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Opaktamnmap TymyH4acu OupuHun mapra 1970 imnmnapna MannenOpot
TOMOHWJaH (aHra kuputwirad [1] ManmenOpor rumore3anapura acociiaHuo,
bapucian ¢dpakrammapHUHT aManuil KUxXaTiapuHu EpuTHO OepyBum Oup KaHua
WHHOBAIIMOH FOSUTAPHU WJTapu cypau. Y Tabuwmii (hpakTauiapHu MOJEIUIAIITHPHIIT
YCYJAWHU TaKIuM OTAM Ba TE€HEpPATHB BocHWTa cudartuga uTepatuB (PyHKIUsIAP
tuzumu (IFS) Tymynyacunan ¢origanmanran. [llynnan Oy€H dpakraiiap HaKIIHHA

anuiam [3], TacBupHU KakTta wmniam [4] kommiorep rpadukacumard Kyruiao



wioBasapjaa Kyyianuirad. @pakrallapHu TEOMETPUK Iu3aiH sparumiga [5],
kommoTep rpadukacu [6] TacBupmap kamuanmacu [7], THOOmér [8] Ba
apxeosIorusaa Kyuram MyMkuH [9].

Aiinananu umeepcuon @paxkmainap. AWnaHaTapHU TECKapu alJIaHTHUPHUII
(aifinananapHuHT MHBepcHsicu), YHUHT JloCu Texucauru dperaHuHr AMOJUIOHHYC
KUTOOMAAa Kentupwirad OYynuO, ANOUIOHMHA aiaHaJapHUHT WHBEPCUSICUHU
KUpUTTaHUAaH Oepu Oy TyIIyHYa TeOMEeTpUsia Ky KYyITaHIIaIH.

Tavpug 1. C - mapkasu o Ba paguycu R Oynran aiinana OVicuH Ba P - 0

HYKTaJaH Tamkapu Oynaran uxtuépuii Hykra 0yicun. Arap p' p(t) = o+ t(p - 0)

Hypujaru Hykra Oynca, Oy epaa t€/0,0), Kyihuaaru TEHIJIaMaHU
KaHOAQTJIaHTUPA]IN
d(O, p)d(o’ pl):RZ’ (1)

6y epaa d:R?xR?—[0,0) - EBkuug Merpukacu Ba p' C aiinana ydyH P HUHT
y3apo uHucoOatu (1-pacm). o Hykra uHBepcHus Mapkasu, C sca mHBepcHs aljaHacH
aevnnamgu. P HA onauO, yHM P’ Tra alIaHTHPYBUM TpaHCOpManus aiyaHa
uHBepcus Tpanchopmaluscu 1ed atananu Ba lc Ounan OenrunaHagy.
(1)myHocabatmaH aiilaHa WHBEpPCHs TpaHCHOPMAIMSICHHUHT — alreOpank
IIAKIMHU OJIUII MYMKUH. Arap o = (xo,Yo) Ba P = (xp, Yp) mecak, lc Kyimmaru

KypuHUIIAaru ¢popmysara sra Oymaau:

R2

p’:|C(p):(X0,y0)+ (Xp_xo’yp_yo)' (2)

(X, =%,)* + (Y, = ¥o)"




1-pacm: Mapkasu o Ba panuycu R Oyiran aiinana ydyH P HUHT HHBEPCHSICH.

1-tabpudra acocan P HyKTa o JaH OOIIKAa UXTUEPUN HYKTAa XUCOOJIaHAAM, JTEKUH
tabpu(HU 0 Ta XaMm Kyyuiam MyMkuH [10]. Arap p = o 6yica, Ic(o) = o Bap = ©
oynca, lc(oo) = o 6ynanu. Hatuxana Ic R*=R*U {0} cudartuna anuKIaHa/M.

Tavpugp 2. Opmuit P xynOypyak roiagy3cuMoH Oynanu, arap P pgan
TalkKapuja OyIMaran Z HyKTa MaBxyJ] Oyica, P HuHr Oapya p HyKTanapu y4yH
p YU3UK cerMeHTH TYaukK P wmumna érca. FOkopumaru xycycusitra era Oyiaras Z
HYKTQJIApUHUHT JKOWIanryBu P HUHT sapocuaup.

bapua kaBapuk kynOypuakiap 1OAAy31d KynOypyakiaap OViaub, ylapHUHT
UIHa AIpo MaBxkyd. FOnay3nu KYnOypYyaKHHHT SIPOCH JOMMO KaBapuKk Oyiaau.
2-pacMjia FOJITY3IM KYyOypyakka MHCOJ KeITHPUIITaH.

