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BBenenne

3a1avua KOMIIBIOTEPHOH rpauKu — BU3yaIU3aIlHs, TO €CTh CO3/aHNIe
n300pazkeHus. Busyamsarusi BBITIOTHAETCs, HCXO/ST U3 OMUCAHUA (MO-
JIeJT ) TOTO, 9TO HY?KHO 0TOOpaxarh. CymecTByeT MHOrO METOIOB U aJl-
POPUTMOB BU3YaIU3AIMU, KOTOPbIE PAa3JIMUATCI MKy cobo B 3a-
BHCAMOCTH OT TOTO, UTO W KaK orobpazkarhk. Hampumep, orobpaskernne
TOT0, UTO MOXKET OBITh TOJIBKO B BOOOpaKeHHH desioBeKa — rpaduk
dbyukimit, quarpamma, cxema, kapra. Mian Haobopor, nMuTarmsa TpPEx-
MEPHOH peasbHOCTH — nN300paKEeHUs CIIEH B KOMIIBIOTEPHBIX Pa3BJie-
YEHUSIX, XYI0KECTBEHHBIX (DUIbMAX, TPEHAXKEPAX, B CUCTEMAX APXU-
TEKTYPHOTO MPOEKTUPOBAHNUS. BarkHBIMU W CBI3AHHBIMU MEXKTY CODOIT
dakTopaMu 37ech SIBJASIOTCA CKOPOCTh M3MEHEHUsI KaJpPOB, HACHIIIEH-
HOCTBH CIIEHBI OObEKTAMU, KAa9eCTBO M300paxKenuns, yIéT ocoOeHHOCTEIl
rpaduIecKoro yeTpoicTBa.

Hawubosiee nzBecTHbl 1Ba criocoba BU3yaam3aninu: PACTPOBBIA U BEK-
TopHbIit. IlepBriit croco® acconmuupyercs ¢ TakKUMU TI'DabUIECKUMU
yCTpoificTBaMU, KaK IWCILIEH, TejaeBu30p, npuaTep. BTOPOi MCIIo/b3y-
€TCs B BEKTODHBIX JUCILIEdX, IIoTTepax. Mbl O6yiaeM paccMaTpuBaTh
PacTpOBBI.

PactpoBast Busyasms3aiist OCHOBBIBAETCST HA MPEICTABIEHUH W300-
pakKeHusT Ha 9KpaHe WM OyMare B BUJE COBOKYIHOCTU OTHETBHBIX TO-
vek (mukceseii). Bmecre mkcesn obpasytor pacrp. Kaxkablii nukcesn
MOXKeT uMeTh cBoil 1BeT. COBOKYITHOCTH MHUKCEJIeH PAa3JIndHOTO ITBE-
Ta obpasyer m3obpakenre. B 3aBUCHMOCTH OT PACIONOKEHUS THKCE-
JIeil B IPOCTPAHCTBE Pa3/M4yaloT KBaJApPaTHBLIA, IPAMOYIOJIbHBIA, I'eK-
CaroHaJbHbBINA PaCTpPbl WJIHM WHBIC THUIILI. Z[.HH OIINCAaHUA PACITOJIOZKE-
HUsl TIUKCeJIell MCIOJB3YIOT pa3zHoobpasHble cucreMbl Koopauaar. O6-
muM JJId BCEX TaKHUX CHCTEM ABJIAETCA TO, 9YTO KOOPAWHATHI IIUKCeIein
06pasyIoT AMCKPETHBII psiji 3HaUeHUi (He0OI3aTeTbHO TIeIble IHUCIa).
M1 Oyj1eM MCII0J/I30BATH [PAMOYI'OJIbHYIO CUCTEMY KOOPJAUHAT, IIPUYEM
Ka}K,ZL])Iﬁ TTMKCEJIb UMeeT IEeJIOUYNCJIEHHBIE KOOPDANHATHI.



1. 3amadym BBIYMCJINTEJIBHOII T€eOMeTpun

ITepBas maboparopHas padOTa TMOCBAIIEHA 330a9aM BBIIUCINTE h-
HOIl TeoMeTpHuu, OCHOBHBIM ee OObeKTaM (TOUYKa, MpsiMasi, OTPE30K,

IJIOCKOCTH ¥ T. JI.), CIOCODaM 3aJaHust 3TUX OObEKTOB U AITOPUTMAM
JIJIS PETEHNs] TEOMETPUIECKUX 3a1a4.

1.1. JIaboparopHas pabora 1

JlabopatopHast paboTa COCTOMT W3 YETHIPEX 3aJaHUil, JATUHCKAS

OyKBa onpezesseT BAPUAHT. B mMepBOM W BTOPOM 3aIaHUAX TOYKHU 3a-

JIAHBI HA JIOCKOCTH, & B TPETHEM U YeTBEPTOM — B IPOCTPAHCTBE (€C/Iu

HE YKa3aHO MHOE).

1. (a)
(b)

JBe Tourm 3ataHbBl cBOMMEU KoopauHaaTamu. CocTaBuTh ypas-
HEHUe IIPAMOI, IIPOXodIell yepe3 9TU TOUYKH.

Touku A, B, C 3aganbl cBouME KoopauHatamu. Haiite ypas-
HEHUE MPSIMOii, Tpoxosiieii yepes Touky C, U mapaJiieib-
Hoit mpsamoit AB.

Toukn A, B, C 3amams cBonMu KoopanHaramu. Ha#imu ypas-
HEHUE MPSIMOii, Tpoxoaamieii uepes Touky C, U MepPIeHIuKY-
JsipHoil npsiMoit AB.

OnpeenuTh, TPUHAIIEKUT JU TOUKa psimoii. Touka 3ama-
Ha, KOOPAWHATAMHY, TPAMasd — K0P DUITMEHTAMA.

Tpu Touku 3aaubl cBonMu kodddurimentamu. OUpeaeauTsb,
JI€2KaT J14 OHM Ha OJHOU 1IPAMOMA.

OnpeenTh NOJOXKEHNE JBYX TOYEK OTHOCUTETBHO TPAMOLT
(110 OZTHY CTOPOHY OT MPSIMOii, IO Pa3HBbIE CTOPOHBI, HA MPS-
moit). TIpsimast 3a1ana cBonmMu Ko3hDdUIMEHTAME, TOUKH —
KOOD/IMHATAMHU.

pe mpsmvble 3aanbl cBouMHU Ko3ahdunuentamu. Onpe/e-
JIUTH WX B3aMMHOE PACIOJIOKeHne (MePeceKatoTCsi, He Tepe-
CEKAIOTCS, COBIAIAIOT).

Toukn A, B, C, D 3amann! cBonMu Koopannatamu. Ompee-
JIUTH B3anMHOe pacnonoxkenne npambix AB uw C'D (mepece-
KalOTCs, He EPECeKAITCsl, COBIAIAOT).



2.

(a)
(b)

Toukn A, B, C 3anambl cBomMu KoopamHaTamu. Ompese-
JINTH, TpuHa et ju Touka C orpesky AB.

Touku A, B, C, nexalye Ha OAHON IPAMOIl, 3a1aHbl CBOMMU
koopanHaramu. OupenennTs pacnosoxenne Toukn C' 0OTHO-
curenpHo orpeska AB (mexmy roukamn A u B, BHe oTpeska
3a TOUYKOI A, BHE OTpe3Ka 3a TOUKoil B).

Touku A, B, C, nexxailue Ha OAHOM TPsAMO#, 33/ TaHBI CBOMMHE
KOOpAUWHATAMMA. OHpe,ZLe.HI/ITb, KaKad U3 HUX JIC2ZKUT MEXK/y
JIBYMSI JIPYTHMH.

Touku A, B, C zagansl cBouMn koopaunaramu. Orpee-
JINTL, TPUHAIeXKNAT Ju Touka C ayuay AB.

Toukn A, B, C, D, nexarmiue Ha OJHON TPSIMOH, 38 aHbI
cBomMU KoopanaaTaMmu. OnpeTenTh, MePeceKatOTCs T OT-
peskn AB u CD.

Toukn A, B, C, D, nexariume Ha OIHON TPSIMOH, 38 aHbI
cBomMu KoopanaaTaMu. OTpeesnTs, MepeceKarTcs U JIy-

au AB u CD.

Toukn A, B, C, D, nexarue Ha OTHON TPSIMOMN, 38 aHbI
cBouMU KoopauHaramu. OnpegesnTh, MePEeceKarOTCs JIU Iy

AB u orpesok CD.

Toukn A, B, C, nexarnye Ha OHON MpaAMOil, 33aHbI CBO-
uMu KoopauHaTaMmu. OnpeaennTs pacmosiokenne Todru C
OTHOCHTENHHO Tyaa AB.

Touku A, B, C 3apanbl cBouMu Koopautnaramu. Oupeaeainrs
suz yrra ABC' (oCTpBlit, TyTOi WIn IPsIMOii).

Touknu A, B, C 3ajaunl cBouME KoopauHaTaMu. OmpesennTh
Buz Tpeyroabiuka ABC (0CTpPOyTrObHBIA, TYIOYrOJIbHbIM
WJIA TIPSIMOYTOJTHHBII ).

Touku A, B, C, D 3amansl ceouMu Koopauaatamu. [lepren-
JUAKYISIPHBT U pambie AB u C DY

Toukn A, B, C 3ajaHbl CBOUMH KOOPANHATAME Ha TLIOCKO-
cru. Onpegenurs, sipjagercs jm 00xox ABC o6xomoMm 1o 1a-
COBOI CTPEJIKE WU IIPOTHB.



(e)

(f)

Toukn A, B, C 3a7anbl cBonMH KoopauHatamu. Hafitn mmo-
a6 Tpeyroibanka ABC.

Toukn A, B, C, D 3ajjaubl ¢CBOUMHI KOOpAWHATAMHI. BhIsicHI-
Te, ekuT g Touka D BuyTpu yrima ABC? Umeerca B By
ToT U3 yrimos ABC, KOTOPBIH 3aMeTaeTCs JIyIOM TPH MTOBO-
pore ot BA x BC mpoTuB 4acoBO#l CTPEJIKH.

Touku A, B, C' 3agansbl ceonMu kKoopanaatamu. OmpesesnTsb
sug, yrma ABC' (ocTpelit, Tymoit wan npsiMoii).

Touku A, B, C' 3a1aHbl CBOUMY KOOPJAMHATAMEA HA ILJIOCKO-
cru. OnpenennTs, apiasercd ju 0oxonq ABC 06xomoM 1o da-
COBOl CTpeJIKe UJIU IIPOTUB.

CocraBuTh ypaBHEHHE ILIOCKOCTH, MPOXOJSINeil depe3 Tpu
TouKu (T1,Y1,21), (T2,Y2, 22), (23,3, 23).

Touku A, B, C, D 3aganbl cBOuMH KoopauHaTamu. Haiiru
ypaBHeHHe ILIOCKOCTH, [IPOXOJIdIell depe3 Touky D, n ma-
paJsuienbHoii miockocru ABC.

