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AIICTPAKT:

Bo Tpypgor e mpukaxaH pa3BOjoT Ha OOJEKTHO OpPHEHTHPAH MOJEN Ha
MH(OPMALMOHEH CHCTEM 3a MPOEKTHpAmE, rpafgda M eKcIuloaTalnuja Ha
TyHeau. MoflenoT € pa3BUEH €O LEJ fia Ce 3rojIeMu NPOAYKTUBHOCTA Ha
MHXXEHEPCKUOT Kajap, Kako U ia c€ UCKOPUCTH UCKYCTBOTO Off U3rpapdara
Ha fApyru TyHeau. Ha moO4YeTOKOT ce pmafeHd KpaTKUOT Iperjed Ha
IIOCTOEYKUTE CHUCTEMH KOM C€ IpUMEHyBaaT BO TyHeJorpagbata W
OCHOBHHWTE TIIOCTaBKM Ha OOJE€KTHO OPHUEHTHPAHOTO MPOTPaMHUPAE.
3apa3Boj Ha MOJEJIOT € KOPHCTEHa COOfIBETHa MeTopojoruja. Tyka e
neduHUpaH TpoOJIEMOT, U3BpIIECHA € rio0ajHa aHajlnu3a W Ce OfpefieHU
rinaBHUTE nopcucrteMu. IToToa 3a cekoj MOACHCTEM NMOEAMHEYHO € YTBPAEH
00jeKTHO OpueHTHpaHnOT Mopeda. KpewpaH e paujarpaMm Ha TOKOT Ha
NOJaTOLMTE, Off Kaje ce UAeHTU(PUKYBaHn 00jekTu. [ToHaTaMy ce yTBpfieHH
aTpuOyTHTE, BUJIMBOCTA W MHTEp(ejcuTe Ha OO0JEeKTUTE W Ha KpajoT €
IpUKaXKaH JKUBOTHUOT IUKJIYC 32 CEKOJ 00jeKT. MOAEIOT KOPUCTH aKTHUBHU
6a3u Ha mopraToy u pa6oTn Ha npuHOUIOT Ha ECA (HacTaH-yciIoB-aKImja)
npaBuiaTta. VIMmieMeHTHpaH € mpoTOoTun Ha cucteMoT Bo C++, KOj €
TECTHPAH Ha peasieH NpOOJIEM.

KIIYYHU 350POBU:
O0jeKTHO-OpUEHTUPAHO TporpaMupame; TyHemnu;
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OBJECT-ORIENTED MODEL OF AN INFORMATION
SYSTEM FOR DESIGN, CONSTRUCTION AND
EXPLOITATION OF TUNNELS

ABSTRACT:

Developing of object-oriented model of an information system for design, con-
struction and exploitation of tunnels is given in this article. This model was
developed for increasing of productivity of engineers and using of experience
obtained from other tunnels. The survey of existing information systems that are
used in tunnel construction and general theoretical thesis of object-oriented
programming is given in the beginning. The appropriate methodology was used
in model developing. Problem definition and global analysis were done and the
main subsystems were determined. Object-oriented model was determined for
each subsystem. Data flow diagram was created and objects were identified.
After that attributes, visibility and interfaces of objects were established. At the
end, life cycle for each object was shown. The model uses active database with
ECA (event-condition-action) rules. The system was implemented in C++ and
tested on the real problem.
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1. YBO[

ITpu npoexkTupameTo Ha OMIIO KAaKOB FPAie’kKeH 00jEKT, NHXKEHEPUTE
ce COOYEeHM cO O00eMHHM npecMeTyBawa. [lopagu cnenmdpuyHocTa Ha
TYHEJIUTE, THE IMpPEeCcMETyBamka MOXAaT fa MPOAoXKaT W BO pa3ara Ha
rpagba. Toa ce Jomku Ha (PakTOT IITO BO MPOLECOT HAa NPOEKTUPAKE CE
BJIETYBAa CO MHOTY HENO3HATH 3a BUOT U KBAIUTETOT HA KapIUTE HU3 KOU
ce MpoOMBa TYHEJIOT.

OcBeH Toa, Ipu NPOEKTUPAKETO U NMPHU MPOOUBAKETO HA TYHEINTE,
MHOTy TIOBEKE c€ NOTIHpaMe Ha EMIUPUCKHM METOAM OTKOJKY Ha
npecMeTyBama Mo cTporu ¢pu3nyku 3akoHu. Ha ceTo oBa ce HajoBp3yBa u
O0apameTo 32 €eKOHOMHYHA Tpajida, MOpagu LITO BO MOCIEJHUTE HEKOIKY
JIeCeTUHA TOJAUHU CE€ PA3BHUEHU METOAM 3a MPOOMBAKE HA TYHEJIUTE CO
AKTHBHO CIIe[Ielh€ Ha COCTOj0aTa BO KapIuTe.

Ilopagu cute oBue pakTh, a 3a fa Ce 3rojeMu NMPOAYKTHUBHOCTA U
€KOHOMHMYHOCTa Ha TYyHeJlorpajadara, ce jaByBa norpeda oj pa3BOj Ha
nH(pOpPMAIMOHEH CUCTEM 3a NMPOEKTHpamwe, rpagda M eKciiioaTandja Ha
TYHEJIN.

Kaxko rimaBHu 3aj1aun Ha 0BOj MH(POPMAIIMOHEH CUCTEM CE jaByBaar:

e TIPOEKTHPAHkE Ha TYHEJH, CO IPOTHO3HU TYHEJICKH MPUTHCOLA
¥ TUTIOBH HA NMOArpajgoa;

e CIEEHE Ha cocToj0aTa BO PUACKMOT MacKB M CIIOPEYBakhE Ha
peanHaTa co NpoeKTHpaHaTa reoJIoTHja;

e CIEACHE Ha HalperawmaTa MU OJHECYBAHETO HA PHJCKHOT
MacuB CO TEK Ha BpeMe 1

o ¢opmupame 0a3za Ha MOAATOLHM, OJHOCHO 0a3a Ha 3HacHeE, 3a
MOJIOIIHEXKHO KOPHUCTeHE (KaKO MCKYCTBO) INpPHU TPOEKTHpa-
HETO U U3rpagdaTa Ha HOBU TYHEIIH.

Op pgpyra crpaHa, BO NOCIEHUBE AECETHHA TOIMHU, KOMjyTepcKaTa
TeXHUKa W MH(pOpMaTHKaTa HaBJIETryBaaT BO CUTE CETMEHTHU HA >KMBOTOT U
NIO>KMBYBaaT MacOBHa IpuMeHa. Toa ce Joku Ha IUHAMUYHUOT pa3Boj Ha
XapABEPOT KAKO U Ha pa3BOjOT HA HOBUTE CO(PTBEPCKU TEXHOJIOTUM.
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HajakTyenen npucran 3a pas3Boj Ha MH(OPMAILMOHW CHUCTEMHU, BO
NOCJIEAHO BpEME, € O0JEKTHO OPUEHTHPAHUTO Nporpamupame. OO0jeKTHO
OPUEHTHPAHOTO MpPOrpamMupame HE NpPEeTcCTaByBa HOBA TEXHUKA Ha
IpOrpaMHUpamkETO, TYKY cOcCeMa HOB MpucTan, HoBa ¢uino3oduja BO
nporpamMupameTo. Kako OcHOBHa 3ajlaya Kaj OBOj TMpuUCTal €
IpPETCTaByBalke€TO, Ha MpPOOJEMOT KOj ce pellaBa, Kako MOfea Ha
peasHoCTa, OTHOCHO, KaKO CUCTEM HAa MHTEPAKIUHU MOMELY OOJeKTUTE KOU
ro coumHyBaaT MofeaoT. (OO0jeKTHO OpHEHTUPAHOTO NPOTPaMUPAE
noceOHO € MOrOfHO 3a Pa3BOj Ha MOTOJIEMHU, KOMIUIEKCHU cucTeMu. Kako
JIOTMYHA TMOcJegula TyKa ce jaBu noTpebara fa ce pas3Bue OOjEKTHO
OpPHEHTHPAH MOJIEN Ha NH(OPMALIMOHUOT CUCTEM 3a MIPOEKTUpPame, rpagda
U eKCIUloaTalyja Ha TYHEIH.

Bo tpynot e npukaxaHn pa3BojoT Ha TOj cucreM. HajnpBo ce gagenn
OperaefoT Ha IOCTOEYKUTE WH(MOPMALMOHN CUCTEMU U OCHOBHUTE
€JIEeMEHTH Ha OOJeKTHO OPHEHTHPAHOTO mporpamupame. [lonatamy e
NpuKaxkaHa MoceOHO MpuiiarofieHaTa MeTO0JI0rHja 3a Pa3Boj Ha BAKOB BUJ
uHopmauoHu cuctemu. Tyka e geduHupaH mpoOJeMOT U € W3BpIICHA
rinobanHa aHanu3a Ha cucteMmoT. [loToa ce yTBpeHU MOACUCTEMUTE M 3a
CEKOj Ol HUB € JjajileH O0jeKTHO OpueHTHpaHuoT Mmopen. Ha kpajor e
ONHMINIaHA WMIUIEMEHTanujaTa Ha mpoToTul Ha cucteMoT ( Bo C++), Kaje
IITO C€ fajiecHu OCHOBHUTE CMEPHHIM 3a KoaupamweTo. M3BpiieHo e
TeCTUpamEe Ha TPOTOTUIOT HAa PeasieH IpuMep.



2. ITPETJIED HA ITTIOCTOEYKHUTE
NHOOPMALUNOHU CUCTEMUA 3A ITPUMEHA
BO TYHEJIOI'PAJIBATA

IIpu  ucrpaxyBawmeTO T.€. COOMpPaKETO Ha IOAATOLM  3a
MH(POPMAIMOHUTE CUCTEMH KOM BEKE Ce KOPHUCTAT BO TYHejorpajdara ce
110jaBMja NOBEKe KIIYYHN MOMEHTH KOM OBJIE MOpa Jla ce HarJjacar.

IIpBoO, TyHEIUTE, KAKO IPafic’KHA O0JEKTH, C€ MHOTY CEeNU(PUYHH, CO
MHOTY pa3JM4YHA HaMEHM, TaKa INTO € CKOpO HEBO3MOXKHO Ja ce
reHepajim3yupa IOCTalKara 3a IPOEKTHpame, OJHOCHO rpageme. Kako
nocieuna Ha ToOa HMMaMe OTeXHaTa IIpAMEHa Ha KOMIyTEpPH T.€.
MH(OPMaMOHU CUCTEMHU BO OBaa I'PaHKa HA IPaje>KHUIITBOTO.

Bropo, koMIjyrepckaTa TEXHAKA U MH(POpMATUKaTa CBOJOT IOJAEM IO
MIO>KMBYBA BO MOCIEHUTE I€CETUHA TOAMHM U aHAJOIHO Ha TOA AYpHU BO
NOCIIEJHUTE HEKOJIKy TOMHU JOKMBYBa MolIMpoka mnpumeHa. Kaxko
pe3yaTaT Ha TOoa, MOCPEIHO, CE MOjaByBa CUTyalija a KaJipuTe TO Tpeda
lla TM KOMITjyTepu3npaaT NporecuTe (He camMO BO TyHeJiorpambara) mypu
cera M3JeryBaat Off yUMJIUIIHUTE KIYIIN.

ITopagu oBue nmpuyrMHM, COOPE] JOCETAIHATE CO3HAHM]a, HE MOCTOjaT
MHOTry pa3paboTeHn WHGOpManroHu cucteMu. Jlocera moBeKe aBTOpHU
uMaaT pabOTEHO Ha pa3lNU4yHU CHCTEMH Off o0JjlacTa Ha TyHeJorpajdara.
3aegHUYKa OJJIMKAa HAa MOBEKETO CHCTEMH € IITO ce KOHUEHTPUPAHU
(orpaHWYeHM) HA OfIPENICH MPOOIIEM.

Onmro, mnpuMeHaTa Ha KOMIJyTepUTe BO oOBaa o0JacT oOf
IPafieKHUIITBOTO, CE CBEAyBa Ha NMpPUMEHA HAa MOCTOEYKW TPOTrpamMy 3a
aHanM3a Ha HamperamarTa BO TyHelcKaTa oOJjora WX PUACKHOT MAacuB
(HajuecTo co MpUMEeHa Ha METONOT Ha KOHEYHM eJIeMeHTH). AHain3ara Ha
npendabpuKyBaHU €JIEMEHTH 3a TyHEJIcKa o0Jora co MOMOII Ha METONOT
Ha KOHEYHM €JIEMEHTH W MPWJIATOIecH KOMIjYTEPCKH MPOrpaM € lajieHa BO
[7]. YTBpoyBameTO HE pEOJOMIKATE KapaKTEepPUCTHKM Ha KapluTe BO
PUJICKHOT MacuB OKOJIy TYHEJICKMOT OTBOp € AajeHa Bo [19]. [Ipumener e
METOIOT Ha KOHEYHW eJIEMEHTH, a TPOrpamMoT € NpWIiarofeH u 3a
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cCriopeflyBam€ Ha PE3yJATaTUTE MO KIACHYHUTE PEOJIOMIKA TEOPHUH.

IMToceben cucreM 3a MPOEKTHpamEe HA TYHEJIW CO 3aMp3HYBambe Ha
3eMjulITeTo € onuian Bo [2]. CucreMOT € pa3BHeH ClelnujadHO 3a TOj
MeTop Ha Tpafba (Bo cmabo - MEKO 3eMJHIITE ) Ha TYHEJIU U He € IPUMEHITNB
3a J[pyrd METONH. 3a rpajielhe TYHEJIW, UCTO Taka, BO MEKO 3eMjUIlTe e
pa3BHEH CUCTEM 3a ioOpuika Ha 00AyKuille Ha WHXeHepuTe (engineering
decision support) [13]. OBoj cucrem moceGHO € HaMeHeT 3a pabora co
"IITUT" MallWHU 3a NpOOMBaWke HAa TyHENW. BO cHCTEMOT € BrpajicHO u
OJIpeieHO MHKEHEPCKO UCKYCTBO.

Ipyro none Kajie mWTO Ceé UMIUIEMEHTUPAHU NH(OPMALUOHU CUCTEMHU
€ YTBPAYBAHETO M CJIEAECHETO Ha OJHECYBAHETO Ha PHUJCKMOT MAaCHUB.
Cucrem 3a crnefiele Ha OJHECYBAHETO HA IUTUTKU TYHEJIU BO MECOKJIIUBO
3eMjUIITE, pa3BUEH 3a YTBPAYBamke Ha HOB METOJ| 3a JUMEH3MOHHUpAE Ha
TeHKH (PIeKCUOUITHU TYHEJICKHM OOJIOTH Off MpCKaH OETOH, € onuuiaH Bo [1].
3a Taa men e u3paboOTEH J1adOPaTOPUCKM MOJEN KO] € YIpaByBaH M
TEeCTHpaH co oMol Ha KoMmjyTep. [loceOGHO nHTEpeceH cucTeM € NpuKaskKaH
BOo [14]. CucteMOT ce KOPHUCTH 3a yTBpPAYBalkbe HA MOXHHUTE KPUTUYHU
TOBapW IpH IPOOMBAKETO HA MOA3EMHH OTBOPH, & KOPUCTH HEYPOHCKH
MpEXH. YTBPAYBAKETO C€ BPUIM CO IMOMOII Ha MPETXOAHO COOpaHU
nH(popManuu (3Haewme). CHCTEMOT MOKe 1 Jla coOupa 3HaeHe, Off CITyJanTe
TO r'm 00paboTyBa, MPEKy aNropuTaMoT 3a "ydewe'. Pesynrature of
"yuemeTo" MmoToa Cce KOPHUCTAT 3a WCIUTYBAKE Ha OIEpPATUBHUTE
KapaKTepUCTHUKM Ha HeypoHcKaTa Mpexka. CHCTeMOT ce pas3jiuKyBa Off
KOHBEHI[MOHAJTHUTE EKCHEpPTHU CHCTEMH, Oa3WpaHd Ha MpaBuia, CHOpes
HAUYMHOT Ha NPETCTaBYyBalk€ Ha 3HACHETO U TPOLECOT Ha HU3HAOfame
pemienre. 3a ma ce o6e30emaT BIE3HM MOAATOLM 34 CIAWYHU CUCTEMU 3a
noTpedute Ha ynpaBaTa Ha Tokuckoro meTpo e ¢opmupan "Geotehnical
Data Information System of Tokyo Metropolitan Government™ [12]. Camuor
CUCTEM TIpeTCTaByBa pejanuoHa 0a3a 3a TEeOJOIIKHM, T€OMEXaHWYKH U
reofieTcku nopatonu. CucreMoT € mocraBeH yurte Bo 1986 roguna, a of
1989 roguHa nmMa MOXKHOCTH 1 3a rpacuyuka mpe3eHTanyja.

Ha xpajotr mopa nma ro cnomeneme u cucremot "TOHEI" [3] u [4],
pa3BueH Bo HHCTATYTOT "I'mapocnernpoekT" - CCCP. OBoj CAD cucrem e
HaMEHET 3a MOMOII MPHU TPOEKTUPAHETO HA XUAPO U COOOpaKajHU TyHENIH
co npodun of 4mM2 no 300M2. CucremoT ce Oa3Wpa Ha CTaHAApPAUTE 3a
NPOEKTUpalkhEe HAa BAKOB BHJ OOjeKTH, HO T'O KOPHUCTH U MCKYCTBOTO Off
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npoektupakbeTo BOo nopaHemrHuoT CCCP m nmommpoko. Ospe mopa fna
HallOMEHEME JIeKa HE CTaHyBa 300p 3a KOPHUCTEHE Ha MCKYCTBOTO IPEKY
"cucreM Oa3upaH Ha 3Haclke' TYKY 3a BrpajlyBame Ha MCKYCTBOTO BO BHJ
Ha CTaHAapAy 32 MPOEKTUPAKBE BO MPOLENYPUTE.

CaMuoT cucrem ce CoCTOU Off IIET NOJCUCTEMMU:

1. mpoekTHpame Ha TYHENIWTE, HUBHUTE OOJIOTM M aHaAIu3a Ha
IpouIIoT;
NPOEKTHPamEe Ha pAMKHUTE 33 MOTHHUparhe (peMeHATUTe);
n300p HA IPUBPEMEHM MOATPA0U 32 TYHEIUTE;

Ll

n300p HA TEXHOJIOTHjA U
5. yTBpAyBame€ Ha TPOIIOLUTE.

ITorpebnunor xapasep € IBM PC-AT komnaTuOWieH KOMIJyTEP CO
niorep. Co moMolI Ha OBOj CHCTEM IPOEKTHPAHU CE€ NOBEKE TYHENIW U

CIIOpe]] UCKYCTBaTa HAa MPOEKTAHTUTE NOCTUTHATA € 3allTefa BO BpEME Off
60%.

OBpe MOXe [a 3akjydyuMe J[ieKa JoceramiHaTta TIpUMeHa Ha
KOMITjyTepcKaTa TEXHUKA M MH(OpPMaTHKa BO TyHeJorpajgdara ce cBejyBa
Ha OrpaHuyeHu, HeduekcuOWnHM, peumieHHja. OBa ce JOKM Kako Ha
cnenMUYHOCTa Ha TYHENIWTE, Taka W Ha NpUMEHaTa Ha pPeNaTUBHO
3acTapeHr cOPTBEPCKU pellieHunja (Co oipefieHN UCKITYJOIn ).

Bo TpygoT e HampaBeH oOuj, CO KOpPUCTEHE Ha COBpEeMEHaTa
copTBEpCKa TEXHUKA - OOJEKTHO OPUEHTHUPAHOTO IPOrpaMHpame, a ce
reHepajm3upa TMPOIEecOT Ha MPOEKTHUpame M Tpajgda Ha TyHedauTe (BO
CMHCJIa Ha KOMIjyTepu3alnuja) MpeKy Co3/laBambeTo Ha efieH (hIIeKCUOnIeH
MOJie.

BakBHOT 06jeKTHO - OpUEeHTHUPAH MOJe]l Ha MH(POPMAIIMOHEH CUCTEM
Tpeba ga 00e30equ MOXKHOCT 3a MPUMEHA Ha JOCETAlllHUTE CO3HaHWja 3a
TyHeJorpagbaTta, Kako ¥ €eBEHTYaJlHO BKJIy4yBamke Ha W3JIE3HUTE
pe3yiTaTu of APYTUTE CHUCTEMH KOW BeKe ce mpumeHyBaaT. OcBeH Toa
Tpeba ma Ouwjge ® JiecCHO mnpomupauB (GjarogapeHne Ha OOjeKTHO
OpPMEHTUPAHOTO MPOTPpAMHUpPa-E) 32 HOBH IMOCOBPEMEHH TEXHOJOTHH BO
TyHenmorpagbata. HMcro Taka cucremoT Ke Tpeba [a OBO3MOXHU U
¢dopmupame 6aza Ha mojgaTouu T.e. 6a3a Ha MCKYCTBO, BO KOja Ke Owuje
BrpajiIeHO UCKYCTBOTO Of] BeKe M3TpajicHuTe TYHEJW W Off TYHEJIUTEe Kou Ke
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ce rpajar co moMom Ha oBOj cucreM. Ha Toj HaumH Ke ce 00e30emnu
MOKHOCT 32 KOPHUCTEHE Ha TOA UCKYCTBO MPU NMPOECKTUPAHETO U rpajgdarta
Ha HOBU TYHEJIH.



