3amaua 1. «kKacTuar»

PaccMoTpuM pellieHue TaHHOW 3aqaddl OTACNIBHO IS CIy4aeB MOUCKA HAWOOJIBIICTO M
HAMMEHBIIIET0 KOJMYECTBA aKTepoB. B TMepBOM ciydae MOIXOMAIIMI aKkTep MODKEH 00JiaaaTh
BCEMHU TpEMs CBOMCTBaMHU B OTIENbHOCTU. HamOonbliee KOJIMYECTBO aKTEpOB, OOIaIarOLIHX
BCEMHU TpEeMsi CBOIMCTBaMH, HE MPEBOCXOIUT Kaxaoe M3 ymcen a, b, C. HecnoxxHo mocTpouTh
IpUMep pacrpenesiecHiss CBOMCTB, HpPU KOTOPOM 3TO KOJHYECTBO B TOYHOCTH PAaBHO
min{a, b, c}. Hanpumep, mycth mepBbIM CBOMCTBOM 00JaJarOT TEPBbIC & aKTEPOB, BTOPHIM
CBOMCTBOM — TepBble D akTepoB, a TpeTbMM — TEpBBIE ¢ aKTEpoB. Torma BCeMH TpeMs
CBOMCcTBaMH 00J1aJ1aI0T TOJIBKO TiepBbie Min {a, b, C}akTepos.

[lpu perieHun NaHHOW 3amadd B Cilydae IOMCKA HAWMEHBIIErO KOJMYECTBA AKTEPOB
pPaccMOTPHUM JIBa BO3MOXKHBIX CII0C00a pacCy ICHHIA.

Ilepsviti cnoco6 3aximoyaercst B cienylonieM. PaccraBuMm akTepoB 1O Kpyry u Oyaem
HIOCJICIOBATEIHO HAa3HAYaTh UM CBOMCTBA CICIYIOIMM 00pa3oM: MEPBBIM @ aKTepaM MPUCBOUM
HIepBOE CBOKMCTBO, CIEAYIOIINM 3a HUMHU D akTepam — BTopoe, U CICIYIOIINM 32 HUMHU C aKTepam
— tpeTbe. [Ipu 3TOM MOXKET OKa3aThCsl, YTO HEKOTOPHIM aKTepaM OyIeT Ha3HAa4YeHO JIBa WU TPU
cBoicTBa. [10CKOJNBKY JBMKEHHE OCYIICCTBISETCS 1O KPYry, TO JJISl TOTO, YTOOBI KaKOMY-TO
aKTepy Ha3HAYUTh TPU CBOKCTBA, HEOOXOAMMO CHayaja CHeNaTh J[Ba MOJHBIX Kpyra, TO €CTb
HAa3HAYUTh KaXJIOMY aKkTepy o 1Ba cBoiicTBa. KojuuyecTBO akTepoB, KOTOpPbIC MOJIy4aT TPH
CBOMCTBa, OyJeT PaBHO KOJIMYECTBY aKTEPOB, KOTOPBIX 00OILIH, jenas TpeTuil kpyr. Eciu Bcero
Ha3Ha4yeHo (a+ b+ C) cBoiicTB, a uMHA Kpyra paBHa N, TO 3a JBa Kpyra OyaeT Ha3HaueHO 2N
CBOKMCTB, a Ha TpeTheM Kpyre — ocraBiuuecs (a+ b+ c—2n) cpoiict. Ilpu stom, ecnu
(@a+b+c—2n)<0, To HM OJMH aKTEep HE MOJYYUT BCE TPH CBOWCTBA. B 3TOM ciydae oTBET
oyner pasen 0.

Teneprs ocTanoch TONBKO JOKa3zaTh, 4yto ecimu (A+b+Cc—2n) > 0, TO MONXyYeHHBIH
BapUaHT JCHCTBUTEIBHO OyIeT COOTBETCTBOBAaTh HAMMEHBIIEMY KOJMYECTBY akTepoB. Jlis
3TOTr0 BOCIOJIb3yeMcsl (OPMYJION BKIIOYCHUSA-UCKIIFOUCHHS ISl Tpex moamHoxkectB A, B, C,
COOTBETCTBYIOILIMX aKTepaM, 00JIaIal0IMM KaXKIbIM U3 TPEX CBOMCTB!

|A| + |B| + |C| - |AB|—|BC| - |CA| + |JABC| = n.

Otrcrona |ABC|=n—a—-b-c+ |AB| + |BC| + |CA|. YUro6sl MunumusupoBats [ABC|, Ham
Hy)kHO MuHUME3HpOoBaTh |JAB|+ |BC|+ |CA|. MunumansHoe 3HaueHue |[AB| paBuo (a+b—n),
muHUMaNbHOE 3HaueHue |BC| paBro (b + € —n), muaumansHoe 3Hauenue |CA| paBHo (C +a—n).
[MoncraBnsiss 3TM 3HaueHuWst B BbIpakeHwe s BolumcieHus [ABC|, momywaem tpebGyemoe
COOTHOUICHUE:

[ABC|=n—-a-b-c+(a+b-n)+(b+c-n)+(cta-n=a+b+c-2n.



Bmopoii cnoco6 paccyxneHuid Ui cilydasl MTOMCKa HAaHMMEHBIIETO KOJIWYECTBA aKTEPOB
3akirodaetcs B cieayroneM. CHavalla peiuM aHaJIoTHYHYIO 33ja4y IS IByX CBOMCTB. I1ycTh a
aKTepOB 00JaA0T TIEPBBIM CBOWCTBOM, a b akTepoB — BTOphIM. Torma Bcero y Hac MMeeTcs
(a+b) cBoiictB Ha N akTepos, ciienoBaTENFHO, KaKk MHHUMYM (& + b —n) akrepoB obnamaror
oboumu cBolicTBamu. [Ipumep MONy4HTH HECIOKHO: BBICTPOUM AaKTEPOB B DA U HaJCIUM
HIEPBBIM CBOMCTBOM IIEPBBIX & aKTEPOB, a BTOPBIM CBOWCTBOM — mocienHux b akrepos. [Ipu
stoM eciu (a+ b) <n, To akrepoB ¢ obouMu cBoiicTBaMu He OymeT BoBce. [103TOMY OTBET B
3ajaue JiJIs IByX CBOMCTB OyneT paBeH max{a + b —n, O}.

Teneps mpuMEHHM IONYYCHHBIH pe3yjibTaT K TaKUM JIByM CBOiicTBaM: 1) BBICOKHE H
roiyoornassie; 2) OmoHauHbl. B mepsoit rpymme He Oosee (a+b—n) aktepos, Bo BTOpoi —
C akTepoB. C y4eToM JI0Ka3aHHOI'O BbILIE (aKTa, BCEMU TpeMs CBoiicTBamu OyayT o0janarh He
oomee uwem max{max{a+b-n, O} +c—n, O} =max{max{a+b-n+c—-n, c-n},
0} =max{a+b+c—-2n,c—n,0} =max{a+ b+ c—2n, 0} akrepos.

