padota
pol KYMBI bopme
1 2 3 4 5 6 7
Pa3znen 1. MaTemaTuyeckoe 1 KOMIILIOTEPHOE MOAeJIUPOBaHNEe (PU3MKO-TEXHUYECKHUX NMPOLECCOB
U CHCTEM

1. Monenu 6 1 1 1 - 3 JlaGoparopHas

00BEKTOB, pabora. [lo-

MIPOIIECCOB U MallHee 3a/1a-

SIBJICHUI HUE

2. Knaccuduxka- 6 1 1 1 - 3 JlaGoparopHas

g Moaenen pabora. Jlo-
MallHee 3a/1a-
HUE

3. Ilonstue mo- 6 1 1 1 - 3 JlaGopaTopHas

JCTUPOBAHUS paborta. Jlo-
MarrHee 3a/ia-
HUE

4. Ilenn monenu- 6 1 1 1 - 3 JlaGopatopHas

poBaHU pabora. Jlo-
MarrHee 3a/ia-
HUE

5. DTamnsl Moje- 6 1 1 1 - 3 JlaGopaTopHas

JUPOBAHUS pabora. Jlo-
MarrHee 3aa-
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HHUC

6. 3amauu moe- 6 1 1 1 - 3 JlaboparopHas

JTUPOBAHUS pabota. [o-
MalHee 3a/1a-
HHUC

7. CTpyKTYypa MO- 6 1 1 1 - 3 JlaboparopHas

nenei pabora. Jlo-
MaIlHee 3a/a-
HHUC

8. Metoib1 KOH- 6 1 1 1 - 3 JlaGoparopHas

CTPYUPOBAHUSA pabora. [lo-

MoJenen MallHee 3a]1a-
HHUC

9. UmuTtanmonHoe 6 1 1 1 - 3 JlaGoparopHas

MOJIETUPOBAHNE pabota. [o-
MalHee 3a/1a-
HHUC

10. KommeroTep- 6 1 1 1 - 3 JlaGoparopHas

HOE MO/JIeTNpOBa- pabota. [lo-

HUE MaIlllHUe 3a/1a-
HUA

11. Craructuue- 6 1 1 1 - 3 JlaGoparopHas

CKO€ MOJIeTTUPO- pabora. [lo-

BaHHUC

MaIlIHHE 3a/1a-
HUA

Pa3pnen 2. MaTteMaTH4ecKue 1 KOMIIBIOTEPHBIC MOAETIH JUHEHHBIX JTHHAMHYECKHX CHCTEM

12. IIpeobpazo- 6 1 1 1 - 3 JlaboparopHas

BanHwue Jlammaca pabora. [lo-
MaIlllHUEe 3a/1a-
HUS

13. TlonsTue u- 6 1 1 1 - 3 JlaGoparopHas

HEWHOU NUHAMU- pabora. [lo-

YEeCKON CHCTEMBI MaIlllHUE 3a/1a-
HUS

14. OcHOBHBIC 6 1 1 1 - 3 JlaGoparopHas

CBOMCTBA JIMHEH- pabora. Jlo-

HOW JTMHaMU4Ye- MaIIlHUE 33]1a-

CKOM CHUCTEMBI HUS

15. TlonsTue me- 6 1 1 1 - 3 JlaGoparopHas

penaTouHOn paborta. Jlo-

byHKIUN MaIIlHUE 33]1a-
HUS

16. Xapakrepu- 6 1 1 1 - 3 JlaGopatopHas

CTUKH JIMHEHNHBIX pabora. Jlo-

JTMHAMUYECKUX MaIrHue 3aja-

CHCTEM HUS

17. Monenu B 6 1 1 1 - 3 JlaGopatopHas

IIPOCTPAHCTBE pabora. Jlo-

COCTOSIHUI MalllHUE 3a]1a-

HUA
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18. O600meHHbIiI 6 1 1 1 3 JlaGoparopHas
aHaJIU3 yIpaB- pabota. [lo-
JSIEMOCTH U Ha- MarlHue 3a/1a-
OmomaeMocTu HUS

MoOJIeen

Uroro 108 18 18 18 54

5. COAEP) KAHUE JTUCIUIIJIMHBI (MOAYJISA)

Paznen 1. MaTtemaTnueckoe U KOMIbIOTEPHOE MOJEJHMPOBAHNE (PU3NKO-TEXHUYECKHX
NMpoIEeccoB U CUCTEM

Tema 1. Moaenu 00beKTOB, IPOIIECCOB U SIBJICHUM.
Tema 2. Kitaccudukanus Mojienei.

Tewma 3. Ilonatue MoenupoBaHusl.

Tewma 4. llenu MmoaenupoBaHusl.

Tema 5. Drtanbl MOJETUPOBAHUSL.

Tema 6. 3agaun MOJIETUPOBAHMUSL.

Tewma 7. CTpyKkTypa Moiemneil.

Tema 8. MeTo1bl KOHCTPYHPOBAHUS MOJIEIIEH.
Tema 9. IMuTanIMOHHOE MOJICTHPOBAHHE.

Tema 10. KoMnproTepHOE MOIETUPOBAHUE.

Tema 11. CraTucTiueckoe MoIeTUPOBaHUE.

Pa3nen 2. MaremaTu4ecKkne U KOMIbIOTEPHbIE MOIEIH JTUHEHHBIX JUHAMHYECKUX CHCTEM
Tewma 12. IIpeoGpa3oBanue Jlamnaca.

Tema 13. [Tougarre nMHEHHON TMHAMUYECKON CUCTEMBI.

Tema 14. OcHOBHEIE CBOMCTBA JUHEWNHON JTUHAMHUYECKON CUCTEMBI.

Tewma 15. [lonsTue nepenatoyHon GyHKITHH.

Tema 16. XapakTepUCTUKHN JTUHEHHBIX JUHAMHYECKUX CUCTEM.

Tema 17. Moaenu B IpoCTpaHCTBE COCTOSTHUM.

Tema 18. O6001IeHHBIN aHATIU3 YIIPABIIEMOCTH U HA0JIIOaeMOCTH MOJICTIeH.

TEMBI IPAKTUUYECKNX U CEMUHAPCKHUX 3AHSATUN

[IpakTiyeckue 3aHsATUS (CEMHUHApBl) MpelycMaTPUBAIOT pEUICHHE 3aJad M0 TEeMAaTHKe
Pa3znenos 1 u 2 u 06cyx/ieHue HallICHHBIX PELICHUM.

Tema 1. Moodenu nacpesanus/oxnasxicoenus.

Tema 2. Mooenu svimexanus scuokocmu u3 pesepsyapa.

Tema 3. Moodenu snudemuii.

Tema 4. Mooenu pocma uucieHnocmu OUOI02UYECKOU NONYAAYUU.

Tema 5. Mooenu osusicenus 6e3 yuema conpomuenenusi cpeobi.

Tema 6. Mooenu 0sudicenus ¢ yuemom conpomueieHus cpeowl.

Tema 7. [Ipeobpazoeanue Jlannaca.

Tema 8. Buiuucnenue nepeoamounoti yynxkyuu.

Tema 9. Ananus ceoticme moodeneii 6 npocmparcmee coCMOoAHUIL.

7. JABOPATOPHBIE PABOTHI (IABOPATOPHBLIN IIPAKTUKYM)

Tembl 1200paTOPHBIX PadoT |

®opma A Crpannma 6u3 31
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JlabopaTopnas pa6ora 1. OcBoenue cpenbl mogenupoBanus AnyLogic (AL). Lens
npuoOpereHue HaBbIKOB padoThl B cpeae AL. JlocTikenue menu o0ecriedynBaeTcs pe-
IICHHUEM TOJIHOCTBIO JOKYMEHTHPOBAHHBIX puMepoB. Coepkanue padoThl — pelIeHHE
TPEHUPOBOYHBIX 3aJaHUI U BHITIOJIHEHUE KOHTPOJIHHOTO 3a/IaHHSI.

JladbopaTopuas pab6ora 2. BBog u pemenue B cpene AL cuctem AJLY. Llens paboTsr —
OCBOEHHE TEXHOJIOTHH ITpuBeaeHus cucteM AJ[Y kK HOpManbHOMY BHly U TipuoOpere-
HUE HAaBBIKOB WX PEIICHHs U aHuManuu pemennid. Comepikanue paboThl — perieHue
TPEHUPOBOYHBIX 33JaHUI U BHINIOJIHEHUE KOHTPOJIHHOTO 3a/1aHMUSI.

JladopaTopnas pat6ora 3. PazpaboTka u uccineoBaHue Mo iesiel HePEePbIBHBIX CHUC-
teM. L{enb paboThl — 0OCBOEHHE TEXHOJIOTHH TIOCTPOCHHUE MOJETICH HENMPEPBIBHBIX CUCTEM
U uccuenoBanne nux noseaenus B cpene AL. Conepxanne paboThI — pelIeHHe TPEHHPO-
BOYHBIX 33JIaHUH 1 BBHITIOJIHEHNE KOHTPOJILHOTO 33IaHusl.

JlabopaTopHas pa6ora 4. Vnentudukanus Moaeneit mo 3KCepuMeHTaIbHbIM JTaHHBIM.
Lenb paboThI — 3aKpeIUICHNE 3HAHUI M HABBIKOB 110 WIACHTU(MUKAIIMH MOIEIH 110 JKCIIe-
PUMEHTAIBHBIM JTAHHBIM, MPUOOPETCHWE HABBIKOB PAa0OTHI C ONTHMH3ATOPOM ITYTEM
pemenus 3ama4. Conepxanne pabOThl — pPeUIeHHe TPEHUPOBOYHBIX 3aJlaHUH M BBITION-
HEHHME KOHTPOJBHOTO 3a/IaHUsI.

Meroandeckue yKka3aHUS: OCHOBHOE€ BHHUMAHHE JIOJDKHO OBITh YAEIIEHO OCBOCHHIO PAbOTHI C
cucteMoit moaenupoBanusi AnyLogic.
JladopaTopnas pabora 1.

[MocranoBka 3agaun. Maremarudeckas MOJIeTh JUHAMUKHA COKpAIEHUS CEPACUYHON MBIIII-
1Bl 33/1a€TCSl HEIMHEWHBIM TU(depeHInaTbHBIM YPaBHEHUEM MIEPBOTO MOPSIKA:
dx/dt=(x-x*-b)/eps, rue X mpeacraBiser pamuyc cepaua, a mapamerp b cam SBISeTCs HepeMeH-
HOM, onpezensieMoii auddepeHraabHbM ypaBHeHHeM: db/dt=X-Xo. DT0 oxHA W3 MPOCTEHIINX
MOJIeJIeld TaKOW JUHAMHUKH. 3aJa4ueil JaHHOTO YIPaXXHEHUS SIBIAECTCS MOCTPOECHUE ATOM MPOCTOM
MO/ICJTH, TIO3BOJISAIOIICH MOJYYNTh BPEMEHHBIC 3aBUCUMOCTH TIEPEMEHHBIX X M D 0T BpeMeHH, a
TaKke (asoByl0 AMarpaMMy U3MEHEHHs paauyca x OT 3HadeHus D. OueBHIHO, YTO BCe ITH Be-
JUYMHBI BEIIECTBEHHBIE (C IIaBarollel Toukoi). [l moctpoeHus: Moaenu Heo0XoAUMO 334aTh
HavyallbHbIC 3HAYCHUS MIEPEMEHHBIX X H D, a Taroke 3HaYCHUE mapameTpa eps.

Coznlanue HOBOro mpoekTa. J[as XpaHeHUs BalllUX MPOEKTOB HEOOXOIMMO CO3/aTh HO-
Byio nanky. Cosnaiite, Hanpumep, nanky C:\My Models. TTocite 3Toro aas mocTpoeHus: HOBOTO
MPOEKTa B Ballled Manke KIMKHUTE KHOMKY “Co3maTh” WM BBIOEpUTE B OCHOBHOM MEHIO
“@aitn|Coznare|Monens”. B mosiBuBIIEMcs IMAIOTOBOM OKHE YCTaHOBHUTE HYXKHYIO pabodyro
namnky, B Heil HaOepute Heart kak uMsi HOBOTO (aiisia, B KOTOpOM OyAeT XpaHUThCS Balll HOBBIN
npoekt, u kiukaute OK. HoBriit mpoekt moj HazBanuem “Heart” OyneT co3iaH, U Ha SKpaHEe BbI

YBUJIUTE CIEIYIOIIIEe:
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@aiin Mpacka Bug Pucosarie Mogens Vncipymenter Cnpaska

B-@HG VW o O v v oE | 73% | W~ - 3 O6paruTeca 32 nowoWH... e
% Mpoektar 2 = 0 | &l Main & = 0O || 3 Caoiicrea & M v=0
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Puc 1. HoBsrit mpoekT

OTKpBITOE OKHO PEIAaKTOpa HOBOTO MPOEKTa COACPKHUT TpHU OkHa. Kak yke roBopuioch, B OKHE
KJIacCOB (CJIeBa) aBTOMATHYECKH CTPOUTCS AEPEBO BCEX OOBEKTOB MPOEKTA, KOTOPhIE Bl OyzeTe
OTPEENATh M0 X0y MOCTPOEHUs] MOJeNH. [[1s1 HOBOrO MpOeKTa B HEM YK€ CO3[aH KOPHEBOM
KJIacC aKTUBHOTO 00bekTa ¢ umeHeM ‘“Model”, a nis mpoBeneHus: SKCIIEPUMEHTOB ¢ Oynyien
MOJIEJIBIO YK€ CO3/aH OJIMH dKCIIEPUMEHT ¢ uMeHeM “Simulation” y KopHeBoro kjacca “Okcrie-
puMeHTHhI . lleHTpaJlbHO€ OKHO — OKHO TPaUYECKOTO PEAAKTOpa CTPYKTYPHI IS CO3JAHUS
CTPYKTYpBl aKTUBHOTO 00OBEKTa, MPEACTABIIAIOMEro Moaeib. C IOMOIIbIO KHOMOK YIPaBlIEHUS
3THUM OKHOM, KOTOpbI€ HAXOJSATCS BBEPXY CIpPaBa, MOXKHO YMEHBIIUTh, CBEPHYTh WJIHM 3aKPBITh
3TO OKHO. YMEHBIIIUTE pa3Mep OKHa pelaKkTopa CTPYKTypbl oobekTa “Model”, menkayB mo co-
OTBETCTBYIOIIEH KHOIIKE CIIpaBa BBEpXY. /J|BOMHBIM ILIETYKOM MBI HA UMEHU Kjlacca aKTUBHO-
ro oObeKTa B OKHE KjaccoB (B gAaHHOM ciydae “Model”) MOXHO OTKpBITH OKHO pEIaKkTopa
CTPYKTYpPBI 3TOTO 00BEKTa, eCiIi OHO 3aKpbITo. OKHO crpaBa Ha pHC.1— 3TO OKHO CBOWCTB BbIJIe-
JIEHHOTO 3JIeMEHTa MOJIeNu. B TaHHOM cilydae 3TO OKHO MOKa3bIBaeT CBOMCTBA KJlacca KOPHEBO-
ro oobekTa ¢ umeHeM “‘Model”, eciii OKHO €ro CTPYKTYpPhl aKTUBHO. B OKHE CBOWCTB MOYKHO pe-
JaKTUPOBATH CBOICTBA COOTBETCTBYIOIIUX OOBEKTOB.

