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BCTVII

AkTtyanpHicTh poboTu. Kpucraniuna rpatka € OCHOBHOIO CTPYKTYpOIO OaraThbox
TBEPJIUX MarepiajiiB, TAKUX SK METalM, HAMIBIPOBIAHUKH Ta 130JsITOpU. MojentoBaHHs
KPUCTaJIIYHUX I'PATOK MOKHA BUKOPHUCTOBYBATH JUIsl TOCIIIKEHHS ICHYFOUHUX Ta CUMYJIALIT
ySIBHUX MartepiajiB, BUBYEHHS MPOIECIB KpucTanizaiii. @pakTaibHa TeOMETpis HAJa€ To-
TY>KHUM 1HCTPYMEHT JJI1 MOJEIIIOBaHHS CaMOMNOA10HUX Ta peKYpPCUBHHX NMATEPHIB, SIK1 BIA-
OyBaroTbCs B KpHUCTaTIuHUX Ipatkax. OJMH 13 HAMPsIMKIB MOJICTIOBAHHS € Bizyaumi3allis 3a
nonomororo 3D rpadiku.

Merta poOoTu. CTBOpEHHSI MATEMaTUYHUX MOJEJIEH Ta IHCTPYMEHTIB, 110 JO3BOJISI-
I0Th BI3yalli3yBaTH Ta aHAJi3yBaTH CTPYKTYPY KPUCTAIIYHOI IPATKH 3a JOTIOMOTOI0 (hpak-
TaJIbHOTO MOJICTIOBAHHS.

ExcrnyaramiiiHe npusHadeHHs. Bisyamizamis KpucramiyHux rpatok. Jlana mpo-
rpama MiaxXoauTh CTyJICHTaM, BUKIagadyaM a0bo mpalliBHUKAM 3 rajgy3l HEOpraHiuHOi XiMii,

MaTepiano3HaBCTBa, Kpucrajaorpadii B HAyKOBO-OCBITHIX IIIISIX.
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1 OTJISIZT TPEJIMETHOT TAJTY3I

1.1 XemoindopmaTuka Ta reoMeTpuyHa Kpuctaiorpadis
OcHOBHa MpeAMETHA raixy3b MO€i BHITYCKHOT KBaTi(pikaiiHoi poOOTH — 1€ XeMOi-

H(opMaTHUKa Ta TEOMETPUYHA KpUcTamorpadisi.

XeMolH(popMaTHKa € HAYKOBOIO rany331o, sika 00'eIHy€e NPUHIUIN XiMii Ta 1H(DOP-
MaTUKH 3 METOIO PO3B'sI3aHHA XIMIYHUX MPOOJIEM 3a JOTIOMOTOI0 KOMITIOTEPHUX METO/IIB.
BoHa BUKOPUCTOBY€E MaTeEMaTU4H1 T4 CTATUCTUYHI JITOPUTMH JJI aHATI3Y XIMIYHUX JaHUX
Ta 00y T0BU Mojenel XiMiyHuX cucteM. OJ1H 3 OCHOBHUX HAIPSIMKIB XeMOIH(POPMATHKU
noJisirae y moOy10B1 MoJieniel XiMIYHUX croyyk. Ile o3Hadae, 110 3a JOMOMOTOI0 PI3HHUX
MaTeMaTUYHUX METO/IIB 1 KOMITIOTEPHUX AJITOPUTMIB MOXHA CTBOPIOBATH BIPTYaJIbHI MO-
JIeNl peYOBUH, SIKI MArOTh MEBHI BiaacTUBOCTI. Lli Momeni MOXyTbh OyTH BUKOPUCTaHI IS
MPOTHO3YBaHHA (DI3UKO-XIMIYHUX BIACTUBOCTEH CIIOJYK, 1X B3a€EMOJII 3 1HITUMH PEUOBH-
HaMU Ta 610JI0T1YHOIO aKTUBHICTIO. Ille 0THUM BaXTMBUM acTIEKTOM XeMOIH(GOPMATHKH €
Bi3yastizallisi XIMiYHUX CTPYKTYp. BoHa 103BOsIsIE Tpad)iuHO MpeCTaBIATH XIMIUHI CIIOTYKA
Ta X B3a€MO/Ii, 10 CIPOIIYE IX pO3yMIiHHS Ta aHali3. 3aCTOCYBaHHA Bi3yani3alii Jonoma-
rae XxiMIKaM BUBYAaTH Ta BIJKPUBATH HOBI 3B'I3KU Ta BJACTUBOCTI PEYOBHH.

['eomerpuuna Kpuctanorpadis € raiy33i0 HayKd, siKa BUBYA€E MPOCTOPOBY CTPYK-
Typy KpucTtajniB. BoHa BUKOpUCTOBY€E METOAM T€OMETPIi, MaTeMaTUKU Ta (I3UKU JJIs aHa-
T3y Ta OMUCY T€OMETPUYHUX BIACTUBOCTEH KPUCTAJIB, iX CUMETPIi Ta B3a€MO/Iii aTOMIB y
KpucTaniuHii rpatii. Ciijl HaroJoCUTH Ha BIAMIHHOCTI MOHSTh KPUCTAIIYHOI CTPYKTYpH
Ta KpUCTaII4HOI rpaTkH [ 1 |. Ha BiAMiHY BIJ THIIB KPUCTAIIYHUX I'PATOK, SIKUX HAJIYY€ETHCS
YOTUPHAALATH TUIIIB, PI3HUX KPUCTAIIYHUX CTPYKTYp € O€3MEKHO Oararto.

Kpucraniuna rpatka - 1ie abCTpakTHa TeOMETpUYHA CITKa, siKa BiJoOpaxkae MpocTo-
POBE po3TalllyBaHHS OJUHUILb CTPYKTYpH B KpUCTalll. BoHa ckilajaeTbest 3 YMOBHUX TOUOK
(By3I1iB), pO3TAIlIOBAHUX Y TPUBUMIPHOMY ITPOCTOPI 3a MEBHUMHU npaBuiiaMu. KoxkeH By30i1
I'PaTKU MPEICTABIISAE TTO3UITII0 aTOMa, MOJIEKYJIH a00 WoHy y kpucTami. Kpucraniuna rpatka
HE BPaxoBY€ CaMOro aTOMHOT'O a00 MOJIEKYJISIPHOTO PO3MIpy, a JIUIIIE BKa3y€ Ha iXHIN PO3-
TalIyBaHHs Ta BITHOCUHU MK HUMHU.

Kpucraniyna cTpykTypa BKIIOYA€E HE TUIBKM 1H(POPMALIIIO PO TEOMETPUYHY Opra-

HI3aI[ll0 aTOMIB y KpHUCTaliuHiM TpaTii. BoHa omucye TOYHI MOJOXKEHHS aTomiB abo
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MOJIEKYJ Y KPUCTaJI, BIICTAHI MK HUMHU, KyTH MK XIMIYHHMH 3B'SI3KaMU Ta 1HIII JETall
cTpykrypu. Kpucraniyna cTpykTypa aae noBHY iH(oOpMalio mpo XiMidH1 3B'A3KU Ta KOH-
¢irypariro aToMiB y KpUCTali, BiZoOpa)katou BCi XIMiYHi, CTPYKTYpHI Ta (i3UUHI Xapak-

TEePUCTUKU MaTepiany. [Ipukiaa KpucTaniyHoi CTPYKTYpH:

: =

— B )
C

a=e® ¢

Pucynok 1.1- Kpucraniuna cTpyKTypa XJIOpUly HaTPIO

B ToOii "ac ik KpucTaniuHa CTPYKTypa CKIAJAETHCS 3 €JIEMEHTAPHUX KOMIPOK (IUB
puc. 1.2), sxi mpeicTaBIieHl K MPaBUIIO0 KPUCTATIYHUMU IPATKaMH, BOHU HE 3aBXI1 MAIOTh
oJIHaKoBUH BursiA. s mpukiaaky, KpuctajiiyHa CTPYKTypa ainma3y He CIiBIajae 3 ii re-
OMETPUYHOIO KPUCTAIIYHOIO IPaTKOI0, 00 eleMeHTapHa KOMipKa ajliMa3a CKIIAJaeThes 3

nBOX aToMmiB (muB. puc. 1.3).
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Pucynok 1.2 — 3adapboBaHuM O3HAYAETHCS €IEMEHTApHA KOMIPKA B KPUCTAIIIYHINA CTPY-
KTYypi, a TAaKOXK IiJnucaHi ii pedpa a, b, ¢

Pucynok 1.3 — EnementapHa komipka anmaszy

1.2 3acrocyBanHs rpatok bpase npu GopmyBaHHI KPUCTAIIYHOI CTPYKTYpH
I'patku Bpase 103B0MsI0TE Kiacu(iKyBaTH KPUCTAIIYHI IPATKH 3AJIEKHO BiJ IXHHOT

cumertpii [2]. [paTkoro abo cHCTEMOIO TpaHCsLii BpaBe Ha3MBaeThCs HAGIp eleMEHTAPHUX

TpaHCIHALIN a00 TpaHCHAIIHHA TPyNa, 3a JIOMOMOTOI0 SIKMX MOYKHA OTpUMATH O€3KIHEUHY
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KPUCTAJIIYHY I'paTKy. 3aJIe)KHO Bij CIIBBIIHOIICHHS MIXK IOBXKUHAMH ITUX TPAHCIIIHN a, b,

¢ Ta KyTaMU MK HUMHU @, 5, Y TP KaTeropii, IIiCTh CHHTOHI{ Ta CIM KPUCTATIYHUX CUCTEM

3QJIEKHO BiJ UMCIia OJHAKOBUX JIOBKHUH TPAHCIISALIIN:

1. Hwxkua kateropis (Bci TpaHCIISIT HE PIBHI OJMH OJTHOMY)

e TpukiiHHA: a # b #c, a # f #y # 90°

® MOHOKIIHHa:a # b #c¢, a =y =90° B # 90°

e poMOiuHa: a # b #c, a =L =y =90°

2. Cepenns xkareropis (AB1 TpaHCHALII 13 TPHOX PIBHI MK COO0T0)

® TeTparoHaNbHa:a = b #c¢, a = =y = 90°

® rekcaroHalibHa: a = b #c¢, a = f =90° y = 120°

® TpUroHaMbHA: @ = b =c, a = [ =y < 120° # 90°

3. Bwuma kareropis (yci TpaHCHsIii piBHI MiXK cO0010)

e kyOiuHa:a =b=c,a= =y =90°

Takox € pi3HI TUIH IpaToK bpaBe 3a1eKHO BiA IICHTPYBaHb: IPUMITHBHA, 0a3011e-

HTPOBaHa, 00'€eMHOLIEHTPOBAHA, TPAHEIIEHTPOBAHA, /IB14l 00'€MHOLIEHTPOBAHA.

Tabnuis 1-1 Pi3HOBHIM KpUCTAIYHUX I'PATOK

Kpucraniuna Tun uentpyBanus rparku bpase
cucrtema NPUMITUBHA | 0a301EHTPO- | 00'€MHOIICH- | TpaHeleHT- | ABiul 00'eM-
BaHa TpoBaHa poBaHa HOLICHTPO-
BaHa
Tpukiinaa

MoOHOKIIHHA
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[Tponorxenus Tadmuii 1.1

Kpucraniuna Tun uentpyBanus rpatku bpase
cucrema NpUMITUBHA | 0a301IEHTPO- | 00'€MHOIICH- | TpaHEleHT- | JABiYi 00'eM-
BaHa TpoBaHa poBaHa HOIICHTPO-
BaHa
Pom6iuna
[ (o (o [
a a a a
b b b b
Terparona-
JbHA
[ C
a a
a a
['excarona- y=120° =120
JbHA
¢ ¢ /
a a
a a
Tpurona-
JbHA
Ky6i1una
a a a
a a a
a a a

[neanpHa KpucTalniyHa CTPYKTYpa MOKe OyTH PO3TIsiHYTa 3 (PpaKTaIbHOI MEepPCIeK-

THUBH, OCKUJTLKHM BOHA BiOOpa)kae caMOMOIIOHICTh, SIKa € KJIFOYOBOO BIACTUBICTIO PpaKTa-

niB. KokHa eneMeHTapHa rpaTka B KpUCTalll Ma€ MOII0HY CTPYKTYPY J0 BChOTO KPHUCTATY

B I[IJIOMY. 3aCTOCYBaHHS (DPpaKTaIBLHOTO MIIX0Y B MOOYAOBI KPUCTATIYHUX CTPYKTYP Jla€

3MOT'Yy CTBOPIOBATH HAJA3BUYANHO CKJIAJIHI Ta JAETaNI30BaH1 CTPYKTYpPH. 3a JOMOMOIOIO 1Te-

paliifHOro mpoIiecy MOKHa BIATBOPUTH (paKkTaIbHY CTPYKTYpY Ha OUIBIIIOMY MaciiTadi,

CTBOPIOIOYM €JIEMEHTH, SIKI MOBTOPIOIOTHCS 3 MEBHOIO MEPIOJUYHICTIO B KOHKPETHOMY



15
MacmTabi. 1li mporecn MoXkHA BIATBOPUTHU Yy KOMIT IOTEPHINA Mporpami Ta MOJIETIOBATH
HITYYH1 KPUCTAJIIYHI CTPYKTYPH P13HUX KPUCTAIIB, B TOMY 4ucil 1 ntyyHux. [Ipukian mry-

YHOI'O KPpUCTAITY:

Pucynok 1.4 — llIty4ynwnii kpuctan 6icMyTy
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2 OI'JIA ] AHAJIOI'IB

2.1 Buxopucrtanns Virtual Unit Cell sik irpu nst HaBYaHHS
[Tporpama, mo Oyna HamucaHa 3 METOIO JOIIOMOTTH CTyACHTaM B 00JIacTi MaTepia-

JI03HABCTBA, HEOPTaHIYHO1 XIMii Ta (PI3UKK 3pO3yMITH MOJIENIb KPUCTATIIYHOT CTPYKTYPH Ta
KpucTaniuHoi rpatku [3]. ABropu nporpamu Sutha Luealamai ta Bhinyo Panijpan akuen-
TYIOTh yBary Ha HeoOXximHocTi came 3D Bi3yamizailii, Bcyneped 2D, Ta Ha HEoOXiqHOCTI
MaTu 3MOTy B3aeMolisIT 3 3D MozensiMu, 30kpema Ha ooeptanHi mozeni. [Iporpama ckia-
TAETHCS 3 TPHOX YACTHH: BEPXHE MEHIO Ta JIIBOTO OOKOBOTO MEHIO, IT0 TAI0Th 3MOTY 00H-
patu pizHi mozeini, 3D cuena ae BijoOpakaeTbcsi oOpaHa MOJIENb, a TAKOXK MEHIO 3 1IKOHOK

HaBkoJ10 3D cuenu a1 B3aemMoail 3 MOJEILIIO.

/ } ’ 3D Models

B

Pucynok 2.1 — Mogenb eneMeHTapHO1 KPUCTAIIYHOT KOMIPKU

[lepeBaramu nporpamu € nNpocToTa ii iHTepdeicy, IHTYiTUBHICTh Ta 3BOPOTHS pea-

KIIisl Ha J[1i KOpUCTyBaya.
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Pucynok 2.2 — KosnbopoBe miicBI4eHHs MOI0HOCT1 KPUCTAIIYHOT CTPYKTYPH 10 KPUCTATi-
YHOI I'PATKH, B 3aJIEKHOCTI B1Jl 00paHOI KPUCTAIIYHOT KOMIPKU

2.2 InTrepakTuBHA Bi3yasi3alis rpatku 3a gornoMoror Unit Cell Visualization Tool
Ak 1 nonepeniit anasor “Virtual Unit Cell” po3po06ieHuii B OCBITHIX IIJISAX 3 METOIO

JIOTIOMOTTH CTYACHTaM Kpallle 3p03yMiTH Ta HAOYHO MO0AYNUTH KPUCTAIIYHY CTPYKTYpPY Ta
KPUCTAIIYHY I'paTKy. ABTOp MPOTpaMu aKIEHTY€E yBary Ha maTepHaXx, Kl yTBOPIOIOTH ejle-
MEHTapH1 KPUCTAIIYH1 CTPYKTYPH Ta MOBTOPIOBAHHI KPUCTATIUHI IPATKH, 3 IKUX BOHHU CKJIa-
JAI0ThCS, 30KpeMa 3 MPOCTUX O0A30IEHTPOBAHMX Ta 00'€MHOIICHTPOBAHMX KPHUCTAJIIYHUX
IpaToK, a TakoX rekcaroHanbHux [4]. [Iporpama mae BiakpuTuii BuxigHuii kox Ha Github
Ta HaImMcaHa MoBi1 mporpamyBanHs JavaScript. Cepes nmepeBar mporpami € ii IpocToTa, 3py-
YHICTh, Ta KPOCIIAT(POPMEHICTh, TaK K BOHA BUKOpHUCTOBYE TexHosorito WebGL Ta moxe

IpaIloBaTy B pI3HUX Opay3epax 0e3 HeoOX1THOCTI B BCTAHOBJICHHI CHEIllaJbHUX TIJIariHiB.

Body-Centered Cubic

Unit Cell

Layer

©OCoordination

Expansion
Single

Pucynok 2.3 — Ilpukiiag npuMITUBHOT 00’ €MHOLIEHTPOBAHOI KPUCTAIIYHOI CTPYKTYpHU

[Iporpama Hagae MOXIIUBICT OOMPATH PI3HI KPUCTAIIYHI CTPYKTYPH, a TAKOXK Ie-

ErJIAAU 11 CTPYKTYPHU B PI3HUX PEKUMaX: B IOBHOMY 00’ €Mi, Y BUIJISIA1 OJHOIO IIPOIIAPKY,
YKTY y y y
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BUTJISIT OJHIET €IEMEHTApHOT KOMIPKH Ta Y BUTJISII «KOOPAUHALIID». ABTOP MPOTpaMu OIH-
CY€E PEKHUM «KOOPJWHAIIID» SK TAKHUX, IO JIO3BOJISE TOJETTIUTA PO3YMIHHS TaKUX MOHSATH
K «KOOpIWHAIIIHHE YUCIIO» Ta CHUTHPHUX aTOMIB 1 10HIB MK CyCiTHIMHU €JIeMEHTapHUMHU
koMipkamu. Cepell iHIIMX MOKIIMBOCTEN MpOrpaMu € 00epTaHHS MPECTABICHUX MOJIEIIEH,
MacmTadyBaHHs Y PO3MIpP1 Ta MOAIIMBICTh PO3AUIEHHS KPUCTAJIIYHOI CTPYKTYpPHU Ha eJIeMe-

HTapH1 KOMIPKHU 3 MPOMIKKaMH M1>K HUMH.

Pucynok 2.4 — Ilpukian npuMiTUBHOI 00’ €MHOIIEHTPOBAHOI KPUCTATIYHOL CTPYKTYpPH Y
PEXKUMI «KKOOPAUHALIID.

Body-Centered Cubic

Expansion |
)

Pucynox 2.5 — Ilpukian npuMiTUBHOT 00’ €MHOIICHTPOBAHOI KPUCTATIYHOI CTPYKTYPH 3
PO3AUIEHHSM Ha eIeMEHTapH1 KOMipKU
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2.3 MogpemntoBanHs Mojiekys Ta 3DStructGen
3DStructGen [5] € mporpamoro, sika po3po0jeHa 3 BUKOPUCTAHHAM CTaHIApTHUX

BeO-TexHouorii, Takux sk Hyper Text Markup Language 5 (HTMLYS), Cascade Style Sheet
(CSS) ta JavaScript. L{s mporpama nponoHye 3py4HHii 1 yHIBEpCaIbHHUI MiIXia 10 Bi3yali-
3ar1ii, peaaryBaHHs Ta Mo0y0BH MOJICKYJIIPHUX 1 KPUCTATIYHUX CTPYKTYP. OJIHI€I0 3 KITIO-
yoBuX MoxxJnBocter 3DStructGen € MOXKIMBICTD B1IOOPa)KEHHA Ta peJaryBaHHs aTOMIB,
3B'S13K1B, KyTIB 1 IIFPAJIbHUX KYTIB Y MoJieKyJax. L{e 103BoJisie KopucTyBayy BHOCUTH 3MIHH
B CTPYKTYpPY 3a JOIIOMOTOI0 IHTEPaKTUBHUX [1H, 110 CHPOIIY€ BUBUECHHS Ta pelaryBaHHsS
MOJIEKYJISIpHUX cucTteM. KpiM Toro, nporpama Hajae MUPOKU Hablp XeMoiH()OpMaTHIHHUX
ITOPUTMIB JIJ1s1 OOPOOKH KpUCTATIYHUX CTPYKTYp. Hanpukian, BoHa 103BOJISIE TPOBOIUTH

PO3/IUICHHS TOBEPXOHb, CTBOPIOBATH BaKyyMHI IIapy Ta Oy 1yBaTH CYNEepKOMIpKH [6].

- O
@ 3DStructGen_ui x 4+

C @ Dy3DStructGen.1.0.5/index.ntml

|

Mode @ File ~ Build ~ Cleanup ~ Calculate ~ MOF ~ Help [
Formula = CHg [

|

|

|

|

|

System

CH4 has a molecular weight of 16.04

Property

Pucynok 2.6 — Moinekyna MmeTany BizyanizoBana y 3DSrtuctGen

3DStructGen nponoHye YOTUPU CTHII BIJOOpPAXEHHS, SIKI MOXKYTh OyTH BUKOpHC-
TaHl JJIs Bi3yami3allli elIeMEeHTapHOT KOMIPKH: «IIPUMITHBHA KOMIPKa», «OPHUTIHAILHAY,
«ycepellnHI KOMIpKU» Ta «ymnakoBka» (puc. 2.7). lle mo3Bossie kKopucTtyBaueBi oTpuMaTu

OUIBII YiTKE PO3YMIHHS KPUCTATIYHUX CUCTEM.
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PucyHnok 2.7— 3000paxeHHs eJIMEHTapHOI KOMIPKH Yy Pi3HUX CTHIAX: &) «IIPUMITHBHA

VQL_/. .\_L,v

KOMipKa» b) «opHriHaJIbHaY C) «ycepeanHi KOMIpKn» d) «ymakoBKa»

3aBAsSKA BUKOPUCTAHHIO CTaHIApTHUX BeO-TexHosorid, 3DStructGen He BuMarae
3HaYHUX 3yCWJIb JJIS pO3rOPTaHHs Ta BUKOpUCTaHHS. |11 KOpUCTYBaHHS MPOTrpamoro J0-
CTaTHbO MaTH BeO-meperisiaay, skuil marpumye HTMLS. 1le no3Bosisie 3pydyHO BUKOPHC-
TOBYBATU MpOrpamy Ha OyAb-IKOMY KOMIT'FOTEp1 a00 MPUCTPOi 3 AOCTynoM 110 [HTepHETY,
HE 3aJIeKHO BiJl HOro KOH(DIryparlii un onepariitHoi CHCTEMH.
2.4 Buxopucranns CrystalMaker B HaBYaHH1

CrystalMaker [7] - e moTy>Ha mmporpama Jijist Bisyasizallii 1 aHai3y KpUCTAIIYHUX
1 MOJIEKYJISIPHUX CTPYKTYp. BOHa /103BOJIsile CTBOpIOBAaTH TPUBUMIPHI Bi3yasli3alil KpHcTa-
1B, BKITIOUAIOUM aTOMH, 3B'SI3KM Ta 1HII CTPYKTYpHI eneMeHTu. [Iporpama Hagae iHCTpY-
MEHTH ISl TOOYIOBU KPUCTATIYHUX CTPYKTYP, PO3PaXYHKY (PI3UMYHHUX BJIACTUBOCTEU KPH-
CTaJIiB, IHTEPAKTUBHOI MAHIMYJIAIT 3 CTPYKTypaMH, €KCIIOPTY pe3yJIbTaTiB Ta CIIBMpAIll 3
1HIIMH TTporpamMamu. OKpiM MOJCTIOBAHHS KPUCTAIIIYHOT CTPYKTYPH € MOJICTTFOBAHHS 1 1H-
IMX XIMIYHHX MponeciB. MicTUTh 6a3y AaHUX MPO XIMIYHI CIIOIYKH, EIEMEHTH Ta IPOLIECH,
ix BmactuBocTti. CrystalMaker € kopucHUM THCTPYMEHTOM ISl HAYKOBI[IB Ta BUKJIAJAYiB Y
rajiy3i MaTrepiajao3HaBCTBa, XiMii Ta KpucTaiorpadii, siki BUBUaIOTh KPUCTANIIYHI CTPYKTYPH
11x BiactuBocti. Cepen nepesar BapTo BII3HAYMTH KUIbKICTh HaJJAHOTO MPOrpaMoro (PyHK-
I[IOHAJTy, a cepe]l HeJOMIKIB 11 IepeBaHTAKCHUN Ta CKJIAIHUM 1HTepdelc, sKui moTpedye
3HAYHOTI'0 Yacy Ha OBOJIOJIIHHS TPOTPaMoI0, a TAKOXK J1yKe 00MeKeHHH (PyHKII10HAT JEMOH-

CTpaIliitHoi Bepcii.
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- 5, Vertical View
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ﬂ 8. Mg(C4 Group

n 10. Mg as Tetrahedron
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Each Al atom is surrounded by six
oxygens, at the corners of an
octahedran.

Chemical Formula: Al, Mg O,
Display Formula: AlOQ,

Spacegroup: Fd 3m [origin 2]
Crystal System: Cubic
a: 8.0800 A
Asymmetric Unit: 3 sites.
Unit Call: 56 sites per unit cell
Site Density: 0.1082 sites/A*
Visible Atoms: 7
Cell Volume: 527514 A°
Density: 3.5828 gjem®
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Pucynox 2.8 — BikHo mporpamu, y KoMy JiBOPYY BiJ0OpakaeThCsi CHUCOK CTPYKTYD, a

IPaBOPYY — MOTOYHA MOJIENIb CTPYKTYPH 1 MPUMITKH J10 HEl

#; Untitled - CrystalMaker Demo - a *
File Edit View Model Transform Calculate Window Help

Z m v L@ 2 s | © IORRORE T & [
Stuctures Loary  Add M Cel Sl Cente  RangeCluster Ty  OrientRowsle Spin Awotate  AddH RelaxVirate Py Distances  Inspectar

A s B s S 35 0 i 20 1s 10 s o s 10 15 2 2 B 35 r s 50

Pucynok 2.9 — IToOymoBa KpUCTaIigYHOI CTPYKTYPH 3a/IaHOI0 KPUCTAIIYHOIO IPATKOIO Y
JEMO-PEXKUMI1
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2.5 VESTA sk 3aci0 aHanizy KpUCTATIYHUX CTPYKTYP
VESTA [8] - ne nporpamue 3a0e3medeHHs U Bizyaui3allii, MOJACIIOBaHHS Ta aHa-

T3y KPUCTATIYHUX CTPYKTYp. BOHO Hajmae po3mMpeHi MOKIUBOCTI ISl JOCIHIKCHHS Ta
PO3YMIHHS BIIACTUBOCTEN KPHUCTAJIIB, 30CEPEIKYIOUNCh Ha BizyaiabHOMy aHamizi. VESTA
JI03BOJISIE 3aBaHTAXKYBATH, BITOOpaXkaTH 1 peJlaryBaTH KPUCTATIIYHI CTPYKTYpH B pi3HUX (o-
pMmaTax. BoHO nponoHye mmpokuii Habip IHCTPYMEHTIB 71l pO3paxyHKY 1 Bizyamizauii ¢i-
3UYHUX BJIACTUBOCTEH, TAKUX SIK €JIEKTPOHHA IIUIBHICTh, PO3MOJILI 3apsy, CTPYKTYpHI aHa-
mi3u Ta Tpanchopmarii. VESTA takox mae BOyI0BaHI IHCTpPYMEHTH ISl CTBOPEHHS TPHU-
BUMIPHUX 300paK€Hb, aHIMAalllil Ta MOBEPXOHb, 1O J03BOJIsI€ €(HEKTUBHO MPEACTABIIATU Ta
CHUJIKYBATUCA 31 CTPYKTYpHUMU JaHuMu. L{s mporpama mmpoko BUKOPUCTOBYETHCS B HAY-
KOBHX JOCJIIJDKCHHSX 1 HABUaHHI B rally3sx Kpucraiorpadii, MaTepiaJo3HaBCTBa, XiMii Ta
¢izuku. Cepen IHITUX MOXKIIMBOCTEH € TaKi SK MiATPUMKA JEKUIBKOX BKJIQJOK 1 BIKOH, Bi-
3yaiizallis oomexxeHb PuTBenbaa, ekcnopt rpadigyHux 300paxeHb BUCOKOI PO3/10JIbHOT 3/1a-
tHOCTI. VESTA mninrpumye 6araro ¢popmaris (aiiiniB At BBEICHHS CTPYKTYPHUX JIaHUX Ta
00’eMHHMX HaHUX 1 Moke OyTH 3aBaHTakeHa M1t Windows, Mac OS X ta Linux 3 odirriii-
HoTO caity. Cepell HeJIONIKIB TPOrpaMu € TepeBaHTaKEHICTh 1HTEpdelcy Ta HeOOX1THICTh
Yyacy Ha OMaHyBaHHS IPOrpaMoro, cepesl IepeBar BapTo BIAMITH ii O€3KOIITOBHICTh Ta KPO-

CIuIaTOPMEHICTb.

s _bip
DL O S0 50 £ 5 b s 0 o= 0o 0

New structure

Output [ Summery | Comment

Pucynok 2.10 — JlemoHcTpauist KyO14HOT KpUCTaII4HOI I'paTku B mporpami VESTA



23

2.6 MojentoBaHHS XIMIYHUX CIIOJYK 3a JOIMOMOrorw Avogadro
Avogadro [9] - nie BiikpuTe nporpamMHe 3a0e3MeueHHs 111 MOACIIIOBAHHS MOJICKYT

Ta 0OYMCIICHHS XIMIYHUX BIacTUBOCTEH. BoHa Haae MoTyX H1 IHCTPYMEHTH JIJ1s1 TOOY1I0BU
Ta Bi3yasi3alii MOJEKYISIPHUX CTPYKTYP, BKIIOYAIOUU aTOMH, 3B'I3KH, MOJIEKYJISIPHI TPYIH
Ta KpUCTAJIYHI CTPYKTypu. Avogadro 103BosIsie pearyBaTi CTPYKTYPH, 10/1aBaTH aTOMH,
BUJIAJISATH 3B'SI3KU, HANMAIITOBYBATH KOH(OpMaIlii Ta pOOUTH MaHIMyJIALIL 31 CTPYKTypaMHu.
Bona Takox Mae BOy10BaHUI HaOip 1HCTPYMEHTIB JUIsl pO3paxXyHKY XIMIYHHMX BJIaCTHBOC-
Tel, BKJIIOYAIOYHM CHEPT1i0, TEOMETPII0, CIIEKTPOCKOIII0 Ta TEPMOJAMHAMIUHI BJIACTHUBOCTI.
Kpim Toro, Avogadro miaTpumye iHTErpamito 3 IHIIUMH IPOrpaMaMH, 1110 JTO3BOJISIE JETKO
OOMIHIOBATHUCS JAHUMU Ta pe3yJbTaTaMU 3 1HIIUMHA HAYKOBUMHU 1HCTpyMeHTamu. L5 mpo-
rpaMa HIMPOKO BUKOPUCTOBYETHCS B XIMIYHUX JOCIIKEHHSIX, BUKJIaJaHH] Ta BAPOOHUUHX
3aJavax, Ha/lalouu 3pydHe Ta MOTY>KHE CEPEeIOBUIIE JIJIsl BUBYCHHS Ta MOJCIIIOBAHHS X1Mi-
yHuX cucteM. Cepen nepesar € ii BIAKPUTHMA KO, KpOCIIaTHOPMEHICTh, O€3KOIITOBHICTb.
Xoua iHTepdeiic He 3/1a€ThCs EPEBAHTAXKEHUM BCE K HEOOX1AHO BUTPATUTH Yac Ha ii ona-
HYBaHHS, a B I[bOMY MOXKYTbh JJOTIOMOTTH JOKYMEHTAIIisl Ta HAaBYAJIbHUN MOCIOHUK 3 O(iITiii-

HOT'O CailTy Mporpamu.

