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Anropurmer, ocenn 2022/23 [IpakTuka #5. BuHIONCK U COPTUPOBKA.

bunnonck u coprupoBKka

1. Hu>kHss OlleHKA HA MOYTHU PabOYyI0 COPTUPOBKY

IIOKEL)KI/ITG7 470 JI106ad COPTHUPOBKa, KOTOPpasd BEPHO pa60TaeT XOT« OBl Ha, J0JI1e L OT BCEX IIepe-

100
CTaHOBOK, paboraer 3a (nlogn).

2. IlouTnm oTCOPTUPOBAHHBIN MaCCUB
B MaccuBe JUTMHBI 1 KayK Bl 9JIEMEHT OTCTOUT OT CBOEil IpaBUILHON mosuimn Ha < k.
a) Orcoprupyiite 3a O(nk).
b) Orcoprupyiite 3a O(n + I), rue I — ducyio uHBEPCHii.
¢) Orcoprupyiire 3a O(nlogk).
d) JlokaxknTe HUKHIOKO OIEHKY Ha BpeMsi coptupoBku (nlogk).

3. Anti-QuickSort test

I[IycTs B KadecTBe pasbUBAIOIIETO JIEMEHTA BCera OepeTcs
(a) nepsbiit snement afl]; (b) cpeanuit snement: af| S]],
[TocTpouTh MaccuB JUIMHBL 71, Ha KoTopoM QuickSort orpabGoraer 3a 2(n?).

4. Jlomanas 6e3 camoriepecedyeHmit
Hamo n Touek na miockoctu. 3a O(nlogn) coeuuurs X

a) (n — 1)-3BenHoii Jomanoit 6e3 camornepecedeHnii (He 3aMKHYTON );
b) n-3Bemnoit ToMamHoi 6e3 camolepecedeHnil (3aMKHyTOl).

5. CkaHupoBaHNEe OTPE3KOB
Han Habop u3 n oTpeskos [a;, b;], T1e a;, b; — BelecTBeHHbIE.
a) Beibparh MakcuMaJbHOe YucIo Herepecekaromuxcest orpe3skos. O(nlogn). 2Kajano. Jokazars!

b) Haiitu rakoe Bemecrsenuoe x, uro |{i: x € [a;, b;]}| MmakcumasbHo.
¢) st kazkoro k mocuurarh JUIMHY MHOXKECTBA TOUEK, HOKPBITHIX POBHO k OTpE3KaMH.

6. Ilokpacka 3abopa

Ectb ¢ 3ampocos Buja color(l,r,c): mokpacka orpe3ska [1..r] maccuBa B IIBET C.
B konre BeiBecTn nostyunsimniics maccus. Perenne B offline 3a O(n + ¢log q).
(*) Pemmre emé OnicTpee ;-)

7. KopoBbl — B cToiija!

Ectb m croitn ¢ koopaunaTtamu q, . . ., T, U N KOpoB. PaccTaBuTh KOPOB IO CTOIaM TakK, YTOOBI
MHUHHUMAJbHOE PACCTOSHUE MeXK/Iy KOPOBaMU OBLIO MaKCHMAJIbHO.

8. K-best

Jlanbl jBa MaccuBa U3 MOJIOKUTEILHBIX uncest a u b. |a| = |b| = n < 10°.
Zf:l Ap;

Bribparb Maccus p: k pasjndHbIX 9uces OT 1 J10 n Tak, 9TOObI S
1=1"Pq

— max.

9. Ilouck Touku paspe3a

a) am maccuB a; < ag < ... < ag > Qg1 > ... > ap. 3a O(logn) naiitu k.
b) Hau maccus a1 < as < ... < g = gy = - .. = ay. 3a O(logn) naiitu k.
¢) (x) Jlanm nukiamaeckuit ciur Ha k crporo Bospacratorniero maccusa. 3a O(logn) waiitu k.
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Anropurmer, ocenn 2022/23 [IpakTuka #5. BuHIONCK U COPTUPOBKA.

10.

11.

12.

13.

CJI0XKHOCTD CJIyYalfHbIX COPTUPOBOK

Ectb MmHOrO pasubix coprupoBok. Ecth maxke Takue, 4To paboTAOT J0JIbINE, YeM KBaJIPaT.
Ornenure BpeMsi pabOTHI B CPEJTHEM CJIEIYIOIINX COPTUPOBOK:

while not sorted

a) i = rand(), j = rand(), if a[min(i,j)] > almax(i,j)] swap
b) (*) i = rand(), j = rand(), swap

(*) Bropoii makcumym

Haiitu Bropoit makcumym B Maccuse 3a n 4+ O(logn) cpaBHenwmit.