[octpoenne moaenn. OcHOBHAs 3a7jaya — MOCTPOCHUE MOJIEIH, B KOTOPOU MPHUCYTCTBY-

10T JIBC MEPEMEHHbBIC, X M D, U 1Ba mapamerpa — Xo ¥ €ps, rie Xo — HadaubHOoe 3HadeHue X. Ha-
JaJbHOC 3HAUCHHE TMEPEMEHHOM D 3a1auM HEemocpeCTBEHHO KOHCTaHTOM. J[jist BBeaeHus mep-
BOH MEepeMEeHHOM X BbIOepeTe B MEHIO NaluTphl pa3aen “Cucremnas auHamuka”. [lepemennas X
OTDKHA ompenensThes auddepennuansusM ypauerneM dx/dt = (x-x-b)/eps ¢ HadanbHBIM
3HaYEHHUEM X, PaBHBIM Xg U ¢ napameTrpom eps. B AnyLogic M0XHO 1m0100HbIE 3aBUCHUMOCTH OII-
penensTh UMEHHO B TAaKOM BHJIE, B BUAE TU(depeHIInaIbHbIX YPaBHEHHI.
Bropas nepemennas b onpeaensiercs popmynoit d(b)/dt=x-x0. leiicTBus 10 ee BBEICHHUIO B MO-
nenb o4eBUAHBL. [lycTh HauanbHOE 3HAUeHUE NepeMeHHol b paBHo 0. B mone HauanbHoe 3Haue-
HUE MpU 33JaHUH HAa4aJbHOTO 3HaueHus b BennuuHy 0 MOXKHO HE 3alHCHIBATh: €CIU IMOJe 3HA-
YEHHUs MYCTO, IO YMOJIYAHUIO 3TO 3HAUEHUE CUUTACTCS HYJIEBBIM.

Jl71s mpoBepKH MPaBUIBLHOCTH CUHTaKcuca ((popMalbHBIX MPaBWII) MOCTPOCHUS MOJEIU B
KKIbIi MOMEHT TIPU €€ MOCTPOSHUH MOXXHO HCIIOJb30BaTh KHOMKY [OCTpOUTH maHenu WHCT-
pyMeHTOB. Ecnii KITMKHYTh Ha 3TOW KHOTIKE, TO B MOsBUBIIEMCs OKHE BbIBoa Oyner BbIBeleHa
uHpopmanus 06 ommuoke. s 3aBepIIeHUs] MOCTPOECHUS MOJEIU HMX HYXHO 3anaTth. [lycThb
X0=0.5, eps=0.01. ITapameTpsl 3TH SBISIOTCS apaMmeTpamu areHta Heart, mosToMy OHU BBOJST-
Csl B OKHE CBOMCTB 3TOro o0bekra. st 3a1aHust Xo NepeianTe Ha BKIAAKY “ATreHT” HaJuTphl U
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nobasere 00bekT “Tlapamerp”.

3aMeHuTe UM IapaMmeTpa Ha Xo, B moJie 3HaueHus ycranosure 0.5, a Tun octassTe double.
OcranbHble MOJIS TaKKe OCTaBbTe 03 M3mMeHeHusd. [lepemennas eps 3agaercs Tak xe. B koHie
HEOOXOMMO CO3/aTh CBS3H MEXIY IepeMEHHBIMU. PYyKOBOJICTBYSCh BBEICHHBIMH (OPMYJIaMH
U UCTIOJNIb3Yys MHCTPYMEHT “CBs3b” BKIaAKHU “‘CHCTeMHas AUHAMUKa  HaJUTPbl, yCTAaHOBUM Tpe-
Oyemble B3aMMOCBSI3U MEX]y IEepeMEeHHBIMU. B pesynbTare Ha 5KpaHe BBl MOJIYYUTE CIIEIYIO-
niee: Haanuch “lIlocTpoeHre ycrnemHo 3aBepiieHo”” B HUKHEM JIEBOM YIIIy CUTHAJIM3UPYET HaM,
YTO BCE BBINOJIHEHO BEPHO.

3anyck Moaenu. Knuk Ha kHomke “3amyck” mpHUBEIET K TOMY, YTO MEPEMEHHBIE B OKHE

HAYHYT U3MEHSTHCS B COOTBETCTBUU C OIPEICIICHHBIMH Ul HUX ypaBHEHUAMU. CHcTeMbl U -
(epeHInaIbHBIX U alredpandyeckux ypaBHEHH, onpeieneHHble B npoektax AnyLogic, npu BbI-
MOJIHEHUU MOJEINU PEIIAloTCs OJTHUM U3 BCTPOEHHBIX YMCIEHHBIX MeT0/10B. CaM METOJl U HE0O-
XOJMMasi TOYHOCTb PEIIeHMs] BBIOMPAIOTCS CHCTEMOIl aBTOMAaTUYECKH, €CJIM I0JIb30BATEIb HE
W3MEHUT MpEeBAapUTEIbHbIE YCTAHOBKH B OKHE CBOMCTB MOJENU. BbINOMHEHNE MO 3aKOH-
YUTCSI, KOT/Ia CUETYMK MOJIEIbHOTO BPEMEHU JOWIET MO 3HAYCHHs, YKa3aHHOTO OKHE CBOMCTB
oOwekra “Simulations”. [1o ymosyanuio 3Hau€HUE HE YCTAHOBJIEHO, SKCIIEPUMEHT JUIUTCS, TTOKa
M10JIb30BaTeIb HE OCTAHOBHUT €r0 CAMOCTOATEIbHO. Y CTAaHOBUTE BPeMsI OKOHUAHUS SKCIIEPUMEH -
ta Ha 100. IIpoBennTe HECKONBKO SKCIEPUMEHTOB C Pa3IMYHBIMU CKOPOCTSIMH BBINOJHEHUS
TAHHOW MOJIEJH, UCIOJIb3Ysl KHOIIKM OCTaHOBA, pecTapTa, 3amycKa.

JlaGoparopHas padora 2. AJ/[Y kak kjacc MoJeneld HaxoAAT IIMpOYaillliee MPUMEHEHUE B
MMUTAIMOHHOM MojienupoBanuu. [Iponecc uccienoBanusi MoJeNN BKIOYAET pa3paboTKy Mojie-
T B BUJIE CUCTEMBI anreOpo-auddepeHImaibHbIX YpaBHEHNUM, TpeoOpa3zoBanre Moieiu B hop-
MYy, JOIyCKaromyo BBoja e¢ B DBM (B maHHOM citydae 3TO ypaBHEHHUS B HOPMaJbHOU dopme),
pelieHre ypaBHEHUH, BBIBOJ U COIep KaTeIbHasi HHTepIpeTalus pe3yibTaToB.

Brinosinenue paboTsl:

1. 3agaHHbIe B NPUJIOKEHUHN ypaBHEHUS MEPBOTO U BTOPOTO MOPSIIKA MPUBEIUTE K HOPMAIbHOM
dbopmMe U uccienyiTe UX peueHusl IpU CTaHIAPTHBIX UCHBITATENbHBIX CHUTHAJIaX U U3MEHEHUU
ko3 durmentoB. Ocoboe BHUMaHNE 0OpaTUTE HA U3MEHEHHUE XapaKTepa IMePexoHOTO Mporiecca
B CHCTEME BTOPOIO Mopsijaka. B kauecTBe MCTOUHMKA CTaHJAPTHBIM UCHBITATENbHBIX CUTHAJIOB
HCIIOJIb3YiTE BCTpoeHHBIC DyHKIIMU AnyLogic (TabmuuHas QyHKIHS, CHHYC).

2. Mojaenu mpuUIOXKEHHUS MPUBEAUTE K HOPMAIbHOMY BUAY. BBeaute cucreMy ypaBHEHUS B
OBM u uccnenyiite penieHue Mpu Pa3IMvHBIX BXOJHBIX CUTHaiaX. YOEIuTh B MPABHIBHOCTH
MOJIyYE€HHBIX PE3yIbTaTOB OMHUPAsCh HA YCTAHOBUBILIUECS 3HAYCHUSI U XapaKTep MPOLIECCOB.

3. AuuMupyiiTe Mojenb. HapucyiiTe CTpyKTypy CHUCTEMBI, OITUCBIBAEMOM 3aJaHHBIMH ypaBHE-
HUSMH, YCTAHOBUTE MHIWKATOPHBIE JAUArpaMMbl U claiiiepsl, MO3BOJISIONINE HAOMIOIaTh Tepe-
MEHHBIE U U3MEHSTH MapameTphl. [IpocienuTe 3a N3MEHEHHEM XapaKTepa MepeXoHbIX MPOoIec-
COB MPU U3MEHEHUH MapaMETPOB CXEMBI.

KonTposabHas padora: J[as 3a7aHHON CXEMbI IIPH CTAaHAAPTHBIX BXOJHBIX CHUT'HAJAX BBIIOJHUTE
orepanuu 1o myHkram 1 - 4.
[Tpunoxenue 1.

1. 0.05d_y+ 2y-10x =0
dt
HpI/IJ‘IOéKZeHI/Ie 2.

dy

2. 2 +0.2— 45y -5x=0
dt

dt?

JlaGopaTopHas padora 3. DIeKTpUUECKUE CXEMBbl 3aMeIIeHUs (IOTOKOBBIE CXEMbI) KaK Kiacc
MOJEINEN UCTOb3YIOTCS ISl MOJEIUPOBAHMS KaK AJIEKTPUUYECKUX CXEM, TaK MU MHOTHX JPYTHUX
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00BEKTOB: MOJIYIIPOBOAHUKOBBIX TPUOOPOB, SIEKTPOMEXAaHUYECKUX U THIPOMEXaHUYECKUX YCT-
poiict. [ToaTomy, Kak u panee, OyeM HOHUMATh MO AEKTPHUUECKON CXEMOM MOJEIb KaK 3JeK-
TPUYECKOH IIeTIH, TaK U JIFOOOTO APYroro yCTPOUCTBaA.

Conepskanuie pabOTHI:

1. JIns npocTtedinx Henoyek U3 NpUIoKEHUs 1 3anuiuTe ypaBHEHUs U BBeauTe MX B OBM.
Hccenenyiite peakuuio Ha OCHOBHBIE UCIIBITATENIbHBIE CUTHANIBI. B KauecTBe HCTOYHUKA CUTHAJIA
ucrnoap3yite 010k func w3 OGumbiamoreku SignalShema (okHO KiaccoB) wWiu OMOIHOTEYHYIO
¢bynkmo AnyLogic.

2. JIns cxeMm MpHIIOKEHUS 2 TIOCTPOWTE IEPEBO M CEUCHHMS, 3aIHUIIUTE COOTBETCTBYIOIIYIO CHC-
TEMY YpaBHEHMH U IpPUBEIUTE €€ K HOpMaJabHOMY BHUIy. BBenurte ypaBHenus B8 OBM u uccne-
JyWTE UX pelIeHHE MPHU Pa3IMUHbIX BXOJHBIX CUTHaJaX. YOeIuTh B MPAaBUIBLHOCTHU MOJIy4YEHHBIX
pe3ynbTaTOB, ONMPASACHh HA YCTAHOBUBILINECS 3HAYECHHSI U XapaKTep MPOLECCOB.

3. IloBTOpUTE MyHKT 2 C WCIIOJb30BaHUEM TakeTa Stream. CpaBHUTE CUCTEMbI YpaBHEHHIA: CO-
craBneHHble Bamu u maketom Stream.

4. Auumupyiite monens. Hapucyiite 35eKTpUUecKyo cXemy, YCTaHOBUTE MHAMKATOPHbBIE Jla-
IpaMMBbI U CJIaliiepbl, IO3BOJIAIONIME HAOMI0JaTh IEPEMEHHbIE U U3MEHSTh mapameTpsbl. [Ipocie-
JUTE 32 U3BMEHEHUEM XapaKTepa MePeXOaHbIX MPOLECCOB IIPU U3MEHEHUH ITAPAMETPOB CXEMBI.

JladopaTopHas padora 4. Unentuduxarus Moaenu 1Mo SKCIEPUMEHTATBHBIM JaHHBIM TIPEJIIIO0-
Jaraer:

- BBIOOP, B COOTBETCTBUU C OCOOEHHOCTSIMM OOBEKTa M YCIOBHSIMH pellaeMoil 3ajauu,
KJlacca MoJiesied, B KOTOPOM OYyIeT CTPOUTHCS MOJIENb JaHHOTO O0bEKTa, U KpUTepus aJeKBaT-
HOCTH.

