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Heckonbko 3amedaHuit BMECTO NpeauCnoBUS

Knuea nanucana no mamepuaiam 3aHAMUY NPO2PAMMUPOEaAHUEM CO
WROADHUKAMY MATNEMATNUNECKUT Kaacco8 wroavt N 57 2. Mockent

u cmydenmanmu macdwur xypcos (Mockosckutd 2ocydapemeenmbii
yrnusepcumem, He3asucumbrii MOCKOSCKUT YHUBEPCUMEM, YHUBEPCUMEM,
2. Uppsala, Hlseyus).

Knuza nanucana 6 ybexucdenuu, wmo npo2pammuposanue umeem céoti npedmem,
HE C60JAWUUCA HU K KOHKDEMHDIM A3BIKAM U CUCTNEMAM, HU K MEMOIGM
NOCMPOEHUA ELICMPBIT AA2OPUMMOS.

Kmo-mo 0duamcdor cxa3as, wmo moHcHO ybedums 6 NPasuibHOCNU GA20PUMMA,
HO He 8 NPasusbrocmyu npoepammel. O0na u3 yeaet KHu2U — MONBIMAMLCA
NPOIEMOHCTPUPOBAMb, UMO IMO HE MAK.

B npunyune, 603M0HCHOCTNE NPAKMULECKO20 UCTLOAHEHUA NPOSPAMM HE
AGAAETNCA HENPEMEHHOIM YCA0BUEM UBYUEHUA Npoepammuposarut. Odnako ona
ABAAEMCA CUALHETWUM CTRUMYAOM — 6€3 MAK020 CIMUMYAL 6DAJ AU Y K020
Z6AMUM UHMEPECA U MEPNEHUA.

Buibpannbili scanp xnuzu no #eobTodumocmu 0epaHuNusaem eé
MPOLPAMMUPOBAHUEM 8 MALOMI, OCTNABARR 6 CTNOPOHE HEOOTOOUMYIO ¥aACTIb
NPOPAMMUCTNCKO20 06pa30sanus — pabomy no modudurayuu 60svwuz
npozpamm. Asmop npodoaxncaem menmame 0 HabOPE YuEEHLIT NPOSPAMMHLIL
cucmem IMarOrH020 KAUECMEa, JoCmynuuiz das MouPurayuy WKOALHUKAMU.

Kaocemea, Xoap cxasas, wmo 3cmemuneckas npesecms npoepammbt — Imo e
GPTUMERMYPHOE USAUWLECTNE0, G TO, WINO OMAUNGEM 6 NPO2PAMMUDO06GHUY
yener om weydauu. Ecau, pewas 3adavu u3 amod xnuu, wumamens
NOUYECMEYEM NPEAECTNd TOPOULO HANUCAHHOY NPOSPaAMMbL, 6 KOMOPOT «HU
y6a8uUMb, HU NPUOABUMDbY, U COMHEHUA 6 NPAEUILHOCTIU KOMOPOT KAHCYMCA
HEACTBIMY, O a8MOoP 6ydem cuumams c6010 ueab docmuerymot.

Xapaxmep 2aa6 pazauuen: 8 00HUT NPEFAAR2GEMCA HAEOD MAAO COAZAHHLIT IPY2
¢ dpyeonm 3adau ¢ pewenuaMy, 8 JPYeuUz NO CYWECNEY U3AA2AETNCA
0dun-eduncmeennbit aazopumm. Tembl 2406 60 MHO20M NEPECEKAIOMCA, U Mbl
NPEINONAU KOE-KAKUE NOEMOPEHUA POPMAALHOIM CCLLAKAM.

Yposenv mpydnocmu 3adan u eaas secoma pasauvuen. Mor cmapaaucs
SKANUUMD KAK Npocmbie 3adauu, KOmopvie moeym buimb noaesHblt 044
HAUUHGIOWUT, TMAK U MPYdHble 3adaNU, KOMOPbIE MOZYM NOCAIUMb 8 AYHCY
cuabno20 wroavnuka. (Xoms u pedxo, no a3mo bvisaem noaesno.)



B xauecmee asvika daa 3anucu npozpamm 6bia vi6par nackassb. Ox
Jd0CTamMOUHO NPOCTN U ECTNECTNEEH, UMEET HENAOTUE Peasusayuy (Hanpumep,
cmapovie Komnuaamopvt Turbo Pascal gupmor Borland 6viau sbiaoncenvt das
6eCnaamu0e0 CRANUBARUR) U NO3BOAAENM 3ANUCAMD PEULEHUA BCET
paccmampusaemuiz 3adau. Bosmoncno, Modyaa-2 uauw Obepon 6viau 61 boace
UBAWHBLM B8bIOOPOM, HO OHU MeHee JOCTNYNHBL.

IIpaxmuuecku 6ce 3a0a%u U AAZOPUMMBL, PASYMEEMNCA, HE ABARIOMCA HO 6bLMU.
(B nexomopuiz pedruz cayuaAT Npusedenst CCOLAKU HE KORKPEMHYI0 KHULY UAY
KOuKpemmno2o weaosera. CM. maxHce cnucox knue das dasvretiue20 WmMenus.)
Buecme ¢ mem mbt HGIECEMCA, MO 8 HEKOMOPLIL CAYNAAT GALOPUMMbL

(u ocobenno doxasameabemea) usaoncenst 6o4ee KOPOMKO U OMUEMAUBO.

IMo He Moabko U HE CMOAbKO y‘lt€6H’L”€ das WRKOADHUKA, CKOADKO CNPABOUHUK
u 3adaunux 044 npeno&aeame:m, 20MOBAUE20CA K 3AHANMUI.

06 «asmopcruz npasazs: npaso dopmyauposams 3adauy v 06bACHAMD €€
DEULEHUE ABARENCA HEOMUYHCIAEMBLM ECTNECTNLE EHHDIM NPGEOM BCAKO20, KMO HG
amo cnocoben. B coomsememeuu ¢ 3mum meKcm L644EMcA €60609H0
pacnpocmpansemoin. Adpeca asmopa: shen@mccme.ru, shen@landau.ac.ru
CKrasannoe 0MHOCUMCA K PYCCKOMY MEKCY, 6CE NPAEA KA NEPEE0IbL NePedanbl
uzdameavcmey Birkhduser.

IIpu nodeomoske mexema ucnoavsosasacs (6060010 PACTIPOCTNPAHAEMAR)
sepcua BTEX a, exanuaowas cmusesovie Gaiiabt, cocmasaenubie
C. M. JIvsoscxum (cm. ftp://ftp.mccme.ru/pub/tex/).

A pad cayuato nobaacodapums 6CeT, ¢ KeMm UMEL UECTL COMPYIHUNAND,
NPenodasas NPoePaAMMUPOBARUE, 0COBEHRO MeT, KMO Obit (Mo IPY2y0 cmopony
bappuradoly, a MAKHE 6CET NPUCAABUIUT MHE 3AMENAHUA U UCTIPAEACHUA
(cneyuaavras 6aacodaprocms — K. B. Mamuacesuuy). Asmop 6aazodapum
B. IIlyeaaosa 3a zaonome no eépemre, a maxxce uzdameabemeo MIJTHMO

3a MO, WIMO 0HO 02PAHUNULOCH JUATHOM 0640HCKYU (HEMHORO CNPAHHDLM)

U HE BMEWUBALOCO 8 TIPOUECC NOJ2OMOEKY 0PUUHAL-MaKkema (8KA01aA MEKCM
na obaoxcke). Baaeodapio maxace Uncmumym npobaem nepedavu undopmayuu
PAH, Amepuxancroe mamemamuuecrkoe obuecmso (Pond nomowu

6viewemy CCCP), gond Copoca, ynusepcumem 2. Bopdo, fond «Kysvmypras
unuyuamusar, Gondvr STINT (IHseyus), CNRS (Ppanyus), Ecole Normale
(MTuon, Ppanyus), LIF (Mapceav, Ppanyua), ynusepcumem 2. Ynncasa
(ITseyua), Poccutickuii ond Pyndamenmasvuniz uccaedosanut (epanmot
02-01-22001 HIJHHa, 03-01-00475 u dpyeue), a maxwce Cosem noddepacru
nayunoir wroa npu Hpesudewme PP (epanwm HII-858.2008.1) sa noddeprcky.
Bumecme ¢ mem codepmcanue Knuau 0Mparcaem mouKy 3penua aémopa, 3a
oWUbKU KOMOPO20 YKA3AHHbIE 0P2AHRUBAUUY U AUUA

omeemcmaennocmu we necym (u naobopom).
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1. NMEPEMEHHBIE,
BbIPAXKEHNA,
[TPUCBAVNBAHUA

1.1. 3apauu 6e3 maccusoB

1.1.1. [Tauer ase neinle nepemennsie a, b. CocraBuTh hparMedT npo-
IPaMMBI, [T0CJAEe NCIIOTHEHNA KOTOPOrO 3HAYEHNA MePeMEeHHBIX NOMEHAINCH
Obl MecTamMy (HOBOE 3HAYEHME & DABHO CTAPOMY 3HAHMEHMIO b u HaoBopoT).

Pemrerme. Beegém HOMOTHUTEIBHYIO NEXYIO TEPEMEHHYIO t.

t := a;
a := b;
b := t; O

TonriTka 060UTHCH 6€3 JONOJHUTEILHON TEPEMEHHON, HATNCAB

a := b;
b := a;

He IIPUBOANT K 116 (Ge3BO3BPATHO YTPAYNBACTCA HAYAILHOE 3HAYCHNE [Te-
DEMEHHOH a).

1.1.2. PemmTs npeapiayuiyio 3anady, HE NCHOAL3YA NONOJHWTENLHEIX
nepeMenHux (M Npeanoiaras, YTo 3HAYEHNAMN LEJILIX [TeDEMEHHEX MOLYT
GHITH NPONWIBOJBHLIE IIEJIHIE YNCIA).

Pemrerme. Hayansunie 3navyenns a n b o6osnaunm a0, bo.

a0 + b0, b = b0}
a0 + b0, b = a0}
b0, b = a0} [l

a :=a+b; {a
=a - b; {a
a - b; {a

o
i

[+
1]

1.1. 3adavu 6e3 maccusos 9

1.1.3. [Jano wesnoe 4uciao a M HaTypaibHOE (LEJ0€ HEOTPULATENBHOE)
qucao n. Brrauconts a®. JpyruMu croaMu, HeO6X0UMO COCTABUTH MPO-
rpamMMy, IPU NCIIOJHEHWN KOTOPOWN 3HAYEHWS [IEPEMEHHLIX & U L He MEHAIOT-
€A, 4 BHAYEHNE HEKOTOPOW APYroll NepeMeHHON (Hanpumep, b) CTAHOBATCA
paenrim al. (IIpn 2TOM paspeIaeTcs UCIOAB30BATE U APYTHe IepeMeHHEe. )

Pemrerme. Beeném nenyro nepemennyro k, koropas mensercs or O a0 n,
NpUYEM NOIAEPKUBACTCA TAKOE CBOUCTBO: b = ak).

k :=0; b :=1;
{b = a B crememm k}
while k <> n do begin

k:=k +1;
b :=b % a;
end; O

llpyroe pemenne TON xe 3aJaYn:

k :=n; b := 1;
{a B cremesrm n = b * (a B cTremenu k)}
while k <> O do begin

k =k - 1;
b :=b % a;
end;

1.1.4. PemmTe npensipymnryro 3anady, ecam Tpedyercs, 4TOOH YUCIO
NEACTBHMA (BHINOJHAEMHEIX ONEPATOPOB NPUCBANBAHUA) GHIO NOpAAKa logn
(To ecTs e npesocxoauao 6rt C logn nus Hekoropon koucranT C; logn —
BTO CTENEHb, B KOTOPYIO HYKHO BO3BECTH 2, YTOGH NOAYYUTH T).

Pemerme. BrecéM HEKOTOPHIC H3MEHCHMS BO BTOPOE M3 NP CIIOXCHHEIX
DEIIeHNA NPeILIAyINeH 38 a49n:

k :=n; b :=1; c:=a;

{a B cremesrm n = b * (¢ B cTremenu k)}
while k <> 0O do begin

if k mod 2 = O then begin

k:= k div 2;
C:= c*C;
end else begin
k :=k - 1;
b :=b * ¢c;
end;

end;
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Kaxauin Bropoi pas (He pexe) GyAeT BEINOIHATHLCA NEPBEI BAPUAHT
onepartopa Be6opa (ecan X HEYETHO, TO HOCJE BHIYATAHNA CAWHULE CTa-
HOBATCA YETHHIM), TAK 9YTO 34 ABA [UKJA BEIMYMHA X YMEHBIIACTCA IO
KpauHen Mepe BIBOC. ]

1.1.5. [lann HATYpAJbHEE 9UCI4 a, b. BRIYNCINTE npousseaeHue a - b,
MCIONB3YA B ONPOrPAMME JUINL ONEPAIMH +, —, =, <>.

Pemmenne.
k := 0; ¢ := 03

{unBapuanr: ¢ = a * k}
while k <> b do begin

k :=k +1;
c :=c + a;
end;
{c =a*kuk=>b, cnegopaTenrprHo, ¢ = a * b} O

1.1.6. Janw marypanbaele yncaa a W b. BuryncanTs nx cymmy a + b.
Hcnons3oBare omepaTopsl MPUCBANBAHNA JUIIbL BULA

(mepemennasnl) : = (nepemennan?)

(mepemenHasn) : = (4UCIO)

3

(nepemennanl) : = (nepemennan?) + 1.

Pemmenne.

{unBapuanr: ¢ = a + k}

]

1.1.7. [Mano HarypasbHOe (LeJ0e HEeOTPUIATENbHOEe) YUCIO a M IeJoe
TONOXKNTENbHOE Yncio d. BErawcanTe 9acTHOE q M OCTATOK ¥ DY JEJEeHUN a
Ha d, He ucnonb3ys onepanui div m mod.

Pemerme. Cornacuo onpenenennio, a=q-d+r, 0 <r<d.

{a >=0; 4> 0}

r :=a; q :=0;

{muBapuanr: a = q *d + r, 0 <= r}
while not (r < d) do begin

{r >= d}
r :=r -d; {r > 0}
q:i=q+1
end; O

1.1. 3adauu 6e3 maccusos 11

1.1.8. [Jauo HarypaibHoe n, Beraucantb ol (0! =1,nl=n-(a—1)!). O

1.1.9. IlocnenorarensrocTts PDuGonayyam onpegenserca Tak: ag = 0,
ay =1, ay =ayp_q + ag-o 0pu k > 2. [anHo n, BLMACINTE ap. U

1.1.10. Ta xe 3agada, ecam TpebyeTcsa, YTOOK YUCIO ONEpanUi OHLIO
nponopunoraiso logn. (Illepemennnie JOMXKHE OHTH NETOYNCICHHEIMMA. )

[Ykasanue. llapa coceannx yucen PuboHaAYIN TONYIACTCA U3 TP EABILY-
med YMHOXEHNEM Ha MATDWILY
11
1 0

— TaK YTO 33JaYa CBOINTCA K BO3BEJICHNIO MATPWIL! B CTENEHL Nn. JTO
MOXHO caeaats 3a C'logn AedcTBAN TeMm e Croco6OoM, YTO W UL Yu-
cea) O

1.1.11. [Jano HaTypajbHOE N, BEIYACIATE

1 1
— =

1
o 1!+...+a. U

1.1.12. To xe, ecim Tpebyercs, YTOOK KOINIECTBO Onepauui (BEIITON-
HEHHEIX KOMAHJ IPUCBANBAaHNA) 6bwio 611 nmopaaka n (He 6osee Cn ais He-
koTOpoU koucrauTs ().

Pemenme. Musapuant: sum=1/11+ ... + 1/k!, last = 1/k! (Baxno ne
BHIYACIATL 3aHOBO KaXX KM pas k!). O

1.1.13. [Janw maBa HaTypaNbHHIX YACAA a U b, HE PABHEIC HYJIO OIHO-
spemenno. Buruncants HOO(a,b) — manbonsmui o6mmi geinTeas a U b.

Pemerme. Bapunanr 1.

if a > b then begin

| k := a;

end else begin
| k := b;

end;

{k = max (a,b)}

{unBapuanT: HuKakoe 4uMcIO, 6ombliee k, He ABIALTCH
o6IMM JemuTelIeM}

while not ((a mod k = 0) and (b mod k = 0)) do begin

| k :=k - 1;

end;

{k - o6umu gemuTenn, GomLume - HeT}
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Bapnanr 2 (amropwrm Eskimmpa). Bysem cuwrars, wro HOL(O,0)=0.
Torpa HOA(a,b) = HOA(a-b,b) = HOA(a,b-a); HOA(a,0) = HON(0,a) = a
s BCex a,b = 0.

m := a; n := b;
{unpapuanr: HOX (a,b) = HOL (m,n); m,n >= 0 }
while not ((m=0) or (n=0)) do begin

if m >= n then begin

| m :=m - n;
end else begin
| n :=n - m;
end;

end;
{m = 0 wmu n = 0}
if m = 0 then begin

| k := n;

end else begin {n = 0}

| k := m;

end; O

1.1.14. HanwcaTts MOAMIUIUDPOBAHHKEIA BapUAHT aaropurma EBkiuia,
ucnoasayonmi coorsomenns HOI(a,b) = HOA(a mod b, b) npm a > b,
HOA(a,b) = HOA(a, b mod a) npu b > a. O

1.1.15. [Jawwr naTypaisysie a n b, ye pasasie 0 ognoBpemenno. Hantn
d = HOO(a,b) n Takne nessie x ny, yrod=a-x+b-y.

Pemenme. Jo6Gasum B anroputm EBkiniga nepemennsie p, q, r, s ¥ BION-
[eM B WHBAPDWAHT yCIOBUA M = p¥a+qkb; n = rxa+s*b.

m:=a; n:=b; p :=1; q :=0; r :=0; s := 1;
{unpapuanr: HOX (a,b) = HOL (m,n); m,n >= 0
m = p*a + gq*b; n = r*a + s*b.}
while not ((m=0) or (n=0)) do begin
if m >= n then begin
| m:=m-n; p:=p-1r;q:=q- S;
end else begin
| n:=n-mr:=r-p;s ::=s-q;
end;
end;
if m = 0 then begin
| k :=n; x :=1r; y := s;
end else begin
| k :=m; x :=p; y :=q;
end; U
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1.1.16. Peumts npeAsIAyNIyO 33489y, UCIONL3YS B arropurme EBKin-
& JTeJeHWE C OCTATKOM. U

1.1.17. (3. Jetixerpa) Jobasnum B anroputv EBkinaa gonoranTeasane
NEePEMEHHEIC U, V, Z:

m :=a; n :=Db; u :=b; v := a;
{unpapuanr: HOX (a,b) = HOL (m,n); m,n >= 0 }
while not ((m=0) or (n=0)) do begin

if m >= n then begin

m:=m-mn; v :=v+u;
end else begin
| n:=n-m u:=u+ v,
end;
end;
if m = 0 then begin
z:= v;

end else begin {n=0}
| z:= u;
end;

[JlokasaTsb, 9TO NOCHE UCIOIHEHUA AACOPUTMA 3HAYECHNE Z PABHO Y ABOCHHO-
My HamMeHbleMy o0meMy KPaTHOMY Yucea a, b: z =2 -HOK(a,b).

Pemrerme. 3amMeTnM, YTO BANYAHA M - U + 1 - V HE MEHACTCA B XO[IC BHI-
nomaeHus atropuTMa. QCTadTCsa BOCNOIL3OBATLCA TEM, YTO BHAYAJC OHA
pasHa 2ab u yro HOl(a,b) - HOK(a,b) = ab. O

1.1.18. Hammcate BapwadT ajiropuTma EBKINIA, MCIOIL3YVIOMMA COOT-
HOUIEHNA
HOI(2a,2b) =2 - HOL(a,b),
HOL(2a,b) =HOI(a,b) npwu meuéruom b,

HE BKJIIOYAIOWIMI JEICHNA C OCTATKOM, & NCIOIB3Y IOIIMI JUIIb ICJICHNE Ha, 2
n nposepky yérnoctn. (Yucao mercTBmi KOMXKHO OHTHL nopaika logk mis
MCXOMHEIX JaHHEIX, HE NPEBOCXOMALNX X.)

Pemenne.

m:= a; n:=b; d:=1;
{HOL(a,b) = d * HOO(m,n)}
while not ((m=0) or (n=0)) do begin
if (m mod 2 = 0) and (n mod 2 = Q) then begin
| d:= d*2; m:= m div 2; n:= n div 2;
end else if (m mod 2 = 0) and (n mod 2 = 1) then begin
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| m:= m div 2;
end else if(m mod 2 = 1) and (n mod 2 = 0) then begin
n:= n div 2;
end else if (m mod 2=1) and (n mod 2=1) and (m>=n) then begin

m:= m-n;
end else if (m mod 2=1) and (n mod 2=1) and (m<=n) then begin
| n:= n-m;
end;

end;
{m=0 => oTBeT=d*n; n=0 => oTBeT=d*m}

Ouenka 9ncia JeNCTBHAR: KaX J0€ BTOPOE ACHCTBUE ACANT XOTsA OBl OJHO U3
YUCEJN M W N [ONOJAM. (I

1.1.19. [JonomHnTh airOpUTM NDPEIK JYIIEN 3318491 NOUCKOM X U Y, JJs
KOTOPHIX ax + by =HO0I(a,b).

Pemerme. (Maen coobmena /. 3souknunm.) IIpexae sBcero samernm,
YTO OJHOBDEMEHHOE JEJEHUE a U b nononaMm He MeHseT UCKOMEX X u y. [lo-
ITOMY MOYHO CYHTATh, 9TO C CAMOT'O HaYaJa OJHO W3 YUCea a U b HedéTHO.
(970 cBOMCTEO GyAeT COXPAHATHLCA U Janee. )

Teneps NONKITACMCSA, KAK ¥ PAHBINE, XPAHATHL TaAKUE YUCIA P, q, T, S, 9TO

m = ap + bq,

n=ar + bs.

IIpobrema B TOM, 94TO NpW HEJEHWN, CKAXEM, M HA 2 HAXO PA3NENATH P
W q HA 2, ¥ OHW NepecTaHyT CHTL HeasiMu (& CTAHYT NBOWYHO-DANNOHAIL-
HEMA). [JBOMYHO-PALMOHAIBLHOE YHUCJAO €CTECTBEHHO XPAHNTE B BUAE NaPH
(qUCIMTENB, TOKA3ATENb CTCICHN ABOMKN B 3HaMeHaTeae). B nrore mut no-
aygaem d B BUJe KOMOMHAIIAA & ¥ b ¢ ABOWYHO-PAIMOHANBLHEIMUA KO3hhu-
nmenTamyn. WHBIMM cioBamMy, MBI MMeeM

Qidzax-{-by

[Jf HEKOTODHIX IEJHX X,y ¥ HarypassHoro i. Yro genaTs, ecom i > 17
Ecaw x u y 9érunl, 70 Ha 2 MOXHO COKPATUTL. Ecan 5T0 He Tak, NoJOKeHue
MOXHO UCNPAaBATh NpeoOpa3oBaHueM

x:=x+Db,

y=y-—a

(oHO HE MeHseT ax + by). Y6eaqumcs B 3Tom. HanmoMHMM, 94TO MEL CYUTAEM,
9TO OJHO M3 yuces a W b weyérno. Ilycrs 3o Gyaer a. Ecim npm sTom

1.1. 3adauu 6e3 maccusos 15

y 9€THO, TO M X NOKHO OHTb Y8THHEIM (MHadYe ax + by Oyger HedéTHEIM).
A npn HEeYETHOM y BEIYNTAHNE U3 HEIO HEYETHOrO a JeNaeT y yéTHuMm. [J

1.1.20. CocraBuTh NporpaMmy, NEYaATAIYIO KBAAPATH BCEX HATY-
PaJBHEIX Yucea OT O 10 33AaHHOIO HATYDPAaJBHOIO N.

Pemenne.

k:=0;

writeln (k+*k);

{unpapuanT: k<=n, HamevaTaHH BCe
KBafpaTH J0 X BKIWYATENBLHO}

while not (k=n) do begin

k:=k+1;
writeln (kxk);
end; O

1.1.21. Ta xe 3ana4a, HO PA3PEMIAETCA UCIONL3OBATL U3 apudMeTnye-
CKUX OIECDPAlNY JUIIL CIOXKEHNWE W BEIYWTAHUE, NPUYEM oOIuee Yucio Jen-
CTBUYN JOJKHO GHITHL OPAIKA 1.

Pemrenwme. Beeaém nepemennyio k_square (square — KBaapatT), CBA3AH-
HyI0 ¢ k cooTHOmeHneM k_square = kZ:

k := 0; k_square := 0;
writeln (k_square);
while not (k = n) do begin

k :=k +1;
{k_square = (k-1) * (k-1) = k+k - 2%k + 1}
k_square := k_square + k + k - 1;
writeln (k_square);
end; O

3ameganme. MOXHO OCOUTUCH GE3 BEIYUTAHUA C NOMOIIBIO TAKOW XUT-
pocTH:

while not (k = n) do begin

k_square := k_square + k;
{k_square = k¥k + k}
k:=k +1;
{k_square = (k-1)*(k-1)+(k-1)=k*k-k}
k_square := k_square + k;
end;

1.1.22. CocTaBuThb NpPOrpaMMmy, INEYATAIOUYIO PA3JOXKEHNE HA NPOCTHIE
MHOXWTCIN 33 aHHOr0 HaTypaabHoro yncia n > 0 (Apyrumm crosamwu, Tpe-
OyeTCsa neYaraTrb TOJBLKO NPOCTHE YUCJAA W NPOW3BEICHUE HANEYATAHHBIX
YUCEJ NOKHO GHITH PABHO NI €CJAM N = 1, Me9aTATh HUYErO HE HAO).
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Pemernme. BapnanT 1.

k := n;

{unBapMaHuT: NIpoM3BeNeHMe HaNeYaTaHHHX YACeN M X paBHO
n, HaleYaTaHH TONBKO IPOCTHE 4MCcHal

while not (k = 1) do begin

1 := 2;

{unBapuanr: k He uMeeT HemuTemei B uHTepBame (1,1)}
while k mod 1 <> O do begin

| 1:=1+ 1;

end;

{1 - wauMenenmit jemuTens k, Gomemmi 1, cmemoBaTembHO,
mpocToit}

writeln (1);

k:=k div 1;

end;

Bapwant 2.

k :=n; 1 := 2;
{mpousBenenne k M HameyaTaHHHX 4YMCeJ PaABHO N; HalleYaTaHHHE
YMcna MPOCTH; Kk He MMeeT NenuTenel, MeHpIMx 1}
while not (k = 1) do begin
if k mod 1 = 0 then begin
{k pmemuTca Ha 1 u He MMeeT JeIUTeIeH,
Menpumx 1, 3HauwuT, 1 mpocTol}
k := k div 1;
writeln (1);
end else begin
{ k #He jenuTca ma 1 }
1 := 1+1;
end;
end; O

1.1.23. CocrasuTb NpOrpaMMy PEIIeHNs NPEeALIAYINEeHA 33 JAYN, HCIONb-
3YOLYI0 TOT (PAaKT, YTO COCTABHOE YHUCJIO UMEET NEINTENb, HE NPEBOCXO-
[ALNA KBAJPATHOIO KOPHA W3 DTOr0 YNCJA.

Pemrerme. Bo Bropom BapnanTe pernenns smMecTo 1:=1+1 MOXHO HAITH-
caTo

if 1%1 > k then begin

1:=k;
end else begin
| 1:=1+1;
end; |
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1.1.24. IlpoBepuTk, sBIAETCA JN 3aJaHHOE HATYpAJbHOE YMCIO 1 > 1
NPOCTHIM. U

1.1.25. (Jua smakommx ¢ ocmosamm aare6pm) [Jamo menoe rayccoso
4qucao n + mi (npuHaiexamee Z[i]).

(a) llposeputs, ABisETCS AW OHO NPOCTHM (B Z[i]).

(6) Hanewarars ero pasnoxenue na npoctuie (8 Z[i]) muoxnrem. [

1.1.26. Paspemmm npumedaTs KoMauaul write(i) amms npm i = 0,1,
2;...,9. CocTraBuTh NpOrpaMMy, Ne4aTAIOMYIO JeCATHYHYIO 3ATUCh 3, 0aH-
HOro maTypassaoro yucaa n > 0. (Cayyan n = 0 asuiacs 6Bl HEKOTOPHIM UC-
KJIOYEHUEM, TaK KaK OOLIYHO HYJM B HAYAJE YUCIA He I1e4aTaIoTCsA, a s
n =0 — ne’aTarTcs.)

Pemenne.

base:=1;
{base - crTemennr 10, He mnpeBocxopgamas n}
while 10 * base <= n do begin
| base:= base * 10;
end;
{base - MakcuManbHag cTemeHr 10, He mpeBocxofdmad n}
k:=n;
{uHBapHMaHT: ocTamoch HameyaTaTb k ¢ TeM Xe YUCIOM
3HakKoB, 4TO B base; base = 100..00}
while base <> 1 do begin
write(k div base);
k:= k mod base;
base:= base div 10;
end;
{base=1; ocTamockr HameyaTaTL OJHO3HaYHOe YMCIO K}
write(k); O

Tunuwynas onmbKa IPYU PEINEHUA DTOU 33 Ja49N: HeNPABUILHO 0OpabaThl-
BAIOTCA YUCAA C HYAAMY nocepeante. [IpuBeéHHBIN WHBADUAHT NONYCKaeT
crygal, korjga k < base; B 3TOM CJydae nedaTanmne Xk HAYMHACTCA CO CTap-
MIAX HyJen.

1.1.27. To xe camoe, HO HAJO HAIEYATATH ACCATHYIHYIO 3aNUCh B 06paT-
HoM nopsaake. ([Jna n = 173 Hano Hanedarars 371.)

Pemenne.

k:= n;
{uHBapuaHT: ocTamoch HameyaTaTh k B 06paTHOM IOpAnKel}
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while k <> O do begin
write (k mod 10);
k:= k div 10;
end; O

1.1.28. [Jano marypanbHoe n. IloACYNTaTH KOMMYECTBO DEIICHNN Hepa-
BEHCTBA X2 4+ y2 < N B HATYPAJTLHEIX (HEOTPHIAT CTBHEIX LETHX) YACIAX, HE
HCIOAB3Y A NEUCTBUMN C BEIECTBEHHEIMMI YN CIAMH.

Pemmenne.
k :=0; s := 03
{MHBapHaHT: S = KONMYECTBO pelleHWH HepaBeHCTBa

x*x + y*y < n ¢ x < k}
while k*k < n do begin

{t = umcmo pemenmit HepaBeHCTBa k*k + y*y < n

¢ y>=0 (upu namnom k) }
k:=k + 1;
s 1= s + t;
end;
{k*k >= n, MO3TOMy S = KONMYECTBO BCeX peleHHH
HepaBeHCTBa}
34eCh ... — MOKa €I HE HAMUCAHHBIM KYCOK MPOrPAMME], KOTODKINA

6yneT TakuM:

1:=0; 1t :=0;

{unBapmanT: t = uMcno pemeHun
HepaBeHCTBa k*k + y*y < n c 0<=y<1 }

while k*k + 1*%1 < n do begin

1 :=1+ 1;
t =t +1;
end;
{k*k + 1*1 >= n, moaToMy t = umMcrIo
BCeX pelleHMH HepaBeHCTBa k+k + y*y < n} U

1.1.29. Ta xe 3agada, HO KOMNYECTBO ONEPAIUUN JOMKHO ORITH MOPAIKA,
V1. (B nperigymeM pemeHun, KaK MOXHO TOACYNTATE, MOPAIKA N Onepa-
. )

Pememme. Hac wnrepecyor Toyky pemérkn (¢ UEJEIMA KOODANHATA-
MM) B IIEPBOM KBAJPAHTE, MONAJA0MMe BHYTPHL Kpyra paimyca /n. Ua-
TEpeCyIoWee HaC MHOXECTBO (Ha30BEM ero X) COCTONT U3 OOGBLEAMHEHUA
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BEPTUKANBHEIX CTOIONO0B yOLIBAIOIIEN BLICOTHI.

W aes pemenns cocTonT B TOM, YTOOH «JBUMATHCA BAOJL €00 TDAHNILDY,
CITYCKAsCH 10 BEPXHEMY €r0 KParo, KaK 1o Jecruune. KoopamuaTea asmxy-
wencs ToYkn obosnadnm <k,1>. Beeném emwé oquy nepemennyio s u Oy aem
IOJ NEPXKNBATH NCTUHHOCTE TAKOrO YCIOBUS:

<k,1> HAXOAUTCA Cpa3y HaJ K-BIM CTOJNOIOM;
S — YHCJIO TOYEK B IPeJBIIYIUX CTOJIOLAX.

dopmanbHo:

e 1 — MWHUMAIbLHOE cpeau Tex 1 2 0, aaa xoTopux <k,1> HE NpUHAA-
JeXUT X;

® s — YNCJO Nap HATYPAJIBLHEIX X,V, AIA KOTOPHX X < k n <x,y> npun-
HaexuT X.

O603naunm sty ycaosus yepes (M).

k :=0; 1 :=0;

while <0,1> mpumapgaexut X do begin

| 1:=1+1;

end;

{k = 0, 1 - MuHuManbHOe cpeiu Tex 1 >= 0,
nna xkortopux <k,1> He IpUHALIEXHT X}

s := 0;

{vmBapuanr: H}

while not (1 = 0) do begin

s =8 + 1;
{s - umcago Touexk B cTombuax mo k-T0 BKIWYMTEILHO}
k =k +1;

{Touka <k,1> nexur BHe X, HO, BO3MOXHO, €& HaJjo CIBHHYTH
BHU3, YTO6H BOCCTaHOBUTHL W}

while (1 <> Q) and (<k, 1-1> ne mpuuagmexuT X) do begin

| 1:=1-1;

end;

end;

{4, 1 = 0, mosToMy k-mit cTonbew M BCe CIelywiMe NYCTH, a
S paBHO HMCKOMOMY 4MCIY}
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Ouenka yncaa JENCTBAN OYCBHUHA: CHAYANA MBI JABMXEMCA BBEpX He Gosee
4YeM Ha /I MAr0B, a 3aTEeM BHU3 M BOPABO — B KAXIYIO CTOPOHY HE Goaee
YeM Ha /I IAros. O

1.1.30. [Jawrr marypanbusle 9ncaa n u k, n > 1. Hanewarars k necs-
TRYHEX 3HaKoB yncaa 1/n. (Ilpn naamynm ABYX HECATHYHHIX PA3JIOXEHMNA
BHIOMPAETCA TO W3 HUX, KOTOPOE HE COAEPKAT AEBATKMA B nepuoje.) Ipo-
rpaMMa JOJXKHA NCHOIB30BATHL TONBKO LIeJBIe NIePEeMEHHKIE.

Pemerme. CaBruys B JeCATHYHON 3AACH YuCaa 1/n 3ammaTyio Ha k mecT
BIIPABO, NOJYYNUM YUCIIO 10K /n. Ham nago mamevarars €ro LeIyio YacThb,
TO €CThb pPa3jeJnThb 10¥ na n mamero. Cragaaprasmm cnocob Tpebyer uc-
NONBE30BANMA OOJABLIINX [0 BEAWYNHE YHCEN, KOTODHE MOLYT BEIATH 34
CPAaHnNEl AWara3ona npeacrasumux yncel. Ilosromy Mmur cueraem naade
(crenyst OOBIYHOMY METOAY «IEJICHUA YIONKOM») U GyleM XDAaHWTb «OCTa-
TOK» I

1:=0;r :=1;
{unB.: HamewaTano 1 pa3pamoB 1/n, ocTamoch HaleyaTaTh

k - 1 pa3pagoB gpob6u r/n}
while 1 <> k do begin

write ( (10 * r) div n);

r := (10 * r) mod n;

1:=1+1;
end; O

1.1.31. [Jauo warypaibHoe wucio n > 1. OnpegeanTs AAWHY NEpuoia
JeCATWYHOM 3amucy gpobu 1/n.

Pemenme. Ileprox npobn pasen nepuoAy B NOCIEAOBATEIBHOCTH OCTAT-
KOB ([JOKaXXWTe 3TO; B 4aCTHOCTH, HA IO JOKA3ATh, YTO OH HE MOXET OHITb
menbuie). Kpome TOro, B 9TON NOCIEI0BATEILHOCTH BCE NEPUOANYECKN NO-
BTOPSIOIINECS YIEHB! DA3AWYHBL, 4 NPEANEPUO] WMeeT IINHY He Oojee n.
Tlosromy gocraroyno HawTw (n + 1)-Bl 9iIEH IOCIEJOBATEIBLHOCTH OCTAT-
KOB M 3aT€M MUHUMAJIbHOE K, IpU KOTOPOM (n + 1 + k)-HliA 4ieH COBIaJaeT
¢ (n+ 1)-mm.

1 :=0;r :=1;
{unBapuanr: r/n = pesyneTaT oT6pacuBaHug 1 3HakoB B 1/n}
while 1 <> n+1 do begin

r := (10 * r) mod n;

1 :=1+1;
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(n+1)-HM uYIeH NMOCHeNOBATENBLHOCTH OCTATKOB}
:= (10 * ) mod n;
k :=1;
{r = (n+k+1)-Hii 4YIeH mMoCIeJOBAaTENILHOCTH OCTATKOBY}
while r <> ¢ do begin
r := (10 * r) mod n;
k :=k +1;
end; O

~
0
1

H
1

1.1.32. (Coo6uma HO.B.Maruscesuy) Jana dysxmma f: {1...N} —
— {1...N} Hairw nepwony nocregoBarensHoctn 1,f(1),£(£(1),... Ko-
JMYECTBO JENCTBUH JOIXKHO OHTHL NPONOPUMOHAJBHO CYMMAPHOW [JMHE
npearepuoda M nepuoga (dra CymMma MOXeT OLITb CYILECTBEHHO MEHb-
e N).

Pemenme. Ecin 0T6pocnTh HAYAIBHEN KYCOK, OCICI0BATEILHOCTD I1e-
DUOAWYHA, TPWYEM BCE YICHH! IIEPUOAA PABIWIHEL.

{06o3navenue: f[n,1]=f(£f(...£(1)...)) (n paz)}

k:=1; a:=f(1); b:=£f(£(1));

{a=f[k,1]; b=f[2k,1]1}

while a <> b do begin

| k:=k+1; a:=f(a); b:=f(f(b));

end;

{a=f[k,1]=f[2k,1]; f[k,1] BxomMT B mepHOIMYEeCKY® HacTb}
1:=1; b:=f(a);

{b=f [k+1,1]; fl[k,1],...,f[k+1-1,1] pasmuumu}

while a <> b do begin

| 1:=1+1; b:=£(b);

end;

{mepuon pamen 1} U

1.1.33. (3. detikcrpa) Pyskuna f ¢ HATYPAJILHEIMU APIYMEHTAMHA U
suavenusmu onpegenena rak: £(0) =0, £f(1) =1, £(2n) = f(n), f(2n+ 1) =
= f(n) + f(n + 1). CocrasnuTs nporpammy Beruuncaenus f(n) no 3aganHo-
My 1, TpeCyIONyIO NOPAAKA 10gn orepanny.

Pemenne.

k :=n; a :=1; b := 0;
{unBapuant: 0 <=k, f (n) = a * f(k) + b * £ (k+1)}
while k <> 0 do begin

if k mod 2 = 0 then begin

| 1 :=k div 2;
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{k=21, f(k)=£(1), f(k+l) =
f (n) = a*f(k) + bxf(k+1)
a :=a+b; k :=1;
end else begin
1 :=k div 2;
{k =21 + 1, £(k) = £(1) + £(1+1),
f(k+1) = £(21+2) = £(1+1),
f(n) = a*xf(k) + b*kf(k+1) = a*xf(1) + (a+b)*f(1+1)}
b :=a+ b; k :=1;
end;
end;
{k =0, f(n) = a *x £(0) + b * £(1) = b, uro u TpeboBamocn} ]

£(21+1) = £(1) + £(1+1),
= (a+b) *f(1) + bxf(1+1)}

1.1.34. To xe, ecn £(0) = 13, £(1) = 17, £(2) = 20, £(3) = 30, £(2n) =
=43f(n) +57f(n+1), £(2n+ 1) =91£(n) + 179f(n+ 1) mpu n > 2.

[Vkasanme. XpanuTs K03(hGUIMERTH B BRpaxeHun £(n) wepes Tpm co-
CeIHUX YNUCIA.] O

1.1.35. [Janw HaTypaibHee 9ncaa a U b, npwaém b > 0. Hawru gact-
HOE M OCTATOK NPU [JCJCHWN a Ha b, Onepupys JUNib ¢ UNEJBIMU YUCIAMU
W He WCrnoabaysa onepanun div m mod, 3a WCKJIIOYEHWEM JeJIeHUA Ha 2 4eT-
HEIX YNCeN; YAGIO LIAr0B He JOMXKHO npesocxoiuts Cqlog(a/b) + Co mus
nexoroprix xoucranr Cq,Ca.

Perrenne.
bl := b;
while bl <= a do begin
| b1 := b1 * 2;
end;

{b1 > a, bl = b * (mekoTopasa cTemenn 2)}
q:=0; r:=a;
{uMHBapMaHT: q, T - YacTHOe M OCTaTOK IPH JelleHUHA a Ha bl,
bl = b * (uexkoTopas cTemeHs 2)}
while bl <> b do begin
bl := Dbl div 2 ; q := q * 2;
{a=bl*q+r1r, 0<=1, r <2 % bl}
if r >= bl then begin

r :=r - bi;
q:i=q+1;
end;
end;
{q, r - YacTHoe M oCTaTOK UpM JeleHWH a Ha b} |

1.2. Maccusbt
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B crexyrompx 3a1a9ax NepeMeHHkIe X, Y, Z NPEANONaratoTCsa OIUCAHHEI-
My kak array[1..n] of integer (rge n — HEKOTODPOE HATYDPAILHOE YACIO,

6oasiiee 0), €CTU WHOE He OrOBOPEHO SBHO.

1.2.1. 3anonunTs Maccus x Hydamu. (DTO 03HAYAET, YTO HYKHO COCTA-
BUTb (P)PArMEHT NPOrPAMMEl, NOCJE BHINOJHEHNS KOTODPOrO BCE 3HAYEHUS
x[1]. .x[n] paBusance 6x1 HYJIIO, HE3ABUCUMO OT HAYAJIBLHOIO 3HAYCHUS I1e-

pPEeMEeHHOH X.)

Pemenne.

i := 0;

{unBapuant: mepewe i 3mavenmmu x[1]..x[i] pasmm 0}

while i <> n do begin

i=1i+ 1;
{x[1]..x[i-1] = 0}
x[i] := 0;

end;

]

1.2.2. TlopcuwraTs xoamyecTBO HyJJed B maccmse x. (CocrasuTs dpar-
MEHT NPOrpaMMEl, HE MCHAOWA 3HAYCHNSA X, TOCAC NCIIONHEHNSA KOTOPOro
BHAMEHNE HEKOTOPOW LEJIOW NP EMEHHOM K PABHANOCH Obl YU CILY HYJIEH CpeIn

KOMIIOHEHT MaCCHBa, X.)

Pemenne.

{umnpapuant: k = uyucmo Hymeu cpemum x[1]...x[i] }

]

1.2.3. He ncnonbays onepaTopa NPUCBAWBAHUA IS MACCHBOB, COCTA-

BUTH (pPArMEHT NPOrPAMMEI, 3KBUBAJCHTHHIN ONEPATOPY X:=y.

Pemenne.

i := 0;

{vmBapuanT: 3HavyeHMe y He M3MeHHnoch, x[1]=y[1l] mpm 1<=i}

while i <> n do begin

i:=1+1;
x[i] := y[il;
end;

1.2.4. Hawnrtn makcumym w3 x[1]..x[n].
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Pemenne.

i :=1; max := x[1];
{unBapmanr: max = mMakcumym u3 x[1]..x[i]}
while i <> n do begin
i:=1+ 1;
{max = makcummym m3 x[1]..x[i-1]}
if x[i] > max then begin
| max := x[i];
end;
end; O

1.2.5. Jaun maccms x: array[1..n] of integer, npmyéM W3BECTHO, YTO
x[1] €£x[2] €... <x[n]. Hawrn Koam9eCcTBO PA3INYHEIX YUCET CPEAN DJIe-
MEHTOB 3TOr0 MACCUBA.

Pemernme. Bapnant 1.

i:=1; k :=1;
{unBapuanr: k - xommyecTBo pa3muwymHux cpemm x[1]..x[i]}
while i <> n do begin

i=1+1;
if x[i] <> x[i-1] then begin
| k :=k + 1;
end;
end;

Bapwant 2. Uckomoe yncao ma 1 6osbiie KOIM4YecTBa TEX yucen i ua
1..n-1, pna xoroprx x[i] "e pasno x[i+1].

k :=1;
for i := 1 to n-1 do begin
if x[i]<> x[i+1] then begin
| k :=k + 1;
end;
end; O

1.2.6. [an maccus x: array[1..n] of integer. Hantu xommyecTso
PABINYHEIX YUCE] CPEIN DJIeMEHTOB 3TOro maccusa. (Uncio gencTsnn no-
XHO 6bITh MOpAIKa n2.) O

1.2.7. Ta xe 3ajgava, ecim Tpebyercsa, Y4TOOH KOJINYECTBO ACUCTBUU
6uL10 nopsaaka n logn.

[Yxazanne. Cmorpn ruasy 4 (Copruposka).] O
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1.2.8. Ta xe 3ajava, €CIM W3BECTHO, YTO BCE BJIEMEHTHl MaCCHBA —
ypceaa oT 1 10 X ¥ 9nCa0 JEUCTBUU JOJXKHO OHITHL MOpAAKa n + k. |

1.2.9. (Coo6wma A.JI. Bpyaso) IlpaMoyroisHoe noje m X n pa3buro Ha
mn KBaJIPATHHX KJICTOK. HeKOTOpHIE KAeTKM MOKpANeHHl B YEPHHIA IBET.
MasecTHo, 9T0 BCEe YépHEIEC KICTKMW MOryT OLITH pasGUTH HA HECKOILKO
HEeNepPeCeKAromNXCs ¥ He MMermux O6mmX BEePNIWH YEPHHIX MPAMOYIOJb-
uukoB. CYnTasn, 9TO NBETA KJIeTOK JaHbLl B BUJAC MAaCcCHBA THNA

array [1..m] of array [1..n] of boolean;

NOACYNTATE YNCIO YEPHBIX TPAMOYTOJBHAKOB, O KOTOPHIX 11148 Pedb. ducio
JEUCTBUH JOJKHO ORITH NOPSAMKA mn.

Pemenme. Yncao npAMOYroJbHMKOB DABHO YNCIAY WX JEBHIX BEDXHWX
yraos. flBasercs Jwm KIETKA BEPXHUM YIVIOM, MOXHO Y3HATH, NOCMOTPEB
Ha eé uBer, a TakxKe UBeT BepxHero u aesoro cocener. (He zaByabre, yro
X MOXET HE OBITh, €CIN KACTKA C KPAIo. ) ]

1.2.10. Jan maccus x[1]..x[n] nemmx gucen. He wncronssys apyrux
MACCHBOB, [ICPECTABUTL DIEMEHTH MACCHBA B OCPATHOM IODSNKE.

Pemenne. Dnementrr x[1] m x[n+1-1i] HY»HO NOMEHATL MECTAMHU AJs
BCeX 1, anma kOTOpHIX i<n+4+1—1i, To ectp 2i<n+1 & 2i <n&
S ign div 2:

for 1 := 1 to n div 2 do begin
| ...MOMeHATHL MecTaMum x[i] # x[n+1-i];
end; O

1.2.11. (U3 xuwuru 1. pnca) Jan maccus nenerx gucen x[1] . .x[m+n],
PaCCMATPUBAEMEIN KAK COSINHEHNE ABYX €ro OTpe3kos: Havana x [1] . .x[m]
JomEel m 1 KoHua x[m+1] . .x[m+n] pummer n. He ncnonsays aqononsnTens-
HBLIX MACCUBOB, [I€PECTABUTL HAYa1o u kowen. (Ywcio AencTBMN NOpsAaKa
m+n.)

