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1. llesb M 3232490 OCBOECHH A A CITUILIHHDI

[{enpr0 OCBOEHHS IHCIHIUIHHBI SBISETCS (POPMHpOBAaHHE Habopa ITpodecCHOHAIBHBIX
KOMITeTEHITHI Oyayimero marucrpa 1o HampapiaeHHIO 09.04.02 MHpopMaIHOHHBIE CHCTEMBI H
TEXHOJIOTHH JUIS PelleHHsd IIPHKIAJAHBIX 33Jad B paMKax HalPaBRIIEHHOCTH (IIPOQHILI)
«TexHomoruu paboTEI ¢ JaHHBIMH H 3HAHISMH, aHAIIH3 HH()OPMAIHI.

3amaull OCBOSHHMS IHUCIUIUIMHBI. H3YUYEHHEe OCHOBHBIX TTOHSTHII CHCTEMHOI'O aHalM3a
TaHHBIX M TEOPHH IIPHHSITHS PEIIEHNUH, OCBOEHHE METOJO0B H HHCTPYMEHTOB CHCTEMHOIO
aHaIM3a JaHHBIX H MOJIEIIHPOBAHHS aJITOPHTMOB IIPHHSITH S PEITIEH I

2. MecTo JHCIHILINHBI B CTPYKTYPE OCHOBHOM 00pa30BaTe/IbHOH IPOrpaMMbI

HucipnumHa « CHCTEMHBIN aHAIM3 JaHHBIX M MOJEIH IIPHHSATHS PEIIEHHIT) OTHOCHTCS K
M CIMITIHAM 003aTelIbHOH YacTH.

3. HaumeHoBaHHe JIa00pPaTOPHBIX padoT

Tema 2. AHaIH3 JaHHBIX H IIPOEKTHPOBAHIE CHCTEM
Moaem TaHHBIX. ANTOPHTMEI aHalIn3a JaHHBIX. MeToapel barieca. BepoSTHOCTHBIH ITOIXOM K
TIOCTPOEHHIO I'pada MPHHITHA pellleHH 1. MeTo bl KiTacCH(HKAIHH H KIIacTepH3aI[HH. MeTOmbI

DATA MINING

4. Coep:raHue JJa00paTOPHBIX pador

JIabopaTopHas padora Ne 1. AHAJIN3 JAaHHBIX H NPOEKTHPOBAHHE CHCTEM
dopMa npoBeeHNA: PEIeHHE ITPOOIIEMHBIX 3a1a4 (2 yaca)

Xo JadopaTopHoi padoThI:

1. IIpoBecTH aHaAIH3 JaHHBIX ITOCTABIIEHHON 3aaui

2. OnpegenuTh MeTOAbI KITaCCH(HKAIIMH H KOAHPOBAHHS JJaHHBIX

3. CTPYKTYpHpPOBATE JaHHEBIE

4. IlogeecTH HTOTH IIPOBEAEHHOTO HCCIIEAOBAHH

BomnpochI 118 00CYy:KIeHHA:

CHcTeMHOE IpoeKTHpoBaHHE. CTPYKTYpPHOE IIPOeKTHpOBaHHe. JIormyeckoe H (PH3HYECKOE
MOJICJIMPOBAHHE JAaHHBIX. TEeXHHUYECKOE H TEXHOJOTHYECKOe ITPOEKTHPOBAHHE. TeXHIUCEKOE
saJaHie. TexXHHKO-3KOHOMHYeCKOe OOOCHOBAHIE.

Teopernuecku MaTepHa.l

JInarpamMmbl KjaaccoB. O 0mue cBeieHAA

Jlmarpamma KJIacCOB OIIPeJeIseT THII KIacCOB CHCTEMBI H  PasIHYHOIO poia
CTaTHYECKHE CBS3H, KOTOPBIE CVYINECTBYIOT MeXAy HHMH. Ha guarpamMMax KiIaccoB
H300pakaroTcsd TakkKe aTpHOYTHEI KIIAcCOB, OIepallHH KIIacCOB M OrPaHHYeHHS, KOTOpPEBIE
HAKIIaAbIBAIOTCS HA CBS3H MEKIY KIacCaMH.

Jlmarpamma knaccoB UML - 5710 rpad, y3maMH KOTOpPOro SBILTFOTCS SIIEMEHTHI
CTaTHYECKOH CTPYKTYPHI ITpoekTa (KIacchl, HHTEP(EHCH), a AyraMH - OTHOIUEHHS MEXIY
y3J7IaMH (aCCOLHALFH, HaclIeqOBaHHE, 3aBHCHMOCTH).

Ha muarpamme KraccoB H300pakarOTCS CIIeAVIOIIHE BIIeMEHTHI:

- [Taker (package) - HaOOp AIEMEHTOB MOJEIH, JIOTHYECKH CBS3aHHBIX MEKIY COOOMH;

- Kimacc (class) - ormicanme oOIHX CBOHCTB IPYIIILI CXOJIHBIX OOBEKTOB;

- UHtepdelic (interface) - aOCTpakTHBIT KIacc, 3aJarolHii HaOOp oOIepali, KOTOpPBIE
00BEKT MPOHM3BOIFHOIO KIacca, CBS3aHHOIO C JAaHHBIM HHTepdeiicoM, IMpeJOoCTaBISIeT APYTHM
O0BEKTaAM.

Kiacc

Kimmacc - 310 rpymmma cymHocTeill (00beKTOB), OONaJArOIHX CXOMXHBIMH CBOHCTBAMH, a
HMEHHO, JHERENEH &L AIRRE ACHHEM. OTIEIbHBIN ITPEACTaBHTENL HEKOTOPOro Kilacca Ha3bIBAETCS

06BeKTOM K914 0 OOBEKTOM.
CepTudukar: EC%dSEEﬂBEEBEEEDSE AEGD%DDDDDdSE UML 6 —
Branenew  WeckhQdh THOBEAGHUEM . QOBEKTA B ITOHHMAIOTCS IMOOBIe IIPaBHIIA B3aHMOJIEHCTBHS

00BbeKTa ¢ BHEIIHHM MHPOM H C JaHHBIMIH CaMOI'O 00OBeKTa.
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Ha AHal paMMax KIIaCC IIBGﬁpﬂ}I{ﬂETCH B BHAC IIPAMOYIOJIBHIIKA CO CIUIOIIHOH I‘pElI—]III_[Eﬁ:,
Pa3acJIICHHOI'O I'OPH30HTAJIb HBEIMH JTHHITANMIT Hd 3 CEKI[HH:

- BepxHss ceKHsa (CeKIps HMeHH) COJeP KHT HMS Klacca H JpyrHe oOIMHe CBOHCTBa (B
JAaCTHOCTH, CTEPEOTHIL).

- B cpeHeN CeKIMH COAEPKHTCS CITHCOK aTpHOYTOB

- B HIDKHeH - CITFCOK OIlepalliii Kilacca, OTPakKaloIMX ero IOoBeJcHHe (JIeHCTBHSL,
BBITIOJIHSIEMBIE KIIACCOM).

JIroGast u3 cexiHii aTpHOYTOB H OIepaIliii MOXKeT He H300pakaThcs (a Takke 00e cpazy).
JIII1 OTCYTCTBYIOIIEH CEKIMH HE HYKHO PHCOBATh Pa3delINTEIbHYIO JIHHHIO H KakK-JIHOO
yKa3bIBaTh Ha HAJIMYHE WM OTCYTCTBHE 3IIEMEHTOB B HEH.

Ha ycMmoTpeHHMe KOHKPETHOH peamH3allMHM MOIYT OBITh BBeJEeHBI JOIIOTHHTEIILHBIE
CEKI[HH, HaImpHMep, HekmoueHHS (Exceptions).

«!.'-:Emi['.‘..':-!-
Card Reader <=Boundary=>
- Card Number : integer ATM Screen
+ Accept Card() : integer + Prompt() : integer |
+ Read Card() : integer
0..1
0..7
0..1
<<Entity==
Account
- Account Number : integer <<Boundary>>
- FIM integer Cash DiEF‘E‘ﬁEEr
- Balance : leng - Cash Balance : long
+ Open() : integer 1 U4 provide Cash() : integer
+ Withdraw Funds{Amount . long) ' integer + Provide Receipt{) : integer
- Deduct Funds(Amount : long) : integer
- Verify Funds() : integer

PucyHok 3.9 - [Ipumep guarpaMMel KIIaccoB

CTepeoTHIIBI KJIACCOB

CTepeOoTHIIBI KJIacCOB — HSTO MeXaHH3M, IIO3BOISIONIMIL pa3’elsdrhb KIacchl Ha
KaTeT OPHH.

B s3pike UML orpeienieHsl TpH OCHOBHBIX CTEPEOTHIIA KIIACCOB:!

- Boundary (rpaHmIia);

- Enfity (cymHocTB);

- Control (yrpaBrneHue).

['paHHYHEIE KITaCcChHI

['panmynpiMH  KiaccaMH (boundary classes) HaspIBalOTCS TakKHe KIIACChI, KOTOPBIE
PacIloNOKeHbl Ha TPaHMIlE CHCTEMBI H BCEH OKPYXKAIOINEH cpedbl. OTO SKpaHHBIE ()OPMBI,
OTYeThI, HHTep(eHCH ¢ ammapaTypoH (TakoH KaK IIPHHTEPHI HIH CKaHephl) H HHTeP(eHCHI C
IPYTHMH CHCTEMAMH.

YroOBpl HaWTH TpaHHYHBIE KIIACChl, HaJO HMCCIEeJOBaTh JHArpaMMbl BapHAHTOB

HCIIOJIL30BAaHIA. KH}I{I[GI\{}" B3aHMO/ISHCTBHIO MCAEKIAY I[EﬁGTE}’TOH_[HM JIHITOM H BapPHAHTOM
HCIIOIIB30BaHITA JOJIKCH COOTBCTCTBOBATLE, 11O KpﬂﬁHEﬁ MEPpE, OOHH I‘IJHHIFII{BIﬁ Kimacc. MMeHHO

TaKOH KJIacC TI03BOIISIET I[E:ﬁGTB}’TOH_[EI\-I}" JIMITY B3aHMOeHCTBOBATh C CHCTEMOH.

Ko copk CYIHOCTH

Kamasox=eonimacreceifentity classes) comepxkar XpaHumyr HHGpopMaiy. OHH HMEIOT

Ceptud ; 0
Bnamﬁﬁfﬂ%ﬁ%ﬂp UL TOfb30BaTens, M TOTOMY B MX HA3BaHIAX YaCTO HCIONB3YIOT
TePMHHBI H3 MpeAMeTHOH o0nacTH. OOBIYHO JUIS KaKIO0r0 KiIacca-CYIIHOCTH CO3JAr0T TaOIHITY

B 0asze JaHHBIX.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



Yrnpasiasmonye KJIacchl

Yopapmsmrompe Kiacchl (control classes) oTBeyaroT 3a  KOOPAHHAIIHIO JIeHCTBHI
IpyIrUX KimaccoB. OOBMHO V  KaXIOr0 BapHaHTa HCIIONB30BAHUSA HMEETCAd OIHH
VIIPABILIFOIIMI KIIAcC, KOHTPOIHMPYIOIIMI TIOCIIENOBATEIIbHOCTE COOBITHI STOr0 BapHaHTa
HCIIOJIb30BAHMS. YIIPABIISIOINI KIacC OTBEYAeT 3a KOOPAMHAI[HIO, HO CaM He HeceT B cele
HHKAKOH (YHKIIHOHAIBFHOCTH, TaK KaK OCTalbHBIE KIIaCChl He ITOCBIIAIOT €My OOJIBIIOIO
KOIHMYeCTBA COOOIEHHH. BMecTO 5STOro OH caM IIOCBIIAaeT MHOMKECTBO COOOIIEHHI.
YIIpaBJISIOLIMI KJIACcC IIPOCTO JIENIETHPYET OTBETCTBEHHOCTE JIPYTHM KIIaccaM, I10 STOH ITPHYHHE
€r0 YaCTO HA3BIBAIOT KIIACCOM-MEHEDKEPOM.

B cucreme MoOryr OBITP M APYTHE VIIPABIISIOINMHE KIIACChI, OOIIME IS HECKOIBKIX
BapHAHTOB HCIIONb30BaHMHA. Hampnmep, mMokeT OBITH Kiacc SecurityManager (MeHemxep
0e30IaCHOCTH), OTBeYaIOIIHiI 3a KOHTPOIb COOBITHH, CBS3aHHBIX C Oe30MacHOCThIO. Kilacc
TransactionManager (MeHeI)Xep TpaH3aKI[HIl) 3aHHMaeTcs KOOpAHHAI[HEH COOOIIeHHHH,
OTHOCSINMXCS K TpaH3akIHMsaM ¢ 0Oa30oH JaHHBIX. Moryr ObITE M ApPYyrHe MEHEIKEPBI I
pabOTEI C JAPYTHMH 3IIeMeHTaMH (DPYHKIIHOHHPOBAHHS CHCTEMBI, TaKHMH KaK pa3JelIcHHE
PECYPCOB, pacrpejencHHas oOpadorka JaHHBIX MM 00padorka OImoboK.

[IoMHMO YITOMSHYTBIX BEIIIE CTEPEOTHIIOB MOJKHO CO3JaBaTh H CBOH COOCTBEHHEIE.

ATpHOYTBI

ATpHOYT — 3TO »lIeMeHT HH(OPMAIIHH, CBSI3aHHBIH C KIaccoM. ATpHOYTHL XpaHST
HHKAIICYIIHPOBAHHBIE JaHHBIE KIIacca.

Tak xak arpuOyTHI COAEp KaTcs BHYTPH Kiacca, OHH CKPBITHEI OT JAPYIHX KIIaccoB. B
CBSI3H C STHM MOXKET ITOHaJOOHTHCS VKa3aTh, KaKHe KIIACChl HMEIOT IIPAaBO YMTATh H H3MEHSITh
aTpHOYTHI. 3TO CBOHCTBO Ha3bIBAeTCS BHAMMOCTRIO aTpHOYTa (attribute visibility).

Y atpubyra MOKHO OIIPeJElINTh YETBIPE BO3MOXKHBIX 3HAUEHHS STOrO IIapaMeTpa:

- Public (oOrmpii, OTKPBITHIH). OTO 3HAUeHHE BHAMMOCTH ITpeAIioNnaraeT, 4YTo aTpHOYT
OVAET BHIEH BCEMH OCTAJIbHBIMH KilaccaMH. JIF0OOH KIIacC MOJKET IIPOCMOTPETh WIIH H3MEHHTH
3HaueHHe arpHOyTa. B coorBerctBHH ¢ Hortanpedn UML ofmeMy arpuOyTy IpeAIIecTBYET
3HAK « + ».

- Private (3aKpheITBIH, CeKpeTHBII). COOTBETCTIBYIOIIHH aTPHOYT He BHJEH HHKAKHM
IPYTHM KIIacCOM. J3aKpBITEIH aTpHOYT o0O003HA4YaeTcd 3HAKOM « — » B COOTBETCTBHH C
Hortarmen UML.

- Protected (3ammpmienHprni). TakoH aTpHOYT JOCTYIIEH TOIBKO CaMOMY KJIacCy H ero
nmoromkaM. Hortarmss UML g1 3anpiomeHHOro aTpHOyTa — 3TO 3HAK « # ».

- Package or Implementation (maketHsIi). [Ipeamnonaraer, 4To JaHHBIH aTPHOYT SBISIETCS
OOIIM, HO TONIBKO B IIpeJeaxX ero IakKeTa. OTOT THII BHAMMOCTH He 0003HayaeTcsd HHKAKHM
CITEI[HaIb HBIM 3HAaUKOM.

B o0mem cuoy4yae, arpuOyTBl  PeKOMEHAVETCS  JeNarh  3aKPBITBIMH MM
3AIMINEHHBIMH. JTO ITO3BOJISET JIYUIlle KOHTPOIMPOBATh CaM aTpPHOYT M KOJI.

C IIOMOIIBIO 3daKPBITOCTH HIIH 3alllHINICHHOCTH VYA4CTCA H30eKaTh CHTVYaIlHi, KOI'lad

3HAaYeHHE aTpHOyTa H3MEHSeTCS BCEMH KllacCaMH CHCTEMBL. BMecTO 5TOro JOrHka
H3MeHeHHsI aTpHOyTa OyZeT 3aKIoyeHa B TOM JKe Kiacce, YTO H caM BTOT aTpHOYT.
3aaBacMble TTapaMeTPbl BHAHNMOCTH ITOBIHSIOT HAa FeHEPHPYEeMBIH KOJT.
Onepanun
OrnepallHH pealH3yIOT CBS3aHHOE C KiIaccoM IToBeJeHHe. Omnepalfs BKIIOYaeT TPH
JaCTH — HMS, ITapaMeTpbl H THII BO3BPAIaeMOr0 3HAYEeHHS.
[TapamMeTpel — 5TO apryMeHTHI, IIONy4YaeMble OIlepalliell «Ha BXOoJAe». [HII
BO3BpAIIaeMOr 0 3HAYEHHSI OTHOCHTCS K pPe3yIbTaTy JeHCTBHS OIIe PALHH.
Ha, JrAaspanye cKIaccoB  MOXKHO ITOKa3hbIBaTh KaK HMeHa OIlepalfi, TaKk M HMeHa
qu:pamﬁf"fhﬁﬂlét!?@ Noggpe MapaMeTpaMH M THIIOM  BO3BPAI[AEMOTO  3HAYEHIA UToOkI
Cepmudomkat:  2C0000043E9ABBBO952205E 7 BAS00060000043E
BranenMEHRHIHTE, 13al PYKEHHOCTh JHAI DAMMBL, ITOTe3HO OBIBAeT Ha HEKOTOPHIX M3 HHX ITOKA3bIBATh

TOJILKO HMEHa OIepalffil, a Ha PYIHX HX IMOJIHYIO CHTHATYPY.
neicrenrener c 1950 S3BIKE LIM L, oriepariiii HMEFOT CIIeYIOINYO HOTallHIO:



MMma Onepampm  (apryMeHT: THIT JAHHBIX apryMeHTa, apryMeHT2:THIT JaHHBIX
apryMeHTaZ,...): THII BO3BPaI[aeMoro 3HaUYeHH S

Cregyer pacCMOTPETD YETHIPE PA3IIMUHBIX THIIA OITEPAI[HI:

- Onepaliy peanm3ali,

- Onepaluu yIpaBiIcHHU S,

- Onepaliy JOoCTYIIA,

- BcrmoMorarenpHEIE OIEPALHH.

Onepanynu peajm3anuu

Onepanui  peanmmzalpi  (1implementor operations) peanH3ylOT HEKOTOpEIe OH3HEC-
¢yHkImm. Takme onepauqMH MOXKHO HAHTH, HCCIeAys JHarpPpaMMBI B3aHMOJ[EHCTBHSL
JlmarpaMmel  3TOoro  THIIa (POKYCHPYIOTCSI Ha OH3Hec-QYHKINIX, H KaXJoe COOOIIeHHe
IHarpaMMbl, CKOpPee BCEro, MOKHO COOTHECTH C OIlepalHeH peam3aliiH.

Kaxmag omepaiusa peamm3alMid  JOIKHA  OBITH  JIETKO  IIPOCIEXKHBAcMa 10
COOTBETCTBVIOLIETO TpeOOBaHMI. 3TO HJOCTHTAETCS Ha Pas3sIHYHBIX ATallaX MOJEIIHPOBAHMAL
Oriepalifisd BBRIBOAHTCS M3 COOOINEHHS Ha AHArpaMMeE B3aHMOIEHCTBHS, COOOIIEHHS HCXOMST
H3 TIOAPOOHOrO OITHCAHHMS ITOTOKAa COOBITHI, KOTOPBII CO3MAcTCS Ha OCHOBE BapHaHTa
HCIIOJIb30BAHMS, a IIOCIIEIHIII — Ha OCHOBe TpeOGOBaHHMH. BO3MOMKHOCTEH IIPOCIEIHTH BCIO 3TY
I[EMTOYKY IIO3BOISIET TapaHTHPOBATh, UTO Kaxaoe TpeOGoBaHHEe OVIET pealll30BaHO B KOJE,
a KaKJIblil (pparMeHT KOJa pealln3yeT KaKoe-TO TpeOOBaHHE.

Onepanun ynpasJjieHH S

Onepanpy  yIpaBleHHS (manager operations) — YIpPaBISEOT — CO3JaHHEM  H
VHHUYTOKEeHHEM OOBEKTOB. B 5Ty KareropHro II0IMAJar0T KOHCTPYKTOPBEI H JAeCTPYKTOPHI
KIIaCCOB.

Onepanun gocryna

ATpHOYTEI OOBIYHO OBIBAIOT 3aKPBITBIMH IIH 3all[HINEHHBIMI. 1eM He MeHee, IPYIHe
KITaCChl MHOIAA JOJLKHBEI IIPOCMATPHBATEL M H3MEHSITh MX 3HAUYeHHS. [[JIS 3TOr0 CYIIECTBYIOT
orepanii  gocryia (access operations). Takoi IogxoJ MgaeT BO3MOMXKHOCTH Oe30ITacHO
HHKAIICYIIMPOBAaTh aTpHOYTEI BHYTPH Kiacca, 3all[HTHB HX OT JIPYIHX KIacCOB, HO BCE XKe
IIO3BOIISIET OCVIIECTBHTHE K HHM KOHTPOJIMPYeMBIN HOCTVII. CoszmanHe omepanmn Get m Set
(TTOITyYeHH S 1 H3MeHEeHHS 3HaUeHHS) I KaKI0ro aTpHOyTa Kilacca SBISeTCS CTaHIapTOM.

BcecnoMorareibHbIE onepannm

BcrmomorartensHeivu  (helper operations) HaspIBaroTca TakHe  ONEpaliH  Kiacca,
KOTOPEIE HEOOXOMMMBI €MY IJISI BBEITIOIHEHHS €r0 OTBETCTBEHHOCTEH, HO O KOTOPBIX JIpPYIHe
KIIacChl HE JOJDKHBI HHYErO 3HATh. OTO 3aKPHITHIE M 3all[HII[eHHBIE OIEpPaliH KiIacca.

YtoObI HAESHTH(HIHMPOBATH OIEPAIHH, BRIITOIHHTE CIeAYIOIHE JeHCTBIL

M3yunre mauarpaMmel I1IOCTIeQOBATEILHOCTH H KOOIIEpaTHBHBIE JHArpaMMBI. bBombInas
JacTh COOOMIEHHH Ha STHX JHarpaMMaX SBIIIETCS ONepallHsIMH peann3aliii. Ped)IeKCHBHBIE
cooOIeHHs OYAYT BCIIOMOTATEIbHBIMH OITe DAL SIMH.

PaccmoTrpure  yhpapiionpie  omnepaumy. Moxker — morpe®oBarkcs  LOOaBHTH
KOHCTPYKTOPBI H IeCTPYKTOPHI.

PaccMotpure omepaiiin  gocryma. g Kaxzaoro arpudyra Kiacca, ¢ KOTOPBIM
OOJKHBEI OyayT padoTaTh APYIHe KIAcChl, HAAO co3aaTh orepainuH Get n Set.

Ceasn

CBsI3b  TIPEACTABISET COOOH CEMAHTHYECKYIO B3aHMMOCBSI3b MeXAY Kilaccamu. OHa
TaeT KIIacCy BO3MOKHOCTH Y3HABaTk 00 aTpHOyTax, OIEpalfisIiX H CBSA3SIX APYrOoro Kiacca.
MupIiMu  crmoBaMH, 4YTOOBI OAMH KiIacC MOI ITOCIaTh COOOINEHHE IPYTrOMY Ha JHarpaMme
IIOCIIEIOBATEIIPHOCTH M KOOIIEPAaTHBHOH JHarpaMme, MeXIY HHMH JOIDKHA CYINECTBOBATh

CBA3b. nOKYMEHT NOANMCAH
O?‘Eﬁ?ﬁ'ﬁé%‘i‘m e THIIa CBS3el, KOTOPhlE MOIYT OBITh YCTaHOBIEHBI MEXIY
Cepmudomkatr: 2C0000043ESABBBY952205E FBAS00060000043E

Bnanend1ACCAMIL, .AGCOIIAIIHIL, 3ABHCHMOCTH, arperalfii i 000O0IEHH.
AcconManmun

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Accormarms (association) — 3TO ceMaHTHYeCKasI CBs3b Me KAy KilaccaMH. X pHCYIOT Ha
JHarpaMmMe KI1accOB B BHJIe OOBIKHOBEHHOH JIFHHH.

NewClass NewClass?2

PucyHok 3.10 - CBS3b accoIHalis

Accorparimi = MOryr  OBITH  JBYHAITpABIIEHHBIMH, KakKk B  IIpHMeEpe, HIH
OIXHOHaIIpaBiIeHHBIMH. Ha s3p1ke UML aByHaIIpaBieHHBIE acCOIHAIMH PHCYIOT B BHIE IIPOCTOH
TIHMHHH 0€3 CTPEIIOK HITH CO CTPelIKaMH ¢ 00eHX ee cTOpOoH. Ha ogHOHAaIIpaBIeHHOH acCOIHAI[HI
H300pakarT TOIBKO OJHY CTPEelIKY, IIOKA3BIBAIOIIYIO €€ HallpaBIEHHE.

Harmpasnenne aCCOLIMALIHI MOXKHO OIIPEIEIINTH, H3yYast IHATPaMMBI
IIOCIIEAOBATEIIbHOCTH M KOOIIEpPaTHBHBIE JHarpamMmbl. Ecian Bce COOOIIEHHS Ha HHX
OTIIPABIISIFOTCS TOJIBKO OJHHM KIIacCOM H IIPHHHMAIOTCS TOIBKO JAPYIHM KJIacCOM, HO HE
HAa00OPOT, MeXIY STHMH KIaccaMH HMeeT MECTO OJHOHAIIpaBlIeHHAas CBS3b. Ecim Xors OBl
OMHO COOOIIeHHE OTMPABISETCSI B OOpaTHYIO CTOPOHY, acCOIMAaIlsd MIOIDKHA OBIThH
IBYHAIIPaBIEHHOH.

Accorpaiiii =~ MOIYT  OBITh  pepJIeKCHBHBIMH. PedexcuBHasg  accorHalfysg
IpeAIionaraeT, 4Yro OHH SK3eMIULIP Kilacca B3aHMOJACHCIBYET C APYTHMH SK3EMIUISPaMI
3TOTO JKe Kracca.

3aBHcHMoOCTH

CBs3H 3aBHCHMOCTH (dependency) Takke OTpakarOoT CBsI3b MeXXAYy KIlacCcaMH, HO OHH
BCErJa OJHOHAIIPAaBIeHBl H IIOKA3BIBAIOT, YTO OMMH KJIacC 3aBHCHT OT OIIPedclICHHI,
CIelIaHHBIX B JApyroM. Hamprmep, kmacc A HCIIonb3yeT MeToJbl Kinacca B. Torma mpu
H3MEHEHHH Kilacca B HeoOXOAHMO IIPOH3BECTH COOTBETCTBYIOIIE H3MEHEHH S B KJ1acce A.

3aBHCHMOCTh H300pakaeTcsd IIYHKTHPHOH JIHHHEH, IIPOBEJAEHHOH MEXAY JIBYMS
AIIeMeHTAMH JHATrPaMMBbI, H CUHTAETCS, UTO JIEMEHT, IIPHBI3aHHBIN K KOHI[Y CTPEIKH, 3aBHCHT
OT 3JIEMEHTA, MPHBI3aHHOIO K HAYally 3TOH CTPEJIKH.

NewClass NewClass?2

PucyHok 3.11 - CBSI3b 3aBHCHMOCTD

[Ipu reHeparmpm Koma I 3STHX KIIacCOB K HUM He OyIyT J00aRIATHCS HOBBIE aTPHOYTEL
OpmHako, OyIyT CO3[aHBl cHelH(pHYEeCKHe IS S3bIKa OIEpPaTophl, HEOOXOAMMBIE IS
TIOJIAEPKKH CBSI3H.

Arperamun

Arperanmu (aggregations) ITpeZICTaBIIOT cOOOH Oolee TeCHYH (DOPMY acCOIHAITHH.
Arperais — 3TO CBSI3b MEXKIY ILIENIBIM M €ro 4acThio. Hampumep, v Bac MokeT OBITH Kiacc
ABTOMOOWIb, a TakXke Kiacchl JIBuraresib, [IOKpROIKHM M KIacChl IS OPYTHX 4YacTeH
apTOMOOHISA. B pesyiabrare 00BEeKT Kiacca ABTOMOOWIE OVIET COCTOSTH M3 0OBEKTa Kiacca
JIBUraresp, deTeIpex OObeKTOB IloKpeImmek M T. 1. Arperaiyi BH3VAIH3HPYIOT B BHJE

JIMHII C pDI\iﬁIH{GM Y KJldCCa, ABJIHOICI'OCH ITCIIBIM.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO
=N __'I: : '::"I.'.'.[-';-": ::';'I:-.|;_.L_“|_-.I :_':.'_I'.I" & Ninninin -.[:

AV XOBd iTeHHE Ad1eKCaHdDOBHLS



Whole Part

PucyHok 3.12 - CBS3p arperaius

B pomonHeHHe K IpocToH arperanud UML BBoaur Oojiee CHIBHYIO PasHOBHIHOCTH
arperaifii, Ha3bIBaeMyI0 KoMIIO3HIHell. COITTacHO KOMIIOZHI[HH, OOBEKT-4acTh MOKET
MIPHHAJJIEKATh TOIBKO €IHHCTBEHHOMY I[EIIOMY, H, KpOMe TOro, KaK ITPaBHIIO, »XKH3HEHHBIH
IIHKI 4YacTel COBIIaJaeT ¢ I[HKIOM IIeJIOrO: OHH JKHBYT H YMHPArOT BMecTe ¢ HHM. JIroOoe
yIaJeHHe I[EIIOr0 PacIpoOCTPaHsIeTCs Ha ero YacTH.

Takoe KackaJHOe VJalleHHe HEPeJKO pacCcMaTpHBaeTCs KaK 4YacThb OIPEelIeHHS
arperaifii, OJJHAKO OHO BCETJa IToJpa3yMeBaeTcsa B TOM CIIy4ae, KOrjla MHOKECTBEHHOCTh POJIH
cocTaBIsieT 1..1; HampuMep, ecliH HeoOXOAHMMO yAalIuTh KimeHTa, TO 5TO yAaleHHe JOIKHO
PacIIpOCTPaHHTHCSA H Ha 3aKaskbl (M, B CBOIO ouepelb, Ha CTPOKH 3aKasa).

Ooo0menns (HacienoBanue)

O0o0mmeHHe (HaclIegOBaHHE) - 3TO OTHOIIEHHE THITa OOIIEe-4acTHOE MEXKAY BJIEMEHTaMH
MoJierH. C ToMoInpio oboOmieHti (generalization) ITOKa3BIBAIOT CBS3H HACIIEJOBAHHSA MeXIYy
IBYMSI KIIACCaMH.

Bl Ted bl NORL30RITEN:

s
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PROACTOALACHK b MOME]
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Omuesa penscTpaus ||
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T
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[pwest 8 wimaresm NEMEHTY BPEMERHOTD NOMI0EEHHS
MaxCimanshoe Bpews NOMacaass

X
¥ L

d
Compymene Grfmorem Crydest
O agn Dy nuTer
Tenadow orpena Jouased appec

PucyHok 3.13 - IIpuMep CBSI3H HaclneqOBaHHE

BonpimHCTBO 00BEKTHO-OPHEHTHPOBAaHHBIX SI3BIKOB HEITOCPe ICTBEHHO
MOAJEPKHBAIOT KOHIIEIIIHIO HaclaeqoBaHHsI. OHa ITO3BOJIIET OJHOMY KJIacCy HacIIeOBaTh
BCe aTPHOYTHI, OIlepallHH H CBS3H ApPYyroro. HacimemoBaHHe ITAaKETOB O3HA4YaeT, YTO B ITaKeTe-
HacJIeJHHKEe BCe CYIIHOCTH ITaKeTa-IpefKa OyAYT BHIHBI ITOJ CBOHMH COOCTBEHHBIMH HMEHAMH
(T.e. IIpOCTpaHCTBa MMeH OObeAHHSIOTCS). HacnemoBaHHe ITOKa3bIBAaeTCS CIDIOMIHOH JHHHEH,
HIYINEH OT KJIacca-IIOTOMKA K KiIaccy-peaKy (B TepmuHoIorud OOII - oT ImoToMKa K IIPEJIKY,
OT ChIHa K OTIly, IUDN OT IOAKIacca K cynepkiaccy). Co CTOpOHBI Gonee OOIIEro sIeMeHTa

NoanvcAaH
PHCYETC S/ GOTEHION ITVIBIETPEYTOTBHIK.

eptadmear 2CUTTOMIINGO “ HaCTe AVEeMbIX, " KaKIBIH TTOJKIacC HMeeT CBOH COOCTBEHHBIE YHHKANIbHBIE

Bnapneneu %x.-:.-;:wr:u_! aTekAHa Anekcadopoada

aTpHOYTHI, OIEPAI[HH H CBS3H.
MHo07KeCTBEHHOCT b

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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MHoxecTBeHHOCTh (multiplicity) mokasemBaeT, CKOIBKO 5K3eMIUISPOB OJHOIO Kjacca
B3aHMOJICHCTBYIOT € IIOMOIINBIO 5STOH CBSI3H € OJHHM SK3eMIIIIPOM JIPYTroro Kilacca B
TaHHBIH MOMeHT BPEMEHH.

Hampumep, npH pa3paboTKe CHCTEMBI PETHCTPallHH KYyPCOB B YHHBEPCHTETE MOJKHO
onpenenuTh Kiaaccekl Course (Kypc) H Student (cTyzeHT). MeXIy HHMH yCTaHOBJIEHA CBS3b: Y
KYPCOB MOTI'YT OBITh CTYJEHTHI, a Y CTYIASHTOB — KYpCHl. BOIpockl, Ha KOTOPBIH JIOMXKeH
OTBETHTh ITapaMeTP MHOKeCTBeHHOCTH: «CKOIBKO KYpCOB CTYAEHT MOJKeT IIoceIlaTh B
TAHHBIN MOMeHT? CKOJIBKO CTYIEHTOB MOJKET 3a pa3 IIOCEIATh OJHH Kypc?»

Tak Kkaxk MHOKECTBEHHOCTh JaeT OTBEeT Ha o0a 5TH BOIIpOCa, ee HHIHKATOPBI
YCTAHABJIHBAXOTCAHA Had 000OHMX KOHI[aX JHHHH CBSI3H. B ITPHMCPE PCITHCTPAIHH KYPCOE MbI

PEIIIIM, YTO OJHH CTYJAEHT MOJKET IIOCEINATh OT HYIIS OO YETHIPEX KYPCOB, a OXHH KYPC
MOI'yT ciayimate oT 0 g0 20 CTYIeHTOB.

B qmpike UML ITPHHSTEI OIIPEeHEIIeHHbIE  HOTAL[HH iR} 6 | o00O3HaAUEHH T
MHOKEeCTBEHHOCTH.

Tadmmara 3.1 - O6o3HaYeHHSI MHOKeCTBEHHOCTH cBI3el B UML

Mito/kec TBeHHOCTH Tnace nme
0.* Homb wim Gomime
[=% Omu Wi 0oybLIe
0.1 Houm wim o1
.1 (cokparennan 3anucn: 1) PoBno o1un

IIMeHa cBsizel

CBSI3H MOKHO YTOUHHTH C ITOMOIIBIO HMEH CBSI3€H HIIH POJIEBBIX HMeH. MIMSI CBSI3H — 3TO
OOBIYHO TJIArOJI WIIH TJIarolbHas (ppa3a, OIMCBEIBAIOIIAS, 3a4eM OHa Hy’KHa. Harpumep, Mexmy
K1accoM Person (4ermoBekK) H kKnaccoM Company (KOMITaHHS) MOJKET CYIIECTBOBATh aCCOITHAI[HL.
MoXHO 3aJjaTh B CBSBH C 3THM BOIIPOC, SBIISIETCS JIH OOBEKT Kiacca Person KIHEHTOM
KOMITAHHH, €€ COTPYAHHKOM HJIH BiajenblieM? UTOOB ONpEeJelIHTh 3TO, aCCOLHAI[HIO MOXKHO
Ha3BaTh «employs» (HaHHMAeT):

Employs
Company Person

PucyHok 3.14 - [Ipumep HMeH cBSI3eH

PoJm

PoneBble HMEHa IIPHMEHSIOT B CBSI3SX aCCOLIMALIMH HIIM arperallii BMECTO HMEH IS
OIMMCAHHS TOrO, 3a4YeM STH CBS3H HYKHBI. BO3Bpainasce K IpHMePY € KiaaccamMH Person
Company, MOXHO CKa3aTh, YTO Kilacc Person HIpaeT poib COTPYAHHKA Kiracca Company.
PoneBrle MMeHa — 3TO OOBIYHO HMEHA CYINECTBHTEIILHBIE HIIH OCHOBaHHBIE Ha HHX (ppasbl,

HX IIOKA3BIBAKOT Ha JHAI'PaMME PAJOM C KI4CCOM, HIPAIOIIIM COOTBETCTEYIOIIYVIO POJIb.
Kaxk IIPaBHIIO, IIOJIB3VIOTCA HIIM POJICBBIM HMMCHCM, I HMCHEM CBAi3H, HO HC 00OHMH Cpasy.
Kak H MMeHa CEHSEﬁ:, POJIEBBEIC HMCHA HEC GﬁﬂBﬂTEHLHﬁI: HX HJ4aIOT, TOJIIBKO €CIIH IIC]Ib CBI3H HC

GHEEHM%%ME%E%%%}E)IEGN[TGH HITKE

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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+Employer +Employee

Company Person

PucyHok 3.15 - IIpumMep ponen cBsser

Ilaker. Mexann:M nNaKkeroB
B KOHTeKCcTe AaHarpaMM KJIacCOB, ITAKET - 3TO BMECTHIMILE TSI HEKOTOPOro Habopa
KIIaCCOB H JIPYITHX ITAaKeTOB. [1aKeT SBISETCSI CaMOCTOSTEIbHBIM IIPOCTPAHCTBOM HMEH.

