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PYCEHCKW YHMUBEPCUTET CTYOEHTCKA HAYYHA CECUA - CHC’16

MpunoxeHue Ha YMCIEeH MeToA NPU OLieHsIBaHe Ha UMOTEKU C
(oUKCUpaH NUXBEH NPOLEHT

Cnasu Neoprues
HayyeH pbkoBoguTen: gou. a-p KOpun Kanamnapos

Abstract: Application of a numerical method in evaluation of mortgages with fixed interest rate:
In this paper a mortgage contract with a given duration and a fixed mortgage interest rate is considered. The
borrower is allowed to terminate the contract at any time by paying off the outstanding sum to the issuer. The
problem is modelled under the assumption of the Vasicek’s term structure and Black-Scholes theory. The
mathematical model leads to a free boundary problem where the moving boundary is the optimal time of
termination. A numerical method, based on the immersed interface method is proposed. The obtained
equation for the free boundary position is solved iteratively with a variant of Thomas algorithm. Some
numerical experiments are presented.

Key words: mortgage, interest rate, free boundary problem, immersed interface method, Thomas
algorithm, Vasicek’s term structure, Black-Sholes model

BbBEOEHUE

MnoTekute ca egHyW OT HaM-U3BECTHUTE (PMHAHCOBU WMHCTPYMEHTU Ha AHEeLHUTe
buHaHcoBM nasapu. MinoTevyHuAT 3aem e OOroBOp, KOMTO MO3BOMsABa Ha 3aeMHuKa Ada
nosy4n cpeacTsa, U3non3Bankn HAKaKbB akTMB KaTo rapaHums. Han-4yecto cpeluaHunsi Bua
WUMNOTEKM, NO3HATU KAaTO UMNOTEKN C PUKCUPAH JNIMXBEH MPOLEHT, UMAT PUKCMPaH NMPOLEHT
no JoroBop U cukcnpaHa mMeceyHa BHocka. IMOTHUTE MNOTEYHW KpeauTu OBUKHOBEHO
Nno3BOMsiBaT Ha 3aeMHMKa Aa obneKkyn CBosTa peakums Ha ABMXEHUsITa Ha nasapuTte, Kato
npeanarat HAKONKO Bb3MOXHOCTW. [1Be namexay Han-BaxHuTe OT TsX ca BapuaHTute 3a
npeannaiwiaHe n peguHaHcupaHe. B HacToswaTa paspaboTka Wwe pasrnegame npobnema
fanu e no-noAaxoAswo 3a KpeguTononyvaTenss ga noracu unoTekata HaBeOHbX
npeacpoYHO 1 Kora € Han-noAxXoAdAL0TO BpEME Aa ro Hanpasu.

MnoTeknTe, KaTo MHOrO [epuBaTUBHU LIEHHU KHWXa, MoraT [a ce oueHsBaT C
nomoLuTa Ha YacTHu AvdpepeHumantn ypasHeHus (YAY). Kato TakmBa oT amepuKaHCKu
TMN, He CbllecTBYBa TOYHO aHaNUTUYHO pelleHVe Ha Bb3HUKHanWTe 3agayn CbC
€cBODOOJHM rpaHnLy.

MnoTeyHnsa gorosop mma npoabimkutenHocT T' n dukenpaHa nuxea ¢ [2]. 3a BcAko
BpeMe t npes [JOrOBOPHMS Mepuof, AbMMkuMarta cyma M(t) e HamaneHa BbB BpeMeBus
nepuog [t t + dt):

dM(t) = eM(t)dt — mdt, vt =T,

KbaeTo cMit]dt e nuxeaTta, HauMCreHa BbpXy cymaTa v mmdt e nnawaHeTo, nofyyYeHo oT
HenpekbCHaTUTe BHOCKM Ha . Tbi KaTO unoTekaTa ce npekpaTsiea Ha t = T, ycnosneTo
M(T) = 0 osHayasa, Yye

M) = ?{1 —gcltmT}

B noroBopa 3aemaTensiT € ynbiHOMOLLEH Aa ro npekpaTy No BCAKO Bpeme & it < T
no HeroB 136op, nnawlanku cymata M(t) Ha kpeamTopa.

Pewexnero Ha kpeguTouckaTens ganv ga npekpatv [oroBopa  3aBucu  OT
anTepHaTVBHUTE MHBECTULWMOHHM CTpaTerun, OT KOWTO MOXe Aa ce Bbanonssa. Heka
Hanpumep ToW Aa ce caoobue OTHSKbAE C KanuTan, ocTaTbyeH Aa CU  M3nnatu
npeacpoYHo unoTekarta. ToraBa BbB BCEKM MOMEHT OT BPEMETO, PeLleHMeTo My Aanv aa
npekpaTy 4OroBopa Lie 3aBUCKH OT HOpMaTa Ha Bb3BPbLLLAEMOCT (B KPATKOCPOYEH mnaH),
KOATO MOXe Aa Momyyn OT MHBECTUUMS Ha (puHaHcoBWTe nasapu. MNpuemame, Ye Tasu

-7-



PYCEHCKW YHMUBEPCUTET CTYOEHTCKA HAYYHA CECUA - CHC’16

KpaTKOCpOYHa HOpMa Ha Bb3BPbLLUAEMOCT ¥, creaBa moodesia Ha Bacudyek [3], nspaseHa
CbC CTOXaCTUYHOTO ANMEPEHLIMANHO ypaBHEHNE

dr = k(@ —r)dt + adl¥, ,
Kb[EeTOo x € cpefHaTa CKOPOCT Ha Bb3BpbLLAeMOCT, e AbMArocpoyHaTa cpefHa Ha r, @ e
Bonatunuteta Ha * n W, e ctaHgapTHusST BuHepoB nmpouec. B To3n mMogen nasapHata
LileHa Ha pucKa e BKItoYeHa B OTKINOHEHMEeTOo [ & —r],

JlornyHo, ako LsAnMocTHaTa HopMa Ha Bb3BPbLLAEMOCT Ha masapuTe ce oyakBa Aa
Oble Hucka (CnpsMo ¢) 3a onpefefieH Mepuof OT Bpeme, 3aeMHUKLT LWe wu3bepe
npeacpodHo Aa wuannatm wnotekata. OT gpyra cTpaHa, ako nasapHata HopMa Ha
Bb3BPbLLAEMOCT Ce o4YakBa fa Gbhe Nno-BMcoka OT ¢, Toraea Tol e usbepe aa oTnoxwu
roracsiBaHeTo, KaTo WHBECTMpa Ha nasapa cymata M(t] MWHYC 3agbIKUTENHOTO
nnawiaHe m 3a equHULA BpeMe.

3a [ga cbcTaBMM MoAxodsila cTpaTervs, BbBexgame yHkums ¥(r,t), KosaTo
npeacTaBnsBa CTOMHOCTTa Ha MNOTEYHUsI JOrOBOP BbB BpeMe t W Mpu JageHa nasapHa
HOpMa Ha Bb3BpblUaeMocT ¥, = r. Cneg onpeaeneHu pascbxaeHus [1] cturame go:

v alfv
—+ — K(B—r]—+m—rV za Vir,t) < M(t), t=T,
at | 2 ar? (1
0= Virt) =M :=—[1 — ety vt=T, rER
[

CronHocTTa ¥ ce wu3uucnsgBa B 3aBMCUMMOCT OT OMTUManHarta crpatervs Ha
KpeguTononyyatens pAa noracu MNpeAacpovHO unoTekaTa, Korato 3a NbpBU  MbT
KpaTKOCpoYHaTa nasapHa HopMma Ha Bb3BpbllaemocT r cnesde nog E(t). Hapuyame
r = R(t) onTMmanHaTa rpaHuua 3a npekpartsiBaHe Ha UNoTeuHust [oroeop [2].

3apayva (1) Beye e udyyeHa aHanuTuyHo. [lokaszaHo e, Ye TS € KOPEKTHO MocTaBeHa,
T. €. CblUeCTByBa €OMHCTBEHO peLleHWe, KOeTo € rmagko Ao cBobogHaTta rpaHuua
r = R(t). Cbwo Taka, ceoboaHaTa rpaHuua R(t) e rmagka yHKUMs,, CTPOro HapacTealla
B (—co, T 1 npuTexasalla aCUMNTOTUYHOTO NoBeaeHNe

Rty ~e—agu¥T—t =za t—T, &kK=0473%6.,

MHoro metoau ce M3nons3BaT 3a pellaBaHe Ha 3afjadnTe CcbC cBobOAHA rpaHuua,
Bb3HMKBALLM BbB (pMHaHCOBaTa MaTemaTtuka. HacToswarta paspabotka e nocseteHa Ha
n3naraHeTo Ha MeTO[, OCHOBaH Ha MeTofa Ha BrnoxeHus wHTepdenc (MBU) u
WHTErpanHo npeacTtaBsiHe Ha pelleHneTo. 3a cpaBHeHWe camo we O6bae MapkupaH
anropuTbM,  M3MOM3Ball,  WHTErpanHM  TbxaectBa. AnropuTbMbT Ha  Tomac
(TpramaroHanHa NPOroHka) e 13nornasaH 3a Nojly4yaBaHeTO U PELLIEHNETO HA HENMUHENHOTO
ypaBHEHMEe 3a NONoXeHMEeTo Ha cBoboaHaTa rpaHuua.

MATEMATUYECKWU MOLEN

M3nonsBaiikn HAKONMKO npeobpasyBaHusl, Lie CBedeM YypaBHEHWeTo OT Tun bnek-
LLlonc o ypaBHeHMe Ha TOMNONPOBOAHOCTTA.

[MbpBO, BbLBEXAAMe HOBWM MPOMEHNMBM — BpeMe A0 nagex T u 6e3pasMmepHO
KONMMYECTBO, U3MEPBALLO Nosi3aTa OT OT/araHeTo Ha NPeACPOYHOTO noracsBaHe (r, z):

c
T:i=T—1t Yin ) i=—{M(t) — Vir, £13,
m
Cﬂe/:l TOBa NpaBuM CMdAHa Ha 3aBUCMMa NpoMeHInnBa:
a? : a?
hir,z) = (r +— 9) + (x +—=- 9) T, Glr,7) := e TFTlgp(r 1),
K

HaKpaﬂ npunarame cMaHa Ha He3aBucuma npomMeHnmBea:
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‘u',_em[ __gl 5= e, ulx,5) = V{_K : Pir, ).
T %2

Cnep Te3n npeobpasyBaHusi ce noslyyaBa clieaHaTta 3ajadva OTHOCHO (DYyHKUMSITA 1 U
cBoboaHaTa rpaHuua Xi(s): Q)
1
w,o——u =f[x,5')H[X[s)] xER s5>1

F 4.3.7::

x =

wlx,5) =0 wx = X(5), s=1
ulx,5) =0 vx < X(5), s>1
uix, 1) =0 vx> R,

KbaeTo H(X(s)) e [siCHO-HenpekbcHaTa yHKUMS Ha XeBucans
_ _[1l,akox = X(s),
H(X(s)) = Hitoem) (3] = {O,axo x = X(5).
dyHKUMSTa OT AsicHaTa cTpaHa f(x, 51 MoXxe fa ce 3anuLue
Z

flx5) =r(s" — 157 (= —ﬁﬁ]e_(ﬁ'”) , 3)
KbOETO
2 2
— 8
e () 1o e
2wl 2K 4y 2x

Heka G(x,5) pa 6bae dyHkumsaTa Ha [puiH, cBbp3aHa ¢ napabonuyHus onepaTop
A, —1/48%

—x% s
Glx, 5] = )
(x.5) =
Toraea pelueHveTo [ x,5) Ha 3agada (2) moxe ga 6bae uspaseHo kaTto
wGis) = [t [ 6Gi-ys-0FOD  veER sz )
1 Z(E)

Hapuuyame cBobopHaTta rpaHuua uHmepgpelicHa kpusa. CbLuo, Heka oTbensssame C
[']x(s) CKOKBT Ha cbOTBETHATa hYHKLMS CNPSIMO NO3ULMSTa Ha cBoGoAHaTa rpaHnua X (s).
Ot 3apgava (2) umame cnegHUTe uHmMepghelicHU yCroeus:

[(x, 5) ] gy = O ®)

[, (%, 5)] () = O ©)

OndepeHumpankm (5) no s nonyyasame

(140,50 ]y K050 + [a,(%,5) 5y = O, ™
n (6) Bogn oo

[1t.(% 5) |y = 0. (8)

OT (2) n (8) nmame

[ (% )] gy = —4f (X5, 5, )

3a ceoboaHaTta rpaHuua X(s) B [1] e nokasaHo, ye

X(S) = JB\J'{EJ VS, (10)

X5)=p—(0334.. +e(D)W5s—1, 5—1, (11)

OnTumanHaTa rpaHuua * = R(t) 3a npedcpoyHO noracsiBaHe Ha unoTekata [2] ce
ABsiBa

Rlth=c+ v’_E(X\E’? ,8).

Memod 3a cpasHeHue

EnuvH ot knacuyeckute metoau [4] noBensisa usnonseaiku (5), (6) u (9) na n3segem
TPU WHTerpanHu TbXKAOecTBa 3a HeusBecTHaTa (yHkuus Ha cBobopgHaTta rpaHuua X,
nedviHnpaHa B [1,0¢):
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o:fdf fs(xcs)—m—f)f(y,f)dF )
13 X(;?

o=fdf fcx(x(s) — 35— Df(yEdy =0,
1 R

2f(X(s),s) = —J G, (X(s) — X(&),s —E)f(X(8),E)dE

1

1 e

| [ et -ns- 0500
g X(E)

Cnep KaTo Te3n MHTErpanHy ThXX4ecTBa ca YCTAaHOBEHW, MOXEM [a NMOCTPOUM Cxema
Ha HioToH 3a pelwaBaHe Ha cBobogHaTta rpaHuua mutepatuBHo. [bpBO TpsibBa ga ce
yBepuM, dve X(1)= . OUHAHCOBMAT CMUCHLN Ha ToBa €, Ye C MpubnMKaBaHeTo Ha
nagexa, onTMMarnHata rpaHuua 3a NpeacpoyHO noracsiBaHe TpsibBa [Aa KIOHU KbM
MNOTEYHUS] NNUXBEH MpPOLEHT «. HayanmHoTo ycroBue Ha ceBobogHaTa rpaHuua X(1) e
M3BECTHO, U BbB BCEKM MOMEHT 5 = 1, CTOMHOCTTa Ha cBoboaHaTa rpaHuua X(s) Tpsbea
ha 6bae u3bpaHa Taka, Ye Oa YOOBNETBOPSIBA BCSKO €4HO OT TOPHWUTE WHTErpanHu
TbXAecTBa. ToBa ocurypsisa TeopetTuyHaTa 060CHOBKa Ha onmncaHaTa YncneHa cxema.