3. EIEMEHTHU HA OBJEKTHO
OPUEHTUPAHUOT ITPUCTAII

Bo TpaguuuMoOHanmHWOT, NPOUEAYPATHO - OPUEHTHUPAHUOT HAYUH HA
IporpaMmupame, NpPorpamMoT ONMIIYBa CEpHja Ha YEKOpU Kom Tpeda fa ce
U3BpLIAT T.€. T'O OMNHUIIYBAa aJIropuTamoT. Bo 00jeKTHO OpHEHTHPAHUOT
HAauYMH Ha NOpOrpaMHpame NpOorpaMOT IO ONHIIyBa CHCTEMOT Ha
UHTEpaKIUU ToMel'y 00JeKTHUTE.

3.1. OCHOBHHM KOHLEIITH HA OBJEKTHO
OPUEHTHUPAHOTO ITPOTPAMUPABE

O0jeKTHO - OpUEHTUPAHOTO MpOrpamupame ongaka HEKOJIKY KIyYHH
koHuenTu. HajocHOBeH o THe e ancTpakiyjaTa, Koja OBO3MOXKYBa
MOEIHOCTAaBHO MHUIIIyBalke Ha rosieMu nporpamu. HapeneH, o KoHIenTure,
€ eHKarcyJjianmjaTa, Koja ro mpaBy MOJECHO MEHYBAETO U OJIP3KYBAHETO
Ha mporpamuTe. Ha Kpaj e KOHIENTOT 3a Xuepaxuja Ha KjacuTe, MOKHO
opyaue, Koe ro MpaBW MPOrpaMOT JIECHO MPOIIUPINB. MOXKHO € OBue
KOHIIENITH Jla ce MpPUMEHAT BO OWJIO KOj MPOTPAMCKM ja3uK, HO CaMo
00jeKTHO - OpPUEHTUPAHUTE ja3UIU U MOAIp>KyBaaT eKcrmuiuTHo [15],[20].

3.1.1. ATICTPAKINJA

"Armncrapkuygjata" € mpolec Ha WTHOPUPAWmE Ha JEeTalIuTe 3apaju
KOHI[EHTpallja Ha OWTHHUTE KapaKTepucTuku. Jlofgeka TpagulmOHAITHUTE
ja3unM caMo ja TOApXKyBaaT arncrapkuujaTa, o0O0jeKTHO OpPUEHTHPAHUTE
ja3ui UMaaT BrpajieH MHOTY 10 MOKEH MeXaHn3aM 3a afncrpaknuja[l5]. 3a
na ce pa3bepe Toa, OBAe Mopa fJa CIOMEHEME HEKOJIKy THIMa Ha
ancTpakiyja:

« Ilpouenypannara amcrpakmmja € Hajuecrta (opMa Ha ancrapkumuja,
KOja mojpa3zOupa UrHOpUpamwe Ha jeTanure 3a npouecoT. IToBekero
ja3uny J03BOJyBaaT MUILYBake HA MPOTpaMU CO HAjBUCOKO HUBO Ha
npoleAypalHa  ancTpakiidja Cco  MOMOII  Ha  KOPUCHUYKHU
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nepunupanuTe QyHkuum (mpouenypu wiau  mopnporpamum). Co
NUIIYBAakETO HA TAakKBU (PYHKIUHU ce Jie(puHUpaaT HOBU TEPMHHM 32
u3pasyBambe T.e. oOO0jacHyBalke Ha paboraTa Ha MNOPOrpamor.
dynkyuuTe M NpaBaT rojeMUTe NpPOorpamMu MOJECHU 3a pa3Boj, T.€. 3a
NUIIYBalke, Taka IITO CE HACOYyBa PAa3MUCIYBAHBETO KOH JOTMYKHUTE
nHpopmanuu (HOBO ne)MHUpAHUTE TEPMUHHM), a HE KOH
cnequUpambETO Ha HApeOUTEe Off MPOTrPAMCKHUOT ja3uK.

e AmncTpaknmjaTa Ha MOJATOLMTE € JPYT TUIl HAa allCTPaKIyja, IPEKY KOj
ce UTHOpHpAaT JIeTald 32 HAYMHOT Ha IPETCTABYBalk€ Ha MOJATOLUTE.
OBa e noBp3aHO 10 U3BECEH CTENEH CO MPOIefypajiHaTa ancTpakiyja
Ha TO] HAUMH IITO KOra ce M3BpIIyBa HEKOja Oolepalnuja HE ce BOAU
cMeTKa 3a opMaToT Ha nmopatouuTe. Ha Toj HauMH ce WrHopupaar
TIeTallu 3a JIejCTBOTO Ha Taa ONpeluja Bp3 TUE TUIOBHU HA MOJAATOLM.
[loBekeTo mporpamMcku ja3uid Cce€ MHOTY OFpaHMYEeHH IpH
KpPENpameTO Ha OJPEAEHM HMBOM Ha alcCTpaklyja Ha MOJATOLHUTE.
Kapakrepuctuuen mnpumep 3a ancTpakidja Ha TMOAATOLMUTE Kaj
TPaJULIMOHATTHUTE Ja3ULIM CE CTPYKTypUTe BO jazukor "C".

OBspe Mopa fa ce HaloOMEHe JeKa Kaj TPaJUuLMOHAIHUTE NMPOrPAMCKH
ja3uiy ancrpakiyjaTa Ha MOAATOLMTE U MpoleAypaHaTa arncTpakiuja ce
JIBE Pa3JIMYHU TEXHUKH, A KON (PAKTUUKH CE TOBP3AHM.

o (OO0jeKTHO OpPHEHTHPAHUTE ja3Wlld TM KOMOMHUpaAT MpoleaypaaHaTa
ancTpakiyja ¥ ancTpakiyjaTa Ha MOJATOIH BO pOopMa Ha KJIACH: TIPH
nepuHupameTOo, Ha €[ Ha Kjaca, Ce ONUIIyBa C€ 3a EHTUTETOT
ofgenHail. Kora ce kopuctu OOjeKT Ofi Taa Kjaca ce WrHOpupaar
BIrpaJIcHATE THUIIOBM Ha MOAATOLM BO KJjacaTa, KakKo U MPOLEAypUTe
KOM MaHUITyIMPaaT co HUB.

Knacute mnpercraByBaaT KOPUCHMYKM JAe(UHUPAHUW THUIIOBM Ha
NOJaTOLM, CTPYKTYPH KOM OCBEH NOAATOLM MOXE [la COApKAT U (PYHKIHH
(uwIeHOBM Ha Taa CTPYKTypa) 3a MaHMIYJIUpame CO THE  MOAATOLM.
OO0jexTuTe ce MPUMEPOLH, UHCTAHIY, HA COOIBETHUTE Kiiacu. PYHKIUUTE
BrpajicHu BO KJjacuTe ce HapekyBaaT "meroau". Ilpm ersekyunmjata Ha
OpOrpamMoT OOjeKTUTE, Ae(UHUpAHM BO MPOrpaMoOT, TI'M NOBUKYBaaT
"MeToguTe" MpeKy "mopaku", KOM BCYLIHOCT ce MHTep(ejc Ha KiacaTa 3a
MIOBP3yBalke CO OKOJIMHATA.

Kako mpumep, Ha OBOj TUIl Ha amncTpakigja, MOXE Ja Ce 3eMe
eqHocTBHaTa Kiaca "moauroH". IIomuroHoTr MoxKe ga ce 3aMHCIH KaKo
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cepyuja Ha TOYKM, & TOUKHTE MOXKE J]a C€ 3aMHUCIIAT KaKO CEpUM Ha MapOBU
on 6pojku (koopanHaTH). HO KOHIENTYyaTHO TOJIUTOHOT € MHOTY TOBeKe
OTKOJIKYy 30uMp Ha TO4YkM unu OpoeBu. [lomuroHor mma mnepumerap u
noBpiIMHA. MoxXe Ja ce 3aMUCIU JIeKa cakaMe [a IO [JBIKUME WU
porupame. OBHE KapaKTEpUCTHMKM M OINEpaldd MOXaT fAa ce aooujat
OJJHOCHO W3BpHIaT O€3 NOBUKYBak€ HA EHTUTETUTE HA HHUCKO HHUBO
(TOUKHTE W KOOPAMHATUTE) KOU T'O COUMHYBAaT MOJUTOHOT. 3HAYM MOXKE
lla ceé MHCIH 32 NOJUTOHOT, KaKo 00jeKT, Oe3 Jja ce MUCIU Ha OpOEBUTE
(TOUKHTE) KOM T'O COUMHYBaaT 00jeKTOT 1 6€3 Jla Ce MHUCIIN Ha aJITOPUTMUTE
KOM MaHHUIyJIMpPaaT co HETO.

Co pa3B0ojoOT Ha MpPOrpamMu 3aCHOBAHM HA BaKBH allICTPAKTHU €EHTUTETH,
KOM KMaaT COIICTBEH KOMIUIET Ha OIllepallid, ce€ MpaBd IMPOTrpamMoT
HE3aBUCEH Of JIETAJUTEe Ha UMIUIEeMeHTanujaTa. OBa BOJAU KOH YIITE €Ha
IPEAHOCT Ha 00jEKTHO-OPUEHTUPAHOTO NMPOTrpaMupame : EHKaIcyaanujaTa.

3.1.2. EHKATIICYJTALINJA

Enkarncymanujata € npouec Ha KpUEHhe Ha BHATPEIIHUTE [I€]CTBA HA
KJjacaTa 3a fia ce mopapxku win uchopcupa ancrpakiygjata [15],[20]. OBa
Tpeba fa ce caTh Kako 3aTBapame (yuaypyBame) Ha KjacaTa, MpH IITO,
MOXE€ fa ce TMpHUCTal¥ KOH TNOAATOUMTE M KOAOT CaMO MpeKy
"uaTepdejcoT". OBa Oapa NOBJIEKYBamE Ha pecKa TIpaHHUlA IOMery
"uHTepejcoT” Ha Kimacata (KOj € CO jaBeH MpuUCTan) W Hej3uHATa
"ummieMeHTanyja" (Koja uma mpuBaTeH npuctan). MaTepdejcoT onmiysa
LITO MOXe KJlacaTa fla padoTH, Jofeka UMIIJIEMEeHTaljaTa ONUIIyBa Kako
ce pabotu Toa. Ha TOj] HauMH € nopip>kaHa ancTpakiyujaTa co N3JI0KyBambe,
NpUKaXyBamke, CAMO Ha PEJIEBAHTHUTE CBOjCTBA Ha KJjlacaTa: KOPUCHUKOT
I'M TocMaTpa OOJeKTHTE caMO NMPEeKy TEePMHUHHUTE - ONEpalUUTe KOW Tue
MOXKaT Jla TM U3BefaT, HO HEe M MpeKy TEePMUHHU 3a CTPYKTypaTa Ha
nofgatouuTe. 3Hauu OBJe HE CTaHyBa 300p 3a €IHOCTaBHO KOMOWHHpaHE
Ha (pyHKIUUTE W mopaTonuTe. MOXHO € MOBp3yBame Ha (DYHKUMHUTE U
NOAAaTOIMTE BO KJACH CO jaBEH NpPHUCTAll Ha CUTE YJEHOBM, HO TOa HE €
npuMep 3a eHkancymanmja (ci. 3.1.) BucTuHCcKM eHKancyanpaHaTa Kiaca ra
"OnKpyxXyBa' T.e. TM KpH€ NMOAATOLMTE NPEKY CBOUTE (PYyHKIMHM, Taka fa €
MOXKEH MpHUCTal KOH MOAATOLMTE caMO MPEKy NOBUKYBamke Ha (DYHKIUUTE
(cm.3.2.).
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Enkancynanujata He ce cpekaBa caMoO Kaj 00JEKTHO OPUEHTHUPAHOTO
nporpamupamwe. [IpuHOMNOT Ha  "Kpuewe Ha NojaToumTe”  BO
TPaJULIUOHAIHOTO, CTPYKTYPHO, IporpaMMpame HcTaTa Wjieja ce
npuMeHyBa npeky mopynure. Ominra mpakca € fa ce JejaT TOJEMHUTE
nporpaMd BO MOJYJIM, KOM CH HMMaaT jacHO neduHUpaH uHTepdejc 3a
(pyskumuTe, Taka mWTO MOXKAT [la TM KopucTaT Apyrud moaynau. Llenra Ha
KPUEHETO Ha NOJATOLUTE € [a Ce HalmpaBM CEKO] MOAYJ KOJIKY IITO €
MOZKHO I10 HE3aBUCEH.

hyHKUMM hyHKLMM hyHKUMN

nogarouu hyHKUMM pyHKUMM |nogaToum | PyHKLMM
dyHKLUMN dyHKLMN yHKLMN
cauxa 2.1. cauxa 2.2.

Ha kpajor Tpeba yumiTe fa cnoMeHeMe fieKa E€HKalcyjlalujata muma
nopeke mnpegHocTH. EfHa of HUB € amncrpakiyjaTta, Koja € OIHMIllaHa
TIOHATIPEN: MO3Ke Jla c€ KOPHUCTH KjacaTa (M MOAYJIOT) Ge3 la Mopa Jia ce
MHUCJIM 32 HAUMHOT Ha KOj paboru. [Ipyra nmpemgHocT e "nokanujata', mITO
3Ha4M IcKa MPOMEHNTE BO E€JIEH JIEJ Of] POrpaMoOT He OapaaT NPOMEHU BO
npyrute aesnoBu. Cimabo JIONMpaHWTE NMPOrpamMU Ce MOIIHE OCETIIMBU Ha
IPOMEHM BO KOJOT. 3a pas3iiuka Off HUB MPOrpamMuTe co fo0pa JoKanuja ce
MHOTY NOEHOCTABHU 3a O[p>KYyBame, a U3MEHHUTE JIeJyBaaT caMO Ha Mall
JIeJ1 Off MPOrpaMoT.

3.1.3. XUEPAPXMJA HA KIIACU

Engna o KapakTepucTUKUTEe Ha  OOjeKTHO  OPHEHTUPAHOTO
nporpamMupame, Koja HEe MOXe Ja ce Hajae Kaj HNpoLeaypaliHOTO
nporpaMupame, € MOXKHOCTa 3a Je(MHUpame Ha XWepapXuja Ha THIIOBU
[15],[18],[20]. Tyka cranyBa 300p 3a AemHUpame Ha €JHa Kjaca KakKo
MOJITHUI, OTHOCHO MoceOHa KaTeropuja, Ha Apyra Kjaca T.e. ef[HaTa Kjaca fa
ce u3Befie off Apyrarta. Mcto Taka MoXKe Jia ce u3pas3aT CIMIHOCTUTE MTOMery
KJIacuTe, ONHOCHO Jla ce JneduHMpaaT KaKo TOAKATeTOpWM Ha eJlHa
NOIIMPOKA KaTeropuja, CO HUBHO U3BENyBamke Of eJlHa OCHOBHA KJTaca.



EneMeHTn Ha 00jeKTHO OPUEHTHPAHUOT NPUCTAI 11

NpentudukyBambeTo Ha OMIITa OCHOBHA KJlaca 3a MOBEKETO KJIacu €
¢dopma Ha ancrpakuuja: OcHOBHATa KJjlaca € MPETCTAaBEHUK HA THE KJIach
Ha HAJBUCOKO HUBO. Taa ru ofpenayBa HajONIITUTE KapaKTEPUCTHUKU Ha
U3BEJICHUTE KJIacH, TaKa JjJa MOXKe J1a ce KKOHIIEHTpUpaMe Ha THE JIOJeJICHU
OCOOMHHU M Jla TM UTHOpUpPaMe HUBHUTE WHAMBUAYATHU KAPaKTEPUCTUKH.
OBaa TexHMKa Ha ancTpakiyja OBO3MOXKYBa fla ce rjefaaT €HTUTETUTE
(TepMuHUTE) TpeKy Maj 6poj Ha Kateropuu. OBaa TEXHUKA CE KOPHUCTH U
BO CEKOjIHEBHUTE KOMYHHMKAllUWA; HA NpPUMEpP, MOJIECHO € CE€ MUCIHU
"DMaYn" OTKOJIKY "JIaBOBM, TUTPU, MEYKH ...", WX MAaK "MEYKU" HAMECTO
"rpu3iu, IpHA MEUKa, MoJlapHa MeukKa ...".

Taka ocHOBHaTa Kilaca € TreHepaJW3amMja Ha Trpyna of KJacH.
AHaNOrHO, U3BeieHaTa Kjaca € cmelujajam3anuja Ha HEKoja Jpyra Kiaca;
M3BenenaTa Kinaca € MOATHUI HA TIPETXOIHO NMPENO3HAeH TUI U T'O OMUIITyBa
CO TEPMUHU 3a HETOBUTE OflaTHU KapakTepuctuku. Ha mpumep, 1aBoBUTE
ce IUIlaud, HO THE UCTO TaKa MMaaT M HEKOM OCOOWHM KOM HE ce cpeKaBaaT
Kaj CUTE IUILAYN.

ITocTrojaT pBe mNpakTUYHM NPUAOOUBKH Off AePUHUPAHETO HA
KJacHaTa XWepaxuja: M3BeJleHaTa KJjlaca MOXe fAa To fpo0ue KOAOT Of
OCHOBHATa KJjaca, WiIH MakK jja ro ooue uatedejcoT o OCHOBHATA KJaca.

« HacnenyBame Ha KomoT: AKO UMILUIEMEHMpaMe Kjlaca M cakaMe fa ja
UCKOpUCTUME (PYHKIMOHAIHOCTA Ha HEKoja TIOCTOedYkKa KJiaca,
€JHOCTAaBHO MOXe Ja u3BefeMe Kjaca oj nocroeukata. OBa e
CUTyallfja Kora HacJelyBameTO J03BOJyBa MOBTOpPHA ymoTpeda Ha
konor. Ha TOj HauMH ako WMIUIEMEHTHpaMe MOBeKe KJlach Co
3a€JHUYKYU KapaKTEePUCTHKM, KJIACHATA XUeapXuja MOXe /1a TO HaMalli
PEeAYHAAHTHOTO KOAupame. J3HAYu OMNIITUTE OCOOMHU Ke ce
UMIIJIEMEHTHPAAT caMO €JHalll BO OCHOBHAaTa KJjaca W Hema ja ce
NOBTOPYBaaT BO CEKOja U3BeJeHa Kiiaca.

Knacnara xmepapxmja pa3BueHa cO MOBTOpHa ynoTpeba Ha KOJOT,
HajroJieM Jieql Of KOJOT ro MMa BO OCHOBHaTa Kijaca (Ha BPBOT Off
xuepapxujar). Ha Toj HaunH KOgoT MOXKe fia ce yHOoTpeOu O MHOTY KJIacH.
Taka wu3BefeHWTE KJjacu NpeTcTaByBaaT CIENMjaU3UPaHA, OIHOCHO
NpOIIMpEHa BEp3Kja Ha OCHOBHATA KJlaca.

o HacnenyBame na unrepgejcor: [Ipyra crpareruja 3a HaclieqyBame €
aKo W3BeJleHaTa Kjaca I'M Hacled caMO WMUEaTa Ha (DYHKIUUTE-
YJIEeHKHM Ha OCHOBHaTa kjaca. KogoT Bo 0BOj ciyuaj He ce HaciaedyBa:
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u3BefieHaTa KJjlaca MMa CBOj CONCTBEH KOf| 3a Tue (PYHKIMHU. 3HAUU
u3BefieHaTa Kjiaca ro uMa UCTHOT UHTep(ejc KaKo U OCHOBHATA KJjaca,
HO pa3nuyHu ocoOuHM Ha wucrtute ¢yakuuu. OBaa crpateryuja
OBO3MOXKYBa pa3IWyYHM KJIACH 1a MOXKaT Jja KOPUCTAT UCT UHTepdeEjC,
CO TOa WITO Ce 3rojeMyBa HUBHATA CIMYHOCT HA MOBUCOKO HUBO.
Hajronema mnpupmoOuBKa Off HacleAyBameTO Ha KIIACUTE €
noImMOpdU3MOT (MOXKHOCTA JIa Ce MOBUKYBAaaT (PYHKIUUTE - WICHKU
O]l HEKO] 00jeKT, 6e3 fa ce cneuuduiupa TOYHUOT TUI HA O0JEKTOT €
No3HaTa KakKo moJuMopdu3aM - MOXKHOCT Ja ce Ao0HujaT MHOTY
cdopmn).
Bo npakca HajuecTo ce mpuMeHyBa KOMOUHaIMja Ha 06eTe CTpaTeruu
Ha HacJelyBamhe HO MOXKHO € U CTPUKTHA MpUMeHa caMO Ha HaclleyBame
Ha KOJIOT WM MAaK caMO Ha HaclieflyBame Ha uHTepdejcor. Bo BTOpHOT
cllyyaj BO OCHOBHATa KJjaca ce JAeKJapupaHu, OJHOCHO YTBPJEHHU, CaMO
(pyHKIIUUTE, HO HE € UMIUIEeMeHTHpaH U KofoT. OBae craHyBa 300p 3a
ancTpakTHA OCHOBHA KJaca.

