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AHHOTaNuA

Kax noxazvieaem onwvim, cos0anue u ycnewiHoe 6HeOpeHue 6 NpaAKMuxy pabomol
MEeManypeuteckux npeonpusimull CO8PeMeHHbIX a8MOMAMU3UPOBAHHBIX UHDOPMAYUOHHBIX CUCTEM
80 MHO20M 3ABUCUM OM UCHONb3YEMbIX MEXHON02Ul pa3pabomKu u eblOOpa UHCMPYMEHMANbHbIX
cpeocme ux npoSpammHoll pearusayuu. B cmamve Kpamko ompasdgiceHvl 0OCHOBHblE MEXHONOUU U
npocpamMMuble Cpeocmed, UChONb3yemble Ol CO30AHUs NPOSPAMMHO20 obecnedenus Mooyiell
A6MOMAMUSUPOBAHHBIX UHDOPMAYUOHHBIX CUCEM — UHDOPMAYUOHHO-MOOETUPVIOWUX CUCTEM
peuleHus MexHON02UYeCKUX 3a0ad 8 MEMAaIyP2Ul.

Ocnosotl  siensiemcest npumenenue 2ubkou memoodonozuu paspabomku — Agile-uemooa,
OPUEHMUPOBAHHO20 HA UCNONIb308AHUE UMEPAMUBHOL pa3PAOOMKU, OUHAMUYECKO20 PopMUPOBaHUs
mpebosanull novzoeameneu U obdecneyeHue ux pealusayuu 8 pe3yrbmame NOCHMOAHHO20
83AUMOOECMBUsL 6HYMPU PAOOYUX SPYNN, COCMOAWUX U3 CHEYUATUCTO8 DPA3IUYHO20 NpOduisl
(nonvbzoeamenetl, AHATUMUKOS, NPOSPAMMUCOS, MeCMUposuwuxkos). Hmepayus npeocmasnsiem
€000l OMHOCUMENbHO KOPOMKULL NPOMENCYMOK 8peMenl paspabomku (KaKk npasuio, mecsay), nocie
OKOHYAHUSL KOMOPO2O NONb308AMENIM NPeOOCMABIAeMCs 0YepeoHdas NPOmecmupoO8aHHas 8epCus
NPOCPAMMHO20 NPOOYKMA C HOBbLIMU (DYHKYUOHANbHLIMU ceolicmeamu. [lepeyeHb peanu308aHHbIX
@DYHKYUOHATLHBIX CBOUCME ABNAEMCs Ol NOb308ameielti NPUOPUMEMHBIM U DOopMUpyemcs u3
0bweeo cnucka mpebosanuil neped HA4aIoM Kaxcoou umepayuu. B meuenue xascoou umepayuu
noCie008amenbHO GbINOIHAIOMCA Cledylouue NPoYeccsvl: NPo8epKa KOPPEeKMHOCMU al0pumma
pacuéma (npu HeoOXOOUMOCMU 688004 HOBLIX PACYEMHLIX NoKazamenell);, @QYHKYUOHATbHOE
MOOeNUpOBaHUe CUCEMbl, COBEPULEHCTNBOBAHIE CMPYKMYPbl NOOCUCMEMDbL, KOHYENMyaibHoe
MoOenuposaHue 0a3vl OAHHBIX, 2eHepayus O0amanrocuyecKol mooenu 6asvl OAHHBIX, 3a2py3Kd
mecmosblX OAHHbIX 6 0a3y OAHHBIX, CO30aHUe QYHKYUOHAILHLIX OUACPAMM MAMEMaAmuyecKoll
oubIUOmMeEKU,; peanuzayus KIueHmcKo20 npoepammHo20 obecneyeHus noOCUCmemMbl, mecmuposanue
U OMIAOKA NPOSPAMMHO20 ODecnedenus; paspabomra cnpasouyHol OoKymenmayuu. YnpaeneHue
OMOeNbHbIMU 3a0a4amil U KOHMPOJIb 3d X0O0OM UX Pearu3ayuu 8 X00e KOJIIeKMUBHOU NPOCPAMMHOLL
paszpabomku ocyuecmensiemcs Ha ocHose cucmemsl Atlassian JIRA. Xpanenue kooa u ynpasnenue
gepcuUsMU  NPOCPAMMHO20 0becnedenus: ocywecmensemcs 6 YOAleHHOM peno3sumopuu Ha
niameopme Atlassian Bitbucket.

Ilpumenenue co8pemeHHbIX MEXHONO2UL, CPeOCm8 U MemoOUK paspabomiu npoSpamMmHbIX
NPOOYKMO8 No360Ji5iem C030A6amsv (DYHKYUOHANbHbIE, HAOEHCHble, YOOOHble 6 NPUMEHEHUU,
conposodicoaemvle, UHmMezpupyemble CUCEMbl ¢ MUHUMATbHLIMU PUCKAMU U 8 NpUeMaeMble CPOKU.

