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1. NOSICHUTEJIBHAS 3AITUCKA

1.1. Heap u 3a7a4n TUCHUILTHHBI

lenp  AMCUMIIIMHBL:  MMO3HAKOMUTH MArMCTPAaHTOB C  OCHOBHBIMH  METOJIaMH
MOJICIIMPOBAHKUSI W ONTHMHU3AIMK WHQPOPMAIMOHHBIX cuUcTeM. JlaThb mpencTaBieHHE O
MaTEeMATHYECKUX MOJCISAX W METOJax aHajlu3a W ONTUMHU3AIMOHHBIX TMOIXO0JaX K PEIICHUIO
NPUKIAAHBIX 331a4. O3HaKOMHUTh MaruCTpaHTOB C METOJAMH IOCTPOCHHS AHATHUTUYCCKHX H
UMUTAIIMOHHBIX MOJEJEH MPOoIecCOB 00padOTKN MH(GOPMAIIUH, a TAKKE C OIICHKOW PE3yJIbTaTOB
MO/JICITUPOBAHHSI ITPOIECCOB.

3agauu:

HAy4YHTh MAarucTpaHToB A((EKTUBHO WCIIOJIB30BaTh MNPUHIMIIBI MAaTeMaTHYECKOTO
MOJICTTMPOBAHUS; Pa3INYaTh TUIIBI MPAKTUYECKUX 33]1a4 B 3aBUCUMOCTH OT THUIIA UCIIOJIb3yeMOM
MOJIEIIN; TIPABUJIBHO BEIOUPATh METO/I PEIICHHS 33]1ay;

chopMUpOBaTh CIOCOOHOCTh (HOPMATU30BATh 3ala4dl NPHUKIATHOW 007acTH, IIpU
pPELICHHMH KOTOPBIX BO3HUKACT HEOOXOJMMOCTh  HCIIOJIb30BaHMS  KOJIMYECTBEHHBIX U
KaueCTBCHHBIX OICHOK;

cOpMHPOBATh CIIOCOOHOCTh aHAJIU3UPOBATh,
MPHUKJIATHBIC U UHPOPMAITMOHHBIE POIICCCHI.

MOJCIUPOBATL W OIITHUMHU3UPOBATH

1.2. llepevyeHb MJIAHMPYEMBIX Pe3yJILTATOB 00yUeHHSs MO TUCIHUILINHE, COOTHECEHHBIX C
HHAUKATOPAMM JOCTHKEHUSI KOMIETeH N

Komnerenuus o
WNHaukaTopbl KOMIIETEHIHHI
(koo u Pe3ynbraThl 00y4yeHus
(Ko ¥ HAUMEHOBAHUE)

HaWMEHOBAHHE)
YK-1 Cnocoben | YK-1.1 3Haer npoueaypsl | 3HaTb ~ 3BOJIIOIMI0  CHCTEMHBIX
OCYIIIECTBIISATh KPUTHYECKOIO aHaju3a, METOJUKHU | IPEICTABICHUM, OCHOBHBIE
KPUTHYECKHM aHaJIn3a pe3yJbTaTOB HCCIIEIOBAaHUS | MOJIOKEHUS TEOpUU CHUCTEM;
aHaJIN3 u pa3paboTKu CTpaTEruii | OCHOBHBIE TIOHATHSA U OIPENEICHUS
pOOJIEMHBIX MIPOBEICHUS UCCJIEJIOBAaHMM, | CHCTEMHOI'O aHAJIM3a; COJEepKaHUe U
CUTyaluin Ha | OpraHMu3alMyM Tpolecca MPUHATHUSA | CYIIHOCTh MATEMaTUYECKUX METOI0B
OCHOBE pelieHus MOJIEJTMPOBAHUS M ONTUMHU3ALIMH.
CHUCTEMHOTO YK-1.2 YMeer  npuHHMMATh | YMETh [IPUMEHSATD METO/IbI
N0JIX0/a, KOHKpETHbBIE pelieHus JUISL | MOAENUPOBAHUS  NPU  NPUHATUH
BbIpabaThIBaTh MTOBBIIIEHUS 3G HEKTUBHOCTH | peLICHUH TUISL MOBBILICHUS
CTpaTeruto MpoIeayp aHajam3a mpobnueM, | 3hdexkTuBHOCTH 101010} (S914%0)
nercTBuit NPUHATUS pPEUIeHUH M pa3pabOTKU | ONTUMHU3AIMH.

CcTpaTerum

YK-1.3 Bnageer  meronamu | Bnanere HaBbIKaMM MOJEIMPOBAHUS

YCTaHOBJICHUS NPUYMHHO- | IPM  NPUHATHUM  PELIeHUH  id

CIIEICTBEHHBIX CBs3el U | NOBBILLIEHUS 3P PEKTUBHOCTH

onpezeneHuss Haubojiee 3HAYUMBIX | MPOLEAYP ONTUMH3ALUH.

cpenu HUX; METOUKAMU

MOCTAHOBKM 1€MW ONpeesieHus

CII0CO00B ee JIOCTHIKCHUS,

METOAMKaMH pa3pabOTKU CTpaTerui

JNENUCTBUN npu POOIEMHBIX

CUTYalMsIX




OIIK-7 Cnocoben
HCIOJIb30BAaTh
METO/Ibl Hay4YHBIX
HCCICIOBaHUN U
MaTEMaTHYECKOIO
MOJICTTUPOBAHUS B
obnactu
MPOEKTUPOBAHUS
u YIPaBJICHUS
MH(}OpPMaLIOHHBI
MM CHCTEMAMHU;

OIIK-7.1 3HaeT METOJIbI
Hay4HBIX MCCJICIOBAHUM W THUIIOBBIE
MaTeMaTU4YeCKue MOJCIH B 001acTu
MPOCKTUPOBAHUS  MH(GOPMAIIMOHHBIX
CHCTEM U yNPaBJICHUS] MU

3HaTb METOABl MaTEMaTHYECKOIO
MOJCIUPOBAHUSA U ONTHUMH3ALUU
IIPUMEHUTEIBHO K HMPOCKTUPOBAHUIO
UH(POPMALIMOHHBIX CUCTEM u
YIIPABJICHUS] UMU

OIIK-7.2 Vmeer
METOAbI Hay‘-IHBIX HCCHGHOB&HHﬁ,
pa3pabaTbIBaTh u HPUMCHSITh
MaTeMaTU4YeCKue MOJCIM B 001acTu
MPOCKTHPOBAHKUS  MH(GOPMAIMOHHBIX
CUCTEM U ynpaBJIeHI/ISI HMMU.

IIPpUMCHATDH

YMeTpr ¢ TO3MOUHA  CHUCTEMHOIO
aHanmu3a MIPUMEHSATD METO/IbI
MaTEMaTHYECKOT0 MOJCIIMPOBAHUS U
ONTUMHU3ALMK  TPUMEHUTEIBHO K
MIPOCKTUPOBAHUIO HHPOPMAITHOHHBIX
CHCTEM U yNPABIICHUS UMU

OIIK-7.3 Biangeer HaBBIKAMHU
MIPOBEJICHUS] HAYYHBIX HCCIICIOBAHUM,
pa3paboTKu 5 PUMEHEHUS

MaTeMaTHYECKUX MOJEIeil B 00JacTu
MPOECKTHUPOBAHKUS  HMH(GOPMAIMOHHBIX
CHCTEM U YIPaBJICHU UMU

Bnagers METOaMuU
MaTEMaTU4YeCKOro MOJCIUPOBAHUS U
ONTHMH3ALMU  NIPUMEHUTEIBHO K
POCKTHPOBAHUIO WH(POPMALIMOHHBIX
CUCTEM U yNPABICHUSI UMU

1.3. MecTo AMCUUIINHBI B CTPYKTYpe 00pa30BaTe/IbHON NPOrpaMMblI

JucuuIimmHa

((MOI[GJ'II/IpOBaHI/Ie CUCTEM H

MCTOABI

OIITUMH3AIIUNY»  ABIACTCA

JUCLUIUIMHON 00s13aTesibHOM yacTh Osoka bl y4yeOHOro miaHa 1o HalpaBJIEHHIO MOATOTOBKU
«[Ipuxnagnas uHpopmMaTuka.
Jlisi OCBOGHHWSI NIUCHUIUIMHBI HEOOXOAMMBI KOMIIETEHIMH, (OpPMHpYEeMbIE B XOJ€
U3y4deHHst JUCUUIUIMHBL: "Teopus MHGOPMAIIMOHHBIX ITPOLIECCOB U CUCTEM".
B pesynbrare ocBOo€HUS NUCHUIUIMHBI (OPMUPYIOTCS KOMIETEHIIUH, HEOOXOIUMBIE IS

M3y4YeHUs

) (911200111704

OUCHUIUINH: "MeTtomonorus

U TCXHOJOIUSA  IPOCKTUPOBAHUA

uHpopmannoHuslx cucteMm", "Ympasnenune UT-npoextamu”, "MaremaTnueckue MeETOIbI U

MOACIIN TOAACPKKH  HNPUHATUA

OpraHu3aIyy .

perieHuit”,

"TexXHONOTUH  YIpaBICHUS

3HaHUSIMHU B




2. CTPYKTYPA JUCIHHUIIJIMHBI
OO6mmas Tpya0€MKOCTh JUCITUIUIMHBI COCTABISIET 4 3.€., 144 akaieMUUecKuX Jaca.

CTpyKTypa JTUCUMILIMHBI IS 04HOI opMbI 00yUeHM I

O0beM TUCIUIUIMHEI B ()OpME KOHTAKTHOW PabOThI OOYYAIOMIMXCS C MEAaroru4ecKuMHU
paboTHUKaMu U (WJIM) JTUI[AMHU, TTPUBICKAEMBIMHU K peai3alii 00pa30oBaTeIbHON POTrpaMMBI
HA WHBIX YCIIOBUSX, P MPOBEICHNUN YICOHBIX 3aHSITHIA:

Cemectp . KonnuectBo
Tun yueOHBIX 3aHATUI
4acoB
1 Jlexkuun 16
1 [IpakTnueckue paboTh 24
Bcero: 40

O0beM TUCIUIUIMHBI (MOJTYJIsT) B (hOpPME CAMOCTOSTSIILHON paOOThl 00YJIAFOIIHXCS
cocraBisieT 104 akageMUUECKUX Yaca.

CTpyKTypa JUCHUNJIMHBI VISl 04HO-3204HOI (popMBbI 00yUeHUs

O0beM IUCHUIIMHBI B (JOPME KOHTAKTHOM paboOThl 00y4aroMXCsl ¢ MelarornyecKuMU
paboOTHUKAMU U (WJIM) JIMLAMU, IPUBJIEKAEMBIMU K pealn3aliu o0pa3oBaTeIbHOW MPOrpamMMbl
Ha MHBIX YCJIOBUSX, IPU MPOBEJCHUN yUEOHBIX 3aHATHM:

Cemectp . KonuuectBo
Tun yueGHBIX 3aHATUI
4acoB
2 Jlexun 12
2 [TpakTryeckue paboThI 20
Bcero: 32

O0bemM AUCHUTUTHHBI (MOAYIs) B (POPME CAMOCTOSITEIBLHON pab0Thl 00YJYAIOLIUXCS
cocrapmsieT 94 akaJieMUUYECKUX Yaca.

CTpyKTypa AUCHUNIMHBI 11 3204HOI (p)OpMbI 00yUeHUsI

O0beM IUCHUIIIMHBI B (JOPME KOHTAKTHOM paboThl 0Oy4arolUXcs ¢ MelarornyecKuMu
paboTHUKAMU U (WMJIM) JIMLAMU, IPUBJIEKAEMBIMHU K pealu3aliu o0pa30BaTeIbHOW MPOrpamMMbl
Ha MHBIX YCJIOBUSX, PU MPOBEJCHUN y4EOHBIX 3aHATUMI:

Cemectp . KonuuectBo
Tun y4eOHBIX 3aHATHI
4acoB
2 Jlexnun 4
2 [TpakTnueckue paboThl 4
Bcero: 8

OO0beM TUCIMILTHHBI (MOTYJIs) B (hOpME CaMOCTOSTEILHON PaOOThl 00yJIArOIIUXCS
cocrasigeT 128 akagemMmnueckux yaca.