- oTpeJieNieHue MapaMeTpoB MOJENH, 00eCIIeYBAIONINX HAUTYUIINe 3HaYeHUs] BHIOpaHHO-
ro KpUTEpHUsl aJeKBaTHOCTU (HaWIydlllee COBMAJCHUE BBIXOTHBIX CUTHAJIOB MOJEIU U OObEKTa
MIPU OJJMHAKOBBIX BXOJHBIX BO3JIECUCTBUSX).

[Ipeanonaraercsi, 4TO 3KCHepT, OO0Manas ONPEACICHHOW ampuOpHOW HHPOpMAIHEH o
CBOMCTBax 00BEKTa, BBIJBUTAeT TUIIOTE3Y O CTPYKTYpPEe MOJIENH U 33/1aeT HadajbHbIE 3HAUCHUS
napaMeTpoB. 3aTeM Ha OOBEKT U MOJENb MOJAI0TCA OJMHAKOBBIE BXOJTHBIE BO3JICHCTBUS, CpaB-
HUBAIOTCS UX BBIXOJHbBIEC CUTHAJIBI U OI[CHUBAETCS KpUTEpHil ajiekBaTHOCTH. [lapameTpsl Moenu
KOPPEKTUPYIOTCS 10 MOJIy4yeHUs MpUeMIIeMbIX 3HaUYE€HUIN KpuTepus ajekBaTHOCTH. Eciu umero-
uieiicst anpuopHoi MHGOPMAaLUK HEJOCTaTOYHO, TO OPraHU3YIOTCS TOTOJHUTENbHbBIE HUCCIIE0-
BaHUA 00BEKTA.

Hacrosimas paGoTa mpeamnosiaraer, 4to B KauecTBe 0OBbEKTa HCIOJb3YETCSl CTPYKTypHas
CXeéMa C HEM3BECTHBIMU MapameTpaMu. Tak Kak U3 TEOPHUH CUCTEM HU3BECTHO, YTO CHUCTEMbI BbI-
COKOTO MOpsiiKa BeAyT ceOsi B 001aCTH HU3KUX YaCTOT KaK CUCTEMBI 2-3 MOpsIIKa, TO B KAUYECTBE
MOJIEINU MpelaraeTcs UCIoJIb30BaTh CUCTEMY BTOPOTO MOPSAKA.

Brinosinenue paboThl:

1. Habmronas nmepexoausiii mpoiiecc B 00bEKTe MpU €AUHUYHOM BXOJHOM BO3JICHCTBUU OII-
penennTh:

- Koaddunment nepenaun na HynaeBoit yacrore K=bo/ao.

- YactoTy COOCTBEHHBIX KOJICOAHHI.

- [Tokazarens 3aryxaHus. [|Jis 3TOT0 BBIMOJIHUTH CEPHIO SKCIIEPUMEHTOB — HAOIOIaTh Te-
PEXOJIHBIN MpoLiecC B CUCTEME BTOPOTO MOPSAJKA MPU PA3IMYHBIX 3HAYEHMSIX MOKa3aTess 3aTy-
XaHUS U CPABHUTH UX C MEPEXOIHBIM MPOIIECCOM B BalleM 0OBEKTE.

2. 3aJaBUIMCh 3HAYEHUEM OJHOTIO U3 IIapaMEeTPOB, ONPENEIUTh OCTAJIBHBIE NTapaMeTPhl MO-
nenu (pPeKOMEHIYeTCsl 3a1aThCsl 3HaYeHHeM mapametpa ho).

3. ITocTpouTh CTPYKTYpHYIO CXEMY ITPOLIECCA ONITUMU3ALIUN [TAPAMETPOB.

4. CpaBHUTH MEPEXOHbIE MPOLECCH 00bEKTA U MOJIENH, 3aUKCHPOBATh HAKOIUIEHHYIO I10-

I'pCHIHOCTD ITPHU HCONTHUMAJIbHBIX 3HAUCHUAX MMAapaMCTPOB.
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o. PeanuzoBaTh npouenypy onTUMHU3aIMK 1apaMETPOB.

6. CpaBHHTB TepeX0IHBIE MPOLIECCH 0OBEKTa U MOJEIH MPU ONTHMAJIBHBIX 3HAYEHUSIX I1a-
pameTpoB. CpaBHUTH pPE3Yy/NbTAThl, INOJYYEHHBIE 1O M IOCIE ONTUMH3ALUU (HAKOIJICHHBIE
OLINOKN).

1. WNnentudunmpyiite 00bEKT B 4aCTOTHON OOIACTH — OTIPENENIUTE AMIUIUTYTHO-4YaCTOTHYIO
XapakTepucTuky “BpyuHyto”. Haiimure AUX monenu ¢ ucmosbp3oBaHueM makera frequency.
CpaBaure AUX. Oco6o obparuTe BHUMaHHE Ha COOCTBEHHbBIE YacTOTHI U K03 duiimeHTs nepe-
Jlauu: MOJTy4YEeHHbIE IKCIEPUMEHTAIbHO BO BPEMEHHOM 001acTy U ¢ MOMOIIbIO nakeTa frequency
(O aMIUIMTYTHO-YAaCTOTHOMN XapaKTEPUCTHKE).

[MPUJIOKEHHUE 1. Onienka mapaMeTpoB MOJIETH.
JuddepenunanbHOE ypaBHEHUE CUCTEMbI BTOPOTO MOPSIIKa UMEET BUL!

d?y  _dy _
azaz_+ala+aoy_ x(t) .

CooTBeTCTBYIOIIEE XapaKTEPUCTUIECKOE YPAaBHEHHE:
2
ap +ap+a, =0,

OTKyZa
a;
P,” = —
2a,
§ = a . )
rme O =—— - mokasareib 3aTyxaHus, ®, =a,/a,; — COOCTBEHHAs YacToTa.
2a,

Hapsiny ¢ mokasarenem 3aTyXaHHs 9acTO HCIIOJB3YeTCs emié oJHa BEIHMYUHA — KOA(PPUIMCHT
yCHOKOEHUs (TT0Ka3aTeslb YCIIOKOCHUS ):

B=5/mp = —L .
2\ a,a,

Kosddunuent mepemaun Ha HyneBo# uyactoTe paBeH K=bp/ap. Ompemenuth ero MoKHO
AKCIIEPUMEHTAJILHO KaK OTHOIICHHE CUTHAJIOB HA BBIXOJIC M BXOJIE 00BEKTAa B YCTAHOBUBIIEMCS
pexume. [locie aToro, 3agaBmucek 3Ha4eHneM b0, MoxxHo HaiiTH a0.

CoOCTBEHHYIO YacCTOTY CHUCTEMBI MOXXHO OIIEHHUTH IO TEPEXOJHOMY MPOIIECCY BO BPEMEHHOM
00J1aCTH; aHAJIOTUYHO OIPEACIIICTCS MOKa3aTeIb YCIOKOCHUSI.
Jlanee, 3Has SKCIEPUMEHTAIBHBIC OIIEHKH Hai/IeM 3HAYCHUsI OCTaIbHBIX TaPaMETPOB MOJICIIH.

[MPUJIOXKEHUE 2. Jlns naxoxaenus AUX Bocnonb3yiirecs nmaketroMm frequency. Ilpu stom
IIOMHHUTE, YTO MOJIEJIb JIOJDKHA OBITh MPEJCTaBlIeHa B BHJIE CTPYKTYPHOH CXeMblI, a BXOJHOH U
BBIXO/IHO [IEPEMEHHBIM JJOJDKHBI ObITh IPUCBOCHBI MMEHA SIC 1 0eSt COOTBETCTBEHHO.

[MPUJIOXKEHUE 3. Ilpu onTumuzanuu napamerpoB PEKOMEHIYETCS MCIOJIb30BaTh CpEIHE-
KBaJIpATHYHBIN KPUTEPHl aIeKBaTHOCTU MoJienu U oobekTa. Ha Bxoapl Moaenu 1 00beKTa mojia-
€TCsl OJVH U TOT K€ CUTHAJ, Ha BBIXOJI€ CUTHAJIbl BBIYUTAIOTCS,

OOBeKT

+1
BxoHOit \ Hakornnennas
A Bo3zsene- Wnrerpa-

CUTrHal
HUEC B TOp

KBaapaT MOTPEITHOCTh
Monens 1

A 4
v
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Pa3HOCTb BO3BOJUTCS B KBaJpaT U MOJAETCs HA uHTerparop. Ha BbIxoe HHTErparopa Mel MOJIy-
4acM HAKOIUICHHYIO IIOTPEIIHOCTb, KOTOPAasik MUHMUMHU3HUPYETCA B IIpolecce onTumusanuu. s
3TOr0 MCHOJb3YETCs BCTPOEHHAs mpoleaypa onTuMmuzauuu. CTpyKTypy MOJENHM CUUTAeM 3a-
TaHHOU B BUZE 3BeHA BTOpOTro mnopsiaka. KoaddumueHTs! cnenyer BBECTH B CHMBOJIBHOM BHJIE:
bo, a0, a1, a2. He 3a0yapTe 3a7aTh UX YMCIICHHBIC 3HAYCHHS, ONPEACICHHBIC MO pe3yibTaTamMm
AKCIIEPUMEHTA C 0OBEKTOM.

[MPUJIOKEHME 4. Ontumuzanus mapameTpoB B cpejie AnyLogic.

OnTUMHU3aIMOHHBIA KCIIEpUMEHT B AnyLogic MO3BOJSET HAWTH TaKUe 3HAYCHUS MapaMeTpOB
MOJENH, P KOTOPBIX 0OpaliaeTcss B MUHUMYM WJIM MaKCUMYM HEKOTOpasi ONpeeaeHHast I0JIb-
3o0BaresieM leneBast (yHKIM. 3HaUueHUe 1eneBo QyHKIMM oaAcuuThiBaoTca B AnyLogic kax-
Il pa3 MO0 OKOHYAHUM OYEPEAHOIO BBIMIOJHEHUS] MOJIEIN, U aJTOPUTM ONTHUMH3AIMN aBTOMa-
TUYECKHU BBIOMpPAET HOBbIE 3HAUEHMsI TapaMETPOB JIJIsl OUEPEAHOr0 3amycka Moaenu. OnTumusa-
nus B AnyLogic peann3oBana ¢ ucnosibzoBanuem makera OptQuest dupmbr OptTek. s ontu-
MU3alMH N10JIb30BaTENb JODKEH B COOTBETCTBYIOIIMX OKHAX 3a/1aTh (DYHKLMOHAN, KOTOPBIH clie-
JyeT MUHUMHU3HUPOBATh JTUOO MaKCUMHU3HPOBaTh, 3a/1aTh MapaMeTpPhbl U OTPAaHUYEHHUS UX JUana-
30Ha, B KOTOPBIX JOJKHA BBIMIOJHATHCS ONTUMU3ALUSA, a TAK)KE yKa3aTh OTpaHUUYEHUS], OIpee-
JISIOUIUE KJIacC JOMYCTUMBIX pelleHHud. 3aJaB BCe 3TO, MOJIb30BATENb MOXKET 3ayCTUTh ONTH-
Mu3aiunio, 1 naker OptQuest mocie HEKOTOPOro YUCiIa MPOO aBTOMATHYECKU BHIOCPET HAMITYY-
M METOJ ONTHUMHU3ALUU JJIs TaHHOW MOJIENIM CPEeIU TeX METOJI0B, KOTOPbIe HAXOAATCSA B €ro
o6ubnuoreke, U OyAeT cleAoBaTh BBHIOPAHHOMY ONTHMM3AIMOHHOMY anroputMmy. HMHTepdeiic
AnyLo0giC mo3BoJIsIeT MOIH30BATEIO TAKXKE UCIIOIH30BATh CBOW AJITOPUTM ONTHUMHU3AIIHH.

TEMATHKA KYPCOBbBIX, KOHTPOJIBHbBIX PABOT, PE@EPATOB

KypcoBbie 1 KOHTpOJIbHBIE PA0OTHI HE TPELYCMOTPEHBI YU€OHBIM IJIAHOM JUCIUILTHUHBIL.

9. IEPEYEHb BOITPOCOB K OK3AMEHY

1. [ToHsATHE MOJEITN ¥ OPUTHUHAIA.

2. Monenu 0ObEKTOB.

3. Moieu poIecCoB.

4, Monenu ABJIEHU.

5. [Ipupona moaenei.

6. Tunbl MoJiened mo 061acTi MIPUMEHEHUS.
7. Tunel MoJieneit mo (pakTopy BpeMeHH.
8. Twurmbl Mosieneli o XapakTepy CBS3CH.
9. Twurmbl Moienel o CTPYKType.

10. mMuranmoHHbIe MOIEIIN.

11. KomnbrorepHbie MOEIH.

12. Hrposie Moaemny.

13. [TonsaTre ateKBaTHOCTHA MOJIENH.

14, [TonsTHE crcTeMbI 0OBEKTOB.

15. IlousaTre MoIeIN CUCTEMEL.

16.  IlonsATue MoAEIMPOBAHUS.

17.  llenu MoJenupoBaHUS.

18.  Dransl MOJETUPOBAHMS.

19.  Ilpouecc MoaenupoBaHHUs.

20. IToHsITHE MaTeMaTUYECKOM MOJIEITH.
21.  Knaccugukanus MaTeMaTH4ecKUX MOJETICH.

22.  Crpykrypa MoJeneil.
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23.  OOuwme TpeOoBaHMUs, PEABSIBISIEMbIE K MOJICIIH.

24.  CopeprkarelbHOE ONMCaHue PU3NIECKOI CUCTEMBI.

25.  MonenupoBaHue KOMIIOHEHTOB CUCTEMBI.

26.  Ilpsimas 3amaya MOACITMPOBAHUS.

27. OOpaTHas 3a1a4a MOJIEJIMPOBAHMUSL.

28.  3amadva uaeHTU(UKAIIH.

