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BeeneHue

VYyeOHasi 03HAKOMHUTENbHAS MPAKTUKA — BaXKHBIM ATan y4eOHOTo Mpolecca, HallpaBJIeHHBIH
Ha 3aKperUieHne U yriayOJaeHne 3HaHul, MOTy4YeHHBIX B X0JI€ TEOPETHUECKOT0 00y4eHus, Ha MOr0-
TOBKY K M3YYCHHIO MOCIEAYIONUX TUCIUIUIMH. B mpoiecce MpoxoKaeHus MpaKTUKH MpuodpeTa-
IOTCSI IPAKTHYECKUE HABBIKM U KOMIIETEHIINH B cepe Mpo(ecCHOHATBHOM AesITeTbHOCTH.

[TapameTpuueckue KpuBbIe, OMUCHIBAIOLINE CIOXKHBIE IIMKIMYECKHE IBHKEHUS, HAXOIAT LU~
pOKOE MPUMEHEHUE B MEXaHHUKE, POOOTOTEXHUKE, KOMIBIOTEPHOH rpaduke U cCUCTeMax aBTOMAaTH-
3MPOBAHHOTO MPOEKTHUPOBAHUSA. BO3MOXKHOCTh THOKOTO YIpaBIEHHs MapaMeTpaMu TaKOH KpUBOIA,
KaK THIIOTPOXOH/IA, M BU3YyAJIN3alluy €€ N3MEHEHHI B PEalbHOM BPEMEHH TTO3BOJIUT HE TOJIBKO M3Y-
YUTH €€ FTeOMETPUUECKUE CBOMCTBA, HO U IPUMEHUTH MOJIyYCHHbIE 3HAHUS B MH)KEHEPHOMU MPaKTHKE.

JJis TpakTHYeCKOTro U3YYEHHUS U UCTIOIb30BaHHS TUIIOTPOXOU/IBI MTOJIH30BATENSIM YaCcTO MPH-
XOJUTCS o0pamarhscsi K rpoMo3akuM MareMatuieckum nakeram (MATLAB, MathCAD) wiu wHeno-
CTaTOYHO THOKUM BEO-MHCTPYMEHTaM. B CBSI3W ¢ 3TUM aKTyaslbHA 3aJa4a CO3JaHUs COOCTBEHHOTO
MHTEPAaKTUBHOTO MPUJIOKEHUS, KOTOPOE COUeTano Obl MPOCTOTY MCTIOIb30BAHMUS, HATJISTHOCTD U JI0-
CTaTOYHYIO THOKOCTD IS UCCIIEIOBAaHUS TUIIOTPOXOUIBIL.

[ens paboThI — 3aKperyieHUe U YTITyOJIeHne 3HAHUI U YMEHU B 00JIaCTH aJITOPUTMHU3AIIUHU U
POTPaMMHUPOBAHUS, TTOTYYSHHBIX B XOJI€ ayAUTOPHBIX 3aHATHH. 7151 3TOTO Oy IeT pa3paboTaHO MH-
TEPAKTUBHOE KPOCCIUIAT(HOPMEHHOE MPUIIOKEHNE C OKOHHBIM rpaguueckuM UHTepdencoM as mo-
CTPOEHHS TUIIOTPOXOUIBI C BOBMOKHOCTBHIO U3MEHEHHUS €€ MapaMeTpOoB, MEPEKITIOYCHHS CHCTEM KO-
OpIVHAT U aHUMAITUH IBHKEHUS PUMUTHUBA TI0 € TPASKTOPHUHU.

OO®beKT ncciaenoBaHus — napaMmeTpuueckasi Kpusast «[ UmoTpoxouaar.

Jljis nocTHKEHMs! IOCTaBJICHHOM 1IeNTH HEOOXOAMMO PELIUTh CAEAYIONIUE 3adauu:

— H3YYHUTh TEOPETUYECKUE OCHOBBI THIIOTPOXOUIBL;

— mpoectu aHam3 T3, pa3paboTaTh OJIOK-CXeMy alropuT™Ma padOThl MPOTPAMMBL;

— TIPOU3BECTH M 0OOCHOBATH BHIOOD sI3bIKA MPOTPAMMUPOBAHUS U CPEABI Pa3pabOTKH;

— pa3paboTaTh NporpaMmy, peaau3yrIIyi0 OTPUCOBKY THIIOTPOXOHU/IBI,

— peaJM30BaTh aHUMAIUIO JIBHKCHUS NMPUMHUTHBA (3aKpaIleHHOTO KBajpaTa CHHETO IIBETa
CO CTOPOHOM a > 2) IO TPAEKTOPHH MOCTPOSHHON KPUBOIA;

— TMPOBECTU TECTHPOBAHUE MPUIIOKECHHSI HA KOPPEKTHOCTH PaOOTHI,

— 0000muUTH MaTepuaIbl MPAKTUKH U OPOPMUTH OTUET C HEOOXOAMMBIMH IOKYMEHTAMH.

BrinmonHnenue padoThl MO3BOJIUT 3aKPENUTh HABBIKU aITOPUTMU3AINHA U O0BEKTHO-OPUEHTH-
POBaHHOTO MTPOTPAMMHUPOBAHHMSI, OCBOMTH METOJIbI pa0OTHI ¢ TpaduueckuMu OMOTUOTEKaMH TSI TI0-
CTPOCHUS TUHAMHYCCKHUX IPAQUKOB, IOTYUUTh MPAKTUICCKHUI OTBIT CO3aHMsI MHTEPAKTHUBHBIX TIPH-
JIO’)KEHUH ¢ OKOHHBIM UHTEep(helcoM U aHUMallieH, a TaKkKe YIIIyOUTh TOHUMaHUe MapaMeTpUIecKuX

KPHBBIX U CIIoco00B UX MMPAKTUYICCKOI'0O IPUMCHCHHU.



1 AHanNmM3 TexHN4ecKkoro 3agaHus

1.1 rVII'IOTDOXOVI,EI,a: OCHOBHble CBeeHNA N UCTOPUA

l'unorpoxounaa — miaockas KpuBas, oOpasyemasi TOUKOi, KECTKO CBSI3aHHOM ¢ OKPY>KHOCTBIO,
KOTOpasi KaTUTCSl 0€3 CKOJILKEHHUS M0 BHYTPEHHEH CTOpOHE APYTroi, HETIOABMKHONW OKPYKHOCTH.
HasBanue kpuBoit mpoucxoaut oT rpeueckoro hypo (moxa, BHyTpu) u JaTHHCKOTO trochus (o6pyd,
KOJIECO), YTO OTPAXKaeT crocol e€ MOCTPOCHUS: TOUKA ONMHMCHIBAET TPACKTOPHIO BHYTPU HAIPaBIISIO-
el okpyxHoctu [1].

YacTHBIM Cilyd4aeM I'MIIOTPOXOUIbI SBISETCS TMIIOLUKIONIA — KPUBasi, KOTOPYIO OMMCHIBAET
TOYKa, 3a()MKCUPOBAaHHAs Ha 000Ie KATAIICHUCS OKPYKHOCTH (TO €CTh IIPH PABEHCTBE PACCTOSHHS OT
LIEHTpa KaTsILIEHCs] OKPY’KHOCTH 10 TOUKU PATUuyCy 3TOM OKpyxkHocTH). Ecin ke Touka Haxoqures
CHapY>K{ WIM BHYTPH KaTsAIIEHCS OKPYKHOCTH, ITOJTy4aIOTCsl COOTBETCTBEHHO Y/UIMHEHHAS HITH YKO-

pOYEHHAs TUIIOTPOXOMUA, YBUJETh IPUMEPHI TIOCTPOEHUS KOTOPBIX MOKHO Ha PUCYHKE 1.

Pucynox 1 — [TocTpoeHne ykopoueHHO# (clieBa) U yJIMHEHHOH (CTpaBa) THITOTPOXOUIBI

OnHuM U3 NEPBBIX, KTO UCCIEA0BAN CBOMCTBA KPUBBIX, [TOJIYYa€MbIX ITPH KAUEHUH OKPY>KHO-
CTH IO OKPY>KHOCTH, ObLT IEpcuACKui acTpoHoM U MatemaTuk Hacup an-/{un at-Tycu (1201-1274).
B cBoém komMmmeHTapun Kk «AnbmarecTy» Iltonemes (1247 roa) oH onucain MEXaHU3M, TIO3XKE TOJTY-
yuBiui Ha3BaHue «llapa Tycu» [2]. Cxema 1aHHOTO MEXaHW3Ma MPE/ICTABIICEHA HAa PUCYHKE 2.
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Pucynok 2 — Cxema napsl Tycu, cnenannas at-Tycu B XIII Bexe



CornacHo 3TOMy MEXaHU3MY, €CJIM OKPY>KHOCTB pajiyca I KaTUTCS BHYTPH OKPYKHOCTHU pa-
auyca 2r, To ToYKa Ha 000/1€ MEHbIIEH OKPYKHOCTHU JABHKETCS O IPSIMOM JINHUU — AUAMETPY O0JIb-
10} OKPY>KHOCTHU. DTOT Pe3yJbTaT, U3BECTHBIH Takke Kak TeopeMa KonepHuka, HCroap30Bacs s
0OBSICHEHUS MOMSTHOTO IBM)KCHUS TJIAHET U OKa3ajl BIUSHUE HA PA3BUTHE aCTPOHOMHUH.

B XVIII Beke Ob1710 YCTAaHOBJICHO, YTO MPHUAaHUE OOKOBBIM IMOBEPXHOCTSIM 3yOhEB IIECTEPEH
U BINAJUH MEXJY HUMU TPOXOUJATBLHONU (POPMBI CHMKAET MOMEHT TPEHMsI BpallaloIIuXcs KOJIEC U
MO3BOJISIET MM BpamaThes Oonee addextuBHO [3]. B xonme XIX — mavane XX Beka, HeMenkasi hpupma
Maptuna HlunnuHra BelycKaia cepui0 KUHEMaTHYECKUX MOJIeNel uis JeMOHCTpaluu o0pa3oBa-

HUS THIIOTPOXOU B Y4eOHBIX 1eisix [4]. OnHy U3 TaKuX MOJIEIe MOKHO YBHIETh HA PUCYHKE 3.

Pucynok 3 — TpeTbsi KuHEMaTH4eCKast MOJENb runoTpoxounibl Mapruna Ilnnnunra

B XX Beke THIIoTpoxouaa moayduia IMAPOKY0 U3BECTHOCTH OJarofapst urpymike Spirograph
(«Crnuporpad»), KoTopas MO3BOJSET PUCOBATH CIOKHBIE Y30PBI MPU MOMOIIHU 3y04aThiX Kouéc [5].

CoBpeMeHHBIH criuporpad npeacTaBieH Ha PUCYHKE 4.

Pucynox 4 — CoBpeMeHHbI# criuporpad
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OO6nacTu NpakTUYECKOro MPUMEHEHHUsI THITIOTPOXOU Bl pa3HooOpa3Hbl. Hanbonee nzBecTHOE
MH)XEHEPHOE NMPUMEHEHHE — MpouInpoBaHue padoueil kaMepsl pOTOPHO-TIOPIIHEBOTO JBUTATEIS
Bankens. Kopnyc nBurarens nMeeT BHyTPEHHIOIO TOBEPXHOCTh, BBIIOJIHEHHYIO 10 (pOpME SIUTPO-
XOUJIbI WIIM TUIIOTPOXOMIBI, & POTOP, COBEPIIAIOIININ TJIaHETAPHOE BUKEHHE, 00ECIIEUNBAET repMe-

TUYHOCTh M I3MEHEHHE 00bhEMa Kamep [6]. YCTpoHCTBO ABUTATENSI MOYKHO YBHUIETh HA PUCYHKE 5.

