[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHbopmaumsa o Bnagenbue:

®WO: Angpeii lparommupoBumy XnyTKoB

[LoMKHOCTb: AnpeKTo

[lara nognmcanus: 21.05.2026 12:5746 Ilpunozxenue 4
YHUKanbHbIA NPOrpamMMHbIiA KNty K OGp&BOB&TCJ’IBHOﬁ nporpamMmme
880f7c07¢583b07b775f6604a630281b13ca%fd2

PABOYASA ITPOT'PAMMA JTUCIIUIIJIMHBI

b1.B.07 MonenupoBanme 6usHec-mmporeccoB. Process mining
(I/IHI[CKC, HAaMMCHOBAHUC NUCHUIIIIMHBI, B COOTBCTCTBUHU C y‘I€6HI>IM HJIaHOM)

38.04.05 BbusHec-uadopmMaTuka
(Ko/1,HaMMEHOBaHUE HAIPABJICHUS MOJITOTOBKH)

«bu3Hec-aHaATUTHKAY
(HammMeHoBaHUE 00pa30BATEILHON TPOTrPAMMBI)

ouHadg ¢opma 00yueHus
(popma oOyuennus)

['on Habopa — 2026

Cankr-IletepOypr,2026



ABTop(bI)-cocTaButeab(u) PII/I:

JIOKTOp TeXHWYECKHX HAyK, JOLEHT, nmpodeccop Kadenpsl OuzHec-uHGOpMATHKA
I'eitna Anexcannp CepreeBud

3aBeayromuii kadgeapoii On3Hec-MHPOPMATUKH
JloxTop BoeHHbIX Hayk, ipodeccop Haymor Brnagumup Hukonaesuu

PaGouas nporpamma gucruuinasl b1.B.07 «MoaenupoBanue 6U3HEC-TPOIECCOB.
Process mining” ogo6pena Ha 3acexannu kadeapsl ouznec-unpopmatuku C3NY
PAHXwuI'C.

ITporokois Ne 6 ot «26» mapta 2026 T.



COJEP)KAHUE
1. IlepeyeHb mIAHUPYEMBIX pe3yJbTaTOB OOy4YEHUS MO JUCHUIUIMHE,

COOTHCCCHHBIX C INNIAHUPYCMbIMHU PE3yJibTaTaMU OCBOCHMHSA O6paSOBaTeHBHOﬁ

IPOrpaMMBbI
2. O0BEM U MECTO TUCIUIIINHBI B CTPYKTYpe 00pa30BaTeIbHON IPOTPaMMBbI
3. ConeprkaHHe U CTPYKTYpa JUCHUILUIAHBI

4. Tunbl OIEHOYHBIX MATEPHAIIOB, IOKA3aTENIA U KPUTEPUHU UX OLICHUBAHUS

5. ®opMsbl atTecTaluy, TUMIOBBIE OIEHOYHBIE MAaTEPUAIIBI JIJISl TEKYIIETO KOHTPOJIS
YCIIEBAEMOCTH O0YYaOIIUXCs, KPUTEPUH U IIKAIbl OIICHUBAHUS TI0O KOHTPOJIbHBIM
TOYKaM

6. OpMBI TPOMEKYTOUYHOM aTTECTALIMU, KPUTEPUH U LKA OLICHUBAHUS, TUTIOBBIC
OLICHOYHbIE MATEPUAJIBI IO TUCIUILIINHE

7. Meronnyeckue MaTepualibl 0 OCBOCHUIO JUCIUTLIMHBI

8. YueOHas nuteparypa M pecypchl MHGOPMAIMOHHO-TEIEKOMMYHUKAITMOHHON
cetu «HTEpHET»

9. MarepuanbHO-TeXHUYECKasd 0a3a, UHPOPMALIMOHHBIE TEXHOJIOTUH, IPOrPAMMHOE

oOecrieueHue U MHGOPMAIIMOHHBIE CIIPABOYHBIE CHCTEMBI



1.IlepevyeHnb MIIaHUPYEMBIX Pe3yJIbTATOB 00y4YeHHsI 0 TUCHHUILINHE,
COOTHECEHHBIX C IVIAHMPYEMbIMHU Pe3yJIbTATAMHU OCBOEHUS 00pa30BaTeJbHOM
NMporpamMmabl

Hucrumunaa b1.B.03 «ludposas tpanchopmarnus 6uzneca. Mudponomukar
obecrieunBaeT dbopmupoBaHue y O0yJaroIXcst CJIEIYFOIINX

YHUBEPCAIBHBIX, 00MIETTPOheCCHOHATBHBIX U MPO(HEeCCHOHATHHBIX KOMITETEHITUN ™

OTO/TD® u Kon Haume— Kon HaumeHnoBaHue O0pa3oBaTeJibHbIH
sk
PE€KBU3UTHI KOMIIe— HOBaHUeE HHIUKA— HHIHKATOpa pe3yJjabTart
[1( TEeHIMHU Kommne— Topa AOCTHIKEHHSI
(npu *ek TeHIIUH AOCTHKE— | KOMIETeHU Ml **
Hanuuuu) ** o HUA
KOMIIC—
TeHl Ml **
T1Kc -2 Cnocoben T1Kc-2.1 Hcnonesyet I1C: 08.037 «busHec-aHAIUTHK»
000CHOBBI— COBPEMEHHBIE OT®: E «Ynpasnenue GusHec-
AHATIU30M»
BaTh MOJ—
XOJIBI METOIBL, Td: E/01.7 «O60ocHOBaHuE
e OJ;B MHpOPMALHOH— TO/IX0JI0B, UCIOJIB3yEMBIX B OH3HEC-
HBIC TCXHOJIOTHH, | aHAIHU3E»
3yeMbIE B .
6 IIPOTrpaMMHBIN
H3HEC- HHCTDYMEHTADHI [IKc-2.1. 3-1. 3HaeT MeTOABI,
aHan3e, TPy p TEXHUKH U ITPOLIECCHI
PYKOBOJUTH B 00BeMe, HEOO— | yyremextyanshoro amamsa
U yIpaBJIaTh XOAUMOM JJISL | Gu3Hec-mpoleccoB (process mining),
Gu3HeC- penieHust BKJIIOUAs aJITOPUTMBI OOHAPYKEHUSI
AHAII30M C 3agad  OusHec- | MPOHEccos o
HCHOMB30— (Alpha Miner, Heuristic Miner,
aHaJINTHKH, Inductive Miner), mpoBepku
BAHHUCM HCIOIB3YyCT KOH(OPMHOCTH
uHpopMa-—- AHTJIOA3BIYHY IO u ynyuienus npoueccos [1Ke-2.1.
LHOHHO- JIOKYMEHTAIIHIO 3-1. 3HaeT METOMBI, TEXHUKH K
KOMMYHHUKa—
y W CrpaBouHBIE MPOLECCH HHTEIUIEKTYATBHOTO
IIMOHHBIX aHaM3a
TEXHOJIOTHH. CHCTCMEL Ou3Hec-TporeccoB (process mining),

BKJIIOYAs aJITOPUTMBI OOHAPYKEHUS
HPOLIECCOB

(Alpha Miner, Heuristic Miner,
Inductive Miner), mpoBepku
KOH(OPMHOCTH

U yJIy4IIEHHs IPOLIECCOB

[1Kc-2.1. 3-2. 3HaeT S3bIKU U
HUHCTPYMEHTBI BU3YaJIbHOTO
MOJIETTMPOBAHUS

omsnec-mponeccos (BPMN, EPC,
ceru IleTpu, MpoLecCHbIE MOJIEIHN)
Ut

MPE/ICTABIICHUS PE3yIbTATOB Process
mining

[1Kc-2.1. 3-3. 3HaeT coBpeMEeHHBIE
nH()OPMAIMOHHbBIE TEXHOIOTHH H
MIPOrpaMMHBIH

WHCTPYMEHTapuil aHanm3a Ou3Hec-
nporeccoB (ProM, PM4Py, Celonis),
BKJIIOYas

MIPUHIMIIBI PaOOTHI ¢ COOBITUIHBIMU
XKypHaJIlaMH U JIOraMu
UH(POPMALIMOHHBIX CHCTEM




[TKc-2.1. V-1. Ymeet npumensats 1T-
HMHCTPYMEHTBI (IPHIIOKEHUS U
w1athOopMBI)

U1 o0ecrieueHns: paboT Mo aHAIH3Y
OU3HEC-TIPOLIECCOB METOJAMH Process
mining,

BKJIIOYAsl 3arpy3Ky, IpeoOpaboTKy 1
aHann3 COOBITUIHBIX JaHHBIX

[MKc-2.1. V-2. Ymeet odhopmisath
pe3yabTaThl OM3HEC-aHAIN3a B
COOTBETCTBHU

¢ BBIOpaHHBIMH HOIXOJaMHU:
BU3YaJIM3HPOBATH MPOIECCHEIE
Mozenu, GOpMUpPOBaTh

0T4E€THI O IPOBEpKEe KOHYOPMHOCTH U
PEKOMEHAANUAX 110 ONITUMHU3ALUU

IMKc-2.1. V-3. ¥YMeer ucnons3oBaTh
QHTJIOSI3BIYHYIO JOKYMEHTALMIO U
CIIPaBOYHbIC

CHCTEMBI ITpu paboTe C
OPOrpaMMHBIM HHCTPYMEHTapHeM
process mining

[IKc-2.1. B-1. Baageer
COBPEMEHHBIMHU METOJAMH U
POrPaAMMHBIM HHCTPYMEHTAPHEM
peleHus 3a1a4 OM3HEeC-aHATMTHKH
Ha OCHOBE UHTEIUICKTYaJIbHOTO
aHaau3a

OM3HEC-TIPOIIECCOB

IIKc-2.2

Pemraer 3amaun
ousHec-
aAHAIMTUKU c
HCITOJIb30Ba—
HHUCM COBpe—
MEHHBIX  HMHC—
TpymentoB MT-
MEHE’KMEHTA

IIC: 06.015 «Cnennanuct no
UHGPOPMALIMOHHBIM CHCTEMAM»
OT®: D «Ynpasnenue padoTamu 1o
CONPOBOYKJICHHIO U IIPOSKTAMHU
cozmannsa  (Mogucukanum) VC,
ABTOMATH3UPYIOLINX 334K
OpraHN3alMOHHOTO YIIPABJICHHS
U OU3HEC-TIPOLIECChI»
Td: D/01.7 «OpraHu3aoHHOe U
TEXHOJIOTHYECKOe o0ecreueHe
OlIpeIeTICHUS

HepBOHAYAIBHBIX TPEOOBaHHI
3aka3urka K VIC 1 BO3SMOXXHOCTH HX
peanu3anuu

B UC»

ITIKc-2.2. 3-1. 3HaeT METOAMKH
OTMHUCaHMs 1 MOJICTHPOBAHUS OH3HEC-
MPOLIECCOB,

CpelcTBa MOJIETIMPOBaHHs OU3HEC-
MPOIECCOB ¥ MHCTPYMEHTBI
MHTEJUICKTYaITbHOTO

aHaJ3a MpoIeccoB

ITKc-2.2. 3-2. 3HaeT OCHOBBI
PEHHKHHUPHHTA OH3HEC-TIPOLIECCOB
OpraHu3anuu

M TIOJXO/BI K ONTHMH3AIMH
MPOIECCOB HA OCHOBE JAHHBIX
COOBITUHHEIX JIOTOB

[1Kc-2.2. 3-3. 3HaeT coBpeMEHHbIE
MOJXOJBI U CTAHAPTHI
ABTOMATH3alUK

OpraHM3aliHK, IPOrPaMMHbBIC
cpencTBa U aT(opMbl

HHQPACTPYKTYpHI
WH()OPMAIIMOHHBIX TEXHOJIOTHH ISt




aHaNn3a U yrnpasjieHus Ou3Hec-
HpoLeccaMmu

[MKc-2.2. V-1. YMeeT miaHHpOBaTh
paboThI IO aHANMK3Y OHM3HEC-
HPOIECCOB

C IPUMEHEHNEM METOJIOB Process
mining B paMKax MPOEKTOB CO3JaHHs
(MoauGUKaIKK) U COMPOBOKIACHHS
nc

[IKc-2.2. V-2. YMeeT penrats 3a1a4u
OM3HEC-aHATMTHKH C
HCIIOJIb30BAHUEM

COBpPEMEHHBIX UHCTpyMeHToB UT-
MEHEPKMEHTA: BBIABIIATH y3KUE
MecTa

U OTKJIOHEHHMS B OM3HEC-TIpoLeccax
Ha OCHOBE COOBITHIHBIX JAHHBIX,
(hopMHpOBaTH pEKOMEHIALIUH TI0 UX
YCTpaHEHHIO

[IKc-2.2. B-1. Bnageer HaBbIKaMu
pelieHus 3a1a4 OU3HEC-aHATTUTHKA
C UCIIOJIb30BAHUEM COBPEMEHHBIX
nHCTpyMeHTOB U T-MeHekMeHTa
st

MOJETUPOBAHUS, aHATH3A U
ONTUMH3AINH OU3HEC-IPOLIECCOB

* ucyunnuna modicem Gopmuposams KOMIEMEHYUIO NOTHOCMbIO UTU YACMUYHO.
**/Jonocno coomeemcmeosams Ipunodicenuio 1 k 06pazosamenvHoll npocpamme

2.00beM U MeCTO IUCHUILUIMHBI B CTPYKTYpe 00pa30BaTeIbHON MPOrpaMMbl

2. O0beM AUCHUIJIMHBI

OO6m1as TPy A0E€MKOCTb TUCITUTIIMHBI COCTABJISAET 3 3aU€THBIX eIMHUILIBI Ha 144
akazeMm. yacos/ 108 acTpoH. yac.

JuciumuinHa peanu3yercs YacTUYHO C IMPUMEHEHHUEM JMCTAHIIMOHHBIX
oOpa3oBarebHbIX TexHoJorui (manee — JJOT).

KonTaktHast paboTta oOydaroniuxcsi ¢ mpernojiapareyieM Mo BUaM Y4eOHBIX
3aHATHI: 39 aK. 9ac Ha KOHTAaKTHYIO padoTy C mpernojaBaTeieM, U3 HUX § aK.4ac Ha
nexkiuu U 20 ak.yac Ha NMPAKTUYECKUE 3aHATHS, 2 aK.uaca Ha KOHCYJbTaIluio, 87
aK.4ac Ha CaMOCTOSITENbHYIO pabOTy 00yJaronuxcsl.

Mecto qucuumiunsl B crpykrype OII BO

Jucuunnunaa uzydaercs B 1-m cemectpe 2-ro kypca. Jucuumnuna b1.B.07
«MonenupoBanue OwusHec-mporeccoB. Process mining» OTHOCUTCS K YacTH
JUCLIUIUINH, (OPMUPYEMON Y4aCTHUKAMU 00pa30BaTEIbHBIX OTHOIIICHUN Y4eOHOTO
miaHa 1o HanpaeieHuto «buszHec-undopmaruka» 38.04.05. I[IpenonaBanue
JUCHUIUIMHBL ~ OMHUpAaeTcss Ha  JUCHUIUIMHBL — IporpamMmbl  OakajiaBpuara
«IKOHOMETpUKaA», «MeToapl OW3HEC-aHATUTUKNY, «YTPABICHUYCCKUM aHATU3Y,
«O1neHKa 1 ynpaBieHUE UHBECTUIIMOHHBIM ITPOEKTOM.

B cBoto ouepenbr oHa co3gaéT HEOOXOAMMBIE MPEANOCHIIKU JJISI OCBOCHHUS
MpOrpaMM TaKUX JUCUHUIUIAH, KaK

b1.B.04 «Ynpasnenue noprdenem npoaykro u UT-ycnyr», b1.B.J1B.03.02




«Muadpopmanronnas nHPpacTpyKTypa MPEeATNPUITUD,

b1.B.07 «Yupasnenue IT-undpactpykrypoit npeanpustuii / Enterprise 1T
infrastructure management.

JucuuriinHa 3aKi1ablBaeT TEOPETUYECKHUI U METOI0JI0TUUECKUN PyHAaAMEHT
JUId OBJIAJICHUS YMEHHUSAM UM HaBBIKAMHU B XOJE B2.0.01(Y) «lIIpoekTHo-
ananutuyeckas npaktuka» U b2.0.02 (H) «Hayuno-uccnenoBarenbckas padboTay.

3HaHWSA, YMCHHS W HAaBBIKH, TOJYYCHHBIC TPH HM3YyYCHUU JTUCIUTIIMHBI,
UCTIONB3YIOTCSl CTYACHTaMU TIPU BBITIOJHEHWH BBIMYCKHBIX KBATH()UKAIIMOHHBIX
pabor.

dopmMoii MPOMEKYTOUHOM aTTECTAllMd B COOTBETCTBUU C YUECOHBIM ILIAHOM
ABJISICTCS DK3AMEH.



3. CopepskaHue U CTPYKTYpa AUCHUIIMHBI

3.1. CTpykTypa JUCLUIIINHBI
Ounas ¢oopma obyuenus

Nenn/m | HaumeHnoBanue O0beM TMCUMILINHBI, aK.4YacC ®opma
TeM U (1JIH) BCE- KonrTakTHas padora o0y4yaomuxcs CamocrosiTesibHAs TEKYLLEro
pasjaeiioB ro ¢ npenoaasaTeJieM 10 BUIAM Y4eOHbIX 3aHATHH padora KOHTPOJIA
Ilepuon TeopeTHUECKOro 00y4eHust Ilepnon yCIEBaEMOCTH,
MPOMEKYTOYHOM IIPOMEKYTOYHON
arrecTauuu arrecTaluu
(ceccusn)
3ansaTun 3ansaTus UK | KCP | KD Kar | K | CPxp | CP3x Cp
JIEKIIMOHHOT' 0 CEeMHHAPCKOIo ™K | 0
THIIA THIIA H
JI BJ JIP 113 T
p
o
Ja
b
Oouas
XapaKkTepuCTHKa
MOZCIMPOBAHUA
JCATCIIBHOCTH C
Tema 1 HCIOJIb30BAHUEM 15 2 3 10 O,T
OOJIBIINX JaHHBIX
(Big Data). Process
Mining. Process
Science.
Omnucanne
COOBITHH,
Tema 2 COCTOSIHHIA, 21 2 3 16 T, K
mpoHeccoB B
COBPEMCHHBIX




MHPOPMAIMOHHBIX
CHCTEMaX.
MopnenupoBanue
TIPOIIECCOB
MPEAIPUSTHIHA.

Tema 3

Anbga-anroputMm.
IlepcriekTuBHBIE
aITrOPUTMBI
pacro3HaBaHUS U
MTOCTPOCHUS
TIPOIIECCOB.
Pacno3naBanue
COOBITHHA,
COCTOSTHUH,
JIEUCTBUM.
ITocTpoenue
Moenel ouzHec-
TIPOIIECCOB 10
OOJIBIIIMM JAaHHBIM.

14

10

T.K

Tema 4

Hcnons3oBanue
MTOCTPOCHHBIX
OM3HEC-TIPOIIECCOB.
YTouHenue
mojeneit. CucrteMbl
MIPOLIECCHOM
AHAJIUTUKH

21

16

TK

Tema 5

HMmuramuonHoe
MOJICITAPOBAHKE
MTOCTPOCHHBIX
OM3HEC-TIPOIIECCOB.
CucreMsl
HMMHUTAI[HIOHHOTO
MOJICIIAPOBAHHS.

19

15

TK

Tema 6

OnruMH3anus
OM3HEC-TIPOIIECCOB
CcpencTBaMu
Process Science.
Hosrie
HaIpaBJICHUS U

25

20

TK




MIEPCIICKTHBBI
HCITONTE30BaHMS
Process
Science/Process
Mining

[Ipomexyroynas
aTTecTanus

29

DOK3aMeH

Hroro

144/108

8/6

20/15

87/65,25

chozlwye/wbze COKpaujerust.

JI — nexiuu - 3aHATHA, IPEAyCMAaTPHBAIOIINE IPEUMYIIIECTBCHHYIO TIepeaadyy yueOHoi nHOopMaIiuy 00yJaronuMcs IeJaroriueCKuMH pabOTHIUKAMU OPTaHU3aluy U (MJIH) JTHIIaMH,

TIPUBIIEKAEMbIMU OPTaHU3aINEH K peann3anni 00pa30BaTeNbHBIX IPOrPAMM HA HHBIX YCIOBHSAX, ).

BJI — Buneo nexmuu.
JIP — maGopaTtopHbie pabOTEHI.

[13 — mpakTHyeckue 3aHATH (32 HCKIIOYCHUEM Ta00paTOPHEIX padoT).
UK — naauBHUIyaTbHBIC KOHCYIIBTAIIHH.