(x) Binary search lower bound

[IpescTaBbre, 9TO MBI IAIIEM «OMHITIONCK Ha OJIHOCBIA3HOM CIUCKE». /e TnTh MOXKHO He 06d3aTeb-
HO TIOTI0JIaM, & 110 JIFo0oit mosuiun i. Bpemst obparienue K i-My 37eMeHTy Beeria O (7).

Hokazars, uTo Takoii «6uHIonck» paboraer 3a 2(nlogn) B xymmem ciydae.
(*) Randomized sort lower bound

[TokazkuTe, 9TO HE CYIIECTBYET TAKOU 8€p0AMHOCMHOT COPTUPOBKHU, KOTOpPas KOPPEKTHO COPTUPY-
€T MacCHUB C BEPOSITHOCTHIO HE MeHee % U uMeeT cpejiHee BpeMsi paboTel (Marokumanue) o(nlogn).
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Anropurmer, ocenn 2022/23 [IpakTuka #5. BuHIONCK U COPTUPOBKA.

Pa3bop 3aga4 nmpakTukn

1. HukHs OolleHKA HA MOYTHA PabOvIyI0 COPTUPOBKY

Yrobbl pa3myunTh rion! BapHaHTOB OTBETA, HY?KHO XOTsI ObI log(ﬁn!) = Q(nlogn) cpaBuenuii.

2. IlouTn oTcOpTUPOBAHHBII MaCCHUB

a) 3a O(nk). Copruposka BcraBkamu. k ureparuii my3sipbka. CopTupoBKa BbIOOpOM U3 k 61u-
JKafImmx.
b) 3a O(n + I): copTupoBKa BCTaBKAMU (CM. JIEKITHIO).
c) 3a O(nlogk).
e Crrocob #1. IlogepkuBaeM B Kyde 3j1eMeHTh ali..i + k]. Ha kaykmom mare npumnmcbiBaem
K Pe3y/IbTaTy MEHIMYM U3 Ky9d U KJIaJeM B Kydy ciaeayiomuii (i + k + 1) ssement.

e Cmocob #2. PazbuBaem MaccuB Ha KyCOUKH JJIUHBI k, COPTHPYEM KazK/Iblil, 3aTeM CJIeBa,
HAIPaBO cjnBaeM Kycku: merge(1,2), merge(2,3), merge(3,4), ...
KoppekTHOCTB: 1I0c/Ie TIEPBOTO merge BCE JIEMEHTHI IEPBOrO KyCKa CTOAT Ha CBOMX Me-
cTax, T.K. UCXOJ/IHO HAXO/IMJIMCh UM B IIEPBOM, WJIU BO BTOpoM. Jlajee 1o WH/IyKIIAH.

d) Huxnss onenka Q(nlog k): B i-M Kycke JymHbI k MOXKeT ObITH JIF00Oast IIEPECTAHOBKA SJIEMEHTOB
ik+1, ..., ik+k, Ha COPTUPOBKY KaKJI0ro Kycka HyKHO k log k cpaBHeHwmil, KyckoB n/k.
WupiMu cJioBaMU: 9UCJIO TIEPECTAHOBOK, KOTOPbIE HY?KHO YMETh OTIMYaTh, He MeHee (k!)
[omywaem uncio cpaprennit ne Menee log(k!)™/* = 7logk! = Q(nlogk).

3. Anti-QuickSort test
Yrober QSort paboras 3a KBaJpart, JOCTATOIHO MOJIYIUTh peKKypeHTHOCTh T'(n) = T'(n —1)+n.
a) Ecmu paszbusaem 1o nepsomy ssaementy, To nogoiinyr {1,2,...,n} u {n,...,2,1}.
b) Ecau pasbuBaem 10 cpejiHeMy, MOCTABUM B CEPEIUHY THCIIO M.
Hy»kno, 9T06BI TIOCTIE partition mosmydmics mI0Xoit MaccuB pa3mepa n — 1.
[IycTp partition peanmsoBan Tak: code =
BO BpeMsi partition cpejHUil 9JIEMEHT 1 IOMEHSIETCSI MECTAMU C TOC/IETHIIM.
CTporM peKypCuBHO MaCCHB G JUIMHBL 1 — 1, mmreM B KoHer n, genaeM swap(a[n/2], a[n —1]).