Package

PucyHok 3.16 - O6o3HaueHHe mmakera 8 UML

B UML Her Kaxkmux-nmubo orpaHHYeHHH Ha IIPaBHIIA, 110 KOTOPBEIM pa3pabOTYHKH MOI'YT
I JIOJKHEI TPYITIIMPOBATE KJIIACCHl B MAaKEThI. HO €CTh HEKOTOPBIE CTAaHIAPTHEIE CITy4YaM, KOrja
TaKkasg TIPYIOMPOBKAa VYMECTHA, HAIIPUMEP, TECHO B3aHMMOJICHCTBYIOIIME KIIACChHI, IWIH Oolee
OOIIMII cIry4yai - pa3OHeHHe CHCTEMBI Ha ITOACHCTEMEL.

[TakeT (pHBHYECKH COJEPAKHUT CYIITHOCTH, OIpeJeleHHbIe B HeM (TOBOPST, YTO "CYIIHOCTH
IMpHHAJJIe’KaT IakeTy"). OTOo oO03HadaeT, 4YTO eclIH OyJAeT YHHYTOXEH IIaKkeT, TO OyIyT
YHHYTOKEHO H BCE ET'0 COMEPIKHMOE.

CVILECTBYET HECKOIILKO HAHOOJIEE PACIIPOCTPAHEHHEBIX IIOAX0I0B K I'PYIOIHPOBKE.

Bo-TIepBEIX, MOKHO TPYIOIMPOBATh HX IO CTEPEOTHITY. B TakoM ciydae ITOIy4YaeTCs
OOHH TIAKET C KIacCcaMH-CYINHOCTSMI, OJHMH ¢ TpaHHYHBIMH KiIaccaMi, OJIHH C
VIIPABJLSIFOIIMMH KJllacCaMH M T.J. OTOT ITOAXOH MOKET OBIThH IIONE3eH ¢ TOYKH 3pPEHI
pPasMEINEHHSI TOTOBOH CHCTEMBI, ITOCKOIBKY BCE HaXOMSINHECS Ha KIHEHTCKHX MalllMHax
TIOTr PAHHYHEIE KIIACCHI YK€ OKa3bIBAIOTCA B OJHOM ITAKETE.

Jlpyroit IOAXON 3aKIrOYaeTcsd B OOBEJIHHEHHH KIIACCOB ITO MX (DYHKIHOHAIBHOCTH.
Hammpumep, B makeTe Security (0e30ITacHOCTE) coJiepKaTcsd BCE KIAcChl, OTBeYaloIHe 3a
0e30MacHOCTh NPHIIOKEHHSI. B TakoM cilydyae JpyrHe ITaKeThl MOI'YT HasbBaThcs Employee
Maintenance (Pabora ¢ corpygamkami), Reporting (Ilogroroeka ordyeroB) u Emror Handhing
(Obpabotka omHOO0K). IIpeMMyImecTBO 5TOr0 MOAXOJa 3aKII0YaeTcsd B BO3MOKHOCTH
IIOBTOPHOI'O HCITOIIb30BAHHAL.

MexaHH3M ITaKeTOB IIPHMEHHM K JIFOOBIM 3JIEMEHTAM MOJEI, a He TOJBKO K KIacCaM.
Ecim 11 I'pyIIMpOBKH KIIACCOB HE HCIIOJIB30BaTh HEKOTOPBIE BBPHCTHKH, TO OHA
CTAHOBHTCS IIPOM3BOIIBHOH. OJHa M3 HHX, KOTOpas B OCHOBHOM HCITONB3yeTcsa B UML, — 310
3aBHCHMOCTE. 3aBHCHMOCTh MEJKAY ABYMS IIaKeTaMH CYINECTBYET B TOM CJIy4ae, ecCIH
MeEKIY JIFOOBIMH IBYMS KIIacCaMH B ITAKETaX CYIIECTBYET JFOO0as 3aBHCHMOCTE.

Taxmm oOpazoM, JHarpaMma ITaKeTOB IIPeACTABIIeT COOOH JHarpaMMy, COAEpP KallyIO
ITAKETHI KJIACCOB M 3aBHCHMOCTH MeEXAY HHMH. CTpPOro roBOpS, ITAKETHI H 3aBHCHMOCTH
SBILTFOTCS  3JIEMEeHTaMH JHarpaMMBI KJIacCOB, TO €CTh JHarpaMma IIaKeTOB — 53TO (popma
IIHarpaMMBI KJIaCCOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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T Entities

Boundaries

PucyHok 3.17 - I[Ipumep guarpaMMel IaKeTOB

3aBHCHMOCTh MeXKIY ABYMS 3JIEMEHTAMH HMEET MECTO B TOM ClIy4Yae, €CIIH H3MEHEHHS B
OIPENEIEHHNH OJHOrO 3IEMEHTa MOIYT IIOBJIEYh 3a COOOH HM3MEHEHHS B ApyroMm. 4Yto
KacaeTCs KIIaCCOB, TO ITPHYMHBI IS 3aBHCHMOCTEH MOT'YT OBITh CAMBIMH Pa3HBIMI:

- OJHH KJIacC ITOCBIIIaeT COOOIIEHHE APYTOMY,

- OJHH KJIacC BKIIIOYAET YaCTh JAHHBIX JPYIOro Kiacca, OJHH KIacC HCIIOIB3YET APYIOH
B Ka4YeCTBe ITapaMeTpa OIepalHH.

Ecimm xmacc MeHsSIeT cBOH HHTepdelic, TO o0oe cooOIeHHe, KOTOpOe OH ITOCBIIAET,
MOJKET VTPAaTHTEL CBOO CHITY.

[JakeTHl He MarOT OTBETA Ha BOIIPOC, KaKHMM 00pa3oM MOKHO YMEHBIIHTH KOITHYECTBO
3aBHCHMOCTEH B BallleH CHCTEME, OJHAKO OHH ITOMOTalOT BBIJAEIIHTE 3TH 3aBHCHMOCTH, a ITOCIIE
TOr0, KaK OHH BCE OKa)XyTCS Ha BHIY, OCTAeTCSI TOIBKO ITOpadoTarh HaJ CHHKEHHEM HX
KOIIHYeCTBa. J(HarpaMMbl IIaKETOB MOKHO CUHTATh OCHOBHBIM CpEICTBOM VIIPpABIIEHHS
OOIIEN CTPYKTYVPOH CHCTEMBEL.

[JakeThl SBISIOTCS JKH3HEHHO HEOOXOJHMMBIM CPeJCTBOM IS OONIBIIHX ITPOEKTOB.
X crmemyer HCIIONB30BaTH B TeX CIIy4Yasx, KOrja JQHarpaMma KIIacCOB, OXBaTHIBAIOINAS
BCKO CHCTEMY B IIeJIOM H pa3MeIleHHas Ha eJHHCTBEHHOM JHCTe Oymarm Qopmarta A4,
CTAHOBHTCS HEUHMTaeMOI.

JlHarpaMmsl cOCT OSTHHH

JlmarpaMMbl COCTOSIHMIT OIPEHENSIOT BCE BO3MOJKHBEIE COCTOSHHS, B KOTOPBIX MOXKET
HAXOIUTHCS KOHKPETHBIH O00BEKT, a TAaKXKe IPOIECC CMEHBI COCTOSHMIT OO0BEKTa B Pe3yiIbTaTe
HACTYIUIEHHS HEKOTOPBIX COOBITHII.

CyIIecTBYET MHOIO (OpM JHarpaMM COCTOSHHI, He3HAYHTEIIbHO OTJINYAIOIIHXCS
IPYT OT Apyra CeMaHTHKOIL.

Ha mmnarpaMme HMerOTCS JIBa CIIElHAIbHBIX COCTOSHHS — HavalbHoe (start) H KOHedHOe
(stop). HauampHOe cocTOsIHHE BBIJAEIEHO YEePHOH TOYKOH, OHO COOTBETCTBYET COCTOSHHIO
00BEKTa, KOrJa OH TOIBKO 4YTO OBII co3fgaH. KOHeuHOe cOCTOssHHE OO0O03HAYaeTcs 4YEPHOH
TOUKOH B OelloM KpPYXKE, OHO COOTBETCTBYET COCTOSHHIO OOBEKTAa HEIIOCPEICTBEHHO
Iepel €ro VHHYTOXKEHHeM. Ha guarpamMme COCTOSHIIT MOXKET OBITH OZHO M TOIBKO OJHO
HAyaJbHOE COCTOSHHE. B TO Ke BpeMs, MOXeT OBITh CTOJIBKO KOHEYHBIX COCTOSHHIL,
CKOJIBKO BaM HY >KHO, WIH HX MOXeT He ObITh B0oOOINe. Korma oO0peKT HaXOIHTCS B KaKOM-
TO KOHKPETHOM COCTOSHHHM, MOTIYT BBIIIOIHSATECS Pas3lIHYHBIE ITPOLECCHI. [Ipollecckl,
IIPOMCXOMMIIIHE, KOrja OOBEKT HaXOMUTCSI B OIPEAcIIEHHOM COCTOSHHH, HAa3bIBAKOTCH
,I[E:ﬁCTEHHMII (actions).

,q%‘%&?‘?ﬂﬂ%ﬁ%c MOJKHO CBSI3BIBaTh JAHHBIE IIITH THIIOB. JESTENBHOCTh, BXOJHOE
,I[EHGTEH@H:EW@E}HMMTBHE c:::ﬁmme H HCTOPHSI COCTOSHHSL
e T eATENbHOCTD
JleSTEMbHOCTHIO (actlvlty) Ha3bIBACTCS TIOBEJEHHE, peajl3yeMoe OOBEKTOM, ITOKa OH

- IHEIXG,[[HTGH E ,[[EIHHGM COCTOMHITH. ,HEHI‘EJILHGCTB — 3TO IIPEPBIBACMOC IIOBCACHIEC. OHO
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MOJKET BBITIOIMHATECSI JO CBOETO 3aBEPIIEHHS, TIOKa OOBEKT HAXOAHUTCI B JaHHOM
COCTOSIHMH, IJIH MOKeT OBITH IIPEPBAHO IIEpeXOoJoM OOBEeKTa B JIPYIOe COCTOSHHE.
JlesTembHOCTh H300pakatoT BHYTPH CaMOI'O COCTOSIHHS, €H JOIKHO ITpeJIlecTBOBaTh CIOBO do
(Z1enaTh) U JBOETOYHE.

BxoHoe JeicTBHE

BxogueiM geiicTBHeM (entry action) Ha3bpIBaeTCS ITOBEJEeHHE, KOTOPOE BBIMTOTHSETCS,
KOorjga OOBEKT IEPEXOANUT B JAHHOE COCTOSHHE. J[aHHOe AeHCTBHE OCYIIECTBIISIETCS HE ITOCIIE
TOT'0, KaK OOBEKT IIEPEIEN B 3TO COCTOSHHUE, a, CKOpee, KaK 4YacTh 3TOro Iiepexoga. B orimuie
OT MJEeATEIIbHOCTH, BXOMHOE JEHCTBHE PpacCMaTpHBacTCS KakK HeEIpepeIBacMoe. BxXomHoe
IEHCTBHE TakKKe IIOKA3bIBAIOT BHYTPH COCTOSHHS, €MY IIPEALIECTBYET CIIOBO entry (BXom) H
IIBOETOYHE.

BbIxoaHoe qeHcTBHE

BrixomgHoe aericTBHe (exit action) momoOHO BXomgHOMY. OIHAKO, OHO OCYIIECTBIISIETCS
KaK COCTaBHas 4YacTh IIpol[ecca BBIXOAA M3 HJAHHOIO COCTOSHHSA. OHO SBISETCS YacTBIO
IIpolecca TaKoro Iepexoga. Kak H BXOMHOe, BEIXOIHOE AEHCTBHE SBISCTCS HETIPEPEIBAEMBIM.

BrixXogHoe aelcTBHEe H300pakalOT BHYTPH COCTOSHHS, €My ITPeJIIecTBYET CIOBO exit
(BBIXOJX) H JIBOETOYHE.

[IoBemeHne 00BeKTa BO BpeMS JESATEIILHOCTH, ITPH BXOIHBIX H BEIXOIHBIX JEHCTBHSX
MOJKET BKIIIOYaTh OTIIPAaBKY COOBITHSA JIpyroMy OOBEKTY. B 3TOM ciydae OITHCAHIIO
IESTEIBHOCTH, BXOAHOIO JeHCTBHS WM BBIXOZHOI'O AEHCTBHS ITPEAIIECTBYET 3HAK « ™ ».

COOTBETCTBYIOMIAS CTPOKA HA JHArPaMMeE BBEITTISIIHT KaK

Do: "lems.CoOpiTHE (ApPryMeHTHI)

3neck Llems — 5TO0 00BEKT, Iomy4yaromil coObITHE, COOBITHE — 3TO IIOCHEIJIAEMOE
cooOIeHHE, a APrYMEHTEI SBIISIOTCS ITapaMeTPaMH ITOCHIIIAEMOI0 COOOIEHHM A

JleSITENPHOCTE MOJKET TaKKe BBINIOJHATBECA B PE3YIBTAaTe IIONMYYEHHSI OOBEKTOM
HEKOTOPOro CcOOBITHA. [IpH ITOIYyYEeHHH HEKOTOPOrO COOBITHS BBIITOIHSIETCS OIPEIEIIeHHAS
HESITEILHOCTD.

[lepexomom (Transition) HaspIBaeTCS IlepeMEIEHHE H3 OJHOIO COCTOSHHS B JPYTOE.
COBOKVITHOCTE IIEPEXOAOB [JHarpaMMBbl ITOKa3bIBAcT, KaK OOBEKT MOJKET IIEPEMEINAThCS
MeXJIy CBOMMH COCTOSHHSMH. Ha auarpaMme Bce IepeXOAbl H300pakaloT B BHJE CTPEIIKI,
HAYMHAIOMIEN CS Ha IIEPBOHAYAIBHOM COCTOSHHH H 3aKaHYHBAFOIIEHC A TTOCTIE I YEOIIIM.

[Tepexombr MOI'YT OBIThH pepiieKCHBHBIMH. OOBeKT MOJKET IIePeHTH B TO K& COCTOSIHHE, B
KOTOPOM OH B HACTOSIIHH MOMEHT HaXOAHTCS. PedieKcHBHEIE ITepeXoabl H300paKarT B BHIE
CTPEJIKH, HaUHHAIOIIEHCS M 3aBEPIIAIOIEICS Ha OJHOM M TOM K€ COCTOSHHH.

Y nmnepexola CYHIECTBYeT HeCKOIbKO cHenHdukaipii. OHH BKIIOYAIOT COOBITHSL
APrYMEHTEI, OrpakHarolliie YCIOBHS, AEHCTBHSI H ITOCBITIAEMBIE COOBITHSL

CoObiTHSA

CoOriTHE (event) — 3TO TO, YTO BBEI3BIBAET IIEPEXO] H3 OJHOIO COCTOSHHS B JPYTOE.
CoOBITHE pa3sMEINA0T Ha JHarpaMMe BIOJIb JIMHIH IIEPEeXO0/a.

Ha puarpamme a1 oroOpakeHHS COOBITHS MOXKHO HCIIONB30BaTh KaK HMMS OIEPALHH,
TaKk H OOBIYHYIO (ppasy.

BONBIIMHCTBO ITePeX0A0B JTOMKHBI HMETh COOBITHS, TaK KaK HMEHHO OHH, ITPEKIE BCETO,
3aCTABIISIOT IIEPEXOJ OCYILECTBUTLCA. TeM He MeHee, OBIBAIOT H aBTOMAaTHUYECKHE TIEPEXOJIBI, HE
HMeroI[He cOOBITHI. [IpH 3TOM OOBEKT caM IepeMEIaeTCsa H3 OJHOIO COCTOSHISI B IPYTOE CO
CKOPOCTBIO, ITO3BOJISIONIEN OCVYIIECTBHTLCS BXOAHBIM AEHCTBHSAM, AESTEIIBHOCTH H BBIXOIHBIM
TIEHCTBH SIM.

Orpa;xxaarimue yCJI0BHSA

Or ReatoHEHE YeToBrs (guard conditions) OIpemersroT, KOIAa IEPEXOld MOXET, a

Korja HENMERETO HThCS. B IIpOoTHBHOM clTydae ImepeXoj He OCYIIEeCTBHTCAL.
Cepmudomkatr: 2C000Q00043ESABBBO52205E 7/BAS00060000043E

Bnapeneuy; ety I RATEALOLIHE, | N CITOBHA IIBG@I)E],}I{EIIGT Ha JH4AI'PpaMMC BAOJIb JIHHHIL IICPEXOJa ITOCIIC
HMCHIH 'Z]D‘ﬁI:-ITH_FI3 3dKJIIO4Yasd HX B KBAJPAaTHBIC CKOOKH.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Orpagarolie VCIOBHI 3aJaBaTh HeoOs3aTenbHO. OJHAKO ECIIH CYIINECTBYET
HECKOJIbKO aBTOMATHUYECKHMX IIEPEXOAOB M3 COCTOSHHS, HEOOXOAHMO OIPEAEIHTh UIS HHX
B3aHMHO HCKIIIOYAIOIIHE OrpakKJarolfie VYCIOBHS. OTO IIOMOKET YHTATEIIO JHArpaMMBbI
TIOHATH, KaKOH ITYTh Iepexoaa OyaeT aBTOMaTHYECKH BEIOpaH.

JleHcTBHE

JleitictBHeM (action), Kak VYK€ TOBOPHJIOCh, SBISETCS HeIpephlBacMOe ITOBEJCHIE,
OCVIIECTBIISIOINEECS KaK YACTh IepexXofa. BXOMHEIE H BBIXOAHEIE JeHCTBHS ITOKA3BIBAIOT BHYTPH
COCTOSIHHMH, ITOCKOJIBKY OHH OITPEMENISIOT, YTO ITIPOHCXOANT, KOraa OObeKT BXOIHUT IIH BBIXOJIHT
M3 HETO. BONMBIYIO YacTh AeHCTBHI, OJHAKO, M300pakaloT BIOIL JIHHHH IlepexXoja, TaK KakK
OHM HE JOJDKHBI OCYILECTBIISATHCS ITPH BXOJE WM BEIXOIE H3 COCTOSHIS.

JleficTBHE PHCYIOT BIONB JIMHHH IepeXofa IOCIIE HMeHH COOBITHS, eMY IIPEIIIeCTBYET
KOCas YyepTa.

CoOBITHE WIH JeHCTBHE MOI'YT OBITH IIOBEAEHHEM BHYTPH OOBEKTa, a MOIYT
IPEACTABIIATE COOOH COOOIIEHHE, IIOCHEIIIaEMOE JpyroMy oOO0BeKTY. Ecmm coOblTHE IWIH
IEIICTBHE IIOCBIIIAETCA APYroMY OOBEKTY, IIEpPel HHM Ha JHarpaMMe ITOMEIArOT 3HAK « ™ ).

CHATHE AeHer
[oTpruaTensMsIt Danamxc]

[ OTKREAT == MpeBbilEHWe KpejuTa

J entry. EpemMeHHO 3aMopo3nTe GUET
KnneHT TpeByeT Brnag aexer do: MocnaTte yeejoMNeHHe KNUEHTY
23KPLITE c4eT / [nonoxTensHeIn ﬁ:-ut. PasmoposnTs cueT

CoxpaHuTe aaTy Oananc]
JEKPbITMA CMETA
r/ ™y MNpoeepka GanaHca

SaKpLIT [oTpWUaTE NeHEIW BanaHe
L entry, Bugam B Teqerre Donee 30 aHen)

KpeJMTHYIO KapTy
.

PucyHok 3.18 - [IpmMep mquarpaMMel COCT OSIHII

JlmarpaMMBbl ~ COCTOSHHIL He HaJ0 CcoO3daBaTh I KaXAOro Kiacca, OHH
MIPHMEHSFOTCS TOJIBKO B CIOXKHBIX CIydasX. EciIH OoOBEKT Kilacca MOXKET CYIIeCTBOBAaTh B
HECKOJIbBKHX COCTOSIHHSX H B KaXIOM H3 HHX BeJleT ceOs I0-pasHOMY, JUISI HETO MOXKET
MOTPeO0OBaThCS TaKasl JHATPAMMA.

JInmarpaMmMbl1 pa3MelieHHs

Jlmarpamma pasmelneHHsI (deployment diagram) orpakaeT (PH3HUYECKHE B3aHMOCBSI3ZH
MesKQy NPOrpaMMHBIMH H aIllapaTHEIMH KOMITOHEHTAMH CHCTeMbI. OHa SBIISETCS XOPOIIHM
CPeJCTBOM JUIS TOro, 4ToObI ITOKa3aTh MApPHIPYThI IepeMelleHHsI O0ObeKTOB H KOMIIOHEHTOB
B paclpeelIeHHON CHCTEME.

Kaxnaeii ys3en Ha JHarpaMMe pasMeENleHHS IIPeACTaBIseT COOOH HEKOTOPBIH THII

BBIYHCIIHTEIPHOIO YCTPOHCTBa — B  OONBIIMHCTBE CIy4YaeB, 4YacTh ammaparypel. OTa
armaparypa MOJKeT OBITh ITPOCTBIM YCTPOMCTBOM HIIH JAaTUyHKOM, a MOXeT OBITh H
MIHH (PPEHMOM.

I[HEII‘I)M& Pa3MCIIICHIA ITIOKA3BIBACT (I)IIBH‘IECI{GE PaCITOIIOKCHIC CETH H
MeCTOHaXOXKIeHHe B HEH pa3/IMYHBIX KOMIIOHCHTOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Banking Database
Server

Oracle Server
=< A=

J_l-'_

Regional
ATM Server [' ‘
- Printer

ATM Server exe

<=<Private Netwark>>
=<Private Metwork=>>

e

125 Firet 5L 450 Elm Sk
ATM ATM
ATMClient exe ATMClent.exe

PucyHok 3.19 - [Ipumep quarpaMMel pasMeIleHH s

I[H&I‘pﬂhﬂ'v{ﬂ PasMEIIEHHA HCIIOIB3YETCA MCHCIKCPOM IIPOCKTA, IIOIIB30BATCIIAMIA,
dPXHICKTOPOM CHCTEMBI H OSKCIUIYATAIITHOHHBIM IICPCOHAJIOM, yTOOBI TIOHSITH (bIIBIFIEGI{DE

pPa3sMCIICHIE CHCTCMbBI H PaACIIOJIOKEHHE €€ OTJEIhHBIX ITOJCHCTEM.

I[HEII‘pﬂLﬂ%IBI KOMIIOHCHT OB
I[H&I‘pﬂhﬂ%{BI KOMITOHCHTOB IIOKA3BIBAKOT, Kd4K BBITIIAOHNT MOICIIE Ha (I)HSH‘IECI{GM

YPOBHE. Ha HmHX HBOﬁpﬂ}I{EHBI KOMIIOHCHTBIL IIPpOI'PaMMHOI'O oOecIieueHHSI H CBS3H MCHELY
HIMIH. HPH 5TOM Ha TaKOH AHAI'PAMME BBIACIIAOT JBd THIIA KOMIIOHCHTOB. HCIIOJIHACMBIC

KOMITOHEHTHI H OHOIIHMOTEKH KOJIA.
Kaxnprii Kmacc MofenH (HIH IOJCHCTeEMA) ITpeo0pasyeTcsd B KOMIIOHEHT HCXOJHOIO

koma. Ilocme cosmaHHg OHH Cpa3y N00aBIIIOTCS K AHAI'PaMME KOMIIOHEHTOB. ME}I{,I[}*'
OTACJIBHBEIMH KOMITOHCHTAaMIH H3D6PE1}I{E1IDT 3dBHCHMOCTH, COOTBCTCTBYIOIIHEC 3aBHCHMOCTIAM

Hd 3TallC KOMIODUIAITHH HIIH BBIITOIIHCHHA ITPOI'PAMMBI.

ATM Rt 1 =

Cash Dispenser

Card Header ..- g

‘_ ATM Screen

|
|
1
1

Card Reader s
|.
g CasH Dispenser

ATM aweer'i

PucyHok 3.20 -. [IprmMep guarpamMmsbl KOMITOHEHTOB

l[HElI‘pﬂLﬂ‘vIBI KOMITOHEHTOB IIPHMCHAIOTCA TCMI YHACTHHKAMI ITPOCKTd, KTO OTBEYACT 34d
KOMITHITL[HIO CHCTEMEI. M3 Hee BHAHO, B KaKOM IIOPAAKE HaJ0 KOMIOLIIHPOBATE KOMIIOHCHTEIL,

a  TaKKe joKAKHS nokgRQIHICMBIE  KOMITOHEHTBI OyQyT CO3JaHBI CHCTeEMOH. Ha TaKof

aMRE TSP RS S TBETCTBHE KITACCOB  PealH30BaHHBIM KoMIToHeHTaM. OHa HYy»XHa
EEpTHd}HHaT CO000043E8ABBBO952205E 7/BAS0006000004 3

ananend AM, LS, HAMHHAGTCALT SHEDALULT KOZa.

Oﬁ'bE,[[ﬂHEHHE AHAI'PpaAaMM KOMIIOHCHTOB H PA3BCPTBIBAHHA

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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B Hekor OPBIX CIIVHAAX JOIIYCKACTCA PpPa3MCIlaTe AJHal'paMMy KOMIIOHCHTOB Ha
AHAI'PAMME Pa3BCPThIBAHH . TO ITO3BOIISAET ITOKAa3aTh KaKHe KOMIIOHEHTHI BBHIIIOHSIOTCS H Ha

KaKIX Y3JIadX.

Pabdota c ;-mTeparypoi:

PexomeHTyeMble HCTOUHHKH HH()OPMAI[HH
(No MCTOYHIKA)

OCHOBHaA T] OTOIHHTENb HAS MeTomideckast MHTEpHET-
PECYPCHI
1-3 1-3 1-3 1-3

OneHo4YHbIe CpeJcTBa: BOIIPOCH K cobecemoBaHmio (CMm.: (DOHJT OIleHOYHBIX CPeJCTB)

S. THnoBbIe KOHTPOJILHBIE 3AJAHAA H HHbIE MATEPHAJIbL, XAPAKTEPH3YIOIHE 3TAIbI
GopMHPOBAHH A KOMITETEeHIITHH

S.1. Kpurepun oneHHBAHHA KOMIIET eHI[HI

OILleHKa «OTIIHYHO» BBICTABISETCS CTYAEHTY, €CIH CTYAEHT HMeeT ITTYOOKHE 3HAHHSL,
YMEHHS, HABBIKH, JIEMOHCTPHPYET IIOJIHOE IIOHMMAHHE CYIIHOCTH pacCMaTPHBAEMBIX BOIIPOCOB.

OILlEHKa «XOPOINO» BEICTABISETCS CTVAEHTY, €CIH CTYIEHT HMEET IIONIHBIE 3HAHHSL
YMEHHS, HABBIKH, JIEMOHCTPHPYET ITOHHMAHHE CYIIIHOCTH PacCMaTPHBAEMBIX BOIIPOCOBR B I[ETIOM,
HO IIOKA3bIBAeT HEJOCTAaTOYHO VYBEPEHHOE BJIAJIEHHE HEKOTOPBRIMH TEOPETHUYECKHMH H
IPAaKTHYECKHMH TTOIOKEHHSIMH JHCIIHIUTHHEI.

OlLleHKa «YIOBIETBOPHTEILHO» BBICTABIISIETCS CTYIEHTY, €CIIH CTYACHT HMEET HH3KHH
VPOBEHP 3HAHHH, VYMEHHI, HAaBBIKOB, JIEMOHCTPHPYET YAaCTHYHOE ITOHHMAHHE CVYII[HOCTH
paccMaTPHBAaEMEBIX BOITPOCOB.

OLlIEHKa «HEYIOBIETBOPHTEIIPHO» BBICTABISETCSA CTYIAEHTY, €CIIH CTYAEHT HMEET
ImpoOenbl B 3HAHMAX, YMEHHSIX, HaBBIKAX, JEMOHCTPHPYET  He3HAHHE  CVYIIHOCTH
paccMaTPHBAEMBIX BOIIPOCOB.

5.2. OnucaHue NIKAJIbI OLEeHHBAHHSA

PeliTHHTOBasI cCHCTeMa OIIEHKH VCIIEBAaeMOCTH CTYIEHTOB 3a04YHOH (POPMBI He
IIpeyCMOTPEHA.

5.3. MeToanueckne MaTepHAJIbI, oNpeae/aiInie npoueaypbl OlleHHBAHAA 3HAHHH,
YMEHHH, HABBIKOB H (HJIM) ONBITA JAEAT eJIbHOCTH, XAPAKTEPH3YIOINUX 3TAIbI
GopMHPOBAHH A KOMITETEeHIITHH

[Iporiegypa ImpoBeAeHHS OLIEHOYHBIX MEPOIPHSATHH BKIXOYAeT B cedd cobeceOBaHHE,
IIOATOTOBKY K 3K3aMEHY H BBIITOIHEHHE HHANBHIYAIBHBIX 3aJaHII K ITa00paTOPHEIM padoTaM.

IIpepmnaraeMele CTYAEHTY 3aJaHHS ITO3BOJISIIOT IPOBEPHTH KommeTeHIHMH [IK-6, IIK-13,
[IK-14. PesynpTaThl 3K3aMeHa H OTUYETOB 110 HHAHBHIYalIbHBIM 3aJaHHSM OILICHHBAOTCS I10:

- TOYHOCTH OTBETOB Ha IIOCTaBII€HHEIE BOIIPOCHL,

- TIOCJIEAOBATEIIBPHOCTH H PAl[HOHAIFHOCTH BBITIOIHEHHS 3a1aHHIL,

- 3HAHHIO TEXHOIIOTHH, HCIIOJIb30BAHHBIX ITPH BBITIOITHEHHH 3a{aHHS.

6. YueOHo-MeTOAHIeCKOe H HHpOPMALHOHHOE 00ecnedeHHe U CIHIIHHDbI

0.1 IlepeyeHb OCHOBHOHM M JOIOIHHUTEIBLHOH JIMTEPATYPHI, HEOOXOAHMOH IJI1 OCBOEHHS

I CLIFTTIIHH

6.1.1. IlepeyeHh OCHOBHOH IIHTEPATYPHI

1. OCHOBBI KOMITBIOTEPHOTO MOJIEIHPOBaHHe |ONMeKTpoHHBIH pecypc| :  yueOHO-
MeTOJHYECKHI KOMIUIEKC / . — DJIeKTpOH. TeKCTOBbIe JaHHBIe. — Aimarel. Hyp-lIpHHT,

2021 —175¢c. — 9965-756-09-0. — Pexam moctyia: http://www.iprbookshop.rw/6 7115 html.
2. ManmeietintsA. AHamn3 TpeGoBaHHIT K aBTOMAaTH3HPOBAHHBIM HH( OpMaI[HOHHBIM

Ceomy d}ﬁﬁ}g{p’f;@ﬁ[@&%ﬂ Tmiﬁﬂﬁgm% MarnuHen HO.A —DIEeKTpOH. TEKCTOBBIE JAHHBIE.—
snagend¥l.. HiETepHeTY-HHBepsHTel HMHpopmarmonHex TexaHomoruii (MHTYHWUT), 2016.— 191 c.—

Pexxrv noctyma: http://www.iprbookshop.mu/52184.— 5BC «IPRbooks», 1o mapomro.
NencTBUTENEH: C 1968]262’2 rﬂfﬁlﬁ‘iﬁﬂﬁb ﬂﬂHGHHIITEHLHGﬁ mITePaT}’pH
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1. llopmnkor HO.B. HMHCTpyMeHTalIbHOE MOJACIHPOBAHINE THOPHIHBIX CHCTEM
| OnexTpoHHBI pecypc|: yueGHoe mocoOme/ Illopuukor FKO.B., Tommmor HM.H., JlocToBanop
. H— DOnexTpoH.TeKCTOBBIE JaHHBIe.— HoBocnOHpck: HOBOCHOHPCKIIT I'OCYIapCTBEHHBIH
TEXHHYECKHH YHHBEPCHTET, 2014.— 70c.—Pexim IOCTVYIIA:
http://www 1prbookshop.1/44929 — 5EC [PRbooks..

2. Kimmvenko U.C. Teopms cHCTeM H CHCTEMHBIN aHaM3 |[OIeKTpOHHBII pecypc:
yyeOHOoe mocobne / HM.C. KimmmeHko. — DONeKTpOH. TeKCTOBBIe JaHHBle. — M.:
Poccuiickmii  HOBRIH ~ yHHBepcurer, 2014, — 264 ¢, —Pexmm  JOCTVIIA:
http://www 1prbookshop.nv/21322 html.

0.2. llepeueHr VyueOHO-METONHYECKOIO OOECIEYEHHS CaMOCTOSTEILHOH pPadoThI
OOVYUYAFOIIIXC S I10 JHCIUIIIIHE

1. MeTtogHyecKHe VKa3aHHS IO BBIMIOMIHEHHIO J1a00paTOpHBEIX PaloT IO IHCIHILIHHE
«CHCTEMHBII aHAIIN3 JTAaHHBIX H MOIEIH IIPHHSATHS PEIEHITI .

2. MetoanyecKHe PEKOMEHJAIIMH IS CTYAEHTOB II0 OpraHM3alliMH CaMOCTOSTEIbHOMH
PaboTHI 110 JUCIIMIUIHHE « CHCTEMHBIN aHAIN3 JaHHBIX M MOJIEIH IIPHHSITHS PEIIIEHII.