OUPEPEHYHA CXEMA

3a pga pewum 3agada (2) uuMcneHo 3a fafeHu ecTecTBeHu uucna N oun M,
nedvHnpave cnegHaTta paBHOMepHa Mpexa oT TOYKMU:
oy, =0 ULl Ve, o, ={x, =tk i=1,.,(N—1), h=L/N} "

w, ={0U{TIU e, w,={5"=jk j=1,..,(M—1), k=7/M}. Uenta Hu e pa
NPUNOXUM MeToda Ha KpavHUTE pasnukvM, KOMTO € MOAXOAsLW, 3a M3YMCIEeHWETO Ha
) & ulx,s') 3a (x,57) € wy Xy n X ® X(57) sa s’ €, CI I + 1 we osHavasame
BpoAT Ha BL3NWUTE OT BPeMeBy croit 57, Hamupaly, ce 6nmn3o go cesoboaHaTa rpaHuua X7:
X = X« Xpfyq-

3a guckpeTusmpaHeTo Ha 3agadva (4) we manonssame cxeMa Ha KpaHk-HUKbNCHH B
KombuHaums ¢ MBW. Pasnukata Ha anpokcMMauumute Ha BTOpata Mpou3BogHa ce
Kopurmpa 6n13o 0o uHTepdencHaTa KprBa, Kato ce U3non3sat UHTEPGENCHUTE YCNoBUSA
Ha ckoka, Aa ce nogobpu nokanHata rpewka. AndepeHyHata cxema npugobvea Buaa:

i J-1 i ER i-1 J-1, it
U vy — 2u; +ue G MW — 2w T Uy -1 1 ; -1 )
=3 Y +E 4+ 7 + K +§{f[. +F7M)
=1,.,N=-1 j=1..M (12)
KbAeTO KOPUrMPALLMAT YneH K, 3aBuCK OT NOMOXeHUEeTo Ha cBoboaHaTa rpaHuLa:
8]
iE ] Fopd
) 2y -2} . i+ +1
Kl =3 —w W i=r

2lwi-a) o i=r+1
- l;.zz f(.XJJ 5}')
C'bIJ.I,O yCTaHOBABaMe HavalHu 1 rpaHn4yHu ycrioBusa 3a OUCKpeTHaTa cuctema:
w=0=i=01..8 uw,=0 u,=PLsmaj=1.. M

WspasbT P(L,57) npeactasnssa anpokcumaums Ha w(L,5) 1 Ha Hero e ce cnpem
no-kbcHo. Cera 3anuceame (12) BbB Buaa:
Al —Cad + Bl —Fl, i=1,..,N—-1 j=1,..M,

1 Wi = T
KbETO
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1 1 1

1
. , B = —, O =—4+ ,
boghk? boBh? Pk 4n?

.
I

-1 J-1 F-1 J-1
; W, — au. T+ : . 1 1 ) .
F_ +1 -1 F-1 i i-1 i
F. ——(‘ { it +K:.)+ [k +§|:f:. + £

3a peluaBaHeTO Ha nony4deHata AvdepeHYHa cxema ce npuaBukeame OT BPeMeBWU
cnon j—1 0o f N Ha BCAKa CTbMKa M3Mon3BamMe BapuaHT Ha anropytbmMa Ha Tomac
(MeToga Ha TpuanaroHanHaTa nporoHka). Tbpcum peLleHneTo uJ; BbB BMAaA:

'“"J;+1 = ‘;':‘+1T"'J; + n{+1l =01 N-1
R ;o i -
= = i=N-1,..1,
€, _¢[+1Br
: . . B + F,
w,=P(Ls), o = L i=N-—1,..,1
C; 7

i+17t
3a JageHo § M3nckeame peLleHmeTo u{. [a e paBHO Ha Hyna 3a Bcsiko § = I7. OT Tam

cnesga #j; = O molle
Y. ond i

D(X7) = Byl + F} =0. (13)

B TOBa ypaBHeHue n n}’ n F;} 3aBUCAT OT MOMOXeHNeTo Ha ceoboaHaTa rpaHuua X7 .
To ce siBABa HENVHENHO YypaBHEHVWE OTHOCHO Heu3BecTHOTO X7. 3a fga AoBbPLUMM
andbepeHuHaTa cxema, Bsemame X = #: (10).

ToraBa meToabT Ha HioToH ce npunara kbm (13):

1}

Xi=a2xitt — xi0
4

- - &)
xi=xf— { r) )
+'(X7)
! +1 1
X' =Xi ako |XT —X7| = &, gagena Tousocr.

1}
HauanHoTo npubnuxkeHue 3a X't ce nonydyasa ot (11), nonaranku 5 = 1 + k.

LLle 06bpHEM BHUMaHWe Ha u3pasa Pi L, 571, KOWTO NpeacTaBnsBa anpokcMMaLms Ha
u(L,57). Tol BKMoYBa OBOEH WHTerpan 3a ¥ € (X(&),co) n £ €(1,5). 3a ga obnekunm
npecMaTaHusTa, Lie HanpaBuM CreHUTE ONpPOCTABaHUS:

a (-

wGis) = [ &t [ 6G=s - DrnOay

1 0D

s (x y)z

1 X(EJ
3

¥ _ -v xncv’_
% at f (-0 +F-pD)e ",
KD

Cf"—l)f“"l(y ﬁﬂe(y )dy

KbAeTo

F_fit =Daft

5
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BbTpeluHnaT niterpan ce pasgens Ha [ABa uHTerpana, MbpBusIT OT KOMTO Ce pellasa
TouYHO. Hakpas nony4yasame:

o , = aixi)-F)
EJ- (& — 1 s — {E_(b—wﬁ) __((‘;:—_E)E_Jd{
- :

1

u[L, sf:) = pr "
sf _ =
VT OF (& — 1)5-1'-1:"2 (’_(_ ng _[L—fxv’?] sl — &) _
+?f i e J  Brre T[A’(s‘)—s‘) d¢.
i

Teau OBa MHTerparna ce peluasart Mo npaBuIioTo Ha Tpanuure.

NMPUMEP

LLle pasrnepame 3agava (1) CbC CTOMHOCTUTE, TUMUMYHK 3a MKOHOMUKaTa Ha CALL 3a
2006 r.:

c = 0.055, g =005, a= 0015, k=015,

Tb KaTO He CblUeCcTByBa aHaNWTUYHO peLUeHWe Ha 3ajavaTta CbC CcBOOOAHM
rpaHMun, Lie usnonasame M3noxeHuss metod. B tabnuua 1 ca nokasaHu gaHHUTe 3a
NonoXeHneTo Ha ceoboaHaTa rpaHvua X(5) 3a pasnuueH Gpoit Ha Bb3anuTe N 1 M BbB
BpemMe T. CbLUO Ca NpeacTaBeHn pasnukaTta v OTHOLLEHUETO MexXay ABe nocneaoBaTernHm
CTOMHOCTU. Pe3yntaTnte nokaseaTt NpubnM3nTenHO BTOPU ped Ha TOYHOCT 3a NoAaBMKHATa
rpaHuua B kpanHoto Bpeme [2]. KonebaHusita B OTHOLLEHMETO € TUNMYHa OCoBEHOCT Ha
MBW, HO KaTo UsiNo CTeNeHTa Ha CXOAMMOCT e NpubnuanTenHo age.

Ha dwurypa 1 e npeactaBeHO YNCNEHOTO peLleHne Ha KpuaTa [r,R[r)], nosnyyeHo 3a
M = 32 ypes onncaHunsa meToa.

Tabnuua 1. YncneHun CToMHOCTM Ha X 5) BbB Bpeme T.

N M X(T) pasnuka  OTHOLUEHue
10 810.245147766 -
20 16| 0.244189707 9.58058e-4 -
40 32 0.243992434 1.97273e-4 4.856
80 64 | 0.243981988 1.04459e-5 18.885
160 | 128 0.243961767 2.02213e-5 0.516
320 | 256|0.243957111 4.65578e-6 4.343
640 | 512]0.243955917 1.19425e-6 3.898
1280 | 1024 | 0.243955797 1.19739%e-7 9.973

0.049F

0.0481

0.047
0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
t

®urypa 1. YncneHoTo pelleHre Ha KpuBaTa [t,R(t)] 3a M =32,
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3AKINMKOYEHUE

B HacTosilwaTta paspaboTka cMe U3NOoXWIM YNCIEH METO/ 3a OLIEeHsIBAHE Ha UNOTEeKn
C (bukcupaH nuxBeH MNpPOUEHT, MO3BOMsiBaMkM Ha gebutopa ga noracu nNpeacpoYHO
3agb/KeHusaTa cu, Kato u3nnaTum ocTaBawata cyma HasBedHbX. [lpuemariku, ye
KpaTKoCpoYHaTa masapHa HopMa Ha Bb3BpbLUAEMOCT crnefsa mogena Ha Bacuuek, Hue
cme dopMmynuMpanu matemaTuyeckuss Mogen KaTo 3agada cbC cBobogHa rpanuua.
YacTHOoTO  OudbepeHUManHo ypaBHeHWe ce npeobpasyBa B  ypaBHEHME Ha
TOMNSIONPOBOAHOCTTA, @ camaTta 3afada ce pewasa ¢ MBW, koMOuHMpaH ¢ mMeToda Ha
KpaHk-HukbncbH 1 metoga Ha HioToH. Pesyntatute noka3saT BTOPW pen Ha CXOOAMMOCT
3a HeusBecTHaTa cBobofgHa rpaHuua. Hapen ¢ 6bp3uTe M TOYHM pesynTaTh, MeToabT
npeanonara masnko MOBeYe W3YUCIIEHUS,, HO MPW HEero y3HaBame CTOMHOCTTa Ha
dyHKUMATa He caMo Ha cBoboaHaTa rpaHuua. VMiIMeHHo 3aToBa ToM € noaxoAsLy 3a LWMPOK
KpBr OT 38434, B KOUTO Ce OLleHsABa HAKakBO NopTonuno oT (pMHaHCOBU MHCTPYMEHTH.
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Cb3paBaHe Ha usobpaxeHus upes LaTeX-nakeTu oT chamunuaTa
PSTricks

Cnaswu 'eoprues Neoprues
HayuyeH pbroBoguten: Ctedka PomaHoBa Kapakonesa

Abstract: Creating images with LaTeX-packages from the PSTricks family: In this paper some
interesting geometric problems are considered. They are solved through some tricky transformations in the
plane. What is more, an overview of the standard LaTeX and PSTricks commands for drawing graphics is
made. The solutions reveal the philosophy of transformations in the Euclidean geometry and the way how to
use the power of LaTeX system. The solutions of some of the problems are given through algorithms, while
the others are presented with the source code itself. Moreover, some nonstandard mathematical ideas are
shown.

Key words: LaTeX, pstricks, pst-eucl, Euclidean geometry, graphics, transformations.

BBbBEOEHUE

Bcekn HayyeH OOKYMEHT cbabpxa OOMKHOBEHO ronam Opon dwurypu u tabnuum,
4YMEeTO OCHOBHO MpefHas3Ha4YeHWe € [a oHarneasT W apryMeHTupaT CbAbpXKaHUETO.
MoBeueTo aBTOPK Cb3daBaT n3obpaxeHnsTa cu OTAENHO, Ype3 creumnanuampaH codTyep,
crep KoeTto MM uMnopTvpat B AOKymeHTa. [pyrn aBTopu npegnoyvTtat ga cb3gasar
rpacdukmTe B camusa OokymeHT. KomnioTbpHata cuctema LaTeX npeanara Bb3MOXHOCTH
3a reHepupaHe Ha rpadukM No TEKCTOBO OMMcaHue, KOUTO, CbrnacHo dunocodusTa Ha
nagaTenckata cucrtema, ca 4acT OT AOKYMeHTa M MoraT ga ce noapexaaTr B Hero
aBTOMaTU4HO. BTopmaT nogxoad, komTo e 06ekT Ha HacTosiwaTa pa3paboTka, uma peguua
npegumctea: annosete ca Manku no obem, cb3gageHuTe u3obpaxeHus ca
M3KINIOYUTENHO TOYHM (OO dacTM OT MunMMeTbpa) M MoraT necHo pa 6baar
Moandmumpann. Pasbupa ce, B LaTeX msobpaxeHuaTta morat ga ce reHepupart u B
oTAenHu dannose, KOUTO BMOCNEACTBME Aa ObAaT BMbKHATWM B ApYyr AOKyMeHT. [pyro
CbLLECTBEHO NPEAUMCTBO Ha TO3M MOAXOA €, Ye Cb3[aBaHeTO Ha rpaduku € CPaBHUTENHO
NecHO M HabopbT OT KOMaHAM € KOHCUCTEHTEH C USANOCTHWUS cuHTakcuc Ha LaTeX.
MoTpebutenute umat cesobodeH OOCTBN KakTo A0 camaTa cuctema LaTeX, Taka n oo
OrPOMHO KONMMYeCcTBO NoapobHa AokymMeHTauus [5].

BA30BU Bb3MOXXHOCTU B LaTeX 3A Cb30ABAHE HA U3BOBPAXEHUA

CraHgapTHuTe cpefctBa Ha cuctemata LaTeX BknwouBaT cpepgata picture. Tsa
no3BonsBa ga ce nporpammpar n3obpaxeHusa ampekTHo B LaTeX gokymeHTa. Tasu cpega
MMa [0CTa OrpaHUYEHUst N YecTo KOAMPAHETO Ha M3obpaxeHns e Tpyaoemko. Bvnpeku
TOBa, ycunuaTa cu 3acnyxasart, 3aLloTo rpadukmTe cTaBaT AOCTaTbyHO TOYHM [2]. OcBeH
ToBa, MoraT fa ce u3obpassiBaT 3HAYUTENHO CIIOXHW 4vepTexu, 6e3 ga ce umanckeat
CEepUOo3HMN MaTeMaTUYeCKM NO3HaHWS.

Heka ce 3ano3HaeM C KoHUenuusiTa Ha opurmHanHaTa cpega picture. Ts ce
cb3gasa ¢ komaHaaTa \begin{picture}(x,y)(x0,y0) .. \end{picture}, kbaetoc x un
y Cce 3agaBaT KOOpAUHATUTE Ha FOPHUSA AeCeH brbfl, @ He3aAbIKUTENHUTE NapaMeTpu x0
1N yo onpenenst KoopavHaTUTE Ha OONHWS NSAB brbfl HA NPaBObIrb/IHMKA, B KOWTO €
NOMECTEHO N306paKeHneTo.

[MoBe4eTo KOMaHAM 3a YepTaHe ce BbBeXAaT kaTto 00eKkTU B KoMmaHauTe
\put(x,y){<obekm>} nnn \multiput(x,y) (Ax,Ay){n}{<obekm>}.

B LaTeX 2¢ e Hann4yHa 1 koMaHaaTa
\gbezier(x1,y1)(x2,y2)(x3,y3), C KOATO Ce YepTaaT kKBagpaTUyHU KpmBK Ha Beane.

Hanpumep, 3a fa HauepTaeMm TPUbIbIHUK, M3MON3BamMe CreaHUTe KOMaHau:
\setlength{\unitlength}{1lcm}

\begin{picture}(6,5)
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\put(1,0.5){\1ine(2,1){3}}
\put(4,2){\1line(-2,1){2}}
\put(2,3){\1line(-2,-5){1}}
\put(0.7,0.3){$A$}
\put(4.05,1.9){$B$}
\put(1.7,2.95){$C%}
\put(3.1,2.5){$a=b\tg{\sphericalangle{}A}$}
\put(1.3,1.7){$b$}
\put(2.5,1.05){$c=\sqrt{a”2+b”2-2ab\cos{\sphericalangle{}C}}$}
\end{picture}

W pesyntarbT n3rnexaa taka:

ColuecTByBaT peauua nakeTu, KOUTO MpemMaxBaT orpaHUyYeHusiTa B cTaHdapTHaTa
cpega picture u cunHo paswupsiBaT rpaduyHUTE Bb3MOXHOCTM Ha LaTeX. B
crnefBalLMTe pasfenu e ce cnpem Ha naketa pstricks ot egHoumeHHata damunus,
KOWTO NpefocTaBs cobcTBEHa cpefia 3a pucyBaHe pspicture.