29. Bubl KOMIIOHEHTOB CHUCTEMBL.

30.  Metoap! KOHCTPYHPOBAHUS MATEMATUIECKUX MOJICTICH.

31.  AxcuoMaTHYeCKHd METO/I.

32.  Meron ypaBHEHHIA IIEMEHTOB.

33.  Meroxa naeHTUUKAIHH.

34. Oransl popMHUpPOBaHUS MaTEMAaTUYECKON MOJIEIH.

35.  Croco0bl HCTIOTB30BAaHNS MATEMATHUECKUX MOJIEIIEH.

36.  AHATUTHYECKOE UCCIIEOBAHHE MOJCITUPYEMOI CUCTEMBI.

37.  KagecTBeHHOE UCCIIEIOBAaHHE MOJICTUPYEMOI CHCTEMBI.

38.  HccrmemoBanue ¢ TOMOIIBIO YUCIEHHBIX METOIOB.

39. NmuTanimorHOE MOIETUPOBAHUE.

40.  OcHOBHBIC 3TaITbl HMUTAITMOHHOTO MO/ICITHPOBAHHUS.

41.  IlpeumymiecTBa UMHUTAIMOHHOTO MOJEIUPOBAHHUSL.

42.  MeToJ CTaTHCTUYECKOTO MOICITHPOBAHUSI.

43. [ToHATHE TMHENHON CUCTEMBI U €€ OCHOBHBIE CBOMCTBA: CYNEPIO3UILINASL 1 TOMOT€HHOCTb.
44.  Tlonstue nmpeodpazoBanus Jlamnaca.

45. O6parnoe npeoOpazoBanue Jlammaca.

46.  CBoiicTBO IMHEIHOCTH.

47. [ToBenenue n3oOpakeHunss Ha OECKOHEYHOCTH.

48. Teopema moao0us.

49, Teopema 3ana3apIBaHUsI.

50. Teopema cMmemeHus..

51. Teopema o nuddepeHITpPOBaHIN OpUTHHAA.

52. Teopema 00 UHTETPUPOBAHUH OPUTHHAIA.

53. Teopema o nuddepeHnrpoBaHIN H300paAKEHUS.

54, Teopema 00 HHTETPUPOBAHUH U300pAKECHUSI.

55. Teopema yMHOKEHHS N300paKEHU.

56.  HaxoskJeHue OpUruHajIoB M0 U3BECTHOMY M300paKEHHUIO.

57. Teopema 0 pa3IoKEHHUH.

58. [TonsaTHEe TMHAMUYECKOI CUCTEMBL.

59.  llonstue nepenaToyHon GyHKIMH TUHEHHON TUHAMUYECKONW CUCTEMBI.

60.  XapakrepucTHueckoe ypaBHEHHE CUCTEMBbI. BbIuncieHne noitocos.

61. OCHOBHBIE CBOMCTBA JTMHEMHON TUHAMHYECKON CUCTEMEL.

62.  3agauu MOAETUPOBAHUS JTUHEHHBIX TUHAMUYECKUX CUCTEM.

63.  XapaKTepUCTHKU JIMHEHHBIX IUHAMUYECKUX CUCTEM BO BPEMEHHOM 00I1acTH.
64.  XapaKTepUCTHKH JIMHEHHBIX TMHAMUYECKUX CUCTEM B YACTOTHOU 00IacTH.
65.  IloHsTHe BEKTOpa COCTOSTHUSI CHCTEMBI.

66.  BpruncieHue nepenaTouHON GYHKINUU 1O PUINIECKONH MOJIETH CUCTEMBI B IPOCTPAHCTBE
COCTOSIHUM.

67. HeennHCTBEHHOCTH OITUCAHMS B TPOCTPAHCTBE COCTOSHHIM.

68.  CrampmapTHas ynpasiseMmas Mojeib. Teopema.

69. CrangaptHas Habmr0MaeMas Mojenb. Teopema.

70.  KanoHudeckas MOJETb B CIIy4ae MPOCTHIX KOPHEH XapaKTePUCTUIECKOTO YPaBHEHHUS.
71.  KanoHMdeckas MOJENb B Cydae KpaTHBIX KOPHEH XapaKTepUCTHIECKOTO YPaBHEHUSI.
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72.  Kanonuueckas MOJieNb B Cllydae KOMIUICKCHO-CONPsDKEHHBIX KopHel. Ilepexon B Bemre-
CTBEHHBIH 6a3uc.

73.  Tlepexon u3 nr060r0 6a3Mca MOAETU CUCTEMbI B KAHOHUYECKUH.

74. O01ee pernenre TMHEWHOTO MU GEepeHITNATEHOTO YPABHEHHSI COCTOSTHHSI.

75. VYpaBisieMoCTh JIMHEMHON JUHAMUYECKON CUCTEMBI.

76. Kpurepuii ynpaiisieMoCTH JTUHEHHON HENPEPBIBHOM CHCTEMBI.

77. Kpurepuii ynpapiisieMOCTH JIMHEWHON M MHBAPUAHTHOM BO BPEMEHU HENPEPBIBHOM CHUC-
TEMBI.

78. Kpurepuii ynpapiisieMOCTH JTMHEHHON TUCKPETHON CUCTEMBI.

79. Kpurepuii ynpapisgseMOCTH JIMHEHHON M WHBAPUAHTHOW BO BPEMEHU JUCKPETHOM CHCTE-
MBI.

80. Hab6mromaeMocTs THHENHON TUHAMUYECKON CHCTEMEL.

81.  Kpurepwuii HabII01aEMOCTH JIMHEHHOM HEMPEPHIBHON CUCTEMBI.

82. Kputepuii Habm0aeMOCTH TMHEHHONW M MHBAPUAHTHOM BO BPEMEHU HETIPEPHIBHOM CHC-
TEMBI.

83.  Kpurepwuii HabII0Aa€MOCTH JIMHEHHOM JUCKPETHON CHCTEMBI.

84. Kpurepuii Habar0qaeMOCTH TMHEMHON U MHBAPUAHTHOM BO BPEMEHU JMCKPETHOM CUCTe-
MBI.

85.  JlmHeapw3anus HETMHEWHBIX CHCTEM.

86.  OO00O0IIEeHHBII aHATH3 YIPABIIEMOCTH U HAOIIOAeMOCTH CUCTEMBI.

10. CAMOCTOATEJIBHASA PABOTA CTYAEHTOB

PacnpenesieHue 4acoB U BU/ CAMOCTOSITEJIbHOM padoThI

®dopma 00ydeHUs: OUHAsS

HaszBanue pa3znenoB u teMm | Bung camocTtosTenbHON O0nem B dopma KOHTPOJIS
paboThl gacax

1. Monenu 00BEKTOB, [IpopaboTka yueOHOTO 3 DK3aMeH, poBepKa

MIPOIIECCOB U SIBJICHUM Marepuala, MoJAroToBKa K 71a00paTOPHBIX PadoT,
c/iavye sK3aMeHa. NPOBEPKA PEIICHHUSI
Jluteparypa: OCHOBHasI 3ama4
[3], c. 9-26.

2. Kimaccudukanus moe- [IpopaboTka yueOHOTO 3 DK3aMeH, MpoBepKa

ne Marepuaa, moJAroToBKa K 71a00paTOPHBIX PadoT,
c/laye PK3aMeHa. NPOBEPKA PELICHHUSI
Jluteparypa: OCHOBHasI 3a1a4
[3], c. 9-26.

3. [lonsTie MoaenMpoOBa- [IpopaboTtka y4eOHOTO 3 DK3aMeH, MpoBepKa

HUS Marepuala, moJAroToBKa K 71a00paTOPHBIX PadoT,
c/laye PK3aMeHa. NPOBEPKA PELICHHUSI
Jluteparypa: OCHOBHasI 3a1a4
[3], c. 9-26.

4. Lenu MOAEeTpPOBaHUS [IpopaboTka ydeGHOTO 3 DK3aMeH, poBepKa
MmarepHaia, 1abopaTopHble 71a0opaTOpHBIX PadoT,
paboThI, MOJrOTOBKA K MPOBEpPKA PELICHUS
c/laye sK3aMeHa. 3aja4
Jluteparypa: OCHOBHas
[3], c. 9-26.

5. Oranbl MosenupoBanust | IIpopaboTka yuebHOTO 3 OK3aMeH, IPOBEPKa

®opma A
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MaTepuaia, 1abopaTopHbIe
paboThI, MOATOTOBKA K
cliaue 9K3aMeHa, peleHue
3aad.

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

nabopaTopHbBIX padoT,
MIPOBEPKA PeIIeHUs
3aga4

6. 3agaun MOIETMPOBAHUS

[IpopaboTka yuedbHOrO
Marepuaa, 1abopaTopHbIe
paboThl, MOATOTOBKA K
c/1a4ye SK3aMeHa, perieHune
3aad.

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

DK3aMeH, TPOBEpKa
1ab0paTOPHBIX padoT,
MIPOBEPKa PeIICHUs
3amaq

7. CTpyKTypa Moieneit

[IpopaboTka yuebHOTO
Marepuaa, 1abopaTopHbIe
paboThl, TOATOTOBKA K
c/1ave sK3aMeHa, pereHue
3aad.

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

DK3aMeH, MpoBepKa
1abopaTOPHBIX padoT,
MIPOBEpKa PEIICHUs
3amad

8. MeTobl KOHCTPYHpPOBa-
HUSA MOJENen

[IpopaboTka yuebHOTO
Marepuara, JJabopaTopHbIE
paboThI, TOATOTOBKA K
caye 3K3aMeHa, pelieHne
3ajau.

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

DK3aMeH, MpoBepKa
1a00paTOPHBIX padoT,
MIPOBEpKa pelIeHus
3aj1a4

9. IMUTAIIMOHHOE MOICIIH-
poBaHue

[IpopaboTka yueOHOTO
Marepuaa, 1abopaTopHbIe
paboThI, MOATOTOBKA K
c/iavye sK3aMeHa.
Jluteparypa: OCHOBHasI

[3], c. 9-26.

DK3aMeH, MpoBepKa
71a00paTOPHBIX padoT,
IIPOBEpKa pelIeHus
3a1a4

10. Komnbrorepaoe Moje-
JIUpPOBaHUE

[IpopaboTka yueOHOTO
Mmarepuaia, 1abopaTopHbIe
paboThI, MOJrOTOBKA K
c/laye PK3aMeHa, PelIeHHe
3ajau.

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

DK3aMeH, MpoBepKa
71a00paTOPHBIX padoT,
MIPOBEPKa peleHus
3a1a4

11. CraTucTH4eckoe Moje-
JIUpPOBaHUE

[IpopaboTka yuebHOTO
marepuaia, 1abopaTopHbIe
paboThl, TOJTOTOBKA K
caye dK3aMeHa, pelIeHHe
3a/ad.

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

DK3aMeH, MpoBepKa
71a00paTOPHBIX padoT,
MPOBEpKa pelIeHus
3a1a4

12. IIpeobpa3zoBanue Jlan-
naca

[IpopaboTka ydeGHOTO
Marepuaia, JJabopaTopHbIe
paboThI, TOATOTOBKA K

OK3aMeH, poBepKa
1a00paTOpHBIX padoT,
MPOBEPKA PEeLICHUS

®opma A
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cliaue 9K3aMeHa, peleHue
3aja4.

Jlutepatypa: yueOHO-
meroanyieckast [1], c. 6-15.

3aga4

13. IlousgTue TuHEHHON qU-
HaMHYECKOU CUCTEMBI

[IpopaboTka yueGHOTO
Marepuaa, 1abopaTopHbIe
paboThl, MOATOTOBKA K
c/1aye SK3aMeHa, perieHune
3aad.

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

DK3aMeH, TPOBEpKa
1ab0paTOPHBIX padoT,
MIPOBEpKa PeIICHUs
3amad

14. OcHoBHEBIE CBOIICTBA
JIMHENHON TUHAMUYECKOU
CUCTEMBI

[TpopaboTka yueGHOTO
Marepuaa, 1abopaTopHbIe
paboThl, MOATOTOBKA K
c/1avye SK3aMeHa, perieHue
3aad.

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

DK3aMeH, MpoBepKa
1ab0paTOPHBIX padoT,
MIPOBEpKa PeIIeHUs
3amaq

15. IlonsiTHE MEepeaTOuHOM
byHKIIMN

[IpopaboTka yuebHOTO
Marepuara, JJabopaTopHbIE
paboThI, TOATOTOBKA K
c/1avye PK3aMeHa, pelieHHe
3ajad.

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

DK3aMeH, MpoBepKa
1a00paTOPHBIX padoT,
MIPOBEpKa pelIeHus
3aj1a4

16. XapakTepuCTHKHU JTU-
HEHHBIX JUHAMUYECKUX
CHCTEM

[IpopaboTka yueOHOTO
marepuaia, 1abopaTopHbIe
paboThI, MOATOTOBKA K
c/laye dK3aMeHa, pelIeHHe
3ajad.

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

DK3aMeH, MpoBepKa
71a00paTOPHBIX padoT,
NPOBEPKA PEIICHHUSI
3ama4

17. Moaenu B mpoOCTpPaHCT-
BE COCTOSIHUU

[IpopaboTka yuebHOTO
marepuaia, 1abopaTopHbIe
paboThI, MOJIrOTOBKA K
c/laye dK3aMeHa, PelIeHHe
3ajau.

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

DK3aMeH, MpoBepKa
71a00paTOPHBIX padoT,
NPOBEPKA PELICHHUSI
3a1a4

18. O00O0IIEHHBIN aHATN3
yIPaBISEMOCTH U HAOIIO-
TAEMOCTH MOJEJIEei

[IpopaboTka ydeGHOTO
Marepuaa, 1abopaTopHbIe
paboTHI, MOTOTOBKA K
claue SK3aMeHa, pelieHue
3ajay.