HOnny3 mraknwmarn kynmOypyak TYIIYHYaCHHHM TYIUIaMIa KyWHJaruda
YMYMJIQIIITUPHII MYMKHH .

Tavpug 3. R* Huar C TYIIaMu IOJIy3Aup, arap xap 6up p<S Hykra

yuyH Z € int C Hykracu Mmapxkyn Oyica (0y epaa int C C HUHT WYKH KUCMUHH

OMIaUpaIn), ZP  gusuxim cermentn Tynuk C wuMaa sKoWyamraH. YHHUHT

Polygon

TpaeKkTopuscu OVitnda xoccanapra sra 6ynran zZ Hykra C HUHT SIPOCHIND.
2-pacm: YOnay3 makiuy Kynoypyakiap Ba YIApHHUHT SIpOJapH

3-pacm: Onny3 makmurapuHuHr (yaOypuakiiap) Oepuiral TYIIaMu YIyH P HUHT
WHBEPCHSICH.

C ronay3nap Tymiamu Ba C siApocHUra TeTUIUIN OYIraH o HyKTa MaBxKy/Q



Oyncun. byHaan Ttamkapu, o AaH Oomika P Hykra 6op ne6 dapa3 kuimbd, C ra
HUCOaTaH ) HUHT WHBEPCHUSACH aHUKJAHAIW. ByHWHT y4yH o0 JaH P - o Ta I Hyp

yTrazwnaau. AvHu, r(t)=o0+t(p-o0), te[O,oo) yuyH C HUHI 4erapacu Ba

kecummacu b anuknanaau (3-pacm). C 10JIy3CMMOH OYJIraHd Ba O YHUHT
SAPOCUTa TETHILTH OYJIraHu ydyH D Hykra sroHamup. Arap KyWumard TeHriama

Oaxxapwiica, y C ra HucOaTaH P HUHT UHBEPCHUSICU JICUHIIA N

d(o,p)-d(0,p) =[d(o,b)]". (3)
A¥inaHa MHBEPCUSACH YYyH O HYKTa WHBEPCHUS Mapkasu Jc0 aTanaau. P HU
KaOynm KuiuO, yHW p’ ra ailjJaHTHpyBYH TpaHchOpMaIus IOAy3 INaKIHIard
TYIUIaM UHBEPCUOH TpaHchopMmanmsicu ned atamaau Ba y ls Ounan OenrunaHagu.
AnbGarra, mryHra yxmam Tap3aa, ls TabpuduHU 0 Ta yMyMIIAIITUPHUIL MYMKHH,
IyHUHT yuyyH | (0)=o Ba I () =0. FOxopunaru koHdurypanusgan KypuHuo
TypUOAMKY, OJY3 IIAKIUJIArd TYIUIAMHUHT WHBEPCHUSICHM Y3TapUIlM WHBEPCHUS
Mapka3d o TOMOHMJAaH Oepwinb, Oup xwin C TYImiaM ydyH Typiuda OYJIWIIN
MYMKHH.
Is yayn anreOpank udoma Kyiugara lc ¢popmynara xyma yximamn makira

ora. Arap 0=(X,,Y,) Ba p=(X,,Y,) Oynca, |s Kylinnaru kypunuuira sra 6ynanm:

[d(o,b)]
(X, = %)+ (Y, = ¥,)*

P =15(p) = (X, Y,) + X, =%, Y, = Y,)  (4)

A

C R’ HM yuTa KOMIIOHEHTra axparanu. B = int C (yerapa KOMIOHEHTH),
U =R?\S (uerapacm3 kommoneHt) Ba OC. IOmay3s makimmaard Tyroam
WHBEpCUSICH TpaHChOpMAIMsICH aijaHa WHBEPCUSCUTA YyXImam Kyduaarua
XyCycHusTIapra ara:

1. Is B Ba U anmammunany,



2. ls - 0y C naru unentudukanms,

3. Is - U maru xuckapui Ba B naru xenraiuini,
4. |s uaBomoLws, 1bHH Gapua p e R? yuayn 1. (1,(p)=p.

HOnay3 maknuaaru MHBEPCHOH TYIIaM TPAHC(POPMALUSICUHUHT Tabpu(u

Ba YHHMHI XyCyCcUSTJIapura Kypa IOJAy3 WaKIugard TYmjiaM HWHBEpPCUs
(pakTaJIApUHUHT SKUHIANTYBUHU SIPATUII anroputMu Kypuiau (l-aaroputwm).
Ymoby anroputm ®@pame Ba CoreBuHa TOMOHUJAH Takiu( KUIMHTAH CTOXACTHK
WHBEpCHS aITOPUTMHHHUHT y3raptupwiran xomumup [10]. Vsrapum uuBepcuon
allllaHa  KOHBEPTALMSCHM  YpHHMra IOJJy3 IIAKIuAard TYIjaM  HWHBEPT
KOHBepTanusicuaan ¢oigaianuigad uoopar.
1-anropurtm: Taconuduii HHBEpPCHS aNTOPUTMH.

Kupuw: Si,...,.S¢ - TaHJnaHraH WHBEpPCUS Mapkaszjnapu OWIaH IOJIy3

HMIAKIUAATY TYTuiaMaap, Po- Si,...,S¢ JaH TallKapuaard OONUTaHFUY HYKTacH,

n >20 — Takpopianuiap COHH.

Hamuoica: YeknanraHn TYIUIAMHMHT dYerapaBHil sSKUHIAmAIKN  (FOJIIy3

IIAKJIUIard WHBEPCUOH (paKTasuiap TYIIaMH).

j ={1,...,k} man taconuduii pakam
p= ISJ' (nO)
fori=2tondo

{

| = {1,...,k} naun tacoguduii pakam
while j =1 or inSet(S;, p) do
| ={1, ..., Kk} man tacoaqudmuii pakam
=1
p = ls; ()
if 1> 20 then
Plot p

}

@paKTalHUHI TAXMUHHUM MabIyMOTJApUHU SPATHUII YYyH  FOJAYy3Jap
TYIUIAMUHUHT WHBEPCHOH  y3rapuuuiap, Oapua Ionays3nap TYIUIaMUJaH
TalIKapuaard OONUIAaHFUY HYKTa Ba OWp KaTrop WTepanusiap Kepak Oymanw.
bupununnan, wHBepcus Tacoauduii TaHIaHAAWM Ba OONUTAHFUY HYKTaCUHU
Y3raptupuil yuyyH unuiataiaagud. UyHkd OOlUIaHFUY HYKTa TpaHCPOpMaIUsHU

OeNruioBYM  WOJIAY3Jap  TYIUIAaMUJAH — Tamkapujga — Oynmaau,  SbHU Y



TpaHchopMauustHUHT 4ekcu3 U kommoHeHTHra kupaau Ba l-xycycusitra kypa
y3raptupuwiaran  HykKTa  TpaHchopmamusHuHT B derapa  kKOMIIOHEHTHIA
KoHBepTauusi Oynanu. KelimH y xap Oup uTepanusga HKKHTa YEKJIOB OWIIaH
tacoauduii TpanchopMaluusHU TaHIaiau. BupuHYM YEeKIIOB IIyHJIaH HMOOpPATKH,
ONIMHTH  WTEpalusga  WOUIATWITAaH  KOHBEpTalus ~ OWiaH  HyKTamap
y3raptupuiMaian. By ueknam |s MHBOIONMSA SKAHJIWTHAAH Keaud uukaau (4-
udpoma). YmoOy uyekioBcu3s (paktaira sSKUHIAIIAJAWTaH HYyKTajJap COHHHH
KaMaWTUPUIII MYMKHH Ba SXIIUPOK SKHHJIAMITHPHII YIYH KYIPOK HTEpaImsiiap
tana® KunuHaau. VIKKMHYM 4EKJIOB IIyHJaH MOOpAaTKH, HYKTaHW derapanoBud B
KOMITOHCHTHHHUHT HWYWJA KOWJIAIITaH KOHBEpTalWs OWJaH Y3rapTUPHUIN amajra
omupwiMaian. by derapa 3-udomaHuHr Hartmwkacumup. TpaHchopmarius
KeHraluI smac, OaJlKu KHCKApWIIIUP, YYHKH KOHBEPTAIIUSHUHT KEHraiTMma
Oynumura pyxcat OepHIl y3rapTUPWITaH HyKTaJapHU deTra Cypuod KYWWITN Ba
SKUHJIAIYBHA ~ MYypakkaOjnamTupuimu  MyMKuH.  LIIyHWHTAEK,  KHCKapwII
QITOPUTMHUHT SIKUHJIAIIUIIMHA UCOOTHaWau. Arap Vy3rapTUpuIl TaHjaHca, Yy
OJIIMHTH UTEepalMsiiaru HykTanapra ainanHaau. |IFS yduyn Ttacomuduii mreparun
anropuTMaa OynaraHu kabu, gacTiiabku OWp HeuTa HyKTanap YTKa3zuO ro0opuiiay,
YyHKW yJap SKUHJIAMIAIIHUHT Oup KucMu 3Mac. AnroputMm nactiadku 20 Ta
KaJlaMHH YTKa3ub r000paiu.

