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1. IlepeyeHb MIaAHMPYEMBbIX Pe3yJIbTATOB 00y4eHHS MO JUCHUIINHE, COOTHECEHHBIX €
IUVIAHUPYEMBIMH Pe3yJIbTaTaAMH 0CBOEHUSI IPOrPaMMbI
1.1.  JucrurumHa «/IMATalIMOHHOE MOJAEITUPOBaHKE» 00ECIEYMBACT OBIAJCHUE CIICHYIOMICH
KOMIIETECHIIUEN:

Tabmuma 1.1
Kon HaumenoBanue Kon HaumenoBanue KOMIIOHEHTA
KOMIICTCHIIMH KOMIICTCHIIMHN Kommonenra KOMIICTCHIIMU
KOMIICTCHIIMHU
[IKC-3 Cnocoben ob6ocHoBbIBath petrenus | [TKC-3.1 CnocobeH  NPUMEHATh  CUCTEMHBIH
Ha OCHOBE OILCHKM M aHajlu3a noaxona, METoAbl TEOpUHU TIPUHATUA
OCJIICBBIX HOKa3aT€J'[eﬁ, NOCTpOCHUA peHIeHI/Iﬁ, METOAbl OINTUMHU3AlUU TIPU
U TIPUMCHCHHUA aJITOPUTMHUUYCCKUX 000CHOBaHUHU peuieHuA
MOICICHU
B pesynbrare ocBOCHUS JUCIUTUIMHBI Y CTYIEHTOB JOKHBI OBITH CHOPMHUPOBAHBI:
Tabnuma 1.2
OTD/TD Kon Pesynbrarel 00y4yeHus
(mpu HaNMU4IUK KOMIIOHEHTA
npodcranapra)/ KOMIIETEHLIUH
po¢eCcCHOHATBHBIE
JICUCTBUSA
ObocHOBaHME [IKC-3.1 HA YPOBHE 3HAHUI:
pewenunii D/6 — OCHOBHBIE  TIOHATUS, KJIACChl ~ MMHTAIMOHHBIX
MOJIEJIeH, OpraHu3alyi0 IUJIAaHUPOBaHUS U IPOBEICHUS
dopMHUpOBaHUE MMUTAIIMOHHOTO W  CTaTUCTUYECKOTO MOJCIUPOBAHUA,
BO3MOKHBIX 00pabOTKM U MHTEPHPETAIUU MOIYYEHHBIX PE3yNIbTaTOB U
peleHuii Ha OCHOBE MIPUHSATUS PEIICHUI;
pa3pabOTaHHBIX IS — MeTobl TUTaHUPOBAHUS SKCIIEPUMEHTOB, 00paObOTKH
HHUX OEJICBBIX M MHTCPIIPCTALMH OJIYYCHHBIX PE3YJIbTATOB,
niokasareneit D/01/6 — bazoBble cpeacTBa UMUTALIMOHHOTO MOJIEIUPOBAHUS
u OpraHu3aLMI0 MIPOBEICHUS MMHTAIMOHHBIX
Ananms, HKCIEPUMEHTOB.
000CHOBaHUE u HA ypOBHE YMeHHii:
BBIOOD PCIICHHA — Pa3pabaThIBaTh MMUTAIIMOHHBIE MOJIEIH C TOMOIIBIO
D/02.6 CHUCTEM U SI3bIKOB HMHTAIIMOHHOTO MOJICTUPOBAHUS IS
pelleHrs TMPUKIAAHBIX 3a7ad MOJAETUPOBaHUs OW3HEC-
MPOIIECCOB,  PBIHKA  WH(MOPMAIIMOHHBIX  CHUCTEM WU
MH(OPMAIIMOHHBIX KOMITBIOTEPHBIX TEXHOIIOTU;
- [TpoBoauThH MaIllMHHBIC IKCIIEPUMEHTHI c
WMHUTAIMOHHBIMH MOJICIISIMU;
- OOpabaTbiBaTh W HMHTEPIPETUPOBATH PE3YIbTATHI
MOJEJIIUPOBAHUS.

2. O0beM M MecTO AUCHMILVINHBI B cTpykType OII BO
O0beM TUCUMITIMHBI
OO01ast TPYI0€MKOCTh AUCHUIUIMHBI COCTABIISIET 4 3a4eTHBIX eqUHULBI /144 akageM. daca.

JlucuuiuiiHa peannu3yeTcss YaCTUYHO ¢ MPUMEHEHHEM JAMCTAaHIIMOHHBIX 00pa30BaTeIbHBIX
texHonoruit (nanee — J1OT).

JlocTtynm K cucTeMe AMCTAaHIMOHHBIX O00pa30BaTENbHBIX TEXHOJOTHHA OCYIIECTBISETCS
KQKJIbIM  OOydYalolMMCS  CaMOCTOSTEIbHO ¢ JII0OOro  yCTpoiicTBa Ha  IOpTale:
https://Ims.ranepa.ru/. [lapons M JIOTMH K JUYHOMY KaOWHETY / MpouiIr0 HpeaocTaBiseTcs
CTYICHTY B JIeKaHaTe.

Tabmuna 2



Bun pabotsr TpynoeMKocThb TpynoemkocTh
B aKaj. yacax B aCTPOH. yacax
ayn./90, 10T ayn./90, 10T
O0uas TPyA0eMKOCTh 144 108
KonrakTHas pabora c 48 36
npenofaBaresieM
Jlexmuu 20 15
IIpakTudeckue 3aHATUSL 28 21
JlabopaTopHble 3aHsTHS
IIpakTHYecKasi MOATOTOBKA
CamocrosiTesIbHas paboTa 67 50,25
Konrpons 27 20,25
®DOpMEBI TEKYIIEro KOHTPOJIS O/3an/T/KP
®opmMa NMpPOMeEKYTOTHOI SK3AMCH
aTTecTaluu

Mecto aucunmimnsl B ctpykrype OII BO
Hucuunmua b1.B.12 «MuTanimoHHOe MOAECIMPOBAHUE» OTHOCUTCS K BapUaTUBHOMN
yacTu y4eOHOTO TulaHa 1o HampasieHuio «busHec-unpopmaruka» 38.03.05. IlpemomaBanue
JUCHUIUIMHBL «VIMUTAIIMOHHOE MOJACIMPOBAHUE» OCHOBaHO Ha nucHuiuimHax — b1.0.08.05
«Teopust BeposTHOCTEM M Maremarnueckas craructuka», b1.0.08.01 «Maremarnueckuii
anamms3», b1.0.08.04 «{uddepenmanbaple U pa3HOCTHBIE YpaBHEHHS». B cBOIO odepenb oHa
co31aéT HEOOXOIUMBIE MPEANOCHUTKY ISl OCBOCHUS MPOTPaMM TaKWX JUCUUIUIAH, Kak b1.0.22
«AHanu3 1 MoJienupoBaHue OusHec-mpoueccoB», b1.B.09 «Apxurekrypa npeanpusTius» u paaa
JCITUTIIMH TI0 BEIOOPY CTYACHTA, & TAKXKE JIJISl BBIMTOJIHCHUS BBIITYCKHOM KBaTHM(UKAITMOHHON
paboTHI.
JucuuriuHa 0CBauBaeTCs ¢ MPUMEHEHHEM 3JIEKTPOHHOTO (OHJalH) Kypca (nainee — 9K)

0011 00beM AUCLUIUINHEI, BKIFoYas DK - 144/108,

00bEeM TUCIUIUIMHEIL, 32 UCKITToUeHHEeM DK: KoinrmuecTBO akaIeMUIECKUX YacoB,
BBIJICJICHHBIX Ha 3aHATHS JIEKIIMOHHOTO Tuna — 20/15 a.4., 3aHsaTHs ceMuHapckoro tumna 28/21
a.4., Ha CaMOCTOATENIbHYIO paboTy CTYAEHTOB [0 OCBOEHHIO AIEKTPOHHOTO Kypca 67/50,25 a.u.
Y IPOMEXKYTOUHYIO arTectanuo 27  a.u.:

o0veM DK (B cocraBe AUCIUIUIMHBI): KOJTUYECTBO aKaJIEMUUECKUX YaCOB, BBIJCICHHBIX
Ha CaMOCTOSITENbHYIO paboTy obyuatomuxcs: Beero mo DK - 67 a.4., u3 HuUX : 67- KOIUYECTBO
aKaJIEMUYECKUX 4YacOB, BBIJEICHHBIX Ha MPAKTUKOOPHUCHTHPOBAHHBIC 3aJaHUs M TEKYIIUH
KOHTpOJb ycneBaemocTH : Bcero mo OK — 67 au. KonumyecTBO akaeMHUYECKHX YacoB,
BBIJICJICHHBIX Ha CAMOCTOSATEIBHYIO paboTy oOydaronuxcs B pamkax OK - 67 a.u.

JucuunnuHa uzydaercsa B 6-M ceMecTpe 3-To Kypcea.

®dopmoii MPOMEKYTOUHOW aTTECTAllMM B COOTBETCTBUHU C YYEOHBIM IUIAHOM SIBIISIETCS
HK3aMEH.

3. Conep:xanue U CTPYKTYpa AUCUMIIIMHBI

Tabmuma 3
Ne ni/m HaumeHoBanue O0beM TUCHUIIMHBI, Yac. dopma
TeM Bcero KonrakrHas pabora Cp TeKyILero
00y4arommxcs ¢ KOHTPOJIsA
npenoaasareseM ycneBaemo
110 BUAM Y4eOHBIX CTH™¥,
3aHATHH MPOMEIKYT
JI 113 KC | CPO | CII O4HOI1
P aTTecTanm
H***
OCHOBHI
Tema 1 HMMHUTALIOHHOTO 14 2 5 7(7) O/T
MOJICIINPOBAHUA




CraTucTuueckoe
Tema 2 P —— 24 4 5 15(15) 3an/T
IInanupoBanue
Tema 3 SKCEpHMEHTOB 24 4 5 15(15) O/3an
O6pabotka u
HHTEPIIPETALIHSI
Tema 4. pesyinsTaToB 24 4 5 15(15) O/3an
CTaTUCTHYECKOTO
MOJICITUPOBAHHMS
CHUCTEMBI U SI3bIKH
Tema 5 HMHUTAIIMOHHOTO 29 6 8 15(15) 0/3a/T/K
MOJIETUPOBAHUS P
[IpomexyTouHas arrecTauus 27 2 DK3aMeH
Bcero (akaa./actp. yacsl): 144/1 67(67
20/18 28/21 2 )/50,2
08 5

Ipumeuanue:
KoHcynpranus k 3x3aMeHy — 2 Jaca
Hcnonb3yeMble COKpaIEHUs:
J — 3aHATHS JEKIMOHHOTO THma (JEKUMM ¥ WMHbIE Yy4eOHble 3aHSATHS, MpeAyCMaTpUBArOIIUe
MIPENMYIIECTBEHHYIO Tepenady yaeOHoi nHpopMaIuy ne1arorndeCKuMi padOTHUKAMH OpPTaHU3aIUuH ¥ (WIJIH)
JIMIaMu, MNpHUBJICKAaCMbIMHA OpI‘aHI/I3aHI/IeI\/'I K pcain3annn O6pa3OBaT€J'II)HI)IX mporpaMmMm Ha HMHBIX YCJIOBHAX,
o0y4JaroIumcs) ;
[13 — mpakTuyeckue 3aHsTHS (BUABI 3aHATHSI CEMUHAPCKOTO THITA 332 NCKITIOUYeHIEM Ja00paTOpHBIX padoT) ;
KCP — wmnauBumyanbHasi paboTa oOy4aroIIUXCS C TMENarormuecKMH pabOTHHKAMH OpTaHW3alud U (WJIH)
JUIIaMH, TIPUBJIEKAEMBIMU OpraHU3aluell K peanu3anuu o0pa3oBaTelbHBIX MPOTPaMM Ha WHBIX YCIOBUSX (B
TOM YHUCJIC UHIUBUAYAJIbHBIC KOHch'IBTaI_II/II/I) )
CP — camocrosiTenpHas paboTa, OCymecTBIsieMass 0e3 y4acTusl elarOTHIeCKuX PabOTHUKOB OPTaHM3AINHA U
(unm) U, MpUBJIEKaeMbIX OpTaHU3alMEl K peau3aluy 00pa3oBaTeIbHBIX IPOrPaMM Ha MHBIX YCIIOBHSX;
CII — camomnpoBepka;
CPO — camocrosTenpHas pabora oOydaromerocs
koHTponbHBIE padoTel (KP), ompoc (O), tectupoBanue (T). Boimomunenme 3amanus (3am), P3an
(PacuetHoe 3aanue)
Coaep:xanue TUCHUNIMHBI
Tema 1. OCHOBbI HMUTALIMOHHOT'0 MOJEJTUPOBAHUS
MeTton UMHUTaUMOHHOTO MojenupoBaHus. OnpeneneHrne HMUTAIUOHHOM — MOZEINH.
Craructuueckoe mozaenupoBanue. Meron Monrte-Kapno. JloctomHcTBa W HEOOCTaTKU
MMUTAIIMOHHOTO MojenupoBanus. Knaccudukanus MeToln0B UMHTAIIMOHHOTO MOJECIUPOBAHHUS.
Knaccudukanus uMuUTanMOHHBIX Mojenel. J(uckpeTHo-coObITHitHOE MoaenupoBanue. Monenu
CHUCTEMHOM OuHaMUKH. J[MHamuueckue cucrtembl. MHOroareHTHoe mozenupoBaHue. CpencTtsa
MMHTALMOHHOTO MOJEIUPOBAHHUS.
Tema 2. CraTucTHYECKOE MOJAEIMPOBAHHUE
TpeboBanust k reHeparopam. du3nyeckue reHepaTopbl CIydyalHBIX yucel. [eHeparopsl
nceBaoCIyYaHbIX uncen. llceBnocnyyaiinple unciia U NPOLEAYypbl UX TeHEepalHuHu. AJITOPUTM
Jlemepa. TectupoBaHue reHepaToOpoOB CIIyYalHBIX ynces. MoaenupoBaHue CIIYIalHBIX COOBITHA.
MopenupoBaHue CilydyalHbIX BEIWYUH. MOJENMPOBAaHHUE HENPEPBIBHBIX CIIYYaWHbBIX BEIUYHH.
MonenpoBaHue NTHCKPETHBIX CIy4YalHBIX BEIMYHWH. MOIEIMPOBAHHUE CIy4allHBIX MPOLECCOB.
[TpuHIMITBI TOCTPOCHUS UMHUTAIIMOHHON Mozaenu: «Dt» U «1mo 0coObIM cocTosHUSAMY. OO1mas
OpraHu3aus CTaTUCTHYECKOTO MOIEIMPOBAHUS. JTallbl CTATUCTHYECKOTO MOJIEIIMPOBAHUSI.
Tema 3. IlnannpoBaHue 3KCIIEPUMEHTOB
OCHOBHBIE TIOHATHS TEOPUM IUIAHUPOBAHMS OKCIIEPUMEHTOB. (CTparermdyeckoe U
TakTUYeckoe IMaHupoBanue. CTPYKTypHbIE ©  (QYHKIMOHANBHBIM maHbl. DakTOpHOE
npocTpancTBo. DakTopHbIM [UIaH. llnaHWpoBaHHWE JHHEHWHBIX SKCHEPUMEHTOB. [lomHBIN
(baxTopHbIif m1aH. J{poOHbIi GakTopHBIN SKCIepUMEHT. [ eHepupyromue cootHomenus. [lnansl ¢
pasmuyHOW  paspemaronieil  cmocoOHocThio.  Hemmneitneie  tomasel.  LleHTpasbHBIC



KOMIIO3ULIMOHHBIE IIIaHbl. JIaTMHCKMN, TIPEKO-JIATUHCKUN KBaJpar. IInaner  cmecen.
DKCTpEeMaJIbHBINA dKCTIEPUMEHT. MEeTOIbI TAKTUUECKOTO TIaHupoBanus. ObecriedeHne TOUHOCTH
U JIOCTOBEPHOCTU pE3yJbTaToOB SKCIEpUMEHTa. MeTtoasl ymeHblleHUs aucnepcuu. llpasuna
OCTaHOBKH.

Tema 4. OOpaGorka M  HHTepHpeTranus  pe3yJbTaTOB  CTATHCTHYECKOIO
MOJeJTHPOBAHUSA

Ouenka mnapamMeTpoB Ciy4ailHbIX BEJIMYMH M OLEHKa Joju npu3Haka. [IpoBepka
cratucThyeckux rumnore3. Koppemsannonnsii ananms. Jucnepcuonnsii ananus. Iloctpoenue
cratuctuueckux mozeneit. Tabmuima ANOVA. TloctpoeHue perpecCMOHHON MOJIEIH.

Tema 5. CucteMbl M A3BIKH HMUTALMOHHOIO MOICJTUPOBAHUS

OOmas XxapakTepUCTUKAa CUCTEMbl U sI3bIKa HMMHTAIIMOHHOrO MonenupoBanus GPSS.
Oneparopsl u omepaHabl si3pika. CuctemMa uWMHTaMOHHOTO MoxaenupoBanuss GPSS World.
Opranu3anys IIaHUPOBAHUS U TIPOBEJCHHS SKCIIEPUMEHTOB ¢ moMotsio cucrembl GPSS World.
OtceuBaronyii ¥ ONTUMHU3UPYIOLUIUN SKCIEPUMEHT. DKCHEPUMEHTHI mojb3oBarens. OOmias
xapakrepuctuka cuctemMbl AnyLogic. [lapamurmel cuctembl MozenupoBaHus. OpraHuzanus
JTUCKPETHO-COOBITUHHOTO MopaenupoBaHusi. OpraHuzaiuss MHOTOAr€HTHOTO MOJEIUPOBAHHUS.
Monenu cucteMHO#M tuHaMuKU. 3akinodeHne. O030p MpoUIEHHOTO Marepuaa.