Cxamue

Bnyck —= Mopwerb (Pomop)

HenodBuxHas |
wecmepHs

Bainuck KpuBowun

_[lemoHayus

Pucynok 5 — YcTpolcTBO pOTOPHO-IIOPIIHEBOro ABUTraTessa Bankens

Kpowme Toro, TpoxouganbHbie po(GHIN TPUMEHSIOTCS TIPU MPOSKTUPOBAHUH 3yOUaThIX TIe-
penad ¢ BHyTPEHHHUM 3aLEIIJICHUEM, a TAK)KE B KAYECTBE JEKOPATUBHBIX DJIEMEHTOB U JUIs CO30aHuUs

OpHaMEHTOB Oy1aroapsi KX ICTETUYECKOM MPUBIEKATEIBHOCTH.

1.2 MaTtemaTunyeckun annapar gns nocTpoeHus rpadmka

Jlnist mporpaMMHOM peann3alny MoCTPOSHHS TUIIOTPOXOHUIbI HEOOXOIUMO ONPEACTUTD €€ Ma-
TEMaTUYECKOE IIPEACTABICHUE, IIPUTOJHOE [UIsl JUCKPETHOIO BBIYKMCIICHHUS] KOOPAMHAT TOYEK U I10-
CIEAYIOIIEH OTPUCOBKY Ha dKpaHe. [ unmorpoxouaa sBiseTcs napaMeTpUIeCKOd KpUBOM, TO €CTh KO-
OpPJMHATHI X U y KaXKI0M TOYKH BBIPAKAKOTCS 4Yepe3 HE3aBUCHUMBIN mapaMmeTp ¢. B nexapToBoy cu-

cTeMe KOOpAMHAT AaHHasi GYHKIMS 3a0aéTcsi CUCTEMOM MmapaMeTpUYecKuX ypaBHEHHM, MpeacTaB-

JeHHBIX B hopmyie 1.

R

o)
Ry (1)

®)

x(@) = (R —1) cos @ + d cos(

y(@) = (R —r)sin @ — dsin( -

rae R— panuyc Harpasiisitollel (HEMoABUKHON) OKPY>KHOCTH;
I'— paguyc KaTsmencs (pon3BOIAIICH) OKPYKHOCTH;
d— paccTosiHUE OT IIEHTpPa KaTAIIEHCs OKPYKHOCTH JI0 BRIYEPUMBAIOLICH TOUKH;

¢ — napameTp (yroJs oBOpoTa IPOU3BOAIIEH OKPYKHOCTH ), U3MEHSIOIIUICS B IIpEAeIax oOT

0 1o 3HaYeHus1, yKa3aHHOTO B opMyJie 2, Ui NOJTY4YEeHUs] 3aMKHYTOM KpPUBOM.



3HayeHue, 10 KOTOPOro MOXKET U3MEHATHCS apaMeTp @, MPEICTaBICHO HIDKE B popmyIie 2.

R

2T HOAR, T

2)

rae R— paanyc HapasIsIOMENd OKPYKHOCTH;
I'— painycC KaTALENncs OKPY>KHOCTH;
HOZ(R, r) — naubonpimii oOMmHUN AETUTENb PAIUyCOB JIByX OKPY>KHOCTEH.
B nomnsipHOii cucTeMe KOOpAMHAT ypaBHEHHE TMIIOTPOXOUIBI UMEET 0oJiee CIOKHBIM BUA U
Ha IPaKTUKE UCTIOJIB3YETCs pelko. B paMkax qaHHO# pabOTHI MOCTPOEHUE B MOJISIPHBIX KOOPAMHATAX
OyZeT BBINOIHATECS MyTEM Nepecuyéra KOOpAUHAT U3 apaMeTpUUecKuX ypaBHeHul B popmyne 1 ¢

Ucnosb30BaHueM popmyi nepexosa 3 u 4. BerunciaeHne KOOpIuHATHI p TOKa3aHo B popmyrie 3.

p= T ®

re P — NOJAPHBINA PaInycC;
X, y— 3Ha4eHUsI IEKaPTOBBIX KOOPJIUHAT TOUKU KPUBOM.

Brruucnenue koopauHaTel 0 mokaszano B hpopmyiie 4.
y
6 = arctan( " ), 4)

rje 68— NMoJIAPHBIN YOI,

X, V— 3Ha4CHMsI IEKAPTOBBIX KOOPINHAT TOYKU KPUBOU.

[Tapametpsl R, r u d onpenensitor xapakTepUCTUKY TUIIOTPOXOUIBI U 33JJaI0T €€ MOBECHHE.

CootHomenue R/r onpenensier KOIMYECTBO JENECTKOB (y3710B) KPUBOMW: MOCIE COKpAIEHHUS
KOJIMYECTBO JIEECTKOB PAaBHO 3HaMEHATENIO MOJTYYeHHOM Ipobu (Hanpumep, npu R/r = 5/2 xpusas
OyZAeT UMeThb 2 JIeNecTKa), a €CJIM 3TO OTHOIIEHHE UPPALMOHAIBHO, TO KPUBasi HUKOT1a HE 3aMKHETCS.

[Tapametp d onpenensieT NONI0KEHNE BIYEPUHUBAIOLIEH TOUKU:

— mpu d = r TOYKa JIOKHUT Ha 000/€ KaTAMIECHCS OKPYKHOCTH, TTOy4YaeTCsl TUIONUKIION/IA;

— npu d < r TOYKa HaXOAUTCS BHYTPHU KaTsLIECHCS OKPYKHOCTH, MOJy4aeTcs YKOPOUYEHHAas
TUIIOTPOXOUA;

— mpu d > r TOYKa HAXOAMUTCS 3a peAeTIaMH KaTAIIEHCs OKPY>KHOCTH, MOTydaeTcs YIITMHEH-
Hasi THIIOTPOXOMIA.

Yacrabli crydaid, korga R = 2r npu d = r, 1aéT npsAMyIo JIMHUIO, SBISIIOILYIOCS AUAMETPOM

HaNpaBJIsoLIEH OKpyXHOCTH (rapa Tycu).

1.3 bnok-cxema u norvnka paboTbl NporpaMmmbl
bnok-cxema — 310 rpaduyeckoe npeicTaBiIeHNe AITOPUTMA: KaXKIbIH ITall BBITOTHEHUS TPO-
rpaMMbl 0TOOpa)kaeTcsi B BUJE T€OMETPUUECKUX (PUTYDP, COEAMHEHHBIX CTPEIKaMHU, KOTOPbIE YKa3bl-

BAIOT Ha MOPSAJIOK BBIMIOJIHEHUS onepauuii [7].



brok-cxeMbl HIMPOKO HCHONB3YIOTCA Npu MNpoekThupoBaHuu [10, Tak Kak IO3BOJISAIOT
HarJIsHO NPEICTaBUTh JIOTUKY pabOThl MPUIIOKEHMS, BBIIBUTh OLIMOKM Ha PaHHUX 3Tamax paspa-
OOTKHU M yIPOCTUTH MPOLIECC HATMCAHUS KOJIa.

Jlnist ynpoILEHHOTO MPEACTaBICHUS aIropuTMa padoThl OyAyIIEro MPHIIOKEHUs Oblia Co-
3maHa OJIOK-CXeMa, KOTOPYIO MOYKHO YBHUETh pa3/IeJICHHON Ha JBE YacTH Ha pucyHkax A.1 u A.2 B
[Tpunoxxenuu A. IIpu 3anmycke nporpaMmsel IPOMCXOANUT MHULMAIN3ALNS [TIaBHOTO OKHA, COZIEpKa-
IIETO MaHeJb YIPaBJICHUsI ¢ KHOMTKaMH M 00J1acTh JJ1st oToOpaxeHus rpaduka. [locne nannmanusa-
LIUY pOrpamMmMa MepEXOAUT B PEKUM 0KHJAHUS NEHCTBUN NI0JIb30BaTEINS.

ITonb30BaTento TOCTYIHBI JBE OCHOBHBIE KHOIIKU yIpaBieHus: «HacTpoliku napamerpos» u
«O6HOBUTH Tpaduky. [Ipu HaxaTnn Ha KHOTIKY «HacTpoiiku mapaMeTpoB» OTKPBIBAETCS IUATOTOBOE
OKHO, B KOTOPOM II0JIb30BAaTENIb BBOJUT MapaMeTphl KPUBOM: paauyC HANpPaBJIAIOLIEH OKPYKHOCTU
(R), paanyc kaTsmeicss OKpy»KHOCTH () U pacCTOSIHME OT LIEHTpa KaTAleics OKPY>KHOCTH 10 BbI-
yepuuBaromiei Touku (d). Takke B 5TOM OKHE TI0JIb30BaTeNIb BHIOUPAECT CHCTEMY KOOPAMHAT (JeKap-
TOBY WJIU MOJIAPHYIO) U ONpeAessieT, HE0OX0IUMO JIM BKIIOUUTh AHUMAIUIO IBUKEHUS IPUMUTHBA.

[Tocnie BBOJa NaHHBIX BBIMOJIHAETCS MPOBEPKA MX KOPPEKTHOCTH: BCE MAPAMETPhI JTOJKHBI
OBITh IIOJI0KUTEIBHBIMH YUCIIAMU, IIPU 3TOM PAANYC KaTAIIECHCS OKPY>KHOCTHU JIOJKEH ObITh MEHBIIIE
panuyca Harnpasisitoniei. Ecian qanHble HEKOPPEKTHBI, TO MOJIB30BATEIO BEIBOJUTCS COOOIIEHNE 00
OlIMOKe, U OKHO HAaCTPOEK OCTAETCSl OTKPBITHIM JJIsl IOBTOPHOTO BBOJA. Eciin 1aHHBIE KOPPEKTHBI,
TO OKHO HAacCTPOEK 3aKpbIBaeTcs, a KHONKa «OOHOBUTH rpauK» CTAHOBUTCS aKTHMBHOM, IO3BOJISAS
MOJI30BATEIIO B JTI000I MOMEHT IIepeCTPOUTh IpaduK ¢ TEKYUTMMU apaMeTpaMH.

[Ipu Haxkatum Ha KHONKY «OOHOBUTH TpauK» BBIMOIHIETCS OYMCTKa o0sacTu rpaduka B
TJIAaBHOM OKHE (C MPUHYIUTEIHHOM OCTAHOBKOW TaliMepa aHWMAIlMH, €CJTM OH ObLT 3aIyIIeH). 3aTeM
IIPOU3BOJUTCS pacd€T TOUEK KPUBOH 110 TapaMETPUUECKUM YPaBHEHUSAM IMIIOTPOXOUIBI.