[Tocnennee paBeHCTBO BEPHO B CHITY TOTO, YTO (¢ — N) HEe OOJIbIIE HYIIS.
3anaua 2. «['opona»

OnHO U3 BO3MOXKHBIX peIIeHUH TaHHOM 3a/1a4M COCTOMT U3 ABYX 3TanoB. Ha nepBom stame
CUHUTBIBAIOTCA BXOJHBIC JAHHBIC U IIOJACUYUTHIBACTCA O6HI€€ KOJIMYCCTBO 3aJaHHBIX IOpoaOB, TO
ecth OykB ‘C’ BO BxomHOM (aitie. Pa3enB 3TO0 KOJIMYECTBO HA 2, MOXKHO Yy3HaTh TpeOyemoe
KOJINYECTBO ropoioB K B Ka)J10M Irocy1apCcTBe.

Ha BTOpOoM 53Tane BBIOMparOTCsl ropoja-KJIETKH, OTHOCSIIUECS K MEPBOMY TOCYAapCTBY.
3TO MOXHO c/IeJ1aTh pa3HbIMU crioco0amu. Cambli TPOCTOM U3 HUX 3aKJIFOYAETCS B CIIECAYIOILIEM.
PaccmarpuBaeM CTpOKH UTPOBOTO IOJISI CBEPXY BHHU3, @ DJIIEMEHTHI B KaXJIOW CTPOKE — CJIeBa
HalpaBo U IMOJCUYUTHIBAEM KOJHMYECTBO BCTpEUaAIOLIMXCs ropozoB. [Ipolecc ocranaBinBaeTcs,
Kak Tonbko Berpewaercs K-i ropon. Bce mpoiiieHHbIE K 3TOMYy MOMEHTY TOpOAa-KJIETKH,
BKJItOYasi KJIETKYy ¢ K-M TopojoM, CieqyeT OTHECTH K NEPBOMY TrOCyAapCTBY, a OCTajbHbIE
ropojia-KjieTku — Ko BTopomy. IlomyueHHble rocynapctBa OynyT CBSI3HBIMM, TaKk Kak OHHU
COCTOAT M3 HECKOJBKHX IOCJIEOBAaTENIbHBIX IOJIHBIX CTPOK W YacTH €Ile OJHOW CTPOKH,
COCE/IHEH C MOJHBIMU CTPOKAMHU.

B npocreiiiiem ciydae, Korja Ha HTPOBOM TI0JI€ BCETO JIBa TOPOJA, Ui PEHICHUS TaHHOH
3aJa4i JOCTATOYHO HAWTH OJUH TOPOJ M CO3/IaTh IEPBOE TOCYNAPCTBO, COCTOSINEE TOIBKO M3
KJIETKH C 3THUM ropoaoM. Bropoe rocynapctBo OyJeT COCTOATh M3 BCEX OCTAIBbHBIX TOPOJOB-

KJICTOK.

3amaua 3. «<A+B=C»



Jns  peumieHWs ~ JAHHOW  3alla4yd  MOXKHO  NPUMEHUTh  METOJl  JIMHAMHUYECKOTO
nporpamMupoBanus [20]. C 3To# 1esbio BBEIEM ClIeayIoIne 0003HaYeHNU.

O0603HaunMm vepe3 C' ymcio, cocrosiee u3 nmocieauux K mudp yucna C.

ITycrs JK][1][j][0] — 310 KOMMUECTBO criOcOOOB pa3noxenus uncia C' B cyMmy uncen 4’ u
B’, kaxxnoe u3 KoTopbix cocrout u3 K uudp, npu stom A’ HaunHaercs ¢ udpsl | (0<1<9),a B’
—c mudpsl | (0<] <9). PaccMaTpuBarOTCsl TakKe CYMMBI, B KOTOPBIX CllaracMble HAUMHAIOTCS C
HYyJ1s1, Hanpumep, 25 = 03 + 22.

HNanee npunwuiem ciesa Kk unciny C' enunuity u o6o3naunm uepes S[K][i][j][1] konmuuecTBo
CIOCOOOB Pa3JIOKEHUS] HOBOTO YKCJIa B TAKYKO K€ CYMMY, O KOTOPOM IUIa peub BbIlIe (MOXHO
cKa3aTh, YTO 3JIeCh MPU CJIOKEHHH <«IepeHocuTcss 1 B crapumid paspsa»). OO6oOmrast
Beiteckaszannoe, S[K|[i][j][p] — 3To KommuecTBO crocoboB mpencrasieHus uuciaa C B BHIC
CyMMBI ¢ mepeHocoM P B crapmmii paspsg (0<i<10, 0<j<10, 0<p<1], 1<k <[C| u
|C| 0603HavaeT aauHYy HCXOIHOTO YKca — N).

C y4eToM CKa3aHHOTO HE CIIOKHO MPUITH K BBIBOJY, YTO OTBET Ha MOCTABJICHHYIO 3324y
oyner pasen cymme Bcex |C[|[i][j][O] mo Bcem i u |, oTnMuHBIM OT HYJs (CllaraeMbie IO
YCIOBHIO HE MOTYT HauWHaThCs C HyJs1). Temepb octayniock Toibko Berauciautbh SK|[1][j]1[p].
[TokaxkeM, KaK 3TO MOKHO CZEJaTh.

[Tyctb t — k-s1 cripaBa nudpa uncna C. Paccmotpum Tpu citydast.

1) (i+))=(0p+t), To ects, (i +]) paBHo ambo t, mu6o (10 +1t) B 3aBUCHMOCTH OT
3HaueHHUs P. B 93ToM ciydae mepeHoca BIpPaBO HE MNPOUCXOIUT, W HYXHO TOJBKO
npocymmupoBatb S[K— 1][X][y][0] ans Bcex 0<Xx<9u 0<y< 9 kpome Tex, sl KOTOPBIX | = X
WK | =Y, TO €CTh, IBE COCETHUE U(PHI PABHBI.

2) (i+))=(10p+t—1). B srom ciyuac 1 mepeHOCHUTCS B MpaBblii paspsii, U TEmepb
HyxHO nipocymmupoBath S K — 1][X][Y][1] (omsaTk sxe kpome TeX, it KOTOPBIX | = X WiH | =Y).

3) B ocranpnbix ciayuasx SK—1][X][y][1] = O, tak kax Henb3s noiayuuth nudppy t us
4Kcesl, HAUMHAIOIINXCS Ha | 1 |.

