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KMPHII

“Huma y4yH KpRUUNUK 2e0Mempun
Qanunu  cosyx, ea  Kypux  0oeb
xucobnaiiou? bynunz acocuii
cababnapudarn 6upu, ynunz Gyaymnap,
moznap, oOapaxmnap éxu  OeH2u3
KUPSOSUHUHZ WAKTURY MYyulyRmupub
bepa onmacauzudup.

Byrym - 6y wap 3mac, moznap - 6y
KOHYCAp IMAC, KUP2OK YU3UKAApYU ICa -
6y doupanap 3Mac 6a RYCHUIOK CULTUK
oynmaiion Exyo “aKMOK MPSpU HUSUK
6yiinab mapkansaiou... Tabuam 6usza
Hagakam  y3uHunz Hcyoa  IOKCAK
dapascacuny, 6anxu mamomuna
Gowikaua mypakkabaux oOapadxcacuru
Kypcammoxoa. Tysunmanapoazu
V3VHIUKAGPDHURZ MYPAU  MUKEcaapu
CORU 0OUMO HeKCU30Up.

B. Mangesm0poT

Ppaxraiap HOE6 oObextnap OYmmb, XaoTHK AyHEHHHT
ajfiTn6 OyinMaligmran fAapaxkajard  XapakaTnapHjad —maino
Oymapu. VYnapem kyga kmaMk Oymram  memOGpaHa
XyXaiipanapuaan TOpTHO, XyHa Karra xucobmamram Ky&m
TH3MMHZAH XaM Tormm MymkwH. [apaxTnapemsr Gapriapsd,
KYJIHHHT BeHa KOH TOMHpJIApH, Jap&napHHHT, ACHTH3JIapHUHT,
OKCaHWIApDHWHI  KMPFOKNAapH, KuUMMaT6axo  KOFO3NApHEHT
6ozopuru  Gamopar Kunmm - OyJapHMHr  XaMMacH
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dpaxramutapaup. Kagumry 3aMOH TapakKUETH BaxuiUiapuiaH To
XO3HMprd KyHHMHT  TapakKuéTH  BakWwUlapd, ONEMIap,
MaTeMaTHK/Iap Ba IDKOZKOpJap, IIyHWHIJICK €p [03UNa AIUOBIH
ogamaap (paxrainap OwiaH XalipaTiaHran xamja ynapaaH
{3apUHUHI $7131016:45) 70 ] dolifananran. Lillynunraexk,
JacTypduiap Ba  KOMIBIOTEp  TEXHHMKACH  COXaCHAAaru
MyTaxaccucnap (Qpakramnapia# 4eKCH3 Mypakxabmukaaru
rysammxsM  oamuit  dopMynamap opkamu  OXMnapHEHT
JacTypHil AMKOHUSTIApHAAaH poHpananu® KypHIIapd MyMKHH.

dpakTaUIapHEHT UXTUPO STHNMMH $aH Ba MaTeMaTHKaZa,
CaHbaTAalH AHTE OICTETHMKAHUHT OWUIMINMAKD, IIyHWHTACK
FHCOHHHHT OJIAMHM HIPOX KMIHIEAATH KamuéTup.

“@paxran” cysu 6y 6m3 sAmab TypraH KyHAQ KYITIIHK
HHCOHNap, ¢usmwiapAaH Topre6 Maxrab YKysumcHratua ram
IOpUTaAMTaH TymyHdJagup. Y Kymuiab Japcmuknap Ba HIMHI
KypHaJUIap MyKOBajJapHia XaM/a KOMIIbIOTEPIapHUHT JacTypHil
TABMHHOTH KyTWIapHfa naifo 6ymmua. ByryH ¢paxramiapHuHr
paHTIH CypatHHM XaMMa JKOHZa y9paTHm  MYMKHH:
tabpukHoManapgan Toptab ¢yrbonkanapraya. OnauiruHa
THJIAA alTUIn MyMKUH: @paxman - 6y ceomempux waxn 6ynub,
anux, Oup KucMu ynuamnapu yszapzan xonda Kauma-xaima
MAaKpOpRAHUUWUOUD.

By epaaH y3ura-y3u YXmamuk XycycHATH Keaub dHKamm.
@paxraiap y3ura-ysu yxmamaup, yiap 6apua mapaxanapia
Yxmamaup. bBupox ¢pakTamiap-Mypakka® Imawmmap 0ynu6
KonMaii, Oanxku xoMumbioTepiapiaa OYrmmndpra O6ynmHTaH.
Xynoca mryxu, Tacommuii Ba TapTtEOcu3  Xapakariap
¢paxrawtapaup. Hazapuii ToMoHzaH MapxyX onamparu 6apua
Hapcanap, OymyrTiapMu €KkM KHMYKHHA KHCIOPOA MOJEKYJiacH
OymapHuHT XamMMacH ¢paKTaIapaHp.
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®paxrannap xaoc c¢y3m OmpaH JOHMO anwoKagagdp.
OpakTaUIapHA XaOCHAHT KHCMH CcH(aTHAA asMKIall Makcajra
myBoduxzmp. Ppaxramrap TapTHOCcH3 Ba Tacoaumii 6Yrepmmm
OMWIaH XaO0THK XATTH-XapakaTIapHd HaMoEH 3Taid. Arap Xyza
AKMHAAH Kapanca (paxkTaHAHRT Humja XyAa kyn Vamra-ysu
YXImanumK TOMOHAAPHH KYPHUT MyMKHH.

Xaoc cy3u KYIMMIHK OXAMJIAPHEHT Xaélura Tapratcus Ba
cy3 6mnan mponanalb Gymmalizuran HapcanapHH OnmMO kenajd.
Acimpa Oynpait amac. [emak, xaoc Kamdanmmk XaoTHk? JKasob
IyH/aif, XaKHKAT/a Xa0c HUMa €TapiHda TapTiONIaHTaH Ba AHNK
'KOHYHHATFa amai Kwiagn. Myammo mryHpakd, 6y KOHYHIapHE
Kanupu6 TOmMOK XyAa Mypakka0. Xaoc Ba ¢QpaxTannapHu
yprapmnjad Makcaj - aduTHO OYmMaliiiraH Ba XaOTHK
TH3UMAArd KORyHHEATIApHE OanropaT KLHInAUp.

Xaonornap OyiyTiM TacBHpNapHHW, 00-XaBoHH, CYB
OKMMHHH, XalfBOHJAPHHET KYYHIIWHEM, IyHHHIZCK OHa Tabuwar
Xaétufan xY1wiab acmexTIapHM YpraHMmEN EKTHPHIIANH.
TuzaMm - Gy Gyromnap Tymname, €xu yprapum coxac. Ilynpai
K6, 6us3sn Fpad Typral Ayné ¢paxrauiapaas KOopaTauEp.

Kimna6 xaonoriap y9yH Xaoc Ba (paxraluiapiy ypragum
AyHERM OMNMINHM SHTA coXacH OY¥mmb KoiIMa#, MareMaTHKIAp,
Hazappdi (Qu3MKIap, CageAT BA KOMOBIOTED TEXHONOIES
COXACHATH MYTaXaCCHCIIapHA OHpIAMTHPYBYH HEKIIoO1up. By
xamduéT Hadakat AapcIMKIapAa Kypanurad, Sanku Tabmaria
Xam/a gexcus onamaa 6u3uM ypab Typran 6opnuxem Hdoganab
OepyBur reOMETPASHUHT SIHTH TyPHIND.

By sHry coxaum ypraHyBYAnap ¢paxramiap Hasapmcnnmar
OoTacy neb AmeprKa ~ MaTeMaTHIA npodeccop
Benya B.ManznemsOpor (Ppannmsga Tasauryd Tomran) ned
xucobnaiinanap. 1960 - dwmapsmeaT oxupnapuya Maagens6por
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HIJIaraH WiMHH IOKOJQHHHA ¢ipaxman zeomempus €ku mabuam
.2eomempuscu 1eb ataiigu (6y xakuma Y y3pyesr TaGuarTHuEr
¢pakTan reomerpuiacH - “The fractal geometry of nature”momm
acapuzma €3agu). DpakTan TIeOMETPUAHHMHT MaKcagd -
CUHAMpHITaH, OypHmraH Ba HOpaBIIaH INAK/UIAPHH TaXJIMI
KrymgaH ubopat. Masaens0poT napuanadran Ba KHCMIapAaH
TAamKWil Tonrad Oy 1mamap yd9yH ¢paktan Cy3EnaH
dolinananran.

Marzgenebpor Gomxa ommviap Kmugpdopn A.Ilukkosep
(Clifford A.Pickover), JDxeiimc Ineiix (James Gleick) éxu
I'.O.Ileittrer (H.O.Peitgen) QpakTan reoOMeTpusHMHI COXACHHH
KEHTafTHPHINTa XapakaT Kwiagwiap, SbHH OyTyH ayHéma
yJapHH aMaJMil Kynnanma, 60o30pxarn KAMMAaTJIE KOFO3MApHU
HapXJapuHA 6amopaT KwIMIIZaH TOPTUG Hasapwil (H3UKaHMHT
SHTH KamQHETIapUHu GaKapyuImraga.

Pecny6mukamusaa dpaxraiiap Ha3apHACHHH
PHBOXJIAHTHAPHIN oVyitiaa ¢.-m.¢.1., aKajieMHK
b.A BOHJApeHKOHHHI  HINApPMHH  KEATHPHII  MYyMKHH.
b.A BonnapeHko apuMeTHK XyCyCHATIAp HA3apHSCHTa 4COCAH
yMyMiamrad packaj ydOypuaxiapy Ba IHMpaMHAAIApHHH,
yAapHUHT (PpaKTalIapHHK TCHITIaMaIapHH APaTraH.

Ppaxrannap dhanga KyOaH - KYI KyLlaHWIMOKAA. ByHMAT
acocnii cababu y MapxyX GOpIMKHM aHpaHapuii (QH3WKa EKku
MaremaTukara HucOaTaH XyZa aHMK ©aH sragm. Bup nHewa
MHCON KENTHPaMH3: KOMIBIOTEp IpaduKacH, KOMILIOTEp
TH3HUMJIapy, TeJICKOMMYHUKalYA, paAiOTEXHHKA, KUHO, CYIOKIHK
MEXaHUKacH, CHPTIap (U3AKACH, AacIpoHOMMA, THOOHET,
Guoorms,  MyCHKa, KpHNTOrpadHs, CcaHBAaT COXacHd Ba
6omkanapga. Ymby coxanapza XO3Hpry BaKTIa
paguoTEXHUKaAa aHTCHHANIAPHH JoiMxanampua,
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TeJIEKOMMYHHMKallAAa CHTHAUIAPHU KaliTa MOUIAmAa, KUHO
XaMzia TENCBHACHWAKA Maxcyc sddexrnap Ba Busyanusamus
3NEMEHTIIAPH cudarnga, ax6opot XaB¢hCH3IIATH
kpanrorpaguana, €HIHI CaHOATAa rasnamMa Ba rIuiamiapra
3aMOHaBHH JH3aiHIAP YYyH HaKIlap YM3HINAA Ba X.K.

Monorpagusa 3 Ta 606nan ubopar 6¥m6, 6uparan Gobuna
¢paxramiap HA3apUACHHMHT  acOCHH  TyIIyHUanapH:
bpaxrannapumer nafzo GynMm  TapExW, ¢paxTaUIApHHAT
Tabprdnapy, (paKTa/IIAPHHHAT Y3HUra X0C ACOCHH XyCYCHSTIAPH,
(QpakTaUlapHAET  TypNapH, (pPaKTAUIApHHHr  KYIUIAHMIN
coxanapu ypranmirad. llynvmraek, dpaxrannapra goup 6yiurau
YMyMHit TymyHqanap 6a€H 3THITaH.

Monorpa¢pusarHr HKkkuHHH 6o0n  Qpaxramnap Kypum
ycyUlapuas  yprammmra Oarumnanrad.  ®paxramiapHuET
TeHIlaManapFHM Kypaml Yyd9yH OHp Heda ycyJuilapaad
doiinanammnany, Gynap IFS (Itered function systems-HUrepanmon
¢ysxmanap tusumnapr (UOT)) yoymu, L-tasmmnap ycymm,
OuHOMHan 6asuc KyIxXazamap Ba apuQMETHK XycCycHSTiap
Hasapuscura acocllaHral ycyn, R-¢ynxmua (PBages
dynxnuscu) ycynn, TYTIamMiap HasapHsicH yCyiu Ba GoImKaap.
By ycymnapgan doiimanann6 KypwiraH TeHINaMalapHWHT
HATEDKaNApH pacMiap/a KeTTHPHITAH.

Monorpadusausr yunsan 600H TeOMETPHSHHMHI acocHit
TyloyHyanapuaad  (Qoimamanran Xoiaga SHI'H  Typharu
dpaxTanmmap Kypum y4yH reOMETpUK MOAEIIAD Ba PEKYPCHB
anropyutMnap umad 4mkumra OarvIniaHTad. PeKypCHSHMHr
TYpAM KuHMaTNapHfa ONHHTaH HATHXAIAPHHHT pacMiapy
KeJITAPMAraH.



IBOB., ®PAKTAJLIAP HABAPHSICHHMHT
ACOCHH TYIHYHYAJIAPU

MoHorpadusammr 6y 606u (paxTamnap Ha3aPHASCHHMHT
acoCHA TYIIYHWANapHHM VpraEWmra OarMIUIAHTAH GYIm6,
(pakrannapEvHr npadigo 6YiMm  TapmxH, (QPAKTAIAPHAHT
TAaBpUQNIApH, PpaKTaIApHUHT ¥3UTra XOC 4COCHI XyCyCHATIApH
XamAa ¢paxrawiapra goup 6ynaraH ymMymuit TymyHuanap
Vpraumnammy.

1.1. MacanarmHr Kyiinmnm

®pakramnap xakpgarH ¢aH MaTeMaTHKAHMHT aJIOXHAAQ
coxach cumbpatupa 20 acpumer 70-furapupaH ImaxiuiaHa
Oomnazn. PpakraiapHH YpraHWIra KH3HKUIOIHMAT HAi[o
Oymumu abcTpakt Ba Tabumil ¢aHnapnapHAHT MaKcallapHHH
6up-6upn OWiaH anoxaja OYmumm ydyH Xw3MaT Kwiamd. By
sxapa€HHUHr 6omuranmuy ge6 B.Margens6poraurr 1977-imnaa
HampAaH 9uKKaH “TaOmarHmEr ¢Qpakram reomerpmiacn”
(Mandelbrot B.B. “The fractal geometry of nature”) HOMIM
KHATOOMHH KeNTHpum MyMkuH. By xuto6 ¥3mma xyn commm
MHKZOpIArd TYpiH XWI  (pakTaap TaCBHPIAPUHMHT
TYIIaMIapyuHl cakiaiau Ba Tabuaraa ¢paxtan obnexTiapH:
MaBJXyAJTMIAHAHT ACOOTIIapH MaBXyJ.

Byryarn xyHga ¢pakTamiap Ha3apUsICHHHHI MAaTEMAaTHK
KUXATINAPHHU TAOKHKK, WIYHMHrZEK TaOumii kapaémiap Ba
XopucanapHy ¢paxtaniap HasapuiACH FosUlapHAaH GOHAANAHHG
TaBCHram ycynnap - GaHHEHr MyCTAKWI SHIH COXACHIHD,
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XO03HpIH KyHja Y Iy Kajap KEHraiu6 KeTAuK: y 6up Heda Top
HXTHCOCIIMKIIAD coXanapura 6¥im6 ypramunmoxaa. Ppakramnap
HasapuscH ¢awnapan GornoBan 6yym6 ynrypme. Ta6maTHHET
GpakTam reomeTpmAcHra Xu3MaT KANYBYH JKapaSHIAPHM
Ypraummra KusMKHID (M3AKana, MaTeMaTHKaza, GHONOTMsAa,
MaTepHANIIYHOCHHKAd Ba Oomka (QammapAa sgHrH  WIMHH
AyHanumnapeM nadigo Gynmmmra oma6 xemmm. Typma xwmn
HIMHH HyHaMIIIAapHUHT STOHA CTPYKTypara acocaH SHAONIAIIN
Tacoauguii 3Mac, Oankm dpaxramm TY3WIHII

XYCYCHAT/IApMHHHT HaTHKAcH XucobaHanmy.

1.2. DpaxTannapHUET DAHR0 OY/iHI TAPHXH,
TabpadUIapH Ba YIapHHAHT ACOCHIE XyCycCHATIAPH

®paxrasnapaaer Tapuxsm. Opaxran cysm  noTHHIa
«fractus»  cysmman omueras = 6ymm6, «6ynaxmanram»,
«KHUCMJIap/iaH TAIIKWI TONTaH» JeraH MAbHOHM aHTJIATANHA Ba.Y
«fraction, fractionaly (6ynys, 6y/muMa) TepMHHNIapHAan KemHO
YuKKaH. XO03HPTH KyHTa Kajap ¢paxTan TYIIyHYacH aifnan
TabpHra sra smMac, OuMpOK MaTeMaTHK HYKTaW HasapiaH
¢pakran - 6y kacpim ¥agamuap TYIIAMBAAH HGOpATHHp
[4,14,15,34,37,37,42,46,47,56,60,64,65,67,68,70].

PpakTan Ba (pakTal reoMeTpHi TymyHdYacH 20-acpHuHTr
70-80  jowutapm  Ypranapupa = MaTeMaTHKIAp  Xamza
AACTypYHJIApHHHI IMHH H3NaHHIUIAPHTa KAaThHM paBHIOAa
KHpub Kenmy.

®paxramnapeusr raspudnapn. Kyiuaa ¢pakramwiapra
Geprutran TabpudIapHY KeNTEPaMA3.

IOkopnna aittu6 yrrammvmsgex, d¢paxran aHEK Owup
Tabpudra sra sMmac, 6upox amabwérnmapna yHra Oepwiran
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Typnuaa TappudnapHu yapatamms (4,14,15,34,37,37,42,46,47,
56,60,64,65,67,68,70].

®pakran - Oy reomerpuk ¢paxran 6§mub, KecMmapaas
TAIDKWI TONTaH Xamza yIapHUHT Xap 6upa 6yTyH QpaKkTamHuHr
HYCXaCHHHM KHYHKJIAIITAPrad XONaTHHH Hoanaiy.

PpakTan - aHuK 6Hp KucM ymuaMHHHM §3rapTHpraH Xonaa
KaiTa Ba Kaiita TaKpOpJIOBYY I'€OMETPHK MIAKIIHP.

dpaxTan - KUCMIIapAaH TAIIKAI TOITaH, KaHCHAHDP MabHOAA
TYaIdIHga Y3ura-y3m yxigam Ty 3SIIAIAMP.

®paxtan - 6y crHraH (asoBuil maxi, TeKHC EKM HOTEKHC,
x20TK éxu Goraprub Ba Y3ura-y3uHE TypiH Mamcrabxa
TaKpopiaignran Mypakkab Ty3wIHI Xucob1aHanu.

®paxran macmTabura OoFmMK OynMaras TacBHPJIAPHHHT
y3ura-y3u yXmam Ty3WIHIUIApHIUD.

®paxran - Xaycgopd ¥yauamu TONONOTHK YiIr9amMuziaH
KaThHi KaTTa Oyirad TyIaM.

®pakran - HOOYTYH Yiraamiu y3ura-y3u yXimmam TymiaMaap
Ba 4YeKCH3 Ys3mra-y3u yxmam raxulapaup, ya9aMH Kacpuit
TYiamaup. DByHnait Taspudmapman sgHa Omp HedTacHHM
KeJITHAPHII MyMKUH.

IOxopuparu Taspudapaan kemud auxub ynapHM Kyiuparua
HKKUTA TYPYXra axpaTHIl MyMKHH:

Dpakmannaprunz mamemamux mavpupu. Ppaxrannap
YEeKCH3 pEKypCHB JKapaéHiap HaTIDkachuaa Hdojananran
¢yHxkimoHan €xu xocwn OYmyeam TymiaM Ba KyHuparn
XyCYCHSATAApra ara:

— y3ura-y3u yxmam €Exd MacITaOHMHT HHBAPHAHTIIMIH
(4eKcH3 CKeJIMHT), AbHH KMIMK MacmTabaa Ba ypra Macmrabaa
XyAZU KaTTa MacmTabaary kabn xypunaam;

12



— xacpimu ymaamm (Xaycmopd ¥im9aMH) TONONOIHK
ymaaMunaH KaThdil KaTTa;

- muddepeHIMaINaHMANIA Ba KacpiH KynaiTmanap XaMaa
HHTerpannapaa aHuKIaIITHPHIANH.

Dpaxmannaprunz uzux mevpudu, Opaxraniap - Ky<Um
KUpKHITaH Ty3WImmHEM HMQomanoBuR Xamja gerapajiaHraH
Macmtabfa  3mra-y3m  Yxmam ~XyCYCHATHHH  9STaJIOBIH
reoMeTpHK obbeKTiiap (YH3MK, CHPT, XHUCM)IHP.

®paxran 6y aBBano abcTpakT, HazapHil MOAeNs, peallTAKIa
MaBXyX 6¥Maran gerapasuii YTHIN HaTEDRANAPHIHAD.

Bupox ¢paxraiiapHUAr KaTbHii aHHK TabpuH MAaBXyZ
sMac. AMMO ¢paxTan reoMeTpHa TabHat reoMeTPUACHAHD.

PpaKkTa/UIApHHAT XyCYCHATIADH.

1. Ysuza-jsu jxwmawnux. DHr OnmMii  XONATHA
dpaxTanapamHr kaTra 6yIMaraH KACMum ynap Xakupara Gapua
ax6opoTiapHu ¥3mza caKmainy.

2. Kacpuitnux. OpaxtannapHARr KaCpHilnuTH ¢pakrapiap
HOTYFPUIMTHHHHT YITIAMHHEN MaTeMaTuK ubopanam JeHnnad.

3. Homymmasamnux. Arap ¢paxtan  QyHEKIHA
Tappudanran 6ynca MareMaTHKa TepMMHJIApHAA HOMYHTA3aM
¢yHkups xed OMp  HyKrajga  TeKHC ~ 3Mac  Ba
muddepeHHaIaEMaiIm.

1.3. ®paxran yI40B TYIIyHIACH

@DpaxTayl TIeOMETPHAHMHT acocHif FosnapupmaH OHpH
Gopimkpa yiraoBIap mlmoppi y4yH OyTyH 6YnMaran KuiiMaTiap
roscuaup. Mangens6por 6yTyH 6ynmaran ¥maoB 2.76 Hu
¢dpaxtan ymaos ae6 momymamn. Opmuil eBKJHMA Te€OMETPHACH
MaBxyJ] OOpIHK TEKMC Ba CIIUIMK SKAHIWTHHY TabKHIIAH/H.
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ByHzmaii OOpJMKHHMHr  XyCyCHATH  HyKTajgap, 4UH3HKJIap,
Gypuawiap, y4bypdaknap, KyOnap, cdepanap, TeTpadApnap Ba
fomxanapuu 6epagy.

Tabuarsara kymiab obwexrnap (MacanaH, HHCOH T4HACH)
GUpM MKKHMHIHCH OwnaH Kymmirae ¢pakrauiap TyL1aMHAaH
Taumnaul TormraH 6ymib, xap 6up dpaxran GomkanapuiaH ¢apk
K@jJaJuraH Y3uHMHI Yiryamura sra. MacajaH, HHCOHHUHT HKKH
Ymgami  CHpTHAArk — TOMMDIHM  TH3MMIapH  SrAnaj,
TapMOK/IaHazy, Gypalagy Ba KHCHIATH, yHHHT $paKTan Jirdamu
3.0 ra TeHT. AMMO arap y ajoxufa 6ynakmapra 6ynumran 6ynca,
apTepda KOH TOMHMPHHHHT (pakTan ¥nuamu ¢akarruna 2.7 ra
TeHr 6ynaam, yHaa ynka Opasxman Hymuaura ¢paktan ymdam
1.07 ra remr.