Touxku A, B, C, D, E 3aiafsl cBouMu KoopauHaTamu. Haii-
TH ypaBHEHWE ILJIOCKOCTH, MPOoXodreil vepe3 Touku D u F,
u TepeHanKyasipHoit miockoctn ABC.

Bamanbl KO3MMUITUEHTH! yPaBHEHWS IJIOCKOCTH U KOO/ INHA-
ThI TOUKH. ONpeneanTs, IPUHAIIEKAT JII TOYKa IIOCKOCTH.

Yerwipe TOUYKM 3aJlaHbl cBOMMHU KoopiaumHaTamu. Oupese-
JUTH, JieXKaT JU OHU B OJIHON MJIOCKOCTH.

OrnpejiesiuTh MOJIOKEHNE JBYX TOYEK OTHOCUTEIBHO ILJIOCKO-
ctu (10 OJIHY CTOPOHY OT ILJIOCKOCTH, 110 Pa3HBIE CTOPOHBI,
Ha, miockocTH). 1lnockocTs 3amana cBonMu KoabduimenTa-
MH, TOYKHN — KOOpJAHNHATAMMU.

Tpu TOUKM B MPOCTPAHCTBE 3aJaHbI CBOUMH KOOPIUHATAMH.
Oupegenurs, JeKaT U OHU Ha, OJHOM HPAMOIL.

OnpejienuTh, MPUHAJIEKAT U JAHHAS TOYKA IPAMOIl, 3a-
/I[&HHOfI ABYMHA TIJIOCKOCTAMMA. HHOCKOCTI/I 3aJaHbl CBOUMHI KO-
s puImeHTaMI, TOYKA — KOOPIHHATAMH.



KomMenTapuu K 3aJaHNIO

1. Kaxmoe 3amamne 10KHO OBITH 0DOPMIIEHO OTASIBHON IPOIey-
poit miau pyHKIME.

2. Bxogmbie mamuble guTaOTCA n3 Qaitia, a pe3yabTaT paboThl MPo-
rPaMMBbl BBIBOAUTCI B KOHCOJb.

2. Teomerpuyeckme mpeoOpa3oBaHULA

1151 TOro 9TOOBI IIPEICTABUTH N300 pazkeHne Ha S9KpaHe KOMIIbIOTEPa,
HEOOXO MM CIoCOoD onucanms 00bEKTOB Ha ITOCKoCcTH. 1o onmmcannem
obbekTa HymeM MOHUMATHL WHPOPMAIIAIO O TIOJIOKEHUN KaXKI0W TOUKN
00beKTa Ha IJIOCKOCTH B JH0O0# MOoMeHT BpemeHu. [lisg sToro ymobHO
HCIOTB30BAThH JEKAPTOBY CUCTEMY KOODIUHAT.

ﬂeKapTOBbI KOOPANHATHI TOYEK ITTO3BOJIAIOT OIHUCHIBATH CTATUYIHOE
nosoxkenne 00beKToB B mpocTpancTe. OIHAKO /TSI TPOBEICHNST KaKIX-
gubo geficTBuit HaT OOBbEKTaMW HEOOXOTUMO MMETh JOTOJHUTENIhHBIE
MaTeMaTHIeCKHe KOHCTPYKIMN. B KadecTBe ONHOI U3 TaKUX KOHCTPYK-
Wi WCIOIB3YIOT PASUYC-BEKTOPBI. Pamnyc-BeKTOphl 00/1a1ai0T BCEMU
CBOMCTBAMHU BEKTOPOB, HO MMEIOT OIHY OCOOEHHOCTH: HAYAIO PATULyC-
BEKTOpA HAXOIWTCS B HAYAIE KOOPIWHAT, a KOHEIl PATUYC-BEKTODA —
HEKOTOPas TOYKA ILIOCKOCTH.

AByMepHBIe MaTpUIHbIE TPE0OpPa30BaHNA

Paccmorpum mpeobpazoBanus KOOPAWHAT TOYEK HA ILIOCKOCTH. By-
JIeM CYHTATh, 9TO B pe3y/bTare mpeobpa3oBanusa Touka A ¢ KoopauHa-
ramu (z,y) nepexogur B Touky A’ ¢ koopaunaramu (x',y').

Ilepenoc

Omepariust mepeHoca MpecTaBIgeT u3 cebs mepemMernienne Todrn A
B Touky A’. MartemaTrudyeckn 3TOT IePEHOC MOXKHO OMHUCATHL C IIOMO-
mpto BekTopa nepenoca AA’. Ilyets R = (R, Ry) paamyc-BeKTop, co-
OTBETCTBYIOIIHI 3TOMY BEKTOPY TepeHoca. Toraa nepexon uz Touku A
B Touky A’ Gymer cooTBeTCTBOBATHL BEKTOPHOMN 3aIICH A = Z+§, T. €.



LI TIEPEHOCA TOYKH B HOBOE MTOJIOXKEHNE HeOOX0IMMO J0OABUTE K €€ KO-
OpJMHATAM HEKOTOPbIE YUC/Ia — KOOPJMHATHI BEKTOPA MIePEHOCa.

OrpakeHue OTHOCUTEJILHO OCeii

Paccmorpum orpaskernue orrocutenbro ocu OX . Ilpuw takoM mpeod-
Pa30BaHUU MEHHAETCs 3HAK OPJAWHATHI UCXOHOW TOUKHU, T. €. B MATPUU-
HOM BHJE 9TO OTPAYKEHUE BBITJIIINT TaK:

) =6 50

Macmrabuposanue

MacmrabupoBanuem O0OBEKTOB HA3BIBAETCH PACTIAXKEHUE OOBHLEKTOB
BJ/I0JIb COOTBETCTBYIOIIUX OCEll KOOPJIMHAT OTHOCUTEBLHO Hadaja KOOp-
JUHAT. DTa OMeparus NPUMEHAeTCsT K KaXKJI0i TOYKe 00beKTa MmyTéM
YMHOXKEHUs KOODJIMHAT TOYEeK Ha HEKOTOpble KOHCTaHThl. llycrs My,
M, — xosddurmentrer Macmrabuposarnsa. Torma gma Tovek A mw A’
orieparist MaCITadDMPOBAHUS B MATPUIHOM BUJIE OYIET BBITJISIETE CJle-

IYIOMMIM 06pa3oM:
2\  (My 0 T
y) \0 M)\y)’

IToBopoT

PaccmoTpum majiee omepariiio Bpalenns TOYKY Ha, HEKOTOPBIN yroJ1
(v OTHOCHTE/IBHO HadYa/Ia KOOPIMHAT, T. €. paauyc-BekTop A’ mosydaercs
u3 pajuyc-sexTopa A’ myTéM ero moBopoTa Ha yroJ (v IPOTHB YACOBOIL
crpeaku. Torma B MaTpUUYHOM BHE BpallleHue TOYKH A Ha yroJ o BLI-
ISIIAT CJIeAYIONmM 00pa3om:

'\ ([ cosa sina) [z
y) \—sina cosa) \y/)"



OaHOpOIHbIE KOOPAUHATHI
U MATPUIHOE IPEACTABJIEHUE
JABYMEPHBIX IIpeoOpa3oBaHMil

Cpenu pacCMOTPEHHBIX MATPUUIHBIX MTPeobpa3oBaHuil TOJBKO OJHA —
orieparus MePeHOca — He MOYKET OBITH 3allCaHa B BUJE TPOU3BEICHUS
MAaTPUITHI Ha ABYMEPHBIH BeKTOP. BMecTe ¢ TeMm JIerko BUAETH, 9TO /T
JI060H TIOCJIEIOBATETEHOCTH OMEPAIInii, 3AlMCAHHBIX B MATPUIHOM BU-
e, MOXKHO BBIYHC/IUTH PE3YJALTUPYIONIYI0O MATPHUILY TPeodpas3soBaHud,
BBIYHCJINB IPOU3BEJIEHUE MATPUIL UCIOJIB3YEMBIX [Tpeodpa30BaHMil.

OueBujiHO, 4TO yH0OHEE TPUMEHSATH PE3YIBTUPYIOIIYH MaTPUILY,
BMECTO TOTI'O LITO6I)I Ka?K,Z[beI Pa3 3aHOBO BBIYUCIATH IPOU3BEICHIEC
Marputl. OJHAKO TAKUM CHOCOO0OM HEJIb3s MOJYUYUTb PE3YJIBTUPYIO-
My MaTpUIly mpeodpa30Banms, €CJIu CPEA MOCIeI0BATE/THHOCTH IPe-
obpazoBaHmii MIPUCYTCTBYET XOTd Obl O/inH nepeHoc. Briio 61 yrobHee
UMeTh MaTeMaTu4eCKui allrapat, HO3BOJ’[HIOHJ;I/H71 BKJIIO4YaTh B KOMIIO-
3UIIME TTPEOOPA30BAHMIT BCe W3 YKA3AHHBIX BbITe omepanuit. [lpu srom
TMOJIYanIcst Obl 3HAUUTEIBHBIN BRIUTPHIIIT B CKOPOCTH Bhraucyaennii. Q-
HOPOAHBIEC KOOPAWHATHI 1 €CTH 9TOT MaTeMaTUYeCKUt arrrrapar.

JBymepHbiii BekTop (z,Y) B OZHOPOJHBIX KOODAMHATAX 3alUChIBa-
ercst B Buge (z,y,1). Temeps TOYKM IBYMEPHOIO TPOCTPAHCTBA OYIyT
OIINCHIBATHCHA TpéXSﬂeMeHTHbIMI/I BeKTOp-CTO.H6]_[aMI/I, ITO9TOMY W MaT-
pulibl Ipeobpas3oBaHuil, Ha KOTOpbIE OYIAET YMHOXKATHCS BEKTOP TOUYKH,
OyayT nMeTh pa3mepst 3 X 3.

3amuiieM MaTpUUIHOE MTpeobpazoBaHue OMEePAIUN MEPEHOCA A OJ1-
HOPOJHBIX KOODJIMHAT:

/
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3amnuieM MaTPUIHBIN BUJT OTIEPAITUN MACIITAOUPOBAHUS.

x! S, 0 0 T
yl=10 S, 0 Y
1 0 0 1 1



g oniepaliny OBOpOTa MATPUYHBIA BuJ Oy1eT Takoit:

x’ cosa sina 0 x
Yy | =|—-sina cosa 0 Y
1 0 0 1 1

Jlerko 3ameruTb, UTO JHODAS [MOCJIEIOBATEIBHOCTD U3 OIUCAHHBIX
omepanuii B OMHOPOHBIX KOOPANHATAX MOXKET OBITH MPEICTABICHA O/1-
HO#I MaTpuIieil, KOTOpas ABJIAeTCA TPOU3BEIeHUEM MATPHIL JIAHHBIX OlTe-
paruit. C BBIYMCIUTEIBHON TOUKM 3PEHUs IOPa3Ji0 [POIIE U ObicTpee
MPUMEHSITh MaTPHILY Y3Ke TOTOBOTO MpeobpasoBaHust, BMECTO TOTO 9TO-
6Bl TPUMEHSITH UX TOCIEOBATEBHO OJIHY 33 JIPYTOW.

