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4
BBenenue

CoBpeMEHHOE COCTOSSHME HAyKd M TEXHUKH TpeOyerT OT WHXKEHEPHO-
TEXHUYECKUX U HAYYHBIX PAOOTHUKOB 3HAHUS CPEJICTB BBIUMCIUTEIBHOW TEXHUKH
¥ YMEHHUS 0OpalieHusi C COBPEMEHHBIMHU MPOTPAMMHO-TEXHUYECKUMHU KOMILIEKCaMHU.
OddexTuBHOEC MPUMEHEHNE KOMITBIOTEPOB [JISl PEIICHUS WHXKEHEPHBIX U HAyUYHBIX
3a/1ady HEBO3MOXKHO 0€3 3HaHWI OCHOBHBIX METOJIOB COCTaBIICHHUS CXEM aJTOPUTMOB,
HANMCaHUs JEHCTBEHHOTO MPOrPaMMHOTO OOECIeYeHHsT Ha Pa3IMYHbIX A3BIKaX IMPO-
IrpaMMHUPOBAHUS, UCIIOJIb30BAHUS TTAKETOB MPOTPaMM MHKEHEPHOU TpaduKu 1 MaTe-
MaTUYECKUX CUCTEM.

[lenpt0 M3y4yeHHsS] AUCUHUIUIMHBI SIBISETCA HW3YYEHUE CHCTEMbI HHYKEHEPHBIX
NPUHIMIIOB IS CO3JaHUS MPOTPAaMMHOTO OOECTIeUCHUs C 3aJJaHHBIMU XapaKTepH-
CTUKaMHU.

[{enu kypcoBoii pabOTHI:

— ydYacThe B MPOEKTUPOBAHUU KOMIIOHEHTOB MPOTPAMMHOI0 MPOIYyKTa B 00Be-
Me, JOCTaTOYHOM JIJIsl UX KOHCTPYUPOBAaHUS B paMKax MOCTaBJIECHHOIO 3aJaHus;

— CO37laHMEe KOMIIOHEHT MPOrpaMMHOro oOecrieueHus (KOJUpOBaHUE, OTIIAJIKA,
MO/ YJIbHOE U UHTETPAIlMOHHOE TECTUPOBAHMUE);

— BBINOJIHEHUE U3MEPEHUH U pe(aKTOPUHT KOJIa B COOTBETCTBUU C IJIAHOM;

— Y4acTH€ B MHTErPALIMU KOMIIOHEHT MPOrPAMMHOI0 MPOAYKTA;

— pa3paboTka U odopMIICHHE ICKU3HOW, TEXHUUECKOW M paboueld MpOeKTHOM
JOKYMEHTALINH.

[Tpu BBITIOJIHEHUHM KYPCOBOM pabOThl PEKOMEHYETCsl MCIOJIb30BaTh JUTEPATY-
py, mpuBeAcHHYIO B [1-21].



1 Conep:xanue KypcoBoii padoTbl
1.1 Cooepoiicanue noacnumenbHoll 3aNUCKU

B cocTaB nosicHUTENbHON 3alUCKU K KypCOBOM paboTe BXOAUT CIEIYIOIIEE.

BBenenue.

Onucanue npeaMeTHOM 00JacTH.

Bunenue npoexra.

MaremaTuueckue (BepOaibHbIE) MOIEIH.

[IpoexkTupoBaHue NporpaMMHOTO MOIYJIS.

[Tepeuens pynkumonanbHoctu (User Stories).

Cuenapuu B3auMOAEHCTBUS (KPaTKUI U TOAPOOHBII).

[TporoTunupoBanue uHTEpdeiica B3aUMOIEHCTBUSA C MOJIb30BaTeneM (rpadu-
yeckoro uHTepderica).

CocrasiieHue o0I1ero miaHa padoThl.

CocraBieHue MHAUBUAYAJIBHOTO TUIaHA paOOTHI.

Pa3paboTka JOKYMEHTALMK POTPAMMHOI0 MOAYJIS.

Jlnarpamma KJ1accos.

Jnarpamma nesaTesbHOCTH.

Pa3paboTka mporpaMMHOr0 MOJTYJISL.

Bb160p 1 000CHOBaHME TEXHOJIOTUH, HCIOIb3YEMBIX B IPOTPAMMHOM MOJYJIE.

HacTtpolika OKpyKeHUs U pENIO3UTOPHS KOJA.

OnucaHue UCIoJib3yeMbIX CTPYKTYP JTaHHBIX.

TecTupoBaHue NpOrpaMMHOIO MOAYJIS.

3aKIrOUCHHUE.

[Ipunoxenue 1 — Kox mporpaMMHBIX MOJYJIEM.

PekoMeH1yemblii 00beM MOSACHUTENbHOM 3aucKu cocTapiisieT S0-55 cTpanuil.

1.2 Coodeprrcanue cpagpuueckont vacmu padvomal

['pacduueckas gacth paboOTHI BhITIONHAETCA HA Jucte hopmata Al, rae uzobpa-
KACTCS CIEYIolIee: CHUMKHM JKpaHa; Auarpamma KJIaccoB; AuarpaMmma B3auMO/ICH-
cTBusA. JlomyckaroTcss M3MEHEHHs pa3Mmepa (opmara M Yuciia JIUCTOB IpapUIeCcKOM
YaCTH 1O COTIIACOBAHUIO C PYKOBOJUTEIEM KypCOBOM PabOTHI.

2 TpeGoBaHMsI K COIEPKAHUIO MOSICHUTEIbHOM 3aIIMCKHU
2.1 Onucanue npedmemnoi oonacmu

B nanHOM pasznene CTyJeHTOM NpPOU3BOJUTCA MOCTAHOBKA 3aJaHHOM 3aj]ayW,
YKa3bIBAIOTCS HEOOXOAMMBIE MAaTEMAaTUYECKUE BBIPAKEHUS ISl €€ PElICHUs U MpPOo-
yue ycious [16].

2.1.1 Buoenue npoexma.

Bunenue mnpoekra (vision) — KpaTKO€ ONKHCaHUE CyTH OyIylIero MpOAyKTa.



B aTOM JOKyMEHTE KpaTKO ONMCHIBAKOTCS MPOIYKT, LUEIH W 33Ja4d €ro CO3AaHMs,
[0JIb30BATENIM U OCHOBHBIE BO3MOKHOCTH OyyIlIel CUCTEMBI.

Buaenue npoekra (vision) Mo3BOJISIET MOJIYYUTh OOIIee MPEACTaBICHUE O MPO-
IOYKTE, C MOMOIIBI0 HECKOJBKUX a03alleB 03HAKOMUTH C CYThIO IIPOEKTA JIF0O0E 3auH-
TEpEeCOBaHHOE JMIO. Bujenue mnpoekra (vision) MO3BOJISIET MOJIYYUTh OH3HEC-
TpeOoBaHMs 1 00IIee MPEACTaBICHUE O OM3HEC-LIETSAX, CTOAIIUX MEepel IPOIYKTOM.

2.1.2 Mamemamuueckue (6epoanvhvie) MoOeuU.

[Tpy BBINOJHEHUHU AAHHOIO MOAPA3ZENa MPOU3BOAUTCS U3YUCHHE U aHAIU3 JIU-
TEpPaTypPHBIX U MHBIX UICTOYHUKOB 10 NOCTABJIEHHOM 3anaue. [Ipu ananusze nurepary-
PBl HEOOXOAMMO TOJTYYUTh UTOTOBBIE MATEMATHUYECKUE BBIPAXKEHUS, KOTOpPbIE OyayT
UCII0JIb30BAaThCS. 3JECh CIIEAYET yKa3aTh CYLIECTBYIOLIME MATEMaTHUYECKUE MaKEThI
IPOrpaMM U CHELUAIU3UPOBAHHBIX MIPOrpaMM, KOTOPbIE PUMEHSIOTCS B HACTOSIIIEE
BpeMs JUUISl pELICHUs] JAHHOM 3a/1auM, IOKa3aTh UX CUIIbHBIE U ci1a0ble cTOpoHBI. [1pu
MOMCKE MMEIOILET0Csl TPOrpaMMHOr0 O0ecredeHus A pelieHus] TOCTaBIEHHOW 3a-
a4l PEKOMEHIYIOTCS IOUCKOBBIE CIIykO0bl ceTh HTepHeT. B 3amucke cienyer yka-
3aTh, KAKWE MMOMCKOBBIE CUCTEMBI OBUIM HUCIIOIb30BaHbI, a TAKXKE OOIIEe YHUCIIO CChl-
JIOK, HANPSAAMYIO OTHOCSIIIIMXCA K IaHHOM 3aJaye.