4. MarepuaJibl TEKyIIero KOHTPOJIsl yCIIeBaeMOCTH 00y4al0uXcs
4.1. ®opMbI 1 METObI TEKYLIET0 KOHTPOJIS YCIIEeBAEMOCTH 00y4aK0 M XCS

B Xo4€ peain3alvi AWCHUILIMHBI <<I/IMI/ITaIII/IOHHOG MOICIUPOBAHUC) HCIIOJIB3YIOTCSA
CJICAYHOMIUC MCTOJABI TECKYIIECTO KOHTPOJISA YCIICBAEMOCTHU 06yqalonmxc;1:

Ta6muma 4.1

Tema (pa3zen) @DopMbI (METOJIBI) TEKYIIETO KOHTPOJIS YCIEBaeMOCTH
Tema 1. OCHOBBI UMUTAITMOHHOTO MOJAETUPOBAHUS O/T
Tema 2. CTaTHCTHYECKOE MOJEIMPOBAHUE 3an/T
Tema 3. IlnaHupOBaHKE IKCIIEPUMEHTOB 3an/O
Tema 4. OOpaGoTka ¥ HHTEpHIpETAIUs PE3yIbTATOB 0/3a
CTaTUCTHYCCKOTO MOJICITUPOBAHUS A
Tema 5. Cucrembl ©  S3BIKH  WUMHUTAI[MOHHOTO

! 0/3a/T/KP

MOJEIUPOBAHUSI

4.2. MartepuaJibl TeKyLIEr0o KOHTPOJIsl YCII€eBAeMOCTH 00y4aroImmXxcsl.
TunoBble OLleHOYHBIE MaTepHaJIbI 10 TeMe 1
TunoBble BONPOCHI JIs1 YCTHOTO onpoca no teme 1

1. Tlouemy He Bcerna MOKHO BBITIOJIHUTB 337a4y aHAIUTHYECKOTO MOJIETTUPOBAHMS?
HazoBute o0nacTi mpuMEeHEHHS aHATUTHYECKUX MOJIEIICH.

2. B ueMm oTiinuME aHATUTUYECKOTO U UMUTALIMOHHOTO MOJIETTUPOBAHMS?

3. Korma nenecooOpa3Ho MPUMEHATh UMHTAITAOHHOE MOJICTTUPOBAHHE?

4. MoxeT 1 MofieTb ObITh a0CONIOTHO aJiekBaTHA opurnHany? Kak moHumars
aJIeKBaTHOCTb MOJIEIN?

5. Kak MO>XHO TpOBEpUTH aJIEKBAaTHOCTh MOZEIIN?

6. ComocTaBbTe MOHATHS «BATAAINSY, «BEPUPUKALIUASIY U «AKKPEIUTAIHS.

Tect

1. Kakoii Bu1 Mo1e/IMPOBAHNSI OTHOCUTCH K MaTeMaTu4ecKkomy?
1. I'mnoreTnyeckoe

2. HNmMuTanyonHoe

3. SI3pIKOBOE

4. AmnHanorosoe




2. B kakoM MeTo[e HCCJIe0BAHUS AHAJIUTUHYECKON MOJeJH Pe3yJbTaThl MOJYYAKOT
MYTéM MOACTAHOBKU KOHKPETHBIX 3Ha4YeHuii pakTopoB?

1. AHanuTH4YeCcKoM
2. YucneHHoM

3. KauecTBenHOM
4. YMO3pUTENBEHOM

TunoBblie OLIEHOYHbIE MaTepHuaJbl 110 TEME 2

Tunosble 3a1aHNs 1O Teme 2
1. Kakum TpebGoBaHUSM JO/DKHA O0NafaTh CTATHCTHUKA, MOJY4YE€HHAas B pe3ylbTare
MMUTAIIMOHHOTO MOJIETTUPOBAHMUS?
2. Kak npoBepsieTcsi KaueCTBO F'€HEpaTOPOB MCEBIOCTyYalHbIX YUCEN?
3. Kak reHepupyroTcsi IUCKpPETHbIE CITy4alHbIC BEJIMUUHbI?
4. Ha3oBuUTe METO/bI TEHEPAIIMH HETIPEPHIBHBIX CIIy4allHbIX BEIHYKH.
3ananmue 1. eneparopbl nceBAOCTyYANHBIX YK CEJI.
3agaua 1. [Toctpouts reneparop ciayuaitnbix uncen Jlemepa. [IpoBeputh kauecTBo
re’eparopa.
3agaua 2. [TocTpouTh reHepaTop CIOKHBIX COOBITUH.
P(A) = P(A)P(B)P(C);

P(B)=P(A)P(B)P(C);
P(C)=P(A)P(B)P(C);
P(D)=P(A)P(B)P(C);
P(E)=P(A)P(B)P(C);
P(F)=P(A)P(B)P(C));
P(G)=P(A)P(B)P(C);
P(H)=P(A)P(B,)P(C).

Eciin n3BeCTHBI BEPOSITHOCTH IPOCTHIX COOBITHH.

P(Al)= 0,4
P(B1)= 0,8
P(Cl)= 0,4
Tect
1.Kakoii cmocod MoxeJMpOBaHMS BpPEMEHHM HE HCIOJb3yeTcsl B MMHTALMOHHOM
MOJeJTHPOBAHUM?

1. MeTtox 0cOOBIX COCTOSHUIA.
2. Meton 0coObIX cUTyaIui

3. MeTon At

2.1IpuHUMI AZ NOCTPOEHUS MO/IETUPYIONIEro AJITOPUTMA MPEANoJiaraer:

1. I/ISMeHeHI/Ie TeKYHIeFO BpeMeHI/I MOACJIU C MOCTOAHHBIM IIIaroM

2. M3MeHeHne TeKyIero BpeMeHU MOJEIH OTpeeseTcs OmmKanImM Oy Tyium
COOBITHEM.

3. OTcyTcTBHE TEKYIIEro BPEMEHU MOJIEIH.

4. I/ISMeHeHI/Ie TCKYH_IGFO BpeMeHI/I MOOACIIMN B MOMCHT HOCTYHJ'IGHI/ISI 3aj4BOK B

cucTeMy it 00paboTKH.

3.l BBIYMCICHHS 3HAYCHUH CJIYy4YailHOH BeJHYMHBI f, pacnpeleJeHHONH 110
IKCIIOHEHIIHAIBHOMY 3aKOHY C HHTEHCUBHOCTBIO A CJIelyeT BOCIO0/1b30BaThCcs (POPMYJIOH B




1.t; = random ()
2.t; = —In (random) %

NMPOrpaMMHOM MOJIEJIN:
3.t; = random x

1 1
4.t; = —+random ) ——
A
~(x-p)?
1 262
4.1To popmyne f(x)=——¢ BbIYHCJIsIeTCH (PYHKIUS NJIOTHOCTH
oV2rn

pacnpeeeHus CIy4YaiHON BeJMYMHBI, pacnpeae/ieHHOM 1o:
PaBHOMEpHOMY 3aKOHY

HopmanbHOMY 3aKoHY

OKCIIOHEHIIMAJIbHOMY 3aKOHY

buHoMHabHOMY 3aKOHY

b=

5. KakuM cBOHMCTBAM He [J0JI’KEH YIOBJIETBOPATH TeHEPATOp ICeBAOCTYyYalHbIX
qucea?
1. Ilomydaemble 4YHcla JOJDKHBI OBITh PAaBHOMEPHO pacmlpeielieHbl B
nmuanazone [0,1] ¥ He TOJKHBI UMETh KOPPEJISIHIO APYT C IPYTOM.

2. Ilomyuaemple uMcIa [OJDKHBI OBITh PABHOMEPHO paclpeaeieHBI B
nuamasoHe [—1,1] 1 He JOJDKHBI UMETh KOPPEJALUIO APYT C APYIOM.

3. Teneparop nomkeH 00ecneynTbh BO3MOXKHOCTb BOCIIPOM3BOJUTD 331aHHBIN
IIOTOK CIIy4alHBIX YHCEIL.
4. Teneparopbl MOMKHBI MMETh MPOCTOM CMOCOO MOJIYYEHUS OTAEIbHBIX
ITIOTOKOB CIIy4alHBIX YUCEN.
5. I'eneparopbl MOJDKHBI  KaXKAbIH pa3 TIEHEPUPOBATh HOBBIA  IIOTOK
CIIy4alHBIX YUCEI.
6. Uro He mpoBepsieTcsi NPH NPOBEPKe KavyecTBa IeHEparopa ICeBAOCTYyYaiiHbIX
YyHCeJI:
1.  PaBHOMEpPHOCTb r€HEpUPYEMOM MOCIIEA0BATEIBHOCTH.
2. He3aBUCHMOCTh  IOCJIEJOBATEIBHOCTH  CIy4YallHBIX  BEJIMYMH Ha  OCHOBE
KOPPEJSLIMOHHOTO aHAJIN3a.
3. Jliuna nepuona
4. HopmanbHOCTb paclpeneiacHusl TeHEpUpPyeMOn CIIy4aiHON BEJINYNHBI.
5. Hanuuune aHOMaJIbHBIX 3HAYEHUH.
7.Kakoii reHepaTop cilydyaifHbIX YHCEI UCIOIb3YETCsl B METO/Ie OOPaTHBIX (DYyHKIIUA?
1. I'eneparop paBHOMEPHO pacnpeeleHHbIX yucen B Auana3zone ot 0 go 1.
I'eneparop paBHOMEPHO paclpeneaeHHbIX yncen B quana3one ot 0 1o 999.
I'eneparop cTaHAapTU3UPOBAHHBIX HOPMAIBHO PACIIPEIETICHHBIX YHCEIL.
I'enepaTop OMHOMHAIBHOTO pacrpeieIeHus

Rl

Tunosble OLleHOYHbIE MaTepHaJIbI 10 TeMe 3
Tunossie BONPOCHI 1JIs1 YCTHOTO OIIPOCA 1O TeMe



Vkaxure JAOCTOUHCTBA U HEAOCTATKU MACCUBHOT'O U AKTUBHOTO 3KCIICPHUMCHTA 3

Tunoskle 3aganus Mo reme 3

3anpanue 1.
3anaua 1. [ToctpouTh miaH moaHOro GakTOPHOTO SKCIIEPUMEHTA I N=3, €CIU KaXKIAbII
(akTOp MeHseTCA Ha JIByX YPOBHSX: HUDKHEM U BEPXHEM.

X, 6[5,10]; X, € [35,150]; X, 6[50,110]

Beimonuute nMuTanmonnoe mojenupoanre B GPSS, ecnu mpennonaraercs tpexdasznas
obpabotrku. daktopbr  x1,x2,Xx3  MaTeMaTHYECKOE OXHIAHHUE BPEMEHHM  0OpabOTKH.
VIHTEeHCHBHOCTh BXOAHOTO moToKa paBHa 0.005 mun'. OTKIMKOM SBISETCS MATEMATHUYECKOE
OXUJaHWe BpeMeHu o0padorku  3asBKH. [lOCTpOMTH  MHOXKECTBEHHYI  JIMHEHHYIO
PETPECCHOHHYIO MOJIENb 0 JAHHBIM SKCIIEPUMEHTOB.

x, €[5.10]: x, €[35.150]: x5 €[50,110]: x, € [10.120];

3anaua 2.

[TocTpouth IUIaH SKCIEPUMEHTA, €CIM HE YYUTHIBAIOTCS B3aUMOJICHCTBUSL (PaKTOPOB H
LEJIbI0 OKCIIEPUMEHTA SIBJISETCS TOCTPOCHUE PErPECCUOHHON MoAeNH. cnoib30BaTh JTMHEMHBIN
IUIaH 3KcnepuMeHTa. [locTpouTh miaH HETMHEHHOTo SKCIEepUMEHTa sl JaHHoW 3amaun. Kak Oyzer
BBITJISIETh PETPECCUOHHAs MOJEINb?

3amaua 3.

BrimomHuTh aHAM3 MOITHOCTH B R, eciiu u3BecTHO, 94T0 KOI(DPHUIIMEHT KOPPEISAIUN paBeH
0,15

Haiitu Tpebyemoe uncino HaOMOIeHUH, 9TOOBI MOIITHOCTEL KpuTepus Obiia paBHa 0,7; 0,8;
0,9 npu 3amanHO# ypoBHE 3HaunMocTH alpha=0,05

Tect
1.CKo0JIbKO 3KCIIEPUMEHTOB COAEPKHUT CIEKTP IJIAHA MOJHOro (paKkTOPHOro 3KCNEepuMEHTa
3
Buaa 2

1. Tpu
2. lects
3. Bocewmn

2.Yem omaumyaercs ApoOHbIN (AaKTOPHBIA JKCIEPUMEHT OT MOJHOro (pakTopHOro
IKcnepuMeHTa?

1. B nnane 1poGHOrO 3KCIEpUMEHTa B OTIIMYKME OT MOJIHOTO SKCIIEPUMEHTA HE BCe
(akTOpbl HE3aBUCUMBI. 3HAUEHUS 3aBUCUMBIX (DaKTOPOB OINPENAETSIOTCS C IIOMOIIBIO
TEHEPUPYIOLINX OTHOIIECHUH.

2. JlpoOHBIii B OTAMYKE OT MOTHOTO IKCIEPUMEHTA I03BOJIET UCIOIB30BaTh APOOHbBIE
3Ha4YeHUs (PaKTOpOB

3. Ilnan npoOHOro SKCIEPUMEHTAa BKIIIOYAET B ¢€0sl IJIaH MOITHOTO (PaKTOPHOTO

IKCIIEPUMEHTA
3. B kakoii cTpoke nj1aHa ApoOHOro GaKkTOPHOro IKCIEPUMEHTA COAepPKUTCS OluldKa?
Ne 1 DaxTopbl
X1 X2 X3=X1X2
1 +1 -1 -1 +1
2 +1 +1 -1 +1
3 +1 -1 +1 -1
4 +1 +1 +1 +1
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1. B nepsoii.
2. Bo BTOpO¥.
3. B tperseil.

Tunosblie OlleHOYHbIE MATEePUAJIBI 110 TeMe 4
Tunosble BONMPOCHI JIs1 YCTHOT'O OIIPOca no teme 4

1.

2.
3.

o

Kakme 3amaum pemalorcss 0OpH  CTAaTUCTUYECKOM 00paboOTKe  pe3yiabTaroB
MOJIETTUPOBaHUS?

CpaBHUTE TOCTOMHCTBA U HEJJOCTATKH TOYEYHOU U MHTEPBAJIHHON OLICHOK.

Kax cBsizanbl Mexay coO0M TOYHOCTh U JOCTOBEPHOCTh MOJEIUPOBAHUS C YHCIIOM
AKCIIEPUMEHTOB?

C oMol KakuX KPUTEPUEB TMPOBEPSIOTCS CTATUCTUYECKUE THUIIOTE3bI
OTHOCHUTEIIbHO JI0JIM IIPU3HAKA U OTHOCUTEIBHO MAaTEMAaTUYeCKOrO OKUIaHUS?

C oMol KakuX KPUTEPHUEB MPOBEPSIOTCS CTATUCTUYECKHE THUIMOTE3bI
OTHOCHUTEIILHO 3aKOHA pacIipe/ielIeHHs] Cy4yailHOW BeTHYHHBI?

KaxoBbl coneprkanue u 1efib KOppensuOHHOTo aHanu3a?

KakoBsI conepsxkanue u 1eb AUCIIEPCHOHHOTO aHanu3a?

KaxoBbl conepkanuie u 1efib perpecCUOHHOTO aHann3a’?

Tumnosble 3aJaHUs 110 TEME 4
33}18![]/[6 1. Ilo pe3yiibTaTaM UMHUTAIMOHHOI'O MOACIMPOBAHUA TOCTPOCHA Ta6JH/IIIa qacCToT.

Homep JleBast rpaHuna IIpaBas rpaHuna Yucno nonagaHuii B
HHTEpBaJia HHTEpBaJia HHTepBaJa HHTEpPBaJl
1 0 25 350
2 25 50 220
3 50 75 138
4 75 100 70
5 100 125 51
6 125 150 31
7 150 175 30
8 175 200 29
9 200 225 17
10 225 250 15
11 250 275 13
12 275 300 5
13 300 325 6
14 325 350 4
15 350 375 1
16 375 400 6
17 400 425 5
18 425 450 4
19 450 475 0
20 475 500 5

[TocTtpouts rHUCTOrpaMMy M SMIOUPUYECKYI0 (QYHKUHIO pacrpenenaeHus. OIEHUTDH

MaTeMaTnldCCKOC OXKUAAHUC U JUCIICPCHUIO (CKO) BPEMCHU O6p3.60TKI/I.

3aganue 2. B 3aBUCHMOCTH OT BBIOPAaHHOM TEXHOJOTMU MMEIOTCS pa3IUYHbIE JaHHBIE O

BPCMCHMU BLINIOJIHCHUS OlCpallii, CBCACHHLIC B Ta6J'II/II_[y.

Bpems TexHosorus
1 7 1
2 12 1
3 10 1
4 9 1
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13
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29 18

30 10 3

Pemnth 3amauy o1HO(AKTOPHOTO IUCHEPCHOHHOIO aHalW3a JUIsl OLIEHKH 3HAYUMOCTHU
BIIMSIHUSL TEXHOJIOTUU HA BPEMs BBINOJIHEHHS OTEpalyd. 3a/1ady PelIuTh C TOMOIIBIO MaKeTa
aHalu3a JaHHbBIX, C MOMOINBI0 R, ¢ MOMOIIBIO MONapHBIX ONepanuidl MPOBEPKH C MOMOIIBIO t-
TecTa

3aganue 3.

[IpoBecT cepHr0O HKCHEPUMEHTOB C MENBI0 MOCTPOCHHS PErpeCCHOHHONW MOJEIH
3aBHCUMOCTH MaTE€MaTHYECKOTO OKMAAHUSA M 3aBUCHUMOCTH CKO OT BpPEMEHH O0pabOTKM Ha
TIEPBOM JTare ¥ BpEMEHH MEXy COCEHUMH 3asBKaMHU.

OxcnepuMeHTsl mposectu B GPSS.