Knrouesvie cnosa: asmomamusuposanunas un@opmayuorHHas cucmemd, UH@oOpMayuoHHo-
MOOenUpYIowas cucmema, npocpammHoe obecneyenue, 2mansvl paspadomru, UOKas mMemoooio2us
paspabomku, CASE cpedcmea, cucmema ynpasienus eepcusimu, 0OMeHHOe NPOU3800CME0.

Abstract
Experience shows that the creation and successful introduction of modern automated
information systems into the practice of metallurgical enterprises largely depends on the technologies
used to develop and select the tools for their software implementation. The article briefly reflects the
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main technologies and software used to create software for information modeling systems for solving
technological problems in metallurgy.

The basis is the use of a flexible development methodology - the Agile method, which focuses
on the use of iterative development, the dynamic formation of user requirements, and the provision
of their implementation as a result of constant interaction within working groups consisting of
specialists of various profiles (users, analysts, programmers, testers). Iteration is a relatively short
development time (usually a month), after which the users are provided with the next tested version
of the software product with new functional properties. The list of realized functional properties is
priority for users and is formed from the general list of requirements before the beginning of each
iteration. During each iteration, the following processes are sequentially performed: checking the
correctness of the calculation algorithm (if necessary, entering new calculated indicators);
Functional modeling of the system; Improvement of the structure of the subsystem; Conceptual
modeling of the database, generation of the database model; Loading test data into the database;
Creation of functional diagrams of mathematical library; Implementation of client software
subsystems; Testing and debugging of software; Development of reference documentation. Managing
individual tasks and monitoring the progress of their implementation in the course of collective
software development is carried out on the basis of the Atlassian JIRA system. Code storage and
versioning of software are performed in a remote repository on the Atlasian Bitbucket platform.

The use of modern technologies, tools and techniques for developing software products makes
it possible to create functional, reliable, easy-to-use, followed, integrated systems with minimal risks
and at acceptable times.

Key words: Automated information system, information-modeling system, software,
development stages, flexible development methodology, CASE tools, version control system, blast-
furnace production.

Co3naHue W yCIENIHOE BHEIPEHHE B MPAKTHUKY PaOOThl METAJUTYPTHYECKUX HPEATPHSITHN
COBPEMEHHBIX BO MHOI'OM 3aBUCHUT OT HCIOJIb3YEMbIX TEXHOJOIMH pa3paboTKu U BbIOOpa
MHCTPYMEHTAJIBHBIX CPEACTB MX IMPOrpaMMHOM peanu3auuu. B OoJbLIIMHCTBE CilydaeB IpoLecc
SKCIUIyaTallMM ~ Ha  METaJUIyprMYecKMX  HNPEANpUSATHSIX  NPOrpaMMHOro  obecredeHus
aBTOMATHU3HPOBAHHBIX UH(POPMAIIMOHHBIX CHUCTEM, B YACTHOCTH, HH(OPMALIMOHHO-MOIETUPYIOIINX
CHCTEM, CBSI3aH C HEOOXOJUMOCTbIO €€ HEMpPEephIBHOIO pa3BUTHS U  COBEPIIEHCTBOBAHUS
3aJI0)KEHHBIX B Hee (yHKUMH (700aBl€HHE HOBBIX PACUETHBIX MOKa3aTelel, BO3MOXKHOCTh HUX
COIIOCTABJICHUS B Pa3JIMYHbIE NEPHUOABI, YTOUYHEHHE MAaTEMaTHYECKMX MOJENEH M HAcCTpOilKa MX
[apaMeTpoB Ha ycI0BUs pabOThI TOIUIMBHO-CHIPHEBOM 0a3bl KoMOMHaTa U 11p.). [loaTomy pa3paboTky
CHCTEeMbl HEOOXOAMMO MPOM3BOJUTH Ha OCHOBE NPHHLMIIOB MOJYJIBHOIO MPOrpaMMHUPOBAHUS C
y4ETOM COBPEMEHHBIX TEXHOJIOTHIA ¥ CPEJICTB MporpaMMHoON peanu3anuu [ 1-16].

