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AHOTALIA

Cwmarina 0.0.

TeMa: mocmimkeHHs amganTUBHUX METOMIB CKJIAJAHHS po3KIaay HaB4YaJabHOI'O
MIpoIIeCy y 3aKJIaiax BUIIOI OCBITH

CneuianbHicTb: 121 "[mxeHepis mporpaMHOro 3abe3neyeHHs "

YcTaHoBa: /I3 JIHY imeni Tapaca [lleBuenka, 2023 p.

Ksauipikaniiina podora micrurn:71 crop., 15 puc., 31 g)xepeso, 5 gonaTkis.
O0’€eKT A0CITiIKEHHS] — OpraHi3allisl Ta MJaHyBaHHS HABYAJILHOT'O MPOIECY.
[peaMer nocaimkKeHHsT — alrOPUTMIYHMK MiAXiJA 1O aBTOMATUYHOTO Ta
HAIIBABTOMATUYHOTO CKJIAIaHHS PO3KIIaay 3aHSATh.

Merta poGoTH — IOCHIDKCHHS aJalTUBHUX METOJIIB CKIIAJAaHHS PO3KIany Ta
po3po0Kka TMpOrpaMHOTO MOJYJsl AaBTOMATHYHOI TeHepamii po3Kiaxy 3aHsTh
3aKJIay BHIOi OCBITH.

Metoau nocuimxenus: Teopemuyni Memoou. aHalli3 HAyKOBO-TEXHIUHUX JKEpeEl
3 TpoOsieM TOCTipKeHHS. Emnipuuni memoou: aHami3 NpoOJeMH CKJIaJIaHHI
pPO3KJIaNy y 3aKiajai BWINOI OCBITH. EKchnepumenmanvhi memoou: TECTYBaHHS
PO3pO0IIEHOTO TOJIATKY.

Pe3syabTaTn po6oTH. Po3pobieHnll amanTHBHUA METOT € OCHOBOIO TPOTPaMHOT
peanizamii cHCTEeMH CKJIAQJaHHA pO3KIady HaByajubHOro mpomecy B 3BO.
Bukopucranns ganoi cucremu B 3BO 103BONUTH TOJNETIIUTH Ta MiJBHIIUTH
e(eKTHBHICT, POOOTH NUCIETYEPIB, SKI 3aiMAIOTHCS CKJIAAAHHSIM PO3KIAdy, Ta
SIKICTh HABYAJILHOTO MPOLECY 32 paXYHOK MAKCUMAJIbHOTO BPaxyBaHHS MOOaKaHb

YYaCHHKIB HAaBYAJILHOTO MPOIIECY MPH CKIIQJAaHHI PO3KIIaIy.

Kntwuogi cnosa: cucrema, mporpaMHUN MOIyJNb, PO3KIaJ 3aHATH, MpeIMETHA
o0macTh, MaTeMaTHYHa MOJeNb, TEHETW4HWi anroput™m, Java, SpringBoot,

Hibernate.
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ABSTRACT

Smahina O.0.

Topic: Research of adaptive methods of drawing up the schedule of the
educational process in institutions of higher education

Specialty: 121 "Software engineering".

Institution: Luhansk Taras Shevchenko National University, 2023

The qualification work contains: 71 pages, 15 figures, 31 sources, 5 app.

The object of research is organization and planning of the educational process.
The subject of the research is an algorithmic approach to automatic and semi-
automatic preparation of the class schedule.

The purpose of the work is resecarch of adaptive methods of drawing up a
schedule and development of a software module for automatic generation of a
schedule of classes of a higher education institution.

Research methods: Theoretical methods: analysis of scientific and technical
sources on research problems. Empirical methods: analysis of the problem of
scheduling in a higher education institution. Experimental methods: testing the
developed application.

Work results. The developed adaptive method is the basis of the software
implementation of the educational process scheduling system in higher education
institutions. The use of this system in higher education institutions will facilitate
and increase the efficiency of the work of dispatchers who are engaged in drawing
up the schedule, and the quality of the educational process due to the maximum
consideration of the wishes of the participants in the educational process when

drawing up the schedule.

Keywords: system, program module, class schedule, subject area, mathematical

model, genetic algorithm, Java, SpringBoot, Hibernate.
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ITEPEJIIK YMOBHUX ITO3HAYEHb, CUMBOJIIB, CKOPOUYEHb
BCTYTI1
PO3/JJT 1 Awnani3z npoOieMu CKIIQaHHS PO3KIIAAY 3aHATh Ta 3aBJAHHA

LOCNiOXXeHHS

I1.1. Po3kian HaBYaTBHUX 3aHATH Ta HOTO POJIb Y JKUTTEAISIIBHOCTI
3BO

1.2. Omnuc nmpeaMeTHOT 00J1acTi
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2.1. MareMaTryHe MOJICITIOBAHHS 33124l CKJIaJIaHHS PO3KIIALy
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PO3/JT 3. Po3poOka mporpaMHOro MOZYJS aBTOMAaTHYHOTO CKJIaJaHHs
PO3KIIaay 3aHATH
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INEPEJIK YMOBHUX IO3HAYEHb, CUMBOJIIB, CKOPOYEHbD

API - Application Programming Interface
ACY - ABTOMaTH30BaHi CHCTEMH KepyBaHHSI
Y1} — Baza manux

rA - ['eHeTHYHMI anrOPUTM

UML - Unified Modeling Language

REST - Representational State Transfer
HTTP - HyperText Transfer Protocol

n3 - Iporpamue 3abe3neyeHHs

SOAP - Simple Object Access Protocol

MVC - Model-View-Controller
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BCTYN

Y HaBYanbHHMX 3aKianax ICHye 0e3nid mpoOseM, MOoB’sI3aHuX 13
OpraHi3alfi€er0 HaBYaJILHOTO Mporiecy. OMHIE0 € mpobiieMa CKIaTaHHS PO3KIATy
3aHATh. [Iponec ckimalaHHs Ta pefaryBaHHS PO3KIANy CKIATHHN dYepe3 BENHKY
KiJIbKICTh (aKkTOpiB, 110 BIUIMBAIOTh HA HABYaJbHUM mpouec. s KOXHOIO
(bakynpTeTy, IHCTHTYTY, YHIBEpCHUTETy BOHHM IHAWBIAyaJdbHi, TOMYy HEMae
YHIBEPCAJIBLHOTO MiJXO/LY 10 CKIIAIaHHS PO3KIIay 3aHSTh.

PenaryBanHs po3kiaay B XOJi HABYAIBLHOTO MPOIIECY HEPIIKO MPHU3BOAUTH
10 aucOanaHcy B HABYAJIBHOMY, BUKJIAJAIIbKOMY Ta ayTUTOPHOMY HaBaHTa)KeHHI,
BIJIMIOBIJTHO 3HIDKYEThCS SKICTh HABYAIILHOIO TPOLIECY 1, SK HACIHIIOK,
npodecioHaizM ¢axiBIiB, U0 BUITyCKAIOTHCSI.

SIKicTh Ta INBUIKICTH CKIAJaHHS PO3KIaAy B IEPLIy YEpry 3aJeXKHTh Bij
JOCBIZly yKJajada Ta 3py4HOCTI MpOrpamMHoOro 3abdesnedeHHs. 30ip 1 MmiAroroBka
BUXIJIHUX JaHUX U PO3KIAAY YCKIAJHIOETHCS IPUAMAITBHOK KOMIIAHI€I0, 0 He
3aKIHYMIIACS, BIICYTHICTIO BUKJIA/Ia4iB, BEJIUKOIO KUIBKICTIO CTY/ACHTIB Ta IHIIUMU
(axTopamu, AKi Ma€ BpaxOBYBaTH BiANOBiAaNbHa 3a CKJIaJaHHs PO3KIay JTIOIUHA.

Bukopurcranns equHOTO iHQOPMAIIITHOTO TPOCTOPY A 30epiraHHs TaHUX
PO CTYACHTIB, aOITYpi€HTIB, BHUKIAAad4iB, AWCIMIUIIH, AyJUTOPIHA HT03BOJISE
CKOPOTHUTH Yac MOIIYKY MOTPIOHMX JUIsl CKJIAZAAaHHS PO3KJIAy BiZIOMOCTEH.

BripoBajkeHHST IPOTpaMHOTO MOIYJSI B €AMHUH iH(OpMamiiHuil mpocTip
JI03BOJIUTh MPUCKOPUTH Ta CIPOCTUTH TNPOLEC CKIaJaHHS PO3KIAmy: CKIaJaTd
pO3KIan Ui CTYJCHTIB Ta BHKJIQJA4iB 3 ypaxyBaHHSAM BHMOT JMCIIMILIIH,
mobakaHb BUKJIQAYiB, 3aBAHTAKCHOCTI ayJUTOPiii Ta THUIMIB 3aHATH, BHOCUTH
3MiHH JIO PO3KIIa/ly Ta BECTH OOJIK MPOBEACHUX 3aHSTh.

3aBaaHHsI 31 CKIIaIaHHS PO3KIay 3aHATh HE Taka IPOCTa, KO 37a€ThCs Ha
nepmwuii mormsaa. Sk Bimomo, Oyno 3po0JeHO BeNWYe3Hy KiIbKICTB crpol il
BupilieHHs. Ha jxainb, ®oHa 3 IIMX OporpaM He Mae HeoOXiTHOI yHIBepCaIbHOCTI

Ta HE 33710BOJIbHsIE IOTped ycix 3BO, abo Mae HaATO BUCOKY BapTiCTh.
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OTke, OCIIIKEHHS, CTBOPEHI 317151 po3pO0Ky alrOpPUTMIB aBTOMATH3aIIil
noOyI0BH HABYATIBEHOTO PO3KIIAJY, € AKTYaIbHUMH.

MeTta po6oTH — JOCIIIKSHHS aJallTHBHUX METO/IB CKJIaJaHH PO3KIIaay Ta
pO3poOKa MPOTrpaMHOro MOIYJIs AaBTOMATHYHOI TeHepauii po3KiIamy 3aHATh
3aKJIaTy BHIO1 OCBITH.

O6’eKkT D0CaIIKEHHS: OPraHi3allis Ta IUIAHYBaHHS HABYAILHOTO MPOLIECY.

IMpeameTr XOCTiIzKEHHS — AJITOPUTMIYHUI MiIXiJA 1O aBTOMATHYHOTO Ta
HaIiBaBTOMATHYHOTO CKJIQJIAHHS PO3KJIAIy 3aHSTh.

JUist [OCATHEHHS JaHOi MeTH MOBWHHI GyTu Bupimeni HacTynHi 3aBAaHHS:

— OIUCATH MPEMIMETHY 00I1aCTh PO3KIIaLy 3aHSTh;
— BU3HAYUTH BUMOTH Ta MEXaHi3M CKJIaJIlaHHS PO3KIIaLy;
— JOCTITUTH ICHYIOYl METOAM Ta QITOPUTMH aBTOMATHYHOI

TeHepalii po3KIay;

— po3poOMTH MOJYJIb aBTOMAaTHYHOI CHUCTEMH  CKJIaJaHHS
po3knaay.

Metoau nOCTiIKEHHA:

Teopemuuni memooOu: aHami3 HAYKOBO-TEXHIYHUX JDKEpen 3 mpoliem
JOCIIJUKeHHS. Emnipuuni memoou: aHani3 npoOJeMu CKIAJaHHS PO3KIany y
3aKJIaJli BUMIOI OCBITH. Excnepumenmanvui memoou: TECTYBaHHS PO3POOJICHOTO
[O4aTKYy.

[pakTnune 3aBaanHs. Po3rsiHyTi y  po0oTi migxomu Moxke OyTH
MOKJIaJICHO OCHOBOIO MOJAJBIINX JAOCIIKEHb, & OTPUMAHHUN Pe3yJIbTaTi PO3pOOKH
MOJyJiIb ~aBTOMAaTU4HOI reHepamii Moxe Oyth (yHIAMEHTOM  €IWUHOI
aBTOMaTH30BaHO1 iH(POpPMAIIifHOT CUCTEMH YHIBEPCUTETY.

Crpykrypa aumiomHoi PO6OTN. PoGoTa ckmamaeTbes 3 MOSCHIOBAIBHOI
3aIllCKH, CIHMCKY BHUKOPHCTaHUX JDKepes, noAarkiB. OOcsar poOOTH CTaHOBUTH
71 CTOPIHKWN, 06csar BUKOPUCTAHO] JliTeparypu - 31 AXKepeno.

B mosicHIOBaNIBHIH 3amucIii y MepmoMy po3zili IUISIXOM aHaii3y mpoouiem,
10 BUHUKAIOTh Yy MpOIECI CKIAJIaHHs PO3KIay, OOIPYHTOBYETHCS aKTyaJbHICTh

MPOBE/ICHHS.  MOCTIJUKeHb. JlyIs  OLIHKKM  ICHYIOYMX TIPOTPAaMHUX  pillleHb
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aBTOMaTH3allii MPOIECy MPOBOAUTHCS OIKC MPEAMETHOI 00JacTi Ta BUMOT, IO
BMCYBAKOTbCA 10 po3kiIamy. 3a MiACYMKaMH pPe3yJbTaTiB OISy ICHYFOUHX
MPOrpaMHUX PIlIeHb aBTOMATU3aIlil MPOIECY BHUKOHYEThCS MOCTAHOBKA 3aBIaHb
OOCNio>KeHHS.

Y napyromMy po3mili JOCTIDKEHHS aJTOPUTMIB aBTOMATHYHOI TEHeparlil
pO3KJIaZy 3aHATh BHUKOHYEThCS MATEMAaTUYHE MOJCIIOBAHHS 3aBJaHHS Ta
BUSIBJIIIOTHCSI OCHOBHI MPo0OJieMu aBTomaru3aiiii. [1jist sKkicHOro BHUpilIeHHS IaHUX
mpoOJIeM JIOCHIJDKYIOTECS MOJENl Ta alrOpUTMH CKJIATaHHA pPO3KIany. 3
MIPOBE/ICHOTO JIOCIIKEHHS 3[1HCHIOETHCS BUOIP METO/Iy aBTOMATH3allii IpoLecy.

Y TperboMy po3mini  3MIHCHIOETBCS BUOIp MeTOAIB Ta 3aco0iB
nporpamyBaHHs. HaBoAUThCsI OmKC pOOOTH OCHOBHUX MTPOTPAMHUX BY3J1iB MOJIYJIb
ABTOMATHYHOI TeHeparlii po3kiamy. TaKOXK OIiHIOEThCS SKICTh PO3KIALy, IO
3TeHEPyBaB MPOrPaMHUI MOYJTh. PO3pOOISIOTECS IPAKTHYHI PEKOMEHAIIT 11010
MOJIEpHI3allil, ONTHUMi3aiii MOAYJsS 1, OTXKE, MIJBUIICHHS SKOCTI CKJIaJaHHS
po3Ksany.

JlonaTok MicTHTB B c00i KO POrpaMH.
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PO3JILT 1.
AHAJII3 TTIPOBJIEMHY CKJIAJAHHS PO3KJIAZLY 3AHSITH TA
3ABJIAHHS JTOCJILIKEHHS

1.1. Po3kjag HaBYAJIBHUX 3aHATH Ta HOro poJib y KUTTEAIAIBHOCTI

3BO

3aBAaHHA CKIIQJaHHA PO3KIAMIB € TPEIMETOM HAYKOBHX JIOCHIKCHB i3
CepeiMHU MUHYJOro cTomitTs. O0macTh X 3aCTOCYBaHHS BKIIOYA€ pi3HI cdepu
JIOACHKOT  MISJIBHOCTI, Taki SK:  TPAaHCHOPTHI  TEpEBE3€HHsS, MacoBe
o0CIyroByBaHHS, IIPOMHCIOBICTh, OCBiTa TOmO. llpakTHkKa BHCyBae Oe3mid
3aBJlaHb, SIKI HEMOXIIUBO €(DEKTUBHO BHUPIIIUTH LUIIXOM MOBHOTO nepedopy. s
OLIBIIOCTI Mojeneil Teopii PO3KIaiB 3HAXOMKEHHS ONTHMAIBLHOTO PO3KIAIY €
Ba)XKOIO 33/Ia4€l0, a PIlICHHsS HAONMKEHHX /IO peallbHUX YMOB 33/1a4 Mae€ IIe
OlNTbIIY CKJIaHICTh, OCKUIBKM JaHi pillIeHHs MOBHHHI 33/I0BOJBHSATH YUCICHHUM,
HaifuacTime KOHQIIKTYIOUMM MDK CO0OI0 OOMEXKEHHSM BHPOOHHUYOTO,
opraHizaiifinoro Ta mCcHX0(I3I0NOrIYHOrO XapakTepy. BuxomoMm i3 1bOro
IIOJIO’KEHHS € BiIMOBA BiJl MiAXOAY, KOJIM IPUIATHUM BBa)Kae€ThCA JIMILE HalKpare
piLLeHHS.

KinbkicHe Ta siKicHe 3pOCTaHHS BUILOT IIKOJHU MOTPEOy€e HOBOTO MiIX01Y 10
BUpIIICHHS 3aBIaHb YOPABIiHHA HaBYAIbHOK, HAYKOBOK Ta TOCIOJAPCHKOIO
nistteHiCTIO 3BO. Iled minxix ocTaHHIMH pOKaMH 3HAXOJWTH CBOE BTUICHHS Y
3aCTOCYBaHHI CydacHHMX 3acO0iB OOYHUCIIOBAILHOI TEXHIKM Ta MaTeMaTHYHHX
METOZIB B YIPaBJIiHHI 3aKJIaJJaMH BUIIOT OCBITH. Y Cy4aCHOMY CBiTi Bce OUITBIIOTO
MOMMpPEHHS HAOyBalOTh pI3HOMAHITHI CHCTEMH aBTOMATH3allii TEXHIYHUX
MIPOLIECIB, SKi 3aBXKAM BHKOHYBaJUCh Bpy4Hy. Hampukmax, cucTeMHu NpUHHATTA
pilleHHS B MAapKETHUHTY, CKCHEePTHI CHCTEMH, IO 3aMIiHIOITh JIOCBiTYCHHX
(axiBIiB, MPOTHO3YIOTh CHCTEMH B PI3HHX Taly3sX HayKd i TexHIkH. Jlo Takmx
CaMHX TPOIIECIB BITHOCUTBCS 1 CKJIAIaHHS PO3KIaay, sIKMH Joci y OaraThox

HaBYQJIBHUX 3aKJIaJIaX CTBOPIOETHCS BPYYHY HA OCHOBI 0araTOpigHOTO JOCBIIY.
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CyuacHi [T-TexHOIIOTIT MalOTh Y CBOEMY PO3MOPSPKEHHI 3aCO0H, 1110 JI03BOJISIOThH
HalKpalie opranizyBatu Oy/Ib-KHii TPOLEC, 30KpeMa 1 HaBYaIbHUH.

3aBlaHHs TUIAHYBAHHS PO3KJIAMy HABYAIBHUX 3aHATh — € 3aBIaHHS
CKJIaJJaHHsI PO3KJIaJy KOMOIHATOPHOTO THITY, XapaKTEPHOIO OCOOJIHMBICTIO SIKOi €
BEITMYE3HA PO3MIPHICTh 1 HASBHICTh BEJIHMKOI KITBKOCTI OOMEXKEHb CKJIATHOL
¢dopmu. DakTUYHO, HHHI, HEMa€ YHIBEpCAIIbHUX METOJIB PO3B’S3aHHS TaKUX
3aBJaHb. [IpsiMe 3aCTOCYyBaHHS MaTeMaTH4HOI (KIacHM4HOI) Teopii po3KIaay a0
3aBJIaHHS CKJIaaHHS HaBYATBHUX 3aHATH HeMOXUHBO [1, 2, 3]. Tum He MeHI, €
HU3KAa ©€BPUCTUYHUX Ta TMepedipHUX METOMIB, SIKI IIIKOM MiAJAI0ThCs
nporpamMmyBaHHIO.

€ nyMmKa, 10 JOCBITYEHUH AWCHETYep 3MOXKE CKIACTH PO3KIA] TaK, IO BiH
BIJINIOBIJaTUME IHTEpECaM HaBUYAILHOI'O Tpolecy Ta cycriibHoro xuttsi 3BO.
OpHak i3 UM HE MOXKHA TOTOAUTHCS. PydyHe BUPILICHHS 3aBIaHHS CKJIaJaHHS
PO3KIaay 3aHATH MOTPEOYE BENUKMX BHTPAT 4acy, KBaJTi(piKOBAaHHUX CIICIIaTICTIB,
BOJIHOYAC PE3YJIbTAT TAKOI'O PIlIEHHS YacTO BUXOJHUTH JAJIEKO HE ONTUMAIbHHM.
[Ticns BBenmeHHs BuUXigHOI iH(OpMamii MOTPIOHO 1i y3TOPKEHHS, TOMI 5K
HEMOXIIUBICTh OTPUMAHHS HEOOXIIHOrO PO3KJIaqy MOXKHA BU3HAUUTU € €Tari
aHanisy.

IMig yac ckiagaHHs PO3KIaay MOXIWBE BUHUKHEHHS CKIIQJIHUX CHUTYAIliid.
Bce 11e BUMarae 3MiHM BUXIIHHMX JIaHMX Ta MOCJIA0JICHHS OOMEXeHb, 1 TyT 0e3
JIOMUHU He 00iiTHCs. be3 BHECEHHS NUX 3MiH PO3KJIaj HE MaTUME MPaKTHYHOI
niHHOCTI. Takox ¢y BpaxoByBaTH TOH (hakTop, II0 PO3KIA]] MOXKE 3MIHIOBATHCS 1
miJ yac HOro BUKOPHCTaHHS, TOOTO MiCJsl CKIAJaHHS, 1 TYT AyXe BaXJIMBUM €
MOAChKMKA  (akTop. Y 1[bOMY TUIaHI BaXIMBa MIATPUMKA I[OTO TIPOIECY
ABTOMATH30BaHUMHU MeETOJaMH Ta mpoieaypamu. OCHOBHA MepeBara MoJisirae B
TOMY, III0 aBTOMaTH30BaHE CKJIaJaHHSI yCyBa€ Macy PyTHHHOI poOOTH, TakKol siK:
MOMIYK MOJXKJIMBHX BapiaHTIB BHECEHHS YEPrOBUX EJIEMEHTIB JIO0 PO3KIAYy,
MePEeBipKY BUKOHAHHS BUMOT, MOIIYK BUIIAJKOBUX MOMUJIOK Y TOTOBOMY PO3KJIA/l,
oopMIIeHHsT PO3KIIaJy Ha mamepi y BUINISAI PI3HUX TaOJMUIb (Ui BUKIAA4iB,

Tpyn, ayAauTopHOro GOHAY), 3aJMIIaloud JIIOAWHI Oumblie dYacy OubId
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iHTenexkTyanpHi Ail. KoMm’rorep Takox € IHCTPYMEHTOM, IO 3HAYHO IMOCHITIOE
31i6HOCTI MFoauEKM, OO0 NMroMHA He cpoMOoYkHa TIEpeOpaTy i MpoaHai3yBaTH TaKy
KUTBKICTh BapiaHTIB PO3KIAIIB, IK KOMII IOTEP.

