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1. IlepeyeHb MJIAHMPYEMBIX Pe3yJILTATOB 00y4eHHUSs 10 AUCHMUILIMHE, COOTHECEHHBIX C
IVIAHUPYEMBIMH Pe3yJbTaTAMM OCBOEHHUS POrPaMMblI

1.1. JuctunmuHa «MUTAaMOHHOE MOJEITUPOBAHUE)
KOMIIETEHIIUEH:

obecrieunBaeT OBJIAJICHUE CIICTYIOIICH

Ha OCHOBC OICHKM H aHallhu3a
LEICBBIX HOKaSaTCJ'Ief/'I, TIIOCTPOCHUA

Tabmuua 1.1
Kon HaumenoBanue Kog HaumeHnoBanue KOMIIOHEHTA
KOMIIETEHIINH | KOMIIETEHIINU Kommonenra KOMIIETCHIIUH
KOMIIETCHIIH
[IKC-3 Cmocoben obocHoBwBaTh pemrenus | [TKC-3.1 CrocobeH  TPUMEHATH  CHUCTEMHBIN

MOAXOJ, METOAbl TEOPHH IPHUHATHA
pELICHUH, METOABl ONTHUMHU3ALNH TIPH

U TPUMEHEHUA aJITOPUTMHUICCKUX 000CHOBaHUHT pemenusa
MOACIICHU
B pesynbrare ocBOeHUS JUCIUILINHBI y CTYIEHTOB JIOJIKHBI OBITH C(HOPMUPOBAHBI:
Tabmuna 1.2

OTD/TD Kox Pesymnbrater 00ydeHus

(HpI/I HaJIM4Yun KOMITOHCHTAa

npodcranaapra)/ KOMIIETCHIH

npodeccroHa bHbIE

[ICUCTBUSL

ObocHoBaHUe IIKC-3.1 HA YPOBHE 3HAHUIL:

pemenuii D/6 — OCHOBHBIE TOHATUS, KJIACChl MMHUTALIMOHHBIX
MOJIENIEH, OpraHU3alUI0 IUIAHUPOBAHUA W MPOBEACHUS

dopMUpOBaHUE WMUTALMOHHOTO W CTAaTUCTUYECKOI'O0  MOJEIUPOBAHUS,

BO3MOXKHBIX 00pabOTKH M MHTEPNPETALUU TIOJYYCHHBIX PE3yIbTaTOB U

pELICHUI Ha OCHOBE TIPUHATHUSA PEUICHUN;

pa3paboTaHHbIX [Is — MeTobI MIIaHUPOBAHUS YKCIIEPUMEHTOB, 00pabOTKU

HHX OEJICBBIX U UHTEpIIpETaluu IOJYYCHHBIX PE3YIbTATOB;

nokasaresei D/01/6 — bazoBble cpencTBa UMUTAITMOHHOTO MOJEIUPOBAHUS
u OPraHU3ALUIO MPOBEJICHUS MMUTAIIMOHHBIX

AHanus, JKCIIEPUMEHTOB.

000CHOBaHUE " HA YPOBHE YMeHHii:

BBIOOD pelreHus — Pa3spabarbiBaTh UMHTALMOHHBIE MOJEIH C ITIOMOLIBIO

D/02.6 CHCTEM U S3BIKOB HMMHUTALMOHHOIO MOJIEIUPOBAHUS IS
pelIeHUs] TMPUKIAIHBIX 3a7ad  MOJACIHUPOBAaHUs OU3HEC-
MPOLIECCOB,  pbIHKA  HMH(QOPMAIIMOHHBIX  CHUCTEM U
WH(POPMAIIMOHHBIX KOMITBIOTEPHBIX TEXHOJIOTHH;
- [TpoBoauTH MAIlIMHHbBIE 3KCIEPUMEHTBI c
MMUTALMOHHBIMU MOJIEIISIMU;
- OOpabatbiBaTh U HMHTEPHPETUPOBATH PE3YIbTATHI
MOJIEJTUPOBAHUS.

2. O0beM M MeCTO IMCHHUILTHHBI B cTpyKType OIT BO
O0beM TMCHMILIHHBI
OO0miast Tpy10eMKOCTh AUCITUTUTHHBI COCTABISAET 4 3a4eTHRIX enuHUIIb /144 akagem. 9acoB.
JucuuniuHa peanusyercs YaCTHYHO C MPUMEHEHUEM JAMCTAHIIMOHHBIX 00pa30BaTelbHBIX
texHonorui (nanee — JIOT).

Joctyn K cUCTeMe AMCTAaHIMOHHBIX O00pa30BaTEIbHBIX TEXHOJOTUN OCYIIECTBISAETCS
KOKIBIM  OOy4alolmMMCsl ~ CaMOCTOATENHO C  JIFOOOTO  YCTpPOWCTBA HA  TOpTale:
https://lms.ranepa.ru/. [laponb W JIOTUH K JIMYHOMY KaOMHETYy / MpOQMII0 MPeaoCTaBIsIeTCs
CTYJIEHTY B JieKaHare.

Tabmuma 2



Bun pabotsr TpynoeMkocThb TpynoeMKkocThb
B aKajl. 4yacax B aCTPOH. Yyacax
ayn./90, 10T ayn./90, 10T
Oo6mast Tpy10eMKOCTh 144 108
KonTakTHas padota c A842KOHE 36+1.5koHC
npenoaaBarejieM
Jlexuuu 20 15
IIpakTuueckue 3aHATUSL 28 21
JlaGoparopHble 3aHsTUS
IIpakTHYeckas MOATOTOBKA
CamocTrosiTeJibHAsA paGoTa 58 43,5
KonTpoins 36 27
DOpMBI TEKYIIETO KOHTPOJIS 0/3an/T/KP
®dopMa MPOMEKYTOUHOIMH SK3aMen
aTrTecTaluu

MecTto nucnumimnabl B crpykrype OII BO

Juctumiuza b1.B.10 «muTanimoHHOEe MOIEIMPOBAaHUEY» OTHOCUTCS K BApUAaTUBHOW 4acTu
ydeOHOro IuiaHa 1o HampaBieHuto «busHec-uHpopmaruka» 38.03.05 IIpenonaBanue
qucuuIinHbel  «IMUTAIITMOHHOE MOJAEIUpPOBAaHUE» OCHOBaHO Ha muctuimHax —b1.0.07.05
«Teopust BeposiTHOCTE M Maremarumyeckas crartuctuka», b1.0.07.01 - «Maremarnueckuit
anamu3», b1.B.15 «BBemenme B Hayky o pnanHbix. SQL u Python», B1.B.17 «I3bIk
nporpammupoBanuss R», b1.B.06 «Anamu3z panueix», b1.0.07.06 «DOxoHOMeTpUUECKOE
MOJICIIUPOBAHKEY,. B CBOIO ouepenb OoHA cO3MaéT HEOOXOAMMBIE MPEANIOCHIIKU JIJISi OCBOCHUS
porpamMM TakKuX TUCHUIUINH, Kak b1.0.21 «AHanu3 u MoaeaupoBaHHE OM3HEC-TIPOIICCCOBY,
b1.0.28 «Apxutekrypa NpeanpusTUs» U paga JUCHUILUIMH MO BbIOOPY CTYIAEHTA, a TaKXKe s
BBITIOJTHEHUSI BHITYCKHOW KBaJU()UKALMOHHON paboTBhL.

JucnuriauHaa ocBauBaeTcs ¢ MPUMEHEHHEM 3JIEKTPOHHOTO (OHIIaH) Kypca (nanee — JK)
0011 00beM AUCLHUIUINHEI, BKII0Yas DK - 144/108, 00beM IUCIUIUIMHEL, 32 UCKITIoueHreM DK:
KOJIMYECTBO aKaJICMHUYSCKHIX YaCOB, BBIJICIICHHBIX Ha 3aHATHS JICKIIMOHHOTO ThTia — 20/15 a.4.,
3aHATUSA CeMUHApCKoro tumna 28/21 a.u., Ha CaMOCTOSATENbHYIO Pa0OTy CTYACHTOB IO OCBOCHHIO
ANIEKTPOHHOTO Kypca 58/43,5 a.4. W MPOMEXKYTOUYHYIO aTTeCTalUi0 36 a.4.:

dopMoii MPOMEKYTOYHON aTTECTAlMM B COOTBETCTBHH C YYEOHBIM IUIAHOM SIBIISIETCA
HK3aMEH.

3. Coaep:xxaHue U CTPYKTYPa AUCHUILIUHBI

Tabmuma 3
Ne ni/m HaunmenoBanue O0beM QMCHUILIHHBI, Yac. ®opma
TeM Bcero KonrakTHas padora Cp TeKyLIero
o0yuyaromuxes ¢ KOHTPOJIA
npemnoaaBaresjieM ycneBaemo
10 BHJIaM y4eOHbIX cTu**,
3aHATHH MPOMEXKYT
JI 113 KC | CPO | CII OYHOM
P arrecrauu
H***
OcHoOBBI
Tema 1 HIMHTAILHOHHOTO 10 4 6 o/T
MOJCIUPOBAHUSA
Tema 2 CTaTUCTHYECKOE 18 4 4 10 33}1/T
MOJCIIMPOBAHUC
Tema 3 IInanupoBanue 18 4 4 10 O/3ax
9KCIEPUMEHTOB
OO6paboTka u
Tema 4. UHTEpIIPETAIUS 22 4 4 14 O/3an
PE3YIBTATOB




CTaTUCTHUYECCKOI'O
MOJAC/IUPpOBaAHUSA
CHucTEMBI U S3BIKU
Tema 5 MMHTAIIHOHHOTO 38 4 16 18 0/3a/T/K
MOJCIUPOBAHUSA P
[IpomexyTouHas artecTanus 36 2 DK3aMeH
Bcero (akam./actp. yacsl): 144/1
(akan./actp. Hackl) 2015 | 2801 | 2 |3U%
08 25
Ipumeuanue:

Koncynpranus k sk3amMeHy — 2 yaca
Hcnonb3yeMble COKpaIEHUs:
JI — sa#arus JICKIIMOHHOTO  THIIA (J'IeKLII/II/I U HHBIC y‘IC6HLIC 3aHATHA, NOpeayCcMaTpUuBarOInue
MIPENMYIIECTBEHHYIO Tepenady yaeOHoi nH(popMaIuy ne1arorndeCKuMi pabOTHIKAMH OpPTaHU3aIUH ¥ (WJIH)
JIMIjaMu, MNPHUBJICKAaCMbIMHA opraﬂnsauneﬁ K peajun3anuun O6pa3OBaTeJ'II)HI)IX nmporpaMMm Ha HMHBIX YCJIOBUSX,
oOydJaroimumcs) ;
[13 — mpakTryeckue 3aHATHS (BUABI 3aHATHS CEMHHAPCKOTO THITA 332 UCKITFOUYSHUEM JIA0OPAaTOPHBIX PabdoT) ;
KCP — wnamBummyanpHasi paboTa oOy4aroIIUXCA C TMEarorm4ecKMH pabOTHHKAMH OpTaHW3allud W (WJIH)
JIMIaMu, IMpUBJICKACMbIMHU Opl"aHH?;aHHeﬁ K peajin3anuun O6p330BaT€J'II>HI)IX nporpamMm Ha MHBIX YCIIOBUSAX (B TOM
YHCIie MHAWBUIYaTbHbIE KOHCYIBTAINN) ;
CP — camocrosTenbHas paboTa, OCymecTBiIsieMass 0e3 y4acTusl elarOTHIeCKuX PabOTHUKOB OpTaHHM3AINA U
(unu) U, MpUBJIEKaeMbIX OpTaHU3alKel K pea3anuy 00pa3oBaTeIbHBIX IPOrPaMM Ha HHBIX YCIIOBHSX;
CII — camonpoBepka;
CPO — camocrosTenpHas pabota o0yJaromerocs
koHTpoJsibHBIE paboTel (KP), ompoc (O), tectupoBanue (T). Beimonnenue 3amanusa (3an), P3an
(PacuetHoe 3amaHue)
Coaep:xanue JUCHUINIMHBI
Tema 1. OCHOBbI HMUTAIIMOHHOTO MOJEJTUPOBAHUS
Metox MMHUTaMOHHOrO MojaenupoBaHus. OmnpeneneHue HMMHUTALMOHHOW — MOJEIH.
Craructuueckoe mozgenupoBanue. Meron Monre-Kapno. JlocTromHcTBa M HEOOCTaTKu
UMHUTALMOHHOTO MozenupoBanus. Kinaccupukamuss METOI0B HMUTAIIMOHHOTO MOJICITUPOBAHHUS.
Knaccudukanus uMUTaIMOHHBIX Mojenei. J(uckpeTHo-coObITHIIHOE MoaenupoBanue. Moaenu
CHUCTEMHOM nuHaMUKH. J[MHamudeckue cuctembl. MHOroareHTHoe mopaenupoBaHue. CpencTsa
MMHUTALMOHHOIO MOJEIUPOBAHUS.
Tema 2. CraTucTHYECKOE MOJeJIMPOBAHHE
TpeOGoBanusi k reneparopaM. Pu3nyeckue reHeparopbl cilydyailHbIX uuceln. [eHepaTropsl
nceBaociayyaiiHelx uucen. [lceBnociydaiiHple Ynciaa U MPOLENYpPhl UX TE€HEpaluu. AJITOpUTM
Jlemepa. TecTupoBaHHe reHEPaTOPOB CIyYalHbIX YKced. MoJenupoBaHue CIIydaifHbIX COOBITHIA.
MonenupoBaHue Ciay4alHbIX BeIW4YMH. MOJENMpOBaHNE HENPEPBIBHBIX CIIy4alHBIX BEIMYHH.
MoznenupoBaHue NTUCKPETHBIX CIy4YaWHBIX BEIWYMH. MOAEIUPOBAHHUE CIy4YalHBIX MPOLECCOB.
[TpyHIMIIBI TOCTPOCHUST MMUTAMOHHON Mozaenu: «Dt» u «1mo 0coObIM cocTostHUAMY. O01mas
OpraHM3alys CTATUCTUYECKOTO MOAEIUPOBAHUS. DTallbl CTATUCTUYECKOTO MOAEIUPOBAHUS.
Tema 3. IlnannpoBaHue 3KCIIEPUMEHTOB
OcHOBHBIE TIOHATHS TEOPUU IUIAHMPOBAHMS JKCIEpPUMEHTOB. (CTparernyeckoe M
TakTU4YecKkoe IaHupoBaHue. CTPYKTypHbII M (QyHKUMOHANBHBIM miaHbl. DakTOpHOE
npocTpancTBo. PakrtopHbli IUIaH. [D1aHMpoBaHWE JMHEHHBIX OKCIIEpUMEHTOB. IlomHbii
dakropHbIii mnaH. [poOHbIi (hakTopHbIM sKcriepuMeHT. [ eHepupytome cootHomenus. [1nansl ¢
pa3MYHON  pa3pemaroiieid  CImoCOOHOCTHIO. Hemunentnele  mmanbel.  LleHTpanbHble
KOMITO3UIIMOHHBIE TUJIaHbl. JIaTMHCKWH, TPEKO-JIATUHCKUM  KBaJapar. IlImanel  cMeceld.
DKCTpeMalbHbIM 3KCIIepUMEHT. MeTO/Ibl TAKTUYECKOT0 I1aHupoBanus. ObecriedeHnue TOYHOCTH
U JIOCTOBEPHOCTH pPE3YJIBTAaTOB AKCIIEpUMEHTAa. Metoasl yMeHblIeHHs aucnepcuu. [Ipasuia
OCTaHOBKH.
Tema 4. O0pa0doTKa U HHTEPNPeTALUS Pe3yJbTATOB CTATUCTHYECKOI0 MOIeTMPOBAHMS
Onenka mnapamMeTpoB Ciy4ailHBIX BEJIMYMH M OLEHKAa JoJM Ipu3Haka. [IpoBepka
cratuctuyeckux runore3. Koppensunonnsiit ananus. lucnepcuonnsiii ananus. OqHo(akTopHbIN



1 MHOTO(AKTOPHBIN TUCIIEpCHOHHBIN aHanu3. [locTpoeHune cratucTuueckux moaenei. Tabmuia
ANOVA. Konrtpactel gucnepcuoHHoro ananuza. Jomymenue. I[locTpoeHue perpecCMOHHOU
MOJIEJIH.

Tema 5. CucteMbl M A3BIKH HMUTAIMOHHOTO MOJIEJIUPOBAHUS

OOmas xapakTepUCTHKAa CHUCTEMbl M s3bIKa HMMHTAIIMOHHOTO MonenupoBanus GPSS.
Omneparopsl u omepanasl si3bika. Cucrema umMuTanuoHHoro monenupoBanus GPSS World.
Opranu3anys MIaHUPOBAHUS U MTPOBEACHHS YKCIIEPUMEHTOB ¢ TToMoIsio cuctembl GPSS World.
OTtceuBaronyii ¥ ONTUMHU3UPYIONIUH SKCIEPUMEHT. DKCIEPUMEHTHI Tojib3oBarens. OOrmas
xapakrepuctuka cuctemMbl AnyLogic. [lapamurmel cuctembl MozenupoBanusa. OpraHuzanus
JUCKPETHO-COOBITUHHOTO MojaenupoBanusi. OpraHu3zaids MHOTOATEHTHOTO MOJCIIHPOBAHHUS.
Monenu cucTeMHOM nuHaMUKH. 3akimroueHue. O030p MpoieHHOTO MaTepraa.