B 0CHOBYy TEXHONOrMYEeCKOro ImOJX0Aa K pa3paboTKe MpOrpaMMHOIO oOecredeHus
aBTOMATHU3HPOBAaHHBIX HH(GOPMAIMOHHBIX CHCTEM B METAJUIYPTUU TOJIOXKEHa, Kak MpaBuio,
uTepalyoHHas (crnupaibHas) Mojaenb [3—6], opueHTHpOBaHHas Ha Ooiblive U (YHKIIMOHAJIBHO
CIIO)KHBIE TIPOEKTHl C BO3MOXKHOCTBIO TMOSIBIEHUS HOBBIX U KOPPEKTHPOBKH CYLIECTBYIOIIUX
TpeGoBaHui mosb3oBaTeneil. ABropamu ucnonbdyercs Agile-meton [5, 6], rubkas MeTomONOTUs
pa3paboTKU HPOrpaMMHOr0 OOecreyeHusi, OPUEHTUPOBAHHAsI Ha HCIOJb30BaHUE HTEPATUBHOM
pa3paboTky, AMHaAmMHueckoe (opMHUpOBaHME TpeOOBaHUM M oOecrneyeHHe HUX peajau3aluud B
pe3yNbTaTe MOCTOSTHHOTO B3aUMOJICHCTBUSL BHYTPU pabOuMX TpYII, COCTOSIIIMX U3 CIELUATHCTOB
pasnuyHoro npoduis (mojap3oBaresei, aHaTUTUKOB, IPOTrPAMMKICTOB, TECTUPOBIIUKOB) (puc. 1).

Utepauus npencranisier co00il OTHOCUTENBHO KOPOTKHUI MPOMEKYTOK BPEMEHH Pa3pabOTKU
(KaKk TpaBHIIO, MECHIL), MOCJIE OKOHYaHHUS KOTOPOrO IMOJIb30BATENSIM MPENOCTABISAETCS OdepeaHas
MIPOTECTUPOBAHHAS BEPCHSI MPOrPaMMHOI0 MPOAYKTa ¢ HOBBIMU (DYHKIIMOHAIBHBIMU CBOMCTBaMH.
[lepeueHp peann30BaHHbIX (DYHKIIMOHATBHBIX CBOUCTB SBJISIETCS JUIs I10JIb30BaTENECH MPUOPUTETHBIM
1 popMupyeTcs u3 o0Iero Cucka TpeOoBaHUH Mepe]] HavaIoM KaXXK0i uteparuu. s yrnpaBieHus
OTACNbHBIMU 3aJlayaMu (IOJ33JjauaMH) B XOJ€ KOJJIGKTUBHOM IPOrpaMMHOI pa3paboTKu
ucnonb3oBaHa cuctema Atlassian JIRA. Tlocie kaxmoll wuTepanuu HPOrpaMMHBIN MPOAYKT
COBEPILIEHCTBYETCS, B HEro M00aBiAIOTCS HOBble (YHKIIMH, U HOBas BEPCHsS JAEMOHCTPHUPYETCS
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nojip30BaressiM. [71aBHast 3amaya — Kak MOXHO OBICTpee IMOKa3aTh II0JIb30BATENSIM CHCTEMBI
paboTOCTIOCOOHBIM TMPOAYKT, TEM CaMbIM aKTUBHU3HPYS TPOIECC YTOUYHEHUS U JOIMOJHEHUS
TpeOOBaHUH.

[Monb3oBatenb

N3meHeHua
B TpeboBaHuAX A

QQOQQ
WY

Komanaa NPOAyKTa

Puc. 1. 'uOkas TexHomorus pa3paboTKU MPOrPaMMHOTO 00ECTIEYeHUSI CHCTEMBbI

B Tedenume Kaxmoil —uTepalMU  BBINONHSETCA  CIEAYyIOMIas MOCIEA0BaTEIbHOCTh
TEXHOJIOTUYECKHUX MPOLECCOB pa3pabOTKu:

1) mpoBepka KOPPEKTHOCTH airoputMa pacyéra (Ipd HEOOXOAMMOCTH BBOJA HOBBIX
pacueTHBIX IoKa3aTenen);

2) GbyHKIHMOHATBHOE MOJCTUpPOBaHue ciucTeMbl [7-9];

3) COBEpIICHCTBOBAHUE CTPYKTYPhI OJACUCTEMBI;

4) KOHIIENTyaJbHOE MOJEIUPOBaHUE Oa3bl JAHHBIX, TCHEPAIMs JaTATOTMYECKON MOeNn
0a3bl manHbIX [9-11];

5) 3arpy3ka TECTOBBIX JaHHBIX B 0a3y JaHHBIX;

6) co3manue GPYHKIMOHAIBHBIX JHArPaMM MaTeMaTHYECKOH OHOIHMOTEKH;

7) peanuzalys KIMSHTCKOTO IPOrpaMMHOI0 odecreueHus moacucremsi [ 12-14];

8) dopmupoBanue rpadpuUecKux U TAOJIMYHBIX HHTEPAKTUBHBIX Web-oTueToB [15, 16];

9) TecTUpOBaHME M OTIAIKA MPOTPAMMHOTO 00ECIICUCHHS;

10) pa3paboTka CrpaBOYHOMN JTOKYMEHTAIIHH.

