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1. IlepeyeHb MIAHUPYEeMBbIX Pe3yJbTATOB 00y4YeHHs MO IMCUMUILIUHE, COOTHECEHHBIX C
IUVIAHUPYEMBIMH Pe3yJIbTaTaMH OCBOEHUSI POrPaMMbIl
1.1.  JMucuumnuHa «/IMUTalMOHHOE MOJETHPOBAHUE» OOECIICUYNBACT OBJIAJICHUE CIIEAYIOMIEH
KOMIICTCHITHCH:

Tabnuma 1.1
Konx HaumenoBanue Konx HaumenoBanue KOMIIOHEHTA
KOMIICTCHIINH KOMIICTCHIIMH Kommionenra KOMIICTCHII A
KOMIICTCHIINH
IIKC-3 Cnocoben obocHoBbBarh pemrenus | [TKC-3.1 CnocoGeH  NPHUMEHATh  CHCTEMHBIH
Ha OCHOBE€ OICHKHM W aHajJM3a noaxoa, METOoAbl TEOpUM TPUHATHUA
OEJICBbIX HOKa3aTeﬂeﬁ, MOCTPOCHUA pemeHHﬁ, MCETOAbI ONTHUMH3AIIUN TIPpU
U TPUMEHEHMs aITOPUTMHYECKUX 000CHOBaHHH PELICHUS
Moaciieu
B pesynbrare ocBOeHUS AUCIUIUIHHBI Y CTYIEHTOB JOKHBI OBITH CHOPMUPOBAHBI:
Tabauna 1.2
OTD/TD Kox Pesynprarer o0yueHus
(HpI/I HaJIn4Yuun KOMIIOHCHTAa
rpodcrangapra)/ KOMIETEHINH
poQeCCHOHATBHBIC
[ICHCTBU
O6ocHoBaHue IKC-3.1 HA YPOBHE 3HAHMIA:
pemenuiit D/6 — OCHOBHBIC TIOHATHS, KJIACCHI UMHTAITMOHHBIX MOJIC-
JIeW, OpraHu3alMIo IUIAHUPOBAHUS U IIPOBEAECHUS UMUATALIU -
dopMupoBaHue OHHOTO M CTAaTUCTUYECKOTO MOJICIUPOBAHMS, 0OPaOOTKH U
BO3MOKHBIX WHTEPIPETALMU TOJYYEHHBIX PE3YJIbTATOB MU IPUHATHUSA
pelIeHnii Ha OCHOBE pELIEHHUI;
pa3pabOTaHHBIX IS — MeTob! TUTaHUPOBAHUS SKCIIEPUMEHTOB, 00PabOTKH
HUX HCJICBbIX U UHTEPIIpETAIUM NOJyUYCHHBIX PE3yIbTaTOB;
nokasareseii D/01/6 — basoBble cpecTBa UMHUTAIMOHHOTO MOJICTUPOBAHMS
Y OPTaHU3ALMI0 NPOBEACHUS UMUTALUOHHBIX YKCIIEPUMEH-
AHanms, TOB.
000CHOBaHUE u Ha YPOBHe yMeHHii:
BBIOOD PEHICHUS - Pa3pabarbiBaTh MMUTALIMOHHBIE MOJEIH C HOMOIIBIO
D/02.6 CHCTEM U S3bIKOB HMMMTALMOHHOIO MOJEIUPOBAHUS JISt
pelieHusT TPUKIAIHBIX 3a]ad  MOJCIUPOBAHUA OW3HEC-
MPOIECCOB, PhIHKA HH(POPMAIIMOHHBIX CUCTEM M MH(pOpMa-
IAOHHBIX KOMIBIOTEPHBIX TEXHOJIOTHUI;
- [IpoBOAWTH MAIIMHHBIE SKCIIEPUMEHTHI C UMHUTAIU-
OHHBIMHU MOJICJISIMU;
- OOpabaTpiBaTh M HMHTEPIPETHPOBATH PE3YIIBTATHI
MOJICJIMPOBAHMUSL.

2. O0beM M MecTO TUCUMILIMHBI B cTpyKType OIl BO
O0beM TUCHUILIHHBI
OO01mas Tpy10eMKOCTh JUCIIUIUIMHBI COCTABIISAET 3 3aUueTHBIX euHUIIL /108 akagem. 4acos.

JuctumimHa peanu3yercs YaCTHYHO ¢ MPUMEHEHHEM JUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX
texHoyorui (nanee — JIOT).

Joctyn K cucCTeMe JHUCTaHIMOHHBIX OOpPa30BATENBHBIX TEXHOJOTHUH OCYIIECTBISICTCS
KOKIBIM  OOyYaloIUMCS ~ CaMOCTOATENILHO C  JIFOOOro  yCTpOWCTBAa  Ha  TOpTaje:
https://Ims.ranepa.ru/. [lapons ¥ JTOTMH K JUYHOMY KaOMHETY / MPOPWIIO MPEAOCTABISACTCS
CTY/ICHTY B JICKaHaTE.

TaOimuma 2



Bun pabGotsr TpynoeMkocTh TpynoemMkocTh
B aKaJ. yacax B aCTPOH. Yacax
ayn./20, 10T ayn./20, 10T
Oomast Tpy10eMKOCTh 108 81
KonrakTHasi padora ¢ 50 37.5
npenojaasarejieM
Jlexuun 20 15
[IpakTHyeckue 3aHATUL 28 21
JlaboparopHbIie 3aHSTHS
IIpakTHYecKas MOArOTOBKA
CamocTosiTeJbHas paGoTa 31 23,25
KonTpons 27 20,25
®DOpMBI TEKYIIEr0 KOHTPOJIS 0/3an/T/KP
®dopMa NPOMEKYTOUHOMI SK3aMen
arTecTaluu

Mecto mucuumiunsl B cTtpykrype OII BO
Juctuniuna b1.B.12 «muTanoHHOE MOIEIMPOBaHUE» OTHOCUTCS K BAPUATUBHOM 4acTH
ydyeOHoro TutaHa mo Hamparinennio «busnec-mHpopmarukay 38.03.05. IlpenomaBanue
JucuuIIuHbel «IMUTallMOHHOE MOJEIMpPOBaHME» OCHOBaHO Ha auciuiuimHax — b1.0.08.05
«Teopust BeposTHOCTEW © Maremarmueckas craructukay, b1.0.08.01 «Maremarnyeckuit
anamu3y, b1.0.08.04 «/Iuddepennuansable 1 pa3HOCTHBIE ypaBHEHHUs». B cBolo ouepenp oHa
co371a€T HEOOXOAUMBIEC MPEATIOCHIIKA JUISI OCBOCHUS MPOTrpaMM TaKMX JUCHHUILUINH, Kak b1.0.22
«AHanu3 u MogenupoBanue ousHec-mporeccoy, b1.B.09 « Apxutektypa npeanpusTus» 1 psaa
JTVCIUTIIINH TI0 BBIOOPY CTYZICHTA, & TAK)KEe JUTsI BBIMOJTHEHUS BBIITYCKHOM KBaTM(DUKAITMOHHOM
paloThI.
JucuurnuHa ocBanBaeTCs ¢ MPUMEHEHHEM AJIEKTPOHHOTO (OHJaiH) Kypca (nanee — 9K)

001Mii 00beM TUCIHUILINHEIL, BKIodas DK - 108/81,

00BbeM AUCIUTUIHHBI, 32 UCKITFOUeHneM DK KOMMUecTBO akaJIeMHYECKUX YacoB,
BBIICTICHHBIX HA 3aHATUS JEKIIMOHHOTO THma — 20/15 a.4., 3aHatus ceMuHapckoro tumna 28/21
a.4., HA CAaMOCTOATEIbHYIO pa00Ty CTYJIEHTOB TI0 OCBOCHHIO dJIEKTPOHHOTO Kypca 31/23,25 a.u.
Y IPOMEXKYTOUHYIO artectanuio 27  a.u.:

o6veM DK (B cocTaBe MUCHIUTUIMHBI): KOJIMYECTBO aKaJeMUYECKIUX YaCOB, BBIJICJICHHBIX Ha
CcaMOCTOsITeNbHYI0 paboTy oOyuatormuxcs: Bcero mo DK - 50 a.u., u3 Hux : 50- KOIUYECTBO
aKaJeMUYECKNX YacoB, BBIJCICHHBIX HA MPAKTUKOOPHEHTHPOBAHHBIC 3alaHUS W TEKYIIHH
KOHTpOJb ycrmeBaemoctu : Bcero mo DK — 50 au. KomnuecTBo akageMHYeCKUX 4Yacos,
BBIJICJICHHBIX HA CAMOCTOATEIBbHYI0 paboTy oOydarontuxcs B pamkax OK - 50 a.u.

Jucuunnuza uzydaercs B 6-M cemecTpe 3-ro Kypcea.

®dopMoil TPOMEKYTOYHOM aTTECTAIMd B COOTBETCTBUHM C yUE€OHBIM IIJIAHOM SIBIISIETCS
AK3aMEH.

3. Coaep:xaHue U CTPYKTYpPa AUCHHUILIMHBI

Ta6nuua 3
Ne i/ HaumenoBanue O0beM JUCHUILIMHDI, Yac. ®opma
TeM Bcero KonrakTHas padora Cp TeKyLIero
00y4yaroImmnxcs ¢ KOHTPOJISA
npenoaaBaresiemM ycrneBaemMo
10 BHJIaM Yy4eOHbIX CcTU™*,
3aHATHH MPOMEXKYT
JI 113 KC | CPO | CII OYHOM
P aTrTecTanu
H***
OCHOBBI
Tema 1 AMHUTAIMOHHOTO 10 2 5 3(3) O/T
MOACIINPOBAHU S




Tema 2 Crameriieckoe 16 4 5 7(7) Ban/T
MOJICIIMPOBAHUE
Tema 3 Tnanupoare 16 4 5 7(7) O/3an
OKCNCPHUMCHTOB
O06paboTtka u
HUHTEepIpeTaAlvA
Tema 4. Ppe3y/IBTaToB 16 4 5 7(7) O/3an
CTAaTUCTHUYCCKOI'O
MOACIINPOBAHUSL
CHUCTEMBI U SI3bIKU
Tema 5 AMHUTAIMOHHOTO 21 6 8 7(7) O/?i?i[)[/T/
MOJCIINPOBAHUA
IIpomeskyTOUYHas aTTeCTalus 27 2 Ok3ameH
Bcero (akaa./acTp. 9achl): 108/8
(axan./actp. Hacer) 20015 | 2821 | 2 3
1 25
Ipumeuanue:

Koncynprauus k sk3ameny — 2 yaca
I/ICHOJ'II)ByeMHe COKpalICHHsA:
J — 3aEATHS JEKNWOHHOTO THMAa (JIEKIIHMA W WHBIE ydYeOHBIE 3aHATHS, IPEAyCMaTPHBAIOIIHC
MPEUMYIIECTBEHHYIO Tepeaady yueOHoH HH(opManny nearorndeCKuMu pabOTHUKAMK OpTaHW3aliy U (HMJIIH)
JIMIaMu, MNPHUBJICKAaCMbIMU opraHH3auHeﬁ K pcain3annun O6p330BaTeJ'IBHBIX nporpaMmM Ha HWHBIX YCJIOBUAX,
oOyJaromumcsi) ;
[13 — npakTudeckue 3aHATHSA (BUIbI 3aHATHS CEMHUHAPCKOI'O THIIA 3a HCKIIIOUCHUEM JIA00PaTOPHBIX padoT) ;
KCP — wnpuBumyanbHas paboTa OOydYalOUIUXCS C MEJAarorM4eCKMMH Pa0OTHUKAMHM OPraHU3alud U (HJIIH)
JIMaMu, IpUBJICKaCMbIMH opraHmauHeﬁ K peajun3anuun O6paSOBaTeJ'II>HLIX IporpaMm Ha UHBIX YCJIOBUAX (B TOM
YUCJIC WHIUBUYabHBIC KOHCYIBTAIIAN) ;
CP — camocTosiTenbHas paboTa, OCylIecTBisieMas 0e3 yJacTHsl MEAarornuecKux pabOTHUKOB OpraHU3alliy U
(I/IJ'H/I) Jiji, IpUBJICKACMbIX OpFaHHBaL[I/Ieﬁ K pcajin3annn O6p330BaT€J'H>HBIX OporpaMm Ha MHBIX YCJIIOBUAX;
CII — camonpoBepka;
CPO - camocTositenbHas pabora 00ydaromerocs
koHTponbHBIE paboTel (KP), ompoc (O), tectupoBanue (T). Bemonnenue 3amanus (3anm), P3an
(PacuetHoe 3amanue)
Coaep:xaHnue TUCHUIIMHBI
Tema 1. OCHOBBI HMUTAIIMOHHOTO MO/IEJIMPOBAHUS
MeTton UMMUTAaMOHHOTO MozenupoBaHus. OlpeneiaeHue HMUTAUOHHOM — MOJAEIH.
Craructuyeckoe Moxaenupoanue. Metoq Monrte-Kapno. JlocToMHCTBA M HEIOCTATKU
MMHTALMOHHOTO MojenupoBanus. Kinaccupukaius METOI0B UMUTALIMOHHOTO MOJEIMPOBAHUS.
Knaccudukanus uMutanmoHHbIX Monenied. J[uckpeTHo-coObITHiiHOE MozaenmupoBanue. Monenu
CUCTEMHON IUHAMMKH. J[MHamuueckue cuctembl. MHoOroareHTHoe mozenupoBanue. Cpencrsa
MMHUTALMOHHOTO MOJEIUPOBAHHUS.
Tema 2. CratucTnyeckoe MoaeJJMpPOBaHHE
TpebGoBanust k reneparopam. duzmyeckre reHEpaTOpPhl CIyYalHBIX uyuceld. [eHeparopsl
nceBaocayyanHbix uncen. [lceBnociydaiiHple yncia U MpPOLEAYpbl UX IeHepaluuu. AJTOpUTM
Jlemepa. TecTupoBaHue reHepaToOpoOB CIIy4alHBIX uyncesl. MoJaenMpoBaHue CIIy4aiHbIX COOBITHH.
MognenvpoBaHue Cily4alHbIX BEIMYMH. MOAEIMpPOBaHUE HENPEPBIBHBIX CIyYalHBIX BEJIMYUH.
MonenupoBaHre JUCKPETHBIX CIIYyYalHBIX BEJIUMYUH. MOJEIUpPOBAHHUE CIYyYaHBIX MPOLIECCOB.
[TpuHIMMBI TOCTPOCHUS UMHUTALMOHHOM Mozjenu: «Dt» um «1mo ocobbM cocTostHuAMY. OO1mas
OpraHu3alys CTaTUCTUYECKOrO MOJIEIMPOBAHMS. DTaIlbl CTATUCTUYECKOTO MOJEIUPOBAHHUS.
Tema 3. IliannpoBaHue IKCIIEPHMEHTOB
OCHOBHBIE TMOHATHA TEOPUHM IUIAHUPOBAHHS HKCIEPUMEHTOB. (CTparerudyeckoe u
TakTH4ecKoe IulaHupoBaHue. CTpPyKTYpHBIH M (QyHKUMOHANbHBIM IutaHel. ®dakropHOe
npoctpancTBo. PakTopHbId [WiaH. [lnaHupoBaHMe JMHEHWHBIX SKCHEPUMEHTOB. lloyHbIM
daxTopHsIif 1aH. J{poOHbIi GakTopHbIi 3KcTIepuMeHT. ['eHepupyromue cootHouenus. [lnansl ¢
pasmuyHOM  paspemiaronieii  crmocoOHocThio.  Henmneitneie  tmmanel.  LleHTpasbHbIe
KOMIIO3ULIMOHHBIC IIIaHbl. JIaTMHCKUN, TIPEKO-JIATUHCKUM KBajpar. IInaner  cmecen.



OKCTpeMalbHbIN SKCIIEpUMEHT. MeTO bl TAKTUYECKOTO MIaHupoBaHust. ObecrnedeHne TOUHOCTH U
JIOCTOBEPHOCTU PpE3yJbTaTOB AKCIEpUMEHTa. MeToabl yMeHblIeHus aucrepcuu. llpaBuna
OCTaHOBKH.
Tema 4. O0padoTKa U HUHTEPHIPeTALMS Pe3YJIbTATOB CTATUCTUYECKOT0 MOIeIMPOBAHUS
OneHka napamMeTpoB CIIy4alHbBIX BEJIMYMH U OLICHKa J0JM npu3Haka. [Iposepka cratucTu-
yeckux runores3. KoppemsaunoHHsii aHanus. Jucnepcnonnslii ananus. Iloctpoenue crarucruye-
ckux mozenen. Tabmmma ANOVA. [TocTtpoeHne perpeccCuoHHON MOJIETH.

Tema 5. CucreMbl M I3IKH MMUTALIMOHHOTO MO/1eJTHPOBAHUS

OOmiast xapakTepuCTUKa CHUCTEMbl M s3bIKa HMHUTAMOHHOTO MopenupoBanusi GPSS.
Omnepatopsl U omepanibl s3blka. CucreMa uMUTaMOHHOTO MozenupoBanuss GPSS World.
Opranuzanus IIaHUPOBAHUS U MPOBEJCHUS SKCIIEPUMEHTOB ¢ oMolsio cuctembl GPSS World.
OTtceuBaromyii ¥ ONTUMHM3UPYIOUIMM IKCIEPUMEHT. DKCIEpUMEHTHI Monb3oBarens. OOmas
xapakrepuctuka cucrtembl AnyLogic. IlapamgurMel cuctembl MonenupoBaHus. OpraHuzanus
JTUCKPETHO-COOBITUHHOTO MozenupoBaHus. OpraHuzanusi MHOTOAreHTHOTO MOJEIMPOBaHUS.
Mopnenu cucreMHON AUHAMUKH. 3akitoueHue. O630p NpoHeHHOro MaTepuaa.