Jluteparypa: yueOHO-

DK3aMeH, poBepKa
1a0opaTOpHBIX PadoT,
IPOBEpPKA PELICHUS
3aja4

®opma A
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metoauueckast [1], . 16-
35.

MeTtoanyeckue peKOMeHAALMH K CAMOCTOSITe/IbHOI padoTe CTYy1eHTOB.

s 1ab6oparopHoii padorbl Nel. Onaum u3 npeumyiiects AnyLogic SBIsS€TCSI BOZMOKHOCTh
HarJIIJHOTO IPEACTaBICHUS MOBEACHHUS MOJENIU, B YACTHOCTHU, MIPEJCTABICHUS U3MEHEHUS BO
BpPEMEHH BCEX €€ IepeMEHHbIX. BBegeM rpadmky u3MeHeHHs nepeMeHHbIX X u b. B mamutpe
BbIOepeM BkIanky «Cratuctuka» u 00beKkT «BpemeHHo# rpaduk». B okHe cBOHCTB n00aBIieH-
HOTO rpadyKa 3armoHUM BKIIAJKH «3arooBOK» U «3HaueHue» nepeMeHHou X. L[Ber u Tommuny
JMHANA MOXETe YCTAaHOBHUTH TI0 CBOEMY YCMOTPEHHIO. AHAJOTHYHBIM 00pa3oM CO3/aiiTe BTOPOi
rpaduk JUis IEpeMEHHOM D TpeTuii uist ABYX MEepeMEHHbBIX O THOBPEMEHHO.
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3amycTuTe MOJENb Ha BblMoJHEHUE. B okHax OyayT pucoBaThCs TpaduKU COOTBETCTBYIOLIUX
MIEPEMEHHBIX OT BPEMEHHU.

Hactpoiika napameTpoB rpaduka Ipou3BOAUTCS C MOMOIIBI0 OKHA CBOMCTB rpaduka. [o-
AKCIEPUMEHTHUPYHUTE C YCTAaHOBKOM IBeTa TpaduKOB, pa3MepaMu 0TOOpakaeMoro OKHa JaHHbIX,
C BO3MOKHOCTBIO 0TOOpaxeHus (ha30BOM AUarpaMMebl, KOrja Mo 060uM ocsiM rpaduka OTKIa (bl
BAIOTCS 3HAYEHUS MEPEMEHHBIX, U T.1. [y moctpoenus Gpa3oBoi quarpamMmbl, BeiOepeTe 00beKT
«['pacdux» manmuTpsl U B KOHTEKCTHOM MEHIO Tpaduka ¢ AByMs epEMEHHBIMU CIIEAYET BbIOpATh
T€ NIEPEMEHHbIE, KOTOPBIE JIOJHKHBI OTKIIABIBATHCS IO OCSIM.

Ecnu xpuBas Baiero rpaduka mokaxeTcsi BaM He IIaJIKOH, a «pBaHON», TO MPUYUHA ITOTO
MOJKET 3aKJII04aThcs B TOM, 4T0 AnyLogic HEIOCTaTOYHO YacTo OOHOBISIET HAOOPHI JAHHBIX HO-
BBIMU 3Hau€HUSMHU. UTOOBI U3MEHHUTHh YacTOTY OOHOBIIEHUS aBTOMATHYECKH CO37aBaeMbIX IS
MEPEeMEHHBIX Ha0OpOB JAHHBIX MepenuTe Ha BKIAAKy «Crnenududeckue» TOro Kiacca aKTHB-
HOT0 00BEKTa, Ha JHarpaMMme KOTOPOTO HaXOJMUTCS MEpPeMEHHAas U U3MEHUTE Nepuoj 0OHOBIE-
HUs JaHHBIX B moie [lepros. Takue e most ecTh Y KakA0To rpaduka.

[IpoBeauTe cepuro 3KCIEPUMEHTOB C MOJIENBIO, IIEpPE3aNyCKas €€ ¢ pa3InYHbIMU [1apaMeT-
pamu.
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MuHHCTEPCTBO HaYKH U BhIcIIero o6paszoBanus Poccuiickoit deneparmn dopma
VIbSIHOBCKHIT FOCY 1aPCTBEHHBIH YHUBEPCHTET P

®-Paboyast mporpaMma 1o JUCLUIUIHHE
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AnumManusa Monenu. JIJis Tydinero NToHUMaHUs THHAMUKY MOJICIIM ¥ HAOJIIOICHHSI Pa3BH-
BaIOIIMXCSA BO BpPEMEHH TpolieccoB, B AnylLogic mpemycMoTpeHa BO3MOXKHOCTH IMOCTPOCHUS
AHUMHUPOBAHHOTO M300PaKEHHUS, COCTOSAIIETO U3 TUHAMHUYECKHX TpaduuecKux IeMeHToB. ['pa-
(uueckne AIIEeMEHTHI 3/IeCh HA3bIBAIOTCS TWHAMHUYECKUMH, IMOCKOJIBKY BCE HUX IMapaMeTphl: BH-
JTUMOCTb, IIBET U T.II. MOKHO CJlIeJaTh 3aBUCUMBIMH OT MIEPEMEHHBIX M TTapaMeTPOB MOJIENH, KO-
TOPBIE MEHSIFOTCSI CO BPEMEHEM TIPH BBITIOJTHEHUH MOJICIIH.

[TocTporm mpe3eHTaIrIo cepilia B BUIe U300pakeHHs OBaja, paanyc KOTOPOro Oyaer me-
HATHCS. DTOT painyc sIBIsAETC QYHKIMEH OT 3HAYCHHS IepeMeHHOU x Mozenu. [ moctpoeHus
M300pakeHHsT OBaJla TIEPETAIIUTE MBIMIbI0 U3 BKIaAku [Ipe3entanus nanenu [lanmurpa mukTo-
rpammy OBan Ha quarpammy kinacca. CripaBa MmosIBUTCS OKHO CBOMCTB 3Toro oBaja. [lo ymomya-
HUIO UMs 3TOro oObekTa Oyaer oval, koopauHatel X U Y COOTBETCTBYIOT MECTY, KyJia MBI TIOMEC-
THJIW OBaJl, @ paguyc X U paanyc Y COOTBETCTBYIOT TOMY, YTO Mbl HAPUCOBAJIU. 3alyCTUB MO-
JIeJb, MBI YBHJIUM, HETIOJIBMOKHBIN OBajl, HAXOSIIUICS B 3aaHHOM MecTe. B AnylLogic npunsTa
cleyrolas KOHUEMIUS: Ka/aas XapaKTepuCcTHKa rpauuecKkoro 3JIeMEHTa MMeeT JBa 3Haue-
HUS: CTaTHYECKOe U JuHaMuueckoe. CTaTHuecKkoe 3HA4YCHHE OMpeeisaeT napamerp (KoopauHa-
Ty, YTOJl IOBOPOTA, LIBET U T. I1.) 00BEKTa KaK KOHCTAHTY. JMHaMUYecKoe OnpeaesseT 3HaueHHe
ATOTO MapaMeTpa B IMPOIIECCE BBHINOJHEHHUS MOJICIH M MOXKET OBITh ONPEICICHO KaK 3HaueHUe
mo00i mepeMeHHON Mojaenu. Ecim nuHaMuYeckoe 3HAYeHUE HE ONpeeeHO, rpaduyecKuid
O00BEKT COXpAaHUT CBOE CTATUYECKOE 3HAYeHHUE. Bbinenute oBa, MPEACTABIAIOMIUNA AUHAMUKY
cepaua. Craruueckue 3HAYEHHUS! €ro NmapamMeTpoB 3aJlaiiTe Tak: B MAHEIW CBOMCTB OBaJla LIBET
3aTUBKH OMpeNeInTe OOpJOBHIM, IIBET JIMHUU TPAHUIIBl — KPACHBIM; TOJIIIUHY JTMHUH TPAHUIIBI

yCTaHOBUTE 2.
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MuHHCTEPCTBO HaYKH U BhIcIIero o6paszoBanus Poccuiickoit deneparmn
VIbSIHOBCKHIT FOCY 1aPCTBEHHBIH YHUBEPCHTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE
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JluHamMuueckre XapaKTepUCTHKU OBajla IOJKHBI OTPaXkaTh “KU3HB 3TOr0 00bEKTa B MPO-
1[ecce BBIMTOJIHEHUSI MOJIENU. 3alycTuTe MoJienb. [IpoBennTe s3KCepuMeHThl C YCTaHOBKOU pa3-
JTUYHBIX KOA((DUIIMEHTOB MEXIYy peadbHbIM U MOJIETbHBIM BpeMeHeM. KpoMe Toro, MOKHO u3-
MEHSTh MTapaMeTpbl MOJIENH (xo U €PS) U HAOJIIOIaTh, KaK M3MEHSIETCS XapaKkTep CepAlecOneHHUs.

Crnaiinepsl B anuManm. B AnylLogic cymiecTByeT AJIeMEHT YIpaBJCHHS, MO3BOJISIIONTUN
MOJIb30BATENI0 rpauuecky BHIOMPATh YUCIIO U3 33/JIaHHOTO JMara3oHa 3HAYeHUH MyTeM Iepe-
TaCKUBaHMSI PYKOSATKH — OeTyYHOK. beryHku miM ux eiie Ha3bIBaIoT cllaiiiephl, 0OBIYHO HCIOJIb-
3YIOTCS U1l U3BMEHEHUS] 3HAYEHUH YUCIICHHBIX MEPEMEHHBIX M MapaMeTPOB BO BPEMS BBINOJIHE-
Hus Mojend. [leperammre MBIIBIO C BKIAAKKH DJIEMEHTHI yrpaBiieHHs nanenu llanutpa nukro-
rpammy beryHok Ha nuarpammy kiacca Heart Mexy CTpyKTypod M aHUMallMOHHBIM OBajioM. B
nosie «CBsi3aTh C» NAHEIW CBOMCTB BBEIUTE UM IapameTpa Xo, @ MUHUMAIIBHOE U MaKCUMAaJIb-
HOE 3HAa4YCeHHsI, KOTOPbIE MOXKHO PEryIHpoBaTh ciaiaepomM, ycraHoBute 0 u 1. Jlo6aBuTh noanu-
CH K CIIaliJIepy MOXKHO MPOCTHIM Ha)kKaTueM KHONKU “J[00aBUTH” METKH. 3amyCTUTE MOJEIb U
MPOBEPHTE JCUCTBUE Cllailepa. AHAIOTUYHO CAEJIalTe clauep A napaMmerpa eps, yCTaHOBUB
orpannyenus ot 0.01 go 0.5.

& Heart &2 = O || ceoiicrea 22 ¢ = 0

* || = slidert - BeryHok

Wran: sliderl [ WekarouuTs

OToBpaxaeTca Ha BEPXHEM YPOBHE

Opuentaums: (_) Beprukaneran (@) FopusonTtansHas

Censate = | eps W \E‘) MokasaTe Ha gn:
MuHUMaNEHOE SHAYEHNE: 8.8l
Makcumaneroe sHaueHne: 8.5
AocTynHoCTE: = (@ pa
1 JoGaBnTE METKM..
min value max
» Hdeictene
b Brewnwii Bug
} Mectononoxmenwe 1 pasmep
min value max » Cneunduueckme

» Onucanme
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MuHucTepcTBO HayKH U BbIcLIero obpasosanus Poccuiickoit deneparmn dopma
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET P

®-Paboyast mporpaMma 1o JUCLUIUIHHE

B bl B ‘ G ] s |® G | € @ (3 rootHeart v | @ | b & fmlogk.
3T0 YNPOUEHHAA MOAENE JMHAMMEM CEPAEUHIX COKPELIEHH
Mogens onucLIBaeTCA ABYMA AN HEpeHUMANLHLIMY YRABHEHAAMU:
dxfehi=(x-x"3-bileps w dbidi=x-x0.
Mo ene ce a MofAENkE NO3EONAET M3MEHATE NAPAMETPL M HAGMIOAATE M3MEHEHKNE
lua pﬂu pUTME U (HOPMbI NYNbCALMEA
CTpyKTypa aKTMBHOro 00LEKTa x0
e 0 05
T 0s
eps
-0 e 001 0.01
15
14
0.5 1
| | \ | \ \
Rl \ f | { | f
| | | I | \
1 I I
0.5
14
-0.6
15 15 1 0.5 o 0.5 1 1.5
B s n = 0 s Dataset Tite
—hb —x
Mporom: 0 Maysa | Bpema: 19.08 Nporon: [ 19% | Aara: 25.04.2015 2:40:39 | [ Namare: 20 o= 228 @

Jas nab6oparopHoii padorbl Ne2. [ Hawama HEOOXOAUMO MCCIIEIOBATh KaXKI0€ U3 ypaB-
HEHHUM CUCTEMBI U MPUBECTU MX K HOpMalbHOMY BuAy. Hopmanuzaums noxpazymeBaer paspe-
IICHHE YPaBHEHUS OTHOCUTEJIBHO CTapIlei MpOU3BOAHOM. J[J11 3TOTO BOCMOJB3yeMCsl IPUEMOM
— 3aM€Ha Ha HOBYIO MIEPEMEHHYIO.

dys d’y;

+2—— =07

12 %y, + 0.5 d
R dt < dt?

