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1. Heanb u 3a1a4M 0CBOCHUS JUCHUNIMHBI

Lenpto oCcBOGHMS AMCLUHMIUIMHBI SIBISETCS (opMUpOBaHHE Habopa MmpodeccnoHambHBIX
KOMIIETSHIMA Oyaymiero maructpa no HampasieHuio 09.04.02 MubopMallmoOHHBIE CUCTEMBI U
TEXHOJIOTUM Ul peUIeHHs MNPUKIAJHBIX 3aJad B paMKax HalpaBICHHOCTH (Tpoduiis)
«TexHonmoruu pabOTHI ¢ JaHHBIMU U 3HAHUSIMU, aHATN3 UHHOPMAITUNY.

3amayn OCBOEHUS MUCIMILTUHBL: M3yYEHHE OCHOBHBIX MOHSITHA CHCTEMHOrO aHalu3a
JIAHHBIX U TEOPUU MPUHSITHS PEIICHUH, OCBOEHUE METOJI0OB U MHCTPYMEHTOB CUCTEMHOI'0 aHAIN3a
JAHHBIX U MOJEIUPOBAHUS AITOPUTMOB MPUHSATHUS PELICHHH.

2. MecTo IUCHMILINHBI B CTPYKTYP€E OCHOBHOI 00pa30BaTe/IbHOI MPOrpaMMbl

Jucuumnuna «CUCTEeMHBIN aHANINU3 JaHHBIX U MOJIENIH MPUHSATHUS PEIICHUN» OTHOCUTCA K
IUCLIMILIMHAM 00s3aTeJIbHON YacCTH.

3. HaumeHoBaHMe J1a00PaATOPHBIX PadoT

Tema 2. AHa/IU3 JaHHBIX U IPOCKTUPOBAHUE CUCTEM
Mopenu nanHbIX. ATTOPUTMBI aHalK3a HaHHbIX. Metoasl baiieca. BeposaTHOCTHBIN OAX01 K

MIOCTPOCHUIO rpada NPUHATHS perieHus. MeTobl kiaccupuKaluy U KiacTepu3anuu. Metoabl
DATA MINING

4. Conep:xkanue JJadopaTOPHBIX padoT

JlabopaTopnasi pabora Ne 1. AHa/IU3 JaHHBIX U NPOEKTHPOBAHUE CUCTEM
®opma npoBeIeHHs: PEIIeHUE TIPOOIEMHBIX 3a71a4
Xox 1adbopaTopHoil padoThI:

1. [IpoBecTu aHanu3 JaHHBIX TOCTABJICHHOM 3a/1a4n

2. Onpenenutb METO bl KilacCu(UKAIMK U KOAUPOBAHUS TaHHBIX

3. CTpyKTYypHpOBaTh TaHHBIC

4. I[TonBecTy UTOTH MPOBEACHHOTO UCCIIEOBAHUS

Bonpocel 1151 00Cy:KaeHus:

CucremHoe mnpoektupoBanue. CTpykTypHOe mpoekTtupoBanue. Jlormueckoe u Qusuueckoe
MOJICJTMPOBAHUE JIAHHBIX. TEXHHYECKOE M TEXHOJOTHYCCKOE IMPOCKTHPOBAHHE. TEXHHUCEKOE
3aanue. TexXHNKO-9KOHOMHYECKOe 000CHOBAHHUE.

Teoperuyeckuii maTepuaJ

JAuarpammel kiaaccoB. O0mme cBeieHUs

JluarpaMma KJ1acCoB OTIPEIETISIET THUIIBI KJIIACCOB CHCTEMBI M Pa3JIMYHOTO PO/Ia CTATHYECKUE
CBSI3U, KOTOpBIE CYIIECTBYIOT MEXITY HUMU. Ha auarpammax
KJIaCCOB M300pakaroTCs TaKXKe aTpUOyTHI KJIaCCOB, oTepanuu KJIaCCOB U
OTpaHHYEHUS, KOTOPbIE HAKIAABIBAIOTCS HA CBSI3U MEXKIY KIACCaMH.

Huarpamma wiaccoB UML - 310 rTpad, y3mamMu KOTOPOTO SIBISIOTCS DJIEMEHTHI
CTaTHYECKOM CTPYKTYpPBI MPOEKTa (KIACChl, HHTEP(EHCHI), a JYTaMH - OTHOLIEHUS MEXKIY y3JIaMu
(acconmanuu, HacIeOBaHNE, 3aBUCUMOCTH ).

Ha nuarpamme kiaccoB n300paskaroTcs CIEIYIONINE SJIeMEHTHI:

- [Taker (package) - HaGop 371EMEHTOB MOJEINH, JIOTUYECKHU CBSA3AHHBIX MEXKIY COOOM;

- Kinacc (class) - onrcanne o01uux CBONCTB TPYIIIBI CXOIHBIX 00BEKTOB;

- Unrepdeiic (interface) - aOcTpakTHBIN Kiacc, 3aJaronivii Habop omnepanuid, KOTopble
00BEKT MPOM3BOJILHOTO KJIACCa, CBA3AHHOTO C JAHHBIM HMHTepQeiicoM, MPeAoCTaBIsIeT APYTUM
0o0OBeKTaMm.

Kuaace

Kimace - ato rpynma cymiHocTel (00BEKTOB), 00JagarONIUX CXOJHBIMH CBOWCTBAMH, a
WMEHHO, JIAaHHBIMH U ToBeJieHueM. OTAEeNbHBIN MPeICTaBUTENh HEKOTOPOTO Klacca HA3hIBAETCS
00BEKTOM KJ1acca WIH MPOCTO 0OBEKTOM.

ITon moBenenueM oObekta B UML moHMMaroTcs mr00ObIe TpaBHia B3aWMOACUCTBUS
00BeKTa C BHEIIHUM MUPOM U C JAHHBIMU CaMOT'0 00BEKTA.
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Ha nuarpammax kmacc n3o0pakaeTcst B BHJIE MPSIMOYTOJIbHHUKA CO CIUIOIIHOM I'paHHIIEH,
pa3esIeHHOr0 TOPU30HTAILHBIMY JIMHUSIMU Ha 3 CeKIUU:

- BepxHasist cexuus (CeKIUs UMEHHU) COACPKUT UMS Kilacca U Apyrue odImue cBoicTBa (B
YaCTHOCTH, CTEPEOTHI).

- B cpenneii cexium coep>KUTCS CIUCOK aTpuOyTOB

- B HmwkHel - cnucok omepanuil Kjacca, OTPaKalolldX €ro IoBeleHue (IeHCTBHS,
BBITIOJTHAEMBIC KJIACCOM).

JIrobas u3 cexnuii aTpuOyTOB M ONEpaluii MOXKET He M300paXkaThes (a Takke o0e cpasy).
st OTCYTCTBYIOIIEH CEKIIMM HE HYKHO PHCOBATh DPA3JACTUTCIBHYIO JMHUIO M KaK-ITH00
YKa3bIBaTh HA HAJIM4YME WM OTCYTCTBUE DJIEMEHTOB B HEH.

Ha ycMoTpeHre KOHKpeTHO! peaiu3aiuy MOTYT OBITh BBE/ICHBI JOMOJIHUTEIHHBIC CEKIIHH,
Harnpumep, uckiaoueHus (Exceptions).

<<Entity>>
Card Reader <<Boundary>>
- Card Number : integer ATM Screen
+ Accept Card() : integer + Prompt() : integer _
+ Eject Card() : integer + Acceptinput(input : Integer) : integer
+ Read Card() : integer
0.1
0..1
0.1 0.n
<<Entity>>
Account
- Account Number : integer <<Boundary>>
- PIN : integer Cash Dispenser
- Balance : long - Cash Balance : long
+ Open() : integer 1 0104 provide Cash() : integer
+ Withdraw Funds{Amount : long) : integer + Provide Receipt() : integer
- Deduct Funds{Amount : long) : integer
- Verfy Funds() : integer

Pucynoxk 3.9 - [Ipumep nquarpaMMbl KIIacCoB

CrepeoTHnibl KJIACCOB

CrepeoTunsl KI1acCoB — 3TO MEXaHU3M, MO3BOJISIOUINI pa3fensiTh KJIacChl HA KATETOpHH.

B a3sike UML onpeneneHsl Tpu OCHOBHBIX CTEPEOTHUIIA KIIACCOB:

- Boundary (rpanumna);

- Entity (cyurHocTs);

- Control (ymipaBnenue).

['pannuHbIE KIaCCHI

I'panmunpiMu kimaccamu  (boundary classes) Ha3bIBAIOTCS  TaKWE€  KJIACCHI,
KOTOpbIE pACHOJIOKEHbl Ha TpaHUIE CUCTEMbl W BCEH OKpyXawouieil cpeabl. ITO
SKpaHHbIe (POPMBI, OTUETHI, UHTEPPEICH ¢ anmaparypoi (Takoi Kak MPUHTEPHI UJIU CKaHEepHhI)
U MHTEep(ENCHI ¢ APYTUMU CUCTEMAaMHU.

UTtoObl HaWTH TpPaHWYHBIE KJIAcChl, HAJ0 MCCIIENO0BaTh JUAarpaMMbl BapHaHTOB
ucrnonb3oBanusd. Kaxaomy B3auMOJEHCTBUIO MEXIY JACHCTBYIONIMM JIMIIOM W BapUAHTOM
WCTIOJIb30BaHMS JTIOJXKEH COOTBETCTBOBATh, IO KpalHEW Mepe, OJIUH TpaHUYHbIN Ki1acc. UMeHHO
TaKOM KJIacc MO3BOJIIET JEHCTBYIOLIEMY JIMIY B3aUMOAECHCTBOBATH C CUCTEMOIA.

Knacepi-cymnocTu

Knaccei-cymuaoctu  (entity  classes) cojepxKar XPAHUMYIO uH(pOpMAIIHIO.
OHu wumeroT HauOoJiblllee 3HAUEHUE JIs TOJb30BaTeNsd, W TMOTOMY B MX Ha3BaHUSAX YaCTO
UCIONB3YIOT TEPMHUHBI W3 TMpeAMETHON ob6nactu. OOBUHO IS KaXIOro Kiacca-CyIHOCTU
CO3J1al0T TabuuIly B 6a3e JaHHBIX.



Yupasasirouue KJIaccol

VYnpasnstomue kimaccel  (control  classes) OTBEYAIOT 3a KOOPIMHALIHFO
neicTBuil  Apyrux kimaccoB. OOBYHO y KaXJOTO BapuaHTa UCIOJIb30BaHUS HMEETCS
OJTMH YIIPABIISFOLIHU KJacc, KOHTPOJIMP YOI MOCJICIOBATEIIEHOCTD

COOBITHM 3TOrO0 BapUaHTA HCIOJIb30BAaHUA. YTMPABISAIOUIMI KJIacC OTBEYAET 3a KOOPAMHALHUIO,
HO CaM HE HeceT B ce0e HUKAKOH (yHKIIMOHAIBHOCTH, TaK KaK OCTAIBHBIC KJIACCHI HE MOCHUIAIOT
eMy OOJNBIIOr0 KOJMWYEeCTBA COOOIIEHHH. BMmecTo 3TOro OH caM TOCBUIAET MHOXKECTBO
COOOIICHNU. YTIPaBISFONIUI KIacC MPOCTO JCIETUPyeT OTBETCTBEHHOCTh APYTHM Kilaccam, 1o
ATOHM MPUYMHE €T0 YaCTO HA3bIBAIOT KIACCOM-MEHEKEPOM.

B cucreme Moryr ObITh M JApyrH€  YIOPABJIAIONME  KIACCHI, OOIMe s
HECKOJIbKMX BapHaHTOB HCIHOJb30BaHWsA. Hampumep, MoxkeT ObITh Kiacc SecurityManager
(MeHeKEp 0E30MacHOCTH), OTBEUAIOIINNA 32 KOHTPOJb COOBITHM, CBA3aHHBIX C O€30IIACHOCTHIO.

Kitace TransactionManager (MeHemxep
TpaH3aKLHUA) 3aHUMaeTCs KOOpAUHAI1en COOOLICHUH, OTHOCALIMXCS K
TpaH3aKIMAM ¢ 0a30if JaHHBIX. MOTryT OBITh M JApPYrHe MEHEIKephl s paboThl C APYTHMHU
3JIeMEHTaMu (GYHKLIMOHUPOBAHUSA CHCTEMBI, TaKUMHU KaK

pasJieiecHne PecypcoB, pacmpesesieHHass o0padoTKa NaHHBIX WM 00paboTKa OMIHOOK.

[ToMrMO YNMOMSIHYTBIX BBILIE CTEPEOTUIIOB MOXKHO CO3[aBaTh U CBOM COOCTBEHHBIE.

ATpuoOyTHI

ATpubyr — 3TO 3J€MEHT HMH()OPMALMH, CBA3AHHBIA C Ki1accoM. ATpUOYTBI XpaHAT
MHKAIICYJIMPOBAHHbIE JaHHBIE KJlacca.

Tak kak arpuOyThl cofiepKaTcs BHYTPH KJlacca, OHU CKPBITHI OT JPYrux KJaccoB. B cBs3u
C 9TUM MOJKET [TOHAI00UTHCA YKa3aTh, KAKHE KJIACChl UMEIOT IPABO YUTATh U U3MEHSAThH aTPUOYTHI.
3TO CBOWCTBO HA3bIBAETCSA BUAUMOCTBIO aTpulyTa (attribute visibility).

VY arpubyra MOXXHO OIpPENEIUTh YETHIPE BO3MOXKHBIX 3HAUEHHUS 3TOTO IapameTpa:

- Public (oOmmii, OTKpBITHIH). DTO 3HaU€HHE BUIUMOCTH IPENIONaraeT, Yyro aTpuoyT
OyZeT BUJIEH BCEMH OCTAJIbHBIMH KilaccaMu. JIr000i Kilacc MOXKET MPOCMOTPETh WJIM U3MEHUTh
3HayeHue atpudyra. B coorBercTBuM ¢ HoTanumeit UML obumemy atpuOyTy mpemecTByeT 3HaK
« .

- Private (3akpbIThIid, CEKPETHBIN). CooTBeTCTBYIOINM aTpubyT He
BUJCH HUKAaKUM JIpyTUM KJIACCOM. 3akKphIThblil aTpuOyT o0003HAYaeTcss 3HAKOM « — » B
cootBeTcTBUM ¢ HOTauue UML.

- Protected (3amumiennsiit). Takoit aTpuOyT AOCTYNEH TOJBKO CaMOMY KJIAcCy U €ro
noromkaMm. Horarust UML 1151 3amuiieHHoro atpudyra — 3T0 3HaK « # ».

- Package or Implementation (maketnsiit). [Ipeanonaraer, 4To JaHHBIN aTpUOYT ABISETCS
OOIIMM, HO TOJIBKO B MpeieNax ero nakera. OTOT TUN BUIUMOCTH He 0003HauaeTcs HUKaKUM
CHEIHaIbHBIM 3HAYKOM.

B oOmem ciydae, aTpuOyThl peKOMEHJIyeTCsl AenaTh 3aKPbITHIMH WJIH 3aIIUIICHHBIMU.
OTO0 MO3BOJISAET JIy4llle KOHTPOJIUPOBAThH CaM aTpUOyYT U KOJI.

C moMoIIBI0 3aKpHITOCTH WJIM 3alIMIIEHHOCTH ynaerca u30exarb CHUTYyalluu,
Korja  3HaueHue  aTpuOyra  M3MEHsieTcss  BCEMHM  KjaccaMM — CHCTeMbl.  Bmecto
3TOr0 JIOTMKa UW3MEHeHMs arpubyra OyneT 3akioyeHa B TOM JK€ Kiacce, 4To H
cam 3ToT aTpuOyT. 3ajgaBacMble MapaMeTpbl BUAMMOCTH IOBJIMSIOT HA TEHEPUPYEMBIH KO/I.

Onepanun

Onepanyiu ~ pealu3ylOT  CBA3AHHOE C  KJIAaccOM  MOBEJEHHUE. Onepanus
BKJIIOYAeT TPU YaCTU — UMS, MapaMeTpbl U THUIl BO3BPALIAEMOT0 3HAYEHUS.

[TapameTppl — 3TO aprymMeHThbl, IOJy4aeMble oOmIepaunued «Ha Bxoje». Tum

BO3BPAILAEMOI'0 3HAUE€HHsI OTHOCUTCS K pe3yibTaTy JEHCTBUS Ollepaluu.

Ha pgmarpamme KjgaccoB MOXHO TIOKa3blBaTh Kak WMEHa OIepanuii, Tak |
MMEHa  omepanuid  BMecTe C  UX  IapaMeTpaMu W TUIOM  BO3BPAaIa€MOT0
3HayeHus. YToObl YMEHBIINTH 3arpy’KEHHOCTh TUArpaMMbl, IMOJIE3HO ObIBAET HA HEKOTOPHIX U3
HUX MMOKa3bIBaTh TOJHKO MMEHA OTIepaIiii, a Ha APYTUX UX MOJTHYIO CUTHATYDY.



B s3pike UML onepanuy uMEIOT CAEAYIOLYIO HOTALUIO:

Nmsa Onepauuu (apryMeHT: THUI JI@aHHBIX apryMeHTa, apryMEeHT2:TUIl JaHHBIX
aprymMeHTa2,...): TUIl BO3BPALIa€MOT0 3HAUCHUS

CrnenyeT pacCMOTPETh YEThIPE PA3IUYHBIX TUIIA ONIEPAIIHii:

- Onepauuu peann3aiuu;

- Onepanuu ynpaBlieHuUs;

- Onepauuu 10CTymna,

- BcnioMorarenbHbIe oneparym.

Onepanun peaan3zauuu

Omnepamun  peasnimzanuu  (implementor operations) peanu3yrOT HEKOTOpbIe OH3HeEC-
(b yHKITHIH. Takue oreparu MOKHO HalTH, UCCIIeTys JMarpamMmbl
B3auMojeiicTBus. Juarpammbl 3Toro Ttuma (OKycHpyrOTCcs Ha OusHec-QYHKIUSX, U KaKI0e
COOOIIeHNE IUarpaMMbl, CKOpee BCEro, MOXKXHO COOTHECTH C OIEpallueil peaan3aliii.

Kaxnas omepamus  peanuzanuu  JOJKHa  OBITh  JIETKO — IPOCIIEXKHBaeMa [0

COOTBETCTBYIOLIETO TpeOOBaHUSI. 210 JIOCTUTAETCA Ha Ppa3IMYHBIX aTarax
MOJEIUPOBAHUS. Onepanus BBIBOJIUTCS u3 cooO01IeHus Ha quarpaMme
B3aMMO/JICUCTBUS, coOO0IIeHUS HCXOIAT u3 OoAPOOHOTO ONMCaHUSs MOTOKA
COOBITHIA, KOTOPBIM CO37a€TCSI HA OCHOBE BapuaHTa HMCIOJIb30BaHUS, a MOCIEIHUN — HA OCHOBE
TpebOBaHU. Bo3moxHOCTB MPOCIIEIUTH BCIO 3Ty
LENOYKY MO3BOJISIET rapaHTUpPOBATh, 4TO KaXkJ10€ TpeboBaHUE Oyzner

pearu30BaHO B KOJE, a KaXIbld (pparMeHT Kojaa peanu3yeT Kakoe-TO TpeOOBaHHE.

Onepauum ynpapJjieHust

Omneparuu yrnpasiienus (manager operations) YIPABJISIFOT CO37JaHUEM u
YHUYTOXKEHHEM OO0BEKTOB. B 3Ty KaTeropuio MomagaroT KOHCTPYKTOPbI M JI€CTPYKTOPBI
KJIACCOB.

Onepanun gocryna

ATpuOyThl OOBIYHO OBIBAIOT 3aKPBITBIMU MJIM 3alIUIIEHHBIMH. TeM He MeHee, Ipyrue
KJIacChl MHOT/A OJDKHBI MIPOCMAaTPUBATh MM M3MEHATh UX 3Ha4eHus. JIst 3TOro CymecTByroT
omepanuu jAoctyna (access operations). Taxoil mnoaxon AaeT BO3MOXKHOCTH 0€30IacHO
UHKAICYJINPOBaTh aTpuOyTHI
BHYTPHU KjIacCa, 3alllUTHB WX OT APYIruUX KJIACCOB, HO BCEC XK€ IMO3BOJACT OCYHICCTBUTH K HUM
KOHTpoaupyeMsblid foctyn. Co3nanue onepauuit Get u Set (oy4eHUS U U3MEHEHUS 3HAYCHHU )
JUISL K&KJI0T0 aTpuOyTa Kilacca sIBJISIeTCs] CTaHIapTOM.

BcnomoraresibHbIe onepanuu

Bcenomoratensubivu (helper operations) Ha3bIBalOTCS TaKHe OIEpalMM Kjlacca, KOTOpbIe
HE00XO0/IUMBI emy e BBITOJIHEHHS ero OTBETCTBEHHOCTEH, HO
O KOTOpPBIX APYTrU€ KJIIAaCCbl HE JOJDKHBI HHYEro 3HATh. 9t0 3aKPBITEIC U 3alIUIICHHBLIC
oTiepalunu Kiacca.

Uto6s! uACHTU(HULIUPOBATH ONIEPALIUH, BHIITOJHUTE CIAEAYIOLIUE 1eHCTBUS:

Wzyuute JarpaMMbl MOCIIeI0BaTEIbHOCTH U KOOIIEpaTUBHBIE
JuarpaMMabl. Bonpmras  gacte COO6HIGHI/II>1 Ha OTUX JUarpammax sBJIICTCSA OICpalusIMu
peanu3zanyu. PeduiekcuBHble cO00IIeHUs Oy1yT BCIOMOTaTEIbHBIMU OIEPALIUSMH.

Paccmotpute  ympaBnsromme — omepanuud. Moker  moTpeboBaThbes  100aBUTH
KOHCTPYKTOPHBI U IECTPYKTOPBHI.

Paccmotpute  omepamum  goctyma. g kaxkgoro  arpubyra  Kiacca, C
KOTOPBIM JIOJDKHBI OynyT paboTaTh Jpyrue Kiacchl, Hajmo co3jaaTth oneparun Get u Set.

Cs3u

CBs3b mpezcTaBisieT coOOM CEMaHTUYECKYI B3aMMOCBSI3b Mexay kiaccamu. OHa j1aet
KJIacCy BO3MOKHOCTb Yy3HaBaThb 00 aTpuOyTax, onepamnusx U CBS3SX Apyroro kiacca. HeMu
CJIOBaMM, YTOOBI OJMH KJAacC MOT TIOCJIaTh COOOIIEHHE JApYyroMy Ha JuarpaMmme
II0CJIEI0BATEIBHOCTH WM KOONEPATUBHOW AMarpamMme, MEXAY HUMH JIOJDKHA CYILECTBOBATh
CBSI3b.



CyIIecTBYIOT YETHIPE TUIIA CBSI3€H, KOTOPhIE MOT'YT OBITh YCTAHOBJIEHBI MEXK/Y KJIaCCAMH:
acColMaIliH, 3aBUCUMOCTH, arperaiuy 1 0000IICHHUS.

Acconpanum

Acconmanus (association) — 3TO CEeMaHTHYECKas CBSA3b MEXy Kiaccamu. VX pHCyrOT Ha
JUarpamMme KJ1accoB B BUJIE OOBIKHOBEHHOM JIMHUH.

NewClass NewClass?2

Pucynok 3.10 - Csi3b accouuanus

Acconpanuy  MOryr  ObIThb  JBYHAllpaBJ€HHBIMM, Kak B  IpuMmepe, WU
onHoHanpasieHHbIMU. Ha a3pike UML nByHanpaBileHHbBIE acCOLMAlMU PUCYIOT B BUJIE IIPOCTOM
aMHMKM  0e3  CTpeloK  WiIM  cO  CcTpelkaMu ¢ obeux ee  cropoH. Ha
OJHOHAINIPABICHHON AaCCOIMALMKN HM300paXaloT TONBKO OJHY CTPEJKY, IOKa3bIBAIOUIYIO €€
HalpaBJICHUE.

Hanpasnenue accouuanuu MO>KHO OIPE/IEIINTD, u3y4as JarpamMmmbl
[OCJIEIOBATEIbHOCTH M KOONepaTHBHbIE JuarpamMMbl. Ecim  Bce cooOlieHus Ha HUX
OTNPABJISIIOTCS ~ TOJNBKO  OJHMM  KJaccoM M MNPUHUMAIOTCS  TOJBKO  JIPYIrUM
KJIACCOM, HO HE Hao00poT, MEXIY ITUMU KJIaCCaMHU UMEET MECTO
OJIHOHampaBjeHHass cBs3b. Eciu xoTa OBl OAHO COOOIIEHUE OTIpPABISETCS B OOPATHYIO
CTOPOHY, acCOLMAIUS 10JIKHA ObITh IBYHAIPABICHHOM.

Accommatimn  MoryT  ObITh  peduiekcuBHBIMH.  PeduiekcuBHas — acconuanus
IpeaIoyaraeT, 4ro OAMH DK3EMIULIP KJlacca B3aUMOJEHCTBYET C JIPYIMMH JK3eMIULIpaMu
ATOTO K€ KJlacca.

3aBucuMocTH
Ces3u 3aBucumocTH (dependency) Takke OTpa)kalOT CBsA3b MEXIY KjaccaMu, HO OHH
BCerJa OJHOHAMpaBICHbl M  MOKa3bIBAlOT, YTO OAMH  KIACC 3aBHCHT oT

ompeNeNieHuH, CAeNaHHbIX B ApyroM. Hampumep, kiacc A ucnonb3yeT MeTosl kiacca B. Torna
py U3MEHEHUH Ki1acca B HeoOX01MMOo MPOU3BECTH COOTBETCTBYIOIIME U3MEHEHHUS B Kiacce A.

3aBUCUMOCTh M300pa’kaeTcsl MYHKTUPHON JIMHHUEW, MPOBEIEHHOW MEXIy JBYMS
AJIEMEHTaMU JUarpaMMbl, U CYMTAETCS, YTO DJIEMEHT, IPUBSI3aHHBIN K KOHILY CTPEJIKH, 3aBUCUT OT
3JIEMEHTA, IPUBA3AHHOIO K Hayally 3TOM CTPENKHU.

NewClass NewClass?2

Pucynoxk 3.11 - CBs3b 3aBHCHUMOCTh

[Ipu renepanmmm Koma Juisi OTUX KIAcCOB K HHUM He OyayT J00aBiIATHCS
HOBBbIe aTpuOyThl. OmHako, OynyT co3laHbl chenupuyecKkue A S3bIKa ONepaTOphl,
HEO0OXOIUMBIE ISl TIOJIIEPIKKHU CBSI3H.

Arperanuu

Arperanuu (aggregations) TPEACTaBIAIOT coOoi Oonee TecHYIO (OpMy accoIMalvu.
Arperamusi — 3TO CBSI3b MEX]Y LENIbIM U €ro 4actbio. Hampumep, y Bac MOXKeT OBITH KIJIacc

ABTOMOOWIID, a TaKxe KJIaCCBI JIBurarens, [Toxpprku
U KJIAcChl JJIs APYruX vacteil aBromMoOmis. B pesynbraTe 00BeKT Kiacca ABTOMOOMIB OyeT
coCTOATh M3 O0OBEKTa Kiacca JlBuraTtenb, dYerblpex o00bekToB Ilokpseimex U T.

1. Arperanyy BU3YaJH3UPYIOT B BHJAE JUHUH C POMOMKOM Y Kjacca, SBJISIOLIETOCS HEJIbIM:



Whole Part

Pucynox 3.12 - CBs3p arperanus

B  nomonmnenme k  mpocroii  arperaumm UML  BBomuT  Oosiee  CHIIBHYIO
Pa3HOBUAHOCTh arperanuu, Ha3plBaeMylo Kommo3uiued. CoriacHO KOMITO3UIUMH, OOBEKT-
9acTh MOJKET MIPUHAITIC)KATh TOJILKO €IMHCTBCHHOMY  IIEJIOMY, u, Kpome
TOT0, KaK MpPaBUJIO, >KU3HEHHBIA IIMKJI YacTei COBHAJAET C IIMKJIOM IEJIOTr0: OHM KUBYT U
YMHpPAIOT BMecTe ¢ HUM. JIro0oe yraneHue 1eiaoro pacupoCcTpaHseTcsl Ha €ro YacTH.

Takoe kackaJHOe yJaleHHE HEPEOKO pacCMaTpUBAaeTCs KaK 4YacTh OMNpeesieHus
arperainuy, OJHaKO OHO BCET/Ia MOJIPa3yMeBacTCsS B TOM Clydae, KOT/la MHOKECTBEHHOCTh POJIU
cocrapnsier 1..1; Hampumep, ecnu HeoOXoAUMO yaanuTh KineHTa, TO 3TO ylnaieHue AO0KHO
pacrpocTpaHuThCs M Ha 3akassl (M, B CBOIO o4epe b, Ha CTpOKH 3aKasa).

0606menus (HacienoBanue)

O06o0mienne (Haciaeq0BaHNE) - 3TO OTHOILICHHUE THITA 00IIee-9acTHOE MEXKIY dJIEMEHTaMHU
momemu. C IIOMOIIIBIO 00o0menuii  (generalization) [IOKAa3bIBAIOT CBSI3U
HACJICJIOBAHMSI MEXTY JIBYMS KJIaCCaMH.

BubimoresHeat nons3osarens
us
Apes
Tenediow
PernCTpaLpoHHS HoMeD
Pemtrpauma ()
Omuera perwcrpaum |)
;}
|
HiTarens NuTaTess ¢ NPASOM BHHOCE
Tpen B wmatenm AnEMEHTY BPEUEHAND NOML30S2MA

Marchuanshe Bpeus Noma0sam

z[k
J.____.!__

Corpynax, GGnmorem Crynesr
Ornen Qarynerer
Tenadon ompena Jouauwmni appec

Pucynok 3.13 - [Ipumep cBsi3u HacieI0BaHUE

BonbmmHCTBO 00BEKTHO-
OpPUEHTUPOBAHHBIX SI3BIKOB HEMOCPEJICTBEHHO MOIIEP>KUBAIOT KOHIIETIITHIO
HacienoBanuss. OHa TIO3BOJIIET OJHOMY KJlacCy HacleAoBaTh BCe aTPHOYTHI, ONEpanud 1
CBsi3M JApyroro. HacnenoBaHue MakeToB O3HAYAeT, YTO B MaKeTe-HACIETHUKE BCE CYIIHOCTU
nakera-TpeKa OyayT BHJIHBI O] CBOUMH COOCTBCHHBIMH MMEHAMH (T.€. IPOCTPAHCTBA MMECH
o0wveauHsIOTCS ). HacnenoBanue mokas3piBaeTCs CIUIONTHOW JTMHUEH, UAYIIEH OT Kilacca-oTOMKa
K Kiaccy-tpenky (B tepmuuosiorun OOII - oT moTOMKa K MPEAKy, OT ChIHA K OTILy, WIH OT
nojkiacca K cymnepkiaccy). Co CTOpoHBI 6osiee 00IIero »JIeMeHTa pUCyeTcsl OONBIION MOJBIH
TPEYroJIbHUK.

[Tomumo HacnmegyeMbIX, KaxIblid IMOAKIACC UMEET CBOM COOCTBEHHBIC YHUKAIILHBIC
aTpuOyThI, ONIEpalliu U CBS3U.



MHO0XKeCTBEHHOCTh

MHuoxecTBeHHOCTh  (multiplicity) MOKa3bIBAET, CKOJIbKO AK3EMILISIPOB
OJTHOTO KJIacCa B3aMMOJAEHUCTBYIOT C IOMOIIBIO 3TOW CBA3H C OJHUM 3K3EMIUIIPOM APYroro
KJlacca B JaHHBII MOMEHT BpEMEHHU.

Hanpuwmep, npu pazpaboTke CHCTEMBI perucTpanuu KypcoB B
YHUBEPCUTETE MOXKHO onpeaenuth kiacchl Course (kype) u Student (ctyaeHT). Mexay HUMHA
YCTAHOBJICHA CBS3b: y KypCOB MOTYT OBITh CTYAEHTHI, a y CTYAEHTOB — Kypchl. Bompockl, Ha
KOTOPBIi JIOJIKEeH OTBETUTH napamerp MHO>KE€CTBEHHOCTH:
«CKOJBKO KYPCOB CTYJEHT MOXET IMOCelaTh B JaHHBIA MOMEHT? CKOJIBKO CTYJAEHTOB MOKET
3a pa3 moceuiatb OAUH Kypc?»

Tak kak MHOXECTBEHHOCTb JIaeT OTBET Ha 00a O3TH BoOmpoca, €€ MHIUKATOPHI
YCTaHaBIIMBAIOTCA Ha oboux KOHI[ax JUHUH CBSI3HU. B npuMepe
perucTpaliii KypcoB MBI PELIMJIM, YTO OJMH CTYIACHT MOXET MOCeMaTh OT HYJs 10
YeThIpeX KypCOB, a OAMH Kypc MOryT ciaymarh oT 0 1o 20 cTyneHToB.

B s3bike UML npuHSTH OnpeieneHHble HOTAlMKU JUIsl 0003HaYEHUsI MHO)KECTBEHHOCTH.

Tabmauua 3.1 - O6o3HaUeHUd MHOXKECTBEHHOCTH cBsA3eil B UML

MitozkecTBenmocTh Suaveme
0.* Homb wim Gosmine
1.5 Oman 1w 60Mble
0.1 Houm Wi ojun
1..1 (coxpamennas 3anuen: 1) Posio oauu

HNmena cesazei

CBsi31 MO’KHO YTOYHHTH C TIOMOIIIBIO UMEH CBSI3CH I POJICBBIX UMEH. MIMs CBSI3M — 3TO
OOBIYHO TTIATrOJI WU TIarojibHas ¢pasza, OMUCHIBAIONIAs, 3aue€M OHA HyxkHa. Hampumep, mMexay
kiaccom Person (denmoBek) u kitaccom Company (KOMITaHUS) MOXKET CYIIIECTBOBAThH aCCOIHAITHSI.
MoxxHO 3amaTh B CBS3M C OTHUM  BOIIPOC, SIBIISIETCS m 00BEKT KJlacca
Person KIUEHTOM KOMIIaHHU, eé
COTPYIHUKOM WU BiagenblieM? YToObl OMNpeeNuTh 3TO, acCOIMALUI0 MOXKHO Ha3BaTh
«employs» (HaHUMaeT):

Employs
Company Person

Pucynok 3.14 - [Ipumep umeH cBsizeit

Pom
POJ'[eBI)Ie HUMCHa HpI/IMeHHIOT B CBA34X accollUalluu WU arperaupm BMECTO MMCH IJIsd
ONMCAaHMUS TOTO, 3a4EM OTU CBSA3M HYKHBI. Bo3Bpamasch K npumepy ¢ kiaccamu Person u

Company, MOXHO cKa3aTh, 4TO Kiacc Person wWrpaer poiab COTpYyIHHKA KJacca
Company. PoneBrie UMeHa — 3TO OOBIYHO UMeHa
CYIIECTBUTEIIHBIE  WJIM ~ OCHOBaHHBIE Ha  HHX  (pas3pl, WX  IIOKa3bIBAlOT Ha
quarpaMme  psiIoM  C  KJIacCOM, — WTPAlOIIMM  COOTBETCTBYIONIYyKO  poib.  Kak

MMpaBUJIO, MOJB3YKOTCA WKW POJICBBIM HMMCHEM, HJIM MMCHEM CBA3H, HO HE obonmMu cpasy. Kaxk
U HNMCHa CBSI3€I>'I, POJICBBIC MMCHA HC O6H33TCJII>HI>I, HUX OarT, TOJBKO €CIHN 1LCJIb CBA3HU HC
oueBuHA. [Ipumep poseil NpUBOAUTCS HUKE:
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+Employer +Employee

Company Person

Pucynox 3.15 - [Ipumep poneit cBsizeit

ITaker. MexaHnusM naxKkeroB
B koHTeKkcTe nuarpaMM KJIaccoB, MAKET - 3TO BMECTUJIMINEG JJIsi HEKOTOpOro Habopa
KJIACCOB U APYTHX MakeToB. [[akeT ABIsSETCS CaMOCTOSTENHHBIM MMPOCTPAHCTBOM MMEH.