DPAMUNUATA NAKETU PSTricks

PSTricks e konekumsi ot TeX makpocu, ocHoBaHM Ha eauka PostScript, cbBMecTuMu ¢
noeeyeto TeX makponakeTu. PSTricks Bkntoysa noeeye ot 50 naketa ¢ pasHooGpasHM
Bb3MOXHOCTW M NPUNoxeHus. 3a Aa ce 13nonssa HAKOW nakeT oT dpamunusaTa, Tpsabea aa
ce 3apeau u agpoTo — naketbT pstricks. Bemuku komaHan, AecduHupann B S4poTo, ca
CbBMECTMMM M C ocTaHanute naketu [2]. Pa3bupa ce, CbOTBETHUAT NakeT TpsibBa fa ce
3apeau B npeambiona Ha TeX gokymeHTa ¢ komaHgaTa \usepackage{<nakem>}. Bcnikun
nakeTn ca BKMOYEHW B OCHOBHUS AUCTpUOYTMB Ha LaTeX, Taka 4Ye He e HyXHO Aa ce
MHCTanupar SOMbHUTENHU MOLYIN.

3a rpacuku ce nsnonsea cpeparta pspicture:
\begin{pspicture}*[<Hacmpoiiku>][<6a308a auHus>](x0,y0)(x1,yl)..\end{pspicture}.
MbpBaTa ABOMKA KOOPAMHATY € He3aAbImKMTENHA, No noapasbrpaHe HelHaTa CTOMHOCT e
(0,0). MscToTo, pe3epBMpaHoO 3a YepTexa € NPaBObIbIIHUK C AOSMEH NSB bbb To4Yka C
KoopauHaTtn (x0,y0) v ropeH AeceH brbn (x1,yl).

Hain-yecto ce nsnonssat KOMaHOUTE:

KomaHnpga HenicTBne

\psset HacTtpovika Ha napameTpu

\rput [Mo3numoHnpaHe 1 BbpTeHE (poTauus) Ha obekT

\multirput | lNocTaBsiHe Ha onpeneneH 6por o6ekTn

\psline V306passBaHe Ha NMHUSA Npe3 TOYKN

\psframe M306passBaHe Ha NPaBObIbIHKK

\pstriangle | N306pa3siBaHe Ha paBHOGEAPEH TPUBIBITHUK

\pspolygon | N3o6pa3siBaHe Ha MHOTOBLIbIHUK NO 3a4adEeHN BbPXOBe
\pscircle M306passiBaHe Ha OKPBXXHOCT CbC 3a4aEHN LEHTBP Y pagunyc
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\pswedge V306passiBaHe Ha CEKTOp MO LEHTbP 1 paanyc
\psellipse | M3o6passBaHe Ha enunca
\psarc M306passiBaHe Ha apka Mo LIeHTbP 1 paguycu

\psbezier M3obpassBaHe Ha kpvBa Ha beawe 4ype3 HavanHa, KpanmHa u aBe
KOHTPOJIHM TOYKM, KOUTO ONpedensaT orbBaHeTO Ha KpusaTta
\parabola M3o06passBaHe Ha napaborna no To4Yka 1 eKCTpemMym

\pscurve MHTepnonvpaHe Ha OTBOPeHa KpuBa Npes3 TOYKU

\multips MHorokpaTHoO n306pa3ssiBaHe Ha rpadoukm

MAKET pst-eucl

MaketbT pst-eucl ot dhamunusita PSTricks e npegHasHadeH 3a n3obpassiBaHe Ha
CINOXHW paBHUHHK burypyn B EBknugosa reometpus [3]. Ton, oCcBEH Ye € CbBMECTUM C
onucaHuTe nNd rope komaHau, obaBs HOBM TakvMBa U MOBULLABA HMBOTO Ha abCTpakuums.
OcHoBHM 06eKkTK B nakeTa ca TOYKWTE, KOUTO Ce 3adaBaT Ype3 UMe U KOOPAMHaTU U ce
TpeTupaT KaTo Bb3nM B rpad. Tasum KoHuenuus € MHoro yaobHa 3a noTpebutens, Tbi
KaTo nossonssa crnef AeuHMpaHe Ha Touka, Aa ce paboTy camo C HEMHOTO UMe.

OnncaHve Ha HanuyHWTEe B naketa KOMaHAM MOXe Aa ce Hamepu B [4]. 3aToBa
HanpaBo LWe MPUCTBNUM KbM [OEMOHCTPUpaHe Ha KOMOMHMpaHUTE BB3MOXHOCTM Ha
naketute pstricks un pst-eucl upe3 npumepu Ha WHTEpPeCHW W 3aHUMATENHU
reomeTpuyHu 3agaun. LUe 6bae npeactaBeHa  Bu3yanu3auus  Ha o NoflyvyeHuTe
N3006paKeHnsi, KOAMPaHW 4pe3 u3BbplUuaBaHe Ha wu34McneHuss u npeobpasyBaHus B
paBHMHaTa.

3A0AYM C NMPEACTABEH AJITTOPUTBHBM

3adaua 1. BnucaH KBagpaTt B CeKTop
[apeH e cektop ¢ paguyc 11 n ocTbp BN £6°. B cektopa Aa ce BnuLle kBagpart.

PeweHue:
lMbpeu cnyyad: []ga oT BbpXOBETE Ha KBaapaTa nexaT Ha paguycute, a Apyrute Asa
— Ha Agbrarta Ha cekTopa.

Queypa 1. NU3obpaxeHune 3a 3agaya 1 — MbpBu criyyan.

3a pelleHVeTo Ha Ta3n 3ajaya ce M3nonssa crnegHoTo noctpoexue. MNoctpossa ce
crnomaraTerieH kBagpaT, ABa OT BbPXOBETE Ha KOMTO nexat Ha paguycuTe (Que.1) n ca Ha
€[JHO U CbLLO pa3CToOsIHUE OT LieHTbpa Ha cekTopa. 3a [ja ce NoCTPOAT BbpXoBeTe Ay 1 Dy
Ce MOCTPOsiBa OKPBLXHOCT C LeHTbp O ¥ Manbk paguyc (Hanpumep 2) u ce TbpcAT
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npeceyHnTe 1 TOYKU C pagmycute Ha cektopa. [locTposiBaHeTO Ha ApyruTe ABa Bbpxa By
n Cy Ha KBagpaTta cTaBa upe3 poTauuu Ha Todkute Dy 1 Ay Ha brbn —90% (+907%), ¢
LleHTpOBEe CbOTBETHO Ay 1 Dy. MNony4eHnsaT kBagpaTt e XOMOTETUYEH Ha TbpceHns. Toea B
cryyasi o3HavaBa, Ye BCEKM eduH OT BbpPXOBETe Ha TbPCEeHWs KBagpaT Mexu Ha egHa
npaBa CbC CbOTBETHUS BPbX Ha CromaraTenHusa kBagpaT v € LeHTbpa { Ha cekTopa.

Bmopu cnyyal: EQuH OT BbpXoBeTe Ha KBagpaTa fnexu BbpXy Abrata Ha cektopa, a
ocTaHanuTe BbPXOBE — BbPXY PaanycuTe Ha cekTopa.

B 1031 cnyyan ce n3nonssa nogobHa uaes 3a pelaBaHe Ha 3agadata. Pasnukata
TYK €, Ye ABa OT BbPXOBETE Ha MOMOLLUHUS KBaapaT nexaT Ha eQvHus paguyc, a Tpetus
BPBbX — Ha Opyrus paguyc, T. €. efHa OT CTpaHMTe Ha KBagpaTa Lie NeXu Ha eauH OT
paauycuTe.

OcobeHoCTUTE NPU PELLEHNETO Ca MAEHTUYHM CNPSIMO MbpBUS cnyyan. HamupaHeTo
Ha BbpXOBETe Ha MOMOLUHMSA KBagpaT cTaBa Mo CrnegHus HauuH. M3bupa ce Touka Ay
BbPXY €AUH OT pagMycuTe Ha CeKkTopa M Ce Hamupa HeliHaTa OpTOroHarnHa MpoeKkuunst
B, Bbpxy Apyrusa paguyc. [octpossaHeTo Ha apyrute Asa Bbpxa Ly u Dy Ha kBagpaTta
cTaBa 4ype3 poTauun Ha ToukuTe Ay 1 By Ha brun - 907 (+90%), ¢ LeHTpoBe CbOTBETHO Bj
n Ay. BbpxbT ¥ Ha TbpceHus KBafgpaT ce MmoflydaBa 4pe3 npecuvaHe Ha gbrata  Ha
cektopa ¢ npasarta JDy. BbpxbT £ e opToroHanHa npoekuus Ha £, a nony4saHeTo Ha
Opyrute ABa Bbpxa CcTaBa 4pe3 poTauus Mo OonucaHusi no-rope HauuH. PesdyntatbT e
n3obpaseH Ha Quaypa 2.

Queypa 2. N3obpaxeHne 3a 3agaya 1 — Bropu cnyyan.

3adaya 2. BnucaH poM6 B 4eTUPUBIbITHUK
JafeH e Npov3BoneH M3MbkHaM YeTUPUBIbIHUK. B YeTupubrenHuka aa ce Bnuvile
poMG, YMMTO CTpaHM ca YCropeaHU Ha AuaroHanMTe Ha YeTUPUbIbITHUKA.

PeweHue:

3apavata ce peluaBa Ype3 JOMbIHUTENHO noctpoeHue. MNoctposBa ce pomb (Due.
3) cbC cTpaHa AuaroHana AL W brbf, paBeH Ha brbfla Mexay AuaroHanuTe Ha
YeTMpUbIbiHMKa. 3a Aa ce NOCTUrHe TOBa, Ce M3MOoM3Ba TpaHCcnauusi ¢ BEKTOP Apyrus
auaroHan.

I'Ionyquva p0M6 € XOMOTeTn4eH Ha TbpCeHUndA p0M6, T.€. CbOTBETHUTE BbpPXOBE Ha
pomboBeTe NnexaT Ha efHa NpaBa ¢ Bbpxa B Ha YeTUpUbIbIIHUKA.

Cnep kaTo ce HamepsiT ABa OT BbpxoBeTe P u {J Ha pomba, Apyrute ABa Bbpxa ce
NnocTpoABaT C NoOMoLUTa Ha XOMOTETUA UK poTauuna. AKO 13non3Bame XoMoTeTus 068‘-{6,
TpsibBa Oa umame npedBua, Ye 3a HaMMpaHeTo Ha koeduumeHTa Ha XOMOTeTus ce
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n3nonaea eauka PostScript.

Queypa 3. 13obpaxeHve 3a 3agava 2.

3adaya 3. BnucaH kBagpat B N€TObIbITHUK

[aneH e npaBuneH NETObIBLIHKK (CbC CTpaHa 2 ). [la ce Bnuwe B Hero kBaapart [1].
Pewenue:
Heka npaBunHuAT NeTobrbiHuk € ABCDE (Que. 4).

]

Queypa 4. 3obpaxeHne 3a 3agaya 3.

Upes poTaums ¢ LeHTbp Todka & U brbn +90° ce Hamupa Toyka O, noctposisa ce
oTcevka C{J, KOATO e paBHa MO Ab/HKMHA W NeprnenavkynapHa Ha auaroHana CF.
Onpegensa ce Toyka Ad kato npecevHuua Ha 0 cbe cTpaHata BC. Toyka M e eauH oT
BbpXOBETE Ha TbpceHus B ycrnoeueTo kBagpaT. EgHa oT cTpaHuTe Ha KkBagpaTa,
npunexatya Ha M, e ycnopegHa Ha A8. 3a Aa 9 NOCTPoOMM, NpaBUM TpaHcnaums Ha T. 4, ¢
HanpasnsBall, BEKTOp BM. MpeceyHaTta Touka Ha MM’ ¢ AF e Touka N. MNpu poTauus c
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LeHTbp T. ¥ Ha brbn 20°%, ce nony4yasa Toyka £ £ £, a npu potauus Cc LeHTbp T. 4 Ha
brbn —%0° ce nonyyasa Touka 3§ € CD. TbpceHnaT keagpat e MNP Q.

3A0A4YU C NPEOCTABEH KOO

B To3n pasgen ca pasrnegaHv 3agayu, M3nonasaliy efieMeHTU OT apxuTekTypaTta
»,POMaHCKMN npo3opeyu’ 1 ,FoTUYeCKN Npo3opeL”.

Cnopen apxeornoruyeckata Hayka poMaHckaTa apxuTeKkTypa e cb3gageHa npes
nepvoga ot Xl go cpepata Ha Xll Bek. B Hea ca nanonssaHu TexHonoruv n opmm ot
apxuTekTypaTa Ha Pumckata wuMnepusi, Hai-BeYe PUMCKUAT UWAMHAPUYEH CBOA,
nonykpbrnata apka u kynute. [oTudeckata apxutektypa Bb3HukBa npe3 Xll Bek BbB
dpaHUMa M e XapaKkTepHa CbC 3a0CTPeHUTe Kynu U apku, opebpeHn cBogoBe, ronemu
aXypHu nposopuuM un Gorato ykpaceHu dacagu. Ha Queypa 5 ca npeacraBeHu
n3obpaxeHus Ha npo3opum oT Saint Mary Draperis Church B Wctanbyn, Typuus
(pomaHckm ctun) n Church of Sts. Francis of Assisi B Kpakos, lNMonwa (rotnyecku ctun).

Quzypa 5. POMaHCKN 1 roTUHECKM NPO30PLIM.

3adaua 4. U3obpassiBaHe Ha pOMaHCKM Npo3opel,

B pomaHcku nposopel, CbC CTpaHa & ca BnMCaHW OBe MOSNYOKPBXHOCTU BbPXY
ocHoBata Cc guameTpu 4. [la ce BhuvwWE OKPBXKHOCT, KOSTO cCe Jonuvpa OO [ABeTe
NMonyoKPBXHOCTU M 10 FOpHaTa cTpaHa Ha npo3opeLa.

PeweHue:

Heka @ [a e paguMyCbT Ha MOMYOKPBXHOCTUTE, @ ¢ ¥ Aa O3HAYMM paguyca Ha
BrMCaHaTa OKPBXHOCT. YpaBHeHueto 3a + e (a + ¥)° = (2a — )% + a® u nma KopeH
¥ = 2/3 a. 3a 3agavaTa umame:
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\begin{pspicture}(-5,0)(6,6)

\psset{PointName=}
\pstGeonode[PosAngle={225,8,-45}|{H}(-4,8){A}(4,08){B}
\pstMiddleAB{A}{H}{0 1}

\pstMiddleAB{H}{B}{0O 2}

\pstArcOAB{0_1}{H}{A}

\pstArcOAB{0_2}{B}{H}

\pstArcOAB{H}{B}{A}
\pstRotation[RotAngle=98,PosAngle=98]{H}{B}[M]
\pstInterLC[Radius=\pstDistVal{3.333} [{HHM}{0_1}{}{0" {0}
\pstCircleOA[Radius=\pstDistVal{l.333}]{0}{M}
\pspolygon[linestyle=dashed,linecolor=red](0_1)(0_2)(0)
\psset{linecolor=red}\pcline(A)(B)
\rput(A){\multido{\n=1+2}{4}{\rput(\n,-8.5){2}}}
\end{pspicture}

hhblhRBvovuavbawne

[MonyyeHaTa rpaduka e nsobpaseHa Ha @uaypa 6.

, ’ I x \
/ Y X
/ LY
' L]
s, \
/ 5
2 2 2 2

Queypa 6. PomaHckn npo3opel, C BNUcaHu ABe NOMYyOKPBXHOCTU U OKPBXKHOCT.

3adava 5. U3obpassiBaHe Ha roTU4ECKU Npo3opeLy
[apeH e rotuyeckn npo3opeLl, cbe cTpaHa &. [1a ce BNuLLEe B HEFO OKPBXKHOCT.