0.2%+}-‘3 = 0.04
dt
Ys=¥V3t ¥
PaccmoTpuM mepBoe ypaBHEHUE CHCTEMBI. 371eCh cTapliasi POU3BOHAS. — BTOPOTO MOPSII-

ka. BBelleM HOBYIO IEpEMEHHYIO Z, KOTOpasi 3aMEHUT TPOU3BOIHYIO 110 V7. J[yist 3TOTO mocTaBuM
Ha pabouyro obmacte AnyLogic nBe nepeMmeHHbie — Y2 U Z. [Ipu 3TOM BuJ 00enX MEpeMEHHBIX
Oynet «MHTEeTrpan win HakoNHUTeb». J{JIs IepeMeHHO Y, 3HaYeHHE T0CTIe 3HaKa paBHO OyJeT Z.
Jlisi IepeMeHHOM Z B OKHE 3HAYCHUI 3aIUIleM BBIpAXKCHUE, KOTOPOE MOJIYYUTCS MOCIIE 3aMEHBI
nepeMeHou. [Ipoaenaem Bce NEMCTBUS TI0 TIOPSIIIKY:

dyg
1. 3amena . HaZ

[Iepenuiem nonyyeHHsii pe3ynprar 1,2 v, + 0.5+ z + ZE =0.7.

2

d d
3. Beipazum d—‘: U3 MOJIYYCHHOTO BBIPKCHUS d—j =(07-12%y;, —05=%z)/2
4

3anuiiemM MoJy4eHHOE BhIPOXKCHUE B OKHE 3HAYCHHI IepeMeHHo# Z B AnyLogic.
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MuHHCTEPCTBO HaYKH U BhIcIIero o6paszoBanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE
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Teneps oOpaTuMcs KO BTOpOMY ypaBHEHUIO B cucteMe. OHO TIEPBOTO MOPsIIKa, HO 3aMEeHa
NepeMEHHON Takke moHazoouTcs. Beeaem emne aBe nepemennbie — y3 U K. [TockosbKy crapimast
MPOM3BOIHAS MIEPBOTO MOPSIKA, TO Y3 OyaeT uMmeTh Buja «MHTerpam win HaKOMUTEIb», a K —
«Dopmynay. B pesynbpTaTe aHaTOTHYHBIX JCHCTBUNA, KOTOPbIE OBUIM UCIIOIB30BAHbI JIJII HOpMa-
JIM3AIMH [IEPBOTO YPaBHEHHS, MBI ITOJyIuM cieayroriee Boipaxkenue k=(0.04- y3)/0.2

C TpeTbuM ypaBHEHHEM BCE MPOCTO (IIOCKOJIbKY B HEM HET MPOU3BOJHBIX) — MOCTAaBUM
elle OJIHy IEPEMEHHYIO V4, BUA KOTOpol OyaeT «DopmMylay, U MPOCTO MEPENUILIEM BhIPAKEHHE
13 CUCTEMBI.

» edigdaly - Amplog - Mun) =
© 2 Do Mg Bowa Paoseer Moaen Cpoex Qoo o s
D FEHS A DAX AN 2 BNy »» s B = W A
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MuHucTepcTBO HayKH U BbIcLIero obpasosanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE

Janee 3ammyckaM 3KCIIEPUMEHT, CTABUM HOBYIO IMarpaMMy U IIEPETACKUBAEM Ha HEE )7, V3,
ys4. Ilocie 3Toro 3amyckaeM MOACIUPOBAHUE U CMOTPHUM, KaK IPOUCXOIUT U3MEHEHHUE IIEPEMCH-
HBIX BO BpEeMEHH. DTO U OylIeT pelIeHre CUCTeMbl YPaBHEHHIA.

£l root o (=)=
=- @ root !
[> k=00 0.85
-[> y2 = 0.5828995311912456 03
> y3=004
[> y4 = 0.6228995311912456
D> 2= -0.0010363972292390389

{50 root o |[@ ] =

06
o,

OZ 0.5

o,

n.is
0.1
! s
0.05

02 46 8 101214 16 18 20 22 24 26 25 30 32 34 35 33 40 42 44 46 43 50 52 54 56 53 60 62 64 65 68 70 72 74 76 73 80 82 84 35 83 90 92 94 95 98100 104
B root.y? B root.y3 M root.y4

Ha rpaduke Mbr MOKeM BHIIETh, UTO OTIWYHE CHUHETO rpaduka (mepeMeHHas y4) OT Kpac-
HOTO Tpaduka (mepeMeHHas ),) paBHO B TOUHOCTH 3HAYEHUIO 3e€JIeHOro rpaduka (mepeMeHHast
y3) B K@Kl MOMEHT BPEMEHH. DTO HECIydallHO, TaK Kak B3TJISHYB Ha TPEThE ypaBHECHHE B
CHUCTEME, MBI YBHJIUM COOTBETCTBYIOITYIO 3aBUCUMOCTD ITHUX TPEX MEPEMEHHBIX.

st madbopaTopHoit padoTsl Ne3

Cpema AnyLogic mo3Bojisier MOAM(PHUIMPOBATh, KOMOWHHPOBATH OOBEKTHI, MPOBOIMTH
SKCHEPUMEHTHI C HUMU M IIPEJICTABISITh PE3YJIbTaThl SKCIEPUMEHTOB B HarisigHou (opme. IIpo-
rpaMmMa Stream IMpeaHa3HaueHa Jyid OCTPOCHUS MOJIETeH TOTOKOBBIX CXEM B CpPeie MOJIEIHPO-
Banus AnyLogic.
1. Onpenenenye TUIa MEMEHTOB U UX YCIOBHO NOJIOKUTENBHOTO HampasyeHus. CHavana orpe-
JIeIIIeTCSl TUIT BCEX AJIEMEHTOB, BXOAAIIUX B CXeMy. 3aTeM JIEMEHThl HyMEpPYIOTCSl TaKUM o0pa-
30M, 4TOO HOMepa AJIEMEHTOB OblIM YHUKAIbHBIMU. [locie 3Toro Ass KaxkJ1oro jieMeHTa BbIOH -
paeTcst yCIOBHO MOJIOXKUTENbHOE HampaBieHue. s aktuBHbix 31emeHToB (E, I) yciaoBHO mo-
JIO)KUTENbHOE HAIIpaBJICHHUE OIpe/essieT MOJIAPHOCTh MCTOYHMKA, JJISi OCTAJbHBIX AJIEMEHTOB
MOJIOKUTENFHOE HAIIPABIIEHUE MOKET OBITh BBIOPAHO MPOU3BOJIBHO.

[lycTh, HanpuMep, HaM HYHO BBECTH B Stream ciieyromnlyto JeKTPHIECKYI0 cXemy (puc.

1).

:

— |

Pucynox 1.
ITocrne Bcex omepanuii cxema Oy/IeT BBITIISACTD CISIYIONIM 00pa3oM (puc. 2).
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MuHHCTEPCTBO HaYKH U BhIcIIero o6paszoBanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE

erC)t s’ 405::.], r7| |

Pucynox 2.
2. HaxoxieHnue y3510B. Ha anekTpudeckoii cxeme y3J1aMy SKBHITIOTCHIIMALHBIC YIACTKH JICK-
TpUYECKOM cxeMbl. Brienum y3iibl Ha Hamiel cxeme Tak (puc. 3)

r7| |4

Pucynox 3.
3. ®opMUpPOBAHKE CUCTEMBI VPABHEHUH.

R7

Pucynoxk 4. M300pakeHre IEKTPHUIECKON CXeMbI B BUE I'pada.
HopmansHoe nepeBo — aepeBo, B KOTOpoe BeTBH BKirovaroTcs ¢ mpuopurerom U, C, R, L, I
Ausroput™ (OpMUPOBaHHSI CUCTEMBI YPAaBHEHHI CYIIECTBECHHO YIIPOIASTCS, €CIIU PUHSTh
cienymoiiee cornamenue: aaemenTsl U, C Beceraa BXoAAT B A€peBO, daeMeHThl Tuna L, I — Huko-
rJla He BXOJT B JiepeBo. UTo KacaeTcs aieMeHTa R, TO OH MOXeT ObITh, 10 0OCTOSITEIbCTBAM,
160 pedpoM, b0 XOpaoi (BXOIUTh B IEPEBO WIIM HE BXOJAUTH B HETO).
R2
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MuHHCTEPCTBO HaYKH U BhIcIIero o6paszoBanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE

Pucynox 5. IToctpoenne HopManbHOTO JepeBa rpada u ycTpaHeHHe MPOTUBOPEUHS ITyTeM BBe-
JICHUs JOTIOJTHUTEIBHOTO 31eMeHTa Z8.
CeuenueM I-ro peOpa Ha3bIBAIOT COBOKYITHOCTh BETBEH, IIEPECEKACMbIX 3aMKHYTOM JIMHUCH MpU
YCIIOBHUSAX:
*  mo0as BETBb IIepeceKaeTcs He 0oJiee 0JJHOTO pasa;
* B CEYECHME MOXKET BXOJIUTh TOJIBKO OJHO PeOpO.

e - AN
7 TN

5 - /

Pucynoxk 7. Beienenue KOHTYpOB.

[IpuMeHUTENBHO K MOTOKOBOM cXxeMme cienyeT 0OpaTUTh BHUMaHHE Ha CIelyroliee: CyMMBI Ie-
PEMEHHBIX U ISl KaXKI0TO KOHTYpa U MEePEMEHHBIX | JUIs KaKI0TO CeYeHHUs paBHBI HYI0. Kpome
TOT0, €CJIM N — YUCIIO BETBEW MU M — YUCIIO y37I0B, TO rpad umeer N-1 pebpo u m-n+1 xopa. Tak
KAaK CyMMa Pa3sHOCTHBIX IIEPEMEHHBIX 10 KOHTYPY paBHA HYIIO, TO KaXKIbli KOHTYp AA€T HaM
OJIHO JIMHEMHO HE3aBUCHMOE YPAaBHEHHE; B UTOTE Mbl MOXKEM 3anucarb M-N+1 ypaBHEHMH KOH-
TypoB. COOTBETCTBEHHO, KaXJ10€ CEYECHHE TAKXKE JacT HaM JINHEHHO-HE3aBUCUMOE YpaBHEHHE,
YTO B UTOTEe 0OecIeurnBaeT noyydyeHue N-1 ypaBHeHUs: ceueHHi.

B utore nomygaem (n-1)+(m-n+1)=m, To ectb M ITUHENHHO-HE3aBUCHMBIX YpaBHEHUH, pe-
LIEHUE KOTOPBIX ONPEACIIIeT M IEPEMEHHBIX 10 YUCITY BETBEH.
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MuHHCTEPCTBO HaYKH U BhIcIIero o6paszoBanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE

(u, +u, — 1, =0

U, +t, —t, =0

U, +s —U, 1, =0
, —t; =0

=i =0

Iy +i,+&—i,=0

i =4 =0

Pucynok 8. CocraBieHue cucTeMbl ypaBHEHUH.
4. BBoj >nekTpuueckoi cxempl B Stream. Kaxapiil 31eMeHT cXeMbl IPECTaBISETCS CTPOKOH B
Tabnuie. YToObl BBECTH aTPUOYTHI SJIEMEHTOB, 3aIOJHUTE COOTBETCTBYIOIINE CTOJIOIBI TaOIH-
1bl. YT0OBI T0OABUTH HOBBIN JIEMEHT MEePEHINTE Ha TTOCIEIHIO CTPOKY TaOIHUIIBI 1 3aII0JTHHUTE
ee. s ymaneHus CTpOKM U3 TaOIHIIEI BBIICITUTE €€ IMIEeTIYKOM MBIIIN 110 MapKepy CTPOKU U Ha-
xwmute kiasuiry Delete. Jlo6aBinenune smeMeHTa K MOJIEIH MPOUCXOAUT TOJBKO MOCTE Tepexo/ia
C peIaKTUPYEeMOM CTpOKH Ha Apyryro. [Ipu BBoze cxembl B Stream I KaXI0T0 HEOOXOIUMO
OTIPENICTUTH CIIEYIOIIICE:
*  YHHUKaJIbHBIN HOMEp — ObLI ONpeiesieH P HyMepallK 3J1€MEHTOB;
*  THUN — ONPEJIEIIEH PAHEE;
*  Y3JIBl HCTOKAa U CTOKAa — ONPENEISAIOTCS MO CXEME M MCXOJA U3 YCIOBHO IMOJIOKUTEIBHBIX
HAaMpaBJICHUN JIEMEHTOB;
*  3HauEHHUE MapaMeTpa — ONpPENENIeTCs UCXOd U3 KOHKPETHOH 3ajauu, MOKET ObITh M3Me-
HeHo B Mojenu AnyLOgic mocie ee co3manus;
*  HayaJlbHOE 3HAa4YeHHE — 33/1aeTCsl TOJIbKO JUIsl AuHamudeckux anementoB (C u L), mia oc-
TaJIbHBIX AJIEMEHTOB HTHOpUpYyeTcsi. MoxkeT Takxke ObITh u3MeHeHo AnyLogic.

Homepa 31eMeHTOB U y37I0B — Li€/Ible HEOTpULATEIbHbIE Yucaa. THIIBI 3JIEMEHTOB — 3a-
TJIaBHBIE WJIM CTPOYHBIE JJATUHCKUE OYKBHI €,C,lr,1. 3HaueHus: mapaMeTpoB U HadyaJbHbIE 3HAYE-
HUS JJIEMEHTOB — JICUCTBUTEIbHBIC YHCIIa B OOBIYHON WIJIM SKCIIOHEHIMAIbHOUM dopme (Hampu-
Mmep: “1507, “-3.58”, “1.02E06” u 1. 1.). BBenennas B mporpammy Stream cxema OyaeT BBITJIS-
JETh CIIeAyIOHUM 00pa3oM (puc. 9).