[Tporpamma st MPOBENCHHSI SKCIIEPUMEHTOB IMEET BH]T

*Otknuk Mozenu -MO BpemeHu 00paboTKu™

*(axTopsl - cpegHee BpemMsi 00padOTKH 3asiBKU B Kaxa0u (aze™

;Bpemena o0paboTku 3asBKH B (hazax

;mepBast ¢daza

timel equ 10

;BTOpas (aza

time2 equ 10

;TpEThs (aza

time3 equ 10

total_time table M1 5,5,10

time_afterl table M1 5,5,10

time_after? table M1 5,5,10
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GENERATE (exponential(711,0,50)) ; renepaiusi BXOJHOTO MOTOKa
;MozienupoBaHue Ga3pl 00padOTKHU 3aIBKU

SEIZE one_device

ADVANCE (normal(907,timel,time1/5))

RELEASE one_device

;Ta0yJIsIMs BpeMeHU 00pabOTKH 3asBKU OCIIE IEpBOH (hasbl
TABULATE time_afterl

TRANSFER .1, failure

;MOJIeTMpoBaHKe (Ga3bl 00paObOTKH 3asBKU

SEIZE two_device

ADVANCE (exponential(907,0,time2))

RELEASE two_device

;Ta0yJsIIKs BpeMEeHU 00pabOTKH 3as1BKH 11OCIIE BTOPOH (a3bl
TABULATE time_after2

;MojnenpoBanue (a3l 00pabOTKH 3asBKU

SEIZE three _device

ADVANCE (exponential(907,0,time3))

RELEASE three_device

;Ta0yssius 001Iero BpeMeHu 00paboTKH 3asIBKU B CHCTEMBI
TRANSFER .3,success,failure

success TABULATE total_time

savevalue suc+ 1

TERMINATE 1

failure savevalue fail+ 1

TERMINATE 1

start 500,NP

reset

start 1000

Mopenb noctpouts B R. O11eHUTh ee KauyecTBO

Tunosblie OlleHOYHbIE MATEPUAJIBI 110 TeMe S
Tect
1.Cko0J1bK0 ()aKTOPOB U OTKJIMKOB B YPABHEHHUU perpeccuu BUaa

2
f(x,x,x,)=b, +bx, +b,x, +b.x; + b x,

1. Tpu oTkiinKa 1 4eTsbipe (paxkropa
2. OpavH OTKJIMK U TpH QakTopa
3. OnvH OTKJIMK U 4eThIpe (pakropa

2.Kakoii MaTreMaTH4eCKHH MeTOX MO3BOJACT OLECHUTHh KOIPPUIUEHTbI NPH
HCI0JIb30BAHUH PErPeCCHOHHOI0 aHaIu3a?

1. Meron muoxureneit Jlarpanxa
2. MeTton rpynmnoBoro yuera apryMeHTOB
3. Merton HaMMEHBIIUX KBAJIpaToOB

3.Yto sBasiercs 3P (PeKTUBHOI OLEHKOI MaTEeMATHYeCKOT0 OKUAAHUSA CAYYAHHOM
BeJIMYUHBI?

1. Menunana

2. Mopa

13



3. Cpennee apudmernueckoe

4. CpenHee reoMeTpUUYECKOe

4. TlomosuHa AOBCPUTCIIBHOT'O HMHTCpPBAJId, B KOTOPOM HAXOAUTCA HCTHHHOC 3HAYCHUC
MaTeMaTH4ecKOro  OXUIAHMsS ~ CIy4alHOM  BEJIMYMHBI,  PACIpeNeseHHOW 10
HOPMaJIbHOMY 3aKOHY, C IOBEPUTEIHHON BEpOATHOCTHIO B onpexaensiercs no ¢popmyie

SZIB-\/SZ/N;

p—

2
4. e=1,-yS?/(N-1).
eCcIu tB - KBAaHTWJIb paclpelICICHUs,

2
S” - ucnpasneHHas BEIOOPOYHAS JUCIIEPCHS;
N - uucno HaGroneHui (SKCIIEPUMEHTOB).

5. Kakoii ¢opmysioii y100HO 1mo/ib30BaTbCsi NMPH BBIYMCJICHUM B NporpamMme
OLIEHKM JTMCTIEPCUM CITYYANHON BeJITMYUHBI OTKJIUKA?
N
v \2
(5= X)
1 §'=+
N -1
N
2
2%
2 = v2
2. SP=| i X[ ——
N N -1

4. §?==
N

6. Ilpm npoBepke TrHUNOTE3bl O HE3HAYMMOM OTJIHYMH TEOPETHYECKOr0 H
SMIIMPUYECKOI0 PpacnpeaejeHus CJIy4YailHOW BeJUYHMHbI M0 KPUTEPHUIO COIIacCHs X?
KOJIMYECTBO cTeneHel cBo0oabl onpeaensiercs no ¢popmyie (rae N — Koa1u4ecTBO NPOrOHOB,
K — ko1M4ecTBO HHTEPBAJIOB IMCTOrPAMMBbI — SMIIMPUYECKOI TVIOTHOCTH pacnpeneieHus,
m — KOJIM4eCTBO MapaMeTPOB 3aKOHA pacnpeaeeHusl, BBIYMCICHHBIX B IPOrpaMMme):

&

y=K-1.
7.0Ipu  mnocrpoeHMH (YHKUMH pacnpeaejeHuss HOPMAJbHO PpacnpeaeJeHHOn
CJIy4aiiHOM BeJMYMHBI 3HAYeHUs (PYHKIHH ONpee/siioTCsl 10 Tadaunue
1. ®ynknum 'aycca.
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2.  ®yuknuu Jlamnaca.
3. @Oynkuuu CTbhIOAEHTA.
4. @®yukuuu [Iupcona.
8. lis1 onpenesienusi 3Ha4eHnil GakTOPOB, AIONIUX ONTHUMAJIbHOE 3HAYEHHE OTKJINKA
METO0I0M HANCKOPeIero cmycka
1. TIpoBoasT ouH MOJHBIN (MK APOOHBIN) (HDAKTOPHBIN IKCTICPUMEHT.
2. IIpoBomsT mOCIEIOBATENFHO HECKOIBKO TMOMHBIX (WM APOOHBIX) (PAKTOPHBIX
HKCIEPUMEHTOB C U3MEHEHUEM HYIIEBBIX YPOBHEH (aKTOPOB.
3. TlocnemoBarenbHO (UKCUPYIOT 3HA4YCeHUsS (PAKTOPOB HA TOM YpPOBHE, Ha KOTOPOM
3HAYEeHHE OTKJIMKA JTy4IlIe.
4. PemialoT ypaBHEHHE pETrpecCHMH IIyTeM TMPUPABHUBAHUS K HYIIO YaCTHBIX
MIPOU3BOAHBIX.
9. Ilpu mpoBepke TUMOTEe3bl 0 HE3HAYHMOM OTJIMYHMHU JABYX OLIEHOK JWCHEepCcHii IO
KpuTepuio coriacust @uinepa B UMcaUTeIe HAXOAUTCH:

I. MeHb11as O1eHKa JUCIIEPCUN

2. Bosnbias oneHka aucnepcuu

3. OueHka [ucriepcuu, TOJYyYEHHAss B pe3ylbTare OOJBIIEro KOJUYeCTBa
IPOTOHOB MPOTrPAMMHON MOJEIH

4. OneHka aucnepcuu, IMOJIyY€HHas B pe3yjbTaTeé MEHBUIET0 KOJIMYECTBa

MIPOTOHOB MPOTPAMMHON MOJENN

10. I[.J'Iﬂ MPOBEPKHU AICKBATHOCTH YPABHECHHUS PEIrpeCcCHH nporpaMMoﬁ HMMHUTAIMOHHOM

MoOJ1eJIH
1. CpaBHI/IBaIOT TOJIBKO OLI€CHKH MAar€MaTHU4YC€CKOI'0O OXHAAaHUA OTKJIHNKA,
MOJy4YeHHbIE B IPOrpaMMe U B YpaBHEHHH.
2. CpaBHHBAIOT JUCIIEPCHIO OCTATKOB C PETPECCUOHHOMN AUCTIEPCUECH.
3. CpaBHHMBAIOT JUCHIEPCHIO OCTATKOB C HYJIEM.
4. CpaBHHMBAIOT PETPECCUOHHYIO JUCTIEPCHIO C HYJIEM.

Tunossie BONPOCHI 1JIs1 YCTHOIO OIIPOCa MO Teme S

1. Kakumu cBoiicTBamMu 00J1aat0T S36IKH UMUTAIIMOHHOTO MOJACIUPOBAHMS?

2. 3aueM HCNOJIb30BaTh CIIEHUAJIBHBIE CPEICTBA UMUTALMOHHOTO MOJEINPOBAHUA?

3. Ha3oBurte ocHOBHBIE apagUrMbl UMUTALMOHHOTO MOJIEIUPOBAHUS U JaliTe UM KPaTKyIo

XapaKTEPUCTHUKY.

4. JlaiiTe KpaTKylO XapakTepUCTUKY cucTeMbl AnyLogic, ee JOCTOMHCTB U HEOCTATKOB.

5. JlaiiTe KpaTKyro XapaKTEPUCTUKY CUCTEMBI Arena, €€ JOCTOMHCTB U HEAOCTaTKOB.

Jaiite kpatkyto xapakrepuctuky cuctembl GPSSWorld, ee 10CTOMHCTB 1 HEJOCTATKOB.
Tunosele 3a1aHud 10 TemMe S

3aganue 1. [TocTponuTs UMUTALIMOHHYIO MOJIEID «XUIIHUKH-KEPTBBIY.

Cucrema Bonbereppa-JIoTka, KOTOPYHO YacTO HAa3bIBAIOT CHUCTEMOM XHUIIIHUKH-)KEPTBBI,
OTKCBHIBAET B3aWMOJCWCTBUE JABYX MOMYISAIMA - XUIIHUKOB (HampuMep, JIMCHUI]) U JKEPTB
(Haripumep, 3aii1IeB), KOTOPHIE KUBYT [0 HECKOJIBKO pa3HbIM "3akoHaM". XKepTBbI MOAIepKUBAIOT
CBOIO IIOMYJIALUIO 33 CYET MOEJaHUs IIPUPOJHOIO pecypca, HallpuMep, TPABbl, YTO NPUBOAUT K
DKCIIOHEHIIMAJIBHOMY pOCTY YHMCICHHOCTH NOMYJISIIUU, €CIM HET XWIIHHUKOB. XUIIHUKA
NOJACPKUBAIOT CBOK TOMY/SALMUI0 32 CYET TOJbKO 'moenaHusa’” »xeprtB. llostomy, ecnm
NONYJSIUS JKEPTB HCYE3aeT, TO BCIEH 3a OTUM IMONMYISALUUsS XWIIHUKOB SKCIOHEHIIMAIBHO
yObIBaeT. [loenanne XUIIHUKAMH XEPTB HAHOCHUT YIIepO MOMYJSLMH KEPTB, HO B TO K€ BpeMs
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JIaeT JOIOJHUTENIBHBIN PECYPC K PA3MHOKEHHUIO XUIIHUKOB.
Moaenb UMeeT BUL:

dx/dt = ox—Pxy
dy/dt =—yy+0xy
3a/1aIuM apaMeTpbl MOJIEIIH.

|
Kon-Bo xposukoB (X) Kon-Bo pricetit (y) Tapametpei CHCTEM®I, ACHE
527,0 53,0 alfa 0,1
554,0 57,0 beta 0,0009
580,0 61,0 gamma 0,028
606,0 66,0 delta 0,0002

[MocTpouth rpaduku 3aBHCHMOCTH 4YHCJIa XHUIIHUKOB M YHCIA KEPTB OT BPEMCHH.
BbInmoaHUTh MOETUPOBaHUE AJIsl Pa3HbIX 3HAUYCHUI HaYallbHBIX yclIoBHM. BHemHuil Bug Mmoaenu
MIPUBECH Ha PUCYHKE.

Habnronare xoneGanus 3HaUCHHUH YKCIIa )KEPTB M YHCIIa XUIITHUKOB.
700

600
so0 !
400 - |
300 -
200 -

100 4/

0

] 1IIZIIZI ZIEIEI 3IIJD 400 a00
— ¥HWHHKH — ¥EepTEbI

W3menss mapameTpsl MOAEIH, IIPOAHAIM3UPOBATH CUTYallMH, KOTJA YHUCIO XHUIHUKOB U
YHUCJIIO KEPTB 6YI[GT HU3MCHATHCA UHAYC.

[Toctpouth (a3oByr0 TpPAaEGKTOPUIO, HCHONB3YS HHCTPYMEHT mnaimuTpsl «I'padux».
Koopnunaramu (a3oBoil TpaekTopuu SBISIOTCS: YHUCIO XMIIHUKOB U 4KMCIO kepTB. Habmonars
YCTOMYUBOCTH IIpOLIECCa.

500

a00

400

200

0 '
0 al 100 150 200 250 300

s P330E3A TPASKTOPKA

3aganue 2. Pa3paboraTh MMHUTALMOHHYIO MOJENb PAa3BUTHUS JMHJIEMUU TPHUIIA B TOPOJE.
Br16parh mar MoaeIbHOTO BpEMEHU MECHII.
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I'padmueckas monens B makerax moaenupoBanus Stella, Powersim npuBenena Ha pucyHke.
susceptible infected recovered

get sick get w'“JI

O

recovery rate

spmane; I

recovered

infection rate

susceptible irfected

gelt_weell

infection_rate recovery_rate

JIOTIOTHUTENBHO B MOAETSAX JIOJDKEH OBITh OMpPEAETIeH KOHKPETHBIA BUA (PYHKIIMOHAIBHBIX
3aBUCHUMOCTEH MHTEHCHUBHOCTH 3a00JIeBaHUS U MHTEHCHUBHOCTH BBI3JIOPOBIICHUS, KOTOPHIA HE
MOXeT OBITh BBIpaXEH rpadudecku. Hampumep, Iisi MOAETH SMHIEMHH Ha OCHOBE MHEHUH
9KCIIEPTOB ObUIH OMpeeNieHbI CIeYIOIINe KOHKPETHBIE (PYHKIIMOHAIbHBIE 3aBUCUMOCTH

get_sick = infected * susceptible *infection rate

get_well = infected * recovery rate

susceptible = 1000; infected = 1; recovered = 0;

infection_rate = 00218; recovery_rate = 5

Pesynbrarel MonmenupoBaHUS JOJDKHBI OBITH TPEICTABICHBI TpaUUECKH C ITOMOIIBIO
rpauKoB.

3aganue 3. [TorokoBoe nporpammupoBanue B AnyLogic
[TocTponTh MMUTALIMOHHYIO MOJIENIb Mara3uHa, €CJIM MaTeMaTH4ecKasi CXeMa NUMeeT BU:

— J_ > _/\

D ) Rl B NN

Haxoigenve B Marasiuiie
BX0L

_/\
Kacest

VIHTEHCHBHOCTh MOCTYIUICHHS MOKymateseil B Marasuu 0,1 mun™'. Bpemsi HAXOXICHHS B
MarasuHe (BpeMms 3aJep>KKH) paclpeeieHo M0 TPEYroJIbHOMY 3aKOHY C HauOoJyiee BEPOSTHBIM
BpeMeHEM 5 MuH. MuHHMManbHOEe BpeMs — 3 MuH. MakcumanpHoe BpeMs 15 MuH. Bpewms
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oOCTyKMBaHHS TOKyMaTelasi Ha Kacce paclpeleNieHO IO DJKCIOHEHIIMAIbHOMY 3aKOHY C
napametTpoM 3akoHa 0,5 MuH
3ananme 4. imuranmonnoe moxaenupoBanue Ha GPSS

3agaya 1. BeiuucnurensHas ceThb 3aHATa 00pabOTKOM JABYX THIOB COOOIICHUH,
MOCTYNAIIIUX B CE€Thb ¢ MHTEHCUBHOCTHIO 0,1 mc! n O,2Mc'1 COOTBETCTBEHHO. [l mepenayun
COOOIIEeHUs TT0 CeTH TpedyeTcs pa3HOe BpPEeMs B CBS3H C TEM, YTO COOOIIEHUS MEPBOTO TUMA B
CpeIHEeM B JIBa pa3a JJIMHHEE, YeM COOOIIECHHsS BTOpOro Tura. Bpems mepemadn cooOIeHUs
pacmpeneneso paBHomepHo coorBerctBenHo 4+ 2,2 +1 mc. Eciu cers 3amsara, TOT 3asBKa

MOJTy4aeT OTKa3 B OOMYKMBAHUHU U OOJIbIIE HE MPETEHAYET Ha 3aHATHE ceTH. ONpenenuTs Yucio
3asBOK, MOJYYMBIIUX OTKa3 3a | dac paboThl cetu. HaiiTu BeposITHOCTH OTKa3za B Ieperade
COOOILIEHNS.

Pexomenaanum x pereHuro 3a1a4u.

1. Hcnonp30BaTh TOTUUECKUN KITFOY, KOTOPBIN YIPABIseT nepeaadeii COOOIIEHUs B CETh.

2. Cerb MOJEIUpPOBaTh OJIHOKAHAJbHBIM YCTPOHCTBOM. Eciu ycCTpOMCTBO 3aHATO, TO

COOOIIeHNE TOJDKHO TOTyYUTh 0TKa3. VHaue OHO J0JKHO 3aXBaTHTh YCTPOHCTBO.
3. Jlns ynpasnenus nepenayeii cooOuieHus B ceTb ucnoinb3oBath oneparop GATE.

3agaua 2. OducHoe mnoxpasaeneHue OOCIyKHUBaeT 3asBKU Mojib3oBarenei. Cerb, C
TIOMOIIIBIO KOTOPOU OIHCHIBACTCS €ro (PYHKITMOHUPOBAHKE, IPUBEICHA HA PHC.

Lambda
=0,05

MeHepxep
MT=10

HauyanbHuk
MT=8

CrapLuuit MeHegxep
MT=12

OIIGHI/ITI) BPEMCHHBIC XapaKTCPUCTUKHU O6CJ'IY)KI/IBaHI/I$I KJIMCHTA.

3anganue 4.
3agaya. PernTsb 3a1a4y B COOTBETCTBMH ¢ BADMAHTOM KOHTPOJILHOM PadoThl
Bapuanr 1
1. Cucrema nuddepeHInanbHbIX YpaBHEHH, ONUCHIBAIOIIAS M3MEHEHHE COCTaBa
MPOAYKTOB UMEET BU:
dx/dt=—-ax/y+b
dyldt=—cyl/x+d
IJie X - YKCJIO TOBAPOB OT MEPBOM (PUPMBI;
y - YHCIIO TOBApOB OT BTOPOH (hUPMBI;
a,c - THTEHCUBHOCTHU MPOAAXK TOBApOB 00eUx pupM;
b,d - UIHTEHCUBHOCTH ITOCTAaBKH TOBApOB Ha PHIHOK.
Pemuts 3amaay B AnyLogic,
a=0.2;0=0.1,c=0.25;d =0.2;
x, =300; x, =250
Mogens cucTeMHONH NUHAMMKHU TPEICTaBUTh ABYMsI HAKONMUTENISAMU U JBYMS MOTOKaMHU.