KCP — KOHTpOJIb CaMOCTOSATENBHOM padOTHI

KD — xoHCybTaIIUMN TTepe]] SK3aMEHOM

Kartak — koHTaKkTHas paboTa Ha aTTECTAUIO B IEPHO/] SK3aMEHAIMOHHBIX CECCHI

KoHTpous - KOHTaKTHas paboTa Ha aTTECTAlHUIO B IIEPHUO 3K3aMEHAMOHHBIX CECCUI I 3a09HOM (HOpMBI 00yUeHHS
CPxp — camocTosiTenbHas paboTa Ha IOATOTOBKY KypCOBOH paOOTH/ KypCOBOTO IMPOEKTA.
CPaKk — camocTosTeNbHAas pad0Ta Ha MOATOTOBKY K 9K3aMEHY.

CP — camocTrosTeabHas pa60Ta B CEMCCTPEC HAa NOAT'OTOBKY K y‘{e6HI>IM 3aHATHAM.

T — TectupoBanue.

I1K3 — npakTHueckue KOHTPOJIbHBIE 3aJaHUs.
[T13 — npodeccroHaIbHO-UCCICA0BATEILCKUE 3a/1aHHS.

B mpornecce 00ydeHHnss MPUMEHSIOTCS CIEAYIONINE WHTEPAKTUBHBIE (POPMBI: JIEKIHUSI-IUAIOr, padoTa B MaJIbIX TPYIIax,
CHAPPUHT-TIAPTHEPCTBO.

Temsl 1-6 MmoryT ObITh 0cBOEHBI ¢ puMeHeHrneM D0 u JIOT ¢ KOHTpoJIEM B CUCTEME AIEKTPOHHOTO 00y4YeHUs] AKaJIEMHUU.
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3.2. Conep:xxaHue U CTPYKTYPa JUCHHUILIHHBI

Tema 1. OO0masi xapakTepucTHKAa MOJIEJTHUPOBAHNUSA AeSATEJIbHOCTH € UCNOJIb30BAHUEM
0oabmx AaHHbIX (Big Data). Process Mining. Process Science. I1Kc-2.1. 3-1, 3-2, 3-3.

Hcnons3oBanue Oonbmmux pgaHHbiX (Big Data) Ha npennpusatusx wu
opranu3zanusax. [Ipoueccusiit moaxoa. I[lonstue o MaitHuHTE mporeccoB. Process
Mining u Process Science.

3HaKOMCTBO ¢ HMH(OpPMAIMOHHBIMH cucTteMamMu Process Mining, Process
Science.

Uctounukn panubix. Event Logs. Ilpumeps urenuss panueix CSV
cpeanctBamu Python u R.

Tema 2. Onucanue coObITHH, COCTOSIHMI, TIPOLECCOB B  COBPEeMEHHBIX
uHpopMaumoHHbIX cucrtemMax. MoaeaupoBanune npouecco npeanpustuil. [MKc-2.1. ¥Y-1.
Y-2,¥-3.

[Tonatust o coctostHuM, COOBITHH, Tiepexojne, AciicTBuu. [IpencraBneHue
JIAHHBIX O MPOIECCax B Pa3IMUHBIX HH(OOPMAIIMOHHBIX CUCTEMAX.

dopmartsl peacTaBlIeHUs JaHHbIX 0 mporeccax. XES, CSV.

Urenwue aitioB ¢ nanapiMu o miporieccax B Python u R. CoptupoBka gaHHBIX
0 mporeccax. UTeHne TaHHbIX, KaK CJI0BapA.

[IpakTukyM u caMmocTosATelbHAas paboTa C KOHTPOJIEM UTEHHUS U

npenacrasiieHus 1aHHbIX U3 Event Logs B Python u R.

Tema 3. Aabda-aaropurm. [lepcnekTUBHBIE AJTOPUTMBI PACTO3HABAHNS M MIOCTPOEHUS
npoueccos. PaciozHaBanue co0bITHIA, COCTOAHMI, AeiicTBuil. [locTpoenue moaeseii Ou3Hec-
npoueccoB nmo 0oabmuM aanabiM. [1Kc-2.1. B-1.

Anb(a — anroput™ pacno3HaBanus npoieccoB. Omunbku anroputma. Pacuer
Ka4eCcTBa MPEACTABICHUS.

OBpPUCTUYECKU MATHUHT ITPOLIECCOB.

['eHeTHYECKNIT MATHUHT.

MaliHUHT IO pEruoHaM.

NHIyKTUBHBIA MATHUHT.

[TpencraBnenue nonyyeHHsix Moaenei B GraphViz. PyGraphViz.

[IpakTuKyM © camMoOCTOATENbHAas padoTa C KOHTPOJEM MpEICTaBICHUS
npoueccoB u3 Event Logs B Python PyGraphViz.

Tema 4. Hcnogb30BaHHe NOCTPOCHHBIX OH3HeC-NPOLECCOB. YTOYHEHHMEe MOJeJIeil.
Cucremsbl npoueccHoii anaauruku. [1Ke-2.2. 3-1., 3-2, 3-3

NudopmarmorHbie CHCTEMBI MAaiTHUHTA MPOIIECCOB.

DISCO. PROM. Rapid Miner. KNIME. R miner. PM4Py.

OTtedecTBEeHHBIE Pa3paOOTKH.

[Ipumepsl UCTTOIB30BAHUS TPOLIECCHOTO MAWHHHTA.

Hcnonb3oBaHue METOK BPEMEHH, CUETUMKOB coObITHiA B Python u R.

[IpakTukyM u caMocCTOATeNbHas paboTa C KOHTPOJIEM MOPOKICHUS,
YTOUHEHUS, SKCIIOpPTa U UMIopTa mojener npoueccoB u3 Event Logs B DISCO,
PROM, Rapid Miner, PM4Py.
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Tema 5. UMuTanmoHHoe MoJeTHPOBaHHE MOCTPOEHHBIX OM3Hec-npoueccoB. Cucrembl
HMHUTAIMOHHOT0 MoaeanpoBanus [1Kce-2.2. V-1, ¥V-2,¥-3.

Hcrnonp3oBanue MoMy4YeHHBIX B pe3ynbrare Process Mining mojeneit OusHec-
MIPOIIECCOB TSI AaHAJIM3a W ONTUMU3AINHN OU3HEC-TIPOIIECCOB.

Bpemena coObITHII M BEpOATHOCTH COOBITHM, uX pacuer. Dopmarsl
MpeACTaBICHUS.

Pacuer 3aTpat pecypcos. [Ipodunu pecypcoB, ux pacyer.

Cucremsl kacca Process Science.

CpenctBa umuTanuu OusHec-mpoieccoB B R u Python.

[Ipumep ucnons3oBanus Process Mining B 3jpaBOOXpaHEHUHU.

[TpakTuKyM U camocTosiTebHast padoTa ¢ MOJACIUPOBAHUEM O0CTYKUBaHUS
nanmeHToB B PM4Py u mnocneayromuM HMMHUTAIMOHHBIM — MOJIETUPOBAHUEM
00CITy>KUBaHUSI.

Tema 6. Ontumu3anus OusHec-mpoueccoB cpeacrBamm Process Science. Hosble
HaNpaBJIeHUs M NepCcneKTUBbI Mcnoab3oBanus Process Science/Process Mining I1Kc-2.2.
B-1.

[Touck y3kux mect (bottlenecks) B Ouznec-mporieccax. [Ipou3BoauTeIbHOCT
ousHec-mporiecca, 3pdekTuBHOCTh OuzHec-mporecca. Mx pacyer cpeacTBamu
MPUJIOKEHU M.

BrisiBienne otkioneHuid B OusHec-mpoleccax cpeacrsamu Process Science.
CornacoBaHHOCTH OM3HEC-TTPOLIECCOB.

[Touck  OBICTPBHIX/KOPOTKUX TYTEH  BBHIMIOJHEHUS OW3HEC-IIPOIIECCOB.
[Iporno3upoBanue nmpodeM BHITIOTHEHNS OM3HEC-TIPOIIeCCOB cpencTBamMu Process
Science.

[lepcnexTruBHBIC HampaBieHUs Process Science.

OnTtumu3anusi Ou3Hec-npoleccoB. MICKyCCTBEHHbBI MHTEIUICKT U MAIIMHHOE
oOyuenue B Process Science.

[TepcniexkTrBHBIE MpOrpaMMHBIE pUiIokeHus Process Science B PO. ABBYY
timeline. UIPath.

[IpakTuKyM U caMOCTOsITeNIbHAsI padoTa C aHAIM30M OTKJIOHEHUN, TOMCKOM

y3KHX MECT W MPOTHO3UPOBAHHWEM TIPOOJIEM BBIOJHEHUSI OW3HEC-TIPOIIECCOB
cpeacteamu DISCO, PROM, Rapid Miner, PM4Py.

4. Tunbl OLIEHOYHBIX MATEPHUAJIOB, IOKA3aTEJIU U KPUTEPUH OIleHUBAHUSA

4.1. Ouenounsie Marepuansl 1o aucuuiirae bl.B.07 «MopenupoBanue
OuzHec-mpoleccoB. Process mining» BXOISAT B COCTAB OLIEHOYHBIX MAaTEPUATIOB 11O
oOpazoBaTenbHOlN MporpamMme. COBOKYIHOCTh OIEHOYHBIX MaTEpHaJOB IO BCEM
JUCHUIUIMHAM  00pa30BaTeNIbHOW MPOrpaMMbl COCTaBiAeT (OHA OLIEHOYHBIX
cpencts (nanee — DOC). ®OC ucnonb3yeTcs Mpu MPOBEACHUU TEKYILET0 KOHTPOJIS
YCIEBAEMOCTH U TPOMEKYTOUHOM aTTecTallii 00yJaroIIUXCs C LETbI0 OIICHUBAHUS
JOCTIKEHUS 00YUYaIOIIUMHUCS TUITAHUPYEMBIX Pe3yJIbTaTOB O0yUCHHUS.

4.2. ®OC pazpaboTaH KaKk KOMILIEKC MPOBEPOUYHBIX 3aJaHUKM Pa3TMIHOTO
TUTIA U YPOBHS CIIO)KHOCTHU, BKJIFOYAET KPUTEPUU W IIKAIBI OICHUBAHMS, a TAKXKE
«KJTFOYM» MPaBWIBbHBIX 0TBeTOB. DPOC (hopmupyeTcs Kak OTAEIbHBIA TOKYMEHT H
XpaHUTCSL B 3JEKTPOHHOM Bujie, noctyn kK ®OC npenoctaBiieH OrpaHUYEHHOMY
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KpYTY JIHII.

4.3. Jlns camocTosiTenbHOM PabOThI 0OyYaroONIMXcsl MPHU TMOATOTOBKE K
TEKyIIEMy KOHTPOJIO YCIEBAEMOCTH M MPOMEXKYTOYHOW aTTECTallid B pabOoumx
mporpamMmax JUCITUIUIMH Pa3MEIIeHbl THIOBBIC MPOBEPOYHBIC 3aaHUs, KOTOPHIC
MOXHO YCIIOBHO pa3JeJUuTh Ha 3aJlaHUs 3aKPBITOTO, KOMOWHHPOBAHHOTO U
OTKPBITOTO THIIOB.

3amaHus 3aKpHITOTO THITA — 3TO TECTOBBIC 3aJaHMS, B KOTOPBIX KaKIbIH
BOIIPOC  CONPOBOXKIACTCS TOTOBBIMH BapuaHTAaMHU OTBETOB, M3 KOTOPBIX
HE00XO0IMMO BBIOPATh OAWH WM HECKOJIBKO PABUIIbHBIX.

3amanuss KOMOMHHUPOBAHHOTO THUIIA — 3TO TECTOBBIE 3aJaHUs, B KOTOPBIX
KQKJIBI BOIPOC COMPOBOXKJIAETCS TOTOBHIMU BapHaHTAMU OTBETOB, M3 KOTOPBIX
HEOOXOIMMO BBIOpPATh OJIMH WM HECKOJHKO MPaBUJIBHBIX U OOOCHOBATH CBOM
BBIOOD.

3amaHusi OTKPHITOTO THIA — ATO 3aJaHUsI, B KOTOPHIX HAa KaXKIBI BOTPOC
JOJDKEH OBITh TIPEIOKEH PA3BEPHYTHIN 000OCHOBAHHBIN OTBET.

B 3aBucumMocTM OT THIa 3amaHUS PEKOMEHIOBAHBI  OIpPEACIICHHAS
MOCJICIOBATEIHFHOCTD BBHITTOJTHEHHS M CHCTEMA OICHUBAHMS BBITIOJTHEHUS 33 IaHUN.
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4.4. Tunbl 3a1aHUH, CEHAPUU BBIIIOJIHEHUS, KPUTEPUU OLICHUBAHMUS

TUIT 3AJAHUA NHCTPYKLIMA CHEHAPHU BBIIIOJIHEHUA KPUTEPUUN ONEHVMBAHUA
3aaHue 3aKpBITOTO [Ipounraiite TEKCT, 1 .BHMMaTenpHO IPOYUTATH TEKCT 3aJaHUS U ITOHATH, OTBeT cunTaeTCsl BEpHBIM, €CIIH
THUIIA C BBIOOpOM BbIOEpUTE YTO B KQYECTBE OTBETA OKUJAETCS TOJBKO OJUH U3 NpaBWIBHO yKa3aHa mudpa uimm

OZHOT'O IIPAaBUJIBHOT'O
OTBETA U3 HECKOJILKUX
BAPUAHTOB
MPEII0KEHHBIX

HpaBI/IJ'ILHHﬁ OTBET

MIPEUI0KEHHBIX BAPUAHTOB.
2. BHUMaTenhHO MPOYUTATH TPEATIOKEHHBIE
BapHaHT-ThbI OTBETA.

3. BeiOpaTh OJ1H BEPHBI OTBET.

4. 3anucatb TOJIbKO HOMEp (MK OYKBY) BEIOPAHHOTO
BapuaHTa oTBeTa (Hanpumep, 3 wiu B).

OykBa

33.IlaHI/Ie 3aKPBITOTO
TUIIA HA YCTAaHOBJICHUC
COOTBCTCTBHUA

[IpouuTaiite TekCT U
YCTaHOBUTE
COOTBETCTBUE

1.BHUMAaTENnbHO NPOYUTATh TEKCT 3aJaHUS U OHSTD,
YTO B KQUECTBE OTBETA OXKHUIAIOTCS Maphl SJICMEHTOB.
2. BHuMartenbHO NpoYUTaTh 00a CIUCKA: CIIUCOK 1 —
BOTIPOCHI, YTBEP)KICHHS, (PaKTHI, ITIOHITHS U T.1.;
CIHCOK 2 — yTBEP>KJICHHS, CBOUCTBA OOBEKTOB U T.1I.
3. ConocTaBUTh JIEMEHTHI CIIUCKA 1 ¢ AeMeHTaMu
crnmcka 2, chopMHpOBATh Haphl HIEMEHTOB.

4. 3anucatpb nonapHo OyKBbI U HUDPHI (B
3aBHCUMOCTH OT 3aJlaHHsI) BApUAHTOB OTBETA
(manpumep, Al unu b4).

OTBeT cynTaeTCsi BEPHBIM, €CIIH
NPaBUIBHO YKa3aHbI HUPPHI WK
OyKBBI

3aanue 3aKpbITOro
THIIa C BEIOOPOM
HECKOJIbKHX
IMPaBUJIIBHBIX OTBETOB
13 HECKOJIBKUX
BapUaHTOB
MPeIJI0KEHHBIX

[IpounTaiite TEeKCT,
BbIOEpUTE
MPaBUIIbHBIE OTBETHI

1.BHMMAaTEnpHO MPOYUTATh TEKCT 3aJaHUS U NTOHATH,
YTO B KaYECTBE OTBETA OXKUIAETCSA HECKOJIBKO
IIPaBWJIBHBIX OTBETOB U3 MIPEIIOKEHHBIX BAPUAHTOB.
2. BHUMarenpHO NpOYUTATh NPEI0KEHHBIE
BAapUaHT-ThI OTBETA.

3. BoiOpaTh HECKOJIBKO MPAaBUIIBHBIX OTBETOB.

4. 3anucath TOJIBKO HOMEpa (MK OYKBBI)
BBIOpAHHOTO BapuaHTa OoTBeTa (Hampumep, 1 4 nimm A
D).

OTBeT cunTaeTCsl BEPHBIM, ECIIH
MIPABHIILHO YCTaHOBJICHBI BCE
COOTBETCTBUS (TIO3UIUHU U3
OJTHOTO CTOJI0I1a BEPHO
COITOCTABIICHBI C IMO3UIUSIMU
JIPYTOTO)

3agaHue 3aKphITOTO
THIIA Ha yCTaHOBJIeHI/Ie

[IpouuTaiite TeKCT U
YCTaHOBUTE

1. BHMMaTEbHO MPOYMUTATh TEKCT 3aIaHUS U
MOHATH, UTO B KAYECTBE OTBETA O)KUAETCS

OTBeT cunTaeTCs BEPHBIM, €CIIU
MPAaBWIbHO YKa3aHa BCsl
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noCJICA0BATCIbHOCTHU

IOCICO0BATCIIBHOCTD

MOCIIEZIOBATEILHOCTD JIIEMEHTOB.
2. BHUMAaTENbHO MPOYUTATh NPEIJI0KEHHBIE
BapHUaHThI OTBCTA.

3. ITocTpouTh BEPHYIO MOCIEIOBATEIILHOCTD U3
NPpEAJIOKCHHBIX 3JICMCHTOB.

4. 3anucatb OyKBBI/IIUPPHI (B 3aBUCUIMOCTH OT
3aJlaHus1) BApUAHTOB OTBETA B HYKHOU
ToCJIe1I0BaTeIbHOCTH (HanmpuMep, bBA wmm 135).

MOCJIEI0BATEIBHOCTD LIU(P

3aganue
KOMOWHUPOBAHHOTO
THUTIA C BBIOOPOM
OJTHOT'O TIPAaBUIIBHOTO
OTBETa U3
NPEUIOKEHHBIX U
000CHOBaHHEM BBIOOpA

[IpounTaiite TEKCT,
BBIOEpHTE
MPaBWIbHBIA OTBET U
3aIUIINTE
apryMEHTHI,
000CHOBBIBAIOIIUE
BBIOOp OTBETA

1.BHUMaTENbHO POYUTATH TEKCT 3aJaHUS U TIOHSTD,
YTO B KaYECTBE OTBETA OXKUAAETCS TOJIBKO OJUH U3
MIPEUIOKEHHBIX BAPHAHTOB.

2. BHUMaTenbHO NIPOYHUTATh IPEIOKEHHbBIE
BapHaHTHI OTBETA.

3. BeiOpaTh 0JIMH BEpHBII OTBET.

4. 3anucatb TOJIBKO HOMEp (MK OYKBY) BEIOPAaHHOTO
BapHaHTa OTBETA.

5. 3anmcars apryMeHTbl, 000CHOBBIBAIOLIE BEIOOP
oTBeTa (Hanmpumep, 4 TEKCT 000CHOBaHUS).

OTBeT cunTaeTcs BEPHBIM, €CITH
NpaBWIBHO yKa3aHa mudpa mim
OyKBa M MPHUBEICHBI
KOPPEKTHBIC apTyMEHTHI,
UCTIOJIb3YEMbIE TIPH BHIOOpPE
OTBETa

3a/laHue OTKPBITOTO
THIIA C Pa3BEPHYTHIM
OTBETOM

[IpounTaiite TeKCT U
3aUIINTE
Pa3BEPHYTHIN
000CHOBaHHBII OTBET

1. BHMMaTEIBHO MPOYUTATH TEKCT 33JJaHUS M TIOHSTh
CYTb BOIIpOCa.

2.ITpomyMaTh JIOTUKY U MOJHOTY OTBETA.

3.3amucarth OTBET, HCIONB3Ys YETKHE KOMITAKTHBIC
(OpMYITHPOBKH.

4.B ciydae pacueTHOM 3aJa4M 3alMCaTh PELICHHE H
OTBET

OTBeT cunTaCTCS BEPHBIM:
1. OtcyTcTBHE (haKTUYECKUX
OIINOOK.