4. JlomaHasi 6e3 camonepecedeHuin

a) Jlomanast: sort map (x,y), COEIMHUM B TAKOM TIOPSI/IKE.

b) BamkHyTas JoMaHas: BOKDPYT JIOOOI U3 JaHHBIX TOYEK SOTrt IO yIUIy, IPH PABEHCTBE 0 BO3-
pacTanuio paccToaHuda. TOUYKM ¢ caMbIM OOJILIIMM yTJIOM HY?KHO COPTHUPOBATHL IO yOBIBAHUIO
PaCCTOSIHUSL.

5. CkaHMpoOBaHNE OTPE3KOB

a) Hemnepecekaroruecs orpe3ku. Orpe3ok = [L;, R;]. Coprupyem mo Bospacranuio R;, XKaJHO
oepém orpesku. [IpoBepka, 9T0 MOXKHO B3ATh: L; > Rjast-
KoppeKkTHocTb: paccMoTpuM J1t000it OTBET, IIycTh B HEM HeT min 1o R; orpe3ka. Torma MoXKHO
3aMEHUTH CaMbIil JIEBBIII Ha min 1Mo R;, OH 3aKaHYMBaETCd €I JieBee = He IepPecedéTcs ¢
octapimuMucs. toro 3 onTuMabHbBINR OTBET, cojiepzKalinii min o R;.
N3 ocraBimmxcs 1o MHJIYKIIUNA BBITOJIHO CHOBA B3ATh MUHUMAJIBHBIN 110 R;.

b) Cobbitus. Ilapser (I;, open), (r;, close) HazoBéM cobbITUsAIME, cOpTUpPYeM uX (open < close).
CxaHupyeM Bce COOBITHSA CJI€Ba HAIIPABO, HOJIEPZKUBasl YUCJIO OTKPBITHIX O0TPe3KoB. Haxonsacs
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Anropurmer, ocenn 2022/23 [IpakTuka #5. BuHIONCK U COPTUPOBKA.

ISR R

10.

B TOYKE ', MbI IIPOIILJIM BCE COOLITUS JIeBee T = 3HaeM, CKOJLKO OTPE3KOB HAKPLIBACT .
[Ipu 1esbIx KOOpAMHATAX YacTo yaA00HO Jenarh ([;, open), (r; + 1, close).

c) To »ke camoe. B npomuiom nyHkre 0603Ha4nM 3a x; KOOpauHaThl coObITHil. Torma Bech mpo-
MEXKTOK (2, £;+1) TOKPBIT OJMHAKOBBIM YUCJIOM OTPe3KOB k;. ans[k;] += x;11-%;.

ITokpacka 3abopa

Pewenue #1. Eciu Mbl BiiajieeM JepeBOM OTPE3KOB € HPHCBaMBaHMEM Ha OTPe3Ke, TO MOXKHO
HAIPSMYIO PUMEHUTH ero K 91oii 3amade. O(n + glogn). Ecim He BiajgeeMm, 910 mpekpacHo,
3a/1a1y MOXKHO PeIIuTh Iporrie!

Pewenue #2. Vlnem cieBa Hammpaso, 06pabaTbIBeM COOLITHS «HATAIO OTPE3Kay M «KOHEI] OTPE3Kay.
XpaHUM OTKPBITBIE OTPE3KH B Ky4e (set), coprupyromieii ux 1o BpeMeHH OKPACKH.

Kazk/[y1o TO4Ky KpacuM B IIBET OTKPHITOIO OTPe3Ka ¢ CAMBIM IIO3/[HUM BPEMEHEM.

s kazxoit Toukn nper ysHaeM 3a O(1) (mocMOTpeTh MUHHMYM), KarK/J0e HAYaI0 U KOHeI[ OT-
pesKa — MOJIOKUTE min BeHYTh 3 Ky4un 3a O(logq).