PeweHue:
3a ga BnuvwemM OKpBbXKHOCTTA, MbPBO Le HamepuM paguyca n. B obmsa cnyydan, kato

03HAUMM cTpaHaTa Ha mposopela C @, a pagMyca Ha BrMcaHaTa OKPBXHOCT C 7,
2
norlyyasame CMeAHOTO YypaBHeHMe OTHOcHO F: (@ —7)2 =T2+(a/2). Bbnpeku

KBagpatuTe, ypaBHEHMETO € JIMHEMHO OTHOCHO ¥ C eAWHCTBEH KOpeH r = 3/8a. Ha
®ueypa 7 e nzobpaseHa rpadmkaTa Ha roTMYECcKMsl NPo3opeL, a KoabT U3rnexaa Taka:
1 ‘\psset{unit=1cm}

2|\begin{pspicture}(-5,-1)(6,6)

3 |\pstGeonode[PosAngle={225, -45} ]{H}(-3,8){A}(3,8){B}

4 | \pstRotation[RotAngle=68,PosAngle=135]{A}{B}[C]

5| \pstArcOAB[linecolor=red | {A}{B}{C}\pstArcnOAB[linecolor=red |{B}{A}{C}

6| \pcline[linecolor=red](A)(H)\nbput{3}

7| \pcline[linecolor=red](H)(B)\nbput{3}

8| \psset{PointName=}

9| \pstRotation[RotAngle=-98,PointSymbol=none J{H}{A}[A"]

10 | \pstInterLC[DistCoef=0.625,Radius="\pstDistVal{e} ]{H}{A" HA}{}{0" }{O}

11 ‘\pstCircleOA[linecolor=blue]{0}{H}

12 |\end{pspicture}
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Queypa 7. [oTn4eckn Npo3opeL, C BNMcaHa B HEr0 OKPBXXHOCT.

3adaya 6. U3uepTaBaHe Ha XMNOKPaTOBU NyHU

[daneH e ocTpobrbfieH TPUBIbIAHWK. [da ce HayepTaaT XunoKpaToBUTE IYHWUYKM,
obpasyBaHu OT AOblMUTe Mexdy OnucaHaTa OKOMo TPUbIbIHWKA OKPBXHOCT U
NMONYOKPBXHOCTUTE C AUaMeTPU — CTPaHUTE Ha TPUbIbIIHUKA.

PeweHue: PelueHneTo e npenctaBeHO CbC CcrnegHunsa Kog.

1| %\psset{unit=9mm}

2 \begin{pspicture}(5,5)

3 |\pstTriangle(8,8){A}(6,8){B}(2,4){C}

4 |\pstCircleABC[linecolor=lightgray|{A}{B}{C}HM}

5 \pstMiddleAB{B}{C}{N}

6| \pscustom[linestyle=none,fillstyle=solid,fillcolor=blue!75]
7 {\pstArcOAB{N}{B}{C}\pstArcnOAB{M}{C}{B}}

8| \pstMiddleAB{A}T{C}{P}

9 | \pscustom[linestyle=none,fillstyle=solid,fillcolor=green!75]
10 {\pstArcOAB{M}{C}H{A}\pstArcnOAB{P}{A}{C}}

11 \pstMiddleAB{B}{A}{Q}

12 \pscustom[linestyle=none,fillstyle=solid,fillcolor=red!75]
13 {\pstArcOAB{Q}{A}{B}\pstArcnOAB{M}{B}{A}}

14 | \end{pspicture}

B ropHusi kof ca M3non3BaHM CbBMECTHO koMaHau oT siapoto PSTricks n naketa
pst-eucl. 3a HamupaHe Ha cpeauTe Ha CTpaHUTE € U3MNon3BaHa KomaHaaTa
pstMiddleAB. 3a ga ce ouBeTAT MMM 3aLpKXOBAT JIYHUYKUTE, CE M3NOM3Ba komaHhaTa
\pscustom. PeayntaTeT e n3obpaseH Ha @uaypa 8.

NMPUMEPHU 3A0AYU
CnepHnTe 3agayum n3nonasat TEXHUKKU, NOAO0BHM Ha n3noxeHuTe no rope.
lMpumep 1. BnucaHa OKPBbXKHOCT B CEKTOP
B cekTop ¢ paguyc 7 1 brbn 77° Aa ce BNuLe OKPBbXHOCT.
lMpumep 2. BnucaH NnpaBObIbIIHUK B TPUBIBITHUK
B pageH TpubrbnHWK Aa ce Bhuvwe NpaBObIbIIHUK, CTPAHUTE Ha KOWTO Ce OTHacAT

KaKTo 2: 2.
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Quezypa 8. 3apgada c XvnokpaToBu NyHU

lMpumep 3. XMNOKpaToOBU NTYHU Ha NPaBObIbIeH TPUBLIbIHUK

[ageH e npaBobrbfieH TPUBIBIAHWMK CbC cTpaHu 2, 4 mn 5. [a ce HayepTasT
XuvnokpatoBuTe NyHW Ha kaTeTuTe U da ce AOKaxe, Yye cymarta OT nuuaTta Ha ABeTe
XMNOKpaToBM fNlyHU € paBHa Ha NMLETO Ha TPUBLIbIIHMKA.
lMpumep 4. ToTnYeckn npo3opeLl, C BNINCaHW ABe NONYOKPBHKHOCTU U OKPBIKHOCT

[apeH e roTndecku nposopel C AbMKMHA Ha ocHoBaTta 2. Bbpxy ocHoBaTa My ca
NOCTPOEHM OBEe MOMYOKPBXKHOCTU C AvameTpu 4. [la ce MOCTPOM OKPBXKHOCT, KOATO ce
aonvipa Ao ABeTe MoyoKPBXHOCTU U A0 FOTUYECKUS NPo3opeL.
lMpumep 5.

B pomaHcku nposopel, ¢ ocHoBa & e BnMcaHa OKPBXHOCT. [la ce MocTposT ABe
OKPBXKHOCTU, BCAKA OT KOMUTO Ce Aonupa Ao apkaTta 1 OCHOBaTa Ha pOMaHCK1s npo3opeL 1
[0 BN1caHaTta B HEr0 OKPBXHOCT.

3AKINKOYEHUE

HacTosiwarta paspaboTka e hokycrpaHa BbpXy M3MNon3BaHETO HA Bb3MOXHOCTUTE Ha
cuctemata LaTeX un cneumanusvpaHviTe nakeTu 3a cb3gaBaHe Ha rpaduvku n durypu B
paBHUHaTa. [okasaHn ca pa3HOOOPa3HN HAYMHM N TEXHMKM 3a NOCTPOSBAHE Ha YepTexu,
KaTo ca AeMOHCTpupaHu npeauMmcTBaTa Ha magarternickata cuctema. OCBEH pelleHus Ha
HSIKOW OT 3ajaunTe, ca AafeHW anropuTMM M HaCOKM 3a pellaBaHEeTO Ha OocTaHanuTe.
PasrnegaHute nogxogu 3a kogupaHe Ha M300paxeHust ca 4acT OT npakTuyeckuTe
ynpaxHeHus no avcumnnuHara , TekctoobpaboTka ¢ LaTeX", nsyvyaBaHa B 6akanaBbpckusi
KypC Ha cneumanHocT ,PuHaHcoBa matemaTtuka“. MNMoabpaHuTe 3agayvn ca 3aHMMaTenHu,
13non3eaT HecTaHAapTHU MaTeMaTUYecku naev n Npeav3BuMKBaT OTKPpUBATENCKUSA AyX Ha
ctygeHtTutTe. TOo3n TUN 3adadvM ca MpakTUYEeCKM OPWEHTUPAHM, KaTO OCBEH 4e
npeactaensiBat obbp HauMH 3a pellaBaHe Ha KOHKPeTHW npobnemu, AaeaT pamka oT
MEeTOAM WM MOXBaTW 3a CrpaBsiHe C LUMPOK Krac 3ajayn B eXeOHEeBMETO Ha CTyOeHTw,
VNHXEHePW 1 HayYHy paboTHULM.

JINTEPATYPA
[11 bBproc, A., [lMpuémbl yupkyns u nuHelku unu  u3bpaHHelwee Hadyano 8
Mamemamu4yeckux uckyccmeax, Mockea, 1709. http://math.ru/lib/489
[2] KapakoneBa, C., BwgedeHue 6 usdamernickama cucmema LaTeX 2e¢, PyceHcku
yHuBepcuTeT ,AHren KeHues®, Pyce, 2005.
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[3] KapakoneBa, C., Tekcmoobpabomka ¢ LaTeX — Cuctema 3a enekTpoHHO obyyeHue e-
Learning Shell 02, LeHTbp 3a AnCTaHUMOHHO 0OyuyeHue, PyceHcku yHuBepcuteT ,A.
KbHues®, 2013. http://e-learning.uni-ruse.bg/

[4] Poppurec, 0., lMakem pst-eucl. Eeknudosa 2eomempusi ¢ PSTricks, 2005, npesoa
Credbka Kapakonesa, 2010. http://mirrors.ctan.org/info/translations/pst-eucl/bulgarian/pst-
eucl-docBG.pdf

[5] CTAN: Comprehensive TeX Archive Network. https://www.ctan.org/
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KomnioTbpHO-6a3npaHo oueHsiBaHe 3HaHUATa
Ha oGyyaemuTe No MaTemMaTuKa 3a 6 knac

aBTop: Hatanua KpaceHoBa ATaHacoBa
Hay4yeH pbkoBoauTen: Aou. A-p BaneHTnHa BonHoxoBscka

Computer-based assessing knowledge of trainees in mathematics for class 6:
The article dealt with computer-based assessing knowledge of trainees in mathematics for
class 6; Developing a methodology for teaching mathematics for sixth grade with
application of computer-based tests for assessment and self-assessment of students'
knowledge. Web site for learning math for sixth grade.

Key words: computer-based assessing, the method of teaching, education.

BBbBEOEHUE

He moxe fa ce roBopu 3a edpeKTUBHOCT Ha 0ByyeHneTo 6e3 HeroBoTo OLEeHsiBaHe,
6e3 na 6bae yCTaHOBEHO AENCTBUTENHOTO My paBHuLe. MpouechT Ha 0by4eHre Moxe aa
Ce OLEeHM C MO3HaHUSITA Ha YYeHuUUUTe, YCTAHOBEHM C MOMOLLTA Ha PasfvyHU U3NUTHU
npouenypn. OUeHsIBAHETO Ha MOCTWKEHUSITA HA YYEHULIMTE € BaXkHa YacT OT USINOCTHUS
npouec Ha 0by4eHMEeTO, HO TO MO CbLLECTBO OLIEHsIBA KpaHWUSi MPOAYKT U pe3yntaTuTe Mmy.
3a fa ce nogobpy TOYHOCTTa Ha OLeHsiIBaHETO € HeobxoauMo aa ce OLeHsiBaT He caMo
KpaHuTe pe3ynTati, a U [da Ce OueHsiBa M CaMUST Npouec, KOMTO BOAM [0 Tesu
pesynTaTu.

OT ronsiMo 3HayeHne e BbNPOCHT Kora Aa ce U3BbpLLUBA oueHsiBaHeTo. Heobxoanmo
€ [la ce OLEeHsIBa HEMPEKbCHATO JOKATO Tpae npoLechT Ha obydeHne, kaTo TpsibBa Aa ce
B3emMaT Mo BHWMaHWe Ka4yeCTBOTO W CTeneHTa Ha YCBOsIBAHETO Ha y4yebHOTO
cbAbpKaHue, KakTo U OOMycHaTUTe rpellkn B ycBosiBaHeTo. Moxe ga 6baaT pasnuyeHun
cnegHUTe BUOOBE NPOBEPKM Ha 3HaHUATA:

e[IpenBapuTeneH KOHTPOM: TO3W TWMN NPOBepka € NpernopbyYnTerieH 3a HayanoTo Ha
y4yebHaTta roguHa. KaTo c Hero ce npoBepsiBaT 3HaHWATA Ha Yy4YeHUuuTe OT
NpeaxofgHUTE roAMHN U FOTOBHOCTTA MM 3a YCBOsIBaHE Ha HOB y4ebeH maTepuar;

eTekyLll KOHTPON: NpoBexaa ce npes Lenus nepuos Ha obydeHne. C nomoliTa Ha
TO3M BWA NPOBEPKA Ha 3HaHUSITA Ce YCTaHOBSIBA Kak ca YCBOEHW OTAENHUTE
Temu oT y4ebHuNA MaTepuan 1 Kakeu NPOMyckn U 3aTpyaHeHus ce cpewart. Taka
YUUTENST MMa Bb3MOXHOCT a pearvpa Ha BpeME 1 [a Ce 3anbiHSAT NponyckuTe
B 3HaHMATA.

©3aKNYNTENEH KOHTPOJT: Hal-4ecTo TO3W BUA MpoOBepka ce M3BbpLUBa B Kpas Ha
[afneH pasgen, cpok unu yvyebHa roguHa. B Hero ce obobuwaBaT npugobutmute
3HaHWs, C LieNn TSXHOTO TpaiHO 3aTBbpKAaBaHe.

MHoro BaXxHO e npoBepkaTa Ha 3HaHuATa Aa 6bae cucTeMHa U Aa ce B3emat nop
BHUMaHWe UHANBUAOYANHUTE CNOCOGHOCTU Ha BCEKW YYEHNK.

CobluecTByBaT pasfiM4HM MeETOAM 3a OLUEeHsiIBaHe Ha 3HaHUsiTa, HO Hal-4ecTo
cpelyaHnTe ca HabnogeHne, yCTHO U3NUTBAHE M MUCMEHO U3NUTBaHE.

Hai-goctbnHuaT metog Ha oueHsiBaHe e HabrmrodeHuemo. MNpu Hero e HeobxoaMmo
yunTensT ga passue y cebe cu cnocobHoCTTa 3a HabnoaeHe Ha yYyeHuumTe B npoueca
Ha obyyeHue.

YecmHomo u3numeaHe e BaxeH MeTO[ 3a OLEHsIBaHe Ha 3HaHUSITa Ha y4YeHuuumTe.
Mpyn TO3N BMA M3NUTBaHE YYUTENST MOXE [a MPOBEPU [0 KakBa CTEMEH YYEHUKLT €
3aMOMHMIT TOYHO Y4eBHUA MaTepuran 1 crnocoBGHOCTUTE Ha YYEHMKa 3a MHTeprpeTaums Ha
OTAENHU MOMEHTM OT HEro.

MucmeHomo usnumeaHe MoXxe Aa 6bae HAKONKO BUAA: KOHTPONHM paboTu, TecToBe,
eceTa, BbNpOCHUUM 1 apyrn. BaxHo e nucmeHaTa paboTta ga e cbobpaseHa ¢ y4yebHus
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MaTepuan. Haii-ronsmMoTo NpeauMcTBO Ha NMCMeHUTe paboTu e ToBa, Ye 3a eauH y4ebeH
Yyac npenogaBaTensiT MOXe [ia MPOBEPU 3HAHNATA Ha BCUYKW YYEHULN.