3. COAEP)KAHUE JUCHHUIIJINHbI

Pa3nes 1. MoznenupoBaHue cUCTEM, OCHOBHBIE OHATHUS. [[puHIMIIBI IOCTPOEHUS MOIEIeH

MatemaTuueckoe MOJECIUPOBAHHE KaK HEOOXOAMMBIH WHCTPYMEHT HCCIEeIOBaHUN B
COBPEMEHHOM Hayke M TexHuke. MH(pOpManmoHHBIE TEXHOJOTMH M MojenupoBaHue. Poib
TEOpUHU MOJICITUPOBaHUS B podeccruoHanbHol noaroroske IT-crnenuanucros.

MopenupoBaHue CHUCTEM, OCHOBHBIC IOHATHS U ompeneneHus. Llenmn monenupoBaHwus.
Knaccudukanus BUAOB MOJEIUPOBaHMS. AHAIUTUYECKOE M MMUTAUOHHOE MOJEIHPOBAHUE.
ITpunuune! nocrpoeHus moaenei. @opmanbHas MOAEIb CUCTEMBI.

KommbrorepHoe MojenupoBaHUE M HMMHUTALMOHHBIA JKCIHEPUMEHT Kak HeoOXoaumas
COCTaBIJIAIONIAsl Tpolecca MopaenupoBanus. Ilpumepbl (QHU3MUECKUX, aHATUTHUECKUX U
MMUTAIIMOHHBIX MozeNell MH(OPMALMOHHBIX CUCTEM M TEXHOJOTHH. [IpUHIMIBI CUCTEMHOTO
M0/IX0/1a TIPY TIOCTPOCHUU HH()OPMAITMOHHBIX CUCTEM.

3amaun uneHTU(UKALUYA B MOJEIUPOBAHUH HH(GOPMAIIMOHHBIX mpoiieccoB. [Ipumenenue
METOJI0OB  ONTUMHU3ALKMKM B MaTEMaTHMUYECKOM MOJEIHMPOBaHHM. 3ajJlaHue JONYCTUMOMN
IUHAMHUYecKo obOmactu. MopaenupoBanue s NPUHATHS pEHICHUA TpU  YIpaBJICHUU
obbekTamu. ['HOCeonmornyeckne 1 UHPOPMAIIMOHHBIE MOACIIA. DBOJTIOLMOHHBIE U JECHKCHCHBIC
Mozen HWH(OPMALMOHHBIX TMpoieccoB. WHOpManMOHHBIA TOAXOJ K pEIICHUI0 3a7ad
UACHTU(PUKAIIMMY ~ TPOLECCOB. OneMeHTbl  NPUKIAAHOW  TEOPUHM  MOJCIMPOBAHMS
uH(popMalMOHHBIX MporeccoB. OOBeKT mpukianHoil Teopun MoaenupoBanusi HC. Ilpenmer
npukiagHo Teopun mojaenupoBanus WC. Coxepikanue, CTpyKTypa U JIOTMKA MPUKIAJIHON
teopun mojenuposanus UC.

KauecTBeHHBIE M  KOJIMYECTBEHHBIE METOABI CHCTEMHOIO aHaiu3a OOBEKTOB
uHpopmaruzanuu. busnec-monens MC. CymHoCTs METO/1a SKCHEPTHBIX OLeHOK. OpraHu3anus
AKCIEPTHOIO OlIEHUBaHUA. MeToJl MO3rOBOr0O MITypMa. AHAIUTHUYECKUE METO bl MPECTABICHUS
cucreM. Teopuu, BO3HHMKIIME Ha 0a3e aHAIUTHUECKUX MPEACTaBICHUN HHPOPMALMOHHBIX
npoueccoB U TexHojoruil. [IpumeHeHre aHaIUTUYECKUX METOAOB IMpH aHanu3e u cuHrese MC.
IIpuMeHeHne CTaTUCTUYECKUX METOA0B. Teopus BBIABUKECHHS U IIPOBEPKU TUIIOTE3 IIPU aHAIU3E
HC. Teoperuko-MHOXKeCTBEHHbIE MpenacTaBieHus. ['papuyeckue meroasl uccienoBanus MNC.
CucTteMbl M CETH MacCOBOT0 OOCITY)KMBaHUS KakK amrapar UCCIe0BaHMs.

®opmansHas Mozenb cucrembl. Ceru Iletpum kak cucrtemuoe cpencrtBo ananmza WC.
MapkoBckue unenu kak meron aHanusza WC. Teopuss mapkoBckux uenei. JluckperHele u
HEIPEPBIBHBIE MAPKOBCKUE 1IENU. ATPEraTUBHBIE CHCTEMBI.

Pa3zgen 2. AHanutuyeckoe MoieIMpOBaHuEe. MeTo bl ONTUMHU3AIN

Mogenu Tteopuu MmaccoBoro obciyxuBanus. CMO. Krnaccudukamus. MapkoBckuit
ciaydaiiHbiii mpornecc. [lotoku coObiTuit. Ilpoctedimmii motok. YpaBHenusi Komnmoroposa.
[IpenenpHBIE BEpOSTHOCTH cocTosiHUM. Ilporecc «rubenu u pazMHoOkeHus». OJHOKaHaIbHAS
CMO ¢ orkazamu. MmuorokagaapHats CMO ¢ otkaszamu. OpHoka"HamsHags CMO ¢
HEOTpaHUUYEHHOU ouepenpto. MHorokanansHas CMO ¢ HeorpannueHHol ouepenbto. [lonsarue o
cratuctruyeckom moaenupoanuu CMO (metone Monte-Kapio).

Mopenu ceTeBOro IUIAHUPOBAHUS U ympaBieHus. HasHaueHue u oOnacTu mpUMEHEHUs
CETEBOTO IUIAHUPOBAHUSA | yrpaBiieHus. CeTeBas MOJIeNIb U €€ OCHOBHBIE dJIeMEHTHI. [lopsiiok u
MpaBuJia IOCTPOCHHUS CETEBBIX TpaduKOB. YHopsgodeHue cereBoro rpaduka. [lonstue o myru.
Bpemennble mapamerpsl  ceTeBbIXx TpadukoB. CeTeBoe IUIAHMPOBAHWE B  YCIOBUSX
HeomnpeaeneHHocTH. Koaddumment HanpskeHHOCTH paboThl. AHATU3 ¥ ONTHMH3AIIS CETEBOTO
rpaduka. OnTuMH3anUs ceTeBOro rpaduka METoI0M "BpeMst — CTOUMOCTB".



Pa3nen 3. Umutanmmonnoe moaenupoBanue. MTHCTpyMeHTaNIbHBIE CPEJICTBA

TexHoOrUs UMUTAIMOHHOTO MOJIEIMPOBaHU UHPOPMAIIMOHHBIX IporeccoB. Cucrema,
MOJieJIb M MaluHHasg umuTanus. [IpeuMyniecTtBa MeToga MalIMHHONW MMUTALMU JJIS OLICHKU
xapaktepuctuk MC. Meroauka MoaenupoBanus mnpoueccoB B MC g pemeHus 3anay
CHCTEMHOI'O YpOBHS, BO3HUKAIOIIMX HA JTale MPUHATUS PEIICHUA. ITanbl MNPOBEACHUS
MMHUTAMOHHOTO0 3KcniepumenTa ¢ moaeinbto MC. IToctpoenne koHuentyainbHoit moaenu C u ee
dopmanmzanus. Anroputmuszanus Moaenu MC u ee MammuHas peanm3anus. [lomydenwe u
MHTEpIIpeTalus pe3yapTaToB MoaenupoBanus UC.

Ocob6ennoctu moaemupoBanusi UC. OCHOBHBIC MOHSATHS TPOTPAMMHUPOBAHUS MOICIICH.
Azpiku  mopenupoBanus. llogxomsl Kk BeIOOpY U pa3pabOTKe S3BIKOB  MOJEIMPOBAHMUS.
ApXHUTEKTypa SI3BIKOB MMHUTAIMOHHOTO MojenupoBaHus. CrocoObl yIpaBieHHUS BpEMEHEM B
monenu ¢pynkiuonupoanus UC. Tpebosanus k sizbikam mozenupoBanus MC. Knaccuduxamms
SA3BIKOB MMHUTAIMOHHOTO MozenupoBanusa. [loaxoast k wumurtanuu npoueccoB B HUC.
CpaBHUTENbHASA OILIEHKA SI3BIKOB JJII MOJEIHPOBAaHUS MH(YOPMAIMOHHBIX MpoieccoB. Bridop
S3bIKa MOJICITMPOBAHMS ISl MPOBEACHHUS MMUTALMOHHBIX 3KcriepuMeHToB ¢ mojensimu MC.
Aptomaruzanus mojenuposanus IC. ba3el nanubix u 3HaHuii MoaenupoBanus NC.

CoBpeMeHHbIE METOAbl UMUTAIIMOHHOTO MOJIeupoBanusi. OCOOEHHOCTH CTPYKTYPHOTO U
00BEKTHO-OPHUEHTUPOBAHHOTO N0AX0A0B. MHCcTpyMeHTapuit MmoaenupoBanus 1C.

Nmuranmonnoe monenuposanue UC B cucreme GPSS. Mogaenuposanne C B cucreme
GPSS World. HMHTepakTUBHOCT, M BHU3yallbHOE mpencTaBieHue uHpopMmanuu. OOBEKTHO-
OpUEHTUPOBaHHBIN nHTepdeiic mob3oBarens. O0wvekTs "Mopeins", "TIporecc MmoaenmupoBanwms'",
"Otuer" m "Tekct". IlporpamMmHbIE SKCHEPUMEHTHI C aBTOMATUYECKUM aHAIU30M JIAHHBIX.
Muoro3anagnocts. bubmmorexka PLUS-nponienyp. Otinaaka ¢ UCnoiib30BaHUEM rpa@uvecKoro
uHTepdeiica.

Nmuranmonnoe monemupoBanue MC B cucreme AnyLogic. Enunas mmardopma st
MOJIXOJIOB TUCKPETHO-COOBITHITHOTO U HEMPEPBHIBHOTO MOJIETUPOBaHUs. blioK-cXxeMbl IPOIECcCcoB,
CUCTEMHasl TMHAMHUKa, areHTHOE MOJIeTUpoBaHue, KapThl coctosHui. Cucrtema AnylLogic kak
MHCTPYMEHT MOJAEPKKU NPUHSITHS PEIICHUN Ha YPOBHE CTPATEru

Nmuranmmonnoe monenupoanne MC B cpene Simulink. OOmee mnpencraBienue o
cucteme. [Ipocreiime mpuémsl moctpoeHus Simulink-moxeneit. OOmas cxema peanu3alnuu
MMUTAIIMOHHOTO MOJienupoBanus B cucteme Simulink. MaTepnperanus u aHanu3 pe3yabTaToOB
MOJEIIUPOBAHUS.

Pa3nes 4. OcCHOBBI IIIaHUPOBAHUS YKCIIEPUMEHTA

Ponp mumaMpoBaHMs SKCIEpUMEHTa B TEXHOJIOTMYECKHX W HAYYHBIX HCCIEIOBAHUSAX.
OcHOBHBIE 0COOEHHOCTH JKCIIEPUMEHTa HAa COBPEMEHHOM 3Talle pa3BUTHS HAYKHM U TEXHUKU.
OCHOBHBIE TUIIOBBIE 33/1a4H, PEIIAEMbIE IPH POBEICHUH SKCIIEPUMEHTA.

[InanupoBaHue »HKCIEpUMEHTa M €ro 3ajaud. KayecTBEHHBIH M KOJIWYECTBEHHBIN
ASKCIEPUMEHThI. HaydHbIii W NOPOMBINIICHHBIA JKCIEPUMEHT. AKTHUBHBIE M ITaCCHUBHBIC
skcniepuMeHThl. [lapameTpsl ontumuzanuu U TpeOoBaHUA, NpeAbsABIseMble K HUM. DaKkTOpPHI
Ypoeenb (daxrtopa. TpeboBanus, mpenbsBiasieMble K (¢akropaM IMpH IUIAHUPOBAHUU
JKCIiepuMeHTa. Bpibop Moxenu skcnepuMeHTa. [loHATHS: OTKIMK, (YHKIHUS —OTKIMKA,
MTOBEPXHOCTh OTKJIUKA.