Jlnsg mpuMepa paccMOTPUM 33139y MOBOPOTA TOYKHM HA TIIOCKOCTH
OTHOCHUTEJILHO HEKOTOPOW mnpom3BosbHON Touku B. Iloka Mbl ymeewm
IIOBOPAaYMBaATh O6’beKTbI TOJBKO BOKDPYT Ha4daJJla KOOPAWHAT, IMO3ITOMY
9Ty 33129y MOXKHO MPEJICTABUTH KAK MOCIEI0BATENBFHOCTE JJIeMEHTAD-
HbIX OLIePALIMIA:

1. Tlepenoc, npu KOTOPOM TOUYKA B mepexoanT B HAUAIO KOOPIUHAT.

2. IloBopoT Ha 33/IaHHBII YTOJ OTHOCUTEJHHO HOBOTO HAYaJga KOOp-
JWHAT.

3. Ilepenoc, mpy KOTOpOM TOYKa M3 Hada a KOODAWHAT BO3BPAIIla-
€TCs B IEPBOHAYAIBLHOE [TOJIOKEHNE TOUYKHU B.

2.1. Jlaboparopuas pabora 2

Jlaboparopuast pabora cocrout u3 nByx uacreit. [lepsag wacTs mo-
CBAIIEHA MPeobpa30BaHUI0 MeOMETPHIECKUX (DUIYD Ha ILIOCKOCTH, BTO-
past — CO3/aHUI AHWMAIUN Ha OCHOBE TaAKUX MPeoOpasoBaHMIA.

IlepBag vactsb

PeanmmsoBaTh ¢ 3aJaHHON COBOKYNHOCTHIO huryp (Mo BapmaHTaM,
n300paskeHHbIM Ha puc. 1) npeobpasosanus:

e 1iepenoc ok ocu OX,

e 1nepenoc BaoJib ocu OY,

10



Bapmant Nel Bapuant Ne2 BapmasT Ne3 Bapuanar Ned
BapmanaTt Ne5 Bapuant Ne6 BapmasTt Ne7 Bapmant N=§
1~ é

Bapuanar Ne9 Bapuanr Nel0 Bapuant Nell BapmuasT Nel2

Puc. 1. Bapuants! nepsoit gactu 1abopaTropuoit paboTor 2

e orTpaxenue orHocureabHo ocu OX,

e orTpaxenue orHocureabHo ocu QY

® OTpayKeHwe OTHOCHTEIbHO mpsaMoit Y = X

e MacmTabnpoBaHNTE HE3ABUCHUMO TT0 00eMM OCsIM,

® TIOBOPOT HAa 33 @HHBIH YTOJ OTHOCUTEIBHO ITEHTPA KOOPINHAT

® TIOBOPOT Ha 33JaHHBIN yroJl OTHOCHTEJIBHO TPOU3BOJILHOI TOYKH,
YKa3bIBAEMOIl B XOJI€ BBINIOJHCHUA TPOTPAMMEI.

Bropas vacTthb

Ha ocuose niepBoit yacTu co3aTh IporpaMmy, paboTaloIyio C 1By X-
MEPHBIMU O0'bEKTAMU 110 BAPUAHTAM.

1. Hanucars mporpaMmy, MOKa3BIBAIOILYIO KOJIECO CO CIOUIAMU, Ka-
TdIeecsd 0 HAKJIOHHOM MOBEPXHOCTH.

11



10.

11.

12.

Hammcars mporpaMmy, MMATHPYIONIYIO MeXaHWIeCKNe JaChl.

Paszpaborars nporpaMMy, MTOKa3BIBAIOIIYIO TOJIET BPAIIAIOIIETOCT
Oymepanra.

Paszpaborars nmporpaMmy, UMUTHPYIONLYIO [TaJ€HUE JIUCTA C Jepe-
Ba.

Pazpaborars nmporpamMmMy, UMUTHPYIONIYIO 13 I€HNE CHEYKUHOK.

Hammcars mporpaMmy, MTOKa3BIBAIONIYIO MHAmaonme ¢GUrypsl
«Terpucay; npn HaXKaTUM HA KJIABUIIU OCYIIECTBJISETCS IOBOPOT
buryp u ux OKOHIATEBHOE MTaIeHue.

Pazpaborars mporpavmy, 0TOOpParkKaoNIy0 TPU B3aWMOCBI3AH-
HBIX BPAIIAIOMINXCS IIIECTEPHH.

PazpaboTtars mporpaMmy, MMHTHDYIONUIYIO UTPY B HACTOJBHBII
TeHHNC (BUJL CBEPXY ).

Paszpaborars mporpamMmy, oToOpaKAaILY 0 MYIbCUDYIOIIEe CEP/-
ue.

Pazpaborars mporpammy, 0TOOPAKAIONIYIO JIETAIIHI CAMOJIET
¢ BPAILAIOIINMCS BHHTOM.

Hammcars mporpamMMy, BHIBOAATIYIO Ha SKPaH IMAraioINIero [uesio-
BEYKA.

Hanwucars mporpammy, BEIBOALIIYIO HA SKPAH B3/IETAONIYIO PaKe-
Ty. C ymajgeHueM oT 3eMJIH PAKETa YMEHBIITAETCS.

KomMmeHnTapuu K 3agaHuio

IlepBaga uacthb

1.

2.

YupaBjenue opraHn30BaTh dYepe3 MeH0, KHOKW U T. .
IIpeaycmorpers BoCCTAHOBICHME MCXOAHON TO3UTUU PUTYD.

TIpeaycmorpers mnpuMmeHenne HECKOMBKUX MTOCISI0BATEIHHBIX
npeobpa3oBaHMIA.
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4. Hagasio koopAnHAT JOJI2KHO OBITH PACIOJIOKEHO B IEHTPE OKHA.

5. O6s3aTeIbHBIM ABJISETCA HCIOJIbL30BAHNE OIHOPOIHBIX KOODPIH-
HAT.

6. Merom Ij1sT yMHOXKEHHS MAaTPHUILI HA BEKTOP HOJXKEH OBITDh
odopmIieH OTIEIBHOM TTPOIETYPOii.

3. Aaropurmbl pacTepu3aliiuu OTpe3Ka
U OKPY2KHOCTU

BoabmuacTBO rpaduuecKux yCTPOUCTB SBJSIIOTCS PACTPOBBIMU,
pe/ICTaB/Isisd n300paXkKeHne B BUJE MPSIMOYTOJBHON MATpPHUIIBI (CETKH,
LEJIOYUCIeHHO perreTku) nmkceneil (pacrpa), u 60JbmuHCTBO rpadu-
veckux OubIMOTEK CO/EpKAT BHYTPHU cebsi JIOCTATOYHOE KOJTUIECTBO
TMPOCTEHATITNX PACTPOBBIX AJTOPUTMOB.

CdhopMupoBarh pPacTpoOBOE M300paKEHHE MOYKHO [0-PA3HOMY.
g Toro urobel co3naTh U3006parkeHne Ha PACTPOBOM JIUCILIEE, MOZK-
HO MPOCTO CKOIMUPOBATH TOTOBBI PACTP B BUIAEOMAMSTH. DTOT PACTP
MOXKeT OBITH [OJIYYeH, HAIIPUMED, C IIOMOIIbIO CKaHepa uin 1udpoBo-
ro ¢oroammapara. A MOXKHO CO34aBaTh M300paykeHne 00LEKTa IIYTEM
TOCJIEIOBATEIEHOTO PUCOBAHUS OTIAEIBHBIX TPOCTHIX 3JIEMEHTOB.

[IpocThie 3/ieMeHTBI, U3 KOTOPBIX CKJIAJIBIBAIOTCH CJIOXKHbIE OOBEK-
ThI, OysieM Ha3bIBAThH rpaduyueckuMu npuMuTuBaMu. x M0xKHO BCTpeE-
TuTh 1moBcioy. Hampumep, jjig moctpoenns n300parKeHusi UCIIOJIb3Y-
eTCsI HEKOTOPBI HabOp MPUMUTHBOB, KOTOPHIE TTOAEPKUBAIOTCS OMpe-
IEeJIEHHBIMU TPApUIECKUMA YCTPOWCTBaAMU BBIBOA. | paduieckne npu-
MUTHBBI TaKXKE MOYKHO TPUMEHSTDH JJIs OMUCAHUS MPOCTPAHCTBEHHBIX
00bekTOB B Haze JaHHBIX KOMITBIOTEPHOW CUCTEMBI — MOZEIN 00 HEKTOB.
MoryT uCIoJib30BaThCS PA3IUIHBIE MHOXKECTBA MPUMUTUBOB JJIS MO-
JeN W JIsT AJATOPUTMOB 0TOOparkeHns. Y 100HO, KOTIa 9TH MHOXKECTBA
COBTIQJIAIOT, TOT/IA YIIPOIIAETCH IIPOIECC OTOOPAIKEHNS.

[Ipocreiiium 1 BMecTe ¢ TeM HanbOJIee YHUBEPCAJIbHBIM PACTPOBBIM
rpadgpuIecKuM IPUMUTUBOM IBJIFETCA TUKCEb. J[1060e pacTpoBoe m300-
pakeHrne MOXKHO HAPUCOBATH 110 MUKCEJISM, HO 3TO CJAOYXKHO U JOJITO.
Heobxomnmer 6osee cioKHbBIE 9JIEMEHTHI, I KOTOPBIX PUCYIOTCI CPa-
3y HECKOJIbKO TIuKceJiell. B coBpeMeHHBIX IpahuiyecKnx CUCTEMAaX B Ka-
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YeCTBE TAKUX JIEMEHTOB Haubojiee 4acTo UCIOJIb3YIOTCS rpaduiecKue
TPUMATHBBI — JTUHUAA U (PUTYPBI.