Pemenwe. Bapuant 1. Ilepeseprém (pacrnionoxum B 06paTHOM HOPSAIKE )
OT/EJIBHO HAYAAO0 U KOHEI MACCUBA, a 33TEM [1ePEBEePHEM BEChb MACCUB Kak
eJINHOE LIeJIoe.

Bapnant 2. (A.T. Kymuupenxo) PaccmaTrpusas MacCus 3anMCaHHEIM 10
KpYyry, BUANM, 9TO Tpebyemoe AeUCcTBrEe — NoBOPOT Kpyra. Kak masecTHo,
[IOBOPOT €CTh KOMIIO3ULNsA ABYX OCEBHIX CUMMETDUHA.

Bapwant 3. Paccmorpum Gosee ofmiyro 3agayy — oOMeH ABYX y4acT-
koB maccmea x[p+1]..x[ql m x[q+1]..x[r]. IIpeanonoxum, 94TO AIUHA
JeBOro y4acrka (Haszosém ero A) He Goabme MIMHE OPABOrO (HA30BEM
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ero B). Bugernm 8 B Hawano ToW xe AauHEL, 9TO W A, HazoBéMm ero Bj,
a ocraTtok By. (Tak yro B = By 4+ By, ecan 0603Ha9aTh IIOCOM [TPUITA-
CHIBAHME MAaCCHUBOB APYr K apyry.) Ham mHano ma A 4+ B; + B, noayunts
By + Bs + A. Menss mecramu y9acTku A u B; — OHM UMEIOT O JUHAKOBYIO
MJIWHY, ¥ CAENATH DTO Jerko, — noaydaem By + A + Bs, n ocTanocs nome-
uaTb Mecramun A u Bs. TeM caMuEIM MHEI CBEJM JeJO K [EDPECTAHOBKE ABYX
OTPE3KOB MeHbInen JiuHbl. MTak, nonyyaem Takyio CXeMy NpOrpaMMEL:

P:=0; q:=m r :=m+ n;

{unBapuanr: ocrtamock mepecrasuts x[p+l..ql, x[g+l..r]}
while (p <> q) and (q <> r) do begin

{o6a yyacTka HemycTH}

if (q - p) <= (r - q) then begin

..mepectaButs x[p+1]..x[q]l u x[q+1]..x[q+(q-p)]
pnew := q; qnew := q + (q - p);

P := pnew; q := qnew;

end else begin

..mepectaButsd x[q-(r-q)+1]..x[q]l u x[q+1]..x[r]
qnew := q - (r - q); rnew := q;

q := gQnew; r := rnew;

end;

end;

Onenka BpeMEHN paboTH: Ha OYEPEIHOM IMAre OCTABIIMACA A 06paboOTKY
YYACTOK CTAHOBITCA KOPOYE HA MIWHY A; YNCIO HJEeACTBUM 1PN 3TOM TAKKE
NPONOPLWOHANLHO HinHe A. |

1.2.12. KosdduumenTr MOrowsena sexat s maccuse a: array[0..n]
of integer (n — HaTypaxbHOE YHCIO, CTelleHb MHOrO4YJIeHa). Brrancints
3HAYEHMe HTOr0 MHOTOYICHA B TOYKe X, To ecTh a[n] x4+ ... +al1]lx+
+alo].

Pemerme. (OnucrBaeMulil arrOpuTM HA3HBACTCA CXeMol ['OpHEpa.)

k := 0; y := a[n];

{nHBapnaHr: Q0 <= k <=n,

y= a[n]*(x B cTremenn k)+...+a[n-1]*(x B crememm k-1)+...+
+ a[n-k]*(x B cTemenm 0)}

while k<>n do begin

k =k + 1;
y =y * x + a [nk];
end; ]

1.2.13. ([Inn smakomurx ¢ ocHosamw amammaa; coobmmn A.T. Kyumn-
peHKo) [JOnOIHNTE AIrOPATM BHIYMCJICHUA 3HAYCHMA MHOTOYJCHA B 34,1aH-
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HOM TOYKe o cxeme ['OpHEpa BHIYMCACHWEM 3HAYCHWUA €O IIPOW3BOJHON
B TOH X€ TOYKe.

Pemrerme. JoGasnenne HOBOro KO3(pOUIMEHTa COOTBETCTBYET [1ePEX0OHy
ot muorounena P(z) x muorouneny zP(z) + ¢. Ero npoussognas B TOY-
ke z pasHa zP'(x) + P(z). (Do pemenne obiagaer 3a6aBHEIM CBORCTBOM:
HE HAJ0 3HATDL 3aPAHEE CTCICHL MHOrO4YICHA. ECan Tpe6oBaTh BLIMTOTHCHUS
BTOrO YCJIOBHUA, Ja €mé MPOCUTH BRIYUCAATH TOJHLKO 3HAYCHNC TPOUIBO-
HOW, He YIOMUHAS O CAMOM MHOIOWIEeHe, NOJYyYaeTCA He TaKasA yXK NpocTas
3aa4a.) O

O6mee YTBCDXK ICHUC O CJOXHOCTH BEIYACJICHNA NPDON3BOIHEIX TAKOBO!

1.2.14. (B.Bayp, d.lrpaccen) Jana nporpaMma BHIYNCICHAA 3HAYC-
HUA HEKOTOpPOro Muorodaesa P(zq,...,2,), cogepx)amas TOILKO KOMaH K
npucBanBaHuA. Mx npaseie 4acTH — BRIPAXKEGHUSA, CONCDKALIME CIOKCHUAE,
YMHOXEHNE, KOHCTAHTHl, IEPEMEHHEIE Z1,...,%, W DaHEe BCTDEYABIINCCH
(B JeBOM YacTH) nepeMenHkie. [JOKa3aTh, 9TO CYIECTBYeT PO paMMa TOro
e TUIA, BHYACIAIOIAA BCe . Npou3Boankx OP/0x1,. .., 0P [0z, , npnyém
ofiee YNUCIO apUPMETHYECKUX onepanmil ve 6onee yeMm B C' pas npesocxo-
OUT 9UCJIO apUdPMETHHYECKNX OEepalni B MCX0qHoi nporpamme. Koncras-
Ta C' He 3aBUCUT OT N.

[Ykasanume. MOXHO CYNTATH, YTO KaXJad KOMAHIA — CJIOXKCHUE ABYX
YNCEJ, YMHOXCHHIC IBYX YMCEJ MJIN YMHOXCHUE Ha KOHCTaHTy. Ycnomsso-
BATH WHIYKIMIO [TO YNCIY KOMAH I, TPUMEHSA WHAYKTUBHOE TP CATOJOXCHIC
K NPOrpaMme, HOLYYaiomencs OTOPACKIBAHNEM IePBOM KOMAH IHL.] O

1.2.15. B maccusax a: arrayl[0..k] of integer ub: array[0..1] of
integer xpauaTca K03pGUINEHTH ABYX MHOro4neHOB creredent k u 1. Ilo-
MeCTWThb B MaccnB c: array[0..m] of integer koadgduimenTr ux npo-
masenenns. (Uncna k,1,m — warypaisueie, m = k + 1; DIeMEHT MacCuBa
C MHACKCOM i COAEPXNT KOIPEGULNEHT NPU CTENEHN 1.)

Pemenne.

for i:=0 to m do begin
| c[i] :=0;
end;
for 1:=0 to k do begin
for j:=0 to 1 do begin
| cli+j] := c[i+j] + alil*b[j];
end;
end; O
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1.2.16. IlpeayoxeHHHN BHIIE ATCOPUTM MEPEMHOXEHNUS MHOIOYJICHOB
TpebyeT nopAaKa N’ NeHCTBUH /1A MCPEMHOXEHNS JBYX MHOTOYJCHOB CTe-
nern 1. Ipuaymars 6oaee 3¢GeKTUBHEN (111 GOABIIAX 1) alrOPUTM, KO-
TOPOMY AOCTATOYHO mopsaka n'°84/1983 pepcrmi.

[Ykazanne. Ipeacrasnm cebe, 9TO HA IO NEPEMHOXATE B4 MHOIOYICHA
crenenn 2k. Ix MOXHO IPEACTaBATL B BUIE

A(z)z* + B(z) un C(z)z* + D(2).
IIpowaseaenne nx pasuo
A(z)C(z) z** + (A(2)D(z) + B(z)C(z)) * + B(z)D(z).

Ecrecrrennsm crocob swruncnenns AC, AD + BC, BD tpebyer 4erw-
DPEX YMHOXKEHWH MHOIOWICHOB CTEIICHW K, OQHAKO WX KOJIWYECTBO MOMXKHO
COKPATUTBL J0 TPEX C MOMOMIBIO TAKOW XWTPOCTH: BriyncinTts AC, BD
n (A + B)(C + D), azarem sametnts, uro AD + BC = (A+ B)(C+ D) —
— AC — BD] U

1.2.17. [Jauw gsa Bo3pacramommx maccusa x: array[1..k] of integer
m y: array[1..1] of integer. Hamtm koimgecTso OOMUX BIACMEHTOB
B DTUX MACCHBAX, TO €CTb KOJWYECTBO TEX LEeJHX G, MJIA KOTOPHX t =
=x[i] =y[j] ana mexoroprx i n j. (Uneno pedrcrenit nopaaka k + 1.)

Pemrenne.

k1:=0; 11:=0; n:=0;
{vmBapuant: 0<=ki<=k; 0<=11<=1;

MCKOMHM OTBET = n + KONIWYEeCTBO OOUMX
sneMenToB B x[ki1+1]...x[k] = y[11+1]...y[1]}
while (k1 <> k) and (11 <> 1) do begin

if x[k1+1] < y[11+1] then begin
| k1 := k1 + 1;
end else if x[k1+1] > y[11+1] then begin
11 := 11 + 1;
end else begin {x[k1+1] = y[11+1]}
k1 := k1 + 1;
11 := 11 + 1;
n :=n + 1;
end;

end;
{k1 = k wmm 11 = 1, mo3>TOMy OJHO M3 MHOXECTB, YIOMAHYTHX
B MHBapMaHTe, IYyCTO, & N PABHO MCKOMOMY OTBETYy} |
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3amedanme. B Tperbenl alibTepHATHBE AOCTATOYHO OHUIO OBl yBEANYN-
BaTb OJHY W3 rmepemennnrx k1, 11; Bropas nobasieHa Nl CHMMETDUN.

1.2.18. PemmnTs npeanayuryioo 3a4ady, €CIM OpO MACCHBLI W3BECTHO
e, 9ro x[1] < ... < x[k] n y[1] < ... < y[1] (sBospacranne 3amene-
HO HeyOrIBAHMEM ).

Petnenme. Ycaosne Bo3pacTannsa OLLIO NCTONL30BAHO B TPETHEH aibTep-
HaTuse BrIOOpa: caBMHYB k1 w 11 ma 1, Mu TeM caMBIM yMeHbIanm Ha 1
KOJAMYecTBO Oo6nmx saemenTos B x[k1+1] ...x[k] n x[11+1]...x[1]. Te-
epb 3TO MPUAETCA JEJATh CAOXKHEE.

end else begin {x[k1+1] = y[11+1]}

t := x [ki+1];
while (ki1<k) and (x[k1+1]=t) do begin
| k1 := k1 + 1;
end;
while (11<1) and (x[11+1]=t) do begin
| 11 := 11 + 1;
end;
n :=n+ 1;
end; O

3amedanme. JTa NpPOrpaMMa UMeeT JedeKT: NPU MPOBEPKE YCIOBUA
(k1<k) and (x[ki+1]=t)

(MM BTOPOr0, AHAJOTMYHOI'O) IIPH JOXHON IIEPBOMA CKOOKE BTOpasA OKaXKeT-
¢ 6eCCMBEICACHHON (MHAEKC BRIAJET 34 IPAHNIEL MACCUBA) M BO3HUKHET
ommbka. Hexkoroprie Bepcnn mackans, aranciss A and B, cuayana srram-
casntor A w npm goxuom A we srruncisor B. (Tak sexér cebs, manpumep,
cucrema Turbo Pascal sepcun 5.0 — no ne 3.0.) Toraa onucannas ommbka
HE BO3HUKHET.

Ho ecomr MEl He XOTWMM MOJAraThCA HA TAKOE CBOWCTBO MCIIOIL3YEMOH
HAMUW peanw3anwm nackais (we npexycmorpennoe ero astopom H. Bup-
TOM), TO MOXHO IOCTYNNTb TAK. BBEAEM NONOJHUTEIBLHYIO IIEDPEMEHHYIO
b: boolean m HanwumeMm:

if k1 < k then b := (x[k1+1]=t) else b:=false;
{b = (ki<k) and (x[ki1+1] = t)}
while b do begin

k1:=k1+1;
if k1 < k then b := (x[kl+1]=t) else b:=false;
end;
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MoxuHo Takxe ClenNaThb WHaYeE:

end else begin {x[ki+1] = y[11+1]}

if k1 + 1 = k then begin
k1 := k1 + 1;
n :=n + 1;
end else if x[k1+1] = x [k1+2] then begin
ki := k1 + 1;
end else begin
ki := k1 + 1;
n :=n + 1;
end;

end;

Tak 6yner kopode, XOTA MEHEe CHMMETPUYIHO.
Haxonern, MOoxuO yBeTynTs pasMep MAaCCUBA B €0 OMUCAHNN, BKIIOYNB
B HEroO (UK TWBHEIE DNEMEHTHI.

1.2.19. [Jaun nBa HeyOnBarommx mMaccuBa x: array[1l..k] of integer
my: array[1..1] of integer. HanTw 9ncio pasimyusx BIeMEeHTOB CPEIu
x[1],...,xk]1,y[1],...,y[1]. (Yucao geicremit mopaaka k + 1.) ]

1.2.20. Jawwmt asa maccemea x[1] <., <x[k] ny[1] <...<y[1]. «Co-
eInHNTB ¥xX B MaccwB z[1] < ... < z[m] (m =k + 1; Kax ABIA SJEMEHT O~
XKEH BXOANTH B MaCCUB 2 CTOJBKO Pa3, CKOJLKO Pa3 OH BXOAWT B O6mMEN
CJIOXHOCTH B MACCUBH X U ¥). UnCao AeNCTBUI MOpAIKa m.

Pemenne.

ki := 0; 11 := 0;

{vnBapuanr: orBer momyuyurca, ecmu kK z[1]..z[ki1+11] no6amuTs
cnpaBa coepguHeHue MaccuBoB x[k1+1]..x[k] = y[11+1]..y[1]1}

while (k1 <> k) or (11 <> 1) do begin

if k1 = k then begin

{11 < 1}

11 := 11 + 1;

z[k1+11] := y[11];

end else if 11 = 1 then begin

{k1 < k}

ki := k1 + 1;

z[k1+11] := x[ki];

end else if x[k1+1] <= y[11+1] then begin

ki := k1 + 1;

z[k1+11] := x[ki];

end else if x[ki+1] >= y[11+1] then begin
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11 := 11 + 1;
z[k1+11] := y[11];
end else begin
| { Taxoro He 6mBaeT }
end;
end;
{ki = k, 11 = 1, MaccUBH COeIUHeHH} ]

DTOT NPOLECC MOMXKHO IOACHUTL TaK. IlycTs ¥y HAC ecTh ABE CTONKM Kap-
TOYEK, OTCOPTUPOBAHHKIX NO axdasury. Mu coeaunsem ux B oguy cTon-
Ky, BEIOMpas Kax I pa3 TY N3 BEPXHUX KAPTOYeK 06enX CTONOK, KOTOpas
WAET paHblIe B aapaBUTHOM IOpAIKe. Fcan B 0HON CTONKE KaPTOYKN KOH-
YUIUCH, OEPEM WX M3 ADYTOU CTOIKH.

1.2.21. Mapm psamacemBax[1] <... <x[k]l my[1] <...<y[1]. Han-
TH WX «iepecedenney, To ectb macems z[1] < ... < z[m] , comepxammn nx
001me 3JEMEHTHI, MTPUYEM KPATHOCTD KaX OO NEMEHTA B MaCCUBE Z paB-
HSCTCA MAHUMYMY W3 €ro KPaTHOCTEU B MACCUBAX X U y. UNUCIO ACUCTBUU
nopaaka k + 1. L

1.2.22. Manwm gea macewsa x[1] < ... <x[k]l wy[1] <... <y [1] n un-
cno q. Hanrw cymmy suga x[i] + y[j], naubonee 6amakyio x yncay q. (Un-
CNO JEUCTBUU TOPAAKA k+1, NOMONHUTENLHAA NaMATbL — (GUKCAPOBAHHOE
YUCIO UEJIHX NEPEMEHHEIX, CAMA MACCHBEl MEHATH HE PA3PEIIACTCA. )

[Ykasanue. Hano malltn MUHMMAILHOE DACCTOAHME MEXKIY DJICMEHTA-
ma x[1] <...<xkX] wq—y[1] <...<q—y[1], uyro HerpyaHO CaeraTh
B XO[€ X CJIUAHUA B OAUH (BOOGDAXKAEMEIN) MACCHB. ] ]

1.2.23. (3 xmnrm [.I'puca) Hexoropoe 4mcao cogepx murca B Kax-
JOM M3 TPEX LEJOYNCAEHHHX HeyOmBaronmx maccusoB x[1] < ... < x[p],
y[11 €...<ylql, z[1] £... < z[r]. Hanrn oguo w3 Takux wucen. ducno
JEeUCTBHAN JOJKHO OHITHL MOPAAKa p+ q+ r.

Pemenne.

pl:=1; qi=1; ri:=1;

{unupapuanr: x[pi1]..x[pl, ylqil..ylql, z[x1]..z[r]
cojepxaT o6UMH BdIeMeHT}

while not ((x[p1l=yl[qi]l) and (y[q1l=z[ri])) do begin
if x[p1]<y[ql] then begin

| pl:=pi+i;
end else if y[qi]<z[r1] then begin
| ql:=qi+i;

end else if z[ri1]<x[p1] then begin
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| rl:=ri+i;
end else begin
| { Tax He 6mBaeT }

end;
end;
{x[p1] = y[q1]l = z[r1]}
writeln (x[pil); |

1.2.24. Ta e 3ajava, TONBKO 3apaHee HE W3BECTHO, CYMIECTBYET JU
OOIINN BJIEMEHT B TPEX HEeyORIBAIOIINX MACCHBAX ¥ TpelyeTCsa 3TO BHISACHUTH
(v ma¥TH ofNH U3 OOMINX BJICMEHTOB, CCIA OHU CCTh). U

1.2.25. OnemenTamu MaccuBa al1..n] asasoTcs HeyORBaOMLME MACCH-
Bl [1..m] measrx 9ucen:

a: array [1..n] of array [1..m] of integer;
al11[1]1 €... <al1] [m],..., aln][1] €...<aln] [m].

Masectno, yro cymecrsyer wwceno, sxoiasmee 80 Bce maccmsrl alil (cy-
WECTBYET TAKOE X, YTO JJA BCAKOrO i w3 1..n manaéres j wa 1..m, aan
koroporo al[i] [j] =x). HallTu oaHO M3 Takmx 4mces Xx.

Pemrerme. Beeaém macens b[1] ... b[n], orMevarommi HAYATIO «OCTAIO-
mencs yacTw» macemsos al1],...,al[n].

for k:=1 to n do begin
| blkl:=1;

end;

eq := true;

for k := 2 to n do begin
| eq := eq and (a[1][b[1]] = alk][b[k]1]1);

end;

{uHBapHaHT: ocTaBIMecA YacCTH NePeCeKawTCA, T.e. CYUWeCTBYeT
Takoe X, 4To gnf BcAkoro i u3 [1..n] ma#nércs j us [1..m],
He Membumee b[i], mna xotoporo al[il[j] = x; eq <=> mepeme
3IeMeHTH OCTaEUMXCHA YacTeW paBHH}

while not eq do begin

s :=1; k :=1;

{als] [b[s]] - mMunumaneuoe cpemm al[1][b[1]]..a[k][b[k]]1}

while k <> n do begin

k =k +1;

if a[k][b[k]] < a[s][b[s]] then begin
s := k;

end;
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end;
{als] [b[s]] - mMunumamemoe cpemm al[1][b[1]]..a[n][b[n]]}
b [s] :=b [s] + 1;
for k := 2 to n do begin
| eq := eq and (a[1]1[b[1]] = alk][b[k]1);
end;
end;
writeln (a[1]1[b[111); U

1.2.26. Ilpmeenénnoe pelreHne NpeaulIymen 3ana4m Tpedyer nopsaKa
mn? gedicrend. [IpraymMars cooco6 ¢ YNCIOM NEHCTBHH MOPAIKA M.

[Ykazanue. I[Ipuaércsa noxepTBOBATL CHMMETPUEHR W BRIOPATHL OJHY W3
CTPOK 34 OCHOBHYI. [IBArasch M0 OCHOBHON CTPOKE, NO/JEPKUBAEM TAKOE
COOTHOIIIEHUE: BO BCEX OCTANBHBIX CTPOKAX OTMEYEH MAKCUMAIbLHBIN Die-
MEHT, HE NPEBOCXOAANINN TEKYILErO BIEMEHTa OCHOBHOH CTPOKH.] |

1.2.27. (Jdsowunnui monck) Jlana nociegosaremsrocts x[1] <. .. <x[n]
HENEIX YWCeJ W YNCJO a. BHACHWTL, CONEpXWIcs JM a B DTON IIOCAe0Ba-
TENBLHOCTH, TO €CThb cyumiecTByeT JauM i m3 1..n, aas koroporo x[i] = a.
(Kommyectso meicrsuit nopaaka logn.)

Pemenwe. (IIpeanonaraem, 9o n > 0.)

1 :=1; r := nt+i;

{r > 1, ecmn a ects Boobme, To ecTs u cpemu x[1]..x[r-1]1}
while r - 1 <> 1 do begin

m:=1+ (r-1) div 2 ;

{1<m<r}

if x[m] <= a then begin

1 :=m;
end else begin {x[m] > a}
| T := m;
end;
end;

(O6parwre BEMManMe, Y4TO M B caydae x[m] = a muBapmanT He wapyma-
erTca.)

Kaxaui pas r — 1 yMenbmaeTcs NpUMEpPHO BIBOE, OTKY & W BEITEKAET
TpebyeMas OLEHKa YNUCIa JeUCTBUN. U

Jameqannme.

14 (r-1)div2= (21 4 (r —1))div2=(r +1)div2.
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B 570l 3a4a4€ CyIMEeCTBEHHO, YTO MACCUB YIIOPAI0YEH — ITONCK B HEYIIO-
PSIOYEHHOM MaccuBe TpeGyeT BpEMEeH], IPONOPLUOHANBHOIO JIWHE MACCH-
Ba. (YT06B yOEANTBCA, YTO KAKONO-TO YNUCIA HET B MACCUBE, HAJO IIPOCMO-
TPETH BCE €ro DJIEMEHTHI. )

1.2.28. (U3 xuurm [.T'pmnca) Umeerca maccms x: array[l..n] of
array[1..m] of integer, ynopsaOYeHHHIN 10 CTPOKAM WU O CTOJOHAM:

x[i][]
x[i][]

x[i] [j+1],

]
1 <x[i+115],

NN

n uncao a. Tpebyercs BriacHnTs, BCTpeyaercs am a cpeanm x[1] (1.

Pemernme. [Ipencraeisnsn cebe MACCUB X KAK MATPUNY (IPAMOYTONLHWK,
BANOJHECHHHINA YUCJAAMHU), MBI BHIGEDEM NPAMOYIOJBbHUK, B KOTOPOM TOJBKO
M MOXET CONePXKAaThCa a, n Oyaem ero cyxars. [Ipamoyronsunk vror 6yaer
comepxarthb x[11[jlopm 1 <i<lnk<j<m

1 k m

(momyCKaoTCA MyCTHE NPAMOYTOILHUKA p 1 =0 k=m+ 1).

1:=n; k:=1;
{1>=0, k<=m+l, ecim a ecTh, TO B ONMCAHHOM IPAMOYI OILHUKE}
while (1 > 0) and (k < m+1) and (x[1][k] <> a) do begin

if x[1][k] < a then begin

k :=k + 1; {7memsm cTonben He CONEPXUT a, yhalndeM ero}
end else begin {x[1][k] > a}
| 1 :=1 - 1; {uuxHAa cTpoka He CONRPXUT a, ylandeM ed&}
end;
end;
{x[1][x] = a umm mpamMoyronbuux mycT }
answer:= (1 > 0) and (k < m+1) ;

3ameqanme. 3xech Ta xe ommbka: x[1] [k] moxer oxasarbca meonpe-
nenéunnm. (E€ ncnpasienne npegocTaBiseTCs YNTaTENO. ) |
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1.2.29. (Mockosckas onmMnnana no nporpaMmuposaduo) Jlax HeyGh-
BaIOIMMAA MACCUB MOJOXKUTENbHEX neawrx yucera all] <al2] €... <aln].
HavTn HanMenbInee neioe oNOXUTENLHOE YUCIO, He NPeACTABAMOE B BIIE
CYMMBI HECKOJBKUX BIEMEHTOB HTOr0 MACCUBA (KAXKJLIA DIEMEHT MACCUBA
MOXET OBITH UCIIOJIB30BAH He 6osee OMHOro pasa). Uncio AeHCTBUN Nopa -
Ka n.

Pemerme. [IycTe waBecTHO, 9TO YNCIa, NPEACTABAMEIE B BUE CYMMBI
anementos al1],...,alk], sanonusior orpe3ok or 1 g0 wekoroporo N. Ec-
am alk+1] > N+1, 7o N+1 n 6y 1eT MUHNMAIBHEIM YUCIOM, HE DEICT ABUMBIM
B Buje cymmul asiementos macemsa all1] ...aln]. Ecim xe alk+1] < N+1,
TO YN8, NPEACTABAMELE B BuAe CyMMul diemenTos al1] ... alk+1], samon-

HAIOT OTPE3oK oT 1 mo N+al[k+1].

k :=0; N :=0;
{mHBapuanT: Yucna, TpeJCTABUMHE B BUJE CYMMH 3IEeMEHTOB
maccuBa a[1]..al[k], zamomuawt orpesox 1..N}
while (k <> n) and (a[k+1] <= N+1) do begin
N := N + a[k+1];
k =k +1;
end;
{(x = n) mm (alk+1] > N+1); B o6omx cmywasx oreBeT N+1}
writeln (N+1);

(CroBa TOT %€ NeEKT: B YCJIOBHM IMKJA NMPH JOXHOM NEPBOM yCJIOBUM
BTOpOE HE ONPEIEJIECHO. ) O

1.2.30. (Jua smakomerx ¢ ocuoBamm airebprl) B nesouncaensom mac-
cuee al1] ... a[n] xpamnrcsa nepecranoska yncen 1...n (Kaxnoe u3 Ynucen
BCTPEYACTCA [0 OQHOMY Pasdy).

(a) Onpegemnts yérHOCTH nepecradoskn. (U B (a), u B (6) kKoamyecTBoO
JIEeNCTBUN TOPAIKA N.)

(6) He ncrionbays Apyrux MacCUBOB, 3aMEHUTH IEPECTAHOBKY Ha 06paT-
nyo (ecam 10 padore nporpammer ali] = j, To nocae gomxuo 6ute alj] =
=1i).

[Vkazanue. (a) YETHOCTD epeCTaHOBKY ONPEACIACTCA KOMMYICCTBOM 1I-
KJIOB. YTOOK OTAMYATH yKE NPONICHHEIE WKL, ¥ WX 3JIEMEHTOB MOXHO,
HAnpuMep, MeHATH 3HaK. (6) O6pamenne NPOU3BOAUM IO LNKJIAM.] U

1.2.31. [Jan maccus a[1..n] m gncno b. [lepecraBurs yncaa B MaccuBe
TaKMM 06pasoM, YTOOH! CJeBa OT HEKOTOPOW MPAHNIE CTOANN YUCHA, MEHb-
[ue Win paBHEe b, a cirpasa oT rpaHnisl — 6ObIme nin pasusie b. Yucio
JEACTBNH IIOPAJKA 1.



36 1. Hepemennvie, 8LIPANCERUA, NPUCBAUBAHUA

Pemenne.

1:=0; r:=n;
{vupapuanr: a[l]..a[1]<=b; a[r+1]..a[n]>=b}
while 1 <> r do begin
if a[l+1] <= b then begin
| 1:=1+1;
end else if a[r] >=b then begin
| r:=r-1;
end else begin {a[1+1]>b; al[r]<b}
. .moMeHATs a[l+1] u a[r]
1:=1+1; r:=r-1;
end;
end; |

1.2.32. Ta xe 3agada, vo Tpebyercda, 9ToOL CHAYANIA TN BJIECMEHTHI,
Menbime b, 3aTeM pasurie b, a Jumb 3aTeMm GOabimune b.

Pemenme. Teneps noTpe6yiorca TPy TPaHULE: 4O NEPBOUW OyAyT WIATH
BJIEMEHTH, MEHBIINE b, OT NepBON JO BTOPOW — paBHHIE b, 3aTeM HEN3-
BECTHO KaKWe N0 Tperben, a nociae Tperbenn — Obabmme b. (Bosree cum-
METPUYHOE PEIICHNE UCNONB30BAJI0O Ohl YeTHIPE TPAHMIL, HO BPAJ JU NP4,
crout cBed.) B kavecTse 04epeJHOrO pACCMATPUBAEMOrO BJIeMeHTa Gepém
BJIEMEHT CNpaBa OT CPEAHEH TPAHUIIL.

1:=0; m:=0; r:=n;
{vmuBapuant: a[l..1]<b; a[l+1l..m]=b; al[r+1]..a[n]>b}
while m <> r do begin
if a[m+1]=b then begin
| m:=m+1;
end else if a[m+1]>b then begin
.0bMenaTs a[mtl] u alr]
r:=r-1;
end else begin {a[m+1]<b}
.06MeHaTs a[mtl] m a[1+1]
1:=1+1; m:=m+1;
end;
end; O

1.2.33. (BapwanT npejryiuei 3aiaum, HasBauuui B Kaure Jeikcrpr
3a4a4ed 0 roLiaaickoM ¢urare.) B macemse aumHE 1 cToAT yucaa 0, 1 u 2.
IlepecTaBATh NX B IOPAJKE BO3PACTAHNSA, €CJIN ¢ANHCTBEHHON DAa3pP CIIEHHON
onepanment (IOMUMO ITEHUA) HAJ MACCUBOM ABJACTCA NEPECTAHOBKA IBYX
3MeMEHTOB. INCiao NeUCTBUH NOPALKA 1. O
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1.2.34. [Man maccus a[1..n] n 9yncno m < n. Jlag kaxaoro ydacrka ns
m CTOAIMX PAJAOM WICHOB (TAKNX YyYACTKOB, OYEBUIHO, n —m + 1) BLYm-
CINTH ero cymmy. Qbmee YUCaO JEUCTBAN JOMKHO GHITH NOPAIKA 1.

Pemenme. Ilepexoms OT y9acTKa K COCEGAHEMY, MEl HOGABIAEM OIMH
YJEH, & JPYTCOU BRIYUTACM. |

1.2.35. [ana xsaaparuas tabmmua all..n][1..n] n yncoo m < n. [das
KX JOr0 KBAAPATA M X M B HTON TAOINIE BHYUCINTE CYMMY CTOALNX B HEM
ancen. Ofmee YNCa0 XEHCTBAN MOPAIKA n°.

Pemenme. Crayana Ius KaXIOTO TOPH3OHTAIBLHOTO NPAMOYTONBHUKA,
pasmepom m X 1 BrramcaseM cymmy crosumx B HéM umcen. (IIpm casure
TAKOr0 NPAMOYTOJBHNAKA N0 TOPU3OHTANN HA 1 HYXHO NOGABATL OJHO M-
CJI0 M OJHO BEIYCCTH.) 34TEM, UCIONLIYA STH CYMMEI, BEIYUCIACM CyMMED
B kBagparax. (Ipu casure kBaapara no BEPTHKAIM JOOABIACTCA TONOCKA,
a Apyras nojiocka ybasiseTcs.) O

1.2.36. B maccuse a[1]...a[n] Bcrpevarorcsa no ogHOMY pasy BCe Le-
Jauie yucaa ot 0 A0 n, KpoMe ofHoro. HalTn nponymesHoe YuCao 3a BpeMsA
NOPAAKA N ¥ C KOHCYHON JONOIHNTCIBHON NaMATHIO.

[Ykazanue. CroxuTs BCe YMCna B MacCuse. | |

1.3. UnaykTueusie dyHkuuun (no A.T. KywHuperko)

IIycTs M — mekoTopoe MuOXecTBo. Dyukima f, apryMeHTamMm KOTOpOn
ABJAIOTCA NOCICAOBATEIHLHOCTH DACMEHTOB MHOXECTBA M, a 3HAYCHUAMUA —
BJIEMEHTH HEKOTOPOTO MHOXKECTBa N, HA3HIBACTCA UHOYKMUBHOU, ecin eé
3gayenne Ha nocaeposaTenprocT x[1] ...x[n] MOXHO BOCCTAHOBUTHL IO
eé spavennro Ha nocaegosareasuocTy x[1]...x[n-1] n no x[n], To ects
ecan cymecTByeT dpyHkima F: N x M — N, 1 KoTopon

£((x[1],...,x[n])) = F(£((x[1],...,x[n-1]1)),x[n]).

Hanpumep, yuaxuns sum (CyMMa BCEX ICHOB NOCJEIOBATCILHOCTH) WH-
NYKTUBHA, NOCKOJIBKY OYEPENHON WieH NOCIENOBATEILHOCTN NPUGaBILIeTCs
K e€ cymmMme:

sum((x[1],

s...;x[0n])) = sum({x[1],..., x[n-11)) + x[n].

i i

[pyron npuMep MHIYKTMBHOM (DyHKINM IJIMHA TOCICIOBATCILHOCTH.
B srom cayyae F(n,m) =n + 1.
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Hanpotrus, cpeiree apudMeTHYECKOE He ABISCTCA WHAYKTUBHON QYHK-
OUER: eCIM MEL 3HAEM CDEIHEE APUPMETHICCKOE HEKOTOPON MOCIEA0BAT &Jlb-
HOCTH, HO HE 3HAEGM €€ [UIWHBI, TO HE MOXEM IDEACKA3ATH, KAKAM CTa-
HET CpegHee apubMeTHICCKOEe IOIE JONNCEIBAHNA HEKOTOPOro (M3BECTHO-
ro HaM) YHUCJA.

CxeMa anropuTMa BEIYACICHUA WHIYKTUBHOW DYHKINN:

k :=0; £ := £0;

{vmBapuanr: f - 3Havemme ¢ymkmum mHa <x[1],...,x[k]>}
while k<>n do begin

k =k + 1;

f :=F (£, x[x]);
end;

3xecy £0 — 3HaYeHMe PYHKLUMAN HA NYCTOW MOCIEIOBATENBHOCTH (IO-
caeposarensHocT aanen 0). Ecim ¢ynxnus £ onpenesena TOJIBKO Ha He-
MMyCTHIX NOCJENOBATENPHOCTAX, TO NNEPBaA CTPOKA 3aMEHAETCA Ha

k:=1; f:=f(<x[1]>);

Ecan dyukums £ we spasercs wHIYKTUBHON, NONE3HO WCKATH €€ uHdyK-
MUBHOE PACWUPEHUE — TAKYIO WHAYKTUBHYIO QYHKIMIO g, 3HAYCHUA KOTO-
powt onpejgensor 3uadenws I (3TO BHAYNAT, YTO CYMECTBYET Takas ¢dhyHK-
ona t, 94To

f((x[1]...x[n])) = t(g((x[1] ...x[n])))

npu Beex (x[1]...x[n])). Moxuo nOKasaTh, YTO CPEaU BCEX WHIYKTUB-
HEIX DACIIMPEHHMN CyMECTBYET MWHHMAJILHOE pacmupenne F (MuHMMAND-
HOCTB O3HAYAET, YTO A J0G0r0 NHAYKTUBHOIO PACIINPEHNA g 3HaYeHnA F
ONPEIEIAIOTCA 3HAYCHUAMA g).

1.3.1. YxazaTb WHAYKTUBHEIC PACHIMDPEHUA MJA CAeAyIOmmWX qyHKIIWA:

(a) cpeguee apupMETHYIECKOE NOCAEIOBATEILHOCTH BEILECTBCHHEIX YU-
ceu;

(6) 9NCII0 BAEMEHTOB NOCIEIOBATEILHOCTH HEJIBIX YACE, PABHEIX €8 MaK-
CUMAJBLHOMY DJEMEHTY;

(B) BTODOW 1O BEAWYMHE BIEMEHT NOCJEJOBATEILHOCTH NEJEX YNCel
(TOT, KOTOPLIA GyJET BTOPLIM, €CJIN NEePECTABUTEL YIEHH! B HEYyGLIBAIOILEM
nopAaKe);

(r) MakCMMaJbHOE YNCIO WAYIIAX NOAPAL OJMHAKOBHIX BJIEMCHTOB;

(1) MakcMMaJbHAA IIMHA MOHOTOHHOrO (HeyOHIBAOILErO WM HEBO3DA-
CTAIOIIEro) YYaCTKa W3 WAYIINAX NOAPAL 3IEMEHTOB B IOCIEI0BATEILHOCTH
LEJEIX YNCET;
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(e) 9uCa0 CPYNN U3 CAVHUI, DA3JCJEHHEX HYIAMY (B NOCACAOBATCILHO-
CTH HyJEH U ¢IWHNIL).

Pemmenne.

(a) (cymMMa BCeX 4YIEHOB NOCIEI0BATEILHOCTH; IINHA);

(6) (4MCio 31eMEHTOB, PABHEIX MAKCHMAJBLHOMY; 3HAYCHNE MAKCHMAJb-
HOr'O);

(B) (HanGonpMiA BJIEMEHT NOCICNOBATENLHOCTH; BTOPOM MO BEJTUYHHE
DJIEMEHT );

(r) (MaKCHMANBLHOE YUCJIO WAYIINX NOADAN ONWHAKOBEIX DJICMEHTOB; M-
CJI0 NAYIINX TOAPA OJWHAKOBEIX DJIEMEHTOB B KOHIIE NOCIEIOBATEILHOCTH;
NOCAENHUH DJEMEHT NOCIEJOBATENLHOCTH );

(1) (MaxcuMarbHAA IIMHA MOHOTOHHOIO YYaCTKa; MAKCUMATIbHAL JJIN-
Ha HEyOHIBAIOILErO YYACTKA B KOHIE NOCIEIOBATEILHOCTH; MAKCUMANLHAS
[UIMHA HEBO3DACTAIOIEr0 YYaCTKa B KOHIE INOCTEIOBATEILHOCTH; NOCAS-
HUI 9JIeH NOCIEJOBATEILHOCTH);

(e) (Y4MCao rpynn U3 eAUHNL, DOCTCIHUN YJICH). O

1.3.2. (Coo6wma /. B. Bapcanodres) [Jann ABe NoCHEIOBATEILHOCTH
nensrx gucen x[1] ... x[n] wy[1] ...y [k]. Brscanrs, asisercs Ju BTOpas
[OCAEAOBATEIBLHOCTD OAIIOCICAOBATEILHOCTHIO IIEPBON, TO €CTH MOXHO Jn
M3 NEPBOW BHIYEPKHYTH HEKOTOPHIC YJEHH TaK, YTOOH OCTANaCh BTODAA.
Yncno geAcTBui nopsaaka n + k.

Pemmerme. Bapnant 1. Byxem cBoanTh 33439y K 3aJa49e MEHBIIEIO pas-
Mepa.

ni:=n;

k1:=k;

{MHBapHaHT: MCKOMHM OTBeT <=> Bo3MoXHocTh 3 x[1]..x[n1]
monyuurs y[1]..y[k1] }

while (n1 > 0) and (k1 > 0) do begin
if x[n1] = y[k1] then begin

nl :=nl - 1;

k1 := k1 - 1;
end else begin
| nl :=nl - 1;
end;

end;

{nl = 0 umu k1 = 0; ecmm k1 = 0, To oTBeT - gma, ecam ki<>0
(1 n1 = 0), To oTBeT - HeT}

answer := (k1 = 0);

Mu ncnonsaosaim o, yro ecim x[n1] =y [k1] wy[1]...y[k1] — noa-
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nocnenosareasHocTs x[1] ... x[n1], roy[1]...y[k1-1] — noanocrexosa-
TeabHocTs x[1] ... x[n1-1].

Bapnant 2. dyuxmma (x[1] ...x[n1]) — [Makcumamsroe k1, qus koTo-
poro y[1]...y[k1] ects noamocaegosarensaocts x[1] ...x[n1]] naayx-
TUBHA. (Il

1.3.3. HJamm pnse nocaegoparensuoct x[1]...x[n] u y[1]...y[k]
neasrx yncer. Hantm mMakcumalbHyIo [mHy 1OCIeI0BATENLHOCTH, SBJA-
IOILENCA MOAIOCIeNOBATENBHOCTEIO 00enX nociaeaoBaTenbHocTen. Kornye-
CTBO OIEpPalMK MopsAKa n - k.

Pemenue (coo6merno M. H. Banusanirom, A. M. Tumentmanom). O60-
3HaunM Yepes f(p,q) MaKCUMAILHYIO AIMHY OOMmEH MOANOCIeI0BATEILHO-
ctn nocaegosarensaocTent x[1] ... x[p]l w y[1]...y[ql. Toraa

x[pl #ylql = £(p,q) =max(f(p,q—1),f(p—1,9));
x[pl =ylql = £(p,q) =max(f(p,q—1),f(p—1,9),f(p—1,9—1)+1);

(Ilockonbky f(p — 1,9 — 1) +1 > f(p,q — 1),f(p — 1,q), BO BTOPOM CIy-
Jae MAKCUMYM TDEX YNCET MOXHO 3aMEHUTb Ha TpeThe 3 Hux.) Ilosromy
MOXHO 3aIOJHATEL TAGJNIY 3HAYCHNH GYHKIMK f, MMEIOULYIO pa3sMep 1 - k.
MOoxHO 060UTHCH M TAMATHIO NOPAAKA k (MM 1), €CIM WHAYKTUBHO (110 p)

TUBEH). O

1.3.4. (w3 xmurm [.T'pnca) [Jama mocaefoBaTENbHOCTH NEJHX YHCET
x[1]1,..., x[n]. Haltn MakCuMaibHyIO JIMHY €€ BO3PACTAIOMWER NoAnocie-

3 3

JOBATEIBHOCTA (YUCAO ACUCTBUA ropsaka n logn).

Pemernme. Uckoman dbyHKINA He WHAYKTUBHA, HO UMEET CIAEAYIOLLEE
WHIYKTUBHOE PACHINDEHNE: B HErO BXONAT IOMWMO MAKCWMANLHON JUIWHEL
BO3PACTAIOMIEH NOANOCISAOBATEILHOCTH (0003Ha4YuM eé k) Takxke M 9ucaa
ul1],...,ulk], rge uli] — MEHEHNMATLHEIN N3 TOCACIHNX YICHOB BO3PACTA-
IOIMX [OATnOCAeoBaTeabHOCTen qmHel i. Ouesnano, ul1] < ... <ulk].
Ilpn mo6GaBreHUM HOBOI'O YJICHA B X 3HAYEHMA U M K KOPPEKTUPYIOTCA.

nl :=1; k :=1; ul1] := x[1];
{unBapManT: k ¥ U COOTBeTCTBYWT LAHHOMY Ehlle OINCAHHUD}
while n1 <> n do begin

nl :=nl + 1;

{i - nambonbmee m3 Tex umcen oTpeska 1..k, mng
xoropux u[i] < x[nl1]; ecmm Taxkux Her, TO i=0 }
if i = k then begin
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k =k + 1;

ul[k+1] := x[ni];
end else begin {i < k, u[i] < x[n1] <= u[i+i] }
| ul[i+1] := x[ni];

end;
end;
dparmesT ... UCHOALIYET NACKO JBONYHOIO [TONCKA; B WHBAPWAHTE YCJIOB-
no nonaraem ul0] pasuwim Muuyc GeckomeynocTn, a ulk+1] — mmoc Gec-

konewnoctn. Hama nens: uli] < x[n1] <uli+1].

1i:=0; j:=k+1;
{uli] < x[n1] <= u[j], j > i}
while (j - 1) <> 1 do begin

s := 1 + (j-i) div 2; {i < s < j}
if x[n1] <= u[s] then begin
| j = s;
end else begin {u[s] < x[n1]}
| i := s;
end;
end;
{uli] < x[n1] <= u[jl, j-i = 1} |

3ameqarme. Bonee npocroe (HO HE MUHMMAJBLHOE) MHIAYKTUBHOE pAC-
MUPEHUE MONYIUTCA, €CIA I KaXJOr0 i XpaHUTh MAKCUMAIBLHYIO JJUHY
BO3PACTAIOWIEH MOANOCACAOBATEILHOCTH, OKaHYnBamomenca na x[i]. dro
PaCIIMPeHne IPHBOINT K ATCOPATMY C YNCIOM XeHCTBMH nopaaka n2. Ecrs
W IPYrOW W3AIHEY AJIrOPUTM € KBAJDATWYHLIM Bpemenem paBorTul (cCo-
ofmwma M. B. Boiorun): manTn MakCuMaibHyo OCIILYIO I10ATOCIEIOBATECNb-
HOCTBb WCXOJHON NOCICI0BATEILHOCTI U OTCOPTUPOBAHHON MOCACAOBATCIb-
HOCTH C NOMOUIBLIO NPEILIAYILCH 34 a9H.

1.3.5. Kakue uaMEHEHNs HYXHO BHECTH B DEIICHME NPEIHIYIIeH 3a-
Ja9H, €CIM HAJ0 UCKATh MaKCUMAIBHYIO HEYOLIBAIOIIYIO MOCICIOBATEIb-
HOCTB? O



2. NMOPOXAEHUE
KOMBUHATOPHbBLIX
OB BEKTOB

3ech COOpaHul 3a4a9M, B KOTOPHX TPEOyeTCA MONYyYNTh OJUH 34 ADY-
UM BCE DJIEMEHTH HEKOTODOIO MHOX€ECTBA.

2.1. PaamelyeHus ¢ NOBTOpEeHUAMMU

2.1.1. HamewaTarhb BCE HOCACAOBATEIHLHOCTH MIMHE kK w3 yncen 1. .n.

Pemerme. Bynem neyarars nx B Jekcnkorpadmyeckom nopsiaxe (mocie-
JOBATENBHOCTH a NPEANICCTBYET NOCACAOBATCABHOCTH b, €CIM A HECKOTO-
pPOro S X HAYAILHLIC OTPE3KU [UINHE! S PABHLL, & (s+1)-HIl WieH nocaeno-
BATEALHOCTH a MeHbIe). [TepBoi GyaeT mocieqoBaTeasHocTs <1,1, ..., 1>,
MOCJACAHEH — MOCACAOBATEIBLHOCT <I,1, . . . ,n>. Byaem xpanuTs nociei-
HIOIO HANEYATAHHYIO NOCIeA0BATEILHOCT B Maccuse x[1] . .x [k].

...x[1]...x[k] momoxurr pammm 1
. ..HaleyaTaTb X
...last[1]...last[k] monmoxuTe paBHEM n
{HameyaTaHH BCe [0 X BKIOYATEIHHO}
while x <> last do begin
.X = cIefywmasg 3a X IOCHeNOBaTelbHOCTH
. ..HameyaTaTh X
end;

OnnmeM, KaK MOXHO [IEPENTH OT X K CICIYIOIEH OCACIA0BATECILHOCTH.
CoracHo OnpefeseHuIo, y CAeAYIOWen IOCIeA0BATeILHOCTH IepBhle S JJle-
HOB JOJIXKHEL OBITL TaKUMM ke, a (s+1)-mi — Gosble. ITO BOZMOXHO, €C-
Ju x[s+1] mensmre n. Cpejin Takux s HYXHO BROpATL Hanbonbiee (nHave
[ONYYEHHAA NOCACIOBATEALHOCTE He OYyACT HENOCPEACTBEHHO CJICAYIOEH ).