OCBEH Te3W HauMHM 3a OLEHsIBAHE YYUTENST MOXEe Aa Bb3MOXM Ha ydYeHuuuTe
npakTuyeckn paboTtu, rpynoBm 3ajaHns 1 AoMallHK paboTu, BbPXY KOUTO CbLLO Aa OLEeHU
HMBOTO Ha 3HaHWATa U YMEHWATa Ha yYeHuUunTe.

lMpakmuyeckume 3adaHusi ca p[obbp BapuaHT 3a OleHsiBaHe Mo y4yebHuTe
OVUCLUMMNAWHK, NPU KOUTO 3HaHWsTa M 0CcoBEHO yMeHusiTa ce MpoBepsiBaT Haun-gobpe ¢
NMoMOLLTa Ha NPaKTUYECKUN 3aa4n.

pyrnosume 3adaHusi KaTo HanpuMep MPOeKTW, AOoKnagu, noptdonua u gpyru ca
yAaveH MeToq 3a OueHsiBaHe, Npu KOUTO OT YYEHULMTE Ce M3NCKBA HE CaMO NMO3HaHWs B
nageHata obnact, a u KpeaTMBHO MUCIEHE, YMEHUS 3a U3paboTBaHeTo UM 1 paboTa B
ekun. Tean 3agaym MoraT fa ce Bb3fnarat Ha Lienusi Knac Unm Ha mankv rpynu oT Knaca,
KaTo BCsiKa rpyna vMa vHOMBMAyanHo 3agadue. pegHasHavyeHMeTo Ha gomaluHaTta
paboTa e ga ce noAanomorHe no-3agbnbo4YeHOTO yCBOsIBaHE Ha y4yebHMA maTtepwuarn, kaTo
3a4bIKUTENHO TO3M MaTepuan TpsibBa NbpBo Aa e 6un npenogageH B yac.

HomawHama paboma e meTop 3a OLeHsIBaHe Ha pe3ynTatute oT oby4YeHNeTo, KONTo
dopmMUpa B yYEHWULMTE HaBULMTE 3a CaMOCTOSITENIHOCT M OTroBOpHOCT. [Nopaau ToBa e
Ba)XHO YYMTENST 4a NpoBepsiBa 3a HEMHOTO U3MbITHEHME.

OueHsaBaHETO Ha pe3ynTatute OT OOYyYEeHMETO € MHOTO BaXeH €eremMeHT oT
00yyeHneTo Ha ydeHuumTe. To TpsibBa ga ce M3BbPLUBA MNEPUOAMNYHO, KATO HAYMHBLT MO
KOMTO e 6be NnpoBeeHo ce onpeaens oT npenofasaTens.

U3NOXEHUE

YyebHaTa nporpama no MaTemaTtuka 3a LWeCTu Krac ce peanusmpa B pamkute Ha 136
y4ebHM Yaca roguilHo, CboTBETHO 34 y4ebHM cegmmum No 4 yaca cegMUYHO. Y4ebHOTO
CcbabpXaHue e pasgeneHo Ha Temu [1].

PaspaboTteH e caiiT 3a obOy4eHne M OueHsIBaHE 3HaHMSATA Ha yYeHUUWUTE, B KOWTO €
BKINtOYEHa Teopwsl, TECTOBE, MMaH-KOHCMNEKTU 1 NPUMEPHUN KOHTPONHW paboTu. P3rnegaHu
ca Temute CTteneHyBaHe, PaunoHanHm yicna n NeomeTpuyHmn dourypu u tena.

TeopusiTa BKMOYBa Ha-BaXXHWUTE onpeaeneHus u opmynum, KOUTo ydyeHuuuTe Tpsioea
na 3HaaT. Tasu cTpaHuua e pasgeneHa ga ase yactu: Anrebpa (cur. 1) n FeomeTpus

(q)mr.‘_Z}

€0 B il dplereal it b b

Cmenenysatie;

Paguonannu uuena;

17,
/4

PN

Llenn wspazn.

®ur. 1 Anrebpa
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Hipasovesten mpuszainug
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| Kaadpam (sune uepmenc): ‘ (
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®ur. 2 leomeTpus

PaspaboTteHu ca gecet TecTta, obxBallaly LanoTo y4ebHo cbabpkaHue (dur. 3)

-
e st L ko varard L tmntzeee i T e & .i s =
Tecmoge i
T e e e e
Tecm I: Hauaien npecosop
Tecm 2: Cmenenveane
Tecm 32 NAGANE, & N NIEENCOANE N PONEONGTNE SN
r
Teem 4: eiici e Pa THN YHEAT
Tecm 5: Oxpvicnoc, Kpbe i MROZEbSBINUK

Tecm 6: Pooecmu meia
Tecm 7: Buvuecmu meia
Tecm §: Hponopun
Tecm 9: Iean usparn

Tecm 10: Fodwwuen npezoson

®ur. 3 TectoBe

BkrtoyeHu ca aeceT nnaH-KoHCMNeKTa, KoMTo obxBaLlaT LUsanoTo y4ebHO cbabpxaHue
no MaTemartwuka 3a wecTu knac (dwur. 4)
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[ — =

51 el ek et plermas/viant 1 phon banipn i

\ | Iaan-ronenexmu

1‘ Cuiiny " dane Ha f AN YT, Vap

¥ Ha MU

e ot uncia Ce

Tune na MEOTBIWANIK.

Oden na npasuing nupamuoa.

Kuado. Oden na xn1bo

I #a dannu, ng upes Kpb2osa duazpama.

Paunonanen wipas. HpoMeningu u nocmoannn 61N,
Hna wypar. "Tucaosa comoinocm na wipas.

Cmenenysane (llpesosop).

®ur. 4 NnaH- KOHCNEKTU

3a ynecHeHWe Ha yuYuTensi ca U3roTBeHN AeBET NPUMEPHU KOHTPOIHU paboTu (cur.
5). KaTo Bceka eqHa OT TAX € pasfeneHa Ha ABe rpynu.

T Mipmiprescemrgamm patemm % | 1

T R S ———— X' LY T8 +$ &8 =
]

Ipumepnu Konmpoanu pabomu

Huuaien npecocop;

Cmﬂﬂ!ﬂ”ﬂﬂe.’

Cpasnenue,codupane n ussancoane na Payuwonainn uncua;

Heii e P queina;

OxpoyucHocm, Kpbe, MHOOBIBINNK, RPAGIIEH MHOZOBIbINNK;
Puvbecmu mena;
Banuecmu mena;

Hponopyuu;

Tlonn wanasn

®ur. 5 NMpumepHU KOHTPONHU paboTu

KomntoTbpHO-6a3npaHnTe TecToBe ca cb3faneHu ¢ nomowta Ha Adobe Captivate 5.5.

Adobe Captivate e nporpama 3a cb3gaBaHe Ha UHTEPAKTUBHO CbabpXKaHUE 3a
eneKkTpoHHo oby4yeHue [2]. Ta npefocTaBs Bb3MOXHOCT 3@ BMbKBaHe Ha M306paxeHust,
aHMmauum, 3ByK, BUAEO U APYr1 eNleMeHTU, KOMTO cnomarat KpanHusT NpoaykT Aa 6bae
No-UHTEepeCeH U yBIrieKkaTerneH 3a y4eHnuynTe. I'IporpamaTa npegocTtaBd roiimMo
pa3Hoobpasune OT TMMOBe BbMNPOCH, KaTo He U3NCKBA BNaleeHETO Ha e3num 3a
nporpamupaHe.
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KapTta Ha canTa

T
T

-
[NaH-KOHCMNEKTH
— 3a yuutena
MprMepHU KOHTPONHM
pabotn

naBHO MEHHD

Anrebpa

Lenun nspasm

PauyoHanHu

aena Mponopumnu

[
CreneHyBaHe

HayaneH nperosop

CreneHysaHe

CpaBHfiBaHe, C'bﬁldpaHe 1 U3BaXKaaHe Ha
pPaLMOHaNHKX Yucaa

[lercTBUA € paLMOoHaNHKU Yucna

OKpPBKHOCT, KpBbr U MHOTOBIMB/IHUK

Pvbectn Tena

Ban4yectv Tena

Mponopuumn

Llenn nspasu

loguLieH Nperosop
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paHe U n3BaxkgaHe Ha paunoHa Hn
4yucaa. YnpawHeHume

— YMHOMeHUe Ha pauMoHaHU YUch

JenexHne Ha paLnoHaaHu Yncna. CBoUcTsa.
YnpaHeHue

— Jl1ue Ha MHOTOBIb/THUK.
— Obem Ha NpaBW/iHa NMpamuaa.

=
=
x
(<P}
=
[}
ES
(e}
I
ac
©
=

Kbnbo. O6em Ha Kbnbo

PasyuWTaHe Ha AaHHW, NpeAcTaBeHu Ypes
Kpbrosa guarpama.
PaupoHasneH uspas. [[poMeHIMBN U
NOCTOAHHW BETUYMHM.
e LA/ 13pas. Yncnoea CTOMHOCT Ha U3pas

CreneHyBaHe ([perosop).

3AKNKOYEHUE

B AHelwHo BpemMe MMa MHOTO caiToBe, KOUTO NPedoCTaBsAT TeCToBe Mo MaTemMaTuka,
HO MOBEYETO OT TAX Ca 3a MO-TOPHUTE KracoBe. Teau, KOMTO ca 3a LIeCTU Knac, ca Masko
1 ca HAaCOYEHU IMaBHO KbM BBbHLUHOTO OLiEHsIBaHE.

MpeoumcTBaTa Ha pa3paboTeHust calT ca: NogpobHO obsicHeHa Teopusi, pasgerneHa
Ha pasfenu; YepTexu 3a BCska egHa OT M3yyaBaHUTe (PUrypU; MHTEPaAKTUBHW TECTOBE
obxBallalm LenusaT ydebeH matepuan; MHTEPEeCceH 1 AOCTbMNEeH AnU3aitH.

3a B 6baelle canTbT We ObAe pasWwuvpeH, kaTo ce [Ao00aBAT TecToBe 3a MneTw,
cegMm M ocMmu knac. Cblo Taka we 6baat paspaboTeHyn Teopust 3a CbOTBETHUTE
KnacoBe, BMOEO ypouu W OpyrM maTepuanu, ¢ MnomMoliTa Ha KOWTO OGy4yeHMeTo mno
MaTtemMaTuka e CTaHe Nno-nHTepecHo 1 OOCTBIMNHO 3a y4YeHuuuTe.
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MeToguka 3a npenogaBaHe no Anre6pa 3a 7 Knac ¢ npunoXxeHue Ha
CbBpPEMEHHU NH(POPMALMOHHU TEXHONOIUM 3a NOBULLABaHe
edeKTUBHOCTTa Ha 0Gy4YeHUeTo.

aBsTop: CtenusHa EmunuaHosa Pycesa
Hay4eH pbKoBoauTen: gou. A-p BaneHTnHa BonHoxoBcka

The method of teaching 7th grade Algebra with the use of modern information technologies for
increasing the efficiency in teaching: Developing a method of teaching 7th grade Algebra using modern
information technologies. Practical realization. Website for teaching 7th grade Algebra.

Key words: the method of teaching, education.

BBbBEOEHUE

MHdopmMaumnoHHuTe n KOMYHMKALMOHHN  TEXHOMOornm ca CbBpPEMEHHO
npeaunsBMKaTencTso 3a obpasoBaHuMeTo. XKuBeerlku B OUrUTaneH CBSIT, KbOETO
TEeXHOMorMnTe ce NpeBpbLLAT B YacT OT eXeQHEBMETO, TAXHATa fekoTa Ha M3nonseaHe,
Obp3nHa n pasHoobpasne Ha TpaHcdep Ha MHopmauMs, NO3BONSABAT HA yYuTenuTe U
yYyeHuumTe Aa umat AOCTbM A0 €[MH CBAT M3BbBH KnacHaTta cTas.

Bbp3oTo pasBuTMEe Ha TexHonormmTe obxBawa obnacTtvM, CBbp3aHM C
pa3paboTBaHETO W M3MON3BaHETO Ha HOBM W MHOBATMBHM METOAM M CPeAcTBa 3a
obyyeHne, OCHOBaHMW Ha aKTUBHO Y4YeHE W OPUEHTUPAHU KbM AEWHOCTHUS MOAXon B
obyyeHveto [1]. Te3an meToaM MoraT [OMBbIAHUTENHO fa O6bgaT nogobpeHn upes
13non3BaHe Ha MHOPMAaLUNOHHUTE Y KOMYHUKALMOHHN TEXHONOMMMU, KOETO Lie AoBeae A0
NoBULLIABAHE aHraXMpaHoCTTa Ha yyeHuuuTe, A0 NofobpsiBaHe Ha TeXHUTe pesyntatn u
[0 OpraHv3npaHeTo Ha MHAMBUAYanHUTE UM NoTpebHOCTH. KakTo B HayanHaTta cTeneH Ha
obpa3soBaHue, Taka U B cpefHaTa ce npenopbyBaTt Mnu npegnaraTt HAKOSKO UHOBATUBHU
negarornyeckn noaxoda 4vpe3 MHPOPMAUMOHHUTE U KOMYHUKAUMOHHW TexHonoruun. Te
MoraT a ce u3nona3saT B NPOEKTHOTO 0OyYeHNe, OCHOBAHO Ha AIGNHOCTUTE 3a yYeHe Ypes3
W3roTBsIHE Ha MPOEKT, KOETO U3UCKBA OT yYeHUUMTe CBODOAHO Aa OTroBapsAaT Ha BbMPOCU
1nu pelaeat npobnemun 3a No-4bbr NepUoa OT Bpeme, Ype3 OTKpUBaHe Ha MHGopMaLms
B IHTEpHeT NpocTpaHCTBOTO.

MepcoHanuanpaHoTo oOy4eHne ce OCbLUEeCTBABA C PasfMYHU TEXHONOrUMWU, npu
KOUTO Yy4YeHuuMTe MoraT ga ydvaT Mo HayuH, cbobpal3eH C TaAxHaTa cpeda, onuT U
nHTepecu. [pyr Bua obyyeHune, npu KOeTo Morat fa ce u3nonssat MHPOPMaLMOHHUTE U
KOMYHWKALMOHHN TEXHONMOrMn € WHAMBUAyanHoto obyyeHune. [Mpu Hero yuutenute
cb3gaBaT YCroBUS Ha yvyeHuuMTe ga paboTaT cbC COOCTBEHO TEMMO MM Aa agantupar
obyyeHneTo cnopef ymeHusita n notpebHoctute cu.

NU3NOXEHUE

M3rotBaHETO Ha y4ebHMs nnaH no BCeKM eauH obuioobpasoBaTtenieH npeamer
TpsibBa Aa e cbobpaseH ¢ MMHUCTEPCTBOTO Ha 06pa3oBaHNETO M HaykaTa [2].

PeanusmpaHeTo Ha y4ebHMA nnaH no matemaTvka 3a 7 Krnac ctaBa B paMKuUTe Ha
136 yaca roguHo, B kOUTO TpsibBa Aa ce npegage y4ebHusaT matepuan.

YyebGHuAT MaTepuan no anrebpa ce pasrnexga B Tpu pasgena: pasgen Llenwu
n3pasu, pasaen YpaBHeHus u pasgen HepaseHcTsa.