]

Package

Pucynok 3.16 - O603Hauenue nakera 8 UML

B UML Het kakux-nmu00 orpaHu4eHU Ha MpaBUJIa, 10 KOTOPHIM pa3padOTYMKU MOTYT WIIH
JOJDKHBI I'PYIIIIMPOBATH KJIACCHI B ITIAKCTHI. Ho ecTb HCKOTOPBIC CTAHAAPTHLIC ClTyYau, KOrjga Takas
IPYNIIMPOBKA yYMECTHA, HAIpPUMEp, TECHO B3aMMOJICHCTBYIOIIME KJIacChl, WM Oosee oOImmi
cirydaii - pa30ueHre CUCTEMBI Ha ITOICUCTEMBI.

[TakeT Gu3NYeCKu COACPKHUT CYITHOCTH, OTPEICICHHBIC B HEM (TOBOPST, YTO "CYIIIHOCTH
MIPUHAJUICKAT MaKeTy"). DTO 03HAYALT, YTO €CIIM OyJIET YHHUTOKEH ITAKET, TO OYAYT YHUYTOKECHO
U BCE €T0 COJICPIKUMOE.

Cy1iecTByeT HECKOIbKO Han0oJiee paclpoCTPAHEHHBIX MOIX0/I0B K TPYIIHUPOBKE.

Bo-nepBbIX, MO>KHO IpyNIUpOBaTh ux o
crepeotunny. B TakoM  ciydyae — moiy4aercs — OJMH  HakeT € KJaccaMHu-
CYHUIHOCTSIMH,  OJMH €  TpPaHUYHBIMH  KJAacCaMd, OJWMH  C  YIPaBIAIOUIMMHU

KJaccaMd W T.J. DTOT TOIXOJI MOXKET OBITh TOJIE3€H C TOYKH 3PEHUS pa3MeEIIeHHUs TOTOBOU
CUCTEMBI, MOCKOJIbKY BCE HAXOMSIIMECs Ha KIMEHTCKUX MAaIllMHAX MOTPAHUYHBIE KIACCHI yiKe
OKa3bIBAIOTCS B OHOM ITaKETe.

Hpyroit MOJIXO 3aKIII0YaeTCs B 00bEeTMHEHUN KJIAacCOB MO HX
dbyakuuonansHocT. Hampumep, B makete Security (6€30macHOCTh) COACPIKATCS BCE KIIACCHI,
OTBEYAOINe 3a 0€3011acHOCTb HPUITIOKEHHUSL. B TaKOM
cilydae Jpyrue makeTsl MoryT HasbiBaThcs Employee Maintenance (Pabota ¢ corpynHukamn),
Reporting (ITonroroBka OTUYETOB) u Error Handling
(Obpabotka ommbOok). I[IpeumMymiecTBO ATOTO MOAXOJa 3aKIIOYAeTCI B BO3MOXKHOCTH
MOBTOPHOTO HUCMOJIb30BAHUS.

MexaHu3M [akeTOB NPHUMEHHM K JIIOOBIM D3JEeMEHTaM MOJENd, a He TOJBKO K

Ki1acCaM. Ecmu JJIA TpyHOInupoBKU KJ1aCCOB HC HCIIOJBb30BaTh HCKOTOPBIC
O9BPHUCTHUKH, TO OHA CTAaHOBHUTCA HpOHSBOJ’IBHOfI. O)IHa N3 HHX, KOTOpasd B OCHOBHOM
HCIIOJIB3YCTCA B UML, - 9TO 3aBUCUMOCTB. 3aBUCHMOCTD MCKIAY

JIBYMsI TaKeTaMH CYIIECTBYeT B TOM cllydae, €CIM MEXAy JIOOBIMU JIByMS KjaccaMH B
MaKeTax CYLIECTBYET Jr00as 3aBUCHMOCTb.

Takum o0pa3zoM, quarpaMma MaKeTOB MpPeICTaBIseT co0o0il auarpammy, coaep Kalyro
MIAKEThI KJIACCOB U 3aBUCUMOCTH MeX 1y HUMHU. CTpOro roBopsi, NakeThl ¥ 3aBUCUMOCTH SIBIISIOTCS
3JIeMEHTaMH AuarpaMMbl KJIAaCCOB, TO €CTh JMarpaMmma nakeToB —3To (opMa TuarpaMMbl KI1acCoB.
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Control

Pucynoxk 3.17 - Ilpumep nquarpaMMbl TaKeTOB

3aBHCUMOCTh MEXIY [JBYMs OJJIEMEHTAMH HWMEET MECTO B TOM CiIydae, eclii
U3MEHCHHS B OINPEJCICHUU OJHOTO 3JIEMEHTa MOTYT IOBJICYb 32 COOOI U3MEHEHHUS B JJPYTOM.
UYro KacaeTcs KJIIaCCOB, TO MPUYHHBI JUIsi 3aBUCUMOCTEH MOTYT OBITh CAMBIMHU Pa3HBIMU:

- OJIMH KJIACC MOCHUIAET COOOIICHUE IPYTOMY;

- OJIMH KJIACC BKJTIOYAET YacCTh JAHHBIX JIPYTOTO KJIACCa; OJIMH KJIACC UCIOIB3YET IPYToil B
Ka4yeCcTBE IMapamMeTpa OIepalyy.

Ecmu xnmace mensier cBoil mHTEpdeEic, To Mo0oe CooOIeHne, KOTOPOE OH IOCBLIACT,
MOYET YTPATUTh CBOIO CHITY.

[TakeTsl HE HAlOT OTBETAa HA BOMPOC, KAKUM 00pPa3oM MOXHO YMEHBIIUTH KOJIHMYECTBO
3aBUCUMOCTEH B Balllell CHCTEME, OJTHAKO OHHM MOMOTAIOT BBIACIUTH 3TH 3aBUCUMOCTH, a IOCIIE
TOTO, KaK OHU BCE OKaXyTCS Ha BUTY, ocraercs
TOJBKO  mopaboTaTh  HAJX  CHIDKEHHMEM WX  KoiamdecTBa.  JlmarpamMmbl — MakeToB
MOYXHO CUUTATh OCHOBHBIM CPEJICTBOM YIIPABIICHUS OOIIEH CTPYKTYpOH CHCTEMBI.

[TakeTel  SIBISIOTCS ~ JKU3HEHHO  HEOOXOOWUMBIM  CPEACTBOM  JJIsl  OOJBIIMX
npoekToB. X  cmemyer  mcmonmp3oBaTh B TeX  CiIydasX, KOrja  JdarpamMma
KJIaCCOB, OXBAaTBHIBAIOIAS BCIO CHUCTEMY B II€JIOM M pa3MelIeHHas Ha eJMHCTBCHHOM JIHCTE
Oymaru gopmara A4, CTaHOBUTCSI HEUUTAEMOH.

JAuarpamMMsbl COCTOSTHHI

JlmarpaMMbl COCTOSIHUH OMPEEINSIOT BCE BO3MOXKHBIE COCTOSIHHS, B KOTOPBIX MOXKET

HaXOJUTbCS KOHKPETHBIN 00BEKT, a TaK¥Ke pouecc CMEHBI
COCTOSIHUI O00BEKTa B pe3yjbTaTe HACTYIUIEHHMS] HEKOTOPBIX COOBITHH.
CymectByeT MHOT0 bopm Juarpamm COCTOSIHUH, HE3HAYUTEIIBHO

OTJIMYAOIINXCS JIPYT OT Jpyra CEMaHTHKOM.

Ha nuarpamMmMe mMeroTCs 1Ba CIENIMATBLHBIX COCTOSIHUSI — HaYallbHOE (Start) ¥ KOHEYHOe
(stop). HauansHoe COCTOSIHHE BBIJIEJIEHO YepHOU TOYKO, OHO
COOTBETCTBYET  COCTOSSHMIO  OOBEKTa, KOTrJa OH  TOJBKO  4YTO  OBUI  CO3/aH.
Koneunoe cocrosHue o0o03HauaeTcsi 4epHOM TOYKOM B OelIoM  KpyXKe, OHO
COOTBETCTBYET COCTOSHUIO OOBEKTa HEMOCPEJACTBEHHO TMepell ero yHu4TokeHuem. Ha
JTUarpamMmme COCTOSTHUH MOXKET OBITh OJTHO u TOJIBKO OJTHO
HAa4yaJbHOE COCTOsSHME. B TO ke BpeMs, MOXeT OBITb CTOJNBKO  KOHEUHBIX
COCTOSTHUH, CKONBKO BaM HYXXHO, WM MX MOXET He ObiTh BooOmIe. Korma o0bekT HaxoauTcs
B KaKOM-TO KOHKPETHOM COCTOSTHUHM, MOTYT BBITIOJNHATHCSA pa3jIMYHbIC Mporiecchl. [Iporiecchl,
MIPOUCXOISIIINE, Korja
00BEKT HAXOAUTCS B OINPEIACICHHOM COCTOSHHH, Ha3bIBAIOTCA JEHCTBUAMM (actions).

C cocTosHMEM MOXHO  CBS3bIBaTh JAaHHBIE TISTH  THUIOB:  JESITEIbHOCTD,
BXOJIHOE JICICTBHE, BBIXOJHOE NEICTBHE, COOBITHE U HMCTOPUS COCTOSHHUSI.

JlesiTeIbLHOCTH
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JlesitensHOCTRIO (activity) Ha3bIBaeTCS MOBEACHHE, pealn3yeMoe 0OBEKTOM, MOKa OH
HaxOJIUTCS B TAHHOM COCTOSIHHH. [lesATeIbHOCTh — 3TO TIpepbiBaeMoe moBeacHre. OHO MOXKET
BBITIOJHATBCS ~ JO  CBOErO  3aBEpUICHHS, TIOKa OOBEKT  HAXOAWTCI B  JaHHOM
COCTOSIHMHM, WJIA MOXET OBITh TPEepBaHO IEPEX0oJ0M OOBEKTa B JPYroe COCTOSHHE.
JlessTenbHOCTh U300PaKAIOT BHYTPU CAMOTO COCTOSTHUS, €l JOJDKHO TPEIIeCTBOBATH clIoBO do
(menaTh) U TBOECTOYHE.

BxoaHoe neiicTBue

BxomneiM neiicTBueM (entry action) Ha3bIBaeTCsA IIOBEICHHUE, KOTOPOE BBIOIHSAETCS,
Korja oObeKT NEPEXOAUT B JaHHOE COCTosIHUE. J[aHHOE 1eliCTBUE OCYIIECTBIISAETCS HE TIOCIIE TOTO,
Kak 00BEKT neperiesn B 3TO COCTOSIHHE, a, cKopee, Kak 4acTh
3TOro mepexoaa. B oTiawume OT NeATeNbHOCTH, BXOJHOE JEHCTBUE pacCMaTpUBAETCS KAk
HempeppiBaeMoe. BxogHoe  felicTBHE  TakkKe  TOKa3blBAIOT BHYTPU  COCTOSIHUS, €My
IPEILIECTBYET CJIOBO entry (BX0A) U IBOETOUHE.

BrixoagHoe aeiicteue

BeixogHoe ~— medictBue (exit action) — MOJAOOHO  BXOJIHOMY. Onnako,  OHO
OCYIIECTBIISIETCS KaK COCTaBHasg 4YacTh Ipolecca BbIXOAa W3 JaHHOTO COCTOSIHHUS.
OHO sBHsieTCSs dYacThlO TIpoliecca Takoro nepexona. Kak um BXOaHOE, BBIXOJHOE ICHCTBUE
SIBJISICTCS. HEMIPEPHIBACMBIM.

BreixogHoe neiicTBUEe M300pakarOT BHYTPU COCTOSTHUS, €My IPEAIISCTBYET CIOBO eXit
(BBIXOM) U TBOETOUHE.

[ToBeneHrne 0OBEKTa BO BpeMs JEATSIBHOCTH, MPU BXOJHBIX M BBIXOJHBIX JCHCTBUSIX
MOYKET BKJIIOYATH OTIIPaBKY COOBITHS Ipyromy O00BEKTY.
B 3TOM ciy4ae OTIMCAHHIO NeSATEIIbHOCTH,
BXOJIHOTO JICHCTBUS WU BBIXOJHOTO IEHCTBHUS MPEALIECTBYET 3HAK « " ».

CooTBeTCTBYIOMIASI CTPOKA HA JUArpaMMe BBITIISIUT KaK

Do: "enb.CobbiTHEe (APryMEHTHI)

3necy llenp — 310 00BEKT, mOMydarouuii coObiTHe, COOBITHE — H5TO MOCHLIIAEMOE
coo01eHre, a ApryMeHTHI SIBISIOTCS TapaMeTpaMHy MOChIIIaeMOT0 COOOIIEHUSI.

JlesITembHOCT ~ MOXKET ~ TaKKe€  BBIMOJNHATBCS B pe3ydbTaTe  IMOJYYCHUS
00BEKTOM HEKOTOporo coObiTus. [Ipu moONydeHWH HEKOTOPOTrO COOBITHS BBIMOIHSACTCS
ompeiesIieHHas JesTEIbHOCTD.

Ilepexomom (Transition) Ha3bpIBaeTCs MEpEMEIICHHE U3 OJIHOTO COCTOSHUSA B
JIpyToe. COBOKYITHOCTH Mepexo/I0B JarpaMMbl MMOKa3bIBacT, KaK 00BEKT
MOKET TepeMelaTbCsi MEXIy CBOMMH COCTOSHMsIMH. Ha 1guarpamme Bce mepexoibl
U300pakaroT B BHJE CTPEIKH, HAYMHAIONICHCS HAa TEPBOHAYAILHOM COCTOSSHHHA U
3aKaHYMBAIOIICHCS MTOCIEAYIOIIUM.

[lepexonpl MOTyT ObITh peduieKCUBHBIMU. OOBEKT MOKET MEPENUTH B TO K€ COCTOSHUE, B
KOTOPOM OH B HACTOSIIUN MOMEHT HaxoauTcs. PedrekcruBHble mepexoabl n300paxkaloT B BHUIE
CTPEJIKH, HAUMHAIOIICHCS ¥ 3aBEPIIAIONIEHCS Ha OJTHOM U TOM K€ COCTOSTHUH.

Y  mepexoga  CymIecTBYeT  Heckolbko  cnerudukanuid. OHH  BKJIIOYAIOT
COOBITHSI, apTyMEHTHI, OTPaXKIAIONINE YCIIOBHUS, JNEHCTBUS M IOCBIIACMBIE COOBITHS.

CooObITHS

CoOpiTre (event) — 3TO TO, YTO BBI3BIBAET MEPEXOJ] M3 OJHOTO COCTOSIHHS B JPYroe.
CoO0pITHE pa3MeNaoT Ha IuarpaMMe BIOJb JIMHUW TIEpexo/a.

Ha pgmarpamme pams  oToOpakeHHsS COOBITHSI MOXHO HCIIONB30BaTh KaK  HUMsI
orepanuu, Tak U OObIYHYIO (pa3y.

BonbIMHCTBO TIEPEX0/I0B JIOJDKHBI HIMETh COOBITHS, TaK KaK UMEHHO OHH, IPEXKJIC BCETO,
3aCTaBISIOT MEPEXOJ] OCYIIECTBUTLCA. TeM He MeHee, OBIBAIOT U aBTOMATHYECKHE TIEPEXO/Ibl, He
uMeromme cooprTril. [Ipu 3TOM 00BEKT caM MepeMemaeTcs U3 OJHOTO COCTOSHUS B APYroe co
CKOPOCTBIO, MO3BOJISIIOIICH OCYIIECTBUTHCS BXOJHBIM JIEHCTBUSAM, NEATEIBHOCTH U BBIXOIHBIM
JIEUCTBUSIM.

Orpaxaawomue ycja0Bust
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Orpaxparomme  ycnoBusi  (guard  conditions) — ompenensior, Koraa  MEpexo
MOJXET, a KOIJa HE MOYKET OCYILIECTBUTbCA. B MpoTHBHOM cilyuae rnepexo]i He OCYILECTBUTCS.

Orpaxaaronye ycloBHs HM300paxaloT Ha JuarpaMMme BJIOJb JIMHUHM Iepexoja mocie
UMEHHU COOBITHS, 3aKJIt0Yas UX B KBaJIpaTHbIE CKOOKH.

Orpaxnatoniue yCIIOBUS 3a]1aBaTh HEO0O0s3aTeNBHO. Opnnako eciu
CYLIECTBYET HECKOJIbKO aBTOMAaTHUYECKUX epexo0B u3 COCTOSIHUS,
HEOOXOMMO OIpPENeIUTh U1 HAUX B3aWUMHO HCKIIIOYAIOIIUE OTPAXKAAIONINE YCIOBUSA. DTO
IIOMOJKET YUTATENIO0 JUarpaMMbl OHATh, KAKOW MyTh Nepexo/ia Oy1eT aBTOMATHYECKH BbIOPaH.

HeiictBue

HeiictBueM (action), Kak YK€ TOBOPUIIOCH, SBIJISETCS HENpEephIBAEMOE IOBEJCHHUE,
OCYILECTBIISIIOIECECs KaK 4acTh Iepexoia. BXoaHbie U BBIXOAHBIE IEHCTBUS MOKA3bIBAIOT BHYTPU
COCTOSIHUH, TIOCKOJIBKY OHU OIPEAEISAIOT, YTO MPOUCXOANT, KOrJa 0OBEKT BXOAUT WM BBIXOAUT
u3 HETO. bonpmryro 4acThb
NecTBUM, OIHAKO, H300pakalOT BJOJAb JIMHUM IIE€pexoa, TaK Kak OHHM HE JOJDKHBI
OCYIIECTBIISITHCS TP BXOJIE MITH BBIXOJE U3 COCTOSHUSI.

JlelicTBUE PUCYIOT BJIOJIb JIMHUU IIE€pEeXoja MOCIe UMEHH COOBITHS, €My IpPEeIIECTBYeT
Kocas 4epTa.

CoObiTe  win  gelcTBUE  MOTYT  OBITh  IHOBEJCHMEM BHYTPHM  0OBEKTa, a
MOTYT  TPEACTaBIATH CcO0OM  cooOliieHue, TmOChUIaeMoe  Jpyromy  o0bekty. Ecnu
COOBITHE MJIM JIeHiCTBHE MOCBUIAETCA APYroMy OOBEKTY, Mepel HUM Ha AHarpaMMme MOMEIAloT
3HAK « " ».

CHAaTHE geHer
[oTpuaTeneHbIn Ganarc)

MNpeebiweHWe kKpeaWTa w

entry: BpeMeHHO 3aMOpO3nTL cUeT

KnueHT TpeByet Bxnag gexer do: MocnaTe yBeaomneHWe KIWeHTy
2aKPLITL CueT / [nonoxMTensHBIR \ex it: Paamopo3uTs cuet

CoxpaHuTe garty Ganaic]

3AKpLITUA CYeTa

MNpoeepka GanaHca
[oTpMUaTENEHEIA GanaHe
entry: Bugate B TevyeHwe Gonee 30 gHed)

KPEAUTHYIO KapTy

®

Pucynoxk 3.18 - [Ipumep auarpaMmbl COCTOSTHUI

JluarpamMmbl  COCTOSSHMII He HaJo co3/laBaTh JUISL KaXAOro Kiacca, OHHU
OPUMEHSIOTCS  TOJIBKO B CIOXKHBIX  ciaydasx. Ecim  o0OBeKT  Kjacca  MOMKET
CYIIECTBOBaTh B HECKOJIbKMX COCTOSIHMSX W B KaX/JIOM M3 HHMX BeJeT ceOs Mo-pasHoOMY, Ui
HEro MOKeT MoTpeOoBaThCs Takas 1uarpaMmma.

JAuarpamMMel pasMeLleHus

HNuarpamma  pasmemieHuss  (deployment — diagram)  oTpakaer  (u3MUecKue
B3aUMOCBSI3U MEXTy IPOTrpaMMHBIMU " anmnapaTHbIMU KOMITOHEHTaMH
cuctemMbl. OnHa  sBASETCS  XOPOUIMM  CPEACTBOM  JUIsi  TOro, 4YTOOBI  IOKa3aTh
MapuIpyThl HepeMeIieHusi 00bEKTOB M KOMIIOHEHTOB B DPAacCHpeeNICHHOH CUCTeMe.

Kaxnpii y3el Ha JarpaMMe pa3sMeleHNs MIPEJCTABIISIET co0oit
HEKOTOPBIA THUIT BBIYMCIUTEIBHOTO YCTPOMCTBA — B OOJBIIMHCTBE CIy4aeB, YacCTh allaparyphl.
DTta anmaparypa MOXKET OBITh MPOCTBHIM YCTPOMCTBOM WM JaTYMKOM, a MOXKET OBITh U
MAHpperimMoMm.

JuarpamMmma  pasMelIeHHMs  TOKa3bIBaeT  (PM3UYECKOE  PACHOJIOKEHHE CEeTH U
MECTOHAXOXKJCHUE B HEH Pa3MUYHBIX KOMIIOHEHTOB.
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Banking Database
Server

Oracle Server
<<|AN>>

Regional
ATM Server

Printer

ATMServer.exe
<<Private Network>>

<<Private Network>>

125 First St. 459 Elm St.
ATM ATM
ATMClient.exe ATMClientexe

Pucynok 3.19 - [Ipumep auarpamMmbl pa3MenieHus

JuarpamMma pa3MelieHus MCIOJIB3YyeTCSI MEHEIKEPOM TMPOEKTa, IMOJIb30BaTEIsIMU,
aApPXUTEKTOPOM CHCTEMBI u AKCILTyaTaI[MOHHBIM MIEPCOHATIOM,
YTOOBI TIOHATH (PU3NYECKOE PA3MEIICHUE CHCTEMBI U PACIOJIOKEHUE e€ OT/ICIBHBIX TIOJICUCTEM.

JlnarpaMmbl KOMIIOHEHTOB

JlnarpamMmmbl KOMITOHCHTOB MTOKAa3bIBAIOT, KaK BBITJISIAT MOJIeTTh  Ha
¢buznueckom ypoBHe. Ha HUX M300pa’keHbl KOMIOHEHTHI MPOTPAMMHOI0 00ECTIEUeHUS U CBSI3U
Mexy HUMH. [Ipu 3TOM Ha Takol quarpamMme BBIICISIOT JBa TUIIA KOMIIOHCHTOB: UCTIOJTHSIEMbIC
KOMITOHCHTHI M OMOJITMOTEKH KOJa.

Kaxnpit  kimacc wMomenu (WM MOJCUCTEMA) TIpeoOpa3yeTcss B KOMIIOHEHT
ucxogHoro koxaa. Ilocie co3manust oHHM cpa3y AOOABISIFOTCS K guUarpaMme KOMIIOHEHTOB.
Mexny OTJICTBHBIMHU KOMITOHCHTaMU MU300pakaroT 3aBUCUMOCTH,
COOTBETCTBYIOIIME 3aBUCHMOCTSIM Ha JTalle KOMIMMISALWU WM BBIMOJTHEHUS MTPOTPAMMBI.

ATM.exe

5\ Cash Dispenser

Card Reader - -
-~ - _i
4
Fil ‘-\_ ATM Screen ';|
Card Reaﬁerf ',
|
g CasH Dispenser
ATM Sl:feeﬁ

Pucynok 3.20 -. [Ipumep auarpaMMbl KOMIIOHEHTOB

JlnarpaMMbl KOMIIOHEHTOB MPUMEHSIOTCS TEMH YYaCTHUKAMH MPOEKTA, KTO OTBEYAET 3a
KOMITUISIITUIO CUCTCMBI. I/I3 HEEC BHUIHO, B KaKkoOM r[opsun(e Hazao
KOMITHJIUPOBATh KOMIIOHEHTHI, a TaKXe KaKue HCITOJIHSEMBIE KOMIIOHEHTBI
Ooynyt CO3JIaHbI CUCTEMOH. Ha TaKou JiiarpaMmme IOKa3aHo COOTBETCTBHUE
KJ1aCCOB peaJII/IBOBaHHBIM KOMITOHCHTAaM. OHa Hy)KHa TaM, IJI€ HA4YMHACTCA reHepauHﬁ KoJa.

O0benuHeHne TMarpaMM KOMIIOHEHTOB M Pa3BepThIBAHUS
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B HEKOTOpBIX cirydasx AOIYCKAeTCs pa3MEIaTh JUarpaMmMy KOMIIOHEHTOB Ha UarpamMme
pa3BepTBIBaHUA. JTO MO3BOJISIET TOKA3aTh KAKUE KOMIIOHEHTBI BBIIOIHIIOTCS U Ha KaKUX y3JIax.

Pabora ¢ 1ureparypoii:

PexoMeH1yeMble HCTOUHUKH UH(DOPMAIIHH
(Ne ucrouHmka)

OcHoBHas JlomoaHuTEIbHAS Metoauueckas HHTepHer-
pecypchl
1-3 1-3 1-3 1-3

OueHouHBIE cpPecTBA: BONPOCH K cobecenoBannto (Cm.: DOH/T OIICHOYHBIX CPE/ICTB)

5. TunoBble KOHTPOJIbHbIE 32/IaHUSL U MHbIE MATEPHAJIbI, XapaKTePU3YIOIHe dTANbI
(popMupoBanus KoMneTeHIH I

5.1. Kputepuu onieHMBaHUs KOMIeTeHIMIi

O1eHKa «OTIMYHO» BBICTABISETCSA CTYIEHTY, €CIU CTYACHT HMeeT IIyOOKHe 3HaHuf,
YMEHWUS1, HABBIKH, IEMOHCTPUPYET MOJTHOE TOHUMAaHUE CYIIIHOCTH PACCMAaTPHUBAEMBIX BOIIPOCOB.

O1eHKka «XOpOLIO» BBICTABISIETCA CTYAEHTY, €CIM CTYAEHT HMMeEET IOJHbIE 3HaHuf,
YMEHUSI, HABBIKH, IEMOHCTPUPYET MOHMMAaHUE CYIIIHOCTH PACCMATPHUBAEMBIX BOIIPOCOB B IIEJIOM,
HO TIIOKa3bIBa€T HEIOCTaTOYHO YBEPEHHOE BIIAJICHUE HEKOTOPbIMM TEOPETUUYECKUMH MU
NPAaKTUYECKUMU TIOJOKESHUSIMHU TUCIUTIIIHEI.

O1eHKa «yAOBJIETBOPUTEIIBHO» BBICTABIIAETCS CTYAEHTY, €CIU CTYIEHT MMEeT HM3KUil
YPOBEHb 3HAHWH, YMEHHI, HAaBBIKOB, JEMOHCTPUPYET YaCTUYHOEC IOHMMAaHHE CYIIHOCTH
paccMaTpUBaeMbIX BOIIPOCOB.

OreHKa «HEYOBIETBOPUTEIHHOY BHICTABIISICTCS CTYACHTY, €CIIH CTYACHT UMEET POOebI
B 3HAaHUAX, YMEHUAX, HaBbIKaX, JAEMOHCTPUpPYET HE3HaHME CYLUIHOCTH PaccMaTpUBAEMBIX
BOIIPOCOB.

5.2. Onucanmne mKajabl OLEHUBAHUSA

PeiituHroBas cucrema OIICHKM YCIIEBA€MOCTH CTYACHTOB 3a04HOM (opMbI HE
HpeyCMOTpPEHA.

5.3. MeToanyeckue MaTepuasbl, onpeaesionue Npouexypbl OeHUBAHUS 3HAHMIA,
YMeHHii, HABBIKOB U (MJIM) ONBITA AeSITeIbHOCTH, XapaKTEePHU3YIOLIUX ITAMbI
(¢opMupoBaHUS KOMIETEHIM

ITponienypa mpoBesieHUs] OLIEHOYHBIX MEPOINpPUATHI BKJIOYaeT B cels cobecepoBaHUe,
MOJITOTOBKY K 9K3aMEHY M BBIITOJIHEHUE WHANBHIYATbHBIX 33aHUH K JIAOOPaTOPHBIM paboTaM.

IIpeuiaraemele CTyIEHTY 3aJaHMs MO3BOJISIIOT MpoBepuTh KomrnereHuuu [1K-6, T1K-13,
[1K-14. Pe3ynbTaThl 5K3aMEeHa U OTYETOB M0 WHAWBUYATBHBIM 33 JaHHUSIM OIIEHUBAIOTCS T10:

- TOYHOCTH OTBETOB Ha MOCTaBJIEHHBIE BOIIPOCHI;

- TTOCTIEIOBATEIHPHOCTH ¥ PAIlHOHAILHOCTH BBHITIOTHEHUS 3a/I1aHUM;

- 3HaHUIO TEXHOJIOT MM, UCIIOJIb30BAaHHBIX MIPU BBITOJHEHUH 3aJaHHUS.

6. YueOHO-MeTOANYECKOE U HH(POPMANIMOHHOE 00ecniedeHne THCIIHTTHHBI

6.1 IlepeueHb OCHOBHOM M JOMOJHUTEIBHOMN JTUTEpaTypbl, HEOOXOAUMOM JUIsI OCBOEHUS
TVCTIATUTAH

6.1.1. [lepeyeHb OCHOBHOM JIUTEPATYPbI

1. OCHOBBI KOMIIBIOTEPHOTO MOJEIUPOBaHUE [DJIEKTPOHHBIA pecypc] : yueOHO-
METOAMYECKHI KOMIUIEKC / . — OJEKTPOH. TEKCTOBble naHHble. — AusmaTel: Hyp-Ilpunr,
2024.—175c. — 9965-756-09-0. — Pexum mocrtyma: http://www.iprbookshop.ru/67115.html.

2. Marmuaen H0.A. Ananu3 TpeOOBaHUI K aBTOMAaTH3MPOBAHHBIM MH(OPMAIIMOHHBIM
cuctemMaMm [OnekTpoHHBIH pecypc]/ Marnunen; FO.A.—DnekTpoH. TeKCTOBbIE HaHHbIe.— M.:
Wnrepuer-Yuusepcurer HWudpopmaunonnsix Texnonornit (MHTYUT), 2016.— 191 c.—
Pexxum nmoctyna: http://www.iprbookshop.ru/52184.— 3BC «IPRbooks», o mapostto.

6.1.2. [lepeyeHb AOTTOTHUTEIBHON JTUTEPATYPHI
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1. IlopuukoB 1O.B. HMHcTpyMeHTanbHOE MOJECIUPOBAHME THUOPHIHBIX CHUCTEM
[DnekTponHbIil pecypc]: yuebHoe mocobue/ Illopuuko 10.B., Tomunos W.H., JoctoBasios
J.H.— Dnekrtpon.tekcToBble aanHbie.— HoBocubupck: HoBocnOUpCKuMii rocyaapcTBEHHBIN
TEXHUYECKUU YHUBEPCUTET, 2014.— 70c.—Pexum JIOCTyma:
http://www.iprbookshop.ru/44929.— 3bC IPRbooks..

2. Knumenko M.C. Teopusi cucTeM M CHUCTEMHBIM aHaIW3 [DJIEKTPOHHBIM pecypc]:
yuebHoe mocobue / N.C. Knumenko. — DIEKTpOH. TEKCTOBbIE AaHHBbIE. — M.: Poccuiickmii
HOBBII YHUBEPCUTET, 2014. — 264 C. —Pexum JIOCTYyTIA:
http://www.iprbookshop.ru/21322.html.

6.2. Ilepeuenp y4eOHO-METOIUYECKOTO OOECIICUCHHUS] CaMOCTOSTEIBHOM PabOThI
00ydJarouumxcs mo IUCHUILITNHE

1. Meronuyeckue yka3zaHus 1O BBIIOJHEHUIO JaOOPAaTOPHBIX padOT MO AMCIHUILIMHE
«CHUCTeMHBIN aHAIN3 JTaHHBIX ¥ MOJCIU MPUHSATHUS PEIICHHI.

2. Metoanyeckue pPeKOMEHIAIMU JJsl CTYACHTOB MO OpPraHMU3alli CaMOCTOSTEIbHON
paboTel 1o auciuIumHe «CUCTEMHBIN aHATN3 TAHHBIX ¥ MOJCIU TIPUHSATHS PEIICHUI.

6.3. [lepeuens pecypcoB MH(OPMALMOHHO-TEICKOMMYHHKAIIMOHHON ceTu «HTepHeT»,
HEOOXOUMBIX JUISI OCBOSHHSI TUCIIUTUTHHBI

1. YuuBepcuterckas oubiamnoreka online. http://www.biblioclub.ru.

2. OBC «IPRbooksy. http://www.iprbookshop.ru.

3. DnekTponHast 6ubmorexka CKDY.. http://catalog.ncstu.ru.

4. TocynapcTBeHHas myOiaMyHasi HaydHO- TexHW4eckas Oubmmorexa Poccum. (I'TIHTH
Poccun). www.gpntb.ru.
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MMHUCTEPCTBO HAYKH U BBICILIEI'O OBPABOBAHU S POCCUMCKOM ®EJIEPALIMN
®eiepaibHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00Pa30BaTEIbHOE YUPEKICHHE BBICIIEr0 0Opa30BaHus
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»

[Taruropckuii UHCTUTYT (prTHaIT)

METOAUYECKHUE YKA3AHUA AJAA CTYAEHTOB K BBIIIOJIHEHHUIO
CAMOCTOSTEJBbHOMN PABOThHI
O AMCIUIIJIMHE
CHUCTEMHBINA AHAJIN3 JAHHBIX 1 MOJEJIA IPUHSTUAA PEINEHAN

Hampasnenue noAroToBku 09.04.02
HNupopmanuoHHbie cUCTEMbI H TEXHOJIOTUHA
Hanpasnennocts (nmpoduib) TexHonorum padoThl ¢ TAHHBIMH U 3HAHUAMU,
aHaIM3 HH(popMaLUn
Kpanudukaius BeITyCKHUKA Maructp

[sturopck, 2025
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1. Iesb 1 3272491 OCBOECHHS THCIUTITHHBI

Lenpto oCcBOGHMS AMCLUHMIUIMHBI SIBISETCS (opMUpOBaHHE Habopa MmpodeccnoHambHBIX
KOMIIETeHIIM Oyaymiero maructpa no HampasieHuio 09.04.02 MubopMallmoHHBIE CUCTEMBI U
TEXHOJIOTUM Ul peUIeHHs MNPUKIAJHBIX 3aJad B paMKax HalpaBICHHOCTH (Tpoduiis)
«TexHonmoruu paboOTHI ¢ JAHHBIMU U 3HAHUSIMU, aHATN3 UHHOPMAITUNY.