Pewenue #3. ByneMm BBIOJTHATEL 3aIIPOCHl ¢ KOHIA. BBIMOJHUTL 3alIpoC = IOKPACUTHL BCE €Ié
He TOKpallleHHbIe KJIEeTKH Ha orTpe3ke. [lycTh y KaxKaoit KJIETKHU ¢ €CTh IBET ¢; U yKa3aTe/b Ha
OIMzKAMIIYIO ClipaBa HeIOKpallleHHyto p;. Tormaa

int paint(int 1, int r, int color):
if (1 > r) return 1;
if (c[1] == -1) c[1l] = color;
return p[l] = paint(p[l], r, color);

paint Bo3BpallaeT KJIETKY, /10 KOTOPO# JTOKpaCHJI.
SameruMm cxojicTBO droro kojga ¢ CHM co cxkarmem myrteit. B takom Buje om paboraer 3a
O((n+q)logn). Eciu nobasuts panrosyio sspuctuky, 6ygaer O((n+q)a(n)).

Koposbr — B croiia!l

Bunnounck o orsery. [IpoBepka, 4To MOKHO BBLIOPATDH M CTOMJ HA PACCTOAHUE > d: caMoe JIEBOEe
OepéM, OT Hero caMoe JieBoe Ha PaCCTOsTHUE XOTsi ObI d 1 T.]I.

K-best

Sk ap, Sk ap, k

ﬁ — max. Bunmonck no orsery: ﬁ > M < > (a, — Mby,,) >0,
1= [ 1= [ =1

HaJIM4IMe TaKUX MOYKHO IIPOBEPHUTH, B34B k MHJIEKCOB C MaKcHMaJbHBIME a; — MD;.
Yro6b! B3sTh k MakcuMmyMmoB 3a O(n), BeiOepeM (n—k)-yi0 CTATUCTHKY W BEPHEM BCE JIEMEHTBI
nocyie weé. Cioxkuaocts O(n log MAX).

Ilouck Touku paspe3a

a) [Ipenukar «a; > a;_1» cuepsa TRUE, 3arem FALSE. BuHIonckoMm uineMm rpaHuiLy.

b) Paccmorpum maccus {1,1,...,1,1,2,1,1,...,1,1}. Msl umem 9uciao 2, OHO MOXKeT ObITH Ha
JII000i Tto3unnu. Eciim Mbl TocMOTpe/In He Bce STUefKHU, TO IUCI0 2 MOXKeT 0Ka3aThCsl TaM, IJIe
HE CMOTPEJIN = B XYJIIEM Caydae Hy?KHO MPOCMOTPETH BCE N AY€EEK.

c) [Ipemukar «a; = ag» cuepsa TRUE, 3arem FALSE. Bunmouckom uieM rpaHwuiry.

CJI0>XKHOCTB CJIy4YaifHbIX COPTUPOBOK
[IycTh ecTh MoHeTKa Opéi-penika. Ecim ¢ BeposgTHOCTBIO p MOHETKA BBIMIAJIET OPJIOM, TO CpeJIHee

YHCJI0 TTOJKHUIBIBAHUI 710 1IepBOro opJa F = %.
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Anropurmer, ocenn 2022/23 [IpakTuka #5. BuHIONCK U COPTUPOBKA.

11.

T W N

12.

13.

Jlokasameavcmeo: E =1+ (1 — p)E (oauH GpOCOK JiesiaeM BCerja, ¢ BepOSTHOCThIO 1—p He 1mo-
BE3JI0, ¥ Hy?KHO HOBTOPUTH MPOIIECC).

@Oynaxmmo sorted MOXKHO BLI3BIBATL He KarKJIblil pa3, a pa3 B 1 MIaros, TOTAa eé aMOPTU3UPOBAH-
Hast cioxkuocTh O(1).

a) Kaxnplit swap ymenbiaer uncio uasepcnii [ xors 6u1 Ha omud. T'(I) — BpeMsi paboThbl, ecym
ceituac [ muBepcwHii.
BepogTHocTh momnactb B MUHBEPCUIO p =

Bepcmo M=1/2
p Inv

n(n—1)/2 _ n(n—1) I 1 _ 2

T) < == +TI~-1)= TZ;’:1 5= O(n*logn).
Babasuble dakTbl. Bojee Tounblit anams jgact onenky O(n?). Eciu, Korjia unsepcuii ocra-
n0ch ~ nlog® n, HepeKoUnTLCA Ha COPTUPOBKY BCTaBKaMu, Bpems oymer O(nlog?n).

b) Ha kaxkom mrare mepectaHoBKa OJIM3Ka K CIIy9aillHOW => ¢ BEPOATHOCTHIO # OTCOPTUPOBaHA

= cpenmee BpeMst pabotel O(n!).

m = cpejHee YUCJI0 1IPoO JI0 IoaJlaHusd B WH-

(*) BTopoii makcumMmym

PannomusupoBanHoe pernenue. Cienaem random_shuffle maccuBa, KoTophbiii jiestaer O cpas-
Hennit u paboraer 3a O(n). Teneps:

int m1 = a[1], m2 = INT_MIN;

for (int i = 2; i <= n; i++)

if (ali]l > m2)
if (alil > m1) m2 = m1, ml = alil;
else m2 = alil;

Ha -t urepanun nukiaa Mbl BOiiaéM B if ¢ BEepPOSITHOCTHIO %, [IO3TOMY YHUCJIO CPaBHEHUN paBHO
n—1+>",2=n+2nn+06(1).