PaspaboteH e calt 3a obyyeHue M CaMOMoAroToBKa, B KOWTO ca pasrfiefaHu

cnegHuTe TeMu:
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o TbXXaecTBeHN n3pasmu

Mamemamura

7 ke

| Proewie:
$opernn
14 agarons sy | o g g
Painagaws wpe i -
R [Bea? s s dmM 4224 Imdsts =y
Paiiarane we

sovmenpans wnussane) D et A 8 8. 5 o

Hipass r xpira 50 8 BEARS CTORIOCT I8 BPOAITNRIETE CLOTETITE B4
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T e, a0 Jrictane o olicr Korste sectms s o
ThaZ=CTRENG pABEN 13 WETE KAIRANE. T WIELIEAE TRAINTREND RpFaipan BINe

Tadavn 3- Tauczectmens pussm 2 ca mopasrre v+ 4 4+ 307
Frwemure:

| da. wey

v ¢ d =g+ dym Ay s dmin=d

durypa 6. TrxaecTBeHn n3pasu

PasnaraHe 4pes rpynupaHe
[~ Y- . = - oEN
Mamemamuxa
7 xxac
Pavrarane wper rprnupane

(@

PaanoeTe Ha MHOMHTEIH MHOTOM/IEHA:

1 3apava: 33.76 + 33.24 + 67.76 + 67.24

Liatime e |
i i
:mm—_ i 2 3apaua: am + an + bm + bn

3aapava: ax + bx +ay + by + az + bz

4 3apjava: a® — 5a% + 5a — 25

durypa 7. PasnaraHe ypes rpynupaHe
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eYpaBHEHUHA C e4HO HEU3BECTHO
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durypa 8. YpaBHeHUs ¢ eQHO HEU3BECTHO
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durypa 9. YpaBHeHue oT Buaa (ax+b)(cx+d)=0

-32 -



PYCEHCKW YHMUBEPCUTET CTYOEHTCKA HAYYHA CECUA - CHC’16

oJINHENHN HepaBeHCTBa C €4HO HEN3BECTHO

Mamemamura

£ Kac

 umeinn MEPABENCTRA C ETND MEMINECTID

Pemete HEpPaBeHCTBOTO:

13apaya: 5x +5> 0

2 zapana: 5(3x — 2) — 10 < 3(12 — 3x) + 19x

3zapaua: (x - 3)(2x - 5) 4+ (3x - 1)x = (5 —x)(1 — 5x)
dzapana: (¥ —22< (y =3+ D +2(y +4)

®durypa 10. JInHeHn HepaBeHCTBa C e4HO HEM3BECTHO

M3nonseaHu ca pa3nunyHm nporpammn 3a cb3fgaBaHe Ha cavita - Adobe Dreamweaver,
Microsoft Word, Microsoft PowerPoint, Emaze, Free MP4 Video Converter.

Mporpamata Emaze e GesnnaTeH OHNaWH WHCTPYMEHT, C KOWTO MoraT ga ce
HanpaBaT npeseHTauun. Ton e neceH 3a manonasaHe. lNpeseHTauunTe ce cb3gasaT C
esnka 3a mapkupaHe HTML5, c kowto 6e3npobneMHO ce OTBapsAT BbB BCSAKO yeb-
ycTponcTBo [3].

Emaze npegnara Bb3MOXHOCT 3a HampaBa Ha TPaaWMUMOHHM Npe3eHTauuu,
npeBbpHaTN BB BUAeo 1 3D npeseHTauuu.

Manon3sarky nnateHaTa Bepcus Ha canTa, Te MoraT ga ce MMnopTMpaTt oT
PowerPoint carin, B konTo egUHCTBEHO MOXe Aa ce NpomeHu Buaa. CblUo Taka Moxe aa
ce u3nonsea QyHKuMATa odnaviH rnegaHe, KOATO Mo3BofsiBa Ha noTpebutenute ga
rnegat npeseHTaunmTe 6€3 UHTEPHET Bpb3Ka.

Emaze pasnonara c 6ubnuoteka, B KOATO MOraTt Aa ce CbxpaHsiBaT npeseHTaummute
1 crnej BpemMe Aa ce NMPOMEeHsT UK U3Mnon3ear.

[Mpe3eHTauMoOHHNAT UHCTPYMeHT Emaze e oTnuyHa anTepHaTvBa Ha nporpamarta
PowerPoint n npoaykra Google Slides.
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KapTaTta Ha canTa
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ypaBHeHI/Ie CcegHo
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EKBHBaJIeHTHU
ypaBHEHHs

YDaBHEHHe OT BHJa
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Paspen YpaBHeHust

YPaBHeHl/Ie OT BHUJa
(x4 Bi(ex4+d1=10

YpaBHeHue OT BUja
lex+ Bl =¢

JluHeWHU
napamMeTpUYHU
ypaBHEHHsI
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HepaBeHCTBa
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3AKINKOYEHUE

B gHelwHo Bpeme Bceku usnonssa MIHTepHeT. [JHeC 3a BCSIKO HELLO, KOETO He 3Haem
1 ce nHTepecyBame npubsireame o yeb-canToBeTe. [10 TO3M Ha4yMH MOXe fa ce oTkpue
MH(OpMaLMs No Han-6bp3nst 1 neceH HaunH. MHOro y4YeHuum M n3nonseaT 3a no-gobpa
pa3bupaeMocT Ha y4yebHUsi maTepuan, 3a ynpaxHEeHWe unuM 3a nucaHe Ha [AOoMallHM
paboTun. Bbnpekn ToBa, 4eCTO CMe Hamupanu caToBe, B KOUTO NiLLE 3a CbLLECTBYBAHETO
Ha TbpceHaTa OT Hac MHopPMaUns, HO BCbLUHOCT Hesl 1 HMa.

MpeoumcTtBa Ha paspaboTeHus calT: gobpe onucaHa Teopusi, Momaraiwia 3a no-
NecHo pas3bupaHe Ha MaTepuana, yrnpaxHeHus BbpXy TeopusiTa U TECTOBE KbM ypoka 3a
NPUNoXeHe Ha Hay4eHoTo. CbLLO Taka MMa TECTOBE BbpXy Lenus pasgen 3a LsnocTHa
npoBepka Ha 3HaHuATa.

3a B ObJele calTbT, KOUTO e pa3paboTeH, MOXe Aa Ce AOMbfHM C TemMu oT
y4ebHOTO cbabpaHue Mo MaTtematuka oT 5 go 12 knac. B cbabpkaHueTo uma
Bb3MOXHOCT fa ce [obaBsAT noBeve MpuMepy 3a YMNpaxHEeHUWe Uu caMocTosiTenHa
nogrotoeka. o TO3n Ha4YWH yYyeHuumTe LWe ce obyyaBaT No-eUKACHO M CalTbT Lie Uva
no-ronsiMa yHKLMOHAIHOCT.
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ChessTime — a simple chess clock for Android

Dimitar Trifonov
Teacher Coordinator: Prof., PhD Katalina Grigorova

Abstract: Chess is a classic 2-player game popular all around the world and played by people of all
ages. Nowadays you can easily play chess online, but playing in person, on a real chess board, is just a lot
more fun. Unfortunately, while you may have a chess board that you can play on, very few people own a
chess clock as well, which is mandatory for determining how long a game should be. ChessTime solves that
problem in a convenient way for both players.

INTRODUCTION

Everybody likes playing chess. It's simply a fun game, which engages your mind,
improves your critical thinking [1] and makes time fly by pretty fast. Nowadays it's
extremely easy to just go on the Internet and find an opponent to play against online.
But before the Internet, believe it or not, people actually sat down in front of a real
chess board and they played for hours. All professional games are played on real
chess boards too.

Although playing in person is generally considered a far superior experience, it
has its pros and cons. For example, most official chess tournaments have a time limit
for each player, which adds additional challenge to the game. Because of this, the
games are played with a chess clock, which you tap whenever you’re done with your
move and then the other player’s timer starts running down. When one of the players’
time is up, the game is over. The problem is that very few people own a chess clock of
their own and as a result, their games’ length is random and chaotic. Furthermore, the
lack of a chess clock often causes the awkward question “Uh, did you move?”, as your
opponent stares at you in utter disbelief after waiting for you for 5 minutes straight to
make a move.

When you’re out and playing against a friend, you may not wish to have a timer,
because you just want to savor the experience. Unfortunately, this is not always the
case and sometimes you just don’t have all day to play or wait for your overly analytical
friend to make their first move. You could use your phone’s alarm features, but it's not
very convenient and requires additional mental focus to keep track of what’s going on.

In order to avoid these problems, you can simply use ChessTime, which is pretty
much a chess clock in the form of a smartphone app. What makes ChessTime unique
is its utter simplicity. While most other apps of this nature try to "capture" the feeling of
a real chess clock by making the app's layout resemble a chess clock or by adding
unnecessary options such as time penalties, they're forgetting that sometimes the user
wants just one thing - a portable chess clock that works. Furthermore, ChessTime is an
open-source app, which means that anyone can modify and adjust it to meet their own
personal needs. As an added bonus, in case you want to track how many moves were
played in a particular game, the app allows you to do that as well (to make the game a
bit more “official” and help you out if you wish to submit it to a chess game database).

The application is written in Java (functionality) and XML (layout/design) and makes
use of the Android SDK. You need a smartphone running Android 4.0.3
(IceCreamSandwich) or later to

HOW THE APP WORKS

1. Main functionality

ChessTime’s charm is in its simplicity. There’s only one screen, which includes
only the bare essentials, presented in a convenient and user-friendly manner.
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In a nutshell, ChessTime allows you to pick a standard length of the game you’re
about to play (that is, the amount of time each player gets for the duration of the game).
Then you can either start the game directly or also enable the move counter (if you
wish to keep track of how many moves were played in a game) and “Flip mode”, which
basically rotates the timer, so that it's more accessible to the current player (this is
explained in more detail below).

5:;61.9-6.;50200 30 (O 6o
.D »u..rm

[ count maves

[}

A

Fig. 1. The main (and only) screen of the app

SEND FEEDBACK

1.1 Setting the time limit

When the app loads, you can set the time limit for each player. You can either go
for a “blitz” game (also known as speed chess or “bullet chess” [2]) with a really short
duration (5 minutes per player) or you can go for a normal game, which gives each
person 60 minutes. The app does not support custom time limits, as it is primarily
intended for relatively short games between friends. If you try to start a game without
setting the time limit, you will get a notification prompting you to first choose a time
limit. Once the time limit has been set and the Start button has been clicked, you
cannot alter it until the game is over or until you restart the app.

1.2 Flip mode

The so-called “flip mode” allows you to literally flip the timer, so that it is
conveniently placed for the current player. To better explain this, here is an example of
how Black would see the timer with “flip mode” enabled and with “flip mode” disabled,
provided that the phone is placed in a vertical position near the chess board and facing
White. This feature eliminates the need to place the phone in a horizontal position or to
constantly rotate the phone in order to make it convenient for the other player.
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HOVROI ONIS
| 3
‘ i

14:46 a

SEND FEEDBACK

DU SSIYY

Fig. 2. How Black sees the screen with “flip mode” enabled/ disabled when the
phone is in a vertical position and placed in front of White.

1.3 Counting moves

Counting moves is not a necessary part of playing chess, but it's a useful feature
for people that wish to keep track of how many moves their games take to complete on
average or for people that submit their games at online chess databases. All official
chess games are usually recorded by writing down the actual moves that were played
and naturally the number of moves as a whole [3]. Plus, it gives the winner a sweeter
taste of victory (“Hey, | beat that guy in only X moves!”). Just a small additional option
that is supposed to be the cherry on top of the cake and not the cake itself.

Fig. 3. How the app changes with the “Count moves” option enabled

1.4 Starting the actual game

Once the countdown timer has started, you can’t pause it or make adjustments to
the time limit or the additional options, unless you close the app and re-launch it. The
timer always starts on White’s side, as according to the official chess rules [4], White
goes first every time. Besides the countdown timer, the transparency of each knight is
adjusted to make it more noticeable by the human eye whose move it currently is.

1.5 Game over

When one of the players’ time is over, the timer gets replaced by the text “Time’s
up!”, which indicates that the game is over and as a result, you can once again set the
time limit, as well as enable/disable any of the additional options after clicking the NEW
GAME button.
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Time's up! a

SEND FEEDBACK

Fig. 4. How the app looks like when a certain player’s time is up

1.6 Quitting the app

Most Android apps can be closed with one click of the Back button, but
ChessTime is programmed to close after two clicks. The reason for this is that usually
whenever you’re playing a chess game, you don’t wish to be disturbed and you may
accidentally close the app by clicking the wrong button (especially if you're starting the
app for the first time). As a result, whenever you click the Back button, you’ll get a
notification prompting you to click the button once more to confirm that you really wish
to exit and the click wasn’t an innocent mistake.

1.7 Sending feedback to the author

ChessTime offers a feedback option, in case the players want to suggest a feature
for a future version of the app. Whenever the player clicks on the SEND FEEDBACK
text, he’ll be prompted to choose his preferred e-mail client and when that is done, the
e-mail address of the author is automatically added to the “Send to” field and the
subject of the e-mail is set to “ChessTime Feedback” (to save the player some time and
effort).

€ Compose ® >
From hdemondu@gmail.com

To dirifonov32@gmail.com i

ChessTime Feedback

Fig. 5. Sending an e-mail through the Gmail app
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2 Usage of the Android SDK, Java and XML

While ChessTime is a rather primitive mobile app, it makes use of some of the
Android SDK’s fundamental classes and widgets, such as TextView, ImageView,
RadioButton, CheckBox, Button, Toast, Intent and so on.

The layout and design are done entirely via XML. Both LinearLayout and
RelativeLayout are used, as well as ScrollView (to add support for devices with smaller
screens).

The app is open-source and its code can be accessed by anyone at its repository
on GitHub here.

CONCLUSION
The designed application holds convenient and easy to use features. Chess
lovers have at their disposal a simple, yet effective chess clock in the form of an app,
which they can take literally anywhere with minimal effort.
The author plans expanding the capabilities in the following areas:
- ability to set a custom time limit;
- ability to log information about previously played games;
- ability to set names for the players and count number of won/lost games
for each player.
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OpenGL Game Engine

Svetlozar lliev
Teacher Coordinator: Prof., PhD Katalina Grigorova

Abstract: This paper describes the creation of a 3D game engine, for use in an introductory video
game programming. Having the right tools available can make illustrating the concepts of game development
and design substantially easier. In creating the engine, a number of factors such as ease of use and
accessibility, were considered. Successful implementation of tools allow clients to produce games quickly
and the concepts of game development to be explored more effectively.

INTRODUCTION

A typical game engine is a software framework designed for the creation and
development of video games. Developers use them to create games for consoles,
mobile devices and personal computers. The core functionality typically provided by a
game engine includes a rendering engine (“renderer”) for 2D or 3D graphics, a physics
engine or collision detection (and collision response), sound,scripting, animation,
artificial intelligence, networking, streaming, memory management, threading,
localization support, scene graph, and may include video support for cinematics. The
process of game development is often economized, in large part, by reusing/adapting
the same game engine to create different games, or to make it easier to "port" games
to multiple platforms.

In many cases game engines provide a suite of visual development tools in
addition to reusable software components. These tools are generally provided in an
integrated development environment to enable simplified, rapid development of games
in a data-driven manner. Game engine developers attempt to "pre-invent the wheel" by
developing robust software suites which include many elements a game developer may
need to build a game. Most game engine suites provide facilities that ease
development, such as graphics, sound, physics and Al functions. These game engines
are sometimes called "middleware" because, as with the business sense of the term,
they provide a flexible and reusable software platform which provides all the core
functionality needed, right out of the box, to develop a game application while reducing
costs, complexities, and time-to-market — all critical factors in the highly competitive
video game industry. Gamebryo, JMonkey Engine and RenderWare are such widely
used middleware programs.