EBxnuj reoMeTpmiacHAaa yiadam TYIIYHYacH MAaBxyZANup.
SpHM KecMaHHHT Vidgamu OMp, aiiaHaHMHT YIYaMd HKKH,
MapHUHT YmyaMH 3ca ydaMp. MacajnaH, KecMa Y3yHIATHHHHT
ymuamupu Gynaxnapra 6yncak, yHAa KecMaHMHr ymdamm N,
KecMaHH HKkura 6yncax 2N, kecmann YHTa Oynakka 6¥ncax 10N
ra TeHr. By xosnaraa TYFpu IponmopuuoHaN OOFIaHHIN
Ky3aTWlagd. bu3 MaiijomHu Vmyam BakTHAa KyHHpard
Kuiimariapuu onamus: 4N, 100N spHu GOy epaa OGOFIMKIMK
KBaJpPaTHKAUP. Y9 YITJ0BIH MAKITHUHT XaXMd KyOHHHI TH3UKIA
ym4oBnapura MpONOpUHOBaNmUp. Arap Oy KouaaHH ¢paxran
obbexTnapra KyJUlacak Kacp ComiapAaH HOopaT Hapajokc Xojuar
HoMaéH Oynany.

JlomMo  yidgam  TyHIyHYacHHM HHTHYTHB  paBHIIJa
TymyHapid Ae0 xucoGmaHub, MaTeMaTHK JKHXATOAH OCOH
aHMKJIaHrad. Yu3uigid ¢a3oHHHT YI9aMH TyIIyHYacH 3JIE€MEHTap
reoMerpus Ba YM3HKIM anrebpanad ManmyMaup. Kymxuumammk
ymuamu - 6y EBxnuA mapnapuaaH GMPAKTHPUITaH KYTIXHIUDUTAK
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ymaavuymp Ba X.K. BHpOK MareMaTHKa, MeXaHHKa Ba (H3MKana
IOyHAad TYriamiap ydpaliiHKkd, ynap y9yH yi9aM TyIOyHJacH
aNoOX¥/a TANKAH KWIMHHINM 3apyp Ba AHA IIYHUHTHAEK, ylap
y9yH OHp Heda TypiH Ym9amiapHM aHHKIAM MYyMKHMH. By
ymaammap 6up-6Epm OHnMaH ycTMa-yCT TYMIMACIMTH —XaM
mymkus. Karbuii paBumza alftagurad Oyiicax HMXTHEpHIH
TONONOFMK (a30 y4yH Typid yidaMmap TYIIyHYUIAPHHA
aAuiglaca Oymamy. AMMO KYIXWUIAIMK TerHIWIH 6yiraw
¢asonap yayn 6y comnap (Y¥maamnap) ycrMa-yer Tymay. Bupok
Om3 Mypaxkab, oax30TBK (Gabsmaa KaHmAH#Mp MabHOAA
«natonormio 6ynran) o6bexTiapHE Kapaiiauran 6yncak, Typma
ymyaM TynIyHYanapy YyIyH TYpIH COHJAapra sra Oymamms.
Wnrapu 6y acocan amanuéraa kam ydpaiigurad ¢asonap cuadu
yayH ypurum ne6 xmucobmanap apu. Xosmp OyHzpait o6Bexrnap
MaTeMaTHKaHUHT KNacCHK coXanapuja JOMMO ydpadmd. Bynap
¢paxkmannapnup. A

Kylinga ym9oB TymyHdacHHE Kypub wmkamms [1,4.10-
12,14-18,21,22,26,31,34,37,40-43,60,64-68,70].

dim  Tomonormk  yngoBm. Arap  xap 6up
xeX(VxeX)uyxra U, tVmwiamnapauar Xxed Gynmaranza
bupopracura Termmum AEHE Vxe X U, e{Ujjxel, 6ynca, X
Tormonorex ¢azo {U,} xucm Tymwiammap TH3HMHMHHHI KOOHFH
AeHunamgy.

Kobuxiap e 6ynran xonarnapHu Kapaiimus. Arap {U}
Kob6uxHuHr 6Ym OYnMaran kecHmMacuzaH uoopar GyamaraHn »
Ta BNeMeHT MaBkyn 6yiaca, mympaii M (re{0}UN)-6yryn
HOMaHGui1 COHNapJaH 3HT Karracura {U,}KOOHMKHHHT Kappaiaura
neb afirmnaau (AHA, KOOHKHUHT 1 Ta TYp/iH 3leMeHTiIapra Gup
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BaKTHUHT ¥3una {U,}(j=Ln) KoGuKIapHHHT 6apacura TerAIuH
6¥nran xeq 6¥mMarania GETTa HyKTacH MaBxyAmup).

Bpaysp, VYpmcoma, Menrep winnapura KyTapriIyBuH
TOINOJIOTAK Y/I90B TYIIYHYaCHHH pacMUILIaITHPAMM3.

Frmx wexnm Tyrmmamam Kapalivms. Xap Gup Xommaxt
Ve>0pa €-xobmkka 3ra, sbHE YHU Xap OHMpH & Nas KHIHK
J@aMeTpra sra OyiraH 9exiu coHjaru €MMK TYIUIAMIApHHAHT :
fApAAMACH KYpHHEEA2 udojanam MyMKHH (arap YV, xed'
6yamaranpa 6erra U,e{U,}ra termmum Gynca, {V} Tymiamnap
TH3EMH KUCMKOOUK Jeiiaam).

Taspad. Arap X ¢(azoHHHI HCTaNraH OYMK KOOHFHTa,
Kappamuru n+Iaan karra OYnMaran €MUK KACM  KOOMKHM
KHMpETUI MyMKuH Oyica, WyHpa#i /1 1a 6yTyH COHNIAPHMHT SHT
Kartracura X HEHI d; TOHOJOIHK YI40oBM €ku dim KOMOAKTU e
aifrmnagu. Arap Oynpmaii  commap MaexyA  OynMaca

dimX def _ +00ne6 dapas xunmHagy. Tomonorux Yidos,
mysuHTAek Bpaysp ynuosu éxm omguii YmrioB Ae6  xam
IOpUTHIIA/IH.

dy Xaycmopd ymaoBu (éxm dpaxran yaaoB). AMtué
yTrapMMusieK, HYKTaHMHI YJI90BM HONTa, KeCMa, aiiiaHa,
yMyMaH OJ'aHfia TEKHMCJMKJaru €ku (azoparn UXTHEPHH Srpu
YU3AKHUAT YI90BM OMpra, noupa, cepanuHr Yad0BH HKKHIa,
KUCMJIApHMHT YJT90BH 3ca ydra TeHrmup. bapda xenrupuirad
MHCOUIApAa YIY0B KapanaétraH o0bexTa HyKTaHW Oesruiam
3apyp OynraH OOFJIMKCH3 ¥3rapyBamiIap COHMTa TEHTAup. brpok
«YIT40BY» TYLIyHYACH KEHTPOKAMp. Y ¢akaT XycycHil XouapAaa
OOBEKTHM aHWKIA y4yH 3apyp OYmrarm  Gornmkcus
y3rapysumnap coHu OmmaH ycTMa-ycT Tymiagu. bup Yirgoemm

o0BeKTNapHd Y3yHIMK TyImiyH4acH Ownad, 2 ymuosmu
16



00beKTJIapHE IO3aJIap TymiyHdacH Omman 6GormaiiMus Ba X.K.
Bapox 3/2 ymqoBra sra 6ynras TymmamMBM KaHmaid TacasByp
ki MymkeH? 1919 imm Pemaxce Xaycaopd mxrmépmit
a20,(xeR) y9yH a-YTIOBHH QHHKIAHIA Ba Iy acoc/a CBRIAL
¢dazocuaa xap 6up TYmamMra MeTpuK ViTd0B e HOMNAHaJHTaH
COHHHM MOC KyAAH.

busra MabayM OViraH y3yHIMK, 103a Ba IIaPHAHT XaXXMH
. TymyHgeanapunu Esxomp daszocuna xypub auxamms,
R'na r paguycnm mapHUHr gvamerpH (Y3yHiarH) 2r ra

Tenr. R2ja mapHUHT 103acH 77213 TeHT. R®Aa xaxM 2 zr3ra

3
TeHr. By dopmynanap uxrmépuii OyTynm COH YI4YOBIH €BKIHN
dasocupa Kyitmparuya udonanaHagy:

V,=p(d)r?,d=12,3,.. 6]
=N /r1+1). 6 it - :
7(d)-1"(2] 1‘(1+ 2), y epaa I'(x)-Jiinep raMma-GyHKIHICH:
I'(x) =°j°e-' 2lg x50
0

R" pa 7 papgmycnu mapeEMHT d -JT4OBHHM AHMKJIAN OPKATH
Kacp KypUHHIIZArH VI90B Ha3apWiICHHM KypHmja OupuHYA
Kajam Kyiwnand. Bysna d-pxtuépuii Homandmit XaKHKHH COH.
Bynra Gapua xaxuxwit d>Onappa (1) dopmyna Gaxapunrmmm
OpKamu spHunwIagy. Macanas, 3/2-imaoBma ¢a3zofa mapHuHT
ymioBu ¥(3/2)-r¥? ra Temr.

Hapbatpars xagmamza d-§I90B TYDIyHYacH INApHHET
mxteépmit ACR® Tymniamu ydyR ¥YTKaswiams. DByHmEr yuyH
B(x) mapJap TyiaMu opkam 4 KoOukau Kypamns (1.1-pacm).
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1.1-pacm. Illapnap Tymnamuzas u6opar 4 Ko6HK

VY napHMHT XaXMAapHHY Kymub duKaMus:
M
3 7(d)-s.
=

Tanpud. Tymiamrmure-¢pakramm  d-jmaosu  neb
Ky#Auaara CoHra anTuiaum:

(4,d,5) S min{M}-s?=N(e)-s¢ ()

éxn A4 TYWIaMHMHr #MyMKHH Oyarad Oapya KobHKiuapu
1(A,d,&)=1f{3 ¥(d)-&% ra aliTunanu.

Macanaw, arap 4, =[0,1]€ R!, 6ynna N(£)=[—-21E]+1.
£—>0ma 6y inf ¢akar youmu mymium. Jlemak, 0 ma
J(A,d,€) aerapa mapxcyn 6ynanu.

Tanpud. Xaycnopdupar dpaxram d -yiraosmn cdepuk
yrqoBH Aeb Kyiunary coHra alTrIaziu:

Hr (A, d)= gliglo sup ﬂ(A,d,s)=8ﬁr)g+ sup (e? - N(g)) =y (4,d)
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KYIHYa KyHunarada G Iumg XxaMm MyMKHH:

= i i
Hp = hm u(d,d,&)

Besmxopmz xap 6up X yuyH xap nomm dy€R comm
MaBKyZ 3KaHIUrMHA, X KOMOAKTARUEr d - a0 Xaycmopd
ymiopr d<dypa gexcus, Ba akcumua d>dy pa 0 ra Temr
9KaHJIMTHHM KYpCaTAH.

Arap A=[0,1] 6¥xnca,

d>1 na pf-(4,1)=€g;3+ad-[[§1;]+1)=o;

d<1 Ia yF(A',1)=8l_ir)3+gd.[[—2%]+l)=ao 6ynamm.

YMyMmit xonaa €rmK, arap derapaiaHral A Tymiam yduyH
Hp(4,d")>+0  Ypumm  6§nca, uxTmépuit d>d' yaym
He(4,d")>0 Ypuwmuup. Arap u(4,d")>0 6ynca, y xomma
Vd<d'= y.(4,d)y=+w. Jlemax, myngait d, [0,40) comn
MaBXynkn, d>d,pa p(4d)=0 Ba u.(4,dy=cra TeHI.
Vd<d,Gymranna, 6yuna p-(A,d)conn [0,+] HATepBarTa
TErMIUM OYnran uxrrépuii coH 6Yymnmm MyMxun. Papmanky,

d,, =inf{d}| 1 (4,d)=O.

Tabppag. A Tymnamauar Xaycnopd - Besukopra (MeTpHK
€xm  (paktan ymyos) JmaoBu neb, d, =infid}|u (4,d)=0.

19



MyHOCaGaTHM KAHOATIAHTHPYBUHd, COHWT2 alitiags Ba Y
d,d,, xypunummna §ku d; KypHHAMEAA Genrnianany.

0, d>1;
Macanau, A;=[0,1] yIyH p (4,d)={+», d<k
%, d=1.

Hemax, d,(4)=1.
(2) dopmynara KaiTamu3:

(A4,d,6)=N(g)-e = N(e)=L5.

Mkkana KaCMUHM Norapagmiaivms:

log N(¢)=log u—loge’ = d=_lnhl:78£
€K
_; _ 13 M N(e
d=dy= o 1
£
Kymumax  «axoinby obbextnap, ¢asomap, Tymiamnap

yayH dim Ba dy ycTMa-ycT TymamH, 6MpoK dim<d;, 6ynran
ofeKTiap xam Masxyn. bynap gpakmannapnup.

dv MnpuxoBcknii yiadoBm. Munkopckuit  ¥I4YOBH,
Xaycnopd - Besuxopwy yidoBM Ounan yxmmam Ba amanmii
MacalalapHM euMmpa JKyAa Kynal xucobnaHagn. Brpox
MUHKOBCKMH ¥IYOBMHM aHMKIAIl anropuTMH GHpO3 COXNApOK.
YMymMaH (ppaKran EKH TEKHC) STPH YH3HK, YIYH dy MUHKOBCKHIHA
yA90BHEM Kyiuparmya aHuKiaHagd. Papas wwraiimax, r

pandyciu KarTa 6Ymmarad EBrmM] mapu (airana)HMHT Mapkasy
20



9rpu au3uK 6¥#nab, map xapaxats Gunan xocun 6ymysum S(r)
MunxoBckmit 103acMHM KomWwiab Typu6 XapaxaTiaaHamms. S()
103aHM 2r ra HucOaTEEM onamms. Texuc arpw wMsmk Gyiran
XOllja 3rpH YHM3MKHHMHI Y3YHIHTHHE XOCHJI KWIAMH3, OHMpPOK
dpaxTan srpu 9M3UK YyIyH HaTIka 9eKcH3 Gymamu. Xakuxarad
xam, F(r)/2r mncGar r'—d,,maxpopra npomopumonan, 6y
MHKIOp dm >1 na r—0 y3yH y3oKIamanu. dm MHKAOPDHMHT
KHMMaTH y30KIaMum Te3IUTH YT90BH 6¥1any Ba MUHKOBCKHiA-
Bymiran ymyosn ne6 aditwiamu. Yau Kyimpara:

d.. = lim InS(r)

M = T, ‘“(I)”

r
¢opmyna Gyimga xucobGnaHamd. TeKHC STpA WM3HK OVIraH
xonga S(r)~r Ba dy= -1+2=1.

Bapua xareuit Yaura yxmam dpaxtamnap yuym d,,
MunkoBckuii ymaoBH d,; Xaycmopd - Beswkosms YirgosHra
TEHr. Arap Oy yigoenap TeHT 6¥imaca, y xoinza

d,>dg.

Byapan  kemu6  wwkaguxm ~— MMHKOBCKMIT  VirdoBH,
Xaycpopg-Be3uxoBud YMUoBHjaH GHPMyHYa «HOKYJIAHImp»,
YYHKHM y OOBeKTHMHT 0ab3u-OHMp Maiija Ty3HIHIUHMHH Xucoora
onmaiinu [34,37].

1.4. @paxranzapHIHT TYpJapHa

PpakTaUtTapHA YpraiHmm y<dyH ynapHHM aHMK cuHGaapra
2KpaTHII Kepak.
TabmaTtna ¢QpaxtTasnapHuHr Oup HedYa KYpHHWMINMHA
(TYpHHM) yYpaTHII MyMKHMH: TeOMETpHK (paKTaiuiap, areSpauk
21



dpaxTaiap,  CTOXaCTHK cbpaxcra:map Ba  Homxanap
[4,14,15,17,34,37,39,57,60,64,65,67,68,70].

Teomempux gypaxmannap - 6y Typharu Kox Tpuaz arpu
ymaurn, Jlepu orpu uusury, [unpbepr orpu umskrM, Xaprepa-
Xeliryss 2XKAapH HOMIHM CHHEK 4YH3UKIAp, KonTop Tymiamuy,
Ceprn  ya0Oypuar, CepnuH IHIaMu, ITadarop DapaxTH Ba
XOKa30 Kabu (paxTannap IypyXd SHI Kyprasmaim xucobnanagy.

Al

AT
Il
- 5""’3 |
P W PO
M%

1.2-pacm. n=1,...,5 napaa Kox Tpuan 3rpu 9u3ury

oal
Cad

—

@paxTaiap Tapuxu  aiHam Iy ¢pakramnapiaH
Gounianagy. 1 €OMETPHK (ppaKTalUIapHH noiixasuil ppaxTaniap

XaM IOpHUTHIANH.
By Typaarn (¢paxrannap oIl TEOMETPHK KypHil HyiH
6unaH OyHUHTAEK, UWTCpaLdoH dyHKOHAIap  TU3MMH,

L-THsuMnap ycynd, R-GyHxius (PpaueB QyHKImACH) YCYIH,
Apudmeruk  XycycusTnap — HasapusicH pa Tynmamnap
Ha3apHACHIa acocaH XOCHI KHIHHA. Opataa Oy Typzaru

dpaktamiapuu Kypum ydIyH ~MabilyM «KecMa—aKkcHoMa—



5_S"na1<.rlap pFuHMCHY Kabu Komaa YpuHmuaup. Macanan, Kox
TpH TH3uKiiapy, CeprvH yqﬁypqamapﬁ Ba Gomxanap.

Anzebpaux @paxmannap - GpaKTAUIAPHAKT fHA GHp KaTTa
Ypyxummp. Ynap §3  HOMiIapura  Onmui anreSpank
bopMynanapra acocal KypHITanu ydyH ora Gysrad. Vnapau
10uM3KK Kapaémnap épaavy GEIaH n-YIII0BIH $a3onapia XOCHI
CRUIEHAZE. MabIyMKH, HOHSHK JMHAMFK TH3EMIap OHp HEwa
3apKApOp XONATIApHH Y3uAa MyKaccamiamTapa. Bynapnag
SrTacy, 6up Heua TAKPOpTAUUIAP COHHAAH Kefi GOMIAHFI
maprra 6ornuK 0ynub Konanu.

MaHnenbﬁpO'r B Kromia HrioTOH
¢paxTanm ®paxrand ¢paxTamm
1.3-pacm.

Illysmar yayH Xap Oup Oapkapop XonaT, Oup Heda
Somnanriy xomar coxanapuHu y3uAa HaMOEH STajy. YiapAaH
3T Tammkmanapy Mamens6pot, Kyua, HeloToH TymIamiaapy
(1.3-pacm) Ba Gomxanap.

Cmoxacmux @pakmannap - SHI TAHAKIH dpakraniap
TYpyxs xucobnamamd. Yinap HT¢paldoH xKapaéHaa TycaTAaH
Oupopra napamerpH Y3rapTHpHIIN XOMATHAAH maiifo 6ymand
(1-4-paCM). «CTOXOCTHK» TEPMHHH TPEK CY3UAaH Kenub 9HKKaH

0¥1u6, «apas» (Tacassyp)HH AHTIATATH.
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1.4-paCM. CToxacm:K @pamalmap

3

CDparcraJmapxm -gHa ﬁnp Knamq cuHuIapra  axparam
Manxcyn Bysza tlJpa“mamxap MKKHATA cnnd)ra akapaTunam: Ky -
mxcoeit (vnean) dpakTaniap B4 Tabmu (uyx), fparannap.

Kyn-ioncoduii ;bpamazmaﬁ - onmvIap TOMOBHIAH FitnaG
 TonWwiTaH, ~ Ba | EXTUEpHit Macm'raﬁna ¢paxramnap
‘XyCYCHATIADHER 3Ud HaMOSH a'raaxm'an ¢paxrannap,

Tabuuit ppaxmannap - MaBXKyIHK COXACHIA derapara sra
‘(paxTauiap.

1.5. dpakTaiapEAAET KyAIaHHI COXaNapn

Xoswpru KyHza (pakra/ap PHBOXIAHWIIHHHT 6Gapua
coXanap/a KeHI' Ky/UIaHIIMOKAA.

Komnviomep  zpauracuda.  ®paxrtammap  acocag
3aMOHABHH KOMILIOTep Trpaduxacuja KyUlaHWNamd. Vnap
€pnamu Grian scCH TYIUIAMIapHU Ba XyAa MYpaKkaG maxmnap
TEKHCIHTHHR sparum MymxuH. IlyHEH afTHRI MyMKMHKH
ONHMIIAD TabHHil MaKIIAPHA ICAATYBIH Mypakkab o6LexTnapay
ndojaNamHE 3Hr OANEHl ycymMHM aHMKIAmZH. JapaxT Ba
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NANOPOTHHKNIAp Oapriapwam, CyHBMM TOF-afMpiapHH, OymyT
XaMpa Tabmatma MaBkyR Oyimaran IUIaHeTANapHM UH3YBYH
Kylai 3aMoHaBHMii KOMHBIOTEp JacTypiapH ¢paxTawuiap
HasapuAckra katra 60iinuk o6 Kapau.

Komnuvromep muzumnapu coxacuda. KoMapiotep maMmaa
MaBIyMOT/IapHy ¢paKTan KHCUI yhaapHH 38T (oiigann xynnam
Ae6 ropurtmnamu. By KYpUHMINAard KHCHIOTa acocCiaHu®
Kyduaars (paKkTHH KEATHPHII MyMKHH, SHHH XaKUKAHM Gopimk
(paxran reomeTpraHM AXIIH €purazu. bynna pacMiap AoUMMH
ycyJnapra nAucbarad anga Kynai Kuacminagn. Ppakran KHCHIIHH
SHa KyJNalJIMrH Iy AaH HOopaTKy pacMJIapHH KaTTalallTUPraHy
funaH mWKCeIap TABCHPMHHET CaMapacH Ky3aTHIMAMmy.
Wlynwu aiitiin MymkuHKE QpakTan KHCHII EpIAMHAA PACMIIAPHH
KaTTaNamTMpraHaad KelWWH OJAMHTHCMra HucOaraH aHHK
KypHHaIU.

Teaexommynuxayua coxacuoa. Macodara
MabpIyMOTNAapHN y3aTHOIZAa YJIapHHHI {79aMH Ba OFHPIUTHEHA
Kywm Kamaiitupaaurad ¢paktan mauiapra sra  Gymran
aHTeHHaJlap  MIUIATHNaAW.  AHTeHHanap  TySHIHIIHHH
JoMHXanamzga dpaxran reOMEeTPHIHI KYJUIaIHA
OupuEmnapnan 6ynu6 aMepuxamnax Myxawmic Hatom Koam
umiaTrad. Y Bakmlapga OHMHonap TaKapHCHAa aHTCHHAaNap
YpHaram Takuxiamran. Haton amomunmii 3ap Korosgan Kox
STPH YH3WFH MaKIuaru ¢urypanapHu KUpkub, yjJapHH KOro3
Baparura EMHINTApaIy Ba YHH NMpréMHMKra yinaiau. Iy 6unan
Ksn Harton maxcuif KOMINaHHACHTA acoc CONTaH XaMAa YJIapHH
CEePHSIIM YMKAPHUITHHA TALIKHI KHITaH.

Mapraznaiwmupunzan mapmoxnapoa. Netsukuku
TapMorupa IP-agpecHm Kymam TapMOK —TYTYyHJIGpHAAr#
MABLJIYMOTNAPHE KOMNAakT caKiam Yyd9yH MablyMOTIapHH
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dpaxrarur  KEcwm = NpHENEUIAPHAAH  QolnanaEmmamy.
Netsukuku TapMOFHMHHMHT Xap KaCH TYTYHE KYyIDHH TYTyHIap
Xakgnara 4 k6 MabmyMoTHM caknabzu. ByHza mxTuépmii sHTH
TYITYH Mapkasnamrad IP-afpeccus yMyMuii TapMOKIa yJaaHazy,
Macanas, 6y Internet TapMorm ydyH xapaktepiH. Illynpaii
KHHO, MabiIyMOTNapHE (paKraid KACHIN NPHHLMIH TYIIHK
MapkasnamTdpumra Kadonar, 6ap9a TapMOKJIApHE MaKCHMaj
GapKapop HILTammra AMKOH Gepany. :

Kunooda. ®paxramnap Busyanusanus Ba Maxcyc s¢dexrnap
JNeMeHTH cHpatHaa Kymnammnage. Opakrawiap V3HEHUuT
Iy3aUITH XaM/Ja 9eKCHIIHTY OMiaH ¥3ura xanb Kunaau Xamuaa
Madgtyn stamm. lllysmAar ydyn xaMm koMmbloTep rpadHkachia
Mmaxcyc sddextnap, BRACOMHCTALIANMS, BH3YaTH3aUMTaPHHAT
TYPJIH aBIOANApHAH APATHII YIyH KY/UIaHIIa H.