6.3. IlepeuyeHsr pecypcoB HH(pOPMAIHOHHO-TEIIEKOMMYHHKAITHOHHOH ceTH «VIHTepHeT»,
HeOOXOIMMBIX JJ1S OCBOEHHUS JUCIIHIUIHHEI

1. YHuBepcureTckas ouonnoTeka online. http://www . biblioclub.1u.

2. OBC «IPRbooks». http://www.1prbookshop.ru.

3. DnexrponHadg 6nbmioreka CKOV.. http://catalog nestu.ru.

4. T'ocygapcTBeHHas IyOIHYHAs HaydyHO- TexXHH4yeckasd OuOmoreka Poccum. (I'TTHTDB

Poccmm). www.gpntb.ru.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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MUHHCTEPCTBO HAVKH U BEICIIIEI'O OBPA30BAHUS POCCHHUCKOH ®EJIEPAINU
DegepanbHOe TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIFHOE YUPEKIEHIE BEICIIIETO 00Ppa30BaHIHL
«CEBEPO-KABKA3CKHNH ®EJAEPAJIBHBIN YHHUBEPCHUTET»

[ [9THT OpCKI HHCTHTYT ((DHIIHAI)

METOMYECKHNE YKA3AHUS JIJISI CTYIEHTOB K BEIIOJTHEHIIO
CAMOCTOSTEJILHOI PABOTHI
1O JUCIUILINHE
CUCTEMHBIIT AHAJIN3 JAHHBIX 1 MOJAEIA IPUHATUS PENTEHIIA

HampapiaeHHe 10T OTOBKH 09.04.02
NHdopMalHOHHBIE CHCTeMbI H TeXHOJIOTHH
HarpasieHHOCTE (IIpO(HIIE) TexHoMOrHd padoThI C JAHHLIMH H 3HAHHAMH,
aHAIH3 HHopMaIHu
KBamiQHKala BEITYCKHIKA Maructp

[Iarmropck, 2023

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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2. MecTo JHCIMIUINHEL B CTPYKTYPEe OCHOBHOI 00pa30BaTelbHOI ITpOorpaMMEL
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5.8 IIpnmeHeHme muarpamm baiffeca. 3agaun BEIOOpa H KiIacc HHKAIHH

5.9 MeToIpI K1acCH(HKAIII H IIPOrHO3HPORAHHA. /{epeBh pellleHIl

5.10 ITocTpoeHHe K1acCHPHKAITHOHHOI MO e

5.11 Il penMyIIecTBa IEPEBLER PEIIEHIIT

6. THIIOBEIE KOHTPOILHEBIC 3aJTaHHA H HHEIC MATCPHAIBL, XaPaKTCPH3IVIOIITHE 3TAllkbl @DPMIIPDBHHI[H

KOMIIeTeHI[HIT

7. YueOHO-MeTOMIYECKOe H HH(OPMAI[HOHHOE 00ecIleueHHe JHCI[IILIHHEI

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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1. Ileb |1 3233491 0CBOEHH A U CIUILIHHBI
[{enpr0 OCBOEHHS IHCIHIUIHHBI SBISETCS (POPMHpOBAaHHE Habopa ITpodecCHOHAIBHBIX
KOMITeTEHITHI Oyayimero marucrpa 1o HampapiaeHHIO 09.04.02 MHpopMaIHOHHBIE CHCTEMBI H
TEXHOJIOTHH JUIS PelleHHsd IIPHKIAJAHBIX 33Jad B paMKax HalPaBRIIEHHOCTH (IIPOQHILI)

« TexHomormm pﬂﬁDTLI C JaHHBIMIT H 3HaHITAMIL, aHAJIH3 I]H(l)ﬂpMElI_[IIH}}.

3agaud OCBOEHHSI JUCIHIUIMHBI: H3YYEHHE OCHOBHBIX ITOHSATHI CHCTEMHOrO aHalIH3a
TAaHHBIX H TEOPHH IIPHHSTHS PEIIeHHH, OCBOEHHE METOAOB H HHCTPYMEHTOB CHCTEMHOIO
aHaJIM3a JJaHHBIX H MOJEJIHPOBAHHS allTOPHTMOB ITPHHSTHS PEIIECHHI.

2. MecTo JHCIHILINHBI B CTPYKTYPE OCHOBHOM 00pa30BaTe/IbHOH IPOrpaMMbI

JucipnumHa « CHCTEMHBIN aHaIN3 JAHHBIX H MOJEIIH IIPHHATHS PeIIeHHID OTHOCHTCS K
THCIIUIHHAM 00sS3aTelbHOH YacTH. Ee 0CBOeHIE IMPOHCXOIHT BO 2 CEMECTPE.

3 Texnosormyeckass KapTa cCaMoCT OATEIbHOH PadoThl 00YIaK0IEr ocs

KO CpencTea O0BEeM YacoB, B TOM YHCIIE
A TEXHOJIOTHH CPC KonrakT | Beero
PeaIIM3YEMBIX
- Bun HIEeSITEIIbHOCTH | OI[€HKH Ha sl

KOMITET eHIIHH,

CTYJIEHTOB paborta ¢
HHIHKaTOpa(0oB
) TIpernoaa

BaTeJIeEM

2 ceMecTp
IIK-6, IIK-13, | Ilogroroeka k nexifsM | CobeceqoBaHHe 0,27 0,03 0,3
I1IK-14
IIK-6, IIK-13, | CamMmocTOsITEIIBHOE CobecegoBaHHe 60,42 7,38 73,8
IIK-14 H3YUYEHHE JINTEPATYPhI

ITo TeMaM 1, 2
IIK-6, IIK-13, | IloaroroBka K | OT4eT 0,81 0,09 0,9
[IK-14 1abopaTOPHBIM ITHChMEHHBIH

paboram

4. Cogep:kaHle CAMOCT OSATEIBHOM PadoThl
Tema camocrosiTesibHOr0 H3y4eHuss Ne 1. MetoabI M cpeicTBA CHCTEMHOI' 0 AHAJIN3A

JAHHBIX

Bu aeAreJIbHOCTH CTYAEHTOB: CaMOCTOSTEIbHOE H3YYEHHE JINTEePaTyPBI
HToroBbii NpoaAYKT CAMOCTOST eJIbHOM PAa00ThI: KOHCIIEKT

Cpﬁ,[[CTEﬂ H TeXHOJIOIHH OLleHKH: codeceJoBaHHeE
I11.1aH KOHCIIeKTa:

HPIMEHEHIIE MCTOOOB H CPCIACTB dHAJIIH3d JdHHBIX. HpﬂBHJIEl I{HHGCH(bI]I{EH_[I]II. ﬂEpEELH

PELIEHHI.

KoppelsiMOHHEIH |

perpe

Knacrepusanus. THIIBI allTOPHTMOB.
Pabora ¢ smTeparypoii:

CCHOHHEIH

dHaJIH 3.

AccoIMaTHBHEIE

IIpaBHIIA.

PexoMeHyeMble HCTOUYHHKH HH(OPMAI[HH
(Ne HCTOUHHKA)

OCHOBHA4

J1OIIOMHHTEe b HAS

MeTomHueckKasd

HHTepHET-PECYPCEI

1-3

1-3

1-3

1-3

Tema caMoCTOATEJILHOI O H3Y'ICHNH Ne 2. AHAJIM3 JAaHHBIX H MMPOCKTHPOBAHHE

CHCTEM  [OKYMEHT MOAMMCAH
ANEKTPOHHOW MOAMNMChIO

CepTudukar:
Bnanen

2C0000043E9ABBB952205E7BAS00060000043E
BHI NeITeALHOCTH-CTYAHTOB: CAMOCTOSTEIIFHOE H3YUEHHE IINTEPaTyPhI

HTOoroBbIi NpoayKT CAMOCTOAT eJIbHOM PAadOThI: KOHCIIEKT

neicren{ePeICTIBA M TEXHOJAOI HHA OLIEHKH: COOECEIOBaHIIE




20

I1.1aH KOHCIIEeKTA:

Meroner kmaccupukaiiin. Mertoasl baiieca. HamBubiii Baiiec. BepoSTHOCTHBIH ITOJIXON K
HACTYIUIEHHIO COCTOSHHS cHcTeMbl. OOydaromas BbeiOopka. OileHoyHas (pyHkms Jlammaca.
OKcriepTHasg cHucrtema. CHereMa ImpaBwil. JlormyeCcKHH BRIBOA. (CeMaHTHYEeCKas MOJEIE.
[IpogykimioHHBIE, (PpeHMOBBIE H ceMaHTHYeckHe ceTH. HuHrepripetatop. IIpmmeHeHHe O0a3
sHaHMI. CHcTeMa aBHarm . | MC-cHcTeMEL.

Padora ¢ mTeparypoii:

PeKoMeH TyeMble HCTOYHHKH HH()OPMAI[HH
(No HMCTOUHIKA)

OCHOBHAA J1OTTOITHH TeTh HAd MeToHuecKas HHTepHET-PECYPCEI

1-3 1-3 1-3 1-3

S. TeoperHuecCKHA MATepPHAI

5.1 MaremaTrHieckoe MOAe/IMPOBAHIE

ITocTpoenne MoaesH

Mojens H MOAEIHpOBaHHE - YHHBEpPCAIbHbIE MOHITHS, aTpHOYTHI OJHOIO H3 HaHOOIee
MOIIHBIX METOJOB ITO3HAHHI B JHOOOH Ipo()eCCHOHAIBHOH 0O0JacTH, ITO3HAHHS CHCTEMBI,
ITpoliecca, SBIESHHS.

Bug mMojems B MeTOAbI ee HCCIeJOBaHHSI OONbIle 3aBHCIT OT HH(OPMAIHOHHO -
JIOTHYECKHX CBSI3eil 3JIeMEeHTOB H IIOJICHCTEM MOJIEIIHPYEMOH CHCTEMBI, PECYPCOB, CBS3eH C
OKpPY’KEHHEM, a He OT KOHKPETHOI'O HAITOITHEHH I CHCTEMEI.

MoenbHBIN CTHIb MBIIUIEHHS IT03BOIIIET BHHKATh B CTPYKTYPY H BHYTPEHHIOK JIOTHKY
MOJIEITHPYEMOH CHCTEMEL.

[TocTpoeHHe MOJIeNIH - CHCTeMHas 3ajaya, TpeOyrom[as aHajlH3a H CHHTe3a HCXOIHBIX
TaHHBIX, THITOTE3, TEOPHH, 3HAHHI CIelHATHCTOB. CHCTEMHBIH ITOJAXOJ IO3BOISIET HE TOIBKO
ITOCTPOHTE MOJIEIDL PEAIbHOHM CHCTEMBI, HO H HCITOIIL30BATh 3TY MOENb IS OLIEHKH (HaIIPHMED,
3 EeKTHBHOCTH YIIPABIEHH HIH (PYHKIH OHHPOBAHH I) CHCTEMBL.

Mojenb - 3TO 00BEKT HIIH OITHCaHHe 00BeKTa, CHCTEMSBI JI1I 3aMellleHH I OJJHOH CHCTEMBI
(opHrHHaAMIa) JPYTOH CHCTEMOH JUIS JIYYIero H3Y4YeHHS OpHTHHalIa HIH BOCIIPOH3BEeHHS
KAaKHX-THOO IO CBOHCTB.

Hammpumep, otoOpaxkast (pH3HYECKYIO CHCTEMY Ha MaTeMaTHUYeCKYIO CHCTEeMY, ITOITYIHM
MaTeMaTHYECKYIO MOJAEb (PH3HYECKOH CHCTeMBI. JIFoOas MOJelnb CTPOHTCS H HCCIEAYETCS IIPH
OIpelelIeHHBIX JOITYIIeHHIX, THITOTe3aX.

[Iprmep.  PaccMoTpuM  (PH3HYECKYIO CHCTEMY. TeIO MAacCOH INn CKaTBIBAaeTCS IIO
HAaKJIOHHOH TUIOCKOCTH C YCKOPEHHEM a, Ha KOTOpoe BO3AeHCTBYET cHia F.

Hccnemys takme cHcTeMbl, HpIOTOH IMOTYYHII MaTeMaTHYeCKOe cooTHomieHHe: F = m*a.
Oro (pH3HKO-MaTeMaTH4YecKas MOJEIh CHCTEMBI HIH MaTeMaTH4eckKasd MOJAeTb (PH3HYECKOIM
CHCTEeMBI CKaThIBAIOIIErOCs Tea.

[IpH ormicaHHH 3TOH CHCTEMBI ITPHHSTHI CIIEIYIOIHE THITOTE 35l

- TIOBEPXHOCTH HcalIbHA (KO3((HIIHEHT TPEHHS paBeH HYIIIO);

- TEJIO HaXOAHTCSA B BaKyyMe (COITPOTHBJIEHHE BO3IyXa PaBHO HYIIIO);

- Macca Tela HeM3MeHHa,

- TEJIO JBHKETCS ¢ OJHHAKOBEIM ITOCTOSHHBIM YCKOPeHHEM B TFOO0H TOYKE.

[Iprmvep. Du3Honmormyeckas cHcTeMa (cHCTeMa KpPOBOOOpameHHsS 4YelOBeKa) -
TTOTYHHSETCS HEKOTOPBIM 3aKOHAM TepPMOJHHAMHKH. OIIHCHIBAs 3Ty CHCTeMY Ha (PH3HYeCKOM
(TepPMOIHHAMITYECKOM) SI3BIKE OalaHCOBBIX  3aKOHOB, TTOITYIHM (PH3HYECKYIO,
TepMOAHHAMHYECKYIO MOJIETTh (PH3HOJIOTHYECKOH CHCTeMBI. EcCIH 3amucaTh STH 3aKOHBI Ha
MaTeMaTHEEEHRM: H3liEay T-6-  COOTBETCIBYIONIHE TEPMOJMHAMITIECKHE YPABHEHIA, TO YikKe

TTOITYY aeﬁﬂﬁ.ﬁﬁ%ﬂ&&lﬂ% 180 MOJIETIF CHCTEMBI KPOBOOOpaIllEHHS.
CepTudukar: ECEI' EE-EJ 04 s
Bnageneu:  Leto HHE MEHﬂ EH}EP&%DPE 31E1pe,[[rrprIHTHII (YHKIIMOHHPYET Ha pPBIHKE, OOMEHHBASCh

TOBAPAMIL, CLIPLEM:. YCIIYVI'dMH, I]I-I(prMElI_[HEﬁ. Ecm ormcare SKOHOMHYECKHE 3dKOHEIL, IIPpaBHIId
,Elcmmamcnm E?%@g?ﬁﬁﬂ%[ﬁ%&a Ha PBIHKE C IIOMOMBIO MATEMATHYCCKIIX COOTHOIICHHHM, HAIIPHMCDP,



21

CHCTEMBEI anreOpaH4YeCKHX VpaBHEHMI, TIJe HEH3BECTHBRIMH OYAYT BEIHYHHEI ITPHOBIIH,
MOITy4aeMble OT B3aHMOJACHCTBHSA TIPEANPHITHH, a KO3((PHIMEHTAaMH YpaBHEHHS OyIyT
3HAYEHHS HHTEHCHBHOCTEH TAKHMX B3aHMOJEHCTBHH, TO ITOITYYHM SKOHOMHKO-MAaTeMaTHYECKYIO
MOJIEJIb CHCTEMBI IPEAITPHSATHI Ha PHIHKE.

CnoBo "Mozens" (maT. modelium) o3HauvaeT "mepa", "crmoco0", "CXOACTBO C KaKOH-TO
BeIl[bIO" .

MogemipoBaHie 0aszHpPyeTCcs Ha MaTeMaTHYeCKOH TEOPHH ITOAOOHS, COITIaCHO KOTOPOH
a0COIIFOTHOE TOM00He MOXKET MMETHh MECTO JIHIIB IIPH 3aMeHe OJHOro o0beKTa JAPYITHM TOYHO
TaKHM XKE.

[Ipu MomenupoBaHMM OOIBIIMHCTBA CHCTEM abCOIMFOTHOE ITOHOOHE HEBO3MOXKHO, H
OCHOBHA4 I[ETIb MOAEIMPOBAHHS 3aKIIIOYacTCS B TOM, UTO MOJIENIb JOCTaTOYHO XOPOIIO JOIDKHA
oro0OpaxaTh (PYHKITHOHHPOBAHHE MOJEIIHPYEMOH CHCTEMBI.

[IprMep ¢pakTanpHOH MoAemH - MHOKecTBO KaHTopa. PaccMorpmm otpesok  [0:1].
PaziemM ero Ha 3 4acTH M BREIOPOCHM CPeJHHH OTpe30K. OcTaBmmecs 2 IMPOMEXYTKa OIISTh
pasgenM Ha TPH 4YacTH M BREIKMHEM CPEIHIE IIPOMEXYTKH H T.4. [lomyuiM MHOMXKECTBO,
Has3pIBAEMOEe MHOXKeCcTBOM KaHTopa. B T1pefmene r1onyyaeM HeCUYETHOE  MHOMKECTBO
H30IIHPOBAHHBIX TOYEK.

e ] ———
0 1/9 2/9 1/3 2/3 79 &9 |

PucyHok 1.1 - MHoxkecTBO KaHTOpa i1 3-X JIeneHHH

5.2 OCHOBBI KOMOBHTEPHOI0 MOAECHPOBAHUSA

['paHMIBIl MEXAY MOJEISIMH PasiIHMYHOI'O BHIA BEChMa YCIOBHBEL. MOKHO TOBOPHTHL O
PAa3MYHBEIX PpeXHMax HCIIONB30BAHMS MOJENIEH - HMHTAIHOHHOM, CTOXaCTHUYECKOM,
IIMHAMHYECKOM, JIETe PMHHHPOBAHHOM H .

Kakx mpaBHIIO, MOJieTIh BKIIIOYaeT B ceOs: oObekT O, cyObekT A (He 00S3aTelbHO) ,
3a7auy Z, pecypcel B, cpeny moaenupoBaHusa C.

Mogenr MOXKHO IpejicTaBHTh (popManmbHO B BHAe: M =<0, A, Z, B, C >,

(OCHOBHBIE CBOHCTBA JTFOOOH MOJIEIIH:

1. LlenmeHanpaBIeHHOCTh - MOJIENIF BCErJa OTOOpaKaeT HEKOTOPYIO CHCTEMY, T.€. HMEET
I[EJIb TAKOI'O OTOOpaKeHH S,

2. KoHeyHOCTE - MOJENs OTOOpakaeT OpPHIHHAJI JIHINhF B KOHEYHOM YHCIIE €ro0
OTHOIIIEHHH H PECYPCHI MOJCIIHMPOBAHIS KOHEYHEI,

3. YIIPOIIIEHHOCTE - MOJIENIF OTOOpPakaeT TOINBKO CYIIECTBEHHEBIE CTOPOHEI 00OBEKTa H OHA
IOJIKHA OBITH ITPOCTA IS HCCIIETOBAHIS HIIH BOCITPOH3BEIEHILT,

4. HarmsagHocTs, 0003pHMOCTE OCHOBHEBIX €€ CBOHCTB H OTHOIIIEHHIH,

5. JIOCTYITHOCTE M TEXHOJIOTHYHOCTE JJIS HCCIIEAOBAHM I HIIH BOCIIPOH3BEAEHHS,

6. MHpopMaTHBHOCTE - MOAENb JO/DKHA COAEpkKaTh JOCTaTOUYHYED HH(OPMAIHIO O
cucTeMe (B paMKax THIIOTe3, IIPHHITBEIX IIPH ITOCTPOEHHH MOJEIH) H JOIMKHA JaBaTh
BO3MOKHOCTH MOITY4aTh HOBYIO HH() OPMAIIHIO,

7. IlomHoTa - B MOJENIH IOMKHBI OBITH YUTEHBI BCE OCHOBHBIE CBSI3H H OTHOIIEHHS,
HeOOXOAMMBIE IJIS1 0OeCIIeUeHHS LIETTH MOJAEIIHPOBAHHS,

8. YIIpaBISIEMOCThE - MOJENL AOJKHA HMETH XOTS OBl OAHH ITapaMeTp, H3MEHEHHSIMI
KOTOPOI'0 MOKHO HMHTHPOBATE ITOBEIEHHE MOJIEIIHPYEMOH CHCTEMEBIL B PA3/IMUHBIX YVCIOBHSIX.

5.3 ZKH3HeHHBIH IHKJI MOJEJTHPY€EMOH CHCTEMbI

JKH3HEHHBIH ITHKII MOJAEITHPYEMOH CHCTEMBI COCTOHT H3 CIIEAVIOIIHX 3TAIIOB!

1. COop wmHpopManimun 00 0OBeKTe, BBIIBIDKEHHE THIIOTE3, IIpeJBapHTEIbHBIH
KYMEHT NoarincAH

MﬂﬂEﬂLHﬁﬁ% alballH3 nonnuckio
urar 200201 POEKTITPOBAHIE CTPYRTYPHI H COCTaBa MOJENEH (TIOAMOAEINEN),
'_3'."'Hi::;t&"1'*]§5ﬁ'éiﬁ[e'it:ﬁé’i[r@m{amﬂ‘i MOJIENH, pa3padoTKa M OTJIaKa OTIeIbHBIX ITOAMOIENEIT,
cOOpKa MOJIETH B IIEIIOM, HAEHTH(HKAIHS (€CTTH 5TO HYXKHO) ITapaMeTPOB MOJIETIENH,
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4. UccriemopaHie MOIENIH - BEIOOP MeETOMa HCCIeJOBaHHS M pa3paldoTKa alropHTMa
(IIporpaMMbI) MOAETHPOBAHHST,

5. UcenepopaHue aieKBaTHOCTH, YCTOHYHBOCTH, YYBCTBHTEIIBHOCTH MOJEIIH

0. OneHKa cpeJcTB MOJeITHPOBaHHA (3aTpauyeHHBIX PECYPCOB);

7. UHTEpIIpeTalis, aHa3 Pe3yiIbTaTOB MOJACIHPOBAHNS H YCTaHOBIIEHIE HEKOTOPBIX
IIPHYHHHO-CIIeICTBEHHBIX CBI3EH B HCCIIEYEMOH CHCTEME,

8. I'eHepaI1isa 0OTYETOB H MPOeKTHHIX (HAPOJHO-XO3SHCTBEHHEIX) PEIIIEHHIT,

0. YTouHEeHHE, MOJH(HKAIHS MOJIEIH, eClIH 3TO He0OXOIHMO, H BO3BpaT K HCCIIeIyeMOH
CHCTEME C HOBBIMH 3HAHHSMH, ITOJTYYEHHBIMH C IIOMOIIBIO MOJAEIH H MOAEIIHPOBAHHAL.

5.4 Moge/mpoBaHHe KAK MeTOd CHCTEMHOI0 AaHAJIM3A

YacTo B CHCTEMHOM aHalM3e IIPH MOJECILHOM IIOAXOAE HCCIEAOBAHHSI MOXKET
COBEPINIATHCS OHA MeTOAHYECKas OIMHOKA, a HMEHHO, - IIOCTPOEHHE KOPPEKTHBIX H aJIcKBATHBIX
MoJlennel (ImoaMoJenei) MOJACHCTEM CHCTEMBI H HX JIOTHYECKH KOpPpeKTHasl yBS3Ka He JaeT
TapaHTHH KOPPEKTHOCTH ITOCTPOEHHOH TaKHM CIIOCOOOM MOJEIH BCEH CHCTEMEI.

Mogenp, IocTpoeHHass 0e3 yuera CBS3€H CHCTEMEBI CO CPelOH, MOKET  CIIYKHTB
IIOJITBEPKIEHHEM TEOPEMEI [ ellells, a TOUHEe, €€ CIEACTBHS, VIBEPKIAIOIETO, YTO B CIIOKHOM
H30JIHPOBAHHON CHCTEME MOI'YT CYIIECTBOBATH HCTHHBI H BBIBOABI, KOPPEKTHEIE B 3TOH CHCTEME
H HEKOPPEKTHEIE BHE €€.

Hayka MOJIenHpOBaHHS COCTOHT B pa3fielIeHHH IIPoIecca MOJEIHPOBAHHS (CHCTEMBEI,
MOJIEIIH) Ha 5Tanbl (TMOJCHCTEMBI, ITOAMOEIH), JeTaJbHOM H3YUeHHH Ka)XKJOro STalla,
B3aHMOOTHOINIEHHI, CBS3eH, OTHOINEHHH MeXJy HHMH H 3aTeM 3(P(eKTHBHOIO OITHCAHHS HX C
MAaKCHMaJIbHO BO3MOKHOH CTEIleHbI0 (pOpMalH3aIHHi H aJeKBaTHOCTH.

B cinyyae HapyIleHHMsS STHX IIPaBHJI IIOIIYYaeEM HE MOJEIb CHCTEMBI, a MOJIENb
"COOCTBEHHBIX M HETIOJIHBIX 3HAHII".

MomemipoBRaHHe paccMaTpHBaeTCA, Kak ocodas popMa SKCIIepHMeHTa, SKCIIEPHMeHTa He
HaJ CaMHM OpPHIHHAJIOM, T.€. IIPOCTBIM HIH OOBIYHBIM SKCIIEPHMEHTOM, a HaJ KOIHEH
OpHTHHAlA. 37eCh BakeH H30MOP(PH3M CHCTEM OPHTHHAIbHOH H MOJIETHHOH.

M3omopdH3M - paBeHCTBO, OJHHAKOBOCTD, ITOJIO0HE.

Mogenm 1 MOZEIHPORAHHE ITPHMEHSIFOTCS II0 OCHOBHEIM HaITPABIICHH SIM:

- B OOYUEHHH, B ITO3HAHHH H pa3padoTKe TeOPHH HCCIIEYEMBIX CHCTEM,

- B IIPOTHORHPOBAHHH (BBIXOJHBIX JAHHEIX, CHTYAI[HI, COCTOSHHI CHCTEMBI);

- B YIIPaBIIEHHH (CHCTEMOH B I[€JIOM, OTJIENbHBIMH €€ ITOJACHCTeMAaMH ),

- B aBTOMAaTH3alHH (CHCTEMBI WIH €€ OTJEIBHBIX ITOJCHCTEM).

Kiaccndukanua BHI0B MO/ THPOBAHHSA

Mogmammor e

o ™~

Przmerios Mo Tireane
Mmmy I{u:u'mmpm:-e

/ C;m:e
\“ Hrerraneosmoe

Pucynoxk 3.1 - KnaccupHKaIH I BHAOB MOJEIHPOBAHH
[IOKYMEHT NMOAMWCAH

CepTuduKar: ECD%W@?&%@%%?@%&%%B@EMHI HCITIOJIIB3YETCA CaMa CHCTCMA, THOO0 Toao0Has e’ B

BnanendH e MaKeTAT-HARPHMEeR,pdeTaTeJIbHBIN aIlIapaT B a3pOoJHHAMHYECKOH TpyOe.

U e Hoe

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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MareMaTHYeCKOE MOJIETTHPOBAHHE €CTh IIPOIECC YCTAHOBIEHHS COOTBETCTBUS PEabHOIN
CHCTEME S MaTeMaTHYECKOH MOJIEIH M M HCCIIEOBAHHE 3TOH MOJEIIH, IIO3BOISIOIIEE TTOTYIHTE
XapaKTe PHCTHKH PearlbHOH CHCTEMBI.

[Ipn aHaMMTHYECKOM MOJEIHPOBAHHH IIPOIECCH (DYHKIIHOHHPOBAHHS 3JIIEMEHTOB
3alIHCHIBAIOTCS B BHIE MaTeMaTHYEeCKHX COOTHOINEHHH (aireOpaH4yecKnX, HHTeIPaJIbHEIX,
m(depeHIMaTbPHEIX, TOTHYECKHX H IP.).

AHaMTHYeCKasa MOJIEIb MOKET OBITh HCCIIEJOBAHA METOMaMH:

- QaHAJIHTHYECKHUMH (YCTAaHABIIMBAIOTCS SIBHBIE 3aBHCHMOCTH, ITOIYYalOTCS, B OCHOBHOM,
aHAJIMTHYE CKHE PEIEHHS),

- YN CIIEHHBIMH (ITOTYYArOTCS IIPHOIIKEHHbIE PEIIEHHS);,

KommproTepHOe MaTeMaTHYeCKOe MOJEIHpOBaHHe (POPMYIHPYETCS B BHJE alTOpHTMAa
(mporpaMmbel A1t 5BM), YTO ITO3BONSET ITPOBOJHTH HaJ MOJEIBI) BHEIYHCIHTEIbHEIE
BKCIIEPHMEHTEHI.

YHceHHOE MOJIETTHPOBAHIE HCIIONB3YET METOBI BEIUHMCIIMTEIbHON MaTeMaTHKH.

CTaTHCTHYECKOE MOJIEIIHPOBAHNE HCIIONB3YeT OO0pPadOTKY JAaHHBIX O CHCTEME C IIEIBIO
IOJTYYEHH CTATHCTHYECKHX XapPaKTePHCTHK CHCTEMEL.

HMMurTaiinoHHOE MOJEIMPOBAaHHE  BOCIIPOH3BOAHT Ha OBM (MMHTHpYET) IIpolecc
(YHKIIHOHHPOBAHHSA HCCIEQYEMOH CHCTEMBI, COONIOJasd JIOTHYECKYKD H  BPEMEHHYIO
ITOCIIEOBATEIILHOCTh IIPOTEKAHHS ITIPOILECCOB, UTO ITO3BOISLET Y3HATh JAHHBIE O COCTOSHHH
CHCTEMBI WIH OTAENIBHEIX €€ 3IIEMEHTOB B OIPeIe/IEHHBIE MOMEHTEI BPEMEHH.

[IprMeHeEHHE MAaTeMaTHYEeCKOTO MOJEIMPOBAHHUS II03BOJISIET HCCIIENOBAaTh OOBEKTHI,
peabHbIE AKCIIEPHMEHTEL HAJl KOTOPBIMH 3aTPYAHEHBI HIH HEBO3MOKHEL.

OKOHOMHYECKHH 3((QeKT IMpPH MaTeMaTHYECKOM MOJEIIHPOBAHHH COCTOHT B TOM, YTO
3aTpaThl Ha IIPOEKTHPOBAHHE CHCTEM B CPEIHEM COKpamfaroTcsa B S0 pas.

Mathcad — cHcTeMa KOMIbBIOTEPHOH AIredphbl

Mathcad — cucreMa KoMITbrOTEpHOH areOphl M3 Kiacca CHCTEM aBTOMATH3HPOBAHHOIO
IIPOEKTHPOBAHNS, OPHEHTHPOBAHHAsI Ha TIIOATOTOBKY HHTEPAKTHBHBIX JOKYMEHTOB C
BEIYHCIIEHHSAMH H BH3YaJIbHBIM COIIPOBOXIEHHEM, OTIIMYACTCS JIETKOCTHIO HCIIONB30BAHHSA H
IIPHUMEHEHNS IS KOIITIEKTHBHOH PadOTHI.

[ITupoxidi mHTepec K cHcTeMe Mathcad mpuBen k Tomy, yTo B PoccHM HaKOHEI[-TO
MTOSIBIIIMICh KHHTH IO OTJelIbHBIM BepcHsIM. Cuctema Mathcad Orpina cosmana B 80-xX romax B
yHHBepcuTeTe Crandopaa (CIIA).

CoOBpeMeHHBIE BEPCHH TS [TK roroBHT (pupMa MathSoft Application.
JIOCTOMHCTBO — IMpOrpaMMHPOBaHHE Ha SI3BIKE MaTEMAaTHKI. 310 YHHBEPCaJIbHBIH
MaTeMaTHYeCKHIT HHTep elic:

- EcTh MoIHas moaAepKKa IrpapHKH.

- Bo3mokeH HMITOPT IpaHKH H3 JPYTHX ITPOTrPaMM.

- bombII0e KOIMMMYECTBO BCTPOEHHBIX MaTEMAaTHUYECKHX (DYHKIIHH (COTHH).

- BcTpoeHHBIE CIIPABOYHHKH ITO IPEIMETHBIM 00IIaCTSIM.

- Bo3MOXHa aHHMAaIH.

- CHMBOJIPHASI MaTeMaTHKA.

HegocraTku:

- 3TO HHTEPIIPETATOP.

- BO3MOXHOCTH ITpOrpaMMHPOBAHH S OrPaHHYEHBI.
Cuctemsl Mathcad monmp3yroTca OrpOMHO# ITOIYJIIPHOCTHEIO BO BCceM MHpe Oarojaps
yIOOHBIM CPeJICTBaM ITOATOTOBKH JOKYMEHTOB, HMEIOIHX BHJ OOBIYHBIX cTaTeH HIH KHHT. B TO
Ke BpeMs OKa3bIBaeTCs, YTO STH CPelcTBa BIIOIMHE JOCTATOYHEI IS PEINeHHS ITOaBIITIOINET O
CONBIHMHCIRS ARt A MATEMATHKE, (PH3HKH H IPYTHX HAIPaBIEHHH HAYKH H TEXHHKH.
MAREAA "G T987¢% RiaTeMaTIIecKIT OpHEHTHPOBAHHBIMH YHHBEPCATbHBIMH CHCTEMAaMH.
Cepmudogar: 2C0000043ESABBBO52205E7/BAS0O006000004 3E
Bnanend OMEMO, SODCTBEHHQ, BRIYHCIEHHH OHH IIO3BOJLIOT PellaTh O(QOPMHTENbCKHE 3axaud. OHH

ITO3BOIIAOT I'OTOBHTL CTATBH, KHITH, JHCCCPTAIIHI, HAYUHBIC OTHCTHI, JHIUDIOMHBIC H KYPCOBBIC
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MTPOEKTHI C JOCTYITHBIM HAaOOpPOM CaMBIX CIIO/KHBIX MaTeMaTHYeCKHX (DOPMYII H H3BICKaHHBIM
rpa(pH4YeCKHM IIPeICTaBIEHHEM PE3YIIbTATOB.

C caMOoro IIepBOrO CBOEro IOSBIEeHHA CHCTeMBI Kiacca Mathcad mmenn yaoOHEBIH
TTOIIB30BATENBCKHH HHTEP(EHC — COBOKYIIHOCTh CPEACTB OOMIEHHS C ITOJIb30BATE]IEM B BHJIE
MACIITaOHPYEMBIX H ITEPEMEIaeMBIX OKOH, KHOIIOK M HHBIX 3JIEMEHTOB. Y 3TOH CHCTEMBI €CTh
s eKTHBHBIE CPeICTBA THIIOBOI HAayYHOIl IpaHKH, OHH IIPOCTHI B TPHMEHEHHH H HHTYHTHBHO
nmoHATHEI. CiaoBoM, cHcTeMbl Mathcad opmHeHTHpOBaHBI Ha MAacCOBOrO IIOIB30BATEIS — OT
VUEHHKA Ha4aJIbHBIX KJIACCOB JIO aKaJcMHKa.

HecMmoTps Ha To, 4TO 3Ta IMporpaMma B OCHOBHOM OPHEHTHPOBAHAa Ha ITOIb30BaTelIcH-
HerporpammmictoB, Mathcad Takke wHcnome3yeTrcsi B CIIOKHBIX — ITPOEKTaX, 4YTOOBI
BH3YAIM3HPOBAaTh PEe3YIIbTAaThl MAaTEMATHUYECKOTO MOJEIHPOBAHHSA, IIYTEM HCITOJIb30BaHHI
pacIpeJeIEHHBIX BRIYMCIEHHH H TPaJHIIMOHHBIX S3BIKOB ITporpaMMHpoBaHHA. Takxke Mathcad
YaCTO MCIIONB3YETCS B KPYIHBIX HHKEHEPHBIX IIPOeKTax, IJe OOJIBIINOe 3HAYEHHE HMEET
TPACCHPYEMOCTh H COOTBETCTBHE CTaHAapTaM.

Mathcad mocrarouno yao0HO HCITONIB30BATh A1 OOYYeHHS, BEMHCIIEHHH H HHKEHEPHBIX
pacueToB. OTKpBITass apxXHUTEKTypa IIPWIOKEHHI B  COYETAaHHH C  ITOJIEPIKKOH
TexHonoruid NET u XML Io3BONSIOT IErKO HHTETPHPOBATE ITPHIIOKEHHE.

PaccMoTpuM HanGollee 4acTO IpHMEHSEMbIE (DYHKIHH JJISI CTaTHCTHYECKHX pPacyeToB,

KOTOPBIE BCTPOEHHI B IIPOTPaMMYy .
3.5 KoMnbroTepHas peajans3anusa MaTeMAT HIeCKHX BbIYHCIeHHH

MaremMaTH1ecKo€e MOJeJIMPOBAHHIE CJIOKHBIX CHCTEM

bymaeM cUHTaTh, UTO 3JIEMEHT S €CTh HEKOTOPHEIH OOBEKT, 00IaJarOIHH OIpeaere HHBIMH
CBOHCTBAMH, BHYTPEHHEE CTPOeHHEe KOTOpPOro IS IEIeH HCCIEHOBAHMS HEe HIPAeT POJI,
HaIlpHMEP, CaMOJIET JJII MOJEITHPOBAHHS IIOJIETAa — HE 3JIEMEHT, a IS MOJACIHPOBAHH S PadoThI
a’pPOoIIopTa — AIIEMEHT.

CBsI3b [/ MeXIy 3IeMeHTaMH ecTh ITPOIeCcC HX B3aHMOJCSHCTBHS, BajKHBIH JUIS IieJIei

HCCIIeJOBaHH L.

CHcTeMa S — COBOKYIIHOCTL 3JIEMEHTOB CO CBSI3SIMH / H IO (PYHKIFOHHPOBAHHS
CHCTEMEI F.

ClIoKHasl CHCTEMa — 5TO CHCTEMA, COCTOSINAS M3 PasHOTHITHBEIX BIEMEHTOB C

Pa3HOTHITHBIMH CBT35AMI.

bombiag cHcTeMa — 5TO CHCTCMd, COCTOAIIAAd H3 OOIIBIIIOTO YHCIA OJHOTHITHBIX
JJIEMEHTOB C OJHOTHIIHBIMIT CBAS3ANI.

B o0meM BHIE CHCTCMY MATCMATHYCCEKH MOXHO ITPCACTABHTDL B BHJC.

