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OLieHOUHbBIE MaTePUAJIBI TEKYIIETO KOHTPOJIS U IPOMEKYTOUHON aTTECTAlUU M0 AUCIUILIMHE
(OneHOYHBIC CpeACTBA MO TUCIUILIAHE)

MaremaTuuyecKkue MoJieJIu TCJCKOMMYHUKAIIUOHHBIX ITOTOKOB
110 HaAIIpaBJICHUIO ITIOATOTOBKH

02.04.02 dynpameHTaJIbHasA HHPOpMATHKA U MH(POPMALMOHHBbIE TEXHOJIOTHH

HamnpasnenHocTs (po¢huIib) MOATOTOBKU:
«MaremaTnka 0ecripOBOJHBIX ceTel CBSI3M M HHTEPHETA Belei

Tomck—2023



OC cocraBun(u):

KaHz. Gpu3.-Mar. HayK, \)\] W .

ZIOEHT Kadeaphl TEOPHH BEpOSITHOCTEH M MATEMATHIECKON CTATHCTHKH C.B. Ilays,

ACCHCTEHT Ka()ephl TEOPUH BEPOSTHOCTEH M MaTEMAaTUYECKOH CTAaTHCTHKA M t/M.A. IITKITeHHHK
4 !

Peniensenr:

I-p TeXH. HayK, podeccop,
npodeccop Kadeapsl TEOPUH BEPOSITHOCTEH M MATEMATHYIECKOH CTATHCT, _AA. Hazapos

(

OneHouHble cpencTBa OJOOPEHbl HA 3aCeAaHUU Yy4eOHO-METOAMYECKOHM KOMHUCCHU
MHCTUTYTA NPUKIATHON MaTEMAaTUKU U KoMIbloTepHbIX Hayk (YMK UIIMKH).

ITporokon ot 08.06.2023 1. Ne 2

IIpencenarens YMK UIIMKH,
II-p TEXH. HayK, podeccop

{ 7/01// C.I1. Cymienko



Ouenounble cpeacrBa (OC) ABISIOTCS IEMEHTOM CHCTEMbI OLICHUBAHUS C(HOPMUPOBAHHOCTH KOMIIETEHIIMM y 00y4aroIuxcs B 1EJIOM WM Ha
OIIpEICIIEHHOM 3Tare ee (OPMUPOBAHHUSL.
OC pa3pabatbIBaeTcsi B COOTBETCTBUHU ¢ paboueit mporpammoii (PIT) qucrumniauHsl.

1. KomnereHuunu u pe3yJbTaThl 00yueHus, gopMupyembie B pe3yJibTaTe 0CBOEHUS AUCHUILINHBI

Kon u HanmeHoBaHue pe3yJbTaTOB
o0y4eHus (TUTaHUPYEMbIEC PEe3yIbTaTH O0YUICHN,

Kpurtepun oneHuBaHus pe3ybTATOB 00y4eHHS

OpraHu3anuvunu HpOGKTHO-Hay‘{HOI\/’I JCATCIIBHOCTHU.