2. PackpeiTe o0bema
HCIIOJIb3yEMBbIX MOHITUI
(moJTHOTA OTBETA).
3.060CHOBaHHOCTH OTBETA
(Hamu4Me apryMeHTOB).

4. Jlornueckas
MOCNe0BaTeIHLHOCTh
M3J1araeMoro Marepuana.
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4.5. OOmas wKama OUEHWBAHUS PE3YJIbTATOB TEKYIIETO KOHTPOJS
yCIIeBAaEMOCTH M MMPOMEKYTOYHON aTTecTalnu o0yuaromxcs ¢ npumenennemM bPC

ECTS

HUrorosas T bunapuas L ]

0a/uIbHAS Oll€HKA PAMIHOHHA cHcTema CHCTEMA | rpwumwonn | 7V OuaPHON

95-100 O LG A P/ Passed

85-94 B P/ Passed

75-84 Xoporio 3adTeHo C P/ Passed

65-74 D P/ Passed

55-64 VY 10BII€TBOPUTETBLHO E P/ Passed

0-54 HeynoBieTBOpUTEIHLHO He 3auTteHo F F/Failed
CooTHomieHue  OaJIOB 32  TEKYyIIMH  KOHTPOJIb  YCIIEBA€MOCTH U

MPOMEKYTOUHYIO ATTECTAIMIO, & TAKKE MOBTOPHYIO MTPOMEKYTOUHYIO aTTECTALUIO:

MakcumanbHas cymma | MakcumanbHas MakcumanbHas MakcumanbHas
0aJlsIoB 3a TEKyUIUH cymmMma 0ajioB 3a UTOrOBast cymMma 0ajioB 3a
KOHTPOJIb IPOMEKYTOUHYIO OanmibHas MTOBTOPHYIO
YCIIEBAEMOCTH aTTeCTaILNIO OLICHKA POMEKYTOUHYIO
aTTECTAILNIO
60 6as10B 40 6aoB 100 6as10B 100 6a110B

5. (I)OprI aTTeCTallui, TUIIOBBIC OLICHOYHbIC MAaTEPHUAJIbI AJH TEKYLIEI 0
KOHTPOJIA yCIIEBAEMOCTH oﬁyqamumxc;l, KPUTECPHUH U IIKAJbI ONCHUBAHUA 110
KOHTPOJIBbHBIM TOYKaM

5.1. B xozme peanu3anuu TUCHUIUIMHBI HMCTIONB3YIOTCS CleAyromue (OopMBI
TEKYIIET0 KOHTPOJs YCHEBAaeMOCTH oOOydammmxcs (B TOM 4YHCIe, 3aJaHusl K
KOHTPOJIbHBIM TOYKaM):

O-onpoc, T — rectupoBanue, K-KonTpoib

TEMA 1 O0masi xapakTepucTHKA MOJAEJINPOBAHMS A€ATEIHLHOCTH C
HCIO0JIb30BaHMeM 0oJibnX aHHbIX (Big Data). Process Mining. Process
Science. I1Kc¢-3.2. 3-1, 3-2.

Tecmosvle 3a0anus:
3aoanue 3aKpsvimozco muna c 6’bl60p0]1/l 00H020 npaesulibHoco omeena us
HECKOJIbKUX 6apuarnmoe I’lpe()ﬂOZ)fC‘eHHle.
1.BHuUMaTenpHO MpoYUTaTh TCKCT 3alaHUA U IIOHATD, 4TO B KaAYCCTBC OTBCTA
0KNAaCTCA TOJBKO OJJMH M3 IMTPCIIOKCHHBIX BAPUAHTOB.

2. BHuMaTenbHO MpOYUTATh HNPCHAJIIOKCHHBIC BAPHUAHTHI OTBCTA.
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3. BoiOpath o1uH BEpHBIN OTBET.

4. 3anucath TOIBKO HOMEp (Uiu OyKBY) BBIOPAHHOTO BapuaHTa OTBETA
(manpumep, 3 uinu c).

1. Kakoe u3 nepeuncieHHbix cBoiicTB HE BXOAHT B KITaCCHYIECKYIO «MOJIETH V)
(Volume, Velocity, Variety, Veracity) npu onucanuu Big Data mpumenuTenbHo K
MPOLECCHBIM JaHHBIM?

a) Volume (006BEM)

b) Velocity (ckopocTb)

c¢) Validity (BamuaHOCTB)

d) Variety (pazHoo0Opasue)

2. Yrto sBasieTcs KIOYEeBbIM oTiamuyueM data-driven process management oT
KJIACCUYECKOTO IECKPUIITUBHOTO MOJICIIMPOBAHUS MPOIICCCOB (HAIIPUMED, C TIOMOIITHIO
BPMN)?

a) Mcnonp3oBanue uckiouuTeabHo HoTtaruu IDEFO

b) H3pneuenune mojmenel MpoIreccoB U3 JIOTOB coObITHH (event logs), a He
py4HOE TIOCTPOEHUE

¢) O0s13aTenbHOE MPUMEHEHNE 00JIAYHBIX BEIYMCICHUN

d) Otka3 oT mo0bIX rpapUIECKUX HOTALIUN

3. Kakoii Tun Process Mining orBeuyaer Ha Bompoc: «Hackoiabko peanbHOE
BBIIIOJIHEHUE TPOLIECCA COOTBETCTBYET 3TAJOHHON (HOPMAaTUBHOW) MOJAENN ?»

a) Discovery (oOHapyxeHue)

b) Conformance (mpoBepka COOTBETCTBUS)

¢) Enhancement (pacumpenue / yinydiieHue)

d) Prediction (npencka3anue)

4. Kak cootHocsatcs Process Mining u Process Science?

a) OTO MOTHOCTbI0 CHHOHUMHUYHbBIE TTOHSITHS

b) Process Mining — 3TO TEeXHOJOTHUS WU3BJICUYCHMS] 3HAHUW O MpoIleccax U3
JTaHHBIX, a Process Science — OoJiee MmMUpOKas MEKIUCHUIUIMHApHAS 00J1acTh,
BKJTFOYAFOIIIAs aHAJIU3, MOJISTUPOBAHNE, ONMTUMHU3AIIUIO U YIIPaBJICHUE TPOIECCaMU

c¢) Process Science — 3T0 ycrapesiiee Ha3Banue Process Mining

d) Process Mining u3y4aeT TOJIBKO MPOU3BOACTBEHHBIE IMpolecchl, a Process
Science — no0ObIE

5. Kakast u3 nepeynciieHHbIX CUCTEM OTHOCHUTCS K aKaJIeMHUYECKUM / OTKPBIThIM
uHcTpyMeHTaMm Process Mining?

a) Celonis

b) Minit

c) ProM

d) ABBYY Timeline
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TEMA 2. XapakTepucTHKH JAHHBbIX U MH(OPMALIUH, KAK BUI0B AKTHBOB
npeanpusatus. Madpopmanus, 1anubie U npaso coocrsenHoctu. I1Ke-3.2. V-1,
Y-2.

1. Kakoli MuHMMaNbHBIN 00s3aTeNbHBIN HaOOp moJiei (aTpuOyTOB) TOJKEH
conepxxarb Event Log i1t KOppekTHOro npuMeHeHus aroputMoB Process Mining?

a) Case ID, Activity, Timestamp

b) Case ID, Cost, Resource

c¢) Activity, Resource, Cost

d) Timestamp, Cost, Duration

2. Kakoit opmaT npejcTaBiIeHHUs JIOTOB COOBITHI SIBIISIETCS CTaHIAPTOM Je-
dakro mis Process Mining u nonnepxxuBaet pacmupenus (lifecycle, organisational,
semantic)?

a) CSV

b) JSON

c) XML

d) XES

3. Ilouemy coptupoBka coObITHil B Event Log kputnuecku BaxkHa miis Process
Mining?

a) Jlns ymensIenus pasmepa (aitna jgora

b) 151 KOppEKTHOTO BOCCTAHOBJICHHUSI IOPSAKA BBITIOTHEHUS ACHUCTBUH, TaK KakK
ITOPUTMBI TIoJIaratoTcs Ha XpoHosoruio (Timestamp)

¢) [Ans mmdpoBaHus JaHHBIX O MpoIeccax

d) s mpeobpaszoBanwms ora B popmatr CSV

4. Yo obo3nauaet nepexoy (lifecycle transition) «complete» B popmate XES?
a) CoObITHE HAYATIOCh, HO €I HE 3aBEPIICHO

b) CoOriTHE OBLIO MPEPBAHO MOJb30BATEIEM

¢) CoObITHE YCTIEITHO 3aBEPIIEHO

d) CoObITHE OTIOXKEHO JI0 JIYUIIUX BPEMEH

5. Kak naspiBaetrcs stan ETL-niporiecca, Ha KOTOPOM BBITIOHSETCS MAITAHT
noJieit xypHasnoB Tpan3zakuuii UC B ctpyktypy Case ID — Activity — Timestamp?

a) Extraction (u3BieueHue)

b) Transformation (Tpanchopmarius)

c¢) Loading (3arpy3ka)

d) Visualization (Bu3yanu3ammsi)

TEMA 3. Aabpa-aaropurm. [lepcriekTUBHBIEC aJITOPUTMBI PACIIO3HABAHUS
H NocTpoeHud npoueccon IIKc-2.1. B-1.

1. Kakoe otHomenue nopsiaka (ordering relation) B anbda-anroputme (Alpha
Miner) o3HayaeT, 4YTO JiBa JEHUCTBHUSI MOTYT BBIIIOJHITHCS B JIIOOOM MOPSIIKE
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HE3aBUCHUMO JIpYT OT Apyra?
a) Direct succession (—)
b) Causality (—>)
¢) Parallelism (||)
d) Choice (#)

2. Kakoe orpannuenue HE mno3Bossier koppekTHO oOpabaThiBaTh aib(da-
anroput™ (Alpha Miner)?

a) Jlnunnsie nmocnenoBarenbHocTu (>100 coObITHI)

b) Kopotkue nukist (short loops) ninunsl 1 wim 2

¢) OTcyTCTBHUE BPEMEHHBIX METOK

d) Hamuuwme Gonee yem 10 pa3iudHbIX aKTUBHOCTEHN

3. Kaxkoit anmroputm Process Mining HCHOJb3yeT MOHATUS «3aBHCHMOCTHY
(dependency) u «mopor 3aBucumoct» (dependency threshold) mns ycroitumBocT
IIyMy B JaHHBIX?

a) Alpha Miner

b) Heuristic Miner

c¢) Genetic Miner

d) Region-Based Miner

4. Kakoe cBoiictBo rapantupyet Inductive Miner 1jist pe3yIbTUPYIOLIEH MOIETH
npoiiecca (JepeBa npoleccoB)?

a) MakcumanbHas mpoctoTa (simplicity)

b) be33ByuHocTh (soundness) — OTCYTCTBUE TYITUKOB M H30BITOUHOCTH

¢) MuHMMaNbHOE BpEeMS BBHITTOJTHCHUS

d) O6s3aTenbHOE Hcnonb3oBaHue cetu [letpu

5. Kakas MeTpuka KadecTBa TMPOIECCHON MOJCIN TOKa3bIBACT, HACKOJIBKO
MOJIENTb JIOMYCKAeT IMOBEJCHHUS, KOTOPBHIX HET B PEAbHOM JIOTe (T.e. HE SIBISCTCS
CJTUIIIKOM OOIIIei)?

a) Replay fitness

b) Precision

c¢) Generalization

d) Simplicity

TEMA 4. Ucnosib30BaHHe NMOCTPOCHHBIX OHM3HEC-TPOLECCOB. YTOYHEHUE
Mojeseil. CucteMbl MPOWECCHON aHAJMTUKM TTKc-2.2. 3-1., 3-2, 3-3

1. Kakoit uactpyment Process Mining peanu3oBaH kak OMOJIMOTEKa Ha SI3bIKE
Python u no3Bosser BeinonHATh discovery, conformance checking u Bu3yanuszanuio?

a) DISCO

b) ProM

c) PM4Py

d) RapidMiner
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2. YUro Takoe koH(popmarmonHas mposepka (Conformance Checking) B Process
Mining?

a) [locTpoenne Moaenu mpoiiecca ¢ HyJs

b) /lobaBieHre B MOJ€Ib BPEMEHHBIX XapaKTEPUCTUK

¢) CpaBHEHUE peaIbHOI0 MOBEEHUS ITpoliecca (U3 Jiora) ¢ 3TAJIOHHON MOJIEIIbIO

d) BeisiBieHHE CONMANBHBIX CETEH MEXAY UCTIOTHUTEISIMHU

3. Kakoit tun pacmmpenuss mogenu (Process Enhancement) nmonpazymeBaer
aHaJIU3 3arpy3KU UCTIOJHUTENICH U BBISIBJICHUE potiei (role discovery)?

a) Performance analysis

b) Organizational mining

c¢) Decision point analysis

d) Time-based enhancement

4. Kakoit Meron TPOBEpPKH COOTBETCTBUSI (conformance) wHCHOIB3yeT
BbIpaBHUBaHUE (alignment) Mexay peaibHbIMU COOBITHSIMU U MOJEIbIO, YTOOBI HAMNTH
HaWJIy4lllee COOTBETCTBUE JaXe IPU HATMYMU OTKIOHEHUI?

a) Token-based replay

b) Alignment-based conformance

c¢) Footprint matrix comparison

d) Direct succession evaluation

5. Kakag 3agaua pemaercs C TOMOIIBI0 OPraHU3allMOHHOTO MaWHWHIA
(Organizational Mining)?

a) Pacu€r cpegHero BpeMeHU BBITIOJTHEHUS Kelca

b) ABToMaTnueckoe nmoctpoenue cetu [lerpu

c) BeuBnenne pabounx rpynn (working together) u  onmTUMH3aIUsA
pacnpeieseHus: pecypcoB

d) IIporno3upoBaHue CIEIYIONMIETO ACHCTBUS

TEMA 5. HMuTanuoHHoOe MO/JeJIHMPOBAHUE TOCTPOEHHbLIX OHM3HeC-
npoueccoB. CucreMbl MMUTAIIMOHHOTO MoJeiMpoBaHus IMKc-2.2. V-1, V-2,V-3.

1. Kakas OubGmmoreka Python wamie Bcero ucmonb3yercs Mg AUCKPETHO-
cOOBITHITHOTO MHUTaIIMOHHOTO MozenupoBanus (DES) nporeccon?

a) NumPy

b) SimPy

c¢) Matplotlib

d) Scikit-learn

2. UYro Takoe «what-if analysis» (ciieHapHBIii aHaln3) B KOHTEKCTE
UMUTAIMOHHOTO MOJICTUPOBAaHUS OU3HEC-TIPOIIECCOB?

a) AHaJIN3 UCTOPUICCKUX JIAHHBIX 3a TIPOILIBIC TIEPHO,IbI

b) Ouenka BIMSHUA W3MEHEHUU MMapaMeTpoB (Hampumep, A00aBJICHUE
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pecypcoB) Ha MMOKa3aTelu npoiecca 6e3 BMEIIaTeabCTBa B pealbHYI0 CUCTEMY
c¢) IIpoBepka COOTBETCTBUS MOJEIIM HOPMATHUBHBIM JIOKYMEHTaM
d) Busyanusaius TeKyIero COCTOSIHHS poliecca B peaJbHOM BpEMEHH

3. Kakoi MeTo Banuaaluyu MMUTAMOHHON MOJIENIN NPEANOJIAaracT CpaBHEHUE
pe3yIbTaTOB CUMYJISIIIMUA C UCTOPHUECKUMH (peaTbHBIMU) TaHHBIMH?

a) AHaJIN3 9yBCTBUTEIHHOCTH

b) DkcnepTHas oreHka

c¢) Backtesting (peTpocrieKTUBHOE TECTUPOBAHHE)

d) Kpocc-panunarus

4. Kakoif TN aHaiaM3a MO3BOJISET BBISIBUTH ATAll MpoIlecca ¢ MaKCUMaIbHBIM
BpEMEHEM OXKHJIaHUS WJIM MUHUMAJIbHOM MPOITyCKHON CIIOCOOHOCTHIO?

a) Social network analysis

b) Bottleneck analysis (rmouck y3kux mMect)

¢) Variant analysis

d) Decision point analysis

5. Kak Process Mining u RPA (poOoTu3anus mpoueccoB) CBS3aHbI MEXKIY
co00i1?

a) RPA 3amensier Process Mining

b) Process Mining ucrnosib3yercst JUisl BBISBICHUS IMPOILIECCOB-KAHAUIATOB Ha
aBTOMAaTHU3alIUIO M OLEHKH UX TpUrogHoctu st RPA

Cc) DTO KOHKYpPUPYIOLIUE TEXHOJOTMH, HECOBMECTHUMBIE B paMKaX OJIHOTO
IpoeKTa

d) RPA o06s3aTenpHO ncnonb3yeT Gpopmanusm cereit [letpu

TEMA 6. Ontumu3anus OuzHec-npoueccos cpeacrsamu Process Science.
HoBble HampaB/ieHMsl M MepPCIEKTHBBI HCIOJb30BaHMs Process Science /
Process Mining ITKc-2.2. B-1.

1. B uém ocnoBHoe otiinuue Object-Centric Process Mining oT TpaaulIMOHHOTO

Process Mining?

a) Mcnonp30BaHKe UCKITIOYUTENIBHO O0JAYHBIX BBIUUCICHUN

b) OTKa3 OT BpeMEHHBIX METOK

c) Ilonnepkka HECKOJNBKHX B3aMMOCBSI3aHHBIX OOBEKTOB (Hampumep, 3akas,

HakJjajHas, oriara) BMecTo oaHoro Case 1D
d) OpuenTanus TOJIbKO Ha TEKCTOBBIE JIOTH 0€3 YHCIOBBIX JaHHBIX

2. Uto Takoe mNpeAUMKTUBHBIA MOHUTOPHUHI mpoueccoB (predictive process
monitoring)?

a) [TocTpoenne Moaenu mporiecca Mo HCTOPUYECKUM JaHHBIM

b) Ilpenckazanue Oyyliero NoBeAECHUs BBIMOIHSIOIErocs Keica (Hanpumep,
OCTaBIIIEeCs BpPEeMsi, UCXO]T)

¢) muTarnmonHoe MoIeIMPOBaHUE CIIEHAPHUEB «UTO OYAET, eCIIn»
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d) Busyanuzamus pa3BépTku mporiecca 1mo 4actToraM

3. Kakoii Tum BU3yanu3anuu Jy4Iie BCEro NOIX0IUT Al OTOOpaKeHUS TOTOKOB

KEMCOB MEXy aKTUBHOCTSIMH C Pa3HOM MHTEHCUBHOCTBIO?

a) TernnoBas kapTa JJIUTETBLHOCTEN

b) Jluarpamma Sankey

c¢) Cronbuaras auarpamMma 4acTOThl aKTUBHOCTEH
d) Kpyrosas nuarpamma pacrnpeziesieHust pecypcoB

4. Kakoe IOHSATHE OIMMCHIBACT HCIIPCPBIBHO O6HOBH§ICMYIO B p€aJIbHOM BpECMCHU

MMUTALIMOHHYIO MOJENb IpOollecca, HHTETPUPOBAHHYIO C MOTOKOBBIMHU JAaHHBIMHU U
MPEIUKTUBHON aHAIUTUKOM?

a) Static process model

b) BPMN-guarpamma

c¢) Digital Process Twin (mudpoBoii ABOWHHK TTpoiiecca)
d) Event log B hopmate CSV

5. Kakoe sTmyeckoe M NpaBOBOE OrpaHUYEHUE HauOOJIee aKTyaJbHO IIPH

npoBeneHun Process Mining ¢ moramu MH(GOPMALMOHHBIX CHCTEM, COJEPKALIUMU
CBEJICHUS O JIEUCTBUSIX COTPYIHUKOB WU KJIMEHTOB?

a) CIOKHOCTh YCTaHOBKH MPOrPaMMHOI0 00EeCTICUCHHUSI
b) Heo6xoaumMocTh coOM0AeHUsT 3aKOHOAATENIbCTBA O MEPCOHATBHBIX JAHHBIX

(d3-152, GDPR)

¢) OrcyrcTBue ctangaptoB Ha popmat XES
d) Bricokast CTOUMOCTH JIMIIEH3UH Ha AJITOPUTMBI

5.2. TumoBble OLEHOYHBIE MaTEpUalbl I TEKYLIEro KOHTPOJIS

yCIEBAEMOCTH O0y4YaroIMXcs (BHE KOHTPOJIbHBIX TOYEK):

IIPUBEJICHBI B I1.6.2.
5.3.01H UM HECKOJIBKO TEMATUYECKUX OJOKOB IUCIMILIMHBI 3aBEPIIAIOTCS

KOHTposbHOM Toukoh (manee — KT). Tekymuii KOHTpPOJIb YCIIEBA€MOCTU IIO
JTUCLMIUIMHE TIpeaycMaTpuBaeT He MeHee 2 (aByXx) u He 6osee 10 (mecstu) KT B

TEUEHHUE NEPUOJIa OCBOCHHUSI TUCIUIIIINHBI.
MakcuManibHOE KOJIMYECTBO 0aJljIoB 3a 000 Tuil paboT B pamkax KT
cocrasiset 100 (cTo) 6amos.
Pacnipenenenne BecoBbix k0dddunrentoB mo KT B pamkax TeKyIiero
KOHTPOJISI yCTIEBAEMOCTH TI0 JUCITUTUTHHE B (POPMYJIIBI pacuera:

HaunmenoBaunue
KOHTPOJIBHON TOYKHU

MakcumaiibHOE
KOJIMYECTBO 0asIoB
3a paboTy B pamMKax
KT, xoTopoe MmoxeT
HaOpaTh CTYAEHT

Koaddumment Beca
KOHTPOJILHON TOYKH

PesynbTar
KOHTPOJILHOM TOYKH,
Y4aCTBYIOIIUH B
hopmupoBaHUHN
UTOTOBOW OAJUTHHOMN
OLICHKH 110 TUCHUIUIMHE
(oTpakaercs B )KypHaJe
BPC B CZ10)
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KT -1 100 0,1 10
KT -2 100 0,1 10
KT-3 100 0,1 10
KT -4 100 0,1 10
KT-5 100 0,1 10
KT-6 100 0,1 10
Hroro: X 0,6 60

dopmyna pacueTa pe3ybTaTa KOHTPOJIBHOW TOYKH:
Pe3ynbpraT KOHTpOIBHON TOoukK = KonmyecTBo Oamios 3a padoty B pamkax KT x
KoadduumeHT Beca KOHTPOILHON TOUKH.