8 ={s), {0}, F

ABTDM&THBHPDEHI—H—IHH CHCTeMa S, €CTh CIIOJKHasI CHCTEMa C DHPE,I[EHHIGH.[Eﬁ POJIBHO
JJIEMEHTOB ,I[Eff)( THITOB. TEXHITHCCKITX G?EI[GTE St H JIEHCTBHI YelIOBeKa Sy

Sﬂ - ST}J{S_H}:{SQ}J{‘E}:F

371eCh Sp - OCTAJILHBIE 3JIEMEHTHI CHCTEMBI.

Jl eKOMITIO3HIIHA CHCTEMbIL. XaPAKTEPHCTHKH CHCTEMbI

JeKOMITO3ZHIMMSA CHCTEMBI €CTh pa3z0OHeHHe  CHCTEMbI Ha 5SJIEMEHTHI IJIH T'PYIIIIEI
SIIEMEHTOB C YKa3zaHHEM CBS3eil MeXAy HHMH, HeH3MeHHBIMH BO BpeMI (DYHKI[HOHHPOBAHHS
CHCTEMBEI.

[IpakTHYecKH BCe CHCTEMBI pPacCMaTPHBAIOTCS (DYHKIIHOHHPYIOIIHMH BO BPeMEHH,
TTO3TOMY OITPEeAEIHM HX JHHAMHYeCKHe XapaKTePHC THKH.

COCTOSIHHE — 3TO MHOXKECTBO XapaKTEPHCTHK 3JIeMEHTOB CHCTEMEI, H3MEHSIOIIIXCS BO
BPEMEHH HiBAMHEINGIAHENICH ee () YHKIIHOHHPOBAHHSL.

PQHHPWY v -
CepTuduKar: ECD%%@?&E@E&%@E@EED%B%MGHECTEG SHaAYUCHIIT COCTOMHIMH CHCTCMBI, H3MCHATOITITXCA

Brnanendad EMW£-T&T bAHa AnekcaHopoBHa
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L[EHB QJ}GH{L[IIGHHPGEEIHIIH €CTh 3aJa'd IIOIIYVHUCHIIA JKCIIACMOI'O COCTOSHHMA CHCTCMEL.
ﬂGCTH}I{EHIIE IlellH  OOBIYHO BIIEYET OEJICHAIIPABIICHHOC  BMCIIATCIIBCTBO B ITPOIECC

Q)}HICL[IIDHHPDEHHHH CHCTEMBI, KOTOPOC HA3bBIBACTCA YIIPABIICHHCM.
1. Pacuer - OITPpEACIICHHCEC 3HAYeHHH IIapaMETPOB CHCTCMBEIL.

2. AHaIm3 — H3y4YeHHE CBOHCTB (PYHKITHOHHPOBAaHHS CHCTEMEL.

3. CuHTe3 — BRIOOP CTPYKTYPEI H ITapaMETPOB I10 3aJaHHBIM CBOICTBAM CHCTEMEI.

IIapamerpsnl cucremsbl. PasoBas TpaekTopua. Pa30B0e NPOCTPAHCTBRO

[Tycts T = [t;, t;] ecTh BpeMeHHOH HHTepBall MOJEIHPOBAHHSI CHCTEMBI S (HHTEepBall
MOJIEIIBHOI'O BPEMEHH).

[locTpoeHe MOIENH HAUHHACTCSI C OIPENEIEHHS TIapaMeTpOB M IIEPEMEHHEIX,

OITpEACIIAOIIX ITPOIIECC (I)}*’]—]ICL[HGHHPGEEIHIIH CHCTCMEIL.

[TapaMeTpbl CHCTEMEI 0,0
ITOCTOSIHHBIMH Ha BCEM HHTepBaie T.

[lepeMeHHBIE OBIBAIOT 3aBHCHMEIE H He3aBHCHMBIE.

HeszaBpucHMBIe TIepeMeEHHBIE €CTh, KaK ITPaBHIIO, BXOJHEIE BO3JACHCTBHSA (B TOM YHCIIE

VITPaBIISIOIIIHE )
W= E(t) = (mlﬂ(r),,...,,z-zq (t)elic R?

HMH MOT'YT OBITh TaKKe BO3JEHCTBHS BHEIIIHEH CPEIHI.
[TocnemoBaTeIbHOCTE H3MeHEHH X(I) IpH

Fid By kit

HazbIBaeTCS (Pa30BOH TPaeKTOPHEH CHCTEMEL,

¥ m o 310 XapaKTepHCTHKH CHCTEMBI OCTaIOIIHECH
]

X€X ,Te X —IIPOCTPAaHCTBO COCTOSIHHH HJIH (pa30BOE IPOCTPAHCTBO.
[TocnemoBaTembHOCTS H3MeHEeHH Y(t) Has3bIBAaeTCS BBIXOIHOH TPAacKTOPHEH CHCTEMEL.
3aBHCHMBIE TIEPpEMEHHBIE €CTh BBIXOJHBIE XapaKTePHCTHKH (CHTHAIIEI)

y=ye)=(n¢)..p, ENel¥c B™

MaremMarnueckass Mo/aeJib CHCTEMbI
OOmraa cxema mareMaTHuYeckon Mojems (MM) (yHKIIHOHHPOBAaHHS CHCTEMBI MOJKET

OBITH ITIPEACTAaBIICHA B BHAC, IIOKA3dHHOM Ha TIIC}"HI{E 4.1.

u,v,0,x,y

MHOXeCTBO IICPCMCHHEBIX ‘ BMCCTC C 3dKOHaMH (I)}"I-IICL[HGHIIPDEEIHI[H

X(t) =y
¥if) =...

HasbIBacTCSI MaTeMaTHUYeCKOH MOJJEIIbIO CHCTEMBI.

11 : A

PucyHok 4.1 — MareMaTHyecKas MOJEIb CHCTEMBI

EC%%?HR H_P: TO MOACIIb HA3bIBATTCS HE‘HPEPBIEHOﬁ:. HHa'4c< — ,I[HGKPETHOﬁ:
(dreqrafiyaady@ichd
Cepmudomkatr: 2C0000043ESABBBO952205E7/BAS00860000043E

Bnapeneu WetRompTaeNIOABIB-AP°HE  COJI CPHIT CH}"‘IEIIHII{BIK JJIIEMCEHTOB, TO OHAa  HA3BIBACTCAH

I[ETEPMIHIIPGEHHHDﬁj B ITPOTHBHOM CJIYHd4€ — BEPOAT HGCTHDﬁ: CTOXACTHYE CKOH.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ecim mareMaTHYeCKOe OIMHCAaHHE MOJENIH CIHIIKOM CJIOKHOE H YacTHYHO HIIH
TIOJTHOCTBIO HEOIIPEAETIEHHO, TO B 3TOM CIIy4ae HCIIONb3YIOTCS arperaTHBHbIE MOIETH.

CVIIHOCTh arperaTHBHOM MOJEIH 3aKIIYacTCsd B pa30HEHMH CHCTEMBI Ha KOHEYHOE
YHCIIO B3aHMOCBS3aHHBIX YacTeH (TIOACHCTEM), KaKaas H3 KOTOPBIX JOITYCKAaeT CTaHIapTHOE
MAaTEMATHYECKOE OIICaHHe. OTH ITOACHCTEMBI Ha3bIBAIOTCA arperaTaMi.

MogemipoBaHHe CIIVYaHHBIX S3IEMEHTOB B CHCTeMaxX SBIISIETCS OJHOH H3 CaMBIX
0a30BBIX 33J1a4 MAaTEMaTHYECKOIO MOJIEITHPOBAHHS.

THII 6a30BBIX JATYHKOB:

- pu3Hyeckre (JIFO00M (H3HMYECKHH IMyM), B IIOCIEJHEE BPEMS IIPaKTHYECKH  He
HCIIOJIb3YIOTCS, T.K. XapaKTEPHCTHKH HECTAOIIBHEL H PEAIM3ALHIO ITOBTOPHUTE HETIB3SI,

- TICEBAOCITYYAHHBIE JaTUHKH.

TpeGopans K 6a30BEIM JaTYHKAM:

OTpe30K arepHOIHYHOCTH.

PaBHOMEPHOCTB.

HekoppempoBaHHOCTE.

DOYHKINH perpeccHu.

[IInpoko pacrpocTpaHeHHOH 3afayel oO0paloTKH JaHHBIX SBIISETCS IIpelCTaBIcHHE HX
COBOKYITHOCTH HeKOTOpoH (yHKimeH y(X). Takoe IpeicTaBleHHe Ha3BIBAETCS PErPEeCCHEH.
3ajlaya PerpeccHH B TOM UYTOOBI IIOMYYHTh ITApaMeTPhl (PYHKIMH TaKHMH, IIPH KOTOPBIX
yHKIMT nOpHODDKaeT "oOmako" HMCXOZHBIX TOYeK C HaHMeHbINel  KBaJpaTHYHOIM
IO PEIITHOCTBIO.

M 3BeCTHBRI:

- JInHeltHas perpeccHs (TIpsSMast THHH ),

- [JommHoMHaIbHAS perpecchs (IIOJIHHOM);

- JInHeltHasg perpeccus oOImero Buaa (ITHHeHHas cyMMa ITPOH3BOIBHBIX (DYHKIIHIT);

- HemneliHas perpeccHs oOmiero BHaa (IIpOH3BOIbHAS (PYHKIH);,

- JInHenHas perpeccus.

[Ipn muHeHHOH perpeccHH QYHKIMSA Y(X) HMeeT BHJ y(X)=axX+b H OITHCBEIBaeT OTPe30K
TTPSIMOH.

DOYHKINA NpeIcKa3aHus

Ha mpakTHke HepeIKO IPHXOAHTCS CTAJIKHBATHLCHA C 3agayell pacyéTra ITOCIEXYIOIIIX
TOYEK II0 PSAY H3BECTHBIX TOYEK — 3ajaueH IpeicKaszaHHsd. {11 IpelcKazaHHS ITOBEIECHIS
(QYHKIMOHAILHOH 3aBHCHMOcCTH B Mathcad mmveerca ¢yaxamsa: predict (data,k,N) —
IpecKa3aHHe, Ile data — BeKTOp JaHHBIX, K — 4HCIIO TOYEK ITPeIIIeCTBYIOIIHX IIpeJCcKa3aHHIO,
N - 4HCIIO TIpeACcKa3bIBAEMBIX TOUEK JaHHBIX.

OYHKIA TpeacKa3aHiu s 00eCIIeYHBAET BHICOKYIO TOYHOCTh ITPH MOHOTOHHBIX HCXOJIHBIX
(QYHKIHAX WIH (QYHKIHSX, ITPeJcTaBIIIeMbIX ITIOJTHHOMOM HEBBICOKOH CTEIEeHH.

Oyuaxamsa predict mpuMeHHMa K IIpeJcKa3syeMBIM COOBITHSIM, IIOBEJEHHE KOTOPBIX
OIMCHIBAETCS PEaIbHOM MAaTEMaTHYECKOH 3aBHCHUMOCTRIO. B cTpaHax cO CTaOHIIBLHOIM
SKOHOMHKOH 5Ta (PYHKIHS BIIOJHE IIPHMEHHMA JJIS OIIHCAHHS CE30HHBIX H CTAaOHIbHBIX
KojleOaHHI Kypca BallloT, IMPHOBUIEH (PHPM, ITpojaka TOBAPOB H.T. .

[ IprMep oCTpOeHHS IMHEHHOH PErPECCHH:

/;\ /ii\

VX =13 VY =1 15 Nexonnusie nanusieORIGN =1
A ’
[OKYMEHT nunnnc\A;nil/

21
\28/
NEKTPOHHOW Nof blO b - - _
Ceptudukatr: 2C0 %%E@ g%&%g\%@ H O JIHHEHHOH pEIpECGHH-

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

a = intercept(VX,VY) b= slope(VX, VY )i:=1.0 flr) =a+bxl = =1.0 b=25.8
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corr(VX. VY ) =0.996f(3) = 15,8 Linterp(V X, VY, 3) =
[To 5THM JAHHEIM CTPOHM I'padHK JIHHEIHO PErPECCHH:

4(] | ! |
33.2

VX i 6
PucvyHok 4.2 -JInHeHHas perpeccus

5.6 IlocTpoenne qarpaMm ¢ NpMMeHEeHHEM BbIMHC/IHTEILHON TEXHHKH

IlonsaiTHe 0 cTaTHYeCKHX rpagpukax. O CHOBHbIE WIEMEHThI rpaguKka

[IomyyeHHBIH B Ppe3ylIbTare CTATHCTHYECKOrO HCCIEAOBAHHS MaTepHall HepedKo
H300pakaeTcsa ¢ ITIOMOINBIO TOYeK, IeOMeTpPHYEeCKHX JIHHHH H (PHIYP HIH TeorpadHuecKHx
KapTocXeM, T.€. IpapHKOB.

B cratHcTHKe rpadHKOM Has3bIBAIOT HaITISAHOe H300pakeHHe CTaTHCTHUYECKHX BeIIHYHH
H HX COOTHONIEHHH IIPH ITOMOIIH I'eOMeTPHYeCKHX TOYeK, JTHHHI, (PHTYP HIIH T'eorpaHIeCcKHX
KapTOCXEM.

[IpencraBineHHe JaHHBIX B Ipa(pHUECKOM BHJE ITO3BOJISIET PEIIATh caMble pazHOOOpa3HbIe
3aJauyl. OCHOBHOE JOCTOHHCTBO TaKOI'O ITpeJicTaBIEHHI — HaITLIAHOCTh. Ha rpadmkax merko
IIPOCMATPHBAETCS TEHAeHI[HA K H3MeHeHHI0. MOXHO Jake OIpelelIsiTh CKOPOCTh H3MEHEHHS
TEHJIeHIHH. Pas3niyHble COOTHOIIEHHS, IIPHPOCT, B3aHMOCBS3b PA3IIHYHBIX ITPOI[ECCOB — BCE
ATO IETKO MOKHO YBHJIETh Ha IpapHKax.

['padpuky IpHIAIOT H3JIOKEHHIO CTaTHCTHYECKHX JaHHBIX OOINBIIYIO HAITLIJIHOCTh, YeM
TaOJIMI[BI, BRIPA3HTEILHOCTh, OOJIErYaroT HX BOCIIPHSTHE H aHamH3. CTaTHCTHYECKHH I'padHK
IIO3BOMISIET  3PHTEIIBHO  OIEHHTh  XapaKTep H3Yy4YaeMOIr'Oo  SBJIEHHS, TIIPHCVIIHE &MY
3aKOHOMEPHOCTH, TEHAEHIMH  Pa3BHTHS, B3aHMOCBS3H C  JAPYTHMH  ITOKa3aTEIIsSMI,
reorpapuueckoe paspelleHHe H3ydyaeMbIX SBIeHHH. EIlle B JPeBHOCTH KHTAHIBI TOBOPHIIH, YTO
OJTHO H300pa’keHHe 3aMeHSIET THICAYY CIOB. ['padHKH JenarT cTaTHCTHYECKHI MaTepHall Ooree
IIOHSATHBIM, JOCTYIIHBIM H HECIIEIMaHCcTaM, IIPHBIEKAIOT BHHMAHME INMHMPOKOH ayIHTOPHH K
CTAaTHCTHYE CKHM JaHHBIM, TTOITYIIPH3HPYIOT CTATHCTHKY H CTaTHCTHYECKYIO HH(pOPMAIIHIO.

[Ipn mo0oH BO3MOMKHOCTH aHAlIM3 CTAaTHCTHYECKHX JAHHBIX PEKOMEHIYETCS BCErja
HAauyHHATh C HX IpaHyecKoro H3oO0pakeHHT. ['padHK ITO3BONISET cpa3y IONYYHTh OOIlee
IpeJIcTaBIeHHEe 000 BCEH COBOKYITHOCTH CTaTHCTHYECKHX ITOKazaTelleH. ['paduueckiii MeTOJ
aHalM3a BBICTYIIAET KaK JIOTHYECKOE ITPOJOIDKEHHE TaOIMHMYHOIO METOAAa M CIYKHT ILIEISIM
MONy4YeHHS OOOOMIAIOIMX CTAaTHCTHYECKHX XapaKTEPHCTHK ITPOLIECCOB, CBOMCTBEHHBIX
MACCOBBIM SIBIIEHHSIM.

[Tpu momornu rpagpuyeckoro H300paXeHHs CTaTHCTHYECKHX JaHHBIX PelllaloTcsl MHOTHE

3aJIaYH c;%ﬁﬁ%@fﬁi%cﬂmﬂﬂamm

2C00 HHTJIHILHG‘E HPEJICTEIBHEHHE BEIIMUHHBI ITOKa3aTelleH (}IBJIE:HI]II) B CpaBHCHIII APVyI C

- xapamepnmm{a CTPYKTYPBI KaKOT'0-TTHOO SIBIICHHS,
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- H3MeHeHHe SBJIEHHS BO BPEMEHH,

- XOJI BBIIIOJTHEHH S TUIAHA,

- 3aBHCHMOCTb H3MEHEHHS OJHOT0 SBJIEHHS OT H3MEHEeHH S APYIoro,

- PACTIIPOCTPAaHEHHOCTD HIH PasMeIeHHE KaKHX-JIHO0 BEIIHYHH I10 TEPPHTOPHH.

JIpyruMH  CIIOBAMH, B CTaTHCTHYECKHMX HCCIEHOBAHMSIX IIPHMEHSIOTCS  CaMEBIE
pa3HoOOpasHele rpaduki. B KakaoM rpaduke BRACISIOT (pa3iIMUaioT) CIeAVIOIHE OCHOBHBIE
BIIEMEHTHI:

- IMPOCTPaHCTBEHHBIE OPHEHTHPHRI (CHCTEeMY KOOP/IHHAT);

- rpadryecKHii 00pas;

- TI0JIe TpadHKa;

- MacITaOHbIe OpPHEHTHPHI,

- SKCIUIHKAIHS I'padHKa;

- HaHMeHOBaHHe I'padpHKa

HMHorga 1.5 1 11.0 oObeUHSIOT B OQHH 3JIEMEHT.

A) IIpocTpaHCTBEHHBIE OPHEHTHPEHL 3aJal0TCSI B BHJIE CHCTEMBI KOOPAHHATHBIX CETOK. B
CTaTHCTHYECKHX TpaHKax 4Yalle BCero IPHMeHSeTCS CHCTeMa ITPSIMOYTOIBHBIX KOOPIHHAT.
MHorma HCIomb3yeTcs IIPHHIMIT ITONMSPHBIX (YITIOBBIX) KOOpAHHAT (KpPyroBble Ipaduki). B
KapTorpaMMax CpeAcTBaMH IIPOCTPAHCTBEHHON OPHEHTAIMH SBISIOTCS TPAHHIBI TOCYAAPCIB,
ITPaHHILI  aJMHHHCTPATHBHBIX €ro 4YacTel, reorpapHyeckKHe OPHEHTHPHI (KOHTYPHI PeK,
OeperoBhIX IHHHII MOpeil H OKeaHOB). Ha ocsX cHcTeMBl KOOpJAHHAT WIH Ha KapTe B
OIpPeJelIECHHOM IIOPSIKE PacIlolararoTcd XapaKTEPHCTHKH  CTaTHCTHYECKHX  ITPH3HAKOB
H300pakaeMbIX SBIEHMI IJIH IpolieccoB. IIpH3HAKH, pacriolaraeéMble Ha OCSX KOOPAHHAT,
MOTYT OBITh KAaUECTBEHHBIMH HJIH KOITHYECTBEHHBIMI.

BE) I'padrueckmiti 0Opa3 cTaTHCTHYECKHX JaHHBIX ITPeACTaBISIeT COOOH COBOKYITHOCTH
THHHI, (HTYP, ToYeK, 00pa3yIOIMX IeOMeTpHYeckHe (QHTYpPHRI pazHOH (popMBI (OKPYKHOCTE,
KBaJ[paThl, MIPSIMOYTOJILHHKH H T.I1.) ¢ Pa3IHYHOH IITPHXOBKOH, OKPAacKOH, I'yCTOTOH HaHECEHHS
TOYEK.

JIroOoe sBIIeHHe, H3y4aeMoe CTATHCTHKOH, MOKHO ITPeJCTaBHTh B I'padHueckoi (opMe.
J1st aToro TpedyeTcsa HaHTH IPaBIIBHOE I'paHyueckoe pelIeHHE, ONPeAelINTh TOT I'pa]HueCcKHIT
o0pa3, KOTOPBIH JIVYIIE BCETO COOTBETCTBYET MTAaHHOMY SBIIEHHIO, HarlIsgHee H300pakacT
CTaTHCTHYeCKHe JaHHble. ['paduueckmii oOpa3 JOIKeH COOTBETCTBOBATh IIelIH TI'padHKA.
[TosToMy miepen mocTpoeHHeM IpadHKa HeOOXOZHMO VYSCHHTH CYIIHOCTh SBIEHHS H I[Ellb,
KOTOpasi CTaBHICS Ilepe]] IpadHUecKHM H300pakeHHeM. BriOpaHHas (popMa rpadHka JOIKHA
COOTBETCTBOBATh BHYTIPEHHEMY COAEPKAHHIO H XapaKTepPy CTAaTHCTHYECKOI'O ITOKa3aTells.
Hamprmep, cpaBHeHHe Ha Tpadike IMPOH3BOJNUTCS MO TaKHM H3MePeHHSIM, KaK ITIOMIaAb, JIHHA
OJTHOH H3 CTOPOH (PHI'YP, MECTOHAXOKIeHHEM TOUEK, HX I'YCTOTOH H T.]I.

Tak, mmg m3o0pakeHHsT H3MEHEHHH SBJIeHHS BO BpPeMeHH HaHOOjIee eCTeCTBEHHBIM
THITIOM I'papHKa SBISIeTCS JTHHHS. 11 pSIOB paclpeleleHHs — ITOIHTIOH HIH THCTOIPaMMa.

KaxXnpIi M3 OCHOBHBIX BHIOB IpapHUeCKHX H300pakeHHI B CTaTHCTHYECKOH ITPaKTHKE
CTPOHUTCS C YVUETOM OITPEAEIeHHBIX ITPAaBII. B cTaTHCTHYECKHX HCCIIeOBAHMSX IS BBISICHEHIS
XapaKTe pHBIX YePT H 0COOEHHOCTEH MACCOBBIX SBJIEHHIL, IIO3HAHHS THIIMYHOTO B THX SBJIEHHSX
H pEIIeHHS APYIHX 3aay IMHPOKO HCIIOINB3YETCS CPaBHEHHE ONHHMX aOCOIMIOTHHIX, CPEAHHX H
OTHOCHTEJIbHBIX CTAaTHCTHYECKHX BEIIHYHH C APYTHMH. AHAIN3 — 3TO, IPEKIE BCETO CPaBHEHHE
H COIIOCTABIIEHHE CTAaTHCTHYeCKHMX  JaHHBIX. Hepeako BO3HHKaeT  HeOOXOIHMOCTE
COIOCTABIIEHHS PE3YIbTATOB CTATHCTHYECKOTO HCCIEAOBAHMS KOHKPETHOI'O SBJIEHHS C
BEeJIMYHHAMH THITHYHOI'O (HeaJbHOr0) SIBIIEHHS aHAJIOTHYHOH ITPHPOABI. I10o3TOMY HarmsmgHOe
nmpeJicTaBleHHe (rpaduyeckoe H300pakeHHEe) CpaBHEeHHS CTaTHCTHYECKHX IIOKa3aTellei
OTHOCHT CshofynHAEBRRG : PACTIPOCTPaHEHHEIM TIpaKaM B CTaTHCTHKe. J[I9 STHX IENeH

TIPHMEH SBHHE fPaNER!C

Cepmudomkatr: 2C00Q00043ESABBBO95Z205E /BAS0006Q000043E
Branenel mﬂﬂigm@mﬁﬂ%&ma HYeCKOe H300pakeHHe, HAaIJISAHO ITOKa3bIBaoIee COOTHOIIEHHE

MeJKQy CpaBHHBAacMBIMH BeIHYHHAMH. J[HarpaMMa ITpejicTaBIIeT cCOOOH 4epTrek, Ha KOTOPOM

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CTaTHCTHYECKHE JaHHBIE YCIOBHO H300paKaroTCS IeOMETPHUYECKHMH JIHHHSAMH, (QHTYpaMH H
TellaMH Pa3IHYHBIX Pa3MEPOB.

Pa3myaroT ciaeayrolnie OCHOBHBIE BHABI I'Pa(h)HKOB (JHarpaMM) CpaBHEHH .

- CTOIIOHKOBEHIE,

- TIOJIOCOBEHIE;

- KBaJpaTHbIE,

- KPYTOBHIE;

- (PHT'YPHEIE.
JI1s1 MOCTpOeHH JHarpaMM HCITOJIL3YIOTCS CIeAYIOIHEe KOMITBIOTEPHBIE ITPOrPaMMEI

Excel, Mathcad, MATLAB u gpyrue.

Jlma cozmanmsa rpadukoB B cHcTeMe Mathcad mmeeTca mporpamMMHBIN TpadirdecKiit
nponeccop. OCHOBHOe BHHMAaHHE IIPH ero pa3paboTke OBIIO YelIeHO 00eCIeYeHHIO ITPOCTaThI
3alaHisI TpapHKOB H HX MOJH(HKAIHH C IIOMOIILI COOTBETCTBYIOIIHX ITapaMETPOB.
[Iporeccop mo3BOIISIET CTPOUTH CaMbIE Pa3Hble I'Pa(pHKH, HAIIPHMEP B JA€KapTOBOH H ITOJIIPHOH
CHCTeME KOOPAMHAT, TPeXMEPHEIE IIOBEPXHOCTH, I'Pa(pHKH YPOBHEH.

I mocTpoeHHs I'pa(PHKOB HCIIONb3YIOTCS MabIOHbI. X nepeyeHs cOAepKHT ITOAMEHEO
Graph MeHro Insert. BONbIIMHCTBO ITapaMeTpoB IpaHYECKOro IIporeccopa, HeoOXOMHMBIX IS
ITOCTPOEHHS Ipa(p)HKOB, IO YMOTYAaHHIO 3aJaceTCs aBTOMATHYECKH, IO3TOMY JIS HAayaJbHOIO
ITOCTPOEHH rpa)HKa TOrO WIH HHOTO BHJAA JOCTAaTOYHO 3ajJaTh THII rpadHka. B ITOAMEHIO
Graph comepHTcS CIIHCOK H3 CEMH OCHOBHBIX THIIOB I'papukoB. OHH ITO3BOJISIOT BBIIIOIHHTE
CIIEIYIOIIHE JTeHCTBH:

X — Y Plot (mexapToB rpaduk) — co3maTh MaOlIOH JBYXMEPHOIO IrpapHKa B JIeKapTOBOH
CHCTeMe KOOpHHAT,

Polar Plot (momsapHeiii rpadHuK) — co3maTh mMadiIoH rpaHKa B ITOISIPHBIX KOOPAHHATAX,

3D Plot Wizard (mMacTep TpexXMepHBIX I'pa(HKOB) — BBI30B MacTepa IS ITOCTPOSHHSI
TpeXMEePHBIX I'PaHKOB C 3aJaHHBIMH CBOHCTBAMH,

Surface Plot (rpadux moBepxHOCTH) - co37aTh MIAOIOH JJI ITOCTPOEHHS TPEXMEPHOTO
rpadHKa;

Contour Plot (xapra mHHHII YpOBHI) — co37aTh IMAOIOH 19 KOHTYPHOIo TI'padHKa
TpexXMePHOH ITOBEPXHOCTH,

3D Scatter Plot (ToyeuHslii rpadHk) — co3gaTh IIAOIOH JJIA IpadHKa B BHIE TOYeEK
(puTyp) B TpeXMepHOM ITPOCTPAHCTBE;,

3D Bar Plot (TpexmepHas cTOJIOMKOBas JHarpaMma) — CO34aTh IHMAOJIOH I
H300pakeHIs B BHJIE COBOKYITHOCTH CTOIIOHKOB B TPEXMEPHOM ITIPOCTPAHCTRE,

Vector Field Plot (BekTopHOe IoJe) — co3aTh MIa0IoH 14 IpadHKa BeKTOPHOIO ITOJISI Ha
TUIOCKOCTH.

C ITOHATHEM I'pa(HKH CBS3aHO ITpeJcTaBlIeHHe O IpaHYecKHX OOBEKTaX, HMEFOIIHX
OIIPEJIETIEHHEBIE CBOHCTBA. B OOJBINMHHCTBE ciiydaeB 00 OOBEKTaX MOKHO 3a0BITh, €CIIH BEl HE
3aHHMAaeTeCh OOBEKTHO-OPHEHTHPOBAHHBIM ITPOrPaMMHPOBAaHHEM. DOJIBIMMHCTBO KOMaHI
BEICOKOYPOBHEBOH I'Pa)HKH OPHEHTHPOBAHBI HA KOHEYHOI'O IT0Ib30BaTelIsL. OHH aBTOMAaTHYECKH
YCTAHABJIHBAIOT CBOHCTBO I'papruecKHX 00BbEKTOB H 00eCIIeYHBAOT BOCIIPOH3BEAEHHE I'Pa(pHKH
B HY’KHOH CHCTeMe KOOPJHHAT, ITaJIHTPe IIBETOB, MacIuTade H T.1.

5.7 IlocTpoenne rpadguka mopepxnocTu B cucreme Mathcad.

[TocTpoeHne IMOBEPXHOCTEH IO MAaTpPHIE aIlOUIHKAT HX To4eK. IIoCKOIbKYy 31IeMeHTHI
MaTpHILI M — IlepeMeHHbIe C LEIOYHCIIEHHBIMH HHJIEKCaMH, TO Ilepel, CO3JaHHEM MaTpPHIIbI
TpeOyeTcsa 3aJaTh HHIAEKCHI B BHJIE PaHKHPOBAaHHBIX IIEPEMEHHBIX C I[EIOYHCIIEHHBIMH
SHAYEHHSIMH, a 3aTeM yKe H3 HHX (JOPMHpPOBATh CETKY 3HAYEHHH X H Y — KOOpPJHHAT I
ATITIIHKAT Z{XayHToaAHSERET X H Y TIPH 3TOM OOBIMHO JOIKHEI OBITh BEINECTBEHHBIMH YHCIIAMH,

Hepe KO RAK TRTBHIPFEREMBINMGL, Tak H OTpHIIATETbHEIMH. [10CTE BBIMTOMHEHNS YKA3AHHEBIX BBILIIE
CepTudukar: ECDDGGGdBEE,&BEEEJEEEDSETBAED%DEDD[?DD-#3E

Branend N IPEIGISHIH, BBOAHTCA IHA0IOH rpaduka (koMaHga Surface Plot).
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oo TpoeHHe Mpaduea MoBepXHOOTH
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PucyHok 5.1 - IlocTpoeHne MoBepXHOCTH 0e3 yaaJleHHI HEBHINMBIX TITHII

HeoOxomumo mocTpoHTh I'padHK ITOBepXHOCTH B cHcTeMe Mathcad, oTrdopmaTHpoBaB
ero, IIPHMEHHB aJTrOPHTM (PYHKI[HMOHAIbHOH OKpacKH M YyJaleHHe HEBHIHMBIX JIHHHIL
[TokazaHo, KaKk oT(opMaTHpoBaTh I'padHK, IIPHMeHEHHE aJITOPHTMa (PYHKITHOHAIEHOH OKpacKH
MTOBEPXHOCTH H yIalIeHHEe HEBHAHMBIX JIHHHI.

Mo Thoetde Mpadsma 0B eprHocT
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Ceptudomkatr: 2C0000043ESABBB952205E7/BAS0O0QR6000004 3 ok, i | | Fr i
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

PrcyHok 5.2 - IlocTtpoeHue rpadyka nmoBepxXHocTH B cucteMe Mathcad
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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IlocTpoenne TpexmepHoro rpagpuka B cucreme Mathcad

B mporpamme Mathcad ecTs BO3MOKHOCTH ITOCTPOEHHSI TPeXMEPHBIX I'pa(HKOB — Oe3
3aaHIS MATPHI] aldUIHKAT MTOBEPXHOCTEH. EAHHCTBEHHBIM HeJOCTaTKOM TaKOr'o VIIPOII[EHHOI'O
MeTO/ia TTIOCTPOEHH I TIOBEPXHOCTEH SABJISIETCS HEOIIPEAEIIEHHOCTh B MACIIITAOHPOBAHIH, IT0O3TOMY

rpapukH TpeOyIOT (popMaTHPOBaHH .

MocrTrpoeHMe IpadMeEsa HoBepHHOoCTH Des
sa0aHMA MAaTRHILE

= X,¥) = cosl oy FYVHELIMA OBWX IepeMeHHBNX X, ¥

! T T T T T T e e e T T T T T T e e

TP e r T e P e PP d e r e T I P P TP P e e e e R e T R TP P rer e e re

x

PrcyHoxk 6.1 - IlocTpoeHne rpadHka MOBEPXHOCTH 0e3 3aJaHH I MaTPHIBI

NIpuMHeHeHHe Trpaduuecrod (pyHrRLIMM CreatelMesh

Hia, ) = st W)
== =jjla=2
vl = -2 vl =2

1. Sapanme JwHRLIMED OBVX ISpEMEHHHX
& SAOAOMM MPEISJE HSMeHeHNA INepeMeHEHBX

J,. Vonmonesya vrERLIm Createllesh cosmannm:
MaTPHITY IICOBEpXHOCTH

o= Createldesh H al ,ul v, vl

4, 3308F HNOCTpOeHHNE IpaduiRa THIaA ourface Plot, IO

R T T e T o o e AR

a MEHT NnoanncaH
SNEKTPOHHOW NOANKCHIO C

Ceprwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E

Sraneneus PHEYHOK 62 TIoeTPOEHNe rpadika IMOBepXHOCTH ¢ TpHMeHeHHeM (pyHKImH Create Mesh

Nencteutenexd: ¢ 19.08.2022 no 19.08.2023
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Enie ommH mnpuMmep npuMeHeHHS (yHxipin CreateMesh — mocTpoeHme 00BeMHOI
(HTypeI, KOTOpas MOIyYaeTcs BpallleHHeM KPHBOH, 3aJaHHOH (yHKIHeH {(X), BOKpPYT ocH X HIH
Y. Ha pucyHke 6.3 1mokasaH IIpHMEP PEIeHHS JaHHOH 3a1auH.

MocTpoeHde (UT VPR, TOAVUYSHHON BpalleHHeM KPHBOHW

BOKPpYD oCcH X

fix = }:-I]Dﬂll{zl a = —d b=t mesh = 300

Flu,v) =u {u,w) = fiw-cos(v)  H{u,v) = fi{u) sl v
o= CreatE:ME:sh(F,G,H,a,h,ﬂ,h,mesh}

Mpadbur dyaRMNE (3] [[0BEpXHOCTE BRRIEHKMA DpadHEa
Tix)

T==-2-19. 2

2_-

PucyHoK 0.3 — Qurypa, IroayuycHHas BpalleHHeM KPHBOH.

5.8 IIpumenenne quarpamm baiieca. 3agaun Bp10opa B KJIaccHpHKANHAH

banecoBckas KiaccupuKaAnMA

AIbTEpHATHBHEIE Ha3BaHHS OaHeCOBCKOe MOJEIHMpPOBaHHe, OaHeCOBCKasd CTATHCTHKA,
MeTOJ[ OalieCOBCKHMX ceTell. M3HauanpHO OaliecoBCKas KIacCH(PHKAIHSI HCIIOIb30Bajlach IS
(opMaIM3aliii  3HAHHH SKCIIEPTOB B HKCIIEPTHBIX CHCTEMaX, ceHyac OaliecOBCKas
KITaccHHKaIHI TakKe MPHMeHIeTCS B KauecTBe OJHOI0 M3 MeTofoB Data Mining.

Tax Ha3pIBacMas HaHBHAS KIacCH(HKAINSI HIH HaHBHO-OaHeCOBCKHI ITOAXOX (naive-
bayes approach) sBmsgeTcs HamOoIee TIIPOCTBIM BapHAHTOM MeETOJa, HCIIOIL3YIOIIETO
OailecOBCKHe ceTH. [IpH STOM IOAXOoJe PpeInarorcs 3aJayd KIacCH(pHKAIHH, pe3yIbTaTOM
PabOoThI METO/IA SIBIISIIOTCS TAK Ha3bIBAEMEBIE ''TIPO3PayHbIe” MOEII.

"HamBHag" KmacCH(pHKAIMSI - JOCTAaTOYHO TIIPO3pPayHBIH M IIOHATHBOLI METOJ
KraccHukary. "HauBHOH" OHA HasbIBaeTCS ITOTOMY, YTO HCXOAHT H3 IPEAION0KeHHSI O
B3aHMHOH HE3aBHCHMOCTH ITPH3HAKOB.