[Tocne pacuyéra MUKCENBbHBIX KOOPAWHAT TOUEK JJIS UX KOPPEKTHOTO OTOOpaXKeHHUs Ha SKpaHe,
porpaMma OIpeessieT BHIOpaHHYIO MT0JIb30BATEIEM CUCTEMY KOOPAMHAT U OTPUCOBBIBAET COOTBET-
CTBYIOIIYO KOOPJAMHATHYIO CETKY: JUJISl I€KAPTOBON CUCTEMBI — IPSIMOYTOJIBHYIO CETKY € OCSIMHU X U
Y, 715 TONIIpHOM — KOHLEHTPUYECKUE OKPYKHOCTHU M pasinajbHble JIydd. [Io paccuuTaHHBIM TOUKaM
Ha 00JacTu rpaduka CTpOUTCS KPUBasl.

[Tocnie mocTpoeHUs: TUIOTPOXOU Bl MporpaMma IMPOBEPSIET, 3alpalliuBajl U M0Jb30BaTENb
aHuManuio. Eciim aHMManus BKIIIOYEHaA, 3a1lyCKaeTcs TaliMep, KOTOPBIH € 3aJaHHbIM HHTEPBAJIOM 00-
HOBJISIET MOJIOKEHUE IPUMUTHBA (3aKpallleHHOT'O KBaIpaTa) Ha TpaeKTopuu KpuBoi. [lepuonuyeckas
NIEPEPUCOBKA MPOUCXOJUT ACUHXPOHHO IO OTHOILIEHHIO K OCHOBHOMY IOTOKY ympasieHusi. Eciu
aHUMAIMs OTKIII0YEHA, TO 0TOOPAYKAETCS TONBKO CTATUYHBIN rpaduK.

B mponecce paboThl NpUIIOkKEHUS ITPOrpaMMa OTCIIEKUBACT U3MEHEHHE pa3Mepa IIaBHOTO
OKHa: BBIIIOJIHSIET Iepepacu€T MaciITada 1 epeprucoBbIBAET BCE AIEMEHTHI Tpaduka ¢ y4ETOM HOBBIX

pa3mepoB obsacTu oToOpaskeHus. [Ipu 3aKphITUH TITaBHOTO OKHA MPOrpaMMa 3aBepIIIaeTcCsl.



2 AHanuns u BbIbop cpencTB pa3paboTku

2.1 A3bikM nporpaMMnpoBaHns

Jlia peanu3anuy OPUIIOKEHUS C OKOHHBIM TpauyecKuM HMHTEp(ercoM U BO3MOKHOCTBHIO
IOCTPOEHUS MApaMETPUUECKUX KPHUBBIX C aBTOMATHUECKUM MAacCIITaOMPOBAHUEM TpeOyeTcCs S3bIK
IpOrpaMMUPOBaHUs, 00JIaJal0UINH CAeIyIOIMMHI XapaKTepUCTUKAMU: TOIepKKa 00BEKTHO-OPH-
€HTUPOBAHHOW MapaJUrMbl, KPOCCIIIATPOPMEHHOCTh, HATMUNE PA3BUTHIX OMOIMOTEK IS CO3aHuUs
rpaduueckoro uHTEpdEiica u pabOTH ¢ ABYXMEPHOH rpaduKoi (BKIIFOUYAIONTUE TAKKE BO3MOKHOCTh
peanu3anuy ¢ UX IOMOIIbI0 AHUMALMH).

B pesynbrare aHanu3za ObUTM pacCMOTpEHBI ABa A3blka mporpamMmupoBanust Python u Java,
o0Jaaromye nepevrciIieHHBIMU paHee XapaKTepUCTUKAMU U TTOAXO/SIIUME JUTS JAaHHOM paOoThI.

Python — nHTEpHIpETHPYEMBIH SA3BIK TPOrPAMMHUPOBAHUS C JUMHAMUYECKON TUITH3AIHEH, TTO/1-
JePAKUBAIOIINI 00BEKTHO-OPUEHTUPOBAHHYIO, IPOLEAYPHYIO M (DYyHKIIMOHAIBHYIO MapagurMel. OT-
JMYaeTCs MPOCThIM M YATAEMBIM CHHTAKCHCOM, UTO YCKOPSET pa3paboTKy, a TaKKe UMeeT 00LIMp-
HYIO 9KOCHCTEMY OMOIHMOTEK JUI Pa3InYHbIX 3ajay, BKIIOUYas CO3JaHue rpaMuecKux MpUI0KEeHUN
Y Hay4HbIE BBIYMCIICHHUS [§].

Java — koMnuiInpyemsblii 00beKTHO-OPUEHTUPOBAHHBIH S3BIK IIPOTPAMMHUPOBAHUS CO CTPOTOM
CTaTUYECKON TUIHM3aluel, paboTaronmii Ha BUpTyanbHO MammHe JVM, 4To obecrieunBaeT Kpoc-
crutatopMeHHOCTh. MiMeeT cpencTBa it co3ganus rpadudeckux HHTepQeicoB U MUPOKO IpUMe-
HSETCS B KOPIIOPATUBHOM pa3padoTke [9].

CpaBHEHHE PACCMOTPEHHBIX S3BIKOB TPOTPAMMHPOBAHUS KPATKO MPEICTaBIeHO B Tabwmme 1.

Ta6muma 1 — CpaBHeHUE S3BIKOB MPOTPAMMHPOBAHUS

Xapaxre- Python Java
pHUCTHKA
OpHa nporpaMMa MOXeT OBbITh 3aIly- Ionnepxusaer Windows, macOS u
Kpoc- meHa Ha Windows, macOS u Linux npu | Linux yepe3 BUPTyaabHYIO MallTuHy
crmaTdop- | HATMYUU HEOOXOIMMBIX OMOINOTEK, JVM: nporpamMma KOMIUIMPYETCS B
MEHHOCTb | JJIf 3alycKa TpeOyeTcs yCTaHOBJICHHBIN | 0alT-KOJl, KOTOPBIN HUCIOIHIETCS Ha JIIo-
UHTEPIPETATOP. 6ot uraropme ¢ ycranosinennoit JRE.
[[Inpoxwnii BEIOOp OMOIHOTEK IS CO- OCHOBHBIE OMOJINOTEKH IS CO3MaHUS
Hanmnume | 3manus rpaduueckux nHTepQeiicoB kak | rpadguueckux UHTEpQeicoB: Swing
GUI-6u6- | Bctpoennsix (Tkinter), Tak u BHEIIHUX | (CTaHmapTHas roctaBka Java) u JavaFX
JIUOTEK (PySide6, PyQt, wxPython u ap.) (maumnas c Java 11, TpeOyeT oTaeIBHOTO
TTOAKITIOYEHUS ).
bubnroTexu co BCTPOCHHBIMU MeXa- Swing TpebyeT py4HOro nepecuéra Koop-
Macmra. | FH3MaMa MacIITaOupoOBaHUS rpa@nge- JTUHAT BCEX JIEMEHTOB U UX MEPEepUco-
GupoBa- CKHX CLeH (marmpumep, QGraphicsView | BKH IpH U3MEHEHUH Pa3MepOB OKHA, yBe-
HHe rpa- B PySide6 wnmm PyQt) u PYHHBIMH MeXa- | JITYHBAs CIOKHOCTD PEATH3AIH.
i HU3MaMH ynpasieHus, B Tkinter mac- JavaFX mpenocrasiser 6osee ruokue
mTaOupPOBaHUE PEeaTU3yeTCs BpYUHYIO | CPEeACTBa JUIsl MaclITaOMpOBaHuUs, HO
yepes nepecu€r KOOpAUHAT. TpeOyeT OTAEeTbHOM HACTPOUKH.
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Xapaxe- Python Java
PHUCTHKA
Bricokast ckopocTs pa3zpabotku 6maro- | CpemnHsis ckopocTh pa3padoTku. CtaTu-
Jlaps IPOCTOMY CUHTAKCHUCY, JUHAMU- Yyeckast THIHM3anus Tpedyet Oomee ne-
CkopocTh | 4eCKOW TUMHU3AIUU U UHTEPAKTUBHOM TaJbHOTO ONMHCAHUS CTPYKTYP AAHHBIX, a
pas3pa- CpCac BBIITOJIHCHU. Hammcanue npoTo- KOMIIUJIAOHUA IICPE 3aIlyCKOM 3aMCIJIACT
00TKH THUIIOB U MX OTJIaJIKa 3aHUMAIOT MEHBIIE | uTepauu npu otianke. Co3manue rpa-
BpPEMEHH 10 CPaBHEHUIO ¢ KoMIuinpye- | ¢puueckoro untepderica Ha Swing Tpe-
MBIMU SI3bIKAMHU. Oyet Gosibiiero 00bEMa KoJa.
[TonnepxuBaeT 00beKTHO-OpUeHTUPO- | [logmepkuBaet CTPOryro 00bEKTHO-OPH-
Mon- BaHHOE NMPOTrPaMMHPOBAHUE: KIIACCHI, EHTUPOBaHHYIO Mapaaurmy. Bcé€ aBis-
nepKKa HACJICOAOBAHUC, HHKAIICYJISINUIO U TTOJIN- €TCA 06’beKTaMI/I, KO OpraHu3yeCTCd UC-
0O0I1 Mopdusm. OOII siBasieTCss HECTPOTUM — | KITFOUUTEITBLHO B BUJIE KIIACCOB — 3TO Tpe-
JIOITyCKAeTCsl CMELICHHUE C MPOLEAyp- Oyet 6oiee hopMaIbHOTO MOAX0a K
HBIM U (DYHKIIMOHAJIBHBIM CTUJISIMH. MIPOEKTUPOBAHHUIO.

B pesynbraTe cpaBHEHUS U peaiH3aluy MPUIIOKeHUs OblT BbIOpaH s3bIk Python. Ha ero

BBIOOP OKa3aJid BIUSHUE CIEAYIONINE (PaKTOPHI:

— KpoccmiaTOpMEHHOCTh H OTKPBITAst SKOCUCTEMa OMOJIMOTEK, 00eCTIeunBaroIIe CBOOOTY

BLI60pa HHCTPYMCHTOB U BO3MO’KHOCTD 3aITyCKa I'OTOBOTO ITPUJIOKCHUA Ha PA3JIMYHBIX OIICPALIMOH-

HBIX CHCTeMax 0e3 CYIIECTBEHHBIX JOPaOOTOK;

— HaJM4Yue MIMPOKOTO BEIOOpa OMOIMOTEK /sl Co3/anus rpaduueckoro naTepdeiica;

— BBICOKasi CKOPOCTb pa3pabOTKH Oaroaapsi MpoCTOMY CUHTaKCUCY U TMHAMUYECKOW TUITH-

3alll1, 4YTO BAaXXHO JIs BBIIIOJIHCHUA pa6OTI>I B OI'PAHUYCHHBIC CPOKH yqe6H0171 IIPaKTUKH,

— BO3MOXHOCTb GBICTpO CO3aBaTb MPOTOTUIIBI U TCCTUPOBATHL OTACIIbHBIC KOMIIOHCHTHI

porpaMMsbl 0e3 He0OX0IUMOCTH MOJTHOM KOMITUJISILIUY MTPOEKTA.

Taxum o6pa3om, Python o6ecnieunBaer Hanbosee 3¢ (peKTHBHOE pEIIeHHE MOCTABICHHOM 3a-

Aa4di ¢ MUHUMAJIbHBIMU 3aTpaTaMi BpEMCHU Ha pa3pa60TI<y " OTIIAAKY.