IIposepka koppexmnocmu aneopumma pacuéma. Cpeactso peanuzanuu — Microsoft Excel. C
ucnonbp3oBanueM Excel mpoBepsieTcs MeToauka pacuera Ha OCHOBE (DaKTMUECKHUX HMCXOJHBIX
JAHHBIX, KOPPEKTUPYETCS YUCICHHBIA aJTOPUTM, CTPOSATCS JUarpaMMbl U TpaUKH, TOTOBATCS
KOJIMYECTBEHHBIE JaHHbIE /ISl TECTOBBIX BAPHAHTOB pPacyETa.

Dynryuonanvruoe mooenuposanue cucmemsi. Cpencrso peamusanun — AllFusion Process
Modeler (BPwin) [7-9]. C momombio 3Toro makera paspabarbiBaercsi (yHKIHOHAIbHAS MOJICIh
MH(POPMAIMOHHO-MOICTUPYIOLIeH cUCTEMBI Ul TpauuecKoro MpeicTaBlIeHUs] B HEH MPOIECCOB
pacuera, oOMeHa uH(popMaluel, TOJArOTOBKA OT4eTOB M Ip. OyHKIMOHATIbHAS MOJIE]Ib TOMOTAET
4ETKO JOKYMEHTHUPOBATh JECHCTBHS, KOTOPhIEe HEOOXOAUMO MPEANPHHITH B CUCTEME, CIIOCOOBI MX
OCYILIECTBIICHUSI M KOHTPOJIsA, TpeOyromuecs Uisi 3TOTO PEecypehbl, a TakKe BU3YAIU3UPOBATh
nojilydaeMble OT 3TUX JAeHcTBHM pe3ynbTaThl. B ocHoBy AllFusion Process Modeler 3amosxeHsl
oOIenpu3HaHAbBIe METOI0JIOTUH MOCIIUPOBaHuUs, Harpumep, metogosiorus IDEF0O pekomennoBana
K ucnonb3oBanuto ['occtangaprom PO u sBisercs dpenepansueiM crangaptom CIHIA. ITpocroTa n
HarisigHocTh Mozeneit Process Modeler ymporaer B3auMonoHUMaHUEe MEXy pa3padOTUHMKaMU U
3aKa34uMKaMu MPOTrPaMMHON CHCTEMBI.
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Apxumexmypa u cmpykmypa noocucmemsi. Cpencto peanusanuu — Microsoft Visio. 9t1o
MOITHBINA Trpaduyeckuii pegakTop, yIOOHOE CpEeICTBO MOCTPOCHHS AMarpaMM U OJOK-CXEM.
bnarogapss coBpeMeHHBIM BCTPOCHHBIM (UTypaM, HMHTEJUIEKTYaJIIbHBIM IIabJOHaM U 0o0pa3iam
JOKYMEHTOB B Visio HMMeeTCS HIMPOKHHA CIEKTP BO3MOXKHOCTEH CO3[JaHHsA apXUTEKTYpHBIX W
CTPYKTYPHBIX CX€M KOMIBIOTEPHBIX IMOJCUCTEM.

Konyenmyanvrnoe modenuposanue 06azvl OaHHbIX, 2eHepayus 0amaiocuieckou mooeiu 6asvl
oannwix. Cpencto peanusanuu — AllFusion ERwin Data Modeler (ERwin) [9]. 910 CASE-cpencTBo
IUIE TPOCKTHPOBAHUS M JIOKyMEHTHpPOBaHUs 0a3 [aHHBIX, KOTOPOE IIO3BOJSET CO3/aBaTh,
JOKYMEHTUPOBATh U COMPOBOXK/IATh 0a3bl JaHHbBIX.

Mogenu JaHHBIX TOMOTAaOT BU3YaJU3UPOBAaTh CTPYKTYPY JaHHBIX, oOecrednBas
3¢ PeKTUBHBINA TIPOILIECC €€ OpraHu3aIluu, yrpaBjieHus W aamMuHucTpupoBanus. AllFusion ERwin
Data Modeler (ERwin) mo3BossieT moay4uTh TOUHYIO M HAIJIATHYI0 MH(OPMAIHMIO, TJe XPaHATCS
JaHHBIE U KaK MOJYyYUTh K HUM JIOCTYI; UCIOJNIB3Ysl BU3YyalbHbIE CPENICTBA, ONKCATh CTPYKTYpY B/I,
a 3aTeM aBTOMATUYECKH CreHepupoBarh (aiibl naHHbBIX 11 moooro tuma CYB]I; TmartenbHO
3aJI0KyMEHTHUPOBATh CTPYKTYpY 0a3bl JaHHBIX.