Jns 3amaHus mapamMeTpoB IOTOKOB HCIIOJB30BaTh JBE JIWHAMUYECKUE IepeMeHHble. st
3a/laHusl TapaMeTpoB MU epeHITnanbHBIX YpaBHEHUH HCTIOIB30BaTh MapameTp moaenu. [llarom
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MoAenupoBaHus BbIOparh 1 neHb Bommoaautes MonenupoBanue B TedueHue 1000 maros. B
KauecTBe 11ara BbIOpaTh OJIMH JCHb.

2. [TocTponTh HMMHUTALMOHHYIO MOJENb MAapKOBCKOM ILI€M B COOTBETCTBUM C
3aJlaHuEM

Texunueckoe ycrpoiictBo (TY) moasepraercst mpocTeiiieMmy NOTOKY OTKa30B C
uHTeHCHBHOCTBI0 A = 0,01 u”'. Orkas oOHapy)KHBaeTCs HE Cpasy, a uepes3 CiydaiHOe BpeMs,
pacIpeeNeHHOe T0Ka3aTeIbHO ¢ mapamerpoM v = | 4. Kak TonbKko 0TKa3 0GHapyKeH,
npousBoauTcs ocMotp TY, B pe3ynbrare KOTOPOIro OHO JIMOO HApaBiIseTCsl B PEMOHT
(BeposTHOCTH 3TOrO p = (,2), 1100 CIMCHIBAaETCs U 3aMeHsieTcst HOBbIM. Bpemst ocmoTpa —
ToKa3aTeIbHOE C mapaMeTpoM  y =0,5 a’'; BpeMsi peMOHTa — MOKA3aTeIbHOE C AapaMeTPOM L
=0,14'; BpeMsl 3aMeHbI cliucaHHOTo TY HOBBIM — IOKa3aTenpHoe ¢ mapamerpoM y = 0,1 q!

Bapuanr 2

1. Cucrema nuddepeHIuaNbHBIX ypaBHEHUH, OIMUCHIBAIOIIAs W3MEHEHUE COCTaBa
MPOJYKTOB, UMEET BHI:

dx/dt=—-ax/y+b
dyldt=—cyl/x+d

[me x - 9uCiio TOBapOB OT MEPBO (HUPMBI;

y - 9HCJIO TOBApOB OT BTOPOH (DUPMBEI;

a,c - UHTEHCUBHOCTHU MPOAAXK TOBAPOB 00eux pupM;

b,d - VHTEHCHUBHOCTH MMOCTABKH TOBapOB HA PHIHOK.

Pemmts 3amauay B AnyLogic,

a=02;p=0.1,c=0.25;d =0.2;
x, =300;x, =250

Monens CUCTEMHOM TUHAMUKH TPEACTABUTH JABYMS HAKOMMUTENSIMU M JBYMSI MOTOKaMmH.
Jns 3amaHus mapaMeTpoB IOTOKOB HCIONB30BaTh [BE JAWHAMUYECKHWE NepeMeHHble. Jlis
3a/1aHus TapamMeTpoB AuddepeHInaIbHbIX YPaBHEHUM UCTIONB30BaTh mapaMerp Moxaenu. [llarom
MOJeNUpoBaHus BbIOparh | neHb Beimonnute mopenupoBanue B Teuenue 1000 maros. B
Ka4eCTBE I1ara BeIOpaTh OIMH JICHb.

2. TexHU4YecKkoe YCTPOMCTBO NOABEPraeTcs MNPOCTEHIIEMY IOTOKY OTKa30B C
uHTeHCHBHOCTBIO A = 0,01 u'. OTka3 0GHAPYKHUBAETCS HE Cpasy, a 4epe3 CIydaiiHoOe BpeMs,
pacupeeNeHHOE MTOKa3aTeNbHO C MapaMeTpoM v =2 g, Kak ToIbKO 0TKa3 0GHAPYXKEH,
npousBoguTcs ocMoTp TY, B pesynbrare KOTOPOro OHO JHOO HampaBisieTcs B PEMOHT
(BepositHOCTH 3TOrO p = 0,4), TMOO cnUChIBaeTCSl W 3aMEHSETCsl HOBBIM. Bpemst ocmorpa —
MOKa3aTebHOE C IapaMeTpoM y =1 u'; BpeMs peMOHTa — OKa3aTeNbHOE C MAPAMETPOM
n=0,2 a"'; Bpems 3amensI cimcanroro TY HOBBIM — MOKa3aTeIbHOE ¢ TapamerpoM y = 0,05 4.

Bapuanr 3
1. Cucrema nuddepeHuanbHbIX YpaBHEHUH, OINHKCHIBAIOIIAs M3MEHEHHE COCTaBa
MIPOAYKTOB UMEET BUJ:
dx/dt=—ax/y+b
dyldt=—cyl/x+d
['ne x - ymcio ToBapoB OT NEPBOM GUPMBI;
y - YHCJIO TOBAPOB OT BTOPOH (UPMBI;
a,c - 'HTEHCUBHOCTH ITPO/IaXk TOBApOB 00enx pupMm;
b,d - VHTEHCUBHOCTH II0CTABKU TOBAapOB HA PHIHOK.
Pemuts 3amauy B AnyLogic,
a=0.2;b=0.1;c=0.25;d =0.25;
x, =300; x, =220
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Monens cUCTEMHOM JUHAMUKHU MPEACTABUTH ABYMS HAKOMMUTENSIMU M JIByMSI MOTOKamH.
Jns 3amaHus mapaMeTpoB TIOTOKOB MCIONB30BaTh JBE JAMHAMUYECKHE TIepeMeHHble. Jlis
3a/1aHus apaMmeTpoB AudQepeHnaIbHbIX ypaBHEHUH UCTIOIK30BaTh napamerp moaenu. [llarom
MonenupoBanus BeIOparh 1 aeHs BemomnuTe momenupoBanue B TedeHue 1000 mraror. B
KadecTBe I1ara BeIOpaTh OJIMH JCHb.

2. TexHuueckoe yCTpOHCTBO MOJBEPraeTcsl MPOCTEHIIEMY MOTOKY OTKAa30B C
-1 o
uHTeHCHBHOCTRI0O A = 0,02 4. OTka3 oOHapyXHBaeTCs HE Cpasy, a yepe3 CIy4ailHOe Bpems,
5|
pacrnpezieieHHOE MOKa3aTeJIbHO ¢ apaMeTpoM v =1 4. Kak Tonbko 0TKa3 oOHapyxkeH,

npousBoguTcs ocMoTrp TY, B pesynbrare KOTOPOro OHO JHMOO HampaBisieTcs B PEMOHT
(BeposTHOCTH 3TOrO p = 0,6), TMOO CHUCHIBAETCS M 3aMEHseTCd HOBbIM. Bpems ocMmoTpa —
II0Ka3aTeIbHOE C apaMeTPOM y=0,5 9'; BpeMsi peMOHTa — [IOKA3aTeIBHOE C MAPAMETPOM
n=0,1 ql; BpeMs 3aMeHBI cliucaHHOro TY HOBBIM — IOKa3aTenbHoe ¢ nmapamerpom y = 0,1 q!,

Bapuant 4
l. Cucrema muddepeHInaNbHBIX YpaBHEHHH, ONMMCHIBAIONIAS W3MEHEHHE COCTaBa
MPOAYKTOB UMEET BU:

dx/dt=—-ax/y+b
dyldt=—-cylx+d

I'ne x - 4yuciio TOBapoB OT NEPBOH (HUPMBI;

y - YUCIIO TOBApOB OT BTOPOH (hUPMBI;

a,c - THTEHCUBHOCTHU IIPOAXK TOBAPOB 00eUX pUpM;

b,d - AHTEHCUBHOCTH IIOCTaBKH TOBAPOB Ha PHIHOK.

Pemmts 3anauy B AnyLogic,

a=0.2;b=0.15;c=0.25;d =0.2;
X, =250;x, =200

Mogenp CUCTEMHON JUHAMMKHU IPEACTaBUTh JABYMsI HAKOIUTEIAMH U JBYMS IOTOKaMHU.
Jnsg 3amaHus mapaMeTpoB IOTOKOB HCIONB30BaTh [JBE JWHAMUYECKHWE mepeMeHHble. Jlis
3aJaHus MapaMeTpoB AuddepeHInaIbHbIX YpaBHEHUH HCIIONb30BaTh apameTp Moaenu. [larom
MOJEeNIUpOoBaHUs BbIOparh | neHb Beimonnute mopenupoBanue B TedeHue 1000 maros. B
KauecTBe 11ara BeIOpaTh OJUH J€Hb.

2. TexHuueckoe yCTpOMCTBO TMOABEpraercss MPOCTEHIIEMy TOTOKY OTKa30B C
MHTEHCHUBHOCTRIO A = 0,02 u”'. OTka3 oGHApyKHBaeTCSA HE Cpasy, a uepes CIydaifHoe BpeMms,
pacIpeielleHHOEe NT0Ka3aTeNIbHO C MapaMeTpoM v =2 q'. Kak TOJIbKO OTKa3 OGHAPYXKEH,
npousBoguTcss ocMoTrp TY, B pesynbrare KOTOPOro OHO JHMOO HampaBisieTcs B PEMOHT
(BeposiTHOCTH 3TOrO p = 0,4), MMOO CHUCBHIBAacTCS M 3aMeHseTcs HOBBIM. Bpemsi ocmotpa —
MOKa3aTelbHOE C MapaMeTpoM y =1 u'; BpeMs peMOHTa — MOKA3aTEeITBHOE C MAPAMETPOM
i =0,2 a"'; Bpems 3amenb! crucanroro TY HOBBIM — MOKa3aTeNbHOE ¢ TapameTpoM = 0,2 ™.

Bapmuanr 5
1. Cucrema nuddepeHnnanbHbIX YpaBHEHHUH, ONMUCHIBAIONIAs M3MEHEHHE COCTaBa
MPOAYKTOB, UMEET BUJI:
dx/dt=—ax/y+b
dyldt=—cyl/x+d
IJie X - YKCJIO TOBAPOB OT MEPBOM (PUPMBI;
y - YHCIIO TOBApOB OT BTOPOH (hPUPMBI;
a,c - THTEHCUBHOCTHU MPOAAK TOBApOB 00eUx pupM;
b,d - AHTEHCUBHOCTH IIOCTaBKH TOBAPOB Ha PHIHOK.
Pemuts 3amaay B AnyLogic,
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a=0.2;6=0.1,c=0.3;d =0.2;
X, =280;x, =220
Monens CUCTEMHOM TUHAMUKH MPEACTABUTH JABYMS HAKOMMUTENISIMHU M JIByMSI MTOTOKamH.
Jns 3amanus mapaMeTpoB IOTOKOB HCIONB30BaTh [JBE JAMHAMUYECKHWe mepeMeHHble. Jlis
3a/laHus apaMmeTpoB AudQepeHnaIbHbIX ypaBHEHUH UCTIOIK30BaTh napamerp moaenu. [llarom
MonenupoBaHus BbeIOparh 1 geHb Bemonmuute MonmenupoBanue B TedeHue 1000 mmaroB. B
KadecTBe I1ara BeIOpaTh OJIMH JCHb.
2.ITocTpouTh UMUTAIIMOHHYIO MOZIETTh MAPKOBCKOW IIENH B COOTBETCTBUU C 3aJJaHHEM
Texunueckoe ycrpoiictBo (TY) nmonsepraercst mpocteiiieMy NOTOKY OTKa30B €
uHTeHCHBHOCTBI0 A = 0,01 a”'. Orkas 0oOHapy)KHBaeTCs HE Cpasy, a uepes3 CiydaiHoe BpeMs,
pacIpeeneHHoe OKa3aTeIbHO ¢ mapamerpoM v = | 4. Kak TonbKko 0TKa3 0GHApyKeH,
npousBoautTcs ocMotp TV, B pe3ynbrare KOTOpOro OHO JUOO HaIpaBiIseTCss B PEMOHT
(BeposTHOCTH 3TOrO p = (,2), 1100 CrIMCHIBAaETCs U 3aMeHsieTcsl HOBbIM. Bpemst ocmoTpa —
[I0Ka3aTeNbHoe ¢ mapamerpoM Y = 0,5 4’'; BpeMsi PEMOHTa — [IOKA3aTeIBHOE C IIAPaAMETPOM L
=0,1 u”'; Bpems 3amensI crimcanroro TY HOBBIM — MOKa3aTenbHOE ¢ mapamerpom y = 0,1 4!
BapuanT 6
1. Cucrema nuddepeHuanbHbIX YpaBHCHUMN, OINMCHIBAIONIAS W3MEHEHHE COCTaBa
MPOAYKTOB UMEET BUJ:
dx/dt=—ax/y+b
dyldt=—-cylx+d
IJIe X - YHCIIO TOBAPOB OT MEPBOM (PUPMBI;
y - 9HCJIO TOBAPOB OT BTOPOH (DUPMBEI;
a,c - UHTEHCUBHOCTHU MPOAAXK TOBAPOB 00eux pupM;
b,d - VHTEHCHUBHOCTH IMOCTABKUA TOBAPOB HA PHIHOK.
Pemmts 3amaay B AnyLogic,
a=02;p=0.1,c=0.25;d =0.2;
X, =250;x, =300
Monens CUCTEMHOW TUHAMUKH TPEACTABUTH JABYMS HAKOMMUTENSIMU M JIByMSI TTOTOKamH.
Jns 3amaHus mapaMeTpoB TOTOKOB MCHOJb30BaTh JABE JAMHAMUYECKHE IepeMeHHble. [l
3a/1aHus TapamMeTpoB auddepeHIMaIbHbIX YPaBHEHUN UCTIOIB30BaTh apameTp moaenu. [llarom
MoOJEeNnUpoBaHusl BbIOparh | neHb Beimonnute mopenupoBanue B Teuenue 1000 maros. B
Ka4eCTBE I1ara BeIOpaTh OMH JICHb.
2.TexHuueckoe YCTPOMCTBO TMOABEpraercs MNPOCTEUIIEMY IOTOKY OTKa30B €
uHTeHCHBHOCTEIO A = 0,01 u'. OTka3 0GHAPYKHUBAETCS HE Cpasy, a 4epe3 CIydailHoe BpeMs,
pacupeeNeHHOE MT0Ka3aTeNbHO C MapaMeTpoOM v =2 4. Kak TOIBKO OTKa3 oOHapyXeH,
npousBoguTcs ocMoTrp TY, B pesynbrare KOTOPOro OHO JHMOO HampaBisieTcs B PEMOHT
(BepositHOCTH 3TOrTO p = 0,4), TMOO cnUChIBaeTCsl W 3aMEHsETCsl HOBBIM. Bpemst ocmorpa —
MOKa3aTeNbHOE C MapamMeTpoM y=1 q'; BpEMSI pPEMOHTa — IOKa3aTeIbHOE C MapaMeTpoOM
n=0,2 a"'; Bpems 3amensI cimcanroro TY HOBBIM — MOKa3aTeqbHOE ¢ TapamerpoM y = 0,05 4.

Bapuanr 7
1. Cucrema nuddepeHIuanbHbBIX YpaBHEHUH, OIMHUCHIBAIOIIAs M3MEHEHUE COCTaBa
IIPOAYKTOB UMEET BUJ:
dx/dt=—ax/y+b
dyldt=—cyl/x+d
IJ€ X - YUCIIO TOBApPOB OT MEPBOM PUPMBI;
y - YHCIIO TOBApOB OT BTOPOH (hUPMBI;
a,c - THTEHCUBHOCTHU MPOAAXK TOBAPOB 00eUX pupM;
b,d - A'HTEHCUBHOCTH ITIOCTaBKH TOBapOB Ha PHIHOK.
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Pemmuts 3a1auy B AnyLogic,
a=0.2;b=0.1,c=0.28;d =0.15;
X, =250;x, =250
Mopnenb cUCTEMHOM TUHAMUKU MPEICTABUTH ABYMs HAKOIUTENSAMH M JBYMs IOTOKaMH.
Jnsg 3amaHus mapaMeTpoB IIOTOKOB HCIIOJB30BaTh [JBE JMHAMUYECKHUE IepeMeHHble. Jls
3aJjaHus apaMeTpoB AuddepeHnanbHbIX ypaBHEHUH HCIIOb30BaTh napaMeTp monenu. llarom
MoAenupoBaHus BbIOparh | naeHs Boimonaute MonenupoBanue B TedeHue 1000 maros. B
KauecTBe 11ara BIOpaTh OJUH JI€Hb.

2. TexHu4yeckoe yCTpONCTBO MOABEPraeTcs MPOCTEUIIEeMy MOTOKY OTKa30B C
-1 o
uHTeHcuBHOCTRI0O A = 0,02 u . OTka3 oOHapyXUBaeTCs HE Cpa3y, a yepe3 CiydailHoe Bpewms,
5|
pacrnpezieieHHOE MOKa3aTeJIbHO ¢ apaMeTpoM v =1 4". Kak Tobko 0TKa3 oOHapyxkeH,

npou3BoauTCsT ocMOTp TV, B pesynbraTe KOTOPOTO OHO JIMOO HAaNpaBisieTCs B PEMOHT
(BepositHOCTH 3TOrO p = 0,3, MO0 CHHCHIBaeTCS M 3aMEHsIETCS HOBBIM. Bpemst ocmotpa —
II0Ka3aTeIbHOE C NapaMeTpoM y=0,5 u4’'; Bpems peMOHTa — MOKA3aTEeIbHOE C HAPAMETPOM
nw=0,1 a”'; Bpems 3amensI crcanroro TY HOBBIM — NOKa3aTenbHOE ¢ apamerpom y = 0,1 a .

Bapuanr 8
1. Cucrema nuddepeHnnanbHbIX YpaBHEHHUH, ONUCHIBAIOLIAs M3MEHEHHE COCTaBa
MPOYKTOB MMEET BH/I:

dx/dt=—-ax/y+b
dyldt=—cyl/x+d

IJIe X - YKCJIO TOBApPOB OT MEPBOM (GUPMBI;

y - YUCIIO TOBApOB OT BTOPOH (hpUpPMBI;

a,c - THTEHCUBHOCTHU IIPOAXK TOBAPOB 00€UX PUpPM;

b,d - AHTEHCUBHOCTH II0CTaBKH TOBAPOB Ha PHIHOK.

