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MA3BMYHHOMA

XO03Upru BaKTAa OPTUMHU3a axOOpPOT KOMMYHHKAIUS TEXHOJOTHSIIApU
(AKT) mam kenr (oiiganaHummga Karra XaXMIard WIDap aManra
OIMPUIIMOKIa. ANHHUKCA, aCOCHH IBTHOOP MWUIUIUH JACTypHil BOCHUTajap Ba
JACTypui TabMUHOTJIAPHU HMIILIA0 YMKUIITA KapaTwirad. by opkanu sca yetnan
BaJIOTa OpKajdu KupuO Keja€TraH AacTypuil BocuTajapra OyiraH TanaOHH
KaMaTUpHUIIl XaMmJa MIUIMK JacTypuil Maxcysotiap opkaiau skaxoH AKT
0030pHUra YUKUIIIHP.

Ymby waructpiauk amcceprauus MM - (pakTtajiap Ba  yJIapHHUHT
Xoccanapy xamja yJIapHU KypHIll aJITOPUTMIIAPUHM YpraHuiira OaruIllJIaHTaH.
Opakramnapau  Kypuiniaa ¢oitgananwiaauran  B.JI.PBaueBHUHT R-pyHKIMS
anredpa—MaHTUKUHN yCyIH KYpUO YMKUJITaH.

TanakukoT 00beKTH — reomMeTpuk (pakramiap. TagkukoT npeametd — R-
dbyHKIUs Ba yHAaH (olaaHral XoJijia UIiad YUKWITaH Xap XU T€OMETPUK
dpakramiap.

by Makcajara spumvm yuyyH Kyiuaaru Bazudanap oaxapuiau:

e Mypakka0® MIaKuIM T€OMETPUK IMIAKIIApHU Kypulaa (paxramiapHu
VpHU, aXaMUSATH Ba TaxXJIWJ KWUJINHTaH;

e R-pyHKUUMs acocuaa peKyppeHT TeHriamanapiaH (oiigalanral xoiaga
Mypakka0 TeoMEeTpUK OOBEKTJIApHUHT  KJIACCHK  (pakTajiapu
KypHWJITaH;

e R-pyHKUMsSHUHT anreOpa — MAHTHKUM ycCyiu €paaMujia T€OMETPUK
OOBEKTJIAPHUHT KOMIIBIOTEPJIM Y4 VYIYOBIAM MOJACIMHH YH3yBUH
MOJICIIJIAIITUPHUII YCYJI BA BOCUTAJIAPUHU JACTypUN TABMHUHOTH HIILIA0
YUKUJITaH.

CeprnuHCKUI TWIIAMHHUHT Y4 Viadamin makin CepnuHCKuid TyOKacu y4

YIIHOBIIM MOJIEM YU3UJITaH Ba YHU UXTUEPUH VK OYiinua OypHIll MyMKHH.



ABSTRACT

At this time in our country is carried out extensive work on the use of
information - communication technologies (ICT). In particular, special attention
is paid to the development of national software and security. This ensures
reduced need progam funds received from abroad for foreign currency in and
out of national software products to the global ICT market.

Master's thesis is devoted to the study of fractals and their properties, as
well as construction of algorithms. When constructing fractals used algebraic-
logical R-function V.L.Rvacheva.

The object of research - geometric fractals. Subject of research - R-
function and developed different geometrical fractals using these functions.

To achieve these goals the following tasks:

e The analysis of the place of fractals in the construction of complex

geometric shapes;

e Build a classic fractals complex geometric objects using recursive
equations based on the R-functions;

e Using algebraic-logical R-functions, has developed software tools and
modeling techniques, which draw three-dimensional computer models
of geometric objects.

Painted three-dimensional model of the Sierpinski sponge gives a three-

dimensional shape of the Sierpinski carpet and which can turns along any axis.
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KHUPHUII

MarucTpiauk auccepTanusi MaB3yCMHHUHI ACOCJIAHWIIM Ba YHUHT
A0J3apOauru. XO3UpPrd BakTAa IOPTUMH3AAa axOOpOT KOMMYHHKAIUS
texHonorusuiapu (AKT) naH keHr QoiijanaHumniia kaTTa XaXKMJard HIiap
amajira OLIMPWIMOKAA. By HIIIapHM aManra OLIMpUII JAaBjaT TOMOHHKJAH
XYKYKHil )KMXaTIaH MycTaxkaMiIaHraH. by Gopana Y36ekucton PecryGmuikacn
[Tpesunentununr ®apmonnapu, KoHyHiapu Ba Kapopiapunu, Basupnap
MaxkamMacMHUHT OMp HEeUYTa KapopIapuHU MUCOJ cudaTua KeATHPUIIT MyMKHH
[1-7].

by Konynnap, ¢apMonnap Ba KapOpJapHUHI AOCCHUH Ma3MyHH
pecnyonukamuzga AKTHM puBoxIaHTUpHII XaMjia Oy OpKad axoidu TypMYyII
Tap3UHU SIXUIWIANIIaH noopar.

lynu Tapkuana® YTUII KEpakKd, XO3MPrHM BaKTIa acOCHM 3BTHOOP
MWJUIMA TacTypHil BOCHTaJIap Ba JAaCTypUil TabMHHOTIAPHH HILIA0 YMKUIITA
KapaTwirad. by opkanu sca yeTaaH BajitoTa OpKanu KUpuO KenaéTran JacTypHil
BOcHTanapra OyiaraH TanaOHM KaMaWTUpUII XamJa MWUIMKA —JacTypuid
MaxcynoTiap opkanu xaxoH AKT 6o3opura yukumup.

Xosupru 21 acpaa TeXHHMKa PUBOXIIAHUO OopaéTraH BakTma IyHETArH
UXTUEPUN OOBEKTHUHI HAa(akaT paCMUHU YHM3UII UMKOHUSATH MaBKyH, Oajku
YHUHI MaTeMaTHK (OpMYyJIaCHHM XaM HIUIA0 YUKKAH XOJija XaM YJIapHUHT
pPaCMUHHU YHM3HII HMKOHUSATH KEHrailmb Ba puBoxiIaHuO Oopmoxaa. byHnai
aMaJUIapHU amajra omupuiiga ousra gpakramiap épaamra Kelau.

Opakran Oy myHAall MakIKu, yHAaH (oigalaHraH X0Jaa TeOMETPHUK
OOBEKTJIapHU IIAKIMHM 4u3uil MyMKuH. Dpakranm mryHpaik xoccara 3rakw,
YHUHT UXTUEPUM KUCMH (PPAKTATHUHT KUYMK KUCMUJAH TalIKWI TOMa/IH.

bu3 kaHuanMK pacMHH KaTTalallTHpcak Ousra xap JOUM YHUHT
MUHATIOpa KYPUHUIIUIATH HYCXAaCHHU KYpUIIMMHU3 MyMKHH. Kuckaua kumu0
aiitranya, ¢pakraia myHJIal 4eKCH3 Mypakkad MIAKJIKH, YHUHT OOBEKTIApHHU

SKUHIAH Ba Y30KJaH KYpUILl UMKOHUATUTA 3Ta OYIaMu3.
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@pakran OOBEKTHUHI KIJIACCUK MHCON cudaTuaa ep MapuMH3HU
KEeNTUPUIINMHU3 MyMKUH. Arapaa Ou3 yHra KOCMOCAAH Kapaauran Oyicak, y
Ousra map O0yauo KypuHaIu.

bu3 yHra skuHiamrad capy, yHaa Ou3 okeaniap, MaTepHuKiIap, KUPFOKIap
Ba TOFJAp 3aHXUPUHM KYpUIIUMU3 MYMKUH. Arapjaa Ou3 pacMHM sHajaa
KaTTajlalmTUpaaurad Oyscak, TOFJap siHasM KUYMKPOK JieTaiuiapra OViauHaau:
KUSUTMKIIAp, ep Oynaknapu, y3 macmTabura Kypa Mypakkad Ba TEHI 3Mac.
Xynau UyH1am TOFIap Xam.

TynpokHu Oup KUCMUHU STHasIM KaTTalalITHpaguran OyJiacak, YHUHT Xap
oup 3appacu xaMm (paxrtangaH Tamkwi tonraH. Hazapuid >kxuxatjnaH ojirasja,
nyHénaru Oapua Hapcanap (pakran cananaau. MacanaH, OyJIyT, KUCIOPOTHUHT
KHYMK 3appajapy Ba Oomkaiap.

Huccepranus UIIMHUA Oakapuill JaBoMuaa Oy unuiap OwiaH Oup HeuTa
MarucTpiMK HIUIApU KWIMHTAHJIUTUHU KYpuO uukaum. KymmnanaH, dusuka-
marteMatuka (Qannapu goktopu II.A.HasupoB paxOapiukiapuga HMKKUTa
M.DOpxanoB Ba I'.X.TammyxamenoBaiap MarucTpJMK HIUIApU KWJIMHTaH [27-
28].

M.OpkaHOBHUHT MarucCTPJIMK AUCCEPTAUs UIIU PEKYPCUB aJrOPUTMIIAP
acocusia TYTyHJIAp, HakKIuiap, Oe3akyiap Ba Xap XWI MIAKUIAPHA YHU3yBYH
JacCTypuil TabMHUHOTHM WILIa0 4uKWINra Oaruimianran Oymca  [27],
[".X.TammyxaMeIOBaHUHT MaruCTPJIMK JUCCEPTAIMs WIU 3ca (PpakTayiapHH
KYpHUITHU MAHTHKHH yCY/UTApUHU MILIa0 yumkuiira Oarunnianran [28]. YmoOy
MarucTpJvK UILIAPUHU YpraHUO YMKKaH XO0JiJa MeH Oy AuccepTaius Uimmaa
IOKOpUJIaTH JTUCCEPTAHTIAD TOMOHHJIAH WIUIA0 YMKWITaH Qpakramiapra yd
ynmuamnaum Tyc Oepumira, sSbHM Z YKUHUM KylWIraH xoijga Oy HIIapHU
KEHTalTUPUIITa XapaKkaT KUJIIUM.

Hemak, ymOy MarucTpjiukK JAWccepranus Wiy  (ppakrammapaan
doitnanianran xoyja Mypakka0 MIAKUIA y4 YIIHOBJIM F€OMETPUK OOBEKTIAPHU
KOMITBIOTEPJIM MOJICJUTAIITUPHUIITHAHAT YCYJI Ba BOCHUTAJIAPUHU HIILIA0 YUKUIITA

OaruIILIaHTaH.



VYu ymuamnu ppakramiapHu unuiad yukuiga GoiagaHuiran JacTypHid
QITOPUTMHUK BOCUTAJaH (paH Ba TEXHUKAHWUHT TYKUMAYWIHK, CaMOJIETCO3IIUK,
KEeMaco3JIMK coxaiapujia (hoigalanuil MyMKHH.

TaagkukoT 00beKTH Ba mnpeaMeTH. TagKUKOT OOBEKTH — TEOMETPHUK
dbpakramap. Taakukot npeaMetn — R-pyHKIMS Ba yHIaH QoigalaHran xoJijia
UIUIa0 YUKUJITAH Xap XUJI FreOMEeTpUK (pakTasuiap.

Tagkukor Makcaau Ba Basuagapu: aucceprans HUIIUHUHT aCOCUN
Makcaau GppakTauiapHU TEHIVIAMAJIApUHU KYPUIIIa UILIATUIaJUTraH BOCUTaIap
Ba R-dyHKUMAHUHT anreOpo-MaHTHKUN yCylJIapu acochaa T'€OMETPHK
dbpakTajilapHu KypyBUYU JACTypU TABMUHOTHU UIILJIA0 YMKHUILAH HO0paT.

by makcajra spuiuin yuyH Kyiuaaru BazudanapHu 0a)kapHill J03UM:

e OdpaxTaurap Ba yHUHT XOCCAJIAPUHU YPTraHUIII,

o DpakTayuTapHu TCHIIaMaJapHHU KypyBUYH YCYJUIAPHU TaX A YAKHUIII,

e R-yHKIUS acocuma peKyppeHT TeHTIaMalnapaad QoiilaJaHrad xoJiaa
KJIACCHK (ppaKTaNIapHU KYpHIIL;

e R-pyHkmus acocuga Oy (QpakTamapHu yd YIYOBIM IIAKIMHU
YU3YBYHU JACTYPUH TABMUHOTHH HIIIA0 YUKHIIL.

Taakukor ycymiapu. R-QyHkuusHUHT anreOpa-MaHTHKUANA yCyJUlapu
acocHsia TEOMETPUK (ppaKTa/UIApHU MATEMAaTHK MOJEUTAIITHPHIN, 3aMOHABHUN
JAcTypJiall THUIApU Ba BOCUTaNapujaH (pormananran xonna ¢ppakTauiapHUHT
pacCTpJIv MIAKIMHU UILIA0 YUKHUII.

TagkuKoOT HATHKAJAPUHUHT WJIMHI Ba amaauii axamusaTu. R-
GYyHKUUSIHUHT anreOpa-MaHTUKHM YCYJIM acoculia y4 YI4OBIW (PpaKkTayiapHH
UNUTad YUKW TaAKAKOTHUHT WJIMANA aXaMHSATH OYJica, TacTypuil TAbMUHOT/IAH
TYKAMAUMUIUK CAaHOATH/IA Xap XWJI IIAKUIAPHU YU3HINIA, KHHO CaHOATHIA Xap
XU Maxcyc d(pQexTnapHu Yu3uIIa Ba apXUTEKTypa Ba KypWIHUIIIA Xap XUl
JIeKopanusiap, Oe3akiap Ba HaKIUIApHU HWOUIad yukuiga (oaanaHuiil

MYMKHH.



TagKMKOTHUHT WAMHUI sHTWIMTK. R-byHKIMS anreOpa-MaHTHKAN
ycyau acocuaa (GpakTalapHA KypUIIHUHT MWIUIA0 YUKWITaH JacTypui
Ta@bMUHOTH Ba aITOPUTMH.

ly BakTtraya wumia® uyukwiran CepnuHKWANA TuiamMu Ba caldeTrkacu
acocH/ia yJIApHUHT y4 YII4aMiIud MOJICIIMHUA KypyBYH JAACTYpPUN TAbMUHOT HIILIA0
YUKWJITaH.

Numuuar  annpodanusicu. Mmeudr acocurt Hatwkamapu “TATY
xabapnapu” xkypHaHUHT 2014 ¥Hungaru 4-coHuna «AlnaHazapaaH XOCHI
Oynran ¢pakTaUIapHA TEHIJIaAMaJIApUHM KYPHIID» HOMJIM Makojacu [15],
TATYuunr 60 iwumurura 6arunuiad 2015 #iuaaunr 21-22 Mait kyHu OYiauo
yrran ‘PaavoTexHHKa, TEIEKOMMYHHUKalUsi Ba axOoOpOT TEXHOJIOTHsUIapH:
MyaMMOJIapu Ba KeJIaXXaK PUBOXKHU~ XAJIKAPO WIMHU-TEXHUK KOH(pEpEeHIHsICUAa
«®pakTtan reoMeTpus OOBEKTIAPUHU TEHIVIAMAJIAPUHU KypULI YCYJUIapu»
HOMJIM Mabpy3acu [16], Y36ekucTon MmLMii yHHBepcHTeTHAa OYanG yTraH
“XXI acp-uHTeNIeKTyall aBIoj acpy’ . AHUK Ba TeXHUKa Qannapu. TOIIKEHT Ba
TomkeHT mwaxap XyIQyaud WIMHUI - aMainuil KoH(pepeHUUsICH MaTepuaiapuaa
[17] Ba “Ax0OopoT TexHONOTHsIapH” KadeIpacHHUHT WIMHN CeMUHapJapHa
MyXOKama KUJIMHTaH.

MarucTpiuk JauccepTanusi MIIMHUHT TY3WJIMIIM Ba  XaXKMHU.
MarucTtpiauk auccepTanusi UM KApull, ydyra 000, Xynoca, ¢oiigalaHuirad
amabuérnap pyWxaTu Ba WJIOBAJIaH TAIIKWJI TOMNraH. /[uccepTalusHUHT acocHii
kucmu 71 German mbopaT. MarucTpiuk auccepranus uimd 62 pacm Ba 32 Ta

anabuérnapaan QoigaiaHuIra.



| BOB. Y4 VJIUOBJIA TEOMETPUK OFBEKTJIAPHHU KYPHIIIJIA
®PAKTAJLJIAPHUHI YPHU BA AXAMUATHU

1.1 ®paxTan TypJjapu Ba yJIapHUHT aXaMUATH

Opakran cy3m sotuHua  «fractusy cy3umaH oJMHTaH ~ OYyiuO,
«OynaKnaHran», «KUCMJIapJaH TalIKWJ TONTaH» JIeTaH MAbHOHM AHTJIaTaJu Ba 'y
«fraction, fractional» (6ViyB, OVIMHMA) TepMUHIIApUIAH KEIHO YHKKAH.