5.4. ®opMbl TEKYIIIETO KOHTPOJIA yclieBaeMocTH oOyuaromuxcs B pamkax KT u
TUTIOBBIE OLICHOYHBIE MaTEPUAJIbI:

KT-1
Tema 1.
Tecmuposanue.

KT-2
Tema 2.
Tecmuposanue.

KT-3
Tema 3.
Tecmuposanue.

KT-4
Tema 4.
Tecmuposanue.

KT-5
Tema 5.
Tecmuposanue.

KT-6
Tema 6.
Tecmuposanue.

Ta6auna npaBUWIbHBIX OTBETOB

Homep 3aganus IIpaBuiabHbIN 0TBET (OyKBa)

Temal-1 C
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Homep 3aganus IIpaBuiabHbIN 0TBET (OyKBa)

Temal-2 b
Temal-3 b
Temal-4 b
Temal-5 C
Tema2-1 a
Tema2-2 d
Tema2-3 b
Tema2-4 C
Tema2-5 b
Tema3-1 C
Tema3-2 b
Tema3-3 b
Tema3-4 b
Tema3-5 b
Tema4-1 C
Tema4-2 C
Tema4-3 b
Tema4-4 b
Tema4-5 C
Tema5-1 b
Tema5-2 b
Tema5-3 C
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Homep 3aganus IIpaBuiabHbIN 0TBET (OyKBa)

Tema5-4 b
Tema5-5 b
Temab-1 Cc
Tema6-2 b
Tema6-3 b
Tema6-4 C
Tema6-5 b

Jist kaxaoil (opmMbl TEKYIIEro KOHTPOJISI yCHEBAEMOCTH OOYyYaroluxcsl B
pamkax KT onpeneneHsl KpUTEPUH OLICHUBAHUS PE3YJIbTATOB BBIITOJTHEHUS 3aJaHUS.

1. Kpumepuu oyenusanus mecmuposarusl:

K Jnamnazon 0
pUTEPUU OLIEHKHU SAILIIOB MMCaHUE KPUTEPUs
0 Konuuecmeo npasunvrnvix omeemos
Mmenee 55%
25 Konuuecmeo npasunvnvix omeemog om
55% 00 64%
Konuuecmeo
P 50 Konuuecmeo npasunvnvix omeemog om
P 65% 00 74%
omeemos
75 Konuuecmeo npasunvnvix omeemos om
75% 00 84%
100 Konuuecmeo npasunvnvix omeemog om
85% oo 100%
Hroro makcumManbHO: 100

2. Kpumepuu oyenusanus I1K3:

Kpurepuu onienku Jlnanason Onucanue KpuTepus
0auIoB
Jlemanvnoe, nocnedosamenvroe
41-70 onucanue 8cex NOHAMuUU Ha npumepe
Cooeporcanue u 8bIOPAHHOTL CUCTNEMbL
packpuimue 21-40 Ilosepxnocmuoe onucanue b6e3
6b10paHbIX NOHAMUI NPUBA3KU K 8blOPAHHOU cucmeme
0-20 Touamus packpolmosl MUHUMATLHO UTU
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He PACKPbIMbl B08CE
30 Konuuecmeo évinonnennvix 3a0anuil
om 85% oo 100%
Konuuecmeo z
S /5 Koauuecmeo vinoanennvix 3a0anuil
. om 55% 0o 84%
3a0aHUl z
0 Konuuecmeo binoinennvix 3a0anuil
MmeHee 55%
Hroro MmakcuMaibHO: 100

3. Kpumepuu oyenusanua I113:

Kpurepuu ouenku Jlnanasox Onucanne Kputrepus
0aJIoB
JlemanvHoe, nocnedosamenvroe
31-50 onucanue 8cex NOHAMUU Ha npumepe
Cooepoicanue u 8bIOPAHHOT CUCTNEMbL
packpvimue 16-30 llosepxnocmnoe onucanue 6e3
8bIOPAHHBIX NOHAMULL NPUBs3KU K 8blOPAHHOU cucCmeme
0-15 Tonamus packpvimvl MUHUMATILHO UL
He PACKPbIMblL B0BCE
16-20 IIpeocmasnennas ungopmayus
HOOMBEPHCOEHA CCLLIKAMU HA
Jlocmoseprnocmo u -
a;:gzz;zzczb 0-15 llpeocmaenennas ungopmayus
YACMUYHO NOOMBEPHCOEHA CCHLIKAMU
HA UCTOYHUKU UJIU He NOOMBEPIHCOeHA
30 Konuuecmeo evinonnennvix 3a0anuii
om 85% 0o 100%
Konuuecmeso -
. /5 Konuuecmeo 6bl(l)’lO]lH€HH£)lx 3aA0aHUl
SO om 55% 0o 84% _
0 Konuuecmeo evinonnennvix 3a0anuii
menee 535%
HTtoro MakcumasnbHO: 100

5.5. Onrcanue TONOTHUTENBHBIX MaTEPUaIoB U 000PYA0BaHUS, HEOOXOUMBIX
JIUISL BBITIOJTHEHUS TIPOBEPOYHBIX 3aJIaHUM (npu Heobxooumocmu).

Jist peienus 3ana4 otkpoeiToro tumna (I[1K3, IT13), TecToBBIX 3a1aHM CTYIEHTY
pasperniaeTcs UCTOIb30BaHNE KABKYJIISATOPA; IPOTPamMM Jijist pabOoThI C AJIEKTPOHHBIMU
TabmuuamMu s 00paboTKH, aHaNIM3a U BU3yalIM3alu JaHHBIX. JlJig mocTpoeHus
MHTEJUIEKT-KapThl 1 MOJEJIEH B PA3JIMYHbBIX HOTAUAX CTYACHTY MOKHO MCIOJIb30BaTh
10001 COOTBETCTBYIOLIUI OHJIAHH-UHCTPYMEHT.
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6. @opMBbI IPOMEKYTOUYHON ATTECTANNH, KPUTEPHUHU M IIKAJIA OLlCHUBAHUS,
TUNOBbIE OIEHOYHbIE MATEPHAJIbI M0 TUCIHUTLINHE

6.1. IIpomexyTouyHas aTTecTalus IpoBOAUTCS B (hOpMeE IK3aMeHa.

JK3aMeH TNpoBOAUTCS B ycTHOM (Qopme. OOyvaronmiics noaydaer
HK3aMEHAllMOHHBIA OwWieT ¢ BapuaHTaMu 3-4 3amaHuil pasnuuHoro Ttumna. Ha
BBITIOJTHEHUE 3aaHuii 1aetcs 40-60 munyT. [1o 3aBepiieHun moAroToBKU HE0OOXOAUMO
MPEACTaBUTh OTBETHI B YCTHOM BHJI€, MOJIPOOHO M3JI0KHUB XOJ BHITIOJTHEHUS 3aJIaHuUs,
CAeNaTh BBIBOBI (NP HEOOXOIUMOCTH).

[Ipu peanuzanuu npomexytoyHoit arrecrauuu B I0O/JOT MoryT ObITH
ucnoJib3oBansl cneayomme Gopmel: yctHo B JIOT - B popme 000cHOBaHHBIX OTBETOB
Ha 3a/1aHusl pa3iaugHoro tumna; nuckMeHHo B C/1O - B ¢hopMe TUCEMEHHOTO perieHus
3alaHuil pa3auyHoro tuna; rectupoanue B CLO.

6.2. TUnoBkIE OLIEHOYHBIE MAaTEPUAIIBI IPOMEKYTOUYHOM ATTECTALINH.

BOI’ZDOCbl 0151 NOO20MOBKU K IK3AMEHY .

YACTD 1. OcHOBHBIE BONIPOCHI 110 H3YYECHHBIM TEMaM.

TEMA 1. O0masi XapakTepHCTHKAa MOAEJIMPOBAHUA [IeAATEJbHOCTH C HCIOJb30BAHHEM
O0oabmx AaHHbIX (Big Data). Process Mining. Process Science

1. Kak wucnonp3ytorcst Oosbininie panHble (Big Data) o mpormeccax Ha
OpeanpusATuax W opranuzanusx? Packpoiite conepkanue mnonartus Big Data
OPUMEHUTEIIBHO K TPOLIECCHBIM JaHHBIM (00BEM, CKOpPOCTh, pa3zHOOOpasue,
JIOCTOBEPHOCTH). [IpuBeauTe mpuUMEpbl HCTOYHUKOB TIPOLIECCHBIX JaHHBIX B
koprnopaTuBHbIX HMHGopmaronnbix cuctemax (ERP, CRM, BPM) u o0Gbsacuure,
KaKyro OM3HEC-IIEHHOCTh HECET aHAIU3 dTUX JIaHHBIX.

2. OnuuuTe 3BOMIONMIO TPOLECCHOTO MOAXO0Ja: OT KJIACCHUYECKON Teopuu
nporeccoB (BPMN, EPC, IDEF0) x moaxoay Ha ocHOBe naHHBIX (data-driven process
management). B uéM npuHIUNHAIBHOE OTIWYUE NECKPUITHBHOTO MOJICIUPOBAHHUS
MPOIECCOB (BPYUHYIO) OT U3BJICUYCHUS Mojelied u3 JoroB coObiTui? KakoBbI
NPEeUMYIIECTBA U OTPaHUYCHHSI KaXKI0TO Moaxoaa?

3. Uro Ttakoe MmaiiHuHr mnpoueccoB (Process Mining)? [laiite omnpenenenue,
onuImuTe npeaMer u 3aaaun Process Mining. Kak Process Mining cooTHOCUTCS €
Data Mining u Business Intelligence? [IpuBeaute Tpu 6a30Bbix Tuma Process Mining
(discovery, conformance, enhancement) u pacKkpoiTe cojep>KaHue KaxKI0To.

4. B uém paznuna mexnay Process Mining u Process Science? Ompenenure
COOTHOIIIEHHE TOHATUH: Process Mining kak TEXHOJOTHS HM3BICYEHUS 3HAHUU O
mporieccax W3 JaHHbIX M Process Science kKak MeXAUCIUIUIMHApHAS 00J1aCTh,
BKJTFOYAIOIIAs aHATIU3, MOJICTTUPOBAHNE, ONTUMHU3AIINIO W YIIPABJICHHUE MTPOIIECCAMH.
B uém coctout pacmmpenue 3anad ot Process Mining k Process Science?

5. Kakue cucremsl Process Mining u Process Science Bol 3naere? [Ipuseaure
KJ1accuUKaIuio mTporpaMMHBIX cpeacTB: kommepueckue (Celonis, Minit, ABBYY
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Timeline), axagemudeckue/oTKpbiThie (ProM, PM4Py), mnatdhopmbl aHATUTUKH
(KNIME, RapidMiner). CpaBHHTE BX (PYHKIITMOHATBHOCTD, THIIBI TTOIIEPKUBAEMBIX
QJITOPUTMOB U 0OJIACTH IPUMEHEHHS.

6. Vctounuku nannbix 11 Process Mining. Event Logs: kak OHU BBITISIAT, U3
kakux nosieit coctosT (Case ID, Activity, Timestamp, Resource, Cost u n1p.)? Kakue
TpeOOBaHMS MPEIBABISAIOTCS K KadecTBy JaHHbIX B Event Logs (mosHoTa,
COrJIacCOBaHHOCTb, ynopsanoueHHocThb)? [IpuBenure npumep ctpyktypsl Event Log B
dbopmaTe TaOIUIBI.

7. KakoBbl OCHOBHBIE dTanbl MPOEKTHOM paboThl mo Process Mining Ha
npeanpusatun? ONUIINTE KU3HEHHBIN UK MPOIECCHO-aHAIUTUYECKOTO MPOEKTa:
OT MOCTAHOBKHM OM3HEC-BOMpPOCa J0 BHEAPEHUS pe3yiabTaToB ontuMmu3anuu. Kakue
ponu (process owner, data engineer, process analyst) y4acTBYIOT Ha KaKJIOM dTare?

8. Kakue Tunmunple OM3HEC-3a7auu pemarTcs ¢ nmomoibio Process Mining?
[IpuBenuTe mpuMepsl U3 Pa3IUYHBIX OTpaciel: (GUHAHCH (KOMILIAEHC-KOHTPOJIb),
31paBOOXpaHeHUEe (aHAIU3 MapUIPYTOB MAIMEHTOB), JOTHCTHKA (ONTUMU3ALIMS
nenouek mnoctaBok), UT (aHanu3 wWHIMIECHT-MEHeIKkMeHTa). B uéMm cocrout
skoHOMUYecKui 3¢ ekt ot BHenpenus: Process Mining?

9. Kakue npoOnemsl kadecTBa JaHHBIX (data quality issues) BcTpeudaroTcs B
Event Logs u kak oHU BIMSIOT Ha pe3yibTaThl Process Mining? OnuimnTe TUTHYHBIE
npo0JIeMbl: MPOMYIIEHHbIE COOBITHS, HEBEPHbIE BPEMEHHBIE METKH, AyOIHpOBaHUE
3amuceil, HecorilacoBaHHble MACHTUPUKATOpbl. Kak 3TH mpobieMbl pemaroTcs Ha
aTare npeaoopadboTku?

10. Kak cootHocsitcs Process Mining ¥ TpaJWIIMOHHBIE METOABI ayJWTa
ousnec-nporieccoB? B 4ém mpeumyImecTBa MPOIECCHOTO MalHUHTA Tepes
BBIOOPOYHBIM ayJUTOM W 3KCHEPTHBHIM MojenupoBanuem? [IpuBenure mpumepsl,
korga Process Mining BBISIBIST CKPBITBIE OTKJIOHEHHUS, HE OOHApyKHUBaeMbIe
TPaAULIMOHHBIMU METO/IAMH.

TEMA 2. Onucanue co0bITHI, COCTOSIHUH, MIPOLIECCOB B COBPeMEHHbIX MHPOPMALMOHHBIEX
cucremax. MoaeJMpoBaHHie NPOLECCOB MPeINPUSTHH

11. Yto Takoe cocTOsiHHE, COOBITHE, TMEePexXoa M JACHCTBHE B KOHTEKCTE
IPOLIECCHOTO MojienupoBanus? Jaiite onpeneneHus: KaKIoMy MOHSITHIO, TPUBEIUTE
IPUMEPHI UX 3alUCH B KOPIIOPATUBHBIX MH(DOPMAIMOHHBIX CUCTEMaX (CTaTyC 3aKas3a
B ERP, atanm 06paboTku 3asBku B CRM). Kak 3Tu moHSATHS CBSI3aHBI MEXTy COOO0 B
MOJIeNIu mpoiiecca?

12. Kak nmpenacraBisitoTcss  AaHHblE O  @poLeccax B Pa3iM4yHBIX
nHopMaImoHHBIX cucTemax? CpaBHUTE TPENCTaBICHUE TPOIECCHBIX JTaHHBIX B
cucremax kijacca ERP (SAP, 1C), CRM (Salesforce, amoCRM), cucremax
ynpaBieHus uHnuaeHtamu (ServiceNow, Jira) u cucremax gokymeHtoobopota. B
94EM COCTOSAT PA3JINYHS B CTPYKTYPE H MOJHOTE JIOTOB COOBITHIA?

13. Onummwure oco6eHHOCTH (HOPMATOB MPEACTABICHUS JaHHBIX O MPOIECCcaX:
XES u CSV. Packpoiite ctpykrypy ¢opmara XES (eXtensible Event Stream):
Kiaccudukaius, riaodaipHbIe aTpuOyTHI, pacmupenus (concept, lifecycle, time,
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organisational, semantic). B uém npeumymectBa XES nepen CSV nns 3amau Process
Mining? [IpuBenute npumep pparmenta XES-daiina.

14. Onummre ureHue ¢(ailmoB ¢ AaHHBIMH O Tpormeccax B Python. Kax
oubmmoreka PM4Py peanuzyet umnopt jioros u3z XES u CSV? [IpuBenute npumepsl
koja Juis 3arpy3ku Event Log, u3BiieueHusi crivcka akKTUBHOCTEW W (UIbTpalUU
keiicoB. Kakne THmuyHbIe OMMMOKY BO3HUKAIOT TPHU UMITOPTE M KaK UX YCTPAHATh?

15. 3auem HeoOXoauMa COPTHPOBKAa JaHHBIX O Tporeccax? OObscHUTE,
noueMy mnopsiiok coObiTuii B Event Log kpuTuyeH uisi KOPPEeKTHOM paldoTh
anroputMoB Process Mining. Kak ocymiectBisiercst coptupoBka no Timestamp u
Case ID B Python (pandas, PM4Py)? K kakum HCKa)KEHHSIM IPUBOIUT HAPYIICHHE
XPOHOJIOTHYECKOT0 MopsiaKa?

16. 3auemM He0oOXOAUMO 4YTCHHE JAaHHBIX O IIpoIleccax Kak cjoBaps’?
OObsicHUTe, Kak TpeacTaBiieHue Jjiora B Buue cioBaps (dictionary) B Python
UCTIOJIB3YETCS A OBICTPOrO JOCTymHa K Kelicam, arperamuul COOBITHH 10 BHIIaM
AKTUBHOCTH H TIOCTPOCHHS YacTOTHhIX Tabmui. I[lpuBegute mnpumep Komaa
npeoOpa3oBanusa Event Log B ciioBaps.

17. Kak BwImoJsiHSIETCSl MpeaBaputesibHas o0paboTka (preprocessing) Event
Logs? OmummuTe TUMAYHBIC omepanuu: QUIbTPAHs MO BPEMEHHOMY MEPHOIY,
yAaJICHUE HEMOIHBIX KEHCOB, 00beAMHEHNE COOBITUI C OJMHAKOBBIMU BPEMEHHBIMU
METKaMH{, KOHBEpTallMsl YacOBbIX TMOsicOB. Kak 3TW omnepanuu peanusyrorcs B
PM4Py?

18. Yto Takoe xu3HeHHBIN 1K coObITHs (event lifecycle) B dopmare XES?
O0bscaute 3HayeHus: nepexoaoB lifecycle: start, complete, suspend, resume,
ate abort. Kak y4ér *KM3HEHHOTO ITUKJIA BIUSET HA KOPPEKTHOCTh BOCCTAHOBIICHUS
monenu nporecca? [Ipuseaure mpumep, koraa urHopuposanue lifecycle mpuBoaut k
OIMOOYHON MOJIETIH.

19. Kak ocymecTBiaseTcsi KOHHEKTOPbl M  H3BIICUCHUE JAHHBIX W3
KOPHOpPAaTUBHBIX HMH(POPMALMOHHBIX cucTeM s (opmupoBanus Event Logs?
Onumure Tunuuasii ETL-niponiece: uzsneuenue u3 bJ1 (SQL-3ampockl k KypHaiam
TpaH3aKLuii), Tpanchopmans (ManyHr MoJeH, Ty TUTMKaIKs ), 3arpy3ka B hopmar
XES/CSV. Kakue wuHcTpyMmeHThl ucnoibdytores (Apache Airflow, Talend,
KaCTOMHBIC CKPHUIITHI)?