Mertoabl miuaHupoBaHus dKcniepuMeHTa. [lonHbli ¢dakTopHBI 3kcriepuMeHT. [lomHbIi
(bakTOpHEI SKcrepuMeHT THma 2X. MaTpuua IIAHMPOBAHHMS, BEIYMCIEHHE KOS HIMEHTOB
ypaBHEHHsI perpeccud. MaTpuna IUIaHUPOBAaHMUS TIOJHOTO (DAaKTOPHOTO 3KCIIEPUMEHTA.
[TpoBepka 3HauMMOCTH KO3(PHUIIUEHTOB U aIEKBaTHOCTU YPaBHEHHS pErpecCcHi.

JIpo6HBIT (akTopHbIA SKcrepuMeHT. Ilmamel Tuma 2%P. JlpoGHas pemmuka. Bribop
noyperumk. Onpenensomuii KOHTPAcT, TeHepupymlnee cooTHomeHue. Beibop 1/4-peruk.
Ob6o6maromuii onpeaensommii Koutpact. [lnansl Broporo nopsaka. KoMmno3umonHsie miaHbl
bokca-Yuncona. OproroHaibHbIe IJIaHBI BTOPOro nopsiaka. Kpurtepun onTMMaTIbHOCTH TJIAHOB.



[ImanupoBaHue SKCHEpUMEHTa NPU TOMCKE ONTHUMAJbHBIX  yCJIOBHH. Metoxa
HOKOOpHHHaTHOﬁ OIITUMMU3AIINHA. OHTI/IMI/ISaI_[I/ISI MCTOAOM  KpPYTOIo BOCXOXKACHUA 10
MOBEPXHOCTHU OTKJIMKA. CuUMILIEKCHBIH METOJ] IJTAHUPOBAHMUSL.
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4. OBPA3OBATEJIbHBIE TEXHOJIOT MU

Jns mpoBepeHHs Y4YeOHBIX 3aHATHH 1O JUCHMUIUIMHE HCIONB3YIOTCA —pas3IUYHbIC
oOpa3oBaTenbHble TeXHOJOTHH. JIJis opraHm3anmuu y4eOHOro mporecca MOXeT OBITh
UCIIOJIb30BAHO AIEKTPOHHOE 00yUeHHE U (MJIH) AUCTAHIIMOHHbBIE 00pa30BaTeIbHBIC TEXHOIOTHUH.

5. OHEHKA IINIAHUPYEMBIX PE3YJIbTATOB OBYUYEHUA
5.1.Cucrema olieHUBaHUSA

PDopmMa KOHTPOJIA Makc. K0JM4ecTBO 0a/1710B
3a oxny Bcero
padory

Texymui KOHTPOJIb:

- Onpoc 12 bannos

- Ilpaxmuueckas paboma Nel 8 bannos

- [Ipaxmuueckas paboma Ne2 8 6annos 60 6annos

- Ilpaxmuueckas paboma Ne3 8 6annos

- IIpaxmuueckas paboma Ne4 8 6annos

- Ilpaxmuueckas paboma Ne5 8 6annos

- IIpaxmuueckas paboma N6 8 bannos
[IpomexyTouHas aTTecTanus 40 6annoe 40 6annoe
HToro 3a cemectp 100 6annos

[Tomy4eHHBIN COBOKYITHBIN PE3yJIbTaT KOHBEPTUPYETCS B TPAIUIIMOHHYIO IITKATy OIEHOK U B
HIKaJTy olleHOK EBpormeiickoli cucTeMsl iepeHoca 1 HakoruieHus kpeautos (European Credit
Transfer System; nanee — ECTS) B COOTBETCTBHH ¢ TaOJIUIICH:

100-6anmpHas TpajumonHas mKana HIkana
IKanza ECTS
95100 OTJIMYHO A
83 -94 B
68 — 82 XOpOIIIO 324TEHO C
gg : gg YIIOBJICTBOPUTEIHHO lI:E)
20— 49 FX
0_19 HEY/IOBJIETBOPUTEIHHO HE 3a4TEHO F
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5.2. Kputepuu BbICTaBJIeHHsI OLEHKH MO IUCUMUILINHE

Banasy/
Mlxana
ECTS

Onenka no
JUCHMIIIMHE

KpuTepun oneHkH pe3ybTaTOB 00y4YeHHS O AUCIHUTIAHE

100-83/
AB

OTJINYHO/
3a4TEHO

BrictaBisiercss oOydaromemycsi, €cid OH TNIyOOKO M TMPOYHO YCBOWI
TEOPETHUYECKUN M MPAKTUYECKUH MaTephall, MOXeT MPOAEMOHCTPUPOBATh
9TO HA 3aHATHAX U B XOJI€ IPOMEKYTOUIHOH aTTeCTaIlNH.

OOyuaromuiicsi CYEPNBIBAIOIE M JIOTHUECKH CTPOHHO M3MaraeT y4eOHBIN
MaTepuajn, YMEET YBA3bIBATb TEOPHIO C TMPAKTUKOM, CIpPaBIsSETCS C
pemieHreM 3amad npodeccHoHaIbHONW HANpaBIEHHOCTH BBICOKOTO YPOBHS
CIIO’)KHOCTH, IPABUIILHO 0OOCHOBBIBAET MPHUHSATHIC PEILICHHS.

CB0O0OTHO OpUECHTHPYETCS B YUCOHOU U PO ECCHOHATILHOM JTHTEpaType.
OneHka 10 [JUCHWIDIMHE BBICTABISIETCS OOyYaromeMycss ¢ y9ETOM
PEe3yAbTAaTOB TEKYIIEH U MPOMEKYTOUHON aTTECTALUU.

KomneTeHnumu, 3akperui€HHble 3a TUCIUIUINHOM, COPMHUPOBAHBI HA YPOBHE
— «BBICOKHIN.

82-68/

xopormo/
3a4TEHO

BrictaBnsercss oOywaromiemycsi, €clid OH 3HAe€T TEOPETHUECKUH U
MPAKTUYECKAN MaTepHan, TPaMOTHO H, MO CYHIECTBY, HM3JIaracT €ro Ha
3aHATUAX WU B XO0AE€ HpOMC)KyTO‘-IHOﬁ arreCralu, HE JOO0IIyCKasd
CYIECTBEHHBIX HETOYHOCTEH.

OOyuatomuiicss NpaBUIBHO NPUMEHSET TEOPETHUECKHE IOJIOKEHUS Npu
pelleHHH MPAaKTUYEeCKUX 3aJad MpoecCHOHANBHONW HANpaBICHHOCTH
Pa3HOTO YPOBHSI CII0)KHOCTH, BIaJIeeT HEOOXOJUMBIMH JIJIsl STOT'O HABBIKAMHU
U NIpUEMaMHU.

JlocTaTOyHO XOpOIIO OPHUEHTHUPYETCS B y4eOHOW M TpPOodheCCHOHATBHON
JTuTepaType.

OneHka 1O [AUCLMIUIMHE BBICTaBIIsieTCAd oOOydaromeMmycs ¢ yd4&ToMm
pe3yJIBTAaTOB TEKYILEH M MPOMEKYTOUHON aTTECTALlUH.

KomneTenumu, 3akperi€HHble 3a TUCIUIUINHON, COPMHUPOBAHBI HA YPOBHE
— «XOPOUIUIIY.

67-50/
D,E

yIIOBJIETBOPH-
TEJIbHO/
3a4TEHO

BricTaBnsercs oOydaromemycs, e€clii OH 3HaeT Ha 0a30BOM YpOBHE
TEOPETHUECKUN U NMPAaKTUIECKUI MaTepua, TOMyCKaeT OTAeIbHbIE OINOKU
IIpY €70 U3JI0KEHUHU HA 3aHATUAX U B XOZ€ NPOMEXKYTOUYHON aTTECTALMH.
OOy4aroIuiicss UCTIBITHIBAET OTPENeIEHHbBIE 3aTPyIHEHUS B NMPUMEHEHHUH
TEOPETUYECKUX TIOJIOKEHUUA TpU  PEIICHUWM MNPAaKTUYECKUX  3a7ad
MpoeCCHOHANBEHON HANpaBIeHHOCTH CTAaHAAPTHOTO YPOBHS CIIOKHOCTH,
BIIa/ieeT HEOOXOAUMBIMH JUIS STOTO 0A30BHIMH HABBIKAMU W ITPHUEMAMU.
JleMOHCTpUPYET NOCTaTOYHBI ypOBEHb 3HAHUS Y4eOHOH JTUTEpaTypsl MO
JUCLUIIINHE.

OneHka 10 JUCIMIDIMHE BBICTaBISIETCS oOydaronmieMycs ¢ y4€Tom
Pe3yJBTAaTOB TEKYIEH U MPOMEKYTOUHON aTTECTAIlUH.

KomneTeHuu, 3akperi€HHbie 3a JUCIUIUTMHON, COPMHUPOBAHBI HA YPOBHE
— «JIOCTaTOYHBIIY.

49-0/
FFX

HEYOBICTBOPHUT
eJIbHO/
HE 3a4TEHO

BricTaBnsiercss oOydaromiemycsi, €Clii OH HE 3HaeT Ha 0a30BOM YpOBHE
TEOPETHUYECKUN ¥ TMPAKTHUECKUH MaTepwal, JOMycKaeT TpyOble OIMOKU
IIpU €TI0 U3JI0KCHWU Ha 3aHATHUAX U B XOI€ HpOMeX(YTOqHOﬁ aTTeCTallnuu.
OOydJaromuiicss HCTBITHIBAET CEPhE3HBIE 3aTPYAHEHUS B TIPUMEHEHHH
TEOPETUYECKUX TIOJIOKEHUW TpU  PEHICHHH MPAKTUYECKUX  3a7ad
npoecCHOHaIbHON HANPAaBICHHOCTH CTaHJAaPTHOIO YPOBHS CJIOXKHOCTH,
HE BJIaJIeeT HeOOXOTUMBIMH JIJISl 3TOTO HABBIKAMU M MMPHEMAMHU.
JleMOHCTpUpyeT (QparMeHTapHbIE 3HAHWS YYeOHOW JIMTEPATyphl 110
JTUCLUTUINHE.

OneHka 1O JUCIMIDIMHE BBICTABISETCS oOydaromeMycs ¢ ya&Tom
pe3yJIbTaTOB TEKYIIEN U MTPOMEKYTOUHON aTTECTAINH.
Komnerenumu Ha  ypOBHE  <«JIOCTaTOYHBINY,
JTUCIIUIIIINHOHN, He c(OPMHUPOBAHBIL.

3aKp CIUICHHBIC 3a
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Texymui KOHTPOJIb

[Tpu orleHMBAaHUM YCTHOT'O OTIPOCA YUUTHIBAIOTCS:
- CTETICHb PACKPBITUS COJICPIKAHUS MaTepraa,;
- HW3JI0XKCHHE Marepuayia (TPaMOTHOCTh pPEYHM, TOYHOCTh HCIOJB30BAaHUS TEPMHHOJIOTHH H
CHMBOJIUKH, JIOTUYECKAS IMOCIIEA0BATEILHOCTD U3JIOKCHHS MaTepHaia);
- 3HaHWE TEOPUU W3YYCHHBIX BOIMPOCOB, CHOPMHUPOBAHHOCTH U YCTOWYMBOCTH HCIOJB3YEMBIX
IIPU OTBETE YMEHUN U HaBBIKOB.

Kpurepuu onieHuBaHus caeayomue
OmauyHo — CTYIEHT cIOocOOeH 0000IMTh MaTepual, clejaaTh COOCTBEHHBIE BBIBOJIbI, BHIPA3HUTh
CBOC MHEHUE, MPUBECTU WLTIOCTPUPYIOIINE TPUMEPBHI.
Xopowio — OTBETHl CTyJeHTa NpaBHIbHBIE, HO HEMOJHbIe. He mpuBeneHbl WILTIOCTPUPYIOLINE
npUMephI, 00001IaroIIee MHCHHUE CTYICHTa HEJJOCTATOYHO YETKO BBIPAXKEHO.
Yooenemeopumenvno — OTBETHl NMPaBUIbHBIE B OCHOBHBIX MOMEHTAaX, HET WJLTIOCTPHPYIOIIUX
MIPUMEPOB, OTCYTCTBYET COOCTBEHHOE MHEHHUE CTYACHTA, €CTh OITMOKH B ICTAJISX.
HeynoBneTBopUTensHO - B OTBETaX CTYJCHTA CYIIECTBEHHBbIE OMIMOKH B OCHOBHBIX aCIEKTax
TEMBI.