AJNTOPUTM, peaTM3YIOUIMA OMHMCAHHOE pEIICHHE, WMEET JHHEWHYI0 CJIOXHOCTh
OTHOCHUTEJIBHO JUTHHBI yuciia C, HO KOHCTaHTa OyJeT IOBOJIBHO OOJIBIION: Il KaXIOH JIUTHMHBI
yrciaa K HeoOxomumo BeruucauTh 10 10-2 =200 uucen SK][i][j][p], a ans BbIUHCICHUS
Kaxaoro u3 Hux Tpedyercs mopsaka 10 - 10 = 100 cnoxenwnii. Ho Ha camoMm jienre 00JIbITHHCTBO
suauennit JK][i][j][p] Oyaer paBHO Hym0 (CM. TpeTH# Ciydaif, 0 KOTOPOM peYb IUIA BBIIIC), U
BCEro mNoTpeOyeTcs BBIUMCIUTH JHIlb mopsiaka 40 HeHyJeBbIX TaKuUX 3HaueHWil. B wutore,
ACHMITTOTHYECKAs CIIOKHOCTD anroputMa Oynet mopsaka 40005N.

3aMeTHM, YTO MCKOMOE KOJIMYECTBO Map KpacuBbIX uuced A u B Moxer ObITh OuYcHB

GOIBIINM, IOITOMY OTBET B 3ajade Mpeiaractcs BbIBOAMTH mo Momymio (10%+7). Bee



BBIUYUCJICHUSA TAKXC HYXHO ACJIATh IO 3TOMY MOIAYJIMO, 4TOOBI B mponecce BBIYHCIICHUN HE

IMPON301IJI0 MEPCIIOJITHECHNEC UCITOJIB3YEMOI'O THUIIA.

3anaua 4. «bepe3oBas ajies»

B 3aBucumoctu ot obuiero konmuectsa 6epe3 V (V =N+ M) nannas 3amaua umeeT psif
YaCTHYHBIX M TMOJHBIX pemeHud. PaccMOTpUM HMX MOCIEIOBATEIbHO, «OT MPOCTOrO K
CIIOKHOMY».

Ilepsoe wacmuunoe pewienue, KOTOPOE HMEET aCHMITOTHUecKyio cioxuaocts O(VY) n
103BoJIsIeT nonyuuTh oTBeT id 1 <V <50, ocHOBaHO Ha MOJHOM Iepedope U 3aKII0YaeTCs B
crnenyomeM. PaccMoTpuM Touku ¢ Homepamu i1 1 1 (j1 > 11) Ha JIEBOW CTOPOHE aJUIEH M TOYKH C
HOMEpaMH I ¥ |2 (2 > i) Ha paBo# ee cTopoHe. i KaXKI0il YeTBEPKH TaKUX TOYEK BBIYMCIHM
HEPUMETp <«UETHIPEXYroJbHHUKa» C BEpIIMHAMHU B 3THX TouykaxX. CpaBHUM 3TH MEPUMETPHI C
JUITMHOM JIGHTBI, ¥ CPEIH YETHIPEXYTOJILHUKOB, YbU ITIEPUMETPHl HE OOJbLIC UIMHBI JICHTHI,
HalIeM TOT, HAa TPAaHHUIE KOTOPOrO HAXOAWTCs OoJble Bcero Oepe3 (kKoimdecTBO Oepe3 Ha
rpanuiie paBHo (j1—ip + 1) + (jo—i2 + 1)).

3amMeTuM, YTO 34ECh YETBIPEXYTOJNBHUK MOJXKET BBIPOJUTHCS B TPEYTOJBHHK U JaKE B
oTpe3ok. UToObl HE MPONMYCTUTh 3TH Cllydaw, B HepaBeHCTBaX (j1>11, j2>12) momyckaercs
paBEHCTBO HOMEPOB Oepe3. B nanbHeiimem Oyaem 3TO yUUTHIBATb.

Bmopoe uacmuunoe peuwienue, KOTOPOE HWMEET aCHMITOTHUecKylo cioxuocts O(V3),
no3BOJIIeT MONy4uTh OTBeT it 1<V <500 u 3akiroyaerca B cleayroieM. Bridepem
HEKOTOpbIe 11, j1, Iz (00O3HAUeHHMsS aHAJOTWYHBI NPEABIIYHIEMY YaCTHYHOMY PEIICHHIO).
3aMeTuM, YTO JJIsl 3TUX TPEX BHIOPAHHBIX 3HAYCHHI HAC HA CAMOM JIe]ie HHTEPECYET JIUIIb OHO
3HAYEHHE |2 — MAaKCHMAJIbHOE U3 TeX 3HAYCHHH, JJIsl KOTOPBIX MEPUMETP YETHIPEXYroJbHUKA HE
NPEBOCXOAUT JUIMHBI JIEHTB. Paccmorpum Temepb Touku i1, (j1+ 1), i2. 3amerum, dro
MHTEPECYIOIIee HAaC 3HAYCHUE o' /sl HOBOM TPOWKU YMCET HE MOXKET OBbITh OOJBILE, YEM |2, TO
€CTh, C POCTOM |1 3HAUCHHE 2 HE Bo3pactaeT. [103ToMy, YTOOBI HAWTH MCKOMOE 3HAYCHUE |7,
MOXXHO YMEHBIIIATh €ro, HauyMHas CO 3HAYCHUS |2, HAa KOTOPOM Mbl OCTAHOBHJIMCH Ha
IpeAbIIyIIeM IIare, MoKa NIepUMETpP HE CTAaHET MEHBIIIE MIIM PaBEH JJIMHE JICHTHI.

DTOT mNpHEeM WUCHONBb3yeT HICK <«IBYX YyKaszaTelnei». B JaHHOM ciydae Juis
(UKCUPOBAHHBIX 11 M Iz «yKa3zaTeIu» |1 M |p MPOOEralOT BECh JMANA30H 3HAUCHHUU MO OJHOMY
pa3y (j1 — B OpsIIKE BO3PACTAHMUSI, j2 — B TIOPSJKE YOBIBAHMUS), TO €CTh ISl Kaxkaoi mapsl (i1, i12)
BpeMsi paboOThl airoputMa JuHeHHoe. Ecium BMecTo uaewm IByX yKasaTeled HCIIOIb30BaTh
nBondHbId ToMCK [20] I HAaXOXKISHHS |z, TO MOXHO TMOJNYYHTh pEIICHHE, HMEIoIIee

ACUMIITOTUYECKYIO CI0KHOCTh V3-|Og V.