4. MarepuaJibl TeKylIero KOHTPOJIsI yCIIeBaeMOCTH 00y4a0IuXCs
4.1. ®opMbI 4 METOAbI TEKYIIEr0 KOHTPOJIS YCIIeBAEMOCTH 00y4ar0IUXCs

B xone peanuzanuu qucuuiuinHbel « IMUTAlIMOHHOE MOAEIHMPOBAHUE» HMCHIOIb3YIOTCA
CJIeyIOIINE METOABI TEKYIIEr0 KOHTPOJIS yCIIeBAEMOCTH O0YYarOIINXCSl:

Tabnuna 4.1
Tema (pazmen) ®DopMEI (METOIBI) TEKYIIETO KOHTPOIS YCIEBaEMOCTH
Tema 1. OcHOBBI HIMUTAIITHOHHOTO MOJCITUPOBAHUS O/T
Tema 2. CTaTHCTHYECKOE MOJIETHPOBAHIE San/T
Tema 3. [InaHupoBaHUE SKCIIEPUMEHTOB 3an/O
Tema 4. OOpaboTka W UHTEpIpETANUsS PE3yABTATOB O/3axn
CTaTHCTHYECKOTO MOIEIHPOBAHUS
;Zﬁzmpi .BaH ISHI/ICTGMLI U SI3bIKM  MMHTaLMOHHOIO O/3an/T/KP
4.2. MartepuaJibl TeKylIero KOHTPOJIsA YCIIeBAeMOCTH 00y4ar0IIUXCH.
TunoBble OILICHOYHBIC MaTEepPHUAJbI 110 TEME 1
Tunosbie BONPOCHI 1JIsl YCTHOTO onpoca no teme 1
1. Hoquy HEC BCCT1a MOKHO BBIINNOJIHUTE 3a1a4y aHAJIUTUYCCKOI'O MOJIeHI/IpOBaHI/IH?
HazoBute obmactu MNPUMCHCHUA aHAJIUTUYICCKUX MO,Z[CJIeﬁ.
2. B guem oTinume aHAIMTHYECKOTO U HUMUTAITUOHHOTI'O MO)]eHI/IpOBaHI/IH?
3. Kor,ua ueﬂecoo6pa3Ho MNPUMCHATH UMHUTAIUOHHOC MOI[CJ'II/IpOBaHI/IC?
4. Mosxet 11 Mozienb ObITh aOCOTIOTHO afieKBaTHA opuruHainy? Kak nonuMarh
aICKBATHOCTH MOI[CJ'II/I?
S. Kak MO)XHO poBEpUTH a€KBaTHOCTH MOJENN?
6. CorocTaBbTe ITOHSATHSA «BaJIxaanusi», ((BepI/I(pI/IKaI_[I/ISI» N «aKKpeAUuTaluus».
Tecr
1. Kakoi BU MOAC/IMPOBAHUSA OTHOCUTCHA K MaTeMaTI/I‘IeCKOMy?
1. I'unioreTnueckoe
2. NmuranronHoe
3. S3pIKOBOE
4. AHasiorosoe

2. B kakoM MeToJe HCCJI€TOBAHUSI AHAJIUTHYECKON MOJE]H Pe3yJbTaThl MOJYYaioT
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NyTEéM MOACTAHOBKH KOHKPETHBIX 3HAYeHUI (PAKTOpPOB?

1. AHaINTHYECKOM
2. YucieHHoM

3. KauecTtBenHOM
4. YMo3pureabHOM

TunoBbie OLIEHOYHbIE MaTepuaJibl MO TEME 2

Tunosble 3a1aHus 1O TeMe 2
1. Kakum TpeOoBaHMIM JI0JKHA 001a/1aTh CTAaTUCTHKA, MIOIyYEHHAs B pe3y/ibTraTe UMHU-
TallMOHHOT'O MOZAEINPOBaHUsA?
2. Kak mpoBepsieTcsi KauecTBO 'eHepaToOpPOB MCEBIOCTyYallHbIX YHCEN?
3. Kak reHepupyrOTCs IUCKPETHBIE CIIy4aiiHbIE BETNYNHbI?
4. Ha3oBute MeTOABI TEHEPALIMH HETIPEPBIBHBIX CIIyYalHBIX BEJIUYHUH.
3aganue 1. I'enepaTopbl nceBaocIy4aifHbIX YK Cel.
3anaua 1. [loctpouTs renepartop ciaydaitHeix uncen Jlemepa. [IpoBeputs kauecTBO
reHeparopa.
3agaua 2. [TocTpouTh reHepaToOp CIOKHBIX COOBITUH.
P(A4) = P(4)P(B)P(C);

P(B)=P(4)P(B)P(C);
P(C) = P(4,)P(B))P(C));
P(D) = P(4,)P(B,)P(C));
P(E)=P(4)P(B)P(C);
P(F)=P(4,)P(B)P(C);
P(G) = P(4,)P(B,)P(C,);
P(H) = P(4))P(B,)P(C)).

Eciy n3BeCTHBI BEPOSITHOCTH IPOCTHIX COOBITHH.

P(Al)= 0,4
P(B1)= 0.8
P(Cl)= 04

Tect

1.Kakoii cmoco® MoaeupoBaHMST BpPeMEHH He MCIOJb3YeTC B HMMHUTALMOHHOM
MO/1eJIUPOBaHUN?

1. MeTtox 0cOOBIX COCTOSTHHHA.

2. Metoj 0cOOBIX CUTYAITH

3. Meron At

2.1IpuHUMI AZ NOCTPOEHHUSI MOIEJTUPYIOLIEro AJITOPUTMA MPeANoJiaraer:

1. N3meHenune TeKymero BpeMeHH MOENH C TOCTOSTHHBIM I1aroM

2. V3MeHeHune TeKyero BpeMeHu MOZENH ompenesseTcs OmpKalmM OyIyuM co-
OBLITHEM.

3. OTcyTCTBHE TEKYIIETO BPEMEHU MOJEIH.

4. N3meHenue TeKyIero BpeMeHH MOCIIM B MOMEHT MOCTYTUICHHUS 3a5BOK B CHCTEMY

JUTst 00pabOTKU.

3.lusi BBIYMCICHMA 3HAYCHHH CIy4YalHOH BEJMYHMHBI f, pAaCHpeAeJeHHOH II0
IKCHOHEHIIHATBHOMY 3aKOHY ¢ HHTEHCHBHOCTBIO A cjlelyeT BOCIOJIb30BaThcsd (OpPMYJIoii B



1. t,=random (1)

2. t;=—In (random)-

> | =

1
3. t.=random | =
! A

4. tl:;—\+random )\—}\—

—(x=p)

20°
f(x)=—=—€
4.11o ¢popmyae oV2n BblUHCJAseTCs QYHKIMS NJIOTHOCTH
pacnpeaejeHus C1y4aiHON BeJMYMHbI, paclpele/IeHHOM m0:
PaBHOMEpHOMY 3aKOHY
HopmanbsHOMy 3aK0HY
OKCIIOHEHIIMAJIBHOMY 3aKOHY
bunoMuansHOMY 3aKOHY

NMPOrpaMMHOM MOJEJIH:

PR

5. Kakum cBOCTBaM He /10JI7KEH YI0BJIETBOPATH I'eHepaTop NCeBAOCTyYaAHHbIX Ynces?
1. Ilomyuyaemble uuciia TOJDKHBI ObITH PABHOMEPHO PACHpEAEIeHbl B Juarna-

sone (21 11 ne JOJKHBI UMETh KOPPEIIALIMIO APYT € APYIOM.
2. IlomydaeMmble ymcia TOJKHBI OBITH PABHOMEPHO pacIpeiesieHbl B JMara-

sone [™11 i e nomxnsr nvets KOPPEJISIIUIO IPYT C IPYTOM.
3. Teneparop momkeH obecrneuuTbh BO3SMOKHOCTh BOCIIPOU3BOIUTH 3a/1aHHBIH
ITOTOK CITyYalHBIX YHCEIL.
4. TenepaTopbl JOIKHBI UMETH IPOCTON CIIOCOO MOTYYESHHSI OTIETBHBIX TOTO-
KOB CJIy4alHBIX YUCEIL.
5. I'eneparTopbl OJKHBI KKK pa3 FTEHEPUPOBATH HOBBIN MOTOK CIIyYaHHbBIX
quced.
6. UTo He npoBepsieTcsi NPH NMPOBEPKe KaueCTBA FeHePaTopa NCeBI0CTyYaiHBIX YHCeJI:
1. PaBHOMEpHOCTBH reHEpUPYEMOH MTOCIEN0BATENBHOCTH.
2. HezaBucHMOCTb MOCIIENOBATENbHOCTH CyYalHBIX BEJIMYMH HA OCHOBE KOPPEIISIIMOH-
HOTO aHAJIN3A.
3. Jnuna nepuona
4. HopmanbHOCTB paclpenesieHuss TeHEPUPYEMON CIIy4YaliHON BEJTUYHHBI.
5. Hanuuue aHOMaJbHBIX 3HAYEHUN.
7.Kaxkoii reHepaTop CydaillHbIX YHUCEIT UCTIONIb3YETCS B METO/IE OOPATHBIX (PYHKITHIA?
1. I'eneparop paBHOMEpHO pacnpeneneHHbIX yucen B Auana3one ot 0 1o 1.
I'eneparop paBHOMEPHO pacnpeneneHHbIX ynucen B Auanazone ot 0 1o 999.
I'eneparop crannapTU3UPOBAHHBIX HOPMAJIBHO PACTIPEAEICHHBIX YHCEL.
['enepatop OMHOMHUATBLHOTO pacnpeneIeHUs

PO

TumoBble OllEHOYHbIE MaTrepHuaJbl IO TEME 3
Tumnosbie BOIIPOCHI JISA YCTHOI'O OITPpOCa 1o T€eMeE

Vkaxxurte JOCTOUMHCTBA U HEAOCTATKHU IMMACCUBHOI'O U aKTUBHOT'O OKCIICPUMEHTA 3



TunoBble 3agaHus MO TeMe 3

3ananme 1.
3anaua 1. [TocTpouts miaH MoHOTO (PaKTOPHOTO IKCIIEPUMEHTA JUTSl N=3, €CIU KaXIbIi
(bakTop MEHSETCS Ha IBYX YPOBHSIX: HIDKHEM U BEPXHEM.

X € [5,10]; X, € [35,150];x3 € [50,110]

Beimonuuth uMuTanuonHoe moaenupoBanue B GPSS, ecnu npennonaraercs tpexdazHas
o0Opabotku. Pakropsl x1,X2,x3 mMaTemMaTuyeckoe OXKUAaHHE BpeMeHU 00paboTku. MHTEeHCHUB-
HOCTH BXOAHOro motoka paBHa 0.005 mMun". OTKIHKOM SIBJIAETCS MaTEMAaTUUECKOE OKHMIAHUE
BpeMeHH 00paboTKH 3asBKHU. [IocTpOUTh MHOKECTBEHHYIO JIMHEIHYIO PErPECCUOHHYIO MOJIEIIb 110
JAaHHBIM DKCIIEPUMEHTOB.

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

3amaua 2.

[TocTpouTh TUTaH YKCIIEPUMEHTA, €CJIM HE YYUTHIBAIOTCS B3aUMOJIEHCTBUS (DAKTOPOB H 11€-
JBI0 KCIEPUMEHTA SIBISETCS MOCTPOEHUE PErpecCHMOHHOM mojaenu. Mcnonp30BaTh JIMHEWHBIN
[UIaH dKCcnepuMeHTa. [locTponuTs TutaH HEMMHEHHOTO SKCIIEpUMEHTa IS TaHHOU 3afadun. Kak Oyner BbI-
TIACTh pETPECCUOHHAA MO,I[GJ'IL?

3agaua 3.

BreImomHUTE aHANM3 MOIIHOCTH B R, €Ciii M3BECTHO, 4TO KOI(PPUIIMEHT KOPPEIAIUHN paBEH
0,15

Haiiti Tpebyemoe uncio HaOIOAeHMIA, 9TOOBI MOIIHOCTH KpuTepus Obuta paHa 0,7; 0,8;
0,9 npu 3aganHoOM ypoBHE 3HauMMocCTH alpha=0,05

Tect
1.CKo0JIbKO IKCIIEPUMEHTOB COIEPKUT CHEKTP MJIAHA MOJHOT0 (PAKTOPHOI0 IKCIEPUMEHTAa
3
BUIA 2

1. Tpu
2. Hects
3. Bocewms

2.Yem omiuyaercss ApPOOHBbIH (AKTOPHBIA JKCHEPUMEHT OT TOJHOro (akTOpHOro
IKcnepuMenTa?
1. B mane a1poOHOTO0 SKCIEPUMEHTAa B OTIIMYKE OT MOJHOTO IKCIIEpUMEHTa He Bce (pak-
TOPBI HE3aBUCHMBI. 3HAYEHUS 3aBUCUMBIX (PaKTOPOB OMPEAEISIOTCS ¢ IOMOIIBIO Ie-
HEPUPYIOIINUX OTHOLICHHH.
2. JIpoOHBIii B OTJIMYKE OT MOJIHOTO KCIIEPUMEHTa T03BOJISIET MCIIOIB30BATh IPOOHbIE
3Ha4YeHUs (PaKTopoB
3. Ilnan npoGHOro 3KCIEPUMEHTA BKIIOUAET B ¢€0s TUIaH MOJHOTO (PaKTOPHOTO IKC-

MIEpUMEHTA
3. B kakoii cTpoke I1aHa ApooHOro GakTOPHOro IKCIEPUMEHTAa COAEP:KUTCH omuldKa?
No 1 dakTophI
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 nepsoii.
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2. Bo Bropoii.
3. B Tpertseil.

TunoBbie OleHOYHBIC MATEPHAJIBI 1O TeMe 4
Tumosbie BONPOCHI AJIsl YCTHOI'O ONIpoca mo reme 4
1. Kakwue 3agaum pemarorcs mpu CTaTUCTUYECKON 00paboTKe pe3yabTaToB MOAEIHPOBA

HUA?

2. CpaBHHUTE TOCTOMHCTBA U HEAOCTATKN TOUEYHON U MHTEPBAJIbHON OLIEHOK.

3. Kak cBs3anbl Mex/1y cOO0M TOYHOCTh U JIOCTOBEPHOCTh MOJECIUPOBAHUS C YUCIOM
AKCIIEPUMEHTOB?

4. C nomormplo Kakux KpUTEPHEB MPOBEPSAIOTCA CTATUCTUYECKUE THUIOTE3bl OTHOCH-
TEJIBHO JOJH NIPU3HAKA U OTHOCUTEIBbHO MAaTEMATUYECKOTO OKHMIAHUSA?

5. C momouIpi0 Kakux KpUTEPHUEB MPOBEPSIOTCS CTATUCTHUUECKHE T'MIIOTE3bl OTHOCHU-

TEJbHO 3aKOHA PaCTpPEACIICHUs] CIyYailHOW BETMYUHBI?
6. KakoBbI coziepxaHue U 1eJ1b KOPPEIAIHMOHHOTO aHaau3a?
KaxoBbl coniepkanue u 11efib JUCIEPCUOHHOTO aHaIu3a?
8. KaxoBrsl conepkaHue U 11eJib perpeCcCHOHHOrO aHaau3a?

~

Tunosblie 3aaanug no reme 4

3ananme 1. [To pe3ynpraraM IMHUTAIIMOHHOTO MOJICIIMPOBAHMSI TOCTPOCHA TAOIUIIA YACTOT.

Homep JleBasi rpaHnna IIpaBas rpanuna Yucio nonaganmii B
HHTepBaJa HHTepBaJa 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

[TocTpouTh THCTOrpaMMy M SMIOHpUYECKylo (yHKIMI0 pacnpeneneHus. OIEHUTh

MaTeMaTHYeCKOe OXKHJIAaHUE U JTUCTIEPCHIO (CKO) BpeMEeHH 00pabOTKH.

3aganme 2. B 3aBHCHUMOCTH OT BBIOpPAaHHON TEXHOJOIMH MMEIOTCS pa3iIMyHbIe JaHHbBIE O
BPEMEHU BBIIIOJIHEHUS ONIEPalliy, CBEICHHbIE B TAOJUILY.

Bpems

TexHoJsorus

7

12

10

9

N|H | W |-

13

—_— === | -
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6 8
7 13
8 14
9 11
10 9
11 6
12 8
13 8
14 5
15 8
16 6

ot
2
—_
—

-y
[~-]
O

21 12
22 14
23 12
24 10
25 15
26 14
27 11
28 16
29 18
30 10

Pemmth 3amady omHO(AKTOPHOTO TUCIIEPCHOHHOTO aHalu3a JUIsl OICHKH 3HAYUMOCTH

BJIMSTHUSI TEXHOJIOTHHM Ha BPEMS BBIMOJIHEHUsS OMEpaluu. 3a/Jaqy PelIuTh C MOMOIIbI0 TaKeTa

aHaJM3a JaHHBIX, C TOMOIIBIO R, C TOMOIIbIO MOMIAPHBIX OEpaIHid IPOBEPKH C IIOMOIIBIO t-TeCTa

3aganue 3.
[TpoBecTH cepuro FKCIEPUMEHTOB C IIEIIbI0 MOCTPOSHHSI PETPECCHOHHON MOJICTH 3aBUCHMO-

CTH MaTEMaTHUYECKOTO O’KHUIAHUS ¥ 3aBUCIMOCTH CKO OT BpeMEHHU 00pabOTKH Ha TIEPBOM dTare 1

BPEMEHU MEXJIy COCCITHUMH 3asiBKAMH.

OkcnepumenTs ipoBecTd B GPSS.