[Tpu orleHMBaHUM 3aIUTHI IPAKTUYECKON PaOOTHl YUUTHIBACTCS:

- 3aJjaHUe BBITIOJTHEHO HE TIOJTHOCTHIO W/WIIH JIONYIICHBI IBE M 00JIee OMMOKN WM TPH U
0osee HETOYHOCTH — 1-5 6asoB;

- 000CHOBAaHHOCTH COJICPIKAHUS U BBIBOJIOB pa0OTHI (32/1aHNE BHITIOJTHEHO MOJHOCTHIO, HO
000CHOBaHUE COJIEP’KaHUS U BBIBOJIOB HEIOCTATOYHBI, pacCykJIeHus BepHbl) — 6-10 Gamos;

- paboTa BBINIOJIHEHA IOJIHOCTHIO, B PACCYKACHHUIX W OOOCHOBAHWUU HET MPOOCIIOB MU
oIIMOOK, BO3MOKHA 0JHA HETOYHOCTE -10-12 Gamios.

HpOMe)Ky'TO‘lHa}I aTTcCTaluusa

ITpu mpoBeaeHNN MTPOMEKYTOUHOM aTTECTAllMU CTYAEHT JOJKEH OTBETUTH Ha 2 BOMpoca
TEOPETUYECKOTO XapaKTepa.

[Tpu onieHMBaHUM OTBETA HA BOIIPOC TEOPETUUECKOT0 XapaKTepa YUUThIBACTCS:
- TEOPETHYECKOE COJIepKaHNEe HE OCBOCHO, 3HAHNE MaTepHaia HOCUT (hparMeHTapHBIN XxapakTep,
HaJlmyue rpyosIx omubok B otBeTe (1-5 Gansios);
- TEOPETUYECKOE COJIEP)KAHHE OCBOCHO YaCTUYHO, JAOMYIICHO HE 0Oojiee ABYX-TpeX HEI0UYETOB
(6-10 6amnoB);
- TEOPETUYECKOE CO/AEP’KaHWE OCBOCHO IMOYTH IOJHOCTHIO, JIOMYIIEHO He 0osee OIHOTrO-IBYX
HEJI0YETOB, HO 00YyYaroIUICs cMOT Obl UX UCIIPABUThH caMmocTosTeNnbHO (11-15 6annos);
- TEOPETHUYECKOE COJICpKaHHE OCBOCHO TMOJHOCTHIO, OTBET MOCTPOCH 10 COOCTBEHHOMY IUIaHy

(16-20 6ayoB).

5.3.01eHOYHbIE cpecTBA (MaTepHaJibl) VI TEKYIEro KOHTPOJIsl yCIieBaeMOCTH,
HpOMe)KyTO‘IHOﬁ arrecranmumu oﬁyqamumxcn 0o AMCIHMIIJINHE

Bormpocs! k Tekymieit arrecrarmu (YK-1, OITK-7)
Paznen 1

1. KommbloTepHOE MOJCTHPOBAHNE W IMUTAMOHHBIH SKCIIEPUMEHT KaKk HEOOXOIUMBbIE
COCTABJISIFOLIIHE TIPOIecca MOJICITUPOBAHHS CIIOKHBIX CHCTEM.

2. CucTeMHBIH MOAX0 pH co3aannu nHpopmarmoHHsix cucteM (MC).

3. JXKu3HEHHBIH MUK HHPOPMALMOHHBIX CUCTEM.

4. Knaccupukamuu u CBOHCTBa HHPOPMALIMOHHBIX CUCTEM.
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5. OcCHOBHBIE COCTABIISIOIINE TPOLIECCa MOJICIUPOBAHMS: (PU3NIEeCKas MOJIEIb, MaTeMaTHIeCKas
MO/J1€JIb, KOMIIBIOTEPHAS MOJIETIb.

6. Meronsl MoaEeTUPOBAaHUS HHPOPMAIIMOHHBIX MPOLIECCOB.

7.  Meronsl MoeTUpPOBAaHUS HH(POPMALIMOHHBIX TEXHOJIOTHA.

8. MUnentudukanus B MOJACIMPOBAaHUN HHPOPMAIIMOHHBIX MTPOIIECCOB.

9. KauecTBeHHbIE U KOJIMYECTBEHHBIE METOJIbI CHCTEMHOT'O aHaJIN3a 00BbEKTOB MH(POPMATH3AIUH.
10. Busuec-monens UC.

11. MeTon 3KCIEpTHBIX OIEHOK.

12. TexHOJOTHS UMUTAIIMOHHOTO MOJICTUPOBAHUS HH(POPMAIIMOHHBIX ITPOIIECCOB.

13. MHcTpyMeHTalIbHBIE CPEACTBA MOACIHPOBAHUSI HH(OPMAIIMOHHBIX CHCTEM U TEXHOJIOTHH.

14. SI3pIKM MOAETUPOBAHUS.

15. Knaccudukanus sS36IK0B MMUTAlMOHHOTO MOJICIIMPOBAHUS.

16. CoBpemeHHbIE METOAbI HMHUTALIMOHHOTO MOJICTHPOBAHHMS.

17. TlakeTsl MPUKIAIHBIX TPOTPAMM ISl MOACITUPOBAHUS HHPOPMAIIMOHHBIX MPOIIECCOB U
TEXHOJIOTH.

18. Metonomnorusi 00BbEKTHO-OPUEHTHPOBAHHOTO MOJICIIMPOBAHUS C UCTIOIB30BaHueM s3bika UML.
19. MHcTpyMeHTalbHBIE CPEICTBA PAIMOHATN3AINN UCCIEIOBAHUSI U MOJICIINPOBAHHUS
UH(QOPMAIIMOHHBIX MTPOIIECCOB U TEXHOJIOTHH.

20. TlepcneKTUBBI pa3BUTHS METOJOB HCCIICIOBAHUS U MOJICIIUPOBAHUS HH()OPMAIIMOHHBIX
NPOILIECCOB U TEXHOJIOTHH.

Paznen 4

1. Ponb miaHMpoBaHMS YKCIIEPUMEHTA B TEXHOJIOTHYECKUX M HAYYHBIX UCCIECOBAHMUSX.

2. OcCHOBHBIE TUIIOBBIE 331a4H, peIIacMble IPH MPOBEICHUH YKCIIEPUMEHTA.

3. Knaccugukarys sKkCriepuMeHToB.

4. ®daxropsl. YpoBeHb (pakTopa. TpeboBanus, nperbspisieMble K (pakTopaM NpH INTaHUPOBAHUH

HKCIIEPUMEHTA.

5. BriOop mozxenu sxcriepuMenTa. [ToHATHS: OTKIMK, GYHKIUS OTKIMKA, TTOBEPXHOCTH OTKIIMKA.
6. MeTop! IIAHUPOBAHKS YKCTIEpUMEHTA. I10THBIH (paKTOPHEIH SKcepuMeHT Thia 25 Matpuia
TUTAHUPOBAHUS, BEIYMCIICHUE KOA(PPHUIMEHTOB YpaBHEHUS perpeccui. Marpuiia rmiaHupOBaHuUsS
HOJHOTO (pakTOpHOTO HKCcepuMenTa. [IpoBepka 3HaunMocTH K03 UIUEHTOB U aJIeKBaTHOCTU
YPaBHEHUS PErpecCumu.

7. MeTo/bl IUIAHUPOBAHMS dKCTIepUMeHnTa. Jpo6HEIi (GakTopHbIil SkcriepuMent. [lnans! Trma 2P,
Hpobnas permka.

8. Ilmansl BTOporo nopsiaka. Komnosunuonusie miansl bokca-Yuicona. OpToroHaabHbIE TUIAHBL
BTOPOTO MOPSIKA.

9. Kpurepun onTuMaabHOCTH IUIAHOB.

10. CymrHocTs ¥ anropuT™ CUMIUIEKC-TUIAHUPOBAHMS (Ha IpUMeEpe MIAHOB MEPBOTO MOPSIIKA).

Bomnpocs! juist moAroToBKH K nmpoMexytounoit arrecranuu (YK-1, OIIK-7)

1. CymsocTb 1 0COOEHHOCTH MOJEIUPOBAHUS HH(POPMALIMOHHBIX IPOLIECCOB U TEXHOIOTUH.
2. MaremaTnueckoe MOJIEINPOBAHUE KaK HEOOXOIUMbIH HHCTPYMEHT HCCIIEA0BaHNUI B
COBPEMEHHOM HAYKE U TEXHUKE.

3. HudopmannoHHbIe TEXHOIOTUH U MOJECINPOBAHHE.

4. Ponp Teopuu MOIEIMPOBAHUS B IpodeccnoHanbHOM noaroroske IT-cnennanmcTos.

5. KomnbroTepHOe MOZENNpPOBaHUE U UMUTAIIMOHHBIN SKCIIEPUMEHT KaK HEOOXOJUMBbIE
COCTaBJIAIOLIUE NPOLIECCa MOJCINPOBAHNS.

6. IIpumeps! pu3HUECKUX, AHATUTUIECKUX M HMUTAIIMOHHBIX MOAeIel HHPOPMAIIMOHHBIX CHCTEM
U TEXHOJIOTUH.

7. KOMIIbIOTEpHAsl UMUTAIM HHPOPMALMOHHBIX [IPOLECCOB U TEXHOJIOTUH.

8. Kiaccugukanus MeTog0B MOICTUPOBaHIS HH()OPMALMOHHBIX IIPOIIECCOB.



9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
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3anaun uaeHTU(UKAIIHA B MOJICIUPOBAaHUN HH()OPMAITMOHHBIX MIPOIIECCOB.

[IpumeHeHre MeTO10B ONTUMHU3ALMH B MATEMaTUYECKOM MOJEIHPOBAHUU.

KauecTBeHHbIE U KOJTMUECTBEHHBIE METOIbl CACTEMHOT'O aHaJN3a 00bEKTOB HH(OPMaTU3ALIUY.
Mertoa 3KCIEPTHBIX OLEHOK.

MeTo10510THsl UMUTALIMOHHOTO MOJIETHUPOBaHMS HH()OPMALIMOHHBIX MTPOLIECCOB M TEXHOIOTHIA.
TexHOoI0TH UMUTALIMOHHOTO MOJIETUPOBAaHUS HH(POPMAILIMOHHBIX MPOLIECCOB.

CMO. Knaccuduxarms. MapKOBCKHI ClIy4daiHbBIH mporiecc.

[Toroku coObrThi. [IpocTelmmii MoToK.

VYpasuenust Konmoropoga. [IpenensHbie BEpOSTHOCTH COCTOSTHUH.

[Tponecc «rubenu u pa3sMHOKEHUS.

OpnnokanansHast CMO ¢ oTkazamu.

MpuorokanansHasgs CMO ¢ oTkazamu.

OnnokanansHass CMO ¢ HeorpaHUUEHHOU OYEPEABIO.

Mpuorokananbaass CMO ¢ HeorpaHU4€HHON OuepeabIo.

OCHOBBI IJIAHUPOBAHHUS dKCTIEpUMEHTa. I10JTHbII haKTOpHEI FKCrepumMeHT 2K,

OCHOBBI IJIAHUPOBAHHUS dKCIIEPUMEHTa. JpO6HEIA (hakTopHbIil SKkcnepuMent 2P,

[Tonyuenue u uHTEpIIpeTaLus pe3yabTaToB Moaearpoanus UC.

HNHCcTpyMEeHTaNbHbIE CPEeCTBa MOJACTUPOBAHUS MH(POPMAITMOHHBIX CUCTEM M TEXHOJIOTHA.
ApXUTEKTYypa S3bIKOB UMUTALIMOHHOTO MOJIEIINPOBAHUS.

Knaccugukanus s36IK0B UMUTALIMOHHOTO MOJICITUPOBAHHUSI.

[Tonxoae! k umuTarmu mnpoueccos B VC.