[Tpn pabore Hax moapasiesoM 0053aTEIbHO YKa3bIBAKOTCS HCIOJIb3YEMBbIE JIU-
TepaTypHble UCTOYHUKH coryiacHo TpeboBaHusim CTh 7.1-2024 [14]. Ccbuika Ha UH-
dbopmanmonnslie pecypebl cetu Mutepuet opopmisercs B Buae noanoro URL-aapeca
pecypca 1 Ha3BaHUsl UCTOYHUKA.

B noapasnene oKOHYaTENbHO YKa3bIBAIOTCS MAaTEMaTUUYECKUE BBIPAXKEHUS, MPHU-
MEHSIEMBbIE ISl pElIeHUs 3a/Ja4d, U JIUTePaTypHbIE UCTOYHHMKH, UCIIOIb3yEMBIE TIPU
€e MareMaTU4YeCcKOM OIMcaHuu. Bce 3amucaHHble MaTeMaTH4ecKue (HOpMYJIbI
Y BBIPQKEHUS JIOJDKHBI HMMETh HYMEpALMIO, BBINOJHAEMYIO B KpYTJbIX CKOOKax
B IIPaBOIl YacTU CTPaHULbL, JUIsl OPraHU3alUU MOCIEYIOUIMX CChUIOK Ha HUX B TEK-
CTE MOSCHUTEIBHOMN 3anUCKU. MOKHO CaMOCTOSTEIbHO BBIBECTH PAcUETHbIE (PopMy-
Jbl. B 3TOM cilydae yka3pIBa€TCsi METOJI BBIBOJA MOJTYUYEHHBIX BHIPAKEHUIA.

HenonyctruMo npuBOANUTh B COCTaBe MOApa3zeiia JOKa3aTeabCTBA MaTeMaTuye-
CKHX TeopeM U jeMM. ClielyeT npyu He0OXOAMMOCTH yKa3aTh JIUIIb CChUIKY Ha HUX.

Takke B JaHHOM MOJpa3/ieyie OMUCHIBAIOTCS BepOalbHbIE U 3HAKOBBIE MOJIENH,
KOTOpbIE OYAYT UCIOIb30BAHbI IPU MPOECKTUPOBAHUH.

BepOanbHas Monens — nHQOpMaMOHHAs MOJIETb B MBICIIEHHON WJIA Pa3roBoOp-
HOI QopMe.

3HakoBas Mojeilb — MH(OPMAIMOHHASI MOJEJb, BBIPAKEHHAs CHELUATbHBIMU
3HaKaMH, T. €. CPEJCTBAMM JIFOOOT0 (hOPMATBLHOTO SA3BIKA.

K wuHpOpMAaLlMOHHBIM MOJAENIAM MOYHO OTHECTH BepOajbHble (OT JIaT.
verbalize — yCTHBII) MOJENH, MOJYyYEHHBIE B pe3yJbTaTe pa3zlyMui, yMO3aKJoye-
Hui. OHM MOTYT TaK U OCTAaThCSl MBICIEHHBIMH WMJIM OBITH BBIPAKEHBI CIOBECHO.
[IpumepoM Takoi MOJEIN MOXKET CTaTh HAllle OBEACHHUE MPH Mepexoe yauusl. Ye-
JIOBEK aHAJIM3UPYET CUTYALMIO Ha JOpOre (4To MOKa3bIBae€T CBETO(POp, KaK JAIEKO
HAXOJATCA MAIIUHbI, C KAKOH CKOPOCTHIO OHM JBHXKYTCS M T. I.) U BbIpaOaThIBAET
CBOIO MOJIeib noBeaeHus. Eciau cutyaius cMOJENUpOBaHa MPAaBUIBHO, TO NEPEXOA
Oyner Oe30MacHbIM, €CIIM HET, TO MOXKET Ipou3olTH aBapusa. K Takum Mozensam



MO>KHO OTHECTH M HJICI0, BOSHUKIIYIO Yy U300peTaTelIsl, U My3bIKaJIbHYIO TEMY, IPO-
MENbKHYBIIYIO B TOJIOBE KOMIIO3UTOPA.

3HaKOBBIE MOJETH — 3TO PUCYHKH, TEKCTHI, Tpaduku u cxeMbl. BepOanbHbie
¥ 3HAKOBBIE MOJIEJIH, KaK MPaBUJIO, B3aUMOCBs3aHbl. MBICIEHHBIA 00pa3, poInBIINii-
Csl B MO3TY YeJIOBEeKa, MOXKET OBITh 00JIeUeH B 3HAaKOBYIO opmy. I HaobopoT, 3HAKO-
Basi MOJIEJIb IOMOTAeT cPOPMHUPOBATH B COZHAHWN BEPHBIN MBICICHHBIN 00pa3.

[To ¢popme mpencTaBiaeHHs] MOKHO BBIICIUTH CIEAYIONINE BUIBI HHPOPMAIHOH-
HBIX MOJIETIEH:

— TeoMeTpUYeCKHe MOJeNu — rpaduyeckue GopMbl U 00BEMHBIE KOHCTPYKIIUY;

— CIJIOBECHBIE MOJEIM — YCTHBIE U NMHCbMEHHBIE OMHMCAHUS C UCIOJIb30BAHUEM
WJUTIOCTPaLU;

— MareMaTU4eCKUe MOJIEIM — MaTeMaTuyeckue (OpMyJibl, OTOOpakarouue
CBSA3b PA3JIMYHBIX TAPAMETPOB 0OBEKTA MM MPOLIECCA;

— CTPYKTYpPHBIE MOJEIIA — CXEMBI, IpaMKH, TAOIHILIBI U T. I1.;

— JIOTUYECKUE MOJIENU — MOJIEIH, B KOTOPBIX MPEJCTaBICHbI Pa3IMYHbIE Bapu-
aHTBI BBIOOpA ACICTBUI HA OCHOBE YMO3AKIIIOUEHUI U aHAJIN3a YCIIOBUI;

— CHeLHUalbHbIE MOJEIN — HOThI, XUMUYECKHE (DOPMYJIBI U T. 11.;

— KOMIIBIOTEPHBIE U HEKOMIIBIOTEPHBIE MOJEIH.

2.2 IIpoekmuposanue npozpammHozo mooyis

B nanHOM pa3znene cTyJeHTOM MPOM3BOJIUTCS COCTABJICHHUE MepedHs QyHKIIHNO-
HAJIBHOCTH, KPATKOTO U MOJIPOOHOr0 CIIEHAPUEB B3aUMOJICUCTBHS, @ TAKXKE TIPOTOTH-
nupoBaHue uHTepderica B3auMOICHCTBHS C MOJIb30BATEIIEM.

2.2.1 llepeuenwv ynxyuonanvnocmu (User Stories).

[Tepeuens ¢yukumonansHoCcTH (Tabmuma 1) (User Stories) — 3To moapoOHBIi
CIIUCOK TOTO, YTO TOJIb30BaTelIb MOXET JeNaTh B cucteme. Besi GyHKIMOHATBHOCTD
Oyayiiero nmpoaykra pa3OMBaeTcCs Ha MPOCTEHIMEe BO3MOXHOCTH B BHAE «<KTO>
<yTo nenaer> <c yeM>». Kaxgas u3 QyHKIUNH UMEET MPUOPUTET, ONPEACIISIIONIHIMA
BaYXHOCTH JJIs1 0011ero ycnexa npoaykra. Kpome toro, ans GyHKIMH OMUCHIBAIOTCS
KPUTEPHUH IPUEMKU — PEAKIIMs Ha JIEHCTBUSI TIOJIb30BATElIs, PU KOTOPBIX OHA CUUTA-
eTCs MpaBWIIbHO paboTaromeii [15].

[lepeueHb PyHKIIMOHAIBHOCTH MEPECEKAETCS CO CIICHAPUSMH B3aUMOJCHCTBUSI.
Pa3nuna B TOM, 4TO IEpBbIE MOMOTAIOT B TOYHOM yueTe TpeOOBaHUM, a BTOPhIE —
B TIOHMMAaHHUM TOTO, Kak paboTaioT ¢GyHKUIMUU U cucTema B 1enoM. User Stories roBo-
PSIT O TOM, UTO HY>KHO CJI€TIaTh, a CLICHAPUHU B3aUMOJICUCTBHS — KaK 3TO paboTaerT.