[Tporpamma asist MpOBEICHHSI SKCIIEPUMEHTOB HMEET BHT

*Otkuk Mozienu -MO BpemeHu 0opaboTku™

*axTopsl - cpenHee BpeMsi 00pabOTKH 3asiBKH B Kaxaou (aze™

;BpeMena 006paboTku 3asBKH B (hazax

;mepBast daza

timel equ 10

;BTOpas dasza

time2 equ 10

;TpeThs ¢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)) ; reHepaliist BXOJHOTO IMOTOKA

;MozienupoBaHue Gazpl 00padOTKHU 3asIBKU

SEIZE one_device

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

[
o
WIWIWIWIW[WIWIWIWIWIN|ININININDINDINDINDINDIN ===~ ]|=—
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RELEASE one_device

;Ta0yJISIIMs BpeMEeHU 00pabOTKH 3asiBKU TOCIIe IepBOit (hasbl
TABULATE time_afterl

TRANSFER .1,failure

;MonenupoBaHue Gazpl 00padOTKH 3asIBKU

SEIZE two_device

ADVANCE (exponential(907,0,time2))

RELEASE two_device

;Ta0yJISIIMA BpeMEeHU 00pabOTKH 3asiBKH 11OCIIEe BTOPOH (a3bl
TABULATE time_after2

;MozienpoBaHue ¢a3bl 00pabOTKU 3asBKH

SEIZE three device

ADVANCE (exponential(907,0,time3))

RELEASE three device

;Ta0yJsIMs 00IIero BpeMeHU 00paboTKH 3asiBKU B CUCTEMBbI
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 moctpouth B R. O1ileHUTH ee KauecTBO

TunoBbie OLIEHOYHbIE MATEPHUAJIBI IO TeMe S
Tect
1.Ck0/1bK0 (aKTOPOB U OTKJIMKOB B YPABHEHHH perpeccu BUIa

2
J(%,%),%;)=by +bx, +b,x, + byx; + by x,

1. Tpu oTkiIMKa 1 YeThIpe pakropa
2. OnuH OTKIIWK U TpHU (hakTopa
3. OnuH OTKJIMK U YeThIpe (hakropa

2.Kakoii MaTreMaTH4eCKHH MeTOl TMO3BOJsAET OLEHUTh KO3Q(uuueHTsl NpH
HCIO0JIb30BAHHH PErPecCHOHHOI0 aHau3a?

1. Merton mHoxuTenent Jlarpanxa
2. Merton rpynmnoBoro yuyera apryMeHTOB
3. MeTton HauMeHbIINX KBaJpaToB

3.Yto aBiasiercs 3PPeKTUBHOI O1LIEHKOI MATEMATHYECKOT0 OKUIAHUS CJAYyYAHHOMN
BeJIMYUHBI?

1. Menunana

2. Mona

3. Cpennee apudmernueckoe

4. CpenHee reoMeTpUIECKOE

4. TlonoBuHa NOBEPUTEIHHOIO WHTEPBaja, B KOTOPOM HAXOJIUTCS HMCTHUHHOE 3HAYCHUE
MaTeMaTH4ECKOrO OXKUAAHUS CITy4allHOW BEJIMYHUHBI, PACIIPEIEIECHHOMN 110 HOPMAJIBHOMY

13



34KOHY, C ,[[OBGpHTGJ'IBHOfI BCPOATHOCTBIO B OIPEACIIACTCS 110 Q)opMyne

el SZ/N;
2. 8:t52°‘/w;
N 8=S-%/N;
4. =ty STV -

4
CCJIn B KBAaHTUJIb paCIIpCACIICHUA

2
A UCTIpaBJICHHAs BEIOOPOYHAs TUCTIEPCHS,;
N _ gucno nabmonennii (KCTIEPUMEHTOB).

5. Kakoii ¢popmysioii y100HO M0JIb30BATHCH NMPHU BbBIYMCJIEHHH B NporpamMmme
OLICHKH JHCIEPCHH CIYy4YaiiHOH BeTHYUHbI OTKJINKA?
N
> 5B
i
1. §*==
N -1
N
2
in N
2 = 72
2 Se=|=___ x| —
N N -1

4. §*=-H
N
6. IIpu mnpoBepke TrHUNOTE3bl O HE3HAYMMOM OTJIMYMH TEOPETHYECKOI0 W
SMIIMPHYECKOr0 pacnpeleJeHusi CIy4ailHOi BeJMYHMHBI 10 KPHUTEPHIO coriacusi X’
KOJIMYeCTBO CTeneHeil cBo0oAbI onpenesiercs no popmyie (rae N — KOIU4eCTBO NPOrOHOB,
K — ko/1M4ecTBO HHTEPBAJI0B THCTOIPAMMBI — AMIIUPHUYECKOM IIJIOTHOCTH pacipeae/ieHus1, m
— KOJIMYeCTBO MapaMeTPOB 3aKOHA pacipe/e/ieHusl, BBIYUCJIEHHBIX B IPOrpamMme):

1. Y=N;

2. Y=N-—1.

3. y=K—-1-m,

4. y=K-1,

7.0Ipu mnocrpoeHum (PYHKIUHM PpaclpeleeHU] HOPMAJbHO pacrpeneieHHOol
CIy4aiiHOM BeJTMYMHBI 3HAYCHHUS (PYHKIIUH ONIPeNesISIIoTCS M0 Tadauie
1. ®ynkuuu [aycca.
2.  ®yuknuu Jlamnaca.
3. ®yuknun CThOfCHTA.
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4. Oyukuuu [upcona.
8. lnnst onpenesiennsi 3Ha4eHUd (PaKTOPOB, TAIOIMIUX ONTHMAJILHOE 3HAYEHUE OTKJIMKA
MEeTOI0M HAHCKOpeHIIero cycka
1. TlpoBoasT oAMH MOJHBIN (MK JPOOHBIN) (PAKTOPHBIN SKCTIEPUMEHT.
2. TIpoBomsT mMOCHENI0BATEIbHO HECKOJIBKO MONHBIX (MM JPOOHBIX) (DaKTOPHBIX IKC-
MEPUMEHTOB C U3MEHEHHEM HYJIEBBIX YPOBHEN (haKTOPOB.
3. TlocnenoBarenbHO PUKCHPYIOT 3HAYEHUS (PAKTOPOB HA TOM YPOBHE, HAa KOTOPOM 3Hauye
HUE OTKJIMKA JIy4Ile.
4. PemaroT ypaBHEHHME pErpeccUy IyTEM NPUPABHUBAHUSA K HYIIO YAaCTHBIX ITPOU3BOJA-
HBIX.
9. Ilpu nmpoBepke rumore3bl 0 He3HAYMMOM OTJIMYMH JABYX OLCHOK IMCIEPCHIl IO
KpuTepuIo coriacust @uinepa B YncjauTe e HAXOAUTCSH:

1. MeHb111as olieHKa IUCIIEPCUH

2. bonbas oneHka qucrepcuun

3. OneHka aucnepcuy, MOJTy4YEeHHAss B pe3ylbrare OOJbLIEr0 KOJIMYECTBA
IIPOTOHOB NPOTPAMMHOM MOJIETH

4. Onenka aucnepcuu, INMOJIyYEHHAs B pe3yiabTaTeé MEHBUIETO KOJIMYECTBA

IIPOTOHOB NMPOTPAMMHOM MOJIETH

10. /11 npoBepKH aIeKBATHOCTH YPABHEHHS perpeccMy NporpaMMoi HMUTAIMOHHOM

Mo e/H
1. CpaBHUBAIOT TOJBKO OLIEHKHM MaT€MaTHYECKOTO0 O)KMJAHUS OTKJIMKA, IO-
JIyYEHHBIC B [IPOrpaMMe U B YpaBHEHUU.
2. CpaBHUBAIOT IUCIIEPCHUIO OCTATKOB C PETPECCUOHHON JUCTIEPCUEN.
3. CpaBHUBAIOT JUCTIEPCHUIO OCTATKOB C HYJIEM.
4. CpaBHUBAIOT PErPECCUOHHYIO TUCIIEPCHIO C HYJIEM.

TunoBble BONpockl AJisl YCTHOTO ONPoca Mo Teme 5

1. Kakumu cBoiicTBamMu 001a/1a10T SI36IKH HIMUTAIIMOHHOTO MOAETHPOBAHUS?

2. 3a4yeM KMCIOJIb30BaTh CleUaIbHbIE CPEACTBA MMUTALIMOHHOTO MOJIEIUPOBAHUSA?

3. HazoBuTe OCHOBHBIE NapajurMbl UMUTALMOHHOTO MOJEIMPOBAHUS U JAUTE UM
KpaTKyI0 XapaKTePUCTHKY.

4. JlaliTe KpaTKylo XapakTepuCcTUKy cucteMbl AnyLogic, ee JOCTOMHCTB U HEJOCTaT-
KOB.

5. JlaiiTe KpaTKyto XapaKTEpUCTUKY CUCTEMBI Arena, €€ JOCTOMHCTB U HEJJOCTATKOB.

Haiite kpaTtkyto xapakrepuctuky cuctembl GPSSWorld, ee 1oCTOMHCTB 1 HEJOCTATKOB.
Tunosblie 3a1aHud 110 TEMe 5

3aganue 1. [locTpouTh UMUTALIMOHHYIO MOJEID «XUIIHUKHU-KEPTBBI.

Cucrema Bompereppa-JIoTka, KOTOPYHO YacTO Ha3bIBAIOT CHUCTEMON XWIIHUKHU-KEPTBBHI,
ONMCHIBAET B3aMMOJACHUCTBHE JBYX MONYJSIIMA - XWUIIHUKOB (HaIpUMep, JMCHI) U JKEPTB
(Harpumep, 3ai1IeB), KOTOPBIE KHUBYT 10 HECKOJIBKO pa3HbIM "3akoHam". XKepTBbl o iepKUBAIOT
CBOIO IIOMYJIALHUIO 33 CYET MOEJaHusl IPUPOJHOIO pecypca, HallpuMep, TPaBbl, YTO NPUBOAUT K
OKCIIOHEHIIMAJIBHOMY pOCTY YHCJICHHOCTH NOMYJSILUH, €CIM HET XHWIIHUKOB. XWIIHHUKH
MOJAECPKUBAIOT CBOIO MOIMYJISALIMIO 3a CUET TOJIBKO "moenanus” sxepts. [loaTomy, ecin nomynsanus
KEPTB UCUE3AET, TO BCJE] 32 ATUM MOMYJISIIIHS XUIIIHUKOB SKCIIOHEHIMAIbHO YObIBaeT. [loenanue
XHUITHUKAMU 5KEPTB HAHOCUT yIIEpO MOMYJISILUH KEPTB, HO B TO K€ BpeMsl JaeT JOMOTHUTEIbHBINA
pecypc K pa3sMHOKEHUIO XUITHUKOB.
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Mogens UMeeT BU/I:

3agaguM napaMmeTpbl MOJEIH.

dx/dt =ox—PBxy
dy/dt =—yy+0oxy

Kon-Bo KposHkoB (x)

Kon-Bo priceii (y)

ITapameTpsl cucTEMBL, ACHD

1

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 3aBUCHUMOCTH YHCJIa XUIITHUKOB 1 YHCJIAa )KEPTB OT BPEMCHH. BrImonauTh
MOACIHUPOBAHUC I PA3HBIX 3HAYEHWM HAYaJIbHBIX YCHOBHﬁ. Buentamit BUA MOICIIN ITPUBCIACH HA

PHUCYHKE.

]

800 4

500 17

400 +
300 +
200

100 4

1]

0

100 200 300 400 S00

— XHWHHEK — HEpTERI

M3Mmensis mapaMeTpsl MOJENH, IIPOAHATU3UPOBATh CUTYALMH, KOTJA YUCIIO XUITHUKOB U YUCIIO
KEpTB OyJIeT N3MEHATHCS HHAYE.
[Toctpouts  (azoByro
Koopaunaatamu (a30BOi TPAaeKTOPUU SIBIISFOTCS: YMCIIO XUIIHUKOB M 4ucio xkepTB. Habmronare

YCTOﬁqHBOCTL rnponecca.
a00

ao0
400
200

1]

TPAEeKTOPHIO,

HCIIOJIB3Yyd  HUHCTPYMCHT

1]

S0

100 150 200

s P330657 TRASKTOPKA

£50 300

nanutpsl  «Ipadux».

3ananme 2. Pa3zpaboraTh UMHTALMOHHYIO MOJENIb PA3BUTHUS SMUAEMHUH T'pUIIA B TOPOJE.
BeI1Opath 1mar MozenbHOTO BpeMEHH MECHIL.
I'padmueckas monens B makerax mogenupoBanus Stella, Powersim npuBeneHa Ha pucyHke.
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susceptible infected recovered

get well
/

O

recowvery rate

nfection rate

susceplible irfected

recovered

et sick
gt get_well

infection_rate recovery_rate

JIoTIONTHUTENBHO B MOJENSAX JIOJKEH OBITh OINpe/eseH KOHKPETHBIH BT (PyHKIIMOHAIBHBIX
3aBUCUMOCTEHl MHTEHCUBHOCTU 3a00JI€BaHUS W WHTEHCHBHOCTH BBI3JIOPOBJICHHUS, KOTOPBIA HE
MOXET OBITh BbIpaskeH rpaduuecku. Hampumep, ans mozpenu snujaeMud Ha OCHOBE MHEHMM
HKCIIEPTOB OBLIN OMpE/EIICHbI CIeIYIONNe 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

Pesynbratel MOJENMpPOBaHMs JOJDKHBI OBITh MPEACTaBIEHbl I'padUuecKH € HMOMOIIbIO
rpaguKoB.
3ananue 3. IloTroxoBoe nporpammupoBanne B AnyLogic
HOCTpOI/ITI) HMUTAIUOHHYIO MOACJIb Mara3snHa, €CJIn MaTEMaTU4ICCKasa CXEMa UMCCT BU:

N \

_/

N | \

)

on HaxoxeHue B MarazuHe — \
_J

S 1, N\

/)

Kaccot

VHTEHCUBHOCTD MOCTYIUIEHUs MoKynarenaeil B Marasun 0,1 mun™. Bpems HaxoxIeHus B
MarasuHe (Bpems 3aJep>KKH) paclpeeieHo MO TPEyroJlbHOMY 3aKOHY C HanOoJiee BEPOSTHBIM
BpeMeHEM 5 MuH. MuHuMManpHOe BpeMs — 3 MuMH. MakcumanbHoe Bpems 15 muH. Bpems
oO0cayXUBaHUs TIOKyHareiass Ha Kacce paclpeleleHO IO JKCIOHEHIMAIbHOMY 3aKOHY C
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napaMerpom 3akona 0,5 MuH"'

3ananme 4. Umuranmmonnoe moaenupoanue Ha GPSS
3agaya 1.  BeruucnutensHas ceTh 3aHsATa 00paOOTKOW JBYX THIIOB COOOIICHUH,
HOCTYNAIOIIMX B CETh ¢ MHTeHCHBHOCTHIO 0,1 Mc™' u 0,2mc™” coorBercTBenHO. [{s nmepemaun
COOOIIEHUs IO CeTH TpeOyeTcsl pa3HOe BPEeMs B CBSI3M C TEM, YTO COOOMICHUS TIEPBOTO THIIA B
CpeaHEM B JBa pa3a JJIMHHEE, YeM COOOIIeHHsS BTOPOTo THma. Bpems mepenadun cooOIIeHUS

412,2+1

pacnpenesieH0 PaBHOMEPHO COOTBETCTBEHHO Mc. Ecnu cerp 3aHsiTa, TOT 3asBKa
MOJTy4aeT OTKa3 B OOy KMBaHUH U OOJIbIIIE HE IPEeTEeHAYeT Ha 3aHsATUe ceTu. OnpeaenuTs YUCIIo
3asBOK, MOJTYYMBIIMX OTKa3 3a 1 yac paboThl cetu. HaliTu BEpOATHOCTH OTKa3a B mepenaye
co00LIeHuS.

PexoMeHnmanmu K pelieHuo 3a1a4uu.

1. Hcnonb30BaTh JIOTUYECKUNA KITIOY, KOTOPBIM YIpaBIsSeT Mepeaadeii COOOIIeH s B CETh.

2. Cerp MoOnenMpoBaTh OJHOKAaHAJIBHBIM yCTpoiicTBOM. Eciu ycTpoiicTBO 3aHATO, TO CO-

oOlIeHne JOHKHO MOIYYUTh 0TKa3. lHaue OHO MOMKHO 3aXBaTUTh YCTPOMCTRO.
3. Jlnsa ynpasieHus nepenadeit cooOieHus B ceTh UCToab30BaTh onepatop GATE.

3agaua 2. OducHoe mnonapasaeneHue OOCTY)KMBAaeT 3asBKU Tmojb3oBareineil. Cerb, ¢
MIOMOIIBIO KOTOPO# OMKCHIBaeTCs ero ()yHKIIMOHUPOBAHKE, IPUBEICHA HA PHC.

OueHuTh BpeMEHHBIE XapaKTEPUCTUKH 00CITy)KUBAaHUS KIUEHTA.