2.2. Ilepecmanoexu 43

Cootsercrryiomee x[s+1] HyxHO yBeawunts Ha 1. Mrak, Hago0, ABArasCH
€ KOHIIA IIOCJAEOBATENLHOCTI, HAUTY CAMBLIA IIPABHIN YWIEH, MEeHbINHA 1 (oH
HAWAETCA, T. K. 0 NPEANONOXEHNIO X<>last), yBeMYnTh ero Ha 1, a uay-
[IMe 38 HUM YJIEHHl IOJOXUTH DABHEIMMA 1.

p:=k;

while not (x[p] < n) do begin

| p = p-1;

end;

{x[p] < n, x[p+1] =...= x[k] = n}

x[p]l := x[p] + 1;

for i := p+l to k do begin

| x[i]:=1;

end; O

3ameqanme. Ecin wwieHaMM OCAEIOBATENLHOCTH CYNTATE YNCAA He OT 1
no n, a or 0 a0 n—1, TO NEPEXox K CIACAYIOMEMY COOTBETCTBYET mpnbdanie-
HUIO CAMHULL B N-WYHOW CUCTEME CYNCJICHUA.

2.1.2. B npeanoxeHHoM airopuTMe UCIONL3YeTCs CPABHEHUE ABYX MaC-
cueoB (x <> last). Ycrpaunts ero, goGasme GyJeBCKYIO NEPEMEHHYIO 1
W BKJIOYUB B WHBAPWAHT COOTHOIIEHNE

1 & mocaeoBaTeIbHOCTL X — HOCASNHSAL. O

2.1.3. HameuwaraTs BCe nmoamuoxkecTsa muoxecrsa {1...k}.

Pemenme. [TogMuoxkecTsa HaxoNATCA BO B3aUMHO OJHO3HAYHOM COOT-
BETCTBUN C IIOCICAOBATENLHOCTAMM HYJEW M CAWHUL JIWHEL K. ]

2.1.4. HanewaraTtb BCe NOCICAOBATEILHOCTN NOJOXUTEILHEIX IEIBIX
YHCEN JIWHH K, ¥ KOTOPHIX i-HI YICH HE NPEBOCXOIAT i. U

2.2. llepecTaHoBkM

2.2.1. Hamewarars BCe nepecTanoBkmn yncen 1..n (To ecTs nocaenosa-
TEJLHOCTY IJIMHEL NI, B KOTOPHIC KAXA0€ U3 DTUX YHCEe] BXOJUT 110 OJHOMY
paay).

Pemenme. [lepecranoskm 6ygem xpanants B maccuwse x[1]..x[n] n me-
yarars B Jekcmkorpadmyeckom nopsjake. ([Tepsoin npn srom Gyxer nepe-
cranoeka (12...n), mocaeguen — (n...21). /lna cocraBienys airopuTMa
nepexola K CIeAYIOmen NepecTanoBKe 3303 IMCA BOOPOCOM: B KAKOM CJIy-
yae K-HU YIeH MePECTAHOBKY MOXHO YBEIWYUTDL, HE MEHAA NPENLlIyINX?
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OTser: ecay OH MeHBINE KAKOrO-INO0 W3 CICIYIOMMX 9JIEHOB (T. €. WICHOB
¢ nomepamn Goubure k). Mu no/okuer HaiTH Hanboabiiee X, 0PU KOTOPOM
3TO TAK, T. €. Takoe k, 4To

x[k] < x[k+1] > ... > x[n]

Ilocae aToro a3mavenme x[k] HYXHO YBEIWYUTH MUHUMATLHEIM BO3MOX-
HEIM CIOCOBOM, T. €. HauTn cpean x [k+1] . .x[n] manmenvmee ynuciao, 60mb-
mee ero. [lomenss x[k] ¢ HuM, OCTAETCA PACIONOXNATE YUCAA C HOMEPAMM
k+1..n Tak, 94TOOH nepecTaHoBKa Onlia HAWMEHBLINIEH, T.€. B BO3PACTAIO-
mem nopsaake. 1o obleryaeTes TeM, YTO OHM YXKe PACIONOXKEHH! B yOrBa-
IONIEM TIOPsAIKE.

Anropnrm nepexoja K CAEYIOIIEH IeDeCTaHOBKE:

{<x[1]...x[n]> <> <n...2,1>}

k:=n-1;

{nmocmegoBaTensHocTh crnpaBa oT k y6usawmas: x[k+1]>...>x[n]}
while x[k] > x[k+1] do begin

| k:=k-1;

end;

{x[k] < x[k+1] > ... > x[n]}

t:=k+1;

{t <=n, Bce unemm orpeska x[k+1] > > x[t] 6omeme x[k]}
while (t < n) and (x[t+1] > x[k]) do begin

| ti=t+1;

end;

{x[k+1] > ... > x[t] > x[k] > x[t+1] > ... > x[n]}
o6MeHATEs x[k] u x[t]

{x[k+1] > ... > x[n]}

IIepeCTaBUTL y4acTok X [k+1] x[n] B o6paTHoM mopagmke O

3ameqanwe. [IporpamMma uMeeT 3HAKOMBIN AedeKT: ecan t=n, 7o x [t+1]
He OlIpeleseHo.

2.3. llogmHoxecTBa

2.3.1. Jnasaganarix nnk (k < n) nepedncanTs BCe XK-DIEMEHTHEIE IO]-
MHOXECTBa MHOXecTBa {1..n}.

Pemenwme. Byaem npegcraBiaTs Kaxg0e NOAMHOXKECTBO NOCICA0BAT eIb-
vocteio x[1]..x[n] Hysen w eAWHWUI JJIWHHL N, B KOTOPOM DOBHO k eau-
anw. (Ipyron cnoco6 npeacrasiaeHansa pasbepém noaxe.) Takue nocieaosa-
TEALHOCTH YIOPALOYMM JEKCUKOrpaduaecku (cM. Brme). O9eBUAHEIN Crio-
co6 pereHus 3a4a49 — epebupaTs BCe NOCIe[0BATENLHOCTH KaK PAaHbIIe,
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a 3aTeM oTOMpATL CPEON HUX Te, Y KOTODPHIX K eIWHUI — MBI OTOPOCUM,
CYNTAA €r0 HEIKOHOMUYHEM (YWCIO IOCAEOBATENLHOCTEN ¢ K eIMHAaMN
MOXeT OHITBH MHOI'O MEHBIIE YHCJa BCEX nocaeosaTenrsaocTed). Byaem nc-
KATb TAKOW aJICOPUTM, YTOOH MONYYCHUE O4EPEIHON MOCJEI0BATEILHOCTH
Tpebosaio He 6onee C-n ACUCTBUN.

B xaxoMm cayyae s-bBIi YIEH NOCAEIOBATENLHOCTH MOXHO YBEJIWYUTL, HE
menssa npegsraymme? Ecam x[s] mensierca ¢ 0 ma 1, 7o mist coxpasedns
ofwero yncaa equHuI HyxHO cnpasa or x[s] samennts 1 wa 0. Jua sro-
ro Hajo, 9TOoOH crnpasa or x[s] exwHuNL Ok, FCam MBE XOTHM NepeRTH
K HEMOCPEACTBEHHO Ceayiomemy, TO x[s] momxen OHITL MEPBLIM COPABA
HYJEM, 38 KOTOPHIM CTOAT eAwHNNEL. Jlerko supaers, yro x[s+1]=1 (nnage
x[s] ne nepsmit). Takum 06pasoM HALO UCKATH HaUOOJbIIEE S, I KOTO-
poro x[s]1=0, x[s+1]=1:

x| [o]1..1]0..0]

3a x[s+1] mMoryT maTH emé HeCKONLKO SIVHMI, & NOCIE HUX HECKOILKO HY-
aen. 3amenns x [s] na 1, Haao BHIGPATE NIYILNE 34 HUM YWIEHH! TAK, 9TOOK!
[OCJIeNOBATEIBHOCTE OBLIA OBl MUHNMANLHA C TOYKYN 3PEHUA HAIErO 0PI -
Ka, T. €. YTOOK! CHAYAIA [IUIN HYJIH, & NOTOM eauunusl. Bot yro nonyvaercs:

nepBas NocleJoBaTeIbHOCT: 0..01. .1 (n-k uyJen, k eqnHun);
NOCACAHAA TTOCAEAOBATENLHOCTE: 1..10. .0 (k equnn, n-k Hysen);

anropuTM nepexoga k caeayromer 3a x[1]..x[n] nocaegosaTenvuocTn
(npegnonaraeM, 9TO OHA €CTh):

s :=n - 1;

while not ((x[s]=0) and (x[s+1]=1)) do begin
| s :=s - 1;

end;

{s - umen, mopmmexammit uwsMeHenuw c¢ 0 mHa 1}
num:=0;

for k := s to n do begin

| num := num + x[k];

end;

{num - yucno emumun Ha yyactke x[s]...x[n], umcnmo mymen
pasHo (mmuHa - uMcno epuHMm), T.e. (n-s+1) - num}

x[s]:=1;

for k := s+1 to n-num+l do begin
| x[k] := 0;

end;
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{ocTanmocr moMecTuTsr num-1 egumMnD B KoHme}

for k := n-num+2 to n do begin

| x[k]:=1;

end; [

Jpyroi cnocob npejCTaBACHNA TOAMHOXECTE — BTO MEePEYNCICHUAE UX
2eMeHTOB. UTO6H KaxXg0e MOAMHOXECTBO UMEIO POBHO OJHO MPEACTABIC-
HUE, JOrOBOPMMCS NEPCYNCIATL ANECMCHTH B BO3pacTameM nopsaake. [Ipu-
XOANM K TAKOW 3ajade.

2.3.2. IlepeyncanTsb BCe BO3PACTAKIINE TOCACAOBATENLHOCTH NJIWHEL kK
m3 yncen 1..n B Jexcukorpagpmaeckom mopsake. (Ilpmmep: nmpm n=5, k=2
moxydaem: 12 13 14 15 23 24 25 34 35 45.)

Pemrerme. MunnmManbHOR Gy 6T MOCICIOBATEILHOCTE (12. .. K); MaKCH-
manpaon — ((n-k+1) ... (n-1) n). B xaxoM ciydae s-w WieH NOCJIeJ0Ba-
TENBHOCTN MOXKHO yBeawynTs? OTBeT: eciam OH menbine n—k+s. [locie yse-
JNYEHMsl S-TO DIEMEHTA BCE CICAYIOIMe NONKHE BO3PACTATH € mWarom 1.
Ilony«aem TAKOW aArOPATM MEPEXOLa K CACAYIOWEMY:

s:=n;
while not (x[s] < n-k+s) do begin
| s:=s-1;

end;

{s - HoMep >meMeHTa, NOINeRaWerc yBeIWYEHUD};
x[s] := x[s]+1;

for i := s+1 to n do begin
| x[i] := x[i-1]+1;
end; O

2.3.3. IlycTe MBI pemmim NpenCTaABIATE K-3NEMEHTHEIE [TOIMHOXECTBA
MHOXecTBa {1..n} yORBAIOMMMA NOCACIOBATEILHOCTAMA AJNHH K, yrio-
PANOYEHHBIMI NO-pexuemy Jekemkorpadmyeckn. (Ilpamep: 21 31 32 41
42 43 51 52 53 54.) Kak BHriginT TOrga ajiropuTM Nepexona K CJAeLy-
romen?

Otet. Niem wanbousmee s, pua koroporo x[s+11+1 < x[s]. (Ecom
TaKoro s Her, nojaraeM s=0.) Yeeauuus x [s+1] ma 1, k1aaéM oCTaJIbHEE
MUHAMAJILHO BO3MOXHEIMA (x [t]=k+1-t aua t>s). U

2.3.4. PemmnTe nBe npensaympe 3ajady, 3aMEHWB JEKCHKorpaduye-
CKWI NOPANOK Ha 0OpaTHrN (paublie WAYT Te, KOTOpHE Ooabiie B JeK-
CUKOIPapUUECKOM TIOPAIKE). U

2.3.5. IlepeuncinTte BCEe BIOXEHWA ((PYHKUWMW, NEPEBOMANINEG DA3HEIE
ajeMenTH B pasunlie) muoxecrsa {1..k} B {1..n} (npeamonaraercs, 9ro
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k < n). Ilopoxaenne 04epeIHOrO DJIEMEHTa JONKHO TpeboBaTh He Gojee
C -k JeNCTBUN.

[Vkazanue. DTa 3ajad9a MOXET OHITL CBEACHA K NCPEYUCICHUIO TIOAMHO-
XECTB U [IEPECTAHOBOK BJEMEHTOB KaXKOr'0 IIOJAMHOXECTBA. | |

2.4. Pa3bueHus

2.4.1. IlepeyncanTb BCE Pa30MEHUs LENOrO MOJOXWTENHHOIO YUCIA N
HA LEILIE IOJOXNTENbHEE Claraemule (pasCueHus, OTINYAOMNECs JNIb
NOPAAKOM ClAraeMux, cumraiorcs 3a omuo). (Ilpmmep: n=4, pasbuenus
1+1+141, 2+1+1, 242, 3+1, 4.)

Pemenme. [Jorosopumes, 9ro (1) B pasbueHuaAx ClaraeMule UAYT B He-
BO3PACTAIOWEM MOpAAKe, (2) caMn PA3GUEHNA MEl IEPEYNCIACM B JEKCUKO-
rpadgmnyeckom nopsaaxe. Pazbuenne xpaunm B nayare maccmsa x[1] . .x[n],
pM 9TOM KOJUYECTBO BXONAMX B HEro wyucen obosmayum k. B nagane
x[1]=...=x[n]l=1, k=n, B xonue x[1]=n, k=1.

B xakom caywae x[s] MOXHO yBEINMYNTH, HE MEHAA NPEIBIIYIINX?
Bo-nepsrix, momxuo 6wt x[s-1]1>x[s] nnm s=1. Bo-Broprix, s aomnx-
HO OHITH HE NOCIENHNM BJIeMEHTOM (YBEINYEHNE S HAJO KOMIIEHCHDOBATHL
YMEHBIICHNEM CJCIAYIOMNX ). YBEINYNB S, BCE CICAYIOIIME DIEMEHTH HAJ0
B3ATH MAHUMAJIBHO BO3MOXHEIMU.

s : =k - 1;

while not ((s=1) or (x[s-1] > x[s])) do begin
| s := s-1;

end;

{s - nonmexamee yBemmyeHuw craraemoe}

x [s] := x[s] + 1;

sum := 0Q;

for i := s+l to k do begin

| sum := sum + x[i];

end;

{sum - cymMma umenoB, cTogBuMX mocme x[s]}

for i := 1 to sum-1 do begin

| x [s+i] :=1;

end;

k := s+sum-1; |

2.4.2. IlpeacraBiss mo-npexHeMy pa3bueHus KaK HEBO3DACTAIOMINE 0-
CJIeJOBATENBbHOCTH, NEPEINCINTE UX B NOPAAKe, OODATHOM JEeKCHKOrpadu-
yeckoMy (g n=4, HanpuMep, JOXKHO OHThb 4, 3+1, 2+2, 2+1+1, 1+1+1+1).
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[Ykazsanne. YMEHBIIATE MOXHO NEPBLIA CIPABA YJEH, HE DABHEIA 1; Hau-
Il €ero, YMEHbIMM Ha 1, a caeayomme BO3bMEM MAKCUMANBLHO BO3MOXHEL-
MU (PABHLIMM €My, IIOKa XBATAeT CyMMEl, & ITOCAGIHUA — CKOJLKO OCTAa-
HeTcs). ] O

2.4.3. llpeacrasiasa pasbuenns Kak HEyOLIBAIOIME NOCJENOBATEILHO-
CTH, NEPEYUCINTL NX B JeKcukorpadgumyeckom nopsaake. IIpumep mis n=4:
1414141, 14142, 143, 242, 4.

[Ykazsanne. [TOCAGIHNIA YNEH YBEAMYNTL HEAB3A, & NPEANOCTCIHUA —
MOXHO; €CIM NOCIE YBEJAWYCHUA HA 1 NPEANOCACIHErO WICHA 3a CYET Io-
CJEJHErO HAPYIIUTCA BO3PACTAHNE, TO U3 IBYX YJIEHOB HAJO CIEIATH OIWH,
©CJIN HET, TO NOCACHHNNA YICH HAJO PA3bNThL HA CAATACMEIC, DABHEIC TP C/Ik-
OYILEMY, W OCTATOK, HE MEHBUIMNA €ero.] ]

2.4.4. Tlpeacrasisas pasbuennsa Kak HEyOLIBAIOIIME [TOCJEIOBATEILHO-
CTH, NEPEYNCIUTL X B NOpsaKe, 06paTHOM Jekcukorpaduyeckomy. Ilpn-
Mep s n=4: 4, 2+2, 1+3, 1+1+2, 1+1+1+1.

[Ykazsanne. Yro6u saemenT x[s] MOXHO 6ELIO YMEHBIINTL, HEOOXOAM-
MO, yTo0u s=1 man x[s-1]1<x[s]. Eciu x[s] me mocaeauun, T0O 3TOr0 U J0-
craTogno. Ecam on mocrexnni, 7O HyxHO, 94ToOH x[s-1] < |x[s]/2] num
s=1. (3aech |a| o6o3navaeT HENTYo YacTs a.)] O

2.5. Kogbl ['pes u aHanoruyHbie 3agayu

Nuorpa 6uiBaer monesHo nepeyvncanTs OGBEKTH B TAKOM IIOPAAKE, YTO-
OBl KAXAHIU CAeAYIOMIMA MUHUMAJIBHO OTJINYAICA OT Npeanaymero. Pac-
CMOTPUM HECKOJBKO 33139 TAKOrO POJA.

2.5.1. IlepeyncanTs BCe MOCACKOBATENLHOCTY NIMHBI N w3 yucen 1..k
B TaKOM MOPAJNKe, YTOOH KaXXas CIeLYIOmMAas OTINYalach OT pesl AYIIen
B JWHCTBEHHON Ludpe, Npuyém He Gosee, YeMm Ha 1.

Pemerme. PaccMOTpUM NPAMOYCOIBHYIO JOCKY MIAPUHEL I ¥ BEICOTH k.
Ha xaxpgonn sepTukanm OyJeT CTOATH MAMKA. TaKuM 0OpasoM, MOJOXKE-
HUA MAMEK COOTBETCTBYIOT NOCAEIOBATEALHOCTAM U3 yncea 1. .k (aMHE n
(S-HIll YIEH NOCJIeJOBATEIHLHOCTA COOTBETCTBYET BHICOTE IMAIIKMA HA S-Oi
BepTuKaam). Ha KaxJo# Iallke HAPUCYeM CTPEIOYKY, KOTOpas MOXeT
OLITH HaNpaBJICHA BBEPX WM BHM3. Buavane Bce mammkym mocTasuM Ha HUX-
HIOIO TOPU30OHTANb CTPETIOYKOUW BBepX. [lasee ABAraeM NIAMKYA 110 TAKOMY
npaBmiIy: HAWA CAMYIO NPABYIO MAIKY, KOTOPYIO MOXHO [MOABAHYThH B Ha-
npasjacHUN (HADMCOBAHHON HA HEM) CTPEJNKM, ABUCaeM € Ha OJHY KJICTKY
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B 9TOM HAIPABJIEHWH, & BCE CTOAMLME NpaBee Heé mamky (OHM ynépanch
B Kpail) pa3ssopaymBaeM Kpyrom.

SCHO, 9TO HA KAXKJIOM 1A TOJBKO OJHA MAIIKA CABACACTCA, T. €. OJNH
YJEH MOCJCAOBATEIHLHOCTH MeHaeTca Ha 1. JokaxeM MHAYKIMEHA 0O 1, 94TO
NPOXOJATCA BCE NOCACAOBATENLHOCTH 13 yncen 1. .k. Cayyait n=1 oyesnaeH.
IIycTs n>1. Bee xoam nofgeauM Ha TE, T ABATACTCA MOCACIHAS IMAIIKA,
M Te, TAe ABATACTCA HE NocjefHss. Bo BTOpoM ciyyae moCHeqHAs MIAIKA
CTONT y CTEHHI, U MH €€ MOBOPAYNBAEM, TAK YTO 34 KAXK KM X0OJO0M BTOPO-
ro tana caenyer k—1 xoq0B nepBOro TUIE, 38 BPeMsA KOTOPHIX MOCTENHAL
mamka moGuBaeT BO BCEX KJIETKaX. ECIM M Teneps 3abyleM O mocae-
HEH MAIKe, TO ABMXCHUA MEPBHX N—1 N0 NP EANONOXCHUIO WHIYKIUA PO-
6eraT BCE NOCICAOBATCILHOCTH IJUHL n—1 MO OJHOMY pasy; JBUXCHUA
XKe MOCACHHEN MANKNA U3 KaX JOU MOCJACJOBATEIHLHOCTH JJIWHE n—1 xenaroT
k mocneoBaTeNbHOCTEH JINHED 1.

B nporpamme, nommmo nocaemosaremsuocty x[1]..x[n], 6yaem xpa-
snTe macews d[1]..d[n] ws uncen +1 w -1 (+1 cooTBeTCTBYET CTDEJKE
BBEPX, -1 — CTDEJKe BHM3).

Havanbuoe cocrosmume: x[1]=...=x[n]=1; d[1]=...=d[n]=1.

Ilpnseném anropurm nepexoja K CAeAYIOWEN mocaeaosareasaoct (on-
HOBPEMEHHO BHIACHACTCA, BOIMOXEH JIM MEPEXOJ] — OTBET CTAHOBUTCA 3HA-
4YeHneM GyJeBCKOM MEPEMEHHON p).

{ecmu MoxHO, cHenaTL WAr ¥ NONOXUTL P := true, ecIMm HeT,
nonmoxXuTE p := false }
i := n;
while (i > 1) and
(((d[i]1=1) and (x[i]=n)) or ((d[il=-1) and (x[il=1)))

do begin

ir=i-1;
end;
if (d[i]=1 and x[i]=n) or (d[i]l=-1 and x[i]=1) then begin
| p:=false;
end else begin

p:=true;

x[i] := x[i] + d[i];

for j := i+l to n do begin

| 431 := - 4a[3];

end;
end; |

3ameqanme. /i M0CACIOBATEALHOCTEN HYJEH M CQUHNL BO3MOXHO ApY-
roe pemenne, nCnoisayonee asonynyo cucremy. (Mmenno ono csasriBa-
eTCA OOBIYHO C HA3BAHMEM «KOAH ['pes.)
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Sanmmem moapsa see uncag or 0 go 2" — 1 8 gsonmunon cucreme. Ha-
npumep, A N = 3 HAIUIIEM:

000 001 010 011 100 101 110 111

3aTeM Kax[oe 3 Ynces NOABEPrHeM NPeOOPA3OBAHMIO, 3AMEHNB KaX IYI0
mdpy, KpOMeE IEePBON, Ha €€ CyMMY € IpEARaymen undpon (o Moaymo 2).
Musivu cnoBamwm, 9UCIO a1, a2, . . ., a4y TPEOOPA3YEM B 41, Q7 + Q2,02 + a3, . - .
vy Qn1 + ay (cymma o mogymo 2). Jas n = 3 noay4anm:

000 001 011 010 110 111 101 100

Jlerko npoeepuTh, YTO OMMUCAHHOE NMpeobpazoBanme yYnucea obpaTMMo
(n TeM caMBIM JAET BCE NOCJIEAOBATEALHOCTH 10 OAHOMY pasy). Kpome To-
o, IBOWYHLIC 3AIUCH COCCHHNX YUCEA OTINYaroTCsa 3amenon kouna 011...1
na xouen 100...0, yro — nocye npeoOpa3oBaHNsg — NPUBOANT K N3MEHe-
HWIO €JWHCTBEHHOW HMdPHL.

Ipumenenne xona I'pea. Ilycrs ecTh Bpamamomascs OCb, ¥ MBI XOTUM
NOCTaBATHL JATYNK yria noBopoTa 3Tou ocu. Hacammm ma oce Gapabawx,
BEIKPACUM MOJ0BNHY Gapabana B 4EPHEIA [IBET, TOJOBUHY B GEJHN U yCTa-
woBuMm ¢oroanement. Ha ero sumxome 6yxer B nonosmue caydaes 0, a B
nonosuHe 1 (T. €. MBI M3MEpAEM YroJ «C TOYHOCTHIO A0 180»).

Passéprra Gapabana:

0 1

[ HEE - coents Goka

Caenas pAIOM IPYTYIO NOPOXKY W3 ABYX YEPHHIX M GEIBIX YaCTeN U H0-
CTaBUB BTOPOW (POTOBIEMEHT, MONYYAEM BO3MOXKHOCTH W3MEPUTL YrOJd C
TOYHOCTBIO H0 90°:

Cuenas Tpersio,

00001111
00110011
01010101

)
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MBI H3MEPUM YI'OJ ¢ TOYHOCTBIO 40 45° 1 T. 0. DTa nies nMeeT, OHAKO, He-
NOCTATOK: B MOMEHT ITePEeCEYEHNs I DAHNII CPA3Y HECKONBKO (hOTORIEMEHTOB
MEHMIOT CATHAJN, ¥ €CIN DTW N3MEHEHWs NPON3ONIYT He COBCEM OJHOBpe-
MEHHO, Ha KaKOe-TO BpeMs NOKA3aHus (HOoTodeMeHTOB Oy AyT 6eCCMBICTIEH-
uuvyn. Koawr I'pes nossosnsior mabexars aron onacuocrn. CpenaeM Tax,
9TOOK HA KAXOM IIare MEHAIOCh MOKA3AHWE JNIIb OJHOrO (POTOINEMEHTA
(B TOM YMCJE M HA TOCIEIHEM, NOCJIE LEJIOro 060poTa).

00001111
00111100
01100110

I
I BN
H BN B

Hanwncannas mamm ¢dopmyna mo3soiaseT Jerko nNpeobpas’oBaTh JAHHLIE
0T (hOTOINEMEHTOB B JBOWYHEIN KOJ yIJa [IOBOPOTA.

3amMeTnM Takke, 4YTO MeOMETPUYECKN CyIIecTBOBanne kona I'pes o3ua-
YAET HaAWYNE «FaMWILTOHOBA [WKJIA» B NM-MEPHOM Kybe (BOBMOXHOCTHL
o6ouTN BCe BepmUHE Kyba 10 pasy, ABUIasch 110 pé6pam, M BepPHYTbLCA
B MCXOJHYIO BEPIINHY ).

2.5.2. HanewyaraTs BCe nmepecTaHOBKM Ypces 1..n Tak, 4TOGH KaXaas
CACAYIOMAA [TOIYYaJIach U3 IPEIBIYIIEN NePeCTAHOBKOM (TPAHCIO3NIMEH )
nByX coceauux yucen. Hanpumep, npu n=3 JONyCTUM TAKON MOPAIOK:

3.21 —-231-5213—-123—-132—-312
(MeX Iy NepecTaBIfEeMEIMM YACIAMU BCTABJICHB! TOYKHN).

Pemerme. Hapsany ¢ MHOXECTBOM NEPECTAHOBOK PACCMOTPUM MHOXKE-
cTrBO mocneaosareasaocTen y[1]. . y[n] neamix HEOTPUNATENLHEIX YUCET,
st koropux y[11 €0, ..., y[n] < n-1. B uéMm CTONLKO Xe DAEMEHTOB,
CKOJIBKO B MHOXECTBE BCEX NEPECTAHOBOK, M MEl CEHYAC YCTAHOBUM MEX 1Y
HUMW B3aWMHO O JHO3HAYHOE COOTBETCTBIE. IMEHHO, KAXK IOW [TePECTAHOBKE
[IOCTABAM B COOTBeTCTBME nocieaosarensyocts y[1]..y[nl, rae y[i] —
KOJIMYECTBO YNCEJ, MEHBLININX i W CTOAMWMNX JeBee 1 B DTOW epecTaHoOBKe.
BaanMuas ofHO3HAYHOCTEL BHITEKAET W3 TAKOro 3amevanns. Ilepecranos-
Ka 4ucen 1..n moaydaercsa w3 mepecTaHoBkW umncen 1..n-1 poGasieHumem
YUCHAA N, KOTOPOE MOXHO BCTABUTL Ha, J1060e w3 1 mMecT. [Ipu 3ToM K coro-
CTABJIEMON C HEM NOCICAOBATEILHOCTH A0OaBAACTCA CIUE OJWH HJIEH, IPU-
HUMaomMn 3HadeHus oT 0 10 n-1, a npeanlAymMe WIeHL He MEHSIIOTCH.
IIpw 53TOM OKABHIBAETCH, YTO WIMEHEOHWNE HA €WHNNY OJHOIO U3 YIEHOB I10-
CIIEIOBATENLHOCTN § COOTBETCTBYET TPAHCIO3NIUN ABYX COCENHUX YUCE,



52 2. Hopoacdenue Kombunamopuvlzy 06bexmos

€CJIN BCE CICAYIOIINE YACIA OCTEI0BATCILHOCTH ¥ IPUHUMAIOT MAKCUMAIb-
HO WM MWHIMAJILHO BO3MOXHLIE MU HUX 3Havenus. Mmenno, ysesndenue
y[i] ma 1 coorBeTCTBYET TPAHCIOINIMM YUCAA 1 C €r0 NPaBHIM COCEAOM,
a YMEHBIICHNE — C JIEBBLIM.

Terieps BCIOMHUM pEIIEHNE 334a4W O IIEPEYUCACHUN BCEX ITOCJIECIOBA-
TeJBLHOCTEH, Ha KaXIOM Iare KOTOPOrO OJWH YWICH MEHACTCA Ha CAUHUILY.
3aMeHNB NPAMOYIOJBHYIO NOCKY JHOCKOW B (popme JecTHNNE (BrICOTa i-OM
BEPTUKAIN DABHA 1) ¥ ABUCaA MIANIKA 10 TEM € NDPABMIAM, MBIl [1EDEYU-
CJIMM BCE NOCJIENOBATEILHOCTN Y, NPpUYéM i-ti wien GyjeT MeHATLCA KaK
pas TOJLKO €CJM BCE CaeAyiomme manmku ¢croar y kpas. Hano emé ymers
NapaielbHO ¢ M3MEHCHUEM Y KOPPEKTUPOBATH MepecTanoBKy. O4yeBn aHui
cnoco6 TpebyeT OTHICKAHUA B HEW YNCIa 1; 3TO MOXHO OOJErYUTb, eCau
[IOMUMO CAMOW ITePECTAHOBKN XPAHUTEL (DYHKINIO

i — mo3wnua Yncja i B mepecTaHOBKe,

T. e. 00paTHOE K ITepeCTaHOBKE OTOOpAaXeHne, U COOTBETCTBYIOMUM OOpa-
30M eé KoppekTupoearb. BoT xakas nonydaercs nporpamMma:

program test;
const n=...;
var
x: array [1..n] of 1..n; {mepecramomka}
inv_x: array [1..n] of 1..n; {o6paTHas mepecTanoBka}
y: array [1..n] of integer; {y[i] < i}
d: array [1..n] of -1..1; {manpaBnenmsa}
b: boolean;

procedure print_x;
| var i: integer;

begin
for i:=1 to n do begin
| write (x[i], ’ ?);
end;
writeln;

end;

procedure set_first;{mepmas: y[i]=0 mpm Bcex i}
| var i : integer;

begin
for i := 1 to n do begin
x[i] = n + 1 - i;
inv_x[i] :=n + 1 - i;

y[il:=0;

end.
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| d[i]:=1;
end;
end;

procedure move (var done : boolean);

| var i, j, posl, pos2, vall, val2, tmp : integer;

begin

i := n;

while (i > 1) and (((d[i]=1) and (y[i]=i-1)) or
((d[i]=-1) and (y[i]=0))) do begin

i = i-1;
end;
done := (i>1); {ympomenue: IepBHH 4YIeH Helb3d MEHATH}
if done then begin
y[i]l := y[il+d[i];
for j := i+l to n do begin
| al3] := -d[3];
end;
posl := inv_x[i];
vall := i;
pos2 := posl + d[i];
val2 := x[pos2];

{posl, pos2 - HoMepa mIepecTaBIZeMHX 3IEMEHTOB;
vall, val2 - ux 3Havemmusa; val2 < vali}

tmp := x[posi];

x[posl] := x[pos2];

x[pos2] := tmp;

tmp := inv_x[valil];

inv_x[valil] := inv_x[val2];
inv_x[val2] := tmp;
end;
end;
begin

set_first;

print_x;

b := true;

{HanevaTaHH BCe NMepPeCTAHOBKA NO TeKYylieM BKIOYUTEIHHO;
ecmu b N0XHO, TO TeKymas - NOCHeSHAA}

while b do begin
move (b);
if b then print_x;

end;
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2.6. Heckonbko 3amevaHun

TocmorpnM emé pas Ha UCNOAB3OBAHHKIC HaMMU npuémul. Bravane yaa-
BAJOCH PEIIATHL 334A4Yy N0 TAKOW CXEME: ONPEEeNAeM MNOPAJOK Ha, MOIJIe-
XKAUX NEPEYNCTCHNIO 0OBEKTAX U ABHO ONMCHIBAECM NPOLEAYDY NEPEX0oaa
OT JAHHOIO OOBEKTA K CACAYIOmEeMy (B CMEICJE HTOrO nopsaaka). B sagage
o kojax ['pest noTpe6oBaIOCh XPAHATH, MOMUMO TEKYIIEro O6BEKTA, U HEKO-
TOPYIO AONOJHUTEALHYIO MHpOpManmio (HanpasieHns crpenok). Hakonern,
B 33/1a49€ O [IEPEYNCICHNN IIEPECTANOBOK (HA KX IOM I1are qONyCTUMa OqHa
TPAHCIIO3NLNA) ME IPAMEHWIN TAKON NPUEM: YCTAHOBIIM B3AWMHO OTHO-
3HAYHOE COOTBETCTBUE MEXK Iy NEPEYNCAACMBIM MHOXECTBOM U ADYTUM, 6O-
JIee IPOCTO yCTPOEHHEIM. TaKkmx COOTBETCTBUN B KOMOMHATOPUKE N3BECTHO
MHOIO. MEI npuBeaéM HECKOIBKO 3a/a4, CBA3AHHBIX C TAK HAa3KIBAEMBIMU
«ancnammn Karananay.

2.6.1. IlepeuncanTs BCE MOCAEAOBATCILHOCTH JJWHEL 21, COCTABICHHBIC
W3 N €IVHUL ¥ TI MUHYC €IWHHUI, ¥ KOTOPHIX CYMMa JoO0ro Ha9albHOIO OT-
PE3Ka HEOTPWHATENbHA, T.€. YHCJIO MUHYC €IWHUIl B HEM HE INPEBOCXOIUT
yncya egwany. (Incio Taknx nocaeoBaTeIbHOCTEN HABLIBAIOT wucaom Ka-
maaana; Gopmyay muA €ncen Kartanana cM. B CAGIYIOWEM Da3iese. )

Pemenme. N3o6paxan eguaniy sekropom (1,1), a MAHYC €MUHNILY BEK-
ropom (1,-1), MOXHO CKa3aTh, YTO MEL nem nyTu n3 Toukn (0,0) B TOY-
Ky (n,0), He ONyCKAOIMECs HNXe OCH abCuuce.

Bynem nepeuncisaTs NOCiIENOBATEILHOCTN B JEKCUKOPAPUIECKOM 1O-
panke, canras, yro -1 npemmecrsyer 1. IlepBOi moCaeNOBATENLHOCTHIO
GyneT «amiay

Kak nepentn or nocnegosarensnocTi K cieaywowmwen? o HEKOTOPOro
MeCTa OHM JOJKHEI COBNANATH, 4 3aTeM Haxo 3amennTs —1 na 1. Mecro 3a-
MEHH! JOKHO GHITH DACIONOKEHO KAaK MOXHO npasee. Ho samensaTs -1 na 1
MOXHO TOJBKO B TOM CAYYAE, CCAM CIIpaBa 0T Hed ecThb eanuuna (KOTOpYIo
MOXHO 3amenuTs Ha —1). llocae samensr —1 wa 1 MBI IPUXOAWM K TAKOM 3a-
Jaye: PUKCHPOBAH HAYAILHEIN KYCOK NIOCASI0BATEILHOCTH, Ha 0 HAUTH MU-
HUMAaNbHOE npojokenne. Eé perenne: HA M0 NPUNNCHBATL —1, ecan 3TO HE
HAPYIINT YCJIOBUA HEOTPULIAT ILHOCTH, & wHaye npunuckusaTs 1. [onyvaem
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TAKYI0 NpOrpamMmy:

type array2n = array [1..2n] of integer;

procedure get_next (var a: array2n; var last: Boolean);
{B a moMemaeTca cremywmas MOCIeNOBATENLHOCTH, @CIH}
{ona ectr (umpm 3TomM last:=false), umadve last:=true}
var k, i, sum: integer;
begin
k:=2%n;

{unBapuanr: B alk+l..2n] Tompko MMHyC epguHHMIEI}
while a[k] = -1 do begin k:=k-1; end;

{k - mMakcumMambHoe cpemu Tex, Agud KoTopux al[k]=1}
while (k>0) and (a[k] = 1) do begin k:=k-1; end;
{a[k] - camas npaBag -1, 3a KoTopoH ecTb 1;

ecru Takux HeT, To k=0}

if k = 0 then begin

| last := true;
end else begin
last := false;

i:=0; sum:=0;
{sum = a[1]+...+a[i]}
while i<>k do begin
| i:=i+1; sum:= sum+a[i];
end;
{sum = a[1]+...+a[k], a[k]=-1}
alk]:= 1; sum:= sum+2;
{BnnoTe mo al[k] Bcé uszmemenmo, sum=a[i]+...+a[k]}
while k <> 2%n do begin
k:=k+1;
if sum > O then begin
| alk]:=-1
end else begin
| alk]:=1;
end;
sum:= sumtalk];
end;
{k=2n, sum=a[i1]+...a[2n]=0}
end;
end; O

2.6.2. IlepeuncanTs BCE pACCTAHOBKM CKOOOK B NPOU3BEICHNNA N COMHO-
xureled. Ilopaaok COMHOXNTENION HE MEHSETCA, CKOOKN NOJHOCTHLIO OIpe-
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JOEAAI0T NOpAAOK gedcTsni. Hanpumep, ansa n=4 ecTb 5 pacCTaHOBOK:

({ab)c)d, (a(be))d, (ab)(cd), a((bc)d), a(blcd)).

[Ykazsanne. Kaxaomy nmopsaiky OEACTBHM COOTBETCTBYET HOCJIEIOBA-
TEILHOCTH KOMaH CTEKOBOI'O KAJIBKYJIATOPA, OMMMCAHHOrO Ha C. 143.] (]

2.6.3. Ha oxpyXHOCTH 33JaHO 2n TOYEK, NPOHYMEPOBAHHKIX 0T 1 10 2n.
IlepeuncanTe BCe CrTOCOOH NPOBECTH N HENEPECEKAIOMMNKCH XOPX € BEpIIn-
HAMU B 3TUX TOYKAX. (Il

2.6.4. IlepeuyncanTsb BCE CIOCOGH! PA3PE3ATH N-YIOMBHWK HA TPEYrONb-
HUKW, OPOBEAA N-2 ero ANaroHaIN. ]

(Mer BepHéMCA K pABPE3AHNIO MHOIOYIOJLHWKA B Pa3jiere O AnHAMNYe-
CKOM pOrpaMMUPOBaHuy, ¢. 136.)

Emé omnn xnracc 3a1a4 HA NEPEYNCICHME BCEX DJIEMEHTOB 33aHHOIO
MHOXECTBA MEl PACCMOTPUM HInKe, 06CY XK Jas METO IONCKA C BO3BPATAMNA
(backtracking).

2.7. lloacueT konuuecTs

Muorga MOXHO HAWTH KOJMYECTBO OOBEKTOB C TEM WIHM HWHBIM CBOM-
cTBOM, He mepeuncuss wx. Kaaccwaeckui mpumep: CX — wucno seex k-are-
MEHTHHIX [TOJMHOXECTB 7-3JEMEHTHOI'O MHOXECTBa, — MOXHO HAWTH, 3a-
nonuaa Tabany no GopMmyaam

Col=Crn=1 (n>1)
ck=ctlick . (n>1,0<k<n)
nm 1o ¢popmyae
e n!
Cn = kl-(n— k)"

(Hepsri cioco6 addeKTUBHEE, eCTU HAI0 BEYUCIUTL MHOTO 3HadeHnit CX )
IlpuBeaém Apyrue NpUMEpH.

2.7.1. (Yucno pazbuwenni; npepiaranacs na Beecoroanon onmmnma ge no
nporpammuposanuio 1988 roga) Iycrs P(n) — €ncao pasbuesnii nesioro
[OJMOXNATEJIBHOIO 7 Ha LeJHe MOJOXUTeNbHEe claracmule (6e3 y4yéra mo-
paaka, 14+ 2 u 2+ 1 — oxso m 1o ke pazbuenne). IIpn n = 0 nonoxum
P(n) =1 (eauncTBeHHOEC Pa3bUEHNE HE COACPKUT Caaraemux). IlocTponTs
anroputm BeraucaeHns P(n) mig sagagHoro n.
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Pemerme. MoXHO J0Ka3aTh (3TO HETPUBMATLHO) TAKYyIO (DOPMYJY [JLA
P(n):

P(n)=P(n-1)+P(n—-2)—Pn—5)—-P(n—7)+P(n—12)+P(n—15)+...

(3HaKM y Nap YIeHOB YEPENYIOTCH, BEIYNTAEMHIE B OJHOW Nape DaBHEI
(3¢ —q)/2 m (3¢® + q)/2; cymma xomedyna — Mmul cumTaem, yto P(k) =0
npu k < 0).

Ouanako n 6e3 e€ NCNOIB30BAHUA MOXHO NPUIAYMATH CHOCOO BEIYMCIE-
aus P(n), koropuii cymecTsesno addekTuBHee nepetopa n moacIéTa Beex
pa3bueHun.

OGoanaunm yepes R(n, k) (qan >0, k > 0) yncno pasbuennit n Ha ne-
JBle NOJOXATEIbHLE craraemsule, He npesocxoasmue k. (Ilpn srom R(0, k)
cynTaeM paBHEM 1 s Beex k > 0.) Ovesnguo, P(n) = R(n,n). Bece pastn-
eHVs T WA CIaraeMele, He Ipeeocxonsume k, pazobbéMm Ha IPYNNH B 33BU-
CUMOCTH OT MAKCUMAJBLHOIO caaraemoro (0603nadum ero 4). Yucao Rn, k)
pasHo cymme (o BceM 4 0T 1 10 k) KOam4ecTs pasGuUeHnit CO CAAraeMBIMU
He 6osbiie k 1 MAKCUMANbHEIM CIAraeMBIM, PABHEIM §. A pasbuenns n Ha
caaraemsie ne 6osee k ¢ MEPBHM CAAraeMEIM, PABHEIM i, [T0 CYIECTBY npei-
CTaBJAIOT COOON pazbuwenns N — i Ha Claraemsle, He npesocxonsmme i (npn
i < k). Tax uto

k
R(n, k) =ZR(n—i7i) npn k < n,
i=1

R(n,k) =R(n,n) opu k > n,
YTO MO3BOJACT BANOJHATEL TAGMUIYy 3HAYCHUN dhyHKnmn R. O

2.7.2. (CuacrimBre GnieTsl; npeanaraiack Ha Bceecorosmon ommmnma-
ae o nporpamMmuposanmio 1989 roga.) HocaegosarersHocTs w3 2n ungp
(xax pnas nudpa or 0 10 9) HABKBAETCA CYACTINBLIM GUIETOM, €CIN CYMMA
nepBHX N uudp pasua cymme nocaeauux n uudp. Hadrw yncio cyacTamsrix
NOCJACHOBATEIHLHOCTEH JAHHOW IINHKL.

Pemerme. (Coolmweno oquNM N3 yIACTHUKOB OJINMITHA KL, K COXANCHUIO,
HE MOTY YKa3aThb (haMUINIO, TAK KaK pabOoThH NpOBEPATUCH 3aIUdpOBaH-
arivn.) Pacemorpnm Gonee obmyro 3agady: HAUTH YUCIO MOCAEIOBATEb-
HOCTCH, T'j¢ PA3HULA MEXIYy CYMMOW MEDPBHX 7 UADD M CYMMOW NOCTEM-
aux n unadp passa k (k= -9n,...,9n). lycrs T(n,k) — 4ucno Takmx
IOCEJOBATCILHOCTCH.

Paso6uém MHOXECTBO TaKUX MOCICAOBATEILHOCTEN Ha KJIACCH B 3aBUCH-
MOCTH OT PA3HULILI MEX Y MEPBOU U nocaeauert undpamm. Ecam aTa pazun-
114 PaBHA t, TO PA3HMIA MEXAY CyMMaMM TP U3 OCTABIIMXCA . — 1 mugp
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pasHa k — t. Y4nuTEIBaA, 9TO Nap UAGD ¢ pasHoCTbIO ¢ GuBaer 10 — [t], mo-
aygyaeM popMyay

9
T(n,k)= > (10— [t)T(n — 1,k —1).
t=—9

(HexoTopHE CaraeMele MOIyT OTCYTCTBOBATE, TAK KaK k — t MOXeT GHTb
CIMIIKOM BEJIMKO. ) O

B nekoroprix ciyyasx 0TBeT yAa8TCA MOSYINTE B BUAE ABHOW (hOPM YL

2.7.3. Hdoxkasars, yro yncio Karanana (KOIWYeCTBO MOCIEA0OBATEILHO-
CTel JIWHE 21 W3 N eIVHAL ¥ 11 MUHYC eIWHNLL, B JI0O0M HAYATBHOM OTDE3-
K€ KOTODHIX He MEHbINe GINHNL, YeM MUHYC efuHun) pasuo C5, /(n + 1).

[Ykazsaune. Uncno Karanana ects yncio aomaserx, uaymmx n3 (0,0)
B (2n,0) maramn (1,1) n (1, —1), He OMYCKAIOMMXCA B HUXKHIOK ITOLYILIOC-
KOCTB, T. €. PA3HOCTH YNCIA BCEX JoManux (koTopoe ects CF) m uncia jo-
MAHEIX, ONYCKAIOIMXCA B HUKHIOW MOJIYIIOCKOCTE. [locneiame MOXHO Orm-
CaThb TAKXKE KAK JOMAHHE, epeceKkatomme npamyio y = —1. Orpasmns nx Ky-
COK CIIpaBa OT CAMOW [IPABOM TOYKN [TEPECEYCHNA OTHOCUTENBHO YKA3AHHON
NPAMON, MEl YCTAHOBAM B3aMMHO OJJHO3HAYHOE COOTBETCTBUE MEXKIY HUMM
u somarevu w3 (0,0) B (2n, —2). Ocraéres nposepnTs, yro CR, — Citl =

2n

= C3,/(n+1)] O

3. OBXO/J AEPEBA.
[TEPEEOP C BO3BPATAMMU

3.1. Pep3au, He bblowmne Apyr Apyra:
obxo/ AepeBa MO3nLUH

B npearigymien riase Mul pacCMaTPUBAIA HECKOIBKO 33,4449 OJHOIO ¥ TO-
IO JKe THIA: «IEPEYNCINTD BCE DIEMEHTH HEKOTOPOro MuoxecTsa A». Cxe-
Ma pemeHna OuUIA TAKOBA: HA MHOXeECTBE A BBOIMICA MOPAJSOK U OMUCHI-
BAJACH TPOLEAYPA MEPEXO4a OT NPOU3BOJLHOIO DIEMEHTa MHOXeCTBa A
K CJEIYIOIEeMy 3a HUM (B 3TOM nopaake). Takyio cxemy He BCEra yaaércs
PeaAIN30BaATh HENOCPEACTBEHHO, M B 3TON IVIaBE MBI PACCMOTPUM JPYTOH
[TONE3HBIA NPUEM NEPEYNUCICHNA BCEX BJIEMEHTOB HEKOTOPOI'O MHOXKECTBA.
FEro maswmsaior «n1ouck ¢ BO3BpaTaMMy, «METOJ BETBEH M rpadmin, «back-
tracking». Ha wam earusn, wanbosee TOYHOE HA3BAHWE DTOMO METOAA —
ob6xon nepesa.