2.2 'padunyeckue GMbnunoTekn

[Tocne BrIOOpa s13bIKa nporpammupoBaHus Python nosiBuiaach He0OXOIUMOCTH B OIpeee-

HUU TOTO, KaKas UMEHHO OMOIMOTEeKa OyJeT MCIOIB30BaThCs s CO3AaHus TpaduuecKoro UHTep-
¢eiica u orpucoBku rpapukos. KimoueBbiMH TpeOoBaHUSAMH K OMOIHOTEKE SIBISIOTCS: HAINYHE
CpeZICTB 1Jisl pabOTHI C IBYXMEpPHOH rpaduKoif, BO3MOKHOCTh OTOOPaKEHHUS TApaMETPHUECKUX KPH-
BBIX, MTOJIZICPKKA MAcCIITAOMPOBAHUS TPH U3MEHEHUH Pa3MEpPOB OKHA W BO3MOKHOCTH peaji3aliu
aHMMAIUY IBM)KEHUS IPUMHUTHBA.

B pesynbrare ananuza 6putn oToOpans! ase oubanoreku Tkinter u PySide6, coorBeTcTBYIO-
Hye nepeyrcieHHbIM TpedboBanusaM. Tkinter — crangapTHas OubIMOTEKA A CO3AaHMsI TpaduIecKIX
uHTEepdeiicoB, BXxoasmas B cocTaB nmocraBku Python. Ona npenocTaBnsieT 0a30Bble BUIKETHI IS

MOCTPOCHUS OKOHHBIX MPHIIOKEHHUH C XOJICTOM JJIsl pUCOBaHU rpadudeckux npuMuTUBOB [10].
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PySide6 — opunmansuas GecraTHas npussizka oubmuorexu Qt mis Python, paspabarteiBae-
mas Qt Group. [IpenocrapnseT mupokuii HAOOp KOMIOHEHTOB ISl CO3/1aHUS HHTEP(ECOB, BKIIOYast

cuctemy rpaduueckux cieH QGraphicsView co BCTpOSHHBIMUA MEXaHHU3MaMHU MacCIITaOUPOBaHUS U

Tpanchopmaiuu o0bekToB. [103BOJIAET peann30BbIBaTh COOCTBEHHBIE AITOPUTMBI OTPUCOBKH [11].

CpaBHEHHE pacCMOTPEHHBIX OMOJIMOTEK KPATKO MPEACTaBICHO B TabauIE 2.

Ta6muma 2 — CpaBHeHue rpaguiecKkux OMOINOTEK

Xapaxre- Tkinter PySide6 (Qt)
pHUCTHKA
Ycra- BxonuT B cTaHIAapTHYIO TOCTABKY Tpebyet oTaenbHON YCTAHOBKHU Yepes
HOBKA U Python, He TpeOyeT NOMOTHUTETHHOM MEHEKEp MaKEeTOB pip. 3aHUMAET 3HAYU-
pacnpo- ycTaHoBKkH. JlocTynHa cpa3y mnocie TEJNbHBINA 00BEM TMCKOBOTO MPOCTPaH-
CTpPaHEHHUE | YCTAHOBKU MHTEPIIPETATOPA. ctBa (= 600 MB).
Macmra- | MacmtabupoBaHHe COAEPKUMOTO X0JI- | BcTpoeHHBIE MEXaHM3MbI MacIITaOUPO-
OupoBa- CTa IpU U3MEHEHUH Pa3MePOB OKHA BaHus (QGraphicsView) 1 BO3MOXHOCTh
HUE Tpa- TpeOyeT pyuHOro rnepecuéra KOOpAUHAT | peaau3alil COOCTBEHHOM JIOTUKH Yepe3
buku BCEX AJIEMEHTOB M UX MEPEPUCOBKH. NIEPEONPEICTICHUE METOJIOB OTPUCOBKH.
BosMOK- Peanuzanus aBrkeHus O6L€K”£OB Tpe- | meeT BcTpoeHHBIE CpelcTBa 1T aHAMa-
HOCTIH OyeT py4HOTO YIIpaBJICHUS TakMepaMu 1H (kaccel QPropertyAmmatlon,
B (meTon after()) u mepepucoBKH 0OBEK- QTvlmer u QGraphicsScene) ¢ moaaepx-
TOB Ha XOJICTE JUI KaXJIOTO KaJipa. KOl mepeMeIieHus: 00bEKTOB I10 CLICHE.
TTpousso- [MonxomuT nns npocThix rpadguueckux | Mcmonb3yer annapaTHOE yCKOPEHUE de-
- 3aja4, Ipu 60J11>Uv10M KonmuecTBe 00b- | pe3 OpenGL, obecrieunBast BEICOKYIO
HOCTE €KTOB WJIM YaCTOM MepeprucoBKe MPOU3- | MPOU3BOIUTEIBHOCTH MPU paboTe ¢
BOJIUTEIILHOCTh MOKET CHHYKAThCS. OOJIBLITMM KOJIMYECTBOM OOBEKTOB.

B pe3ynbrare cpaBHEHUS 111 BBITIOJHEHUS paOoThl Obl1a BeIOpaHa 6ubimoteka PySide6, Ha
YTO OKa3ajH BIUSHUE CIEIyIomne (HaKTOpPbI:

— Haju4ue TUOKUX CPeNCTB A paboThl ¢ rpaduKoi, BKIOYAs BCTPOCHHBIE MEXaHH3MBI
macmrabupoBanus (QGraphicsView) u BO3MOXHOCTB pealiu3alii COOCTBEHHOMN JIOTUKU OTPUCOBKH,
YTO TO3BOJISCT AIANITUPOBATH MOBEICHHUE MTPOTPAMMBI 11O KOHKPETHBIC TPEOOBaHMUS;

— BCTPOCHHBIE CpeCcTBa s peanmzanuu anumanuu (QProperty Animation, QTimer), ympo-
NIAFOIIHE CO3aHKE TUIABHOTO JBMKCHHSI IPUMUTHBA 110 TPACKTOPHUH KPUBOIA;

— BBICOKAs MPOU3BOJAUTEIBHOCTD 3a CUET aNMapaTHOrO YCKOPEHHs, a TAK)XKEe COBPEMEHHBIH
BHEIIHUN Bl MHTepdelica, HacTpauBaeMbIil uepe3 Tadauisl ctuiieit (QSS).

Hcnonb3oBanue PySide6 mo3Bossier peanu3oBaTh Bce (HYHKIMOHAIBHBIE TPEOOBAHUS C MU-

HUMAaJIbHBIMH TPYA03aTpaTaMH, BO3MOKHOCTBIO BEIOOpA MOAXOISILET0 Criocoda MacTabupOBaHMUS.

2.3 Cpeqabl pa3paboTku
J11s1 HarTMCcaHust POTPaMMHOTO KOJIa M OTJIAZKH MPHUIIOKESHHUS HEOOX0IUMa TaKkKe cpeia pas-
pabotku (IDE), oGecrieunBaroniast y1o0CTBO HaNMCaHus KOAa, MOIIEPKKY s3bika Python, naTerpa-

OUIO C VCS (HpI/I HCO6XO,Z[I/IMOCTI/I), a TaKKC HAJIMYNEC MHCTPYMCHTOB JIA OTJIAAKHA U TECTUPOBAHUA.
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B cooTrBeTcTBUU € 3TMMHU TPeOOBaHUSMH ObUTM OTOOpAaHBI M B JaJIbHEUIIIEM PacCMOTPEHBI

nomyJsipabie cpeasl pazpadbotku Visual Studio Code u Intelli] IDEA.

Visual Studio Code — OecruratHblii KpoccIutaT)OpMEHHBIH peIaKTop, pa3padaThIBaeMbIi

Microsoft. [Tonqaep>xuBaeT MUPOKUI CHEKTP A3BIKOB MPOTPAMMHUPOBAHHS Y€PE3 CUCTEMY pacUInpe-

Hui. FIMeeT BCTpOCHHBIN TEPMUHAJ, OTIaAYUK, HHTEeTparuio ¢ Git u OuGaroTeKy rmiaruHoB [12].

IntelliJ IDEA — IDE ot JetBrains, opuentupoBanHas Ha si3biku Java u Kotlin, Ho mognepsxu-

BAIOIIasl APYyTHUe sI3bIKK Yepe3 miaruysl. CymecTByeT B ABYX peaakuusax: oecratHoit Community u

riatHoi Ultimate. [IpenoctaBisier MHCTpYMEHTHI aHaIM3a Koja, pedakropunra u otnaaxu [13].

CpaBHEHHE pacCCMOTPEHHBIX CpeJ] pa3pabOTKU KPaTKo MpEeACTaBICHO B TabmuIe 3.

Tabnuua 3 — CpaBHeHue cpes pa3padoTKu

Xapaxre- Visual Studio Code IntelliJ IDEA
pHUCTHUKA
SI3BIKHN [TognepxuBaet OOJIBIIOE KOJTHIECTBO OcHOBHas HaMPaBJIEHHOCTb — Java u
porpam- | sI3bIKOB U€pe3 CUCTEMY PaCIIMPEHUN. Kotlin. I[Tonnepsxka Python peanuzoBana
MHUpPOBa- Python noanepxuBaercsa opuimaib- Yyepes IUIaruH, KOTOPBINA TpeOyeT ycTa-
HUS HBIM pacmpeHueM oT Microsoft. HOBKH M HACTPOUNKH.
Hucipy- BcTpoeHHsI 0T/IaIuuK C OAIEPKKON MoabIe I/IHCprMeHTI:IvOTJIaI[KI/I U Opo-
MEHTLL OT- | TOUEK OCTAHOBA, TIOLIArOBOr0 BbINOIHE- ¢bunrpoBaHus, rTyOOKHM aHaIN3 KOJa,
. HUs, TPOCMOTpA MEPEMEHHBIX U CTEKa ABTOJOINOTHEHUE U pe(baKTopHvHr. Otnan-
BbI30BOB. MIHTErpanus ¢ TepMHUHAJIOM. YUK UHTETPUPOBAH C UHTEPPEICOM.
OrpomHbIii KaTanor paclIupeHui st [Monnep:xka rmaruHoB yepe3 JetBrains
Pactmupsi- | pa3nu4HbIX A3bIKOB, HHCTPYMEHTOB U Marketplace. OCHOBHO# ynop Ha paciiu-
€MOCTb ¢yukuuii. [TozBosnsieT nmpousBecTu peHHe BO3MOXHOCTEH JJ1st pa3paboTKH Ha
HAaCTPOMKY MOJ KOHKPETHBIE 3a1a4H. A3BIKE IPOrPAMMUPOBAHMS Java.
Tpousso- JI€rkuii ¥ OBICTPHIA, TOTPEOIIAET MAJIO Bon?e TSOKENDIHN, TpeOyeT 3HAUUTENHHOTO
- PECYPCOB, 3allyCKaeTCs MPaKTHIECKH o0Bséma O3Y, 3amyck MOXKET 3aHHUMATh
HOCTE MI'HOBEHHO J1a)K€ Ha yCTPOMCTBAX C Bpemsi. ONTUMHU3UPOBAH AJis1 pPabOTHI C
OTPaHHYEHHOM MPOU3BOIUTENBHOCTIO. | OOJNBIIMMH MPOESKTaMH Ha Java.