3ananue 4.
3anaya. Pemuth 3a1a4y B COOTBETCTBUHU C BADUAHTOM KOHTPOJIbHON PadoThI
Bapmuanr 1
1. Cucrema nuddepeHIMaNbHbIX yYpaBHEHUH, ONMMCHIBAIONIAS M3MEHEHHE COCTaBa
MPOJYKTOB UMEET BUJ:
dx/dt=—ax/y+b
dy/dt=—cy/x+d
e * - YHUCJIO TOBAPOB OT MEPBOM (GUPMBL;
V' - amcno TOBApOB OT BTOPOH (UPMBI;
a,c

b,d _ yurencusroctn nocrasku TOBapOB HA PHIHOK.
Pemmwmts 3amauy B AnyLogic,
a=02;b=0.1;c=0.25;d =0.2;
x, =300;x, =250
Mopzenb cucTeMHOM AMHAMUKH ITPEICTABUTD IByMs HAKOIIUTEJIAMU U IBYMsI IOTOKaMH. J{ist

3a/laHHsl MTapaMeTPOB IMOTOKOB MCIOJb30BATh JIBE JUHAMUYECKHE IepeMeHHble. [[ns 3amanus
napameTpoB U depeHINATLHBIX YpaBHEHUH HCIIONB30BaTh mapameTp Monenn. [llarom

- MHTEHCUBHOCTH TPOJaK TOBApOB 00enx hupm;
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MOZIeTUpOBaHus BbIOpaTh 1 1eHb Beimonuuts Moaenuposanue B Teuenue 1000 maros. B kauecTse
nrara BeIOpaTh OJUH JI€Hb.
2. ITocTpouTh MMUTALIMOHHYIO MOJIETb MAPKOBCKOH LIETIH B COOTBETCTBUU C 3a/laHUEM
Texauueckoe ycrporictBo (TY) nmonsepraercs npocreiiiemMy IOTOKY OTKa30B €
uHTEHCUBHOCTBIO A = 0,01 u”'. OTka3 oOHapyXUBaeTCs HE Cpasy, a 4epe3 caydaiiHoOe BpeMs,
pacrpeielIeHHOe TT0Ka3areabHo ¢ mapamMeTpoM v = 1 u™'. Kak TonbKo 0TKa3 0OHapyKeH,
npou3BoauTcst ocMoTp TV, B pe3ynbrare KOTOpOro OHO JTUOO HAIMPaBIISIETCS B PEMOHT
(BeposiTHOCTB 3TOTO p = (0,2), TMOO CTIMCHIBACTCS U 3aMeHsIeTcs HOBBIM. Bpemst ocmoTpa —
THoKasarespbHoe ¢ mapameTpoM Y= 0,5 4’'; BpeMst peMOHTa — IOKa3aTebHOE C APAMETPOM L
= 0,1 u'; Bpems 3amennl ciucanHoro TY HOBBIM — IOKa3aTeNbHOE ¢ mapameTpoMm y = 0,1 g’

Bapuanr 2
1. Cucrema nuddepeHIMaIbHbIX yYpaBHEHUH, OMUCHIBAIONIAsS M3MEHEHHE COCTaBa
MPOIyKTOB, IMEET BH/I:
dx/dt=—ax/y+b
dy/dt=—cy/x+d
I'ne x - yucio ToBapoB OT NEpBOM (HUPMBI,

Y - gmcio ToBapoB oT BTOpoii hHpMBI;
a,c

b,d _ yurencusnoctn nocrasku TOBapOB HA PHIHOK.

Pemmts 3amauy B AnyLogic,

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

Mogenb CHCTEMHON TUHAMUKHY IIPEICTaBUTh JBYMsI HAKOIUTEISIMU U ABYMs TOTOKaMH. J1Jis
3aJ]aHusl [1apaMeTpPOB ITOTOKOB HCIOJIb30BAaTh JIBE JMHAMUYECKUE INepeMeHHble. [l 3amaHus
napameTpoB JupdepeHIaNbHbIX YpaBHEHUH HCMONb30BaTh MmapameTp Monenu. [llarom
MoJIeUpoBaHus BbIOpath 1 neHp Brimonunte MonenupoBanue B redeHue 1000 maros. B kauectse
1rara BeIOpaTh OJUH JI€Hb.

2. TexHru4eckoe yCTpPONCTBO MOABEPIaeTCs MPOCTEUILIEMY ITIOTOKY OTKa30B C UHTEH-
cuBHOCTEIO A = 0,01 u'. OTKa3 0OHAPYKMBAETCS HE CPa3sy, a 4Y€PE3 CIIydaliHOE BPEMS, PaCIIPEIe-
JIEHHOE ITOKa3aTeJIbHO C IapaMeTPOM v =24, Kak TobKO 0TKa3 0OHApYKeH, POU3BOIUTCH
ocmotp TV, B pe3ynbTaTe KOTOPOTO OHO JHOO HAMPABIISCTCS B PEMOHT (BEPOSTHOCTH 3TOTO p =
0,4), muO0 criMchIBaeTCS M 3aMEHSETCSI HOBBIM. Bpemsi ocMoTpa — moka3aTeabHOe ¢ apaMeTpoM
y=14'; Bpems peMOHTa — MOKA3aTENBHOE C APAMETPOM w=0,2 u'; Bpems 3aMEeHBI CITUCAH-
Horo TV HOBBIM — IOKa3zarenabpHoe ¢ mapamerpom y = 0,05 u™'.

- UIHTEHCUBHOCTH IPOJaK TOBAPOB 00€UX PUpPM;

Bapuanr 3

1. Cucrema muddepeHIHaIbHBIX YPAaBHCHHU, OMUCHIBAIONIAS W3MEHEHHE COCTaBa
MPOAYKTOB UMEET BU:

dx/dt=—ax/y+b
dy/dt=—cy/x+d
I'ne x - ymciio TOBapoB OT MepBOM HUPMBI,
V' - amcno TOBApOB OT BTOPOH (UPMBI;
a,c

b,d _ yurencusnocTy mocraskn TOBApOB HA PBIHOK.
Pemmts 3amauy B AnyLogic,

a=02;b=0.1;c=0.25;d =0.25;
x, =300;x, =220

- MHTEHCUBHOCTH TPOJaK TOBApOB 00enx hupm;
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Mogens cuCTEMHOM AMHAMUKH ITPEICTABUTD IByMsI HAKOITUTENIAMU U JBYMS IOTOKaMH. J{ist
3aJjaHUsl MapaMeTpOB IMOTOKOB HCMOJIb30BaTh JIBE JAWHAMUYECKUE NepeMeHHble. [y 3amaHus
napamMeTpoB Ju(QepeHIHnaIbHbIX YpPaBHEHUH HCHOIb30BaTh mapamerp wmoxenu. lllarom
MoJienupoBaHus BeIOpath 1 neHb BrimonuuTte MonenupoBanue B tedeHue 1000 maros. B kauectse
11ara BbIOpaTh OMH JICHb.

2. TexHuyeckoe yCTpOMCTBO MOJBEPraeTcsi MPOCTEHIIEMY MOTOKY OTKAa30B C
uHTeHCUBHOCTEIO A = 0,02 u”'. OTka3 0GHApyKUBAETCS HE Cpasy, a Yepes CIydaiiHoOe BpeMsl, pac-
IIPEJIETICHHOE IT0KA3aTEIbHO C IapaMETPOM v =1 4", Kak TonbK0 0TKa3 0OHapyKeH, IPOH3-
Boautca ocMotp TV, B pe3ynbTaTe KOTOPOro OHO JIMOO HANpaBisieTCsl B PEMOHT (BEPOSTHOCTD
storo p = 0,6), 16O CIUCHIBAETCS U 3aMEHsAETCS HOBBIM. Bpems ocMoTpa — noka3aTenbHoe C na-
pamerpom vy = 0,5 9’'; BpeMst peMOHTa — I10KA3aTEIHLHOE C APAMETPOM w=0,1q9'; Bpems
3aMeHbI crucanHoro TY HOBBIM — MmokasarenbHoe ¢ napamerpom y = 0,1 a™',

Bapmuanr 4
1. Cucrema nud¢epeHIranbHbIX ypaBHEHHH, ONMUCHIBAIOIIAs M3MEHEHHE COCTaBa
MIPOAYKTOB UMEET BUJ:

dx/dt=—ax/y+b
dy/dt=—cy/x+d
['me x - yuciio TOBapoOB OT NEPBO (HPUPMBI,

Y - 4mcio ToBapoB oT BTOpOii hHpMBI;
a,c

b.d _ yurencusnocTn nocrasku TOBAPOB HA PBIHOK.

Pemmts 3amauy B AnyLogic,

a=02,6=0.15¢=0.25;d =0.2;
x, = 250;x, =200

Mogens CHCTEMHOM AMHAMUKH ITPEICTABUTD IByMsI HAKOITUTEIIAMH U JBYMS IIOTOKaMH. J[ist
3aJjaHusl [1apaMeTpOB IIOTOKOB HCIOJIb30BAaTh JIBE JWHAMUYECKUE INepeMeHHble. [l 3amaHus
napameTpoB JuQQepeHIHaIbHbIX YpPaBHEHUH HCHOIb30BaTh mapamerp wmoxenu. lllarom
MoJIeIMpOoBaHus BbIOpaTh 1 neHp Brimonunte MonenupoBanue B redueHue 1000 maros. B kauectse
11ara BbIOpaTh OIMH JIEHb.

2. TexHnueckoe yCTpONCTBO MOABEPraeTCs MPOCTENIIEMY ITOTOKY OTKA30B C MHTEHCUBHO-
cteio A = 0,02 u'. OTka3 0GHApYKUBAETCSA HE CPa3y, a YEPE3 CIIyIaliHOE BPEMS, PACIIPEAECICHHOE
IIOKa3aTeJIbHO C IapaMETPOM v =24, Kak TOJIbKO 0TKa3 00HAPYKEH, IPOM3BOAUTCS OCMOTP
TV, B pe3yabTaTe KOTOPOro OHO JTMOO HANPABJISIETCS B PEMOHT (BEpOATHOCTH 3TOr0 p = 0,4), 1100
CIIUCHIBAETCS M 3aMEHSETCS HOBBIM. BpeMst ocMOTpa — nmokasaTeNibHoe ¢ mapamMerpom vy =1 4’';
BpEMs PEMOHTa — IT0Ka3aTeabHoe ¢ mapameTpoM = 0,2 u'; Bpems 3amensl cimcannoro TY Ho-
BBIM — [IOKa3aTelbHoe ¢ mapamerpom 3 = 0,2 a™',

- UIHTEHCUBHOCTH IPOJaK TOBAPOB 00€UX PUpPM;

Bapunanr S

I. Cucrema nuddepeHIMaNbHbIX yYpaBHEHUH, ONMCHIBAIOLIAS M3MEHEHHE COCTaBa
IIPOAYKTOB, UMEET BUJ:

dx/dt=—ax/y+b
dy/dt=—cy/x+d
7€ * - YUCJI0 TOBAPOB OT MEPBOM (GUPMBI;
Y - 4mcio ToBapoB oT BTOpoil GEpMbI;
a,c

b,d _ yurencusnoctu mocraskn TOBapOB HA PHIHOK.
Pemuts 3amaay B AnyLogic,

- UIHTEHCUBHOCTH IMPOJaK TOBAPOB 00eUx pupM;
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a=02;b=0.1,c=0.3;d =0.2;
x, = 280;x, =220
Mogens cuCTEMHOM AMHAMUKH ITPEICTABUTD IByMsI HAKOITUTENIAMU U JBYMS IOTOKaMH. J{ist
3a/laHHsl MTapaMeTPOB IMOTOKOB MCIOJB30BaTh JIBE€ JUHAMHUYECKHE IepeMeHHble. [ 3amaHus
napamMeTpoB JIu(QepeHIHaIbHbIX YpPaBHEHUH HCHOIb30BaTh mapamerp wmoxenu. lllarom
MoJienupoBaHus BeIOpath 1 neHb BrimonuuTte MonenupoBanue B tedeHue 1000 maros. B kauectse
11ara BbIOpaTh OMH JICHb.
2.ITocTponTh NIMHATAIMOHHYIO MOJIENIb MAPKOBCKOW LIETTH B COOTBETCTBUH C 33/IaHUEM
Texauueckoe ycrporictso (TY) monsepraercs mpocTeiiemMy IOTOKY OTKa30B €
unTeHcuBHOCTHIO A = 0,01 u”'. OTKa3 0OHApYKMBAETCS HE Cpasy, a Yepe3 CilydaiiHoe Bpems,
pacrpeseNieHHOe MOKa3aTelbHO ¢ napameTpoM v = 1 4. Kak TobK0 0TKa3 0OHapykKeH,
npousBoauTcs ocMoTp TY, B pesysisrare KOTOPOro OHO JIMOO HANpaBisSeTCsl B PEMOHT
(BeposiTHOCTB 3TOTO p = (,2), 1100 CrIMChIBaeTCs U 3aMEHsIeTcs HOBBIM. Bpemst ocmoTpa —
noKasaresbHoOe ¢ mapametpoM vy = 0,5 4’'; BpeMsi peMOHTa — OKA3aTENbHOE C APAMETPOM LL
=0,1 u”'; Bpems 3amensl ciucantoro TY HOBBIM — MOKa3aTelbHOE ¢ mapamerpom y = 0,1 u”!
Bapuanr 6
1. Cuctema nud¢epeHIranbHbIX ypaBHEHHH, ONMUCHIBAIOIIAs HM3MEHEHHE COCTaBa
MIPOAYKTOB UMEET BUJ:
dx/dt=—ax/y+b

dy/dt=—cy/x+d
IJie * - YUCJIO TOBAPOB OT MEPBOM (PUPMBL;

Y - 4mcio ToBapoB oT BTOpOii hHpMBI;
a,c

b.d _ yurencusnocTn nocrasku TOBAPOB HA PBIHOK.
Pemmts 3amauy B AnyLogic,
a=02;b=0.1;c=0.25;d =0.2;
x, =250;x, =300
Mogens CHCTEMHOM AMHAMUKH ITPEICTABUTD IByMsI HAKOITUTEIIAMH U JBYMS IIOTOKaMH. J[ist
3aJjaHusl [1apaMeTpPOB ITOTOKOB HCIOJIb30BAaTh JIBE JMHAMUYECKUE INepeMeHHble. [l 3amaHus
napameTpoB JuQQepeHIHaIbHbIX YpPaBHEHUH HCHOIb30BaTh mapamerp wmoxenu. lllarom
MoJIeUpoBaHus BbIOpaTh 1 neHb BrimonunTte MonenupoBanue B redeHue 1000 maros. B kauectse
11ara BbIOpaTh OIMH JIEHb.
2.TexHnueckoe yCTpPONCTBO MOJABEpPraeTcs MpPOCTEHIIEMY IOTOKY OTKA30B C MHTEHCUBHO-
cteio A = 0,01 a'. OTkas oGHApYyKUBAETCS HE CPa3y, a YEPE3 CIIyIaliHOE BPEMS, PACIIPEAECICHHOE
IIOKa3aTeJIBbHO C TapaMETPOM v =24, Kak TOJIbKO 0TKa3 00HAPYKEH, IPOU3BOAUTCS OCMOTP
TV, B pe3yiabTaTe KOTOPOro OHO MO0 HANPABIISIETCS B PEMOHT (BepOATHOCTH 3TOr0 p = 0,4), 1100
CIIUCBIBAETCS M 3aMEHSETCS HOBBIM. BpeMst 0cMOTpa — nmokasaTeNibHoe ¢ mapamMetpom  y=14';
BpEMs PEMOHTa — IT0Ka3aTeabHoe ¢ mapameTpoM = 0,2 u'; Bpems 3amensl cimcannoro TY Ho-
BBIM — [IOKa3aTeNbHoe ¢ napamerpom y = 0,05 ™',

- UIHTEHCUBHOCTH IPOJaK TOBAPOB 00€UX PUPM;

Bapuanr 7
I. Cucrema nuddepeHIMaNbHbIX yYpaBHEHUH, ONMCHIBAIOLIAS M3MEHEHHE COCTaBa
IIPOAYKTOB UMEET BUJ:

dx/dt=—ax/y+b
dy/dt=—cy/x+d
7€ * - YUCJI0 TOBAPOB OT MEPBOM (GUPMBI;
Y - 4mciio ToBapoB oT BTOpoil GEpMbI;

a,c
> - UHTEHCUBHOCTHU MPOJIaXK TOBApOB 00eux pupm;
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b,d _ yurencusnoctu nocrasku TOBAapOB Ha PHIHOK.

Pemmts 3amauy B AnyLogic,

a=0.2;0=0.1,c=0.28;d =0.15;
x, =250;x, =250

Mogens cucTeMHOM AMHAMUKH MTPEICTABUTH IBYMS HAKOMTUTEISAMHU U IBYMS TOTOKaMHU. J{ist
3aJjaHusl MapaMeTpOB IOTOKOB HCIOJIb30BaTh JIBE JAMHAMUYECKUE NepeMeHHble. [l 3amaHus
napameTpoB JupdepeHIaNbHbIX YpaBHEHUH HCIONb30BaTh mapameTp Monenu. [llarom
MoJienupoBaHus BbIOpath 1 neHb BrimonunTte MonenupoBanue B redeHue 1000 maros. B kauectse
nara BeIOpaTh OJUH JICHb.

2. TexHu4yeckoe yCTpONCTBO MOABEPraeTcsl MPOCTEUIIEMY ITOTOKY OTKAa30B C
uHTEHCUBHOCTHIO A = 0,02 u”'. OTKa3 0GHApYKUBAETCS HE CPa3y, a Yepes3 CIydaiiHOe BpeMsl, pac-
MpeJieJIeHHOE MO0Ka3aTeIbHO C MapaMeTpoOM v =14, Kak TObKO 0TKa3 00HAPYKEH, IPOU3-
Boautcs ocMotp TV, B pe3ynbTaTe KOTOPOrO OHO JHOO HAMPABISAETCS B PEMOHT (BEPOSITHOCTH
storo p = 0,3, 1ubo cuChIBaeTCs U 3aMEHsIeTCs HOBBIM. Bpemsi ocMoTpa — moka3aTesbHOe C Ha-
pamerpom v = 0,5 9’'; BpeMs peMOHTa — IOKazaTeabHoe ¢ mapamerpom  p= 0,1 a'; Bpems
3aMeHbI ciicanHoro TY HOBBIM — MOKa3arelbHoe ¢ mapamerpom y = 0,1 u™'.