3.1.1. TlepeyncanTs BCE COCOOH PACCTAHOBKHU 71 (hEP3EU HA MAXMaT-
HOW JOCKE M X M, NPW KOTOPHIX OHN He OLIOT ADYr APYra.

Pemerme. OueBnauo, Ha KAXJOW W3 7 TOPUBOHTANEH NOJKHO CTOATH
no ¢epso. Byaem nasmsate k-nosunmen (ais k=0,1,...,n) npon3soas-
HYIO paccTaHoeky k depaew wa Kk uvxanmx ropusowraisx (dpepam moryr
6uts apyr apyra). Hapucyem «IepeBo MO3MIMi»: ero KOpHeM OyaeT eInH-
creennas 0-nos3mnus, a w3 KaxAOW K-IIO3WLMM BHIXOAWUT 71 CTPEJOK BBEPX
B (k + 1)-noswuyn. STH N NO3NLANR OTIWYAIOTCA MOJOXKEHNeM (epast Ha
(k + 1)-oi ropuaonramm. Byaem cumraTs, 9TO PACIOJIOKEHNE UX HA PUCYH-
Ke COOTBETCTBYET ITOJOXEHWNIO FTOr0 Qep3s: JeBee Ta IO3WIMA, B KOTOPOH
¢dep3b pacnoNoXeH JeBee.

Cpean mo3aunui 3Toro jJepesa HaM HaAo 0TOOPATH TE N-NO3ULNNA, B KO-
TOpHX (hepan He ObioT Apyr Apyra. lIporpamma 6yner «0O6XOANTDL NEPEBO»
n nCkaTh nxX. Yrobr He AenaTsh JUNIHEH pabOoTHl, 3AMETUM BOT YTO: €CJN
B KAKON-TO K-ro3mumm ¢dhepau ObIoT APYr APYyra, TO CTABATL JATLHENIIAX
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<

Jepeso mogwmmm mis 1= 2

dep3en cmuicaa wer. [Tovromy, obuapyxus 310, Mbl OyleM Npekpamarb
[TOCTPOEHUE JE€PeBa B ITOM HANDABJICHUN.

Tounee, HA30BEM K-TO3NUIUIO JOMYCTUMOW, CCIU ITOCAE VAJCHUA BEDX-
mero ¢pep3a ocrasmmecs He GororT apyr apyra. Hama nporpamma Gyaer
pPACCMAaTPUBATL TOJBKO JOMYCTUMEIC NO3UIINN.

e
£ HEE e

JepeBo aONyCTUMBIX TO3WIMNA s i = 3

Pa3o6uém 3agagy ma ase wactu: (1) 06xo NIpoOU3BOILHOrO aepesa u (2)
PEATUBAINIO ACPEBA JAONYCTUMBIX TTO3UIINM.

3.1. Depau, ne bvruwue dpy2 dpyaa: 06200 depesa nosuyuil 61

Chopmyaupyem 3afady o0Xofa NMPON3BOJBLHOIO jepeBa. bBymem cum-
TaTb, YTO ¥ HAC WMeeTCst POGOT, KOTOPHM B KaXKIAKHW MOMEHT HAXOIUTCHA
B OJHOW W3 BEPIIWH AepeBa (BepIMHE! W30CPAXKEHH HA PUCYHKE KPY¥KO4Y-
kamn). OH yMeeT BHIIOJIHATL KOMAaH JH:

® BBepxX._HaNeBo (WATH IO CAMOW JEBOW U3 BHIXOIAIMX BBEPX CTPEJIOK )
e BIpaBo (NEPENTH B COCEMHIOO CIPABA BEPIINHY )
e BH¥3 (CHIYCTUTHLCA BHU3 HA OJMH YPOBCHD)

(Ha pucyHkax CTpeNKaMM NMOKa3aHO, KAKWe ITepeMENIeHNA COOTBETCTBYIOT
HTNM KOMaHIaM.)

BBepX_HaJleBO BIIpaBO BHU3
Kpome Toro, B penrepryap Pobora sxousr nposepkn (coorsercrByOmMpNe
BO3MOXXHOCTH BEIIOJHUTD KAX VIO U3 KOMAaH/):

® eCTBH_CBepXYy;

® eCThH_CIIpaBa;

® eCTbH_CHU3Y,;

(mocieqHAs TPOBEPKa NCTUHHA BCIOAY, KpoMe KopHA). O6paTnTe BHUMAHNUE,
YTO KOMAH A BIOPABO IIO3BOJASAET NEPENATH JNIIL K «PONHOMY OpPATY», HO HE
K «JBOIODOJHOMYS.

Tak xomanga
BIIPABO
He jercTayerT!

Bynem cuynrars, yro v Pobora ecrts xomanga o6paboTaThb M YTO €ro
3agaya — o6paboTars BCE JWCTHA (BEPIIWHE, W3 KOTODPLIX HET CTPEIOK



62 3. O6z00d depesa. Ilepebop ¢ so3spamamu

BBEDX, TO €CTb [l¢ YCJIOBAC ecThb_cBepxy JoXuo). [ nameh maxmaTHOR
3agaum xomanae obpaboTraTs OyleT COOTBETCTBOBATL IIPOBEPKA W I€YATH
no3wnnm Qepaent.

Jloka3aTessCTBO NPABAILHOCTY NPUBOAWMON jajee NpPOrPDAMMEL WC-
nojb3yer Takue onpepetenus. Ilycts dukcupopano noaoxenme Pobora
B OJHON M3 BepumH jgepesa. Toraa BCe JUCTbA AepeBa pasbuUBAIOTCA HA
Tpn kKaTeropnu: xad Poborom, aesee Pobora n npasee Pobora. (Ilyrs wa
KODHS B JUCT MOXET IIPOXOANTL Yepe3 sepmuHy ¢ Po6orom, ceopaunsars
BJIEBO, HE JOXO/A 10 Heé M CBOPAYMBATL BIPABO, HE N0XOA4A 10 Heé.) Uepea
(051) o6o3uaynm ycaosue «o6paborannl Bce JucTha Jesee PoGoray, a yepes
(0JIH) — ycnoBue «o6paboTankl BCe JUCTbA JeBee n Hax PoGoToms.

JleBee Han Ilpasee

Hawm nona nobures rakas nponenypa:

procedure BBepX_JIo_yHopa_n_o6paboTaTh;
| {mano: (0JI), magmo: (0JH)}

begin

{muBapuanr: 0N}

while ecTn_cBepxy do begin

| BBEpX_HaleBo;

end

{0, Po6or B mmcTe}

obpaboTaTs;

{onH}

end;

OCHOBHON AJATOPUTM:

maHo: Po6oT B KopHe, NMCTRA He o6paboTaHH
Hago: Po6oT B KopHe, MUCTBA o6paboTaHH

{on}
BBepX_Jo_ymnopa_n_o6paboTaTs;
{vupapuanr: OJIH}
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while ecTn_cHu3y do begin
if ecTn_cmpaBa then begin {0JlH, ecTs cmpama}
BIIPaBo ;
{on}
BBepX_Jo_ynopa_u_o6paboTaTs;
end else begin
{0H, He ecTh_cmpaBa, ecTh_cHU3Y}
BHU3;
end;
end;
{0JIH, Po6oT B XOpHe => BCe IUCTLA ob6paboTaHu}

OcTanocs BOCNOML30BATHLCA CICAYIOMMMN CBOUCTBaMHU KoMang Pobora
(B KaXJOW CTPOKE B NEPBOM PUCYPHON CKOOKE BAlMCAHE! YCJIOBUA, B KOTO-
PEIX BHIMOJHAETCA KOMaH[Ia, BO BTOPON — YTBEPXKACHUS O peayabTaTe eé
BEIIIOJHEHNA )

(1) {OJI, ne ecte_cBepxy} ob6paborars {OJIH}

(2) {OJI, ecte_cBepxy} BBepx_Haneso {OJI}

(3) {ecrn_cmpasa, OJIH} supaso {OJI}

(4) {ue ecte_cnpasa, ects_cuuzy, OJIH} srus {OJIH}

3.1.2. [okasaTb, 94TO NpUBEAEHHAs NporpaMma 3asepmaet padory (Ha
J060M KOHEYHOM [epeBe).

Pemenme. [Iponeaypa BBepx_no_ynopa u_o6paboTaTsh 3asepiiaeT pabo-
Ty (BrICOTA PO60TA HE MOXKET yBeMMuYNBATLCA GeCKOHEYHO). Eean nporpam-
Ma paboTaeT 6ECKOHEYHO, TO, IOCKOJIBKY JUCThA He 006pabaThIBAIOTCA IO-
BTOPHO, HAYWHAS C HEKOTOPOr'O MOMEHTA HU OJUH JUCT He 06pabaTHBACTCA.
A 310 BO3MOXHO, TONBKO ecim Po6ot Bcé Bpems crnyckaercs sun3. [IpoTn-
sopeune. (06 onenke Yucaa JENCTBUH CM. faee.) |

3.1.3. [Joxasars NpaBMILHOCTS CJACAYIOIEH IpOrpaMmul 06xona Aepesa;

var state: (WL, WLU);
state := WL;
while ecTh_cHu3y or (state <> WLU) do begin

if (state = WL) and ecTn_cBepxy then begin

| BBepX_HalleBo;

end else if (state = WL) and not ecTh_cBepxy then begin

| o6paboTaTh; state := WLU;

end else if (state = WLU) and ecTn_cmpaBa then begin

| BIpaBo; state := WL;

end else begin {state = WLU, not ecTh_cIIpaBa, ech_CHnay}
| BHHS3 ;

end;

end;
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Pemrerme. NuBapnanT nukia;

state =WL = 0l
state = WLU = 0JIH

JokazaTenscTso 3aBepuieHna paboTw: nepexon n3 cocrosunsa 01 s OJIH
BO3MOXEH TOJBKO pu 06paboTKe BEPIIWHE, TOITOMY €CJU NPOorpamMma pa-
6oTaer GECKOHEYHO, TO C HEKOTOPOI'O MOMEHTA 3HAa4YeHwe state ne mens-
€TCs, YTO HEBO3IMOXKHO. U

3.1.4. Hamucars nporpammy 06X0Ja AEpeBa, UCIOIL3YIONYIO IPOLCHY-
Py [epexolia B CACAYIOWMA JNCT (€ BHIXO MHEIM 1aDaMEeTPOM, COOGMAOMNM,
VAAJOCH JIM 3TO CACIATH WIA JACT OKABAICA ITOCICIHNAM ). ]

3.1.5. Pemmre 3agayy 06 ob6xome aepeBa, eCau MEL XOTHM, YTOOH 06-
pabaTHBATNCH BCE BEPIIMHE (HE TOJBKO JUCTHA).

Pemernme. Ilycte £ — nexoropas sepnmua. Toraa mobas Bepmmna y
OTHOCUTCA K OJHOM M3 YETHIPEX KaTeropuid. PacCMOTpUM IyTh M3 KOPHA
B y. Ou moxer:

(a) 6HITH 9ACTHIO MyTH U3 KOPHA B & (Y HudHe I);

(6) ceepryTh HaueBO C MyTH B & (Y aedee T);

() nponTn yepes 1 (y #ad T);

(r) ceepuyThb Hanpaso ¢ nyTu B x (y npasee z);

B wacTHOCTH, CaMa BEPIIMHA T OTHOCUTCA K KATEropun (B). YCJIOBUA Tenepb
6yAyT TAKWMMU:

(OHTT) ob6paboTadkl BCE BEPUIWHEL HIXKE W JEBEE;
(OHJIH) 06paGoTadnl BCE BEPIINHEL HIXKE, JEBEEe N HAL.

Bor kak Gyaer Brrigiers nporpamMmma:

procedure BBepx_zno_ymnopa_m_obpaboTaTh;
| {mano: (OHNI), magmo: (OHJH)}
begin
{unBapuanr: OHJI}
while ecTn_cBepxy do begin
obpa6oTaTh;
BBepX_HalleBo;
end
{0HJ]I, Po6oTr B mucTe}
obpaboTaTh;
{OHJIH}

end;
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OCHOBHOU AJITOPUTM:

naHo: Po60T B KopHe, HMYero He obpaboTaHo
Hago: Po60T B KopHe, BCe BepUMHH o6paboTaHH

{01}
BBepX_Jo_ynopa_u_o6paboTaThb;
{unpapuanr: OHJH}
while ecThb_cHu3y do begin
if ecTn_cmpaBa then begin {0HJIH, ecT®r cmpaBa}
BIPaBo;
{oHN}
BBepX_Jo_ymopa_H_o6paboTaTs;
end else begin
{0JlH, He ecTh_cmpaBa, ecTb_cHU3Y}

BHU3;
end;
end;
{0HJH, Po6oT B KOpHe => BCe BepuMHH o6paboTaHH} ]

3.1.6. Ilpusenénnas TONBKO 4TO mporpamMma oOpabaThiBacT BEPIINHY
0 TOro, kak obpaboran ao6ou w3 eé moTOMKOB. Kak M3MEHUTHL TPOr paM-
My, 9TOOBI KaXX[Jas BEPIINHA, HE ABJIAIOMAACA JUCTOM, 0OpabaTHBalacCh
OBAX LI ONWH pa3 X0, & JAPYIOW pas mocje Bcex csowx noromkos? (JIn-
CThA TO-NIPEKHEMY 0OpPaABATHBAIOTCA 110 Pasy.)

Pemerwme. [lon «0o6paboTano uvmxe n jgeseey 6yIEM TOHNMATE «HUXKE 06-
paboTaHo No pazy, ciesa 06paboTaHO MOTHOCTLIO (JINCTBS [0 Pady, OCTANb-
Hrie 1o a8a)». Ilog «06paboTano HuXKe, JeBee U Ha Iy 6y 1eM NOHUMATH «HUXKE
006paboTano o pasy, JeBee W HAJ — NOJHOCTLIO).

IIporpamma Gymer Taxou:

procedure BBepx_zmo_ymopa_m_ob6paboTaTh;
| {mano: (OHN), mamo: (OHJH)}
begin
{vnBapuanr: OHJ}
while ecTn_cBepxy do begin
obpa6oTaTh;
BBepX_HalleBo;
end
{0HJI, Po6or B mucTe}
o6paboTaTh;
{OHJIH}

end;
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OcHoBHOW aICOPUTM: procedure begin_work; {mauarr paboTy}
begin
naHo: Po6oT B KopHe, HMYero He o6paboTaHo | k := 0;
Hago: Po60T B KopHe, BCe BepUMHH o6paboTaHH end;
{OHI} function danger: boolean; {BepxHuil dep3b mox Goem}
BBepX_Jo_ynopa_n_obpaboTaTs; | var b: boolean; i: integer;
{vmpapuanr: OHJIH} begin
while ecTn_cHu3ay do begin if k <= 1 then begin
if ecTn_cmpaBa then begin {OHJIH, ecTs cmpasa} | danger := false;
BIIPaBo; end else begin
{0HI} b := false;
BBepX_Jo_ynopa_u_o6paboTaTs; i=1;
end else begin {b <=> Bepxnnﬁ dpep3r moxn GoeM @epaeﬁ ¢ HoMepamm < i}
{0JIH, He ecTh_cmpaBa, ecTh_cHHU3Y} while i <> k do begin
BHH3; b :=b or (c[il=c[k]) {Beprmramsn}
06paboTaTh; or (abs(c[i]-c[k]))=abs(i-k)); {mmaromamn}
end; i 1= i+1;
end; end;
{0HJIH, Po6oT B kopHe => Bce BepumMHH o6paboTaHH momHoCTBb} L[] danger := b;
end;
end;

3.1.7. [lokazaTh, 94TO YNCIO ONEPALMN B ITOW NPOCPAMME MO TOPAI-
Ky DaBHO 4mcay BepumH gepesa. (Kak u B ADYrMX NporpamMmax, KOTODHE

N function is_up: boolean; {ecTb_cBepxy}
OTINYAIOTCS OT ITOW JNIIBb POINYCKOM HEKOTOPHIX KOMaHJA 06paBoTaTs. )

begin
[Ykazanne. IIpuMepHO Kaxaoe BTOPOE ACHCTBUE IPU UCIIOJHEHAN 3TON is_up := (k < n) and not danger;
nporpamMmul — 06paGoTKA BEPIINHEL, 4 KAXAaA BepIINHA 06pabaTrBaeTCs end;
MAKCAMYM [BAXKIEL ] O o
function is_right: boolean; {ecTn_cmpasa}
Bepuémcs renepr k mamed 3ajgayve o ¢epasx (rge m3 BCEX NPOrpaMm begin
06paboTKN Jepesa MOHANOONTCA JUINL nepsad, camas npocras). Peammay- | is_right := (k > 0) and (c[k] < n);
eM omepaumm ¢ aepesoM no3mmmn. Iloswmmio OyieM npencTaBiaTbs € MO- end;
MOILBIO nepeMenHon k: 0. .n (ducao gpepaen) n maccmsa c: arrayl[l..n] {posmoxna ommbxa: mpu k=0 He ompenememo c[k]}
of 1..n (c[i] — xoopamuarer depas Ha i-ow ropmaowramy; npn i >k

K function is_down: boolean; {ecTn_cuuzy}
suavenne c[i] posm me wrpaer). Ilpeamonaraercs, 9To BCE NO3UUMN begin

pomyctumel (ecim y6paTh BepxHEro (epas, OCTAaJbHHE He ObIOT ApYyr is down i= (k > 0);
Apyra) end;

Togram queens;
program q H procedure up; {BBepx_HameBo}

const n = ...; begin {k < n, not danger}
var k:=k+1;
k: 0..n; c [k] :=1;

c: array [1..n] of 1..n; end :
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procedure right; {empaso}
begin {k > 0, c[k] < n}
| ¢ k] := ¢ [k] + 1;
end;

procedure down; {mmm3}
begin {k > 0}

| & := % - 1;

end;

procedure work; {o6paBoTraTn}
| var i: integer;

begin
if (k = n) and not danger then begin
for i := 1 to n do begin
| write (°<’, i, ’,’ , c[il, > ?);
end;
writeln;
end;
end;

procedure UW; {BBepx_nmo_ymopa_u_o6paboTaTs}
begin
while is_up do begin
up;
end
work;
end;

begin
begin_work;
UW;
while is_down do begin
if is_right then begin
right;
UW;
end else begin
| down;
end;
end;
end.
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3.1.8. Ilpusenéunas nporpamMma TPATUT NOBOJBHO MHOIO BDEMEHW Ha
BHINOJHEHNE [POBEPKW ecTh._cBepxy (NpOBEpPKa, HAXOMAWTCH JW BEPXHUN
depap noa Goem, TpebyeT WmMCJa NEACTBAM NOpAAKa n). U3MEHUTH pe-
ATWBANMIO OEPAlMA C NEepeBOM NO3WNMM Tak, 4TOOH BCE TPW IpOBEp-
KN eCTb_CBepxy/clpaBa/cHH3Y M COOTBETCTBYIOLIME KOMAHIH TPeOCOBa-
Jap OBl KOJMYECTBA JAEMCTBUHA, OPAHWYEHHOI'O HE BABUCANIEN OT N KOHC-
TAHTON.

Pemenwme. s kax 10 BEPTUKAIN, KaX JON BOCXOAAIMICHA W KaXK JOW HUC-
XOAMEH AuaroHaiyn OyJeM XPaHWTL OyJEBCKOE 3HAYCHHE — CBEJCHUA O
TOM, HAXONUTCA JW HA 3TOW Jnuwy ¢dhep3b (BepxXuwi $hepab He YINTLIBACT-
ca). (3ameTwM, YTO B CHIY AONYCTUMOCTH IMOBNUIMA HA KAXKIOU U3 JUHUHA
MOXeT OHITL ne 6ojee OJHOro dhepast.) |

3.2. O6xopn nepeBa B Apyrux 3ajaqax

3.2.1. Ucnoaraosars MeToly 06X04a AepeBa IJisl DEIICHUA CJAEHYyIOmen
3aJ0a4N: JaH MACCHB U3 N HEJLIX NOJOXATCHbHLX yncex a[1] ... a[n] » un-
CJ10 s; TpeOyeTcsa Y3HATH, MOXKET JU YNCIO S OBITH NPEACTABICHO KAK CyMMa,
HEKOTOPHIX M3 Yucel Maccusa a. (Kaxioe 4rucjao MOXHO HCIOIB30BATE HE
6osee Y4eM 1o OHOMY Paay.)

Pemerme. Bynem 3a1aBaTe k-mO3NNINIO NOCACAOBATENLHOCTHIO U3 k Oy-
JEBCKWX 3HAYEHNN, ONTPeASIMIONINX, BXOAAT Ju B cymmy ynena al1] ... al[k]
wim He sxoaat. [lo3unmsa gonycruma, ecim eé CymMma He NPEBOCXOANT s. L]

3ameqarme. [0 CpaBHEHMIO ¢ TOTHEIM Tepe6opoM Beex 28 mogMHOXeCTs
TYT €CTh HEKOTOPHIA BHIAIPHII. MOXHO TaKXe IPeIABAPUTEIBHO OTCOPTH-
poBaTh Maccus a B yOLIBAIOIEM MODSJAKE, d TAKXKEe CYNTATH HEJIONYCTH-
MBIMU T€ [TO3WLNNA, B KOTOPHIX CyMMa OTOPOIIEHHKIX YWICHOB GOJblIe, Yem
PAa3HOCTE CYMMBI BCEX WaeHOB ¥ s. [locaequmil npuéM Ha3HBAIT «METOIOM
BeTBEN U rpanny. Ho NpUHIMINANEHOrO yAyHIICHASA 10 CPABHEHUIO C [TO-
HLIM [epefopoM TYT He motyyaercsa (dra 3anava, kak rosopsat, N P-nox-
Ha, moapobuocTy cMm. B Kunre Axo, Xonkpodra n Yasmana «[locrpoenne
¥ AHAIN3 BHIYNUCANTEIbHEIX atroputmosy, Mup, 1979, a rakxe B kaure ['s-
pu n [xoncona «BuramcinTe bHEe MAIWHLL U TPYJHODEIAeMEIE 3a[a4ny,
Mup, 1982). TpaguLMOHHOE HA3BaHME DTOM 3aJa49M — 3a/a4a O PIOK3a-
Ko (prok3ak oOIeN IPY30N0JLEMHOCTBIO S HYXHO YITAKOBATEL IT0]( 3aBI3-
Ky, pacroJaras npeameramu Beca a[1] ... a[n]). Cm. Taxxe B raase 8 (Kak
0GONTHUCH 63 PEKYPCUM) ATCOPATM €€ DEIICHNA, TOTHHOMUAATBLHEIN 110 1L + S
(MCHIONB3YIOMAN «IMHAMMWYECKOE IIPOrPAMMMUPOBAHUEY ).
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3.2.2. TlepeyncianTs BCe NOCACAOBATEILHOCTH W3 1 HYJEH, CAVHUI M
[BOCK, B KOTODHIX HAKAKAA I'PYIIA UMD HE IOBTOPAETCA [BA DA3A ITOAPA
(mer xycka suga X X). O

3.2.3. Ananormynas 3a4a4a A TOCICIOBATEILHOCTEH HYJICH U € JUHMNLI,
B KOTOPHIX HUKAKAA CPyNna Uugp HE NOBTOPACTCA TPH pasa moapan (Her
kycka suga X X X). O

K asroit xe kaTeropmm OTHOCATCA 3a4aYM TUNA «MOXHO JU CIOKATH
JaHHYI0 GUIYPY W3 IIeHTAMWHO» W MM noxobusie. B Hux Baxno ymenoe co-
Kpamenne repe6opa (BOBpeMst PACIO3HATE, YTO UMEIOIEEC s PACIOIOKEHNE
$Urypox yxe NpOTUBOPEYUT TPeGOBAHMAM, U IO DTON BETBH [IOMCK HE IIPO-
TOIKATE).

4. COPTUPOBKA

4.1. KeagpaTU4Hble anropuTMbl

4.1.1. Ilycre a[1],...,a[n] — wnennle wncna. Tpebyercs nocTponTh
maccumB b[1],...,b[n], coaepxammi Te xe yncaa, mis koroporo b[1] <. ..
...<b[n].

3ameuarme. Cpenn yncen al[1] ...a[n] moryT 6mre pasurle. TpeGyer-
cst, 9TOOH KaxJoe nenoe 9ucio sxoamao 8 b[1] ... b[n] crorbko xe pas,
ckoabko u B a[1] ...a[n].

Pemernme. Yno6uo cumrars, yro uncna all]...aln] m b[1]...b[n]
NPeACTABIAIOT COOOM HAYAILHOE W KOHEYHOe 3HaYeHns maccnsa x. Tpe6o-
BaHMe «a u b coIepx aT OnEm N Te Xe Yncaay OyJeT 3aBeJOMO BLITOJHEHO,
ecJm B riponecce paGoTH ME OrPAHWYNMCS I1€DEeCTAHOBKAMMN DIEMEHTOB X.

k :=0;

{k HauMeHBNMX >IeMEHTOB MAacCHBa YCTAHOBIGHH Ha CBOM MecTalt
while k <> n do begin

s :=k+1; t :=k + 1;

{x[s] - naumemenmu cpemm x[k+1]...x[t] }

while t<>n do begin

t =t + 1;
if x[t] < x[s] then begin
| s 1= t;
end;
end;

{x[s] - nammMemenmu cpemu x[k+1]..x[n] }
. mepectaBuTb x[s] u x[k+1];
k :=k +1;
end; O

4.1.2. [laTe apyroe pemeHne 3a1adm COPTUPOBKN, WCITOILIYIONECe WH-
BAPMAHT «IEPBHE kK daeMeHToB ynopamodensd (x[1] < ... < x[k]).
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Pemenne.

k:=1;

{mepBHe k >IeMeHTOB ymOpAKOYEHH}

while k <> n do begin

t = kt+1;

{k+1-101 >IeMeHT NpoIBAraeTcd K Havyaly, IOKa He 3aMMET
HafMeXallero MecTa, t — ero TeKyWMH HoMepl}

while (t > 1) and (x[t] < x[t-1]) do begin
...noMeHaTh x[t-1] m x[t];
t =t - 1;

end;

end; O

3ameqanme. JedexT nporpaMmel: NPM JOXHOM Bripaxennn (t>1) npo-
Bepka x[t] < x[t-1] Tpebyer HecymecTBy©Omwero 3uadenns x[0].

Oba npeNioXeHHEIX pereHus TpebyoT Ynucaa AeACTBUN, NPONOPLNO-
HaitsHOro n2. CymecTBYIOT GoJee 3¢ eKTUBHEIC aJNOPUTMEL.

4.2. Anroputmbl nopsaka nlogn

4.2.1. TlpeanoxuTs aIropuT™M COPTUPOBKN 3a Bpemsa n log n (yncao omne-
paumi nNpu COPTUPOBKE N 31eMeHToB He 6oasiie Cn logn pa nexoroporo C
M U BCEX N).

Mu npesoxuM aBa PEIICHWA.

Pemerme 1 (cOpTUpPOBKA CAUAHUEM).

ITycrs k — noaoxkurensHoe nenoe yncio. Pazobeém macems x[1] ... x[n]
Ha orpeskn mawmHe k. (Ilepsmwt — x[1]...x[k], sarem x[k+1]...x[2k]
n tax jgatee.) Iocaegumit orpesok OyJeT HENONHHIM, €CIM L HE JEJUTCH
ua k. Hazosém maccus k-yrnopsajoueHHEIM, eCIN KaX JEIU U3 3TUX OTPE3KOB
B OTJeIbHOCTH ynopsanoyed. Jlobon maccue 1-ynopspoden. Ecim maccns
k-ynopaxo4deH ¥ n < k, TO OH ynopsAJOYeH.

Mz onmmieM, Kaxk 1peobpa3oBaTs kK-yIOPAJOYEHHEN MACCHB B 2k-yIIO-
pAKOYeHHE (13 Tex ke aneMerTos). C noMOmWpBIo DTOro npeotpasoBanns
ANTOPUTM 3AITNCHIBACTCS TAK:

k:=1;

{MaccuB x gBIgeTca K-ymopAmodeHHHM}

while k < n do begin
...TMpeo6pa3oBaTh K-yIOPANOYEHHHH MacCUB B 2K-yNOPANOYEHHHH;
k =2 * k;

end;
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Tpebyemoe npeobpasoBaHne COCTOUT B TOM,4TO MBI MHOI'OKPATHO «CJIH-
BaeM» JBA YIODPSAJNOYEHHHIX OTDPE3KA MIWHH He GoJbIne k B OIWH yNopsxo-
YeHHH oTpe3ok. [lycTs nponenypa

cnuauue (p,q,r: integer)

npu p < q < r camBaeT orpeskn x[p+1] .. .x[q] m x[q+1] ...x[r] B ynops-
noyeHHbln orpeaok x[p+1] ... x[r] (we sarparmsas Apyrux 9acTen Maccu-
Ba X).

p q r
| ynopsgouennet | ynopsapgodensei |

l

| YIOPAXOYCHHLIA |

Toraa npeobpaszoBanne k-yrnopAIO9CHHOIO MACCHBa, B 2K-YHOPAIOYCHHEINA
OCYIECTBIACTCA TaK:

t:=0;
{t xparnHo 2k mmu t = n, x[1]..x[t] aBngercs
2k-yIopAmNOYEeHHHM; OCTATOK MacCHBa X He M3IMEHHMICA}
while t + k < n do begin
p := t;
q := t+k;
r := min (t+2*k, n);
{min(a,b) - MuuumMymM w3 a u b}
cmamne (p,q,T);
t = r;

end;

Cimsane TpeGyeT BCOOMOraTEILHOTO MACCHBA AJI 3AIMCH PEe3yJbTATOB
canaHuA — 0603Ha4YnM ero b. Yepes p0 n q0 0603HAYNM HOMEPA NOCTE JHUX
BNEMEHTOB YYaCTKOB, NOABEPIIINXCA CAMAHNIO, 0 — MOCACTHAN 3ANNCAH-
HLIA B Maccus b anement. Ha xax oM mare CAuaHNA TPOM3BOINTCA OJHO
U3 OBYX JCUCTBUN:

b[s0+1] :=x[p0+1];
pO:=p0+1;
s0:=s0+1;
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NN

b[s0+1] :=x[q0+1];
q0:=q0+1;
s0:=s0+1;

(Jlroburemn sarika C wamwcanw Gel B 3ToM cayydae b[++s0]=x[++p0] mn
b[++s0] =x[++q0].)

Ilepoe aeicTene (B3ATHE DIEMEHTA U3 EPBOIO OTPE3KA) MOXKET IpO-
M3BOUTLCA IPU OJHOBPEMCHHOM BLIMTOJHCHUM JABYX yCJOBHN:

(1) mepeuiyt 0Tpe3ok He Komumaca (p0 < q);

(2) BrOpOM OTpE30K KoHWMACA (q0 = T) WIM HE KOHYWICA, HO Bje-
MEHT B HEM HE MEHBIIE OYEPeJHOI0 DIEMEHTA NepBOro orpeska [(q0 < r)
n(x[p0+1] < x[q0+11)].

Amanormano pns sroporo geictema. Urak, nonygaem

pO :=p; 90 := q; sO := p;

while (p0 <> q) or (q0 <> r) do begin

if (p0 < @) and ((q0 = 1) or ((q0 < r) and

(x[p0+1] <= x[q0+1]))) then begin

b [s0+1] := x [pO+1];

pO := pO+1;

s0 := s0+1;

end else begin

{(q0 < r) and ((p0 = @) or ((p0<q) and
(x[p0+1] >= x[q0+11)))}

b [s0+1] := x [q0+1];

q0 := q0 + 1;
s0 := 80 + 1;
end;

end;

(Ecim 06a 0Tpe3ka He KOHYCHHl M IIEPBHIE HEBRIOPAHHEIC DJEMEHTH B HUX
DaBHEHL, TO AOMYCTUME 064 AEHCTBUA; B NPOrPaMME BHIODAHO MEPBOE. )
Ocraérca nms NepenncaTs pe3yJbTaT CAUAHNA OOPATHO B MACCHB X.
(Ilpeaynpexaerne. Ecim 06paTHOE KONMPOBAHNE BHITOMHACTCA BHE IPOLIE-
OYPH CIMAHNA, TO He 3a0yAbTe NPO NOCAEIHNNA OTPE3OK. )
IIporpaMma MMEET NMPUBLIYHLIA AeGEKT: OOPACHNE K HECymeCTBYIO-
MM 3JCMEHTAM MACCHBA ITPH BEIYUCICHUM OyJCBCKUX BHIPAYKCHUM.

Pemenme 2 (cOPTHPOBKA, JEPCBOM ).
Hapucyem «momHOE OBOMYHOC NCPEBO» — KAPTWHKY, B KOTOPOU CHM3Y
OJMH KDYOK, W3 HErO BEIXOJAT CTPEJIKH B JBA APYTUX, U3 KaXKIOTO —
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B JBa APYTWX ¥ TaK Hajee:

ByneM rosopnth, 4TO CTPENKN BEAYT «OT OTIOB K CHIHOBBAMY: ¥ KAXK IO~
O KPYXKa JBa CHIHA W OJWH OTell (eCan KPYXOK He B CAMOM BEDPXY WJIN
an3y). [Ipeanonoxmum aas npoCTOTH, 9TO KOAMYECTBO HOAIEKAIMX COPTH-
DOBKE YNCes €CThb CTEeHb ABOWKM, W OHU MOIYT BANOIHNTL ONWH U3 DAJOB
LENMKOM. JalnieM X TyAa. 3aTeM BAOJHUM YacTb IepPeBa MMOJ HUMMW 110
IPABNIY:

YUCJIO B KPYXKC = MAHIMYM M3 YUCEI B pr)KKéX-CI:xIHOBhHX

Tem caMuIM B KOPHE epeBa (HMXHEM KPYXKe) OyAeT 3anuCaH0 MAHUMAJb-
HO€ YHUCJIO BO BCEM MacCCUBe.

Harimem 3 copTupyemMoro MaccuBa MUHUMAILHEIN daement. [Lis 3Toro
€ro Ha A0 BHAYAJIE HAUTH. DTO MOXHO CAENATH, WA OT KOPHS: OT OTUA Ie-
DPEXOUM K TOMY CHIHY, ['Jie 3AIUCAHO TO X€ YUCa0. V3bis MUHUMAILHEINA
DJEMEHT, 3AMEHNM €0 CAMBOJIOM +00 U CKOPPEKTUpyeM 60Jee HU3Kue Apy-
CHl (11 DTOroO Ha A0 CHOBA NPOWTH NMyTh K KOPHIO). IIpu 3TOM cunraem, 4To
min(t, +00) =¢t. Toraa B KOpHE NOABATCA BTOPOY 110 BEIMYNHE DJEMEHT , MEL
W3BIMAeM ero, 3aMeHss GeCKOHEeYHOCTBIO W KOPPeKTHpys Jepeso. Tak mo-
CTENECHHO MEl M3KIMEM BCE DJIEMEHTH! B IOPAJKE BO3PACTAHNUA, TIOKA B KOPHE
He OCTaHeTCA OECKOHEYHOCTh.

TIpw 3anucn 3TOr0 aIrOpUTMA ITOJE3HO HYMEPOBATDH KPYXKKM YUCIAMN
1,2,... — 0puW 3TOM CHIHOBBAMH KDYXKA HOMED N ABIAIOTCA KPYXKHU 2n
u 2n + 1. [Toagpo6Hoe W3N0XKEHMe 3TOTO AITOPHTMA MEl OIYCTUM, NOCKOIBKY
MBIl W3I0XKUM Goee 3(pGHEKTUBHEIA BADUAHT, He TPeOYIONIWNA JOIIOTHNTeIb-
HOW NAaMATN, KPOME KOHEYHOr'O YNCJIa [MepeMeHHHX (B NOIOJHEHne K COp-
TUPYEMOMY MAaCCUBY ).

Mu 6ygeM 3anuceiBATL COPTHDYEMEIE YNCIA BO BCEX BEPIIMHAX [e-
peBa, a He TONBLKO Ha BepxHeMm yposHe. Ilycre x[1]...x[n] — wac-
CUB, NOMJEXAWMK COpTUpOoBKe. Beprnmuamu aepesa Oyayr uwcna ot 1
no n; o yucne x[i] mur GyxeM roBOpUTH Kak O YHCIE, CTOSMIEM B Bep-
mure i. B npouecce copTpOBKM KOJIMYECTBO BEpUIMH Aepesa Oyjger
COKpamaTnhesa. YuCiIO BEpHIMH TEKyWero jgepesa OyjeM XDaHWTb B Ie-
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pemennon k. Takmm ofpasom, B npouecce paboTH aJIrOPUTMa MaCCHB
x[1]...x[n] pemwrca ma ase wactm: B x[1]...x[k] xpadsrca yncia na
nepese, a B x[k+1]...x[n] xpasnrTcsa yxke OTCOPTUPOBAHHAA B IOPAAKE
BO3PACTAHUA YACTH MACCUBA — DJIEMEHTHI, YXK€ 3aHABIINE CBOE 3aKOHHOE
MeCTO.

Ha xaxjgom mare arropurm 6yieT W3LIMATL MAKCHMAJBLHEIA BJEMEHT
[epeBa W NOMemaTh ero B OTCOPTUPOBAHHYIO YaCThb, HA OCBOGOAMBIICECH
B PE3yJbTATE COKPAILCHUA AEPEBA MECTO.

HJorosopumcsa 0 TepmuHonorun. BeprmmuaamMn JepeBa CYNTAIOTCA YUCIA
oT 1 0O TEKYWIEro 3HAYCHMUA NMEPEMEHHON K. Y KaXJOW BEPIINHLI S MOCYT
OuITE ctinosba 2s U 2s+1. Ecan 06a aTux wucna Goasine kK, TO CHIHOBEH HET;
TaKas BEPIINHA HA3HBACTCA aucmom. Kcim 2s =k, TO BepIIMHA S UMECT
POBHO OJHOrO cHHA (28).

Jas xkaxaoro s w3 1...k pacCMOTPUM «IOJJEPEBO» C KOPHEM B S: OHO
CONEPXUT BEPIIMHY S W BCEX €€ NOTOMKOB (CHIHOBEH, BHYKOB W TaK Na-
Jee — OO Tex NOp, MOKa ME He BHAAeM M3 oTpeska 1...k). Bepmmny s
OyleM HA3HBATHL PErVIAPHOM, €CIAN CTOAMEE B HEU YHUCIO — MAKCUMATb-
HLIA DJIEMEHT S-NOJJEPEBa; S-NOAACPEBO HA3OBEM DE2YAAPHLIM, €CIN BCE
ero sepumun peryispusl. (B wacrwocrn, mo6oi auct obpasyer peryisp-
HOE OJHO3NEMEHTHOE IO AEPEBO. )

3aMeTNM, YTO UCTUHHOCTD YTBEPK JCHUSA «S-MOAACPEBO PEryIAPHO» 3a-
BUCUT HE TOJBKO OT S, HO OT TEKYINEro 3HAYCHNA K.

CxeMa aJropuTMa TaKoBa.:

k:=n
CrenaTrs 1-mopgIepeBo peryIdpHHM;
{x[1],..,x[k] <= x[k+1] <=..<= x[n]; 1-mommeperBo perymapuo,
B yacTHocTH, x[1] - MaxcumMameHmt 3meMeHT cpenmu x[1]..x[k]}
while k <> 1 do begin
ob6MeHaTs MecTamm x[1] u x[k];
k :=k - 1;
{x[1]..x[k-1] <= x[k] <=...<= x[n]; 1-momnmepeso
peryindpHo Be3fe, KpoMe, BO3MOXHO, CaMOr'o KOPHA }
BOCCTAHOBATH PeIYIAPHOCTEL l-TopfepeBa BCHAY
end;

B kagecTsBe BCHOMOraTEmIbLHOW NPONEAYPH HaM MOHAZOOMTCS NponeAypa
BOCCTAHOBJIEHNMA DEryJsPHOCTH S-NOjjepeBa B Kopue. Bor ona:

{s-nopmepeBo perynapHo Be3sge, KpoMe, BO3MOXHO, KOPHAY}
t := s;
{s-nopmepeBo perynapHo Besge, KpoMe, BO3MOXHO, BePUMHH t}
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while ((2*t+1 <= k) and (x[2*t+1] > x[t])) or
((2*t <= k) and (x[2%t] > x[t])) do begin

if (2%t+1 <= k) and (x[2*t+1] >= x[2%t]) then begin
o6MeHATE x[t] m x[2*t+1];

t = 2%t + 1;

end else begin
o6MeHATE x[t] u x[2%t];

t 1= 2%t

end;

end;

Yrob6u ybeuThCs B NPABUILHOCTA 3TOM NPOLEAYPHI, NOCMOTPUAM HA
neé nosammarensuee. [lycTte B s-nogaepese BCE BEPIINMHEI, KPOME Da3Be
YTO BEPIIMHE! t, peryaapHu. PaccmoTpum curosed sepmmanl t. Onm pe-
CYJASPHEL, ¥ NOTOMY CONEDXAT HANOOJIBLIINE YUCIA B CBOWX MO ICDEBLAX.
Taknm o6pa3oM, HA POIL HAMOOIBIIErO YNCIA B t-OAAepeBe MOIYyT npe-
TEHJOBATEL YUCJIO B CAMOW BeprmmHe t MW yucia B eé cuuosbax. (B nepsom
CIy4ae BEpUIMHA t PeryJsApHa, W BCE B NOpPAAKe.) B 3THX TepMUHAX LUKJ
MOXHO 3aINCATL TaK:

while HaumGonbllee YMCIO He B t, a B ONHOM M3 CHHOBeH do begin
if omo B mpaBoM chme then begin
| TOMeHATH t C €& TpaBHM CHHOM; t:= TpaBHK CHH
end else begin {Haubompmee 4MCIO - B JIeBOM CHHel}
| MOMEHATL t C €8 JNeBHM CHHOM; t:= JeBHM CHH
end
end

Tlocne o6mena BepMHA t CTAHOBATCA PEryAApHON (B HeE NONa aeT MaKCH-
MaJbHOE YUCIO t-noaaepesa). He npunasmmi yyacTtns B o6MeHe CHH OCTa-
8TCs PeryJIApHEIM, & NPWHABIIWHA YYACTHE MOXKET U He GLITh peryJsApHEM.
B ocranbuuix Beprmimuax s-rnojepesa He W3MEHWINCHL HY YNCIa, WY IO Je-
DEBBA WX NOTOMKOB (Pa3Be 9TO [BA DJIEMEHTA O/ ICPEBa NEPECTABAINCE)
TAK YTO PErYIAPHOCTL HE HADYIMAACE.

ITa XKe NpoUeyPa MOXET MCHOIB30BATHLCA UL TOrO, YTOOH CHesaTh
1-noAAEpEBO PEryJAPHEIM HA HAYAILHOW CTAJAWN COPTUDOBKN:

?

k :=n; u := n;
{Bce s-monmepeBbA C S>U PeryIApHH }
while u<>0 do begin
{u-opmepeBo perynapHo Be3sje, KpoMe pa3Be YTO KODHAY}
BOCCTAHOBUTB PeTYIAPHOCTE U-TIOJIepeBa B KOpHe;
u:=u-1;
end;
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Tenepr zammuieM mpouenypy COPTMPOBKM Ha mackaje (IIpeiroaras,
YTO N — KOHCTAHTA, X UMEET THUI arr = array [1..n] of integer).

procedure sort (var x: arr);
var u, k: integer;
procedure exchange(i, j: integer);
var tmp: integer;
begin
tmp
x[i]
x[j]
end;
procedure restore (s: integer);
var t: integer;
begin
t:=s;
while ((2*t+1 <= k) and (x[2*%t+1] > x[t])) or

((2*t <= k) and (x[2*%t] > x[t])) do begin
if (2%t+1 <= k) and (x[2#t+1] >= x[2#t]) then begin
exchange (t, 2%t+1);
t 1= 2%t+1;
end else begin
exchange (t, 2%t);
t 1= 2%t
end;

x[i];
x[j]1;
tmp;

end;

end;

begin

k:=n;

u:=n;

while u <> Q do begin
restore (u);

u :=u - 1;

end;

while k <> 1 do begin
exchange (1, k);

k =k - 1;
restore (1);
end;
end; O

Heckonexo 3amevyanmi.

MeTo/, NCIOTL30BAHHEIN PN COPTUPOBKE JIePeBOM, GLIBAET MONE3HEIM
B Apyrux caydasx. (Cm. B raase 6 (Tunm ganswix) 06 oYepeau ¢ NIPUOPH-
TETaAMN. )
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CopTupOBKa, CIUSHUEM XOPOIa TeM, YTO OHa Ha Tpebyer, 4ToOH Bech
COPTUPYEMHIN MACCUB NOMEIIAJICA B ONEPATUBHON maMaT. MOXHO CHadala
OTCOPTUPOBATEL TAKNE KYCKW, KOTOPLIe NOMEMAIOTCA B NamMaT (Hanpumep,
C IOMOWIBIO AEPEBa), 4 3aTEM CIMBATH [TOTYyYCHHEIE QAN

Em@ opnu npakTwyeckn BaXKHEN alrOpUTM COPTUPOBKN (BHICTpas Cop-
TnposKa Xoapa) TAKOB: 9TOOH OTCOPTUPOBATL MACCHB, BHIOEDEM CIYYai-
HEIN ero djeMedT b, m pasobbéM MaCCUB HA TPH 9aCTN: Meubime b, pasusie b
n 6oasmme b. (Jra sagada npuseaena B raase 1.) Teneps ocranocs orcop-
TUPOBATH [TEPBYIO M TPETHIO YACTN: 3TO JeJaeTCa TeM xe cnocobom. Bpems
paboTH ITOrO ANCOPATMA — CAYYaWHaA BEIWYUHA; MOXHO JOKA3ATH, YTO
B cpefHeM OH padoraeT He 6onbme Cnlogn. Ha mpakTnke — oH oanH 3
camurx OmcTprx. (Mer em@ Bepuémes K HeMy, NPUBEIA ErO PEKYPCUBHYIO
M HEPEKYPCUBHYIO DEaTu3alnim.)

Haxownen, ormernm, uro copTuposka 3a spems nopaaka Cnlogn mo-
X)eT OBITh BHINOJHEHA ¢ MOMONIBIO TEXHWKN COATAHCHPOBAHHEIX JEPEBLEB
(cMm. ruasy 14), oqHAaKO NPOrPaMMEL TYT CJIOXHEE W KOHCTaHTa C' JOBOJBHO
BEJINKA.

4 3. [lpumeHeHna COpTUPOBKMU.

4.3.1. Hantn KOAM4YecTBO PA3ANYHBIX YUCEN CPEAN BJEMEHTOB JAHHOIO
maccuea. Uncao penctsmn mopsagka nlogn. (Jra 3anava yxe 6uuia B ria-
Be 1.)

Pemenne. Orcopruposars 4Yncia, a 3aTeM IOCYNTATH KOJUHECTBO Pa3-
JWYHBIX, IDOCMATPUBAA BIEMEHTH MACCUBA IO TOPALKY . ]

4.3.2. [anmo n orpeskos [a[il,b[i]] ma npamonn (i = 1...n). Hairn
MAKCUMAIBbHOE K, Ui KOTOPOrO CYIIECTBYET TOYKA NPAMOMA, ITOKPHITAL
k orpeskaMn («MAKCMMAJIBHOE YUCIO CJAOEB»). UNCaIO AeHCTBUN — mopaj-
ka nlogn.