O®pakTan TepMuHU amepuka oimMmu beHya MaHIennO0poT TOMOHHIIAH
1975 innu KUpUTHIITaAH.

®dpakTan reOMETPUSHUHT Tanao Oynumu 1977 Wuau HampaaH YUKKaH,
benya MannensOpoT TomMonuman &3wnran «The Fractal Geometry of Natur»
(TaObuatHUHT (pakTay TCOMETPUACH) HOMIM KHTOO Owiman Ooriuk [8].
Mannens6poT ymby kurobuna 1875-1925 fimnnapna mry coxana unuiarad Oup
Heua osmmitapuuHr (Ilyankape, ®Pary, XKroomuma, Kantop, Xaycmopd Ba
OoIKanap) UMUK U3JTAaHUIUIAPY HATUKAIAPUIAH KeHT (oil1alaHraH.

benya ManaensOpor OyTyH ayHEra SIHTU HEEBKJIHJ T'€OMETPHUACH
Oynmaran Hapcanu Takiud Kunau. HeeBkiuana napaneuik alrOpuTMHIaH BO3
keunb Oynmac 3au. By anropuTM aHbaHaBUU €BKIIMJ reoMeTpusicuaa KalOyin
kuwiuHrad. by amroputmam ypaura S.UW.JloGaueBckuii - fA.bos Oomika
aKCHMOMaHU TaKJIU( KUIHALLIIH.

benya MannensOpot cuuvk OyiamaraH, Faaup OyaypJid, appajaHraH Ba
Oomika xycycusatiapra sra OyiraH eBKJIMA OYyJiIMaraH T€OMETPUSHU HUIIad
YUKJIW. YHIA YUPOMIIM KUIIO OEpUIIraH Ba calKaJulaHraH 0ObEKTIIap MaTeMAaTHUK
KypTiukiaap EpaamMuaa makIaHTUPUIIATH.

bynnan Tamkapu aiiHaH TabuaTgard KYNruHa Karra OOBEKTJIap
“HOTYFpU” OOBEKTIAp acocHja TAIIKWI 3Tujiap 3kaH. b.MaunensOpotHu V3u
spaTrad MakKJIHUHT MOP(OJIOTUK Ha3apusCUHU TaBcudIad Oepra.

Jlemak, ¢paxtan HUMa y3u JeraH caBoj Tyruwiaau? Adcyckd ymyMaH

onranjga OyHAall TylmlyH4a MaBxya odMmac. “@Dpaktan” TEpMUHUHH Y3H
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JotuHYanaH oymHranga fractus (cuaran, Oy3wiraH) MabHOJIAPHH OWJIIHAPAJIH.
VYunan aca fraction, fractional - kacp, maligananran TepMuHIapy maiao0 OyiraH.

MareMaTuk HyKTau Ha3apjaH Kaparasjga ¢pakran Oy aBBaoMOOp
MalJaiaHraH yiadamiiap TYIUIaMu Jeca Xam Oymamu. MaHneas0pOTHUHT
OupuHYM Tabpudu OYiida PpakTana TOMOJOTHK Yiadamra sra OYiaraH TYyruiam.
Nkxkuaun Tawspuduga sca ¢pakraa Oy T€OMETPUK CTPpyKTypa OYiaubO, YHHHT
KUCMJIApU XaM T€OMETPHUK CTPYKTYpaHUHT OMp KUCMU OYaau.

@pakTalHM MaTeMaTHK TyIIyHYacu cu@aTuaa OObEKTIApHU OJIUII
MyMkuH. OOBeKTIap Xap XWj KaTTa Ba KMYMK Mmaciutabra sra. Jlemak, ymap
TabuaTAa  MEepapXuK  TaMOMWJI  acocuja  TaKIIKWUlATHpwiaga. by
TYIIYHYaHUHT acocujia OuTTa MyXUM XakKuKar Oop: dpakran oObeKTIapu Oup-
Oupura yxiail, SbHA YJapHU MabiyM OWp y3rapuuuiap OuiiaH Y3rapTHUpPHIL
OpKaJId yJapHU MMAKIMHA MUKPOCKON OMJIaH UXTUEPHUM KaTTaNAIITUPTaH XoJaa
KYPUIIMMHU3 MyMKHH.

bu3 OwiaMu3ky, 4YM3UK OUp VIYOBIM, TEKUCIMK HMKKH VIYOBIMA Ba
dazongaru ¢urypa yud YiauoBnu 6ynaau. @pakTani 3ca YU3UK XaM dMaC, TEKUCITUK
XaM 3Mac, arap MyMKHUH OYJica yJIapHH YpTacuJaru Hapca jeca Xxam Oyasu.

Tomomnapu | ra TeHr 6ynran kBagpaTHUHT 03H |° ra, kuppanapu | ra Tenr
6yIMaH KBagpaTHUHT Xaxmu oca |° ra, N — YmuoBmn runmepky6uu ro3u oca " ra
oynaan. OObEKTHH yiyaMu (Japaka KypCcaTKU4M) COXaHUHT MUKU KUCMH Kaicu
KOHYH acocHJia yCaéTraHJINTUHU KypcaTaad. Y MyMaH OJraH[a HApCaHU yJIYaMHu
omubO OopraH capu (PpakTaJTHUHT XaXMU XaM omud Oopaau. JIEKWH yHUHT
ymuamu OyTyH Oynmaiiau, Oanku kacpnu Oymagu. IyHUHT ydyH ¢pakran
burypaHuHr 4Yerapajapu 4YHM3WK dMac: (GUTypaHd Y3W KHYMK Maciitadaa
TakpopjaHaad Ba coupan Oynud KypuHaad XaMJa YHU MAacIITaOuHU
KaTTaJalTUpraiaa KYpUHAIUKA YHUHT KUppadapu Xy au YIUPWINO TyIIraHra
Vyxmanau. byHnaii reoMeTpuk TakKpopJaHyBYAHJIMK MaIlTa0JId WHBAPHUAHTIIUK
¢kn MacmrTabnM y3ura Xocnwk (WHrm3vanga, scaling ) nedimmamu. Vo y3
HaBOatuaa ¢paxtan QUTrypaHUHT OYNakiIapuHU YI4aMUHU aHUKIaWad. bus

AAETrad y4 YI4OoBIM AyHENA ydyTa Hapca CYIOKJIHMK, ra3 Ba KaTTHK >KUCM Ou3
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y4dyH TapkuOu OWTTa Hapca caHajdaau. byJIyTHUHT €KW TYTYHHUHT YI49aMH
KaHAaKa, YHUHT aHUK dYerapajapd, yJapHU XaBoja XapakaTIaHWIINAA YIapHH
EMUPWINIIN KaHjaai? Yimapuu O6u3z OunmaiimMu3. MablyMKd, yJIapHU Ya4amu
WKKUJAH KarTa, JIeKWH YYJaH KUYAK. XyAId [IyHJZad Kaiub, pean
OOBEKTIIapHU, MacajaH, KUPFOKHM YMU3UKIAPUHU EKU JapaxTHU IIaxJIapuHU
HIAKJIMHU aHUKJIAl MyMKUH. Macanad, MTHCOHHUHT KOH ailIaHUIIl TU3UMUHUHT
ymuamMuHM TapTHOW 2,7 Ta TEHT 3KaH. bapua (pakTtaimapmaH Tamikui TONTaH
o0OBbeKTIap TapTUOCH3, YaJIKaIll, TOK, CHHTaH Ba OOIIKa Ty3UJIUII A OYIaIu.

Mynnait kunubd, ppakramiap Ha3apUACHHUHT aCOCHUN TyILIyHUYaJapuiaH
Oupu Oy YHUHT OYJIarMHUHT YJIYaMU Ba MacIuTal *KuxaTaaH y3ura XOCIUruaup.

@pakTa/uIapHu Kyiuaara TypJjapra axxpaTuil MyMKHUH:

® TeoMETpUK (Ppaxrasmiap;
e anreOpauk (ppakTamiap;
® CTOXAaCTUK (ppaxTajiap;
e L-tu3um (pakramiap.

I'eomeTpuk d¢pakramnap Oy anHuk dpakrtaap xucoOnanaau. Mkku
YIdaMiTi X0JIaT/la CHHTaH TeHepaTop €paaMuia oIl MyMKHH. Xap Oup Kecma
ANTOPUTMUHHMHT OMp KaJaMHuJa MOC MacIuTa0jard CHHHK TeHepaTtop OuiiaH
anMamtapuianad. Hatwkama mpornenypand YeKCH3 TaKpPOPJIAHUIIN HATH)KACHIa

reOMETPUK (PpaKTay XOCHI Oyaau.
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1.1-pacm. Kox arpu Yu3ufuHU KypHIll.

Kox arpu un3uruHu Tpuajaa KypuHUIIKaara GpakTaauHu KYypuod YuKamus.
Orpyd 4YM3WKHH KypuIll OWp YiadaMiad KecMaHu Kypuimigan Oomrianamn (1.1-
pacm). by Kox srpu unsurununr 0-aBinoau canananu. Keiina xap oup 6ymum (0-
aBjoJqa OMTTAa KecMma) 3JIeMEHT OujaH anmamrvpunaau, by l-pacmpa n=1
opkanu Oepwirad. bynaai anMamtupuin Hatwxkacuaa Kox srpu 4YM3UFUHUHT
KeiuHru 1-aBnoau xocus Oynaau. 1-aBnojma Oy 3rpu 4M3WK y3yHiauru 1/3.
bynaran TyprTra TYFpW UYM3WKKAa OYyIMHAMW. 3-aBIOAHM XOCWJI KHIWIIAA Ty
UIUIap TaKpOpJIaHW OOpajy, SbHU Xap OUp OYIUM KUUMKIAIITUPUIITAH XOJAa
anMaluTupuiInG Gopuiaam.

Jlemak, Xap OWp KEWWHTH aBJIOJHU XOCWJI KHWJIHII YYyH OJIIUHTH
OYnmuMHUHT Oapua aBIOAJIapW KUYUKIAINTUPWITAH DJJIEMEHTIap OwiaH
anMaluTupuiInG Gopunaam.

N-aBJIOJHUHT OSTPU YHU3MKJIApU UXTHEPUN XoJaTAa N HUHT OJIIUHTH
dbpakTanu caHaiau.

1.2-pacmpaa srpu YM3UKHUHT OelTa aBioau OepuiiraH. N HU KUMUMaTUHU

YEKCHU3JIMKKA MHTUITUPTaH XoJaa KoX arpy YM3uFuHUHT (PpaKTATHHA KypaMu3. .
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1.2-pacMm. XapTepa-XenTyas "axIapXOCUHU KypHIII

bomika ¢paktan 00bEKTHHN KypUIl YUyH KypHUII KOUJIACUHU Y3rapTUPUILIL
Kepak. MacanaH, OyJypHH KypyBUd 3JIEMEHT cudaruga Oup Oupu OUiaH Tyrpu
Oypuyak ocTHia OupIarTUpUIraH UKKUTa TeHr kecma Oyicus. 0-aBrnoaia Oupiuk
KeCMaHu ymoOy sJeMeHT OuiaH anmamutupamus. dakaTruHa ynaran TYFpH
Oypuak Tenaaa OYIUIIN JTO3UM.

KeliuHrn aBiogHu Kypuuiia KyWHaarun Koujanapra amajl KWIMHAIM:
KeMMHIU OYIMMIIapHU Xap OMpW ONAMHIY OYJIMMHHMHI TY¥pu Oypuaru OuiaH
O0FIaHnO KETaBEPHUIIIU JIO3UM.

1.2-pacma srpu YM3UKHUHT AacTiaabku Oup HedTa aBrnoanap Ba 11-aBmox
Oepwiran. bymapHMHT XaMMmacu IOKOpUAArd KOWAAa acocuaa Kypwirad. by
dpakrtan arpu un3ury ofaTaa Xaprep-XeuTys axxaapXxocu Xam J1ed artanajiu.

Mammnanu rpadgukaga gppakramiap JapaxTCUMOH, TYIICUMOH Ba OOIIKa
HIAKJIJIar¥ pacMIIapHU OJMIIAa (OoNJaIaHnuIl MyMKHH.

Wkku ymyamiau reoMeTpuK (pakrauiap KaTTa XaXMAard TeKCTypaslapHH

unuiad yuuKIAa GoitaJsaHun MyMKUH
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Auare0Opauk ¢ppakrannap. by ¢ppakTanimapHu 5HT KaTTa TypyXH caHaiuo,
yIApHUHT YM3HMKIA OyimaraH >kapaéunapu Epaamuaa N-ymuamiu ¢Gazo ydyH
XaM XOCWJI KWJIMII MyMKHH. X03UpI'M BaKTJa UKKU YIdyaMin (pakTaap sXUu
YPTaHWITaH.

MabiiyMKH, YM3UKIM OyaMaraH JUHAMHUK TH3UMIIAp OMp KaH4a yCTYH

TOMOHJIApra Jra. ]_II/IHaMI/IK THU3UMJIAP 6I/Ip HCYUTAJIMK HTCpanuAIapaaH KCWHH

OolIaHFUY X0JIaTura OOFIHNK OY1aau.

1.3-pacm. Manaens0poT TyIuIamu.

Arapaa $a3zoMu3 UKKU Yimyamiau Oyiica, y XOJda YHUHT COXacu Xap Xui
paHr/a TacBUpJaHaAu. SABHU paHTIIN MIAKIJA aKIUTAaHTUPUIIAIH.

PaHruum Tannam aaropuTMHHM Y3rapTUpraH xoJia Mypakkka® Mmakigard
Kyl paHrIyd TYyTyHJapJaH Tallkujl TONraH Mypakkad (QpakTaaHH XOCHII
KUJUIIAMUA3 MYMKHH.

byHu KU3MK TOMOHM IIYHAAKH, OJJMNTUHA AITOPUTMIIAPHU Y3rapTUPraH
Mypakkab CTpyKTypaJaru YUpOIn MaKUIapHU XOCHUI KWIUITUMU3 MyMKHUH.

bynra wmucon cudaruga MaHnensOpoT TYIUIAMUHU KEJITUPUIIMMU3
MyMkuH (1.3-pacM). YHU KypuIll adrOpUTMH KyAasM OAJWN Ba y OJAMWTHHA
UTEPAIMOH aipMasap/iaH TaIlIKWJI TOITaH:

Z[i+1] = Z[i] * ZJi] + C,

by epna Zi u C — xomrieke y3rapyBuniap. Mrepamwms xap oup TYrpu Oypuaxiu
oonranruy C HykTagaHn oonutanaau. Mrepannon xapaén Toku Z[i] 2 paguycin
allmaHanan 4MKUO KeTmaryHuya Oaxapwinanu. Abnmananunr wmapkasu (0, 0)

HyKTaja skoiamirad. Mrepanusiaap conura moc papumiaa Z[i] HUHT aiinaHa
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UUMra KOJUIIMHU Xucobra onraH xonga C yuyH Oupop Oup panr Oepuin
MyMKUH. Arapna Z[i] erapiu mapaxkana KyI COHJIM UTepaldsiapia aijiaHa
uunra Komb KeTca y XoJ/la UTEpaluoH kapaéH TYXTaTHJIaau Ba Oy HyKTamxap

KOopa paHrra oysinaau.

1.4-pacm. ManaensOpot Tymiamuaaru coxanuar 200 mapTa KaTTajJlaliTUPUITaH
XOJIZJaTA COXACH

IOxopuna €3umiiran anroputM MaHaenb0poOT TYTIIAMUHUA XOCUJ KUAJUIIAA
unuiaTuiaagu. MaHaensOpoT TYIUlaMHura HyKrajap Teruuum Oyiamub, dekcus
COHJIarM WTEpalMsIap COHMJA XaM YHMHI KUHMaTW YeKCH3ra KeTMauau. Y
HyKTajap Kopa paHrra yTaau.

Croxactuk ¢pakrannap. fIna Oup MabiyM Kiaccuk ¢pakramuiapjaaH
Ooupu Oy cToxacTUK (ppakTammapaup. Arapja uTepalyoH *)apacHiaa KaHaanaup
napameTp ¥3 KUMaTUHU y3rapTupca CTOXacTUK (ppakTayiap X0oCHI1 Oyiaau.

bynuHr Hatwxkacuna sru Oyrpu un3ukiap xocus 6yinaau. Mkku yaaamum
dpakramiap JAE€HrM3 CUPTUHU Ba Oupop OuUp IKOMHUHT penbeduHU
MOACIIIAIITUPUIIAA UIIITTATHIIA]IH.