Bapuanr 8
1. Cucrtema nud¢epeHIranbHbIX ypaBHEHWH, ONMUCHIBAIOIIAs M3MEHEHHE COCTaBa
IIPOAYKTOB UMEET BUJ:
dx/dt=—ax/y+b

dy/dt=—cy/x+d
I7Ie * - YHCJIO TOBAPOB OT MEPBOH (PUPMBI;

V' - ancno ToBapoB ot BTopoii GUpMEL;
a,c

b,d _ yurencusrocTr nocrasku TOBApOB Ha PHIHOK.
Pemmts 3amauy B AnyLogic,
a=0.25b=0.1,c=0.20;d =0.2;
x, =300;x, =280
Mogenb cucTeMHOM AMHAMUKH MTPEICTABUTh IBYMs HAKOITUTENISAMU U IBYMsI IOTOKaMH. J{ist
3aJjaHusl [1apaMeTpOB ITOTOKOB HCIOJIb30BATh [IBE JWHAMUYECKUE INepeMeHHble. Ui 3amaHus
napameTrpoB Ju¢pdepeHINaNbHbIX YpaBHEHUN HCNONIb30BaTh mapameTp Monenu. Illarom
MOZIeTUpOBaHus BbIOpaTh 1 1eHb Beimonuuts Moaenuposanue B redenue 1000 maros. B kauecTse
niara BeIOpaTh OJUH JI€Hb.
2.TexHuueckoe yCTPOMCTBO MOABEPracTCs MPOCTEHIIEMY IIOTOKY OTKA30B C MHTEHCUBHO-
cteio A =0,02 u™'. OTka3 06GHApPYKUBAETCS HE CPasy, a yepe3 ClyuailHOe BpeMs, PaclpeielIeHHOE
MIO0KA3aTeNbHO C NapaMeTPOM v =214, Kak T0JIbKO 0TKa3 00Hapy>KEeH, TIPOU3BOIUTCS OCMOTP
TV, B pe3yiabTaTe KOTOPOro OHO JTMOO HANPABJISIETCS B PEMOHT (BepOoATHOCTH 3T0r0 p = 0,4), 1100
CITUCHIBAETCS M 3aMEHSETCsI HOBBIM. BpeMst ocMoTpa — mokasaTelibHoe ¢ mapamMetpom =1 4’';
BpEMsI pEMOHTa — IT0Ka3aTesbHoe ¢ mapameTpoM = 0,2 u'; Bpems 3aMenbl cricannoro TY Ho-
BBIM — ITOKa3aTeNbHOE ¢ mapaMeTpoM y = 0,2 u™'.

- MHTEHCUBHOCTH TPOJaK TOBApOB 00enx hupm;

KonTpoabHas padora. [IpuBesieH onuH BapuaHT 3aaHus

1. C noMoIbko reHepaTopa CilydaiHbIX YMCEN IOCTPOUTh MOCIEI0BATENILHOCTD, COCTOSAILYIO
n3 100 HOpManbHO pacrpeesIeHHbIX CIIyYalHbIX YUCE ¢ MaTeMaTHUECKUM OXKUIAaHUEM
paBHBIM 6, cko paBHBIM 1. [locTpouTs rucrorpammy pactpenenenus. OLeHUTh KaueCcTBO
reHepaluy CIIlydyaiHbIX YHCEeIl IyTeM POBEPKH 3aKOHA paclpelesIeHus o Kpurepuro X"2.

2. Tloctpouts minaH ApoOHOTO (PaKTOPHOTO SKCIEPUMEHTA, €CIH B IJIAHE UMEIOTCS YEThIPe
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daktopa. Kaxnaplii miuaH u3MeHseTcs Ha AByX YpoBHAX. Ilpu mocTpoeHun Mmojenu
B3anMozelicTBue (akTopoB He yuuThiBaeTcs. Kaxpiil akrop u3MeHseTcs B 1uana3zoHe
o1 0 1o 10. B nna"e yuuThIBaTh HOPMAJIM30BAHHBIE U HEHOPMAJIM30BAHHbIE 3HAYCHMSL.

3. PemmTh 33724y TMCIEPCUOHHOTO aHAJIN3A, €CJIM BHIOOPKA MMEET BUJT

Homep wucmeitanus | YpoBHHU (akTopa

i Fl 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 3HAYUMOCTH (pakTopa. 3amady pemmTh ¢ MOMOIIbI0 Kputepus dwuiiepa.
BriOpars ypoBens 3uaunmoctu 0,05.

4. PemuTh 3a7a4y AUCIIEPCUOHHOIO aHAIM3a C MOMOIIBIO HAJACTPONKN AHAN3 TaHHBIX, €CIIU
BBEIOOPKA MMEET BUJT

Yposens akropa
] 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. Paszpaborare umMuTanmonHyroo wmozaenb Ha GPSS, B koTopoll aHamusupyeTrcss Bpems
00paboTKHU B cCUCTEME, UMEIOIIEH CTPYKTYPY.

BXOI[HOI>'I INOTOK 3aJaH SKCIOHCHIHWAJIbHO C MAaTCMATHUYCCKHUM OXHIAAHHUCM 10 c. Bee
BPEMCHHBIC  XapaKTCPHUCTUKU O6pa6OTKI/I OIIMCBIBAKOTCA  J3KCIIOHCHIHAJIBHBIM  3aKOHOM

pacnpeneneHusl ¢ MaTeMaTHYEeCKUMH OXXHIaHUSAMU ( 2 ) Pazpabotarh MMHUTAIIMOHHYIO
monenb B AnyLogic. [Ipu mocTpoeHnn ructorpaMMbl UCIIONIB30BaTh PEKOMEHAANH y4eOHOTo
nocobust «Mozenb OaHka». B oTueT KOHTpONBbHOM paboThl MOMECTUTH THcTOrpamMmy. CpaBHUTH
pesynbrarsl Mogenupoanus B GPSS u AnyLogic.
6. Cucrema auddepeHIMaIbHBIX YpaBHEHWH, OINMUCHIBAIOUIAs W3MEHEHHE COCTaBa
MIPOAYKTOB UMEET BU:
{dx/dtz—ax/y+b

dyldt=—cy/x+d
[ne ¥ - gucmo TOBapOB OT MEPBOU (PUPMBI;

Y - 4mco ToBapoB oT BTOPOiT PHPMBI;
a,c

b,d _ yurencusrocTn nocrasku TOBapOB HA PHIHOK.
Pemuts 3anauy B AnyLogic,

- UHTEHCUBHOCTH TPOJIaK TOBApOB 00enx hupm;
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a=02;b=0.1;c=0.25;d =0.2;

x, =300;x, =250

Mogenb CUCTEMHONM IMHAMUKHU IIPEICTABUTH JABYMS HAKOIMUTEIIAMHU U JByMs IIOTOKAMHU.
s 3ananus mapaMeTpoB MOTOKOB HCIIOIb30BaTh JIBE TMHAMHYECKHE ITepeMeHHbIe. [[ns 3a1anns
napamMeTpoB JIu(QepeHIHaIbHbIX YpPaBHEHUH HCHOIb30BaTh mapamerp wmoxenu. lllarom
MoJienupoBaHus BeIOpath 1 neHb BrimonuuTte MonenupoBanue B tedeHue 1000 maros. B kauectse
11ara BbIOpaTh OMH JICHb.

Tecr

1.Kaxkoii oneparop si3bika GPSS ucnoJsib3yercs 1jisi reHepauiu TPaAH3aKTOB B MojieJin?
1. GENERATE

2. ASSEMBLE

3. SPLIT

2.Kakoii oneparop si3bika GPSS ncnosnb3yercs 11 MOAeTHPOBAHUS OJHOKAHAJIbHBIX
YCTPOMCTB?

1. LEAVE

2. SEIZE

3. QUEUE

3.YkaxuTe UM MHOTOKAHAJBLHOI'0 YCTPOICTBA, MOPOKAAEMOr0 CJIeyHIIHM
oneparopom LEAVE CHAN 1

1. CHAN
2. CHAN1
3. CHANSI
4.C noMo1IIbI0 KAKOT0 ONepaTopa NPOU3BOAUTCH MOCTPOEHUE TMCTOrPAMMBI
pacnpenesenusi?
1. DEPART
2. TERMINATE
3. TABLE
5. Kakoii u3 I3bIKOB NPOrpaMMHPOBAHMSI He SIBJSETCH SA3BIKOM MMHUTALMOHHOIO
MO/1eJIUpOBaHus?
1. DYNAMO
2. ASPOL
3. DELPHI
4 GPSS

6. Kakoii u3 13b1K0B IPOrPaAMMMPOBAHNS He SABJISAETCS SA3bIKOM 00111er0o HAa3HAYeHus ?

1. C++
2. VB;

3. GPSS;
4. Pascal,;

5. OuneHo4YHble MAaTEePHAJIbI IPOMEKYTOUHOM ATTECTANUM 110 TUCUMUIIJIMHE

5.1. Jx3aMeH NPOBOAMUTCH € MPUMEHEHUEM CJEAYIOIIMX MEeTOA0B (CPeACTB):

DK3aMeH NpPOBOAUTCS B KOMIIBIOTEPHOM Kilacce. Bo BpeMms 3adera mpoBepsieTcsl dTan
OCBOCHUA KOMHeTeHI_II/Iﬁ B COOTBCTCTBUH C TaCliopTaMu KOMHGTGHHHﬁ.

Bo Bpemst nmpoBepku chopMUpOBaHHOCTH 3Tara [1IKC-3.1 OICHHBAIOTCS:
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-IIpe3enranus Mojenu M TONYyYEHHBIX pE3yJbTaTOB B BHUJE OTYETa WM B O(UCHBIX
MPUIIOKCHUSIX.

[IpomexyTouHast arTecTalsi MOXET MPOBOAWTHCS ycTHO B JIOT/mucebMeHHO C
MIPOKTOPUHTOM/ TECTHPOBAHUE C MPOKTOPUHTOM. J[JIs yCIIeTHOTO OCBOEHHUS Kypca ydariemycs
PEKOMEH/IyeTCsl O3HAKOMHTBCSI C JIUTEPATypoM, pa3MelleHHOW B paszzaene 6, U MaTepuaiaMu,
BeUTOKeHHBIMHU B JIOT.

5.2. OneHo4YHbIe MATEPHAJIBI IPOMEKYTOYHOM aTTecTAlNHU
IToxa3aresin M KpUTEpPHH OLCHMBAHMA KOMIIETEHIIUI C y4eTOM 3Tana ux

(popmupoBanus
Tabnauna 4.2
Kon HaumenoBanue Kon HaumenoBanue  ostama  OCBOCHUS
KOMIIETEHUIUH | KOMIIETEHI[UH KomnonenTa KOMITETEHLIUU
KOMITETEHIIUU
[IKC-3 Criocoben obocHoBbIBaTh permenus | I[TIKC-3.1 CriocoOeH TPUMEHATh  CHCTEMHBIH
Ha OCHOBE OIICHKM U aHalu3a MOJXOA, METOIbl TEOPHUU MPUHATHS
IIEJIEBBIX ITOKAa3aTeJIeH, ITOCTPOCHNUS peIIeHH, METOABI ONTUMH3AINH TIPU
W TPUMCHEHUS alTOPUTMHUYECKUX 000CHOBaHHH PEIICHUS
Mozelei
Tabmuna 4.3
Kon IToka3areins Kpurepuii onieHnBaHUs
KOMIICTCHIINUN OLCHUBAHUA
IIKC-3.1 [IpumensieT cUCTEMHBIA MOAXOI, METOApI [IpencraBnena Moaenb  OMHCAHUS

TEOPUM IIPUHATHS pEIICHHH, METOIbI Ou3Hec-mporiecca B COOTBETCTBHH C
ONTUMH3AIMH IPY 060CHOBAHUH PEIICHUS

BBIGpaHHbIM HJIN YKa3aHHBIM MCTOI0M
OIIMCaHUuAa U MOI[eJII/IpOBaHI/ISI.

2. | BeimmosHeHo o00CHOBaHUE
CIENIAaHHOTO BBIBO/IA, OOOCHOBAH XOJ
MOJICTTUPOBAHMS, 00paboTKn u
HUHTEPIIPETAIIH MOJTyYEHHBIX
pE3yIbTaTOB.

3. |Cnenanbpl mpaBUIIbHBIE OTBETHI Ha
MOCTaBJICHHBIC BOTIPOCHI UJIH TECTHI.

Jnst oreHKH cPOPMUPOBAHHOCTH KOMIETEHIMM, 3HAHUW M YMEHUH, COOTBETCTBYIOIINX
JTaHHBIM KOMIIETEHIIUSAM, UCIIOJIb3YIOTCS KOHTPOJIBHBIE BONPOCHI, @ TAKKE 3aa4l, IPU PELICHUU
KOTOPBIX HEOOXOIMMO TIOCTPOUTHh WMHTAIIMOHHBIC MOJENH, CIUIAHUPOBAaTh W TIPOBECTH
JKCIEPUMEHTHI C HUMH.

TunoBbie BONPOCHI, BBIHOCUMbIE HA IK3aMEH:

1.  Jlate onmpeneneHue MMUTALMOHHOM Monenu. OxapaKkTepu3oBaTh METOA UMHUTAI[MOH-

HOTO MOJEIUPOBAHUS.
2. Jlatb ompeneneHue U 0XapakTepU30BaTh METOAbI CTATUCTUYECKOTO MOACIUPOBAHUS U
Metona Monte-Kapio, yka3aTs OTian4us.

3. Hasgarp nocTonHCTBA M HEAOCTATKU METOIa UMUTALIMOHHOTO MOJEIMPOBAHUS.
4. KinaccudumupoBars UMHUTAIIMIOHHBIE MOJIETTH.
5. Hate onpenenenue, chopMynupoBaTh 0COOEHHOCTH METOIa TUCKPETHO-COOBITHITHOTO

MOJIEJTUPOBAHHUS.
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10.

I1.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Jlatb ompenenenue, copMyapoBaTh 0COOEHHOCTH METO/Ia CUCTEMHOM JTWHAMMKH.

[IpuBecTn npuMepsl Mojiele CUCTEMHOM NWHAMUKH, OOBSICHUTH MpaBuia HX IO-

CTPOCHHUSL.

VYka3zare 0cOOeHHOCTH MeToja «JlMHaMH4YecKue CHUCTEMbD», YTOUYHUTh OTIMYHUS JH-

HAaMUYECKUX CUCTEM U CUCTEMHOW JUHAMMKHU.

Hate onpexnenenue, copMylInpoBaTh OCOOEHHOCTH MHOTOAareHTHOTO MOJIEIHpOBa-

Hus. OxapakTepu3oBaTh IMOHATHE «areHT». IIpuBecTn mpuMep areHTHOM MOJEIH B

Anylogic.

Jlath onpezeseHre MOHATHA «cucTeMHoe Bpems». CHopMyarupoBaTh MPUHLUIIBI TO-

CTpOEHUS UMHUTALIMOHHOW MoJienu: 1Mo MerojaM «Dt» U «11o 0coObIM COCTOSHUAMY.

BrInonHUT, UX CpaBHUTEIBHBIN aHAIN3.

Knaccudunuposars reHepaTopbl CIIy4aiiHbIX U IICEBAOCTYYaHbIX YuCel. BBIIOITHUTD
WX CPaBHUTEJIbHBIN aHAJIU3.

[IpuBecTr nprMepsl reHepaTopoOB MCEBAOCITYYaANHBIX YACEI U IPOLIEYphl X FeHepa-
MU. BBITOIHUTE UX CPABHUTENBHBIA aHAIIN3.

JlaTh XapakTepUCTUKY KOHIPY HTHBIX T€HEpaTOpOB, TeHepaTtopa Jlemepa.

YKa3arpe Kak BBIIOIHAETCS TECTUPOBAHNUE T€HEPATOPOB ClIydalHbIX ynces. Oxapakre-

pH30BaTh HUHCTPYMEHTHI OLICHKH UX KauyeCTBa.

XapakTepHu30BaTh OCHOBHbIE METO/Ibl MOJCIMPOBAHUS CIyyaiHbIX coObIThi. [IpuBe-

CTH MPUMEPBI F'€HEPALUU MPOCTHIX U CIOKHBIX COOBITUH.

XapakTepHu30BaTh OCHOBHBIE METO/IbI MOJIETTUPOBAHUS HENPEPBIBHBIX CIy4YailHBIX BE-

nuauH. Onucath conepkanue Merona ooparHoit ¢pynkiuu. [IpowmocTpupoBars ero

IIPUMEHEHNE.

[IponeMoHCTpUPOBAaTE MOAEIMPOBAHUE CIYYaWHBIX BEIMYHH, PACIpPEACIICHHBIX IO

HOpMaJIbHOMY 3aKOHy pacnpezaeneHusi. CpaBHUTb pe3ynbTaThl, IOJyYEHHBIE

Pa3IUYHBIMH CTIOCO0AMHU.

XapaKkTepHu30BaTh OCHOBHBIE METOIbI MOJEIIUPOBAHNS JUCKPETHBIX CIIy4YailHbIX BEJIU-
YHH.

[IpuBecT OCHOBHBIE MOHATHUS TEOPUU IIAHUPOBAHHS IKCIIEPUMEHTOB. OOBACHUTDH

COJIEP’)KAHME U PA3JINYMU AKTUBHOTO U MTACCHBHOTO SKCIIEPUMEHTOB.

Cnenatb 0030p copepkaHus U 00IIel OpraHu3aliy CTPATETHIeCKOro M TAKTHYECKOTO
IIJIJAHUPOBAHMS SKCIIEPUMEHTOB.

OOBSICHUTB COZlepKaHUE U PA3IHYUs CTPYKTYPHOTO U ()YHKIIMOHAJIBHOTO IIIAHOB KC-
nepuMeHTa. [IpuBecTr npuMeps! IJIaHOB.

Jlatb onpezaeneHne GakTOPHOTO MPOCTPAHCTBA, TOHATHH (pakTopoB M oTKiIMKA. [Ipon-
JUTFOCTPUPOBATh Ha MpuMepe (HaKTOPHBIH II1aH.

KnaccupunupoBars 1uiaHel SKCIEPUMEHTOB. YKa3aTh KaK CTPOUTH JIATUHCKUUA U

I'PEKO-JIATUHCKUI KBaJIpaThl.

Onwucarp cxeMy IJIAaHUPOBAHUS JINHENHBIX SKCIIEPUMEHTOB. J[aTh onpeneneHue u npu
BECTU MPUMEPHI MTOJIHOTO (PAKTOPHOTO IJIaHa SKCIIEPUMEHTA.

Xapakrepu3oBarbh JpOOHBINA (DaKTOPHBIN SKCIIEPUMEHT. YKa3aTh KakK OIpenelisieTcs

CTeNeHb IPOOHOCTH IJ1aHa. JlaTh onpeneneHre reHepupyomux cooTHomenui. [1pu-

BECTU IIPUMEPHI JUIsl Pa3IUUHBIX PEIUIUK.

Jlath ompeneneHue paspemraromieii CmocoOHOCTH TuTaHa JKcnepuMmeHTa. [IpuBectn

IIPUMEpHI IIJIAHOB.

OOBsCHUTH, KaK MIPOU3BOAUTCS TOUEUHAs U MHTEpBajbHAas OIL[EHKA IapaMeTpoB CIy-

YaiHbIX BEJIMYMH U OLIEHKA JOJIM NIPU3HAKA.