B ocranHi pokH poOIATECS MHOXKHHHI CIpOOU BIOCKOHAIEHHS IUIAHYBaHHS
HABYAJILHOTO TIPOIECy MUISXOM MNOOYAOBH alrOPUTMIB ONTHMI3allil 3aBJaHb
IUTAHYBaHHS HaBYAIILHOI po00TH 3BO 3 BUKOPUCTAHHSIM O0YHCIIOBAIBLHOT TEXHIKH
Ta mporpamHoro 3abesneuyeHHs Microsoft Excel. IIpakTuuHe BHpoOBafKEeHHS
IUTAaHYBaHHS HABYAJBHOTO MPOLECY 3 BUKOPHCTAHHIM BEOTEXHOJOTIH Mae micie
nuie B HeOarathox 3BO. AHami3 craHy mux po3po0OK TO3BOJSE 3pOOHUTH Taki
BUCHOBKH: - Po3poOka Ta BrpoBamkenHst 3BO 3aBmans ACY 31iHCHIOETBCS B
IHIIIIaTHBHOMY TIOPSAKY 1 mi poOoTH, SK MpPaBWIIO, CIPSMOBaHI Ha BHPIMICHHA
oKpemuXx mpobiieM. Po3’eqHaHICTh TPyl JOCIIHUKIB Ta PO3POOHHUKIB NpU3BeEa 10
CTBOpEHHS 0€3J1i4i CHCTEM, CIPSIMOBAHHX Ha PO3POOKY aJIrOPUTMIB Ta IPOTpam,
PO3paxoBaHMX Ha OOCIYTOBYBaHHS JIMIIE KOHKPETHOTO BHUINY. - Oararo cucteM
MOKJIaIAl0Th Ha PO3pOOHUKA PO3KIIaTy BCIO BIAMOBINANBHICT 32 OONIK peaabHUX
BHMOT. 30KpeMa, O0JIik BUMOT BUKIIAJadiB, OOMEKEHb Ha KIUIBKICTh 3aHATH, IO
MPOBOJIAITHCS HA JICHb, HA THXKJICHh — YCI I[l Ta 0araTo IHIIKX PyTUHHI 3aBJIaHHS B
TaKUX CHCTeMaxX JOBOAMTbCA BHPILIYBaTH JIIOAMHI HaiyacTille MeTOoIaMH
mepebopy. - HasBHI TpOrpaMH He IependadaroTh po3paxoBaHWN Ha OaraTto
KOPUCTYBa4iB PEKUM POOOTH 1 HE MIATPUMYIOTh BECh HEOOXITHHN EIIEKTPOHHUI
JOKYMEHTOOOII. - He BIPOBAMXKYETbCA PO3POOKAa THUIOBUX YHi(iKOBaHHUX
€JIEMEHTIB CTBOPCHHS €IMHOI aBTOMATH30BAHOI CHCTEMH YIPABJIIHHS BHIIOK
IKOJIOK0. - HasBHI mporpamu MaroTh y)Ke He3py4YHHH iHTepdeic s BBEICHHS
BUXIIHUX JaHUX Ta peJaryBaHHS OTPHMAaHOTO pO3KiIamy. Y 3B’S3Ky 3
PO3IIHUPEHHSIM POOIT 3 yJOCKOHAJIEHHS CHCTEMH YIPABIIHHS BHIIOK0 IIKOJIOO
LUISTXOM CTBOPEHHS Ta BHpoBapkeHHS y 3BO pi3HUX aBTOMAaTH30BaHHX CHCTEM
YOpaBITiHHS BHHUKAaEe TOTpeba yHipikyBaTn 3acoOW CKJIaJaHHS HaBYAILHOTO
po3Kiagy Ha OOYMCHIOBANBHIM TexHimi. Jlns 1bOrO0  HEOOXIMHO YITKO
(dopmaiizyBaTn BHMOTH 10 PO3KJaxy Ta PO3POOWUTH BIiIIOBIIHE aIrOpPUTMIiYHE

3abe3neyeHHs.
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[Ipu po3poOiii anropuTMiB aBTOMAaTU30BAHOTO CKJIAJaHHS PO3KIAy 3aHATh
TOCTPO MOCTa€ MpoOJieMa CTBOPEHHS YHIBEpCAIBbHIX aJrOPUTMIB, 110 BPAXOBYIOTh
cnenn@iky yMOB KOXHOT KOHKPETHOT 3a/a4i. Taki aJropuTMud Maiu OyTH JOCHTh
«THYYKHUMW», TOOTO 0e3 icToTHOI X 3MiHM MoKHa Oyino O BKIIOYaTH Ta
BUKJIFOYATH BUMOTH i3 CHCTEMH BHMOT 10 poskiany. [Ipore cnpoba BupimysaTu
3aBIaHHs SKUMOCH OJJHAM €IMHUM YHiBepCalbHUM aJTOPUTMOM HA JaHUH MOMEHT
HEMOJJIUBO. AJITOPUTMH, IO JO3BOJIAIOTH BHPINIYBATH MIMPOKHN Kiac 3aBIaHb,
HE 1af0Th €(EeKTHUBHOCTI, SKy 3a0e3MedyloTh OUIbII KOHKPETHI, aJanToBaHi 3
ypaxyBaHHSM KOHKPETHHUX YMOB aaroputmu [1].

Jlnst cucTeM CKIaTaHHS PO3KJIAJy 3aHATh XapaKTepHa CHIIbHA 3aleKHICTh
BiI creru(ikd KOHKPETHHX HABYANHHUX 3aKIAJIB BXKEC Ha PiBHI MAaTeMaTHIHUX
MoJeneld Ta MOJAHHS AaHWX, IO YCKIAIHIOE BHKOPUCTAHHS THIIOBHX CHCTEM.
Cucremy, ctBopeHy B omHoMmy 3BO, 3a3Buuaii 0e3 3MiHM Ta JOOIPAIFOBAHHS
HEMO>KJIMBO €()EKTHBHO BUKOPHCTOBYBATH B iHIIOMY. /I0 TOro % 6arato XTo 3 HUX
CTBOpIOBaBCA [JOCUTh JaBHO 1 3a iX JOHOMOIOK HEMOXIHMBO €(EeKTUBHO
BHUPIIYBAaTH MOCTABJICHE 3aBIaHHS.

Jnis BupilIeHHs! ICHYIOUYHMX po0sieM MOTpiOHA mo0y10Ba THYYKO CHCTEMH,
1110 JIETKO aJaITyeThCsI, HA OCHOBI HOBUX IMPUHLUIIIB, 3 BUKOPUCTAHHAM Cy4acHUX
Beb-rexnomoriii. HeoOxigHa cHcTeMa, IO CTAHOBHTH PO3KIA BiAIOBIIHO 0
BUOpaHUX KpuTepiiB Ta 3amanux Bumor [18]. Lli MoxJIMBOCTI MOBHHHI
3aiicHIOBaTHCA TakoX Oe3 3MIHM BHXIJHOTO KOAY CUCTEMH. [l HOKPUTTS
HaHO1IBII TUITOBUX BUIAJIKIB HEOOXiTHO CTBOPEHHS KUTPKOX TUTIOBHX alTOPUTMIB,
IO peali3yloTh CKIIaiaHHs po3kianiB. [laHa cucTemMa MOBUHHA MaTH MOXKITUBICTD
JIOTIOBHEHHSI Ta 3MiHM iCHYr04Oi 0a3u JaHuX Ta iHTepdeiicy kopucrtyBada. Bee e
JaBaIo 0 MOXIIMBICTH 3aaBaTh B KokHOMY 3BO BHMOTH, 1110 BiAIOBiTAIOTH HOTO
yMOBaM, Ta 3a JIOTIOMOTOI0 MiA00pY Ta HaNAIITYBaHHsI BiIMOBIHOTO aJTOPHTMY

OTPUMYBATH HEOOXiTHUH PO3KJIaI.

1.2 Onuc mpeaMeTHOi 0daacTi
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Poskmag € iHCTPYMEHTOM KEpPyBaHHS HaBYaHHAM CTyIEHTiB. BiH
CKJIQJIAETHCSI HA CEMECTP YH PIK Uil TPYNHU Y MIATPYMH CTYACHTIB 3QJICKHO Bij
HaBYAJIBHOTO 3aKJIaIy.

Po3kian mae mictuTi Taky iHdopMariiro:

— HOMEp HaBYAILHOTO THIKHS;

— JICHb THOKHS,

— HOMep Iapy;

— Yac Mmovyarky Ta 3aKiHUCHHS MapHu;
— HOMEp ayIUTOopii;

— OCBITHIH KOMIIOHEHT;

— THII 3QHATTS;

— BUKJ1a4av;

— Ipymna, mjarpymna 4u mnorik.

BXimHHMU TaHUMHU [UTS CKIIAJIAHHS PO3KIIAAY 3aHATH €: rpadik HaBYAITBHOTO
poliecy; HaBYaJbHUN IUIAH; BIIOMOCTI MPO ayJUTOpHUM (OHI; BIAOMOCTI mpo
HaBYaJIbHI TPYIH Ta KUIBKICTh YYHIB Y HUX; PO3MOALT YUHIB 3 JIEKLIHHUX MOTOKIB,
TpyM, MATPYI; BiZOMOCTi Kadedp Mpo 3aKpillJIeHHS OCBITHIX KOMITOHEHTIB 3a
BUKNaga4aMW.

[pu cknaganHi pO3KIaAy JUCHIETYESP Mae BPAaXOBYBaTH TaKi BUMOTH:

— PO3KJIJI TI0 MO>KJIMBOCTI CKJIAIA€ETHCSI HA CEMECTp i Mae OyTH

PIBHOMIPHUM MPOTSITOM THXKHSI;

— HaBYANlbHI 3aHITTS MAalOTh 3JIHCHIOBATHCH 3 JOTPUMAHHIM

[IpaBun BHyTpimHBOTO po3nopsaky 3BO;

— 3a 3asBKaMu Kadeap ciiji rnependavaty yac JUis KypaTropchKoi
roovHu;

— OCBITHI KOMIIOHEHTH HEOOXIJIHO pO3MIIlyBaTH TakK, 1100
3a0e3rieuyBaiacs JIOTIYHA MOCHIIOBHICTh BHMBYEHHS, BpPaxOBYBaJOCS

YCPryBaHHA THIIIB 3aHATD,
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— IIOJICHHE HAaBaHTA)XEHHA YYHIB HE IOBHHHO IEPEBHIIYBaTH
BOCBMH  aKaJeMiYHMX TOAWMH (YOTHpH Tmapu) 0Oe3  ypaxyBaHHS
(baKyIbTaTUBHMX 3aHATH Ta 1HIIOI AisUTBHOCTI;

— PO3MINIICHHSl TPYIM HA 3aHATTS Yy Ppi3HI ayauropii He
JIOIYCKA€ThCS, SKIIO HA TPYIY MPU3HAYCHO OTHOTO BUKJIA1a4a;

— YHTaHHS KUIBKOX OCBITHIX KOMIIOHETIB Ipylid Ha OJHOMY
3aHSATTI HE IOIYCKA€eThCS;

— HE JIOMYCKAEThCS YUTAHHS JUCHUILTIH OJHUM BUKJIAJa4eM s
JIBOX 1 OlNIbIlIe TPy, SIKIIO BOHM HE 00’€lHAHI y MOTIK Ta HE PO3MIIICHI B
OJIHIH ayInuTODIii;

— BuKiIanadi 3 iHmmx 3BO MOXyTh YUTATH AUCIUIUIIHM y TIEBHI
JIHI Ta TOOUHU;

— KUIBKICTb MiCILIb B ayAUTOPii Ma€ BiAMOBIIATH KIIBKOCTI OCIi0 y
TpyMi 94 TOTOL;

— B OJHIM ayauTopil HE [OIYCKAEThCS MPOBEICHHS KLIBKOX
JIEKIIH OJIHOYACHO;

— ayJIUTOPisg Ma€ BIATIOBIaTH TUITY 3aHSATTSL.

[Mopsamok cknagaHHs po3KiIaay y HaBUaJIbHHUX 3akiagax [4]:

— pO3KJIaa 3aHATH CKJIANa€ CHiBPOOITHHK, BIAMOBITAIBHUN 3a
CKJTaaHHs PO3KIAAy, IPH3HAYCHHI IEKaHOM (aKyJIbTEeTY;

— TepMiH CKJIaJaHHA pPO3KJIaAy 3aHATh Ta IPOBEICHHS
eK3aMEHAIlIHHNX ceciii BU3HAYAETHCS KaJllCHIApHUM TpadikoM IUIaHyBaHHS
Ta Oprafi3allii HaB4aJIbHOTO MPOIIECY;

— PO3KJIaJi  PO3MILIYEThCS HAa IHTEPHET-pecypcax Ta Ha
iHpopmauiitaux crennax 3BO.

—3aTBepIDKEHUH  PO3KJIaJ ~ Ma€  BHUKOHYBaTUCh  yciMma
MpaliBHUKAMH YHIBEPCUTETYy, SKI MalOTh BIJHOIIECHHsS JO MPOBEACHHS
HaBYAIILHOTO TPOIIECY;

— 3pHB 3aHATH HE JOIIYCKAEThCA,
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— 3MiHa PO3KJIaJly IOMYCKAETHCS PIILICHHSM JICKaHa.

He3Baxkatoun Ha BHIIEONMHMCAHI BHMOTH CHCTEMa ITOBMHHA MaTH MEBHY
rHy4KicTb, 0O yMOBM y HaBUaNbHMX 3aKIaJax MOXYTh BiapisusTuCh. [lpu
HEOOXIJJHOCTI cHCTeMa MMOBUHHA JO3BOJIATH HE BPaxOBYBaTH i BUMOTH, JaBaTH
MOBHY CBOOOJY IHCIIETYEpYy, ajle MPHU I[BOMY IMONEPEPKAYM PO MOKIIHBI
Hacnigku.

CkiazieHmii po3kJiajl 3aHsITh Mae 30epiratucs y 6a3i JaHux.

3a 3ammramu kopuctyBadiB IC Mae BHBOIUTH pPO3KJIA] CTYACHTIB Ta

BUKJlagauiB.

1.3 Amnani3 icHyrounx pimeHb aBTOMAaTH3alii MNpouecy CKJIAJXAHHSA

po3knagy

[IpoGiremi aBTOMAaTH30BaHOTO (POPMYBAHHS PO3KIIALy HABYAIBHOIO MPOLECY
MPOTSITOM OCTaHHIX JECATUIIITh IPULISETHCS 3HAUHA yBara.

[TyGmikarii 3 JTaHOTO MTUTAHHS MOYKHA ITOIUTATH HA JCKTbKa KaTeTopili:

— (popmanizaris IpeaAMETHOT 00IaCTi:

Tak, B [3] poO3mIsHYyTO MareMaTU4Hy IIOCTAaHOBKY 3aayl CKJIaJaHHs
po3kiany 3aHaTh ¥ 3BO B yMoBax po30iKHOCTI BUMOT 1 moOakaHb BUKJIAAAYiB i
CTY/ICHTIB, BBEJCHO IOHATTS BIPTYalbHUX Ta y3arajbHEHUX IPYI 1 HIACPYII,
[IPOaHai30BaHO XKOPCTKI Ta M 4Kl 0OOMEXEHHS B 3aJayl CKIaaHHs PO3KIIady.

Pobota [4] mpucBsyeHa cranmapTH3aLii JaHUX AJS CKIaJaHHS PO3KIany y
HaBYAJBHUX 3aKiagax. ABTOPU ONHUCYIOTH (OpMAT MPEACTaBICHHS NAaHHUX Y
YaCTHHI ONKMCYy HAaBYaJbHOTO IUIAHY 1 pO3KIany 3aHATh Ha OCHOBI XML-
TEeXHOJIOriN.

B pobori [5] po3rnsimaerbesi nutanHs (GopMyBaHHS I1JIbOBOT (YHKIII, 3a
JIOTIOMOTOFO SIKOT OLIIHFOETHCS SIKICTh CKIIAJICHOT0 PO3KIIay HABYAJIBHOTO MPOIIECY,
3 TOAAJBLION ONTHUMI3AL€l0 WiMbOBOI (YHKIII HAa OCHOBI BHKOPHCTAHHS
€BOJIIOI[IHUX TEXHOJIOTIH 1 MAaTPUYHOTO MOJIAaHHS PO3KJIa/y; aHali3 ICHYIOUYHMX Ta

PO3pOOKa HOBHX AITOPUTMIB, MOJICTICH Ta METO/IIB CKJIaJaHHS PO3KIIAY:
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Y pobGori [6] HaBeneHO oML METOAIB CKiIagaHHs po3kiany 3BO,
MpoaHaji3oBaHi ixHI mepeBarn Ta HeHONiKH. ONUC OCHOBHHX METOMIB, IO
BUKOPUCTOBYIOTKCS [Tl PO3B’sI3aHHS JaHOT 3aj[a4i, TAKOXK MPECTaBICHO ¥ [7].

Jyisi aBTOMaTHYHOTO CKJIaJIlaHHS PO3KJIaay IIMPOKO BHKOPHUCTOBYIOTHCS SIK
KIIACHYHI METONW Taki, SK JHIHHE I[IJIOYNCENbHE NPOTpaMyBaHHS, METOJ
po3dapOyBanHs rpady, METO]| IMITALlIHHOTO MOJICIIOBAHHS, TaK 1 METAEBPUCTUYHI
MeToAaMu.

Tak, 3acTocyBaHHS MeToy po3dapOyBaHHs rpady Ul CKIAJAaHHS PO3KIIALY
po3risinaeThes y poborax, nounnatouu 3 1967 p. (Welsh) mo choroaHiHiii aeHsb.
Y pobGoti [8] po3rnsgHyTI BapiaHTH MiAXOMIB A0 CKIQJaHHS pO3KJIaay 3a
JOIIOMOTOF0 JIAaHOTO METOAY, 3alpOIIOHOBaHI PI3HUMH aBTOPaMH, Ta OIHCaHE
BUKOPUCTaHHS MeTony po3dapOyBanHs rpady MAis CKIQJaHHS PO3KIaLy
€K3aMeHiB.

AJle OCKITBKM JTaHy 3a/1a4y MOXKHa BimHecTH 10 kiacy NP-Baxkux 3amadu
OaratokpuTepiaibHOi KOMOIHATOpPHOI —onTWUMi3alii 31 3HAYHOKW  KUIBKICTIO
OOMEXeHb Ta CKJIAJHICTIO MOOYJOBH MaTeMaTHYHOI MOJENi, /I SKUX He
JIOBEJICHO iCHYyBaHHS ¢()EKTUBHHMX METOJIB Ta AITOPUTMIB, SIKI 3HAXOJSITh TOUHE
pilIeHHS 3a MOJIHOMIabHHI Yac, BUKOPUCTAHHS KIIACHYHUX METOJIIB OOMEXeHe.
Tomy cporomHi JUIsS pPO3B’S3aHHS 3a7adi CKiIamaHHsA poskiaaxy 3BO  myxke
MOIIMPEHE 3aCTOCYBAaHHS METAaCBPUCTUYHUX METOMIB. 3aCTOCOBYIOTH TaKi
METaeBPUCTUYHI METOIU SIK METOJI iMiTallii BiANany, TeHETUYHI aJITOPUTMH, METO/T
MypallMHUX KOJOHIM Tomio. Lli anropuTMm MONIYKy MOXYTh 3a0e3ledyBaTH
BHCOKOSIKICHI PIIICHHSI, aJIe 4aCTO MalOTh 3HAYHY OOYUCIIOBAIBEHY BapTICTh.

Y pobGori [7] po3pobieHO ~anropuTM MOOYJOBH  PO3KIaay  JUist
JUCTAHIIIMHOTO HAaBYaHHS HAa OCHOBI T€HETHYHOTO aJTOPUTMY, pEasli30oBaHHUN y
SIKOCTI MiJCHCTEMH JJIsi CACTEMH JHMCTaHIIWHOTO HaBuaHHA «BipryanbpHuit
VYuiBepcuteT». ['CHETHYHWI aNropuT™M Jjisi MOOYJOBH PO3KIALy TaKOXK
posrnspaeteest y podorax [9, 10] mis nmoOymou poskiany icnutiB. [Ipu mpomy

oco0iMBa yBara TNPUALISETHCS TOCHIAOBHOCTI icmuTiB. Tako T'eHeTH4Hi
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ITOPUTMH 3aCTOCOBYIOTh B aBTOMATH30BaHiil CUCTEMi pO3MOALTY HaBaHTaKEHHS
BHKJIa/IaviB 1 CTyIeHTiB B pobori [11].

VY pobori [12] 3anponoHOBaHO HOBHI BapiaHT alTOPUTMY iMiTamii BiJmary,
SIKMH Ha3uBaeThest FastSA, mis aBTomMarnaHol moOymoBu po3kiany icnuTiB B 3BO.
B FastSA koxeH icniut, 0OpaHuii JJsl TUTaHyBaHHS, epeMimaeTses (1 JaHui pyx
OLIIHIOETHCS) JIMIIIE B TOMY BHITAJIKY, SIKIIO IIEH ICIIUT MaB SIKICh IPUUHATI PyXH Ha
MoTepeTHhOMY Bipi3Ky. J{yist 0Oy J0BH MOYATKOBOTO PilllEeHHS BUKOPHCTOBYETHCS
eBPUCTUKA HA OCHOBI CTYIICHS HACHUYCHHS, MOEIHAHA 31 CTATHCTHKOK Ha OCHOBI
KOH(JIIKTIB, 100 YHUKHYTHU 3aI[UKIICHHSL.

VY [13] posrisinaeTbest moOyJ0Ba HEMPOHHOI MEpeXi IIsl pO3B’sI3aHHS JAHOT
3adadi.

PobGora [14] ommcye miaxin [0 CKIaJaHHS pPO3KIany 3a JOTOMOIOI0
MaKCHMIHHOTO METOJy MypamuHoro aiaroputmy (Best-WorstAntSystem) Ta
MaKCHMIiHHOTO MeToJy MypamuHux KojoHii (Best-WorstAntColonySystem), a
TaKOX y KOMOiHaii 3 2 THIaMH JIOKAIBHOTO MOomyKy. JloBeneHo, mo koMOiHaris
METONy MYpallMHUX KOJOHIA Ta JIOKAJBHOTO TIOIIYKY 3HAYHO IiBHILYE
e(eKTHBHICTh ATOPUTMY. TaKkoxX pe3ysibTaTH EKCIICPUMEHTIB MOKa3ali NepeBary
METOJly MAaKCHUMIHHOTO MYpAaIlMHHMX KOJIOHIM Hal MaKCHMIHHMM MYpPalIHMHHM
aNrOPUTMOM.

Takoxx B ocTaHHId Yac 3’SBISIIOTbCS POOOTH, MPUCBSYEHI TIOPUIHUM
MeToJlaM CKJIalaHHs po3kiaany. Tak, y [15] aBTop 3anpornoHyBaB METOA CKJIaAaHHA
pO3KIaay, BUKOPHUCTOBYIOUM KOMOIHOBaHWHA IMIXiX METOMY ITiJ[KHBJICHHS
0akTepiii Ta TEHETHMYHOTO ajroput™my. Alle OOYHMCIIOBAIbHA BapTICTh TaKOIO
MiX0/Ty IOPIBHSHO BUCOKA;

— aHami3 ICHYIOYMX Ta po3poOKa HOBMX HPOTPaMHUX 3aco0iB reHepamii
KOMIT FOTEPHOTO PO3KJIaay: TEXHOJIOTI], [0 BUKOPUCTOBYIOTECS, Ta iX MporpamHa
peamizaris [16 — 19]:

3amada TeHepallii pO3KJIAAy BIIHOCHUThCS [0 3aJad  aBTOMATH3allii
DianbHOCTI 3BO, ToMmy meski HaByalbHi 3aKIaaM BUKOPHCTOBYIOTH 3aco0u

CKJIaJIaHH pO3KJIaay, SIKi € CKJIaZIOBOIO CHCTEMH JIOK}’MGHTOO6iFy.
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PosrnsiHeMo 0COOJIMBOCTI JIESIKUX CUCTEM aBTOMAaTH30BaHOTO (hOpMYBaHHS
PO3KIIaly HABYAIBHOTO MPOIIECY.

KomrurekcHa cucremMa CKIalaHHs yHiBepcuTeTchbkoro poskiamy UniTime
[16] po3pobnena 3ycwiuisiMH TPYIU BHKJIAQJadiB, CTYIEHTIB 1 CHIBPOOITHHKIB
yHiBepcureTiB [liBHIgYHOT AMepuKky Ta €BponH.

UniTime migTpuMye CKIaJaHHS PO3KIAAIB KypCiB Ta iCIUTIB, yIpaBIiHHS
3MIiHAMH B [IUX PO3KIIa/IaX, CIiIbHE BUKOPUCTAHHS ayAUTOPIH 3 IHIUMHU 3aX0JaMH

1 pO3TOALT CTYCHTIB 32 OKPEMUMH Kypcamu (auB. puc. 1.1).

YnpaBJiHHS HaBYaJIbHUM
POLIECOM Ta CKJIaJAaHHs
PO3KJIaZly HaBYaJIbHOTO

npouecy

YnpasniHHA - Po3noain
3axo04amMm Unitime YUHiB

Ckazanns rpadiky
€K3aMeHTIB

Pucynok 1.1 — Crpykrypa cucremu UniTime

Le po3noainena cucrema, sika 103BOJISE IEKIIBKOM BiAMIOBiIaTEHUM 0co0amM
KOOPJIWHYBATH 3YCWJUISA 31 CTBOPCHHS 1 3MIHHM PO3KJIATy, IO BiMIMOBimae iXHIM
OpraHizaiiiHuM NoTpedaM, MiHIMI3yFOUU KOH(IIIKTH B X0/ pOOOTH.

CucreMy MOXHa BHKOPHCTOBYBAaTH OKPEMO JUIss CTBOPCHHS 1 BeJCHHS
po3KIaay 3aHATh i / abo icnuTiB abo mis B3aemogii 3 icHyrodoro AIC 3BO. Jlani
JUISL PO3KJIaly MOXYTh BBOJAMTHUCS OE3MOCEPEIHBO B CHCTEMI 200 IMITIOPTYyBaTHCS 13

xml-daiiniB (aus. puc. 1.2).