Tabuar y3uHM onmatna ¢pakran makiga Hamo€H 3tanu. dpakramuiapHu
TUPUK TabMaTAa XaM KyN KYpUIIMMU3 MyYMKHUH: YHFAHOKJIAp, AapaxT IIOXJIApH,
ryJUIapHU Oapriapu Ba ryJaTOXHWIApH, TaHamadTiap, OyayTiap Ba Oomkaiap.

bynnan Ttamkapu aetepMuHHUpiiaHTaH (anreOpauk Ba T€OMETPUK) Ba
JeTepPMUHHUPIIAHMAraH (CTOXacTHK) (paKkTauiap XaMm MaBxKy/I.

L-tuzum ¢pakramiaap. bupununm L-tu3zum Tymyndacu 1968 iunga

Apuctug Jlangepmaiiep Tomonuian ¢pakramiap yuyH kuputwian. Jactinad L-
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TH3UM  QpakTad TWUIAPHW YpraHum ydyH kuputwirad. [llyHuHTHEK,
CEJICKITUSIIa OMOJIOTUK MOJIEIUIApHU YpraHuIaa xam GoiranaHuiraH.

VYnap épnamuia 6apuara MabiayM OViran ppakTamiapHu KypUIl MyMKHH.
Macanan, Kox kop yukynunu. by opkanu L-Tu3um dyekcu3 KYpUHULIAATH SIHTH
dbpakramuiapHd Xocwi Kuiuira uyn oun® Oepau. By sca yHH KOMIIBIOTEp
rpadukacua KeHr TaAOUK ATWIMILUTA 3aMHUH SpaTau. Y OpPKaJId KOMIIbIOTEP
rpadukacua YCUMIIMKIAp Ba Japaxtiap GpakTamiap OpKaau KypruIMOK/IA.

L-tu3um cy3u Lindenmayer moMumgad onmHran OYimb, XO03Wpru BaKTaa
Xap Xwi1 MMaKigard (QpaktawiapHud Kypuiga ¢oimamanuiaMorkaa. L-tr3um
KyIMHYa TpaUKaHUHT TombaKacu Ae0 atamaim.

Acnmunu  onranga L-tusum  kanpalimup dpakran cananMaiinu. by
KaHIaWIup JacTypiianl THIMHUHT TPaMMaTHKACH XaM JICUHII MyMKHH.

L-Tu3uMHM KypuIll AacTia0K¥ WIaKJIHU Ba ajJMAIITHPUIN KOWJIACUHU
OepUIITHY ¥3U eTapiiu.

[ynpaii kuamb, xap XWi KoMmaHjanap, MacaiaH, OepuiraH Oypyak
octusia Oypuill KM OEpUiTaH Y3YHIUKKA KYUYUPHUII OPKAIU Xap XUJl [aK/UTapHU
XOCHJT KHJTATIT MyMKHH.

L-tuzum €ppamuaa oinuii pacMHU KypUIITHU KYpUO YMKaMu3 .OyHUHT

yayH 6u3 omiran Kox srpu un3uruau QppakTai TYTUIAMUHE KapaiMus.

o

1.5-pacm. Kox arpu unsuru

Orpu 4YM3UMKHU Kypull OWpIMK KecMmanaH OonuiaHaau. by akcuoma
nevunanu Ba QpaktasHuHr O-taptuOu cananagu. KelinH akcuoma Oepuiiran

JIEMEHTHH OWp Heua Koujajapra Kypa dypTTa TYFpU YHM3UK Ouiad
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anMaimTtupanan. by 6unan 1-taptubnu dpaxrtan Kypunanu. Keituaru taptubdau
dbpakTamTHU KypHIIl y9yH Xap OUp YM3HK OJIUTHCH OWJIaH aJIMAIITHPUIIA]IH.

Arapia arpu YM3MK ~KypUIIHHM KeCcMaJlaH »Mmac yuOypyakjaaH
Oouutaiiiuran Oyicak Ba YHUM IOKOpUAA KEJITHPWITaH KypHII OpKaJd
y4OypUYaKHUHT Xap Oup TOMOHHUTa Kysutaauran oyncak Kox “kop mapuacuHu”
xocui Kuiamu3 (1.6-pacm).

JHemak kypuHHO TypuOIuKu, Ppakramiap HadakaT MaTEMaTHK KUXATIAH
KM3UK OVIUIIM MYMKHUH, OajKy yiap Kepakiu ujoBaiapaup. Ppaxramiap
acocHia KWJIMHTaH TIeH3aKiIap X03Upry BaKTiaa WiIMUAN (aHTACTUK (UiIbMIIapa
KYJUTAaHWJIMOKJIA.

bynnan tamkapu ¢pakramiapgaH pacMIapHU CHKHUIIIA XaM KEHT
doinfrannnod kenmmaMokna. @pakramiap opkaau Kyn MapoTadanad CHKWITaH
pacmnap JPEG Ba Oomika CHKHIII METOJylapura KaparaHja pacMHHU cudarura
KaMpOK TabCUp TUO XM HaTHxanap 6epmokaa. Opakrannap Xo3upru BakTaa

TapTUOCK3 AMHAMUK TU3UMIIap OWJiaH Uiuaniga Xam ¢oiganaHuIMOKIA.

1.6-pacm. Kox xop mapuacu

1.2 T'eomeTpuK 00beKTIAPHM KypulIAa ppaKTaLIap reoMeTpusicH
Opakran rTeoMerpusick Mangenbopt Oyiimua XaKUKAWA ~ TaOuar

reomeTpusicu 0ynub, ogaTuii reomeTpusigaH Gapk Kuaaau.
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@pakran - Tabuuil makmwiap apanammacu OyiauO, amopd, HOAHUK
HIAKJJIap, MHCOH aKJIMHU Ba KapalllapuHu TabuaTra SsKUHJIAITHPYBYH IAKIUIAP
Ma)kMyacH.

MenpaenObpor Tabuuii MIAKUTADHUHT MAaTeMAaTUK aHAJIOTHSCHHM Ba
dbpakTan Xakujgaru TyHIYHYaJIapHHU, YHAArd HYKTa, YU3UK Ba TEKUCIHUKIIAp
TaOUM reOMEeTPUK IIaKIap/iad TyoaH hapK KUIUITHHA KYpUO YUKaIH.

@pakranra mucon cudatuaa MaHAETOpOT KOMIUIEKC TEKUCIUTHIATH
Kynua MannenOopoT TYIIJIaMUHHA KYPUO YUKIaH.

bup aHya Ty3uiamanapHM TY3WII acocHa peKypeHT Tu3uM — Z — f(z, ),
WHTErpanus s>kapaéHu €Tudau, YHJA Z-KOMIUIEKC Y3rapyBUYHCH, C - KOMILUIEKC
KOHCTaHTacH, f - am3uKm 6ymmaran QyHKIHS.

Arap X Ba y KOOpJMHAaTa TEKHCIUTuAa z=x+tly y3rapyBud, c=p+iq
KOHCTAaHTa Ba YHU3HMKJIM OyiaMmaraH (QyHKUUSHM KyWHJaruda TaHjaad OJuIl
MYMKHH:

f(z,c)=z*z+c.

Arapna c¢=0 6ynca, 6apya z HykTanapu 3 cundra 6yIuHaIu:

1. | z |[<1 => z auHr arrpakrop Hykracu (0,0) HyKTa;

2. | z|F1 =>z nykra paguycu | ra TeHr OynraH aiilaHa UK,

3. |z |>1 => 3 HUHT aTTPaKTOP HYKTACH- YCKCH3IIUK;

Arapaa C Hojdra TeHT OYyiMaca, yHAa HoJilaH dapkjiu OyiaraH aTTpakTop
103ara KeJa/u.

ATTpakTopiap - Oy TOPTUIITYB MapKasH, yJap TEKHCIUKKA TabCUP KUIHUIII
y4yH Kypai oiaub 6opaau; xap KaHaal OOlUTIaHFUY HYKTa €KW Kapa€H BaKTUAA
y €ku Oy aTTpakTopra keiaau KM yerapara KenuO KoimO mabiiyM Bazu(aHu
OaxxaponMmail Typamu. Kypcarkuwiapu y3rapuiu OujaH aTTpaKTOPJIAPHUHT
TabCHUP COXACH YerapacH Xam y3rapud Gopaiau.

Kynruna JKionmuma Ba ManaenOpor dpakramiapu peKypcHB Xo0Jja

ty3unaau. Typmu xun F Ba G (yHkwwusimapu opkaiu, k- HyKTagaH (k+1)-
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TEKUCITUKIArd HyKTara YTUINTa HWMKOHHUAT Oepaau, y KyWHJaru KOHYHUST
OpKaJIu:

X(k+1)=F(x(k), y(k).p),

y(k+1)=G(x(k), y(k),q),

n Ba ( KypcaTKuujapu Xap TaHjam (uTepauus) >kapa€éHuja JOUMHMA
xucoomanamn  (x(0),y(0))->(x(1),y(1))->...->(x(k),y(k))->... F Ba G
GyHKIUSATIApU OpKAIM TYPIM XWJI YU3UKIW OYiMaraH (pyHKUUsUTapHU KypuO
yukca Oymanu. Arap (X,y) HyKrajnap )Ky(pTIUrugas TamKuil TONTaH TEKUCIUKHU
onaitniuk. Kaiin KuiauHran p Ba ( JJapHU XUcOOTa oJraH Xojjaa Kypub yukuica,
yHAa kynruHa JKynua TYmiIaMuHU XOCWJI KWJIMII MYMKHH. Arap, akcHHYa
Oonmtanrud KuiiMat cudaruga (X,Yy) KyQTIUKIApUHUHT KHAMATIApH KA
KWIMHCA Ba YHUHT XOJAaTH KWIMHTAH p Ba ( MapaMETPJIApUHUHT TYpIU XU
KuiiMaTiiapuga Kys3aTwiaad, Oy xonjga kynruHa ManaenOpoT TyriaMuHU

TacBUPJIApU XOCUI OYaau.
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1.7-pacm ManaenOpoT TYIUIaMUHUHT KUCMIJIApU TYpJIU XHJI MaciiTadiapaa

1.7-pacMHuHT a) naH TonTHO €) pacmurada MaHaenOopoT TYIIIaMUHUHT
TYpJIU XWJI KUCMIJIApHU Xap XWJI WaKuiapa Oepuiras.

Opadtaiap TYMIIAMUHUHT  yiomyamMugad QoijanaHuil  TyUIyHYacUHU
ManpgenOpot taknud TraH.

Opnuii TynyH4a a TeOMETPUK TYIUIAM YI4aMu y3rapuiuiap COHUTa TEHT,
YHHUHT €pJlaMuia T€OMETPUK 00BEKTIaru HyKTaJlapHU aHUKJIAIl MyMKHH.

V3 Baktmma “kyn yruamamnnmk” oKkyga KaTTa 6Gaxcra cababum Gyiram.

MacanaH, TEKUCIMKHUHT YT4aMU UKKHUTa Ba €BKJIUA (PA30CUHUHT YI4aMH ydra
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TeHr. Jlekun TypT, Oem €ku ontu Yymyamun (pasoJapHU TACaBBYpP KHIIMII
KyJasM Mypakkao

[Ipenmernapuu yidam coHM - “UWM3UKIM QuKpiam’” gaH “dpaxrtan’ra
YTHILL, SHTYM UHTErpajulallirad OMpIUKIAPHU KUPUTHILTA OOFITUKIUP.

®dpakTan reoMeTpuscH ‘“‘Oynakianr’ TYIIyHYacH MHUKEcHaa (Qukpiamira
MaXOypJiaiiin, ssbHU Oyakiiad yrJari.

MannenOpoT OUPIMKHM aHUKIAIIHU Maxcyc WYIMHU TOmau. ANWpuM
xoiija OW3HM OUpNMKIap XaKUJard KJIacCHMK TacaBBYpUMHU3Ta MOC KEIUIIH
MYMKHH. YMyMaH OJiTaHja 3ca, Qpakran mpeaMeTIapHi KUPUTHUII Ba YIdail
UMKOHUSTUHU Oepajiu.

bupnuk TylyHuYacHHM aHUKJIAIITUPUII Y9yH HOAHUK eBKIUJ pazocuaa S
HyKTajap TYIUIAMUHU KYpHO YMKaMHU3.

by tynnamuu HaBOaT OwiiaH TYFpHU YM3UK, KBaJpaT, KyOuK OmiaH Koriad

yukamu3. byrunr yayn h(d) = y(d)Sd Korutam (QyHKIUSICUHU olamu3. byHna

d=1 tyrpu umsmk OYymakimapra moc kemamu, d=2 ga sca kBaapatra, d=3 scana

KyOMKKa. Y- OM3HUHT X0JIAaTUMH3/]a T€OMETPUK KoepPpuuueHT oupra TeHr.
Mg=Zh(8) TyrmnamMEM Vo4aMuHEM KypuO uYMKaMH3. YidaM yMyMUii

ofiTaHJa IIyHJAl TYIIYHYaKd, y Yy3yHJIHUK, MaWJOHM Ba XaKMH KalOu
TYLIYHYAJIAPHU ypTacuia Taiau.
8—0 nma M{ auHr yayamu Oupra TeHr ¢ku d-yirgamra OOFJIHK paBHIIAA

YEKCH3JIMKKA TCHT OV MyMKUH. MacanaH, Tekucinukiaara (d=1) kecMaHuHT
KMCMHUHM KOIUTAIll Y9yH YHUHT YI4aMH YEKCU3JIMKKA TE€HT. TeKUCINKHNA MabIyM
COHJIaru KecMainap OujaH KoIulaml MyMKHUH dMac.

Texkucnukau Oupop Oup kucmuHM KyOwk (d=3) OwmiaH Koraiaura
Oyncak yHUHT yyiI4aMH HOJTAa KETaju, YyHKU TEKUCIMKHUHT XaKMHU HYJTa
TEHT.

Koxa maknuuau 6ynaknap (d=1) Ounan kKormaérraHuMusa, yiodam (ImaKi
y3YHJINTH) YeKCH3NMHKKa WHTWIaau. Koxa maknuau kBagpatinap (d=2) Owman

KoIUTaéTranuMm3fia yadam (Iaki 103u) Hojira uHTuiaau. by xakukatr d=1 Ba
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d=2 nap opacuza d karTaauru MaBxyJ Oynuimra acocuit Takiaug oepaau, yHaa
ya4yaM y3 KHMMaTHUHU HOJAAH YEKCU3JIMKKA Y3rapTUPaIH.
Xaycnopda —besukoBuu mukgopuga D Tymmam S KpUTHUK MUKIOP

xucobmanu6, OyHma Mg Yymuamu V3 KUHMATUHU HOJNJAH YEKCH3JIMKKA

y3raptupanm.

Mg=2y(d)3% —s 0 6ymna d>D;

00
Md:2y(d)6d —> @ oynma d<D.

Texucnuk xonaruna Xaycaopda —be3UKOBUYHUHT YI4aMH UKKUTA TEHT.
Kox makmuga Oy wukmop OyTyH XucoOnanmaiinu, Oanku Qpaxrtat
xucoOmanaan. Kox mMIakaMHUHT yiIyaMu y3yHJIMK XaM 3Mac Ba 103a XaM sMac,
OaJIKu yJap opacuja >Koailral Kuimar.

Mypakka0 MAaKIHUHT MYyT4aMuHU (OUPJIMK) €BKJIMJ TEKUCIUTH]IA
aHUKJIAIl YYyH, YHUA KBajpar Tyriaamiapu Ounad 1—0 ToMOHa KoriaHaau Ba
typim xun | kuiimatinapma N(I) kBaapatinap coHu xucoOnanamu. CYHrpa
napaxand QyHKIHS YI9aMu KUAUpUiIaan. BYHUHT y9yH UKKHIIUK JTOTapu(OMUK
KOOpJIMHATaa KBaJipaTiiap COHU OVTIMKJIUTU TY3WIaIH, KBAAPATHUHT y3yHIIUK
tapadpuman makn koriaHagu. Iynpgait rpaduk Xocun OYIaguKu, KUPFOK
Y3YHJIMTUHUHT TaHJAHTaH KajgaM (QyHKIuscuaa OOFJIMK XOJjaa XOCWJ OyiraH
rpadukura yxmanau. by rpadukauHT Oyprmin Oypuaru Oyitnda ¢hpakTaaTHUHT
yI4aMy aHUKJIaHAU.

