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Pe3rome: V pobomi pozensanymo 00ceio po3pobnenns erekmporno2o niopyunuka “Ocnoeu meopii enekmpoHHux Kin'.
Iodano ronyenyiro, npuHyunu po3poOieHHs eeKMPOHHO20 NIOPYUHUKA. [OKIAOHO ONUCAHO NPOoYedypy NepesipKu ma
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Abstract: The paper presents the experience of developing electronic textbook “Fundamentals of the theory of
electronic circuits”. The concept and development principles of electronic textbook are discussed. The procedure of
knowledge control and evaluation is described in details.. The algorithm of automatic control the test tasks with
possibilities of entering mathematical expressions is developed.
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BCTYN BUJUIMTH OKpeMi CjioBa 4 (pa3d KOJIbOPOM i
¢boHOM, MO0 TOKpallye HAOYHICTh, JO3BOJISE
aKIIEHTYBATH yBary Ha TOJIOBHOMY.

2. Taki HiAPYYHHKH IMOBHHHI MICTUTH BEIUKY
KUIBKICT ~ UTIOCTpaTUBHOTO  Marepiamy. s
oOMexeHHs 00csry miapydJHuKa (po3Mipy ¢aiinis) i,
BIJIITOBITHO, MOKJIMBOCTI KOTO BHUKOPHCTAHHA Ha
IMTUPOKOMY  CHEKTpi  KOMIT'IOTEpiB,  AOIIILHO
BUKOPHCTaHHS yIakoBaHUX (opmMaTiB TrpadidHnx
¢aiinis (GIF, JPEG Ta in).

3. BuxopucrtanHsi BifgeopparMeHTIB Ja€ 3MOTY
nepegaTH B JUHAMINI  TPOIECH 1 SIBUINA.
HesBakaroun Ha  BeNmWKI  po3Mipu  (Qailiis,
3aCTOCOBYBATH iX MOIIBHO, OCKUIBKH CIIPUAHATTS i
3al[iKaBIEHICTb CTYIEHTIB MigBHILYIOTBCH 1, SK
HACJIIJIOK, MOJIIIIIYEThCS SIKICTh 3HAHb.

EnexTpoHHW#i MmIpyYHUK — KOMII FOTCPHHUH,
MearoTiYHuid TpOTrpaMHUN 3aci®, MpuU3HAYeHUH, B
nepIry 4epry, A1 HOAaHHS HOBOI iHoOpMAIii, siKuid
JOIOBHIOE  JPYKOBaHI BMIAHHA, CIYTye [
IHAMBIMyallbHOTO W 1HIWBIMyaTi30BaHOTO HAaBYAHHS
1 103BOJISIE B 0OOMEXKEHiH PopMi TecTyBaTH OTpUMaHi
3HAHHS Ta BMIHHS Y4HS.

PosrnsiHeMo  fesiki  €IEMEHTH  eJNEeKTPOHHOTO
[iIpyYHUKA:

1. EnexTpoHHUH WiAPYYHWK TIOBHHEH MIiCTHTH
TINBKM MIHIMYM TEKCTOBOI iH(opmatii y 3B 53Ky 3
THUM, IO TpUBAJIEC YHTaHHS TEKCTy 3 €KpaHy
MIPU3BOIUTE JO 3HAYHOT'O CTOMJICHHS 1, STK HACIIOK,
IO 3HIDKCHHS CIOPUWHATTA Ta 3aCBOEHHS 3HAHb.
EnextpoHHW#l  BapiaHT MmigpydYHUKA  JIO3BOJISIE
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4. YV TpamumiiHOMy HaBYaHHI II€pEBaKAIOThH
BepOanbHI 3acO0M TIPH ITOJaHHS HOBOTO MaTepiaiy.
VY 3B’A3KY 3 IIUM 3aCTOCYBaHHS aynaio ()parMeHTIB B
€ICKTPOHHOMY MWIiAPYYHHKY JO3BOJISIE HE TIUTBKH
HAOIM3UTH HOro [0 3BUYHUX CIIOCOOIB mopjaui
iHpopMallii, a ¥ MOKPalIUTH CHPUHHATTS HOBOTO
Marepiany, Ipu IbOMY aKTHBi3y€ HE TITBKH 30pOBI,
aJie 1 CIIyXOBi LEHTPH FOJIOBHOTO MO3KY.

5. EnexTpoHHHH MiAPYYHHK TOBWHEH MIiCTUTH
TiTepIoCHyIaHHs 3a eJIEMCHTAMH I IPyYHUKA.

6. MoxnuBO, Hampukiaa, 3a JIONOMOTOIO
texHojorii OLE, 3amyck iHIIMX KOMIT FOTEPHUX
mporpaM Ui IOKa3y IpPUKIANiB, TECTYBaHHS Ta
THIIKX IIUTeH.

3aBnaHHs, 3ampOIOHOBAHI  CTyJCHTaM  JUIs
CAMOHABYAHHS, MOXYTh OyTH pI3HOTO THITY.
Koxumii Tum  3aBAaHHS ~ TPUIYCKaeE  ITICBHY

IisUTBHICT  CTyJEHTa TIpH HOro BHUKOHAHHI Ta
(hopmyBanHi BifmoBigi. Mo)kHa BUIIIMTH HACTYITHI
THUIIH 3aBJ/IaHb;

e MeHIO (BHOIp oOnmHI€T
JEKIIBbKOX);

e oOunciaeHHS (BBEACHHS IIUIOTO,
grcia ado JeKTBKOX YUCE);

e cioBO (BBEIEHHS OJHOTO ab0 IEKUTBKOX
CIiB);

e (paza (BBeICHHS peUCHHS);

e (Qopmyina (BBeICHHS POPMYIIN);

e BignoOBigHICTH (BHOIp BipHOi BimmoBimi 3
MEHIO I KOXHOTO 13 3aJaHuX pEUYcHb,
PHUCYHKIB 200 (oT0);

® TIOCHIIOBHICTH (BBEIEHHS TOCIIOBHOCTI Mii
abo BuOIp 11 3 MEHIO).

[HIIMM METOOUYHUM aCHEeKTOM KOHTPONI €
(dbopMyBaHHS  Ha0Opy  KOHTPOJBHUX  3aBJIaHb.
3aJIe)KHO BiJl BUTIIALY 1 METH KOHTPOIIIO MOXKHA
BHIUIMTH TaKi MiJXOAHW JO KOMIUIEKTYBaHHS TPYyIl
3aBJaHb [1]:

® TIOCTIJIOBHICTH, TMTaHb 1 3aBJaHbh pi3HOL
CKJIaJJHOCTI 1 3HAYyIIOCTi, 0 OQOpMIICHA Y
BHTJISIII PO3TATYKEHOTO a00 OaratopiBHEBOTO
ANTOPUTMY 1 MOXe OYTH BHKOpHCTaHA s
MOTOYHOTO JIOCTI/DKEHHS 1 CaMOKOHTPOJIIO
piBHS 3HAHb;

e creljajJbHuN

BipHOT BigmOBimI 3

IIHACHOTO

HaOip 3aB/laHb pi3HOi
CKIIAHOCTI, cQOpMOBaHUN IS TIEPEBipKHU
MIEBHOTO abo KOMIUTIEKCHOTO piBHS
MiArOTOBKKU (3HaHb, YMiHb, HaBUYOK), SKHIi
TIpe ABIIAETECA B 3aaHil  IMOCIIIOBHOCTI:
JOBUTEHO, B TIOPSIIKY CaMOCTIHHOTO BHOOpY
CTyJIcHTa a00 B MOPSJKY 3POCTaHHS iX PiBHS
CKJIaJHOCTI;

e Tpyma 3aBJgaHb, 10 (OPMYIOThCA 32
JIOTIOMOTOI0  BHUTIAIKOBOI BHOIpKH 3 OaHKY

3aBHaHh 3 ypaxyBaHHSIM JWHaMIiKH 1
HATMIOBHCHHS JIMCTaHIIHHOTO Kypcy
JUACIHUILIIHU Ta CKIAIHOCTI 3aBIaHb.
[TepepaxoBaHi MmiIX0aH MOKYTH OYTH TOTIOBHEHI,
a TaKO)X CKOMOIHOBaHI OJHUH 3 OJHHM.