ANTOpUTM TakpopJialll OpKajdud uerapara eTraHja, XOCWI KWJIWHTaH
Hykranap (OomutaHFuyY HyKTaHUHT OpOUTalapy) YeKJIaHTraH derapaiap TYIUIaMuUra,
SbHA HYKTa TPACKTOPHUSUIADUHUHT 4YerapaBWil TYIUIaMHra SKWHJIAIaau. Arap
06ab3u opOuTa P; HyKTa IOJAy3Jap TymiaMmuaa Sj 6yica, y xoiaa KeluHru opoura
HyKTa Pi+1 lsj(pi) OYymumm mymkuH 5mac. YeknmaHraH derapanap TYIJIamMH
(atimananmap yuyH) aramacu Kirancu Ba ®pame TOMOHHWIAH KHPUTHITAH.
ANTOPUTMHM SKMHIANTYBUHUHT UCOOTH CMHUT TOMOHH/IaH TAaKJIUM 3TUJITAH ailjlaHa
WHBEPCUS aJITOPUTMUHUHT UCOOTHUTa YXIIIAIIl.

ANTOPUTM TOMOHHWJAH OJWHTAaH (pakTan SKUHIANIUII ~— aJrOpUTMIA
KYJUIaHWIaJAUTaH Y3rapuiuiapHu Oenruiaiiural IoiAy3 MIAKUIapu TYIUIaMu

OwiaH ypanraH Xyayana skoimamraH. by wkkuHum dekioB Ba (1) umdomaman



KenmuO uyukagu. VKKMHYM 4YeKJIOB  Y3rapTUPWIMIIKM KEepak OyiaraH HyKTa
KOHBEPTALMSIHUHT YEKCH3 KOMIIOHEHTHAa Oynmuimmmuau acocnaiau Ba (1) mdoma
TpaHcopManusgaH KeHUHTY HYKTAaHUHT MYKIa Yerapa KOMIIOHEHTH JKAHJIUTUHU
anugiaiau. [y tap3na spatunran xap Oup HyKTa alropuTMIa KYJUIaHWJIaJIUTaH
0ab3u TpaHcHopMaUSITAPHUHT YeKIaHTaH KOMIIOHEHTH MYK]Ia JKOUJIaIIaau.

Tabuuiiku, aiaHa OJIy3 MAKUIApU TYIIAaMUIup. Arappa, sjapora
TErWIJIM ailllTaHaHUHT MapKa3W MHBEpCUsl Mapka3zu Oyica, roiay3 Hakiuaard
Tymiam  uHBepcusi  TpaHcpopmarusacu — CexJnaH —— aillaHa ~ WHBEPCHSICHU
Tpanchopmanusicura kamasau. JIeKWH alnaHanap ydyH HMUYKapuaard sapojiaH
UCTaJraH HYKTaHW  OJUII MyMKUH. Mucoiap WIyHHM  KypcaTaJuKu,
alyaHaJapHUHT WHBEPCUS MapKa3WHU Y3rapTUPHIN JACTIA0KU ailjlaHa WHBEPCUS
¢dpakranuuu nedopmariys KU UMKOHUATHHE Oepaau [11].