PaccmoTpuM pacTpoBble aJrOpUTMBI JJIsT OTPE3KOB MPAMOM JNHUH.
[Mpeamonoxkum, 910 3amaHbl KOOPAWHATHI KOHIOB OTPE3Ka MPAMOI.
g BBIBOMIA JTUHUN HEOOXOIMMO 3aKPACUTh B OIPEIEEHHBIN [IBET BCE
MUKCE/IA BIOJIb Jinauu. st TOro 4To0bl 3aKPacuTh KaXKIbIH ITUKCEh,
Heo0X0/IMMO 3HATH ero KoopauHaTol. IIpocreiimuii aaropurM, 1103BoJId-
IOITHI HTO cAesIaTh? TMPEeJnoIaraeT UCIOIb30BaAHNEe YPABHEHUS IPSIMOif,
copepzKalleil 3aJJaHHbIA OTPE30K W HETTOCPEACTBEHHOE BBIYUCJICHUE Of-
HOI M3 KOOpAWHAT Ha OCHOBE APYToll WM BBIYUCIICHUE TEKYIIeil Koop-
OWHATHI W3 MPEABIAYINEH TyTEM ee yBEeJTWUYeHUsI HA yIJI0BOH K03 du-
nuenT. OQJIHAKO 33 TAKO# MPOCTOTON CKPBIBAETCS UCIOJIB30BAHUE UUCENT
C TIaBAONIEeH TOYKON u apudMeTndecKux omepamwii Haa auMu. Kpo-
Me IOT'PeIIHOCTH IIPeACTaBICHUs CAMUX YUCeJ]I B IIaMATH KOMIILIOTEPa,
OyaeT HAKAIIMBATLCH OIMMMOKA TIPU [MOCIEI0BATE/IHHBIX BHIYUCICHUTX.

. 2. BpesenxsM OpeJIoKUII [MOJX0/I, TO3BOJIAMONINN pa3pabarhl-
BaTh aJI'OPUTMBbl pacTEepU3alUyu, OCHOBAHHBIC Ha IIOCTPOCHUU LUKJIOB
BBIYUCICHUSA KOOPAWHAT. [Ipr 3TOM MCHOIB3YIOTCS TOJMBKO OMEePaIlnu
CTAOYKEHWS W BBIUYUTAHUS IEJIBIX Uuces 0€3 MCIOJB30BAHUS ONepaIiuii
yMHOXKeHUs 1 jgejennsi. OMucanre aJropuTMa PacTepUsallil 0TPe3Ka
npejcrasieno B |1, myHkTs! 2.3 — 2.5], okpyxuHOCTH — B [1, MyHKT 2.6].

3.1. Jlaboparopuas pabora 3
IlepBaga vacTtb

Peamuzosars anroputm Bpezernxsma pacrepuzanuu OoTpe3Ka.

Bxodnwvie danmvie: meJ0UNCTIEHHBIE KOOPIAWHATH KOHIIOB OTPE3Ka, (B
KOOD/IMHATAX CETKH).

Buoixodnvie dannwie: m30bparkeHne CETKHU, Y3JIbl KOTOPON SBJISIOTCS
THUKCETIMHT; M300pakenne 0TPe3Ka CTAHAAPTHBIM METOIOM; PE3YIbTAT
paboThl anroOpUTMa B BHJIE OTMEUIEHHBIX TTHKCETEI.

Bropas vacTthb

PeammzoBaTth anroputmbl Bpezenxama pacTepusalnnym OKpPYKHO-
CTU.
Bzxodnwvie dannwie: paguyc u KOOPAUHATHI 1IEHTPA OKPYKHOCTH.
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Puc. 2. Anroputm Bpesenxema pacTepusaliui OTPE3Ka

Buixoouvie danmnwie: n300paskeHue CETKH, Y3/bl KOTOPOM SBJISTIOT-
¢S TUKCEJISIMI;, M300pazKeHne OKPYKHOCTH CTaHIAPTHLIM METOIOM; pe-
3yJABTAT PAOOTHI AJITOPUTMA B BUJIE OTMEUYEHHBIX TUKCE/TEH.

KomMmeHTapuu kK 3aJaHUIO

Bce Boruncienus 0IKHBI BBITOJHATLCS B TMEIBIX YUCTAX.
[IpumepHbiit Buj paboThl IPOTIPAMMBI JIJIsl IEPBON YacTH M306parKEH
Ha puc. 2.

4. AJaropmTmbl OTCEYE€HUsS OTPE3KA

Ha mpakTuke rpadpuueckne 00beKTHI BCErAa 0TOOPAYKAIOTC Ha KO-
HEYHOM pacCTpe, PAHULBI KOTOPOTO COOTBETCTBYIOT I'DAHUAIIAM 3KPAaHA.
Pacrepuzanusa na KOHEUIHOM pacTpe TpeOyeT BO3ZMOKHOCTH OTCEIEHUST
pacTtepudyeMoro 06beKTa OTHOCHTEILHO TPAHUI[ PACTPA, T. €. yIase-
HHUs 9acTeil pacTepu3yeMoro 00 beKTa, JeKAIIX 32 MpeeJaMu PacTpa.
Brimosinenune anropurma pacrepudanuu 6e3 mpeaBapuTeIbHOTO 0TCeTe-
HUA HpI/IBe,ZI;éT K OH.[I/I6K€ OpU TIOTTHITKE OCYHIECTBUTH U3MEHEHUE I[BETA
MUKCETIST ¢ KOOPAUHATAMY 33 TIPeJIeIaMi PAcTpa (9TO MOYKET MPUBECTH
K M3MEHEHWIO 1IBETA HE TOTO MUKCES WU JaXKe K CHCTEMHOMY CHOT0).

Moxkwo 6b1I0 OBI TPOCTO TPOBEPSITH, JIEXKUAT JIU MUKCETh BHYTPH
pacTpa HeloCpeICTBEHHO TIepel M3MeHeHneM ero 1sera. K coxaenuto,
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TaKoe perenne B OOIBITUHCTBE CIyYaeB caunikoMm HeahdexTusuo. Bo-
MTEPBBIX, TO00HAST TPOBEPKA, caMa 0 cebe YPe3BhIYaiHO 3aMEeTUT PAC-
Tepusanuio. Bo-BTOpBIX, B TeX cJy4asx, KOT/a 3HAYNTEJbHAs 9acTb
obbekTa JEKUT BHE PACTPa, pacrepu3amud s 9Toi obmactu bymer
BBITIOJTHSITHCS BXOJIOCTYIO U OTCEeYeHne MOM00HBIX 06J1acTell YCKOPUT BbI-
YUCJICHU.

MpbI paccMaTpuBaeM ajrOpUTMbl OTCEYEHUs] OTPE3Ka, OTHOCUTEIBHO
I'PAHUI] IPAMOYTOJbHAKA MJIH MHOTOYTOJBHUKA (MHOTIAa MBI Oy/1eM Ha-
3BIBATH STOT MPSIMOYTOJBHUK UM MHOTOYTOJTBHUK «OKHOMY ).

Ecu m3o6pazkenne BBIXOIUT 3a TIPEESbl SKPAHA, TO HA YaCTU JUC-
TJIEEB YBEJIMIMBAETCS BPEMs TMOCTPOEHUS 33 CUET TOrO, UTO u300pa-
JKEHUE CTPOUTCS B «yMey. B HEKOTOPBIX JUCILIESAX BBIXOJ 38 MPEIEThI
9KPpaHa IPpUBOAUT K MCKAXKEHUIO KaPTUHDBI, TaK KaK KOOPDAWHATHI IIPOCTO
OrPAHUYUBAIOTCS [PU JIOCTUKEHUN MMU IPAHUIHBIX 3HAYEHUH, HO HE
BBITIO/THAETCSl TOUHBIN PAcYér KoopauHar nepecedenns (3ddexr «cra-
ruBaHusty n300pazkenus). Hekoropeie, B OCHOBHOM HpPOCTHIE, JTHCILICH
MPOCTO HE JIOMYCKAIOT BBIXOAA 3a IPEIe/bl IKpaHa. Bce 310, 0cobeHHO
B CBSI3U C IMUPOKUM HUCIIOJb30BAHUEM TEXHOJOTUU MIPOCMOTPA OKHAMM,
Tpe6yeT BBITIOJIHCHUA OTCCYCHUA CHEHBI 110 I'PaHUIlaM OKHa BUIMMOCTH.

OTcexkaeMbie OTPE3KN MOTYT OBITH TPEX KJIACCOB: TIETUKOM BUIUMBIE,
IIEJIMKOM HEBUIUMBIE U TepeceKaionme okao. OUeBuIHO, 9TO 11e/1ec006-
pasHo 6ojiee paHO, 6€3 BBINOJTHEHUS OOBIIOrN0 00bEMA BBIUYUCICHUI,
NPWHSATH PelieHre 0 BUAUMOCTH OTPE3Ka IeJunKoM uau 06 ero orbpa-
coiBauun. Ilo crocoby BeiGopa periernst 06 0TOPACHIBAHNNA HEBUINMOTO
OTPE3Ka TEJUKOM WJIW TNPUHATULG €r0o CYIIEeCTBYIOT ABa OCHOBHBIX THILIA
AJITOPUTMOB OTCEUEHUsI: AJTOPUTMBbI, HCITOJIb3YOIIIE KOIUPOBAHUE KOH-
IIOB OTPE3Ka WJIM BCErO OTPE3Ka, W AJTOPUTMBI, UCIOJIB3YIONINEe Tapa-
METPUYECKOE TIPEJICTAB/IEHNE OTCEKAEMBIX OTPE3KOB U OKHA OTCEYEHUS.
[IpeacraBuresu mepBoro Tuia aaropuTMoB — ajropurm Casepiienjia —
Kosna u anropurm cpenneir Touku. lIpejpcraBuresem ajropurMoB BTO-
poro tuna apadgerca aaroputM Hupyca — Bexa.

AJTOpuTMBI ¢ KOTUPOBAHUEM TPUMEHUMBI JJIsT MPSMOYTOJLHOTO
OKHa, CTOPOHBI KOTOPOTO TAPAJJIETbHBI OCAM KOOPIUHAT, B TO Bpe-
Msl KaK aJTOPUTMBI C TTADAMETPUIECKUM TIPEJICTABICHIEM TPUMEHUMBbI
JUTsT TIPOU3BOJIBHOTO OKHA.

[Monnoe onucanue anropurmos Cazepienga — KosHa, cpeaneii Tou-
ku u Llupyca — Beka moxHo Haiitu B |1, myukTs! 3.2, 3.3, 3.5].
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Puc. 3. Amropurm Hnpyca — Beka

4.1. Jlaboparopuaga pabora 4

Jlaboparopras paboTa COCTOMT M3 TPEX UACTEIH:

1. PeasmzoBars anropurm Hupyca — Beka orcevenust orpe3ka MHO-
TOYTOJILHIKOM.

2. PeanuzoBats anropurm Cazepsenyia — Kosna.
3. PeanuzoBarh aaroputM cpemHeil TOUKH.

Hutst Kaxkmoit gacTu:

Bxodnvie danmvie: KOOPIUHATHI BEPIIMH MHOTOYTOJLHUKA (TIPAMO-
YTOJBHIUKA), KOODIUHATH KOHIIOB OTPE3KA.

Buixoduvie dannvie: n300paskeHre MHOTOYTOJIBHIKA, (TIPSIMOYTOJTBHI-
Ka), M300PAYKEHNEe OTPE3KA, OTMEUEHBI BCE TIOTEHITMAIBLHBIE TOUKH BXOJA
U BBIXOJIA, (J/Ts IepBOM 9aCTH ), 9aCTh OTPE3Ka BHYTPH MHOTOYTOJTBHUKA
(IPSIMOYTOTBHUKA ) BBIIETEHA JPYTUM IIBETOM.