2. AHANI3 3ACOBbIB PO3POBJIEHHA
ENEKTPOHHUX NIAPYYHUKIB
TA MOCTAHOBKA 3A[0AUI

3aco0u po3poOJICHHS EIEKTPOHHUX HABYAJIbHUX
KOMIUIEKCIB 3’ siBHuMCs B cepeauni 70-x pp. XX cr.
Bynu pospaxoBani Ha po0OOTY B 0ararokopucTy-
BallbKOMY PE&XHMi Ha YHiBepcalbHUX 1 MiHI-EOM.
Bukopucrtanus B ToH dYac andaBiTHO-IH(POBUX
IUACIICIB  ICTOTHO  OOMEXYyBaJO  MOXKIMBOCTI
rpadivyHOi TATPUMKH HABYANBHUX JAHUCIUILIIH.
HaBuanHs MoxnuBO OyJ0 JHIIe B CHEHialbHUX
JUCIUIEHHUX KiacaX HaB4albHOTO 3akiany. OmHak y
el e Yac 3’SBISETHCS MOHATTS TiNEPTEKCTY, IO
JIasio 3MOTY 3HU3UTH 3aTPaTH 4acy Ha PO3POOJICHHS
po3rany>KeHux IporpaM HapuaHHA. Pi3ke 3pocTaHHA
IHCTpYMEHTAJIbHHUX 32C00IB PO3POOICHHS EIeKTPOH-
HUX HaBYAJIBHUX KOMIUIEKCIB CIIOCTEpIraeTbes 3
kiamg 80-x, moyatky 90-X pp. y 3B 3Ky 3 ITHPOKUM
PO3MOBCIOKEHHSIM MEPCOHAIBHUX KOMIT IOTEPIB.

OnHi€ro 3 MEpUIMX CHCTEM IJIsl €NeKTPOHHOTO
HaBuaHHsd Ha TepeHax CHJ] Oyma amanTtuBHa
nmiamoroBa  iHdopmamiitHa cucrema  AJIOHIC.
[MpuszHaveHna s opraHizamii aBTOMaTH30BaHOTO
HaBYaHHS 1 KOHTPOJIIO 3HAHb 3 PI3HUX JUCIUILTIH, a
TakoX iHpopMaIliitHoro 3abe3rneueHHs] HaBYaJIbHOTO
npouecy. B cucremi AJJOHIC ne Bukopucro-
BYBaJIUCSl 3acO0M TIMEPTEKCTy, ajie CTPYKTYpHi
eneMeHTH ii Oymm opranizoBani Baamo. AJIOHIC
Mana BOyJoBaHW rpadidyHUH  pemakTop Ui
pO3pOoOJICHHS  ITIOCTpaTHBHOTO — Matepiamy. Lls
cucrema He Oyna amanTtoBaHa 1o OC WINDOWS, i
B JlaHWW Yac He BHUKOpHCTOBYeThcs. OnmHak, imei
AJIOHIC, 3maiimm CcBO€ BTUIEHHS B I1HIIHUX
cucremax, Hampukian “TrainingWare”, “eLearning
Server 3000 v2.0”, “eLearning Office 3000” Ta
“HyperMethod 3.5”.

TrainingWare npu3HaueHa ais — opraizamii
HEHTPATI30BaHOI CHCTEMH IiTOTOBKH Ta KOHTPOIIIO
3HaHb  TIEPCOHANy,  aBTOMAaTH3allii  BXITHOTO
TECTyBaHHS, PETYJSPHUX TPEHIHTIB Ta aTecTauid,
CTBOPEHHS €IMHOI CHCTEMHU OOJIIKY KOMIIETEHIIIT

MepcoHany, cepTudikamii KITI€HTIB 1 MapTHEPiB
kommaHii. Opi€eHTOBaHAa Ha BENMKI Ta CepedHi
koMmanii, umcenpHicTio Bim 300 oci0, o
MalTh PO3TATYKEHY CTPYKTYypy 1 BiIIyBarOTh
HEOOXiZHICTF y  Oe3mepepBHOMY  YNpaBIiHHI

3HAHHSMH CITiBPOOITHHUKIB.
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eLearning Server 3000 v2.0 mae 3Mory
cTBOproBaTH BrnacHi HaBwaneHi nentpu B [HTEpHET /
IaTpaner Ta  oOpraHidyBaTH  MOBHUH  LHKI
JTUCTAHITITHOTO HABYaHHS — YIIPABIIIHHS PO3KIIAIOM,
ceptudikali€o 3HaHb Y4HIB, BEICHHS €IEKTPOHHUX
BIJOMOCTEH, CJIEKTPOHHOI  3aJiKOBOI  KHUXKH,
enekTponHoi 6i0mioreku. elLearning Office 3000
MpU3HAYCHUM, HacaMIepe, /Uil BUKIAAAuiB BUIIMX
1 CepellHIX HaBYAJIbHUX 3aKJadiB, a Takox i I1T-
(haxiBIis, 110 3aMaroThCS pobaeMamMu
JUCTAHI[IHHOTO HAaBYaHHS.

HyperMethod 3.5 — KOHCTpyKTOp MyJibTHMEIia
3aCTOCYBaHb, SIKMM MPU3HAYEHUH JJIsl MIBUAKOIO Ta
e(eKTUBHOTO CTBOPEHHS iH(QOpMamiiHUX CHCTEM,
Npe3eHTaliHUX JUCKIB, eNIEKTPOHHUX MMiAPYYHHKIB,
JOBITHUKIB, CHIHUKIONENi 1 Oyab-iKHX IHIIHX
MyJIbTUMeIa AoAatkiB. [Ipore BiH HE Ayxe BIanui
U1 HaBYaHHS TEXHIYHMM CIICI[IaJbHOCTIM, J¢

HEOOXiTHO TPOBOJWTH TECTyBaHHS 3HaHb 3
BpaxyBaHHIM CUMBOJIbHUX 3aITHCIB.

Moodle — Oe3KOIITOBHA, BIAKpPHUTAa CHCTEMA
JMCTaHIiiHOrO  HaByaHHs. CHcTema pealisye

¢inocodito “nemaroriku CoLiallbHOTO KOHCTPYKT-
TUBI3MYy~  Ta Opi€HTOBaHa Hacammepex Ha
OpraHi3amiro B3aeMO/Iii MiX BUKJIaIa4eM Ta YIHSIMH,
Xo4ya MiAXOAWUTh 1 JUIs OpraHizamii TpaauiiiHuX
JUCTaHIIHHUX KYPCiB, a TaKOX MIATPHUMKHA OYHOTO
HaByaHHA. Moodle mepexnaseHa Ha JAECSITKA MOB, B
YyHuCcai € 1 mepeknag Ha yKpaiHchKy. HamioHanbHuit

yHiBepcuTeT ‘“‘JIbBiBChKA TMOJITEXHIKA” IIHPOKO
BUKOPDHUCTOBYE IO CHUCTEMY IS PO3MIICHHS
HaBYaJIbHUX  MarepiamiB.  Takox  TOTpiOHO

3a3HAYUTH, IO [IeH MTPOEKT € BIIKPUTUM [5].