ViyamayM GomIKa KYPUHMIIZA XaM KHPUTHII MyMKHH. YpraHuaaéTraH
TYIUTAaMHH #-YIyamin (pa3oHU KUppallapu € Ta TEHT OyiraH KyOukiap OuiaH

KOILIalMU3. I-pakaMiid KyOMKHH TYTUIaMra TYIIUII SXTHUMOJUTMTUHU Pj Owinan

oenrmnaiimus. Kelinn Dy Ounan ymymialirad yia4aMHU TONUII (OPMyJIacHHU

KEeJITUpUO YUKapamus.

log > P {
D=1 |m i (1.1)
9 g-1,_,0 loge

22



by epna ymyam cudaruma 6apua kyobukmap cymmacu onuHaau. Pa3zonaru
HyKTajap TAPTUONMIUTHHUHT [apaxacu Typau ( Jda Xap XWwl TypJard

OupIIMKIap XOCKJ OYIaau, yaap ypranuiaéTrad TYIaMiIapHu XapakTepiianu.

1.3 'eoMeTpHUK 00beKTJIAPHUHT Kypuuaa gpakrana yjadyaMmu

MabiyMKH, KECMaHUHT TEKHUCIHKIArd yiadyaMud Oupra, KBaJpaTHUKU
UKKUTA, Y4 YIIHOBIM TEKUCIUK/IA IApHUKK yura TeHr 0ynaau. [y 6unan Oupra
MaTeMaTHKaJa IIyHJal HyKTalap MabJIyMK{, yIApHUHT Yiyamiapu OYyTyH
COHJIap OWJlaH »Mac OaJIKM XaKUKUA MycOaT conyap OunaH aHukiaaHagu. [y
MabJIyMOT/IapJaH ¢ppakTai yrdamiap TyIIyHYAacH IIAKIJIaHTaH.

OpakTaIapHUHT XAKUKUW COHJIApHM KalyJl KWiIMaWauraH TyIuiapu
Oyiinua  MHCONIapHU  KYypubO  umkamu3. ATTpakrop auddepeHual
TEHIJIAMAJIAPHUHT (pakTal YiuaMmiapuHu O0axonall MyXUM axaMmusTra sra. by
epia aTTpPakTop TYyIIYHYacH ocTuaa t— -+ xoyarnard auddepeHiuan
TEHTJIAMAHUHT )KaBOOW MHTWIAJUTaH KYNITMHA HyKTajJap TYIIYHUIA U,

1. X yKuparm KynruHa HyKTaJapHUHT (pakTan yiryamu. A Tymiam
YeKJIaHTaH JeduIaau, arapja Xe A ydyH myHaad R coH maBxyxa Oyicakxw,

YHUHT y4yH |[x|<R Ypunmm Oynca. B,(X,)0MIaH X,—&<X<X,+& OpalUKIark
UHTEpBAIIHK OenruiiaiiMu3. Bg(xg) HM & - alJaHAaHUHT Xo HYKTacHJaru
KuiMaTu aeimMms. Bg(Xj) i=12...,M, ailaHanap A TYmiaMHM KOIUIalad, arapja
yJlIapHU OMpJalTHprasga YHHHT nauaa A tyiaMm €rca:
M
AC UB, ()

A TYymiaaMHUHT ¢ -¢QpakTtan d-TYriaM derapacd JeraHna KyWugard COH
TYLIYHHJIA]IA:

w(Ad,g)=min M - =g'N(¢)
By epaa N(¢)=minM ra tenr. Yynku minM F TymnamMHu Kora® ojumura

Kapab TaHJIaHA]IH.
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Macanan: arap A;=[01] x VKumaru OWpiauK Kecma OyicuH. Y Xo0Jma
N(g) =[1/2¢]+1 ta TeHr. by epaa [1/2¢] sHT karTa OyTYH COHHU aHTIAaTagud. Y

1/2¢ naH ku4MK €Kk TeHr. M — OyTyH MycOar TymiaMm Oyica, y Xoijaa YHHHT

N(z) MHHEMYMH MaBXKyI. A TYyMIIaMHUHT (ppakTal yiyaMu KyWuJarura TeHr.

lim sup(A,d, &) = lim sups®N(g) = . (Ad). (1.2)
Kyn xonnapaa
e (Ad) = IirEl g'N(e) (1.3)

Macainan, A =[01] na d=1 6yica

uE (A= lim &IN(g) = lim gqi}qj:%

>0+ e—0+ \L2¢

d>1 6yaranga

>0+

Mg (A,d)= lim gd[[i}+1j=0
d<1 6yaranna

up (AL d)= lim &8 [{i}+lj = +o0

e—>0+ 2¢

YMyMan onranaa X ykujaaru Oepk, derapajianraH A TYIUIAaMHM aHUKJIa0
oy ocoH O6ymamu arap uf (Ad') <+ up (A, d)=0 6Ynca. up (Ad)=+wo.

[ynnan pp(Ad)=0 ma d>dg Ba wup(Ad)=+o ga d<dg Oyica
dg €[0,40] conm MaBxyn Oymamu, uf(Adg) COHH [0+oo) SpUM  YKHIAru
ucTanral coH oymuimum MymMkuH. dg =inf d yayH ‘ca uf (A,d) =0 Oymamu.

Tabpud. (1.2) Tenrinamana A TYIJIaMHA KOHUKJIAHTUPAIUraH yiadaM 1eo
myHaal dg conra aiitunaauku. dg (A):dg (A) =dg =infd ra Tenr Oynanu.

Iyaunr yuys d(A)=1. N(g) = N(s, A) ra Kyiluaara TEHICU3IIUK YPUHIIU

d d
0< Cl(lj <N(g) < C[ij
£ £

OyJicuH
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by epna CiBa C y3rapmacnap ¢ ra 6ornuk smac. llly xomatna ¢gpaxran ymaamu

uE (A d) yayH ymOy TEHICU3IIUK MaBxXYy/l

0<Ci<dp(Ad)= lim supN(e)ed <C <+
e—>0+

by epnan xypuHuO TypuOauKu
d=dp(A)
ra TEHT.
ynpaii ko, (1.3) 6akapunran 0yica, (1.3) garu d kypcarkuu dE (A)
TYIIaMHUHT  dpakTan Yyauamura TeHr Oymamu. Arap (1.3) nmarm Oapua

OynakiapuHu JorapuMUHU OJICAK Kylhuaarura sra 0ymaMu3

IogC1+dIoglglog N(e)<logC+d IogE
& &

by epna
logCq id< log N(¢) < logC o
1 1
log = log = log =
& & &

by tenrcuznukiapna & — 0+ yerapacura yTcak KyMuJaruHu OJIaMU3

d= Iim log N(¢)

20+ |og 1
&

Mucon. TymiaMHuHT QpakTan yiadamiap.

A= {1, n= 1,2,...} {0}

n

1

1 1
B, | =|k=12,. yerapajapuaaru —,. ,
gp(kJ p pajtapuz 27" b1

1 HYKTQJIAPHUHT
p

KOIUIAaHUIIIMHYU KYpUO YMKaMU3
1( 1 1 1
Ep =3 ——
9{p-1 9)p(p-I)

B 1) 1—g <x<£+g
gp k N k p k p

AHUKKH, Oy uerapanap kecuinmMaiau Ba (1.1) ¢oiimymnara acocianu6 B=1/2

12 1 1

2
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Kypunub typubauku dppakran }“lnanI/I

p 1
ufE (Al/2) Z lim =
3 p>+o p1/2(1 p)1/2 3

ra TeHr, Anbarra ug (Al/2)>0.

oynranma

A=l ol o

1 X yu{0} - aBBaNrM AaWJIAHAHUHI Yerapajiapu
p+l p+

B, (ij k=12.., p, Ta TEHI, B, (Xj) TYMHHHUII HyKTanapu. by epna

K
i=1...| —/25 +1 X e O,L,g L1
p+1 p+1] " 9 p(p-1)

ra TCHI.

Kypunu6b typubauku, Oapua A Tyminam ¢, -alinaHanap Komnanav. bynma

KYUHJaryd TeHIJIUK YPUHIIU

9p(p-D | ,_

[lynman A TymiamylapHu KOIUIAWIWTaH OJHI KWYUK COH Bs (xj)

Jerapacufiard gp COH OYiH0, yHra KyWHiaru ra TeHr

9p(p-1
2(p+1)

Bbynpa C p ra O0fIuK 3Mac ra OOFJIMK 3Mac.

[llynuHr1EK

1
3pl/2(p_pl/2

N(ep)- 6‘1/2 <Cpg%,/2 =Cp

uE(ALI2)= lim N(zp)-eH2<S lim p _C

e—0+ 3 po+oo p1/2(p 1)1/2 3

oynmanm.
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KanTop Tymuiamu Ba yHUHI QpaKTaJ yirdyaMu

Kantop tymiamu K=A [01]=Ag kecMmaman Kyiimmarn KeITHpUITaH

1
KOHCTPYKIMS OunaH onuHagu. bupuHum kagamaa [01]=Ag kecmanan (ﬁ’Ej

uHTepBaiIHU oyn0 Tanutaiimui. lllyHna unkkura All :[0,%}, Ai :E ,1} KecMa
o 1 2
xocws Oymamu. MkkwHUM Kamamuaa O’§ Ba 5,1 KeCMalapugaH ydTaJaH

o 1 2 2 1 2 o 2
ypTacuHu, IbHU | —,— | Ba | —+—,— +— | HY 0JIUO TanulaiiMus. 2° kecMaja
32 32 3 32°3

1 (g1 213 22 1] _[2 2 m
AZ_{O,gz}Az_L’Z,B},AZ_ 3,3+32 Ay = 3+32 A [1ap KOJIagu. y

Tapuka xap Oup Kajgamaa Ou3 KECMaHUHT Yy4YTaJlaH ypTa KUCMHUHU OJHUO

TalIaiiMu3.

1.8-pacm. Kantop TynnamuHm scar.

KanTop Tynnamuna rokopuaa KypcaTWiIraH xap Oup KeCMaJlapHUHT KECHUIIHUII

HyKTajapu MaBxKyx

_ 1 .2 } {Al 2 A3 A4 } :
K—Aom{AluAl NW5 UAS UAS NA, N
K- 0epk tyminam. Kyitnpa anuk amun Oynum mymkuHku K [0,1] HykTagaru

KY1U1a0 X HyKTaJIAapHUHT YWIMK TaKCUMIIALIAAH XOCUJ OYIIraH KYpuHHUIIN
0 :
X= Zai 37!, 6y epma aj =0 éxn aj =2
i=1

ra TCHrI.
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Teopema. K xantop Tymnamunusr dg (K) ¢pakran kuiMatu

log 2
IF (K)= |033

ra TEHr.
By TeopemMann ucOOTMHHM KyHuja KelaTHpamu3. ByHHHr y4dyH KaHTOp
TYIJIAMHUHT Y3Ura-y3u yXmanuuruad ojamu3: K TymmaMHUHT OMp KUCMU

1

i Aeb Genrmmaiivus, y K nan xap

1 .
[0,5} KecMaJa Kownamrad. by kucmunn K

Oup HyKTaHU % ra Kynautupuin opkaiau xocua o0yiaaau.llly kabu K12 KUCMUHU

2 o
[5,1} kecmana osiamui. Iy xkabu nmaBom stTupcak ymymuid K 1 Hykracupa

MapKa3Hu Y4 MapTa CHKUININMHU3dH XOCHUJI 657.]13,Z[H.

¢ HyKracu N(g,K) derapacnHuHr K HM KOIUTalNTaH 3HI KHYHUK HYKTACH

2

1 Ba K{ HH V3-Y3UHU TaKpOpJIAIN

1

oyca, N(%K%j Ba N(%Klzj conmapu K

XyCYCUSITH YUyH KOILTaian
€l _NnlE w2
N(g, Kl] = N(g, Kl j— N(g, K)

Oy epnaH ¢ g% Oynranma

N[g K): N(%,Kllj+ N(%,Kfj: 2N (e, K)

W cOOTHUHT OXUPTIY KUCMUHU COJIATIAITUPUIL YUYH

d
N(g,K)~C[l)

&
ne6 xucobnaiimus. by epna ~ Genrucu yam Ba YHT TOMOHJArd MyHocabatiap
& —0+ 1 ra UHTWINIIMHA KYpcaTaH.

by MmyHocabatnapaan

1\d e 1 \d
sc(—j ~2N(&,K) = N[—, Kj - c(—j
& 3 el3

kenu6 unkaau. by epaa
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ra TCHI.

1-600 Oyiimua xyJoca
bupunun 60612 GpakTanm TEPMUHUHUHT MaaA0 OVIUINM, YHUHT XO3UPTH
BaKTJIaru TYTraH YpHH, (QpaKTAIUIAPHUHT TypJapH, TEOMETPUK IIAKIUIApHU
Kypuiga (pakramiapaan doinananum, Kantop Tymmamu Ba YHUHT (ppaktan

Yiuamiapu Xakuaa GUKp ropUTHITaH.
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Il BOb. TEOMETPUK OBBEKT/IAPHU KYPULIJIA R-©@YHKIUA
AJITEBPO-MAHTUKWH YCYJUHU KYJIJTAHUIINA

2.1. 'eomeTpuK 00beKTIapHN Kypulaa R-pyHkuus ycyJanHu
KYJJIAHUJIM I

®pakran TeHraamagapuHu Kypuiiga B.JI.PBaueBnunr R - (QyHKIms
ycynunan ¢oimananamus. Kyiimma 0y R - ¢yHkus xakuma TabpuuHU
KeJITUpUO YyTaMus.

Oyuknusmap wauaa  y= f(x,., X,) (% e(—0,0)) ra yxmanuiapu xam
yupaiiau. by dyHkusnap apryMeHTHU Oenrucura Kapad aHukjiaHagu. byHmait
byHKUMsIIapra MuCoI cudaTuaa

u, = Xyz,

2 2 2
u,=1+x"+y"+2z°,

(2.1)

u, = X+ y+z+\/x2 +y2 2?42,y X2 4 YR,
U, =Xy+2z—|z—-yx|
Ba OOLIKATapHU KEATUPHUII MyMKHUH.
Kyiinga u,, u,, u;Ba u, (QyHKUMAJIAPUHUHT Oenruiapura Kad napaxana

60FJII/IKJ'II/IFI/I KCJITHPHIITaH:

X - - - - + + + +
y - - + + - - + +
4 - + - + - + - +
Us - + + - + - - +
u, + + + + + + + +
Us - + + + + + + +
Uy - + - - - - - +

Comumtupuiml  ydyyH  (QYHKUMSHUHT  KudMaTtd  HadakaT  yHHHT
apryMeHTUHU Oenrucura OOFJIMK, OajdKd YHUHI aOCOJIIOT KuUHWMaTtura Xam

OOFMK OyIaam.
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v, = Xyz+1,

v, =sinxy, (2.2)
V= X+Y+2Z—/X +y2

«MycOarnuk» Ba «MmaHuiliuk» JapuHu Oupop Oup cudartuaa
KapalmuMu3 MyMKHH. U, - U, (QyHKOusulapu Xam myHmaid cudarimapra sra
Oynran ¢yHKOEsUTapAup. Vi - V3 QyHKOUsIapu dca OyHmai cudarimapra sra
OynMaraH (pyHKIUsIIap.

XakuKuil coHapHu MycOaT Ba MaH(uiiapra aXXpaTUIIaH TallKapu sHa
Oomka kymiad cudatiap opKaId yiIapHUA OYIUIT MyMKHH.

Macanan, A cudatiu COHJapHU MOAYIU Oyuya OUpJaH KUYUKIAPUHU
OJIMIIMMU3, KOJTaHJIapuHU 3ca B cudar Ounan omMmuMu3 MyMKUH. SIbHE A —
panmoHan connap, B - aca uppanuonan connap Ba Oomkamap. bymapnan
TalllKapy siHa Oup KaH4a €Ku 4YeKcu3 cudatiu rpamanusiiap OuinaH XaKUKHUMA
COHJIQPHU MABJIyM KUCMIIAPTa aXPATUITIMHU3 MYMKHH.

Xakukuii conyapHu cudartura kypa OyIuImmuMu3aaH KaTbuil Hazap y [’
Tymamiaapra axpaiagud. by OYIuMHUINHUHT acocuid Ba3udacu INIyHJaH
noopatku, yHaa TtymiamiaapHudar R (1) dyakuuscun xocun Oynaau. Ynap
V3MapuHUHT XOccajapura Kypa OepwiraH kuiMmatu Oyinua ¥3 Tymuiamura
TETUIUIN OYaau.

R (') Tymnamaan tamkwn Tonradn QyHkmusuiap oxarna R-pyHkusmap
nevunanu. Moc paBumga xakukud connap [' ta Tynmamiapra OYyiuMHraH
oynanu.

Arapna OynmuaunmapHuar cudaru I 6yiica, ynapHu pakamiacak, y Xoaa
yIapHUHT apTyMEHTIapuHu cudaTiapu Y3IapuHA paKkaMJIaHTaH TYTUIaMIIapUTU
TETUILIN OYIau.