B pesynbrare cpaBHEHMs, s AATbHEHIIEr0 CO3JaHUS MPUIIOKEHUs Oblia BeIOpaHa cpeaa

paspadotku Visual Studio Code. Ha e€ BriO0p okazanu BiusiHUE (HaKTOPHI:

— 0ecIUIaTHOCTh M KPOCCIUIaT(hOPMEHHOCTb, JOCTYITHOCTh Ha pa3nuuHbix OC;

— moauaepxxka Python uepes opunmansaoe pacmupenue ot Microsoft, odecnieunBaroriee

TAKXE aBTOAOIIOJHCHHUE, OTIAAKY, 3allyCK U TCCTUPOBAHHUEC KOJA,

— JIE€TKOCTh M BBICOKAsi CKOPOCTh pabOTHI, UYTO BAYKHO MPHU pa3padOTKe yUeOHBIX MTPOCKTOB,

IMOCKOJIBKY MO3BOJISICT COCPEAOTOUYNTHLCA HA HAITMCAHUU KOA, 4 HC Ha OXKUJAAHUU 3aIrPY3KH CPCIBI;

— HaJIM4YMC BCTPOCHHOI'O TCpMHUHAJIA, HIUPOKUEC BO3BMOXKXHOCTU KaCTOMH3ALINU YCPE3 paACIIN-

PECHUA — MOXKHO JICTKO U 6I)ICTp0 I[06aBI/ITI) MOAACPIKKY AOIMOJTHUTCIIBHBIX NHCTPYMCHTOB.

Taxum o6pazom, Visual Studio Code mpemocraBiseT Bce HEOOXOUMbIE HHCTPYMEHTHI ISt

pa3paboTku npuiioxkeHus Ha Python ¢ ucnonb3oBanuem rpaguueckoit 6udanorexu PySide6 u siBis-

C€TCs OTJIIMYHBIM BI:I60pOM JJIA BBITIOJIHCHUSA paGOTLL
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3 PaspaboTka nporpammsl

3.1 Peanusauus rpacdmnyeckoro nHTepgenca n cTpykTypbl NporpaMmmbl

Jns co3ganus rpaduyeckoro uatepgeiica B pa3paboTaHHOM MPHIOKEHUH HCIIOIB30BAJIaCh
oubmmoreka PySide6 — opunmaneras npussska Qt mis Python. Qt mpemocraBiseT HabOp rOTOBBIX
KOMITOHEHTOB (BUPKETOB): KHOITKH, TTOJISI BBOJIA, BBIMAAIONINE CITUCKU, YEK-OOKCHI M JPyTHE dJIe-
MEHTHI YIIPaBJICHUs, HACTPaUBAEMBbIE IIEJTMKOM Yepe3 HallMCaHue KOJa.

BiaumMopericTBre Mex 1y KOMIOHEHTaMU Qt OCYIIECTBIIIETCS Yepe3 MEXaHU3M CHUTHAJIOB U
CJIOTOB: TIPY BO3HUKHOBEHUM COOBITHS (HAPUMED, HAKATUH KHOIIKH) TEHEPUPYETCS CUTHAI, KOTO-
PBIi BBI3BIBACT COOTBETCTBYIOIINI METOA-00padoTuuK. /s pa3MenieHns: BUIKETOB B OKHE UCIIOIb-
3YIOTCSI MEHEIKephl KOMITOHOBKH (layout), aBTOMaTHYECKH YIPABISIONINE PACTIOIOKCHAEM H pa3-
MepaMH 3JIEMEHTOB MTPH U3MECHEHHH Pa3MEPOB OKHA.

PazpaboTtanHoe NpPUIIOKEHHE TIOCTPOCHO C MCHOJIB30BAHUEM OOBEKTHO-OPHUEHTUPOBAHHOMN
HapaJurMbl © COCTOUT M3 YETHIPEX OCHOBHBIX KJIACCOB, KAXKIIBIA M3 KOTOPBHIX OTBEYACT 3a OMpeEe-
N€HHYI0 (YHKIIMOHATBLHOCTS [14]:

— MainWindow — riiaBHOE OKHO TIPUJIOKEHUS;

SettingsDialog — auamoroBoe OKHO JJIsl BBOJIa TapaMeTPOB KPUBOM;

— HypoTrochoidWidget — BumpkeT 115t OTpUCOBKH rpaduka;

— CalculationThread — moTok 11 aCHHXPOHHOTO pacyéTa TOYEK KPUBOM.

B3anMoelicTBIE KITacCOB OPraHU30BaHO CiIeAyoIM 00pazom: MainWindow conaepkur k-
3emruisip HypoTrochoidWidget st otoOpakenus rpaduka u ynpasiseT oTKpbiTHeM SettingsDialog.
[Tocne BBOMIa MapaMeTPOB B TMATIOTOBOM OKHE JaHHBIE nepenarotcs B HypoTrochoidWidget, koto-
pBI, B CBOIO o4epenp, 3amyckaeT CalculationThread nist BErunciieHus: TOUYeK KPUBOH B OTACIHHOM
MOTOKE. DTO MO3BOJISIET COXPAHUTH OT3BIBYUMBOCT HHTEP(]Eiica BO BpeMs pacyEToB.

3.1.1 Knace MainWindow

Kiracc MainWindow nacnenyercs ot QMainWindow u sIBIsieTCsI TJIaBHBIM OKHOM TPUJTIOKE-
Hus. OH CONEPKUT MaHeNb yIpaBiieHus ¢ kHonkamu «Hactpoiiku mapamerpoB» n « OOHOBUTH rpa-
buK», nHHOPMAIIMOHHYIO HAAMUCH C OTOOPAKEHUEM TEKYIIUX MMapaMeTpoOB MPOTPaMMBbI, a TaKKe
BUJDKET Il 0TOOpakeHus rpaduka runotpoxouipl. KHonka «OOHOBUTE rpadk» W3HAYAIBHO OT-
KJIIOUYEHA M aKTUBUPYETCS TOJIBKO MOCIE MEPBOT0 YCHEIIHOIO BBOIAa TTApaMETPOB.

Meton show_settings dialog() oTkpsiBaeT nuaioroBoe OKHO HacTpoek. Eciu mons3oBaTenb
MOJTBEPKIAET BBOJ], TO BBEJACHHBIC MapaMETPhl COXPAHSIOTCS, aKTUBHpYeETCs KHOMKa «OOHOBHTH
rpaduky». MHpOpManmoHHas HaIuCh IPU 3TOM OOHOBIISIETCS C OTOOpAKEHUEM TEKYIITUX 3HAYCHUH.

®dparMeHT Koja, OTBEYAIOIIEr0 32 HACTPOWKY TJIABHOTO OKHA mpwiiokeHus MainWindow,

MO>KHO YBUJIETh HIKE Ha PUCYHKE ©.
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_init_ (self):

F init_ui(self): # meTon ana c
central_widget = QWidget() # ¢
self.setCentralWidget(central w

main_layout = QVBoxLayout() # c
central_widget . setlLayout(main_1

control_layout = QHBoxLayout() # rc OHT anbHbIA

self.settings button = QPushButton("HacTpoiikn napameTpos™) # kHonka gnAa
self.settings_button.clicked. connect(self.show_settings_ dlalog) #
control_layout.addWidget(self.settings_button) # n

self.redraw_button = QPushButton("06HoBuTEL rpaduk™) # kH
self.redraw_button.clicked.connect(self.redraw_graph) # npue
self.redraw_button.setEnabled(Fal # oTknHwuEHM

control layout.addWidget(self.redraw button) # g

control_layout.addStretch() # o 3IEHME PacTArMBawWeroca MycToro paHCcTBa ANA CMEeWeHus 3

self.info_label = QLabel({"HaxmuTe 'HacTpoilku napameTpoB' nnA BEOAA AaHHbX™) # WH LUMOHHAA HaANWCb
control_layout.addWidget(self.info label) # pobaBneHwe HagnNUCK B M3

Pucynok 6 — ®@parmenT kona u3 kinacca MainWindow

Kak Opimo ymomsiHyTo panee, kinacc MainWindow ympaBisieT OTKpHITHEM OKHa
SettingsDialog, rie mpon3BoAUTCS BBOJ MAPaMETPOB THITOTPOXOUIBI.

3.1.2 Kaace SettingsDialog

Knacc SettingsDialog nacnenyercs ot QDialog u npencrasisier co0oii MOJIaIbHOE TUATIOTO-
BOE OKHO, HHTEp(deiic KOTOpPOro pas3nenéH Ha nBe rpymsl: «Ilapamerps! kpuBoi» (mois BBoja R, r,
d) u «HacTpoiiku oToOpaxkeHus» (BbIIAAAIOINN CIIUCOK CUCTEM KOOPAMHAT U YEK-OOKC JIJIsl BKITIO-
YeHUsl aHUMaIuK). B HIbkHEW yacT okHa HaxoaaTcst KHOMKU «IlocTpouTs rpaduk» u «3aKkphITh.

Cratuueckue nepeMeHHbIE Kilacca XpaHsT MOocieIHue BBEAEHHbBIE MOIb30BaTeNIeM 3HAUCHHS,
YTO TIO3BOJISICT MPH CIEIYIOIIEM OTKPBITHH OKHA OTOOPa3HUTh MPEABLAYIIHIE TapaMeTPhI.

Merton validate_and accept() BEIIOTHSET MPOBEPKY KOPPEKTHOCTH BBEIEHHBIX JAHHBIX: BCE
napaMeTphl TOJKHBI OBITh MOJOXKHUTEIBHBIMI YUCIAMU U PAANYC KaTAIMIECHCS OKPY)KHOCTH JTOJIKEH
OBITH MEHbIIIE pajyca Hanpasistome. [Ipun oOHapykeHnu OMMOKY BBIBOJUTCS COOTBETCTBYIOIIEE
COO00I1IeHNE, U OKHO OCTAETCSI OTKPBITHIM.

3.1.3 Knacc HypoTrochoidWidget

Kiacc HypoTrochoidWidget nacnenyercst or QWidget u siBisieTCSt OCHOBHBIM BHIXKETOM IS
oTpucoBku rpaduka. OH OTBEYAET 32 XPaHEHHE TOUYEK KPUBOM, MEPEBOJ UX MATEMAaTUYECKUX KOOP-
JTUHAT B TIMKCENbHBIE C TIOCIEAYIOUIMM OTOOpaKEHHEM Ha DKpaHe, a TaKXkKe 3a yNpaBieHHE aHUMa-
mueil. BuyTpu kitacca xpansatcst K03 UIIMEHT MaciuTaOupoBaHus I IEPEBOIa KOOPAUHAT B MHK-
ceNy, Taiimep AJ11 aHUMAIMK U pa3InyuHble (aru COCTOSHUS IPOrpPaMMBI.