Yno6Has B ucnonb3oBannu rpadudeckas cpena AllFusion ERwin Data Modeler ympomaer
pa3paboTKy 0a3bl JaHHBIX M aBTOMATH3UPYET MHOXECTBO TPYJOEMKHUX 3a/1ay, YMEHbIIAas CPOKH
CO3JIaHMsI BBICOKOKAYECTBEHHBIX M BBICOKONPOU3BOAMTENBHBIX 0a3 JaHHBIX. C MMOMOMIBIO 3TOTO
cpeacTBa obecrieynBaeTCsl COBMECTHas paboTa aJMUHHCTPATOPOB U pa3pabOTUMKOB 0a3 JaHHBIX,
MHOTOKpPATHOE MCIIOJIb30BaHNE MOIEIH, TOHUMaHKUE JaHHBIX U UX 00CITy)KHBaHUE.

3aepyska mecmogvix oanHwvlx 8 6a3y oanHwvix. CpelCTBO pealn3aluu — ciy:k0a MHTerpauu
naaablx SQL Server Integration Services (SSIS), Bxomsmias B cocraB Microsoft SQL Server. ITaker
ciyxk0b1 SSIS onuckiBaeT nporiece noxydeHus:, npeoOpa3oBaHusl U 3arpy3KU/U3BICUCHHUS JAHHBIX B
0a3y JaHHBIX. B KauecTBe HCTOYHMKOB M MOJTydaTesiel JAHHBIX MOTYT BBICTYNAaTh KHUTH Microsoft
Excel, rexctoBbie 1 XML-(aiinbl, a Takxke pa3nuuHbie 6a3bl 1aHHbIX. [Ipu pazpaboTke 3T0 cpeacTBO
MCTIOJIB3YeTCs JUTsl aBTOMATHU3alMU TIEpBOHAYAILHON 3arpy3KH JJaHHBIX B 0a3y naHHbIX. Cpema SQL
Server Data Tools (SSDT) mpencrasnsier co0oil rpaduueckuii HHCTPYMEHT pa3pabOTKHU MaKeTOB
ciryk6 SQL Server.

DynuKYUuoHaIbHble Ouazpammvl  Mamemamudeckou oOubiuomexku. Ha ocHoBe aHamuza
TpeOOBAaHUI TEXHOJIOTMYECKOTO TEepPCOHANIa, HOPMAaTHBHO-CIPAaBOYHOW WH(POPMAIUN JTOMEHHOTO
MIPOU3BO/ICTBA, PYHKLIMOHATIBHOIO MOJICIIMPOBAHMS CO3/Ia€TCsl MaTEMAaTHYECKOE U aITOPUTMUYECKOE
obecriedeHrne, KOTopoe OyIeT TOJO0XKEHO B OCHOBY NPOTPaMMHON peau3allid HOBOW (DYHKIHH
nojicucteMbl. CTPYKTYPHBIM CHUCTEMHBIH aHalIM3 W TNPOEKTUPOBAHHE OJOKOB MaTeMaTHYEeCKHX
MoOJIeJIell BBIMTOJHEHBI Ha OCHOBE IPOIEAYPHO-OPUEHTHPOBAHHOTO Moaxoaa. OCHOBOW ITaHHOTO
MOJX0JIa SBIISETCS WCIONb30BaHUE nuarpamm moTokoB naHHbix (DFD, Data Flow Diagrams) —
WH(POPMAIIMOHHON MO/IEH, OCHOBHBIMH KOMITOHEHTaMH KOTOPOH SBIISIOTCS TIOTOKH JAHHBIX,
nepeHocsnre HHHOpMAaIHIo OT 0AHOT0 MOAYIA K Apyromy [3]. Hotauus merona DFD npeanosnaraer
pa3zbueHne MaTeMaTUYeCcKOil MOJIETN Ha OT/AEIbHbIE (PYHKIIMOHAIbHbIE KOMIIOHEHTHI (IIPOLECCHI) U
IpeJCTaBICHUE UX B BUJIE CETH, CBSI3aHHOHN MOTOKAMH JTaHHBIX.

CpencrBo peanusanuu nuarpamm — Microsoft Visio, cnenudukanuu Kk HIM pa3paboTaHbI B
Microsoft Word. ®dyHk1HoHaNbHbIE cleU(pHUKALMKA HY)XKHbl HPOrpaMMHUCTaM JJIsl HArJsAHOTO
oTOOpaKeHHsT METOAMKH pacyera, a Takke ee JOKyMeHTupoBaHus. Kaxnas pacuetHas dopmyina
(mapameTp) WUIIOCTPHpPYETCSl Ha JuMarpaMme IPOHYMEPOBAaHHBIM  IPSAMOYTOJBHUKOM €
0oTOOpaK€HHEM B BUJE BXOJHBIX CTPEJIOK BCEX NAHHBIX IS BBIUMCICHUS Mapamerpa. BeixomHas
CTpeJIKa IOKa3bIBACT /Ul BRIYMCICHHSI KAKHX MTapaMeTpoB Jlajiee UCIob3yeTcs 3Ta BennunHa. Camy
(bopMyITy MOKHO TIOCMOTPETH B CIICITU(UKAIIHH.