Hapsiny ¢ onucaHHBIMH YacTUYHBIMH PEIICHUSMHU CYIIECTBYET HECKOJIBKO BapUaHTOB
nonnbix petieHuid. [lepsulii éapuanm OCHOBAH Ha UCIOJIb30BAHUH JBOMYHOTO TTOMCKA 110 OTBETY
COBMECTHO C JIGPEBOM OTPE3KOB H HMEET aCHMITOTHYEeCKyH0 cioxuocts O(VAt0g? V). Ommurem,
KaK MMPOBEPUTH, MOXHO JIM OTPAJNTh 331aHHO JICHTOH HEKOTOpoe (PUKCUPOBAHHOE KOJIUYECTBO
Oepes S

3apukcupyeM Oepes3bl i1 M I Kak B NPEObIAYIIUX PEIICHUSAX, U PACCMOTPUM, Kak
IpOBEPHUTH 3a BpeMs mopsiika 10gV CyIiecTByeT M YeThIPEXYrOJbHUK C MEPUMETPOM, HE
npeBbImarommM L, u cogepxkamuii B cede SOepe3. 3aMeTnM, 9To I BCEX MHTSPECYIOIINUX HAC
nap (j1, j2) 3HaueHue cymmbl (j1 +j2) oaMHAKOBO, Tak Kak (j1+j2—i1—ipx+2) =S Cpenu Hux
Hac MHTEpEeCyeT Ta mapa, Uil KOTOPOH MepUMETp 4eThIPEXYTOJbHUKA C BEPIIMHAMM 11, |1, J2, 12
MuHAMaNIeH. Ho Ji1st 9TOHM jke mapbl MEpUMETp YeThIPEXyroibHUKa ¢ BepumHamu 1, ji, 2, 1
TaK)Ke MHHHMAJICH CpPEeId BCEX YETBIPEXYrOJbHHKOB, Ui KOTOphIX (j1+]2) paBHO
dukcupoBanHoi BenuuuHe (S+ i1 + i — 2). BaxkHO, 4TO 3T 3HAYCHHS YK€ HE 3aBUCHT OT i1 U 2,
UX MOXXHO TIOJICYMTATh OJMH pa3  Jlajiee TOJbKO UCIIONIb30BaTh. HO Ha caMoM Jiesie HaM HY KHBI
HE BCE TaKWE YETHIPEXYTOJbHUKH, & JHIIb TE, IS KOTOPBIX 1> i1 J2 > 1. UTOOBI HalTH cpeau
HUX YETHIPEXYTOJbHUK C MUHMMAILHBIM TIEPUMETPOM 3a BpeMs mopsika log V, moauduimpyem
IPEAIOJICYET CIEAYIOIM 00pa3oMm.

[Tycte a[Y[K] — nepumerp uerbipexyronbuuka ¢ BepmmHamu: 1, K, (S—K), 1, To ecrs,
cTpoka MaccrBa &[S comepKUT MEPUMETPhI BCEX YEThIPEXYTrOJIbHUKOB, OXBATHIBAIOIIMX POBHO S
Oepe3 u comepkamux Oepe3bl ¢ HoMepaMu 1 ¢ Kaxaoi cTOopoHbl auied. [1o xaxmoit cTpoke
MaccHBa @ MOCTPOUM JEPEBO OTPE3KOB IS (GYHKIHH MIN, TO ecTh npu (HUKCHPOBAHHOM
kosimdectBe Oepe3 S mbl cmoxeM Borumcaath MiN{a[g[x], ..., alJ[y]} ¢ norapudpmuueckoit
ACHUMITOTHYECKOH CJI0XHOCTBIO, 4TO M TpeOyercs. Teneph s HaXOXKAEHUS TPeOyeMOro
YETBIPEXYTOJIbHUKA JJOCTATOYHO OTBETUTH HA 3aIpoc:

min{a[S+ii +ix—2[i1], ..., a[S+i1 +i2=2][S+i1 +i,—2—17)].

Bmopoii éapuarnm TIOIHOTO PEIICHHs NMEET aCHMITOTHYeCKyro croxkuocts O(VZ:log V).
Takyro CII0O)KHOCTh MOXKHO JIOCTHYb, €CJIH 3aMEHUThH B TPEIBIIYIIEM BapuaHTe PELUICHUS AEPEBO
OTPE3KOB Ha pa3pekeHHbie Tabmuibl (Sparse Table). [Tpu sToM 3aTpaThl 0 MAMATH BO3PACTYT
10 V2%og V. Boree noapoOHas HHPOpPMALIUs O pa3peKEHHbIX TAOIMIAX pa3MelleHa B OHJIAWH-
cratbe [39].

Bropoii BapuaHT MOJIHOTO pEHICHUS MOXHO VIyuuums nO NAMAMU, €CIA OOpaTUTh
BHHMaHHE Ha ciefyromuil Gakr. byaem nepedupats napsi (i1, j1) B MOpSAAKE YBETUYCHUS CYMMBI
(i1 +]j1), a mpu paBHBIX CyMMax — B HOpsIKe Bo3pactaHus ;. Jjis KakIod Takoil CyMMbI C
pPOCTOM i1 00a KOHIIA OTPe3Ka JOMYCTHUMBIX (IJIs1 TAHHOTO i1) 3HAYEHHI 2 OYIyT YMCHBIIATHCS.

Torma ans XPAaHCHUSA 3TOTr0 OTPC3Ka MOKHO HCIIOJIB30BATh OYCPEAb C HO,[[I[Cp)KKOfI or[epauﬂﬁ



No0aBIICHUS B KOHEII, yIaJeHUs U3 Hadana u noucka muauMyM 3a O(1) [20]. B atom ciiydae Ham
oTpeOyeTCsl JIUIIb JUHEelUHAs OONOIHUMENbHASA NAMAMb UL XPaHEHHUS 0U9epe/IH, JUTMHA KOTOPOH

B K&XKJbIi MOMEHT BpeMeHH He OyJeT npeBocxoauThb N.

3agaua 5. «<ArpajgbHble KyOUKN»

Pemenne paHHOW 3agaud  OCHOBaHO Ha TOM (akTe, YTO CyMMa OYKOB Ha
IIPOTUBOIOJIOKHBIX TpaHsIX KyOuka Bcerna paBHa /. Takum oOpa3om, eciu OpouieHo N KyOUKOB,
TO CyMMa OYKOB Ha MX BepxHel M HmxHed rpansx paBHa /N. OcTtanoch BBIYHUCINUTB, KAaKOE
MUHHMAaJIbHOE M MAaKCUMAaJlbHOE€ KOJIMYECTBO KYOMKOB HEOOXOAMMO OpOCHTH, 4TOOBI CymMMa
OYKOB Ha BEPXHUX TPaHIX MOTJAa OKa3aThCS PAaBHOW MPEIJIOKEHHOMY BO BXOJHBIX JaHHBIX
ymciny K.

He cnoxHo ompenenuTts, YTO MaKCUMAaJIbHOE KOJUYECTBO KyOMKOB Oyzaer paBHO K — Ha
KaX/0M KyOHMKe BBINAJET OJHO OYKO. MMHHMMaJIbHOE KOJMYECTBO KYOHMKOB OyAeT paBHO
OKpyriieHHOMY BBepx uuciay K/6: Ha Bcex KyOHMKax, Kpome, MOXET ObITh, OJHOIO, BhINAIO 6

oukoB. Takum 00pa3oMm, MakcHMMaibHas cyMMa Ha HiKHHUX rpansx paBHa (7K — K) = 6K, a

.
MHHUMaJIbHasE cymMmMa paBHa (7 [E] -K).