ATutor € CHCTEMOIO KEpyBaHHS HaBYAIbHUM
matepiaiom  (Learning Content Management
System, LCMS). Ilporpama € TIpocTOIO0 ¥y
BCTAHOBJICHHI, HAaNAIITyBaHHI Ta MIATPUMIN IS
CHUCTEMHHX aJMIHICTPaToOpiB; BHUKJIagadi MOXYTb
JOCUTh  JIETKO  CTBOPIOBAaTH Ta  IEPEHOCUTH
HABYAIbHI MarTepiajd Ta 3almyCKaTh CBOi OHJIAWH-
KypcH. A OCKUIBKH CHCTEMa € MOAYJBHOIO, TO BOHA
BiIKpHTAa I  MOJEpHi3amii 1  pO3MUPEHHS
(GYHKIIOHATBHUX MOXJINBOCTEH. BukopucToByeThCs
B [cnanii, bonrapii, Cep0ii [6].

Claroline € CIiIBHOIO €TEKTPOHHOIO HABYAEHOIO
mwiarpopmoro  (Learning Management System)
BUNylIeHOl0  mij  Jinensiero  Open  Source.
[TmaTdhopmMa BHUKOPUCTOBYEThCS Oimbmn HixkK B 80
KpaiHax Ta nepexiaaeHa Oinpiie Hixk Ha 30 MoB [7].

eCollege — mporpamue 3abe3meueHHs K TOCTyTa
(SaaS), mocTadanbHUK EIEKTPOHHOTO HAaBYAHHS
MPOTPaMHOT0 3a0E3MEeUYCHHS 1 TIOCIYT I CepelHiX
Ta BUIIMX HaBYAJIBHUX 3aKJIaiB [8].

Memoro pobomu € IPOEKTYBAaHHS apXiTCKTyPH Ta

pO3pOOJICHHS  €JICKTPOHHOTO
quctHILIiay “OCHOBH Teopii Kin.

MiIpydyHuKa 3

3. AIITOPUTMISALIA KOHTPOIJIO
PIBHA 3ACBO€HHA 3HAHb HA
NMPUKNAAI HABYATBHPI AUCLUMNIIHN
“OCHOBW TEOPII ENNEKTPOHHUX KIN”

Konmenmist  miapyunnka  “OcHOBHM  Teopii
CIIEKTPOHHUX KUT’, SKy pO3pOOHMIN  CIIIBHO
Bukiiagadi JIpBiBcbKOi Ta KUIBCBKOI IOMITEXHIK, 3a
penakmieto podecopa 1O. 5. bobana Ga3yerscs Ha

BpaxyBaHHI Takumx (aKTOpiB: KOMIUIEKCHOCTI
HABYANIBHOTO  MpoIecy,  siKa  TOiirae B
IHTETPOBAaHOCTI pI3HUX (GOPM 3aHATH — JIEKUil,
MPaKTUIHUX, J1a00paTOPHUX, CaMOCTIMHUX;

BiJIIIOBITHOCTI OOCSTY 3aBJaHb KiJbKOCTI BUALICHUX
KPEIWTIB, BAXJIMBOCTI CAMOKOHTPOJII 3HAaHb 1
e(heKTUBHOCTI T ITOTOBKH bi (o) BHUKOHAHHS
nabopaTopHUX POOIT.

Oco0OnuBicTIO  TpOrpaMHOro  3acoly, Mo
BHKOPHCTOBYETHCS /ISl CAMOHABYAHHSA B TUCITUILTIHI
“OcHOBH Teopii eNeKTPOHHUX KiT’, € HeoOXiTHICTh
B1I0OpaXE€HHS TPEIBKUX CHMBOJIIB Y CTAHJAPTHOMY
BikHI Windows, ¢bopMyBaHHS BIOIOBiAI y BHTJISAMI
¢dbopmyn, Tabmuib, HAsSBHICTH 3aBJaHb, IO
nepeadayaroTh Kilbka BapiaHTIB BiAMOBIAl TOIIO.

[Ipomec camMonaBuyaHHS Tepemdadae HasSBHICTD
JIBOX CKJIaJIOBHX:

1. HaBuanpHoro matepiamy M, sSKUf MICTUTBH
TeopeTHuHi BHUKIamku. OpraHizoBaHWUN y BHUTIIAIL
JlepeBa, y sAKOMYy TJIHUOWHA BIAIMOBiAae piBHIO

miarem M ...

TEM M. Ta .

1

BKJIAJIEHOCTI
XapakTepu3yeTbesl KITbKICTIO TeM (TIiarem) ‘ M ,-,-‘ Ta

qacowMm, BiI[BeI[eHI/IM BHKJIaJa4€M Ha CaMOHaBYaHHA

{,, KUIBKICTIO 3allUTaHb MEBHHUX PIBHIB CKJIAIHOCTI

i
Ql.k Ta BiJiBeleHNMH Oanamu R, .

2. TecroBux 3aBmaHb 1, AKi MICTATH NHUTAHHS
Qtl., BapiaHTH BiqNOBiEH Vij, piBHI CKJIaTHOCTI

Sk, ta tunm 3aBnanns 71q,
E= <M’T>’M = <Mi’{Mij }’ti’{Qik’Rik}>’
T =(01,., }.5k,.Tq,)

Jlo xoxHOi TeMH BHKJIamad BKa3y€ KiTbKiCTh
MUTaHb TEBHOI CKIATHOCTI Ta BIABOAWTH Yac Ha
BUKOHAHHS  3aBaHb. CTYICHTY  BUBOJUTHCS
BHITAIKOBUM YWHOM c(opMoBaHMI HaOIp TECTOBUX
3aMUTaHb. Pe3ynbTaT TeCTYBaHHS € BU3HAUYHUM JUIS
BUOOPY  HACTYIHOTO  €JIEMEHTY  HaBYaJIbHOTO
Marepiany. Bu3HaueHHS HACTymHOI TeMH JUIs
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BHBUYEHHS 3iHCHIOETBCS 3 goromoroo [-ABO

rpady. DopmMyBaHHA TOCTIOBHOCTI TeM IS

BHUBUCHHS 3IIMCHIOETHCS HAa OCHOBI 00xoxy I-ABO

rpady B mmpuHy. ABO-BepmmHa BiIBIAYETHCH,

Koiu CcTyseHT HaOpaB 0-39 OaniB — 00OB’S3KOBO, a

komu 40-70 — mpONOHYeTbCS MPONUTH 2 BapiaHT

TECTY AJIsl yTOUHEHHS HOTO PiBHS 3HAHb.

Anroput™ QopMyBaHHS Ta CTPYKTYpyBaHHS
HABYAJBHOIO MaTepialy CKJIaaeTbCss 3 TaKHUX
KpOKIiB:

1. CrygeHT oOupae po3fin i1 BUBYCHHS CEpe
BEpUIMH 3 HaHOUIbIIUM mpioputeToM. CKinajosi
pO3IUTy BHBYAIOTHCS y 3aJEKHOCTI IO AYT, SKi
BUXOJATh 3 Hboro (I — HEOoOXiHO BUBYHMTH Yy
MTOCIZOBHOCTI criaganus ominok, ABO — onun 3
HalOUMBIIO  OIiHKOK abo yci  CKIIajoBi
3a Oa)KaHHAM).

2. Ilicnsa BuBYeHHs enemeHty M ;i » WO BIIIIOBIIa€

OINHIM 3 BepIIMH, BiIOYBA€TbCS TECTyBaHHS.
OTpumaHa OIliHKa BHU3HAYaTHUME IOCIiIOBHICTh
MOJIANTBIIIOTO BUOOPY TEM:

— He3aJ0BUIbHA — BHBYCHHS HACTYIHOTO 3a
npiopuTeToM maparpada po3auTy;

— 33JI0BiJIbHA - npiopurer po3ainy
3AJIMIIAETHCS HE3MIHHUM. CryneHToBi
MIPOTIOHYEThCSI BUBUEHHS TMaparpadis, 110
3AIUIIAIACS HEePO3TISTHYTUMH, ab0 Iepexif
JI0 BUBUCHHS HACTYITHUX PO3ALIIB;

— go0pa — TPIOPHUTET PO3AUTY 3MIHIOETHCSA 3a

(opMysiol0, BHKOPHUCTOBYIOUH  OMEPAIliio
OaratosnauHoro ABO Ta mepeximg 0
BHBYCHHS HaCTyITHUX pOo3IiTiB 3

MaKCHMATbHUM 3HAYCHHS MIXK HAHHIKYOKO
OIIIHKOI0  Cepell BEPIIMH Ta  PI3HUIICIO
MOTOYHOI OIIHKK ¥ HaWHmwk4Yoi. [lepexim mo
HACTYMHUX PO3MLTIB;

— BIJMIHHA — NMPUCBOEHHS BUBYCHOMY PO3JILIY
HAaWHMKYOI OI[IHKKA Ta TMEpeXill IO BUBYCHHSI
HACTYMHUX PO3ALIIB

Bu3HaveHHS 3araibHOTO Yacy BUBUCHHS [ .