Pemerme. Ynopsagounm Bce JeBEIe W NPaBEIe KOHIE! OTPE3KOB BMECTE
(Ipm BTOM JEBHN KOHEN CYNTACTCA MEHLIlEe NPABOrO KOHIA, PACITONOMXEH-
HO'O B TOW Xe TO4YKe npaMoi). Janee ABUraeMcs CJAEBA HANDPABO, CYNTAA
YNCIO CIOEB. BeTpeyennuiit JeBLIA KOHEN YBEINYUBACT YWCIO CJIOEB Ha 1,
npaBei — ymerbmaer. OTMETHM, YTO NPUMHKAIOMWAEC IPYT K APYLY OT-
pe3ku 06pabaTHIBAIOTCA IPABMILHO: CHAYANA WIAET JEBHIN KOHel (pasoro
OTPE3KA), & 3aTeM — NPABHINA (ICBOIO OTPE3KA). U

4.3.3. [lano n TOYEK HA IJIOCKOCTH. YKasaTb (n — 1)-3BeHHYyIO Heca-
MOITEPECEKAIOMIYIOCA HE3AMKHYTYIO JOMAHYIO, POXONANYIO Yepe3 BCEe 3TH
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To4ykn. (CoceHNM OTpE3KAM JOMAHOMN DA3PEIaeTCs JeXaTh Ha ONHON Nps-
mon.) Yucao geicrsnit nopagka nlogn.

Pemerme. YnopsaoynM TOYKM MO Z-KOOPAWHATE, & NPU DPABHBIX Z-KO-
opAWHATaX — N0 y-Koopawnare. B TakoM nopsake m MOMXHO NPOBOAUTHL
JOMaHYIO. ([l

4.3.4. Ta xe 3aja4a, €ClIM JOMAHAA JOJXKHA OLITL 3AMKHYTOU.

Pemerme. Bosbménm camyro nesyo TO4Ky (TO €CTb TOYKY ¢ HANMEHbIIIEN
Z-KOODIWHATON) U NPOBEAEM U3 HEE Jy4Yu BO BCE OCTANbHEE TOYKU. Teneps
YIOPSAJOYUM DTH JYIH CHU3Y BBEPX, & TOYKW HA OJHOM Jy4e yIOPAJOYUM 110
DACCTOAHMIO OT HAYANA JTy4a (HTO NeJaeTCs 1t BCEX JIyYei, KDOME HIXKHErO
1 BepxHero). JlomMaHas BEIXOANT W3 BRIOPAHHOW (CAMON JEBOM) TOYKMA IO
HVDKHEMY Jy4y, 3aTeM IO BCeM OCTANBHBIM Jy4aM (B ONUCAHHOM IOPSIKe)
W BOBBPAILAETCS IO BEPXHEMY Jydy. |

4.3.5. [lano n TodYex Ha MAOCKOCTHU. [IoCTPONTE WX BEINYKAYIO OBON0Y-
KY — MWHUMAIBHYIO BHITYKAYVIO PUIyDPY, nx conepxkaryio. (Pesnnosoe xo-
JIEYKO, HATAHYTOE Ha BOWTHE B JOCKY I'BO3AN — MX BHIIYKJIAA 060J0OYKA.)
Yucno onepanun He 6osnee nlogn.

[Ykasauue. Yopago9uM TOYKYU — COAUTCA JIOGOW W3 NOPSAIKOB, WC-
[OIB30BAHHLIX B ABYX NPEALIAYINAX 3aJad4aX. 3aTeM, PacCMATPUBasg TOY-
KM [0 o4epeau, OyjJeM CTPOMTH BHIOYKIYIO OOOJOYKY yXe pacCMOTPEH-
HEX TOweK. (/1 XpAaHeHus BHINYKJIOW OGOJOYKM NOJE3HO WUCIOIL30BATH
Iex, cMm. riasy 6. Bripowem, npu yrnopsAZOYEHNAM TOYEK IO yriaM HTO U3-
Jmuise. )] O

4.4, HuxxHue oUeHKU ANs Yucna cpaBHEHUN
NpU COPTUPOBKE

Ilycte mMeeTcs m PA3ANYHBIX IO BECY KAMHEM M BECHl, KOTODHIE IIO-
3BOJSIIOT 33 OJHO B3BEIIWBAHWE ONPEJENUTb, KAKOU W3 IBYX BEIODAHHBIX
Hamu KamHen Tsoketee. (B nporpaMMmMCTCKMX TEepMUHAX: MBI MMEeM J0-
cryn K ¢pyukiun taxenee(i,j:1..n) :boolean.) Haxo ynopagounts xam-
HU [0 BECYy, CAEJaB KAK MOXHO MEHBII® B3BCIIMBAHNY (BHI3OBOB (hYHKIINN
TAReNEE).

Pasymeercs, 9ncio B3BEMWBAHWN 3aBUCAT HE TOJBKO OT BHIGDAHHOI'O
HAMW ANITOPUTMA, HO ¥ OT TOr0, KaK OKa3aJuCh PAcnonoxennl kaMmum. Crox-
HOCTBIO AJICOPUTMA HABOBEM YNCJO B3BEIIMBAHWA (DM HAMXYAIIEM DACIO-
JIOXKEHNM KAMHEHN.
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4.4.1. [lokasarsb, 9TO CIOKHOCTH NP OW3BOILHOIO AITOPUTMA COPTUPOB-
Kn n kamuey me mensie log, n! (rzen!=1-2-...-n).

Pemenme. Ilycrs nmeercsa anropnrm caoxuoctn He 6onee d. Jis kaxgo-
ro n3 n! BOBMOXHEIX PACIONOXKCHANA KAMHEH 3alPOTOKOINDPYEM pe3yJabTa-
THl B3BelMBaHUH (0CpameHnil K QpyHKUNN TAReNee); UX MOXKHO 3alNCaTb
B BHJe NOCIEJOBATEILHOCT W3 He Gosee deM d HyJen w enwHmi. s exn-
HOOOPAa3usA JONOJHUM [OCAEJOBATENbHOCTE HYJAMM, YTOOH €€ NIWHA CTala
pasruon d. Tem cambiv y Hac umeercs n! nocaegosareasaocTer n3 d Hyaen
n emqnuui. Bee 3T nOCHeI0BATEIBEHOCTH PA3HEIE — WHAYE HAI aJCOPUTM
nan Oul OJWHAKOBEIE OTBETH! U PABHEIX NOPAAKOB (M OJWH W3 OTBETOB
6eun 6u1 HenpaBmabHbIM). Iloaygaem, ato 2¢ > n! — 49ro m Tpe6osanocs
OKA3aTh. ([l

Jpyron cnoco6 06BACHUTEL TO XKe CAMOE — PACCMOTPETH JCPEBO BAPU-
AHTOB, BO3HWKAIOIIEE B XOJ€ BHIIIOTHEHNS AJTOPUTMA, W COCIATBHCA HA TO,
YTO JEpeBO BHICOTHI d HE MOXeT uMeTs Gonee 2¢ mmcToes.

Hecnoxuno samernts, yro logy, n! = cnlogn npn nonxoasmenm ¢ > 0, no-
CKOJIBKY B CyMMe

logn!=logl +log2+1log3+ ...+ logn

BTOpAas NOJIOBAHA ClaraeMeX He Menslie log, (n/2) =log, n — 1 xaxgoe.

Tem caMbiM M0GOH aIrOPATM COPTUPOBKY, HCIIONB3YIOINNA TOJIBKO CPaB-
HEHUA BJEeMEHTOB MacCUBa M MX IePeCTAaHOBKM, TpebyeT He MeHee cnlogn
JAeMCTBAN, TAK YTO HAIIM AICOPUTMEL OIM3KA K onTuManbuuM. O 1HaKo au-
COPATM COPTUPOBKH, UCIONB3YIOWMI ADYIHe ONEPALMy, MOXEeT NeHCTBO-
BaThb u Oricrpee. Bot oanu w3 npumepos.

4.4.2. NMmeerca macens nerurx uucen a[1] ...a[n], npuaém BCe Yncaa
HEOTPUUATEILHE 1 He npeBocxo AT m. OTcopTUPOBATEL DTOT MACCUB; YUCIO
JEUCTBUM TOPAAKA m + n.

Pemmerme. [lns xaxgoro yncaa or 0 Jo m NOACYNTHIBACM, CKOJBKO Pa3
OHO BCTpeyaeTcsa B Maccuse. [locie 3TOrO MCXOMHEIA MACCUB MOXHO CTe-
peTh M 3ANOJHWTL 33HOBO B NOPAJKE BO3PACTAHUSI, WCIOIBL3YA CBEICHWUSA
O KPATHOCTM KX JOr'O YNCIA. ([l

OTMeTnM, 9TO 3TOT AJICOPUTM HE NEPEeCTABJAACT YNCIa B MACCHUBE, KAK
OOJBIIUHCTBO APYIUX, a «3ANUCHIBACT UX TYa 3aHOBOY.

Ecre Taxxe MeTOJ COPTUPOBKM, B KOTOPOM MOCJEIOBATEILHO NPOBO-
IUTCS PAJ «JACTUYIHEIX COPTMPOBOKY» MO OTACAbHEM 6nraM. Haunéwm ¢ Ta-
KOW 33 Ja49M.
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4.4.3. B wmaccuse al1]...a[n] menrix uwces nepecTaBUTL BJIEMEHTH
TaK, 9TOOL YETHHIE YNCIA MM Nepej HeYeTHRIMN (He MeHsAs B3ANMHEIN
[MOPAMOK B KaXKAON W3 I'PYII).

Pemerme. Cravana cuumenm (BO BCIOMOIaTEJIbHEIMA MACCUB) BCE YETHHIS,
a MOTOM — BCC HCYETHHIC. |

4.4.4. Umeercs maccms u3 1 uncex or 0 go 2% — 1, kakaoe w3 KOTO-
prix Mul GyleM PACCMATPUBATEL KAK K-OWTOBOE CIOBO W3 HYJEH W EJUHWLL.
Hcnonvaysa nposepkm «-wiid 6uT paser O» m «-wil 6GUT paseH 1» BMECTO
CPaBHEHNN, OTCOPTUPOBATEL BCE YNCHA 34 BpeMsa Nopaaka nk.

Pemerme. Orcoprupyem uncaa no nocjieneMy 6uTy (CM. Npeasl AYIIYIO
3a1ady), 3aTeM 10 NPEeANOCJIeIHEMY U TaK fajee. B pesyabrare oum 6yayT
OTCOPTUPOBaHKL. B caMoM fene, MEAYKINEN 110 § JerKO JOKA3aTh, YTO MOCe
1 maros JioOwle JBA YNCIA, OTJINYAIOIINECA TOJIBKO B { NOCIENHNX OMTaX,
nAyT B npaBuisHOM nopsaake. (BapmanT: nocse i maros i-6uTOBLE KOHIIE
YUCea NAYT B MPABUJILHOM [TOPAIKE. ) O

AQAJOrnYHEIN aArOPUTM MOXET OHITH IPUMEHEH UL 1M-WYHON CUCTEME
CYWCJIECHNS BMECTO JABONYHOU. IIpw 9TOM NOJE3HA TAKAA BCIIOMOIATENLHANA
3aa4a:

4.4.5. Manu n auces n GyHKIMA f, IpuHAMaIoman (Ha HUX) 3HAYCHUA
1...m. Tpebyerca nepecTaBuThL YUCIA B TAKOM MOPSAAKE, YTOOK 3HAYECHU
dyukuun f we ybrisamm (COXPaHAA NOPAJOK LA YNCEN C DABHEIMM 3HAYE-
auamu ). Uncao meicTsunil mopaaka m + n.

[Ykasanne. 3aBecTu m CINCKOB CYMMAapHOHM MIMHH 7 (KaK 9TO CAenaTh,
CMOTPH B ruase 6 0 THIax JaHHEIX) ¥ TOMEATh B j-KA CIMCOK 9UCHA, [JIA
KOTODPHIX 3Havyenne dbyukunu f pasHo i. BapwanT: nocunrars s seex 1,
CKONBKO MMEETCs 9ncen & ¢ f(z) =14, nocie Yero Jerko OnpeielnTh, ¢ Ka-
KOI'O MECTa HYXHO HAYMHATL pa3Memars yucaa = ¢ f(z) =i.) O

4.4.6. Jauer n neasix uncen s auanasone or 1 go n?. Kax orcoprupo-
BaTbL UX, CACIAB NMOPAJKA 7. JCUCTBUNT O

4.5. PoacTBeHHble COPTUPOBKE 3a/1a4K

4.5.1. KakoBa MUHNMAJBLHO BO3MOXHAA CJAOXKHOCTL (YUCIO CPaBHCHUHA
B HAUXYAMEM CIy9ae) airOPUTMa OTHICKAHNA CAMOTO TAXEIOTO W3 N KaM-
Hen?
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Pemenme. OueBnaHLIN aqrOpUTM C WHBAPUAHTOM «HAWNEH CAMEIN Ts-
XKENHM KaMeHb CPeIM MepBHIX 7» Tpebyer n — 1 cpasHeHumi. Anropurma
MEHBINEH CIOKHOCTH HEeT. DTO BLITEKAET W3 CJEAYIOWEro 60Jee CUILHOIO
YTBEDX ICHUA. ]

4.5.2. OxcnepT xo4eT yOeAnTh Cyd, YTO JAHHHIA KAMEHb — CAMKEIN THi-
XKENBIN CpeN N KAMHEN, caenas menee 7 — 1 Basemmsanni. Jokasars, 94To
3T0 HeBO3MOkHO. (Beca kaMHE! HEM3BECTHH Cy 1y, HO M3BECTHHL DKCIEPTY. )

Pemrerme. N306pasuM KaMHM TOYKAMM, 4 B3BEIINBAHUA — JNHUAMM
Mexay Humn. [lony9um rpad ¢ n BepmmHaMu U MeHee deMm n — 1 pé6pamu.
Taxon rpad vecsasen (pobasienme Kaxaoro cieiyomero pebpa yMenbina-
©T YUCAO CBABHEIX KOMIIOHEHT He Gosee 4em Ha 1). Ilosromy cya Hudero
HE 3HAET OTHOCUTEJIHHO COOTHOIICHUA BECOB KAMHEU B DA3IUYHHIX CBI3-
HEIX KOMIIOHGHTAX ¥ MOXET JONYCTUTH, YTO CAMEINM THKENHIN KAMEHL —
B 1060 U3 HUX.

Boaee npocroe ob6nacuenne: OyaeM CreOUTh 33 TEM, CKOJILKO KaMHEH
K JAHHOMY MOMEHTY HE «[IPONrpau» (TO €CTh HEe OKA3ATNCD Jerde Apyrux).
Buayane nx n; npu KaxaoM B3BEIIMBAHNA IPOUTIPHIBAET TOJILKO OJWH Ka-
MEHb, 8 €CJM €CTh JBOE HE MPOUCPABIINX HUKOMY, JIOOOW M3 HUX MOXKET
(c TOYKM 3pEHNA CYa) OKABATHCA CAMEIM THAKEIBIM. O

Pasanna mMexay 9Tod 3a1a9ei N npeauAylien: B 3TON 3a1a9e Ml JOKa-
BHIBAEM, YTO 71 — 2 B3BEIIMBAHWMA HE NOCTATOYHO HE TOJBKO IJIS HAXOX Ie-
HUSL CAMOrO TSXENOr0, HO JaXe IJIA TOro, YTobul yOeanThes, YTO JAHHEINA
KAMEHb ABJIACTCA TAKOBHIM — CCJHU MDEANOJOKNTEALHLEN OTBET W3BECTEH.
(B cayyae COPTUPOBKM, 3HAA NPEANOJOXNTEILHEN OTBET, ME MOXeM y6e-
JUTHLCA B €ro NPaBMILHOCTH, CACIAB BCEIO 7L — 1 CPABHCHMM — KX BN
CPaBHUBAEM CO CASAYIOMWNM 10 Becy. HamoMHuM, 4T0 cOpTUPOBKaE Tpebyer
B XY[UIEM CIy4ae 3HAYUTEILHO OOJblIe CPABHEHUN. )

4.5.3. Jokazarh, 9TO MOXHO HAWTN CAMEIN JETKNW U CAMBIN TAXKEIRINA
3 2n kamHel (OJHOBPEMEHHO), CAJIaB 3n — 2 BI3BCIINBAHMNIA.

Pemmerme. Pa3o6béM KaMHN NPOW3BOJLHEIM OOpasoM HA N ITap M CpaB-
HUM KaMHHM B Kax0i nape (n sasemusanuni). OTiI0XAM OTAEABHO «n0Ge-
aureneiy (6onee TAKEIRX B CBOEH Mape) u «pourpasmmxy {(6onee J6rKknx).
Acro, 9To camMui JErkKui KAMEHb HA 0 NCKATL cpean npourpasmmx (n — 1
CPaBHEHNN), a CAMHN TAXEINNA — cpean nmobegureneit (emweé n — 1 cpasue-
HUH). O

4.5.4. [lokasarb, YTO HE CYMECTBYET AJCOPUTMA, MO3BOJAIOLICIO Ta-
PAHTUPOBAHHO HAUTH CAMBIM JETKHAU U CAMEIN TAXENHIN Cpean 2n KaMHeH
(omHOBpPEMEHHO), caeias MeHee 3n — 2 B3BEIIMBAHMM.
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Pemenwme. [Iycrs Takon anroputm cymwecrsyer. Habmopas 3a ero npn-
MEHEeHNEM K KAKOW-TO I'PYNNe u3 21 KaMHEH, MuL 6y JeM CIENTE 38 YeTH Pb-
MA napamerpamyn. A uMenno, Mul 6yieM CMOTPETH, CKOJIBKO KaMHEN

(a) KOMY-TO yXe NPOUIPaiH, & Y KOUO-TO YK€ BEITDAJIH;

(b) KOMy-TO Y€ NPOUrPATH, HO CIUE HUM ¥ KOIO HE BEIATPAJIN;

(¢) y KOro-To yXe BHIUI'PAIA, HO €I HUKOMY HE IPOUCPAJIH;

(d) HM ¥y KOro HE BHMIDAJN M HUKOMY HE NPOUIpaan (TO €CTh HM C KEM

He CPABHUBAINCE).
(HamomuwM, 9TO BHWIPABIIWM B CDABHEHWN MEl CYNTaeM OOJee TAKEILIN
kamensb.) Kavan tuna (a), 09€BMAHO, HE MOTYT YK€ OKa3aThCA HU CAMEIMA
JECKUMW, HU CAMBIMM TAXKEIHIMY, KAKOBL! OHl HY OBUIN PE3yJbTATH Jaib-
Hedmmx cpasHeHnn. Jlo6oi kamens Tuna (b) wmeer manc okasaTbca ca-
MBIM JErKNM (B CAMOM J(eJIe, er0 MOXKHO [P OW3BOJIBHO OONErYNTE, HE MEHA
pE3YJbTATOB YIKE BHITOJHEHHEX CPABHEHMI), HO YXKE HE MOXET OHTH Ca-
MEIM TAXETHIM; 11 KamHeW Tuna (¢) maobopor. Hakonen, mo60oi kamMeHb
tuna (d) Moxer CHTHL W CAMEIM JEMKAM, U CAMBIM TAXKEIEIM.

O603nayum yepes a, b, ¢, d konm4ecTBa KAMHEN B COOTBETCTBYIOMMX Ka-
TEropuAX W NPOCIEANM, KAK MEHAIOTCA OTW NAPAMETDH IPW OYEPEIHOM
cpaBuennn (B 3aBUCHMOCTYN OT TOrO, KAMHW KAKOIO THUIA CPABHWBAIOTCA
M C KAKUM DE3YJLTATOM ).

cpaBHeHME | a b c d [ b+c+(3/2)d

a—a 0 0 0 0 0

a>b 0 0 0 0 0

a<b +1|(-1] 0 0 -1
a<c 0 0 0 0 0

a>c +1] 0 |-1] 0O -1
a>d O [+1 | 0 | -1 -1/2
a<d 0 0 [+1 -1 -1/2
b-b +1|(-11] 0 0 -1
b<c 0 0 0 0 0

b>c 42| -1|-1] 0 -2
b<d 0 0 [+1] -1 -1/2
b>d +1 | 0 0| -1 -3/2
c—c¢ +1] 0 |-1] 0 -1
c<d +1 | 0 0| -1 -3/2
c>d O [+1| 0 | -1 -1/2
d-d O | +1|+1] -2 -1

Tlocneaunit croaben TaOIANE NOKA3HBACT, KAK MEHACTCA BEAMYUHA § =
=b+ ¢+ (3/2)d (x0TOPYIO MOXHO PACCMATPHBATE B KAECTBE MEPH! «OCTAB-
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mencst paboThly: KAMEHb, PO KOTOPHIN HE W3BECTHO HUYErO, C TOYKM 3pe-
HUA DTON MEPH! B IIOJTOPA Pa3a CJIOXKHEE KAMH, JJA KOTOPOrO €CTh OJHO-
CTOPOHHAA OLEHKA). UanayansHo s = 3n, a B koHIE s = 2 (OpO BCE KAMHH,
KpOMeE ABYX, MBBECTHO, 9TO OHM OTHOCATCA K KaTeropun (a)). Uz rabmnm
BW/IHO, YTO NpY JI0G0OM B3BEIIMBAHUY €CThb «HEYAAYHLIN UCXOM», IPU KOTO-
pOM s yMmenblnaercsa He Gojee dYeMm Ha eawHuny. Taxkwe MCXonLl AEACTBM-
TEJBLHO BO3MOXHE! (He NPOTUBOPEYAT PEIYALTATAM IPEIEIIYIINX BIBEIIN-
BAHNH): 1PN CDABHEHNM b-KAMHA U C-KAMHA MOXET OKa3aThCs, 9TO C-KAMEHb
Txenee (€ro BeC HE OUDAHMYCH CBEPXY NPEIBLIYIIUMHA B3BCIINBAHUAMMY),
a4 NPU CPABHEHWM C YYacTNEM d-KaMHs DE3yJIbTAT MOXeT OLITL JIOOHM,
[OCKOJIBLKY NPO d-Kamenb auyero ve masecrno. (Kpome Toro, Moxuo same-
TUTb, YTO OJUH U3 UCXOJOB B3BEIINBAHNA HEBO3MOXEH, TO DTO B3BEIINBAHNE
BOOOIIE W3NNIIHE W €rO MOXHO HE NEJIaTh.) A eCim MCXOOBl BCEX B3BEIIN-
BAHWA HEYNAYHE, TO YMEHbIIEHNE § ¢ 3n 10 2 norpefyer KAk MUHUMYM
3n — 2 B3BEMIMBAHUN, YTO U TPEOOBANOCH JOKAZATH. U

4.5.5. [Jano n pazmmyarix 00 Becy kamued. Hanrm camuiil Takéanin
M BTOPOM MO BeCy KaMHm, caeias He Gosnee n + [logs n] — 2 B3asemmsannit
([logyn] — mammenwmee nenoe k, npu xkoropom 2% > n).

Pemenme. Cravana manaém nobegnrens (CaMBI THKEIHIA KAMEHB), a
noroMm 6yleM MCKATh BTOPOH 1o Becy. SICHO, 9TO BTOPOr0 MOXHO MCKATH
JHMIb CPEAM TEX, KTO NPONTPaJ JAYHO NOGEANTEN0 (IPONTPABIINE KOMY-TO
em@ Jerye cpasy ABYX KamHuen). Fcam onpeaeiaTs noGeAuTeNs B TYPHUPE
[0 OIUMIITWHACKON cucTeme (BCE NENATCA Ha NADLl, IPONrPAaBIINe BHIOHIBA-
10T, IOTOM CHOBA JCJNATCA HA NMAapH W Tak gaxee), To mia 2¢ yuacTankos
nosanoturca k paynaos, a aaa n yvacTHukos — [log, n] paymmos. B ka-
X IOV UTpE TYPHUPA BLHIOHIBACT OJWH YYACTHUK, I03TOMY Beero OyaeT n — 1
Urp At onpefenenns noGeaurens u emé [log, n] — 1 B TypHUpe 3a BTOpOE

MECTO CpPEJy NPOWUrpPABIINX NOOEIATeNo. U

4.5.6. [Jokasarh, YTO HUKAKOW aJrOPUTM HAXOX JCHUA CAMOrO TAXKEN0-
'O ¥ BTOPOI'O M0 BECY CPeAN 7 KAMHEU He MOXET IapaHTUPOBAHHO CACJATH
9TO MeHee yeM 3a n + [logy n| — 2 B3BemMBaHM.

Pemenwme. IIycrs gap Takon anropntM. B KaX s MOMEHT ero MCroJ-
HEHNA PACCMOTPUM YUCIO K; KAMHEW-YYACTHAKOB, NPOUTDABIINX HE MEHEE
nrp-cpasuenny. (Kocsennbie nponrprinm — ecan a npowrpan b, a b npo-
Urpaj ¢, — He YYUTHBATCA.) Jlerko noHaTs, 94To cymma k; 0O BCeM i
paBHA YUCIY UID, TAK KAK [0CJe KaX JOW UI'PEL OJHO U3 k; YBEINYNBACTCA
HA CAUHULY.

IlopTOMy AOCTATOYHO MOKA3ATH, YTO KAKOB Obl HM OBLI aJIrOPUTM, NIPH
HEYNAYHEIX [JIf HErO pe3yJbTaTaX Wrp OymeT BHINOTHEHO HEepPABEHCTBO
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k1 + k2 =2 n+ [logyn] — 2. Byjgem HasHBATH «INAepaMmy TeX yYACTHNKOB,
KOTOpHIE emé HUKOMY He nponrpann. B mavare nx n, a B KOHIE OCTA8TCA
TOJBKO OJWH Juaep (NOCKOABKY JIoOON W3 JnAepoB MOXeT OuThL nobemnre-
aem). Iloaromy k1 = n — 1 (BCe UIPOKM, KPOME OJHOIO, KOMY-TO [TPOUTPa-
au). O6BACHNM, KaK HA IO BHOUDATH PE3yIbTATH MATYEH, YTOOH J0ONTHCA
HepaseHncTsa ky > [log, n| — 2. Pesyabrar BCTpedn AByX He-IMIEPOB MO-
)keT ObITb BRIOpaH JoOKM. Ecan auaep BCTpeYaeTcs ¢ He-InAEpOM, TO BhI-
urpusaeT auaep. [Ipn secTpeye AByX TUACPOB BRINTPHBACT GOJEE ONBITHHIN,
TO €CTH TOT, KTO BHIUIPAJ K DTOMY MOMEHTY GoJbie urp (IIpn paseucrse —
JEOGON).

Yrobul [OKa3aTh, YTO B 3TOM CJIyYae BHIIOJHEHO NCKOMOE HEePABEHCTBO
Ha k2, BBEAEM OTHOWICHUS NOAYWHEHWs, CIUTAA NPU 3TOM, YTO KaXK LU
WCPOK B JIOOOM MOMEHT WIphLl NOMYWHEH DOBHO OAHOMY Juaepy. B maga-
Jie Kaxk el cam cebe amaep U mogduHén Toasko cebe. Ilpu BecTpede anaepa
C He-JMACPOM (MM ABYX HE-JMICPOB) NOAYNHECHUE HE MEHAETCA; IPU BCTPe-
Ye JABYX JWIePOB NPOWTDABIIMHA W BCE €r0 IO MYWHEHHLIE NEPeO NYWHAIOTCA
BEINTPaBIICMY.

Jlerko goka3aTe 11O WHAYKUWN, YTO €CJU JUAeD BEUrpal k urp, To rpyn-
13 ero HO{YMHEHHLIX (BKIIOYAA €r0 CAMOr0) COAPXNT He Goee 2F yenonex.
Buavane £k =0 u B ero rpynmne Toi1bK0 OH cam. Ecan auaep Bumrpan k urp
n nobex naeT JuAepa, BHIUIPABIero e 6onee k urp, To B KaX JOW U3 CpyIIn
He 6onee 2 nrpokos, a B 06bexuuernn He Goxee 241! nrpokos.

CrefoBaTeNbHO, M0 OKOHYAHWM TYDHUDA JUAED BLINCDAT HE MeHee
[logs n] Mrp, NOCKOIBKY B €ro rpynne sce n Urpokos. Bee nobex aénunie
UM, KDOME BTOPOr'O 10 CHJle WCPOKA, NPOWCPaIM eme KOMY-TO (MHaYe no-
YeMy MBI YBEDEHHI, YTO OHM He BTOpHE 1o cwie?). Orcioga u noryyaercs
Tpebyemas ouenka Ha k. ([l

4.5.7. [lokazaTb, YTO ONEHKA NPEALIAYIICH 3aJa49U OCTaéTcs B Cuie,
ecan TpebyeTca HAUTH JUML BTOPOW MO BECY KAMEHb, 8 CAMBIN THXEIHIN
MCKATBH He 00A3aTENBHO.

[Vkasanme. Ecim o OKOHYAHMIO TYPHMPA ONPECAMICA BTOPOHA IO CH-
J€ UCPOK, TO OH KOMY-TO NPOMrpai (OTKyAa MBI 3HAEM MHAYE, YTO OH HE
NEPBHIN?), M TEM CAMEIM W3BECTEH M nOGeauTens. ] O

4.5.8. [Jano n pasin9Hmx no Becy Kamuen n ucao k (ot 1 go n). Tpe-
Oyerca HaUTH k-HIU MO BECY KaMeHb, caenas He Gonee Cn B3IBEIINBAHUH,
rae C — HEKOTOpasg KOHCTAHTa, He 3aBucAmas oT k u n.

3ameuarme. COPTUPOBKA IO3BOJNfET chenaTh 3To 3a Cnlogn Basemm-
BAHNU. YKA3aHMe K 370N (TpyIHOU) 3a1a9€ IPUBEICHO B [JIABE PO PEKYyp-
CHIO. U
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Crreyromas 3a4a9a WMEeT HeOXMJAHHO [IPDOCTOE DElleHe.

4.5.9. Umeercsa n OJWHAKOBHIX HA BUJ KAMHEH, HEKOTODPHIC U3 KOTO-
DHIX HA CAMOM JeJ€ PA3iWYHH o Becy. Umeercs npubop, MO3BONSMIONIANA
O JABYM KAMHAM ONDEeASINTH, ONMWHAKOBE! OHW WM PABINYHE (HO HE rOBO-
DAWMA, KaKOU Tskenee). U3BeCTHO, 9TO Cpean 3TNX KaMHEN GOJBIIMHCTBO
(6oree n/2) oxnnaxosrix. Crenas we 6osee N BIBEIINBAHMNA, HANTH XOTs Obl
ONWH KaMeHb u3 dToro GonsmmucTsa. ([Ipexocrepexenne. Eciu asa xamus
OJMHAKOBLIE, DTO HE TAPAHTUPYET MX NPUHAIICKHOCTH K GONBIINHCTBY. )

[Ykasanue. Ecin maigeHsl qBa DasimyHEIX KaMHA, TO UX 068 MOXHO
BLIOPOCUTL — XOTA Ol OJAWH W3 HUX ILIOXOW U GOJLIIMHCTBO OCTAHCTCA
GOJIBIINHCTBOM. |

Pemerme. [IporpamMmma npocMaTpuBACT KAMHH IO OYEPEAN, XPAHA B Me-
peMEHHOM 1 w0 npocMoTpeHHEx kKamuen. (Cunraem KaMum NPOHYMEpO-
BanuriMya 0T 1 10 n.) JoMumo 3TOro nMporpaMma XpaHnT HOMED «TEKYIIEro
KaHIWAaTa» C U ero «KpaTHOCTLY k. CMEICH 3TUX Ha3BaHMWHA OOBACHACTCA
wasapuanTom (M):

€CJM K HeNPOCMOTDEHHHIM KaMHAM (C HOMepamu i+l...n) go-
GaBwim Oul XK KOMK ¢-I'0 KaMus, To Hanbosee 9aCTHM CPeIN HUX
Orw1 6Bl TAKON XKEe KaMEeHb, YTO M ISl MCXOJHOIO MAaCCHUBa.

Tlonyyaem Takywo nporpammy:

k:=0; i:=0;

{(M}

while i<>n do begin

if k=0 then begin

| k:=1; c:=i+1; i:=i+1;

end else if (i+1-1M1 KaMeHL OQMHAKOB ¢ c-HM) then begin
i:=i+1; k:=k+1;

{3aMeHAeM MaTepHaNbHHN KaMeHL UIeaTbHHM}

end else begin

i:=i+1; k:=k-1;

{BHXUIHBaeM ONUH MaTepHaNLHHM M ONUH MIeaNbHHA KaMeHb}

end;
end;
MCKOMHM ABIAEeTCA C-HM KaMeHb

Samewarme. [[ockoapKy BO BCex TPEX BADUAHTAX BHIOOPA CTONT KOMAHIA,
i:=i+1, €€ MOXHO BHIHECTH HAPYXY. U

3aMeTuM Takke, YTO 3TA NPOrpAMMA APAHTUDYET OTHICKaHUE HANGO-
Jiee 4acTOro KaMHs, JUIIb €CJU OH COCTABASET OOIBIIIWHCTBO.
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Caenyomasn 3a1ada He UMEET Ha NEPBBLIM B3MVIAL HUKAKOIO OTHOIICHUA
K COPTUPOBKE.

4.5.10. Uwmeercs xksagparnas tabmmua all..n,1..n]. Useecrno, yro
[JIA HEKOTOPOro i CTPOKA C HOMEPOM i 3aMONTHEHA O JHUMM HYJIAMHA, 8 CTOJ-
6erl ¢ HOMEepOM i — OJHUMMN eNHUIAMN (38 NCKIIOYEHNEM WX NepeCcedeHns
Ha AWATOHAJH, TJ¢ CTONT HeM3BeCTHO 4To). Halirn Takoe i (0HO, 09eBHIHO,
eqMHCTBEHHO). Uncao gecTBuil nopaka n. (3aMeTnM, 9T0 3TO CYILECTBEeH-
HO MEHBIIE YUCIA BIEMEHTOB B TAGIUIIE. )

[Ykazsanne. Pacemorpure ali]l[j] kak pesyaprar «CpaBHEHHA» i € j
¥ BCIOMHUTE, YTO CAMBIA TSXKEILIA W3 N KamMHeu MoxXeT OhTb HaWjeH
3a 1 cpaBHeHwi. (3amerum, 9TO TabaMUa MOXKET He OHITb «TDAH3WTUB-
HOW», HO BCE DABHO NPH «CPABHEHWV» ABYX BJIEMEHTOB ONUH W3 HUX OT-
najaer.)] O

5. KOHEHHbIE ABTOMATDI
N OEPABOTKA TEKCTOB

5.1. CocTaBHble CUMBONbI, KOMMEHTAPUU U T. .

5.1.1. B Tekcre BO3BEACHME B CTENEHb O603HAYANIOCH ABYMSA WAYILAMMN
moapsa 38é3noukamu. Peneno samennTs 510 o6o3nadenwe na " (Tak YTo,
K OpUMEpy, X*ky 3aMeHnTCA Ha x7y). Kax a1o npome scero caenars? Uc-
XOJHKIA TEKCT YUTACTCA CAMBOJ 34 CAMBOJOM, [TONYYaIOMMUCA TEKCT TPe-
OyeTca NeYaTaTh CUMBOJI 33 CUMBOJIOM.

Pemenme. B xax qnit MOMEHT NporpamMma HaXOAWTCA B OJHOM U3 ABYX
COCTOSAHMMN: «OCHOBHOEY M «[IOCAE» (3BE3AOYKN):

Cocrosanne Oqepe,uunoﬁ Hosoe Jencrsne
BXOJHOU CUMBOJ | coCTOAHME

OCHOBHOE * nocJsie HET

OCHOBHOE T F * OCHOBHOC | NEYATATL T

nocJe * OCHOBHO€ neyaraTrs

nocJje T F* OCHOBHOC | NEYaTaThL *, T

Ecin B KOHIE TEKCTa TPOrpaMMa OKa3bIBACTCS B COCTOSHNAY «IIOCTAE), TO
CIeIyeT HAIEeYaTaTb 3883 0049KY (M KOHYMTH paboTy). O

3ameuanme. Hama nporpamma samenser *** na ~* (no e na *~). B yc-
JOBUM 33Ja4W MBI HE OUOBAPUBAIN NETAJEH, KaK 3TO HacTo NeIaeTcs —
OPenoaaraeTcs, 9T0 IPOrpaMMa «I0JKHA JCUCTBOBATL PasyMHO». B nan-
HOM CJIy4ae, TOXAIYH, CAMBIA TPOCTOU CHOCO6 OOBACHUTDL, KAK TPOrpaMMa
JNEUCTBYET — ITO ONUCATHL €€ COCTOAHNA U JIEACTBUA B HUX.

5.1.2. Hamucars nporpaMmy, yAQJIAOMYIO U3 TEKCTA BCE IMOJACIOBA BU-
na abc. (I
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5.1.3. B nackaje KOMMEHTapWM 3aKIIOYAIOTCA B (PUIYPHEIE CKOOKM:

begin {mavamo muxna}
i:=i+1; {yBemmumBaem i ma 1}

Hanwcare nporpamMmy, xoropas yaajisna 661 KOMMEHTAPWH ¥ BCTaBIANA OBl
BMECTO NCKIIOYEHHOrO KOMMEHTapus npoben (yrobu 1{oxun}2 npesparn-

Joce e B 12, a8 1 2).

Pemenme. IIporpamma mMeeT aBa COCTOSHMA: «OCHOBHOE» M «BHYTDW»

(kommenTapusa).
Cocrosume Oqepe,qunoﬁ Hosoe Jencrsue
BXOJHOW CAMBOJI | COCTOsAHME
OCHOBHOE ] BHYTPW HeT
OCHOBHOE T # OCHOBHOE | NeYaTaThb
BHYTDH } OCHOBHOE | medarars npoben
BHYTDH T F# BHYTDH HeT 0

3amedanme. JTa NPOrpaMMa He BOCIDUHNMAET BIOXEHHEIE KOMMEHTA-
DHH: CTPOKA BPOJIE

{{xoMMenTapui BHyTpH} KOMMeHTapua}
NPEBPATUTCA B
KOMMEHTapus}

(8 magane croar asa npobena). O6paBGOTKA BIOKEHHEIX KOMMEHTADUCB
KOHEYHBIM ABTOMATOM HEBO3MOXHA (HYXHO (IOMHUTHL YUCIO CKOBOK» —
a MPOM3BOJBLHOE HATYPATBLHOE YUCJAO HE NOMEIACTCA B KOHEYHYIO IAMATH ).

5.1.4. B nmackaneBckux nporpamMmax OLIBAIOT TAKXe CTPOKN, 3AKIIOIEH-
HElEe B KaBHIYKN. Ecian purypHas ckoOKa BCTPEYaeTCsas BHYTDPH CTPOKW, TO
OHA HE 03HAYAeT HAYANA WIN KOHIA KOMMeHTapusa. B cBow ovepens, KaBhuIg-
Ka B KOMMEHTADUNA HE O3HAYAET HAYANA WIW KOHIA CTPOKW. Kak maMeHnTs
nporpaMmy, 4Tobsl 3TO y4ecTsb?

[Vkasaume. CocTosuuit GygeT TPU: OCHOBHOC, BHYTDM KOMMCHTADHA,
BHYTDM CTDOKH. ] |

5.1.5. Emé oaHa BO3MOXHOCTH MHOTUX DEAIMBALMNA MacKais — ITO
KOMMEHTADUHN BUAA

i:=i+1; (* here i is increased by 1 *)

DM HTOM BAKPHIBAIOMAA CKOOKA NOJKHA COOTBETCTBOBATH OTKDHIBAIOILCH
(To ectn {...*) me paspemaerca). Kak yaanars Takne kommenrapun? [

5.2. Bsod wucea 91

5.2. Beoa yucen

Ilycre pecaTwynas 3amnuch YUCIa NONAETCA HA BXOX NPOrPAMMEI CUMBOJ
34 CUMBOJIOM. ME XOTUM «IPOYECTHY 3TO YNUCAO (TOMECTUTEL B IEPEMEHHYIO
Tnna real ero smavenne). Kpome Toro, Hano coobmmts 06 ommbke, ecan
YPUCJIO 3ANWCAHO HEBEPHO.

Bounee xonkperno, npeacrasum cebe Takyro curyauuo. [locaeroarens-
HOCTB CHMBOJIOB H3 BXO[€ JEINTCA HAa NPOYUTAHHYIO M OCTABIIYIOCH YACTH.
Mu moxem nonb3oBarnes dyukumen Next:char, koropas Haér mepBrId
CUMBOJI OCTABINENCA YACTH, & TAKXKe NPOoLEeAypON Move, KoTopas 3abupaer
NEPBHM CUMBOJ U3 OCTABIIEHCA YACTH, IIEPEBOAA €r0 B KATErOPUIO [TPOYN-
TAHHKIX.

npoynTanHas 4acre |Next | 7 ?

Bynem HasmBaTh ACCATMYHON 3ANNCHIO TAKYIO NOCIENOBATEIHLHOCTD
CUMBOJIOB:
(0 wam 6onee npobenos) (1 mam Goxee unudp)

3

a TaKxe TaKylo:
(0 mam 6onee npoGenos) (1 wiu Gonee uudp) . (1 win 6oxee nudp).
3aMeTuM, YTO COMIACHO ITOMY OIPEAEJCHAIO
1. .1 1.1 -1.1

He ABIAIOTCH AeCATWYHHMEN 3anucamu. Chopmyiupyem Tenepb 3ajiady
TOYHO:

5.2.1. IIpoyecTs M3 BXOJHOU CTPOKN MAKCUMAILHYIO YaCTb, KOTOPas
MOXET OHITH HAYAIOM AeCATWYHON 3anmcu. OnpenennTs, SBIACTCS I DTa
YACTb NECATHYHON BAIWCLIO WIN HET.

Pemerme. 3annmem nporpamMmy Ha nackane (MCIoib3y s «1epedncanMEIA
TUI JJIA HATVIAJHOCTH 3ATNCH: TepeMerHHas state MOXET IPUHNUMATE OJHO
W3 3HAYCHUN, YKA3AHHHIX B CKOOKAaX).

var state:
(Accept, Error, Initial, IntPart, DecPoint, FracPart);

state := Initial;
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3ameTbTe, YTO NPUCBANBaHUs state:=Accept n state:=Error ne conpo-
BOXJAIOTCA CABAIOM (CHMBOJ, KOTOPHY HE MOXeT OHITH YACTBLIO YHUCHIA, HE

5. Koneunvie aemomamst u o6pabomxa mexcmos

while (state <> Accept) or (state <> Error) do begin

if state = Initial then begin

end else if state = IntPart then begin
if Digit (Next) then begin

end else if state = DecPoint then begin
if Digit (Next) then begin

end else if state = FracPart then begin
if Digit (Next) then begin

| state := FracPart; Move;
end else begin

| state := Accept;

end;

end else if
| {Taxoro 6HTE He MOXeT}

end;
end;

sabupaercsa).

HpHBe,E[éHHa,H nporpaMma He 3allTOMWHACT 3HAYICHNEC IPOINTAaHHOI'O YACIa.

5.2.2. PemmTs NpenIAyIy O 3a a4y C JONOJHATENbHEIM TpeOOBAHNEM:
€CJIN IIPOYWTAHHEIN KYCOK ABIAETCA NECATHYHOM 3ANUCBIO, TO B NEpeMEeH-

Hyio val:real cienyeT NOMECTUTH €€ 3HAYEHME.

if Next = ’ ’ then begin

| state := Initial; Move;

end else if Digit(Next) then begin
state := IntPart; {mocme Hayama memol wacTm}
Move;

end else begin

| state := Error;

end;

| state := IntPart; Move;

end else if Next = ’.’ then begin
state := DecPoint; {mocme jmecATHYHOM TOYKM}
Move;

end else begin

| state := Accept;

end;

| state := FracPart; Move;

end else begin

| state := Error; {monxma 6uTH XxoTH ojgHa uudpal}
end;

5.2. Beod wucea
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Pemrenwe. [Ipn yrenun ApoGHON YACTH EepEMEHHAA step XPaHUT MHO-
XUTEIH NPU CACAYIOMEN JeCATUIHON nudpe.

state := Initial; val:= 0;

while (state <> Accept) or (state <> Error) do begin
if state = Initial then begin

if Next
| state

state

| state
end;

state
end;

state
val
Move;

state
end;
end else

end;
end;

= 7 7 then begin
:= Initial; Move;

end else if Digit(Next) then begin

:= IntPart; {mocme Havana memo#l yacTHu}

val := DigitValue (Next); Move;
end else begin

:= Error;

end else if state = IntPart then begin
if Digit (Next) then begin

state := IntPart; val := 10*val + DigitVal(Next);
Move;
end else if Next = ’.’ then begin
state := DecPoint; {mocme pecaTwyHoOM TOouKM}
step := 0.1;
Move;

end else begin

:= Accept;

end else if state = DecPoint then begin
if Digit (Next) then begin

:= FracPart;

end else begin

:= Error; {monxma 6uTH XxoTb ojgHa uudpal}

if state = FracPart then begin

if Digit (Next) then begin
state := FracPart;
val := val + DigitVal(Next)*step; step := step/10;
Move;

end else begin

| state := Accept;

end;

end else if

| {Taxoro 6HTE He MOXeT}

val + DigitVal(Next)*step; step := step/10;
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5.2.3. Ta xe 3ajava, ecayw MIepel YWCJIOM MOXET CTOATb 3HAK — WIN
3HaK + (& MOXET HUYEro He CTOATD).

dopmaT yncen B ITON 3aja4ye OOKIYHO WIMIOCTPUPYIOT TAKOW KAPTUH-

KOMN:

1
L
_B_ _|<H“¢’pa/

|

5.2.4. Ta xe 3agadya, ecim K TOMY X€ IOCJHE YHUCJIA MOXET CTOATH
[IOKa3aTelb CTENEHNM NeCATH, Kak B 254E-4 (= 0.0254) wm B 0.123E+9

(= 123000 000). HapucoBaTb COOTBETCTBYIOIYIO KADPTUHKY. |

5.2.5. YTO HAJO MBMEHUTHL B NPUBECAEHHOM BHINIE NPOCPAMME, YTOOH
paspemmTs NYCTHE LeIyo W apobuyio gactu (kak B «1.», «.1» wim na-
XKE «.» — HNOCICIHEE YUCJIO CYNTAECM PABHHIM HYJO)? U

Mz Bepuémcesn k xoneunnm apromaram B raase 10 (Cpasuenne ¢ o6pas-
oM ).

6. TUIbI AAHHbLIX

6.1. Creku

IlycTs T — HEKOTOPELHA THI. PaccMOTpuM (OTCYTCTBYIOIMNA B ACKAJE )
THIT «CTEK 2AeMeHTOB Tuna Ty. Ero 3HaYeHNAMN ABAAIOTCA TOCACIOBATCIb-
HOCTHM 3Ha4eHNMN Tnna T.

Onepanun:

e Caenars_iycThM (var s: cTek aeMenToB Tuna T)

Jo6asnts (t:T; var s: cTek diaeMeHTOB THra T)

BasaTe (var t:T; var s: cTek avemenTos Tuma T)

Ilycr (s: crek saemenTos tuna T): boolean
e Bepmmna (s: crex aaemenTos Tana T): T

(Mur nosssyemcs OGO3HAYEHWAMM, HANOMUHAIOIIMMM [ACKaJb, XOTA B
nackajie Tuna «crexy Her.) IIponeaypa «Caenars yCTHMy AGJIAET CTEK S
nycteMm. Ilponeaypa «JobasuTeby nobasiaseT t B KOHEI HOCACAOBATEILHO-
cry s. [Iponenypa «B3srey nprMenuma, ecan MOCIEIOBATENBHOCTD S HEIY-
cTa; oHa 3abUpaeT M3 Heé MOCHCIHUNA BIEMEHT, KOTOPHIA CTAHOBUTCS 3HA-
yeHnem nepemenHon t. Bupaxenne «IIycr(s)» mcTmrHO, ecan nocieaosa-
TEJBHOCTH S IycTa. Bripaxenne «BepmmHa(s)» ONpeIeneHO, €Cau NOCAeI0-
BATEJBHOCTH S HENYCTA, M PABHO NOCIEGIHEMY BJIEMEHTY NOCIEIOBATENILHO-
CTH s.