Cyroxnuknap ea zaznap mexanuxacu coxacuda. OxaMpuary
TypOynent (TapTubcn3) Xonarsm ypranmm dpaxrannapaa xyna
axmy Kypunapd. TypOyneHt oxumiap xaotux 6Ymu6, ynapawmr
MOJIe/HHE Kypuml Xyja Mypakka6. bBynma Mypakka6
OKAMJIADHHHT JAHHAMHKACHHA TYIIMHAOITAa HMKOH GOepypuy
¢paxran mbopanmamra yTHII MyXaHmuciap Ba GHSMKIApHM
HINHHH aHYa €HrA/UIalOTHPAA.

Cupmnap  gusuxacu  coxacuda. Cuptnap srpu
9H3HKIaprEn (0aH 3THI yuyH ¢pakramiap wavlaTHAand. Tenr
OymMaras cupr MKKuTa TyprEda ¢pakramiap KoMOHHanuschma
TaBcuGnanagyu. Ppaxrannap €pAammga Kyxa Mypakkab Qusux
XapaSHJapHH MOJENHHM, INYHHHTAEK &FAy mnapmm
MoZernamTHpmn  MymkeH. JKyaa MypakkaG  reomerpux
TYSWIHINra 3ra roBak OylomiapHu ¢pakTan maKUIAP sxXimn
y3atagu. By 6umiM HedT Xakunary danna HIIATHNA/H.

26



Dpaxramnap - Hasapuicu Ep wapununz mysunumunu
ypzanuiupa ACiNaTEIANA.

buonozua coxacuda. By epna 6mocencop ¥3apo TakcHp Ba
IOpaK YpHIIM, XaoTHK XapaCHjiapHW MOAC/UIAIITHPHI, WOIKH
OpraHnap TH3HMMMHH 0aH 3THI YYyH XamJd OONYJISEAHUHT
MozemuHy €3mmn kabuwiapzaa ¢paxraapaas ¢oiaananunany.

Canvam coxacuda. Opaxraapay KyIaIHEET SHA
6axcnm coxanapunaH OHPH KOMIBIOTED CAHBATH COXACHIHD.
®paktan Hadaxar omumMnapra Xm3Mar KANagd, Oalkm
paccomnapra xaMm (pHKpIapHHH, XHCCHET Ba KallQUATIIApHHRY, 3HT
3¥p TacasBypJlapvHHM ysaTHaa éppaM Sepamu. Illyrunraek, xap
6up wHoranapHM €3umza afiHaE  ¢paxkTal  TY3HIHIUIH
ANTOPATMIIAD KYIUTaHWIaaH.

Dusuxa ea Gowxa mabuuii dannapoa. Opaxrannap
HOUM3HKIHM Xapa€HiIapHH STHHH €NKHH, CYIOKTHKIapHHHT
rEpRo6mm xapaxaTi, Oymyr, aaddys3noH-roTIwHMM (aaAcopOmms)
Kabu Mypakka6 >xapaéHnapHI MOEILIAIITHPHIIZA KYILIaHRA/ M.
Fosak Mmavepuamiapam MozeIamTHpHIIA XaM ¢pakramwiap
KYJUlaHHNa g,

DpaxramnapHEET XyCYCHSATNapH Ba YJNAPHAHT KYIUIAQHAIO
AMKOHHATNAPMHM  YpraHmd, Xa€rga yupadiguraH TypiH
xapa€HIapHA MOZCIUIAIITHPHINAa (pakTaimiap XM3MaTH KaTTa
SKAHJIMTMHH aiiTHIN MyMKHH.

I 000 Gyiinma xyaoca

Bupmaur 6o0pma xumpmmm  kentupwirad.  Ilymumrpex,
dpaxTauiap HazapHACHHHMHT maiifo 6Ymmm Tapuxm, acocui
TYIIyHUanapu, Tabpudiapy, TypAapH, KYJUIAHHOI COXAJapH
yprauuiaraH Ba KeHI AoMpana 6aéH sTwiran.
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I BOB. ®PAKTAJLJIAPHU KYPUII VCYJILIAPU

Dpakraniap KypHII YIyH YJIApHHWAT TEHIVIAMACHH Typm
ycysuiapaas olilanaHraH Xoa KypHII Kepak. Bynaa Gup Heda
ycymnapnaH ¢oHpanamuiagu, Oynap IFS (Itered function
systems-Fitepaupod Qyskipanap tasuMnapy (UOT)) yeyma
[3-5,12,-15,17,29,34,37,39,56,60,64,68], L-tmsumnap ycymn
(Lindenmayer Hommnan kemu6 wukxan) [4,5,10,12,15,17,27,29,
34,37,39,56,57,60,62,64,68], Oumomman Gasuc xymxamiap Ba
apupMeTHK XyCyCHATNAp HA3apWsCHIa acOCNaHraH ycy
[14,15,24,37,49-51,60], R-pymams (PsaveB dynxmusacy) yeynu
[28,32,33,41-48,63,67,70], Tymiamuap HasapHsacw ycynu
[22,57,60] Ba Gomkanap.

2.1. L-Tasamuiap ycyJi Ba yJapAas ¢ppakraanapan
Kypumja ¢oiinananum

Mannensbpor TOMOHMAAH ¢pakTan TYIIyHUacHIa 3HT
yMymuii ¢ukp OGmnmupmiran: «@paktan ae6 xucmnapnan
TalIKAJI TONraH, KAHCHAMP MapsOJa Tynamryya Vxmam
Ty3WIHIITa afTWIagMy. Y3ura yxXmam OGBEKTNADHH Vprampmm
MyaMMOCHHH ofmwii OYmMaras XyCyCHATJIApMHH KJIAaCCHK
MaTeMaTHXIap HyKram HaszapfaH XIX acpamar oxupu XX
~ acpmmar Gomutapupa JKionua, Ilyamkape, Ileano, Kawmropa,
Xaycnop¢ Ba 6omxa onumiap ¥3 mmuiapaga kypramnap. bupok,
Manpensb6por Oupmum OYnn6 TapKairan HIMHH Mmnap
HaTIXaJlapiHy OupliatiTUpyInra Ba ynapHH aMalnil KPMaTHHU
Kypcatmmra MyBaddax 6Ymran. YV HIMHHE KypHAUIappaH
Ompuza Hamp Kwmerag y3pHMHr  «bylok  Bpuraunms
KMPFOKJIADHHUHI Y3YHUIMTM KaHdJa?» HOMIM Maxojacuaa
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reorpaduk KapTaHW KypUII Ba YHHHr ViI9aMHHHM Yram OmiaH
Sormuk MyamMonu GaéH 9Tran. Makonanan my Hapca MasiyM
Oynagpmku xaptamMHr MacmTaGH KaHYANHK KaTTa Gymca,
KUPFOKHHMHT TaCBHPH IMyHYa aHUK, O1amy.

Kyimpa dpaktamapan Kypmmew L-THsuMiiap ycyimra
acocan Kypub IuKaMu3.

1968 #mma Apuctugom Jlumaenmaiiep (Y MaBIyMOTH
Oyiimya Guonor) TOMOHMAaH WmMNAl wukwnras L-TH3pMnap
yCymx reoMeTpuK (paKTaJUlapHH KypHIIZR SHT  OXIHi
XucobnaHamy. JIvnperMmatiep TabHaTHHED MYpakkad
obsexTnapuHn OHMp HEYTa KOHMaIap Xamja OAAMM TAIIKHMNI
sTypumwiap €piamu OunaH nbojanam xapadwiapy YCYIHHH
Takimp Kuirad. L-Tmsmvnap pacMuii THIApHHM Yprasuniaa
KHPDHUTHITaH, IOYHUHIACK YHIAH CENIEKNUAHUHT OHOJNIOTHK
MoZeIapuay Amuiab duxumpa ¢oiinananran. Byspa 6ysumnap
KOHJanapHTra  TasHMATaH Ba  CHMBOJUIM  carpiapra
aNMMaIITHPHIITaH aHAK, paCMHH rpaMMaTrKajgan dolanaHras.

L-tn3samnap ycyim 6Hp Heda TWUIADHHMHT eTapiM Japaxaja
oanmii rpamMartmkacu 6Ymmi6, ymap ycTHaa TypaE MyXHTiIap
€paaMuAa MHHIIMATOp Ba aNMamTHpHIiapau 6aéH 3Tys4H Jloro
THIMHUAT aHATOTMK BOCHTaNapuAMp (TeKHCIMKAa Ba dasoaa
O MUt FEOMETPHK Iax/UIapHA MYMKUH 6yiran
aIMalITHPHIUIAPAHY AKCHOMATHK OaéH 3Tum).

L-tusmmnap ycymu é€paamma KyIrHMHA aHWK YXimam
(dpaxrannapaa Kypum MyMKeH, s5HE Kox kop TomuncH, Ceprua
y46ypuaxnapn, Ileano srpy YM3HKIapH Ba Gomka Mypakka6
KypHIOUIap XaM aMaira OmHpHIaTH.

®apaz KmIaMM3KM HXTHEpHH CHMBOIapZas TAMKWI
TONTaH axcuoma AeO aTayBIH KaTop Ba Koudandp neb ataimyBau
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KaTopllap MaxMyacH MapxyR. Xap 6mp Kouaa KyiHaard
KYpuHumzaa 6YncHH: CHMBOIT—>KATOP

Macanan,

Axcuoma: ac B

Kompa a—as

B—a

O-xanamzpa HaTmkasuii Xatop «O»ra temr. Kefimn Katop
danfad yurra Kapab 6omramamu. Arap masGatparu Genrd Xed
KaHaka kKouna Oepmaca, yHM sHrE HaTWkKaBuiH KaTopra
YTkaswianu. Arap HaBGaTAarM cuMBOj GHMpPOp KOMZAHHHT
Oupuran cuMBOMM 6¥iica, YHAA y Moc Kompana KaTop OmiaH
aJIMaIITHPHIA/H.

0-kamam: a c B :acB
l l |
1-xamam: as c a :aBca
W
2-KkapaM: aB a T as :aBacas
3-xamam: arls z‘t :L; c a|m\a :aBa aBC aBa

B3 X.K.

Juppenmaiiep  L-Tmsumnapum  Guomormk  0GBeKTNIap
PHBOXIAHUIIEHY G6agH STAMEMHT pacMuit ycyim feb Kapaian.

CyB JTunvHr Ky#ugard L-tusavnapay kearapu6 yramus:

Axcroma: A B

Konpa: A—-B

B—>AB
Bysga Cyep yTuHnHr OWpHHYM VYH xamamaruy  XonaTHH
Kapaimus,
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0A

1B

2 AB

3 BAB

4 ABBAB

5 BABABBAB

6 ABBABBABABBAB

7 BABABBABABBABBABABBAB

8 ABBABBABABBABBABABBABABBABBABABBAB

9 BABABBABABBABBABABBABABBABBABABBAB
BABABBABABBABBABABBAB

Kefinaganuk L-TusuMmiuapEd koMmneiorep rpadHkacHma
KyIUIall MyMKHAHEIMTH TOMWIZH. by T1usumnap épmaMuaa y3ura
Vxmam TyswmmnapAad ubopar TypmH ¢pakTailapEM 9H3HIID
XKyna Kynait. Ba anbarra L-tusmmnap serH ¢paKTarmapHUHT
9YeKCH3 KYpHHWIIapura #yn o4amu, KOMILIOTep rpaduxacHia
dpakTan Moaemap KypHuml yIyH yhapfad KeHr (ofparaHmmra
cababum 6¥mi6 xu3MaT Kunajgy.

L-tusnmnapan kynna® xyilimparura sra 6ymim MyMKHH.
VYMymuit kabyn KWIMHTaH Oenrmnamuapaa L-tusmmiiap KaHaka
KOZUlanafu: OJIJUHTa XapakaT F Xapiu Omnan Oenrunamamy
(Forward-onpuHra), coat crpeinkace Oyiinda GyprmmmHH «+»
Genrmwianazm, Teckaph HyHAIMIOHM 3ca «—» OMIaH, 9M3MaciaH
opkara Kaiitumau B (Back-opkara) xapgu Ounan Genrnnanamm.
Kaepra xaditmm HykracH «[» OwiaH Geyrunasany, KaepAaH
KaHTHII HyKTacH 3ca «}» OmnaH OexrusaHany.

L-tmsuMnap TaTOuFH YYyH KHCM TH3UMIapH cudaTHia
Turtle (romb6aka anropurmu) rpaduka ne6 aTaiyBId TH3EMIAD
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Kynamanamu. Byana rom6aka Hykracu skpau 6yitraa, auckper
Kagawrap Omnam  Kompamarm kabM Y3 M3sMEW  umauG
XapaxaTinaHazy €xu Kepak 6yica qu3mMacaan Kfaamm.

Papa3 KwiaMH3ke OyHpyknap TymnaMuHm Gaxapysarap
TomGaka Gyncun. Tombaka rexwemux 6¥iimya Kyqau.
Tom6axaHHAET GoNUIAHFHY XONATHHMAT KOOPAMHATACHEH x,y Ba
Tombaka ¢olnananyrun HYHANMIOHM aHMKIOBYH Oypaak a
6§ncun. Tombaxauuur xotapacy Gop Ae6 TacasByp Kenpmamy.
TombakaspHr GonianFid XOMNANIraH KOOPAUHATACHHHY X, Yo Ba
XapakaT HYHAIMIOM @g IIYHEHIACK h KAJaMHMHT Kpiimaty
Gepwiran, Tombaka «ommuHra» Oyiipyru 6¥immua Ky9amu Ba
yHrra €xu vanra Gyiipyru 6y#uqa f 6ypaaxka 6ypunazy,

Tombaka Kyiiuzgars Oyipyknapau 6axapa onanuran 6yncun:

«F» - a fiyRanwmza 4 KafaM OJIMHra B3 KONAKPHG;

«b - a fiynammpa 7 KanaM ONAHHETA B3 KONAApMaii;

«t» - B Gypuax octupa (coar crpenxacm Gyifuua) Vmrra
Oy prrmin;

«-» - B Gypuak octhpa (coar crpenkacH O¥iirya) wanra
Oy prutmm; |

«[» - (x,y,a) Gommanrwa X0NATHHA XOTHpara caKnat Komum;

«]» - OXHprH cakjIaHraHJIapHM XOJNaTH (X,y,a)HM scnab
KOJIHIL.

1 - mucon cudatupa Kox TpHan orpu 9msmFd (2.1-pacm)
ydyH GomKapyBsdn KaTop KypHIIEH Kapaitvus. Byupa:

Axkcuoma: F

Kownpa: F>F-F+F-F

Bypuak B=360/6; B=60°

0 - kamam: F;

1-xapgam: F-F++F-F;

2-xanam: F-F++F-F-F-F++F-F++F-F++F-F-F-F++F-F;
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3-xagaM: F-F-++F-F—F-F++F-F++F-F++F-F—F-F++F-F—F-
F++F-F—F-F++F-F++F-F++F-F—F-F++F-F++F-F++F-F—F-
F++F-F++F-F4++F-F~F-F++F-F-F-F++F-F- F-F++F-F++F-
F++F-F-F-F++F-F Ba x.K.
2-mucon cudatnga Cepmum ya6ypuars (2.2-pacM) Y9yH
SomkapyBun KaTOp KypHIIHE KapaiMu3:
Axcnoma: FxF-FF-FF
Koupa: F— FF
X—> =FXF++FxF++FxF-
Bypuak p=360/6; p=60°;
0 - xanam: FxF-FF-FF
1-kanam:(FF—FxF++FxF++FxF—FF-FF-FF;)
F~FxF-++FxF++FxF-FF-FF-FF
2-rkagaM:FFFF~FF~FxF++FxF++FxF-FF++FF-
FxXF++FxF4++FxF-F F++FF-FxF++FxF++FxF~FF~FFFF—
FFFF-FFFF;
3-xkanam:FFFFFFFF~FFFF—FF-FxF++FxF++FxF-
FF++FF-FxF++FxF++FxF—FF++FF~FXF++FxF4+-+FxF—FF-
FFFF++FFFF—FF—FxF++FxF++FxF—FF++FF~
FXF++FXF++FxF-FF++FF—FXF4++FxF++FxF~FFFF++FFFF—
FF-FXF+-FxF++FXF—FF+FF-FxF++FxF++FxF-FF++FF-
FxF++FxF++FxF-FF-FFFF-FFFFFFFF-FFFFFFFF—
FFFFFFFF Ba x.k.
3-mmucon cudpatmaa TynOyroxkemer (2.3-pacMm) yuyH
6omKapysun Karop KypHUIIHY KapaiiMus:
Axcuoma: F
Koupa: F— -F+F+[+F-F-]-[-F+F+F]
Bypuax B=180%8.
0 - kagam: -F+F+[+F-F-]-[-F+F+F];
33



1 - xapam: --F+F+[+F-F-]-[-F+F+F]+ -F+F+[+F.F.]-[.
F+F+F}+ [-F+F+[+F-F-]-[-F+F+F]- -F+F+[+F-F-]-[-F+F+F].]-[-
-F+F+[+F-F-)-[-F+F+F]+ -F+F+[+F-F-]-[-F+F+F]+ ~F+F+H+F-F-
J-[-F+F+F] Ba x.k.

IOxopuna xenTupunrampex $paxramnaprn ydTa 9T
TypyXJapra axpaTem Kabysl UIMHTaH: TeOMETpHK, anre6paux,
CTOXACTHK.

T'eomeTpuk (pakrannapew KypMIl XyZa ommmii pa sgr
kyprasMami. JBr ofmuif MKKH YIYOBNH XONatha ynapen Gup
HEJa CHHMK TH3MKIap EpAaMuaa 6yzum ned aramypau TH3UKHA
XOCHJI KUvm OUiTaH aMara OMMpHIAMH.

Mncon cmparuma Kox Tpuan srpu MM3HIVIAPHHE Ky pam
*apaSHWHA Kapaiimus. By arpn wisuk 1904 #imm meex ommun
Temere gon Kox ToMormaan xypu6 wmKwmran (j'rpranm:rau),
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2.1-pacm. n;—“l,. ..,J 6yirasaa Kox Tprag arpu ausmry

0-kamam: Orpu TM3NKHE KypHII JKapaéHu GUpImK xecmanan
6omianamy.
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1-xamam: By KecMaHH TeHT yura 6¥makka 6ynamus Ba YHMET
¥pTajarucuny ukiATa GOFIaHTaH OIy y3yHIAKAATH KECMa OHIaH
Xynmu 2.1-pacMpa KypcaTHITaHHACK anMamrTapaMus. Keiwnara
Kajampa XaM my jxapaéH Xap Oup 3BeHomap yayH anoxuua
KYJUIaHHIa |,

Hatmxana saru CcHEWK wM3BK xocmn Oymams, xamza
YTAPHMHT Xap OHMDHMHMHI Y9M KeHMHTHCHHUWHT y9u Gyim6
Kemamy. 2.1-pacMia 3[pH  YM3HKHHHT GeldTa  aBlOAH
KexTapwirad. By jxapaéHHE 9ekcu3s Aasom sTrapub, Kox Tpuag
3TPH UM3MFHAAH HOOpaT (paKTalHK XOCH Kanamus. MixTuépmit
n-KajamziaH ONMHAAWTAaH STPH YH3MKNIap onadpaxtanr ped
aTAAIIH KaOy I KWIAHTaH.

Dpakran ofsekr yuyn OGomxa 6up wmmcom Ceprum
TWIaMUHM Kapab wmxamms. Homumym kazampa opmmit Temr
TOMORI y90ypJak onuHazH. Bupumys kanamaa y96ypuakawar
TOMOHJIADHHU TeHI HKKHra OYNIHHagu Ba TOMOH YpramapHEH
KecManap OwiaH TyTamTHpmiamd. Keimrra xamamaa xap Gup
y4Oypuaxiap yd9yH my dxapa€H anoxuaa KYJUIAHIANA Ba
MapKasjgaru yqybypdJak 6yHzan MyctacHomup. Harmkama serm
yaOypuaknap xocun 6ymamd. By xapaéHHH d9eKcHs XaBoM
3TTHPUO, CeprAH yabypdak ¢ppaKTaIUHA XOCHN KUIHHAMM.

V. vvv
. AALAAAALL
2.2-pacM. CepnH yuypuaru

35



2-Kapam

2.3-pacm. Tyn6yTox

byHaaéi  TYmmamnapHuHT TaCBUPH aHMK  4M3MITaH
gerapaiapra sra 6yimaiiam.

2.2. irepanmon dynxumanap rasumiaapn (HPOT
(Iterated Function Systems-IFS) )ycynu pa yngan

dpaxTanmapan KypHmaa goiinananam

DpakTannap TySWHMIOHHH XOCHN KAIHIOHWUHI  OMIHMit
BocuTaNapuaad xucobnauran IFS ycymm 1980-iunnapuunr
ypranapuna maiigo 6yaran. IFS  kwemmysum  adduu
aNMAaIITHPHAHLIAp TYIAaMHAHD. Masmymkn apun
aTMAMITHPHANIUIAp MacmTabramTapum, Gypam Ba mnapamien
KYYHpHIOHH §3 wWdMTa ONand. Arap macmrabnamTapHii
ko3pdummentn 1 gam xwumk 6ynca, addum anMamTEpHIM
KHCHUIyBYH XHcOOIaHa/H.

ByHpa#i TYIiamnapHMHr TacBHpPH aHMK  WMBIIraH
yerapanapra osra Oynmaiizn. Ppaxrammapuunr jsura xoc
XyCyCHATH IIYH[aH MOOpaTKy, TACBHPHUHT SHI KHW4uK 6ynard .
XaM ox#p okubar OyTyHnuruda y3umau udopanaiiny, aiimukca 6y
camapaau Xomua Tymnamm (1.3-pacm) MEconMAa KysaTdml
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MYMKHH.  Qpakraiapauer 6y XycycuaTETa  Kypa
MabJIyMOTNapHy (PaKTall KHCHIIra aC0C CONMMHTAH.

IFS 6mp Heura ¢uxcHpnadran ¢yEKIHATIAD THIEMHHM
¥3una mdomanaiiu. ST ommuii IFS TeKHCNHMKHMET adppun
aNMamTUPUINAAH TANKAI TOITaH;

X =A*X+B¥+C, Y=D*X+ E*Y+ F.

1988 itwuin aMepHKaNMK TaHHKIM MyTaxaccHcnap Bapucnm
Ba Cnoar rpadpuk MabBIyMOTNApHH KHCHIN Ba cakimam ydyH
JHBAMHK TH3HMIAp Ha3apHICHTa acOCNIAHTaH —MyJIOoXa3alid
¢wkpnapay Tawikd ITagmnap. Yiap ¥3  ycyanapHEM
axGoporTnapHu ¢pakran KMCHID YCyn# ae6 BoMumadmunap.
ByHpait HoMHMET Kenu® wmkumm Oy ycynzgaH maimo 6yirysuu
reOMEeTpHK maxmiap Omian OoFIuKaup.

bapacru  Ba Cioan ymOy ¢uxpnapra acocianMb
ax6opornapau 500-1000 Maporofa Kucuinra HMKOHHAT OepyBIH
aITOopHTM sApaTaunap. byHn KuacKada KyiHpard KypHaumzaa 6aén
9THNI MYMKHMH. TacBHp OWp HeyTa OAmi aIMalITHPANUIAD
OMIaH  KoJjaHajH, f5HH Oy  alMalITHpHILIApHUHT
Kodpdunmentnapy Ousnmar addmm xomatma A,B,C,D,EF
JnappaH ubopar.