Ha3nauenue nepeynst GyHKIMOHATBHOCTH:

— TOUHBIA cOOp (QPYHKIIMOHATIBHBIX TpeOOBaHUN. briaronaps MakcuMalibHOM JeTa-
JU3aIMK BCe TPeOOBAaHUS K CUCTEME YUUTHIBAIOTCS U HE 3a0bIBAIOTCS;

— TOYHAas OILIEHKA CPOKOB M CTOMMOCTH IpoekTa. [ImanupoBanue u yuer Tpyao-
3arpar 6osiee TOYHbI, Korjia paboTta HaJl PyHKIKMEH 3aHUMAET Yachl, a HE JIHU;

— TIOCTaHOBKa 3a/laHuil pa3zpaboTunkaM. Peann3oBbiBaTh PYHKIUU HEOONBININ-
MU TOPLUHUSMHU MPOIIIE;

— TIOMOIIb B ynpaBiieHuu npoektoM. User Stories — OAMH U3 IJIaBHBIX UHCTPY-



MEHTOB yIPaBICHUS MPOCKTaMH 10 THOKUM MeToaukaM (Agile).
OTU METOIMKH JaI0T OoJiee MpeacKa3yeMblil U KAaUeCTBEHHBIN pe3yJIbTar.

Tabmuna 1 — [Mpumep nepeynst pyHKIIMOHATBHOCTH

Pons | JlelicTBue T OOBeKT JlonosHHTenbHEIE CyurHocTtb
00BEKTa BO3MOXKHOCTH
1 OCHOBHOM KOHTCHT
1.1 Buneoposauku
[Tonb3o0- | [Ipocmar- | CBoanas | Buaeopo- — Buneopo-
Barelbh | pUBaeT | CTpPAHMIIA JINKA JIAK
[Tonw3o- | [Ipocmat- | Cmmcok | Bugeopo- | [loctpannynas naBuranus, punstpa- | Bumgeopo-
BaTellb | pHUBAET JINKH U TI0 OJTHOMY M3 TTapaMeTpPOB, COP- JINK
THUPOBKA M0 OJJTHOMY U3 NapaMeTPOB
[onw30- | IIpocmar- | Ctpanuna | Buneopo- | lo6aBnenne kommeHTapus, 1o6asne- | Bugeopo-
BaTeb puBaet JINK HHE B aJIbOOM, JOOABIIEHNE B KaHAJ, | UK, OJIOT,
no0aBiieHre B OJI0T, OTIPABJICHHE JKa- | KaHal,
700BI Ha CoJlep:KaHue, KOMMPOBaHUE | Tpymma
Ko/1a posinka B Oy¢ep oOMeHa, 0T-
MpaBKa CCHUIKU IPYTY
[Tonp30- | lobGaBnsa- | Hoseiit | Bugeopo- | Bri0bop kanpa u3 Buneoponuka 11 | Bugeopo-
BaTeJb eT JINK PEBBIO JINK
1.2 Annr0OoMBI
[Monb3o- | [Ipocmar- | Coucokx | AnsOowmsl | [loctpanuyHas HaBuranus, GuibTpa- | Anb0oM
BaTelib | pHUBAET 1M TI0 OJTHOMY M3 TTapaMeTpOB, COP-
THPOBKA I10 OJTHOMY M3 TTapaMeTPOB
[Tons3o- | [Ipocmart- | Ctpanuna | AnsboMm | YgaaneHue BUACOPOINKA U3 anbOoma | AnbOoMm
Barelb | pUBAaET
[Tonb3o- | [loGaBns- | Hossrit Anpoom - Anp60oM
BaTeJb eT
[Tonb30- | Penaktu- | Cyme- AnprooMm - AnpOooM
BaTelb pyer CTBYIO-
AN
[Tone30- | Ymamsger Cyme- Anp00M - Anp00M
BaTeJb CTBYIO-
AN

2.2.2 Cyenapuu 83aumooeticmsus (Kpamxkuti u noOpooOHbIlL).

CueHapuu B3aUMOJEUCTBUS — 3TO ONHMCAHUE TOro, Kak JOJDKHBI paboTaTh
¢ynkuuu cuctembl. OHM MOTYT paccKa3blBaThb O CYTM M OCOOEHHOCTSIX paldOThI
¢yHKUMH Kak B 0OLIEM BHJIE, TaK U B MOAPOOHOM, anroputmMudeckoM. IlepBriil Bapu-
aHT HY>KEH JUIsl TOr0, YTOOBI MOHATh, 3a4€M HYXHa U UTO JeNaeT GyHKIHOHAIbHOCTD;
BTOPOH IO 1IaraM pacluChiBA€T BCE BO3MOKHBIE CIIEHAPUH UCTIONb30BaHUS MMPOIYKTA
— YTO MOXKET CJIeJIaTh I0JIb30BaTellb U KaK JIOJKHA OTPEarupoBaTh HA €ro JAeUCTBUS
cuctema [17, 18].

CueHapuu B3aMMOJICHCTBUS TEPECEKAOTCS C MepeyHeM (YHKIMOHAJIbHOCTH
(User Stories). Pasnuna B TOM, 4YTO NepBbl€ IOMOTAlOT B MIOHUMAHUK TOTO, KaK pado-
TalT (PYHKIMU U CHCTEMa B LIEJIOM, a BTOpbIE — B TOYHOM yueTe TpeboBanuil. User



Stories TOBOPSIT O TOM, UTO HY>KHO CJ€JaTh, a CIIEHAPUU B3aUMOJACHCTBUS — KaK 3TO
paboraer.

Ilpumepuvr cuenapuee e3aumooeiicmeaus.

Kpamxkuii cyenapuii 63aumooeticmsusi.

[Tonb3oBaTen MOTYT OBITh OOBEMHEHBI B COIMATIBHYIO ceTh. Kaxaplil mMob30-
BaTeJIb UMEET CTPAHUILYy MEPCOHATBLHOTO MPOodus (MEPCOHAIBHYIO CTPAHUILY), C TO-
MOIIbI0 KOTOPOW APYrue Mojb30BaTEIM MMOJYYarOT MPEJICTABICHUE O TOM, UTO 3TO 3a
noJsib3oBatelb. [lonp3oBaTens MokeT 100aBUTH APYTOTO MOJIB30BATENS B APY3bsi. ITO
MO3BOJISIET, BO-TIEPBBIX, MOJJICPKUBATh KOHTAKTHI, 2 BO-BTOPBIX, Ooyiee yn00HO da-
BaTh JOCTYIl JPYTHUM TIOJIb30BATENIIM K CBOMM KOHCIEKTaM M Y4eOHBIM IUTaHAM.
[Tonp3oBaTeNsT MOXKHO HAWTH Kak MO UMEHU W (paMWINH, TaK U MO By3y WIW CIEIH-
TBHOCTHU, HA KOTOPOI OH 00yJaeTcs.

IloopobHblil cyenapuii 83aumooeticmaus.

[TonpoOHbIli crieHapuil B3auMOACUCTBUSI (BBIAEPKKA K3 OCHOBHOIO IIy-
TU CLICHApHUSI).