20. KakoBbl KpUTEpUH IOCTATOYHOCTH MaHHBIX s Process Mining? Kak
ONpENEIUTh MUHUMAIBHO HEeoOXoaumeiii 00bEM Event Log (konmmuecTBO KeicoB,
IUIOTHOCTh CcoObITHI)? Kak cratucTuyeckass 3HAYMMOCThH MPOIECCHBIX JaHHBIX

BJIUSIET HA JIOCTOBEPHOCTH PE3yJIbTATOB MaiHUHTA?
TEMA 3. Aasda-anropurm. IlepcnekTuBHBbIC AJITOPUTMBI PACNIO3HABAHUA M NMOCTPOCHHUSA
npoueccos. PacriozHaBaHue coObITHI, cOCTOSIHMH, AeiicTBHil. [locTpoeHue moaeseii Ou3Hec-
NpoueccoB Mo 00JbIINM JAHHBIM

21. OnummuTe OCHOBHBIE YEPTHI anb(a-aIropuTMa pacrio3HaBaHUs MPOIIECCOB
(Alpha Miner). PackpoiiTe MaTremMaTHdecKue OCHOBBI: OTHOIIEHUs mopsaka (direct
succession, causality, parallelism, choice), mocrpoenue & i -marpunsr (footprint
matrix), momyuerue cetu [lerpu. KakoBa mociaenoBaTebHOCTD IIAroB aropuT™Ma OT
Event Log no pe3ynapTupyronieii Mojaenn?
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22. Kakwue orpanudenus u omuoOku anbda-anroputma Bel 3Haete? O0bsicHUTE,
nouemy Alpha Miner He MOXET KOPPEKTHO 00padoTaTh: KOPOTKHE MHUKIBI (short
loops), mymM B JaHHBIX, HECTAHAAPTHBIE CTPYKTYpPHl (HETBOPK-CTPYKTYPHI,
HEBHJIMMBIE Tiepexoinl). [IpuBenuTe KOHKpETHBIE TPHMEPHI JOTOB, Ha KOTOPHIX
Alpha Miner gaét ommb04YHy10 MOJIETb.

23. Onumwute 0COOEHHOCTH 3BPUCTHUECKOr0 MaiiHUHTa npoueccoB (Heuristic
Miner). B uém ero npunnunuansaoe otauure ot Alpha Miner? Packpoiite noHsTHs:
3aBucuMocTh  (dependency), mnopor 3aBucumocTH (dependency threshold),
MOJIOXKUTENbHBIC/oTpullaTeNbHble HaOmoaeHus. Kak Heuristic Miner oOpabatsiBaeT
IIYM Y HEeYacThle TOBEJACHUS?

24. OnumwuTte reHeTuyecKkuii MaiiHUHT TiporieccoB (Genetic Miner). Packpoiite
OCHOBHBIE 3JIEMEHTBbl T'€HETHMUYECKOTO alIropuT™Ma: XpomocoMma (IpelcTaBiICHUE
npoliecca), HauajabHas momyJsius, GyHKIUs nmprucnocodnennoctu (fitness function),
OTIepaToOpPhl KPOCCOBEpa U MYTAaIllMH, KPUTEPHU OCTAaHOBKHU. B u€m mpenmytiecTra u
HepoctaTku Genetic Miner mo cpaBHEHHIO C IPYTUMH aaTOpUTMaMu?

25. Onumwure maiHuHT 1o permoHam (Region-Based Mining). Yrto Ttakoe
TEOpHUSl PETHOHOB M KaK OHA MPUMEHSETCS IJs BoccTaHOBieHUs certei [letpu u3
Event Logs? B uém oTiinune peruoHanbHOro noaxoja oT ainbpa-anropurma? Kakue
THUIIBI MOJIEJIEH OH MO3BOJISET CTPOUTH?

26. Onummute 0coOeHHOCTH HHAYKTUBHOro MmaiHuHra (Inductive Miner).
PackpoiiTe mnpuHIMII TOCTPOEHUS JepeBa mpoleccoB (process tree) uepes
PEKYpPCUBHOE pa30HEeHHe JIora: MOCIEIOBATENbHOCTh (Sequence), MCKIIOYArOIIHiA
BbIOOD (exclusive choice), mapamnenusm (parallelism), nukn (loop). Kak Inductive
Miner rapanTupyet 6€33By4HOCTH (soundness) pe3yabTUPYIOIIei Moaenn?

27. CpaBuure anroput™mbl Process Mining (Alpha Miner, Heuristic Miner,
Genetic Miner, Inductive Miner) mo kpuTepusiM: ciocOOHOCTh 00padaThIBATh IIYM,
rapaHTusi 0€33BYYHOCTH MOJENH, MaCIITaAOMPYyEeMOCTh Ha OOJbIINE JIOTH, KAYECTBO
BocripousBeAeHuss (replay fitness), TouHOCTh (precision), 0OOOIIEHHOCTD
(generalization), mpoctora (simplicity). Kakoil anroputM B KakuX CHUTyalHsX
IPEATIOYTHUTEIICH?

28. Kak mpencraBisiioTCs MOJIy4eHHbIE MpoiieccHble Moaenu B GraphViz u
PyGraphViz? Onumute cunrakcuc DOT-s3b1ka it Bu3yanusanuu cereit [letpu u
650k-cxem mnpoiieccoB. Kak B PM4Py ocymiectBisiercst skcnopt Mmozenu B GraphViz?
[IpuBenuTe nmpumep Koja A BU3yauszanuu pesyibrara Inductive Miner.

29. UYro Takoe METPUKHM KayecTBa MPOLECCHOW Moaenu? Packpoiite yeTsipe
6azoBeie MeTpuku: replay fitness (BocmpousBeneHue), precision (TOYHOCTH),
generalization (0606ménHOCTD), simplicity (mpocroTa). Kak onu paccunthiBaroTcs?
Kaxk nocruraercst 6ananc MeXy HUMH MPU BEIOOPE aJITOpUTMA MaltHWHTA?

30. Kak peann3yercs UWHTEPAKTUBHBIA MaWHHUHT TpoieccoB? Onuiure
MOJIX0/I, TPH KOTOPOM aHAJTUTHUK UTEPATHBHO YTOUHSET MOJAEIH: (PUIbTpaIHs JIOTa,
BBIOOp aNropuTMa, HACTpPOWKa TMapaMeTpoB, OIICHKa pe3yJbTaTa, MOBTOpPHAs
bunpTpanms. Kakue WHCTPYMEHTBI TOIJACPKUBAIOT HWHTCPAKTHUBHBIA MAWHWHT
(ProM, Celonis, PM4Py)?

TEMA 4. MHcnoJb30BaHHe TMOCTPOEHHBIX OW3HEC-NPOIECCOB. YTOYHEHHE MOjeJieil.
CucreMbl NPOLECCHON AHATMTHUKHA
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31. Kakue uHpOpMAalMOHHBIE CUCTEMBI MailHMHTa mpoueccoB Bbl 3Haere?
JaiiTe kiaccu(puKaluio no TUMY JULIEH3UPOBAHUS (KOMMEPUYECKUE, AKaJEMUYECKHE,
open-source), IO apxXUTEKType (IEeCKTONHBbIE, OOJIauHble, TUOPHUIHBIC), TIO
dbyuknuonanpHocTH  (discovery, conformance, enhancement, simulation).
[TpuBenute 0030p prinka Process Mining-unctpymentoB 2024-2025 rr.

32. Omummure ocobennoctu DISCO, ProM, RapidMiner, KNIME, R miner,
PM4Py. Jlna Kaxaoro HMHCTPYMEHTA YKaXWUTE: MOMAJIEPHKUBAEMBIE aITOPUTMBbI
MalHUHTa, (OPMATHl HWMIIOPTA/IKCIOPTA, BHU3yaIM3AIMIO, MaCIITaOHMpPyeMOCTb,
LEJIEBYIO ayIUTOPHIO. B 4€M npenMyniecTBa U OrpaHU4EeHHs KaXa0ro?

33. Omnwummre ocobeHHocTn OubMMoTekn PM4Py kak uHCcTpymMeHTa Process
Mining Ha Python. Packpolite e€ apxuTekTypy: MOAYIM UMIIOPTA JIOTOB, AT OPUTMbI
discovery, conformance checking, Buzyanuzamusi, pabotrsl ¢ cerssmu Iletpu u
JepeBbsIMU MpolueccoB. [IpuBeauTe NpuMep CKBO3HOTO aHAIN3a: OT 3arpy3KH Jiora J10
BU3YaJM3alMKA MOJIEJIM U IPOBEPKHU COTIACOBAHHOCTH.

34. B xakux opranuzainusix UCHOJIb3yeTcs MpolieccHbli MaiHuHr? [IpuBeaute
npumepsl: puHaHcoBBI cexkTop (COepbank, BTh — kommmaenc u antudpon),
tenekoM (MTC, bunaith — ananmu3 SLA), 31paBooxpaHeHne (aHAJIM3 MapIIpyTOB
MAIMEHTOB), TOCCEKTOp (aHAIM3 MPENOCTaBICHHUS rocyciyr). KakoBbl TUITHYHBIC
pe3ynbTaThl BHEIPEHUS?

35. Kak ucnonb3yrTCs METKM BpeMEHHW M cuéryuku coObiTHii B Python?
Onumure pabotry ¢ Timestamp B pandas u PM4Py: mapcunr ¢opmaTtoB nar,
BBIUMCIIEHUE JJIUTEIBHOCTH MEXKIY COOBITUAMM, arperauus IO BpPEMEHHBIM
nepuojaM, IMOCTPOCHHE THUCTOrpaMM JUIMTENbHOCTH. Kak cu€ruumku coObITUi
(frequency counters) UCHIONB3YIOTCS JIJIsl BBISIBICHHS HaMOO0JIE€ YacThIX MApUIPYTOB
npouecca?

36. UYto Takoe koHpopmanumonHas nposepka (Conformance Checking) u ans
yero oHa npuMensietcsa? Packpoiite Metonsl: token-based replay, alignment-based
conformance. Kak paccuutsiBatorcsi metpuku fitness? IlpuBeaure mpumep
ucrionb3oBanusi PM4Py 1ns nOpoBEpKHM COOTBETCTBUSI PEAIBHOTO IMpoliecca
HOPMAaTHBHOU MOJIEIIH.

37. Kak ocymecTBiIseTcs paciimpeHue wMojeneid mnpoueccoB (Process
Enhancement)? Omnummre Tpu THNA paACHIMPEHUS: PACIIUPEHUE MOJCIH
BpEMEHHBIMH XapakTepuctukamu (performance analysis), pacuupeHue TaHHBIMHU O
pecypcax (organizational mining), paciiMpeHue AaHHBIMU O pemieHusx (decision
point analysis). [IpuBeauTe npumepsl 175 KaK0ro TUIA.

38. Kak peanusyercs opranu3anoHHbId MaiHUHT (Organizational Mining) B
pamkax Process Mining? Packpoiite 3amauu: BbisgBIeHHE poseit (role discovery),
aHanu3 couuanbHOM cetu (social network analysis), BbIsIBIeHHE pabOYUX TPYIII
(working together). Kakue anroputmel wucnonb3yrorcsa? Kak pe3ynbTaTel
OpraHU3allMOHHOTO MallHWUHTA TPUMEHSIOTCS IS ONTUMHU3AIMN pacIpeiesieHus
pecypcoB?

TEMA 5. UMUTAauMOHHOEe MOJEeJTHPOBAHNE NMOCTPOCHHBIX OM3Hec-npoueccoB. CucreMbl
HMUTALHMOHHOTO MOAECTUPOBAHUSA
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39. Kak monyuennsie B pe3yibrare Process Mining Mojienu OM3HEC-POIIECCOB
MOTYT OBITH WCTOJB30BAaHBI ISl aHAJIM3a W ONTHMH3AIUU OW3HEC-TIPOIECCOB?
Onuiure MOJHBIA UUKI: OT MOJENH, U3BJICUEHHOW U3 JIOTOB, K UMUTAIIMOHHOM
MOJICNIM, CLEHApHOMY AaHAJIM3y M PEKOMEHJALMSIM 10 ONTHUMH3auuu. B uém
IPEUMYILIECTBO UMUTAIMOHHOW MOJEIIU NEePE]] CTATUYECKUM aHAJIU30M?

40. Kak paccuuThIBalOTCS H TMPEACTABISIIOTCA BpeMEHa COOBITHH U
BEpPOSITHOCTU cOOBITUM B Python? Onuinurte W3BIeYEHHWE BPEMEHHBIX WHTEPBAJIOB
Mexay aeuctBusmu u3 Event Log, mocTtpoeHue pacnpenesieHuid JIMTEIbHOCTH
(9KCIIOHEHIIHMAJIbHOE, HOPMAJIbHOE, IMIUPUUECKOE), pacU€T BEpOSTHOCTEH BBHIOOpA
BETOK B TOYKax mnpuHATHs pemenuil. [IpuBeaute mnpumepsl Koja Ha
Python/pandas/PM4Py.

41. Kak paccUuThIBalOTCS 3aTpaThl PECYpPCOB B HMHUTAIMOHHON MOJEIU
ousHec-npouecca? OnuiuTe MOAXO0Abl K Y4€Ty CTOMMOCTH: CTOMMOCTH paboudero
BPEMEHU PECypcoB, CTOMMOCTh OOpabOTKH OJHOTO Keiica, (UKCHPOBAHHBIE U
nepeMeHHbie 3aTpaThl. Kak m1aHHbIe O CTOMMOCTU UHTETPUPYIOTCS B UMUTALIMOHHYIO
MO/I€JIb, U3BJIEUEHHYIO U3 Process Mining?

42. Yro takoe mpoduin pecypcoB, KaKk OHU paccuuThiBaroTcsi? Packpoiite
MOHSITUE pecypcHoro mnpoduis: 3arpy3ka pecypca Bo BpemeHu (utilization),
pacupeneneHue  3agad [0 pecypcaM,  BBISIBICHHE  IEpPErpyk’eHHBIX U
HEeJ03arpy>KeHHbIX HcnonHuTeNne. Kak npopuian pecypcoB pacCuMTHIBAIOTCS Ha
ocHoBe Event Log cpenctBamu PM4Py?

43. UYto moHuMaeTcs moJ cucreMamu kiacca Process Science? Omnpenenure
ormimmunue Process Science-cuctem oT uymctoro Process Mining: moGaBiieHHe
VMUTALMHA, TPECIUKTUBHON AHAJIUTUKHU, PEKOMEHIAIMK 1o onTuMmuzannu. Kakue
KOoMMepUecKkue miaThopMbl peannsyroT noaxos Process Science (Celonis Execution
Management System, Signavio)?

44. Kakue cpencta umutainuu OusHec-nporieccoB B R u Python Ber 3naere?
CpaBuure 6uommorexku: SimPy (Python), simmer (R), uarerpauust PM4Py + SimPy.
Onumunre npouecc COo3JaHus HWMHUTALMOHHOM MOJIEIM Ha OCHOBE IHPOLIECCHOU
MOJIENI: TIapaMeTpu3alisl BPEMEHHBIX PACIpPEICICHUM, MOAEIUPOBAHUE TOYEK
MPUHSATUS PEIICHUH, 3aITyCK SKCIIEPUMEHTOB.

45. Kak ocymecTsisieTcs Baluaalydsg HWMUTAMOHHOW MOJenu Ou3Hec-
npouecca? OnNuIIMTE METOABI: CpPAaBHEHHE  PE3yJbTAaTOB  CUMYJSILUU  C
uctopuyeckumu JaHHbiMU (backtesting), aHanmu3 4yBCTBUTEIBLHOCTH, JKCIEpPTHAs
orieHka. Kakne MEeTpuKu UCIOJIb3YIOTCS JIJISl OLICHKH aJI€KBATHOCTA UMUTALIMOHHOM
Mozenu (cpeaHee BpEeMs BBINMOJIHEHHS, TMPOMYCKHAs CHOCOOHOCTh, 3arpy3ka
pecypcoB)?

46. Kak ucnonb3yercst Process Mining B 3apaBooxpaneHnn? ONHIINATE KEHC
MOJICTUPOBaHUsL OOCIYy>KMBaHUS TMAIMEHTOB: U3BJICYCHUE MOJEIH MapIIPyTOB
MalMEeHTOB U3 JIOTOB UHPOPMAIMOHHON CUCTEMBI OOJILHUIIBI, BHIBICHUE Y3KUX MECT
(ouepenu K cHeUUaIMCcTaMm), HMHUTALMOHHOE MOJEIMPOBAHUE  CLEHAPHUEB
nepepacrpezenenus pecypcoB. Kakue 5>THYecKHMe W TPaBOBBIE OrPAHUYEHUS
CYILIECTBYIOT NPHU pabOTE C MEAULIMHCKUMHU JAHHBIMU?

47. Yro Ttakoe cueHapHblii aHanmu3 (what-if analysis) B uMuTanmoHHOM
MOJIETMPOBaHUM OM3Hec-TpoiieccoB? Kak ¢ ero moMoIpio OlIEHUBAIOTCS U3MEHEHHUS:
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no0aBiieHrE/yJaIeHHEe PECYpPCOB, W3MEHEHHE MAapIIPYTU3AINK, aBTOMATHU3AIIMS
oTaenbHbIX MmaroB? IlpuBenure npumep CLEHApPHOrO aHaiu3a Ui [polecca
00pabOTKH 3asBOK.

48. Kak unrerpupyrorcs Process Mining u pobotusanus npoueccoB (RPA)?
Onummure NOAXOHA: BBISBICHUE MPOIECCOB-KAHAUAATOB HA aBTOMATHU3ALMIO
cpeactBamu Process Mining, onenka noreHnuaia RPA (00BEM, MOBTOPSIEMOCT,
CTaHJaPTU3UPOBAHHOCTH), MOHUTOPUHT pOOOTHU3UPOBAHHBIX MpolieccoB. [Ipueaure
npumepbl ucnoiab3oBanuss UIPath 1 ABBYY Timeline B unTerpauuu ¢ Process
Mining.

TEMA 6. Ontumm3anus OusHec-npoueccoB cpeacrBamu Process Science. Hosble
HaINlpaBJIeHMs W NepPCIeKTUBBI Hcnoyb3oBanus Process Science / Process Mining

49. Urto Takoe nouck y3kux mecT (bottlenecks) B 6usnec-nponeccax? Kak on
peanuzyercsa? Jlaiite omnpeaeneHue y3KOro MeCTa Kak JTama Impouecca C
MaKCHMJIbHBIM  BPEMEHEM  OXHWJAHWUS WIM  MHHAMAIBHOHW  IPOITYCKHOU
CocOOHOCTHIO. ONMUIINTE METO/IBI BHISIBICHUS: aHAIA3 BPEMEHH OKUIAHUS MEXKIY
JICUCTBHUSIMY, BU3yallM3allds TEIJIOBOM KapThl IIIUTEIBLHOCTEH, PECYPCHBIN aHAIN3.
Uto Takoe mpou3BOAUTENBHOCTh Ou3Hec-mporecca (throughput) u 3¢ pexTuBHOCTH
(efficiency)? Kak onu paccuutsiBarotcs? [IpuBeaute npumep pacuéra B PM4Py.

50. Kak BIBISIIOT OTKJIOHEHU (deviations) B Gu3HecC-TIpoiieccax CpeicTBaMu
Process Science? OmnuiuTe THMIBI OTKJIOHEHW: HapyIICHHUE TOPSIKA JIECUCTBUM,
IPOITYCK 00S3aTeNbHBIX IIAaroB, BBHIMOJHEHUE HECAHKIIMOHUPOBAHHBIX JIEHCTBUIA,
nybonupoBanue pabor. Kak wMeronel token-based replay wu alignment-based
conformance HCHOJB3YIOTCS MJII aBTOMATHYECKOTO BBISBICHHUS OTKJIOHEHUI?
[IpuBenuTe npuUMeEpHI.

51. Yro takoe coriiacoBaHHOCTh (conformance) OuU3HEC-TIPOILIECCOB U Kak €&
orleHuTh? PackpoiliTe MeTomO0NOTHIO: CpaBHEHHE (aKTHUECKOM Mopenu (as-is),
U3BJICYEHHON M3 JIOTOB, C HOPMATHBHOM MoJeibio (to-be). OnmummTe METpHKH:
fitness, precision, generalization, simplicity. Kak paccuuTbiBaeTcsi KOMIUIEKCHas
MmeTpuka corigacoBanHoctu? [IpuBenure npumep ananuza conformance B PM4Py.