Merton set_parameters() MpUHUMAET MapaMeTPbl KPUBOW, OCTAaHABIMBAET TaliMEep aHUMAIIUN

(ecu OH OBLI 3aITyILIEH) U 3aIlyCKAaeT aCHHXPOHHBIN pacyéT TOYEK.
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3.1.4 Kaacc CalculationThread

Knacc CalculationThread nacnenyercs or QThread u npeara3HadeH it aCHHXPOHHOTO pac-
4y&Ta TOYEK KPUBOU B OT/AEIHHOM TMOTOKE. DTO TO3BOJISIET HE OJOKHPOBATH OCHOBHON MOTOK UHTEP-
¢eiica BO Bpemsl BBIMIOJIHEHUS BhIYKCICHUN. Kilacc mprHUMAaeT mapaMeTpbl KPUBOW M BHIOPAHHYIO
CUCTEMY KOOpJHMHAT, a MO 3aBEPIICHUU pacuy€Ta OTHPABISET CUTHAT CO CITUCKOM TOYEK, KOTOPBIN

o0OpabaTtbIBaeTCsi B OCHOBHOM IOTOKE JJISi OTPUCOBKH.

3.2 Peanunsauus anroputMa NOCTPOEHUS KPUBOWM 1 aHUMaLUK

3.2.1 Pac4yér TOYeK KpuBOM

JJis TOCTpOESHUS TUIIOTPOXOUIBI HEOOXOIUMO BBIYHCIUTH MHOKECTBO TOYEK, yIOBICTBOPSI-
IOIUX TApaMeTPUUECKUM YPaBHEHUSIM, MPEACTABICHHBIX B (popmyre 1, 1 0ToOpa3uTh X HA DKPaHE.
Pacuét BBITIONHSETCS B OTICIBHOM TIOTOKE ¢ moMotkko kitacca CalculationThread.

Ha ocHoBe hopmyiibl 2, 17151 BEIYUCIECHUS KOJTHMYECTBA 000POTOB, HEOOXOAMMBIX JIJIsl 3aMbIKA-
HUs KpuBO# (periods), ucnonb3yercst HanOonpmuii oommii nenutens (HOJ) paguycos R u r, ymHO-
*eHHbIX Ha 100 11 UX TIepeBo/ia B IeNIbIe YKCIa. ITO MO3BOJIIET KOPPEKTHO 00padaThIBaTh CIIydaw,
KOT'Jla paJuycChl 3aJlaHbl C MaBarolleil Toukoi. KpuBasi 3ambIkaeTcs, Koraa mapaMmerp (¢ JOCTUTAET
3HaueHus 2w * periods.

[Tpu rcmonp30BaHUH MOJSIPHON CHCTEMbI KOOPIMHATHI MIEPECUUTHIBAIOTCS IO (hopMyiam 3 1
4. O0miee KOIMYECTBO TOUEK OIMpPEIesIeTCsl KaKk MPOU3BEACHHUE YUCIa 000POTOB Ha KOJIMYECTBO TO-
yek Ha oguH 000poT (300). D10 0obOecrneunBaeT JOCTATOYHYIO IIaJAKOCTh KPUBOM TP MPUEMIIEMOI
MPOU3BOIUTEIEHOCTH. DparMeHT Ko/1a, OTBEYAIOIIETO 32 pacyET MAaTEMATHYECKUX KOOPIUHAT TOUCK

TUTIOTPOXOU/IBL, IPEJICTABICH HA PUCYHKE 7.

PUTENBHOE BbIYUCIEHUE
R_minus_r = self.R - self.r
ratio = R_minus_r / self.r #

for i in range(total _steps + 1): # u
fi = (i / total _steps) * 2 * mat

TpUHeckK YPpaBHEHMA TUNOTPOS )l B cKa B C

R_minus_r ath.cos(fi) + self.d * math.cos(ratio * fi)

R_minus_r * math.sin(fi) - self.d * math.sin(ratio * fi)
points.append((x, v)) #

if self.coord_system == 1: # ecnu Bbl
polar_points = [] #
for x, y in points: # ne 0TCA BC OYKU W BbIYUC
rho = math.sgqrt(x * x + y * y) #
theta = math.atan2(y, x) # w no
polar_points.append((rho, thet
points = polar_points # pe

self_finished.emit(points) # oTtnpa

Pucynok 7 — @parmenT koga u3 metona run() knacca CalculationThread
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Jlnst mpeoTBpaIleHus] U3UINHEH HAarpy3Kd Ha CHUCTEMY, MAaKCUMAaJbHOE YMCIIO 000pOTOB
KpUBOI orpanndeHo uuciaom 50.

3.2.2 MacmrtabupoBaHue 1 OTPHCOBKA

[Tocne 3aBepiieHus pacuéTa MaTeMaTUYECKUX KOOPJMHAT TOUYEK B OTJEIIEHOM IIOTOKE BBI3bI-
Baetcs metof paintEvent() kimacca HypoTrochoidWidget: on BeimosiHsieT oTpucOBKY Tpaduka. Mac-
mITadupOBaHKE PEATU30BAHO BPYUHYIO Yepe3 MepecuéT MaTeMaTHYeCKUX KOOPAUHAT B TUKCEIbHBIC
¢ yu€TOM TEKyIIUX pa3MepoOB BHDKETA IS, CIOCOOHOTO PaCTITUBATHCS MPU U3MEHEHHH Pa3MEpOB
OKHa, MPUYEM LEHTP FUIOTPOXOUIbI BCeria OyIeT COBMaAaTh ¢ TEKYIIUM LIEHTPOM BUIKETA.

CHauasa BBIYHMCISIOTCS TPAHUIBI IpaduKa Ha OCHOBE MUHUMAIIBHBIX M MaKCUMaJIbHbIX 3Ha-
YeHHUI KOOPJIMHAT TOUYEK. 3aTeM omnpeernseTcs Kod(gpuureHT MmacmTabupoBaHust, KOTOPHIA TTOKa3bI-
BAaeT, CKOJIFKO MHUKCENEH Ha SKpaHe COOTBETCTBYET OJIHOM €TMHUIIE MATEMAaTHYECKOM KOOPUHATHI.

Jlist 3TOrO BBIYUCISIOTCS JIBa 3HAYCHMS: OTHOIICHHE INUPHUHBI (W) BHIDKETa K Pa3HOCTH
MeX/1y MaKCHMaJIbHbIM U MUHHUMAaJIbHBIM 3HAUYEHUSIMU M0 Oocu X (TO €CTh K IHUPHUHE rpaduka B Ma-
TEMaTUYECKHX €AMHUIIAX) U OTHOIIEHHE BBICOTHI (h) BHIKETa K pa3HOCTH MEXy MAKCUMAIIbHBIM U
MUHHMaJIbHBIM 3HAYCHUSAMH 110 ocH Y (K BBICOTE TpaduKa).

W3 3Tux AByX 3HaueHUN BBIOMpAeTCs MEHbIIIEe, YTOObI BCSI KpUBAsi FapaHTUPOBAHHO MOMe-
cTuiach B obsactu otodpakenus. [lomydyennsiii koadduuuent scale ymensmaercs va 5%, 6xaro-
Japsi 4eMy I10 KpasiM OCTaOTCsl HEOOJbIINE OTCTYIIBI, ¥ TpaduK BBHITIISAUT akKypatHo. [locie sToro
KaXXJ1asi TOYKa MEePEeBOIUTCS B MMUKCEIbHBIC KOOPAUHATHI 10 opMynam 5 u 6. B ¢popmyre 5 pose-

MOHCTPUPOBAHO TO, KaK IPOUCXOAUT NEPEBOJ B MUKCENHN IO OCH X.

w
Xpx =7 + (x — centery) * scale, (5)

re w— TeKylas IHUpruHa BUDKETA ISl OTPUCOBKH rpaduka (W/2 — cepeiiHa BUKETA);

X — 3HaYEHHE MAaTEMATUYECKOW KOOPAMHATHI TOYKH KPUBOW;

center, —MaTeMaTH4eCcKas KOOpJMHATA [IECHTPa TUIIOTPOXOUbI, BEIUKCIIIEMast KaK CepeIuHa
JMaIla30Ha 3Ha4€HUM TOYEK KPUBOU 110 OCH X

scale — ko3 durueHT MacmTaOUPOBAHMS, ONMPEACISIONTNN, CKOJIBKO MUKCEIEH COOTBET-
CTBYET OJIHOM €AMHUIIE MAaTEMATUYECKON KOOPINHATHI.

B ¢dopmyne 6 mpoaeMOHCTPUPOBAHO TO, KaK MPOUCXOAMUT MEPEBOJ B MUKCEIbHBIE KOOPAH-
HAaThl HA OCH Y : 3HaK MUHYCa 37IeCh OOYCJIOBIICH TEM, YTO B KOMITBIOTEPHOM Irpaduke och Y Hampas-
JieHa BHU3, KOTJ]a B MaTeMaTHKe OHA HampaplieHa BBepX. B octanbHOM opmyna ananoruuHa ¢op-

MyJie 5, TOJIBKO 371€Ch OT/AEJIbHBIEC TapaMETPhI CBS3aHbI YK€ C OChIO Y.

h
Yox =5 (y — center,) * scale, (6)

rae /1 — Tekymiasi BBICOTa BUIKeTa Juis OTpucoBKku rpaduka (h/2 — cepennna BupKeTa);

VY — 3HAUCHUC MaTeMaTHUYECKOM KOOpAWHATBI TOYKH KpHBOﬁ;
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centery — MaTeéMaTU4CCKad KOOpANHATA HEHTPA T'MIIOTPOXOUABI 11O OCHU Y;

scale — k03 puneHT MacTabupPOBaHUS.

B 3aBucuMocCTH OT BBIOpaHHOW CHCTEMBI KOOPAWHAT BBI3BIBAIOTCS MeToabl draw_axes() auis
nexkapToBoi ceTku wiu draw_polar grid() ms nonsipHoil. B o0oux cioyuasx pasmep mpudra s
HOJNKMCEeNH M METOK TAaK)Ke PAacCUMTBIBACTCS JUHAMUYECKH B 3aBUCUMOCTH OT pa3MepoB OKHA. JTO
o0ecrieynBaeT YUTAEMOCTh TEKCTa Ha Tpaduke MpH J0060M mMacuiTade.

3.2.3 AHMManus IBMKeHHUs] IPUMUTHBA

AHNManus ABMKEHHs pealn30BaHa ¢ UCMoyib30BaHUeM Taiimepa QTimer, KOTOpHBINA ¢ HHTEP-
BasioM 30 MC OOHOBJISIET [TOJIOKEHHE MPUMUTHBA Ha TPAeKTOPHU KpuBOii. [Ipu BKIIIOUCHNH aHUMAIUN
nporpecc (ot 0.0 mo 1.0) yBenuuuBaeTcs Ha BeTUYMHY animation speed, KOTopasi pacCUUTHIBACTCS
KaK OTHOLIEHHE KOJIMYECTBA TOUEK, MPOXOAUMBIX 3a Kajp (4), k o01memMy unciy Touek. OTBeyarommi

3a 310 (pparment koxa u3 kiacca HypoTrochoidWidget mokHO yBUACTE HA pHCYHKE 8.

oT[ NPUMUTUBE paTta) AnA aHuMauuu

if self.animating and len(self.points_px) > 1: # ecnu anumauws MEHA W TOYEeK

# 0J HWe NNaBHOW WHTep ALK 0

progress = self.anim _progress (len(self.points p

idx_floor = int(math.floor(progress)) # uenaa 4

idx_ceil = min(idx_floor + 1, len(self.points_px) - 1) #
frac = progress - idx_floor # g A YacTb ONA MHTEPNONALMM

# NuHeliHaa WHTEpPNONAUMA MO3WULMN ME ) eQHMMKM TO4YKaMK
x1, y1 = self.points_px[idx_floor] # nu WHaTkl ne
x2, y2 = self.points_px[idx _ceil] # n

03MUMA .
pos x = x1 + (x2 - x1

pos vy =yl + (y2 - yl

self.primitive _pos = (pos_x, pos_y) #

Pucynok 8 — ®parmenT kona u3 metona paintEvent() kmacca HypoTrochoidWidget

JIJ1s1 TUTAaBHOTO ABYDKEHHSI TIPUMHUTHBA 110 TPASKTOPHH TUTIOTPOXOHIBI HCIIONIB3YETCS JINHEH-
Hasi MHTEPIOJISIHS MKy €€ COCeJHUMHU TOUKaMU B ITUKCEJIbHBIX KOOPAMHATAX, YTO MO3BOJISET U3-
0ekaTh PE3KUX JAUCKPETHBIX CKAdKOB. [IpH JOCTIKEHUH KOHIA TPAEKTOPHH MPOTPECC 3alUKIHBA-
€TCsl, B pe3yJIbTaTe Yero MPUMUTHB CHOBA HAYMHAET IEPEMEIICHUE U3 Havyalla B KOHEII.