Macanan, 6upopra TacBHpHM MKKHTa ad¢uH anMaIITHpHII
6wian xoananca, ynapHu 12 ta xoad¢umentnap épaavuaa 6up
KHiiMaTay anvKnaHagd. Arap Somanrmd Hykra X =0, Y =0
Aeb onMHCA Ba HTEPALMOH KapaéH KyUaHwica, yHAa OupuHIn
HTepalManad CYHr 2 Ta, MKKUHYHA WTepamusfas cyHr 4 Ta,
Y9HMHYH KTCPanuAfal cYHr 8 Ta, TYpTHHIM UTepalMsnas cYHr 16
Ta Ba X.K. Oynaan. BHUp Hewa mTepammsuiapAad CYHI OJHHIAH
HYKTanap TYIUIaMH KOZJJIaHraH TacBHpHM udomanaiiny. Bupok
MyaMMo ITyHJaH HOOpaTKH, HXTHEPHH TaCBApHH KomaraH IFS
k03 dHIMerTIapHAY TOIMII 5Ky A2 KHUAMH.
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IFS ~xypmmaa adpdus amvamTHpEmman — Gomika,
mapaMeTpiap COHH KaTra OynMaraH Opmi reoMeTpHK
AJIMAIITHPHIILIAP XaM Ky UIaHANA/H.

Macanan, roimxaBmii:

X' = (A1*X + BI*Y + Cl) / (DI*X + EI*Y + FlI),
Y' = (A2*¥X + B2*Y + C2) / (D2¥X + E2*Y + F2).
Exu TeKHCIAKAATH KBaJJpaTHK AIMAIITHPHATILIAD;
X' = AI*X*X + BI*X*Y + CI*Y*Y + DI*X + EI*Y + Fl,
Y' = A2¥X*X + B2*X*Y + C2*Y*Y + D2*X + E2¥Y + F2.
Mucon Tapukacuaa Xaprepa-XeHTyss «axaapw» (2.4-pacm)
Ba Kox arpu wu3uru (2.1-pacm) ¢paxTan Ty3wWHMIIIAPHHY Ky pHIT
yaya IFS xyyulamsw kapaiivms. by Tyswmmnapaa yxmam
KHCMJIApHEM GelrnmaiiMus Ba yJNapHHHT Xap Oupd yuys addun
anMamrapam  xo3(dunuentaapuar  xucobnaiimms.  BytyH
TacBHpra yxmam HedTa KucM Gop Oynca mymda addun
aMamTHpANUIap adpHA KOJUIAKHKIa KUDATHIANH.

B E Xaptepa-XeHTys4 «a.)x,uabm
0n.8) ~ yuyH IFS Kypamu3s. Byruar yayn
\ 640x350 pmmcmme#t  TYpnapu

A D
At U (R KOOpAHHATACHAA oy
¢$paxTasHUEr OHpUHYM

2.4-pacm. IFS ycynupa aenopuHR KOMIAIITAPAMHAS.
Xaprepa-XeHTy3s Xocun 6yayBYA CHHHMK YA3HK
«aXmapH» Kypu yayH  Hykramapurn — AB,C  neb
TaliéprapiuK fenrmnaiivus. Kypnm Kowmaacw
6yiimaa 6y dpaktan 2 Ta
KHCMZIaH ubopat 03mub,
pacMziaru CHHUK YM3HKIap
ADB Ba BEC cpEMK 9m3HKIapra

TYIaImruga yxuranm.
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By xecmanapHHHT ueT/Iapy KOOpAMHATANApHHE 6riHG, ABC
cHHHK 3mFMHH ADB Ba BEC yrrasyBum mkiura addua
aNIMAIITEPHIN K03 GHUIMERTIApHHA XHCOO 1Al MyMKHH:

X' =~0.5%X ~0.5*Y + 490,
Y'=035*X-0.5%Y + 120;

2.5-pacm. 640x350 TyFpu

6ypdaruna IFS ycym
épaamuna Kypwirad Xaprepa-
XelTyas «axmapm
C o
A B D B
20303 20300) (410,300) (WMI

2.6-pacm. IFS ycymna Kox
TPHAJ 3rPH YH3AFH Ky pHIN
Y'yH Taii€prapiux

X' =0.5%X ~0.5*Y + 340;

Y'=05*X+0.5*Y - 110.

Bomtamraa Hykranapued (x=0,
y=0) pe6 om6, ymapra IFS
MTEPAUHOH TabCHpP 3TTHpPCaK, YHTa
HTepalMAflaH KeifMH 3KpaHAa 2.5-
pacMmaa TACBHpJIaHIaH y3una
Xaptepa-Xe#TyIs «aKAApH»HA
AdopanoBun GpakTan Ty3WIHANITa 3ra
O6ynamms. VYmunr KkomHM  (KucHO

€3ranga) HKKHTa apdun
aMAMTAPYIMEAHRT K03 duruerTnap
TYILIaMHU Jeirnajm.

IOxopupnarnra yxmam Kox tpran
arpy  9u3urm ydyH IFS Kypum
MymkmH. By arpum umsmKk T¥prTa
KHcMZaH mOopar 66, 2.1-pacmaa
n=2 fard 3TpH 9M3HKK2 OyTyHiImrnga
yxmam. IFS m®m TomMm yuyH
dpaxTanHUET OMpHHEIHM  aBJIOAMHH
640x350 Jacrnei TYpnapu
KOOpAUHATACHIA KOIAIITHP A H.
Yan  xypum  y9yE  TYpTIa
aMManITHPUINAAH TANIKWJ  TOITaH
adpdnH anMamTHpHmUIap TYIIAMEH
Tanab aTunamm: :
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X'=0333%X + 13.333; X'=0.333*X+ 413 333;
Y'=0.333*Y + 200; Y' 0.333*Y + 200;
X'=0.167*X + 0.289*Y + 130; = 0.167%X - 0.289+y + 403;
Y'=-0.289*X + 0.167*Y + 256; Y 0.289*X + 0.167*y + 7],

By addun anMAMTAPHNEHMET KYLIAN HaTwkacump yuTa
HTEepanAsifaH KeiivH 2. 7-pacM,naI'H XONATHH KYPHIN MyMmxwH,

5

2.7-pacm. 640x350 T§rpu Gypuaruna IFS ycyma éppavm
6unan Kyprirad Kox 3rpH 9usury

@®pakrannapHAET 9HT KaTra TypyXuIaH Oupu-anre6pank
bpaxrannapamp. Vnapmm  n-YmoBmE dasoma  mowmsux
Kapa€anap €pAamm OwiaH XOCHN KwiuHamu., Hkxu ¥maonnm
’Kapa€nnap IHT k¥ ypranuiras. Hounsuk ureparuon sxapaémmm
JAUCKpeT JHHAMHAK TH3UM Kabm u3oxnacak, 6y THamm Ha3apHsacH
TepMHHOJIOTHACHAaH (oiifamanmn MyMKHR: dazamu HopTperT,
6apxapop xapa€H, TOPTHIMII HyKTacH Ba Golokanap,

MabnymKs, HOIM3UK AMHAMEK TH3HMIAp 6Hp Hewa Typryn
Xonatnapra sra. HrepaumsHvHr OHp HedYa COHMZAAH xeiimy
AAHAMHK TH3UMHMHT XONaTv YHHMHT Oommamrua Xonarmra
Gormuk 6ynamu. lllysusr ydayH xap OMp Typrym xomar
GomnapFuy xonaTHMHr OUp Heda COXaCMHM Srajnaiimy pa

40



aJIGaTsz TH3UM KYpUNa&Trad OXMprd Xonarra Tymame. Xyamm
IIin.nan dasanap dasocn aTTPaKTOPNap TOPTWIHIN COXACHTA
Oy mumamm. Arap wxxwn yraosmm daso dazamm 6ynca, ToprImAm
HyKTanaps coXacHHM TypiH paHrnap Gmnam 6ya6 6y
TH3AMJIADHHHT paHriad ¢asanap IOPTPETHHM ONMIN MYMKHH.
Paurnapuu Tamnam amropurMMHM amMamTapE6  dpaktan
TaCBUPNApHH OUII MYMKHH.

KyTtmimaraaga MaTeMaTHKIap YayH NPHMHWTHB
anropurMiap  €paaMmia  KyAa  Mypakka® — HOTpHBHA
TY3WIHIILTAPHY APaTHIN HIMKOHHATH Naino 6ynamy.

f Miucon cudaruna
Manzen6pot TYTIIaMHIHH
1: Kapativms  (2.8-pacMm). VEm
Kypuin AanropuTMH eTapiMda
oanuii urepatus (TaKpOpHii)

udozara acociaHTaH:
2.8-paCM. Mal-meJII:GPOT Z[i"'l] = Z[l:] *Z[l:] + C',
Tymiamu 6y epaa Zi Ba C J1ap KOMILIEKC
y3rapysasiap.

Urepamus xap Gup Golnaurud HyKIa yd9yH Gakaphnaiy.
TyrpulGypgaxnn &xum KBAQpaTHK KHUCM TYIIAM KOMILIEKC
TeKucnuraaup. Urepaunon xapaén Z{i] Mmapkazm (0,0) HyKTaga
€TajuraH, pagycd 2 ra TeHr aiilaHa derapacHiaH YAKMaryHra
Kajap AaBoM 3Taay, €KH HTepalsinap COHM eTapid4ya Karra
6yarannan  xeiimm (macaman, 200-500) Zfi] aitnanasmET
Kadicunap Oup HykracHra kupaju (arap Zfi] erapimda Kara
HTEpalusIap COHM AaBOMMJA aiinaHa WYHAA KoJica, UTEpalnoOH
wapa€H Tyxtmnagn). IOxkopuaa 6GaéH OSTWiral anrOpUTM
Manznens6por 1ynnamu ne6 ararysura SKMHNTAIMIHA Gepand.
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Masgzens6por TYIIaMHra  MTepaups COHHM 4ekcH3 Oynram
BAaKT/ia, YEKCHAMHKKA KeTMAMIWraH HyKTasap Kupamd. Tyruiam
gerapaiapuza &rysun (KMpyBUH) HyKranap (afiHan my epaa
Mypakka® Ty3wimmiap naigo 6ynamu) yrepaipanap COHHHHHLD
OXHpHUAaH KeliMH 9YeKCH3NIMKKA KeTa[d, TYIUIaM wuuja &TyBdu
HyKragap OUp Heya HTepalpsUIapiaH KeHHWH YeKCH3IHKKa
KeTazH.

2.3. R-¢pynknna ycynn épaamuaa GppaKrainap Kypui

(paxraniap TACBHPHHH rasjiava, 'miaM, YHHHH Ba KepaMuK
Gylomiapra Hycxanam  (IITaMIUIam)  Y9yH  YAapHHET
TEHrNaMacHHA £3Mm Kepak 6ynagy, spEM R-QyHxmus ycynumn
Kymwna6 ¢pakraiap coxacH TIEOMETPHACH TEHINIAMACHHA
Ky PUIIHHE aMara oImupr MyMkHH [28,32,33,41-48].

Coxa reoMeTpusUlapd derapacd TEHTNTAMalapHHH KypHID
TasiHd QyHKOpIap Kabu R-QyHKUMA TH3HMIApHAAH MOCHHU
Taw1a6 aHAMTAK TEHINAMaHUHT KYPUHUIIMHM YHKApHUINra
HMXOH GepyBun MaHTHKHI (opMynanapHH Xam Tanab stagu. By
R-¢pyuximsa ycynu Gwian Tawmm 6yaMaraH aHaIMTHAK Xamza
zuddepernnan reOMEeTPHIHMHT MyXaHAMCIapH Ba
TaAKUKOTIHNIAPH YdyH KuituH Gyiras TH3HMHH Oakapamuran
KaThHII MaTeMaTHK OWIMMHM Ba Manakas# Tanab stamu. By
fiymanumpary  MCTHKOON - TAOKMI JTHIAH TEeOMETpHK
06BEKTIApHA MAKUIAHTHPHINHY Y3una ndonantaimy.

Ilyan  aifTumn =~ MyMKMHKY,  ¢pakTagnap  CoXacH

reOMETPHAHHHI aHANMTHK TEHIaMaJapMHH €3WIN YYYH HMKOH

Gepysur ycymnapupas O6upm B.JLPpauesnunr R-¢yHxmma
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ycymt xwucobnamagu. R-pymxima ycymu 6yiwda acocHH
TYIIyHIanapHy KeTTHPaMHU3.

R-dbynxups xakuxuit arapysowm conm dynxims 66,
YHHHI HINOpajlapH TYAHKIATAYA COHNAp YK HHTepBAIapH
(~0,0) Ba [0,0)mmmr Moc 6¥naxnapesa aprymeHTIap
HInopanapy OHIaH aHUKJIaHATH.

Arap mymupaii spramysd @ MAHTHKYH QYHKIMA MaBKyZ
6y)m6 ymumr aprymemrnapu  sign(z)=P(sign(x), sign(y))
6ynca, z=2z(x, y)comm dynxmus R-dpymxuns a6 aranamu.

Xap 6up R-bynxuua arona spramyBad MaHTHK QyHKOEATA
MOC TYIIajm.

R-bysxnmanap Tymnamm R-GyHKUBANApEMHT yCTMAa-ycT
TYIOHINH MabHOCHAA ENHKIAp. Arapaa H swHEr O6apua ycTMa-ycT
TYIDYyBYM 3JIEMEHTNapd TYIUlaMH R-(yHKOHANAp TYIUIAMHHHHT
xap 6up TapMorm Gmnad Gy OYmMarax kecummmra 3ra 6yica,
R-dynxamsnap tusavu H etapnuda TYIHK AeHANATH.

9Hr Ky ¢oiinananwiamray R-¢yHxius TYIAK TH3EMY

(-l<axl) na R, xn,y= 1_: (x+y—\/x2+y —2axy)
XV, _l-: (x+y+,/x2+y —2aay)

X=—x.

TH3AM/HP.
a=0 pa R tusmmra sra 6mavms:

x/\oys(x+y-— x2+y2);
xvoys(x+y+m);
X =—x.
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a =1 pa R tasmvra sra 6ymavus:
XA yE%(x-!- y=lx=yl);

xvlyE%(x+y+|x—y|); l

xX=-—x

R-¢pysxupsanapauar oxapra XonaTHAa KOHBIOHKIOUsIAD Ba
RU3BIOHKOWIapH KyHuaaraiap 6uiald MOC TyImaag:

xAy=min(x,y), xv y=max(x, y).

R-pymxuma  épmammaa OMME  COXANADHHHT  MabIyM
TeHINIaMallapy Gyiinda Ty3WiraH COXANApHHHT Yerapacu
TEHIJIaMaJlapHHY ODIKOPMAac IMAKIMHA KypPUII MyMKHH.

R-QyHKOAsIApHH 9eKCH3 KMAMATIN MaHTHK EKH TOKMAaHTHK
HHCTPYMEHTH cudaTHa Kapam MyMKyH.

R-pyBxmmanap KeHr [JOMpajarn MaTeMaTHKa, ¢usuxa
Macananapd (NaCTHKIMK  Ha3apHACH,  JJIEKTPORMHAMMKA,
HCCHIIMK YTKA3yBYAHIMK Ha3apwicH Ba GOMKAIAp) CHHQpHHH
XaJl KWINIIZA, CATHAJUIAD Ba TACBUPJApPHH KYTI YIY0BIM paKamIiTi
Kalita mmuiamyua, xoMmsiotep rpadukacu Ba Gomxa coxamapza
KYJUIaHANATH.

Coxa reoMeTpHsACH TEHINIaMalapiHy (IHH HOpMajUlamraH
TEHIJIAMACHHY) KypHII ycyaiaph Oy TEHIVIAaMANIapHM Tamikui
KW JKapaéHHHN aBTOMATIANITHPAIN YIyH SAXIIHM TEXHONOIHK
acocHH V3uma wMomamaimu. Acauga ¢akaT Ipeguxar
TEeHrJIaManapey KypHil kapaéHHHM aBTOMATJAIITHPHIN kepak,
6y TeHrIaManapiaH coXa TEOMETPHSICHHHHI Ol 3jleMeHTap
TEeHITIAMANapuTa YTAN MaHTHK (QYHKUMS —CHMBOJUIapUHU
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R-ysxmusumr Moc camMBosTapu GMiIaH anmMamITHpHOI opKanmH
Garxaprnazy, cOXa CHMBOJLIAPH - YIAPHUHT MOC FAIl KUCMIIAPHIa
TEHT 3Mac.

Ilysnaii xumub, amropAT™™ y9yH KMPYBIHM MAabIyMOT
Ky#inaarunap:

1. Qoiimananunaguran  cTaHgapr ~IPUMHTHBIAPHEHT
KypHHHINM: TYFPM YM3MK, JOWpa, OJJUMIC, TYpIGypyak,
ya0ypuaK, KaBapuK kynOypuak, ainada, MyHTa3aMm kyn6ypaax Ba
Oomkamap (¢olizanaHyBIHMHHHr cypoBHMra Kapa6 MeHI0 &kH
YJIapHUHT KYpHHUIIM TYIAUpEIHG Gopunamm).

2. CraBpapr npUMMTHBNApHH VigaMHd Ba YpHHAHM
aHMKJIOBYM T€OMETPHK [1apaMeTpliap.

by ManmymMoTHap acocHpa TasHY (YEKOFSLIAD aBTOMaTHK
MmaK/UTaHTAPHIIaaH, JaKHPHITaH [IPYMHTHBIIAPHHHT
HOpMaJUIaraH TeHIaMacH Ba Oeirunap OyiMd9a TamKml
STHITaH COXa FeOMETPHACHHHHT “WYKapd TOMOH” - “TamiKapu
TOMOHJIADHHHHI TPeHKAaT XaM[a AHAIHTHK - QyHKIHAIapH
[MAK/UIAaHTHPANIAIY. ‘

@paxtajinap HA3apHACH Ba YJIapHHHr aMauuii TaTOuKH
Oyiinga paauodHsuMKa Ba pagWOTeXHHKA coxacHaa Poccus
¢arnap  axagemuiacuHumHr  B.A.KorenmsrmkoB — HOMHAarm
paJMOTEXHHKA Ba ICKTPOHMKA UHCTHTYTHZA TaAKUKOTIap oIHub
6oprnmokzaa. 20 acpuunr 80-fumaprpan 6omnab ynap sHTH
¢dyHpameHTan HIMmE #yRammm “@paktan papdodmusuka Ba
dpaxran pa/IHOTEeXHMKA: -O®paxran PaZHOTH3NMHH
JOHMXANAIITHPHIN T COJIAY Ba PHBOMUIAHTHP/H.

[58,59]ma axxpaTH6 kypcaTHaraHwjex, (ppaxramiap, Kacpa
omeparopiap Ba CKeMNMHriIap aMamér cypoBlapHra Xamaa
3aMOHaBMil MaTeMaTHKAHMAT aGCTpakT Jofnxanapura MyBOQHK
KEJTYBYM TAAKHKOTHHHT MyXHM HHCTPYMEHTNAapH XUCoOnaHau.
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R-pynkmus  ycyma acocmma Kox 3rPd  YMIMFAHMHI
TeHTTIAMACHHH KyPHITHM Kapa#ivms (2.9-pacu).

a) 6)
_/\;/\-(_/\_ J\m
9 K
2.9-pacM Kox arpu 9e3swrHEN Kypuim
Kypummn —3a <x <3auntepsannia 6axapamus. V xonga
Gy ==yZ0; Oy =0,A(f; 7 £,)20;

£ =%(XJ§ -y+aJ§)20; f, =%(—x\/§ —y+aJ§)20.

Gynamm.
By xonataa @y, TeHr €W y90ypIAKHAAT TEHINIAMACHIHp. Arap
oo HUHT YPHUTA TEHTIAMAHHHT KYPHHHINHHA

@, =@, Vo (fy A £,) 20,

ne0 é3cak, yEaa 2.9 6) pacmparu rpaduxka MOC TeHrjiamaHH'
onamus. IllyHnai Kamm6, :

0 =09 Vo (fi 70 F,)20; @, =00 (3(x+2a),3y)20;

46



©,, =o),[3[x+§/ 2+[y—a‘2/§]325)],

3[—(x+a—2)—‘§+[y—§32§]%]20;

@y = (@ (%, Y) Vo By (%, ¥)) Ao (=5, Y) Vo @ (—X, 1)) 20;
@, =, ,(3(x+2a),3y)20;

mu:mk_{B[Hg/z { a£]£] [ ~(xear2yBe [y_aﬁ];]]zo;

2 2 J2

@, =(@yy (X, Y) Vo By, (%, 7)) Ao (0 (%, Y) vy @ (%Y ))20(k=34,...
xocui 6namy.

2.9-pacmpa @, (x,y)20 by HKIEa Japaxaiapa
YH3HKIAPVHUHI TACBUPH KeNTUpHiras Gynub, k HMHT Typim
KuimaTnapu yayn Kox arpu unsmrumnn 6epazm.

2. Cepnnn I'mnamm. Ceprmu Twiamu Kyimpare Tapra6aa
Kypunajw. Bepwmran xsagpar 9 Ta Gup XIUI - KATTAIHK/ArH
KBajgpaThapra GymaHanm, Oynma mapkasjard Keagpar OyHmaH
MycTacHO (2.10-pacm). Keiimn 6y >kapa8H. XOCHI KAIHHTaH
KBaZpaT/iapAa Takpop Gaxapriamy Ba 9eKcu3 AABOM STTRPHIAjM
Xamzia HaTmkaga ¢pakran o6wexkr xucobnanran Cepnul
TWIAMMHH  XOCWI KWIMHAJW, YHHHT Kacpiy - yrdamu
D=1g8 / 1g3 = 1:893 ra Temr. Arapna qeKCH3 KApaSHEM k-
TapTOaa, TyxTaTHNCA, KA-raprEOmarm onadpakTan  XOCHI
xwimHaaW.  [32,33ra  acocam  CepmiH  onpdpaxramu
gerapanapuay QyHKImMACH KyiAngarn

fl=a'2‘ax220, B:Q%ZO.

KYPHHMIDHM ~ OName,  ©,=fiA ;20 —  O-raprabaarm
onadpaxTanyup. ~
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VYaura-{3a ¥XmanmK XycyCHATHAAH q)omxanannﬁ EpraMau
(yHKOUANapHY KapakMms:

0,05 =2CE 20, 0,053 = eIl s,

6y epna
. . flz I 2
K, =%-arcsm(sm7’x—), ll;,y= narcsm(sm%), ="3Q= h,=—23fl

x

VHaa
Ko (%,3) =05, 1) Ao 0 (%, ) Ag 0,(%, 1) Ag e Mg @, (%, ) 20.

- 2.10-pacmpaa k HuET Typ/H KuiiMatnapuaa Cepous rujiaMuHH
Gepysma  Qymxoua Ko (%))20BMET  Typmr  TapraGmaru

YHM3HKJIapH TacBHpJIApHA KYPHIaH.

n=2

n= n= n=35
2.10-pacm. Keappatuk CeprmH rAIaMUHH Ky pHOX
3. Cepmun Canderxacm. [32,33]na Cepnue canderracu
€ku yI0YpIaKHHHT TEeHIIaMacH Kypwirad. YHY KYpEIN yuyn

TCHT TOMOHNH YIOypuak MapkasupaH Y40yp9ak “Kepxu6”
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onamus. Xocun 6ynran yubypuaknapiia Xyams Iy >XapaéH
TaKkpopan Oaxapunagu (Mapkaspard yd0ypdak Oympad
MYCTaCHO) Ba 4YEKCH3 JAaBOM ITTHpPWIAAW. Arap Iy XOCHI
Oyiran  y4ybypwaiiapmaH HXTHEpHHM  OMTTacHHH  Omub
KaTTalamTHpuiaca, OomiuaHFAd yd0ypuak HyCXacd INaizo
O6ynamgu. by xonatma TYJWK V3dTa-y3H YXIMANIUIAK XyCYCHSTH
6axkapunany. by ¢pakranga mAMIMATOp Ba reHEPATOpP OJIHHIH
(paxranpara kabu Oup xvuraMp.

Xap Oup uTepanuAAa YHHHI HyCXaCHHM KHYHKIAINTaHH
reHepaTopHHHAT Xap Oup Oypuaknapura KymamG Gopann. Xap
6Up ~WIepamMsa Xap TEHCPATOPHEHT  GypYaKiapura
HYCXaNapHUHI KHIHKIAITAPAITAHY KYMHAaZA Ba X.K. Arap Oy
~ ¢pakralHM ApaTHIAA HEKCH3 COHJArH HIepaupsiap oMb
oopunca y 6yTyH Oup TekMCIMKHHM sramiadpu. HlyHuHr yays

yHUHT (pakTan jmrdoBn -}%—g—=2map.