3amaynl OCBOEHUS MUCIMIUIMHBL: M3y4EHHE OCHOBHBIX MOHSTUNA CHCTEMHOTO aHalu3a
JAHHBIX U TCOPUH IPUHSATUS PEUICHUH, OCBOCHUE METOJIOB K MHCTPYMEHTOB CHCTEMHOTO aHaTN3a
JAHHBIX U MOJEIUPOBAHUS AITOPUTMOB MPUHSATHUS PELICHHH.

2. MecTo IUCHMILINHBI B CTPYKTYpPe OCHOBHOI 00pa30BaTe/IbHOI MPOrpaMMbl

Jucuumnuna «CUCTEeMHBIN aHANINU3 JaHHBIX U MOJIENIH MPUHSATHUS PEIICHUN» OTHOCUTCA K
JTUCITUILIMHAM 00s13aTebHON YacTu. Ee ocBoeHHe mponucxoauT B 4 cemectpe.

3 TexHoJ0rHYecKasi KAPTA CAMOCTOSITEIbHOMH PadoThI 00yUYaKOIerocst

Jis cTyeHToB 3a04HOM (hopMbl 00yUeHUS:

Koulbl Cpenctsa u | O6beM yacoB, B TOM YHUCJIIE
ea[;mB CMBIX TEXHOJIOTHH CPC Konrakt | Beero
p Y . Bun JICATEILHOCTH | OIICHKU Has
KOMITCTCHIIHH,
CTYJICHTOB pabora ¢
WHIUKaTopa(oB
) npernoaa
BaTelIeM
2 cemecTp
IIK-6, IIK-13, | ITogroroska k ynekuusm | CoOecemnoBanue 0,36 0,04 0,4
I1K-14
IIK-6, IIK-13, | CamocTosATENBLHOE ColOecenoBanue 88,56 9,84 98,4
[1K-14 U3Y4YEHUE JIUTEPATypHI
o TemMam 1, 2
IIK-6, IIK-13, | ITogroTroBka K | Otuer 1,08 0,12 1,2
[1K-14 1a00paTOPHBIM ITACbMEHHBIN
pabotam
90 10 100

4. Copep:xaHue caMOCTOSATEIbHON padoThI
Tema camocTosiTeqbHOro u3yyenusi Ne 1. Meroanl u cpeicTBa CHCTEMHOI'0 AaHAJIN3A
JAHHDBIX

Buja gesiTeJIbHOCTH CTYAEHTOB: CAMOCTOSATENBHOE U3YUYEHUE JINTEPATYPHI

HUTOroBbIii NPOAYKT CAMOCTOATEILHON PadOThI: KOHCTIEKT

CpencTBa M TEXHOJIOTHH OIlEHKH: coOeceIoBaHNe

IL1an KoHcHeKTa:

[TpumeHeHne METOIOB U CPE/ICTB aHanu3a JaHHbIX. [IpaBuna knaccudukaiuu. JlepeBbs peneHui.
KoppensuroHHbIi 1 perpecCHOHHBIA aHaln3. AccollMaTuBHbIe MTpaBmia. Kiacrepuzanus. Tumnel
aJTOPUTMOB.

Pabora c 1ureparypoii:

PexomeHiyeMble HCTOYHUKN HH(OpMAIIUU
(Ne uctounmka)

OcHoBHas | JononxauTensHas | MeTtonuueckast | WHTepHeT-pecypcesl

1-3 | 1-3 | 1-3 | 1-3

Tema camocTosATe1bHOI0 H3y4eHHs Ne 2. AHAJIM3 JAHHBIX U IPOEKTHPOBAHHE
CHCTEM

Buj nesTeJJbHOCTH CTYIEHTOB: CaMOCTOSTENBHOE U3yUEHHUE JINTEPATYPHI
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HToroBplii NPOAYKT CAMOCTOATE/ILHOM PadOThI: KOHCIIEKT

CpencTBa ¥ TEXHOJIOTHH OLIEHKH: coOeceJOBaHUE

Ilman KoHCHeKTA:

Metonpl knaccubukaruu. Meroasl baiieca. Haunpiii baiiec. BeposTHOCTHBIH moaxon K
HACTYIUICHHIO COCTOsIHUs cucTeMbl. OOydwaromiasi BeiOopka. Ouenounas ¢ynkmus Jlammaca.
OxkcneptHasi cucrema. Cucrema npaBui. Jlormdeckuit BbIBOA. CeMaHTHYeCKas MOJECIb.
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5. Teopernueckuii MaTepual

5.1 MaTemaTu4eckoe MOAeJIMPOBaHHE

IlocTpoenue moaenun

Mogens U MOJEIUPOBAaHUE - YHUBEPCAIbHbIE IMOHATHS, aTpUOYThI OJJHOIO U3 Hauboiee
MOIIHBIX METOJIOB TIO3HAaHUS B JI000HM mpodeccHoHaNbHOW 00JacTH, MO3HAHUS CUCTEMBI,
npoliecca, sBJICHHS.

Bun monenn v Meroapl ee MccieloBaHUS OOJbIIE€ 3aBUCIT OT HHPOPMAIMOHHO -
JIOTMYECKUX CBSI3€H 3JIEMEHTOB M IOJCUCTEM MOJCIUPYEMOH CHUCTEMBI, PECYpCcOB, CBsi3eH ¢
OKPYXKEHHEM, a HE OT KOHKPETHOI'O HAIlOJIHEHUSI CUCTEMBI.

MogenbHbli CTUIIb MBIIIJIEHUS 03BOJIIET BHUKATh B CTPYKTYPY M BHYTPEHHIOIO JIOTUKY
MOJEIUPYEMOM CUCTEMBI.

ITocTtpoenune Monenu - cucTeMHas 3ajada, TpeOylollas aHalnW3a U CHHTE3a MCXOIHBIX
JAHHBIX, THIOTE3, TEOPH, 3HaAHUI crenraucToB. CUCTEMHBIA TOAXO0/ MO3BOJSET HE TOJIBKO
HOCTPOUTH MOJIENb PEaIbHOW CUCTEMBI, HO U UCMOJIb30BaTh 3Ty MOJENb /sl OLEHKH (HarpuMmep,
3¢ (HEKTUBHOCTH YIPABICHUS WIH (PYHKIIMOHUPOBAHUS) CUCTEMBI.

Mogenb - 3T0 0O0BEKT UM ONUCaHNuEe 00BEKTA, CUCTEMBI [T 3aMELIeHHs OJHOM CHUCTEMBbI
(opuruHana) Ipyroi CHCTEMOM JUIsl Ty4ILEro U3y4yeHusl OpUruHaia Wik BOCIIPOU3BEACHUS KaKHX -
71100 ero CBOMCTB.

Hanpumep, oroOpakas Qpu3M4ecKyto CUCTEMY Ha MaTeMaTHYECKYIO0 CUCTEMY, HOTy4YUM
MaTeMaTHUYECKyI0 Mojienb (pusnueckoit cucremsl. JItob6as MoJeslb CTPOUTCS U UCCIEyeTCsl IpU
OTIpeIeNIEHHBIX JONYLIIEHUSIX, TUIIOTEe3aX.

ITpumep. PaccmoTpum pusnueckyro cuctemMy: TeJI0 MacCcoi m CKaThIBa€TCsI IO HAKJIOHHON
IJIOCKOCTH C YCKOPEHHUEM a, Ha KOTOPOE BO3AeHCTBYeT cuna F.

Hccnenys takue cucreMbl, HpIOTOH mosyymns MaTreMaTHyeckoe cooTHomenue: F = m*a.
O10 (u3MKo-mMareMaTHyecKkass MOJENTb CHUCTEMbl WIM MaTeMaThuyeckas Mojienb (U3N4ecKon
CUCTEMBI CKaThIBAIOIIETOCS TENA.

[Ipu onucaHuu 3Toi CUCTEMBI TPUHATHI CIEAYIOLIUE TUIIOTE3bI:

- IOBEPXHOCTh UjaeatbHa (KO3 (UIIMEHT TPEHUs paBeH HYJIIO);

- T€JI0O HAXOJUTCS B BaKyyMe (COMPOTUBIIEHNE BO3/lyXa PAaBHO HYIIIO);

- Macca Tejla HEM3MEHHa;

- T€JIO ABUKETCS C OJJMHAKOBBIM ITOCTOSSHHBIM YCKOPEHHUEM B JIF000H TOUKE.

[Tpumep. dusnonoruyeckas cucTeMa (CUCTeMa KpOBOOOpAIllEHUS 4YeJOBEKa) -
MOYMHSETCS] HEKOTOPHIM 3aKOHaM TepMOJMHaMUKH. ONHUChIBasg 3Ty CHUCTEMY Ha (U3MUYECKOM
(TepMOIMHAMHYECKOM) A3BIKE 0aaHCOBBIX 3aKOHOB, MOJIy4YUM ¢duznueckyro,
TEPMOJMHAMHUYECKYI0 MOJeNb (U3HOoNOruueckoil cuctembl. Eciu 3amucaTh 3TH 3aKOHBI Ha
MaTEMaTUYECKOM $I3bIKE, T.€. COOTBETCTBYIOIIME TEPMOJMHAMUYECKUE YpPAaBHEHUS, TO YXKeE
HOJIy4aeM MaTeMaTHYECKyI0 MOJIENb CUCTEMbI KPOBOOOPAIIECHHUS.
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[Tpumep. COBOKYIHOCTh HPEANPHUATUH (YHKIMOHMPYET Ha pPBIHKE, OOMEHHBAsCh
TOBapaMH, ChIpbeM, yciyramu, nHpopmanueil. Eciu onucaTh 5JKOHOMMUYECKUE 3aKOHBI, [IPABUIIA
UX B3aUMO/JICHCTBHUS HA PhIHKE C TOMOIIBIO MATEMAaTHUECKUX COOTHOILICHHA, HATPUMEP, CHCTEMBI
areOpanyeckuX YpaBHEHUH, Ile HEM3BECTHBIMU OyIyT BEJIMYMHBI MPUOBUIM, MOIy4aeMble OT
B3aUMOJICHCTBUA  TpEANpHUsATHH, a KodpHuUUeHTaMH ypaBHEHHs OyayT  3HA4YeHUS
MHTEHCUBHOCTEH TakUX B3aUMOAEWUCTBUI, TO MOJIYyYUM 3KOHOMHUKO-MATEMaTHUECKYI0 MOJIEJb
CHCTEMBI IPENPUATHIA HA PBIHKE.

CnoBo "mogmens" (nat. modelium) o3nadaer "mepa', "cmoco0", "CX0JICTBO ¢ KaKOW-TO
BelIbI0".

MogenupoBanue Oazupyercs Ha MaTeMAaTUYECKOH TEOpUH 10100us, COINIacCHO KOTOPOH
abCco0THOE 1M0/100Me MOXKET MMETh MECTO JIMIIb MPU 3aMEHE OJHOTO OOBEKTa IPYrUM TOYHO
TaKUM JKe.

[Ipu MonenupoBaHUM OOJIBIIMHCTBA CHCTEM aOCONIOTHOE MOJ00ME HEBO3MOXKHO, U
OCHOBHAs L1€JIb MOJICJIMPOBAHUS 3aKJIHOYAETCsl B TOM, YTO MOJIENIb JOCTATOYHO XOPOILIO J0JIKHA
0TOOpaxarh (PYHKIIMOHUPOBAHUE MOJICIIUPYEMOI CHCTEMBI.

[Tpumep ¢pakranpHOit Mozmenu - MHOkecTBo Kanrtopa. Paccmorpum otpesok  [0;1].
Paznenum ero Ha 3 yactu u BeIOpocUM cpenHUl oTpe3ok. OcTaBiuecs 2 NPOMEXYTKa ONSTh
pa3zenyM Ha TpU 4YacTU M BBIKMHEM CpeJHHE HPOMEXYTKM U T.A. [lolyuum MHOXecCTBO,
Ha3plBaeMoe MHOXXecTBoM Kantopa. B mpenmene momydaem HecdeTHOE MHOMKECTBO
U30JIMPOBAaHHbBIX TOYEK.

T — ) —————
0 1/9 29 173 273 79 89 |

Pucynok 1.1 - MuoxectBo Kantopa ans 3-x neneHuit

5.2 OcHOBBI KOMIIBIOTEPHOI'0 MOJCJIMPOBAHNS

['panuipl MEXy MOJCISIMH Pa3IUYHOTO BHJIa BECbMa YCIOBHBI. MOXXHO TOBOPHUTH O
pa3MYHBIX pPEKUMaxX HUCHONIB30BaHUSA MOJENe - HMMHTAlMOHHOM, CTOXAaCTUYECKOM,
JTUHAMHUYECKOM, ICTEPMHUHHPOBAHHOM H JIp.

Kak npaBumno, monens BKiIro4aeT B ceds: 00bekT O, cyObekT A (He 00s3aTenbHO) , 3a1a4y
Z, pecypcsl B, cpeny monenuposanus C.

Mopnens MOXHO TIpeacTaBuTh popManbHo B Buge: M =<0, A, Z, B, C>.

OCHOBHBIE CBOMCTBA 0001 MOJIENIH:

1. [lenenamnpaBieHHOCTh - MOJIETIb BCET/Ia OTOOpaXkaeT HEKOTOPYIO CHUCTEMY, T.e. UMEET
1eJIb TAKOT'0 OTOOpaXKEHHUS;

2. KoHeuHOCTb - MOZIeNTb 0TOOpakaeT OPUTHHAI JIUIIh B KOHEYHOM YHCJIe €0 OTHOIICHUN
U PECYPCHI MOJICITMPOBAHUSI KOHEYHBI;

3. YIIpoIIeHHOCTh - MOJIENIb 0TOOpaskaeT TOIBKO CYIIIECTBEHHBIE CTOPOHBI 0OBEKTA U OHA
JOJIKHA OBITH MTPOCTA JJISl UCCIIEOBAHUS UM BOCIIPOU3BEACHNUS;

4. HarnsagHocTb, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB U OTHOIICHUI;

5. JIoCTYITHOCTh ¥ TEXHOJOTUYHOCTH JIJISI UCCIIEIOBAHUS WIJIH BOCTIPOM3BEICHHUS;

6. MubopMaTUBHOCTh - MOJENb JOJKHA COAEPKATh JOCTATOYHYH) HH(OPMAIHIO O
cucreMe (B paMKax THIIOTE3, TPUHSITHIX MTPH MTOCTPOSHUH MOJIEIHN ) U JOJKHA JaBaTh BO3MOKHOCTh
MOJTy4aTh HOBYIO MH(OpMaIHIO;

7. TlomHoTa - B MOJAENU AOJKHBI OBITH YYTEHBI BCE OCHOBHBIC CBSI3M W OTHOIICHWS,
HE0OXO0IUMBIE 11 00ecTiedeHHs 1IeTTH MOJICITUPOBAHHS;

8. YmpaBnseMocTh - MOJENb JOJDKHA UMETh XOTS OBl OJIMH TapaMeTp, U3MEHECHUSIMHU
KOTOPOTO MOXHO UMHUTHPOBATH MOBEJICHUE MOJICIIUPYEMOM CUCTEMBI B PA3TUYHBIX YCIOBHSIX.

5.3 ’Ku3HeHHBIH UK MOJIeTHPYEMOii CHCTEMBbI

JKu3HEHHBIN UK MOICTUPYEMON CUCTEMBI COCTOUT U3 CIIEIYIOIIUX 3TAIOB:

1. C6op nrpopmManmu 00 00BEKTE, BRIABUKEHNE THIIOTE3, MPEIBAPUTEIHHBIA MOEITHHBIN
aHaIN3;
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2. IlpoekTupoBaHue CTPYKTYpBI U COCTaBa MoJienel (moaMoenei);

3. [ocTpoenue cneundukaimii Mmoaenu, pa3paboTka U OTJIaAKa OTJEIbHBIX MOIMOJIEIEH,
cOopka MoJIeNu B 1IeTIOM, HASHTH(HUKALNSA (€CTH 3TO HYKHO) TapaMeTPOB MOJAETICH;

4. UccnenoBanue MoJeiH - BBIOOpP METO/AA HCCIENOBAaHUS U pa3pabdoTKa anropurMa
(mporpammbl) MOJEJINPOBAHMUS,

5. UccnenoBanue aqeKBaTHOCTH, YCTOMYUBOCTH, UyBCTBUTEIILHOCTH MOJIEIIH;

6. OnieHKa CpecTB MOJICTHPOBAHUS (3aTPAYCHHBIX PECYPCOB);

7. UnTepnperanusi, aHajau3 pe3yJbTaTOB MOJIEIHUPOBAHUS U YCTAHOBJICHHE HEKOTOPBIX
NPUYMHHO-CJIEICTBEHHBIX CBSI3€H B HUCCIIEIYEMON CHCTEME;

8. 'eHepartiyisi OTYETOB U MPOECKTHBIX (HAPOTHO-XO35IIICTBEHHBIX ) PEILICHUI;

9. Yrounenue, MoguuKaus MOJCIHN, €CIIH 3TO HEOOXOAMMO, U BO3BPAT K UCCIIETyeMOM
CUCTEME C HOBBIMU 3HAHUSAMU, TIOTYYEHHBIMU C TIOMOIIBIO MOJIENN U MOJICTHPOBAHUSI.

5.4 MopeaupoBaHue KAaK MeTOJ CUCTEMHOI0 aHAJIM3a

Yacto B CHCTEMHOM aHallM3€ MpPU MOJEIHHOM TOJIXOJE HCCIECIOBAaHUS MOXET
COBEpPILIATHCS OJIHA METOAMYECKAs OIMIMOKA, @ IMEHHO, - IIOCTPOCHUE KOPPEKTHBIX M aJIeKBATHBIX
Mojenei (moamopeneii) MOACHCTEM CHUCTEMbl M MX JIOTHYECKH KOPPEKTHasl yBs3Ka HE JaeT
rapaHTUi KOPPEKTHOCTU TIOCTPOCHHOM TaKUM CITIOCOOOM MOJIEH BCEH CHCTEMBI.

Mopnenb, moctpoeHHas 0e3 ydera CBs3€d CHCTEMBI CO CpPEIO, MOXET  CIIYXHTb
NOJTBEPXKIEHNEM TeopeMbl ['enensi, a TouHee, ee CIEeICTBUS, YTBEP)KIAIOIEr0, YTO B CIIOKHON
M30JIMPOBAHHON CHCTEME MOTYT CYIIECTBOBATH UCTUHBI U BBIBOJBI, KOPPEKTHBIE B ATON CHUCTEME
Y HEKOPPEKTHBIE BHE €€.

Hayka mopnenupoBaHHsi COCTOUT B pPa3eNeHUH Ipollecca MOJAEIHPOBAHUS (CHCTEMBI,
MOJIeNI) Ha JTanbl (MOJCHUCTEMBI, TOAMOJENH), IeTalbHOM H3yYCHHH KaXJIOro JTara,
B3aMMOOTHOIICHHI, CBsI3€i, OTHOIICHUH MEXAy HUMHU U 3aTeM 3(PPEKTUBHOTO OMUCAHUS UX C
MaKCHUMaJIbHO BO3MOXHOHM CTENEHBIO (pOpMann3annu 1 aeKBaTHOCTH.

B cnyyae HapymieHus STHX MpaBMJ TOJIy4aeM HE MOJENb CUCTEMbI, a MOJENb
"cOOCTBEHHBIX U HEIOJIHBIX 3HAHUU".

MogenupoBaHue paccMaTpUBaeTcs, Kak oco0ast hopma dKCIIepUMeHTa, SKCIEPUMEHTa He
Ha/l CaMUM OPHUTHHAJIOM, T.€. TPOCTBIM HJIM OOBIYHBIM SKCIHEPUMEHTOM, a HaJ KOMHUEeH
opuruHaia. 37ech BaXeH H30MOp(H3M CUCTEM OPUTHHAILHON M MOJIENIBHOM.

H3omopdu3m - paBEeHCTBO, OIMHAKOBOCTH, MTOJIO0HE.

Mogenu 1 MOJIeTMPOBaHUE IPUMEHSIOTCS 10 OCHOBHBIM HaIPaBJICHUSM:

- B 00yueHHH, B TIO3HAHUH U Pa3pabOTKe TEOPUH UCCIIEAYEMBIX CUCTEM;

- B IPOTHO3UPOBAHMH (BBIXOAHBIX JAHHBIX, CUTYAIMi, COCTOSHUI CUCTEMBI);

- B yIIpaBJICHUH (CUCTEMOM B I[EJIOM, OTACITFHBIMHU €€ TIOJICHCTEMaMH);

- B aBTOMATH3alMH (CUCTEMBI HJIU €€ OTJENIbHBIX MOICUCTEM).

Kaaccudukanus BUI0B MOIeTHPOBAHUS

Momempozazate
$cieenioe Mamramreaos
s C:m;h:emoe

N g

Hruerarpo e

Pucynoxk 3.1 - Knaccuduxanus BU0oB MOJETUPOBAHHS
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ITpu puznueckoM MOAETMPOBAHUU HCIOJB3YETCs] caMa CUCTeMa, 0o mojoOHas eil B
BUJIE MaKeTa, HAIIPUMeEp, JIETATeNIbHBIN anmapar B a3poAMHAMUYECKOl TpyOe.

MareMaTHueCKOe MOJICIMPOBAHUE €CTh MPOIECC YCTAHOBICHHUS COOTBETCTBUS PEabHOM
cucTeMe S mMaTeMaTuyeckoi Mojenu M u uccieoBaHNue 3TOM MOJIEINH, TO3BOJIAIOIIEE MOYUYUTh
XapaKTEPUCTHKHU PEATbHON CHCTEMBI.

[Ipy aHanTUTHYECKOM MOJEIMPOBAHUHU THpolecchl (YHKIMOHUPOBAHUS 3JIEMEHTOB
3alMCBHIBAIOTCS B BUAEC MATEeMAaTHYECKUX COOTHOWICHHWH (anreOpanveckux, HHTETrpajbHbBIX,
nuddepeHIaIbHBIX, JIOTHYECKUX U . ).

AHanuTHueckas MOJIEIb MOXKET ObITh UCCIIEI0BaHA METOAMU:

- aHAMTUYECKUMH (YCTAaHABJIMBAIOTCS SBHBIC 3aBUCHUMOCTH, MOJY4YalOTCsl, B OCHOBHOM,
AQHAINTUYECKUE PELICHHUS);

- YUCJICHHBIMH (TIOJy4YatoTCs MPHUOTMKECHHBIC PEIICHUS );

KomnbroTepHoe mMareMaTHUeCKOe MOJAETHpOBaHUE (HOPMYIHPYETCS B BHJE aITOpPUTMA
(mporpammbl  anss OBM), 4Yro mMO3BOJSET MPOBOAUTH HAl MOJENbIO BBIUUCIUTEIbHBIC
IKCTIEPUMEHTHI.

UucneHHOEe MOJIETTUPOBAHUE HCIIONB3YeT METObl BEIUUCIUTENLHON MaTEeMaTHKU.

CraTucTudeckoe MOJICITMPOBAHUE HCIIONB3YEeT O00paOOTKY JAHHBIX O CHCTEME C IIETIbI0
MOJIyYEHUSI CTATUCTUYECKUX XaPAKTEPUCTUK CUCTEMBI.

NmuranmonHoe MopenupoBaHue  BOCHPOU3BOAUT Ha OBM (MMuTHpyeT) mpolecc
(GYHKIIMOHUPOBAHUSI  UCCIEYeMOM CHCTEMBbI, COONIOJasi JIOTUYECKYID M BpPEMEHHYIO
MIOCJIEIOBATEIBHOCTD MPOTEKAHMs TPOLECCOB, YTO MO3BOJSET Y3HATh JAHHBIE O COCTOSHHU
CUCTEMBI WIIH OTIEIBHBIX €€ DJIIEMEHTOB B OIpe/IeJICHHbIE MOMEHTHI BpEMEHHU.

[IpumeHeHre MaTeMaTHYECKOTO MOJEIHPOBAHUS TO3BOJSIET HCCIEAOBATh OOBEKTHI,
pealibHbIe SKCTIEPUMEHTHI HaJl KOTOPBIMH 3aTPyIHEHBI UM HEBO3MOXKHBI.

OkoHOMHUYecKUi 3(pPeKT mpu MaTeMaTHUYECKOM MOJCITUPOBAHUHA COCTOUT B TOM, YTO
3aTpaThl HAa MPOEKTUPOBAHUE CUCTEM B CpEIHEM COoKpainatoTcsi B 50 pas.

Mathcad — cucremMa KOMNBIOTEPHOIi aaredphI

Mathcad — cucrema KOMITBIOTEPHO# anreOpbl U3 Kilacca CHCTEM aBTOMATH3HMPOBAHHOTO
POCKTHPOBAHUS, OPHEHTUPOBAHHAS Ha IMOJTOTOBKY HWHTEPAKTHBHBIX JIOKYMEHTOB C
BBIYUCIICHUSIMU ¥ BHU3YaJIbHBIM COIIPOBOKIACHUEM, OTIMYAETCS JIETKOCTBIO HCIIOJIB30BAaHUS U
NPUMEHEHHS ISl KOJUIEKTUBHOM PaOOTHI.

HIupoxuit untepec k cucteme Mathcad mpuen k Tomy, uro B Poccum HakoHen-To
NOSIBUWINCH KHUTH IO OTAeNbHBIM BepcusiM. Cucrema Mathcad Obuta co3gana B 80-x rojgax B
yausepcurete Crangpopaa (CLIA).

CoBpemennbie  Bepcun s [IK  roroBur  ¢upma  MathSoft  Application.
JIOCTOMHCTBO — MpOrpaMMHpOBaHHE Ha s3bIKE€ MaTeMaTHMKH. OTO  YHUBEpPCAJIbHBIN
MaTeMaTU4eCcKuil HHTepQeiic:

- Ectb MomHas noajepxka rpaduku.

- Bo3amoskeH uMmopT rpaduku U3 APYrux MporpaMm.

- Bonbioe KOMM4ECTBO BCTPOSHHBIX MaTeMaTHUECKUX (QYHKIMN (COTHH).

- BerpoeHHbIE CITPaBOYHUKH TIO TIPEAMETHBIM OOJIACTSIM.

- Bo3aMorkHa aHuMarus.

- CUMBOJIbHAsI MaTeMaTHKa.

Henocrarku:

- OTO MHTEPIIPETATOP.

- Bo3aMoxHOCTH TPOrpaMMHUPOBaHUS OTPAHUYEHBI.

Cucrembr Mathcad mosb3yroTCsi OTpOMHOM TOMYJISIPHOCTHIO BO BCEM MHUpE Oyaromaps
yIOOHBIM CPEJCTBAM MOJTOTOBKH JIOKYMEHTOB, UMEIOIIMX BUJ] OOBIYHBIX CTaTell MM KHUT. B TO
K€ BpeMsl OKa3bIBACTCS, YTO ITH CPEJICTBA BITOJIHE JOCTATOYHBI JJISI PEUICHHS IT0ABISIONICTO
OOJBIIMHCTBA 33124 110 MaTeMaTHuKe, GU3UKU U JPYTUX HAIPABICHUN HAYKU U TEXHUKU.

Mathcad sBnsiercs MaTeMaTH4eCKH OPUEHTUPOBAHHBIMH YHHMBEPCATbHBIMU CHCTEMaMHU.
[ToMuMO cOOCTBEHHO BBIYMCICHHH OHHM IO3BOJIIIOT peuiarb oQopMHTeNbckue 3anaud. OHH



24

MO3BOJIIIOT TOTOBUTh CTAaThbU, KHUTH, JUCCEPTALIMM, HAyYHbIE OTUETHI, AUILNIOMHBIE U KYpCOBBIE
IPOEKTHl C JOCTYIHBIM HAaOOpOM CaMbIX CIOXHBIX MaTeMaTH4YeCKUX (BOpMys M HU3BICKAHHBIM
rpadu4ecKUM MpEeACTABICHUEM PE3YIbTaTOB.

C camoro mepBOro CBOEro HOSABICHMs CUCTeMbl kiacca Mathcad mmenn ynoOHbII
MOJIb30BATENbCKHI MHTEP(ENC — COBOKYIHOCTH CPEACTB OOLICHHS C IOJH30BATEIEM B BHUJIE
MaclITaOupyeMbIX U MepeMelIaeMbIX OKOH, KHOIIOK U UHBIX JIEMEHTOB. Y 3TOH CHUCTEMBI €CTh
3¢ PEeKTUBHBIE CPEICTBA TUIIOBOW HAYYHOH TpayK, OHU MPOCTHI B IPUMEHEHUN U HHTYUTUBHO
noHATHbL. CoBoM, cucteMbl Mathcad opueHTHpOBaHBI Ha MACCOBOTO MOJIB30BATENIS — OT YUEHUKA
HAYaJIbHBIX KJIACCOB JI0 aKaJEMUKA.

Hecmotps Ha 1O, 4TO 3Ta mporpaMma B OCHOBHOM OpPHUEHTHpPOBaHa Ha IOJIb30BATEICH-
HermporpaMMucToB, Mathcad Takke UCHONB3yeTcss B CIOXKHBIX  IPOEKTAX, YTOOBI
BU3YaJIM3UPOBATh PE3YJIbTaThl MAaTEMaTU4YECKOTO0 MOJICINPOBAHMS, IIyTEM HCIOJIb30BaHUA
pacripeeiéHHBIX BBIYUCICHUN M TPaJUIIMOHHBIX A3BIKOB MporpaMmmupoBanus. Taxke Mathcad
YacTO MCIOJB3YEeTCs B KPYMHBIX HMHXKCHEPHBIX IPOEKTaX, rAe OOJbIIOe 3HAYEHHE HMEeT
TPacCUPyEMOCTb U COOTBETCTBUE CTaHIapPTaAM.

Mathcad nocratouno ya06HO UCIOIB30BaTh A1 00Y4YEHHUs], BBIYMCICHUNA U MHXEHEPHBIX
pacueroB.  OTKpbITass  apXUTEKTypa HNPWIOKEHHS B  COYETAaHMM C  MOJAEPHKKOU
texnosioruit NET u XML 1o3BoJIAIOT JIETKO HHTErPUPOBATH MTPUIIOKEHHE.

Paccmotpum HanOosiee yacTto npumeHsieMble QYHKLIUU JJISl CTATUCTUYECKUX PACUETOB,
KOTOpBIE BCTPOEHBI B IPOTPAMMY.

5.5 KomnbloTepHas peajinzanus MATeMaTH4YeCKUX BbIYMCIIEHHI

MaremaTH4ecKoe MOACIHPOBAHNE CJOKHBIX CHCTEM

Bynem cumtarh, 4TO JIEMEHT S €CTh HEKOTOPHIH 00BEKT, 00JIAAIONINi OpeeICHHBIMH
CBOICTBaMM, BHYTPEHHEE CTPOCHHME KOTOpPOTO MJs ILeJIed HUCCIENOBAHMSI HE WUIPAeT pOJIH,
HarpuMep, caMoJIeT Il MOACTHPOBAHUS TIOJIETa — HE DJIEMEHT, a JJIi MOACITHUPOBAHUS PAOOTHI
a’poropTa — JIEMEHT.

Ces3p | Mexmy aeMeHTaMHu ecTh IMPOIECC MX B3aMMOJCHCTBHS, BAXKHBIM Ui LieNei
WCCIIEJOBAHMSI.

Cucrema S — COBOKYIMHOCTH 3JIEMEHTOB CO CBs3sIMH | W 1ieNibl0 (DYHKIIMOHUPOBAHUS
cucremsl F.

CnoxHasi cucremMa — OTO CHCTEMA, COCTOSIAs W3 Pa3HOTUIHBIX JJIEMEHTOB C
Pa3HOTHUITHBIMU CBSI3SMHU.

bonbmias cucrema — 3T0 cucrema, cocTosmias W3 OONBIIOrO YHUCIA OJHOTHITHBIX
DJIEMEHTOB C OJTHOTUIIHBIMU CBS3SIMH.

B o01iem Buzie cucteMy MaTeMaTHUYE€CKH MOYKHO TIPEJCTaBUTh B BUJIE:

S = sy, {03, F}

ABTOMATH3UPOBAHHAS CHCTEMa SA €CTh CIIOKHAsI CHUCTEMa C ONPEICIISIONeH POJIBIO
AJIEMEHTOB JIBYX THIOB: TEXHUUYECKUX CPEJCTB St M IEUCTBUI YETIOBEKA SH:

S = seh {sghison i), 7

371€ech So - OCTaIbHBIE 3JIEMEHTHI CHCTEMBI.

JexoMIo3unus cucremMbl. XapaKTepUCTUKH CHCTEMbI

HGKOMHOSI/IHHSI CHUCTEMBI €CTh p336I/IeHI/Ie CHUCTEMBI Ha 3JICMCHTBI WJIX I'PYIIIBI 3JICMCHTOB
C YKa3aHUEM CBsA3eH MEXy HUMH, HEU3MEHHBIMU BO BpeMs () yHKIIHOHUPOBAHHSI CUCTEMBI.

[IpakTyecku Bce CHCTEMBbI paccMaTpUBAIOTCS (YHKIHMOHUPYIOIIMMH BO BpPEMEHHU,
IIO3TOMY OIIPENEINM UX JUHAMUYECKUE XapaKTEPUCTUKH.

CocrosiHue — 3TO MHOXECTBO XapaKTEPUCTUK JIEMEHTOB CHCTEMBI, U3MEHSIOIUXCS BO
BPEMEHU M BaXHBIX IS 1Ieiei ee GyHKIIMOHUPOBAHUSI.