JleTepMuHUpPOBaHHOE pellleHne Ky4eoOpa3Hoil CTPyKTYPOIi.
[TocTponTs Ky4y MBI 38 1 CDaBHEHUI He CMOXKEM, 3aTO MOYKEM TOJIKHYThb KazK/IbIil 9JIEMEHT BBEPX.

for (int i = n; i > 1; i++) if (ali / 2] < alil) swap(ali / 2], alil);

B pesynbrare makcumyM BCIUIBIBET BBepX. ljie mckarh BTOpoit mMakcumym? OH He BCIUIBLI JI0
KOPH¢, IOTOMY YTO TJIe-TO I10 JOPOT'€ BCTPETUJICS C IIEPBBIM MAKCUMYMOM => OH B JIETSIX BEPIINH,
10 KOTOPBIM TIPOIIEeT MaKCUMYM, Bcero log, n KaHIIaToB.

JleTepMUHNPOBAHHOE pelIeHne JePEBOM OTPE3KOB.
Ba n—1 cpasHenue nocrpoum jepeso orpeskos. 3a O(logn) Haiigém B HEM 2-if MaAKCHMYM.

(*) Binary search lower bound

ITycTb MCKOMBIII 3/IEMEHT HaXOJUTCA B HMOCICJHMX 3 3jeMeHTaX. Torja, 4ToObI ero HafiTm Ham
HYZKHO CJIeTaTh X0Td Obl log & oOpaienuii K s7ieMeHTaM, IT00bl Pa3INIUTh § BOZMOMKHBIX OTBETOB.

Kazknoe obpamenne paboTaer xoTs 6b 3a 5. Mroro Q(nlogn).
(*) Randomized sort lower bound

Bynewm zamyckarh aaroputs, 1moka oH He oTcopTupyeT maccus. Ternepb BepogTHOCTE omubdku 0, a
BpeMs paboThl B jJBa pasa Oosbiie: 1 + %T + %T + ... BEcim maroxxumanue Bpemenu paborsr 17,
TO Ha XOTsI ObI TIOJIOBUHE IIEPECTAHOBOK BpeMsi He Gostbirie 27" (or nmporuBHoro) = 1" > log %n!
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Anropurmer, ocenn 2022/23 [IpakTuka #5. BUHIONCK U COPTUPOBKA.

,Z[omamHee 3alaHne

3.1. Obg3areqpbHasE 94aCTb

1. (3) C10XXHOCTH COPTUPOBOK

a) (1) IHokazure, uro MmobGasg COPTUPOBKA, KOTOPas BEPHO PabOTAeT XoTs Obl HA [0 Tor OT
BCEX IIePeCTaHOBOK, He MoxkeT paborarhb 3a o(nlogn) Ha Beex Tecrax.

b) (1) IlokakuTe, 9TO HEJNb3sT peajn30BaTh CTPYKTYDY JAHHBIX, KOTOPasi yMeeT TO JKe, 4TO W
Kydva: Add, u ExtractMin, Ho 3a o(logn) cpaBHeHuii.

¢) (1) ITokaxkure, uro Hesb3s cenarTh merge(a, a+n/2, a+n) 3a o(n) cpaBHEHWUIA.
merge CJMBACT JIEBYIO U IPABYIO [OJOBUHBI, Pe3yJIbTraT KiIaJér B [a, at+n))

2. (5) Orpesku Ha HpsIMOii
Jano n orpeskos [a;, b;.
a) (1.5) Haittu niauny o0beIMHEHNST OTPE3KOB.
b) (1.5) Beibpars MuHIMAJIBHOE YHCJIO OTPE3KOB, MOKpbIBalonux orpe3ok [0, M]. O(nlogn).
B sT0ii 33181 BaskHa CTPOrocTh JgoKaszareabcrsa. Pemenne 3a O(n?) noayuur (1) 6aswr.