£l

Sove OCose EQut || # 4o & R D § kil O (foolSetings..) Dispay Settngs.
x
vew 1

Pucynok 2.11 — CTBOpeHHs 3B’s3KIB aTOMIB KapOOHY.
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2.7 3acrocyBanHs Material Studio B Hay1i
Material Studio [10] - 1me KOMIUIEKCHE ITPOTpaMHEe 3a0e3MeUCHHS IS MOJISTIOBAHHS

Ta CUMYJIAILI] MaTepialliB Ha MOJICKYJIIPHOMY Ta aTOMHOMY PiBHAX. BOHO Ha/lae BYeHUM Ta
JOCIIJHUKAM TMOTY>XH1 1HCTPYMEHTH JJI1 BUBUEHHS CTPYKTYPH, BIIACTUBOCTEN Ta MOBEJI-
HKH MaTepialiB.

Material Studio Bkitouae mmpokuii Habip MOAYJIIB Ta IHCTPYMEHTIB, IO JT03BOJIS-
I0Th MIPOBOJIUTH PI3HOMAHITHI BUJIM OOUYMCIIOBAILHUX CUMYJiALii. Hanpukian, Bukopuc-
toBytoun Moaysib CASTEP, MoxkHa poBOoAUTH a0iHITHI OOYMCIICHHS €HEPTii, CTPYKTYpH
Ta €JEKTPOHHOI CTPYKTYpH KPHUCTAIIYHUX MaTepianiB METOAOM TYyCTUHHU (DYHKIIIOHAIY.
Monayne DMol3 no3Bojisie MoAeIOBaTH XIMIYHI peakilii, BKIOUAOUH peakilii Ha MOBEPXHI.
Monynbe Forcite 103BoJiss€ MPOBOANTH MOJIEKYJIIPHI TUHAMIYHI CUMYJISIT JjIsi BUBUCHHS
MOBEJIHKHM MaTepiajiB B PI3HUX YMOBaX.

Material Studio Takox Mae OTY>KH1 IHCTPYMEHTH JIJIsl Bi3yasli3allii Ta aHaizy Ja-
HuX. Bu Moxere BijoOpaxaTu CTpyKTYpH, IPOBOJIUTH aHAI3 B3aEMO/IIH, BU3HAYATH KPUC-
TaJII4HI MOBEPXHi, po3paxoByBaTu (hi3UUHI BIIACTUBOCTI, BIITBOPIOBATH €KCTIEPUMEHTAIIbHI
naHi Ta 6araro iHmoro. [Iporpama Takox MATPUMYE IHTETPAIlIIO 3 IHITMMHU IIPOrpaMaMH Ta
0azamu 1aHUX.

BIOVIA Materials Studio Visualizer € 0oCHOBHUM MPOAYKTOM IPOTPAMHOTO KOM-
miekcy Materials Studio, po3po6iieHOro A MATPUMKY TOTPEO MOJECITIOBAHHS MaTepialiB
B XIMIYHUX Ta Marepiajo3HaBuux raiyssx npomucioBocti. BIOVIA Materials Studio
Visualizer MicTUTh OCHOBHI ()YHKITIOHAJIBHI MOYJIMBOCTI MOJICJIIOBAHHsI, HEOOXIIHI JJIs
OIATPUMKH 0OYMCITIOBAIBHOI HAYKH ITpo Marepianu (auB Pucynok 2.12). Bona nonomarae
PO3yMITH BIACTHUBOCTI 200 TpoliecH, OB'sA3aH1 3 MOJIEKYJIaMU Ta MaTepiaiamH.

Cepen niepeBar € ii 1yxe NOTY>KHHHM (QyHKITIOHAN, a cepe/l HeJIOIIKIB BUCOKA I[iHA.
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Pucynok 2.12 — 3nimok expana nporpamu BIOVIA Materials Visualizer, ocHoBHOTO 1poO-
nykty Materials Studio. BIOVIA Materials Studio Mmoxe BigoOpakaT LIMPOKUN CIIEKTP

MarepialiB, Bl MACUBHUX aMOPGHUX MOJIIMEPIB /10 OpraHIYHUX Ta HEOPTaHIYHUX KPUCTa-
JiB.
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3 3OBHIIIHE ITPOEKTYBAHHA

3.1 Bumoru 10 (GyHKIIIOHATBHUX XapaKTEPUCTUK
[Iporpama nmoBMHHA MaTH IHTYITHBHO 3pO3yMUINH Ta mpuBaOauBuUil rpadiyHuil iH-

Tepdeiic, akuii 3abe3meuye 3pyuHy B3aEMOJIIIO0 3 KOpUCTyBaueM. Y TpadigHomy iHTepderci
MOBUHHI OYTH TOCTYITHI BCl HEOOX1H1 MO JUisl BBeAeHHs JaHux. KopuctyBau Mosxe BBO-
JUTHU 3HAYCHHS PI3HUX MTapaMeTpiB, K1 BIUIMBAIOTh HA BAKOHAHHS IPOTPAMH, B TOMY YHCIT
napamMeTpu KpUCTaIIyHOI IpaTku. [HTepdelic mporpamu Mae OyTH MOAIIEHUHN AEKIIbKA PO-
3MIU1IB, OIVH 3 SIKMX HAaWTOJIOBHILIMHI — Bi3yani3aTop, KUl 3a0e3reuye BII0OpaKeHHs KpU-
CTaJIYHOI IpaTKu y TpuBUMiIpHOMY (hopMmarti. [ToBuHHI OyTH nepenbdayeHi pi3Hi oneparlii 3

B3aemozii 3 3D Monemio 1 30epexkeHHsaM 1Hpopmarlii B (aii.

OTEpTaHHA Mogeni,
nepernAg i nig
DISHWUMK Ky TaMK

30INsLUEHHA

maciuTady Mmogeni

maninynosaty 30
MOLENH

MOKQOKOBD
MacTwadyeaT
KEDUCTAMIYHY IpaTey

o0upary TMn
KPWCTANIYHOT I'paTkm

KOPWUCTYEAY .
Z30EaTH Ta IMIHKIEATH
napametpy oSpaHoi
KPWUCTANIYHOT rpaTkm

0eperti pesyneTaT
podoTi

EKCNOPT TEKCTOBO!
iHopmauil npo 30
Mofens B opMaT
dharny =xmi

excnopT 30 mogeni e
thaidn hopmary * st

Pucynox 3.1 — [liarpama nperneneHTiB
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3.2 Bumorwu 10 ckJiay BUKOHYBaHUX (DYHKITIH
- pedaryBaHHS MapaMeTpiB KPUCTATIYHOI IPATKU;
- Bizyam3auig 3D Mozeni KpucTaalqHol IpaTKy;
- oryax 3D moaeni mia pi3HUMHU KyTaMu Ta B pI3HOMY MaciuTaoi;
- TIOKPOKOBE CTBOPEHHS KPUCTAJIYHOI IPATKHU;
- MOJIMBICTh MEpPErIsaaTH CTaH KO)KHOTO KPOKY;
- eKcHopT oTpuMaHoi ¢irypu B daitn popmaty *.stl;
- ekcnopt 1H(popmariii npo ¢irypy B daiin popmary *.xml.

3.3 Bumoru 10 ekciutyaTaliiHuX XapakKTepUCTUK
I{s mporpama cTBOpeHa 3 METOI0 JOCIIIHKEHHS Ta Bi3yai3ailii KpUCTaJluyHUX Ipa-

TOK. BoHa 7103B0JIsIE KOpUCTYBayaM BIATBOPIOBATU TPUBUMIPHUM BUIJISI KPUCTAITy 3 yciMa
JOT0 CTPYKTYPHUMHU JETAISIMU Ta €J1EMEHTaMHU.

CryaeHTH, BUKJIagadl Ta HAyKOBII MOXXYTbh BUKOPHUCTOBYBATH I}0 MPOTrpaMy st
HABYaHHS Ta AOCIIKEHHS KpucTanorpadii. BoHu MOXyTh BUBYATH OCHOBHI IPUHIUIIH OY-
JIOBH KPUCTAJIYHUX I'PaTOK, BIATBOPIOBATH KPUCTAIIYHY CTPYKTYpY PI13HUX THIIIB KPUCTa-
JIB Ta CIOCTEPIraTH iXHi BJACTUBOCTI, IO TOIIOMArae 3p03yMITH BIUIMB 3MiH B XIMIYHOMY

CKJaal Ta PI3UYHUX YMOBAX Ha CTPYKTYPY KPUCTAJIIB.

3.4 BxiaHi Ta BUX1IHI gaH1
Bxinni gaH1 € mapamMeTpu KpUCTAIIYHOI I'PATKH, TaKi K JOBXKUHA pedep, KyTH MIXK

pebpamu, siKi MOXYTh OyTH BBOJUTHCH 3 KJIaBIaTypH, IEPEITIK TUTIIB KPUCTATIYHUAX TPATOK
bpage. 3a monomMoror MaHimyJsTOpa MHII MOXKHA 00epTatu BijoOpaxyBaHy ¢irypy, ma-
ciradyBaTH ii po3Mmip.

Buximanvu qaaumu € rpadiuaa 3D monens, mo BiqoOpakaeTbesl y BiKHI MPOTpaMu

Ta MOXe Oyau ekcriopToBaHa y dopmati *.stl, ado 1i TekcToBuit onuc y dopmati *xml.

3.5 Bumoru 10 HaaiiHOCTI
- 1mpu 3001 o0nagHaHHS poOOTa MpPOrpaMu MoKe OyTH MPOJIOBKEHA HUIIXOM IO-
BTOPHOTO 3aIyCKy MPOTPaMHu;
- KUIBKICTh MOMUJIOK HE MOBUHHA TepeBuIyBaTu oaHiel Ha 10000 omepairiii;
- mporpama CTifKa 0 HeMPaBUJIBHOTO BBOJY JAHHX;
- HasSBHICTh apXiBHOI KOIIii TEKCTY MPOTpaMH Ha 30BHIIIHLOMY HOCII;
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3.6 Bumoru 10 ckiafy i mapameTpiB TEXHIYHUX 3aC001B

[Iporpamuuii mpoaykt po3paxoBanuii Ha IBM-cymichi [1K, 1110 MaroTh Taki MiHIMaJIbH1 Xa-
PaKTEPUCTUKH:

1) JdBosinepuuii mpouecop Pentium 3 TakToBoro yactororo 1.6 I'T'1;

2) 3oBHimHiIN ado BOyaoBanuii 3D Bigeoamantep Nvidia, Intel, AMD

3) o6’em onepatuBHOi nam’sTi 8 I'b;

4) maM’ATh Ha )KopcTKoMy aucky 400 MO.

5) CD-npuBox a6o USB-nopt 117151 iepeHeceHHs TporpaMu Ha KOMIT 10Tep;
6) MaHIyIATOP «MHUILIAY;

7) KnaBiaTypa;

8) MoHiTOp 3 po3aiTbHOO 3aaTHICTIO 1280%*720;

9) 3D mpunTep AN pO3APYKYBaHHSA T€OMETPHUHUX (Piryp.

3.7 Bumoru 10 iH(opmManiiHoi 1 IporpaMHOi CyMICHOCTI;
Jlist poGoTH 3 mporpaMHuM npoaykTom Ha [1IK Mae OyTu BcTaHOBIIEHE Take mporpa-
MHE 320€3[1e4EHHS:

1) OC: Windows 10/11;
2) Microsoft .NET Framework Bepcii 4.8.1 Tta 4.6.2 (Be6-1HCTAIATOD);
3) moga nporpamyBanHsi C#, NET Framework.
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4 BHYTPIIIHE ITPOEKTYBAHHA

4.1 Orisag maxoaiB Ta TEXHOJIOTIH
[Ipotiec HanmMCcaHHS TPOTPAMH BUMArae JIeTaJbHOTO EPEeIJacHOTO aHATI3Y Ta Tia-

HyBaHHs. OKpIM BUMOT JI0 POrpaMu MOTPIOHO 3aBKIM BPaXxOBYBATH BJIACHI HABUYKH Ta
JIOCBIJT 3 BUPIIIEHHS MOA10HOT TpoOjieMH, a TaKoK HaWHEOOXIJHIIIE — 1€ Yac PO3pOOKHU
IporpaMu Ta CKJIAJIHICTh 11 MOAANBIIOL MATPUMKH. BuXoasaun 3 BUMOT 10 3aj1a4i Ta Bilac-
HOT'O JIOCBIJly NOTPIOHO OOMPATH Ti IHCTPYMEHTH, TEXHOJIOTII Ta MiIX0H, SIKI MOXKYTb KO-
MOTa TOYHIIIIE BUPIIITUTH MPOOJIEMy 3a ONTUMAIBLHUIN Yac Ta HE BUKIMKATUMYTh CKIIATHO-
IIiB MiJ] Yac MOAAJBIIOTO CYNPOBOAY IPOrPaMH.

[Ipobniema, siky MOBUHHA BUPINTYBATU JJaHA MPOrpaMa — 1€ MOJIeJIFOBaHHsI Ta Bi3ya-
Ji3allisi mporecy MoOya0BH KPUCTAIIYHOT IpaTKu. ['0J0BHI BUMOTH JI0 IPOTpaMH — MATH
3pyuHHil iHTepdeiic Ta OyTH MBUIKOW. Tak sK mporpamMa CTBOPIOETHCS 3 HaBYAIbHO-Je-
MOHCTpAIIIITHOI0 METOI0, TO 1HTEep(eic MporpaMu NOBHHEH OyTH CIPOIICHHM, IHTYiTUBHO
3pO3yMIJINI Ta HE BUMAraT Xo4 SKOTo 4yacy Ha MOro onaHyBaHHS.

Bupimenns uiei npoOjaemMu He € CKIaJHUM: MOXHa BUKOPUCTOBYBATH Pi3HI MOBHU
nporpaMmyBaHHs, (pelMBOpPKHU Ta 010110TEKHU, TOJIOBHE 11100 30epiraBcsi OajaHC M1k IIBU/I-
KICTh Ta 3pYYHICTIO pO3p0OKU. BpaxoByrouu BiIacHUN AOCBIJ 3 po3poOKu iHTepdeicy Ko-
puctyBaua 0ys0 oOpaHO 00’ €KTHO-OPIEHTOBAHY MOBY IporpamyBaHHs C# Ta ppeiiMBOpK,
1o ii BukopuctoBye .NET Framework.

NET Framework — 1ie nminardopma, sika Ma€e MMAPOKUM CIIEKTP 1IHCTPYMEHTIB Ta 3a-
cOOiB 1/ BMpILIEHHS Pi3HMX 3a7ad. li IepeBarol0 Takoxk € BOyJIOBaHe KepyBaHHS
nam’ATTI0, 00po0OKa BUKIIFOYEHB, BEJIMKA KIJTLKICTh CTOPOHHIX 010JTI0TEK 3 BUIBHOIO JIIIIEH-
3i€10, 1110 3HAYHO CHPOIIye HamucaHHs mporpaM. CiiiJl 3ayBaKUTH, III0 BUKOPUCTOBYETHCS
came Framework Bepcis hpeiiMBOpKy, sika MOKE 37]aBaTUCSA TPOXH 3aCTapiiIol0, ajie Ha/lae
O1IbIIIE MOXKIIMBOCTEHN JIJIsi pO3POOKH HACTIILHUX JTOAATKIB ITiJ1 Onepaiiiiny cucremy Win-
dows, Hix i kpocruiatdhopmena Bepcist .NET.

Jlnst moOymoBM HACTUTBHOTO JIOJIATKY BHPINIEHO BUKOPUCTOBYBATH TEXHOJOTIIO
WPF — Windows Presentation Platform [11]. 3a qonmomoroto Hei MoxkHa nucatu iHTepdeiic
y JAekjapaTuBHOMY cTuiIl Ha MOB1 XAML okpemo Bij jioriku qoaatka. Juis 3D Bizyanizanii

BUKOpHUCTOBY€EThCs O610m10Teka Helix Toolkit [12]. Jlana 616110Teka Hajla€ KOMIIOHEHTH JIJ1s
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BimoOpaxanHus 3D rpadiku 3a 1onoMororo mnporecopa adbo BiieokapTu. 3abiraro4yu Ha re-
pen MOKHA CKa3aTH, 10 BEPCist 171 POIECOp K OCHOBHE JIKEPEJIO PO3PaXyHKIB HE 3a]10-
BOJIbHSIE TOTPEOH 3 MIBUAKOII, X0OUa MOKE BUKOPHUCTOBYBATUCH Ha O1IbII CITa0KUX Mepco-
HanpHUX KoMl rotepax. Helix Toolkit Hamae 3py4ni Ta mpocti 3aco6u 3 mooynoBu 3D npu-
MITHUBIB, 1110 HE BUMAararTh r1uOOKUX 3HaHb 3 3D rpadiku Ta J€rko BUKOPUCTOBYIOTHCS
pasom 3 WPF.

€ 11e 1HII MIX0AM Ta TEXHOJOTI, sSIKi BapTO BIAMITH, ajie He Oysiu oOpaHi dyepe3
BIJICYTHICTh JOCBily a00 uepe3 BelIHKUi 00’eMy 4acy Ha omanyBaHHs. [lepmmm 3 HUX €
3B’s13ka MoBH nporpamyBanns C++, pperimBopky Qt [13] Ta API Vulkan [14]. IlepeBara
[oJIATa€e B MOBHOMY KOHTpoJIl pecypceiB 1K, moOynoBa BiacHOro peHaep ABUXKKY 3a paxy-
HOK 4OT0 MOKHA OTPUMATH BEJIMKHUIA MPUPICT B MBHUIKO/I1, aie moOya0Ba BIACHOTO JBU-
KKy BUMAara€ HaruCaHHs BEJIMKOI KUIBKOCTI KOAY Ta 4acy Ha po3yMiHHS BCIX JeTalied Ta
HIOAHCIB 3 00poOKH rpadiku. JpyruM mixoaoM € BUKOPUCTAHHS ITPOBOTO ABUXKKY, Yac
OTIaHYBaHHS SKMMH TaKOX BUMarae 4ac, Xxoua repeBara moJiirae B BUKOpUCTaHH1 BJKe 100pe
HaJIaro/HKEHOMY Mpolieci po3poOKHU, a HEIOJIIKOM B ITPOBUX JBHXKKAX € MOOY1I0Ba KOPHC-
TyBalbKOro iHTepdeiicy. Bonu no0pe opieHToBaH1 Ha BupiuieHH1 npodaem 3 3D rpadiku,
ajie 3py4HICTh Ta MBHAKICTh HaNUCaHHS Koay g 2D intepdeiicy 3anuirae 6axxaTu Oi1b-
II0TO.

Takum 9MHOM BpaxoBYHOYM OajaHC MK IIBUJKICTIO, 3pDYYHICTIO PO3POOKH Ta BU-
Moramu 10 nporpamu cranu 3B’s3ka WPF ta Helix Toolkit. Bukopucranus WPF Takox
3yMOBJIEHO apXiTekTypHuM natepuoM MVVM — Model View ViewModel [15]. CyTb na-
HOTO TATEPHY IMOJSATa€ B HOT0 Ha3Bi: PO3AUICHHS MiX JIOTIKOIO MPOrpaMH Ta 30BHIMIHIM
BUTIIAIOM. Takuii MiIXia € qy’Ke THYYKUM Ta J03BOJIsE €PEKTUBHO TIEPEBUKOPUCTOBYBATH
BXKE ICHYIOUMid Koa. Bukopucranus nogarkosoro mapy ViewModel no3Bomsie 3miHIOBaTH
MOBE/IIHKY 30BHIIIHBKOTO iHTEepdeicy 6e3 HeoOX1THOCTI MepernucyBaTH HOTO 1]l KOHKPETHI
BHUITIQJIKA Ta HE 3MIHIOBATH MOJCIb AaHMX 3BicHO. Ille omHI€E0 3 0COOIMBOCTEH IIBOTO M-
X0y € MOHATTS OIHIuHTY [15] — mpoliec 3a JOMOMOTOI0 SIKOTO JIOCSTA€ThCS B3a€EMHUUN
BIUIMB Ha BIJIOOpaKyBaH1 JaH1 31 CTOPOHHU 30BHINTHBOI'O KOPUCTYBada Ta BCEPEINHI KOY.

[Iporpama Hanucana B 00’ €KTHO-OPIEHTOBAHOMY CTHJI1 3 JOTPUMAHHSIM MPUHIUIIIB

GRASP [16] Ta SOLID [17], a Tako» 3 TPUHIIMIOM 1HBEpCii KOHTpouo (aHTi. «Inversion
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of Control») [18]. TIpoTe ciigyBaHHS MPUHIKAIIAM HE JTOTPUMAHO B MOBHIN Mipi, 00 HE

po3ayBaTH KOA Ta MITYYHO HC YCKIAAHOBATH JOAATKOBUMHU a6CTpaKLIiHMI/I.

uses » Interface B
Class A |« Class B
creates
injects dependency
Injector

Pucynok 4.1 Ipuknan «iH’€Kuii 3aleKHOCTI», 10 € CKJIaJOBOIO MIPUHIIMIA IHBEPCli KOHT-
poIro

4.2 MopentoBaHHsI CYTHOCTEH CUCTEMU
[lix yac CTBOpPEHHS apXiTEKTypH IporpaMu 0yJIo IpoaHaIi30BaHO MPEIMETHY 00-

JacTh Ta CTBOPEHHS JEKUIBKOX TPy CYTHOCTEH.

[lepmra rpyna cyTHOCTEH MpeaMeTHOT 00J1acTi: TUI KPUCTAIIIYHOT I'PaTKH, aTpudyTH
KPUCTAIIYHOI I'paTKy, BeplUIMHa, pedpo, rpad, mpaBuio 3aMiHU, KOHCTpYKTOp, 3D cueHa,
rpadiyHuil NpUMITHB, rpad1YHUN 00’ €KT.

OO0O0B’sI3KHU MEPIIOi TPYIHU CYTHOCTEH:

— THUII KPUCTAIIYHOI I'PaTKU — TUII IPpaTKu bpase, 1110 onucye OCHOBHY PI3HUIIO MIXK
IHIIMMH KPUCTATIYHUMU IpaTKaMH Ta Kiacu(ikye rpaTKy WOro 3a ii TUIIOM IeHTpYBaHHS 1
KPUCTATIYHOIO CUCTEMOIO;

— aTpuOyTH KPUCTAIIYHOI I'paTKU — JIOBXKHUHHU pedep a, b, ¢, KyTH MK HUMHU, KO-
TbOPH;

— BEpIIMHA — a0CTPAKTHA aTOMapHA YaCTUHA KPUCTAJIIYHOI I'PaTKH, 110 MA€ MO3H-

11110, PO3MIp Ta KOJIIp;
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— pebpo — abcTpakTHA aTOMapHA YaCTHHA KPUCTAIIYHOI IPaTKH 110 TIOETHYE JB1 Be-
PIIMHU MK CO0010, TAKOXK Ma€ PO3MIp;

— rpad — CyKyIHICTb BEPIIHH Ta pedep, 0 YABISIIOTh COO0I0 CYIIEPKOMIPKY KpHC-
TaJI4HOI I'PaTKU;

— MPaBUJIO 3aMIHH — MICTUTH 1H(OpMAITit0 PO TE K MTOBUHEH MOIIHPIOBATUCS rpad;

— KOHCTPYKTOp — abcTpakTHH 00’ €KT 1m0 Oymye rpadoBy CynepKoOMipKy 3a oOpa-
HOIO KPUCTAIIYHOIO I'PATKOIO;

— 3D cnena — yactuHa iHTepdeicy, ska Bizyamnizye y 3D rpadimi yrBopeHy cymep-
KOMIpKY, TOOTO Tpad;

— rpadiuHuil TpUMITUB — dopma, Ky MpUitMae adCTpaKTHA CYTHICTh, TOOTO Bep-
mwHa abo pedpo, y 3D crieni;

— 00’exT crienu — enemeHT 3D crienu, mo mae Gopmy, Marepia, TO3UIlII0 Ta YCIO
J0JIATKOBY HE0OX1IHY 1HopmMaIlito as Bigoopaxkanus Ha 3D crieni;

ATpubyTu Ta omeparitii, HeOOXiTHI JJII BUKOHAHHS OOOB'S3KIB KOXHOI CYTHOCTI-
KJIaCy MepIIoi rpyNy HaBeIeMO y HACTYITHIN TaOIHIIi:

Tabnuus 4-1 CytHocTi, aTpuOyTH Ta METOIU

CyTHiCTh ATpubyrtu Meronu
1 2 3

TUIT KPUCTai- | siBJIsi€e COO00 CIMEHCTBO KJ1aciB, KOYKHA 3 IKMX | CTBOPUTH T'pad) KpUCTa-
YHOI IPaTKU | CTBOPIOE CBOIO I'papOBY KpUCTATIUHY I'PATKY; | JIIYHOI IPATKH.

MICTUTh aTPUOYTH KPUCTAIIYHOI IPATKH, TO-
JIOBHUM JTIB1M Ta MpaBU KOJIBOPH, @ TAKOXK aT-
puOyTH, 1110 MO3HAYAIOTH MOKIIUBICTh peIary-

BaTU MapaMeTpH KPUCTAIIYHOI IPATKH
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[Tponorxenus Tadmuii 4.1

BEpILIMHA

(vertice)

Size — po3mip BepIMHH, KU1 Oyae BUKOpHUC-
TOBYBATHCH JJ1s rpadiuHOro mpumMiTuBY Ha 3D
CIICHI — JOJIaTHE JIMCHE YHUCIIO;

Color — komip BepIIMHA, BUKOPUCTOBYETHCS B
QITOPUTMAX Ta JUIsl KOJIbOPY TpadiuHOTO MpHU-
MITUBY — CTPYKTYpa, sIKa MICTUTh YHCIIOBY 1H-
dbopmarliro mpo BIATIHKH KOJIHOPIB.

Position — mo3uiiisi y CBITOBUX KOOpJMHATaX
Ha 3D cueni — ctpykrypa Point, sika MicTUTB

YUCJIOBY 1H(GOpMAIliI0 KOOPAWHAT X, Y, Z.

CTBOPUTH BEPILINHY;

KJIOHYBAaTH.

pebpo (edge)

Size — po3mip BeplIMHU, IKUI OyJle BUKOpHUC-
TOBYBATHUCH 7151 TpadiuHOoro mpumMituBy Ha 3D
CIIEH1 — JOJaTHE J1MCHE YHUCIIO;
Start — BepiuHa, 3 SKOi MOYMHAETHCS peOpo,
sBJIsiE COOOI0 CYTHICTB Vertice;
End — BepummHa, B siKiil 3aKiHUy€ThCS Pedpo,

sBJIsiE COOOI0 CYTHICTB Vvertice;

CTBOPUTHU PeOpO;

KJIOHYBATH.

rpa¢ (graph)

Vertices — BepiuHu rpady — CIIUCOK CYTHOC-
Tell Tuny Vertice;
Edges — pebpa rpady — cnucok cyTHOCTEH

turty Edge;

J0JaTH BEPIINHY;
noaatu pedpo;

KJIOHYBATH.

IIPaBUIIO

MinH (rule)

3a-

LeftGraph — iBa yacTuHa npaBuiia, €JIEMEHTH
SIKOT 3aMIHIOIOTHCSl Ha €JIEMEHTH IPaBoi yac-
TUHU TIpaBuia — CyTHICTh Graph;

RightGraph — npaBa yactuna npaBuia, B Ky
IOBUHHO NIEPETBOPUTHCS JIIBA YACTHHA — CYT-

HicTh Graph;

BCTAHOBUTHU JIIBY 4Yac-
TUHY [IPaBUIIA;
BCTAaHOBUTHU IpPaBy 4ac-
TUHY NPaBUIIA;
HepeMajoBaTy JIIBY 4a-

CTUHY;
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[Tponorxxenus tadmuii 4.1

LeftColor — Bukonye QyHkuito ¢inprparii
€JIEMEHTIB, SKI OyIyThb BHKOPHCTOBYBATHUCH
JUIsL 3aMIHM 3 JIIBOTO TMpPaBWJIa — CYTHICTb
Color.

RightColor — Bukonye ¢yHKIio (dinbTparii
€JIEMEHTIB Y IPaBOMY IpaBuIi, sIKi Oy Iy Th 3a-

MiHeHi — cyTHicTh Color.

MEPEMAIIOBATU  IIPaBy
YaCTUHY;
BCTAHOBUTU TOJIOBHUU

KOJIIp JIIBOTO MPaBUJIa;
BCTAaHOBUTU TOJIOBHUH

KOJIIp MPaBoro MpaBuia.