1 Tlonmb3oBaTenb,  Ha)XXMMaeT Ha  CCbUIKY Ha  npoduib  OJHOTO
13 M0JIb30BaTENEH.

2 Cucrema OTKpBIBa€T CTpPaHUIly, KOTOpasi, IOMUMO MPOYETO, COJIECPKUT Clie-
JYIOLIME UHTEPAKTUBHbBIC 3JIEMEHTHI:

— Ha3BaHUE By3a MOJIb30BaTENs (CChUIKA);
— 100aBUTh B APY3bs (CCHUIKA);
— Onok «KoHCIeKThI 10JIb30BaTelis». BJIOK COCTOUT U3 CIUCKA 2JIEMEHTOB.
Kaxnaplii 351eMEHT, TOMUMO TMPOYETO, COACPKUT CICAYIONIUE UHTEPAKTUBHBIC DJie-
MEHTBI:
a) Ha3BaHME KOHCIIEKTa (CChUIKA);
0) ocTaJdbHBbIE KOHCIEKTHI (CChLIKA);
— Onok «KHmkHasi moska mosib3oBarelish». BiIOK coCTOMT U3 chucka sie-
MeHTOB. Kaxiplil 3J1eMEHT, MIOMUMO IPOYETO, COJEPKUT CIECAYIOIIME MHTEPAKTHUB-
HBIE DJIEMEHTHI:
a) Ha3BaHUE KHUTHU (CCHUIKA);
0) ocTajabHbIE KHUTH (CChUIKA);
— 070K «Y4eOHble MIIaHbI MOJIB30BATENs». BIOK COCTOMT M3 crlmcKa dJie-
MeHTOB. Kaxzplil 3J1€MEHT, IOMUMO IPOYErO, COJEPKUT CIEAYIOIIME MHTEPAKTHUB-
HBIE DJIEMEHTHI:
a) Ha3BaHHE Y4eOHOTrO IJIaHa (CChLIKA);
0) ocranpHbIC y4eOHbBIC TUTaHbBI (CCHUIKA);
— 0ok «Muadopmanus o nonszoBareney. biok, moMuMo mpoyero, coaep-
KUT CIIETYIONINE UHTEPAKTUBHBIC SJIEMEHTHI:
a) WMs IOJIb30BaTeNs (CChUIKA);
0) Ha3BaHWHE By3a I10JIb30BaTEINs (CCHLIKA);
B) CHEUHUAIBHOCTb MOJIH30BATENS (CChUIKA);
r) J100aBUTH B APY3bs (CCHUIKA);
n) 0ok «MaTtepualibl oJb30BaTeNs». biIok, MOMUMO TIPOYEro, co-
JIEPKUT CIEAYIOIINE HHTEPAKTUBHBIE JIEMEHTHI:
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— KOHCHEKTHI (CChUIKA);
— KHIDKHAs MoJKa (CChUIKA);
— y4eOHbI€ IJIaHbl (CChUIKA);
— 010k O«BY3bl W CHEIHAIBHOCTHY». BIOK, MOMHUMO MpPOYEro, COAEPKHUT
CJEAYIOIINE UHTEPAKTUBHBIE DJIEMEHTHI:
a) BY3bI (CCBUIKA);
0) croenuanbHOCTHU (CCBHUIKA);
B) ropoja (CchuIKa);
r) ToJib30BaTeNu (CChUIKA, 3a0JIOKUPOBAHA);
— On0k «/lpy3ps nonb3oBaTens». biok, moOMUMO MpoYero, COAEPKUT clie-
IYIOIINE UHTEPAKTUBHBIEC SJIEMEHTHI:
a) cnucok japy3ed. Crucok aneMeHToB. Kakaplil 371eMeHT, TOMUMO
POYET0, COJIEPXKUT CIASAYIOIINE UHTEPAKTUBHBIC AJIEMEHTHI:
—  WMs OJIb30BaTeNs (CChUIKA);
0) Bce apy3bs MOJIb30BaTENs (CChUIKA).

Anemepnamuenuiii cyenaputi. Ilob30BaTeNb YK€ HAXOJIUTCS B IPY3bSIX Y MOJIb-
3oBarensi. Cuctema 3amMeHsieT cChUIKU «J{00aBUTh B JPY3bs» CChUIKAMH «Y IAJUTh U3
npy3seit». [lepe3arpyska cTpaHHIIbl HE TPOU3BOJAUTCS.

3 Ilonb30BaTellb HAKUMAET CChUIKY «J{00aBUTH B IPY3bsi».

4 Cucrtema BHOCUT U3MEHEHUS B 0a3y JTaHHbIX.

5 Cucrema 106aBiIsieT BEIOPAHHOTO TMOJIb30BaTENsl B CIIMCOK Jpy3€il MmoJib30Ba-
tens. CucrteMa BBIBOAUT cooOIIeHHe 00 ycremrHoi omnepanuu. CucreMa OTChLIaeT
MI0JIb30BATEIII0 YBEIOMJICHHE O TOM, YTO OH ObLI J00aBieH B Apy3bs. [lepesarpyska
CTpaHMIIbI HE TTPOU3BOJIUTCA.

2.2.3 Ilpomomunuposanue unmepgeiica 83aumooelicmeus ¢ nojib3osamesem
(epaghuuecxoeo unmepghetica).

[Ipu nportoTunupoBanuu HHTEpP(dEca B3aMMOIEUCTBHS € MOJIb30BATEIEM HEOO-
XOJIUMO COCTAaBUTh CTPYKTYPHBIE CXEMbI CTPAHHUII.

CtpykTypHbIe cXxeMbl cTpaHull (wireframes) (pUuCyHOK 1) — OCHOBHOM pe3yJibTat
pabor mo mnpoektupoBaHuio. OHH B JA€TalsX IOKA3bIBAIOT, Kakas HHQOpMAIHs
U DJIEMEHTHI YIPABJICHUS JIOJHKHBI BBIBOJUTHCS HA KaXXJOH CTPAHUIE CUCTEMBI,
a TaKXKe PaCCTaBISIIOT aKIEHTHI — KaKUe U3 DJIEMEHTOB CTPAHMIIBI Oojee, a Kakue —
MeHee BaxHbI [15]. Wireframes Tak:ke OMUCHIBAIOT MOBEICHUE JUHAMHYECKUX dJie-
MEHTOB CTPAaHMI] — KaK OHU JIOJKHBI pearupoBaTh Ha AEHCTBUS mosib3oBaresist. CTOuT
MOMHUTb, YTO CXEMbI CTPAHUI] — 3TO HE KOHEYHBIN AU3aiiH CUCTEMBI.

Hasznauenue cTpyKTYpHBIX CXE€M CTPAHHMII;

— IOCTaHOBKA 3aJlaHUsl TU3alHEPY;

— MOCTaHOBKa 3a7aHus padpadoTunkamM. Komana pa3paboTKu JOJAKHA PyKO-
BOJICTBOBaThCsl wireframes npu co3ganuu GyHKIHOHATBLHOTO MPOTOTHUIIA CUCTEMBI.

2.2.4 Cocmasnenue ooweeo niana pabomel.
B nannom paszene npuBoAsTCs oOui TiaH pabOThl HAJl BCEM MPOTrPaAMMHBIM
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pelieHrneM, o01IMe ONEHKN TPYIOEMKOCTH M BpeMEHH pabOThl HAll KaX10M (QyHKIIU-
OHAJIBHOM YacThIO IIPOTPAaMMHOM CHCTeMBI, quarpamma ['anrta. Pasmen noipkeH co-
JepaTh COBOKYIHBIN OOIIMIA IJIaH BCEH Ipymnmbl pa3padoTyukos [19].

A Web Page
‘- L‘> X Q { Y ) @ )

Sites (1) l
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k k
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Account Alert Broken Links: (O None (o) By Email ( ) By Email & SMS

Logout Alert Report Finishe O Mone (o) By Email ( ) By Email & SM3
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Subscription

®) Any page within start page domain

(O Any poge whose url includes: :

[0 Regular Expression

Exclude Urls which contain:

[ B

[0 Regular Expression
Click Depth
Max Pages:  [100,000 [w]

Pucynok 1 — [Ipumep cTpyKTypHOI CXEMBI CTPAHULIBI CUCTEMBI

2.2.5 Cocmasnenue uHOUBUOYAIbLHO20 NIAHA PAOOMbIL.

B nanHOM pasznene mpuBOAUTCS WHIWBUAYaJbHBIN T1aH paboThl. Bee nanbpHen-
1Ie€ U3JIO)KEHUE B MOACHUTEIBHOU 3aIMCKE JTOJDKHO OCYIIECTBIATHCA MO UHIAUBULY-
aJIbHOMY IUIAHY.

2.3 Pazpabomka 0oKymenmayuu npocpammHo2o mooys

[IpoekTpoBaHUEe aJITOPUTMOB M IPOrpaMM — HaAmMOOJIee OTBETCTBEHHBIM 3Tarl
YKU3HEHHOTO IIUKJIa TPOrPaMMHBIX MPOAYKTOB, OMPEACIISIONINNA, HACKOJIBKO CO3/1aBa-
eMas MporpaMma COOTBETCTBYET crelnu(uKamusM U TpeOOBaHUSM CO CTOPOHBI KO-
HEYHBIX IOJIb30BaTeNei. JlaHHBIN pa3fen MoKeH OBITh MOCBSIIEH pa3paboTKe J10-
KYMEHTALMU MPOTPAMMHOTO MOYJIS.