KiacnaTra xuepapxuja pa3BueHa 3a Haclie[[yBambe Ha UHTep(dejcoT HajroneM
TIeJ1 Off KOIOT COMIP3KU BO M3BEICHUTPE Kitacu (Ha MHOTO OJf XMepapxujaTa).
Bo 0BOj cnyuaj m3BefeHUTE Kiacu MpeTcTaByBaaT paOOTHaA Bep3Hja Ha
arCTPaKTHUOT MOJIEN ie(puHUpPaH CO OCHOBHATA KJlaca.

Knacute Moxar pga moofpKyBaT ancTpakiyja, €HKarcylanuja u
xueapxun. Knacure ce Mexannsam 3a Je(puHUpamke HA allCTPaKTHUA TUIIOBU
Ha MOJIaTOLM MpEeKy KOM ce u3BpllyBaaT onepanuute. Kmacute moxe ga
OupaT eHKaINCyJIupaHu, pa3fieJyBajKu ro KOJOT U HAarIacyBajKu ja HeroBaTa
nokanuja. Ha kpaj, knacure Moxe fja O6ujilaT OpraHu3upaHu BO XUEPaAPXWH,
HarjacyBajKu ja MeryceOHaTa MOBP3aHOCT U ICTOBPEMEHO MUHUMU3UPAJKU
ja peyHIaHTHOCTA Ha KOJOT.

3a 0a ce 006ue HajmHOZY 00 00jeKIHO OPUEHILUPAHOIIO UPOZPAMUPAbE He
e 00B0AHO camo 0a ce Hailluuie Upozpam ii.e. 0a ce UMUAEMEHIUUPA 00peOeH
cucitiem, 80 Heko] oOjexiino opueHitiupar jasuk. Tewuwitieitio iipeba Oa ce
fociliasu Ha pas3eojoitt Ha MOOEAOU HA CUCILeMOT.
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3.2. PA3BOJ HA OBJEKTHO-OPUEHTHNPAHUM
CUCTEMU

O06jeKTHO-OPUEHTHPAHOTO MPOrpaMupame MPeTCTaByBa HOB HAUMH HA
MUCIIEHE, KOj (DYHIAMEHTAIHO CE Pa3JIMKyBa Ojf HAUMHOT Ha MUCIICHE TPH
KJIaCHYHOTO Mprpamupame [16],[21].

Bo top-down cTpyKTypHOTO mporpamupame MPBHOT YEKOp € Jla ce
ofjpeau LeaTa Ha nporpamoT. Toa 3HayMm fJeka NPBO ce ONUIIYBaaT
TIIABHUTE YEKOPM KOW MOpa jja TW W3Befe MpOrpaMoT (CO KOPHCTEHE
Ticey0 KOJOBY WX ijarpaMu). AypH TIOTOA TIIABHUTE YEKOPH Ce JleiaT Ha
NOMaJIM CO LITO ce ionpenu3npa pyHkumjaTa Ha nporpamoT. OBaa TeXHUKA
e Mo3HaTa Kako mpoleaypanHa ((pyHKIMOHAIHA JEKOMIIO3WIHja U TO
TpeTupa MPOrpaMOT KaKO OINHUC Ha MPOIEeC, KOj MoHaTaMy ce Jeau Ha
HOTIIPOLIECH.

O0jeKTHO OpUEHTUPAHHOT Pa3BOj APACTUYHO C€ pa3IUKyBa Off OBaa
TexXHUKa. Bo 00j€KTHO OpUEHTUPAHUOT Pa3BOj HE CE aHAIM3UPA MPOOJIEMOT
npeKky 3ajauuTe WTO Tpeba ja ru u3BpilyBa. Kako mpuopureTHa 3ajavya
OBJIE CE jaByBa YTBPAYBAWHETO HA 00JEKTUTE U HUBHUTE BPCKHU.

JIpyra OuTHa pa3nuka moMmery OO0jeKTHO OpPUEHTHPAHUOT HAYWH Ha
OporpaMUpame M CTPYKTYPHOTO TpOrpamMupame € IMTO OO0jeKTHO
OPUEHTHPAHUOT Pa3BOj BKJIyuyBa pad0OTa U Ha BUCOKO M Ha HICKO HUBO BO
CUTE CTETIEHU Ha Pa3BOj HA CUCTEMOT.

Camara mocrarnka 3a pa3Boj Ha 00jeKTHO-OPUEHTUPAHUTE NMPOTPaMHU €
MHOTY (pJIeKCuOuHa, ce cocTou off caegquute yekopu [20],[25]:

o wuaeHTU(UKAIM]a HA KJIacuTe (06jeKTuTe);

o JOfeNyBamke HA aTPUOYTU U METONIM Ha KIIACHTE;
e YTBpJyBame Ha BPCKUTE NOMeEry KIIAaCHUTE;

e ypenyBame Ha KJIaCUTE BO XHEePapXUU.

OBpe Mopa [Ja ce HaloOMEHe JieKa pa3BojoT Ha 00jeKTHO
OpPMEHTUPAHUTE MPOTPaMy € UTEPATUBEH MPOLEC: CEKO] YEKOP BO NMPOLECOT
MOX€ Ja TI'M W3MEHHM IPETHOCTaBKUTE Off NPETXOAHMOT YEKOp, IITO
noHatamy Oapa BpaKawbe€ Has3aj U IMOBTapamke Ha YEKOPOT CO HOBHUTE
nH(popmanuu.
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l'ope HaBepeHuTe 4yekOpuM MOXE J[a ce pealn3upaaT Ha pas3juyecH
HauyMWH, BO 3aBHUCHOCT Off HpoOieMoT Koj ce pemasa. Ilonaramy, BO
HapeJHUOT fies, Ke Oupe objacHETa NMpHUMEHETaTa MOCTalKa 3a pa3Boj Ha
KOHKPETHUOT O0JEKTHO OPUEHTUPAH CUCTEM.



4. MOIOEJI HA NTHOPOPMALINMOHNOT CUCTEM

4.1. METOHOOJIOTNJA 3A PA3BOJ HA
NHOPOPMALHMNOHUNOT CUCTEM 3A
I[TPOEKTUPAILGE, TPAIBA U EKCINIOATALIMJA HA
TYHEJIN

3a yTBpyBambe Ha MOJEJIOT Ha MH(POPMAIMOHUOT CUCTEM KOPHUCTEHA
e cleiHaBa rnocranka [24]:

1. Hajopso e necdunupan npo6ieMoT, Npu MITO NPEUU3HO CE€ YTBPACHU
3alauuTe Kom Tpeba Jla OMjaT pelleHu NMpHU pa3BOjOT HA CUCTEMOT.
Hcro Taka yTBpiEHU ce CATE PEeJIeBaHTHHU MOJATOLM 32 €[€H BaKOB
cucreM. [lapanenHo co peduHHpamETO Ha MPOOJIEMOT 3a MOKOOpO
Cliefiel€ Ha TEeKCTOT JlafleHa € KapaKTepUCTUYHATa TEPMUHOJIOTH]ja 32
TyHeJorpagbara Koja € WIyCTpUpaHa CO CKULKA Ha OJpefcHH
€JIEMEHTH Ha TYHEIIUTE.

2. Tlonatamy e u3BpllleHa riobajHa aHalIu3a Ha CUCTEMOT U NPHU TOA ce
YTBPICHU OCHOBHHMTE nopcuctemMu. OBe ce OApEfAeHU W IMPUCTANNUTE
Bp3 OCHOBa Ha KOM Ke ce BpIIM NOHATaMOIIIHO pellaBamke Ha
CUCTEMOT, a TOa ce: O0JeKTHO OpPHEHTHPAHO NIPOrpaMHUpPAE CO
KOPHUCTEH-E Ha aKTUBHM 0a31 Ha MOIATOLIH.

I'mo6anauor MOJICJI € TPETCTABCH U ICMATCKH.

3. Bo TPETUOT YCKOP pa3ryiefyBaHn €€ MOCAUHECIHO CeKOj IIoagCUCTEM "
TOa BO [IBa Y€KOpa:

e aHaJM3a Ha MOJICUCTEMUTE U
e VyTBpAyBake€ Ha OOJeKTHO OpPHMEHTUPAHUOT MOJE]T  Ha
HOJICUCTEMOT.

3.1. 3a pga ce dopmanusupa MOAEJIOT Ha peajlHOCTa ce 3all0uHyBa CO
3aMUCIIyBamkEe T.€. MIOCTaBYBaWkE Ha JMjarpaM Ha TOK Ha NOAATOLM -
DFD (Data Flow Diagram). Ha Toj HauumH co aHaiu3aTa Ha MO[-
CHCTEMHUTE € W3BpIIEHA JeTanHa (pyHKIMOHAIHA fieKomno3unyja [6]..
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Bp3 OCHOBa Ha OBaa aHAJ/IM3a CC INPCUU3UPAHN 3aJa4YUTC Ha CCKOj

noacucreM, u ce pageHu npeky DFD Tyka e yTBpeH TOKOT Ha

nmogarTogure, BJACE30T U M3JIE30T T.C. TpaHC(I)OpMaHI/Ij aTa Ha

NOMIATOLUTE KAKO U BPCKUTE MOMETry pa3jMyHUTE TpaHChOopMalyi.

CnMmObonTe KOHU ce KOPHUCTCHU CC:

NPaBOAroJIHUK - TMPETCTaByBa HAJBOPEIIEH EHTUTET (HaBOP Off
TPAHMIIUTE HA CUCTEMOT)

CTpeJIKa - TO MOKaXyBa TOKOT Ha MOJAaTOLUTE

KpPYT - ja MpeTcTaByBa TpaHcopManujaTa Ha MOJATOLUTE

[B€ NapajieJIHA JIMHUU - T NPEeTCTaByBaaT MOAATOLUTE KO Ce
yyBaaT (KOW MOXKe OTIIOCIIE Jla Ce YMTAaT)

3.2. Ha xpajot Bp3 ocHoBa Ha DFD yTBpjieH € 00jeKTHO OPUEHTUPAHUOT

MOJICJI CIIopea CiIcqHaBa Imocralka:

Nnentudpukanuja Ha 06jeKTUTE U HUBHUTE aTPUOYTH;
Unentudukanyja Ha onepanunTe KOW T'M MpeTpIyBa u ce 6apaar
O]l CeK0j 00jeKT;

YTBpayBame Ha BHUJIMBOCTA Ha CEKO] O0jeKT BO pelianyja co
Ipyrute o0jeKTu

YTBpayBamwe Ha UHTEPE]JCOT 3a CEKO] 00JEKT;

NmmnieMenTaiuja Ha 06jeKTHUTE.

4. Kako IMMOCJICICH YCKOpP € MPEABUICHO TCCTUPAKLEC HAa ITPOTOTUIIOT Kaac

IITO Ke ce YTBpAH KBAJIUTCTOT U BAJIMIHOCTA HA CUCTCMOT.

[lenokymHaTa mocranka e mpuKaskaHa memartcku (ci. 4-1), kajie mTo

CeKOj YCKOP € O3HAYCH KAaKO IMOBPATCH. Toa 3naun J€Ka € MO>KHO BpaKaH,e

Ha HeKOj o MPCTXOMHUTE YCKOPHU IIPpU paBBOjOT Ha CUCTEMOT CO IITO IIO

U3BpILICHU OfpefieH Opoj uTtepanun Ke ce fodue KBanuteTeH cucteMm. OBa

nmpoumsJjieryBa O TaMy HITO MOJCINPAKLETO HaA onno KOj CUCTEM

MMpeTCTaByBa Kp€aTHUBHA pa60Ta 1 € MOZKHO J1a CE pClIr Ha MoBeKe HAUMHH.

Toa 3Haun JC€Ka HpBOGI/ITHI/ITe 3aMUCIIM MOZKE BO IIOHaATaMOIIIHaTa pa60Ta

la He ce MOoKaxaT KakKo JOOpH pelleHHuja, IITO INOBJIEKYBAa BpaKame Ha

HEKOj MpEeTXOfleH 4YeKOop, Ma JAypu M BpaKawke Ha JAe(pUHUPAHETO Ha

ImocraB€HaTa 3agayda.
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4.2. ITEOMHNPAIBLE HA ITPOBJIEMOT

TyHenuTe ce WMHXEHEPCKH MOA3EMHU TpajdM CcO 4YHja IOMOII Ce
COBJIQJlyBaaT TEPEHCKM MpENpeKH MNpu u3rpajgdaTta Ha COOOpaKajHWIIM,
XHAIPO-CUCTEMH, E€HEPreTCKU TIOCTPOjKH, a MOXKE Ja CIyXXaT M Kako
CKPWBHUIM WJIN Maranuuu [16].

PMNAOCKMU MACMUHB

NOPTAN
NOPTAN

4 g
’ .
/’ TYHENCKA LIEBKA \
v ) yd N

cauxa 4-2 HaoonaxceH ilpecek Ha itiyHen

I'pagbaTa Ha OMIO KakKoOB TpajieXkeH OO0JeKT ce M3BeAyBa IO TOYHO
yTBpAEHA NPOLEAYpPa, OAHOCHO TexHojoryja. Ce moyHyBa co u3paboTKa Ha
MHBECTHLIMOHATA JOKYMEHTaluja, a I[oToa ce [peMHHyBa Ha
IPOEKTUPAKETO T.€. Ha M3pabOoTKa Ha MpOEKTHaTa AoKyMeHTanuja. [dypu
oTOa MOXE Jla ce TIOMWHE Ha M3BeAyBameTo ((pu3mukaTta peanmsanyja -
n3rpajta) Ha caMuOT 00jeKT. Bo 3aBUCHOCT OJf BUIOT HAa OGjEKTOT MOXKHO €
CO MoMajla WM TMOorojeMa Mpenu3HOCT fa C€ OfIBOM MpOLECcOT Ha
IpPOEKTUpamkE Off MPOLEcOT Ha u3rpagba. TyHenuTe, KaKO HMHKEHEPCKU
00jekTH, cnafaaT BO rpynarta Kaje IITO He € MOXKHO Jla ce TOBJIeue pecka
rpaHuiia nmoMery NpoeKTupameTo u u3rpagdara. Toa ce ok Ha (PaKTOT
HITO BO MPOIECOT Ha MPOEKTUpamE Ce BJEryBa CO MHOTY HENO3HATH 3a
BUJIOT W KBaJIUTETOT Ha Kapmurte (PUACKMOT MacuB, TeOJIOTHjaTa, Cil. 4-2)
BO Kou Tpeba fma ce mpoOMBa TYHEJIOT. MOXHO € MHOTY HONpPEIU3HO
YTBplyBalkhe HAa KapaKTEPUCTUKUTE Ha KapouTe, IITO CEKaKo CH MMa U
CBOja IIeHa KOja HE € 3a MNOTLEeHyBame. Meryroa m BO TOj ciy4aj,
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KapaKTEepUCTUKUTE Ha KapnuTe Tpeba fa ce mpumaaT co pe3epBa Mopagu
HAKHAHOTO JIEjCTO Off €KCIUIO3UBOT (NIPW MPOOMBAKETO HA TYHEIIOT) WIIH
NOpajy HENPEABUICHUTE PEAKIIMY HAa KApIHUTE PU U3JI0XKYBakbhE Ha JI€]CTBO
Ha Bo3ayX (mnm Bopma). [lopamm Toa TpW MPOEKTUPAHETO CE ONHM CO
OPOrHO3€H TEOJOKUM Npodui Bp3 OCHOBA Ha KOj Ce€ BpLIHU
MUMEH3MOHUpake Ha TyHeJIcKaTa moArpanba T1.e. eBka (cnmka 4-3) u Toa
Ha TOj HA4MH IITO C€ YyTBpAyBaaT IOBEKE pa3IW4yHU THUIIOBU Ha
KOHCTPYKIHja, a CIIOpeN] TYHEeJICKUTE (MOJ3eMHHTE ) MPUTUCOIN IIITO MOXKAT
la ce OYeKyBaar.

PUACKN MACUB

cauxa 4-3 - HaiipeueH iipecex Ha liyHen

KoHEYHOTO IMMEH3NOHNpPakEe Ce BPILIM Ha JIUIE MECTO CO YTBPAYBaHE
Ha peajiHaTa reoJjiomka cocrojoa. Ilpm Toa MOXHHM ce [BE CUTYyalWH:
peanHaTa reoJjoruja fa ce CI0XKyBa CO IMPOTHO3HUOT TE€OJIOLIKU MPOQUI
WM J1a He ce cioxyBa (cnuka 4-4). AKO reosorujata ce cjaoxyBa Toralll ce
BrpajiyBa NPEJBUACHUOT THUII Ha TYHEJCKa II€BKa, a aKO HE ce CIIOXKYyBa
Toraul ce 0apa TUI KOj OAroBapa Ha peajHaTta reosnoruja. Tyka, IOBTOPHO,
MOXHHU c€ JABE cuUTyauuu: OapaHUMOT THUI fa MOCTOM BO IPOEKTOT WU
O6apaHMOT TUN fa MOpa fia ce MpoeKTupa (MpecMeTyBa) Ha JIMIE MECTO -
LITO IpeTCcTaByBa AOAATHO ONTEPETYBalkEe M 3a IMPOEKTHATa €KuIa M 3a
u3BepyBaunte. [lopaHo mocrankaTa Ha KOHEYHOTO JUMEH3UOHHMpAE ja
BplIEsia Moce0Ha CTpPyyHa KOMHCHja, HO €O pa3BOjOT Ha HaykaTa H
TEXHUKAaTa YCOBPLIEHW C€ pa3HM MEpHU MHCTPYMEHTHM KOU MOXKaT
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NOKOHKPETHO Jla TH 1aflaT KapaKTepUCTUKUTEe Ha kapnute. [Topagu Toa ce
jaByBa moTpeda Off CUCTEM KO] Ke ja ciefu cocToj0aTa Ha pUACKUOT MAaCUB
Opy MpOOUMBAKETO HAa TYHENUTE M Ke IMpernopadyBa, OJHOCHO, Ke HyAH
pellieHnja 3a OfipefieHN cuTyanun (Ha mpuMep Ke YTBpAyBa KOj THUN Ha
noArpanda Tpeba Jla ce Brpagy WM Nak Ke BPIUIU NMPOEKTHUPaH€ Ha HOB
THII).