KOHCTPYKTOP

Graph — rpad, o sBisie cob600 CynepKoMi-
DKy, fIKa MOMIMPIOETHCS — cyTHICTH Graph:
CurrentRule — mpaBuiio, sike BHUKOPUCTOBY-
€ThCS IJI1 BUKOHAHHS 3aMiH Ta MOOYJI0BU CY-
NEPKOMIpKHU — cyTHICTh Rule:

AddedVertices — cnucok BepivH, sKi Oyau
JOJIaHl M Yac 3aMiHU, €JIEMEHTH CyTHOCTI
Vertice;

AddedEdges — cnircok pebep, ki Oyiau 1oaaH1

11T 9ac 3aMiHu, eJeMeHTH cyTHocTi Edge;

BUKOHATH 3aMiHY;
OUHCTUTU  CYyHEPKOMI-

PKY.

3D cuena

Graph — BimoOpaxxye aOCTpakTHY CYTHICTb
rpady, sky Bizyanizye — tun Graph;
CameraPos — no3uirisi kaMepu Ha CIIeH1 — CyT-
HicTh Point;

CameralLook — HanpsM, B SIKHl IUBUTHCS Ka-
Mepa, — CTpyKTypa Vector, ska MICTUTh YHC-
J0ByY 1H(OpMaIliI0 KOOPAUHAT X, VY, Z;
UpDirection — rmo3Hayvae BiCb, sIKa TUBUTHCS B
ropy, To0OTO BU3HAYa€ HAMPSIMOK CUCTEMH KO-
OpAUHAT — CyTHICTB Vector;

SceneTree — yci rpadiuni 00’€kTH, SKi BOHA

B1JI00paxye.

BiIoOpa3utu TpadiuHy
1H(popMallito;
METOJM KEepyBaHHSA Ka-

MEpOI0;
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[Tponorxenus Taduii 4.1

rpadiuHmii CyTHicTb, fiKka Mae GopMy, KOJIp 1 MAaTPHUIIO | CTBOPUTH  TpadiuyHui
MIPUMITHB Tpanchopmariii, cnenudikaris CyTHOCTI 3ajie- | IPUMITHB.

YKUTh BiJl BUKOPUCTOBYBAHO1 010J110TEKH.

00’ekT crienn | Cnenudikamiss Bu3HAYaeThCcsl 010J110TEKO¥O,
Ma€ ycro HeoOX1H1 aTpulOyTH Ta METOAM ISt

BI3yaJIbHOT'O MIPEACTABICHHS Ha 3d clieHi.

Jpyra rpyna ckjafaeTbcs 3 CyTHOCTEH TrpadiuHoro iHTepdercy ta Moro momina y
BUTJISAI KOMIIOHEHTIB sk mapu View, ViewModel sik wactuny narepay MVVM

Jpyra rpyna CyTHOCTEH MporpamMu — KOMIIOHEHTH iHTepdelicy. KommoHeHT iHTep-
delicy — 1imicHa yacTuHa iHTEepdeicy, sSKka 3aiiMae NeBHY IUIOLUMHY KOPUCTYBAIBKOTO 1H-
Tepdeiicy Ta 00’ eqHy€e CIBHI 3a MPU3HAYCHHSAM €JIEMEHTH ynpaBiaiHHg. KoxeH komrmo-
HEHT CKJIQIA€ThCS 3 MapH JABOX KiaciB: View — kiac iHTepdericy, ViewModel — nporapok
MK MOJEIIOI0 JaHUX Ta iHTepdeiicoM, BU3HAYAE K caMe J1aHi TOBHHHI BUKOPUCTOBYBa-
TuCh iHTepdericom. Cepen TakKuX Map-KOMIIOHEHTIB MOKHA BUBHAYUTH:

— CHUCTEMHE FOpPU30HTAIIbHE MEHIO — MEHIO MPOrpamu, 110 MICTUTh €JIEMEHTH YII-
PaBJIIHHS 3 CUCTEMOIO, TaKl SIK €KCIIOPT Ta IMIOPT (aiiiB;

— MEHIO KepyBaHHS — MICTHTh CYKYITHICTh KHOTIOK Ta TIOJIiB, HEOOX1THHUX JJISI BUKO-
HaHHS OCHOBHUX (DYHKIIIH TIporpamu;

— CIIUCOK KOHCTPYKTOPIB — BIJIOOpaKka€e CIMMCOK KOHCTPYKTOPIB, K1 MOKHA 0Opatu
Ta BUKOPUCTOBYBATH Ta MOOYI0BU CyNEPKOMIPKHU

— MpeJCTaBJICHHS TpaBuiIa — BiloOpakae oOpaHy JiBY 1 IpaBy YacTUHY MpaBHIIA,
SIK1 TIOKa3yI0Th K Oyjle BUKOHYBATHUCH IMICTAHOBKA (QIryp Ha CIIeH1

— TOJIOBHA CLIEHA Mporpamu — Bigoopaxae 3D clieny.

Tpets rpyna ckiamaeTbest 3 aOCTPAKTHUX CYTHOCTEH, SIKI HE MAIOTh aJIbTEPHATUBRY
y peaJbHOMY CBITI, ajie HEOOX1AH1 JIJIsl 3pYYHOI apXiTEKTypH Ta MOTOKY YHpPaBIiHHS MPO-
rpamu. Cepel HUX € CepBiCH, KOHTPOJEPH, MCHEKEPH CTaHy Ta KOMaH/I:

— IServiceProvider — koHTeliHep, KM HaJa€ JOCTY 10 1HIINX KJIACIB 32 3alIUTOM;
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— StateManager — MICTUTb CIIUJIBHUI CTaH IPOrPAMHU, CIPOLIY€E JOCTYII 10 JaHUX 3
pI3HUX 11 YaCTHUH;

— CommandManager — 1ae 3Mory pearyBartu Ha M0/J1ii KOPHUCTYBaua B Pi3HUX MICLAX
porpamu;

— ViewportController — inkancymoe crad 3D ciieHu Ta Hagae auiie HeoOXiTHI Me-
TOAM JIJIsl pOOOTH 3 HEIO;

— RuleController — iHkancymtoe GpyHKIIOHAT 3 MAHIMYJISIIED Ta MOAU(DIKYBaHHAM
MpaBuia;

— UlService — Ha/1a€ MOKIIMBOCTI CTBOPEHHS Ta BHOOPY KOMITOHEHTIB KOPHCTYBa-
1bKOTO 1HTEepdeiicy

— CrystalService — iHKancoitoe poO0Ty OCHOBHUX aJITOPUTMIB;

— MainController — koH(}Irpy€e mo4aTKoBi HAMAMITYBAHHS IPOTPaAMHU.

— Defaults — xoHCTaHT1 3HaUYCHHS JISI BCbOT'O MPOCTOPY MPOTPAMH.

UYeTBepTa rpyIa € 10/1aTKOBOIO Ta MICTUTh KJIACH, 10 BUSBUIUCH HEOOX1THUMH ITi]]
gac po3poOku nporpamu. Ile cratuuni knacu po3mupents, kiaacu DTO [19] — Data Transfer
Object, 3a TOTOMOTOO SIKMX JIETKO IMITOPTYBATH Ta €KCIIOPTYBATU (paiiiiu, JOMOMIXKHI KI1acu
JUTSI KOPUCTYBAIBKOTO 1HTEpPEiiCy, Tak SK KOHBEPTEPH JTaHUX.

BuznauuBim CyTHOCTI MpOTrpaMu IPEICTaBUMO 3aJIEKHOCTI MK HUMH, CKJIaJIEMO
OCHOBI JilarpaMu KjaciB, a Takox npencraBuMo ix Buriisii CRC-kaprok [] (Class - Respon-
sibility- Collaboration), Tak sik pi3u4HO BimoOpa3uTH 3B’SA3KM MK HUMH BCiMa Ha OJHIH
aiarpami He € MOXJIMBUM. {7151 yHUKHEHHS HETOPO3YMIHHS Oy Ty Th BUKOPUCTOBYBATUCH aH-
[IICHKI HA3BU KJIACIB, SIK1 OUIBIIT TOYHO BIIOOPaKAIOTh CYTHOCTI.

Pesynbrar 3anexHoCTeM NpeACTaBICHO y HACTYITHIN TaOIHIIi:

Taomung 4-2 MoaearoBaHHs 3a1€KHOCTEN

Knac, sxuii 3B's13y€eThCs Knac, 3 sskuM 3B’ 43y10ThCS Tun 3B’ 3Ky
MainController [UIService Acorars
[CrystalService Acomiartis
[StateManager Acornaris
ICommandManager Acorars
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[Tponorxenus Tadauii 4.2

[RuleController Acomiartis
[UIView Acorars
UlService [UIService Peanizauis
[UIView Acomiartis
ViewportView Acomiartis
ViewportViewModel Acorars
MainView Acomiariis
MainViewModel Acoraris
SideMunuView Acorars
SideMunuViewModel Acomuianis
RulesListView Acomiaris
RulesListViewModel Acorars
RuleView Acomuianis
RuleViewModel Acomiaris
CrystalService ICrystalService Peasmizaris
[StateManager Arperartis
[CommandManager Arperauis
[Constructor Arperariis
[ViewportControler Arperartis
Defaults 3aJIexKHICTh
StateEventArgs 3anexiHCTh
CommandEventArgs 3aexXiHCTh
Graph 3aexiHCTh
GraphDto 3anexiHCTh
StateManager [StateManager Peanizais
LatticeConstructor Arperartis
IConstructor Arperauis
IRule Arperartis
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[Tponorxenus Tadauii 4.2

[ViewportController Arperaiis
[View Arperartis
StateEventArgs 3aexiHCTh
CommandManager [CommandManager Peanizauis
CommandEventArgs 3asiexKiHCTh
RuleController IRuleController Peasmizaris
[UIService Arperaris
[StateManager Arperauis
IViewportController Arperartis
[UIView Arperartis
[Rule Arperaris
RulesListViewModel Kowmmno3wuris
RuleViewModel KoMmnosutis
LatticeConstructor Acomiartis
StateEventArgs 3aexiHCTh
ListltemViewModel 3anexiHCTh
TriclinicLatticeSimpleConstructor | 3anexiHCTb
TriclinicLatticeFullConstructor 3a1eXKIHCTh
BodyCenteredLatticeConstructor | 3anexiHCTb
BaseCenteredLatticeConstructor | 3anexxiHCTh
FaceCenteredLatticeConstructor | 3anexiHCTh
HexagonalConstructor 3aexiHCTh
MainVeiwModel BaseViewModel VY3arajibHeHHS
[StateManager Arperaris
[UIService Arperauis
[UIView Arperariis
SideMenuVeiewModel Komno3umis
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[Tponorxenus Tadauii 4.2

MainWindowViewModel BaseViewModel Y3aranbHeHHS
[StateManager Arperartis
[CommandManager Arperaris
[UIService Arperaiis
[UIView Arperariis
MainVeiwModel KoMmnosutis
RelayCommand Acorriartis
RulesListViewModel BaseViewModel VY3aranbHEeHHS
[UIService Arperartis
ListltemViewModel Kommno3umis
LatticeConstructor 3aJIeKHICTh
ViewportController 3aIeXKHICTh
ListltemViewModel ViewportController Arperaris
LatticeConstructor Arperauis
[UIView Acorriaris
IGraph Acormars
RuleViewModel BaseViewModel Y3aranbpHeHHS
[UIView Arperariis
RelayCommand Arperartis
[Rule Arperaris
SideMenuViewModel BaseViewModel Y3aranbHeHHS
[StateManager Arperartis
[CommandManager Arperaris
RelayCommand Arperartis
StateEventArgs 3aexkHICTh
ViewportViewModel BaseViewModel VY3arajipbHeHHS
MainView [UIView Peanizuis
BaseViewModel Arperariis
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[Tponorxenus Tadauii 4.2

MainWindowView [UIView Peamizmis
BaseViewModel Arperartis
RulesListView [UIView Peaniziis
BaseViewModel Arperartis
RuleView [UIView Peamiziis
BaseViewModel Arperartis
SideMenuView [UIView Peamizmis
BaseViewModel Arperariis
ViewportView [UIView Peamiziis
BaseViewModel Arperartis
LatticeConstructor [Graph Arperauis
TriclinicLatticeSimpleConstructor | LatticeConstructor VY3arajibHeHHS
[Graph Arperaris
Vertice 3aexHICTh
Edge 3aeXHICTh
TriclinicLatticeFullConstructor LatticeConstructor VY3arajpbHeHHs
[Graph Arperauis
Vertice 3aexkHICTh
Edge 3aeXHICTh
BodyCenteredLatticeConstructor | LatticeConstructor VY3aranbHeHHs
[Graph Arperauis
Vertice 3aeXHICTh
Edge 3aeXHICTh
BaseCenteredLatticeConstructor | LatticeConstructor VY3aranbHeHHs
[Graph Arperariis
Vertice 3aeXHICTh
Edge 3aliexKHICTh
FaceCenteredLatticeConstructor | LatticeConstructor VY3aranpHeHHS
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[Graph Arperauis
Vertice 3allexKHICTh
Edge 3aeXHICTh
HexagonalConstructor LatticeConstructor VY3aranbHeHHs
[Graph Arperariis
Vertice 3aliexKHICTh
Edge 3asIexKHICTh
Constructor IConstructor Peanizmais
IGraph Arperartis
[Rule Arperaris
Vertice Arperauis
Edge Arperartis
SubstitutionEventArgs 3aeXHICTh
Rule [Rule Peanizuais
[Graph Arperariis
RuleEventArgs 3aeXHICTh
Graph [Graph Peanizuais
Edge Arperariis
Vertice Arperartis
GraphDto 3aeXHICTh
Edge Vertice Arperartis
GraphDto VerticeDto Arperartis
EdgeDto Arperaris
Vertice 3aJIeKHICTh
Edge 3aeXHICTh
VerticeDto Vertice 3aliexKHICTh
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BceranoBuBmm 38’53k, MpeCTABUMO 3aKIIOYHHUN pe3yibTaT y Burisiai CRC kap-

TOK:

Tabmuis 4.3 CRC kpatka mis kinacy MainController

bazoBwuit kiiac

[Tox1aH1 KIacu (HaIaaKm)

BIJICYTHIM

B1JICYTHIi

OO00B’3KH

3B’ A3KH

["010BHUI KOHTPOJIEP MPOTrpaMU, BUKOHYE pe-
€CTpAIlil0 Ta 1HIIIAJI3AI[II0 CEPBICIB.

IUIService, ICrystalService
[StateManager, ICommandManager,
IRuleController, IUIView

Ta6muns 4.4 CRC kpartka pist kinacy UlService

ba3oBuii kiac

[ToximgHi KIacu (HAIIAIKK)

BIJICYTHIM

BIJICYTHIM

O00B’A3KH

3B’3KH

Peectpye mapu View-ViewModel, ans Heo6-
xigHoi ViewModel cTtBoproe BiANMOBIIHIN Mpu-
MipHUK View. Takox OKpeMO CTBOPIOE MPHUMi-
puuk IViewportController, sikuii HeoOxigHIN
JUI CHUCKY KOHCTPYKTOPIB Ta JUIsl TOJIOBHOI
CLIEHM [TPOTPAMH.

[UIService, [UIView, ViewportView,
ViewportViewModel, MainView,
MainViewModel, SideMunuView,
SideMunuViewModel, RulesListView,
RulesListViewModel, RuleView,
RuleViewModel

Ta6mums 4.5 CRC kpartka st knacy CrystalService

ba3oBuii kiac

[ToximgHi KIacu (HAIIAIKK)

ICrystalService

BIJICYTHIM

O00B’A3KH

3B’3KH

[HKancyoe npoiec CTBOPEHHS CYNEPKOMIPKH,
BukopucroBytoun IRule ta Constructor, crii-
kyethes 3 RuleController gepes StateManager.

[StateManager, [ICommandManager,
IConstructor, IViewportControler,
Defaults, StateEventArgs,
CommandEventArgs, Graph, GraphDto
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Tabmuus 4.6 CRC kpatka s kinacy StateManager

bazoBuit kiac IToxiaH1 Kacu (HaIAIKH)
[StateManager BIJICYTHIM
O00B’A3KH 3B’s13KH

MicTuTh cnuIbHUN JIJ1s1 IporpamMu cTaH, Bucty- | LatticeConstructor, IConstructor,
a4y nocepeTHUKoM i1 oOMiny ganumMu mMix | IRule, IViewportController, [View,
KJlacaMu, SIKi He ITOBHMHHI HampsiMy OyTu B3ae- | StateEventArgs,

MOIIOB’ SI3aHI.

Ta6muis 4.7 CRC kparka jis kinacy CommandManager

ba3oBuii kiac [ToxigHi KIacu (HAIIAIKK)
ICommandManager BIJICYTHIM
O00B’A3KH 3B’A3KH

Jloromarae pearyBatu Ha i KopuctyBada y ge- | CommandEventArgs
KUIBKOX MICUSX MPOrpaMu 3a OJIHY aTOMapHy
1110, HAMPUKJIa, KK M0 KHOMI{ TOIIIO.

Tabmuis 4.8 CRC kpatka miis kinacy RuleController

ba3oBwuii kiac [Tox1aH1 KIacu (HaIaaKm)
[RuleController BIJICYTHI!
O00B’s13kH1 3B’s13KHU

Inkancyntoe po6oTy 3 Bubopy npasuia Ta iioro | [UIService, [StateManagerv,
penaryBaHHs, a TakoX po0oTy 3 KoHCTpykTo- | [ViewportController, [UIView, IRule,
pamu. Jlo3BoJise€ 3MiHIOBATH KOJIbopH npaBuia, | RulesListViewModel,

ix rpadu, oOuparoun BinnmoBigHUN KOHCTPYK- | RuleViewModel, LatticeConstructor,
TOP. StateEventArgs, ListltemViewModel,
TriclinicLatticeSimpleConstructor,
TriclinicLatticeFullConstructor,
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ITponorxenus Tadauii 4.9

BodyCenteredLatticeConstructor,
BaseCenteredLatticeConstructor,
FaceCenteredLatticeConstructor,
HexagonalConstructor

Tabmuusg 4.10 CRC kparka ans kinacy MainViewModel

bazoBuii knac

[ToxiaH1 Ki1acu (HaIIaaKy)

BaseViewModel

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

[Ipomapok mMix MoIeIuTIO Ta iHTepdeiicoMm.

IStateManager, IUIService, IUIView,
SideMenuVeiewModel

Ta6muig 4.11 CRC kpartka aist kinacy MainWindowViewModel

ba3oBuii kiac

[ToximgHi KIacu (HAIIAIKK)

BaseViewModel BIJICYTHIM
OO0O0B’s13kH 3B’S13KU
[Ipommapox Mixk MOAEILTIO Ta IHTEpQEHCOM. [StateManager, = ICommandManager,

IUIService, IUIView, MainViewModel,
RelayCommand

Tabmus 4.12 CRC kpatka nns kinacy RulesListViewModel

bazoBwuii ki1ac

[Tox1aH1 KIacu (HaIaaKM)

BaseViewModel

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

Mictuth iHbOpMaIIiIO 1 BiIoOpakaHHS CITH-
CKY KOHCTPYKTOPIB.

IUIService, ListltemViewModel,
LatticeConstructor, ViewportController
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Tabmuus 4.13 CRC kpartka nns kinacy ListitemViewModel

ba3oBuii kiac

IToxiaH1 K1acu (HaIAIKH)

BIJICYTHIH B1JICYTHIM
OO00B’s13kH 3B’S13KU
BuxopuctoByeThCs K LTIicHA yacThHA criucky | ViewportController,

KOHCTPYKTOPIB.

LatticeConstructor, IUIView [IGraph

Tabnums 4-14 CRC kpatka qist kinacy RuleViewModel

bazoswuit kiac

[Tox1aH1 KacH (HaIaaIKu)

BaseViewModel

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

[Tpomrapok M JIOT1KOIO Ta iHTepdeiicom Kopu-
CTyBaua.

IUIView, RelayCommand, IRule

Ta6mus 4.15 CRC kpartka aist kinacy SideMenuViewModel

ba3oBuii kiac

[ToxigHi KMacu (HAIIAIKK)

BaseViewModel

BIJICYTHIM

O00B’A3KH

3B’3KH

[Ipomapox Mix iHTepdeiicoM KopucTyBada Ta
JIOT1KOO MPOTPaMHU.

[StateManager, [CommandManager,
RelayCommand, StateEventArgs

Tabmuus 4.16 CRC kpartka nns kinacy ViewportViewModel

ba3oBuii kiac

[ToxiaH1 K1acu (HaIAIKH)

BaseViewModel

B1JICYTHIi

OO00B’3KH

3B’ A3KH

3a JIONOMOTOK IBOTO KJIacy MOKIIMBO BIUIM-
Batu Ha 3D cuieny, ane yepes aTpulyTH 1

UlService
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[Tponopxenus tadbmuir 4.15

METO/IH 1110 BiH HAJa€, CIyTy€e CBOTO POAIY 1HTe-
pdeiicom 10 ClieHH.

Tabmuis 4.17 CRC kpatka nns kiacy MainView

bazoBwuit kiac

[Tox1aH1 KIacu (HaIaaKM)

IUIView BIJICYTHI!
OO60B’s13kH 3B’s13KH
InTepdeiicna yacTuHa mporpamu, ska MicTuTh | BaseViewModel

yCl1 1HIIIl KOMIIOHEHTH 1HTepdeiicy, OKpiM royo-
BHOT'O MEHIO MPOTPAMHU.

Ta6mums 4.18 CRC kpatka ansa kiacy MainWindowView

ba3oBuii kiac

[ToxigHi KIacu (HaIIAIKK)

[UIView BIJICYTHIM
OO0O0B’s13kH 3B’S13KU
Bech inTepdeiic mporpamu, mictuth yci iami | BaseViewModel

iHTep(erici KOMIOHEHTH.

Tabmuis 4.19 CRC kpatka nns xinacy RulesListView

bazoBwuit kiac

[Tox1aH1 KIacu (HaIaaKM)

IUIView BIJICYTHI!
OO60B’s13kH 3B’s13KH
Bino6paxkae ciucox KOHCTPYKTOPIB. BaseViewModel
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Ta6mus 4.20 CRC kpartka mist kinacy RuleView

ba3oBuii kiac

IToxiaH1 K1acu (HaIAIKH)

IUIView B1JICYTHIM
OO00B’s13kH 3B’S13KU
Bino6pasae inpopMaliro mpo npaBuio, sike Bu- | BaseViewModel

KOPUCTOBY€EThCS Ha 1IHTEp(ENC.

Tabmums 4.21 CRC kpatka ans kiacy SideMenuView

bazoswuit kiac

[Tox1aH1 KIacu (HaIaaKM)

[UIView BIJICYTHI!
O060B’s13kU 3B’s13KU
MeHro juis ynpaBiiHHS mpoiiecoM cTBopeHHs | BaseViewModel

CYTIEpKOMIPKH, TaKOX BigoOpa)ae J0IaTKOBY

iH(bOopMarlito.
Tabmuus 4.22 CRC kpartka ains kinacy ViewportView
Bba3oBuii kiac [ToxigHi KIacu (HaIIAIKK)
[UIView BIJICYTHiit
OO060B’s13KH 3B’s13KH
[Toxa3zye 3D cueny. BaseViewModel

Tabmuus 4.23 CRC kparka ans kinacy LatticeConstructor

ba3oBuii kiac

[ToxiaH1 K1acu (HaIAIKH)

BIJICYTHIM

TriclinicLatticeSimpleConstructor, Tri-
clinicLatticeFullConstructor, BodyCen-
teredLatticeConstructor,
BaseCenteredLatticeConstructor,
FaceCenteredLatticeConstructor, Hex-

agonalConstructor
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O00B’A3KH

3B’3KH

€ 6a3oBUM abCTPaKTHUM KJIACOM IS BCIiX 1H-
HIMX KOHCTPYKTOPIB, MICTUTH 1HGOpMAIIiIO PO
CHUIBbHI AJI1 HUX aTpUOyTH.

IGraph

Tabmums 4-24 CRC xpartka nis knacy TriclinicLatticeSimpleConstructor

bazoBwuit kiac

[Tox1aH1 KIacu (HaIaaKM)

LatticeConstructor

B1JICYTHIi

OO00B’A3KH

3B’ A3KHU

KoHcTpykTOop HEMOBHOI TPUKIMHHOI KpUCTaIi-
YHOI I'PATKHU.

IGraph, Vertice, Edge

Tabmuus 4.25 CRC kpatka nns knacy TriclinicLatticeFullConstructor

bazoBuii knac

[ToxiaH1 Ki1acu (HaIIaaKy)

LatticeConstructor

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

KoHcTpykTOp MOBHOI TPUKIMHHOI KpHCTaIy-
HOI I'PaTKHU.

IGraph, Vertice, Edge

Tabmuus 4.26 CRC kaptka nns kinacy BodyCenteredLatticeConstructor

ba3oBuii kiac

IToxiaH1 K1acu (HaIAIKHM)

LatticeConstructor

BIJICYTHIM

O00B’A3KH

3B’s13KH

KoHcTpykTop T1OBHOI 00’ €MHOIIEHTPOBAHOI

KPUCTAIIYHOI IPATKHU.

IGraph, Vertice, Edge
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Tabmuus 4.27 CRC kaptka nns kinacy BaseCenteredLatticeConstructor

ba3oBuii kiac

IToxiaH1 K1acu (HaIAIKH)

LatticeConstructor

B1JICYTHIM

O00B’A3KH

3B’ s13KH

KoHcTpykTOop MOBHOI 0a30LEHTPOBAHOI KpHC-
TaJIYHOI IPATKH.

IGraph, Vertice, Edge

Tabmus 4-28 CRC kaptka nns xknacy FaceCenteredLatticeConstructor

bazoswuit kiac

[Tox1aH1 KIacu (HaIaaKM)

LatticeConstructor

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

KoHCTpyKTOp MOBHOT IpaHEIIEHTPOBAHOI KPHC-
TaJIYHOI IPATKH.

IGraph, Vertice, Edge

Ta6muis 4.29 CRC kaptka mis kinacy HexagonalConstructor

ba3oBuii kiac

[ToximgHi KIacu (HAIIAIKK)

LatticeConstructor

BIJICYTHIM

O00B’A3KH

3B’3KH

KoHCTpyKTOp MOBHOI reKCaroHaJIbHOI KpUCTa-
JIYHOI I'PaTKHU.

IGraph, Vertice, Edge

Ta6mus 4.30 CRC xaptka mis kinacy Constructor

ba3oBuii kiac

[ToxiaH1 K1acu (HaIAIKH)

IConstructor BIJICYTHI!
OO0O0B’s13kU 3B’SI3KH
Bukonye mincraHoBKy ycix eneMmeHtiB Biamo- | IGraph,  IRule,  Vertice, Edge,

BIJIHO JI0 MpaBHIA.

SubstitutionEventArgs
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Ta6mums 4.31 CRC kaptka mis kinacy Rule

ba3oBuii kiac

IToxiaH1 K1acu (HaIAIKH)

IRule

B1JICYTHIM

O00B’A3KH

3B’ s13KH

BuszHavae siIkuM 4YMHOM MOBHHHA 3MIHIOBATHCh
CyIEepKOMIpKa.

IGraph, RuleEventArgs

Tabmuusg 4.32 CRC kaptka ais kiacy Graph

bazoswuit kiac

[Tox1aH1 KIacu (HaIaaKM)

IGraph

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

CyKymHICTh BEpIINH Ta pedep, 10 MOXKYTh 5B-
JATH COOOI0 KPHUCTAIIYHY TPATKy, CTPYKTYpPY
ab0 CynepKOMIpPKY.

Vertice, Edge, GraphDto

Ta6mums 4.33 CRC xaptka mis kinacy Edge

ba3oBuii kiac

[ToxigHi KIacu (HaIIAIKK)

BIJICYTHIH

BIJICYTHIM

O00B’A3KH

3B’ s13KH

[loenHye 1B1 BEPILIUHH.

Vertice

Ta6muis 4.34 CRC xaptka aiis kinacy Vertice

ba3oBuii kiac

[ToxiaH1 K1acu (HaIAIKH)

BIJICYTHIM

B1JICYTHIi

OO00B’3KH

3B’ A3KH

[Ipencrapinse iHpoOpMaIlio Mpo aToMapHy yac-
TUHY KPUCTAIIYHOI IPaTKH.

VerticeDto
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Tabmuus 4.35 CRC kaptka nns kinacy GraphDto

ba3oBuii kiac

IToxiaH1 K1acu (HaIAIKH)

BIJICYTHIH

B1JICYTHIM

O00B’A3KH

3B’ s13KH

BHUKOpHUCTOBYETBHCS I IMITIOPTY/€KCIIOPTY 10
(aiiny 3 popmarom *.xml.

VerticeDto, EdgeDto, Vertice, Edge

Tabmunsa 4-36 CRC kaptka nis kimacy EdgeDto

bazoswuit kiac

[Tox1aH1 KIacu (HaIaaKM)

BIJICYTHIH

BIJICYTHI!

OO00B’A3KH

3B’ A3KH

BUKOPUCTOBYETHCS ISl IMITOPTY/EKCIIOPTY 110
¢aiiny 3 popmarom *.xml.

GraphDto

Ta6muis 4.37 CRC kaptka ans kinacy VerticeDto

ba3oBuii kiac

[ToximgHi KIacu (HAIIAIKK)

BIJICYTHIM

BIJICYTHIM

O00B’A3KH

3B’3KH

BHKOPUCTOBYETBCS ISl IMITOPTY/EKCIIOPTY 110
¢aiiny 3 popmarom *.xml.

GraphDto, Vertice

Ta6mmms 4.38 CRC kaptka mis kinacy BaseViewModel

ba3oBuii kiac

[ToxiaH1 kacu (HaIAIKH)

BIJICYTHIH

MainViewModel, MainWindow View-
Model, RulesListViewModel,
RuleViewModel, SideMenuView-
Model, ViewportViewModel

INotifyPropertyChanged

3B’3KH




52

[Tponorxenus tadauii 4.37

Inkancymioe cninbHi 1ia Bcix ViewModel at-

puOyTH Ta METOJIH.