Tyrpu Oypuaxny y490ypUakHMHT TEHTJIAMACHHM KyHupard
KypuHMNAa €306 onamus:

ay(x, ) =—-\/x2 +3? cos(%arcsin(sm?’—ze-)) +R>0,

éxa @y(x,y)=~x1+R 20,

6y epna

xI=rcosy; yl=rsiny; u( —zarcsm[sms—zq)

r=\/xT|-J—ﬂ-; 6=arctg-¥;
R - yrxy yi3siiITaH ailaHa pauycH.
VYuna
a,(x,y)=a,(—2(x1-R), 2y1)/2 20,

Ba MOC
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o,(x, )=, ,2x1-R), 2y1)/2>0, (k=2,3,...).

Tabxunaiivusku 6y xonatna R-byHKIUA KYIUTaHAIMAHIH.
2.11-pacmaa Ceprun candeTkacHHA XOCHT 3TYBYH k HUHT TypIH

xuiiMatinapr  yayr  @,(x,»)20  ¢ymxuwmuEr  Typmm
TapTHOAArH TH3HKIAPH TaCBHpIApH KypHJIraH.

2.11-pacm. Ceprun canderkacu

4. Keiima papaxTara acocjagraH ¢pakraj aHTeHHaaap.
@DpakTan aHTeHHa TypiM y3YHIUKIApAard  YTKasrwLiap
6ynaxnapu xatopurn udozpanaimm. Xap OHp AHMrH HTepamusIa
aHTeHHara aHWK Y3YHIHKZard Oynaknap KyImnanu, SoHM Xap
OMp TOKX uTepauusaga Y3YHNHK HITapHIANCK Kolamd, xydr
ATepanyiana Y3yHIMK HMKKH Maprara kamasgy (2.12-pacm).
[52,53]na 6-TapTebnu “Keiimi mapaxTy™ aHTEHHAacHAa TOKHHHT
TaKCHMJIaHUITHN TAJAKHK, KWIMHTaH 6ym0, aHTeHHA
napaMeTpapHHH PACMEMIAIITHPHINAA ~alepaTypaHHHT sHIH
KHCMJIApH poJib ViAHAHIH.
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2.12-pacM. 6-TapTubnara «Keims fapaxT»

JHan  R-bymxkimma ycymara acocan «Keim: papaxTe»
TEHIIAMACHHH KypaMH3.

1-xanmam.

i=1; a=I1/2; b=1/2

2 x4+ 2
foe(’f:J’)=g'”—gZa£')—20, (4,; — Ke9HK COH),

2 2
fop= &LZ(_ZL_JC)_>0 0u3) _L>o

J1= foel3. ) A@y(%,3) 20,
fé(x:y) =j;7p(x:y) No ¢o(x’y) 20,
o;(xay) _fi(x’y)vo f;(x’y)>0’

f36ey)= —I—-x-i>o fooy)= -1 )
I Zbll

(* by - eTapnima ke con®),

@, (%, ¥)= f5(%, ) ng 12, ) 20,
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2 +5.32 bz_ Y
Fia @=L 50, 1 oy) =20 OW 50 oy 1)

11 11
<P1ex(xJ)=——‘)—(zc 20, Qi =——731-20,

D36 1) = (10 (% ) 7 0 (6 YD) Vo (i 5 ) A 0, (2 )V
Vo(flby(xsy) Ny ¢ux(x,y)) Vo (fiby(x’y) No ¢'|px(xsy)) 20,
(Dl(x:y) = (D()](x:y)vo (ooz(xiy)vo 6003(x,y) 20,

2-Kanam.
i=2; a,=a,/2; b=b,/2
@,(x,y)=ay(x—a, y-b)Vv, o (x+a, y-b)v,
Vo@y(x+ay, y+b) vy (x—a, y+b)v, ay(x,y)20.

T T I

— - HH

=0

il
i

=3 n=4 n=35
2.13-pacm. «Keilim BapaxTm»

OHIM MWTepauMoH xapadHHM KypaMH3 Ba HaTHXaja
KyHujarura sra 6ynamms;
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i=k a=a,/2 b=b,/2,

@, (x. V)=, (x—a,y—b)Vv,0, (x+a,y-b)V,

V@ (+a, y+b) Vo @ (x—a, y+b) v & (%, )20, k=34.5,...
k BMHT Typiu xuiiMarnapuiard xucod Hatmxanapn 2.13-pacMaa
KENTHPWITaH.

5. OxcxarozuB dpaxran xaaxkaiap. Dpakran xankama
TY3yNMHILIap TAAKUKOTHHM OmpHEdam 6¥mu6 [52,53] wmnapmza
taiomd STWraH. ByHma acocaH CHMMETpPHA Ba YXIMaNIIMK
XyCYCHAT/IapH XucoOra oJIMHTaH.

1. Al pa ¢paxran aHTeHHA TY3WIHIIMHHHT acOCHH
aneMenTd cudaTuaa GUpHHIA HTepamusga pagHycH 11 mm, Ox
yxu 6¥itmua Kanmanure 0,4 MM Ba pagdycu Oyiwmda 0,2 M
6ynraH Xanka OJIMHTaH.

2.14" - pacmaa udonananran (paxTan amepaTypaHMHT
TY3HITAIIUHY KyPHII aTOPHTMHA KyHuaaryda uposanianaid.

0 - wnrepanmama acocHi Xankara OepwiaraH Xankara
AucOaTaH y4 Mapra KWyMK Oymram 7 Ta XamKanap
Koilamapwiagy. bomxa 3meMeHTIapd (3HE Ba XAJKAHUHT
KANMHIIUTH) ¥3raprmcH3 KONIUpHaay. 6 Ta KHduK ainaHaHuHr
MapkasH  ontuGypuakHmHr yamra R¥2/3  macodana
xoimamrupwiaay. ETTHEOm  aiilaHanMHET MapKasH acoCHi
aHTEeHHAHMHT Mapkasp OWIaH ycTMa-ycT Tymand. By xypmuram
ATEPAIMOH AJTOPHTMHUHT OGUpHHYH IHKIH Ae6 aTaliMu3 Ba YHH
Al aG6pesuarypacu 6unan Gemrunaivms.

2. HMkxuH4d uTepammsfiard A2 5KCKIIO3HB XaNKalapHW
Kypum Y9yH Al Mozen Y9yH KyWIaHraR ajiroprMian
doitnanasunagm (2.15 - pacm).

Xap Omp aitnanara ONAMHIH pajipyCAaH HKKH MapTa KWIMK
6Ynran onrura ainapa KyiunaaW, Mapkas# ONTHOYpYaKHFHT

yyuparm ~ Gomamrud — paamycaam  R¥*2/3 Macodaza
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xoinamrupunany. ETTeruM aiinada acocmii aiinama MapKasyna
xolnamrupunamm. Illyspait xwma6, pacmuma KeNTHpIITan
Gpaxran anTeHHa MOJIENH XOCHI KYUIHHATH. Xynna 1 pary kaGu
KOaKCHaI YH3UKJIApHMHT juaMeTpa 0,5 M. AHTCHHaJIapHHHr
Kamemure 0,4 mM, Xankarwer 3mu 0,2 mM. Tammu alinanpyr
pamaycnapm R=11 M, R1=R/3, R2=R/9.

Al 3KCKIFO3HB aHTEHHAHVHAT TEHIJIAMACKHHN Kypammus:

O-xamam.
_R=x?—j?
Doo="2R
1 - xanam.
2 3 1
n=ik, a=2R, a:=Lr, @=1x,
r2—x2—y? _r2=xt-(y-a ?
Wy = 27 D= 2, >
_R-P-(yta?  _r-(erdP-(r+d)’
0)12— 2’.1 s Wiy — 2’,1 »
R =(x—=dx)’>—(y+dy)? _RR—(x—dxP-(y—ady)*
@y == 2r, s Dy =" 2r, >

@ =(Wyy Vo (@1 Vo @y Vo Bz Vo By3 Vo D1y Vo By5 Vo Br6));

By tenrnama Al 3KCKIIO3MB aHTEHHAHUHT TEHIJIAMACHHH
Oepanu



2.15-pacm. A2 3KCKIIO3MB aHTEHHAHWHT MOJEIH

dr XM9UK COH - aiinaHa KaJMHIUTH
2_y2_ IR \2
ay=" 2R yonsz,z T
1
l-xamam. 1=3R;, @ =%R03 dx=l/§_3‘Ro’ dy=%R0.
@y =0(1,X, ), @y =ay(1,%,y—a), B =0(H, %y +a),
@3 = (1, x+dx, y—dy), @, = @1, x+dx, y+dy),

@5 =01, x—dx, y+dy), o =ay(ty,x—dx,y—dy),
@y = (D Vo (@ Vo @y Vo @y Vg D3 Vo Biy Vo D5 Vo Pi6));
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bap4a onymranapaan i - kagamMAR aHAKIaMMM3.

1 2 3 1
=3 G=Fhe ‘bc=_3[-’}'l’ aj’_:gr;"’;

D =01, %,Y), Oy =0 (1:%,Y—a;), &=, (%, y+a,),

a)i3 =a)i-l ’?’x+dx:y_dy): w,'4 =w,'..] ’;‘ax+dxsy+aj’)s

Dys =), ’;"x—CbC:y+d]’)a W =0, ’;,x—dx,y-aﬁ/),

D =(Wyy Vo (@i Vo By Vo By Vg B3 Vo Biy Vo D5 Vo i)
1=2,34,...

Axxpatnb KypcaTHmi MyMKMHKH =2 Aa A2 aHTeHHAHWHT
MozenuEM onamus, i= 0, 1, 2, 3, 4 xucoGnanmnap BEatmxanapu

2.16 - pacMaa xkenTUpHATAH.

n=2 n=3

n={0 n=
2.16-pacM. A2 3KCKITIO3HB AHTEHHA

Cepuuzn  3rpu  wumsera  [20]). AsBBaio  acocHmHr
TEHIIAMaCHHU KypaMU3:

x =xcos(a )+ ysin(e;), y,=—xsin(a;)+ycos(a,),

x, =xcos(a, )+ ysin(a,), ¥, =-xsin(a,)+ycos(e,),

.f;(x’y) =(a? _xIZ) No (a? _ylz) 20, f;(x:y) = (a2 —xzz)/\o (a? —)’22) 20,
[ E)=Fx,9) 04(59)= [3)Vo £,V £59).

By epaa yxmapuusr Gypummn ¢opMynanapy KyIUIaHHITaH Ba y

KeWHH XaM Kepak 6ynaznm.
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HrepaumoH xapa€HHE KypaMu3 Ba HaTIDKaa KyHHMAarara sra
6¥namu3s:

@, (%, ) =@, (X, Y)Vo @, (x— 2a ,y—2a)v, o, (x+2a,y—2a)v,
Ve n_l(x+2a,y+2a)v0 @,_(x—-2a,y+2a),n=2,3,4,5,...

Xucobnampa a,=%a, b, =%a,
naH oiiganamwrad. XucobnamIapHuHT HaTmKanapy & = 0 sa

n -~
0,=7 JMapia Ba Ty KAHMAamlapujard  HaTmKanap

2.17-pacMpaa KeNTHPHITaH.

n=1(0,=0, #=2 (0;=0, »n=3 (=0, nr=4(0=0,
az=1/4) ax=n/4) a=/4) ax=1/4)
2.17-pacm. CepruH IpH TH3UFH

o, =0, =7/46ynranna n HUHT TypiE KuMMarTjapugara Xucob
HaTmxanapy 2.18-pacMaa KeNTHPAITaH.

*

n=] =2 = n=4
(a1 =n/4, (a —15/4, (al = 7r/4, (@ = /4,
az =n/4) az2=m/4) a=n/d) ar=1/4)

2.18-pacm. CepIHH 3rpy YU3HFH
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2. CepoHH rmaaMM TeHIJIAMACH KyiHAarm TapTutaa .
Kypmiagu. bomunamrwd KkBagpaT OWp Xun Keajpariapra
6¥nupamy, mapkasnarn Gymmar MycracEo (2.19-pacm). Keinn
XOCHI KWIHHIaH KsaJpaTjapAa @Iy kapaéH TaxpopaH
Kynnanmnaqm Ba X.K. By XapaéH dekcH3 JaBOM 3TTHpHICA
HaTHxXajga ¢paktan obrext CepiHMH reilaMHHE ONIAMH3. YHMHT
Kacpma ymaamu D=lg 8/lg ~ 1.893ra TeHr. Arap dYexcH3
XapaéHHHM  A-KajaMza TYXTaTHica yHHA  k-TaptE6parm
onadpakTan xocHn KaHaAK. [25]ra Moc CepruH onadpaxtamu
4Jerapacu Kyhumaru

* 0y (% Y)sk=0
)= {mk_, @AAE =L
Oy epna
F(x,y)=-3"*a, [6 arcsin[sin(S"“n‘x/ 2))/=6 arcsin[3"“7r 524 2]/ 7r],
@y (x, ) =|:(c:z!2 —ch)/\(a2 —yz)]/?.a
KYpurmmza ndonanaHagy.

m(m|m

2.19—paCM. CepnmH KBafpaT rIJIaMAHM Ky pAml

Kox srpm umsmrm (Mxxmaum ycyn). Kox srpu amsuru
KyHugarun nponesypa #iymu Owian Kypmwiagd. Bomnamrma
OpalmKaan Mapkaszard Oymarn onu6 TamuiaHagd Ba TeHT
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TOMOHIM yubypuak Ounan anMmamrapunagd. KelMH XOocHI
KWJIHHTaH 6apya yubypuakiapra my mpouenypa KyUIaHHamg.
V<0 spum Ttexmcnmrm GomularFrud coxa OYiacuH, yHZa

yHmET uerapanapu Temriamacn @ =~V =06ynamu. (k21)

k -taptn6nu onndpaxraniapru R-gysRUMA ycynura acocal
TEHTNIaMaCHHM TONMIN aJifOPUTMH HKKH 3Tanfad nbopat:

1.0, ¢yrxmumusr R-ZU3BIOHKUWACH TYFPH YH3HKTa
HHcOaTad Y3HHAHT aKc STTHPHIMIMH Omian

y=—x\/§+3k"\/§:
@, (%,Y) =0, (%, 3) v
Vo fcx- 3 +3 Y253+ y 31 3)2}

2. @ QpyrxkumsTHUHT R-KOHBIOHKIMACH WM3MKra HucGatan
Y3MHUHT aKC 3TTUPHWIMIIH Guiian

x=3%/2:
@, (x,¥) =wk(xay)/\wk(3k —-X,¥).
TeHr TOMOHIH y40ypYaKIapHHHT TOMOHJIApHAA KyprraH
Kox arpu wmswrs Kox KoplajacH HOMIIHA T€OMETPHK OOHEeKTHH
6epann [63]. Kox xopuapdack uerapanape TeHIJlamanapy Gup-

6upn Omnam 60° Gypuaxka Oypamran ydyra omepaums
R-KOHBIOHKIMAHY Kyuiam 6M1aH ONUHAAH:

W, (x,y)=a,(y+312,x=-3""3/2) A
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A[a)k [y—xJE+3k)/2,(-x-yJ§—3*-'J§)/2]A
NG, [(—y-x«/i+3")/2,(—x+y~/§-3"'1\/§)/2] ]

Omguara 6¥mamaa Kox srpu wmspry, Cepme canderkacu
Ba Trmiamm, (pakTralmr aHTeHHa Ba OomKa Typaaru
dpakTannapeMHar TeHrnamanapusy B.Jl.Psauesmmar [63] -
R-¢yrximsa ycynara acocas KypHin KeaTupairas [32,33].

O B.JL.PBaueBmmnr R-¢yHkmus ycymura acocaH
(d=1 ymuammm) Kantop tymmamu, ['mmebepr Ba I'ocnep arpu
9u3dKJlapy  Ba OomKa  KkypuHMmparn  paxrannapHuHr
TeHINIaMaIApUHH KypaMH3.

Kaerop Tynaamu (vanrmapm). JKyza kyn TaHmxim
dpaxrannap  Kawrop — Tymiammra  SKHH = KapHE/IOLI
Xucobnanmwiany, ooyHuHr yayH KaHTOp TymnaMuHuMHT (paktai
XyCYCHATIapH KaTTa aXaMHUATTa 3ra.

Kamrop Tjmiamunm Kypum Oupnuk xecMaiad Vpramar
KUCMHHY Tama6 r06opmn 6wian 6omnanamy, 6yHna kecMaHuHr
oxypnapd kupmaiimu. Sfemm [0,1] xecmMa Gomutamruu TYTUIAM
6ymu6, Guprrran Kagam (1/3, 2/3) O9UK UHTEPBATHE JaVMpAIIIAH
nbopar. HapbaTgarum Ba xebimnru Gapua Kanamiapnaa xopuit
Kanampara Oapua xecMa (oxWpnapu KupMaiiam)napna ypramaru
kacvu Tamnab ro6opmnamgu. Uly taptubaa Tymmamnap xerma-
KeTJHK Ymuamu d = 0,9542 6¥aras Kanrop TYmuiaMumy onamus.

Viuame d = 1 Kantop Ttynaamu. Tyrpu gmsuxgan
TeKHCIHKKa YTHO Ymuamu d = 1 6ynran KarTtop TYmnamumn
Kypmn wmyMmkwmH. Has6atmarm mmcon Marmn Myxammanra
TerMIUTH. bomutanrud T§raM GHpIEK xeanpatiaH uGopat Ba
yanapurn (0,0), (1,0), (1,1) Ba (0,1) ae6 dapas xunamus, Xap
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6up xKamamAaa ONANHIY KBaApaTHaH TYpT GopabGap xuumk 6ynran

KBAJIPaTNapHH XOCHI KHJIAMMU3. By KY PHIIERET qera'pahl;lﬁ

TymamMu N = 4 Gunan ¥3ura-y3u yxmam TymiaM pa ymnam.mzn(

xo3purmerTy ¥ = V4. YEuHET Ymaavu '
d =log4)/log(4)=1.

ra TeHr.

Kypnnunapaan kypuen6 TypuOAMKM, XOCHI KHAMHIaH
tymnam Kantop Tyrmamu 6ynmb, mxgam, Gapkamon Ba TYIIHK
Y3MYKIA.

by dpaxTamEmEr  TeHrnaMacuuu  B.JL.PeaueBHMEHT
R-dysxims yeynume Kysuiab Kypamms.

a
0.(a,x,y) = "

- KBaApaT T€HIIaMacH.

d=1 ¥ymyammu Kourop tynnamm mapTHra acocad, SbHH
WTEpalliOH >Kapa€HHA KypaMu3 Ba HaTHXKaJa KyHHMAarvHH
onamus:

mn(a’xay) = wn-|(3$x_3_as

_a.y_ig)v
4 o470

a a
y——) Vo mn—l(—’x— 4

3a
Vo n—l( ’x+4’y+ )Vo n-l( ’x+4’y+—)vo

Vo(x(@® =x%) =0 A (@ -y v, (@ - y?) =0A(a* —x*)) 20;n=1,2,3,...

d=1 6yiraHpa Ba n HHHT TYpIM KHHMATIapHAa OJMHIaH
HaTHXAIAp pacMAa KeITHPHIITaH.
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n=0 n=] n=2 n=3 n=4
2.20-pacm d=1 yirgamim KarTop rimnavumy Kypum

I'nabbepr srpu umsurn, @) -6ym Tyunam (pacMpa xeu
Hapca 9AKMatiau). Macanan @ cudatupa KyHHIaruHy onaMms

(a’o(st)=(-1—X2)20);

OHa  T'wisbepr srpu YM3HKJIAPHHHHT TapTUONAapHHU
SomKapam yayn Kyitunars dopmynanap xepax 6ymamu:

my=0
m,=2m,_ +a.

By epma ™M, . n-taprubmm Funbept wuswrumwmT  raavu
(@ -ymaampmnr Gupiaurn).

L) = =0A (x-m, ) Ay (1, +a-x)) 20;
(nacTke GUpnAmMTHPYBIM TU3HK)

fé(x:y) = ((x"mn-l = 0) No (y-mn-l)/\o (m,,-l +a’y)) 20;
(9an GupnamTHpyBYH YN3HUK)

L&) =((y-2m, ;-a=0)n, (x-m, ) A, (m, , +a-x)) 2 0;

(Tena 6upnamTAPYBYH YH3HK).
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Pexypcus mpouefypara acocaH Kyiuaarara ara 6ynamms:

0, (%) =0,,(x )V, fix )V, 0,,0m,,-yx -m, -8V, [(%y)v,
Vo®,,(x,y-m, -a)v, PV, 0,,-m, -ax-m -a), n=12,3,..

— a

il
-

a.n=1 (H) 6. n=2 (Hy)

e B
BRI %ﬁﬁ? é%géﬁ
, ,‘\"‘J' SR gﬁ'&%%%%ﬁﬁﬂ
r. n=4 (Hys) a. n=5 (Hs) e. n=6 (Hg)

2.21-pacm. (H,...Hs) I'unsbept arpu unsuru

2.21-pacmzaa @,(X,y)20pymams . Tenrnamanapx:
YH3HKIAPHHUHT YM3Malapi KeTTHPHUITAH.

I'ocnep srpm wmswra. Tocmep srpm umsmru HucGatan
Ceprun arpn gm3prura yxmam 6ymo, dapxky mysaaku [ocnep
3rpY 4M3uFUHHHT Oypdaxnapa OX Ba OV yknapura HMcOaraH
oFdmraH 6ynamm [64]:

2 2
o,(a,xy)= (%"’(x_g) JAO (azn ")’2) 20,
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By epma a,-erapnu papaxaga Kd9AK COH (YHM3HKHHMHT
KaITMHIIUATH).

OBaW Ky3raJMac KOOpAMHATANAP CHCTeMacura Huc6aTaH
¥Kiap cucteMacuza oFum Oypuaru KaiiMaTHHe XucoOnaiMu3 Ba
Oy epaa x¥aupum Xamza 6ypum GopMyaanapuH Ky/UraiMms.

B a v

3
= arctan(—); a,, =—F:4,, =4, —;
@ (5) by J7 by

x,, = xcos(@) + ysin(p); y, = -xsin(g) + ycos(p) +a,,;

O pexypcusHM Kyw1ab KyinIardau onamus:

0,(ax,y) @, (8%, sV = ) Vo

3a 2 . 27 3a, . 27 27
Vo@,4(ay,, (%, -T"’)COS(—;-) + y,sin( T) »—(%,, --2—"”)sm(—3-) +yA,,coS(-§-)) \

a
W%@%J@"fd@hﬁ
. 27 ., 27 4. . 2% 27
Va@y (G (g == )00 ) + yysin-T-) (5, =—P)sin 5 +ypcos- SN
Vo@y (G Xy s Vi + A ) Vo @y (s X -Gy, Vi, + @)V,

5q 2 ., 2 5, . 2 2
Vo, (@, (%, —T'”)cos(-T”) + yb,sm(-—3£) e ——2"—) sin (--g-r-) + yb,cos(-?”))

n=234,..

1 HUHT TypiH KMiAMaTIapHaard Xpucob HaTmxanapu 2.22-pacMza
KEJITHPHIITaH,
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e. n=6
2.22-pacM n HEHT TVPIM KeiiMaTnapujary I'ocrep 3rpH TH3UFH

r.n=4

Aiinananapaan  mopat  ¢paxrannap. Dpaxrammap
HAa3apUACHHMHT acOCHH MIOBamapuiad Oupd alinaHanapiaH
ubopar ¢paxraUtapHM TreHepanusiamgup. XO3HUPrH BaKTAad
dpaxTannap TeHrNaMacHHM KypHmHA OWp Hewa ycyim
MapXy[uup: L-TH3HMIapH YCyNH, HIepaldoH GyHKIpsUIap
TH3UMIIAPY yCyma Ba Oomkanap. Ymapgan ¢apkm 6ynrau
R-pynxius anmrebpa MaHTHK YCYJIMHHHI JIOHHMXANAll MyXHTH
dpaxTallap TeHrAaMacHHM KypHIN MMKOHMATHHH SpaTaju.
Ketiun 6y Tenmiamanap O6yim4a ¢pakra/lapHUET BH3Yan
tacBHpuHn Kypurn MymkmH. Llynpait  xkwm6, xyiwpa
B.Jl.PpaueBHuHAT JNoiimxaBuii MyXMTH R-QyHKuMA ycymura
acocaH aiinaranapiad uéopar ¢ppaKTaIApHIHT TeBITIAMaJIApHHUA
KypHIII KapaliraH.