Komnerenuus NHpukaTop KoMneTeHUMU XAPAKTCPHYIONIES 3TATIH (OPMHPOBAHAT
KoMIETeHIITH) Ormiso Xopoto Ynosnersopu | HeynosnerBopu
TEIBHO TENBHO
OIIK-3. Cnocoben HOIIK-3.1 IlpoBoaut ananu3 | OP-3.1. O6y4aronuiicss CMOXeET: Coopmupoans! | B nenom YactuuHo OtcyTcTBHE
MIPOBOAUTH aHAJIN3 MAaTEMAaTHUYCCKUX Mo,uenef/i )41 -(bOpMyJ'II/IpOBaTI) 3aJa4y UCCiaca0BaHUA UCXOOs U3 YMEHUA OCBOCHHBIC, OCBOCHHOC yMeHI/Iﬁ
MAaTEMAaTHYCCKUX CUCTEM KOJIMYCCTBA U KauyeCTBa I/ICXOL[HOI‘/’I I/IH(i)OpMaIII/II/I HO YMEHUA
MoJenel, co31aBaTh -IIPUMEHSATH aIMapaT TEOPUH CIEIHATBHBIX TIOTOKOB COIIPOBOXKAAIO
WHHOBAI[MOHHBIE COOBITHI JUIS peIICHUs] COOTBETCTBYIOIINX 33124 meecst
METOIBI PEIICHUS -aHAIM3UPOBATH TTOyUYCHHBIC PE3yIbTATHI OTIEITEHBIMU
MIPUKIIATHBIX 32129 HCCIICIOBAHUS omunOKaMu
po¢eCCHOHATBHOM -paboTaTh C MaTEMAaTHIECKUMHU ITaKeTaMH IIPOTPaMM YMCHUS
JIESITETBHOCTH B 00J1aCTH JUTSL BEIYUCIICHHUS OCHOBHBIX XapaKTePUCTUK
HHPOPMATHKH U UCCIIEAYEMBbIX CITy4alHbIX MPOLECCOB
MAaTEMATHYCCKOI'O
MOJICTTUPOBAHUS HOIIK-3.2 [Ipumensier OP-3.2. O0yuaromuiicsi CMOXeT: Cdopmuposans! | B nenom YactuyHo OrtcyTcTBUE
MaAaTEMaTUYCCKHUEC MOJICIIH, -(bopMyJ'II/IpOBaTI) 3a4a4u UCCIICA0OBAHUA UCXOAs U3 YMEHUA OCBOCHHBIC, OCBOCHHOC yMeHI/Iﬁ
METOIBI IS PETLICHHUST KOJIMYECTBA M Ka4ecTBa UCXOTHON HH(pOopMAaIim HO YMeHUs
MIPUKIIAHBIX 327129 -TIOCTPOUTH MaTEMATHIECCKYIO MOJEITh IS COIIPOBOXKAAI0
po¢eCCHOHATBHOM KOPPEIMPOBAHHOTO ITOTOKA COOBITHI meecst
JeSITeTbHOCTH - MPOBOJUT aHAJIN3 IPUMEHIUMOCTH METO/IOB OTJCITEHBIMU
HCCIICIOBAHHS MAaTEMaTHIECKUX MOJIEINICH TOTOKOB omuOKaMu
-BJIAICTh U(PPOBBIMA HHCTPYMEHTAMH IS YMCHUS




I1K-3. Cnocoben
MPOU3BOAUTD AHAIH3
ocobeHHOCTEH
(YHKIIHOHUPOBAHUS
HH(POKOMMYHHUKAIUOHH
BIX CUCTEM U
MPEI0CTABIISIEMbIX HA UX
OCHOBE YCIIyT,
OLICHUBATh Ka4EeCTBO
MPEI0CTABIISIEMBIX YCIYT
u popmupoBaTh
TpeboBaHuUs K
MOKa3aTessiM
(YHKIIMOHUPOBAHUS
cepsucos MIC B
COOTBETCTBHUHU C
3anpocamu u
OTPACIIEBBIMH HOPMaMHU

HIIK-3.2 OuenuBaet OP-3.3. OOyyaromuiicss CMOXET: Cdopmuporansl | B nenom YactuuHo OtcyTcTBUE
3HAYMMOCTb TAPAMETPOB U - OIICHUBACT MapaMeTPhI TEIICKOMMYHHKAIIMOHHBIX YMCHUS OCBOCHHEIC, OCBOCHHOE yMCHUH
oKa3artesei, CHCTEM H CETeH. HO YMCHUS

XapaKTePU3YIOIINX - paCUUTHIBATh OCHOBHBIC XapaKTCPUCTHKH TOTOKOB B COIPOBOXKAAIO

MOTPEOUTETHCKUE CBOWCTBA CHCTEMaX MacCOBOTO OOCITY)KUBAHUS, B TOM YHCIIE C ieecst

YCIyT, TPEIOCTABIISIEMbBIX MOMOIIBI0 COBPEMEHHBIX [IH()POBBIX HHCTPYMEHTOB OTACIbHBIMH

WHPOKOMMYHHUKAITHOHHOM ommnOKaMu

CHUCTEMOM YMEHUS

WIIK-3.3 Onpexnenset OP-3.4. OGyuaromuiics CMOXeT: Cdopmupoans! | B nenom YactuuHO OtcyTcTBHE
MOKa3aTen KauecTBa -OLICHUBATH PE3YJILTAThI MATEMATHYECKOTO yMEHHS OCBOCHHBIE, OCBOCHHOE yMEHHI
(bYHKIIHOHUPOBAHUS MO/ICITUPOBAHHS HO YMEHUsI
HH()OKOMMYHHKAITHOHHBIX -TPOBOJIMTH aHAIH3 00IACTH MPHUMEHUMOCTH COMPOBOXKIAI0