Mz mokarkeMm, Kak MOJEIUPOBATEL CTEK B NACKAJE U ULl YerO OH MOXeT
OHITH HYXEH.

MOﬂeﬂMpOBaHMe OrpaHUYEHHOro0 CT€Ka B MaCCuee

By,ueM CYNTATH, YTO KOMNYCCTBO JICMCHTOB B CTCKC HC NPCBOCXOANT
HCKOTODOro 4Yudcja n. TOI",E[& CTCK MOXHO MOACIUPOBATHL ¢ NOMOIIBIO NBYX
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rnepeMeHHbIX:

Conepxanme: array [1..n] of T;
Jmuua: integer;

CINTaA, 4TO B CTCKE HAXOAATCA SJICMCHTEI
Conepxamme [1],...,Comepxanmue [Jmumal].
e YUTo6H cenaTs CTEK MyCTHIM, JOCTATOYHO MOJOXNTE

Inuua := 0

HobBasnTh 3ACMEHT t:

{InuHa < n}
Inuua := Jnuma+i;
Comepxanmue [lmuual] :=t;

Basre aremenT B mepeMennyo t:

{muna > 0}
t := Copmepxaume [[munual;
Inuua := Jmuma - 1;

o Crex nyct, ecom Lnuna = 0.
e Bepumna creka pasna Conepxanwe [Inuual.

Takum 06pazoM, BMECTO [TEPEMEHHON THNA CTEK B NporpaMme Ha Na-
CKaJle MOXHO WNCITONb30BATH [Be repeMennule Cogepxanue n Jnura. MoxHo
TaKXe OnpenenuTs T stack, 3anmcas

const N =
type
stack = record
Comepxanue: array [1..N] of T;
Inuna: integer;
end;

(Mut nosBoisiem cefe MCHONB30BATH NUMEHA ITePEMEHHEIX W3 DYCCKMX OyKB,
XOTA O6EIYHO NACKaIb ITOro He Jobut.) Ilocae 3Toro Moryr 6HTL — B CO-
OTBETCTBUM C NPABMWIAMM NTACKAaJLA — ONNCAHBI NPOLEAYPH PAGOTH! CO CTe-
koM. Hanpumep, MOXHO HanncaTs

procedure Jo6amure (t: T; var s: stack);
begin

{s.lDouna < N}

s.lmuna := s.[mHa + 1;

s.Comepxamue [s.lmumal] := t;
end;

6.1. Cmexu 97

Ucnonbaosanue crTeka

Byaem paccmaTpmBaTh 10CAEIOBATENLHOCTH OTKPHIBAKOIIMXCS W 3aKPHI-
BAIOIINXCA KPyruuix U kBagparanx ckobok ( ) [ 1. Cpeam Bcex Takmnx
[TOCJIEAOBATENBHOCTEN BELICANM [PABMIBHLIE — Te, KOTOPHE MOr'yT OHITh
[TONYYEHH [10 TAKNM [TPABUIAM:

® IIycTasd NOCAeJOBATENHbHOCTH TPABIIbHA.
e ecim A m B npasnibur, 10 u AB npasuibHa.

e ccim A npasminHa, T0 [A] n (A) npasniabab.

Hpwmmep. Iocnenosarenmsunoctn (), [[1]1, [OLI1OI[] npasmibue, a
nocaeposareaspoct 1, ) (, (1, (D] — ner.

6.1.1. IlposepuTbe NpPaBWIBHOCTHL TOCACIOBATENLHOCTH 33 BpPEMsA, HE
[IPEBOCXOAANICE KOHCTAHTHI, YMHOXEHHON Ha eé mmmuy. [Ipeanomaraercs,
YTO YJICHB! TOCAEJOBATEIBbHOCTH 3aKOANPOBAHE YUCAAMMU!

( 1
L 2
) -1
1 -2

Pemenme. [Iycte al[1]...aln] — nposepsemas mocaeiOBaTENILHOCTD.
Paspenmm XpaunTh B CTeKe OTKPHIBAIOIMECs KPYLILIE U KBAADATHEIE CKOG-
kn (1. e. 11 2).

Buauwase crek penaem mycrraim. [lajiee npoCMAaTpUBAEM YICHE! ITOCIEHO-
BATEJBLHOCTH CJIEBA HANPABO. BeTpeTns OTKpLBAIONYI0CH CKOOKY (KDYyrayio
N KBAAPATHYIO), IOMEIIAeM ¢é B CTEK. BCTPETHB 3aKPHIBAIOILYIOCH, IPO-
BEpseM, YTO BEPIIMHA CTEKA — NapHasg el CKOOKa; eCam 3TO He TaK, TO
MOXXHO YTBEDXAaTh, 4TO NOCICAOBATEILHOCTL HENPABUIbHA, eClIN CKOOKA
napuas, To 3a6epéM eé (BepmnHy) U3 cTeka. [ocie 0BaTeIbHOCTE IPABAIb-
HA, €CJU B KOHIE CTEK OKA3LIBACTCA MYCT.

Crenats_nycTsM (s) ;
i := 0; O6napyxena_ommbka := false;
{mpounTano i cUMBOIOB IOCIeHOBATEeNIBLHOCTH}
while (i < n) and not (O6uapyxena_oumbka do begin
i=1i+1;
if (al[i] = 1) or (a[il = 2) then begin
| Dobapure (ali], s);
end else begin {a[i] paBHo -1 mmm -2}
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if Nlycr (s) then begin
| O6napyxena_ommbka := true;
end else begin

Bzgre (t, s);

O6napyxena_oumbka := (t <> - a[il]);
end;
end;
end;
lpaBuneHo := (not O6mapyxena_ommbka) and Ilyct (s);

Y6eqmmes B NnpaBUALHOCTH MPOTrPAMMEIL.

(1) Ecam nocaeoBaTeIsHOCTE NOCTPOEHA 10 IPABUJIAM, TO NPOrpamMMa
JacT OTBET «lay. JTO JErKO AOKA3ATL WHAYKIWEA N0 MNOCTPOEHWIO Ipa-
BUJIBLHOHW NOCICAOBATENLHOCTN. Hajo npoBepnTh A MyCTOH, A NOCIC-
nosareasaocTn AB B npexnonoxennn, aro ans A m B yxe nposepeno,
U, HakoHen, jasa nociegosaTensrocren [A]l n (A) — B npeanonoxeHun,
yTo aaa A yxe nposepeno. [ns nycron ogesnano. Jas AB neicTsus npo-
rpaMMbL IPOWCXOAAT KaK JUs A W KOHYAIOTCA ¢ MYCTHIM CTEKOM; 3aTeM BCE
nponcxoant Kak nus B. Jun [A] crmayana noMemaercs B CTEK OTKPHIBAIO-
Was KBaJAPATHAA CKOOKa M 3aTeM BCE MAéT Kak jas A — ¢ Tow pasuunnen,
YTO B TUIyOMHE CTEKA JEXUT JAMHAA CkoOka. [lo okomwanmn A crek cra-
HOBUTCS NYCTHIM — €CIM HE CYUTATH ITOW CKOGKM — a 3aTe€M M COBCEM
nycTeM. Anagsornyno aus (A).

(2) TlokaxeM, 9TO €CIM NPOrpaMMa 3aBepHIAeT paboTy C OTBETOM «Iay,
TO MOCJCAOBATECILHOCTL NPABMIBLHA. PacCy X 1aeM WHAYKIMeH NO AJUHE [0-
cregosaTensHocT. [Ipocienum 3a COCTOAHMEM CTEKAa B npouecce paboThl
nporpaMmul. Ecam OH B HEKOTOPHIN TPOMEXYTOYHEIN MOMEHT MyCT, TO MO-
CIeNOBATCNBHOCTL PAa30UBACTCA HA [OBC YACTH, JJA KaXKJIOM U3 KOTODHIX
nporpamMma JaéT OTBET «Ia»; OCTAETCA BOCIOAB3OBATHLCHA NP EANIOIONKCHACM
WHIYKLAN ¥ onpejenesneM npasuiasuoctu. [lycrs crek BCE BpeMs Henycr.
OTO 3HAYNT, YTO MOJOKCHHAA B HErO HA NEPBOM mare CKOOKa 6y AT BLIHY-
Ta JUIIb HA TOCACIHEM mare. TeM CaMbIM, NEPBEIA M MOCACIHAN CAMBOJLI
NOCICAOBATEILHOCTH — HTO NAPHLIE CKOOKHU, M MOCACIOBATEALHOCTE MMEET
Bung (A) wm [A], a pabora nporpammul (KpOMe NEPBOrO W NOCJIENHErO
MAaros) OTAMYACTCA OT €€ paboTH Ha A JNIIb HATAYAEM JUIIHEH CKOOKN
Ha gue creka (pas eé He BLIHMMAIOT, OHA HUKAK He BIMsAeT Ha padoTy npo-
rpammul). CHOBA CCHUIAEMCA HA NPEANONIOKCHNE WHIYKINA U ONDEACACHNE
NPaBUALHOCTH. U

6.1.2. Kak ynpocTurTcsa nporpamMma, €Cam W3BeCTHO, YTO B IOCAEJIOBA-
TEJBHOCTH MOLYT GHITH TONBLKO KPYIJke CKOOKN?
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Pemenme. B 5Tom ciydae oT cTeka 0CTaéTCA AL €0 JUINHA, W MBI (HaK-
TWYECKN NDPUXOAWM K TAKOMY YTBEDXKICHWIO: NOCIEJOBATENBbHOCTE KPYI-
JBIX CKOOOK NMPaBWJIbHA TOTMA M TONBKO TOTMA, KOra B JIOOOM €€ HavaJIb-
HOM OTDE3KE YUCJO 3AKPHIBAOMNXCA CKOOOK He NPEBOCXOAUT YNCIa OTKDHI-
BAIOIINXCA, & [UIA BCEH NOCIEAOBATEILHOCTY DTH YNCJIA PABHEL. |

6.1.3. Pcaym3oBaTbh ¢ mOMOIILIO ONHOrO MACCUBA B3 CTEKA, CyMMap-
HOE KOJUYECTBO BJIEMEHTOB B KOTODPHIX OUDAHWYCHO JJMHOW MAaCCHUBA; BCE
JEUCTBUA CO CTEKAMM JOJKHEI BRINOJHATHCA 34 BPEMSA, OCPDAHNYCHHOE KOH-
CTAHTON, HE 3ABUCANCH OT JJINHEl CTCKOB.

Pemrerme. Crexn NOMKHEI DACTH € KOHIOB MaCCHBA HABCTDPEYY ADYC
JPYCY: NEPBHIA JOMXKEH 3aHNMATL MECTa

Conepxanme[1] ... Conepxanmne [[unal],
a BTOpON —
Conepxanne[n] ...Conepxanne [n-Inuna2+1]

(BepmMHEL 0GOMX CTEKOB 3AMNCAHK TIOCIEIHNMA ). U

6.1.4. Peaymsosars k crexos ¢ vnemenTamm tnna T, obmee KOIMIeCTBO
BJIEMEHTOB B KOTOPHIX HE PEBOCXOANT 1, C NCIOIB30BAHNEM MACCUBOB CyM-
mapuoi mmeE C(n + k), 3aTpaunBasg Ha KaxX[oe ACACTBHE CO CTEKAMM
(KpoMe HaYATbHHIX NEWCTBHN, NEJAOIIMX BCE CTEKW IIYCTHLIMHU) BpeMs He
6osnee nexkoropon koucranutw C. (Kax roeopsar, ofmas AinHa MAaCCUBOB

nomxnaa 6eite O(m 4+ n), a Bpema Ha kaxaywo onepanuio — O(1).)

Pemermne. [IpuMenseMuil MeTO [ HA3EIBACTCA «CCEUIOYHON PeANN3aLIACH).
OH nCnoas3yeT TPU MACCUBA!

Conmepxanme: array [1..n] of T;
Crepywommi: array [1..n] of O..n;
Bepumua: array [1..k] of 0..n.

Ynobuo maobpaxarr maccms ComepxaHue KakK N sg49eeK € HOMEpa-
M 1...n, KaXJas W3 KOTODPHIX cojepxuT anemedT tuna T. Maccus
Cnepyommit w306pa3suM B BMJE CTPEJOK, NPOBEAA CTPEIKy m3 i B j, ec-
au Crenypmn[il=j. (Ecim Crenywomwn[il=0, cTpesok w3 i He nposo-
aum.) Comepxumoe s-ro creka (s € 1...k) XpaHWTCs Tak: BepIINHA DaBHA
Conepxanwe [Bepmvwna[s]], ocralbHbie SIEMEHTH S-I'0 CTEKA MOXHO HAUTH,
WA 110 CTPEeJKaM — JO TeX Nop, NoKa OHM He koHwarTcs. [Ipn sTom

(s-mit cTek nycr) < Bepumnua[s]=0.
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CrpenovHble TPACKTOPUH, BEIXOAANIAE U3

Bepuwmual[1],..., Bepumna [k]

i i

(ua Tex, koropre He paBu () He AOKHE nepecekarsca. llomumo Hux,
HaM MOHAAOOMTCA emeé ONHA CTPEIOYHAA TPACKTODPNS, COAEDKAAA BCE He-
NCIONB3YEMEIE B JAHHLIA MOMEHT sdeiknu. B¢ Haganso mul OyleM XPaHnTh
B nepemennon Cro6onnas (pasenctso Co6onnas = 0 0O3HAYaeT, YTO [IyCTO-
ro MecTa He ocTaiocs). Bor npnmep:

Conepxanue a P q d s t v W
Bepmmna CeobonHas
Comepxanme |a p q d s t v W
Crenyommt (3 0 6 0 0 2 5 4
Bepuwna | 1 7

Ceob6opnnasa = 8

Crexn: 1-w11 COXEpXUT p, t, q, a (a — BepmuHa); 2-0i cogepx ur s, v (v —
BEPIINHA).

procedure Haqarb_paGory; {llenraeT Bce cTeku nycrunn}
| var i: integer;

begin

for i := 1 to k do begin

| Bepumua [i]:=0;

end;

for i := 1 to n-1 do begin
| Crnenywonmit [i] := i+1;
end;

Crepyomwt [n] := 0;
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Ceobomnasg:=1;
end;

function EcTb_mMecTo: boolean;
begin

Ecte_MecTo := (CBo6ommag <> 0);
end;

procedure Jo6amute (t: T; s: integer);
{lo6aBuTE t ¥ S—My cTeky}
var i: 1..n;

begin

{EcTB_MecTo}

i := CBobogHasd;

Ceo6omnan := Cnemywoumit [i];
Crenyomwt [i] := Bepumma [s];
Bepumna [s] :=1i;

Comepxamme [i] := t;

end;

function Ilyct (s: integer): boolean;
| {s-mit cTex mycT}

begin

| Iyct := (Bepumma [s] = 0);

end;

procedure Bzars (var t: T; s: integer);

{B34TH W3 s-ro cTexa B t}
var i: 1..n;

begin
{not Iyct (s)}
i := Bepmmua [s];
t := Copmepxamme [i];
Bepumua [s] := Cregywumit [i];
Cnegyommt [1] := Cmobogmmas;
CBobopmHag := 1i;

end;

function Bepumna_cTrexka (s: integer): T;

| {Bepumna s-ro crekal}

begin

| Bepumna_crtexa := Copgepxanme [Bepumnals]];

end; O
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6.2. Ouepeau

SHAYCHUAMN TUNA «OYEDPEIb JIEMEHTOB TUIa Ty, KAK M I CTEeKOB, ABJIA-
IOTCS TOCJe IOBATENLHOCTY 3Havennit Tnna T. Pasunna cocront B TOM, 9To
6epyTCsa DAEMEHTH He ¢ KOHNE, a ¢ Havana (a J0GaBIAIOTCA NO-NIDEXHEMY
B KOHeI).

Onepaunn ¢ oYepeaaMu:

o Cuesars_ycTon (var X: OYepenb daeMEHTOB Tura T);

JobGasuts (t:T, var x: o4epens daeMeHTOB Tuna T);

BasaTe (var t:T, var x: ouepeas anemenTos Tuna T);

Ilycra (x: ovepeas saemenTos Tuna T): boolean;

Ouepennont (x: ovepens saementos Tnna T): T.

Ilpn Brnonnennn kKomaHae «JOGABUTHY YKA3AHHHIA 3NEMEHT H06aBIA-
eTcs B Kouell odepean. Komanna «BasaThy BHNIOTHAMA, JUIIL €CAA OYepenb
HermycTa, ¥ 3a6MpaeT U3 Heé NepBHIA (TOJOXEHHKN Ty A8 PaHbIIe BCEX) avie-
MeHT, nmomeras ero B t. 3uavennem eyuxum «Ouepenson (onpeneséHuon
[ HEIYCTOW O¥EPEIN) ABIACTCA MEPBHIA BICMEHT OYEpPEIH.

Anrmvickwe nassamnsa crekos — Last In First Out (mocnegnnm Bo-
méa — mepBHM BHIE ), a odepeaent — First In First Qut (nepsrim somén —
nepsuiM srmer). Cokpamennsa: LIFO, FIFO.

Peannsaums ouepegen B maccuee

6.2.1. PeaimaoBaTb onepanum ¢ O49epeIbio OrPAHNYCHHON IJIWHEL TAK,
YTOOK KOMUYIECTBO JEUCTBUM NI KaX JOW Onepanny L0 OrPAHUYEHO KOH-
CTAHTOW, HE 3ABUCANICH OT IIUHEI OY9EpEIu.

Pemerme. Bynem XpannTo BJIeMEHTH OYepEAN B COCENHWX BJIEMEHTAX
maccwsa. Torna owepens Oyaer nNpupacTars cupasa n yOusars caesa. [lo-
CKOJBKY OPW DTOM OHA MOXET NOWTW IO Kpas, CBEpHEM MAaCCUB B OKPYX-
HOCTE.

Beeaém maccus

Conepxamme: array [0..n-1] of T
U IEPeMEHHLIC

Nepmam: O..n-1,

Omuua : 0..n.
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IIpn »Tom mremenTamu ogepean GyxyT

Conepxanue [llepsmit],Conepxanue [llepeam+1],...,

Conepxanue [llepsmi+lmuma-1],

rie CJIOXKEHNEe BHITOXHAeTCA 110 Moayo n. (Ipexynpexaenne. Ecam smecto
HTOrO BBECTH IepeMeHHble [leprnt u [loce fHAA, 3HAYCHNA KOTOPLIX — BHI-
YOTH 110 MOIYJIO 1, TO IyCTAasd OYepeib MOXeT OHTh COYTaHa C 0YePeIbIo
U3 1 DJEMEHTOB. )

Ornepaiumn BHITOJHAIOTCA TaK.

Cuaenars mycron:

Imuna := 0;
Hepmst := 0;

HobasnTh DAeMEHT:

{lnuna < n}
Conepxanue [(llepmmit + Jmuua) mod n] := >neMeHT;
Tmuua := Jmuua + 1;

BasTe snement:

{llmura > O}
31eMeHT := (CopepxaHue [Heme‘i] H
lepeust := (lepmust + 1) mod n;

Inuua := JmunHa - 1;

ITycra:
Imuua = 0
Ouepeanon:
Conepxauue [lepnrn] O

6.2.2. (Coobumn A.T.Kymuanpenko) Ipuaymars cnoco6 MOAEIMpPOBa-
HUA OYEpew C IOMOIIBIO ABYX CTEKOB (M (PUKCUPOBAHHOIO YNCIA NepeMeH-
urix tana T). IIpm arom orpaborka n onepanuil ¢ odepeabio (HAYATHIX,
KOrja o¥epes Ouuia mycra) JoxHa TpeGoBaTh MOpAAKa N ACHCTBUMN.

Pemmerme. UnpapwanT: cTek#, COCTABICHHLIC KOHLAMHA, 00pa3yOT OYe-
peas, (Ilepeynciisis aaeMeHTH OIHOrO CTeKa BRIyOh ¥ 3aTeM BJIEMEHTH BTO-
POr0 HAPYXY, MBI IEPEYNCIAAECM BCE BJECMEHTH! OYEpeau OT IIEePBOro A0 IO-
caenrero.) flcHo, 4To go6GaBacHNE CBOANTCA K JAOOABICHUIO K OJHOMY W3
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CTEKOB, a NPOBEPKa MYCTOTH — K NPOBEPKE NYCTOTH 060X cTeKoB. He-
JM MEL XOTUM B3ATH QJIEMEHT, eCTh IBa CIy4das. FCam CTek, e HaXOANTCA
HAYajdo oyepeay, He nycrt, To 6epéM w3 Hero sneMenT. Ecim on nycr, TO
NpeABAPUTEILHO NEePENUCHIBACM B HEr'O BCE BJEMEHTH! BTOPOrO CTEKAa, Me-
HAA NOPAAOK (3TO NPOUCXOANT CAMO COOON NPU NEPEKJIA IEIBAHNN N3 CTEKA
B CTEK) M CBOJAMM JEJO K IEPBOMY CAy4aro. XOTA YUCJIO ACHCTBAN HA 3TOM
[are W He OrPAHWYEHO KOHCTAHTOM, HO TpeOOBaHME 33aJAYM BHINOJHEHO,
TAK KaK KAXJIHH BIEMEHT OYepPeAM MOXKET yYaCTBOBATHL B 3TOM NPOLECCEe
He 6osiee OMHOrO pa3la. (Il

6.2.3. [lexoM HA3HIBAIOT CTPYKTYDY, COYETAIOMIYIO OYEPEIb W CTEK:
KJACTb N 3a6MpaTh BIeMEHTH MOXHO ¢ 06omx KOHNOB. Kak peammsosars
leK OrPaHMYEHHOrO pa3Mmepa Ha 6a3e MacCuBa TaK, 9TOOBI KaxKaas ornepa-
unst TpeboBana OrpaAHWYEHHOIO YNCIA JEHCTBUMA? |

6.2.4. (Coobumn A.T.Kymunpenko.) Umeerca gex daemeHToB Tana T
W KOHEYHOe YNcio nepemennurx Tuna T n nenoro una. B navarsuom cocro-
SHUUM B JIeKe HEKOTOPOE YNCIO diemMeHTOoB. COCTaBUThL NPOrpAMMY, [TOCHE
WCIIONHEHNA KOTOPOW B JeKe OCTANNCH OBl Te XE CAMEIe BIEMEHTEHl, 4 WX
YUCAO OHLIO OHl B OJHOU U3 LEIHX NEPEMEHHEIX.

[Ykazanne. (1) DneMeHTH IEKa MOXHO LHAKJIMYECKN [EPECTABIATD, 38-
6upas ¢ OJHOr0 KOHNA w nomemas B Apyrou. Ilocae 5Toro, cienas CTOILKO
Xe IIAaros B 06paTHOM HANPABICHWNA, MOXKHO BEpHYTH BCE Ha mecto. (2) Kak
[OHATH, NPOILIA MBI MOJIHEIA KPYr Win He npouum? Ecan 6ul KaKOR-To de-
MEHT 3aBeJOMO OTCYTCTBOBAJI B JEKE, TO MOXHO GLIO GLl €ro NOJACYHYTH
M XJaTb BTOpuyHOro nossienus. Ho Takux saementos wer. Bmecro sroro
MOXHO ISl JAHHOIO N BHITOJHWTEL NWKINYECKUI CABAC HA I JBAXK KL, 1O~
CYHYB Da3HEIe DIEMEHTH, ¥ IIOCMOTDPETH, NOABATCA JW DABHHIE DJIEMEHTH
Yepes N 1aros.] O

Mpumenenmne ouepenei

6.2.5. HanewaraTs B NOPsAAKE BO3PACTAHNA IEPBHIE Il HATYPAJTBHEIX YU~
CeJl, B PA3JIOXEHNEe KOTOPHIX HA NPOCTHIE MHOXWTENW BXONAT TONBKO YH-
cna 2, 3, 5.

Pemerme. Beeném tpu odepenn x2; x3; x5, B KOTOPHIX 6yAe€M XPAHUTH
BNEMEHTH, KOTOPHE B 2 (3, 5) pas 6osblle HANEYATAHHHIX, HO €W HE Ha-
nevaradsl. Onpexeanm npouenypy

procedure HamevaTaTh_u_gobaBuTh (t: integer);
begin
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writeln (t);

No6aBute (2%t, x2);

HobaBute (3%t, x3);

Dobaeutnr (6*t, x5);
end;

Bot cxema nporpamme::

...cmenaTk x2, x3, x5 nycTrm

HaneyaTaThb_Hu_Jo6aBuTe (1);

k :=1; { k - uMcao HamevyaTaHHHX }

{unBapuanT: HameyaTaHo B NMOpAJKE BO3PACTAHUA K MUHHMAILHHX
YIeHOB HYXHOTO MHOXeCTBAa; B O4YepegdX 3IeMeHTH, BIBOe,
BTpoe M BIATepo GoJbIMe HaNeYaTaHHHX, HO He HaIevYaTaHHHe,
pacloloXeHHHe B BO3pacTawlleM ITopAnKe}

while k <> n do begin

x := min (ovepenuou(x2), ovepenmuont (x3), odepexmHou(x5));
HameyaTaThb_u_gobaruTh (X);
k = k+1;

...B3ATb X U3 Tex oqepeneﬁ, TOe OH 6HI o4YepeTHHM;
end;

IlycTe MHBAPMAHT BEINOJHACTCA. PACCMOTPUM HAMMEHBIIMN W3 HEHATIC-
YATAHHEIX BJCMCHTOB MHOXCCTBA; MyCTh 3TO X. TOrga OH ACINTCA HALEAO
HA OJHO W3 yncen 2, 3, 5, W 94CTHOE TAKXKE NPUHAIJICKAT MHOXECTBY. Ha-
YUT, OHO HaCYaTaHO. SHAYNT, X HAXOAWTCA B OJHOM M3 OYepeaed m, cie-
[NOBATEJIBHO, ABIACTCA B HEW NEPBHIM (MEHBIINE HAICYATAHEL, 4 3JEMEHTH
odepeaed He Haneyarans ). Hamegaras x, MEl JOJXHE €0 U3BATH U f00a-
BUTBL €O KPATHEHIC.

JnmHE 0uepeael He NPEBOCXOAAT YUCIa HACYATAHHLIX BNCMCHTOB. [

Cure iyromas 3a4a4a CBA3ana ¢ rpadammn (K KOTOPLIM ME BEPHEMCA B IJa-
Be 9).

Ilycre 3ajano KOHEYHOE MHOXECTBO, BJIEMEHTH KOTODPOr'O HA3HIBAIOT
8EPUUHAMY, 8 TAKKE HEKOTOPOE MHOXKECTBO YIOPANOYEHHKIX 1ap BEPIINH,
Ha3BLIBAEMLIX pébpamu. B 3TOM Clrydae roBOpAT, YTO 3AAAH OPUEHINUPOBAH-
nottt epad. Ilapy (p, q) HasHBAIOT PEOPOM C HAUAAOM P N KOHYOM §; TOBOPAT
TAKXE, YTO OHO 6biL0dumM U3 BEPIINHKL P U 6L0dum B BepmmHy q. OORIYHO
BepUIMHE I'pada n306paxarmT TOYKAMK, & pé6pa — CTPENKAMU, BEIYIUMNA
n3 magana B xowen. (B coorsercTsMM C onpegescHueM W3 NAHHOW BEpIIN-
HEI B JaHHYIO BeIéT He 60see onqHOro pebpa; BO3MOXHKEL pé0pa, ¥ KOTOPKIX
HAYAJIO COBNAJAET C KOHIIOM.)

6.2.6. UsBeCcTHO, 9TO OPUEHTUPOBAHHKIN Tpacd CBAIECH, T.e. U3 JoGOU
BEPIIMHEI MOXHO NPOUTH B J00yio no pébpam. Kpome TOro, us Kaxjgou
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BEPIIVHE BEIXOAUT CTOJBKO Xe pébep, CKombKo Bxoant. [lokasaTs, 9To cy-
MEeCTBYeT BAMKHYTHIM IWKJ, IIPOX0 JALMHA N0 KaXA0MY pe6py pPOBHO OJWH
pas. CocTaBuThL AJICOPUTM OTHICKAHUA TAKOI'O [UKJIA.

Pemenwme. 3meéi OyieM HA3KBATHL HENYCTYIO OYEPENb U3 BEDIINH, B KO-
TOpPOW MOGKIE NBE BEPINWHLI COANHEHL! pe6poM rpada (HavaioM ABILAETCA
Ta BEPIINHA, KOTOpas 6amxke K Hadaty odepean). Crosamwas B Hagaue ogepe-
1 BepmHa Oy JeT XBOCTOM 3MeH, NocaeHss — rojoson, Ha pucynke ames
n300pasnTca B Bue Uemn peédep rpada, CTPEIKN BEIyT OT XBOCTA K 'OJO-
Be. [Jo6Gapnenne BePIMHLL B OYepPeab COOTBETCTBYET POCTY 3MEN C TOJOBHL,
B3ATHE BEPIIWHLI — OTPE3AHNIO KOHYNKA XBOCTA.

Buawase aMes COCTONT U3 eANHCTBEHHOU BepinmHbl. [lajee MEL caexyem
TaKOMY NPaBIILY:

while 3Mes BkiwYaeT He Bce pébpa do begin
if u3 romOBM BHXONUT He BXoJAmlee B 3Mek pebpo then begin
| YIOIHHUTE 3MeK 3THM pe6poM
end else begin
{romoBa 3Menm B ToM Xe BepiMHe, 4YTO M XBOCT}
OTpe3aTh KOHEIl XBOCTa M JOoGaBUTL €ro K TOJIOBe
{"3Mes oTKycHBaeT KoHel xBocTa'l}
end;
end;

Joxaxem, 9TO MBI JOCTUIHEM LIEJIH.

(1) M as mo 3amee OT XBOCTA K COJOBE, MH BXOJUM B KAXIYIO BEPIIMHY
CTOJIBKO K€ pas, CKOJbKO BHIXONWM. Tak kak B JI0OYI0 BEPIINHY BXOANAT
CTOJBLKO Xe PE6ep, CKOMBKO BHIXOANT, TO HEBO3MOXHOCTL BHIATH O3HAYAET,
YTO TOJOBA 3MEU B TOU XKe TOYKE, YTO U XBOCT.

(2) 3Mes He yKOpPaYMBAETCA, NO3TOMY JUOO OHA OXBATHUT BCE pE6pA,
anbO, HAYWHAA C HEKOTODPOI'O0 MOMEHTA, 6yJeT WMeTh NOCTOSHHYIO JAJNHY.
Bo Bropom cayuae 3mes Gyner GECKOHEYHO «CKOJL3WTL 110 cebey. ITO BO3-
MOXHO, TOJBKO €CJI M3 BCEX BEDIIWH 3MEN He BEIXOANWT HEWCITONb3OBAHHKIX
pébep. B aTom caywae w3 CBA3BHOCTM CIEAYET, YTO 3Mes NPOXOIUT IO BCEM
pébpam.

3aMeyanne 1o peanmsauum Ha nackaie. Bepumuamn rpadga Gyaem cum-
TaTh yncaa 1...n. [Jaa kaxgon sepmueu i 6yaeM xpannTs yucao Out [i]
BEIXOAMNX 13 Heé pébep, a Takxke Homepa Num[i] [1],... Num[i] [Out[i]]
TEX BepUImH, Kyaa 3T™n pébpa seayr. B mpouecce nocrpoenna 3men 6y aem
BEIGMpaTh neproe cBobonuoe pebpo. Torjga AOCTATOYHO XPAHUTHL ANA Ka-
XJOW BEPIIMHEI YMCIO0 BHIXOJAIMX U3 HEE NCIONL3OBAHHKBIX péGep — 3TO
OyayT pébpa, uaymme B Ha4YaJE CIIUCKA. ]
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6.2.7. [okasaTk, 94TO U BCAKOIO 7l CYIMIECTBYET ITOCJIEIOBATENLHOCTD
HyJeU U eJuHNI JMuHE 27 CO CAeAYIOMMM CBOUCTBOM: €CIM «CBEPHYTHL €€
B KOJBILIO» M PACCMOTDPETH BCE PPArMEHTH MIWHE 7, (MX 9UCJIO paBHO 27),
TO MEI IIONYYNM BCE BO3IMOXHEIE IIOCAENOBATEILHOCTN HYJEH N SNHNL JJIW-
uel 7. [loCTpONTE aAIrOPUTM OTHICKAHUA TAKON [TOCAEI0BATEILHOCTH, TPE-
Gyrommn ge 6onee C™ AeHCTBAN I HEKOTOPOU KoHcranTu (.

[Ykazanue. Paccmorpnm rpad, BepmmHaMu KOTOPOrO ABJIAIOTCA TOCTE-
JOBATEILHOCTY HYJCH U eQUHNL JawHE 1o — 1. Bygem cunraTs, 4To 13 Bep-
MIWHEl T BeJéT pPe6pO B BEPUIMHY Y, €CIN T MOXET OLITH HAYAJIOM, & Y —
KOHILIOM HEKOTOPOW MOCJACA0BATCALHOCTN JMnHE 7. Torga ma Kaxaon Bep-
[WHEL BXOAWT ¥ BEIXOMUT nBa pebpa. [uka, npoxoasmmu o Bcem pébpam,
1 1acT TpefyeMyio NOCIeJ0BATEILHOCTD. | (Il

6.2.8. Pcammaosars k odepefied ¢ OrPAHNYCHHON CYMMAPHON NIWHOW N,
ncrnonsaya namats O(n + k) [= me 6onee C(n + k) 4418 HEKOTOPON KOH-
crantra C], npuuém Kaxnas onepannsa (KpOMe HAYATIBLHOU, AEJIAIOMIEH BCE
OYepEaN MyCTHMM) JOMKXHA TPeBOBATE OIPAHNYEHHOIO KOHCTAHTON YMCIa
NCUCTBUN.

Pemerme. [eiicTByeM aHATOrMYHO CCHIIOYHOW DCATM3AIMMA CTEKOB: MEI
noMHMM (U KX JOU OY€PEN) MEePBOro, KaXK KM yYaCTHUK OYCPEIN IIO-
MHUT CACAYIOMIEro 33 HUM (M8 NOCJACAHErO CINTACTCA, YTO 34 HAM CTOUT
dukTBALG 3nemenT ¢ HoMepoM 0). Kpome TOro, MEl JOMKHEL 1A KaXK IO
0YEPEIM 3HATH NOCAEHHEro (€CJAM OH €CTh) — WHAYE HE YAACTCA J06ABJIATE.
Kak n s cTexos, OTACABLHO €CTh LEeNb CBOOOJHBIX AHYCCK. 3aMETHM, 9TO
[UJIsA TyCTON Oo4Yepenn nHMOPMAIMA O MOCACIHEM ANEMEHTE TEePACT CMEIC —
HO OHA W HE NCIONB3YETCA IPU HOOABICHWN,

Conepxanme: array [1..n] of T;
Crepywoumi: array [1..n] of 0..n;
lepeunu: array [1..k] of 0..n;
Hocnmenmuuu: array [1..k] of 0..n;
Ceoboguag : 0..n;

procedure CnemaTh_ITyCTHM;
| var i: integer;

begin
for i := 1 to n-1 do begin
| Cnepyommit [i] := i + 1;
end;
Crenyomwa [n] := 0;
Ceoboguasg := 1;

for i := 1 to k do begin
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| Hepemit [i] :=0;
end;
end;

function EcTe_MecTo : boolean;
begin

EcTte_MecTo := CBobomuag <> 0;
end;

function llycra (HoMep_ovepemm: integer): boolean;
begin

| lycta := llepeuu [HoMep_ovepermu] = 0;

end;

procedure Bzate (var t: T; HoMep_ovepegmu: integer);
| var mepB: integer;

begin
{not Mlycra (momep_ouepemmn)}
mepe := lepeunt [HoMep_ovepenn];
t := Copmepxamme [mep=]
llepen#t [HoMep_ovepemu] := Cmepyoumu [mepm];
Crnenyous [mepe] := Cmo6ogmnas;
CBo6ogHad := ITepB;
end;

procedure JoBamuTh (t: T; HoMep_ovepemu: integer);
| var HoB, mocm: 1..n;

begin
{EcTp_MecTO }
HOB := (Bo6ogHad; CBobogHas := Crepmywumux [CBo6onmad] ;
{3 cmucka cBoBOJHOI0 MecTa U3BAT HOMEp HOBY}
if llycra (HoMep_ovepenu) then begin
llepent [HoMep_ovepenu] := HOB;
Nocmepuuit [HoMep_ouepenu] := HOB;
Crnenywommit [Hom] := 0;
Comepxamue [mnom] := t;
end else begin
mocn := locnenuuu [Homep_ovepenmu] ;
{Crenyomu [mocn] = 0 }
Cnenywunit [mocn] := Hom;
Crnenywumit [Hom] := 0;
Comepxanue [moB] := t
Nocnenuwi [HoMep_ovepermu] := HOB;
end;

end;

6.2. Ouepedu 109

function Oqepennoﬁ (noMep_ouepegu: integer): T;

begin

| OyepermHoit := Comepxamme [llepeuit [HoMep_oueperu]];

end; O

6.2.9. Ta xe 3a4a9a s JEKOB BMECTO OYEpEACH.

[Ykasanue. ek — cTpyKTypa CUMMETDPUYHASA, IO3TOMY HAJI0 XPAHUTH
ccuuky B 06e cTopoHm (Brepén m Haszan). llpm sTom yaobHO K KaxaoMmy
IeKy H06aBUTH PUKTUBHELIA QIEMEHT, 3aMKHYB €r0 B KOJIbLIO, U TOYHO TAKOe
Xe KOJIBIO 06pasoBaTs U3 CBOGOMHEIX IIO3NIIMN. ] u

B caenyromen sagade €K HMCNONB3YETCA A XPAHEHWS BEPIIMH BhI-
IYKJOrO MHOIOYTOJBHUKA.

6.2.10. Ha niaockocTH 3aJaHO 71 TOYEK, NPOHYMEPOBAHHKEIX CJIEBa Ha-
npaso (a npu paBHEIX abcumccax — CHm3y BBepx). COCTAaBUTH NpOrpaMmy,
KOTOPas CTPONT MHOIOYIOJBHUMK, ABJSIOMIMACA WX BHITYKJION OGOJOYKOH,
3a O(n) [= me 6onee wem Cn] nencTeun.

Pemerme. Bynem npncoeanuate TOYKM K BEINYKJION OOOJOYKE ONHA 3
npyrou. Jlerko mokasarb, 9TO MOCHCNHAS NPUCOCAMHEHHAR Toyka Oyjuer
OJHOM W3 BEPUINH BHIYKJION 060J0YKU. DTy BEPIIMHY MBI OyAeM Ha3bl-
BaTh BrIgeaenHon. O4YepenHas NpUCcoeaNHsAEMan TOYKA BUAHA U3 BHIICJICH-
HoM (moyemy?). JOMOJHAM HAII MHOTOYT OJBHUK, BEITYCTUB U3 BHIJEJCHHON
BEPIINHE! «UIVY», BEAYIIYIO B PUCOEANHAEMYIO TOYKY. [loayyYnTcs BRIPO-
XK JI@HHEIA MHOTOYIOJLHUK, ¥ OCTAETCA JUKBN ANPOBATEL B HEM (BITYKJIOCTHY.

Byaem XpauwTh BepHIMHE MHOIOYTOJBHUMKA B [IGKe B Iopsaake o6xoja
€ro MepUMeTPa 110 9acoBon crpeike. [Ipn 3ToM BhIeICHHAS BEPUIMHA ABJLS-
©TCA HAYAIOM M KOHLIOM (TCOJOBOM M XBOCTOM) JeKa. [IpUCOCIMHEHNE «MIJIBD
Teneps COCTOWT B NOGABICHWA MPUCOEWHACMOM BEDIIMHE B [OJOBY W B
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XBOCT [e€Ka. YCTPAHEGHUE BIYKJOCTEN HECKOJbKO Gotee cnoxkuo. Hazosém
N00TE0CMOM N NOONOOTEOCTMOM DIEMEHTH! KA, CTOALNE 38 €r0 XBOCTOM.
Ycrpanenne BIyKJIOCTH ¥ XBOCTA HENAETCH TAK:

while mo mopore m3 xBocTa B NONNOJXBOCT MH IOBOpauMBaeM
y mopgxBocTa BIeBo ("BmykmocTs") do begin
BHKMHYTE IIOJXBOCT M3 JeKa
end

Takum xe c10co60M YCTPAHAETCA BIYKIOCTL ¥ TOJOBHL JICKA.

3ameqanme. [elcTBUS ¢ MOAXBOCTOM W IOANOJAXBOCTOM HE BXOJAT B
ONPEIEICHUE ACKA, OJHAKO CBOJATCA K HeOOILINOMY YUCHY MAHWUITYJISLIANR
¢ mexoM (Hano 3abpaTh TPU DAEMEHTA € XBOCTA, CALJATH YTO HAAO W BEp-
HYTb).

Emé oano 3amewanwe. EcTe nBa BHIPDOXACHHBIX CAYYas: €CJIN MEl BO-
of1we He IOBOPAYMBAEM Y MMOAXBOCTA (T.€. TPN COCEHNE BEPNINHEL JEXKAT
Ha OJHOM NpPAMON) M eciam MH nosopaymsaem Ha 180° (rtak GriBaer, ecsm
HAIl MHOTOYTOJBHUK €CTh ABYYTrOAbHUK). B nepsom ciydvae moaxsoct cro-
AT YAaINTH (4TOOH B BHITYKJION 0BG0M0YKe HE GBLIO JUITHUX BEPIINH), & BO
BTOPOM CJy4ae — O00A3aTEeNbHO OCTaBUTh. U

6.3. MHuoxecTBa

IIycre T — wexoropun Tnr. CymwecTByeT MHOIO CIIOCOG0B XPAHNTD (KO-
HEYHEIE) MHOXECTBA 3JIeMEHTOB TN T; BRIOOD MEX 1y HUMM OIDEACAACTCA
Tanom T n HabopoMm TpeGyeMuIX Ormeparun.

MNoamHoxecTBa MHoxecTea {1...n}

6.3.1. Ucnonesys namsare O(n) [= npomopumonaisuyio 7]
noAMHOXecTBa MHOXecTBa {1...n}.

XPaHWUTH

3

Onepanmu Yucno gercTsui
Cuenars mycTHM Cn
IIpoBEPUTL TPUHANIEKHOCTE C
NoGasnts C
Y nannrts C
MuHNMATBHEHA 3JeMEHT Cn
Tlposepka MycTOTH Cn

Pemrerme. Xpannm muoxecTso kak array [1..n] of Boolean. U
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6.3.2. To xe, HO IPOBEPKAE MYCTOTH! JOJKHA BHITOTHATLCA 38 Bpema C,
Pemrerme. Xpannm JONONHUTENBHO KONAYECTBO BJIEMEHTOB. ]

6.3.3. To xe npu caeqyommx OrpaHNYCHUAX HA YUCJIO JCUCTBUN:

Onepanun Yucno gencrsui
CrenaTs mycTHM Cn
IIpoBEpUTL NPUHAIJICKHOCTE C
HobasuTh C
Y namnrte Cn
MuBNMATbHET 3JeMEHT C
ITposepka nycroTh C

Pemenme. [JOnoNHWTCILHO XPAHMM MUHUMAJBLHEIA DJCMEHT MHOXE-
CTBA. ]

6.3.4. To xe npu caeqyOmmMX OrPAHNYCHUAX HA YUCJIO JCUCTBUN:

MuUHNMATBHEIN DJCMCHT
IIpoBepka nycToTh!

Onepanun Yucno gencTsum
Caenarb myCcTHM Cn
IlpoBepNTL NPUHAAICKHOCTE C
lobasnTh Cn
Y nannrb C

C

C

Pemmenme. XpanuM MUHNMANBHEIN, & JJA KaX JOTO — CJACHYIOIAN U Npe-
JELAYIWINAN IO BEJIWYNHE, O
MruoxecTBa Uenbix yucen

B CJe JYIOIMNUX 3aJa9aXx BeJNINHA VIEMECHTOB MHOXECTBAa HC OI'DaHNYCHA,
HO UX KOJUYEeCTBO HE IIPDEBOCXOINT 7.

6.3.5. ITamare Cn.

Onepanun Yncno gencrsun
Cuenarsb mycThIM C
Yucno aieMeHToB C
IlpoBepNTL NPUHALICKHOCTH Cn
JoGaBuThL HOBHIN (3aBEJOMO OTCYTCTBYIOLIMNA) C
Y namnte Cn
MuunManbHEN 3IEMEHT Cn
BaaTe kakou-to saement C
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Pemenne. MHO)KeCTBO npeacTrasasacM ¢ IOMOMBIO NIEPEMCHHEIX
atarray [1..n] of integer, k: 0..n;

MHOXeCTBO coaepxuT k snemenros al[1],...alk]; sce oun pasmmynn. Ilo
CYILIECTBY MBI XDAHUM BJEMEHTH MHOXECTBa B crexe (6e3 INOBTOpEHMH).
C TeM Xe yCrnexoM MOXHO OHUIO OHl BOCHOJB30BATHLCA OYEPEIbId BMECTO
CTeKa. m

6.3.6. Ilamare Cn.

Onepaunn Yucno gercTsui
Craenars nycTHM C
TIposepuTs nycroTy C
IlpoBepuTs NpUHANIEKHOCTE Clogn
Hobasnto Cn

Y namrs Cn
MuBNMATBHEH 3JCMEHT C

Pemenme. CM. pemenne npeisigymen 33049 ¢ JONOTHNTEILHBIM YCIO-
Bnem al1] < ... < alk]. Ilpn npoBepke npuHa IIEXHOCTN UCIOIL3YEM NBO-
WYHEIN TOUCK. O

B crepyromen 3agade noneano KOMOGMHNPOBATH PA3HEIC COOCOOH.

6.3.7. Hcnoabays onucanusie crnocoOH NPEACTABICHNA MHOXECTB, Hal-
TW BCE BEPIINHB OPUEHTUPOBAHHOIO rpada, JOCTYIHEE U3 NAHHON 10 pé-
6pam. (Bepmmnm cunraem yncaamu 1...n.) Bpemsa ne 6omsme C - (06mee
9UCI0 PEGEpP, BREIXOAANNX U3 NOCTYNHHIX BEPIINH).

Pemerme. (/Ipyroe penesne CMOTPH B TIABE O PEKYPCHH, 3aaaga 7.4.6)
Ilycre num[i] — w4yncno pébep, sBrxomammx ma i, a out[i][1],...
.o out[i] [num[i]] — Bepwmuml, xyaa BeagyT pé6pa U3 BEPUINHEL 1.

procedure JocTymase (i: integer);
{namevaTaTsr BCe BepUMHH, HOCTYIHHe M3 i, BKi®Yadg i}
var X: IoIMHOXecTBO 1..n;
P: momMHoxecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cgenate X, P mycTmnm;
writeln (i);
...nobaBuTs i k¥ X, P;
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{(1) P = MHOXecTBO HameyaTaHHHX BepuMH; P comepzuT i;
(2) HamevaTaHH TONBKO NOCTYNHHE M3 i BepumHH;
(3) X - mogMHOXecTBO P;
(4) Bce HamevaTaHHHe BepUMHH, W3 KOTOPHX BHXOJUT
pebpo B HeHale4YaTaHHY® BepUMHY, OpUHAammexaT X}t
while X HemycTo do begin
...B34Tb KaKOM-HMUO6YIOEL 3JMeMeHT X B V;
for k := 1 to num [v] do begin
w := out [v][k];
if w He mpumamgexuT P then begin
writeln (w);
nob6aBUTL W B P;
no6aBUTE W B X;
end;
end;

end;
end;

Ceoiicreo (1) He HapymaeTcsa, TaKk KaK [€9aTb NPOUCXOANT OJHOBDE-
MeHHOo ¢ pobasnenamem B P. Ceoncrso (2): pas v 6swio B X, TO v JOCTYIHO,
noeromy w goctynuo. Ceomerso (3) odesmano. CeoucTso (4): M ynam-
Ju n3 X 3JIEMEHT Vv, HO BCE BEPIINHEL, Kya U3 Vv WAyT DEOpa, nepen 3TuM
Hale4YaTaHH. U

6.3.8. IlokasaTs, YTO MOXHO NCIOIB30OBATEL W APYrON MHBAPWAHT: P —
HaneyaTaHHeule Bepumasl; X C P; 0OCTaNOCH HAMEYaTaTh BEPIIWHEI, NOCTYII-
HEle 13 X [0 HEHAIleYaTaHHBEIM BEPIINHAM. ]

Onenka BpeMeHn paboTH. 3aMETHM, YTO W3BATHE W3 X BJEMEHTH §0Jb-
me Tyaa He JO0GABIIOTCS, TAK KAK OHN B MOMEHT W3BATHA (1, CIeNOBATENb-
HO, BCErla NO3Xe) NPUHAIIeXAT P, a J06aBISIOTCA TOJIBKO RJIEMEHTH He
n3 P. [losromy Teno mmkaa while Just KaXJOW JOCTYIIHOW BEPIINHEL BHI-
nonxHserca He 6oJee, 4eM no pasy, NPy ITOM TeJO NukJaa for BrINONHAETCA
CTOJIBKO Pa3, CKOJbKO M3 BEPIIWHHI BHIXOINT pébep.