[Myngait kuiub, 6up BakTHUHT y3una R-dyHkuus Ounan OepwiraH Ba
Oup HeuTa MaHTUKUN (QYHKIUSIAp apryMeHTaapura sra 6yica, y xoiaa 6us R-
byHKIUSHA KapaéTran 0ynaMus.

by manTukmii QyHkuusHu Oepuiaran (QYHKUMSHUHT Ky3aTyBUHMCH €0

aTaniMu3.
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bepunran Ttabpud R-byHKIMSHM TacaBBYp KWJIMIIIArd OHT KUCKA
BapuaHT caHamagu. R-pyHKus xakuga acocud  mabiaymor [9-11] nma
KEJITUPUJITAH.

X yKugaru coHJIapHM MycOaT Ba MaH(pui conyapra axpartamus. Hon
COHM MycOaT COHJIapra KHUpaju.

Bourkaya 0110 kaparasnjia HyJl COHM COHJIAp YKUHM Y4 KUCMTa OYIuIimnra
XU3MaT KWiaau 1ed Kapaca xaM Oymap 3/1u.

NKkn KHMMATIM NPEAUKATHU KapanMu3

0, ecru x<0,

sz<x>=<xzo>={ (2.3)

1, eciu x=0.

R-QyHKIIMSAHUHT IOKOpHJIAa KEATUPWITaH TabpuUIaH KeIud YHKKaH
X0JIa COHMap YKUHU Y = f (X, X,) QYHKIHUSA X € (—0,0) EpramMuaa UKKH (- oo,
0) Ba [0, o©) kucmra axpatamu3 Ba yHU R-pynkius ned artaiimMus. Arapaa
myHnad Mantukui Gyskmus Y = £ (X, ..., X,) y4yH Ky#dumara mapt
OaxkapuJca.

S,LE(Xpsees X)) = FIS,(X)sees S, (X)) (2.4)

Kypunu6 typubnuku, Oy maHTukuil ¢(yHKumsuiapaa R-¢yHKuusHUHT
KYI1a0 Tyriamiapy MaBxya.

Macanan, R-gpyHKius yayH Wi =xy HUHT Ky3aTyBuu QyHkuuscu X ~ ¥V
MaHTHKUH QYHKIUSICH CaHATIa/IH.

XaKHuKaTaH,

S,() = $,(0 ~ S,(y).. (2.5)
by ManTukuil pyHkuus R-QpyHKus yuyH Ky3aTyBUd (GyHKUIHS CaHATAIM:

W, = xy(L+ x>+ y?),

2.6
W, = (1-27)@3" -1) (20)

R-pyukuusuiappuar  Gapuyacu  OWTTa siTOHA Ky3aTyBUM — MaHTUKHUNA

bynkuusira sra. Ynapau R-QyHKUUSHUHT TYTyHJIapU TYTUIaMH €0 aTaiiMus.
N apryMEHTIM (PYHKUMSAHUHT MaHTUKUK (yHKOMAIAPH COHU 2° Ta TEHT.
Xymu myHnail R-QyHKIMSHUHT 72 apryMeHTHra OOFIMK Oyiaran xap xun 2° Ta

TYTYHH MaBXyJl
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Kyiinna R-ynknms acocuma coHnap YKMHM MOC paBuIga MycOar Ba
MaH(pUN KuCcMIIapra axparaMus.

R, TH3uM:

XA, Y= ﬁ(x +Y =X+ Y —2axy) (R-KOHBIOHKIHS),

XV, y= ﬁ(x +Y++/ X+ Yy —2axy) (R-gu3bloHKIN), (2.7)

X =—X (R-uHKOD),
Oyuma o = o (x, y) — wxtuépuit PyHkmus 0ymmob, 1< o(x,y) <1 mapTHH
KAHOATJIaHTUPA/IH.
R-KOHBIOHKITUST XA,y TYTYHTa TETHUIUIM, YHUHT Ky3aTyBUd MaHTUKHHA
¢yHkuusacu cudarnga X AY KOHBIOHKIMS OJMHAIU.
Tomomutapu |x| Ba |y| ra Ba ymap opacuaaru Oypdak cos(o,) ra TCHT Oyiraxn

y4OypUakHHU OJIaMU3.

VY X0Ji/1a YHUHT YYUHYYA TOMOHH \/ x* +y*—2a| x| y| ra TeHr.

Arapna x Ba y — mycbar coH Oyica, y Xojja X + y UKKUTa TOMOHHHU

HuruHAKCH OY1aay Ba y YYMHYU TOMOHJAH Karta. LIlyHUuHT yayH XA, y > 0.

Arapaa x €ku y nan oupu Mandui Oyica, Oomkacu mycOat Oyica, y

XoJija x + y aitmpma Oynaau Ba y yYMHYM TOMOHJAH Ku4uK Oynamu. Lllynunr

Y4yH XA, Y<O0.

Kypurub typubnuku, kauonku x < 0 Ba y < 0 6ynca y xonma xA, y<0
oynanu. Arapaa oup Baktaa x > 0 u y >0 6ynca y xonga x A, y >0 Oynaau.

[IlynuHr yuyH
1 2 2
S, (XA, ¥) = SZ{E(H y =X +y’ - ZO!XY)} =S,(0)AS,(y),  (2.8)
by ncbotnam 3apyp >au. Xy au IIyH1ai

S,(xv,y)= S{ﬁ(x FYFAXE Y- 2axy)} =S,(X) v S,(y). (2.9)

HHU XaM YMKapHIl MyMKuH. Kypuau6 Typubmuku, S,(x) =S, (—x) =S,(X).
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R, Tu3uMmHMHr Xycycuil xomu cudatuna Kyiunara R-QyHKIUSHUHT
KYpPHUILIMMHA3 MyYMKHH.
Ro Tn3um:

2 2
XAgY=X+Y—y/X +Yy,

XVy Y =X+ Y+qX+Y7, (2.10)
X=—X.

by tu3zum o = 0 6ynranma R, nan onwHamm Ba R-QyHKUMSHWHT 2HT Oauit

THU3UMIIApUIaH 6I/IpI/I CaHaJlaIH.

R; T3uMm:
1 .
XAy =2 (X+y=[x=y[)=min(x,y),
X\/lyz%(x+ y+ | x=y[)=max(x,y), (2.11)
X=-X.
by tusum o = 1 Oynramga R, gan onuHagu. YHHUHT XapakTepiu

TOMOHJIapHUIaH OupHu cudaTuma xA, y= min (x, y) Ba xv,y= max (x, y) HH
OJTUIIMMH3 MYMKHH.

Ro Ba R; Tusumiapuunr R-amannapunan oigananrad Xojaja YHUHT OUp
KaH4a MaHTUKUH Ba quddepeHIman XoccalapuHu KeITUPHUIIT MyMKHH.

R-amammapun x = 0, y = 0 Oynaranma XA,y Ba Xv,y JapHU
nuddepennnannad 6yamaiiam.

R-amammapan x = y Oynranga XA,y Ba  Xv,y JApHU  Xam
muddepennnaniad oynmaiiau.

R-¢yakuusauar  TynuK auddepeHunamiaHaiurad m-taptaond - Ry
TA3UMH KyWuaarnya:

KA Y= (kY A+ Y)OC +¥)?, (2.12)

m
2

Xve y=(X+Yy+X+y) (X2 +y%)2,

m = 0 6ynranna Oy Tuzum Ry Tu3umra aitnanau.

R TU3UMHH XaM KEJITUPUO YTUIIUMU3 MYMKHH:
p
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1
XAy=x+y-=[[x”+|y|"]",
p

1

xvy=x+y+[Ix]” +y[']", (2.13)

X ==X,

Oynmap > 1.

R., R: R Ba R Tu3umimapHuHT OMp HEYTa XOCCalapuHU KEATUPaMU3.
by epna mry cuteMara TymyBYu A* OujaH R-KOHBIOHKIMSUIAPHU A,, Ag
Aps--+, AXTUEPUH v* OWIIAH R-IU3BIOHKIUSIAPHU Vv, Vv ,... TYIIYHAMU3.

bynpman tamkapu Oynapau xpcoomaimus o(x,y) = a(x,-y) = a(x,y).
1. XA*y=yA*x

2. Xv*y=yv*X

X/\*yz)_(v*gl.

Xv*y= XA *9.
XA*y =0 OYnaau dakaT KauoHKH y =0, x>08ku x=0, y >0 Oyica.
xv*y =0 OYnaau ¢akaT KauoHKU x =0, y<0 €ku y=0, x<0 Oyica.

X

X.

(XALYIAZ=XA (YA ZD)=XA YA L

© o N o O Bk~ W

XvyY)vyz=xv,(YVv,2) =XV, YV, L

10.x A (Y vy 2) = (XA, Y) vy (XA 2).

11 xv, (YA 2) = (Xvy Y) AL (X Vv, 2).

12.x A, X=X

13.xv, x=x.

14. x A, x=—| x].

15. x v, x =| x|.

R-dbyukiusauar  OyHpgaih  Tu3umiapugaH  ¢doigananrad  xohga R-
GYHKIUSIHA OCOHTMHA KYPHUIIT MyMKHH.

Tyryn omatma OepwiraH Ky3aTyBYM MaHTHKUN GyHKmus F(Xg,...,Xq)

OpKaJId Kapaja€rra TyryHra teruuui Oynran R-pyHkmus kypwiaau. bynaa
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F(X,....X,) oyskmmsan X A Y, X v Y, X MaHTUKUH (QyHKOUSIAD OPKAIN
KYypHIII MyMKHH.

Mucon. Kyitnaa aHukjianran MaHTUKUNA GyHKUIUS opKaiu R-GyHKUIUSHUA
Kypull Tanad 3THirad 0yicuH

Y =(X, A X2 AX3) v (X, AX2AX)V X,

bupuaun  HaBOaTma  MaHTHMKMM — QyHKIUSHM X3  Y3rapyBUMHH
KOHBIOHKITUSSHUHT OWPUHYM Ba WKKUHYM DdJEMEHTap amauiapu Oyiuda
KUCKapTupamu3. HaTmkana KydugaruHu ojlaMu3

Y =(X, AX2) v X,.

R-dynkuusaan Kypum yuyH Ry tTusumaan ¢oiinaianamMus

Y = (X Ag X2) Vo Xg = (X + X2 = [ X2+ X2 ) vy Xq =
= (X =X =X X ) Vo X =X =Xy =X+ X X+
+\/(x1—x2—1/xf+x22)2+x32.

['eoMeTpuKk 0OBEKTIAPHU TEHIVIAMAJIAPUHU KypHuIlll. R-pyHKus éprnamuia
rE€OMETPUK OOBEKTIAPHUHI TEHIJIaMaldapuHu o = 0 KYpUHUIIIArM KaHOHMK
TEHIJIaMaJapuHK KypHIll MyMKHH. byHna o ¢yskmus R (H) Tymmamra Terumnmm
Oynaau. H-amanra ommpunaauradn ¢GyHkuus O0ynu0, nuddepeHranIuk
KUXaTUIaH y3IyKcu3 Xamaa H- QyHKIMSHUHT acocuil TU3UMU CaHaJa/Iu.

() COXaHMHI yerapajapuHu 4Yu3yBUM O€) TEHIJamMaHu KypUIIHU KypuoO
yukamu3. Y V3 HaBOatuma Qi (o; > 0), wieR(H), i = 1, 2 mapriapau
KaHoaTiaantupyBun Q; (i = 1, 2) Oup HeuTa coxanapaaH TalIKWI TOITaH.

by xonpa €2 cOoXaHMHI MpeauKaT TEHIJIaMacu KyWuaaru KypUHUIIIA

oynamu

Q= (0, >20)A(w, >0)=1. (2.14)

R-KOHBIOHKITUSHUHT XA, Y, XAg Y,.., XoccallapuaaH ¢oigaianrad xojaga Oy

npeanuKar (byHKLII/ISIHI/I KYﬁHﬂaFH TEeHTJIaMa OujIaH AJIMalITUPHUIT MYMKHUH

36



Q= (o A*w, >0)=1, (2.15)

Oyuma A* - R-xowbronkums. Illymmaii kim0, arapma xA*ye R (H) OVica,
yXolia o=m A*w, HA olumuMu3 MyMKkuH. Hatmxana Q:Q=(w>0) coxaHu
AHUKJIOBYU @ >0 TEHTCU3JIMKHHU XOCHUJ KUJIAMHU3.

Hlynusr y4yH, arapaa o, @, € C> na R-koHbIOHKIUsAAaH (ouanancak y

X0J1a Kyiu1aru aHuKJIanMu3

m
2

XAg Y =(X+y—X+y) (< +Yy?)

4

2.1-pacm. benrunanran coxa.

m > n 6ynranga, o GyHKUMAHK onamu3. by Gynkuus C' TYIiamMra Teruium Ba
N Mapta y3nykcu3 quddepennmanianagurad QyHKIUs.

Oparuit xonatinap ®; > 0 Ba , > 0 TeHrcuzauk £2; Ba {2 coXajlapHUHT
WYKU KUCMUHU aHUKJIalIH.

[ynnaii kunuo, o = 0 TeHrnama {2 COXaHUHT YyerapacuHu aHrjiaTaiu.

Mucoin. Opauii coxa Oepunran 0yIICuH:

2 2
= — > — o
2, (a X = O) - X=1a T{rpu yu3UKIap OpacHIard BEpTHKaJ MoJoca,

y=2%b TYFpU YU3UKJIAp Opacuaard rOpU30HTAI MOJI0CA,

]
(%)
Il
(@}
()
|
x
IS)
\Y

0) - X=1%C T{rpu YM3MKJIAp OpaCHIard BEPTHKAI I0JI0Cca,

%, =(d-y*20). y==xd TYFPU YU3HUKJIAP OpacUJarkd TOPU30HTAI M0JIOCA.

Q coxa yerapacu 3ca Mypakkad MaHTUKHUK (DYHKIUS OPKAIH aHUKJIaHAH
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Q= (5, A T A (5, 54) 20 (2.16)

Kypunu6 typubdauku, Oy coxa yerapacu KpecTra yXIiaml COXaHu X0CHJI

kinaay. Bynna 2> 60 >0 g reqr,
YA
b
4d
HN -
-a -c{ |0|c a
¥
b

2.2-pacm. Kpect coxacu
FOxopuaa kentupuiarad ycyaHU KyJlarad XoJja TeHIJIaMaH! YerapacuHu
é3umm KuiuH sMac. Arapaa coxa oup Heuta Qi=(w; > 0) (i=I1,...,n) coxaiap

6I/IpJIaHIMaCI/I,Z[aH TAIIKWJI TOIICA YHHU KYﬁHHaFan €3UIII MYMKUH:
@ = (.((o, A*0,) N*wy) A*.) Ao, =0. (2.17)

[IIyHUHT y4yH COXAHMHI TasHY COXAJIAPUHU TyPYXJAITUPUII JIO3UM.
Viap R-KOHBIOHKIUSHUHT Xap XU KOWIAIITUPUIILUIAPU OPKAIIA XOCHJI KUJIUIII
MYMKUH.

OHJIM 3Ca COXaHUHT YerapacuHU TEHIJIaMaCUHU KyPHIIHHA KapaiiMus3.

Mucon. Kyiuga 2.3-pacMaa KenTUpwiraH a) YM3MaHWUHT YerapacuHU

TEHTJIAMACHHY TY3HII Kepak OVIICHH.
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A

N

a) 0)
2.3-pacm. Coxamap
By COXaHMHI yerapacuHu X=-0 TYrpu uMsuKIaH YHraa éIraH cOXaHH
KYPHUIIMMHU3 MyMKHH.
Q2 coxa wuerapacu TEHIJIaMaCHHU KypUII YYyH KyHHJIaruiapHH

TaHJIAaMU3

Y, =(a%-y? 20); ¥, =(b-x>0).2, :(Rz—xz—(y—a)2 20)_

QZ(Zl/\ZZ)VZ

VY xonna 3 Ta TeHT Ba €2 HMHT YerapacuHM

TEHIJIAMACUHU KyWUAAaru KYpUHUIIAA OJIAMU3
w= ((a2 - yz)/\o (b—x))/\0 (R2 —x? —(y—a)z): 0

Xy =(x+b=0) COXaHMHT OepuiraH seMeHTH Ba (2.16) hopmyna Oyitnua

KYﬁHHaFH TCHIJIaMaHHU XOCHUJI KMJIaMH3

(o ~y*)ns o-x))vo (R? ~x* ~(y~af Jf v (+B) =0
Mucon. Dunu 2.3-pacMHUHT 0) uyu3MacMHU y4 YmdyoBiu (opmataa
TAaCBHPJIAHUIIINHK KYpUO YHMKAMU3
Pacmna xypunu® typubauku, Oy uusma acocu (2.1), MHIMHAPHUHT EH

ToMOHJIapu (2.2), I0KOPH aCOCHMHHMHI 4ar ToMOHHU (2.3) Ba IOKOPH aCOCHHHUHT

yHr ToMoHH (2.4) Ba yau Tenara 90° Gypuak ocTia Gypuiras.

