Pa36bop 3agayun «Oropog Mapuno»

B zamade TpeboBasioch HAWTH KJIETKY BHYTPH HPSAMOYTOJILHUKA, Y KOTOPOH MUHUMAJILHOE M3 MAHXIT-
TEHCKUX PACCTOSIHUI JIO JIAHHOTO HAOOpa KJIETOK MakcuMmasieH. HamoMunM, 910 MaHX9TTEeHCKOEe PAacCTOs-
HIEe MeXKJly KJleTKaMu ¢ KoopauHatamu (z1,y1) u (z2,y2) — 910 BesmuuHa |r1 — Za| + |y1 — yal.

ITonzamaua 1

B ciiyuae, Korja u3HadYaJIbHO 3apaykeHa TOJBKO OJIHA KJIeTKa, TpeOyeTcss HATH BHYTPU HPSIMOYTOJIb-
HUKa KJIETKY C MAKCHUMAJIbHBIM MaHX3TTEHCKUM PACCTOSHUEM JI0 JIaHHOW KJeTku. MOXKHO 1oKa3aTh, 9To
TaKol KJIETKO# Bcerga OyIeT sB/IATLCS OJWH U3 YIJIOB MPAMOYTOJbHUKA. TakuM 0Opa30M, it PeIleHust
JIAHHOM TI0/I33/Ia9H JIOCTATOYHO OBLJIO HANTH MAKCUMAJILHOE MAHXITTEHCKOE PACCTOSHUE OT JAHHOM KJIETKH
JIO OJTHOT'O U3 YIJIOB HPSIMOYTOJIbHUKA.

ITonzamaum 2 u 3

B sTux momzagadax JI0CTATOYHO OBIJIO IIPOMOJIEUPOBATH MPOIECC, ONUCAHHBIA B YCJIOBUH 3aJatU.
Basuibl, nabupaembie perenneM, 3aBUCAT OT 3MDMEKTUBHOCTH PeAIU3aIMN MOieinpoBannst. Takxke JJist
PeIeHusT STUX MMO/A3a0a MOYXKHO ObLIO mepebpaTh BCe KJIETKU BHYTPH MPSIMOYTOJIBHUKA W JIJIsT KarXKJOU
U3 HUX HAWTH MEUHUMAJIHLHOE MAHXITTEHCKOE PACCTOSHUE 10 OTHON M3 MAHHBIX KJIETOK. ACHMITOTHKA
BpeMeHH paboThl TAKOro pertenus cocrasisier O(nrce).

Ilonzamauu 4 u 6

[Tomzamatu, B KOTOPBIX OFpAHUYEHUs] HA PA3Mep MPsIMOYTOJbHUKA MO3BOJISIIOT 9TO CAEIAThH, MOXKHO
IPpUMEHUTH Nouck B mmupuny. [loctpoum rpad, BeprimHaMu KOTOPOTO OyIyT KJAETKH, a pedpoM OyayT
COEJINHEHBbI BCE HAapbl KJIETOK, COCEIHUX IO CTOpOHE. B 3ToM rpade 3amyCcTuM ajropuT™ MOUCKA B IIIH-
PUHY O/IHOBPEMEHHO M3 BCEX HU3HaAYAJIbHO 3apazKC€HHBIX KJIETOK (IL.H?I 9TOI'o JOCTATOYHO BCE€ 9TU KJICTKHU
M3HAYAJILHO TIOMECTHTh B OYepPelb, UCIOJb3yeMyto pu obxose). Temepb s KaxK0il KJIETKH Mbl 3HAEM
paccrosinue 710 OyimKaiiieit n3 n3HAYAILHO 3aPAXKEHHBIX. ITOOBI IOJIyYUTh OTBET HA 33J[a4dy, BLIOEpEM 13
BCEX TUX PACCTOSHUN MaKCUMaIbHOE. ACUMITOTHKA BpeMEHHM PAbOTHI TAKOTO PerteHus mpu 3hOeKTHB-
HOIl peasim3aliuy IOUCKa B mupuHy cocrasisier O(re + n).