CBOHCTBAa HAHBHOH KJIaCCH(PHKALIH

- Mcrionm30BaHIe BCEX TIEPEMEHHBIX H OITPedelIecHHE BCEX 3aBHCHMOCTEH MEXIY HIIMII.

- Haymume aByX IpearonoKeH OTHOCHTEIBHO IIEPEMEHHBIX:

- BCE IIEPEMEHHEBIE SBJISIOTCS OJHHAKOBO BaKHBIMI,

- BCE IIEPEMEHHBIE SBISIOTCSH CTAaTHCTHYECKH HE3aBHCHMBIMH, T.€. 3HAUEHHE OJHOH
IIEPEMEHHON HHYET O HE TOBOPHT O 3HAUEHHH JIPYIOH.

DonpummeTBa APYTHX METONOB KIACCH(HKAI[HH IIPEIONAralT, YTro Ilepell HadaloM
maccn@ﬂkﬁﬁi‘ﬁt‘*‘ﬁéjﬁﬁﬁﬁﬁfém TOTO, YTO OOBEKT IPHHALIECKHT TOMY HWIHM HHOMY KIIaccy,

........... 1 3IE9ABBB! SET 6000004 3E

U ORIHAKOBA. HO 3TO He BCELA BEPHO.

I[DH}’GTHM:, H3BCSCTHO, HTO DHPE,I[EHEHHLIﬁ IMPOLICHT JAaHHBIX ITPHHAAJICHIHT KOHKPECTHOMY

.. kmaccy, , BO3HHKAeT, BOIIPOC, MOKEM JIH MBI HCIIOIb30BaTh 3Ty HMH()OPMAIMIO IIPH ITOCTPOEHHH
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MoJleH KiaccHpuKaipm? CymecTBYeT MHOKECTBO PeallbHBIX IIPHMEPOB HCIIOIbh30BAHNI ATHX
aIIPHOPHBIX 3HAHHH, ITOMOTAOIHX KIACCH(HIIHPOBATh OOBEKTHl. THITMYHBIN IIPHMEP H3
MEIHMIIHHCKOH IIPAKTHKH. ECIH JOKTOP OTIIpPaBISeT Pe3yiabTaThl aHaJIM30B IIAI[HEHTa Ha
IOIIOJIHUTEIILHOE HCCIENOBAaHHE, OH OTHOCHT ITAI[HEHTAa K KAaKOMY-TO OIIPEJEIIEHHOMY KIIaccCy.
KaknnMm o0Opa3zoM MOXKHO ITPHMEHHTH 3Ty HHpopMaipio? MBI MOXeM HCIIOIB30BaTh €€ B
KayecTBe JOITOJHHTENbHBIX JaHHBIX ITIPH ITOCTPOSHHH KIacCH()HKAITHOHHOH MOJIEIIH.

OTMeyaroT TaKHe JOCTOHHCTBa 0alieCOBCKHX ceTeH Kak MeTojia Data Mining:

- B MOJEIH OITPEAEIISTIOTCS 3aBHCHMOCTH MEXAY BCEMH IIEPEMEHHBIMH, 3TO ITO3BOJISIET
JIETKO 00padaTkeiBaTh CHTYAILHH, B KOTOPBIX 3HAYEHHI HEKOTOPHBIX IIEPEMEHHBIX HEH3BECTHEL,

- OaleCOBCKHE CETH JOCTAaTOYHO IIPOCTO HMHTEPIIPETHPYIOTCS M ITO3BOJISIFOT Ha 3Talle
IIPOTHOCTHYECKOr O MOAEIHPOBAHHS JIETKO IIPOBOANUTE aHAIN3 110 CLIEHAPHIO "YTO, ECIIH",

- O0aHeCOBCKHI METO/I IO3BONISET €CTECTBEHHBIM 00pa30oM COBMEINATh 3aKOHOMEPHOCTH,
BEIBEJICHHBIE H3 JJAHHBIX, H, HAIIPHMED, SKCIIEPTHRIE 3HAHHS, IIOTYUYEHHBIE B IBHOM BHJIE,

- HCIIONb30BaHHE OAaHEeCOBCKHX CETEH II03BOISET H30eKaTh ITPOOJIEMBI IIepeyUHBAHI
(overfitting), TO ecTb H3OBITOYHOI'O VYCIOKHEHHS MOJEIH, 4YTO SBIIIETCS CIAa00H CTOPOHOI
MHOTHX MeTOJIOB (HaIlpHMep, JePeBbeB PellleHHH H HEHPOHHBIX CeTeH).

HangHo-0arnecoBCKHH ITOAXOM HMEET CIEAYIOIHE HEQOCTATKH:

- TIEPEMHOKATH YCIIOBHBIE BEPOSATHOCTH KOPPEKTHO TOJIBKO TOI/A, KOrJa BCE BXOJHEBIE
IIEPEMEHHBIE JIEHCTBHTEIIPHO CTAaTHCTHYECKH HE3aBHCHMEBI, XOTS YacTO JAaHHBIH METOJ
IIOKA3LIBAET JOCTATOYHO XOPOIIHE Pe3YIILTATHl IIPH HeCOOMIOJEeHHH YCIIOBHS CTaTHCTHYECKOH
HE3aBHCHMOCTH, HO TEOPETHUYECKH TaKas CHTYaI[HS JONIKHA 0OpadaThIBaThCs OOJiee CIIOKHBIMH
METOJAaMH, OCHOBAaHHBIMH Ha 00yYeHHH 0aHeCOBCKIX CEeTeH,

- HEBO3MOKHA HEIOCPEACTBEHHAas 00paboTKa HEIPEPBIBHBIX IIEPEMEHHBIX - TpeOyeTrcs
HX IpeoOpa3zoBaHHE K HHTEPBAIBLHOH IIKane, YToObl aTpHOVTHEI OBUIM JHCKPETHBIMH, OIHAKO
TaKHe ITpeoOpa30oBaHH g HHOI/Ia MOT'YT IIPHBOAHTE K IIOTEPE 3HAUHMBIX 3aKOHOMEPHOCTEN,

- Ha pe3yIbTaT KIacCH(pHKAIHH B HAHBHO-0aHeCOBCKOM ITOJAXOJie BIHSIOT TOIBKO
HHINBHIYAIbHBIE 3HAUEHHS BXOIHEBIX II€PEMEHHBIX, KOMOMHHPOBAHHOE BIMSHHE ITap IWIH TPOEK
3HAQUEHHH pPa3HBIX aTpHOYTOB 3[eCh HE VUHMTBIBAETCI. 3TO MOITIO OBl VIIVUIIHTE KadyeCTBO
KITaCCH(PHKAIITHOHHOH MOJEIH C TOYKH 3peHHSI €€ IIPOTHO3ZHPVIOIEH TOYHOCTH, OIHAKO,
YBEJIMYIUIO OB KOITHYECTBO ITPOBEPSIEMBIX BAPHAHTOB.

BaliecoBckas K1accH(HKAIIHS HaIllIa IMHPOKOe ITPHMeHEeHHe Ha ITPaKTHKE.

banecoBckass QUILTpPaNHA 110 CJIOBAM

He Ttax pgaBHO OaliecOBcKasl KIacCH(HKAI[HA Obla IpeJIOKeHa JUIS IIEPCOHAIbHOM
¢rumbTpaimu crtaMa. llepBreiit QrsTp OBl pazpadoraH Ilomem I'paxemom (Paul Graham). g
PaboTHI alIropuTMa TpebyeTCs BEIMIOTHEHHE TBYX TPeOOBaHIII.

[lepBoe TpeGoBanme - HeoOXOAHMO, 4YTOOBI Yy KIacCHQHIMPYeMOro oOBbeKTa
IIPHUCYTCTBOBAJIO JOCTAaTOYHOE KOJIMYECTBO IIPH3HAKOB. DTOMY HJICAIIbHO YIOBIETBOPSIOT BCE
CIIOBA IMMCEM IIOJIb30BATENd, 3a HCKIFOUYEHHEM COBCEM KOPOTKHX H OYEHb pPeIKo
BCTPEYAFOLIIXCA.

Bropoe TpeGoBaHHE - IIOCTOSHHOE IIepeoOydyeHHe H IIONOJIHEHHe Habopa "cIlaMm - He
crtaM’. Takue YCIOBHS OYEHb XOPOINO pabOoTaroT B JIIOKAJBHBIX ITOYTOBBIX KIIHEHTAX, TaK KakK
IIOTOK "HE cIfaMa" y KOHEYHOI'O KIHEHTA JOCTAaTOYHO ITOCTOSIHEH, a €CJIH H3MEHSETCS, TO He
OBICT]O.

OJHAKO IS BCeX KIHEHTOB CepBepa TOUHO OIPEJelMTh ITOTOK "He criaMa’ JOBOJIBHO
CIIO’KHO, TIOCKOIBKY OIHO M TO K€ IINCHMO, SBJIIIOIIEECS I OJHOIO KIIHEHTAa CIIaMOM, IJIS
IPYTrOoro craMoM He sBjrsgeTcd. CJIoBaph IIONYYAETCS CIHINKOM OONBIIMHM, HE CVYIIECTBYET
YeTKOI'o pa3jlelIeHHSI Ha cllaM H "He cllaM'", B pe3yiIbTaTe KaueCTBO KIIaCCH(PHKAIHH, B JaHHOM

CITydac PEHIRHHS BASAIE A IUIBTPALIMI TIHCEM, 3HAYHTEIBHO CHIKAETCSL,
SPOENFYT AR RTdeefipnkanun 1 nporuosuposanus. /{epeBbs pelneHil

Ceptucomkatr: 2C0Q00043ESABBB952205E7BAS0006000004 3 ..
Braneney  WeoWIELOM JEPSBBSR, REIICHII E('.'rluat::lslu:::nil trees) SBIISIETCS OXHHM H3 HanOoJjee ITOITYIIIPHBIX

MeTOJOB pellleHHS 3ajJa4 KIacCH(pHKAIHH H ITporHo3HpoBaHua. MHorma sToT Meton Data Mimng
Heicrey LAKKE HABIBAIQT JEPEBBAMH PEINAFOIHX TTPABIIL, IEPEBbSIMI KIIacCH(PHKAIMH H perpeccHH. Kak
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BHIHO H3 IIOCIEAHErO Has3BaHHMSI, IIPH IIOMOIIH [JAHHOTO METOMa PellaroTcd 3aJaydyl
KITACCH(PHKALTHH H ITPOTHO3ZHPOBAHHAL.

Ecimm 3aBHCHMAs, T.e. I[elleBasd TEpEMEHHas ITPHHIMAET MHCKPETHBIE 3HAYEHHS, ITPH
ITOMOIITH MeTOJ[a JiepeBa pPeIlleHHH pelaeTcs 3aJadya KIacCH(HKAI[HH.

Ecim Xe 3aBHCHMAs IepeMEHHas IIPHHHMAET HEIIPEPBIBHBEIE 3HAYEHHSI, TO JIEPEBO
PEIIEHMI YCTaHABIMBAET 3aBHCHMOCTE ATOH IIEPEMEHHONH OT HE3aBHCHMBIX ITEPEMEHHEIX, T.€.
PEIIaeT 3a4auy YHCIIEHHOI O IIPOrHO3HPOBAHH AL

BriepBhie JiepeBhs pelleHHIl OBIIH IIpeIokKeHbl XoBHIeHAoM H XaHtoM (Hoveland,
Hunt) B xoH1le 50-X romoB mpomnoro Beka. Camas paHHSII H H3BecTHas padora XaHTa H Jp., B
KOTOPOH H3IaraeTcs CyTh JEPeBbEB PelIeHHH - "OKCIepHMeHTH B HHAYKIHH" ("Experiments
inInduction") - 6112 omyOnHkoBaHa B 1966 roxmy.

B HanGomnee mpocToM BHIE AEPEBO PElIeHHI - 3TO cItocol IpeJCTaBIECHHS TIPaBHI B
HEPAPXHYECKOH, ITOCIIENOBATENBHONH CTPYKTYpe. OCHOBA TaKOH CTPYKTYPHI - OTBETHL "Jla" Him
"HeTt" Ha psj BOIIPOCOB.

Ha prucyHke 8.1 mpuBeaeH MpHMEpP JepeBa PelIeHHI, 3ajlaya KOTOPOro - OTBETHTHL Ha
Borpoc: "Hrpare mu B rome(?" UToOBl penmTh 3amauy, T.e. IIPHHATH pellleHHe, HIpaTh JIH B
roiab(), cIelAyeT OTHECTH TeKYIIYK CHTYAaI[HIO K OJHOMY H3 H3BECTHBIX KJIacCOB (B JAaHHOM
ciydae - "HrpaTh" wim "He Hrpath"). [ 3T0r0 Tpedyercs OTBETHTh Ha P BOIIPOCOB, KOTOPBIE

HaXOATCS B y3IIaX 3TOr0 JIEpeBa, HaUHHAas C er0 KOPHSL.

IIepBRIN y3ell Hallero aepepa "COTHEYHO?" SBIISETCS Y3JIOM ITPOBEPKH, T.€. YCIIOBHEM.
[IpH TOIOXUTEIIFHOM OTBETE HA BOIIPOC OCVIIECTBIISETCS IEPEXOA K JIEBOH YacTH JIepesa,
Ha3bIBAEMOH JIEBOH BETBBIO, IIPH OTPHIIATEIIFHOM - K IIPAaBOH YacTH JiepeBa. TakuM o0pas3oM,
BHYTPEHHHH V3€ll JiepeBa SBISETCS VY3JIOM IIPOBEPKH OIPENEIIEHHOIO VCIOBHS. Jlamee HIeT
CIIEVIOIIMI BOIIPOC M T.I., IIOKAa He OYIET MOCTHITHYT KOHEYHBIH Y3EII JIEpPEBA, SBIISFOIIHIICS
V3JIOM pelleHHs. [[JIs Halllero JepeBa CYIINECTBYET JBa THIIA KOHEUHOIO y371a. "HIpars’ M "He
HTPaTh" B TOIIbQ.

B pesynbprare NpoXOoKIeHHS OT KOPHI JepeBa (HMHOIJa Ha3bIBAEMOIO KOPHEBOH
BEPIIMHONH) JO €r0 BEpIIMHBI PelIacTcsd 3ajJadya KIACCH()HKAIMH, T.€. BBEIOHPAaeTCS OJHH H3
KITacCOB - "HrpaTh”" M "He HTpaTh” B TOIb(.

HCT

Hnet m1 oo aae

He ArpaTh HI'PATh HC HIPATh HI'PATh

PrcyHok 8.1 - JlepeBo pemeHmii "HUrpats 1 B roabg?"

Lieas,BHQCTPESHIL AepeBa PELIEHIA B HAlllEM CITy4ae SBILIETCS ONpeeleHHe 3HaYeHH
KaTemprﬁHﬂﬁ@iﬁ@ﬁBH&'ﬁﬂ%ﬁ Hepemem{m[

L HTaK, ,[[1151 HAITIEH 3aJa4l OCHOBHBIMHU 3JIEMEHTAMH JIepeBa PEIEHUI SBISIOTC:

- Kopens gepepa: "ConHeyHO?"
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- BHyTpeHHII y3ell AepeBa IIH Y3el IPOBEpKH: "Temreparypa BO3IyXa BEICOKasa?",
"UneT m1 noxae?"

- JIMCT, KOHEUHEI Y3€II JepeRa, y3eil pellleHHs WIH BeprmHa: "HMrpars”, "He urpats”

- BeTBb Jlepera (cirydan otBera): "J[a", "Her".

B paccmoTpeHHOM IpHMEpe pernaeTcs 3aaya OHHapHOH KIIaCCH(PHKALTHH, T.€. CO31aeTCs
THMXOTOMHYECKas KIacCH(HKAI[HOHHAsA MOJelb. IIpuMep JIeMOHCTpHpPYeT palboTy Tak
Ha3bIBAEMBIX OHHAPHBIX JIEPEBBLEB.

B y3max OHHapHBIX JepeBhEB BETBIIEHHE MOXKET BECTHCH TOIBKO B JBYX HAIIPaBIIEHISIX,
T.€. CYIIECTBYET BO3MOKHOCTh TOIBKO JIBYX OTBETOB Ha ITOCTaBIeHHEBIH Borpoc ("aa" u "Het").

5.10 IlocTrpoenne KJacCHPHUKANMOHHOH MOAeIH

BuHapHBIE EepeBhS SBISIOTCS CAMBIM ITPOCTHIM, YaCTHBIM CIIYYAEM JIEPEBLER PEIleHHIA.
B oCTalpHBIX CIIy4yasx, OTBETOB H, COOTBETCTBEHHO, BETBEH JEpeBa, BBIXOMSIIHX H3 €ro
BHYTPEHHETO V3JIa, MOKET OBITH OOJIBIIE ABYX.

PaccmoTrpuM 0Ooriee CIOXKHBIM IIpHMeP. basza JaHHBIX, HAa OCHOBE KOTOPOH HJOJKHO
OCYIIECTRIIATHCS IIPOTHO3SHPOBAHHE, COIEPAHT CIEAVIOIME PETPOCIHEKTHUBHBIE JAHHEIE O
KIeHTaxX OaHKa, SBILIFOIIHECS €€ aTpHOyTaMI: BO3PAaCT, HATHYHUE HEJABHKHMOCTH, OOpa30BaHIE,
CPETHEMECSUHEBIN JTOXOJ, BEPHYII JIH KIMEHT BOBPEMSI KPEAHT. 3ajJadya COCTOHT B TOM, UTOORI Ha
OCHOBAHHH II€PeYHCIIEHHBIX BBHIIIE JAaHHBIX (KpOMe IociaeQHero aTpHOyTa) OIpeJelHTh, CTOHT
M BBIJIABAaTh KPEJANUT HOBOMY KIIHEHTY.

Takas 3agada pelmaeTcs B JBa STara: IOCTPOeHHE KIIacCH(HKAIIMOHHON MOJEIH H ee
HCITOJIb30BAHIE.

Ha srare mocTpoeHHS MOJEIH, COOCTBEHHO, H CTPOHTCS JEPeBO KIIacCH()HKAIHMH FIIH
cozgacTcs Habop HeKHX IpaBuIil. Ha sTalle MCIIOIb30BAHHSA MOJIENIH ITOCTPOEHHOE JIEPEBO, HIIH
ITyTh OT €r0 KOPHS K OMHOHM M3 BEPIIMH, SBISFOINUICSI HAOOPOM IIPAaBIUI IJI1 KOHKPETHOIO
KIIMEHTA, HCIIONB3YETCS VIS OTBETA Ha IOCTABIIEHHEIH BOIIPOC " BEIgaBaTh IIH Kpeaur?"

[IpaBriIoM SBISETCS JIOTHYECKAS KOHCTPYKIIHS, IIPEACTABIEHHAS B BHIE "€CIH. ... TO...:".

Ha pucynke 9.2 mnpHBeleH IpHMep JepeBa KiIacCH(HKAIHMH, C ITOMOIIBI KOTOPOIO
pelIaeTcd 3ajJava BeIgaBaTh JIH KpeAuT KIHeHTY?". OHa SBIISIETCS THITHYHOHM 3aJadyeH
KITaCCH(DHKALTHI, M ITIPH ITOMOIIH JIEPEBBER PEINEHHH IMOIYYal0T JOCTAaTOYHO XOPOIIHE BapHAHTEI
€€ PeIleHH.
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Kakx MBI BHANM, BHYTPeHHHE Y31IBI JilepeBa (Bo3pacT, HATHYHE HEABHKHMOCTH, JOXOM H
0o0pa3oBaHHE) SBIIIIOTCS aTpHOYTAMH OIMCAHHOH BBINE Oas3bl JaHHBIX. OTH aTPHOYTHI
Ha3BIBAIOT ITPOTHO3HPYIOMIMMH, HIIH aTpHOyTaMH pacineruieHus (splitting attribute). Koneungble
y3IIBI JIEPEBA, HIIM JIHCTHI, HIMEHYIOTCS METKAMH KJIacca, SBIISIOIIMMICS 3HAUYEHHSMH 3aBHCHMOI
KaTer OPHAJIBHOM IEPEMEHHON "BBIJAaBaTh" M "HE BBIIABATh" KPEIHT.

Kaxmag BeTBb JepeBa, HAVINAS OT BHYTPEHHETO V3lIa, OTMeYeHa IIpeAHKaTOM
pacmieruieHHa. IlocimefHHMI MOKET OTHOCHTBCS JIMIIF K OJHOMY aTpHOYTY pacIleIUIEHHS
JAHHOIO Vy31a. XapakTepHasd OCOOEHHOCTh IIPeJAHKATOB PacIIeIUIeHHI. Kaxaas 3allich
HCIIOJIb3YET VHHKAJIBHBIH IIYTBOT KOPHS JIEpeBa TOINBKO K OZHOMY Y3IIY-PEIIEHHIO.
OObeanHeHHasS HH(pOpMaIHsI 00 aTpHOyTax pacIIeIIeHHI H ITpeJHKaTaX PacIleIUICHHSI B Y3JIE
Ha3kIBaeTCS KpHTepHeM pachiervieHHs (splitting criterion).

Ha pucynke 9.1 wn300pakeHO OJHO M3 BO3MOXKHBIX JIEPEBBER PEIIEHHUH I
paccMaTpHBaeMOH Oasbl JaHHBIX. Harmpumep, KpurepHi paciuervieHHs "Kakoe oOpasoBaHHE?",
MOT' OBI HMETH JBa ITPeAHKaTa PacIleIUIEHH H BBIITISAETh HHaue: oOpa3oBaHHe "BRICIIEE” H "He
BEICIIIEe" . Torma IepeBo pelleHHH HMeI0 ObL Py OH BHI.

Taximv o6pa3oM, I JaHHOH 3aJaqH (KaK H IS TF0O0H APYToi) MOKeT OBITh ITOCTPOEHO
MHOJKECTBO JIEPEBBEB PEIIEHHH Pa3IHYHOIO KayecTBa, C Pa3IHYHOH ITPOrHO3HPYIOILIEH
TOYHOCTBIO.

KayecTBO ITOCTPOEHHOIO JepeBa PEIIEHHS BEChbMa 3aBHCHT OT IIPAaBHIIBHOIO BBIOOpa
KpHUTEPHS pacineruieHHsI. Hajx pa3pal®oTKOH M YCOBEPIIEHCTBOBAHHEM KPHTEPHER padoTraroT
MHOI'HE HCCIIELOBATEH.

MeTon mepeBbeB pellleHH 4acTO Ha3pIBaroT "HanBHEIM" momxoxoM [34]. Ho Gmaromaps
LETIOMY PSSOy ITPEUMYINECTB, JAHHBIH METOJ SBIISETCS OJHHM H3 HauOoOIlee IOIYIISPHBIX IS
PEIIEHHS 3a/1ad KI1acCH()HKALTHI.

5.11 IIpenmyiiecTBa AepeBbeB pellleHHH

HMHTYHTHBHOCTS JlepeBheB pelneHH. KilaccupHKaIlHOHHAA MOJENIb, IIpPeJcTaBIeHHAS B
BHJIE JIEpeBa PEIIEHHUH, SABISETCS HMHTYHTHBHOH M VIIPOINAET ITOHHMAHHE pelllaeMOM 3aayH.
PesyibTaT paboThl alTOPHTMOB KOHCTPYHPOBAHHS JAEPEBLEB PEIIEHHI, B OTJIHYHE, HAIIPHMED,
OT HEHPOHHBIX CETEH, IIPEACTABILIIONNIX COOOH "YepHBIE SIIMKH', JIETKO HHTEPIPETHPYETCS
IOIb30BAaTENeM. 3TO CBOICTBO JIEpeBbeB pPEIIEHIIT He TOIBKO BaXKHO IIPH OTHECEHHH K
OIPENEIEHHOMY KIIacCy HOBOro O0OOBEKTa, HO M TIIONE3HO IIPH HHTEPIPETAIMH MO EIH
KIIaCCH()HKAITHH B IIeIOM. JlepeBO peIleHHH II03BONISeT IIOHSITh H OOBSCHHTh, IIOYEMY
KOHKPETHBIH O0OBEKT OTHOCHTCS K TOMY HIIM HHOMY KJIaccy.

JlepeBbsl peElIeHHH JTar0T BO3MOJKHOCTh H3BJIEKaTh ITpaBHIa M3 Oas3kl JaHHBEIX Ha
eCTECTBEHHOM s3BIKe. |IpuMep npaBiuia: Ecinu Bospact > 35 u Jloxox > 200, TO BRIIATE KPEIHT.

JlepeBbs pelIeHHH TTO3BOJIIOT CO3/aBaTh KIIACCH(HKAI[HOHHBIE MOJIEIH B TeX 00IIacTsIX,
IJle QaHAJIMTHKY JOCTaTOYHO CIIOKHO (pOPMaTH30BaTh 3HAHHSL

AIITOpUTM KOHCTPYHPOBAHHS JepeBa PelleHHH He TpeOyeT OT IIONIb30BaTelns BhIOOpa
BXOIHBIX aTpHOYTOB (HE3aBHCHMEIX ITepeMeHHEBIX). Ha BXOJ alropurmMa MOKHO IIOZ[aBaTh BCE
CYIIECTBYIOIIHE ATPHOYTHI, alITOPHTM CaM BEIOepeT HanOolee 3HAYMMEBIE CPeIH HHIX, H TOJIBKO
OHM OYAYyT HCIIONB30BAHEI JJIS IOCTPOEHHS JiepeBa. B cpaBHeHHH, HAIIPHMED, ¢ HEHPOHHBIMH
CETSIMIH, 5TO 3HAYMTEIILHO OOJIerdyaeT ITOJIL30BATEIIO PaboTy, IOCKOJIBKY B HEHPOHHBIX CETSIX
BEIOOP KOJIMYECTBA BXOAHBIX aTPHOYTOB CYIIECTBEHHO BIMSIET HAa BpeMS 00YUEHHA.

TOUHOCTE MOJIeTeH, CO3MaHHBIX IIPH IIOMOIIH JcpeBbeB PEIIeHHH, COIIOCTaBHMa C
IPYTHMH METOJAMH ITOCTPOEHHS KIACCH(HKAIHOHHBIX MOJeIeH (CTaTHCTHYECKHE METOJIBI,
HEHPOHHEIE CETH).

PaspaboraH psag MacIrabHpyeMBIX alITOPUTMOB, KOTOPBIE MOIYT OBITH HCIIOJIB30BaHBI
JULS TIOCTRERHIEAT ASRHSRREE PEIICHNT Ha, CBEPXOONbINHMX 0a3aX JaHHBIX, MacIITaOHpPyeMOCThH

3lech  OBIEAREFIOMIPINVER S ocTOM uMCIIA TIPHMEPOB MM 3allHcell Gasbl JaHHBIX BPEMSL
CepTudukar: 2C0000043E9AB8BY52205E 7BA500060000043E

Bnanen3AT PAHHBAEMOE, Ha OQYUSHIE, T.€. IIOCTPOEHHE JEPEBLEB PEIEHHH, PAaCTET IHHEHHO. IIpHMepEI
TakuX aJropuTMoB: SLIQ, SPRINT.

Nencteutened: ¢ 19.08.2022 no 19.08.2023



37

BricTphIii Imporiecc oOyuenmsa Ha mocTpoeHMe KIacCH(PHKAITMOHHBIX MO IIpH
TIOMOIIM aJTOPHTMOB KOHCTPYHPOBAHHS JEPEBBEB PeEIlleHHH TpeOyeTcd 3HAUMTEILHO MEHBIIE
BPEMEHH, UEM, HalIpUMeDP, Ha 00yUeHIHEe HENPOHHBIX CETEH.

BONBIIMHCTBO aIrOPUTMOB KOHCTPYHPOBAHH S JIEPERbEB PEIEHHI HMEIOT BO3MOKHOCTD
CITEI[HAIbHOH OO0padOTKH ITPONYIIEHHBIX 3HAYCHHH .

MHOrHe KIacCHYeCKHE CTAaTHCTHUYECKHE METOMBI, IIPH ITOMOIINMH KOTOPBIX PEINAIOTCS
3alayd KIacCH(PHKAI[HH, MOI'YT Pa0oTaTh TOIBKO C YHCIOBBIMH JaHHBIMH, B TO BpeMS Kak
IEPEBRBS PelIeHII padoTaroT H ¢ YHCIIOBBIMH, H ¢ KaTeTOPHAIBHEIMH THITAMH JaHHBIX.

MHOrHe CTAaTHCTHYECKHE METOMBI SBJISIOTCS ITapaMETPHYECKHMMH, H TIIOJIb30BATENb
IOIDKEH 3apaHee BIIaJeTh OIPEAEIIEHHOH HH(OpMAIHEH, HAIIpHMED, 3HAaTh BHJ MOJEIH, HMETh
THIIOTE3Y O BHAE 3aBHCHMOCTH MeXAY TIEpEMEHHBIMI, IIPEeAIIoarat, KaKOH BH]I
pacIpe/ie]ieHHs. MMEIOT JaHHBIE. J[epeBBbS pellleHMIl, B OTJIMYHEe OT TaKHX METOIOB, CTPOST
HelmapaMeTpHYecKHe MOJENH. TakuM o0pasoM, JIEPeBbS PellleHHIl CITIOCOOHBI pelllaTh TaKHe
3ajaud Data Mining, B KOTOPBIX OTCYTCTBYET alpHOPHAs HH(OPMAIMSI O BHAE 3aBHCHMOCTH
MeXIY HCCIIEeAYEMBIMH JTaHHBIMH.

[Ipoliecc KOHCTPYHPOBAHHS AePeEBaA PEIIEHHH

HarmoMHIM, 4TO paccMaTpHBaeMasi HaMH 3aj[aya KiIacCH(HKAIIHH OTHOCHTCS K CTpaTerHH
OOVUEeHHMS ¢ VUHTEJIEM, HHOIZAa HAa3bIBAEMOI'0 HHAYKTHBHBIM OOy4YeHHEM. B 3THX CiIyyasx Bce
O0OBEKTHI TPEHHPOBOYHOI'O Habopa JaHHBIX 3apaHee OTHECEHBI K OQHOMY H3 ITPEIOITPEIEIEHHBIX
KIIaCCOB.

ANTOPHTMBEI KOHCTPYHPOBAHHS JIEPEBBER PEIEHHH COCTOST M3 3TAllOB 'TIOCTPOcHHE"
W " co3manne " gepeBa (free building) m "cokpaimmeHne " gepeBa (free pruning). B xoje
CO3JIaHHS JepeBa PEINarOTCs BOIMPOCH BRIOOpa KPHTEPHS PACILEIUIEHHS H OCTAHOBKH OOYUYEHI S
(eCIH 3TO IPEAYCMOTPEHO aITOPHTMOM). B X0jle 3Tara COKpallleHHS JepeBa pelIacTcs BOIIPOC
OTCEUYEeHHS HEKOTOPHRIX €T0 BETBEH.

KpHuTepHi paciieriieHns

[Iporecc cosmaHus JepeBa IMPOHCXOMUT CBEPXY BHH3, T.€. SBISIETCS HHCXOMMIINM. B
XO[e TIIpoIecca alIrOPHTM MOMKEH HAHTH TaKOHKPHUTEPHH PpacIleIUIeHHs, HHOIJa TakKxke
Ha3BIBAEMBIN KPHUTEPHEM pa3OHeHMSL, YTOORl pa30HTh MHOKECTBO Ha ITOAMHOXKECTBA, KOTOPBIE
OBl aCCOLIMHPOBAIINCH C JAaHHBIM Y3IOM IPOBEPKH. Ka)KaBIil y3el IPOBEPKH TOJLKeH OBITh
IIOMEYEH OIPEeIeIeHHBIM aTpHOYTOM. CVYIINECTBYETIIPABIIO BBIOOpa aTpHOyTa: OH JOIKEH
pa30HBaTh HCXOJHOE MHOXKECTBO JIAaHHBEIX TaKHM 00pa3zoM, YTOOBI OOBEKTHl ITOAMHOKECTB,
IOIIYYaeMBIX B PE3YIIBTATE 3TOTO pazOHeHMS, SBISUINCH IMPEeNCTaBUTEIAMH OJHOIO KiIacca WIH
’Ke OBLIH MaKCHMAIIFHO ITPHOIMIDKEHBI K TaKkoMy pa30Omenmro. llocnemgHssa (ppasa O3HA4YaeT, 4YTO
KOITHMYECTBO OOBEKTOB M3 APYTHMX KIACCOB, TaK Has3bIBAEMBIX "TIPHMECEH", B KaXIOM Kilacce
ITOIKHO CTPEMHTHCS K MHHHMYMY.

CVIIECTBYIOT paslIMyHble KpHTepHH paciuervieHus. HanOornee mH3BecTHhIe - Mepa
SHTPOITHH H HHAeKc Gini.

B HekoTOpeIX MeTOHax i1 BeIOOpa arpuOyTa pacINeIUIeHHS HCIIONB3YEeTCS TakK
Ha3bIBacMasl Mepa HH(OPMAaTHBHOCTH ITOJAIPOCTPAHCTB aTpHOYTOB, KOTOpas OCHOBBIBAETCS Ha
SHTPOITHITHOM TIOAXOJe H HM3BECTHA IIOJ Ha3zBaHHeM "Mepa HH(OPMAIHOHHOIO BEIHTPHIIIA"
(information gain measure) HIH Mepa SHTPOITHH.

6. THnoBbIe KOHTPOJIbHBIE 32JAHHA H HHbIE MATEPHAJIbL, XapaKTePH3YOIIHE ITANbI
GopMHPOBAHH A KOMITETEeHIITHH

6.1. Kpurepun oneHHBAHHSA KOMIIET eHI[HI

OlleHKa «OTIIMYHO» BEICTABISETCS CTYAEHTY, €CIH CTYAEHT HMMEET ITTYOOKHE 3HAHHSL
YMEHHS, HABBIKH, IEMOHCTPHPYET ITOJIHOE IIOHMMAaHHE CYIIHOCTH PacCMaTpPHBAEMBIX BOIIPOCOB.

OLGHEAE (¢ ¥RRQMQY BBICTABIACTCS CTYAEHTY, €CIIH CTYAEHT HMEET ITONHBIE 3HAHHSL
YMeHHS %mﬂoﬂmﬂ OYeT IOHIMAHIE CYIIHOCTH PAcCMAaTPHBAEMBIX BOTIPOCOB B IIETIOM,

Ceptucbikar: 2C0000043E9ABSBIS 00043E
Eina,qcncr[{D Mﬁﬁ@;ﬂaﬂ%%@%ﬂlﬂ{ﬂ }"BEPEH}IGE BJIaJICHIC HEKGTGPBIMI TEGPETH‘IECKFMI H

IMPAKTHYCCKIIMIL ITOITOMCHITAMI AHCITHILIHHDBI.
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OlLleHKa «YIOBIETBOPHTEIBLHO» BBICTABIISIETCA CTYAEHTY, €CIIH CTYIAEeHT HMeEeT HH3KHIA
VPOBEHb 3HAHMI, YMEHHMI, HABLIKOB, JIeMOHCTPHPYET YACTHYHOE IIOHHMAHHE CYIIHOCTH
paccMaTpHBaeMBIX BOITPOCOB.

OLleHKa «HEYAOBIETBOPHUTEIHLHO» BBICTABIISIETCS CTYACHTY, €CIH CIVIAEHT HMeEeT
nmpoOenbl B 3HAHINIX, YMEHISX, HaBBIKaxX, JEMOHCTPHPYET  He3HAaHHE  CVYIIHOCTH
paccMaTpHBaeMBIX BOITPOCOB.

6.2. Onucanie MKAJIbI OIleHHBAHHSA

PeliTHHTOBasE cCcHCTeMa OIIEHKH VCIIEBAEMOCTH CTYAEHTOB 3a0YHOH (POPMBI HE
IpeJyCMOTpPEHA.

6.3. MeToanueckne MaTepHaJIbl, onpeae/golnae npoueaypbl olleHHBAHHAA 3HAHHH,
YMEHHH, HABLIKOB H (HJIH) ONLITA JAeATeJIbHOCTH, XapaAKTEePH3YIOIIHX 3TAIbI
(GopMHpPOBAHM A KOMIIETEHIIHH

[Iporeaypa mpoBeAeHHS OIIEHOYHBIX MEPOIPHATHI BKIIOYaeT B ceOa cobeceJOBaHHE,
TIOJITOTOBKY K BK3aMEHY M BBITIOJITHEHHE HHIHBHAYAIIBHBIX 3aaHHI K J1a00paTOPHBEIM padoTaM.