Tak Ak a1 moOyI0BM BCI€I JlarpaMu KJaciB Ta HE BUCTAYUTh MicCLs, TOOYyeEMO

aiarpamy i OKpeMuX il YaCTHH:

|Constructor

Graph: 1Graph
CurrentRule: IRule
AddedEdges : IReadOnlyCollection=Edge=

AddedVertices : IReadOnlyCollection=Vertice> k1

Invalidate(): void
Clear: void
PerformeSubstitution() - void

! Repaint() : void

Lefi: 1Graph

Right: 1Graph
LeftColor: Color4
RightColor: Colord

SetlLeftPari{lGraph left, Color4 mainLeftColor): void
SetRightPart(IGraph right, Colord mainRightColor): void
RepaintLeftiMain(Color4 color) : void
RepaintRightMain{Color4 color) - void
SetLeftColor(Colord color) : void

SetRightColor{Color4 color) : void

2~

IConstructor

Graph: 1Graph

CurrentRule: IRule

AddedEdges : IReadOnlyCollection=Edge=
AddedVertices . IReadOnlyCollection=Vertice=

# _repaintedVetrices : List<Vertice=()

Invalidate(): void
Clear: void
PerformeSubstitution() - void

Repaint() - void

# SingleSubstitution(Vertice vertice, out List=Edge> edges,

out List=Vertice= vertices) : void

# Repaint(IEnumerable<Vertice= vertices) : void

Edges : IReadOnlyCollection=Edge>

J

ToDto() : GraphDio
Clone() : 1Graph

TryAdd{Edge edge) - bool

Ja

Rule

Left: 1Graph

Right: 1Graph
LeftColor: Color4
RightColor: Colord

SetlLeftPart(IGraph left, Color4 mainLeftColor): void
SetRightPart(IGraph right, Colord mainRightColor): void
RepaintLeftMain(Color4 coler) : void
RepaintRighthain{Colord color) - void
SetLeftColor{Color4 celor) : void

SetRightColor{Color4 color) : void
TryCreateRule(IGraph left, IGraph right

Colord mainLeftColor, Colord mainRigthColor,
out Rule rule) - RuleErrorCode

# Rule(lGraph lefi, IGraph right,
Colord mainColorLeft, Colord rightColorLeft)

TryAdd(Vertice vertice) : bool

|Graph Edge
Vertices : IReadOnlyCollection=Vertice= Size : double

Start : Point3f
End : Point3f

Ly

Graph

Vertices : IReadOnlyCollection=Vertice=

Edges : IReadOnlyCellection=Edge=

ToDto() : GraphDto
Clone() : IGraph

TryAdd{Edge edge) - bool

TryAdd(Vertice vertice) : bool

ToDto() : EdgeDto

Vertice
Size : double
Position : Point3f
Color: Color4
[o———————=

Clane() : Vertice

ToDto() - VerticeDio

Pucynox 4.2 Jliarpama kiaciB abCTpaKTHUX CYTHOCTEH, 1110 CTAHOBJISITH JIOTIKY MpOrpaMu
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4.3 IlpoexTyBaHHs iHTEp(DEicy KOPUCTYBada
st moOynoBu iHTepdeiicy kopuctyBada 0yno obpano texnosorito WPF, tak sk

BOHA JI03BOJISE HIBUKO Ta 3pYyYHO HOT0 OMUCYBATH a TAKOXK 3a JOTIOMOT'OI0 HEIO JIETKO pe-
am3yBatu nateps MVVM. Cnodatky Oyno moOyaoBaHO JAEMOHCTpAIiifHYy BEPCil0 Mpo-
rpaMu, 3 MPOCTUM MaKeToM. MeTOl JAEMOHCTpaIlliHOI Bepcii OyJI0 MPOTeCTyBaTH 3pyd-
HICTh KOPUCTYBAIIbKOIO IHTEp(ENCy Ta BUOKPEMIICHHS CIIUIBHUX 3a MPU3HAYECHHSI €JIEMEH-
TiB 1HTEpEICY.

1 My window caption B MoK 65 @ - o X

Main vertices Rule Editor Rule vertices

r

- > LI B

Pucynok 4.3 JlemoHcTpartiiiiHa Bepcist mporpamu Ta ii inTepdeiic

B pesynbrari TecTtyBaHHS 1HTEp(deiicy B 1eMoBepcii Oya0 IpUMHSTO pillIeHHS BiJl-
MOBHTHCH BiJi TOPU3OHTAIILHOIO MEHIO, SIK CKIAJa€eThes 3 BKIaAok «Mainy, «Main verti-
ces», «Rule editor», «Rule vertices», a TakoX 3pOOUTH MEPEPO3MOILT MICIT MiXK OLIBIII
CTPYKTYPHUMH €JI€MEHTaMH uepe3 OakaHHsS 3pOOUTH JTOCBiA KOpUCTyBadya OUIbII MPUEM-
HUM, & TaKOX MO30yTHUCS 3aiBOT0 (PYHKITIOHAITY, SIKUW JyOIIO€ BXKE 1ICHYIOUHUH.

B sixocTi ronoBHOI Temu nporpamu 0ysio oopano Material Design Theme [21], Tak
SK BOHA JIOCUTh MTONYJIIPHA 1 KOPUCTYBAaul, CKOPILI 3a BCE, MAJIX JIOCBIJ 3 il BAKOPUCTAHHSIM.
Takoxx BUKOpPHCTaHHSI TOTOBOI TEMH CKOPOYY€E Yac Ha po3poOKy JOJATKy, IO AOMOMAarae
CKOHLEHTPYBATH yBary Ha ()yHKI[10HaJ1 POTPaAMHU.

[Iporpama BUKOPUCTOBY€E HACTYIIHY KOJIbOPOBY MaJITPY:



54

Pucynok 4.4 KonbopoBa naiiTpa mporpamu

MicCTUTh HaCcTyMHI KOJTBOPOH:

1. TemHo-cipuii — rojgoBHUN PoHOBHUI KOJip porpamu, ko hex: #303030;

2. Ceitno-cipuii — gpyropsaauii GoHOBHUI Koip porpamu, koa hex: #939393;

3. ®ioneToBHI — TOJIOBHUH KOJIIp €IEMEHTIB ynpaBiiHHs, ko1 hex: #9370DB;

4. CBiTNiO-3€JI€HUIl — JPYrOpsSAHUN KOJIIP €JEMEHTIB YINpaBliHHA, Koa hex:
#90EE90.

Bu3HaunBIIKCH 3 KOJLOPOBOIO NAITPOIO, TEMOIO MTPOrPAMHU, a TAKOXK BpaxyBaBIlIN

yC1 HeI0iKH, 0yJI0 MOOY0BaHO HACTYMHUM 1HTepdeiic kopucTyBaya:

Pucynox 4.5 Kinnesuii intepdeiic mporpamu

Sk BumHO, iHTEpdelic ckaagaeTbes 3 3D crieHr, MEHIO YIPaBIiHHS MPOTPaMo, 10

MICTUTh JIOAATKOBY 1H(OpMAII0 MpO CTaH MpPOrpaMu, TOPU3OHTAIBHUN CIIHCOK
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KOHCTPYKTOPIB, a TaKOX 1H(MOopMaIliitnoi yactuau npasuia. HeoOxigHOCTI B Aiarpami mpo-
eKTyBaHHI CTaHy CHCTEMY HE Mae€ 0arary CEeHCy, TakK SK BUXiJ 3 MPOrpaMyd MOXKIUBUU 3
OyIb-sIKOTO CTaHy Mporpamy, a yci cieHapii poOoTH 3 mporpaMoro po3podiieHi CremiaabHo

3 HaliMEHIIOK0 KIJIBKICTIO MOCIITOBHUX [Iif.

4.4 TlpoexTyBaHHS JUHAMIKU CUCTEMU
Ha ocHoBI use case aiarpamu moOyIyeMo Aiarpamy MociiIOBHOCTEH i CIieHaPito

«0o0paTh THN KPUCTAIIYHOI I'PATKW», 3a JOIMOMOIOI0 SIKOT MOKHA 3pO3yMITH, SIK BAAJIOCS

CTBOPUTH 3pYUHHUI Ta KOMIAKTHUN 1HTEep(elc KOPpUCTyBaya:

rightViewport

‘ViewportControlier RuleVienMod

-RulesListView ‘RuleController ‘Rule

Selectltem

T
|
i
i
i
i
L

HightRuIeSelected‘_

SetRightPart
2
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[

NotifyColorChanged
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Pucynok 4.6 Jliarpama nociiioBHOCTEHN IJIsl CIIEHAPit0 «00paTH THUI KPUCTAIIIYHOI Ipa-
TKU

Sk BUAHO 3 J1arpaMu MOCIIIIOBHOCTEH /i1 KOpUCTYBaya IMepeHanpasisitioch B BIJIIO-
BiJTHUN KOHTPOJIEP, AKUH 3MIHIOE CTaH HEOOX1THMX KOMITIOHEHTIB. TakuM YWHOM Mporpama
pearye i Ha 1HII1 J1i KOpUCTyBada — JIeJIeTy€e 110 KOHTPOJIEPY, SKUH BXXE B CBOIO YEPTy BH-

piuIye 1o 1 IK NTOBUHHO OyTH 3MIHEHO.
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5 MATEMATUYHA MO/JEJIb

5.1 BuOip nigxoy BUpilIeHHS MPoOIeMy
[cHYIOTP pi3HI MIAXOAM AJIS BUPIMICHHS MPOOIEMH 3 MOJEIIOBAHHS CyTHOCTEH IO

noAiOH1 cami 710 cebe, 110 € OJIHIEI0 BIACTUBICTIO dpakTaiiB. [[o TakKuM €JIEeMEHTIB 3p03y-
MLJIO HajeXaTh (PpaKkTaliy, a TAKOXK KpUCTaiyHa cTpyKTypa. g MoaentoBanHs (ppakTasiB
MO>KHA BUKOPUCTOBYBATH JI€AK] 3 HACTYIHUX MIIXO/IB: alTOPUTMIYHHM, (HyHKIIIOHATIBHO-
QITOPUTMIYHUM 13 3aCTOCYBAaHHSAM CHUCTEMHU ITEPOBAHMX (PYHKIIA HA OCHOBI CYKYNHOCTI
CTUCKAIOUUX BioOpaxkeHb, L-cucteM, cTuckarounx aiHHUX aBTOMATIB. [HIIUM I1IX010M
€ BUKOPHUCTAHHS KOHCTPYKTHUBHO-TIpoAyKIiitHOI cTpykTypu KIIC [21] [22], m10 3acHOBaHa
Ha (opmanbHux rpamatuk. KIIC no3Boiisie monentoBaTv pi3HOMaHITHI KOHCTPYKIIT Ta
KOHCTPYKTHBHI MPOIECH Y Pi3HUX chepax JOJACHKOI AISUIbHOCTI, TAKUX SK: 1HPOPMAIIIITHIX
TEXHOJIOT1{, MallTMHOOY AyBaHHs, POOOTOTEXHIKH, 010J10TI{ Ta 1HIIKUX, B TOMY YHCJI1 XiMIi Ta
il BIATAIyKEHHSM.

KIIC 3py4HO BUKOPUCTOBYBATH JIJIsl MOJICTIOBAHHSI Ta TIOKPOKOBOT JieTami3alii Kpu-
CTaJIYHOT CTPYKTYPH, IO CKIAJAETHCS 3 €IEMEHTaPHUX KOMIPOK Ta OBTOPIOIOTHCS 031114
pa3iB 1 yTBOPIOIOTh CYNIEPKOMIPKY, TaK Ik 0COOJIMBE MICIE B I[bOMY MIJX0/11 3aiiMal0OTh aT-
pulyTH eleMeHTIB Ta iX (opma, 110 B JaHOMY pa3i XapaKTEPHO JJisg KPUCTAIIYHOI IPaTKU
Bbpage: noBxkuHu pedep, KyT MK HUMH, Ta 1HIII JOTIOMI>KHI aTpUOYTH.

Omnuc maTemaTu4yHOi HaBenieHO Y poboTi «Constructive-Synthesizing Structures and
Their Grammatical Interpretations» [21], ne 1eTaqbHO ONMUCYIOTHCS OHATTSI KOHCTPYKTOPIB
Ta iX BJIACTUBOCTI:

«We call a generalized constructive-synthesizing structure (GCSS) a triple

C =(M,3,A),

where M is the carrier of the structure, 2 is its signature consisting of sets of possible
names of many-placed operations and relations such as linking, substitution, inference, and
auxiliary operations; A is a constructive axiomatics that includes a set of definitions, axioms,

rules, properties, instructions, etc. The sets M and X are defined by the axiomatics»

5.2 KOHCTpYKTOp KpUCTAIIYHOI I'paTKU
BHUKOHA€MO KOHKPETH3aL10 KOHCTPYKTOPA Cerystqr, TPU3HAYEHY HA (POPMYBAHHS

KPUCTATIYHOI CTPYKTYPH.
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Cer = Mgy, 261, Agr)k P Ccrystal = <MGIfZGI»Acrystal>»

A¢rystq) BU3HAYAE B JAHOMY BHIIAJIKY:

e  BeplMHA (TEpMiHAN) — V, 3 aTpuOyTamMu po3Mipy Size = 1, Ta KOOpAUHATAMU
pos = (x,y, z), arpuOyToM Kosbopy col = red

e pebOpo (Ttepminan) — e, 3 arpuOyramu movarky start = (x,y,z), Ta KiHIS
end = (x,y,2),

e rpad (Herepminai) — graph, CKIagaeThs 3 BEPIIMH vV Ta pedep €;

e  KpucTrajiuHa rparka (Herepminai) — cell, cknamaerss 3 rpady Ta mMae BiacHi
aTpuOyTH: TOBXKUHU pedep a, b, ¢, KyTu Mix pedpamu a, f3, v;

®  [I0YaTKOBI YMOBH — Ipad, 10 Ma€ OAHY BEPUIMHY V(, 3 aTpUOyTaMU g;,,Vo =
1, posvo = (0,0,0), oV = red.

®  [paBWIO MIJCTAHOBKU Y =< S, g >, B IKOMY OIlepallisi CKJIa1a€ThCs 3 €MHOTO
BIJTHOIIICHHS I1JICTAHOBKH, SIKE MpejcTaBieHe puc. 5.1 Ta onepauiii Haa aTpudyTamu g =
< col(left,right) >, npaBa yacTMHA MiJICTAHOBKM IOBHHHA MICTUTH Xo4ya O OJHY

BEPIINHY 3 KOJIbOPOM SK Y JIIBOMY MPaBHIIL.

e  yMOBa 3aBEpILEHHA 33JlaHa KOPUCTYBayeM KUIbKICTIO ITepalii.

Pucynok 5.1 BiqHOIEHHS MiICTAHOBKKM KOHCTPYKTOPA Crrystqr TA ONEPALLi HAZ aTPUOY-
TaMH KOJIbOPY

Peanmizamiro mpeacTaBUMO Yy BUIJIAMI  MOCHITOBHOCTI CEHTEHIIMHHX (QopMm

fi, f2, 3 fa --- (300pakeHHs 301IBIICHO MO BiAHOIICHHIO 10 § A7 OUTBIIOT PO30ipIMBOCTI).
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Lo %

Pucynox 5.2 [1ocniioBHICTh KOHCTPYIOBAHHS KPUCTAIIUHUX IPATOK

Peautizariist BUKOHY€ThCS B TaKUH CIIOCIO.

e  Omepairist YaCTKOBOT'O BUCHOBKY 3/ICHIOE ITEPETBOPEHHS GOpMH f; B fi,1;

e mouatkoBy ¢dopmy f, (graph), 3rimHo 3 migcraHoBKow (mmB. puc. 5.1),
OJTHOPA30BO 3aCTOCOBYIOYH OTICPAITitO IMTiJICTAHOBKH, IEPETBOPIOE B f7:

®  BHUKOHYEMO OIlEpaliio Haj aTpuOyTaM KOJIbOpY: B3aeMHe mepedapOyBaHHS
BEpILUH 3 KoiabopoM left Ha right 1 HaBmaku.

dopma f; (puc 5.2) oTpruMaHa OIEpaIi€l0 YaCTKOBOTO BHBEICHHS 3 TPUPA30BUM
3aCTOCYBaHHSAM OINepalii IMiJCTAHOBKH 3 MOAAJIBLION OINEpalielo Haj arpudyTamu
KOJIbOPIB.

3MIHIOIOYH MPABUIIO MTiJICTAHOBKH B IIPOIieci TOOY0BU CyNEPKOMIPKU MOKHA OTPHU-

MaTH Pi3Hi 0axaHi pe3yJIbTaTH.

Pucynoxk 5.3 [IpaBuiio miJICTAHOBKU Ta CIIHMCOK MOMJIMBUX ii MOau]ikaiiit

TakuM 4YMHOM MOKJIMBO MO€EJHYBATH PI3HI TUIIM KPUCTAIIYHUX I'PATOK, K HAMPHU-

KJIaJ], IOETHAHHS POMOIYHY 00’ €MHOIICHTPOBAHY Ta pOMOIUHY TpaHEIEHTPOBAHY:
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Pucynok 5.4 TloegHanHs pi3HUX KPUCTATIYHUX IPATOK

Jlo Mmoauikaiii npaBuia miICTAHOBKYU HaJleXkKaTh HE JIMILIE TUITU KPUCTATIYHUX Ipa-
TOK, a i iX mapameTpu. Sk npukKiaj, Bi3bMEMO TPUKIIIHHY KPUCTAIIUHY I'PaTKy Ta Ha KOX-

HOMY KpoIli Oy/1eMO 3MiHIOBATH ii aTpuOyTH JOBXKHUH pedep Ta KyTiB Mik pedpamu:

Pucynox 5.5 Kpucraniuaa cTpykTypa cKiiajieHa 3 pi3HUX TPUKIIHHUX KPUCTATIYHUX Tpa-
TOK
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6 TECTYBAHHA TA HAJIAT'OJUKEHHA

6.1 TecTtyBaHHSI YOPHOKO CKPUHBKOIO
TecTyBaHHS IPOrpamMu MPOBOAUIOCH METOJAMH YOPHOI CKpUHBKU. Llen nponec mas

0CcoOJIMBE 3HAYCHHS 1] Yac HAIUCAHHS MPOTPaMHM, TaK K BiH MIATBEP/KY€E BIIMOBIIHICTh
Iporpamu Mmoo ii crnenrdikarii.

MeTo 4OpHOT CKPUHBKH J103BOJISIE€ TIEPEBIPUTH (YHITIOHAT TTPOTrpamMu HE 3HAYIOU
BHYTPIIIHBOT'O KOy, TPOTE 100 Take TeCTyBaHHS Oyi0 e(heKTUBHUM MOTPIOHO MaTH YITKY
JOKYMEHTAIIi10, TOOTO PO3YMITH, 1110 Oy7ie OTpHUMaHO Ha BUXO/I, K1 TaHi TOTP10HI Ha BXOI
1 9M HE BIMBAIOTh HA POOOTY IUX (YHKIIIT, III0 TECTYEThCS, BUKIUKHU 1HIIUX QyHKIIN. Tec-
TYBaHHS1 YOPHOIO CKPUHBKOIO J103BOJISIE€ NIEPEBIPUTH OUIKYBaH1 pe3yJIbTaTy IPOTE HE HAJA€
iHdopmartii mpo ii npuunHu. Konu MoBa iife mpo tectyBanHs nporpamu 3 3D rpadikoro
BaKKO CKa3aTH, UM MOBHICTIO (DYHKIIiS BIAMOBIAAE CBOIM crienudikariisiM, 44 HEMae IPUxo-
BaHUX MOMMIOK B poOoTi 3D nBmxkka. Tak sik BUKOPHCTOBYEThCS CrellianibHa 010mioTeka
Helix Tookit[], mo peanizoBye ¢pynkitionan 3D nBHKKY, MOXYTh BUHUKATH 3001 Ta TOMH-
JIKU, SIK1 pO3pOOHMKY IIi€T 010J10TEKN HE 3aJOKyMEHTYBaIM a00 He nepeadadniy ix iMoBi-
PHICTb.

OkpiM SIBHUX MOMMWJIOK Ta 3001, Ikl MOXYTh BUHUKHYTH, MOKHA TaKOX BUSBUTHU
HeOakaHi e(heKTH B pe3yibTari poOOTH MpOrpamu, ad0 MPUXOBAHI MOMWIKH, 110 MAaOTh
HakoMU4yBaNbHUN edekT. OTHUM 3 TaKUX HEJOJIKIB € BTpaTa MBHUAKOAII MPH 301IbIIICHH]
rpadiuyHux 00’ €KTiB. X0Ya I1e MOXKe OyTH OUYEBUIHUM, IIPOTE KOJIM BTpaTa IIBUIKOI BIOY-
BA€THCA JTyKE IMBUAKO I YHEMOXKIIUBIIIOE KOPUCTYBaHHS miporpamu. Takuii eheKT BUsIBH-
BCS B OJIHIN 13 Bapiariiit 610mioTexku Helix, sika mpairroe 3a nonomororo DirectX 9, mpote B
iHmri# Bapiaii Helix SharpDX [12], sika BukopuctoBye DirectX 11 [23], Takoro cTpiMKoro
naJiHHS MIBUAKOT HE BUSBIIOCH.

3a 101OMOTr 010 METO/I1B YOPHOI CKPUHBKH, & CAME METO/I1B IPUITYILIIEHHS PO MOMHU-
Ky, OyJI0 TIepeBipeHo /1Bl OCHOBHI (pyHKIIT mporpamu: nepedapOyBaHHs Ta BUKOHAHHS Ii-
JICTAHOBKHU OJHUX rpadiyHUX €JIEMEHTIB Ha 1HIIII.

CneundikyeMo CyTHOCTI, sIKI OyAyTh BUKOPUCTOBYBAaTUCh B METOAX:

e Point3D — cTpykTypa IaHux, M0 MICTUTh TPU JIIMNCHHUX YHUCIA, SIKI MO3HAYAIOTh

r100aapHI KOOPJIMHATH Ha CIICHI;
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e Colordb — cTpykTypa, sika MICTUTh YACIIOBE 3HAYEHHS KOJLOPY, Ta MICTUTH YO-
THUPH YUCIIOBI 3HaUYCHHS TUIy 0alT: R, G, B, A;

e Vertice — BepiMHa, [0 Ma€ HACTYIHI BJAcTUBOCTI: Position (mo3wuiist) — TUI
Point3D, Color (xomip) — tunt Colordb, Size (po3mip) — Tum IilicCHE YUCIIO;

e Edge — peOpo, 1110 ckagaeThes 3 1BOX 3HaYeHb Tuly Point3D — novartox 1 KiHellb;

e Graph — rpad, 1110 MICTUTB CITMUCOK BEPIIUH Ta CIHCOK pedep.

¢ Rule — mpaBuiio mifICTaHOBKH, CKJIAAETHCA 3 JIIBOTO KOIKOpYy 3aminu LeftMain-
Color Ta mpasoro konbopy 3aminu RightMainColor — tun Color4b, a Takox 3 JiBoro rpada
Left 1 mpaBoro Right — tuny Graph.

Jist pyHkuii nepedapOyBaHHs BX1THUMH JJAHUMH €:

® KOJIEKIIisl BEPILMH, 110 Mpe/cTaBieHa Ha 3D ciieHi, Ko)KHa 3 SKUX Ma€ KOJIip, KOJip
3aMIiHU;

® KOJIIp, IKKI 3MIHIOEThCS

® KOJIp, Ha KU MOTPIOHO 3aMiHUTH.

Buxinaumu naHuMmu €:

o KoJexiiist BEpIIMH 31 3MIHEHUM KOJIbOPOM;

e Kouekiris BepIuH 31 CTaHOM, sSIKa Mojaiach Ha BXO/1

Xoua (hyHKIIA 31a€THCS MPOCTOI0, TPOTE BOHA MA€ BAYKJIMBE 3HAUYEHHS I pOOOTH
1HmMX QyHKIiA. MOXIUBI Ul ABa HACTIAKY Ui 1i€i (YyHKINT: € 3aMiHa KOJIhOpy abo
HIYOTr0 He 3MIHIOeThes. [IpoTe BakuBo 3HaTH, un Oyze BIAOYBaTHCS 3aMiHa, SIKILO BIATIHOK
KOJIbOPY TPOXH BIJIPI3HAETHCS BiJ HABHOTO KOJIbOPY, IO MOKA3yIOTh BEPIIMHU HA CIEHI

qu Hi1?

Pucynok 6.1 Bxiani gani ajist TeCTyBaHHS 3aMiHH KOJIBOPIB
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Pucynok 6.2 [IpaBuiio 3amMiHU KOJIOPIB

Sk 1 ouiKyBaJOCh 3aMiHU HE Bi0yJ0Cs, 00 CTOCOBHO crienudikalii, Kojaip 3aMiHHA
MOBUHEH MOBHICTIO BIJMOBIIaTH KOJIBOPY PIrypH, a 11€ MOXKIIMBE, AKIIO ABa KOJTHOPH MAIOTh
OJIHAKOBE YMCJIO 3HAUEHHS.

Jlist yHKIIT M1CTAHOBKA BU3HAYMMO JTAHUMHU €:

e rpad, o npeacrarieHo Ha 3D crieHi;

® IIPAaBHJIO MiJICTAHOBKH, 1110 BKJIIOYA€E B ce0€ KOJIbOPU B3aEMHOI MiJICTAHOBKH, JiBa
YacTHHA MPaBUIIA, 10 TIO3HAYAE SIKI 00’ €KTH MOTPIOHO 3aMIHUTH, ITpaBa YaCTUHA MIpaBuUIa,
sKa MO3HaYa€ Ha 110 came MOTPiOHO 3aMIHHTH.

Buxinaumu nanumu €: 3migenui rpad Ha 3D cieni

e 3minenuit rpad Ha 3D cueHi;

e ['pad Ha 3D creHni sik 1 OyB Ha BXO/II.

Sk 1 B BUMaaKy 3 QyHKIieo nepedapOyBaHHS HACTIAKOM Moxke OyTu abo BUKO-
HaHHs 3aMiHH, 200 i1 He BukoHaHHs. [IpoTe uu BinOyAeThCA 3aMiHa, SIKIIO IICHIs IT1ICTaHO-
BKHM BUKOHATH MMOBTOpHE nepedapOyBanns? [lepedapOyBaHHs € MOBTOPHUM, TaK SIK ITi]T 4ac

3aMiHM 3aBXKJ1 BUKOHYEThCS niepedapOyBaHHs.

Pucynok 6.3 Crtan ronoBHoi 3D crieHu 1715 TecTyBaHHS MiICTAHOBKH MICIJIS MOBTOPHOT
orepariii 3aMiHU KOJIbOPIB
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Pucynox 6.4 [IpaBuio miicTaHOBKY JIJIs1 TECTYBaHHS 1JCTAHOBKH IiCIIsI TOBTOPHOI OTIe-

partii 3aMiHU KOJIbOPiB

SIk pe3ynbTaT miACTAaHOBKH HE BUKOHYEThCS. Lle 1 He AuBHO, Tak popma, 110 npea-

CTaBJICHA Ha CIICH1 BJK€ 3HaXOUTHCA B CTaHi, 1[0 BiI0Opakae mpaBa yacTHUHA ITPaBUIIa, TOMY

JUISI TIpaBUJIA T1JCTAHOBKU 3aBXk M BUKOHYETHCS orepauis 3 nepedapOyBaHHS.

6.2 Hamaromxenas

KinbKicTh MOMHIIOK Ta MOXHOOK i Yac PO3pOOKH MporpamMu OyJia MiHIMAJIbHOIO,

TakK sIK MonepeIHbo Oyi10 MoOyA0BaHa JEMOBEPCis Ta BpaXOBaHi yCl1 HEJIOMIKU apXITEKTYpH,

Ta anroputMiB. OFHAK EKUTbKA CYTTEBUX MOMMIIOK BCE K BUSBMIIOCS, ajie iX BUPIMICHHS

He noTpedyBasio 3HayHOro 4acy. /s iX ycyHeHHs OyJi0 BUKOPUCTAHO PEXHUM BIJUIAJIKU B

Visual Studio 2022.

Pe3ynpTar HanmaromKkeHHs MporpamMu MpeACTaBlIeH! B HACTYIHIN TaOIuIIi:

Tabnuusg 6.1 [IpoToko HaNAroKEHHS MPOTpaMu

Onuc NOMUIKH

Omnwuc cutyaiii

Hii, mo Oyim 3acTocoBaHi

JUIsl yCYHEHHS

HenpaBwibHE  BUKOHaHHS

oreparii miCTaHOBKH

[Ticnst omeparrii 3 OUUIIEHHS
CIIEHU Ta BUKOHAHHS OTepa-
i1 M1ICTAaHOBKH 3aMI1HH B1JI-
OyBascs Ha MICIII BUAJIC-

HUX 00’ €KTIB

OunieHHst BigOyBanocs: Ha
3D creni, mpoTe HE Ha JIOTI-
YHOMY PpiBHI, J€ BHUKOHY-
IOTHCS ANITOPUTMH 3aMiHU Ta

OYHUIIICHHA

BuOip xonbopy irHopyBascs

Bubip konwopy nmns mpa-
BWJIA H1JCTAHOBKH HE 3aCTO-

CyBaBcCs MICJIsl HOro BUOOPY

ITomunka 1moB’si3aHa 3 KOH-
BEpTAIlI€I0 TaHUX Mk 010-
mioteuHuM Tturom Colordb
Ta KOJLOpOM BHOODY 3 mdia-

nory tury Color.
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[Tponorxenus Tadmuti 6.1

ITommuika B ko1 010TI0TEKH,
sgKa He rmependayae TMOBTO-
PHY KOHBEpTALll0 KOJbOPY.
bysno HanucaHo BilacHUM
METOJ] KOHBEpTAIlii MK TH-

IHamMu.

Henpasunbsuui €KCIIOpT
Mozeni B Qopmar daitny

* stl.

bibnioteuna Bepcis Helix 3

KOHBEpTalii Mojeni o

Gaiily KOHBEpPTYe JIMIIE

OJIVH 3 TPYIIOBOi MOJIENI.

Hammcannst BmacHoro we-
TOAY JJIA eKCHOPTY daiiy 3
ypaxyBaHHSM BHYTPIITHBOT

oynoBu 0i10m10Texkn Heli.x

[IpaBuiao MIACTaHOBKH HE

BiJ1I0yBaJIOCH.