4. MarepuaJjibl TeKyIero KOHTPOJIsl YCIIeBaeMOCTH 00y4aromuXxcsi
4.1. ®opMbI 1 METObI TEKYLET0 KOHTPOJIS YCIIEBA€MOCTH 00y4aK0 M XCS

B xone peai3aiui JUCHHITIIMHBI «MIMHuTaLIMOHHOE MOICIIMPOBAHUCY HCIIOJIB3YIOTCS
CICAYIOIMIMEC MCTOJbI TCKYIICTO KOHTPOJIA YCIICBACMOCTH O6yanOIHHXC$II

Tab6muna 4.1

Tema (pa3zen) @DopMEBI (METOIBI) TEKYIIETO KOHTPOJIS YCIEBaeMOCTH
Tema 1. OCHOBBI UMUTAIUOHHOTO MOZAEIUPOBAHUS oO/T
Tema 2. CratuctTuueckoe MOAECITUPOBAHUE 3an/T
Tema 3. [InaHupoBaHue SKCIIEPUMEHTOB 3an/0O
Tema 4. OOpaboTka W HHTEPIPETANUS PE3yIBTATOB 0/3a
CTaTHCTHYECKOTO MOJEIMPOBAHNUS A
Tema 5. Cucremsl H  A3BIKM  MMHUTALMOHHOIO

! O/3a/T/KP

MOACIIUPOBAHHUA

4.2. MarepuaJjibl TeKyLIero KOHTPOJISl yCIIeBAeMOCTH 00y4ar0IMXCsl.
TunoBblie OLleHOYHBbIE MaTepHaJIbI 10 Teme 1
Tunosbie BONPOCHI 1JIs1 YCTHOTO onpoca no reme 1

1. Tlouemy He Bcerzia MOYKHO BBIIIOJHUTH 33/1a4y aHAJIUTUYECKOTO MOJEIMPOBaHNUsA?
Ha3zoBure o6macT npUMeHEHUs aHATUTHUECKUX MOJIeNei.

2. B uem oTnMune aHaTMTHYECKOTO U MIMUTAIIHOHHOTO MOJICIIMPOBAHUS?

3. Korza nenecoobpa3Ho npUMeHATh UMUTAIIMOHHOE MOJIEJIpOBaHue?

4. MoxeT 11 Mofiesib ObITh a0COMIOTHO aiekBaTHa opuruHany? Kak monnmare
aZIcKBaTHOCTb Mozenn?

5. Kak MOXHO NpOBEpPUTH a/IeKBaTHOCTh MOAEIIHU?

6. ComocTaBbTe MOHATUS «BATUAALUNY, «BEPUPUKALUA» U «AKKPEAUTALIS.

Tect

1. Kakoii B MOeJITMPOBAHHUS OTHOCHTCS K MAaTEMATHYeCKOMY?
1. I'mmoreTnueckoe

2. NmuTammonnoe

3. SI3pIKOBOE

4, Amnanorosoe

2. B kakoM MeToJe Hcc/Iel0BAHUSI AHAJTUTUYECKOH MoJequ pe3y/bTaThl MOJY4YalT
NYTEM NMOACTAHOBKH KOHKPETHBIX 3HaYeHHu# (pakTopoB?

1. AHaIATHYECKOM
2. YuciaeHHOM
3. KauectBenHOM




4, YMO3pUTETEHOM
Tunosblie OlleHOYHbIE MATEPHUAJIBI 110 TeEMe 2

Tunoskle 3aganus Mo reme 2
1. Kakum TpeOGoBaHUSM JOJDKHA 00J7agaTh CTAaTUCTHKA, IMOJYyYCHHAss B pe3ylbTare
MMUTALMOHHOTO MOJIEIUPOBaHUA?
2. Kak mpoBepsieTcst Ka4eCTBO reHepaTopOB MCEBAOCTYIalHBIX YUCEN?
3. Kak reHepupyroTcsi IUCKpETHBIE CilydaliHble BETMYNUHBI?
4. Ha3zoBuTe MeTOJbl FEHEPALIMU HETIPEPHIBHBIX CIIy4allHbIX BEJIMYNH.
3ananue 1. ['eHepaTopbl NCeBAOCAYYANHBIX YHCE.
3agaua 1. [Toctpouts reneparop ciayuaiineix uncen Jlemepa. IlpoBeputh kauecTBo
reHeparopa.
3agaua 2. [TocTtpouts reHEpaToOp 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(gl)P(Cl)'

Ecau u3BecTHEI BECPOATHOCTHU ITPOCTBIX COOBITHI.

P(AD)= 0,4
P(Bl)= 0.8
P(Cl)= 0,4
Tect
1.Kakoii cnoco® moaeTupoOBaHMS BPEMEHHM He HCIO0Jb3YeTCd B HMMHUTANUOHHOM
MOJEJIMPOBAHUN?

1. MeTtox 0COOBIX COCTOSTHH.
2. Metoz 0coOBIX CUTYaIHH

3. Meton At

2.1IpuHuMI AZ NOCTPOEHUS MO/IETUPYIONIEro AJIrOPUTMA MPeANoJiaraer:

1. I/ISMeHeHI/Ie TCKYIIIGFO BpeMeHI/I MOJICIIN C ITIOCTOAHHBIM IIIarom

2. M3MeHeHune TeKyIero BpeMeHU MOJEIH OTpeeseTcs OmmKanmM Oy yium
COOBITHEM.

3. OTcyTcTBHE TEKYIIEr0 BPEMEHU MOJIEIH.

4. I/ISMeHeHI/Ie TGKYHICFO BpeMCHI/I MOACIN B MOMCHT HOCTYHJ'IGHI/IX 3asIBOK B CI/ICTeMy

JUTst 00pabOTKH.

3.Jlusi BBIYMCICHHS 3HAYEHUH CJOYy4YailHOH BeJHYMHBI f;, PpacnpeleJeHHON 110
IKCIIOHEHIIHAIBHOMY 3aKOHY C HHTEHCHBHOCTBIO A CJIeyeT BOCIO0/1b30BaThCs (pOPMYJIOH B



1.t; = random ()
2.t; = —In(random) %

MPOrpaMMHOI MOJIeJIN:

3.t; = random 1
A

4.1 =l+random 7»—1
A A

~(x-n)°

1 252
4.ITo popmysie f(X)=———¢ ° BbIYHC/AAETCH (PYHKIUSA IVIOTHOCTH
oV 21

pacnpeneieHus CJIy4YaiiHol BeJIMYUHBI, pacnpeaeeHHOMH 1Mo:
1. PaBHOMEpHOMY 3aKOHY
2. HopmansHOMY 3aKOHY
3. DKCIOHEHIIMATHLHOMY 3aKOHY
4.  buHOMHAIBHOMY 3aKOHY

5. Kakum cBoiicTBaM He J0JIK€eH y10BJE€TBOPSATH FeHEPaTOpP NMCEeBA0CTYyYaHBIX Ynucea?
1. Tlomywyaemble uucia JODKHBI OBITH PAaBHOMEPHO paclpeleieHbl B
auarasosne [0,1] ¥ He JOJDKHBI UMETh KOPPEJIILUIO APYT C APYIOM.

2. lTlonmyuyaemble uwnciaa JOMKHBI OBITH PABHOMEPHO pacIpeneieHb B
auarasone [-1,1] ¥ He JOJKHBI UMETh KOPPEIALMIO IPYT C IPYTOM.

3. Teneparop omkeH 006ecneuuTb BO3MOXKHOCTb BOCIIPOM3BOJUTD 33 JaHHBIN
IIOTOK CIIy4aWHBIX YHCEIL.
4. TeHeparopbl JODKHBI MMETh HPOCTOM CIIOCOO MOJIyYeHHs! OTAENIbHBIX
IIOTOKOB CJIy4alHBIX YUCEIL.
5. I'enepaTopbl NOJKHBI K&KABINA Pa3 TEHEPUPOBATH HOBBIN MOTOK CIIy4ailHBIX
qrcel.
6. Uto He npoBepsieTcsi NPH MPOBEPKe KA4eCTBA reHepaTopa MCceBA0CayYaiHbIX YHCel:
1. PaBHOMEpHOCTH T€eHEpPHPYEMOIL OCIE0BATEIBLHOCTH.
2. HezaBucumocTh  NOCJHEIOBAaTEIBHOCTH  CIy4yallHBIX  BEJIMYMH HAa  OCHOBE
KOpPPESLUOHHOTO aHAJIN3a.
3. Jlnuna mepuona
4.  HopmallbHOCTB pacripeielieHusl TeHepUpyeMOol cllydallHOM BETUYMHBI.
5. Hanuume aHOMaJIbHBIX 3HAYECHUH.
7.Kaxoii renepatop ciydallHbIX YHCEI HUCITIONIB3YETCS] B METOJIE OOpaTHBIX (QYHKIIMMI?
I'eneparop paBHOMEPHO pacnpeneneHHbIX yncen B quana3zone ot 0 go 1.
I'eneparop paBHOMEpHO pacnpeneseHHbIX yncen B quana3one ot 0 1o 999.
I'eneparop cTaHAapTU3UPOBAHHBIX HOPMAJIBHO PACIIPENEICHHBIX YUCEIL.
I'eneparop GMHOMHUATIBLHOTO paclpeneaeHUs

el A

TunoBble OlleHOYHBbIE MAaTEePHAJIBI 10 TeMe 3
Tunosbie BONPOCHI AJI YCTHOTO ONPOCA M0 Teme

Vkaxxurte JOCTOUMHCTBA U HEAOCTATKU MMACCUBHOTO M AKTUBHOT'O OKCIIEPHUMECHTA 3



TunoBble 3a7aHud M0 TeMe 3

3ananmue 1.
3anaua 1. [TocTpouTs Mm1aH MOJHOTO (PaKTOPHOTO AKCIIEPUMEHTA JISl N=23, €CIIN KaXK bl
(dakTop MEHSETCS HA IBYX YPOBHSIX: HUKHEM U BEPXHEM.

x, €[5,10]; x, €[35,150]; x, €[50,110]

BeimonmanTh “MuTaninoHHOEe MojaenupoBanue B GPSS, ecnm npennonaraercs tpexdaszHas
obOpaborku. @Paktopel  x1,x2,x3 MaTeMaTHUeCKOe OXHUJaHHE BpEeMEHH O0OpabOTKH.
HTEHCHBHOCTH BXOAHOTO MoToka pasHa 0.005 muul. OTKIMKOM fBISETCS MaTeMaTHUeCKOe
OXKHJaHUE BpeMEHH 00pa00TKH 3asiBKU. [10CTpOUTH MHOKECTBEHHYIO JIMHEHHYIO PETPECCHOHHYIO
MO/JIeJIb 110 JAHHBIM 3KCIIEPUMEHTOB.

X, € [5,10]; X, € [35,150]; x; € [50,1 10]; X, € [10,120];

3agaua 2.

[TocTpouTh TUTAH DKCIIEPUMEHTA, €CIU HE YYUTBHIBAIOTCS B3aUMOJICHCTBUS (PAKTOPOB H
LIEeJIbI0 SKCIIEPUMEHTA SIBJISIETCS IOCTPOEHUE PErpPecCUOHHON Mojieu. Vcnoib30BaTh JTMHEHMHBIN
IUIaH 3KCHEepUMEHTA. [locTpouTh IiaH HEMMHEHHOTo SKCIEepUMEHTa A JaHHOW 3amaun. Kak Oyner
BBITJIAJIETh PErPECCUOHHAA MOAEIIb?

3anaua 3.

BrImotHUTE aHANMM3 MOITHOCTH B R, eciiu n3BecTHO, 4TO KOA(D(DHUIIMEHT KOPPEIAIHH paBeH
0,15

Haiitu TpeOyemoe uncio HaOaroAeHHi, 4TOObI MOIIHOCTh KpuTepus Obuta paBHa 0,7; 0,8;
0,9 nipu 3amanHOM ypoBHE 3HAUMMOCTH alpha=0,05

Tect
1.CKo0JIbKO 3KCIIEPUMEHTOB COJAEPKHUT CIEKTP IJIAHA MOJHOro (PaKTOPHOI0 IKCIEePUMEHTA
3
BHAA 2

1. Tpu
2. Ulects
3. Bocems

2.Uem oriuyaercs ApoOHbINi (GaKTOPHBIH JIKCIEPUMEHT OT MOJHOro (akTopHOro
IKCNepuMenTa?

1. B nmnane 1po6GHOTrO SKCHEPUMEHTAa B OTJIMYUE OT MOJIHOTO KCIIEpUMEHTA HE BCE
(akTOpbI HE3aBUCHUMBL. 3HAYCHUSI 3aBUCUMBIX (DAKTOPOB OMPEAEISAIOTCS € TOMOIIIBIO
TEeHEPUPYIOLIUX OTHOIIECHMIA.

2. JlpoOHBIN B OTIMYKE OT MOJHOTO 3KCIIEPUMEHTa T03BOJIIET UCIIOIb30BATh IPOOHbIE
3Ha4eHUsI (PAKTOPOB

3. [Ilnman apoOHOrO 3KCTIEpUMEHTa BKJIIOYAET B ce0s MJIaH MOTHOIO (PaKTOpHOro

IKCIEPUMEHTA
3. B kakoH cTpoKe nJ1aHa APOOHOro (aKTOPHOI0 IKCIEPHUMEHTA CONEPKUTCH OmmnOKa?
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

1. B nepgoii.
2. Bo BTOpOI¥A.

10



3. B Tperneti.

TunoBble OlleHOYHbIE MATEPUAJIBI 110 TeMe 4
Tunosbie BONPOCHI JJI YCTHOIO ONpoca 1o reme 4

1.

2.
3.

6.
7.
8.

Kakme 3amaum pemraroTcsi TpH  CTAaTUCTUYECKOH 00paboTKe  pe3ylbTaroB
MOJAEIUPOBaHUsA?

CpaBHHTE TOCTOMHCTBA U HEOCTATKU TOUEYHOM U MHTEPBAIBLHOM OLICHOK.

Kak cBs3anbl Mexx1y co00i TOUHOCTh U IOCTOBEPHOCTh MOEIMPOBAHUS C YHCIOM
AKCIIEPUMEHTOB?

C mnoMompl0 KakuX KPUTEPHEB MPOBEPSIIOTCS CTAaTUCTHMUECKHE TUIOTE3bI
OTHOCUTEJILHO JI0JIM MpU3HAKA U OTHOCUTEIIHO MaTeMaTUYECKOTO OXKUIaHUs?

C mnoMompl0 KakuX KPUTEPHEB MPOBEPSIOTCS CTAaTUCTHMUECKHE TUIOTE3bI
OTHOCUTEJILHO 3aKOHA PACTIPEACIICHHS] CIIy4allHOW BETUYMHBI?

KakoBsI conepskanue ¥ 1eb KOPPeIsSIUOHHOro aHaau3a’?

KaxoBbl coneprkanue u 1eiib JUCIIEPCUOHHOTO aHan3a?

KakoBsI conepskanue U 1ejib perpecCuOHHOro aHanusa?

Tunosble 3aganusa no reme 4
3aganue 1. I1o pe3ynpraraM UMUTAIIMOHHOTO MOJICTIMPOBAHMS MOCTPOCHA TAOIUIA YACTOT.

Homep JleBasi rpaHuna IIpaBasi rpanuna Yuceso nonaganuii B
HHTepBaJa HHTepBaJIa HHTepBaJa HHTepBaJ
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

[Toctpouts rHCTOrpaMMy M SMOUpPUYECKYl0 (yHKIMIO pacnpeneneHus. OLEHUTH
MaTeMaTH4eCcKoe OXKHIaHNuE U IUCIIEPCHIO (CKO) BpEMEHH 00pabOTKH.

3ananme 2. B 3aBUCHMOCTH OT BBIOpAaHHOM TEXHOJOIMH MMEIOTCS pa3iIMyHbIEe JaHHbIE O
BPEMCHMU BLIIIOJIHCHUS OINEpallvii, CBEJCHHLIC B Ta6m/1uy.

Bpems TexHoJ0TUsI

7

12

10

9

13

olau|d|lw]|N|F
Rl ]R]|-

8
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13 1

14 1

11 1
10 9 1
11 6 2
12 8 2
13 8 2
14 5 2
15 8 2
16 6 2
17 11 2
18 9 2
19 2
20 2
21 12 3
22 14 3
23 12 3
24 10 3
25 15 3
26 14 3
27 11 3
28 16 3
29 18 3
30 10 3

Pemutn 3a1avy OI[HO(I)aKTOpHOl"O JUCIICPCHUOHHOI'O aHalIu3a JI1 OLCHKH 3HAYUMOCTH
BJIUAHUA TCXHOJIOTMHM Ha BPEMS BBIIIOJIHCHUA OIICpalUU. 3a11aqy PEIIUTL C IMOMOMIBIO IMAKETa
aHaJin3a JaHHBIX, C IIOMOIIBIO R, C IOMOIIBIO IOMAPHBIX onepam/lﬁ IMMPOBEPKHU C TIOMOIIBIO t-tecra

3ananue 3.

HpOBeCTI/I CCPUI0 DOKCIICPUMCHTOB C MHCJIbIKO TIOCTPOCHUA perpeccyIOHHoﬁ MOACIN
3aBUCUMOCTH MATCMATHYCCKOI'0 OXWIAAHUA W 3aBUCUMOCTU CKO OT BPEMCHU 06pa6OTKI/I Ha

NEPBOM 3Tare U BpeMEHHU MEXy COCEHUMU 3asiBKaMHU.
OxcnepuMeHTsl posectu B GPSS.
[Tporpamma a5t MpoBeAEHHS SKCIEPUMEHTOB UMEET BU]L
*Otknuk Mozaenu -MO Bpemenu 00paboTku™
*(akTopsl - cpetHee BpeMst 00pabOTKH 3asiBKU B KaXKI0H (asze™
;Bpemena 00paboTku 3asiBKU B (azax
;repBast asa
timel equ 10
;BTOpas ¢asza
time2 equ 10
;TpeThd (aza
time3 equ 10
total _time table M1 5,5,10
time_afterl table M1 5,5,10
time_after2 table M1 5,5,10
GENERATE (exponential(711,0,50)) ; renepanus BXOAHOTO MOTOKA
;MozienpoBaHue ¢a3bl 00pabOTKU 3asBKH
SEIZE one_device
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ADVANCE (normal(907,timel,timel/5))
RELEASE one_device

;Ta0yJIsIMs BpeMeHU 00pabOTKH 3asBKU TOCIIE IEpBOM (hasbl
TABULATE time_afterl

TRANSFER .1,failure

;MoJIeTMpoBaHKe (Ga3bl 00paOdOTKH 3asBKU

SEIZE two_device

ADVANCE (exponential(907,0,time2))

RELEASE two_device

;Ta0yJsIMs BpeMEeHU 00pabOTKH 3as1BKH T1OCIIE BTOPOH (a3bl
TABULATE time_after2

;MozenrpoBanue ¢Ga3pl 00padOTKU 3asBKH

SEIZE three_device

ADVANCE (exponential(907,0,time3))

RELEASE three_device

;Ta0yssius 001Iero BpeMeH! 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

Mogens noctpouts B R. OLieHUTH €e KauecTBO

Tunosbie OLlCHOYHbIE MATEPHUAJIBI IO TeMe S
Tect
1.Cko0/1bK0 ()aKTOPOB U OTKJIMKOB B YPABHEHHUU perpeccuu BUaa

f(Xl,Xz,X3):b0 +blxl +b2X2 +b3X3 +b11X12

1. Tpu oTkiinKa 1 yeTblpe (paxropa
2. OpavH OTKJIMK U TPH QakTopa
3. OnuH OTKJIMK U YeThIpe (pakTopa

2.Kakoii MareMaTH4eCKHH MeTOX MO3BOJACT OLECHUTh KO3QPHuMeHTH npH
HCI0JIb30BAHMH PErPeCCHOHHOIO aHaJu3a?