ITonHoe peritenue

OueBHTHO, UTO €CJIU B KAKOH-TO MOMEHT BCE KJIETKU OBLIN 3aPAXKEHbI, TO B KAXK Bl 13 TTOCJIELYOIINX
MOMEHTOB OHU TaK2>Ke€ BCe 3apazKeHDbI. BHa‘{I/IT, B 3a/1a9€¢ MOXKHO IIPUMEHUTDH r/IBOI/ILIHI)II‘/JI IIOUCK IIO OTBETY.
Taxum obpaszom, 3a/ia1ua CBOJUTCS K CJIEYIONIEN: IIPOBEPUTH, BEPHO JIU, UTO Yepe3 ¢ CEeKYH/I [I0C/Ie Hadasia
[poIiecca Bce KJIETKU OBLIN 3aparKeHbl.

Pacemorpum jyist KaxKk 10l m3HAYAJIBHO 3apParKEHHON KJIETKU MHOYKECTBO BCEX KJIETOK BHYTPH IIPSIMO-
YroJbHUKa, MaHX9TTEHCKOE PDaCCTOAHUE TO KOTOPBIX OT 9TOU KJETKHU He IPEBOCXOIUT t. Ha3OBeM TaKoOe
MHOKECTBO OKPECMHOCTMBIO KJIeTKU. JIerko 3aMeTuTh, YTO MHOXKECTBO KJIETOK, 3apa’KeHHBIX depe3 t ce-
KYyH]I TIOCJIe HadaJia MpoIecca — 3T0 00beMHEHe BCeX OKPECTHOCTEN M3HAYAJIBHO 3apParKeHHBIX KJIETOK.
3aMeTHM TaKXKe, U4TO KaxK/ias OKPECTHOCTb BBIIVIAJIUT KaK KBaJIPAT, IIOBEPHYTHI OTHOCHUTEIHLHO CTOPOH
HCXOJ/THOTO TIPSIMOYTOJIbHUKA Ha 45°, y KOTOPOro pacCTOsSTHUE OT IEHTPa JIO0 yIJIOB COCTABJISIET .

YT06bI IPOBEPUTH, YTO OObEINHEHNE OKPECTHOCTEN OJHOCTHIO MOKPBIBAET HMPAMOYTOJbHUK, IIPUMe-
HUM 11peodpa30BaHue KO BCeM KJIETKaM: KJIETKY ¢ KOOPJMHATAMU (X, y) 3aMEHUM Ha TOYKY ¢ KOODIUHATAMU
(r +y,x —y). Tak KaK cymMMa U Pa3HOCTb UHCEJ BCETJA UMEIOT OHY UETHOCTD, Y MOJIYIUBIIUXCS TOYEK
YETHOCTb KOOPJUHAT OyjierT coBmajarTh. [locMOTpUM, BO 9TO MEPEXOUT OKPECTHOCTH KJETKU IIPU TaKOM
npeobpazoBanuu. MoKHO OHATH, 9TO OHA MEPEXOUT BO BCE TOUYKM BHYTPH HEKOTOPOTO KBaJapaTa, y KO-
TOPBIX OJMHAKOBAasi YI€THOCTb KOOpAUHAT. KJIETKHM MCXOHOrO MPSIMOYTOJILHUKA YK€ ePEXOJAT B TOUYKH C
O,ZLI/IH&KOBOI;'I YETHOCTBHIO KOOPNHAT, PACIIOJIO?KEHHbIE BHYTPU HEKOTOPOI'O NIPAMOYT'OJIbHUKA, ITIOBEPHYTOI'O
OTHOCUTEJIHLHO ocelt Ha 45°. [{Jist IpoCTOThI MBI MO2KEM CIUTATD, YTO KBaJPATHI COJIEPKAT B cebe HE TOTHKO
TOYKU C O,ZLI/IH&KOBOﬁ YETHOCTBIO KOOP/MHaT, HO U BCE OCTaJIbHbIE, BE/Ib ,ZLO6aBJIeHI/Ie ITUX TOYEK HUKaAK
HE IOCIIOCODCTBYET HMOKPBITHIO HEOOXOIUMOIO HAM IIPSIMOYTOJIbHUKA, TAK KAaK BCEr0 €ro TOYKH HMEIOT
OJINHAKOBYIO YETHOCTH KOOD/INHAT.