Matches Quotes References F Ignoredtext A Replacement Comments

Sources on this page: 1


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

Pucynok 1.2 — Expanni ¢popmu cucremu UniTime

Anroputm nomryky B UniTime rpyHTYyeTbCsi Ha iTEpaTUBHOMY aJTOPUTMI
npsiMoro moinyky (iterative forward search algorithm). Ileii anroputm cxoxwuii 3
JIOKJIEHAMH METOJaMH IMOUIYKY; ONHAK, Ha BiAMIHY BiJ KJIIACHYHUX JIOKAIBHHX
METOIB TOUIYKY, BiH MpAalO€e 3 JOMYCTUMUMH, aje He OOOB’SI3KOBO MOBHUMH
pilieHHAMH. Y [UX PINIGHHAX JesKi 3aHATTS MOXYTh 3aJIMIIATUCS HE
po3mimennmMu. OnmHAK yci JKOPCTKI OOMEXKEHHS MIOJ0 MPU3HAYCHUX 3aHSTh
MOBMHHI BHUKOHYBaTuCs. Taki pilIeHHs MpoCTimn Juisi Bizyamizamii Ta OuIbII
3HAYyIIi JJIsI KOPUCTYBadiB, HIK IIOBHI, aje He3AiHCHEeHHI pimeHHA. Yepes
ITepaTUBHUI XapaKTep aJrOpUTMY AaJTOPHUTM MOXKE 3allyCKaTH, 3yNUHATH abo
IIPOJIOBXKYBATU 00pOOIIATH Oy Ib-SKe HOIyCTHME PillIeHHs — IOBHE a00 HETIOBHE.

Janwii 10JaTOK MOIMUPIOETHCS OE3KOIITOBHO 3a JIICH3IEI0 3 BiIKPUTHM
BUXIJIHUM KOJIOM JIJIi BUKOPUCTAHHS IHIIUMH KOJIE/DKAMH Ta yHIBEPCUTETAMH, a
TaKOX U CTOPOHHIX JIOCII/IHUKIB, SIKi 3aX04yTh BHECTH BKJIa/l B JOCIHIPKEHHS B
i obmacti. Hegomikom mi€i cucTeMu € opieHTallist Ha aHTJIOMOBHI KpaiHH.

Ha ocHoBi ananizy ocoOauBOCTEW, mepeBar Ta HEOOJMIKIB MPEICTaBICHUX
cucTeM, Oyiia OCTaBJIeHa 3aj1a4a PO3pOOIICHHS TiOPHIHOTO arTOPUTMY CTBOPCHHS
PO3KJIagy HaBYAJBHOTO MPOIECY Ta peaji3amii CUCTEMH CKIAJaHHA PO3KIaILy

HABYaJIBHOTO IPOIIECY B YHIBEPCUTETI 3 BUKOPUCTAHHSIM PO3POOJICHOTO METOY.

1.4 ITocTaHOBKA 3aBAAHHSA JOCTiTKEHHA
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OnHi€lo 3 1Ied mepeciilyBaHUX il 4Yac TNPOBEICHHS aBTOMAaTH3allii
MPOLIECY CKJIATaHHS PO3KIAAy 3aHATh € CTBOPCHHA €IUHOI 1H(OpMAIiiHHOT
cucremu. HasiBHICTh €IUHOrO IEHTpPYy 30epiranHs iHpopmarii (0a3u naHux) 3
METOI MiHiMi3yBaTH (YHKIIi OKpEeMHUX KOPHUCTYBadiB — HE MEHII BaKJIMBE
3aBJIaHHs CTBOPCHHSI aBTOMATHU30BaHHX CHUCTeM. Y 3B’S3KYy 3 HasBHICTIO y 3BO
€IMHOI 0a3u JaHMX, OJHIEFD 3 BHUMOT JI0 CHCTEMH, IO PO3POOISETHCS, €
MOKJIMBICTh iHTerpamii B mpo 0a3y, AJsi BHKOpUCTaHHS iHopMmanii, 1o
30epiraeThCs B Hild, Mpo 3700yBadiB OCBITH, Kaenpu Ta HaBYANBHI IUIaHM.
BukoHanHs 1i€i BUMOTrH sl 30€pEeKEHHS YHIBEPCAJIbHOCTI PO3POOIIOBAHOTO
PpillICHHS BKpai BasKJIHBO.

HIBUIKICTD CKIaJaHHS Ta SKICTh aBTOMATHYHOTO PO3KIIaay Oe3nocepenHbo
3aJISKUTh BiJ| alrOPUTMY, IO 3aCTOCOBYETHCS Y HporpamMHoMy Moayii. Tomy
0COONIUBY yBary CIiJi TPUIUIATH JOCIIPKSHHIO aJTOPUTMIB aBTOMATHYHOTO
CKJIQJIaHHA PO3KJIany 3aHATh. [y BUOOPY ONTHMAIBHOTO aITOPUTMY HEOOXITHO
MPOBECTH MaTeMaTW4YHE MOJICIIOBaHHS IMi€i 3aha4yi Ta BHU3HAYUTH OCHOBHI
po0JIeMy aBTOMATH3AIli].

Ha ocHOBiI oTpUMaHuX y pe3yibTari JOCHI/DKEHHS JaHHX Ta BHUMOT JO
po3KiIangy HeoOXiHO pO3pOOMTH MOAYJb aBTOMATUYHOI TeHepalii po3KiIaxy

3aHATb.

Bucnosku g0 po3ainy 1
Y xonmi JOCHiKEHHS MPOIECY CKIamaaHHs poskinany y 3BO Oymo BUBYEHO
MpeaMeTHY 00JacTh, MPOAHANI30BAHO ICHYIOUI MPOTrpaMHi 3aco0M aBTOMATHU3aIlil
IIpOLIeCY CKJIaJaHHSA PO3KJIaay, BHU3HAYEHO BHMMOTHM 1O po3kiany. BukonaHo
MOCTAHOBKY 3aBIaHHS HOCIIKCHHSI.
BHacniok 4oro Mo)kHa 3pOOMTH BHCHOBOK, IO 3aBJAHHS CTBOPEHHS BIACHOI
aBTOMaTH30BaHO! iH(QOpMaIiiHOI CHCTEMH CKJIaJaHHS pO3KIany 3aHATh €

aKTyaJlbHUM.
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PO3 1 2.
JOCJIKEHHS AJITOPUTMIB ABTOMATHYHOI TEHEPAIII
PO3KJIAZLY 3AHATH

2.1 MaTeMaTH4YHe MO/IEJIIOBAHHS 3a/1a4i CKJIAJaHHS PO3KJIATY

[Ipu ckmamaHHI PO3KIAAy iCHYIOTH OOOB’S3KOBiI Ta JTOJATKOBI, TaK 3BaHi
Oaxani Bumoru [8, 9, 10], siki MOXYyTb 3MIHIOBATUCS B 3aJIEKHOCTI BiJ
HABYAIILHOTO 3aKJIay.

OO00B’SI3KOBI BUMOTH:

— ayIUTOpis TMOBMHHA BMIIIATH BCIX 3100yBadiB OCBITH, SKi

HABYAIOTLCS Y MOTOYHUM MEPioJ;

— ayAUTOPist MA€ BIATIOBIATH TUITY 3aHATTS,
— BIJICYTHICTh HAaKJIaJIOK Y PO3KJIa/Ii;
— [MOBHE BUKOHAHHSI HABYAJIbHOTO IUIAHY;
— BUKOHAHHA KUTbKICHUX HOPM 3aHATH MIOIHS.
JlomaTKOBI BUMOTH:
— MiHIMi3aIlis KiJTBKOCTI BiKOH Yy 3/100yBadiB OCBITH;
— JOTPUMAHHSA JIOTIYHO{ TIOCHIIZOBHOCTI PO3MIIIEHHS 3aHATH
OCBITHIX KOMIIOHEHTIB;
— moOa)kaHHsI BUKJIa1aviB.

Jliist SIKICHOTO CKIIQIaHHs PO3KJIaay HEOOX1HO BU3HAYMTH BUXIIHI JaHI Ta
chopMyBaTH MaTeMaTHYHYy MOJeb. MareMaTHYHa MOJIENb JJO3BOJIUTh YHHKHYTH
HaKJIAJ0K y PO3KIAII.

BuxinHi 1aHi, sk mo4aTkoBa iH(OpMaIlis, MPEICTABUMO y BUTIISII MHOKUH:

— BUKNapavi; P = {p1,p2, -, Pn}

— ocBiTHI koMnoneHTH; D = {dy,d>, ..., d,}

- rpynu; G = {g1,92, - 9gn}
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—ayanTopil; A = {ay, ay, ..., a, }
— vacosi iHTepBanu. T = {t1,ty, ..., t,}
Sk TeopeTHKO-MHOXXWHHY MOLEJ1b MOXKHa pO3MIIsAaTH  (YHKIIIO, IO

BimoOpaxae nexaproBuii 400YTOK MHOXUH Ha OyJIeBy MHOKUHY.

R=DXGXAXPXT—-{01}, ne , o3HayaTUme, IIO 3 OCBITHHOTO
KOMIMOHEHTAa m1a rpyny BHKJIaJadeM IIPOBOAUTHCSA 3aHATTS B aym/ITopi‘l' i gac
napy . JI7sl maHyBaHHS pO3KJIaly HEOOXiIHO PO3INISHYTH OCHOBHI HOTO CYyTHOCTI.
Rdiﬁgl' Pm, 4q;, b= 1diglpmaj 97

1. aynuropii. Y Bcix 3BO ayautopii aminaTecs Ha JIEKIiHHI Ta
nabopaTopHi. Y BuxinHill iHpopmarii HeoOXiIHO BpaxoByBaTH 11i (pakTopu, TOMY
6e31iu ayauTopiit po3nuiemMo sK Ao Ajgp A = Ajec + Ajap

Posnogin aymutopiii Ha 2 MTiAMHOXHHH YMOBHO, OCKIJIBKH uepe3 Opak
ayauTopHoro QoHAY Ha ONHIM aymuTopii Moxke OyTH KiibKa TpyI: OAHA Tpyma
BHUKOHYE€ JIaOOpaTOpHi pOOOTH, IHIIA CITyXa€ JICKIII0 UM KiJIbKa TPYI Ha IIOTOKOBOI
JUCHUILTIHI. Y 3B’S3Ky 3 IIUM OCOOJMBOCTEW CIiJ| IEPETBOPUTH HAITY MHOXHHY
ayauTOpiii B Takuii croci6 (2.1):

A=A + Aty + Aseciap @.n

KoxkHa ayauTopisi po3TalllOBYETHCS Y TIEBHOMY KopIiyci (32 HasBHOCTI
KUTPKOX), TOBepCci Ta IMiJ TeBHUM HoMepoM. KokeH yHIBEpCUTET Mae CBOI
0co0IMBOCTI HyMepaIlii, ajie B 3arajJlbHOMY BHUIIaJKy HOMEp ayJuTOpii Mae Takui
Burisig 1-123, ne 1 Homep kopmycy, 1 Homep moBepxy, 23 HoMep KaOiHeTy.
BiamoBinmHo ai1s GopMasbHOrO OMKCY ayJMTOpPii BBEAEMO TEPHAPHHH KOPTEX
(2.2):

A= aj'a] = (a{;' aé"aty;{e )9 2.2)

Jie V — KOpITyC, S — HOMEp ayIuTopii, type — THUI ayTuTopii.

2. YacoBwuii inTepBai. Po3knan 3a3Buyail CKIaIa€ThCsl HA OJUH CEMECTD,
B SIKOMY BiJJOMa KiJIbKICTh TH)KHIB HAaBYaHHS, HABYAJIBHUX JIHIB Ta Map Ha JICHb.
[To3HAYMMO KOKHY CKIIaJJOBY MHOXHHH T y BUTJISIII TepHAPHOTO KOPTexKy (2.3):

T = tkttk = (tW k,té‘,tg),
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23)

Jie — HOMEp TWKHS, — HOMEp IHS THXKHSA, — HOMEp Napu y HaBYaJIbHOMY
oHiftits

3. MHOXHHA, 10 TMOB’SI3y€ MK COOOI0 BHKJIAAAYiB, MUCIMIUTIHUA Ta
Ipymy, 0 yuTaroThes. [Ipu cTBOpeHHI po3KiIalgy y HAlloMy PO3IOPSIDKEHHI €
CIIMCOK BUKIIAJIA4iB, HABYAIBHHUX TPYN Ta 3aHATh, IO MPOBOAATHCS ISl HUX.
3aBISIKHM UM JaHUM MH MOXXEMO 3pOOMTH BUCHOBOK Y SIKMX TpyIax sSKi MpeaAMeTH
MaroTh OyTH IpOBEAEHI Ta SKUMHU BHKJIagadaMu. 3 yCiX LUX 3B’S3KiB MOXHA
Ha3BaTH HOBY CTPYKTYPY — 3aHSTTS, 0 € MHOXHHA Z (2.4).

Z =2,z = (Zi,Zé,Zé,Z;.:Zé‘fZ}i'ZW ! ,ZLL:,Zli,Zé_), (2.4)

z), —BUKNafau, z; — ANCUNNNIHA, z; —FPYNa, z; — 03HaKa MOTOKOBOrO
3aHATTA, z. — 03HaKa MATpyNH, Z) — KiNbKiCTh 3aHATH, %, — KiNbKICTh Map Ha
TUX[EHb, zi — KiTbKIiCT IIap OHOTO 3aHSATTS, Z| — THII 3aHATTS, Z. — AOTMYCTUME
MiIMHOXXHHA ayJUTOPI.

TakuM 4MHOM, TIPH CKJIAJaHHI PO3KIaNy HAM HEOOXIIHO TPU MHOXHUHHU Z,
A, T, siKi MO’)KHA BU3HAYUTH TAKUMH BEKTOPAMH:

a = (a;) € A- Homep ayauTopii Asist IUKITY 3aHSTh.Z;

T = (1;) € T- Koa napu 3 nuKiy.z;

MaremaTiyHa MOJIENb CTBOPEHHS PO3KIAny JUIA HABYAIBHOIO 3aKJIagy
BUSIBIIIETBCSL Yy 3ajadi HeNiHIMHOro OyseBa NporpaMyBaHHS 3 YMOBaMH, IO
oomexyroTh. Taka ¢dopma chpusie NPUAHATTIO JO YBark BCiX YMOB, IO
BHCYBAIOThCSA JI0 1€l MoJedi.

OOMexyBaJIbHI YMOBH:

— BIZICYTHICTh HAKIQJOK y BUKJIQJA4iB Ta TPYH Yy JOMYCTHMHX
ayanTopiax;
— MakcMMalbHa KINbKICTh 3aHATh Ha JIeHb HE [OBUHHA

MIePEBHILYBATH 3a3HAUYCHUI MTOPIT;

— ayJIUTOPIisS MA€ BiIOBIAATH TUITY 3aHSTTS;
— MiHIMI3aIlisl «BIKOH» y HaBYaJIBHUX MAHAX JUIA 3700yBadiB

OCBITW;
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— BUKOHaHHSA HaBYaJIbHOI'O IUIAHY.

2.2 OcHoBHi mpo0eMH aBTOMATH3AIIT

OueBuAHNHN MiOXiJ CKIACTH PO3KIAJ, PO3TJIIAI0UYM BCI MOXIIMBI BapiaHTH
(MeTox MoBHOTO nepebopy), MOKIMBHHN, KOJIM MaTeMaTHYHE 3aBJaHH:, OJlepKaHe
micnsg  Qopmamizaiii  OCTaBIEHOTO 3aBJaHHS, Ma€ TOPIBHSHO HEBEIHUKY
PO3MIpHICTh. SIK MpaBuUIIO, 3aCTOCYBAHHS METO/IY MOBHOTO Mepedopy 0 3aBIaHb
CKJIQJIaHHA po3Kiany 3aHATh y 3BO Baxkky, ckopime B3aram HEMOXIIHUBY.
3aBaaHHs 3HAXOKCHHS ONMTHMAIILHOTO PO3KIIANy 3aHAThH 3[eOLIBIIOr0 HAICKUTD
J0 KJIacy Ba)XKOBHUPIIIYBaHHX 3aBIaHb. SIKIIO BPaxOBYBaTH pealibHi yMOBH, TO
3aBllaHHS II¢ OUIbIIe YCKJIAJHIOEThCS, OCKUIBKM INyKaHi PIIIEHHsS IOBHHHI
3aJI0BOJILHATH BENMKIN KiJIbKOCTi 06MeKeHb BUPOOHUYOTO, OPraHi3aliiiHoro Ta
ncUX0(i310I0riYHOTO  XapakTepy, IO CcynepedaTb OOUH OIHOMY. Y LBOMY
ONTUMAJIbHE PIllICHHS MOXe icHyBaTu. J[j1s momonaHHs L€l cuTyalii moTpioHO
3HAUTH KOMITPOMIC MK KPHUTEpisiMH, TOOTO CKJIACTH 3rOPTKY KPHUTEPIiB B OIMH
y3arajbHEHHI KpUTepiid. SIKI0 Takuii MiaXi He Ja€ ONTUMAIBHOTO PILICHHS, CIIiJT
BIZIMOBUTHCH BiJ| TOIIYKY ONTUMAaJbHOIO pilieHHs. Sk po3B’si3aHHs 3aaadi B
BOMY BHUIAJKy CIiJ] BUIUINTH HE €IWHE pINIeHHS, a KiIbKa NPUHHATHUX
BapiaHTIB, 3 AKUX BUOpaTH ocTarouHuii BapiaHT pimeHHs [12]. [ToxiOHuii miaxin
JIOLTBHO 3aCTOCYBaTH JI0 CKIIQJaHHS pO3KJaJiB HaBYalbHHX 3aHATh y 3BO.
Po3risinyTa 3amava BiTHOCUTHCS 1O 3aBJaHb KOMOIHATOPHOTO THUITY 3 BEJIHUKOO
KUTBKICTIO 3MIHHUX Ta OOMeEXeHb, TOOTO. Ma€ BEIMKY PO3MIpPHICTh, MPUYOMY
00MEeXeHHS 4acTO MaloTh CKIaAHy (GopMy. YHIBEpCaTIbHUX METO/IB HA BUPIIICHHS
MOIOHNX 3aBIaHb MPAKTHYHO Hemae. Po3po0iieHO JOCUTH yHIBEpCalbHI METOIH
Ta aNroOpuTMH Ul 3aBiaHb, WO no0pe dopmanizyrorecs. [lo Takux 3aBIaHb
BIJIHOCATBCS, HAMPHKIAN, 3aBIaHHS 3aBaHTAKCHHS OONaIHAHHS, 3a7adi Mnpo
NIPpU3HAYCHHS, 3aBIaHHS TPAHCIIOPTHOTO THITy Ta iH [13 - 15]. 3acTocyBaTn MeTou
BUDILIICHHs] TMOAIOHMX 3aBlaHb Il PO3B’SI3aHHS 33/a4l CKJIAaJaHHA DPO3KIanry

HaBYaJIbHUX 3aHATb, 4K IIpaBUJIO, HC BJA€THCA. HacnpaBz[i I[OCBiI[‘-IGHI/IfI
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JHUCHETYep 3MOXKE CKIACTH PO3KJIAA, HE HaMmaralouuch (opMmamizyBaTH Lei
npouec. [Ipu nbOMy CKIaJeHWil BpydYHY PO3KJIaJ] BPaxOBYBaTUME iHTEpeCH SK
HaBYAJIBHOTO MPOIIECY, TaK 1 CYCIIJIBHOTO XKHUTTS OCBITHBOI ycTaHOBH. OUeBHIHO,
11e MO>KJIMBO JIMIIIE Y HEBEJIMKUX HAaBYAJIbHUX 3aknanax (tumy ¢iniii 3BO).

Criz 3a3HaYUTH, IO MMOBHICTIO BUKIIIOYATH JIIOAWHY 13 MPOIECY CKIIaJaHHs
po3kiaay He MoxHa. OniepaTUBHE NPUIHATTS PILICHHS Ha eTari aHaji3y BUX1IHOI
iH(opMarii, BUPIIIEHHA MOXJIMBUX TYHNHMKOBHX CUTYallilf, 1110 MOTPeOyIOTh 3MiHU
BHXIJHHUX JAaHUX a00 MOCTa0IeHHS 00MEXKEeHb, HEMOXKJIMBE 0€3 y4acTi JIOANHA. 3
iHIIOro OOKY, PO3KIIaJ MOXKE 3MIHIOBATUCS MiJ Yac HOro BUKOPUCTAHHS, TOOTO.
micnsl CKIafaHHs, 0e3 MOXIMBOCTI ONEPaTHMBHOI 3MiHM BOHO HE MaTHMeE
MIPAKTUYHOT MIHHOCTI. 3MIHCHUTH TaKi 3MiHH MO>KE JIHIIIE JIFOTHHA.

OpHak Ui eEeKTHBHOrO YIpAaBIIHHSA [UM HpouecoM (po3poOKoro
pO3KJIaay), JUIS YCYHEHHS BEJIHKOTO O0CITy PYTHHHOI pOOOTH HEOOXiTHO MaTh
Pi3HI METOIM Ta IPOLEIYPH, IO ABTOMATH3YIOTh TaKi BUIU POOIT, 5K:

— MOIIYK MOXJIMBHX BapiaHTIB BHECEHHS YEPrOBUX €JIEMEHTIB Y

PO3Kam;

— TepeBipKa BUKOHAHHS BUMOT;
— MOIIYK BUNaJKOBUX IIOMUJIOK y TOTOBOMY PO3KJIai;
— o(hopMIICHHSI PO3KJIaTy Ha Tamepi SK TaOIHIh KOXHOI TpyIH

KOpHUCTYBa4iB (TpyI, BUKJIaIa4iB).

BukopucTaHHs KOMIT I0Tepa A03BOJISAE PO3MIITHYTH Ta IPOAHATi3yBaTh JyKe
OaraTo BapiaHTIB PO3KJIATy, IO HE MOXE 3POOUTH JIFOUHA. 3 METOFO TTiIBHUIIICHHS
e(EeKTUBHOCTI HAaBYAJBHOIO TIpolecy Yy MAEAKMX HaBYabHUX 3aKiajax
PO3pOOISIHCA Ta MPOJOBXKYIOTH PO3POOISTUCS aNTOPUTMHU JJIsl  BUPILICHHS
JIOKANBFHUX 3aBJIaHb aBTOMATH3allil MPOLECIB B OKPEMHX MiIpo3aiiax. 30Kpema,
Oyyno po3po0JieHO Ta peani3oBaHO Ha OOYUCIIOBAIBHIA TEXHIIl alrOPUTMH
TUTaHyBaHHS Oe3nocepeqHso0 HaByanbHOI pobotn 3BO [16, 17]. [Ipore KimbKicTh
3BO, ki 3yMmMiUIM 3ampoBagUTH IUIAHYBAaHHS HABYAJIBHOTO IIPOIECYy 3

BHUKOPUCTAHHSM KOMII FOTEPHOI TEXHIKH, HEBENMKA. AHANI3YI0UN HasiBHI PO3POOKH
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3 mpobJeM aBToMaTH3aIli1 MPOIIECiB, 1110 MaloTh Micle y 3BO, MokHa 3po0UTH TaKi
BNCHOBKMW.