[Ipomecc (mMHAMUKA) — 3TO MHOXECTBO 3HAYCHHI COCTOSIHUN CHCTEMbI, H3MEHSFOIITIUXCSI
BO BPEMEHH.
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enp QyHKIMOHUPOBAHUS €CTh 3a/adya MOJYYCHHS JKEIAeMOTO COCTOSIHUS CHCTEMBI.
Joctuxenne 1enu OOBIYHO BJIEYET IIEJICHANPABIEHHOE BMEIIATEIbCTBO B  IPOIECC
(YHKIIMOHUPOBAHUS CHCTEMBI, KOTOPOE HAa3bIBACTCS YIPABICHUEM.

1. Pacuer - onpenenieHre 3Ha4eHUH MapaMeTPOB CUCTEMBI.

2. AHanu3 — u3yueHue CBOMCTB ()yHKIIMOHHUPOBAHUS CHCTEMBI.

3. Cunre3 — BBIOOp CTPYKTYpHI U TAPaMETPOB 110 33JaHHBIM CBOMCTBAM CHUCTEMBI.

IMapamerpsl cuctemsbl. ®a3oBas TpaexkTopus. P@a3oBoe NPOCTPAHCTBO

IIycte T = [to, t1] ecTb BpeMEeHHOW WHTEpBaJ MOJICITUPOBAHMS CHUCTEMBI S (MHTEpBaJ
MOJICJIBHOT'O BPEMEHH ).

[loctpoenne ™Mopaenu HA4YMHAETCS C ONpEAENeHUS MapaMeTpoB U IEPEMEHHBIX,
OTIpeIeNAIOUX Mporece (yHKIMOHUPOBAHUS CHCTEMBI.

[Tapamerper cucremsl 6,,0,,...,0. - 3TO XapaKTEPHCTHKH CHUCTEMBI, OCTAIOIIUECs

MOCTOSTHHBIMH HA BCEM MHTEpBAIC T.

[lepemeHHbIC OBIBAIOT 3aBUCHMBIC U HE3aBHCHUMBIC.

HesaBucuMble TIepeMEHHBIE €CTh, KaK MPaBHIIO, BXOJTHBIC BO3JCHCTBUS (B TOM YHCIIC
YIPaBISIOLINE)

u=ult) = @)%, ) eV K?

MMHU MOTYT OBITh TaK)K€ BO3JICHCTBUS BHEIITHEH CPEIbI.
[TocnenoBarenbHOCTh U3MEHEHUs X(t) Tpu

£ <ty < <ty
HazbIBaeTCs (a30BOM TPAaCKTOPUEH CUCTEMBI,

XeX, e X— MPOCTPAHCTBO COCTOSIHHUMA MK (ha30BOE TIPOCTPAHCTBO.
[TocnenoBarenbHOCTh UBMEHEHHS Y(t) HA3bIBAETCS BBIXOTHOM TPAEKTOPUEH CUCTEMBI.
3aBHUCUMBIE IEPEMEHHBIE €CTh BBIXO/IHbBIE XapaKTEPUCTUKH (CUTHAJIBI)

y=yt)= ).y, ) ¥ c R™

MartemaTudeckasi MoJeJib CHCTEMbI
OG6iast cxema MatemMatuueckoi Mozenu (MM) GyHKIIMOHUPOBAHHUS CHCTEMbBI MOXKET OBITh
IpeJICTaBjIeHa B BUJIE, IOKa3aHHOM Ha pUCyHKe 4.1.

MHOX€eCTBO MEPEMCHHBIX {U, Vi 0’ X, y} BMECCTC C 3aKOHaMH q)YHKI_II/IOHI/IpOBaHI/IH
(@) =...;
y(@)=...

Ha3BIBACTCS MaTeMaTHUCCKOM MOJCIBIO CUCTEMBI.

vit)
ut) 5 ¥t)

6 (D) ;

PI/ICYHOK 4.1 — Maremarudeckas MOACIb CUCTCMBI

Ecmu t HCIIPEPBIBHO, TO MOJC/Ib HA3bIBACTCH HCHpCpLIBHOfI, nHayc — ,Z[PICKpGTHOfII

E=i-4A,1=12,..)

Ecim Mozenms He CONEPKMT  CIydalHBIX OJIEMEHTOB, TO OHAa  Ha3bIBAcTCA
JIETEPMUHUPOBAHHOM, B IPOTUBHOM CJIy4ac — BEPOSATHOCTHOM, CTOXACTUYECKOM.
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Ecnu matemaTndeckoe ONucaHue MOAEIH CIHUILKOM CI0KHOE M YACTUYHO WJIN ITOJTHOCTBIO
HEOIIPEJENIEHHO, TO B 3TOM CJIy4ae UCIIOJb3YIOTCS arperaTuBHbIE MOJCIIH.

CyIHOCTb arperaTuBHON MOJIENH 3aKJII0YAETCsl B Pa30MEHNN CUCTEMBI HA KOHEYHOE YUCIIO
B3aMMOCBSI3aHHBIX dYacTed (MOACHUCTEM), KaxkJas M3 KOTOPBIX [OIYCKAET CTaHAAPTHOE
MaTEMaTUYECKOE ONMCAaHUE. DTH MTOICUCTEMBI HA3bIBAIOTCS arperaraMu.

MogenupoBaHue CilydaiiHbIX 3JIEMEHTOB B CUCTEMaX SIBJISIETCS] OHOM U3 caMbIX 0a30BbIX
3a/1a4 MaTeMaTU4eCKOr0 MOEIUPOBAHUS.

Tunbl 6a30BBIX JATYMKOB:

- (usuueckue (M000i (QU3MUECKU IIyM), B TOCIEIHEE BpeMs MPAKTHUYECKH  He
UCIIOJIB3YIOTCS, T.K. XapaKTePUCTUKU HECTAOUIIbHBI M PEATTM3ALNIO IOBTOPUTh HEJIb34;

- IICEBJIOCI Y4 HbIE JATYUKH.

TpebGoBanust K 6a30BBIM JTaTUYHUKAM:

OTpe30k anepuoIuIHOCTH.

PaBHOMEpHOCTS.

HexoppennpoBaHHOCTS.

DYyHKIUH perpeccuu.

[upoko pacmpocTpaHEHHOU 3afadeii 00padOTKM NAaHHBIX SBISETCS MPEICTABICHHE MX
COBOKYITHOCTH HeKoTopol ¢yHkuumeir Y(X). Takoe mpeacTaBieHHe Ha3bIBACTCS PErPECCHEH.
3agaua perpeccuu B TOM YTOOBI IMOIYYUTh MapaMeTpbl QYHKIIUH TAKUMH, IPU KOTOPBIX (QyHKIIHS
npuoIIKaeT "001aKo" NCXOMHBIX TOYEK ¢ HAMMEHBIIEeH KBaAPaTUYHON MOTPEITHOCTHIO.

N3BecTHBI:

- Jlunelinas perpeccus (mpsiMast JMHUSA);

- [lonuHomuanbHas perpeccus (IIOJIMHOM);

- Jluneiinas perpeccus o01ero Bujaa (JMHEHHas cymMMa IIPOU3BOJIbHBIX (YHKLUH);

- Henuneitnas perpeccust oo1ero Buaa (mpou3BosibHast (QyHKITHS);

- JInunelinas perpeccus.

[Mpu nuneitHO# perpeccun QyHkims Y(X) umeer Bua Y(X)=ax+b u omuceiBaeT oTpe3ok
IPSIMOA.

DyHKIMS MpeIcKa3aHus

Ha npakTuke HepeKo NPUXOANUTCS CTAIKUBATHCS C 3a/1a4el pacuéTa MocIeyIOUINX TOUeK
0 psy U3BECTHBIX TOYEK — 3ajaded mnpexackasaHus. [{ns npenckasaHus NOBENEHUs
byHkunoHanbHOM 3aBucuMocTH B Mathcad umeercs pynkus: predict (data,k,N) — npenckazanue,
rae data — BekTop AaHHBIX, K — 4HCIIO TOYeK MpEeANIeCTBYIOMMX Mpeacka3anuto, N - 4ucio
IPE/ICKa3bIBAEMBIX TOUEK JaHHBIX.

OyHKIMS TpeCcKa3aHus 00eCcTIeYuBaeT BHICOKYIO TOYHOCTh MPU MOHOTOHHBIX MCXOJHBIX
GyHKUMAX WM QYHKIUSX, IPEICTABIAEMBbIX TOJIMHOMOM HEBBICOKOW CTETIEHHU.

Gynknus predict mpuMeHMMa K MPEACKAa3yeMbIM COOBITHSM, MOBEICHUE KOTOPBIX
OTHCBIBAETCS peaIbHOM MaTeMaTHYeCKOM 3aBUCUMOCTBIO. B cTpanax co cTabuibHON 5KOHOMUKOMN
3Ta (PyHKUHS BIOJHE MPUMEHHMMA Ui OMHCAHMUSA CE30HHBIX M CTaOWIBbHBIX KojeOaHuM Kypca
BANIIOT, IPUObLIEH (HUPM, TPOJaka TOBAPOB H.T.JI.

[IpuMep nocTpoeHus TMHENHONW PErpeCcCun:

|

1
1.
2
9

L =

VX = Wexonnbie gannpleORIGN =1

T o= O b =
—_—
=~
I

3
Beruucnum ko3 dumenTs! a 1 b TuHeHOM perpeccuu:

a = intercept(VX,VY) b= slope(VX,VY)i:=1.6 flz) :=a+baxl=—-1.6 b=25.8
corr(VX,VY)=0,996f(3) = 15,8 linterp(VX,VY.,3) =15
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[To >TM JaHHBIM CTPOUM TpadyK JIMHEHHON perpeccuu:

4 0 I 1 1 T
I..’1 3 e 2—'

30 e n
vY;
20 ey g
A8 -

o BT -

42

i N 0 | | | 1
1 2 3 4 5 6
I.l.l \'er ? i |.6.l

Pucynok 4.2 -JIunelinas perpeccus

5.6 IlocTpoeHue 1MarpaMm ¢ NpUMeHeHHEeM BbIYUCIUTEIbHOM TeXHUKH

IHousitue 0 crarnyeckux rpagpukax. OCHOBHBIE 3JIeMEeHThI Irpaguka

IlonydeHHBII B pe3ynbTare CTATUCTHUYECKOIO MCCIEJOBAHMS MaTepuall HEpEeIKO
n300pakaeTcs ¢ MOMOIIBI0 TOYEK, F€OMETPUYECKUX JIMHUA W (Uryp wim reorpapuuecKux
KapToCXeM, T.€. IpauKOB.

B crartuctuke rpadmkoM Ha3bIBAIOT HATIIATHOE H300paKEHNE CTATUCTUICCKUX BEJTHYUH U
UX COOTHOIIEHUM MpHU MOMOIIU FeOMETPUUYECKUX TOYEK, JIMHUM, Guryp winm reorpaduyeckux
KapTOCXEM.

IIpencraBneHue JaHHBIX B TpauecKOM BHUJE MO3BOJISET PEIIaTh caMble pa3HOOOpa3HbIe
3anayi. OCHOBHOE JOCTOMHCTBO TaKOIO IMpeACTaBlIeHUs — HarsAHOCTh. Ha rpadukax jerko
IIPOCMATPUBACTCS TEHACHIUSA K U3MEHEHHIO. MOXHO Aake ONpenesATh CKOPOCTb M3MEHEHUs
TEeHJECHUNH. Pa3InuHbIe COOTHOLIEHNUS, IPUPOCT, B3AUMOCBS3b Pa3JIMYHBIX ITPOLIECCOB — BCE ITO
JIETKO MO>KHO YBUJIETh Ha rpaduKax.

I'paduku mpunarOT U3I0KEHUIO CTATUCTUUECKHUX JIAHHBIX OOJIBILIYIO HArJIJHOCTb, YeM
TaOJUIIBI, BBIPA3UTEIBHOCTh, O0JEr4aloT MX BOCHpUATHE U aHanu3. CTaTUCTHYECKUM Tpadux
MIO3BOJISIET 3PUTENIBHO OLICHUTh XapaKTEP NU3y4aeMOTO SIBJICHUS, IPUCYIIHNE EMY 3aKOHOMEPHOCTH,
TEH/IEHIIMM PA3BUTHS, B3aUMOCBS3M C JPYTMMH IOKa3aTeIsIMM, reorpapuueckoe paspelieHue
u3ydaeMbIxX siBieHUi. Emie B ApeBHOCTH KUTaMlbl TOBOPWIN, YTO OAHO M300pakeHHE 3aMEHseT
TBICAYY CJOB. I'paduku nenaroT CTaTUCTHUECKUI Marepuai Oosiee MOHSATHBIM, JOCTYIHBIM H
HECIIEHUAJIMCTaM, MPUBJIEKAOT BHUMAHHME HIUPOKOW ayJIUTOPUM K CTATHCTHYECKUM JIaHHBIM,
HOMYJSPU3UPYIOT CTATUCTHKY M CTATUCTUYECKYIO HH(POpMAIHUIO.

[Ipn n1000H BO3MOKHOCTH aHAJINW3 CTATUCTHYECKUX NAHHBIX PEKOMEHJIyeTcs Bcerna
HauuMHaATh C UX TIpapuueckoro uzodpaxeHus. I'paduk mo3BosseT cpasy MNOIY4IUTh oOIiee
npeAcTaBieHrne 000 BCEW COBOKYIMHOCTH CTATHCTHYECKUX TOKazaTenel. ['padudeckuii MeTon
aHaM3a BBICTYMAET KakK JIOTHYECKOE MPOAODKEHHE TAaOIMYHOTO METOJa U CIYXKHUT UeNsM
MoJlyueHUus: O00OOLIAIOIIMX CTAaTUCTUYECKUX XapaKTEPUCTHK IMPOIECCOB, CBOWCTBEHHBIX
MaCCOBBIM SIBJICHUSIM.

[Tpu nomotu rpaguueckoro H300pakeHusi CTATUCTUYECKUX JTAHHBIX PEIIalOTCsI MHOTHE
3a/1a4M CTaTUCTUYECKOIO UCCIIENOBAHU:

- HarJasHOE TpeACTaBIIEHUE BEIUYMHBI MOKazaresnei (SIBICHUH) B CpaBHEHUU JPYr C
APYTOM,

- XapaKTepUCTHKA CTPYKTYpPbl KAKOTr0-TH00 SBICHMUS;

- U3MEHEHHUE SBJICHNS BO BPEMEHU;
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- XOJ1 BbITIIOJIHEHMUSI TIJIaHAa;

- 3aBUCUMOCTb U3MEHEHUS OJTHOTO SIBJICHUS OT U3MEHEHHUS JPYToro;

- PacIpoOCTPaHEHHOCTh WM Pa3MELICHUE KaKUX-THOO0 BETMYNH 110 TEPPUTOPHH.

JpyruMu  cioBamMHM, B CTaTUCTUYECKMX MCCIENOBAHUAX IHPUMEHSIOTCS  CaMble
pa3zHooOpasHbie rpaduku. B kaxaoM rpaduke BBACTSIOT (Pa3iMyaioT) CICAYIOIINe OCHOBHBIC
JJIEMEHTHI:

- IPOCTPAHCTBEHHbBIE OPUEHTUPHI (CUCTEMY KOOPAMHAT);

- rpaduueckuii oopas;

- moJie rpaduka;

- MacITaOHble OPUEHTUPBI;

- OKCIUTMKALUs TpaduKa;

- HAUMEHOBaHMe rpaduka

Wuorna 1.5 v 1.6 00beTUHSIOT B OJIUH 3JIEMEHT.

A) IIpocTpaHCTBEHHBIE OPUEHTHUPHI 3aJaI0TCSI B BU/I€ CUCTEMbl KOOPJMHATHBIX CETOK. B
CTaTUCTHUYECKUX TpaduKax dYamie BCETO MPHUMEHSETCS CHUCTeMa MPSMOYTOJIBHBIX KOOPIWHAT.
WNHorna ucnosib3yercss NPUHLUI MOJSPHBIX (YIJIOBBIX) KOOpAUHAT (KpyroBele rpaduku). B
KapTorpaMMax CpeICTBaMU MPOCTPAHCTBEHHOW OPHUEHTALMU SBIIAIOTCS TPaHUIbl TOCYAAapCTB,
IpaHUIBl aJMUHHCTPATUBHBIX €ro 4vacred, reorpauyeckue OpPHUEHTUPHI (KOHTYpHI pEK,
OeperoBbIX JMHMM Mopell M okeaHoB). Ha ocdX cucTemMbl KOOpAMHAaT WJIM Ha Kapre B
ONPEACICHHOM TMOPSJKE PpacHoJIaraloTCsl  XapaKTEPUCTUKM  CTaTUCTHMYECKUX IPU3HAKOB
n300paxkaeMbIX ABJIEHUHN WK TpolieccoB. [Ipu3Haku, pacnongaraeMele Ha OCAX KOOPAWHAT, MOT'YT
ObITh KAUECTBEHHBIMU WJIN KOJIMYECTBEHHBIMH.

b) I'papuueckuii 0Opa3 CTaTUCTHUECKUX NAaHHBIX TPEACTABIACT COOOW COBOKYIHOCTh
JUHHUHA, QUryp, TOUeK, 0Opa3yIOUIMX reoMEeTpUYecKHe (UIypbl pa3sHO (QOopMBbI (OKPYKHOCTb,
KBaJpaThl, IPSIMOYTOJIbHUKY U T.II.) C PA3JIMYHON IITPUXOBKOM, OKPACKON, 'YCTOTON HaHECEHUS
TOYEK.

JIroboe siBIEeHME, U3ydaeMOe CTaTUCTHKOM, MOXKHO MPEACTaBUTh B rpaduueckoil popme.
Jnist aTOro TpedyeTcs HallTH MpaBUIIbHOE rpaduiyecKkoe pelieHue, ONpeaeaInTh TOT rpadudeckuii
o0pa3, KOTOpBIA JydYllle BCEr0 COOTBETCTBYET JAaHHOMY SIBJIEHUIO, HarjsijgHee H300pakaer
CTaTUCTHUYECKUE JaHHble. ['paduueckuii o0pa3 OOMKEH COOTBETCTBOBATh ILEIM TIpaduka.
[ToaTomy mepen moctpoeHueM rpaduka HEOOXOAUMO YSICHUTH CYIIHOCTH SIBJICHHS U IICIib,
KOTOpasi CTaBUTCS Mepen rpaguueckuM u3oOpaxkeHueM. BriOpanHas ¢gopma rpaduka I0JKHA
COOTBETCTBOBAaTh BHYTPEHHEMY COJEpPXAHUI0O M XapaKTepy CTAaTUCTHUECKOro IOKa3aTels.
Hanpumep, cpaBHeHHe Ha rpaduke MPOU3BOAUTCS MO TAKMM M3MEPEHMSIM, KaK IUIOIIA b, AJIHMHA
OJIHOH U3 CTOPOH QUTYp, MECTOHAXOXKIACHUEM TOUEK, UX T'YyCTOTOM U T.1.

Tak, a5 n300paxkeHnss N3MEHEHUH SIBIIEHUS BO BpeMEHH Han0oJiee eCTECTBEHHBIM TUIIOM
rpaduxka sBisiercs auHus. 11 psaoB pacnpeaeneHus — MOJIMIoH WM TUCTOrpaMMa.

Kax/plif 13 OCHOBHBIX BHJIOB TpaUuecKUX M300pa’keHHI B CTAaTHCTUYECKOH MpaKTHKe
CTPOUTCS C YUETOM OIpEJIEICHHBIX paBWi. B cTaTHCTUYECKUX MCCIIETOBAHUIX JIJISl BBISCHEHUS
XapaKTEPHBIX YePT U 0COOEHHOCTEH MAaCCOBBIX SBJICHUM, MO3HAHUS TUITMYHOTO B ATHX SIBICHUSX
U pelIeHUs APYTrux 3a/7ad MIUPOKO HCIONb3YeTCs CpaBHEHHE OJHHUX aOCONIOTHBIX, CPETHUX U
OTHOCHUTEJIBHBIX CTATUCTUYECKUX BEJIMUUH C APYTUMHU. AHAIIU3 — 3TO, IPEXK]IE BCETO CPAaBHEHUE U
COTIOCTaBJICHHE CTATUCTUYECKUX JaHHBIX. Hepeako BOo3HMKaeT HEOOXOAMMOCTh COMOCTABIECHUS
pE3yJIBTAaTOB CTATUCTHUECKOIO MCCIIEN0BAaHUSI KOHKPETHOTO SIBJIEHUS C BEIMYMHAMM TUIIUYHOTO
(ureanbHOTrO) SIBJIEHMSI aHAJIOTMYHOM mpupoabl. I[losToMy HarisnHOe MpeacTaBlIeHUE
(rpacduyeckoe M300paKeHHEe) CPaBHEHHs CTATUCTUYECKUX TOKa3aTeei OTHOCHTCS K Hambolee
pacnpocTpaHEeHHBIM IpadyKaM B CTaTUCTHKE. J{JIs 3TUX 11eNell MPpUMEHSIOTCS AUarpaMMBl.

Juarpamma — 310 rpaduueckoe n300pakeHue, HATJSIHO MMOKA3bIBaIOIIee COOTHOIICHNE
MEXJly CpaBHMBaeMbIMH BelW4YMHaMH. /lparpamma mpejactaBisieT coOOH 4epTex, Ha KOTOPOM
CTaTUCTHYECKUE JAaHHBIE YCIOBHO H300pa)KarOTCSs T'€OMETPUYECKHUMH JIMHUSAMH, (UTypamMu U
TEJIaMH Pa3INYHBIX Pa3MEPOB.

PaznuuaroT cneayromue OCHOBHBIE BUIBI TPa(UKOB (MarpaMm) CpaBHEHHS:
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- CTOJIOMKOBEIE;

- II0JIOCOBBIE;

- KBaJIpaTHBIE;

- KpYT'OBBIE;

- (hurypHsle.

JUis 1OCTpOEHMs TuarpaMM HCHOJb3YIOTCS CIEAYIOLIHME KOMIIBIOTEPHBIE MPOrpaMMbl
Excel, Mathcad, MATLAB u npyrue.

Jns co3nanus rpadukoB B cucteme Mathcad umeercst mporpamMMmHbIii rpaduuecKuit
nporeccop. OCHOBHOE BHUMaHKE IPU €ro pa3paboTke ObUIO yesneHO 00eCHeueHHIO MPOCTaThl
3aJjaHus TpaMKOB U MX MOAM(UKALUU C TOMOIIIBIO COOTBETCTBYIOIMX MapameTpos. [Iponeccop
MO3BOJISIET CTPOUTH CaMble pa3Hble TrpaduKu, HAIpUMEpP B IEKAPTOBONH M MOJSPHOW CHUCTEME
KOOPJIMHAT, TPEXMEPHbIEC TIOBEPXHOCTH, I'pa(UKH ypOBHEH.

Jnst moctpoeHust TpaKOB UCIONB3YIOTCA MA0I0HBL. VX mepedyeHb CONepKUT MOAMEHIO
Graph menro Insert. BonbIIMHCTBO MapaMeTpoB rpaduueckoro mporeccopa, HeOOXOAUMBIX IS
MOCTPOCHHS TPAPHUKOB, MO YMOIYAHHUIO 33JAaCTCSl AaBTOMATHUYECKH, MOITOMY JJIsi HA4YaJIbHOTO
HOCTPOCHUsI rpa)uKka TOro WIIM HHOTO BUJIA JOCTATOYHO 3a1aTh T rpaduka. B moamento Graph
COJCPKHUTCS CIIUCOK W3 CEeMH OCHOBHBIX THIIOB TpadukoB. OHHU TIO3BOJSIOT BBIIOJIHUTH
CJIeAYIOIINE AEUCTBUS:

X —Y Plot (nexapToB rpaduk) — co3aaTe madIOH ABYXMEPHOTO rpaduka B AEKapTOBOI
cucTeMe KOOpJUHAT;

Polar Plot (monsipubIit rpaduk) — co3aarh mabioH rpaduka B MOISIPHBIX KOOPAMHATAX;

3D Plot Wizard (mactep TpexMepHBIX I'pauKOB) — BBI30B MacTepa IJis MOCTPOCHHS
TPEXMEpHBIX IPahUKOB C 3aJaHHBIMH CBOMCTBAMU;

Surface Plot (rpadux moBepXHOCTH) - co3aaTh MIAOIOH IS MOCTPOCHUS TPEXMEPHOTO
rpaduka;

Contour Plot (kapta nuHHMII ypOBHS) — cO3[4aTh INAOJOH Ui KOHTYPHOTO rpaduka
TPEXMEPHOU MOBEPXHOCTH;

3D Scatter Plot (Toueunslii rpaduk) — co3aaTh 111a610H A5 rpaduKa B BUJE TOUYeK (PUryp)
B TPEXMEPHOM IPOCTPAHCTBE;

3D Bar Plot (TpexmepHast cToi0uKOBasi [uarpaMMa) — co3Aath adI0H AJIs U300paKeHus
B BUJI€ COBOKYITHOCTH CTOJIOMKOB B TPEXMEPHOM IPOCTPAHCTBE;

Vector Field Plot (BexkTopHOE nosie) — co3aats 1m1alioH Juist rpaduka BEKTOPHOTO OISl Ha
TUTOCKOCTH.

C nonstHeM rpaduku CBSI3aHO NpEACTaBICHHE O IpadUUYecKHX OOBEKTaX, MMEIOLINX
orpezieNieHHble CBoWcTBAa. B OonbIIMHCTBE ciiydaeB 00 00OBEKTaX MOKHO 3a0bITh, €CIIM Bbl HE
3aHMMAaeTeCch OO0BEKTHO-OPMEHTHPOBAHHBIM IMPOTrPaMMHUPOBAHUEM. bBOJBIIMHCTBO KOMaHA
BBICOKOYPOBHEBOH TpayiKi OPHEHTUPOBAHBI HA KOHEYHOTO IMOJIb30BaTelNsi. OHM aBTOMaTHUECKU
YCTaHaBJIMBAIOT CBOMCTBO rpaduueckux 00OBEKTOB U 00ECIEUNBAIOT BOCIIPOU3BEIeHHE Tpa(uKu
B HY)KHOH CHCTeMe KOOPAWHAT, MAIMUTPE I[BETOB, MACIITA0E U T.1I.

5.7 IlocTpoenue rpaduxa noBepxHoctu B cucreme Mathcad.

[TocTpoeHne MOBEPXHOCTEH MO MaTPUIE AMIUIMKAT MX TO4YeK. [TOCKONBKY 3JIE€MEHTHI
MaTpuilbl M — nepeMeHHbIe ¢ IeIOYUCICHHBIMU HHJIEKCAaMH, TO IEpe]] CO3JaHUEeM MaTpHIIbI
TpeOyeTcst 3amaTh WHAEKCH B BHJE PAH)KUPOBAHHBIX TIEPEMEHHBIX C IIEJOYHCICHHBIMH
3HAYEHUSIMH, a 3aTeM yXKe U3 HUX (OPMHUPOBATH CETKY 3HAUYCHUN X U Y — KOOPJIMHAT JIJIsl alllIMKaT
Z(X,y). 3HaueHHsI X U y IIPU 3TOM OOBIYHO JO0JKHBI OBITH BEIIECTBEHHBIMH YHCIIaMHU, HEPEAKO KaK
MOJIOKHUTETBHBIMH, TaK U OTPUIATEIbHBIMU. [10CIIe BHIMOTHEHUS YKa3aHHBIX BBIIIE ONpeIeeHn i
BBOAMTCS mabsoH rpaduka (komanaa Surface Plot).
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MocTpoeHne I'paduka IMoBepXHOCTH

z(x,y) = cos(xy) PYHKIMA IOBYH NMepPeMeHHEX X,V

i=0.20 3:=0.20 LenouMClNeHHEHES MHISKCH

M, - z[ i-10 G- 10)}

5 5

i

Paste
Paste Special...

Format...

Fog
Lighting
Equal Scales
Perspective
Box
v Border .

3 Perimeter
Mone

Pucynoxk 5.1 - [Toctpoenue noBepxHOCTH 0€3 yaaaeHNUss HEBUAUMBIX JIMHUH

M

Heo0xoaumo noctpouTs rpaduk moBepxHocTu B cucteme Mathcad, orgopmaruposas ero,
IPUMEHUB aJITOPUTM (PYHKIIMOHAIBHOM OKPACKU U yAaJeHHe HeBUAUMBIX TuHUH. [lokazaHo, Kak

otropmaTHpoBaTh rpaduk, MpUMEHEHHE ATOopuTMa (PYHKIIMOHAILHONW OKPACKH TTOBEPXHOCTH U
yJlalieHue HEBUIUMBIX JTMHUH.

TMocrpoersse T'pagoxa IoBepXNOCTH

AX,¥) = cos(xy) PYHRUKA OBYX MNEPeMeHHHX X,V

i=0.20 j=0.20 LenouxcneHmie KHAEKCH

_JG-19 G-19
Mi-){ 5 % 8 ]

M
3D Plot Format E

Genessl | fwes | Mppeaance | Lighing | Tile |
Backplanes Special | Advanced | QuckPltData |
Flot1 |

Cortour Opliors

v Fil Cornecliviy

= harrline: ‘EaletLaycm Intespolated Mesh :: 4

V' Auto Contour P Rowes P

r oE ety j o

[[5=] Number | ¢ Coimre Line Sty
ZLontowrs v 3 l 5 whd

oK I Orsena ] | Cnpasxa |

Pucynok 5.2 - TToctpoenue rpaduka moBepxHOCTH B cucreme Mathcad



31

IMocTpoenue TpexmepHoro rpaguka B cucreme Mathcad

B nporpamme Mathcad ectb BO3MOXHOCTh MOCTPOCHHS TPEXMEPHBIX IpaduKkoB — 0Oe€3
3aJ]aHusl MaTPUIL alIUIMKAT MOBEPXHOCTEH. EJAMHCTBEHHBIM HEIOCTATKOM TaKOI'O YIPOLICHHOTO
METO/1a TOCTPOCHNUS TIOBEPXHOCTEH SBISIETCSI HEONIPEAETICHHOCTh B MacIITAOMPOBAHHUH, TIO3TOMY
rpaduku TpedyroT popMaTHpOBaHUS.

MocTpoeHMe IpadMKa NMOEBepXHOCTH Bes
SaOaHMA MAaTpUIE

=x,¥) = cos(xy) $YHRUMA OBYX INEepeMeHHHX X,V

\\
“"T \ |

Yo\
X

NN

Pucynoxk 6.1 - [Toctpoenue rpaduka NoBepxHOCTH 0€3 3aaHUsl MaTPHUILIbI

lpuMeHeHne rpadmuueckon ¢PyHkuum CreateMesh

H(u,v) = sinfu-v)
wl=-2 ul=2
W=-2 wl=2

1. SamanmM YHRIIO OBYX OepeMeHHHX
2. SamanMd Opene)k M3IMeHeHMA IepeMeHHHEX

3. Mcnonesya dyHRIMO CreateMesh cosmanmm
MAaTPHITY MNOBEPXHOCTH
C = CreateMesh(H u0 ul ,v0,v1)

4.353amap nocTpoeHMe Dpadmura THna Surface Plot, nosrydm

AR AN

A AR

AN AN AN

il s

c C

Pucynoxk 6.2 - [Tocrpoenue rpaduka noBepxHocTd ¢ npuMeHeHneM ¢pyHkuuu CreateMesh
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Eme ogun npumep npumenenus pynkuuu CreateMesh — noctpoenne o0beMHON GUTYPBI,
KOTOpasi TIoJIydaeTcs BpallleHHuEeM KPUBOH, 3amaHHoi ¢yHKuuen f(x), Bokpyr ocu X minu Y. Ha
pUCYHKe 6.3 TIoKa3aH IpUMEp PELICHUs JaHHOU 3a/1auH.

MocTpoeHne PUIryphl, MONYUEeHHONM BpalleHHeM KpPHUBOM
BOKpyr ocHuM X
f(x) = x~cos'x2' a=-2 bi=2 mesh = 30
Flu,w) =u G(u,v) = f(w-cos(¥)  H,v) = f(u)-sinv)
5= CreateMesh(F,G,H,a,b,D,Zn,mesh)

Ppadur dyERIMN f(X) [IOBEpXHOCTE BpaUNeHMA DpadMra
f£(x)

x=-2,-19.2

AT P ‘\ 2

5
Pucynok 6.3 — @urypa, nosyyeHHas BpalieHUEeM KPUBOH.

5.8 lIpumenenue nuarpamm baiieca. 3agaun Bb100pa u KiIaccupuranuu

baiiecoBckas kiaccupukanus

AnbpTepHaTUBHBIE Ha3BaHUS: OaillecoBckoe MojenupoBaHue, OaliecoBCKas CTAaTUCTHKA,
meton OaifecoBckux ceteil. M3HawanbHO OaliecoBckas Kiaccu(uKalus HCHONb30Bajach s
dopManuzanuy 3HAHMM OKCIIEPTOB B JKCHEPTHBIX CHCTEMax, ceddac OailecoBckas
KiIaccuHKaIus TakKe IPUMEHSIETCsl B KauecTBe oHOro 3 metoaoB Data Mining.

Tax Ha3piBaeMas HauBHas Kiaccu(uKalMs WIM HauBHO-OaliecoBCkuiM moaxon (naive-
bayes approach) siBisiercst Hanbosee mpOCTHIM BAPHAHTOM METO/Ia, UCTIOIB3YIONIET0 OalleCOBCKUE
cetu. Ilpu 3TOM moaxozae pemaroTcs 3aAayu Kiaccu(UKalMM, pe3yiabTaToM padOThl MeToJa
ABIIAIOTCA TaK Ha3bIBaeMble "Mpo3pauHble’ MOJEIH.

"HauBHas" knaccuukamusi - JOCTaTOYHO MPO3payHbIE W TMOHSTHBIA  METOJ
knaccupukanuu. "HauBHOH" OHa Ha3pIBaeTCs MOTOMY, YTO MCXOAMT W3 MPEINOJOXKEHHUS O
B3aMMHOU HE3aBHCUMOCTH MPHU3HAKOB.

CaoiicTBa HAaMBHOM KJIaCCU(PUKAIIUU:

- Mcnonp30BaHue BceX MEPEMEHHBIX U ONPEECICHUE BCEX 3aBUCHUMOCTEN MEXIAY HUMH.

- Hayinume aByX NMpeAnonoKeHuil OTHOCUTEIBHO IIEPEMEHHBIX

- BCE MIEPEMEHHBIE ABJISIIOTCA OJAMHAKOBO BaXKHBIMM;

- BCE IIEPEMEHHBIC SBIAIOTCS CTATUCTHUYECKU HE3aBUCHUMBIMU, T.€. 3HAYECHHE OJHOU
MIEPEMEHHON HUYETO HE TOBOPHUT O 3HAYEHUH JPYIOM.