KynOypuaknap Ba aiimaHamap kaOu oOjauil MIaKiiap Yy4yH IOJy3
TYIUIAMUHU Y3TapTUPHUIITHUA amajra OIIMPHUILA Hypiap OWIaH KEeCHIIHUIILIApHU
TONMIII Ba HYyKTa OepuiraH IIaKiAa MaBXKYy/UIMTUHU aHUKJIAIl YYyH MAaBXKYy.l
anroputMjaH (QoiganaHum MyYMKHH. bByHIaH Tamikapu, I0JAy3 IIaKJIHIard
yerapaHu MOJEJUIAIITUPraHAa TMOJWHOM 3TPU YHM3UKIAp XaM YTKa3wiraH Oyica,
HYp Ba MHKJIIO3USI TECTU OWJIAH KECUIIMIIHUA TOMUII YYYH TETHILINA alrOpUTMIIap
MaBXyl. YMymMui xoiija, Oy BasudaHd Xajd KWIAII KUHWUH OYJIWIINA Ba IIYHUHT
yUyH amajra OmupuIaa MypakkabIuK 103ara KeJIuid MyMKHUH.

TagkuxkoTma dakar 2D y3rapummiap kypcatwiaran OVyicana, FOKOpHIAru
¢ukpnapau 3D rauva xenraiitupum MyMkuH. 3D na wmmatwnanurad tymoiam 2D
JIaTH OJITy371ap TYIUIAaMHra YXIIaml XyCcycusTiiapra ara OyIuimm Kepax.

4-pacMIa KENTHPWITAH MHUCOJI alIaHACUMOH WHBEPCUOH (PpakTammaru
VHBEPCUS MAapKa3UHU Y3rapTUPUIL KApAEHUIATH HATWKAHU Kypcataau. Opakran
cakkm3Ta joupa OwiraH udponairananu. 4 (a)-pacmaa @pame Ba Koresuna ycynmua
onmuHraH  ¢paktan kypcatwirad. 4 (0)-pacMmia KaTTa JOWPAHWHT HHBEPCUS
MapKka3W aijaHa uYerapacura SKWH JWaroHajdl CHJDKUTAHJIUTH KYpCaTHIITaH.
OpTHOOp Oepuica, (pakTATHUHT MIAKIW Y3rapaad Ba HyKTaJTapHU KEHTaWTHPUO

oopanu. 4 (C)-pacMia KWYHMK JIOMPAHWHT WHBEPCHsI MapKa3W aijlaHa 4erapacura



AKUHJIAIIMIIN  YYyH Y3rapTUPWITAHIUTA KypcaTtwiarad. byHpman tamkapu, Oy
XO0JIJIa, MAKI HYKTaJaH KeWnH kenanu. 4 (;)-pacmaa Oapya KaTTa JOMpaapHUHT
MHBEPCHS MapKasjlapy Ba UKKUTAa KUYMKPOK JOUpAJAPHUHI MHBEPCHUS MapKasjlapu
(pacMaaru Moc paBHIIIa IOKOPY Ba MACTKH TO3HIUSUIIAP) Y3rapuIlld KYpCaTHITaH.
Karra noupaHuHr mapkasu acCUMETPUK paBULIAA CWDKHIAW. DBy MIaKIHUHT
MapKa3uil CHMMETPHUSICUHU WYKOTUIINIa ONUO KU, aMMO aKCUMETPHUs CakIaHUO
KOJAu. Arap Teckapu MapKa3HM OyTyHJal acCUMETpPUK Tap3fa Kydupulca,
aCCUMETPHUK HaKII OJIMHAIW. By Mucomnapaan KYpuHUO TypuOAMKH, aiiaHa

MHBepcus (PpaKkTaJIuHU OCOHTMHA AedopMalMsl KUIUII MyMKHH.

N ($) 28
GO< gL 8 g
AL/ 0 & 79 N

(a) (6)

(©) (2)

4-pacm: Aiinana Ba 10JI1y3 IIAKJUTM HHBEPCUOH (hpakTaiiap TymiaMu/a aitnana 6yiinad
WHBEPCHUS MapKa3uHU Y3rapTUPUIITa MUCOJL.

Ymly TagKWKOT HATWKacula aijaHa WHBEPCHUSCH TpaHCHOpPMAIUsICUHU
IOJI1y3 WAKJUIAPHU TYIUIaMHUra yMyMJIAIITHPHUILI Ba HATWXKAJla anjlaHA WHBEPCUOH
bpakTanuHM, FOIAY3CUMOH WHBEPCHOH (paKkTaulapHU SpATHIN  aITOPUTMHU

TaKOMUWJIJIAIITUPUILIH.
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