CpaBHUTeNbHAS OLIEHKA S3BIKOB JJI1 MOJISTMPOBAHUS MH(OPMALIMOHHBIX MTPOIECCOB.

Br10op s13p1ka MOAETMPOBAHMUS [T TIPOBEACHUSI UMUTAIIMOHHBIX KCTIEpUMEHTOB ¢ Mojessivu C.
Aptomaruzauusi Mmoaenupoanust UC.

ba3bl nannbix u 3HaHuil Mmojenuposanus MC.

Hcnonb3oBaHre MakeTOB MPUKIAIHBIX TPOrPAMM JIJIsl UCCIIEIOBAHUS U MOAECIUPOBAHUS

I/IH(i)OpMaLII/IOHHBIX MpouecCoOB U TEXHOJIOTHIA.

35.

Uccnenopanue I/IH(I)OpMaLII/IOHHbIX IMpoLEcCCOB U TEXHOJIOTHI METOJIOM MMPOBCACHUA

UMUTAIMOHHBIX dKcTiepuMeHTOB B cpene GPSS World.

36.

Uccnenopanue I/IH(I)OpMaLII/IOHHbIX MMponeCCOB U TEXHOJIOTHI METOJIOM MMPOBCACHUA

MMUTALIMOHHBIX 3KCIIEPUMEHTOB B cpenie AnyLogic.

37.

HccnenoBanne nHGOPMAITMOHHBIX TIPOIIECCOB U TEXHOJIOTHUI METOAOM IIPOBEIACHUS

MMUTAIIMOHHBIX SKCTIEPUMEHTOB B cpene Simulink.

38.

HepCHeKTI/IBBI pa3BuUTHA METOAOB UCCICAOBAHUA U MOACITIUPOBAHUSA I/IH(i)OpMaIlI/IOHHI)IX

MPOLIECCOB U TEXHOJOTHUH.
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6. YYEBHO-METOJANYECKOE U UTH®OOPMALNOHHOE OGECIIEYEHHUE
JUCHUITTIMHBI
6.1.Cniucok JuTepaTyphbl

OcHoBHast
1. Beronenko JI. @. VIMuTanimoHHOE MOJICTUPOBAHUE: YYCOHMK M TPAKTUKYM IS

By30B/ JI. ®. Betonenko, M. B. Muxaiino, T. H. IlepBo3BaHckasi; 1moa  pemakuuen
JI. ®. Brro"enko. — Mocksa: W3nparenscTBO «OpaiiT, 2020. — 283 c. —
URL: https://urait.ru/bcode/450145

2. CasmwxkoB O. A. IIpakTHKyM 1O METOAaM ONTHUMH3AIMH: YuebHoe mocodue. — M.:
ByzoBckuii yueonnk, HUL[ MHDPPA-M, 2020. — 231 c. - Tekct: anekrponnsii. — URL:
https://new.znanium.com/catalog/product/1036460 .

3. boer B. JI. MoxaenupoBanue B cpene Anylogic: yueOHOe mocodue st By30B. — M.:
N3narensctBo «tOpaiit», 2020. —298 c¢. — URL: https://urait.ru/bcode/453068

4. boes B./l. UmMutaninoHHO€ MOJEIUPOBAHUE CHCTEM: YydeOHOe TMocoOue Juis
By30B. — Mocksa: M3narensctBo «tOpaiity, 2020. — 253 c. —URL: https://urait.ru/bcode/453964

5. Kyapssues K. S. Meroasl ontumuzanuu: y4ed. mocobue ans BysoB / K. Sl
Kynpsisues, A. M. [IpyaaukoB. — 2-e uzn. — M. : M3parensctBo «tOpaiit», 2018. — 141 c. —
(Cepus : Yuuepcuretsl Poccun).

JlonmosiHMTEIBLHAS

1. Meroasl onTtuMu3anMu. 3aJadyHUK: ydeOHoe Tmocobue Juisi OakamaBpuata W
maructpatypsl / B. B. Tokapes, A. B. Coxonos, JI. I'. Eroposa, II. A. Meimkuc. — Mocksa:
UznatenberBo «HOpaiit», 2019. — 292 c. https://biblio-online.ru/bcode/429999.

2. PemesoBa E. M. NmMuranmonnoe moaenupoBanue B cpenae AnylLogic: a0, mpakTHKyM /
Bnagum. roc. yu-T uM. A. I'. u H. I'. CtoneroBeix. — Bnagumup: U3a-so Bal'Y, 2017. — 87 c.

3. INanTeneeB A. B. Meroapl ontumm3anuu. [Ipaktuueckuil Kypc: ydeOHoe mocobue /
A.B. IlantemeeB, T. A. JletroBa. — Mocksa: Jloroc, 2020. - 424c. - URL:
https://znanium.com/catalog/product/1212440.

4. AtretkoB A. B. Metoasl ontummsanuu: yde6Hoe mocobue / A.B. Arrerkos, B.C.
3apyoun, A.H. Kanatuukos. - Mocksa: UI[ PUOP: HUL] Uudpa-M, 2019. - 270 c. - URL:
https://znanium.com/catalog/product/1002733.

5. lpeec 1O.T. NmurarmonHoe MojaeaupoBaHue: ydeOHOe mocoOue s By30B /
1O0. T'. [Ipesc, B. B. 3onotapés. — 2-e uzn., ucnp. u jnon. — Mocksa: UznarensctBo «tOpaidTy,
2020. — 142 c. — URL.: https://urait.ru/bcode/456381

6. MogenupoBaHue CUCTEM U MIPOIECCOB: YUEOHUK NIl aKaJeMUIecKoro OakamaBpuara
/ mon pen. B. H. Bonkosoii, B. H. Ko3noBa. — M. : U3natensctBo «tOpaiit», 2019. 450 c. —
(Cepus : bakanaBp. AkageMHuyecKuil Kypc).

7. JlearkoB B. B. Mwmwutanumonnsle uccienoBanusi B cpeae moaenupoBanus GPSS
STUDIO: yue6. mocobue / B.B. JleBsitkos, T.B. [lesitkoB, M.B. ®enoros; mox odbmur. pen. B.B.
HesstkoBa. — MockBa: Bysosckuit yueOHuk: MHOPA-M, 2020. — 283 c. — Tekcr:
anekrponnsii. - URL: https://new.znanium.com/catalog/product/1046042

8. Teopus nHPOPMALMOHHBIX MpoleccoB U cucteM : yuebnuk / FO. FO. I'pomos, B. E.
Hunpux, O. I'. UBanosa, B. I'. Ognonbko. — Tam60B : M3a-Bo ®I'BOY BIIO «TTTY», 2014 —
172 c.

9. I'opnymkuaa H.H. CucteMHBIii aHATU3 U MOJICTTMPOBaHNE HH(DOPMAITHOHHBIX
nporeccoB u cucreM. — CI16: Yuusepcurer U”TMO, 2016. — 120 c.


https://urait.ru/bcode/450145
https://new.znanium.com/catalog/product/1036460
https://urait.ru/bcode/453068
https://urait.ru/bcode/453964
https://biblio-online.ru/bcode/429999
https://znanium.com/catalog/product/1002733
https://urait.ru/bcode/456381
https://new.znanium.com/catalog/product/1017978

6.2.I1epeuens pecypcoB HHGPOPMAIHOHHO-TETeKOMMYHUKANIMOHHOH ceTn « AHTepHET»
HanwmonansHast snekrponnas 6udaunoreka (HOB) www.rusneb.ru

ELibrary.ru Hayunas snextponHnas 6ubnuorexa Www.elibrary.ru

DnexTponHas 6ubnmoreka Grebennikon.ru www.grebennikon.ru

Cambridge University Press

ProQuest Dissertation & Theses Global

SAGE Journals

Taylor and Francis

JSTOR

https://www.anylogic.ru/ caiiT KoMImaHHH-Pa3pabOTUYNKA CHCTEM MMUTAIL[HOHHOTO
MOJICITUPOBAHHSL.

http://elina-computer.ru/static/nasha-missiya.html — caiir kommanuu "DrHa KOMIBIOTEP"
(uccnenoBaHus B 001aCTU UMUTAILMOHHOTO MOJIEJIMPOBAHMUS).
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http://simulation.su/ru.html caiit HartnonansHOro 001ecTBA KMHTAIHOHHOTO MOJCTHPOBAHHSL.

https://math.semestr.ru/ onnaiH KaJIbKyISTOPBI ONTHMU3AIMOHHBIX 3a/1a4.
http://systems-analysis.ru/ Cuctemusiii ananu3. CripaBoOYHO-MH()OPMAITUOHHBIN CAWT.

6.3 IlpodeccuoHaIbHBIE 0A3bI JAHHBIX H HH(POPMANMOHHO-CIPABOYHbIE CHCTEMBbI
Hoctyn k npodeccuonanbubiM 6a3am manubix: https:/liber.rsuh.ru/ru/bases
NudopMarmoHHbIe CITPaBOYHBIC CHCTEMBI:

1. Koncynsranrt [Inroc
2. Tapanr


https://www.anylogic.ru/
http://elina-computer.ru/static/nasha-missiya.html
http://simulation.su/ru.html
https://math.semestr.ru/
http://systems-analysis.ru/
https://systems-analysis.ru/systems_analysis.html
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7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

Jlnisi MaTepuaaIbHO-TEXHHUYECKOT0 00ECIICUCHHS TUCIIUIUTMHBI UCIIOIb3YIOTCS: JICKIIMOHHBIH
KJIacC C BHIEO MPOCKTOPOM M KOMIIBIOTEPHBIH Ki1acc, 00OpYIOBaHHBI COBPEMEHHBIMH
[EPCOHATBHBIME KOMITBIOTEPAMHU ISl KaXOTO CTYACHTa, 00OPYJOBAaHHOTO B CBOIO O4YEPE/Ih
COBPEMEHHBIM IPOrPAMMHBIM OOECIIEYeHUEM: Ha KOMITBIOTEpPE JOJDKHA OBITh YCTAHOBIICHA
aKTyajbHas Bepcus onepannonHoi cuctembl Windows komnanuu Microsoft, mpukiaagHoi maker
nporpamMm  Microsoft Office Bepcum ne Hmxke 2007, maker MATLAB, cBoGoaHO
pacIpocTpaHsieMble BEpCHH CUCTEM UMHTAIMOHHOTO MoaenupoBanus GPSS, Anylogic.

No| Hanmenosanue [10 IIpousBoauTenn Cnioco6 pacrpocTpaHeHUs

1. | Microsoft Office 2010 Pro Microsoft JIMICH3UOHHOE

2. | Windows XP wimm Windows 7 | Microsoft JIALEH3MOHHOE

3. | GPSS Studio Minuteman Software CBOOOJIHO PACIPOCTPaHIEMOe
4. | AnyLogic The AnyLogic Company | cBOGOAHO pacpocTpaHsIeMoe

8. OBECHEYEHHUE OBPA30OBATEJIBHOI'O ITPOLHECCA IJI JIML, C
OI'PAHUYEHHBIMU BO3MOKHOCTSAMMU 31O0POBbAA

B xone peanuzanuu AUCHUIUIMHBI UCHOIB3YOTCS CICIYIONIUE JTOTIOTHUTEIBHBIC METOJIbI
00y4YeHUsI, TEKYIIETO KOHTPOJISl YCIIEBAEMOCTH M IMMPOMEKYTOYHON aTTEeCTAIlMH OOYJArOIINUXCS B
3aBUCUMOCTH OT UX WHIMBHyaTbHBIX 0COOCHHOCTEH:

® JIIs CJICTIBIX M CJTa0OBHISIINX: JIEKIUU O(OPMIISIFOTCS B BHJIE 3JICKTPOHHOTO JIOKYMEHTA,
JIOCTYITHOTO C IIOMOIIBI0 KOMITHIOTEPA CO CIICIIHATU3UPOBAHHBIM ITPOTPAMMHBIM 00CCIICUECHUEM;
MUChMEHHBIC 33J]aHHs BBIMIOJIHAIOTCS Ha KOMIBIOTEPE CO CIEIUATU3UPOBAHHBIM MTPOTPAMMHBIM
o0ecrieueHreM Ui MOTYT OBITH 3aMEHEHEI YCTHBIM OTBE€TOM;, oOecrieunBaeTcs WHIAWBUAYAJIBbHOC
paBHOMepHOe ocBerieHrne He MeHee 300 JroKC; A BBIMOTHEHHS 3a/1aHus IPU HEOOXOTUMOCTH
IPEOCTABIISETCS YBEINIHBAOIIEE YCTPOWCTBO; BOBMOKHO TAKXKe MCITOIB30BAaHUE COOCTBEHHBIX
YBEJIMYUBAIOIIUX YCTPOMCTB; MUCHMEHHBIE 3aJaHUs O(OPMISIOTCS YBETUYEHHBIM MIPUQPTOM;
9K3aMEH U 3a4€T MPOBOJATCSA B YCTHON (opMe WM BBHINOJHSIOTCS B MUCbMEHHOW (hopMe Ha
KOMIIBIOTEPE.