Pemuts 3anauy B AnyLogic,

a=0.25b=0.1c=0.20;d =0.2;

x, =300; x, =280

Mogene CUCTEMHON NUHAMMKHU NPEACTAaBUTH JBYMsI HAKOIUTENIMU U JIByMs ITOTOKaMHU.
Jns 3amaHus mapaMeTpoB IOTOKOB HCIONB30BaTh [JBE JWHAMUYECKHWE NepeMeHHble. Jls
3aJaHusl MapaMeTpoB AuddepeHnnanbHbIX YpaBHEHUH HCI0Ib30BaTh napaMeTp monenu. Hlarom
MOJeNUpOBaHUsl BbIOparh | neHb Beimonnute mopenupoBanue B TedeHue 1000 maros. B
KauecTBe 11ara BIOpaTh OJUH JI€Hb.

2.TexHuueckoe yCTPOMCTBO IMOJABEpPraercs MpPOCTEHIIEMYy TIOTOKY OTKa30B C
MHTEHCHUBHOCTRIO A = 0,02 u”'. OTka3 oGHApyKHBAETCSA HE Cpasy, a uepe3 CIydaifHoe BpeMs,
pacIpesielleHHOe NTOKa3aTeNIbHO C IapaMeTpoM v =2 u"'. Kak TOIbKO OTKa3 OGHAPYXKEH,
npousBoguTcss ocMotrp TY, B pesynbrare KOTOPOro OHO JHMOO HamlpaBisieTcs B PEMOHT
(BeposiTHOCTH 3TOrO p = 0,4), MUOO CHUCHIBAaeTCS M 3aMeHseTcs HOBbIM. Bpemsi ocmotpa —
MOKa3aTelbHOE C MapaMeTpoM y =1 u'; BpeMs peMOHTa — MOKA3aTEeTbHOE C MAPAMETPOM
n=0,2 u4”'; Bpems 3amensI crimcanroro TY HOBBIM — MOKa3aTeIbHOE ¢ TapamerpoM = 0,2 ™.

KOHTpOJ’ILHaH paﬁoTa. HpI/IBe,I[CH OIUH BAapUAHT 3alaHUA

1. C nomMomplo reHeparopa ClIy4yailHBIX YHCEN IOCTPOUTH IOCIEN0BATEIbHOCTD,
cocrosulyto u3 100 HOpMAIBbHO pacpPEIETCHHBIX CIyYallHbIX YUCEN ¢ MaTEMATUYE€CKUM
OXXKUJIaHUEM paBHBIM 6, cko paBHbIM 1. [locTpouTh rucTrorpammy pacnpeaeiaeHusl.
OueHuTh Ka4eCTBO TEHEpallMM CIy4alHbIX 4YHMCENl IIyTeM MPOBEPKH 3aKoHa
pacnpezneneHus o kpurepuro X" 2.

2. TlocTpoutsh miuaH ApoOHOTO (HAKTOPHOTO HKCIIEPUMEHTA, €CIIH B IJIAHE UMEIOTCS YEThIPE
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dakTopa. Kaxnplii miuaH u3MeHsieTcs Ha JByX ypoBHAX. [Ipu mocTtpoeHum momenu
B3auMojielicTBre (pakTOpoB HE yuuThiBaeTCs. Kaxkapiii (hakTop U3MEHsETCS B IMara3oHe
or 0 a0 10. B m1ane YUYUTBIBATH HOPMAJIM30BAHHBIC U HCHOPMAJIM30BAHHBIC 3HAUCHUA.

3. PemuTs 3a7a4y AMCIIEPCUOHHOTO aHAIN3a, €CJIM BEIOOPKA UMEET BUJT

. | YpoBHu ¢axropa
Homep ncnbitanus i Fl 0 3 i s
1 1,21 0,82 1,07 0,97 0,99
2 1,03 0,87 1,06 1,17 0,99
3 0,93 1,06 0,94 1,18 1,04
4 1,02 1,13 0,89 1,04 0,90
5 1,15 0,81 1,10 0,94 0,99

Onpeneuth 3HAYUMOCTh (DakTopa. 3ajady peIMTh C MOMOIIbI KpuTepus duriepa.
Bri6pars yposens 3Haunmoctu 0,05.
4. Pemmth 3a7a4y JUCICPCHOHHOTO aHAJIM3a C IMOMOIIbIO HAJICTPOMKH AHAIU3 JAaHHBIX,
€CJIM BBIOOPKA MIMEET BH]T

VYposens dakTopa
j 1 2 3
1 12 11 10
2 10 10 9
3 14 9 8
4 11 11 7
5 10 9 8
6 12 12 7
7 14 11 6
8 13 12 8
9 16 15 9
10 12 10 7

5. Pazpabotarp umuTanuoHHyro mozaens Ha GPSS, B koropoil aHamusmpyercs BpeMms
00paboTKH B CHCTEME, UMEIOILEH CTPYKTYPY.

BxomgHoll MOTOK 3amaH JKCIIOHEHIMAJILHO ¢ MareMarmdeckuM okumganueM 10 c. Bcee
BPEMEHHbBIE  XAPAKTEPUCTUKH OOpPaOOTKH  OIMMUCBHIBAIOTCS  DKCIIOHEHIMAIBHBIM  3aKOHOM

pacnpeneneHuss ¢ MaTeMaTHYECKUMHU 0XKHJIaHUSMU (3 2 4). Pazpabotarh UMUTALIMOHHYIO
mozaenb B AnyLogic. [Ipy mocTpoeHuu rMCTOrpaMMBbl HCIIONB30BaTh PEKOMEHJAMHU y4eOHOTro
nocobus «Mogenb 6aHka». B oTueT KOHTpONbHON paboThl MOMECTUTH rUcTorpammy. CpaBHUTH
pe3ynbrarsl MoaenupoBanus B GPSS u AnyLogic.

6. Cucrema muddepeHIHaTbHBIX YypaBHEHWH, OMNMUCHIBAIONIAS HW3MEHEHHE COCTaBa
MPOIYKTOB UMEET BU:

dx/dt=—ax/y+b
{dy/dt =—cy/x+d
I'me x - uncio TOBapoB OT MepBOii HUPMBL;
y - 9HCIIO TOBapOB OT BTOPOI (PUPMBIL;
a,c - ”HTEHCUBHOCTH MPOAAK TOBAPOB 00eUx PupM;
b,d - AHTEHCUBHOCTH ITOCTAaBKH TOBAPOB Ha PHIHOK.
Pemute 3amauy B AnyLogic,
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a=02;b=0.1,c=0.25;d =0.2;

x, =300; x, =250

Mogenb CUCTEMHON TUHAMHUKHU MPEACTABUTH ABYMSI HAKOIUTEISIMU U JBYMSI IIOTOKaMHU.
Jns 3amaHus TapaMeTpoB TIOTOKOB HMCIOJB30BaTh JBE JHUHAMHYECKHUE IepeMeHHble. Jlis
3a/laHus apaMmeTpoB AudQepeHInaIbHbIX ypaBHEHUHN UCTIOIH30BaTh nmapamerp moaenu. [llarom
MonenupoBaHus BeIOparh 1 aeHs BemomnuTes momenupoBanue B TedeHue 1000 mraror. B
Ka4yeCTBE 11ara BeIOparh OMH JICHb.

Tecr

1.Kakoii omeparop s3bika GPSS wucnoabdyercsi sl reHepanMd TPaH3aKTOB B
Moaeau?

1. GENERATE

2. ASSEMBLE

3. SPLIT

2.Kakoii oneparop sisbika GPSS ucnoJib3yercs AJ1si MOAeJMPOBAHUSA OTHOKAHAJIBHBIX
yCTpoOiicTB?

1. LEAVE

2. SEIZE

3. QUEUE

3.YkaxxuTe MM MHOTOKAHAJIbHOI0 YCTPOMCTBA, OPOKI2eMOr0 CJIeyIInM
oneparopom LEAVE CHAN 1

1. CHAN
2. CHANI
3. CHANS1
4.C noMoOIIbI0 KAKOI0 0NepaTopa NpOU3BOAMTCS NMOCTPOEHHE THCTOTPAMMBbI
pacnpenenenus?
1. DEPART
2. TERMINATE
3. TABLE
5. Kakoii u3 fI3bIKOB NPOrpaMMHPOBAHUSI He SIBJSIETCH SA3bIKOM HMHUTAIMOHHOIO
MOJeJUPOBAHUA?
1. DYNAMO
2. ASPOL
3. DELPHI
4. GPSS

6. Kakoii u3 si3p1K0B NPOrpaMMHPOBAHNS He ABJIACTCS A3bIKOM 0011er0o Ha3HAYCHUA ?

1. C++
2. VB;

3. GPSS;
4. Pascal;

S. OueHo4HbIe MaTepHaIbl IPOMEKYTOUYHOH ATTECTALMM 10 JMCHUIIIHHE
5.1. Dx3aMeH NPOBOANTCS ¢ IPMMEHEHHEM CJIeYIIIUX METOI0B (CPeACTB):

DK3aMeH MpPOBOJIUTCA B KOMIBIOTEPHOM Kjacce. Bo Bpems 3aueta mpoBepsieTcsl dTar
OCBOCHHMSI KOMIIETEHLIUI B COOTBETCTBUH € ACIIOPTaMH KOMIIETEHLIUH.
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Bo Bpems mpoBepku cpopMHUpOBaHHOCTH 3Tana [IKC-3.1 OLIEHUBAIOTCS:
-Ilpe3entanuss Mojenu W TONYYEHHBIX pPE3YJIbTaToB B BHJAE OTYETa WIM B OQHUCHBIX
IPUIOKEHUSX.
[IpomexxyTouHast arTecTanus MOXeT MpoBoauThes ycTHO B JIOT/muceMeHHO C
IPOKTOPUHTOM/ TECTUPOBAHHME C MPOKTOPHHIOM. J{JIs1 YCHEIIHOrO OCBOEHHS Kypca ydamemycs
PEKOMEHIYeTCSl O3HAKOMMTBCSI C JIMTEpPaTypoM, pa3MElIeHHOW B pasaene 6, U MarepuallaMmi,
BbUTOKEHHBIMU B JIOT.

5.2. OneHOYHBbIE MATEPHUAJIBI IPOMEKYTOYHOM aTTeCcTAllUU
Iloka3zare/n U KPUTEPUHU OLIEHUBAHNSI KOMIIETEHIIUH € Y4eTOM ITamna ux

dopmupoBanus
Tab6muma 4.2
Kon HaumenoBanue Kon HaumeHnoBanue JTana OCBOEHUS
KOMIIETCHIINN | KOMIIETCHIIH Kommonenra KOMIIETCHIIUH
KOMITCTCHITNH
TIKC-3 Cmocoben obocHoBwBath pemreHus | [TKC-3.1 CrocobeH  TPUMEHSATh  CHCTEMHBIH
Ha OCHOBE OIIGHKM U aHaIHn3a TIOAXOJ, METOABl TEOPHU IIPUHATUS
LENEBBIX MTOKa3aTesIeH, MOCTPOCHHS pELICHNH, METOIbl ONTUMH3ALUKN HpPH
U TPUMEHEHHS alITOPUTMHYECKHUX 000CHOBaHNH PELICHUS
Mozeen
Tabmuma 4.3
Kon [Tokasarens Kpurepnii onieHuBanus
KOMIICTCHIIN OLICHHNBAaHUA
IKC-3.1 IIpumeHsieT cUCTEeMHBIM MOJAXOMA, METOJbI [Ipencrasnena MOIEIb OIIUCAHUS

TEOpUU  NPUHATUSL

peLICHHUN,
ONITUMU3AalNU TTPU 000CHOBaHUHU peuicHuA

METOAbI

Ou3Hec-mpoIecca B COOTBETCTBUH C
BBIOPAHHBIM MJIM YKa3aHHBIM METOZIOM
OTIMICAHUSI U MOJICITUPOBAHHS.
BrinmonaeHo 000CHOBaHUE CIETAHHOTO
BBIBOJIA, 000CHOBaH X0
MOJIETTUPOBaHMUS, 00paboTku n
HHTEPIIPETAIAH MOJTyYEHHBIX
PE3yIBTATOB.

CnemaHbl TMpaBWIbHBIE OTBETHI Ha
MOCTaBJIEHHBIE BOMPOCHI HII TECTHI.

Jnst oneHKH cPOPMUPOBAHHOCTH KOMIETEHIIMN, 3HAHUW M YMEHHUH, COOTBETCTBYIOIIMX
JTaHHBIM KOMIIETECHIIUSAM, UCIIOJIb3YIOTCSI KOHTPOJIBHBIE BOIIPOCHI, a TAKKE 3aJa4M, IIPU PELICHUU

KOTOPBIX H€O6XOI[I/IMO INOCTPOUTE HWMHUTAIMOHHBIC MOACIIH,

9KCIICPUMCHTBI C HUMMU.

Tunosbie BONPOCHI, BBIHOCUMbIE HA IK3aMEH:
HUMHUTAITMOHHON
MMHUTAIMOHHOTO MOJEIUPOBAHUA.

1.

Rl

Hars  ompenencHue

MOICIIN.

CINTaHUPOBaTb ©W IPOBCCTU

Oxap AKTCPU30BATH METOO

I[aTL OIMPCACIICHUC U OXAPAKTCPU30BATHL MCTOABI CTATUCTUYCCKOTO MOJACIIMPOBAHUS U

merona Monre-Kapro, ykazare oTmuyus.

Hazarps mocTonHCTBA M HEAOCTAaTKH METOAAa UMHUTAIIIOHHOIO MOICIUPOBAHUA.

KnaccudunupoBaTb UMUTaLlMOHHBIE MOJIEIIH.
chopMyIHpOBaTh

Hars  omnpezenenue,
COOBITUIMHOTO MOJIETTUPOBAHUSI.
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10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Jate ompenenenue, chopMyaHpOBaTH OCOOCHHOCTH METOAa CUCTEMHOW TUHAMUKH.
[IpuBecT mpuMepbl MoOJEICH CUCTEMHON JAWHAMUKH, OOBSICHUTH TMpaBWiIa HX
HOCTPOEHHUS.

Vkazarb 0coOeHHOCTH Meroja «JlMHaMUYecKHe CHCTEMbl», YTOUHUTb OTIMYHS
JUHAMHYECKUX CUCTEM U CUCTEMHON AUHAMMKH.

[Harp OIIpeNieIICHHE, chopMyIHpOBaTh 0COOEHHOCTH MHOT'Oar€HTHOI'O
MozaenupoBanus. OXapakTepu3oBaTh NOHATHE «areHT». IIpuBecTu npumep areHTHOM
Mozenu B Anylogic.

Jlate ompezneneHue MTOHATHS «cucTeMHOe BpeMs». ChopmynupoBarh MPUHLIUIIBI
IOCTPOEHUS] MMUTAIMOHHOM Mojenu: no MmerogaMm «Dt» um  «mo  0coObiM
COCTOSIHUSIM». BBINIOJTHUTD UX CpaBHUTENbHbBIN aHAIU3.

KnaccupunupoBare reHeparopbl CiIydalHbIX W ICEBIOCIy4YailHBIX  YHCEll.
BpINOSHUTE UX CPABHUTENIBHBIN aHAIU3.

[IpuBecT mnpuMeEpbl TE€HEPATOPOB IICEBIOCIYYaWHBIX YUCEN M IHPOLEAYPBl HX
reHepanuu. BeInoiHUTE MX CPAaBHUTEIbHBIN aHAIIN3.

JlaTb XapakTepUCTUKY KOHI'PYHTHBIX T'€HEpaTopoB, reHeparopa Jlemepa.

VKa3arh Kak BBINOJIHAETCA TECTUPOBAHME T'€HEPATOPOB CIy4yallHBIX 4YHCEI.
Oxapakxrepu30BaTh THCTPYMEHTBI OLICHKU UX Ka4eCTBa.

XapakTepru30oBaTb OCHOBHBIE METO/Bl MOJAEIUPOBAHUS CIyYalHBIX COOBITUH.
[TpuBecTH npuMeps! reHepaLy IPOCTHIX U CIIOKHBIX COOBITUH.

XapakTepr30BaTb OCHOBHBIE METOJbl MOJAEIUPOBAHUS HEMPEPBIBHBIX CIIyYalHbIX
BesinyMH. Omnucare cofepkaHue Meroaa obparHoil ¢pynkuuu. ITpowntrocTpupoBars
€ro NpUMEHEHHUE.

ITponeMOHCTpHUPOBATh MOJEIMPOBAHUE CIIyYallHBIX BEJIWYMH, PACHPEHCICHHBIX II0
HOpMaJIbHOMY 3akoHy pacnpezaencHusi. CpaBHUTb pe3yibTaTbl, IOJyYEHHBIE
Pa3InYHBIMH CLIOCOOaMHU.

XapakTepr30BaTb OCHOBHBIE METOJbl MOJAEIUPOBAHUS JUCKPETHBIX CIydyalHBIX
BEJIMYMH.

[TpuBecTH OCHOBHBIE MOHATUS TEOPUU IUIAHUPOBAHUS SKCIEPUMEHTOB. OOBACHUTH
COJIEpKaHUE U Pa3INyuns aKTUBHOTO U TACCUBHOIO SKCIIEPUMEHTOB.

Cnenare 0030p coiepkaHusi M OOLIEH OpraHu3aludyd  CTPATETHMYECKOro U
TaKTUYECKOTO IIAHUPOBAHUS SKCIIEPUMEHTOB.

OOBACHUTDH cONEp)KaHUE M PA3NUYUS CTPYKTYPHOTO U (YHKIIMOHAJIBHOIO IJIAHOB
sKcnepuMeHTa. [IpuBecT mpuMepsl II1aHOB.

Jarp omnpenenenue (akTOPHOTO MPOCTPAHCTBA, MOHATUH (DAKTOPOB U OTKIIMKA.
[TpommtrocTpupoBath Ha mpuMepe GaKTOPHBIH IIaH.

KnaccugunupoBarh Iu1aHbl SKCIEPUMEHTOB. YKa3aTb KaK CTPOUTb JaTUHCKUNA U
IPEKO-JIATUHCKUI KBaJpaThl.

Onucarh cxeMy IUTAaHMPOBAaHMS JMHEMHBIX AKCIEpUMEHTOB. JlaTh ompeneneHue u
IPUBECTH MPUMEPHI OITHOTO (PAKTOPHOTO MJIaHa HKCIIEPHUMEHTA.