BosIbIIMHCTBO JPYyruX METOA0B KIACCU(UKAIMM MPEANOoiaraloT, 4To Mepea HadalioM
KJIaCCU(UKALUU BEPOSITHOCTh TOTO, YTO OOBEKT MNPUHAMICKHUT TOMY HIM HHOMY KJaccy,
OJIMHAKOBA; HO 3TO HE BCEra BEPHO.

JlommyCcTuM, U3BECTHO, YTO OIPEIEICHHBIN IPOLEHT JAHHBIX IMPUHAIICKUT KOHKPETHOMY
KJjaccy. Bo3HukaeT BOIpoc, MOKEM JIM MBI UCIOJIB30BATh 3Ty MH(POPMAIHMIO MPH TNOCTPOCHUU
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mogaenu knaccupukanuu? CymecTByeT MHOXKECTBO PEAIbHBIX MPUMEPOB MCIOIb30BAHUS ITHX
aAnpUOPHBIX 3HAHUM, IOMOTAIOIIUX KIACCUPHUIMPOBATh OOBEKThl. TUNMUYHBIA mpuUMep U3
MEIWIUHCKOW NPAaKTUKUA. Eciau OKTOp OTHpaBiseT pe3yibTaThl aHAJIW30B NalKMeHTa Ha
JOTIOTHUTEIbHOE HCCIE0BaHNEe, OH OTHOCUT IMAllMEeHTa K KaKOMY-TO OIpPEAEICHHOMY KIIAcCy.
Kakum 06pazom MOKHO TPUMEHUTH 3Ty HH(OopMaIio? MbI MOXKEM UCIOIb30BAThH €€ B KAYeCTBE
JOTIOTHUTEIIBHBIX TaHHBIX IPU MOCTPOCHUHU KIACCU(PUKAITMOHHON MOJIEIH.

OTMeuaroT Takue JOCTOMHCTBA OalleCOBCKUX cerei kak merona Data Mining:

- B MOJICIM OMPEICINAIOTCS 3aBUCUMOCTH MEXAY BCEMH IMEPEMEHHBIMH, 3TO MO3BOJISET
JeTKo 00pabaThIBaTh CUTYalllH, B KOTOPBIX 3HAYCHUSI HEKOTOPBIX MIEPEMEHHBIX HEU3BECTHBHI;

- OailecoBckHE CETH TOCTATOYHO IMPOCTO HMHTEPIPETHUPYIOTCS U TMO3BOJIAIOT Ha 3Tare
IIPOrHOCTUYECKOT0 MOJIETTMPOBAHUS JIETKO IPOBOUTH aHAJIU3 110 CLIEHapHIo "4To, ecau';

- OaliecOBCKUI METOJ MO3BOJSET €CTECTBEHHBIM 00pa3oM COBMEILIaTh 3aKOHOMEPHOCTH,
BBIBEJICHHBIC U3 JJAHHBIX, U, HAIIPUMEP, SKCIIEPTHBIC 3HAHUSI, TOJyYCHHBIEC B SIBHOM BUJIC;

- UCIOJIb30BaHME O0aleCOBCKUX CeTeil MO3BOJSET HM30ekaTh MPOOJIEMbI MepeydrBaHUS
(overfitting), To €CTh H30BITOYHOTO YCIOKHEHUS MOICITH, YTO SIBIISICTCS C1a00¥ CTOPOHON MHOTHUX
METOJIOB (HarpuMep, IePEBLEB PEIICHUN 1 HEUPOHHBIX CETeH).

HauBHo-0aliecoBCKUl TOIX0/] UMEET CJICAYIOIINE HETOCTATKH:

- TIEPEMHOXXATh YCJIOBHBIE BEPOSITHOCTH KOPPEKTHO TOJIKO TOT/Ia, KOTJa BCE BXO/IHBIE
NEpEMEHHbIE JCWCTBUTEIBHO CTATHCTUYECKH HE3aBHCHUMBI, XOTS YacTO JAHHBIA METO[
MOKA3bIBAET OCTATOUYHO XOPOIIHE PE3yJIbTaThl MPU HECOOIIOJACHHUH YCIOBUS CTaTHCTUYECKOU
HE3aBUCHMOCTH, HO TEOPETHUYECKH TaKas CHUTYyalus JOJDKHA 00padaThIBaThes Oosiee CIOKHBIMU
METOJIJaMH, OCHOBAaHHBIMU Ha 00y4YeHHH 0alleCOBCKUX CETEl;

- HEBO3MOXKHA HETIOCPEACTBEHHAs 00paboTKa HENMPEPHIBHBIX MIEPEMEHHBIX - TpeOyeTcst ux
npeoOpa3oBaHre K MHTEPBAIBHON IIKaje, 9YTOObI aTprOyThl ObLTN TUCKPETHBIMU; OJTHAKO TaKHe
npeoOpa30BaHusl HHOT]a MOTYT IPUBOIUTH K TIOTEPE 3HAUMMBIX 3aKOHOMEPHOCTEIH;

- Ha pe3ynpTaT KJIacCU(pHUKAIMM B HAMBHO-0All€COBCKOM MOAXOJIE€ BIMSIOT TOJIBKO
WH/IMBUyaJIbHBIC 3HAYCHHS BXOJHBIX MIEPEMEHHBIX, KOMOMHHPOBAHHOE BIMSHHE AP UM TPOEK
3HaYeHUH pas3HbIX aTpUOYTOB 37E€Ch HE YUYUTHIBACTCA. DTO MOIJIO OBl YIYYLIMTh KayecTBO
KJIACCU(UKALMOHHON MOJIEIM C TOYKM 3pEHHUs] €€ MPOTHO3UPYIOLIEH TOYHOCTH, OJIHAKO,
YBEJIUYUIIO ObI KOJMUECTBO MPOBEPSEMBIX BAPHAHTOB.

baiiecoBckas kimaccugukalys Haluia MUPOKOe MPUMEHEHNE Ha MPAKTUKE.

baiiecoBckas puiabTpanusd 1o cjoBam

He Tax naBHO OaifecoBckas kiaccudukanus OblIa TpemIoKeHa I TEPCOHATbHOMN
¢mibTpanun crnama. Ilepseiii GunabTp O6bU1 paspadbotan Ilonem I'paxemom (Paul Graham). [lns
paboTsl anropuTma TpeOyeTcs BHIMOIHEHUE ABYX TPEOOBaHUIA.

IlepBoe TpebGoBaHMe - HEOOXOAMMO, YTOOBI Yy KJIAacCHPUUUPYEMOro 0OBeKTa
MPUCYTCTBOBAJIO JIOCTATOYHOE KOJIMYECTBO MPHU3HAKOB. DTOMY MJI€ATbHO YJIOBJIETBOPSIOT BCE
CJIOBA MTUCEM TOJIb30BATENS, 32 UCKIIOUEHHUEM COBCEM KOPOTKUX U OUY€Hb PEJIKO BCTPEUYAIOIIHUXCS.

Bropoe TpeGoBaHme - mOCTOSIHHOE TiepeoOydeHHe W TOMOJIHeHHWE Habopa 'cmam - He
cnam". Takue ycjaoBHs OYEHb XOPOIIO PabOTAIOT B JIOKAIBHBIX IMOYTOBBIX KJIMEHTaX, TaK Kak
NoTOK "He cmama" y KOHEYHOIO KJIMEHTa JIOCTaTOYHO MOCTOSIHEH, a €CIIM MU3MEHSETCS, TO He
OBICTPO.

OnHako MJisi BCEX KIMEHTOB CE€pBEpa TOYHO OMPENENIUTh MOTOK "He cmama' JTOBOJIBHO
CJIO’KHO, MOCKOJIBKY OJTHO M TO K€ HMHCHbMO, SIBJISIOIIEECsS JUIs OJHOTO KIMEHTa CIaMoM, JUis
JIpyroro craMoM He siBisercs. CioBapb MOJy4aeTcsl CIAUIIKOM OOJIBIINM, HE CYIIECTBYET YETKOTO
paszieneHus Ha cnaM M "He cram'", B pe3ynbTaTe KayecTBO KiacCU(UKAlMH, B JaHHOM CiIydae
pelieHue 3a1aun GUIbTPALUU MUCEM, 3HAYUTEIIbHO CHUKACTCS.

5.9 MeTtoasb! kjaccu(puKanuy U NPOrHo3upoBanus. JlepeBbsi pemieHui

Meron nepeBbeB pemieHuit (decision trees) sIBIsETCS OAHUM W3 HAWOOJIEE TOMYIISIPHBIX
METOJIOB PElICHUs 3a]a4 Kiaccu(uKaluy 1 nporsosuposanusi. MHorna stot merox Data Mining
TaK)Ke Ha3bIBAIOT IEPEBBSIMHU PEIIAIOUINX MTPaBUIL, AEPEBbIMHU Kilaccupukauuu u perpeccuu. Kak
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BUJIHO W3 TIOCJIEIHEro Ha3BaHMs, NPH TMOMOILIM JAHHOTO METOJa pEeIIalTCs 3aJadu
KJIacCU(UKALUU U IPOTHO3UPOBAHUS.

Ecnu 3aBucumas, T.6. LieneBas NEpEeMEHHAas NPUHUMAET JAMCKPETHBIE 3HAUEHUs, IPU
MOMOIIN METO/Ia JIepeBa pelleHul pelaercs 3aj1a4ya KiaccuuKaimm.

Ecnn xe 3aBucuMasi mepeMeHHas NPUHUMAET HENpEPbIBHbIC 3HAYEHUS, TO JIEPEBO
pellleHUi yCTaHABIMBAECT 3aBUCHUMOCTh 3TOM MEPEMEHHOW OT HE3aBHCHUMBIX NMEPEMEHHBIX, T.€.
pelaeT 3a7ady YMCIEHHOTO IPOrHO3UPOBAHMUS.

Brnepsrie nepeBbs penieHui 0L peayiokeHsl XopmieHaoM u Xantom (Hoveland, Hunt)
B KoHIIe 50-x roj1oB nmpouuioro Beka. Camasi paHHsisi U u3BecTHast pabota XaHTa U Jp., B KOTOPOi
W3JIaraeTcs CyTh JIEPEBbEB perieHuit - "OxcnepumenTsl B uHAYKIHU" ("Experiments inInduction")
- Op1a onyOuKoBaHa B 1966 rony.

B nauGonee mpocToM BHIE JEPEBO PELIEHUM - 3TO CHOCOO MpeACTaBICHUS MPaBWI B
UEepapXUUECKOH, MOCe10BaTeNbHOM CcTpyKkType. OCHOBa TakoW CTpYKTYpsl - oTBeTHl "Jla" win
"Het" Ha psn Bonpocos.

Ha pucynke 8.1 mpuBeneH nmpumep AepeBa pelIeHUH, 3a7aya KOTOPOro - OTBETUTh Ha
Bonpoc: "Urpats 11 B ronbd?" UToOB! pemuTh 3a1a4y, T.€. IPUHATH PELIeHHEe, UTPATh JIU B TOJIb(,
CJIelyeT OTHECTH TEKYIIYI0 CUTYalHI0 K OJHOMY M3 M3BECTHBIX KJIACCOB (B JIaHHOM Ciyd4ae -
"urpats" i "He urpats"). s 3T0r0 TpeOyeTcs OTBETUTH Ha Psil BOMPOCOB, KOTOPHIE HAXOASTCS
B y3J1aX 3TOr'0 JIepeBa, HAUMHAs C €r0 KOPHSI.

[lepBbiit y3en Hawero nepeBa "CosiHeUHO?" SBISETCS Y3JIOM MPOBEPKH, T.€. YCIOBUEM.
[Ipy MONOXUTENPHOM OTBETE HAa BOIPOC OCYILECTBISETCS MEpPEeXo] K JIEBOM 4YacTu JepeBa,
HA3bIBAEMOM JIEBOM BETBBIO, MPU OTPHUIIATEIHLHOM - K MpPaBOW YacTu nepeBa. Takum oOpazom,
BHYTPEHHUH y3€Jl JepeBa SBISETCS Y3JIOM IPOBEPKHU ONpEIeNeHHOro yciosus. Jlamee uuer
CIEIYIOIUNA BONPOC U T.JA., TIOKa He OyAeT JOCTUTHYT KOHEYHBIN y3el JepeBa, SBIISIOIIUNCS
y370M perieHus. [[jisi Haiero aepeBa CyIecTBYET JiBa THIa KOHEYHOro y3nia: "urpare" u "He
urpats" B rojibQ.

B pesynpraTe mNpOXOXKIAEHHS OT KOpHS JiepeBa (MHOI/a HAa3bIBAEMOro0 KOPHEBOM
BEPILMHOI) 0 €ro BEpIIMHBI peniaeTrcs 3anada Kiaccu(UKaluM, T.e. BHIOMpAeTCsl OIUH W3
KJ1accoB - "urpate" U "He Urpatp" B roybd.

CoHeYyHo?

HET
HpoeT mi gomnsy
Ja HET
He HIpaTh HI'PATh HE HI'PATh HI'paTh

Pucynoxk 8.1 - JlepeBo pemenuii "Urpath 11 B ronbgp?"

[lenbro MOCTpOECHUS A€peBa PEIICHUS B HAIIEM CIIy4ae SIBIIAETCS OMPEACIICHUE 3HAYCHUS
KAaTerOpHaIbHON 3aBUCUMOM EPEMEHHOM.

Wrak, nys Hameln 3aa4M OCHOBHBIMH 3JIEMEHTaMU JIEPEBA PELICHUH SBIISIFOTCS:

- Kopens nepesa: "Conneyno?"
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- BHyTpeHHuii y3en nepeBa win y3en nposepku: "Temmeparypa Bo3gyxa Bblcokas?',
"Unet 11 noxap?"

- JIuct, kOoHeuHBIN y3€en AepeBa, y3en pemenus win BepuuHa: "Urpates", "He urpars"

- BeTBb nepena (ciydaun otBera): "Jla", "Het".

B paccmoTrpeHHOM MpuMepe pemraeTcs 3a1a4a OnHApHOW KIIacCU(PUKALINH, T.€. CO3TacTCs
TUXOTOMHMYECKas KiaccuUKaluMoHHas Mojenb. [lpumep nemoHcTpupyeT paboTy Tak
HA3bIBAEMBIX OMHAPHBIX JIEPECBHEB.

B y31ax GuHapHBIX epeBhEB BETBICHHE MOKET BECTUCH TOJBKO B JBYX HAIPaBIICHUSX,
T.€. CYILIECTBYET BO3MOXHOCTb TOJIBKO JIBYX OTBETOB Ha ITOCTaBJIEHHBIN Bonpoc ("xa" u "Her").

5.10 ITocTpoeHue Kiaaccu(puKANMOHHON MOIeIH

bunapublie gepeBbs ABISAIOTCS CaMbIM IMPOCTHIM, YACTHBIM CITy4aeM J€PEeBbEB perieHuil. B
OCTaJbHBIX CIy4asiX, OTBETOB M, COOTBETCTBEHHO, BETBEH JepeBa, BBIXOJAIIMX W3 €ro
BHYTPEHHETO Y3714, MOXKET OBITh OOJIbIIE IBYX.

Paccmotrpum Oonee crnoxHbli mpumep. basa naHHBIX, Ha OCHOBE KOTOPOH MOJIKHO
OCYIIECTBISITECS MPOTHO3UPOBAHKUE, COACPKUT CIEAYIONIME PETPOCHEKTUBHBIC [aHHBIE O
KIIMEHTax OaHKa, SBIIAIOIINECS ee aTpuOyTaMu: BO3pacT, HATMYKME HEBUKIUMOCTH, 00pa3oBaHue,
CpPEIHEMECSYHBIN 10X0/1, BEPHYJI JIM KJIIMEHT BOBPEMS KPEIUT. 3aa4a COCTOUT B TOM, YTOOBI Ha
OCHOBaHUU MEPEUYHUCICHHBIX BhIIIE JAHHBIX (KPOME MOCIETHETO aTprOyTa) ONpeAenuTh, CTOUT JI
BBIJIaBaTh KPEIUT HOBOMY KIIUEHTY.

Takas 3amada pemraeTcss B JBa 3Tama: MOCTPOCHUE KIACCH(PMKAIMOHHON MOJEIU U ee
UCIIOJIb30BaHUE.

Ha stane moctpoenusi Moaenu, COOCTBEHHO, U CTPOUTCS JIE€PEBO KJIACCU(DUKALMU WIH
co3naeTcsi Habop HEeKuxX npaBwi. Ha srarme ucmosib30BaHUS MOJIEIH TTOCTPOSHHOE JEPEBO, WU
OyTh OT €ro KOpHS K OJHOW M3 BEPIIUH, SBISIOLIUICS HaOOpOM MpaBWi JUIsi KOHKPETHOTO
KJIMEHTA, UCIIOJIB3YETCs Il OTBETA HA TIOCTABJICHHBIN Boripoc "BrigaBate nu kpeaut?"

[IpaBuiiom siBsieTCs JOrUYecKast KOHCTPYKIIHS, TPeICTaBIeHHas B BUE "€Clu...: TO... "

Ha pucynke 9.2 mpuBeneH mpumep nepeBa kiacCU(UKAIUU, C TOMOIIBIO KOTOPOTO
pemaercs 3anaya "BeigaBaTh M KpeauT KiaueHTy?". OHa sBIsSE€TCS THUNMYHOM 3aaauei
KJIaccu(puKaluu, ¥ pu TOMOIIH JACPEBHEB PEIICHUH MOJYYalOT JOCTATOYHO XOPOIIIHE BapUAHTHI

€c peIIeHHUS.

na

a
HET A

S/ N\

obpazoBanua EHICIIES

/ HET CpERHEE
He BEIJAEATE / BEITARATE

Puc. 9.2. JlepeBo pemienuii "BoigaBaTth a1 kpeaut?"
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Kak MbI BUguM, BHYTpEeHHUE y3bl JepeBa (BO3pacT, HAIMUYKUE HEJBHKMUMOCTHU, JOXOI U
o0Opa3oBaHue) SBISAIOTCA aTpUOyTaMu ONMKMCAHHOM BbIlIe 0a3bl TaHHBIX. DTH aTpUOYTHl HA3bIBAIOT
NPOTHOZUPYIOIMMHU, WM arpubyramu pacuerienus (Splitting attribute). Kowneunsie y3ib
JepeBa, WU JIMCThl, UMEHYIOTCS METKaMH Kiacca, SBJSIONIMMUCS 3HAYCHUSIMHU 3aBUCHUMOU
KaTeropuajibHOM nepeMeHHO! "BbljaBaTh" WIM "HE BbIJABATh" KPEIUT.

Kaxnas BerBb JnepeBa, uaymias OT BHYTPEHHEro Yy3ja, OTMEUYEHa MPEIUKaTOM
pacmeruienus. [Tocneaamii MOKeT OTHOCHTBCS JIMIIb K OJTHOMY aTpUOyTy pacIlerICHHsI TaHHOTO
y31a. XapakTepHas OCOOCHHOCTh MPEJUKATOB pPACIICIUICHUS: KaK[gas 3aluch HCIOIb3YeT
VHUKQJIBHBIA TYThOT KOPHS JepeBa TOJBKO K OJHOMY Yy3iy-pemieHuro. OObeaMHEHHAs
uHpopmanua 00 aTrpulyTax pacuIeIICHUS M NpeAuKaTax pacllelUIeHHs B Yy3J€ Ha3bIBaeTcCs
Kkputepuem paciuerienus (Splitting criterion).

Ha pucynke 9.1 wu300pakeHO OAHO U3 BO3MOXHBIX JICPEBBEB PEHICHUH IS
paccMmarpuBaemoii 6a3pl qaHHBIX. Hampumep, kputepuit pacmieruienus "Kakoe oOpazoBanue?",
MoT OBl UMETh J[Ba MpEIUKaTa PACIICIJICHUS ¥ BBITIIAICTh HHAYe: oOpa3oBaHue "Boiciiee” U "He
Boiciiee". Toraa nepeBo peleHuii umMeno Obl Ipyroi BUJ.

Taxum oOpa3om, sl JaHHOM 33134y (Kak U ISl JIF000H IPYyroii) MOKET OBITh TOCTPOCHO
MHOKECTBO JIEPEBBEB PEIIEHUU PA3JIMYHOIO KadyeCTBA, C PA3JIMYHON MPOTHO3UPYIOLIEH
TOYHOCTBIO.

KauecTBO mocTpoeHHOro JepeBa pellleHUss BeCbMa 3aBUCUT OT IPaBUWJIBHOIO BbIOOpa
KpuTepus pacuierieHus. Han pa3pa®oTkoil M yCcOBEpIIEHCTBOBAaHHMEM KpPUTEpUEB pabOTaioT
MHOTHUE UCCIIEA0BATENH.

Meron iepeBbeB pelieHnd 4acTo Ha3bIBalOT "HawBHBIM" moaxoaom [34]. Ho Gmaromaps
LEJIOMY Py MPEUMYIIECTB, TaHHBIA METOJ SBJISICTCS OJHUM W3 HaubOosee MOMYJSIPHBIX s
pelieHus 3a1a4 KiacCupuKalnu.

5.11 lIpeumymiecTBa AepeBbeB pelleHUil

NuTyutuBHOCTH nepeBbeB pemieHuil. KiaccudukannonHas mMojenb, IpeacTaBleHHAs B
BUJIC JI€pEBa PEIICHUMN, SIBISETCS MHTYUTHBHOW M YIPOIIACT MOHUMAHUE periaeMoil 3aJayu.
Pesynbrar paboThl aNrOPUTMOB KOHCTPYHUPOBAHUS AEPEBbEB PEIICHUH, B OTIIMYUE, HAPUMED, OT
HEHUPOHHBIX CeTeW, NPEJCTABIAIOIINX CO00M '"depHble SIMMKHU'", JIETKO HHTEPIPETUPYETCS
MOJIb30BaTEIEM. ODTO CBOMCTBO JEPEBHEB PEIICHHM HE TOJIBKO BA)XXHO IPU OTHECEHUU K
ONpeeIECHHOMY KJacCy HOBOIO OOBEKTa, HO W TIOJE3HO IMpPH HHTEPIpEeTaluy MOJAEIU
knaccupukanuu B 1enoM. JlepeBo pemieHuil MO3BOJSET MOHATh W OOBSACHHUTH, MOYEMY
KOHKPETHBI 00BEKT OTHOCUTCS K TOMY HJIM HHOMY KJIaccy.

JlepeBbs pelieHui Jar0T BO3MOXKHOCTH H3BJIEKaTh TMpaBuia M3 0a3bl JaHHBIX Ha
ecTtecTBeHHOM si3bIke. [Ipumep npaBuna: Eciu Bospact > 35 u Jloxon > 200, To BBIIATh KPEINUT.

JlepeBbs pelieHui MO3BOIAIOT CO3/1aBaTh KIACCH(PUKAIIMOHHBIE MOJIETH B T€X O0JIACTsX,
/1€ QaHAIUTUKY JOCTAaTOYHO CI0XKHO (hOpMaTu30BaTh 3HAHUS.

ANTOPUTM KOHCTPYMPOBAHHS JepeBa pPEUICHU He TpeOyeT OT MOJIb30BaTelsl BHIOOpA
BXOJHBIX aTpuOyTOB (HE3aBHUCUMBIX NEpeMeHHBIX). Ha BXoa ainropuTma MOXHO IMOJaBaTh BCE
CYIIECTBYIOIINE aTpUOYTHI, AITOPUTM CaM BbIOEpeT Hambosee 3HAUMMBbIe CPEId HUX, U TOJIBKO
OHHM OyIyT MCIIOJB30BAaHBI JJIsI TIOCTPOCHUS JepeBa. B cpaBHeHWU, HapuMep, ¢ HEUPOHHBIMU
CETSIMH, 9TO 3HAYUTEIHLHO OOJEryaeT Moib30BaTeNto paboTy, MOCKOIbKY B HEHPOHHBIX CETSX
BBIOOP KOJIMYECTBA BXOHBIX aTPHOYTOB CYIIECTBEHHO BJIMSIET Ha BpeMsI O0yUeHHUS.

TouHOCTH MOJENEN, CO3JIaHHBIX MpPU TOMOIIU JEPEBbEB PEIIEHUN, COMOCTaBUMa C
JPYTUMH METOJaMH TIOCTPOCHUS KIIaCCU(PUKAIMOHHBIX MOJENeH (CTaTUCTUYECKHE METOIBI,
HEHpPOHHBIE CETH).

Pazpabotan psig MacTabupyeMbIX alTOPUTMOB, KOTOPBIE MOTYT OBITh MCITOJIH30BaHBI IS
MOCTPOCHHUS JIEPEBHEB PEIICHUs Ha CBEPXOOJBINIMX 0a3ax JaHHBIX; MacCIITaOUPYeMOCTh 3/1eCh
03HAYAET, YTO C POCTOM YHCJIa IPUMEPOB UJTU 3amKceld 06a3bl TaHHBIX BpeMs, 3aTpauuBaeMoe Ha

oOyueHwue, T.e. IOCTPOEHHE JIEPEBbEB PEIICHUH, pacTeT JuHeNHHO. [IpuMepsl TaKuX aaropuTMOB:
SLIQ, SPRINT.
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BeicTpeiit mporiecc oOydenus. Ha mocTtpoenHue KiacCHUKAMOHHBIX MOAETCH Npu
IIOMOILIM AJITOPUTMOB KOHCTPYMPOBAHHUS JE€PEBbEB PELICHUN TpeOyeTcs 3HAUUTEIbHO MEHbILEe
BpPEMEHH, YeM, Harpumep, Ha 00ydeHrne HEUPOHHBIX CETEH.

BoJIBIIMHCTBO aIrOpUTMOB KOHCTPYUPOBAHMSI JEPEBbEB PELICHUH UMEIOT BO3MOKHOCTh
CHenHatbHON 00pabOTKH MPOMYIICHHBIX 3HAYCHUH.

MHorue Ki1accu4eckue CTaTUCTUYECKHE METOJbl, NMPH HMOMOIIM KOTOPBIX pPELIaoTCs
3a[a4u KilacCu(UKaLUU, MOTYT paboTaTh TOJIBKO C YNCIOBBIMHU JAHHBIMH, B TO BPEMSI KaK 1€PEBb
peleHuii paboTaloT U € YUCIOBBIMH, U C KATETOPHAIbHBIMU TUIIAMH JaHHBIX.

MHorue cTaTUCTUYECKNE METO/IbI SIBJISIFOTCS TapaMETPUUECKUMH, U I10JIb30BATENb JOJHKEH
3apaHee BJaJleTh OIpe/lelIeHHONW HH(popMaliel, HanpuMep, 3HaTh BUJ MOJAEIH, UMETh TMIIOTE3Y
0 BHJIE 3aBUCHUMOCTH MEX]y IE€pEMEHHBIMHU, IIPEIoararb, KAKOM BUJ paclpeaeeHus] UMEIOT
JaHHble. JlepeBbs pelleHuil, B OTJIMYKME OT TAKUX METOOB, CTPOAT HEMapaMeTPUUECKUE MOJAEIH.
Takum 00pa3om, JepeBbsl PELICHU CIOCOOHBI pemath Takue 3aaadn Data Mining, B KOTOPBIX
OTCYTCTBYET alnpuopHas nH(GopMaLUs O BUJE 3aBUCHMOCTH MEXAY MUCCIIEyeMbIMU TaHHBIMU.

[Ipouecc KOHCTpYyHpPOBaHUS JIepeBa peLIeHU

HanomHuuMm, 4to paccMarpuBaeMasi HaMH 3aJayda KiacCu(UKaU OTHOCUTCS K CTpAaTeruu
o0y4YeHHsI C y4HWTeJeM, MHOTJa Ha3bIBAEMOT0 MHIYKTUBHBIM OOydyeHHeM. B 3Tux cimydasx Bce
00BEKTHI TPEHUPOBOYHOTO HaOOpa JIaHHBIX 3apaHee OTHECEHBI K OJHOMY U3 MPeONpeIeIeHHbIX
KJIACCOB.

ANropuTMBI KOHCTPYUPOBAHUS IEPEBHEB PELLICHHUH COCTOST U3 ATAIOB "MOCTpOeHUE" WK
" co3manme " nmepeBa (tree building) u "cokpamienne " mepeBa (tree pruning). B xone cozmanus
JiepeBa pelarTcsi BONPOChl BbIOOpa KpUTEPUs pacILieIIEHUs] U OCTAaHOBKU 00y4eHUs (€Ciiu 3TO
IIPEyCMOTPEHO aIropuTMOM). B Xoze 3Tana cokpalieHus JepeBa peraeTcst BOIpoc OTCEUEHUs
HEKOTOPBIX €ro BETBEIl.

Kpurepuii pacuennenus

IIpouecc coznanus nepeBa NPOUCXOAUT CBEPXY BHU3, T.€. SIBISETCA HUCXOASAINM. B xozne
IIpolecca aIrOpUTM JIOJKEH HAWUTH TAKOWKPUTEPUN PACILEINICHUs, NHOT1a TAK)KE Ha3bIBa€MbIN
KpUTepHeM pa3OueHus, 4ToObl pa3dUTh MHOXKECTBO Ha IOJMHOXECTBA, KOTOpbIe Obl
ACCOLMHPOBAIIUCH C JIAHHBIM y3JIOM IpoBepKU. Kax/iplil y3es npoBepKu JOJKEH ObITh TOMEUEH
ornpeneneHHbIM aTpuOyToM. CyliecTBYyeTIIpaBUIO BBIOOpa aTpuOyTa: OH JOJDKEH pa30ouBaTh
MCXOJJHOE€ MHOKECTBO JAaHHBIX TAKUM 00pa3oM, 4TOObI OOBEKTHI IOJIMHOKECTB, MOJIYyYaeMbIX B
pe3yibTare 3TOro pa3OMeHHs, SBSUIUCH IMPEACTaBUTEISIMM OJHOTO Kjacca WIHM Ke ObLIH
MaKCHMaJIbHO MPHUOIMKEHBI K TakoMy pa3ouenuo. [locnennss ¢ppasa o3HayaeT, YTO KOJIMUECTBO
00BEKTOB M3 JAPYrMX KJIAacCOB, TaK Ha3blBa€MBIX 'mpuMecel", B KaXXIOM Kiacce JIOJIKHO
CTPEMUTHCSA K MUHUMYMY.

CymiecTBYIOT pa3inuyHble KpUTepuM pacuiersieHus. Haumbonee wu3BecTHble - Mepa
SHTponuu 1 uHaekc Gini.

B HekoTopeix MeTomax i BBIOOpa aTpuOyTa pacIICIJICHHs UCIONb3YeTCs Tak
Ha3bIBaeMas Mepa MH(OPMATUBHOCTH IMOANPOCTPAHCTB aTpUOYTOB, KOTOPAsi OCHOBBIBAETCS Ha
SHTPONMMUIHOM TMOJXO/€ M HM3BECTHA IOJ Ha3BaHHMEM 'Mepa WH(POPMALMOHHOTO BhIMIphImIA"
(information gain measure) uiu Mepa SHTPOITHH.

6. TunoBble KOHTPOJIbHbIE 32/IaHUS U MHbIE MATEPHAJIbI, XapaKTePU3YIOIIHe dTANbI
(popMupoBanus KomneTeHI U

6.1. Kputepuu oueHMBaHusI KOMIMETEHIIUIA

OneHka «OTIMYHO» BBICTABISETCS CTYAEHTY, €CIIM CTYAEHT MMEET IIyOOKue 3HaHWUS,
YMEHMSI, HaBbIKHU, IEMOHCTPUPYET MOJTHOE NOHUMAHNE CYLITHOCTH PacCMaTpPUBAEMbIX BOIIPOCOB.

OneHka «XOpoIlo» BBICTABISAETCS CTYACHTY, €CIM CTYJEHT HMMEET IOJIHble 3HAHUf,
YMEHMsI, HaBBIKH, IEMOHCTPUPYET NIOHUMAHHUE CYIIIHOCTH PacCMaTPUBAEMBIX BOIIPOCOB B LIEJIOM,
HO TIOKa3bIBa€T HEJIOCTATOYHO YBEPEHHOE BJAJICHUE HEKOTOPBIMH TEOPETUYECKUMHU U
IPAKTUYECKUMH MOJIO)KEHUSAMHU JUCLUILINHBI.
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OneHka «yAOBJIETBOPUTENBHO» BBICTABISAETCS CTYAECHTY, €CIU CTYJEHT UMEET HU3KUUI
YpOBEHb 3HAHUM, YMEHHH, HaBBIKOB, IEMOHCTPUPYET YAaCTUYHOE IIOHMMAaHUE CYIIHOCTU
paccMaTpUBaEMBbIX BOIIPOCOB.

OneHka «HeyJ0BJIETBOPUTEILHOY BHICTABISIETCS CTYIEHTY, €CIIH CTYIEHT UMeeT MpoOebl
B 3HAHMUAX, YMEHMSIX, HaBbIKax, JAEMOHCTPUPYET HE3HAHHWE CYIIHOCTH pPaccMaTpUBAEMBbIX
BOIIPOCOB.

6.2. Onucanue MWKAJIbI OLEHUBAHUS

PeliTunroBas cucrtemMa OLEHKM YCIEBAaeMOCTH CTYICHTOB 3a04HOM (OpMBI He
IIPEyCMOTpPEHA.

6.3. MeToanueckue MaTepuabl, ONpeaesiiolue Npoueaypbl OeHUBAHNUS 3HAHUH,
YMEHHi, HABBIKOB M (MJIM) ONBITA 1eATEJIbHOCTH, XaPAKTEePHU3YIOIIHX ITATbI
(popMupoBanus KoMneTeHIH I

[Tponienypa mpoBeneHHs] OLIEHOYHBIX MEPOINpPUATUI BKIIOYaeT B cebs cobecepoBaHue,
MOJATOTOBKY K 9K3aMEHY U BBITIOJHEHNE UHIUBUIYATbHBIX 33JaHUN K Ja00paTOpHBIM paboTam.

[IpennaraeMbie CTYIEHTY 3aJaHUS TO3BOJISIOT MpoBepuTh Kommerennuu [1K-6, TTK-13,
[1K-14. Pe3ynbTaThl 5K3aMeHa U OTYETOB 110 MHAUBHUIYATbHBIM 33/IaHUSM OLEHUBAIOTCS T10:

- TOYHOCTH OTBETOB Ha [IOCTABJIEHHbIE BOIPOCHI;

- IOCJIEIOBATEIbHOCTA U PAllMOHATLHOCTY BBIMOJTHEHUS 3a/IaHUMH;

- 3HAHUIO TEXHOJIOTUH, UCIIOJIb30BAHHBIX [P BBIIIOJIHEHUU 3aJaHMUSL.