Po3poOka Ta BrnpoBakeHHst 3aBmaHb ACY y BHIAX 3AIHCHIOETHCS B
IHII[IATUBHOMY TOPSAKY pPO3’€IHAHUMHU AOCHITHUIBKAMH TPYHaMH. IxHiMu
3YCHIISIMA CTBOPEHO JIOKAJIbHI CHUCTEMH, PO3POOJICHO alrOPUTMHU Ta MPOTPaMH
JUIS BAKOPUCTAHHS B KOHKPETHOMY HaBYaJIbHOMY 3aKiaai. MaTeMaTH4HI Moaeni
CHCTEMH CKJIaJaHHs PO3KJIAAy 3aHSITh Ta TOAaHHS JaHUX pPO3poOJeHi s
KOHKPETHHX HaBYaJbHUX 3aKJIaJiB Ta BpPaxoBYIOTh JMIIE IX crenudivHi
0co0MBOCTI. TOMY BUKOPUCTAaHHS THIIOBHUX PO3pO0OK Baxkke. HaBiTh JOKambHY
cucTeMy, po3pobJeHy Ta BIpoBapkeHy B ogHoMy 3BO, HEMOXIHMBO eeKTHBHO
BUKOPHCTOBYBAaTH B IHIIOMY 0€3 ICTOTHMX 3MIiH 1 JOONpAIfoBaHb. 3a OOJIK
peaibHUX BUMOI y 0araThbOX CHUCTEMax BIJMOBIZa€ PO3POOHUK PO3KIALY.
Po3paxoBanuii Ha 6arato KOpUCTYBauiB PeKUM poOOTH B Iporpamax BiJCyTHIH,
MOTaHO MIATPUMYETHCS HEOOXITHUI eNeKTPOHHUI JTOKyMeHTooOir. Po3poOku
TUTNOBUX YHI()IKOBAaHMX €JEMEHTIB Uil CTBOPEHHS €JUHOI aBTOMAaTH30BaHOI
CHCTEMH KepyBaHHs BUIIOIK IIKOJIOK MPaKTHYHO BiACYTHI. [HTepdeiic OaraTbox
porpam HeApyXHiid. BiH He3pydHU, HAPUKIIA[, U BBEICHHS BUXIJIHUX JAHUX
Ta peAaryBaHHs OTPUMAHOTO po3Kiaay. [ BIOCKOHAJIECHHS CUCTEMH KepyBaHHSA
BHIIOIO IIKOJIOI0 HEOOXiAHO po3poOuTh yHipiKoBaHI 3aco0M CKIaIaHHS
HABYAJbHOTO PO3KJIAAy 3 BHKOPUCTAHHSAM OOuYHUCIOBaNbHOI TexHiku. 11]o6
BUPIIIUTHU 110 NIPoOIeMy, HacaMIiepel HeoOXiJHO YiTKO C(hOpMYJIIOBATH BUMOTH
JI0 PO3KJIANy, TaTH iX omuc y (hOpMaTi30BaHOMY BHIJISIII T PO3POOUTH BiAIIOBITHI
yHiBepcanbHi anroputMu. OOOB’S3KOBUMH BHMOTaMH JI0 YHIBEpPCaIbHUX
QITOPUTMIB € iX THYYKICTh, TOOTO HEOOXimHO, MO0 YyHIBepcalbHI aarOpUTMHU
BpaxoBYBAJIN CTIEHU(IKy yMOB KOHKPETHHX 3aB/IaHb,

Hapasi takoro yHiBepcajgbHOTO anroput™my Hemae. CIiJl 3a3HAYUTH, IO
AITOPUTMH, TPU3HAYCHI HA BUPILICHHS NIMPOKOTO KIacy 3aBJaHb, 4aCTO MEHII
e(eKTUBHI, HDK aJTOPUTMHU, SIKI BPaXOBYIOTh KOHKPETHI YMOBH BYXYOTO Kiacy
3apnanb [15, 18]. 1[o6 BupimmTH mnpoOieMu aproMaTH3alii HAaBYAILHOTO

MpoIIecy, HEOOXiTHO pO3pOOHUTH Ta MOOYAyBaTH THYUYKY CHCTEMY, 3aCHOBaHY Ha
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HOBUX mnpuHIunax. CucremMa Mae JIETKO aJanTyBaTHCAd JO KOHKPETHOTO
HaBYAJIBHOTO 3akiany. [IpupomHO, 1m0 3 JOCATHEHHS €(pEKTHBHUX DPE3YJIbTaTiB
HEOOXIJTHO BHUKOPUCTOBYBAaTH Cy4acHI KOMII'FOTEepHI TexHosorii. Po3kman, 1o
CKJIQIAETHCSI CUCTEMOIO, IIOBUHEH BIiANOBIZaTH OOpaHMM KPHUTEpiAM Ta 3afaHUM
BuMoram. CucTeMa IMOBHHHA 3BUTBHUTH JIFOIUHY BiJl pyTHHHOT pOOOTH, B3ATH Ha
cebe, MO0 MOXIIUBOCTI, OUIbIy YaCTHHY ii (DYHKIIH, 1100 py4HE KOPUTYBaHHS
po3Kiagy, SKIIO Take Oyje MOTpiOHO, CKOpOTWiacs sSIKHAHOibIIe. Ananrarfis
CHCTEMH JIO KOHKPETHOTO HABYAJBHOIO 3aKiany Ta iHm il MOXJIMBOCTI MOBHHHI
3IiHCHIOBATUCS 0€3 3MIHH BUXIJTHOTO KOy Iii€l cucremu. HeoOXiqHO MaTH eBHUIA
Ha0lp CTaHAAPTHUX AITOPUTMIB, SIKi JO3BOJATH CTBOPIOBATH PO3KIA Y THIIOBUX
BHUITaKax. Y CHUCTeMi MOBMHHA OyTH TepemdadeHa MOXIIMBICTH JTOTIOBHEHHS Ta
3MiHH iCHyI0401 0a3u naHux Ta inTepdeiicy kopucryBaya. Taka cucreMa, 3a1aBIiu
YMOBH Ta BUMOTH KOHKPETHOTO BHIILY, OOpaBIIM T4 HANAIITYBABIIU BiAMOBITHUN
QIITOPUTM 13 Ha0OpY CTaHAAPTHHUX aJTOPHTMIB, JO3BOJIUTH OTPUMATH HaBYAIbHUMA

PO3KJIaa AJid HbOTO HABYAJIBHOI'O 3aKJIaay.

2.3 MopaeJti Ta aITOPUTMU CKJIAJaHHS PO3KJIATY 3aHATh

3aBaaHHs CKIIaaHH PO3KIIAJIIB € OJJHAM i3 HAWIONIMPEHIIKX 3aBlaHb, 110
BUPILIYIOTHCS KOXKHOIO JIIOAWHOI (YCBIIOMIICGHO YW Hi) MPAKTUYHO MIOJHS. Y
3arajpHiil MOCTAHOBII 3aBIaHHS CKIAJAHHSA PO3KIAMiB € MPOIECOM PO3MOALTY
JIeSIKOTO  KIHIIEBOr0 Habopy Mofiii y dYaci B yMOBax pPECypCHHX Ta IHIINX
oOMexeHb. TakuM YMHOM, JIIOAWHA, IUIAHYIOYM POOOYM NIeHb, Ta IAMCIETYED,
CKiajgaroun po3kian 3aHaTh y 3BO abo rpadik poOiT Ha MiANPUEMCTBI,
BUDINIYIOTh 3aBAAHHS CKIAaHHA PO3KIany. AJle SKIOIO y MEpIIOMY BHIAIKY
3aBJlaHHS MOYKE BUPILIYBATHCS! IHTYITHBHO HAa OCHOBI KHTTEBOTO IOCBIAYy, TO Y
JPYroMy BOHA MOXXC BHUSBHTHCS HEMOCWJIBHO CKJIAJHOKI HABiTh I TPYIH
¢axiBuiB. Taka cuTyaliss BHHUKAaE depe3 3alydeHHS IO PO3KIALy BEIHKOI
KUTBKOCTI JIfo/Ied 31 CBOIMH IHTEepecaMH Ta BHMOTaMH, 33JI0OBOJICHHSI SIKMX 4acTo

MIPU3BOAMTH 10 KOHQUIIKTHUX cutyanii [19]. ToMy 3 po3BUTKOM 00UMCITIOBaITBHUX
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TEXHOJIOT1H BeyThCs pO3POOKH aBTOMAaTH30BAHUX CHCTEM CKJIQJIaHHA po3KiIany. Y
JIeSKAX BHUIMAJAKaX BAANOCS PO3POOWTH aJrOPUTMHM, 3[aTHI 3HANTH pilICHHS 32
NpPUAHATHANA dYac. Y TOW jke 4Yac OiJbLIICTh pealbHUX 3aBJaHb CKIIAJaHHS
pO3KIagy BITHOCATbCA O Kiacy 3ajad, IO BaXko BupimysatH. Lle poOuts
PO3pOOKY aJrOpUTMy, 3JATHOTO BUPIIIMTH iX 3a JONMYCTHMHH 4ac, CHpaBJi
CKJIQJIHUM 3aBJaHHSAM, HaBiTh SKIIO BIANOBIHE NpeIMeTHe 3aBIaHHS MOXKHA
MOCTABUTH SIK OJHOKpHTepianbHe. CHTYyaIlisi CYTTEBO MOCHIIOETHCA THM, IO
OUTBIIICTh peasibHUX 3aBIaHb CKIAJaHHS PO3KIAAIiB € OaraTOKpUTepiaTbHUMH.
Pi3Hi 3aBHaHHs CKJIaJaHHs PO3KIIAAIB MOXKe MaTH Oararo crinbHoro. Hampukian,
y 3aBOaHHSAX CKJIaJaHHs po3kiany 3aHath y 3BO Ta rpadika poOiT Ha
MATPHEMCTBI MOKHA IMTPOBECTH TaKi aHAJIOTIi MK pecypcaMu: TpyIH CTYACHTIB Ta
Ciyk0O0BIli, BHUKJIAa4yli Ta 3MiHH, ayAuTopis Ta Ksamidikaiis ciyxOO0BIIB,
npenMetd Ta podotomarmi [13]. Tomy MeTomu, po3poOJieHi OJHOTO TMiIKIACY
3aBJIaHb, YaCTO MOXKHA IEPEHECTH 1HIII.

Mooens ninininozo yinicnozo RPozpamyeanns

3acTocyBaHHS KOMOIHATOPHHX METOMIB JO 3aBAAHHS CKJIAJAHHS PO3KIAIy
OOMEXKYETBCS PO3MIPHICTIO 3aBIAaHHA, IO IPU3BOAUTH 1O OOMEKEHHS 4aCOBOTO
nepiony posknany. Jns posxnaaie 3BO meil mepiox 3a3Buyaii CTaHOBHTH J1Ba
THXHI, TOOTO PO3KJIaJ IUKIIYHO MOBTOPIOETHCS KOXKHI JBa THXKHI BECh CEMECTP.
AuJle y HaBYaJbHUX TUIaHaX Jesikux 3BO ocBiTHI KOMIIOHEHTH MOXKYTh MaTH Oy/1b-
Ky KUIBKICTh TOJIMH, 1 TOJI ISl BUMOTr'a HE BUKOHYETHCS. SIKIO HaBYAIbHI IIaHU
CKJIQJICHO TaKUM YHHOM, III0 OCBiTHI KOMIIOHEHTH MOXYTh YATATHUCS JIMIE OAMH
pa3 Ha TWXKIEHb a00 dYepe3 TIDKAEHb Ta CYNEpewIMBICTH BHUMOI YCYHYTa, TO
3aBJlaHHA CKJAJaHHS ONTHMAJBHOTO pPO3KJIAy MOXe OyTH IIOCTaBjeHE SIK
3aBJaHHA MUTICHOTO IIUTICHOTO INPOTrpaMyBaHHS. 3a TAaKOro MiAXOAy IHTEpecH
Cy0’€KTiB HaBYAIILHOTO IIPOLIECY BPAXOBYIOTHCS SIK OOMEXKEHb UM PEILyKOBAHUX
KpHUTepiiB onTuMansHOCTi [19].

Orxe, Hexail y 3BO € N HaBYaIbHUX rpyt, 06’exHaalX B R NMOTOKIB, r —
HOMep MOTOKY, r =1, ...,R; k, - HOMEp HaBYaJbHOI IpynHu B MOTOWi T, K, =

1, ...,G,. Ansa koxHOi rpynu k, BU3HaUaeThCst Oe3i1id HOMepiB poOOYMX JHIB IIi€]
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rpynu T, , fiKa € MiIMHOKHHOO BCiX poOOYMX JHIB HABYANBHOTO 3aKiuany. Koxken
poOounii 1eHb PO30MBAETHCSA HA MEPIOAM HABYAaHHS — MApH, 3arajbHa KiJIbKiCTh

skux J,aj =1,...,], Ae | — HOMep KOHKPETHOI MapH.

MHaui, 3 ypaxyBaHHSIM HaBYaJbHOTO ILIAHY KOKHOMY 3a IOTOKY CKJIaJIA€ThCs
CIIUCOK 3 S, JEKIIHHUX 3aHATh, 1e S, = 1,...,S,, e S, —HOMep KOHKpPETHOI
JUCHUIUIIHU Yy chnucky. Jliast KokHOI rpymu k,  CKJIAJA€ThCs CIHCOK 13
Qyr 33IUIAHOBAHUX NPAKTUYHHUX 3aHATh, qir = 1, ..., Qkr, A€ Qp, — HOMED
OCBITHBOTO KOMIIOHEHTA y CITACKY. CIIMCOK yCiX 3aHATH KOKHOT KOHKPETHOI TPYITH
Oy/e cKJIaaThucs 3 yCixX 3aHsTh, IPUCYTHIX y cruckax. [Ipu nboMy, SIKIIO 3 SIKOICh
JUCLHUIUIIHU TPOTSTOM THXKHS TPOBOAMTHCS OUIbIIE OIHOTO 3aHSTTS, BOHA
3Tafy€eThCS y CIUCKY JIEKIIH YW MPAKTUIHHUX 3aHITH CTUIBKH pa3iB, CKITBKU IIC
nepeadaueHO HABYAIbHUM TLIAHOM.

JIis KO>KHOTO BHIKJIamaya 3 Oe3Iidi BCIX BHKIAJadiB BBEICMO Ha PO3TIIA
OyJeBi 3HAYCHHS:

1, AKLLO Ha NOTOUi r NeKLito S, YUNTa€ BUKNadad p,

sF = :
TS 0, B iHWIOMY BUNagKy;
57 _ 1, HK!_IJ.O B rpynik, 3aHATAT q,, YNTAE BUKIaaad p,
rhraie T, B iHLLOMY BMMNaAKY.

OcCKiNbKHM HaBYajbHE HABAHTKEHHS BHKJagaya IUIAHYEThCS 10 CKIIaJIaHHS
PO3KIagy 3aHATb, TO JaHi BEJIMYMHU BBAKAIOTHCSA 3aJaHUMHU, K 1 ayIUTOpHE
HaBaHTAXEHHS KOXXHOTO BHKJIa/1a4a.

Hexait A; — KibKICTh ayAUTOPIH TS NEKIii, A, — U1 IPAKTUYHUX 3aHSATH.
VY 3aranpHOMY BMIIAIKy Kiacudikamis aynutopiii Moxe Oytu Habarato
CKJIaJHIIION0, TOAl MPHHAJECKHICTD ayJUTOpii A0 NMEBHOTO THUITy BU3HAYAETHCS 32
SIKUMH O3HAaKaMU (KUIBKICTh TIOCQIOYHKUX MiCllb, BH]I J1a00OpaTOpHOTrO 00JIaHaAHHS,
MIPUHANIEXKHICTh (aKyabTeTy abo xadenpu). [Ipu 11boMy MOXKIIMBA CUTYAaIis, KOJU
Ta caMa ayJHUTOPis BXOAMUTH Y Pi3HI THIH. Y UBOMY BUITAJKy BUHHKAE JONATKOBE
OIITUMI3alliiiHe 3aB/IaHHs PIBHOMIPHOTO PO3IMO/IiTY HABAHTKEHHS Ha ayUTOPHHIA
($oHI, sIKE TAaKOXK 3BOAWUTHCS A0 3ajadi JIHIHHOTO HIJICHOTO MporpaMmyBaHHs. B

paMKax [JbOTO 3aBIaHHA Ha OCHOBI JIaHHX PO ayIUTOPHHUHN (OHI, THIIN ayIUTOpiit
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Ta HABAHTAKCHHS HAa HUX BU3HAYAIOTH YACTKY Yacy, MPOTATOM SIKOTO KOXKHY JaHy
ayJUTOPIIO CJIiI BUKOPUCTOBYBATH 32 KOHKPETHUM MMpU3HAYEHHSIM. [Ipu Takomy
MOJaHHI TOYAaTKOBUX JMaHWX 3aBHaHHS CKJIANaHHS PO3KJIANy IMOJIATaTUME Y
BU3HAYCHHI JJIs1 KOXKHOTO 3aHATTS 3 TIOTOKOM abo0 TPYIO0 THS THIKHS Ta Mapy B
HBOMY 3 ypaxyBaHHSIM OOMEXKEHb, [0 HAKIAJAIThCS Ha po3kiiaia. J{iist 3aBnaHHs
0OMexeHb BBEJIEMO TaKi OyJIeBH 3MiHHI:

tk, 1, AKLLO B AeHb t rpyna k, MOYNHAE 3aHATTA 3 Mapu j,

§ T 0, BiHWOMYBMNAAKY;
th, 1, AKLLO B [I€Hb t rpyna k, 3aKiHYy€ 3aHATTSA Napoto j,
i = o, B iHLLOMY BUMAaOKY;

es, _ 1, AKLLO B NOTOUi ¢ AE€Hb t Ha Mapi j YATAETLCA NeKLUifA S,,
i T o, B iHLLIOMY BMTaKY;

1, AKLLO B rpynik, ¢ AeHb t Ha Mapi j NpoBoOAUTbLCSA
k
ng:tj = npaKTVHHe 3aHATTA gy,
0, B iIHLLOMY BUMagKy.

Toni oOMeKeHHSI «KOYKHOTO JTHSI Ha KOKHiM mapi /sl KOXKHOI ITpyNu MOXKe

MPOBOAUNTUCSA He Oinblle OTHOTO 3aHATTS» HaOyae BUNIIALY (2.5):

Qky qkr Sr Sr — — P
X’d%rrf}':l — Tré}',:l <1vr=1,..,R, Vkr =1,..,G.,Vte TkT,V] = 5

1,..,]
[Hm1a 000B’sA3KOBa yMOBA CKJIJaHHS PO3KIANy JUIS HAaBYAIBHHX 3aKIaliB
(2.6): nnst KOXKHOT TpyIH k, TTOBUHHI BUKOHYBATHUCSI BCl BUAM ayJAUTOPHOT poOOTH

TIPOTATOM THXKHSA BUITIAAAE TaK:kT

] Qi Sy

aky Se _ 2.6

Baa + Vo =W, vr=1,..,RVk =1,..,G ?9
€Ty, j=1 qi, =1 S.=1

Y KOHKpETHHX 3aBIaHHSX CIHCOK OOMEXeHb MOXke OyTH MpPOJIOBKEHO.
[Micns cxmaganHs oOMexkeHb HEOOXiZHO BUOpAaTH KPHUTEPIH ONTHUMAIBLHOCTI
pO3KIany. ILle  mocuTh  CcKJIagHE  THUTAaHHA  4epe3  MPUHIUIOBY
OaraToKpuTepialIbHICTh 3aBIaHHS CKJIaJaHHs po3kianiB. Hanpukian, MoxxHa
pO3IsiIaTH  3TOPTKY KpPUTEpiiB, 30KpeMa, KpHUTEpid Makcumizamil 3BaXkeHOI

KUTBKOCTI BIUIBHHUX BiJi ayauTOpHOI poOOTH nHIB BCiM Bukianadis. lle mpu
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(ikcoBaHil JOBXKHHI POOOYOTO THXKHSI €KBIBAJICHTHO MaKCUMAIILHOMY CYKYITHOMY

VIIUTEHEHHIO ayUTOPHOTO HaBaHTaXeHHS. To i kputepiit HaOyne Buriany (2.7):

T P 14
t=1 fFpt: - max, 2.7)

ne T1i P—xkinbkicTh poboumx gHIB 3BO Ta KiNBKICTh BHKIIAA4iB
BIINIOBIIHO; &, —BAaroBMi Koe]illieHT, fKUH BU3HAYAECTBCA  CTATYyCOM
BKNada4a;, th - OysneBa 3MiHHA, IO TpuiiMae 3HaueHHS «0», K0 BUKJIATay Mae
3aHATTSI B JaHWH JIeHb 1 «1» B IHIIOMY BHIIQ/IKY.

[ToOynoBaHa TakKUM YHHOM MOJENH BimoOpakaTUME OCHOBHI ()aKTOpH, IO
BpPaxOBYIOThCS TPU CKIQJaHHI PO3KIaay, 1 BIJHOCHUTBCA [0 KJIacy 3aBjaHb
NiHiifHOTO OyJjeBa NpOrpaMyBaHHs, pillIEHHS SKUX MOXXe OyTH 3HaiiieHo,
HAIPHUKIIa]], METOIOM TiJIOK Ta TPaHUIlb. BUpIIIEHHS TaKUX 3aBJaHb HABIiTH MI00
Mayol PO3MIPHOCTI, XapaKTEpPHOI Ui HEBEIMKHUX HABUYAILHUX 3aKJIajiB, SK
MIpaBmIIO, MOTpeOye BENMUE3HNUX BUTpAT Yacy. OfHaK y NesIKUX BUMAIKaX 1€ MOXKeE
OyTH HeOOXiTHOKO TUIATOKO 3a IOTPUMAHHS BCix 0OME)KEHb.

VY neskuxX BUMAIKaX MOXIHUBE PO30OMTTS 33ajadli Ha CHUCTEMY IiJ3aBIaHb
CYTTEBO MeHIIOI po3mipHocTi. Takuii migxix OyB BUKOpUcTaHMH y poboti [20].
TyT 3aBmaHHs cKiIagaHHs po3Kiamgy Oyso po30HTO HA CHCTeMy 3 ITSATH Mia3anad,
SIK1 B CITIIl PO3KIIAy 3aHSTh BiJOOPaXKalOTh PO3MILLCHHS:

— JIHsI CaMOCTIiHHOT 103aayJUTOpHOI pOOOTH CTY/ACHTIB;
— 3aHATH 3 (I3MYHOTO BUXOBaHHS a00 IHIWX BHUIB 3aHATH, SKi

MIPOBOJIAITH Mo3aayautopuuit poun 3BO;

— HaBaHTAXXEHHsI KOXKHOTO TIOTOKY THSIMH THYKHS;
— HABAHTAXCHHS BHKIIAJAYiB MO POOOYMX THIX 3 YpaxyBaHHIM

BUJIIB 3aHATH JUIS TOTOKIB Ta TPYII;

— B3a€EMO3B’SI3KIB «HABYAJlbHA JUCIMIUIIHA — BUKJIagaY» 3a

HOMEPaMHU Map 3aHSITh KOXKHOTO JTHSL.

VY MamuHHOMY BapiaHTi BAAJOCS OTPUMATH JIOCUTh KOMIAKTHUH poOounit
TIKAcHb. OIHAK, IS MOJIC)Ib MICTHTh PSJT HEJOJIKIB, TIOB’I3aHHUX K 3 HETIOBHOIO

aJIEKBaTHICTIO TIPEJICTABICHOTO PIiIlICHHS J0CTIHKyBaHOT IPEIMETHOI 3aadi, TaK i
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3HAYHOIO TPYAOMICTKICTIO BUKOPUCTAHHS 3aIIPOIIOHOBAHOTO KOMIUIEKCY HpOrpam,
o moTpedye kBaiikoBaHoro KopucTyBaya [19].

Anzopumm memody imimauyii eionany

Inest anroputMmy imiTtamii Bimnanmy 3anmo3uyeHa 3 JIOCIIKEHb MOBEIIHKH
aTOMIB MeTally y Tpoleci Horo Bigmamy. Y MaTeMaTW4HIN MoJeri 3aBHaHHS
CKJIaJIaHHsl PO3KJIANy IIiJi CTAHOM pPO3YMIEThCS TMEBHUI TMOTOYHHMN BapiaHT
po3kiazay. Ponb eHeprii Moke rpat 1isIboBa QYHKIS, 3aCHOBaHa Ha mTpadax, mo
JOAAIOThCA IO TOTOYHOTO PO3KIAany 3a KOXKEH HE3pYYHUH MOMEHT, a sK
HU3bKOCHEPIreTHYHUI CTaH — KOPEKTHUH (X04 1 HeBijmomuil) po3knan. Haeenemo
CXeMy YKPYIHEHOTO alropuTMy MeTomy Bimmaiy. [lo3HaunMo uepe3 — MOTOYHE
po3B’si3aHHA 3amadi. ANTOpPUTM iMiTamii BiAmamy [Uis 3aBHAHHA CKJIaJaHHI
PO3KIIay MOXKHA HAaJaT HACTYIHIM MOCIIOBHOCTI eTarriB: X

Eran 1. Ha mepiiii irepamii reHepyeTbcs AesKe KOPEKTHE IIOYAaTKOBE
posknan X°X = X9 10610 X° BBakaeTHCA HOTOUHUM PO3B’S3aHHSAM 3a7adi.

Etan 2. 3apmatoTeCcsl modaTKoBe, BHCOKE 3HAYCHHs Temmepatypu Ty Ta
orepariii MyTarii (3MiHH) po3KiIaxy. MyTallis po3Kiagy Moxke OyTH 3a0e3meucHa
TAKUMHM JiAMU:

— 3MiHa Yacy MPOBEJICHHS 3aHSITTS;
— 3MiHa ayAUTOpIii MPOBENICHHS 3aHATTS;
— 0OMIH MICIIIMH Y PO3KJIaJli JIBOX 3aHSTh.

Eran 3. Ha ocHOBI BBeZileHMX omepaliiii MyTallii Ta OTOYHOTO pilieHHs X
TeHEPYETHCSI HOBHHM KOPEKTHUH po3Kkian X , SKAH TPOXW BIJPI3HAETHCA BiX
nonepeanHbLoro.’

Eran 4. OOumcnroerbess 3MiHa nimboBoi ¢yHkuUii: Af = f(X") —

f&)

—skmo Af < O(pimennst He noripimiocs), To X = X', To0To.

HOBHI BapiaHT PO3KJIay CTAa€ MOTOYHUM;

—skmo .Af > 0 (pilleHHS MOTipPIIAIOCSA), TO HOBHHA PO3KIa

cTac MOTOYHHM JHIe 3 iiMoBiphicTio p = e 2/T(1 —p) . A 3

nimoBipHicTio (1 — p) monepeaHiil po3kiaj 30epiraeTbes K MOTOYHHHA.
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Ha upomy erami pmomyckaeTbcsi 30UIbIIEHHS M[UTLOBOI (YHKII, arne
WMOBIpHICTh 1LILOTO 3MEHIIyeThcs 31 3poctaHHsM Af . lle no3Bonsie monatu
JIOKAJIBHI eKCTPEMYMH.