TastHu coxaiapHu TaHJIaNMU3:

_(p2 2 2
=R -x*-y*>0) . OZ yku Oyitnua R pagmycnu 4eKcu3 UHIHHID;
X, =(2>0) -Tenajgaru spum $aso;
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Xy=(z2=h>0) _z=h; TEKUCIUKJIaH Ternajaa >Kounamras sspuM $azo;

Z,=(y>0)_ YHT apuM $aszo;
>, =(R? —=x? - y? =(z—h?)>0) - mapkasu (0,0,h) HykTaza 6ynras R

panuyciu chepa;
(1) coxanu z =0 TEKHCIMKHUHT KUCMU OVIIHO, yHU Y., OWIaH

oenrunaitmMu3. YHUHT TeHraamacuau (2.16) dopmyna opkanu

aHUKJIaNMU3.
w, =12° v, (R2 . y2)=0
(2) coxanu 3ca YeKCH3 IWIHHIPHUHT OCITHIaHTaH

ZZ/\Z_sz(ZAHZ—h)ZOj

(3) coxamarum kucmu 1ed otamus. (2.16) hopMyiaa OpKaIH YHIaH

KyWHJiary TeHIJIaMaHu OJIaMuU3
w, E(R2 —x? —y2)2 Vo (Z/\O iz—hij:O.

(2.3) coxa - z=h TEKUCIUKHUHT KUCMHU OO, >, AY, COXaHH

OeNrumIanIun:

w,=(-2) v, | (RZ=x2=y?)A, y |=0.

(2.4) coxanca- Y= 0 rexncnuknuHT KHcMHU Oymuo, yHu >, A, OuiaH

oermwianmMmns;

w, =y% v, (Rz—xz—yz—(z—h)z)2 Ao (z=h)|=0

bU3HM KM3UKTUPYBYM COXAHUHT YETapACUHU

©=00,00, =0 yooumumua éku

KYPUHHIIJA E3UIMMU3 MYMKHH.
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by ¢dopmynanap acocuma Ou3 O€NTHIIaHTaH COXAHWHT YerapacHHH
aHuKTaiiMu3. by dopmynanapaan R-omepaiius CHMBOJUIAPHHH OJIMO Taluiara

XOoJga HATHKaBUM QJICMCHTAap q)YHKHI/I}IHI/I OJIMINNMHU3 MYMKHH

2.2. Ail1aHa reOMeTPUK 00beKTHHH (PPAKTAJ TEHIJIAMAJIAPH ACOCHIA

KypHII

busra mypakka® coxa [’ yerapaaum Mypakkab Qc R’ coxa Oepwirad
OyJicMH. YHM Hazapuil TYIUIAMJIIADHUHT aMaJljiapu €paamMuia, sS’lbHU KECHIIIHIIL,
OMPJIAIITUPHUII Ba KYIIHII aMaJJITAPUHUHT KOMOMHAIIUSICUHUHT KUYUK COXaJlapy
acocuna {Q,},., XOCHJI KWUIUII MyYMKHH.

Arapna 6usra 6apua (x,y) € Q, yaap yayH o, >0 Ba (x,y) e =Q, UT, 1ap
yuyH o, <0 coxaHuHr {m,(x,y)=0}, yerapamapu Mabiaym Oyica, y xoiga R-
dbyHKIUs €épaMuia YHUHT yerapacuHu I o(x,y) =0 Kypuil MyMKuH. by epna o

bynkuus Q coxa nuuaa MycOaT, yHUHT TalllKapucuja MaHduii Ba I” derapaaa
HYyJITa TEHT.
R-byHKIMS TUBMMUHUHT SHT KEHT TapKajlraHjiapuaan oupu 0y Ro TU3UM

caHanaau. YHAa alredpavk amamiap Kyiuaaru KypuHuuiaa 0ynaau

fAf,=f+f,—Jt2+12, fvf=—(T,AT,), f=-f.

AWJIaHAaHUHT TallIKW TEHIJ1aMacu Kyiuaarnda aHuKJIaHa Iy
gy = 0o (R, X, Y) = (R =X — y* > 0)
AlinananapHu OUWpIAIITHPYBYM TEHIJaMa »dca KyWuJar KYpUHHIIIA
oynanu
y = Wy Ay (X*+Yy?—(R—2a)>>0)

By epna a - aiinaHaHuHT KaIMHIUTH (aliJTaHAHUHT KaJIWHJIUTY 28 ra TeHT),
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R - Tamku aillana paguycH, « :27”; kK — xap Omp wWTepammsiaH KEHHHTH

aimananap conn (k=2,3/4,....).
byHra wWrepanus TpoleaypacHMHH KyIITaH XoJia KyHujarura osra

oynamMus:

R
o, (R, X, ¥) =0,(R, X, y) v Om"’l(? X Y) Vo

R 2R 2R .
VOO‘)n—l(E’ x—?cos(O), y—?sm(O))v0

R _ 2R 2R .
Vona (5 X~ cos(a), y —=sin(a)) v (2.18)

Vo")n_l(% x—Z?Rcos(Zoc), y—Z?Rsin(Zoc))v 0V

Vownl(% X—Z?Rcos((k -1Da), y—z?Rsin((k -1Da)) >0;
n=123,..

Xucobumai Taxpudacu HaTuxanapu 2.4-2.17 pacMiapaa KEITUPUITaH.

2.4-pacm. n=1, k=2 2.5-pacm. n=2, k=2 2.6-pacm. n=3, k=2

2.7-pacMm. n=4, k=2 2.8-pacm. n=5, k=2
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2.9-pacm. n=1, k=3 2.10-pacm. n=2, k=3 2.11-pacm. n=3, k=3
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2.14-pacm. n=1, k=5 2.15-pacm. n=2, k=5 2.16-pacm. n=3, k=5
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5

4, k

2.17-pacm. n

6 naru xomaTHU Kapaitmu3. by xonarna xankamu ¢gppakrain

Oumm (1) na Kk

MOHOIIOJIMHU XOCHIT Kuiamu3 (2.18 — 2.19 pacm)

=6

=2,k

-pacM. n

2.19

=1, k=6

-pacM. n

2.18

6

yica y xoJjia MuKu

au, arap K

Oupura Termam

oup-

WYKW aliaHaiap

yIca,

Arapna k<6 6

, arapyaa k>6 0y
2.22 pacm).

Oupwura teraau

Oynca uuku aiinaHaiap Oup

oup-Oupu Ounan kecumazu (2.20

alJiaHaaap
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2.22-pacm. Nn=3, k=10

DHIM KaTTa aijlaHa WYWUa WKKWATA aijlaHa >KOMJIAITaHJIUK XOJAaTUHU
kypub umkamui. by aitmananmap Oup Oupura Teragu. ByHman Tamkapu W4YKd
all;laHa MYKJa XaM sTHa UKKUTA aijaHa sKoumamaam Ba Xxoka3o. bynnai ppakran
TEHTJIAMACUHU KypaMu3.

bynnaii xonmma Oepunran (¢pakTadHUHT 1-Kajgamjaard TEHTJIAMACcH

Kyiunarnda 0yaaan
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o (R,X,Y)=(R*=x*—y*>0) A, (X* +Y* —(R-a)*>0),

Oy epaa a-aiiylaHa KQIWHIWTH (aillaHa KaJIWHJIATH 28 Ta TeHT), R-Tamky aiiana
pamuycu. Hrepamuss  mpoleAypacMHM — TagOWK  KWJITaHUMHU3JIaH  CYHT

KyWHIaTUJIapHUA OJIaMU3
o, (R X, y)=m,(R, X, y) v omn_1(§’ X, y—g)v Ocon_l(g, X, y+§) >0;n=123,..

Xap XuJI N jard KAdMmaTiaapHu xucoOinam HaTwxkanapu 2.20-2.24 pacmiapaa

KCITUPWJITaH.

2.20-pacm. n=1 2.21-pacm. n=2 2.22-pacMm. =3

ts)
2.23-pacm. =4

OHJIM 3ca UYKHU alijaHaJlap KECUILCHH Ba acTa CEKUMHJIMK OWJIaH KU4panuo

oopcun. bBynunr yuys () ra knupaiuin k03GPHUIIHEHTHHA KHPUTAMU3.
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Xynau OupuHIN MacaJaHuKHUICK, auJlaHaJapHU KECHUIIHUIINA

TCHINIaMaJIapUHHU KUPUTAMU3

@, (R, X, Y) =(R? =X’ —y* 2 0) A, (X’ + y* = (R-2)* 2 0)
OyHma a - aiylaHa KaJMHIWTY (aiijaHa KaIMHIUTH 28 ra TEHT). o :277[; K-xap

Oup WrepanusnaH KeWwHru wuku ainmaHamap comm (k=2,3,4,..), | — xap Oup
UTepalysiaH KCWHHTH WYKW alJIaHaJapHUHT KHupaduin koddduimeHTy,
1=2,3,4,..., R-Tamku aiijana paanycH.

Wtepamnus nporieypacMHd TaAOWK KWITaH XOJJa KyWHaruwiapra sra

oymamMu3

R
a)n(R, X, y) = a)O(RI X! y)Voa)n_1(_! X’ y)\/O

R _(-DR _(-DR

v a)_l(I , I cos(),y - (l Il) sin(0))v 0a)_l( ~~7 _cos(x), y—wsm(a))vo
v a)_l(T, —@cos@a),y—@sin(m))vo..yo
y a)_l(IT, (=DR cos(k-1)a),y - _Il)Rsin((k—l)a))z 0:

|
n=123,...

n, k, | HUHT Xap XWI KUUMaTJIapuaard xucoonam HaTwkanapu 2.25-2.34

pacMmiap/ia KeITUPUITraH

f \ ! .J. N / |
\ .F : l { | ]I f .* [ I "}..‘ ( I I ]L : [ I ] \J |
2.25-pacm. n=1, k=2, =2 2.26-pacm. n=2, k=2, |=2 2.27-pacm. n=3, k=2, =2
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VAV LAV AV

2.28-pacm. n=4, k=2, |1=2

G0 NN (RN (O TINAN AN UNAOD NN CONENNE (NN A oD

T | T L | N L . | R T L

T § T T | S g | e g | S g | e g | e e, | T N
R o o S ST SART ST SANT SIS )
NAVA VA LA A ey

2.29-pacm. n=5, k=2, =2
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5,1=2

k=

:2’

-pacm. N

231

=2

k=5, |

=1

2.30-pacm. n

S FANFAN Y
y, ol el T P’

5,1=2

=3, k=

2.32-pacm. n
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=2

k=5

n=4

-pacm

2.33

=2

=5

5,k

n=

34-pacwm.

2
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Mlysau Tabkumnam jgo3uMmku, |=3 Oynranga ¢pakramiap TapTUOIAHTaH
alllaHATApHUHT KECHINIMACUJIaH INaKUlaHTUpWiaan. by Hatmwkamap 35-40

pacMiapa 6epuiiran

2.35-pacm. n=1, k=5, 1=3 2.36-pacm. n=2, k=5, 1=3

o1



2.39-pacm. Nn=3, k=4, |1=4

Utepammmon  dpakrammap k=8, 1=2

2.40-pacm. n=4, k=4, 1=4

Ba n=123,0ynrana OJMHTAHIATH

dbpakramap 2.41-2.43 pacmiapaa KeITUPHUITaH.
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2.43-pacm. n=3, k=8, 1=2
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k=15 =4 Ba N HUHT Xap XWI KHﬁMaTHasz[am xXucoOuar HaTHXaJ1apHu 2.44-

2.45 pacmiapa KeITUPUIITaH.
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2.44-pacm. n=1, k=15, I=4 2.45-pacm. n=2, k=15, I=4

Kypunu6 typubauku, aitnanaiap TeHriamanapujaH Ba R-GyHKuusSHUHT
anreOpo-MaHTUKUKA  yCcy/ulapuaaH  QoijanaHrad  Xojja  aijaHaJapHU
YPUHUIIUIAPH Ba KECHUIIMNUIApUIAH TYpJId TyMaH (QpaKTaUIapHU KypHII
MyMKUH. By ¢pakTtannap xxynasm dnpoiian. YiapaaH TYKUMauuJIuK CaHOaTH/a,
TeJIeKOMMYHUKaIMsI1a, KepaMuk Ba ¢dapdop OumHOoIapAa HAKII Ba Oe3akiapHU
yn3umaa GoigaaaHuI MyMKHH.

By reoMmerpuk OOBEKTIApHM YM3HILI Y4YyH aJIrOPUTM HILIA0 YUKWJITaH.
AJTOpUTM acocuaa peKyppeHT (PYHKIIHS UIIUTA0 YUKHUIITaH.

function circle(n, r, X, y : Integer) : Boolean;
var rl, al, dx, dy : Integer;
w00, wi0, will, wl2, wi3, wl4, wl5, wi6 : Boolean;

begin

Result := false;
if n =0 then
begin

Result := (r*r - x*x - y*y >=0) and ((r-2)*(r-2) - x*x - y*y <= 0);
end
else if n=1 then
begin
rl:=Round(l *r/3);
al :=Round(2 *r/ 3);
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dx := Round(sqrt(3) * rl);

dy :=rl;

w00 := circle(0, r, X, y);

w10 :=circle(0, r1, X, y);

w1l :=circle(0, rl, x, y-al);

w12 := circle(0, r1, x, y+al);

w13 := circle(0, r1, x+dx, y-dy);
w1l4 = circle(0, rl, x+dx, y+dy);
w15 :=circle(0, rl, x-dx, y+dy);
w16 = circle(0, rl, x-dx, y-dy);
Result := w00 or w10 or w1l or w12 or w13 or w14 or wl5 or wl6;
end

else

begin

rl := Round(1 *r/ 3);

al :=Round(2 *r/3);

dx := Round(sqrt(3) * rl);

dy :=rl;

wO0 := circle(n-1, r, X, y);

w10 :=circle(n-1, r1, x, y);

wll :=circle(n-1, r1, X, y-al);
wl2 = circle(n-1, r1, X, y+al);
w13 = circle(n-1, r1, x+dx, y-dy);
wl4 = circle(n-1, r1, x+dx, y+dy);
wil5 = circle(n-1, r1, x-dx, y+dy);
w16 := circle(n-1, r1, x-dx, y-dy);
Result := w00 or w10 or w1l or w12 or w13 or w14 or wl5 or wle6;
end,;

end;
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2.46-pacm. n=3, k=15, I=4

2-600 Oyiinua xyJioca

Nkknnum 0001a R-pyHKIMS yCynuHU Ypranuiiura OaruiiaHrad 0ynuo,
yHaa xaérma yupab TypamguraH oOOBEKTIApHU MIAKIUIAPUHU TE€OMETPUK
dbopmynacuHu €KW TEHIJIaMacMHU TY3MIJAa HHUMajlapra 3bTHOOp Oepuil
KEepaKJIUTU KypuO YTHIITaH.

bo6na mynunrnek R-dyHkimms acocupma Qpaxrtan TeHrIaManapu
épaamMuia alilaHaJIapHU YU3UII YCYyJJap KYypuO YMKWITAH Ba ailjlaHAJIapHU OUp
Oupyr OWjaH KECHUINUILJIAPU Ba KECHUIIMACIHMKIAPU XHUCOOra OJIMHTaH XO0Ja

YJIApHUHI IIAaKJIJIapyu aBTOMATHUK IHAKJIIJIAHTUPHIITaH.

55



111 BOB. R-OYHKIUSHUHT AJTEBPO-MAHTUKWI YCVYJIA
ACOCHJA MYPAKKAB INAKJUIM TEOMETPUK OBBEKTJIAPHU
KYPYBUHM JJIACTYPU TABMHUHOT

3.1. 'eoMeTpuK 00BbEKTIAPHHU TeHIJIAMAIapuHu Kypumjaa R-¢pynknus
ycyJau
R-byaknus ycymrapugan Qorigananran xonma Oup KaTop TeOMETPUK
OOBEKTIIApHU TEHIJIaMalapuHU KypUIITHU KYpHUO YMKAMHU3.
1. R-dynkmusa ycymrapugan ¢oimananrad xoiga Kox arpu 4nM3uFruHH

TEHIJIaMaCUHU KypHIITHU Kapaiimu3 (3.1-pacwm).