4. 3ynuHKa BHKOHaHHS Ipoueaypu oOxomy rpada
3MIIACHIOETHCS 332 HACTYITHUX YMOB:

— HaBuanus nmepepBane CTyZeHTOM. Y TakoMy
BUTIaJKy HOro OIliHKAa BH3HAYAETHCA Ha
OCHOBI YK€ OTPHUMaHUX OIiHOK:

Z ka R,
z Oy Ry,

Rate =

ne R, — omiHKa, OTpHMaHa 3a pe3yJIbTaTaMH

TECTyBaHHS 10 PO3ILTY;

— BuuepnaHo 3aranbHUiT Yac HaBYaHHS.
Po3po0bneHo Taki anropuTMiyHi OJIOKH:

1. Po30ip apupMeTHdHOro BHpazly Ta HOro
ABTOMATHYHUN pPO3PaxyHOK — JJs peamizamii
IIUTaHb-3a1a4 Ha OCHOBI 3r¢HCPOBaHUX
rapameTpiB;

2. ®opmyBaHHA an(aBiTy CHEIialbHUX CUMBOIIIB,
iX ompaifoBaHHs, NepeMalbOBYBaHHS BiKHA JJIS
BiTOOpakeHHS CHUMBOJIIB Ta BBEJICHHS
(opMynbHUX BUPA3iB 3 KJIaBiaTypH;

3. Bu3HaueHHs THIy BIAMNOBIAI, 3alUTaHHA Ta
BiIOOpaXKeHHS iX Yy BHIVIIAI TEKCTY, (OPMYIIH,
MAaJTFOHKY, TaOJIUII YU 3MIIIaHO;

4. Tlepesipka MPaBUIIBHOCTI (hopmyBaHHS
TECTOBOrO 3aBIaHHI — aHali3 Ha HasBHICTE
MOMHJIOK 3 OOKy BUKJIanaya — BKa3aHHI

HENPaBUIbHOI KINBKOCTI BapiaHTIB BiJIOBIJEH,

HEICHYIOUOTO THITY 3allTaHHS TOIIIO;

5. ®opMyBaHHS BUIAJIKOBUM YHHOM OaHKY NMHUTaHb
Ui CTyJIeHTa 3  BpaxyBaHHSIM  3aJaHoi
BHKJIaNadeM KUIBKICTIO TIUTaHb 3a pPIBHAMH
CKJIaTHOCTI;

[NepeBipka nMpaBUIIEHOCTI BiAMOBI/I CTYICHTA;
BusHaueHHs cyMapHOT OIIiHKHY CTYICHTA;
HamamryBaHHs TaiiMepy TeCTyBaHHS;
BusHaueHHs CyMDKHUX TeM, SKi HE0OXIiIHO
BUBYUTH CTYJCHTOBI IJIS JOCATHEHHS KPAaIloro
pe3yibTaTy.

OnumemMo po30ip apu@METHYHOTO BHpasy Ta
HOT0 aBTOMaTHYHUN PO3PaXyHOK.

JlekcuyHuii  aHami3 — TpoLec AHAJITHYHOTO
p0o300py BXiJHOT MOCIIIOBHOCTI CUMBOJIIB 3 METOIO
OTPUMaHHS Ha BUXOMI IMOCIIZOBHOCTI JIEKCEM —
HAaMCHIIIUX CHHTAaKCUYHUX OJIMHUIlb, SIKi MAaloTh
3HayeHHd [2 — 3]. CuHTakcHuuHuil aHami3 (apcuHT)
— Tporec 3iCTaBIEHHS JiHIKHOI MOCIiZOBHOCTI
nekceM (cniB, TOKeHIB) MOBH 3 1i (opmanbHOI
rpaMaTukoro. Pe3ynbpratom HOro € gesika CTpyKTypa
JTAHUX — HAIpUKJIaJ CHHTaKCUYHE JIEPEBO PO300py.
SIx mpaBmII0, 3aCTOCOBYETHCS CHIBHO 3 JIGKCHYHUM
aHaiizoM. CHHTaKCHYHHMHA aHamizaTop (mapcep) —
mporpamMa a0 4YacTWHA TMPOTpaMH, IO BUKOHYE
CUHTAKCUYHUH aHai3.

PospiznasioTs IiBa
CHHTAKCHYHOTO aHA3Y:

— CHOagHWi CUHTAKCUYHWIA aHajli3 — 3aBJaHHSA

moOymoBU niepeBa po30opy Uit BXiIHOI
CTPiUKH, TIOYNHAIOYN 3 KOPEHS 1 CTBOPIOIOUTH
BY3JIH JiepeBa po300py B NPSMOMY MOPSAIKY
obxoxy abo, mo Te X came, CIaTHUIA
CHHTAKCHYHHUH aHalli3 MOXHa PO3TIISAOATH 5K
MOLIYK JIIBOTO MOPOJPKEHHS BX1THOI CTPIYKH.
— BHUCXIIHMA CUHTAaKCUYHUN aHami3z Oymye
JIepeBo po30opy i BXiHHOI  CTpivKw,

AR e B

THTIA ANTOPHUTMIB
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MOYMHAIOYN 3 JHUCTIB (3HHM3Y) 1 Hayuwm y
HaNPsIMKY J0 KOpeHs (Bropy).

[IporpamMa cnagHOrO CHHTAKCHYHOI'O aHAII3Yy,
ab0 aHamizy METOAOM pEKYPCHBHOTO CITyCKY
(recursive-descent parsing) ckiIamaeTbcs 3 HAOOpPY
mpouenyp, MO OAHIA JUIS KOXXHOTO HeTepMiHama.
Pobora mporpamMm TOYMHAETBCA 3  BHKIHKY
MpoLeaypH AJsl MOYaTKOBOI'O CHMBOJY 1 YCIIIIHO
3aKIHUYEThCS B pa3i CKaHyBaHHS BCHOTO BXITHOTO
pAanKa.

3aranbHUN BUTJISA BHCXIIHOTO CHHTAKCHYHOTO
aHami3y, BIIOMUH SK CHHTaKCHYHHH aHalli3 THUITY
“nepenecennst/3ropranasa’ (shift-reduce) — mpomec
“3ropTaHHs” CTpPIYKH JIO CTapTOBOTO CHMBOIY
rpamMatukd. Ha  KOXHOMY  KpoOIi  3ropTaHHs
(Reduction) Bu3HadeHUil MiAPAAOK, IO BiIMOBiIAE
Ty TPOAYKLii, 3aMiHIOETBCS HETEpPMiHAIOM 13
3arojioBka mi€i mpoaykitii. KitouoBi pilieHHs, 10
MPUIMAIOTECS B TPOIECi BHCXIAHOTO CHHTaK-
CHUYHOTO aHalli3y, — KOJIM BUKOHYBAaTH 3TOPTKY 1 SKY
MIPOIYKIIi0 3aCTOCOBYBATH.