{& lNeHepaToOp NOTOKOBLIX CHEM AnA AnylLogic - |EI|£|

dafin Mogene Cnpaeka

[CxemMa He coxpaHeHa]"
Horep | Tun | HeTok, | 1ok | Maparerp | Hau. sHayeHM
1 E 0 1 12 1]
2 R 1 2 al 1]
3 C 2 1] 1E-4 01
4 C 2 3 36E-3 1]
] C 3 1] BE-4 0.025
g L 2 3 [0.005 1]
7 R 3 1] 10 1]
3 12 [rail] 0 1] 1 1]
Pucynox 9.

st 1aGopaTopHoii padoTsl Ned
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MuHucTepcTBO HayKH U BbIcLIero obpasosanus Poccuiickoit deneparmn
YV IbSIHOBCKHMIi rOCY 1apCTBEHHBIH YHHBEPCUTET

Dopma

®-Paboyast mporpaMma 1o JUCLUIUIHHE

Wnentudukanus MoAEIH 1O SKCTIEPUMEHTAIBHBIM JJaHHBIM IPEIIOJIaraeT:

- BpiOop, B COOTBETCTBHH ¢ OCOOCHHOCTAMHU OOBEKTA M YCIOBUSAMH PEIIAEMOM 3a/1a4H, Kilac-
ca MoJieNiel, B KOTOPOM OyZIeT CTPOUTHCS MOJAEIh JAHHOTO 00BEKTa, U KPUTEPHUS aIeKBaTHOCTH.

- Omnpeznenenue mapaMeTpoB MOIETH, 00SCIICYNBAIOIINX HAWIYUIINE 3HAYCHUsI BEIOPAaHHOTO
KPUTEPHsI aeKBAaTHOCTH (HAWIIy4Illee COBIAICHUE BBIXOTHBIX CHTHAJIOB MOJIENIN U 0OBEKTa MPH
OJIMHAKOBBIX BXOJIHBIX BO3JICUCTBUSX).

Brimonnaenue paboThl npearnoaraer:

1. HaGumronas nepexoaHblil mpolecc B 00bEKTE MPU €AMHUYHOM BXOJHOM BO3JEHCTBUM, OTIpe-
TETUTh:

- Koaddunuent nepenauun Ha HyneBoi yacrote K=ho/ap.

- YacroTy cOOCTBEHHBIX KOJICOaHUH.

- Tlokazarenb 3aTyxaHus. J{st 3TOr0 BBINOJHUTH CEPUIO SKCTIEPUMEHTOB — HAOIIOAAThH Tepe-
XOIHBI MPOIIECC B CHCTEME BTOPOTO TMOPS/IKA MPH Pa3IMYHBIX 3HAYCHHUSX ITOKa3aTeNs 3aTyxa-
HUS ¥ CPABHUTH MX C MIEPEXOIHBIM MPOIECCOM B BallleM OOBEKTE.

2. 3agaBIIKCh 3HAUYEHUEM OJTHOTO M3 IMapaMeTpOB, ONMPEACITUTh OCTAIBHBIC TTapaMeTPhl MOJE-
nu (peKOMEH/IyeTCs 3aaThCsl 3HaUeHHeM napameTpa D).

3. IlocTpouTh CTPYKTYPHYIO CXeMY MPOIIecca ONTUMH3AINH TTapaMeTPOB.

4. CpaBHUTH NEPEXOJHBbIE MPOLECCHl 00bEKTa U MOJAETH, 3adUKCHPOBATh HAKOIJIEHHYIO TO-
TPENIHOCTh TPH HEONTHMAJIBHBIX 3HAYCHUSX TAPaMETPOB.

5. Peanmm3oBath mporieypy ONTHMH3AINAN TTAPAMETPOB.

6. CpaBHHTPH IEpEXOIHBIC TPOIIECCHI 0OBEKTA M MOJIENIN TPH ONTHMATBHBIX 3HAUCHHSIX Mapa-
MeTpoB. CpaBHUTH pe3yabTaThl, TIOJYYSHHBIE 10 M TIOCIIEe ONTUMU3AINH (HAKOTIJICHHBIE OIINO-
7. Wnentuduuupyiite 0OBEKT B YaCTOTHOM 00JIACTH — OMNPEACIIUTE aMIUIUTYTHO-9aCTOTHYIO
XapaKTEePHUCTHKY «Bpy4HYyIo». Haiimure AUX Monmenu ¢ uWcmojib30BaHMEM Takera frequency.
CpaBante AUX. Oco60 oOpaTuTe BHIMaHHE Ha COOCTBEHHBIC YaCTOTHI M KOA(DPHUITUEHTHI TIepe-
Jlauu: MOJy4YEeHHbIE SKCIIEPUMEHTAIbHO BO BPEMEHHOM 001acTu U ¢ MOMOIIIbIO nakeTa frequency
(TI0 aMIUIUTYTHO-YaCTOTHON XapaKTEPUCTHUKE).

ITPUJIOKEHMUE 1. Ouenka napaMeTpoB MOJEINH.

KosdduuuenT nepenaun Ha HyJaeBOW yactoTe paBeH K=Dbg/ap. Onpenenurs ero MOKHO 3KcIie-
PUMEHTAJILHO KaK OTHOIIICHHE CUTHAJIOB HA BBIXOJIC U BXOJIE O0OBEKTa B YCTAHOBHUBIIIEMCS PEXKH-
Mme. IToce atoro, 3agaBmuCh 3HaYeHHeM Do, MOKHO HaiiTh 9. COOCTBEHHYIO YacTOTY CHCTEMBI
MOYXHO OIICHHTH I10 MIEPEX0THOMY MPOIIECCY BO BPEMEHHOMN 00J1aCTH; aHAJIOTUYHO OTPEICIISICTCS
MoKaszaTenb ycrokoeHus. Jlayee, 3Has SKCIEPUMEHTAIbHBIC OLICHKH HAWJIeM 3HAYCHHS OCTaJlb-
HBIX ITApaMETPOB MOJICIIH.
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MMPUJIOXEHUE 2. Ina Haxoxaenus AUX Bocmosb3yiTech makeroMm frequency. [lpu stom
MIOMHHUTE, YTO MOJIENb JIOJDKHA OBITH MPENCTaBlieHA B BUE CTPYKTYPHOH CXEMBI, @ BXOJHOU H
BBIXO/IHOW MEPEMEHHBIM JIOJDKHBI OBITh MPUCBOEHBI MMeHa SIC 1 dest cOOTBeTCTBEHHO.

I[MPUJIOXKEHUE 3. [lpu onTUMH3alMKM [apaMeTpOB PEKOMEHAYETCSl UCIOJb30BaTh CpPEAHE-
KBaJIpaTUYHBIA KPUTEPHUIl aJeKBATHOCTH MOAEIH U 00bekTa. Ha BXo1bl MOienM 1 00BEKTA oA~
eTcsd OJUH M TOT K€ CUTHAJ, Ha BBIXO/I€ CUTHAJIBI BBIUNTAIOTCS, PA3HOCTh BO3BOJUTCS B KBaJpaT
U nojaercs Ha uHTerparop. Ha BbIxose mHTerparopa Mbl MOJy4aeM HAKOIUIEHHYIO MOTpell-
HOCTb, KOTOPasi MUHUMM3HPYETCs B IIpOLiecce ONTUMU3ALMU. 11 3TOro UCHOJIb3YyeTCsl BCTPOEH -
Has npoueaypa ontumuszanuu. CTpyKTypy MOJIENM CUMTAeM 3aJaHHOM B BUJAE 3BEHA BTOPOrO
nopsiaka. KoagduuuenTs! ciemyer BBecTH B CUMBOJIBHOM Buje: Do, ao, a1, a2. He 3a0ynbre 3a-
JlaTh UX YMCIICHHbIE 3HAYEHHUS, ONIPEIEIICHHBIE 110 PE3y/IbTaTaM SKCIEPUMEHTA C 0OBEKTOM.
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[MPUJIOXEHUE 4. OntuMuzaius mapameTpoB B cpenae AnylLogic. ONTUMU3AIMOHHBINA JKCIIe-
pumeHT B AnylLogic mo3BosieT HallTH Takke 3HAYCHUS MapaMeTPOB MOJIEIH, IPH KOTOPHIX 00-
pamaercs B MUHUMYM WJIM MaKCUMyM HEKOTOpast ONpeeTICHHAs M0JIb30BaTeeM 1ejieBast PyHK-
1Us. 3HAYCHHE IEJIeBOM (YHKIIMU TOJCYUTHIBAIOTCA B AnylLogic KaXIplid pa3 M0 OKOHYaHHUH
OYEPETHOTO BBIIOJHEHUS MOJICIIH, M aJITOPUTM ONTUMHU3AINN aBTOMATHYCCKH BHIOMPAET HOBBIC
3HA4YEeHUs MMapaMeTpoB ISl OYepeHOro 3amycka monenu. Onrtumusanus B AnylLogic peannso-
BaHa ¢ ucnoik3oBanueM mnakera OptQuest dupmbr OptTek. s ontuMusanuu 1MoJib30BaTeh
JIOJDKEH B COOTBETCTBYIOIIMX OKHAX 3a7aTh (DYHKIMOHAI, KOTOPBIN ClIeAyeT MHHUMHU3HUPOBAThH
MO0 MaKCUMHU3HUPOBATh, 33aTh MapaMeTPhl M OTPAHUYCHHUS MX JUANa30Ha, B KOTOPBIX JTOJDKHA
BBINIOJIHATHCS ONTHUMU3ALMS, @ TaKXKE YKa3aTb OIPaHUYEHMsI, ONPEIEIIAIONINE KIacC JOMYCTH-
MBIX pelleHui. 3ajgaB BC€ 3TO, IMOJb30BATENIb MOXKET 3alyCTUTh ONTHUMM3ALUIO, M IaKeT
OptQuest mociie HEKOTOPOTO YKCIIa TPOO ABTOMATHYECKH BHIOEPET HAMIYUIITUNH METOJ ONTHMH -
3alMU JUIsl JAaHHOM MOJIENH CPeAM T€X METOJI0B, KOTOpbIE HaXOITCs B €ro OubnuoTeke, U Oyaer
CIIeIOBAaTh BBIOPAaHHOMY ONTHUMH3ALMOHHOMY ajiroputmy. Wurepdeiic AnylLogic mozBosser
I0JIb30BATENIO TAKXKE MCIIOJIb30BaTh CBOM aJIFTOPUTM ONTHUMH3ALUH.
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11. YYEBHO-METOJANYECKOE U UHO®OPMALUOHHOE OBECIIEYEHUE JUC-
HNUITJINHBI

a) CIIucok peKOMeHAyeMOil TuTepaTypsl

OCHOBHAasi

1. Kapnos FO.I'. UmuTanmonnoe moaenupoBanue cucrem. — CI16.: BXB-ITerepOypr, 2005.—
400 c.

2. boes, B. JI. UmuTanmonHoe MoAeTUpOBaHUE CHCTEM : yuyeOHOe mocobue A BY30B /
B. JI. boeB. — Mocksa : M3aarensctBo FOpaiit, 2022. — 253 ¢. — (Briciiee oOpa3oBanue). —
ISBN 978-5-534-04734-9. — Texkcr : anexktponHbiii // Obpa3zoBatenbHas miuatdopma HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/492781

3. Hlenyxun O.U., MonenupoBanue MH(GOPMAIMOHHBIX CUCTEM : YueOHoe mocobue ams
By30B / Ilenyxun O.U. — 2-¢ u3s., nepepad. u gon. — M. : Topsiuas aunus — Tenexom, 2012, —
516 c. — ISBN 978-5-9912-0193-3 — Tekcr : anekrpoHHsiii // IBC «KOHCYIbTAHT CTYICHTA» '
[caiiT]. — URL : http://www.studentlibrary.ru/book/ISBN9785991201933.html
AOTIOJTHUTEIbHASA

1. JIucsx B.B., MonenupoBanue WHPOPMAIIMOHHBIX CUCTEM : ydeOHoe mocobue / Jlucsk
B.B. — PocroB /]l : U3a-Bo FODY, 2018. — 88 c. — ISBN 978-5-9275-2881-3 — TekcT : 37ek-
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TPOHHBII /l ObC "KoHCynbTaHT cTyneHTa" : [caiiT]. — URL
http://www.studentlibrary.ru/book/ISBN9785927528813.html

2. 3apukoBckas, H. B. Marematudeckoe MoeIupoBaHue cucTeM . ydeOHoe mocooue / H.
B. 3apuxosckas. — Tomck : ToMckuil TOCyJapCTBEHHbBIN YHUBEPCUTET CUCTEM YIIPABJICHUS U
pamuosnekrporuku, 2014, — 168 ¢. — ISBN 2227-8397. — TekcT : 31MeKTpOHHBIN // Diek-
TPOHHO-OMOIMOTEUHAS cucremMa IPR BOOKS : [caiT]. — URL:
http://www.iprbookshop.ru/72124.html

3. Coseros, b. SI. MonenupoBaHre CUCTEM : YUCOHHK IS aKaJeMHIeCKOro OakanaBpuara /
b. 5. Cosero, C. A. flkoBneB. — 7-¢ u3n. — Mocksa : M3patensctBo [Opaiit, 2021. —

343 c. — (bakanaBp. Axagemudeckuii kypc). — ISBN 978-5-9916-3916-3. — Tekcr : amek-
tpouubIi // ObpazoBarenbHas iardopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/488217
4, MogenupoBanue cucteM W TiporieccoB. [Ipaktukym : ydueOHOoe mocoOue aisi BY30B /
B. H. Bouikosa [u ap.] ; nox penakiueit B. H. BonkoBoit. — Mocksa : UznatenscTBo FOpaiiT,
2022. — 295 ¢. — (Bricmiee oopaszoBanue). — ISBN 978-5-534-01442-6. — TekcT : 3yIeKTpoH-
ublii // O6pazoBatenbHas miardopma FOpaiit [caiir]. — URL.: https://urait.ru/bcode/490226
y4eOHO-MeToAuYecKas

Metoanyeckne yKa3aHUsl [UII CAaMOCTOSTEIBEHOW pabOTHl CTYJIEHTOB IO aucnuIuimHe «MMuTa-
[IMOHHOE MOJICIMPOBAHUE» JUISI CTYACHTOB OakanaBpuara mo HampasiaeHusM 09.03.03 «Ilpu-
knaaHas uadopmaruka», 02.03.03 «Maremarnyeckoe obecriedeHre U aIMUHACTPUPOBAHUE HH-
dopmanmonnbix cuctem», 09.03.02 «MHpOpMamOHHBIE CUCTEMBI B TeXHOoJIoTHI», 11.03.02
«MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTHH U CHUCTEMBI CBSI3W» O4HOU (opmbl 00ydenus / 1O. B.