7. YueOHO-MeTOANYECKOE U HH(OPMANIMOHHOE o0ecnieYyeHne TUCIUIIUHbI

7.1 IlepeueHb OCHOBHOW M JOTIOJHHUTEIBHOMN JUTEPATYpPhl, HEOOXOAMMOM IS OCBOCHUS
JTUCIUTLIAH

7.1.1. IlepeueHb OCHOBHOM JIUTEPATYpPbI

1. OcHOBBI KOMITBIOTEPHOTO MOJETUPOBaHUE [DNEKTPOHHBIA pecypc] : y4deOHO-
METOAMYECKH KOMIUIEKC / . — OJEKTPOH. TeKCTOBble naHHble. — Aismatel: Hyp-IlpuHT,
2024.—175c. — 9965-756-09-0. — Pexxum mocrtyma: http://www.iprbookshop.ru/67115.html.

2. Marnmunen O.A. Ananu3 TpebGoBaHUN K aBTOMAaTH3MPOBAaHHBIM MH(OPMALMOHHBIM
cucteMaMm [DnekTpoHHBIH pecypc]/ Marnunen FO.A.—DnekTpoH. TeKCTOBbIE HaHHBIEe.— M.:
Wurepuer-Yuausepcurer HWupopmanmonneix Texnomormit (MHTYUT), 2016.— 191 c.—
Pexxum nocrtymna: http://www.iprbookshop.ru/52184.— 3BC «IPRbooks», mo mapoto.

7.1.2. IlepeyeHb TOMOIHUTENBHON JTUTEPATYPHI

1. IlopuukoB IO0.B. HMHcTpyMeHTanbHOE MOJEIHMPOBAHUE THOPUIHBIX CHCTEM
[DnexTponHbIil pecypc]: yuebHoe mocobue/ Illopuukos 10.B., Tomunos U.H., JoctoBaios
J.H— DnektpoH.TekcToBble aaHHble.— HoBocuOupck: HoBocubupckuii rocyaapcTBeHHBIN
TEXHUYECKUN YHUBEPCUTET, 2014.— 70c.—Pexum JIOCTYyIIA:
http://www.iprbookshop.ru/44929.— 3BC IPRbooks..

2. Kmumenko U.C. Teopus cucteM U CHUCTEMHBIA aHAIU3 [DIEKTPOHHBIM pecypc]:
yuebHoe mocobue / M.C. Knmumenko. — DIeKTpoH. TEeKCTOBble NaHHbIE. — M.: Poccuiickuii
HOBBIN YHHUBEPCUTET, 2014. — 264 C. —Pexum JIOCTYyTIA:
http://www.iprbookshop.ru/21322.html.

7.2. Tlepeuenbp y4eOHO-METOIUYECKOTO OOECTICUCHHUS] CaMOCTOSTEIHHOM PabOThI
00y4aromuxcs Mo JUCIUIUTHHE

1. Meroauyeckre yka3zaHWsl 1O BBITOJTHEHHUIO JTAOOPATOPHBIX PabOT MO IUCIUTLINHE
«CHUCTEMHBIN aHaJIN3 JaHHBIX U MOJEIH NPUHATHUS PELICHUI.

2. Meroauyeckne peKOMEHIANWU ISl CTYACHTOB IO OPTaHW3AlMU CaMOCTOSATEIBHOM
paboTel o gucuuIuinHe «CHCTEMHBIN aHAIN3 JaHHBIX U MOJAEIH MIPUHATHUS PEIIeHUI.

7.3. Tlepeuensb pecypcoB MH(POPMAIMOHHO-TEIIEKOMMYHUKAITMOHHOW ceTn «MHTepHeT»,
HEOOXOIUMBIX JUISl OCBOEHHSI TUCIUIUTMHBI

1. YuuBepcuterckas oudnauoreka online. http://www.biblioclub.ru.

2. OBC «IPRbooksy. http://www.iprbookshop.ru.

3. Dnekrponnas oudmuoreka CK®YV.. http://catalog.ncstu.ru.


http://www.iprbookshop.ru/67115.html
http://www.iprbookshop.ru/21322.html
http://www.biblioclub.ru/
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4. TocynapcTBeHHas myOiMyHas HaydHO- TexHuU4eckas Oubmmorexka Poccum. (I'TIHTH
Poccun). www.gpntb.ru.


http://www.gpntb.ru/
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denepanbHOE rOCYIapPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIETO 00Pa30BaHUs
«CEBEPO-KABKA3CKU ®EJEPAJIbHBI YHUBEPCUTET»
[IsaTuropckuit THCTUTYT ((hraman)

METOJJAYECKHUE YKA3AHHMA IO BBINTOJHEHUIO KOHTPOJbHOM PABOTBHI
. 1O AMCIMIIJIMHE _
CUCTEMHBIN AHAJIM3 JAHHBIX U MOJAEJIM TIPUHATUA PELHEHUU

Hampasnenue noaroToBku 09.04.02
HNupopmanmoHHbie cCUCTEMbI H TEXHOJIOTUHA
Hanpasnennocts (nmpoduib) «TexHonoruu padoTsl ¢ AAHHBIMH U 3HAHUSIMH,
aHaIM3 HHpopMaLHU»
Kpanudukanus BeITyCKHIKA Maructp

[sturopck, 2025
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Beenenue

Meroanyeckue ykazaHusi coJepXkaT IepeueHb BapUAHTOB 3aJaHUM s KOHTPOJIbHBIX
pabot, TpeboBaHUS K OGOPMIIEHHIO KOHTPOJBHBIX pabOT M NpHUMEp BBITOJHEHHS 3a/JaHUS.
TeopeTnueckoil OCHOBOM MOATOTOBKY CIELUAINCTA SBISAIOTCS 3HAHUSI B 00J1aCTH UH()OPMATHKH,
BBIYMCIIUTEIILHON CUCTEM.

1. leapb 1 327294 OCBOEHUS TUCIIUILIHHbBI

Lenbto ocBoeHUs IUCHUIUIMHBI «CHCTEMHBIM aHaNIM3 JaHHBIX M MOJENU MPUHATHUS
pewieHnii» sBigeTcss ¢GopMupoBaHHe Habopa MPopEecCHOHATBHBIX KOMIETEHLUH OyayIero
Maructpa no HamnpasyieHuio nmoarotoBku 09.04.02 «MudopmManmoHHbIE CUCTEMBI M TEXHOJIOTHH
JUIS pelleHus MPUKIAJAHBIX 337134 B pamMkax HarpasieHus (mpoduis) «TexHomoruu paboThl C
JAHHBIMU U 3HAHUSIMU, aHATIN3 HHHOPMAITTN.

3ajay OCBOEHUS IUCLMIUIMHBL: M3yYEHHE OCHOBHBIX HMOHSTUHA CHCTEMHOTO aHaIu3a
JAHHBIX, OCBOEHHE METOJOB CHUCTEMHOIO aHajin3a W HHCTPYMEHTOB pa3pabdOTKH Mojenen
IIPUHATUS PEUICHUMN.

2. ®opMyTHPOBKA 32JaHNS U er0 00beM
KontponbHas paborta BKJIOYAaT B cebe BOMPOCHI MO TeMaM, KOTOpbIe HYKHO H3y4YHUTh

CaMOCTOSITEJIbHO M 110 HUM IIOATOTOBUTH OTYET M Ipe3eHTaluH. Pe3yiabTaThl BbINOIHEHUS
KOHTPOJILHOM PabOThl MPEAOCTABISIOTCS B JIEKTPOHHOM Bujae. OO0BEM KOHTPOJIBHON PabOTHI
cocraBisieT 10-15 nevatHpix aucToB hopmaTa A4.

BapI/IaHTBI 3aJaHNN BBI6I/IpaI-OTC$I nu3 Ta6J'II/II_U>I o MmocCJjICcAHUM JIBYM umbpaM 3a4e€THOM

KHUXKH.

[Mocnen [Mpeanocienusis udpa

wigpa 1 2 3 4 5 6 7 8 9

0 111 |212 |313 |414 [515 |616 |7.17 |818 |919 |10,21
1 11,22 [12,23 | 1324 |14725 | 1526 | 1627 | 17,27 |18,28 | 19,29 | 20,30
2 130 | 229 |328 |427 |526 |625 |7.24 |823 |922 |10,21
3 11,29 12,28 | 13,27 14,26 | 1525 | 1624 | 17,23 | 18,22 | 19,21 | 20,10
4 1931 | 18,32 | 17,33 | 16,34 | 1535 | 14,18 | 13,19 | 12,20 | 11,21 | 10,22
5 935 |834 |733 |632 |53L |430 |329 |228 |L127 |3026
6 30,11 29,10 |289 |27.8 |26,7 |256 |245 |234 |223 |2L2
7 20,31 | 19,30 | 18,29 | 17,28 | 16,27 | 1526 | 14,25 | 1324 | 12,23 | 11,22
8 1029 | 931 833 |735 |625 |5238 |421 |319 |217 |L15
9 1,20 226 |324 [423 |522 |820 |918 [1L17 |830 |7,31
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BapuanTsl 3a1aHui

1.Cnioco6b1  omnpeneneHuss K03(p(GUIHUEHTOB OTHOCUTENIBHOW 3HAYMMOCTH KpPUTEpHUEB
(BECOB KpUTEPHUEB).

2. Crioco0b! onpezeneHus Ko3QpPUIUEHTOB KOMIIETEHTHOCTH YKCIIEPTOB.

3. CriocoOsl onpeiesieHrss BEpOATHOCTEN MOSIBIEHUS TPOOIEMHBIX CUTYaLIUH.

4. Tlogxobl K MOACIIUPOBAHUIO MMPOOJIEMHBIX CUTYaIUH.

5. OcoOEHHOCTH UCHOJNB30BAHUS KOJUYECTBEHHBIX KAl JJs 33JaHUs  OLIEHOK
IIPEIIOYTEHUS IKCIIEPTOB.

6. OCOOEHHOCTH MCIIOIB30BAHUS MOPSIKOBBIX IIKAM JUIs 33aHUS OLIEHOK MPEANOYTESHUS
JKCIIEPTOB.

7. OTNUYUTENBHBIE YEPTHI CUCTEM NOJEPKKU IPUHSTUS PEILICHUH.

8. BinsiHue nH(pOpMaLMOHHBIX TEXHOJOTHHM Ha pa3BUTHE CUCTEM MOJJAEPKKU IPUHATHS
peLICHU.

9. PaszButue skcneptHoit o6omouku DCIIIIP.

10. Pacmnpenue yucia Bonpocos, BkitoyaeMbix B DCIIIIP.

11. Pacmpenue uncna oTBeToB, BKiItoyaeMbix B DCIIIIP.

12. Paciinpenue yuciia METO0B NPUHATHUS pelieHus, BkitodyaeMbix B DCIIIIP.

13. Onucanue anropuTMOB METOJIOB, KOTOphIe npeziaraercs BkiIouuth B DCIIIP, Ha
a3bike CUCTEMBI.

14. Onucanue npaBuil pelIeHUs: BBIOOpA HOBBIX METOIOB.

15. Ilogxozs! k pa3paboTKe ajlbTEPHATUB MPUHATHUS PELIEHMUS.

16. Buzbl HeOnpeIeIEHHOCTH B IPOLIECCE IPUHSTHS PELLICHUS.

17. MoaenvupoBaHue MOCAEACTBUM NPUHATHS PELICHHUSL.

18. OTinuuus cpaBHUMBIX U HECPAaBHUMBIX KPUTEPHUEB.

19. Paznuunble noaxoabl K KJIacCU(PUKAMU METOI0B IPUHSTHS PEILICHUS.

20. DkcriepTHBIE OLIEHKH B ITPOLIECCE IPUHATHS PELLIEHUS.

21. BeiOop mikanbl 3a7jaHus OLIEHOK aJIbTEPHATHB B MIPOLIECCE MPUHATUS PELLICHUS.

22. IIpuHIKIIBI COTTIACOBAHMS OLIEHOK aJIbTEPHATUB B IIPOLIECCE IPUHATHUS PELICHHUS.

23. AHanuTH4ecKuil 0030p CYLIECTBYIOIINUX CUCTEM MOIEPKKU MPUHSITHS PEILICHUS.

24. AHanUTUYEeCKUH 0030p CYIIECTBYIOIUX SKCIEPTHBIX CUCTEM.

25. Ananutudeckuil 0030p UCIOIB3YEMBIX METOAOB MPUHATHS PELLIEHMUS.

26. AxcuoMsbl panMoHagbHOro noseaeHus. [lapagoke Aunse. DBpUCTUKH, UCIIOIb3yEMbIe
JIOJIbMU NPU IPUHATUN PELICHUH.

27. IlpoctpancTBo DmxkBopra-Ilapero.

28. Krnaccudukamus orepanuii mo CTeneHu clokHOcTH. Omepanuu ¢ KpUTepusiMH, C
OLICHKaMH aJIbTEPHATUB, C AJIbTEPHATUBAMH.

29. ®opmupoBanue Habopa kputepreB. OneHKa BaXKHOCTU KPUTEPHUEB.

30. MHorokputepuanbHble 3aa4i. [[oNbITKN CHATHS MHOTOKPUTEPHAIBHOCTH.

31. Mertoabl BekTopHO# onTuMu3zanuu. Meton STEM.

32. MeTtoabl BEKTOpPHOW ONTUMM3aLKU. MeTObl, OCHOBaHHbBIE HAa MH(POPMALIUU O MEpax
3aMelIeHHUS.

33. IloHsATue HeueTkoro MHokecTBa. MyHKIMA NpUHAUIe)KHOCTH. HedeTkne BEIBOIBI.

34 JIMHrBHUCTHMYECKHE TMEepeMEeHHbIe. MeTonbl ONpenesieHUs 3HAYCHUH HEYETKUX
IIPEMEHHBIX.

35. 3amava o Ha3HaueHMAX. [locTaHOBKA, MPUHIIKII PEIICHMUS.

MeTtoauyeckue peKOMEHAAlMH K BBINOJHEHHUIO KOHTPOJILHOI padoThI

A.]'Il"OpI/ITMLI aHaAJIMU3a JTaHHbIX

YnpouweHHbIN anroputm Baneca. [lepeBbs peweHunn. JinHenHasa perpeccus

Ynpowennwuii ancopumm batieca (NaiveBayes)
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VYnpomenusiii anroput™m baiieca - 3To anroputMm KiaccHu(UKanuM, OCHOBAaHHBINM Ha
BBIUUCIICHUM YCJIIOBHOW BEPOATHOCTH 3HAYEHUH HPOTHO3UpPYeMbIX aTpubyrtoB. Ilpu sTOoM m
NPEIOIaraeTcs, YTO BXOJHBIC aTPUOYTHI SIBJISIIOTCS HE3aBUCHUMBIMH U OTIPEJIENIeH XOTs Obl OMH
BBIXOJIHOM aTpHOYT.

AJNTOpUTM OCHOBaH Ha MCIONb30BaHUM Gopmyibl baiteca. [Tycth Ap, Ag, IIOJIHAS

rpynmna HECOBMECTHBIX COOBITHH, a - HEKOTOpoe COOBITHE, BEPOSTHOCTH KOTOPOTO
MOJIOKUTENbHA. Toraa yclioBHasE BEPOSATHOCTb COOBITHS Ai | ecnu B pe3ynbTaTe dKCIepuMeHTa

Ha6ronanock cobbitue 13 , MOKET OBITh BBIUKCIICHA 110 POpMYyIIE:
p(a,B) = L BIA)P(A)
o Z_; .-"[_;'3|.-llf'];”[_=l_,j

Ecamn rosopute o CYBJ MS SQLServer 2008, TO Tam omnucaHue MOJIEIN
MHTEJUIEKTYaJIbHOI0 aHAIN3a XPAHUTCS B BUJAE HMEepapXHUU Y3JI0B. [ yIpOIIEHHOro ajiropuTMa
baiieca mepapxus umeer 4 ypoBHsa. Cpena paspaborku BIDevStudio mo3BosisieT mpocMoTpeTh
cojepxkumoe mMozaenu (pucyHok 3.1). Ha BepxHem ypoBHE HepapXuM HaXOAMTCS y3ell camoi
Mozenu. Camblii HUKHHM YPOBEHb COAEPKHUT HMHQOpPMAIMIO O TOM, C Kakoil 4acToToi
BCTpEYaINCh B 00ydaroleil BBIOOpKE pa3iinyHble 3HAU€HHs BBIXOJHOIO TapaMeTpa B COYETaHUHU
C YKa3aHHBIM 3HaY€HHEM BBIOPAHHOTO BXOJHOI0 apamerpa (pucyHok 1.1).

JUisi KOpPpPEKTHOro MCIONb30BaHMs YIPOILEHHOro aiaroputMma baiieca HeoOxoaumo
YYUTBIBATH YTO:

- BXOJIHbI€ aTpUOYThI JOJDKHBI OBITH B3AUMHO HE3aBUCUMBIMU;

- arprOyThI MOT'YT OBITh TOJBKO TUCKPETHBIMU WIJIA TUCKPETU3NPOBAHHBIMU (B TpoIiecce
JUCKPETU3allMd MHOKECTBO 3HAUYEHUI HENpPEpBhIBHOTO YHUCIOBOrO arpuOyra pa3duBaeTcs Ha
MHTEPBAJIBI U JaJblle HIET paboTa C HOMEPOM HHTEPBAJIa);

- IropuTM TpeOyeT MEHBLIEr0 KOJIMYEeCTBAa BBIYMCICHHMH, YeM Jpyrue ajJropuTMBI
MHTEJJIEKTYaJIbHOTO aHaiu3a, npeactasisemble Microsoft SQLServer 2008, mosTomy oH 4yacto
UCTOJIb3YyeTCsl sl MEepPBOHAYAIBHOTO HCCeoBaHMs AaHHBIX. [lo ToH ke mpuuuHe, NaHHBIN
QITOPUTM TPEATIOYTUTENICH Ui aHajiu3a OONBIIMX HAO0OPOB JaHHBIX C OONBIIMM YHCIOM
BXOJIHBIX aTpUOYTOB.

(1.1)

AN [Orinel VI DR structure? Konine] | a1 Fage -x
s, g veces [

11 g acer:
sakn seyer —> Total Childres = 3

2a000000305050907

1otal cridares

2

Pucynoxk 1.1. - IIpocmoTp Mozenu Ha 6a3e ynpoieHHoro anropurMa baiteca cpeacrsamu
BIDevStudio

Jlis  KOpPpEeKTHOTO HCIOJIb30BaHUS YIpolleHHoro anroputma baiteca HeoOxoammo
YUUTBIBATh UTO:

- BXO/IHbIE aTpUOYTHI JOJKHBI OBITh B3AUMHO HE3aBUCUMBIMU;

- aTpuOyThl MOT'YT OBITH TOJBKO TUCKPETHBIMU WJIM TUCKPETU3UPOBAHHBIMU (B Tpoliecce
JUCKPETU3allMl MHOKECTBO 3HA4YEHUI HENMpPEpPBIBHOTO YHUCIOBOrO arpuOyTra pa3OuBaeTcs Ha
MHTEPBAJIBI U Jajblle HJeT paboTa C HOMEPOM UHTEpBaJIa);


http://www.intuit.ru/EDI/03_01_17_9/1483395677-6027/tutorial/1036/objects/9/files/04_01.jpg
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- QIropuT™M TpeOyeT MEHBLIET0 KOJWYECTBA BBIYMCICHHUN, YeM JpYrHe aJrOpUTMBI
WHTEJUICKTYaJIbHOTO aHajin3a, npeacrasisieMblie Microsoft SQLServer 2008, mosTomy oH 4acTo
WCIIOJIb3YETCS ISl MEPBOHAYAIBHOIO MCCIEI0BaHUs AaHHbIX. [[0 TOM K€ NmpuUuYMHE, TaHHBINA
QITOPUTM TPEANOYTUTENICH AJs aHalu3a OOoNbIIMX HAOOPOB JaHHBIX C OOJBIIMM YHCIOM
BXOJIHBIX aTPUOYTOB.

Jepebs pemenuii (DecisionTrees)

JlepeBbs penieHuit (Wn JepeBbs NPUHTUSA pemeHui, anri. "DecisionTrees") - cemeiicTBo
AITOPUTMOB, MO3BOJISIOMIMX CHOPMUPOBATH MpaBHIia KIAaCCU(PHUKAUU B BUAE HUEPAPXUUECKOMN
(IpeBOBUIHOM CTPYKTYpHI). B psine ciayuaes, AepeBbsl peLIEHHUH O3BOJISAIOT TAK)KE PELIATh 3a4a4n
pEerpeccuy U MoucKa B3auMOCBSI3EH.

Pemenne 3amaum  kimaccMUKAMM  3aKJIIOYAETCS B ONpPENENICHUH  3HAYCHUS
KaTeroprualibHOTO (JUCKPETHOT0) BBIXOJHOIO aTpuOyTa Ha OCHOBAaHUU BXOJHBIX AaHHBIX. J[Jst
3TOr0 CHayaja MPOM3BOAMUTCS OLIEHKA CTEIEHU KOPPEJSLUU BXOAHBIX M BBIXOJHBIX 3HAYCHU,
nociie 4ero oOHapyKeHHbIE 3aBUCHMOCTH OITUCBIBAIOTCS B BUJIE Y3JIOB JIEpeBa.

Paccmotpum cienyrommii mpumep. I1ycTh B 00yJarorieil BBIOOpKe HMeeTCst HHPOPMAITHS O
TOM, KYHWJI KJIUEHT BEJOCUIIE]] UM HET (MPOTHO3UPYEMOE 3HAUYEHHUE), a TaKKe O BO3pacTe
kaueHToB. Ha pucynke 1.2a mnpuBegeHa ruCTOrpaMMa, IIOKa3blBalollas 3aBUCHUMOCTh
nporrosupyemoro arpudyra "[lokynarens Benocunena” ot BxoaHoro "Bo3pact" (0ynem cuurars,
4TO BO3pacT umeeT Tpu 3HaueHus "Muanmmi", "Cpennuit”, "Crapmmii"). ['mcrorpamma 1.2b
MIOKAa3bIBAET, KaK 3TU JaHHbIE MOTYT UCIIOJIb30BaThCA IPU TOCTPOEHUU JEpEBa PELUICHUM.

a) b)

BozpacT = Mnaawwmid

BozpacT = Crapwwid

Y1ucno KnueHToB

Bo3spacr

. Mokynarens
D He nokynatens

Pucynok 1.2 - TIpumep noctpoeHus y3ia epeBa pelieHui sl TMCKPeTHOro aTpudyra

[lo-ngpyromy anroputM paboTaeT MNpH MOCTPOEHUHU JepeBa JUIsl NPOTHO3UPOBAHUS
HEMpepbIBHOTO cTon0na. B 3TOM ciydae, KaXIblid y3el COAEPKHUT PErpecCHOHHYI0 (HopMyiy,
a pa3OueHue OCYIIECTBIIAETCS B TOUKE HETMHEHHOCTH B 3TON dopmyiie. JlaHHBINA MOIX0 MOKa3aH
Ha pucyHke 1.3. Ilyctp Hamboiee TOYHO MMEIOIIMECS JaHHBIE MOXHO MOJEIUPOBAThH JBYMs
COCTMHCHHBIMH JIMHUSIMH (pucyHOK 1.3a). JlepeBo pemieHuid B 3TOM Clydae CTPOMTCS Tak, Kak
noKa3aHo Ha pucyHke 1.3b).

a) b)

Y Bce

¥=0,8xX-0,5
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Pucynok 1.3. IloctpoeHue nepeBa pelIeHHH s HEMPEPHIBHOTO MPOTHO3HPYEMOTO
aTpubyra

B cnyugae Microsoft SQLServer, mist Toro, 4To0bl MOXHO OBLIIO TOJYYUTH (YHKIIUIO
JMHENHON perpeccuu, B Ha0Op CTaHAApPTHBIX aIrOpuTMOB, HauuHas ¢ Bepcun SQLServer 2005,
ObLT BKJIIOYEH ajropuTM JuHelHOo# perpeccuu (MicrosoftLinearRegression) o kotropom peub
TOMJIET HIXKE.

[Ipu pemenun 3amauu kiaccuUKalMM, MPOMAS OT KOPHEBOrO y3lia 10 KOHEYHOIO

"nmucta'), MbI IOJTy4yaeM pe3yibTart.

VIargetMal structure [Onkne] Stwt Page

v x
B WiwgSnctus | A Mg Moceks | 5 Mg Model Vewer | 5 Neing Scaracy Chart [P Mineg Mookl Pradichion
Mong Yoded: | yTametMed OT » Wewes: Mooeoft Tree Vener -
Cecaon Trem :lbvpordi?(\ Hatmark.
([ 2 [4al5) B Tree: I o Eupi Defk Bpanzor: |3 Lewis b
Sadgrund: |8 Cases - o Lavel L 5]

Hagare: |0

Pucynok 1.4 -®parmeHT auarpamMmsl iepeBa pereHui

HecomHueHHBIM JOCTOMHCTBOM ACPEBLEB

peueHn i SIBIIAETCSA 1504
VHTYUTHUBHAs TOHATHOCTb. B 4YAaCTHOCTH, ONMCAHHBIE JEPEBOM 3aBUCUMOCTH MOYHO JIETKO

nepeBecTy B npasuia "ecnu-to". Hanpumep, o npencraBieHHOMY Ha pucyHke 3.4 ¢parmeHnrty
JyarpaMMbl MOXHO COCTaBUTh IIpaBHJIa CleNyromiero Buaa: "EciM KIMEHT BiageeT IByMs
MalIMHaMy, poxkuBaeT B pernoHe "Pacific" (Tuxookeanckuii) u mosoxke 43 JeT, TO OH C BBICOKOH
BEPOSATHOCTBIO MIPHOOpETET Bestocumen'.

[Ipn moctpoeHuun aepeBa pelieHUN BaXXHO NOOUTHCA TOTO, YTOOBI MOJENb KOPPEKTHO
oTro0Opaskana 0COOEHHOCTHU MPEeIMETHOIN 00IacTH U B TO K€ BpeMs HE CoJieprKajla HEeolpaB/IaHHO
Oonpiioro yncia BerBed. CiuiikoM "BeTBHUCTOE" J€peBO MOXKET OTIMYHO KiIacCU(UUIUPOBATH
JTaHHbIE U3 00y4aroiero Habopa, HO UMETh HEBBICOKYIO TOYHOCTh IPOTHO3MPOBAHUS 111 HOBBIX
JaHHBIX. DTO sBIEHUE Ha3biBaeTca 'mepeoOydenuem". J[ias OOpbObI C HHMM HCIONB3YeTCS
OCTaHOBKA NpPHU JTOCTHKEHUHU ONpEAETICHHBIX MOPOTOBBIX IOKa3aTenel (Hampumep, 1o o0bemy

JIAHHBIX, TOACP)KUBAIOIINX pa3OreHne) u mporeaypa "oOpe3ku'" nepesa, B pe3yabTaTe KOTOPOu
HEKOTOPBIC BETBU OOBEAMHSIIIOTCS WU yIAISIOTCS.

JIunelnas perpeccus

ANropuTM JINHEHHOW PErpeccuy MO3BOJISIET IPEACTaBUTH 3aBUCUMOCTD MEK/Y 3aBUCUMON
Y HE3aBHUCHMOW MEPEMEHHBIMHU KAK JMHEHHYIO, a 3aT€M HMCIOJIb30BaTh MOJYYEHHBIM pe3ysbTaT

npu nporHo3upoBanuu. [1ogo6HbIM puMep npencTaBieH Ha pucyHke 1.5. JInHus Ha tuarpamme
ABIISICTCSA HAWTYYIIUM JIMHEHHBIM MIPEJICTABICHUEM JAHHBIX.
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Pucynok 1.5. [Ipumep ncnosib30BaHus JTUHEHHON perpeccuu

B cnyuyae oqHOl He3aBHUCHMOMN MEPEMEHHOM (OAHMM PErpeccopoM) 3aqadya MOXKET ObITh
chopMyJIMpOBaHA CICAYIONUM 00pa3oM. YPaBHCHHE ONMHUCHIBAIOIICE JIMHUIO: y=a-+ bx .
Hns ¥ -it Touku Oyner CIIPABE/TUBO L = a + ba i T € , tme ©i - pa3HULla MEXIY

q)aKTI/ILIeCKI/IM 3HAa4YCHUCM { W BBIYHUCJICHHBIM B COOTBCTCTBHU YPaBHCHHUEM JIMHHU. HNuaue
roBopA, Ka)I(Z[OfI TOYKE COOTBETCTBYCT OHII/I6Ka, CBsA3aHHasA C €€ pacCCTOAHHUEM OT JIMHHUU

perpeccun. HyxxHo ¢ nomomibto nogdopa ko3dduuuentos (I u b [0JIy4aTh TaKOe YpaBHEHUE,
4TOOBI CyMMa OLIMOOK, CBSI3aHHBIX CO BCEMH TOYKAMH, CTala MUHUMAaJIbHOU. /L1 pemenus 3Toi
3a/1a4l MOXKET MCII0JIb30BAThCS, B YaCTHOCTH, METOJI HAUMEHBIIINUX KBAJPaTOB.

B SQLServer 2008 mpu BbIOOpE alropuT™Ma JUHEHHOM perpeccuu BBI3BIBACTCS OCOOBIM
BapHaHT aJrOpUTMa JiepeBa pPEUIeHUI C mMapaMeTpaMy, KOTOpblE€ OrpaHWYMBAIOT MOBEIECHUE
ITOPUTMA M TPeOYIOT UCIOIb30BAHUS ONPEIEICHHBIX THIIOB JaHHBIX Ha BXOJE.

JluneiiHas perpeccusi SBISETCS TMOJE3HBIM M IIMPOKO HM3BECTHBIM  METOJOM
MOJIEIUPOBAHMsI, OCOOCHHO AJIS CIIy4aeB, KOTJa U3BECTEH MPUBOISIINN K N3MEHEHUSIM 0a30BBIN
(dakTop M €CTh OCHOBAHUS OXKUAATh JIMHEHHBINA XapakTep 3aBUCUMOCTU. CyILIECTBYIOT TaKXe U
JpYTHE TUIIBI PETPECCUH, B TOM YHCIIE - HEJTMHEIHBIE.

AHanus BpeMeHHbLIX paaoB

B ob6miem ciydae, BpeMeHHOU psii - 3TO HAOOp YMCIOBBIX 3HAYEHUM, COOpAaHHBIX B
Mocle0BaTeIbHbIE MOMEHTHI BpeMEHU (B OOJBIIMHCTBE CIy4YaeB - uepe3 pPaBHbIC MPOMEKYTKU
BpeMeHH). B kauecTBe nmpumepa MOKHO Ha3BaThb KOTMPOBKM MHOCTPAHHBIX BAIIOT WM JIPYTHX
OHMPIKEBBIX TOBAPOB, PE3YIbTAThI CEPUU IKCIIEPUMEHTOB | T.11. L{ebio aHamm3a BpeMeHHOT0 psijia
MOX€ET OBLITh BBISIBIIEHHE UMCIOIIUXCSL 3aBHCHMOCTEH TEKYIIUX 3HAUYEeHUH mapaMeTpoB OT
MPEAIIECTBYIOMIUX U MOCIEAYIONIEe UX UCTIOIb30BaHUE ISl HPOTHO3UPOBAHUS HOBBIX 3HAYEHUH.

daxkTHYeCKHe 3HAYEHHs DJIEMEHTOB psiia MCIOJIb3YIOTCS s OOydeHHUs: MOJEINH, Mociie
Yero JeNaeTcs MOMbITKAa MPOrHO3a AJIs YKa3aHHOTO YKCciia HOBBIX 3J1eMeHTOB. [Ipumep momo6HoTro
aHajM3a MPeACTAaBJICH Ha pUCYHKE 1.6, T/Ie MyHKTUPHOU JTMHUEH N300pakeHbI IIPeICKa3biBaeMbIe
3HAYCHMUS.
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Pucynoxk 1.6 - ['paduku ¢ HCTOPHUECKUMH U IPOTHO3UPYEMBIMU 3HAYCHUSIMH Psijia

PaccmoTpuMm Temeph HEKOTOphle OCOOEHHOCTH peanu3anuu anroputma B SQLServer.
ANropuT™M BpeMeHHBIX psnoB Maiikpocodt (MicrosoftTimeSeries) mpemocraBisier coOoi
COBOKYITHOCTh JIByX QJITOPUTMOB PErpecCHu, ONTHUMH3UPOBAHHBIX Ui MPOTHO3a PSA0B
HEIPEPBIBHBIX YUCIIOBBIX 3HAYEHUN. DTUMHU alIrOPUTMAMHU SIBIISIFOTCSL:

- "mepeBO aBTOpPErpeccHH C MEepPeKpecTHhIM NporHo3upoBanueM" (ARTxp), koTopsIit
ONTUMU3UPOBAH JUIsl IPOTHO3UPOBAHNUS CIEAYIOLIEro 3HauUeHus B pany, nossuics B SQL Server
2005;

- "MHTErpUpOBaHHBIE CKOJb3dlIMEe cpeaHue aroperpeccun’” (ARIMA), sBustomuiics
OTpacieBbIM CTaHIapTOM B JaHHOM obsiacTu; 1o6aBieH B SQL Server, 4ToObI MOBBICUTH TOYHOCTh
JOJITOCPOYHOTO TPOrHO3UPOBAHMUSL.

ITo ymomuanuio ciyk0b1 AnalysisServices UCTIONB3YIOT KXl aITOPUTM OTJEIBHO IS
00y4eHHUs MOJIENH, a 3aTeM OOBEAUHSIIOT PE3yJIbTAaThl, YTOOBI MOTYYUTh CAMBIH JTYUIINN TPOTHO3.
Taxoke MOXHO BBIOpaTh JAJs1 MCIOJIB30BaHMSA TOJBKO OJWH QJITOPUTM, B 3aBHUCHUMOCTH OT
UMEIOUINXCS JaHHBIX U TpeOOBaHUM K MPOTHO3aM.

T s Jnkiow) | VTimaSadias Staxture Kwbeel Zaut Page v X [T il
B, Mg inucaas | A Meay Vodl .'_ g Model et | 1 Mg Mocaacy Dt P Mg Mode! Fredcton

[P e —— [ PN -y R —— v 2

Chany | Moedd

iz LS B e @ AdACaweanty DeleutDopomsory | 4itesls

Sasgmd: | Cuee . Sww el | ) e 2

Pucynok 1.7. - I[IpocMoTp mapaMeTpoB MOJETH

Ha pucynke 1.7 mpeacraBiieHbl MmapaMeTpbl Uil OJHOTO M3 Y3JI0B MPOTHO3ZUPYIOIICH
MOJCIN, OCHOBAHHOM Ha AJIropuTME BPEMCHHBIX PAIOB. 3 PpUCYHKA BUAHO, YTO Y3CJI HAa CaMOM
JIeJie COICPIKUT MapaMeTphl AJIs IBYX allTOPUTMOB. TakKe y paccMaTpUBaeMOIo BpEMEHHOTO psjia
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'‘R250 Europe: Quantity' (xomudecTBO MpojgaHHBIX B EBpome BenocumnenoB mapku R250)
oOHapy>xeHa koppesius ¢ pyruM psaoM 'R750 NorthAmerica: Amount' (mpogaku B CeBepHOi
AMepuke BenocunenoB Mapku R750).