1. Meron mHo)uTenen Jlarpanxka
2. Mertoa rpynnoBoro ydyera apryMeHTOB
3. Merton HaMMEHBIIUX KBaJIpaToOB

3.Yto sBasiercsi 3P (PeKTUBHOI OLEHKOI MaTEeMATHYeCKOT0 OKUAAHUSA CJAYUYAHHOM
BEJIMYMHBbI?

1. Menuana

2. Mopa

3. Cpennee apudmernueckoe

4. CpenHee reoMeTprUIECKOe

4. TlonoBuHa JOBEPUTEIHLHOTO HWHTEPBalia, B KOTOPOM HAXOJUTCS HMCTUHHOE 3HAYCHHE

13



MaTeMaTH4eCKOT0 OXKUIaHUSI CIIy4aiiHOM BETMUNHBI, pACIIPEEIEHHOM 10 HOPMAJTLHOMY
3aKOHY, C JIOBEpUTEIBLHON BEPOSITHOCTHIO 3 ornpenensiercs mno popmyse

1. e=t;-/S?/N;
2. SItBZ' SZ/N;
3. e=S- tB/N;

4. e=t\[S?/(N-1).

[S{eA851 tB - KBaHTHUJIb PAaCHIpCaACIICHU;

2
S°. WCTIpaBJICHHAs BHIOOPOYHAS TUCTICPCHSI,
N - grciio HaGmOnEHNI (IKCIIEPUMEHTOB).

S. Kaxkoii ¢opmysioii y100HO 1m0J1b30BaThCsl NPH BHIYUCJICHHH B IporpaMmme
OLICHKH JMCIIEPCUH CIYYAHON BeJITMYUHbI OTKJIUKA?

N

Z(Xi B )?)2

1. 8= ———
N -1

3. §'=H
N-1
N
2%
4, §?=+H
N

6. Ilpm npoBepke TrHUNOTe3bI O HE3HAYMMOM OTJIMYHMH TeOPEeTHYECKOr0 M
IMIMPHYECKOr0 PpaCHpeeeHnsl CIyYailHOW BeJMYHMHBI 10 KPUTEPHIO coriacusi X2
KOJIM4eCTBO cTeneHeil cBo0oabl onpenensercs no popmy.ie (rae N — KoJH4eCTBO NPOrOHOB,
K — xo/1M4ecTBO HHTEPBAJIOB THCTOIPAMMBbI — SMIIHPHUYECKOH IVIOTHOCTH paclpeeseHust,
m — KOJINYEeCTBO MAPAMETPOB 3aKOHA pacnpeneleHNsl, BBIYMCICHHBIX B IpOrpaMmme):

1. y=N;

2. yv=N-1;

3. y=K-1-m;

4, y=K-1.

7.Ipn  mocrpoeHMH (YHKUMH pachnpelejleHHs HOPMAJIbHO pacnpeaejaeHHol
CJIYYAHHON BeJIMYMHBI 3HAYeHHUs (PYHKIUH ONpPeeI0TCs Mo Tadanue
1. ®yunkuuu [aycca.
2. O®ynknuu Jlamaca.
3.  ®ysxnuu CThIONEHTA.
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4, ®ynkiuu [Mupcona.
8. st onpenesnenus 3Ha4eHUii GaKTOPOB, AKX ONTHMAJIbHOE 3HAYCHHE OTKJIMKA
MeTO/I0M HAHCKOpeiillero cmycka
1. IIpoBoasT oauH MOMHBIN (MK APOOHBIN) (PaKTOPHBINA IKCTIEPHUMEHT.
2. IlpoBomsaT moOCHeIOBATEIbHO HECKOJbKO TOJHBIX (WM JpOOHBIX) (aKTOPHBIX
HKCTIIEPUMEHTOB C M3MEHEHUEM HYJIEBBIX YPOBHEH (PaKTOpOB.
3. TlocnenoBarenbHO (UKCHUPYIOT 3Ha4e€HHs (AKTOPOB HA TOM YpPOBHE, Ha KOTOPOM
3HAYEHHE OTKJIMKA JTy4IlIE.
4. PemaloT ypaBHEHHE pErpeccMd IyTeM I[pUpPaBHUBAHUS K HYIIO YaCTHBIX
IIPOU3BOAHBIX.
9. Ilpn mpoBepke rumore3bl 0 He3HAYMMOM OTJIMYHUHU JBYX OLEHOK JUCHEpPCHil 1O
KpuTepuio coryiacusi @uiepa B YucJauTe/ e HAXOAUTCH:

1. MeHnb11as OLieHKa IUCIIEPCUN

2. Bonbimas ounenka aucnepcun

3. OneHka aucnepcuy, NOIMY4EeHHas B pe3yiabrare OOJbIIEro KOJIMYeCTBa
IIPOTOHOB IIPOTPAMMHOM MOJEIN

4. Onenka gucnepcuu, IOJIyYEHHAs B PE3ylIbTaTeé MEHBUIETO KOJIMYECTBA

IIPOTOHOB IIPOTPAMMHOM MOJIEIHN

10. [{i1s1 npoBepKH a/IeKBATHOCTH YPAaBHEHMS PerpecCHMu NMporpaMMoil MMUTAIMOHHOM

Mo/ eJIn
1. CpaBHUBAIOT TOJBKO OIEHKM MaTeMaTUYECKOTO OXXUIAHHS OTKIIHUKA,
MOJIYYCHHBIE B IPOTPAMME U B YPaBHEHUHU.
2. CpaBHUBAIOT AUCIIEPCHIO OCTATKOB C PETPECCUOHHON TUCTIEpCUEH.
3. CpaBHUBAIOT AUCIIEPCUIO OCTATKOB C HYJIEM.
4. CpaBHUBAIOT PETPECCUOHHYIO TUCTIEPCHUIO C HYJIEM.

Tunosbie BONPOCHI 1JIs1 YCTHOI'O OIIPOCA 1O Teme S

1. Kakumu cBoiicTBaMu 00Ja/1at0T SA3bIKK UMUTALIMOHHOTO MOJIEIUPOBAHUA?

2. 3a4eM HCIOIh30BaTh CIENUATBHBIE CPEICTBA MMUTAIMOHHOTO MOJICITMPOBAHNS?

3. HazoBute ocHOBHbIE MapagUrMbl UMUTAIIMOHHOTO MOJEIUPOBAHUS U JaUTE UM KpPaTKylo

XapaKTEPUCTHKY.

4. laiiTe KpaTKyl0 XapakTepUCTUKY cucTeMbl AnyLogic, €e JOCTOMHCTB U HEJIOCTATKOB.

5. JlaiiTe kpaTKyro XapakTepUCTUKY CUCTEMBI Arena, €€ JJOCTOMHCTB U HEIOCTAaTKOB.

Haiite kpatkyro xapakTepucTuky cuctembl GPSSWorld, ee 1ocToMHCTB 1 HEAOCTATKOB.
Tunosele 3a1aHus 10 TemMe S

3aganue 1. [TocTpouTh UMUTALIMOHHYIO MOJIENb «XUITHUKH-KEPTBBIY.

Cucrema Bonbreppa-JIoTka, KOTOpPYI0 YacTO Ha3bIBAlOT CHCTEMOH XWIIHUKH-KEPTBBI,
ONKCHIBAET B3aMMOJAEUCTBHE JIByX MONYIALMNA - XHIIHUKOB (Hampumep, JUCHUI]) M KEpPTB
(HampuMep, 3al1IeB), KOTOPBIE KHUBYT MO HECKOJIBKO pa3HbIM "3akoHaM". JKepTBbI moiepKUBaIOT
CBOIO TOMYJISILIUIO 33 CUET MOENaHus MPUPOTHOTO pecypca, HallpuMep, TPaBbl, YTO MPUBOIAUT K
HKCIOHEHLMAJIBHOMY PpOCTY YHCJIEHHOCTH TOMYJSALMH, €CIM HET XUIIHUKOB. XHIIHUKU
MOJIIEP>KUBAIOT CBOKO MOMYJISALIMIO 33 CYET TOJIBKO "'Toenanus’ xeptB. [loaTomMy, ecnm nomymsius
KEPTB MCUE3aEeT, TO BCIE/ 32 TUM HOMYIALUS XUITHUKOB SKCIIOHEHIIMAJIbHO yObIBaeT. [loenanue
XUIIHUKAMHU KEPTB HAHOCUT YIIepO MOMYISILIUK KEPTB, HO B TO K€ BPEMsI JaeT JOTOJTHUTEIbHBIN
pecypc K pa3MHOKEHUIO XUIIIHUKOB.

Monens UMeeT BT
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dx/dt = ax—pxy
dy / dt = —yy + dxy

3aauM nmapameTpbl MOJICTIH.

Kom-Bo KpoNHKOB (X)

Kon-Bo priceii (y)

ITapaMeTphbl CHCTEMBI, ICHB !

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

HOCTpOI/ITb rpa(bmcn 3aBUCUMOCTH YHCJIa XUIITHUKOB U YUCJIa )KEPTB OT BPEMCHHU. Brimonauth
MOICIUPOBAHUE I pa3HbIX 3HAYCHUM HadaJbHBIX YCHOBPII;'I. Bruentauii BHUI MOJCIIN ITPUBCACH Ha

PHCYHKE.

- e

Habnronars xonebanus 3HaUCHHH YKCIIa )KEPTB M YHCIIa XUIITHUKOB.

Foo

g00

500 77

400 1 1

300
200

100 4/

0

]

1a0 200 300 400 S00

— XHWHHEK — HEpTERI

W3menss mapaMeTpsl MOJENH, IIPOAHATIU3UPOBATh CUTYALMH, KOTIa YUCIIO XUIITHUKOB U YUCIIO
KEpTB OyAeT U3MEHSTHCS HHAUE.

[Toctpouts  (Qa3oByro

YCTOMYUBOCTH IIpOLIECCa.
BO0

0]
400
200

1]

TPAEKTOPHUIO, HCIOJIb3Ys HHCTPYMEHT
Koopnunaramu (a3oBoil TpaekTopuu SBJISIOTCS: YUCIO XUIIHUKOB M 4HUCIO kepTB. Habmonarh

1]

= 100 150

s D33053A TPAEKTOPHA

200 250 300

nanutpsl  «Ipapuk».

3aganue 2. Pa3paboraTh MMHUTALIMOHHYIO MOJENb PA3BUTUS SMHUAEMUU TPUMIA B TOPOE.
Br16parh mar MoaeIbHOTO BpEMEHU MECHIII.

I'padmueckas monens B makerax mojenupoBanus Stella, Powersim npuBeneHa Ha pucyHke.

16



susceptible infected recoveted

get sick et wﬂ]}

O

recovery rate

nfection rate

susceplible irfected

recovered

gel_well

infection_rate recovery_rate

JIOTIOTHUTENBHO B MOZAETSAX JTOJDKEH OBITh ONMpPEAeTeH KOHKPETHBIA BUA (PYHKIIMOHAIBHBIX
3aBUCHUMOCTEH MHTEHCHUBHOCTH 3a00JieBaHUSI U MHTEHCUBHOCTH BBI3JIOPOBIICHHUS, KOTOPHIA HE
MOXeT OBITh BBIpaXeH rpadudecku. Hampumep, Iisi MOAENTH SMHIEMHH Ha OCHOBE MHEHUH
9KCIIEPTOB ObUIH OMpeAeNeHbI CIEeIYIOIINe KOHKPETHbIE (PYHKIIMOHAIBHBIE 3aBUCHMOCTH:

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 MPEICTABICHBI TpaUUECKH C TOMOIIBIO
rpauKoB.
3aganue 3. [loroxkoBoe nporpammupoBanue B AnyLogic
[TocTponTh MMUTALIMOHHYIO MOJIENIb MAara3nuHa, €CJIM MaTeMaTH4ecKasi CXeMa NUMeeT BU:

A

HaxoxieHve B MarasuHe
BXOA

Kacenbt

MHTEHCHBHOCTD TOCTYIIEHHs Hokynareneil B marasun 0,1 mun!. Bpems Haxoxk[aeHus B
MaraszuHe (Bpems 3aJepXKKH) paclpeneseHo MO TPEYrojJbHOMY 3aKOHY ¢ Hanbosee BEepOsSTHBIM
BpeMeHeM 5 MHMH. MuHuUManbHOEe BpemMs — 3 MHH. MakcumanbHOoe Bpems 15 muH. Bpewms
oOCITy>)KMBaHMsI TIOKyMaresls Ha Kacce paclpelesieH0 MO HSKCIIOHEHIUAIbHOMY 3aKOHY C
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napameTpom 3akoHa 0,5 mun"!

3ananue 4. imuranmonnoe moaenupoBanue Ha GPSS
3agaya 1. BeiuucnuTensHas ceThb 3aHsATa 00pabOTKOM JABYX THIOB COOOIIECHUH,
MOCTYNAIIIUX B CE€Thb ¢ MHTEHCUBHOCTHIO 0,1 mc! u 0,2mc”! coorBercTBeHHO. JNs nepeaadu
COOOIIEHUs IO CeTH TpedyeTcss pa3HOe BpPeMsl B CBS3H C TEM, YTO COOOIECHUS MEPBOTO TUIA B
CpelmHeM B JIBa pasa JJIMHHEE, YeM COOOIIECHHsS BTOPOro Tura. Bpems mepemadn cooOIeHUs

pacnpeaci€cHo paBHOMEPHO COOTBETCTBEHHO 4i21 Zil Mc. Ecau cetb 3aHsTa, TOT 3asBKa

MOJTy4aeT OTKa3 B OOMY)KMBAaHHUH M OOJIbIIIE HE IPETEHAYET Ha 3aHsATHEe ceTU. OnpeeuTh YUCIIO
3a8BOK, MOJYYMBIIUX OTKa3 3a | dac paboTel cetu. HaiiTu BeposITHOCTH OTKa3za B Ieperade
COOOILIEHNS.

Pexomenganum x pemeHuro 3a/1a4u.

1. Hcmonb30BaTh IOTUYECKUN KITFOY, KOTOPBINA YIIPABIISET Mepenadeil COOOmEeHus B CETh.

2. Cetb MOAenupoBaTh OJHOKAHAIbHBIM YCTpPOWCTBOM. Eciu ycTpoHCTBO 3aHSTO, TO

COOOIIIEHUE IOJDKHO MOJTyYUTh 0TKa3. MIHa4e OHO JOJKHO 3aXBATUTh YCTPOUCTBO.
3. Jlisa ynpasieHus nepenadeid cooOmeHus B ceTh ucnoiab3oBarhk oneparop GATE.

3agaua 2. OducHoe mnoxapazaeneHue OOCIyKHBAaeT 3asBKU TNojb3oBareineil. Cetb, ¢
TIOMOIIIBIO KOTOPOU OIMHCHIBACTCS €ro (DYHKITMOHUPOBAHKE, TIPUBEICHA HA PHC.

Lambda

MeHepmxep
MT=10

HavanbHuk
MT=8

CrapLuii MmeHegxep
MT=12

OIIGHI/ITI) BPEMCHHBIC XapPaAKTCPUCTUKHU O6CJ'Iy}KI/IBaHI/I${ KJIMCHTA.

3apanue 4.
3agaya. PemuTh 3a/1a4y B COOTBETCTBHHU € BADMAHTOM KOHTPOJILHOH PadoThl
Bapuanr 1

1. Cucrema nuddepeHuanbHBIX ypaBHEHUH, OMUCHIBAIOIIAs W3MEHEHHE COCTaBa
MPOYKTOB UMEET BHUI:

dx/dt=—ax/y+b
dy/dt=-cy/x+d
IJIe x - YUCIIO TOBAPOB OT MEPBON (PUPMBI;
Yy - 4HCcI0 TOBApOB OT BTOPOH (DUPMBI;
a,C - HHTEHCUBHOCTH MPOJaK TOBAPOB 00eux hupM;
b,d - MHTEHCUBHOCTH ITIOCTaBKH TOBapOB Ha PHIHOK.
Pemuts 3amaay B AnyLogic,
a=0.2:b=0.2c=0.25d =0.2;
X, =300; x, =250
Mogenb cCUCTEMHON JUHAMMKY NIPEACTABUTD IBYMsI HAKOIIUTEISAMH U IByMs NOTOKamHu. J{iist

3aJjaHUsl MapaMeTpoB IOTOKOB HCIOJb30BaTh JBE JMHAMUYECKUE nepeMeHHble. [l 3amaHus
napamMeTpoB Ju(QepeHIMaIbHbBIX ypaBHEHUH MCIONB30BaTh MapaMeTp wMozaenu. Illarom
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MozenupoBaHus BeIOparh 1 AeHs BeimonauTs MogenupoBanue B Teuenue 1000 maros. B kayecTse
nrara BeIOparh OJUH JICHb.