Jus omwmcy BXiIHWX JaHWX [ TECTOBOTO
3aBJaHHS, BIANOBIAL Ha  sIKE  (QOPMYETHCS
dhopmymoro, BuKopructaeMo HoTallito bekyca-Haypa:
<3MmiHH2>::="V’ (1Iupa)

(aneno) ::= (uudpa) {(uudpa)}
(1tite gmcio) ::= [(3HaK)] (YUCII0)

(3HaK) ==+ | —
(koma) ::=,
(po3aimoBau) ::= ;

(uadpa):=0]1[2|3[4[5[6]7|8]9
(npoboBe uucio) ::= (uucio) [ (komay (IIijie Yucio) |
(omepartist) ::= (3HaK) | * |/
(byHK1isa) ;= sin | cos | exp | In | sqrt [sqr | tan | atan
(myxKa BXx) ::= (
(my>XKa BHX) ::=)
(Mekcemay ::= (pynxuis)
(npoOoBe YKCIIO) (JIy’KKA BUX) |
(byHkis) (ry>xKa BX) ( 3MiHHA ) (Jy’)KKa BUX) |
[(nyxka BXx) | (apoboBe dmCIIO) (OTeparis)
(mpoboBe yncio) [{ayxKKa BUX) | |
[(myxkka BX) | (3MiHHa) (omeparmis) (3MiHHA)
[(aysica Bux) ] |
[(myxkka BX) | (3MiHHa) (omeparlisi) {qpoOoBe
4UCII0) [{Iy’KKa BUX) | |
[(nyxkka Bx) | {(apoOoBe uucio) (omeparis)
(3MiHHA) [{Ty’KKa BUX) |
(ckmanena nekcema) == [ (myxka BX) | (Iekcema)
(omeparmis) (lekcema) [(myxka BuX) | | [(myxKa BX) |
(byHkuis) {nyxka BX) { Jekcema ) (IyKKa BHUX)
[(aysica Bux)]
(Bupas) ::= { (CkyIajcHa JeKcema) }
(mapametp) ::= {(apoOoBe dYmcIO) ‘—°
qucino) (posmimoBad)  {{(apoOoBe

(myxka BX)

(apob6oBe

[

qucio)y  ‘—

(mpoboBe uncio) (po3aiaroBay) }
st

napamMeTpH 3MIHIOIOThCS B MEKax
X=20..70, Y=0..20, Z=10..90, W=1..100,
OITUCYETHCS SIK :
sin(v3-v4)*v1/v2
10-90;1-100;20-70;0-20;

ABTOMaTHYHE BH3HAUCHHS 3HAYCHHS BUPA3y
3IHCHIOETHCS 32 TAKHM aJITOPUTMOM:

1. 3unryBanns BUPA3y i IAPAMETPy.

2. ®opmyBaHHSI TUHAMIYHOTO MAaCHBY 3a KiJTBKiCTIO
enemenTiB [IAPAMETPy.

3. 3anoBHEHHA €JIEMEHTIB YTBOPEHOIO MAacHBY
BHITAIKOBIMH 3HAYCHHSIMH, MEKI TeHeparlii SKux
BKa3aHi JJIs1 KOXKHOTO CIEMEHTY.

4. MeTtofgoM pPEKYpPCHBHOTO CIIyCKY 3aMiHSEMO
rmoueproso 3MIHHy y BUPA3i Ha 3HaueHHS 3
YTBOPEHOT'O MACHUBY.

5. TloOGymoBa CHHTaAaKCHYIHOTO JiepeBa po30opy
Jlnst  BimoOpa’keHHS TpPEUbKUX CHMBOIIB Y

CTaHJIAPTHOMY Windows-BikHi BUKOPHCTaHO

peryyisipHi BUpa3d 1 MEPEBAHTAKCHHS OCHOBHOIO

kimacy TLabel. Perynsapamii Bupa3- me psAmaok, IO

OMHCYE MHOXWHY PSAKIB BIAMOBITHO 10 HaOOpy

CHelialbHUX CHHTaKCMYHHUX TIpaBWil. PerymspHi

BUPa3l BHKOPHCTOBYIOTBCS B 0ararboX TEKCTOBHX

pelaKkTopax Ta JOMOMDKHHMX 1HCTPYMEHTax Juis

MOUIYKY Ta 3aMiHM TEKCTY Ha OCHOBI 3aJaHuX

abJIOHIB. barato MOB MPOTpaMyBaHHSI

NIATPUMYIOTH pETyNsipHiI BHUpa3u Uit poboTh 3

sin(x — y)z
w

HpUKIanLy,

psankamMu. B TecToBif cHUCTeMi  BHKOPHCTaHO
Tabmuimio  kBaHTHdikaropie (tabn. 1). Came 3a
JIOTIOMOT010 KBaHTH(]IKaTOpiB BHU3HAYAEMO

MPaBWIBHY KiJIbKICTh TOBTOPEHb.

Tabaunsa 1. Ksantudikatopu

Ilo3na- .
qenHs Yuceso noBTopis
* Hynp abo Ginbiue
+ Onny a0o0 OibIe
? Hynb abo onun pa3
{n} TouHo n BianoBigHOCTEH
{n,} n abo OinmbIIe BiAMOBIAHOCTEH
{n,m} |MiHiMyM n Ta MAaKCUMyM M BiATIOBiTHOCTEH
Jami BuU3HAYEHO TPUHIMII  TPEICTABICHHS

CreIlialbHUX CHUMBOJIB y craHmapTHOMy Windows-
BIKHI:

1) CroemiasibHI CHMBOJIH Ta TpembKi OyKBU
MO3HAYaTH TAKUM YUHOM (TI03HAUCHHS MMOYNHAETHCS
3 KOCOI PUCKH):
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U - \LeftArrow,
\Leftrightarrow, <= - \RightArrow, - \Uparrow, .

\Downarrow, <= - < -

\downarrow, <— - \gets, T - \uparrow, — - \to, U -
\uncup, M - \cap, C - \subset, C - \subseteq, D -
\supset, V -\vee, A -\wedge, £ -\angle, = - \approx,
= -\cong, = -\equiv, ® -\bullet, .\cdot, L - \perp, €
-\in, o0 - \infinity, € - \notin, > - \ge, + - \div, ® -
\oplus, & -\oslash,® - \otimes, + -\pm, X - \times,

A -\Delta, I' - \Gamma, A- \Lambda, €2 - \Omega,
@ -\Phi, IT -\Pi, P -\Psi, X -\Sigma, T -\Theta, Y
-\Upsilon, & -\Xi, & -\alpha, [ -\beta, y -\chi, 0 -
\delta, ¢ - \diamond, & - \epsilon, 77 - \eta, O - \gamma,
1-\iota, K - \kappa, A -\lambda, < -\le, & - \mu, # -
\ne, V -\nu, @ -\omega, O - \partial, @ -\phi, 7 - \pi,
W -\psi, p—\rho, o -\sigma, 7 -\tau, @ - \theta, U -
\upsilon, & - \varepsilon, ¢ - \varphi, @ - \varpi, ¢ -
\varsigma, § -\xi, 7 -\zeta,\-\\, ]-\], }- \}

2) ®opmMat CHMBOJIIB:

BEepXHIH iHIEKC ” , HIKHIA iHmekc _ , \it —
KypcuB, \bl — >xupHuii, \ul — migkpecnenuit , \st —
MepeKpeciieHnid, \rm — 3aKiHdeHHS ¢dopMary
CHMBOJTIB.