2.3.1 Jluaepamma xknaccos.

JluarpaMMbl ~ KJJaCCOB ~ IPHUMEHSIOTCA  JUIl  MOJEIUPOBAaHUS  OOBEKTHO-
OpUEHTHUPOBaHHBIX cucteM [16, 17]. Ha mpocThIX aquarpaMmax NMOKa3bIBAKOTCS Kilac-
Chl U OTHOLLUEHUSI MEXIY KJIaCCaMM; Ha CIOKHBIX — KJIACChl, UHTEp(ENChI, Koonepa-
LIMA ¥ OTHOLIEHWs MEXIy HUMH. /[marpaMMbl KJIacCcoB AAlOT CTaTUYECKUM BHUJ CH-
cTeMbl. MOYKHO Tak)Ke CKa3aTh, YTO OHU MPEJACTABISAIOT CO00M B3IIIAAbI pa3paboTyu-
KOB Ha CTaTUYECKHE COCTOSHHMS IMPOEKTUPYEMbIX cHCTEM. C IOMOIIBIO Iuarpamm



12

KJIACCOB COCTABJISICTCS CIOBAaph CHCTEMBI, CO3JAIOTCS THArpaMMbl KOMIIOHEHTOB H
pa3BeptbiBanud. Cienyer 0co00 MOAYEPKHYTh, YTO JUArpamMMbl KJIAaCCOB BayKHbI HE
TOJIBKO ISl BU3YAIM3AIMH, CTIEHN(DUIMPOBAHNS U JOKYMEHTHPOBAHUS CTPYKTYPHBIX
MoJIeNIed, HO TakXe JUIsl IpsIMOro U 00OpaTHOrO MPOEKTHUPOBAHUS HCHOJHSAEMBIX KO-
noB cucteM. Ha pucyHke 2 npuBeneH mpuMep MPOCTOW THarpaMMbl KJIACCOB, MOJIE-
JAUpYIOLENd 00BEKTBI CUCTEMBI PETMCTPALIMA KYPCOB M OTHOLICHUS MEX1Yy HUMMU.

By ParyTETET
natne Matne
address:Sring narne Ha e
phore Huarber
add Student ()
e Studernt _
’ get Studﬂnt? ;1( :I corroprze | add mstructor ()
add Departatent [ ) > Temmove mstructar () R
reracve Departarent () I get :I.twt_m-:t-:ur( ) L
get Diepartarment () get all metrctor
t &1Depart.
. . I: :I & paboTaeT
1..% 1%

O LT A - [
CTyRET rocerrper b | Lo b | yEmaeT [penomasaTer:
natne Matne hatne Mamme Tate et
student DM uraber " * | corsel D Huraber " 1.4

Pucynok 2 — [Ipumep nuarpaMmsl Kj1accoB

2.3.2 Huacpamma oesmenvHocmu.

[Ipn MozmennpoBaHWM MOBENECHUSA NPOCKTUPYEMOU WM aHAIU3UPYEMOM CHUCTE-
Mbl BO3HUKA€T HEOOXOAMMOCTb JETAIU3UPOBATh OCOOCHHOCTH aJITOPUTMHUYECKOM
Y JIOTHYECKOW PEealln3alfK BBITOIHAEMbIX CUCTEMOW omnepanui. TpagulruOHHO I
STOM WENH HUCHOJIb30BAIMCH OJIOK-CXEMbl WM CTPYKTYPHBIE CXEMbI AJITOPUTMOB.
Kaxnas Ttakas cxemMa akUEHTHpPyeT BHUMAHHE Ha IOCIIEIOBATEIBHOCTH COBEPLICHUS
OIpEAENCHHBIX JECUCTBUN WM 3JIEMEHTAPHBIX ONepaluil, KOTOpblE B COBOKYITHOCTH
IOPUBOJAT K IMOJIYYEHHIO JKeIaeMoro pesynbrara [17].

BaxxHo moguepkHyTh TO OOCTOSITENBCTBO, UTO C YBEIHMYEHHUEM CIIOXKHOCTH
CUCTEMBI CTPOr0O€ COOJIIOACHHUE MOCIEN0BATEILHOCTH BBIIOIHIEMBIX OlEpaluid MpH-
oOpetaeT Bce Oosiee BaKHOE 3HayeHue. Eciii monsITaThes 3aBapUTh KOPE XOIOTHOM
BOJIOW, TO Mbl MOKEM TOJIbKO MCIOPTUTH OJIHY MOpPLMI0 HanuTka. Hapyuienue mo-
CJIEI0BATEIbHOCTH ONEPALMil MPU PEMOHTE ABUTATENsI MOXXET MPUBECTU K €ro Io-
JIOMKE WM BbBIXOAY U3 cTposi. Euie Ooisiee katacTpouyecKkue MOCHEeACTBUS MOTYT
IIPOU30UTH B CIIy4ae OTKJIOHEHUS OT YCTAHOBIIEHHOM IMOCIIEI0BATEIbHOCTH JEUCTBUM
IPU B3JIETE WJIM MOCAJKE aBUAJIaliHEPA, 3aIlyCKE PAKEThl, PErJIAMEHTHBIX padoTax Ha
ATOMHOM JIEKTPOCTAHIUU.

JUist MozmenupoBaHMs IPOLIECCA BBINOJHEHUS ONEpaluil MCIOJIb3YIOTCS Tak
Ha3bIBaEMbIE JUArPAMMBI I€SITEILHOCTH (PUCYHOK 3).
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[Ipumensiemast B tuarpaMmax JIe€ATEIbHOCTH rpaduueckas HOTAIUsl BO MHOTOM
II0X0’Ka Ha HOTALMIO THArpaMMbl COCTOSIHUM, IOCKOJIBKY Ha IarpaMMax JIesATeJIbHO-
CTH TaK)X€ MPUCYTCTBYIOT 0003HAYEHUSI COCTOSIHMM W nepexoaoB. OTianuue 3aKiIo-
4aeTcsd B CEMAaHTUKE COCTOSIHUM, KOTOPBIE HCIIOIB3YIOTCA Ui NPEACTABICHUS
HE JESTeIbHOCTEN, a IEUCTBHI, U B OTCYTCTBUM Ha IIEPEX0JIaX CUTHATYPbI COOBITUH.

MpuHsATE
mMogenb aeranu

[posecTtu aHanu3 getanu
Ha TEXHONOMMYHOCTbL

[He TexHonornyHal
;-/E_OI'HHCOBHTI: WM3MEHEHNS

C 3aKa3avnkom

\

KBbI NONHWUTE H3MeHeHWA

[TexHonoruyHa)

)

CI'lpOBKTHDOBaTI:: Moaenu Cnpoexmpoaa‘rb nakert
cbopmooﬁpaayrou.th npecc- cpothl

_tl.*_

CchopmupoBaTth
komnnekt KO,

Pucynok 3 — IIpumep auarpammel A€SITEIbHOCTH

Kaxnoe cocrosHue Ha auarpamme JIeSTeIbHOCTH COOTBETCTBYET BBIITOJIHEHHUIO
HEKOTOPOH 3JIEMEHTAPHOM ONEpalky, a Mepexo/1 B CIEeAYIOlee COCTOsIHUE cpadaThl-
BaeT TOJBKO IMPH 3aBEPILICHUU 3TON ONEpAIK B MPEIbIIYIIEM cOCTOssHUM. [ paduye-
CKU JMarpamma JAesiTeNIbHOCTU MpeAcTaBisieTcss B popme rpada nesTenbHOCTH, Bep-
IIMHAMHU KOTOPOTO SIBJISIIOTCS COCTOSTHUS IEUCTBHUSI, a IyraMu — IEePeXobl OT OJHOIO
COCTOSIHUSI IEUCTBHUSI K APYTOMY.

2.4 Pazpabomka npozpammuozo Mmooy

B pazgene paccMaTpuBarOTCs BOIPOCH! MOCTPOEHUS MCXOJHOIO TEKCTa IPO-
IPaMMHOIO TMaKeTa JUIsl PEIIeHMs MMOCTAaBJIECHHOM 3a/Jauu B 3aJaHHOW cucTeMe Mpo-
IrpaMMHPOBAHUS.

JItst KaXa0ro noApasaesia OnMChIBAIOTCS UCIIOJIb3yEMble KOHCTAHThI, CKaJISIPHbBIE
Y COCTAaBHBIE THUIIbI IaHHBIX, & TaKKe NepemMeHHsble. [Ipu 3aganum cocraBa rnepemMeH-
HBIX CJIEyeT BCErJa COXPaHATh BBOAMMBIE 3HAYEHUs MCXOAHBIX JAHHBIX J0 KOHIIA
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IPOrpaMMBbl, HE JAOIYCKasi UX NEPEOIPEACIICHNS B PE3yJIbTaTe pacUETOB.

2.4.1 Bvibop u 060cHo8anue mexHon02utl, UCHOIb3YEMbIX 8 NPOSPAMMHOM MOOYIIe.

B nanHoM pasznene cienyeT OTMETHTb, UCHOJIb3YIOTCS JIU MPU CYIIECTBYIOIIEH
TEXHOJIOTUU PEIICHUs 3aJaud Kakue-NM00 TEeXHUYECKHE W MPOrpaMMHBIE CpEACTBa
U kakuM obOpaszom [20]. Ecnu Ha pbIHKE NPOrpaMMHBIX CPEICTB UMEKOTCS T'OTOBBIE
IPOrpaMMHbBIE PEIICHMS, JKEJIATEeIbHO JaTh KPaTKOE ONKUCAHWE W MPOBECTH AHAIU3
X0Ts Obl OJIHOM TakoW pa3pabOTKH, yKa3aB OCHOBHBIE XapAKTEPUCTUKHU U (YHKIIHO-
HaJbHbIE BO3MOXXHOCTU. HeoOxoammo mpou3BecTd 0030p phIHKA MPOTrPaMMHBIX
CpencTB. AJpeca UCMOIb3yEMBbIX MPU 0030pe pecypcoB ciaeayeT A00aBUTh B CIIUCOK
JUTEPATYPbl KYpCOBOM pabOTHI.