2. [TocTponTh UMUTAIIMOHHYIO MOJIEJIb MAPKOBCKOH LIEMTH B COOTBETCTBUH C 33JaHUEM

Texuuueckoe ycrpoiictBo (TY) moasepraercst mpocTeifiieMy NOTOKy OTKa30B C
uHTeHCcHuBHOCTBIO A = 0,01 u™l. OTKa3 06HApyKUBaeTCS He Cpasy, a uepes ClyJaifHoe Bpems,
pacrnpesieleHHOe HOKa3aTelbHo ¢ napamerpoM v = 1 u'!l. Kak Tonbko oTka3 oOHapyxkeH,
npousBoautTcst ocMoTp TV, B pe3ylibTare KOTOPOro OHO JIMO0 HANPaBiIseTCs B PEMOHT
(BeposTHOCTB 3TOrO p = (0,2), 1100 CIMCHIBAETCS U 3aMeHsieTcsl HOBBIM. Bpemst ocmoTpa —
TnokasarenbHoe ¢ mapamerpoM  y = 0,5 u!; Bpems peMOHTa — II0Ka3aTeNbHOE C IIApaMETPOM (L
=0,1 u’!; Bpems 3amens! cnucannoro TY HOBBIM — MoOKa3aTenbHoE ¢ apamerpom y = 0,1 u!

Bapuanr 2
1. Cucrema nuddepeHInanbHbIX YpaBHEHH, ONUCHIBAIONIA] M3MEHEHHE COCTaBa
IIPOJYKTOB, UMEET BUJ:
dx/dt=—ax/y+b
dy/dt=-cy/x+d
I'ne x - 4ncio ToBapoB OT NepBOM HUpMBI;
Yy - d9HCI0 TOBApPOB OT BTOPOU (DUPMBI;
a,C - IHTEHCUBHOCTH NPOAAXK TOBApOB 00eux hupM;
b,d - HFHTEHCUBHOCTH IIOCTAaBKU TOBAPOB HA PBIHOK.
Pemmts 3anauy B AnyLogic,
a=02;b=0.1,c=0.25;d =0.2;
X, =300; x, =250

Monens CHCTEMHOM JUHAMUKH MIPEACTABUTH IBYMSI HAKOIIUTEISIMU U IByMsI ToTokamu. st
3alaHUs TTapaMeTPOB IMOTOKOB MCIIOJIb30BaTh JBE JAMHAMHYECKHE IepeMeHHble. Jlna 3amaHus
napamMeTpoB TudGepeHIIMAIBHBIX ypaBHEHUH HCIIONB30BaTh mapameTp Momenu. [llarom
MoieTupoBaHus BeIOparh 1 aeHbs BorimonauTh MogenupoBanue B Teuenre 1000 maros. B kauecTse
nrara BIOparh OJUH JICHb.

2. TexHHUYEeCKOE YCTPOMCTBO IOABEPracTCsl NPOCTEUIIEMY IIOTOKY OTKa30B C
uHTeHCUBHOCTEIO A = 0,01 4™, OTkas oOHapyxuBaeTcs He cpasy, a uepes cilydaiiHoe Bpems,
pacIpeielleHHOE NT0Ka3aTeNIbHO C MapaMeTpoM v =2 g, Kak TonbKo 0TKa3 0OHapysKeH,
npou3BoauTCsT ocMoTp TV, B pe3yinbTaTe KOTOPOrO OHO JIMOO HaIpaBisieTcs B PEMOHT
(BepositHOCTH 3TOrO P = 0,4), TMOO cnuChIBaeTCsl W 3aMEHseTCsl HOBBIM. Bpemst ocmorpa —
rnokasaTenbHoe ¢ mapamMeTpoM Y = 1 ul; Bpems peMoHTa — MokasaTeabHOEe ¢ HapaMeTpoM 0
= 0,2 u%; Bpems 3amenbI ciucanHoro TY HOBBIM — TOKa3aTenbHOE ¢ mapameTpoM y = 0,05 u't,

Bapuanr 3

1. Cucrema nuddepeHuanbHbBIX YpaBHEHUH, OIMCHIBAIOIIAs W3MEHEHUE COCTaBa
IIPOAYKTOB UMEET BUJ:

dx/dt=—-ax/y+b
dy/dt=-cy/x+d
I'me x - gucio ToBapoB OT MepBOM (HUPMBI,
Yy - 9HCIIO TOBApOB OT BTOPOH (hUPMBI,
a,C - UHTEHCUBHOCTH MPOJIaK TOBAPOB 00X HUPM;
b,d - HHTEHCUBHOCTH IIOCTABKU TOBAPOB HA PBIHOK.
Pemuts 3amaay B AnyLogic,
a=0.2,b=0.1c=0.25;d =0.25;
X, =300; X, =220
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Mopnenb cucTeMHON TUHAMUKHU PEICTaBUTh ABYMs HAKOIUTENISIMHU U IByMs MOTOKaMH. [yt
3a/laHusl [1apaMETPOB MOTOKOB HCIIOJIB30BaTh JBE AMHAMMUYECKHE NEpeMeHHble. [l 3amaHus
napameTpoB AuQQepeHIaIbHbIX YpaBHEHUM HCIONIb30BaTh mapamerp wmoxenu. Illarom
MOZAETMpOBaHus BbIOparh 1 nenp Beimonuuts Monenuposanue B reuenune 1000 maros. B kauectse
11ara BeIOparh OIMH JEHb.

2. TexHr4eckoe yCTpOHWCTBO MOABEPraeTcs MPOCTEHIIEMY MOTOKY OTKa30B C
MHTeHCHBHOCTBIO A = 0,02 ul. OTka3 oGHapyXHBaeTCs HE Cpasy, a uepes CiydaifHoe BpeMs,
pacrpezieieHHOE MOKa3aTeJIbHO ¢ apaMeTpoM v =1 u, Kak TonpKko 0TKa3 06HApyKeH,

npou3BoauTcst ocMoTp TV, B pesynbraTe KOTOPOrO OHO JIMOO HAINpPaBIsSETCS B PEMOHT
(BepositHOCTH 3TOrO P = 0,6), TMOO crnuchIBaeTCsl W 3aMEHSETCsl HOBBIM. Bpemst ocmorpa —
ToKa3aTenbHOE ¢ mapamerpoM = 0,5 4’l; BpeMs peMOHTa — I0Ka3aTeqbHOE C TAPAMETPOM |4
= 0,1 u%; Bpems 3amens ciucannoro TY HOBBIM — TOKa3aTeabHOE ¢ mapameTpoM y = 0,1 u'L,

Bapmuanr 4

1. Cucrema nuddepeHIuaNbHBIX YpaBHEHUH, OIMUCHIBAIOIIAs W3MEHEHHE COCTaBa
MPOJYKTOB UMEET BU:

dx/dt=—ax/y+b
dy/dt=-cy/x+d
I'ne x - 4ncio ToBapoB OT NEpBOM HUPMBI,
Yy - d9HCI0 TOBApOB OT BTOPOU (DUPMBL;
a,C - IHTEHCUBHOCTH NPOAAXK TOBApOB 00eux hupM;
b,d - HFHTEHCUBHOCTH IIOCTAaBKU TOBAPOB HA PBIHOK.
Pemmts 3anauy B AnyLogic,
a=0.2;b=0.15;c=0.25;d =0.2;
X, = 250; x, =200
Monenps CUCTEMHON AMHAMUKM ITPEACTABUTD IBYMS HAKOIIUTEISIMU U IByMsI ITOTOKamu. J1jist
3alaHKs [1apaMEeTPOB IIOTOKOB HCIOJIB30BATH ABE JUHAMHUYECKHUE IIepeMeHHble. [l 3amaHus
napamMeTpoB Iu(QepeHInaIbHbBIX ypaBHEHUH HCIONIB30BaTh mapamerp wmoxenu. lllarom

MOZETUPOBaHus BbIOpaTh 1 1eHb BeimonuuTs Moznenuposanue B reuenue 1000 maros. B kauectse
niara BeIOparh OJUH JIEHb.

2. TexHuueckoe yCTpOMCTBO IOABEpPracTcsd MNPOCTEHIIEMY IIOTOKY OTKa30B C
MHTEHCUBHOCTBIO A = 0,02 4, OTka3 oOHapykuBaeTCs He cpasy, a uepe3 cilydaiiHoe Bpems,
pacIpeielleHHOe NT0Ka3aTeNIbHO C MapaMeTpoM v =2 g, Kak TonbKo 0TKa3 0OHapysKeH,
npou3BoauTCcs ocMoTp TV, B pesyinbraTe KOTOPOrO OHO JIMOO HaIlpaBisieTcs B PEMOHT
(BepositHOCTH 3TOTO P = 0,4), TMOO cnucChIBaeTCsl W 3aMEHseTCsl HOBBIM. Bpemst ocmorpa —
rnokasaTenbHoe ¢ mapamMeTpoM ¥ = 1 ul; Bpems peMoHTa — MokasaTeabHOe ¢ HapaMeTpoM 0}
= 0,2 u}; Bpems 3ameHsI ciucanHoro TY HOBBIM — NOKa3aTeIbHOE ¢ mapameTpoM y = 0,2 u't,

Bapuanr S

1. Cucrema nuddepeHuanbHbBIX YpaBHEHUH, OIMMCHIBAIOIIAs M3MEHEHUE COCTaBa
IIPOAYKTOB, UMEET BUJ:

dx/dt=—ax/y+b
dy/dt=-cy/x+d
IJ€ x - YUCIIO TOBApOB OT NEPBOM (HUPMBI;
Yy - 4uCIO TOBApOB OT BTOPOIl PUPMBI;
a,C - HIHTEHCUBHOCTH MPOAAXK TOBAPOB 00euX hupM;
b,d - THTEHCUBHOCTH IIOCTABKU TOBAPOB HA PBIHOK.
Pemmts 3amaay B AnyLogic,
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a=0.2:b=0.%Lc=0.3.d =0.2;
X, = 280; x, =220
Mogenb cHCTEMHON TUHAMUKH IIPEICTaBUTh JBYMsI HAKOITUTEISAMU U ABYMS TOTOKaMH. J1Jis
3a/laHusl MapaMEeTPOB IOTOKOB HCIIONB30BaTh JBE AUHAMMUYECKHE IepeMeHHble. [ 3amanus
napaMmeTpoB U depeHIMalbHbIX ypaBHEHUN HCMONb30BaTh mapameTp Monenu. lllarom
MOZAETMpOBaHus BbIOparh 1 nenp Beimonuuts Monenuposanue B reuenune 1000 maros. B kauectse
nrara BeIOparh OJUH JICHb.
2.IlocTpouTh UMUTAILIMOHHYIO MOZIEIb MAPKOBCKOW LIENN B COOTBETCTBUH C 3aJJaHUEM
Texuunueckoe ycrpoiicTBo (TY) monsepraercst mpocTeuieMy MOTOKY OTKa30B C
uHTeHCcuBHOCTBIO A = 0,01 u™l. OTKa3 0OHApy)KUBaeTCS HE Cpasy, a uepe3 ClyuailHoe Bpems,
pacrpesieJIeHHOE OKa3aTelbHo ¢ mapamerpoM v = 1 u!, Kak Tonbko 0Tka3 oOHapykeH,
npousBoauTcst ocMotp TV, B pe3ynbrare KOTOPOro OHO JINOO HAIPABISETCS B PEMOHT
(BeposTHOCTB 3TOrO p = 0,2), 10O CIMCHIBAETCS U 3aMEHsIETCsI HOBBIM. Bpems ocmoTpa —
TnokasarenbHoe ¢ mapamerpoM  y = 0,5 ul; Bpems peMoHTa — IOKa3aTeNbHOE C IApaMETPOM L
=0,1 u”!; Bpems 3amens! cnucanHoro TY HOBBIM — MOKa3aTenbHOE ¢ mapamerpom x = 0,1 u!
Bapuanr 6
1. Cucrema nuddepeHuanbHBIX ypaBHEHUHN, OIMUCHIBAIOIIAs W3MEHEHUE COCTaBa
IIPOAYKTOB UMEET BU:
dx/dt=—ax/y+b
dy/dt=-cy/x+d
IJ€ x - YUCIIO TOBAPOB OT NEPBON (UPMBI;
Yy - d9HCI0 TOBApOB OT BTOPOU (DPUPMBL;
a,C - HHTEHCUBHOCTH MPOJAK TOBAPOB 00eux hupM;
b,d - HFHTEHCUBHOCTH IIOCTAaBKU TOBAPOB HA PBIHOK.
Pemmts 3anauy B AnyLogic,
a=02;b=0.1,c=0.25;d =0.2;
X, = 250; x, =300
Mogenb CUCTEMHON TUHAMUKY NPEACTaBUTD ABYMsI HAKOTIUTESIMU U IByMs ToToKamu. J{jist
3a/laHusl MapaMEeTPOB IOTOKOB HCIIOJIB30BaTh IBE AMHAMMUYECKHE IEepeMeHHble. [ 3amanus
napaMeTpoB Iu(@depeHIMalbHbIX ypaBHEHUH MCIONb30BaTh mapameTp Mojenu. Illarom

MOZETUPOBaHus BbIOpaTh 1 1eHb Beimonuuts Monenuposanue B reueHue 1000 maros. B kauectse
niara BeIOparh OJUH JIEHb.

2.Texnuueckoe yCTPOWCTBO MOABEpPraercs MNPOCTEHINEMY IIOTOKY OTKa30B C
uHTeHCUBHOCTBIO A = 0,01 4™, OTka3 oOHapyxuBaeTcs He cpasy, a uepe3 cilydaiiHoe Bpems,
pacIpeielleHHOe NT0Ka3aTeNIbHO C MapaMeTpoM v =2 g, Kak TonbKo 0TKa3 0OHapysKeH,
npou3BoauTCcst ocMoTp TV, B pesyinbraTe KOTOPOrO OHO JIMOO HalpaBisieTcs B PEMOHT
(BepositHOCTH 3TOrO P = 0,4), TMOO cnuchIBaeTCsl W 3aMEHseTCsl HOBBIM. Bpemst ocmorpa —
rnokasaTenbHoe ¢ mapametpoM Y = 1 ul; Bpems peMoHTa — MokasaTeabHOe ¢ HapaMeTpoM 0
= 0,2 u}; Bpems 3amenbI ciucanHoro TY HOBBIM — TOKa3aTelnbHOE ¢ mapameTpom y = 0,05 ut,

Bapuanr 7

1. Cucrema nuddepeHIuaNbHBIX YpaBHEHUH, OIMHUCHIBAIOIIAs M3MEHEHHE COCTaBa
IIPOAYKTOB UMEET BUJ:

dx/dt=—ax/y+b
dy/dt=-cy/x+d
IJ€ x - YUCIIO TOBApOB OT NEPBON (HUPMBI;
y - YU CJIO TOBApOB OT BTOpOfI q)HpMI)I;

a,C - HIHTEHCUBHOCTH MPOAAXK TOBAPOB 00euX hupM;
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b,d - MHTEHCUBHOCTH ITOCTAaBKH TOBapOB Ha PHIHOK.

Pemuts 3amaay B AnyLogic,
a=0.2:b=0.1,c=0.28;d =0.15;
X, = 250; X, =250
MOI[CJIB CUCTEMHOU AWHAMHUKU NPCACTABUTH ABYMS HAKOIIMTCIIAMHA U IBYMS ITIOTOKaMHU. I[JISI
3alaHuA MMapaMCTpPOB IMMOTOKOB HCIIOJIB30BATh ABC AWMHAMHNYCCKUC ICPCMCHHBIC. I[JISI 3alaHUus
napameTpoB IuQQepeHIaabHbIX ypaBHEHUH HCIONIb30BaTh mapamerp wmoxenu. lllarom

MoOZAETMpOBaHus BbIOpaTh 1 nenp Beimonuuts Monenuposanue B reuenue 1000 maros. B kauectse
11ara BeIOparh OIMH JIEHb.

2. TexHuueckoe yCTpOMCTBO MOABEPraeTcs MpOCTEUIIEMy MOTOKY OTKa30B C
MHTeHCHBHOCTBIO A = 0,02 ul. OTka3 oOHapyXHBaeTCs HE cpasy, a uepes CiydaifHoe BpeMs,
pacrnpezieieHHOE MOKa3aTeJIbHO ¢ apaMeTpoM v =1 u, Kak TonpKko 0TKa3 06HApyKeH,

npousBoauTcs ocMoTp TV, B pe3yinbraTe KOTOPOrO OHO JIMOO HAIpPAaBISAETCS B PEMOHT
(BeposTHOCTh 3TOro P = 0,3, 10O cHUCBHIBAaeTCSI W 3aMEHsIeTCs HOBbIM. Bpems ocMorpa —
rnoKasaTeNbHoe ¢ mapameTpoM = 0,5 u'l; Bpems peMoHTa — I0Ka3aTeIbHOE C TAPaMETPOM L
= 0,1 a%; Bpems 3amens ciucannoro TY HOBBIM — OKa3aTenbHOE ¢ mapameTpom y = 0,1 u'L,

Bapuanr 8
1. Cucrema nuddepeHInanbHbIX YpaBHEHHH, ONUCHIBAIOIIAsS HM3MEHEHHE COCTaBa
IIPOJYKTOB UMEET BUA:
dx/dt=—ax/y+b
dy/dt=-cy/x+d
IJ€ x - YUCIJIO TOBAPOB OT MEPBON (DUPMBI;
Yy - d9HCI0 TOBApOB OT BTOPOU (DUPMBL;
a,C - HIHTEHCUBHOCTH NPOAAXK TOBApOB 00eux hupM;
b,d - HFHTEHCUBHOCTH IIOCTAaBKU TOBAPOB HA PBIHOK.
Pemmts 3anauy B AnyLogic,

a=0.25b=0.1,c=0.20;d =0.2;
X, =300; x, =280
Mogenb CUCTEMHON TUHAMUKY NPEACTaBUTD ABYMsI HAKOTIUTEISIMU U IByMs HoTokamu. Jljist
3a/laHusl MapaMEeTPOB IOTOKOB HCIIOJIB30BaTh IBE AMHAMMUYECKHE IepeMeHHble. [l 3amanus
napaMeTpoB Ju(@depeHIMalbHbIX ypaBHEHUN MCIONb30BaTh mapameTp Moaenu. [llarom
MOZIeTMpOBaHus BbIOpaTh 1 1eHb BeimonHuts Monenuposanue B Teuenue 1000 maros. B kauectse
niara BeIOparb OJUH JIEHb.
2.Texnuueckoe yCTPOWCTBO MOABEpPraercs MPOCTEHIIEMY IIOTOKY OTKa30B C
MHTEHCUBHOCTBIO A = 0,02 4, OTka3 oOHapyx)uBaeTcs He cpasy, a uepe3 cilydaiiHoe Bpems,
pacIpeielleHHOe NT0Ka3aTeNIbHO C MapaMeTpoM v =2 g, Kak TonbKo 0TKa3 0OHapysKeH,
npou3BoauTCcst ocMoTp TV, B pesyinbraTe KOTOPOrO OHO JIMOO HaIlpaBisieTcs B PEMOHT
(BepositHOCTH 3TOrO P = 0,4), TMOO cnuChIBaeTCsl W 3aMEHSETCsl HOBBIM. Bpemst ocmotpa —
rnokasaTenbHoe ¢ mapameTpoM Y = 1 ul; Bpems peMoHTa — MokasaTeabHOe ¢ HapaMeTpoM u)
= 0,2 u'}; Bpems 3amensI ciucanHoro TY HOBBIM — TOKa3aTelbHOE ¢ mapameTpoM y = 0,2 u't,

KOHTpOJILHaﬂ paﬁoTa. HpI/IBe,I[CH OIMH BAapUAHT 3aaHUA

1. C nomomibto reHepaTopa ciaydaiHbIX YUCEI IOCTPOUTH ITOCIEA0BATENbHOCTD, COCTOSILYIO
n3 100 HOpMaIbHO paclpeneIeHHbIX CIyYalHbIX YUCENl C MATEMATUYECKUM OKUJaHUEM
paBHBIM 6, cko paBHbIM 1. [locTpouTh rucrorpammy pacmpenenenus. OIeHUTb KaueCTBO
reHepaluy CIIy4ailHbIX YHCEN IIyTeM IPOBEPKH 3aKOHA PACIIPENEICHUSI IO KpUTEeputo X 2.