¢) (2) Tenepb 1mycTh rpaHUIBI OTPE3KA MEHSAIOTCS CO BPEMEHEM. i-if OTPE30K B MOMEHT BpEMEHH
t pasen |[x; —t-1;, x; +t-r;]. HaiiTu mepBbIit MOMEHT BpeMeHH, Korjia oTpesku mokpotor [0, M].

3. (2) VYckopenue SiftUp

Momudunmpyiite onepanuio SiftUp g 6GuaapHON Kydun Tak, YTOOBI OHA MO-TIPezKHEMY padoTasa
3a O(logn), Ho upu srom gerana auib O(loglogn) cpaBrenmuii.

4. (2) Yckopenue SiftDown

Momucunupyiite omnepanuio SiftDown it OMHAPHONW Ky4YM TaK, 9TOOBI OHA IMO-IIPEXKHEMY Pado-
tasa 3a O(logn), Ho npu ToM genana b log, n + O(loglogn) cpaBHemwmii.

5. (2) Anti-QuickSort test

[Toctpouts 3a O(n?) nepecTaHoBKy JJIMHBI 1, Ha KoTopoM QuickSort orpabGoraer 3a 2(n?), ecin
pa3duBaIOIIEro v1eMeHTa 6epeTcs CJAeYIONIM 00pa30M.

Ectp HEKOTOpasd Mpou3BoOJIbHAL JleTepMUHUpOBaHHas pyHKIN pivot(l, r), oHa BO3BpAIaeT
qnceso oT 1 go r, x = alpivot(l, r)].

Ecrs npousBoabHas jerepmunupoBanas partition(l, r, x).To, kak oHa nepecraBuT s1€MeH-
ThI Ha oTpe3ke [1, r], 3aBUCHUT TOJIBKO OT Pe3y/IbTaTOB CpaBHEHUsI 3JIEMEHTOB ¢ X. KcrecTBenno,
OHa JiejtaeT partition — cHavyasia CTaBUT 3JIEMEHTHI < X, [IOTOM X, [IOTOM > X.

AJropuT™M TIOCTPOEHUST TIJIOXON TIePeCTaHOBKHU MMeeT IPaBO BI3BIBATH U pivot, n partition.

B nmonbiTkax O6'b5{CHI/ITb, YTO MMEHHO BBI JIeJIaeT€, MO2KHO HCIIOJIb30BaTb KYCKHU KO/a.

(*) Moxkuo nostyunts (+1) Gasur Jis ciaeayomero ciaydas: pivot(l, r) Bo3Bpallaer Tpu WH-
nekca 1 < i, j, k < r. 3ax 6eperca meqmana uucen alil, aljl, alk]. asubie To ke camoe.
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Anropurmer, ocenn 2022/23 [IpakTuka #5. BuHIONCK U COPTUPOBKA.

3.2. JlomosiHUTEJIbHAsA 4aCTh

1. (2) PaziuuHble 3J1€MEHTBI

3adava: TaH MACCUB, IPOBEPUTDH, 9TO BCE 3JIEMEHTHI PA3JINIHBI.
HYCTB JJIA pa6OTbI C dJIEMEHTaMMi MaCCHUBa HaM JJOCTYIIHa TOJIBKO Ollepallid CpaBHEHUA.
Hokazare onenky €2(nlogn) na dncio cpaBHeHUil.

2. (2) JomosiHUTESIbHBIE OTPE3KU HA MPSIMOA

Ectb n oTpe3koB Ha npsmoii. BeiOpaTh 13 HUX MaKCUMaJIbHOE 10 Pa3MePy MHOYXKECTBO, TTOKPbIBa-
Iolee KazkIylo TOUKy He 60jiee, 4eMm k pa3. Baxkna cTporocrh joKa3aTebCTBa.

(1) Gasur MOXKHO MOJIYUUTH 38 KOPPEKTHOE perieHne 6e3 J0Ka3aTe/IbCTBA.
3. (2) OTpe3ku HA OKPY?KHOCTHU

Ectb n orpe3koB Ha okpyzkHocTu. BeiOparh n3 HUX MaKCHMAJILHOE MO0 pa3Mepy MHOYXKECTBO, I10-
KphbIBalollee Kax1ylo TOUKy He Gojiee, ueM ojuH pa3. OuenusaTbes OyiyT perenus 3a o(n?).
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