Eran 5. OGuucnioerbcs ¢yHKLis 3MiHM Temrepatypu. Temmeparypa i,
BIJIMTOBIIHO, WMOBIPHICTH NMPUWHATH K MOTOYHUN PO3KIA] X pO3KIaa 3 BEITHKUM
3HAYCHHSIM I[IIbOBOI (DYHKINT 3MEHIIYETHCS 3 KOXHOIO iTepaiiiero. Bemuuuny
3MEHILIEHHs TeMIIepaTypy MOXHA [TOB’A3aTH $IK 13 UMCIIOM BUKOHAHMX iTepalii, i 3
BEJIMYMHOIO 3MiHM LiTh0BOI (PyHKIIT, ToOTO. chopmyBaTu KpuTepiit 3ynuHku. [Ipn
BHUCOKHMX TEMIIEpaTypax CIIOCTEPIra€Thcs CTPUOKONOAIOHA 3MiHA LITBOBOL
¢yukii. TlocTynoBo i3 3MEHIIEHHSIM TeMIIepaTypH i 3HAYCHHS Ma€ MpParHyTH JI0
MiHIMyMY.

Eran 6. SIkuo He BUKOHAHO KpUTEpidl 3yNHHKH, TO Tepeitd a0 1. 3. Sk
KpUTEPii 3yMMHKN MOXKYTh OyTH NPUHHSITI Taki MpaBuia:

— BUKOHAHHSA 33JJaHO1 KIJTBKOCTI iTepaIriif;
— BUKOHAaHHS 33/IaHOTO 4YHCJIa iTepaliii 0e3 MOKpalieHHs
3HAUYCHHS IUTLOBOI (DYHKIIIT Ha 3a/1aHe 3HAYCHHS.

30epekeHHsT M Kpamux pilleHb, a TaKOX N OCTaHHIX PO3KJIaIiB, MIO
3reHepyBad, MiABUIIUTE €(EeKTHUBHICTh AJITOPUTMY 1 J03BOJIUTH 3amoOirTH
3aIMKIICHHIO MPOLIECY CKIIaTaHHs PO3KiIaay. TOUHICTh 0JepKYBAHOTO aTOPUTMOM
pIlICHHS] MOXHA 30UIBIIMTH PaxyHOK MOBUIBHINIOrO 3MiHHM TeMmmeparypu. [lpu
L[OMY QJITOPUTM peTelbHIIIe NOCHiIKY€E IPOCTip MOUIYKY, ajle yac Horo poboTH
icTOTHO 30inbInyeThess. ToMy (YHKLiIO TeMmmepaTrypu OBOAWUTHCS MiAOMpaTH
KO»XHOT KOHKPETHOT 3aBJaHHS 1HIUB11yaIbHO.

HesBakatoun Ha 30BHIIIHIO MPOCTOTY, TaKUH MifxXig Moxe OyTH LIKOM
e(EKTUBHUM JUIs CKIIaJIaHHs HEBEIMKUAX PO3KIIaIiB.

Anzopumm memooy po3manvoeku zpaga

3aBaaHHs CKIAJaHHS PO3KJIaay MOXHA SIK 3aBJaHHS PO3MalboBKH Tpada.
3aBIaHHIM PO3MAIbOBKH Ipada Ha3MBAIOTH MOIIYK MiHIMAIEHOTO YHCIa KOJIBOPIB
(xpomarnuHOro 4Kcia rpada), HeoOXiHI PO3MANBOBKHU BEPIINH JESKOro rpada Te

mo0 KOKHA Tapa CycimHiX BepmuH Oyna modapOoBaHa y pi3Hi koiabopu. Cama
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3a7ia4ya MOUIYKY XpPOMAaTHYHOTO YHCIIa € BAXKHUM 3aBJaHHIM, AJIs BUPILIEHHS SKOT
B OUTBIIOCTI BUITAJKIB BHUKOPUCTOBYIOTHCS pi3HI kamiOHi amroputmu. s
BCTAHOBJICHHS 3aBJIaHHS CKIIQJIaHHSA PO3KIany SK 3aBHaHHS PO3MalbOBKU rpada
Oynyerbes rpad. KoskHa BepinHa rpada — 1e 3amiaHoBaHe HaBYaJIbHUM IJIAHOM
3aHATTA. SIKIO MK SKUMHCH JIBOMa BEPIIMHAMHA MOJIHMBI  KOH(IIKTH,
HANpUKIa], OOW/Ba 3aHATTS NPOBOAATHCS B OJHINA ayauropii abo 3 OmHUM
BUKJIaJjaue€M, TO BOHM 3’€IHYIOTBCA peOpoM, IO EKBIBaJEHTHO 3a00pOHi
OJTHOYACHOT'O MPOBENICHHS IUX 3aHsTh. 3aBJaHHs CKIaJaHHs PO3KIaay MOXKe OyTH
chopMmynbOoBaHa SK 3aBJaHHS MiHIMi3amii 4HMclIa  KOJBOPIB, HEOOXimHi
po3manboBku Tpada. KoxkeH Komip BiANOBinae opHOMY Tepiofy pO3KiIamy.
3aBraHHS PO3MANbOBKH rpada sSK caMOCTiiHa Maio e(peKTHBHA IMpH CKJaJaHHI
PO3KIIaIB, aje MOXe OyTH KOPUCHHUM Y pa3i ii koMOiHalii 3 IHIIUMH alIrOpUTMaMH
[19].

Anzopumm imimayiitHozo MoOe0BAHHA

Jns BupilleHHA 3aBAAHHSA CKIaJaHHSA pPO3KJIady MOXKHa CIpoOyBaTH
iMiTyBaTH Ail QUCHeTdepa TiJ dYac CKIaJaHHSA pO3KiIaay. Y I[bOMY BHITAJIKY
ITOPUTM OMepye 0e3MocepeIHbO PO3KIIAJ0M Ta CIIUCKOM 3aHATh, SKi HEOOX1HO
BKJIIOYMTH JI0 PO3KJIAAY BiAOBIAHO A0 HaBUAIBHOTO MiaHy. [lounHaeThes mpowec
CKJIQIaHHS PO3KJIATy 3 TOPOXKHBOTO po3kiany. Lle mouyaTkoBwii He3aKiHUCHWH
po3knan. Yci 3aHATTA 3HAXOAATBCA Y CIHCKY HEBpaxoBaHMX 3aHATh. Jami
AIITOPUTM TIEPEXOUTh Bijl OMTHOTO HE3aKiHUSHOT'O PO3KIIALy 10 iHIIOTO, ParHy4Yu
HaiKpamnie po3CTaBUTH BCi 3aHATTA, BKIIOYEHI 10 cnucky. [Ipomec TpuBae noTH,
Joku He Oyne chopMoBaHO MOBHMH poO3KiaJ ab0 BUKOHAETHCS (PiKCOBaHA
KUTBKICTB iTepariii. HaBegemo cxeMy 1IbOT0 allrOpUTMY:

Etanm 1. I'eHepyeThcs He3aKiHYEHHH pO3KiIax (CIOYaTKy L€ HOPOXKHIN
po3Knan).

Etan 2. BuOupaerscs mie He BKIIOYCHE [0 pO3KIAAy 3aHATTS 3
ypaxyBaHHSM aHAN3y «BY3BKHX MiCOb». TYT «BY3bKHMH MICISIMI» €
HalineiuUTHIII pecypcH: CTyIeHTH, BHKIaaadi Ta ayauropii. Hacammepen

CKJIaJIat0ThCsl PO3KIaAM sl HailOLipm nedinuTHUX pecypcis. Lle MoxyTs OyTH
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3aHATTS, 10 BHKOPHUCTOBYIOTH Ne(PIIUTHHNA ayAuTOpHHHA (OHJ, 3aHATTS, IO
MPOBOJIATHCS BHKJIaJauaMu, SIKi CTaBJISTh XKOPCTKI YMOBH 32 4acOM Ta MicIieM iX
mpoBeeHHs oo [23].

Eram 3. [lns oOpaHOTO 3aHSTTS BU3HAYAIOTHCS BCI MOJJIMBI BapiaHTH HOTO
PO3MIIICHHS y PO3KJIIaIi, 0 33JI0BOJIEHSIOTE YCIM KOPCTKUM oOMexkeHHIM. [ToTim
KO)KHA TO3HIIisl OLIHIOETHCS 33 JIOMOMOTOK CIEIialIbHOI €BPUCTHYHOI ILIHOBOT
(byHKIIT 1 3aHATTA OMIIIAETHCS B KPaIlly 3 MOXKIMBHUX MO3MLLI.

Eran 4. Slxmo y Bumaaky eramy 3 y po3KiIagl BHHUKIA KOH(MIIIKTHA
CUTyallis, TO «3aHATTSA, L0 KOH(IIKTYIOTbY», BUAAISIOTECA 3 PO3KIALy 1
MOMIIIAIOTHCS HA3a/1 10 CIHCKY HEBPAaXOBaHUX 3aHATh. [Ipu peanizaliii aaroputmy
IMITaifHOTO MOZETIOBaHHS OCOONMBY YyBary Ciig MOpUAUTMTH  po3pooii
eBPUCTUYHHUX MPAaBHJI BHOOpPY YEproBOrO 3aHATTS 31 CIHCKY, BH3HAYEHHS
HaWKpamoi HoMy MO3WIlii y pO3KIadi Ta OIHII OJCPKYBaHOTO pO3KIIAIY.
[103UTHBHOI0O OCOOJIMBICTIO TAKOTO MIAXOAY € MOXJIMBICTD JETAIBHOTO OOJIKY
cneun@ikyd 3aBAaHHS, 10 PO3B’S3YEThCS, Yy pa3i CKIAJAaHHS PO3KIAAy JUIs
koHkpetHoro 3BO. ITIpoTe MOXIHBICTH 3aCTOCYBaHHS PO3POOJICHOI CHUCTEMH
IHIIMX HABYAIBHUX 3aKjajaX y CBOIM Iyke oOMexeHa. Takox 3a HE3HAUYHUX
BHYTpimHIX 3MiH y 3BO MoximuBo Tpeba OyJe BHOCHUTH CYTTEBI 3MiHH JIO
anropuTMmy.

BukopHucTOBYIOUM anropuTM, IO IPYHTYETBCS HA MAifX AWCIETYEpa IMpU
CKJIQJIaHHI PO3KJIa/ly, MOJKHA OPraHi3yBaTH JisJIbHUI 11a10T MK KOPUCTYBaueM Ta
CHCTEMOIO TIPU TOUIYKY ONTHMAJIBHOTO po3kiany. Lle Moxe OyTH BipHUM JHIIe
JUI BIJHOCHO HEBENMKHUX 3aBIaHb, TOMY IO B IHIIOMY BHIIAQJKy 3HAdHa
3aJISKHICTh QJITOPUTMY BiJI KOpUCTyBada MOXKE€ 3pOOHMTH Takuili Jianmor
MasioeeKTUBHUM.

Memoo nociunozo npozpamy8ants é 00MexHceHHAX

CxiIafianHsl po3Kiaqy MOXHA SK 3aBJaHHsS 3aJ0BOJICHHS OOMEKCHb, Ha
BUDIIICHHS SKUX PO3poOieHo Oe3niy anroputMiB. BHHHK LiNMH HampsMOK Y
IporpaMyBaHHI - NpOrpaMyBaHHS B OOMEXeHHsX (constraint programming).

[IporpamyBanHs B OOMEXKEHHSX TICHO TOB’s3aHE 3 TPAAWIIIHHUM JIOTIYHUM
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MporpaMmyBaHHsSM, y SKOro BOHO 1 cdopmyBanocs. binbliicte cuctem
MporpaMyBaHHs B OOMEXKCHHSIX € 3BHYaliHMM iHTeprperaropoMm I[Iponory 3
BOYZOBaHUM MEXaHI3MOM JUIS BHPILICHHS IIEBHOTO KJIACy 3aBJaHb 3aJl0BOJICHHS
oomexeHb.  IIporpamyBaHHS  TakMX  CHCTeMax  Ha3MBAlOTh  JIOTIYHUM
nporpamyBaHHsIM B oOmexxeHHsx (Constraint Logic Programming a6o CLP).
OcHoOBHa iJiesi BUpIIICHHS 3aBJ; ib Taka: MPOTPaMiCT BH3HAYA€ KibKa 3MIHHHX
X1,...,Xy 1 00nacTi ix 3HaueHpXy,...,X,, OMUCYE NOMATKOBI OOMEXKEHHS, SKHM
TTOBUHHI 3a/I0BOJIGHATH 3MiHHI, a CHCTeMa 3HaXOIUTh BINIMOBIAHI 3HAYCHHS
3MIHHHMX, IO 3aJ0BOJBHSIOTH OJHOYACHO BCIM 3aJaHUM OOMeKeHHsM. Jis
UTFOCTpallii HaBeIEeMO HEBEJIHMKHN TPHKIAJA, SKHHA HalIeXHUTh JIOCITIKYBAHOT
npeaMmetHoi obOnacti. Po3rnsgHemMo Buml, y sIKOMy TIpamfoe M BUKIAnadiB, y
HaBYaJbHOMY IUIaHI 3adikcoBano N mpeaMmeriB, ayIMTOpHUI (HOH]| CKIaJAEThCS 3
L aynuropiii. Busnaunmo MHoxuny P = 1,2,...,DD, enemeHTamMu SKOTO € BCi
nepiony HaBYaHHS (HaB4aibHI mapu) y 3BO mpoTsarom TIKHS, a KiJBKICTh yCixX
Mepio/liB  HAaBYAHHS MPOTITOM THXKHS. ayIUTOPHUH (OHI CKIaJaeThes 13
ayouTopin.
ITo3naunmo Yij— NepioJi HaBYaHHS, [— BUKIIAa4 BeJe j IpeMeT , Vi€ P.
Toxmi oOMeXeHHsS «KOXEH BHKJIaZad y KOXHUH MOMEHT 4acy MOXKE BECTH He
OiuBIIIe OHOTO 3aHATTI» (2.8) HaOye BUTIIALY:
Vii# ¥ij»1SISM1<j<N1<j<Nj#]j. (2.8)
Hexan z; - ayJUTopis, Ie TPOBOIUTH 3aHATTs i BUKNadaY, 1 < z; < L. Toxi
OOMEXKEHHS «y KOXKHii ayJIUTOPii B KOXKHUI MOMEHT 4acy MOJXE MPOBOJUTHCS HE
OipLIe OJJHOTO 3aHATT» (2.9) HaOyne BUIIIY:
z#z,1<i<M1<i'<M,i+#i. 2.9)
AHaJIOTIYHO CKIIAJAIOTHCS 1HII OOMEIKCHHS.
B pesynbraTi poboTH anroputMy 0yje OTPUMaHO MHOXHHY 3HAYCHb KOKHOT
3MiHHOI, 110 33JJ0BOJIbHAIOTH 3aaHi oOMexeHHs. [Ipu nboMy o0acTh BU3HAUEHHS
3MIHHHX, 10 OEpYTh Y4acTh Y CTPOTUX OOMEKEHHSIX, MOXKE CYTTEBO CKOPOTHTHUCS

a00 HaBITh MICTUTH €JUMHE 3HAYECHHA.

Matches Quotes References 3 Ignoredtext A Replacement Comments


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

OcHoBHa miepeBara, 1m0 OTpUMYeThcsl mpu BukopucranHi CLP, —mue
CKOPOYCHHSI MPOCTOPY MOLIYKY, IO JOCSATAEThCS HE IUIIXOM OI[HKUA KOXHOTO
BapiaHTa PO3KJaIy, a 3a paxyHOK TOrO, IO CHCTeMa caMa BHKIIIOYAE 3 PO3TIISILY
«IOpOTH, 5Kl BEAYTh Y TIyXUH KyT».

T'enemuuni anzopummu

Hageneni BuIlle METOAM MEPEBAXKHO BUKOPUCTOBYIOTH ITEPAIliiiHY TEXHIKY
nojinmeHHs pe3ynbraTiB. Ilpm BuKOHaHHI opHiel irepamii BOHM UIyKarOTh
pillieHHs, HaWKpalle Ha OKOJUIAX IIOTOYHOTrO pPIillIeHHS, OTPUMAaHOrO Ha
nomnepeHii ireparii. SIKIO Take pillIeHHs 3HAMIEHO, BOHO CTAa€ MOTOYHHM Ta
MOYHMHAEThCS HOBA iTepallis. Lle TpuBae 10 TOro yacy, JOKH BUKOHAETHCS MPABUIIO
3YNUHKH: TPHPICT IUTbOBOI (YHKIII HE 3MEHIINTHCS Maike 10 HYJIA 9u
BUKOHAETHCS 3a/IaHy KiJIbKICTh iTepalliii. 3BICHO, TaKki METOAU 3[IHCHIOIOTh TOIIYK
JIMIIE JIOKATbHAX ONTHMYMIB, MPUYOMY CTAHOBHUINE 3HAHJCHOTO ONTHMYMY
3aJICKUTH BiJl CTapTOBOI TOYKH, a TJI00ANGHHH ONTHMYM MOXKHA 3HAWTH JIMIIE
BUNaKkoBo. 1100 MiABUIUTHA MOXKJIHMBICTh IepeOyBaHHS II100aJbHOTO ONTHMYMY,
MOUIYK TPOBOTUTHCS 0araTopa3oBo 3 pI3HMMH TOYAaTKOBUMH TOYKaMH. Yac
MOUIYKY IPH IIbOMY 3HAYHO 3011bLIYEThCS.

ToMy HikaBUTH PO3pOOKa aNrOPUTMIB, IO 30€piraroTh MepeBaru OMUCaHUX
METOZIB 1 BUIBHMX BiJ 3a3HAUYEHOTO HEAOMIKY. Jl0 TaKMX ajJrOpuUTMIB Halle)KaTh
TeHETHYHI aJITOPUTMH.

l'eHeTnuHi anropuTMH —1Ii€ CTOXAaCTHYHI EBPUCTUYHI ONTHMi3alliiHi
METOJIA, OCHOBHY iJICI0 SIKHX B3ATO 3 TE€OPii EBONOIIMHOTO pO3BUTKY BHIIB [20].
OCHOBHMM MEXaHiI3MOM €BOJIIOLIT € PUPOIHUIT BiIOIp.

[lepmiumM KpOKOM pO3pOOKHM MaTeMaTHYHOI MOJENi, 3acCHOBaHOI Ha
TCHETUYHOMY aITOPHUTMi, € PO3po0Ka CTPYKTYpH XpPOMOCOMH, y SKii
30epiraTUMEThCs PillieHHs. Y HAIIOMY BHUIIAJKy TaKOIO "XpPOMOCOMOI0" € PO3KIIal.
Bubpana crpykTypa MOBHHHa BpaxoBYBAaTH BCI OCOOJMBOCTI Ta OOMEXEHHS, IO
npex’sIBISAIOTECS 10 IOYKaHOTO pilleHHs. Y KIHIEBOMY paxyHKy, BHOIp

«XPOMOCOMUY BIUIMBAE SIK HA HIBUJKICTbh, @ i 301KHICTh AITOPUTMY B3arai.
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OnHuM 3 HaWOUIbII 3pYYHUX YSABICHb pO3B’SI3aHHS  3a/adi, IO
pPO3IIISIIAETLCS, € TPUBHMIPHA MaTpHllsi, MO OcsiX i,j,k kol BigkiIagaroThCs
BIJIMIOBIJTHO TIPyNH, HABYAIBHUIM TOAMHHHK 1 ayaurtopii. EmemenToM Matpuii €
3alIUT Ha NPOBEAEHHS 3aHATTA 3 i - 10 IPYNOK JaHMM BHUKJIaJadeM 3 IaHOi
JUCLIUIUTIHY B j- TY roauHy B k - i aynuTopii. 3MICTOBHO 3amuT Ha MPOBEACHHS
3aHATTS € HACTYIIHUM: Ha eTami 3aBJaHHSA BHUXIIHUX JaHUX KOPUCTYBad JUIA
KOXHOI rpyn# (IiATrpyIy, TOTOKY) BKa3ye MUCHUILIIHM Ta BUKJIAIa4iB, Ki OyIyTh
BECTH IX Yy paMKax Iepea0adyeHoro HaBYAIBHOTO IuiaHy. [licnms mporo koxHa
3B’s3Ka ,E[I/ICI_[I/IHJIiHa—rpyI'Ia—BI/IKJIaZla‘-I PO3TIAIAETHCS K €IMHC mine 3a YMOBH, IO
B aJICOPUTM BBEIEHO iH(opMallilo: IKi AUCUMIUIIHM, B KM Tpymi, SKUi BUKIaLaY i
SIKMH THIT ayAUTOPiH U1 IIbOTO MigxouTh [20].

Taka CcTpykTypa XpOMOCOMH 3pydYHa THM, 110 Ha eTali 3aBAaHHA
MOYATKOBUX JJAHUX MOKHA BUKIFOUUTH CBiIOMO HEBJANi PillleHHs, 320JI0KyBAaBIIN
BIJIMTOBIAHI OCEPENKH.

Ha nHactynHOMy eTami ajdropuTMy CTBOPIOETHCS MOYATKOBA IOIMYJISLS,
pO3Mip SKOi 3aJIC)KHUTH BiJl PO3MIPHOCTI 3aBJaHHS 1 3a3BHYall CTAHOBHUTH KiTbKa
COTCHB PIILICHb.

Jns  opranizamii mpomecy, 0 ONTUMI3ye, HEOOXiTHO CTBOPHUTH
CIIPSIMOBYIOUY CHIJIy PO3BHTKY MOmyJisimii. SIK Taka cuia BHCTYIa€ BUMOTa
MiHiMizalii minpoBoi QyHKHii (y TepMiHaX IeHETMYHHX aaropurMmis, — (PiTHeC-
¢ynknii). Sk QitHec-QyHKLIA MOXXHA BUKOPUCTOBYBATH aJUTHUBHMH IOKAa3HUK
ONTHMAIILHOCTI, 3aCHOBaHMHA Ha mTpadax, [0 BCTAHOBIIOITHCS KOXHOMY
pILICHHIO 3a SIKUIICh HE3pYYHHH MOMEHT y pO3Kiajai. BaxiuBa 0ocoOMUBICT
TaKOro BHOOPY — MOXKJIMBICTh HANAIITYBATH aJTOPUTM BHPIIICHHS KOHKPETHOTO
3aBraHHA. Lle mocsiraeThcst BapiroBaHHAM KOe(]imieHTiB, 0 MPU3BOIUTD 10 3MIHH
MIPIOPUTETIB MPH MOIIYKY ONTHMAIBHOTO PO3KIIATY.

HaBenemo anroputm KoxkHOi irepanii. Etanmu itepamii reHeTMyHOrO
anropuTMmy:

Eran 1. KoxxHa ocoOuHa momyJisiiii OLIHIOETBCS 3 JOIOMOTOK ILIBOBOT

byukuii (bitaec-PYyHKLIT).
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Etan 2. Haiikpami pimenHs (3a3Budail 01u3bko 5%) KOMIIOIOTBCA y HOBY
romysiito 6e3 3MiHU. Takuii MPUHINIL, 3BaHUH NPUHIMIIOM EJIITH3MY, 3arobirae
BTpaTaM KpallluX PillieHb 1 3a0e3Meuye miBUILEHY 301KHICTh allTOPUTMY.

Erann 3. IlpoBoauThcsi mpomopuiiHWKA BimOip JBOX pIlIEHh 3 TMOTOYHOL
TOMYJIAMil, SAKi WiAMAOThCA pekomoOiHamii. s 1poro XpomocoMu OaThKiB
OOMIHIOIOTHCS BiINOBIAHUMU AiJITHKAMU.

Eran 4. Orpumanuii y mnomepeaHpOMYy e€Tami po3KiIax Moxke OyTu
HEKOPEKTHHM, HANpHKJIaJ, He BiANOBIIATH HaBYAJIBHOMY IUTaHy. Toai MokHa
MTOBTOPIOBATH OIEPAIil0 PEKOMOIHAIIT JOTH, TOKH He Oy/e OTPUMAaHO KOPEKTHHI
po3knan, ane OaxaHO mependavYuTH CBPUCTHYHI MEXaHi3MH BHIIPABICHHS
po3Kiaay.

Eran 5. fIkumio HoBa nomysiiist copMoOBaHa, TO cTapa BUIAISETHCS, MICIS
4Oro nepexoaumMo Ao erany 1. [Hakie nepexoaumo 1o etamny 3.

HaBenenuit anroputMm € CTIHKHUM 0 JOKAJIbHUX MIHIMyMIB. 3aBJsKu
BHYTPIIIHBOMY Mapanenizamy (poOoTa He 3 OKPEMHUMH DIlIEHHSMH, a 3 LiIJTUMH

KJIacaMH pillIeHb) BiH 3a0e3Meuye MBUAKUHA MONTYK ONTHMAIBHOTO PillIeHHSI.