2. Tloctpouts muan ApoOHOTO (PaKTOPHOTO SKCIEPUMEHTA, €CIH B TUIAHE UMEIOTCS YeThIpe
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dakropa. Kaxaplii 1maH W3MEHsSETCs Ha JABYX YpoBHsAX. [Ipm moctpoeHun Momenu
B3auMojelicTBue (pakTopoB He yuuThiBaeTca. Kaxaplii pakTop M3MEHSETCS B qUara3oHe
ot 0 1o 10. B mane y4uTbIBaTh HOPMaJIM30BAHHbBIE U HEHOPMAIU30BAHHbIC 3HAYCHMUSI.

3. PemuTh 33124y AMCIIEPCUOHHOTO aHAIN3a, €CJIM BRIOOPKA MMEET BUJT

Homep wucnbitanus | YpoBHHU (pakTopa

i F1 F2 F3 F4 F5
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

Onpenenuth 3HAYUMOCTHh (DakTopa. 3amady pemuTh C MOMOIIbI0 Kputepus Dumiepa.
Bri6parb ypoBens 3nHaunmoctu 0,05.
4. PemuTh 3aa4y IUCTIEPCUOHHOTO aHAIN3a C TOMOIIBIO HAJICTPOUKH AHAIN3 JAHHBIX, €CJINA
BbIOOpKA UMEET BUJT

YpoBenb pakTopa
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. Pazpaborare umuTanmoHHyro wmozaenb Ha GPSS, B koropoil aHamu3upyercss Bpems
00paboTKH B cHCTEME, UMEIOILEH CTPYKTYPY.

BXOHHOﬁ IOTOK 3aJaH OSKCIIOHCHIHWAJIbHO C MAaTCMaTHYCCKUM OXHIAHUCM 10 c. Bcee
BPEMCHHBIC  XApaKTCPHUCTHUKU O6pa6OTKI/I OIIMCBIBAKOTCA  3KCIIOHCHIHAJIBHBIM  3aKOHOM

pacnpezesieHuss ¢ MaTeMaTUYeCKUMHU OKUIaHUSIMU (3 2 4). Pa3zpaborarb MMHUTALIMOHHYIO
mozens B AnyLogic. [Ipy mocTpoeHuM IMCTOrpaMMBbl HCIIOJB30BaTh PEKOMEHJAIMU y4eOHOTrO

nocobus «Mogenb 6aHka». B oTueT KOHTpONbHON paboThl MOMECTUTH rUcTorpammy. CpaBHUTH
pe3ynbrarsl MoaenupoBanus B GPSS u AnyLogic.

6. Cucrema muddepeHINaIbHBIX YpaBHEHHIA, OINWCHIBAIONIAsi HM3MEHEHHE COCTaBa
IIPOAYKTOB UMEET BUJ:

dx/dt=-ax/y+b
{dy/dt =—cy/x+d
[ne X- gKciio TOBApOB OT MEPBOit GUPMBEI;
Y - uncio ToBapoB OT BTOPOH (GUPMBI;
a, C - ”HTEHCUBHOCTH MPOAAXK TOBAPOB 00eux hupMm;
b,d - THTEHCUBHOCTH I[IOCTABKU TOBAPOB Ha PBIHOK.
Pemmts 3anaay B AnyLogic,

23



a=0.2:b=0.2¢c=0.25:d =0.2;

X, =300; x, =250

Mopenb CUCTEMHONM AMHAMHUKU MPEICTaBUTh ABYMsI HAKOIUTEIAMH U JByMs IOTOKAMHU.
Jli 3anaHus napaMeTpoB IIOTOKOB UCIIOJIb30BaTh JIBE€ AMHAMUUYECKHUE NIepeMeHHbIe. [l 3anianus
napamMeTpoB AuQQepeHIManbHbIX YpaBHEHUH HCIOIb30BaTh mapamerp wmoxenu. Illarom
MoJeIupoBaHus BbIOpath 1 neHpb Brinonuute Monenuposanue B redenue 1000 maros. B kauectse
11ara BeIOparh OIMH JIEHb.

Tect

1.Kaxoii oneparop s3bika GPSS ncnonb3yercs A/l reHepaliii TPAH3aKTOB B MO eI ?
1. GENERATE

2. ASSEMBLE

3. SPLIT

2.Kakoii oneparop sisbika GPSS ucnosan3yercst 1jisi MoaeJTUPOBAHUS OAHOKAHAJIbHBIX
ycTpoiicTB?

1. LEAVE

2. SEIZE

3. QUEUE

3.¥Yka:xxuTe UM MHOTOKAHAJIbHOIO YCTPOICTBA, MOPOKI2€MOI0 CJIe1YIIIIM
oneparopom LEAVE CHAN 1

1. CHAN
2. CHANI
3. CHANS1
4.C noMOIIbI0 KAKOI0 OIEepaTopa NpPOU3BOAUTCH MOCTPOEHUE TMCTOrPAMMBbI
pacnpenenenus?
1. DEPART
2. TERMINATE
3. TABLE
5. Kakoii u3 fI3bIKOB NPOrpaMMHMPOBAHHMS He SIBJISAETCH S3bIKOM MMHUTALHMOHHOIO
MOJEJIMPOBAHMSA?
1. DYNAMO
2. ASPOL
3. DELPHI
4. GPSS

6. Kakoii u3 si3bIKOB NnmporpaMMupoBaHusl HE SABJISICTCH A3LIKOM 0611161"0 Ha3HaYeHus?

1. C++
2. VB;

3. GPSS;
4. Pascal;

5. OlleHO‘IHble MarepHuaJibl HpOMe)KyTO‘lHOﬁ arTeCcTalm o JTMCUMIIVIMHE

5.1. Dk3aMeH NPOBOAMTCS ¢ MPUMEHEHHEM CJIeAYIIIMX MEeTOI0B (CPeaCcTB):

DK3aMeH TPOBOAMUTCS B KOMIIBIOTEPHOM Kiacce. Bo Bpemsi 3adera mpoBepsieTcsi STall
OCBOCHU KOMHGTGHIII/IfI B COOTBETCTBUH C ITaCIIopTaMu KOMHeTeHHHﬁ.

Bo Bpems nmpoBepku chopmupoBaHHOCTH dTana [MKC-3.1 OLIEHUBAIOTCS:
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-IIpezeHTanus Moenyu W TOJYYEHHBIX pE3YJIbTaroB B BHE OTYETa WIM B O(HUCHBIX
MPUIOKECHUSIX.

[IpomexxyTouHast arTecTaluss MOXeT MpoBoAuThcs yctHOo B JOT/muceMeHHo ¢

MPOKTOPUHTOM/ TECTUPOBAHUE C MPOKTOPUHTOM. {711 yCIENTHOTrO OCBOEHUS Kypca ydameMycs
PEKOMEHIYETCSl O3HAKOMHTBCS C JIUTEpaTypoi, pa3MelIeHHOW B pasaene 6, U MaTepHalaMH,
BbLTOKeHHBIMU B [IOT.

5.2. OneHOYHBbIE MATEPHUAJIBI IPOMEKYTOYHOM aTTeCTAIUU

Iloka3areau u KPUTECPUH ONCHUBAHUS KOMIIE€TEHITHIA C YU€TOM 3Tala ux (l)OpMI/IPOBaHI/Iﬂ

Tabnuma 4.2
Kon HanmenoBanue Kon HaumveHnoBanme  sTama  OCBOGHUS
KOMIIETCHIIMH | KOMIETCHLIUH Kommonenra KOMIIETEHLIUH
KOMIIETEHIIUH
IIKC-3 Cnocoben o6ocHoBbIBath perienus | [TKC-3.1 Cnoco0OeH TNpPUMEHATh CHUCTEMHBIN
Ha OCHOBE OIGHKM U aHalu3a MOAXO0J, METOAbl TEOPHH HPUHSATHS
IeJIEBBIX [TOKa3aTee, II0CTPOSHHs peleHuil, METOabl ONTHMHU3ALMU TIPU
U TPUMCHEHHUS aTOPUTMHUYCCKHX 000CHOBaHUH PEIICHUS
Mozelei
Tab6muma 4.3
Kon Iloka3zarein Kpurepuii onennBanust
KOMIIETEHIINU OLICHUBaHUA
IKC-3.1

HpI/IMeHSIeT CHCTEMHBIH moaxoda, METOIAbIL HpeIICTaBJ'ICHa MOACIb OIIUCaAHUuia
TCOPHUM  IIPUHATHA peHleHI/Ifl, METOJbI

6I/I3H6C—HPOI_ICCC8. B COOTBCTCTBHUH C
OINITUMMU3ANH IPU 000CHOBaHUU peaicHus

BI)I6paHHLIM HJIM YKa3aHHbIM MCTOJ10M
OIIMCAaHHA 1 MOACIIMPOBAHUS.

Boinonneno 00ocHOBaHME
CIICJIAaHHOTO BBIBOJIa, 0OOCHOBAH XOJ
MOJICJINPOBAHUSI, 00paboTKH u
UHTEpIpeTanun MOJY4EeHHBIX
Pe3yIIbTaToB.

CI[eJ'IaHLI MMpaBUJIBHBIC OTBETBI Ha
IOCTAaBJICHHBIC BOIIPOCKHI UJIU TCCTHI.

I[J'ISI OIICHKHU C(I)OpMI/IpOBaHHOCTI/I KOMHCTGHHHﬁ, 3HaHUM H YMCHHﬁ, COOTBCTCTBYHOIIUX
JaHHBIM KOMIICTCHIHAM, UCIIOJIB3YIOTCSA KOHTPOJBHBIC BOIIPOCHI, a TAKXKC 3aJa4u, IIpHU pCHICHUA
KOTOPBIX HGO6XOI[I/IMO INOCTPOUTb HMUTAITMOHHBIC MOACIIHU, CIUNIAHUPOBATHL W IPOBCCTU
SKCIICPUMCHTEI C HUMMU.

TunoBbie BOIIPOCHI, BLIHOCUMBIC HA JK3aMCH:

1.

»w

Jare  ompeneneHue  UMHUTAMOHHOM  Mozenu.  OxapakTepu3oBaTb  METOA
MMHUTALMOHHOTO MOJEIUPOBAHUS.

Jath onpesenenne u 0XapakTepru30BaTh METO/IbI CTATUCTUYECKOTO MOJICIUPOBAHUS U
Merona Mounrte-Kapio, ykazars oTinyusi.

Ha3Barh 10CTOMHCTBA M HEIOCTATKH METOAA UMUTAITMOHHOTO MOJCIIUPOBAHUSI.
KnaccuduimpoBarb UMUTAIIMOHHBIE MOJICTIH.

Jlatb omnipenenenue, copMylInpoBaTh 0COOEHHOCTH METO/AA IUCKPETHO-COOBITUITHOTO
MOJIETTUPOBAHMSI.

Jatp omnpenenenue, copMyIupoBaTe 0COOEHHOCTH METOAA CUCTEMHOM JUHAMMKH.
[IpuBecTn mpuMepbl Mojeleld CUCTEeMHOW AWHAMHUKH, OOBSCHUTH TpaBHUIa HX
MOCTPOEHHUSI.
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10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

VYka3zaTb OCOOCHHOCTH MeTona «J/IMHaMHUYeCKHe CHCTEMBbD», YTOUYHUTb OTIMYUS
JUHAMHYECKUX CUCTEM U CUCTEMHOU JUHAMHUKHU.

[Harp OlIpesieIICHHE, chopMyIpOBaTh 0COOEHHOCTH MHOT'OAare¢HTHOT'O
MozaenupoBanus. OxapakTepu3oBaTh IOHATUE «areHT». IIpuBecTu npumep areHTHOM
Mozenu B Anylogic.

Jlate ompeneneHue MOHATHS «cucTeMHOe BpeMs». ChopMynnpoBarh MPUHLIUIIBI
IOCTPOEHUS] UMUTALIMOHHON MoJienu: 1o MeToaM «Dt» 1 «110 0COOBIM COCTOSHUAM.
BpINoSHUTE UX CPABHUTENIBHBIN aHAIU3.

Knaccugunuposars reHepaTopbl CllydaiHbIX U IICEBAOCIyYalHbIX Yncell. BbImoiHuTh
UX CPAaBHUTEIIbHBIN aHAJIU3.

[TpuBecT mnpuUMeEpbl TEHEPATOPOB IICEBIOCIYYAMHBIX YHCEI W HIPOLENYypbl HX
reHepanyy. BeIOIHUTE X CPAaBHUTEIIBHBIN aHAJIN3.

JlaTb XapakTepUCTUKY KOHI'PY HTHBIX T€HEpaTopoB, reHeparopa Jlemepa.

VYKa3aTb Kak BBIIOJHSICTCS TECTHPOBAHUE TI'€HEPATOPOB CIy4allHBIX YHUCEI.
OxapakxTepu30BaTh THCTPYMEHTHI OLICHKM UX Ka4eCTBa.

XapakTepr30BaTb OCHOBHBIE METO/ABl MOJAEIUPOBAHUS CIIyYallHbIX COOBITHH.
[TpuBecTH npuMepsl TeHepaLK IPOCTHIX U CIIOKHBIX COOBITUH.

XapakTepru3oBaTh OCHOBHBIE METOJbI MOJEIMPOBAHUS HENPEPBIBHBIX CIIy4alHBIX
BesinyMH. Onucare cofepaHue MeTona ooparHoi ¢yHkuuu. [IpousttocTpupoBarsb
€ro IpUMEHEHHE.

ITponeMOHCTpHUPOBATE MOIEIMPOBAHUE CIIyYalHBIX BEIWUYHMH, PACIPEACICHHBIX IO
HOpPMaJIbHOMY 3akoHy pacnpezaeneHusi. CpaBHUTh pe3ynbTaTbl, IOJyYEHHBIE
Pa3InYHBIMH CLIOCOOaMHU.

XapakTepu3oBaTb OCHOBHBIE METOABI MOJEIMPOBAHUSA JUCKPETHBIX CIIy4alHBIX
BEJIMYUH.

[TpuBecTH OCHOBHBIE MOHSATHS TEOPUU IUIAHUPOBAHUS SKCHEPUMEHTOB. OOBSICHUTDH
COJEpKaHUE U Pa3INyins aKTUBHOIO U TACCUBHOIO AKCIIEPUMEHTOB.

Craenarb 0030p coaep)aHus 1 00IIeH OpraHu3alny CTPATETUIECKOTO U TAKTHYECKOTO
IUIAHUPOBAHUS SKCIIEPUMEHTOB.

OOBSCHUTH CONEpKAHUE M PA3TIUUUs CTPYKTYPHOTO M (DYHKIMOHAIBHOTO IUIAHOB
sKcriepuMeHTa. [IpuBectu npuMepsl IIaHOB.

Jare omnpenenenue (akTOPHOrO MPOCTPAHCTBA, MOHATUH (AKTOPOB M OTKIIHMKA.
[TpommtrocTpupoBats Ha mpuMepe (HaKTOPHBIH MJIaH.

KnaccugunupoBarh IuiaHbl AKCHEPUMEHTOB. YKa3aTb KaK CTPOMTb JATUHCKUN H
I'PEKO-JIATUHCKUH KBAaJpaThl.

Onucarbh cxeMy IUIAHMPOBAHMS JIMHEMHBIX JKCIEpUMEHTOB. JlaTh ompeneneHue u
IPUBECTH NMPUMEPHI OITHOTO (PAKTOPHOTO MJIaHa HKCIIEPUMEHTA.

XapakTepr3oBaTh APOOHBIM (aKkTOPHBIA AKCHEPUMEHT. YKa3zaThb Kak ONpeneseTcs
CTeneHb JpoOHOCTH MiaHa. JlaTh ompeneneHue TeHEepPUPYIOIIUX COOTHOUICHUH.
IIpuBecTr npuMepsl 11 Pa3IndHbIX PEILIUK.

Jlate ompeneneHue paspemaromieil cnocoOHOCTH MiaHa skcnepumeHTta. [IpuBectn
IIPUMEPBHI IIJIaHOB.

OOBsICHUTH, KaK TNPOU3BOIUTCS TOYEUHAs W HMHTEpBajbHas OLIEHKAa IapamMeTpoB
CIIy4alHbIX BEJIMYUH U OLICHKA JIOJIM IPHU3HAKA.