Peanusayusa xnuenmckozo npoepammnozo obecneuenuss noocucmemul. CpeJiCTBO pean3alui
— Microsoft Visual Studio (si3eik mporpammupoBanust C#) [13, 14]. C mnomompio Hee
paspabarbiBatoTcs MaTeMaTuueckue Oubmuorexu B Buae dll-gaiinoB u KIMEHTCKHE MPUIOKEHHUS C
okoHHBIM uHTEpdeiicom B ctiiie Windows. CornmacHo noaxony Agile-metona [5, 6], peanu3zanus
(GYHKIMOHATIBHBIX BO3MOXKHOCTEH CHUCTEMBbI IMPOBOAMIACH IOCTEIIEHHO, B PA3IMYHBIX BEPCHUAX
MIPOTPAMMHOTO OOECTIEYCHHSI U B COOTBETCTBUH C IPUOPUTETHBIMU TPEOOBAHUSMH MOJIH30BATEICH.
KoHTposs 1 ynpaBieHne BepcHsiMU OCYIIeCTBIsUIoCh Ha tuatdopme Atlassian Bitbucket (puc. 2).

102



Atlassian Bitbucket — ato cucrema, peructpupyroias H3MECHEHHUS B OJHOM MJIH HECKOJIBKHUX (haiimax
C TeM, YTOOBI B JaJIbHEHIIeM ObLIa BO3MOKHOCTh BEPHYTHCS K OTIPEIEIEHHBIM CTAPbIM BEPCUSIM 3TUX
(aiiiioB, BO3BpaIlaTh K MPEKHEMY COCTOSHHIO BECh IPOEKT, MPOCMATPUBATH MTPOMCXOISIINE CO
BPEMCHCM U3MCHCHUSA, ONIPCACIIATh, KTO ITOCIICAHUM BHOCHUII U3MCHCHHA BO BHEC3AIIHO HepeCTaBH_H/Iﬁ
paboTaTh MOAYJIb, KTO M KOT/Ia BHEC B KOJI KAKYIO-TO OIIMOKY, ¥ MHOTOE JIPYyToOe€.

€ ) il ) @ | gitvlavrov.com:7990/projects/DC/repos/dcrep/browse e |[Q o A 9O & A A4 B-m OO0 ¢
= 9 Bitbucket Projects Repositories ~ a @ &% Q .
DC DC / DCrep
DCrep
Source
ACTIONS
: D master ~  «e- DCrep Browse Search
& Clone
I}“ Create branch I Bal
\'17’ Create pull request s DC
=G Fork B GazDin
I Rings
NAVIGATION
B = I Setup
B source
¢ Commits W Shiak
1’ Branches = DCsin
ch  Pull requests UpgradeLog.htm
& UpgradeLog2 htm
ﬁ Settings

Atlassian Bitbucketv4.3.2

YAtlassian
Puc. 2. Cucrema ympasiieHus: BepCHsAMH ITPOrpaMMHOTO mpoaykra Atlassian Bitbucket

Tecmuposanue u omnaoxka npocpammuoco obecneuenusi. Cpeacrtso peanusanuu — Microsoft
Visual Studio. Moaynb TecTUpPOBaHUS HCIONB3YETCS HJs TPOBEPKH KOPPEKTHOCTU pPabOTHI
Matemarrueckux dll-OmbaroTek, peanu3yrIUX aIropUTMEI pacuera Bcex mojcucteM. [Iporenypa
TECTUPOBAHUS MPOBOJIUTCS MO (PAaKTUUYECKUM HMCXOJHBIM JAHHBIM, B3SITHIM U3 MPOU3BOJICTBEHHOM
0a3bl 1aHHBIX. [IpaBUIIbHBIE, «3TAIOHHBIE» 3HAUEHMSI PACUETHBIX MOKas3aTesiel B3sAThl U3 (haiina c
MeToIuKoi pacuera B Microsoft Excel. CxematuuHo mpoliecc aBTOMaTU3UPOBAHHOTO TECTUPOBAHUS
MIPECTABJICH HA PUCYHKE 3.

Dopmuposanue epaguueckux u MaAOIUYHLIX UHMEPaKmusHvlx web-omuemos. CpeacTBo
peanuzanun — ciayxk6a SQL Server Reporting Services, kotopast Bxonut B coctaB Microsoft SQL
Server [15, 16]. OTo mporpammHasi cepBepHasi CUCTEMa UCIIOJIb30BaHa JJisl IOJATOTOBKM MHOXECTBA
WHTEPAKTUBHBIX M TICYATHBIX Web-0TUeTOB, pa3BepTHIBAHUS HX B KOPHOPATUBHOW CETH
MPEANPUSITHSL.