Pazmep npumuTHBa (KBaaparta, 3aKpalIeHHOTO CHHUM LIBETOM) TOXKE aAalTUPYETCs O pa3-
MepBI OKHA: CTOPOHA KBajipaTa BbraucisgeTcs kak max(12, min(w, h) / 30), uTto rapaHTUpyeT ero Bu-
JMMOCTb ITPH JTF000M MaciiTabe. MUHUMANIBbHBIM BO3MOXHBIN pa3Mep CTOPOHBI PaBEH vucity 12.

3.2.4 O6padoTka N3MeHEeHHsI pa3Mepa OKHA

[Tpu n3MeHeHnn pa3Mepa TIaBHOTO OKHA BHIDKET rpaduka aBTOMATHYECKH MEPEPUCOBBIBA-
eTCsl, IpY TOM KO3 PUIIMEHT MacIITaOMPOBAHUS PACCUUTHIBACTCS 3aHOBO. DTO 00€CIIEYNBACTCSI BBI-
30B0M MeToja update() mpu cOOBITUM U3MEHEHUS pa3Mepa, YTO MPUBOIUT K TOBTOPHOMY BBITIOJIHE-
auro paintEvent(). braromapst Tomy, 94T0 Bce KOOPAWHATHI IEPECUYNTHIBAIOTCS OTHOCHTEIBHO TEKY-

IIMX pa3MEpOB BHKETA, MACIITAOMPOBAHNE IIPOUCXOAUT KOPPEKTHO MPH JHOOBIX pa3Mepax OKHA.
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4 TecTupoBaHue nporpaMmmbl

4.1 PaboTta nporpammbl Npy BBOAE KOPPEKTHbLIX AaHHbIX

Jlnist IpOBEPKU KOPPEKTHOCTH pabOThI MPHIIOKEHHs ObUIH BBHITIOJIHEHBI TECTOBBIE 3aITyCKH C
Pa3JIMYHBIMHU 3HAYEHUSAMM MapaMeTpOB KpUBOW. TecTupoBaHME NMPOBOAWIOCH HA NPUMEpaAx, KOTO-
pBI€ IEMOHCTPUPYIOT OCHOBHBIE PEKUMBI paOOTHI IPOrPaMMBbI: TOCTPOCHUE TUIIOTPOXOUIBI B IEKap-
TOBOM U MOJISIPHON CUCTEMaxX KOOPAMHAT C MPOBEPKOU pabOThl aHUMAIIHH.

[Ipu 3amycke mporpaMMBbI MOJIB30BATENIO Mpe/IaracTcsi BBECTH MapaMeTphbl KPUBOM B JHAIIO-
TOBOM OKHE HAaCTPOEK, OTKPBIBAIOLIEMCS IPU HaxaTuu kHoNKU «Hactpoitku mapametpoBy. s nep-
BOT'0 TecTa ObLIM BBIOpaHbl IIpeiaraéMple MPOrpaMMOi IO YMOJTYaHUIO 3HAUEHUS: paJANyC HalpaB-
nsronier okpykHoctd R = 5.0, paanyc katsmerncs okpy)HocTd r = 3.0, pacCTOSHUE OT LEHTpa 10
touku d = 1.5, cuctema KOOpAUHAT — JeKapToBas. AHMUMAIIHS IOKa YTO OyJeT OTKII0UYEeHA. Y BUACTh

AUAJIOroBOC OKHO C YKa3aHHBIMU ITapaMETpaMu MOXKXHO Ha pUCYHKC 9.

O Mapametpbl runoTpoxomnaw

MapameTpel KpUBOH
Paguyc Hanpasnamwed okpy#HocTr (R
5.0

Pagwyc kataweica okpyxHocti (r= 0, r < R):

Hactpoiikn oTobpaxeHna
CucTema KoopanHaT:
JexapTosan

Binounte aHnma LM HD

MocTponTe rpadme JaKpeITe

Pucynok 9 — luanorosoe okHo SettingsDialog co 3HaUeHUSMHU IO YMOJTYaHUIO

[Tocne naxxatus kHonku «IlocTpouTs rpadux» mporpamma BbIIOJHUIA PACYET TOUEK U OTOO-
pa3uiia TUIOTPOXOM Ty BHYTPH BUJIXKETa II1aBHOT0 okHa. Kak noka3zano Ha pucyHnke 10, kpuas 0T00-
pasuiiach KOPpeKTHO — (hopMa COOTBETCTBYET 0KMJaeMOH JUlsl BEIOpaHHBIX mapameTpoB. Koopau-
HaTHasi ceTKa ¢ oCsiIMU X U Y U YUCIIOBBIMHU NOJIIHUCIMU OTOOPaKaeTcsi B COOTBETCTBHU C BBIOpaHHON
JIEKapTOBOM CUCTEMOI KOOPAMHAT, MHPOPMAIMOHHAS HAMNKCh HA MAHEeIN YIPaBJIeHUs 0TOOpaxaeT

TEKyIIHEe MapaMeTphl.
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[N rwnotpoxonaa ]

Hactpoiikn napametpoe  OGHOBWMTE rpadme =50, 0, d=1.5 | Cucrema: gekapTosan | AHUMALMA: BEIKIHOYEH

Pucynok 10 — I'maBHOE OKHO ¢ TUIIOTPOXOUAOM U 1€KAPTOBON CETKOU

Jlist mpoBepKyu pabOTHI B MOJIIPHOI CUCTEME KOOPIUHAT OBUIH BBIOPAHBI T€ K€ mapameTpsl R
=5.0,r=3.0,d = 1.5, HO cucTteMa KoopAMHAT OblJIa U3MEHEHA Ha MOJSPHYI0. BMecTe ¢ 3TuM Obla
cpa3y mpoBe/ieHa enié U MpoBepka padOThl AHUMALIUK MIPUMHUTHBA, TaK KaK aHUMalus JUIsl OJHOU
KPHUBOH 3/1€Ch OyJeT paboTaTh OJMHAKOBO KaK B JICKapTOBOH, TaK U B TIOJSIPHON CUCTEME KOOPIUHAT.

Tenepp mocie MocTpoeHHUs] B IVIABHOM OKHE OTOOpa)kaeTcsl Ta K€ camasl KpuBas, 4To U
paHbIIle, HO YK€ C MOJAPHOU KOOPAMHATHOW CETKOM Ha 3aJIHEM IUIaHE, COCTOSIIECH U3 KOHIIEHTpUYe-
CKHX OKPY>KHOCTEU M paJiuaibHBIX Ty4yel ¢ TpaayCHbIMU MeTKaMu. LIeHTp cuctemMbl KOOpAUHAT 000-
3HAYEH TOYKOM ¢ MOANUCKHI0 «O».

[Tocne noctpoenust rpaguka ObUT TaK)KE€ aBTOMAaTUUECKH 3aITyILIEH TaliMep: 3aKpallleHHbIH CU-
HUH KBaJpaT Hayasl CBOE JABIKEHUE MO TPACKTOPUHU THIIOTPOXOUIbL. J[BIDKEHNE KBaipaTa MPOUCXO-
JUT TIJIaBHO, 0€3 PHIBKOB, U 3alMKIMBAETCS MO JOCTH)KCHUU KOHIIa TpaekTopuu. Pa3smep kBamapara
aIalITUPOBAJICS TIOJ] OKHO: MPUMHUTHUB BUAEH Xopouio. IlodydeHHsli pe3yapTar nocie u3MEeHEeHHUs
pa3MepoB IIaBHOI'O OKHA MPEJCTaBIECH HAa pUCyHKe 11.

Kak M0XHO yBHUJIETh Ha pUCYHKE, MaclITaOMPOBAaHUE TOXE CPabOTaNIO MPaBUIIBHO: MPU HU3-
MEHEHHUH Pa3MEPOB OKHA OHO BHITIOJHUIIOCH aBTOMATHYECKHU JIJISl BCEX AJIEMEHTOB rpaduka, BKIItouas
KOOPJIMHATHYIO CETKY, MOAMUCH U CaMy KPUBYIO. DIIEMEHTHI IEPEPUCOBBIBAIOTCS C HOBBIM KO3 Pu-
[IMEHTOM MacIuTaOupOBaHUs, COXPaHssA MPOMOPIMHA U YUTAEMOCTh, a TpadUK HE BBUIE3AET 3a Ipe-
JieNbl OKHA. bblTa Takke MpoBeieHa IpoBepKa padOThl aKTHBHPOBABIIEHCs KHONKH « OOHOBHUTH Tpa-

(buK»: OHa MPaBIIIBHO [TEpeCTPOmIIa KPUBYIO € TpadukoM 0e3 MOBTOPHOI'O OTKPHITHS OKHA HACTPOEK.
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Pucynok 11 — ['maBHOE OKHO M3BMEHEHHOTO pa3Mepa € MOJSIPHON CETKOW U aHUMallMen

B nononHeHue K 3ToMy TeCTy, ObIJIO MPOBEJCHO €I HECKOIBKO TECTOB C PA3IMYHBIMU Ha0O-
pamMu KOPpPEKTHBIX apaMeTpoB. 111 HEKOTOPBIX HAOOPOB ObLIA 3aMeYeHa CUTYalusl, KOTia IpH J10-
CTH)KEHUHU KOHIIAa TPACKTOPUHM NMPUMUTHB COBEpILAT PE3KHil CKauoK (TeIernopTHpPOBAICS) B Hayaio
KPUBOM. DTO He SBISETCS OMNOKOM MPOrpaMmbl, a 00BICHIETCS 0COOCHHOCTSIMU TUITOTPOXOHUIBI.

Kak Op110 MOKa3aHO B MyHKTE 1.2, KOTHMYECTBO JIETIECTKOB M 000POTOB KPUBOM OMpEIesieTCs
cooTHowmeHueM paauycoB R u r. IIpu R = 2r xpuBas Belpokaaercs B npsMyro JuHHIO (apa Tycu
npu d = r) nim B syumarnc (npu d > r). B Takux cirydasx TpaeKTOpHs 3aMKHYTa, HO M3-32 TUCKPETHOTO
IpeJICTaBICHNs KPUBOH B BUI€ HA0Opa TOUEK Mepexo]] C MOClIeJHE TOUKH Ha EPBYIO MOXKET BU3Y-
aIbHO OBITh BOCTIPUHSAT KaK CKaYOK MPUMUTHUBA.