OOBsACHUTD, KaK HPOM3BOJUTCS IMPOBEPKA CTATUCTHUECKUX THUIOTE3 O 3HAUYCHUH
rapameTpa M J0J€ IMpU3HaKa. YKa3aTb CTaTUCTUYECKHE KPUTEPUU IS MPOBEPKH
TUIIOTE3.

OOBACHUTh, KaK MNPOU3BOJUTCS IPOBEPKA CTATHCTUYECKUX THUIOTE3 O 3aKOHE
pacupenenenusd. lIpuBectu mnpuMep NPOBEPKM THIOTE3bl Ul CIy4alHOU
MOCJIEZI0BATEIHHOCTH TOJIYYEHHONW C MOMOIIBIO HAJCTPOMKU «AHaIU3 JAaHHBIX», C
nomo1sio R.

26



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

OOBSICHUTh OCHOBHOE  COJIep)KaHHWE  KOPpEJSIMOHHOTrO  aHanu3a. Hazparthb
ucnojbp3yemble Kputepuu. IIpuBecTn nmpumepsl pemieHus 3aAad KOppENsLMOHHOTO
ananusa B R.

JlaTb onpesenenne cTaTUCTUYECKON MO, COAEpKAHUE AUCTIEPCUOHHOTO aHAIM3a.
VYka3zarp jgonyuieHuss U orpaHuueHus. CpaBHUTH C MPOBEPKOW rumore3bl mo T-
KPUTEPHIO.

[TpuBectu npumMep oJHO(PAKTOPHOTO AUCIEPCUOHHOrO aHanuza. [IpuBectu nmpumep
€ro UCHOJIb30BaHUS C IOMOIIBIO HAJACTPOUKHN «AHAIN3 JAHHBIX», ¢ TOMOLIbIO R.
[TpuBectu npumMep 0JHOPAKTOPHOTO AUCIEPCUOHHOTO aHanuza. [IpuBectu nmpumep
€ro UCHOJIb30BaHUS C IOMOIIBIO HAJACTPOUKHN «AHAIN3 TaHHBIX», C TOMOIIbIO R.
VYkazate coctaB Tabmuiel ANOVA st on1HO(AKTOPHOTO U MHOTO(AKTOPHOTO
JUCIIEPCUOHHOIO aHanu3a. [IpuBecTu npumepsl.

[TpuBecTH mpuMep peIICHHs 3a1add aucrepcuonHoro axamusa B SPSS, R, Excel.
CpaBHHTB NIOTy4YeHHBIE pe3ynbTaThl. C1enarh BRIBOABI O 3HAYUMOCTH (PaKTOPOB.
OOBSICHUTD OpraHU3alMI0 MOCTPOCHHSI PETPECCUOHHONW MOJENHM MO pe3yibTaram
MMUTALMOHHOTO MoJenupoBanus. [IpuBecTu npumepsl nocTpoeHus moaenei B R.
Crnenare 0030p cUCTeMBl M s3bIKa MMUTAIMOHHOTOo MonenupoBanus GPSS. [latb
KpaTKyl0 XapaKTEepUCTUKY omeparopoB u omepaHnoB s3bika GPSS. Ilpusectn
MPUMEPHI UX PUMEHEHHUS JIJIsl MOACTUPOBAHUS CHCTEM.

Cnenare 0030p cucteMbl HMUTaUMoOHHOro wmozaenuposanus GPSS  World,
OpraHU3aIy MOCTPOCHUSI UMUTAIIMOHHOW MOJIENH U MPOBEACHUS SKCIIEPUMEHTOB C
HEH.

PaccmoTpeTh oOpraHuzanuio IUIAHUPOBAHHMS M TMPOBENEHUS SKCIEPUMEHTOB C
nomomipio cucreMbl GPSS World. Vkazarb, kak NpPOBOIUTCS OTCEHBAIOIIUN |
ONTUMM3UPYIOIIUNA  dSKclepuMeHThl.  llpuBecTn  mpumep  OTCEHBAIOIIETO
IKCIEPUMEHTA.

Cnenare 0030p cuctembl Anylogic, HCHIONB3yeMbIX MapajurM CHUCTEMBI
MOJIEJIMPOBAHUS. YKa3aTh OOIIYI0 OpraHU3alUI0 UMUTAIIMIOHHOTO MOJIETTMPOBAHMSL.
CdopmynupoBaTh 00IIYI0 OPraHU3AIMIO TUCKPETHO-COOBITHIHOTO MOICTUPOBAHUS B
AnyLogic. [IpuBecT npuMep IMUATAITHOHHON MOJIEIIH.

CdopmynupoBarh 00IIyI0 OpPraHM3allMl0 MHOTOAreHTHOrO MOJEIUPOBAHUS B
AnyLogic. IlpuBectu nmpumep UMUTAITIOHHON MOJIEIH.

CdopmynupoBars 00I1yI0 OpraHU3aIUI0 TOCTPOCHUS MOJIENIEH CUCTEMHON TMHAMUKH
B AnyLogic. IIpuBectu npriMep UMUTAIIMIOHHON MOJIEIH.

TunoBble KOHTPOJILHBIE 32IaHUS HA IK3AMEH:
3agaua 1. Co3pgaiite mnocneaoBareabHOCTh, cocrosmyto w3 200 paBHOMEPHO
pacnpeesieHHbIX ciay4yaiiHbIX yncen B quana3one ot 0 1o 1, ucnons3ys anroputm Jlemepa, eciu
HayaJbHOE YHCIIO paBHO 129.
[TpoBepuTh Ka4yeCcTBO reHEpaToOpa, ONPEAETUB OLIEHKY MareéMaTHueCKOro OKUJAaHUS U CKO

M(x):ib:w:o’a
2 1
o(x)=2=8_170_4 g9,

23 283

3agaua 2. VMcnonb3ys naker AHayiu3 JaHHBIX, C IIOMOLIBIO T€HEPATOpa CIy4YalHbIX YUCEI
MIOCTPOUTH MOCIEA0BATEIBHOCTD, COCTOANLYIO M3 500 HOPMaJIbHO PACIIPEACIICHHBIX CIIY4alHBIX
qucesl ¢ MareéMaTHYeCKUM OXKHUIaHWEM pPaBHbIM &, cko paBHbBIM 2. [locTpouTs rucrorpamMmy
pacnpeneneHus. ONEHUTh KadyecTBO TE€HEpAallMM CiIy4dalHbIX 4ucesn. HalTu  oueHky
MaTeMaTH4ECKOTO 0KMJIaHUS U OLEHKY CKO.
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3anaua 3. Pacnipenenenne bepnynm.
1 CrenepupoBaTh MOTOK CilydailHbIX coObiThii A, cocrosmmx u3z 100 coObITHI, ecnu

P(A)=0,4.

2 O11eHUTH BEPOATHOCTD COOBITHM, HcTIONB3ys hyHkmuo CP3HAY.
3 [IpoBepuTh Kau€CTBO T€HEPATOPa C MOMOIIBIO OLICHKHA MaTeMaTUueCKOro OKUIAHUS U CKO

M (X) = p;
o(X)=+pa=p(1-p)

3anaua 4. Cio)KHBIE CITy9aiiHbIC COOBITHS
1 CdopmupoBarh MOCIEIOBATEIBHOCTh CIOXKHBIX CIy4alHBIX COOBITUH, BEPOSTHOCTH
KOTOPBIX BBIUUCISETCS C MOMOIIbIO COOTHOLICHHUSL:

P(A)=P(A)P(B);

P(B)=P(A)P(B));

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

P(D)=P(A)P(B);
Ecau usBectHO, 4TO P(A&) = 0, 2; P(Bl) = 0,6

3angauya 5. Vicnonbs3ys AHanu3 AaHHBIX, creHepupoBath 10 mocienoBarenbHOCTEN, KaXKaas
u3 KOTOpbIX coctoutr u3 500 ymcen, paBHOMEPHO paclpeneieHHbix B auarnazone ot 0 go 1
ciydaiiHbIX yncell. [TocTpouTh THCTOrpaMMBbl paclpeieieHus] CIIy4aliHbIX YHCEN, a TaKKe HX
CyMM:
S,=X,+X,;

S; =X, + X, + X;
6
Se = Xi;
i=1
8
Se=> Xii
i=1
10
Sp=_X,.
i=1

Hcnonp3yss NpeAenpHyl0 TEpEMY TEOPHM BEPOATHOCTEM, COIJIACHO KOTOPOM cymma N
3HaUEHUN OJMHAKOBO paclpeesIeHHbIX HE3aBUCHUMBIX CIIy4alHbIX BEJIMYMH HUMEET B Ipejese
HOpPMAaJIbHOE PACIPENEICHHUE, IPOBEPUTH PACIIPEAEIICHNE CIIy4aliHON BEIMYUHBI S1(.

3agaua 6. [loctpouTs Man ApoOGHOro (GaKTOPHOrO HKCHEPUMEHTA, NMPH yKcie (HaKTOpoB,
PaBHOM IATH U BapbUPOBaHUM KaXKJ0r0 (pakTopa Ha ABYX YPOBHSIX, €CJIM B3AUMOCBS3b (PAKTOPOB
HE YUUTHIBAETCS.

3agaua 7. [loctpouts minaH ApoOHOTo (HaKTOPHOTO SKCIEPUMEHTA, MPH Yucie (HaKTOPOB,
PaBHOM IIECTH U BAPbUPOBAHUH KAXKI0TO (PaKTOpa Ha IBYX YPOBHSX, €CITH B3aUMOCBS3b (PaKTOPOB
He yuuThiBaeTcs. Kaxnpiii gakrop mamensiercs B auanazone ot 0 mo 10. B murane yuuteiBaTh
HOPMaJIM30BAHHBIE 1 HEHOPMAIM30BAHHBIE 3HAYEHUS.

3agaua 8. B pe3ynpTaTe MIMHUTAIIMOHHOTO MOJAEIUPOBAHUS IMOJIy4YeHA BHIOOPKA 3HAYCHUM
BpeMeHH O00paOOTKM Uil pa3HOM HMHTEHCUBHOCTH BXOJHOTO TMOTOKa. [locTpouTh
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MAaTEMATUYCCKYI0O MOJCIb 3aBUCHUMOCTU BPEMCHU O6pa6OTKI/I OT HHTCHCHBHOCTH BXOIHOI'O
IIOTOKaA. OI.[CHI/ITI: KaduCCTBO MOACIIN.

Ne i/m, j WNHTEeHCMBHOCTH BXOAHOTO MOTOKA, [ j c-1 Onenxa MO sp CMCHH (o,
Mofienb),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

3agaya 9. Pemuth 3a7a4y AMCIIEPCHOHHOTO aHalW3a C MOMOIIbIO HAJACTPOUKH AHaIIN3
JAHHBIX, €CIIU BRIOOpKA UMEET BHJL

YpoBeHb dhakTopa
] 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 mnakera AHanu3 JlaHHBIX PEIIUTh 33434y JIByX(paKTOPHOTO
JMCIIEPCUOHHOTO aHaju3a 0e3 MOBTOPEHMH, eciM BBIOOpKa, IMOJIyueHHas MO pe3ylbTaraMm
HMUTALMOHHOI0 MOACIIUPOBAHMA, UMCCT BU

[TponomKUTENBHOCTD KU3HU

pErHoH KCHIIUHBI MY KYHHBI
Cesep-3anan 80 70
JlambHEBOCTOUHBIN 75 63
Ypaneckuit 82 60
LleHTpaabHBIH 76 69
Cesepo-KaBkazckuit 83 72

3agaya 11. C momomplo makera AHanmu3 J[aHHBIX PpemuTh 3aAa4y ABYX(paKTOPHOTO
JTUCTIEPCUOHHOTO aHalW3a C MOBTOPEHHUSMH, €CJIM BBIOOpPKA, IMOJIy4YeHHas MO0 pe3ylbraraM
MMUTALMOHHOTO MOJICTUPOBAHUS, UMEET BU/]I
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KeHnmuoe! MyX4nHbBI

JanpHEeBOCTOUHBIN 75 63
J1ambHEBOCTOUHBIN 75 63
J1ambHEBOCTOUHBIN 75 63
JanpHEeBOCTOUHBIN 91 63
J1ambHEBOCTOUHBIN 76 63
J1ambHEBOCTOUHBIN 72 63
JanpHEeBOCTOUHBIN 72 63
Ceep-3anan 80 70
Cesep-3anan 80 70
Cesep-3anan 80 70
Ceep-3anan 78 63
Cesep-3anan 82 70
Cesep-3anan 78 70
Cesep-3anan 79 71
Cesepo-KaBkasckuit 83 76
Ceepo-KaBka3zckuil 89 78
Ceepo-KaBka3zckwifi 92 74
Ceepo-KaBka3zckmif 91 72
Ceepo-KaBka3zckuit 85 72
Cesepo-KaBka3zckuil 85 72
Ceepo-KaBka3zckmifi 92 78
Ypanbckuit 82 60
Ypanbckuit 82 60
Ypanbckuit 82 60
Ypanbckuit 83 60
Ypaneckuit 81 60
Ypaneckuit 74 60
Ypanbckuit 75 63
HentpanbHblii 76 69
HentpanbHblii 76 69
LenTpanpHbIi 78 69
LenTpanpHbIi 78 68
HentpanbHblii 78 69
HentpanbHblii 76 69
enTpanpHbIif 79 71

3agaua 12. I1o pe3ynbraraMm UMUTAIIMOHHOTO MOJEIMPOBAHUS MOyuyeHa BRIOOpKA 3HAYCHUN
BpeMeHH OOpabOTKM (3HAueHUs pa3MEeNIeHbl B HECKOJIBKHUX CTOJOMAaxX IS YMEHBIICHUS
A3MEpPHOCTH TaOIHUIIBI)

13 12 8 12
15 6 8 14
14 13 6 4
12 6 8 14
15 15 14 11
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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 THUCTOrpaMMy pactpeencHus cinydaiinoi Benmunabl B RStudio, SPSS. Onenuts
napameTpbl ¢ TOMOIIBIO0 OMUCATEIbHON CTaTUCTUKH.

3anauya 13. IToctpouts nporpammy Ha si3eike GPSS u AnyLogic s oqHokanansaoit CMO,
€CJIi MOJIeJIUPYeTCs cucTeMa 0OpabOTKH MOCETUTENEH, eCIM BXOAHON IOTOK 3asBOK M IIOTOK MX
00CITy)KUBaHUsS UMEIOT MHTEHCUBHOCTH A= 2 yac' m p = 4 vac™' cootsercTBeHHO. [TocTpouTs
TUCTOrpaMMy BpeMeHU HaxoxaeHus 3asBku B CMO.

3anaua 14. IToctpouts nporpammy Ha sizeike GPSS 1 AnyLogic st aByxdaznoit CMO, ecnu
MOJICIIUPYETCS cCHcTeMa 00pabOTKH, €CIIM BXOJAHOW IOTOK 3asBOK M IOTOKH MX OOCIY)KUBaHHS B
TEpBOii U BTOPOH (pa3ax UMEIOT HHTEHCMBHOCTH A= 2 yac™, w =4 yac™!, o = 6 wac™. I[TocTpouts
THCTOrpaMMy BpeMEeHH HaxoxaeHus 3asBku B CMO.

3apgaua 15. Iloctpouts nporpammy Ha sa3sike GPSS n AnyLogic nisa cetu, ecinu oHa
UMEET CTPYKTYPY

Q

BxonHol MOTOK 3ajjaH SKCIOHEHILIMAJIbHO C MAaTeMaTHYECKUM OXKHUJIAHUEM BpEMEHHU
Mexxay 3asBkamMu 30 MuH. Bcee BpeMeHHBIE XapaKTEpUCTHKH 0OpaOOTKHM ONHCBHIBAIOTCS

9KCIIOHCHIHUAJIBHBIM 3aKOHOM pacCIIpeACICHUA C MATCMATUYCCKUMU OKUIAHUAMHA (10 5 10)

MMHH.

3agauya 16. Iloctpouts mmuranuonnyro mozaenb GPSS u Anylogic ans ompeneneHus
BpEeMEHHU 00pabOTKH B CTOXaCTHUECKOM CETH, €CIU ceTh coCcToUT U3 Tpex CMO u umeer BUI

CMO; CMOs

v

»
Ll
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a MaTpHUIla BEpOSTHOCTEH Nepeiad UMEET BH/T

0 04 06
R=/0,4 0 0,6
0O 0 O

[Tpu 5TOM HHTEHCUBHOCTB BXOIHOTO MOTOKA A = 0,01, a MHTEHCUBHOCTH OTOKA 00paboTKH

B apyrux CMO 1, =0,2;p, =0,2; 1, =0,08.

IIpumeuanue.
[Tpu paszpaborke mporpammsl ucrnoib3oBarh oneparop TRANSFER B crarucrudeckom
pEeKUME.

3apaua 17. Iloctpouts mmutarmoHHyro moxaenb GPSS u Anylogic mis omnpeneneHus
BpEMEHH 00pa0OTKH B CTOXaCTUYECKOU CETH, €CIIU CeTh cocTouT U3 Tpex CMO u mmeer Buj

CMO, ‘GA

|

v

a Marpuna BepOHTHOCTCﬁ nepcaady uMeCT BUJ

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

IIpyn >TOM MHTEHCHBHOCTBH BXOAHOIO IOTOKa A =0,02 MUH!, a MHTEHCHBHOCTH MOTOKA

o6pabotku B apyrux CMO U, = 0,2; W, = 0,2; Uy = 0,08 yum!.

IIpumeuanue.

[Ipu pazpabotke nporpammbl ucnoiib3oBarhk omneparop TRANSFER B craructuueckom
pEXHME.