52. Kak peanusyercst MOUCK OBICTPBIX/KOPOTKUX MyTEH BBHINOJTHEHUS] OU3HEC-
nporieccoB? OnummuTe METOABI: aHAIM3 BapHAHTOB IMpollecca C MHUHUMAIbHBIM
BpEMEHEM BBHITIOJIHEHHUS, BBISIBIICHHE Han0oJiee YacThIX «CUACTIMBBIX mmyTei» (happy
paths), oleHka mOTeHLHUana COKpalleHus uuTensHocTd. Kak peamusyercs
IIPOTHO3MPOBAHUE TPOOJIEM BBINOJHEHUST Om3Hec-mpoleccoB (predictive process
monitoring) cpeactBamu Process Science?

53. HazoBuTe BO3MOXKHBIE MEpPCIEKTUBHBIE HampaBiieHusi Process Science.
Packpoiite: npeIMKTUBHBIM MOHUTOPHUHT Tpo1ieccoB (predictive process monitoring),
peKOMeHaTeIbHbIE CUCTEMBbI JJII MCIOJIHUTENEH (prescriptive process analytics),
unterpauus ¢ [oT 1 uugpoBbIMU ABOMHUKAMU, IPOLUECCHBI MAaHUHT B peaJlbHOM
BpemeHu (online process mining). Kakue Hay4yHble M TEXHOJIOIMUYECKHE BBI3OBBI
CTOSIT Tepe]] KaXIbIM HarpaBiIecHUuEM ?

54. Kak  MOXHO  peajqu3oBaTh  ONTHUMH3AIMIO  OWU3HEC-TPOIIECCOB,
NpeJICTaBICHHbIX B  pe3yinbrare Process Mining? Onummre  MOIXObI:
PEHHKUHUPHUHT Ha OCHOBE BBISIBJICHHBIX OTKJIOHEHUH, TTepepacipeie]IeHIe peCypcoB
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0 pe3yibTaTaM PECYpCHOr0 aHajau3a, aBTOMATH3alUs IOBTOPSIONIMXCS IIaroB
(RPA), ynpormenre u30BITOYHBIX MapmipyToB. Kak oreHMBaeTcs SKOHOMUYECKUN
s dexT ot onTuMuU3aINA?

55. Kak ucnonb3yroTcsi HCKyCCTBEHHBIN MHTEIUICKT U MAIlIMHHOE 00y4Y€HUE B
Process Science? Packpoiite 3amgaun: mpejackazaHue UCXoja mpoiecca (outcome
prediction), mpeackazaHWe BpPEMEHU BBHINONHEHUs (remaining time prediction),
pekoMeHaanus ciaeayromiero aeicTus (next activity prediction), aBTomaTuyeckas
KJactepuzans BapuaHToB mporiiecca. Kakue monenu ML npumenstorcs (LSTM,
random forest, gradient boosting)?

56. Ha3zoBute nepcrekTUBHBIE TPOrpaMMHbIe Mpuiiokenust Process Science B
P®. Ommmmre oreuecTBeHHBIC pazpadotku u anantanuu: ABBYY Timeline,
pemenus Ha 6a3e Process Mining or KPOK, IBS, Navicon. KakoBbl oco6eHHOCTH
poccuiickoro peiHKa Process Mining? Kakue 3amaum npuoputeTHbl (KOMILIAEHC,
rOC3aKyIKH, HU(POBHU3ALMS TOCYCIYT)?

57. Yro Takoe mmdposas ABOMHMKOBas Mmomaens mporecca (Digital Process
Twin) u kak oHa cBsi3aHa ¢ Process Mining? OnummTe KOHIEOIUIO: HEIPEPHIBHOE
O0OHOBJIEHUE MO/JIENH MIPOLIECCa B PEAIbHOM BPEMEHHU Ha OCHOBE IMOTOKOBBIX JIAHHBIX,
UHTErpalus C HMHUTAIMOHHOW MOJIENbI0, TPEAUKTUBHAS U MPEINUChIBAIOIIAS
aHanutuka. B uém otrnuuue Digital Process Twin oT cratuueckoil mpoleccHOM
monaenn?

58. KakoBbl 3THUecKHME M TpaBoBbIe acrekThl Process Mining? Omnumure
PUCKH: HapyllleHHe KOH(PUACHIIMAIBHOCTH NEpPCOHaIbHBIX HaHHBIX B Event Logs,
IPO3pavyHOCTh anropuTMoB (explainability), BnusHue pekomeHmanmii Process
Science Ha paOOTHHKOB (COKpalleHHE IepcoHana, yCuieHue KoHTpois). Kakue
perymaropubie  TpeboBanus (P3-152, GDPR) npumeHsroTcs K  JaHHBIM,
ucnojiab3yemMbiM B Process Mining?

59. Kaxk Process Mining uHTerpupyeTcs ¢ CUCTEMOH yTpaBiIeHUs MIPOLIecCaMu
opranuzauuu (BPM/BPMS)? Onumure apXUTEeKTypy HUHTErpaluu: OT U3BJICUEHUS
mozenu vepe3 Process Mining k ymnpaienuto nporeccom B BPMS (Camunda,
Bizagi), MOHUTOPUHTY UCIIOJIHEHMSI, OOPATHOM CBSA3M JJIsi KOPPEKTUPOBKU MOJIETH.
Kak peanusyercss 3aMKHYTBIN LUK ynpaBiieHus mnpoiieccoMm (process intelligence
loop)?

60. UYro takoe Object-Centric Process Mining u B 4éM ero OTIMYHE OT
TpaauimonHoro Process Mining? Packpoiite npo6nemy: kiaccudeckuii Event Log
npuBsa3aH K onHoMy Case ID, Torma kKak peajbHbIE IPOIIECCHI OXBAaThIBAIOT
HECKOJIPKO B3aMMOCBSI3aHHBIX OOBEKTOB (3aka3, HakimanHas, orarta). Kak OCEL
(Object-Centric Event Log) pemaer sty npobimemy? Kakme amropurmsl
UCTIOJIB3YIOTCS U 00bEKTHO-IIEHTPUIHOTO MaiTHWHTA?

61. Kax Process Mining npumeHsieTcst Uid aHalu3a MPOIECCOB 3aKyMOK U
roc3akynok? ONMIIUTE KEUC: BBIABICHWE HAPYLIEHWHA B IPOLECCE TEHIEPHBIX
npoieayp, aHanu3 cobsoaeHus: periameHToB (O3-44, ©3-223), BbIABICHUE CXEM
CroBOpa, ONTHMH3alldsg CPOKOB HCIOJIHEHHUsS KOHTpakToB. Kakue wmeTpuku u
BU3Yalu3aluK HanOosee HHPOPMATUBHbI?

62. Kakue Meroabl BU3yanuzanuu pesyibTaTtoB Process Mining Bel 3Haere?
Onuiure: MPOIECCHBIE KapThl ¢ HalloXkeHueM 4acToT (frequency-based animation),
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auarpaMMbl Sankey /71t TOTOKOB KEHCOB, TEIUIOBBIE KapThI JUTUTEILHOCTEH, Tpaduku
pacmpeneneHus BapuaHToB (variant analysis), mamoOopapl MOKa3aTese mporecca.
Kax Bu3yanuzamusi moMoraeT B MPUHATHH YIIPABICHUCCKUX PEIICHHI?

YACTb I1. BOITPOCHI JIJIsI CAMOCTOSTEJBHOM PABOTHI

63. OnummMre BO3MOXKHBIE CHOCOOBI MPEICTABICHUS JAHHBIX O COOBITHSX,
nepexogax B HWH(MOpPMalMOHHBIX cucTeMax. Kakwe Qopmarbl HaHHBIX, KpoMme
TEKCTOBBIX, MOKHO MCTOJIb30BaTh? Packpoiite conepxanue kaxaoro popmara: XES
(XML-ctpykTypa ¢ pacumpenusimu), CSV (tabnuunoe npeacrasienue), JSON (ans
noTokoBblX AaHHbIX U API), Parquet (konoHouyHOe XpaHeHUEe Uisi OOJBIINX
o6bémoB), OCEL (Object-Centric Event Log — mis MyiabTM-OOBEKTHBIX
npouieccoB). CpaBHute (opmaTel MO KPUTEPHUSM: KOMMIAKTHOCTh, CKOPOCTH
YTEHUS/3aIUCH, TOJAJEPKKAa METaJlaHHbIX, COBMECTHMMOCTb C WHCTPYMEHTaMH
Process Mining. [IpuBenute nmpumepsl koaa Ha Python anms koHBepTanuu Mexmy

dbopmaramu.
64. OmnummuTe BO3MOXKHBIE CIOCOOBI OMTMCAHUS OU3HEC-TIPOTIECCOB MO JaHHBIM
3 LOG-daiinos. PaccmoTpute: (a) Bu3yanbHOE mpejncraBieHue — cetu llerpw,

BPMN-mMmonenu, aepeBbsi mpoiieccoB (process trees), AvarpaMmbl MEPEXO0B
cocTostHui (state transition diagrams); (0) aHaIUTHYECKOE TMPEACTABICHUE —
Matpullbl nopsigka (footprint matrices), 4acTOTHBIE TaOJMIIBI, pacTpeIeTCHUS
JUIUTENbHOCTEN; (B) TrpadoBoe TpEeACTaBICHHWE — HampaBjieHHbIE Tpadbl,
B3BelIeHHbIE Tpadbl, MyJIbTUTpadbl. YKaxuTe, Kakue anroputMmel Process Mining
(Alpha Miner, Inductive Miner, Heuristic Miner) mnoOpoXJalOT KaKHe THIIbI
npeacrapieHuil. [lpuBeaure mpumMepsl ucnonb3oBanusi PM4Py mist moctpoeHus
KQ)KJIOr'O THUIIA MOJIEIIH.

65. Pa3zpaboraiiTe KOHICHIIMIO HCIOJB30BaHUA Process Science s
YUpEKICHHS 3ApaBooXpaHeHus. Bxirounrte: (a) omucaHue UCTOYHUKOB JAHHBIX
(MUC, nabopatopHbie HHPOPMAIMOHHBIE CHUCTEMBI, JIOTU MPUEMHBIX OTACIICHUMN,
JaHHBIC TEJIEMEIUIINHBI); (0) KITI0UEBbIE 3a/1aud — aHaJN3 MapIIpyTOB MAIMEHTOB,
BBISIBJICHUE OTKJIIOHEHHM OT KJIMHUYECKUX MPOTOKOJIOB, ONTHUMU3AIUS PACTUCAHUS
npUEMOB, MPOTHO3UPOBAHUE 3arpy3KH OTHENCHUM; (B) ATUYECKUE W MPABOBBIC
orpanuuenust (D3-323 00 oxpaHe 3A0pOBbs, OOE3IMUYMBAHUE JIAHHBIX,
uHdpopMupoBaHHOe cornacue); (r) apxurektypy pemenus (ETL-xonseiiep,
miatgopma Process Mining, mambopasl Juisi Bpaue U aJIMHUHUCTPATOPOB); (1)
OILICHKY AKOHOMHYECKOro 3(ddexra (cokpaiieHue BPEMEHU OXKUIAHUs, CHUXKEHUE
CMEPTHOCTHU, ONITUMH3ALIUS KOSUYHOTO (HOHIA).

66. Pa3zpaboraiiTe KOHIENIIMIO HCIOJb30BaHUsA Process Science s
TPAHCIIOPTHOM KomnaHuWU. Bxmtouute: (a) HMCTOYHUKU JIaHHBIX (TEJIEMETpPHs
GPS/TJIOHACC, nmoru TMS-cuctem, naHHBIC 3JEKTPOHHBIX ITYyTEBBIX JIHCTOB,
natanku [oT Ha TpaHCOpTHBIX cpencTBax); (0) KiItOYeBBIC 3a7aud — aHAIU3
COOMIO/IEHNsT MapUIPYTHBIX TpadUKOB, BBIABICHHE HEIPPEKTHUBHBIX MapPIIPYTOB,
ONTUMU3AIMSA 3arPy3KU TPAHCIIOPTA, MOHUTOPHUHT TOITMBHOU 3(PHEKTUBHOCTH; (B)
UHTErpalri0 € NPEeIUKTUBHBIM oOciyxkuBaHueMm (predictive maintenance) —
IIPOTHO3UPOBAHUE TMOJOMOK Ha OCHOBE MPOIECCHBIX JaHHBIX; () UMHUTAIIMOHHOE
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MOJIETTUPOBAaHUE ClIEHapHeB (M3MEHEHHE paCITUCaHus, 100aBICHUE SIMHUIl TEXHUKH,
nepeHanpaBlieHue Tpy301oTokoB); (1) pacu€t ROI ot BHeapenus Process Science.

67. Pa3zpaboraiiTe KOHIIENIMIO HCMOJb30BaHUA Process Science s
HeTexumuyeckol kommnanuu. Bxmtouure: (a) ucrounuku ganueix (SCADA/DCS,
MES-cucrtemsl, JIoru J1abopaTopHbIX aHAIM30B, CUCTEMBI YIIPABJIEHUS PEMOHTAMH,
nanuble [oT-natunkoB); (0) KJIIOYEBbIE 3aa4l — aHAJIU3 MPOIIECCOB TEXHUYECKOTO
oOcnyxxuBaHusi W pemMoHTOB (TOwuP), BbIsIBIEHHE NPUYMH OTKIOHEHHH OT
periaMeHTOB MTPOU3BO/ICTBA, ONITUMH3AIIMS MPOLIECCOB 3aKYIKHU ChIPbsi, MOHUTOPUHT
coOJIIOICHUST TTPOMBIIIJIEHHON Oe30omacHocTH; (B) mHTerpamuio Process Mining c
U(GPOBBIMH IBOMHUKAMHU TEXHOJOTUYECKUX YCTAaHOBOK; (T) KOH(OpMaIMOHHBIN
aHaIN3 — CpaBHEHUE (PAKTUYECKUX IMPOIIECCOB C PErIaMEHTHBIMU (KOHCTPYKIIUSA,
I1TD, TIb); (1) oleHKYy PHUCKOB M SKOHOMHYECKOro 3(ddekTa OoT ImpeaoTBpaIIeHUs
aBapuil U MpOCTOEB.

68. Pa3zpaboraiiTe KOHICHIIMIO HCIOJIb30BaHUA Process Science s
asporopta. BxirouuTe: (a) HUCTOYHUKH  JAHHBIX (CHCTEMBI  yIpaBICHUS
MACCAXXUPOIMOTOKOM, JIOTHU PErMCTPAallMd U JOCMOTpPA, TaHHBIE CUCTEM OOpabOTKH
Oaraxxa, APl aBmakommaHuii 0 3a7ep’KKax, JIOTK Ha3eMHOro oOciyxuBaHus); (0)
KJIIFOUEBBIE 33/1a41 — aHAJIU3 MPOLECCa MPOX0KICHHS TACCAKUPAMH BCEX ATAIOB (OT
BXOJa J0 TOCAJKU), BBISIBJIEHHWE Y3KMX MECT B 30HaX JIOCMOTpa U PETUCTPALIUH,
ONTUMHU3AIMSA  TPOIECCOB HA3EMHOI0  OOCIY>XKMBaHUS  BO3JAYIIHBIX  CYJIOB,
IPOTHO3UPOBAHUE THUKOBBIX HArpy3ok; (B) HMMUTAIMOHHOE MOJEIMPOBAHUE
cueHapueB (M3MEHEHHE KOH(QUTYpallud CTOEK, OTKPBITHE JOMOJHUTENbHBIX JIMHAN
JI0OCMOTpa, TepepacipeesieHne IMnepcoHana); (r) HMHTETpaluilo ¢ CHUCTeMaMH
ynpasiienust pecypcamu asponopta (ARP); (1) metpuku >¢dekTuBHOCTH (CpeaHee
BpeMsi 00CITy)KMBaHUS, TIPOITyCKHAsI CIIOCOOHOCTH 30H, YPOBEHB cepBuca SLA).

69. Pa3paboraiiTe KOHIENIMIO KCONb30BaHus Process Mining st ananuza
Ipoliecca UCIIOJHEHUS TOCY1apCTBEHHBIX KOHTPAKTOB (D3-44, ®3-223). Onuiure:
(a) ucrounuku nanHbix (EMC 3akynok, JIOrM 3JIE€KTPOHHBIX TOPTOBBIX IUIOIIAJIOK,
cucTeMbl (PUHAHCOBOTO HCHIOJHEHHUS KOHTPAKToB); (0) 3ajauu — BBISIBIICHHE
HApyIICHU CPOKOB UCIIOJIHEHUS DJTaloB, aHalW3 OTKJIOHEHUM OT THUIIOBBIX
MapIIpyTOB, OOHAPYKEHUE CXEM KapTeJIbHOTO CroBopa IO MaTTepHaMm IMpoliecca,
MOHHUTOPUHT 3(P(HEKTUBHOCTH MOCTABIIMKOB; (B) KOH(MOPMALMOHHBIMN aHAIU3 —
CpaBHEHUE (PAKTUYECKOI0 MPOoIecca C HOPMATUBHBIM (dTarmbl 3akynku 1mo ®©3-44); (1)
BU3YaJU3AIMIO JJI1 KOHTPOJIUPYIOIINX OPTaHOB.

70. PazpaboraiiTe KoOHIENIMIO HHTerparuu Process Mining ¢ cucremon
pobotuzanuu nporieccoB (RPA) na nmpumepe 63k-odrca 6anka. Onummure: (a) sTan
BBISIBJICHUS TIPOIIECCOB-KAHIUIATOB HA aBTOMATU3AITUIO C TTOMOIIbI0 Process Mining
(aHaIM3 TOBTOPSEMOCTH, CTaHIAPTU3UPOBAHHOCTH, 00BEMA PyUHBIX oreparuii); (0)
OIIECHKY MpHUOPUTETHOCTH mOpoueccoB it RPA  (matpuma «o0béM X
BapUATUBHOCTHY); (B) MOHUTOPUHI POOOTHU3MPOBAHHBIX MPOLECCOB CPEICTBAMHU
Process Mining — KOHTpPOJIb KOPPEKTHOCTH 0TpaboTku RPA-00TOB; (T') 3aMKHYThII
nuki: Process Mining — RPA — Process Mining (ouienka a¢gdexra). [IpuBeaute
npumep ¢ UIPath wnu ABBY'Y Timeline.

71. Pazpaboraiite koHuenuuio ucnoias3opanus Object-Centric Process Mining
JUTSl aHaJIM3a Kpocc-PYHKIIMOHAIBHOIO MpoIecca «OT 3akasa A0 ormiaTtel» (Order-to-
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Cash, O2C). Onumure: (a) npobreMy TpuBsS3KH coObITHH K omHoMy Case ID B
TpagumoHHoM Process Mining; (6) pemenue yepe3 OCEL — norupoBanue coObITHI
C TPUBS3KOM K HECKOJIBKMM OO0BeKTaM (3aka3, OTrpy3ka, cuér, ormiara); (B)
apxXuTeKTypy coopa naHHbix U3 Heckoabkux MC (CRM + ERP + Oyxranrepus); (T)
pUMEpPHl aHalin3a: BBISIBICHUE HECOOTBETCTBHMA MEXIYy 3aKa3aMWd M OIUIATAMH,
aHaJI3 3a/IeP>KEeK Ha CTBIKE MOAPA3ICICHUN.

72. Pa3paboraiiTe KOHLENIHMIO NPEIUKTUBHOTO MOHHUTOPUHIAa OHW3HEec-
nporieccoB (Predictive Process Monitoring) juist mporiecca 00pabOTKH KPEIUTHBIX
3asBoK. Omumurte: (a) dopmMupoBaHue Habopa JaHHBIX — MPEIUKTOPHI
(XapakTepuUCTUKHA HE3aBEpIIEHHOIO0 Keica) W IeneBass MepeMeHHas (MCXOI:
0J100peHNEe/OTKIIOHEHUE/BpEeMsl TIPUHATUA penieHus); (0) Mojenu MalIMHHOTO
obOyuenus (LSTM, gradient boosting, random forest) /1st IPOrHO3UPOBAHUS UCXO/1A;
(B) mHTerpamuio ¢ cucremor Process Mining — OHJIaifH-MOHUTOPUHT TEKYIIIUX
KEWCOB M paHHEe MPEayNpekIeHUe O MPOOJIEMHBIX 3asBKax; (T) OLIEHKY KadecTBa
npequktTuBHOM Mojaenu (accuracy, AUC-ROC, Fl); (n) OusHec-IleHHOCTh —
COKpAIICHHE BPEMEHH MPUHATHS PEIICHHH, CHIDKEHNE PUCKa e oTa.