Yyer Koppensuuil MEXIy paccMaTpUBaeMbIMH psSAaMH WU, MHA4Ye TOBOPA,
NEPEKPECTHOTO BIHMSIHHS, MOXHO OTMETHTh B Ka4eCTBE OCOOCHHOCTH peajH3allH aJIrOpUTMa
BpeMeHHBIX psiioB B SQLServer. 3To MOKET OBITh BaXKHO, €CJIM OJHOBPEMEHHO aHAIM3UPYIOTCS
CBSI3aHHBIC DsI/bl, HANpUMEpP, ONKCHIBAIOIIME II€HHl HAa HEPTh M KOTHPOBKH BAIIOT
He(TeAOOBIBAIOIIUX  CTpaH. Jannyto MOJIC3HYIO BO3MOXXHOCTh HOJIICP>KUBACT
Tosibko anroput™ ARTxp. Eciom 11 mporHo3a ucnonb3yercs Toiapko anroput™ ARIMA,
MEPEKPECTHOE BIUSHUE PAIOB HE YUUTHIBACTCS.

TouyHOCTh mpOrHO3a A7 BPEMEHHOIO Psiia MOXET IOBBICUTH YKa3aHHE W3BECTHOMU
nepuoAndHOCTH. Hanpumep, B JaHHBIX 0 IPOAakax MarasuHa CHopTTOBAapOB 110 MecsIaM, CKopee
BCEro, OyAeT MPUCYTCTBOBATh IEPUOIUIHOCTD 12 (110 UKCITY MECSIIEB B TOAY).

Knactepusauusa

Kak mbl yxe pa3bupanu paHnee, KjaacTepu3anus M03BOJSET CHU3UTh Pa3MEPHOCTh 3a/1auu
aHaM3a MpeJAMETHONH 00JIacTH, MyTeM "eCTECTBEHHOH" TPYNIHMPOBKM BAPUAHTOB B KIIACTEPHI.
Taxum obpa3zom, kiactep OyayT 0ObEIUHATH OJIM3KHE 10 COBOKYITHOCTH I1apaMeTpOB 3JIE€MEHTHI,
U B HEKOTOPBIX CIIy4asX €ro MOKHO paccMaTpuBaTh Kak eauHoe Lenoe. Hanpumep, onuceiBast
KAaKON-TO KypOPTHBIM PErMOH MOXKHO cKa3aTh B HeM 250 nHell B rofy Xopollas I[0orojaa, He
B/IaBasiCh B IOJPOOHOCTH OTHOCUTEIILHO TEMIIEPATYPhl, aTMOC(HEPHOTO AABICHUS U T.II.

B cnywasx, xorga uisi TpyIIMPOBKU UCIOJIB3YIOTCS 3HaueHus 1-2 mapameTpos, 3agaua
KJIACTEpU3ALUA MOXET ObITh OTHOCUTENBHO OBICTPO pelleHa BPYYHYIO WM, Halpumep,
OOBIYHBIMU CpeacTBaMu paboTsl ¢ pensunoHHbiMM BJI. Korga mapameTrpoB MHOro, BO3HHKAeT
NOTPEOHOCTh B aBTOMATU3ALIUY IIPOLIECCA BBISBJICHUS KJIACTEPOB.

IIpenocraBnsemplii  aHanuTHueckumu  ciayxOamu  SQL  Server 2008  anroputm
knactepusauuu (MicrosoftClustering), ucronb3yer UTepallMOHHbIE METOJbI JJIsl TPYNIHUPOBKU
BapHaHTOB CO CXOJHBIMM XapaKTEPUCTUKaMH B KJacTepbl. AJTOPUTM CHaudaja ONpeiesserT
UMeEIOIIMECs CBA3M B HAOOpe aHHBIX U HAa OCHOBE 3TOM nHpopManuu GopMHUPYET KIaCTepH.

Nnero MOXHO MPOMIUTIOCTPUPOBATH C MOMOIIBIO0 JUarpamMm Ha pucyHke 1.8. Ha nepBom
sTame (pucyHok 1.8a) uMeeTcs MHOXECTBO BapuaHTOB, pnanee (pucyHok 1.8b) wumer
UTEPaLMOHHBIN Tpoliecc (POpMHUPOBAHUS KIACTEPOB, U B UTOIE OTHOCUTEIBHO HEOOBIION Habop
KJIaCTE€POB, KOTOPHIM MOYKHO 337aTh UAEHTHU(PHUKATOPHI U MPOIOJIKUTH aHATIU3.

a) b) c)
°% ° oo °% ° /o9 @ °
k& Bl e @ @ @
= T || 68 O

Pucynok 1.8. - [Iepexon OT OTIEIBHBIX BAPUAHTOB K KJIacTepam

Anroputm B3aumocBsizein

ANTOPUTM B3aUMOCBSI3€H WJIM acCcOIMaTHUBHBIX mpaBmil (AssociationRules) mo3BossieT
BBISIBUTH YaCTO BCTPEYAIOIIMECS COUETaHHsI SJIEMEHTOB JJAHHBIX U MCII0JIb30BaTh OOHAPYKEHHbIE
3aKOHOMEPHOCTH IS MIOCTPOCHHUS MPOTHO3A. Knaccnueckmii npuMep -
3TO aHaIW3 MOKYNaTeIbCKOW KOP3WHBI, KOIJa MPOBOJUTCS IMOMCK TOBApOB, Hanbojee 4acTo
BCTPEYAIONINXCS B OJHOM 3aKkase (JYeKe, TpaH3aKIUH), MMOCIEe Yero, Ha OCHOBE BBISBICHHBIX
3aKOHOMEPHOCTEW CTaHOBUTCS BO3MOXKHOH BbIJaua pekoMenpaanuii. [Ipumep Habopa mpaBui,
dbopMHUpyeMBIX TMOJOOHBIM, AJITOPUTMOM TIpuBeneH Ha pucynke 1.9. IlpeamerHas obmacTth
- TOPrOBJIS BEJOCUIENAaMH M CBA3aHHBIMU CIOPTUBHBIMH TOBapamu. Jlisi mpumepa, mepBoe
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IPaBUJIO TOBOPUT O TOM, YTO €CJIM B 3aKa3e MPUCYTCTBYET JAeprKaTeNb Ul BeJIOCUIeHON (isru
U KeIKa, C BBICOKOI BEpOSTHOCTHIO OyeT npuoOpeTeHa u cama sra.

Mpasuno

Road Bottle Cage = Existing, Cycling Cap = Existing -=> Water Bottle = Existing
Mountain-200 = Existing, Mountain Tire Tube = Existing -> HL Mountain Tire = Existing
Mountain-200 = Existing, Water Bottle = Existing -> Mountain Bottle Cage = Existing
Touring-1000 = Existing, Water Bottle = Existing - > Road Bottle Cage = Existing
Road-750 = Existing, Water Bottle = Existing - > Road Bottle Cage = Existing

Touring Tire = Existing, Sport-100 = Existing -=> Touring Tire Tube = Existing
Pucynox 1.9 -ITpumep Habopa npaBuii, GopMupyeMbIX anroputMoM AssociationRules

Koraa momo6HbIi Habop mpaBui chOPMHUPOBAH, €0 MOXKHO HCIIOIb30BaTh, HATIPUMED, IS
dopmupoBanus pekomeHnanuii. CkaxeMm, MOKyHaTelo Aepikatelis (IISTH ¥ KEeTKH, TPeJIoKaT
o0paTuTh BHUMaHHE U Ha uMeromuecs ¢isiru. Bompoc 3akirodaeTcst B TOM, Kak COPMHUPOBATH
10JI00HBIE TIPaBHJIA.

Jlns  BBIABJAGHHS ~ 4YacTO  BCTPCUAIONIMXCS ~ HA0OPOB  OOBEKTOB  MOXET
UCIIOJIb30BAThCSI  AITOPUTM  Apriori, peanu3aiis KOTOPOro JIGKHT B OCHOBE W Microsoft
Association Rules, ucnons3yromerocss B SQLServer. Anroputm Apriori mocieaoBaTeIbHO
BBIJICTISIET YacTO BCTPEYAIOIIHMECS OJHO-, IBYX- W T.JI., N-3JIEMCHTHbIe Habopwl. Ha i-m stame
BBIJICTISTIOTCS 1-3JIEMEHTHBIC HaOOphl. [Ipudyem cHaudana BeITONHSIETCS POpMUpPOBaHUE HAOOPOB-
KaH/IUIaTOB, MOCJIE Yero ISl HUX PACCYMTHIBACTCS MOJICPIKKA.

ANropuTMbl HEMPOHHbLIX ceTeun

Hekortopple 3aaunm MHTEUIEKTYaJIbHOTO aHaliu3a [JaHHBbIX, B YAacCTHOCTH, 3ajaya
KJaccu(UKalui, MOTYT PELIaThCs C MOMOINBIO PA3IMUHBIX aIrOpUTMOB. B ciydae Hanuuus B
JaHHBIX  CJIOKHBIX  3aBUCUMOCTEM  Mexay  arpuOyramu,  "ObICTpble" — aJrOPUTMBI
MHTEJJIEKTYaJIbHOTO aHAlW3a, TaKWEe Kak YIPOIUEHHBIM anroputMm baiieca, Moryr nasathb
HEJO0CTAaTOYHO TOYHBIM pe3yJabTaT. YJIYULIUTh CUTYAlMI0 MOXET MPUMEHEHUE HEeHpPOCETEeBBIX
AJITOPUTMOB.

Heliponnsie cetu - 3TO Kjacc MojeNied, MOCTPOEHHBIX [0 aHajJoruu ¢ paboToit
gyenoBedeckoro  Mosra. CymecTBYIOT — pa3iu4Hble THUNBI CETEM, B  YacTHOCTH, B
SQLServer anropuT™M HEHPOHHOH CETH MCIIOIB3YET CETh B BUAE MHOTOCIIOIHOTO MEPIENTPOHA, B
COCTaB KOTOPOM MOKET BXOAUTH JI0 TPEX CIIOEB HEMPOHOB, WM NEPLENTPOHOB. TakuMu cinosMu
SIBJISIFOTCS] BXOJTHOH CJI0#, He00s3aTebHBIN CKPBITHIN CIION M BBIXOJHOM ciioii (pucyrnok 1.10).

—
—_

Pucynok 1.10 - Ilpumep cxeMbl HEHpPOHHOW CETH: BXOJHOM CJOM - 3€NEHbIE Y3Ibl,
CKPBITBIH CJI0M - TOIyOble, BBIXOIHOM — KENThIN

Kaxxnprit HeMpoH MoTy4yaeT OHO MIIM HECKOJIbKO BXOJHBIX 3HaYEHUHN (BXOJOB)U CO3JAET
BBIXOJIHOE 3Ha4Y€HHE (OJMH WJIM HECKOJIbKO OJUHAKOBBIX BBIXOJIOB). KaknbIil BeIXOA sIBIAETCS
MIPOCTON HEMMHEHHOM (PYHKITMEH CyMMBI BXOJIOB, TTOJTYYCHHBIX HEHPOHOM. BX0o1bI IEepenaroTcs B
MPSIMOM HAIPABJIEHUU OT y3JIOB BO BXOJAHOM CJIO€ K y3JIaM B CKPBITOM CJIO€, a OTTY/a EePEeAAt0TCs
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Ha BBIXOJHOMU ciioil. HellpoHbl B cocTaBe €0l HE COEAMHEHBI APYT ¢ ApyroM. CKpBITBIA ClION
MO3KET OTCYTCTBOBATh (B YaCTHOCTH, 3TO UCIOJIB3YETCs aITOPUTMOM JIOTUCTHUECKON PErpECcCHH).

Wwmeromunii  6onee JOBYX COCTOSHUH JMCKPETHBIM BXOAHOM arpulOyr Monenu
MHTEJUIEKTYAJIbHOI'O aHaln3a MPUBOJUT K CO3JAHHMIO0 OJHOTO BXOJHOIO HEWpOHA VISl KaXKJI0TrO
COCTOSTHUSI M OJIHOTO BXOJHOTO HEWpOHA I OTCYTCTBYIOIIETO COCTOSIHHS (€ciii O0ydaromfue
JaHHBIE cojepkaT kakue-nmnoo 3HaueHus NULL). HenpepoeiBHbBIN BXOHO#M aTpuOyT "cosmaet"
JIBa BXOJHBIX HEHWPOHA: OJUH HEWPOH I OTCYTCTBYIOLIEIO COCTOSIHHSI M OJMH HEWPOH JUIs
3HAYEHHUs] CaMOro HENpPEepHIBHOrO arpuOyra. BxonaHblie HeMpoHBI 00ecreYrBAIOT BXOJBI IS
OJIHOTO WJIM HECKOJIBKHUX CKPBITHIX HEHPOHOB.

BoixoHble HEHpPOHBI MPEACTABISAIOT 3HAYEHUS POTHO3UPYEMBIX aTpUOYTOB ISl MOJIEIH
WHTEJICKTYaTbHOTO aHAIIM3a TaHHBIX. [[UCKPETHBIN TPOrHO3UPYEMBIi aTpuOyT, IMEIOIIHiA Ooiee
JIByX COCTOSIHMH, '"co3gaer" OJMH BBIXOJHOM HEUPOH IS KaXKIOrO0 COCTOSIHUS M OJUH
BBIXOJAHOM HEHWPOH Uil OTCYTCTBYIOLLIETO WJIM CYLIECTBYIHOUIEro cocTosiHUA. HempepsiBHBbIE
MPOrHO3UpyeMble CTONOLBI  "co3maroT" JBa BBIXOJHBIX HEHpOHA: OOUH HEHpOH Aus
OTCYTCTBYIOILIETO WJIM CYIIECTBYIOIIETO COCTOSIHUSI M OJWH HEUPOH Uil 3HAYEHUS CaMOro
HENPEPBIBHOTO CTOJNOIIA.

Hetipon nonyyaeT BXObI OT IPYTUX HEUPOHOB UJIW U3 APYTUX JTAHHBIX, B 3aBUCUMOCTH OT
TOTO, B KAKOM CJIO€ CETH OH HaXOAUTCsA. BXOIHOI HEHPOH NOJIy4aeT BXO/Ibl OT UCXO/IHBIX JAHHBIX.
CKpbIThIE HEHPOHBI U BBIXOJIHBIE HEHPOHBI MOJTY4YalOT BXOJbI M3 BBIXOJA JAPYTUX HEHPOHOB
HEHPOHHOW ceTH. BXOAbl yCTaHaBIMBAIOT CBSI3M MEXIY HEHPOHAMH, U 3TU CBA3U SBISIIOTCA
MyTeM, 110 KOTOPOMY MPOU3BOAUTCS aHAIM3 JJIsi KOHKPETHOTO Habopa BapHaHTOB.

Cucrembl NOJAEPKKM NPUHATHS pPelleHU i

MoHATME N apXxUTeKTypa CUCTEMbI NOAAEPXKKU MPUHATUSA peLueHU

K nHacrosimemy BpeMeHH BO MHOTHX OpTaHHM3aIUsAX HAKOIJIECHBI 3HAYUTENIbHBIE 00BEMBI
JTAaHHBIX, HA OCHOBE KOTOPBIX UMEETCSI BO3MOKHOCTh PELICHUs pa3HOOOPa3HbIX aHATUTUYECKUX U
yrnpaBieH4YecknX 3anad. [Ipobmembl XxpaHeHHS W OOpaOOTKH aHATUTHYECKOW HWH(OpMaluu
CTaHOBSTCS Bce Oojee aKTyalbHbIMU M TPHUBJIECKAIOT BHUMaHHE CIEUAINCTOB U (upM,
paboTaromx B 00JacTH MH(POPMAIMOHHBIX TEXHOJOTHI, YTO MPUBEIO K (POPMUPOBAHUIO
MOJIHOLIEHHOT'O PbIHKA TEXHOJIOTUH OM3HEC-aHaIu3a.

B ugeane pabora aHaTUTUKOB M PYKOBOAMTENECH Pa3TUYHBIX yYPOBHEW MOMKHA OBITH
OpraHM30BaHa TakK, YTOObl OHU MOTJIM UMETh JIOCTYH KO BCE MHTepecyollel ux nupopmanuu u
MOJIb30BaThCs yMOOHBIMH M TPOCTHIMH CPEACTBAMU TIPEJCTaBICHUS W pabOThl C ITOH
uHopmarmend. VMIMeHHO Ha IOCTHKEHHE OTUX IIeJied M HampaBjieHbl HHGOPMAIIHOHHBIC
TEXHOJIOTHH, 00BEINHSIONINECS MO/ OOIUM Ha3BaHUEM XPaHHWIIUI] JaHHBIX 1 OW3HEC-aHaIH3a.

B cootBerctBum ¢ onpenenennem Gartner, OusHec-ananm3 (Bl, Business Intelligence) - aTo
KaTeropus MPUIOKEHUH U TEXHOJIOTUN Al cOopa, XpaHEHUs, aHaIM3a U MyOIHKAIlUU TaHHBIX,
MO3BOJIAIONIAs ~ KOPIOPATUBHBIM  TOJB30BATENIM  NPUHUMATh  JIy4ylllMe perieHus. B
PYCCKOSI3BIYHON TEPMHHOJIOTUH TOAOOHBIE CUCTEMBI Ha3bIBAIOTCS TAKXKE CUCTEMaMHU MOICPIKKH
npusstus pemenuit (CIIIIP).

C6op u xpaHenue nH(poOpMaIMH, a TAK)XKE pElIeHUe 3a/1a4 WH(POPMAIIMOHHO-TIOUCKOBOTO
3arpoca 3 GeKTUBHO PEaTH3YIOTCS CPEeICTBaMU CUCTeM yrpaBieHus 6azamu ganHbeix (CYB/I). B
OLTP (Online Transaction Processing)-moacucremMax peaiu3yercss TpaH3aKIMOHHAs
obpabotka nanubix. Hemocpeacrtsenno OLTP-cuctempl He mOAXOAST AJ1s IOTTHOIIEHHOTO aHAN3a
uH(pOpMaIllMd B CUJIYy NPOTHUBOPEUYMBOCTH TpeboBaHui, mpeabsBiseMbix kK OLTP-cucremam
u CIIIIP.

s mpenoctaBieHUs HEOOXOAMMOM Ui TPHHATUS pelieHud uHGOpMaluu OO0BIYHO
MPUXOAUTCS COOMpaTh JAHHBIE W3 HECKONBKUX TPAH3aKIMOHHBIX 0a3 MaHHBIX PA3IAYHON
CTPYKTYpbl U coaepxaHusi. OCHOBHas mpoOsiemMa MpH 3TOM COCTOMT B HECOTJIACOBAaHHOCTH U
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IPOTHUBOPEYMBOCTH AITHX 0a3-MCTOUYHUKOB, OTCYTCTBHM €IMHOTO JIOTMYECKOTO B3IJsija Ha
KOPIIOPATHBHBIE IaHHBIE.

[Tostomy mnst oOobeaunenuss B onHoil cucteme OLTP wu CIIIIP pmns peanuzanuu
HOJCUCTEMbl XPaHEHMsI MCIIOJb3YIOTCA KOHUenuus xpaHwiuin JgaHHbiX (XI). B ocHoBe
KoHIenuuu X /[ IeKUT uest pa3aesieHus JaHHBIX, UCTIONb3YEMBIX JJISl OTIEPaTUBHOM 00pabOTKH
U Ul pelleHus 3aJad aHajlu3a, YTO IO3BOJIAET ONTHUMM3UPOBATh CTPYKTYpbl XpaHeHus. X/
II03BOJISIET UHTEIPUPOBATh PAHEE PA3bEINHEHHBIE IETAIM3UPOBAHHBIC JAHHBIE, COEPKAIIMECS B
HCTOPUYECKHUX apXUBaX, HaKaIUIMBacMbIX B TpaauuuoHHbIX OLTP-cucremax, nmocrynarommx us
BHEIIHUX HWCTOYHMKOB, B €IUHYI0 0a3y MJaHHBIX, OCYIIECTBISII HMX IHpeABApUTEIHHOE
COIIACOBAHUE U, BO3MOXHO, arperanuio.

Moacucrema
UHOPMEUMOHHO-
NOWCKOBONG
aHanusa
(CYBA,SAL)

Moacucrema
MNoacucTema XpaHeHma ONERATUBHOMD
wndbopmatn (CYBI wiunu amanuaa (OLAP)
xa)

MNoacucrema
HHTennexTyanuHo
ro aHanuaa (Data

Mining)

MNoacuctema e20aa
(CYBM - OLTP)

o

Oneparep AHANUTHAK

MNogcucrema aHanusa

Pucynok 1.11 -Apxurexrypa CIIIIP

[Toxcucrema ananuza MOKeT OBITh TOCTPOEHA Ha OCHOBE:

- MmojicucTeMbl MH(GOPMAITMOHHO-TIOMCKOBOTO aHanu3a Ha 0asze pensiuoHHBIX CYB]] u
CTAaTUYECKHUX 3alPOCOB C UCMOIb30BaHUEM s3bIKa SQL;

- TIOJICICTEMBI OTIEPAaTUBHOTO aHanu3a. /[ peanu3anuu Takux MOACUCTEM MTPUMEHSAETCS
TEXHOJIOTHSl ONEepaTUBHOW aHanuTudeckoi oOpadorku naHHBIX OLAP, wucnone3yromas
KOHIICTIIIMIO MHOTOMEPHOTO MPE/ICTABIICHUS JJaHHBIX;

- MOJICUCTEMbI MHTEJUIEKTYaJbHOIO aHaJIn3a, Pealn3yroUMe METoIbl U anroputmel Data
Mining.

OcHoOBHbIe cBeeHUA 0 cucrtemax noanepXxXKu NnpuHATUA peu.leva

B 1980-¢ oAbl aMEpUKaHCKue u SATIOHCKUE KOMITaHUH HavalIn
pa3BuBaTh HHOOPMAITMOHHBIE CUCTEMBI, KOTOPBIC PA3UTEIBHO OTIIHYAIUCh oT MIS. OTu cuctemsr
MOJIOKUIM Havano mpoueccy "unremnekryanuzanuu" MC. HoBeie cucTeMbl ObLITH MEHBIIUMU,
WHTEPAKTUBHBIMH, U WX IEJbI0 OBUIO TOMOYh KOHEYHBIM IOJH30BATENsIM paboTaTh CO BCEMHU
TUMAMH JAHHBIX, TPOBOAUTH AHAIIUTUYECKHE UCCIEAOBAHUS, CTPOUTh MOJIEIN U Pa3bII'PbIBATH
CLIEHApUU JIJISl pelieHus: cIaboCTPYKTYpPUPOBAHHBIX U BOOOIIE HECTPYKTYPUPOBAHHBIX MPOOIEM
B HMHHOBAIMOHHBIX TmpoekTax. CucTeMbl, NPEIOCTaBIAIOININE TAaKUE BO3MOXKHOCTH,
Ha3BIBAOTCS CHUCTEMaMHU MTOAJICPKKH MPUHATHS
pemennii - CITIIP (Decision Support System - DSS) [Turban E., http://www.abc.org.ru/smd.html].

B cepenune 1980-x Takume CHCTEMBI CTalld MCHOJIb30BAThCA B TEKYIIEW JEATEIbHOCTH
KPYIHBIX KOMIaHU# U Koprnopanuii. B Hactosiee Bpemst DSS siBnsieTcst 00s13aTeNbHON 4acThIO
koprnoparuabix UC (KUC) (pucynok 1.12).



http://www.abc.org.ru/smd.html
http://www.intuit.ru/EDI/14_06_16_2/1465856498-31733/tutorial/596/objects/1/files/01_01.jpg
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Pucynok 1.12 -CucteMa noaiepku NpyUHSATHS pelIeHus Kak coctaBHas yactb KUC

JlaHHble, TpuUBEIACHHbIE B  TaOumie 1.1, TOKa3bIBAlOT  pasiuyusl  MEKIY
cucremamu MIS u DSS.

Tabmuna 1.1 - Paznuuns mexay cucremamu MIS u DSS

[Tapametp MIS DSS
Konnenmus ObecnieunBaeT ObecneunBaeT HHTETPHUPOBAHHBIC
(dopMann30BaHHbIE U YACTUYHO MHCTPYMEHTAJIBHBIE CPENICTBA,
(opManu30BaHHbIE TaHHBIE JUIS MHOTI'OMEpHBIE Pa3HOPOIHbIE
IIPUHSTHS CTPYKTYPUPOBAHHBIX JlaHHBIE, TMHAMUYECKUE MOJEIIHN U SA3bIK
pemeHui UHTEpIpETaluu
CucreMHbIi Beriensier uHpopMalnoHHbIe dopmupyeT NOPAIOK IPUMEHEHUS
aHaJIn3 TpeOOBaHUS B COOTBETCTBUH C MHCTPYMEHTAJIBHBIX CPEJICTB U
YCTaHOBJICHHBIMU IIPABUJIAMU JUHAaMHUYECKHUX IIPaBUII B IIPOLIECCE
paboThHI
IIpoexr [TocraBnser nudopmarmro, WtepaTtuBHbIi npolecc 100aBIeHUs
OCHOBaHHYIO Ha YTBEPKJICHHBIX | HOBBIX JJAHHBIX U HH(OpMaLINH,
TpeOOBaHUSIX BBITEKAIOIIMN U3 JUHAMUKH CPEJIbI
HcTounuk BryTpeHHAq 1 4acTUYHO BHelHsAs 1 BHYTpEHHsIA cpela
JAHHBIX BHEIIHSS cpefia
ITonwp3oBarenu | MeHeIKepbI HKCILTyaTallMOHHOrO | BeIciiee pykoBOACTBO, MEHEIKEPHI
Y YIIPABJIEHYECKOrO0 YPOBHEMN nenaprameHTo, UT-ciyx0,
YIIPABJICHYECKOI0 YPOBHS, aHAJIMTUKU

[IpuBenemM OCHOBHBIE XapAKTEPUCTUKU CUCTEM MOAJIEPKKU MPUHATHS PELLICHUS:

- IpeyTIararoT THOKOCTh UCTIONB30BaHUS, aJalITHPYEMOCTh U OBICTPYIO PEAKIIHIO;

- JIOITYCKAIOT YIpaBJIEHUE BXOJIOM U BBIXOZIOM;

- paboTalOT MpakTHUECKU 0e3 yJacTHsi MpOoPeCcCUOHANBHBIX TPOTrPAMMHUCTOB;

- obecneunBalOT WHPOPMALMOHHYIO TOJJIEPXKKY AJS pElIeHud mpoOieM, KOTopble He
MOTYT OBITH ONpE/IeNICHBI 3apaHee;

- IPUMEHSIOT CJIOXKHBI MHOTOMEpHBIN U MHOTO(aKTOPHBIN aHAJIN3 U HHCTPYMEHTAJIbHBIE
Cpe/ICTBAa MOJCITUPOBAHMUSL.

Xopomo paspaboranHsle DSS mnpumeHsIoTcs Ha MHOTUX YPOBHSAX NPEANPHUSATHS.
PYKOBOJII/ITCJ'II/I KOMITaHMKM W BEAYIMIMUEC MCHCIDKEPBI MOTYT II0JIb30BaTHCA (i)I/IHaHCOBI)IMI/I
monyisimu DSS, uToObl nmpencka3aTh 3QpQEeKTUBHOCTh UCIOIb30BAHUS aKTUBOB KOMITAHUM TPU
N3MCHCHUU }IGJIOBOP'I aKTUBHOCTH WM SKOHOMHYECKOM CUTyalluld B CTpaHEC. MGHGJI)KepaM
CpEIHEro 3BE€HAa Ta JK€ CHCTEMa MOXET OBITh TIOJIE3HOM Ui OLEHKH IEpPCIEeKTUBHOCTH
KPaTKOCPOYHBIX MHBECTULIUHI O BHINOIHIAEMBIM NpoeKTaM. J[j1si pykoBoAUTE e IPOEKTOB - 3TO
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MHCTPYMEHT s (DMHAHCOBOTO TUIAHMPOBAHUS M pACHpeAeTeHHs] CPEACTB MO IIAHUPYEMBIM
3aKyIIKaM.

DSS cocrostr W3 Tpex KOMIIOHEHT: MPOTPAMMHOTO Sapa ¥ XpaHWIMIIA JAHHBIX,
AHAJIUTUYECKUX  CpeACcTB  00paOOTKHM, aHanM3a W HOpeACTaBlIeHHs  MH(opMauw,
TEJIEKOMMYHUKAILIMOHHBIX YCTPOUCTB.

Apyrve
KOMNbIOTEPHbIE 1
WHGOPMaLMOHHbIE

BHewHue u CHCTEMBI
BHYTPEHHHE
AaHHbIe

Ci Py

@'\ pe‘ug"ua i
|| Ynpaenenue Moaenu
@/ A AaHHLIMK ynpasneHus

Monk3oBarensckmni
uHrepdpenc

I

Menexep-
nonb3osarens

Pucynok 1.13 - OcHOBHBIE KOMIIOHEHTBI CUCTEMBI ITOIJIEPKKH IPUHATHUS PELLICHUS

XpaHUJIUIIIE JaHHBIX NPEAOCTABISIET €AUHYIO CPELY XPaHEHUs! KOPIOPATUBHBIX JaHHbIX,
OpPraHM30BaHHbIX B CTPYKTYpbl M ONTHMMU3UPOBAHHBIX JJISI BBINOJHEHHUS aHAJIUTUYECKUX
onepauui.

AHanuTHYECKUE CpeICTBa IMO3BOJSIOT KOHEYHOMY I10JIb30BATEN0, HE MMEIOLIeMY
CHEUHATbHBIX 3HAHUI B 00JacTH MH(POPMALMOHHBIX TEXHOJOTHH, OCYIIECTBIISATH HABUTAIIUIO
U TIPEJCTaBICHUE JIaHHBIX B TEPMUHAX MpeaMeTHOM obnactu. s monb3oBarenel paziaMuyHON
kBannpukanuu DSSpacnonaraioT pazIuyHBIMEU TUIAMU HHTEpQEcoB JocTyna K CBOUM
cepBucaM (pucyHok 1.13).

AHanutnueckue CUCTEMBI MIO3BOJISIFOT pemars TpH OCHOBHBIX
3a/la4M: aHaJIU3 pa3HOPOAHON MHOIOMEPHON MH(POPMAIMH pa3HOM cTeneHH (HOpMaTu30BaHHOCTU
B pEaJbHOM BPEMEHH, MOCIECAYIOIIMM HHTEJUIEKTyaJbHBIM aHaIW3 JaHHBIX C IOCTPOECHUEM
MojieIel pa3BUTHS JEI0BOM CUTYallUU U BEJEHHE OTYETHOCTH.

ITponiecc nmpuHATHS J1enoBoro pemeHus (pucyHok 1.14) oTnuyaeTcss OT aHAJIOTUYHOTO
mpoiiecca B HAyYHOU WJIM COLMANBHON cepe Tem, 4To mpeodpa3zoBaHue padodeil THIOTE3bl B
pelIeHHEe OCTIOKHSIETCS IBYMsI OObEKTUBHO CYLIECTBYIOIIUMH MPOOIEeMaMH.

Mopens

Mnotesa

Pewenrne

3HaHue

UHdopmauus

Pucynok 1.14. -UtepaninoHHBINA IPOLECC MPUHATUS PELICHUS
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IlepBast U3 HUX COCTOMT B TOM, YTO HAKOIUIEHHWE JIMYHOT'O ONBITA B XOJE IOBCEAHEBHOMN
JESATEIbHOCTH Y OM3HECMEHOB OTCTAeT OT AMHAMUYHOTO U3MEHEHUSI SKOHOMUYECKOM CUTYalluH -
9T0 0COOCHHO XapaKTepHO sl coBpeMeHHOl Poccun. Bropas mpoGiieMa 3akimodaercs B TOM, 4TO
BIIPEANPUHUMATENHCKOM JAESITENLHOCTH - [1a €lIe B YCIOBUIX CBOOOJHOTO PhIHKA - MPAKTHUYECKU
OTCYTCTBYET BO3MOKHOCTb IIPOBEJEHHUS LIEJCHANPABICHHBIX OSKCIEPUMEHTOB, KOTOpPbIE
MO3BOJISIFOT POBEPATH NPABUIBHOCTD TMIIOTE3bl HA IIPAKTUKE.

CrenoBarenbHO, TPUMEHUTEIBHO K OM3HEC-AESTEIBHOCTH MPOLECC MPUHATHS PEIICHUS
MIPETEPIIEBACT pa3pblB KAK MUHUMYM B JIBYX TOYKAaX: Ha 3Tale BBIABWKEHUS TUIOTE3 M HaA
JTane SKCHEPUMEHTAIBHON BepuuKanuu Mozaesnei. JIMKBUANPOBAaTh 3THU Pa3pbIBBl MPHU3BAHO
aKTUBHO pa3BUBAIOLIEECS HampaBieHUE HHPOPMAIIMOHHBIX TEXHOJOTHMH - TEXHOJIOTHUs
MHOroMepHoro aHanu3a aanueix (On-Line Analytical Processing - OLAP).

KopoTko 3Ty TEXHOJIOTHI0O MOYKHO OXapakTEpPU30BaTh CIEAYIOIIMMHU CI0BaMU: BeICTphIil
AHanu3 Paznensiemoit MHuoromepHoi Nudopmanmu (FastAnalysis of
Shared Multidimensional Information - FASMI).

[leHHOCTh TEXHOJOTMU MHOTOMEPHOT'O aHAJIM3a JAAHHBIX JJIs1 OM3HECa ONPENEsIeTCs TEM,
YTO OHA MO3BOJISIET U3BJIEKATh U3 "CBHIPBIX" CTPYKTYPUPOBAHHBIX (KaK MPaBUIIO, B BUIE TAOJIHI)
JAHHBIX WH(POPMAIMIO U 3HAHUS, UCTIOJIH30BAHNE KOTOPHIX B MPUHITHH U PEATU3AIIH PEIICHUI
MO3BOJISIET CO3/1aBATh JIONOJHUTEIbHYI0 CTOUMOCTh B KOMIIAHUH IO CPABHEHHUIO CO CTOUMOCTBIO,
CO3/1aBacMOi B OTCYTCTBHE TaKOW HHPOPMALIUH.