3agaua 17. Mcnoas3ys RStudio, cremepupoBaTh 5 mocieqoBaTelbHOCTEH, Kakiaas W3
KOTOpBIX cocTouT u3 500 uncesn, paBHOMEPHO pacpeeeHHbIX B Auana3one ot 0 1o 1 ciydaiiHbIX
ymcel. [loctpouts rucrorpaMmsl pacipeiesieHns cIydyalHbIX YUCENl, a TAKKe KOPPEISUOHHYIO
MaTpully, U MPOBEPUTh 3HAYUMOCTb KOPPEISLUMU MEXAYy IMEepBOH U BTOPOH CIydyallHBIMU
BenmunHaMu. J1jis aToro ¢ momoribeio GyHkimu data.frame o0beMHUTD OTAEIBHBIC MATPHUIIBI B
Ha0op MaHHBIX ((ppeiim)

3amaua 18. Mcnone3ys RStudio, crenepupoBarh mociae10BaTeIbHOCTh CIyYaiHBIX YHCE,
cocrosimyto u3 500 HaOm0eHMH, pacipeieIeHHbIX 0 HOPMaIbHOMY 3aKOHY paclpeesieHus C
MO=5. Cko=1. IlocTpouTs rucTorpaMmsl U SIIAYHBIE AUMArPAMMBI PACIPENEICHUS CIydalHbIX
yucen. OLeHUTh Ka4eCTBO TeHepaTopa 1o Kpureputo Xu2, kpurepuro Hlammpo.

3agaua 19. IToctpouts B ANYyLOQIC UMHTAIMOHHYIO MOJENb, C IOMOIIBI0 KOTOPOWM

MoJenupyercs OueHue cep/ia, 3aJaHHas cUcTeMoil nudQepeHIranbHbIX YpaBHEHUH MEepBOro
nopsijKa
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dx/dtzlls(x—x3—b)
db/dt=x-X,

TJe: X — painyc Cep/Ila, xo — €ro Ha4yallbHOE 3HAa4YeHHE, b — IEpEMEHHasl, a € — ITapaMeTp.
B 3T0# MOMIENM MBI UCCIIEIyeM XapaKTep 3aBUCUMOCTEH MEPEMEHHBIX x ¥ b OT BpEMEHH

Opy pa3HBIX 3HAYCHUSX TMapaMeTpa g, a Takke MNOCTpouM (Ha30ByI0 JUarpaMmy
3aBHCHUMOCTHU pajinyca x OT IEPEMEHHOM b.
YcTaHOBUM HayaldbHBIE 3HAYCHUS IepeMeHHbIX: b=0; x=Xxo.

VceranoBum 3HaueHus mnapameTpoB  Xo=0,5;

€=0,01. 3amagum npu NOCTPOEHUU

nuarpamma nepuon 0,1; xpaauts 70 500 mocneqHUX 3HAYEHUM.

3anaua 20. YrpoienHas Mojens bacca nmpuBeieHa Ha PUCYHKE.

KnueHTsl

JanHTepeCOBaHHbBIX

MoTteHumansHele kvl -
£ -
KNWEeHThI 1@. TeMn NOKynoK ﬁ{)
[ —
e + ———
-— III
| ——— onA
KonwyectBo — HECEIJ'IEHL“Ie
KOHTaKTOB

[TocTpouth MOAENH CUCTEMHOM IUHAMUKH, eciii HacesieHue pasHo 100000 yenosexk.
HauanbHoe 3HaueHHE MEpPEMEHHbIX: YUCIIO KJINEHTOB paBHO 100. Yucno moTeHIMaIbHbIX
KJIMEHTOB PaBHO HACEJICHUIO- YUCIIO KIIMEHTOB.
[TapameTpsl MOJENIN PaBHBI:
- KOJIMYECTBO KOHTaKTOB= 10 4yeJIOBEK B HEAEIIO;
-J10J151 3aMHTEPECOBAHHBIX PaBHO 3% OT YHUCIIa MOTEHLUAIBHBIX KINEHTOB.
TemIt HOKYIOK OTpeAesieTCs: C ITOMOIIBIO0 COOTHOIIICHHUS
[TorennuanbHbIe KITMEH T *KOIMUECTBO
koHTakToB*(Knuents/Hacenenne)* Jlonsa3anHTepecoBaHHbBIX

Ixana oueHNBaHNA.

OrneHka pe3ynbTaToB MPOM3BOIUTCS Ha OCHOBE OamnbHO-pedTuHTroBOM cucteMbl (BPC).
Ucnonp3oBanue bPC ocymiecTisieTcs: B COOTBETCTBHUH ¢ Mpuka3zoM oT 06 ceHTsaops 2019 . Ne306
«O npuMeHeHHH 0aTbHO-PEUTHHIOBOM CUCTEMBI OLIEHKH 3HAHUM 00y4YaroIIuXCs».

Cxema pacueTroB cPOopMHUpOBaHA B COOTBETCTBMHM C YYE€OHBIM ILJTAHOM HaIpaBJICHHUS,
COTJIaCOBaHA C PYKOBOJUTENIEM HayYHO-00pa30BaTeIbHOTO HAMpPaBIEHUS, YTBEPKIEHA AEKAaHOM

dakynpTeTa.
3aganue MaxkcumanibHas cymMMa 6aJijioB
Tecr 1 4
Tect 2 4

CJ'[y'—IﬂﬁHBIX BCJIIMYUH)»

I131 «I'enepaTopsl ICEBIOCITYYalHbIX YUCET U | 3

Tecr 3 4
1132 «[InaHupoBaHUE SKCIEPUMEHTOBY 3
Tect 4 4
1133 «O06paboTtka pe3ynbTaroB | 3
IKCIIEPUMEHTOBY

Tect 5 4
I13 4 «CuctemHasi [TMHAMUKAY 3
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1135 «JluckpeTHo-coobITHIiHOE | 3
MOJICTTUPOBAHHEY

KonTponbHas paboTa 15
Ilocemnienue 3auaTHil 20
OK3aMeH 30
Bcero 100

Cxema pacyeToB JOBOAMTCS JO CBEACHHUS CTYICHTOB Ha IMEPBOM 3aHATHH MO JAaHHOMN
JUCLIUIUIMHE, SIBIISIETCSI COCTABHOW YacThi0 paloyeil MmporpamMmbl AMCUUIUIMHBL U COHCPIKUT
MHGOPMAIUIO 110 U3YyYEHUIO TUCIUILIMHBI, YKa3aHHyl0 B [lonoxkeHuu o GalibHO-pEHTHHTOBON
CUCTEME OLIEHKH 3HaHu# oOyvaromuxcs B PAHXul'C.

B cnydae ecnu CTyeHT B TeUeHUE ceMecTpa He HaOMpaeT MUHUMAIbHOE YUCIO OaIoB,
HEoOXomuMoe Uil C/aud  IPOMEXKYTOYHOM aTTecTalud, TO OH MOXET 3apaboTarh
JOTIOIHUTENbHBIE OallIbl, OTPaboTaB COOTBETCTBYIOIIME pa3/esibl JAUCHUUIUIMHBI, MOIYYHB OT
IIPET0/1aBaTelisl KOMIIEHCUPYIOLIUE 3a/1aHusl.

B cnyyae monmyueHuss Ha MPOMEXKYTOYHOM aTTeCTalliy HEYAOBICTBOPUTEIbHON OLEHKU
CTYAEHTY MPEIOCTABISETCS IMPaBO MOBTOPHOW arTeCTallMd B CPOK, YCTAHOBJICHHBIN A
JUKBUJIAIUHU aKaJIeMUYECKON 3aJI0J’KEHHOCTH 110 UTOTaM COOTBETCTBYIOIIEH CECCUU.

OOyuatomuiicsi, HaOpaBIIMI B X0/ TEKYIIETO KOHTPOJsS B cemecTpe oT 51 mo 70 6amios,
IO €rO0 KEeJTAaHUI0 MOXKET OBbITh OCBOOOXICH OT MPOMEKYTOYHON aTTeCTALIUU.

KosmnvecTBo 0anioB Ouenka
NPONHUCHI0 OyKBOM
96-100 OTIIUYHO A
86-95 OTIIUYHO B
71-85 XOpOLLIO C
61-70 XOPOIIIO D
51-60 YIAOBJIETBOPUTEIBHO E

[TepeBox OaIbHBIX OIIGHOK B aKaJEeMHYECKHE OTMETKH «OTIUYHO», «XOPOIIO»,
«YIOBIIETBOPUTEIHHOY»

- «Otmano» (A) - ot 96 mo 100 6aI0OB — TEOPETUUECKOE COEPIKAHUE Kypca OCBOEHO
MOJTHOCTBIO, 0€3 TPOoOenoB HEOOXOAMMBIE MPAKTHUECKHE HAaBBIKM pPA0OTHI C OCBOCHHBIM
MarepuayioM chOopMHPOBaAHBI, BCE MPEIYCMOTPEHHBIC MPOTpaMMOi 00yUIeHHS YIeOHBIC 33 aHus
BBITIOJTHEHBI, KAYECTBO WX BBIMOJHEHHUS OIICHEHO MaKCUMaJIbHBIM YHCIIOM OaslioB.

- «Otmnuno» (B) - oT 86 mo 95 GanIoB — TEOpPETHUECKOE COACpKaHUE Kypca OCBOEHO
MOJTHOCTBIO, 0€3 TPOoOenoB HEOOXOAMMBIE MPAKTHUECKHE HAaBBIKM pPAOOTHI C OCBOCHHBIM
MarepuayioM cpOpPMHPOBAHBI, BCE MPEIYCMOTPEHHBIC TPOTPaAaMMOU 00ydeHUsT yIeOHbIC 3aIaHus
BBITIOJTHEHBI, KAYECTBO WX BBIMOJIHEHUS OLIEHEHO YUCIIOM 0asioB, OMH3KUM K MaKCUMaTbHOMY.

- «Xopomo» (C) - or 71 mo 85 GamIOB — TEOPETHUECKOE COMEPIKAHUE KypCca OCBOEHO
MOJTHOCTHIO, 0€3 MPOOEIOB, HEKOTOPHIE MPAKTUYECKHE HABBIKU pa0OThI C OCBOCHHBIM MaTepHUaIoM
c(hopMHUpPOBaHBI HEIOCTATOYHO, BCE TIPETYCMOTPEHHBIC IPOTrPaMMoi 00ydeHHs yaeOHbIE 3aaHus
BBITIOJTHEHBI, KaY€CTBO BBIMOJIHEHUS HU OJHOTO M3 HUX HE OIICHEHO MHUHHUMAJBHBIM UYHCIOM
0aJIJIOB, HEKOTOPKIC BHJIBI 3a/IaHUI BBIMIOJIHCHBI C OIINOKAMHU.

- «Xopomo» (D) - or 61 mo 70 6amioB — TeOpeTUUECKOE COAECpkKaHUE Kypca OCBOCHO
MOJTHOCTBIO, 0€3 MTPOOEITOB, HEKOTOPBIC IIPAKTUYECKNE HABBIKHA PA0OTHI C OCBOCHHBIM MaTepUaIOM
c(hOpMUPOBaHBI HENOCTATOYHO, OOJNBIIMHCTBO TMPEAYCMOTPEHHBIX MPOrpaMMOil 00ydeHus
yueOHBIX 3aJaHWi BBITIOJHEHBI, KA4eCTBO BBINIOJHEHUS HHU OJHOTO M3 HHX HE OICHCHO
MUHUMAJIBHBIM YHUCJIOM 0aIJIOB, HEKOTOPHIE BUJIBI 3a/IaHUI BHITIOJIHEHBI C OIIMOKaMHU.
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- «YnosnerBoputensHo» (E) - ot 51 mo 60 6amioB — TeopeTHdeckoe comepaHue Kypca
OCBOCHO YAaCTHYHO, HO TPOOENbl HE HOCAT CYIIECTBEHHOTO XapakTepa, HEoOXOAMMbIe
NPaKTUYECKHE HAaBBIKM pAOOTBl C OCBOCHHBIM MAaTepHajoM B OCHOBHOM C(OPMHPOBaHHI,
OOJIBIIMHCTBO TPEAYCMOTPEHHBIX MPOTrpaMMoOi OOyueHHsI y4eOHBIX 3aJaHUW BBIIOJIHEHO,
HEKOTOPBIC U3 BHIMOJIHEHHBIX 33J]aHUH BBIIIOJIHEHBI C OIIHOKAMH.

OuneHoYHbIE
cpeacTBa
(popmbl
TeKyIlIero u
MPOMEKYTOUHOI0
KOHTPOJISA)

IToxa3zarem
OLIEHKH

Kputepun onenku

Ompoc (Tect o
TeMe)

KoppeKkTHOCTh 1 ITOTHOTa OTBETOB

Onpoc npoBOAUTCA B XOJ€ 3aHATHS U
€ro pe3yibTaThl MOTYT OBITh YUTEHBI
TIPH OIICHKE MOCEIAEMOCTH 3aHATHI.
MakcumasibHOE 9uciio 6amuios -4

Htorosslii TecT

1) [IpaBUABHOCTD pELLICHHUI;
2) KoppekTHOCTh OTBETOB

MakcuMaabHOE KOTHYECTBO 0alIoB
3a UTOTOBBLIN TECT COCTaBisgeT 15
6ainoB. TecTrl IO OTAEIBHBIM TEMAM
BXOJISIT B UTOTOBBIM TECT, KOTOPBIH
MIPOBOAUTCS MEPE] UK BO BPEMSI
9K3aMEeHa B 3aBUCUMOCTH OT (OPMBI
€ro MPOBEJCHUS: OYHON WU
JUCTAHIIMOHHOMN

MPaBUIBHOCTH OTBETOB Ha
MIpeJIIOKEHHBIE TECTHI;

2)IIpaBunbHOE perIeHne 3a/1a41, a TAKxKe
MOJIHBIE U TIPaBUJIBHBIC OTBETHI Ha
BOIPOCHI 110 3a7a4e

3ananue 1)IIpaBUNbHOCTD PELICHUI; MaxkcumansHo 3 6amioB 3a OJHO
2)IIpaBunbHEBIE OTBETHI Ha BOTIPOCHI IPX | 3aJjaHUE

YCTHOM 3aILIUTE 3aJaHUN

KonTponpHas 1) mpaBUIBHOCTD PELICHHUS; MakcuMallbHOE KOJIWYeCTBO OallioB
pabora 2) KOPPEKTHOCTH BHIBOJIOB 3a KOHTPOJIBHYIO padoty — 15.

3) 000CHOBaHHOCTD PEIICHHHA MakcuMalbHBIH O BEICTaBIISIETCS
€CJIM TIPAaBUJILHO PEUICHBI BCE MIECTh
3a7a4, oopMIIEH OTYET IO UTOraM
WX PEUICHUs], B OTYET BCTABICHBI
CKPHIITHI

DK3aMeH 1)IToHOTa OTBETOB HA BOTIPOCHI WU MaxkcumalibHOE KOJIM4eCTBO 0aslIoB -

30. B cayuae AuCTaHIIMOHHON
(hOpMBI TIPOBEICHUS DK3aMEHa B
CyMMYy 0OaJlJIOB BXOJST OaJLiibl,
MOJTyYEHHBIE B PE3YJIBTAaTe HTOTOBOTO

TCCTUPOBAHUA

6.

MeToanveckue YKazanus 1Jis1 oﬁyqamumxca M0 OCBOCHHUIO TUCHHUIIIIMHBI

Paboueil mporpaMMoil TUCHMITIIMHBI MPETYCMOTPEHBI CIEAYIOIINE BUIbI AyJUTOPHBIX
3aHATHUN: JIEKIUU, IPAKTUUECKUE 3aHATHUS, KOHTPOJIbHbIE paboThl. Ha nexuusax paccmarpuBarorcs
HauOoJiee CIOXKHBIM Marepuan JUCHUIUTMHBL. JIeKIus CONMPOBOXKAAETCS MpPEe3eHTALMSIMH,
KOMITBIOTEPHBIMU TEKCTaMH JIEKIIMH, YTO TO3BOJSIET CTYACHTY CaMOCTOSITENIbHO paboTaTh HaJ
MIOBTOPEHHEM U 3aKpeIJIeHHEM JIEKIIMOHHOTO Marepuaia. [[Jis 3Toro CTylaeHTy JOIKHO OBITh
MPEIOCTABIIEHO NPABO CAMOCTOSATEIBHO PadOTaTh B KOMIIBIOTEPHBIX Kilaccax B ceTu VIHTepHeT.

[IpakTudeckue 3aHATHSA MpeIHA3HAYEHBI JUIsI CAaMOCTOSTENBbHONW pabOThl CTYAEHTOB IO
pelIeHNN KOHKPETHBIX 3aJad SKOHOMETPHUKHU. Ps MpakTHUeCKUX 3aHATUNH MPOBOIUTCS B

KOMITIBIOTCPHBIX  KJIaCCaX

COIIPOBOXIACTCA

nhcronb3oBanneM Excel.
3aJaHUSIMH,

C
JOMallTHUMH

BbIIaBA€MBIMH

Kamnoe MMPAKTHUYCCKOC
CTyACHTaM  IJId

3aHATHE
peleHus

BHCAYJUTOPHOC BpCMHI. I[J'IH OKa3aHHUd MOMOIIU B pCIICHUHU 3aa9 UMCIOTCA TCKCThI IPAKTUYICCKUX

35




3aJJaHUH C YCIIOBUSIMU 3aJ]ad U BapUaHTaMH UX PELICHHUS.

C uenbio KOHTPOJSI COPMUPOBAHHOCTH KOMIETEHIUI pa3paboTaH (OHJI KOHTPOJIBHBIX
3aganuii. Ero wucmnonp3oBaHuEe TMO3BOJSET pealin30BaTh OaNIbHO-PEUTHHTOBYIO  OIICHKY,
ompezaeneHHy0 npuka3zoM ot 28 aBrycra 2014 r. Ne168 «O npuMeHeHun 0auTbHO-PEHTHHTOBON
CUCTEMBbI OLIEHKH 3HAHHUH CTYIEHTOB.

JUis TOATOTOBKM K €KEroJlHOMY HHTEPHET-TECTUpOBaHUIO e-Exam ocymiecTBisercs
npeaBapuTeNbHas MPOBEpKa 3HAHUI CTYJIEHTOB, a TaKXKe WX CaMOOOY4YeHHE C MOMOIIbIO
CIEMaJIbHBIX TPEHAXKEPOB NopTana HTepHET-TECTUPOBAHUS.