BucnoBku 10 po3ainay 2

MaremaTHyHe MOJEIIOBAHHS 3aBJAaHHA CKJIAaHHS PO3KIALy JI03BOJIHIIO
BUIIINTH OOOB’A3KOBI Ta HEOOOB’S3KOBI BHMOTH, IO TPEI SABISIOTHCA IO
pO3Kiaay, IO TeHEePYEThCA. 3 BHKOHAHOTO aHaNli3y OCHOBHUX MpoOjeM
aBTOMaTH3alii c(opMynbOBaHI METOAM, HEOOXiJHI aBTOMAaTh3alii mporecy
CKJIQIaHHS PO3KJIALY.

JlocnmipkeHHsT OCHOBHHMX —alTOPUTMIB, IO 3aCTOCOBYIOTHCS Y 3ajadi,
BUSIBIJIO 1X CHJIBHI Ta CJTaOKi CTOpoHH. Ha OCHOBI TIPOBEICHOTO aHaNi3y
pe3yNbTaTy IaHOTO JOCTIIDKEHHS PO3POOKH aBTOMATHYHOIO MOXYJsS TeHepamii

pO3KIIaay oOpaHHil TEeHETUYHUI aJIrOPUTM.
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PO3 411 3. PO3POBKA MMPOI'PAMHOI'O MOIYJIA
ABTOMATHUYHOI'O CKJIAJAHHS PO3KJIAY 3AHATH

3.1 Bu0ip 3aco0iB nporpaMyBaHHsA PO3pOOKHU NPOrpamMu

Ha mincraBi BHOOpY apXiTEKTypH MPOrPaMHOTO KOMILIEKCY, 3aBJaHb, SKI
Mae BUpillyBaTH iH(opMaliiiHa cucTeMa CKIIalaHHs PO3KIaly 3aHATh, HEOOXIIHO
BHOpaTH MOBY IIPOrpaMyBaHHsI Ta TEXHOJIOTII JJIsl CTBOPEHHS BeO-CUCTEMU.

OCHOBHUMH BHMOTaMH [0 MPOTPaMHOTO MOAYJIS MOXKHAa Ha3BaTH
MOXITHBICTh aBTOMATHYHOI FeHepallil po3KJIaay 3aHATh 3 YpaxXyBaHHIM KOPCTKHX
Ta M SKUX OOMEXEHb Ta MOXJIWBICTh BUBEICHHS naHux 3 B/l mis HamaHHS
BiZIOMOCTEH CTyeHTaM Ta BHKJIaJadyaM Mpo PO3KIAJ 3aHATh.

Just peanizaniii Moyt aBTOMaTHYHOTO CKIJIZaHHs po3kiany Oyiio oOpaHO
MOBY nporpamyBaHHi JAVA 3 BUKOpHCTaHHAM TexHouoriii Maven [20], Spring
[25], Hibernate [26] Ta Angular [27]. Sk cepenoBuie po3podku BuOpano Intellij
IDEA. o po6otu 3 B]I minkmouenwii miarin Flyway [24]. JlokyMeHTYBaHHS KOy
BUKOHAHO 3aco0amu 0i0mioTexn Swagger [28].

Maven

Maven —1e IHCTPyMEHT Ui CKJIaJaHHA Java TpPOEKTy: KOMIUIAIII,
CTBOpEHHs jar Ta war (ailiB, CTBOPEHHs IUCTPUOYTHMBA IMPOrpamu, reHeparii
OOKYyMeHTaUii.

OcHoBHMMHK TIepeBaraMu Maven € Te, mo BiH He 3amexutb Bix OC.
CkiaiaHHsl IPOEKTY BiIOYyBaeThCs y Oy/Ib-sKiil onepaiiitniid cucremi. Takox BiH
JIO3BOJISIE BUKOPHCTOBYBATH Y TIPOEKTI CTOPOHHI 0i0J1ioTeKH i y pa3i KOHQIIIKTIB
Bepciii BUNpaBNATH iX, TOOTO. 3IIMCHIOBATH YNPABIIHHS 3aJISKHOCTAMH. A
BUKOPHCTaHHS KOMAHIHOTO psIKa IS aBTOMAaTHYHOI'O CKJIAaJaHHS IPOEKTIB
CIIPOIlye PO3rOpTaHHSA IIporpaMu Ha cepBepi. Maven 3a JI0OIOMOIOIO
KoH(irypauiiHoro Qaiiry J03BOJSE TPAMIOBATH 3 MPOEKTOM y OyIb-IKOMY

Cepe/oBHIL PO3pOOKH. €IMHUI HACTPOIOBAILHUKM (aiinm Juisi  cepeloBuIla
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pO3poOKK Ta 30MpaHHs JO3BOJISIE YHUKATH AYyOJIOBaHHS JTaHUX Ta 3MEHIIYBaTH
KUTBKICTD MMOMMJIOK ITiJT YaC KOMITIJISIIIT.

Bes ctpykTypa npoekty Maven omucyerses y daimi: pom.xml (POM —
Project Object Model), sikuii 3HaXOJUTHCS y KOPEHEBIH MaIIi MPOEKTY .

KirouoBuMm moHATTSIM Maven € apredakt - me, mo cyri, Oynb-ska
6i0mioTeka, 1110 30epiraeTbes B peno3urtopii (Miciie 30epiranHs).

3aNexXHOoCTi - e Gibmiorekn, ski Ge3MOCEPENHBO BUKOPUCTOBYIOTHCS Y
BaIIOMY HPOEKTI JUTSI KOMITUIAMIT Koy a00 HOTo TeCTyBaHHSI.

[Tnarinu BUKOPUCTOBYIOThCS CaMUM Maven mpu CKJIaJJaHHI IPOEKTY a0o st
SKUXOCh 1HIIUX LIeH (IeruioiMeHT, cTBopeHHs (aiuniB npoekty st Eclipse ta
iH).

ApxeTun — 1ie CTaHJAapTHE KOMIIOHYBaHHs (aiiiIiB i KaTaioriB y MpoeKTax
pizHoro poxy (BeO, swing-npoektu Ta iHm). [HImuMu cioBamu, Maven 3Hae, sIK
3a3BUYail OyIyIOThCSA TPOEKTU 1 BIAMOBIAHO O apXeTHIy CTBOPIOE CTPYKTYPY
KaTaoris.

SIk mpaBuIto, Ha3Ba apTedakTy CKIagaeThCs 3 HA3BU IPYIH, BIACHOI HAa3BH
ta Bepcii. [Iponucana 6i0mioTeka i3 3a3HaveHHsIM apredakTy y Qaiiai pom.xml
aBTOMATHYHO IiJBaHTaXyeTbCs Maven y peHno3uTopiil 1 MiAKIIoYaeTbca 10
poekty. KoHpirypamiiiauii ¢haiir mpoeKTy MPeICTaBICHO Y A0AAaTKy A.

Hibernate

Hibernate € iHcTpyMeHTOM 00’ €KTHO-peNALiiHOro BinoOpakeHHs Java 3
BIIKPUTUM BHXiIHUM KozioM. BiH Hamae GppeiiMBOpK [t BinoOpakeHHs 00’ €KTHO-
OpiEHTOBaHOI MOJENI JaHWX TPAAWIiHI pensiiiHi 6a3um nanux. Hibernate
neperBoproe knacu Java B tabnumi BJ] (1 Tunm nanux Java B Trnum qanux SQL), a
TaKOX JIO3BOJISE 3AIMCHIOBATH 3anmuTH 1 momryk bJI, ckopouyroun 9ac po3poOKu.

Bictapnenns Java-kmaciB 3 TaOmuisiMu BJl 3iHCHIOETBCS 3 JTOIOMOIOIO
KoH}irypamiinux XML  ¢aiinie, abo 3 pmomomororo Java aHOTamii.
3a0e3meuyoThCsl MOXIUBOCTI 3 Oprasizaiii BiTHOCHHM MIX KJIacaMH OJMH-

Oaratbom 1 Oararbom-OaratboM. Ha nonatok po ympaBiiHHs acowiarii Mix
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06’eKramn, Hibernate Moxxe Takox KepyBaTH Pe(IEKCHBHAMH BiIHOCHHAMH, JIE
00’exT Mae 38’930k 0JINH 3 GaraTbMa iHIIMMK €K3EMILIAPAMU CBOTO THITY.

Hibernate mae iuTyiTHBHO 3p0o3yminuii APl 10 BHUKOHAaHHS 3amUTIB 0
06’ekriB, ki y 6asi manux. B3aemomis 3aifiCHIOETBCS 3a TOMOMOTOK AHOTALIIM.
[puxnan peanizarmii Hibernate-momeni mpencrasieHo y 1oaatky b.

Spring framework

Spring framework e yHiBepcaibHOIO TIIATPOPMOIO 3 BiIKPUTUM BUXITHUM
KOJOM i Java.

Spring 3abe3neuye KOMIUIEKCHY MOJENb pO3poOKK Ta KOH(Irypatii s
cydacHuX Oi3Hec-7o7aTkiB Ha Java —Ha Oyap-skux miardopmax. Kirouoswuid
eJleMeHT Spring - MATPUMKa iHQPACTPYKTypH Ha PiBHI MpOrpaMu: OCHOBHA yBara
MPUIUIAETbCS  "BOJONPOBONY" Oi3HEC-OJATKIB, TOMY PO3POOHHKH MOXYTb
3ocepenuTHcs Ha Oi3Hec-yorimi 0e3 3aliBUX HaNamTyBaHb 3aJIeKHO Bij
cepeIoBHILA BUKOHAHHS.

Spring Framework mae MoaylibHY CTPYKTYpY 1 MpEACTaBICHUH Yy BUIIISAL
¢pelimBopky y ¢peiimBopky. [Ipu 1mpoMy mpakTHYHO BCi (QpeHMBOPKH MOXKYTh
MPAIIOBATH CAMOCTIHHO HE3aJeKHO OJIUH BiJl OJHOro. AJje HaiOuLIbIy
(YHKIIOHAJIBHICTH BOHH JAEMOHCTPYIOTh IIPH IX CIUTBHOMY BUKOPHCTAHHI.

OcnoBHi Moxyni Spring Framework:

— Inversion of Control-koHTeliHep KOHDIrypye KOMIIOHEHTH
NPOrpaMy Ta KEPYE KUTTEBUM LIUKIOM Java-00’EKTIB.

— Moaynb acreKTHO-OPiIEHTOBAHOTO TPOTPaMyBaHHS MPAIIOE 3
(YHKIIOHATIBHICTIO, peani3aiis SKoi HEMOXIHBA 3aco0amMu 00’ €KTHO-
Opi€HTOBAaHOTO NporpamyBaHHs Java 6e3 BTpar.

— Moaynp mocTymy 0 JaHUX MPAIO€ i3 CHCTEMaMH yIPaBIiHHS
pensiuiiinumu 6a3zamu Aanux, BukopuctoBye JDBC ta ORM.

— OpeliMBOPK KepyBaHHsS TPaH3aKI[sIMUA BiAINOBilaE 3a poOOTYy
API xepyBaHHS TpaH3aKIisIMA Ta IHCTPYMEHTAPIIO KEPYBaHHS TPAaH3AKIISIMHI

1t 00’ exTiB Java.
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— OpetimBopk  MVC € kapkacoM i Spring J0OJaTKiB,
3acHoBanmii Ha HTTP Ta cepBnerax, OararoQyHKIIOHAIBHUI Ta
POBLIMPIOEMO 3aJICHKHO BiZl BUMOT PO3POOHUKA.

— Mojysb AMCTaHIIMHOTO AOCTYIY BiMOBia€ 3a nepenavy Java-
06’ektiB uepe3 mepexy B ctuni RPC i minrpumye RMI, CORBA, HTTP-
based mporokony, BKitouaroun web-ceppicu (SOAP).

— Mopaynp ayteHThdiKalii Ta aBTOpH3allii, 0 HaJIalITOBYETHCS
Ta MATPUMYE Pi3HI CTAHIAPTH MPOTOKOJIB, IHCTPYMEHTIB, NMPAKTHK Yepes3
JovipHiit mpoekT Spring Security.

— OpeliMBOpPK JUCTAHIIMHOIO KEepyBaHHA Haga€ MOXKIMBICTH
kepyBaHHs Java-00’exramu s mokansHOI a60 BigmaneHoi koHdirypamii 3a
noromMororw JMX.

— Mopaynp poOOTH 3 TOBIIOMIICHHSAMH 3JIIHCHIOE PEECTpPAIlifo
00’€KTiB-ciyxaqiB MOBIOMJIEHE Ui TPO30pOi 0OPOOKM MOBIIOMIIEHE i3
4yepru NoBiJoMIIeHb 3a gonomoroto JMS 3a nonomororo JMS API.

— Moaynb TeCTyBaHHS € KapKacoM, IO MiATPUMYE KJIacH st
HaIMCaHH MOAYIIbHUX Ta IHTETPAIiiTHUX TECTIB.

Spring wmictuTh 0e€3ii4 IOAATKOBMX MOJIYJIB, KOXEH 13 SKHX MOXHA
T IKTIOYHUTH J0 MPOEKTY 3a JIONIOMOT0I0 KoH(DirypariiiHoro daiiy.

Jdns peamizaii OporpaMHOrO MOJIYJSL PYYHOTO CKIaJaHHS DO3KIATY
BUOpaHo koHQirypariito Spring Boot.

Spring Boot — MPOEKT Spring Framework, sxuii cropsMoBanuii Ha
CHPOIICHHSI CTBOPSHHSI KOPIIOPATHBHUX IOJATKIB. BiH € IariHom JIjisi cCHCTEMH
aBTOMAaTH3allii CKJIafaHHs MpoekTiB (miarpumye Maven i Gradle). OcHoBHa BHroa
Spring Boot - xoH®irypyBaHHs pecypciB Buxoasuu i3 3micty classpath. fxmio
pom.xml ¢aiin Maven npoekry wmictuth JPA 3anexnocti, To Spring Boot
MiBaHTAXUTh iX y mpoekT. [MPOEKT HeoOxinHoi KOHGIryparii Takok MOKHA
3i6paru 3a nonomororo Spring Initializr — Be€6-kondiryparopa mpoekris.

Angular
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Angular - e margopma, ppeiiMBOPK IS CTBOPEHHS KIIIEHTCHKUX MPOTpaM
Ha HTML i TypeScript. Angular mHanrcano Ha TypeScript. Bin peainizye ocHOBHY
Ta HeoOOB’ SI3KOBY (DYHKILIOHANBHICTH y BUTIISLAI Habopy Oibmiorex TypeScript, sxi
BH IMIIOPTY€ETE IO CBOIX IPOIPaM.

OcunoBanmu Monymsimu  Angular € NgModules, sxi BigmoBigaooTe 3a
KOMIUIAito  kKoMmroHeHTiB. NgModules 30upatoTe TOB’si3aHMi  KOJ Y
¢yHkiionanbHi Habopu; Angular fopaTok BuzHadaeThess Habopom NgModules. Y
JONaTKy 3aBXAW € TpUHAWMHI KOPCHEBHH MOMAYJb, SKUA  BKIIOYAE
aBTO3aBaHTAXKCHHS, 1 3a3BUYall Mae HabaraTo Oinbiie GyHKIIOHATBHUX MOJLYJIIB!

— KOMIIOHEHTH BH3HAYalOTh YsBJICHHS (Views), siki € Habopu

€JIEMEHTIB eKpaHa, siki Angular Moxxe BHOMpaTH 1 3MIHIOBAaTH BiIMOBITHO 10

JIOTIKOIO Ta JAaHMUMH Balloi Mporpamu;

— KOMIIOHEHTH BUKOPHCTOBYIOTh TIOCIIYTH (Services), sSiki HaJIaloTh

neBHI  (YHKIIOHAIBHI MOXKIIMBOCTI, HE TIOB’si3aHi Oe3mocepenHso 3

ysBiIeHHAMHU. [locTadaipHUKM MOCIYr MOXYThb OYTH BIPOBaKEHI B

KOMITOHEHTH SIK 3aJIeKHOCTI, 1[0 POOMTH Balll KOJ MOIYJIBHHM, TTOBTOPHO

BUKOPHCTOBYBAaHUM Ta €()EKTHBHHM.

I kommoHeHTH, 1 cepBicM —Ile MPOCTO KIACH 3 JIEKOpaTOpaMu, SKi
BiJI3HAYAIOTH X THI Ta HAMAIOTh METAJaHi, sIKi MOBIMOMISIOTH Angular, sk ix
BUKOPUCTOBYBATW.

MertanaHi Juisd KJ1acy KOMIIOHEHTa OB S3yIOTh HOTO i3 1IaOJOHOM, SIKHI
Bu3Havae ysiBieHHs. [1labnon moeqnye 3snuaitanit HTML 3 nupextuBamu Angular
1 pO3MITKOIO MPUB’SI3KH, K1 A03BOIIsIOTH Angular 3mintoBatn HTML nepen ioro
BigobparkeHHAM.

Meranani aist kigacy oOCIyroByBaHHS HaAaroTh iH(opMmariro, HEoOXiTHY
Angular, mo6 3pobutu ii IOCTYNHOIO JUIsi KOMIIOHEHTIB 3a JOMOMOTOO
3anexxHocrei (DI).

KoMrioHeHTH mporpamu  3a3BHYail  BH3HAYalOTh O€31i4  ySBICHB,

po3ramoBaHux iepapxiuHo. Angular mpomnonye ceppic Router, sikuii gonomoxe
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BaM BH3HAYMTH LUISTXHM HaBiraumii Mix ysBIeHHsMUA. Mapiipytuzatop 3a0e3neuye
CKJIaIHI HaBITaIliifHi MOXKJIMBOCTI y Opay3epi.

Angular NgModule Bigpisasrotscst Bin moxyniB JavaScript (ES2015) Ta
JonoBHoOTE 1X. NgModule orosomrye koHTEKCT KOMMIUIALIT Ais Habopy
KOMITOHEHTIB, BUAUICHUH Ui JOMEHY MpOrpaMu, poOOUYoro mporecy ado TiCHO
noB’si3anoro  Habopy wmoxuuBocreit. NgModule woxxe 3B’s3yBatu  CBOI
KOMITOHEHTH 31 3B’SI3aHAM KOJIOM, TaKMM SIK TMOCIYTH, s (GOpMyBaHHS
(yHKIIOHATBHNX OJIOKIB.

Koxxna mnporpama Angular mae kopeHeBHH MOJIyJb, YMOBHO 3BaHHU
AppModule, sxuii 3abe3nedye MexaHi3M ITOYAaTKOBOTO 3aBaHTAXEHHS, IO
3amyckae mporpamy. [Iporpama 3a3Bmuail MicTuTh Oarato (yHKIIOHATBHHUX
MOAYNiB.

SAx 1 wmomymi  JavaScript, NgModules MOXyThb — iMIOPTYBaTH
¢ynKkuioHanpHiCTh 3 iHmMX NgModules, 1 H03BONAIOTH EKCHOPTYBaTH Ta
BUKOPUCTOBYBaTH iX BiacHi ¢yHkuii iHmumu NgModules. Hanpukian, mo6
BHUKOPHCTOBYBATH CIIy>KOy poyTepa y Balniid mporpami, BH immopTyete Router
NgModule.

Opranizaniss koxy B OKpeMi (YHKIIOHaJbHI MOIYJl Joromarae B
VIpaBIIiHHI PO3pPOOKOI0 CKJIAJHUX TPOTpaM Ta pPO3pOOI M TOBTOPHOTO
BUKopHucTaHHA. KpiM Toro, meil MeTon HO3BOJsE€ BUKOPHCTOBYBATH IIepeBaru
BIJIKJIA[ICHOTO 3aBaHTaKCHHS, TOOTO 3aBaHTAXEHHs MOJYJIB HAa BHMOTY, 00

MIHIMI3yBaTH 00CAT KOy, IKHH HEOOXiTHO 3aBAaHTAXKHTH ITiJ] 4ac 3aITyCKy.

3.2 Onmc xofiB mporpamMM MOIYJsl TreHepadii pPo3KJaxy 3aHATH 3

YPaxyBaHHSIM T€HETHYHOT0 AJITOPUTMY
Ha ocHOBI BUXIAHHUX JaHWUX, BUMOT JI0 TIPOLIECY CKIIaJaHHs pO3KIay, BUMOT

J0 TPOrpaMHOrO 3a0e3NedeHHs Ui pealialii MPOEKTy OOpaHO apXiTeKTypy

KNiEHT-CcepBep.
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CTpyKTYypHO TPOEKT PO3ALICHUH HA Bl YAaCTUHM: CEpBEpHA YacTHHA HA
SpringBoot, mo BiAmoBigae 3a JOTiIKy MpOrpaMu; KIEHTChKa YacTHHA Ha Angular
BiJIOBiIa€ 3a iHTep(eiic kKopucTyBaya.

[MPOEKT cepBepHoi vacTuru pospobiieHo y kouieriii MVC (Model-View-
Controller). [Inst B3aemopii 3 KIIIEHTCHKUM MPOEKTOM Ta ISl 3pYYIHOCTI PO3POOKH
peanizoBano REST API, mo 36inburye moxiuBocti aisi frontend-po3poOku: 3a
noTpebu MOXKHa BHUKOPUCTOBYBATH OyIb-sKi TEXHONOTIi I8 B3aeMomil 3
KOPHCTYBa4eM Ta BUBEICHHs iH(popMarii.

30epiranHs iHQOpMAIIT pealli3oBaHO 3 BUKOPUCTAHHIM pelsiiiiHol Mopaesi
nanux mig kepyBaHHsAM CYBJI PostgreSql. Po3poGnena 6a3a maHux 103BOJISIE
30epiraT OCHOBHI BiIOMOCTI i3 HaBYAIbHUX IUIaHIB, HABAaHTAXXEHb, CITUCKIB TPYTI,
kadenp, aynuTopii ToI0. HEOOX1/IHI ABTOMATUYHOT r'eHepallil pO3KIIaay 3aHsTh.

Bzaemonist cepBepHoro npoekry 3 b/l 3aiiicHIOETBCs 3acobamu 010mi0TEK:
Flyway - nnst ynpaemniaas Ge3nocepentbo crpykrypoto b1 1 tabnus (nogarok B),
Spring Data JPA - nans ynpaBmiHHs naHuMu nporpamu, Hibernate - s
niepetBoperHs Tabmup b/ Java xiracu 1 HaBmaku (nogatok I).

Jns  3py4HOCTI pO3pOOKM Ta CYNPOBOJAY BBEICHO AaBTOMATHUYHE

OOKYMEHTYBAHHS Koy 3a J0NOMOroro 0i0mioTekn Swagger.

AJroput™M po00TH MOAYJISI aBTOMATHYHOI reHepanii po3kiagy

Ha 3anuT KopucTyBava cucTeMa CKJIQJaHHS PO3KIany Ha IiJCTaBl JaHUX 3
TaOJMUIb HABYAIILHOTO IUIAHYy TPYNU Ta HABAaHTAXCHHS BHKIAQJadyiB TEHEpPYE
HEOOXIHY KUIBKICTh 3aHATh, (DYHKIIIIO TeHepallii 3aHATh HaBEACHO y JicTUHTY 3.1.

Jlictunr 3.1 - OyHKLIs TeHEpyBaHHS 3aHSTh
JINCTUHT 3.1 - DYHKLNSATEeHEPUPOBAHUA3AHATUI

erride
public List<Pair> generate (Groups groups) {

init (groups) ;

for (Subject subject : this.subjectList) {
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List<LecturerLoads> lecturerLoads =
lecturerLoadsService.getBySubject (subject) ;

for (LecturerLoads lecturerLoad : lecturerLoads) {
int pairsCount = lecturerLoad.getHours() / 2;
for (int i = 0; i < pairsCount; i++) {
Pair pair = new Pair();
pair.setGroups (this.groups) ;

pair.setSubject (subject);

pair.setlLoadTypes (lecturerLoad.getLoadTypes () ) ;
pair.setlLecturer (lecturerlLoad.getLecturer());

pairService.create (pair);

}

}
this.pairsList = pairService.getByGroups (groups) ;

return this.pairsList;
}
3reHepoBaHUIl Ha AaHOMY €Talli CIMCOK 3aHATH J03Boisie KopucryBauesi

MmoyaTH pO3MIIIYBaTH TapH CaMmoCTiiHO abo ckopucTaTHcs — (QYHKIIE0
ABTOMATUYHOT'O PO3MIIICHHS 3aHATh (JIUCTHHT 3.2).