XapakTepr3oBaTh APOOHBIN (aKTOPHBIA SKCHEPUMEHT. YKa3aTh KaK OIpenesseTcs
CTerneHb JpoOHOCTH MiaHa. JlaTh ompeneneHue T'eHEPUPYIOUIMX COOTHOLICHUH.
[TpuBecTH npuMepbI A7 Pa3InYHBIX PEIUIHK.

Jlate ompenenenue paspemaromieil CnocoOHOCTH IIaHa skcnepuMmeHTta. [IpuBectn
IPUMEpHI [IJIaHOB.

OOBsICHUTH, KaK TNPOU3BOIUTCS TOUYEUHAs: M HMHTEpBaJbHAs OIEHKAa IMapaMeTpoB
CIIy4aiHbIX BEJIMYMH U OLIEHKa JO0JIH MPU3HAKA.

OOBsACHUTD, KaK HPOM3BOIUTCS NPOBEpKAa CTATUCTUYECKUX TUIOTE3 O 3HAYCHUHU
napaMerpa U Jlojie MpU3HaKa. YKa3aTb CTaTUCTUYECKHE KPUTEPUU JJIsi MPOBEPKU
TUIIOTE3.

OOBACHUTh, KaK MNPOU3BOIAUTCS IPOBEpKA CTATUCTHMUECKUX THUIOTE3 O 3aKOHE
pacnpenenenus. IlpuBecTm mnpuMep TPOBEPKUM THUIOTE3bl JUIA  CIy4alHOU
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

MOCJIEIOBATEIbHOCTH TOJYUYEHHONW C MOMOILBIO HAJACTPONKU «AHANU3 JaHHBIX), C
nomo1sio R.

OOBSICHUTh OCHOBHOE  COJEp)KaHUE  KOPpESLUMOHHOIrO aHaiu3a. Hassatb
ucrosb3yemble Kputepuu. [IpuBecTy mpumepbl pelieHus 3a1ad KOppeIsiuOHHOTO
aHanu3a B R.

Jate onpeneneHue CTaTUCTUYECKOM MOJENIH, COAEPKAHUE JIHCHEPCHOHHOIO
aHayIM3a. YKa3aTh JOINYILIEHUs U orpaHuueHus. CpaBHUTH C IPOBEPKOW rMIIOTE3BI 11O
T-xpureputo.

[TpuBecTn mpumep 0AHO(PAKTOPHOTO AMCIIEPCUOHHOTO aHaiu3a. lIpuBectu mpumep
€ro HCIOJIb30BAHUS C IOMOILBIO HAJACTPOMKH «AHAIN3 JaHHBIX», C MOMOoUIbIO R.
[TpuBecTn mpumep 0JHO(PAKTOPHOTO AMCIIEPCHOHHOrO aHanu3a. [IpuBectu mpumep
€ro HCI0JIb30BAHUS C IOMOILBIO HAJACTPOMKH «AHAIU3 JaHHBIX», C MOMONIbIO R.
Vkazare coctaB Tabmuisl ANOVA nans ogHO(aKTOpHOTO M MHOTO(AKTOPHOTO
JUCIIEpCUOHHOro aHanu3a. [IpuBectu npumepsl.

[TpuBectu mpumep peleHus 3agadd aucrnepcuoHHoro ananusa B SPSS, R, Excel.
CpaBHUTH NOTy4YEHHBIE pe3yibTaThl. CenaTh BBIBObI O 3HAUUMOCTH (PAKTOPOB.
OOBSICHUTD OpPraHU3AIMIO0 TIOCTPOCHUS PETPECCHOHHOW MOJENH IO Pe3ysbTaTam
MMUTALMOHHOTO MozenupoBaHus. [IpuBectu npumepsl nocTpoeHus moaenei B R.
Cnenatb 0030p CHCTEMBI U si3blKa MMHTAIIMOHHOTO MonenupoBanust GPSS. Jlats
KpaTKyl0 XapaKTEpUCTUKY omeparopoB M onepaHnoB s3bika GPSS. Ilpusectn
MpUMEPHI UX MPUMEHEHHUS 1 MOJICTTUPOBAHUS CUCTEM.

Cnenatb 0030p cHCTEMBbl HWMUTanMOHHOTO MoxenupoBanuss GPSS  World,
OpraHMu3ally MOCTPOECHUS UMUTALIMOHHON MOJIENH U IPOBEACHUS SKCIIEPUMEHTOB C
HEH.

PaccmoTpers opraHuszanuio IUIAaHUPOBAHMS M IMPOBEIEHUS SKCIEPUMEHTOB C
nomompto cucreMbl GPSS World. VYkazare, kKak NpoOBOIUTCS OTCEUBAIOIIUNA M
ONTUMU3HUPYIOUIUN  OKCIEPHUMEHTHI. [IpuBectn [IpUMep OTCEUBAIOLLETO
IKCIEPHUMEHTA.

Cnenatb 0030p cuctembl Anylogic, WCHOIB3yeMBIX TApaJurM  CHUCTEMBI
MOJEIUPOBAaHUS. YKa3aTh OOIIYI0 OpraHU3allMI0 UMUTAIIMOHHOTO MOJICTTUPOBAHHUSI.
ChopmynupoBarh OOIIYI0 OPraHU3AIUI0 TUCKPETHO-COOBITHITHOTO MOAETUPOBAHUS
B AnyLogic. [IpuBectu npuMep UMHUTALIMOHHOW MOJIEIH.

ChopmynupoBarh O0OIIYyI0 OpraHU3aIllMi0 MHOTOAreHTHOTO MOJCIHUPOBAHUS B
AnyLogic. [IpuBectn npumMep UMUTAIIIOHHON MOJIEIH.

ChopmynupoBarh OOIIyI0 OpTraHU3alUI0 TOCTPOCHUS MOJAENIEeH CUCTEMHOMN
nuHamuku B AnyLogic. [IpuBectu npuMep IMUTAIIMOHHONW MOJIEIH.

TunoBble KOHTPOJIbHBIE 32JaHUS HA IK3aAMEH:
3agaua 1. CoznpailiTe moCIeNOBaTeNbHOCTh, cocTosmylo u3 200 paBHOMEpPHO
pacripeqelieHHbIX cly4JaiHbIX yrcen B Auanasone ot 0 1o 1, ucnons3ys anroput™ Jlemepa, ecinu
Ha4yaJIbHOE YMCJIO0 paBHO 129.
[TpoBepuTh KauecTBO reHepaTopa, ONpeIeIuB OLIEHKY MaTeMaTUYECKOTO OKUAAHUSA U CKO

M=o,
2 1
o(x)=272_170_ 189

25 2B

3agaua 2. Mcnonb3ys naker AHau3 JaHHBIX, C IIOMOLIBIO T€HEPATOpa CIy4YalHbIX YUCEI
MOCTPOUTH MOCIEA0BATEIBHOCTD, COCTOANLYIO M3 500 HOPMaJIbHO PACIIPEAEIICHHBIX CIIY4alHBIX
qycesl ¢ MareMaTMYeCKUM OKUIAaHMEM paBHbIM §, cko paBHbIM 2. [locTpouTs rucrorpamMmy
pacnpenenenus. OLIEHUTh KAa4eCTBO TeHepaluu ciay4yailHeix uyucen. Halitu  onenky
MaTeMaTH4eCKOTO 0KMJIaHUS U OLEHKY CKO.
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3anaua 3. Pacnipenenenue bepuyrnm.

1 CreHepupoBarh MOTOK CiydalHbIX coObITHi A, cocrosmmx u3 100 coOwiTuii, eciu
P(A)=0,4.

2 O11eHUTh BEPOATHOCTD COOBITHM, HCTIONB3Yys yHkuo CP3HAY.

3 I[IpoBepuTh Kaue€CTBO I'e€HEpaTOpa C MOMOIIBIO OIEHKM MaTEeMaTHYE€CKOTO OXKUJAHUS U
CKO

M(X) = p;
o(X)=\pg=4p(1-p)

3anauya 4. CroxHbIe CiTydaiiHbIe COOBITHS
1 CdopmupoBars IMOCIEAOBATENbHOCTh CIOKHBIX CIIyd4allHbIX COOBITHI, BEPOSTHOCTbH
KOTOPBIX BBIUUCISETCS C TOMOIIbIO COOTHOLIEHHUSL:

P(A)= P(AI)P(BI);
P(B)=P(A)P(B);
P(C)=P(A)P(B);

P(D) = P(A)P(B,);
Ecnu m3Bectro, uto P(A,) =0,2; P(B,) =0,6.

3agaua S. Vcnionb3yst AHanu3 naHHbBIX, creHepupoBaTh 10 mocieaoBaTebHOCTEM, Kaxaas
U3 KOTOPBIX COCTOMT U3 500 dmces, paBHOMEPHO paclpeieieHHbIX B auanasone ot 0 mo 1
CiIy4alHbIX 4ucell. [IocTpouTs rucTorpaMMbl paclpenciieHus ClIy4alHbIX 4MCEll, a TaKKe HX
CyMM:
S, =X, +X,;

S;=X,+X,+X;
6
Se = ZXl.;
i=1
8
Se :in;
i=l1
10
So=2.X,
i=l1

Hcnonb3ys npenenbHyr0 TepeMy TEOPUH BEPOSITHOCTEH, COINIACHO KOTOPOM cymma n
3HAUEHUN OJMHAKOBO PAaCIpEICICHHBIX HE3aBUCHUMBIX CIIy4allHbIX BEJIMYMH HUMEET B IpEAEIe
HOPMAaJIbHOE PACIIPENETIECHHUE, IPOBEPUTH PACIIPEAEIICHUE CITy4aiHON BEIMUUHBI S1j.

3agaua 6. [loctpouTs 1an ApoOHOrO (GaKTOPHOrO HKCHEPUMEHTA, MPH yKcie (HakTopoB,
paBHOM NSTH W BapbUPOBAHUM KaXJ0ro (axTopa Ha JBYX YPOBHSX, €CIH B3aWMOCBS3b
(aKTOpPOB HE YUUTHIBACTCS.

3anauya 7. [Toctpouth miuaH qpoOHOTo (HPaKTOPHOTO HKCHEPUMEHTA, MPHU Yuciie (aKTOpoOB,
paBHOM IIIECTHM U BapbHUpPOBaHUM KaXKIOro (akropa Ha JBYX YPOBHSX, €CIH B3aUMOCBS3b
dakTopoB He yuuTbiBaeTcsa. Kaxiwiii gaxkrop mamensercs B nuanazoHe or 0 go 10. B muane
YUUTHIBaTh HOPMAJIU30BaHHbIE U HEHOPMAIN30BaHHbIE 3HAYECHHUS.
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3agauya 8. B pe3ynbraTe HIMHUTAIIMOHHOTO MOJCIMPOBAHUS MOJyuYeHa BHIOOpKA 3HAUCHHM
BpeMeHH 00pabOTKM Ui pa3sHOM HWHTEHCHMBHOCTHM BXOAHOro motoka. [locTtpouth
MaTeMaTHYECKyI0 MOJIEIb 3aBUCUMOCTH BpPEMEHH OOpabOTKHM OT MHTEHCHUBHOCTH BXOJHOTO
11oToKa. OIEHUTh KA4€CTBO MOJIEIIN.

Ne i/m, j HHTEeHCHBHOCTH BXOJHOTO MOTOKA, [ j c-1 Onenxa MO sp CMCHH (ian.
Mozienb),c. Y]
1 0,001 67,38
2 0,005 68,58
3 0,01 70,76
4 0,012 84,43
5 0,015 79,01
6 0,02 98,89
7 0,022 102,55
8 0,025 112,9
9 0,027 116,2
10 0,03 125,49
11 0,035 168,53
12 0,04 240,12

3agaua 9. Pemuth 3a7a4y AMCIIEPCHOHHOTO aHAlW3a C MOMOIIbIO HAJACTPOUWKH AHAW3
JIAHHBIX, €CJIM BEIOOPKA UMEET BU/]T

YpoBeHb (akTopa
] 1 2 3 4 5
1 12 11 14 10 28
2 10 10 18 9 26
3 14 9 24 8 30
4 11 11 20 7 28
5 10 9 23 8 32
6 12 12 20 7 24
7 14 11 22 6 30
8 13 12 21 8 29
9 16 15 26 9 32
10 12 10 24 7 31

3agaya 10. C nomompio nakera AHanu3 JlaHHBIX pemuTh 3agady JBYX(aKTOpHOTO
JHMCIIEPCUOHHOIO aHaiu3a 0e3 MOBTOPEHMM, €ClIM BBIOOpKA, IOJIyd€HHas IO pe3ylbTaram
MMUTALMOHHOTO MOJIETTMPOBaHMs, UMEET BUJ

ITponomKUTENBHOCTD KU3HU
pErHoH JKEHIIUHBI MY KYHHBI
Cesep-3anag 80 70
J1ambHEBOCTOUHBIN 75 63
Ypaneckuit 82 60
LleHTpanpHbIi 76 69
Ceepo-KaBka3zckuit 83 72

3agaya 11. C nomourpto makera AHanu3 JlaHHBIX PpemuTh 3aAady JABYX(paKTOPHOTO
JMCTIEPCUOHHOTO aHaju3a C IOBTOPEHUSIMH, €CIH BBIOOpKA, IMOJyYeHHas IO pe3yibTaraMm
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HMUTAIMOHHOI'0 MOACIIMPOBAHN A, UMCCT BUL

KeHuuns! My K4uHBI

JlambHEBOCTOUHBIN 75 63
JanpHEeBOCTOUHBIN 75 63
JanpHEeBOCTOUHBIN 75 63
JlambHEBOCTOUHBIN 91 63
JanpHEeBOCTOUHBIN 76 63
JanpHEeBOCTOUHBIN 72 63
J1ambHEeBOCTOUHBIN 72 63
Cesep-3anan 80 70
Cesep-3anang 80 70
Cesep-3anan 80 70
Cesep-3anan 78 63
Cesep-3anang 82 70
Cesep-3anan 78 70
Cesep-3anazg 79 71
Cesepo-KaBkazckuit 83 76
Cesepo-Kakaszckuit 89 78
Cesepo-KaBkazckuit 92 74
Cesepo-KaBkazckuit 91 72
Cesepo-Kapkazckuit 85 72
Cesepo-Kapkazckuit 85 72
Cesepo-KaBkazckuit 92 78
Ypansckuit 82 60
Ypansckuit 82 60
Ypaneckuit 82 60
Ypaneckuit 83 60
Ypansckuit 81 60
Ypansckuit 74 60
Ypaneckuit 75 63
LenTpanpHbIi 76 69
LenTpanpHbIi 76 69
HenTpanbHblii 78 69
HenTpanbHblii 78 68
LenTpanpHbIi 78 69
HenTtpanbHblii 76 69
HenTpanbHblii 79 71

3agaua 12. I1o pe3ynbraraMm UMUTAIMOHHOTO MOJEIMPOBAHUS MOyueHa BRIOOpKA 3HAYCHUN
BpeMeHH OOpabOTKM (3HaueHUs pa3MEeNIeHbl B HECKOJIBKHUX CTOJOMAaxX IS YMEHBIICHUS
pa3MepHOCTH TaOIHIIbI)

13 12 8 12
15 6 8 14
14 13 6 4
12 6 8 14
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15 15 14 11
12 8 9 13
10 9 13 7
10 9 11 18
14 9 12 8
20 14 14 12
17 9 17 8
15 11 11 16
12 17

[TocTpouTth TUCTOrpaMMy pactpeencHus cinydaiinoi Benmanabl B RStudio, SPSS. Onenuts
napameTpbl ¢ TOMOIIBIO OMUCATEIBHON CTATUCTUKH.

3anauya 13. IToctpouts nporpammy Ha s3sike GPSS 1 AnyLogic mis oqnokanansaoit CMO,
€CJIM MOJICJIUPYeTCsl cucTeMa 00pabOTKH MOCETUTENEH, eCu BXOAHON OTOK 3asBOK M IOTOK MX
0GCITY)KMBAHHS HMEIOT MHTEHCHBHOCTH A= 2 wac” ¥ |1 = 4 yac" cOOTBETCTBEHHO. ITOCTPOUTH
TUCTOrpaMMy BpeMeHU HaxoxaeHus 3asBku B CMO.

3agaua 14. [loctpouts mporpammy Ha sizbike GPSS um AnyLogic ans nByxdaszuoit CMO,
ecii MOJEIHMpYyeTcsi cuctemMa oOpabdOTKH, €CIU BXOAHOM IIOTOK 3asBOK M IOTOKHM MX
06CITy)KMBAHHS B TIEPBOT ¥ BTOPOi (ha3ax MMEIOT HHTEHCHBHOCTH A= 2 wac', p; =4 gac™, p =
6 uac™'. TIOCTPOHTH THCTOrPAMMY BPEMEHH HAaXOXIeHHs 3asBKH B CMO.

3apgaua 15. Ilocrpouts nmporpammy Ha s3sike GPSS n AnyLogic nns cetu, ecinu oHa
UMEET CTPYKTYPY

P=0,4

BxonHON NOTOK 3ajaH SKCIOHEHLMAJIBHO C MaTEMaTHYECKUM OKHJAHUEM BpPEMEHU
Mexay 3asBkamu 30 MuH. Bce BpeMeHHbIE XapakTEpUCTUKU OOpabOTKH ONHCHIBAIOTCS

SKCIIOHEHIMAILHBIM 3aKOHOM PACIIPEIETIEHHs C MATEMATHIECKUMH OXKHIaHUAMU (10 5 10)

MMHH.

3agaua 16. Iloctpouts mmurtanuonnyro mozaenb GPSS u Anylogic ans ompenenenus
BpEeMEeHHU 00pabOTKH B CTOXaCTHUECKOM CETH, €CIU ceTh coCcTOUT U3 Tpex CMO u umeer BUI
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v

CMO, ;Q

a MaTpulila BEpOSTHOCTEH Nepeiay UMEET BH/]L

0 04 0,6
R=|10,4 0 0,6
0O 0 O

[lpy 3TOM WHTEHCHMBHOCTH BXOmHOro moroka A =0,01, a WHTEHCHMBHOCTH IOTOKA
obpabotku B apyrux CMO p, =0,2;u, =0,2; u, =0,08.