3areM HY>KHO OTMETHUTb, YEM, C TOUKHU 3PEHHUS peaju3aliuu, J0JKHA U OyIeT OT-
JMYAThCS MPOEKTUPYEeMasi CUCTEMa WIIM TEXHOJIOTUS pelIeHUs 3aJjau OT CYILECTBY-
IOLEH, a TaKKe MoyeMy HeoOXOAMMO pa3padaThiBaThb HOBOE PELIEHUE W YEM OHO
JOJIKHO OTJIMYATHCA OT YK€ UMEIOLUXCS.

Jlanee cienyeT gaTh KpaTKyl0 XapaKTEPUCTUKY COBPEMEHHBIX TEXHOJOTUNA Mpo-
eKTUPOBaHUSI MH(POPMALMOHHBIX (TEJIEKOMMYHHUKAIIMOHHBIX) CHUCTEM, MEPEUUCIIHUTD
UX TOJIOKUTEIbHBIE YEPTHI U HEJIOCTATKU, OCHOBHbIE (PaKTOPBI BEIOOpPA, 0OOCHOBATH
BBIOOpD NPUMEHSIEMON TEXHOJOTMM M YKa3aTh OCOOEHHOCTH €€ HCIOJIb30BAHUS
B JJAHHOM IIPOEKTE.

O060cHOBaHME POEKTHBIX pelIeHui 1o nporpaMmmHomy obecneuenuto (I10) 3a-
Ja4yu 3aKitodaercs B GOpMUPOBaHUU TPeOOBaHUM K CUCTEMHOMY (0OIIEMY) U CIEIU-
aIbHOMY TMPUKIATHOMY NPOrpPaMMHOMY OOECIEUEHHUIO U B BbIOOpPE HA OCHOBE ATHX
TpeOOBaHUIA €r0 COOTBETCTBYIOLIUX KOMIIOHEHTOB.

[Ipn 060CHOBaHMM MPOEKTHOTO pelleHus o crnenraibHoMy 110 HeoOxoaumMo
chopmynupoBaTrh TpeOOBaHUSA, KOTOPHIM JOJKHBI YJIOBJIETBOPATH MPOEKTHUPYEMBIE
IPOrpaMMHBIE CPEACTBA.

®opmynupoBka TpeboBaHui K crienuanbHoMy 110 noimkHa MPOUCXOAUTH € yUe-
TOM BBIJIBUHYTBIX MPEMJIOKEHUN MO TeXxHU4Yeckomy obecneuenuto. I[Ipu obocHoBa-
HUU MPOEKTHBIX peuieHuid no crnenuanbHoMy [1O 3amaum HEOOXOAUMO ONPENEIUTD
BO3MOXHOCTH BBIOPAHHBIX MPOrPAMMHBIX CPEICTB, MPU HCIOJIB30BAHUU KOTOPBIX
JOCTUTAIOTCSl TPEOOBAHMS K MPUKIATHOMY MPOrpaMMHOMY OOECHEYEHHIO (Harpu-
Mep, BO3MOKHOCTh OpTraHu3alny ya00Horo uHTepdeiica amMuHucTpaTopa uHhopma-
UOHHOW CHCTEMBI, ONITUMHU3AIMH 3alIPOCOB K IAHHBIM U T. I1.).

Bb160p cpencTB MpoeKTUPOBaHUS M pa3pabOTKU MO BO3MOXKHOCTH HEOOXOIUMO
apryMEHTUPOBATh, CPAaBHUBAs UX C aHAJOTMYHBIMHU CPEICTBAMHU, CYIIECTBYIOIIUMHU
Ha pbIHKE.

2.4.2 Hacmpouxa oKkpysicenus: u peno3umopust Kood.

Cucrema yripaBieHusi BepcusaMu (perno3utopuii koga) (ot auri. Version Control
System, VCS unu Revision Control System) — mporpammHoe oOecrieueHue s
oOnerueHus paboThl ¢ u3MeHsAomIeics uHbopmanuet. OHAa MO3BOJSET XPAHUTH
HECKOJIbKO BEPCUI OJHOTO M TOTO € JTOKYMEHTAa, TP HeOOXOAMMOCTH BO3BpaIlaTh-
csl K OoJjiee paHHUM BEPCHSIM, ONPEIENISITh, KTO U KOTJa CAeNall TO UM MHOE U3MEHe-
Hue, U MHOTOE Apyroe [20].
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Curyanus, B KOTOPOH JJIEKTPOHHBIA JOKYMEHT 3a BPEMs CBOErO CyLIECTBOBA-
HUS TIPETepreBacT psAJl M3MEHEHUH, JOCTaTOYyHO TunuyHa. [Ipu 3TOM yacTo ObIBaer
BaXXHO HMMETh HE TOJBKO IOCIEIHIO BEPCHIO, HO W HECKOJBKO MPEAbIAYILIUX.
B mpocreiimeM citydae MOXXHO MPOCTO XPAaHUTh HECKOJIBKO BAPUAHTOB JIOKYMEHTA,
HyMepys X COOTBETCTBYIOIUM 00pa3zoM. Takoit cmoco0 HeahekTuBeH (MpUxouT-
Csl XpaHUTh HECKOJBbKO MPAKTUYECKU MACHTHYHBIX KOIHWW), TPEOYeT MOBBILIEHHOIO
BHUMAHHMS M JUCLMIUIMHBI U 4acTO BEJIET K OLIMOKaM, MO3TOMY ObLIM pa3paboTaHbI
CpelcTBa JUIsl aBTOMAaTU3alUK 3TOU padOTHI.

PaccmaTtpuBaembie cucTeMbl Hanbosee MUPOKO UCTIOIB3YIOTCS MPH pa3paboTke
[1O st XpaHeHUs: UCXOHBIX KOJOB pa3padaTbIBa€MOM IPOrPAMMBI.

B nanHoM pa3nene HeoOXoAMMO O0OOCHOBAaTh MCIOJIB30BAHUE OJHOIO U3 BapH-
AHTOB PENO3UTOPUS KOJa, T0Ka3aTh €ro HACTPOIMKY sl IPUMEHEHUS B KypCOBOH pa-
0oTe, MPUBECTHU CBEJICHUS O HACTPOUKE OKpYKeHUs il pazpadotku [10.

2.4.3 Onucanue ucnonv3yemuvlx cmpykmyp OaHHbIX.

[ToHsiTHE CTPYKTYpHI JAHHBIX SIBISIETCS HACTOJIBKO (DyHIAAMEHTAIbHBIM, YTO IS
HETO CJIOXHO MOA0OpaTh MPOCTOE ONpeAesieHue. 3aJada yIpoLaeTcs, eciu Monpo-
6oBaTh cHOPMYJIUPOBATH ATO MOHATUE MO OTHOIICHHUIO K TUIIaM JaHHBIX U E€PEMEH-
HeIM. Kak M3BecTHO, mporpaMma IpescTaBiseT co00i €AMHCTBO aJIrOPUTMOB (IIPO-
uenyp, pyHkuuit) u oOpadbaTbiBaeMbIX UM JaHHBIX. J[aHHbBIE, B CBOIO OYEpE/b, OIpe-
JENSItoTCss 0a30BBIMU M IIPOU3BOIHBIMU TUIIAMHU TaHHBIX — «UJ€ATbHBIMI MPEICTaB-
JEHUSIMU MEPEMEHHBIX (PUKCUPOBAHHOW Pa3MEPHOCTH C HaOOpaMH U3BECTHBIX OIe-
pauuii HaJ HUMHU U UX KOMIIOHEHTaMHU.

B nporpamme Bceraa MOKHO BBIJAECNHUTH TPYMIbl KOCBEHHO CBA3aHHBIX (IO UC-
N0JIb30BAHUIO JAHHBIX B OJAHMX U TE€X K€ Mpolenypax u (QyHKUUSX) U HEHmocpen-
CTBEHHO CBSI3aHHBIX (IO HAJUYMIO B3aMMOCBS3€l 4Yepe3 yKas3aTelld) MepEeMEHHbIX.
Nx B nepBOM NpUONMIKEHUH U MOXKHO CUUTATh CTPYKTypamu JAaHHbIX [17].