AHanorudHas CUTyanus HaOJII0AaeTCsl IPH HECOKPATUMBIX Ipo0six, Harpumep mpu R = 10.0
ur = 3.0 (cootnomenne 10/3), rae kpuBas UMeeT 3 JenecTKa U 3aMmbikaeTcst mocyie 10 060poToB.
Marematnuecku KpuBas 3aMKHYTa, HO M3-3a JUCKPETHOI'O IPEACTABICHHS TPACKTOPUU B BUIE
Habopa TOYEK MOCIEIHAS BIYUCIEHHAs TOYKAa MOXKET HE COBIAJATh C MEPBOM. ITO CBSA3AHO C TEM,
YTO KpUBas MOXET MPOXOAUTH Yepe3 OOIINe TOUKU NepeceyeH s JIETIECTKOB, U MIPH Mepexoe C O-
HOT'O y4acTKa TPaeKTOPUU Ha IPpYyroil IPUMUTUB NIEPECKAKUBAET C OJHON TOUKU Ha PYTYIO.

Hanpuwmep, nmpu mapamerpax R = 10.0, r = 3.0, d = 1.5 npuMHUTHB B KOHIIE aHUMAIIHH TEJIe-
MOPTUPYETCS U3 OJHOW TOUKH HAa OCH X B APYTYIO, UTO OOBSICHIETCS OCOOEHHOCTSMHU 3aMbIKAHUS
KPHUBOH NPH JAHHOM COOTHOIIEHUH napaMeTpoB. [Iporpamma koppekTHO 00pabaThiBaeT aHUMAIIHIO,
3alMKIIMBasg e€ U oOecrevnBasi IJIaBHOE JABM)KCHHE Ha KaKJIOM y4acTKe TPAeKTOPHH, a HaOIroaae-

MBIA CKa4OK SIBJISICTCS CIIEJCTBHEM AUCKPETHOT'O IPCACTABIICHUS KpHBOﬁ, a He OIIIHOKOM.
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4.2 PaboTa nporpamMmmbl Npy BBOAE HEKOPPEKTHLIX AaHHbIX

JU1st IPOBEPKHU YCTOMYMBOCTHU MPOTPAMMBI K OIIMOKAM TMOJIH30BATENs OBUIO BBITIOJHEHO TE-
CTHPOBAaHHKE C BBOJOM HEKOPPEKTHBIX 3HAUEHHI mapameTpoB. [Iporpamma gomkHa KOppeKTHO 00pa-
0aThIBaTh TAKHE CUTYAaIlUH, BBIBOJS COOOLICHNUS 00 OMMOKaX M HE JOIyCKasi cOOEB MM 3aBUCAHUI.

[Ipu BBOZIE B J1t000OE U3 TOJIEH MapaMeTpoB OYKBEHHOT0 3HaYCHUS (HAIIpuMep, «abc» BMECTO
qrcia) mporpamMmma JI0JbKHA OTPEICINTh, YTO BBEACHHBIC JAHHBIC HE SBIISIOTCS YUCIIOM, U BHIBECTH
COOTBETCTBYyIOIIEe coodmeHne «Bce mapamerps! TOKHBI OBITH YrcaaMu!», KOTOPOE MOXHO YBH-
JIeTh Ha pUcyHKe 12. D10 cooOIeHne MosABIsIeTCs MIPU MOMNBITKE NOCTPOUTH IpaUK C JIIOOBIMU He-

KOPPCKTHBIMH JaHHBIMH.

MapameTpel KpHEOH
Paguyc HanpaenAroLLER OKPY#HOCTH

abc

F
B Ownbka

Bce napameTpbl gomkHbl Bbime sncnamn!
F

QK
Hac

Cucrema ko

Pucynok 12 — CooOuienue 06 ommubke npu BBOJE HEUUCIOBOr0 3HAYCHUS TapaMeTpa

Bce mapametpsr kpuBoii (R, r, d) 1o/mKHBI OBITh MOTOXKUTENBbHBIME. [Ipy BBOJE HYJS WIH
OTPHUIIATEILHOTO 3HaYEHUsI TPOrpaMma MPaBUIILHO €T0 OMPEIEIIAeT U BBIBOIUT coobIenne «Bee na-

paMeTpbl TOJKHBI OBITH MOJIOKUTEIBHBIMU YHCTIaMH!», OKa3aHHOE Ha pUCYHKe 13.

MapameTpel KPUEDH
Paguyc Hanpasnamwei okpyxHocTh (R

-4

N Owwtxa

n Bce napamMeTpel 40N HBI BEITE NOAOXKHTENEHEIMI YCnamMK!

oK

Cncrema KoopguHat:

[JexapTosan

Pucynok 13 — CooOuienue 06 ommbke mpu BBOJIE HEMOJIOKHUTEIHHOTIO 3HAUCHUS ITapaMeTpa
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CornacHo MaTeMaTHYECKOMY OINMUCAHUIO TUIIOTPOXOUIBI, PAINYC KATSAIIEHCS OKPY>KHOCTH T
JOJKeH OBITh MEHBIIIE paJuyca HampaBisiomiei okpykHoctu R. [Ipu HapymieHHH 3TOr0 yCIOBHS
(manmpumep, R = 3.0, r = 5.0) nmporpamma BeIBOAUT coobIieHue «Pannyc karsiencs okpy»XHOCTH (1)

J0JKeH OBITh MEeHbIIE paanyca Hanpasiutromei (R)!», koropoe MOKHO yBHIETh HA pUCYHKE 14.

MapameTpbl KpUBOH

B Owwbka

Pagwyc kataweica okpysHocTh (r) gonseH BoiTe MEHBLLE pagnyca
HanpaenALLER

¥ BNHYNTE aHWMALIMHD

MocrponTte rpadgue JaKpeITE

Pucynok 14 — Coobiienre 00 omuoOKe mpy BBOJE IMapaMeTpoB, rae r > R

Bo Bcex paccMOTPEHHBIX CITydasx MporpaMMa He JIOIyCKaeT MOCTPOCHUs TpaduKa ¢ HEKOp-
PEKTHBIMH ITapaMeTpaMH, BbIIAET MOHATHBIE COOOIIEHUST 00 OMmMOKax 1 0CTaéTcs B paboueM COCTO-
SIHUM, TI03BOJISIS MTOJIb30BATEIII0 UCTIPABUTH BBOJI, YTO MOATBEPIKIACT KOPPEKTHYIO PEaTU3aIUI0 M-

XaHu3Ma BaJIaallu BXOAHBIX JaHHBIX.
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3akno4yeHue

B xone mpoxokneHust yaeOHOM 03HAKOMUTEIBLHOW MPAaKTUKH OBUTIO pa3pabOTaHO MHTEpaK-
TUBHOE KpoccaT(opMeHHOE NMPHIIOKEHHUE sl OCTPOSHHS THIIOTPOXOUABI C BOBMOKHOCTBIO M3-
MEHEHHs [1apaMeTPOB KPUBOH, IIEPEKIIFOUECHHS MEXKY NEKapTOBOM U MOJISIPHOM cUCTEMaMu KOOpIU-
HAT ¥ aHMMAIMeH JBIKCHHS NMPUMHUTHBA MO0 TPACKTOPHH KpWUBOH. s peanusanuu mpuioKeHUs
ObUIa UCTIONIB30BaHa 0OBEKTHO-OPUEHTUPOBAHHAS MTapaJurma nporpaMMUpoBaHus Ha si3bike Python
C MpuMeHeHueM rpagpudeckoit 6udanorexu PySide6.

3TO 3HAYHUT, YTO B PE3YJIbTATE BHIMOIHEHUS pabOThI TOCTABJICHHAS 11eJIb ObUIA TIOCTUTHYTA, &
TaKke OBUTH PELICHBI BCE TOCTABICHHBIC 331a4H:

— U3y4YeHbl TEOPETUUYECKHE OCHOBBI TMIIOTPOXOUbI, BKIIOYas €€ UCTOPUIO OTKPBITUS U 00-
JaCTU MPAKTHUECKOTo MIPUMEHEHHUS; TeOMETPHUECKUH cIToco0 e€ MoCcTpOoeH s, BKI0Yas HapaMeTpu-
YecKHe ypaBHEHMS U BIMsSHUE apaMeTpoB R, r, d Ha hopmy KpuBoii;

— mpoenéH aHam3 T3 u pazpaboTana OJIOK-CXeMa aaropuT™Ma paboThl IPOTPAMMBIL,

— OCyHIeCTBJIEH 1 000CHOBAH BBIOOD sI3bIKa MporpaMMmupoBanus Python ¢ rpadudeckoit 6u6-
muotexoit PySide6 u cpensl paspadotku Visual Studio Code B kauecTBe cpeicTB pa3pabOTKH;

— pazpaboTaHa mporpamma, peanusyiomias OTPUCOBKY TMIOTPOXOHUIbI C AaBTOMAaTHUYECKUM
MacmTabupoBaHUEM IPH U3MEHEHUH pa3MEepOB OKHA U MOJACPKKONH 0TOOpasKeHHsI B IEKaPTOBOH U
HOJISIPHON CHUCTEMaxX KOOpJNHAT;

— peaJu30BaHa aHUMALUs JBMO)KEHUS NIPUMUTHBA, NIPEICTABIIAIONIET0 COOO0M 3aKpalleHHbIN
KBaJ[paT CUHETO IIBETA, 110 TPACKTOPUU TTOCTPOCHHOM KPUBO;

— TPOBEICHO TECTUPOBAHKE MPHIIOKEHHUS HA KOPPEKTHOCTH PAOOTHI IIPU BBOJIE IOITYCTUMBIX
Y HEJIOMyCTUMBIX 3HAUYEHUH apaMeTpoB;

— 000011eHbl MaTepHajbl MPAKTUKH U 0POPMIIEH OTYET C HEOOXOAUMBIMU JTOKYMEHTaMHU B
COOTBETCTBUH C yCTAaHOBJICHHBIMH TPEOOBAHUSMH.

Brimonaenue paboThl MO3BOJIMIIO YTIITyOUTh MOHUMAaHHE TApaMETPUIECKUX KPUBBIX U CIIOCO-
00B MX MPAKTUYECKOro MPUMEHEHHMs, 3aKPENUTh 3HAHUSA B 00JACTH AJITOPUTMU3ALUKN U OOBEKTHO-
OPUEHTHUPOBAHHOI'O NMPOrPaMMHUPOBAHUS, @ TAKXKE MOJYYUTh NPAKTUUYECKUE HABBIKH, KOTOPbIE OKa-

JKYTCA MOJIC3HBIMHA B XOAC MOCICAYIOLICTO U3YUCHUA y‘-IGGHBIX JUCITUITIINH.
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Pucynok A.1 — briok-cxema ¢ alroputMoM pabOoThl PUIIOKEHUS (4acThb 1)
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Pucynok A.2 — biok-cxema ¢ aaropuTMoM paboThl IPHIIOKEHUS (JacTh 2)
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