KomMeHnTapuu K 3aJaHUIO

1. Bxoanple ganHbIe YnTAOTCA U3 (haiiia.

2. Hauamo koopamHAT PACIOI0KEHO B IEHTPE OKHA POTrPAMMEBI.

[Tpumepnsiit Bua pabOTHI TPOTPAMMBI JTs IEPBOH YacTn n300parkeH
Ha puc. 3
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5. Aaropurmsbl 3anoJiHEHUS obJiacTeit

Pamee MBI paccMoTpenn aaropuTMbl 0TOOpazKeHWs TUHUH Ha PACT-
pe. Jluaum Ha pacrpe 3a4acTyio 00pa3yrT 3aMKHYThIE 00J1acTH, KOTO-
pbie TpebyeTcst 3aKPACUTh (3AN0JHUTE) TEM MJIM MHBIM I[BETOM. Ternepb
MbI PaCCMOTPUM AJICOPUTMBI, TI03BOJISIOIINE BBIIIOJHUTE TAKOE 3AI0JI-
HEHUE.

Byayr paccmorpensr gBa caydas. B mepsom Tpebyerca napucoBaTh
HA pPacTpe MHOTOYTOJBHUK, 3aJJaHHBIH CBOUME BepIMuHAME (pacTepu-
3amnmst MHOTOYTOJIbHUKA). Bo BTOpOM, Gostee obrmem, ciaydae Mbl Oymem
CUUTATh, UTO PACTPOBas 00JIACTH 33a/aHa IIBETOM CBOE IPAHUIIBI U TOU-
KO# (nmKceseM) BHYTpH 00J1aCTH. DTOT IIUKCETh HA3BIBAETCS 33TPABOY-
HBIM, & CaM MEeTOJ Ha3bIBAETCS 3AIMOJHEHUEM C 3aTPABKOM.

PaCTepI/IBaIJ;I/Iﬂ MHOTIOYTOJIbHUKOB

[Iycrs 3amam muoroyroimbuuk Py Ps ... Py u Tpebyercs pacrepu3o-
BaTh €r0 BMECTe C BHYTPEHHUMH TOYKAMHU. ByleM cUMTaTh, YTO MHO-
TOYTOJILHUK [EJIMKOM MTOMEIAeTcd B pacTpoBoM okme. g ymobersa
KaxkJ0e pebpo MHOTOYTOJIbHUKA OyIeM 3ajaBaTh KOOpAWHATAMU (I7,
y1) u (T2, Yy2) €ro KOHIOB, TAK 49TO Y| < Y2. YCJOBHUMCS TaKKe OT-
CUMTHIBATH Ha SKpaHe KOOPJAMHATY X CJIeBa HalpaBo, & Y — CBEpXY
BHU3 (Takum obpasom, Touka (X1, y1) Oyaer BepxHUM KOHIOM pebpa,
a ((z2, y2) — HIWKHAM). BOJBIIHHCTBO aJITOPUTMOB 3aMOJHEHHS OC-
HOBAHO Ha TOM (paKTe, 9TO JI000e TOPU3IOHTAIHHOE CEUECHNE KOHTYDa
MHOTOYTOJIbHUKA COCTOUT W3 YETHOTO YUCJIA TOYEK. DTO yTBEPKIEHUE
HEBEPHO B JIBYX CJlydasx (cM. puc. 4):

® KOIJIa CEeKyIlas MpsiMast COJIEPKUT I'OPU3OHTAIBHOE Pedbpo;

® KOT/[A OHA COJEPXKUT BEPINHY, & 008 CMEKHBIX pedpa JIEKAT BbI-
e (HUXKe) ee.

OaHaKO CYIMECTBYIOT TPOCTBIE CIOCODBI MCKAIYUTD 9TH CIYdan
U3 pacCMOTPeHusd; OHM OyIyT paccMoTpenbl no3znee. lloka ke Oynem
CUUTATH, 9TO MPUBEIEHHOE YTBEPIXKICHNE CIIPABEINBO BCeraa. 3agaua
3aI0JIHEHUS MHOTOYT'OJIbHUKA, TAKUM 00pa30M, CBOJIUTCS K 3alI0THEHIEO
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Puc. 4. Uckntounrenbubie ciydan

OTIPEJIeJIEHHBIX TTPOMEXKYTKOB MEXKJY TOUYKAMU CEYEHUS, ITO JOIK-
HO OBITH TPOJIEJIAHO JJIs KaXKJOI0 TOPU30HTAJIBLHOTO CedeHUs MHOIO-
YIOJBHUKA. 3AMETUM, UTO IPU TAKOM [OIX0/e HUKAKUX OTPAHUIEHUIT
HA CBONCTBA MHOTOYTOJBHUKA (BBIMYKJOCTH, OTCYTCTBUE CaMOIIEpece-
YeHU U T. JI.) HE HAKJIAJIbIBAECTCH.

AropurM €co CrmcKoM pPEOGEPHBIX TOUYEK

DTOT AJrOPUTM COCTOUT U3 TPEX OCHOBHBLIX 3TALOB.

Ha mepBoM sTame pacTepusyorcsa BCe HErOPH30HTAIbLHEIE pebpa MHO-
royroabHuKa. Bee Touky moMemaroTes B cucKr. I Kaxkaoil Koopam-
HATH! Ymin, Y2, --- Ymaz COMOCTABUM CIHUCOK Z-KOODIAWHAT BCEX TTHK-
ceJieil, 3aKpallleHHBIX IPH PACTEpU3AIuu pEGEp, KOTOPBIE HAXOLATCH
HA TOPU3OHTATH Y (371ECH Ymin U Ymar — MUHUMATHHAS M MAKCHMATb-
Had Y-KOOPJIUHATHI IUKCEIeH B PACTPOBOM HM300DAKEHHH MHOTOYTOJIb-
HUKA).

Ha BTopoM srame KazKAplil U3 y-CIHCKOB YIOPAI0YUBAIOTCS 10 BO3-
PACTAHHUIO.

Ha Tperbem 3ramne B KaXK10M U3 Y-CIUCKOB 3aMOTHAIOTCS (32K parin-
BAIOTCsT) BCE OTPE3KH BUIA [T2;—1, T2;).

AnropuTM co CIIMCKOM aKTHUBHBIX pebep

[TopobyeM HECKOJIBKO BUIOUBMEHUTH MPEABIAYIINAN AJCOPUTM.
BMeCTO TOTO qTO6bI XPaHUTHh B IMaAMATHU TOYKU TEpeCeHeHnd KOHTYPaA
C KaxXJ0H CTPOKOI pacTpa, OrpaHUYUMCd JIUIIL OJHON CTpOKO# — Te-
Kymieii. A mMeHHO opraru3yem Cmcok «akTuBHbBIX» pébep (CAP), B ko-
TopoM OymeM XpaHUTh HHGOPMAINIO 000 Bcex pEbpax MHOrOYTOJIbLHH-
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Ka, TEPECeKAEMBIX TEKYINEH CTPOKOi. YI06CTBO TAKOro MOIX0/a B TOM,
9TO MPU MePexoie K HOBOM CTPOKE He Tpebyercs mOTHOCTHIO mepedop-
muposbiBaTh CAP. JlocTaroano JHIME yIauTh U3 HETO «3aKOHIHBINN-
ecs» pebpa (1. e. pebpa n3 CAP, ueil HuKHAI KOHEI OKA3aJICS BBIIIE
HOBOT'O 3HAYECHUS Y ) U JOOABUTH TTOSIBUBIITHECS.

[Mepetiném & dopmaabHOMY onmcanwuio aaropurma. Jlag xaxxaoro
T2 — 1
-z
Y2 —yl
x1+dx-(y—y1)}. Bee Takue cTpyKTYpBI TOMECTHM B CIIUCOK (Y-CITHCOK )
u ymopsiaounM ero mo Bozpacranuio y. Jlasee, moka CAP wme mycr,
JUTSI TEKYIEr0 3HAYEHUST ¥

pebpa co3gaguMm CTpyKTypy Jannbix {y = [y|;dx =

e nobaBjsieM HOBbIe pebpa u3 y-cnucka (y HEX pebpo.y = y), Co-
xpaugs ynopsaouenaocts CAP o x;

® 3aKpalnBaeM OTPE3KM BUJA [T2;_1,T2;| B CTPOKE Y;
® [epexoauM K CACAYIONEeMY 3HAYeHUTO U

® yIasiseM «3aKOHUUBIHECT> PEOPa, B OCTATLHBIX PEOpax 0bHOBII-
€M 3HajYeHNe T, YBeINInBagd ero Ha dx pedpa, TPy 9TOM COXPaHsIsa
yrnopamodennoctb CAP 1o z.

[TpeumytiecTBo ABYyX HTPUBEASHHBIX AJTOPUTMOB IEPE/ MOCIEIYIO-
MUME COCTOUT B TOM, UTO OIEPAINU BBIBOJA HA 9KPaH (OTHOCHUTETHHO
«MeJIJIEHHBIE» BO MHOTHUX CHCTEMAaX) JJIsl KasKIOTO MHKCEsT BBITIOJHS-
oTcs He Dosiee omgmoro pasza. HegocTtaTkoM SIBASIETCS MCTOB30BAHNE
JUHAMHUYECKHAX CTPYKTYD JAHHBIX (CIOUCKOB), UTO CHJIBHO YCJIOKHSET
KOI 1 TpebyeT JOTMOJHUTETHHON TaMATH.

CyrecTByeT KJaacC CUCTEM, B KOTOPBIX HUCIOJIB30BAHUE JTUHAMUIE-
CKUX CTPYKTYD JAHHBIX HEXKEJIATeJbHO (BCIEICTBHE OTPAHMICHHOCTH
pecypca TmaMsaTH WJIH OTCYTCTBUST VIOOHBIX CPEJICTB paszpaboOTKU MPOo-
rpaMM), B TO BPeMsl KakK 3aMejjieHne paboThl m3-3a 9acToro obparrie-
HVS K BUJICOTIAMSITH HEKDUTHIHO (CHOIa OTHOCSITCST, HAITPUMED, MOOHITb-
Hble TeaedOHbl U IPYTue MOPTATUBHBIE YCTPONWCTBA, nMeorue rpadu-
veckwuit qucieit). B rakux cucremax 3 beKTHBHBIM OyIeT HCI0Ib30Ba-
HUEe CJAeIYIONIX aJTOPUTMOB, OIEPUPYIONNX HEOCPEICTBEHHO C JIaH-
HBIME B BHe00ydepe (T. e. ¢ «COAEePKUMBIMY IKPAHA).