Borjadran abgasHanap. Tamky ainasa TeHTJIaMacH
KyHmparmda aHuK/IaHraH:

Do =0)00(R,x,y)=(R2 __x2 _y2 20)5
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aitnanara GOPJIaHYBIIPI altTanaHMAT TEHTIaMac
KypHHHDIHH onagm;:

H  KyHuRaru
Dy = @gg Ag (X" + > ~(R—a)? > 0),

By epaa g-aiinamapymr KUMHIEATE (aiTaHasuHT Kampmars 2a
2
Ta), R-tamkp; adinawamgEr pammycw, @==% k- xap 6Gmp

HTepaluanan KeMUHATH HIKK alnaHaNapHVHT Cony k=2,34,..
By epaa HTepanuAHy Kyiu1ab KyHunarura sra 6yna1vm3

®,(R,x,y)=0,(R,x,y)v 0@, (g’xsy)vo

R 2R 2R
Vo, (?, x ——3-005(0), y—-s—sm(O)J Vo

R 2R 2R .
V@, ;',x-?cos(a),y——g’-sm(a) Ve
Vo®,, (g,x~-23£003(2a),y~-2§sin(2a))v Vo

Vo®,, ( § =X —%Ecos((k ~la),y -%Sin((k-l)a)) >0;
n=1273,..

Xucobnam 3sxcrepuMeHTHHUHT HaTwxanapu 2.23-pacmaa
KeJITHPHIITAH.
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H . B .
[ { vy :. (I3 ETTRE Y PRTRRYN.

n=1, k=2 n=2, k=2 n=3, k=2

{...,...4....-..4...»....l [

J f + Lasmenn ey |

n=4, k=2 n=3, k=2

T BoR L
k dd g"?“ 3?"3‘* :

,
/s ‘
S N /
. .
[ T
v - \ -~
’ 4 .
. - PR . PR
. ! ! N . el oy
\ RN
’ - . -
v, L
\ N -

n=2, k;'5" n=3, k¥5 "
2.23-pacM. Bornanrad ajinananapaan nbopar ¢paxraniap
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Suau (1)ma k=6 naru XONaTHY Kapaitvmus, Bywya 3KCKITFO3HB

Xankanm (bpalcrannapnn OJIaMH3,
- o /’x N '\s
‘ ' l’ \l' \I/ ~ -
RN U
- )
[., \‘/\/ : ,_l\/\.,‘
,,,,, AR
v i ! ' : UL J\:. "~ j
: S
- ~. - ~ R - . <~ ! - ‘ < '
SN .
I . ' :\/I\ N
. . ' —
~. - AP .
———— e
n=1, k=6 n=2, k=6

2.24 - pacM. JKCKITIO3AB XaNKamy ¢paxramnap

Axpata6 xKypcaTHm MyMKHEKH, arap k<6 pa muxm
ainapanap Gup-Gmpura ypHBEMAimm, k=6 na maxy aifyananap

ypuHanm, k>6 na waxu aiinaHanap Kecumay (2.25-pacm).
TT T ‘ ,"-;A:¢>“\ o -
e AN 4 -g’{‘ ':Q \
/ /’\ .\ . l{ l(: --2’“;"‘"\ '5{:‘ .(1;‘)\
. =N PP Ty y
] 4 $ ’ |
4 '\ '. p : ’X‘f}!‘ O '!f'/‘,‘-u ,‘
~-7 ‘ Iee ,‘}"‘.;”"{ \:j'l i3
, s NN
‘ A NTOEDE
n=1, k=10 n=2, k=10 n=3, k=]0

2.25-pacM. DKCKIIO3HB XaNKam (ppaxrannap

Y PHHHILIA KecHMAaANTal aliJanann dpakranaap. Duam
KarTa aiinaHa MYuMaa HKKUTa afinana Oynran xonaruu Kapaimus.
By aitnananap ypunann. V3 nas6arnza muxu alinaHanapga sHa
HKKATa aiiaHa xocun Gynamu Ba XK. Xymm my dpaxranuu
TEHIJJAMaCHHY KypaMu3.

By xomatma 1 - xamampa dparTammuer Tenrmamacu

KyH#HJaru KypHHAOIHH Olagd
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@ (R,x, ) =(R* —x* —3* 20) A, (x* +3* —(R—a)* 20),

3y epna q-aiinaHa KATMETATH (allTaHAHMHT KANHEIETH 22 ra
[€HI), R-TalKH aiNaHaHMHT pajuyCH.

Hreparmus MponeAy paCHHH KyJularaufiag kel
YHMarMHy XOCHI KHUIaMH3

' R R
a)”(R,x,y) = a’o(Rsx’y)V om,..q(;’x:y—a‘)vo

R
Vo@,, (_sz.,x,y..._z.) 20; n=1,2.3,..

A HHHT TYp/IH KHiiMaTiapugard Xucob HaTmxanapy 2.26-pacmaa
KenTupriras

=
U

N
]
]

n=1

stadarafazsgened

3
&'
'

n=4

2.26-pacM. YpuHHADLIK KECUMAAUTAH aitnaRany ¢pakrawuiap
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JHAM KeCHmMAJHraH Ba KHYAKJAIMaAHrad HYKH
aiulananapan  Kapaiimuz, Illy Makcanna (Hpa xamaiium
Ko3(hMIVeRTH [ Hit KMpHTAMM3.

Ouau wW9KM  aiinapanap KeCHTIaguray Ba KaMasguras
xonathu  Kapahimms. Iy Makcay yaym [/ xamaroun
ko3¢ PUOHEHTHHN KMpHUTaMH3.

brpuHIs Macanajara kabu KecHmaapran aitnaHaNapHUHT
TeHIIaMacHHY aHVKJIaiMu3

DR, %,3) = (R’ —=x* = 3* 20) A, (x* + ~(R-a)? 20)

Oy epaa a - alnaHaHVHT KAIMHINTY (aiTaHaHuur KATHHINTYE 2a
ra TeHr).
as2E,

P
k - xap 6up wurepauMiiaH KeHWHrH wuxu aiinaHanzap COHH
k=2,34,...
[ - xap Oup wurepaudsKan KeiMHIM HuKH ailIaHATAPHHHC
Kamaiigm xoagpuimenTy, [=2,3,4,...
R - Tamxu afinanaHuHT pajAycCH.
HTepaiwms nponeypackHy Kyiuiab Kyiugaruay onamus

R
a, (Raxay) = ‘Do(R, X,J’) v oa’n-l(T’xsy) Vo

V@, (5, x—wcosw), y- ¢ -Il) R sin(0)) v,

(- l)R

Vo, l( y X ———"—cos{a),y (—ll)R-sin(a))vo
V,,m,,_,(—l-,x—g—ll—)gcos(Za), —.(.-l-:l-l—)g.sin(ZQ))vo_"vo

(-DR

0@y (g,x- ———cos((k-Da),y~ Il) sin((k-Da))20; n=12,3,...
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nk,l JMApHUHT TYPNH  KHMMAaTIapuiarm  HATIDKAJIap
2.27-pacMaa KeNnTHPHIITaH

. ‘- . 1 L ) ‘ : :(-x-x:-xi-y-x<x-;-x-1-r-x-x-a-:-:

n=l1,k=21=2 #=Z k=2 1=2  n=3 k=2 1=2
// 7
b -;;-X:I.X-‘x';x')' -x; 0y ;((1‘@{13:;.;“11&;;1;5;;-9:};.‘;.‘4:} o ;

n=4, k=2, 1=2  n=3k=ZT=2 "

~

<

n=2, k=5,1=2  n=3, k=5, 1=2

2.27-pacm. Kecmuaauran Ba KHUHKIANIAIHTaH HIKY adiiaHam
¢pakTaap

!=3pa Gornanran airananapnan uGopar d¢paxrannap
yusunasd. By warwokanap 2.28 - pacMia KeXTHpRITAaH.

T



.\
{ x/\f/\“- ’/ hy { J} f \} { {/‘ \\
5\ o S k v/j \ /\:I_ ; Q :, \‘-—"I N’ \\/'1,7
,! ’/ ) '/ \\ l\"JX: /: T ;
NS SO 5/ ().
. N’ ~ o // N e
n=1,k=5,1=3 n=2, k=5, I=3 n=1, k=4, I=4
7685 N ’”/'.373\\
4 i \\ // %Sﬂ 4 g’m/
I ‘ /
r\ / ] ‘ /—v‘-\ Al 1’8 ’&;‘ T.J\\'
&g Jg)‘ 600 Loa fag poy bed Ead :w
YT oNa/ e/ et 8 N80 Ay
/o PN e S
\ (/DB \ o/ . ;3; s/
= \ 'g e R/
n=2-' k=4’ l=4 =3) k=4: I=4 n=4} k=4s l=4

2.28 ~ pacm. Bornanrau aiinananapaas ubopar dpaxraap

Wrepaton ¢paxrammap k=8, [=2 n n=123 pa
oJniHa/M Ba 2.29-pacMaa udonasanras.

———

.«" e

— ¢ e >

n=1, k=8, 1=2 n=2, k—8 =2 n=3, k=8, I=2

2.29-pacm. BOFJIaI{I‘aH aiinananapaan mbopar ¢pakramnap

k=15 l=4pa n wwer Typmm KUAMAaTIADHAATH Xucob '
HaTmKanapy 2.30-pacMaa KeIITHPRITaH.
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S S, "C‘i“_:«.' i ‘sl

n=1, k=15, 1=4 n=2, k=135, 1=4 n=3, k=15, I=4
2.30-pacm. Bornanran aitnananapian u6opar $paxramiap

Hapaxr kypuammpard  ¢paxkrasnap. Mawsnymxu
reoMeTpHK (paKTaJUIapHH acOCHIl PaCMHY KyJUlaraH HHHIAATOP
maknaaH GomnaHuO pacMuinamTHpuiaan. eTepMunaniamran
¢dhpaxTaynap peKypcHB xapa€Hna ubozanagany.
HetepMmunannamrad ¢pakrawiapAa ysura yxmamuuk Gapua
TapTHONapaa HaMo€H 6ynamu. AHUK TacBHpJIAPHH ONMIN Y9yH
Oynpail ¢ppaxramnap 4-6 MapTa HTepanUANaHanH.

Xo3upru KyHza ¢paxramnap pagHOTEXHHKana aHTEHHA
KYpUIMallapuHi  JoHPXanamyja, KOMIBIOTep - rpadukacmia,
tbu3nkana, HehTXuMHAKA, 6BONOrHANa Ba 6OIMKa coXanap/a KeHr
kyymaguamoraa. Hlyrusr yuys dpaxramiapra 6yarad KH3uxum
KyHAaH-KyHra Te3mukaa ycub 6opMoxaa. Xap KyHE ¢paKramiap
HasapuacH Ba aMaiuETH OYimda jo31ab sHI¥ HMIUIap naino
oynMoKaa.

by 6ymaMaa B.JL.PpaveBnnnr R-¢ysrama ycynura acocar
JapaxT KypHHUIaary ¢ppakTaUiapHA TEHITaMaCcHHH KypaMus.

A#inadanapjan JapaxT TeHITIAMacHHM KyPHIIHH KapaidMmus.
OpamukHuEr oxwpiapu (x,y;) Ba (X2yz) HyKTagap Gyncum.
Bepwiran Hykranap (x;,y;) Ba (x2 yz)NapAan 3pKuH YTyBIM TYFpH
YH3HK TEHIVIAMaCHHY Kypamu3.
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: 2
f(xlayhxvyzsxry) (( ((xz-xl)ms(arctan(y’ y'))"‘(yz—yl)sin(amtan(J J’l)]) .
2= x-x

{osmfomlizoimfraliz).

2
( =(x, - xx)cos(arctan(yz y')+0'2‘y,)sin[arctan(ﬂ)D 20}\0
X2 =X X=X

Ay [az —[—(x-xl)sin(arctan[iz ::: )Dw- y,)cos(arctan (i’_:i’lm > o]

By epna a - opamxuusr 6a11anmmm (opanmxawET Gananmmrn
2a ra TeHr).

Arap k xydr 6¥:1ca, yana 9, =0, axc xoma @, =%.

n=1 ja Kyiunarn Terrnamara sra 6y1avms: @ = 27”

ay(x,y) = £(0,0, Rcos(p, +0), R sin(g, +0),x, y) v,
Vo (0,0, Rcos(g, +a), Rsin(g, +a), x, MV,
VoS (0,0, Rcos(g, +2a), Rsin(g, +2a),x, y) Vo -V
Vo f(0,0, Rcos(p, +(k-1)a), R sin(g, +(k—1)a), x, y)

n=2,34... na
= =k = k! 2]. R, =2R(~ = — ) R, = 2R(l-—),

Rn— n-nrepaumspa aitnana uerapajlapHUHT paguycH (R,=R).

Arap kxy¢r 6¥nca, yana k, =[k/2], akc xonna k, =[k/2]-1,

Qenamma: [x] - x conununz Gymyn Kucmu.

Hrepauus npouenypacaHu xjnnab KyHimaarura sra 6y namMu3:
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W,y (x,y ) = f (Rn 1 COS((PO + 0.), Kn-l Si“(‘po +a),

(P, + @)
k

R, cos(, +a+£"—’°—il‘}'ﬁz), R sin(g, +o+ )%, ¥) Ve

Vo f(R, cos(g,+a), R _ sin(g, +a),

(@, + (&, + Do) (@, +(k +Da)
k ) k

R sin(g, +o.+ )%, V)V,

R, cos(@, +o+

VoS (R _cos(@, +a), R, sin(p, +a),

2 (D, g singy +a+

VoS (R, cos(qp, +a), R _, sin(q, +a),

)ax-_V)Va ’"VO

(@0 +(k +2)ar)
k

R cos(g, +o.+

R costg +a+BE, R singg var ety )

Oz (%, 7) = [ (R,  €05(@y +20), Ry, Sin(@, +200), R, cos(g, + 20+ 2227 ';k )

R sin(o +2a+%"°"),x,y)vo

(@ +(k +D)a)
k

Vo f(R, ,cos(@, +2a), R, _, sin(@, +2a), R, cos(@, +2a. + )

Rsin(gy + 20+ @t E DD, 1 5,

VoS (R, 1005(@y +200, R, 5in(g, +20), R, cos(gy + 20+ L2,

Rosing, +20+2tELDDy 5 4y v,

(@, +k a

Vo f(R,  cos(p, +2a), R, _, sin(e, +2a), R, cos(q, +2a.+ ),

(P, +ka
k

R_sin(o, +20.+ ). %, )

b

By y4yn asra 6ynamus 1<i<k™!:
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0, (%, )= f(R,_, cos(@, +ia), R _, sin(@, +icr), R, cos(q, + I'OH'M),

((Po + kla'))
k L]

R, sin(g, +ia+ x,¥) Vo

Vo f(R,., cos(Q, +ia), R,_, sin(p, +i00),

R, cos(o, +ia+ (P +(12 +D%), p sin(g, +ia.+ 2 +(12 D9, v

VoS (R, cos(@, +ic), R,_, sin(@, +70);

R, cos(g, +io+ -(-9)—"1(]2—-'-2)22), R, sin(@, +io.+ Mcﬁﬂ)’ X, Y)Vo-eV

Vof (Rn-l COS((po +i0.), R,,_] Sin((Po + ia)s
R, cos(q, +io+ @0 +50) -i/-clga) ), R, sin(@, + o+ & +h) ;[ga) ), X, ¥)

@, (%, ) =@, (% V)V Dt (6 VIV @5 (X, ) Vg ...

Vomnxi(x’ y) VoV wmkkl (x’y)'

Onpunru popmynanapia k=2, 3,4, 5, ...
Bapua umsminap yayH R» pamgyc OmnaH Tamku noupa

YH3NNI MyMKEH. (#—TapTAOIH HTE€Panis).
n Ba k HEHT TYpNM KEAMaTJapHAard xucob Hatwxanapu 2.31-

pacMaa KCATHPHATAaH.

n=1, k=2 n=2, k=2 n=3, k=2
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n=4 k=5 n=l, k=8 n=2, k=8

A\
N~

& A

n=I, k=20 n=2, k=20

2.31-pacm. JlapaxT kypuHMHOgara ¢ppaxraniap

Indarop napaxma. IIudarop, y3uHMHr TeopemacuHW
uchornab, TYrpu yqOypdUawiap TOMOHNApHra KBajpaTiap
Woinamrapairad GurypaHn Kypru. Arap Oy jkapaéHHE JaBoM
artdpunca ITmdarop papaxtH xocmn KummHagd. Ksagpar
TeHINamanapuzadn ¢oiiaananu6 FapaXTHHHT TEHMAMAaCHHH
KypaMu3, TbHU

@y(a,%,y) = (@ ~x* 20) A, (B> ~(y—a)” 20) v, B* ~(y+a)’ 20) v,
Vo (@ ~3* 20) Ay (B* = (x—a)* 20) v, (b* —(x+a)? 20))) 20

By epaa @(a,x,y) - ToMonu 2a Ba yHMEHT KanuEmMTH 2b ra Tenr
6ynran KBagpar.
Pexypcus nponeaypaciau Kyiuiat KyHHAarHHE XOCH KHIAMHS.

mn(a’x’y) = ‘Do(a;xsy) Vo

V@, (acos(a),(x+a— a2 cos(a) sin(-’i-— a))cos(a)+(y—-a~ a2 cos(a) cos(% -a))sin(a)

—(x+a- a2 cos(a) sin(% —a))sin{a)+(y~-a— a2 cos(a) cos(ir- ~a)jcos(a)) v,
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v, @, (asin(a),(x—a— a2sin(a) sin(% —a))sin(a)+{(y—a- a2 sin(a) cos(% ~a))cos(a),

(x—a—aﬁsin(a)sin(%—a))cos(a)+(y—a—a Zsin(a)cos(%—a))sin(a))

By epna a - papaxT IMOXHHMHr danmra Gypranfard Oypmm

T
Oypaaru 0<a<—2- HHTEpBAZA KWiMaTHM onajd, yHITa

7[ .
Oyprangarn Oypmm Oypuaru E"a ra TeHT. N, 0 HUHT TYpPIH
KuiMaTiapugard XucobGnammap HaTwkamapH 2.32-pacmaa
KCJITHPHIITaH.

n=0 a=n/3 n=1, a=n/3 n=2, a=n/3

n=3, a=n/3 n=4, a=n/3 13

n=1, a=n/4 n=2, a=n/4 n=3, a=n/4
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n=7, a=n/4 n=7, a=n/5 n=7, a=n/8
2.32-pacm. ITndarop aapaxru dpaxram

Hapaxt KypumMmnpard ¢paKTamnap sHF ogmmit tpaxramnap
xucobnanmiamy. TYFpu 4H3HK TeHIamacH Xampma R-dbynxmus
YCYNHHEHT JIOMMXaBui MyXuTH, s6HM Ro: R-komsiomkmus, R-
IMSHIOHKIMA Ba R-mHKOpAan doiizanamu6 Typm JapaxT
MaKH (GPaKTAUIAPHUHT TEHIJAMACHHE KypHID MymKuH. By
TeHTJ1aManapra acocan UTepaliiap COHUHM Ba Gypum Gypyard
o mx  Gepn0  KOMIBIOTEpNH  mefisamciapia, — TypiIH
HWUIOCTpapsiapia, TEKCTM CaHOAaTHAAa Ba Gomkamapaa
KYJUIaHWIauTaH Typid ONA(QPAaKTAINADHM TamKmn STHID
MYMKHH.

Coupajncamon ¢paxrannap. Cimpancumon ¢paxrannap
HYKH KBAaJpaTapHU TAKH KBAApaTIApHU Wawupa Gypeunm ity
Gwnan TacBu(IaHa M.

KBanpar TeHTNIaManaprHH Kypamus
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oy(a,x,p)=((@" ~x" 20) A, (B" —(v—a)’ 20) v, (* - (y +a)* 2O)) v,
Vo (8" =¥ 20) Ay (07 —(x~a)’ 20) v, (B” - (x+a)’ 20)))

Oy epla g-tamKy KBafpar YiI4aMH, D-9M3AKHHHT KATHHIATH
(MM3HKHEHT KQJIMHIMTY 22 Ta TeHr).

Pexypcuanu Kymnab Kyimgarura sra 6ynamus:
@,(a,%,9) = (%, ¥) Vo @y, (——2——  xcos(a) - ysin(a), xsin(a) + ycos(a)) = 0

2sin(a +)

6y epna n=1,2,3,...; a - 6yparam Gypyary.

n Ba O HMHI TYpiM KuiMatjapa#ar# XucoGlIapHHHT
HaTwkanapu 2.33-pacMaa KeJITHPUATaH.

/ 4:’;§:
! )z '\;> ;
NN b
N 7

T

n=0, a=n/15 n=3, a=m/15 n=10 a=n/15

f

) e ;'
n=15, a=w/15 n=30,a=n/15  n=I, a=w/20

n=5,a=m/20 n=10,a=m/20  n=I5, a=m/20
2.33-pacm. CoHpaJICHMOH ¢paKTaiiap
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n=10, a=n/100

n=40, a=n/100 n=80, a=n/100 n=100, a=n/100

2.33-pacm.(masomm) CnpalCcBMOH dipaxkTannap

82



II 606 Gyiia4a xyoca

MonHorpadusuuar ym6y 606uaa ¢pakTannapHH KypHm -
y9yH  KYJLIaHMIafMraH  ycyjlap, YJapHHHT  TaBCHOH,
KY/UTaHWIMOI XOJaT/HapHd KeNTHpIITaH xXampa Oy ycymwiap
MHCOJLUIap/a ypraHmirat.

dpakTamiapHA KypHII ycy/UlapHAa KJacCHK XaMia
3aMOHaBMH (¢paxTajuilap YYyH TEHIJIaManap KypHiraH,
HaTHXaJIap OJIMHTaH Ba pacMJIapd KeJXTHPHITaH.

AilinaHanap TeHIIaMacH Ba QITeOPOMAaHTHKHMA YCyIH
R-pyHkupsauar  Jofuxanam — BocuTacuian  oHnanaHuo,
ailaHalap KECHINMINM, ainaHanap Owpnaunnmunas HOopaT
¢pakTaiap TeHrnamMacHMHH KypHin MymkuH. by dpakrammap
XKyga  uupoiimm  6y:im6,  Kadicuxu  €HTMI  caHoarT,
TeJeKOMMYHHKALHs, KEPaMHK Ba JYHHHH OyioMiapra HaKOUIApHH
4yM3WLO Ba GomKanapia KyUIaHHIHINE MYMKHH.

ManTux amrebpacn, R-dyHxkmma HasapuacH Ba (pakTan
apudMeTHKa ycywrapu Oyitmua omib Gopwiral KyIHHIUIMK
Ha3apuil TaAKUKOTIAp rasjaMa Ba rmiaM OyIOMNApHHHT PaHITIH
JU3aiiHMHE 3aMOHABHMIAMTHPHIIAMAL ANTOPHTMHK MyXUTHHH
nnwIab YMKHO/a XA3MaT KUIajgy. |

83



I BOB. TEOMETPUK INAKJLTAPJAH UBOPAT
®PAKTAJLIAPHH PEKYPCHB MO/JEJIY,
AJITMOPUTMHHM HILIAB YAKHUII BA OJINHI'AH
HATHIXAJIAP

Ymby 606ga MareMaTrMkaHMHT 6Mp KpcMM XucoGnanraH
FTEOMETpUSHHUHT acocwil TymyHdanapugaH doiifananrad Xxonaa
AHTH TypAary (pakraiap Kypum y9yH FeOMETPHK MOAEIUIap Ba
PEKYPCHB arOpHTMIIAp Hiknal wiKwirad [6-9,52-54].