3) Jlnsg mo3HaueHHS aApecHu MYJbTUMENIHHOTO
(haiimy BUKOPHCTOBYETHCS CHMBOJI (@. Hampukman:

@\\img\\1.bmp@

4. NPOEKTYBAHHA CUCTEMU
KOHTPOIJIO PIBHA 3ACBOEHHA
3HAHb HA NPUKNAAI HABYANBbHOI
AUCLUMNNIHK “OCHOBU TEOPII

ENEKTPOHHUX KIJT”
Hiarpama mnpenenenrtiB — pgiarpama, Ha sIKii
300pa)XK€HO  BINHOMIEHHS MiX  aKTopaMu Ta

npeueneHTaMu B cucreMmi. [lpeneneHTn € OCHOBHUM
3ac000M  BH3HAa4YeHHA HEOOXIAHOI  MOBEIIHKU
cucTeMH. SIK NpaBWIO, BOHH BHKOPHCTOBYIOTHCS
JUISL ONTUCAaHHS BHMOT J0 CHUCTEMH, TOOTO, IO Mae
pobutu cucremMa. OCHOBHMMHU TOHSTTSIMHU, IOB’S-
3aHHMHU 3 TIpEIeIEHTaMHu B pO3pO0IIeHiH aiarpami €
akTopu Taki sik: Kopucrysau, Ta Cepsep B/l. Buko-
pUCTaHO TpeleneHTH Taki sK:  Peecrtparis,
JloryBanns, TectyBaHHs, Ta cy0’ekT. Cy0’ekT — 1€
cucTeMa, IO PO3TIAJAETHCS 1 0 SKOi BiTHOCSATHCS
Opere/ieHTH, TOOTO CHCTeMa IOCTIKCHHS 3HaHb.
KopucryBaui Ta Oyap-Aki iHIN CHCTEMH, IO
MOXYTh B3a€MOJISATH 13 Cy0’€KTOM, MPEACTaBICHO
K akTopiB (puc. 1).

BynoBy Ta B3aeMolit0 KOMITOHEHTIB BinoOpakae
niarpama KOMIIOHEHTIB (puc. 2). 3B’S3KH  MiX
OKPEMHUMH KOMIIOHCHTaMH 3BElCHI 10 MIHIMyMY
3aBJISKH BUKOPUCTAHHIO y3arallbHEHHX iHTepdelciB

Ta OOMIHYy MaHMMH 3a JOMOMOTOI0 moxiii. Takum
YUHOM JIOCSATAETHCSA JIETKICTh 3aMiHU OKPEMHUX
KOMIIOHEHTIB.

5. PO3POBJIEHHA CUCTEMMU
KOHTPOIJIO PIBHA 3ACBOEHHA
3HAHb HA NMPUKNALI HABYAIBHOI
AUCLMNIIHK “OCHOBU TEOPII
ENEKTPOHHUX KIN”

Po3pobniena cucrema B cepemosumii Delphi 7 3
BUKOPHCTAaHHSIM  IEPEBAHTAXCHUX  CTaHAAPTHUX
eneMeHTIB iHTepdeticy. Ilicasa 3amycKy KopHCTyBad
0auuTh mepen coOOrO BIKHO, MTOJIaHE Ha pHC. 3.

Cucrema fiarHoCcTyBaKHs 3HaHb

Peectpal i

Norygars

Bu6 ip npeMeTy Ta TEMM TECTYBAHHS

Cepeep
Kopucrygay

TecryBanks

Peaynprar

PiBeHb TecTyBaHH

Binnos ini

Puc. 1 — Jliarpama npeueaeHTiB
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Code Editor Component
accepts text program at start,
performs syntax highlighting
and other functions.

Program
text e - e —— —

Database
{Collections)

Interface of syntax highlighting
and interface of lighting
executable area of the program.

IDrawWalker
Vizualizer

Component Visualizer,
uses interfaces of Walker.

IGenerate S receives the text of the program.
| enerator At the beginning gives parse tree (Tree),
| | which bypasses Walker

IDataGenerate |

| IParse
_____ Parser (Syntax Analyzer) 9N\ IResult

IResult

! F——-
I 1 |
«subsystem»
—_ _> Top Package::Tree
Walker [— -
<q
[ |
I
I | 1
Result&Statistics |IExport D4

Parser Component

ITransmission |

I——I ——————— Iil

Statistics and results module.

Receives data about passing algorithms at input
and provides ouputting results in graphs.

Run export in various documents.

Puc. 2 — Jliarpama KOMIOHEHTIB CHCTEMH

3MiCT

1.1.Knacuaikauia Ta cnocofy MaTEMETHUHOND OMHCY CHrHANIE
1.2 AHaN0r 0Bl CHMHAM
1.3 MuckpeTHi Ta WHPPOB CHrHAK
1.4 MogyneosaHi curHan Ta ix 3acTocyBaHHA
1.5.CroxacTiuHi [EMNA0K0E] CHrHaM
K.OHTPOAEH] MWT aHHA
TpHEAZAH POSE ASEHHA THMOBHY 33134
TMpHEAZAH 33334 407 CaMOKOHTROMND
TecTH 4nA camMokoHTRON 40 poaginy 1
Pozain 2. JcHOBHI NONDH#ERHA TEOPI BABKTPHYHK Kin
21 EnexTpudHe kono
2.2. TUNOBI AEONDAKICH] ENEMEHTH ENSKTPUUHMY CHEM
2.3 MaTemMaTiiHi MOLEn ENEKTMYHUE CHEM 3 QEONOMOCHUK MM
2.4.BararonomocHi eNeMEHTH BAEKTPHUHKK CHEM
2.8, 0cofME0cTi SOPMYEEHHA MATEMETHIHWA MOQENEF ENSKTEMYHMA CHEM 3 DaraTOnNoIncHHE:
K.OHTPOABH MWT aHHA
MpHENAGH POSE ASEHHA THMOBMY 33134
MpMENGIW 53054 LA CaMOKOHT A
TECTH N9 CAMOKOHTROID 40 pO3LINY 2
Pozain 3. KoMNOHEHTH eNekTPOHHMR Kin
3.1 HanienposigHuk.oei giogu
3.2 BinonApHi TpaHzMCTOpK
3.3 TupucTopu
3.4.Nonkosi TpaHaMeTopK
35 EnekTpoBakyyrHi narani
3.6.0cHOEH BILOMOCTI NP0 IHTErpankH MikpOCKEM
3.7.Mogeni KoMNOHEHT ENEKTPOHHUY Kin
K.oHTpaAEH] AWT aHHA
TpHENAGH POSE ASEHHA THMNOBHY 33184
TMpMENGIM 53054 LA CaMOKOHT RO
TEecTu ANA CaMoKOHTRONK 40 po3diny 3
Pozain 4. AHanis enexToOHHUY Kin

Puc. 3 — T'os10BHe BikHO mporpamu

Y HBOMY BMIIOICHO TEpeNiKk TeM IUCIUTUTIHA
OCHOB TeOPii eIEKTPOHHUX KiJl, KOHTPOJIbHI MUTAaHHS
JI0 PO3MUTIB, IPUKJIAIM 3a/1a4 Uil CAMOKOHTPOIIIO, a
TakO>K TECTH Ta 3ajadi JUIi caMOHaBUaHHS. Bubip
HEOOXIIHOI TEMHU 3OIMCHIOETHCS IUIIXOM IIOIBIHHOTO
KJamaHHs Ha Ha3Bi. KopoTkuit Tekct miarem,

OPHUKIAINA
KOHTPOJIBHUX
Opay3epi (puc. 4).

O3B’ sI3yBaHHS
MUTaHb

3ama, TIepertiK
BiZJOOpaXkaeTbes y

1.  OcHosHi noHATTS Teopii CATHATIB
1.1 Knacuikanig 1a ciocodH MaTEMATHIHOIO OIHCY CHIHAITIB

JeTepmiHOBaHi Ta ENTIQTKOE] CHTHAIH - B OCHOBHI TPYIIH
CHTHATE.

TlepEnHHE NOBITOMIEHH MOXHA TEPETEOPHTH B ONHH i3 H0THPBOX
MOMJIMEBMX THIIE CUTHAIIE: aHATOTOBHIT, MCKPETH30BaHHIT,
KEAHTOBaHHI, T PpoBHiL.

Ananoroea Ta LH(pPOEA eNEKTPOHIKA - NBA HapaM HpopMariiiEol
ENEKTPOHIEN.