73. Pa3zpaboraiiTe KOHIIENIMIO OpraHu3alMoHHOro MaitHuHra (Organizational
Mining) pist kpyniHoi U T-koMmmanuu. Onummure: (a) U3BJeUeHUE JaHHBIX O pecypcax
u3 Event Log (KTO BBIMONHSET KaXa0€ JIEWCTBUE, KaKOBA JJIUTEILHOCTh, KaKOBa
3arpy3ka); (0) BwIsiBIeHHE HeQOpMalbHBIX pojieii — cpaBHeHUE (HOpMaTbHOMN
OpPICTPYKTYpPBI C pealibHbIM paclipejiefieHueM 3ajay; (B) aHajlu3 COLIMAJIbHON CeTU
B3aMMOJICUCTBHUI — KTO C KEM MepeaacT KeMChl, BHISBICHUE «Y3KUX» UCTIOTHUTENEH;
(r) mocTpoeHue pecypcHbIX Mpoduiied U peKOMEHAAIMH MO TepepaclpeeICHUIO
HArpy3KH; (1) BU3YyaJTU3alMIO pe3yJIbTaTOB JJI PyKOBOJICTBA.

74. TlpoBemuTe CpaBHUTEIBHBIN aHaMM3 aaropuTMoB Process Mining (Alpha
Miner, Heuristic Miner, Inductive Miner, Genetic Miner) Ha peanbHOM WIH
cunrternueckom Event Log. Jlna kaxmgoro anroputma: (a) MOCTPOWTE MOJECIb
nporiecca; (0) paccuutaiite MeTpuku kaudectBa (fitness, precision, generalization,
simplicity); (B) olleHUTE BpeMsi BBINOJHEHUS U MaclmTabupyemoctb; (T)
NPOaHATU3UPYHTE, KaK KaKIbI anropuT™M oO0OpabaTbiBaeT IIyM W HEYaCThIC
noeacHuA. CHopMyIupyiTe peKOMEHIAIIMHY TI0 BRIOOPY aIrOpUTMa B 3aBUCHMOCTH
OT XapaKTepUCTUK Jiora u OusHec-3anaun. Mcnonb3yiite PM4Py nns npoBenenus
AKCIIEPUMEHTA.

YACTSD I1I. TEMBI 1JI1 CAMOCTOSATEJIBHOI'O U3YYEHUA

75. Process Mining in Healthcare — Case Study. U3yuurte moHorpaguro: Mans
R.S., van der Aalst W., Vanwersch R.J.B. Process Mining in Healthcare. Evaluating
and Exploiting Operational Healthcare Processes. Springer, 2015. Jlonmonnure
HCCJIeIOBaHUE COBpeMeHHbIMU Kericamu (2022-2025): npumenenue Process Mining
1 aHanu3a MapuipyToB nanueHToB ¢ COVID-19, ontumuzanusa pacnucaHui
OpuEMOB, BBISIBJICHHE OTKJIOHEHUH OT KIMHUYECKUX MPOTOKONOB. HM3yuure
npakTukyM: https://medium.com/@c3 62722/process-mining-with-python-tutorial-
a-healthcare-application-part-1-ae02027a050 — Bocnpousseaure npumep B PM4Py
Ha JIOCTYITHOM Ha0ope J1aHHBIX.
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76. Metoasl ontumuzanuu B Python mis 3amau Process Mining. M3yuure:
OubIMOTEKY Scipy.optimize (JTUHEHHOE W HeTMHEWHOE porpaMmMupoBanue), PulLP u
Pyomo (3agaum 1LIETOYUCIEHHOTO MPOTPAMMUPOBAHMS MJIA  PaCHpeleiICHUs
pecypcoB), renernueckue anroputmbl (DEAP). IlpuBenure npumep MOCTaHOBKHU
3aJja4M ONTUMHU3AIINY TPOIIeCcCca: MUHUMHM3AIIHS 00IIeT0 BPEMEHH BBITIOJIHEHHS TIPU
OTpaHMYEHHUSIX Ha pecypchl. Kak MeToapl ONTHMH3AIMM WHTETPUPYIOTCS C
pesynbTaTamu  Process Mining (mapameTpbl MOJEIM KaK BXOJHBIE JaHHBIE
ONITUMHU3AIMOHHONW MOIeTH )?

77. bubiuoreku UMUTAIIMOHHOTO MojaenupoBanus B Python nis 3agaa Process
Mining. U3yuure: SimPy (nuckpeTHO-COOBITHITHOE MOJEIMPOBAHKE), UHTETPALIUIO
PM4Py + SimPy misi umuTanuu mporeccoB, M3BJICUEHHBIX U3 JOroB. OCBOWMTE:
napaMeTpu3alio  MMHUTAMOHHOW Mojenu (pacmupeiesieHus JAJIUTEeNbHOCTEH,
BEPOSTHOCTH BETBJEHMS), 3allyCK MHOTOKPATHBIX JKCIIEPUMEHTOB, AaHaJu3
pe3ynbTaToB (CpelHee BpeMs BBIMOJIHEHMsI, 3arpy3ka pecypcoB, MPOIyCKHas
cnocobHocTh). [IpuBeauTe npumep nmuranuu npouecca u3 Event Log.

78. IlepcnektuBbl Hcnoiab3oBaHus Process Science. M3yuute Tekymue
uccienoBanus U TpeHasl (2022-2025): (a) npeIUKTUBHBI MOHUTOPUHT MPOLIECCOB
(predictive process monitoring); (0) mpeanuchiBaroiias aHaJuTUKa (prescriptive
process analytics); (B) OHJaH-MaWHUHT TMPOLECCOB B PEAIbHOM BpPEMEHHU
(stream/process mining); (r) o0bekTHO-LIeHTpUYHBIM Process Mining (OCEL); ()
uHTerpanus c¢ reHepatuBHbiM WM 1 aBTOMaTMyeckoil UMHTEpHpeTalnuu
pe3ynbTaToB. Kakue Hay4HbIe 3a/1a4l OCTAIOTCS] HEPEIIEHHBIMU?

79. llepcriekTuBbl  WHTErpanuu  TexHojoruii  Process  Science ¢
UH(OPMAITMOHHBIMU CUCTEMaMU TIpeAnpuaTus. 3yunrte apXuTeKTypbl UHTETPAIINH:
(a) Process Mining + ERP (SAP Signavio, 1C:IIpeanpustue); (60) Process Mining +
BPMS (Camunda, Bizagi — 3aMKHYTBII LUK yIIpaBieHus mpoueccom); (B) Process
Mining + RPA (UIPath, ABBYY — BbIsiBieHHE KaHANIATOB HA aBTOMATHU3AIUIO U
MOHUTOPUHT 00TOB); (T) Process Mining + Data Warehouse (Apache Kafka nns
NOTOKOBBIX JaHHbIX, Snowflake nns XpaHenus soros). OnumMTE THUIHYHYIO
aApPXUTEKTYPY MPOLIECCHO-aHATUTUYECKON MIaT(OPMBI IPEATIPUSATHSL.

80. IlepcmekTuBbl HCMOJb30BaHUS TexHoJoruk Process Science s
OTIEpaTHBHOTO  yMOpaBlIeHUS TNpeanpusatusMu. M3yumrte: (a) oOmnepaTUBHBIN
MOHUTOPHUHT TiporieccoB (real-time process dashboards); (6) cucremy paHHero
npeaynpexaeHus (alerting Ha OCHOBE OTKJIOHEHHH); (B) peKOMEHIAIUK OllepaTopam
B peaJbHOM BpeMeHH (prescriptive analytics); () HHTErpaluo ¢ CUCTEMaMH Kiiacca
APM (Application Performance Monitoring) u ITSM (ServiceNow). Kak Process
Science TpaHc(hOPMHUPYET POJIb Process OWNEr U oreparoHHOr0 MeHepKepa?

81. Iludpossie aBoitnuku mnporecco (Digital Process Twins) u Process
Mining. M3yuuTe KOHIEMIMIO: HEMPEPHIBHO OOHOBIsEMas MOJENb Ipolecca,
CUHXPOHM3HPOBaHHAsl C pEaTbHBIM MOTOKOM cOObITHH. B uém oramume ot
cratnueckoil monenu? Kakue miardopmel peanusyror konuenuuto (Celonis EMS,
SAP Signavio)? Kak Digital Process Twin wuHTErpupyercss ¢ HMHTALMOHHBIM
MOJEIMPOBAHUEM U MTPEAUKTUBHOM aHAIUTUKON? 1IpuBennTe npuMepsl KeCoB.

82. DOtuueckue u npaBoBbie acnekTshl Process Mining. U3yuute: (a) pucku
00paboTku nepcoHanbHbIX TaHHBIX B Event Logs (©3-152, GDPR, o6e3nuunBanue);
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(0) mpobiemy oOBsicHumocTu (explainability) — MOXXeT TU COTPYIHUK IOHATH,
nouemy cuctema flagged ero nelictBusi kak OTKIIOHEHUE; (B) BIussare Process Mining
Ha TPYAOBbIE OTHOLICHHUS (MOHUTOPHHI MPOU3BOJUTEIBHOCTH, PUCK COKpAIICHUS
nepcoHania); (r) OoTBETCTBEHHOE UcnoJib3oBaHue Process Science (responsible process
mining). Pa3paboTaiiTe pekoMeHgauuu Mo 3TUHYHOMY BHeJIpeHuto Process Mining B
OpraHU3aIHH.

83. OreuecTBeHHbIE pelleHUs M pbIHOK Process Mining B Poccuiickoit
Oenepanuu. M3yuure: (a) ABBYY Timeline — apxutektypa, GyHKIHOHATBHOCTD,
keiicel, (0) pemenus unrerpatopoB (KPOK, IBS, Navicon) Ha 6a3e Celonis u
COOCTBEHHBIX  pa3pabOTOK; (B) TMEpPCIEKTHBBI  UMIIOpTO3aMelleHus;  (T)
OPUOPUTETHBIE OTpacid — TOCCEKTOp (AaHAIM3 MPENOCTABICHUS TOCYCIYT),
¢unaHchl (komruiaeHc), npombinieHHOCTh (TOuP). KakoB 00wéM priHka Process
Mining B P® (2023-2025)? Kakue Gapbepbl CACPKUBAIOT BHEAPECHHE?

84. Kondopmammonnsrii anHaimm3 u ayaut cootBeTcTBus (Conformance
Checking) — Teopust u mpaktuka. M3yumre: (a) meron token-based replay —
AIrOpUTM, IOCTOMHCTBA, orpanndenus; (0) meron alignment-based conformance —
ONTUMAJIbHOE BBIPABHUBAHUE, CTOMMOCTh OTKJIOHEHWH; (B) MmeTpuku fitness,
precision, generalization; (r) npaktuky npumeHeHuss B PM4Py — 3arpy3ska
HOPMATHUBHOW MOJIETN U JIOTa, pacy€T KoH(OpManuu, BU3yalu3alus OTKJIOHEHHM.
[IpuBenuTe mpumep ayauTa mpoliecca Ha cooTBeTcTBUe periameHTy (ISO 9001,
BHYTPEHHHM CTaHJIapT OpraHU3aluu).

JK3aMeH MOKeT ObITh poBeeH B TecToBoi popme B LMS Moodle.

Tunoswvle 3a0anus O YK3AMEHA.

CueHapuu Tumnossble 3agaHus (110 JUCHUILINHE
T sagaHus L. .
BBINOJTHEHHUS «Process Mining / Process Science»)

1. Kakoe u3 cBoricTB HE BXOIUT B
1. BEHUMAaTeJIbHO
KJIaCCUYECKYH «Mojiesib V» (Volume,
IpOYUTaTh TEKCT . . .
Velocity, Variety, Veracity)

3aJlaHUsl.
IIPUMEHUTEJIEHO K IIPOIIeCCHBIM
3amaHue 2. IIpounTaTh BCe i
IaHHBIM Big Data?
3aKpPBITOIr0 BapHUaHTHI OTBETOB. .
a) Volume (066€M)
TUIa (BHI00p 3. BeiOpaTs oguH ]
. 6) Velocity (cKkopoCTh)
OZHOT'0 BEPHBIN. .
B) Validity (BastufHOCTB)
OTBETAa) 4. 3anmucaTh HOMep ,
r) Variety (pasHoo6pasue)
(n1u 6yKBY)
BbBIOPAHHOTO . o
2. Kakoiu Tumn Process Mining orBedaeT
BapUaHTa.

Ha BOIIpoOC: «HackoJIbKO peasibHOE
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Tun sagaHus

CueHapuu
BBIIIOJTHEHUS

TumnoBsle 3afaHu (10 JUCIHUILINHE
«Process Mining / Process Science»)

BBIIIOJIHEHHE IIPOIlecca COOTBETCTBYET
3TaJIOHHOM MOJIeJIU?»

a) Discovery

6) Conformance

B) Enhancement

1) Prediction

3. Kakoii MUHUMaJIbHBIA HA00p 101N
00s13aTeJIbHO JOJDKeH coflepsxaTh Event
Log?

a) Case ID, Activity, Timestamp

6) Case ID, Cost, Resource

B) Activity, Resource, Cost

r) Timestamp, Cost, Duration

3azaHue
OTKPHITOTO
TUIA
(pa3sBEpHYTHI
M OTBET)

1. IIpounTaTh
BOIIPOC,
OIIpeZeJINTh
aCIIeKThI.

2. CocTaBUTH IUIaH
OTBeTa
(ompepnesieHys,
CBOIICTBaA,
IIPUMEPBHI, CBA3HU).
3. 13/10KUTh OTBET
JIOTUYHO, C OIIOPOH
Ha TEOpPUI U
IpUMepHL.

4. IIpuBecTH He
MeHee 2-3
aprymMeHTOB /
IIPUMEPOB.

1. OUmIrTe 3BOJIIOIUI0 IIPOI[EeCCHOTO
IIO/X0/1a: OT KJIaCCUYECKON TeOpUU
nporeccos (BPMN, EPC, IDEF0) k
IIOAXO0/1y Ha OCHOBE JaHHBIX (data-
driven). B 4éMm oTyinuue
IEeCKPUIITUBHOIO MOJIeJIMPOBAaHUSI OT
U3BJIEUEeHUS MOJieJIeHd U3 JIOTOB
COOBITHUIA?

2. PackpoiiTe cozep>kaHue Tpéx
6a30BBIX TUIIOB Process Mining
(discovery, conformance,
enhancement). /IJis1 Ka>K10ro
IIPUBeAUTe IIpUMep OM3Hec-3afauH.

3. O6BICHUTE, ITI0UEMY IIOPSIOK
cobriTul B Event Log kputuueH. Kakue
HCKa’kKeHUA BOSHUKAIOT IIpU
HapyIIeHUH XPOHOJOTUYECKOTI0
IopsaKa?
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Tun sagaHus

CueHapuu
BBIIIOJTHEHUS

TumnoBsle 3afaHu (10 JUCIHUILINHE
«Process Mining / Process Science»)

3azaHue Ha
yCTaHOBJIEHU
e
COOTBETCTBUS

1. U3y4YuTH JIeBBIN

U IIpaBBIi CTOJIOITHL.

2. [t KaXKIoro
3JIeMeHTa JIeBOI'0
CTOJIOITa HAaUTHU
COOTBETCTBYIOIIIHH
U3 IIPaBoro.

3. 3anucaThb Iapkel B
BUJle «OyKBa —
mudpa» Ui
TaOJIUIIEN.

1. YcTaHOBUTE COOTBETCTBUE MEXKIY
asiropuT™MoM Process Mining u ero
XapaKTepPUCTUKOM!:

1) Alpha Miner — B) He moxxeT
KOPPEeKTHO 06pabaTheiBaTh KOPOTKHE
[TUKJIbI

2) Heuristic Miner — A) Hcrioib3yeT
dependency threshold s
YCTOMYUBOCTHU K LIIyMY

3) Inductive Miner — B) CTpouT ziepeBo
IIPOIIeCCOB, TapaHTHUPYyeT soundness

2. YCTaHOBUTE COOTBETCTBUE MEXXIy

dopMaTOM JaHHBIX U €T0 OITUCAHUEM:

1) XES - Bb) Cra"gaprt IEEE,
noapep>xuBaert lifecycle, organisational,
semantic

2) CSV — A) IIpocTo¥i TabJIUYHBIN
dopmaT, He IO AepP>KUBaEeT
KU3HEHHBIU ITUKJI

3) OCEL - B) O6beKTHO-
[IeHTPUPOBAaHHBIM JIOT, HECKOJIBKO
B3aMMOCBS3aHHBIX 00HEKTOB

3azaHue Ha
aHa/In3 Kelca

1. IIpounTaTh
OIlMCaHUe
CUTYaIUU.

2. BEIIBUTH
KJIIOUEeBYIO
npob6JieMy WA
3azauvy.

3. [IpUMeHUTH
TeopeTHUYecKue

Keiic (puHaHCBI): BaHK aHA/IU3UPYyeT
IIPOIeCcC 0L00peHUs KPeJUTOB Uyepes
Process Mining. B jiore o6Hapy>KeHbI
KeMcel, re 1ocye «IIpoBepka Ch»
UHOTa UJET «/I0Il. CKOPUHI», a HHOTJa
cpasy «OTkas». HopMmaTuBHasg MOJieJlb
TpebyeT nociie «IIpoBepku Chb» Bcerga
«CKOpHHI».

* Bommpocsr:
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CueHapuu Tumnossle 3aaHuA (110 AUCITUILIHHE
Tun sagaHus L. .

BBIIIOJIHEHUS «Process Mining / Process Science»)
a) Kakoi tum Process Mining 3mech
npuMeHuM? (conformance)
6) Kak meTtop alignment-based
conformance BBIIBUT OTKJIOHEHU?
B) Kakue metpuku (fitness, precision)

3HaHUA U3MEHATCA?

(aJIropuUTMBL,

MEeTPUKH). Keiic (ioructuka): 30% KeucoB

4. CopMyIpoBaTh cofieprKaT coObITHe «IlepeHasHauyeHUe

0060CHOBaHHBIA BOJUTEJISI» C LOJITUM OKUTAHUEM.

OTBET C * Borpocsr:

apryMeHTaIuen. a) Kakoit metop (bottleneck, variant)

IIOMOJXKeT?

6) Kakue Busyasmsau (TerioBas
KapTa, Sankey) ”HQOpMaTUBHBI?

B) IIpepiioxxute 2 cuieHapug what-if
aHasusa.

3azaHue Ha
3aIl0JIHEHUEe
Ta0/IUIbBI

CXE€MBbI

1. OmpeestiTh
KpUTEepUU U
3aroJIOBKH.

2. BocCTaHOBUTH
IIPOIIyIIleHHbIe
3JIEMEHTHI,
UCIIOJIb3yd 3SHAHUS.
3. [IpoBepuUTH
JIOTUYECKYI0
COIJIaCOBAHHOCTD.

1. 3amostHUTe TabJIUIlY CpaBHEHUA
ainroputMoB (Alpha, Heuristic,
Inductive) 110 KpuTepusaM: obpaboTka
IIyMa, TapaHTHsa soundness,
MaclIITabupyeMoCTh, ITofep>KKa short
loops.

2. IlocTpoiiTe cxemy ETL ma
¢opmupoBaHus Event Log us HC (SAP,
10):

— HUCTOYHUKHU JaHHBIX (TaOJIHUIIHI,
JKYpHaJIbl);

— TpaHcopmanys (MaIIIuHT,
IelyILTUKaIys);

— ¢popmMmart BrIxoza (XES/CSV).

3. 3aII0JIHUTE IIPOITYCKHU B IlIarax

42




Tun sagaHus

CueHapuu
BBIIIOJTHEHUS

TumnoBsle 3afaHu (10 JUCIHUILINHE
«Process Mining / Process Science»)

anbda-aaropurma:

[ITar 1 — ITOCTPOUTH OTHOIIIEHUH.
[Tar 2 — IOCTPOUTH MaTpHILy.
[Tar 3 — IMOJIy4YUTh ITeTpn.

3azaHue Ha
nepevyucjieHu
eu

rPyHIIMPOBKY

1. BCliloMHUTDH
COOTBETCTBYIOIIIUIA
pases TEOPHH.

2. IlepeuncIuTh He
MeHee 3aJaHHOTO
YHCJIa 3JIEMEHTOB.
3. I[Ipu
He0O0XO0UMOCTH
CIPYHIIUPOBATH
%0051
KJIaCCUQUITUPOBAaTh

4, 3amnucaTb
MapKHUPOBaHHBIM
CIIICKOM.

1. [TepeuynciauTe He MeHee IIATU
IIpo6JsieM KauecTBa JaHHBIX B Event
Logs ¥ KpaTKO OITUINIUTE BINUIHUE Ha
pesyabTaT MaiHUHTA.

2. HasoBuTe ueThIpe 6a30Bble METPUKU
KayecTBa IIporeccHou Mozes (fitness,
precision, generalization, simplicity).
J1J1d KaXK[J0U yKaKUTe, UTO OHa
usMepser.