HOW THE APP WORKS

1. Main functionality

The basis of this Game Engine is to propose a dynamic and flexible way of
creating an actual virtual world. It offers various different development tools and
reusable software components to generate such a world. The Engine is divided in two
main parts. The first one is the actual Rendering pipeline and the second is the Physics
pipeline. Combined those two components give the client everything he needs to build
up a world from the ground. The Physics engine is tightly incorporated with the
Rendering pipeline which gives a realistic and dynamic world manipulation. The Engine
includes various other types of Graphics techniques such as:

sLighting — Diffuse, Specular and Ambient
*PCF and Variance Shadow Mapping
*Real Water Simulation
*Day/Night Cycle, OBJ Models
*Height Map Model Generation
*Blend Mapping
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*Collada Model Animation
*Normal Mapping

*Parallax Mapping

*Particles Engine

*Ray Picking

*Dynamic Space partitioning
*Saving/Reading Scenes from file
*Sprites and Textures

*Dynamic Fog Generation

Ty Oponlil Engine lova 1P5: 113

Fig.1 Static Models Overview

1.1 The Engine and client interaction

When the application loads, an interactive window opens which shows the last or
currently loaded scene by the scene loader. The Interface with the client is currently in
beginner stage and there are not very many interaction tools to help the client build up
the world as fast as one would imagine. At the moment most of the Dynamic world
loading is done using the command line. Some basic commands are implemented to
help the client interact with the engine. The Graphical user interface is still in early
stages, but the next step is to implement a fully functional GUI to completely ease the
communication between the application and the user.
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o Oy T L 195 477

Fig.2 Bump and Specular Mapping

oy Opentil gl Sows 175 478

Fig.3 Day/Night Cycle and Parallax Mapping
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Fig.5 Particle Engine

1.2 The Rendering pipeline

The first major part of the engine itself is the graphics pipeline. This module is
concerned with the visual display onto the screen. Most of the core functionality is
implemented from this module such as: Lighting, Shadows, Water, Blend, Diffuse,

Normal Parallax mapping and so on. This module is responsible for the view the client
receives while the application is running.
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1.3 The Physics pipeline

The second major part of the engine is the physics pipeline. This module is
concerned with the dynamic and real time interaction between the objects and models
in the virtual world environment. Physics pipeline includes a Physics Engine which is
the main driving force of the pipeline, it also includes various modules which take care
when the physics pipeline interacts with the graphics pipeline.

2 Engine Implementation

The Engine is implemented using the programming language Java and the
OpenGL API. The main library used for this project is called LWJGL which is a wrapper
library for the native OpenGL libraries. LWJGL includes very many library API's within
itself such as: OpenGL, Math, System Utilities and more. The application is in a very
early stage of its development, there are many more functionalities that will be added in
the future.

Once finished the Engine will offer users to create huge dynamic worlds in a blink
of an eye which will operate in real time.

CONCLUSION

The designed application serves as an interactive tool for users to create a virtual
world of their liking without any prior knowledge in graphics or physics. The Engine
offers its users easy and fast to use tools for dynamic and real time world creation.
Furthermore the author plans at expanding the capabilities in the following areas:

-Friendly GUI for much better interaction between client and application

-Multiplayer support

-Post processing effects

-Vehicle physics

-Enhanced animation interaction

-Saving or Loading a dynamic virtual world from external source

-Support for script languages - LUA
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My6nukyBaHe B canToBe 3a 0651BU — Npo6GneMu u nepcrnekTuBmu

Teopocu [oces
HayuyeH pbkoBoguten gou. a-p Nnamexka Xpuctosa

Abstract: Goal of this paper is to reveal the main problems that users are facing when posting ads
and propose approaches to solving them. The result is to create software for automated posting of ads that
would provide a new effective process for automated publication.

Key words: ads posting, automation of internet processes

BBbBEOEHUE

B cbBpemMeHHUsI CBAT Ha MHOro xopa WM Ce Hanara exegHeBHO ga nybnukysar
0658K. ToBa e cBbP3aHO C onpefeneHn HeynobeTea n TpyaHocTu. LlenTta Ha HacTosAwms
[oKnaj e fa paskpue OCHOBHUTE nNpobnemu Ha noTpebutenute, nybnukysallm obsBu 1 Aa
npeasnoxu Noaxoam 3a TAXHOTO pa3peLuaBaHe.

[Mpe3 nocnegHuTe roguHn camtoBeTe 3a nybnukyBaHe Ha 06sBKM  yBenuymxa
3HaYMTENHO CBOSA MasapeH AsAn B 6bNrapckoTo oHMawH npocTpaHcTBo. Cnopen nocneaHo
obsaBeHnTe aaHHnM ot Femnyc Bbnrapus EOO[L Han-ronemuTte gBa Gbnrapcku cavita 3a
0658u Abpxat cboTBeTHO 21,83% (0Ix.bg) n 14,82% (bazar.bg) ayantopeH aan [2].

My6nukyBaHnTEe KbM MOMEHTa Opoii 005iIBM BbB BCUYKM CaTOBE HE MOXe Aa Obae
onpegeneH ¢ TOYHOCT, HO MoKa3aTernHo 3a NOoMynsApHOCTTa Ha ycnyraTta e, Ye B NbpBuUTe
nBa canta Te ca Hag 3 000 000.

N3NOXEHUE

3a pa 6bgaT onpedeneHn OCHOBHMTE npobrnemu npend notpebutenute,
nybnukysawm B canTtoBeTe 3a 06aBu, Ge npoBegeHo uscnenasaHe cped Hag 100 ot
nonsearenute Ha ycnyrara [3]

Konko yecTo nonseate cafToBe 3a 06ABU? (102 otrosaps)

@ ExepHesHo

@ HBKOMKO MBTH CEAMMYHO
ExemeceuHo

@ Praro

@ He nonasam

®ur 1. MNpodmn Ha akTUBHOCTTA Ha aHKeTUpaHUTe

MpocunbT Ha noTpebuTenuTe € paBHOMEPHO pasnpeferieH Mexay nonasaluTe
YCryruTe exefHeBHO, CMPSIMO Te3u MyOnvKyBaly no-psako OT BCEKM Mecel, KakTo ce
BWvXaa oT dowmr. 1.

[MpaBn BneyatneHune, 4ye GonwmHcTBOTO NoTpebutenn (79,4%) nybnukysat B Ao 5
cavta. CoblLuo Taka 82,4% nybnvkysaT fo 5 06asu (dur. 2).
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B KoNKO caliTa ny6auKysaTte? (102 omrosopa

® o5
@ o 10
® Hag 10

dur.2 bpow n3non3eaHu cantose

KOMKO pasnu4uHn 06sBM NYBNMKYBaTe Ha CECHA B eAWNH CalT? (102 omromona)

@ o5
@ 010
@ Hap10

®ur.3 Bpon nybnukysaHu 06581 Ha cecus B canT

OcHoBHa Len Ha noTpebutenute e obsiBUTe da GbaaT pasrnefaHn OT KOMKOTO ce
Moxe noseye xopa — 81,4%, kato camo 17,6% cmsATaT, Ye e no-BaxHo obsBuUTe Aa 6baaT
ny6nukyBaHu camo B peHomupanu cavitose (dur. 3).

Koe e Haii-Ba)XHO 3a Bac? (102 orrosops)

@ O0RsMTe 1a Ce BWART OT KONKOTO C8
MO MOBEYS X0pa

@ OfreuTe fa ce nyGnuEyEaT camo B
PEHOMUPEHN caliToes

® Opyro

®ur. 4 OcHoBHa Len Ha noTpebutenuTe

OT dur. 5 ce Buxaa, Ye notpebutenute He nybnukyBaTt B NoBeye caiToBE, OCHOBHO
nopagun dakra, 4ye otHema Bpeme (51,5%), KakTo 1 3aWoTO He 3HaAAT Apyrn caniToBe 3a
065U (32,7%).

3allo He Nny6nuKyBaTe B NOBEYE CAWTOBE? (107 amrozana)

OtHema Bpeme 52 (51,5%)

He ca peHo..

My BnukyBam.. 33(32,7%)

Opyro 2 (2%)
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®ur.5 MprynHK 3a NnybnmkyBaHe B orpaHuyeH 6poii catose

OCHOBHWTE TPYAHOCTW, C KOMTO Ce COMbCKBAT, Ca CIIOXHWTE 3a MomMbfiBaHe
dopmynspu (52,6%), 4bnNroto BpemMe 3a 3apexaaHe Ha cantosete (35,1%) n cnoxHocTTa
Ha npeanaraHvTe kateropun (24,7% (Pwr. 6).

Kaksu TpyaHocTy (Heyno6cTea) cpellaTe Npy ny6nvkysaHe Ha 06aBU?

(97 oTroBopa)
CnoxHu @o. 51(52,6%)
JOenro epem..
CnoxHW kar..

Lpyro

0 5 10 15 20 25 30 35 40 45 50

®ur. 6 HeypgobcTBa npy nybnvkyBaHe Ha 065181

BpemeTo 3a nybnukyBaHe Ha efHa o6siBa Bapupa Mo crnefHust HauvH: A0 3 MUHYTK
(36%); mexgy 3 u 5 muHytM (37%); ot 5 po 10 muHyTM (20%), kato Ha 6% OT
notpebutenute nybnmkyBaHeTo nMm oTHeMa noseye ot 10 MuHyTn (Pur. 7).

Konko Bpeme BKM OTHEMa I'IyﬁﬂVIKyBaHeTO Ha efiHa 06ABa? (100 omrosopa

@ 20 1 MuHyTa

@ 10 3 MUHYTH

® 10 5 MMHYTH

@ 20 10 MuHy™M

@ noeede oT 10 MUHYTH

dur. 7 Bpeme 3a nybnvkyBaHe Ha obsiBa

Buxte nu HyﬁﬂHKyBaJ'IM 06ABU B NoBeye CBHTOBE, aKo ToBa HAMa fia e
CBbp3aHo ¢ AONbAHUTENHW YyCUNKUA OT Balla cTpaHa?

(102 oTrosopa)

® s
@ He
® [Opyro

®ur. 8 OTHoLWEHME KbM aBTOMaTu3aumsa Ha npoueca Ha nybnvkysaHe Ha obsiBa

CbBcem o4akBaHo, 85,3% oOT aHkeTupanute (Pur. 8) nocouysart, 4ye Owuxa ce
BbH3MOJI3Banu OT pelleHne, koeTo 6y nossonuno ny6nukysaHe Ha obsBu, 6e3 ToBa Aa
O6bAe CBbP3aHO C JOMBbIHUTENHN YCUMWS OT TXHA CTpaHa.

C ornep Ha nonyyeHuTe pesynTatu € BUAHO, Ye ca Bb3MOXHM CryyYau, Npu KOUTO
npouecbT Ha NybrnvkyBaHeTo Ha 06siBU Aa 6bae npeBbpHaT B paboTa, M3nckBalla nbieH
paboTeH aeH.
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OT ppyra ctpaHa, nybnukyBaHeTo Ha 06siBM € MOHOTOHEH, €AHOTUMEH, NMOBTOPSIEM
npowuec, KoeTo npeanorara Bb3MOXHOCT 3a HeroBata asToMaTum3auus. OcHoBU
npeanocTaBku ca:

ePaboTa C eaHN U CbLUN AaHHU;

ePaboTa ¢ eaHu 1 cblm caritoBe/popmu;

o[TOBTOPSIEMOCT Ha npoLeca Ha ny6rnkyBaHe B eQunH U Cbly, caiiT;

o[TOBTOPSIEMOCT Ha Mpoleca npe3 onpeneneH MHTepBan OT Bpeme (M3TuyaHe
cpoka Ha obsiBaTa).

ToBa nos3BonsiBa TbPCEHETO Ha MNPOrpamHO pelleHue, KoeTo Aa asBTomMaTuaupa
npoueca Ha nybnukyBaHe Ha 06sBuU. 3a oa 6bae edekTMBHa eqHa TakaBa nporpama 3a
aBTOMaTtusauus, TpsibBa Aa ca Hanvue cnegHuTe npegnoctasku [1]:

o[la No3BonsiBa yBeNMYEHNe Ha NPOU3BOAUTENHOCTTA;

o[la nossonsBa nofgobpsiBaHe Ha kayecTBOTO Ha paboTa M HamansBaHe Ha
rpeLuknTe;

o[la 6bOe WMKOHOMMYECKM W3rOAHO, T.e. Aa ce paboTu C Mo-Manko YOBELLKU
pecypcy;

o[la ocurypsiBa couuaneH edekrt, T.e. Aa Ce HamansBa BpedHUs, TeXKUS W
MOHOTOHEH PBbYEH TPYS

e[la MMa BB3MOXHOCT 3a NpeHacTpoliBaHe Ha aBToOMaTU3MpaliaTa nporpama 3a
paboTa c HoBW canToBe

o[la paboTV NPOABLIKUTENHO BpeMe 6e3 HamecaTa Ha noTpebuTens;

e[la nosBonsiBa BKMHOYBAHETO Ha pELIEHMETO B MO-CMOXHU aBTOMATUYHU
cuctemu;

o[la nossonsBa nybnukyBaHeTO Ha onpefderneHa obsBa W [a ocurypsisa
npeanocTaBky 3a MyNTUNNULMPAHE Ha HoBaTa TEXHONOrMS 3a Apyru 0b6saBuY;

o[la No3BonsiBa aBTOMaTN4YHa NpPeHaCTpPorika Npu NPOMsiHa Ha CbLLECTBYBaLLUTE
anroputMu Ha ny6nvkyBaHe.

HanuyHu ca Tpu nogxoga 3a aBTomaTu3aumsi Ha pabotaTa B UHTEPHET:
1.ABTOMaTU3MpaHe Ha pabotaTa Ha bpay3bpa;
2.ABTOMaTM3MpaHe Ha KOMYyHUKaUMsiTa Mexay KOMMTbpa Ha noTtpebutens u
CbpBbpa NocpeacTBoM manpallaHe Ha GET n POST 3asnBku;
3.CmeceH nogxog oT npeaxodHuTe Aea.

MpeovmcTBaTa ga ce M3non3ea MbpBUSA MOAXOA Ca B TOBA, Ye Ha notpebutens ce
JaBa Bb3MOXHOCT MPsikO Ja crnefu npoueca Ha pabota M HemocpefcTBEHO Aa BubKAa
JencTeusita Ha codptyepa. HepoctatbuuTe ce KpUsT B TOBa, Y€ He ce OnTMMu3Mpa
BpeMeTo 3a nybrvkyBaHe — Ha MpakTMka aBTOMaTu3auMsiTa He3HaAUUTENHO Le ycKopwu
obuyanHoTo BpemMe 3a nybnukyBaHe Ha obGsBa. [pyr CbLieCcTBEH HeAOCTaTbK Ha TO3U
NoAXo[ Cce Kpue B TOBa, Ye Mo TO3M HauMH aBToMaTn3aumsaTa nNpsko 3aBucy oT Au3aiHa Ha
aBTOMaTU3NpaHWa CaiiT U Npu BCsika HeroBa MPOMsHA Lle ce Hanara npomsiHa Ha
anropuTMuTe B copTyepa.

BTopuaT noaxon 3a aBToMaTM3auusi MO3BOMsSBA MOYTU MWUIHOBEHA KOMYHMKaUWs
Mexagy notpebutens M cbpBbpa, TbW KaTo uanata uMHpopmauus 3a nybnuvkyBaHe ce
cbbupa B HSKOMNKO 3asiBKW. [pyro npeavMcTBO € HE3aBUCMMOCTTa OT MPOMEHW B Au3aiHa
Ha caiTa, a OT COPTyepHM TakMBa, KOUTO Ce CryyBaT 3HAYUTENHO MNO-psako. HepoctaTbk
e, 4Ye TMpsikoTO B3aWMOLEWCTBME CbC CbOTBETHWTE CailTOBE oOCTaBa CKpPUTO OT
notpeburens.