DTa 3a/a9a TIOX0XKA, HA 387189y 00beINHEHNST TPSIMOYTOJILHIKOB, KOTOPAsT PEITAETCS C TOMOIIBIO METO-
Jla, cCKaHupyomei npsmoit. [IpuMernM cX0Kuil METOI: 3aIllyCTUM CKAHUPYIOIIYIO MPSIMYIO CJIEBA HAIIPABO
u OyJieM CJIeUTh 3a COOBITUSIMU, KOTOPBIe mponucxonsT. CoObITHeM sBJIsSeTCs OO0 Hadaso (J1eBasi CTO-
pPOHa) KAKOro-TO U3 KBaJIpaToB, JMOO ero KoHer (mpasasi ctopona). [liist KaxKioii y-KOOpIUHATHI GyieM
XPaHUTDb, CKOJIbKUMU KBaJpaTaMU IIOKPbITa cefiyac TOYKa CKAHUPYIOIIEH IIPAMOIl ¢ COOTBETCTBYIOIIEH KO-
opaunaroii. Korya ckanupyrorasi mpsiMast BCTpedaeT HAaYaJ0 KBaJlpaTa, HYKHO JIJIs BCEX Y-KOOD/IUHAT,
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[IOIIaIAIOUX B 3TOT KBaJpaT, YBEJUYUTb UX CUETUYMKHU Ha €IUHUILY, a KOIJla IIpsgMasd BCTpedaeT KOHeI]
KBaQJIpaTa — YMEHBINUTh. B HEKOTOpble MOMEHTHI BpEMEHU HEOOXOIUMO IMPOBEPATDH, UTO BCE TOUKU C TEKY-
et £-KOOPANHATOM], JIesKAIle B MPSIMOYTOJbHUKE, MTOKPBITHI XOTs Obl OH pa3. MoXKHO J0Ka3aTh, UTO
JOCTATOYHO OCYIIIECTBJIATH TAKyIO IIPOBEPKY TOJILKO B IIOJIOXKEHUAX CKAaHUPYIOIIEN IPSAMO, T-KOOPJIAUHATA
KOTOPBIX OTJINYAETCs OT T-KOOPJMHATHI KAKOro-TO M3 KBaJapaToB He Oosee, ueMm Ha 1. Takum obpasom,
ectb O(n) NOJIOXKEHWIT CKAHUPYIOIIEH TPSIMOii, B KOTOPBIX JIOCTATOYHO OCYIIECTBUTH MpoBepKy. Kazkiast
IIPOBEPKa 3aKJII0YAETCS B CJIEIYIONIEM: Ha/I0 IPOBEPUTH, UYTO BHYTPU KaKOI'O-TO OTPE3Ka Y-KOOPJIUHAT BCE
TOYKU ¢ (PUKCUPOBAHHON YETHOCTHIO MOKPBITHI XOTs ObI OMWH Pa3. ['paHUIIbI TOTO OTPE3KA OIPEIEIAIOTCS
IlepeceveHrneM UHTEPECYIOIIEro HAC IIPIMOYTOJLHUKA U CKAHUPYIONIEH TTPSIMO U MOTYT OBITh BBIUUC/IEHDI
3a KOHCTAHTHOEe BpeMs. JeTHOCTD Y-KOOPAWHAT TOUeK BHYTPU OTPe3Ka, NHTEPECYIONINX HAC, OIPEeeIsITCs
YEeTHOCTBIO TEKYIIEH X£-KOOPJIMHATHI: 3TU Y€THOCTH JIOJIZKHBI COBIAIATh.
Takum obpazoMm, HA CKAHUPYIOIIEN IPSMON Mbl XOTHM JIeJIaTh CJIE/yIOIIIe OllePaIiu:

e VYBeJIMYNUTH BCe YHC/Ia Ha, OTPE3KE Ha €AUHUILY.
o YMEHBIIUTL BCE YHUC/Ia HA OTpE3Ke Ha €JUHUILY.

e IIpoBepuThb, ecThb Jin cpe/in TOUeK ¢ (DUKCHPOBAHHON YE€THOCTHIO BHYTPH OTPE3Ka XOTsI OBl OJTHA,
3HaYCHUE B KOTOPOI HyJeBoe.