3. IIpuBeuTe IpUMEpPHI HE MeHee TPExX
IIepCIIeKTUBHBIX HAIIpaBJIeHUU Process
Science:

— NPeJUKTUBHBI MOHUTOPHUHT;

— 00beKTHO-IIeHTPUYHBIIT MaUHUHT
(OCPM);

— o POBEIe IBOMHUKU IIPOIECCOB.
J1J1 KaXK[[0Tr0 OIIUIIIUTE OLHY OU3Hec-
3amauy

6.3. Kputepuu u mkana ouenuBanus Ha ocHoBe bPC.
Kpumepuu u 6annvnas wikana onpedensirtomes npenooasamenem

KPUTEPUM OLUEHMBAHNA PE3VIJIBTAT B
BAJIJTAX
Jlan noanwiil, 8 102utecKkoll nOC1e008amerbHOCMU PA38ePHYMbLLL 40

omeem Ha NOCMABIIEHHBIU BONPOC, 20€ OH NPOOEMOHCMPUPOBAL
3HAHUsL npeoMema 8 NOJHOM 0Obeme YUeOHOU NPocPaAMMbL,
00CMAmMOYHO 2YOOKO OCMbLCIUBAET OUCYUNTIUHY,
CAMOCMOSIMENbHO, U UCHEPNbLEAIOWe omeedaem Ha
OONONHUMENbHbIE BONPOCDL, NPUBOOUM COOCMBEHHbBLE NPUMEPDL NO
npoobremamuxe NOCMABLeHHO20 BONPOCA, PEUUT NPEOTONCEHHbLE

npakmuyeckue 3a0anus 6e3 oumubox




Jan pazseprymulil omeem Ha NOCMABIEHHBI 8ONPOC, 20€ CIMYOeHMm 30-39
OeMOHCmMpUpyem 3HAHUsL, NPUOOpemerHble Ha TeKYUOHHBIX U
CEMUHAPCKUX 3aAHAMUSAX, d MAKHce NOYUeHHble HOCPeOCNEOM
uzyuenus 0053amenbHbIX YUeOHbIX MAMepUaios no Kypcy, oaem
apeymeHmupoBaHHvle 0meemol, NPUSOOUN NPUMEPDL, 8 OMeeme
npucymemeyem c80000HOe 81A0eHUe MOHOIO2UYECKOU Peybio,
JI02UYHOCMY U nociedosamenvHocms omgeema. OOHaKo
00NnycKaemcsi HemoYHocmo 8 omeeme. Pewiun npednoscennvie
npakmudeckue 3a0aHusl ¢ HebOabUUMU HeMOYHOCAMU.

Jlan omeem, ceudemenbcmayowuli 8 0CHOBHOM O 3HAHUU 20-29
npoyeccos uzyuaemou OUCYUNIUHbL, OMAULAIOUUTICSL
HeOOCmamouHoU 2yOuHOU U NOIHOMOU PACKPLIMUS MEMb,
3HAHUEM OCHOBHbLIX BONPOCO8 MeopUl, c1abo chHopMUPOBaAHHBIMU
HABbIKAMU AHANU3A S68NEeHULL, NPOYECCO8, HeOOCMAmMOYHbIM
YMeHUueM 0asamv apeyMeHMuposanHvle Omeemsl U NPUEOOUMb
npumepbl, HeOOCMAMOUHO C80O0OHBIM 81AOEHUEM MOHOIO2UHECKOU
Ppeubio, 102UYHOCIBIO U NOCIe008AMENbHOCIbIO OMEEmd.
Lonyckaemcsa Heckon1bKo ouwubOK 68 coOepiHcanuy omeema u
peueHuU npaKkmu4ecKux 3a0aHull.

Jlan omeem, Komopwlil cOOEPHCUM PSIO CePbE3HLIX HEMOUHOCEL, 0-19
0OHAPYIHCUBAIOWULL HE3HAHUE NPOYECCO8 UZYYAEMOU NPEOMEMHOU
obaacmu, OMAUYAIOWULICS He2TYOOKUM PACKPbIMUeM membl,
He3HAHUeM OCHOBHBIX 80NPOCO8 MeopUlU, HeCHOPMUPOBAHHBIMU
HABbIKAMU AHANU3A S8NEeHUL, NPOYEeCCO8, HeyMeHuem 0aeams
apeymeHmupo8aHHvle omeemol, Cl1abdbiM 81d0eHUuem
MOHOJI02UYECKOU peyblo, OMCYMCmeuem J102U4HOCIU U
nocnedosamenvHocmu. Boleoow nosepxnocmmusl. Pewenue
NPAKMUYecKux 3a0anuti He 8bINOJIHEHO, M.e. CIYOeHm He CNOCoOeH
omeemums Ha 6ONPOCHL 0AXHCe NPU OONOIHUMENLHBIX HABOOAUUX
80NPOCAX NPenodasamelis.

6.4. Onucanue AOMOJHUTENBHBIX MATEPUAIOB U 000PYAOBaHUS, HEOOXOIUMBIX
JUTS BBITIOJTHEHUS! IPOBEPOUHBIX 3aJaHul (npu Heobxooumocmu).

Jlnst pemieHusi TECTOBBIX 3agaHui, 3aaad otkpbiToro tuma (I1IK3, IAU3),
CTYJIEHTY pa3pellaeTcss UCIOJIb30BAaHUE KaJIbKYJIATOpa; Mporpamm s paboThl ¢
3JIEKTPOHHBIMH TAaOIMIIAMHU Ul 00pabOTKH, aHAJIM3a U BU3YyaJIU3alUu JaHHBIX. J{7s
IIOCTPOEHUS MHTEIUIEKT-KApThl U MOJEJIEH B PA3JIMYHBIX HOTALUAX CTYACHTY MOYKHO
HCIT0JIb30BaTh JIIOOOW COOTBETCTBYIOIINM OHJIAWH-UHCTPYMECHT.

7. MeToauuyecKue MaTepuaJbl 10 OCBOCHUIO TN CUUILIHHbI

JIns u3yueHHs] OCHOBHBIX BOMIPOCOB 0O0Opa3oBaTENbHON MPOrpaMMbl
HEO00XO0IMMO KOHCTIEKTUPOBATh MaTepHUAaIIbl JICKIIUMA, pad0TaTh C PEKOMEHJOBAHHON
npenojaBaresieM — JIMTEpaTypod, a Takxke pecypcamMud  MH(OPMaIMOHHO-
TeIEKOMMYHUKAIIMOHHON cetn «UHTepHer». [[ns mnpuoOpeTeHuss HaBBIKOB
aKTUBHOT'O MCIIOJIb30BaHUS 3HAHUM TTOJIE3HO 00CYK/1aTh IJIAHOBBIEC M BOSHUKAIOIINE
BOIIPOCHI, a TAKXKE peliaeMble 3aJja4i Ha MIPAKTHUYECKUX 3aHATUIX. UTOOBI Jierue u
MIPOYHEE YCBOWTH MaTepual CleayeT IOCTOSHHO HCIOJIb30BaTh KOHKPETHBIE
MPUMEPDI, CPABHEHUS U3 YK€ MOTYUYEHHBIX 00J1acTel HayK.

JIns 3akpensieHus U3y4eHHOTro Marepualia JaHbl BOIPOCHI MO KaXAOW Teme
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JUCLUIUIMHBI, HA KOTOPBIE CIEAYET CAMOCTOSTEIbHO HATH OTBETHI.

BaxxHoll cocTaBHOM YacThl0 Y4YeOHOro mpouecca B BY3€ SBISIIOTCA
npakTuyeckue 3aHaTus. [Ipaktnyeckue 3aHATUSA IPOBOIATCA IIIaBHBIM 00pa3oM 1o
JUCUUIUIMHAM, TPeOYIOUIMM 3aKpEIUICHUs. HABBIKOB PEIICHUS 3a7a4, U IIOMOTAaI0T
CTyJIeHTaM Ii1y0ke YCBOUTh YUEOHBI MaTepHuall, IpUuoOpEeCTH YMEHHS IPUMEHSTh
MPUHIMIBI CHCTEMHOT'O MTOJIX0/1a K PEIICHUI0 Pa3HOOOPa3HbIX 3a/1a4, ONPEACIIATh U
OLICHMBATh PECYPCHI U CYIIECTBYIOIINE OIPAHUYEHUS PA3HOTO pojia MPOEKTOB.

[Ipy  moAroroBke K  NPAKTUYECKUM  3aHATUSIM  HEOOXOAMMO
MIPOAHAIN3UPOBATh KOHCHEKT JIEKIMU, O3HAKOMUTBCA C PEKOMEHJIOBAaHHOMN
JUTEpaTypod MO COOTBETCTBYIOIIEH TEME, OCYIIECTBUTh MOATOTOBKY IO
pPEKOMEHJIOBaHHBIM B palouell mporpamMme Bompocam Jii OOCYXKACHHUS TEMBI,
BBITIOTHUTH JJOMAIITHEee 3a/1aHue (MPU HEOOXOIUMOCTH).

Heo0xoauMo MOMHUTB, YTO Ha JIEKIUU OOBIYHO pacCMaTpUBAETCSl HE BECh
MaTepuall, a TOJbKO €ro yacTb. OcTajibHas €ro 4acTb BOCIOJHSETCS B IPOLECCE
CaMOCTOATENbHON pPaboTel. B cBs3m ¢ 3TuM paboTa C pPEKOMEHAOBAHHOU
nuTepaTypou ooszarenbHa. Ocoboe BHUMaHUE MPU ’TOM HEOOXOAUMO OOpaTUTh Ha
COJIep>KaHNE OCHOBHBIX MOJIOKEHUM M BBIBOJIOB, OOBSICHEHHE SIBJICHUN U (DaKTOB,
VSICHEHUE TMPAKTUYECKOrO0 MPUJIOKEHHSI PACCMATPUBAEMBIX TEOPETUYECKHUX
BOIpocoB. B mporecce 3Toil pabOTHl CTYAEHT AOJKEH CTPEMUTHCS TOHATH M
3allOMHUTH OCHOBHBIE TMIOJIOKEHUSI PAacCCMaTPUBAEMOI0 MaTepuasna, MPUMEPHI,
MOSICHSIIOIIIME €ro, a TakXkKe pa3o0paThCsi B WIUIIOCTPATUBHOM Marepuaie. B
mpolecce MOArOTOBKM K 3aHSATUSIM PEKOMEHJIIYETCSl B3aUMHOE OOCYXKICHHE
MaTepuaia, BO BpeMsi KOTOPOI'O 3aKpEeIUISIIOTCS 3HaHMs, a TaKkKe IMpuoOpeTaeTcs
IIPAKTUKA B U3JI0)KCHUM U Pa3bsICHEHUU IOJIYYEHHBIX 3HAHM, pa3BUBACTCS peUb.
[Ipu HEOOXOTUMOCTH clieAyeT oOpaIaThCs 3a KOHCYJIbTallMel K perno/iaBarento (B
TOM 4YHUCJIE€ TO 3JIEKTPOHHOW moute). [lmaHupys KoHCynbTanuioo, HEOOXOAMMO
XOpOILIO MPOJyMaTh BOIPOCHI, KOTOPbIE TPEOYIOT pPa3bsCHEHHUA. 3aKaHYUBATh
MOJITOTOBKY CJEAYyET COCTABIECHUEM IJIaHA (KOHCIEKTA) [0 N3y4YaeMOMY MaTepHary
(Bompocy). DTO MO3BOJISIET COCTABUTH KOHIIEHTPUPOBAHHOE, CHKATOE MPEACTABICHHE
0 H3y4yaeMbIM BONpOCaM. 3aluCcyd HMMEIT NEPBOCTENEHHOE 3HAYECHUE JUIs
CaMOCTOSITEJILHOM paboThl CTyJeHTOB. OHHM TIOMOTAIOT TMOHATH IOCTPOCHHE
M3y4aeMoro MaTepuasa, BbIIETUTh OCHOBHbBIE MOJIOKEHUS, IPOCIEAUTD UX JIOTUKY.
Kpome Toro, BeneHue 3anuceil CnocoOCTBYET MPEBPALICHUIO YTEHUSI B aKTHUBHBIM
mpoliiecc, MOOUITU3YET, HapSIy CO 3PUTEIBHON, U MOTOpPHYIO mamsTh. Ciemyer
IIOMHUTB. y CTYJEHTa, CUCTEMaTU4YECKH BEAYLIEr0 3alllCH, CO3JAETCs CBOM
VHAMBUIYAJIbHBIN (POHJ METOIWYECKHX MaTepHaJioB JAJsi OBICTPOrO MOBTOPEHHUS
U3YYEHHBIX BOPOCOB, JJIsi MOOMJIM3AalIMH HAKOTJIEHHBIX 3HaHUI. OCOOEHHO Ba)KHBI
Y [10JIE3HBI 3aIMCH TOT 1A, KOTAa B HUX HAXOAT OTPaKEHHUE MBICIIHA, BO3HUKILKE PU
CaMOCTOSATEIHLHOM padoTe.

[Tocne wu3ydeHuss 0a30BBIX TE€M Kypca MNPOBOAMUTCS TEKYLIHMH KOHTPOJb
3HAHMM CTYJEHTOB B BUJE OINPOCA WIM MHUCbMEHHOIO TECTUPOBAHMS. THUIOBBIE
TECThl W 3aJaHMs MO T€MaM JIUCLMIUIMHBI MPUBEJECHBI B CIELMATILHOM pa3jiesie
JTAHHOM paboueil MporpamMMel.

[ToaroToBka K TEKyHIEMY W MPOMEXYTOUHOMY KOHTPOJIIO Mpearoiaraet
U3y4YEHUE TMPEJCTaBICHHBIX BOMPOCOB K 3adery, paboTy HaJI TecTamH,
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NPEJCTaBICHHBIMU B JIaHHOW paloueill MmporpaMme, BBIIIOJIHEHHE CEMECTPOBOIl
POEKTHOM pabOThI 0 MPUMEHEHHUIO CUCTEMHOIO MOAX0/1a U METOJJOB CUCTEMHOTO
aHaJin3a K BHIOPAHHOM CHUCTEME.

PaGota B ManmpIX rpynmax — 3TO OJIHA M3 CaMbIX MOMYJSPHBIX (OpM
IIPOBEJICHUS 3aHATHM, TaK KaK OHa JAaeT BceM oOydaromumcs (B TOM 4HCIE H
CTECHUTENIbHBIM) BO3MOXXHOCTh Y4YacTBOBAaTh B palOTe, MPAKTUKOBATh HABBIKH
COTPYIHMYECTBA, MEXKJIMYHOCTHOTO OOIIEHUsA (B YAaCTHOCTH, YMEHHUE AaKTHUBHO
CllyuiaTh, BeIpadaThIBaTh 00IIee MHEHKE, pa3peliaTh BO3ZHUKAIOIINE pa3HOTIacusl).
[ens nanHoOM GopMbI MPOBECHUS 3aHATUI: MPOJIEMOHCTPUPOBATH CXOJICTBO WJIU
pasnuyus ONpeIeNICHHBIX SIBICHUH, BRIPA0OTATh CTPATETHIO UJIU pa3padoTaTh IIaH,
BBUSICHUTH OTHOLIEHWE PA3JIMYHBIX TPYIIl YYAaCTHUKOB K OJHOMY U TOMY XK€
Bonpocy. B xone 3Toil paGoThl OMOIHUTEIBHO PEIIAlOTCS CIEAYIOUINe 3a/aaya:
pa3BUTHE HABBIKOB OOIIEHHS M B3aUMOJEHCTBUS B TIpymme, (opMUPOBaHUE
[EHHOCTHO-OPUEHTAI[MOHHOTO €IMHCTBA TPYMIbl, MOOIIPEHHEe K THMOKOH CMeHe
COLIMAJIBHBIX POJIEW B 3aBUCUMOCTH OT CUTYAaIHH.

['pynna cTyeHTOB I€TUTCS HAa HECKOJIBKO MaJbIX Ipyni. KonnuecTBo rpynn
ONpEJENSIETCS] YHMCIOM TBOPYECKHX 3a/laHUi, KOTOpble OYyIyT OOCYXIaTbCid B
npolecce 3aHiaTHs. Masble rpynnsl GOpMUPYIOTCS TUO0 MO KEITAHUIO CTYJEHTOB,
aub0 MO pOACTBEHHON TemaTuke it oOcyxnenusa. Kaxnas manas rpymnmna
00Cy>K/1aeT TBOPUECKOE 3a/laHU€ B TE€YEHUE OTBEJIEHHOTO BpeMeHU. OCHOBHOM 3Tan
— TpoBeJieHue OOCYKJICHUSI TBOPUYECKOTO 3aJaHusl. 3aciyIIMBAIOTCS CY>KICHUS,
MpeuiaraéMble KakJ10M Majoi TpyInon no TBOpueckoMy 3afanuto. [Ipenogasarens
JIa€T OLIEHOYHOE CYXKJEHHE U paboTe MaybIX TPYII, [0 PEIICHUI0 TBOPYECKHUX
3a/laHui, U 2PHEKTUBHOCTH MPEJUIOKEHHBIX MyTEeH perieHusl.

B kauectBe caMOCTOSTENbHOM pabOTBl  CTYJEHTAMHU  BBIIOJHSAETCS
ceMecTpoBasi padoTa Mo MPUMEHEHHIO CUCTEMHOT'O MOAX0/1a U METOJ0B CHCTEMHOTO
aHamm3a K BBIOpaHHOM CHCTeMe MO BceM TeMaM. PexkomeHayercss BbIOpaTh
OpraHU3allMOHHO-TEXHUYECKYIO cucTteMy. [lepen BbIOJHEHNEM 3a/1aHus 110 Teme |
BBIOpaHHYI0 CHCTEMY HEOOXOJMMO corjacoBath ¢ TmpenogaBareneM. I[lpu
BBINIOJIHEHUM 33JlaHUd 1O TEMaM MOTYT HCIOJIb30BaThCS MPEJICTABIICHHBIE
CTYJIGHTOM MaTepuaibl IO MpeAbIAYIIMM TeMaM. BBINOJHEHHas CeMecTpoBas
paboTa MpeAcTaBiIsIeTCsl CTYJIEHTOM Ha OTKPBITOM 3allliTe Ha MPOMEXYTOUHOU
aTTECTallHH.

8. YueOHnas qureparypa u pecypcbl HHGOPMALMOHHO-TEJIEKOMMYHUKANMOHHOM
cetu UHTEpHET

8.1. OcHoBHas JuTEepaTypa

1. ITapackeBoB, A. B. bonbiue nannsie : yaeonuk / A. B. [1apackeBos, A. D.
CepreeB. — MockBa, Bonorna : Undpa-Umxenepus, 2024. — 148 ¢c. — ISBN
978-5-9729-2120-1. — TekcT : 37eKTPOHHBIN // IAEKTPOHHO-OMOIMOTEUHAS
cuctema [PR BOOKS : [caiiT]. — URL: https://www-iprbookshop-
ru.ezproxy.ranepa.ru:2443/143597.html (mara obpamenus: 12.05.2026). — Pexum
J0CTyMa: JJIT aBTOPU3UP. TOTb30BaTEIEH
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2. Mupxkus, b. I'. ba3oBbie MeTO/1bI aHANTHM3a JAHHBIX ;| YYCOHUK U IPAKTUKYM
st By30B / b. I'. Mupkun. — 2-e uzj., nepepad. u gon. — Mockaa :
M3narenscTBo FOpaiit, 2024. — 261 ¢. — (Bricmee obpazoanue). — ISBN 978-
5-534-18842-4. — Texcr : anexkTpoHHbIN // OOpa3oBaTenbHas miatgopma
IOpaiit : [caiiT]. — URL: https://urait.ru/bcode/551786 (nata oOparieHus:
12.05.2026). — Pexxum gocTyma: ajis aBTOpU3UP. MOoJIb3oBaTeIeh

3. AHanu3 aHHBIX : y4eOHUK 1715 By30B / oA peaakuuen B. C. Mxurapsina.
— Mocksa : U3narenbctBo FOpaiit, 2025. — 448 ¢. — (Briciiee oOpazoBaHue).
— ISBN 978-5-534-19964-2. — Texkcr : anekTpoHHbIN // OOpa3oBaTeabHasI
iatgopma FOpaiir : [caiiT]. — URL: https://urait.ru/bcode/560311 (nara
oOpamenus: 12.05.2026). — Pexxum goctyna: uisi aBTOPU3HP. TOJIb30BaTeNeh

4. KamennoBa, M. C. MonenupoBanue OM3HEC-TPOIIECCOB : YYCOHUK U
npaktukyM Juisi By30B / M. C. Kamennosa, B. B. Kpoxun, 1. B. MamkoB. — 2-¢
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