[Tpumeuanue.
[Tpu paspaboTke mporpammsl ucmoib3oBath oneparop TRANSFER B crarucrudeckom
pEXUME.

3agaua 17. Iloctpouts mmurtanumonnyro moaenb GPSS u Anylogic ans ompeneneHus
BpPEMEHH 00pa0OTKH B CTOXaCTUYECKOW CETH, €CITU CeTh cOCTOUT U3 Tpex CMO u mmeet Bu

CMO, ;@

v

a MaTpuna BepOHTHOCTeﬁ nepeaady uMeCeT BUJ

0 02 08
R={0,5 0 0,5
0O 0 O

IIpy 5TOM HHTEHCHBHOCTH BXOAHOTO TMoTOoKa A =0,02 MHH', a HHTEHCHBHOCTH MOTOKA
o6paborku B 1pyrux CMO p, =0,2;u, =0,2; p, =0,08 MUH .

[Ipumeuanue.

[Tpu pa3paborke mporpammbl ucrnoib3zoBath oneparop TRANSFER B craructudeckom
pEeXHME.

3agava 17. Mcnons3ys RStudio, creHepupoBaTh 5 MOCIIENOBATEIbHOCTEN, Kaxaas W3
KoTopbix coctouTr u3 500 wyucen, paBHOMEpPHO paclpeleieHHbIXx B auamazoHe oT 0 mo 1
ciy4aHbIX uucesl. IlocTpouTh TrHUCTOrpaMMBbl pacHpelesieHUs ClaydallHBIX YHCEN, a TaKkKe
KOPPEJSILIMOHHYIO MAaTPUIly, U MPOBEPUTHh 3HAYUMOCTb KOPPEJSAILMH MEXAY NEepBOM M BTOPOMH
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ciydaitHeIMU BenmuurHamu. st aToro ¢ nomomsio ¢pynkuuu data.frame oObeAMHUTH OT/AETBHbIC
MaTpHIlbl B HA0OP MaHHBIX (Ppeiim)

3anpaua 18. Vcnons3ys RStudio, creHepupoBaTh mocCiae0BaTEIbHOCTD CIyYalHBIX YUCEN,
cocrosautyto u3 500 HabmoAeHUH, pacipeaeieHHbIX TI0 HOPMAIbHOMY 3aKOHY PacipeesieHus ¢
MO=5. Cko=1. [locTpouTh ructorpaMmMbl U SIIMYHBIE THATPAMMbI PACIPEACIICHUS CIyYailHbIX
yucesn. OLeHUTh Ka4ecTBO reHepaTopa o kpureputo Xu2, kpureputo [lanupo.

3agaya 19. Iloctpouts B Anylogic MMHUTalMOHHYIO MOJENb, C IOMOILBIO KOTOPOM
MoJenupyercs OueHue cep/ua, 3aJaHHas cucTeMoil quddepeHnranbHbIX YpaBHEHUH MepBOro
nopsijKa

dx/dt:l/s(x—x3—b)
db/dt=x-x,

I7e: x — paguyc Ccepiua, xop — €ro HadaJlbHOE 3HAueHUe, b — TMEpEeMEHHas, a € —
napameTp.

B oaTolf Mozmenu MBI HCClelyeM XapakTep 3aBHCUMOCTEH TMEPEMEHHBIX x U b OT
BPEMEHHU TIPU Pa3HBIX 3HAYCHUSAX MapaMeTpa €, a TAKKe MOCTPOUM (Pa30BYIO AHATPAMMY
3aBUCHMOCTH paJuyca x OT IEPEMEHHOM b.

YcTaHOBUM HavyadbHBIC 3HAYCHHS TIepeMeHHbIX: b=0; x=Xx,.

VcranoBum 3HaueHusi mapametpoB Xxo=0,5; €=0,01. 3amaguM mnpu MOCTPOCHUH
nuarpamma nepuoy 0,1; xpauuts 10 500 mociaeHUX 3HAYCHUM.

3agaua 20. YrpouenHas Mozens bacca npuBeeHa Ha pUCYHKE.

MoTeHuManbHbIE =z -
KNUeHTbI Ap) Temn nokynok E{) KnuenTb
- et +
N+ =

‘ e

| ——— [ons
3avHTepecoBaHHbIX

KonwyectBo —

H neHwK
KOHTaKTOB acenerne

[TocTpouth MO/IETH CUCTEMHOM TMHAMUKH, eciii HaceneHue pasHo 100000 yenosexk.

HauanpHoe 3HaueHHe MepeMeHHBIX: Yucio KiaueHToB paBHO 100. Yucino moTeHIuanbHBIX
KJIMEHTOB PaBHO HACEJICHUIO- YUCIIO KIIMEHTOB.

[TapameTpsl MOJIETIH PABHBI:

- KOTMYECTBO KOHTAKTOB= 10 ueJIOBEK B HEAEIIO;

-JI0JIsI 3AMHTEPECOBAHHBIX PaBHO 3% OT YKCIia TOTEHIIUAIBHBIX KIIMEHTOB.

TeMIT TOKYIOK OTpeessieTCsl C TOMOMIBIO COOTHOIICHUSI:

[TorennuansabieKeHTHI* KOTUYECTBO
koHTakToB*(Kimentsl/Hacenenune)* Jlonsi3anHTepeCOBaHHBIX

Ixkana oneHUBaHUs.

OreHka pe3ynbTaroB MPOU3BOAMTCS HAa OCHOBE OayibHO-pedTHHroBoi cucrems! (BPC).
UcnonszoBanue bPC ocymecTsisercs B cooTBeTCTBUU ¢ mpukazoMm oT 06 centsops 2019
Ne306 «O npumeHeHuu OaITbHO-PEUTHHIOBOM CUCTEMBI OLICHKH 3HAaHUM 00yJaroImuxcs».

Cxema pacueTroB cpopMHUpOBaHA B COOTBETCTBMHM C YYEOHBIM IIJITAHOM HAIPaBJICHHUS,
COITIaCOBaHA C PYKOBOJUTENEM HAayYHO-00pPa30BaTEIbHOIO HANPABICHUS, YTBEPXKIEHA 1€KaHOM
dakynpTeTa.
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3amanue MakcumasibHasi cymma 0ajioB
Tecrt 1 4
Tecr 2 4
I131 «l'eneparopbl nceBaocIy4yailHBIX 4ucen | 3

U CJIy4alHbIX BEJTMUUH»

Tect 3 4
1132 «IInanupoBaHue SKCIEPUMEHTOBY 3
Tecr 4 4
1133 «O0paboTka pe3yabTaroB | 3
SKCIIEPUMEHTOBY

Tect 5 4
I13 4 «CucrteMHas fuHaAMUKA) 3
I135 «JluckpeTHo-coObITHITHOE | 3
MOJICIIUPOBAHUEY

KontposnpHas pabora 15
ITocemenue 3ansATHi 20
DK3aMeH 30
Bcero 100

Cxema pacyeToB JOBOAMTCS /10 CBEICHUSI CTYICHTOB Ha IEPBOM 3aHATHUU MO JAaHHOU
JTUCIUTIIIMHE, SBISETCS COCTABHOM YacThl0 pabodel MporpaMMbl JHUCIHMIUIMHBI U COACPIKUT
uH(pOpMAITUIO MO M3YyUYEHHUIO AUCIUIUIMHBI, YKa3aHHyio B llonokeHun o OamuibHO-PEUTUHTOBOM
cucTeMme OlleHKH 3HaHui oOyvaromuxcs B PAHXul C.

B cnyudae ecnm cTyaeHT B Te€ueHHE ceMecTpa He HaOMpaeT MUHUMAJIbHOE YUCIIO OAJJIOB,
HEoOXoAMMOE [UIsl CAa4d TMPOMEXKYTOUYHOM arTecTaluud, TO OH MOXeT 3apaloTaTrh
JIOTIONTHUTEIbHBIE 0aJuibl, OTPadOTaB COOTBETCTBYIOIIME pa3leibl JUCHUIUIMHBI, TOTYyYHUB OT
MperoiaBaTelis KOMIICHCUPYIOIIHE 3a/1aHus.

B cnydae monydeHuss Ha MPOMEXYTOYHON arTeCTallMi HEYIOBJICTBOPUTEIHHON OIEHKH
CTYIEHTY TMPEIOCTaBISIETCS MPaBO IMOBTOPHOW arTecTallid B CPOK, YCTAHOBJICHHBIM ISt
JTUKBUJAINY aKaJEMUYECKON 3aJ0KEHHOCTH 110 UTOTaM COOTBETCTBYIOIIEH CECCHU.

OO6yuatomuiicsi, HabpaBIIHil B X0 TEKYIIEr0 KOHTPOJs B cemecTpe oT 51 1o 70 6amios,
10 €T0 JKEJIAHUIO0 MOXKET OBITh OCBOOOK/IEH OT MPOMEKYTOYHOM aTTeCTaIiu.

KosmyecTBo 0aniioB Onenka
MPONUCHLI0 OyKBoii
96-100 OTJIIMYHO A
86-95 OTIINYHO B
71-85 XOpOUIO C
61-70 XOpOUIOo D
51-60 YAOBJIETBOPUTEIILHO E

IlepeBoy Oa/uIBHBIX OLIGHOK B AaKaJAEMUYECKHE OTMETKH «OTIUYHO», «XOPOIIOY,
«YIOBIIETBOPUTEIHHO»

- «OtnugaaO» (A) - 0T 96 o 100 GaIOB — TEOPETUUECKOE COMEpKaHUEe Kypca OCBOCHO
MOJIHOCThIO, 0€3 MpoOenoB HEOOXOAMMbIE MpPAKTHUECKHE HaBBIKM pPA0OTBI C OCBOECHHBIM
MarepuaioM chopMUpPOBaHbI, BCE MPEeTyCMOTPEHHbIE TPOrpaMMoil 00ydeHus ydeOHbIe 3a/1aHuUs
BBIIIOJIHEHBI, KAYE€CTBO UX BBIITIOJHCHHS OLICHCHO MaKCHUMAaJIbHBIM YHCJIOM 0ayIoB.

- «Otmnuno» (B) - ot 86 mo 95 6aminoB — TeopeTudeckoe Colep:KaHue Kypca OCBOCHO
MOJIHOCTHIO, 0€3 MpoOenoB HEoOXOAMMbIE MpPAKTHUECKHE HaBBIKM pPA0OTBI C OCBOECHHBIM
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MarepuaioM chopMUpPOBaHbI, BCE MPEIyCMOTPEHHBIE MTPOrpaMMoil 00yueHHsl yueOHbIe 3aJaHHs
BBINTOJTHEHBI, KAY€CTBO WX BBHITIOJIHEHUS OIEHEHO YMCIIOM 0aJlIOB, OJIM3KHM K MaKCHMATbHOMY.
- «Xopomo» (C) - or 71 mo 85 GamioB — TEOPETUUECKOE COJEPKAHUE Kypca OCBOEHO

MOJIHOCTBIO, 0e3 MmpoOeoB,

HEKOTOPBIC IIPAKTHYCCKHUEC HaBbIKH pa6OTBI

C OCBOCHHBIM

MarepuayioM Cc(HOpPMHPOBAHBI HEIOCTATOYHO, BCE MPEIyCMOTPEHHBIC MPOrpaMMoil oO0ydeHUs
yueOHbIe 3aJlaHusl BBIMOJIHEHbI, KAaYeCTBO BBIIOJIHEHUS HU OJHOTO U3 HUX HE OIECHEHO
MUHUMAJIBHBIM YHACIIOM 0aJIJIOB, HEKOTOPHIC BUIbI 33/IaHUI BBIMIOJIHEHBI C OIIMOKaAMHU.

- «Xopomo» (D) - or 61 mo 70 6amIoB — TEOPETUUYECKOE CONIEPIKAaHUE Kypca OCBOCHO

MOJHOCTBIO, 0€3 mpobenos,

HCKOTOPBIC IPAKTUYCCKUC HAaBBIKU pa6OTI:I C OCBOCHHBIM

MarepuaioM c(popMUpOBaHBI HEJOCTATOYHO, OOJIBIIMHCTBO IMPEIYCMOTPEHHBIX MPOTPaAMMOi
O6Y'-ICHI/ISI y‘-Ie6HbIX Sal[aHI/Iﬁ BBIINMOJIHEHBI, KAYC€CTBO BBIITOJHCHUA HU OJHOI'O M3 HUX HEC OLICHCHO
MUHHMAaJIbHBIM YUCIIOM 0aJUIOB, HEKOTOPBIE BHJIbI 33]JAHUI BBITTOJIHEHBI C OITHOKAMHU.

- «YnosnerBoputenbHo» (E) - ot 51 mo 60 GamioB — TeopeTuyeckoe coiepx aHue Kypca

OCBOCHO YaCTH4YHO,

HO HpO6€HBI HE HOCAT CYHIECTBCHHOI'O XapaKTeEpa,

HeoOXoaMBbIe

NPAaKTUYECKHE HAaBBIKK pabOTBl ¢ OCBOCHHBIM MAaTe€pHajoM B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX MPOrpaMMoi OOyueHHsI y4eOHBIX 3aJaHUH BBIIOJHEHO,
HEKOTOPbIE U3 BHIMOJIHEHHBIX 33JJaHUI BBIITOJHEHBI C OMIHOKaMU.

OueHo4HbIe
cpeacTBa
(popmbi
TeKyLIero u
NMPOMEKyTOYHOT0
KOHTPOJIsI)

Iloka3arenn
OLICHKH

Kpurepun ouenku

Ompoc (Tect no
TeMeE)

KoppekTHOCTh U IOJTHOTA OTBETOB

Ompoc NpoBOAUTCS B XOJI€ 3aHATUS U
€ro Pe3yJIbTaThl MOTYT OBITh YUTEHBI
MPU OLICHKE TOCENIaeMOCTH 3aHSTHIA.
MakcumaibHoe Yuciio 0amios -4

HTtoroBelii TecT

1) I[IpaBUIBHOCTD pELICHHUI;
2) KoppeKkTHOCTh OTBETOB

MaxkcuMajlbHOE KOJIMYECTBO 0alIoB
3a UTOTOBBLIA TECT COCTABIAET 15
6ai1oB. TecTsl 0 OTAEIBLHBIM TEMAM
BXOJIIT B UTOTOBBIN TECT, KOTOPBI
MIPOBOAUTCS MEPE] WA BO BPEMSI
9K3aMEHa B 3aBUCUMOCTH OT ()OPMBI
€ro MPOBEJAEHUA: OYHON WIIH
JUCTaHIIMOHHOMN

[IPaBHJIBHOCTH OTBETOB HA MIPEIOKEHHbBIE
TECTHI;

2)IIpaBunbHOE perIeHne 3a1a4n, a TAKKe
[IOJIHBIE U TIPAaBUIIBHBIE OTBETHI HA
BOIPOCHI IO 33]a4e

3ananue 1)IIpaBUIIEHOCTD pellIeHui; MakcumaiibHO 3 0aJUIOB 3a OOHO
2)IIpaBunbHbBIE OTBETHI Ha BOPOCHI TIPU 3a/laHue

YCTHOM 3allIUTe 3aJJaHUu

KontponsHas 1) mpaBUIBHOCTD PEIICHHS, MaxkcumallbHOE KOJMYECTBO 0alioB
pabora 2) KOPPEKTHOCTh BBIBOJIOB 3a KOHTPOJIBHYIO paboty — 15.

3) 000CHOBaHHOCTH PEIICHUH MaxkcumalibHbIi 0aJii1 BBICTABISIETCS
€CJTU TIPABIJIBHO PEIIEHBI BCE IMIECTh
3aj1a4, 0(hOpPMIICH OTYET MO UTOTaM UX
pelIeHus], B OTYET BCTABJICHbI
CKPHIITHI

DK3aMeH 1)[TomHOTa OTBETOB HA BOIIPOCKHI UK MaxkcumallbHOE KOJTM4eCTBO 0aJlIoB -

30. B ciyuae qucTaHIIMOHHON (OPMBI
MPOBEACHUSA PK3aMEHA B CYMMY
0aJIJI0B BXOIAT OaslIbl, OJYYCHHBIC B
pe3ynbTaTe NTOrOBOTO TECTHPOBAHUS
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6. MeTtoanuyeckne yka3zaHus 111 00y4ar0IMXCH M0 OCBOCHHIO THCHUIINHBI

Paboueii mporpaMMoil IUCHMIIIIMHBI MPEAYCMOTPEHB! CIEAYIOIIME BHUIbI AyJUTOPHBIX
3aHATHM:  JIEKUUHM, [PAaKTUYECKUE  3aHATUS, KOHTpOJIbHbIE paborel. Ha  nmexumsx
paccMaTpuBarOTCs HauOosiee CIIOXKHBIA Marepuan AUCUUIUIMHBL. JIeKIUs COImpOBOXKIACTCs
IIPE3EHTALUAMH, KOMIBIOTEPHBIMU TEKCTAMHM JIEKIIMH, YTO IO3BOJISIET CTYACHTY CaMOCTOSITENIbHO
paboTaTh HaJ MOBTOPEHHEM M 3aKpEIUIEHHEM JIEKI[MOHHOro Marepuana. Jljis 3TOro CTyAEHTY
JIOJDKHO OBITh MPENOCTABICHO MPABO CAMOCTOATENBHO paboTaTh B KOMIBIOTEPHBIX KJaccax B
cetu MuTepHer.

[IpakTudeckue 3aHATHSA MPEeIHA3HAYCHBI JJISI CaMOCTOSATENIbHOW pabOThl CTYACHTOB IIO
pELICHUH KOHKPETHBIX 33734 HKOHOMETPUKU. PsAj mnpakTHUecKuX 3aHATHH IMPOBOAUTCA B
KOMIBIOTEPHBIX ~ Kjlaccax ¢ wucrnonb3oBanueM Excel. Kaxmoe mpakrtudeckoe 3aHsATHE
COIIPOBOX/AETCSl  JOMAIlHUMHM  3aJaHMSMH, BbIAaBa€MbIMU  CTYyIEHTaM JJIs  pelIeHUs
BHEAayIuTOpHOE Bpems. [l oOka3aHus DOMOILM B PEIIEHUU 3a7ad MMEIOTCSI TEKCThI
NPAaKTUYECKUX 3a/1aHUH C YCIOBUSAMMU 3a/1a4 M BAPMAHTAMH UX PEILEHUS.