3amiHa KOJIbOPY sKe Oyle
nepedapOOByBaTUCh  3aMi-
HIOBAJIOCh JIUIIIE B JIIBIN Ya-
CTHHI MpaBUja, MPOTE B IIpa-
Biif BOHO HE 3MIHIOBAJIO KO-
Jip, yepe3 1€ He BUKOHYBa-
Jach yMOBa 3 TIONIYKY Bep-

IIMHYU 3 JIIBUM KOJBOPOM Y

npaBiii YaCTHHI MpaBUIIa.

OuoBnenHs ta nepedapOy-
BAaHHs IIPaBOl YaCTUHHU IIpa-
BWJIA II1JI Yyac 3aMiHl J1BOTO

KOJIbODY.
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Pucynok 6.5 Xu6Ha noOyaoBa KpUCTaNIYHOT I'PATKH IICIIS OYHIINCHHS CIICHH

Pucynox 6.6 IrHopyBaHHs BUOOPY KOJIbOPY

3aBAsSKA JOCBIAY 3 HAJATOJKEHHS MpOorpam, METoJaM ACAYKIII Ta 1HAYKIIT MOXK-
JIMBO IIBUJIKO BUPIIIMTH MOMUJIKH, HAaBITh, AKIIO0 BOHU CIIPUYMHEH1 CTOPOHHIMH PO3POOHU-
KaMH, K1 He repeadaunig yCix MOKIMBUAX HACIIIKIB BUKOPUCTAHHS 1X KOIy. Takox 3amo-
OiraHHIO MOMWJIOK CHpHsI€ HasBHICTh creludikalii MeToiB Ta iHpopMallii Ipo MpU3Ha-

YEeHHS KJIaCiB.
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BucHosku

Pe3ynbTatom pob0TH € IporpaMa 3 MOJAETIOBAHHS KPUCTAIIYHUX I'PATOK, KA MOXKE
3aCTOCOBYBATHCh B OCBITHIX IIUISIX B rajy3i HEOpraHiuHoOi Ximii Ta kpuctanorpadii. Oco0b-
JUBICTH MPOTPAMH TOJIATAE B METOAAX (POPMYBAHHS KPUCTATIUHOT CTPYKTYPH, ii Bizyaniza-
11151, MOXJIMBOCT1 pelaryBaHHs a TaK0X MOXKJIMBOCTI KOMOIHYBaHHS PI3HUX THITIB KPHUCTa-
JIYHHX IPATOK.

['onoBHa yacTuHa ycmixy B mooyaoBi 113 3anexuTh B pO3CTaHOBIN MPIOPUTETIB HA
O1IBIN paHHI €Tanu PO3pOOKHU, TaKi K OIS MPEIMETHOI raly3l, CKJIaJaHHs eKCILTyaTalii-
HUX 1 QYHKIIOHANbHUX crnenudikailiii, npoekryBanHa apxitektypy I13. Takum ynHOM Ha
eTarni orjisiy aHayioriB Oyno chopMmoBaHe ocTaTouHe OaueHHs mporpamu, chopmoBaHi ii
BHUMOTH, 1110 BiJJ0Opa3uiIoCh B Use-case Jiarpami.

Ha erarmi BHYTpIIIHBOTO MPOEKTYBAHHSA MOTPIOHO 00paTH ONTHUMAabHI IHCTPYMEHTH
Ta TEXHOJIOT'11, 32 JOMOMOT 00 SIKMX MO>KHa HanucaTH [13, 1110 3a10BOJIbHSIE BUMOTaM, IPOTE
IpH [[bOMY MOTPIOHO BpaxOBYBaTH BJIACHI HABMYKH Ta JOCBIJ, 110 Y CBOIO 4yepry Oe3moce-
PEIHBO BIUIMBAE HA MIBUIKICTH Ta AKICTh PO3POOKH.

KIIC no3Bonsie OyayBaTy THY4YKl aJrOpUTMIYHI CUCTEMH, SKI HiJUISATalOTh JIETKIN
mMoaudikarii Ta cremianmizaiii, o 1ae 3Mory o0y yBaTH OUTBII CKIAJHY CHCTEMY, BHKO-

PUCTOBYIOYH CTBOPEHY, JIJISl TIOJIAJIBIIIOT0 BUBYCHHS! KPUCTATIYHUX CTPYKTYP.
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®daitn MainWindow.xaml

<Window x:Class="Crystal. MainWindow"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:mec="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:local="clr-namespace:Crystal"
xmlns:materialDesign="http://materialdesigninxaml.net/winfx/xaml/themes"
TextElement.Foreground="{StaticResource MaterialDesignBody}"
Background="{StaticResource MaterialDesignPaper}"
mc:Ignorable="d"
Title="Crystal" Height="450" Width="800">
<DockPanel>
<Menu DockPanel.Dock="Top" materialDesign:MenuAssist. TopLevelMenultemHeight="25">
<Menu.Background>
<SolidColorBrush Opacity="0.5" Color="WhiteSmoke" />
</Menu.Background>
<Menultem Header="daiin">
<Menultem Command="{Binding ExportToStlCommand}" Header="Excnopt mo Stl" />
<Menultem Command="{Binding ExportToXmlCommand}" Header="Excnopt xo xml" />
<Menultem Command="{Binding ImportFromXmlCommand}" Header="Immopt 3 xml" />
</Menultem>
</Menu>
<ContentPresenter Content="{Binding MainView}"/>
</DockPanel>
</Window>

daiir MainWindow.xaml.cs

using Crystal.Controllers;
using Crystal. ViewModels;
using Crystal.Views;

using System.Windows;

namespace Crystal
{
//l <summary>
/// Interaction logic for MainWindow.xaml
/I </summary>
public partial class MainWindow : Window, IUIView
{
MainController _mainController;
public MainWindow()
{
_mainController = new MainController(this);
InitializeComponent();

}

public BaseViewModel ViewModel

{
get => DataContext as BaseViewModel;
set

if (DataContext == value)
return;

DataContext = value;
}
}
}



®aitn App.xaml

using HelixToolkit. Wpf.SharpDX;
using SharpDX;
using Media = System. Windows.Media;

namespace Crystal

public static class Defaults
{
public static readonly Color4 LeftColor = Color.Red;
public static readonly Color4 RightColor = Color.Blue;
public static readonly Color4 EdgeColor = Color.Gray;
public static readonly Color4 NeutralColor = Media.Color.FromArgb(255, 255, 128, 0).ToColor4(); // orange

public static readonly string SubstitutionCommandId = "Substituion";

public static readonly string RepaintCommandId = "Repaint";

public static readonly string ClearPrimaryViewportCommandld = "ClearPrimaryViewport";
public static readonly string ExportToXmlCommandId = "ExportToXml";

public static readonly string ImportFromXmlCommandId = "ImportFromXm";

public const double DefaultVerticeSize = 0.2;
public const double DefaultEdgeSize = 0.1;
)
b

®daitn Defaults.cs

<Application x:Class="Crystal. App"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:local="clr-namespace:Crystal"
xmlns:materialDesign="http://materialdesigninxaml.net/winfx/xaml/themes"
StartupUri="MainWindow.xaml">
<Application.Resources>
<ResourceDictionary>
<ResourceDictionary.MergedDictionaries>
<materialDesign:CustomColorTheme BaseTheme="Dark" PrimaryColor="MediumPurple" SecondaryColor="LightGreen" />
<ResourceDictionary Source="pack://application:,,,/MaterialDesignThemes. Wpf;component/Themes/MaterialDesignTheme.Defaults.xaml" />
</ResourceDictionary.MergedDictionaries>
</ResourceDictionary>
</Application.Resources>
</Application>

®daitn [UIView.cs

using Crystal. ViewModels;
namespace Crystal.Views

public interface IUIView
{
BaseViewModel ViewModel { get; set; }
}
)

®aiin MainController.cs

using System.ComponentModel.Design;
using Crystal. Extensions;

using Crystal.Services;

using Crystal. ViewModels;

using Crystal.Views;

namespace Crystal.Controllers

public class MainController
{
IUIView _mainView;
MainWindowViewModel _mainWindowViewModel;

IServiceContainer _serviceContainer;
IUIService uiService;

ICrystalService _crystalService;
IRuleController _ruleController;
IStateManager _stateManager;
ICommandManager _commandManager;
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public MainController(IUIView mainView)
It

8
ConfigureServices();
_mainView = mainView;

_mainWindowViewModel = new MainWindowViewModel(_serviceContainer);

_mainView.ViewModel = mainWindowViewModel;
}
void ConfigureServices()
{

_serviceContainer = new ServiceContainer();

_uiService = new UlService(_serviceContainer);
_serviceContainer.AddService<IUIService>(_uiService);

_stateManager = new StateManager();

_serviceContainer.AddService<IStateManager>(_stateManager);
_stateManager.PrimaryViewportController = _uiService.CreateViewportController();
_stateManager.PrimaryViewportController.ShowViewCube = true;

_stateManager.PrimaryViewportController.ShowAxis = true;

_stateManager.PrimaryViewportController.ShowInfoPanel = true;

_ruleController = new RuleController(_serviceContainer);

_commandManager = new CommandManager();

_serviceContainer.AddService<ICommandManager>(_commandManager);

_crystalService = new CrystalService(_serviceContainer);

_serviceContainer.AddService<ICrystalService>(_crystalService);

}
}
!

®aitn CommandManager.cs
using System;

namespace Crystal.Controllers

{

public class CommandEventArgs : EventArgs

{
public object Value { get; }

public string CommandId { get; }

public CommandEventArgs(object value, string commandld)

{
Value = value;
Commandld = commandld;
1
s

}

interface ICommandManager

void OnCommandCall(object sender, CommandEventArgs args);
event EventHandler<CommandEventArgs> CommandCalled;

}

public class CommandManager : ICommandManager

{

public void OnCommandCall(object sender, CommandEventArgs args)

CommandCalled?.Invoke(sender, args);

}

public event EventHandler<CommandEventArgs> CommandCalled;

}
)

®aiinr StateManager.cs

using Crystal.Services.CrystalServiceComponents. Abstraction;

using Crystal.Services.CrystalServiceComponents.LatticeContructors;
using Crystal.Views;

using System;

using System.Collections.Generic;

using System.Runtime.CompilerServices;
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namespace Crystal.Controllers

public class StateEventArgs : EventArgs

{

}

public object Value { get; }
public string PropertyName { get; }

public StateEventArgs(object value, string propertyName)
{
Value = value;
PropertyName = propertyName;
v
s

public interface [StateManager

{

}

float ParameterA { get; set; }

float ParameterB { get; set; }

float ParameterC { get; set; }

float ParameterAlpha { get; set; }
float ParameterBeta { get; set; }
float ParameterGamma { get; set; }

bool InterEditParameterA { get; }

bool InterEditParameterB { get; }

bool InterEditParameterC { get; }

bool InterEditParameterAlpha { get; }
bool InterEditParameterBeta { get; }
bool InterEditParameterGamma { get; }

int SubstitionsCount { get; set; }
int VerticesCount { get; set; }
int EdgesCount { get; set; }

IConstructor Constructor { get; set; }

LatticeConstructor LatticeConstructor { get; set; }

IRule CurrentRule { get; set; }

IViewportController PrimaryViewportController { get; set; }
IUIView RulesListView { get; set; }

IUIView RuleView { get; set; }

event EventHandler<StateEventArgs> StateChanged,

public class StateManager : IStateManager

{

LatticeConstructor _latticeConstructor;
IConstructor _constructor;

IRule _currentRule;

IViewportController _primaryViewportController;
IUIView _rulesListView;

IUIView _ruleView;

int _substitionsCount;
int _verticesCount;
int _edgesCount;

bool _enableNotifications = true;
public event EventHandler<StateEventArgs> StateChanged;

public float ParameterA

{
1

get => latticeConstructor ==null ? 0 : _latticeConstructor.ParameterA;
set

if (_latticeConstructor == null || _latticeConstructor.ParameterA == value)
return;

if (!InterEditParameterB )
{

_latticeConstructor.ParameterB = value;

if (!InterEditParameterC)
{

_latticeConstructor.ParameterC = value;

1
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_latticeConstructor.ParameterA = value;
OnStateChagned(_latticeConstructor.ParameterA);
}
}

public float ParameterB

{

get => latticeConstructor ==null ? 0 : _latticeConstructor.ParameterB;
set

if (_latticeConstructor == null || _latticeConstructor.ParameterB == value)
return;

_latticeConstructor.ParameterB = value;
OnStateChagned(_latticeConstructor.ParameterB);
h
}

public float ParameterC

{

get => latticeConstructor ==null ? 0 : _latticeConstructor.ParameterC;
set

if (_latticeConstructor == null || _latticeConstructor.ParameterC == value)
return;

_latticeConstructor.ParameterC = value;
OnStateChagned(_latticeConstructor.ParameterC);

1
}

public float ParameterAlpha
{

get => latticeConstructor ==null ? 0 : _latticeConstructor.ParameterAlpha;
set

if (_latticeConstructor == null || _latticeConstructor.ParameterAlpha == value)
return;

_latticeConstructor.ParameterAlpha = value;

if (!InterEditParameterBeta && !InterEditParameterC)

{

_latticeConstructor.ParameterBeta = value;
_latticeConstructor.ParameterGamma = value;

}

OnStateChagned(_latticeConstructor.ParameterAlpha);

h
}

public float ParameterBeta

{

get => latticeConstructor ==null ? 0 : _latticeConstructor.ParameterBeta;
set

if (_latticeConstructor == null | _latticeConstructor.ParameterBeta == value)
return;

_latticeConstructor.ParameterBeta = value;
OnStateChagned(_latticeConstructor.ParameterBeta);

}
}

public float ParameterGamma

{

get => latticeConstructor ==null ? 0 : _latticeConstructor.ParameterGamma;
set

if (_latticeConstructor == null || _latticeConstructor.ParameterGamma == value)
return;

_latticeConstructor.ParameterGamma = value;
OnStateChagned(_latticeConstructor.ParameterGamma);

1
}

public bool InterEditParameterA
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{
}

get => _latticeConstructor == null ? false :

public bool InterEditParameterB

{
get => _latticeConstructor == null ? false :
}
public bool InterEditParameterC
{

get => latticeConstructor == null ? false :

}

public bool InterEditParameterAlpha
{

}

get => latticeConstructor == null ? false :

public bool InterEditParameterBeta

{
}

get => _latticeConstructor == null ? false :

public bool InterEditParameterGamma

{
}

get => _latticeConstructor == null ? false :

public IConstructor Constructor

{

get => _constructor;
set => Set(ref _constructor, value);

_latticeConstructor.InterEditParameterA;

_latticeConstructor.InterEditParameterB;

_latticeConstructor.InterEditParameterC;

_latticeConstructor.InterEditParameterAlpha;

_latticeConstructor.InterEditParameterBeta;

_latticeConstructor.InterEditParameterGamma;

}
public LatticeConstructor LatticeConstructor
{
get=> latticeConstructor;
set
if(Set(ref _latticeConstructor, value))
{
OnStateChagned(nameof(ParameterA));
OnStateChagned(nameof(ParameterB));
OnStateChagned(nameof(ParameterC));
OnStateChagned(nameof(ParameterAlpha));
OnStateChagned(nameof(ParameterBeta));
OnStateChagned(nameof(ParameterGamma));
OnStateChagned(nameof(InterEditParameterA));
OnStateChagned(nameof(InterEditParameterB));
OnStateChagned(nameof(InterEditParameterC));
OnStateChagned(nameof(InterEditParameterAlpha));
OnStateChagned(nameof(InterEditParameterBeta));
OnStateChagned(nameof(InterEditParameterGamma));
}
}
}
public int SubstitionsCount
{
get => substitionsCount;
set => Set(ref _substitionsCount, value);
}
public int VerticesCount
{
get => verticesCount;
set => Set(ref _verticesCount, value);
}

public int EdgesCount
{
get=> _edgesCount;
set => Set(ref _edgesCount, value);
v
s

public IRule CurrentRule
{

get => currentRule;
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set => Set(ref _currentRule, value);

}

public IViewportController PrimaryViewportController

{

get => _primaryViewportController;
set => Set(ref _primaryViewportController, value);

}

public IUIView RulesListView
{
get => rulesListView;
set => Set(ref _rulesListView, value);

}

public IUIView RuleView
{
get=> _ruleView;
set => Set(ref _ruleView, value);

}

bool Set<T>(ref T backingField, T value, [CallerMemberName] string propertyName = "")

if (EqualityComparer<T>.Default.Equals(backingField, value))

return false;

}
backingField = value;

if (_enableNotifications)
StateChanged?.Invoke(this, new StateEventArgs(value, propertyName));

return true;
}

void OnStateChagned(object value, [CallerMemberName] string propertyName = "")
It
18
if (_enableNotifications)
StateChanged?.Invoke(this, new StateEventArgs(value, propertyName));
!
s

void OnStateChagned(string propertyName)

if (_enableNotifications)
StateChanged?.Invoke(this, new StateEventArgs(null, propertyName));
}
H
)

®daitn RuleController.cs

using Crystal. Extensions;

using Crystal.Services;

using Crystal.ViewModels;

using Crystal.Views;

using Crystal.Services.CrystalServiceComponents.Abstraction;

using Crystal.Services.CrystalServiceComponents.LatticeContructors;
using SharpDX;

using System;

using Crystall.Services.CrystalServiceComponents.LatticeContructors;

namespace Crystal.Controllers
public interface IRuleController

IUIView Control { get; }
IUIView ListControl { get; }
}

public class RuleController : IRuleController
{

IServiceProvider _services;

IUIService _uiService;

IStateManager _stateManager;

IViewportController _leftViewport;
IViewportController _rightViewport;
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IUIView _ruleView;

IUIView _rulesListView;

RuleViewModel _ruleViewModel;
RulesListViewModel _rulesListViewModel;
LatticeConstructor _constructor;

IRule rule;

public IUIView Control => ruleView;
public IUIView ListControl => _rulesListView;

public RuleController(IServiceProvider services)

{ . .
_services = services;
_uiService = _services.GetService<IUIService>();
_stateManager = _services.GetService<IStateManager>();

_leftViewport = _uiService.CreateViewportController();
_rightViewport = _uiService.CreateViewportController();

ConfigureDefaultRule();
_ruleView = _uiService.CreateView(_ruleViewModel);

_rulesListViewModel = new RulesListViewModel(_services);
_rulesListView = _uiService.CreateView(_rulesListViewModel);
_rulesListViewModel.RightRuleSelected += _rulesListViewModel RightRuleSelected;

_stateManager.RuleView = _ruleView;
_stateManager.RulesListView = _rulesListView;

_leftViewport. AddVisual(_rule.Left.Vertices);
_leftViewport.CameraPos = new Vector3(0, -1, 0);
_leftViewport.CameraLook = new Vector3(0, 1, 0);

_rightViewport.AddVisual(_rule.Right.Vertices);
_rightViewport.UpDirection = new Vector3(0, 1.0f, 0.7f);
_rightViewport.CameraPos = new Vector3(0.5f, -1.5f, 2.71);
_rightViewport.CameraLook = new Vector3(0, 2, -2.5f);

_stateManager.CurrentRule = _rule;

_stateManager.StateChanged += _stateManager StateChanged;
_ruleViewModel.LeftPartRepainted += rule LeftPartRepainted,
_ruleViewModel.RightPartRepainted += _rule RightPartRepainted;
DefineRulesList();

1
5

private void _rule LeftPartRepainted(object sender, Color4 color)

{
_leftViewport.InvalidateGraphVisual();
_rulesListViewModel.SelectedItemViewModel.Constructor.LeftColor = color;
_rulesListViewModel.SelectedltemViewModel. ViewportController.InvalidateGraph Visual();

_constructor.UpdateLatice();
_rightViewport.Graph = _constructor.Graph;
_rightViewport.InvalidateGraphVisual();

}

private void rule RightPartRepainted(object sender, Color4 color)

{
_rightViewport.InvalidateGraphVisual();
_rulesListViewModel.SelectedItemViewModel.Constructor.RightColor = color;
_rulesListViewModel.SelectedItemViewModel. ViewportController.InvalidateGraphVisual();

_constructor.UpdateLatice();
_rightViewport.Graph = _constructor.Graph;
_rightViewport.InvalidateGraphVisual();

}

private void _stateManager StateChanged(object sender, StateEventArgs e)
f

1
if (!IsParameter(e.PropertyName))
return;

if (_constructor?.Graph != null)

{
_constructor.UpdateLatice();
_rightViewport.Graph = _constructor.Graph;
_rightViewport.InvalidateGraphVisual();
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}

_rule.SetRightPart(_constructor.Graph, _rule.MainRightColor);
}

private bool IsParameter(string name)

{

}

return name == nameof(_constructor.ParameterA)
|| name == nameof(_constructor.ParameterB)
|| name == nameof(_constructor.ParameterC)
|| name == nameof(_constructor.ParameterAlpha)
|| name == nameof(_constructor.ParameterBeta)
|| name == nameof(_constructor.ParameterGamma);

private void DefineRulesList()

{

}

LatticeConstructor constructor = new TriclinicLatticeSimpleConstructor();
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "Tpukiinaa npumiTuBHa 6a3oBa");

constructor = new TriclinicLatticeFullConstructor();
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "TpukiiHHa IpUMiTHBHA TOBHA");

//MOHOKJIIHHA
constructor = new TriclinicLatticeFullConstructor()

InterEditParameterAlpha = false,
InterEditParameterGamma = false
b
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "MoHokniHHa nTpuMiTHBHA");

constructor = new BaseCenteredLatticeConstructor()

InterEditParameterAlpha = false,
InterEditParameterGamma = false
b
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "MonoxiHHa Ga3o1ieHTpoBaHa");

//pombivyHa
constructor = new BodyCenteredLatticeConstructor()

InterEditParameterAlpha = false,
InterEditParameterBeta = false,
InterEditParameterGamma = false
|5
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "Pom6iuna 06'emHouieHTpoBaHa");

constructor = new BaseCenteredLatticeConstructor()

InterEditParameterAlpha = false,
InterEditParameterBeta = false,
InterEditParameterGamma = false
¥
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "Pom6iuna 6a3onenTpoBana');

constructor = new FaceCenteredLatticeConstructor()

InterEditParameterAlpha = false,
InterEditParameterBeta = false,
InterEditParameterGamma = false
b
constructor.CreateCell();
_rulesListViewModel. AddRule(constructor, "Pom0iyna rpanenenTposana');

//XxexcoroHanpHa
constructor = new HexagonalConstructor()

InterEditParameterGamma = false,

InterEditParameterB = false
b
constructor.CreateCell();
_rulesListViewModel.AddRule(constructor, "Xekcaronanpua");
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private void _rulesListViewModel RightRuleSelected(object sender, RulesListViewModel.ListltemViewMaodel ¢)

{
var graph = e.Graph,;

_rule.SetRightPart(graph, e.RightColor);
_rule.RepaintLeftMain(e.LeftColor);
_leftViewport.Graph = _rule.Left;
_leftViewport.InvalidateGraphVisual();
_constructor = e.Constructor;
_rightViewport.Graph = graph;
_rightViewport.InvalidateGraphVisual();
_stateManager.LatticeConstructor = _constructor;
_ruleViewModel.NotifyColorChanged();

}

void ConfigureDefaultRule()
{
Color4 leftColor = Defaults.LeftColor;
IGraph left = Graph.SingleVerticeGraph(leftColor);

Color4 rightColor = Defaults.RightColor;
IGraph right = Graph.SingleVerticeGraph(rightColor);

if (Rule.TryCreateRule(left, right, leftColor, rightColor, out var rule) == Extensions.RuleErrorCode.Succeed)

_rule = rule;
}

_ruleViewModel = new RuleViewModel(_rule)
{
LeftViewport = _leftViewport.Control,
RightViewport = _rightViewport.Control
3

_leftViewport.Graph = left;
_rightViewport.Graph = right;
}
}
}

@aiin CrystalService.cs

using Crystal.Controllers;

using Crystal. Extensions;

using Crystal.Services.CrystalServiceComponents. Abstraction;
using Crystall.Services.CrystalServiceComponents.Abstraction;
using System;

using System.Collections.Generic;

using System.lO;

using System.Xml.Serialization;

namespace Crystal.Services

public interface ICrystalService

{
void ExportToXml(string fileName);
void ImportFromXml(string fileName);

}

public class CrystalService : ICrystalService
{
IServiceProvider _services;
IStateManager _stateManager;
ICommandManager _commandManager;
IConstructor _constructor;
IViewportController _viewportController;

public CrystalService(IServiceProvider services)

{ . .
_services = services;
_stateManager = _services.GetService<IStateManager>();
_commandManager = _services.GetService<ICommandManager>();

var graph = Graph.SingleVerticeGraph(Defaults.LeftColor);
_constructor = new Constructor(graph);
_constructor.CurrentRule = _stateManager.CurrentRule;
_stateManager.Constructor = _constructor;
_stateManager.StateChanged += _stateManager StateChanged;
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_viewportController = _stateManager.PrimaryViewportController;
_commandManager.CommandCalled += _commandManager CommandCalled;
_viewportController.AddVisual(graph.Vertices);

_constructor.Repainted += _constructor Repainted,

}
public void ExportToXml(string fileName)

XmlSerializer x = new XmlSerializer(typeof(GraphDto));
using (FileStream fs = File.Create(fileName))

x.Serialize(fs, _constructor.Graph.ToDto());
¥
}

public void ImportFromXml(string fileName)

XmlSerializer x = new XmlSerializer(typeof(GraphDto));
using (FileStream fs = File.Open(fileName, FileMode.Open))

var graph = (GraphDto)x.Deserialize(fs);
_constructor.Clear();
_constructor.Graph = graph.FromDto();
_viewportController.Graph = _constructor.Graph;
_viewportController.InvalidateGraphVisual();

}

}

private void _stateManager StateChanged(object sender, StateEventArgs e)

{

if (e.PropertyName == nameof(_stateManager.CurrentRule))
_constructor.CurrentRule = _stateManager.CurrentRule;

}

private void commandManager CommandCalled(object sender, CommandEventArgs ¢)

if (e.Commandld == Defaults.SubstitutionCommandId)

{
_constructor.PerformeSubstitution();
_viewportController.AddVisual(_constructor.AddedVertices);
_viewportController.AddVisual(_constructor.AddedEdges);
_stateManager.SubstitionsCount++;
UpdateStatistics();

h
else if(e.Commandld == Defaults.RepaintCommandId)
{

_constructor.Repaint();

¥
else if (e.Commandld == Defaults.ClearPrimaryViewportCommandId)
{

_constructor.Invalidate();
_viewportController.Graph = _constructor.Graph;
_viewportController.InvalidateGraphVisual();
_stateManager.SubstitionsCount = 0;
UpdateStatistics();

¥

else if(e.Commandld == Defaults.ExportToXmlCommandId)
ExportToXml((string)e.Value);

else if (e.Commandld == Defaults.ImportFromXmlCommandId)

ImportFromXml((string)e. Value);
_stateManager.SubstitionsCount = 0;
UpdateStatistics();
}
}

private void _constructor Repainted(object sender, [IReadOnlyCollection<Vertice> e)

{

_viewportController.RepaintVisual(e);

}

private void UpdateStatistics()

{



_stateManager. VerticesCount = _constructor.Graph. Vertices.Count;
_stateManager.EdgesCount = _constructor.Graph.Edges.Count;
}
}
}

®daitn UlService.cs

using System;

using System.Collections.Generic;
using Crystal.ViewModels;

using Crystal. Views;

using Crystal.Controllers;

namespace Crystal.Services
public interface IUIService

IUIView CreateView<T>(T viewModel);
IViewportController CreateViewportController();

}

public class UlService : IUIService

{

IServiceProvider _services;

Dictionary<Type, Func<object, IUIView>> viewsFactory
= new Dictionary<Type, Func<object, [UIView>>();

public UlService(IServiceProvider services)
{
_services = services;
ConfigureViewsViewModels();
}

void ConfigureViewsViewModels()

{
_viewsFactory.Add(typeof(ViewportViewModel), viewModel => new ViewportView() {ViewModel = (ViewportViewModel)viewModel });
_viewsFactory.Add(typeof(MainViewModel), viewModel => new MainView() {ViewModel = (MainViewModel)viewModel });
_viewsFactory.Add(typeof(SideMenuViewModel), viewModel => new SideMenuView() {ViewModel = (SideMenuViewModel)viewModel });
_viewsFactory.Add(typeof(RulesListViewModel), viewModel => new RulesListView() {ViewModel = (RulesListViewModel)viewModel });
_viewsFactory.Add(typeof(RuleViewModel), viewModel => new RuleView() {ViewModel = (RuleViewModel)viewModel });

}

public IUIView CreateView<T>(T viewModel)

if(_viewsFactory. TryGetValue(typeof(T), out var createView))
{

return createView(viewModel);

return null;

}

public IViewportController CreateViewportController()
{
return new ViewportController(_services);
}
}
}

®aiin ViewportController.cs

using Crystal.Extensions;

using Crystal.Services;

using Crystal.Utils;

using Crystal. ViewModels;

using Crystal.Views;

using Crystal.Services.CrystalServiceComponents. Abstraction;
using HelixToolkit. Wpf.SharpDX;

using HelixToolkit. Wpf.SharpDX.Model.Scene;
using SharpDX;

using System;

using System.Collections.Generic;

using System.IO;

namespace Crystal.Controllers

public interface [ViewportController

{



IUIView Control { get; }

bool ShowAxis { get; set; }

bool ShowViewCube { get; set; }
bool ShowInfoPanel { get; set; }

void InvalidateGraphVisual();

void AddVisual(IEnumerable<Vertice> vertices);
void AddVisual(IEnumerable<Edge> edges);

void RepaintVisual(IEnumerable<Vertice> vertices);

Vector3 CameraPos { get; set; }
Vector3 Cameralook { get; set; }
Vector3 UpDirection { get; set; }

IGraph Graph { get; set; }
void ExportToStl(string fileName);

event EventHandler ViewportClicked;

public class ViewportController : IViewportController

IServiceProvider _services;
IUIService uiService;

IUIView _viewportView;
ViewportViewModel _viewportViewModel;

IGraph _graph;
Dictionary<Vertice, MeshNode> _verticeVisuals = new Dictionary<Vertice, MeshNode>();
Color4 _defaultEdgeColor = Defaults.EdgeColor;

public IUIView Control => _viewportView;

public ViewportController(IServiceProvider services)