Ha oBa ce majgoBp3yBa u mpoOJIeMOT CO TeXHOJIOTHjaTa Ha m3rpajda
T.e. METOJIOT 1O KOj Ke ce mpobmBa TyHeJa0T. Criopen KJIacCHUYHUTE METOU
TyHeJicKaTa IeBKa € CO TOYHO OfipefiecHa JAWMEH3Wja W HE € OCTaBeH
npoctrop 3a wuHTepBeHnWja. Co COBpeMEHHTE METOM KOHEYHOTO
NUMEH3MOHUpamkhe Ce BPIIM CO TIOCTAallHO BrpajfiyBakbe Ha [el Off
noprpagbara U aKTHBHO ClIeflelh¢ Ha Hamperamara u AeopMamnuuTe, BO
PUICKMOT MacuB M camaTa Mojirpanbda, mpeky noceOHn nHcTpymeHnTu. [Ipu
TOA OJIpEeficHN Ce€ KPUTHYHUTE BPEJHOCTH HaA Hamperamarta (Wiad
necopmanuuTe) NpH KOj Tpeba [a ce Brpagd HapPETHUOT Jel Of
noarpagoaTa (HajuecTo AOJaTHH aHKEPH WJIU CIIOj MpcKaH O6eToH). 3Hauw,
cera cTaHyBa 300D 3a €JIeH IpYT, mapajieJicH, CHCTEM KOj Tpeba, OCBEH fia ja
ciemu cocroj6aTa BO PUACKMOT MacuB, W Jla TO CIIEI OTHECYBameTO Ha
KOHCTpYKIFjaTa 1 6JIarOBpeMeHO jla Mpaka CUTHAJIU 3a MHTepBeHIun. EqHa
OfT METOAWTE KOja MOXKe ja ro mnpuMeHyBa Toj cucteM ¢ "HoBata
AscTpucka Metopa" 3a rpajg0a Ha TyHenu [22],[23].
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OcBeH Toa, BO MocTankaTa Ha rpajda Ha TYHENIWTEe, NOYHYBAJKU Off
IPOEKTUPAKETO, MPEKY MPOOUBAKETO T.€. U3rpajgdaTa Ha TYHEJOT, Ma ce
0 MyIITamkEeTO BO €KCIJIoaTalyja, MHOIY IOBEKE ce MOTHUpaMme Ha
EMIIMPUCKA METOM OTKOJKY Ha IpecMeTyBawma IO CTPOrd (PU3NUIKU
3aKOHHU (TMOpajy mTO TojeM Opoj Ha aBTOpHW 300pyBaaT 3a "BeNITHHA HA
rpajielkeTo TYHENIH' HaMecTO 3a "HayKa 3a rpajewme TyHenu'). OBa fgoara
10 U3pa3 BO IPB pef PY MPOTHO3UPAKETO HA TYHEJICKATE IPUTUCOLU KAKO
U TpU OIPElYBAKETO HA PEAKLIMUTE HAa MACUBOT NPH NPOOMBAKETO Ha
tyHeautre. Co men [Ja MOXe [Ja Cce€ WCKOPUCTH MCKYCTBOTO Of
IPOEKTUPAKETO U IPAJICHETO HA TYHEIIUTE MOXKEIHO € fla ce opopmu Oaza
Ha NOJaTOLU BO KOja Ke Oujie CKJIafMpaHO MCKYCTBOTO U 3HAECHETO Of
KOHKPETHUTE U3BEJICHU NTPOEKTH.

3HauM Kako TJIaBHM 33[jaud Ha MJHUOT MH(MOPMALMOHEH CHUCTEM CE
MojaByBaar:

e TMPOKTHpPAaHkE HA TYHEIWTE; MPOTHE3eH TeOJOMKN Npodui u
TUIIOBU Ha TOATrpaoa

e cIefelme Ha cocTojO0aTa BO PUACKMOT MACHB U CHOpElyBame Ha
pealiHaTa co MPOEKTUpaHATa reoJiorhja Kako W MpernopavyBame
Ha TUIM Ha MOATPajoa;

e cCIefielkhe Ha Hamperamwara, NMPUTHUCOIUTE M OJHECYBaHETO Ha
PUJICKMOT MacuB, KaKO W TpaKame CHUTHAJM 3a eBEeHTyalHa
MHTEPBEHIIN]a;

o dQopmupame 06a3a Ha MOAATONU 3a MOMOIHEXKHO KOPUCTEH-E
(KaKo MCKYCTBO) TIPH POEKTHPAkE W N3rpaji0a Ha HOBU TYHEJIN.

I[Ipu pu3ajuupameTo Ha UHQPOPMALUMOHEH CHUCTEM KOj OuM TH
3a/I0BOJIyBajl TOpE HaBEJECHHUTE acleKTH HajOMTHO € Ja ce YTBpAU
nocTrankaTa Ha rpajgda Ha TyHEJUTE, KaKo U a Ce YTBPAAT PEJIEBAaHTHUTE
NOJIaTOLX 32 BAJIWJHO U KOMIIETEHTHO MPETCTAaBYyBalkhe€ HAa KOMIUIETHUOT
npolec.

Kako mTo Beke morope € crmoMeHaTO MOcTamKaTa 3a rpajgba Ha

TYHEJIM MOKeE J1a ja MPETCTaBUMeE BO TPH (pa3H:

o (pasa npoeKTUpPaAKE;
o (paza usrpagbau
« a3za ekcruioaTanyja.

IIpBara ¢pasa, Bo rmobana, MOXe Jja ja IPETCTaBUME MPEKY HEKOIKY
IOCJIEOBATEIHA YEKOPH:
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1. mpeTXOmHM WCTpakyBakbha W PEKOTHOCHUpAHkEe Ha TEPEHOT
(reomleTcKM  CHMMama, TEOJIOMKA W XUJPOTCOJIOIIKA
UCTpaXkyBama H CII.);

2. neduHMpame HAa TYHEIOT T.€. Of[pelyBame¢ Ha MapaMeTpHuTe Ha
TYHEJIOT: JOJKWHA, PO U, HUBEJIETA UTH.);

3. MPOTHO3EH T'eOJIOMKN MPOoUII co KiacuuKanmja Ha PUACKUTE
Matepujanu (reojorWja BO KoOja ce TpoOuBa TYHEJIOT) U
YTBpAyBame Ha MEPOJIaBHATE (PU3MYUKHU T'OJIEMUHM;

4. yTBpHyBame Ha MOM3EeMHUTE (TYHEJICKUTE) MPUTUCOIH (Ccropesn
MPOTHO3HUOT T€OJIOIIKH PO );

5. IMMeH3MOHMpame Ha TMoArpagdaTa OJHOCHO TYHEJICKaTa o6yora
(meBKka).

TpeTnoT 1 4eTBPTHOT YEKOP C€ OJHECYBaaT Ha MPOTHO3M NOPaH TOA
LITO CTBapHaTa cocTojO0a BO PUACKUOT MAacWB, (pakTHUYKaTa reosioruja, ce
yTBpAYBaaT Ha JIMIE MECTO NPHU CaMOTO NMPOOMBame Ha TyHENOT. Konky
nopeanHu Ke OWpaT OBHME MPOTHO3U 3aBUCU Off CpeAcTBaTa M HANOPUTE
BJIOXKEHU BO TEOJIOLIKUTE UCTpaXkyBama M BO KOJKaBa Mepa Ke Oupjar
UCKOPUCTEHM HUCKyCTBaTa OJf MpeTXOogHuTe rpagou. Bo Bpcka co
YTBPAYBAKETO HA MPOTHO3HUTE TYHEJICKU MPUTHUCOLM, & BO 3aBUCHOCT Off
yCIIOBUTE, Ce MPUMEHYBaaT MOBEKE OMIITO NMpudaTeHn TEOpUM KOU 3a OBa
HUBO Ha pa3paboTKa Ha CHCTEMOT He OM Tpebano Jla ro onTepeTyBaaT
TeKcToT. OBle caMo Tpeba Jja ce HallOMEHE JieKa OBUE TEOPUU U 32 UCTHU
YyCIOBM T.€. UCTU BJIE3HM MOJATOIM JaBaaT BO rojemMa Mepa pas3jiuyHu
pe3ynratu. l'eosomikaTta NMporHo3a W NPOrHo3aTa Ha MPUTUCOLUTE Ou
Tpebano fa ce pa3paboTaT BO NMOCEOHM MOACUCTEMU Oa3MpaHHM Ha 3HAHE
IpU OHaTaMOIIHATa pa3paboTKa Ha OBOj CUCTEM.

dazara "usrpamba" BCyIIHOCT € HajOMTHA 3a ILEIUOT cucreM. Bo
TEKOT Ha oBaa (pa3a ce yTBpAyBa peajlHaTa TreoJiordja W CTBapHUTE
TYHEJICKU IPUTHUCOLU U CE CIOPEAYyBaaT co IPOEKTOT. 3a rpajfda Ha TyHEIn
NO3HAaTU C€ JOCTa pa3jIMdyHU METOAM, HO KaKO HajIpuMEeHyBaHa u
HajeKOHOMHUYHA BO NOCIEJHUBE HEKOJIKY [E€CETHHA TOJUHU Ce IMOoKaxkasa
"Hosata Ascrpucka Meroga". HakpaTko cyluTuHaTa Ha OBaa METOAa ce
COCTOM BO TOA Jja c€ HCKOPUCTH BO MaKCUMaJIHA MOXKHA Mepa HOCUBOCTA Ha
PUACKHOT MacuB HaJ NPOOMEHHMOT TyHelcku oTBOp. Co mocTamHo
NoflaBalkbe Ha Moparpajgda, Koja ce COCTOM Off aHKEPH M apMHMpaH NpPCKaH
0eToH, ce ¢opMHpa cIoperHaT HOCHB CJIOj Off HoArpajgdarta M JAea Of
pupckuot macus. CamaTa MeTOfIa, YIIPOCTEHO, U3IJIe[a BakKa:
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o u3bmBame Ha MpodmIoT (MOXKE Jla OGuje BO MOBEKE HUBOM);

o VTBpAYyBalke Ha IIMIE MECTO Jaji TMpoeKTupaHaTa (MPOTHO3HATA)
reojorgja ce copmafa co peajnHaTa. AKO UMa pasliuKu ce
npepaboTyBa NPOEKTOT M c€ YTBPAYBa MOTpeOHaTa noArpaada T.e. ce
BpIIIA KOHEYHOTO JUMEH3MOHUPalkE Ha MOArpandara;

e TIOCTaBYyBal€ Ha MEPHM AaHKEpH, EKCTEH3MOMETPHU WIM MEPHU
NEPHHUIIN 32 CIEEHE Ha COCTOjOaTa Ha HAIIPETalke BO PUACKUOT MaCUB
HaJl OTBOpPOT;

e KOHTpoNla (Mepewme) Ha pAedopMalUTe WM TPUTHCONUTE W
COOJIBETHU MHTEPBEHIINH;

e TMOCTAllHO IOCTaByBalk€ Ha [lel Off NpoeKTHpaHaTa MNoArpaada u
KOHTpOJIMpawke Ha fedopMaluTe W HaNperawmaTra U BO PUACKUOT
MacHB U BO MOArpajoara.

[TocrankaTta Ha Mepewme Ha JedopMalMUTE WM HAIperawmara Ha OBOJ
CTEIIeH Ha pa3BOj Ha TyHeJorpajgdara ce BpLIU MaHYyEeJIHO, HO BO3MOXHO € 1
NOBpP3yBalkhe HAa MEPHUTE MHCTPYMEHTU CO CEH30pH Taka IITO Ke Oupe
0BO3MOXeHO "0n line" T.e. aBTOMaTCKO Mepewme cO KOMIUIETHA 0O6paboTKa
Ha MOJAaTOLUTE NPEKy HEKOj, Ha MpUMep, NMepcoHajieH KomijyTep. Baka
NOoOMEeHNTE MOAATONM ce OejexxaT W ce CIOopeayBaaT CO NMPOEKTUPAHUTE.
Kora poOuenure BpegHOCTH K€ J0jAaT A0 KPUTHUYHATA TOYKA CHUCTEMOT
Tpeba fa ajapmupa, a IocTaBeHaTa MnoArpaada ce nojauyyBa U HOBTOPHO CE
BpIIIA KOHTPOJA 10 MOMEHTOT KOra Ke ce YTBPAH ficKa AeOpMalluuTe UIu
HalmperamwarTa He ce 3rojieMyBaar T.e. ce cMupyBaaT. Kako kpuTuyHa Touka
ce 03HaYyBa MOMEHTOT KOra ce HaJIMUHYBaaT [JO3BOJICHUTE Halperamwa BO
noparpajgbara ofHOCHO BO MacCUBOT.

Tperarta ¢aza "ekcrioatanuja" BCYITHOCT HE € aKTHUBHa "paboTHA"
(paza u Hej3uHATA yOTa ce COCTOM BO TOA IITO PEeJOBHO Tpeba fia ce clefu
OJTHECYBAKETO HA TYHEJIOT NPEKY MEPHU MHCTPYMEHTH, HA UCT HAYMH KaKO
u pu u3rpagoara. Llenra e ga ce goOue NOTBpja ieKa TYHEJIOT € IPABUIIHO
U3rpajieH WK NaK ako ce M0jaBaT HEMOBOJIHA MEpEma CUCTEMOT Tpebda ja
naje curHai 3a O6JaroBpeMEeHO ia ce MHTEPBEHMPA CO COOABETHA CaHallja.
OcBeH oBaa caHalyja, Jpyra npugoOMBKa Ha OBa CIE/IEH€ Ha CUTyalujaTa €
IITO MCKYCTBOTO MOXE Jla ce IpeHece WM Ha APYTH OO0jeKTH CO CIMYHHU
ycnoBu. Pa3aTta "ekciuioatanuja"' MoxXe YCIOBHO Jja ce cpaTh: He ce MUCIH
Ha OyKBAJHOTO NPEJaBamkE€ HAa TYHEJIOT HAa KOPUCTEHE TYKY CE MUCIW Ha
KOMIUIETApameTO (OeTOHMpamkeTO) Ha TyHeJicKaTa IieBka. [lopagm Toa
IITO TYHEJWTE Ce JUHUCKM OOjeKTH HajuecT clyyaj € Jla Ha ofipefieHa
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JOJIZKMHA TYHCJICKA II€BKa 6I/IH€ KOMIUICTHA AOJCKa CCYLITE CC BpIIXU UCKOII
Ha 49€JI0TO. TYKE[ MOpa fJa €€ CIIOMCHC U BPEMCHCKATa III/IM€H3I/Ija: Haj‘ICCTO
CTaHyBa 360p 3a MCPCHLC Ha BpEMETO Ha I/I3rpa116a BO I'OJWHU.

OBa 6u ro NOTKpenus co MpUMEPOT 3a U3rpajgda Ha TyHEJIOT 371aTuOOp Ha
npyrata bearpag-bap co gomxuna on 6169,30 metpu, a umja usrpapda
Tpaeue o 1961-70 roguna. OBa €, UCTOBPEMEHO, M1 KOHKPETEH IPUMEP 3a
KOHEYHO NMMEH3MOHUpalme Ha TYHeJCKaTa IIeBKa U 3a KOPHUCTEHE Ha
UCKYCTBOTO Of] rpafgbaTa Ha efieH TyHeJ IMpu MOHaTaMolIHaTa rpagda Ha
UCTUOT TYHEN CO BUJJIMBU MO3UTUBHU PE3YJITATH, HO 3a KAl MPOCTOPOT
OBJI€ HE I03BOJYBa 3a[IpXKyBame U pa3paboTKa.

PeneBanTuute mogaToou CO KOM MOXKE Ha CC ONHUIIC COACH TYHCII
MO2KaT 1a €€ IMMoacyIaT BO HCKOJIKY I'PYIIX:

1. ImogaTonu CoO Kon riiobajgHo ce onuaryBa IpoOCKTOT:

e WME Ha TYHEJIOT, Ha3MUB;

e HAMEHa;

e KpaTOK TEKCTYyaJIeH OIIUC;
o JIOJIKWHA;

e TMpOuI u CI.

2. mopaTtomu 3a reoyiorrjata (Moxe jja IMa MOBeKe pa3IMYHU KITAch):

e OINC Ha Kapmara;

e CIIOEBHUTOCT;

e HCIYKAHOCT;

e BJAXKHOCT;

¢ KOXEPEHTHOCT;

e jakKoCT u

o Apyru (pU3NIKN KapaKTEPUCTUKM.

3. mopaTouy 3a THIOBUTE MOATrpaadm (MOKe f1a T'M UMa MoBeKe THUIOBH,
BO 3aBHCHOCT OJf OpOjOT Ha pa3IUYHUTE F€OJIOTUN):

« OIIAC Ha MOATpajdaTa T.e. EIEMEHTHU Ha MOArpaadara;

e BO KOja KJjiaca T.€. BO KOja Fe0JIoTHja MOXe Jja Ce IPUMEHH;

o TpAaHMYHU BPEJHOCTM HA NPUTUCOLMTE 3a KOM MOXE fa ce
IPUMEHYBA;

e MakKcHMasIHa AedopMalnnja Koja MOXKe fia ja IOIHECE;

4. mopgaTouy CO KOU IIOKOHKPETHO Ce ONMIINYBa TYHEJOT - MOJaTOLH 3a
HanpevyHuTe npounn (KOTH, TE€OJIOTHja, TUI Ha OATpagda UTH.):
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e CTaIMOHAaXKa;
e KOTa Ha HUBEJIETA,

e KOTAa Ha TEPEH;

e KJIaca Ha Kaprma - Te0JIOTHja;
e THWI Ha IOArpajoa.

OcgeH oBue Ke Tpeba jja ce pacrojara u co :
S. mopgaTouy 3a NOCTaBEHUTE MEPHU Npoumu:

e CTalMOHAaXa Ha KOja ce MOCTaByBa MEPHUOT MPOQUII;
e TpPOEKTHpaHa T.e. IPOrHO3MpaHa Kjaca Ha Kapna;

e peaJsiHa KJjlaca Ha Kaprma;

e JIaTyM U BpeMe Ha u30MBame Ha MPOUIIOT;

6. IMoaTOO! 3a U3BPIICHUTC MCPCHbhaA:

e Ha KOj NpO(ui € u3BpLICHO MEPEHETO;

e IpOEKTHpaHa MOArpaaoa;

e BrpajicHa NoArpanoda;

e BPEMEHCKU pacnopesi Ha MEpewmaTa;

e TpaHWYHHU BPEHOCTH Ha Mepemata (Off TUIIOT Ha moArpagdaTa);
e W3MEPEHM BPEIHOCT.

Ha xpaj moTrpeOHO € ymiTe fla ce HAllOMEHEe W JieKa CHUTe OBHE
MOIATOIM BO ceKoe BpeMe Tpeba fa Oujie MOXKHO fia ce Mperyefar T.e. fja ce
KOpHUCTaT.
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4.3. AHAJIIM3A HA CUCTEMOT CO I'lTOBAJIEH
MOJIEJI

ITojnoBHaTa nen - rpagda Ha TyHEN - c€ U3BpLIYBa, KaKO ILITO BEKe
BHIOBME, BO HEKOJNKY (pa3u. HajnmpBo nmorpeOHO € f1a ce u3paboTu NMpOeKT
CO CHTE€ HYMEpPHWYKHM M rpauyku NpUiIo3u, a MOToa Ce NpPEeMUHYBa Ha
u3rpandara Ha camuotT TyHedn. [lopagu cnenudguyHOCTa HA TYHEIUTE, KaKO
rpajiecXkHn O0JeKTH, Kako TpeTa (pa3a MOXKeJIHO € fa ce 3eme asara
"ekciuioaTanyja" Ha TYHEJOT Kajie IITO Aoara MpefBHj CIEAEHETO Ha
KOHCTPYKIMjaTa U COOIBETHO HA TOA OfIp>KyBale Ha KOHCTPYKIHU]aTa.

3Hauu Ke ce jaBaT Tpu MH(POPMALMOHU MOJACUCTEMU KOU K€ MOXKAT Ja
paboTaT HE3aBUCHO:

o MHIIC "IIpoexkTupame”
o MHIIC "I'pagba”
o WIIC "Ekcnnoaranuja”

OcBeH TOa OBJle ce IOjaByBa M CHCTEM 3a yIpaByBame co 0Oa3aTa Ha
nogarou DBMS, kako u cucrteMm 3a ynpaByBawme co nmpaBuinata RUMES,
KOM 3aelHO IO YMHAT CHCTEMOT 3a yIpaByBalke CO aKTHBHa 0as3a Ha
nogaTonu ADBMS.

I[Togcucremor "mpoexkTupame" Kako Bjl€3 TM 3€Ma NPETXOJHUTE
UCIIUTYBaka T.€. TEONETCKUTE MOJATOUM W MOJATOLMTE Of] TEOJIOIIKUTE
UCIUTYyBama. VMIcTO Taka Kako BJIE3HU MOJATOIM BO OBOj NMOACUCTEM MOXKE
7la ce jaBaT W MOAATOLUTE Off BeKe M3rpajicHu TyHeln (Kou Ke ce KOPHUCTaT
KaKO IPETXOHM MCKYCTBA M KOM CE€ HaolaaT CKJIaiupaHW BO Oa3aTa Ha
nofaTony). Kako u3ne3 tpeba ia ce mo6ue KOMIUIETEH OMKUC HA TYHEJIOT CO
CUTE, BEKE CIIOMEHATH, pejieBaHTHH nofaTonu. OBe € BaXkKHO YIITE eJHaIl
lla ce HalOMEHe fleKa KaKO KOHEYHH IMOfIaTOLM CE jaByBaaT TUIOBHUTE Ha
nofrpajgda 3a TyHEJOT, I0fieKa paclopefioT Ha reoJiorujaTta u pacnopefoT
Ha CaMUTE TUIIOBUTE Ha NOArpajgdaTa ce MNPOTHO3MPAaHW W PEATHUTE
MOIATOLM CE YTBPAYBAaT Ha JIAILE MECTO IPU MPOOUBAKETO HA TYHEJOT T.€.
CO KOHEYHOTO AMMEH3MOHUpamwe. Toa e BCYyIIHOCT U yjoraTta Ha BTOPUOT
nopcucTeM "rpagoda”.