® Ui TIYXHX U ClHa0OCHBIIIANIMX: JEKIUH O(GOPMIAIOTCS B BUAE DJICKTPOHHOTO
JOKYMEHTa, JHOO0 TpeAoCTaBiIsieTcs 3BYKOYCHIIMBAIOIIAs —ammaparypa WHANBUAYAIBHOTO
IMOJIb30BaHHMA, MUCBbMCHHBIC 3adaHWs BBIIIOJHAOTCA Ha KOMIIBIOTEPEC B HHUCHbMEHHOU (bOpMe;
9K3aMEH U 3a4€T MPOBOAATCS B MUCHMEHHOW (hopMe Ha KOMITBIOTEPE; BO3MOXKHO MPOBEJCHHUE B
dbopme TecTUpOBaHUS.

® JJIA JIMI C HAPYIICHHUAMH OIOPHO-ABHUIAaTCIBHOI'O arrmapara: JCKOHUN O(l)OpMJ'IHIOTCfI B
BUJE  OJIGKTPOHHOTO  JIOKYMEHTa,  JIOCTYTHOTO C  TIOMOINBI0  KOMIBIOTEpPA  CO
CIICHHUAIM3UPOBAHHBIM IIPOTPaAMMHBIM 06ecnequMeM; IINCBbMCHHBIC 3aJaHUs BBIIIOJTHAKOTCA Ha
KOMIIBIOTEPE CO CHEIHATU3UPOBAHHBIM IPOTPAMMHBEIM OOeCliedeHreM; SK3aMeH U 3auéT
IIPOBOJASTCS B YCTHOM (hOopMe WIIH BBITIOJHSIOTCS B TUCbMEHHON (hopMe Ha KOMIIBIOTEPE.

[Tpu HEOOXOMUMOCTH MPENyCMATPUBACTCS YBEIHUCHNE BPEMEHHU IS TTOITOTOBKH OTBETA.

[Ipouenypa  mpoBeneHus MPOMEKYTOUHOMN arTecTralnuu JUIs 0o0yJarommxcs
YCTaHABIMBAETCS C YYETOM UX HWHAUBHIYAIBHBIX TMCUXOPU3MUYECKHX OCOOEHHOCTEH.
HpOMe)KyTO‘-IHaSI arTeCTalud MOXKET IPOBOAUTHCA B HECKOJIBKO 3TAIlOB.

[Ipu mpoBeneHUU TPOIETYpPHl OIEHUBAHUS PE3yAbTaTOB OOYYEHHUS MpelycMaTpUBACTCS
UCTIONIb30BAaHNE TEXHUYECKUX CPEICTB, HEOOXOAWMMBIX B CBSI3W C HHIUBUAYAJTbHBIMHU
0COOEHHOCTSAMHU 00yYaroIuXxcs. DTU CPEACTBA MOTYT OBITh IPEAOCTABJICHBI YHHUBEPCUTETOM,
WJIA MOTYT HCITOJIb30BaThCSI COOCTBEHHBIE TEXHUYECKHE CPECTBA.

[IpoBeneHre mpoUEAYpbl OLIEHUBAHMUSA  PE3yIbTaroB  OOy4eHHUS  JOMyCKAaeTCsl C
UCTIOJIb30BaHUEM JUCTAHIIMOHHBIX 00Pa30BaTeIbHBIX TEXHOIOTHH.
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OGecneunBaeTcss AO0CTyN K WH(GOPMAIIMOHHBIM M OMOIMOrpaduIecKuM pecypcaM B CETH
WuTepHeT s Kaxkaoro oOydwaromierocss B ¢gopMmax, aJanTUPOBAHHBIX K OTPAHUYCHUSM HX
3JI0POBBSI U BOCIIPUATHUS HH(DOpMAIUH:

® /ISl CIIETIBIX U CIa0OBHIAIIMX: B TeUyaTHOH (popMe yBenmnveHHbIM mpudtom, B Gopme
AJIEKTPOHHOTO JOKYMEHTa, B (hopMme ayanodaiina.

® JIJIs TITYXUX U CJIA0OCIBIIIAIINX: B Te4aTHOU (hopme, B (OpME AIEKTPOHHOTO JOKYMEHTA.

® Il OOY4YaIOUIMXCSl C HApPYHNICHUSMHU OIOPHO-IABHTaTEILHOTO armapara: B IeYaTHOW
dbopme, B popMe 3MEKTPOHHOTO JTIOKYMEHTa, B (hopme aynuodaiina.

Y4eOHbIe ayAUTOPUH Ul BCEX BUAOB KOHTAKTHOW M CaMOCTOSITEIBHON paboThl, HayyHas
O6uONIMOTEKa M MHbIE MOMEIIEHUs ISl 0OyYeHHs] OCHALIEHbI CIIELHAIbHBIM 000pYAI0BaHUEM U
y4eOHBIMH MECTaMHU C TEXHUYECKHMHU CPEACTBAMHU O0YUEHUSI:

® sl CIENbIX U CIa0OBUISIIMX: YCTPOMCTBOM JIJIsl CKAHUPOBAHUS M UYTEHUS C KamMepoi
SARA CE; nucnineem bpaitng PAC Mate 20; npuatepom bpaiins EmBraille ViewPlus;

® Ul INIYXUX U CIa0OCHbIIAIINX: aBTOMAaTU3UPOBAHHBIM pabounuM MECTOM JUIsl JIFOJeH ¢
HapyIICHUEM CllyXa U c1a0O0CIbIIAIINX; aKyCTUYECKUM YCHIIUTENb U KOJIOHKH;

Ui OOy4aroIIMXCsl C HapyLIEHUSMHM OIOPHO-JBUTATENBHOIO ammapara: IepeiBUKHBIMHU,
perynupyembiMu  3proHomuueckuMu —napramu  CU-1; koMObIOTEpHOM  TEXHUKOM €O
CHeLlMaIbHbIM ITPOrPaMMHBIM 00€CIIEUCHHEM.
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9. METOJAUYECKUE MATEPHUAJIBI
9.1.I1nanbl NPAKTHYECKUX 3aHATHI V11 0YHOI, 0UHO-32049HOI opMBbI

Tema 1 (2 u.). MoaenupoBaHHe CUCTEM, OCHOBHBIC TOHATHUS. [IpUHIIUAIIBI TOCTPOCHUS MOIEIICH

Bonpocs! 115 paccMoTpeHus.
1. CymHocTb u 3Tanbl MOJETUPOBAHUS CII0KHBIX CUCTEM.
2. KowmmbioTepHOE MOJEIMPOBAHIE U UIMUTAIIMOHHBIN SKCIIEPUMEHT KaK HEOOXOMMbIe
COCTaBJIAIOLIME [TPOLIECCAa MOJCIUPOBAHMSL.

3. Meronbl MOIenUpPOBaHUS HH(POPMAITMOHHBIX ITPOIIECCOB.

4. Metoabl MOJETHPOBAHMS HHPOPMAIIMOHHBIX TEXHOJIOTHH.

5. KauecTBeHHBIE U KOJTUYECTBEHHbIE METOBI CHCTEMHOT'O aHaJIM3a 0OBEKTOB
UH(pOpPMaTH3AIIH.

6. MeTo/ 3KCIIEPTHBIX OLEHOK.

7. TexHOJOTUS HIMUTAMOHHOTO MOJEITUPOBAHUS HHPOPMAIIMOHHBIX ITPOIIECCOB.

8. IlpumeHeHHE METOOB ONTUMHU3AIMH B MAaTEMAaTHIECKOM MOJICITHPOBAHUH.

9. IlepcneKTUBBI pa3BUTHSI METOJIOB UCCIICIOBAHMS U MOJICINPOBAHUS HH()OPMALTMOHHBIX

MPOLECCOB U TEXHOJIOTUH.

Tema 2 (10 u.). AHanMTHYECKOE MOICTHpOBaHUE. METOIbI ONTHMU3AIIUN

[TpakTuueckoe 3austue 1.1(44) . Moaenu ceTeBoro MmiiaHUPOBAHUS U YIPABICHUSI.

Pasznen "CereBble Momenn" pe/iCTaBiCH OHIalH-KaabKysTopamu (https://math.semestr.ru/):

1. Ilapamertpsl ceTeBoil MoJieau. PacCUMTHIBAIOTCS TaKMe MOKA3aTeNu KaK PAHHUI U MO3IHUM
CPOKHM CBEpILIEHUs COOBITHSI, pe3ePBbl BPEMEHH, KPUTUUECKUH MyTh (HAUOOBIIHIA ITyTh B
cetn) u apyrue. [Ipumep. s cereBoro rpaduka, n300pakeHHOTO HA PUCYHKE, YKAKHUTE
KpUTHYECKHe paboThl M HAAUTE JITMHY KPUTHUECKOTO MYTH.

2. Haukparyaiiiuuii 0yTh B CETH.

3. MuHMMaTBHBINA YT B rpade METOI0M MOTEHITAIIOB.

B xoHTpOIBHBIX paboTax B yCIOBUAX JaHHBIE OOBIYHO 3a7aI0TCS IBYMs Crioco0aMu: TabauIen u
rpadom. I[Ipu Tabaudnom criocobe 3a7aHusl, HEOOXOAUMO YKa3aTh KOJTUYECTBO BEPIIUH U
KOJIMYECTBO CTPOK TAOJIULIBI.
Ecnu B 3a1aHiK TIPUBEICHBI MUHHUMAIBHOE ¥ MAKCUMAIIbHOE BpeMs i-0il pabOThI, OTMETHTE MyHKT
IIposecmu ananuz cemegoti mooenu.
Ecnu 3agan rpad, Beioepute u3 cnrcka BBoa nanHsix Marpuiia pacctosnuid. Takxke He0OX0IUMO
OyJeT yKa3aTh KOJTUYECTBO BEPIITHH.
OcoOble c1yyan: KOHEUHBIX (3aBEPILAOIIUX ) BEPIIUH HE JTOJDKHO OBITH OOMNBIIEH 0HOM (CM.
PHUCYHOK).

2

()
O

Jlns vckitoueHus MoJOOHBIX CUTYaIMil, HEOOXOIMMO BBECTH JOTIOIHUTEIbHYIO ((PUKTUBHYIO) AYTY
C HyJIeBbIM 3Ha4YeHueM (t = 0).


https://math.semestr.ru/
https://math.semestr.ru/setm/index.php
https://math.semestr.ru/setm/examples_param.php
https://math.semestr.ru/setm/minput.php
https://math.semestr.ru/transp/potential-method.php
https://math.semestr.ru/setm/vidtable.php
https://math.semestr.ru/setm/mr.php

Bepuuast moryt nHymeposatses ¢ 0 (0,1,2,3,...) mu ¢ 1 (1,2,3,4,...).
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ITpumep. Onncanne npoeKkTa B BUAE IEPEUHS BBIIIOIHAEMBIX ONEPALMN € YKa3aHUEM UX
B3aMMOCBSI3H NpHBeIeHO B Tabnuue. [locTtponTs ceTeBoii rpaduK, ONpeaeTuTh KpUTHUECKHUH MyTh,
HOCTPOMUTh KaJIeHJapHBIH IpaduK.

Omneparust HenocpencrBeHHO nipeamecTByronias onepanus IIpogoIKUTENBHOCTD
A - 3
B - 8
C A 5
D B 1
E CD 6
F A 2
Pemenne:

Pa6Gora

(i.))