CHCTEM Ha OCHOBE MPEATI0KEHHBIX MOJIENICH U METO/IOB ieecst

MOCTPOCHHBIX OTACIbHBIMH

MaTeMaTHYECKHUX U ouoKaMu

HUMHUTAIIMOHHBIX MOJIENIENH

yMEHUs




2. dtanbl GOpMUPOBAHKSI KOMIIETEHIIHI U BHIbI OLIEHOYHBIX CPEICTB

. Buj ouenouyHoro cpexacraa
JTansl (l)OpMHpOBaHI/lH KOMIIETCHIIMN KO)] U HAUMCHOBaHHUuE o
Ne (TecTsl, 3a1aHus, KSHCHI, BOIIPOCH 1
(pa3aennbl AMCHUILINHBI) pe3yJ1bTaTOB 00y4YeHHs )
Ap.

1 Pasnen 1. UccaenoBanue OP-3.1, OP-3.2, OP-3.3, Tectbl, 3ananus B popme

" | mOIyMapKOBCKUX HOTOKOB OP-3.4 MPaKTHYECKUX 3a7aT
5 Pazgen 2. UccnenoBanne MAP u OP-3.1, OP-3.2, OP-3.3, 3amaaust B popMe MPAKTHICCKUX

" | MMP notokoB OP-3.4 3a1a4

3. TunoBble KOHTPOJbHBbIE 3aJaHUsl WJIM WHBbIe MATEPHAJIbl, HeOOXOAUMbIE sl
OLIEHKH 00pa30BaTeIbHbIX Pe3yJbTATOB 00yUeHUs

3.1. TunoBele 3anaHusl A IPOBEACHUS TEKYILEro KOHTPOJI YCIIEBAaEMOCTH 11O
JUCLIUILINHE.

Texymmii KOHTPOJIb peanu3yercs B (JopMe pemeHus MPOMEXYTOYHOTO TECTa B CUCTEME
LMS Moodle ¢ otkpsiToit popmoii orBera (Pazaen 1), a Takke BBITOTHEHUS PAKTUIECKUX 3324
(Paznen 1 u 2).

[IpumepHBIii nepedeHb BOIPOCOB JUIsl TECTUPOBAHUS 110 pasjeny 1.

1. aiiTe onpezenenue ciydaiiHoro npoiecca. [Ipuseaure npumep.

2. CranMoHapHbIi ciyvaiiHbli mponece. Xapaktepuctuku. [Ipumep.

3. OyHKIMS KOPPEISIUU CIyYaifHOTO MPoIIecca U ee CBOMCTBA.

4. CpenHee 3HaYeHME ClTyyaifHOTo mpoluecca

5. ducnepcusi ciyyaitHOTO TIpoliecca

6. Kimaccudukanus nojryMapkoBCKHX IPOLIECCOB.

7.Otamnpl peaau3aluyd METOJa JOMOJIHUTEIbHOW IEPEMEHHOW ISl HCCIEIO0BaHUS
Iporecca MapKOBCKOI'O BOCCTaHOBJICHHUS

8. Drambl peanu3aii METOa JOMOJHUTEIbHON mepemenHoi Y(I) mns wcciemoBaHus
MOJIyMapKOBCKOI'O ITpoLecca

9. Drambl peanu3au MEeToIa TOMOTHUTEBLHOM iepeMerHoi Z(t) u S(t) s uccnenoBanus
MOJIyMapKOBCKOI'O ITpoLecca

[Tpumeps! 3ananuii B hopme npaktuueckux 3anad (Pasnmen 1 u 2):

1. IToxymapkoBcKast MaTpHiia UMeeT BUJ

l(l_e—SX) %(1_e—10x) %(1_87“)
1

3
AW =| H(1-e ™) e ™) Z(i-e™)

1 —2X S —7x 1 —9x
i 7(1—e ) 7(1—e ) 7(1—e )_
3amucars MaTpuny yCJIOBHBIX (i)}’HKIII/Iﬁ pacnpeaciCHusd BpEMCHU Hpe6I>IBaHI/I${ MMOJIYyMapKOBCKOI'O
Ipouecca B TpE€X COCTOAHUAX.