{
_services = services;
_uiService = _services.GetService<IUIService>();
_graph = new Graph();

_viewportViewModel = new ViewportViewModel();

_viewportView = _uiService.CreateView(_viewportViewModel);
!
s

private GroupNode RootNode => _viewportViewModel.RootNode;
public IGraph Graph { get; set; } = new Graph();

public bool ShowAxis
{

get=>_viewportViewModel. ShowAxis;
set => _viewportViewModel.ShowAxis = value;

}

public bool ShowViewCube
{

get=>_viewportViewModel.ShowViewCube;
set => viewportViewModel.ShowViewCube = value;

}

public bool ShowInfoPanel
{

get =>_viewportViewModel.ShowInfoPanel;
set => _viewportViewModel.ShowInfoPanel = value;

}

public Vector3 UpDirection

{
get=>_viewportViewModel == null ? Vector3.Zero : _viewportViewModel.UpDirection.ToVector3();
set
{
if (_viewportViewModel == null)
return;

_viewportViewModel. UpDirection = value.ToVector3D();
}

}
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public Vector3 CameraPos

{
get => _viewportViewModel == null ? Vector3.Zero : _viewportViewModel.CameraPos.ToVector3();
set
{
if (_viewportViewModel == null)
return;
_viewportViewModel.CameraPos = value. ToPoint3D();
}
}
public Vector3 Cameral.ook
{
get=> viewportViewModel == null ? Vector3.Zero : _viewportViewModel.CameralLook.ToVector3();
set
{
if (_viewportViewModel == null)
return;
_viewportViewModel.CameraLook = value.ToVector3D();
}
}

public event EventHandler ViewportClicked

{
remove => _viewportViewModel.ViewportClicked -= value;
add => _viewportViewModel.ViewportClicked += value;

}

public void InvalidateGraphVisual()

RootNode.Clear();

_verticeVisuals.Clear();

if (Graph == null)
return;

AddVisual(Graph. Vertices);
AddVisual(Graph.Edges);

1
5

public void AddVisual(IEnumerable<Vertice> vertices)
S

1
Dictionary<double, Geometry3D> geometries = new Dictionary<double, Geometry3D>();

foreach(var vertice in vertices)
if (!geometries. TryGetValue(vertice.Size, out var geom))

var meshBuilder = new MeshBuilder();

meshBuilder. AddSphere(Vector3.Zero, vertice.Size);
geom = meshBuilder. ToMeshGeometry3D();
geom.IsDynamic = true;
geometries.Add(vertice.Size, geom);

}

var meshNode = new MeshNode() { Geometry = geom };
meshNode.ModelMatrix = Matrix.Translation(vertice.Position);
meshNode.Material = new DiffuseMaterial() { DiffuseColor = vertice.Color };
RootNode.AddChildNode(meshNode);

_verticeVisuals[vertice] = meshNode;

!
}

public void AddVisual(IEnumerable<Edge> edges)

{
1

foreach (var edge in edges)

{
var meshBuilder = new MeshBuilder();
meshBuilder.AddCylinder(edge.Start.Position, edge.End.Position, edge.Size, 32);
var geom = meshBuilder. ToMeshGeometry3D();
geom.IsDynamic = true;

var meshNode = new MeshNode() { Geometry = geom };
meshNode.Material = new DiffuseMaterial() { DiffuseColor = defaultEdgeColor };
RootNode.AddChildNode(meshNode);



}
}

public void RepaintVisual(IEnumerable<Vertice> vertices)

{

foreach(var vertice in vertices)

if (_verticeVisuals. TryGetValue(vertice, out var meshNode))
meshNode.Material = new DiffuseMaterial() { DiffuseColor = vertice.Color };

public void ExportToStl(string filePath)
{

var stlExporter = new StlExporter();
using (FileStream fs = File.Create(filePath))

stlExporter.Export(RootNode, fs);
}
}
}
b

®daiin Constructor.cs

using System;

using System.Collections.Generic;
using System.Ling;

using Crystal. Extensions;

namespace Crystal.Services.CrystalServiceComponents. Abstraction

public interface IConstructor

{
IGraph Graph { get; set; }
TRule CurrentRule { get; set; }

IReadOnlyCollection<Edge> AddedEdges { get; }
IReadOnlyCollection<Vertice> AddedVertices { get; }

void Invalidate();

void PerformeSubstitution();
void Clear();

void Repaint();

event EventHandler<SubstitutionEventArgs> Substituted,;
event EventHandler<IReadOnlyCollection<Vertice>> Repainted;

}

public class SubstitutionEventArgs : EventArgs

IReadOnlyCollection<Edge> AddedEdges { get; }
IReadOnlyCollection<Vertice> AddedVertices { get; }

public SubstitutionEventArgs(IReadOnlyCollection<Edge> addedEdges, IReadOnlyCollection<Vertice> added Vertices)

AddedEdges = addedEdges;
AddedVertices = addedVertices;

i
}

public class Constructor : IConstructor

{
List<Edge> addedEdges = new List<Edge>();
List<Vertice> _addedVertices = new List<Vertice>();
List<Vertice> _repaintedVetrices = new List<Vertice>();
IGraph _graph;

public Constructor(IGraph graph)

{

_graph = graph;
v
5

public IGraph Graph { get => _graph; set => _graph = value; }
public IRule CurrentRule { get; set; }

public IReadOnlyCollection<Edge> AddedEdges => addedEdges.AsReadOnly();
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public IReadOnlyCollection<Vertice> AddedVertices => addedVertices.AsReadOnly();

public event EventHandler<SubstitutionEventArgs> Substituted;
public event EventHandler<IReadOnlyCollection<Vertice>> Repainted,

public void Invalidate()

{

graph = CurrentRule.Left.Clone();

:addedEdges.Clear();
_addedVertices.Clear();
}
public void Clear()
{
_graph = new Graph();
_addedEdges.Clear();
_addedVertices.Clear();
}

public void Repaint()

Repaint(Graph. Vertices);
}

private void Repaint(IEnumerable<Vertice> vertices)

{

foreach (var vertice in vertices)

if (vertice.Color == CurrentRule.MainLeftColor)
{

vertice.Color = CurrentRule.MainRightColor;
_repaintedVetrices.Add(vertice);

else if (vertice.Color == CurrentRule.MainRightColor)

{
vertice.Color = CurrentRule.MainLeftColor;
_repaintedVetrices.Add(vertice);

}

Repainted(this, _repaintedVetrices);
!
s

public void PerformeSubstitution()

{
var verticesLeftColor = Graph.Vertices. Where(vertice => vertice.Color == CurrentRule.MainLeftColor).ToArray();

_addedEdges.Clear();
_addedVertices.Clear();

foreach (var vertice in verticesLeftColor)
SingleSubstitution(vertice, out var edges, out var vertices);

if(!edges.IsNullOrEmpty())
foreach (var edge in edges)
if (Graph.TryAdd(edge))
_addedEdges.Add(edge);

if (!vertices.IsNullOrEmpty())
foreach (var vert in vertices)
if (Graph.TryAdd(vert))
_addedVertices.Add(vert);
¥

Repaint();
Substituted?.Invoke(this, new SubstitutionEventArgs(_addedEdges, addedVertices));
¥

private void SingleSubstitution(Vertice vertice, out List<Edge> edges, out List<Vertice> vertices)
{
var pos = vertice.Position;
var rightVertices = CurrentRule.Right.Vertices. ToList();
var rightEdges = CurrentRule.Right.Edges.ToList();
var mainRightVertice = rightVertices.FirstOrDefault(vert => vert.Color == CurrentRule.MainLeftColor);
if(mainRightVertice is null)

edges = null;



vertices = null;
return;

}

var newEdges = new List<Edge>();
var newVertices = new List<Vertice>();

foreach(var vert in rightVertices)

{

var distance = vert.Position - mainRightVertice.Position;

new Vertices.Add(new Vertice()
{
Position = (pos + distance).Round(3),
Color = vert.Color,
Size = vert.Size
1
}

foreach (var edge in rightEdges)

{
var distanceStart = edge.Start.Position - mainRightVertice.Position;
var distanceEnd = edge.End.Position - mainRightVertice.Position;

var newStart = (pos + distanceStart).Round(3);
var newEnd = (pos + distanceEnd).Round(3);

var start = new Vertices.FirstOrDefault(vert => newStart == vert.Position);
var end = newVertices.FirstOrDefault(vert => newEnd == vert.Position);

newEdges.Add(new Edge(start, end)
{
Size = edge.Size
s
}

edges = newEdges;
vertices = newVertices;
}
)
}

®aiin DtoObjects.cs

using Crystal.Services.CrystalServiceComponents.Abstraction;
using HelixToolkit. Wpf.SharpDX;

using System.Collections.Generic;

using System.Ling;

using System. Windows.Media;

using System.Windows.Media.Media3D;

namespace Crystall.Services.CrystalServiceComponents. Abstraction

public class GraphDto
{
public List<VerticeDto> Vertices { get; set; } = new List<VerticeDto>();
public List<EdgeDto> Edges { get; set; } = new List<EdgeDto>();
public Graph FromDto()
{
var graph = new Graph();
foreach(var vertDto in Vertices)

graph.TryAdd(vertDto.FromDto());

foreach (var edgeDto in Edges)

{
var st = edgeDto.Start. ToVector3();
var start = graph.Vertices.FirstOrDefault(vt => vt.Position == st);
var en = edgeDto.End.ToVector3();
var end = graph.Vertices.FirstOrDefault(vt => vt.Position == en);
graph.TryAdd(new Edge(start, end) { Size = edgeDto.Size });

}

return graph;

}
¥

public class VerticeDto

{
public Point3D Position { get; set; }
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public double Size { get; set; }
public Color Color { get; set; }

public Vertice FromDto()
{

return new Vertice() { Size = this.Size, Color = this.Color.ToColor4(), Position = this.Position.ToVector3() };
!
5

}

public class EdgeDto

{
public Point3D Start { get; set; }
public Point3D End { get; set; }
public double Size { get; set; }

)
}

®aiin Edge.cs

using Crystall.Services.CrystalServiceComponents. Abstraction;
using HelixToolkit. Wpf.SharpDX;
using SharpDX;

namespace Crystal.Services.CrystalServiceComponents. Abstraction
public class Edge
public Edge(Vertice start, Vertice end)

Start = start;
End = end;
}
public Vertice Start { get; set; }
public Vertice End { get; set; }
public double Size { get; set; } = Defaults.DefaultEdgeSize;
public Vector3 Direction => Start.Position - End.Position;

public EdgeDto ToDto()

{
return new EdgeDto() { Size = this.Size, Start = Start.Position.ToPoint3D(), End = End.Position. ToPoint3D() };
}
}
}

®aiin Graph.cs

using Crystal. Extensions;

using Crystall.Services.CrystalServiceComponents.Abstraction;
using SharpDX;

using System.Collections.Generic;

using System.Lingq;

using System.Xml;

using System.Xml.Serialization;

namespace Crystal.Services.CrystalServiceComponents. Abstraction

public interface IGraph

{
IReadOnlyCollection<Vertice> Vertices { get; }
IReadOnlyCollection<Edge> Edges { get; }
bool TryAdd(Edge edge);
bool TryAdd(Vertice vertice);
void UnsafeAdd(params Vertice[] vertice);
void UnsafeAdd(params Edge[] edge);
void UnsafeAdd(IEnumerable<Vertice> vertice);
void UnsafeAdd(IEnumerable<Edge> edge);
IGraph Clone();
GraphDto ToDto();

}
public class Graph : IGraph
{
Dictionary<Vector3, Vertice> _vertices = new Dictionary<Vector3, Vertice>();

Dictionary<(Vector3, Vector3), Edge> _edges = new Dictionary<(Vector3, Vector3), Edge>();

[XmlAttribute]
public IReadOnlyCollection<Vertice> Vertices => _vertices.Values;
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[XmlAttribute]
public IReadOnlyCollection<Edge> Edges => _edges.Values;

public bool TryAdd(Edge edge)

if (_edges.ContainsKey((edge.Start.Position, edge.End.Position)) ||
_edges.ContainsKey((edge.End.Position, edge.Start.Position)))
return false;

_edges.Add((edge.Start.Position, edge.End.Position), edge);
return true;

}

public bool TryAdd(Vertice vertice)
{

if (_vertices.ContainsKey(vertice.Position))
return false;

_vertices.Add(vertice.Position, vertice);
return true;

}

public void UnsafeAdd(params Vertice[] vertice)
{

foreach (var vert in vertice)
_vertices.Add(vert.Position, vert);

}
public void UnsafeAdd(params Edge[] edge)

foreach (var e in edge)
_edges.Add((e.Start.Position, e.End.Position), e);
}

public void UnsafeAdd(IEnumerable<Vertice> vertice)

{

foreach (var vert in vertice)
_vertices.Add(vert.Position, vert);
}

public void UnsafeAdd(IEnumerable<Edge> edge)
{

foreach (var e in edge)
_edges.Add((e.Start.Position, e.End.Position), ¢);

public static IGraph SingleVerticeGraph(Color4 color, double size = Defaults.DefaultVerticeSize)

{
var graph = new Graph();
graph.TryAdd(new Vertice() { Color = color, Size = size });
return graph;

}

public IGraph Clone()
{
var originRefCloned = new HashSet<Vertice>();
var clonedVertices = new HashSet<Vertice>();
var clonedEdges = new List<Edge>();
foreach(var edge in Edges)
{
var startClone = edge.Start.Clone();
var endClone = edge.End.Clone();
originRefCloned. TryAdd(edge.Start);
originRefCloned.TryAdd(edge.End);

var edgeClone = new Edge(startClone, endClone);

clonedEdges.Add(edgeClone);
clonedVertices. TryAdd(startClone);
clonedVertices. TryAdd(endClone);

}

var verticesToClone = Vertices.Except(originRefCloned);
var verticesUnclonedClones = verticesToClone.Select(vert => vert.Clone());

var graph = new Graph();
graph.UnsafeAdd(clonedVertices);
graph.UnsafeAdd(verticesUnclonedClones);
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graph.UnsafeAdd(clonedEdges);
return graph;

}

public GraphDto ToDto()
{
var dto = new GraphDto();
foreach (var v in Vertices)
dto.Vertices.Add(v.ToDto());

foreach (var e in Edges)
dto.Edges.Add(e.ToDto());

return dto;
}
}
}

daiin Rule.cs

using Crystal. Extensions;
using SharpDX;

using System;

using System.Ling;

namespace Crystal.Services.CrystalServiceComponents. Abstraction

public interface IRule

{
IGraph Left { get; }
IGraph Right { get; }

Color4 MainLeftColor { get; }
Color4 MainRightColor { get; }

void SetLeftPart(IGraph left, Color4 mainLeftColor);
void SetRightPart(IGraph right, Color4 mainRigthColor);

void RepaintLeftMain(Color4 color);
void RepaintRightMain(Color4 color);

void SetLeftColor(Color4 color);
void SetRightColor(Color4 color);

event EventHandler<RuleEventArgs> LeftPartSet;
event EventHandler<RuleEventArgs> RightPartSet;

}

public class RuleEventArgs : EventArgs
{
Color4 Color { get; }
IGraph Graph { get; set; }
public RuleEventArgs(IGraph graph, Color4 color)
{
Graph = graph;
Color = color;
}
}

public class Rule : IRule

{
public IGraph Left { get; private set; }
public IGraph Right { get; private set; }

public Color4 MainLeftColor { get; private set; }
public Color4 MainRightColor { get; private set; }

public event EventHandler<RuleEventArgs> RightPartSet;

public event EventHandler<RuleEventArgs> LeftPartSet;

public event EventHandler<RuleEventArgs> LeftPartRepainted;
public event EventHandler<RuleEventArgs> RightPartRepainted;

public static RuleErrorCode TryCreateRule(IGraph left, IGraph right, Color4 mainLeftColor, Color4 mainRigthColor, out Rule rule)
{

var colorOccurrence = left. Vertices.FirstOrDefault(vertice => vertice.Color == mainLeftColor);
if(colorOccurrence is null)

rule = null;
return RuleErrorCode. WrongLeftColor;



}

colorOccurrence = right. Vertices.FirstOrDefault(vertice => vertice.Color == mainRigthColor);
if (colorOccurrence is null)

rule = null;
return RuleErrorCode. WrongRightColor;

}

rule = new Rule(left, right, mainLeftColor, mainRigthColor);

return RuleErrorCode.Succeed;
v
§

public void SetLeftColor(Color4 color) => MainLeftColor = color;
public void SetRightColor(Color4 color) => MainRightColor = color;

/lunsafe
public void SetRightPart(IGraph right, Color4 mainRigthColor)

Right = right;

MainRightColor = mainRigthColor;

RightPartSet?.Invoke(this, new RuleEventArgs(right, mainRigthColor));
}

//unsafe
public void SetLeftPart(IGraph left, Color4 mainLeftColor)

Left = left;

MainLeftColor = mainLeftColor;

LeftPartSet?.Invoke(this, new RuleEventArgs(left, mainLeftColor));
}

public void RepaintLeftMain(Color4 color)
{
foreach(var vert in Left.Vertices)
if (vert.Color == MainLeftColor)
vert.Color = color;

MainLeftColor = color;
v
s

public void RepaintRightMain(Color4 color)
{
foreach (var vert in Right.Vertices)
if (vert.Color == MainRightColor)
vert.Color = color;

MainRightColor = color;
1
s

private Rule(IGraph left, IGraph right, Color4 mainColorLeft, Color4 rightColorLeft)

{
Left = left;
Right = right;
MainLeftColor = mainColorLeft;
MainRightColor = rightColorLeft;

}

}
}

®daiin Vertice.cs

using Crystall.Services.CrystalServiceComponents.Abstraction;
using HelixToolkit. Wpf.SharpDX;
using SharpDX;

namespace Crystal.Services.CrystalServiceComponents. Abstraction
using Point3 = SharpDX.Vector3;

public class Vertice

{
public double Size { get; set; } = Defaults.DefaultVerticeSize;
public Point3 Position { get; set; }
public Color4 Color { get; set; }

public Vertice Clone()
{



return new Vertice()

Color = this.Color,
Size = this.Size,
Position = this.Position

I

}

public VerticeDto ToDto()

{
return new VerticeDto() { Position = this.Position. ToPoint3D(), Size = this.Size, Color = this.Color.ToColor() };

}
}
}

®aiinn CameraType.cs

namespace Crystal.Extensions

public enum CameraType

{
Orthographic,
Perspective
}
)

®daiin CollectionExtensions.cs

using System;
using System.Collections.Generic;
using System.Ling;

namespace Crystal.Extensions

{

public static class CollectionExtensions

{

public static bool IsNullOrEmpty<T>(this [IEnumerable<T> enumerable)

{

if (enumerable == null)

{

return true;

}

var collection = enumerable as ICollection<T>;
if (collection != null)

{

return collection.Count < 1;
}

return !enumerable.Any();

}

public static bool TryAdd<T>(this ISet<T> set, T value)
if (set == null || value == null)

return false;

H
if (!set.Contains(value))

set.Add(value);
return true;

}

return false;
1
§

}
1

®aiin ErrorCode.cs

namespace Crystal.Extensions

{

public enum RuleErrorCode

{
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Succeed =0,
WrongLeftColor = 1,
WrongRightColor = 2,

}
®daiin MathExtenstion.cs

using System;

using HelixToolkit. Wpf.SharpDX;

using SharpDX;

using Media = System. Windows.Media.Media3D;

namespace Crystal.Extensions

public static class MathExtenstion

{

public static Vector3 Round(this Vector3 vec, int digits)
{
return new Vector3(
(float)Math.Round(vec.X, digits),
(float)Math.Round(vec.Y, digits),
(float)Math.Round(vec.Z, digits));

}

public static Vector3 Rotate(this ref Vector3 point, Vector3 axis, float angleInDegree, Vector3 center)
{

var radians = (float)(Math.PI/ 180 * angleInDegree);

var q = CreateFromAxisAngle(axis, radians);

var matr = Media.Matrix3D.Identity;

matr.OffsetX = point.X;

matr.OffsetY = point.Y;

matr.OffsetZ = point.Z;

matr.RotateAt(q, center. ToPoint3D());

return new Vector3((float)matr.OffsetX, (float)matr.OffsetY, (float)matr.OffsetZ);

}

public static Media.Quaternion CreateFromAxisAngle(Vector3 axis, float radians)
{

var quaternion = new Media.Quaternion();

float halfAngle = radians * 0.5f;

float halfAngleSin = (float)Math.Sin(halfAngle);

quaternion.X = axis.X * halfAngleSin;

quaternion.Y = axis.Y * halfAngleSin;

quaternion.Z = axis.Z * halfAngleSin;

quaternion.W = (float)Math.Cos(halfAngle);

return quaternion;

public static float ToRadians(float degrees)

return (float)(Math.P1/ 180 * degrees);
}
}
}

®daiin ServiceProviderExtensions.cs

using System;
using System.ComponentModel.Design;

namespace Crystal.Extensions

public static class ServiceProviderExtensions
{
public static T GetService<T>(this IServiceProvider provider)

{

return (T)provider.GetService(typeof(T));
v
s

public static void AddService<T>(this IServiceContainer container, T servicelnstance)
{
container.AddService(typeof(T), servicelnstance);
}
}
¥
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®daitn ColorToBrushConverter.cs

using HelixToolkit. Wpf.SharpDX;
using SharpDX;

using System;

using System.Globalization;

using System.Windows.Data;

using Media = System. Windows.Media;

namespace Crystal.Utils
public class ColorToBrushConverter : IValueConverter
public object Convert(object value, Type targetType, object parameter, Culturelnfo culture)

if (value is Color4 color)
return new Media.SolidColorBrush(color.ToColor());
return null;

}

public object ConvertBack(object value, Type targetType, object parameter, CultureInfo culture)

{
if (value is Media.SolidColorBrush brush)

return new Color4(brush.Color.ToColor4());
return null;

}
}
}

®aiin RadiansToDegreesConverter.cs

using System;
using System.Globalization;
using System.Windows.Data;

namespace Crystal.Utils

public class RadiansToDegreesConverter : IValueConverter

{

public object Convert(object value, Type targetType, object parameter, Culturelnfo culture)

{

float? val = null;
if (value is float)

val = (float)(value);
else if (value is string str)
val = float.Parse(str, CultureInfo.InvariantCulture);

}
if (val. HasValue)
return val * 180 / Math.PI;

return null;

}

public object ConvertBack(object value, Type targetType, object parameter, CultureInfo culture)

{

float? val = null;
if (value is float)

val = (float)(value);
v
s
else if (value is string str)

val = float.Parse(str, CultureInfo.InvariantCulture);

}
if (val.HasValue)
return val * Math.PI/ 180;

return null;

}
i
}

@aitn RelayCommand.cs

using System;
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using System.Windows.Input;
namespace Crystal.Utils

public class RelayCommand<T> : [Command

{
readonly Action<T> _execute;
readonly Func<T, bool> _canExecute;

public event EventHandler CanExecuteChanged;

public RelayCommand(Action<T> execute, Func<T, bool> canExecute = null)

{
if (execute == null)
throw new ArgumentNullException("execute");

_execute = execute;
_canExecute = canExecute;

}

public bool CanExecute(object parameter)

{

return _canExecute == null || _canExecute((T)parameter);
}

public void Execute(object parameter)

_execute((T)parameter);
}
}
}

@aiin StlExporter.cs

using System.]O;

using System.Ling;

using Media3D = System.Windows.Media.Media3D;
using HelixToolkit. Wpf.SharpDX;

using HelixToolkit. Wpf.SharpDX.Model;

using HelixToolkit. Wpf.SharpDX.Model.Scene;

namespace Crystal.Utils

public class StIExporter
{

public void Export(GroupNode groupNode, FileStream stream)
{ var writer = new BinaryWriter(stream);
int triangleIndicesCount = 0;
foreach (MeshNode meshNode in groupNode.Traverse().Skip(1))
triangleIndicesCount += meshNode.Geometry.Indices.Count;
ExportHeader(writer, triangleIndicesCount / 3);

foreach (MeshNode meshNode in groupNode.Traverse().Skip(1))

ExportMeshNode(writer, meshNode);

h
}

void ExportMeshNode(BinaryWriter writer, MeshNode meshNode)
{

var mesh = (MeshGeometry3D)meshNode.Geometry;
var normals = mesh.Normals;

var transform = new Media3D.MatrixTransform3D(meshNode.ModelMatrix. ToMatrix3D());

var matrix = meshNode.ModelMatrix;

matrix.M41 = 0;

matrix.M42 = 0;

matrix.M43 = 0;

var normalTransform = new Media3D.Matrix Transform3D(matrix. ToMatrix3D());

var material = (DiffuseMaterialCore)meshNode.Material;
var color = material.DiffuseColor.ToColor();



byte r = color.R;
byte g = color.G;
byte b = color.B;
ushort attribute = (ushort)((1 << 15) | ((r >>3) << 10) | ((g >> 3) << 5) | (b>> 3));

for (int 1 = 0; i < mesh.TriangleIndices.Count; i += 3)
{

int 10 = mesh.TriangleIndices[i + 0];

int il = mesh.TriangleIndices[i + 1];

int i2 = mesh.TriangleIndices[i + 2];

// Normal

var faceNormal = normalTransform.Transform((normals[i0] + normals[il] + normals[i2]). ToVector3D());
faceNormal.Normalize();

WriteVector(writer, faceNormal);

// Vertices

WriteVertex(writer, transform. Transform(mesh.Positions[i0]. ToPoint3D()));
WriteVertex(writer, transform. Transform(mesh.Positions[i1]. ToPoint3D()));
WriteVertex(writer, transform. Transform(mesh.Positions[i2]. ToPoint3D()));

// Attributes
writer. Write(attribute);
¥
}

private static void WriteVector(Binary Writer writer, Media3D.Vector3D normal)

{
writer. Write((float)normal . X);
writer. Write((float)normal.Y);
writer. Write((float)normal.Z);

}

private static void WriteVertex(Binary Writer writer, Media3D.Point3D p)
I

18
writer. Write((float)p.X);
writer. Write((float)p.Y);
writer. Write((float)p.Z);

}

void ExportHeader(Binary Writer writer, int triangleCount)

ExportHeader(writer);
writer. Write(triangleCount);

}

void ExportHeader(Binary Writer writer)

{

writer. Write(new byte[80]);
v
s

}

®daitn BaseCenteredLatticeConstructor.cs

using System;
using SharpDX;
using Crystal,

using Crystal.Services.CrystalServiceComponents.LatticeContructors;
using Crystal.Services.CrystalServiceComponents.Abstraction;

namespace Crystall.Services.CrystalServiceComponents.LatticeContructors
public class BaseCenteredLatticeConstructor : LatticeConstructor

public override void CreateCell()
{
float a = ParameterA;
float b = ParameterB;
float ¢ = ParameterC;
float alpha = ParameterAlpha;
float beta = ParameterBeta;
float gamma = ParameterGamma;

var bl = Vector3.Zero;
float x =b1.X;
floaty =bl.Y;
float z=bl1.Z;
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var b2 =new Vector3(x + b, y, z);

var b3 = new Vector3(x + a, y, z);
Matrix.RotationZ(gamma, out var rotZ);
Vector3.Transform(ref b3, ref rotZ, out b3);
var b4 = b2 + b3;

float ¢_x = (float)(c * Math.Cos(alpha));

float ¢_y = (float)((c * (Math.Cos(beta) - Math.Cos(alpha) * Math.Cos(gamma))) / Math.Sin(gamma));
float ¢z = (float)(Math.Sqrt(c *c-c x*¢c x-c y *c y));

var t] =new Vector3(c_x,c y,c z);

var t2 =b2 +tl;

var t3 =b3 +1tl;

var t4 = b4 +tl;

var graph = new Graph();

var vl = new Vertice() { Position =bl, Size = VerticeSize, Color = LeftColor };
var v2 = new Vertice() { Position = b2, Size = VerticeSize, Color = RightColor };
var v3 = new Vertice() { Position = b3, Size = VerticeSize, Color = RightColor };
var v4 = new Vertice() { Position = b4, Size = VerticeSize, Color = RightColor };
var v5 = new Vertice() { Position =tl, Size = VerticeSize, Color = RightColor };
var v6 = new Vertice() { Position = t2, Size = VerticeSize, Color = RightColor };
var v7 = new Vertice() { Position = t3, Size = VerticeSize, Color = RightColor };
var v8 = new Vertice() { Position = t4, Size = VerticeSize, Color = RightColor };
//bot

var el =new Edge(vl, v2);

var e2 = new Edge(vl, v3);

var €3 = new Edge(v2, v4);

var e4 = new Edge(v3, v4);

//side

var e5 = new Edge(vl, v5);

var e6 = new Edge(v2, v6);

var ¢7 = new Edge(v3, v7);

var e8 = new Edge(v4, v8);

//top

var €9 = new Edge(v5, v6);

var 10 = new Edge(v5, v7);

var el1 = new Edge(v6, v8);

var e12 = new Edge(v7, v8);

graph.UnsafeAdd(v1, v2, v3, v4, v5, v6, v7, v8);
graph.UnsafeAdd(el, e2, €3, e4, 5, €6, €7, e8, €9, e10, el1, el12);

//bot

var botCent = (bl +b4) / 2;

var botCenter = new Vertice() { Position = botCent, Size = VerticeSize, Color = Defaults.NeutralColor };
var ebcl = new Edge(v1, botCenter);

var ebc2 = new Edge(v2, botCenter);

var ebc3 = new Edge(v3, botCenter);

var ebc4 = new Edge(v4, botCenter);

graph.UnsafeAdd(botCenter);

graph.UnsafeAdd(ebcl, ebc2, ebe3, ebed);

//top

var topCent = (t1 +t4) / 2;

var topCenter = new Vertice() { Position = topCent, Size = VerticeSize, Color = Defaults.NeutralColor };
var etcl = new Edge(v5, topCenter);

var etc2 = new Edge(v6, topCenter);

var etc3 = new Edge(v7, topCenter);

var etc4 = new Edge(v8, topCenter);

graph.UnsafeAdd(topCenter);

graph.UnsafeAdd(etcl, etc2, etc3, etcd);