20



Aaropurm c onepaiueii XOR

DTOT OPUTHHAILHBIA AJTOPUTM WCIOJIB3yeT CBOWCTBa Oepalluu
XOR (uckmrouaromee UJIN). Hamomuanwm, uro XOR — Gunapuas ore-
parus mazg Ouramu, TeHCTBYIOMA O NPABWIY:

a|b|aXORDb
00 0
01 1
10 1
11 0

[IycTh KOHTYD MHOTOYTOJIBHUKA PACTEPU30BAH U BBIBEJIEH Ha SKPaH.
Torga ero 3akpalmmBaHne CBOAWTCS K 3aIOJHEHWIO B KaXKJI0M CTPOKe
pacTpa BCeX MPOMEXKYTKOB BUJIA [X2;_1, To;], Tle Yepe3 xj 0003HAUEHBI
Z-KOOPAWHATHI «BKIIOYEHHBIXY MHUKCEJ/IEH B JAHHON CTPOKE, YIOPSI0-
YEHHBIE 110 BO3PACTAHMUIO.

Hepes I(x, y) 0603HATNM COCTOSIHIE TUKCETIA ¢ KOOPAUHATAME (X, Y):
I(z,y) = 1, eciu ukcens «Bra0uéH», u I(x,y) = 0 B IPOTUBHOM CJ1y-
vae. Herpyano ybeaurbesd, 410 HOCIE10BATE/BHOE BLIOIHEHNE OIepa-
JRRZNG)

Iz +1,y) = I(z,y) XORI(z + 1,y)

st x = 1,2,3,... X — 1 (nme X — ropusoHTaJbHBIN pa3Mep pacTpa)
TPUBEIET K TPedyeMoMy Pe3yIbTATy C TOMH JIUITh PA3HUIIEH, 9TO TOCTe-
HUU THUKCEJIb B KaXKI0M IPOMEKYTKE 3aKpalieH He bymer. D1a HeHOIb-
1Masi HETOYHOCTH B DOJIBITHHCTBE CAYyYaeB HEKPUTHYHA U BU3YAJTBHO
HezaMeTHa. B IpoTUBHOM cilyvae MOXKHO TI0C/Ie 3aKPAITUBAHUS TIOBTOD-
HO BBIBECTHU HA KPAH KOHTYP MHOIOYTOJBHUKA.

Hocrouncreom aaropurMmoB XOR siBisercs ux mpejeibHas IpoCcTo-
ta. Hesoctarok — HEBO3MOXKHOCTE pabOThI 1IPpU HAJUYUU TOCTOPOHHUX
n300pazkeHuii Ha SKPaAHE.

NcknounresbHbIe ciiyvdaun

OcranoBumMcst Temepb Ha crmocobax 00paboTKU MCKIFOUUTETBHBIX
caydaeB, MpuBeneénanpx Ha puc. 4. Ilpm paceMoTpeHNn TOPU30HTAIL-
HOTO pebpa JO0CTATOYHO 1TPU PACTEPU3AIINN 3TOI0 Pedpa BHIBECTH JIUIIH
€ro KOHIIBI.
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Puc. 5. XOR ¢ meperopokoii

JIas MCKIIIOYeHns OCTAJBHBIX CJAYy9aeB MOXKHO IMOCTYIUTH CJETYIO-
mmM obpasoM. IIpm pacrepmzanmumm KaxKnoro pedbpa MHOTOYTOJILHUKA
He Oy/ieM BBIBOJUTH €r0 HIKHUI KOHEIl (Z2,Y2), @ BEPXHUI KOHEI BbI-
BezieM ¢ momorpto oneparun I(x1,y1) = I(x2,y2) XOR 1. 910 npuse-
JET K TOMY, 9TO BepxHue (HMXKHWE) KOHIBI PEGEp, TONaBIme B OJUH
U TOT K€ IHKCEIb, He OyIyT BLIBEJCHBI, & 3HAUNAT, «OTHHOYIHBIE» TOYKH
B CTPOKaX pacTpa OyIayT MCKJIIOUECHBI.

AnroputMm ¢ oneparneit XOR ¢ meperopoakoii

AnropuTMm 3aKIIO9aeTCss B MHBEPTHPOBAHWN IIBETA BCEX THMKCETEN,
PACIONIOKEHHBIX MpaBee i-ro pebpa, MPOM3BOJINMOM IOCIEI0BATETHHO
ansai=1,2,... N (nopsimox mymeparun pébep He mMeer 3uaadenus). Lo-
PU3OHTAJbHBIE peOpa IIpH 9TOM UTHOpUPYIoTcsa. Kak BUIHO U3 puc. b,
B PE3YJIbTATE 3aKPAITECHHBIMHA OKaXKyTCA BCe BHYTPEHHUE MIKCETH MHO-
rOYroJIbHUKA, W TOJBKO OHH.

K nocromncTBaAM JAHHOTO AJITOPUTMa MOYXKHO OTHECTH €0 [IPOCTO-
Ty 1 OPUTUHAJBHOCTD, a TaK2Ke OTCYTCTBHE JOMOJTHUTEC/IBHBIX CTPDYKTYD
nanabix. HepocrarkoMm siBjigercst HEOOXOIMMOCTD BBINOJIHEHUS HOJIBIIIO-
ro umcsaa onepamuii ¢ nukceaamu (10 N onepanuii ¢ KaxKabIM MUKCe-
JeM), B TOM 9HCJI€e W BHE MHOTOYTOJbHHKA. B wacTtHOCTH, deM 6OJIb-
1€ PACCTOSTHUE MEXKIy MHOTOYTOJTLHUKOM U MPaBOil TpaHurieil sSKpaHa,
TeMm 60JIbIIe OYIeT COBEPINEHO «IUITHUXY OIEepPAIlnii.

Ot sToro HemocTaTKa CBOOOMHA MOAUMDUKANNS JAHHOTO AJTOPUT-
Ma — «XOR-2 ¢ neperopojkoity. Njest ee 3akyrogaercs B TOM, YTOOBI
WHBEPTUPOBATH 00/IaCTh HE MEXKTy pebpoM u mpaBoil rpaHuIeil SKpaHa,
a Mexk 1y pebpoM 1 BePTUKAJIBLHOI PAMOil («[I€PEropoIKoiiy ), MBICICH-
HO TPOBEAEHHON B JIOO0M yIOOHOM MecTe, HANPUMED, MEePeCeKaroIeit
MHOTOYTOJIbHUK.
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3amosiHeHne ¢ 3aTpPaBKOii

O6acTh, MOIEKAINAS 3AIOJHEHNIO, HE BCErJa 33aJa6TCI B BHIE
MHOTOYTOJBHUKA. B 9TOM paszjiesie Mbl PACCMOTPUM CJIy9ail, KOTa 3a-
MoJTIHsIeMast 00JaCTD 3aJaETCs IIBETOM CBOE rpaHuiibl. MHOXKeCTBO MHK-
cesieit Ha pacTpe He ompeessger 001aCTh OJHO3HATHO, TOITOMY Tpeby-
eTCsI 33/1aTh KOOPANHATEl «3aTPABOIHOI0» IIHKCEJId, TPHHAIIEKAIIETO
obsracTm.

AIropuTMEL, paccMaTpUBaEMbIe B 3TOM pasiese, HCI0AL3YIOT CTPYK-
TYPY JAHHBIX TOJ HasBaHUeM cTeK. CTeK COMEPKUT YIOPAT0UeHHBIN
HabOp 9JEMEHTOB U MOAAEPKUBAELT JIBE OCHOBHLIE OIIEpAIlnN: T0OaBUTD
3JIEMEHT ¥ U3BJeYb 3jeMeHT. Bropas omepalps BO3BPAIIAECT JIEMEHT,
I00aBJIEHHBIN MTOCTEIHAM, U yIAJIsIeT ero n3 Habopa smeMenToB. 1Ipo-
I'PaMMHO CTEK MOKET OblTh PeaiM30BaH Ha OCHOBE OJIHOMEPHOIO Mac-
cHBA.

[Tpocrefinmuit asropuT™ 3a0HEHUA C 3aTPABKON MCHOIB3YeT U0
obxoma pacTpa B riiybuHy ([epexonuM K PacCMOTPEHHIO COCETHEro K-
ceJisl; eCJIM LOAXOUSIIUX COCEJNHUX IUKCeIel 60/Iblle HeT, paccMarpu-
BAEM COCEJIEll MPEJIBIYIIEro PACCMOTPEHHOTO TIMKCENIS) WK B IMUPUHY
(cHauasa paccMaTpuBaeM COCeeil TEKYIIero MUKCess, TOTOM COceeit
cocejieit u T. ).

JIaHHBI aJCOPUTM MOXKHO MOOUPUIIIPOBATL. BMecTo TOro 4To6bI
Ha Ka)K,Z[OfI nrepanu 3aKpalmmrBaTh OJWH TMHUKCE/JIb, MOXKHO 3aKpPaIlin-
BaTh JUHUIO. [T 9TOTO HMCIOJIB3YeTCsS MPOCTPAHCTBEHHAS KOIE€pPeHT-
HOCTb:

® [INKCEJIM B CTPOKE MEHAIOTCA TOJIbKO Ha I'DaHHIIaX;

e DU IepeMelleHun K CAeAYIOLIell CTPpOKe pa3Mep 3a/iuBaeMoil
CTPOKHU CKOpee BCEro UJj HEU3MEHEeH, WU MEHAeTCd Ha OJIUH IIUK-
CeJlb.

Takum obpaszom, Ha KaKIBIH 3aKparmBaeMbiii parMe’HT CTPOKH

B CTeKe XPaHSATCS KOOPJWHATBEI TOJBKO OJIHOTO HAYAJBHOTO THKCEJI,

9TO MPUBOAUT K CYIIECTBEHHOMY YMEHBITICHUIO Pa3Mepa CTEKa.
[TocmemoBaTebHOCTE PAOOTHI AJTOPUTMA, CJIETYIONIAST:

1. 3arpaBovHBIl THKCEIb TOMEIIAETCA B CTEK, 3aTeM JIO NCUEPITaHIS
CTeKa BBITTOJTHSAIOTCS TYHKTH 2 — 4.
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Puc. 6. Banonnenue ¢ 3arpaBKoil 110 oTpe3Kam

2. Ouepe/iHOl MUKCETb U3BJIEKAETCH U3 CTEKA U BBIIIOJIHAETCH MaK-
CUMAaJILHO BO3MOXKHOE 3aKPAallliBaHNe BIPABO M BJIEBO TI0 CTPOKE,
COoZlepaKaITeil TOT MUKCEh, T. €. TTOKa, He MOMaIeTCd TPaHmIHbIH
nukcenb. 1lyeTs aTo coorBercTBenro X1 n XRg.

3. Amasm3upyeTcs CTpOKa HIXKe 3aKPaIlTiBaeMoil B mpejenax oT X,
10 Xg, v B HEll HAXOAATCH KpallHKUe MIPABhIE IMUKCEJIM BCEX HE3a-
KpalreHHbIx parMenToB. VX KOOp/IMHATHI 3aHOCATCSH B CTEK.