0.1)
(0.2)
(1.3)
(2.3)
(2,4)

(3.4)

D/

Komnuec  Ilpomomxur Pannm Pannm  [lo3n  Ilo3on

TBO eNbHOCTB tij € e HUE ue

pealec CPOKM CpPOKH: CpPOK  CpOKH:

TBYIOIIH : OKOHY  H: OKOHY

X paboT HayaJl  aHue Haya  aHue
o tijP.H. tijP.O. 110 tin.O.

i

0 8 0 8 0 8

0 3 0 3 1 4

1 1 8 9 8 9

1 5 3 8 4 9

1 2 3 5 13 15

2 6 9 15 9 15

Pezep Peseps  Pesep

BEI Bl BBI
BpeME BpEMEH BpEMe
HHU: H: HU:
IOJH  CcBOOOJ  COOBI
BIM HBIN THU

tin tijC.B. RJ

0 0 0
1 0 1
0 0 0
1 1 0
10 10 0
0 0 0

Kputnueckwuii myts: (0,1)(1,3)(3,4). [IpogoKUTEIbHOCTh KPUTHUECKOTO TYTH: 15.
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He3saBucuMmblii peseps BpeMenH padoThl Rjj'’ — uacTh nmonHoro pesepsa BpeMeHH, €ClIi BCe
NPEIIECTBYIONINE PA0OTHI 3aKAHYMBAIOTCS B TIO3/IHUE CPOKH, @ BCE TIOCIEAYIOUIHE PaOOTHI
HAUYMHAIOTCS B paHHHUE cpokH. M croib30BaHne HE3aBUCHMOTO pe3epBa BPEMEHH He BIUSET Ha
BEJIMYMHY PE3E€PBOB BPEMEHH JIpyTrux paboT. HezaBucuMbIe pe3epBbl CTPEMSTCS HCIIOIb30BaTh,
€CJIM OKOHYaHUE MPebIaylIeil paboThl MPOU30LLUIO B O3IHUN JOMYCTUMBII CPOK, a MOCIEAYIOIINE
paboTHI XOTAT BBHINOIHUTH B panHue cpoku. Eciu Rij>0, To Takas Bo3sMokHOCTS nMeetcs. Eciu
Rij'<0 (Benuuuna oTpuLaTensHa), TO Takas BOZMOKHOCTb OTCYTCTBYET, TaK KaK MpeiblayInas
paboTa elé He OKaHYMBAETCS], a OCIEAYIOLIas yXKe I0JKHA HauyaThes (II0Ka3bIBAET BPEMS,
KOTOPOTO HE XBaTHUT Y JaHHOUM pabOThI /Ui BBHITIOJHEHHS €€ K CAMOMY PaHHEMY CPOKY COBEpPILICHUS
ee (paboThl) KOHEYHOTO COOBITHS IIPH YCIOBUH, YTO 3Ta paboTa OyAeT HayaTa B CaMBbIid O3 THUI
CPOK €€ HauajabHOro coObITH ). PaKTUUECKH HE3aBUCUMBIN pPe3epB UMEIOT JIMILb T€ paOOTHI,
KOTOpBIE HE JIS)KAT Ha MAKCUMAIIBHBIX ITYTSX, IPOXOSIIMX Yepe3 UX HayallbHbIE M KOHEUHBIE
COOBITHS.

[TpakTrueckoe 3ausatue 1.2(2 1) . DneMeHThl TEOPUU MAaCCOBOTO OOCITYKHBAHUSI.

Teopust MaccoBOro 0OCITYy>)KHMBaHHS HCCIEAYET HA OCHOBE TEOPUI BEPOATHOCTEH MaTeMaTHYECKUE
METO/IbI KOJIMYECTBEHHOM OIIEHKH MPOIIECCOB MACCOBOTO 00cmyxuBanus. OOmielr 0co0eHHOCTHIO
BCEX 3a/1a4, CBSI3aHHBIX C MACCOBBIM 0OCTY>KMBAHUEM, SIBJISICTCS CIy4allHbINA XapakTep
HCCIIETYEMBIX SIBJICHHIA.
CepBuc npeaCcTaBlIeH TPeMs OHJIAWH-KaTbKYJIATOPAMU:

1. Opnokanansaeie CMO.

2. Muorokanaaeaeie CMO.

3. 3aMKHYTBIC CHCTEMBI MaccoBOro oocayxkusanus CMO.
Jns pemienus 3agad Ha Temy Teopusi MaccoBOro o00cay:KMBAHUSI HEOOXOIUMO OIPENIETUTHCS C
tunnoM Moaend CMO: oqHOKaHaIbBHBIE MM MHOTOKaHaidbHbIE. B MHOTrOKaHaipHeIx CMO
KOJIMYECTBO YCTPOMCTB 0OCITyKUBaHUS N (KOTUYECTBO pabOUunX, KACCUPOB, OpUTaa, MOEK U T.II.)
6outbie 0gHOro0. OOBIYHO HHTEHCHBHOCTD MOTOKA 3aABOK A 3a1aHa iBHO. MHTEHCHBHOCTH
NMOTOKA 00CTY:KMBAHUS [L MOXKET 33/1aBaThCS B BUJIE BpEMEHU OOCITyKHBaHUS tose. B cepBuce
HE00X0IMMO BBECTHU JHOO0 mapameTp L, 100 tose (TOIBKO OAHO U3 ABYX).
Brei6op CMO 3aBUCHT Kak OT 4HMClia KaHaJIoB N, TaK U OT JOMYCTUMOU JNIMHBI ouepeau M. Ilo
YKa3aHHBIM MPU3HAKaM pasnudaercs ps TUnoB CO, epeuncIIeHHBIX B Ta0IHUIIE.

No /i [TapameTpst CO Tun CO
n m
1 1 0 OpnokananpHas, 0e3 ouepenu
2 n>1 0 MHorokaHnanbHas1, 6e3 ouepenu
3 1 1 <m <o OnHoKaHalbHasl, C OTPAaHUYEHHOH O4epebIo
4 n>1 1<m<o MHorokaHanbHasi, C OrpaHU4EHHON 04EPEIbIO
5 1 m= oo OnHoKaHaNbHasl, C HEOTPAHUYEHHOM Ouepebio
6 nN>1 m=o MHorokaHnanbHasi, ¢ HEOrpaHUYEHHON 04epEbIO

[To uncay 0OCTyKUBAIOMIMX KaHAJIOB PAa3JInYyaloT OAHOKAHAJIbHbIEe M MHOrOKkaHaiabHbIe CO.
B 3aBHCHUMOCTH OT LIEIOYHCIIEHHOTO 3HAYCHUST M UCTIOIB3YIOTCS CIICAYIONINE HA3BaHUS B
knaccupukanuu Tunos CO:

1. m=0-06e3 ouepenu;

2. m >0 - c ouepenpio.
Ecnu gucio MecT B ouepeay m sBiIseTcsl KOHEYHBIM, TO B CO MOTYT MPOUCXOANUTH OTKA3HI B
IPe0CTaBIEHIH 00CTY)KMBaHUsI HEKOTOPBIM 3asiBKaM. B cBsi3u ¢ aTum CO yka3aHHOTO TUIA
Ha3bIBAIOTCS CHCTEMAaMH € OTKa3aMu. OTKIIOHSIOTCS OT 0OCTY)KHBAaHUS T€ 3asIBKH, B MOMEHT
IpUXO0Ja KOTOPBIX BCE MECTa B OUEpEIH CIyJaiiHO OKa3aaucCh 3aHATBIMH, WIH, eciid m =0, Bce
KaHaJIbl OKa3aJIHCh 3aHATHIMU. CUMTAETCS, YTO 3asBKa, MOJYIUBIIAs OTKa3 B 0OCTYKHBaHUH,
HaBcera Tepsetcs i CO. Takum o6paszom, mpomyckHasi cnocooHocTs CO 3TOro THia Beeraa


https://math.semestr.ru/cmo/cmo.php
https://math.semestr.ru/cmo/mcmo.php
https://math.semestr.ru/cmo/closed.php
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mens1ie 100%.

Ecnu m He orpaHnyeHo, 4TO HHOT/Ia YCIOBHO 3alTMCBHIBAIOT KaK M = o , TO cooTBeTcTBYIomas CO
Ha3bIBaeTcs cucteMoil ¢ oxxuaanueM. B CO gaHHOro tuna npuieanias 3asBka Npu OTCYTCTBUU
BO3MOXXHOCTH HEMEIJICHHOTO 00CTY)KMBAaHUS OXKHUIAET 00CTY)KUBAaHUS, KAKOW OBl IJTMHHOW HU
ObUIM Ouepeb U NPOJOJDKUTEIBHOCTh BPEMEHH OXKHIaHHSL.

Bce CMO penstes Ha CMO ¢ oTka3amu (rapamerp M He ucnosssyercs), CMO ¢ orpaHn4yeHHoi
njuHo ouepenn 1 CMO ¢ HeorpaHu4eHHO# odepenbro. [lapamerp M (aymmHa oyepenn)
ucnogapzyercs 1 nocneanux 1Byx CMO. ITpu stom B CMO ¢ HeorpaHMYEHHOW 04epEIbI0 MOYKHO
yKa3bIBaTh Jit000e 3HaueHue M. Hanpumep, m = 3. Toraa OyayT paccuuTanbl BEpOSTHOCTH
HaXO0XJIeHus B ouepenu 1,2,3 3asBku.

BpemenHble napaMeTpsl pacCUNTHIBAIOTCS B YacaxX WIM B MMHYTaX, B 3aBUCUMOCTH OT 3aJJaHHOT'O
napamerpa A.




[Tpumep.
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WuTepHer-nipoBaiizep B HEOOIBIIOM TOpOJIe UIMEET 5 BBIZICICHHBIX KaHAIOB 00CIyXHBaHus. B cpeHeM Ha 00CIy)KHBaHUE OHOTO KIIMEHTA YXOIUT 25
MHUHYT. B cucreMy B cpegHeM noctymnaer 6 3aka3oB B yac. Eciiu cBOOOHBIX KaHAIOB HET, clefyeT 0TKa3. OnpeenuTh XapaKTepUCTUKH 00CTy>KUBaHUA:
BEPOSATHOCTH OTKa3a, CPEIHEE YHCIIO 3aHATHIX 00CITY)KUBaHUEM JIMHUNA CBSI3U, A0COTIOTHYIO M OTHOCHTEIBHYIO IPOITYCKHBIE CITIOCOOHOCTH, BEPOSITHOCTD
oOciyxuBanus. HailTu 4nciio Bele/IeHHBIX KaHAJIOB, P KOTOPOM OTHOCUTEIIbHAS MPOIYCKHAsA CIOCOOHOCTh cucTeMbl OyneT He MeHee 0,95. Cuurath, 4To
MOTOKH 3asiBOK U 0OCITY>KUBAHHUH MPOCTEUIIIHE.

@Dopmy.Jibl 1J4 pacyera napamerpon npocreiimmx CMO

1 £ = 1 7 1 v o
= — —_ = — -_ -_ J—

la l-la vaa:uvb:uv’\{:"
[Tokazarenu
P — Yucras CMO ¢ CMO c orpaHuyeHrEeM Ha BpeMs CMO c orpanndeHreM Ha auny ouepenu Hucras CMO ¢ oxunanuem (N, a),

oTKazamu (N, a npeObiBaHus B ouepeau (N, a,b n, a,m <1
CHCTEMBI (n, a) p penu ( ) ( ) v
-1
BepoaTHOCTh n k11 & ® i -1 n k n -1
o n o u.ﬂ “.5 n o “_’l m o o v 4
TOr'0, 4TO BCE Tl TR 3 = FTR 2-{" = F —
KaHABI CBOOOTHEI g = LA=0 " =0 0 jr=11‘[(:”.1':[6.} po Lk=0 " t 5= po Lk=0® nln—a
BeposiTHOCTE ﬂ.k o o ﬂ.k
TOT0, YTO 3aHATO K| — R - -
wanano 0 <k<n |p = AT P= K = K pg Po= K p
BepositHoCT o
TOTO, YTO 3aHSTHI s = ] < .
- = s<m. =y X
BCe N KaHAJOB, S [1(=+%B), Pr+s= )X Py L =8 = Pn+s=Y"% pn
BasiBOK B 04Yepen Dn+s = pnk=1
BepositHOCTB _ E F _ -0
OTKa3a Pork — Pn o Pork — Pn+m Porx =
OTK —
BepossTHOCTH o mil o
por’ _ y - (1)

IOJIHOM 3arpy3KH |[Pns = Pn Pris 1y (H B 1)"'(?1 ~ u.)
CHCTEMBI 5=0 Pn.s = Pn Dns = -
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BeposTHOCTH
00CITy)KUBaHUS,
OTHOCHUTEIbHAS
MPOITyCKHAs
CITOCOOHOCTh
CHUCTEMBI

Pobe = A :1-pOTK:

& |

Ag

Poce = }u: :1-pn+m:

R |

o

b

IAGCOIOTHAS
MPOITYCKHAs
CII0OCOOHOCTD
CHCTEMBI

lb = lI'pose =1 - nr

Ih = Ip06c:m X n3

BeposaTHOCTH
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1
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Cpennee BpeMst
MpeObIBAHUS
3asgBKU B OUepeIn

Cpennee Bpemst
MpeOBIBaHMS
BasiIBKU B CHCTEME
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o
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Tema 2 (10 4.). UmuTanmonHoe MoenupoBanue. IHCTpyMeHTaIbHbBIE CPEACTBA.