C uenpio KOHTPOJS COPMHUPOBAHHOCTH KOMIETEHIMI pa3paboTaH (OHJ KOHTPOJIBHBIX
3agaHuid. Ero wucnonb3oBaHME TO3BOJIAET pPEANU30BaTh OaJIbHO-PEHTHHIOBYIO OLIEHKY,
omnpeereHHy0 npuka3zom oT 28 aBrycra 2014 r. Nel168 «O nmpumeHeHnr O0aTbHO-PEUTUHTOBOM
CHCTEMBI OLIEHKU 3HAaHUH CTYJICHTOB.

JUis TOATOTOBKM K €)KEroflHOMY HHTEpHET-TECTUpOBaHUIO e-Exam ocymiecTBisercs
IpeaBapUTEIbHAs NPOBEPKAa 3HAHUM CTYAEHTOB, a TaKXK€ HX CaMOOOyueHHE C IOMOLIbIO
CHeIHaJIbHBIX TPEHaKepOB nopTana HTepHeT-TecTUpOBaHUsI.

Jlis akTUBU3alMK pabOThl CTYIEHTOB BO BpeMsl KOHTAKTHOM paboThl C MperojaBareieM
OTJEJIbHBIE 3aHATUS MPOBOASTCS B UHTEPAKTUBHOU opme. B 0CHOBHOM, HHTepakTHBHAas (opma
3aHATHI oOecrieunBaeTcs MpU MPOBEAECHUH 3aHATUN B KOMIBIOTEPHOM Kiacce. MIHTepakTuBHas
dopma oOecrieumBaeTCs HaIWYUEeM pa3pabOTaHHBIX (aliiIoM ¢ 3aJaHUSIMH, HATAIHCM
KOHTPOJIBHBIX BOIIPOCOB, BO3MOXKHOCTBIO JOCTYIIa K CHUCTEME JIUCTAHLIMOHHOIO OOy4YeHHS,
UCIIOJIb30BaHUEM KaHaJla teams, a TAaK’KE MECCEHIKEPOB.

Ilooeomoska K n1exyuu 3aKI04aeTCs B CIEAYIOIIEM:

—  BHUMATEJIbHO MPOYMUTANTE MaTeprall IpeablIylel JEeKIHH;

— y3HaiiTe TeMy MpeAcTosied JeKuuu (Mo TeMarhuyecKoMy IUIaHy, M0 MH(pOpMaluu
JEKTOpa);

—  O3HAKOMBTECH C yUEOHBIM MaTepHalioM 10 Y4EeOHUKY M Y4eOHBIM ITOCOOUSM;

— TOoCTapalTech YSACHUTh MECTO H3y4aeMOW TeMbl B CBOEH MpodecCHOHaTbHOMN
MOJITOTOBKE;

—  3alUIIATE BO3MOXKHBIE BOIPOCHI, KOTOPBIE BHI 3343 IUTE JIEKTOPY Ha JIEKLUH.

Ilooeomoska K ceMunapcKum 3aHamusM:

— BHUMATeJIbHO TMpOYUTANTE MaTepuan JIEKIHH, OTHOCAIIUXCA K JIaHHOMY
CEMUHAPCKOMY 3aHATHIO, O3HAKOMBTECh C YYEOHBIM MaTrepHaloM MO Y4eOHUKY M Y4eOHBIM
MTOCOOUSIM;

—  BBINHIIUTE OCHOBHBIE TEPMHUHBI;

— OTBEThTE€ Ha KOHTPOJbHBIE BOMPOCHI MO CEMUHAPCKUM 3aHSATHUSIM, TOTOBBTECH JaTh
pa3BEpHYTHIM OTBET HA KaX/IbIi U3 BOIIPOCOB;

—  ysACHUTE, Kakue y4eOHbIe AJIEMEHThl OCTaJHUCh IS BaC HESCHBIMU M MOCTapanTeCch
MOJyYUTh HAa HUX OTBET 3apaHee (/10 CEMUHAPCKOTO 3aHATHS) BO BpeMs TEKYIIMX KOHCYJIbTAIUi
IIPETIO/IaBaTEeNs;

— TOTOBUTBHCS MOXHO HWHAMBHUAYaJIbHO, MapaMd WM B COCTaBe MaJloOMl TpyMIIbL,
noclieaHue aBisoTcsa 3¢GEeKTUBHBIMU popMaMu paboThI;

— pabouast mporpaMma JWCUUIUIMHBI B YacTH IeJied, NMepedyHio 3HaHWH, yMEHHI,
TEPMUHOB M Y4E€OHBIX BOIIPOCOB MOXKET OBITh HCIIOJIb30BaHA BaMU B KayeCTBE OPUEHTHpA B
OpraHu3aly 00yueHusl.

Iloo2comoeka Kk KoHmponbHOU pabome:
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—  BHHMMATEIBHO INPOYUTANTE MATEpUAl JICKIUN, U NPAKTUYCCKUX 3aHATUM, U3Y4HUTE
CKpHUNTHI, MpuBefeHHbIe B Moodle, a Takke B 3a/1aHUAX HA MPAKTHUYECKUE 3aHATHS;

— mnonpoOyiTe pemuTh 3a7a4u, MOXOKUE Ha 3a/1a4d, KOTOpble OyayT MpenioKeHbl Ha
KOHTPOJILHYIO padoTy;

— paboyas mporpaMma JUCHUIUIMHBI MOXET OBbITh MCIOJb30BaHA MpPHU MOATOTOBKE K
KOHTPOJILHOM paboTe.

Lloocomoska Kk sK3ameny.

K sKx3aMeny HEOOXOAMMO TOTOBHUTCS LEJIEHAIIPABICHHO, PErYIIpHO, CHCTEMaTUYeCKH U C
NepBbIX AHEH OOydyeHHus Mo NaHHON aucHurInHe. [IOMBITKM OCBOWTH AMCHUILUIMHY B HEPUOL
9K3aMEHALIMOHHOW CEeCCHM, KakK MpaBWJIO, IMOKA3bIBAIOT HE CIMIIKOM YIOBJIETBOPUTEIbHBIC
pe3ynbrarel. B camoM Hauane y4eOHOTO Kypca ITO3HAKOMBTECh CO CIEIYIOIIEeH ydeOHO-
METOAMYECKON JOKYMEHTAIIUEH:

—  IporpaMMON JUCIUILINHBL,

— IEepe4YHEM 3HAHWUW U YMEHUH, KOTOPBIMU CTYJEHT JIOJIKEH BIAJETh;

—  TEMaTHYECKUMHU IUIaHAMU JIEKIIMM, CEMUHAPCKUX 3aHATUM;

—  KOHTPOJBHBIMU MEPOIPHUITHSIMH;

— y4eOHHMKOM, Y4eOHBIMH MOCOOMSMHU MO TUCIHUIUIMHE, a TakkKe ODJIEKTPOHHBIMU
pecypcamu;

— Iepe4YHEM BOIPOCOB K IK3aMEHY.

[Tocne storo y Bac MOMKHO cPOPMHPOBATHCS HYETKOE TMpeicTaBieHHe 00 oObeMe U
XapakTepe 3HAaHMUW M yMEHUH, KOTOpPbIMH Hajo Oyrer OBJaAeTh MO0 JUCHUIUIMHE.
Cucremarnueckoe BBIMIOJHEHUE Y4eOHOM paboThl Ha JEKIUSAX M CEMHUHAPCKUX 3aHITHSIX
MO3BOJIUT YCIEIIHO OCBOUTh AUCLUMILIMHY U CO3JaTh XOPOLIYI0 6a3y JUlsl clauu SK3aMeHa.

7. YdeOHas JuTeparypa U pecypcbl HHGOPMANMOHHO-TEJIEKOMMYHUKAIIUOHHOM CeTH
"HHTepHer", BKJIIOYas epevyeHb Y4eOHO-MeToIM4ecKoro odecneyeHus 1JIs
CaMOCTOSATeJIbHOM PadoThl 00y4arOIIMXCS 10 JUCIHHUIIMHE

7.1. OcHOoBHAas1 JIUTEpaTypAa.

1. Axormos, AHJIpaHuK CymOaroBuy. NmuranmonHoe MOJIETITUPOBAHHUE. -
Mocksa:FOpaii120202. — 389 c. Tekct : anekrponssiit // DbC WOpaiit [caiiT]. — URL:
https://urait.ru/bcode/450555 (mara obpamenus: 01.10.2020).

2. bynpiruna, Onbra BanentuHoBHa, EMenbsHoB, Anekcanap AHartoibeBud, EMenbsHOBa,
Haranus 3axapoBHa. MuTanimoHHOE MOJEIMPOBAHHE B IKOHOMHUKE W YIIPABICHHUH. -
MockBa:MUH®PA-M, 2021. - 592 c¢. Tekcr : onekrponHsii. - URL:
https://znanium.com/catalog/product/1192240 (mara o6pamenus: 19.02.2021). — Pexxum
JOCTYTIA: 1O MOJIHUCKE.

3. JlesitkoB, Bnamumup BrnagumupoBud. MeTomosorusi M TEXHOJOTHS MMHUTAIIMOHHBIX
HCCJICIOBAHUI CIIOKHBIX cUcTeM. - MockBa:By3oBckuit yueOHuk [u ap.], 2019. — 444 c.
Texkct : anmektponnbidi. - URL: https://znanium.com/catalog/product/1002019 (mara
obparmenus: 27.05.2021). — Pexxum 1ocTyma: 1mo moarnucKe

4. Tpery0, Unona BmamumuposHa, [opomHnkoBa, Taresina ApkagbeBHa. VMuTaIImoHHBIC
MojeNH NpuHATUs pereHuid. - MockBa:MIH®PA-M, 20202, 193 ¢ TekcT : 37eKTPOHHBIN.
- URL: https://znanium.com/catalog/product/1030572 (mara o6pamenus: 25.08.2020). —
Pexxum noctymna: mo noamnucke.

Bce uCTOUHMKY OCHOBHOM JINTEPATyphl B3aNMO3AMEHSIEMBI.
7.2.JlonoJIHATENBbHAS JTUTEPaTypa.
1. boes B.JI. MogenupoBanue cucreM. MHcTpymeHTtanpHbie cpeactBa GPSS World
[Dnexrponnslii pecypc] - CII6. : BXB-Iletepbypr, 2010, 368 c.
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2. EmenbsHoB A. A. VIMHUTalMOHHOE MOIEIHPOBAHUE 3KOHOMUYECKUX MPOIECCOB: y4eo.
nocobue, pek. M-Bom oOpazoBanus Poc. ®eneparuu / A. A. Emenssnos, E. A. Brnacosa,
P. B. lyma ; mox pen. A. A. EmenssHoBa. - 2-¢ u3f., nepepad. u nom. - M: OuHaHCH U
craructuka [u ap.], 2009. - 416 c.

3. Kapnos FO. NmMuranronHoe mojenupoBaHue cucreMm. BBeaeHue B MOJEIMpPOBAHHE C
AnyLogic 5./ 0. Kapnos. - CI16.: BXB-Ilerepoypr, 2005.

4. Kensron B. JI. Umutanmonnoe monenuposanue. Kinaccuka CS. 3-e uzn. / B. 1. KenbroH,
A. M. Jloy. - CII6.: ITutep; Kues: M3narensckas rpynmna BHV, 2004.

5. Konecop 10. b. MogenupoBanue cHCTEM : TNPAKTUKYM II0 KOMIIBIOTEPHOMY
MOJICTTUPOBAHMIO [DJNEKTpOHHBIN pecypc] : [y4eb. mocoOus sl CTYyACHTOB BY30B,
oOyuaronuxcs 1o HanpasieHuto noarotosku 220100 "Cucremusiit ananus u ymp."] / 1O.
b. Konecos, 0. b. CennuenkoB. - OnektpoH. aaH.. - CII6. : BXB-IletepOypr, 2007. - 338
c. I'pup YMO.

6. KympsBueeE. M. GPSS World. OcCHOBBl MMHUTAIlMOHHOTO MOJCIUPOBAHMS Pa3IUYHBIX
cucreM / E. M. Kynpsiues. M.: JIMK Ilpecc, 2004.

7. Jlprukuna H. H. MmutanuonHoe MoAenupoBaHHWE SKOHOMHYECKHX IPOIECCOB: Y4eO.
nocooue / H. E. JIsruknna. - M. : UTHDOPA-M, 2012. - 253 c.

8. Haymo B.H. DnemMeHThl UMUTAIIMOHHOTO MOJECIUPOBAHUS: YyuyeOHOEe Tmocodue. —
CI16.:C31Y, 2016.

9. IlaBnockuii 1O. H. HWmurtanmonnoe wmopnenupoBanue: yudeb. mocobue / FO. H.
[TaBnoBckwuit. - M.: U3narenbckuii neHTp «Axagemus», 2008.

10. PeokukoB 0. M. NmurtanmonHoe mopenupoBanue. Teopus u texnonoruu / 1O. H.
PooxukoB. — CI16.: Kopona, 2004.

11. CoBetoB b. 5. MonenupoBanue cUcTeM : y4eOHUK AJisi OakajiaBpoB, 0OydYaroOmIUXCs MO
HanpaBieHusAM "MHpopmaruka u Beruuci. texuuka" u "MHopmarn. cuctemsr", pex. M-
BoM oOpa3oBanusi U Hayku Poc. ®@enepanuu / b. 5. CoBetoB C. A. SlkoBneB ; CaHKT-
[TeTepOyprckuii roc. 3NEKTPOTEXH. YH-T. - 7-€ u3l. - M. : FOpaiit, 2013. - 343 c.

12. Tomamesckuit B. H. Wwmwurannonnoe wopenupoBanue B cpene GPSS / B. H.
Tomamesckuid, E. I'. XKmanosa. — M.: becrcennep, 2003. - 416 c.

7.3. YueOHO-MeTOANYECKOEe 00ecniedeHHe CAMOCTOATEIbLHOH padoThl.

1. TlonoxkeHue o0 opraHu3alMy CaMOCTOSITEILHONU pabOThl CTYAEHTOB (heaepaibHOrO
TOCYJITapCTBEHHOTO  OIO/PKETHOTO  00pa30BaTEIBHOTO  YUPEXKICHUSI  BBICIIETO
oOpaszoBanus «Poccuiickas akajgeMus HapOAHOTO XO3sIMCTBAa M TOCYIAapCTBEHHOM
ciyx0b1 ipu [Ipesunente Poccuiickoit denepanumn» (B pex. npukaza PAHXul'C ot
11.05.2016 . Ne 01-2211);

2. llonoxenue o0 KypcoBoil pabore (NPOEKTE) BBHINOIHIEMONW CTyJIEHTaMHU
(benepasbHOro rocylapCTBEHHOTO OIOPKETHOIO 00pa30BaTEIbHOTO YUPEKICHUS
BhICIIETO oOOpa3zoBanus «Poccuiickas akajgeMuss HapOIHOTO XO3MWCTBA W
rocynapctBeHHoOM ciyx0bl mpu Ilpesunente Poccuiickoit ®eneparun» (B pen.
npuka3za PAHXul'C ot 11.05.2016 . Ne 01-2211)

7.4. HopmaTuBHbBIe IPaBOBbIE JOKYMEHTBI.
He ncnonb3yrorces

7.5. UuTepHeT-pecypcebl.
C31Y pacnonaraet JOCTyIIOM Yepe3 cailT HayuHoi 6ubnuoreku http://nwapa.spb.ru/
K CJIeIyIOIIUM MOJIUCHBIM 3JIEKTPOHHBIM peCypcaM:

Pycckosi3bIuHBIC pecypchl
DNEeKTPOHHBIE YUeOHUKHU dIIEKTPOHHO - OnbmroTeuHoit cuctemsl (ObC) «Aidyke»

DNEeKTPOHHBIE YUEOHUKHU dEKTPOHHO — OnbnroTeuHoii cuctemsl (3bC) «Jlanby
PexoMeHnyeTcst HCMOIb30BaTh CIEAYIOMNNA HHTEPHET-PECYPChI
http://serg.fedosin.ru/ts.htm
http://window.edu.ru/resource/188/64188/files/chernyshov.pdf
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7.6. UHble HCTOYHUKH.
He ucnons3yrores.
8. MarepuajgbHo-TeXxHUYeCKasA 0232, MH(POPMAIMOHHBIE TEXHOJIOTUH, IPOrPAMMHOE
obecrieyeHne 1 HH(POPMALMOHHBIE CIIPABOYHBIE CHCTEMbI

Bce mpakTrueckue 3aHITHS TPOBOAATCS B KOMITBIOTEPHOM Kilacce. YueOHas AUCIUILUINHA
BKJIIOYAET HCIIOJIb30BaHUE IporpaMMHOro obecneuenuss Microsoft Excel, Microsoft Word,
Microsoft Power Point mjis moAroTOBKM TEKCTOBOTO M TaOJIMYHOTO MaTepuala, rpauiecKkux
wuttoctpanuii.  Jns  GopMuUpOBaHUS HABBIKOB HCIONB30BAHUS CHUCTEM HMHUTAIMOHHOTO
MOJICTTUPOBAHUSI  UCIOJNB3YIOTCS  CHCTEMBl HMMHTAIMOHHOTO MozenupoBanus AnyLogic,
GPSSworld, R, SPSS.

Mertonpl 0OydeHHsI C MCIOJIB30BAaHUEM WH(POPMAIMOHHBIX TEXHOJOTHH (KOMITBIOTEPHOE
TECTUPOBaHUE, IEMOHCTPAIUS MYITETUMEIUUHBIX MaTePUAIIOB).

HHTEpHET-CEepBUCH U AIIEKTPOHHBIE PECyPChI (MIOMCKOBBIE CHCTEMBI, JJICKTPOHHAS MOYTa,
npodeccCHOHAIbHBIE TEeMaTHYEeCKUE 4YaThl U (OPYMBI, CUCTEMBI aylu0 U BHUJICO KOH(EPEHIIUH,
OHJIAH DHIMKJIONCUH, CHPABOYHHKH, OWOIMOTEKH, OJIICKTPOHHBIC YYeOHbIE M Y4eOHO-
METOJIMYECKHUE MATePUAIIBI).

Jliss  opraHu3aly  3JEMEHTOB  DJIEKTPOHHOTO OOY4YCHHsSI HCIIOJB3YeTCSl CHCTEMa
JTUCTaHIIMOHHOTO 00yueHust Moodle.
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