Graph = graph;
}
}
}

®daiin BodyCenteredLatticeConstructor.cs

using Crystal.Services.CrystalServiceComponents.Abstraction;

using Crystal;

using Crystal.Services.CrystalServiceComponents.LatticeContructors;
using System;

using SharpDX;

namespace Crystall.Services.CrystalServiceComponents.LatticeContructors

{

internal class BodyCenteredLatticeConstructor : LatticeConstructor

{
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public override void CreateCell()
{
float a = ParameterA;
float b = ParameterB;
float ¢ = ParameterC;
float alpha = ParameterAlpha;
float beta = ParameterBeta;
float gamma = ParameterGamma;

var bl = Vector3.Zero;

float x =b1.X;
floaty =bl.Y;
float z=b1.Z;

var b2 = new Vector3(x + b, y, z);

var b3 =new Vector3(x + a, y, z);
Matrix.RotationZ(gamma, out var rotZ);
Vector3.Transform(ref b3, ref rotZ, out b3);
var b4 =b2 + b3;

float ¢_x = (float)(c * Math.Cos(alpha));

float ¢c_y = (float)((c * (Math.Cos(beta) - Math.Cos(alpha) * Math.Cos(gamma))) / Math.Sin(gamma));
float ¢_z = (float)(Math.Sqrt(c *c-c x ¥*¢c x-c_y *c_y));

var t] =new Vector3(c_x,c_y, ¢ z);

var t2 =b2 +tl;

var t3 =b3 +tl;

var t4 = b4 +tl;

var graph = new Graph();

var vl = new Vertice() { Position = b1, Size = VerticeSize, Color = LeftColor };
var v2 =new Vertice() { Position = b2, Size = VerticeSize, Color = RightColor };
var v3 = new Vertice() { Position = b3, Size = VerticeSize, Color = RightColor };
var v4 = new Vertice() { Position = b4, Size = VerticeSize, Color = RightColor };
var v5 =new Vertice() { Position = t1, Size = VerticeSize, Color = RightColor };
var v6 = new Vertice() { Position = t2, Size = VerticeSize, Color = RightColor };
var v7 = new Vertice() { Position = t3, Size = VerticeSize, Color = RightColor };
var v8 =new Vertice() { Position = t4, Size = VerticeSize, Color = RightColor };
//bot

var el =new Edge(vl, v2);

var €2 = new Edge(vl, v3);

var €3 = new Edge(v2, v4);

var e4 = new Edge(v3, v4);

//side

var e5 = new Edge(v1, v5);

var e6 = new Edge(v2, v6);

var e7 = new Edge(v3, v7);

var e8 = new Edge(v4, v8);

/Itop

var €9 = new Edge(v5, v6);

var 10 = new Edge(v5, v7);

var el = new Edge(v6, v8);

var el12 = new Edge(v7, v8);

var cent = (bl +t4)/2;
var center = new Vertice() { Position = cent, Size = VerticeSize, Color = Defaults.NeutralColor };

var vlc = new Edge(vl, center);
var v2¢ = new Edge(v2, center);
var v3c = new Edge(v3, center);
var v4c = new Edge(v4, center);
var v5¢c = new Edge(v5, center);
var v6e = new Edge(v6, center);
var v7c = new Edge(v7, center);
var v8c = new Edge(v8, center);

graph.UnsafeAdd(v1, v2, v3, v4, v5, v6, v7, v8, center);
graph.UnsafeAdd(el, e2, €3, e4, €5, €6, €7, 8, €9, el0, el 1, el2,
vlc, v2c¢, v3c, vdce, v5c, voc, vic, v8c);
Graph = graph;
¥
}
}

®daiin FaceCenteredLatticeConstructor.cs

using System;

using SharpDX;

using Crystal;

using Crystal.Services.CrystalServiceComponents.LatticeContructors;



using Crystal.Services.CrystalServiceComponents. Abstraction;
namespace Crystall.Services.CrystalServiceComponents.LatticeContructors

public class FaceCenteredLatticeConstructor : LatticeConstructor

{

public override void CreateCell()
{
float a = ParameterA;
float b = ParameterB;
float ¢ = ParameterC;
float alpha = ParameterAlpha;
float beta = ParameterBeta;
float gamma = ParameterGammay;

var bl = Vector3.Zero;

float x =b1.X;
floaty =bl.Y;
float z=b1.Z;

var b2 = new Vector3(x + b, y, z);

var b3 =new Vector3(x + a, y, z);
Matrix.RotationZ(gamma, out var rotZ);
Vector3.Transform(ref b3, ref rotZ, out b3);
var b4 =b2 + b3;

float ¢_x = (float)(c * Math.Cos(alpha));

float ¢_y = (float)((c * (Math.Cos(beta) - Math.Cos(alpha) * Math.Cos(gamma))) / Math.Sin(gamma));
float ¢_z = (float)(Math.Sqrt(c *c-c x *¢c x-c_y *c_y));

var t] =new Vector3(c_x,c_y, ¢ z);

vart2 =b2 +tl;

vart3 =b3 +1tl;

var t4 = b4 + tl;

var graph = new Graph();

var vl = new Vertice() { Position = b1, Size = VerticeSize, Color = LeftColor };
var v2 =new Vertice() { Position = b2, Size = VerticeSize, Color = RightColor };
var v3 = new Vertice() { Position = b3, Size = VerticeSize, Color = RightColor };
var v4 = new Vertice() { Position = b4, Size = VerticeSize, Color = RightColor };
var v5 =new Vertice() { Position =t1, Size = VerticeSize, Color = RightColor };
var v6 = new Vertice() { Position = t2, Size = VerticeSize, Color = RightColor };
var v7 = new Vertice() { Position = t3, Size = VerticeSize, Color = RightColor };
var v8 = new Vertice() { Position = t4, Size = VerticeSize, Color = RightColor };
//bot

var el =new Edge(vl, v2);

var €2 = new Edge(vl, v3);

var €3 = new Edge(v2, v4);

var e4 = new Edge(v3, v4);

//side

var e5 = new Edge(vl, v5);

var e6 = new Edge(v2, v6);

var 7 = new Edge(v3, v7);

var e8 = new Edge(v4, v8);

/Itop

var €9 = new Edge(v5, v6);

var 10 = new Edge(v5, v7);

var el 1 = new Edge(v6, v8);

var el12 = new Edge(v7, v8);

graph.UnsafeAdd(v1, v2, v3, v4, v5, v6, v7, v8);
graph.UnsafeAdd(el, e2, 3, e4, e5, €6, €7, e8, 9, 10, el 1, e12);

//bot

var botCent = (b1 +b4) / 2;

var botCenter = new Vertice() { Position = botCent, Size = VerticeSize, Color = Defaults.NeutralColor };
var ebcl = new Edge(v1, botCenter);

var ebc2 = new Edge(v2, botCenter);

var ebc3 = new Edge(v3, botCenter);

var ebc4 = new Edge(v4, botCenter);

graph.UnsafeAdd(botCenter);

graph.UnsafeAdd(ebcl, ebc2, ebc3, ebcd);

/Itop

var topCent = (t1 +t4) / 2;

var topCenter = new Vertice() { Position = topCent, Size = VerticeSize, Color = Defaults.NeutralColor };
var etcl = new Edge(v5, topCenter);

var etc2 = new Edge(v6, topCenter);

var etc3 = new Edge(v7, topCenter);

var etc4 = new Edge(v8, topCenter);



}
H
)

graph.UnsafeAdd(topCenter);
graph.UnsafeAdd(etcl, etc2, etc3, etcd);

//side 1

var sideCentl = (bl +12)/2;

var sideCenterl = new Vertice() { Position = sideCentl, Size = VerticeSize, Color = Defaults.NeutralColor };
var eslcl = new Edge(v1, sideCenterl);

var eslc2 = new Edge(v2, sideCenterl);

var eslc3 = new Edge(v5, sideCenterl);

var eslc4 = new Edge(v6, sideCenterl);

graph.UnsafeAdd(sideCenter1);

graph.UnsafeAdd(eslcl, eslc2, eslc3, eslc4d);

/Iside 2

var sideCent2 = (b1 +t3) / 2;

var sideCenter2 = new Vertice() { Position = sideCent2, Size = VerticeSize, Color = Defaults.NeutralColor };
var es2cl = new Edge(v1, sideCenter2);

var es2c2 = new Edge(v3, sideCenter2);

var es2c3 = new Edge(v5, sideCenter2);

var es2c4 = new Edge(v7, sideCenter2);

graph.UnsafeAdd(sideCenter2);

graph.UnsafeAdd(es2cl, es2c2, es2c3, es2c4);

//side 3

var sideCent3 = (b2 + t4) / 2;

var sideCenter3 = new Vertice() { Position = sideCent3, Size = VerticeSize, Color = Defaults.NeutralColor };
var es3cl = new Edge(v2, sideCenter3);

var es3c2 = new Edge(v4, sideCenter3);

var es3c3 = new Edge(v6, sideCenter3);

var es3c4 = new Edge(v8, sideCenter3);

graph.UnsafeAdd(sideCenter3);

graph.UnsafeAdd(es3cl, es3c2, es3c3, es3c4);

/Iside 4

var sideCent4 = (b3 +t4) / 2;

var sideCenter4 = new Vertice() { Position = sideCent4, Size = VerticeSize, Color = Defaults.NeutralColor };
var es4cl = new Edge(v3, sideCenter4);

var es4c2 = new Edge(v4, sideCenter4);

var es4c3 = new Edge(v7, sideCenter4);

var es4c4 = new Edge(v8, sideCenter4);

graph.UnsafeAdd(sideCenter4);

graph.UnsafeAdd(es4cl, es4c2, esdc3, esdcd);

Graph = graph;

®aiin HexagonalConstructor.cs

using Crystal.Services.CrystalServiceComponents. Abstraction;

using Crystal.Services.CrystalServiceComponents.LatticeContructors;
using SharpDX;

using Crystal. Extensions;

using System;

namespace Crystall.Services.CrystalServiceComponents.LatticeContructors

public class HexagonalConstructor : LatticeConstructor

{

public HexagonalConstructor()

}

//120 Tpanycis
ParameterGamma = (float)(Math.PI /3 * 2);

public override void CreateCell()

{

float a = ParameterA;

float b = ParameterB;

float ¢ = ParameterC;

float alpha = ParameterAlpha;
float beta = ParameterBeta;

float gamma = ParameterGamma;

var bl = Vector3.Zero;
float x =b1.X;
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floaty =bl.Y;
float z=bl1.Z;

var center = new Vector3(x + a, y, z);
Matrix.RotationZ((float)Math.P1/3, out var rotZ);
Vector3.Transform(ref center, ref rotZ, out center);

var b2 = bl.Rotate(Vector3.UnitZ, 60, center);
var b3 = bl.Rotate(Vector3.UnitZ, 120, center);
var b4 = bl.Rotate(Vector3.UnitZ, 180, center);
var b5 = bl.Rotate(Vector3.UnitZ, 240, center);
var b6 = bl.Rotate(Vector3.UnitZ, 300, center);

var graph = new Graph();

var vlb = new Vertice() { Position = b1, Size = VerticeSize, Color = LeftColor };
var v2b = new Vertice() { Position = b2, Size = VerticeSize, Color = RightColor };
var v3b = new Vertice() { Position = b3, Size = VerticeSize, Color = RightColor };
var v4b = new Vertice() { Position = b4, Size = VerticeSize, Color = RightColor };
var v5b = new Vertice() { Position = b5, Size = VerticeSize, Color = RightColor };
var v6b = new Vertice() { Position = b6, Size = VerticeSize, Color = RightColor };

float ¢_x = (float)(c * Math.Cos(alpha));

float ¢_y = (float)((c * (Math.Cos(beta) - Math.Cos(alpha) * Math.Cos(gamma))) / Math.Sin(gamma));
float ¢_z = (float)(Math.Sqrt(c *c-c x *¢c x-c_y *c_y));

var t1 =new Vector3(c_x, c_y, ¢_z);

var topCenter = new Vector3(c_x +a, c_y, c_z);
Matrix.RotationZ((float)Math.P1/ 3, out rotZ);
Vector3.Transform(ref topCenter, ref rotZ, out topCenter);

var t2 = tl.Rotate(Vector3.UnitZ, 60, topCenter);
var t3 = tl.Rotate(Vector3.UnitZ, 120, topCenter);
var t4 = t].Rotate(Vector3.UnitZ, 180, topCenter);
var t5 = t1.Rotate(Vector3.UnitZ, 240, topCenter);
var t6 = t1.Rotate(Vector3.UnitZ, 300, topCenter);

var v1t =new Vertice() { Position =tl, Size = VerticeSize, Color = RightColor };
var v2t = new Vertice() { Position = t2, Size = VerticeSize, Color = RightColor };
var v3t = new Vertice() { Position = t3, Size = VerticeSize, Color = RightColor };
var v4t = new Vertice() { Position = t4, Size = VerticeSize, Color = RightColor };
var v5t = new Vertice() { Position =t5, Size = VerticeSize, Color = RightColor };
var v6t = new Vertice() { Position = t6, Size = VerticeSize, Color = RightColor };

graph.UnsafeAdd(v1b, v2b, v3b, v4b, v5b, v6b,
vlit, v2t, v3t, v4t, v5t, vot);

//side edges

var ebltl = new Edge(v1b, v1t);
var eb2t2 = new Edge(v2b, v2t);
var eb3t3 = new Edge(v3b, v3t);
var eb4t4 = new Edge(v4b, v4t);
var eb5t5 = new Edge(v5b, v5t);
var eb6t6 = new Edge(v6b, vot);

//bot eges

var eblbl =new Edge(v1b, v2b);
var eb2b2 = new Edge(v2b, v3b);
var eb3b3 = new Edge(v3b, v4b);
var eb4b4 = new Edge(v4b, v5b);
var eb5b5 = new Edge(v5Sb, v6b);
var eb6b6 = new Edge(v6b, v1b);

//Itop edges

var etltl = new Edge(v1t, v2t);
var et2t2 = new Edge(v2t, v3t);
var et3t3 = new Edge(v3t, v4t);
var et4t4 = new Edge(v4t, v5t);
var et5t5 = new Edge(v5t, vot);
var et6t6 = new Edge(v6t, v1t);

graph.UnsafeAdd(eb1tl, eb2t2, eb3t3, eb4t4, eb5tS, eb6to,
eblbl, eb2b2, eb3b3, eb4b4, eb5b5, eb6bb,
etltl, et2t2, et3t3, etdtd, et5tS, et6t6);

Graph = graph;



®daiin LatticeConstructor.cs

using Crystal.Extensions;

using Crystal.Services.CrystalServiceComponents.Abstraction;
using SharpDX;

using System;

namespace Crystal.Services.CrystalServiceComponents.LatticeContructors

public abstract class LatticeConstructor
{
public LatticeConstructor()

{

}

public void UpdateLatice()

CreateCell();
LaticeUpdated?.Invoke(this, Graph);

}

public abstract void CreateCell();

public event EventHandler<IGraph> LaticeUpdated;
public IGraph Graph { get; protected set; }

public LatticeConstructor(float a, float b, float c,

float alpha, float beta, float gamma, double verticeSize = 1)
{

ParameterA = a;

ParameterB = b;

ParameterC = c;

ParameterAlpha = alpha;

ParameterBeta = beta;

ParameterGamma = gamma;

VerticeSize = verticeSize;

}

public Color4 LeftColor { get; set; } = Defaults.LeftColor;
public Color4 RightColor { get; set; } = Defaults.RightColor;
public float ParameterA { get; set; } = 1.0f;

public float ParameterB { get; set; } = 1.0f;

public float ParameterC { get; set; } = 1.0f;

public float ParameterAlpha { get; set; } = MathExtenstion.ToRadians(90);
public float ParameterBeta { get; set; } = MathExtenstion.ToRadians(90);
public float ParameterGamma { get; set; } = MathExtenstion. ToRadians(90);

public double VerticeSize { get; set; } = Defaults.DefaultVerticeSize;

//InterEdit stands for interactively editable
public bool InterEditParameterA { get; set; } = true;
public bool InterEditParameterB { get; set; } = true;
public bool InterEditParameterC { get; set; } = true;
public bool InterEditParameterAlpha { get; set; } = true;
public bool InterEditParameterBeta { get; set; } = true;
public bool InterEditParameterGamma { get; set; } = true;
)
)

®aiin TriclinicLatticeFullConstructor.cs

using Crystal.Services.CrystalServiceComponents.Abstraction;

using SharpDX;

using System;

namespace Crystal.Services.CrystalServiceComponents.LatticeContructors

public class TriclinicLatticeFullConstructor : LatticeConstructor

public TriclinicLatticeFullConstructor()

—_— o

public TriclinicLatticeFullConstructor(float a, float b, float c,
float alpha, float beta, float gamma, double verticeSize = 1)
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: base(a, b, ¢, alpha, beta, gamma, verticeSize)
{
}

public override void CreateCell()
{
float a = ParameterA;
float b = ParameterB;
float ¢ = ParameterC;
float alpha = ParameterAlpha;
float beta = ParameterBeta;
float gamma = ParameterGamma;

var bl = Vector3.Zero;

float x =b1.X;
floaty =bl.Y;
float z=bl1.Z;

var b2 =new Vector3(x + b, y, z);

var b3 = new Vector3(x + a, y, z);
SharpDX.Matrix.RotationZ(gamma, out var rotZ);
Vector3.Transform(ref b3, ref rotZ, out b3);

var b4 = b2 + b3;

float ¢_x = (float)(c * Math.Cos(alpha));

float ¢_y = (float)((c * (Math.Cos(beta) - Math.Cos(alpha) * Math.Cos(gamma))) / Math.Sin(gamma));
float ¢_z = (float)(Math.Sqrt(c *c-c x *¢c x-c_y *c_y));

var t] =new Vector3(c_x, c_y, ¢_z);

vart2 =b2 +tl;

var t3 =b3 +tl;

var t4 =b4 +tl;

var graph = new Graph();
var vl =new Vertice() { Position = b1, Size = VerticeSize, Color = LeftColor };
var v2 = new Vertice() { Position = b2, Size = VerticeSize, Color = RightColor };
var v3 = new Vertice() { Position = b3, Size = VerticeSize, Color = RightColor };
var v4 = new Vertice() { Position = b4, Size = VerticeSize, Color = RightColor };
var v5 = new Vertice() { Position =t1, Size = VerticeSize, Color = RightColor };
var v6 = new Vertice() { Position = t2, Size = VerticeSize, Color = RightColor };
var v7 = new Vertice() { Position = t3, Size = VerticeSize, Color = RightColor };
var v8 = new Vertice() { Position = t4, Size = VerticeSize, Color = RightColor };
//bot
var el =new Edge(vl, v2);
var €2 = new Edge(vl, v3);
var e3 = new Edge(v2, v4);
var e4 = new Edge(v3, v4);
//side
var e5 = new Edge(vl, v5);
var e6 = new Edge(v2, v6);
var ¢7 = new Edge(v3, v7);
var e8 = new Edge(v4, v8);
/Itop
var €9 = new Edge(v5, v6);
var 10 = new Edge(v5, v7);
var el1 = new Edge(v6, v8);
var e12 = new Edge(v7, v8);
graph.UnsafeAdd(v1, v2, v3, v4, v5, v6, v7, v8);
graph.UnsafeAdd(el, e2, 3, e4, €5, €6, e7, e8, 9, 10, el 1, e12);
Graph = graph;
}
}
}

®aiin TriclinicLatticeSimpleConstructor.cs
using System;

using SharpDX;

using Crystal.Services.CrystalServiceComponents. Abstraction;

namespace Crystal.Services.CrystalServiceComponents.LatticeContructors

public class TriclinicLatticeSimpleConstructor : LatticeConstructor

public TriclinicLatticeSimpleConstructor()

{
}

public TriclinicLatticeSimpleConstructor(float a, float b, float c,
float alpha, float beta, float gamma, double verticeSize = 1)



}
1

: base(a, b, ¢, alpha, beta, gamma, verticeSize)
{
}

public override void CreateCell()
{
float a = ParameterA;
float b = ParameterB;
float ¢ = ParameterC;
float alpha = ParameterAlpha;
float beta = ParameterBeta;
float gamma = ParameterGamma;

var bl = Vector3.Zero;

float x =b1.X;
floaty =bl.Y;
float z=bl.Z;

var b2 =new Vector3(x + b, y, z);

var b3 = new Vector3(x +a, y, z);
SharpDX.Matrix.RotationZ(gamma, out var rotZ);
Vector3.Transform(ref b3, ref rotZ, out b3);

float ¢_x = (float)(c * Math.Cos(alpha));

float ¢c_y = (float)((c * (Math.Cos(beta) - Math.Cos(alpha) * Math.Cos(gamma))) / Math.Sin(gamma));

float ¢_z = (float)(Math.Sqrt(c *c-c x ¥*¢c x-c_y *c_y));
var t] =new Vector3(c_x,c_y, ¢ z);

var graph = new Graph();
var vl = new Vertice() { Position = b1, Size = VerticeSize, Color = LeftColor };
var v2 =new Vertice() { Position = b2, Size = VerticeSize, Color = RightColor };
var v3 = new Vertice() { Position = b3, Size = VerticeSize, Color = RightColor };
var v4 = new Vertice() { Position =tl, Size = VerticeSize, Color = RightColor };
var el = new Edge(vl, v2);
var €2 = new Edge(vl, v3);
var €3 = new Edge(vl, v4);
graph.UnsafeAdd(v1, v2, v3, v4);
graph.UnsafeAdd(el, e2, €3);
Graph = graph;

}

®daitn BaseViewModel.cs

using System.Collections.Generic;
using System.ComponentModel;
using System.Runtime.CompilerServices;

namespace Crystal.ViewModels

public class BaseViewModel : INotifyPropertyChanged

{

private bool disablePropertyChangedEvent = false;
public bool DisablePropertyChangedEvent

{
set
{
if (disablePropertyChangedEvent == value)
{
return;
¥
disablePropertyChangedEvent = value;
RaisePropertyChanged();
}
get
{
return disablePropertyChangedEvent;
}
}

public event PropertyChangedEventHandler PropertyChanged;
protected void RaisePropertyChanged([CallerMemberName] string propertyName = "")

if (!DisablePropertyChangedEvent)
PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
}

protected void RaisePropertyChanged(PropertyChangedEventArgs args)
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if (!DisablePropertyChangedEvent)
PropertyChanged?.Invoke(this, args);

}

protected bool Set<T>(ref T backingField, T value, [CallerMemberName] string propertyName = "")
It
8

if (EqualityComparer<T>.Default.Equals(backingField, value))

{

return false;

}

backingField = value;
this.RaisePropertyChanged(propertyName);
return true;

}

protected bool Set<T>(ref T backingField, T value, bool raisePropertyChanged, [CallerMemberName] string propertyName = "")

{
if (EqualityComparer<T>.Default. Equals(backingField, value))

return false;

}

backingField = value;
if (raisePropertyChanged)

this.RaisePropertyChanged(propertyName);
H
return true;
}
}
}

®daitr MainViewModel.cs

using Crystal.Controllers;
using Crystal. Extensions;
using Crystal.Services;
using Crystal.Views;
using System;

namespace Crystal.ViewModels

public class MainViewModel : BaseViewModel
{

IServiceProvider _services;

[UIService _uiService;

IStateManager _stateManager;

SideMenuViewModel _sideMenuViewModel { get; set; }

public MainViewModel(IServiceProvider services)

{ . .
_services = services;
_uiService = _services.GetService<IUIService>();
_stateManager = _services.GetService<IStateManager>();
SetViews();

}

void SetViews()

_sideMenuViewModel = new SideMenuViewModel(_services);

SideMenu = _uiService.CreateView(_sideMenuViewModel);
PrimaryViewportView = _stateManager.PrimaryViewportController.Control;
RulesListView = _stateManager.RulesListView;

RuleView = _stateManager.RuleView;

}

public IUIView SideMenu { get; private set; }
public IUIView PrimaryViewportView { get; private set; }
public IUIView RulesListView { get; private set; }
public IUIView RuleView { get; private set; }
}
}

®dait1 MainWindowViewModel.cs

using Crystal.Controllers;
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using Crystal.Extensions;
using Crystal.Services;

using Crystal. Utils;

using Crystal.Views;

using Microsoft. Win32;
using System;

using System.Windows.Input;

namespace Crystal. ViewModels

public class MainWindowViewModel : BaseViewModel
{
IServiceProvider _services;
[UIService _uiService;
IStateManager _stateManager;
ICommandManager _commandManager;
MainViewModel _mainViewModel;
RelayCommand<object> _exportToStlICommand;
RelayCommand<object> _exportToXmlCommand;
RelayCommand<object> _importFromXmlCommand,

public MainWindowViewModel(IServiceProvider services)

{ . .
_services = services;
_uiService = _services.GetService<IUIService>();
_mainViewModel = new MainViewModel(_services);
MainView = _uiService.CreateView(_mainViewModel);
_stateManager = _services.GetService<IStateManager>();
_commandManager = _services.GetService<ICommandManager>();

}
public IUIView MainView { get; }

public ICommand ExportToStICommand =>

_exportToStICommand ?? (_exportToStICommand = new RelayCommand<object>( =>
{

SaveFileDialog saveFileDialog = new SaveFileDialog();

saveFileDialog.Filter = "Crystal (*.stl)|*.stl";

if (saveFileDialog.ShowDialog() == true)

/Ivar stateManager = _services.GetService<IStateManager>();
_stateManager.PrimaryViewportController.ExportToStl(saveFileDialog.FileName);
}
)

public ICommand ExportToXmlCommand =>

_exportToXmlCommand ?? (_exportToXmlCommand = new RelayCommand<object>(_ =>

{
SaveFileDialog saveFileDialog = new SaveFileDialog();
saveFileDialog Filter = "Crystal (*.xml)[*.xml";
if (saveFileDialog.ShowDialog() == true)
{

_commandManager.OnCommandCall(this, new CommandEventArgs(saveFileDialog.FileName, Defaults.ExportToXmlCommandld));

}

1)

public ICommand ImportFromXmlCommand =>

_importFromXmlCommand ?? (_importFromXmlCommand = new RelayCommand<object>(_ =>

{
OpenFileDialog openFileDialog = new OpenFileDialog();
openFileDialog.Filter = "Crystal (*.xml)*.xml";
if (openFileDialog.ShowDialog() == true)
{

_commandManager.OnCommandCall(this, new CommandEventArgs(openFileDialog.FileName, Defaults.ImportFromXmlCommandId));

¥

s

}
5

®daitn RulesListViewModel.cs

using System;

using System.Collections.ObjectModel;
using Crystal.Controllers;

using Crystal. Extensions;

using Crystal.Services;

using Crystal. Views;
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using Crystal.Services.CrystalServiceComponents. Abstraction;
using Crystal.Services.CrystalServiceComponents.LatticeContructors;
using SharpDX;

namespace Crystal.ViewModels
public class RulesListViewModel : BaseViewModel

public class ListltemViewModel
{
public LatticeConstructor Constructor { get; }
public IViewportController ViewportController { get; }
public IUTView ViewportView => ViewportController.Control;
public string Title { get; }
public IGraph Graph => Constructor.Graph;
public Color4 LeftColor => Constructor.LeftColor;
public Color4 RightColor => Constructor.RightColor;

public ListltemViewModel(IViewportController viewportController, string title, LatticeConstructor constructor)
{

ViewportController = viewportController;

Title = title;

Constructor = constructor;

Constructor.LaticeUpdated += Constructor LaticeUpdated;
v
s

private void Constructor LaticeUpdated(object sender, IGraph ¢)
{
ViewportController.Graph = Graph;
ViewportController.InvalidateGraphVisual();
v
s

}

IUIService uiService;

ListltemViewModel _selectedltemViewModel;
public event EventHandler<ListltemViewModel> RightRuleSelected;
public ListltemViewModel SelectedItemViewModel

{
get =>_selectedItemViewModel;
set
if (Set(ref _selectedItemViewModel, value))
RightRuleSelected?. Invoke(this, _selectedltemViewModel);
h
}

public ObservableCollection<ListltemViewModel> ItemsViewModels { get; }
= new ObservableCollection<ListltemViewModel>();

public RulesListViewModel(IServiceProvider services)

{

_uiService = services.GetService<IUIService>();
}

public void AddRule(LatticeConstructor constructor, string title)

{
var viewport = _uiService.CreateViewportController();
viewport.AddVisual(constructor.Graph. Vertices);
viewport. AddVisual(constructor.Graph.Edges);
var item = new ListltemViewModel(viewport, title, constructor);
viewport.CameraPos = new Vector3(0.5f, -3, 0.5f);
viewport.CameraLook = new Vector3(0, 3, 0);
viewport.ViewportClicked += (_, e) => SelectedltemViewModel = item;
ItemsViewModels.Add(item);

//mepuinit 10JaHUI €TEMEHT
if (ItemsViewModels.Count == 1)
SelectedItemViewModel = item;
}
}
}

®daitr RuleViewModel.cs

using System;

using System.Windows.Input;

using Crystal.Services.CrystalServiceComponents.Abstraction;
using Crystal. Utils;



using Crystal.Views;

using HelixToolkit. Wpf.SharpDX;
using SharpDX;

using Media = System. Windows.Media;

namespace Crystal.ViewModels

public class RuleViewModel : BaseViewModel

IUIView _leftViewport;
IUIView _rightViewport;

RelayCommand<object> _leftColorClickedCommand;
RelayCommand<object> _rightColorClickedCommand,

IRule rule;

public event EventHandler<Color4> LeftPartRepainted;
public event EventHandler<Color4> RightPartRepainted;

public RuleViewModel(IRule rule)

{
_rule = rule;
}
public void NotifyColorChanged()
{

RaisePropertyChanged(nameof(LeftColor));
RaisePropertyChanged(nameof(RightColor));
}

public IUIView LeftViewport
{
get => _leftViewport;
set => Set(ref _leftViewport, value);

}

public IUIView RightViewport
{
get => _rightViewport;
set => Set(ref _rightViewport, value);

}

public Color4 LeftColor

{
get => _rule == null ? Defaults.LeftColor : _rule.MainLeftColor;
set

if (_rule == null || _rule.MainLeftColor == value)
return;

_rule.RepaintLeftMain(value);
RaisePropertyChanged();
LeftPartRepainted.Invoke(this, _rule.MainLeftColor);
¥
}

public Color4 RightColor
{

get => _rule == null ? Defaults.RightColor : _rule.MainRightColor;

set

if (_rule ==null || _rule.MainRightColor == value)
return;