TpeTnaT nogxod cbyeTaBa nNpeavMMmcTBaTa M Ha ABaTa NpeaxofHu, HO € 06Bbp3aH C
OM3allHa Ha calToBeTe, KOETO € Cepuo3eH HeroB HEeAoCTaTbK WM 0 NpaBu TPYAHO
NPUNOXNM.
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Mopaan Te3n mpuyMHW HaW-NOAXOAsL, 3a LenuTe Ha Hactosiwarta paspaboTka ce
okasBa BTOpusi noaxod. Llen e cb3gaBaHe Ha nporpamMeH MpOAyKT 3a aBTOMaTUM3MpaHo
ny6nukyBaHe Ha 06siBM, KOWTO Aa OCUrypy HOB edeKTVMBEH NpoLiec 3a aBTOMaTU3npaHo
nybnvkyBaHe, 6GasvpaH Ha CbllecTByBaly OUBMMOTEKM 32 KOMYyHUKaUUS Mexay
KIMEHT/CBbPBBP.

O600LleHnss BUA Ha [guarpamata Ha [OerHOCT, Mo KOWTO LWe Cce W3BbpLUBa
aBTOMaTusMpaHus npouec, e cnegHus (ewur.9):

NyBnukyeaqe va obaea

leHEpWpaNe Ha oTYeT

@

®dur.9 [lnarpama Ha akTMBHOCT

3AKINKOYEHUE

MocturaHeTo Ha noctaBeHaTa Len e MOMOrHe Ha noTpebutenuTe, nonasalum
npoaykTta, Aa nodobpsaT CBOETO AOCTUraHe OO0 MOTEHUManHuTe KIWeHTW, Aa yBenuyaT
Jena Ha npogaxbuTte cu, KakTo U da yBenuyat edekTMBHO Oposi Ha nybnvkyBaHuTe
0658u.

MporpamMHusT npoaykT 6y gan Bb3MOXHOCT 3a [oOpo opraHv3vpaHe Ha BpeMETo,
n3pasxogBaHoO B npoueca Ha nyGnvkyBaHe, HamarnsiBaHe Ha MOBTOPsieMUTE OENHOCTU,
KOeTo Llie foBefe [0 no-aobpu ycrnosus Ha Tpya
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Paspa6oTtka PHP-moaynsa «PacnpegeneHue y4TeHHOro MHCTPYMEHTa»
MH(OPMaLMOHHOM cUcTEMbI « MHCTPYMEHT»

AsTOpbI: Mapus BanepbeBHa Kuna, Enena OnerosHa ®ponosa
HayuHbin pykoBogutens: EneHa FOpbeBHa Manbiwesa

Abstract: Development of php-module "Distribution of registered tools" for information system
"Tool". The article describes the features of php-modules for the "Tool" information system which is part of
the JSC "AVTOVAZ" technological portal. Original and final forms are presented. The basic elements of the
model and the corresponding forms are considered. The authors give the example of program code for task
"Distribution of registered tools".

Key words: technological portal, JSSC "AVTOVAZ", tools, Web application, PHP, MVC

BBEAEHUE

B HacTtosiwee Bpemsi Ha aBTomobOunbHom 3aBoge OAO «ABTOBA3» gnsa ydeta
WHCTPYMEHTOB ucnornb3yeTcs paspaboTaHHas B cpede «Omnis» MHpOpMaLMOHHAs
cuctema C AOCTYMOM MO BHYTPEHHEW CeTU W HoBas WHMOPMaUMOHHas cuctema
«MHCTPYMEHT», goctyn K KOTOpOW opraHvu3oBaH Yepe3 VIHTepHEeT C TEXHOMOrM4Yeckoro
noptana (texHonoptana) OAO «ABTOBAS3» [1]. Co3sgaHve HOBOW cucTteMbl Oblno
BbI3BAHO CreaylLWMMU NpUYnHaMN: HEOOXOAMMOCTb MOCTOSIHHOW [0paboTku CUCTEMB,
OTCyTCTBME MOAAepPXKM cpedbl «Omnis» Ha TeKywuh MOMEHT, HeobxoaumMocTb
opraHv3aunn ocTyna Ans BHELHWX KNWeHToB. B pesynbTaTte ObINo pelleHo nepeHecTn
YacTb MoAyren cuctembl yyeta UHCTpyMeHTa B Web-npunoxeHue «MHCTpyMeHT» Ha
TexHonopTan v AOMNOMHUTb UX HOBbIMW MOAYMSMMN.

NU3NOXEHUE

[Mepen aBTOopamu 6bina nocTaBneHa 3ajava - paspaboTaTb 4eTblipe MoAyns
MH(POPMaLMOHHON cuctemMbl «MIHCTpyMeHT»: «PacnpegeneHne y4TeHHOro MHCTPyMEeHTay,
«[BmxeHne wuHCTpymeHTay, «CocTosHMe cknaga (meTponorus)», «HopmaTtuBbl
obopoTHoro hoHpay. Popma 3agaum «PacnpeaeneHve y4TEHHOTO MHCTPYMEHTa» B cpeae
«Omnis» nokasaHa Ha puc.1.

e — o sl
Ynopanouuts Koa nogp. Tun nogp., Koa WHCTpyMeHTE W (2350 2 ||I4: =]
Tun nf Koa r Koa unctpymenta | Coc| Mo weprexa HaumM.uneTp. Em Kon-Bo Llena e
KONELD 963503 2 g -
MNA3MEH POPCUHEATZ —
FA20BEIA AMPPUZ012 [x

.
i .

( kon -[0z579 | Tunnomp. Croma | Mecr g |

Hnctpuenr

Kan, -| 0000713400363 [ nercTs. Kon cocrammus 0 Haum. cocronmun  danas

KOMBLO 011331 ELOTHERM
32690  EM [anA uenw]
326.90

Haum. rocr

13 01.0.2007

Homep ueprexa

Lena Llena nefict. ©

(T o Merpanoris | 0

b. CYET:
Ban.cuer 5107101100 | (] medicTe. ] Re=mED 190000 EM 13 Cywea £2111.00
MapameTpe ¥ 2
Ynopanouuts MopM. koa
Mop.N Koa Mapamerp Snawenne
E G Nara nocasarer o nowona 22.01.2007 09.10.56
3DTRASH Nara nocasarero packona 22.09.2008 16:00:02
[ neicTeyet [ B MHCTR.CREL-MM 386003 [ B WHCTP.CREL-WM Np-Ba

- -ToMeK NG HaHIMEHOESHAWH: (BE0AWTE & BEDAHEM DETHCTDS. B COOTE.NoAE] -~ =

Puc.1 OkHo 3agaum «PacnpeaeneHue y4TeHHOro MHCTpyMeHTa» B «Omnis»
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dopma cocTtonT M3 TabnmyHoM 4Yactu, obnacTu getanu3aumm U OOMOSNHUTENbHOW
Tabnuupl «MapameTpbl». Mo kHomke «MeTpornorms» OcyLLeCcTBRsAeTCa nepexos Ha dopmy
«CocTosiHne cknaga (metpornorus)» (puc. 2).

ﬂ Coctornme cknaga (MeTponorus) @
-

Ynopagountb ]Ckna,u., Koo uHeTpymenTa, Kog coctosnns, Myg, N [ 4 o 2 ‘ Me| =

Cknan_| Kog wHcTpymenta Ko | Hug. N | Haum uncrp. U | Konuue

J | |
Crnan = =[] nencteyet
~Hucrpymenr:

Koa = =[] peficTe  Koa coctoanua = Haum. =

Haum. = roct =

Uena = 0o0 EM = llena aedict. ¢ =

llena Hogana = 0.00 N veprexa =

b CYET:

[Ean.cue'r = = D.BMCTEJ Konuuecteo = 0.000 Cymma = 0.00
—MNapamerpie:

Mpuxon.mec. = 0.000 Npuxosron = 0.000 Nara noca.npuxkopa =

Pacxog.mec. = 0000  Packon.rom = 0000 Jflara noca pacxkoga =

MHP = 0.000

—JlanHwe UC "Merponorvyeckui yuer™:
Pesynbrar = Haum =

Mepuoa, mec = 1]
INara nocnegHed noBepEM = JNara nnan.nosepku =
Haum. =

Wi N =

Mopp-ue-gnagenen =

Mecronaxoxnenwe =

=i

Puc.2 OkHo 3apgaum «CocTtosiHue cknapa (metponorus)» B «Omnis»

PaccmoTpum npouecc murpauum 3agadm n3 «Omnis» Ha TexHonopTan Ha npumepe
3agay «PacnpefeneHne y4TeHHOro MHCTpyMeHTa» u «CoctosHue cknaga (MeTponorusi)».

TexHonoptan paspabotaH Ha 3blke nporpammupoBanua PHP [2]. PHP -
CKPUNTOBbIN A3bIK OBLLIEro Ha3HAYeHUsi, MHTEHCMBHO MPUMEHsieMbIN Ans paspaboTku Beb-
NPUINOXEHWN, B HacTosiLee Bpems MoAdepXMBaeTCs NOAaBMsWMM  OOMNbLUMHCTBOM
XOCTUHI-NpOBaaepoB U ABMAETCH OAHUM U3 NAEPOB CPeAMn A3bIKOB, MPUMEHSIOLNXCS
Ana  co3jaHusi AuHamuyeckux Beb-cantoB. [Mpu  co3gaHum u pabote Mmoaynen
TexHonopTana ucnonb3dyetca Takke Zend Framework [3] — cBoGOAHbIA NpOrpamMMHbIn
PHP-kapkac onsa paspaboTtku Be6-NpunoXXeHun, 0OCHOBaHHbIN Ha npuHumnax MVC (Model
— View - Controller). basa gaHHbIx peanusosaHa B CYB[] Oracle.

OcHoBHbIM 3neMeHTOM paspabaTbiBaeMbix mogynen sisnstwotcs mogenu (Model).
Mpn cosgaHuM koga mogenu Ans 3ajadn «PacnpegeneHne yYTeHHOro WHCTPyMEHTa»
HeobxoaMmo ObINoO co3gaTth Krnacc MOAEnU, onucatb B HEM CTPYKTypy Tabnwuu, onvcatb
aneMeHTbl obnactu novcka n obnacTtv getanusauuu, HanucaTb Kog nepexoga C Of4HOMN
dopmbl Ha apyryto. Ans mogenu 6bin co3faH knacc Ou12Model, paclwumpstowmii 6a3oBbI
knacc FMModel. Ero anemeHTamu ABNS0TCA MaccuBbl, coepXalune AaHHble CTpaHuLbl 1
ee 06beKToB, B TOM YMcre maccus koHdurypaumm sagaum $_BS config B Buge:

protected $_BS_config=array('title'=>'PacnpedeneHue yymeHHO20 UHCMpymeHma' ).

Ons onucaHus dopmbl Bbin mcrnonb3oBaH maccue $_FM_config, a ans onucaHus
Kakgon Tabnuubl Ha dopme ucnonb3oBancs CBOW MacCuB, BXOASLWMA B COCTaB
$_FM_config, Hanpumep:

‘A" =>array (

title' =>'PACINPEOEJIEHVE YHTEHHOIO MHCTPYMEHTA',
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‘from' =>'VW_O0OU12, ...)

Onsa onvucanmsa nonemn Tabnuy, NPUMEHANNCb MacCuBbl, B KOTOPbIX UCMOMb30Ban1ch
Takne aTpubyThbl, Kak TUM NOnd, pasmep nons, atpubyT Ha YTeHWe Uim NoucK u T.4.:

'RECID' =>array(

'label'=>'RECID','data_type'=>'NUMBER','precision’ => 38,'attr'=>",),

'PODRTYPE' => array (

'label' => '"Tun nodpasdeneHus (cknad,MPK)','data_type' => 'VARCHARZ2',

'size' => 40,'htmlattr' => array ('maxlength’' => 40,),'attr' => 'f,r',).

B koge mogenn MOXHO ykasaTb Takke MakCMMaribHOE YMCO BO3BpaLLaeMblX
3aMpocoM 3anucel, KOMMYEeCTBO CTPOK Ha CTpaHuue, pasMepbl Tabnuubl, cTonbubl
COPTUPOBKKM, CBSI3b Mexay Tabnuuamu copmbl, oTobpaxeHue obnacten noucka u
Aetanusauun, nepexon Ha Apyryto dopmy. Ons copTUpoBKM UCMonb3oBancs aTpubyT
'sortname’:

'sortname'=>"PODRCODE,PODRTYPE,TOOLCODE".

Mepexon Ha apyryto opmy OCyLLecTBRASeTCH, Kak npasumno, nmbo no kHorke, nnbo
no cobbITuio, cBA3aHHOMY C Tabnuuen. B Hawel 3agade nepexof Ha 3agady «CocTtosiHve
ckrnaga (metponorus)» Obin peanu3oBaH B BuAe npoueaypbl JavaScript, kotopas 6bina
BKNtoYeHa B php-ko4 Mogenu 1 cBsidaHa € KHOMKON POpMBbI.

Ha puc.3 npeacrtaBneH BHewHwu Bug Web-cTpaHuubl mogynsa «PacnpepeneHve
YYTEHHOrO WUHCTpyMeHTa» Ha TexHonoptane OAO «ABTOBAS3». T[lpu Bbibope
MHCTpyMeHTa B Tabnuue «PacnpefeneHue y4TEHHOrO WMHCTPYMEHTa» ero rnapameTpbl
oTobpaxatoTcs B Tabnuue «MapameTpbly.

L S S

TANE IeAE

Puc.3 OkHo 3apgaum «PacnpepeneHue y4TeHHOro MHCTPyMeHTa»

CBsA3b Mexay rMnaBHOW W TMOAYMHEHHOW Tabnuuen onucbiBaeTcss B MaccuBe
$_FM_relation crnegyrowmm kogom:
$_FM_relation= array (
'A'=>array('B'=>array('to'=>'B','type'=> 'supermask’,
‘colrelation'=>array('TVATOUID' => 'TVATOUID',), fill'=>'auto',)
Ha pwc.4 npencrtaeneH BHewHu Bug Web-ctpaHuubl 3agayun «CocTtosiHue cknaga
(meTponorus)». Tak kak Web-cTpaHuua nossonset oTobpasutb Oonblue cTonbuos u,
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COOTBETCTBEHHO, Gonblue AaHHbIX B Tabnuue no cpaBHEHMIO C POPMON OKOHHOro
npunoxexus cpegbl «Omnisy», To B BapmaHTe Web-npunoxexus ana sagaumn «CoctosiHne
cknaga (meTtponorus)» HeT HeobxoaMMOCTW B pasMelleHUM [faHHblX B obnactu
JeTtanusauum — Bce HeobXxoarMble AaHHble BUAHbI B Tabnuue.

Canan  KemwecTpywenrs  Koa Huabe HannEnoasime HmsTE EW  Komoo Liena Cywis  Mecron PesmuTar Hawwesoomsse [LATa nocneanes | [TA ANSHOBOA N

12 5| Tmas M7

Puc.4. OkHo 3agaum «CocTosiHue cknapa (meTponorus)»

KoHTponnepbl mogynen (Controller) cosgatotca Ha ocHoBe kracca FormController. B
HeM, B YMCrie NPOYMX OaHHbIX, COAEPXKMUTCHA OMNMCaHWe rpynmn, B KOTOpble 0ObEANHSIOTCA
anemeHTbl opmbl. AnemeHT View gna OonblUMHCTBA 3adad siBNSieTCA CTaHAAPTHbIM,
NnosToMy B HalleM Crydae ero cosgaHusi He TpeboBarnocb. B HacTosilmii MOMEHT Bce
YyeTbipe 3agayvn BHeapeHbl U ncnonbaytotes Ha OAO «ABTOBAS».

3AKNKOYEHUE
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