ITopcucremot "rpajgda” rm KOPUCTU MOAATOUUTE Off POEKTOT, KAKO U
NOJIATOLUTE 3a TeoyorrjaTa JOOUEeHH Ha JIMIE MECTO MPU NMPOOUBAKETO HA
TyHenoT. Kora Ke ce foOujaTta peaqHuTe MOAATONM CUCTEMOT I'O MOBUKYBa
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RUMES u ru aktuBHMpa moTpeOHuUTEe mpaBuia. Bo ciiyuaj ako peanHarta
reoJiorrja He ce coBMafa co MpoeKTHpaHaTa (MPOTHO3MpPAHATa) CHCTEMOT
Tpeba fma mobapa aKypupawme Ha INPOEKTOT. BTopaTa ynora Ha OBOj
NOJICHCTEM € CleflelheTOo Ha nedopManuuTe (OTHOCHO HamlperamaTa) BO
TYHEJIOT, a 3a Kou Tpeba fa ce aktuBupa nmak RUMES co gpyra rpyna na
npaBuia. OTYUTAHUTE BPEJHOCTU CE CIIOPEAyBaaT CO MPOEKTUPAHUTE U
COOJIBETHO Ha Toa ce Oapa BrpajgyBame Ha OApElEH TUI Ha mojrpaagoda.
OTunryBamara ce BpLIaT IO OJHAIPE]] YTBPAEH BPEMEHCKH PaCIOpeEN.

Ha kpaj oTkako Ke ce 3aBpId TYHEJIOT (MOXe W [eJ Off TYHEJIOT) ce
akTuBUpa TperaTa (aza: "ekcmioatauwja'. OBge BO TEK Ha BpeEME ce
KOHTpoJupaaT jedopManuuTe (OJHOCHO MPHUTUCOIUTE) Ha TYHEJICKaTa
LI€BKa ¥ COOIBETHO Ha TOa ce 0apa uin He ce Oapa UHTEPBEHIIM]a.

ITopcucremure "rpagba" um "ekcimoatanmja' pacrnojaraaT W CcO
BJIe3eH UHTep(ejc MpeKy KOj ce OTUMUTYyBaaT MOJATOLUUTE 3a peanHaTa
reojioruja W M3MEPEHEPEHUTE BPEAHOCTHM NPEeKy KOW Ce€ Ccleau
OJlHECYBAakEeTO Ha TyHenoT. OBOj uHTepdejc ce aKTuBUpa Ha Oapame Ha
KOPUCHUKOT WJIM MaK Ha OfpeJeH BPEMEHCKM HMHTepBajl. BpeMeHCKHoT
MHTEpBAJ MO NpaBWjIo Ou Tpebalio Ja ro omnpefenyBa CUCTEMOT CIOpeEN
offHAmpeql  yTBpAeHW  yciaoBu  (mepmHUpaHM  BO  TOACHCTEMOT
"IpoeKTHpame").

Opn rope HaBeAEHOTO ce TIiefia feKa CUCTEMOT pabdOTH KaKO I[eJIUHA Off
TPYU HE3aBUCHHU MOJICUCTEMH KOW Ce MOBP3aHM MPeKy (T.e. 3aeTHUYKHU UM €)
ADBMS. meMaTcku Toa OM U3TJIegaI0 KakKo Ha ciiuka 4-5.

BNE3 . N3NE3
" .| - reonoruja - MPOMEHN Ha TepeH
TepeH"| - reogesuja
nnc BN nnc
"MPOEKTUPAHE" "MPOEKT" "rPALBA"
: ]
RUMES <
BPEMEHCKO
orpaHudyBaH-e
BJIE3EH
NHTEP®EJC
- nogaTouu 3a pe-
unc anHareosnoruja
" " - MepHM
EKCINOATALNJA nogaToum

Cauka 4-5 T'nobaseH mooen Ha cuctiemoii
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4.4 THPOPMALHMOHEH ITOOJCUCTEM
"ITTIPOEKTHUPAIBE"

4.4.1. AHAJIN3A HA ITOOCUCTEMOT

3a ma ce popmManu3upa MOJIENOT CE 3all0YHYBA CO 3aMUCIYBakbEeTO Ha

TOKOT Ha MH(pOpMauuTe, KOj ce mpeTcraByBa npeky efaeH Bup DFD (data
flow diagram ) Ha cnuka 4-6.

reofeTCKM TEOSIOLLIKY
noparouy nogaTtoum

\
4

TyHen:
-onuc
-nsrnen
-rabaput

MepoaBH
PU3NYKN Kracu-

hukaumja

OVUMEH3UN PU3NYKK Kap.

/

nporHosa Ha
noA3eMHu
npuTMCcoLM

OVMEH3N-
OHUpare

onwITK nogaTouu P —_—
_— noarpasba reonorvja
npodomnu —_ _—

B "rNnPOEKT"

Cauxka 4-6 Ungopmavyuonen iioocucitiem "llpoekitiuparve"
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Co nmnonHaramomiHarta, [eTajiHa, (QYHKIMOHANIHA [EKOMIO3MIHja
ytBpaieHo e aeka UIIC "IIpoekTupame" ce cocToW Off YEeTUPH PAZIUYHU
noyjcucTeMu (MOYJIN):

MOJYJ 3a BHECYBAahbC HAa OCHOBHUTC IMOJATOIHX 3a TYHCJIOT,

e MOJAYN 3a BHECyBalke€ Ha MOAATOLMTE 3a TEOJIOryuja,
Kinacudukandja HM YTBPAYyBalkbe HA MEPOAABHUTE (PU3NYKU
KapaKTEpUCTUKHN HA KapIUTE;

e MOJYJ 3a YTBPAYBALC HA MOA3CMHUTC MIPUTUCOLHA;

e MOMYJ 3a JUMEH3WOHWpame Ha moarpagdara (TyHeJcKaTa
I[eBKa).

Cute oBHe MOJICUCTEMH MOXKAT fia padoTaT, 10 U3BECHA Mepa, HE3aBUCHO U
MOXHO € HUBHO IOHATaMOIITHO pa3paboTyBame. 3a OBa HUBO Ha M3rpajda
Ha CHCTEMOT BrpajicHd MM CE€ CaMO HajOCHOBHHUTE (YHKIUU, HO TpHU
pa3paboTkaTa Ha CHCTEMOT Ha IOBHCOKO HHBO HEONXOMHO OW Ouia
NOTOJIHATENIHA pabora. BpckaTta moMery oBHWE MOJACHCTEMH € JajicHa Ha
caukara 4-6

HUIIC "IIpoektupame" KakO BIE3HM NOAATONM T'W IpUMa
reoMeTpujaTa Ha TYHEJIOT U TEOIETCKUTE MOAATOIH 3a TEPEHOT, KaKO U
NPOrHO3HUTE TEOJIOMIKM MOAATOIM 3a COCTAaBOT Ha Kapnute. Heromara
3alaya € Ja M3BpIIM Kiacudukanumja Ha TeojoryjaTta, fa T H3ABOU
MepojaBHUTE (PU3NUKKM KapaKTEpPUCTHMKM Ha KapraTa, Bp3 OCHOBa Ha
reoMeTpujaTa Ha TYHEJNOT M MEpPOfaBHHUTE (PU3UUKU KAPAKTEPUCTUKHU Ha
KapmaTa ja fajie NpOorHo3a Ha MEpPOJABHUTE TYHEJICKHA MPUTHUCOILIH.
Krnacudukanmjata Ha reojoryjata ¥ TMPOrHO3aTa Ha TOA3EMHHUTE
NPUTHUCOLIA CE€ BPIIM CO MOCTOjaHAa KOHCYJTaluja co 0a3aTa Ha MOAATOLU
IpH LITO C€ KOPUCTH UCKYCTBOTO Off BeKe u3rpajennute Tynean. Ha kpajot
CO TIOMOIII Ha Taka yTBPACHUTE MPUTHUCOLM CE BPIIU JUMEH3UOHUPAKE HA
noarpapOara. CuTe BalWgHW MOAATOLM C€ 3aluilyBaaT BO Oa3aTa Ha
NOJIaTOLM 32 IpUMeHa Bo Apyrute ¢a3u. Ha Toj HauuH Kako u3ne3 off OBOj
MOJICUCTEM € MOOMEH KOMIUIETHHOT OIAC HAa TYHEJOT NPUTOTBEH 3a
u3rpanda. OBoj onuc moHatamy Tpeba Ja ce akypupa BO 3aBHCHOCT Off
peanHaTa cuTyalyja npu NpoOMBaKHETO HA TYHENOT.
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4.4.2. OBJEKTHO OPUEHTUPAH MOJEJI HA UIIC
"ITTIPOEKTUPAIBE"

I[Ipn pu3ajuupameTo Ha OOjeKTHO-OPUEHTUPAHMOT MOJEe] Ha
peasHocTa Mopa fia ce uMa MPEeABUJl [AeKa arncTpakliujaTa U KpUeHmheTo Ha
nojaTouTe ja popMupaaT ocHOBaTa Ha 00jEeKTHO-OPUEHTUPAHUOT PA3BO].
OCHOBEH KpuUTepuyM 3a JEeKOMIIO3MIMja HAa CHCTEMOT KOj T'M KOPHUCTHU
00jeKTHO-OPUECHTUPAHUTE TEXHUKH €: CeKOj MOOY.A 80 CUCIHEMOIL O3HAYYEA
objekill uau Kaaca Ha objexitiu 00 ob.aacitia Ha upoob.aemol.

// -
Teoriorm

N

e

Cauxa 4-7 Objexiniu Ha iloocuitiemotu "[Ipoexituparse "

ITpBuot d4ekop, uldeniiugpuxavuujaitia Ha oOjexitiuitie U HUBHUILE
aiipubyitiu, To omdaka Mpeno3HaBalkeTO Ha TJIABHUTE aKTEpHU, ar€HTH U
cepBepH Off o0acra Ha MpoOJIEMOT KakKoO ¥ HABHATA yJIora BO MOJEJIOT Ha
peanHocTa. Bo 0BOj mopcucreM ce WAeHTU(PUKYBAHH KOHKPETHU OOJEKTH
(cm. 4-7), xou, BOOOMYAEHO, ce M3BeAyBaaT Of ONUWIIAHWTE OOJAcCTH Ha
npo6aemoT. Kako ocHOBa 3a ujjeHTU(UKaIMja CIY>KHA AjarpaMoT Of CIIMKa
4-6 , a ce moafa HajIpBO OJ] OCHOBHUTE €HTUTETU. BO OBOj mojicucTeM Kako
OCHOBHW, HE3aBHWCHHW, CHTHTETHM C€ TI0jaByBaaT TreosiordjaTta (BUA W
KBaJUTET Ha Kapmata) W mnoarpag6arta. OBWe EHTHTETH BCYIIHOCT Ce
OpBATE HUAECHTHUIMPAHU OO0jeKTH. MoxXe fma IMm uMa 1O TOBeKe
IpUMEPOLM, HO CaMO MO €fIeH OfpEfEH INPUMEPOK CE COCTABEH MIed Ha
HaNpPEYHUOT NpOou, NaficH OBJe KAKO €HTUTET - OJHOCHO KaKO OOJeKT.
ITpeky HampeuynuTe npoduian ce aeduHApPA KOMIUIETHO TyHesoT. Cekoj
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HanpeveH MpodUII OCBEH O ONUC Ha reoJioTujaTa u noAarpandara (00jekTH)
CE COCTOM W Off IPYT'M KapaKTEPUCTUYHU MOAATOLM IITO IO OMHUIIYBaaT
TYHEJIOT KaKO MPOEKT (cTanmmoHaxa, HeonmxomHu kotu). [IpemusHocra co
KOja Ke ce MPETCTaBu TYHEJOT 3aBUCU O OpOjOT Ha OOjeKTUTE "HaIpedeH
npodun". 3Hau, Ha KPajoT, KAKO O0JEKT KOj I'M OOEMHYBA MPETXOJHUTE
00jeKTH, ce mojaByBa 00JeKTOT "MPOEKT", KOj C€ COCTOM Off U3BeCeH Opoj
"HanpeyHu npoduin", Kako U Of] MOAATOIM KOW T€HEPATHO IO ONMUIIYBaaT

TYHCJIOT.

object:
dbase
object:
index
object:
form

char:

P
get

find

struct:

Wndpa

double:
L

int:
[HonxuHg

Cauka 4-8 Aipubyitiu Ha objexitioiu "IIpoexin"

OGjekTnTe (Ha OBa HMBO Ha JEKOMIIO3WIHMja) Tpeba fma TW comapxKaT

CJIIE€JHUBEC MMOgaTOIU:

e "IPOEKT" - ONKC HAa TYHEJOT - I'M COAPKUA OCHOBHUTE IMOAATOLH
3a TYHEJIOT: HaMeHa, ONIUC, Ha3UB, TOJLKUHA, TPOdui . . . (ci.4-8);
o '"mpodun" - HampeyHW NPOMUIN - CO MOMOUI Ha NPOoduInTE

HajAeTajJHO ce
CTallOHaXKaTa,

TYHEN"

object:
allert

char:

Onuc

char:
Hasus

char:
HameHa B

OIUIIIYBA

double:

double:
F

int:
Fon_Mpodun

KOHKPETHHUOT

noprpanoara (cn.4-9);

TYHEJIOT -
HAJICI0],

reoJiorujaTa



32 OGjeKTHO OPHEHTHPAH MOJIe] Ha HH(OPMAIMOHEH CHCTEM 3a IPOEKTHpame, rpajda 1 eKcIloaTalnja Ha TyHeIu

e 'reosoruja" - TU COAPKM MOJATOLUTE 3a MAaTEPHUjAJIOT BO KOj Ke
ce Ipajii TYHENOT. 3a €[€H TYHEJ MOXE [la UMa NOBEKE TUIIOBU
Ha Matepwujai (cin.4-10);

o 'moparpajba' - 3aBUCH O reoJiorujaTa u HaicaojoT (cm.4-11), a ro
COApPKM ONKWCOT Ha moArpagdara: BO KoOja Teojorgja ce
PUMEHYBA, 32 KOM NPUTHUCOLU € NUMEH3UOHUPAHA, IOCIE KOJIKY
yaca ce ce Brpajysa.

Kako pmen om atpubyTure Ha ropecnoMeHaTHTe OOjeKTH Ce jaByBaaT U
OMOIMOTEYHUTE 00jeKTH (KITaCH):

« database - 0BO3MOXYyBa 3aNMIIIyBalkhe U YNTAHE Of] JUCK

« btree - oBO3MOXKYBa HHIEKCHUpame U TpedapyBame Ha
IATOTEKHUTE.

« dialogue - mpo3op (popmMa, Macka) KoOj CITy>KM KaKO KOPUCHUYKHI
uHTepdejc 3a paboTa co MoAaATOLUTE.

o allert - gen o KOPUCHUUKKUOT UHTEPPE]C KOJ CITYKU 3a
uH(pOpMUpake WU OTIOMEHYBakhe Ha KOPUCHUKOT 32
OJTHECYBAH-E€TO HAa CUCTEMOT BO BpPCKa CO OfipefieH 00jeKT.

object:
dbase

object:
allert

nPO®UN

char: struct: double:
Wndp_TyH "MnPOOUNIN" kKHuBeneta

double:
KTepeH

char:
cTaumMoHaxs

object:
reosioruja

noA3_npuTucoum

Cauxa 4-9 Aipubyiuu Ha objexitioiu "IIpogun”
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char: struct: Knacudukaumja | char:
Wndppa "r_matepujan" knacal
char. char:
: me n3_kKa
onme p_tpus_xap Kknaca2
char: .
t:
: double n
cnoj f jakocT
mi MCryKaHocT
E BNAXXHOCT
D KOXEPEHTHOCT
fi
c

Cauxa 4-10 Aiipubyiuu na objexitioint "I'eonozuja"

Kako moceben aTpubyT € pajeHa CTPYKTypa Koja TU COJAPXKHU
MOIATOIUTE, OJHOCHO OCTaHATUTE aTpuOyTH, 3a ceko] o00jekT. OBa He e
HEONXOIHO, HO TOpajyM MpaKTUYHU NPpUYUHU (32 jla ce IMOeJHOCTaBH
3aNMINYBAbETO W TNpebapyBameTO Ha MOJATOIUTE) € YCBOGHO OBa
pelieHue.

Hapennuor uexkop, uldernitiucukauujaitia Ha oilepauyuuitie Kou 2u
ipeitipitysaaiti u ce Oapaaiti 00 oOjekiiuitie, € TOCTaNKa Koja TO
KapakTepu3npa OJHECYBAHETO Ha CEKO] OOJeKT WM Kiaca o0jekTu. Ope
ce yTBpAyBa CTaTMUKaTa CeMaHTHKa Ha OOjeKTUTE CO OfipefyBame Ha
NOJaTOIMTE M ONEepAIMATE KOU Ce 3HAUajHU T.€. CE OJHECYBaaT Ha 00jeKTOT
um 3a 00jekToT. Bo 0BOj uekop 6 Tpebasno faa ce YTBpAU U JUHAMUYKOTO
OflHECYBalb€ Ha CeKOj OO0jeKT TMpeKy wuaeHTudUKanujata Ha
orpaHuMyyBamaTa, BO OAHOC Ha BpeMe wuiau mnpocrop. Ha oBoj HaumH
OBO3MOKEHO € OfIBOjyBam€ Ha O0J€KTUTE €IHU Off APYTH.

Omnepanun Kou ce BpuIaT Bp3 00jEKTHTE ce:

o read - BHECyBam€ Ha NOIATOLUTE;

e put - 3amUIITyBamk-€ Ha JIUCK;

e (et - unTame Off UCK;

« find - Gapamwe Ha 00jeKTUTE Of IUCK.
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OsBue onepanuu ce OfHECyBaaT 3a CUTe O0jJeKTH U ce BPIIAT CO MOCPEICTBO
Ha rope crioMeHatute oubnmoreynu o0jekTu. [ToequHeyHo 3a cekoj 06jeKT
U3]IBOCHU Ce OlepalnTe Kou ce 6apaatT off 00jeKTHUTe, a Toa ce:

1. 3a o0jekToT "reonoruja" :
e KJacucukaluja Ha TeOJIOMKUOT MaTepUja;
e YTBpPAYBamE€ HAa MEPOJIABHUTE (PU3NUKHN KaPaKTEPUCTUKH;
2. 3a o0jekTOoT "moparpanada” :
o JIMMEH3MOHMpaKE Ha MOArpagdara;
3. 3a o0jekToT "mpodun" :
e YTBpAYBaE HA MOA3EMHUTE MPUTUCOIIN;
4. 3a 00jeKTOT "pOeKT" :
e He ce OapaaT noceOHU ONEpalUH.

object:
dbase

object:
allert

noarpPAJBA

form OVIMEH3VOHMpaHe

char: struct: char:
LLindpa "noarpaa6a” knacaft
/ char:
char: Knacaz2
onuc
double: .
. long:
minP YyacoBw
double: double:
maxP maxU

Cauxa 4-11 Aiupubyitu na objexitioii "Iloozpaoba"

Bo TpetnoT uekop, yituspoysarbe Ha UOAUBOCIIA HA ceKO] 00jeKill 60
peaayuja co opyzuitie obOjexitiu, ce UNeHTU(PUKYBA CTaTUUKaTa 3aBUCHOCT
noMmery OGjeKTHTe 1 KiacuTe (KOW MOAaTOI! WU OTiepalluyl ce IOCTAITHA 1
3a ipyru o6jektn). Llenra e ga ce ycBom TomoJiorujaTa Ha OOjeKTHUTE Off
MOJIETIOT Ha peajHocTa (CMeCTyBameTO Ha TNofaTonuTe W (PyHKIUUTE-
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METOJUTE BO OOjEeKTOT, IJIeflaH KaKo efHa IeiuHa). OBa € mpeTcTaBeHO
rpacdouukn Ha cn.4-12 npeky "maketu". ATpuOyTUTE 3aTBOPEHH BO
"MakeToT" He ce BUJJIUBH 3a IPyruTe 00jeKTH, lofeKa aTpUOUTUTE KOU JIO
noJia ce U3JIe3eHU MOKAT JjJa KOMYHUIMpAaT U CO HAIBOPEITHUTE O0jeKTH U
CO IpyruTe aTpuOyTH Off CMUOT OOjEKT.