Jliis akTUBHU3aIMM pabOThl CTYACHTOB BO BpPEeMsI KOHTAKTHOM pabOThI ¢ IperoaaBaTesieM
OTAETBbHBIE 3aHATHS MPOBOAATCS B MHTEPAKTUBHOU (popme. B 0CHOBHOM, HHTepakTHBHAs Gopma
3aHATUN oOecrieunBaeTcs MPU MPOBEACHUU 3aHATUIH B KOMIBIOTEPHOM Kiacce. HTepakTHUBHAs
dopma obecrieunBaeTcs HamU4MeM pa3pabOTaHHBIX (alloM C 3aJaHUsAMH, HAITUYAEM
KOHTPOJIBHBIX BOIIPOCOB, BO3MOXHOCTBIO JOCTyNa K CHUCTEME AMCTAaHLMOHHOTO OOy4YeHus,
UCIIOJIb30BaHUEM KaHaJla teams, a TAaK’KE MECCEHIKEPOB.

1loo2omoska K nexkyuu 3aKI0YaeTCs B CIEIYIOIIEM:

—  BHUMATEJIbHO MPOYMUTANTE MaTepHrall IPEIbIIyIeH JIEeKIHH;

— y3HaiiTe TeMy NpeAcTosIed JeKIuu (0 TeMarHuyecKoMy IUIaHy, [0 MHpOpMaluu
JIEKTOPA);

—  O3HAKOMbBTECH C yUeOHBIM MaTepHAJIOM 10 Y4EOHUKY U Y4eOHBIM OCOOUSM;

— TocTapaiiTech YACHUTh MECTO H3y4yaeMoil TeMbl B cBOeil mpodeccruoHanbHON
MOJTOTOBKE;

—  3alUIIATE BO3MOXKHBIE BONPOCHI, KOTOPBIE BbI 3314 IUTE JIEKTOPY Ha JIEKIUH.

1lo02omosKka Kk ceMUunapcKum 3auamusim.:

— BHUMATeJIbHO TMPOYUTANTE MaTepuan JICKIHH, OTHOCAIIUXCA K JIaHHOMY
CEMHHAPCKOMY 3aHITHIO, O3HAKOMBTECh C YUEOHBIM MaTepHAIOM IO YYEOHHKY M Y4eOHBIM
IIOCOOUSM;

—  BBINUIIUTE OCHOBHBIE TEPMUHBI;

— OTBEThTE€ Ha KOHTPOJBbHBIE BOMPOCHI MO CEMUHAPCKUM 3aHATHUSIM, TOTOBBTECH JaTb
pa3BEepHYTHIN OTBET Ha Ka)/IbIi 13 BOIPOCOB;

—  yACHUTE, Kakue y4eOHbIe JIEMEHTHl OCTAJMCh JJISl BaC HESICHBIMM M MOCTapaiTech
MOJyYUTh HAa HUX OTBET 3apaHee (/10 CEMUHAPCKOTO 3aHATHSA) BO BpeMs TEKYIIMX KOHCYJIbTAIUil
npernoaBareis;

— TOTOBUTBHCS MOXHO HWHAMBHUAYaJbHO, MapaMd HJIM B COCTaBe MaJlOMl TPYIIIBL,
noclieHue ABIsA0TCA 3G(EKTUBHBIMU OopMaMU paboThI;

— paboyas mporpamMma JIUCHUMIUIMHBI B YaCTU IIeJIe, TEPEYHIO 3HAHWUM, YMEHUH,
TEPMUHOB M Y4E€OHBIX BOIIPOCOB MOXKET OBITh HCIIOJIb30BaHA BaMU B KayeCTBE OPUEHTHpa B
OpraHu3aIyi 00y4eHusl.

Iloo2omoska Kk KoHmponsbHou pabome:

— BHUMATeJIbHO MPOUYMTANTE Marepuan JEKIUi, U MPaKTHUYEeCKUX 3aHSATUH, U3y4UTE
CKPHIITHL, TIpuBeieHHBIe B Moodle, a Takke B 3a1aHUSIX HA MMPAKTUYECCKUE 3aHATHUS;

— momnpoOyiTe peluTh 3a/laud, MOXOXKUE Ha 3a7a4M, KOTOpble OyIyT MpeasioKeHbl Ha
KOHTPOJIbHYIO padoTy;

— pabouast mporpaMmMa AMCUUIUIMHBI MOXKET OBbITh MCIIOJb30BaHA IMpPHU TOJITOTOBKE K
KOHTpPOJILHOM pabore.

lloo2omoska k sK3ameHny.

K sx3ameHy HE0OX0JMMO FOTOBUTCS 1ieJIEHANPABICHHO, PETYISPHO, CHCTEMATHUYECKH U C
NEepBBIX JAHEHW OOyYeHHWs 1Mo NaHHOW JucHUIuTUHE. [IOMBITKH OCBOWTH AMCIUIUIMHY B TIEPUOI
HK3aMEHAllMOHHOM CecCHU, KakK IpaBHJIO, IMOKA3bIBAIOT HE CIUIIKOM YIOBJIETBOPUTEIbHBIE
pe3ynbrarbl. B camoM Hauane y4eOHOro Kypca IO3HAaKOMBTECh CO Cleayoleld y4uyeOHO-
METOANYECKON JOKYMEHTAIIUEH:

—  MPOTrpaMMO¥ JTUCIUILTAHEI;
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—  IEepeYHEM 3HAHUU U YMEHUH, KOTOPBIMU CTYAEHT JOJIKECH BIIAJIETh;

—  TEMaTU4ECKUMHU IUIAHAMU JICKIIUM, CEMUHAPCKUX 3aHATUN;

—  KOHTPOJIbHBIMU MEPOIPUATHIMY;

—  y4eOHMKOM, Y4YE€OHBIMH IOCOOMSAMM IO JUCLUIUIMHE, a TaKKe 3JIEKTPOHHBIMU
pecypcamy;

—  IIEpEYHEM BOIIPOCOB K IK3aMEHY.

[Tocne sToro y Bac JOMKHO C(HOPMHPOBATHCS UYETKOE MpeAcTaBieHne o0 oObeme u
XapakTepe 3HaHUH U YMEHU, KOTOPBIMH Ha/10 OyAeT OBIaAeTh 1o AucuuiinHe. CucteMarndeckoe
BBIIIOJTHECHUEC y‘-IG6HOﬁ pa60TLI Ha JICKIUAX U CCMUHAPCKUX 3aHATUAX MMO3BOJIMT YCIICITHO OCBOUTDH
JTUCIUILIMHY U CO3/1aTh XOpOIIyIo 0a3y AJs C1a4u SK3aMeHa.

7. YueOHas JuTepaTrypa U pecypcbl HHPOPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOM CeTH
"UHTepHer", BKIIOYAS NIepeYeHb Y4eOHO-MeTOAUYeCKOro o0ecrnedeHus st
CaMOCTOSITeIbHOM PadoThl 00y4AOIIMXCS 10 JUCIHUIIMHE

7.1. OcHoBHAas1 JIUTEpaTypa.

1. Akomos, AHIpaHUK CymbatoBuy. Nmuranmonnoe MOJICITUPOBAHHE. -
Mocksa:FOpaiit20202. — 389 c. Tekcr : anekrponnsiii // DBC IOpaiit [caiit]. — URL:
https://urait.ru/bcode/450555 (mara obpamienus: 01.10.2020).

2. bynweiruna, Onpra BanentunoBHa, EMenbsHOB, AnekcaHap AHaTonbeBUY, EMenbsHOBa,
Haranus 3axapoBHa. MIMuTanmoHHOe MOJEIMPOBAaHHE B DKOHOMUKE U YIPABICHHUH. -
MockBa:MH®PA-M, 2021. - 592 c¢. Tekctr : oanekrponnsii. - URL:
https://znanium.com/catalog/product/1192240 (nara oOpamenus: 19.02.2021). — Pexxum
JIOCTYIA: 110 TOATMKCKE.

3. JeearkoB, Bmagumup BnaaumupoBud. MeTomonoruss M TEXHOJOTHS WMHUTAIIMOHHBIX
MCCJIEIOBAaHUM CIIOKHBIX cucTeM. - MockBa:By3oBckuit yuebnuk [u ap.], 2019. — 444 c.
Tekcr : smektponssld. - URL: https://znanium.com/catalog/product/1002019 (mara
obpamienusi: 27.05.2021). — Pexxum nocTyma: 1mo moarnucke

4. Tpery0, Mnona BnamumuposHa, I'opomnukoBa, TaresiHa ApkaabeBHa. VIMHUTAIIMOHHBIC
Mojenu npuHITHs pemeHnit. - MockBa:MH®PA-M, 20202, 193 ¢ TekcT : 31eKTPOHHBIH. -
URL: https://znanium.com/catalog/product/1030572 (nara ob6pamenus: 25.08.2020). —
Pexxum noctyna: mo moamnucke.

Bce McTOYHMKYM OCHOBHOM JIMTEPATyphl B3aUMO3aMEHSIEMBI.

7.2.JlonoJHUTEIBLHAS JIMTepaTypa.

1. boes B.JI. MonenupoBanue cucreMm. Hucrpymentranbabie cperncrsa GPSS World
[Onexrponnslit pecypc] - CII6. : BXB-Iletepoypr, 2010, 368 c.

2. EmenpsHOB A. A. IMHTallMOHHOE MOJICIIMPOBAHME YKOHOMHUYECKUX IPOIECCOB: y4eO.
nocobue, pek. M-Bom o6pazoBanus Poc. @enepannu / A. A. Emenbsinos, E. A. Brnacosa,
P. B. Iyma ; mox pen. A. A. EMenbsiHOBa. - 2-€ u3l., nepepad. u gom. - M: ®dunancel u
cratuctuka [u ap.], 2009. - 416 c.

3. Kapnos 10. NmuTanmmonHoe MonenupoBaHHE CHCTEM. BBeleHHE B MOJEIUPOBAHHE C
AnyLogic 5./ }O. Kapmnog. - CI16.: BXB-ITerepoypr, 2005.

4. Kenwron B. JI. Umutanmonnoe monenuposanne. Knaccuka CS. 3-e uzn. / B. 1. Kenbros,
A. M. Jloy. - CII6.: [Tutep; Kues: U3narensckas rpynna BHV, 2004.

5. Komeco 0. b. MogenupoBanue cucTteM : TMPAKTUKYyM IO KOMIIBIOTEPHOMY
MOJICTTUPOBAHUIO [DIEKTPOHHBIH pecypc] : [yuebd. mocoOusi Uis CTYIEHTOB BY30B,
oOyyaronuxcs mo HampasineHuto noaroroBku 220100 "Cucremnsiit ananus u ymp."] / 1O.
b. Konecos, FO. b. CennuenkoB. - OnekTpoH. naH.. - CII6. : BXB-IlerepOypr, 2007. - 338
c. I'pudp YMO.

6. KynpssueBE. M. GPSS World. OcHOBBI MMHTAIIMOHHOTO MOJETUPOBAHUS Pa3IMYHBIX
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http://idp.nwipa.ru:2228/reading.php?productid=18512

cucteM / E. M. Kynpssnes. M.: JIMK Ilpecc, 2004.

7. Jlerukuna H. H. VimurannoHHOE MOAETMpPOBAHUE SKOHOMHYECKHX IPOIECCOB: Yyd4eO.
nocobue / H. E. JIerukuna. - M. : UHOPA-M, 2012. - 253 c.

8. Haymor B.H. DnemMeHTHI UMUTAIIMOHHOTO MOJCIHUPOBAHUS: YydeOHOEe Tmocodue. —
CII6.:C31Y, 2016.

9. Ilaenogckwuii FO. H. Umutanmonnoe monenupoBanue: yued. mocodbue / FO. H. I1aBnoBckwid.
- M.: Uznarensckuii neHTp «Akagemusi», 2008.

10. PeoxukoB 1O. WM. MmuranuonHoe monenupoBanue. Teopus u texHonoruu / 1O. .
PeoxukoB. — CI16.: Kopona, 2004.

11. CoBeroB b. fI. MoaenupoBanue cucteM : y4eOHHK sl OakalaBpoB, 0OyUYAIOUIUXCS I10
HarnpaBieHusM "Mudopmarnka u Beiunci. Texauka"' u "MHpopMmal. cucremsr”, pek. M-
BoM oOpa3oBanusi U Hayku Poc. @enepanmu / b. 5. CoetoB C. A. fkoBneB ; CaHKT-
[TerepOyprckuii roc. 3MEKTPOTEXH. YH-T. - 7-€ 3. - M. : FOpaiit, 2013. - 343 c.

12. Tomamesckuii B. H. HWmuranmonnoe wmonemupoanue B cpene GPSS / B. H.
Tomamesckuid, E. I'. XKganosa. — M.: bectcennep, 2003. - 416 c.

7.3. YueOHO-MeTOAMUYECKOE OOecIiedeHre CAMOCTOSITeIbHOM padoThl.

1. TlonoxxeHue 00 OpraHM3aIMKM CaMOCTOSATEIBHON PabOTHI CTYACHTOB (eaepasbHOTO
TOCYAapCTBEHHOTO  OIOMKETHOTO  00pa30BaTENbHOTO  YUPEKACHHSI  BBICIIETO
oOpazoBanust «Poccuiickas akaneMus HapOJHOIO XO3SHCTBAa M rOCyAapCTBEHHOU
cyx0b1 ipu [Ipesunente Poccuiickoii denepanuu» (B pex. npukaza PAHXul'C ot
11.05.2016 . Ne 01-2211);

2. lTlonoxkeHue o0 KypcoBoil paboTe (IIPOEKTE) BBIMNOIHIEMONW CTyJIEHTaMHU
(denepaabHOro TroCyIapcTBEHHOTO OIOIKETHOTO 00pa30BaTeIbHOTO YUPEKICHHUS
BbIciIero oOpasoBanus «Poccuiickas akagemMusi HApOJHOTO XO3AHCTBA H
rocynapcTBeHHOU ciyx0bl npu Ilpesunente Poccuiickoit @enepauuu» (B pen.
npuka3za PAHXul'C ot 11.05.2016 . Ne 01-2211)

7.4. HopmaTuBHbI€ IPABOBbIE JOKYMEHTBI.
He ucnonb3yrores
7.5. UaTepHeT-pecypchbl.

C3UMY pacnonaraeT 10CTyIOM Yepe3 CalT HayuyHOU Oubiaroreku http://nwapa.spb.ru/
K CJIEIYIOIIMM MOMUCHBIM 3JIEKTPOHHBIM pecypcam:

Pycckosi3pIuHBIE pecypCehl
ONEeKTPOHHBIE YUEOHUKHU 3IEKTPOHHO - OnbiaroTeuHoi cuctemsl (ObC) «AiOyke»

DNEeKTPOHHBIE YICOHHUKH AIIEKTPOHHO — OnbnuoTeunoit cuctemsl (OBC) «Jlanby
PexoMeHyeTcst HCTIOIB30BaTh CIEAYIOMINNA HHTEPHET-PECYPChI
http://serg.fedosin.ru/ts.htm
http://window.edu.ru/resource/188/64188/files/chernyshov.pdf

7.6. UHble HCTOYHUKH.

He ucnone3yrorcs.
8. MarepuajbHoO-TeXHHYeCKas 0a3a, HHGOPMALMOHHBIE TEXHOJIOTHH, IPOrPaMMHOe
obecrneyenne M1 MH(PpOPMALHOHHBbIE CIIPABOYHbIE CHCTEMBbI

Bce npaktudeckne 3aHATHS MPOBOISTCS B KOMITBIOTEPHOM Kilacce. YueOHast AUCIUTUINHA
BKJIIOYAET MCIIONb30BaHUE MporpaMMmHoro obOecmedenus Microsoft Excel, Microsoft Word,
Microsoft Power Point st TOATOTOBKM TEKCTOBOTO W TaOJMYHOTO MaTepualia, rpaguiecKux
wunocTpaiuii.  Jnst  ¢hopMupoBaHUS HABBIKOB HCIOJb30BAaHUS CHUCTEM HMMHUTAI[MOHHOTO
MOJICTTMPOBAHUSI  UCTONB3YIOTCS CHCTEMBl HMMHTAIMOHHOTO MozenupoBanus AnyLogic,
GPSSworld, R, SPSS.

Meronsl 0O0ydeHHsI C WCIONIB30BaHHEM HH(POPMAIIMOHHBIX TEXHOJOTHH (KOMIBIOTEPHOE
TECTUPOBAHUE, IEMOHCTPAIHSI MYIbTUMEUIHBIX MaTepUAIIOB).

WHTEpHET-CepBUCH U AIIEKTPOHHBIE Pecypchl (IIOMCKOBBIE CHCTEMBI, JIEKTPOHHAS I10UTa,
npodeccuoHalbHbIe TEMAaTHYECKUe 4YaTbl U (POPYMBI, CUCTEMBI ayAMO M BHUJEO KOH(EPEHIHH,
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OHJIAMH DHIUKIIONENH, CIPABOYHUKHA, OUONMOTEKH, OSJIEKTPOHHBIC Yy4YeOHbIE U Yy4eOHO-
METOJIMYECKUE MaTepUabl).

Jns opraHuM3anuu  3JEMEHTOB  AJIGKTPOHHOTO OOYYEHHS HCIIOJIB3yeTCS  CHCTeMa
JTUCTaHIIMOHHOTO 00yueHust Moodle.
Ne /i HanmenoBanue

1. | KomnbroTepHble KJIacChl ¢ nepcoHanbHbIMU DBM, 00beTMHEHHBIMU B JIOKAJIbHBIC
CETH C BBIXOJIOM B MHTEpHET

2. | Cuctembl umuTanronHoro moaenupoanust AnyLogic, GPSSworld, R, SPSS.

3. | MynbTUMeauitHBIC CPEACTBA B KaXKIOM KOMIIBIOTEPHOM KJIacCe M B JICKITMOHHOM
aAyIUTOPHH

4. | I10O Microsoft Office

5. | Bpay3sep, ceTeBble KOMMYHHKAIIMOHHBIC CPEJICTBA JUIs BhIXoa B IHTepHeT

6. | O6maunsie Texaonornd Elma365, Promise
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