VAN

(2) (©)

DN Mf(’:“uu

(3)

3.1-pacm. Kox srpu unzuru

By arpu um3ukHu —3a<x<3a HMHTEpBaJIJa KypUIIHU KYypuO uyukamus. Y
X0J171a

Wy ==Y 20; @y =0y, (A F,)=0;
1 ce 1 :
f, ZE(X 3—y+aJ§)20, f, _E(—x\@—y+a\/§)20,

by epna o, TeHr éunu y4OypuyakHUHT TEHrjiamacu Oyiamau. Arap Ou3 o,
HUHT YPHUTa KyHUIard TEHIJIaMaHU Kylhcak
@, =0y Vo (fL A T,)=0;
Y xonnma 6u3 3.1-pacmmaru 0) pacMHHU XOCHUJ KuJamMH3. XyAIu HIyHAAM
KeHUHTWIIApH XaM 11y acocaa Kypuiamu: newf: = F-F++F-F
Jlemak
=0y Vo (LA F,)=0;

o, =, (3(x+2a),3y)=0;
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o, _m{?{x+;/2+(y_¥jgj} 3[—(x+a—2)§+(y—¥)%)—jzo;

@y = (05 (X, Y) Vo @2 (X, Y)) Ag (X Y) Vo @ (=X, Y)) 2 0;

0, =0, ,3(x+2a),3y) >0;

o, _(Dk1[3(X+§/2+(y_§J§J,3£_(X+a/2);+(y—¥]%J]ZO;

o, = (@4 (% Y) Vo @, (X Y) Ao (@ (X V) Vo @, (-%,Y)) > 0(k = 34,...).

3.1-pacMaa @, (x,y)>0 GYHKIUIHUHT pacmiiap aapaxkacura kapad Kox

STPH YM3UFUHU K HUHT Xap XU KHHMAaTIapuaard KypHHUIILIAPY KEITHPHITAH.

2. CepnuHCKMUA TWIaMH KyHWaard KypuHMINAA Kypuiaaud. bepunran
KBazpat Oup xun 9 Ta kBagparra OYIMHAIN XaMa yaapaaH SHT MapKa3uaarucu
oysumaiiau (3.2-pacm). Kosaran Gapua kBajpaTiiap Xyaad IIyHIAH Mpoleaypa
acocuzia amanra omupwiagu. by jkapaéHHM YEKCH3JIMKKAa YTKa3raH XoJaa
HaTHxkaBui CepnUHCKUN THIAMUHUHT (DPAKTATIMHU XOCUIT KUJIaMU3.

VYuunr xkacpiu yauamu D=Ig 8/1g3 =~ 1.893 ra Ttenr. Arap yekcus xapaéHHU
k-kamamma TyxTarcak, y xohaa K-napakaim KucM (pakTaTHUd XOCHI KUJIaMU3.

CeprnuHCKMI TWJIAMUHUHT KUCM (pakTaid 4YerapaapuHUHT (YyHKIUSICH
[10-11] ra xypa Kyiingaru KypuHHIIAa Oyiaaun

2 2 22
A S S b
2a 2b

>0,

Oy epna o, = f, A, f, >0 - HOIMHYM mapaxanu KucMm ¢pakrtai. by xoccanapaan
doitnananran xonaa épaaMun QyHKIUSHU KYpUO YNKAMU3.

(6 y) = 283N 5 5 6 (xy) =

>0..(k=23,..),
3 ( )

0,1 (Bl 3Mhy)
3

Oy epna

X

h
M :&arcsin(sinh@], Hey :_Varcsin(sinhﬂj, h, :2_", h, _
T

n y

VY xonaa K, (X,Y)=o,(X,Y) Ay ©,(X,Y) Ag @, (X Y) Ag - Ay @ (X, Y) =0
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3.2-pacmza K, (x,y)>0 (yHKUMSAHMHT K HUHT Xap XuJl KMHMaTiapu ydyH

CepnuHCKHI r'MJIaMUHU MIaKIapu OepUiITraH.

k=4

k=5

3.2-pacm. CeplUHCKHUITHU TYPTOYypUaK THIIAMUHU KYPUHHUIIH

CHUpNIMHCKMIT  TWJaMUHK — KOU1a0

byHKuMsIIapaad GoiianaHuIraH:

YUKHAIIIA

function serpinW(k,a,b:Integer;x,y:Real):Boolean;

var hx,hy,mx,my:Real,
begin
if k=0 then

Result:=(a*a-x*x>=0) and (b*b-y*y>=0)

else if k=1 then

Result:=not serpinW(0,a,b,3*x,3*y)
else

begin

hx:=2*a/3;hy:=2*b/3;
mx:=hx/PI*ArcSin(Sin(P1*x/hx));
my:=hy/PI*ArcSin(Sin(PI*y/hy));
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Result:=serpinW(k-1,a,b,3*mx,3*my);

end;

end;

function serpinKk(k,a,b:Integer;x,y: Integer):Boolean;
var ii:integer;

begin

Result:=true;

for ii:=0 to k do

Result:=Result and serpinW(ii,a,b,X,y);

end;

3. CepnuHckuil canperkacu yuyOypyak TEHIVIAMACU OpKAJId KypHIIaIu.
ByHUHT ydyH TEHI TOMOHJIM Y4YOypyak ypTacHIaH SIHU OUp TEHI TOMOHJIH
yuOypuakHu “kecu®” onamu3. By mporeaypaHu KojraH ydra y4dOypdakka
(Mapka3zuii yuOypuakaaH TallKapy) TaAOUK KUJIaMu3.

Arapnia yu3wiIraH UXTUEpPHM yuyOypyakHH OJIMO Ba YHU KaTTaJalITUPCAK
OOLUTaHFUY YUYOYpPUYAKHU OJIUIIUMU3 MYMKHH.

Xap Oup urepanusga OJJAMHTM PACMHHM KHYPAUTUPHWITaH IIAKIA Oup

OypuakngaH KymmiauO OopaBepaau. Arapna Oy (pakTalHU XOCHI KUJIHUIIIA

YEKCHU3 UTEpaLMsUIApPHU amara Olrpcak, y OyTyH TeKUCITUKHU KaMpad oyaiu.

o In9
IIyHUHT y4yH YHUHT (ppakTan yirdamu i 2. Ta TeHr. TeHr TOMOHIIH
n

y4OypUaKHUHT TeHITIAMacUHU KyHuaaru KypuHuIaa é3amms

@, (X, y) = =/ X2 +y? co{%arcsir(sin %D+ R>0, €k w,(x,y)=—-x1+R>0,

by epna xl=rcosy; yl=rsinu, u(0)= %arcsin(sin %j r=+x*+y? 6= arctgl; R
X
- TAIlIKKA aljlaHa pauaycu. Y xXoJjja
@, (X, Y) = @y (-2(x1—-R), 2y1)/2>0,
Ba, {3 HaBOaTHA,

o, (X, y)=0,,(2(x1-R), 2y1)/2>0, (k=23,...).
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Jlekurn Oy ronmma R-dyskmus unutatmnmasmau. 3.3-pacvaa o, (X,y) =0

bynkus  yuyH CupnuHCKMA — caleTKacMHHMHT Kk  HHUHT  Xap  Xuil

KUMaTiaapuaard KYpuHAILIY OepriiraH.

A
AA
[Ak ALdaiads £ndnbash

A A A A A

A
n=3 n=4 n=5

3.3-pacm. CeprniHCKUH caideTkacu

IOxopuna kenrupunran CepnuHCKHM candeTKaCuHU UIIa0 YMKUIIIA
KyHAHuaru peKyppeHT npoieaypajaan (poiiianaHuiras:

procedure salfetka_fast_draw(can:TCanvas;Color:TColor;k,a:Integer;x,y:Integer);
var x1,y1,x2,y2,x3,y3:Integer;

r:Real;
begin
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can.Pen.Color:=Color;
can.Brush.Color:=Color;

if k=0 then

begin

a:=adiv 2;
r:=a*sq3/3;

x1:=x - a;
y1l:=Round(y + r);
X2:=X + a;
y2:=Round(y + r);
X3:=X;

y3:=Round(y - 2*r);
line(can,x1,y1,x2,y2);
line(can,x2,y2,x3,y3);
line(can,x3,y3,x1,yl);

can.FloodFill(x,y,Color,fsBorder);
end else begin
if(a>3) then
begin
a:=adiv 2;
r:=a*sq3/4;
x1:=x - adiv 2;
y1:=Round(y +r);
x2:=x + adiv 2;
y2:=Round(y + r);
X3:=X;
y3:=Round(y - r);
salfetka_fast_draw(can,Color,k-1,a,x1,y1);
salfetka_fast_draw(can,Color,k-1,a,x2,y2);
salfetka_fast_draw(can,Color,k-1,a,x3,y3);
end else
salfetka_fast_draw(can,Color,0,a,x,y);
end;
end;

3.2. Y4 Ya140BJIM MYPaKKad MAK/JIM FeOMeTPUK 00beKTJIAPHU YM3HIL

MarucTpiuk WIIMHA HaTHkaBui mactypuit tabmuaoTn Borland Delphi
7.0 mactypuii BOcHUTacuia amajira OIUPUITaH.

JlacTypuii TabMHHOTHM HILIA0 YHMKHUINAA FOKOPHAA HOMJIAPH 3HKD
STHJITaH MarucTp OMTHPYBUYMIIAPHMHUHT MardCTPJIMK UIUIAPUHHU YpraHraH XoJja

ymdy JacTypuil BOCUTA UIILJIA0 YMKUJITaH.
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bupunun HaBOatna QpakramiapHu y4 ymdoBnu (azona MAKIUIAHTUPHII
yUyH, SbHU YYMHUM YKHH aKC STTHPHUII Y4yH MEH OMpUHYM HaBOaTAa OAIUil
TEKUCJINKHY, ’bHU KBAaJPaTHU Y4 YIYOBIIA KYPUHUIITA YTKA3IUM.

bynna kBaapar ynm3winO yHra ydyyH4M YK OyiiMua akCIaHTHpPHUII aMajra
ommpuiu (3.3-pacm).

By xocun 6ynran yu ¥ia4oBiu oOBEKTHHU 3ca 3ca UXTHUEPHUM X, Y Ba Z YK

Oyiinua OypuIll Ba ailJTAaHTHPHUIIT UMKOHUATHHY Ypranuo yukaum (3.4-pacwm).

fy MainForm =ARCH X

Funksivani yuklash

I

Parametrlar

a 72

4

n

Rang

Qayta yuklash

I_| .
j

3.3-pacm. [Tapamrenenunesn.
FOxopunarn mnaparpadpna CeprnuHCKuM TwiaMu Ba cajldeTKacCHHU
dbpakTajlapuHd UKKUA YI140BIU (Da3oda, SbHU TEKUCITUKAA KYpPUO YMKKAH DJIUK.
Ouau 1y CepnuHCKUM THIAMHHH Y4 YITHOBIM (Pa3oaa MAKIUIAaHTPUIITHU KYpuO

YUKaMM3.

Onaunru naparpadaa CepnuHCKUN THIIaMUHUA UKKH YT9aMIId TIaKJIUHYA N
= 0 ga" 5 raya OynraH xoJyiaTiapJard UKKU YIdaMiIu IIaKUIapu KeITUPUIITaH.

OH/M 1y IaKJUIApHU y4 YI4aMIIMCH YYYH aMalira OIIpamMus.
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VY4 yim4oBnu reoMeTpuk oObekTiIapHu Kypum yuyH maxcyc *.dll daiin
unuiad yukuiarad. Maxcyc unurad unkeran gactypra oy *.dll dhaiinam roxmaran

X0Ji1a Y4 (popMaTiIu pacM YU3HIIA N,

Parametrlar

-
* -
Oataniias

o
o

Qayta yuklash

Quti

3.4-pacm. [Tapannenenuneanu Yxiap 6yiinya OypUIIHIIIH.

function gubka(a, n, X, y, z : Integer) : Integer;
var ak, aa : Integer;
r : boolean;
begin
aa := a*a; /[/xx 1= X*X; yy := y*y; 2z .= 7*z;
if n =0 then
begin
if (aa-x*x>=0) and (aa-y*y>=0) and (aa-z*z>=0) then
Result := x*x + 100*z*z
else
Result :=-1;
end else begin
ak :=adiv 3;
r:= (gubka(ak, n-1, x - 2*ak, y - 2*ak, z - 2*ak)>-1) or
(qubka(ak, n-1, x, y - 2*ak, z - 2*ak)>-1) or
(gubka(ak, n-1, x + 2*ak, y - 2*ak, z - 2*ak)>-1)
or (gubka(ak, n-1, x - 2*ak, y - 2*ak, z)>-1)
or (gubka(ak, n-1, x + 2*ak, y - 2*ak, z)>-1)
or (gubka(ak, n-1, x - 2*ak, y - 2*ak, z + 2*ak)>-1)
or (gubka(ak, n-1, x, y - 2*ak, z + 2*ak)>-1) or
(qubka(ak, n-1, x + 2*ak, y - 2*ak, z + 2*ak)>-1);
r:=r or (gubka(ak, n-1, x - 2*ak, y, z - 2*ak)>-1)
or (gubka(ak, n-1, x + 2*ak, y, z - 2*ak)>-1)
or (gubka(ak, n-1, x - 2*ak, y, z + 2*ak)>-1)
or (gubka(ak, n-1, x + 2*ak, y, z + 2*ak)>-1); r:=ror
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(gubka(ak, n-1, x - 2*ak, y + 2*ak, z - 2*ak)>-1) or
(gubka(ak, n-1, x, y + 2*ak, z - 2*ak)>-1) or
(gubka(ak, n-1, x + 2*ak, y + 2*ak, z - 2*ak)>-1)
or (gubka(ak, n-1, x - 2*ak, y + 2*ak, z)>-1)
or (gubka(ak, n-1, x + 2*ak, y + 2*ak, z)>-1)
or (gubka(ak, n-1, x - 2*ak, y + 2*ak, z + 2*ak)>-1)
or (gubka(ak, n-1, x, y + 2*ak, z + 2*ak)>-1)
or (gubka(ak, n-1, x + 2*ak, y + 2*ak, z + 2*ak)>-1);
if r then
Result := x*x + 100*z*z
else
Result := -1;
end;
end;

3.2-pacmmaru nN=1 Oymran xonatgaru CepnUHCKUI THWIAMHUHU Y4
Ymuamnu xonatu 3.5-pacmpaa kentupwirad. Opataa Oy makiHu “TyOka” ned

aTallaay.

T MainForm = | B ||

Parametrlar

o
o
a

I _| ] i
A A

Qayta yuklash

4l

3.5-pacm. CeprimHckuii “ryokacu” (n=1)

by maxmiapuu uxtuépuii YK 0yitnua OypuIIHU amara OmrupUIl MyMKHH.
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(=
¥ MainForm

Funksipani puklash |

r~Burishlar

" | +H |
v |

rPaametdar———————————
a |?2 3,
|1 Ev

n

=

Qayta yuklash |

Quti

3.6-pacMm. CeprinHckuit “Tyokacu”Hu Oypuiaran xosatu (N=1)

3.2-pacmymaru  N=2 Oynran xonataaru CeprnuHCKUN TUJIAMUHU Y4

yyamiy xonaTtu 3.7-pacMia KEITUPUIITaH.

CIBX

7 MainForm

« +
¥ +
2 +2

Parametilar

a

-1
[N}
d

n

Rang

Dayta puklash

I“ .
1

Outi

3.7-pacm. CeprimHckHit “ryokacu” (N=2)
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7 MainForm

Funksipani puklash

Burishlar
* +H
T

+z

Parametrlar

a

n

I j 1
4r) ek

Fang

Qapta yuklash

Quti

3.8-pacMm. CeprinHckuit “TyoKacu”Hu Oypuiaran xoyatu (N=2)

by wumuia® wukwiaran pactypuit BocuTa ¢GoHjgamaHyBUM YUYyH Kyjai
uHTepdeiicra  OynubO, yHM UNUIATAIN Y4YyH (oiijamaHyBuUd  IIaXCHA
KOMIIBIOTEpUTra Xe4 KaH/1ail TacTpuil BOCUTA YPHATWIMIIN TaJlad KWIMHMANIH.