Criocobi MaTeMaTHEHOIO OTTHCY DEANEHUK CHTHATE L]

Puc. 4 — BikHo 1151 BiToOpakeHHSI TEKCTY TeMH

JI1a IovaTky TeCTyBaHHS MOIBIMHUM KIIAIlaHHIM
o0MpaeTbcss HEOOXIAHWH TeCcT 3a  PO3ZAUIAMH.
BiakpuBaeTbes BIKHO AJIs TECTYBaHHS (PHUC. 5).

VY BepxHii 4YacTWMHI BiKHa BKa3aHO HOMeEp
MTUTaHHSI, PIBEHh HOTO CKIAHOCTI Ta KIJTBKICTh OB,
Ky MOXXHAa OTPHUMAaTH 3a TPaBIIBHY BIATOBiAb, Y
HWKHIN po3MillleHnH OiryHOK Jacy.

Konmm 6iryHok nmocsirac mpaBoro kpatoo ¢Gopmu,
TECT  aBTOMATHYHO  TPHIHUHAETHCA.  KHOMKH
BIIEPEZl, HA3AJl no3BONAIOTH MEPEXOAUTU Ha
HACTYyIIHE  THWTaHHI  a00  TMOBEPTAaTHUCh  JIO
MOTIEPEAHBOT0. TakoK KOPHCTYBaY MOXKE OauuTh
KUTBKIiCTh OalliB, SKi BiH OTpWMaB 3a BiJIIIOBiIb.
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OOpanHs BapiaHTy BIATOBIII 3MIHCHIOETHCS MIISIXOM
MO3HAYCHHS MPAIOPIIs.

fw TeCTYBAHHA

MuTaHHA M 1. CknagHicTe - 1. K-cTe Ganie: 5

CHrHaN HASHESKTE GHAN0M0EHM, AKWD BiH

[~ HEnepepEHM B Y3CI T3 AMCKPETHI0EAHMA Ha MHOMMHI SHAYEHE
[~ QMCKPETM3OBAHMIA B 4aCi Ta HA MHOMMWHI SHaYEHE
[~ HEMEPEDEHMI B Y3CI T HA MHOMKMWHI SHAYEHE

[~ OMCKPETWSO0BAHWIA B YaCi T3 HENEDEDBHWA HA MHOMMHI SHaYEHE.

Hazan KinbkicTe Ganie 2a NMTaHHA

Puc. 5 — BikHo J1st TecTyBaHHS

Jleski MUTaHHS BUMAraloTh BBEIEHHS BIAIOBIII 3
knaBiatypu (puc. 6). Ilpm posmimoBad 1101 Ta
npo6oBoi dacTuHU BBOAWTHCA SIK KOMA, TOUHICTH
BKa3yeThCsl Y TEKCTI 3aIUTaHHS.

E}TECT)‘BGHH)I
MMATaHHA M2 7. CrNAOHIcTE - 3. K-CTe Ganie: 20

Biaomo Eicit BIAIKIE AMCKPETUSO0EAHOrD CHIHANY, AKI CAAYOTE 00MH 33 OOHMUM Yepes iHTepBan
t)=0; s[84 t)=0; =[BaA t)=0; s[7i )=0. BHKOpMCTOBYOHM QHMCKDETHE NEPETEOPEHHA P yp's, BUSHAYTE [

BiHOBNEHOMD aHaNoroEora curHany. [Bianosic

Bianogink:
1]
Bianogiak:

,07
Hazan

Puc. 6 — ITuranHns, sske BUMAarae BBeJIeHHsI BiAnosiai 3
KJIaBiaTypu

KinekicTe Ganie =& NMTaHHA

Takox mepeabdayeHo 3aMOBHEHHS MACHBIB MEBHOT
po3mipHOCTi (puc. 7). BBeneHHS y KOMIpKA MacuUBY
SHiﬁCHIOCTLCH INUIAXOM KJIallaHHA MHUIIKOK Ha
BIIMOBIMHIA KOMIPIIi Ta BBEACHHSAM HEOOX1ITHOTO
3HAUCHHS 3 KJIaBiaTypH.

T TeCTyBaHHA
MuTanHa M 6. CknaaHicTe - 8. K-cTe Ganie: 20

38NHWITE METPUUK Z PIEHAHHA KOHTYRHWX CTRYMIE SA0aH0 CREMU

KinexkicTe Ganie sa nuTaHHa

Hazag

Puc. 7 — Ilutanns, BiANOBiAb HA sIKe MOAAETHCH Y
BUIJISAAI MaTpuIli

[IuranHA-3ama49i MICTATh CXEMY EICKTPHUIHOTO
KoJla, HOro mnapaMmeTpu, a TaKoX IX 3HAYCHHS.
3HaueHHs TapaMeTPiB TeHEPYIOThCS aBTOMATHYHO 1

3MIACHIOEThCS  (POPMYJIbHE pO3B’SI3aHHS  3ajaui.
[licms 1BOTO CTYAEHT BHOCHUTH CBiil BapiaHT
BignoBimi. IlocmimoBHICTH CHUCKYy mMapamerpiB

BIiJITIOB1J1a€ MOCJIiIOBHOCTI CIIUCKY 3HA4eHb (puc. 8).

?T@CT&'BRHH)‘I
[MrTaHHa M2 1. CknaoHicTe - 1. K-cTe Ganie: b

Ak NOMIHAETECA NOKAS SMNEPMETPA Y 330aHIA CXer MICAA 38MMKSHHA KAKD4a, AKWO 40 S3MUKAHHA

EiH AopiEHESE

Ty o
NS v
Naparerpu: R1, A2, [3, R4, I Rl R2 = S
1 1 3 1+
E | T

3HavenHA naparetpie: B8; 70; 4; 87 b8

BEEATE pesynsTar:

’D—
Hazan

KinekicTe Ganie sa nUTaHHA

Puc. 8 — Iluranus-3agayi

Skio KOpUCTyBad BiNMOBITAE HA BCi MUTAHHSA, a
yac Ie He 3aBepUIeHHH, TO BiH MOXKE MOBEPHYTHCS
IO TIOTIEPE/THIX IMUTaHb.

PesynpTarT TecTyBaHHS BimoOpaskaeThCsl y Takii
¢dopmi (puc. 9). TyT BKa3aHO KUIBKICTBH OalliB, sIKY
OTpUMaB CTyAEHT (MaKCHMaJIbHO MO>XKHAa OTPHMATH
100 GamiB), a TakoX HOMEpa TeM UM MiATeM, SKi
Oyno 6 BapTO 3aCBOITH Kpallle.

4 PeaynbTaT TecTyBAHHSA E]@

Bawa ouiHka: 5

Tetau gnA MOETOPEHHA:

Puc. 9 — ®opma 3 pe3yabTaToM

BUCHOBKHU

Po3pobnienuit  migpydYHUK JAEMOHCTPYE HOBUI
MAXig 0 HaBYaJbHO-METOJWYHOrO 3a0e3leUeHHS
JUTST BUBYEHHS 0a30BHX JHUCIUILTIH. ABTOPCHKOMY
KOJICKTHBY BJajoCsi 00 €HATH yCi BHIU 3aHSTH 3
quctuIuIing “OCHOBU Teopii €NeKTPOHHHMX KT~ 1
MOMIOHUX JTUCIMILIIH, SKi 4YMTalOTh y JIBBIBCBHKIH
MOJIITEXHIIll, B €IAHOMY MiIPYIHUKY 3 KOMITaKT-
JTUCKOM, SIKWUH 3a0e3ledye BHBUEHHS TEOPETHYHOTO
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Marepialy 3 BHKOPHCTAHHAM CyYacHHUX METOJIB
noctymy 1o iHdopMarii, 3aCBOEHHS TPaKTUIHHX
HABUKIB 3a JIOIOMOTOI0 SK TPAIUIIIMHUX MiAXOIIB,
TaK 1 KOMIT'FOTEPHUX METOJUK, @ TAKOXK BUKOHAHHS
abopaTOpHUX 3aBAaHh Ha OCHOBI IMITaIliHHOTO
MOJIeNtOBaHHs. EJIGKTpOHHA YacTHHA TaKOX JIa€
3MOTY 3IIMCHUTH CaMOCTiliHE OI[IHIOBaHHS 3HAaHb B
THTEPaKTHUBHOMY PEXKHUMI.
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KOpitt Bo6ano, 0.m.H., npoghecop,
pekmop  HaujioHanbHo20  yHigep-
cumemy “Jlbsiecbka nonimexHika’.
Haykosi iHmepecu 30cepedxeHi
8 eanys3i HaldilHiCHO20  MpoOekK-
myeaHHs1 padioesieKmpoHHOI  ana-

pamypu.