IIpegmaraeMele CTYAEHTY 3aJaHHs ITO3BOIITIOT ITPOBEpHTE KomrieTeHiu [1K-6, 11K-13,
[IK-14. PesynpTaThl 3K3aMeHa H OTUYETOB 110 HHAHBHIYalIbHBIM 3aJaHHSM OIIEHHBAOTCS I10:

- TOUHOCTH OTBETOB Ha ITOCTARIIEHHBIE BOIIPOCHI,

- TIOCIIEAOBATEIBHOCTH H PAI[HOHAIILHOCTH BBITTOIHEHMS 3aJaHHIT,

- 3HAHHIO TEXHOIOTHH, HCIIOIb30BAHHBIX ITPH BBITIOTHEHHH 3a{aHHs.

7. YueOHo-MeTOoAHIecKoe H HHpopMANHOHHOE 00ecneteHHe JHCIHILTHHDI

7.1 IlepeyeHh OCHOBHOH H JIOITOIHHUTEILHOH IHTEPaTYPHI, HEOOXOMMMOMN 11 OCBOEHI

I CLIMITIIHH

7.1.1. IlepeyeHb OCHOBHOH IIHTEPATYPEI

1. OCHOBBI KOMITBIOTEPHOIO MOJEIIHpOBaHHE |OJIeKTPOHHBIH pecype] :  yueOHO-
MeTOJHUYeCKIII KoMIUIeKC / . — DOIeKTpOH. TeKCTOBBIe JaHHBIe. — AmmMarel: Hyp-lIpHHT,

2021.—175¢c. — 9965-756-09-0. — Pexam noctyma: http://www .iprbookshop.ru/67115 html.

2. Marmusenr FO.A. AHann3 TpeOOBaHHH K aBTOMaTH3HPOBAaHHBIM HH(] OpMAaI[HOHHBIM
cucteMaM |OnekTpoHHBIH pecypcel/ Marmnaerr FO.A.—DJeKTpoH. TeKCTOBBIE JTaHHBIE.—
M.: HutepHeT-YHHBepcuTeT HMHpopmaigpionHsx Texunomorunii (MHTYHWT), 2016.— 191 ¢.—
Pexxiv moctyma: http://www.iprbookshop.mu/52184.— 5BC «IPRbooksy, 1o mapomro.

7.1.2. IlepeyeHb DOIMOIHHUTEIILHOM JIMTEPATYPEI

1. Hlopunkos [O.B. MHMHCTpyMeHTalIbHOE MOAEIHPOBAHHE THOPHIHBIX CHCTEM
| OnexTpoHHBIN pecypc|: yueOHoe mocoOme/ Illopumkor FO.B., Tommmor H.H., JlocToBanop
JI.H.— DOnexrpoH.TeKcTOBEIE JaHHBIe.— HorocuOHpcK: HOBOCHOHPCKMIT TI'OCYIapCTBEHHBIH
TEXHHYE CKHIT VHHBEPCHTET, 2014 — 70c.—Pexim IOCTVTIA:
http://www 1prbookshop.1nv/44929 — 5EC IPRbooks..

2. Kimmvenko UM.C. Teopus cHcTeM H CHCTEMHBIH aHalM3 |OIeKTpOHHBII pecypc:
yyeOHoe Tmocodne / HM.C. KimmmeHko. — DONeKTpoH. TEKCTOBBIe JaHHBIE. — M.:
Poccurickiii HOBBRIH  yHHBepcurer, 2014, — 264 c¢. —Pexmmnm  1gocryma:
http://www 1prbookshop.mv/21322 html.

7.2. llepedyeHp y4yeOHO-METOAHYECKOIO OOECIIEYEHHS CaMOCTOSTEIILHOH PpaloThI
OOVYYAFOIIIXCS I10 JHCIUTLIHHE

1. MeTtoaHyecKHe VKa3aHHS IO BBIMTOMIHEHHIO J1a00paTOpHBIX PadoT IO AHCIHILIHHE
«CHCTEMHBII aHAIIN3 TaHHBIX H MOZEIH IIPHHSITHS PEIIEHITI.

2. MeTtoaHyecKHe PEeKOMEHJAIIMH JUIS CTYAEHTOB II0 OpraHHM3allHH CaMOCTOSTEIBHOH
paboTHI 110 JUCIIMIUIHHE « CHCTEMHBIIN aHAIH3 JAHHBIX H MOJIEIH ITPHHSITHS PEIIEHII.

7.3. IlepedyeHp pecypcoB HH(pOPMAI[HOHHO-TEIEKOMMYHHKAIITHOHHOH ceTH «MHTepHeT»,

HEG@KGJIWQWIH THCIHTDTHHEI
TEF LAY cmomnoteka online. http://www . biblioclub.1u.

o RN P bockshop
3. Bﬂempﬂ}maﬂ omnomiorexa CKOY.. hitp://catalog ncstu.ru.
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4. T'ocygapcTBeHHas IMyOIHUYHAs Hay4yHO- TexXHHueckad OmOmoreka Poccum. (I'TITHTB
Poccmm). www.gpntb.ru.
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DegepanbHOe TOCYIAPCTBEHHOE aBTOHOMHOE O0Pa30BaTelIbHOE yUpe K IeHHe
BEICIIIETO OOpa30BaHHA
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[ IaTHT OpCKIiT HHCTHTYT ((DHIIHAT)
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BBeaenue
MeToamyecKHe YKazaHHS COJEPKaT IIepeYyeHb BApHAHTOB 3aJaHMIl IS KOHTPOJIbHBIX
pabor, TpeGoBaHHA K OQPOPMIIEHHIO KOHTPOIBHBIX PaboT H IIPHMEP BBIIIOTHEHHS 3ajaHHs.
TeopeTHYeCKOH OCHOBOH ITOATOTOBKH CITEI[HAIHCTA SBILTIOTCS 3HAHII B 00IAaCTH HH()OPMAaTHKH,
BEIYHCITHTEIIbHOH CHCTEM.

1. ]_[E.]]b H 34/ 141H 0CBOCHH A JTHCIIHITJINHLI

L[EHBIG OCBOEHHMS JHUCIMHIUIHHBI « CHCTEeMHBIH aHalIM3 MJaHHBIX H MOJEIIH ITPHHATHA

pelleHui» SBISeTcS (POPMHPOBaHHe HaOopa ITpo(eCCHOHAIbHBIX KOMIIETEHIHI OYyIYyIIEro
MarucTpa I10 HampaBeHHIO MoAroToBKH 09.04.02 « MHpopMaIHOHHBIE CHCTEMBI H TEXHOJIOT HI

IUIS PelleHHs ITPHKIAJHBIX 33Jlad B paMKaxX HampaBieHHs (ITpomis) « TexXHOIorHH padoTsl C
TAaHHBIMH H 3HAHHSMH, aHAIN3 HH()OPMAIIHID) .

3agaud OCBOEHHSI JUCIHIUIMHBI: H3YYEHHE OCHOBHBIX ITOHSATHI CHCTEMHOrO aHalIH3a
TAaHHBIX, OCBOEHHE MEeTOJOB CHCTEMHOIO aHallH3a H HHCTPYMEHTOB Pa3palOoTKH MOJeNeH
TIPHHSTHS PEIIeHHI.

2. ®opmyMpoOBKA 3aJAHHA H €ro 00beM
KonrpompHass pabora BKIOUAT B ceOe BOIPOCHI IO TeMaM, KOTOPble HYKHO H3YYHTh

CAMOCTOSTEIFPHO H II0 HHUM ITOATOTOBHUTH OTYET M IIPe3eHTAI[MH. Pe3yIbTaThl BBIITOIHEHHS
KOHTPOIIBHOH PalOoTHI ITPeJOCTABISIOTCS B BJIEKTPOHHOM BHAE. OO0BEM KOHTPOIBLHOH pabOThI
cocTaBiraeT 10-15 rmeyaTHeIX HCTOB (popmara A4.

BapnaHThl 3ajaHHH BBRIOMparOTCS H3 TAOIIHIIBI ITO ITOCIETHHM JBYM IH(pPaM 3a4eTHOMH

KHIKKH.
[Tocnen [Tpeamocnemaas mdpa
widpa 1 2 3 4 5 6 7 3 9
0 1,11 2,12 (3,13 4,14 515 |6,16 |717 |8,18 |9,19 10,21
1 11,22 12,23 | 13,24 | 14,25 [ 15,26 [16,27 | 17,27 | 18,28 | 19,29 | 20,30
2 1,30 {229 [328 [427 [526 [625 |724 |823 09,22 10,21
3 11,29 [ 12,28 | 13,27 | 14,26 [ 15,25 (16,24 | 17,23 | 18,22 | 19,21 | 20,10
4 19,31 [ 18,32 17,33 | 16,34 (1535 [14,18 | 13,19 | 12,20 | 11,21 | 10,22
5 9,35 [834 |[7,33 ]6,32 |[5,3] 430 |[3,29 | 228 1,27 | 30,26
0 30,11 |29,10 [ 28,9 [278 [26,7 |[256 245 |234 |223 |21,2
7 20,31 (19,30 | 18,29 | 17,28 (16,27 [15,26 | 14,25 | 1324 | 12,23 | 11,22
8 10,29 | 9,31 833 [7,35 6,25 523 |421 3,19 | 2,17 1,15
9 1,20 (226 |[3,24 |[423 (522 |[820 |[918 11,17 (8,30 | 7,3l
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BapuaHThl 3aaHHH

1.Crioco®b1  ompefierieHHs KO3()(HIITHEHTOB OTHOCHTEIBHOH 3HAYHMOCTH KpPHTEPHEB
(BeCOB KPHTEPHEB).

2. CriocoOmI orpeaenneHH s Ko3(P(HIHEeHTOB KOMIIETEHTHOCTH 3KCIIEPTOB.

3. CrtocoOkI OIIpeaelIEHH S BEPOSTHOCTEH ITOSBIECHHU A IPOOJIEMHBIX CHTVaI[HH.

4. IToaxomasl K MOJEIHMPOBAHHIO ITPOOIEMHEIX CHTYaI[HIL.

5. OcOOEHHOCTH HCIIONB30BAHUSA KOIHMYECTBEHHBIX IIKal I 3aJaHHS OIEHOK
IIPeAIIOYTEHHS SKCIIEPTOB.

0. OcOOEHHOCTH HCIIOIb30BAHNA MTOPSAKOBBIX INKAI JJI 3aJaHII OIIEHOK ITPEMITOYTEHIS
BKCIIEPTOB.

7. OTIHYHUTENBHEIE YEPTHI CHCTEM ITOAACPKKH ITPHHITHS PEITIEHII.

8. BamsaHue HH()OPMAIIHOHHBIX TEXHOIOTHI Ha Pa3BHTHE CHCTEM ITOAJCPIKKH ITPHHSTHS
PELIEHHII.

9. Pazsurne skcrieptHon odomouxku DCIIIIP.

10. PacumpeHne yHucia BOIIPOCOB, BKIOUYacMbIX B DCIIIIP.

11. PacimpeHHe 4HciIa oTBETOB, BKIroyaeMbIX B DCIIIIP.

12. PacimpeHHe 4HCIa METOAOB IIPHHATHS pellleHHs, BKIroYacMbeIX B DCIIIIP.

13. Ommcanue anropHTMOB METOAOB, KOTOpPEIE ITpeanaraercsa BKIOUHTh B DCIIIIP, Ha
si3pIKE CHCTEMBI.

14. Ormcanie mpaBII pelIeHHs BEIOOpa HOBEIX METOHOB.

15. Ilogxonas! K pa3zpaboTKe albTEPHATHB ITPHHSATHS PEIIEHH 5L

16. BHabl HEONPeaEIeHHOCTH B IIPOIIECCE TIPHHSATHS PEIeHH L.

17. MoaenupoBaHHe ITOCIEACTBHI IIPHHSTHS PEIIEHH .

18. OT/IYHs CpaBHUMEBIX H HECPABHHMBIX KPHTEPHEB.

19. PazmiyHBIe MOAXOHI K KITacCH()HKAI[HH MeTOAOB IMPHHSATHS PEIIeHHU L.

20. DKCIIEPTHERIE OLIEHKH B IIPOIIECCE ITPHHATHS PEIEH.

21. BeiGop mxansl 3aj1aHH S OL[EHOK aJIbTEPHATHE B ITPOLIECCE IIPHHATHS PEIEHHS.

22. IIpHHIMITEL COTTIaCOBAHM A OLIEHOK allbTEPHATHE B ITPOIIECCE IIPHHATH S PEIIEHHS.

23. AHAIIHTHYECKHH 0030 CYIIECTBYIOIINX CHCTEM ITOAACPKKH ITPHHATH S PEIIICHHS.

24. AHAIHTHYECKHH 0030 CYIIECTBYIOIINX SKCIIEPTHRIX CHCTEM.

25. AHAIIHTHYECKHH 0030p HCITONB3YEMBIX METOJIOB IIPHHSATHS PEIIEHH S

26. AKCHOMBI pallHOHAIILHOI O MoBeAeHH. [lapagokc Ajie. DBPHCTHKH, HCIIONB3YEMEBIE
TFOJIEMH TIPH IIPHHSTHH PEITIEHMI.

27. IlpocTpancTBO DmkBopTa-Ilapero.

28. Kmaccuukalpig onepalifii IO CTeleHH CIIOXKHOCTH. OmNepallMH ¢ KPHTEPHSIMH, C
OLIEHKAMH aJIbTEPHATHB, C AIbTEPHATHBAMI.

29. @opmupoBaHHe Habopa KpuTepHeB. OIleHKa BaKHOCTH KPHTEPHEB.

30. MHorokpurepHanbHbIe 3a0aui. [IOIBITKH CHATHA MHOIOKPHTEPHAIIBHOCTH.

31. Metoas! BeKTOpHOH onTuMH3aimi. Metog STEM.

32. MeToabl BeKTOPHOH OINTHMH3AIHH. MeTopl, OCHOBaHHbIe Ha HH(POPMAIIHH O Mepax
3aAMEIIEHHAL.

33. IIoHATHE HEUETKOr0 MHOXKeCTBA. (DYHKIIHS IIPHHAUIEKHOCTH. HeueTKie BRIBOJHI.

34 JIMHIBHCTHUYECKHE IlepeMeHHBIe. MeTOoabsl OIpeaeneHHsT 3HAaYeHHH HeYeTKHX
IIPEMEHHEIX.

35. 3agaya o HazHAYeHHSIX. [10CTaHOBKA, IIPHHIIHIT PEIIEHHS.

MeTogu4uecKkHe peKOMeHJAINH K BbINOJHEHHI0 KOHTPOJILHOH PadoThI

A.JII‘HPHT MbI AHAJIH3IA JAHHBIX

AOKYMEHT MNOANMCAH
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YIpoIeHHBIH anropHTM Balieca - 53TO alTOpHTM KIacCH()HKAI[MH, OCHOBAaHHBIH Ha
BEIYHCIIEHHH VYCIOBHOH BEPOSTHOCTH 3HAUEHHH ITPOTHO3HPYEMBIX aTpHOyTOB. [IpH sTOoM H
IIPeQIIoIaraeTCs, YTO BXOMHEIE aTPHOYTHL SABIITIOTCS HE3aBHCHMBIMH H OITPEIelieH XOTS ObI OJIHH

BEIXOJTHOH aTPHOVT.

AJITOPHTM OCHOBaH Ha HCITOJIb30BaHHH (hopmyinl baieca. IIycTs -’1] : -'1'-”' v
I'PYyINIa HECOBMECTHBIX  COOBITHH, a I3 - HEKOTOPOE  COOBITHE, BEPOSITHOCTH KOTOPOIO
IOIIOKHUTEIbHA. TOorja yCIOBHAS BEPOSTHOCTE COOBITHA A, , ECIIH B Pe3yibTaTe SKCIIEpPHMEHTa

- ITOJIHA A

HaOIrO1aJI0OCh COOBITHE 15 , MOJKET OBITH BBIYHCIIEHA IT0 (POPMYIIE:

P(A:|B) = P(B|Ai) P(Aj) 1.1

T S P(BIA) P(A,) (-1

Ecmi TOBOPHTR O CYBI[ MS SQLServer 2008, TO TaM OIMCaHHE MOIEIH
HHTEIUIEKTYAIIbHOI' O aHaJl3a XPAaHUTCS B BHIE HEPApXHH Y3II0B. /11 YIIPOINEHHOIO alll OpHTMa
Baiieca nepapxug mmeeT 4 ypoBHI Cpefa paspaborku BIDevStudio 1mo3BonseT ImpocMOTPEThH
cofepknMoe MoAeaH (pHCYHOK 3.1). Ha BepxHeM ypOBHE HEpapXHH HaXOJHTCS Y3€ll CaMOH
MojJemH. CaMbIil HIJKHHH YPOBEHB COJACPKHT HH(POpPMAIMIO O TOM, C KaKOH YacTOTOH
BCTPEYAIINCH B 0OYYArOIIEH BEIOOPKE pasIMYHbIE 3HAYEHHS BBIXOJHOI O IIapaMeTpa B COUETAHUH
C YKa3aHHBIM 3Ha4eHHeM BEIOpaHHOIO BXOJHOIO IMapaMeTpa (PHCYHOK 1.1).

JIIIsT KOPPEeKTHOI'O0 HMCIIOIb30BAaHUSA VIIPOIIEHHOTO alropHTMa barieca HeoOXOIHMO
VUHUTEIBATE YTO:

- BXOJIHBIE€ aTpHOYTHI JOIKHBI OBITH B3aHMHO He3aBHCHMBIMIH,

- aTpHOYTHI MOT'YT OBITh TOJBKO JHCKPETHBIMH HIIH JHCKPETH3HPOBAaHHBIMH (B ITpOIiEcce
IMICKPETH3AIMH MHOKECTBO 3HAYEHHH HEIIPEPBIBHOIO YHCIOBOIO arpHOyra pa3OHBacTCs Ha
HHTEPBaJIbl H JaJIbIIe HeT padoTa ¢ HOMEpPOM HHTepBaja),

- AIMOPUTM TPEOYET MEHBIINETO KOIHMYECTBA BBIUYMCIIEHHI, YEM JPYTHE Al OPHTMBI
HHTEIIEKTYalIbHOI O aHalIn3a, npecTaBilsgeMble Microsoft SQLServer 2008, mosToMy OH 4acToO
HCITONB3YETCA IS IePBOHAYAIILHOIO HCCIENOBAHMS JaHHBIX. [Io TOM Xe IpHYMHE, JaHHBIH
AITOPUTM ITPEAIIOYTHTENEH I aHaiuu3a OOoJbIIMX HAOOpPOB MAHHBEIX C OOJBIMHM YHCIIOM
BXOIHBIX aTPHOYTOB.
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PucyHok 1.1. - [Ipocmorp mozenn Ha 0ase YIIPOINEHHOrO allOpHTMa bareca cpeacTBaMH
BIDevStudio

J[lI1 KOpPpPeKTHOro HCIIOIb30BAaHHS YIIPOMIEHHOIO alrOopHTMa balieca HeoOXOZHMO

YHHTBIBATE YTO.

- BXOJJHEIE aDpHOyIRI JOJIKHBI OBITH B3aHMHO HE3aBHCHMBIMII,

jJ] HTP@HHUFHU ML%J
Mltfl)i“ BIThH TGJ'JEBI{G AHCKPETHBIMI HIIH JHCKPCTH3HPOBAHHBIMII (E ITporccce

FATLEIRIRININ ] e 0

E lage ,EIHGKPETHBEH_[PEFI _EEIE}I{EGTEG 3HAYEHHH HEITPEPBIBHOI'O YHCIIOBOI'O ElTpHﬁ}"TEl pﬂBﬁI[E:ElETCH Ha

HHTEPBaJIbl H JaJIbIIe HeT padoTa ¢ HOMEpPOM HHTepBaja),
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- AITOPUTM TpeOYeT MEHBINEr0 KOIHYECTBA BBIYHCICHIIT, YeM JIPYTHE alTOPHTMEI
HHTEIUIEKTYallbHOIO aHalIn3a, npejicTaBlIsgeMble Microsoft SQLServer 2008, mosToMy OH 4acToO
HCIIOJIb3YETCS IS IIePBOHAYAILHOIO HCCIENOBAHMS HaHHBIX. [I0 TOH e IpHYMHE, JaHHBII
AITOPHUTM IIPEAIIOYTHTENEH I aHalH3a OoIbIIMX HAOOpPOB MaHHBIX C OOJIBIIIHM YHCIOM
BXOIHBIX aTPHOYTOB.

JlepeBbs pemieHmit (DecisionTrees)

JlepeBbsl pemieHHii (WIH JepeBbS NIPHHATHS pemenui, aHr. "DecisionTrees") -
CEMEHCTBO aJITOPHTMOB, ITO3BONISIONIMX C(OPMHPOBATh IIPaBHIIa KIACCH(PHKALMH B BHJIE
HEpApXHYeCKOH (IpeBOBHAHON CTPYKTYPHI). B psme ciaydaeB, JepeBbs PEIIEHHH ITO3BOJISEOT
TAaKJKe PEeIaTh 3aJaul PErPecCHH H ITONCKaA B3alMOCBSI3ENL.

PemmreHne  3ajauyd  KIAacCH(DHKAIMHM  3aKIIIOYacTCs B ONpeAelleHHH  3HAaueHHS
KaTerOpHAJIbHOI'O (JHCKPETHOI'0) BBEIXOJHOrO aTpHOyTa Ha OCHOBAaHHH BXOJHBIX JAHHBIX. I
ATOrO CHAyala ITPOM3BOAUTCS OLEHKA CTElleHH KOPPENSIHH BXOIHBIX H BEIXOIHBIX 3HAUYESHHII,
Iociie Yero oOHapyKeHHBIE 3aBHCHMOCTH OITHCBHIBAIOTCS B BHJIE Y3IIOB J€PeBa.

PaccmoTprm CIIE YOI IIPHMED. IlycTh B oOyyaroren BEIOOpPKE
HMeEETCS HH(OPMAIHI O TOM, KYITHII KITHEHT BEIIOCHIIE]] HIIH HET (IIPOrHO3HpPYeMOe 3HaYeHHE), a
TaKKe O BoO3pacre KIMeHTOB. Ha pHcyHke 1.2a mpHBeZeHa rHCTOrpaMMa, ITOKa3bIBAFOINAS
3aBHCHMOCTE IIPOrHO3HpyeMoro arpudyra "lIokyrarens Benocuiieqa" oT BXOmHOro "Bospact”

(OyzmeM cyMTaTh, YTO BO3pacT HMeeT TpH 3HadeHHI "Mnammmi", "Cpemmmi”, "Craprmoii").
['ncrorpamma 1.2b 1mokaseIBaeT, KaK 3TH JaHHbIE MOTYT HCIIOIB30BaThHCSI IPH ITOCTPOSHHH

IepeBa PEIIEHHH.

a) b)
Hacenenume
o BoapacT = Mnaawuvi | BozpacT = CTapwidi
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PucyHok 1.2 - IIpumep 1ocTpoeHH S y3i1a JepeBa pelleHHH U1 JHCKPETHOrO aTpHOyTa

[Io-gpyromy ajropurM padboTraeTr IIpH IIOCTPOEHHMH JepeBa I ITPOTHO3HPOBAHH S
HEIIPEPBIBHOIO CTONOIA. B 3TOM ciy4ae, KaXKIbIH y3€lI COJIEPKHT PerpPeCCHOHHYIO (DOPMYIIY,
a pazOHeHHe OCYIIECTBIIIETCS B TOYKe HEJIHHEHHOCTH B 3TOH (opMmyie. J[aHHBIT ITOIXO[
IokasaH Ha pucyHKe 1.3. IlycTh Hambonee TOUYHO HMEIOIHECS JaHHBIE MOKHO MOJEIIHPOBAThH
IBYMS COeJHHEHHBIMH JTHHHSMH (PHCYHOK 1.3a). /[epeBo pelleHHi B 3TOM CIIy4dae CTPOHTCS TaK,
KaK ITOKa3aHO Ha pHCYHKe 1.3D).

a) b)

Y BC2
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PucyHoxk 1.3. IlocTpoeHne pmepeBa pelIeHHH IS HEMPEPLEIBHOIO ITPOTHOZHPYEMOTO
aTpHOyTa

B cmydae Microsoft SQLServer, a1 Toro, YTo0bl MOXHO OBUIO TTOIYYHTh (DYHKIIHIO
JIHMHEMHOH PErpeccHH, B HA0Op CTaHIapTHRIX aJrOPHTMOB, HauMHasi ¢ BepcH SQLServer 2005,
OBITT BKIIFOUEH alTOPHTM JIHHeHHOI perpeccun (MicrosoftLinearRegression) o KOTOpPOM peyb

TIOHIIET HIKE.
[Ipn pemeHHH 3agayH KIacCH(HKAIMH, ITPOHAS OT KOPHEBOIO y3lIa J0 KOHEYHOIO

("mcra"), MBI IIOJTy4aeM pe3yibTar.

vlargetMail striuctiined (DRG] Siwt Puge Et

& Mg Shatrs | S Mg Macelr | D Mg Modsl Ve | 5] Mg Beorsce Chaet | T nna Mol Prasietioe

|} i bed ;| wTangetiel_OT = deseer | Mirese Tree Viewr =
Cwcmen Trew |I:|F-lr.d-lr.ll.-l-|ll.'.-uil.
g5 (dal<al (3 mrem I = S s - Dafyumpmansgn | Slowds .

Melegrarce (b = Bacyyreared: [ Cacec L v Lovod | | Love 10

PucyHok 1.4 -DparMeHT JHarpaMMbl JIepeBa PeIeHHH

HecoMHEHHEIM IIOCTOHHCTBOM IEPEBLEB PeIeHN I SIBIISIETCSI X
HHTYHTHBHAS IIOHATHOCTE. B 4aCTHOCTH, OITNCaHHBIE AEPEBOM 3aBHCHMOCTH MOJKHO IIETKO
IIepeBeCTH B IpaBHIa "ecmH-TO". HampumMep, 1o mpeAcTaBIeHHOMY Ha PHCYHKe 3.4 (hparMeHTy
IHarpaMMbl MOXKHO COCTAaBHTBL ITpaBHIIA CIIEAVIOIIETO BHAA: "ECIH KIHEHT BIIAJeeT ABYMSI
MaIllHHaMH, TTpoxuBaeT B permoHe "Pacific" (TuxookeaHCKII) H MOIoOxke 43 JIeT, TO OH C
BBICOKOH BEPOSTHOCTEIO IIPHOOPETET BEJIOCHIIES .

[Ipu 1mocTpoeHHH [epeBa pellleHHIl BaXHO JOOHTHCSI TOTrO, YTOOBI MOZENbh KOPPEKTHO
oro0pakaja oCOOEHHOCTH ITPeAMETHONH OOIIACTH H B TO K& BPEMS HE COJleprKala HEOIIPABAAHHO
OoJbInOro 4ymcia BeTBeH. CHINKOM "BeTBHCTOe" JIepeBO MOKET OTIHYHO KIacCH(MHIIHPOBATD
TaHHBIE M3 00y4Yaromero Habopa, HO HMETh HEBBICOKYIO TOYHOCTH ITPOTHO3HPOBAHIS JJISI HOBBIX
TAHHBIX. OTO SBIEHHE HasbIBacTcsa 'TiepeodyueHHeM'. J[i1s1 OOpBOBI ¢ HIMM HCIIOJIB3YETCS
OCTaHOBKa MNPH JOCTIDKEHHH OIIpeelIeHHBIX ITOPOrOBBIX ITOKa3aTeleH (HallpHMep, IO 00BheMy
TaHHBIX, ITOAAePKHBAIOITHX pa30HeHHe) H ITpolieaypa "oOpe3kH" JepeBa, B pe3ylnbTaTe KOTOPOM
HEKOTOPBIE BETBH OOBEIHHSIOTCS HIIH VAAILSTFOTC S

JIMHeHHas perpeccus

AJITOPUTM JIMHENHOH  PErPecCHH  IIO3BOIISIET  IPEACTABHTH  3aBHCHMOCTE  MEXIY
3aBHCHMOH H HE3aBHCHMOH ITE€PEMEHHBIMH KaK JIMHEHHYIO, a 3aTeéM HCIIOJIb30BaTh ITOIYYEeHHBIH

pe3ynbTaf i, TIpOTHOSIDepanIL. [ToM0GHEI IIpIMep NpeJicTaBIeH Ha pucyHKe 1.5. JIMHI Ha

Ceprvdp dHAI PAMME “ABIEIETC A HAPITY I IIIFINT JTETHEHHBIM IMpEACTAaBJIICHHEM JJdHHBIX.

Bnapneneuy llleGayxoea TaTbAHa AnekcaHapoBHa
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PucyHok 1.5. IIpmmMep HCIIOIB30BaHN S TIMHEHHOH PErPeCcCHU

B cmyyae oHOH He3aBHCHMOH ITepeMeHHOH (OJHHM perpeccopoM) 3ajaya MOKeT OBIThH

y=a+br

chopMyIHpOBaHa CIIEIYIONIM 00pasoM. YpPaBHEHHE OINMHCHIBAOIIEE THHHIO!

JIma £ -l ToukH OyJeT CIIpaBeIIHBO ) i = @+ b i T € , toe Ui - pasmma Mexmy

Q)HEI“H‘IEGI{HIMI SHaAYCHHCEM }!' H BBIMHCIICHHBIM B COOTBCTCTBHH YPAaBHCHICM JIHHITH. HNHaue
I'OBOPA, KaXIOH TOYKe COOTBCTCTIBYCT DI.T.III@I{E],:, CBA3dHHAA C€ €€ PdCCTOAHHEM OT IJIHHHH

perpeccur. HyHo ¢ momonipro nopdopa koagduirneHToB (I u b IIOIIYYaTh TaKOe YPaBHEHIIE,
yTOOEI CYyMMa OIIMOOK, CBSI3aHHBIX CO BCEMHM TOUKAMI, CTajla MHHHMAIbHOH. 171 peIeHHs 3TOH
3aa4H MOJKET HCIIONb30BaThCS, B YACTHOCTH, METOJ HAHMEHBIIHX KBaJIpaToB.

B SQLServer 2008 1rpu BeIOOpE alropHIMa IHHEHHOH PErPeCCHH BBIZBIBAETCSA OCOOBIH
BapHAHT aJITOPHIMa JiepeBa PEIIEHHI ¢ IlapaMeTpaMH, KOTOpble OIrpaHHYHBAIOT IIOBEcHHE
alropHTMa H TPeOYyIOT HCIIOJIb30BAHNS OITPEIETIEHHBIX THITOB JaHHBIX Ha BXOJE.

JINHeHHass perpeccHs SBISETCS IIONE3HBIM M IIMHPOKO H3BECTHBIM  METOOM
MOJEIIMPOBAHHS, OCOOEHHO JJIS CIIy4aeB, KOI/a H3BeCTEH IIPHBOAMIIII K H3MeHEHHSIM 0a30BBIH
(paKTOp H eCTh OCHOBAaHHS OKHAATh THHEHHBIH XapaKTep 3aBHCHMOCTH. CYINECTBYIOT TaKke H
IPYIHE THIIBL PETPECCHH, B TOM YHCIIE - HEJIMHEHHBIE.

AHanus BpeMeHHbIX pAaoB

B oO0mieM cinydae, BpeMEHHOH PSI - 3TO HaOOp WICIOBBIX 3HAUYEHHI, COOpPAaHHEBIX B
ITocIeJoBaTeIbHble MOMEHTEI BpeMeHH (B OOJIBIIIMHCTBE CIIy4YaeB - Yepe3 PaBHBIE ITPOMEXYTKH
BpeMeHH). B KadecTBe IpHMepa MOKHO Ha3BaTh KOTHPOBKH HHOCTPAHHBIX BalFOT HIH JPYTHX
OHPKEBBIX TOBAPOB, PE3YIBTATHl CEPHH ASKCIIEPHMEHTOB H T.II. l[elnbl0 aHalIH3a BPEeMEHHOIO
psita MOKeT OBITH BBISIBIEHHE HMEFOIIMXCS 3aBHCHMOCTEH TeKVIIHX 3HAUEHHI ITapaMeTPOB OT
MPeQIIECTRYIOIMX H IIOCIIEAVIOIee HMX HCIIOINB30BaHHE IS IIPOTHO3ZHPOBAHHSA HOBBIX
3HAYEHHI.

DakTHYeCKHe 3HAYEHHS 3JIEMEHTOB PsAa HCIIONB3YIOTCA IS O0yUYeHHS MOJEIH, ITOCIe
Yero JiejlaeTcs IIONBITKA ITPOTHO3a I VKa3aHHOIO YHCIAa HOBBIX 3IeMEHTOB. IIpumep
IMOJOOHOr0 aHarm3a IPEACTaBIEH Ha PHCYHKe 1.0, IZie IMYHKTHPHON JIMHHEH H300paKeHBI
IIpeCKa3bIBACMBIE 3HAUECHH L.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO
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Prcynok 1.6 - 'padHKH ¢ HCTOpHYECKHMH H ITPOTHOZHPYEMBIMH 3HAUEHHSMH psjia

PacCMOTpHM Teleph HEKOTOPEIE OCOOEHHOCTH peanmmi3al[ii anropurMa B SQLServer.
ANTOpHTM BpeMeHHBIX pagoB MaiikpocodpT (MicrosofiTimeSeries) mpegocraBisgeTr coOo0MH
COBOKYITHOCTh JBYX QJITOPHTMOB PETPECCHH, OINTHMH3HPOBAHHBIX JUISA IIPOTHO3a PSIOB
HETIPEPBIBHBIX YHCIIOBBIX 3HAYEHUN. OTHMH alll OPUTMAMH SIBIISFOTCSL

- "IIepeBO aBTOPErpPecCHH ¢ IepeKpecTHhIM ITporHosnporaHHeM" (ARTXp), KOTOpBIH
OITHMH3HPOBAH JJIS IIPOTHO3ZHPOBAHHS CIIEAVIOIETO 3HAYEHHS B PSAAY, IMOSBHIICI B SQL Server
2005,

- "HHTEIrPpHPOBaHHBIE CKONB3MNHe cpefHHe aBToperpeccHH” (ARIMA), SBISIOIIHIICS
OTPAcIIEBBIM CTaHAApTOM B JaHHOH oOmactH, mobaeineH B SQL Server, 4roOBl ITOBBEICHTH
TOYHOCTH JOJITOCPOUYHOTO IIPOrHO3ZHPOBAHIIS.

[To ymomiaHmio ciryk0b1 AnalysisServices HCITOIB3YIOT KaKIbIil alTOPHTM OTJIEIIbHO JIS
OOYYEHHMS MOJEIHM, a 3aTeM OOBEIHHSIOT Pe3yIbTAaThl, YTOOBI ITOIYYHMTH CAMBIH IIYYIIII

ITPOTHOS3. Taxkxe MOXHO ELIﬁpE],TB AJIHA HCITOJIb30BAHHA TOJIBKO OAMH aJI'OPHIM, B 3dBHCHMOCTH
OT HMMCIOIIIIXCH JaHHBIX H TpEﬁGEElHIIfI K IIPOI'HO3dM.
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PucyHok 1.7. - IIpocMoOTp mapaMeTpoB MOJEIHN

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NMOANWUCHIO

Ceprudmear 2cold@a PHOYHEE 0l 75 IPeACTaBICHBl TTapaMETPHl I OJHOTO H3 Y3JI0B ITPOTHO3HPVIOIIEH
Snanenyo Ie I OCHOBAHH O HA @/ OPHTME BPEMEHHBIX PSAOB. K13 pHCYHKA BHIIHO, UTO Y3 Ha CaMOM
IEeIe COAEPKHUT IMapaMeTphl I ABYX aJITOPHTMOB. Takke y pacCMaTpHBAEMOIO BPEMEHHOIO

B o e e . A A T s La B 4 10 L o]
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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paga 'R250 Europe: Quantity’ (xommduecTBO IpojJaHHBIX B EBpolie BemocHmieoB Mapku R250)
oOHapykeHa Koppemssig c¢ ApyruMm psggoM 'R750 NorthAmerica: Amount' (mpomaxku B
CeBepHoii AMepHKe BeJIOCHIIe 0B MapKH R 750).

YYer KOppelsmMH MeXAY pacCMaTpHBacMBIMH  psAJaMH  IWIH, HHAYe€ TOBOPS,
IIEPEKPECTHOTO BIIMSHIS, MOKHO OTMETHUTE B Ka4eCTBE OCOOEHHOCTH peallM3al[HH aJil OpHTMa
BPEMEHHEIX PSIIOB B SQL Server. 310 MOXKET OBITH BaXKHO, €CIIH OJJHOBPEMEHHO aHATH3HPYIOTCS
CBS3aHHBIE PSJAbI, HalPHMEpP, OIMCHBAIOINHE IIEHBI HAa He(Th M KOTHPOBKH BaIIOT
He(pTe ;00 BAFOIIIX CTpaH. JlaHH VIO TITOJIE3HYIO BO3MOKHOCTB IOIEPKUBAET
TOJIBKO aJmOopuT™M ARTXp. Ecimm g IIporHosza HCIOIB3YETCS TOIBKO anropurM ARIMA,
IIEPEKPECTHOE BIHSHHUE PAAOB HE YVUHTHEIBACTCSL.