3agaua 6. «<Umena»

Crenyst NpUHIMITY «OT MPOCTOTO K CIOKHOMY> IPH PACCMOTPEHUH BO3MOXHBIX PELICHUIH
JIAHHOUW 3aJa4¥, HAYHEM C YaCTHYHOTO PEUICHUS JJIs Cilydasi, KOrjla HMeHa MaTepd U OTla U
COOTBETCTBYIOIIME UM CTPOKU COCTOAT TOJILKO U3 OYKB & u D. ITycts B mepBoii crpoke X 6yks b,
a Bo BTOpoi — Y. IlockonpKy uisi TOro, 4TOOBI MOJYYHUTH JIEKCUKOTPAPUUECKH MOCIEAHIOI0
OOIIYF0 TOIOCIICIOBATEILHOCTD, HY)KHO HAUYMHATH €€ ¢ KaK MOXHO OOJIBIIEr0 KOJHYeCcTBa OyKB
b, mMbr Moxkem B3saTh MIN{X, y} Oyks D wu3 xaxmoi mocnenosarensrocTu. Hailimem B 06Genx
0CIIEOBATENBHOCTAX OyKBY D ¢ HOMepom MIN{X, y}. IlycTh B 1EPBOii MOCIEN0BATENBHOCTH
nocsie Hee uaet P Oyks &, a Bo BTopoit — g 6ykB @ (Oyksel D Hac yxe me unrepecyror). Torna
MBI MOYKEM 3alKcaTh B UCKOMYIO OOLIYIO MOJIOCIENOBAaTeNbHOCT MIN{P, g} OykB a. Takum
00pa3oM, HCKOMas MOJIOCIIEI0BATENBHOCTL OyAET COCTOATH M3 MIN{ X, y} 6yks b, 3a koTopbIMU
creayror min{p, g} Oyks a.

Teneps nepeiiieM K PelICHHIO UCXOMHON 3a/1a4d IS TOCIIeI0BATEIbHOCTEH, COCTOSIINX
U3 TIPOU3BOJIBHBIX CTPOYHBIX JATHHCKUX OykB. OIHO W3 BO3MOMKHBIX PEIICHHH MOXHO
IPE/ICTABUTH B BUJEC IOBTOPSIOLICHCS ITOCIEI0BATEILHOCTH CIIEIYIOUIUX [1aroB:

1) HalizeM camyro TOCIEAHIO MO andaBuTy OyKBY, KOTOpas BCTpe4aeTcsi B 00CHX

IIOCJICJOBATCIIbBHOCTSIX



2)  3anmmeMm 3Ty OYKBY B OOIIYIO ITOIIOCIIEI0BATENILHOCTD;

3)  Haiigem caMoe JIeBOE BXOXKICHHUE ITOM OYKBBI B 00€ MOCIIEI0BATEIBHOCTH;

4) ypmamum  d3TH  OykBBI M BCE, 4YTO HAXOOUTCSA JIEBeE HUX B  KaKIOW
II0CJIEI0BATEILHOCTH,;

5)  ang ocraBHIMXCS TOCIENIOBATENILHOCTEH IIOBTOPUM STH IIATH.

ACHUMIITOTUYECKAsI CJIOKHOCTb IMOJIYYAIOLIErocsi B 3TOM Cllydae ajJrOpUTMa 3aBUCHUT OT
TOT0, HACKOJBKO ONTHMAalbHO OydeT peajau3oBaHa »53Ta IOCIENOBATEIbHOCTh IIaros. B
YaCTHOCTH, BO3MOKHA KBaAPATUYHAS WUJIHM JIUHEHHAS CTIO)KHOCTh aJrOpPUTMA.

Keaopamuuynas cnosxcnocms TONy4aeTcs B CIIy4ae HCHOJB30BAHUSA CIEIYIOIIETO
anropuT™Ma (HaWBHAs peanu3aiys). byldeM JHHEHHBIM TIOMCKOM KaXIblii pa3 HaXxOAUTh
MaKCHMaJbHYI0 OYKBY, BCTPEUAIOIIYIOCS B 00€MX MOCIEe10BATEIbHOCTSIX, 100aBIIsATh €€ B OTBET
U YAAIATh W3 KaXIOH IOCIEIOBaTEIbHOCTH 3Ty OyKBY M Bce OYKBBI JIeBee €€ IEpBOro
BXOKJICHHUSI.

Jlunetinas cnosxcnocms TOJyYaeTCsl B Clydyae MCIONb30BAaHUS CIEAYIOLIEro ajlropurma
(>pdexTuBHas peanuszanus). st KaKI0i CTPOKH MOJICYUTAEM M 3alIOMHUM B MaccuBe (WM B
CIOBAape) KOJIMYECTBO OYyKB &, KOIMYECTBO OykB D, m Tak mamee no mocnmegHeil OyKBBI
natuHckoro andasura. Temepp OyneM mpocMaTpuBaTh 3TOT MaccuB IO OykBaM OT Z K 4,
HaXoauTh OYKBY, KOTOpasl ellle BCTpeyaeTcs B 000MX MAacCHUBax, UATH M0 KaXKAOMY MACCUBY 10
NEPBOr0 BXOKJIEHUS 3TOM OYKBbI, yMEHbIIIAasl CYETUUKH [T KaKIOM IPOWIEHHON OYKBHI.

Crnenyer 3aMeTWTh, YTO KJIAacCHYeCKas 3agada O TOWCKe HauOoJblIeld oO0miei
noanocnenosarenbHoctn  [20], B KoTopodl TpeOyercss HaWTH IOIIOCIIEAOBATEIEHOCTD
HauOOJbIIeH JUIMHBI, PEIIAETCS C MCIOJIb30BAaHHUEM JMHAMHUYECKOro IMporpamMMmupoBaHus. B
IPEJJIOKEHHOM PEIICHUH UCIIONb3YETCSl <OKaJHBIM» alrOpUTM, B COOTBETCTBUU C KOTOPHIM Ha
KaKIOM LIare BbIOMpaeTcsi camasl BbIFOJHas Il Hac OyKBa, HE Jymas O TOM, 4yTo Oyner

MMPOUCXOAUTH Ha CICAYIOIIEM MHIare.

3anaua 7. «/IBe OKpyKHOCTH»

PaccMoTpuM cHauaiia pemieHue JaHHOW 3a7adu JUIs Majoro KOJIMYecTBa KaMymlikoB. Ecim
KaMeIIKOB He Oouible TpEX, TO OTBETOM (OJHMM K3 BO3MOXKHBIX) JJIsl TIEPBOH OKPYKHOCTH
OyZer kamyiiek ¢ HoMepoM 1, ansi BTOpoi — kamemku ¢ Homepamu 2 u 3. Eciin kamenkoB —
YeThIpe, TO MEePBOM OKPYKHOCTH OyayT MPUHAANEKATH KaMEIIKU ¢ HoMepaMu 1 u 2, a BTOpoi
OKPYXKHOCTH — KaMEeIIKH ¢ HoMepamu 3 1 4.