I/IHTeJIJIeKTyaJIbeIe CHUCTEMBbI

CTpyKTypa MHTenneKTyarnbHOW CUCTEMbI

C pa3BuUTHEM KOMIBIOTEPHBIX TEXHOJOIUN MEHSUJICS CMBICH, BKJIAJBIBAEMbIi B MOHATHE
uHpopmannoHHOM cuctembl. CoBpemMeHHass HH(OpMalLMOHHAs CHUCTeMa — 3TO Habop
MH(POPMALIMOHHBIX TEXHOJIOTUH, HAlpaBJIEHHBIX HA MOAIEPKKY *KM3HEHHOTO IIUKJIa HH(OpMaIK
Y BKJIIOYAIOILIETO TPU OCHOBHBIX Ipoliecca: o0pabOTKy JaHHBIX, yIpaBieHHE MHPopManuen u
ylpaBJIeHUE 3HAHUSIMU. B ycIOBHSAX pE3KOro yBeTUYEHHUs 00bEMOB MH(OpMAIMHM MEepexojl K
paboTe co 3HaHMUSAMU Ha OCHOBE MCKYCCTBEHHOI'O MHTEIJIEKTA SIBJISIETCS, IO BCEW BEPOSTHOCTH,
€/IMHCTBEHHOH aJbTepHATUBOM MH(POPMAIIMOHHOTO OOIIECTBA.

Cormacno ompeaenenuto JI.A. IlocnenoBa, "CucreMa Ha3bIBAeTCsS HHTEILIEKTYaIbHOM,
€CII B HEe! pealn30BaHbl CIIEAYIOIINE OCHOBHbBIE (DYHKIHH:

- HaKaIJIMBaTh 3HAHUS 00 OKPY’KAIOILIEM CUCTEMY MUpE, KJIaCCU(UIIMPOBATH U OLIEHUBATh
UX C TOYKHM 3PEHUs NpParMaTHUeCKOW MOJE3HOCTH U HENPOTUBOPEUMBOCTH, WHHUIMHPOBATH
MIPOLIECCH TMOJIYYEHHUS HOBBIX 3HAHMM, OCYIIECTBIISATh COOTHECEHHE HOBBIX 3HAHHWM C paHee
XpaHUMBIMH;

- MOMNOJIHATH MOCTYNHUBIIME 3HAHHUS C MOMOIIBIO JIOTUYECKOTO BBIBOJA, OTPA’KAIOIIETO
3aKOHOMEPHOCTH B OKPY’KaIOILI[eM CHCTEMY MHUPE B HAKOIUIEHHBIX €0 paHee 3HaHMAX, MOJIy4aTh
00001ICHHBIC 3HAHUS HA OCHOBE OOJiee YACTHBIX 3HAHWUW W JIOTMUECKH IIJIAHUPOBATH CBOIO
NeSITeIIbHOCTD;

- O0WIaThCS C YENOBEKOM Ha SA3bIKE, MAaKCUMAaJIbHO NMPHOIMKEHHOM K €CTECTBEHHOMY
YeJI0BEYECKOMY SI3bIKY;

- TIOJTy4aTh WH(POPMAIIMIO OT KaHAJIOB, aHAJIOTHYHBIX TEM, KOTOPbIE UCIOIb3YyEeT YET0BEK
IIPU BOCIIPUSITUN OKPYKAIOIIETO MUPA;

- yMeTh (GOpMHPOBATH JUIs ceOs WIN 1O MPOCckOe uenoBeKka (Moab30BaTeNsl) 00bsICHEHUE
COOCTBEHHO JIeITECILHOCTH,

- OKa3bIBaTh MOJIH30BATENIO MIOMOIIb 32 CYET TEX 3HAHUH, KOTOPbIE XPAHITCS B MAMATH, U
TEX JIOTUYECKUX CPEJCTB PACCYKIAECHUN, KOTOPbIE IPUCYIIN cCUCTEME" .

[lepeuncienHple YHKIMU MOKHO Ha3BaTh (YHKUMSMH TPEACTABICHUS U OOpabOTKH
3HaHWM, paccyxaeHus u oomenus. Hapsany ¢ o0s3arenbHbIMA KOMIIOHEHTAMH, B 3aBUCIMOCTH OT
pemaeMbIX 3a7ad ¥ 00JacTH NMPUMEHEHHUs B KOHKPETHOW cHcTeMe 3TH (DYHKIMH MOTYT OBITH
pEaTM30BaHbI B PA3JINYHOM CTENEHHU, YTO ONpeeNsIeT HHIUBUAYAIbHOCTh APXUTEKTYPBHI.
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13.3.2 ba3a 3HaHUU U KOMNOHEHTbI UHTENSIEKTyalIbHOU CUCTEMbI

Ha pucynke 1.15 B HauGonee o01miem Buje NpeACTaBICHA CTPYKTYpa WHTEIUICKTYaIbHON
CHCTEMBI B BUJIC COBOKYITHOCTH OJIOKOB U CBSI3€H MEX/y HUMHU.

basa 3nanmii mpencrasisier coOOW COBOKYITHOCTh CpE, XPAaHALIMX 3HAHUSA PA3TUUHBIX
TUTIOB. PacCMOTPUM KpaTKO UX HAa3HAYCHUE.

baza ¢akToB (naHHBIX) XpaHUT KOHKPETHBIE JaHHbIC, a 0a3a MpPaBUJI — 3JEMEHTapHbIC
BBIPQ)KEHUSI, HA3bIBAEMBIC B TECOPHH UCKYCCTBEHHOTO MHTEJUIEKTA MPOYKIIASIMHU.

baza nporuenyp conepXuT NPUKIAIHBIE TPOrPAMMBI, C TTOMOIIBIO0 KOTOPBIX BBIMOIHSIOTCS
BCE HEOOXOIMMBIE TPEOOPA30BAHUS U BBIYHCIICHUS.

baza 3akoHOMEpHOCTEH BKIIIOYAET Pa3IUYHbIE CBEJICHHS, OTHOCAIIMECS K OCOOCHHOCTSM
TOM CpeJibl, B KOTOPOU ICMCTBYET CUCTEMA.

baza meraznanwmii (6a3a 3HaHUl 0 ceOe) CONEPIKUT OMMCAHNE CAMOW CUCTEMBI U CIIOCOOOB
ee (DYHKIIMOHUPOBAHMS: CBEACHUS O TOM, KaK BHYTPH CHUCTEMBI IPEICTABISIOTCS CIUHHIIBI
UHPOPMALIUU PA3IMYHOTO TUIA, KaK B3aUMOJICHCTBYIOT Pa3IMYHbIE KOMIIOHEHTBI CHCTEMBI, KaK
OBLIO MOJIYYEHO PEUICHUE 3a1a4H.

baza meneit cogep)XuT IeNeBble CTPYKTYPbI, HAa3bIBAEMbIC CHEHAPHUSIMH, MO3BOJISIOIINE
OpraHu30BaTh MPOLIECCHI IBUKCHUS OT UCXOIHBIX (PaKTOB, MIPABHII, IPOIIEIYP K JOCTHIKCHHUIO TOH
eNI, KOTOpasi MOCTYIWIA B CUCTEMY OT MOJb30Bareis MO0 Obuta chopMylIHpOBaHA cCaMOU
CHCTEMOM B TIPOIIECCE €€ JACATEIBHOCTH B TIPOOJIEMHOM cpejie.

[ cpEma |
| Ferenropr I | MupekTopm |
i —
Manreea Gase TaHHEX PemaTenn
Basa hakTopos JenveETHRHBI
oo P BEIBAOT

MumyerieHBi
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Baza npoucoyp y BBIEO

bBasa PYHKUHOHATbHEIE
AKOHOMepHOCTEH npenipaloraHs

¥

¥ ¥
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Padoves mecTo
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EcTec TReHHO=A 3B KOROH
HHTepdeiic MoNbI0RATET

!

| [Monwsosarens I

Pucynoxk 1.15. -O0mias cTpykTypa HHTEIUIEKTYaJIbHONU CHCTEMBI

VnpasieHnue Bcemu 0a3aMu, BXOMSAIIUMH B 0a3y 3HAaHUH, M OpraHU3alMI0 HX
B3aUMOJICHCTBUSL OCYIIECTBIISICT CHUCTEMa ympaBieHHs Oazamu 3HaHWil. C ee XK€ IMOMOIIbIO
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peanu3yroTcsi CBsi3uW 0a3 3HaHUWil ¢ BHemHe# cpenoil. Takum oOpas3om, MarmmHa 0a3bl 3HAHUN
OCYILECTBIISIET NEPBYIO (QYHKIMIO UHTEIIIEKTYaIbHOW CUCTEMBI.

Brimonnenue BTOpoil (QyHKIMEM 00ecneunmBacT YacTh HHTEIUICKTYaJbHOW CHCTEMBI,
Ha3bplBaeMas pelaTeseM U COCTOsIas M3 psaa OJOKOB, KOTOpbIE YIPABISIIOTCS CHCTEMON
yInpasieHus pemarens. YacTe U3 6JI0KOB peannu3yeT JOTHUECKUi BBIBOI.

bnok neayKTUBHOIO BBIBOJA OCYILLECTBISET B peliaresie JeAYKTUBHBIE PACCYKACHUS, C
MOMOIIBIO0 KOTOPBIX U3 3aKOHOMEpHOCTEH U3 0a3bl 3HaHM, (aKTOB U3 0a3bl (JAaKTOB U MPABUII U3
0a3bl paBuUJI BEIBOJATCS HOBbIE (akThl. KpoMe 3T0ro, 1aHHbIN OJI0K peaau3yeT IBPUCTHYECKUE
IpOLEAYpbl MOMCKAa PEHIEHUH 3aJauy Kak MOUCK IyTed pelleHus 3aJayd 0 CLEHApUsM Mpu
3aJJaHHOM KOHeuHOW uenu. s peanusanmu paccyXJIeHHH, KOTOpble HE HOCAT JEAyKTHBHOI'O
Xapakrepa, T. €. Ui NOWUCKAa IO aHAJOTHH, MO MPEUEJCHTY U T. M., UCHOJB3YIOTCS OJOKH
UHYKTUBHOI'O M IIPaBJIONO0A00HOTO BHIBOJIOB.

bnox mutaHupoBaHMs NpPUMEHSETCS B 3ajayax IJIAHUPOBAHUS PELICHUM COBMECTHO C
0JI0KOM JIeJlyKTUBHOTO BBIBO/JIA.

Ha3znauenne Osioka (yHKIMOHANBHBIX NPEOOpa3oBaHU COCTOMT B PEIICHUM 337124
PacYETHO-JIOTMUYECKOTO U aJITOPUTMUYECKOTO TUIIOB.

Tpetbst GyHKIMS — QYHKIUS OOIICHUS — PEATH3YETCs] KaK C MOMOIIBbI0 KOMITOHEHTHI
€CTECTBEHHO-SI3bIKOBOTO MHTep(elica, TaK U C MOMOILBIO PELENTOPOB U 3PPEKTOPOB, KOTOpPbIE
OCYIIECTBIISIIOT TaK Ha3bIBa€MOE HeBepOaIbHOE OOIIEHUE U UCTIONB3YIOTCS B HHTEIUICKTYaIbHBIX
poboTax.

PasHoBugHoOCTH UHTeNnJNeKTyallbHbIX CUCTEM

B 3aBucumoctn OT HaboOpa KOMIIOHEHTOB, PEATHM3YIONUX PAaCCMOTPEHHBbIC (DYHKINH,
MO>KHO BBIJICJIUTH CIIEYIOIINE OCHOBHBIE PA3HOBUIHOCTH MHTEIUICKTYATbHBIX CUCTEM:

- HHTEJUICKTYyaJIbHbIE HHPOPMAIIHOHHO-TIONCKOBBIC CUCTEMBI;

- skcriepTHbIe cucteMbl (OC);

- pacueTHO-JIOTUYECKHE CUCTEMBI;

- TUOPUIHBIC YKCTIEPTHHIE CUCTEMBI.

WNuTennexktyanbHble  HHQOPMAIIMOHHO-TIOUCKOBBIE CHCTEMBI  SIBJSIIOTCS  CUCTEMaMH
B3aMMOJICHCTBUS ¢ TPOOJIIEMHO-OPUEHTUPOBaHHBIMU ((pakTorpaduueckrumu) 0a3amMu JaHHBIX Ha
€CTEeCTBEHHOM, TOYHEE OrpPaHUYEHHOM Kak TpaMMaTH4ecKH, TaK M  JEKCUYECKHU
(mpodeccroHaTbHON JIEKCHKON) €CTeCTBEHHOM S3bIKE (SI3bIKE JEeNOBOW Tpo3bl). s HUX
XapaKTepHO HCIONb30BaHUE (MOMHUMO 0a3bl 3HAHUHM, pealM3YIOUIe CEeMaHTHYECKYI0 MOENb
MIPEICTABJICHUS 3HAHUM O TTPOOIEMHOM 00JIaCTH ) TMHTBUCTHYECKOTO TIPOIieccopa.

DKCHepTHBIE CHUCTEMBI SBJSIOTCS OJAHUM H3 OypHO pa3BHBAIONIMXCA KJIACCOB
WHTEJUICKTYaJIbHBIX CHCTeM. JlaHHBIE CHCTEMBI B TIEPBYIO OYEpEIb CTajld CO3/JaBaThCsi B
MaTeMaTuyecku ciaabodopMann30BaHHBIX O0NACTAX HAYKH M TEXHHUKH, TAKUX KaK MEAHIIMHA,
reoJiorusi, Ouoyiorust U apyrue. st HuX xapakTepHa akKyMyJIsIIAsS B CHCTEME 3HAHHUHN U MPaBHIT
paccyXJIeHUW OMBITHBIX CIEHNUATNCTOB B JaHHON MpeIMeTHOW o0lacTH, a TakKe HaJIudue
CHenraJIbHON CUCTEMBI OOBICHEHUH.

PacueTHo-nornueckue cUCTeMbl MO3BOJISIIOT pELIATh YIPaBICHUYECKHE M IMPOEKTHBIE
3aJ1ayy M0 MX MOCTAaHOBKAM (OMUCAHUSAM) U UCXOHBIM JAHHBIM BHE 3aBUCUMOCTH OT CIIOKHOCTH
MaTeMaTHYECKUX MoJeNel I3THX 3afad. [Ipu 3TOM KOHEYHOMY MOJIb30BATENI0 MPEOCTABISAETCS
BO3MOXXHOCTh KOHTPOJIMPOBATh B PEKMME JMAJIOra BCE CTAUU BBIYUCIUTEIBHOTO Mpolecca. B
olmiemM ciydae, MO OMUCAHUIO MPOOJIEMBbl Ha s3BIKE MPEIMETHOW 00NacTH oOecrednBaeTCs
ABTOMATUYECKOE IOCTPOCHUE MaTeMaTH4YeCKOW MOJETN U aBTOMAaTHYECKUN CHHTE3 paboumnx
nporpamMm npu GopMmynupoBKe GYHKIIMOHATBHBIX 33734 U3 JaHHOW MpeaMeTHOW obrmactu. DTu
CBOMCTBAa peanu3yloTcs Onarojaps HaJIWM4MiO Oa3bl 3HAaHWK B BUIE (DYHKIIMOHAIBHON
CEMaHTHYECKOH CeTH U KOMIIOHEHTOB JIelyKTUBHOTO BBIBOJIA M TNIAHUPOBAHUSI.

B nocnennee BpeMsi B CHELMANbHBIA KIACC BBLACTSIOTCS TUOPHUIIHBIE SKCIEPTHBIE
CUCTEMBI. YKa3aHHbBIE CUCTEMbI JOJKHBI BOOPATh B ce0sl MTyUIIHe YepPThl KaK IKCIIEPTHBIX, TaK U
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pPAcYETHO-JIOTHUECKUX M HH(POPMALMOHHO-TIONCKOBBIX CcHUCTeM. Pa3paboTku B obsacTtu
THOPUIHBIX SKCIIEPTHBIX CUCTEM HaXOAATCS Ha HA4aJbHOM JTarle.

Haunbonee 3HaumTenpHBIE yCIEXW B HACTOSINEE BpEeMs IOCTUTHYTHI B TakOM Kilacce
UHTEJUIEKTYaJIbHBIX CUCTEM, KaK 3KCIIEPTHBIE CUCTEMBI.

Baxxnoe wMecro B Teopuum  UCKyccTBeHHOro uHrtemekra (M)  3anumaer
npobiema npeacTaBieHus 3HaHui. B HacTos1ee BpeMs BBIIEISIOT CeyIOIe OCHOBHBIE THIIBI
MOJIeJIeH ITPEACTABICHUS 3HAHUMN:

- CEMaHTUYECKHE CETH, B TOM YHCiIe (PYHKIIMOHAIBHBIE;

- (hpeiiMbl U ceTu HperimMoB;

- IPOAYKLIMOHHBIE MOJIEIIH.

CemaHTHYECKHE CETH OIPENENAI0T Kak rpad oOIIero Buaa, B KOTOPOM MOXKHO BBIJICIUTh
MHOXeCTBO BepIIMH U pebep. Kaxnas BepmmHa rpada npencrtaBiseT HEKOTOpPOEe IOHATHE,
a Jlyra — OTHOULICHUE MEXKIy Iapou NOHATUH. MeTKa M HanpaBlIeHUE JYyTd KOHKPETU3UPYIOT
CEeMaHTUKy. METKM BepUIMH CEMaHTUYEeCKOM Harpy3ku HE HECYT, a MHCIOJb3YIOTCA Kak
crpaBoyYHasi HH(QOpPMAIHSL.

PaznuuHble pa3HOBUIHOCTH CEMAaHTHUYECKUX CeTel 00J1afatoT Pa3InyHON ceMaHTHYEeCKOM
MOIIIHOCTbIO, CJIEZIOBATEIbHO, MOKHO OINMCAaTh OJHY M Ty XK€ NPEIMETHYI0 00JacTh Oosee
KOMITAKTHO MJI TPOMO3JIKO.

@peliMOM Ha3bIBAIOT CTPYKTYPY JaHHBIX JJISl IPEICTABICHUS U OIMCAHUS CTEPEOTUITHBIX
00BEKTOB, COOBITUH WM cuTyauuil. @peiiMoBasi MOAEIb MIPEICTABICHHS 3HAHUHM COCTOUT U3 IBYX
YaCTEH:

- Habopa ¢pperMoB, COCTABIAIOIUX OMOIMOTEKY BHYTPHU IPEACTABISIEMbIX 3HAHUI;

- MEXaHU3MOB MX IIPe0Opa3oBaHus, CBA3BIBAHUSA U T. 1.

CymecTByeT 1Ba TUIIA PPEVMOB:

- o0Opasen (IPOTOTHI) — WMHTEHCHOHAJIBHOE ONHMCAaHUE HEKOTOPOTO MHOXKECTBa
DK3EMILISAPOB;

- 3K3eMIULSIp (MpUMep) — IKCTEHCHOHAIbHOE Ipe/ICTaBlieHue GppeiiM-odpasia.

B o0miem Buze ¢ppeiiM MoKeT OBITh MPEACTABIEH CIAEAYIOIINM KOPTEKEM:

<o, (UC, 3C, II),..., (UC, 3C, IIII)>,

rne IO — ums ¢Ppeiima; UC — wums crmora; 3C — 3Hadenue ciora; [T — ums
MPUCOEANHEHHOH Npoleyphl (He00A3aTEeNbHBIN apameTp).

CH0TBI — 3TO HEKOTOpHIE HE3AMOJIHEHHBIE MTOJICTPYKTYpPHI Ppeiima, 3a10JHEHnEe KOTOPBIX
IPUBOJIUT K TOMY, UTO JIaHHBIN (ppeiiM cTaBUTCSA B COOTBETCTBUE HEKOTOPOH CUTYallUH, SIBJICHUIO
WA OOBEKTY.

B xkadectBe naHHBIX (peliM MOXKET coaepkaTh oOOpallleHUs K Mpoleaypam (Tak
Ha3blBaeMble MPUCOEAMHEHHBIE TMPOLEAYpbl). BBIAENAIOT nBa BHJA MpOLEAYp: HPOLETypHI-
JEMOHBI UM Tpoluenypbl-cayru. IIponenypbl-1eMOHbl aKTUBU3UPYIOTCS MPU KaKIOW MOMBITKE
no0aBJIeHUs WM yJaleHUs JaHHbIX U3 cioTa. [Ipouenypbi-Cllyru akTUBU3UPYIOTCS TOJIBKO MPH
BBITMIOJTHEHUH YCIIOBUH, ONPEIEICHHBIX MT0JIb30BATEJIEM NP CO3/1aHuU ppeiimMa.

[IponyKkimoHHble MOAENM — O3TO HaOOp MpaBWiI BuAa '"ycloBufA-AelcTBue", re
YCIIOBUSIMU SIBJISIIOTCS YTBEP)KICHHUS O COAEPKUMOM 0a3bl JaHHBIX, a JAEWCTBUS MPEACTABISAIOT
co0oii po1eIypbl, KOTOPBIE MOT'YT U3MEHSTh COJEPKUMOE 0a3bl JaHHBIX.

dopMalibHO NPOAYKLHUS ONPEAEIIeTCs CIeAYIOINUM 00pa3oMm:

(i); Q;P;C; QA B; N,

rne (i) — wms npoaykimu  (mpaBmwima); Q  —  chepa  HpUMEHEHHs
npasuia; P — npenycnosue (Harpumep, mpuopuTeTHocTh); C — mpeaukat (oTHoIEeHHe); A —>
B — sapo; N — nocTycnoBust (M3MEHEHUsI, BHOCUMbIE B CUCTEMY IPABUI).

[IpakTnuecku npoaykunu crpoarcd no cxeme "ECJIN" (mpuunHa unm, nHaue, NOChUIKA),
"TO" (cmeacTBue WM, MHAYE, 11ETh IPaBUIIA).

[TonyyenHble B pe3ynbTaTe cpaOaThIBaHUS TMPONYKIMHA HOBBIE 3HAHUS MOTYT
UCIIOJIb30BaThCS B CIEIYIOIUX LENAX:
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- IOHUMaHKUE U UHTEpIpeTanus PakToB U MPABWII C MPUMEHEHUEM MPOAYKIIHMA, (PPEHMOB,
CEMaHTHUYECKUX IIeTIei;

- pelIeHue 3a/1a4 ¢ MOMOIIBI0 MOJICITUPOBAHHS;

- UJeHTHU(UKAIUS HCTOYHMKA JAHHBIX, MPUYMH HECOBMAJCHUI HOBBIX 3HAHUI €O
CTapbIMHU, MOJTYYECHUE METAa3HAHUII;

- COCTaBJIEHHE BOMPOCOB K CUCTEME;

- YCBOCHHE HOBBIX 3HAHWH, YCTpAaHEHUE MPOTUBOPEUUH, CUCTEMATH3AIUS M30BITOUHBIX
JAHHBIX.

[Ipomecc paccMOTpeHHsS KOMITBIOTEpPOM HaOopa MpaBWwil (BBIIOJHCHUE TPOTPAMMBI)
Ha3bIBAIOT KOHCY/bTanuel. Ee nanbomnee yno6Has ans noias3oBatesns popma — JIpyKECTBEHHBIN
TUaJIor ¢ KommbloTepoM. MHTepdeiic MoxeT ObITh B ()OpME MEHIO, Ha S3bIKE KOMaH] W Ha
€CTECTBEHHOM SI3bIKE.

Jluamor MokeT OBITh MOCTPOCH Ha CHUCTEME BOIPOCOB, 33aBAEMBIX IIOJB30BATEIICM,
KOMIIBIOTEPOM, WM (PAKTOB — JAHHBIX, XpaHAIIUXcS B 0a3e naHHbIX. Bo3MOXkeH cMelaHHbIN
BapHaHT, KOT/1a B 0a3¢ TaHHBIX HEJOCTATOYHO (haKTOB.

[Ipy npsMOM mMOHMCKE IMOJIb30BATEh MOXET 3a7aBaTh JIB€ TPYMHIbI BONPOCOB, Ha
KOTOPBbIE€ KOMITBIOTEP J1a€T OOBICHEHHUS:

- KaK Mojy4eHo peuieHue. [Ipu 3Tom KOMIbIOTEp JOJKEH BBIAATh HA 9KPaH TPACCy B BUTE
CCBIJIOK Ha WCIIOJIh30BaHHbBIC TTPaBUJIA;

- ToYeMy KOMIBIOTEp 3ajan Kakoi-ro Bompoc. [Ipu 3ToM Ha 53KpaH BblIaeTcs
CBOCOOpa3Hasl Tpacca, KOTOPYIO KOMITBIOTEp XOTel OBl HCIOJB30BaTh JUIsl BBIBOJA TIOCTIE
MOJTyueHUsl OTBETa Ha 3aJaBacMblii Borpoc. Borpoc nmouemy MokeT OBITh 331aH KakK B MpoIecce
KOHCYJIBTAIIMH, TAK U TIOCJIE BBITIOJIHEHUS TIPOTPAMMBI.

3. O0mue TpedOBaHUSI K HAUCAHUIO H 0(POPMJICHHIO PadOTHI

KontponbHast pabota BbIIONHSETCS U cAaeTca B dnekTpoHHoM Bujae Ha CD/CDRW
Hocutene. Ha koHBepre HeoOXoawMo ykaszaTh HaszBaHue nucuuiuinabl, ®UO cryneHrta,
dakynbTeT, HOMep TPYMIIbI, MU(p 3aUueTHONW KHIDKKH, No BapuaHTa 3aJlaHusl, U CIICOK BCEX CO3-
JIAHHBIX B XOJI€ BBIOJTHEHUS 3a/1aHus (PailioB.

[IpuBeneHHBIN B KOHILIE METOJUYECKUX YKA3aHUU CIHCOK JIUTEPATYPbl MOKET MCIOJIb30-
BaThCs CTYJEHTaMHM IIPH BBIITOJIHEHUU KOHTPOJIbHOM pabOTHI.

4. Ilnan-rpa¢guk BHINOJHEHHS 3aJaHUS

Jlata monydeHus 3a1aHust Jlata pe0CTaBICHHS BBIMOJHEHHOTO
3aJaHHs
3 cemecrtp. JleTHsist ceccus 3a JIBE HEJIENH JI0

HaydaJia CECCHUU.

5. Kpurepuu oueHuBanusi padoTbl

O1eHKa «OTJIMYHO» BBICTABIIAETCS CTYIEHTY, €CIM OH NPOJEMOHCTPUPOBA TITyOOKHE,
UCYEpIBIBAIOIINE 3HAHUS M TBOPYECKHWE CIIOCOOHOCTM B TOHMMAHUU, W3JIOKEHUH U
UCTOJIb30BaHUN  Y4eOHO-IPOrpaMMHOIO  MaTrepuana;  JIOTHYECKH  IOCJIeJ0BaTeNbHBIE,
COJIepXKaTeNbHbIE, MOJHBIE, IPAaBUIIbHBIE 1 KOHKPETHBIE OTBETHI HA BCE MTOCTABJIEHHBIE BOIIPOCHI
U JIONOJHUTENBHbIE BONPOCHl MperojaBaTelsi; CBOOOJHOE BJaJeHHE OCHOBHOM U
JOTIOTHUTETIbHON JIUTEpaTypOl, peKOMEHJ0OBAaHHOM y4eOHOI MporpaMmon.

OneHka «XOpoIlo» BBICTABIAETCS CTYACHTY, €CIM OH IPOJAEMOHCTPUPOBAN TBEPIbIE U
JIOCTaTOYHO IIOJIHBIE 3HAHMS BCErO0 IPOrPaMMHOIO MaTepuala, IpPaBUIbHOE ITOHMMAHHE
CYIIHOCTM M B3aMMOCBSI3U pPACCMATPUBACMBIX IIPOLECCOB U SBJICHUH; IIOCIEHOBATEIIbHBIC,
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NpaBUJIbHBIC, KOHKPETHbIE OTBETHl HA IOCTABJICHHBIC BOMNPOCHI MPHU CBOOOIHOM YCTPaHEHUH
3aMEYaHHi Mo OTJIEIbHBIM BOIIPOCAM; JOCTATOYHOE BJIAJICHUE JTUTEPATypPOi, peKOMEHIOBAHHOMN
y4eOHOI ITpOorpaMMoi.

OneHka «yJI0BIETBOPUTENIHLHO» BBICTABISETCS CTYAEHTY, €CIIM OH MPOJEMOHCTPUPOBAI
TBEp/IbIC 3HAHUS ¥ IOHMMaHUEe OCHOBHOTO MPOTPAaMMHOT0 MaTepHaa; npaBmiIbHbIe, 0€3 rpyObIx
OIIMOOK OTBETHI HA MTOCTABICHHBIE BOMPOCHI MIPH YCTPAHEHUHU HETOUHOCTEH M HECYHIECTBEHHBIX
OMMOOK B OCBEIICHHH OT/ACIBHBIX IOJIOKEHUH INMPH HABOISIIMX BOMPOCAX MPENoaBaTes;
HEJI0OCTaTOYHOE BJIAJICHUE JTUTEPATYPOU, PEKOMEHJOBAHHOHN Y4eOHOM MpOTrpaMMoii.

OneHka «Hey10BIETBOPUTEIBHO» BBICTABIISETCS CTYACHTY, €CIM OH IPOJAEMOHCTPUPOBAI
HENpPaBWIbHbIE OTBETHl HAa OCHOBHBIC BOIIPOCHI, OMYIIEHbI TIpyOble OLIMOKHM B OTBETax,
HENIOHMMAaHUE CYIIHOCTH M3J1araéMbIX BOIPOCOB; HEYBEPEHHbIE M HETOYHBIE OTBETHI Ha
JOTIOTHUTEIbHBIE BOIPOCHI.

6. ITopsaok 3aMTHI PadOTHI

3amMra KOHTPOJIbHON pabOThl MPOBOAUTCS B BUJE HAyYHOU JUCKYCCHM C Mpe3eHTaLuei
BBITTOJIHEHHBIX 33aJaHUi B COOTBETCTBUHM C TpadukoMm 3amuthl. [locime noxmaga cTyaeHTy
3aJ]al0TCS BOMPOCHI KaK MPEnojaBaTesieM, TaK U CTYIeHTaMH TPYIIIbL.

B mporniecce 3amuThl cBOeil pabOTHI CTYIEHT AeaeT IOKJIa IPOJ0JDKUTEIBHOCThIO 7-10
MuHYT. JloKJ1ag AOKeH ObITh MpeaBapUTEIbHO MOATOTOBIEH CTyAeHTOM. Jlydliee BrneuaTiieHne
IPOM3BOJUT JOKIAT B (popMe mepeckasa, 63 3a4TeHUs] TEKCTa, KOTOPBIM CIIEAYET MOIb30BATHCS
TOJILKO JJIs1 yrouHeHHs nudposoro marepuana. CTyAEHT JOKEH CBOOOTHO OPUEHTHPOBATHCS B
cBoei padore.

B BrIcTyIIIEHMHM HEO0X0IUMO KOPPEKTHO UCTIOIB30BaTh IEMOHCTPAIIMOHHBIE MATEPUATIBL,
KOTOpBIE YCHWJIMBAIOT J1I0Ka3aTe€JIbHOCTh BBIBOJAOB M OOJIETYalOT BOCIPHUATHE J0KJIAAa CTYIEHTA.
Onu opopmILsitOTCS B BUJIE Npe3eHTanuu B cucteme Power Point.
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7. Y4eOHO-MeTOAMYECKOEe U HH(POPMALIMOHHOE o0ecneyeHue JUCIUIIMHBI
Pexomenapyemas aureparypa

OcHoBHasi iuTEepaTypa

1. CosetoB, b.SI. Teopuss nHpopManuoHHbIX mporeccoB U cucteM. YueOHuk/ b.SI. CoBeros,
B.A. [ly6enenxkuii, B.B. [lexanoBckuii u ap.; mox pex. b. 1. Coserosa. -M.: Akanemus, 2015. -
432c.

2. TenbnoB, 10. @. IlpoekTHpoBaHWE CUCTEM YIpAaBICHHUA 3HAHMAMU. YdeOHOoe mnocobue./
10.®. TenbHoB, B.A. KazakoB. — M.: EBpa3uiickuii OTKpbIThII HHCTUTYT, 2016. — 207 c.

3. bmomun, A. M. IlpoektupoBaHue cHCTeM HWH(POPMAIMOHHOTO, KOHCYJIHTAIIMOHHOTO U
WHHOBAIIMOHHOTO OOCHyxkuBaHus. YdeObHoe mocooume./ A.M. bmomun, JI.T. Iledenas,
H.A. ®eoxtucros. — M.: [{amkoB u Ko, 2014. — 352 c.

JlonoJIHUTeIbHAS JTUTEpaTypa

1. benos, B. C. HNudopmanmonHo-aHaTUTHYECKHE CcHCTEMBl. OCHOBBI TPOEKTUPOBAHUS U
NpUMEHEHHUs: yueOHoe mocodue, pykoBoAcTBo, npakTukym./ B. C. benos, 2-e u3n., nepepad. u
qon. — M.: EBpasuiickuil OTKpeITBIM HHCTUTYT, 2010. — 111 c.

2. KopniopatuBHble HHQOPMALIMOHHBIE CUCTEMBI yIipaBieHus: yueOnuk/ H.M. Anbukees u np.;
pen.: HM. Anbukees, O.B. KuroBa- M.: UH®PA-M, 2011.

3.Mesenuesa, O. C. HUnatennexryanbHble cuctembl u Ttexnonoruu / O. C. Mesenuea, M. B.
Tpodumonsa. — CraBpomnons: CKOVY, 2013. — 240 c.

4. ®enotosa, E.JI. UndopMalimoHHbIe TEXHOJIOTUH U CHCTEMBI: yuel.nmocobue. — M.: UHOPA-M,
2011. - 352 c.

MeToanueckast JJureparypa

1. Mertoauueckue YKa3aHus 110 BBIITOJTHECHUTO Ha60paTOpHBIX pa60T MO JUCIHUIIIINHE «CucTeMHBIN
AHAJIN3 JAHHBIX U MOACIINU MPUHATUS peIHGHI/IfI>>.

2. MGTOI[I/ILICCKI/IG YKa3aHus 11O BBITIOJIHCHUIO KOHTPOJIBHBIX pa60T IO AUCHUIIIMHE «CHucTeMHBIN
AHAJIN3 JAHHBIX U MOACIIN IPUHATUS peIHGHI/IfI>>.

3. Metoauyeckue PCKOMCHAAIHUU UL CTYACHTOB 110 OPpraHU3aluu CaMOCTOSTEIbHOM pa60TBI

10 JUCIHUIIIINHE «CucTeMHBIHA aHAIN3 JAaHHBIX 1 MOJCIN NPUHATUA pemeHHﬁ>).

HNHuTepHeT-pecypcesl
1. http://www.intuit.ru — caiit TucTaHIIMOHHOTO 0Opa30BaHUs B 00J1ACTH HHPOPMAIIMOHHBIX TEXHOIOTHIA.

2. http://window.edu.ru — o6pa3oBarenbHbIe PECYPChI BEAYIINX BY30B.
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