[asa X HAZO MCNONB30OBATBL NPEACTABJICHHE CO CTEKOM WIW OYEPeAbIo
(cM. Brume), o P — GyJEeBCKHA MACCHUB. U

6.3.9. Pemnre npearraynryio 3aaady, ecan Tpedyercsa, 4Tobul A0CTyI-
HEIE BEPIIWHB! NCYATAINCH B TAKOM NOPANKE: CHAYAJIA 3aJaHHAA BEPIIWHA,
nOTOM €€ COCElM, MOTOM COCean coceer (emé He HAEYATAHHEIE) U T. .

[Ykazanue. Tax nony9nTes, €M MCIOIB30BATE OYepelb MU XpaHeHusa X
B IPUBEAEHHOM BHIINE PEIICHUN: NOKAYKUTE WH AYKLUNEN 10 Kk, 9TO CyIecTBY-
€T MOMEHT, B KOTOPLIA HAeYATAHE BCE BEPNINHLI HA PACCTOAHNN He GOJb-
me k, & B 09epean HaXOAATCA BCE BEPIINHEL, Y IaJEHHBE POBHO HA k.| ]
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Bosee cnoxurie crrocobubr NpeAcTaBIcHNs MHOXeCTB OyaAyT pasobpannl
B ruasax 13 (xemmposanne) u 14 (nepesbs).

6.4. PasHble 3aaauu

6.4.1. PeammaoBaTh CTPYKTYPY JAHHKIX, KOTOPasA MMeeT BCE Te Xe OIe-
paluy, 9YTO MACCUB JUIMHEl N, & WMEHHO

e Havarh paboTy;
® NOJOXNTH B i-10 AYEHKY YUCIO X;
® Y3HATH, YTO JEXUT B 1-OM AYCUKE;
a TaKXe ONepalmio
® YKA3aTb HOMED MUHUMAIBLHOI'O DJIEMEHTA

(ToYHee, OMHOrO M3 MUHUMATBHEIX 3JeMEHTOB). KoanyecTso aeicTBIl 1iis
BCEX OIlepaluy JOMIKHO 6HTh He 6otee C logn, He CYNTAA ONEPALNN «HAYATh
paboTy» (koTopas Tpebyer He Gouee Cn AcHCTBRIM).

Pemerme. Vcnonsayercsa npném, M3JI0XEHHBIN B pas3eie O COPTUPOBKE
nepesoM. UMEHHO, HAACTPONM HA[ DAEMEHTAMM MACCUBA KAK HA [l JUCTHAMNA
OBOMYHOE JEPEBO, B KAXKIOU BEPIINHE KOTOPOTrO XPAHUM MUHUMYM BJIEMEH-
TOB COOTBETCTBYIOWEro nogaepesa. KoppekTupoBka 3ToN MHMOPMALH,
a TAKXe NMPOCACKNBAHNE MYTH U3 KOPHA K MAHUMATLHOMY 3JIEMEHTY TDe-
Oy10T JOrapUpMUYECKOrO YUCAA JCHCTBUN. |

6.4.2. IlpnopureTHas oYepeas — 3TO O4EPEb, B KOTOPOU Ba¥KHO HE TO,
KTO BCTaJ NOCJICAHNM (IOPAJOK MOMEILEHNA B HEE HE UCDACT POIM), 8 KTO
raasuee. Bonee TOYHO, TP MOMEILEHNN B OYePelb YKA3KIBACTCA IPUOPUTET
nomemaeMoro oobekra (6ygeM CYMTATH NPUOPUTETHl LEJILIMUA YACAAMMU),
a NPHY B3ATUM U3 OYepeAN BHIONPAETCA DIEMEHT ¢ HAMOOJBIINM NPUODHATE-
TOM (MM OJIMH U3 TAKUX BIEMEHTOB). Peain3oBaTs NPUOPUTETHYIO O9EPEb
TaK, YTOOK! NOMELICHWE N BAATUE dJIeMEHTa TpeboBain JOrapudMuaecKoro
YUCaa JeUCTBUH (0T pasMepa OYepeln).

Pemerme. Crnenys arropntmMy COPTUPOBKY JepeBOM (B €r0 OKOHYATEJIb-
HOM BapuantTe), OyAeM Pa3sMelaTs 3IEMEHTH odepean B maccemse x[1..k],
o1 iepXUBas Takoe CBOUCTBO: x [1] crapme (uMeeT GOMBIINNA TPUOPATET )
cBomx cuiHosen x[21] m x[21+1], ecam TakoBHIE CYIMIECTBYIOT — M, Cle-
JOBATEIBLHO, BCAKAN BJIEMEHT crapiie csonx noromkos. (CeegeHus o npu-
OpUTETAX TAKNKE XPAHATCA B MACCHBE, TAK YTO MEL WMEEM JeJO C MACCH-
BOM Nap (3NEMEHT, IPUOPATET).) Y IAJICHNE BIEMEHTA C COXPAHCHNEM 3TOrO
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CBONCTBA ONNCAHO B airopurme copruposkn, Hago emé ymers BOCCTaHA-
BJANBATL CBOMCTBO NOCJE JOOABICHNA DICMEHTA B KOHEIl. DTO ACNACTCA TAK:

t:= HOMep JOGaBIeHHOTO 3JIeMeHTa

{unBapmanT: B JepeBe NW60OH IPeNoK NPUOPUTETHee NOTOMKA,
ecIM 5TOT NOTOMOK - He t}

while t - He xopeHb M t cTapme cBoero orma do begin

| NMOMEHATE t C ero OTLOM

end;

Ecmm ouepear obpasyior rpaxpgane, CTOAMME B BEPHINHAX [AePEBa,
T.€.3a KaXIEM CTOUT ABOE, & NEPe] KaXa:M (KDOME IEPBOr0) — OJUH, TO
CMBICJ] TOrO AICOPUTMA SICEH: BCTAB B KOHEL, NPUOPUTETHHIN IDAXKAAHNH
HaYWHAET MPOOGMPATHCA K HAYANY, BEITECHAA BlIepeIN CTOAIINX — ITOKA He
BCTpeTUT 60Jee MPUOPUTETHOIO. U

3ameuanme. [Ipuopnrernyio oyepens €CTECTBEHHO MCIIONBL30OBATL ITPU
MOJENNPOBAHNNA TPOTEKAMINX BO BpeMenn npoueccos. Ilpn rom sremen-
TH OYEPEAN — BTO OXUIAACMEIE COOBITHA, 8 X NPUOPUTET ONPENCLACTCA
BPEMEHEM, KOI'JIa, OHU IIPON3ONLYT.
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7.1. [lpumepbl peKypCUBHbLIX NPOrpaMm

Ilpn anaiwae peKypPCUBHOW IMPOrPAMMEL BO3HWKAET, KaK OOHIYHO, ABA
BOIIpOCA:

(a) nowemy nporpamma 3akanIuBaeT padoTy?
(6) novemy oma paBoTaeT NPABUILHO, ECAU 3AKAHYMBAET paBoTy?

Jas (6) HOCTATOYHO NPOBEPUTH, YTO (COACPKAIAA PEKYDPCUBHEI BHI-
30B) nporpamma paboTaeT NPaBWIBLHO, IPEIOJIOXKNE, 9TO BHBHIBACMAA €10
oxnonMéHHas nporpamMma padoraer npasumibHO. B camoMm nene, B 3TOM cay-
Yae B LEINOYKe DEKYPCUBHO BEI3KIBAEMKIX NTPOTPAMM BCE NPOrpamMmul pabo-
TAIOT NPABAILHO (Y6EXIAEMCA B 3TOM, WAL OT KOHIIA LEMOYKHA K HAYALY).

Yrobu noka3aTs (a), OGHIYHO MPOBEPAIOT, 9TO C KAXKIHM DEKYDCHBHEIM
BEI30BOM 3HA4YEHWE KAKOrO-TO MaPaMeTPa YMEHbINAETCS, W ITO HE MOXET
IPOJONKATHCA 6ECKOHEYHO.

7.1.1. Hanncars DEKyPCHBHYIO NPOLEAYDY BBIYNCJICHHS (PAKTOPUAIA
LEAOr0 MMONOKUTENLHOro yncia n (r. €. nponssegenus 1-2---n, obo3na-
qaemoro nl).

Pemenme. Ucnonsayem pasenctsa 11=1, nl=(n - 1) n.

procedure factorial (n: integer; var fact: integer);
| {monoxurs fact paBHM dakTopuany uyucia n}
begin
if n=1 then begin
| fact:=1;
end else begin {n>1}
factorial (n-1, fact);
{fact = (n-1)'}
fact:= fact*n;
end;
end; O
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C ncronb3oBaHmeM TpOUEHYP-pYHKIUA MOXKHO HANWCATL TAK:

function factorial (n: integer): integer;
begin

if n=1 then begin

| factorial:=1;

end else begin {n>1}

| factorial:= factorial (n-1)*n;

end;
end;

ObpaTuTe BHUMAHWE HA HEKOTODPYIO JABOUCTBEHHOCTH WCHOJIBL3OBAHUA WMe-
un factorial BHYTpW OMNCAHNA (DYHKIUN: OHO OOO3HAYACT KAK NEepeMeH-
HYIO, TaK ¥ BEI3LIBAEMYIO DEKYDPCHBHO GyHkino. K cyacTeio, B HameM ciy-
Y€ OHW Pa3NWYaIOTCA IT0 CKOOKAM NOCJIe WMEHW, HO ecan Onl pyHKuusa ObLIa,
6€3 MapamMeTpoB, TO AeN0 GuwIo Gt mroxo. (CTanaapTHas, HO TPYAHO HAXO-
JUMas OmmbOKa BO3HWKAET, €CAM aBTOP MPOrPAMME! HA NACKAJE [TONAraeT,
YTO OH WCHOJB3YeT 3HAYEHWE MEeDPEMEHHOW, 4 KOMIIMIATOD B DTOM MeCTe
BUJWT DEKYDCUABHLINA BLI3OB. )

7.1.2. O6rI4HO paKTOPUAT ONPEACAAIOT U NI HyJs, cyuTas, 9yTo 0! =1,
WMamennTs nporpaMmel COOTBETCTBEHHO., (Il

7.1.3. Hanwcarp pexypCUBHYIO ITPOrPAMMY BO3BEICHWUS B LENYIO HEO-
TPHLATENbHYIO CTEEHb. U

7.1.4. To xe, ecim Tpebyercs, 4T00m rayOUHA PEKYDPCUN HE IPEBOCXO-
mua Clogn, roe n — MokasaTens CTENeH.

Pemenne.

function power (a,n: integer): integer;

begin

if n = 0 then begin

| power:= 1;

end else if n mod 2 = O then begin

| power:= power(a*a, n div 2);

end else begin

| power:= power(a, n-1)*a;

end;

end; O
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7.1.5. Yro 6yaer, eciam W3MEHUTH NPOrPAMMY, IPUBEIAEHHYIO B DEIIIEHNN
NPEeNLIAYINEH 338490, 3AMEHNB CTPOKY

power:= power(a*a, n div 2)
Ha

power:= power(a, n div 2)* power(a, n div 2)7

Pemenwme. [Iporpamma ocranercs npasuibHon. O QHAKO OHA CTaHET pa-
6orarb MemenHee. Jeo B TOM, 4TO Tenepb BHI3OB MOXET NODOAUTH ABA
BHI30Ba (XOTA M OJWHAKOBLIX) BMECTO OAHOI'O — W YHCJIO BHI3OBOB GHICTPO
pacTér ¢ ryOuHOU pexkypcun. IIporpaMma no-npexHeMy WMEET Jorapud-
MWYECKYIO IIYOWHY PEKYPCHN, HO YNCIO MIAroB pabOoTH. CTAHOBATCA JNHEH-
HEIM BMECTO JIOrapu(pMUIecKoro.

ITOT HEJOCTATOK MOXHO YCTPAHNTL, HANNCAB

t:= power(a, n div 2);
power:= t*t;

AN BOCHOJIB30BABIINCE (GYHKLIMEH BO3BEJCHNA B KBaApaT (sqr). U

7.1.6. Ucnouvays xkomanas write(x) ymms npum x =0...9, nanncars
DEKyPCUBHYIO NPOrPaMMY NEYATH JeCATWYHON 3AIIUCH [EJIOrO ITONOKWT b~
HOI'O YncJia n.

Pemernme. 3xecy ucnonsaosanve pexypcun obnerdaer Xmu3nb (npobie-
Ma Ovbwia B TOM, 4TO UWdPH Jerde NOoay4YaTb ¢ KOHIA, 4 NeYaTaTb HaJo
¢ Hayaga).

procedure print (n:integer); {n>0}
begin
if n<10 then begin
| write (n);
end else begin
print (n div 10);
write (n mod 10);
end;
end; O

7.1.7. Nrpa «Xasouckmue GammHm» COCTONT B CAeAyIOmEeM. FCTL TpH
crepxusa. Ha nepsun w3 mnx wajgera nupamwika w3 N kosen (Gosbnme
KOJIbII CHM3Y, MCHBIINE CcBepXy). Tpefyercsa nepeMecTNTh KoJbLa Ha ApY-
OM CTepXKeHb. PaspermaeTcs nepekia bBaTh KOIbIa CO CTEPXKHA Ha, CTep-
KEeHb, HO KJACTb OOJbIee KOAbIO MOBEPX MeHbHIero ueabds. CocTaBuThb
NPOrpaMMy, YKA3LIBAIOLUYIO TpeOyeMule IeNCTBU.
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Pemrerme. Hanumenm pexypcuBHYIO NPOLEAYDY NepEMEINEHNs 1 BepXHNX
KOJIeIl ¢ m-I'0 CTEPXHA HA n-HM (OCTATBHEIE KOJbLA IIPEIIONAr aloTCa GOIb-
[MIAMM 110 PA3MEDY M JEXKAT HA CTEPKHAX 063 NBVKCHUA).

procedure move(i,m,n: integer);

| var s: integer;

begin

if i = 1 then begin

| writeln (’cmenaTts xom ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTuH CTepXeHB: CyMMa HOMepoB paBHa 6}
move (i-1, m, s);

writeln (’cpenate xom ’, m, ’->’, n);
move (i-1, s, n);
end;

end;

(Cuaqana nepeHocuTes nupamMuaka w3 i-1 xomen Ha Tpersio nanouky. Ilo-
CJie ITOro i-oe KOMBIO OCBOOOX JAETCA, M €0 MOXHO MePEeHeCTH KyJa Cle-
ayer. OcTaéres NONOXNTEL HA HECO MUPAMUAKY.) u

7.1.8. Hanmcarb DEKypPCUBHYIO NDOrDAMMY CYMMMWDOBAHWA MACCHBA
a: array [1..n] of integer.

[Ykasanue. PekypCuBHO onpeaensemMas GyHKINA JOMKHA UMETh HONOJ-
HUTENLHEN NapaMeTp — YUCIO CKJIAJBBACMEIX DJIEMEHTOB. | u

7.2. PekypcueHas obpaboTka aepeBbes

[ BOMYHEIM JEPEBOM HABKIBACTCA KAPTUHKA BPOJE TAKOU:

Huoxusnn sepnmna masmsaercs xopuem. U3 KX AON BEPIINHEL MOLYT M-
TW [Be JWHWW: BJEBO BBEDX W BIDABO BBEpX. Bepnmwunr, KyNa OHW BENYT,
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HABEIBAIOTCHA AE6bIM U NPABHIM CHIHOBbAMU NCXOIHONU Beprimunl. Beprmua
MOXET UMETH JIBYX CHIHOBEH, & MOXET MMETH TONBKO OJHOIO CHHA (EBOrO
mm npasoro). OHa MOXET M BOBCE HE MMETH CHIHOBEW, M B DTOM CIydae
HA3HIBACTCA AUCTNOM.

IlycTe 7 — Kakas-TO BEpPIIMHA ABOMYHOrO naepesa. OHa cama BMeCTe
C CHIHOBBLAMM, BHYKAMMU, IPABHYKAMM U T. . 06pPa3yeT NOAePEBO C KOPHEM
B & — noddepeso nomomxos x.

B cieayromux 3aga9ax MEl IPEANOIArAEM, YTO BEPIIMHE EDEBA IPOHY-
MEDPOBAHEl LIEJIEIMY NOJOKUTEILHEIMA YUCAAMY, IPAYEM HOMEPA BCEX Bep-
MMH pa3amyHel. My canraeM, 9TO HOMED KOPHA XPAHUTCA B IEPEMEHHOMN
root. Mul cunTaeM, 9TO WMEIOTCA ABA MACCHBA

1l,r: array [1..N] of integer

M JIEBHIM U NPaBHIW CHIH BEPIIAHE! C HOMEPOM 1 MMEIOT COOTBETCTBEHHO
womepa 1[i] n r[i]. Ecaw sepmmna ¢ womepom i e mmeer Jesoro (mum
npasoro) cuHa, 70 1[i] (coorsercrsenno r[il) pasno 0. (Ilo Tpamnnun
NpPY 3aNUCH NPOrPaMM MEl HCHONBL3YEM BMECTO HyJA KOHCTAHTY nil, pas-
HYIO HYJIO.)

3xecs N — HOCTATOYHO GONBINOE HATYPATLHOE YNCIO (HOMepa BCEX Bep-
mmH He npesocxoaar N). OTMeTnM, 9TO HOMEp BEpIUIMHEL HUKAK HE CBA3AH
C €€ noJIOXEHWEM B jgepese M 4TO He Bce yncaa or 1 xo N obszanwr ObITh
HoMepamu BepuwH (¥, CIeJOBATEILHO, YACTh NAHHEIX B MACCHBAX 1 M r —
BTO MYCOD).

7.2.1. Ilycts N=17, root =3, MaccwBH 1 U T TAKOBHL:

il 2 3 4 5 6 7
(il |0 0 1 0 6 0O 7
r[iJ] |0 0 5 3 2 0 7

Hapncosares coorBercrByromee xepeso.

OTBeT.

© @

@ \@/

\@/ 0
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7.2.2. Hanwcare nporpamMmy NoacyéTa 9ncja BepIINH B Jepese.

Pemerme. Paccmorpum dyukimio n(x), paABHYIO YUCTY BEPIIWH B IO e-
pese ¢ kopueM B Bepimae Homep x. Cunraem, yro n(nil) = 0 (nonaras co-
OTBETCTBYIOLICE O ACPEBO MyCTHM ), W He 3a60TuMCA O 3HaYeHnax nil(s)
IULA YUCeN S, He ABJIOIMXCS HoMepamu BepmmH. Pexypceusnas nporpamma
IUL 1 TAKOBA:

function n(x:integer) :integer;
begin

if x = nil then begin

n:= 0;

end else begin

| n:= n(lxD) + n(x[xD) + 1;

end;
end;

(Uncao BepmIMH B NOAACPEBE HAJ BEPIIMHON X PABHO CYMME 9YHCEJN BEp-
IXH Ha ¢¢ CHIHOBLAMM ILUIOC OHA CaMa.) [yOuHa peKypCUM KOHEYHA, TaK
KaK ¢ KaX[JbIM IaroM BEICOTA COOTBCTCTBYIONICIO NOAglCpeBa YMCHBIIA-
ercs. O

7.2.3. Hamucars nporpaMmy noACYéTa YNCaa JUCTHEB B Aepese.

OTBeT.

function n (x:integer):integer;

begin
if x = nil then begin
| n:= Q;
end else if (1[x]=nil) and (r[x]=nil) then begin {mmct}
n:= 1;

end else begin

| n:= a1 + n(z[xD);

end;

end; O

7.2.4. Hanmmcars nporpammy nojicyéra BHICOTH jAepeBa (KOPEHbL MMeeT
BrICOTY 0, €r0 CBIHOBBA — BHICOTY 1, BHYKW — 2 M T.1I.; BHICOTA JAepeBa —
DTO MAKCUMYM BEICOT €0 BEPIIVH).

[Ykasanue. Pexypcusno onpenenserca dynakuna f(x) = BricOTa nOA-
JepeBa ¢ KOPHEM B X.] |

7.2.5. Hamucars nporpamMMmy, KOTOpas MO 33JaHHOMY N CYNTACT YUCJIO
BCEX BEPIINH BHICOTH N (B 3aJaHHOM J€pEBe). ]
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Bwmecro HO,E[C“IéTa KOJW4Y9eCTBa BEPHINH TO'O WJINW WHOI'O pOJda MOXHO
NPpOCATH HAlCYATaTh CIMACOK 3THUX BCPINNWH (B TOM NI WHOM HOpH,E[Ke).

7.2.6. Hammcare nporpamMmy, KoTopas nedaraer (II0 OJHOMY pasy) Bce
BEpUINHLI JepeBa.

Pemenwme. IIponenypa print_subtree(x) newaraer BCE BEDIIWHEL IO/-
JepeBa C KOPHEM B X IO OJHOMY Da’y; TVIABHAA NDOrPAMMA, CONCPXNT BEI3OB
print_subtree(root).

procedure print_subtree (x:integer);
begin
if x = nil then begin
| {umyero He gmemartn}
end else begin
writeln (x);
print_subtree (1[x1);
print_subtree (r[x]);
end;
end;

Jannas mporpaMma ne4aTaeT CHavala KOpPeHb IO JepeBa, 3aTeM IO Ie-
DEBO HaJ JEBHIM CHIHOM, 8 3aTeM HajJ npaBuiM. Tpu cTpokw B else-gacTu
MOT'YT OHITH TIEPECTABICHE 6 CTOCOBAMM, M KAXK KN W3 3TUX CIOCOO0B HadT
CBOW MOPAJOK [T€YATH BEPIIWH. U

7.3. TlopoxaeHne KOMOUHATOPHLIX O6BEKTOB,
nepebop

Pexypcusnnie nporpaMmul aBasoTcs yAOOHEIM CIIOCOOOM [TOPOXK ACH YIS
KOMOWHATOPHHIX OGBEKTOB 33 JaHHOIO BIAA. MKl DeImnM 3aHOBO HECKOJIBLKO
34434 COOTBETCTBYIONIEN [JIABHL.

7.3.1. Hanwcares nporpamMMmy, KOTOpas IedaTaeT IO OJHOMY Da3y Bce
[OCJIENOBATENLHOCTH JUIMHLL L, COCTaBNeHnbie w3 ynucea 1...k (ux xormye-
cTBO paBHO k1),

Pemrerme. [Iporpamma Gyner omepuposaTb ¢ maccwsoMm all]...a[n]
n ugucaoMm t. PexypcusHas npoueaypa generate medaraeT BCE IIOCACHO-
pareabHOCTH, HadnHarommecs ua all] ... alt]; nocre eé oxowyanus t u
al[1] ... alt] nmeroT TO Xe 3HaYEHUE, YTO U B HAYAJC:

procedure generate;
| var i,j : integer;
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begin

if t = n then begin

for i:=1 to n do begin
| write(a[i]);

end;

writeln;

end else begin {t < n}
for j:=1 to k do begin

ti=t+1;
alt]:=j;
generate;
ti=t-1;
end;
end;
end;

OcuoBHAs NporpaMMa Ternepb COCTOUT U3 JABYX OMEPaTOPOB:
t:=0; generate; O

3ameqanme. Komanam t:=t+1 n t:=t—1 Qg SKOHOMUM MOXKHO BLIHECTH
n3 unkaa for.

7.3.2. Hanmcars nporpamMmmy, KOTOpPas rnedaranta Obl BCE 1EPECTAHOBKI
qucea 1...n no oguoMy pasy.

Pemenme. [Iporpamma onepupyer ¢ maccusom al1] ...a[n], B xoTropom
XPAHWTCA nepecTanoBka yucea 1...n. Pexkypcusuas nponenypa generate
B TAKOU CHTYALNN NEeYaTaeT BCe NEPeCTANOBKY, KOTOPHIE Ha NEPBHIX t 110-
3UOUAX COBITAJAIOT C NEPECTAHOBKOU a; IO BLIXONE W3 Heé NepeMeHHble t
¥ a UMEIOT TE XK€ 3HAYEHUs, ¥TO u A0 Bxoga. OCHOBHASA NpPOrpaMMa TAKOBA:

for i:=1 to n do begin al[i]:=i; end;
t:=0;
generate;

Bor ommcanne nponexyps:

procedure generate;

| var i,j : integer;

begin

if t = n then begin

for i:=1 to n do begin
| write(a[i]);
end;
writeln;
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end else begin {t < n}
for j:=t+l to n do begin
moMeHATs MecTamu a[t+1] u a[j]
ti=t+1;
generate;
t:=t-1;
moMeHATs MecTamu al[t+1] u a[j]
end;
end;
end; O

7.3.3. Hamewararts (o 0gHOMY pasy) BCE NOCIEIOBATEILHOCTH U3 T HY-
JIeW W eJWHUL, COAEPKAME DOBHO K euHMLI. ]

7.3.4. HaneyaraTs BCe BO3pACTAIONINE NOCIEIOBATEILHOCTA IIWHEL K,
BIEMEHTAMM KOTOPHIX ABJIAIOTCA HaTypaisueie yucaa or 1 no n. (IIpearmo-
JAaraeTcs, 9T0 Xk < n, MHAYE TAKUX MOCIENOBATEILHOCTEH HE CYIECTBYET. )

Pemenwe. [Iporpamma onepupyer ¢ maccusom al1] ... alk] n nenon me-
pemennon t. IIpeamonaras, yro al1] ...alt] — Boapacraromasn nocaeno-
BATEJIBHOCTh HATYPANBHEIX YUCEJ W3 OTPE3Ka 1...1n, PeKypCHBHO onpene-
JEHHAA NpoLeAypa generate me4aTaeT BCe €€ BO3PACTAIOIINE PO AOKCH U
numaet k. (Ilpu atom t m al[1] ... a[t] B koHIe Takue Xe, KaK B Hadase.)

procedure generate;
| var i: integer;
begin
if t = k then begin
| nevataTts al[l]..a[k]
end else begin
ti=t+1;
for i:=a[t-1]+1 to t-k+n do begin
alt]:=1i;
generate;
end;
ti=t-1;
end;
end;

3ameuarme. [Inka for mor Gul wMers BepxHen rpauwnen n (BMecCTo
t — k 4+ n). Ham BapmanT 3KOHOMUT 9acTh paBOTH, YYUTHBAA TOT (QaKT,
9T0 npeanocaeaHni (k—-1-b11) YJICH HE MOXET NPEBOCXOAWTHL n-1, k-2-0i
YIeH He MOXEeT NPEBOCXOANTL n—2 U T.II.
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OcHoBHas nporpaMmMa Ternepb BHIVIAAWT TaK:

t:=1;

for j:=1 to 1-k+n do begin
al1]:=3;
generate;

end;

Moxu0 6uu10 681 J0GABATHL K MACCUBY a ciaeBa GMKTNUBHEIN diement al[0] =
= 0, NoJOXNTHL t = 0 ¥ OrPAHWYNTHECH EIUHCTBEHHLIM BEI3OBOM NPOLEAYDEL
generate. ([

7.3.5. IlepeuynciauTs BCE NPEACTABJICHUS NOJOXUTEILHOIO NEJIOCO HH-
Clla N B BUJE CYMMHI [TOCJEHOBATEIBHOCTH HEBO3PACTAIOMMX [IENHIX NOJO-
JKUTENBHEIX CIAraeMhIX.

Pemerme. [Iporpamma onepupyet ¢ maccusoM all..n] (MakcumanbHOe
YUCJO CJAAraeMBIX DABHO n) W ¢ mesnow nepemennon t. Ilpeamonaras, 4o
al1]...a[t] — neBoaspacTaromas NOCNAEOBATENBHOCTD NENBIX YACET, CYM-
Ma KOTODHIX HE NPEBOCXONT N, NPOUEAYpPa generate Ne4aTaeT BCE NPe-
craBjeHus TpeGyeMoro BHAA, NPOJOKAIONMNE DTy MOCIEJOBATEILHOCTD.
Jus skonomun Buryncaenn cymma al1] + ... 4+ alt] xpanwnrca B crenm-
ANBLHON MEePEeMEHHON S.

procedure generate;

| var i: integer;

begin

if s = n then begin

| NedyaTaTh IociejoBaTenbHocTs al[l]..a[t]
end else begin

for i:=1 to min(a[t], n-s) do begin
ti=t+1;
alt]:=1i;
s:=s+1;
generate;
s:=8-1;
t:i=t-1;

end;

end;
end;

OcHoBHas nporpaMma Ipu 3TOM MOXeT OhITb TAKOU:

t:=1;
for j:=1 to n do begin
| al1]:=j
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s:=j;
generate;
end;

3ameqarme. MOXHO HEMHOIO C3KOHOMUTB, BBIHECS ONECPAIMN YBeIWye-
HUS ¥ YMEHBINICHUA t U3 LUKJIa, a TAKXe He BO3BpAILas S KAXKAKIU pas
K MCXOJIHOMY 3HaYeHWIO (yBelIM4MBas ero Ha 1 W BO3BpAIas K MCXOIHOMY
sHadennio B Konue). Kpome Toro, no6asus GukTHBHEIN saemenT a[0] = n,
MOXXHO YOPOCTHTH OCHOBHYIO NPOCPAMMY:

t:=0; s:=0; a[0]:=n; generate; O

7.3.6. Hammcare pekypcuBHyIO nporpaMmy o6xoja nepesa (MCroib3ys
TE Xe KOMAHAB M NpOBepKM, 4To ¥ B ruase 3 (O6xon nepesa).

Pemrerme. IIponenypa obpaborars_nHan o6pabaTHBAET BCE JUCTHA HAK
TEKYIEH BEePIIMHON U 3aKaHYMBaeT paboOTy B TOHW XE BEPIINHE, YTO U Ha-
yaJya. Bor e€ pexypcmBHOe onncaHue:

procedure o6pa6oTaTh_Haj;
begin
if ecTh_cBepxy then begin
BEEpX_HajleRo;
o6paboTaTh_Hax;
while ecTr_cmpaBa do begin
BIIparo;
o6paboTaTh_Hax;
end;
BHH3;
end else begin
| o6pa6oTaTn;
end;
end; O

7.4. [lpyrue npuMeHeHUs pekypcuu

Tononorm4eckas copTEpoBka. [IpencrasuM cebe 7 YNHOBHUKOB, KaXK-
[BEA W3 KOTOPHIX BHIAET COPABKM ONPeleJEéHHOro Buga. MBl XOTUM HOXy-
YUTb BCE 3TH CIPABKY, COGIIOasA YCT AHOBJICHHLIE O DAHNYEHHUS: ¥ KAXK 00O
YMHOBHMKA €CTh CIUCOK COPABOK, KOTOPHIE HYXHO cofpaTh nepej obpatie-
HUeM K HeMy. Jleso Ge3HANEXHO, eCaM CXEMa 3aBUCUMOCTEH UMEET LUKJ
(cnpaBky A Heawas moay4uts 6e3 B, B 6e3 C,..., Y 6e3 Z u Z 6e3 A).
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IIpeanonaras, 470 TaKoro muKJIa HeT, TpebyeTca COCTABUTE IUIAH, YKa3bl-
BAIOWNW OJWH U3 BO3MOXHHIX NOPAIKOB NOIYYEHNA CIPABOK.

M306paxkass YIWHOBHUKOB TOYKAMM, & 3ABUCHUMOCTH — CTPEIKAMMN, NPU-
XOOUM K TAKOW popMyanpoBke. meeTcs n TOYEK, MPOHYMEPOBAHHKIX OT 1
100 1. U3 Kaxk 10M TOYKN BEAET HECKOJIBKO (BO3MOXHO, 0) CTPEJIOK B Apyrue
To4yky. (Takas KADTNHKA HABKIBACTCA 0puenmuposannvim 2padonr.) lluknos
ner. Tpebyercsa pacnoJoXNTh BEPIIMHEL Ipacda (TOYKNA) B TAKOM HOPAIKE,
4TOOK KOHEIl JIOGOW CTPENKH NPEANIeCTBOBAN €€ Hadaly. JTa 3a4a4a Ha-
3EIBACTCA MON0A02U%ECKOU COPMUPOBKOU.

7.4.1. [doxasarb, 4TO 3TO BCErJa BO3MOXHO.

Pemrerme. U3 yciosnsa 0oTCyTCTBHAS IWKIOB BEITEKAET, YTO €CTH BEPIIN-
HA, W3 KOTOPOW BOOGILE HE BLIXOAUT CTPEIOK (MHAYE MOXHO JABUIATHLCA 110
CTpEaKaM, NOKa HE 3auMKaInMca). Eé 6yaem canTars nepsoi. Brknamsas
BCE CTDENKN, B HEé BEAyIIME, MEl CBOAWMM 33434y K rpady ¢ MEHBIIMM Yu-
CJIOM BEPIIVH W NPONONKAEM PACCYXKICHUE IO WHIYKINH. u

7.4.2. Tlpeanonoxum, 9TO OPUECHTUPOBAHHKIN rpad 663 HUKIOB XPAHNT-
cA B TakoW dopme: mias Kaxgoro i or 1 xo n B num[i] xpamwrca um-
CJI0 BHEIXOAANMX 13 1 crpenok, B adr[i][1],...,adr[i] [num(i]] — wmo-
Mepa BEPIIWH, Kya 9TH cTpeiky seayT. CocraBuTs (PeKypCUBHELA) aaro-
DPUTM, KOTODPHIM MDPOU3BOJAWT TOMOJOTMYCCKYIO COPTUPOBKY He GoJjee deM

3a C - (n+m) gencTeui, rae m — YuCIo pébep rpada (CTPeoK).

3ameqanwme. Herocpeacreennas peannsanus NPUBEAEHHOrO BRIIIE [OKA-
3aTeNLCTBA CYMECTBOBAHUA HE JAaéT TpeOyeMOW OLEHKN; €€ MPUXOMUTCA
HEMHOTO MOJIIPABUTE.

Pemenme. Hama nporpamma Gyaer nedarars womepa sepumd. B mac-
cuBe

printed: array[1..n] of boolean

Mbl Oy IEM XPAHWUTHL CBEJEHNA O TOM, KAKWE BEPINWHE HAMeYaTansl (U KOp-
DEKTHUPOBATL MX OJHOBPEMEHHO € NEYATHIO BEPIIMHE). ByaeMm rosoputs,
9TO HANCY4TAHHAA MOCICAOBATCIBLHOCTbL BEPIIMH KOPPCKTHA, €CIM HUKAa-
Kas BepIIMHA He HaNeyaTaHa ABaXAsl W A JoO0ro HOMepa i1, BXoaamero
B 3Ty NOCAEJOBATEIBHOCTE, BCE BEPIINHEI, B KOTOPEIC BEAYT CTPCIKHN M3 i,
HANEYaTaHKl, ¥ NPUTOM IO i.

procedure add (i: 1..n);
{nano: HamevaTaHHOe KOPPEKTHO;}
{Hago: HamevyaTaHHoe KOPPEeKTHO M BKIMYaeT BepmuHy i}
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begin

if printed [i] then begin {Bepuuna i yxe HamevaTana}
| {uuyero pemaTr He Hago}

end else begin

{namevarannoe xoppekTHO}

for j:=1 to num[i] do begin
| add(adr[i1[§D);

end;

{HamevyaTaHHOe KOPPEKTHO, BCe BepUMHH, B KOTOpPHE M3
i BemyT CTpenkM, yXe HaNeYaTaHH — TaK YTO MOXHO
IeyaTaTh i, He Hapymasd KOPPeKTHOCTH}

if not printed[i] then begin

writeln(i); printed [i]:= TRUE;
end;

end;

end;
OcuoBHAA TPOrpaMMAa!

for i:=1 to n do begin
| printed[i] := FALSE;

end;

for i:=1 to n do begin
| add(i)

end;

K onenxe spemenn paboTh MBI BCKOpE BEPHEMCS.

7.4.3. B npusenéunoit nporpaMme MOXHO BHIODOCATH TPOBEPKY, 3aMe-
HUB

if not printed[i] then begin
| writeln(i); printed [i]:= TRUE;
end;
Ha
writeln(i); printed [i]:= TRUE;
Touemy? Kak mamennrcsa crienudpuKanus NPOLEIy P’

Pemrerme. Crienmdnkanmio MOXHO BEIOGPATHL TAKOM:

JaHO: HanevYaTaHHOe KOPPeKTHO
Hajgo: Hane4vYaTaHHOe KOPPeKTHO H BKJ/IKWYaeT BepPUMHY i;
BCe€ BHOBH Halle4YaTaHHHE BEePIMWHH JOCTYIHH H3 i. D
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7.4.4. T'me mcromp3oBaH TOT (PaKT, YTO Fpad HE MMeeT LUKJIOB?

Pemerme. Mu1 onycTmam HOKa3aTeIsCTBO KOHEYHOCTH MIyONHEL PEKyp-
com. Jas Kax 0N BEPIIMHEL PACCMOTPUM €€ «TIYyOWHY» — MAKCUMANBLHYIO
NJWHY yTH IO CTPEIKAM, W3 HE€ BHIXOAAWIErO, YCIOBIE OTCY TCTBAS LINKJIOB
FApaHTUPYET, YTO DTA BEANYNHA KOHeyHa. V3 BepmmHbl HyaeBon riyGuHbl
CTPEJIOK HE BHIXOAWT. [UiyOMHAa KOHIIA CTPEJKN N0 KpauHen mepe Ha 1 Menn-
e, yem ruryouna navaaa. [Ipn paGore nponenypr add (1) BCe peKypCUBHLIE
BrI30BH add (j) OTHOCATCA K BEPIIMHAM MEHBINCH TyCHHEL, U

Bepuémes x onenke spemenn paboThi. Ckoabko Bh3oBos add(i) Bo3-
MOXHO sl Kakoro-to ¢ukcnposanuoro i? Ilpex e BCero sCHO, 9TO nep-
BHEIW U3 HUX NEYATAaeT 1, OCTaNbHLIE CBEAYTCS K NPOBEPKE TOrO, Y4TO 1 yixKe
naneyarano. fIcHo Takxke, 4ro BrBOBH add(i) MHAYUMPYIOTCA «reyara-
rommMmy (NepBEMM) BRI3oBamMy add(j) ana Tex j, M3 KOTOPHX B i Beaér
pebpo. CrenoBaTenabso, YN0 Bu30BOB add (i) paBHO YMCJIY BXOJANMX B 1
pébep (crpesok). Ilpu aToM BCE BHBOBH, KpoMe nepsoro, tpedyor O(1)
ornepanui, a nepsu TpedyeT BPEMEHN, NPONOPIUOHAILHOIO YHUCTY UCXOAA-
mwx 3 1 crpenok. (He cunras spemenn, yxonsmero wa sumnonsenne add(j)
[JA KOHIOB j BRIxOAammx pé6ep.) Orcioga BuaHo, 94To ofmwee BpeMs mpo-
MOPLMOHANLHO Yncay pébep (MIoc YUCa0 BEPIINH). (I

Crasnas xomnonenTa rpada. Heopuenwmuposannuwiii epag — uabop To-
4YeK (BEpIIMH), HEKOTOPHE M3 KOTODPHIX COCAWHEHH JuHNAMM (pé6pamn).
HeopnentupoBanuuii rpad MOXHO CYMTATL YACTHHIM CJAYYaEM OPHEHTH-
DPOBaHHOTO rpatda, B KOTOPOM [Js KAXKJIOW CTPEJKN €CTh OOpaTHAA.

C8a3101 KOMNOHEHMOMU BEPIINHEI 1 HABKIBACTCA MHOXECTBO BCEX TEX
BEPIINH, B KOTOPHIE MOXHO MONAcTh M3 i, mas mo pébpam rpada. (Ilo-
CKOJILKY Ipacd HEOPUEHTUDPOBAHHLIN, OTHOMIECHNE «j IIPWHAIJIEKUT CBAZHON
KOMIIOHEHTE i» SBIAACTCS OTHOUICHWEM JKBUBAJEHTHOCTH. )

7.4.5. [an HEOPUEHTMPOBAHHKINA rpad (/1A KaXIOW BEPIINHE YKABAHO
YHCJO COCEJCH U MACCUB HOMEPOB COCEICH, KAK B 3a,a4e O TONOJOTWYICCKON
copruposke). COCTABATL AIrOPUTM, KOTOPHINA O 3aaHHOMY i meyaraer
BCE BEPIINHE! CBA3HON KOMIIOHEHTHL i 110 OJHOMY pasy (¥ TOJBKO nx). Un-
CJIO NEACTBUM He JOTXKHO npeBocxomTs C - (ofmee yucao sepumy n pédep
B CBABHOU KOMIIOHEHTE).

Pemrerme. [Iporpamma B npouecce paboTrr GyAeT «3aKPalINBaTL) HEKO-
TopHle Bepmuunl rpada. Hesakpaumennon wactsio rpada 6yjieM HA3HIBATL
TO, YTO OCTAHETCSH, €CAN BHIODOCHTH BCE 3aKPAIICHHEIC BEPIINHLL M BEIY-
mme B Hnx pébpa. llponeaypa add (i) saxkpammBaeT CBA3HYIO KOMIIOHEHTY 1
B HE3aKPAMIEHHOH JacTH rpaga (v He JejaeT HWYero, eClu BepimHa 1 yxe
BAKPAIICHA).
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procedure add (i:1..n);
begin
if pepumna 1 3akpamena then begin
| HHUYero JellaTh He HAJo
end else begin
3akpacHTh i (HameyaTaTh M NOMETHTH KaK 3aKpalleHHYW)
OId BCeX j, CocemHMX cC i
| add(j);
end;
end;
end;

JokaxkeM, 9T0 3Ta NPOLEAYPa ACHCTBYET NMPABMILHO (B NPEANOIOKCHAH,
YTO PEKYPCHUBHHE BHI3OBH DabOTAIOT NpaBWJIbHO). B camom jgene, Hude-
o, KpOME CBA3HOW KOMITOHEHTH! HE3AKPAINEHHOro rpadga, OHa 3aKpacuThb
ue moxet. IIposepuM, uTo BCA ona Oyaer 3akpamena. [lycrs k — Bep-
mMWHA, JOCTYITHAA W3 BepumHul 1 mo mytn i — j — ... — k, npoxoasamemy
TOJBKO M0 HE3AKPANICHHLIM BepIIMHAaM. ByleM paccMaTpuBaTh TOJIBKO My-
TN, He BO3BpAamammuecs cuosa B i. M3 Bcex Takwx nyred smbepem nyTh
¢ manmensmmM j (B mopaake npocMoTpa coceaent B npoueaype). Toraa npn
DPACCMOTPEHNY MPeALLIYILNX COCENEN HI ONHa W3 BEePINWH NyTn j — ... — k
He OyaeT 3akpamena (Maade j He 6rLI0 6Bl MUHNMAJIBHEIM) M TOTOMY k OKa-
KETCS B CBI3HOU KOMITOHEHTE HE3aKPAINEeHHOro rpadga K MOMEHTY BHI30BA
add(j). Yro m TpeboBaiocs,

Y7061 yCTAHOBATH KOHEYHOCTL MUIyOUHEI DEKYDCHH, 3aMETUM, 4TO HA
KaXJIOM YDOBHE DEKYDPCHU YUCIO HE3AKPAIIEHHLIX BEPIIMH YMEHLINAETCHA
x0T 6ul Ha 1.

Ouennm unciao gencrenn. Kaxjas sBepmmHa 3akpammsacTes He Goaee
ONHOr'O pasa — npy nepseiM Bu3oBe add(i) ¢ gamnmiM i, Bee mocaenyro-
W€ BLI3OBE! MPOUCXONAT NPY BAKPAIINBAHNYA COCEIEN — KOIWYECTBO Ta-
KNX BEI3OBOB He GOJBINE YMCIa COCENEN — W CBOAATCA K NPOBEPKE TOrO,
YTO BEpIMHA i yXe 3akpameHa. [IepBrill e BHI30B COCTOMT B ITPOCMO-
Tpe BCEX COCENeN M peKypCuBHEIX BhdoBax add(j) mis Bcex mmx. Takwm
o6pa3om, obniee YNCIO AEUCTBAN, CBA3AHHLIX C BEPIINHON 1, HE NPEBOCXO-
OUT KOHCTAHTHI, YMHOXEHHON Ha uncao eé cocemenn. OTCiofa M BHITEKAET
TpebyeMas OLIEHKA. U

7.4.6. Peumrs Ty xe 3agayy s OpmeHTMPOBaHHOro rpadga (mane-
YaTaThb BCE BEPUINHEI, JOCTYITHHIC W3 JAHHOU IO CTPEIKaM; rpad MoxKeT
COMCPXKATH IINKJIEL).

OrBer. Tognrcs mo cymecrsy Ta xe nporpamma (CTPOKY «IJs BCEX
cocelely HaI0 3aMEHUTH Ha, « A BCEX BEPIIMH, Kya BEAyT CTPeIKm»). [
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Caeyomui BapuaHT 3a4a491 O CBI3HOM KOMITOHEHTE MMEET CKOpee Te-
OpeTMYeCcKoe 3HaYeHmne (M HasnBaeTca meopemoti Casuua).

7.4.7. OpwenTnpoBansuii rpadp uMeer 2" BeplnnH (JBOWYHEIE CJIOBA
[OJWHBL T.) ¥ 3a0aH B BUIe GYHKIUN ecThb_pebpo, KOTOpasg IO ABYM Bep-
mmuaM £ m y coobmaer, ecTh Ju B rpage pebpo m3 z B y. Cocrasurh
ANCOPUTM, KOTOPHM U JAHHOW [APL! BEPIIWH 2% W ¥ ONPENGIASAET, €CTh JN
nyTh (o pé6paM) U3 u B ¥, UCHOJIB3YA NAMATH, OIPAHNICHHYIO MHOIOYJIE-
oM OT n. (Bpemsa npu 3ToM MOXeT OHTL — M OyAeT — O4YeHb GOJBIINM. )

[Ykasarme. Mcnoas308aTs peKypCMBHYIO NPOUCAYPY, BHLACHAIOILYIO, CY-
MECTBYET JU MyTh W3 T B Y JIMHE He Goree 2F (m BumwBaromywo cebs
C YMEHBIICHHEIM HA COWHULY 3HAYeHUEM k)] O

Brictpas coprupoBka Xoapa. B sakmoyenne npuseiéM peKypCHUBHEIN
aNrOpUTM COPTUPOBKU MACCUBA, KOTODPHIU HA NPAKTUKE ABJIACTCA OJHUM
w3 camux OuicTprix. Ilycrs mam macems al1] ...al[n]. Pexypcusnas npo-
uenypa sort(l,r:integer) COPTMPYeT yYACTOK MACCUBA C WHIACKCAMHU N3
nonynaTepsana (1,r], To ects all+1] ...alr], ne sarparusas ocTarbHOrO
Maccusa.

procedure sort (1,r: integer);

begin

if 1 = r then begin
HUYero JellaTh He HaJo - YYaCTOK NyCT

end else begin

BH6pATL CHyYallHoe WMCIo 5 B nonyunTepBame (1,r]

b := a[s]

TIepecTAaBUTE 3IeMEeHTH COPTHPYEeMOro yYacTKa TaK, YTOOH
CHavana LIM 3JIeMeHTH, MeHbuMe b - yyacTok (1,11]
3aTeM 3IeMeHTH, DaBHHe b - yuyactox (11,rr]
3aTeM 3JIeMeHTH, GonbumMe b - y4actok (rr,r]

sort (1,11);
sort (rr,r);
end;

end;

Pasnesenve 5aeMeHTOB COPTUPYEMOr0 YYACTKA HA TPU KaTeropuy (Menb-
mue, paBHBe, GoabIe) paccMaTpuBatach B raase 1, ¢. 36 (aro MoxHO cae-
JaTh 3a BpeM#, IPONOPLMOHATbHOE JTHHE ydacTKa). KoneynocTs riy6unm
DEKYDPCHM rapaHTUPYeTCs TeM, YTO INNHA COPTUDPYEMOrO yYacTKa HA Ka-
X IOM YPOBHE PEKYDPCUM yMEHbIaeTCsa XoTA 61 Ha 1.