B OGonee obmem cimydae, korga N<50, B Ka4ecTBE YaCTUIHOT'O MOXKHO HCIIOJIb30BaTh
cienyroniee pemieHue. [lepebepeM Bce TpoOMKHM KaMymikoB (3TO MOXHO CHAeIaTh TpeMs

BJIOXKCHHBIMHA I_II/IKJ'IaMI/I). Z[J'ISI Kaxgon TpOfIKH MMPECAIIOIOKHUM, UTO BCC TpU KaMyIIKa JIC)KAT Ha



OJTHOW M3 MCKOMBIX OKpYyKHOCTeH. [Jil KaXJoro KamyliKa IPOBEPHUM, JICKUT JIM OH Ha 3TOU
OKPY)KHOCTH, a 3aTe€M JUIS BCEX KaMYIIKOB, KOTOpPBIC HE JIe)KAaT Ha TOIyYEHHOW OKPYXHOCTH,
IIPOBEPUM, JIEKAT JIM OHM Ha OJHOM M3 JPYrux OKpyKkHOcTed. Ecim na — pemeHne HauaeHo,
€CIIM HeT — MEepexXOoJUM K cleAyromel Tpoiike Touek. Ilpu peanuzanuu 3TOro pemeHus Jyis
KaX/I0M TPOMKM TOYEK HYKHO IpEIBAapUTEIbHO IMPOBEPUTh, YTO OHHU JIeKAaT Ha OJHOU
OKPY’KHOCTH, TO €CTb, HE JIE)KAT HAa OJHOU MPSMOM.

Jiist Toro 4ToOBI MPOBEPHUTH, YTO UYETHIPE TOYKH JIKAT HA OJHOW OKPYKHOCTH, HE
00s13aTeIbHO HAXOIUTh €€ IIeHTp U paauyc. bosee TOro, MOXHO OOOWTHCH MCKIIOUUTEIHLHO
BBIYUCIICHUSIMU C IEJIBIMU YHUCIIAMH, TO €CTbh, 3a/1a4a JIOMYCKAeT PEUICHUs Oe3 UCHONb306ANUs
sewjecmeennol apugmemuxu. PaccMOTprM JBa BO3MOKHBIX CITy4as B3aUMHOTO PACIOJIOKCHHS
touek A, B, C, D.

Cayvaii 1. Touku A u D nexar mo oaHy crtopoHy oT npsamoit BC, To ecTs,
ncepnockaisipubie  npousBencHuss [AB, AC] u [DB, DC] wumeror onuHakoBbiii 3HaK (uX
npousBeaeHue 6onpiie Hyss1). Torma yron BAC momken ObiTh paBen yriy BDC, To ecth, ux
KOCHHYCHI JIOJDKHBI OBITh paBHBI. KOCHHYCHI MOXHO BBIPAa3HUTh Yepe3 CKAISPHBIC MPOU3BEICHHS

M NJIMHBI BEKTOPOB, IIPH 3TOM MBI IIOJIYYUM PaBEHCTBO:

(AB,AC) _ (DB, DC)
|AB|¥AC|  |DB/4DC|’

[Tockonbky 00e yacTH paBEHCTBa — OJHOTO 3HAKa, TO MOXXHO MX BO3BECTH B KBaJpaT H
HOMHOKUTh Ha 3HAMEHATEIH:

(AB,AC)*-|DB|*-|DC|?* =(DB,DC)*- |AB|* - |AC|>.

[TonydeHHOE BBIpa)KEHHWE MOXXET OBITH BBIYMCICHO O€3 HCIOJIh30BAHUS BEIIECTBEHHOM
apu(pMETUKH, YTO MO3BOJISCT PEIINTh 3aJady TOYHO (IIPU ITOM TOTpeOyeTcs peanr30BaTh
OllepalIfy C JUIMHHBIMU YUCIIAMH).

Cayyaii 2. Touku A u D nexar no passasle cToposs! oT npsiMoit BC. B atom ciyuae Touku
A u B nexar mo onHy cropory ot npsmoii CD 1 [uist HIX MOKHO TIOBTOPUTH PACCYKACHUS IS
ciyyast 1.

[Ipu paccmoTpeHun o0oUX CilyyaeB HY>KHO HE 3a0bIBaTh, YTO TPU TOUKH MOT'YT OKa3aThbCs
U Ha OJIHOM mpsiMOH. B 3TOM ciiyyae cOOTBETCTBYIOIIEE TICEBIOCKATIPHOE POU3BEACHUE OyAeT
pasHo O. IToaTomMy mpu mpoBepke 3HaKa ICEBIOCKAISAPHOTO MPOU3BEIACHUS BCE HEPABEHCTBA
JIOJDKHBI OBITH CTPOTHMU.

He cnoxHO moka3aTh, YyTO ONUCAaHHOE pELICHHE HUMEET ACHUMITOTHYECKYIO CIOXHOCTb
O(n), 1 mosTOMY He JUIA BCEX 3aJAHHBIX B YCIOBHH 3a1adi 3HAYCHHI N MO3BONAET OTY4HTH
HpaBWIbHBIN OTBET. UTOOBI €ro yiydiuTh, MOKaXeM, KaKk Hpu nepedope 00OUTUCH decambio

OKPY’KHOCTSIMH BMECTO IOPSAKA n° OKPYKHOCTEM.



HyCTL 3aaHO HC MCHBIIC IIATH KaMCIIKOB. PaCCMOTpI/IM IEPBLIC IIATh M3 KAMYIIKOB.

Cpeau HuX XO0Ta Obl TpU NPUHAAIEKAT OJHOM W3 HMCKOMBIX OKpykHOcTell. IlepeGepem Bce
BO3MOKHbIE TPOMKM KaMylkoB u3 5tux natu (ux seero Cz = 10). Jlanee pemenue B TounocTu

IMMOBTOPACT OIMMMCAHHOC BBIIIC YaCTUIHOC PCHICHUC.
I[aHHOG PCHICHUC YIKC ABJSACTCA MOJHBIM U IMO3BOJIACT MMOJYUYUTDH HpaBHJ’IBHBII’I OTBCT 1A

BCETO JiMarna3oHa 3Ha4eHHii N. ACHMIITOTHYECKAs CII0KHOCTh 3TOro pemenus — O(n).

3agaua 8. «CToJUIbI»

Haunem pemieHue naHHOHM 3aayM C YTOYHEHHMs, Kakas TPOWKa TOPOJAOB MOXKET OBITh
cromunei. [lycts ropoma A, B, C naxonmsarcs Ha paccrosnum d apyr ot apyra. Eciam mms
OIMCAHUSI CXEMBI JIOPOT HCIONIBb30BaTh rpad, BEPIIMHAMH KOTOPOTO SIBJISIOTCS TOpoja, a
peOpaMu — COCOUHSIONIME WX JOPOTH, TO OYEBHIHO, 4YTO HH OJHAa W3 BEpILIUH,
cooTBeTcTBYOUMX ropoaam A, B, C, He NeXUT Ha KpaTyalllieM IMyTH MEXIY JABYMsI IPYTHMH.
U3 storo crnexyer, 4to cymecTByeT BepurHa D, uepes KoTopyro mpoxoIsiT Bce TPH KpaTyalmx
IyTH, TO ecTh BepunHbl A, B, C nexar B pa3HbIX NOJIEPEBbSIX OTHOCHTENBHO D.