4. To ke camoe TPOIe/TBIBAETCA I/ CTPOKH BBIIITE 3aKPAIITTBAEMO.

[Ipumep paboTs! ajaropuTMa MOKa3aH Ha puc. 6.
Bosee nospobroe onncanue ajaropuTMOB MOKHO HANTH B |1, yHKTHI

2.17 — 2.24].

5.1. Jlaboparopuas pabora 5

B sToit maboparoproit pabore HeOOXOAMMO PEATUIOBATH OAUH U3 -
TOPUTMOB 3al0JIHEHUsT 0DJIaCTH:

1. AaropuT™ cO CITUCKOM pebepHBIX TOYEK.
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2. AJIrOpuUTM CO CIIMCKOM aKTHBHBIX pebep.
3. Anropurm ¢ XOR.

4. Anroputm XOR ¢ meperopokoit.

5. Anropurm XOR-2 ¢ meperoposkoii.

6. AnropuTM 3AITOJIHEHHUS ¢ 3aTPABKOM.

7. ANropuTMm 3al0JHEHHS C 3aTPABKOI 110 OTPE3KaM.

Bzodnvie danmbie: KOOPUMHATH BEPIIINH MHOTOYTOIBHIKA 1 KOOP/IN-
HaTHl TOYKN (/711 BapuanToB 6 u 7).

Buizodnvie darnvie: m300pazkeHne MHOTOYTOJIBHIKA, MHOTOYTOJIBHUK
3aKPAIUBAETCS 110 TIIaraM, KayK (bl [ar — HECKOJIBKO IIar0B aJrOpPHUT-
Ma.

KomMmeHnTapuu K 3aJaHUIO

[Tomarosoe mocTpoeHne 03HATAET JEMOHCTPAIUIO TPWHITUTIA, PADOTHI
AJITOPUTMA, T. €. TPU JEMOHCTPAINN JOKHO OBITH TOHSITHO, KaKOi
AJTOPUTM pPeaTM30BaH.

6. IlocTpoeHme BBIMYKJIO 000/JI0YKM

3aada BBIYNCTEHUT (HOCTpOGHI/IH) BBIIYKJION 000JIOYKN HE TOJIb-
KO SBJIAETCA ICHTPAJBHOW B IEJIOM pAlie NMPUIOKEHWH, HO W HO3BO-
JIdeT Pa3pelIuTb P BOIIPOCOB BBIYUC/IUTE/IBHON I€OMETPUM, Ha lep-
BBIIT B3IV He cBa3aHHBIX C Heil. [locTpoenue BoITyKII0# 000/109KHU KO-
HEYHOI'0 MHOXKECTBA TOYEK, U OCODEHHO B CJIy4ae TOYEK Ha ILJIOCKOCTH,
y2Ke JIOBOJIbHO IITUPOKO U IVIyOOKO MCCJIEI0BAHO U MMEET IMPUJIOKEHUS,
HaIpAMep B PACIO3HABAHUU 00Pa30B, 00paboTKe m300parKeHnil, a Tak-
JKe B 3ajlade PACKpOod W KOMIIOHOBKH MaTepHaJla.

[TousTre BBIMYKJI0# 000I0UKH MHOYXKECTBA TOYEK S SBJISIETCS ecTe-
CTBEHHBIM U IIPDOCTBIM. B COOTBETCTBHU C OIpeacsieHneM 9TO HalnMECHb-
1ee BBITYKJIOE MHOYKECTBO, cojiepKariee S. UTobbl HATVISITHO TTPEJICTa-
BUTH 3TO NMOHATHE B CJIyYvae, KOorda S — KOHCEYHOE€ MHOXKECTBO TOYEK
Ha TIJIOCKOCTHU, MPEJIITOJI0KUM, YTO ITO MHOXKECTBO OXBAUEHO OOJIBIIONMN
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pacTsHyTOl pe3nHoBOil JeHTo#. Korma jierTa 0ocBOOOXKIA€TCsI, TO OHA
npwHUMaEeT (POPMY BBITYKJIOH 000/10UKH.

Aropurm noJsiHoro nepebopa

Cravajia paccMOTPHUM aJTOPUTM, UCIOJB3YIOMIUYE TPOCTYIO HJIEL0.
Touxa p ne asasemca kpatned (m. e. NPUHGOAEHCAWET 2PAHUYE Ebi-
nYKA0TU 060A04KY) NAOCKO20 8BINYKA020 MHOCECTNEA S MOALKO Mmozda,
K0200, OHG ACHCUM 6 HEKOMOPOM MPEY20AbHUKE, GEPUUHAMY KOMOPO20
ABAAIOMCA MOYKY U3 S, HO CAMAE OHG HE ABAAENCA BEPUUHOT IMO20
mpey2osvHUKG.

DTa TeopeMa JAET U0 JJIS AJTOPUTMA yIAJIeHUT TOYUEK, He sIBJISI0-
mxest kpadtamvm. Uveercs O(N3) TpeyrombAUKOB, onpeessembrx N
ToukaMu MHO¥)ecTBa S. [IpoBepka npuHaIEXKHOCTH TOYKH 33 JaHHOMY
TPEYTOJLHUKY MOXKET OBITH BBITIO/IHEHA 33 HEKOTOPOE MTOCTOAHHOE THC-
JTo oTlepanyif, Tax uTo 3a BpeMs O(N3) MOXKHO OIpeeuTh, ABIAeTCS
JM KOHKpeTHAas TO4YKa Kpaitaeit. [loBropenue sToit nporeaypsbt s BCEX
N rouek MHOKecTBa S moTpebyer pemenn O(N?).

Jns Toro 4Tobbl HAWTH BRITYKJIYIO 000JI09KY KOHEYHOTO MHOYKECTBA
TOYEK, TpebyeTcs BBIOJHUATH CJAEIYIONINE JBa Iara;

1. OupenenuTh KpaitHre TOYKH.

2. YOopgamouuTh 3TH TOYKH TAK, 9TOOBI OHM 0OPA3OBBIBAIN BBITYK-
JIBIE MHOTOYTOJIBHUK.

XoTs JaHHBIA AJITOPUTM SIBJIZETCH YPE3BbIYAliHO HEI(MDDEKTUBHBIM,
OH OY€Hb IIPOCT B UJIEHHOM IIJIAHE U IOKA3BbIBAET, YTO KpaiiHue TOYKH
MOTYT OBITH OTIPEJIETEHB! 38 KOHEYHOE YHCI0 MMAr0B. AJTOPUTM 3aTpa-
amsaer Bpems O(N?) Tospko Wa ompeiesiente KpaifHAX TOTEK, KOTO-
pble JTOJIKHBI OBITH KaK-TO YIIOPSAOYEHbI, 9T0OBI 00pa30BaTh BBIMYK-
syio 06o0uky. Kcm m3BecTHb Kpafinue TOYKA HEKOTOPOTO MHOYKECTBA,
TO €r0 BBINYKJIYVIO 000JI0UKY MOYKHO HAMTH, YIIOPSAIOYNB KpallHe TOUKH
B COOTBETCTBUH C IMOJISIPHBIM yIJIOM OTHOCUTENBHO OJHON M3 KPAMHUX
TOYEK.
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Aaropurm I'paxema

CymectBytor 60j1ee 3D PEKTUBHBIE AJTOPUTMBI TTOCTPOESHUST BBITI-
Kysoit obomoukn. Anroputm I'psxema mmeer cioxuocrs O(N log V).
CyTh aaropuTMa COCTOWT B OJHOKPATHOM MPOCMOTPE YHOPAZOYEHHOH
OCJIeI0BATENLHOCTH TOYEK, B MIPOIECCE KOTOPOTO YIAISIOTCS BHYTPEH-
uue Toukn. OCTaBmecd TOYKM ABJAIOTCA BEPITMHAME BBITYKJIOH 060-
JIOYKY, TPEJCTABIEHHBIMUA B TPEOYEMOM MOPSIJIKE.

1. Haxomaum caMyro HUXKHIOI M3 CAMBIX JIEBBIX TO4YeK () — OHA Tra-
PaHTUPOBAHHO ABJIACTCA Kpaiinei.

2. CoprupyeM TOYKH MHOXKECTBA 110 BEJTUYHHE [TOJITPHOrO yIJIa B CH-
creMe KoOpaArHAT ¢ TeHTpoM B (. COPTUPOBKY TOYEK MOYKHO ITPO-
H3BOJNTE TI0 3HAKY Kocoro mpoussenerns QP;-QP; 1. B orcopTn-
POBAHHOM MaCCHUBE TOYEK BCE YKa3aHHBIC ITPOU3BEACHUA JOJTKHDI
OBITH HeoTpHIaTe LHbL. Touxn ¢ pasapivu yraamu (QP;- QP =
0) OJIZKHBI PACIOIAraTHCS B OPSA/IKE YBEJINIEHUs JJIMH COOTBET-
CTBYIOIINX BEKTOPOB Q) F;.

3. Tlomermaem mepBhIe Be TOYKHA B CTEK.

4. TlocnenoBaTebHO TTPOCMATPUBAEM OCTAJBHBIE TOYKH B MOPIIKE
coptupoBku. Ilycts P; — Tekymasa Touka, Py_1, P, — ABe TOYKN
B Bepmmue creka. Iloka ygacrok yiomanoit Py_1 P P; se asigercs
BBIIIYKJIBIM, T. €. Py_1 Py- P, P; < 0, U3 cTeKa yaaageTcsa Touka Py,.

5. Barem P; nmomernaercss B CTEK.

Taxk xak 002 ToUka 100aBIAETCA B CTEK POBHO ONWH PA3, TO U VIa-
JIIeTCd OHa U3 Hero me H60jee OIHOTO Pasa, MO3TOMY BpPeMs IPOCMOTpa
cocrassier O(N).

AgroputMm DHIAPIO

Duapio A. M. npeiokua HECKOJIBKO MOAUMUINPOBATH AJIOPUTM
[paxema. Cmoxuocts amropurma mo-npexuemy O(N log N), omnnako
AJATOPUTM JIErde 3alpPOrPaMMHUPOBATD.
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[Iycrs ma mrockocTu 3amamHo MHOXKecTBO m3 N Touexk. Omupemeinm
CHAJa A ero JIeByIo U mpaByio Kpaitaue Touku L u R u mocTponM mps-
myio (LR), mpoxomsiiyto depe3 3t ToIKHA. OCTaBImecss TOYKH Pas-
fuBAOTCA HA MBA MOJMHOMXKECTBA (HUYKHEE M BEPXHEE) B 3aBUCHMOCTH
OT TOT'0, II0 KAKYIO CTOPOHY OT IpaAMO#l L R OHI pacIIoaraloTca — HHUXKe
wtm BeIe. g Kaxk10ro u3 moiMHOZKECTB CTPOUTC OTHOATOIIA, HIK-
HAd U BEPXHAA COOTBETCBEHHO, 00beJUHEHNE KOTOPBIX TaeT BLIITYKJIYIO
000JI09KY MCXOJHOIO MHOXKECTBA.