3.1. 'eoMeTpax mMaK/IapAxan néopat ppakraljapHn
KYPUIIHHHE peKYPCHB MOJE/IH Ba aArOPHTMHA

1. Afinananapgas mbGopar d¢pakTajdHd Kypnum
AIropuTMA

n=1 Gyiranpna: aitnana Mapka3HHUHT KOOpJMHAaTanapH (X,y)
aHPK/TAHCHH, I-pafuyc GHIan aiiaHa TH3mICHH;

n=2 6ynramna: A(x+r;y), Be;y+r), C(x-ry) Ba Dxy-r)
HyKTaj1apaa 1/2 papuyc Gunan aitnananap YM3uiCHH, HaTHXazna 5
Ta a#ilaHanap XOCHI- KWIHHCHH;

n=3 Oymranga: 1/2 pagmyc OwiaH XocHJa KWiuMHrad 4 Ta
alinananapaa 16 Ta HyKIa KOOpAMHAaTaNapy AHWKIAHCHH, 1/2>
pamayc OwiaH aiinaHanap IM3MICHH, HaTiwkaga 21 Ta aiinaHa

n
.
XOCH] KWIMHCHH Ba XK. Oy xapaén 122 21 Mapra

i=l,2,.

-1
GaskaprICHH, 4" 1a aiinananapaad u6opat ¢paxTamrap Xocun
KWIMHCHH.
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3.1-pacMm.Ajinaganu  3.2-pacM. AfTaHanH
¢paxrannap ¢paxramnap

TyprOypuaxaapaan néopat ppaKraLlIapEHHT KypPHIIHH
pexkypcns anxroparmiaapuud mmiaabé wmxkam. Ksaxpat, pomb
Ba TYrpu TYpTOypYaK KabH reoMeTpHK INaxnapias Goiizananut
dpakranapHu Kypamny KYpad IuKaMus.

KsagpaTnapaas nbopar $pakTamHl KypRIIAa acocaH yHHHT
AMaroHayHra Mypoykaat Kuiamm3 3.3-pacum.

Bupunuu xadau: Kseappatnapaas  ubopar ¢paxrameEm
Kypdil ydyH aBBajjo OOm KBaJpaTHUHT JAHArOHANKHU
XucoOnaitMus. Arap KBaJIpaTHMHI TOMOHJIAPH Y3YHIMKIApH @
mas u6opar 6Ynca, y xomaa d=aJ2. KBafpaTHHHT wan 1oKopHd
yUuAard HyKra KoopAaMHaTacH A(X,y) Ba NAacTKH YHr yJuparu
HyXT2 koopAuHaTacy B(x1,y1) 6¥ncun.

Hxrunwu xadam: paarosamy OHpHHYH Knanpammcnnan
MKKH Mapra Kkuwduk OYmran d&/2, wmapkasnapy OmpuHYH
KBaJIpATHUHT YYIApHAaH YTaguraH XBaJpaTlapHu YH3aMus.
XOoCHN KWIHMHTAH KBaApaTHHHT YWIapuJard HyKranapHHHD
KOOpAMHATaIapy aHuK/1a6 onMHany, ThHH

Al (e-dy-dx+d,y+d,d/2), Bl (x1-dyl-dxI+dyl+dd/2),
Cl(x-dyl-dx+dyl+dd/2), Dl(xl-dy-dxI+dy+dd/2).
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Yuunyu xadam: puaromamv maomram Kafamzpa YM3HITaH
KBajpaTIapHAKHAAH WKKE MapTa KHUEK GyiraH, MapKa3napu
HMKKHHTY KaJlaMa XOCHI KHTHHTaH KBaZjpaTnapHEHI YUIapAAaH
Yramuran xeampatiaphm wmsavms. SpHM . XOCHI KMUIAMIAH
KBaZlpaTHUHT  y9iapujary HYKTATapHMHT KOOPAWHATANADH
aFuKnab onMHamm

A2(x-d-dy-d-d x+d+d,y+d+d,d/4), B2(x]-d-d, yl-d-
dxl+d+dyl+d+d,d/4),
C2(x-d-d,yI-d-dx+d+d, yl+d+d,d/4), D2(x1-d-d y-d-
dxl+d+dy+d+dd/4)

Ba X.X. naBoM aTrupamms. HaTmkaza Keampariapaas uGopat

6yran ¢paxramrap xockn 6ynamm.

(i

d
3.3-pacm. Ksagparan u6opar dpakran yays 60mianrid cxema

Keaapatiapaan uGopat dppaxraism kypam

Bupunuu kadam: Ksappatnappasm  wGopaT ¢paxTanau
Kypull yq9yH aBBaji0 GO KBaJpaTHMHT 9am IOKOPH YIHAArH
HyKTa KoopauHatacH A(x1,yl) Ba macTKM YHr yampars HyKra
KoopauHatacH B(x2,y2) Genrmnab onamms.
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Hxxunvu Kadam: ToMOHH OMpHHIY KBaJpaTHUKHMAAH HKKH
Mapra KH4WK OyaraH a/2, MapkaznapH GupHHIM KBaZpaTHHHT
yWUlapHaH YTafuraH KBagpaTHapHH 4YH3amu3. SIpHM XocHn
KWTHMHTAaH  KBaApaTHHMHI  yWwiapHia XOCHI  KWIMHTaH
HyKTaJllapHHHT KOOpJHHATAJIapH aHUK1ab ommHagH, THHH
Al(xl—a, yl-axl+ayl+aal2); Bl(x2-ay2—ax2+ay2+a,a/2),
Cl(xl-a,y2-a,xl+ay2+a,a/2); DI(x2-ayl-ax2+ayl+a,a/2).

Vuunyu xadam: TOMOHIApY HMKKHHYK KajaMia TH3WIran
KBaApaTIapHEKKJIaH UKKH MapTa KW9AK OynraH, MapKasiapH
HMKKVHYA K3JJaMZa XOCWI KHJIMHTaH KBafipaT/IapHHAT YUIapHAaH
Yragurad KpajpaThapHH YM3aMH3 Ba X.K. JABOM 3TTHDAaMH3.
Hatmkaga KsajparnapjaH mGopat 6ynran q)paxramlap XOCHII
6y namy.

c. T¥rpu TyprOypuaknapaas nbopar Q)pax'ram-m Kypuinja
acocaH YHMEF YWI2pU Ba TOMOHIADHTa MypoxaaT Kunamus 3.4~
pacMm.

Bupnaan Kanam: TOMOHIAPHEHT Y3YHIHIUIApH, YUIapAara
HyKTaNlapHUHT KOOpAMHATamapd ammkna6 ommcma.  (by
KaTTaMKnap GeBOCHTa aNrOpPHTMHHM KypHO onMIn YYyH XM3Mar

Kdsaau)

*xy) I

A
A4

(xtLy)

v

(x, y+h) (x+l, y+h)
3.4-rasm. T¥rpu T¥prOypraxnapaan ubopaT HpaKTaniHn
KypHuin GONUTABFIY CXeMacH
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Mxiomom  xagawm: Tomonnap ysymmuxnapu 2 wmapra
KaMaHTHpHICHH Ba TYprOypuak ywWiapugaH sma TYpITa
TYp1OypUax Tu3michs 3.5-pacm.

hr2

3.5-pacum. Trpu Typ16ypaaxnapnas u60paT dpakTamus Kypum
HaB0OaTZAaru KafaM CXeMacH

l-xwmk TYFpu TYpIOypYaKHM UMM YYYH YWIapHAard
' HYKTa KOODXHHATANAPYHY AHUK/IA0 OJMHCHE; X YKH Gyitwaa //2ra
kamalTHpuicHs; y yku 6yiimaa /2 MapTa KamaHTHpHicHH; y
Xomia  TOMOHNAap  Ymdamiuapd XaM  HKKM  MaprajaH
KaMalTHpHICHH Ba
Al(x1-l/2, y1 - W2, x1, y1, 1/2, I/2) 5ra 6§muucHE.

2-XAIMK TYFpE TYPTOYypYaKHH UW3HII YUYH Y9IapuAard
HyKTa KOOpMHATaJIapUEH aHNKIa0 ONMHCHH; x YK Gyinrga / ra
OMMPWICHH, ) yKu Oyituda //2 MapTa KaMalTHPWICHH; y XoiAa
TOMOHJIap YIYaMilapHHH XaM HKKY MapTajJaH KaMalTHPHIICHH Ba

BlI+1 y1-0/2, x2+1/2, y1,1/2,h/2) 3ra 6¥ncun.

3-xuaMK TYFpu TYpTOypUaKHH YH3MII Y9YH YyOIapHjaru
HyKT4 KOOPJHHATANIAPUHY aHHMK/IA0 ONMHCHH; X YK Gyiiaa I/2
ra onmpwicus; y Yxku 6yiuda /2 MapTa OUIHPIICHH; y XOmnza

88



TOMOHJIap YIrdaMiapHHM XaM HKKHM MapTafaH KaMalATHpHICHH Ba
Cl(x2, y2, x2+1/2, y2+h/2,l/2, h/2) 3ra 6y ncun.

4-xpuvMK TYFpH TYpTOypYaKkHM WH3HIN Y9yH Y49lapHard
HyKTa KOOpAMHATAIAPHHM aHHKNa6 ONHHCHH; x YKu Gyimga /2
ra KaMa¥THpWwICHH, y YKu Oyiiiaa /# Ba 3*/2ra OUIMpHIICHH; Y
Xonpa TOMOHNAp ynyawiIapuHH XaM HMKKA  MapTaZiaH
KaMaHTHPIWICHH Ba

D1(x1-1/2, y1+h, x1,y1+3%n/2, 1/ 2,h/2) ara 6§ncan.

Oy >xapaén n MapTa TaKpopJasagy, OyHA KyHaAard

1+4+16+64+...+4" = ) 47,
=12,
dopMyna acocuza €3um MyMKHH, SbHH TYpTOypuaxiap coHn. By
Kajampard Gypuaxnap coHHMHMHT dopmynach: 4(n°-1)+4n xabu
HdopanaHaay.

Pomb6.aapaan nGopat Gppakradsn Kypuu

Bupunuu xadam: Pombnapman nbopar dpakTamnm Kypuim
yayH apBajo Gom PpOMOHMHT IOKOPH YydHMJarH HyKTa
koopmuHarack A(xl,yl) Ba DacTku ydmjgard = HyKra
xoopauHatach  B(x2,y2)  Gemrmma6  omumcuH.  Pom6
TOMORJIAPUHUHT Y3yHIHKIapH / Ba ¢ Ae6 omMHCHH.

Hxxunyu Kadam: TOMOHA OMpHEYHM DOMOHHKHAAQH HKKH
Mapra xuapk Oynran //2 Ba #/2 TOMOHNAp TAMIKWI STWICHH,
XOCHI KWIMHMINM Kepak poMOiapHR AuaroHamnapHd KeCHINTaH
HyKTanapd GupuHIM POMOHMHT yunapupa €ramguraH pomOnap
YM3MiacHH. ByHAAa XOCHI KWIMHraH pOMOHMHT ywWiapuiaru
HyKTaIapHUHI KOOPAMHATATIAPH aHHKI20 OMHCHH, THHH

Al(x,y-1,1/2,¢/2); Blx,y+11/2,t/2),
Cl(x-t,y,1/2,t/2); Di(x+t,y1/2,t/2).
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Yuunuu xadam: TOMOHNAPH MKKMHYM Kajam/ia JH3HITAH
poMONapmMIMAaH MKKH MapIa KH4MK GynraH, MapkasnapH
HKKHHYH KaJaMAa XOCHJI KWJIHMHTaH pOMONapHHHT ywiapujaH
¥ranpran poMGnapHE WH3MWICHH Ba X.K. JaBOM JTTHPHICHH.
Harmwkapa pombmapman mbopar 6yiram pakTammap Xocmn
6ynamm.

Bembypuaxnapnan nGopatr ¢paxrannapen KypHumI
aNropaTMIIApA

a) By Typmarm dpaxtamnapy Kypmmpa xaM xyamm
IOKOPHIAry anropHTMIAPAAry Kabu um onub Gopunagu. ABpano
TOMOHH «a»vra TeHr Oynram GemGypyak 49M3WICHH, YHHHET
Mapkasp aHmkna® onEHCHH (YHMET Mapkasd y4napufaH
yrraswiran Ganasmmxnap Kecumran Hykragup). By Hykramumr
koOpauHaTach ammiiancuH. Kelimnry Kagampa xocwn 6ynran
GemGypuariap xuppanapn MKKM MapTa KHMMK KITHO ONMHCHH
Bd y Onpumam GemOGyp9aKHMHT ywiapupia KOMIAIITHPHICHH
(3.6-pacm).

3.6-pacm. BemGypuaxmu ¢paxrannap, 1-xagam Ba 2-Kazamaa

6) By Typmarn GemGypuaxnapuu Kypwmm ydayH a) Aarm KaGu
OMpHEYH Kamamga TOMOHH «a»ra GemGypyax ym3ub OMMHCHH.
HMraomrrm xapampa Gem6ypuaksusr KUppajlapuHUHT YpTanapu
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TONWICHH Ba ONAMHIY KadaMJard yirdamaad Hkku GapoGap
KAIUK Yimgamzaa 6emOypuakiap xoitnamrapuiced (3.7-pacMm).

3.7-pacm. Bem6ypuaxnu ¢paxraniap, 1-Kanam Ba 2-Kagamaa

OnruGypuakiapaad nGopaT ¢pakTalIapEH  Kypam
aJITOPATMJIADH ‘
a) l-xamam: asBano onTHOyp4aK YMIWICHH, YHMHT MapKasu
aHHK)Ta6 ONMHCHH. By HYKraHHMHT KOODAMHATACH AHMKIAHCHH.
By Typhoar# ¢paktamiapd KypHIIA2 YHHHI JHArOHAIUIapHAaH
keHT (ofinananunany. Keiiun AuaroHon apMu xucobnancuH. 2-
KagaM: 1my JuaroHanfad  Qoiinanasmé onrtubypuaiuiap
upsuicHH. By onrmOypdaknap Mapkasnapi Tormmumb, Oy
ONTUOYpYaliIapHMHT ~ MapKasflapy  ONMHIE  KajaMJard
onTHOYpYaKHUAT yuiapuaa 6yncun. (3.8-pacm).

3.8-pacm. UnTrdypaar ¢paxramiap, 1-kanam Ba 2-Kazamaa
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Yuunyu radau: TOMOHJIapY WIKKHHYHM KallaMZla JH3MJITaH
poMbnapHuxupan  mxxm MapTa KWd9uKk OYnraH, Mapkasnapd
HKKWHIH XKaJiaMfia XOCH] KHJMHTaH poMOJApHHET y9napHaaH
Yramuran poM6napHE wasHNCHE Ba XK. JABOM STTHPHJICHH.
Harwkana pom6rapnau nbopar 6yiraH (paxTamnap Xocmi
6ynanm.

BemGypaawnappan nGopar ¢paxramiapEm Kypum
aANrepETMIApH

4) By Typparm ¢paxramiapn KypAmza XaM  XyAmd
TOKOpUZArH aNropuTMiIapiary kabu am onub Gopuaagd. ABBano
TOMOHH «a»ra TeHr 6jmran GemOypuak 9HSHICHH, YHHHT
Mapkasd aHEKna® onuHCHH (YHMHEI MapKasH y4Iapuaad
yTKaswiran Ganasumaknap Kecumran HyKragap). By Hykramumr
KoOpAMHATacH amWknaHcHH, Keiinary xagampa Xocwl Gynram
GemGypuaknap Keppanapu HKKu Mapra KIMHK KHAHO ONHHCHH
Ba y Oupumum 6GemGypuakemmr yWwiapuaa JKOMIAINTHPUICHH

(3.6-pacm). ‘

3.6-pacM. Bem6ypuarmu ¢paxtannap, 1-kagam pa 2-Kazamaa

6) By Typmarm GemOypuaxnapeu Kypum Y9yH a) jaru Kabu
OMpHHTIM KaaaMIa TOMOHH «a»ra 6emOypuak yH3N6 ONMHCHH.

Wxxknrau kagamaa GembypuaksauHr KHppallapuHEHT ¥pTanapy
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TONWICHH Ba ONJMHTH KajgaMmJarH ymJampaaH HKKu OGapoGap
KH9IMK yirgamaa OemOypuakiap xoiinamrupmicns (3.7-pacMm).

3.7-pacM. BemGypuakmu dppaxramiap, 1-kagam Ba 2-Kazamaa

Oarubypuaxnapaan  m6opar ¢(pakTaLIapHE Kypom
aJrOPpATMIIADH ‘ '
a) l-kapam: apBao onTHOypYaK YHM3WICHH, YHMET MapKasy
aHUKTa6 ONMHCHH. By HyKTaHMHT KOODAHHATACH AHHKIAHCHH.
By Typmaru d¢paxraiapn KypdilAa YHHHE JHaroHAJLIapHaaH
keHr Qolizananunagu. Keiivn guaronon spvu xucobnancun. 2-
KagaM: 1wy JauaroHangaH ¢oinanammb onraGypuaxmap
93WICHH. By onTu6ypYakiap Mapkasnapu Tomwmb, 6y
OnTHOypYalTapHMHT  MapKa3flapH  OJUHTH  KaJaMAard
o0y pYaKHHAT ywiapuaa 6¥ncun. (3.8-pacm).

3.8-pacM. Unrrnoypuaoiy ¢paxramiap, 1-kamam Ba 2-Kagampa
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6) l-xagam: asBano onTHOypUAK YH3WICHH, YHHHT MapKasd
aHAKNa6 omuHcEH. By HyKTaHHHI KOODIHHATACH aHMKJIAHCHH.
By Typmarm ¢paxramnap KypEmAa XaM YHMET AHAroHajk
(L)napepan  poitnanapmnany. Keiiws jmaroman spmu  1/2
XHCOONAHCHH. 2-Kkajam: Iy [AMArOHAJaH  (oinamraun6
onTubypuaknap wmsmwicun. By onTEGYpYaKmap yWIApHHUHT
koopauparanapm rtomwim6, Oy ONTHOypYakiap ONAMHIH
KajamMaarya oxrHOypYakHIHT yUIApHAA KON AN THPHIICHH.

3.9-pacM. Onrubypuaknn dpaxtamiap, 1-kagam Ba 2-Kazamzaa

By Typnaru ¢ypakramnapHUHT TeOMETPHK MOJEIHHH HILTab
THKAM/IA reOMETPHK IMAaKI MyHTa3aM ONTHOYpPYaK Ba YHHHT
TEIr'MM  TymyHuanapugad KeHr ¢oiinanamwiagd. 1-Kamam:
4BBIO TOMOHM “a”ra TeHr MyHTa3aM ONTHOYpYaK uyu3n6
OJMHCHH. 2-KajaM: yHUHI MapKasd >KOIJIamTrad HyKTa Xamza
YHMAr Koopiamuatamapu O(xy) ammxinadcus. 3.10-pacmzan
MYHTa3aM ONTHOYpYAKHMHI Y4iapH KOMIAITaH HyKTajap
(A,B,C,D.E,F)uunr KOOpAHHAaTalapd AHWKIaHCHMH, Ba KHYHK
ONTHOY pIaKiapHWHT Mapkasiapy ymGy HyKTanapza &1CHH:

A(x+-:/l-1_§;y--h); B(x+%—;y); C(x+7h§-;y+h);

D[x—-%;y+h); E( —-jz—;;y+h);l"( -%;y—h}
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3-xagamaa ym6y HyKTanapaH TOMOHJApH “a/2”ra TeHr Gyiran
MYHTa3aM ONTHOYpYaKiIap IU3AICHH.

Arap acocuii onrufypuakka TAIKH YH3AITaH adIaHH
paguycu “h”ra TeHr Gynca, yHHHT YWiapHAaH YH3WIraH
MyHTa3aM ONTHOypdakjapra TANIKH W9H3MWITAH aiiflaHaHHHAD
pazuycnapy Moc pasumza “h/2”ra TeHr 637na.1m

A,(x+ﬁ§-; 3h), (x+hJ_ y) ( ,y+§§h-

2

D(x-f'—‘_/;,y+3h} ( —h3; y} [ —i,y-:g—'}

UYuspnrad xap Oup ¢yHKmuanmaH pexypcHB (YHKIHS XOCHI
Kuiu6 6y xapaCHHU YeKCH3 JaBOM STTHPWICHH.

3.10-pacm. OnTubypuariu ¢ppakTaniap KypHIIHAHT Gomuanryad
cxeMaynapH
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Yubypuaxnm ¢pakTajuiapg KypPRIIHHHET FeOMETPHK
MOJIeJIH, pPeKypCcHB AJIrOPHTMH Ba AacTYpHH MYyXHTHHH
mmnab yukum. By Typnars dpakrainapHy Kypuimiaa MyHTa3aMm
yabypuax Ba YHHEr acoCHii TyMyHYalapHaH KEHT
doiinananamus.

1-Typ ybypuax

) {x+ssosyarimi;y+balandlikig)

nuqu{mld

3.11-pacm. YubypaakimH ¢paKTaiapHyu KYPHII CXEeMacH

3.11-pacMpga y4Oypuak, YHMHT OalaHIATE Ba acoc
ApMEJaH ¢ofiganaHrad XonJa YHHHT F€OMETPHK MOJEIM Muuial
YAKEnagu. Bymaa Typr xmn yarapysum omuHanu. Bynap: x.y,
Ganauamix-h, acocapmu-asya Ba ynap 3.11-pacMza Kentupuiras.
x-OomulamrEy yuOypd9ak acoCcH sSpMHM KOMIAMTaH Hykra
abmmccacu.
y-bomnenrmd  yubypdax acocH SApME KOMNAINaH HyKTa
OpAHHATACH.
bananmx(h)-6ouvianrma yadypIax dajiaHmry.
Acoc apMu(asya)-Oonnasyud ya0ypuak aCOCHHHHT IPMH.
OHIH peKypcHB aNrOPATMHEH HIUIA0 quKamMus.
1-xapam:
a) bonLtaBFHd MyHTa3aM y46ypyak YH3HO ONMACHH.

94



6) VYuOypuakHMHr acOCHHMHr spMH aHWKIAHCHH Ba 6y
HYKTaHHHI' KoopAauHaTacH (X,y) AeO OJMHCHH.

¢) VubypuakHuHT GanaHUIHTE aHUKIAHCHH Ba h xaphu Gmian
6enrunancus 3.11-pacM.

I) Vabypyak  ywiapu  xoiijamrad — HyKTanapHHHT
KOOpJUHATAIAPH aHUKJIAaHCHH

A(x, y-h); B(x +asya, y); C(x —asya, y) (3.12-pacm).

By anroputM y4yH mactyp Ty3u6, pacM XOCHI KWIHMHETaHza
dakar 6urra yubypuak waswiagn. Bysaa gacTypra peKypcrsUiap
COHMHHM aHUKJAI ydyH fAHA GMTTa napamept KMPATHIANH, THHA
yHH n ge6 GenrunaiiMus.
n=1 6Yiraumna, daxar 6uTTa MyHTasaM yd0ypuaK SHIHIATH
3.12-pacm.

(x:y-batandIix)

(x-asosyarlmizy) (x.y) {x+asosyarimi:y)

3.12-pacM, n=1. YuSypuakmm ¢ppaxrarapHe KyPHITHHHT
OomianFud cxeMacu

2-Kanam:
a) MyHTa3aM y46ypyaK Ba YHHHT Xap 6up yauAa YIrdaMu acochi
yabypyak ymuamumaH wKkE = Gapasap KMUHK  Gyiram
yuOypdaxiap YH3HICHH.
6) Mas:xys MyHTa3aM y4OypJaknapza
A'(x,y— 5*/4); BY(x —asy/2; y + 3*h/4);
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C' (x—asy/2; y + 3*h/4);

D'(x+asy; y -h/4); E' (x + 3*asy/2; y + h/4);

F' (x—asy/2; y + h/4),

N' (x—asy; y — h/d); M! ( x—asy/2; y + h/d);

P! (x—3*asy/2; y + h/d);

HyKTa KOOPJIMHATAJIApH AHHKJIAHCHH.

| C) AHUKNIaHTaH HyKrajapaa ya0ypuakiap am3uncuH 3.12-pacm.