Pa3znuuatorcs npocteie (0a30Bble, TPUMUTUBHBIE) CTPYKTYpPbl (THIIbI) JTaHHBIX
U UHTErpUpPOBaHHBIE (CTPYKTYpUPOBAHHBIE, KOMIO3UTHBIE, CIOXKHBIE). [IpocThiMu
HA3bIBAIOTCS TAKUE CTPYKTYPbl JAHHBIX, KOTOPbIE HE MOTYT OBITh PacUJIEHEHbI Ha CO-
CTaBHbIE 4YacTH, Oouibllie, 4yeM OWTbl. VHTErpupOBaHHBIMU HA3bIBAIOTCS TaKHE
CTPYKTYpPhl JAHHBIX, COCTABHBIMH YaCTIMH KOTOPBIX SIBJISIOTCS JIPYTrUe€ CTPYKTYpPHI
JAHHBIX — MPOCTBIE WJIM, B CBOI OYepelb, UHTErpUpOBaHHbIE. MHTErpupoBaHHBIE
CTPYKTYpPBI JaHHBIX KOHCTPYUPYIOTCS MPOrPaMMHMCTOM C HCIIOIb30BAHUEM CPENICTB
MHTErpalyy JaHHBIX, IPEIOCTaBISEMBbIX S3bIKAMU TPOrPAMMHUPOBAHHUS.

B 3aBHCHMMOCTH OT OTCYTCTBUSI WJM HaJU4Ms SBHO 3aJaHHBIX CBSI3€H MEXIY
AJIeMEHTaMHU JaHHBIX CIEAYET pazfinyaTh HECBS3HbIE (BEKTOPHI, MAaCCHUBBI, CTPOKH,
CTEKH, OUY€pEN) U CBSI3HBIE (CBSI3HBIE CIIUCKU) CTPYKTYPBHI.

B paccmarpuBaeMom paszene He0OXOAMMO OIMUCATh BCE UCIONb3YEMBIE B MPO-
IPaMMHOM MOJYJI€ CTPYKTYPhI JaHHBIX.

2.5 Tecmuposanue npozpammmnozo mooynis

Pa3zpaboTka uepe3 tectupoBanue (ot anri. test-driven development, TDD) —
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TEXHHUKa pa3pabOTKH MPOrPaMMHOTO OOECHEeYeHHUs, KOTOpask OCHOBBIBACTCS Ha IIO-
BTOPEHUHU OYEHb KOPOTKHUX IIMKJIOB pa3pabOTKH: CHaYaja MUIIETCA TECT, MOKPBIBAO-
IIMH JKEJNaeMOe U3MEHEHUE, 3aTEM KOJ, KOTOPBIM ITO3BOJIUT IPOMTHU TECT, U MOJ KO-
HEIl MPOBOIUTCS pe(aKTOPHHT HOBOTO KOAA K COOTBETCTBYIOUINM CTaHIapTaM.

Tect — 3T0 mpoIeAypa, KOTOpas MO3BOJISET TUO0 MOATBEPAUTH, TUOO OMPOBEPT-
HYTh paboTocnocoOHOCTh Koja. Korjga mporpaMMucT mpoBepsieT paboToCcnocoOHOCTh
pa3paboTaHHOTO UM KOJia, OH BBHIMOJHSIET TECTUPOBAHHUE BPY4HYyI0. B manHOM KOH-
TEKCTE TECT COCTOMT W3 JBYX ATANOB: CTUMYJIUPOBAHUE KOJIa M MPOBEpPKA pe3yJIbTa-
TOB €ro paboThl. ABTOMaTHYECKHI TECT BBIMIOJIHACTCS WHAYE: BMECTO MPOTpaMMHCTa
CTUMYJIMPOBAHUEM KOJa U MPOBEPKOU PE3yIbTaTOB 3aHHUMAETCS KOMIIBIOTEP, KOTO-
phIil 0TOOpakaeT Ha PKpaHe pe3yJbTaT MPOBEACHUS TECTa: KOJ paboTOCIOCOOEH Uin
HepabotocnocobeH. [lpu 3TOM TNPOUCXOIUT «HUHBEPCUS OTBETCTBEHHOCTH:
OT JIOTHKHM TECTOB M MX KauecTBa 3aBUCHUT, OyJET JI1 KOJ COOTBETCTBOBATH TEXHUYE-
CKOMY 3aJaHui0. MeToanka pa3paboTKu Yepe3 TECTUPOBAHHE 3aKII0YACTCS TJIaBHBIM
00pa3oM MMEHHO B OpraHU3aIllM¥ aBTOMAaTHYECKHX TECTOB U BBIPAOOTKE OINpeaeseH-
HBIX HABBIKOB TECTUPOBAHMUS.

B manHoM paznene HeoOX0IUMO ONMUCATh TECTHI ISl MPOTPAMMHON CUCTEMBI, HX
pa3pabOTKy U JTUCTUHTHY MOTYUYUBIINXCS TECTOB [21].

3 BapuaHTbl 3a1aHMH K KypcOBoii padore
3ajaHue K KypcoBoi paboTe COACPKUT TEMY PabOThl U UCXOJHBIE JaHHbBIE (THIT

OMEpPaLMOHHON CUCTEMBI, Cpely IPOrpaMMHUPOBAHUS U T. I1.).
[Tpumepsl TeEM KypCcOBBIX pabOT MPUBEIEHBI B TabaULE 2.

Ta6mumia 2 — TeMbl BapHaHTOB KypCOBBIX padoT

Bapuant Tema paGoThI

1 CepBuc 117151 O6ICTPOTr0 OPOHUPOBAHMS CTOJTUKOB OHJIAIH

2 [IporpamMmHas cucteMa «IDKCHEpPTHAsT CUCTEMA ISl ONTHUMU3AIMA HACTPOEK CBETO-
¢dopoB «3eneHast BOJIHA»

3 [TporpammMHasi cuctema Juisl aHaJIM3a ¥ paclo3HaBaHMsI IPUMUTUBHBIX 00pa3oB

4 Cucrema HHPOPMUPOBAHHUST PAOOTHHKOB 00Pa30BATEIIHFHOTO YUPESIKICHUS

5 [IporpamMHas cuctema «Y4eT M TIIaHUPOBAHUE TTOBEPOK MPHOOPOB M3MEPEHUSD

6 [IporpamMHas cuctema Jijisi TECTUPOBAaHMs 3HaHMM Ha KaTeropuio B

7 KommekcHas tema «IIporpaMMHas cuctema [yl TECTUPOBAHMS 3HAHMM Ha KaTero-
puro By

8 Cucrema KOHTPOJIS BIQXKHOCTH M30JUPYIOIIETO CIOS TEII0TPACCHI

9 DKcnepTHasi CUCTeMa JJIsl My3bIKJIbHBIX PEKOMEH AN

10 [IporpammHas cucrema «I UTapHbIN TIOHEP CO BCTPOESHHBIM METPOHOMOMY

11 [TporpammHuas cucrema Timemanagement

12 IIporpamMHas cuctema cOopa CTaTUCTHUECKUX JIAHHBIX 110 CECCHUSAM

13 Monyns «Onpoc. ITanens anMunauctparopa» aiust CMS

14 MobunpHbIH arperatop HoBocTei Belarus Online

Tema paboThl JOMKHA OBITH COTIIACOBAHA C PYKOBOJUTENIEM KypPCOBOM pabOTHI.
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4 OdopMmiieHne KypcoBoi padoThl
4.1 Opopmnenue cpaguueckoii wuacmu

['paduyeckast 4acTh MPOEKTA BBIMOJIHSACTCS Ha OAHOM Jinucte dopmata Al; cxe-
MBI aJITOPUTMOB U JUarpamMmsbl — B cooTBeTcTBUM ¢ TpeboBanusimu 'OCT 19.701-90
B Cpe/ie MH)KEHEPHOU rpadUKu, COrIaCOBAHHOU ¢ pykoBoauTteneM padboTsl. [Ipu sTom
HauMEHbIIAsl BEJIMYMHA BBICOTHI OTJEIBHOIO CUMBOJIA IMpoliecca U AaHHbIX — 10 MM,
a HaMMEHbIIIee PACCTOSIHUE MEXay Onokamu — 5 MM. Bce 0510k CTpyKTypHON CXEMBI
pPEKOMEHyeTCsl U300pakaTh OJUHAKOBOM BBICOTHI M IIUPUHBL. [Ipu 3TOM nomyckaer-
Csl TAaKO€ OTKJIOHEHHE B COOTHOLIEHUSX T'€OMETPUUECKON (opMbl H300paxeHul, Ko-
TOpOE HE 3aTPYHSET ONpeIeJICHUE Ha3HAUEHUs OJIOKA MPU YTEHUH CXEMBI.