C y4eToM CKa3aHHOTO MOYKHO MOJIYYUTh CICAYIOIIYIO CHCTEMY YPaBHCHHUI:

|AB|=]AD| + |BD| =d,
|IBC| = |BD| + |CD| =,
|AC|=]AD| + |CD| =d.

[MTockonbKy 3Ta cuctemMa umeeT eauHcTBeHHoe pemenue JAD| = |BD| = |CD| = d/2, To u3
9TOTO CJIEIyeT BBIBOJ: YTOOBI TPU FOPOJIA SBJISLIMCH CTOJIMIIAMH, OHH JIOJDKHBI JIEXKATh B PA3HBIX
HOJJICPEBbSIX OTHOCHTEIFHO HEKOTOPOTO YETBEPTOrO0 TopoJa W HaXOIUThCS OT HEro Ha
paccrostaun d/2. OTcroaa B 4aCTHOCTH CIIEAYET, 4TO d TOHKHO OBITH YETHO.

Cka3zaHHOE BBIIIC [O3BOJIACT CBECTH pEIICHHE WCXOJHOW 3a7add K BBIYMCICHUIO
KOJIMYECTBA OMHUCAHHBIX TPOEK TOpoxoB. [l 3TOro MOMKHO HCIOJIB30BaTh pa3IUYHbIC
QITOPUTMBI, OTIMYAIOUIMECS IO CIIOKHOCTH B 3aBHCUMOCTH OT KOJHMYECTBa TOPOAOB N.
PaccMoTpuM mocnenoBaTENbHO TaKWE ANTOPUTMBI, HCIONB3ys NPUHIUI «OT MPOCTOrO K
CIIOKHOMY».

OmHocumenvHo npocmoe YacmuyHoe peuieHue, KOTOPOE HMEET aCHMIITOTHYECKYIO
cnoxkuocTs O(nY), 3akmouaercs B caenyromem. IlepeGepeM Bee Tpoiikn BepuiuH (KX Bcero No).
Jns KakAoi TPOMKH BBIYMCIMM PACCTOSIHHS MEXIY BEpIIMHAMH, HamnpuMep, 00XOI0M B
HIMPUHY, U CPaBHUM 3TH pacctosius ¢ d. B ciiyuae ecnu Bce oM paBHBI 0, TO Tpolika ropoioB
MOXeT OBbITh CTOJTMYHOM, U €€ HAJZI0 YYECTh IPH MOJICUETE KOJINYECTBA KaH/IUIaTOB.

Onucannoe peuieHue MONCHO YIyuuumsv, €ci C¢ mnomoinsio anroputma @noiipa [20]

3apaHCC BBIYHUCIUTDL ITOMAPHBIC PACCTOSAHUA MCXKIAY BCCMU BCPUIMHAMMU. Honyqa}omeec;l B 5TOM



clydae pelieHre OyIeT MMeTh aCHMIITOTHYECKYIO CIOKHOCTH O(N°) M HCIONB30BaTh 0GBEM
namsiti opsika O(n?).

CTpemiieHHE YMEHBIIUTh 00hEM HCIOJIB3YeMOH aMATH B OMMCAHHOM BBIIIE aJrOPHUTME
NPUBOJUT K HOBOMY YaCTHYHOMY PEIIEHHIO, CYTh KOTOPOTO 3aKiIroyaeTcs B ciemyronieM. Jlis
Ka)XJOH BEpIIMHBI HAWJEM C MOMOLIbIO MOHMCKAa B IIMPUHY WM B riayouny [20] komuuecTBo
BEPIIMH B KOKJIOM €€ MOJIePEeBe, KOTOPhIC HAXOIATCs Ha paccTossHuu 0/2 oT Hee. 3aTteM Haitnem
JUIS K@KIOW BEpUIMHBI CYMMbI HPOM3BEICHUN BCEX HEYMOPSAJAOYCHHBIX TPOEK JUIS BCEX
(pa3IM4HBIX) MOAJIEPEBbEB KaX 10 BEPIIUHBI.

[MonydyenHoe TakuM 00pa30oM YacCTHYHOE pEIICHHE TaKXKEe HMEET aCHUMITOTHYECKYIO
cioskaocth O(N°), Tak Kak CyMMa IPOM3BEICHUH TPOEK MO BCEM ITOICPEBBSIM BHIUUCISIETCS 3a
Bpemst O(N°) cyMMapHO Ui BceX BepuIHH (Ta CI0KHOCTH HE IIPEBOCXOIUT CIOKHOCTH OTBETA,
kotopas pasia O(n°)), HO mpHW 5TOM HCHONB3yeT oObeM mamaTH mopsaka O(n). Droro
JOCTaTOYHO, 4TOOBI momyunTh oTBeT Ansg N<500. J[ns Oonpmmx 3HaYeHWid N Tpedyercs
JajbHEHIIee YIyUIICHHE 3TOr0 PEIICHHS, H 3TO MOYKHO CIeNIaTh CIEIYIONIIM 00pa3oM.

[Tycte Ham paH HaOoOp uuced 8j, ..., s — KOJIUYECTBO MCKOMBIX BEPIIMH B KaKIOM
nozanepeBe. TpeOyeTcs BBIMMCIUTH CyMMY BCEX BO3MOXKHBIX HMPOW3BEACHUIN BHIA 88k, I
yucna i, |, K momapHo pa3nuuHbl. 3aMeTHM, YTO 3TO CHMMETPHUYECKHI MHOTOYICH TpPEThei
CTETCHH, KOTOPBIA MOYKHO BBIPA3UTh Y€PE3 MHOTOUJICHBI:

Pi=a;+... +a,
P,=a’+... +ad
P3:a13+ +ak3.

3nas 3HaueHus: P1, Py, P3, HE ClI0HO BBIYMCINTH HCKOMYIO CyMMY, KOTOpast OyJeT paBHa
(P.® —3P.P, + 2P3)/6.

Pemrenns, uCmonb3ylonIve BBILICONUCAHHYIO HACK, YXKE HMMEIOT aCHUMITOTHYECKYIO
cinoxkuocts O(n?). JleficTBuTENbHO, MHOTOWICHB Py, Py, P3 MOKHO BBIMMCIHT 3a Bpemst O(K),
rne K — cremeHp manHOM BepmuHbl. Cliel0BaTeIbHO, CyMMapHO 3Ta YacTh PELICHUs OyneT
paboTaTh 3a JIMHEHHOE BpEMs, a OCHOBHOM BKJIAJ B CJOXKHOCTb ajropuTMa OyAeT aaBaThb
BBIYMCIICHUE 3HAUYCHHWH & IS KaKA0i BepumHbl. Ha 3T0 morpedyercsi KBaJpaTHUHOE BpEMs
(muHEHOE M1 KaXKJI0W BEPIIHMHBI).