OOBACHUTD, KaK IPOU3BOJUTCS MMPOBEPKA CTATUCTUYECKUX TMIIOTE3 O 3HAUEHUU Ia-

pameTpa W J0JI€ IpU3HAKa. YKa3aThb CTATUCTUYECKUE KPUTEPUM [UIsl NPOBEPKU

TUIIOTE3.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

OOBACHUTD, KaK IPOU3BOIUTCS MTPOBEPKA CTATUCTUUECKUX TMIIOTE3 O 3aKOHE PacIpe
nenenus. [IpuBecty mpumMep NpoBEPKU TMIOTE3BI IS CIyYalHOM MOCIIEI0BATEIbHO-
CTH MOJIy4EHHOH C MOMOIIBIO HAACTPOUKHN « AHAIN3 TaHHBIX», ¢ TOMOIIbIO R.
OOBACHUTHL OCHOBHOE COJIEp’KaHHE KOPPENSLMOHHOro aHanu3a. Ha3BaTh HCHONb-
3yeMmble KpuTepuu. [IpuBecTy npumepsl peleHns 3a1a4 KOppesIMOHHOIO aHAIN3a B
R.

JlaTp onpeneneHre CTaTUCTUIECKOW MOJIENH, COACPKaHNUE TUCIIEPCUOHHOIO aHAJIN3A.
VYka3zate nonymeHus u orpaHnyeHusi. CpaBHUTH € POBEPKOM TMNOTE3bI 10 T-kpuTe-
pHuro.

[IpuBecTn npumMep oJHOPAKTOPHOTO AMCIIEPCUOHHOTO aHanu3a. [IpuBectu npumep

€r0 MCIOJIb30BaHM C IOMOIIBIO HAJACTPOUKHN « AHAIN3 TaHHBIX», ¢ TOMOIIbIO R.
[IpuBectn npumMep oJHOPAKTOPHOTO AMCIIEPCUOHHOTO aHanu3a. [IpuBectu npumep
€r0 MCIOJIb30BaHM C IOMOIIBIO HAJACTPOUKHN «AHAIN3 TaHHBIX», ¢ TOMOIIbIO R.
VYkazarb coctaB Tabaunsl ANOVA nans onHOGAKTOPHOTO M MHOTO(aKTOPHOIO
JTUCIIEPCUOHHOTO aHanu3a. [TpuBectu mpumepsl.

[IpuBecTn mpumep peuieHus 3ajauu AucrnepcuoHHoro ananuza B SPSS, R, Excel.

CpaBHUTH MOTy4YeHHBIE pe3ysbTaThl. Clienarh BBIBOBI O 3HAUUMOCTH (PAKTOPOB.
OOBACHUTH OPraHU3AIMIO TOCTPOEHUS PErPECCUOHHON MOJIENH 0 pe3yibTaTaM UMHU
TalMOHHOT 0 MoJienupoBanus. [IpuBecTu npumepsl nocTpoeHus mojene B R.
Cnenarp 0030p cHCTeMBl W sI3bIKa UMUTAMOHHOTO MozenupoBanus GPSS. Jlate
KpPaTKyl0 XapaKTEpUCTHKY omneparopoB Hu omnepaHnoB s3bika GPSS. Ilpusectu
MIPUMEPHI UX PUMEHEHHUS ISl MOACTUPOBAHUS CHCTEM.

Cnenarb 0030p cucteMbl UMUTaMOHHOTO MoaenupoBanus GPSS World, opranusa-
LAY [TOCTPOECHUS UMUTAMOHHON MOJIENIH U MTPOBEACHUS SKCIIEPUMEHTOB C HEH.

PaccMoTtpeTs oprannsanyio MjaaHUpOBaHUS U MIPOBEAEHUS SKCIIEPUMEHTOB C ITOMO-
uipto cucteMbl GPSS World. Yka3zath, kak IpOBOIUTCS OTCEUBAIOLINM U ONTUMU3UPY-
IOLAN DKCIIEpUMEHTHI. [IpuBecTH puMep OTCEUBAIOILETO DKCIIEPUMEHTA.

Cnenatb 0030p cuctembl AnyLogic, Hcronb3yeMbIX napagiurM CUCTEMbl MOAEINPOBa-
HUs. YKa3aTh OOLIYI0 OpraHu3alii0 UIMUTAIIMOHHOTO MOJICIIMPOBAHMUS.
CdopmynupoBaTh 00IIYI0 OpraHU3aIHIO TUCKPETHO-COOBITHIHOTO MO/IETUPOBAHUS B
AnyLogic. [IpuBectu npumMep UMUTAIIMOHHON MOJIEIH.

CdopmynupoBaTh OOIIyI0 OpraHM3alMI0 MHOTOAT€HTHOTO MOJEIMPOBAaHUA B Any-
Logic. [IpuBectu npuMep UMUTAIIMOHHON MOJIEIH.

ChopmynupoBaTh 00I1YyI0 OpraHU3aINI0 TOCTPOCHUS MOJIEeH CUCTEMHON JUHAMUKHI
B AnyLogic. [IpuBecTu npuMep UMUTALIMOHHON MOJIEIH.

TunoBbie KOHTPOJIbHbIE 32IAHUS HA IK3aAMEH:
3agaya 1. Cozpmaiite nociaeaoBarenbHOCTh, cocrosiyto u3 200 paBHOMEpPHO
pacrpeieNieHHbIX Cly4aiiHbIX yucen B auamnaszone ot 0 1o 1, ucnons3ys anroput™ Jlemepa, ecnu
HavyaJbHOE YUCJIO paBHO 129.
[IpoBepuTh Kau€CTBO reHEPATOPA, OMPEEIIUB OLICHKY MATEMaTHYECKOTO OXKUIAHUSI U CKO

M(X)_a+b 0+1 ~0.5:
2 1
o(X)=279 179 _ 189

NN

3agaua 2. VMcnonb3ys naker AHallu3 JaHHBIX, C IOMOLIbIO T€HEpaTopa CIy4YalHbIX YUCEI
MIOCTPOUTH MOCJIEI0BATENBHOCTD, COCTOSIY0 U3 500 HOpManIbHO PACIIPENEIEHHBIX CIy4YalHbIX
YyHCeJ C MaTeMaTH4YEeCKUM OXKHUJIaHHEeM paBHBIM 8, cko paBHbIM 2. [locTpouTs rucrorpamMmy
pacnpeneneHus. OLEHUTh KauecTBO TIE€HEpaluu CilydalHbIX uucen. Hailtu oueHky
MaTeMaTHYECKOTO OKUJIAaHUS U OLIEHKY CKO.
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3apaua 3. Pacripenenenue bepryinm.
1 CrenepupoBaTh NOTOK CIIy4aWHBIX COOBITHI A, cocrosmux u3 100 coOwbITHH, ecnu

P(4)=0,4

2 OneHuTh BEPOSATHOCTh COOBITHIM, NCTIONB3ys pyHkmo CP3HAY.
3 [IpoBepuTh KaueCcTBO reHepaTopa ¢ MOMOIIBIO OIIEHKH MaTEMaTUYE€CKOTO OXKUJIAHUS U CKO

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

3agaua 4. CnoxHble ciydaliHble COOBITHS
1 CchopmupoBars MOCIIEIOBATEIBHOCTD CIIOKHBIX CIYYallHBIX COOBITHH, BEPOSTHOCTH
KOTOPBIX BBIUUCIISIETCS C TOMOIIBIO COOTHOIICHHS:

P(A4)=P(4)P(B);
P(B)=P(4)P(B);
P(C)=P(4)P(B,);
P(D)=P(4)P(B,);
P(4)=0,2; P(B)=0,6.

Ecau u3BecTHO, 4TO

3agaua 5. Mcnonp3ys AHanus faHHBIX, creHepupoBaTh 10 mocienoBarenbHOCTEN, Kaxaast
13 KOTopbix coctouT u3 500 yucesn, paBHOMEPHO paclpeleleHHbIX B auanazone oT 0 mo 1
ciy4aiHbIX yncen. IlocTpouTs rucTorpaMMbl paclpeneneHusl CiaydyailHbIX 4HMCENl, a TaKKe MX
CyMM:

S, =X, +X,;
S, =X, +X,+X;;

S :26:)(1.;
i=1

Sq :ZSLXiQ
i=1

10
S =X,
i=1

Hcnonp3yss mpenesbHyl0 TepeMYy TEOPHUHM BEPOATHOCTEM, COIVIACHO KOTOPOH cymma 7
3HAYCHUI OIVHAKOBO pacClpCaACICHHBIX HE3aBHCHMBIX CJIy‘IB,ﬁHBIX BCJIMYHMH UMCCT B IPCACIIC
HOPMaJIbHOE PacIpe/ie/iCHNE, IPOBEPUTH PACIIPEICIICHAE CITyJailHON BETMUUHBL S .

3agaua 6. [loctpouTs MIaH ApoOGHOro (PaKTOPHOrO HKCHEPUMEHTA, NMPH YKcie (HaKTOpoB,
PaBHOM IITH ¥ BapbUPOBAHUU KAXKI0Tr0 (DaKTOpa Ha ABYX YPOBHSX, €CJIM B3aUMOCBS3b (DaKTOPOB
HE YYUTBIBAETCSI.

3anaya 7. [ToctpouTs miuaH ApoOHOTO (aKTOPHOTO HKCIEPUMEHTA, NMPH 4YHcie (akTopos,
PaBHOM IIIECTH ¥ BAPbUPOBAHUU KXKI0TO (paKTOpa Ha ABYX YPOBHSX, €CIIHA B3aHMOCBS3b (DaKTOpOB
He yuuTbiBaeTcs. Kaxnplii gaxtop nsmensercs B auanazoHe ot 0 no 10. B mnane yuuTeiBaTh
HOpPMAaJIM30BaHHbIE U HEHOPMAJIN30BaHHBIE 3HAYECHHUS.
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3agaua 8. B pe3ynbraTe MIMHUTAIIMOHHOTO MOJAEIUPOBAHUS IMOJy4YeHA BHIOOPKA 3HAYCHHIA
BpeMEHH O00pabOTKM JUIsi pa3sHOM HMHTCHCHMBHOCTH BXOJHOTO TOTOKa. IlocTpouTh
MaTEeMaTHYECKYI0 MOJIeh 3aBHUCHMOCTH BpPEMEHH OOpaOOTKHM OT HMHTEHCHUBHOCTH BXOJHOTO
noTtoka. OIeHUTh KaueCTBO MOJIEJIH.

Ne /m, j MHTEeHCHBHOCTH BXOIHOTO TIOTOKA, Aj c-1 Onenka MO sp emettH (.
MOJIENB),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 3a7ady AMCIEPCHOHHOIO aHAlW3a C MOMOIIbIO HAJACTPOUKH AHaiu3
JAHHBIX, €CIIM BHIOOPKA UMEET BH/T

YpoBeHb dakTopa
j 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 nomompro mnaketa AHanmu3 Jl[aHHBIX pEMUTH 3a4ady JBYX(PaKTOPHOTO
JTUCIIEPCUOHHOTO aHaju3a 0Oe3 IOBTOPEHUH, €eciu BHIOOpKa, MOJy4YeHHas IO pe3yibraTam
MMUTALMOHHOTO MOJICJIMPOBAHMUSI, UMEET BH/]I

[TpoOIKUTENBHOCTD JKU3HU

pEeruoH JKCHIIUHBI MY KUHHBI
Cenep-3anan 80 70
JlanpHeBOCTOUHBIN 75 63
Ypanbckuit 82 60
[lenTpanpHbII 76 69
Cenepo-KaBka3ckmii 83 72

3agaya 11. C nomompro makera AnHanu3 JlaHHBIX PpemuTh 3amady JIBYX(aKTOpHOTO
JMCTICPCHOHHOTO aHajM3a C MOBTOPEHHSMH, €ClIH BBIOOpKa, MONyYeHHas MO pe3yibTaram
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HUMHUTAIHUOHHOI'O MOACIIMPOBAHUSA, UMCCT BU]L

JKeH1umHb! MyxunHbI

JlambHEBOCTOYHBIN 75 63
JlambHEeBOCTOYHBII 75 63
JanpHeBOCTOUHBIH 75 63
JlanbHEeBOCTOYHBIH 91 63
JlambHEeBOCTOYHBIH 76 63
JlambHEeBOCTOYHBIH 72 63
JansHeBOCTOUHBIN 72 63
Cerep-3anan 80 70
Cesep-3anan 80 70
Cesep-3anan 80 70
Cesep-3anan 78 63
Cesep-3anan 82 70
Cesep-3anan 78 70
Cesep-3anan 79 71
Cenepo-KaBka3ckmii 83 76
Cesepo-Kaka3zckuit 89 78
CeBepo-Kapka3zckui 92 74
Cesepo-KaBkasckuii 91 72
Cesepo-KaBka3ckmii 85 72
CeBepo-Kapka3zckuit 85 72
Ceepo-KaBkasckuit 92 78
Ypanbckuit 82 60
Ypanbckuit 82 60
VYpansckuit 82 60
VYpanbckuit 83 60
Ypanbckuit 81 60
VYpansckuit 74 60
VYpanbckuit 75 63
LenTpanpHbIit 76 69
LenTpansHbIit 76 69
HenTpanbubiit 78 69
enTpanbHbIii 78 68
LenTpanpHbIit 78 69
LenTpansHblit 76 69
HenTpanbubiit 79 71

3agaua 12. Ilo pe3ynpraraMm HMUTAIMOHHOTO MOJAEIUPOBAHUS NOTyUYeHa BIOOpKA 3HAaUEHU I
BpeMeHH 00paloTKM (3HaueHUs pa3MELIeHbl B HECKOJBbKUX CTOJOLAX sl yMEHBIIEHUS
a3MEpPHOCTHU 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 THCTOTpaMMy pactpeneieHus ciydaiinoi Benuunasl B RStudio, SPSS. Onenunts
napamMeTpsbl ¢ IOMOILIBIO ONHUCATEeNbHOU CTaTUCTUKH.

3anaua 13. IToctpouts nporpammy Ha sizbike GPSS u AnyLogic mis ogaokanansHoi CMO,
€CJIN MOJIENTUPYETCsl CUCTeMa 00pabOTKU MMOCETUTEINEH, €CIIN BXOIHON MOTOK 3asBOK U MOTOK UX
00CITy)KNBaHUA MMEIOT MHTEHCHMBHOCTH A= 2 yac’ m p = 4 yac” coorBeTcTBEeHHO. IloCTpOUTH
THCTOTpaMMy BpeMEeHH HaxoxieHus 3asBku B CMO.

3anaya 14. [Toctpouts mporpammy Ha si3eike GPSS 1 AnyLogic st nyx¢aznoit CMO, ecin
MOJIEUPYETCsl cucTeMa 0OpabOTKU, €ClTi BXOAHOW MOTOK 3asBOK M MOTOKU UX OOCITY>KUBaHUS B
TIEPBOii ¥ BTOPO#t (hazax UMEIOT MHTEHCUMBHOCTH A= 2 yac™', W, =4 vac™, w, = 6 yac™. [TocTpouth
TUCTOTpaMMy BpEMEHH HaxoxkaeHus 3asiBku B CMO.

3anaua 15. Tloctpouts nporpammy Ha si3eike GPSS m AnylLogic mns cetn, ecnu oHa
HMEET CTPYKTYPY

BXOI[HOﬁ IMOTOK 3aJaH SKCIIOHCHHOUAJIIBHO C MAarCMAaTHUYCCKUM OXHUIAAHHUEM BpPCMCHU
Mexnay 3asBkamMu 30 MuH. Bce BpeMeHHbIE XapaKTepUCTHKH OOpabOTKH OMHMCHIBAFOTCS

(10 5 10)

9KCIIOHCHIHUAJIbHBIM 3aKOHOM pacCIpCACICHUA C MATCMATUYCCKUMU OXKXKUJAHUAMU
MHH.

3apaya 16. Iloctpouts umuramumonnyro moxenb GPSS u AnylLogic mans ompeneneHus
BpEMEHH 00pa0OTKH B CTOXaCTUYECKOU CETH, €Clii ceTh cocTouT U3 Tpex CMO u umeer BU
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cMO, ‘ﬂl\;oa\

v

a Marpuia BepOHTHOCTeI;'I nepcaady uMeCT BUJ

0 04 0,6
R={0,4 0 0,6
0 0 O
A=0,01

HpI/I 9TOM HMHTCHCHBHOCTH BXOAHOI'O ITOTOKA , A MTHTCHCUBHOCTH ITOTOKA 06pa60TKI/I

B apyrux CMO M1~ 0,21, =0,2;u; = 0,08

[Ipumeuanue.
ITpu pa3paboTke mporpammbl Hcnonb3oBath omnepatop TRANSFER B crarucruyeckom

peKuMeE.

3apauya 17. Iloctpouts umuranmonnyro moxaenb GPSS u AnylLogic s ompeneneHus
BpEMEHH 00pa0OTKH B CTOXaCTUYECKOU CETH, €Cliu ceTh cocTouT U3 Tpex CMO u umeer Bu

CMO, ‘Q

v

a MaTpulla BEpOSTHOCTEH nepeaad UMeeT BUT

0 0,2 0,8
R=[0,5 0 0,5
0 0 0
A=0,02 -1

HpI/I 3TOM HMHTCHCHBHOCTBH BXOJHOI'O ITOTOKa MHH , 4 HHTCHCHBHOCTH IIOTOKa

06pabotku B pyrux CMO M =0,5p,=0,2p,=0,08 MuH".

IIpumeuanue.

IIpu pazpaborke mporpammbl ucrnonb3oBath omneparop TRANSFER B craructudeckom
peXUME.