Jlictunr 3.2 — OyHKIlis pO3MIIIECHHS 3aHATh

@Override
public List<Pair> locate (Groups groups) {

init (groups) ;
for (Subject subject : this.subjectList) {
this.weeksList = weeksService.getWeeksByGraphCourses (graphCourses) ;
int pairsCountOnWeek =
calculatePairsCountOnWeek (pairService.getByGroupsAndSubject (groups,
subject) .size (), this.weeksList.size());
for (Weeks week : this.weeksList) {

locatePair (pairsCountOnWeek, groups, subject, week);

}
this.pairsList = pairService.getByGroups (groups) ;

return this.pairsList;
}
Hpe}lCTaBHeHa BUIIC (l)yHKIliS[, aHaJ'IiSyIO‘-II/I CIIMCOK 3aHsTh, BH3HA4ac

KUTBKICTh TAp HA THWXKICHb Ta PO3MIIIyE iX y CITKY pO3KIaay IOHEIIIOK 3

ypaxyBaHHSAM DpI3HHX THIIIB HaBaHTaXeHHS. 14 3pydHOCTI BHMKOPHCTaHHS
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peanizoBaHO HABAHTAKEHHS JAaHOTO METOAY: KOPHCTYBad MOXE 3aIlyCTHTH
ABTOPO3MIIIICHHS K HA CEMECTp TaK 1 Ha IEBHHUW THXXACHbB, IO JIOAAE JOJATKY
THYYKOCTi, TaK SIK 3a CTAaHIAPTHOI MOBENIHKM CHCTEMa PO3MOJUISE IapH
pPiBHOMIipHO.

KiHnieBe po3MillleHHsI Tap 3MiHCHIOETBCS TEHETHYHHM AITOPUTMOM MpPH
BUKIHKY (QyHKIIT aulolocate, mictunr 3.3.

Jlictuar 3.3 - OyHKUiA aBTOMAaTHUYHOIO PO3MILIEHHA Napud TeHETHYHUM

aJIrOpMTMOM
public void autolocation (List<Pair> pairs) {
for (Pair pair : pairs) {

Integer evolution = 1;

List<Chromosome> population = getFirstPopulation(pair, 5, 4);
for(int 1 = 0; 1 < evolution; i++) {
population = fitness (population, pair);
population = selection (population);
population.addAll (fitness (crossing(population), pair));
}

Chromosome elite = population.get ((new
Random()) .nextInt (population.size()));

pair.setWeekday(elite.getDay());
pair.setTimetable (timetableService.one (elite.getTime () .longValue()));
pair.setAuditorium(auditoriumService.one (elite.getAuditorium() .

longValue()));
pair.setDate (createDateFromWeeksAndWeekday (pair.getWeeks (),

pair.getWeekday()));

pairService.update (pair.getId(), pair);
}

Jiist 3py4YHOCTI TpeIcTaBlIeHU BUIIIE METO/] NIepeBaHTaXEeHUH 1 Moxe OyTH
BUKJIMKAaHHH KOPUCTYyBaYeM 0e3MOCEePeHB0 3 mapaMeTpoM id Tpymu s HOBHICTIO
aBTOMAaTH30BaHOI pOOOTHM Tporpamu: reHepaiii 3aHATh, TOHEIUIKOBOTO
PO3MIIIEHHA Ta PO3NOALTY Hap y CITKy poO3Kiangy, a TakoX 3a JOIOMOIOO
MTOETAITHOTO BUKJIMKY OMUCAHUX paHiIIe QyHKIIH.

Ha Bxix QyHKIis npuiiMae mepenik po3MOAUICHUX TOTHXKHEBO map. s
KOXXKHOI TIapH TEeHEPYeThCs TEepPBHHHA MOMYJIsIis, MpHUKIa] (GYHKIHI reHeparil
TIEPBUHHOI OMYJISIIii HaBeIeHO y JIiCTHHTY 3.4.

Jlictunr 3.4 - OyHKIis TeHepyBaHHS IIEPBUHHOT MOMYJISIIT

public List<Chromosome> getFirstPopulation(Pair pair, int weekdays, int
timetables) {
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List<Auditorium> auditoriums = auditoriumService.all();
List<Chromosome> chromosomes = new ArrayList<>();
for (Auditorium auditorium : auditoriums) {
for (int day = 1; day < (weekdays + 1); day++) {
for (int time = 1; time < (timetables + 1); time++) {
Chromosome chromosome = new Chromosome () ;
chromosome.setDay (day) ;
chromosome.setTime (time) ;

chromosome.setAuditorium(auditorium.getId () .intValue());
chromosomes.add (chromosome) ;

}

return chromosomes;
}
st 3pyanocTi po3po0ku peamizoBanuii kiaac Chromosome (noxatok /1), mo

MICTUTh 4 TmapaMeTpu: [eHb, Yac, ayJAuTOpis Ta 3MiHHA Uil 30epiraHHs
Ppe3yNbTaTIB OLiHKA 0co0H (iTHEC-PYHKLLIELD.

MonynAuifa ais mapu reHepyeThCs 3a MPUHIUIIOM MEPEOOPY BCiX JOCTYITHUX
BapiaHTIB PO3MIILCHHS 3 YpaXyBaHHSM JIHS THIXKHSI, ayTUTOPIi Ta 4yacy MpPOBEICHHS
napu. Ha 11boMy eTari 3aroBHIOIOTECS 3 i3 4 IOCTYIHUX MapaMeTpiB.

Jamni orpuMana nomymsiist oniHoeTbes pitHec-hyHKHieo (yuetuaTr 3.5). B
OCHOBI (DYHKIT JI@KHTh CHCTEMa OI[IHIOBaHHs OanamMu. 3a JIOTpUMaHHS
000B’SI3KOBUX BHUMOT 10 PO3KJIaay — BiJICYTHOCTI HAKIAIOK y 3B’S3Ii 3aHSITTS,
rpyma, ayIuTopis —10JaeThest 15 6amiB 10 SKOCTI.

Jns BpaxyBaHHS IOJATKOBUX BHUMOT BHKJIAZadiB, TPyH Ta IOUCLMIUIIH Ta
KOPEKTHOI poboTu ¢iTHEC-PYHKIIIT po3pobIieHo TabnuIo ooMexeHs (noaarox E).

Jlictunr 3.5 - OyHKIIS OLIHKY SKOCTI 0COOU MOTMYJIALT

public List<Chromosome> fitness (List<Chromosome> chromosomelList, Pair pair) {
List<Limitations> limitationsList =
limitationsService.getByLecturerOrSubjectOrGroups (pair.getLecturer(),
pair.getSubject (), pair.getGroups());

for (int i = 0; i < chromosomeList.size(); i++) {
List<Pair> lecturerPairsOnTimetable =
pairService.getByLecturerAndWeeksAndWeekdayAndTimetable
(pair.getlLecturer (), pair.getWeeks(),chromosomelList.get (i) .getDay(),
timetableService.one (chromosomelList.get (i) .getTime () .longValue()));
List<Pair> groupsPairsOnTimetable =
pairService.getByGroupsAndWeeksAndWeekdayAndTimetable (pair.getGroups (),
pair.getWeeks (), chromosomelList.get (i) .getDay(),
timetableService.one (chromosomelList.get (i) .getTime () .longValue()));
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List<Pair> auditoriumPairsOnTimetable =
pairService.getByAuditoriumAndiWeeksAndWeekdayAndTimetable
(pair.getAuditorium(), pair.getWeeks (), chromosomelist.get (i) .getDay/(),
timetableService.one (chromosomelList.get (i) .getTime () .longValue()));

chromosomeList.get (1) .setQuality(0);

if (lecturerPairsOnTimetable.size() == 0)

chromosomelList.get (i) .setQuality(chromosomelist.get (i) .getQuality() + 15);
if (groupsPairsOnTimetable.size() == 0)

chromosomelList.get (i) .setQuality(chromosomelist.get (i) .getQuality() + 15);
if (auditoriumPairsOnTimetable.size() == 0)

chromosomelList.get (i) .setQuality(chromosomelist.get (i) .getQuality() + 15);

for (Limitations limitations : limitationsList) ({

switch (limitations.getType()) {

case 1:

for (String str : limitations.getAcceptable().split(",")) {

if (chromosomelist.get (i) .getDay().equals(Integer.parselnt(str))) {

chromosomelList.get (i) .setQuality(chromosomelist.get (i) .getQuality() + 10);
}
}

break;

case 2:

for (String str : limitations.getAcceptable().split(",")) {

if (chromosomelist.get (i) .getTime () .equals (Integer.parselnt(str))) {

chromosomeList.get (i) .setQuality(chromosomeList.get (i) .getQuality() + 10);
}
}
break;
case 3:
for (String str : limitations.getAcceptable().split(",")) {
if (chromosomelList.get (i) .getAuditorium() .equals (Integer.parselnt(str))) {
chromosomelList.get (i) .setQuality(chromosomelist.get (i) .getQuality() + 10);

}
}

break;

}

returnchromosomelList;

}
[Tpu BuKOHaHHI KOKHOT 10JaTKOBOI BUMOTH PO3KJIa pomaersest 10 6amis.

Jauti monyJisiis MiagaeTbes celleKiii, y pe3yabrari AKOI 3anmimaetbes 25%
0Ci6. Bubip 3amiliCHIOETBCS 3a NPUHLUIOM «elitu3My». HacTymHum eramnom
BHUKOHYETHCSI OIepallisi KpOCOBEpa: BHIAIAKOBUM YHHOM 3JIHCHIOETHCS BUOIp 2
ocib ans cxpenryBaHHsa. CXpellyBaHHSI MOXKE TPOBOAUTUCH 32 KUIBKOMa TOYKAMH.
3a yMOBYaHHSM 3aCTOCOBYETHCS ONHOTOUYKOBE cxperryBaHHs. IIpukman ¢yHkmii
MIpeCTaBICHUH y JicTHHTY 3.6.

Jlictunr 3.6 — OyHKIs CXpeLlyBaHHs

public List<Chromosome> crossing(List<Chromosome> population) {
List<Chromosome> bestPopulation = new ArrayList<>();
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Integer bestPopulationsCount = Math.floorDiv((population.size() * 25),
100) ;
for (int i = 0; i < bestPopulationsCount; i++) {
Random random = new Random() ;
Chromosome firstChromosome =
population.get (random.nextInt (population.size()));
Chromosome secondChromosome =
population.get (random.nextInt (population.size()));
bestPopulation.add (new Chromosome (firstChromosome.getDay (),
secondChromosome.getTime (),
secondChromosome.getAuditorium()));
bestPopulation.add (new Chromosome (secondChromosome.getDay (),
firstChromosome.getTime (),
firstChromosome.getAuditorium())) ;

}

return bestPopulation;
}
OTpumaHi B pe3yJIbTaTi CXpEIlyBaHHS XPOMOCOMH OLIHIOIOThCS (hiTHEC-

GyHKII€0 1 IT0JarThCd y BUXIAHY NONyJsidiro. TakuM 4YHHOM, 31iHCHIOETHCS
TeHEepYBaHHs OJHOTO TMOKONIHHA. Y pa3i HeBnayioi reHepaiii momyJsiii MOXHa
3aCTOCOBYBATH MYTAllil0 Ui OTPUMAaHHS HOBHUX XPOMOCOM 1 SK HACHTiJOK
OTPUMYBATH HOBI BapiaHTH PO3MIIIEHHS MapH B CIiTI{ po3kiary. Jlami 3 momymsiil
BUOMPAETBCSI OAHA OCOOMHA, TEHM SKOI CTAlOTh MapaMeTpaMy IapH, LIO
PO3MILLLYETbCS.

Takum 4MHOM 3IIHCHIOETHCS ABTOMATUYHUI PO3IOALT Map y PO3KIIaL.

3.3 AHaJni3 IKOCTi ABTOMATHYHO 3T€HEPOBAHOI0 PO3KJIALY

3acTocyBaHHS TEHETHYHOTO aITOPUTMY 3aBIaHHA PO3POOKH MO
ABTOMATHYHOI I'eHepalil po3KiIaay IO3BOJMIO MPUCKOPHUTH i CIPOCTUTU MPOLEC
ckiafaHHsa po3kiaay. CKIaJeHuil MporpaMHAM MOJIYJIEM PO3KIal 3aJ0BOJIbHSIE
OCHOBHHMM BHUMOTaM: HaKJIAJKH y PO3KJali y BUKJIaaqiB, CTYICHTIB Ta ayJUTOPIii
BIJICYTHI; ay/IUTOPIii BiAMOBIIAIOTh TUITY 3aHSTh; KUIBKICTh Tap IIO/IHS BOMPAETHCS
Yy MaKCHUMAaJbHO JONMYCTHME 3HAYCHHS, BIAMOBIHO, BBAXATHMYThCS CKJIaJCHUM
PO3KIIaj PIBHOMIPHUM.

Takox Tpu po3moaiiai BpaxoBYBAJHMCS 1 M’sIKi OOMEXKEHHs: MOOa)KaHHs

BHUKJIaJ]a4iB IOJI0 TPOBEACHHA 3aHATh Y 3aJaHi JHI TIKHA Ta TOJIWHU,
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BHCTABIICHHS Map 10 ayAWTOPii BIAMOBIIHO 10 ii pexxumy poOoTH (3a moTpedu),
BUMOTH TUCIUILTIHU JIO ayJUTOPHOTO (HOHIY.

Y Xomi TecTyBaHHA IPOrPaMHOTO MOAYJS OyJi0 BHSBJICHO 3HA4HE
YIOBUTBHEHHST POOOTH aJrOpUTMYy Ha eTami OIIHKH 0coOM momyssiii ¢itHec-
QYHKUIELD.

[IpoBenenuit  ananiz pe3yibTaTiB pPOOOTH  PO3POOJICHOrO  MOJYJIS
aBTOMAaTHYHOI reHepalii po3kiany 103BoJisie€ c(hOPMYJIIIOBATH MEPENiK HEOOXiAHUX
pEeKOMEHAIi IS TiABUINEHHS ¢(PEKTUBHOCTI Ta SKOCT1 pO3KIAIY:

— Juis 30UTBLICHHS IIBUAKOCTI pOOOTH TEHETUYHOTO AJIrOPUTMY
JUIE MeXaHi3My ceJeKIil HeoOXiHO peami3yBaTH NIe KiuIbKa METOJIB
BiTOOpYy, KpIM METONy «ETTH3My», II0 BHKOPHCTOBYETHCSI HA JaHUH
MOMEHT;

— 30UIBIIEHHS KIIBKOCTI HAIAAKIB IK HACIIZAOK IIiBHILEHHS
SIKOCTI TOMmyJIsimii, o 3abe3nedye mepeOyBaHHS ONTHMAIBHOTO DPIlICHHS,
HEOOXIJJHO pearizyBaTi 0araToTOYKOBE CXPEIlyBaHHS,

— JUIsl  JIOCSITHEHHSI  YHIBEpPCaIbHOCTI 3aCTOCYBaHHS MOJYJIS
aBTOMaTH4YHOI TeHepauii po3KJaxy HEOOXiTHO pPO3pPOOUTH  MOIYJIb
KOH(iryparii, skuii JA03BONUTH KiHIeBOMYy KopucTyBadeBi HanairyBaTh
JIOJIaTOK 1111 oOMexxeHHs KoHKpeTHoro 3BO abo kadenpu;

— I01s 3py4YHOCTI Ta e()eKTHBHOCTI MOIYJA CKIaJaHHS PO3KIaLy
PO3pPOOUTH 1OJATKOBUI MOIYIb Ul KOPEKLii HaBYAIFHOTO HaBaHTAXKEHHS

BUKJladauiB.

BucnoBku 10 po3ainy 3
VY mpoueci po3poOKu cUCTEMHU CKIIaJaHHS PO3KIaLy 3aHATh OyJI0 BUBYEHO Ta
3aCTOCOBAHO CyYacHI MYJIbTHUIUIAT(OPMHI TEXHOJOTII MpOorpaMyBaHHS Ha OCHOBI

MoBH Java. CripoekToBaHo 0a3y aaHux Jjisl 30epiranHs iHpopmarii. PeanizoBaHo

MOJlyJIb aBTOMAaTHYHOI TeHepalii Ta pO3MOAUTy Hap Ha OCHOBI T'€HETHYHOTO
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QITOPUTMY 3 YPaxyBaHHIM KOPCTKUX Ta M’SIKMX BHUMOT, IIIO MpPEe] SBISIOTHCS 10
po3Knaay.

[Iporpamuuii MOIyJb ABTOMATHYHOI TeHepailii MOKe OYTH BUKOPHCTaHHUN
JUI CKIIaJiaHHs po3kiaay 3aHsaTh B okpemomy 3BO. Cepen mepeBar Mo)KHA
Ha3BaTH MOXKIJIUBICTh TeHEpalii MPUAHATHAX BapiaHTIB pPO3KIAAy 3 MepiIoi
iTepauil.

B anropurmi nepeabavyeHa MOXJIMBICTH 3HAUYHOTO MOKPAIICHHS PO3KIAIY
3aBASKH JIOMAHHIO JIOJJATKOBUX KPUTEpiiB OI[IHKA CBOOOAM Ta SKOCTI
pO3TalllyBaHHS 3aHSTh y PO3KIIAI.

HasBHicTh MexaHi3My OOJIKY JOJAaTKOBMX BHMOT Ja€ 3MOTY ITiJBHIYBAaTH
SIKICTD TIOMYJTALIT Ta pe3yNbTaTiB MOUIYKY ONTHMAIBHOTO PILIEHHS 3arajloM.

3acTocyBaHHSI HAJIALITOBAHUX KOEQIIIEHTIB J03BOJIMTH 3POOHMTH JOJATOK
THYYKHM Ta JICTKO a/IalTOBAHKM ITi]] BAMOTH HABYAJLHOTO 3aKJIaJy.

BuxopucTaHHS TEHETUYHOTO AITOPUTMY B CHCTEMI CKJIQJaHHS PO3KIATY

MOJKe 3HaYHO MOKPAIIHUTH SIKICTh PO3KIAJY, 10 CKJIAIA€ThCA.

Matches Quotes References F Ignoredtext A Replacement Comments


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

BNCHOBKU

VY kBamidikamiifHiii poOOTI MPOBENEHO MOCITIDKEHHS CTaHy Mpo0ieMu
CKJIQIaHHA po3Kiany 3aHiTh y 3BO, sike mokasaio, 1110, He3BaXKaloun Ha YUCICHH]
JIOCITIJDKEHHS Ha 10 TEMY, JI0Ci He ICHY€ YHIBepCaJIbHUX IMPOTPaMHHX PIIIeHb, 110
JIO3BOJISIFOTh BPaXOBYBATH YUCIICHHI 30BHIIIHI YUHHUKU JTOBKIJUIS Ta 0COOIHUBOCTI
OCBITHIX 3akJa/iiB. BapTo BiZ3HAYKTH, 110 OUIBIIICTH MPOrPaMHOTO 3a0e3MeueHHs,
IO MPOTIOHYETHCS HA PUHKY, € TUIATHUM 1 Ma€ JOCUTh BUCOKY BapTiCTh.

Ha nanuii MOMEHT po3po0JieHO HAIiBaBTOMATU4YHI Ta aBTOMATHU4HI 3aCO0H,
SIK1 3]IaTHI TEeHEPYBATH SIKICHUHN PO3KIIa, aje 3a iZieaJbHuX yMOB.

Hacamnepep mnani mnporpamHi MOAyli He JOMYCKAalOTh BHHUKHEHHS
HAKJIaJIOK Y PO3KJIajl BUKJIAJauiB Ta Py, MPH [[bOMY aBTOMAaTHYHE PO3MILICHHS
rap B ayIUTOpii y OLIBIIOCTI pillleHb He nepeadavdeHo i JaHa Jisl MOKIaJaeThCs Ha
aucneTyepa.

VY nporpaMHHUX HPOAYKTaX, 110 IepeadadaroTb MOXKIMBICT aBTOMaTHYHOTO
PO3MIIICHHS TIap B ayAWTOpii, BUCTABJICHI JXOPCTKI OOMEXKCHHS, IO HE
JO3BOJISIFOTh Y JCAKHAX BUITaJKaX MOBHOLIHHO BUKOPUCTOBYBATH 110 (DyHKIIIIO.

Taxkox BEIMYE3HUM HEIOJIIKOM MOKHAa BBaXKATH HEMOXJIMBICTH 3aIaTH
TOYHUH rpadik poOOTH BHKJIAadiB, SKI MPALIOIOTH 33 CYMICHUIITBOM: € JIHIIE
BKa3aTH J(HI THKHA.

Omnucani y nepiiomMy po3iii npeaMeTHa 00J1acTh Ta BUMOTH JI0 PO3KJIay, a
TaKOXX Pe3yJIbTaTH aHaIi3y ICHYIOYOrO MPOrPaMHOTO 3a0E3MEYEHHS 03BOJIHIH
pO3poOUTH MaTeMaTH4YHY MOJENb PO3Kiamy. Y KOHTEKCTI JaHol Mojeni Oymu
BHUsIBJICHI 000B’SI3KOBI Ta J10/1aTKOBI 0OMeKeHHS UIsl JOPMYBaHHS CITKH PO3KIATy
3aHATH, a CaMe: BIACYTHICTh HAKJIAIOK, PO3MIIIEHHS TPYI B ayAUTOpii, BUKOHAHHS
KUTBKICHMX HOPM 3aHSTh Ha JIEHb Ta, BIIMOBIAHO, O0JIK 1M00akaHb BHKJIA/IAYiB,
JOTPUMAaHHS JIOT1YHOI TOCHIJJOBHOCTI PO3MIIIEHHSI Map OCBITHROTO KOMIIOHEHTa
TOLWO.

[IpoBeneHe AOCIiIKEHHSI METO/IIB Ta AJITOPUTMIB, 1110 3aCTOCOBYIOTHCS MIPU

ABTOMATHU3AIli{, BUSBUIIO X CHJIBHI Ta CIIA0Ki CTOPOHHU.
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Po3rnsan ocHOBHUX HpoOJieM aBTOMAaTu3alii MpoLecy CKIaJaHHSA PO3KIamy
JIO3BOJIMB 3JIICHUTH BHOIp ONTUMAJIBHOTO aJITOPUTMY Ha BUPILICHHS MOCTABICHOT
3ajaui. J{7st po3poOKK BIACHOTO aBTOMATH30BAHOTO MOJYJIsl T€Hepallil po3KiIaLy
OyJi0 00paHO TeHETUYHU alNrOPUTM.

Ha ocHOBI mpoBeJCHUX TOCITIKEHb JUTS KOJIYBaHHS HMPOrPAMHOTO MOJIYJIS
OyJl0 BHBYEHO Ta 3aCTOCOBAaHO CYYacHiI TEXHOJOTii pPO3pPOOKH, CHPOEKTOBAHO
cxoBuille iHQopMmalii, SIK anropuTM aBTOMATH3allil TeHepalil po3KJIaxy
peai3oBaHO TeHETUYHHI alNrOPUTM.

AHauni3 pe3ysbTaTiB poOOTH MPOrPaMHOTO MOJIYJIS MiJTBEPAHUB MPAKTHYHY
3Ha4ymicTe jgociimkenHs. CkiamaHHA pO3KJIaay 3aHATh 3a JIOTIOMOIOI0
ABTOMaTHYHOTO TPOTPAMHOTO MOJYJS TeHepalii 3OICHIOETBCS TMPOTATOM
JIeKUIKOX XBWJIMH, 110 B TMOPIBHSHHI 3 PY4YHMM CKJIAJAaHHSIM, [IBUALIEC Ta
edeKTuMBHiILLE.

ABTOMATHYHE PO3MIIICHHS 3aHATh 3 AYJAUTOPIH JIO3BOJUIO 3BUIBHUTH Bij
JIOJIATKOBOTO HABaHTa)KEHHS JucIeTdepa, a oOnik rpadika poOOTH BHUKIAIAviB,
BUMOT JUCUHWIUIIHU JI0 ayAWTOpPid MO3BOJIIO OifbII pamioHaJbHO Ta SKICHO
re’epyBaTu poskiaj. [Ipore, 3aUINAIOTHCS HEBUPILICHUMHE [TPOOIeMH MiHIMI3arlii
BIKOH y CTYJEHTIB Ta BUKJaJadiB. TakoXk iCHylo4a Bepcisl siipa TEHETHYHOTO
ITOPUTMY HE € 1JIeasTbHOI0 1 BUMarae MOJEpHi3amii Ta ONTUMI3alliil BiAOBIIHO 10
MPAaKTHYHUX PEKOMEHIAMii.

3acTocyBaHHS JOJATKOBUX KOH(irypauidHux HanOynoB, Koe(ilieHTiB Ta
METOZIB BigOOpy O0COOWMH Uil auropuTMy 3pOoOWTH CTBOPEHHWH IPOrpaMHHMN
NPOYKT THYYKHMM Ta JIETKO aJaNTOBAHKUM JI0 30BHILIHIX yMOB, 60 Moxe cTBOpHTH
PO3KJIaJ BiAMNOBIIHO 10 06paHUX KOPUCTyBayaMu KPUTEPIAMN.