TOYHOCTE IIPOTHO3a I BPEMEHHOI'O PSAa MOJXKET ITOBBICHTH YKa3aHHe H3BECTHOH
IePHOANYHOCTH. Hamprmep, B JaHHBIX O IIpoAakaxX MarasHHa CIIOPTTOBApOB ITO MeCSIlaM,
CKOpee Bcero, OyZIeT IIPHCYTCTBOBATh MEPHOAHYHOCTE 12 (110 YHCITy MECSIIER B TOLY).

Knactepusauusa

Kak MBI yKe pa3Oupalii paHee, KilacTepH3alis ITO3BOISIET CHI3HTEh PasMEPHOCTh 33 aull
aHaJI3a IMpeJMeTHOH 0O01IacTH, ITYTEM "e€CTECTBEHHOH' T'PYIOIMPOBKH BapHAHTOB B KJIACTEPHI.
Taxrm oOpaszoM, Knactep OyayT oO0beHHATH OJIM3KHE 110 COBOKYITHOCTH ITapaMETPOB SIIEMEHTEI,
H B HEKOTOPHIX CIIYYasX €r0 MOKHO paccMaTpHBaTh KakK eQHHOE Iernoe. Harmpumep, OnmuchIBas
KAaKOH-TO KYPOPTHBIH PETHOH MOKHO CKa3aTh B HeM 250 JHEH B roAy XOpollas IIOroja, He
BIaBasICh B ITOJAPOOHOCTH OTHOCHTEIIEHO TeMIIepaTyphl, aTMOC(EPHOr O JaBIEHHS H T 1.

B cinyyasx, xorga s IPyITIMPOBKH HCIIONB3YIOTCA 3HAUeHHS 1-2 ImapaMeTpoB, 3ajlaya
KIIaCTEPH3aAI[MH MOXeT OBITh OTHOCHTEIIbHO OBICTPO PpelleHa BPYYHYIO HIH, HaIlpHMED,
OOBIYHBEIMH CpeJCcTBaMH PadoThl ¢ pelasiHoHHBIMH b/[. Korga mapamerpoB MHOIO, BO3HHKAET
MOTPeOHOCTh B aBTOMATH3AI[HH ITPOIIECCA BRISBIIEHHS KIACTEPOB.

IIpegocTapimsgeMbli  aHAJIHMTHUECKHUMH  ciaykOamm  SQL Server 2008  amropHTM
KinacTepm3anii  (MicrosoftClustering), HcIonb3yeT HTepal[HOHHEIE METOJBI I T'PYIITHPOBKH
BAPHAHTOB CO CXOJHBIMH XapaKTepHCTHKAMH B KIacTephl. AJTOPHTM CHayala OIPEIEISIeT
HMEIOIIHECS CBS3H B HAOOpe JaHHBIX H Ha OCHOBE 3TOH HH()OpMAIHH (POPMHPYET KIIaCTEPHI.

HMaero MOXKHO IMPOWIIIIOCTPHPOBATh ¢ IIOMOINBIO JHarpaMM Ha pHCYHKe 1.8. Ha rieprom
srarie (pHCYHOK 1.8a) mMMeeTcd MHOKeCTBO BapHaHTOB, Janee (pHCyHOK 1.8b) mper
HTEPAI[HOHHBIH ITpolecC (POPMHPOBAHHS KIAcTepOB, H B HTOIe OTHOCHTEIIBHO HeOOJIBIIOH

Hﬂﬁﬂp KIIACTEPOB, KOTOPBIM MOKHO 3414Tb II,[[EHTH(IJI]I{E],TGPBI H ITPOJOILEKHTE dHAJIH3.
a) b) c)
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PucyHok 1.8. - Ilepexom oT OTJENBHEIX BAPHAHTOB K KIIacTepaM

ANroputM B3aMmMocBA3eH

AJITOPHTM B3aHMOCBSI3€H HIIH acCOIMAaTHBHBEIX NpaBHI (AssociationRules) mo3BoIsSeT
BBISIBUTh YaCTO BCTPEYAFOIIHECS COUETAHHS JIEMEHTOB JTaHHBIX H HCITOJIb30BaTh OOHapPY KEeHHBIE
3aKOHOMEPHOCTH I ITOCTPOEHHS ITPOTrHO3A. Kmaccrye ckii ITPHMEP -
STO aHAJIH3 ITOKYIIAaTeIbCKOH KOP3HHBI, KOIJa ITPOBOIHTCS ITOHCK TOBApPOB, HaHOOIee 4YacTo
BCTPEYARQHIIXCH B OIHOM 3akase (YeKe, TPAaH3aKI(HH), ITOCIE YEr0, Ha OCHOBE BBISBIIEHHBIX

L

T

b 3aKOHOMEPHOCT s CTaHOBHTESH0BO3MOKHOH BBIJadYa peKoMeHAarpi. IIprmmep HaOopa ImpaBHII,
nanenhopMIPYENIBIX " TOOOHBING: anTOpHTMOM TIpHBeJleH Ha pHCYHKe 1.9. IlpeaMerHas oO6macTh

- TOPIroOBJIA BEIIOCHIICAANIT H CBJA3aHHBIMH CIIOPTHBHBIMITI TOBaPdMIH. ,HJIH IIPHMCP4d, IIEPBOC

ITENEH" | b s ! I b
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ITPAaBHJIO TOBOPHT O TOM, YTO €CIIH B 3aKa3e IPHCYTCTBYET Jep KaTelb A1 BeJIOCHIIEJHOH (DISTH
H KeIlKa, ¢ BBICOKOH BEPOSTHOCTBIO OyleT IMpHoOpeTeHa H caMa (pirsra.

[MpasKno

Foad Botte Cage = Existing, Cwcling Cap = Existing - = WWater Bottle = Existing
Mounkain-z200 = Exiskting, Mountain Tire Tube = Existing -2 HL Mounkain Tire = Existing
Mounkain-200 = Exicking, ‘Wwater Bottle = Exicting - = Mounkain Bottle Cage = Exisking
Touring-1000 = Exisking, ‘Waker Boktle = Existing - > Foad Botkle Cage = Exisking
Road-750 = Exisking, "ater Bottle = Existing -= Road Boktle Cage = Existing

Touring Tire = Existing, Sport-100 = Existing - Touring Tire Tube = Exisking

Pucynox 1.9 -IIpmvep HaGopa mpaBwi, (POPMHPYEMEBIX aIropHTMoM AssoclationRules

Korga mogoOHBIT HaGop MpaBHI C()OPMHPOBAH, ero MOXHO HCIIOIb30BaTh, HAIPHMED,
11 QopMHPOBAaHHMSA pekKoMeHJarmil. CKakeM, ITOKYIIaTelro Jepkarells (ISTH M KellKH,
mpeiIokaT oOpaTHTh BHHMaHHE H Ha HMeoInHecsd (QJsrH. Bommpoc 3akimrodaeTcs B TOM, Kak
c(hopMHpPOBaTh MOZOOHBIE TIPABHIIA.

Jlms  BBISIBIIEHHS ~ 4YacTO  BCTpPEYaAlOIMHXCSI  HaOOpPOB OOBEKTOB  MOKET
HCITOJIb30BAThC alITOPHTM ApPIiorl, peamHszaiisd KOTOpPOro JIeKHT B OCHOBe H  Microsoft
Association Rules, mcrmomm3yromerocas B SQLServer. AnropHrM Apriorl ITOCIeI0BaTEIbHO
BBIZIETIIET YaCTO BCTPEYAIOMIHECS OJHO-, ABYX- H T.X., N-3JIeMeHTHBIe HaOopel. Ha 1-m sTarme
BBIJIETISTIOTCS 1-37IeMeHTHBIe HaOopel. ITpHyeM cHadvanma BBITOTHSETCS (popMHpoBaHHe HaOOPOB-
KaHIHAATOB, ITOCIIe Yero JJII HUX PacCUHTHIBAETCS MOIEPKKa.

ANropuTtMbl HeUPOHHbIX CeTeM

Hekoropeie 3ajauyH MHTEIUIEKTYAJIBHOI'O aHalHM3a JaHHBIX, B YacTHOCTH, 3ajlaya
KITaCCH(PHKALTHH, MOI'YT PEIIaThCSA C IIOMOMIBIO Pas3lIMYHBIX aJTOPHTMOB. B cllydae HalIM4isi B
IAHHBIX  CIOXHBIX  3aBHCHMOCTEH  Mexay  arpuOyramu,  "OBICTphEIE”  aJTOPHTMEI
HHTEIUIEKTYAIIbHOI'O aHallM3a, TakKHe Kak VIIPOIIEHHBIH alropHTM baiieca, MOIyT [JgaBaTh
HEeJOCTAaTOYHO TOYHBIH Pe3yIbTaT. YIIVUIIHTh CHTYAI[HIO MOXET IPHMEHEHHE HEHPOCETEBBIX
Il OPHTMOB.

HelpoHHBIE CETH - 5TO KIIacC MOAENIEH, IIOCTPOSHHBIX II0 aHaJoOrMHM ¢ pPaboToH
YeJIOBEUECKOro  Mosra. CyINecTBYIOT — pasiM4YHbBIe THIBI  CeTeH, B  YacTHOCTH, B
SQL Server aJilroOpHTM HEHPOHHOH CETH HCIIOJB3YET CETh B BHJIE MHOI'OCIIOHHOI'O IIEPLENTPOHA,
B COCTaB KOTOPOH MOJKET BXOIWUTH JIO TPEX CIOEB HEHPOHOB, WM IIEPLENTPOHOB. TaKHMMH
CIIOSIMH  SIBJISTFOTCS BXOJQHOH CIIOH, HEOOS3aTe/IbHBIN CKPBITHIH  CIIOH M BEIXOJHOH  CIIOH

(pucynok 1.10).

—
—

Pucynok 1.10 - IIpuMep cXeMbl HEHPOHHOH CETH. BXOMHOH CIIOH - 3€JIEHBIE V3IIBL,

CKPBITBIH CJIOH - TOJIYOBIE, BRIXOTHOH — JKEIITHIN
OOKYMEHT NoarmmcCAH
ANEKTPOHHOW NOANMUCHLIO

vt 2Co0 K@ RAMIT HEAPOMPITOMYYasT 0 THO HIH HECKOIBKO BXOMHBIX 3HAUEHMI (BXOZOB)H CO3MAET

M BRIX OHOE SHATERHE (OANH "M HeCKOIIBKO OJMHAKOBBIX BBIXOAOB). KaskIBIil BRIXOJ SBIISETCS

ITPOCTOH HeJIHHeHHOH (PYHKIMHEH CYMMBI BXOJOB, ITIOTYYeHHBIX HEHPOHOM. BXOMIBI IlepelatoTCs
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B IPSAMOM HAIIpaBIEHHH OT VY3JIOB BO BXOAZHOM CJIOE€ K Vy3lIaM B CKPBITOM CIIOE, a OTTYJa
IepeJaroTCsa Ha BRIXOMHOH CIOH. HelpoHBI B cOCTaBe CIIOS HE COEIHHEHBI APYT C APYTOM.
CKpPBITBIIL CIIOH MOXeT OTCYTCTBOBaTh (B YACTHOCTH, 5TO HCIIOIB3YeTCS aJrOPHTMOM
JIOTHCTHYECKOH PETPECCHH ).

HMMerorii Ooree IBYX COCTOSIHHIT JTHCKPETHBIN BXOMHOH aTpHOYT MOJIEIH
HHTEJUIEKTYaIbHOI O aHalIN3a IIPHBOAUT K CO3aHHIO OJHOIO BXOJHOIO HEHpOHA IS Ka’KIOro
COCTOSIHHSI H OJHOI'O0 BXOJHOTO HEHpOHA JJISI OTCYTCTBYIOHIETO COCTOSHHS (€CIIH OOy4YaroIle
TaHHBIE comepskaT Kakue-mHOo 3HayeHHSI NULL). HempepbhIBHEIN BXOJHOH aTpHOYT "co3maeT"
IBa BXOMAHBIX HEHPOHA: OJHH HEHPOH AN OTCYTCTBYIOIIETO COCTOSHHS M OJHH HEHMPOH I
3HAYEHHS CaMOI'0 HEIPEPHIBHOIO arpubyTa. BXomHple HEHPOHBI OOECIIEUYMBAIOT BXOOBI IS
OJTHOT'O HJIH HECKOIBKHX CKPBITHIX HEHPOHOB.

BRIXOIHEIE HEHPOHEI NIPEACTABILIIOT 3HAYEHH S IIPOTHOZHPYEMBIX aTPHOYTOB JJISI MOJIEII
HHTEIUIEKTYAJIbHOI'O aHalM3a MaHHBIX. JIMCKPETHBIH IIPOrHO3HPYEMBIH aTpHOYT, HMEFOILHI
Oomnee ABYX COCTOSIHHH, "CO3JAaeT"’ OAHH BBIXOJHOH HEHPOH JJIS KaKJIOI'O0 COCTOSHHS H OJHH
BEIXOIHOH HEMPOH 11 OTCYTCTBYIOIIEIO M CVYIIECTBYIOIIETO COCTOSHHS. HelpeprlBHBIE
IIPOTHO3HPYEMEBIE  CTONOILI  "CO3Mar0T" JBa  BBRIXOAHBEIX HEHPOHA.  OIHH HEHPOH I
OTCYTCTBVYIOIIETO0 HJIM CVYIIECTBYIOIIETO COCTOSHHMS M OXHMH HEHPOH JUIS 3HAYEHHS CaMOro
HEIPEPBIBHOIO CTONOIA.

HelpoH mony4yaer BXOABI OT APYTHX HEHPOHOB WIH H3 JPYTHX JAaHHBIX, B 3aBHCHMOCTH
OT TOrO, B KaKOM CJIO2 CETH OH HaXOAHUTCS. BXOIHOI HEMPOH IMOIYYAeT BXOABI OT HCXOTHBIX
TAaHHBIX. CKPBITHIE HEHPOHBI M BBIXOAHBIE HEHPOHBI ITOIYYAKOT BXOJBI M3 BBEIXOAA IPYIHX
HEHPOHOB HEHPOHHOH CETH. BXOABI YCTAaHABIMBAIOT CBSA3H MEXKIAY HEHPOHAMH, H 3TH CBS3H
SIBJISIEOT CS ITYTEM, T10 KOTOPOMY ITPOM3BOIUTCS aHAIHN3 IS KOHKPETHOIO HaOopa BapHAHTOB.

CHcremMbl o IePKKH NPHHATHA PelleHHil

MMoHATHE U apXUTeKTypa cUcTeMbl NoaAep>XKU NPUHATUA pelleHUiA

K HacTosmeMy BpeMeHH BO MHOTHX OpraHH3allisaX HaKOIUIEHBI 3HAUHTEIIbHBIE O0BheMBI
ITAHHBIX, HA OCHOBE KOTOPBIX MMEETCS BO3MOKHOCTh PEINEHHS PasHOOOPa3HBIX aHATIMTHYECKIX
H yIIpaBlIeHUYeCKHX 3aja4. IIpoGneMel XpaHeHHI H 00palOTKH aHAIHTHYEeCKOH HH(OpPMAIIHIH
CTaHOBATCSI Bce Oolee aKTyalbHEIMH H IIPHBIEKAIOT BHHMAHHE CIIEI[HAIMCTOB H (DHPM,
paboTaroImiuX B OONAacTH HH(MOPMAIHOHHBIX TEXHOJIOTHH, YTO IIPHBEIO K (DOPMHPOBAHHIO
TIOJTHOLIEHHOI'O PBIHKA TEXHOJIOTHI OH3HEC-aHAIH3a.

B mpeane pabora aHAIHMTHKOB H PYKOBOJHTEJIEH Pa3siIHYHBIX YPOBHEH JOIMKHA OBITh
OpraHH30BaHa TaK, YTOOBI OHH MOTJIH HMETh JOCTYII KO BCEH HHTEPECYIOIEH HX HH(] OpMaI[HH H
IOIb30BaThCAd VIOOHBIMH M TIPOCTEIMH CPEACTBAMH TIIpeACTaBlIcHHS M pPaloTEl C STOH
nHpopMalHeii. MMeHHO Ha JOCTIJKEHHE STHX Ieledl H HalpaBIeHB HH(OPMALHOHHBIE
TEXHOJIOTHH, OOBeJHHSIOINHECS IO OOIMMM Ha3BaHHEM XPaHIIHIN JaHHBIX H OH3HeC-aHaIM3a.

B coorBercTBHH ¢ omnpeaenenreM Gartner, OnsHec-aHam3 (BI, Business Intelligence) -
BTO KaTErOpHs IIPIIOKEHMI M TEeXHOJIOTHH i1 cOopa, XpaHEeHHS, aHa/IM3a M ITyOIMKaI[Hi
TAHHBIX, TIO3BOILIIOIIAS KOPIIOPATHBHBIM IIOJB30BATEISM ITPHHHMAThL JIVUIIHE PelleHHsI. B
PYCCKOS3BIYHOH TEPMHHOIOIHH MOAOOHEBIE CHCTEMBI HA3EIBAIOTCS TAKKE CHCTEMAMH ITOMIEPKKI
npuHsITHA perneHui (CIITP).

COop M XpaHeHHe HH(pPOpPMAIHMH, a TaKKe PeIleHHe 3aJad HH(OPMAIOHHO-IIOHCKOBOIO
sarpoca 3(PpPeKTHBHO Pealn3yIOTCS CpellcTBaAaMH CHCTeM yIpaBiIeHHS 6azamH JaHHBIX (CYE]]).
B OLTP (Online Transaction Processing)-lmoacHcTeMax peaaH3yeTcs TPpaH3aKIHOHHAS

of -
ﬂﬁpﬂﬁﬂgjﬁ%{%ﬁ?ﬂﬂﬁ%ﬁ nﬂ%ﬁ%@gpeacmmﬂﬂ OLTP-cucteMbl He TIOAXOASAT JUIA IIOJHOIIEHHOTIO

Cepru AHATITE3 80 o KD QRNEALEHEE ;B 5 (SHEHY o JHROTHBOPEYHBOCTH  TPeOOBAHHH, IPeIbABIsSeMBIX K OLTP-
BnapendgHCTeNManp# @EE Roekcannposna

JIng mpegocTaBIeHHS HeOOXOMMMOH JId IIPHHSITHSA PelleHHH HHQOpPMAaIHH OOBIYHO
feicrevFEPHXOATETOL n€O0HPATh JTaHHBIE M3 HECKOIBKHX TPAH3aAKIIHOHHBIX 0a3 JaHHBIX pas3IHYHOH
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CTPYKTYPEL H cofep:kaHHsa. OcCHOBHafg IpoOieMa IPH 3TOM COCTOHT B HECOITIaCOBAHHOCTH H
IIPOTHBOPEYHMBOCTH ATHX 0a3-HCTOYHHKOB, OTCYTCTBHH E€IHHOIO JIOTHYECKOI'O B3ITISAA Ha
KOPIIOpaTHBHBIE JaHHBIE.

Iloaromy g oOwemuHeHHs B omgHoH cHcreMe OLTP wu CIIIIP mig peamnszarim
MOACHCTEMBI XPaHEHHSI MCIIONB3YIOTCS KOHIIEIMMS XpaHwm gaHHBIX (X]J[). B ocHope
KOHIIeImMH X ][ MeXUT Haesd pa3AcieHHI JaHHBIX, HCIIOIB3YEeMBIX IS OIEPaTHBHOH 00paboTKH
H JUIS PelIeHH 3aJay aHalM3a, YTO IIO3BOISET OINTHMH3HPOBATH CTPYKTYPHI XpaHeHHS. X][
ITO3BOIISIET HHTETPHPOBATh paHee pa3beAHHEeHHBIE AeTATH3HPOBAHHEIE JAHHBIE, COAEPKAIIHECS
B HCTOPHYECKHX apXHBaX, HaKaIlIMBAEMBIX B TpaaMIIHOHHBIX OLTP-cHcTeEMaX, IMOCTYIIAIOIIHMX
M3 BHEINHNX HCTOYHHKOB, B c€IHHYIO 0a3zy [aHHBIX, OCVINECTBISA HX IIPEIBAPHUTEIILHOE
COITIacOBaHHeE M, BO3MOJKHO, ar PETal[HIO.

MoacHcresa
WHH O PRAELYH OH H -
AomcKoRarG
& HEES
JGYBO.SAL)

MoacdcTama
MoacHcTEME 2paHeHHA O MEEETHEHIND
wrchopmal e [SYEL wiWnm amanuaa (OLAP)
X0

H 8 PR s Moacacrema AHAMAT A
HHTEAME T SRLH D

ro aHanwaa (Data
Petirmirg |

MogcHcTems E2008
(CY'EI = OLTPY

il

|-|l:-,'J,-3H|: Tekid SHENHYS

PucyHok 1.11 -Apxurexrypa CIIIIP

[Toacucrema aHami3a MOKET OBITH IIOCTPOEHA HA OCHOBE:

- IOJICHCTEeMBI HH(POPMAI[HOHHO-IIONCKOBOI'O aHanH3a Ha Oaze pelsmpoHHBIX CYBJl u
CTaTHYECKHX 3aIIPOCOB C HCIIOIb30BaHHEM S3bIKa SQL;

- TIOJICHCTEMBI OIEPAaTHBHOIO aHAIH3a. JIIIg peam3alii TaKHX TTOJICHCTEM ITPHMEHSET CS
TEXHOJIOTHS OIEpaTHBHOH aHAIMTHYeCKOH o00paborkn pgaHHeIX OLAP, HCImomb3yromas
KOHIIEIMIHIO MHOTOMEPHOT' O IIPeACTaBIEHNIT JaHHBIX

- TIOJICHCTEMBI HHTEIIEKTYAIIBHOI'O aHall3a, peajIM3VIOIHE METOABI H alrOpHTMBI Data
Minmng.

OcCHoOBHbIe cBejeHUA O cucTeMax noanep>XkKu NPUHATUA pelleHUH

B 1980-¢ IOl aMEPHKAHCKIE 151 SITIOHCKHE KOMITAHHIH HayvyaaH
pa3BHBATh HH()OPMAI[HOHHEIE CHCTEMBI, KOTOpBIE Pa3HTEIbHO OTIHYanHch oT MIS. Ot
CHCTEMBI ITOIMOXKHIM Hayaiao Iporeccy "HHTerekTyamms3anpn” KMC. HoBele cHcTeMbl OB
MEHBIIIMMH, HHTEPAKTHBHLIMH, M HX IIEIBI0 OBIIIO ITOMOYE KOHEYHBIM ITOIB30BATENISAM padoTaTh
CO BCEMHM THIIAMH [JAHHBIX, IIPOBOAWUTH AHAIHTHYECKHE HCCIEHOBAHMS, CTPOHTH MOJIEIH H
paseITPEIBATh  CI[EHApHH I  pelieHHsa  clnabloCTPYKTYPHPOBAaHHEIX M BOOOIIE
HECTPYKTYPHPOBAHHEBIX ITPOOIIEM B HHHOBAIIHOHHBIX IPOoeKTaX. CHCTEMSBI, ITPeJIOCTABRIISIOIIHE
TaKHe BO3MOKHOCTH, Ha3bIBAIOTCS CHCTEMAMHU IO JIEPKKHU TIPHHATHA
perneHmii - CIITIP (Decision Support System - DSS) | Turban
E., hitp://vuweweatcoongiaasind. himl |.

- Ba”ﬁéippéﬁﬁpé”ﬁ%bf{@ TAKIHE ., CHCTEMBI CTalH HCITONb30BAaThCSA B TEKYINEH AEATEIIBHOCTH

Kp}fﬂ:ﬂ:{ﬂ}{}{ﬂmmﬂ‘i H-kopHOpalHil. B HacTosmee BpeMda DSS gBinsgeTcsa o0sS3aTelIbHOH YacThIO
xopriopaTHBHBEIX MC (KHUC) (pucyHok 1.12).

WEH" | } 08 2022 no 19.08_21
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PucyHok 1.12 -Cucrema mogaep KKy IIPHHATHS PEIeHN S KaK cocTaBHas yacth KHC

JlaHHble, IpHBeJcHHBIe B Tabmmaie 1.1, TIIOKAs3pIBAIOT  pasiHYHd  MEXIAY
cucteMaMu MIS u DSS.

Tabmma 1.1 - Pasmiumsg Mexay cucreMamMu MIS u DSS

Bnapnen:

[TapameTp MIS DSS
KoHilermms4 ObecrieunpaceT OO0ecrieunBacT HHTETPHPOBAHHBIE
(p OpMaITH30BaHHEIE H YACTHYHO HHCTPYMEHTAILHBIE CPEJICTBA,
(p OpMaITH30BAHHEIE JaHHBIE JJIS MHOI' OMEPHBIE Pa3HOPOIHEIE
ITPUHSATHS CTPYKTYPHPOBAHHBIX JIaHHBIE, JHHAMIYECKHE MOJIEIIH H SI3bIK
PEIEHHI HHTEPIIPET AL
CHCTEMHBIH Brigenser HH(pOpMaIHOHHBIE OopMHPYET HOPSIOK IIPHMEHEHH S
aHaIN3 TpeOOBaHHS B COOTBETCTBHH C HHCTPYMEHTAIIbHBIX CPEJICTB H
YCTAHOBJIEHHBIMH ITPaBIIAMH IHHAMHYECKHX TTPAaBHII B ITPOLECCE
pPaboTHI
[Ipoekrt [TocTaBnsaeT HHQOPMAITHIO, HMTepaTHBHEIH ITpolecC JOOABIEHH S
OCHOBAHHYIO Ha YTBEPKJAEHHBIX | HOBBIX JAHHBIX H HH() OPMAIIHH,
TpeboBaHH SIX BBITEKAIOIII M3 JHHAMHKH CPEJIBI
HMcTouyHnk BHYTpeHHSII H YaCTHYHO BHeIHAI H BHYTPEHHSI Cpelia
JTAHHBIX BHEIIHSS Cpela
[Tonp3oBarenn | MeHeIKephl SKCIDTYaTal[HOHHOrO | BEICIIIee PYKOBOJICTBO, MEHEIKEPHI
H YIIPARIEHYECKOI O YPOBHEH nerapraMeHToB, MT-cimyxo0,
VITPABJIEHUYECKOTO YPOBHSL, aHATTHTHKH

[IpuBeieM OCHOBHBIE XapaKTEPHCTHKH CHCTEM ITOAIEPKKI ITPHHSTHS PEILIEHHS:

- TIpeIararoT THOKOCTh HCITONIB30BAaHHSL, aJallTHPYEMOCTE H OBICTPYIO PeaKI[HIO,

- IOITYyCKAaIOT YVIIPaBIEHHE BXOJIOM H BBIXOIIOM,

- paboTarOT ITPaKTHYECKH 0e3 Y4acTHS IMPo()eCCHOHAILHBIX ITPOIPAMMICTOR;

- o0ecreyBar0T HH(QOPMAIIHOHHYIO IIOAJEPKKY IS PellleHHH ITpoOIIeM, KOTOPHIE HE
MOTYT OBITH OITpe/ieIeHbl 3apaHece,

- IPHMEHSIOT  CIOXKHBIIL ~ MHOTOMEPHBII H  MHOIO(AKTOPHBIH  aHAIH3  H
HHCTPYMEHTAIBHEIE CPEACTBA MOJCIIHPOBAHH L.

Xoporo  paspadoTaHHBIe DSS IPUMEHSIOTCS HA MHOTHX VPOBHSX  ITPEAIIPHSTHS.
PyKkoBogHIemmE-KOMITAHIE H BeAVIINHE MEHEIKEPEl MOIYT IIOIb30BAaThCS (DHHAHCOBBIMH

ANE g HOW NQONWUCEID
MQI[}iHMIﬁgjﬁ{E}%%I[HpEI[CKHBﬂIL Bd)d)EI{TI[BHGGTL HCITIOIIB30BAHIA aKTHBOB KOMIIAHIH ITPH

H3MEHeHH - JeTT0B O« AKTHBHOCTH IWIH 5SKOHOMHYECKOH CHTYAIlHH B CTPp4dHC. MEHE,[[}KEP%I
CPEAHEI'0 3BCHdA Td KC CHCTEMA MOMKET OBITH IIOJIE3HOH I OLleHKH IICPCIICKTHBHOCTH

: -:;;-KpﬁTKGEPG?H;[hIXuHHI&@GTI[L[Hﬁ ITO BBITTOJIHACMBIM ITPOCKTAM. I[JIH p}fI{DEG,I[HTEHEﬁ IIPOCKTOB - 3TO
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HHCTPYMCHT JIA (I)I]HEIHCGEGI‘G ITIaHHPOBAHIA H PacIIpCACIICHITA CPCACTB IIO IUIAHHPYEMbBIM

3AKYTIKAM.
DSS cocToar W3 TpexX KOMIIOHEHT: IIPOrPaMMHOIO sapa H XPaHWIHINA JaHHBIX,
AHAIIMTHYECKHX  CPeACTB  00OpaOOTKH, aHalH3a M IIPeACTaBIeHHS  HH(OpPMAIHH,

TCIICKOMMYHHKAIIIOHHBIX }"GTpGﬁGTE.

Opyrwe
EOMNERTERHEIE H
MHpopM aUMOHHLIE

EBHemHMe M CHETEMI
BHYTDEHHWE
NaAHHRIE

F i

ki

Coucmema noddepsyn MPpUHAMUA
e el
"I—-_________-_-_
— YnpaenexHwe e = Moaenu
e ER———— ‘_,’ff HAHHEIM K ynpasneHus
T —
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MonL3oBaTenscKui
uHTepdenc
H-aﬂamp—

MONbLIDBATEND

PucyHok 1.13 - OCHOBHBIE KOMITOHEHTEI CHCTEMBI ITOJAEPKKH ITPHHATHS PEIleHIT

XpaHWIHIIE JaHHBIX IIPEAOCTABISET EHHYIO CPEQY XPAaHEHHA KOPIIOPATHBHBIX JaHHBIX,
OPraHM30BAHHBIX B CTPYKTYPHI H ONTHMH3HPOBAHHBIX IS BBIIOJIHEHHS aHAIHTHYECKIX
OTIEPaL[HH.

AHaMTHYECKHE CPEICTBA ITO3BOIISIIOT KOHEYHOMY TIIOJIb30BATEF0, HE HMEKOIIEMY
CIIEIHAILHBIX 3HAHHI B 0OJIACTH HH()OPMAIIHOHHBIX TEXHOIIOTHH, OCYINECTBIISTH HABHTAI[HIO
H IIPeJCTAaRIIEHHE JAaHHBIX B TEPMHHAX ITPeIMETHONH OOIacTH. [ IIOIB30BaTelel PasTHYHOH
KBaITH(pHKAIMH DSSpacriojlararor pa3inHyYHbBIMH = THIIAMH HHTepPEeHCOB JJOCTYIIa K CBOHM
cepBHCcaM (pHCYHOK 1.13).

AHaMTHYECKHE CHCTEMBI ITO3BOIISFOT peraTh TPpH OCHOBHBIX
33a4H. aHAIM3 Pa3HOPOIHOH MHOIOMEPHOH HH () OpMAaIIHH PasHOM CTETIEHH
(pOpPMaTH30BaHHOCTH B pealbHOM BpPeMeHH, IIOCIE YOI HHTeJUIEKTYyallbHbIH aHAalIH3
TaHHBIX C IIOCTPOEHHUEM MOJIENEH Pa3sBHTH S JIETIOBOH CUTYAI[UH U BEIEHHE OTYETHOCTH.

[Iporiecc mMpHHATHSA IENOBOro pelleHHSI (PHCYHOK 1.14) ornmdaeTrcs OoT aHAIOTHYHOIO
Impollecca B HAYYHOH WIH COIHMAIbHOH cepe TeM, UTO Ipeolpa3zoBaHHe padouel THIIOTE3EI B
PEIIEHHE OCIIOKHSAETCS IBYMSI OOBEKTHBHO CYINECTBYIOIIMMI ITPOOIIE MAMH.

Mopenes

PeLueHWe

3HaHue

Ceptudomkar: 2C00000 w B8952205E7BAS00060000043E
OBHA

Bnaneneu: lebayxosa 1aTesaH Af ca
IIG}"HDI{T fi{ ﬁTepammmmn ITPOLICCC ITPHHATHA PCHICHHA

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[lepBast M3 HIX COCTOHNT B TOM, YTO HAKOIUIEHHE JIMYHOI'O OIMBITA B XOJE ITOBCEIHEBHOIM
IeATEIbHOCTH Y OM3HECMEHOB OTCTAeT OT JHHAMHYHOI O H3MeHEHH S SKOHOMHYECKOH CHTYAaI[HH -
YTO OCOOEHHO XapaKTePHO IS cOBpeMeHHOH Poccuu. Bropas mpoOnema 3aKiIIOYaeTCs B TOM,
YTO BIPEAIPHHHIMATEIIECKOM JeSITEIPHOCTH - Ja €I B YCIOBHAX CBOOOJHOIO PHIHKA -
MMPAKTHYECKH OTCYTCTBYET BO3MOKHOCTh ITPOBEJECHHS IIEIIEHAIIPABIEHHBIX 3KCIIEPHMEHTOB,
KOTOpPHIE TTO3BOJIIOT ITPOBEPSTH ITPAaBHIIbHOCTh THITOTE3bI Ha ITPAaKTHKE.

Clle1oBaTeIIbHO, IIPHMEHHTEIBLHO K OH3HEC-AESITEIIbHOCTH ITPOIecC IPHHSTHS PEeIleHHS
IpeTeprieBaeT pa3phlB KaK MHHHMYM B JIBYX TOYKaX: Ha ATalle BEIIBHJKEHHS THIIOTE3 H Ha
aTalle SKCIIEPUMEHTAJIbHOH BepH(HKAIIMH MOJelIeH. JIHKBHAHNPOBATh 3TH Pa3phIBBEI IIPH3BAHO
aKTHBHO pa3BHBAIOINEECS HaIpPaBIEHHE HH(POPMAIMOHHBIX TEXHOIOIHH - TEXHOIIOTHS
MHOTOMePHOI0 aHamm3a JaHHBIX (On-Line Analytical Processing - OLAP).

KoOpoTKo 3Ty TeXHOJIOTHIO MOKHO OXapaKTepPH30BaTh CIIEIYIOMIHMH CIIOBaMH:. BEICTPHIIT
AHamH3 Paznensemon MHoromMepHoi HMudopmarim (FastAnalysis of
Shared Multidimensional Information - FASMI).

[[eHHOCTh TEXHOJIOTHH MHOI'OMEPHOI'O aHAJIN3a JaHHBIX JJI1S OH3HEca OIMPEIelIIeTCsS TEM,
YTO OHa ITO3BOJISIET H3BJIEKATh H3 "CBHIPHIX" CTPYKTYPHPOBAHHBIX (KaK ITPAaBHIIO, B BHJE TaOIIHII)
TaHHBIX HH()OPMAIIHIO H 3HAHHS, HCIIOIb30BaHHEe KOTOPBIX B IIPHHSITHH H Pealll3al[HH PelleHHH
TTO3BOIISIET CO3JaBaTh JOITOJIHHTEILHYE CTONMOCTh B KOMITAHHH IT0 CPAaBHEHHIO CO CTOHMMOCTBIO,
CO37[aBa€MOH B OTCYTCTBHE TaKOH HH()OPMAI[HH.

HHTE.]IJIEET}’H.]IBHBIE CHCTEMbI

CTpyKTypa MHTenneKkTyanbHOW CUCTeMbl

C pa3sBHTHEM KOMIILIOTEPHBIX TEXHOIIOIMI MEHSUICS CMBICII, BKIAAbIBAEMBIH B ITOHSATHE
HH(pOPMAaI[HOHHOH cHcTeMbl. CoBpeMeHHas HH(QOpPMAaIIOHHAs CHCTeMa — 53TO Habop
HH(pOPMAaI[HOHHBIX TEXHOJIOTHI, HAaITPaBIIEHHBIX Ha TTOAIEPKKY
’KH3HEHHOT O I[HKJIa HHQOPMAIlHH H BKIOYAKOINIETO0 TPH OCHOBHBIX ITpoIecca: 00paboTKy
JTaHHBIX, VIIPaBIIEHHEe HH(pOPMAIlHEH M YIIPABIEHHE 3HAHHSIMH. B YCIIOBHSIX Pe3KOro YBEIIHYEHHS
00BeMOB HH(pOpMALMH IepeXo] K padoTe CO 3HAHMSIMH Ha OCHOBE HCKYCCTBEHHOIO HHTEJUIEKTa
SIBIISIETCSL, TI0 BCEH BEPOATHOCTH, e HHCTBEHHOH aJIbTe pHATHBOH HH(POPMAaIHOHHOI O OOINECTRA.