[pranoBa. - YaesiHOBCK : Ynl'V, 2022. - 38 c. - HeonmyOmukoBaHHbIH pecypc. - URL:
http:/lib.ulsu.ru/MegaPro/Download/MObject/13470

CoriacoBaHo: j /\/
Beayuwii cnenmanuer HB Viul'V Tepexuna JILA. Ir / = 20225

JIOMKHOCTS COTPYAHHMKA HayYHOI OMOINOTEKH DOHUO NONHChH jara

0) IIporpammHoe oOecrieyeHue
Jlnist 00pa3oBaTeNbHOTO TpoIiecca 1Mo TAHHOHM TUCIMILIHHE He0O0X0IuM ctanmoHapHsbii kiace [TK
C YCTaHOBJICHHBIM CIICAYIOIIUM POTPAMMHBIM 00ECIICYCHUEM :
— oneparonHas cpega OC Windows/Linux;
— nporpammHas cucrema AnyLogic;
— mporpammHas cucrema Scilab.
B) I[Ipodeccnonanbubie 0a3bl JAHHBIX, HHPOPMAITMOHHO-CIIPABOYHbIE CHCTEMbI:

1. Dy1eKTpPOHHO-0MOINOTEYHbIE CUCTEMBbI:

1.1. Iludposoit oOpazoBaTenbHblil pecypc [IPRsmart : s3nekTpoHHO-0MOIMOTEYHAS] CUCTE-
ma : caiitr / OOO Kowmmnauus «A# Ilu Ap Memua». - Caparos, [2022]. — URL:
http://www.iprbookshop.ru. — Pexxum noctyma: ajsi 3aperucTpup. mosib3oBareneid. - TekcT :
3JIEKTPOHHBIM.

1.2. O6pazosatenbHas miatrhpopma FOPAUT : o6pasoBaTenbHBIH pecype, 3IEKTPOHHAs
oubmoreka : caiitr / OO0 DyekrponHOe m3natensetBo FOPANT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pexxum noctyna: ajist 3aperucTpup. moib3oBarelneid. - TeKCT : AIeKTPOHHBIH.

1.3. baza nanHbIx «QnekTpoHHas 6ubnuoreka Texuudeckoro BY3a (ObC «KoHcynbTaHT
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CTYZIEHTa») : AJIEKTPOHHO-OMOIMoTeunas cucrema : caiir / OOO Ilomutexpecypc. — Mockaa,
[2022]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexxum noctyma: ansi 3aperucr-
pup. noap3oBarenen. — TeKCT : 3IIeKTPOHHBIN.

1.4. KoHcynbpTaHT Bpaya. DIEKTPOHHAS MEAULIMHCKAs OMOIroTeKa : 0a3a NaHHBIX : CAMT /
OOO Beicmiasg mKkoja opraHu3alMM M YOpPaBJIE€HUs 3ApaBooXpaHeHueM-KoMIiekcHbli Menu-
IUHCKUI KOHCAITHHT. — MockBa, [2022]. — URL: https://www.rosmedlib.ru. — Pexxum pocryna:
JUISL 3apETUCTPUP. MOJb30BaTENEh. — TEKCT : JIIEKTPOHHBIN.

1.5. Bonpmas MeauIUHCKass OMOIMOTEKA : AIEKTPOHHO-OMOIMOTeYHAsT CUCTEMa : CalT /
OOO byxkar. — Tomck, [2022]. — URL: https://www.books-up.ru/ru/library/ . — Pexum mocryma:
JUISL 3apETUCTPUP. MOJIb30BaTeNed. — TEKCT : 3JIIEKTPOHHBIN.

1.6. OBC Jlans : anekTpoHHO-OMOMOTe Has cuctema : cailt / OO0 DBC Jlanb. — CaHKT-
[MetepOypr, [2022]. — URL: https://e.lanbook.com. — Pexxum mocrtyma: ajas 3aperucTpyp. MOJb-
30Batesield. — TeKCT : AIeKTPOHHBIM.

1.7. OBC Znanium.com : 3neKTpOHHO-0uOIMoTeuHas cuctema : caiit / OO0 3HaHuyM. -
Mocksa, [2022]. - URL: http://znanium.com . — PesxxuMm ocTyma : Juis 3aperucTpHp. MOJIb30Ba-
Tenen. - TeKCT : IIEeKTPOHHBIM.

1.8. Clinical Collection : nHayuno-undopmanuonHnas 6a3a nanasix EBSCO // EBSCOhost
. [mopran]. — URL: http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3el-
1191-414b-8763-e97828f9f7e1%40sessionmgrl02 . — Pexxum mocTyma : JjIsi aBTOPHU3. IMOJIB30-
Baresiel. — TeKCT : AIIeKTPOHHBIN.

1.9. ba3za naHHBIX «PyCcCKUil Kak MHOCTPaHHBIN» : JIEKTPOHHO-00pa30BaTEIILHBIN pecypc
JUIT MHOCTpaHHBIX CTyaeHTOB : caT / OO0 Kommanus «Ai IIm Ap Memma». — Capartos,
[2022]. — URL: https://ros-edu.ru. — Pesxxum focTyma: [ist 3aperucTpup. mojis3oBaresiei. — TekeT
. DJIEKTPOHHBIM.

2. KoncyabTautlliatoc [DnekTpoHHBIN pecypc]: cipaBodHas mpaBoBas cuctema. /000
«Koncynprant [Tarocy - DaekTpoH. aaH. - Mocksa : Koncynerantllaroc, [2022].

3. ba3bl JTaHHBIX NEPUOAUYECKUX U3TAHMIA:

3.1. baza manubIx nepuoandeckux u3ganuii EastView : amektponHbie xypHaisl / OO0
HBHUC. - Mocksa, [2022]. — URL.: https://dlib.eastview.com/browse/udb/12. — Pexxum mocryma :
JUIsl aBTOPHU3. TI0JIb30BaTeNel. — TEKCT : 3JIEKTPOHHBIMN.

3.2. cLIBRARY .RU: nayunas snekrpoHHas 6ubnmnoreka : caidt / OOO Hayunas Diek-
TponHast bubnuoreka. — Mocksa, [2022]. — URL.: http://elibrary.ru. — Pexxum goctyma : ist aB-
TOpHU3. MOJIb30BaTeed. — TeKCT : AJEKTPOHHbBIN

3.3. DnekTpoHHas 6ubnmoteka «M3marenbckoro noma «I'pedennukoB» (Grebinnikon) :
anektponHas Oubmmoreka / OOO W] I'pebennmkoB. — Mocksa, [2022]. — URL:
https://id2.action-media.ru/Personal/Products. — Pexxum moctyna : ajsi aBTOpHU3. MOJIb30BATEICH.
— TekcT : 3neKTpOHHBIN.

4. @enepajbHasi rocyaapcrpeHHass uHdopManuonHasi cucrema «HanuonaabHasi
3JIeKTPOHHAsi OMOIMOTEKA» | JIIEKTpOHHast OnbimoTeka : caidt / ®PI'BY PI'B. — Mockga, [2022].

— URL: https://H36.pd. — Pexum goctyna : i mojib3oBareseil HaydHoi 0ubnuoreku. — Tekcr :
3JIEKTPOHHBIM.
5. SMART Imagebase : nayuno-undopmanmonnas 6asa nanaeix EBSCO // EBSCOhost
[mopramn]. — URL: https://ebsco.smartimagebase.com/?TOKEN=EBSCO-

1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexxum pocTyma @ Ui aBTOPH3.
noJb3oBaTene. — M300pakeHune : AIeKTPOHHBIE.

6. @enepajbHble HHPOPMALMOHHO-00pa30BaTeJbHbIE NOPTAJIbI:

6.1. ExnHoe okHO jocTyma K 00pa3oBaTenbHBIM pecypcam | ¢eaepanbHbIil mopTam . —
URL: http://window.edu.ru/ . — TekcT : 3J€KTPOHHBIH.

6.2. Poccwuiickoe oOpazoBanue : penepanbublii nopran / yupenurenab LAY «DULITO».
— URL: http://www.edu.ru. — TekcT : 31eKTpOHHBIH.
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7. Obpa3oBaTeabHble pecypebl Yal'y:

7.1. DnexrponHas 6ubnmmuoreyHast cucrema Yial'y : Moaynb «DIeKTpoHHas OMOnInoTeKa»
ABUC Mera-ITPO / OO0 «/lata Dxcnpece». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexxum
JOCTYyIA | IS IOJIb30BaTeIel HayqHOH OMOIroTeKH. — TeKCT : 3JIeKTPOHHBIMA.

CoracoBaHo:
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHbBI

Aynutopun Ui NPOBEACHUS JIEKUNH, CEMUHAPCKUX 3aHATHH, 175 IpOBEJeHMs Jlabopa-
TOPHBIX paboT, A MPOBEIEHUS TEKYLIEro KOHTPOJS U MPOMEXYTOUHOM aTrTecTanuu, TpyImno-
BBIX U UHAMBUAYAIbHBIX KOHCYIbTALIUM.

AyIuTopun YKOMILJIEKTOBaHbI CHENMAIN3UPOBAHHON MeOelnbto, yueOHON 10oCcKoil. Ayau-
TOpPHUU JUIS TPOBENEHUS JIEKIUI 000pyqoBaHbl MYJIbTUMEAUWHBIM OOOpYIOBAaHUEM JJISI TPE.-
cTaBiieHUs nHpopManuu 60mbiIoN ayautopun. [lomemenus A caMoCTOSATENbHON paboThl OC-
HaIIeHbl KOMIIBIOTEPHOW TEXHMKOM C BO3MOXKHOCTHIO MOJKIIOUEHHUS K ceTh «MHTepHeT» u
obecreueHrneM JIOCTyIa K JIEKTPOHHON WH(POPMAIMOHHO-00pa30BaTEIbHOM Cpelie, AIEKTPOHHO-
oubnuoTeyHoi cucreme. llepeuenp 060pyI0BaHUS, UCTIOIB3YEMOTO B YI€OHOM TpoOIecce, yKa-
3bIBAETCS B COOTBETCTBUU CO CBEACHUSIMH O MATEpUAIbHO-TEXHUYECKOM OOECIeUeHUH U OCHa-
IIEHHOCTH 00pa30BaTEIHLHOTO MPOIEcca, pa3MeIIeHHBIMU Ha oduimanbHoM caiite Yiul'Y B pa3-
nene “CeneHus 00 oOpa3oBaTeIbHON OpraHu3aIum’”.

13. CHEHUAJIBHBIE YCJIOBHUSA AJId OBYYAIOHIUXCA C OI'PAHUYEHHBIMU
BO3MOKHOCTAMMH 310POBbA

B cnydyae Heob6xonauMocTH, 0OydaromuMcsl U3 4Kcia JIMI ¢ OTPAaHUYEHHBIMH BO3MOXHO-
CTSIMH 3/I0pPOBBS (I10 3asIBICHUIO 00YYarOIIEerocs) MOTYT MPeAararbCs OJHU U3 CIEIyIOIIUX Ba-
PUAHTOB BOCHPUATHS UHPOPMAIMU C YIETOM UX HHAWBUYyaTbHBIX NCUXO(PU3UYECKUX OCOOCH-
HOCTEH:

— JUIs JIMIl ¢ HApyUIEHUSIMU 3pEHUs: B MeuyaTHOW (opme yBeaMueHHBIM HIpUdTOM; B
(dhopme IIeKTPOHHOTO JOKYMEHTa; B ¢opme ayauodaiiia (mepeBos; ydeOHbIX MaTEPHAIIOB B ay-
mrodopmar); B meyatHoit opme Ha si3bike bpaiins; nHAMBUAYaTbHbIE KOHCYIBTAIUU C IPUBJIE-
YeHHeM TU(DIOCYpIOTepEeBOAYNKA; HHIANBUAYAIbHbBIC 3aJJaHHs U KOHCYJIbTAIIHH;

— JUIS JIUI] C HapyIICHUsIMU cllyXa: B e4aTHoi (opme; B popme 3JIeKTPOHHOTO JOKYMEH-
Ta; BUJEOMAaTepHalbl ¢ CyOTUTpaMU; MHAUBHUAYAIbHbIE KOHCYAbTAI[MN C MIPUBJICUECHUEM CYPJIO-
MIePEeBOIYHMKA; MHAUBHIyalbHbIC 3a/IaHUSI U KOHCYJIbTALIUU;

— JUIS JIMI[ C HapyHICHUsIMH OMOPHO-IBUTATEIbHOIO ammapaTa: B Me4aTHol (opme; B
(dhopMe 3IEKTPOHHOTO JIOKyMEHTa; B popme ayauodaiina; MHAUBHAYaAIbHbIE 3aJaHUs 1 KOHCYIIb-
Talluu.

B cmygae HeoOXOoauMOCTH  HWCHONB30BaHWMS B y4eOHOM  Mpolecce  YacTH4-
HO/MCKJTFOUUTENBHO AMCTAHIIMOHHBIX OOpa30BaTEeIbHBIX TEXHOJOTHH, OopraHu3anus padoThI
[IIC ¢ oOyuaromumucs ¢ OB3 u uHBaIMIaMU MpeLycMaTPUBACTCS B ANEKTPOHHOU HHpOpMa-
[IMOHHO-00pa30BaTeNbHON cpeie ¢ YYeTOM MX MHAMBHUAYAIBHBIX NMCUXO0(U3MUECKUX OCOOCHHO-
CTEH.

Pa3pabotumnk 747, ZA": ¢ /ﬁ?’ npodeccop kad. UT /Ipiranosa FO.B./
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