_rule.RepaintRightMain(value);
RaisePropertyChanged();
RightPartRepainted.Invoke(this, _rule.MainRightColor);
}
}

public ICommand LeftColorClickedCommand =>

_leftColorClickedCommand ?? (_leftColorClickedCommand = new RelayCommand<object>(_ =>

{

var colorDialog = new System.Windows.Forms.ColorDialog();

if (colorDialog.ShowDialog() == System.Windows.Forms.DialogResult.OK)
f

1
var col = colorDialog.Color;

var mediaColor = Media.Color.FromArgb(col.A, col.R, col.G, col.B);
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LeftColor = mediaColor.ToColor4();

}
)R

public ICommand RightColorClickedCommand =>
_rightColorClickedCommand ?? (_rightColorClickedCommand = new RelayCommand<object>(_ =>
{
var colorDialog = new System.Windows.Forms.ColorDialog();
if (colorDialog.ShowDialog() == System.Windows.Forms.DialogResult.OK)
{
var col = colorDialog.Color;
var mediaColor = Media.Color.FromArgb(col.A, col.R, col.G, col.B);
RightColor = mediaColor.ToColor4();

}
s
}
}

®daitn SideMenuViewModel.cs

using System;

using System.Collections.Generic;
using System.Windows.Input;
using Crystal.Controllers;

using Crystal.Extensions;

using Crystal.Utils;

namespace Crystal.ViewModels

public class SideMenuViewModel : BaseViewModel
{
IServiceProvider _services;
IStateManager _stateManager;
ICommandManager _commandManager;

RelayCommand<object> _substituionCommand;
RelayCommand<object> _repaintCommand,

RelayCommand<object> _clearPrimaryViewportCommand;

Dictionary<string, Action<string, object>> reactions
= new Dictionary<string, Action<string, object>>();

public SideMenuViewModel(IServiceProvider services)

{
_services = services;
_commandManager = _services.GetService<ICommandManager>();
_stateManager = _services.GetService<IStateManager>();
_stateManager.StateChanged += _stateManager StateChanged; ;
InitReactions();

}

private void _stateManager StateChanged(object sender, StateEventArgs e)
if(_reactions.TryGetValue(e.PropertyName, out var action))

action.Invoke(e.PropertyName, e.Value);
}
}

private void InitReactions()

{
_reactions[nameof(_stateManager.ParameterA)]
= (_, value) => RaisePropertyChanged(nameof(ParameterA));

_reactions[nameof(_stateManager.ParameterB)]
= (_, value) => RaisePropertyChanged(nameof(ParameterB));

_reactions[nameof(_stateManager.ParameterC)]
= (_, value) => RaisePropertyChanged(nameof(ParameterC));

_reactions[nameof(_stateManager.ParameterAlpha)]
= (_, value) => RaisePropertyChanged(nameof(ParameterAlpha));

_reactions[nameof(_stateManager.ParameterBeta)]
= (_, value) => RaisePropertyChanged(nameof(ParameterBeta));

_reactions[nameof(_stateManager.ParameterGamma)]



= (_, value) => RaisePropertyChanged(nameof(ParameterGamma));

_reactions[nameof(_stateManager.InterEditParameterA)]
= (_, value) => RaisePropertyChanged(nameof(InterEditParameterA));

_reactions[nameof(_stateManager.InterEditParameterB)]
= (_, value) => RaisePropertyChanged(nameof(InterEditParameterB));

_reactions[nameof(_stateManager.InterEditParameterC)]
= (_, value) => RaisePropertyChanged(nameof(InterEditParameterC));

_reactions[nameof(_stateManager.InterEditParameterAlpha)]
= (_, value) => RaisePropertyChanged(nameof(InterEditParameterAlpha));

_reactions[nameof(_stateManager.InterEditParameterBeta)]
= (_, value) => RaisePropertyChanged(nameof(InterEditParameterBeta));

_reactions[nameof(_stateManager.InterEditParameterGamma)]
= (_, value) => RaisePropertyChanged(nameof(InterEditParameterGamma));

_reactions[nameof(_stateManager.SubstitionsCount)]
= (_, value) => RaisePropertyChanged(nameof(SubstitionsCount));

_reactions[nameof(_stateManager. VerticesCount)]
= (_, value) => RaisePropertyChanged(nameof( VerticesCount));

_reactions[nameof(_stateManager.EdgesCount)]
= (_, value) => RaisePropertyChanged(nameof(EdgesCount));
}

public float ParameterA

{

get => _stateManager.ParameterA;
set => _stateManager.ParameterA = value;

}

public float ParameterB

{
get => _stateManager.ParameterB;
set => _stateManager.ParameterB = value;

}

public float ParameterC

{
get => _stateManager.ParameterC;
set => _stateManager.ParameterC = value;

}

public float ParameterAlpha

{
get => _stateManager.ParameterAlpha;
set => _stateManager.ParameterAlpha = value;

}

public float ParameterBeta

{
get => _stateManager.ParameterBeta;
set => _stateManager.ParameterBeta = value;

}

public float ParameterGamma

{
get => _stateManager.ParameterGamma;
set => stateManager.ParameterGamma = value;

}

public bool InterEditParameterA => _stateManager.InterEditParameterA;
public bool InterEditParameterB => _stateManager.InterEditParameterB;
public bool InterEditParameterC => _stateManager.InterEditParameterC;
public bool InterEditParameterAlpha => _stateManager.InterEditParameterAlpha;

public bool InterEditParameterBeta => _stateManager.InterEditParameterBeta;

public bool InterEditParameterGamma => _stateManager.InterEditParameterGamma;
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public int SubstitionsCount
{
get => stateManager.SubstitionsCount;
set => stateManager.SubstitionsCount = value;

public int VerticesCount

{

get => _stateManager. VerticesCount;
set => _stateManager. VerticesCount = value;
!
s
public int EdgesCount
{
get => _stateManager.EdgesCount;
set => _stateManager.EdgesCount = value;

}

public ICommand SubstituionCommand =>
_substituionCommand ?? (_substituionCommand = new RelayCommand<object>(
_ =>_commandManager.OnCommandCall(this, new CommandEventArgs(null, Defaults.SubstitutionCommandld))));

public ICommand ClearPrimaryViewportCommand =>
_clearPrimaryViewportCommand ?? (_clearPrimaryViewportCommand = new RelayCommand<object>(
_=>_commandManager.OnCommandCall(this, new CommandEventArgs(null, Defaults.ClearPrimaryViewportCommandld))));

public ICommand RepaintCommand =>
_repaintCommand ?? (_repaintCommand = new RelayCommand<object>(
_=> commandManager.OnCommandCall(this, new CommandEventArgs(null, Defaults.RepaintCommandld))));
}
}

®aiin ViewportViewModel.cs

using System;

using HelixToolkit. Wpf.SharpDX;

using System.Windows.Media;

using Media3D = System. Windows.Media.Media3D;
using Crystal.Extensions;

using HelixToolkit. Wpf.SharpDX.Model.Scene;
using System. Windows.Input;

using Crystal.Utils;

namespace Crystal.ViewModels

public class ViewportViewModel : BaseViewModel
{

string _title;

string _subTitle;

bool _showInfoPanel;

bool showAxis;

bool _showViewCube;

IEffectsManager _effectsManager;

//camera

CameraType _cameraModel;

Camera _camera;

Media3D.Vector3D _upDirection = new Media3D.Vector3D(0, 0, 1);

/Nigth

Media3D.Vector3D _directionalLightDirection;
Color _directionalLightColor;

Color _ambientLightColor;

Color _backgroundColor;

SceneNodeGroupModel3D _sceneTree = new SceneNodeGroupModel3D();

OrthographicCamera _defaultOrthographicCamera;
PerspectiveCamera _defaultPerspectiveCamera;

RelayCommand<object> _viewportClickedCommand;
public event EventHandler ViewportClicked,

#region properties
public string Title
{
get => _ftitle;
set => Set(ref _title, value);

}
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public string SubTitle
{
get=> subTitle;
set => Set(ref _subTitle, value);

}

public IEffectsManager EffectsManager

get => effectsManager;
set => Set(ref _effectsManager, value);

}

public CameraType CameraModel
{
get=> cameraModel;
set
{
if (_cameraModel == value)
return;

if (_cameraModel == CameraType.Perspective)
Camera = _defaultPerspectiveCamera;
else if (_cameraModel == CameraType.Orthographic)
Camera = _defaultOrthographicCamera;
}
}

public Camera Camera

{
get => _camera;,
private set => Set(ref _camera, value);

}

public Media3D.Vector3D Cameral.ook
{

get => Camera.LookDirection;

set => Camera.LookDirection = value;
v
§

public Media3D.Point3D CameraPos
{

get => Camera.Position;

set => Camera.Position = value;
1
s

public Media3D.Vector3D UpDirection
{

get => _upDirection;
set => Set(ref _upDirection, value);

}

public Media3D.Vector3D DirectionalLightDirection
{

get => _directionalLightDirection;
set => Set(ref _directionalLightDirection, value);

}

public Color DirectionalLightColor
{

get => _directionalLightColor;
set => Set(ref _directionalLightColor, value);

}

public Color AmbientLightColor
f

1
get => ambientLightColor;

set => Set(ref _ambientLightColor, value);

}

public Color BackgroundColor
f

1
get=> backgroundColor;

set => Set(ref _backgroundColor, value);

}

public SceneNodeGroupModel3D SceneTree
f
1

}

get => sceneTree;
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public GroupNode RootNode

{
get=> sceneTree.GroupNode;
}
public bool ShowInfoPanel
{

get => showlInfoPanel;
set => Set(ref _showlInfoPanel, value);

}

public bool ShowAxis
{
get=> showAxis;
set => Set(ref _showAxis, value);

}

public bool ShowViewCube
{
get=> showViewCube;
set => Set(ref _showViewCube, value);

}

#endregion

public ICommand ViewportClickedCommand =>
_viewportClickedCommand ?? (_viewportClickedCommand = new RelayCommand<object>(_ =>

{
ViewportClicked?.Invoke(this, EventArgs.Empty);

)5

public ViewportViewModel()
{

ConfigureDefaultCameras();

_effectsManager = new DefaultEffectsManager();
_camera = _defaultPerspectiveCamera;

/I setup lighting

_ambientLightColor = Colors.DimGray;

_directionalLightColor = Colors. White;
_directionalLightDirection = new Media3D.Vector3D(-2, -5, -2);

}

void ConfigureDefaultCameras()
S
1
_defaultOrthographicCamera = new OrthographicCamera
{
Position = new Media3D.Point3D(0, -5, 0),
LookDirection = new Media3D.Vector3D(-0, 5, -0),
UpDirection = new Media3D.Vector3D(0, 0, 1),
NearPlaneDistance = 1, FarPlaneDistance = 5000000

I

_defaultPerspectiveCamera = new PerspectiveCamera
{
Position = new Media3D.Point3D(0, -5, 0),
LookDirection = new Media3D.Vector3D(-0, 5, -0),
UpDirection = new Media3D.Vector3D(0, 0, 1),
NearPlaneDistance = 0.5,
FarPlaneDistance = 5000000

daiir MainView.xaml.

<UserControl x:Class="Crystal.Views.MainView"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mec="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:local="clr-namespace:Crystal. Views"
mc:Ignorable="d"
d:DesignHeight="450" d:DesignWidth="800">
<Grid>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="auto"/>



<ColumnDefinition Width="*"/>
</Grid.ColumnDefinitions>
<Grid.RowDefinitions>
<RowDefinition Height="3*"/>
<RowDefinition Height="1.2*"/>
<RowDefinition Height="*"/>
</Grid.RowDefinitions>

<Border Grid.Row="0" BorderThickness="0 0 4 0" BorderBrush="MediumPurple">
<ContentPresenter Content="{Binding SideMenu}"/>
</Border>

<ContentPresenter Grid.Column="1" Grid.Row="0" Content="{Binding PrimaryViewportView}"/>

<Border Grid.ColumnSpan="2" Grid.Row="1" BorderThickness="0 4 0 4" BorderBrush="MediumPurple">
<ContentPresenter Content="{Binding RulesListView}"/>
</Border>

<Border Grid.ColumnSpan="2" Grid.Row="2">
<ContentPresenter Content="{Binding RuleView}" Horizontal Alignment="Center"/>
</Border>

</Grid>
</UserControl>

daiir MainView.xaml.cs

using Crystal. ViewModels;
using System. Windows.Controls;

namespace Crystal.Views

{

}

//l <summary>

/// Interaction logic for MainView.xaml

/] </summary>

public partial class MainView : UserControl, IUIView

{

}

public MainView()

InitializeComponent();

}

public BaseViewModel ViewModel
{

get => DataContext as BaseViewModel;
set

if (DataContext == value)
return;

DataContext = value;

H
}

®daitn RulesListView.xaml

<UserControl x:Class="Crystal.Views.RulesListView"

xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:local="clr-namespace:Crystal. Views"

mc:Ignorable="d"

d:DesignHeight="450" d:DesignWidth="800">

<Grid>

<ListBox ItemsSource="{Binding ItemsViewModels}" SelectedItem="{Binding SelectedItemViewModel} ">
<ListBox.ItemTemplate>
<DataTemplate>
<Border BorderBrush="Gray" BorderThickness="1">
<Grid>

<Grid.RowDefinitions>
<RowDefinition Height="*"/>
<RowDefinition Height="auto"/>

</Grid.RowDefinitions>

<Grid Width="250" Height="150">
<ContentPresenter Content="{Binding ViewportView}"/>

</Grid>

<TextBlock Grid.Row="1" Text="{Binding Title}" Horizontal Alignment="Center"/>
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</Grid>
</Border>
</DataTemplate>
</ListBox.ItemTemplate>

<ListBox.ItemsPanel>
<ItemsPanelTemplate>
<VirtualizingStackPanel IsltemsHost="True" Orientation="Horizontal"/>
</ItemsPanelTemplate>
</ListBox.ItemsPanel>

<ListBox.Template>
<ControlTemplate TargetType="ItemsControl">
<ScrollViewer HorizontalScrollBarVisibility="Visible" VerticalScrollBarVisibility="Disabled">
<ItemsPresenter/>
</ScrollViewer>
</ControlTemplate>
</ListBox.Template>
</ListBox>

</Grid>
</UserControl>

®aiin RulesListView.xaml.cs

using Crystal.ViewModels;
using System. Windows.Controls;

namespace Crystal.Views
{
/] <summary>
/// Interaction logic for RulesListView.xaml
/] </summary>
public partial class RulesListView : UserControl, IUIView

public RulesListView()

InitializeComponent();

}

public BaseViewModel ViewModel

{
get => DataContext as BaseViewModel;
set

if (DataContext == value)
return;

DataContext = value;
}
}
}
}

®aiir RuleView.xaml

<UserControl x:Class="Crystal. Views.RuleView"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:b="http://schemas.microsoft.com/xaml/behaviors"
xmlns:materialDesign="http://materialdesigninxaml.net/winfx/xaml/themes"
xmlns:local="clr-namespace:Crystal. Views"
xmlns:utils="clr-namespace:Crystal.Utils"
mc:Ignorable="d"
d:DesignHeight="450" d:DesignWidth="800">
<UserControl.Resources>
<utils:ColorToBrushConverter x:Key="ColorConverter"/>
</UserControl.Resources>
<Grid>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="auto" />
<ColumnDefinition Width="*" />
<ColumnDefinition Width="auto" />
<ColumnDefinition Width="*" />
</Grid.ColumnDefinitions>

<Grid Grid.Column="0" Width="250" Height="auto">



87"

.5.5zm-7-14a.5.50 0 1 .5.5v11.79313.146-3.147a.5.5 0 0 1 .708.7081-4 4a.5.5 0 0 1-.708 01-4-4a.5.50 0 1 .708-.708L4 13.293V1.5a.5.500 1 .5-.5zZ"

<ContentPresenter Content="{Binding LeftViewport}"/>

</Grid>

<Viewbox Grid.Column="1" Stretch="Uniform" Width="100" Margin="4 0 4 0">

<Path
Fill="Gray"
Stretch="Fill"
Horizontal Alignment="Center"
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Data="M1 8a.5.500 1 .5-.5h11.7931-3.147-3.146a.5.50 0 1 .708-.70814 42.5.500 1 0 .7081-4 4a.5.5 0 0 1-.708-.708L.13.293 8.5H1.5A.5.5001 1

/>
</Viewbox>

<Grid Grid.Column="2" Width="250" Height="auto">

<ContentPresenter Content="{Binding RightViewport}"/>

</Grid>

<Grid Grid.Column="3" Width="100">
<Grid.RowDefinitions>
<RowDefinition Height="*"/>
<RowDefinition Height="*"/>
<RowDefinition Height="*"/>
</Grid.RowDefinitions>

<Rectangle Grid.Row="0" Name="LeftRect" Fill="{Binding LeftColor, Converter={StaticResource ColorConverter} }" MinHeight="25">

<b:Interaction. Triggers>
<b:EventTrigger EventName="MouseDown">

<b:InvokeCommandAction Command="{Binding LeftColorClickedCommand}"/>

</b:EventTrigger>
</b:Interaction.Triggers>
</Rectangle>

<Viewbox Grid.Row="1" Stretch="Uniform">
<Path
Fill="Gray"
Stretch="Fill"
Horizontal Alignment="Center"

Data="M11.5 15a.5.50 0 0 .5-.5V2.70713.146 3.147a.5.5 0 0 0 .708-.7081-4-4a.5.5 0 0 0-.708 01-4 4a.5.50 1 0.708.708L11 2.707V14.5a.5.50 0 0

/>
</Viewbox>

<Rectangle Grid.Row="2" Fill="{Binding RightColor, Converter={StaticResource ColorConverter} }" MinHeight="25">

<b:Interaction.Triggers>
<b:EventTrigger EventName="MouseDown">

<b:InvokeCommandAction Command="{Binding RightColorClickedCommand}"/>

</b:EventTrigger>
</b:Interaction.Triggers>
</Rectangle>
</Grid>

</Grid>
</UserControl>

®daitn RuleView.xaml.cs

using Crystal.ViewModels;
using System.Windows.Controls;

namespace Crystal.Views

{

/] <summary>

/// Interaction logic for RuleView.xaml

//] </summary>

public partial class RuleView : UserControl, IUIView

public RuleView()
{

InitializeComponent();

}

public BaseViewModel ViewModel
{

get => DataContext as BaseViewModel;
set

if (DataContext == value)
return;

DataContext = value;



}
i
}
}

®daitn SideMenuView.xaml

<UserControl x:Class="Crystal.Views.SideMenuView"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mec="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:utils="clr-namespace:Crystal.Utils"
xmlns:local="clr-namespace:Crystal. Views"
xmlns:materialDesign="http://materialdesigninxaml.net/winfx/xaml/themes"
mc:Ignorable="d"
d:DesignHeight="450" d:DesignWidth="800">
<UserControl.Resources>
<utils:RadiansToDegreesConverter x:Key="RadToDegConverter"/>
</UserControl.Resources>
<Grid>
<StackPanel>

<Button Content="Ounctutu cueny" Command="{Binding ClearPrimaryViewportCommand}" Margin="4"

materialDesign:ButtonAssist.CornerRadius="0"/>
<Button Content="Buxonaru nigcranosky" Command="{Binding SubstituionCommand}" Margin="4"
materialDesign:ButtonAssist. CornerRadius="0"/>
<Button Content="TIepedapbysaru" Command="{Binding RepaintCommand}" Margin="4"
materialDesign:ButtonAssist. CornerRadius="0"/>
<GroupBox Header="/loBxunu pedep">
<Grid>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="auto"/>
<ColumnDefinition Width="*"/>
</Grid.ColumnDefinitions>
<Grid.RowDefinitions>
<RowDefinition Height="auto"/>
<RowDefinition Height="auto"/>
<RowDefinition Height="auto"/>
</Grid.RowDefinitions>

<Label Grid.Row="0" Grid.Column="0" Content="a"/>
<TextBox Grid.Row="0" Grid.Column="1"
PreviewTextInput="NumberValidationTextBox"
Text="{Binding ParameterA, StringFormat=N3, UpdateSourceTrigger=PropertyChanged}">
<TextBox.Style>
<Style BasedOn="{StaticResource MaterialDesignTextBox}" TargetType="TextBox">
<Style.Triggers>
<DataTrigger Binding="{Binding InterEditParameterA}" Value="False">
<Setter Property="IsEnabled" Value="False"/>
</DataTrigger>
</Style.Triggers>
</Style>
</TextBox.Style>
</TextBox>

<Label Grid.Row="1" Grid.Column="0" Content="b"/>
<TextBox Grid.Row="1" Grid.Column="1"
PreviewTextInput="NumberValidationTextBox"
Text="{Binding ParameterB, StringFormat=N3, UpdateSourceTrigger=PropertyChanged} ">
<TextBox.Style>
<Style BasedOn="{StaticResource MaterialDesignTextBox}" TargetType="TextBox">
<Style.Triggers>
<DataTrigger Binding="{Binding InterEditParameterB}" Value="False">
<Setter Property="IsEnabled" Value="False"/>
</DataTrigger>
</Style.Triggers>
</Style>
</TextBox.Style>
</TextBox>

<Label Grid.Row="2" Grid.Column="0" Content="c"/>
<TextBox Grid.Row="2" Grid.Column="1"

PreviewTextInput="NumberValidationTextBox"

Text="{Binding ParameterC, StringFormat=N3, UpdateSourceTrigger=PropertyChanged}">

<TextBox.Style>
<Style BasedOn="{StaticResource MaterialDesignTextBox}" TargetType="TextBox">
<Style.Triggers>
<DataTrigger Binding="{Binding InterEditParameterC}" Value="False">
<Setter Property="IsEnabled" Value="False"/>
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</DataTrigger>
</Style.Triggers>
</Style>
</TextBox.Style>
</TextBox>

</Grid>
</GroupBox>

<GroupBox Header="Kytu">
<Grid>

<Grid.ColumnDefinitions>
<ColumnDefinition Width="auto"/>
<ColumnDefinition Width="*"/>

</Grid.ColumnDefinitions>

<Grid.RowDefinitions>
<RowDefinition Height="auto"/>
<RowDefinition Height="auto"/>
<RowDefinition Height="auto"/>

</Grid.RowDefinitions>

<Label Grid.Row="0" Grid.Column="0" Content="alpha"/>
<TextBox Grid.Row="0" Grid.Column="1"
PreviewTextInput="NumberValidationTextBox"

Text="{Binding ParameterAlpha, StringFormat=N2, UpdateSourceTrigger=PropertyChanged, Converter={StaticResource RadToDegCon-

verter} ">
<TextBox.Style>
<Style BasedOn="{StaticResource MaterialDesignTextBox}" TargetType="TextBox">
<Style.Triggers>
<DataTrigger Binding="{Binding InterEditParameterAlpha}" Value="False">
<Setter Property="IsEnabled" Value="False"/>
</DataTrigger>
</Style.Triggers>
</Style>
</TextBox.Style>
</TextBox>
<Label Grid.Row="1" Grid.Column="0" Content="beta"/>
<TextBox Grid.Row="1" Grid.Column="1"
PreviewTextInput="NumberValidationTextBox"
Text="{Binding ParameterBeta, StringFormat=N2, UpdateSourceTrigger=PropertyChanged, Converter={StaticResource RadToDegCon-
verter} }'">
<TextBox.Style>
<Style BasedOn="{StaticResource MaterialDesignTextBox}" TargetType="TextBox">
<Style.Triggers>
<DataTrigger Binding="{Binding InterEditParameterBeta}" Value="False">
<Setter Property="IsEnabled" Value="False"/>
</DataTrigger>
</Style.Triggers>
</Style>
</TextBox.Style>
</TextBox>

<Label Grid.Row="2" Grid.Column="0" Content="gamma"/>
<TextBox Grid.Row="2" Grid.Column="1"
PreviewTextInput="NumberValidationTextBox"

Text="{Binding ParameterGamma, StringFormat=N2, UpdateSourceTrigger=PropertyChanged, Converter={StaticResource RadToDegCon-
verter} }">

<TextBox.Style>
<Style BasedOn="{StaticResource MaterialDesignTextBox}" TargetType="TextBox">
<Style.Triggers>
<DataTrigger Binding="{Binding InterEditParameterGamma}" Value="False">
<Setter Property="IsEnabled" Value="False"/>
</DataTrigger>
</Style.Triggers>
</Style>
</TextBox.Style>
</TextBox>
</Grid>
</GroupBox>

<GroupBox Header="/lonarxoBa indopmaris">
<StackPanel>
<TextBlock>
<Run Text="Kinbkith 3amin: "/>
<Run Text="{Binding SubstitionsCount}"/>
</TextBlock>
<TextBlock>
<Run Text="KinbkiTs BepmuH: "/>



<Run Text="{Binding VerticesCount}"/>

</TextBlock>

<TextBlock>
<Run Text="KinbkiTh pebdep: "/>
<Run Text="{Binding EdgesCount}"/>

</TextBlock>

</StackPanel>
</GroupBox>
</StackPanel>
</Grid>
</UserControl>

®daitn SideMenuView.xaml.cs

using Crystal. ViewModels;

using System.Text.RegularExpressions;
using System.Windows.Controls;

using System. Windows.Input;

namespace Crystal.Views
{
/l/ <summary>
/// Interaction logic for SideMenuView.xaml
/] </summary>
public partial class SideMenuView : UserControl, IUIView

public SideMenuView()

InitializeComponent();

}

public BaseViewModel ViewModel

{
get => DataContext as BaseViewModel;
set

if (DataContext == value)
return;

DataContext = value;
}
}

private void NumberValidationTextBox(object sender, TextCompositionEventArgs e)

{
Regex regex = new Regex("[0-9]+");
var isMatch = regex.IsMatch(e.Text);
e.Handled = !isMatch;

}

}
}

@aiin ViewportView.xaml

<UserControl x:Class="Crystal.Views.ViewportView"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:hx="http://helix-toolkit.org/wpf/SharpDX"
xmlns:b="http://schemas.microsoft.com/xaml/behaviors"
xmlns:local="clr-namespace:Crystal. Views"
mc:Ignorable="d"
d:DesignHeight="450" d:DesignWidth="800">
<UserControl.Resources>
<BooleanToVisibilityConverter x:Key="VisibleIfTrueConverter"/>
</UserControl.Resources>
<Grid>
<Grid.RowDefinitions>
<RowDefinition Height="*"/>
<RowDefinition Height="auto"/>
</Grid.RowDefinitions>
<Border BorderThickness="0.5">
<hx:Viewport3DX
x:Name="Viewport"
Title="{Binding Title}"
BackgroundColor="#939393"
Camera="{Binding Camera}"
CoordinateSystemLabelForeground="LightGray"
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EffectsManager="{Binding EffectsManager}"

EnableDesignModeRendering="False"

FXAALevel="Low" EnableSwapChainRendering="True"

EnableD2DRendering = "False"

ModelUpDirection="{Binding UpDirection}"

ShowCoordinateSystem="{Binding ShowAxis}"

SubTitle="{Binding SubTitle}"

TextBrush="Black"

UseDefaultGestures="False"

ShowFrameRate="True"

ShowFrameDetails="True"

ShowViewCube="{Binding ShowViewCube}">

<hx:Viewport3DX.InputBindings>
<KeyBinding Key="B" Command="hx:ViewportCommands.BackView" />
<KeyBinding Key="F" Command="hx:ViewportCommands.FrontView" />
<KeyBinding Key="U" Command="hx:ViewportCommands.TopView" />
<KeyBinding Key="D" Command="hx:ViewportCommands.BottomView" />
<KeyBinding Key="L" Command="hx:ViewportCommands.LeftView" />
<KeyBinding Key="R" Command="hx:ViewportCommands.RightView" />
<KeyBinding Command="hx:ViewportCommands.ZoomExtents" Gesture="Control+E" />
<MouseBinding Command="hx:ViewportCommands.Rotate" Gesture="RightClick" />
<MouseBinding Command="hx:ViewportCommands.Zoom" Gesture="MiddleClick" />
<MouseBinding Command="hx:ViewportCommands.Pan" Gesture="LeftClick" />

</hx:Viewport3DX.InputBindings>

<hx:AmbientLight3D Color="{Binding AmbientLightColor}" />

<hx:DirectionalLight3D Direction="{Binding Camera.LookDirection}"

Color="{Binding DirectionalLightColor}" />

</hx:Viewport3DX>

<b:Interaction.Triggers>
<b:EventTrigger EventName="PreviewMouseDown">
<b:InvokeCommandAction Command="{Binding ViewportClickedCommand}"/>
</b:EventTrigger>
</b:Interaction.Triggers>

</Border>
<StatusBar Grid.Row="1" Vertical Alignment="Bottom" Visibility="{Binding ShowInfoPanel,

Converter={StaticResource VisibleIfTrueConverter} } ">
<StatusBar.Background>
<SolidColorBrush Opacity="0.5" Color="WhiteSmoke" />
</StatusBar.Background>
<StatusBarltem>
<TextBlock Grid.Row="0"
Horizontal Alignment="Left"
VerticalAlignment="Top"

Text="{Binding FrameRate, ElementName=Viewport, StringFormat=D3D11 - \{0:0.00\} FPS}" />

</StatusBarltem>
<Separator />
<StatusBarltem>
<TextBlock Text="{Binding Camera.Position, StringFormat=Position: \{0:0.0\} }" />
</StatusBarltem>
<Separator />
<StatusBarltem>
<TextBlock Text="{Binding Camera.LookDirection, StringFormat=LookDirection: \{0:0.0\} }" />
</StatusBarltem>
<Separator />
<StatusBarltem>
<TextBlock Text="{Binding Camera.UpDirection, StringFormat=UpDirection: \{0:0.0\} }" />
</StatusBarltem>
<Separator />
<StatusBarltem>

<TextBlock Text="{Binding Items.Count, ElementName=Viewport, StringFormat=Children: \{O\}}" />

</StatusBarltem>

</StatusBar>
</Grid>

</UserControl>

®aiin ViewportView.xaml.cs

using Crystal.ViewModels;
using System. Windows.Controls;

namespace Crystal.Views

{

//l <summary>

/// Interaction logic for ViewportView.xaml

/Il </summary>

public partial class ViewportView : UserControl, [UIView

public ViewportView()
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{

InitializeComponent();

}

public BaseViewModel ViewModel
{

get => DataContext as BaseViewModel;
set

if (DataContext == value)
return;

DataContext = value;
if(value is ViewportViewModel viewModel)

{
Viewport.Items.Add(viewModel.SceneTree);
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