Paccmorpum moctpoenune Bepxueit obosouku. Touku ymopsamounBa-
IOTCS TI0 BO3pacTaHuio abcrnuccsl. K moaydeHHo#l mocienoBaTebHOCTH
mpuMeHsteTca MeTo obxoaa ['paxema.

Agaroputm >xkapsuca

DTOT AMTOPUTM WHOTIA HA3BIBAIOT AITOPATMOM «33aBOPAUNBAHUS TTO-
JlapKay.

B npenbiaymmx  ajropurMax [OpPOBEPSIOCH CBOWCTBO BEPIIUHBI
OBITH BEPIIUHON BBINYKJIOH 00osiouku. Orinyue asropurma JKxapsBuca
OT Tpex TPEJBIAYIIAX B TOM, UTO OH IPOBEPSIET, SIBJIAETCS JIU OTpe-
30K pebpPOM BBITTYKJIOH 000109KH. Ompesor, coeQuHAowul dge MoKy
300411020 MHOICECTBA, ABAACMCA PEOPOM BHINYKAOT 000A0UKU HMO20
MHOIHCECNBA MO20G U MOABKO M020a, k0200 6Ce MONKU MHONCECTEa
AEIHCATN, NO 00HY CMOPOHY oM Npamol, codepacauiett 2mom ompesor
(aubo wa camot npamoi).

Cravaia HYKHO OTIPEIE/NTH TMEPBYI0 TOUYKY, 3aBEJIOMO TIPHHAITE-
JKAIyI0 BBIMYKJIOH obosiouke. B kadecTBe HeE BhIOEpEM CAMYI0 HUXK-
HIOIO W3 CAMBIX JIeBBIX Touek. Jlamee KayKaas CAETYIOMNAs TOYKA BbI-
MyKJI0#t 0BOJIOUKH OIPEEIIeTCs CAeAYIOMmUM 06pa30M: U3 BCeX OCTaB-
MIXCS TOYEK BBIOUpaercss Ta, 9To 06pa3yeT MUHUMAIBHBIN TOJISTPHBIHA
yI0oJl B CUCTEME KOODJIWHAT C TIEHTPOM B MOCJETHE onpeeIeHHON TOY-
Ke BBINYKJIOH 000/104uku. Takmm 00pa3om, BCe TOYKH MHOXKECTBA OYyIyT
HaXOJ/IUThCS CJIeBA OT OTPE3KA, COEJIMHSAFOINIETO TTOCAETHION TOYKY BbI-
TyKJI0# 000JI0UKY ¥ HAIEHHYIO TOUKY.

Jonyctum, P; — i-a BepmuHa BRITYyKI0H 060104k, Crremyromntyto
TouKy Pjy1 HyXKHO BbIOpaThH TakuM 00pazom, 9TobBI KOCHIE TTPOU3BE-
meava PP - PBM > 0 ana Bcex Ttouek M w3 muoxkecrBa. [lomck
Touku P11 M0OXKHO ocyiecTB/idTh Tak. CHava a caeayomeil cantaer-
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Puc. 7. Anropurm xapsBuca

cs mobas TouKa. 3aTeM BhIMHCAseM 3Hadenue PP | - P;M, paccmar-
puBast B Kagectee M Bce ocTaabHBIE TOUKHW. EC/AM s OJHON W3 HUX
VKa3aHHOE BBbIPayKE€HNe MEHBINEe HyJd, CINTAEM CAEIVIONIeH ee W Mpo-
J0JIZKaeM HpOBepKy OCTAJIBHBIX TOYEK (aHaﬂOI‘I/IqHO aJIFOpI/ITMy TITOUCKa
MUHHMAJIBHOTO JIEMEHTa B Maccube). Ecan ke 3HaUeHne BHIpaKEHUS
PaBHO HYJIIO, TO CPAaBHUBAaEeM KBaJpPaThbl JJIWH COOTBETCTBYIOIIUX BEK-
Topos. B pesynbrare 3a O(N) omepanuit odepe/Has BEPUINHA BbITYK-
Jioit obosioukn Oymer Haiimena. IIpomoszkas 3Ty mporeaypy, Mbl pamHo
MW TO3/THO BepHEMCS K TOUKe Pp. 9T0 OyaeT 03HAYATE, ITO BHITYKJIAd
oboJiouka moctpoena. [Iporece Boibopa crenytomieit Touku Pjyq u3006-
pakén Ha puc. 7.

Anropurv mmeer caoxuocts O(Nh), rae h — KOIMIeCTBO BEPUTHH
BBITYKJIOH 06ost0uky. Taxum o6pa3om, B XyaieM ciydae (MHOTO TOUEK
JIEIKUT Ha BBITYKJIOH 0607109Ke) agroput™ umeer cioxuocts O(N?2).
B sToum carygae aaroputm Ixkapeuca yerymnaeT aaroputmy ['paxema. Ec-
JIU 2Ke DOJTBITMHCTBO TOYEK JIEKUT BHYTPH BBITYKJIOH 000JI0YKHT, TO aJI-
ropuTM Oy/IeT UMETh JIMHEHHYIO CJI0ZKHOCTD.
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Meron «Pa3nensii u BjaacTByii»

Meron «Pazaensit 1 BIacTBYyii» IPH IIOCTPOEHUHN BBIITYKJIOH 000/109-
KW OCHOBAH, K&K OOBITHO [IJis TOr0 THIIA aJrOPUTMOB, HA ujee pasdu-
€HMdA BBIYNACJIATEJBHON 3aJa9M Ha 0133139l IIPUMEPHO OJMHAKOBOH
Pa3sMepHOCTH, KOTOPLBIE PEeIIaloTCs PEKYPCUBHO, IIOCTIE Yero pe3yJibTa-
THI 00BEIWHSTIOTCST:

1. Pazgensii: nMeomuiica Hab0p TOYEK IEINTCS BEPTUKAILHON
HpHMOﬁ Ha ABE PABHBIX I10 KO.HI/ILIGCTBy TOYEK YaCTH.

2. BuoiacTByii: HaX0[ATCs BbIYKJIble 000JI0YKH 0Denx 4acTeit.

3. Ob6benuneHue peLIeHuii: Oy YUBIITHECT BBITYKJ/Ible 000JI0YKI
00 BEAMHAIOTCS.

Pacemorpum maru 6osee moapobHo.

Ha mepsom mare tpebyerca pasmeuTh NMEIOIIEEeCss MHOXKECTBO TO-
uvek Ha JjBa. g 3Toro HEoOX0AMMO OTCOPTUPOBATH TOYKHU 110 BO3PAC-
TAHUIO A0CIUCCHI, & 33TE€M BbI3BATH AJIFOPUTM PEKYPCUBHO JJIsi KAXK 0
w3 moJIOBUH. PeKypCHBHBIN BBI3OB OyaeM OCYIIECTBIATHL 10 TeX TOp,
TTOKa, HEe OCTAHETCH O/IHA TOYKA UJIU JIBE.

Temeps paccMoTpuM TIpoOTIece 00 BHEIMHEHNS ABYX BBITYKJIBIX 00010~
gek. JaguM HEeCKOJIBKO OIpejieseHuil.

[Mpamasg mazwsiBaeTCa KacamesvHoti BHITYKIOTO MHOTOYTOJIbHIKA P,
€CJTM OHA IIPOXOJIUT Yepe3 BEPIINHY MHOTOYTOJIbHUKA P U BHYTpPEHHSS
4vacTh P jleyKuT 10 0JiHy CTOPOHY OT 3TOH HPAMOK.

[Ipsimast HA3BIBAETCH MOCINUKOM TBYX BBITYKJ/IBIX MHOI'OYTOJBHIKOB
P u @, eciiv OHa SIBJISETCS] KACATEIBHON JIJI KAYXKIOTO U3 MHOTOYTOJTh-
HUKOB.

Moctuk [ aByX BBINYKJBIX MHOTOYTOJBHUKOB P u () Ha3bIBaeTCs
seprrum (Hudgrchum), ecmm 0b6a MHOTOYTOMBHUKA P 1 () jexar Bhiie
(HmzKe) TPAMOit [.

Taxwum obpazom, mid caugausa 000109eK HeODXOAMMO

e HAMTH BepXHMI M HMKHUN MOCTHKH JAHHBIX 000/I0Y€K;
® MOCTHUKM AEJST KaXKIyI0 u3 000/109€K HA JBE YaCTu;

® J1jisT KAXKJ0# 13 000JI0UEK BLIOPATH 9aCTh, BXOIAIIYIO B 000I0UKY
obbeInHeHNd;
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e 00LEeIUHNTL HalIeHHLIe JACTH.

PaccmoTpumM aaroput™ HaxoXKAeHUs BepxHero MocTuka. Ilpenmora-
TaeM, YTO BBIMYKJ/IbIe 00O0JIOYKM 33aHbl CIUCKOM BEPITUH B MOPIIKE
00X0/1a IPOTUB YaCOBOH CTPEJKH.

1.

6.1.

VeTaHoBUTL yKazaTegb V) Ha caMylo OPaByIO BepIINHY JIEBOTO
MHOTOYTOJIbHUKA, & yKa3aresb V, — Ha CaMyO JIEBYIO BEPIIHHY
[IPaBoOro.

IToka nosopotr ot Bekropa V;V, x Bekropy ViV, 11 ocymiecrsiisier-
¢S IPOTHWB 9aCOBOM CTPEJIKM, CMeIaTh yKas3aTeab V. Ha BepIu-

my Vig1.

TToka moBopoT ot BexkTopa V. V; k BexTopy V,.V;_1 ocymecTBigerca
0 JacoBOIl CTpesKe, CMEIATh yKasaTeab V) Ha BepmuHy Vi_i.

Ecnm ma 2 nim 3 mrare ykasaTeam CMeIIasn, TO BEPHYTHCI K ITa-
ry 2.

Jlaboparopuaza pabora 6

B s7oit taboparoproit pabore HeOOXOANMO PEATUIOBATH OAUH U3 Al
TOPUTMOB TIOCTPOEHUS BBITYKJI0H 000/I0UKH:

1.

AN R

AsropuT™ mOTHOTO Tepebopa.
AuropurMm ['pexsma.
AjyroputM DHAPIO.
AyropurMm >xapeuca.

Meton «pazzgensdit u BIaBCTBY».

Bxodnwie dannvie: KoopauHAThI TOYEK Buizoduvie danrbie: MOIIAro-
BOE IIOCTPOEHNE BLIIYKJ/ION 000JI0YKHU 3aJaHHOr0 Habopa TOYEK.

KomMmeHnTapuu K 3agaHuio

[Torraroeoe mocTpoexue 03HAYAET IEMOHCTPAIIMIO IPUHITUIIA, PAOOTHI
aJITOPUTMa, T. €. TIPU JEMOHCTPAIUHU MOJKHO OBITH TOHATHO, KaKOM
aJrOPUTM peaJn30BaH.
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