FOxopu CeprnuHckuii “ryOkacy”’HUHT (aKkaTruHa MKKUTA XojaTiapu N=1
Ba N=2 kentupwirad. JlacTyp N HHUHT KaTTapoK KuHMaTiapuja CEKUH
unuiamokaa. Kenaxakaa Oy gJacTypHM XO3UPTH BaKTIAard 3aMOHaBUM JacTypuid

BOCHUTAApJaH Oupura YTKa3uIll peKalalTHPUITad

3-000 Oyiinua xyJioca
R-dynkusa acocuna dhopmynanap opkaau Kox arpu yu3ury TeHriIamacH,
CepnuHCKH ruiamMu Ba calipeTkagapyH TEHIVIAaMaJIapy KEATUPUWITaH Ba yiap
acocuza MIUIa0 YUKWITaH AacTypuidl TabMHUHOT HATHXKAJApUHU pacMilapH
KEJITUPUIITaH.
By 600aa sHr myxum xuxaru CepnuHCKMN TWJIAMHUHUHT Y4 YI4amuiu
xonatu CepnuHCKUNA “TyOKacu” HIaKIM YU3WITAH Ba YJIAPHUHT UXTHEPUN YK

Oyiinya aillaHUILY Ba XapaKaTIaHUIIA YU3MATIApH KEATUPUIITaH.
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XVJO0CA

Ym0y MarucTpiauk JguccepTanus WIIMHUHT Makcaau (Qpakramiap
TEHIVIAMAJIApUHU KYypHUIIIa MIJIATUIAIMraH BOCUTalap, ycyJjuiap Ba anreopo-
MaHTHKUN yCyJUlapHU ypranum xamaa R-(yHKus acocuga TeOMETpHUK
dpakTanmapHu KypyBYH JacTypuil TABMUHOTHH MIIUTA0 YMKUIIIAH HOOpaT /IU.

MarucTpiuk TaIKUKOT HIIMHM Oa)xxapuil JaBoMuia ¢pakramiap Ba
yIapHUHT KJIacCU(UKALMACH, TypJiapd, YyJIApHUHT KypHII yCyJUlapu Ba
YJIAPHUHT aXaMUTH YPraHWIIu.

TaaKUKOT UITHUHT acOCUM HaTWXXKaJlapu Kyduaaruiap:

e Mypakka0 MaK/IM T€OMETPUK MAK/UIapHU KypHInga (pakramiapHu
VpHH, aXaMUSTH Ba TaXJIWJI KWJIMHTaH;

e R-yHKIUS acocuma peKyppeHT TeHIIaManapaad ¢oiiiananrad Xoa
Mypakkad TeOMETpUK OOBEKTIADHUHI  KJIACCUK  (pakKTamuiapu
KypUWIraH;

o R-pyHkIus acocuaa Ba Mypakkad MIAKIIM y4 YI4OBIM MYpakKkaO
T€OMETPHUK OOBEKTIAPHU KOMIBIOTEPIN MOJCIUIAIITUPUIIHUHT YCYII

Ba BOCUTaJapu €paamMuia 1acTypuil TAbBMUHOT UIIA0 YMKUJITaH.
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NJIOBAJIAP

program fraktallar;

uses
Forms,
Main in '‘Main.pas' {MainForm},

{$R *.res}

begin

Application.Initialize;

Application. Title := 'Fraktallar';
Application.CreateForm(TMainForm, MainForm);
Application.Run;

end.

uses Math;

function pokoxW(a,n:integer):Integer;

var i:integer;

begin

Result:=1;

fori:=1tondo

Result:=Result*a;

end;

function gilbertLen(deg:integer):integer;

begin

if deg>1 then

Result:=2*gilbertLen(deg-1)+1

else

Result:=0;

end;

Procedure Line(can:TCanvas;x1,y1,x2,y2:Integer);

begin

can.MoveTo(x1,yl);

can.LineTo(x2,y2);

end;

Procedure gilbertA(i:Integer;len:Integer;X,y: Integer;can: TCanvas);
var leni:integer;

begin

if i>0 then

begin

leni:=len*gilbertLen(i);

gilbertD(i-1,len, x+leni + len,y,can);Line(can,x+leni,y, x+leni + len, y);
gilbertA(i-1,len, x,y, can);Line(can,x+leni,y+leni,x+leni,y+leni + len);
gilbertA(i-1,len, x,y+leni + len,can);Line(can,x+leni,y+2*leni + len,x+leni + len,y+2*leni +
len);

gilbertB(i-1,len, x+leni + len,y+leni + len,can);

end;

end,
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Procedure gilbertB(i:Integer;len:Integer;x,y:Integer;can: TCanvas);

var leni:integer;

begin

if i>0 then

begin

leni:=len*gilbertLen(i);

gilbertC(i-1,len, x,y+leni + len,can);Line(can,x,y+leni + len,x,y+leni);
gilbertB(i-1,len,x,y,can);Line(can,x+leni,y+leni,x+leni + len,y+leni);
gilbertB(i-1,len,x+leni + len,y,can);Line(can,x+2*leni + len,y+leni,x+2*leni + len,y+leni +
len);

gilbertA(i-1,len, x+leni + len,y+leni + len,can);

end;

end;

Procedure gilbertC(i:Integer;len:Integer;x,y:Integer;can: TCanvas);

var leni:integer;

begin

if i>0 then

begin

leni:=len*gilbertLen(i);

gilbertD(i-1,len, x,y,can);Line(can,x+leni,y,x+leni + len,y);

gilbertC(i-1,len,x+leni + len,y,can);Line(can,x+leni + len,y+leni,x+leni + len,y+leni + len);
gilbertC(i-1,len,x+leni + len,y+leni + len,can);Line(can,x+leni + len,y+2*leni +
len,x+leni,y+2*leni + len);

gilbertB(i-1,len, x,y+leni + len,can);

end;

end;

Procedure gilbertD(i:Integer;len:Integer;x,y:Integer;can: TCanvas);

var leni:integer;

begin

if i>0 then

begin

leni:=len*gilbertLen(i);

gilbertC(i-1,len, x,y,can);Line(can,x,y+leni,x,y+leni + len);

gilbertD(i-1,len,x,y+leni + len,can);Line(can,x+leni,y+leni + len,x+leni + len,y+leni + len);
gilbertD(i-1,len,x+leni + len,y+leni + len,can);Line(can,x+2*leni + len,y+leni + len,x+2*leni
+ len,y+leni);

gilbertA(i-1,len, x+leni + len,y,can);

end;

end;

procedure TMainForm.gkChange(Sender: TObject);

begin

if StrTolnt(gk.Text)<0 then
gk.Text:='0"

end,

procedure TMainForm.Button1Click(Sender: TObject);
begin

gimg.Canvas.Brush.Color:=clWhite;
gimg.Canvas.FillRect(Rect(1,1,600,600));
gimg.Canvas.Pen.Color:=gc.Color;
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gilbertA(StrTolnt(gk.Text),StrTolnt(ga. Text),10,10,gimg.Canvas);
end;

procedure TMainForm.Button2Click(Sender: TObject);
begin

gimg.Canvas.Brush.Color:=clWhite;
gimg.Canvas.FillRect(Rect(1,1,600,600));

end;

procedure TMainForm.gcDDbIClick(Sender: TObject);
begin

cd.Color:=gc.Color;

if cd.Execute then

gc.Color:=cd.Color;

end;

function koxW(k,a:Integer;x,y:Integer):Boolean;
function wl(k,a:Integer;x,y:Integer):Boolean;
begin
wl:=koxW(k-1,a,3*(x+2*a),3*y);
end;
function w2(k,a:Integer;x,y:Integer):Boolean;
begin
w2:=koxW(k-1,a,Round(3*((x+a/2)/2+(y-a*sq3/2)*sq3/2)),Round(3*(-(x+a/2)*sq3/2+(y-
a*sq3/2)/2)));
end;
begin
if k=0 then
Result:=(y<=0)// and (x>=-3*a) and (x<=3*a); len = 6a; a=len/6;
else if k=1 then
Result:=koxW(0,a,X,y) or ((x*sq3-y+a*sg3>=0) and (-x*sg3-y+a*sq3>=0))
else
begin
Result:=(w1(k,a,x,y) or w2(k,a,x,y)) and (wl(k,a,-x,y) or w2(k,a,-x,y));
end;
end;

function koxWs(n:Integer;k,r:Integer;x,y:Integer):Boolean;
var eta,ri:Real,

a:Integer;

function myu(fi:Real):Real;

begin

myu:=2*ArcSin(Sin(fi/2))/n;

end;

begin

eta:=ArcTan2(y,x);

eta:=myu(n*eta);

ri:=sqri(x*x+y*y);

a:=Round( 2*r*Tan(PI/n)/6);
Result:=koxW/(k,a,Round(ri*Sin(eta)),Round(ri*Cos(eta)-r));
end,
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function koxWw(k,a:Integer;x,y:Integer):Boolean;
begin

Result:=not koxW(k,a,x,y);

end;

function koxWKk(k,r:Integer;X,y:Integer):Boolean;
var eta,ri:Real;

a:Integer;

function myu(fi:Real):Real;

begin

myu:=ArcSin(Sin(fi/2))/2;/In=4,

end;

begin

eta:=ArcTan2(y,x);

eta:=myu(4*eta);

a:=Round(r/3);//a = a/6

ri:=sqri(x*x+y*y);
Result:=koxWw(k,a,Round(ri*Sin(eta)), -(Round(ri*Cos(eta)) - r));
end;

procedure TMainForm.Button4Click(Sender: TObject);
var i,j:Integer;
k,a :Integer;
begin
kimg.Canvas.Brush.Color:=clWhite;
kimg.Canvas.FillRect(Rect(1,1,600,600));
k := StrTolnt(kk. Text);
a := StrTolnt(ka. Text);
for i:=1 to 600 do
begin
kpr.Progress:= i div 6;
kimg.Repaint;
Application.ProcessMessages;
for j:=1 to 600 do
if koxW(k,a,i-300,300-j) then
kimg.Canvas.Pixels[i,j]:=gc.Color;
end;
end;

procedure TMainForm.kcDbIClick(Sender: TObject);
begin

cd.Color:=kc.Color;

if cd.Execute then

kc.Color:=cd.Color;

end;

procedure TMainForm.Button7Click(Sender: TObject);
var i,j:Integer;

n, k, a :Integer;
begin
kimg.Canvas.Brush.Color:=clWhite;
kimg.Canvas.FillRect(Rect(1,1,600,600));
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n := StrTolnt(kn.Text);
k := StrTolnt(kk.Text);
a := StrTolnt(ka. Text);
for i:=1 to 600 do
begin
kpr.Progress:= i div 6;
kimg.Repaint;
Application.ProcessMessages;
for j:=1 to 600 do
if koxWs(n,k,a,i-300,300-j) then
kimg.Canvas.Pixels[i,j]:=kc.Color;
end;
end;

procedure TMainForm.Button8Click(Sender: TObject);
var i,j:Integer;
k,a :Integer;
begin
kimg.Canvas.Brush.Color:=clWhite;
kimg.Canvas.FillRect(Rect(1,1,600,600));
k := StrTolnt(kk. Text);
a := StrTolnt(ka. Text);
for i:=1 to 600 do
begin
kpr.Progress:= i div 6;
kimg.Repaint;
Application.ProcessMessages;
for j:=1 to 600 do
if koxWk(k,a,i-300,300-j) then
kimg.Canvas.Pixels[i,j]:=kc.Color;
end;
end;

procedure TMainForm.Button3Click(Sender: TObject);
begin

kimg.Canvas.Brush.Color:=clWhite;
kimg.Canvas.FillRect(Rect(1,1,600,600));
kpr.Progress:=0;

end;

function qutiwW(k,a:Integer; x,y:Integer):Boolean;

var w0,w1,w2,w3,w4:Boolean;

begin

if k=0 then

begin

Result:= (a*a-x*x>=0) and (a*a-y*y>=0);

end else

if k=1 then

begin

wO0:=qutiW(0,a,x,y);
wl:=qutiw(0,a,x-2*a,y-2*a);w2:=qutiW(0,a,x-2*a,y+2*a);
w3:=qutiW(0,a,x+2*a,y-2*a);w4:=qutiW(0,a,x+2*a,y+2*a);
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Result:=w0 or wl or w2 or w3 or w4;

end else

begin

w0:=qutiw(k-1,a,x,y);
wl:=qutiw(k-1,a,x-6*a,y-6*a);w2:=qutiW(k-1,a,x-6*a,y+6*a);
w3:=qutiW(k-1,a,x+6*a,y-6*a);w4:=qutiw(k-1,a,x+6*a,y+6*a);
Result:=w0 or w1 or w2 or w3 or w4;

end;

end;

procedure box_fast_draw (can:TCanvas;k,a:Integer;xcen,ycen,height,width:Integer);
var i,j,color:Integer;
ft_t:array[1..100,1..100]of boolean;
procedure qutiWqutiW(k,a: Integer;x,y: Integer;ii,jj:integer);
begin
if k=0 then
begin
color:=7*(can.Pixels[x,y]+12);
can.Brush.Color:=color;
can.FillRect(Rect(x-a,y-a,x+a,y+a));//(a*a-x*x>=0) and (a*a-y*y>=0);
end else if k=1 then begin
if ft_t[ii,jj] then
begin
qutiwqutiw(k-1,a,x,y,ii,jj);
qutiwqutiw(k-1,a,x-2*a,y-2*a,ii,jj);
qutiwqutiw(k-1,a,x-2*a,y+2*a,ii,jj);
qutiwqutiw(k-1,a,x+2*a,y-2*a,li,jj);
qutiwqutiw(k-1,a,x+2*a,y+2*a,ii,jj);
Il ft_t[ii,jj]:=false;
end;
end else begin
qutiwqutiw(k-1,a,x,y,ii,jj);
qutiwqutiw(k-1,a,x-6*a,y-6*a,ii-1,jj-1);
qutiwqutiw(k-1,a,x-6*a,y+6*a,ii-1,jj+1);
qutiwqutiw(k-1,a,x+6*a,y-6*a,ii+1,jj-1);
qutiwqutiw(k-1,a,x+6*a,y+6*a,ii+1,jj+1);
end;
end;
begin
for i:=1to 100 do
for j:=1to 100 do
ft_t[i,j]:=true;
can.Brush.Color:=10 ;
can.FillRect(Rect(1,1,width,height));
qutiwqutiw(k,a,xcen,ycen,50,50);
end,

library ZGubka;
uses

SysUtils,
Classes;
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{$R *.res}

function gubka(a, n, X, y, z : Integer) : Integer;
var ak, aa : Integer;
Il aa, XX, yy, zz : Integer;
r : boolean;
begin
aa := a*a; /[/xx := X*X; yy := y*y; zz := z*z; a-0'chami n-darajasi
if n =0 then
begin
if (aa-x*x>=0) and (aa-y*y>=0) and (aa-z*z>=0) then
Result := x*x + 100*z*z
else
Result :=-1;
end else begin
ak :=adiv 3;
r:= (gubka(ak, n-1, x - 2*ak, y - 2*ak, z - 2*ak)>-1) or (gubka(ak, n-1, x, y - 2*ak, z -
2*ak)>-1) or (gubka(ak, n-1, x + 2*ak, y - 2*ak, z - 2*ak)>-1)
or (gubka(ak, n-1, x - 2*ak, y - 2*ak, z)>-1) or (gubka(ak, n-1, x + 2*ak, y - 2*ak, z)>-
1)
or (gubka(ak, n-1, x - 2*ak, y - 2*ak, z + 2*ak)>-1) or (gubka(ak, n-1, x, y - 2*ak, z +
2*ak)>-1) or (gubka(ak, n-1, x + 2*ak, y - 2*ak, z + 2*ak)>-1);
r:=ror (qubka(ak, n-1, x - 2*ak, y, z - 2*ak)>-1) or (gubka(ak, n-1, x + 2*ak, y, z -
2*ak)>-1)
or (gubka(ak, n-1, x - 2*ak, y, z + 2*ak)>-1) or (gubka(ak, n-1, x + 2*ak, y, z + 2*ak)>-
1);
r:=r or (Qubka(ak, n-1, x - 2*ak, y + 2*ak, z - 2*ak)>-1) or (gubka(ak, n-1, x, y + 2*ak, z -
2*ak)>-1) or (gubka(ak, n-1, x + 2*ak, y + 2*ak, z - 2*ak)>-1)
or (gubka(ak, n-1, x - 2*ak, y + 2*ak, z)>-1) or (gubka(ak, n-1, x + 2*ak, y + 2*ak, z)>-
1)
or (gubka(ak, n-1, x - 2*ak, y + 2*ak, z + 2*ak)>-1) or (gubka(ak, n-1, x, y + 2*ak, z +
2*ak)>-1) or (gubka(ak, n-1, x + 2*ak, y + 2*ak, z + 2*ak)>-1);
if r then
Result := x*x + 100*z*z
else
Result :=-1;

end;
end;

function CallFractal(a, n, X, y, z : Integer) : Integer; export; stdcall;
begin

Result := gubka(a, n, X, y, 2);

end;

exports
CallFractal;
begin

end.
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