3agaua 17. Vcnons3ys RStudio, crenepupoBaTh 5 TOCIEIOBATENBHOCTEH, Kaxkaas W3
KOTOpBIX cocTouT u3 500 uncesl, paBHOMEPHO pacipeIeeHHbIX B Auana3one ot 0 1o 1 cirydaiiHbIX
gucen. [Toctpouts ructorpaMMsl pacrpeiefieHus CIy4daiHbIX YHUCceN, a TaKkKe KOPPEISIIHOHHYIO
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MaTpully, ¥ MPOBEPUTh 3HAUUMOCTb KOPPEISIUU MEXKIYy MEpPBOM W BTOPOMl ClydyallHBIMU
BenmuuuHamu. [y aToro ¢ momorneio GyHkiuu data.frame oObeTUHUTH OTAEIBHBIE MAaTPHIIH B
Ha0op AaHHBIX ((ppeiim)

3anaua 18. Mcnons3ys RStudio, creneprupoBaTh Mociae10BaTeIbHOCTh CIIyYalHBIX YHCE,
cocrosmryto u3 500 HaOI0AeHHM, pacipeieIeHHbIX T0 HOPMAJIbHOMY 3aKOHY paclpeesIeHus C
MO=5. Cko=1. IlocTpouTh rUCTOrpaMMBbl U ALIUYHBIE IUATPAMMBbl PACIPEAECIICHUS CIyYaiHbIX
yucen. OLeHUTh Ka4eCTBO TeHepaTopa 1o Kpurepuro Xu2, kpurepuro lanupo.

3agaua 19. Iloctpouts B AnylLogic MMHUTAIMOHHYIO MOJI€Tbh, C TOMOIIBIO KOTOPOH
MoJIeTTUpyeTcsl OMeHue cepila, 3aJaHHas cucteMoi nudQepeHMalbHbIX YpaBHEHUI MEepBOTO
opsiIKa

dx/dt=1/s(x—x3—b)
db/dt=x-x,

IJIe: X — Paguyc CEpALa, Xo— €ro Ha4YaJIbHOE 3HAYEHUE, b — IEPEMEHHAS, a € — MAPAMETP.
B 370l MOZEIM MBI HCCIIEyeM XapaKTep 3aBUCUMOCTEN IEPEMEHHBIX X U b OT BpeMEHU
IpU pPa3HBIX 3HAYCHUSX TapaMerpa €, a TakkKe MOCTpouM (Ha30ByIO UArpaMMy
3aBUCUMOCTH PAJINyCa x OT IEPEMEHHOM b.
YcTaHOBUM HavyadbHBIC 3HAYCHHS TIepeMeHHbIX: b=0; x=x.
VYcranoBuMm 3HaveHust mnapamerpoB  xo=0,5; €=0,01. 3amaaumM mnpu MOOCTPOCHUU
nuarpamma niepuon 0,1; xpauuts 70 500 mocnegHUX 3HAUEHUN.

3agaua 20. YnopoieHHas Mojiesib bacca npuBeieHa Ha PUCYHKE.

MoTeHUWanbHbIE 2z -
KNWeHTbI AR ,Temn nokynok E{) KnuenTb
L S~

| T [ons
Konuuyectso — 3aMHTepecoBaHHbIX

H neHu
KOHTaKTOB acenenne

ITocTpouth MOZIENH CUCTEMHOM TMHAMUKH, eciii HacesneHue pasHo 100000 yenoBexk.

HauanbHoe 3HaueHHe MEepEMEHHBIX: YUCIO KIMEHTOB paBHO 100. YUucio moTeHIuamIbHbIX
KJIMEHTOB PaBHO HACEJICHUIO- YUCIIO KIMEHTOB.

[TapameTpsl MOJIENT PABHBI:

- KOJIM4YeCTBO KOHTaKTOB= 10 4yeJIOBEK B HEACIIO;

-J10J151 3aMHTEPECOBAHHBIX PaBHO 3% OT YMCIIAa MOTEHUNAJIbHBIX KIIMEHTOB.

TeMIt MOKYyNOK ONpeesieTcsi ¢ TOMOIIBIO COOTHOIICHHUS:

[NorenmmanbabIe KITMEHTHI * KOJINYECTBO

koHTakToB*(Knuentsl/Hacenenue)* J[lons3anHTepecoBaHHBIX

HIkana oueHuBaHusl.

OrneHka pe3yabTaToB MPOU3BOJIUTCS Ha OCHOBE OayutbHO-peiTHHTOBOM cuctembl (BPC).
HcnonwszoBanue bPC ocymectsisiercss B coorBeTcTBUU ¢ Tiprka3zoM oT 06 cenTsiops 2019 r. Ne306
«O npuMeHeHnH 0aTbHO-PEUTUHTOBON CUCTEMBI OLIEHKH 3HAHUN 00YJarOIIIXCS».

Cxema pacuetoB c(opMuUpOBaHa B COOTBETCTBUM C Y4YeOHBIM IUIAHOM HAarpaBiICHUs,
COIIaCOBAaHA C PYKOBOJUTENIEM HAay4YHO-00pa30BaTENIbHOIO HAIpaBICHUs, YTBEPKIEHA JAEKAHOM
dbaxynbTera.

33



3ananue MakcuManbHasi cyMmma 0aiioBn
Tecr 1 4
Tect 2 4
[131 «I'eneparTopsl IceBROCITYYaHBIX YUCET U | 3
CIIy4alHbIX BEJTHUYHH»

Tect 3 4
1132 «I[1naHupoBaHue SKCIEPUMEHTOB) 3
Tect 4 4
1133 «ObpaboTtka pe3ynbTaTtoB | 3
SKCHEPUMEHTOBY

Tect 5 4
113 4 «CucteMHast ITMHAMUKA 3
1135 «/luckperHo-coObITHITHOE | 3
MOJICTTMPOBAHUE»

KontponpsHas pabora 15
Tlocemenue 3ausaTuil 20
OK3aMeH 30
Bcero 100

Cxema pacyeToB JOBOAMTCS JO CBEAEHUS CTYICHTOB HAa MEPBOM 3aHATHH MO JaHHOM
TVCIIATUIAHE, SIBIISIETCS COCTABHOW YacThio paboyeil mporpamMMbl JUCHUIUIMHBI U COJCPIKHT
MHGOPMAIUIO TI0 M3YYEHUIO TUCIHUILIMHBL, YKa3aHHYyl0 B [lonokeHnn o OamibHO-pEeUTHHTOBOM
CUCTeMe OLleHKHU 3HaHu# oOyvaromuxcst B PAHXul'C.

B ciydae ecnu cTyneHT B TeueHUE ceMecTpa He HaOupaeT MUHHUMAJIbHOE YUCIIO OalioB,
HEOOXOAMMOE JUIsl C/Ha4d  MPOMEKYTOUYHOW aTTeCTallid, TO OH MOXeT 3apadoTaTh
JOTIOJIHUTENbHBIE OallIbl, OTPaboTaB COOTBETCTBYIOUIME pa3JeNbl AUCHUIUIMHBI, MOTYYHB OT
MIPETIo1aBaTelisi KOMIICHCHUPYIOTUE 3a/IaHNS.

B ciyyae momydeHuss Ha MPOMEXKYTOYHOW arTecTallid HEYJOBIETBOPUTEIBHON OIEHKU
CTYIEHTY TPEAOCTABISACTCS TPABO IMOBTOPHOH aTTeCTallMd B CPOK, YCTAaHOBICHHBIA IS
JTUKBUJAIY aKaIeMUYeCKON 3aJ0OKEHHOCTH 110 UTOraM COOTBETCTBYIOIIEH CECCUH.

OO0yJaroruiicsi, HaOpaBIIHI B X0/ TEKYIIEro KOHTPOJIs B cemectpe oT 51 no 70 6amios,
IO €T0 JKEJAHUIO0 MOXKET ObITh OCBOOOXKICH OT MPOMEKYTOUYHOM aTTeCTaI|H.

KonuyecTBo 0anioB Ouenka
NMPONUCHI0 OyKBOM
96-100 OTIIUYHO A
86-95 OTJIUYHO B
71-85 XOpOIIO C
61-70 XOPOILIO D
51-60 YIOBJIETBOPUTEIHHO E

[TepeBog OaTBHBIX OIICHOK B aKaJEeMHYECKHE OTMETKH «OTIMYHO», «XOPOIIO),
«YIOBJICTBOPUTEIILHOY»

- «OtmmaaO» (A) - oT 96 0 100 6aMIOB — TEOPETUIECKOE COACPIKAHUE Kypca OCBOCHO
MOJTHOCTBIO, Oe3 MpoOeIoB HEOOXOAWMBIC MPAKTUYCCKHE HAaBBIKM pPa0OThl C OCBOCHHBIM
MaTrepuaioM cOpMHUPOBAHBI, BCE MPEIyCMOTPEHHBIE MPOTPAMMOI OOyUYCHHS yUeOHbBIC 33 aHUS
BBINOJTHEHBI, KAY€CTBO UX BBITIOJTHEHUS OIICHEHO MaKCUMAaJIbHBIM YHCIIOM 0aJlIOB.

- «Otmruno» (B) - oT 86 mo 95 GammoB — TeopeTHUECKOE COJEep)KaHUE Kypca OCBOCHO
MOJTHOCTBIO, Oe3 MpoOesIoB HEOOXOAWMBIC MPAKTUYCCKHE HAaBBIKM pPa0OThl C OCBOCHHBIM
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MaTrepuaioM cOpMHPOBAHBI, BCE MPEILyCMOTPEHHBIE MPOTPaMMOi 00y4YeHUs yueOHbIE 3adaHUS
BBITTIOJIHEHBI, KAYE€CTBO UX BBINMOJHCHUSA OIICHCHO YHCIIOM 6am1013, OJIN3KHUM K MaKCHUMAJIbHOMY.

- «Xopomo» (C) - or 71 mo 85 GannoB — TEOPETUUECKOE CONEpKaHUE Kypca OCBOEHO
MOJIHOCTHI0, 0€3 MPOOEIIOB, HEKOTOPHIC MTPAKTUYECKUE HABBIKH PAOOTHI C 0CBOCHHBIM MaTepHaIoM
c(hopMHPOBaHbI HEAOCTATOYHO, BCE MPEyCMOTPEHHBIE TPOrPaMMOii 00yUeHusl yueOHbIe 3a1aHus
BBITIOJIHEHBI, KA@YE€CTBO BBIINIOJHEHHUA HHW OAHOI'0 M3 HHUX HE OICHCHO MHWHUMAJIBHBIM 4YHCIIOM

GaJIJ'IOB, HCKOTOPBIC BUBL 3aJIaHUI BBIIIOJIHEHEI C OIIIMOKAMHM.

- «Xopomo» (D) - ot 61 mo 70 GamIoB — TEOPETUUECKOE COAEPKaHHE Kypca OCBOCHO
MOJTHOCTHIO, 6€3 MPOOENIOB, HEKOTOPHIC MPAKTUYECKUE HABBIKHA pa0OThI C OCBOCHHBIM MaTepUaIoM

chopMupoBaHbl HEIOCTATOYHO,

OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX MpPOrpaMMoil o0yuyeHUs

y4eOHbIX 3aJaHUN BBINOJIHEHBI, KayeCTBO BBINOJIHEHUS HHU OJHOTO U3 HHUX HE OLEHEHO
MUHUMAaJIbHBIM YHCJIOM 0aJlJIOB, HEKOTOPBIE BUIBI 3a/IaHUH BBIIOJIHEHBI C OIIMOKaMHU.

- «YnosnerBopurenabHo» (E) - or 51 mo 60 6amioB — TeopeTudeckoe coaepkKaHue Kypcea
HO TpoOenbl HE HOCAT CYIIECTBEHHOIO XapakTepa, HeoOXOAMMBbIe
NPaKTUYEeCKHE HaBBIKK PabOTHl ¢ OCBOCHHBIM MAaTe€pHajJioM B OCHOBHOM C(OPMUPOBAHHI,
OOJIBIIMHCTBO TPEIYCMOTPEHHBIX MpOrpaMMoN OOydeHHs Y4YeOHBIX 3aJaHUil BBIMOIHEHO,
HEKOTOPbIE U3 BHINOJHEHHBIX 33JaHUI BBITIOJIHEHBI C OITHOKAMHU.

OCBOGHO YaCTHUYHO,

OueHo4vHbIe
cpeacTsa
(¢popmbI
TeKYIIero u
NPOMEKYTOYHOI'0
KOHTPOJIsI)

Iloxa3zarem
OLIEHKH

Kpurtepuu oueHkn

Ompoc (Tect mo
TeMe)

KoppekTHOCTb U MOTHOTAa OTBETOB

Ormpoc MPOBOAUTCS B XOJIE 3aHATHS U
cro pe3y.]H)TaTI)I MOI‘YT 6I)ITI) y‘-ITeHI)I
IIPH OIICHKE MOCEIAeMOCTH 3aHATHI.
MaxkcumaibHO€e Y1Ca0 0auioB -4

Htorosrlii TECT

1) [IpaBUABHOCTH PELICHHUIA;
2) KoppekTHOCTb OTBETOB

MaxkcuMajbHO€E KOJIMYECTBO 0aJlJIOB
3a UTOTOBBIM TECT COCTaBIACT 15
6ain0B. TecTrl IO OTAEIBHBIM TEMaM
BXOJIAT B UTOTOBBIM TECT, KOTOPHIN
MIPOBOAUTCS TEPE]] UIIK BO BPeMsI
9K3aMEHa B 3aBUCHMOCTH OT ()OPMBI
€ro MPOBEACHUS: OUYHOM WITH
JIMCTAHIIMOHHON

MPAaBUJILHOCTh OTBETOB HA
NPEATIOKEHHBIC TECTHI,

2)IIpaBuibHOE penIeHUE 3a0a49H, a TAKKe
IMOJIHBIC U MTPABUJIBHBIC OTBETHI HA
BONPOCHI IO 33]1a4e

3ananue 1)IIpaBUIBEHOCTE PEIICHUH; MaxkcumanbHo 3 OaioB 3a OJHO
2)[IpaBunbHBIE OTBETHI HA BONPOCHI IPH | 3a/laHUE

YCTHOM 3allMTe 3aJaHui

Kontponsnas 1) IpaBUIBHOCTH PEIICHNUS; MakcumalbHOe KOJIHYEeCTBO OaiiioB
pabora 2) KOPPEKTHOCTH BBIBOJIOB 3a KOHTPOJIbHYIO pabdoty — 15.

3) 000CHOBaHHOCTH peIICHUN MaxkcuMansHBIA 0AJUT BEICTABIISAETCS
€CJI TIPaBHIILHO PEIIEHBI BCE MECTh
3a71a4, 0()OPMIICH OTYET 10 UTOTaM
UX PELICHUSs], B OTYET BCTABJICHBI
CKPUITHI

DK3aMeH 1)ITomHOTa OTBETOB HA BOMIPOCHI UIIH MaxkcumanbHO€ KOJTMYECTBO 0alIoB

-30. B ciyyae nucTaHIIMOHHON
(hopMBI TPOBEICHHS YK3aMEHA B
CyMMY OaJIJIOB BXOJAT OAJIIBI,
MOJTyYEHHBIE B PE3YJIbTaTe UTOTOBOTO
TECTUPOBAHUSI
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6. MeTtoanuyeckne yKka3aHus 1JIs1 00y4ar0IMXCs M0 OCBOCHUIO TUCHHUIINHBI

Paboueit mporpamMmol TUCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIOUINEe BUIbI ayIUTOPHBIX
3aHATHH: JEKIMH, TPAKTHUECKUE 3aHATHS, KOHTPOJIbHBIE paOboThl. Ha ekuusx paccMaTpuBaroTCs
HauOosee CIOXKHBIM Marepuan JIUCUUIUIMHBL. JleKuus CoNnpoBOXKIAeTCs MPEe3eHTAlUsIMU,
KOMIBIOTEPHBIMH TEKCTaMM JIEKIIMH, YTO MO3BOJISIET CTYJACHTY CaMOCTOATENBbHO paboTaTh Haj
MOBTOPEHHEM W 3aKpeIIeHHEeM JIEKIIMOHHOro MaTtepuania. [[ist 3Toro cTyaeHTy AOIKHO OBITh
IPEAOCTABICHO MIPABO CAMOCTOSTEIBHO pabOTaTh B KOMIIBIOTEPHBIX Ki1accax B ceTH VIHTepHeT.

[TpakTHueckue 3aHATUS MpeIHA3HAUYEHbI JJII CAMOCTOATEIbHON pabOThl CTYAECHTOB IO
pPEIIEHNN KOHKPETHBIX 3a7ad 3KOHOMETPHMKHU. PA NpakTHYEeCKUX 3aHATUH NPOBOJUTCS B
KOMITBIOTEPHBIX ~ KJlaccax ¢ ucnonb3oBaHueM Excel. Kaxknoe mnpakrtuyeckoe 3aHsATHE
COMPOBOXAAETCS JOMAIIHMMH  33JaHUSAMH, BBIJABA€MBIMU  CTYJEHTaM I  pPELIEHUS
BHeayiuTopHOE BpeMmsl. i Oka3aHMsI TOMOIIIM B PEIICHUH 3a7a4 UMEIOTCS TEKCThI TPAKTHUECKUX
3aJJaHui C yCIIOBUSAMU 3a7jad U BapUaHTaMH UX PELICHMUS.

C uenpio KOHTPOJIA CPOPMHUPOBAHHOCTH KOMIIETEHIUH pa3paboTaH (OHJ KOHTPOJIbHBIX
3ajanuid. Ero wucrnonb3oBaHHE TO3BOJIAET pealn3oBaTh OaIbHO-PEHTHHIOBYIO —OLICHKY,
omnpeneaeHHy0 nmpuka3zoMm oT 28 aBrycta 2014 r. Nel168 «O npumeHeHun 0amibHO-PEHTHHTOBOM
CUCTEMBI OLIEHKH 3HAHUH CTYIEHTOBY.