MonynpHa peanizarist po3po0IeHO] CHCTEMH aBTOMAaTH30BAHOTO CKJIATaHHS
pO3KJaAy 'y CTPYKTypl 3arajibHOi aBTOMAaTH30BaHOI CHCTEMH  BEJCHHS
JIOKYMEHTOO00ITy 3a0e3leuye MOJMJIMBICTh IICHTPaJIi30BaHOTO BHKOPHCTaHHS 0a3
JAHUX Ta BIPOBA/DKEHHS 3arajibHOT MOJITHKH 3aXUCTy 1H(POPMALIHHOTO

3a0e31eYeHHs CUCTEMU.

Matches Quotes References 3 Ignoredtext A Replacement Comments


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

CIIUCOK BUKOPUCTAHUX JKEPEJI

1. PATAT Conferences. URL: https://patatconference.org .

2. CHuTiOK B.E. Cinko €.H. NMpo ocobnmneocTi dopMyBaHHS LiiIbOBOI
hyHKUIi Ta o6Me>XKeHb B 3afayi CKNadaHHA po3kaay 3aHAaTb/MaTeMaTUYHI
MaLUNHW | cncTemu, 2014. Ne 3. C. 67-76.

3. TomaweBcbkuint B.M., HoBikoB KO.J1., KamiHcbKa lM.A.
CknagaHHSA po3knaaiB3aHATb Y ANCTAHUINHUX CUCTeMax HaBYaHHS // BicHnK
HTYY «KIl» IHhbopMmaTuKa, ynpaBiiHHA Ta ob64uMcaoBanbHa TeXHiKa, 2010.
No. 52. C. 118-130.

4. Bania Kumar Rubul, Duarah, Pinkey. Exam Time Table
Scheduling using Graph Coloring Approach // International Journal of
Computer Sciences and Engineering, 2018. Ne6. Pp. 84-93.

5. Jha S.K. Exam Timetabling Problem using Genetic algorithm //

International Journal of Research in Engineering and Technology. 2014.
Vol.3, Ne5, Pp. 649-655.

6. ActaxoBa U.®., Dupac A.M. CocTaBieHne paciucanus yueOHbIX
3aHATUI Ha OCHOBE reHeTudeckoro anroputma // Becrnuk BIY, cepwus:
CucremHBIH aHanu3 1 nH(GopManronHble TexHomoruu. 2013. Ne 2. C. 93-99.

7. lOpuak L1.}O., MockoBuu T.P. JlocnmipkeHHS Te€HETUYHUX
ANropuTMiB Ta iX 3aCTOCYBAHHSA IXHbOr0 B aBTOMaTU30BaHIi CUCTEMI
po3MnoAiNly HaBaHTa)XeHHS A4 Bukiagayis i crygenTiB.  URL:
http://eom.Ip.edu.ua/sntk/doc/ksm2018/moskovytch.pdf.

8. Leite Nuno, Melicio Fernando, Rosa Agostinho. A fast simulated
annealing algorithm for the examination timetabling problem // Expert
Systems with Applications,2018. Vol. 122.

9. l'ycenH A. Pa3paboTka MexaHn3Ma NHTEeNNIEKTYasIbHOro
yNnpaBJZIEHNA OTHOIICHUSIMHU «CTYACHT-IPEIOAABATE/Ib) B IIPOCTPAHCTBE
BHPTYaJbHOTO 00pa3oBanus ¢ MPUMEHEHNEM HENPOHHBIX CceTen // Open
education. V. 22. Ne 5. 2018. Pp. 94-103.

Matches Quotes References F Ignored text Replacement Comments

Sources on this page: 1, 3, 11, 20-22


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

10. Thepphakorn T, Pongcharoen P, Hicks C. An ant colony based
timetabling tool // International Journal of Production Economics, 2014, Ne
149(3). C. 131-144.

11. Verma O.P., Garg. R., Bisht V.S., Optimal Time-Table Generation
by Hybridized Bacterial Foraging and Genetic Algorithm // Proceedings of
International Conference on Communication Systems and Network
Technologies (CSNT*“12), (2012), Pp. 919-923.

12.ITC 2019: International Timetabling Competition. URL:
https://www.itc2019.org/home.

13. Cucrema s cknananas poskinanis y 3BO. URL: https://osvita.
ua/vnz/53319/

14. MynsaBa |.4. Cuctema ¢hopMyBaHHS pPO3Kaay HaB4asIbHOro
3aHATb 3 BUKOPUCTaHHAM Ccy6’eKTUBHUX NepeBar / Mi>kHapoagHWi
HayKoBU XXypHan, 2016.Ne 7. C. 22-27.

15. Narowa B.A., NMeTponasnosckas A.B. Komnnekc mogenen n
METOLOB oNTUMU3AIMK ONKCAHUs 3aHATHUA B By3e // DKOHOMHKA U
MaTtemaThueckue Metoabl, 1993. Ne 4. C. 48-56.

16. be3srnHos, A.H Tpery6os C.10. O630p cymecTByromux METOL,0B
COCTaBNEHMNA paCnNNCaHN // UapopMalMOHHBle  TEXHOJOTHM B
NPOrpaMMMpPOBaHNN: MexBY3. 6. CT. 2005. Bein. 2(14). C.5-19.

17. bonko O.M. EBositoLinHa TEXHOJI0r A pO3B’A3yBaHHA 3anadi
CKMafaHHSA PO3KaAiB HaBuanbHux 3auath // LUTYYHUN iHTENneKT. 2006. Ne 3.
C. 341-348.

18. Blum C. Ant colony optimization: Introduction and recent trends //
Physics of Life Reviews 2, 2005. C. 353-373.

19. XKyxoBa M.IO., Amp-I'abpu B.M. ABromarmsamus mOCTpOCHHSA
pacnncaHmAa sK3aMeHoB BY3a c ucnosnb3oBaHNEM FreHETNYECKOro
anropuTtMa // UH>XeHepHbIN Bectauk Jlona, 2017. Ne3.

20. Skakalina E. 3aCTOCYyBaHHSA MypalUVUHUX aJIrOPUTMIB B pilLeHHi

Matches Quotes References F Ignored text Replacement Comments

Sources on this page: 1, 3,17
Quotes on this page: 1


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

3adavi MapwpyTtusauii / Cuctemm ynpaBniHHA, HaBirauii Ta 38’ a3Ky.
36ipHUK HayKoBKX NpaLlb, 2019. T. 6 (58). C. 75-83.

21. JlecHik C.B., Xv>xHAK T.A. 3acToCyBaHHSA MeToAY NiHINHOI
3ropTKU ONd Bubopy Jpkepena  anbrepHaTuBHOI  eHeprii. URL:
http://elc.kpi.ua/old/article/download/ 158162/187431 .

22. Yerenko C.B., Bioko O.0. BukopuctanHs METOAy MYpamuHol
KOJIOHIT /U151 pO3B’ sI3aHHs oNTHMI3aliiHuX 3anayu // HaykoBwuii Bicauk HIITY
Vxpainu. Bum. 25.3, 2015. C. 351-359.

23. Apache Maven / Wikipedia. 2017. URL:
https://ru.wikipedia.org/wiki/Apache Maven.

24. Spring. JPA Repositories. Reference Documentation // Spring.
2019. URL: http://docs.spring.io/ spring-
data/jpa/docs/1.4.2.RELEASE/reference/html/jpa.repositories.html.

25. Spring Data JPA. Query methods // Spring. 2019. URL:
https://docs.spring.io/spring-
data/jpa/docs/current/reference/html/#repositories.query-methods.

26. LombokDemo // Lombok. 2019. URL: https://projectlombok.org.

27. Flyway. Get started  // Flyway. 2019. URL:
https://flywaydb.org/getstarted/.

28. Spring Framework /! Wikipedia. 2014. URL:
https://ru.wikipedia.org/wiki/Spring_Framework.

29. Hibernate /! Wikipedia. 2017. URL:
https://ru.wikipedia.org/wiki/Hibernate (6nbnnoteka).

30. Angular. Architecture overview // Angular. 2019. URL:
https://angular.io/guide/architecture.

31. Swagger. Create great API documentation // Swagger. 2019. URL:

https://swagger.io/solutions/api-documentation.

Matches Quotes References F Ignoredtext A Replacement Comments

Sources on this page: 23


https://unicheck.com

File name: CmariHa gunsom File ID: 1013284024

JTOJATOK A
KoHcpirypauinHnm pann NpoeKTY - pom.xml

<?xmlversion="1.0" encoding="UTF-8"?>
<projectxmlns="http://maven.apache.org/POM/4.0.0"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://maven.apache.org/POM/4.0.0
http://maven.apache.org/xsd/maven-4.0.0.xsd">
<modelVersion>4.0.0</modelVersion>

<parent>

<groupId>org.springframework.boot</groupld>
<artifactId>spring-boot-starter-parent</artifactId>
<version>2.1.4.RELEASE</version>

<relativePath/></-- look )
</parent>
<groupId>edu.its</groupId>
<artifactId>schedule</artifactId>
<version>0.0.1-SNAPSHOT</version>
<name>schedule-api</name>

<description>REST API for Schedule</description>

<properties>
<java.version>1.8</java.version>
</properties>

<dependencies>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>

<dependency>
<groupld>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.hibernate</groupId>
<artifactId>hibernate-core</artifactId>
<version>5.4.2.Final</version>
</dependency>

<dependency>
<groupId>org.postgresgl</groupId>
<artifactId>postgresqgl</artifactId>
<version>9.4-1206-jdbc42</version>
<scope>runtime</scope>
</dependency>

<dependency>

<groupId>org. flywaydb</groupId>
<artifactId>flyway-core</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupld>
<artifactId>spring-boot-starter-data-jpa</artifactId>
<version>2.1.4.RELEASE</version>

</dependency>
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<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<optional>true</optional>
</dependency>

<dependency>
<groupId>io.springfox</groupId>
<artifactId>springfox-swagger2</artifactId>
<version>2.9.2</version>

</dependency>

</dependencies>

<build>

<plugins>

<plugin>
<groupId>org.springframework.boot</groupld>
<artifactId>spring-boot-maven-plugin</artifactId>
</plugin>

<plugin>

<groupId>org. flywaydb</groupId>
<artifactId>flyway-maven-plugin</artifactId>
<version>5.2.4</version>

</plugin>

<plugin>

<groupId>com.googlecode. flyway</groupId>
<artifactId>flyway-maven-plugin</artifactId>
<version>1.5</version>

</plugin>

</plugins>

</build>

</project>
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OOJATOK b

Cxema 0a3u JaHUX CHCTEMH CKJIAJaHHS PO3KJIALy 3aHITh
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SQL-ckpunT renepauii 6a3u nanux aius Flyway

CREATE TABLE users

(

id SERIAL PRIMARY KEY,
surname VARCHAR (255),
name VARCHAR (255),
patronymic VARCHAR (255),
email VARCHAR (255),
password VARCHAR (255)

)i

CREATE TABLE auditorium
(

id SERIAL PRIMARY KEY,
faculty id BIGINT,
title VARCHAR (255),
number VARCHAR (255),
quantity INTEGER

)i

CREATE TABLE auditorium features
(

id SERIAL PRIMARY KEY,
auditorium id BIGINT,
features id BIGINT,
title VARCHAR (255),
quantity INTEGER

CREATE TABLE cathedra

(

id SERIAL PRIMARY KEY,
faculty id BIGINT,

code INTEGER,

title VARCHAR(255)

)i

CREATE TABLE cathedra subjects
(

cathedra_id BIGINT NOT NULL,
subject_id BIGINT NOT NULL
);

CREATE TABLE curriculum

(

id SERIAL PRIMARY KEY,
speciality id BIGINT,

begin INTEGER

)i

CREATE TABLE faculty

(

id SERIAL PRIMARY KEY,
code INTEGER,

title VARCHAR(255)

)i

CREATE TABLE features

(

id SERIAL PRIMARY KEY,
title VARCHAR(255),
description VARCHAR (255)

CREATE TABLE graph

(

id SERIAL PRIMARY KEY,
curriculum_id BIGINT,
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control_week INTEGER,
education_practice INTEGER,
gia INTEGER,

holidays INTEGER,

theory INTEGER,

total study_ weeks INTEGER,
total weeks INTEGER,
work_Eractice INTEGER

)i

CREATE TABLE groups

(

id SERIAL PRIMARY KEY,
speciality id BIGINT,
curriculum id BIGINT,
title VARCHAR(255),

type VARCHAR (255)

)i

CREATE TABLE lecturer

(

id SERIAL PRIMARY KEY,
surname VARCHAR (255),

name VARCHAR (255),
patronymic VARCHAR (255),
specialization VARCHAR (255)
)i

CREATE TABLE pair

(

id SERIAL PRIMARY KEY,
weeks_id BIGINT,
subject_id BIGINT,
lecturer_id BIGINT,
groups_id BIGINT,
auditorium_ id BIGINT,
timetable_id BIGINT,
date TIMESTAMP,

type VARCHAR (255)

)i

CREATE TABLE speciality

(

id SERIAL PRIMARY KEY,
cathedra_id BIGINT,
code VARCHAR (255),
title VARCHAR (255)

)i

CREATE TABLE student

(

id SERIAL PRIMARY KEY,
groups_id BIGINT,
surname VARCHAR (255),
name VARCHAR (255),
patronymic VARCHAR (255)
)i

CREATE TABLE subject

(

id SERIAL PRIMARY KEY,
curriculum_ id BIGINT,
subject_id BIGINT,

title VARCHAR(255),
semester INTEGER,
lection_hours INTEGER,
lab_hours INTEGER,
practical_hours INTEGER,
selfstudy_hours INTEGER,
individual_hours INTEGER,
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total hours INTEGER

)i

CREATE TABLE timetable
(

id SERIAL PRIMARY KEY,
start TIME,

finish TIME

)i

CREATE TABLE weeks

(

id SERIAL PRIMARY KEY,

graph id BIGINT,

number INTEGER,

type VARCHAR (255),

start TIMESTAMP,

finish TIMESTAMP

)i

ALTER TABLE auditorium ADD FOREIGN KEY (faculty_id) REFERENCES faculty (id);
ALTER TABLE auditorium features ADD FOREIGN KEY (auditorium id) REFERENCES
auditorium (id); B -

ALTER TABLE auditorium features ADD FOREIGN KEY (features id) REFERENCES
features (id); B -

ALTER TABLE cathedra ADD FOREIGN KEY (faculty id) REFERENCES faculty (id);
ALTER TABLE cathedra subjects ADD FOREIGN KEY_(cathedra id) REFERENCES
cathedra (id); - -

ALTER TABLE cathedra_ subjects ADD FOREIGN KEY (subject_ id) REFERENCES subject
(id) ;

ALTER TABLE curriculum ADD FOREIGN KEY (speciality id) REFERENCES speciality
(id) ;

ALTER TABLE graph ADD FOREIGN KEY (curriculum_ id) REFERENCES curriculum (id);
ALTER TABLE groups ADD FOREIGN KEY (curriculum_id) REFERENCES curriculum
(id) ;

ALTER TABLE groups ADD FOREIGN KEY (speciality_ id) REFERENCES speciality
(id) ;

ALTER TABLE pair ADD FOREIGN KEY (subject id) REFERENCES subject (id);
ALTER TABLE pair ADD FOREIGN KEY (lecture; id) REFERENCES lecturer (id);
ALTER TABLE pair ADD FOREIGN KEY (auditoriﬁm_id) REFERENCES auditorium (id);
ALTER TABLE pair ADD FOREIGN KEY (groups id) REFERENCES groups (id);

ALTER TABLE pair ADD FOREIGN KEY (timetasle id) REFERENCES timetable (id);
ALTER TABLE pair ADD FOREIGN KEY (weeks_id)_REFERENCES weeks (id);

ALTER TABLE speciality ADD FOREIGN KEY (cathedra id) REFERENCES cathedra
(id) ;

ALTER TABLE student ADD FOREIGN KEY (groups_id) REFERENCES groups (id);
ALTER TABLE subject ADD FOREIGN KEY (curriculum_id) REFERENCES curriculum
(id);

ALTER TABLE subject ADD FOREIGN KEY (subject id) REFERENCES subject (id);
ALTER TABLE weeks ADD FOREIGN KEY (graph id) REFERENCES graph (id);
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JOJTATOK I

Kon moaedi cyrHocrti «[Tapa» — Pair.java

package edu.its.schedule.models;

import com.fasterxml.jackson.annotation.JsonBackReference;
import lombok.Data;

import javax.persistence.*;
import java.io.Serializable;
import java.util.Date;
import java.util.Objects;

@Data
@Entity(name = "pair")
@Table (name = "pair")

public class Pair implements Serializable {

@Id
@GeneratedValue (strategy = GenerationType.IDENTITY)
private Long id;

@Column (name = "date")
private Date date;

@Column (name = "weekday")
private Integer weekday;

@ManyToOne (fetch = FetchType.LAZY)

@JoinColumn (name = "groups_id", foreignKey = (@ForeignKey(name =
"GROUPS_ID_FK"))

@JsonBackReference

private Groups groups;

@ManyToOne (fetch FetchType.LAZY)

@JoinColumn (name = "lecturer id", foreignKey = @ForeignKey (name =
"lecturer_ID_FK"))

@JsonBackReference

private Lecturer lecturer;

@ManyToOne (fetch = FetchType.LAZY)

@JoinColumn (name = "subject id", foreignKey = (@ForeignKey (name =
"SUBJECT_ID_FK"))

@JsonBackReference

private Subject subject;

@ManyToOne (fetch = FetchType.LAZY)

@JoinColumn (name = "load types_id", foreignKey = @ForeignKey(name =
"load_types_ID FK"))

@JsonBackReference

private LoadTypes loadTypes;

@ManyToOne (fetch = FetchType.LAZY)

@JoinColumn (name = "auditorium_id", foreignKey = @ForeignKey(name =
"AUDITORIUM ID FK"))

@JsonBackReference

private Auditorium auditorium;

@ManyToOne (fetch = FetchType.LAZY)
@JoinColumn (name = "timetable_id", foreignKey = @ForeignKey(name =
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"TIMETABLE_ID FK"))
@JsonBackReference
private Timetable timetable;

@ManyToOne (fetch = FetchType.LAZY)

@JoinColumn (name = "weeks_id", foreignKey = (ForeignKey (name =
"WEEKS_ID_FK"))

@JsonBackReference

private Weeks weeks;

public Long getId() {
return id;

}

public void setId(Long id) {
this.id = id;
}

public Date getDate() {
return date;
}

public void setDate (Date date) {
this.date = date;

}

public Integer getWeekday() {
return weekday;

}

public void setWeekday (Integer weekday) {
this.weekday = weekday;
}

public Groups getGroups() {
return groups;

}

public void setGroups (Groups groups) {
this.groups = groups;
}

public Lecturer getLecturer() {
return lecturer;
}

public void setlLecturer (Lecturer lecturer) {
this.lecturer = lecturer;

}

public Subject getSubject() {
return subject;

}

public void setSubject (Subject subject) {
this.subject = subject;
}

public LoadTypes getLoadTypes () {
return loadTypes;

}

public void setLoadTypes (LoadTypes loadTypes) {
this.loadTypes = loadTypes;
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}

public Auditorium getAuditorium() {
return auditorium;

}

public void setAuditorium(Auditorium auditorium) {

this.auditorium = auditorium;

}

public Timetable getTimetable () {
return timetable;

}

public void setTimetable (Timetable timetable) {
this.timetable = timetable;
}

public Weeks getWeeks () {
return weeks;

}

public void setWeeks (Weeks weeks) {
this.weeks = weeks;

}

@Override

public boolean equals (Object o) {

if (this == o) return true;

if (! (o instanceof Pair)) return false;

Pair pair = (Pair) o;

return Objects.equals(getDate (), pair.getDate()) &&
Objects.equals(getGroups (), pair.getGroups/())
Objects.equals(getLecturer (), pair.getlLecturer()) &&
Objects.equals(getSubject (), pair.getSubject())
Objects.equals(getLoadTypes (), pair.getLoadTypes()) &&
Objects.equals(getWeekday (), pair.getWeekday()):;

}
@Override

public String toString() {
return "Pair{" +
"id=" + id +
", date=" + date +
", groups=" + groups +
", lecturer=" + lecturer +
", subject=" + subject +
", loadTypes=" + loadTypes +
", auditorium=" + auditorium +
", timetable=" + timetable +
", weeks=" + weeks +
", weekday=" + weekday +
"1

}

@Override
public int hashCode () {

return Objects.hash(getDate (), getGroups (), getlecturer(),

getLoadTypes (), getWeekday());
}

}
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Kon knaca Chromosome.java

package edu.its.schedule.models;
public class Chromosome {

private Integer day;
private Integer time;

private Integer auditorium;

private Integer quality;
public Integer getDay ()

return day;

}

{

public void setDay(Integer day) {

this.day = day;
}

public Integer getTime ()

return time;

}

{

public void setTime (Integer time) {

this.time = time;

}

public Integer getAuditorium() {

return auditorium;

}

public void setAuditorium(Integer auditorium) {
this.auditorium = auditorium;

}

public Integer getQuality() {

return quality;
}

public void setQuality(Integer quality) {

this.quality = quality;

}

public Chromosome ()
}

public Chromosome (Integer day,

this.day = day;
this.time = time;

Integer time, Integer auditorium)

this.auditorium = auditorium;

}

public Chromosome (Integer day,

quality) {
this.day = day;
this.time = time;

Integer time, Integer auditorium,

this.auditorium = auditorium;

this.quality = quality;

}
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OOJATOK E

Kog mogeni Tabnuui obme)keHb Limitations.java

package edu.its.schedule.models;

import
import

import
import
import
import
import
import

Vil

com. fasterxml.jackson.annotation.JsonBackReference;

lombok.Data;

javax.persistence.*;
io.Serializable;
util.ArrayList;
util.Arrays;
util.List;
util.Objects;

java.
java.

java.
java.
Jjava.

* Created by valerija on 26.02.19.

/
*/

@Data

@Entity (name

@Table (name

Q@Id

= "limitations")
= "limitations")
public class Limitations implements Serializable {

@GeneratedValue (strategy =
private Long id;

@Column (name

@Column (name

@Column (name
private String

@Column (name
private String

= "type")
private Integer type;

= "name")
private String name;

= "acceptable")

acceptable;

= "unacceptable")

@ManyToOne (fetch =
@JoinColumn
"GROUPS_ID_FK"))

@JsonBackReference
private Groups groups;

(name =

@ManyToOne (fetch =
@JoinColumn (name =
"lecturer_ ID FK"))
@JsonBackReference

private Lecturer

@ManyToOne (fetch =
@JoinColumn (name =
"SUBJECT_ID_FK"))

@JsonBackReference
private Subject subject;

unacceptable;

GenerationType . IDENTITY)

FetchType.LAZY)
foreignKey = (@ForeignKey (name =

"groups_id",

FetchType.LAZY)

"lecturer_id",

lecturer;

FetchType.LAZY)

"subject_id",

public Limitations () {

}
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public Limitations (Integer type,
Groups groups,

unacceptable,
this.type = type;
this.name = name;

String name,
Lecturer lecturer,

this.acceptable = acceptable;

this.unacceptable =

unacceptable;

this.groups = groups;
this.lecturer = lecturer;
this.subject = subject;

}

public Long getId()
return id;

}

{

public void setId(Long id) {

this.id = id;
}

public Integer getType() {

return type;

}

public void setType (Integer type) {

this.type = type;
}

public String getName () {

return name;

}

public void setName (String name) {

this.name = name;

}

public String getAcceptable() {

return acceptable;
}

public void setAcceptable(String acceptable) {
this.acceptable = acceptable;

}

public String getUnacceptable() {

return unacceptable;

}

public void setUnacceptable (String unacceptable) {

this.unacceptable =

}

unacceptable;

public Groups getGroups () {

return groups;

}

public void setGroups (Groups groups) {
this.groups = groups;

}

public Lecturer getLecturer() {

return lecturer;

}

public void setLecturer (Lecturer lecturer) ({
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this.lecturer = lecturer;

}

public Subject getSubject() {
return subject;

}

public void setSubject (Subject subject) {
this.subject = subject;
}

@Override

public boolean equals (Object o) {

if (this == o) return true;

if (! (o instanceof Limitations)) return false;

Limitations that = (Limitations) o;

return getType () .equals (that.getType()) &&
getName () .equals (that.getName()) &&
Objects.equals(getAcceptable(), that.getAcceptable()) &&
Objects.equals(getUnacceptable (), that.getUnacceptable()) &&
Objects.equals(getGroups (), that.getGroups()) &&
Objects.equals(getLecturer (), that.getlLecturer()) &&
Objects.equals(getSubject (), that.getSubject());

}
@Override

public int hashCode () {
return Objects.hash(getType (), getName ()

, getAcceptable (), getUnacceptable(),
getGroups (), getLecturer(), getSubject());
}

@Override

public String toString() {
return "Limitations{" +
"id=" + id +

", type=" + type +

", name='" + name + '\'' +
", acceptable='" + acceptable + '\'' +
", unacceptable='" + unacceptable + '\'' +
"}
}
}
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