MPOD®UI

Q

Cauka 3.12 - Objexitiu Ha iioO0cucitiemoil "iipexitiuparse " - 6UOAUBOCI U
uHitiepghejcu

Ha cn.4-12 ucro Taka e npeTcraBeH U uHitepghejcoiti 3a cekoj objexit,
LITO T'O MPETCTaByBa U HAPEHUOT YEKOP MPU YTBPAYBAHETO HA MOJIEIOT.
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HepmocraTok Ha OBOj HauMH Ha NpeTCTaBYyBamke Ha OOjeKTHO-
OpHMEHTHPAaHUOT Mojen (cm4-12) e mTo He ce riefa MOCTamHOCTa T.e.
NMAHAMHUKATa HA OJIBUBAkETO HA KOMYHUKAIMUTE NOMery 00jeKTHUTE CO IITO
HE € 3aJI0BOJIEH BTOPUOT YeKop off MofenupameTo. [lopanu Toa fagenu ce
nujarpamute Ha ci.4-13 BO KoOja € mpeTcTaBeH XKUBOTHUOT LUKIYCOT Ha
00jeKTHUTE.

FEONOrnJdA MnPO®UN noarPALBA
@) O ®)
read read get | MPODUN
o} & ®
Knacuuk. get FEONOrnJdA AVMEH3MOoHMpare
mep.cuns.kap. get NOAB.NPUTHC. put
noarrPAOBA 5 as
put t MnPO®UN
put pu
nPoeMn MPOEKT

Cauxa 4-13 - Kueoitien yukayc Ha objexiuuiiie
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4.5. TH®OPMALIMOHEH ITOOCUCTEM "I'PAIIBA"

45.1. AHAIIN3A HA ITOOCUCTEMOT

Tokor Ha nHpOpPMaLMUATE 3a MOACUCTEMOT "rpagda" € JajgeH Ipeky
DFD na cimka 4-14. IlopcucTteMOT riI00ajlHO CE€ COCTOM Off TPHU Aeja:
BlIe3eH MHTepdejc, akTuBHA Oa3a Ha NOAATOLM M JeJd BO KOJ €€ BpLIX
oO0paboTKaTa Ha MOAATOLUTE.

BHeCyBaHe
Ha MEpHU
npomnn

|

BMneseH .
uHTepdgejc
EI_I rlgCTgByB. o
Ha MEepHUT
MPOEKT npoqo,,p,m,
é/;;:HCKM eanHa
R S
RUMES \
REgoeR
BPEMEHCKO navepeHn
orpaHuyyBarbe _—1BpeaHocTu
n3mepeHnTe
noadartoum

n3mepeHu

BpeaHoCTH

Cauxka 4-14. Ungopmayuoner iioocucitiem "I'paoda”
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Bnesnunor umHTEpdejc ce cocTom O MOAYJIH KOU OBO3MOXKYBaaT
BHECYBAal€ HA NMOAATOLMTE 3a MEPHHUTE NPO(uiau, peajHaTa reojoruja u
U3MEPEHUTE BPEJHOCTA HAa KOHBEPrE€HUUUTE WU  TNPUTUCOLUTE.
BHecyBameTO Ha MOJATOLUTE € WMHTEPAKTUBHO, [OEKAa MEPHUTE
BPEHOCTH MOXKE Jla C€ BHECYBAaaT U aBTOMATCKH, JOKOJIKY MHCTPYMEHTUTE
ce ompeMeHu co ceHzopu. [logaTonure Kom Baka BIEryBaaT BO CHUCTEMOT
NOCTAlHO ce BHecyBaaT BO Oa3ara Ha moparouu. HajmpBo ce yTBpayBa
MEPHHUOT NpO(ui, OJHOCHO CTalMOHa)KaTa Ha NPO(MUIOT Kaje WITO ce
nocraByBaaT MepHUTE MHCTpyMeHTU. Bo oBoj MomeHT RUMES renepupa
yCIIOB BO KOj C€ 3afieflcHl MEPHUOT NMPOoui U NpOeKTUpaHaTa reosoryja.
Y cnoBOT ce akTUBHUpPA BO CIESTHUOT YEKOP: CE 3a/laBa peajHaTa reojoruja u
ce cropeiyBa co nmpoekTupaHarta. Tyka ce MOXXHM TPH clyvyau:

1. Peannara reosioruja ce coBmnara co mpoeKTUpaHaTa:
- YCIOBOT € 3aJJOBOJIEH U CE OJJU HA HAPETHUOT YEKOP.

2. Peannara reosoruja He ce coBlafa co MpoeKTUpaHaTa, HO MOCTOU BO
IPOTHO3HUOT reoJIOMKU Mpoduil (MpeABUjIeHa € BO TPOEKTOT):
- YcIoBOT HE € 3aJ0BOJIEH W C€ TOBUKYBA IMOJCUCTEMOT
"MpoeKTHpame", MOIYJINTE 3a YTBPAYBAKE HA MOA3EMHUAOT MPUTUCOK
W JMMEH3WOHWpame Ha ToarpambaTta (ce BpIIM axkypupame Ha
IPOEKTOT).

3. Peannara reosioruja He ce coBmara co mIpoeKTupaHaTa, U He IOCTOU BO
MPOTHO3HUOT T'€OJIONIKY PO (He e MpeBrUiecHa BO MPOEKTOT):
- YCIIOBOT HE € 3aJJOBOJIEH, C€ MOBUKYBAa CUCTEMOT "MPOEKT", U Ce
BHECYBaaT CUTE BaJIUJHU MOAATOIM 3a peajiHaTa T'eoJioThja U HaTaMy
ce aXXypupa MpOEKTOT: MOJAI3EMHN MPUTUCOLH U TUMEH3NOHUPAHE.

CrnegHuOT 4YekOp MOXe [a ce wu3BpmM U 0Oe3 3aJ0BOJlyBame Ha
IPETXOJHUOT YCJIOB BO CcAydauTe 2 U 3, HO CO TOa IITO TOrall TOj OCTaHyBa
akTuBeH U1 RUMES anapmupa mpu cekoe akTHBHpawme Ha CUCTEMOT. Bo
CIIPOTUBHO, KOTa Ke Ce a’Kypupa IPOEKTOT, YCIOBOT Ce ICaKTUBUPA.

Ilo BHecyBameTO Ha MNOAATOLMTE 3a MEPHHOT Hpodua ce mpaBu
TEPMHUHCKHOT PaclopefioT 3a MepewmaTa T.e. c€ YTBpAyBaaT HapegHUTE
YCJIOBA BO KOM C€ MaJlcHM BPEMEHCKHUTE OTpaHW4YyBama 3a OPECHUOT
MepeH npodun (ce ofpeAayBaa BpeMHEaTa Kora Tpeba fa ce U3BpIIaT
NOTPEOHNUTE Mepea - BO MHTEPBAIU Off HEKOJKY vaca /10 JleCeTUHA JIeHa).
[TapanenHo co BpeMEHCKUTE OTPAHUYYBalkhEe BO UCTUTE YCIOBH Ce€ 3ajiaBaaT
M MaKCHUMaJHHATE BPEAHOCTH 3a KOHBepreHuumure (pedpopmanuute),
OJJHOCHO, NPUTUCOKOT. OBHE MaKCHMajHU BPEAHOCTH CE€ YTBPAECHU Bp3
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OCHOBAa Ha IpOEKTUpaHaTa NOArpagda, Koja Tpeda MOCTalHO fAa ce
BrpagyBa. Ilpm eBanympameTo OBHE YCIOBU CE€ MCAKTUBUPAHMW, A THU
AKTHBUpPA CHCTEMCKHOT 4YAaCOBHUK HENMOCPEOHO Npel Ja ce W3BPIIN
MepeweTo. [1pu Toa MOXKHY ce [iBa Cly4yau:

1. U <maxU ili P<maxP

YcnoBoT e 3agoBosieH. IlocraBeHara moparpajgbda € BO pej U HE €
NOTpeOHO fa ce Mmojavysa.

2. U > maxU ili P> max P

YcnoBoT He e 3aoBosieH. [ToTpeOHO e nojavyyBamwe Ha noarpaadara.

YcnoBuTe KOM ce TeHepupaaT BO OBOj UYEKOp ce [eaKTHBUpaaT IO
BHECYBAKE€TO HA U3MEPEHUTE BpelHOCTH. BO ciyuaj la HE € MOTPBPAEHO
lieKa MOArpajarTa € rnojayaHa ycJIOBOT OCTaHyBa aKTHBEH U ajlapMupa Ipu
AKTUBUPAHETO HA CUCTEMOT.

Ha kpaj TpebOa ymre fga ce Kaxe jeKka CHTE NOAATOLM IITO ce
BHECYBaaT ce CKJafupaatT Bo 06a3aTa Ha MOJATOIM 3a MMOKACHA yrnoTpeda BO
HOJICUCTEMOT MIPOEKTUPAKE.

ep.npo

e

Mepersa

NpoeKT

2

Cauxa 4-15. O6jexitiu Ha tioOcuciiemoiu "I paoba”
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4.5.2. OBJEKTHO OPUEHTHUPAH MOJEJI HA UTIC "TPAIOBA"

OCHOBEH EHTUTET KOj c€ MOjaByBa BO OBOj IOJICHTEM CE MEpemara.
Mepewara ce wusBpuIyBaaT Ha ojpeaeHu MepHu npodunu. Toa ce
BCYIIHOCT APYTUTE O0JEKTH KOU Ce II0jaByBaaT BO CUCTEMOT. OCBEH HUB BO
OBO] MOJCUCTEM CBOja yJora CH MMaaT M OOJEeKTUTE Off IMOJCUCTEMOT
"mpoexktupame" (ci. 4-15.), Kom He ce aKTUBHO BKIYUYEHH BO OBO]
HOJICUCTEM, TYKY Ce MOBHUKYBaaT 1o norpeda. KoHKpeTHO, TyKa ce MOXKHU
NOBEKE MHCTAHIM Off 00JEKTOT MEPHM NPOoduI 3a eeH nNpoeKT. McTo Taka
MIOCTOjaT MOBEKE MEPEWHA 3a €[IeH MEPEH TPOQUII.

O0jexTuTe Tpeda ga ru CopKatT CIETHUBE MOATOLMN:

o "MepHM npocunu" - HarpedyeH Npoduil Ha KOj K€ ce BpLIaT Mepemara
- TH COIpXHM CTallMOHaXKaTa Ha Koja ce Haofa, 4acoT W JAaTyMOT Ha
n30uBamke Ha MPOPUIOT T.€. HA NOCTABYBAWkE HA MEPHUOT NMPOuI,
NpOTHO3HATa Teoyioruja (3eMeHa Off TMOJACUCTEMOT 'MPOEKT' BO
MOMEHTOT KOTa ce 3ajjJaBa MEpHUOT Mpo(WiI) U peajiHaTa reooruja
(Cn. 4-16.).

o 'Mepewa' - INOAATOLM 3a M3BPLICHUTE MEpEema Ha IOA3EMHUOT
NPUTUCOK WIIM KOHBEPreHUUHUTE - COAPXKHU: CTAlMOHA’Ka HA MEPHUOT
npocui, 4yac U JaTyM Ha Mepewme, NMOfaTOlM 3a NMpOeKTHpaHaTa U
BrpajieHaTa moprpanda (ci. 4-17.).

nPO®UN

KOHTpOa Ha reonor.

object:
form

char: struct: struct time:
cTaymoHaxa “MepHu npochunn’ Bpeme
struct date:

char:

. aTym
npor_reonorvja Aarty

char:
pean_reonoruvja

Cauxa 4-16. Awpubyiuu Ha objexitioiti "Mepen iipoghun "
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object:
dbase

object:

form KOHTpOJa Ha Hanperara
char: struct: struct date
CTaUMOHaXa "Mepersa" haTtym

char: struct time;|
npoekT_noarpanda Bpeme
char: double: double:
pen_nogrpaaoa maxP maxU
relP relU

Caoka 4-17. - Aiupubyitiu na objexinioii "Meperva"

HcTo kako u BO OACUCTEMOT "HPOEKT" ¥ BO OBOj MOACUCTEM KaKO JIeJ Off
aTpuOyTUTE HAa TOpecrnoMeHaTuTe O0jeKTH ce jaByBaaT W OMOJIMOTEUHHUTE
00jeKTu:

« database - 0BO3MOXYyBa 3aNMIIIyBalkhe U YUTAHE Of] TUCK

« btree - oBO3MOXKYBa HHIEKCUpame U TpedapyBame Ha
ATOTEKHUTE.

» dialogue - mpozop (popma, Macka) KOj CITy>Ki KaKO KOPUCHUIKHI
uHTepdejc 3a paboTa co MoAaATOLUTE.

o allert - gen o KOPUCHUUKKUOT UHTEPGE]C KOJ CITYXKU 3a
uH(pOpMUpamke WK OTIOMEHYBakhe Ha KOPUCHUKOT 3a
OJIHECYBAHETO Ha CUCTEMOT BO BPCKa CO OfipefieH 00jeKT.

OcseHn onepanuute read, put, get, find xou ce Bpmart Bp3 cute 00jeKTH
3a 00jeKTOT "MepeH npoduin" KapakKTepUCTUYHA € OllepannjaTa Koja BpIIn
KOHTpOJIa Ha MpoeKTHpaHaTa (IPOTrHO3MpaHaTa) TeoJIorhja co peajHaTa
KOja ce 3ajaBa IpU YTBPAYBakETO Ha MEpPHUOT Npocuina. 3a 00jeKTOT
"Mepema' KapaKTepHCTHYHA € OIlepalyjaTa Koja BpIIM KOHTpojla Ha
U3MEPEHUTE BPEHOCTU BO OJTHOC HAa MPOEKTUPAHUTE. 3a OBHE ABA 00jEKTa,
UCTO Taka, MOTPeOHO € Jja ce MPEeABUIM U Olepanuja Koja Mo norpeda Ke
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JgaBa IPEryicq Ha NOCTAaBCHUTC MCPHU HpO(pHJII/I unm Ke JaBa IIPpErJICH Ha
HU3BPHICHUTEC MCPCHhA.

/ \ (I’EOJ'IOFI/IJA;

/

{ \
;I‘IO,EI,I’PA,D,BA) 2 nPooun ) dbass

read

find Callert

allert
EwmeHava noas. npuT. nperneau
; TEONOrNJA) ( MPOEKT ) ( I'EOJ'IOI'VIJA;

=1
Q.
@
x

allert

Knacuuk.

HilIG

thuany. kap

Cauka 4-18. - Objexitiu Ha LioOcucitiemoiti "2paoba" - 6u0auUB0Ci U UHitiepgejcu

NuTepdejcor Ha 00jeKTHTE, KaKO M BUMJIMBOCTA Ha CEKO] OOjEKT
NpeTCTaBeHU ce Ha cauka 4-18.
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Ha cnuka 4-19. npeTcraBeH € XUBOTHUOT UKJIYC HA OOJEKTUTE Kaje
LITO MPUKa>kaHa MOCTAITHOCTA BO OIBUBAKHETO HA ONEPALMUTE.

MEPEH MPO®UN MEPEHA
@) O
read
read
get (peanHa reonor.)
PO 5 as KoHTpona Ha
(np. reonor.) put KoHTpona BpeaHoCTUTE
5 Ha reosoruja U<maxU 5
KPAJ O—a
He ogrosapa P<maxP U>maxU
OgroBapa 55 P>maxP
3ronemyBatbe
Axypupare Ha nogrpagbara
Ha NpoeKkT ES
)
BpemeHckmn KPAJ
pacnopepg
O
MEPEHA

Cauxka 4-19. - Kusoitien yuxayc Ha objexitiuitie 00 ioocucitiemoitt "zpaooba”



44 OGjeKTHO OPHEHTHPAH MOJIe] Ha HH(OPMAIMOHEH CHCTEM 3a IPOEKTHpame, rpajda 1 eKcIloaTalnja Ha TyHeIu

4.6. TH®OPMALIMOHEH ITOJCUCTEM
"EKCITNTTIOATALINJA"

4.6.1. AHAJIN3A HA ITOOCUCTEMOT

CnuyeH Ha moACUCTEMOT "rpagda” € W MOJACUCTEMOT "eKcmoaTanuja”
(cim. 4-20.). Mcto m KaKO MPETXOMHUOT MOJICUCTEM W OBOj, TIIO0AIHO, Ce
COCTOM Off TPH fiejia: BiiIe3eH uHTepdejc, aKTUBHA 0a3a HA NOAATOLM U JeJ
BO KOj ce BpIIM 00pa0doTKaTa Ha OJaTOLUTE.

BHECYyBarbe
| Rdish
P BNE3€H
nHTepdejc
e
Bl ~.nocTasys.
VA Ha MepHUTe
NMPOEKT MepHU NPoonIv npocprnm
A;i;;;HCKM
pacriop. Ha
>\MeperaTa
N3MepeHu
2 BPeOHOCTM
RUMES
acnopen Ha
ﬂepei@#ﬁ
BPEMEHCKO
orpaHudyBarbe

06N§>a6. Ha
U3MEPEHUTe
nogartoLm

VI3MEPEHN
BpejHOCTU

Cauxa 4-20 Ungopmavyuoner iioocucitiem "excitnoaidayuja"

3a pas3nuka off MOACUCTEMOT 'Trpafda" BO BIE3HHOT MHTEpPQE]C HE
IIOCTOM MOJYJIOT 3a BHECyBalk€ IOAATOLM 3a peajHaTa TeoJoryja.
CoopiBETHO Ha TOa M Ce MPECKOKHYBAa YEKOPOT Kaje IITO ce TreHepupa



Mopen Ha HH(OPMALUOHUOT CHCTEM 45

yCIOB 3a MpoBepka Ha reojorujata. CeTo ApPyro mTO € KaXkaHo 3a
nojicucTeMoT "rpaada"” BaxKu U 3a mopacuctemMoTr "reosoruja”. OBe camo
TpeOa yiITe la ce HallOMeHe JieKa MHTePBaJIuTe Mmomery Mepemara ce of
pen Ha roJieMUHa HEKOJIKY MECEIIH.

object:
allert

(ekcnn.)

char: struct: struct time:
cTaluoHaxy MepHU Npocunu Bpeme

struct date:
Aatym

Cauxa 4-21 Aipubyiuu Ha objexitioiu "MepeH iipogpun" 00 UIIC
"Excitnoaiiayuja”

4.6.2. OBJEKTHO OPUEHTHUPAH MOJEJI HA UTIC
"EKCIINIOATALIJA"

Kako mro BeKe pekoBme, MOACUCTEMOT "eKCcIuioaTanmja" € CIMYeH Ha
nopcucTeMoT "rpagda". MaeHTuduuupanu ce ucreTe O0jeKTH KaKO BO
HIIC "rpag6a", HO cO MUHUMAJTHU PA3JIMKU 32 00JeKTOT "MepeH npodua":
HE ce 3ajaBaaT NOJATOLUUTE 3a peajHaTa M NPOEKTHpaHaTa TeoJoryja.
3HauM "MepeH npodua" T COApP>KU caMO MOAATOLMTE 3a CTallMOHa)KaTa u
JacoT ¥ JIEHOT Ha TMOCTaBYBameTO Ha MpoduioT (of Kora Ke ce cliefu
OJTHECYBAETO Ha TYHEJOT BO TOj mpodmi). OBoj 00jeKT e MpuKaskaH Ha
ciuka 4-21. Ce mTo e KaXkaHo NOpPaHo 3a APYrHOT O0jeKT "Mepema" Bakn
1 32 OBOj MOJICUCTEM.
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ITpu upenTnukanmjaTa Ha onepayuuTe 3a OBUE OOJEKTU YTBPAECHO €
lIeKa ce WJCHTUYHU CO ONEpaluuTe 3a UCTUTE OOJEKTU Off MOJACUCTEMOT
rpajg0a caMo cO €AMHCTBEHA pas3iiuKa IITO 3a 00jeKTOT "MepeH npodui' He
IOCTOU ollepannjaTa "KOHTposa Ha reosiorujata". Crnopes Toa pasiauka 3a
0BOj 00jeKT Ke ce M0jaBu U BO UjarpaMoT Ha KOj € MPEeTCTaBEH KUBOTHUOT
UKJIYC Ha 00jekToT (Ci1. 4-22).

MEPEH NPO®UN
O

read

get
MPO®UN D)
put

BpemeHcku
pacnopepg

O
MEPEHA

Cauxa 4-22 - Kueoitien yuxkayc Ha oOjexitoiu "mepeH ipogun" 00
ioocucitemoini "exciinoaiiayuja "
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4.7. TIOOCUCTEM 3A YIIPABYBAIGE CO
AKTHUBHATA BA3A HA TTOJATOLN

MHory amnukanum (Kako Ha MpUMEp KOMIJYTEPCKH MOAP>KaHOTO
POM3BOJICTBO, KOHTPOJIaTa Ha TPOILECH WU YINPAaBYBAHETO CO MPEXKH)
OapaaT mpucran KOH rojiemMu 0asum Ha MofaTolM U 0asum Ha 3Haewe, U
0apaaT HaBpEMEH O[rOBOp BO KPUTUYHUTE CUTyaluu. 3a TaKBUTE
alJIMKalK HAajBa>XkKHO € Jja ce CleflaT ycJIoBUTe fAedUHUpaHu BO Oa3aTa Ha
NOJIaTOLM, M KOra THE YCJIOBM K€ C€ WCIOJHAT [la NMOBUKYBa OJpEICHU
aKIUU, KOU ce MPeMET Ha COOJJBETHUA BPEMEHCKHU OrpaHnyyBama [11].