Bce paHee paccMOTpEHHBIC pPEIleHHsS MCXOIHOW 3a/1aud SIBISIOTCS YaCTUYHBIMH. YTOOBI
HOJYYUTh TOJIHOE pEIICHHE, MOKaXeM, KaK MOXHO ele OBICTpee MOJCYUTATh KOJIUYECTBO
BEPIIMH, HAXOSAIINXCS Ha pacCTOSHUY 0/2 OT TaHHOW BEpPIIMHBI B KAXKIOM HOJIEPEBE.

HasnaunM npou3BoibHYIO BepUIMHY KOpHEM jaepeBa. [loacunraem cHavana Ui Kaskaoi
BEPIIMHBI KOJMYECTBO MOTOMKOB Ha miyonHe 0/2 B kakaoMm W3 ee mojaiepeBbeB. s 3Toro

BOCIIOJIb3yeMCsl 00X0/10M B INIyOMHY U3 KOpHS JiepeBa. byneMm XpaHuTh KOJMYECTBO BEPUIMH Ha



Ka)XJOH TITyOMHE, B KOTOpPbIE MBI BOIIUIM, HO M3 KOTOPBIX €lIe HE BBHIIUIM. Pa3sHOCTH 3TOro
kosimyectBa Ha riyoune (h + d/2) B MOMEHT BX0/1a U BBIXO/1a M3 HEKOTOPOW BEPIINHHBI TACT HAM
KOJIMYECTBO JieTeil Ha riryoune d/2 1ist 3TOi BEPIIMHBIL.

Teneps mepeiizeM Kk Ooyiee CIOXKHOW YacTH — MOJCYETY KOJIMYECTBA BEPLIMH Ha
paccrostaun d/2 OT BepIIMHBI, MyTh K KOTOPBHIM BBIXOJWT U3 3TOW BEpIIMHBI BBEpX. [Ipexne
pPacCMOTPUM HEKOTOPBIA IMyTh, KOTOPBIH HAYMHACTCS M3 BepIIMHBI BBepx. Camyro OJIU3KYI0 K
KOPHIO JIepeBa BEPIIMHY ITOTO MyTH HA30BEM IIEPErHOOM ITyTH.

C yueToM cka3aHHOTO peanuzyeM 00Xoj JiepeBa B IIyouHy. B mpormecce o0xona st Bcex
BEPIIMH B MOAJEpEBE OyIeT MEPECUYUTHIBATHCS KOJIMYECTBO MOJAXOISIIINX TPOEK BEPIIHH, €CIIH
BBIOpATh 3TH BEPIIMHBI B KAYECTBE [ICHTPAJIBHBIX, U BO3BPAIIATHCS JIJIsl KaXKIOU BBICOTHI YHCIIO
add[h]. Do uucno o3Havaer, YTO K OTBETAM JUIs BCEX BEPIIMH B MOAJICPEBE, HAXOAAIIMXCS HA
Beicote h, Hano mpubasuthk add[h]. Kpome Toro, 06xox B rinyOuHy OyneT BO3BpaIlaTh CIHHCOK
BEPIIMH Ha KON BBICOTE.

Bynem mopnep)xuBaTh CIEIYIOLIMI MHBApUAHT: MOCIE BBIXOJA M3 BEPIIMHBI UL BCEX
BEPIIIMH B €€ MOJIEPEeBE MOCYMTAHO KOJIMYECTBO MyTEH, TOUKa Meperndoa KOTOPhIX HAXOAUTCS B
aToM nojepee (ecau yuecth maccus add[h]).

Jlns mepexoaa OT JeTeil K pOJUTENI0 HEOOXOJMMO repedpaTh BCce BEPIIMHBI B MEHBIIEM
(10 KOJIMYECTBY BEPIINH) MOAAEPEBE U MPUMEHNTH 100aBku add[X] k BepiinHaMm B HEM, a TaKKe
oOHyuTh 3HaueHus add[X].

[TycTp Tekymiast BepiinHa, B KOTOPYIO 3aluesl o0Xoj JepeBa, UMeeT BhicoTy I. J{is Toro
4TOOBl y4EeCTh ITYTH, IPOXO/IIME Yepe3 Hee KaK TOYKy mepernda, Halo MO O4Yepeau MOMapHO
CIIUTh BCE MOJICPEBbS 3TOW BEPIIUHBI. [Ipy KaXKIOM CIUSHHUU Mapbl MOJJICPEBHEB IS KaXKIOH
BEpIIMHBI HA BBICOTE N B MEHbBILEM MOJAJAEPEBE HEOOXOAMMO yBenuuuTh uuciao add[2r +d —h]
Ha €AMHUIy B OoiblieM mojjepeBe. Takke NPH 3TOM CIMSHUM CYMMHPYIOTCS IOMApHO
3naueHust add[X] ans Bcex BbeicoT X. Bce 3TM 3HaueHHs MOXHO IE€pPeCcUUTaTh 3a BpEM,
HPOMOPIMOHATIBHOE BBICOTE MEHBIIIETO U3 TTO/IICPCBHEB.

[lpu oOBETUHEHUH CIHMCKOB BEPIIMH IOJIJCPEBbEB, KOraa J00aBISETCS BEpIIMHA U3
MEHBIIET0 MHOXKECTBA B OOJIbIliee, HAJ0 yYECTh, YTO TaM YK€ €CTh 3alUCh O TOM, YTO K HEMY
Hano npuOaBuTh add[X]. UroObl kKoMmIeHCHpOBaTh 3Ty BEIMYMHY, Hamo Bbruects add[X] us3
KOJIMYECTBA IIyTEeW JUIsl TOW BEPLIMHBI.

[Tocne Toro, Kak MOACYMTAHO KOJIMYECTBO BEPIIMH HA paccTossHuU d/2, 0CTaioch TOJIBKO
BBIYHCIIUTH ISl K&KIO0H BEPIIMHBI KOJMYECTBO MOJIXOMAIINX TPOCK. DTO MOXKHO CHENATh, KaK
OITMCAHO B NIPUBEJICHHOM PaHee PEIICHHH.

B 3axiito4eHun ciieyeT OTMETHTh, YTO B 3TOM PEIICHUU KaXKasl BEpIIMHA y4aCTBOBAJIA B

HepPEeKIIaIbIBAHUM U3 MHOXKECTBA B MHOXECTBO IpU CIHMSHUHM He Oosiee 10g N pa3, MOCKOJIbKY



pasMep NoAAepeBa MOCie KaXKI0ro IEepeKIablBaHNs YBEIMYUBAJICA KaKk MMHUMYM B [1Ba pasa.
Kpome TOro, cymmapHoe BpeMsi paOOTbl BCEX CIHSHUNA MPOMOPIHOHAIBHO KOJIUYECTBY
IIEPEJIOKEHHBIX 3JIEMEHTOB. 3 Cka3aHHOrO cieayer, 4To MOJYYEHHOE MOJHOE PEIIEHUE UMEET
ACUMITOTHYECKYIO clI0XHOCTh O(N%0Q N) 1 1Mo3BOJISET NOTYYUTh MPABUIBHBIA OTBET VIS BCETO

JMara3oHa U3MEHEHUs 3HaUCHUM N.