TaK KaK 3Ha49eHusd B TOYKaX HUKOI'/Ia He I\/IOFyT CTaTb OTpUIlaTE/JIbHBIMU, JIJIAd TaKNUX OHepaL[I/Iﬁ HO,[[OI'?'I,ZLGT
JIEPEBO OTPE3KOM Ha MUHHMYM C IpubaBjieHneM Ha orpeske. Jljist Toro, 9rodbl NpaBubHO 00pabaThiBaTh
TOYKHN Hy}KHOfI YETHOCTU, MO2KHO HCIIOJIb30BAaTh /JIBa JepeBa OTPE3KOB: OJHO JJid Y€THbIX y—KOOp,Z[I/IHaT7
JpyTroe Ijisi HeYeTHBIX. 1orga KaxKiaas OIepallis CBOAUTCHA JIMOO K MPUOABIEHUIO HA OTPe3Ke, 0O KO
B3STHUIO MUHUMYMAa Ha OIIPEJIEJIEHHOM OTPE3Ke B KaXKJIOM U3 JI€PEBbEB.

Jl1st Toro, 9T00BI TOJIYIUTh HOJHOE peIlleHre, HEODXOINMO TaKyKe IIPUMEHUTDb METOJ, CXKaTHsT KOOPIU-
HAT, TAaK KaK HUCXOIHBIE KOOPAUMHATHI MOTYT OBITH CJIMIIKOM OOJILIIAMHU IJjis TOIO, 9TOOLI COXPAHUTDL HX
BCe B JIepeBe OTPE3KOB. HpI/I C2KaTu KOOpAWHAT Hy}KHO O4Y€Hb BHUMATEJIBHO OTHECTUCH K TOI\Iy7 9TO HacC
MHOTIA HMHTEPECYIOT TOYKH OIIPEIEJIeHHON YeTHOCTH. DTO 3HAUNT, YTO HAC MOI'YT HHTEPECOBATH HE TOJILKO
Y-KOOPJAMHATLI BCEX BEPIIMH KBaJAPaTOB, HO U JPYyIHUe Y-KOOPAMUHATHI, PACIIOJIOXKCHHBIE MEXKJy HUMU U
HUMeIOLIe HYXKHYIO JJIs HAC 4eTHOCTh. CaMbIM IIPOCTBIM CIHOCOOOM peIleHMsT 9TOH HpoOaeMbl SBJISeTCS
paccMOTpEeHUe IIPU CXKATUU KOOPJAUHAT HE TOJIBKO BCEX Y-KOOPJAMHAT KBa/IPaTOB, HO U BCEX Y-KOOPIAUHAT,
OTJIMYAIONINXCS OT HUX He 6ojiee, yeM Ha 2.

Jponunerii nouck 1o orsery paboraer 3a spemsi O(log C'), rae C' = max(r, ¢). IIposepka ¢ momorpo
CKaHUPYIOIIeil mpsiMoii 1 JepeBa oTpe3koB paboraer 3a Bpemst O(nlogn). Takum 6opas3om, acCHMITOTHKA
BpeMenu paborsl Beero perennst cocrasiser O(nlognlog C). dyst nosydenus: noaHoro 6aJuia mo 3ajaade,
HECMOTPsI Ha, HEDOJIBINNE OrPpaHNIeHNsI, HEOOXOANMO OBLIO JOBOJIBHO 3(M@HEKTUBHO Pean30BaTh PEITeHNe
Yacruunple 0a/uIbl MOXKHO ObLIO HaOpaThb, He NPUMEHsS CXKATHe KOOPAMHAT, JUO0 PEeIn30BaB IEPEeBO
OTPE3KOB «HAUBHO».
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