Pa3pabotunk co3maer cxemMy oTueTa B BHJE I1a0JOHAa M pa3BepTHIBAET €€ Ha CepBepe
otueTHocTH. [lomp3oBatens uepe3 web-CTpaHUIly MOXET BBIOMPATh HY)KHBIE TOJS/JaHHBIE U
CO3/1aBaTh OTYETHl B COOTBETCTBMM CO CBOMMHU HYykJIaMu. IloToM monb3oBaTenn MOTyT 3arpyxaTh
OTYETHI JIOKATTbHO, COXPAHSTh U HKCIIOPTUPOBATH B MOMYINsApHBIE (hOpMAaThl O(DUCHBIX JOKYMEHTOB.

Paszpabomxa cnpasounoti ooxymenmayuu. Cpeactso peanmzanuu — Help&Manual. ['maBabIM
MPEUMYIIECTBOM TMPOTPAMMBI SIBIISIETCS €€ YHHBEPCaJbHOCTh: MOXHO pa3paboTarh daiin
crpaBoYHOM MH(poOpManuu B J1I000M K3 Hauboyiee pacnpOCTPAaHEHHBIX HA CErOAHSIIHUNA JI€Hb
¢dbopmaToB. ITHTYUTHBHO MOHSATHBIA HHTEPGEIC IenaeT mporpaMmy MpocToi B ocBoeHHH. OCHOBHOM
0JIOK TIpOrpaMMBbl COCTaBIIIET TEKCTOBBIA PEIAaKTOp, MaJIO OTIHYUMBIN OoT Microsoft Word kak mo
uHTepdeiicy, Tak U MO0 KOJTUIECTBY BO3MOKHOCTEH.

Hcnons3oBanne THOKON METOAOIOTUM Pa3paOOTKH W BBIMICONMMCAHHBIX WHCTPYMEHTAIBHBIX
MIPOTrPaMMHBIX CPEACTB MO3BOJIUIIO CO3/1aTh U BHEAPUTH B JOMEHHOM Liexe OAO «MarHutoropckuit
METATypruueckuii KOMOMHAT» aBTOMATHU3HPOBAaHHYIO HH(OPMALIMOHHYIO CHCTEMY aHajdu3a u
MIPOTHO3MPOBAHUS TPOM3BOJACTBEHHBIX cuTyanuii (APM TexHonora JDOMEHHOTro Iiexa), KoTopas
MIOMOTaeT WHKEHEPHO-TEXHOJOTHYECKOMY MEPCOHATYy pellaTh KOMIUIEKC TEXHOJOTHYECKHUX 3ajad,
HaTpPaBJICHHBIX, B KOHCUHOM UTOTe, Ha MOBbIIIeHUE () (HEKTUBHOCTH TOMEHHOM TutaBku [17-21].
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v
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Y

MepeaaTb UCXOAHbIE A HHble )

B TecToBbIl ¢aiin Microsoft Excel
OTanoHHbLIN
+ anroputm pac4yeta

MpounTaTh pesybTatsl pacieTa |<l—— B Microsoft Excel

13 Tectosoro ¢aiina

Microsoft Excel x

Basa gaHHbIX
NPOV3BOACTBEHHbIX
nokasartenen

CpaBHUTb pe3y/ibTaTbl pacieTta

13 MaTeMaTuyeckoi bubnunoreku Excel
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daiina Microsoft Excel

Het
PacueTHble nokasartenu

cosnagatT?

Owwnbka
pacyeTa

Tect npoingeH
ycnewHo

C 3aBepLWUTb NpoLieCC TeCTUPOBaHUA )

Puc. 3. IlocnenoBateabHOCTh ABTOMATU3UPOBAHHOI'O TCCTUPOBAHUA PACYCTHBIX MOI[y.]'ICﬁ CUCTCMBI

Cuctema MO3BOJSIET pellaTh KOMIUIEKC B3aMMOCBA3aHHBIX TEXHOJOIMUYECKUX 3ajlad, B
YaCTHOCTH IPOU3BOJUTh: pacdy€éT MaTepuaibHBIX M TEIJIOBBIX OajJaHCOB JOMEHHOW IUIaBKU;
MO/JIJIMPOBAaHHE TEIJIOBOT0, IIJIAKOBOT'O U T'a30AMHAMHUYECKOTO PEXUMOB pabOThl JOMEHHBIX MeUeH;
ONTHMAaJbHbIE BBHIOOP COCTaBa JOMEHHOM HIMXThI; pacdyeT 30HbI BA3KOIUIACTUYHOIO COCTOSHUS
KeJIe30pyTHBIX MAaTepUaAJIOB U TPOrHO3UPOBAHNE TEXHOJOTHUECKUX CUTYaIUH.