2. HpOI_ICCC MapKOBCKOI'O BOCCTAaHOBJICHH 3alaH MaTpUILlaMHU

1-e™>* 0 0 05 02 03
D(x)=| 0 1-e™* 0 | P=(04 05 0.1}
0 0 1-e™2 0.7 02 0.1

HaiiTn nomyMapKkoBCKyr0 MaTpully IS IIpoliecca.




3. JlaHbI MaTpHUIIBI

0.4I(x1010) 0.2I(x,510) 0.47(x.10,5)
) AX)=| 077(x21) 0.1r(x22) 0.2I(x10.10)
05I(x33) 02 (xLD)  0.3I(x23)
0.4I(x10,10) 0.47(x,1010) 0.277(x,10,10)
2) AX)=| 057 (x21)  03I(x21)  0.2I(x,21)
03 (x,33) 02I(x33) 0.5I(x33)

SBnsroTcs i oHW osrymapkoBckumu? Ecim a, To onpenenute By mpouecca. 3aech 1'(X, a, B)
— raMMa-QyHKIUS paclpeeseHus ¢ mapameTpamu o, f3.

4. JlaHbl MaTpUIbI
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SBnArorcs 1M OHM MaTpuiamu npeoOpasoBanusi Dypbe-CTuntbecca i MOTYMapKOBCKHUX
nporneccoB. Eciu n1a, To omnpenenure BUA IpolLecca U 3aIUIIUTE U1 HErO IOIYyMapKOBCKYIO
MaTpuIly.

3.2. TunoBsle 3a/1aHUs Ui IPOBEJCHUS MPOMEXYTOYHON aTTeCTAllMK MO JTUCHMITIMHE DK3aMeH
IPOXOJUT B JOpME OTBETA HA OJAUH U3 BOIIPOCOB.
Bonpocel k 9k3aMeHy:

1.
2.
3.

OmnpeneneHne OCHOBHBIX MOHATHHM TEOPUHU MOTYMapKOBCKUX MPOIIECCOB.
Knaccudukanus nosrymMapKkoBCKHX IPOIECCOB.

Meron [ONOJHUTEIBHOM IIEPEMEHHOM JUIA HCCIENOBAHMS IPOLECCa MAapKOBCKOIO
BOCCTaHOBJICHMUS.

HccnenoBanue moyMapKOBCKOTO MPOIIECca METOIOM JOTOIHUTEIbHON epeMeHHou Y(1).
Meron nomomHuTenbHBIX TepeMeHHbIX Z(f) u S(t) mcciaemoBaHUWsS MOTYMapKOBCKOTO
nporecca.

Knaccugukaius crnenuanbHbIX TOTOKOB OAHOPOIHBIX COOBITHIA.

UccnenoBanre MAP-noToka MeTo/10M MHTErpaJbHBIX MpeoOpa3oBaHuil.

HccnenoBanne MAP-1oToka acHMITOTHYECKMM METOJOM B PA3JIMYHBIX MPEAEIbHBIX
YCIIOBHSIX.
WccnenoBanme  MOTyMapKOBCKOTO — TOTOKA  COOBITHH

METOJOM HUHTCTPAJIbHBIX

npeoOpa3oBaHuil.



10. I/ICCJ'IG,I[OBaHI/Ie IMOJIYMAapKOBCKOI'0 ITOTOKa aCHMIITOTHYECKUM MCETOAOM B PA3JIMYHBIX
MNpEaACIIbHBIX YCIIOBUAX.

4, MeToauueckue MaTepualjbl, onpeaejJaamue npoueaypsl OICHUBaAHUA
06p330B3TeJ’ILHLIX pe3yJbTaToB Oﬁy‘leHHH

4.1. Meronuueckue marepuanbl ISl OLEHKM TEKYIIEro KOHTPOJISl YCIEBAaEMOCTH IIO
JUCLHUIIIINHE.
Kputepuu onieHUBaHUsI pe3yJIbTaTOB POMEKYTOYHOIO KOHTPOJISL:

Kpurepuii oueHuBaHMsI OCTATOYHBIX 3HAHUH Onenka

CTyneHT pemus Bce YeThIpe 3adaHus OTJIMYHO

CTyaeHT pemui Tpy 3a1aHus XOPpOIIIO

CTy,I[GHT pGIHI/IJI aBa 3adaHUSA YIIOBJIGTBOpI/ITeJIBHO
Crynent peunn He 00siee 0JHOTO 3aJaHus HEYOBJIETBOPUTEIHHO

4.2. Metoauyeckie Marepuaibl Ui TPOBEICHHUS IPOMEKYTOYHOH aTTECTAllMH TI0
JMCLUILIHHE.

OnennBanue 00y4aromerocs Mpyu MPOBEACHUH dK3aMeHa (POPMUPYETCSI B COOTBETCTBUU C
HIDKETIPUBEICHHOW TaOIUIICH.

Ouenka Kpurtepun oneHuBanus

OT1iinyHO JleMOHCTpanysi BBICOKOIO YPOBHS 3HAaHMM MOJENEW I0JIyMAapKOBCKHX
IIPOLIECCOB M CHEIMAIbHBIX IOTOKOB, MX OCOOCHHOCTEH M METOJO0B HX
uccieaoBaHus, yMeHue coctaButh cucremy Y Kommoroposa mist mro0oit
MOJIETIH, NIPEAJIOKUTD ONITUMAJIbHBIN METOJ] €€ PEILIEHUS, IPUMEHEHUE METO/1A
aCUMITOTUYECKOIO  aHaJM3a, IOJYyYEHUE  KOHEYHBIX  XapaKTEPUCTHK
HCCIEAYEMON MO, YMEHHE PEan30BaTh YNCICHHBIE pacyeThl HAMICHHBIX
XAapaKTEPUCTHK M CIIENATh BEPHBIE IPAKTHUECKNE BBIBOJIBL.

XOpOH.IO B uenom YCIICHIHOC, HO COACPIKAIICC OTACIIbHBIC OIIIMOKH BJIaJACHUC 3HAHUAMHU
MOI[GJ'ICI\/JI IMMOJIYMAapKOBCKUX IIPOLECCOB U CICHUAIBHBIX ITOTOKOB, YMCHHUC
COCTaBUTL CHCTCMY I[y KOHMOFOpOBa JJIA 000 MOACIIN, NPCHIIOKHUTDH
OIITHUMAaJIbHEIN METOO €€ pCHICHUA, TPUMCHCHUC MCETOAAa ACUMIITOTHUYCCKOI'O
dHaJIN34, IOJYYCHUC KOHCYHBIX XapaKTCPUCTHUK HCCHeHyeMOﬁ MOACIH,
YMCHUC pPCATIN30BATE YHCIICHHBIC PAaCUYCThI HaNJICHHBIX XapaKTCPUCTHUK U
CACJIaTh BCPHBIC ITPAKTUYCCKUC BHIBOJBI.

VY nosnerBopure YactuuHoe, dbparMeHTapHO€  BIAJCHUE  3HAHMSIMH  MOJeCJel
JIBHO MOJIYMapKOBCKUX TPOIECCOB U CHEUUATbHBIX MOTOKOB, YMEHHUE COCTABUTH
cuctemy JIY KommoropoBa mns mr000ii Monenu, MPENIOKUATH METOJ €€
pelieHusi, MNPUMEHEHHE METOJa aCUMITOTUYECKOrO0 aHallu3a, YyMEHHue
pean30BaTh YHUCICHHBIC PACUYETHl HAWJEHHBIX XapaKTEPUCTHK.

Heynosnersopu JleMOHCTpauss HU3KOrO YPOBHS 3HAHMM MOJEIEH IMOJYMapKOBCKUX
TEJILHO MPOLECCOB M CHEHUAIBHBIX IOTOKOB, HEYMEHHWE COCTaBUTh cucremy Y
Koamoroposa i 11060 Mojienu, He3HaHUE HUKAKOTO METO/1a HCCIIEI0BAHUS
HU OJTHOU MOJIEIIN.