TakBuTe BpPEMEHCKM OrpaHWYEHU AaIJIUKalMu He ce Jo0po
OIICIIY>KEHM Of] CTpaHa Ha KOHBEHIIMOHAJIHUTE CUCTEMM 3a YNPaBYBaHkE CO
6a3u Ha nogatomu (DBMS). Toa e mopagu Toa mro BakBuTe DBMS ce
NAaCUBHM T.€. THE BpILIAT KOHTPOJIAa HA YCIOBUTE, WK BPIIAT TPAaHCAKIIWM,
€IMHCTBEHO KOra Toa ce 0apa eKCINIULIUATHO Of] CTpaHa Ha KOPUCHUKOT UJIU
IpOrpaMor.

Enen on mpuopuTe 3a aKTUBHpamke HAa TaCUBHUTE 0a3W HA MOAATOLHN
€ /la ce MCKOPUCTH MOKHOCTA TPOTPaMOT Jia BPIIU MEPUOUIHNA TPO3UBKHU
(mepromMYHO MOCTaBYBakh€ Ha Mpalllamkha) Ha 6a3aTa Ha MOIATOIM, TIPH IIITO
ce KOHTpOJWpa Majd CHUTyalFjata T.e. YCIOBOT KOj ce HabJbydayBa ce
ucnonuun [9],[11],[17]. 3a pma Oupmeme curypHu BO TpaBOBpeMeHaTa
JeTeKIWja Ha CHTyallMWuTe W 3a Jla CE OATOBOPHM Ha JajicHaTa CUTyalldja,
nporpaMoT Mopa jla BpIIM YeCTH Npo3WBKUA. Bo 0BOj ciaydaj mocrown
OTIaCHOCT JIa ce MojaBaT MHOTY Tpa3Hu OJITOBOPH.

AnTepHaTMBa Ha NPO3UBKUTE € CEKOj MporpaMm Koj ja axypupa
0a3aTa Ha MOAATOLM Ja ja MNpPOBEpPyBa CHUTyalyjaTa IO W3BPLIEHOTO
aXypupame IpeKy BMETHyBawke Ha mnoceOHu mnpoueaypu [9],[11],[17].
MerfyTtoa m Tyka mocTtoum mpoOieM, BO CMHUCIA Ha TOA JleKa CO BaKBOTO
BMETHYBam€ Ha MPOLEypU ce HamayBa MOAlyJlapHOCTa Ha MPOrpaMoT T.€.
ce OTEXHyBa OJIp>XKYBambeTO Ha IpPOrpaMoT: OWJIO KakBa H3MEHa Ha
CHTyalgjaTa Koja ce HaOJbyJyBa WIM Ha aKIIMUTE KOMW OAroBapaaT Ha Taa
cuTyanuja Ke Oapa Moaudpuuupame Ha CEKOj NMporpaM Koj ja axypupa
Oa3ara.

CucreMOT 3a ynpaByBame CO aKTUBHH 0a3M Ha MOJIATOLHU ce OOuAyBa
lla TU OCUTYpPH M MOJAYJApHOCTAa M MOXKHOCTA 32 BPEMEHCKO pearmpame.
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CHTyaHI/IHTC, AKOUUTC ©W BPCMCHCKHUTC OI'paHHUYyBamka C€ OJpPCOACHHU
JACKJIIapaTUBHO BO CHUCTCMOT. Cera cucteMoT 'l e CUTyallUUTC U T'
AKTUBHUPA COOABCTHUTEC aKIIMU aKO CC€ UCIIOJIHHA YCIIOBOT [17]

3Hauu 3a pa3juKa Off TPAAUIMOHATHUTE CUCTEMH 32 yIIPAaBYBaWkE CO
0a3u Ha MOAATOIM, KOU Ce MAacCMBHU U KOW pearmpaar caMo Ha Oapame Ha
KOPUCHMKOT WJIM aluldKanujaTa, akKTUBHUTE Oa3W Ha MOAATOIH
OBO3MOXYBaaT jja ce qoOue mpaBOBpeMeHa peaklidja Ha cnenudupaHuTe
kputuyHu cutyanud. OBa moceOHO Joafa [0 u3pa3 Kaj BPEMEHCKHU
OrpaHMYEHUTE alJMKAIUU - IITO € ClIy4yaj U CO HAlMOT cucrteMm. Tyka
cTaHyBa 300p 3a MOJICUCTEM KOj € 3aeJHUYKH 3a MPETXOJHUTE MOJCUCTEMHU.
Ce cocrou off Ki1acuyHa 0a3a Ha NOAATOLM U MEXaHW3aM 3a aKTUBAPAHKE HA
camara 0a3a.

Camuor nogcucrem ce 6asupa Ha ECA (event-condition-action =
HACTaH-yCJIOB-aKIMja) mpaBuia. [Ipu mojaBa Ha HacTaH ce MPOBepyBa
YCIOBOT M aKO € HUCIHOJIHET ce W3BpIIyBa akmnujaTta. [loacucreMoT uma
MOXHOCTH Jla TeHepupa (JofaBa) winm OpuIle MpaBWiia, KakKo W JIa BPIIH
HUBHO aKTUBUpPaWE WIN IeaKTUBAPAE - BO 3aBUCHOCT Off moTpedute [9].

ITpaBunara ce mpeTcTaBeHr BO OOJIUIM KaKo Ha cinuka 4-23. Tyka ce
NajleHu TP IPUMEPHU.

ITom "A" kako HacTaH ce IOjaByBa MOMEHTOT KOra ce BpIIH
oTBapame Ha HOB mpodun (MepeH npodwmia). Co yBu Ha JIAIE MECTO Ce
yTBpAYBa BHUJOT Ha TEOJOUIKAOT MaTepujald. AKO MaTepujaioT
(reoymormjaTa) He oOfroBapa Ha TNPOTHO3MPAHMOT TOTAll CE BPIIH
aXXypupame Ha IMMPOEKTOT T.e. ce Oapa TUN HA MoArpagda Koja ofiroBapa Ha
TO] reonomiku martepujan. [lo Toa ce gopmaBaaT BO 0Oa3aTa INpaBuiaTa
BrpajiecHu TMpeKy oOjeKTuTe "Mepema", BO KOM ce 3ajlaBaaT TEPMUHUTE
(BpeMumaTa) Kora Tpeba 1a ce U3BpIIU MEPEHETO, KAKO U MAaKCUMAJTHUTE
BPEIHOCTH KOU C€ JJO3BOJICHM 32 TO] THI Ha MoArpaaoda.

IIpaBunoro nop "B" ro nmpukayBa ciy4yajoT Ha IpO3MBKa Off CTpaHa
Ha CHCTEMOT KOra ce CIopefyBa fajlH € [0jieH MOMEHTOT 3a U3BpLIYBamkE
Ha MepeweTo. McToTo ce mpoBepyBa U BO ciyyaj fia ce mobapa, Ha IpUMeED,
pacnopefor 3a Mepewe. Off rpajiekHa IJeiHa TO4YKa, MHOT'Yy € OUTHO Jia ce
U3BpIIAT MepewaTa CHOpe] OfHANpe] YTBPACHUTE TEPMHHHU (TIOCEOHO
MOYETHUTE MEPEHha), MOpajy MITO Tpeda fja ce MOTEeHIpa OBa MPaBUJIO.
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Ipyr oO0nMK Ha NOpaBWIO € KOra ce CHOpeAayBaaT HM3MEPEHHUTE
BpegHOCTH. BO cny4yaj oTuMTaHUTE BPEOHOCTM Ja CE€ IOTOJEMHU Off
MaKCHMaJHO JO3BOJIEHUTE TOrall CUCTEMOT Tpeda Jla anapMmupa u aa Oapa
BrpajyBame Ha nojaka noarpaada. Tyka e ocoOeHo OuTHa mpaBOBpeEMEHaTa
peakija mopajy olacHOCTa Off XxaBapuja (0OpyITyBarmbe) BO TYHEJOT.

HACTAH YCJ10B AKLINJA
axypvpame Ha , alert

reornorvjata DB (meren_profil) AKYDUDARE HA
—usBewrajsa ~y real_geolog != prog_geolog rpoeKToT

cocTojbaTta

clock . alert
£ signal DB (merenja) MeDerbe

wﬁ@% weme < wreme_Sys (oTuuTyBarbE)

cocTojbaTa

Mepere DB (merenja) alert

(oT4nTYyBarbe) nojadyyBare Ha

nogrpagbarta

real P > max_P

—ussewTajsa OR.
cocTtojbaTta

real_ U > max_U

Cauxa 4-23. - Obauk Ha 82Zpaderuitie iipasuna

Kako mTo BeKe HariacuBMe COCTOJOUTE T.€. MpaBWiaTa, aKIUUTe 1
BPEMEHCKUTE OrpaHMYyBara ce BrpajieHn BO mojcuctemuTe. Ha Toj HaumH
ce HajArjefyBa cuTyalyjaTa BO 0Oa3aTa Ha MojaToOUU M MO motpeba ce
aKTHBUpAaT akKIWh, OJHOCHO Ce€ WuCIHpakaaT TMpeaynpeayBama 0
KOPUCHUKOT. DYHKIMOHUPAHETO Ha TMOJCHCTEMOT C€ Of[BMBAa KaKO Ha
cnuka 4-24.

Camure mnpaBwiia BCYHIHOCT CE€ NPETCTABEHU INPEKY OOJEKTH, BO
KOHKPETHHOT ciy4daj oOjektuTe "MepeH mnpoduia" u "Mepewa', Kou
OPETXOJHO BeKe ce TMpeTcTaBeHu Bo mnopacucrtemute "I'pagba" wu
"Excrmoatanuja". AKTHUBHpameTO Ha Oa3aTa € W3BPUIEHO IIPEKY
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BMCTHYBalkba H IIPCKY MNPO3UBKH. Toa BCYIIHOCT € CACH HA4YWH Ha
HpI/I6JII/I}KYBaH:e Ha mnacuBHaTa ©Oa3a Ha mogaTonun
OrpaHM4CHa aH.TII/IKaHI/Ija.

AnnmkaTuBeH
OEeTEeKTop
Ha HacTaHu

HacTaH

DBMS

KOH BpPCMCHCKHU

BpemeHcku
OeTeKTop
Ha HacTaHu

RUMES

/]

add

delete
activ.
deactiv.

EBanyauuja
Ha ycnosu

Annmkauuja

Ca. 4.24. Iloocucitem 3a yiipasysarbe co akiiu8Haitia 6a3a Ha Hooaioyu

Ha kpajor Tyka ymiTe egHam Tpeda ga HallOMEHeMe JieKa IpaBusaTa
ce reHepupaaT Ha OfIpeJieH CUTHAJl Of] allJIMKalyjaTa, a UCTO TaKa Ha CUTHaJl
ce MpoBepyBa yCIOBOT WJIM c€ IeaKTMBHpAaT MpaBujaTa ako BeKe He ce

BaJIMJHU.



5. UMITNIEMEHTALIMJA HA CUCTEMOT

HpOTOTI/III Ha CUCTCMOT € UMIIJICMCHTUPAH BO C++.

IIpn u360pOT Ha MPOrpaMCKHUOT ja3WK HeMallle MHOTY JujeMu. 3a
pa3Boj Ha BakOB KOMIUJIEKCEH CHCTeM € TMoTpebeH edukaceH u
(psrekcubusnien ja3uk M KOj, HOPMAIIHO, MOAPKYBa O00JEKTHO OPUEHTUPAHO
nporpamMupame.

C++ BO TOCIEIHUTE HEKONKY TOJUHU € €JeH Off HajyecTo
NOBUKYBAHUTE MPOTPAMCKM ja3uly, KOj caM Mo cebe ce HaMeTHyBa CO
ceoute omuku. OrnpegendaTta MNPOTOTUIIOT HA CUCTEMOT [Ja ce
uMIieMenTrpa BO C++ € NOTKpeneHa co HEKOJIKY €JIEMEHTH:

o« Hajnpso m HajouTHO, C++ € ja3uk 3a OOJEKTHO OPHEHTHUPAHO
IpOrpaMHupamE.

o Bropo, C++ e u3BenieH o C. Co HEKOJIKY UCKIIyYOIM TO] IPETCTaByBa
HaarpanOa Ha C, mWITO 3HA4YM fieKa ce MTO € npuMeHanBo Bo C, e
npuMmeHnnBo U BO C++. Tyka TpebOa fa ce akueHtupa mMokra Ha C,
KaKO COBPEMEH MPOrpamMcKM ja3uK, M MOXKHOCTa 3a IpUMEHa Ha
OTPOMHHOT 6poj 6ubnroTeunn koposu 3a C.

o Jlpyr eJeMeHT KOj He € 3a NOTLEHYBalke € U MPEHOCINBOCTA Ha KOIOT
Ha pa3HU MAaIlIMHU U II1aTHOPMHA.

o U Ha kpaj oBe Mopa U ' CIOMEHeMe M OMOJIMOTEKUTE Ha KJacH,
KOM TMOpaju NO3HATUTE NPEAHOCTH Ha OOJEKTHO OPHUEHTHPAHOTO
nporpaMmpame ce ymTe NOQIJIEKCUOMIHM U MHOTY  JIECHO
PUMEHIIVBHY.

HpI/I I/IMIIJIGMGHTaHI/IjaTa € KOpHUCTEHa CJICJHATa IMoCTallKa:

¢ HAjIPBO ce KpEeMpaHu KitacuTe (Cropes yTBPASHUOT MOJIEN ),

e MOTOA C€ KpeupaHu 00jeKTH (MHCTAHIIM) 32 COOJIBETHUTE KJIACH U

e Ha Kpaj ce MMIUIEMEHTHpPAHM MOPAKHUTE 3a KOMYHHKaIHja Momery
00jEKTUTE - TOpPAKUTE C€ EKBHMBAJEHT HAa IOBHKOT HAa METOJUTE
((pyHKUIMHUTE YIEHKM) Off CTPaHa HAa COOIBETHUTE O0jEKTH.
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OTexxHyBauKa OKOJHOCT NPU KOJUPAKETO Oellle KOMIJIEKCHOCTa Ha
cucreMoT. OBJie ce MHUCIIA BO CMUCJIA Ha YTBPAYBAKE HA TPAHULIATE BO KOM
Ke ce ogu co mporpammpameTo. IlocToelie omacHOCT fa THe TpaHULU
OMaT IPEMHOrY HIMPOKHM I1a UMIVIEMEHTAIMjaTa Ha IPOTOTUIOT J1a OJ3EME
MHOry Bpeme. Bo Toj ciyyaj, HCTO Taka MOf 3HaK Ha Ipallame Ke f0jae U
BAIMJJHOCTA HAa CUCTEMOT, BO CMHUCJIA Ha KOPEKTHOCT Ha MOJETAJHUTE
pelieHyja, Kako BO MHOpMaTHIKa - TaKO U BO TpajiexxHa cmucna. Mcro
Taka [MOCTOEIIE ONACHOCT U fia TUE T'PAaHUIM OMJAT IPEMHOTY TECHU CO IITO
(pyHKIIMOHATTHOCTa Ha CHUCTEMOT, UCTO Taka, Ou Ouina JOBeJeHa BO
npaliame.

I'mo6anno ricgano IMPOTOTHUIIOT HaA CHCTCMOT THU COOPXKHU CUTC
IMPOCKTHUPAHU IMOACUCTCMU. 3a CCKOj MMOACHUCTEM, PA3JIMYHO, HAIIPpAaBCHU CC
OApPCICHU allpOKCUMalluM CO IITO HE CC FY6I/I q)YHKHI/IOHaJIHOCTa Ha
CHUCTCMOT KaKoO 1IcJInHa.

3a mnopcucremor "lIpoekTupame" HMMIUIEMEHTUPAH € BIE3HUOT
untepdejc, Jofeka MOAYJIUTE 3a Treojiolika Kiaacudukamnuja u
NUMEH3MOHNpPamke Ha noarpandara ce cuMmynupanu. CamMuTe OBUE MOAYJIU
Ou Tpebalo HaKHANHO fja OupjaT moceOHO pa3paboreHu. M3ne3nure
pe3yaTaTd Off OBOj NOJACUCTEM, NOpajW cHUMyJalujaTa, ce BHECyBaaT
MaHyeJlHO BO ©0Oa3ata Ha mnopatouu. [logcucremure "I'pagba" wu
"[IpoexkTupame"” WMIUIEMEHTUPAHU Ce€ Taka ja paboraT caMo 3a
HajelHOCTaBHU ciy4yan. VIcTo Taka M OBJie ce YCBOEHU OfIpEJICHA CUMYJIalluu
KOM ja yIpocTyBaaT padboTaTa Ha IPOTOTHIIOT.

Haprpanbara Ha oBue mnojcucteMu Tpeba [da ce u3BeAe Co
HacjeayBambe Ha 00jeKTUTe, IPU IITO Ke ce HaclielyBa caMO UHTEP(EjCOT U
HAJOCHOBHUTE METOJIH.

HopwmanHo, npu uMniaeMeHTanuja Ha CUCTEMOT, HajIIOTOAHO On OUII0
la ce KOPUCTH HEKoe IpolnpyBamkbe Ha C++ 3a ynpaByBame cO 00j€KTHO-
opueHTHpaHu 6a3u Ha nopaTonyu. Ho Bo HEJOCTAaTOK Ha TOA MPOLIMPYBAE,
CHCTEMOT 3a yIpaByBamwe cOo 0a3aTa Ha MOJATOLHM € UMIUIEMEHTHPAH KaKO
€leH BHJ Ha pejaMoHa Oas3a, IITO MpU HMIUIEMEHTalWjaTa Ha
KOMEpIHjaJeH CUCTEM He Mopa ja ce 3ajpXKu. Tyka e UCKopuCcTeHa efHa
eflHOoCTaBHa OMOJIMOTEKA Ha KJIACH KOja OBO3MOXKYBA UYNTAHE W MUIIYBaHKE
BO NOJINHA, KAKO M JBIKEHE HU3 THE 3alMCH. 3a IUPEKTEH IpHUCTal KOH
3alMCUTE TIOCTOM M KJjlaca 3a MHAEKCHpame Koja paboTu kako b-mpso.
AKTHUBHpamETO Ha 0a3aTa Ha MOJATOLHM € U3BPLIEHO PEKY BMETHYBAKE U



I/IMHJICMeTaIII/Ija Ha CUCTEMOT 53

NpeKy MPO3MBKHU. 32 €BEHTYAJIEHUOT KOMEpPIUjaJieH CUCTEM OBOj €] Ou
Tpebano fia ce pa3pabOTH NOJIETAIHO.

IToce6HO BHMMaHKE € TOCBETEHO Ha KPENPAHETO HA KOPUCHUIKHOT
untepdejc. Tyka ce mojaBuja Tpu MOMEHTH KOU Tpeba ia ce MOTeHIMpaar:

o ypenyBame Ha MeHHjaTa (T.. HAUMHOT Ha TPHUCTANl KOH MOOMJCITHU
CETMEHTH Of] CUCTEMOT),

e HAYMHOT Ha BHECYBal€ HA MOJATOLUTE U

o TMPE3EHTHpPalkE€ Ha MOPAKUTE, NpEeAylnpeayBambaTa, KOU CUCTEMOT T'd
ynaTyBa 10 KOPUCHUKOT.

MenujaTa ce KpeupaHd Bp3 MNPUHIUIOT HA MEHUM M TIOJIMEHHU.
OCHOBHOTO MEHM € IMOCTOjaHO TPHCYTHO HAa €KPAaHOT BO XOPU3OHTAJIHA
nuHUja (HajrOPHUOT pefl Off eKPaHoT), MOofieKa MOoIMEeHnjaTa ce TMojaByBaaT
kako marauku (pull down).

BHecyBameTO Ha MofaTOUUTE Ce BPIIU NpeKy ¢hopMu (MacKu), KOU
OCBEH IITO MMaaT MOKHOCT 3a BIUIITyBamke HA MOTPEOHUTE MOJATOLHM, TYKY
UMaaT M MOKHOCT 3a Hu300p Ha HEKOJIKy TOHYJAEHW BapHjaHTH O]
nojaTouTe Kou Tpeba fga ce BHecyBaaT. OcBeH Toa BO caMuTe (pOpMH ce
nojaByBa W NOCEOHO MEHU KOE€ OBO3MOXKYBa NBIKEHE€ HU3 3alUCUTE
(pukopnuTe) Ha 6Ga3aTa Ha MOMATOIM, KOPErupame Ha OJICTHATE 3allkCH,
KakKo 1 OpuIlIeHhe Ha O3HAUYCHUTE 3aIUCH.