{x; y-batenditkbalandlik/4)

- N (xy :
P E
{x-ascsyartmiyshalandlik/g) fimir2

3.13-pacm n=2. Yubypyaxiu ¢paKTaniapHy KypHITHHHT
HOBOAaTHary KaJiaM cxeMacy

Ba 6y kapaéHum dgekcu3s gaBOM 3TTHPHG MyHTazaMm
yubypuaknapnan u6opar (paKTamHM KypEIl MyMKHH. XOCHI
KWmHraH ¢paxtamapgars yuOypuaknap COHM n ra GoOFmmK
TeOMETpHK Tap3sa Ysrapamu. SpHm  yd0ypuaxnap ymymmit
COHMHM TONMI Kyimparu ¢opMmynara acocaH amaira
ONIMPAIANH
S=14349+27+..+3" =" 3,
k=1

Oy epza n peKypcHaIap COHM.
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2-typ y4bypuak.

By Typmarx (pakraapHy KypHIIJa XaM KyHajarda
MyHTa3aM yuOypYak Ba yHMHI acOCHH TYIIyHYaJlapHJaH KEHT
dolinanaHunagy. '

By Typ MyHTasaM y4Oyp4axnd (paKTAIHAHT OJIUHIH TYP
¢paktangan dapkd [yHAaK¥ . yJAapEHMHI  yd40ypYaKHHHT
TamIKapuiiapuZia XOCWJI KIWIMHAgW. DysMHr y4YyH asBajo
y96ypuaK TOMOHNAPMHHHT YpTanapH, YHuHI' Ganammure TOma0
OJIMHEIM XamAa HyKranap OmwiaH GenrmnaHu6 XoopaHHATaIapH
aHMKJIaHATH. '

Bynza 4 xun yarapysuu oymuamm. bynap x, y, h, tya.
x-Oomnanruy y40ypuyak acocHm spMHM OKOnamraH HyKia
abluccacH.
y—Oomnanrpy  yubypyak acocH spMm xofjlammrad  HYKTa
OpIMHATAaCH. '
h—Oonuasrud y46ypaak Ganasmmry.
tya—6ommnanrud y4bypuax TOMOHIAPUHAHT SPMH.

OHay peKypcHB alrOpHTMHH MO0 IUKaMus3.

1-xagam:

a) Vubypyax yWIapH JKofnamran HyKTaJIapHVHT
KOOpAMHATAIAPH AHUIKJIAHCHH »

A(x,y-h); B(x +tya,y), C(x —tya,y) 3.13-pacm.

6) bomuanrny MyHTasaM y46ypaax 4usuG ONMHCHH.

¢) VubypuakHWHr GaNaHIIMIKM asEKIaHcHH Ba h xapdu OmiaH
6enrunancus 3.13-pacum.

1) Va6ypuakuuHr TOMOHIADMHHMET SpAMIIapH aHUKJIaHCHH Ba 6y
HyKTaJapHVHT KOOpAHHATANApH aHHKJIAaHCHH (3.14-pacm).
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{2.3-h)

(x-asy.y) (x+asy.y)

3.14-pacm. n=1. Yubypuaarin ¢pakTaniapuu KypunHHHET
OomuraHrud CXeMacH

By anroput™ ydyH AacTyp Ty3u0, pacM Xocwi KWIMHTAHAA
thakar GurTa yubypuak wusunams. Bynia nactypra pexypcusnap
COHWHM aHWKJIall yIyH fJHa OMTTa NapamMeTp KUpUTHO, YHU n 1e6
Genrunaimvms.
n=1 6¥mranma d¢daxar Ourra MyHTa3am y40ypuak GM3Mmamy
3.14-pacm.
2-Kapam:

a) MyHTa3aM y46ypYak Ba YHHHT Xap OHp yduza ymaamu
Gomutarrud yabypuak Ya9aMuaan MKKH GapaBap Kirupk 6ynran
y4Oyp9akiap YH3MICHH.

6) Masxyn MyHTasaM TOMOHNapH Ypranapmaa wmykra
KOOpAHMHATANADHA aHUKJIAHCHH, THHH

Ai(n-1,x-tya,y-b/2,h/ 2, tya/ 2);
Bi(n-1,x+tya,y-h/2,h/2,tya/2);
Ci(n-1,x,y+h/2,h/2,tya/2);

Kabuaup.
¢) AHMKIaHTaH HyKTanapia y90ypaxnap umsnicun 3.14-pacwm.
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xy-h2)
3.15-pacm. n=2: Yubypyawm ¢paKraiapHi KypHIIHAHT
HaBOaTAaru KazaM cxeMacu

Ba Oy xapadHHM deKcH3 JaBoM JTTHpHO MyHTa3am
y4bypuaknapman mbopar 2-Typ {pakTajHM KypHIl MyMKHH.
Xocy~ KwMHTraH ¢paxranpars yyOypyakiap COHMHHM n ra
OOFNMK TreoMeTpUK Tap3ha Vsrapamu. SleEE y3bypuakiap
ymymuit commHH Tomum (1) dopmynara acocaH amanra
omupmiagH, 6y epAa n peKypcHIIap COHU.

TypT Kuppaam lojgy3cumon ¢paktan by Typaaru
IONAy3CHMOH (pakTaUIapHKH 9YM3HInAA KyHMAard alrOpHTMHHH
Kypub aukamus (3.16-pacm).

3.16-pacm. n=2: T¥pT KUppany 1oy 3CEMOR (pakran Kyprn
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Bynpa 3 Xfm Yyarapyeun ommam, Bymapx,y, L.
X — acocuit Hakm Mapkasn KoHnamran Hykra aGumccac.
¥ — acocuit HaKIm MapKasH Xolnamrag HYKTa OpAMHATACH.
L - acocmii maxm MApKASHIAH 3HI y30K ywiapuraua 6yiram
Macoda.

JlacTypumespe Hmnamza sHa Gurra YarapysTH KHPUTHIITH.
By Varapysw (n) ¢pakran TaKpopnagMOIX COHHHM Gesrmiab
Gepamu.
Arap n=1 Gjmrauga, ¢axaTrEEa acocuit mam wmIMTATA(3.17-

pacm),
/\

V

3.17-pacm. n=1: T§pt Xuppam 1011y3cHMOH dpaxTan

n=2 Gy)ramga GomAHFEY HAKII Ba YHMHT Xap Oup yumpa
Ymdamu acocmit makm yr9aMugan Axkm GapaBap xuuMx 6¥nran
Haxutap qmsmragy (3.18-pacm).

3.18-pacm. n=2: TYpr Kuppan 10IAy3cCHMOH hpakTan

Arap n=3 6¥nrasna acocuii HaKI Ba YHUHT Xap GHp yumaa
ymaamu acocmit HaKm YrdaMumaH HXKH Gapasap Kwaux 6Yiran
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HaKIap 4qM3WIagy, yIMH9IY [MKAa 3Ca KUYKHHA Hakmmiap
Oypaaxnapupa yraamu acocuit HAKI ¥raamunan TYpT Gapasap
KHIHK O¥nran Hakmnap susunand (3.19-pacm).

Lol =
2 |
3.19-pacM. n=3: Tpr KuppaH 1Ay 3CHMOH ¢pakran

Bupunun upxnaa 1 Ta gakm
Hxxonram npiiaa 5 Ta BaKmiap
Vuuan maxoiga 21 Ta Hakmnap xocun 6¥nany.
N-IKIIIA Xocw1 GYiraH Haxmuap COHMHH KyHHmard ¢opmyna
6yitraa Tonmamms:
N=1+4+16+64+..+4"" = ) 4.

i=1,2,...
Nn-KajaMpary I[MaKJHEHT J@OraHamy Y3yHJIHIHHH XucoGmam
¢dbopMynacHHWM aHMKIAL:
L L L L - L
L=L+—=t—t—t—== PR

"2 T4 g 2 héﬁ. 2"
Xap Oup maxnaara KOOpAHHATANAp HyKTACH KyHrAjarmia
oynanu: '
O HyxTa XoopAuHaTacH (X;y);
A HyKra koopauHaTacH (x;y-(3L/2));
B Hyxra xoopaunaracu (x-(3L/2):y);
C Hyxra koopmuHaTac (x;(y+31/2));

D uykra xoopaunaracu ((x+3L/2);y).
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Caxxas KHAppagH Iay3cHEMOH ¢bpaxran. By Ttypaaru
¢paxrannapau Kyprmza dpaxrannaprm YH3HINAA MaTeMATHKAra
XaMm MypoxaT xwiamms. Caxkks Keppamu IONAY3 YM3MIIAA
acocaH MKKHTa kBajpatsH 45° #a yerma-yer KOHNANITAPANA/IA.
Bynna xeapparruET AAOTaHalIapy OPKAlM YHUHT y4iapura
KEHHMHTH I0J1y3HH XOHIalITHpaMus3.

PARN

Vi
N\

\V/
3.20 - pacm. Caxxu3 KHPPAIH I0AYy3CHMOH (paKTai
KypHIIHUHT OOmMUIaHFHY CXeMacu

Cakxm3 KuppaHU 9u3HIN YIYH KYAHAATH MaTeMaTHK
dopmynara Mypoxaar aTamms:

d=a«/§

Mikxurae kagam ydyH AWarasany GMpHHYM makimaH yu
MapTa KH4rK IIAK] 9M3aMH3.

O

q e
[ ] .A
i .
v

q .

3.21 — pacm. Cakkus KHppaiH YOJLY3CHMOH ¢pakxran

KYPHIIHHAHT Hanﬁar,nam cxemacu
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VxxwHqn KagaMaa KHIUK MaK] MApKasHHY TONaMA3 Ba GHprEdH
MAaKTHEHT OHPHHYIM KAPPACcHra >konamrapaMus Ba 6y XoMaTHH
CaKKH3Ta KMppara xoiIamTHpaMu3.
A AyKTa KOOpAMHATACHHH TOIMIN YIYH HyKra

(n-1,x -r-l, y-/16,1/3,1r/3) dopmynagan
doiinananamns;
B nyxra xoopapHaTacHEH TONHII yYyH

(n-1, x - r-l, y +5*1-1/15, 1/ 3, r / 3) popmynanan
doiigananamus;
C HyKra KOOpAHHATAaCHHH TOHNKIN YIyH

(n-1, x+3*1-r*3/7, y+5*1-1/15, 1 /3, r /3) ¢opmynanan
doiinananamus;
D nryxra xoopauHaTaCHHH TOIMAII YIYH

(n-1, x +3*1-r*3/7, y-V16 , 1/ 3, r / 3) popMynanan
(oiigananamus;
E ByKTa KOOpAWHATACHRM TOIHMIN YHIyH

(n-1,x,y -1¥10/9, 1/ 3, r / 3) dopmynanas $poiinananamms;
F HyKT2 KOOpAVHATACHHM TOIMIN YIyH

(n-1, %,y + 6¥1-1/10, 1/ 3, r / 3) dpopmynanan
dortinananamus;
G HyXTa KOOPJIMHATACHHH TOIMIN YIyH

(-1, x+2*Hr, y+1r*2 -/2,1/ 3, r/ 3) dopmynanan
doiinananamMus;
H HyKTa KOOpAUHATaCHHH TOIHIN yIyH

(-1, x-2%]-r, y+1r*2 -2 , 1/ 3, /3) dopmynamaa
doiigananaMus;
YmOy xonar HaBOATHard Cakkus Kuppanu IONAYy3Napia XaMm
TaKpOpIaHanH. '

BupuruM Kaxamza 1 Ta cakkus Kuppany 101y3 TM3HIafy;

Vixxviam Kagamza 9 Ta cakky3 KUppalH I0ay3 IH3Iany;
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Yuunau kagamaa 73 Ta caxkus KHppany 1011y3 YM3HIau;
YMymuii wmsmiran caxims KAppam 1ongy3napHH COHWHH
TOIMIN y9yH Kyiunaru dopMynanan Goiinananamus:

N=1+8+64+192+.48 = 3 gt

_p.2.D.D. D & p
D,=D+2+2,2, D _¢ D
Uttty 4

k=12,
¥Okopuna xerrupwrran TCOMCTPHK MOZE/Iap Ba pEKYPCHE
ajropurmiuapgal  goiinanraput $pakrannap yuayn ymapHumr
YMyMHii TyITyH9aIapHHn Kxenrupub yramms.
®paxrannap xypumamnr MaTeMaTHk dopmyaanapH.
Bynna Kynbypuakiap comu k ra OOFIHK reomeTpux Tapsna
Yarapapu. Srem KynOypaaiapHunr yMyMmuit COHMHHM TOMHII
dopmynacna:

N, =) 8,=8+8+.+8, =3 M.
k=1 k=1

k-xamampa xocmn 6ynammran Kynlypuariiap COHMHM aHMIUTAII

dbopmynach:

S, =M*,
By epna N,-xocun 6ynran xyn6ypuaiapusr YMyMH#i COHH;
M - xynbypuak TOMOHNapH COHHM; Kk-Kazamnap COHH;

S¢ - k Kamamaarn kyn6ypuaxnap conn.
Adinananapaas  uGopar  dpakrannapuu Kypumn  y4yH
Kyiinaard gopmynanan doiinananamus:
Sy =1+4+16+64+...+4" = ) 4~
=12
n-Kajiampa Xocun 6¥nagurau ainananap comm: N =4,
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3.2. Kypairan ¢ppaxrtannap 6yiinua xuco6aam
HATIDKAJIAPH TAXIHIA

OHEA I0KOpHAA HMILIAG YHKADHITAH TeOMETPHK MOZEN.
XaMJa PEKyPCHB alTOPHTM aCOCHAA APATHITAH AACTYpHI BOCHTA

pmaMyaa »n  HHET TYpIM  KUHAMaT/iapujard  OJMHTaH
HaTwxXanapuuy 3.22-3.38 - xenTHpaMus.

1-Typ aitnananappan nGopar ¢paxramnap

n= n=3 n= n=

—~ —~

3.22-pacM. n-HAHT Typ/H KuiiMaTnapuja 6ynran
¢paxrannapsaHr pacTpmu rpadukacu

2-Typ aiinananapaas ubopar ¢pakraniap

\ 72
Q) s3&3

3.23-pacM. n-HUHT TypnH KMHMaT/IapHAa Xocun Oy nran
(paKTa/yIapHUHT pacTpiu rpadaxacy
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1-1yp T¥pr6ypuarnapaan #6opar $pakranmap

n=1 n=3 n=5 n=7
] TR ST mie
yredy ges
HRe i
= Ushdd B
3.24-pacm. n-HuEr TYPIM KMAMAaTIapHaa XoCH 6ynran

$paxTamnapmanr PacTpnu rpaduxacu

2-1yp TYpr6ypuaknapaan u6opar ¢paxrannap
n=2

n= n= n=7
- T

THITT ammeds

o

3.25-pacm. n-gEmr 'rypsm Kmmana XOCHII
dpaxramnapauar pacTpmu rpaduxracu

Pom6napaan ubopar ¢paxrannap
n=2 n=

3.26-pacM. n-HEHT TypIM KHItMaT/IAPHLA XOCHIT 6y nran
(paxrannapruHr pacTpmu rpaduxack
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Ilapannennorpammnapzan u6opar ¢paxtamnap
n=2 n= n=35 n=6

3.27-pacM. n-HHET TYpIH KHHMaTIapHaa X0cHWI 6ynran
¢paKTanIapHEHT pacTpiH rpadukacu

l-typ 6em6ypaaxnapaan néopat dpaxramwiap

(ppaxcrannapnnﬂr pacTpid rpaduxacu

2-Typ 6emObypyaxinapaan ubopar gpaxrawiap
n= n= n=3 n=6

3.29-pacM. n-HMHT TYPJIH KEHMATIapuaa Xocui Gyiran
¢ paxTayUIapHHUHAT PaCTPIH rpad)HKacH
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l-typ TYpTOypuaknapaan Hbopar ¢pakramnap

n= n=3 n=5 n=7

Q N Qq 31 3 e ediey
(] P it Ee
dpo.nh o 1 Hr
AN i i+ i i
94+ g 4P g ‘:“:;-}83{-51;3;;?3
L P g oot ﬂ:'ﬁ%!ﬁh:éiﬁf
it O 4 o i

3.24-pacm. n-Humr Typim! KeiMatnapuna xocun 6yiraH
$paxrannapaunr pactpn rpaduxacu

2-Typ Typr6ypuaknapaan u6opar dpaxranmap
n=2

PomGnapnaun u6opar ¢paxTannap
n=2 n= n=

h e

3.26-pacM. n-HUHT Typim KHIMAaTIapHAA XOCHT Oynran
¢paxrannapuuHT pactpiu rpadguxacy
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[apannennorpamviapzaad u6opar ¢ppaxramiap
n=2 n=

n=3

n=6

udx:; m;zgﬁt;‘
P

i

3.27-pacM. n-HUHT TYPITH KHHMATIAPHAA XOCHI Gynran
¢paKTanIapHUHT pacTpiH rpaguKacu

-Typ 6em6ypuakinapnan nbopar dpaxramnap
n=2

n= n= n=
~ o
<D IR s
- e
//\l’/”" N (’/\' uj}m 7 l;m (o
A N/ [age
Y i v
A / -
YT

&
3. 28-paCM. n-HIHT 1 Typ'm Icmma

'fﬁapm];a xocwi §
¢paxrannapamar pactpnu rpaduxacu

-Typ Gembypyaxnapaan ubopar ¢pakrawiap
n= n=

n=

n=6

3.29-pacM. n-HAHT TYp/I¥ KHHMaTIapyza Xocul Oyaran
dpaxkTalIapHEHET pacTpiH rpagHkacy
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1-Typ onrubypuaxnapaan u6opat $ppakrapiap

3.30-pacm. n-HuHr TypiH KBEMaTIapHAa XocH GYran
¢paxTaIapHyHET pacTiaH rpadguxacu

2-1yp onrubypyuaknapaan mbopar dpaxramnap
 n=2

3.31-pacm. n - HHET TypIH KHAMATIAPUAA XOCH 6YIraH
(paKTayurapEHHT PacTiIM rpaduKacu
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MyHnrazam yubypuaxsiapaan ubopar 1-Typ ¢pakraniap

/N /\\ -
N\ N\ LAN
,/ N\ / \ N // \.\. .
, / \ / §\ Z_:& }K"'
/ \‘ . ,‘/ \: :\ V7 \A
// \\ /' o
4/ R S Z___\... : - -\: £\
A A
RaNS

'”t.-' é
P =
b &
S e :’-{. &
P . PN a &
e A LS
n=5

3.32-pacM. n-HUHT TYpJIH KHiiMaTiapuza xocui 6yiran
(paxTaUIapHAHT pacTim rpaguKacH

MyHnTasam yabypuaknapfas ubopar 2-typ ¢pakramiap

A /‘\\ \ //\
y ,\\ _ /'\ A
/ N\ o
/ h VANIAN
// \\
Va /\
/ N\ —
n=1 n= n=
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_;} a n\.,f\& & {:?:'.-’-"V“ Lo vqr "V"'""?Y' 'g’
- N P r
N . . "J

¥e 2 %y gy
= T ?Q‘?

ﬁ‘ *Tvz' %avv
(N8 NG {y‘ ad
%ﬁj = S A

o5 N\ 'Qw.;gv
n=3 n=7

3.33-pacM. n-HAHT TypiM KAAMAaTIapuAa Xocwi 6ymran
(pakTamiapHMHT pacT/Id rpaguKacH

TypTKUppam 101"y 3CHMOH (paKTaLiap
n=I n=2 n=

~ tl,/\/\ \>
A Y
. <
L A A s
- S e AN
; \/ \\{/ PN
\/ 4 "//;’
s
Rt
¢
n= n=7
PN
ol
LK)
° LI
-, 06 ’0§v0:

YA

. « h,} eyl
}.» bl o;;o o>

-‘;()’.' .° 0{'

3.34-pacM. n-HUHT TYpPJIH KHiMaTiapuaa Xocwl oy iran
¢paxTannapauHr pacTiu rpaguKacu
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Cakku3Kuppand 10/11y3CHMOH (paKTamiap
n=1 n=2 n=

3.35-pacM. n-HUHT TypiH KuiiMaT/Iapuza XOCHI 0yaran
(dpaKTannapHHHT pacT/Ii rpagukacu

Mynrazam onrubypyaxim ¢paxramnap(l-Typ)

n=1 n=2 n=3
O ool
T l ]' Tl
- ~, - '\() ~.
) - P
e ber e e e
e TR
e - N N
D
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6%

HAMAT/IapHAA XOCHI

3.36-pacM. n-HymT TypIH K

ynran

PacTiu rpadukacu

¢pakTamiapauHr

-Typ)

Mym#nrasam onTrGypIaKia $ppaxranap(2

Oynran

Y]

KHMMATJIapHAa XOCHII

3.38-pacM. n-HumT TYpIH

$paxTaapHUET pacTiu rpadEKacy
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3- Oyiinaa xysoca

Vmby 6061a reoMeTpHAHHHT acOCHH TymIyHYaiapd Ba
MIaK/UIapAAAH (oliganannd ¢pakrapiap yIyH F€OMETPHK MOJCI
Ba PeKypPCHB AITOPHTM HMIUIa0 YMKWIAH. PeKypCHIHMHT TypIH
KuiMaTnapuja, Typ/A paHTfapHH TaHnab kepakinm Macmrabna

(hpaKTaIUIAPHY TH3HIL MYMKHH.
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XVIJIOCA

Vmby MoHOrpadusaarn acocHit HATPKAIAP KyWMAAruiap:

- Opakramnap Ha3apHICHHMHI AacOoCHH TyMmyHYakapH
dpaxramapauHT TapHExH, TabpuNapy, XyCyCUSTIAPH, Typiapy,
KYJLIaHAII COXaJIapy YpraHuigX Ba TaAKHK KIWIMHIH.

~ OpaKTa/UlapEE KypHII yCYJUIADH, YNapHUWIT TaBcH(H,
KY/IAaHAIAIH =~ XONATNAPH Ypraumnam, 0aB3@ KIacCHK Ba
3aMOHaBHil ¢paxTaiap yIyH MaTeMaTHK (opMynanap KypHIIH
HaTrXanap oJMHAO pacMiIapn KeNTHPWIIHA.

- Teomerpmx makmiap Ba  YJapHUHT  acoCHH
TyIlyHqajapunan ¢oiinanannd ¢paxramiap ydyH MareMaTHK
TabMHHOT HNLIA0 YHKHILAH.

Omiuran Hatrxanapaan ¢GoizanaBrIl MyMKHH:

. paguoTexHHKana - (pakTajulap aHTEHHANApAA, aHTCHHAIH
Ky pWIMallapHH JIOHWXaIaaa;

KOMOblOTep rpajpukacuza - TabOHMaTAa MaBXyX TaGumii
PacMIIapHH YA3MOI, pacMAapEY (pakTan KUCHILIa,

€HI'HJI caHoaTAa - rasjlaMa Ba THiIaMiiapra 3aMOHaBM
An3afiap yqyH HaKUUIAD. IH3HINAA;

TENCKOMMYHHKAIMAZA ~ CATHAIUIAPHY KaiTa HiUlampa;

ax60poT xaB)CHUIH COXACH - XyCycaH KpHITorpadusza;

KAHO Xampa TelCBHACHMANa Maxcyc 3ddextiap Ba
BH3YaiM3aiMA JIEMEHTIapU CH(aTHIa Ba X.K.

ManTuk amre6pacu, R-dyHKIHMA Ra3aprsicH Ba apUdMeTHK
XYCYCHAT/IAD HasapuicH ycCynnapu 6yimda omi6 Gopunram
‘Hasapuii TaAKHKOTJIAp rasiiaMa Ba rwiaM OyIOMJIApHHHT paHT/IH
JM3aHHUHYA 3aMOHABHMNAIITHPHMIIHUHT ANTOPHUTMHK MYXHTHHH
¥nab YHKAIAA XA3MAT KIWIagd.

114



V3 maB6atuna MavraxaTAMu3Na eTHINTHPHIANEATAH KATTa
XaKMAAry naxra Ba MWDIA, XamAa YNapHEMHT TodanapHiaH
rasnamaiap miuia6 guxum nomsapbd xupcobnanagy. Taki€pnanran
raziaMaHuHr cmdary, yjaapra TyNHpWITaE HaKIUIAPHUHT
eTapii Japaxajia qupoim OYIAIM MIWKO3HH KH3HUKTHDAJIH.
Bysnan Tamkaps rasiaMasuEr HApXHHH aHMKIAIIAA IyIUIapHIHT
PaHriapH alloxyza YpuH sraniaimy.
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