BozdaH MaHa3sit, 0.m.H., npoghe-
cop, npogecop kKagedpu meope-
muyHoi padiomexHiku ma padiosu-
miprogaHb HauioHarnbHo20 yHieepcu-
memy “Jlbeiecbka nonimexHika”

Haykosi iHmepecu: aHarni3 Herli-
HIUHUX €fIeKMPOHHUX Kirl, Mmemoodu
3abesneyvyeHHs1 HadilHocmi padio-
e/1eKMPOHHUX NMpucmpois.

W o, lNempo Cmaxie, 0.m.H., npoghecop,

' ﬁ 3aeidysay kagheOpu meopemuyHoi i

‘\F*feﬁ o 3azarnbHoI efiekmpomexHiku Haujio-
» B

HanbHo20 yHisepcumemy ‘JIbsiecb-
Ka ronimexHika’.

Haykosi 0ocnidxxeHHsi edymbcsi
8 pamkax Haykoeoi wkonu “Mame-
mMamuyHe ModesntoeaHHs1 OUHaMiy-
HUX npouecie CKnadHUX efIeKMpPUYHUX Kin ma
eriekKmpomexHidHUx cucmem”.

o

Hamans  Lllaxoechbka, 0.M.H.,
doueHm, OekaH 6a3osoi euwor
ocgimu IHcmumymy KoM’ tomepHUX
Hayk ma iHgbopmauiliHux mexHosI0-
2ili HayioHanbHO20 yHigepcumemy
“Ilbsigcbka rnonimexHika”

Haykosi iHmepecu: 6asu ma
cxosuwja GaHux, iHmezpauisi, po3s-
rnodineHi cucmemu.
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Abstract: The paper presents the experience of developing electronic textbook “Fundamentals of the theory of
electronic circuits™. The concept and development principles of electronic textbook are discussed. The procedure of
knowledge control and evaluation is described in details.. The algorithm of automatic control the test tasks with
possibilities of entering mathematical expressions is developed.

Keywords: electronic textbook, distance learning, virtual learning environment.

1. INTRODUCTION

Electronic textbook — computer, educational
software tool intended primarily for the submission
of new information that complements the printed
publication, serves individual and personalized
learning and provides a limited way to test the
knowledge and skills of the student.

The tasks proposed to students in Electronic
textbook may be different types. Each type of task
involves a student’s activity during his performance
and decision making. You can distinguish the
following types of tasks:

— menu (select one correct answer for several);

— calculation (input field, real number or several
numbers);

— word (enter one or more words);

— phrase (input sentence);

— formula (input formula);

— compliance (correct answer choice from the
menu bar for each set of sentences, pictures or
photos);

— sequence (input sequence of actions or choose
it from the menu).

Depending on the type and purpose of control are
the following approaches to completing tasks e-
textbook groups:

— the sequence of questions and tasks of varying
complexity and importance that is framed in a
branched or multi-level algorithm and can be
used for current research and self-awareness;

— a special set of tasks of varying complexity,
generated to test specific or comprehensive
level of training (knowledge, skills), which is

presented in a given sequence: randomly, by
way of self-selection of the student or in order
of increasing their level of complexity;

— group tasks, which are formed by random
sampling from bank task considering the
dynamics and distance course discipline and
complexity.

So important is the creation of methodological
and instrumental bases of simulation training
systems management and control knowledge,
adequate current trends in information technology
and didactic principles of organizing and conducting
training.

The popular systems fro e-textbook developing
are “TrainingWare”, “eLearning Server 3000 v2.0”,
“eLearning Office 3000, “HyperMethod 3.5”.

2. THE MAIN PART

The concept of the textbook “Fundamentals of
the theory of electronic circuits”, which jointly
developed in the faculty of Lviv and Kyiv
Polytechnic, edited by Professor Yu. Bobalo based
on considering the following factors: complexity of
the learning process, which is the integration of
various forms of activities — lectures, practical
laboratory, independent, under the volume of tasks
allocated credits; importance of self-knowledge and
effectiveness of training for laboratory work.

The feature of the software tool that used for
learning in the course “Fundamentals of the theory
of electronic circuits”, it is necessary to display
Greek characters in the standard window Windows,
the answer in the form of formulas, tables,

186



Yuriy Bobalo, Bogdan Mandziy, Petro Stakhiv, Natalya Shakhovska / Computing, 2013, Vol. 12, Issue 2, 186-187

availability exercises, that providing some answers
and more.

The process of learning involves the presence of
two components:

1) Training material M - has short or full
theoretical calculations. It is organized as a tree,
which corresponds to the depth of nesting of topics
M, and sub-topicsM . It is characterized by the

number of sub-topic‘Mij‘, and time t;, allotted for

teacher learning, questions of certain levels of
difficulty Q,, and points cushion R, .

2) Tests T - consist of the questionsQt,,
answersV;;, difficulty level Sk, and type of

task Tq; .

The teacher indicates the number of certain
complexity for each theme and gives time to
perform tasks. If the allotted time is finished and
student does not answer all the questions, the test
automatically stops, and program puts scores
obtained by those questions that the student had
answered.

Student can see randomly generated set of test
guestions:

— if a student takes 71-100 points — then it is
recommended him to start learning the next
section;

— if a student takes 40-70 points — then it is
offered to take Option 2 to clarify his level of
knowledge;

— if a student takes 0-39 — it is recommended to
repeat the whole section.

In the program there are developed the following

modules:

1) Analysis of arithmetic expression and its
automatic calculation — for the implementation of
issues-based problems generated by parameters;

2) The formation of special alphabet characters,
their processing, redrawing the window to display
the characters and the introduction of expressions
from the keyboard,;

3) Determine the type of questions and answers
and display them in the form:

— text,
formulas,
figures,

— table,

— mixed;

4) Validation of tests — Analysis of errors by the
teacher — specification of the number of incorrect
answers, non-existent type of question, etc.;

5) Formation of random questions bank, that
consider a given number of questions by level of
difficulty for a student;

6) Check the correct answers a student;

7) Determination of the total assessment of
student;

8) Setting the time of testing;

9) Definition of related topics that is necessary to
examine the student to achieve better results.

To describe the input data for the test task, the
answer to which is formed formula, we use the
notation Backus-Naur.

Automatic detection of the expression is carried
out by the following algorithm:

1. Reading the terms and parameters.

2. Formation of a dynamic array element number
of parameters.

3. Filling array elements formed by random
values the limits specified for the generation of each
element.

4. The method of recursive descent alternatively
replace variables in an expression formed by the
value of the array.

5. Building syntactic parse tree.

To display Greek characters in a standard
Windows-box uses regular expressions and overload
the main class TLabel.

Regular expression is a string that describes or
matches a set of strings, according to a set of special
syntax. Regular expressions are used in many text
editors and supporting tools for finding and
changing text based on preset templates. Many
programming languages support regular expressions
for string manipulation. For example, Perl has a
powerful mechanism for working with regular
expressions, built directly in its syntax. In the test
system will be widely used in regular expressions, so
for a more detailed description of them is given a
table of quantitative.

The system is designed in Delphi 7 using
congested standard interface.

3. CONCLUSION

The tutorial demonstrates a new approach to the
teaching of basic subjects for study. Electronic parts
also allows you to make an independent assessment
of knowledge online.
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