ITopakuTte Kom ce mojaByBaaT 10 KOPUCHUKOT Ce€ TMOjaByBaaT BO BHJ
Ha IPO30pH MpeKy paboTHUOT ekpaH. KopucHUKOT MOpa f1a mOTBpAHK AeKa
ja mpoyuTan nopakara.

3apagu morosneMa e(QUKACHOCT TNPHU KOAUPAHETO CE KOPHUCTEHU
oubnuoteunn Kkiacu. KoHkpeTHo, kKnacute "dBase" wu "BTree" ce
KOPUCTEHM TpH HMIUIEMEHTalyjaTa Ha (QYHKIUATE 4YJIEHKH KOM Cce
Kopucrat 3a pabora co 6a3ara Ha mopmarouu. IToHaramy OmOmmoTexkara
"Screen" e KOpUCTEHa 3a UMIUIEMEHTHPAamke Ha KOPUCHUUYKUOT MHTEPE]C,
OJTHOCHO MEHHMjaTa, (POPMUTE 32 YIUC U OPAKUTE.

ITpororunotr Ha cucremMotT € pa3sueH Ha IBM PC AT komnaTuOuinau
KoMmIjytepu u co nporpamckuot nmaketr TURBO C++ v.1.01 3a DOS. Ha oBa
HUBO Ha Pa3BOj Ha CHUCTEMOT OBHME PECYpPCH BO LEJIOCT I'M 3aJ0BOJIyBaaT
notpebute. MefyToa npu €BeHTYaJTHUOT pa3BOj HA KOMEpLUjajlHa Bep3uja
O0u Tpebanmo na ce u3depe Mojaka MalllMHA €O W3pa3eHW rpaduyuku
MOYKHOCTH ¥ COOJIBETEH KOMIIajJIep.
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BpemMeTo mnoTpeOGHO 3a KomHMpawe Ha MNPOTOTUNOT €(EKTUBHO
U3HECyBallle OKOJIy fIBA MECELH, HO BO THE fIBA MECELUU HE € BIIE3EHO
BpPEMETO MOTPEOHO 3a NMPOyuyBamke Ha OMOIMOTEKUTE HA KJIAacu KOU Ce
ynotpebenu. KoampaweTo € M3BpHIIEHO BO [JBa HaBpaTH T.€. CO [IBE
UTepaluu, HO Ce€ MOjaByBa IPOCTOpP M 3a MOHATaMOIIHa pa3paboTKa Ha
cucreMoT. Criopef] foceraiHuTe CO3HaHmja 3a foOMBambe Ha KOMEpLUjaliHA
Bep3Hja, Koja Ou Omita cO MHOTY TOTOJIEMH MOXKHOCTH, IOTPEOHA € HEKOJKY
rofuilHa paboTa Ha TUM KOj OM Ce€ COCTOEJI Off CTpy4malu BO obiacra
(TyHenorpanba) Kako u off cTpyumany naopmarndapu. [Iporotunor e
TECTUpPAH Ha peajieH NMpPHUMEpP Off BeKe MU3TrpajicHuOT ONTOYEH TYyHEN Ha
xugpocucreMoT  “Jlucnde", a  HMCKOPUCTEHM CE€  Mepewara Ha
KOHBEPI€HIMUTE BO TYHEJOT KOM TW U3BPLIIMB BO cOpaboOTKa co
"T'eomaBpoBo" - Ckomje, Bo nepuofoT of anpui 1992 no cenremspu 1992.
CucteMOT Ha OBa HUBO Ha pa3BOj coceMa I'l 33JJ0BOJIM OUEKYyBambaTa.



6. SAKJIIYYOK

3a pga ce 00e30equ TPOAYKTUBHOCT BO paboTaTa Ha MHKEHEPCKUOT
Kajap BO TyHenorpagbaTa, Kako W Jla ce pAobujaT paluoHaIHU WU
€KOHOMUYHHU 00JEKTH - HEONXOJIEH € Pa3BOj Ha MH(POPMALMOHEH CUCTEM KOj
Ke momara IpH MpoeKTHPAmkETO U TpajdaTa 1 Ke ja ciaefu ekcroaTanujaTta
Ha TYHEIINTE.

Ilopagn cneuucguyHOCcTa HA TYHENWTE, KAaKO TPajieXHU OOjeKTH,
IPOEKTUPAKETO U TpajidaTa BO rojema Mepa ce 0a3upaaTt Ha UCKYCTBOTO.
Kako HaumH fa ce MCKOPUCTH MCKYCTBOTO Of] MPETXOAHO HM3TPAJCHUTE
TyHEJIU, ce€ jaByBa moTpeba oOf cobupame U CcHUcTeMaTHh3alnuja Ha
NOJIATOLUTE T.€. ICKYCTBOTO Off TUE BeKE U3TPaJICHN TYHEIIH.

IToBeke aBTOpM MMaaT pabOTEHO HA PA3JIUYHU CUCTEMHU OJf oOyacTa
Ha TyHejorpagOara. 3aeHUYKU O[JINKM HAa OBHE CHCTEMHU € IITO HYJaT
orpannueHu penieHuja. OBe ce MHUCIM Ha OrpaHWYyBame Mo ¢as3u (Ha
nprMep caMo 3a MPOEKTUPahe) WIN MaK 3a MoBeKe a3u, HO 3a OfipeficHa
MeTofioJiordja Ha pabora (Ha mpuMep 3a NpoOWBame Ha TYHEIU CO
3aMp3HYyBakhe Ha 3eMjaTa) WIM caMo 3a OfIpE/icH THIT Ha TYHE I (Ha MpuMep
camo 3a TUTATKY TyHesn). [Ipyra 3aelHAYKa OJININKa Ha OBHE CUCTEMH € IIITO
BO HajrojieM OpoOj ce pa3BUBaHU MO KJIaCMYHA METOJOJIOTHja, Taka Ja
HUBHaATa €eBEeHTYyaJIHa Hairpasida e MoBefieHa BO Mpalllame.

3a pasnuka off KIIACMYHOTO, MPOLEAYpaTHO, IIpOrpaMupame Kaje
LITO [IPU PELIaBakbETO Ha NPOOJIEMUTE ce CKOHLIEHTpUpAaMeE Ha IocTalKarTa
T.€. aJITOPUTAaMOT 3a pellaBamkbe, Kaj OO0JeKTHO OPHUEHTUPAHOTO
nporpamupame padboraTa ce HacouyBa KOH pa3BOj Ha MOJEJl HAa PEATTHAOT
CBET T.e. Ha YTBPAyBame Ha MHTEPAKUMUTE NOMElry OOjeKTHTE KOH TO
counHyBaaT ToOj Mmofeid. Co MOMOII Ha CBOUTE KIYYHM KOHIENTH
"amcrpakiuujata", "eHkamcynanujata' ¥ "XumepapxujaTa Ha Kiacu',
00j€KTHO OPMEHTUPAHOTO MpOrpaMupame € NoceOHO MOrofJHO 3a Pa3Boj Ha
rOJIEMH U KOMIIJIEKCHU UH(POPMAMOHU CUCTEMU.
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Pa3smucnyBamwaTa npu BakKBHOT NPUCTAIl CE€ CBPTEHH KOH MPOOJIEMOT
KOj K€ ce pelllaBa, a He KOH HAUYMHOT Ha KOj TOj MpoOJieM Ke ce KOfiupa T.€.
uMmiieMenTupa. Ilopagu Toa, OOJEKTHO OpPHUEHTHPAHUTE MPOrpaMH ce
OJIJINKYBaaT CO rojema (paeKCuOMIIHOCT.

ITocrankaTa 3a pa3BOj Ha OOJEKTHO OPUEHTUPAHHUTE NPOTPAMH CE
COCTOM BO HEKOJIKY F€HEepaIHU YEKOPU:

o wuacHTHU(]UKANN]jA HA KJIacuTe (00jeKTHTE);

o JOfeNyBale Ha aTPUOYTU U METONIM HA KIIACHUTE;
e YTBpAYBamhe Ha BPCKUTE MOMeEly KIIACUTE U

e ypelnyBame Ha KJIaCUTE BO XHEePapPXUU.

3a pa3BOjOT Ha MOJIEJOT HAa UH(POPMALMOHUOT CUCTEM € MU3BPUICHO
NpUJIarofyBame Ha OBaa FeHepaliHa IMOCTalKa, MoceOHO 3a pelllaBame Ha
BAKOB THII HA npoOisiemu. HajupBo npenusHo e geduHupad npoOaeMoT Ha
OpoeKTHpawme, rpagda M eKciuioaTanydja Ha TYHEJIWTEe, NpH IITO Ce
uieHTU(UKYBaHU rJ100ATHUTE 3a7aun Ha cucTeMoT. [TonaTamy e u3BpiieHa
rinobajHa aHajau3a Ha CHUCTEMOT M Tofenda Ha MOJACUCTEMM, KOM Ce
nperctaBeHn miemMatcku. Cekoj Off OBHE MOJACUCTEMM, IIOHATaMy, €
npetcraBeH npeky DFD (mujarpamM Ha TOK Ha TOAATOLMTE), Of Kaje ce
UIeHTU(UKYBaHU OOjeKTUTE 3a CEKOj MOACUCTeM. ATpPUOYTUTE 3a CEKOj
00jeKT ce JaJeHM IIEeMATCKW, a HUBHUTE BPCKHU C€ IMPETCTABEHU MPEKY
"makern".

ITocrankaTra ce mokaxka MHOTY eduKacHa u iekcuOmiIHa, ouaejKu
OBO3MOXKYBa UTEPATUBHO BpaKame Ha NMPETXOJHUTE YEKOPH, CO LI fia ce
nodue Mofell KOj Ke Oujie 3aJJOBOJINTETHA KOTKja Ha PEATHAOT CBET.

Kako HegocTaTOK Ha OBaa IOCTANKa Ce jaByBa OFPaHUYEHOCTA MpHU
IPETCTAaBYBakETO HA XUEPAPXMHUTE HA KIJIAaCH, HO BO KOHKPETHHOT CIyYa]
TOj HEJOCTAaTOK HE BIIMjacllle MHOTY Ha KpajHUOT pe3yiaTrar. Cekako Aeka
CHCTEMOT 'O KOPUCTU KOHLENTOT 3a XUepapxuja Ha Kjacure. EqHOCTaBHO,
OBJl€ NOTEHIMjaJJHUTE OCHOBHM KJIacH, KJIACH Off KOM Ou ce H3BejyBaje
NpyTHU, ce pas3rieflyBaHd CKOPO Ha HMBO HA alCTPAKTHU KJIACU. Y CIOBHO
TOA 3HA4M JIeKa U3BEJCHUTE Kilacu Ke TO HacjeyBaaT caMO UHTEP(EjCOT U
caMO HEKOJIKy METOAM KoM OM Tpebajo fa ce WCTH 3a CUTE HapeiHH -
W3BEJICHN KJIaCH.



3akiyuok 57

Ha kpaj e uMIuieMeHTHpaH MPOTOTHI Ha cHCTeMOT BO C++ W e
W3BpIICHO TeCTHpame Ha pealieH mpuMep. Bo cucreMoT e BrpajieHa
aKTMBHA 0a3a Ha TONATOLM Kaje IITO MpaBWjiaTa Ce MPETCTAaBEHU KaKO
o6jexTH, a padorat o ECA (event-condition-action) mpuHIUIOT.

Co 0BOj MOJIET € TOCTAaBEHA OCHOBA 34 Pa3BOj HA MHOT'Y KOMILIEKCEH
CUCTEM. 3a MOHATAMONIEH Pa3BOj Ha CUCTEMOT € MOTPeOHO caMo Jia ce
UMILJIEMEHTHPAAT HEONXOJHUTE HOBU OOjEKTH, KOM K€ T'M IpeB3emaar
KapaKTEepPUCTUKUTE Ha TMPETXOAHO wumIuieMeHTupanuTe oobjektu. Co
BAaKBOTO W3BElyBal€ Ha HOBH OOJeKTH Off OCHOBHHUTE, BeEKe
UMIIJIEMEHTHPAHU, TOA C€ IMOCTATHYBAa MaKCHMajHa aJanTUOUIHOCT Ha
CUCTEMOT.

Pa3Bojor Ha KomepuujaneH cucreM Ou Tpebaso fia ro peanus3upa TuM
Ha eKCOepTd oOff [OMEHOT (TyHejorpamgbata) © CTpydYwanm -
uHopmaTruuapu. Peanmsanujata Ha BakKOB CHCTEM OM Tpaeja HEKOJKY
TOJ[AHU.
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I[MTPHJIOT

(Tect mpumep)



ITIPNIOT

( Tect mpumep )

ITpumMepoT Ha KOj TECTHpPAH NPOTOTHUIOT HA CUCTEMOT CE OJHECYBa
Ha ONTOYHHOT TyHels off xugpocucteMoT "Jlucuue" kaj T. Benec. Tynenor
€ MpoeKTHpaH BO TeKOT Ha 1991 roguna. M3rpapbaTta Ha TYHEJIOT €
3aBplIE€Ha BO MOYETOKOT Ha 1993 ropmHa.

HomxuHata Ha TyHenoT u3HecyBa L=508 merpmu, a caoOOgHHAOT
HanpedyeH mnpoduia e kKpyxkeH co D=4,50 wmetpu. TyHenor cnopep
reojiollkaTa MpOorHo3a ce Tpedalle Aa ce npoOuBa HHU3 TPU BHAA Ha
reOJIOLIKNA MaTepujajl, KOu Ce MaficH!u NOfoJly. Bo HaJOIKHMOT npodui
TYHEJIOT € MPETCTAaBeH CO MOBEKEe AECEeTHUIM HampeyHu Npoduim, HO 3a
TECTUPAKETO M30paHM ce MEeT KapaKTepucTuyHu npocpunu. On oBue mer
npodunn rpagdaTa € ciefeHa Ha JiBa Npoduiu U BPEJHOCTUTE KO Ce
U3MEPEHN CE NAa/IEHU BO IPUMEPOT.

BJIE3HUA ITOJATOULUU 3A ITOOCUCTEMOT
"TTPOEKTHUPAIBE":

[TPOI'HO3HU I'EOJIOIIKHU ITOJATOL:

001 KoMnakTHY rHajceBy, IIKPUIEHN CO KBapIHU XXKUJIU M COYNBA,

Y=27,0KN/m* =090

E = 4000 MPa D = 2000 MPa

002 YWKpWIEHN MUKAILIUCTH, TPapUTUIHHI CO KBAPIHY XKUJIU

Y=22,1 KN/m*  WL=0350

E = 3000 MPa D = 1300 MPa

003 MepmMmepu, miovyactu 3a 0aHKOBUTH

Y=270KN/m>  L=0.290

E = 4000 MPa D = 2000 MPa




HAITIPEYHU I[TPOPUIJIN:

npodun cTalMoHaxa | Haxaciaoj H reojoryja
001 0+026.23 22.50 m 001
002 0+080.19 37.50m 002
003 0+150.00 55.00m 002
004 0+170.00 54.00 m 002
005 0+220.00 47.50 m 003
TUITIOBU HA TTOATPAIBA :

(moOueHn o1 MOTYJIOT 32 MUMEH3MOHUPAhE - CUMYJIalja)

TUAI onuc Ha nmoArpagdara geol. maxU

T1 lanyBan apmupan 6eton d = 35cm, MB30 | 001, 003 | 15m

T2 Apmupas nipckan 6eton d = 5cm, MB30 002 20m

[lTanyBan apmupan 6eton d = 35 cm, MB30

T3 Apmupas npckan 6eton d =10 cm, MB30 002 30m

AHKepI/I Criopea usSMCpC€H KOHBEPreHIUN

[lTanyBan apmupan 6eton d = 35 cm, MB30




PACITIOPE] HA TUITOBUTE ITIOOT'PAOBHA I1O

HATIPEYHU [TPO®UIIN
npodun CTallMOHaXa | TUN Ha moArpaada
001 0+026.23 T1
002 0+080.19 T2
003 0+150.00 T2, T3
004 0+170.00 T2
005 0+220.00 T1

BJIESHU ITOJATOLU 3A ITIOOCUCTEMOT
"TPAIOBA":

PEAJIHU I'EOJIOIIKHU ITOJATOLIMA:

IIpn npoOuBameTO HaA TYHEIOT YTBPAEHO € J[eKa peajHaTa
reoJIOThjaTa JUTOJIOMIKA OfroBapa Ha IPOTHO3HATa IeoJIoruja, HO € CO
MHOTY nocinabu (pU3MYKO MeXaHW4ykKu Kapakrtepuctuku. [lopagm Toa ce
BOBEJICHM HOBU onucH Ha reonorujata 3a tTunosure 001 u 002 co o3naka 004
u 005 (TouHnTe (PU3MYKO MEXaHNIKM KapaKTEPUCTUKM He Oea MO3HATH)

004 Ncnykanu rHajceBHU, YIIKPUIECHH CO KBapIHU >KUJIU M COYMBA,

005 PacnapgnaTy ymkpuiieHM MUKAIIUCTH, TPAaUTUIHI CO KBAPIHU
KT




PEAJIEH PACITIOPE]I HA TEOJIOTJATA I10

HAITPEYHU ITPOPUNIIN :
npodun cramyoHaxa | Hajcnoj H reoJioruja
001 0+026.23 22.50 m 004
002 0+080.19 37.50 m 002
003 0+150.00 55.00m 005
004 0+170.00 54.00 m 005
005 0+220.00 47.50 m 002

HOBO IMPOEKTUPAHU TUITOBU HA TTOATPAIB A
(coriacHO peajtHaTa reoJIOTHja)

TUAI onuc Ha nmoArpagdara geol. maxU
T4a Pemenatu Q21 /1m 004, 005 | 32m
m
Apwmupas nipckan 6eton  d =12cm, MB30
[lTanyBan apmupan 6eton d = 35 cm, MB30
T46 Pemenatu Q21 /1m 004, 005 | 35m
m

Apmupas npckan 6eton d =12 cm, MB30

AHKepI/I Criopea usSMCpC€H KOHBEPreHIUN

[lTanyBan apmupan 6eton d = 35 cm, MB30




PEAJIEH PACITIOPED] HA TUITOBUTE ITOAOT'PAIBHU ITO
HAIIPEYHU ITPOPUNIIN

Co 3a1aBameTO Ha peallHaTa reoJIoruja CUCTEMOT aBTOMATCKU BPIIH

pacnopefyBame Ha TUIIOBUTE MOATPaOU CIOPE peajHaTa reojoryja.

npocun CTallMOHa)ka | THII Ha MOArpanoa
001 0+026.23 T4a
002 0+080.19 T3
003 0+150.00 T4a
004 0+170.00 T4a
005 0+220.00 T3

ITOCTABEHM MEPHMU ITPOPUIJIN :

npocun CTalMoOHaXKa naTym yac
001 003 0+150.00 29/05/1992 10:00
002 004 0+170.00 23/06/93 02:30




M3MEPEHU BPETHOCTU :
(Mmepen npocpun 001, crarmonaxka 0+150,00)
pen.op. IaTyM Jac KOHBEpreHIuja
1 29/05/93 22:00 0.00
2 30/05/93 15:30 0.30
3 02/06/93 11:00 7.03
4 24/06/93 08:00 12.25
5 30/06/93 14:00 12.43
6 07/07/93 22:30 13:79
7 23/07/93 13:00 13:78
M3MEPEHU BPETHOCTU :
(Mmepen npocdun 002, crarmonaxka 0+170,00)
pen.op. IaTyM Jac KOHBEpreHIyja
1 24/06/93 08:00 0.00
2 24/06/93 13:00 0.72
3 25/06/93 12:00 1.01
4 30/06/93 12:00 36.64
5 07/07/93 22:00 42.59
6 10/07/93 14:00 45.11
7 23/07/93 13:00 48:12
8 13/08/93 13:00 49:10

Cnopen m3BpuieHuTe Mepewa Ha mMepHuotr npodun 002 ce yrBpau
leka € MoTpeOHO mojauyBame Ha mnoarpagdata. Co BHECYBamHETO Ha
U3MEPEHNUTE BPEAHOCTH N0 pefieH Opoj 4, cucTeMOT anapMupa OupiejKu ce
HaJIMUHATU MAaKCHMAaJHO I03BOJIEHUTE KOHBEPreHIUN U Oapa MoCTaByBamhe
Ha Mojaka nojrpajoa.
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