Jlis TOATOTOBKM K €KEroJHOMY HWHTEpHET-TeCcTHpoBaHUIO e-Exam ocymecTBisiercs
npeaBapUTENIbHAas TMPOBEpKa 3HAHUHM CTYICHTOB, a TaKXKE HX CaMOOOydYeHHE C MOMOIIbIO
CIEIHaJIbHBIX TPEHAXKEpOB nopTana HTepHeT-TeCTUPOBaHMSL.

s akTUBH3alMK PabOThl CTYJICHTOB BO BpeMsi KOHTAKTHOW paloThl ¢ IpernojaBaTesieM
OTJIeJIbHBIEC 3aHATHUS MPOBOASTCS B UHTEPAKTUBHON popme. B ocHOBHOM, HHTepakTUBHas Gopma
3aHATHI oOecrieunBaeTcs MpH MPOBEACHUH 3aHATUH B KOMIBIOTEPHOM Kiacce. MIHTepakTuBHAas
dbopma obecrmieunBaeTcsl HalWdueM pa3paboTaHHBIX (GaljaoM C 3aJaHUAMH, HAJTUIHEM
KOHTPOJIBHBIX BOIIPOCOB, BO3MOXKHOCTBIO JIOCTyNa K CHCTEME JIUCTAHLMOHHOTO OOy4YeHHS,
UCIOJIb30BaHUEM KaHalla teams, a Tak’Ke MECCEHIKEPOB.

Ilooecomoska K 1ekyuy 3aKITH0YACTCS B CIEAYIOLIEM:

—  BHUMATEJBHO [IPOYMUTANTE MaTeprall IpeablIyILel JIEKINH;

— y3HaliTe TeMy NpeACTOsAUIeH JeKIHU (M0 TEeMaTHYECKOMY IUIaHy, 0 MH(OpMaIUH
JIEKTOpA);

—  O3HAKOMbBTECh C YUEOHBIM MaTepHaIOM O YUYeOHUKY U y4eOHBIM TOCOOUSIM;

— ToCTapaiiTech YSICHUTh MECTO H3y4aeMOW TeMbl B CBOEH Mpo(dhecCHOHATBHOM
MIOJTOTOBKE;

—  3alUIINTE BO3MOXKHBIE BOIIPOCHL, KOTOPBIE BbI 33JaIUTE JIEKTOPY HA JIEKLUH.

Ilooecomoska K ceMuHapcKum 3aHAmMusAM.

— BHMMATEJIbHO TNPOYMTANWTE MaTepuasl JIEKUMH, OTHOCALIMXCA K JaHHOMY
CEMUHApCKOMY 3aHATHIO, O3HAKOMBTECh C YYEOHBIM MarepHalioM MO YYeOHHKY U y4eOHBIM
MIOCOOUSIM;

—  BBIIMILIUTE OCHOBHBIE TEPMUHBI;

—  OTBEThTE€ Ha KOHTPOJbHBIE BOMPOCHI IO CEMUHAPCKUM 3aHSITHUSIM, TOTOBBTECH /1aTh
pa3BEPHYTHIN OTBET Ha KaXAbIi U3 BOIIPOCOB;

—  YSCHHUTE, KaKue y4yeOHBbIE 3JIEMEHTBl OCTAJIUCh JJIS BaC HESICHBIMHM M MOCTapaiTech
MOJIYYUTh HAa HUX OTBET 3apaHee (10 CEMHUHAPCKOTO 3aHATHSA) BO BpeMsl TEKYIIUX KOHCYJIbTallui
IIPETIo/1aBaTes;

— TOTOBUTBHCS MOXHO HWHAMBHUAYaJIbHO, MapaMd WJIM B COCTaBE MaJIOM TpyIIbL,
nocieHue ABIA0TCs 3 GEeKTUBHBIMU (popMamu paboThI;

— pabouas mporpaMma AWUCHMUIUIMHBI B YacTH IleJiei, MEpevyHI0 3HAHUH, YMEHHH,
TEPMUHOB U Y4€OHBIX BOIIPOCOB MOXKET OBITh MCIIOJIB30BaHAa BaMU B KaueCTBE OpUEHTHpa B
OpraHu3aly 00y4eHusl.

Iloo2omoska Kk KoHmponbHOU pabome:

— BHHMMATEJbHO IpPOYUTAiTe MaTepuas JEKUHUH, U NMPaKTUUECKUX 3aHATUH, H3yduTe
CKpHUNTHI, IpuBeZeHHbIE B Moodle, a Taxke B 3aJaHUSX HAa MPAKTUYECKHUE 3aHSTHS;
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— nonpoOyiTe pemuTh 3aJa4u, IOXOKUE Ha 3a/1a4d, KOTOpble OyayT NMpeiaokeHbl Ha
KOHTPOJIbHYIO paloTy;

— pabouas mporpamMMa IHCHUIUIMHBI MOXKET OBITh KMCHOJB30BaHA NPU MOATOTOBKE K
KOHTPOJILHOW paboTe.

Ilooeomoska k sK3ameny.

K sx3ameHy HEOOXOIMMO rOTOBUTCS 1ieJICHANPABICHHO, PErYJIPHO, CHCTEMATHUYECKU U C
NepBBIX AHEH OOy4YeHHWs MO JaHHOHN IuCHHIUINHE. [IOMBITKM OCBOWTH JAWMCIUILIUHY B TIEPUOL
HK3aMEHALIMOHHOM CeCCHU, KakK IpaBHJIO, IMOKAa3bIBAIOT HE CIUIIKOM YIOBJIETBOPUTEIbHBIC
pe3ynbratel. B camMoMm Hadanme y4eOHOro Kypca TO3HAaKOMBTECh CO CIIeAyIomed y4eOHO-
METOINYECKON JOKYMEHTALMEH:

—  NpOrpaMMOM JAUCHUILIUHEI;

—  TepeYHeM 3HAHWHA U YMEHHA, KOTOPBIMH CTYJCHT JOJDKCH BIIaJICTh;

—  TEeMaTW4eCKUMM IUTaHAMH JICKIUH, CEMUHAPCKUX 3aHATHH;

—  KOHTPOJBbHBIMHU MEPONPUATHIMU;

—  y4eOHHMKOM, Y4YeOHBIMH IOCOOMSMHM MO AMCUUIUIMHE, a TaKXKe 3JIEKTPOHHBIMHU
pecypcamy;

— IIepeYHEM BOIIPOCOB K 3K3aMEHY.

Ilocne storo y Bac MOMKHO CHOPMHUPOBATHCS YETKOE IMpEACTaBIeHHE 00 o0beme U
XapakTepe 3HaHUH U YMEHM, KOTOPBIMU HaJ10 OyJIeT OBNaJeTh Mo quciuIuinie. CucreMaTiyeckoe
BBINOJIHEHHE Y4eOHOH paOoThl Ha JIGKLIUAX M CEMMHAPCKHUX 3aHATHUSIX MIO3BOJUT YCIIEIIIHO OCBOUTD
JUCLUIUIMHY U CO3JaTh XOPOLIYI0 0a3y JUIsl cjauy SK3aMeHa.

7. YueOHas quTeparypa M pecypcbl HHPOPMALHOHHO-TEJeKOMMYHHKAIIMOHHOH CeTH
"HHTepHeT", BKIIOYAsI IepeYeHb Y4eOHO-MeTOAMYECKOro odecrneyeHus 1JIs
CaMOCTOSATEJIbHOI PadoThl 00y4aIOIIUXCS 110 AUCHHUIIIMHE

7.1. OcHoBHAas JMTEpaTypa.

1. Axomnos, AHJIpaHuK CymbatoBuy. NmuranronHoe MOZEJIIUPOBAHUE. -
Mocksa:FOpaii120202. — 389 c. Tekct : anexkrponnsit // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/450555 (mara obpamienus: 01.10.2020).

2. byneiruna, Onsra BanentuHoBHa, EmenbsHoB, Anekcanap AHatonbeBU4, EMenbsHOBa,
Haranusa 3axapoBHa. MIMuTanmoHHOE MOJEIMPOBAaHHE B DKOHOMHUKE M YNPABICHHH. -
MockBa:UHOPA-M, 2021. - 592 «c¢. Tekcr : onekrponHsif. - URL:
https://znanium.com/catalog/product/1192240 (mara obpamenus: 19.02.2021). — Pexum
JIOCTyIa: 1O HNOAMMCKE.

3. [HessatkoB, Bmamumup BnagumupoBud. MeTOmOIOTHS M TEXHOJOTHS WMHTAIMOHHBIX
WCCJICIOBAHUN CIIOKHBIX cucTeM. - MockBa:By3oBckuit yueOnuk [u ap.], 2019. — 444 c.
Texct : amextponnbiii. - URL: https://znanium.com/catalog/product/1002019 (mata
oOpamienus: 27.05.2021). — Pexum goctymna: mo moamnucke

4. Tpery0, Unona BmamumuposHa, ['opomnukoBa, Tatesina ApkagbeBHa. MMHUTAITMOHHBIC
MoJenu NpuHTH pemeHnil. - Mocka:MH®PA-M, 20202, 193 ¢ TekcT : 2IeKTpOHHBII. -
URL: https://znanium.com/catalog/product/1030572 (mara o6pamenus: 25.08.2020). —
Pexum nocTtymna: mo moJgnucke.

Bce ncTtouHnKy OCHOBHOM TUTEpaTypbl B3aMMO3aMEHSIEMBI.
7.2.Jlon0JHUTEIbHAS JTUTEPATYPA.
1. boes B.JI. MonenupoBanue cucreM. WHcTpymeHTanbHbie cpenctBa GPSS World
[Onexrponnslit pecypc] - CII0. : BXB-Iletep6ypr, 2010, 368 c.
2. EmenwsnoB A. A. IMuTaninoHHOE MOJEIHPOBAHNE SKOHOMUYECKHUX MPOIIECCOB: yueO. To-
cobue, pex. M-BoMm oOpazoBanus Poc. ®enepaunu / A. A. Emenssnos, E. A. Bnacosa, P. B.
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Hyma ; mon pen. A. A. EmenbsHoBa. - 2-e u3fl., nepepad. u 1o1. - M: @UHAHCHI ¥ CTaTUCTHU-
Ka [u 1p.], 2009. - 416 c.

3. Kapnos }O. MMuTanimoHHOE MOJEIMPOBAHHWE CUCTEM. BBeneHHE B MOJEIMPOBAHME C
AnyLogic 5./ 0. Kapmnos. - CII6.: BXB-Ilerepoypr, 2005.

4. Kensron B. . Umutanmonnoe moaenuposanue. Kiaccuka CS. 3-e uzn. / B. 1. Kenbton,
A. M. Jloy. - CII6.: TTutep; Kues: U3narensckas rpynmna BHV, 2004.

5. Komnecos 0. b. MonennpoBaHuie CUCTEM : PAKTUKYM I10 KOMIIBIOTEPHOMY MOJEIUPOBA-
HUIO [DNEeKTpOHHBIN pecypc] : [y4ed. mocodust Ajis CTyJCHTOB BY30B, OOYJarONIUXCS 110
HanpapieHuto noaroroBku 220100 "Cuctemusiit ananus u ynp."] / FO. b. Konecos, 1O. b.
CeHn4eHKOoB. - JnekTpoH. aaH.. - CI16. : BXB-Iletepoypr, 2007. - 338 c. I'pud YMO.

6. KynpssueBE. M. GPSS World. OcHOBBl MMHUTAIIMOHHOTO MOJAEIUPOBAHUS Pa3TUUHBIX
cucreM / E. M. Kynpsisuies. M.: JIMK Ilpecc, 2004.

7. Jlerukuna H. H. IMuTanmoHHOE MOJENMpOBaHNE YKOHOMUYECKUX MPOLIECCOB: yueb. Mo-
cooue / H. E. JIprakuna. - M. : UTHOPA-M, 2012. - 253 c.

8. Haymo B.H. DnemeHThl MMHMTAallMOHHOTO MOJAEIMPOBAaHUSA: ydeOHOe mocobue. —
CII6.:C311Y, 2016.

9. TMaBnorckwuii 10. H. UMuTtanmonnoe moxenuposanue: yued. nocodue / 0. H. ITaBnoBckuid.
- M.: Uznarensckuii neHTp «Axagemus», 2008.

10. PeokukoB FO. W. Wmwuranmonnoe moxenuposanue. Teopus u TexHonoruu / FO. U.
Peixukos. — CII6.: Kopona, 2004.

11. CoBetoB b. fI. MonenupoBanue cucTeM : y4eOHMK A OakanaBpoB, 0Oy4arOLIIUXCs MO
HanpasieHusM "MHdopmaruka u Berauci. Texuuka" u "Mudopmarr. cucremsr", pek. M-Bom
oOpasoBanus u Hayku Poc. ®enepauuu / b. 5. CosetoB C. A. SkosneB ; Cankt- [lerep-
OyprcKuii roc. 3JEKTPOTEXH. YH-T. - 7-¢ u3a. - M. : FOpaiit, 2013. - 343 c.

12. TomameBckuii B. H. WwmwuranmonHoe wonenupoBanue B cpeae GPSS / B. H.
Tomamesckuid, E. I'. XKganosa. — M.: bectcennep, 2003. - 416 c.

7.3. Y4eOHO-MeTOnMYeCcKOe o0ecniedeHre CAMOCTOSATeILHOI padoThl.

1. TlonmoxeHue 00 opraHM3aLUU CAMOCTOSTEIBLHON pabOTHI CTYIEHTOB (e1epaTbHOro
TOCYJapCTBEHHOTO  OIOIDKETHOTO  00pa30BaTEBHOTO  YUPEXKICHUSI  BBICIIETO
obpazoBanusa «Poccuiickas akajeMusi HapOIHOTO XO3AHCTBA M TOCYAApCTBEHHOM
ciyx051 ipu [Ipe3unente Poccuiickoit @enepanun» (B pea. npukaza PAHXul'C or
11.05.2016 . Ne 01-2211);

2. llonoxeHue o0 KypcoBod pabore (MpOEKTe) BHINOIHAEMOW CTyIEHTaMHU
(benepaabHOro rocylaapcTBEHHOTO OIOKETHOTO 00pa30BaTeIbHOTO YUPEKICHHUS
BbIcIlero oOpas3oBanus «Poccuiickas akagemMuss HapoOAHOTO XO3sicTBa U
rocynapcTBeHHOU cimyk0bl mpu [Ipesugente Poccuiickoit denepanun» (B pen.
npuka3za PAHXul'C ot 11.05.2016 . Ne 01-2211)

7.4. HopmaTuBHBIE IPABOBbIE JOKYMEHTHI.
He ncnione3yrorcs

7.5. UuTepHeT-pecypcehl.
C31Y pacnonaraet JOCTYIIOM 4epe3 caT HayuyHoi Oubanotexu http://nwapa.spb.ru/
K CJIeIyIOIIMM MOJIMUCHBIM IEKTPOHHBIM PECypCaM:

Pycckosi3bIuHBIE pecypChl
DNEeKTPOHHBIC YUEOHHUKH EKTPOHHO - 6ubnuorednoit cucremsl (ObC) «ANHOyKCe»

DneKTpOHHbIE Y4eOHUKH IEKTPOHHO — 0ubnuoreunoit cuctemsl (ObC) «Jlanb»
PexomeHyeTcst HCIIONIB30BaTh CIEIYIONINI HHTEPHET-PECYPCHI
http://serg.fedosin.ru/ts.htm
http://window.edu.ru/resource/188/64188/files/chernyshov.pdf
7.6. UHble NCTOYHUKH.
He nucnone3syrorcs.
8. MarepuajbHO-TeXHUYeCKas 0a3a, HHGOPMALMOHHBIE TEXHOJIOTHH, IPOrPaMMHOe
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ol0ecnieyenne U HHGOPMANMOHHBIE CIIPABOYHbIE CHCTEMbI

Bce npaktudeckue 3aHITHS TMPOBOASTCS B KOMITBIOTEPHOM Kjacce. YdeOHas TUCIUTIIINHA
BKIIIOYAET HCIIONIb30BaHUE MporpaMMHoro obecmeueHus Microsoft Excel, Microsoft Word,
Microsoft Power Point ayis mOArOTOBKM TEKCTOBOTO W TaOIMYHOTO MaTepualia, rpapuvecKux
wuttoctpanuii.  Jnsg  ¢GopMupoBaHUS HABBIKOB HCIIONB30BaHUS CHCTEM HWMUTAI[MIOHHOTO
MOJICTTUPOBAHUS  UCIIONB3YIOTCS CHUCTEMBI MMHUTAllMOHHOTO MoxaenupoBaHusi  AnyLogic,
GPSSworld, R, SPSS.

MeTtoner 00ydeHHsI ¢ WCIOJIB30BaHUEM HH(GOPMAIIMOHHBIX TEXHOJOTHUN (KOMITBIOTEPHOE
TECTUPOBaHUE, IEMOHCTPAIUS MYTBTUMEIUMHBIX MAaTEPUATIOB).

HNHTepHET-CEPBUCHI M DIIEKTPOHHBIE PECYPCHI (TTOUCKOBBIE CUCTEMBI, JIEKTPOHHAS 04T,
npodeccuoHaNbHbIE TeMaTHYEeCKUE 4YaThl U (OPYMBI, CUCTEMBI aylu0 U BUJEO KOH(EpPEHIUH,
OHJIAMH DJHIUKIIOTICINH, CIPABOYHUKHA, OUONHOTEKH, OSJIEKTPOHHBIE YyueOHbIE W Y4YeOHO-
METOANYECKHE MaTepUabl).

Jns  opraHM3amuu  9JEMEHTOB  AJIEKTPOHHOTO OOYYEHHS HCIOJIB3YyeTCS  CHCTEMa
JTUCTaHIIOHHOTO 00yueHust Moodle.

Ne i/t HanmenoBanne
1. | KommbroTepHbIe KIacchl ¢ epcoHabHBIME DBM, 00beIMHEHHBIMH B JIOKAJIbHBIE
CETH C BbIX0/I0M B MIHTEpHeT
2. | Cucrembl uMuTaIMOHHOTO MojenupoBanus AnyLogic, GPSSworld, R, SPSS.
3. | MynbTuMeauitHbIe CPEACTBA B KaXKIOM KOMITBIOTEPHOM KJIACCE U B JIEKITMOHHON
ayIUTOpUHU
4. | ITO Microsoft Office
Bbpay3ep, ceTeBble KOMMYHUKAIITMOHHBIE CPEICTBA I BbIXoaa B IHTepHeT
6. | O6maunble TexHojgoruu Elma365, Promise

e
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