CormacHo onpegenceHuro JI.A. Ilocrienoa, "CHcTeMa HasBIBaeTCS HHTEIUIEKTYalIbHOMH,
€CIIH B HEH peallH30BaHEI CIIeAYIOIHE OCHOBHBIE (DYHKITHH:

- HAKaIUIMBAaTh 3HAHHA OO0 OKpPYKAKMeM CHCTEMY MHpe, KIaCCH(HIMPOBaTh H
OLEHHMBATh HMX C TOUKH 3PeHHS IparMaTHYeCKOH IIONE3HOCTH H HEMPOTHBOPEYHBOCTH,
HHHI[HHPOBATh ITPOILECCHI TIOMYUEHHS HOBBIX 3HAHHI, OCYIIECTBIISITH COOTHECEHHE HOBBIX
3HAHIIL C paHEe XPaHUMBIMH,

- TIOTIONTHATE ITOCTVYIIMBIIME 3HAHMS C ITOMOINBIO JIOTHYECKOI'O BBIBOJA, OTPAKArOIIETO
3aKOHOMEPHOCTH B OKPYZKAIOIIEM CHCTEMY MHPE B HAaKOIUIEHHBIX €10 paHee 3HaHMSIX, IOITy4arh
0000INleHHBIe 3HAHHS Ha OCHOBe OOllee YAaCTHBIX 3HAHHH M JIOTHYECKH IUIAHHPOBATh CBOXO
IESTEIBHOCTD,

- OOIATECSA C YEJIOBEKOM Ha S3BIKE, MAaKCHMAaJIbHO IPHOIIKEHHOM K €CTECTBEHHOMY
YEIIOBEYECKOMY S3BIKY,

- IIOIIY4YaTh HH(OPMAILHIO OT KaHAJIOB, aHAJIOTHYHBIX TEM, KOTOPHIE HCIIONB3YEeT YEJIOBEK
IIPH BOCITPHSTHIH OKPY KaIOIIEro MIHpa,

- yMeTh (POPMHPOBATh IS ceOs HIIH 110 IpochOe YelnoBeKa (ITOIIb30BaTeNs) O0BSICHEHHE
COOCTBEHHOH JIESITEILHOCTH,

- OKa3bIBATh ITOJIH30BATEIIO MTOMOIIB 3a CUET TeX 3HAHHI, KOTOPBIE XPAHATCS B ITaMSITH, 1
TEX JIOTHUECKIIX CHENICTR, ACCYXKJIEHHIL, KOTOPBIE IIPHCVIIH CHCTEME".

CPIBASHRBIRYCPRHKIINN MOJKHO Has3BaTh (DYHKIISIMH ITpeJCcTaBIeHHSI H O00palOTKH
Eizlfgﬁh}%%ﬁiﬁgﬁﬁmﬁpﬁWE Hapsamy c GﬁﬂﬁﬂTEHLHEEMI KOMITOHEHTAMH, B 3aBHCHMOCTH
OT pelllaeMbIX 3aJad H 00JaCTH IMPHMEHEHHSI B KOHKPETHOH CHCTEME 3TH (DYHKI[HH MOI'YT OBITh

PEAIIH30BAHEL B EﬂBJ’JII‘H—IGﬁ CTCIICHH, YTO OIIPCACIIACT HHIHBHAYAJIIbHOCTDE aPXHTCKTYPHIL.
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13.3.2 Ba3za 3HaHUXU U KOMMOHEHTbI UHTeNnNeKTyanbHOU CUCTEeMbl

Ha pucynke 1.15 B HanOosee oOrieM BHIE IIPeACTaBlIeHa CTPYKTYpPa HHTEIUIeKTYallbHOH
CHCTEMEI B BHJIE COBOKYITHOCTH OJIOKOB H CBS3eH MKy HHMH.

basza 3HaHII ITpeACTaBIIET COOOH COBOKYITHOCTH CPel, XPaHSIIMX 3HAHHSI pasiIMUHBIX
THITOB. PaccMOTpHM KpaTKO HX Ha3HAauUEcHHE.

Baza (pakTOoB (JaHHBIX) XpaHHT KOHKPETHBIE JaHHBIe, a 0aza IIPAaBHII — 3IIeMEHTapHEIE
BEIPAKEHH S, Ha3bIBAeMBIE B TE€ OPHH HCKYCCTBEHHOI'O HHTEIUIEKTA ITPOIY KI[HLSIMH.

baza Ipoleayp COOEPXHUT IPHKIAAHBIE IIPOrPpaMMBI, C IIOMOIIBI  KOTOPBIX
BEHITIOJIHSFOTCS BCE HEOOXOIMMBIE TIPe00pa3s0oBaHHs H BEIUHCIIEHHS.

basza 3aKOHOMepHOCTEH BKIIOYAET Pa3iIHUYHbIE CBEIEHHS, OTHOCSIIHECS K OCOOEHHOCT M
TOH CPEJBI, B KOTOPOH AEHCTBYET CHCTEMA.

Baza meTtasHanmii (0a3a 3HaHHH O ceOe) ColepsKHT OIMHCaHHE CaMOH CHCTEMEI H CITOCOOOB
ee (DYHKIIHOHHMPOBAHHS. CBEJEHHS O TOM, KaK BHYTPH CHCTEMBI ITPEICTABILIIOTCS €IHHHIIEI
HH(pOPMAI[HH Pa3IIMYHOIO THIIA, KaK B3aHMOAECHCTBYIOT Pa3IHYHbIE KOMIIOHEHTEI CHCTEMEI, KaK
OBIIIO TTOJIYYEHO PEeIlleHHE 3aJauyH.

basza Ieneln COMepKHUT ILENEBBIE CTPYKTYPHL, HA3BIBAEMBIE CI[EHAPHSIMH, ITO3BOJISIOIIHE
OpraHH30BaTh ITPOIIECCH JBHKEHHS OT HCXOJHBIX (DAKTOB, ITPAaBHII, IPOLEAYP K JOCTHKEHHIO
TOH LIEJIH, KOTOPas IOCTYITIIIA B CHCTEMY OT ITOIIb30BaTeNd IHO0 Obllla CpOPMYIIHPOBAaHA CaMOM
CHCTEMOI B ITPOLECCE €€ AEATEILHOCTH B IIPOOIIEMHOMN CPEIE.

|  CPEIA
[ 1
‘ Feremnmophl I | MupekTOp R |
MamHa 0aikl JaHHEIX Peuarenk
. et e M JlenVETHRHEN
Basa dakmopos N NLIBOK
| MHTYVETHRH B
baza npasun " BHIROI
| lpasaomonebHLIN
Basza npoucoyp " BEIBO
baia o PYHEUHOHAIEHEE
WEOHOMEPHOCTEH NpeotpaIoRaH KA
baia meTasHaHWi . | | TaHnpoBaHEE
=
o . » Pabotes MecTo
bada uenen . TTAMATH
CHCTEMA CHeTeMa
YIPABACHHA - YTIARTEHHA -
ﬁu'j-i.l".ll-[ FHAHKMEA i BEIATCnA
EcTecThRe HHO=A3RIKOROH
HHTepdielc NOTL30EATETA
I [Mons3oBaTeas
PIIE%-’PWEHIF NMMWMOBIIIAST CTPYKTYPA HHTEJUIEKTYAILHOH CHCTEMBI
POHHOW NOONMUCHLIO p yp y

Ceptudpmkar: 2C0000043E9AB8BBI52205E7BAS00060000043E
Brnagenew:  WeOYTIpdBTIeHMeexcBCBMM Oa3zaMI, BXOISIIMMH B 0a3y 3HaHMI, M OpraHHM3al[HIO0 HX

BSEIIIMG,I[E:ﬁGTEHH OCYIICCTBIIACT CHCTCMA VIIPABIICHIMA OazamH 3HaHmIl. C ee XKe ITOMOIIIBIO
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pPeanu3yIOTCS CBS3H 0a3 3HAHHIL C BHEINMHEH cpeJor. Taxkum oOpasom, MallmHa Oasbkl 3HAHIIH
OCYIIECTRILIET MEPBYIO (DYHKITHIO HHTEJUIEKTYaJIbHOH CHCTEMBI.

BrimonHeHHe BTOpPOH (YHKIIHH oOeclleyHBaeT 4YacTh HHTEJIEKTYallbHOH CHCTEMBEI,
Has3bIBacMas pelareyieM H COCTOAINAasA M3 psfga OIOKOB, KOTOPBIE VIIPABIISIEOTCS CHCTEMOH
yITpaBJIEHHS perrareiisl. YacTe 3 OJI0KOB pea3yeT JIOTHYE CKHUI BRIBOJ.

BIIOK JAeIyKTHBHOTO BEIBOJA OCVILECTBIISET B pEIaTele AeAYKTHBHBIE PACCYKICHHSI, C
TTOMOIIBIO KOTOPBIX H3 3aKOHOMePHOCTeH H3 0a3bl 3HaHHIL, (paKTOB H3 0a3kl (PaKTOBR H ITPaBHII H3
0a3bl ITpaBHII BRIBOJATCS HOBBIE (pakThl. KpoMe 5TOro, JaHHBI ONNOK pealln3yeT SBPHCTHYECKHE
IPOLEAYPHl ITIOHCKA PEeIlleHHH 3aJa4v Kak ITOMCK ITYTeH PEIIeHHS 3aJauyl 10 CIEHAPHSAM IIpH
3aJaHHOH KOHEYHOH Ieid. I peanmmsaifil pacCyXIcHHI, KOTOPBhIE HE HOCST JIEIYKTHBHOIO
XapakrTepa, T. €. IS TTOMCKa II0 aHaJOTMH, ITO IPEIEAEHTY M T. ., HCIIOIB3YIOTCSA OIIOKI
HHIYKTHBHOI'O H ITPaBJIONO 00HOI0 BEIBOJOB.

BIIOK TUTaHMpOBAHHS IIPHUMEHSETCS B 3ajavyax ITUIAHHPOBAHHMS PEINEHHH COBMECTHO C
OITOKOM JIe IYKTHBHOI'O BEIBO/JIA.

HasHayeHne Onoka (PYHKIHOHAJIBHBIX ITPeOoOpa30OBaHHilI COCTOHT B PelIeHHH 3alad
PacYeTHO-JIOTHYECKOr' O H aJlTOPHTMHYECKOT'O THITOB.

Tperbsa QyHKIIHSI — (QYHKIIHSI OOIMIEHHSI — pealH3yeTcs KaK ¢ ITOMOIIbIO KOMIIOHEHTHI
eCTeCTBEHHO-SI3IKOBOr0 HHTEp(elca, TaK H C IIOMOMIBIO PELENITOPOB H 3(P(EKTOPOB, KOTOPHIE
OCYIIECTRIISIOT TaK HaskIBAEMOe HEBEPOAIbHOE OOIIEHHE H HCITOIB3YIOTCS B HHTEIUIEKTY allbHBIX
poboTax.

PasHOBUAOHOCTU UHTeNNeKTyaNnbHbIX CUCTEM

B 3aBHCHMOCTH OT HaOopa KOMIIOHEHTOB, PeaJH3YIOI[HX pacCMOTpPeHHbIe ()YHKIHH,
MO2KHO BBIJIEIINTE CJIeIYIOI[HE OCHOBHBIE PAa3HOBHAHOCTH HHTEIIEKTYAIIbHEIX CHCTEM:

- HHTEeIIEKTYalIbHBIe HH()OPMAI[THOHHO-TIOHCKOBEIE CHCTEMEI,

- BKCITepTHEIe cHCTeMBI (OC);

- PACYETHO-IIOT HUECKHE CHCTEMBI,

- THOPHIHBIE SKCIIEPTHBIE CHCTEMBI.

HMHTemekTyanpbHbple  HH(POPMAI[HOHHO-TIOHCKOBEIE  CHCTEMBI SBIITIOTCS  CHCTEMaMH
B3aHMOJICHCTBHS ¢ ITPOoOIIeMHO-OPHEHTHPOBaHHBIMH ((pakTorpadiyeckivMi) 6a3zaMH JaHHBIX Ha
eCTeCTBEHHOM, TOYHee OrpaHHYEeHHOM KaK TIpaMMaTHYeCKH, TaK H  JIEKCHYEeCKH
(mpo)eCCHOHAIBHOH JIEeKCHKOH) eCTeCTBEHHOM S3BIKe (SI3bIKEe JelIOBOH IIpO3bI). J[Isd HHX
XapaKTepHO HCIIONb30BaHHe (TToMHMO Oasbl 3HAHHI, pealH3yIoMeH ceMaHTHYEeCKYIO MOJEIIb
ITpeJICTABIEHHS 3HAHHH O ITPOoOJIeMHOM 00J1aCTH) JIHHTBHCTHYECKOI'O IIPOIIEccopa.

OKCIIEPTHBIE  CHCTEMBI SABJIIFOTCS  ONHMM M3 OYpHO Pa3BHBAIOLMXCS KIIAaCCOB
HHTEIUIEKTYallbHBIX CHCTeM. JlaHHBIE CHCTEMBI B IIEPBYIO OYEpPeOb CTalIH CO3JaBaThCid B
MaTeMaTHYeCKH c1a0o(opMaIH30BaHHEIX OONACTSIX HAYKH H TeXHHKH, TaKHX KaK MeJIHI[HHA,
reoIorus, OHOMOrHs M ApyrHe. [ HIX XapaKTepHa aKKYMYIII[HSI B CHCTEME 3HAHMH H IIPABHII
PacCCYKAEHII OIBITHBIX CIIEIHATIHCTOB B JAHHOH IIPeAMETHOH OOIacTH, a TaKKe HaJIH4He
CIIEI[HAIbHOH CHCTEMEBI OOBSICHE HII.

PacueTHO-JIOTHYECKHE CHCTEMEI ITO3BOJISIIOT  PelllaTh  VIIPAaBIEHYECKHE H IIPOEKTHEIE
3aJlayl 110 HX MTOCTaHOBKAM (OITHCAaHHSIM) H HCXOJHBIM JJAHHBIM BHE 3aBHCHMOCTH OT CIIOKHOCTH
MaTeMaTHYECKIX MOJejIeil 3THX 3aja4. IIpH 3TOM KOHEYHOMY ITOJIb30BATEMO IIPEeJOCTABIISETCS
BO3MOKHOCTh KOHTPOJIMPOBATh B PeKHME JHAIora BCe CTaJHH BRIYMCIHTEIBHOIO IIpolecca. B
O0IIEM cIy4yae, IO OINCAHHIO ITPOOJIEMBI Ha S3BIKE IIPEAMETHOH 0011acTH 00eCIIeYHBAETCA
ABTOMATHYECKOE IIOCTPOEHHE MaTeMaTHYeCKOH MOZEelHM H aBTOMATHYECKHI CHHTEe3 pabdounx
ITporpamMM ITpH (POPMYIHPOBKE (PYHKI[HOHAIBHEIX 3aJa4 H3 JaHHOH IMpeJMeTHOH 00IacTH. DOTH

CBOIICTBA APEAHEHBNEOTECEH Omarogapd Halmumio ©Oaspl SHAHMH B BHIE YHKI[H OHAaJIbHOH
EIHE%'%QHHG NOANUCHIO Aap me ¢

Coprucp HEMAELEEAGS KA SsbBh 3¢ AR IEsdHRE ACAYKIHBHOI'O BRIBOAA H INTaHHPDOBAHHA.
Bnaneneu:  IWetBxosADCI@A[HE@@a#BPEMSI B CIIEI[HATBHBII KIIACC BEIJEIBIIOTCS THOPHAHBIE SKCIIEPTHBIE

CHCTeMBI. YKa3aHHBIe CHCTEeMBbI HTOJKHEBI BGﬁpﬂTb B cedda JIVHIITHE HCPThI KdK 3KCIICPTHBIX, TAK H
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pacueTHO-JIOTHUYECKHX H HH(OPMAIMOHHO-TIOMCKOBRIX CHCTeM. Pa3paOoTknm B 0oOmIacTH
THOPHIHBIX SKCIIEPTHBIX CHCTEM HAXOISTCSA HA HAYaIIbHOM 3Talle.

Hanbojsiee 3HAUYHTEIIBHBIE YCIIEXH B HACTOMIIEE BPeMSI JOCTHTHYTHI B TaKOM KIiacce
HHTEIUIEKTYAJIbHBIX CHCTEM, KaK SKCIIEPTHBIE CHCTEMEI.

BaxHoe MecTO B TEOPHH HCKYCCTBEHHOI'O HHTEIIEKTa (UN) 3aHHMAacT
rpoOiieMa IIpeACTaBIEHHT 3HaHHI. B HacTosIIee BpeMs BEIICISIOT CIIeYVIOIIHE OCHOBHEIE THIIHI
MOJEIEHN IIPeACTaBIIEHNS 3HAHHIH

- CEMaHTHYEeCKHE CETH, B TOM 4YHcJIe (DYHKITHOHAIBHBIE,

- (ppeHMBI H CETH (PPEHMOB;

- TIPOYKIIHOHHEIE MOJIEIIH.

CeMaHTHYECKHE CETH OIPeJelsIoT KakK rpad obmiero BHjaa, B KOTOPOM MOKHO BBIJIETTHTH
MHOXeCTBO BepIMH H pebep. Kakmas BepnmiHa rpada IIpeAcTaBIsSeT HEKOTOPOe IIOHSTHE,
a Iyra — OTHOIIEHHEe MeXKAY IapoH ITOHATHI. MeTKa H HallpaBJIeHHe IYTH KOHKPETH3HPYIOT
CEMAHTHKY. MeTKH BeEpIIMH CEMAHTHYECKOH HArpy3KH HE HECYT, a HCIIOIB3YVIOTCS Kak
CITpaBOYHAas HH(OPMAI[HS.

PasmmyHele  PasHOBHIHOCTH  CEMAHTHYECKHX  CeTeH  OONamaroT  PasIiyYHOH
CEMAHTHYECKOH MOII[HOCTBIO, CJIIEHOBATEIIPHO, MOJKHO OIMCAaTh OJHY H Ty K& IPeIMETHYIO
o0mnacTh 00mee KOMIIAKTHO HIIH I'POMO3IKO.

OpenMOM Ha3bIBAIOT CTPYKTYPY JAaHHBIX JJIS IIPEACTABIIEHHS H OITHCAHHS CTEPEOTHITHBIX
OOBEKTOB, COOBITHH IIH CHTVaI[Mil. DperMoBas MOJEIb IIPeACTABIEHUS 3HAHHI COCTOHT H3
IIBYX YaCTEH:

- HaOopa (pPpelMOB, COCTABISIOINX OHOTHOTEKY BHYTPH ITPecTaBIIIeMbIX 3HAHHI,

- MEXAHH3MOB HX IIpe00pa30oBaHUs, CBSI3BIBAHNS H T. I,

CyIIecTBYeT JBa THIIa (PPEHMOB:

- oOpaserf (TIPOTOTHMII) — HMHTEHCHOHAIBLHOE OIMCaHHe HEKOTOPOro MHOJKeCTBa
BK3EMIUISPOB,

- 3K3eMITIISIP (TIpHMeEP) — BKCTeHCHOHAIIbHOE ITpe/icTaBlIeHHe (ppeimM-o0pasIia.

B obmiem BHe ppeiiM MOKeT OBITh IIPeCcTaBIIeH CIIeAYIOIHM KOPTeXKeM:

<H®, (UC, 3C, IIII),..., (UC, 3C, IIT)>,

raie UO — mma dpeiima; UC — mmva croora, 3C — 3HadeHHe crnoTa;, IIIT— mmvg
MTPHCOeIHHEHHOH ITPOolleAYPHI (HeoOs3aTe IbHEIH ITapaMeTp).
CIIOTBI — 53TO HEKOTOPBhIE He3aIloMHEHHBbIE ITOACTPYKTYPHI (ppeiiMa, 3allOIHEHHE

KOTOPBIX IIPHBOJIHT K TOMY, YTO JJAHHBI (PpPEHM CTaBHTCSI B COOTBETCTBHE HEKOTOPOH CHTYAIIHH,
SIBJIEHHIO WIH OOBEKTY.

B xauecTBe JaHHBIX (ppeiiM MOXKeT cofepkaTh oOOpallleHHsdI K TIIpoleaypaM (Tak
Ha3bIBaeMbIe ITPHCOEIHHEHHbBIE IPOLEAYPH). BBIAEISIOT JBa BHAA IIPOIEeAYpP: ITPOLEIYPHI-
IEMOHBI H IIPOLIEAYPBI-CIIVTH. [Ipoleayphl-AeMOHEl AKTHBH3HPYIOTCS ITPH Ka)XIOH ITOIBITKE
no0aBIIeHH WIH YAAJIEHHS JaHHBIX H3 cI0Ta. [Ipoleayprl-cliyTrH aKTHBH3HPYIOTCS TOIBKO ITPH
BBHITIOITHEHHH YCIIOBHI, OIpeJelIeHHBIX IT0NIb30BaTeleM IIPH CO3IaHHH (hpeiMa.

[IpogyKIIMOHHBEIE MOJEIHM — 5STO0 Ha0Op IpaBWI BHAA 'YCIOBHS-AEHCTBHE", TIje
YCIIOBHSMH SBIISIFOTCS VTBEPAKIEHHS O COAEPKHMOM 0a3bl JAaHHBIX, a JeHCTBHS ITPEJCTABIISIOT
cOOOI IPOIIe Y PhI, KOTOPEIE MOI'YT H3MEHSITh COAePAKHMOe Oa3bl JAHHEBIX.

DopMaIbHO IMPOAVKIIHS OIPEAEIsIeTCs CIe YIOIIM 00pa3oM:

(1); Q;:P:C; QA B, N,

rae (1) — HMS TIPOIYKIHH (mpaBma); Q — chepa IIPHMeHEHHS
nmpaBHIIa, P — mpexycnoBHe (HaIIpHMepP, ITPHOPHTETHOCTH), C — mpeauKkaT (OTHOIIEHHE), A —
> B — anpo; N — nmocTycrnoBHs (H3MeHEHH L, BHOCHMBIE B CHCTEMY ITPaBHII).

I pasaiHscEsrARQA YKL cTposTes 110 cxeme "ECJIM" (puynHa i, HHaye, ITOCHIIKA),
"TO" (crRoFETRHEYIOTEA e 12T Er[pamma).

Cepucmkar: 2CDQQ0043E9ABSBI52205E 7BA500060000043 <
Bnageney:  Lle INVICHHBIC, o B0 PE3YIBTATC cpabaTeIBaHHS TIIPOAYKIMH HOBBIE 3HAHHSI MOIYT

HCIIOJIIb30BATBCA B CIICAYHOIIHX ICIIAX.
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- TOHMMaHHe H HHTepIpeTalid ()aKTOB H ITPABIJI C ITPHMeHeHHEeM IMPOAYKI[HIL, (ppefiMOB,
CEMAHTHYE CKHX IIeTIeH,

- PelIeHHe 3a4a4 ¢ ITIOMOIIBI MOJAEITHPOBAHHS,

- HAeHTH()HKAI[NSI HCTOYHHKA JAaHHBIX, IIPHYHH HECOBITAJeHHH HOBBIX 3HAHHH CO
CTAPBIMI, ITOTYUEeHHE METa3HAHHI,

- COCTABJIEHHE BOITPOCOB K CHCTEME,

- YCBOEHHE HOBBIX 3HAHMIl, YCTPaHeHHE ITPOTHBOPEYMI, CHCTeMaTH3aI[H H30BITOYHBIX
ITAHHBIX.

[Iporiecc paccMOTpeHHS KOMIIBIOTEPOM HaOopa IpaBII (BBIIIOIHEHHE IIPOrPaMMEI)
Ha3BIBAIOT KOHCYIbTallHeH. Ee Hanbomee yaqo0Has 1 ITONb30BaTeNnsd (popMa — APYKeCTBEHHBIH
THalor ¢ KommbroTepoM. MHTepdeiic MokeT OBITP B (pOpMe MeHIO, Ha S3bIKe KOMaHJ H Ha
€CTECTBEHHOM ST3BIKE.

Jlmamor MoKeT OBITH IIOCTPOEH Ha CHCTEME BOIIPOCOB, 3aJaBacMBIX IIOJIb30BATEIIEM,
KOMITBIOTEPOM, HJIH (PAKTOB — JAHHBIX, XPaHAIIHXCSI B 0a3e JaHHBIX. BO3MOKeH CMEIlaHHBIH
BapHAHT, KorJa B 0a3e JaHHBIX HEJOCTAaTOYHO (PAKTOB.

[Ipn mpsMoOM TTOHCKe ITOIB30BATelIb MOXKET 3aJaBaTh JBE TPVYIIIEL BOIPOCOB, Ha
KOTOpPBIE€ KOMITBIOTED JaeT OOBSICHEHH S

- KaK TIONIYYeHO pelleHHe. [IpH 3TOM KOMITBIOTEP AOKEH BBIAATh Ha SKpPaH TPaccy B
BHJIE CCBHIJIOK Ha HCIIOIIbL30BAHHEBIE IPAaBHIIA,

- TIOYEMY KOMITBIOTEP 3ajJal KaKOH-TO Bompoc. I[IpH »ToM Ha 5KpaH BBIJACTCS
cBocoOpasHas Tpacca, KOTOPYID KOMIIBIOTEP XOTel OBl HCIIONB30BaTh [JISI BBIBOAA IIOCIE
TIOJIYYEeHH OTBETA Ha 3aJlaBacMbIH BOITpOC. Borpoc rmoyeMy MoKeT OBITH 3aJaH KaK B ITPOIIECCE
KOHCYIIbTAIMH, TaK H IT0CIIE BBIITOIHEHHS PO PAMMEL.

3. O0mme TpedOoOBaHHA K HANTHCAHNIO H 0(pOPMJIEHHIO PAdOTHI

KoHTpoimbHass pabora BBIIOTHSETCS H chaeTcsd B 3IeKTpoHHOM BHAe Ha CD/CDRW
HocHuTelle. Ha KoHBepre HeoOXOAMMO VKaszaTk HasBaHHe JHcIHIUIMHEIL, DHO crymeHra,
(paKyIbTET, HOMEP TPYIIILI, NP 3aUueTHOH KHIDKKH, No BapHaHTa 3aJaHH s, H CIIHCOK BCeX CO3-
TaHHBIX B XOJie BBIITOTHEHHS 3aJJaHH S (PaiIOB.

[IpHBegeHHBIN B KOHIIE METOAHUYECKHX YKa3aHHI CIIHNCOK JTHTEPATYPhl MOKET HCIIOIE30-
BAaThCA CTYIEHTAMH ITPH BBIIIOTHEHHH KOHTPOIILHOH PalOTHI.

4. 1lnan-rpaguK BHOIOJTHEHHA 3aJaHUA

I[E],Tﬂ TTOIIVHCHIMS 3a/aHI A ,HE],TE], IPEJOCTABJICHILA BBIIIOIIHCHHOI'O
3dJ4aHIA
3 CEMECTD. JIeTHSII ceccH 3a ABE HEIEIH 0

Ha'dalld CSCCIHI.

5. KpuTepnu oneHHBaHUA PadoThI

OlleHKa «OTJIMYHO» BBICTABISETCS CTYAEHTY, €CIIM OH ITPOAeMOHCTPHPOBAIl IIyOOKIE,
HCUEPIBIBAIONME 3HAHHSA H TBOPYECKHE CIIOCOOHOCTH B IIOHHMMAHHH, HM3JIOXKEHHH |
HCIIOJIb30BAHMH  YYEOHO-IIpOrpaMMHOIO  MarTepHana, JIOTHYECKH  ITOCIeJOBaTElIbHEIE,
COZIepKaTelbHBIE, TIONTHEIE, ITPAaBHIILHEIE H KOHKPETHBIE OTBETHI Ha BCE ITOCTABIIEHHEIE BOIIPOCHI

H OIIOJIIHHTEIILHEIE  BOIIPOCHI efloaBaTelnd. CcBOOOHOe BIIAaIcHHE OCHOBHOH H
o HDKYMEHTHDD,HHCAHHPU 1P o ? At all

ITOTIOTHHS ERFHOHOIIDAPARYPOI, PEKOMEHIOBAHHOH YYeOHOH ITPOrpaMMOIL.
Ceprudpukar:  2COMNFEFREP SRSPOHFON BRICPABA IeTCA CTYAEHTY, €CIIH OH IIPOJAEMOHCTPHPOBAI TBEPABIE H

Bnaneneu: UleGayxoea TateAHa AnekcaHgpoBHa

HOCTATOHYHO IIOJIHBIC 3HAHIA BCCIO IIPOI'PaMMHOI'O MATCPHAlld, IIPABHIIBHOC JIIOHHMAHHC

CYIIHOCTH H B3dHNMOCBA3H PaCCMATPHBACMBIX IIPOIECCOB H }IBJIEH]?]IUI; ITOCIICOOBATCIIBHBIC,
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IpaBHIILHBIE, KOHKPETHBIE OTBETHI Ha IIOCTABIIEHHBIE BOITPOCH! ITPH CBOOOZHOM YCTpaHEeHHH
3aMEYAHHI I10 OTAEIBHEIM BOIIPOCAM, JOCTAaTOYHOE BIAJcHIE JINTEPATYPOH, PEKOMEHIOBAHH O
y4ye OHOH ITPOrPaMMOH.

OlleHKa «YIOBIIETBOPHTEILHOY» BBICTABIIETCSA CTYIEHTY, €CIIM OH ITPOAEMOHCTPHPOBAI
TBEPJBIE 3HAHHM S U ITOHHMAaHHE OCHOBHOI'O IIPOrPaMMHOIO MaTepHala, IpaBHIIbHEIE, 683 IPYyORIX
OIIMOOK OTBETHI Ha IIOCTaBJIEHHBIE BOIIPOCH IIPH YCTPAaHEHHH HETOYHOCTEH H HECYIIEeCTBEHHBIX
OLIMOOK B OCBEIEHHH OTJAEIbHBIX ITOJIOKEHMI IIPH HABOIMIIMX BOIPOCAX IIPeIofaBaTeisd,
HEJOCTAaTOYHOE BJIAJIEHHE JIMTEPATYPOH, PEKOMEHIOBAHHOH YUeOHOH ITPOr PaMMOH.

OlLleHKa «HEYIOBJIETBOPHUTEIILHO» BBICTABIISIETCS CTYIEHTY, €CIIH OH
IIPOJIEMOHCTPHPOBAI HEINPAaBHUIIbHBIE OTBETEHI HA OCHOBHEIE BOIIPOCHL, JOIYIIEHEI TI'PYOBIE
OLIMOKH B OTBETAX, HEMTOHHMAHHE CYIIHOCTH H3TaracéMBIX BOIIPOCOB, HEYBEPEHHEIE H HETOUYHEIE
OTBETHI HA JIOTIOJTHUTEIIBHBIE BOITPOCHI.

6. Ilopanok 3a1MTBI padOTHI

3anmra KOHTPOIBHOH PadoTel IIPOBOAHUTCH B BHAE HAYUYHOH JHCKYCCHH C ITPe3€HTaI[HEH
BBITIOJIHEHHBIX 3aJ@aHHH B COOTBETCTBHH C IrpaHKOM 3almHuThel. llocime Jokmaza CTyIeHTY
33J1aF0TCS BOIIPOCHI KaK ITPEIOJaBaTelIeM, TaK H CTYIEHTaMH I'PYIIIBI.

B miporiecce 3aimuTel ¢cBOeH pabOTHI CTYAESHT JAeIaeT JOKIad IIPOAOIKHTEILHOCTRIO 7-10
MHUHYT. JIOKIIag JOJDKEH OBITH IPEABAPHTEIBLHO IOATOTORIEH CTYIEHTOM. JIyulllee BIleyaTIIEHHE
ITPOM3BOJIUT JOKIIAJ B (DOpPME IepecKasa, 0e3 3a4TeHHS TeKcTa, KOTOPBIM CIIEIYET ITOIb30BAThCS
TOIIBKO JUISL YTOYHEHH S I poBOro MaTepHana. CTyAeHT JOoIKeH CBOOOJIHO OPHEHTHPOBAThCS B
CBOEH padore.

B BRICTYIUIEHHH HEOOXOAHMO  KOPPEKTHO  HCIIONB30BATh  JEMOHCTPALHOHHEBIE
MATEPHAIIBI, KOTOPBIE VCHIHBAIOT JOKA3aTEIIbHOCTh BEIBOJIOB M OOJIErYarOT BOCIIPHATHE JTOKIIaa
cryaeHTa. OHH 0(pOPMIISIFOTCS B BHJE IIPe3eHTalMH B cHcTeMe Power Point.
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7. YueOHo-MeTOoAHIecKoe H HHpopMANHOHHOE 00ecneteHHe JHCIHILTHHDI
PexomMeHayemMas JUTEPATYPA

OcHoBHas JIUTepaTypa

1. CoBetoB, b.4. Teopnsa HH(]pOpMAITHOHHBIX ITpOIlecCOB M cHcTeM. YueOHHK/ b.Sl. CoBeToB,
B.A. JlyOenenxrii, B.B. Ilexanosckun u ap.; rmox pexn. b. A. CoeeroBa. -M.: Akagemus, 2015. -
432c.

2. TempHOB, 1O. @©. IIpoeKTHpOBaHHE CHCTEM VIIpABIeHHS 3HAHISIMH. Y4eOHOe ITocoOHe./
IO0.@. TemsHOB, B.A. KazakoB. — M.: EBpasiiicKIIl OTKPBITEIH HHCTHTYT, 2016. —207 c.

3. bmomiH, A. M. IlpoekTHpoBaHHe CHCTEM HH()OPMAI[THOHHOIO, KOHCYILTAI[HOHHOTO H

HHHOBAI[HOHHOIO  OOCTyXHBaHHI. YdyeOHoe 1ocobue./ A.M. Barommu, JIT. IledeHas
H.A. ®eokrucroB. — M.: JlammkoB u Ko, 2014. — 352 c.

JlomoJTHHTe JIbHAS JIHT epaTypa

1. BemoB, B. C. HHpopMmaioHHO-aHAIHTHYECKHEe CHCTeMBI. OCHOBBI IPOEKTHPOBAHHSA H
IMPHMEHEHH S yueOHOoe IT0CcO0He, PYKOBOJCTBO, ITpakTHKYM./ B. C. benos, 2-e u3j., nepepad. H
mor. — M.: EBpasuHCKHI OTKPBITEIH HHCTHTYT, 2010. — 111 c.

2. KopriopatHBHbIe HH(POPMAIHOHHBIE CHCTEMEI YIIpaBlIeHHS: yuyeOHHK/ H.M. AnOnkeeB u Ip.;
pen.. HM. Anbukees, O.B. Kuropa- M.. MUHOPA-M, 2011.

3. Mesennepa, O. C. UHTemiekTyanbHble cHCTeMBbI H TexHonoruH / O. C. MeseHieBa, M. B.

Tpodmmora. — Craporons: CKOVY, 2013. —240 c.
4. @egorona, E.JI. UnpopMaIlmoHHBIE TEXHOIOTHH H CHCTeMBI: yueb.mmocodue. — M.: UHOPA-

M, 2011. -352 c.

MeToguueckasi JATEpATYpa

1. MeTomgmueckie YKd3daHHA 11O  BBIITOJIHCHITIO HﬂﬁﬂpﬂTﬂpI{BIK pEIﬁIDT I JHCIIOUIHHE
«CHCTeMHBIH aHaIH3 JAaHHBIX H MO EIIH ITPHHATIA pEHIEP]IIﬁ}}.

2. MeTogHueckHe YKA43dHIA ITIO BbIIIOJIHEHHIO KOHTPOJIBHBIX paﬁn:rr 1m0 AHCIIIOLUIIHE
«CHCTEMHBIH aHaIH3 JaHHBIX H MO EIIH ITPHHATHA pEH_[EHIIﬁ}}.

3. MeTogHueckHe PEKOMCEHAALTHH JJIA CTYJCHTOB 110 OPI'dHH3aIllHH CaMOCTOAT eJIbHOH pﬂﬁDTBI

10 JHCIMITIIHE « CHCTEMHBIH aHaIM3 JaHHBIX H MOIEIH ITPHHATHA pE:H_[E:HIIﬁ}}.

IIHT epHET-pecypChl
1. http://www.intuit.1u — caifT JHCTaHIHOHHOIO 00pa3oBaHId B 001IaCcTH HH()OPMAIHOHHEIX TEXHOIOTHII.

2. http://window .edu.ru — oOpa3oBarelbHbIe PECYPCH BEIYIIIX BY30B.
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