B rpade ocHOBHOM HaAmucH JMCTa 3anucbiBaeTcs wudp.

s nmuctoB rpaduyeckoit yactu ykasbieaercs KP 09.03.01.61B7.10020211 /11,
rae KP — kypcosas pa6ota, 09.03.01 — mudp cnenmansuoctu, b1B7 — HOMep myHKTa
TUCHUIUIMHBL 0 yyeOHoMy mmany, 10020211 — Homep 3aueTku, J| — TOKyMEHTBI
npoune, 1 — HoMep HokyMmeHTa. JlJisi MOSICHUTENbHOM 3amucku ykasbiBaercst KP
09.03.01.51B7.10020211 II3, rae I3 — aTo mosicHUTENbHAS 3aMIHUCKa.

4.2 Oghopmnenue noacnumenbHoll 3anUCKU

[TosicauTenbHas 3amucka odopmisgercs Ha nuctax (opmata A4, ee TEKCT —
¢ coomoaenueM Bcex TpedboBanuit ['OCT 2.105-95 Obwue mpebosarnus k mexcmo-
8bIM OOKYMEHMAM, a COJIEPKaHue TOJKHO COOTBETCTBOBATH TPEOOBAHMM pa3zena 2.
Ucnonb3yemple B  MNOSICHUTEIBHOM 3alMCKE TEPMHHBI JOJDKHBI  OTBEYATh
I'OCT UCO/M3K 2382-99, a Bce cTpaHUIlbl UMETh OCHOBHYIO HAJMHUCh COTJIACHO
I'OCT 2.104-2006. Kaxnpiii pazaen, KpoMe COJIEpKaHUs, BBEICHHUS, 3aKIIOUCHUS
U CIHKCKA JIMTEPATYPHBIX HMCTOYHHUKOB, JOJKEH HAYMHATHCS C HOBOM CTPaHUIIbI
C OCHOBHOUM Haamuchbio ¢opmbl 2 BbicoTOM 40 MMm. OcTanbHbIE CTPAHUIIBI JOJKHBI
UMETh OCHOBHYIO HaJaMuCh GopMbl 2a BbicoTol 15 Mm. O003HaUYeHHE TOKYMEHTA, 3a-
MMCHIBAEMOE B OCHOBHOM HAJMMUCH JIUCTOB MOSICHUTEIBHOM 3alUCKH, JOJI)KHO COBIA-
7aTh ¢ 0003HAYEHHEM OCHOBHOM HAJITUCH JHCTa TpadUuecKor YaCcTH U 3aKaHYNBATh-
cs mudpom I13 Bmecto /1.

4.2.1 Oghopmnenue cooepacanusi.

ConeprkaHne TMOSACHUTEIBHON 3aIIMCKU pa3MeIaeTcs cpa3y mocie OnaHka 3aa-
HUS K KypcoBoi pabore. OHO BKJIIOYAaeT HAMMEHOBAaHHUS Pa3fesioB M MOAPAa3/IeoB
MOSICHUTEJIPHON 3aITUCKH C yKa3aHWeM Homepa cTpaHuilbl. CKBO3HAss HyMepaius ee
JIMCTOB BBITIOJHSETCS B PABOM BEPXHEM YTy, HAUMHAS C TUTYJIBHOTO JIUCTA (Ha HEM
HOMep He ctaButcs). Copepkanne (HaKTUIECKH PACIIOIOKEHO Ha TPEThEH CTPAaHMIIC
MOSICHUTENIbHON 3anucku. [Ipu odhopmiieHHH SIEKTPOHHOTO BapHaHTa TEKCTa PEKO-
MEHyeTCS UCITOJIb30BATh HEPAPXUUCCKYIO CTPYKTYPY 3ar0J0BKOB, aBTOMATHUECKYIO
paccTaHOBKY HOMEPOB CTPAHUI] M BCTABKY aBTOCOICPKAHUSI.
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4.2.2 Ogopmnenue sedenus.

Benenue ogopmisiercs Ha oTnenbHON cTpanuie. OO0beM ero He JOKEH Mpe-
BBIIIATh YETHIPE MPOLEHTA OT OOLIEro COCTaBa MOSICHUTENBbHOW 3amucku. B Tekcre
BBEJICHUS OIKCHIBAETCS, K KAKOW 00JIaCTH OTHOCHUTCS JIaHHAas paboTa U Ha OCHOBE Ka-
KOT'0 IOKYMEHTa IIPOU3BOJNUTCS €€ BBITIOJHEHUE.

4.2.3 Oghopmnenue u cocmas 3aKm0yeHUs.

B 3akmioueHun HE0OXOIUMO NTPOAHAIU3UPOBATH IMOJNYUYEHHBIE pPE3YJIbTaThl
B XOJI¢ BBIMIOJIHEHUSI KypcoBOW paboThl. OTpaxkaroTcsi CHIIbHBIE U Cla0ble CTOPOHBI
pa3paboTaHHON MPOTPaMMBbI, JA€TCA PEKOMEHAANNS 10 €€ JajbHeileMy mpuMeHe-
HUIO U pa3Buthio. O0BEM 3aKIOYeHUs HE JOJDKEH mpeBbimath 4 % oT obmiero co-
CTaBa MOSICHUTEILHOM 3aHCKH.

4.2.4 OgpopmneHnue cnucka Ucnoib3yemvix UCOYHUKOS.

OdopmiieHre cMCKa JTUTEPATYPHBIX UCTOYHUKOB, MCTIOIB3YEMBIX TPH BBIMTOJ-
HEHUU KYpPCOBOW pabOThl, MTPOU3BOAMTCS B COOTBETCTBHU C TpeOOBAHUSIMHU
I'OCT 7.1-2003 bhubruocpaghuuecxkoe onucanue ooxkymenma. Obdbwue mpeb08aHus.
U NpasuIa cocmaenieHus.

CHucoK UCIOJIb3yeMBIX HCTOYHUKOB COCTABIISIETCSI COTJIACHO TMOPSAKY YIOMH-
HAHUS B TEKCTE MOSICHUTEIHHOM 3alMCKU, @ CCHIIKA HA CITUCOK MCTOYHUKOB BBIMOJ-
HSIOTCSI B TIPSIMOYTOJBHBIX CKOOKax. [Ipumepom odopmiteHus SBISIOTCS JaHHBIC Me-
TOMYECKHE PEKOMEHIAINH.

[TosicHuTeTpbHAS 3amKCKa TOJDKHA IIOMEIIATHCS B )KECTKYIO OOJIOKKY JJIST KypCo-
BOI pabOTHI C TUTYJIBHBIM JIICTOM 0€3 OCHOBHOW HAJITUCH.

5 OueHuBaHue KypcoBOH padoThl

Jl5ia pacyeTa UTOTOBOW OLEHKU MO KYypCOBOW paboTe HCIONb3YEeTCS METOIUKA
Ha ocHoBaHHH [lon0XKeHNs 0 MPOBEACHUN PEUTHUHT-KOHTPOJIEH (Tabnuna 3).

Ta6mmma 3 — Hauncnenne 6aioB py BRIMOJTHEHUH KYPCOBOM pabOThI

Otan MuHUMAaIBHEIN OalII MaxkcuManbHBIA Oat
Boinonnenue pasnena 1 7 12
Brinosinenue pasnena 2 7 12
Brinonnenue pazzgena 3 8 12
Beinosnnenue paznena 4 7 12
Brinonnenue pasgena 5 7 12
Hroro 36 60

MaxkcuManbHble Oalllbl HAYHCISIOTCS 32 BBIMOJHEHHBIE JIOCPOYHO (TOYHO
B CPOK) pa3liejibl; MUHUMAaJIbHbIE — TPU HECBOCBPEMEHHOM BBITIOJIHEHUH Pa3JIeioB
(6e3 cobmroieHUsT KaJICHIaPHBIX CPOKOB BHITIOTHEHHUS KYPCOBOM pabOThI).

[To pesympTaTam 3amUTBI KypcOBOW pabOThl HAYUCISIETCS JOIMOJHUTEIBHO
ot 15 mo 40 6amroB. MToroBasi olieHKa BBIYUCISETCS KaK CyMMa OaJlJIOB M TIEPEBO-
JUTCS B MATHOALTHHYIO IIKATy 0 Tadnuie 4.
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Ta6mnuia 4 — toropas omieHKa 1o KypcoBoi padbore

OneHka OT1nuyHO Xopouio Y 10BIETBOPUTENBHO HeyoBneTBOpUTENIBHO
bann 85-100 68-84 51-67 0-50
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