B ocHOBy peanuzanuu MOJAENBHBIX IOJACHCTEM IMOJIOKEHBI aJIrOPUTMBI pacuéra C
MCIOJIb30BAHUEM MaTeMaTHUECKUX MOJIeNeil JOMEHHOTO Mpoliecca Jsi BBIOPaHHOTO MOJIb30BaTEIeM
nepuoaa paboThl OTIACIBHBIX MMEUeH WM 1eXa B ILeJOM, MoJApoOHO omucaHHbie paHee [17-21].
Kaxnas U3 3TUX MOACHCTEM B3aUMOJICHCTBYET ¢ APYIrMMHU OJIOKaMH MapaMeTpoB, MOACUCTEMAMHU U
BHemHeW cpemoit  (puc. 4). IlpeacraBneHHass CTpyKTypa oOOecCHeUYWBaeT  3aJaHHYIO
(YHKIIMOHAJIBLHOCTD, BBIMOJIHEHUE TPEOOBAHUM IpeIMETHON O0O0JacTH, OTHOCHTEIBHO MPOCTOE
paciiipeHre W M3MEHEHHE CHCTeMbl, BO3MOYKHOCTb aBTOHOMHOM peaju3allid OTIENIbHBIX
MIPOTPAMMHBIX MOJYJIEH U UX HE3aBHCUMOCTB OT CTPYKTYPBI XpaHEHHS JaHHBIX.
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BoiBoabl. Takum oOpa3oM, rubOkas MeTOIOJOrMs pa3pabOTKU C  HCIOJb30BaHHEM
COBPEMEHHBIX  KOMIIBIOTEPHBIX  HHCTPYMEHTAJIBHBIX  CPEICTB  IO3BOJIIET  CO3/1aBaTh
(yHKLIMOHATIbHBIE, HA/EKHbIC, COINPOBOXKAAEMbIC, MHTEIPUPYEMbIE€ MOJEIbHBIC CUCTEMBI IS
pelIeHHsI TEXHOJOTHYECKUX 33Jad B METALTyprud. MTepanmoHHBI crmocod pa3paboTKu B
IPOEKTHBIX KOMAaHJaX, COCTOSALIMX U3 CIEUUAIUCTOB pasIMYHOro mnpodmis (Mojb30BaTesei,
AHAJIMTUKOB, MPOrPAMMHCTOB, TECTUPOBILMKOB), MO3BOJSET B OTHOCUTEIBHO KOPOTKUE CPOKHU
COo3/1aBaTb HOBBIE BEPCUM MPOTrPAMMHOIO MPOJAYKTAa C JONOJHUTEIbHBIMH ()YHKIMOHAIbHBIMU
cBoiictBamu. [lepedeHb NOMOTHUTENBHBIX (YHKIMOHAJIBHBIX CBOMCTB KaX/J0H HOBOW BEpCUU
SBIISICTCA /711 [TOJIb30BaTeNIe MPUOPUTETHBIM U (OPMUPYETCS U3 00ILEro CIUcKa TpeOOBaHUi niepes
HA4aJiOM Ka)KJ101 UTEpalUu.
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umenu nepsoro [Ipesunenta Poccun b. H. Ensrinay, r. ExatepunOypr, Poccus

PA3BUTHUE METOJIA CTPYHHO-®AKEJBHOT'O OTOILJIEHUS
JIJISI HATPEBATEJIBHBIX IEYEW U CUCTEM MPAMOI'O HAT'PEBA BO3JIYXA
JJIA BEHTUJIALIUA IHAXT

AHHOTAHA

Ilpeocmasnenvt omeuecmeenHvle paspabomKu memooa CmpYUHO-(haKeIbHO2O OMONIeHUs
(CDO), nossorusuiue He monvko nogvicums KIIJ/[ cospemennvix HacpesamenvHuix nedeti 0o 65 %,
HO U PAOUKANbHO CHU3UMb IMUCCUIO OKCUO08 azoma (He Oonee 30 ppm, dadxce npu nooozpese
go30yxa, uoyweeo Ha eopeHue, 0o 650 °C). Paccmompena ocpanuuenHas NpUMEHUMOCMb
MPAOUYUOHHBIX 20PETOYHBIX YCMPOUCME OJisl NPAMO20 HA2Pe8a NPUMOYHO20 6030YXA C V4emom
omeuecmeeHHbIX caHumapHulx Hopm. Ilokasana sghpexmusnocme ucnonvzosanusn mexvonozuu COO
ons npamozo Haepesa 6o30yxa (IIHB), nodasaemoeco ma nposempusanue wiaxm, NO360UBULASL
NOJHOCMbI0 OMKA3AMbC OM UCNOIb308AHUS B00sHBIX Kanopugepos. Konyenmpayuu epedHwvix
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