[Tpaktuueckas padota Ne 2.1(4 1). Monens 00pabOTKH JOKYMEHTOB B OPTaHU3aIIUH.
[Mpaktuyeckas padora Ne 2.2(2 4). Mozenb 00pabOTKH 3alPOCOB CEPBEPOM.

Tema 3 (10 u.). UmuTanmonHoe MojienupoBanue. IHCTpyMEHTaIbHBIC CPEICTBA.

[TpakTraeckast padota Ne 3.1(2 u). BeposTHOCTHOE MOJIeTUPOBaHKE HH(DOPMAIIMOHHBIX CHCTEM.
[Tpaktrueckas padota Ne 3.2(4 4). IMuTanimoHHOE MOJETMPOBaHUE HH(POPMAITMOHHOTO
IPOTHBOOOPCTBA CHCTEM.

Tema 4 (10 4.). OCHOBBI IUTAHUPOBAHUSI IKCIIEPUMEHTA.

[Tpaktuyeckas padora Ne 4.1(4 u). Unentudukanms nokazarens 3¢ dekruBHOCTH
UH(POPMALIMOHHOM CUCTEMBI HAa OCHOBE JABYX(AKTOPHOI MO/I€IM BTOPOTO MOPSAKA.
[Ipaktuyeckas padora Ne 4.2(2 4). UneHTHUKaIMI XapaKTePUCTHK WH(HOPMAIIMOHHON CUCTEMBI
Ha OCHOBE MHOTO(aKTOPHON MOJEIH MEPBOI0 MOPSIKA.

Ilpumeuanue: MeTtoauueckrue peKOMEHAIMU K BBIITOJHEHHIO TPAKTUYECKUX paboT
NeNe 3.1, 3.2, 4.1 u 4.2 u3noxeHbl B METOIUYECKOM 11O0COOUU Kadeapshl.



IIpaxTEgeckan pabora Ne 2.1. MOJE/Ib OEPABOTEKH JOKYMEHTOB B
OPTAHH3IAITHH

ITean padoThl
1. ITony49HTs OpeacTARNEHHE 0 CHCTEMAX MACCOBROTO ODCTYEHEAHHA
(CMO).
2. IlpoBecTH HMHTAITHOHHOE MOJelHpoBaHHe paboTel CMO H cpae-
HHTH NOMVI€HHEIE PEIVILTATH ¢ AHATHTHIECKHM DEMIEHHEM.

IMocTanoBKa 3agdadnm

Jna mpuéMa B obpaboTEH JOKVMEHTOR E OPraHHIAIHH HAIHATEHA
TPyIma H3 TpEX coTpyIHHECE. (MKHOacMad HHTEHCHEHOCTE IIOTOKA JOKY-
MEHTOE — 15 ZoKyMeHTOR B dac. CpefHee EpeMA obpadoTEH 0THOTO JOKY-
MEHTA OJHHM COTPYIHHEOM fps = 12 vuH KammeH cOTpYIHHK MOMEET
IPHHHMATE JOKYMEHTH H3 moboH oprammzanms. Oceobommemmica co-
TPYIHHE 0DpabaThBaeT MOCTHETHHH H: NOCTYIHEINHX MoKyMeHTOEB. llo-
CTYIAKIHE JOEYMEHTH JOMEHE! 00pabaTEIBEATECA C BEpOATHOCTRHD He
meree 0,95, OnpegennTe, DOCTATOMHO MH HATHAYCHHOH TPYONOE! H3I TpEX
COTPYIHHEOE /I8 BEIIOMHEHHA IOCTARNEHHOH 3amaqH [9].

Xon paboTsl
AnaTmmiecroe peliene

I'pymma corpyaaHEOE paboTaeT Kak CMO, cocToAmas 13 TPEX KaHa-
OB, ¢ OTEAazaMH, Oez odepemH. [loToK JOKYMEHTOE ¢ HHTEHCHBHOCTEED
A = 15 (1/4) MOEHO CHHTATE NpPOCTEHIIHM, TAK EAaE OH CYMMapHBIH

OT HECKOIBKHX OpraHHzamHHA. HHETEeHCHBHOCTE 0DCIyAHBAHHA j.l,:r

o0, T

=—=23 (1/q). 3aKOH pacIpeJeleHHs HEHIBECTEH, HO 3TO HECYIIECTBEH-

12
HO, T3E KiK NOKA3aHO, 9T0 I8 CHCTEM C OTEAZ3AMH OH MOMET OBITH IIPOH3-
poneHEE. I'pad cocrosmmi CMO — 310 cxeMa «rHOEIH H pPasMHOMEHEY.
Jlna He€ HMERTCH TOTOBEIE BEIPAXKEHHA AJIA IOpedelbHEIX BEPOATHOCTEH
COCTOAHHH CHCTEMEI:

2 n n+1
14 P P 14
Pl = FPUJPZ = —2' Pﬂ, . ,P" = _nl Pﬂ!Pi'l'l'l = 'n,ﬂ' .Pu, '“JP:I'I+m =
+m n n+1 n+2 n+m
_p" _ P p" P p p
- nmnlpﬂ’Pﬂ =@ +ﬁ+ ".+E+ nn! * n2n o pmnt”

Jlnst mpocMoTpa paboT He0OXOAMMO JIBAXK/Ibl KITUKHYTh Ha (hparMeHTe BBILIE.

(Heobxomum Acrobat Reader)
Jluteparypa: [2] U3 criricka JOMOTHUTEIbHOM, paboThl NeNe 4, 5.
Tema 4 (2 u.). OCHOBBI IJTAHUPOBAHUS IKCIIEPHMEHTA.

1.
2.

OCHOBHBIE THITOBBIE 331241, PEIIacMbIe TIPH ITPOBEICHUH YKCIIEPUMEHTA.
®akrtopsl. YpoBeHb (akropa. TpeboBaHus, NperbsaBiIseMble K (akTopam MpH
IUTAHUPOBAHHH dKcTiepuMeHTa. [IOHATHA: OTKINK, QYHKIHS OTKIMKA, TIOBEPXHOCTh
OTKJIHKA.
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3. Meroasl IIAHMPOBAHMS SKCIEpUMEHTA. IlONMHBIH (GAKTOPHBIA SKCIepuMeHT THma 2
MaTpHIla TUTAHUPOBAHUS, BBIYHCICHUE KOI(DPUIMEHTOB ypaBHEHHUS perpeccuu. Marpuia
IUTAaHUPOBaHUS  MoOJHOrO  (akTOpHOro  JSKcrepuMmeHta.  [IpoBepka  3HAYMMOCTH
KO3 PHUIHUEHTOB U aJICKBATHOCTH YPAaBHEHHS PETPECCHH.

4. Meroapl IIIaHUPOBAHUS dKCIIepuMenTa. JIpoOHbIl (hakTOpHBIH KcriepuMeHT. [1nans! Trma
2K, IIpoGHas permka.

5. Ilnansl BTOporo nopsaka. Kommnosunnonusie miansl bokca-Yuncona. OproroHanbHbie
IJIaHBI BTOPOTO MOPSJIKA.

6. Kpurepuu ontumanbHoCcTH 11aHoB. [I1annpoBaHue sSKkcriepuMeHTa MpH MOUCKe
ONTUMAJIbHBIX YCIOBUH.

9.2.MeToanyecKue peKOMEeH/ 1AM 110 OAT0TOBKE NMCbMEHHbIX padoT
He npengycmotpensl.
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INPUJITOKEHUE
[Ipunoxenue 1
IIpunnoxenne 1. AHHOTALIUS PABOYEU ITPOT'PAMMBI JUCHUITJIMHBI

lens  MUCHMIUIMHBL:  MMO3HAKOMUTH  MAaruCTPaHTOB C OCHOBHBIMH  METOJIAMH
MOJICTTMPOBAHUS ¥ ONTHMH3AIMK WHOOPMANMOHHBIX cuUcTeM. JlaTh mpejacTraBIeHUE O
MaTeMaTUYeCKHX MOJCIIAX M METOAaX aHajiu3a M ONTUMHU3AIMOHHBIX IMOAXOJaX K PEIICHHIO
NPUKIAIHBIX 3a7a4. O3HAKOMUTh MAaruCTPaHTOB C METOJAaMU TOCTPOCHUS AHAIMTHUYECKUX U
MMUTAIMOHHBIX MOJIEIEH MpoIieccoB 00pabOTKH MH(OpMAIINH, a TAKXKE C OIEHKOW pe3yIbTaTOB
MOJICJIUPOBAHUS MPOIIECCOB.

3amaun:

HAyYUTh MArUCTPAHTOB 3(PPEKTUBHO HCMOIB30BATh NPUHIHUIBI MAaTEMATHYECKOTO
MOJICJIMPOBAHUS; pa3inyaTh TUIBI MPAKTUYECKUX 33/1a4 B 3aBUCHMOCTH OT THUIIA HUCIIOJIb3yeMO
MO/IEJIN; PABUJILHO BBIOMPATh METO/ PELICHUs 3a/1a4;

chopMHupOBaTh CIIOCOOHOCTH (hOpMaIM30BaTh 3aJa4yd IPUKIAJHONH 001acTH, IIpH
pPEIICHHH KOTOPHIX BO3HHUKACT HEOOXOIMMOCTHh HCIIOJIB30BAHHSI KOJWYECTBCHHBIX U
KayeCTBEHHBIX OIICHOK;

chopMUPOBaTh CHOCOOHOCTh AHAIU3UPOBATH, MOJICIIUPOBATh W ONTHMH3UPOBATH
MIPUKJIAHBIC U HH(POPMAIMOHHBIC ITPOIIECCHI.

B pe3ynbpTaTe 0CBOCHHS AUCIUIUIMHBI CTYICHT JTOJKEH:

3HaTh SBOJIIOIMIO CUCTEMHBIX IMPECTABICHUN, OCHOBHbBIC IMOJOXXEHUS TEOPUU CHUCTEM;
OCHOBHBIC TIOHSTHSI M OMNPEICICHUS CHCTEMHOTO aHaju3a;, COJACpXKaHUE U CYIIHOCTh
MaTEeMaTHYeCKHX METOJO0B MOJACIUPOBAHUS U ONTHUMH3AIMK;, METOABl MaTEMaTHYECKOTO
MOJICTTUPOBAHUS W ONTHMH3AIMH TPUMEHUTEIBHO K TIPOCKTUPOBAHUIO HH(DOPMAIIMOHHBIX
CHCTEM U yNPABIICHUS UMH.

YMeTh ¢ TO3WIHMA CHCTEMHOTO aHajin3a NPUMEHSATh METOAbl MAaTeMaTUYeCKOTro
MOJICTTUPOBAHUS W ONTHUMH3AIMH TPUMEHUTENBHO K TMPOCKTUPOBAHUIO HH()OPMAIMOHHBIX
CHCTEM U yIPABIICHUS UMH.

Bnagets MeToiaMu MaTeMaTUYECKOr0 MOJIEIMPOBAHUS M ONTUMHU3AIMN IPUMEHUTEIBHO
K MPOEKTUPOBAHUIO UHPOPMAIIMOHHBIX CUCTEM U YIIPABJICHUS UMHU.