7.4.8. ([lns 3HaKOMEIX C OCHOBAMM TEOpUM BeposaTHOCTEH). JoKasars,
YTO MaTEeMaTUYIECKOE OXUIAHUE YNUCJa ONepanmi npu paboTe 3TOro aj-
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roputMa He npesocxonnt Cnlogn, npuyém koncranta C He BABHCHT OT
COPTHUPYEMOrO MaCcCHBA.

[Ykazauue, IIycts T'(n) — MakCuMyM MATEMATUYECKOrO OXMWJIAHUS Yn-
CJla OIepaIMH U BCEX BXONOB Jinunl N. M3 Texcra npouenyprl BrTeKaer
TaKOe HEePABEHCTBO:

T(n)éCn-{-% S @k +TW)

k+l=n—1

IlepBrii wien COOTBETCTBYET PACIPENEICHNIO DAEMEHTOB HA MEHbIINe, PAB-
Hble u Goasime. BTopoi wien — 3T0 cpefHee MaTEeMATWYECKOE OXNIAAHNE
UL BCEX BAPUAHTOB CHy49anHoro subopa. (CTporo rosops, NOCKOALKY Cpe-
IV BIEMEHTOB MOr'YT OHTH paBHHE, B npasont wactn smecto T(k) n T(I)
JNOJKHEL CTOATH MakcumyMeul T'(z) no BceM x, He npesocxoaawmm k win [, o
3TO HEe MeImaeT JaJbHeUmM paccyXaennsam.) Janee wHAyKOuenH no n uyx-
HO HokaznBaTh oueHky T'(n) < C'nlinn. IIpu 3ToM IJA BEYNCJICHUSA CpeIHe-
ro suavenns xlnx no scem £ =1,...,n — 1 HYXXHO BEIYMUCIATH f]n rzlnzdx
no vactam kak | Inz d(z?). lpw gocrarodno 6omsmom C’ wren Cn B npa-
BOW YaCTV NEepeBEmMBACTCA 32 ¢YéT uHTerpana [ 2 dlnz, W MHIYKTHBHEI
[Aar NPOXOAUT.] O

7.4.9. Umeercs MacCUB M3 71 PABIMYHEIX NEABIX yncena u ynciao k. Tpe-
Oyerca HaAUTN k-O€ MO BEIWYMHE YUCJIO B ITOM MACCHBE, ClelaB He 6o-
aee Cn pencrsmy, rae €' — HEKOTOpas KOHCTAHTA, HE 3aBucamas or k
un.

3ameuarme. COpTNPOBKA NO3BOVACT OYEBUAHEIM 06Pa30OM CACAATH 3TO
3a Cnlogn menctemi. O4eBUAHEIA cnocol: HAWTH HAMMEHBIINH BJEMEHT,
3aTeM HAWTH BTODOW, 3aTEM TPETHH, ..., k-t TpefyeT nopaaka kn geu-
CTBUW, TO €CTb HE FOANTCA (KOHCTAHTA [IPY 7 BABACHT OT k).

[Ykazsanne. Uaamumi (XOTA 0PAKTHUYECKA N GECTIONE3HBIA — KOHCTAHTEHL
CIMIIKOM BEJAMKH) Crocob CACNATH DTO TAKOB!

A. Pa3o6bém Ham Maccus Ha 1 /5 IPynn, B KaX ION W3 KOTOPHIX NO 5 aue-
MEHTOB. Kax yio rpynmny yrnopsaaodnm.

B. Paccmorpnm cpeume BaeMeHTH BCEX IPYIN U IIEDEenuiieM X B Mac-
cuB 13 n /5 saeMenToB. C NIOMOILBIO PEKYPCUBHOIO BEI30BA HAMAEM CDEIHIA
[0 BeJWYMHE BJIEeMEHT 3TOr0 MACCHUBA.

B. CpaBuuM 9TOT BIEMEHT CO BCEMM DJIEMEHTAMM MCXOAHOI'O MACCUBA!
OHM Pa3AeNATCA Ha OOJBIIME er0 M MeHbIMe ero (M OJWH PABHHIN eMy).
IloacynwTas KOMMYECTBO TEX W APYIUX, MBI Y3HAEM, B KAKOU W3 DTUX YaCTeN
JOJXKEH HAXOOWTCA UCKOMEIM (K-BIlA) BIE€MEHT M KAKOB OH TaM 10 NOPAILKY .
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T'. IlprmennM peKypCHBHO HAI aArOPUTM K BHIGDAHHOM YacTH.

Ilycte T(n) — MAKCMMAJIBHO BO3MOXHOE YHUCJAO NEHCTBHH, €CIHM DTOT
€rnoco6 NPUMEHATHL K MacCMBaM U3 He Gosee wem 1 aremMeHToB (K MOXeT
6uITL KakuM yroauo). meem ouenky:

T(n) <Cn+T(n/5) + T(apamepno 0,7n).

Tlocnepnee caaraemoe OGLACHACTCA TAK: NPU Pa3CHCHNM HA, HACTH KaxX Iasa
yacTh cogepxnt He meree 0,3n saemenTos. B camom gmene, ecnim £ — cpea-
HUWA U3 CPEJHNX, TO IPAMEPHO MOJOBHMHA BCEX CPCIHUX MEHBINE I. A ecum
B IATEPKE CPEJHMIA BJICMEHT MCHBINE I, TO CmME JBa 3aBEJIOMO MEHBINIC I.
Tem cambiM o Kpanued mMepe 3/5 OT NOJOBUHE! DJIEMEHTOB MEHBIIE .
Teneps M0 MHAYKIIMM MOXHO HOKa3aTh onenky 1'(n) < Cn (pemarougyio
pOJb NPY HTOM UIPAET TO O6CTOATENLCTBO, 4TO 1/5 4 0,7 < 1).] O



8. KAK OBOUTUCb
BE3 PEKYPCUU

[t yHUBEPCATBHBIX A3BIKOB NPOCPAMMMUPOBAHNA (KAKOBEIM ABIACTCSH
NACKAIb) PEKYPCUA HE NaET HUYErO HOBOI'O: [UIA BCAKOU PEKYPCUBHOM IIpO-
CPaMMEl MOXHO HAIMCATH DKBUBAICHTHYIO IIpOrpamMmy 6e3 pekypcun. Mu
He OyJeM NOKA3HBATHL DTOrO, 4 MPOJAEMOHCTPUPYEM HEKOTODHIE NPUEMEL,
[O3BOAIOMINE U30ABUTHCA OT DEKYPCUM B KOHKDETHRIX CUTYAINAX.

Sadgem 510 myxno? OrBer nmparmMaruka mMor Oul OHITH TAKWM: BO MHO-
X KOMIIBIOTEPAX (B TOM YHCIIE, K COXAJCHNIO, U B COBPEMEHHEIX, UCIIONb-
ayommx Tak Haswsaemble RISC-npoueccoprt), peKypCHMBHEIE IPOrPAMMEL
B HECKOJBKO Da3 MEIJICHHEE COOTBETCTBYIOIMX HEPEKYDCHBHEIX IPOrPAMM.
Emé 0ius BO3SMOXHEI OTBET: B HEKOTOPHIX A3KIKAX IPOrPAMMUPOBAHNIA Pe-
KYPCHUBHHIE IDOCPAMME! 3alPEIIeHE. A [JIaBHOE, IPH YAAJCHUA DEKYDPCHN
BO3HUKAIOT U3AHEIC ¥ TOYYUTEILHEIE KOHCTPYKIAH.

8.1. Tabnuua 3HaueHut (aAnHamuueckoe
NpOr paMMUpOBaHue)

8.1.1. Creaymomas PEeKyPCHBHAA NDPONEAYPA BHIYMCLACT YUCIa COYeTa-
Hui (GuHOMMANBHEE KO3hduumenTs ), Hamncars sSkBUBATEHTHYIO HEPEKYD-
CHMBHYIO IIDOrDaMMYy.

function C(n,k: integer) :integer;
| {n >=0; 0 <= k <=n}
begin
if (k = 0) or (k = n) then begin
| C:=1;
end else begin {0<k<n}
| ¢:= C(n-1,k-1)+C(n-1,k)
end;
end;
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3ameuamme. CX — qucno k-3JEMEHTHHIX I10MHOXECTB N-3JCMEHTHOIO
muoxecrsa. Coornomenne CX = C5~1 4 Ck | nonyuanres, ecom met dukcn-
PYeM HEKOTODEIH 3JCMEHT 7-3JEMEHTHONO MHOXECTBA U OT/ICTBHO TO/ICYH-
TaeM k-3JeMEeHTHEIE [TOMHOXCCTBA, BKIIOYAIONINE U He BKIIOYAIONIAC 3TOT
anement. Tabruna snavernns CF

HasuBaeTca Tpeyrombankom Ilackans (toro camoro). B mém xax i ane-
MEHT, KPOME KPAWHNX CIUHUI], DABEH CYMMeE ABYX CTOMINX HAJ HUM.
Pemenme. MoxHO BOCIONB30BATLCA HOPMYJIOHU

C,’f _ n!
k!'(n — k)!

Mg, ognako, e 6y 1eM 3TOr0 AeJaTh, TAK KAK XOTUM ITPOJAEMOHCTPUPOBATH

Gonee obmme npuéMul yeTpanesus pekypcun. BmecTo »roro cocrasum Ta-

6mury 3uagenud dbyukmun C(n,k) = CF, sanommas eé ana n =0,1,2,...,

[TOKa, He JOUAEM [0 WHTEPECYIOWEro HAC IEMEHTA, U

8.1.2. YT0 MOXHO CKa3aTh O BPEMEHUM DPAOOTH DEKYDPCUBHOU U HEpe-
KyDCHUBHOU BEDPCHU B npeanigymen 3agade? Tor xe BONpoC 0 naMaTu.

Pemrerme. Tabaniia 3aHAMAET MECTO NOPAIKA N2, €0 MOXKHO COKPATHTD
O N, €CIAU 3AMETUTH, YTO JJA BHIYUCICHNA CACAYIOMEH CTPOKU TPEYrOib-
nuka [lackans myxHa TOABKO mpeanaymasn. Bpems paborwt ocraércsa mo-
pagka n?. Pexypcensras nporpamma TpefyeT CymeCTBEHHO GOMBINEro Bpe-
menn: sBrr3oB C(n,k) ceoamres K asym Burosam muasg C(n-1,..) , Te —
K yernipém BraoBam mius C(n-2,..) m tak panxee. Takum o6pasom, Bpems
OKa3HIBACTCA IKCHOHeHIMaNTbHuM (nopagka 27). Ucnonsayeman pexypcus-
HOU BEDCHEH MAMATH NPOMOPINOHANBHA 7l — YMHOXAEM MIYOWHY DEKYDCHN
(n) Ha KOIMYECTBO NaMATH, NCIIOIB3YEMOE OJHUM BK3EMILIADOM IIPOLEAYPhl
(koncTanTa). O

KapavuaibHuil BHUCPEINT BO BPEMEHN DU [TEPEXOAe OT PEKYpPCUBHOU
BEPCUHN K HEPEKYPCUBHOU CBA3AH C TEM, YTO B PEKYPCUBHOM BAPUAHTE OJHU
M TE XE BLIYNCJICHNMS NPOMCXOAAT MHOro pas. Hanpmmep, srsos C(5,3)
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B KOHEYHOM CYETe MopoXaaeT Asa Buraosa C(3,2):

C(5,3)
N AN
C(4,2) C(4,3)
N AN N AN
C(3,1) C(3,2) C(3,3)

3anoJsss TabnuIy, ME KaX VIO KJICTKY 3alTOJHAEeM TOJLKO ONHAXK ALl —
OTCIOJI& N DKOHOMUA. DTOT IIPUEM HABKHIBACTCH QUHAMUNECKUM NPOSPAMMU-
posanuesm, N MPUMEHNM B TeX CAydasx, Korga o6béM XpaHWMOU B Tabauiie
MHGPOPMAIINY OKA3BIBAETCA He CIUIKOM OOIBIINM.

8.1.3. TlopacCyXaaTh HA TY Xe TeMy Ha NPUMepe PeKypCUBHOU N (po-
CTENINEN) HEPEKYPCUBHON IPOrpaMM [UIA BRIYMCICHUA qucea dubonayyn,
3aaHHEIX COOTHOIICHUEM

<I>1 =&, = 1; <I>n :q>n71 +<I>nf'2 (n > 2) U

8.1.4. [Jan BHIYKIHN N-YrOALHUK (38 JAHHHN KOODANHATAMMA CBOWX
BepUIMH B nopagke o6xona). Ero paspesaior Ha TPEyrOILHUKYA JANATOHANA-
MU, JJL1 9€ro HeO6XOAUMMO 1l — 2 AUAroHa M (3TO MOXHO JOKA3ATH WHAYKIU-
ert o n). CTONMOCTBIO pa3pe3aHNA HA30BEM CYMMY JJMH BCEX MCIIOJIB30-
BaHHKX quaronanen. Halnmn MUHNMATBHYIO CTOMMOCTE paspesanns. Yucno
JNEUCTBUH JOJIKHO OHITH O PAHNYEHO HEKOTOPHM MuorowieHom ot 7. (Ilepe-
60p HE MOAXOAUT, TAK KAK YNCJIO BADUAHTOB HE OrPAHMYEHO MHOIOYJICHOM. )

Pememme. Bygem cumrars, 9TO BEPMIMHEI TPOHYMEPOBAHLI OT 1 g0 N
M nAyT no Yacosou crpenke. [lycrs k, | — momepa sepmmn, npuaém [ > k.
Yepes A(k,l) 0603Ha9MM MHOIOYrOJBHUK, OTPE3AEMEINA OT HAIIErO XOp-
non k1. (Ora xopia paspe3aer MHOIOYTIOJBLHUK Ha, IBa, OANH W3 KOTOPHIX
BKJIOYAET CTOPOHY 1—mn; yepes A(k, 1) mur o6osnagaem npyrou.) Mexoanun
MHOIOYIOABHIK ecTecTBeHHo obosnaynts A(1l,n). Illpn | =k + 1 noayua-
€TCA «IBYYT'OJBHUKY C COBIAIAIOMIMMMA CTOPOHAMM.

Ak, 1)
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Yepes a(k,l) obosnaymM CcTOMMOCTE paspesanus muoroyroisHumka A(k,l)
INaroHalaMyu Ha Tpeyroabunkw. Hanwmem pekyppenTHyio dhOopMyly MU
a(k,l). Ipu | = k + 1 noaywaerca asyyroasHuk, n Mu nogaraem a(k,l) = 0.
Tlpu | = k + 2 noay9aeTca TpeyroabHUK, U B OTOM caydae Takxe a(k,l) = 0.
Iycrs I >k + 2.

Xopaa k-1 asnserca croporonn muoroyroasauka A(k,l) n, crenosarensHo,
CTOPOHOM OJHOIO W3 TPEYrOJLHNUKOB, HA KOTOPHE OH paspesan. Ilpornso-
[TOJIOXHOMN BEPIINHON § ITOrO TPEYIOJbHNKA MOXeT ORITh J00as W3 BEPIINH
k+1,...,] — 1, n MUEUMAaIBLHAA CTOMMOCTD PA3PE3aHNA MOXET OHITL BHI-

YNCACHA KaK
min{(gamua xopasr k—1i) + (pmmna xopaet 1 —1) + a(k,i) + a(i, )}

moBcem i =k +1,...,1 — 1. Ilpn sTOoM Ham0 ywecTb, 9ro npm ¢ =p + 1
XOpJa p—¢ — HE XOpJa, & CTOPOHA, U €€ NINHY HAJO CYATATHL pasHou 0
(1o cTOpPOHE Pa3spe3 HE IPOBOANTCA).

Cocrasns tabmny ais a(k,l) m 3anonHas e€ B NOPAAKE BO3PACTAHUA
4yncaa sepmud (pasaoro [ — k + 1), My noay4YaeM nporpamMmy, MCHOAB3YHo-
Iy MaMATh MOPAIKa n° u Bpems nopsaka n° (OJHOKPATHOE MPUMEHEHNE
DEKYDPPEHTHOU (hOPMyYIHl TPEOYET BHOOPA MUHMMYMA U3 He 6ONee 9eM N, 9n-

cen). O

8.1.5. Matpnnen pasmepa m X N HABLIBAETCA NPAMOYTOIBLHAN TAOANLIA
W3 M CTPOK M 7 CTOAOLIOB, 3aONHEHHas YucaamMu. Marpuuy pasmepa m X n
MOXHO YMHOXWTL Ha MATPNLY pasmepa n X k (mmpnHa JeBOro COMHOXMN-
TeJsA NOJKHA PABHATHCA BEICOTE IIPABOrO), M IOJIY9ACTCA MATPULA pa3Me-
pom m X k. Ilenon Taxoro ymuoxenns GyaeM CYNTATL npon3seieuune mnk
(TaKOBO YHCJIO YMHOXEHNUN, KOTOPHIE HYXHO BLITOJHUTEL NP CTAH AP THOM
Croco6e YMHOXKEHNA — HO CEMYAC 3TO HAM HE BAXKHO). YMHOXKCHUE MATPUL
aCcCOLMATHUBHO, OTOMY NDOM3BEIEHNE § MATPHUI MOXHO BEYACKATE B Pa3-
HOM mopsaake. s KaxJOro NOPSIKa MOACYMTAEM CYMMADHYIO LEHY BCEX
MaTPUYHLIX YMHOXKEHUN, HauTn MUHUMANBLHYIO LEHY BEIYUCICHUSA [TDON3-
BEJICHWSA, €CIN N3BECTHH PA3MEDPH! BCEX MATPUL. UNCIO AeHCTBUMN JOJKHO
OBITH OrPAHUYEHO MHOIOYIEHOM OT YHCJAa MATPHUIL.
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IIpemep. MaTpuns pasmepom 2 X 3, 3 x 4, 4 X 5 MOXHO NEePEMHOXATH
neymsa cioco6amu. B nepsom nena pasna 2 -3 -4+ 2-4-5=24+40==64,
BO BTOPOM IieHa pasHa 3-4-54+2-3-5=90.

Pemerme. [Ipeacrasum cebe, 9TO nepsas MATPULA HAIINCAHA HA OTPE3KE
[0,1], BrOpas — ma orpeske [1,2], ..., s-aa — ma orpeske [s — 1, s]. Marpn-
U Ha oTpeskax [i — 1,4] u [i,4 + 1] nmMeroT o6mmi pasMep, MO3BOLAICLIAN
nx nepeMHOXUTh, O603madnm ero yepes d[i]. Takum o6pasoM, MCXOMHEIM
NaHHBIM B 3ajga4e asuaerca maccus d[0] .. . d[s].

Yepes a(i, j) 0603HAYIMM MAHUMAIBLHYIO [EHY BEIYMCICHUA NPOUIBEIE-
aus MaTpul Ha yaactke [1, j] (mpn 0 < i < j < s). Uckoman sesmynna pasna
a(0, s). Bermunan a(i,7 + 1) pasuu mymo (MaTpuna OQHA M HIEpEeMHOXATH
HUYEro He Haj10). PekyppenTHas dopmyaa OyaeT Takou:

a(i,j) = min{a(i, k) + a(k, j) + dlild[k]d[;]}

rjae MUHAMYM GepETCA MO BCEM BO3MOXKHBIX MECTAM MOCIEIHEI'O YMHOXKE-
Hus, TO ecTb o BCeM k =i+ 1,...,5 — 1. B camom mene, npomaseaenne
MaTpul Ha oTrpeske [i,k] ects marpuna pasmepa d[i]d[k], npousseacame
marpun Ha orpeske [k, j] mmeer pasmep d[k]d[j], n nena BmrymcacHuMa mx
npoussenenns pasua d[i]d[k]d[j]. O

3ameqanme. [IBe mocaeqHME 334390 ITOXOXN, DTO CXOACTBO CTAHET AC-
Hee, €CJAM HANWCATL MATPWILI-MHOXWTEIM Ha cTopoHax 1-2, 2-3, ...,
(s — 1)~ s MHOTOYrOIBHMKA, 8 HA KAXIOW XOpAE 1—j HANNCATH NIPON3BE-
JEHME BCEX MATPUI, CTATUBACMBIX DTON XODAOM.

8.1.6. 2Kesnesnana gopora ¢ OQHOCTOPOHHNM JBMXEHUEM UMEeT N CTaH-
. UspecTun nens 6uaeToB OT -OM CTaHUMM A0 j-OM (mpm ¢ < j —
B 06paTHYIO CTOPOHY npoe3aa HeT). Haltn MuHnMAatsayIo CTOMMOCTS IPO-
e3fla OT Havata N0 Kouua (¢ y98TOM BOBMOXHOW 3KOHOMUM 3a CYET nepe-
CaJI0K). O

8.1.7. 3ajaHo KOHEYHOe MHOXECTBO C GWHADHOW onepaumen (Boobe
rOBOPA, HE KOMMYTATUBHON M faxe He accoumaTusHoM). Mmeerca n ane-
MEHTOB a1, ...,Q, 3TOr0 MHOXECTBA U emé oanH daement . IIposepwrs,
MOXHO JW TaK PacCTaBUTL CKOOKW B ITDOM3BEAECHUM Q1 X ... X Qp, YTOOH!
B peayIbTaTe MONYHnacs z. Tncio onepauni JOJKHO He mpesocxoauts Cnd
[V HEKOTOPOW KOHCTAHTH (' (3aBUCAMIEH OT YHCIa HIEMEHTOB B BEIOpaH-

HOM KOHEYHOM MHO)KeCTBe) .

Pemenme. 3anosnasem TabanIy, B KOTOPOM M KaXKJOTO YYaCTKa
@; .. .Qj HAIIErO IIPOM3BEAEHMs XPAHNTCA CIINCOK BCEX BO3MOXHKIX €r0 3Ha-
YeHn# (IpM Pa3HON PacCTAHOBKE CKOOOK). |
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Ilo cymecTBY 9TOT e OPUEM NPUMEHACTCA B MOJMHOMUAILHOM aJrO-
PUTME IPOBEPKM MPUHANNCKHOCTH CAOBA NPOUIBOJLHOMY KOHTEKCTHO-CBO-
6oaHOMY A3bIKy (CM. rasy 15).

Crenyroman 3aaa4a (3a1a49a O PIOK3aKe) yXke YIOMHHAJIACH B riase 3.

8.1.8. Mmeercs N NOJOXNTENLHEIX NENLIX YUCeT X1,...,L, W 9ncao N,

Brusicaurs, MOXHO Ju onyduTs N, CKAaIRBAA HEKOTOPKIC U3 YUCEH X1, . . .
..y Zn. Qucao mencTeuM H0KHO OuiTh mopsaka Nn.

[Ykazanue. Ilocre 1 maros XxpaHnTCa MHOXECTBO TEX YNCEN HA OTPE3KE
0... N, XOTOpHIE NPEACTABAME B BAE CYMMEl HEKOTOPHIX U3 7 ...Z;.] [

3ameqarme. Mur Bujean, YTO 3aMEHA PEKYPCUBHOM NPOrPAMMEl HA 3a-
MOoMHEHUE TAOMNIK 3HAYCHNA WHOT A MO3BOAACT YMEHBIIATH YUCIO JEU-
crepi. [lpumepHo Toro xe 3dgdexTa MOXHO JOOUTHLCS WHAYE: OCTABATHL
NpOrpamMMy PEKYyPCUBHOM, HO B XOJ€ BLIYNCICHNH 3AIIOMUHATL YK€ BEIYM-
CJIEHHBIC 3HAYCHNSA, 3 NePe] OYePEeNHBIM BHIYNCJICHWEM IIDOBEPATH, HET JIN
yKe TOTOBOrO 3HAYEHNS.

8.2. CTeK OTNOXKEHHbIX 3a/1aHUN

Jpyron npuéM yCTPAHCHMA PEKYPCHM NPOJEMOHCTPHUDPYEM Ha NpuUMepe
38Ja9U O XaHONUCKUX Oalruax.

8.2.1. Hanmcars HepeKypCUBHYIO NPOrPaAMMY [IJf HAXOX ACHWA NOCHe-
[JOBATEJLHOCTH [TEPEMEIIEeHNH KOJel| B 33 4a49€¢ O XaHOUCKUX GaliHax.

Pemerme. BerroMHNM DEKypPCHBHYIO NPOrPAMMY, NEPEKIA JBIBAOLILYIO
i BepxHUX KOJEIl C m HA n:

procedure move(i,m,n: integer);

| var s: integer;

begin

if i = 1 then begin

| writeln (’cpgenars x0m ’, m, ’->’, n);

end else begin
s:=6-m-n; {s - TpeTWl cTepXeHb: CyMMa HoMepoB paBHa 6}
move (i-1, m, s);

writeln (’cpenare xo0m ’, m, ’->’, n);
move (i-1, s, n);
end;

end;

Buano, 4To 3amada «IepesOXUTE 1 BEPXHWX AUCKOB C M-I'O CTEPXHA HA
N-HIW» CBOAUTCA K TPEM 3a4a49aM TOrO Xe TUna: ABYM 3ajadam ¢ i-1 auc-
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KAMU U K OJHOMN 33Ja4e C CAWHCTBEHHLIM NUCKOM. 3aHUMAACh DTUMU 3a]a-
YaMM, BAXHO HE N03a0HITL, 9TO elé OCTaNI0Ch CACIATE.

st 9TON 1em 3aBeNEM CMmek OMAOHCEHHBIT 3adanull, DNEMEHTAMN KO-
Toporo 6yxyT Tpouku (i,m,n). Kaxaas Takas TpOWKa MHTEPIPETUPYETCA
KAaK 3aKa3 «1epeJOXNTL 1 BEPXHNX JAUCKOB C M-I'0 CTEPXKHSA HA N-BlWy. 3aKa-
3Hl YIOPAIOYEHB! B COOTBETCTBUN € TPeSyeMBIM IOPAIKOM WX BHIITOJHEHWS:
CaAMBIN CDOYHHIN — BEpINUHA cTeka. [loaywaem Takyio Nporpammy:

procedure move(i,m,n: integer);
begin
cueyaTh CTeK 3aKas30B IYCTHM
TMONOXUTE B CTeK TpoMky <i,m,n>
{MHBapMaHT: 0CTamOCHL BHIONHMTEL 3aKa3H B CTeke}
while cTex HemycT do begin
yHAamUTh BePXHUM 3IEMEHT, NepeloXuB ero B <j,p,q>
if j = 1 then begin
| writeln (’cgemars xox’, p, ->’, Q);
end else begin
8:=6-p-q;
{s - TpeTw:t cTepxeHL: CyMMa HOMepOB paBHa 6}
TMOJOXUTHL B CTeK Tpoﬁxn <j-1,s,q9>, <1,p,q>, <j-1,p,s>
end;
end;
end;

(BameTnM, YTO IEPBOM B CTEK KJIaAETCA TPONKA, KOTOPYIO HAAO BEIIOIHATD
nocaeanen.) Crek Tpoek MoXeT OHTHL Peartu3oBaH KaK TPH OTJEJIbHEIX CTe-
ka. (Kpome Toro, B nackaje eCTb CHEINATILHEN TUN, HA3LIBAEMEIN «3AITNCHY
(record), KOTOPHIN MOXET OHITH NIPUMEHEH. ) U

8.2.2. (Coo6mmn A.K.3souknn co ccuakon na Anmxkes Jlucosckoro.)
[s 3a8a49m 0 XaHONCKMX OAIHAX €CThb M ADYIHe HEPEKYPCHUBHEIE AINOPUT-
Mel. BoT oanH M3 HEX: OpOCTAMBAIOIMM CTepxKHEM (HE TeM, ¢ KOTOPOro
[EePEHOCAT, ¥ He TeM, Ha KOTODHIHA IIePEHOCAT) AOIXKHEI OHITH BCE CTEpXK-
HE 110 odepenn. [Jpyroe mpaBmio: IOOYEPEAHO NEPEMEIATH HAMMEHBINee
KOJIBIIO ¥ HE HAMMEHBINee KOIbLIO, IPWYEM HamMeHblee — mo kpyry. O

8.2.3. Ucnonn3osarh 3aMEHY PEKYPCHUM CTEKOM OTJOXKCHHHIX 3aJaHUN
B DEKYDCHBHON NPOrpaMMe IeYATH AECATUYHON 3aIMCH UEJIOr0 YNCJa.

Pemrerme. [Mugph 10OBIBAIOTCA C KOHIIA W 3AKIAABIBAIOTCH B CTEK, 4 3a-
TeM ITe4aTarTcsa B 00paTHOM MOpAAKe. (I

8.2.4. Hammucarp HEpEKYPCHMBHYIO MPOrpaMMy, [TEYATAIONYIO BCE BEp-
[IWHE! JBONYHOI'O HEPeBa.

8.2. Cmex omaoxcennns 3adanut 141

Pemerme. B 5Tom cayyae ¢Tek OTIOXKEHHLIX 3ajauni 6yIeT coepxars
BAKA3Hl ABYX COPTOB: «HANEYATATL JAHHYIO BEPUIMHY» W «HANCYATATH BCE
BEPUIMHEL 101 ICPEBA C JAHHKIM KOPHEM» (IpM 3TOM nil CYMTAETCA KOPHEM
mycToro gepesa). Taknm 06pa3oM, BIEMEHT CTEKa €CTh Iapa: {(THUIl 3aKa3a,
HOMEp BEpIINHE).

Brinnmas aneMeHT u3 cTeka, My Jub0 Cpa3y MCIOJHAEM ero (ecam 3ro
3aKa3 [IEPBOrO TUIA), JUGO IOMEINAEM B CTEK TPU MOPOXK ICHHKIX UM 3aKa-
3a — B OJHOM M3 INECTU BO3MOXHEIX OPAIKOB. O

8.2.5. Yro mamenntcsa, ecin TpebyeTcsa He Me4aTaTh BEPIIMHEL JBONY-
HOrO JIePEBa, & NOACYNTATH WX KOJNICCTBO?!

Pemrerme. IleyaTanne BepIIMHE! CIENYET 3AMEHUTH NPAOABICHNEM €IN-
HUOE K C9éTymKy. JpyruMu croBaMy, WHBapmaHT Takos: (ofiuee 4nciIo
BepunH) = (C48TYnK) + (CyMMa 4YNCel BEPIINH B MOLACPEBLAX, KODHN KO-
TOPHIX JEXAaT B CTEKE). O

8.2.6. [las HEKOTODHIX U3 IIECTH BO3IMOXHHIX [TOPAIKOB BO3MOXKHEL yII-
POMEHNA, JeJalolNe HEHYXHEIM XpaHEeHUe B CTEKE DJIeEMEHTOB IBYX BUIOB.
YkasaTb HEKOTODHIE U3 HUX.

Pemenne. Eciu TpeGyeMun nopaaoK Takos:
KODEHb, JEBOE MO AePEBO, NPABOe NOAACPEBO,

TO 3aKa3 Ha NCYATAHNC KOPDHA MOXHO HC 33aKJaIKRIBATE B CTCK, a BRINOJHATH

cpaay.
Heckonbko 6oaee Cioxuas KOHCTPYKUNWSA IPAMEHNMA [JIsl TOPAIKA,

JIeBOE ITOJIEPEBO, KOPEHb, NPABOE MO ACDEBO.

B 5ToM caywae Bce 3aka3nl B CTEKe, KPOME CaMOro NEpBOro (Hameyararb
O/ IEPEBO) IeIATCA Ha [NaPH:

HAaIe4aTaTh BEPUINHY X, HANEYATATH «[IPABOE MOLIEPEBOY X

(= noagepeso ¢ KOpHeM B npaBoM CuHe x). QOBEAMHNB OTH NAPH B 3a-
Ka3khl CHEHNAILHOIO BIIA M BBEIs [TEPEMEHHYIO Il OTACNABHOIO XPaHEeHNs
[1epBOro 3aKasa, Mul OGONAEMCA CTEKOM OJHOTHUITHEIX 3aKA30B.

To xe camoe, padyMeeTCs, BEPHO, €CJIN IOMEHATL MECTAMM JIEBOE U [pa-
BOE — [ONYyYaeTCsa enmé ABa MOPAJKA. ]

3ameuanme. Jpyryo nporpaMmy e4aTH BCEX BEPIIMH JEPEBA MOXHO
[TOCTPOUTH HA OCHOBE ITPOrpaMMeul 00X0a AepeBa, pasoOpanHon B riiase 3.
Tam ncroneayerca xomaHga «BHM3». [lockoibKy TemepeliHee mpexcTaslie-
HUe JepeBa C TOMOIIBIO MACCUBOB 1 U ' He NO3BOJIAET HAUTU NIPEAKA 3a,0aH-
HOW BEPIINHKI, NPUAETCA XPAHUTHL COMCOK BCEX BEPIINH HA IMYyTH OT KOPHA
K Tekywen sepmube. CMOTpH Takxe riasy 9.
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8.2.7. HanucaTb HEepeKYPCUBHLIM BapUaHT NPOrPaMMEl GEICTPOU COpP-
TupoBkn (cMm. ¢. 131). Kak 060ATHCH CTEKOM, TuyGMHA KOTOPOr'O OrPAHMU-
gena C'logn, rge n — YHUCIO COPTUPYEMBIX DJIEMEHTOB?

Pemerme. B crex knangyres naput (i, j), MHTEpNpETUPYEMEIC KAK OT-
JIOXKEHHKIEC 33 JaHNUS HA COPTUPOBKY COOTBETCTBYIOINX YYACTKOB MACCUBA.
Bce 3Tn 3aka3kl He NepeceKarTCs, NO3TOMY Pa3Mep CTEKA HE MOXET NPEBhI-
cnthb N, YTO6H OrpaHNYUTHCA CTEKOM JOTAPUMMUYICCKON TyCuukl, Gy aem
NPWAEPKWBATLCA TAKOrO NPaBuia; riyGxe B CTEK NOMEIAThL GONbIMHA n3
BO3HMKAIOUMX ABYX 3aKa3oB. Ilycres f(n) — makcumasibHasa rayOuHa cTe-
Ka, KOTOpas MOXET BCTPETUTLCSA NPU COPTHPOBKE Maccusa m3 He Gouee
4YeM 71 3JIeMEeHTOB TakuM criocobom. Quenum f(n) cBepxy Takum criocoboM:
nocne pa3sbmeHns MAaCcCUBA HA IBA YY9ACTKA MKl CHadYajla copTupyem Gouee
KOPOTKMNI (XpaHs B cTeke 6ojee IIMHHHM PO 3anac), IpU DTOM [IiyOuHa
crexa ue Goapmre f(n/2) 4+ 1, 3arem coprupyem 6ojee IINHHEIM, TAK YTO

f(n) < max(f(n/Q) + 17 f(n - 1))/

OTKyAa O4eBMAHON mEAyKumMen noay4daeM f(n) = O(logn). O

8.3. bonee cnoxHble cnyyau pekypcuu

MycTs ¢pyukums f ¢ HATYPAIbLHEIMYU APLYMEHTAMU U 3HAYCHUAMU ONpe-
QeJICHa, PEKYPCUBHO YCIAOBUAMN

f(0) =a,
flz) =h(z, f(i(z))) (z>0)
rie a — HEKOTOpOoe Yucio, a h u [ — wasectunie dyuxuun. JpyraMm ciosa-

MU, 3HaYeHNe GYHKUNY f B TOYKE T BEIDAXKAETC Yepes 3uadenne f B TOYKe
{{z). lIpn oM npeanonaraeTcs, 9To A1 JIOG0r0 T B NOCIEI0BATEILHOCTH

z, U(z), 1(I(z)), . ..

pano miam no3auo scrperurcs 0.
Ecmn pononaureasuo masectHO, 9To () < T M BCEX T, TO BEIYMCIE-
HMe f He NPEACTaBIACT TPyAa: BEumMcIgeM nocaegosarensuo f(0), (1),

f2),...
8.3.1. Hanwcarb HepeKypCUBHYIO NPOrpaMMy BuIYnUCIeHns [ mis obue-
ro ciay4yad.

Pemenwme. [ suruncienus f(z) BHYACIAEM NOCAEAOBATENILHOCTD

=), 1)), 1)), . -
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[0 MOSIBJIEHNA HYJIA U BANOMUHAEM €8, a 3aTeM BEYNC/IseM 3HaYeHns [ B Tod-
KaxX DTOM NOCJHENOBATEILHOCTI, NS CIIPABa HAJEBO. U

Fug Gonee caoxumyt ciaygald w3 CAeAyIOmMEnR 33 489U BPAL JU BCTPETUT-
€A Ha NPAaKTUKE (& €CIM W BCTPETUTCA, TO NPOMIE PEKYPCHIO HE YCTPAHATD,
a ocrasurs). Ho Tem He MeHee: nycTh GYHKIMA f C HATYDATBLHEIMUA apry-
MCHTAMU U 3HAYCHUAMHU ONPEACAACTCA COOTHOMCHUAMMU

f(0) =a,

rje a4 — HeKOTOPOe Yucao, a [, 7 m h — msBecrunie gyukmmm. [Ipeanoaa-
raeTCa, YTO €CAU B3ATH NPON3BOJLHOE YACIO U HAYATH NPUMEHATHL K HEMY
byHKINU [ 1 7 B 1PON3BONBLHOM NOPAAKE, TO PAHO WM MO3AH0 noxyynrca 0.

8.3.2. Hammcarb HepexkypCUBHYIO NPOrPAMMY BEIYUCACHUA f.

Pemenme. Moxno 6rui0 6u1 CHawana NOCTPOUTL JAEPEBO, ¥ KOTOPOI'O
B KODHE HAXOOWTCA T, & B CHIHOBbLAX BepIMHH 4 croat [(i) u r{i) — ecan
TOJBKO | HE PABHO HYJIO. 3aTEM BHEIYUCAATL 3HAYEHUS QYHKUNU, WIS OT
JncTeeB K KOpHIo. O HAKo eCTh W APYrod crnocod.

Obpammnot noavckxot 3anuceto (WM nocm@urcrot 3anucsi0) BEIPaAXKE-
HWS HABHIBAIOT 3aNCh, Ile 3HAK (PYHKIMNA CTONT IOCJE BCEX €€ apI'yMEHTOB,
a CKOOKY He MCIOAB3YIOTCA. BOT HECKOIBKO NpUMeEpos:

f(2) 2 f

f(9(2) 2 g f

s(2,¢(7)) 2 7t s
s(2,u(2,5(5,3)) 2 2 5 3 s u s

TlocrdukcHas 3anuch BEIPAXKEGHUA NO3BOAAET YIOOHO BHIYUCIATEL €ro C Io-
MOIUBIO CMEK0B8020 KAALKYALMOPA. DTOT KANBKYIATOD UMEET CTEK, KOTO-
DB ME By eM NPEACTaBIATE cefe PACIIONOXKEHHEIM MOPU3OHTANLHO (ducaa
BHIHUMAIOTCA W KJAAYTCA CIPaBa), ¥ KJIABUIIN — YUCAOBHIC M (DYHKINO-
Haubaele. [Ipw HAXATUN HA KIABUINY C YACJIOM 3TO YHCIO KNAIETCA B CTEK.
Ilpn maxkxaTwn HA GYHKUWOHATIBHYIO KJIABUILY COOTBETCTBYIOMIAA (OyHKINA
NPUMEHAETCA K HECKONBKWM APIYyMEHTaM y BepumHu creka. Hanpummep,

ecan B crexe Oy yncaa
23456

¥ HaxaTa (GYHKIWOHANbHAA KJABUIA §, COOTBETCTBYIOmMAA QYHKIUN OT
NBYX apryMEHTOB, TO B CTEKE OKAXKYTCA YNCHA

234 5(5,6).
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Ilepenném Tenepp K Hamen 3agade. B nponecce BHYNCICHNA 3HAYCHUS
dynxumn f mur Oyaem paboTaThb CO CTEKOM HYHCEN, 3 TAKXKe C NOCJIeI0Ba-
TEJBHOCTBIO Yucea u cumBoaoB f, 1, r, h, KOTOpy ME OyjeM WHTEpIpe-
TUPOBATL KAK NOCJIeJOBATEIBHOCTE HAXKATUA KJIABUNI HA CTEKOBOM Kalb-
kynarope. nBapnanT Takon:

€CJIN CTEK YNCEI NPEeACTABIACT COOOW TEKYWIEee COCTOAHNE CTE-
KOBOI'O KAJbKYJATOPA, TO MOCHE HAXATUA BCEX KJIABUIN TOCHE-
JOBATEILHOCTN B CTEKE OCTAHETCS €ANHCTBEHHOE YMCJO, M OHO
6y IeT NCKOMKIM OTBETOM.

Ilycre mam Tpebyerca Buancants 3nagenne f(z). Torga sravase My mo-
MEIAEM B CTEK YNCJIO T, 8 IOCAEIOBATEALHOCTE COAEPRNT €INHCTBEHHEN
cumson f. (Ilpn aToM muBapmanT cobmogaerca.) Jasee ¢ nocaeaOBaTEIb-
HOCTBIO ¥ CTEKOM BHITOJHAIOTCA TaKue IpeoCpa3soBaHms:

CTapul  crapas HOBHIH HOBas

cTeK HOCNEAOBATEIBHOCTE  CTEK [OCJIEA0BATENBEHOCTD
X z P Xz P

Xz 1P X l(z) p

Xz r P X r(z) p

Xzyz hP X h(z,y,2) P

X0 £ P Xa p

Xz tP X zzxlfzrfhP

34ecs T, y, 2 — 9ncaa, X — NOCAeIOBATEeNLHOCTS yncen, P — nocaenosa-
TENbHOCTH Yncesa u cumsonos f, 1, r, h. B nocreanen crpoke npeanonara-
ercs, 9To 2 # 0. 9Ta CTPOKa COOTBETCTBYET DABEHCTBY

f(z) =Nz, f(U(2)), f(r(2)))-

IIpeo6pasoBannsa BRINOJHAIOTCA, NOKA NOCAENOBATENLHOCTL HE CTAHET IIy-
cra. B 5ToT MOMEHT B CTEKe OKaXeTCs eIMHCTBEHHOE YNCIO, KOTOpOoe n Oy-
JIET OTBETOM. (Il

3ameuarme. [10CACIOBATENBLHOCTE MO CYMECTBY NPEACTABIACT COBOMN
CTEK OTJOXEHHHIX 3a1aHUA (BEPIINHA KOTOPOrO HAXOAWTCA CJCBA).

9. PA3HbIE AJIFOPUTMbI
HA TPADPAX

9.1. KpaTuyantwme nyTu

B 5ToM paspnene paccMaTpuBAKOTCH PA3IWYHEIE BADWANTH OJHON 33144,
IIycTe mMeeTcs n ropoJoB, NPOHYMepOBaHHEIX YucaamMn oT 1 xo n. [ars xa-
X JIOW Napsl TOPOJAOB ¢ HoMepaMu i, j B Tabamue al[i] [j] xpaunTes nesoe
YUCNO — LIeHA NPAMOro aBuabuieTa w3 ropoja i B ropoa j. Cunraercs, 9To
PENCH CYymEeCTBYIOT MeXy JoOumu ropogamu, alil[i] = O npnm Bcex i,
ali] [j] moxet oramyarsca ot alj][i]. Hanmenbmendn CTONMOCTHIO TIPO-
€313 3 1 B j CYNTAETCA MUHWMANLHO BO3ZMOXHAA CYMMA LeH ONJIeTOB U
MapmpyTos (B TOM 4YnCIe ¢ nepecagkamm), seayumx w3 i B j. (Ona me
npesocxoaut alil [j]1, Ho MoxeT GmTh MeHbIIE.)

B npepnaraemMuix Hmxe 3ajadax TpeOyeTcs HANTH HAWMEHLIIYIO CTOMN-
MOCTB [IPOE3 (8 [ HEKOTOPHX NaP IOPOJOB NPN TEX WM WHEIX OrPaHnye-
HUAX Ha MACCUB a W HA BPEMsS PABGOTH aIrOPUTMA.

9.1.1. Ilpeanonoxmm, 94TO HE CYWIECTBYET BAMKHYTHIX MAPIIPYTOB, IS
KOTOPHIX CyMMa IeH oTpuuaTelsHa. Joka3aTs, 4TO B 3TOM CIydae Mapii-
PYT C HAMMEHBIEN CTONMOCTLIO CYIECTBYET.

Pemenmne. Mapmpyr ammroi Goabiie n BCErga COACPXKUT LUKJ, O3TO-
My MHUHUMYM MOXHO MCKaTh CPEAM MAPIIPYTOB JAJMHON HE 6OJEEe n, a UX
KOHEYHOE YMNCJIO. |

Bo Beex creayommx 3a1a9aX IPEANONArAeTCsA, YTO ITO YCIOBHE (OTCYT-
CTBUE UKJIOB C OTPULATENLHON CYMMON) BEINOIHEHO.

9.1.2. HallTu HAWMEHBIIYIO CTOMMOCTL NMPOE3Ja U3 1-r0 ropoja BO BCE
ocrambaue 3a Bpema O(n®).

Pememme. OGospaynm vepes MunCr(1l,s,k) HanMEHLMYIO CTOMMOCTDL
npoe3ga w3 1 B s menee yeMm ¢ k nepecaakamn. Torja Brimonusercs Ta-
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KO€ COOTHOUICHNE:

MunCt(1, s,k+1) = min(MnHCT(i,s,k)./ ) rrilin MurCr(1,1i,k) + a[i][s]))
i=1..n

Kax ormewanocs Brime, nCKOMEM OTBeTOM sBigercsa MunCr(1,i,n) mus
BCex i=1...n.

k:=1;
for i := 1 to n do begin x[i] := a[1][i]; end;
{unBapuanr: x[i] = MmuCr(1,i,k)}
while k <> n do begin
for s := 1 to n do begin
y[s] := x[s];
for i := 1 to n do begin
if y[s] > x[i]+a[i][s] then begin
| yls1 := x[il+a[il[s];

end;
end
{y[s] = MunCr(1,s,k+1)}
end;
for i := 1 to n do begin x[s] := y[s]; end;
k :=k +1;
end; O

IIpnBenéuuui aIropuT™M HA3KBAIT AJCOPUTMOM ANHAMUYECKOO HPO-
rpaMMupoBannsa, wm airopurmom dopaa—Beramana.

9.1.3. [lokasaTs, 4TO NpOrpaMMa OCTAHETCA NPABWILHOU, €CIM He 3a-
BOJIWTH MACCUBA Y, & IPONIBOINTL U3MEHEHNA B CAMOM MaCCUBe X (3aMenns
B IDOIpaMMe BCE BXOX AeHNA OyKBHl ¥ Ha X ¥ 3aTeM YAAINTH CTABIINE JUIII-
HUMH CTDPOKH).

Pemrerwme. NusapnanT Gyaer Takos:
MurCr(1,i,n) <x[i] <MurCr(1,i,k). O

ODTOT aArOPUTM MOXET OHITH YJIYYIed B ABYX OTHOMEHUAX: MOXHO 34
70 xe spema O(n®) HAWTH HAMMEHBLINYIO CTOMMOCTBL Mpoe3ja i — j aas
Bcex nap i, j (a He TOMBKO npy i = 1), a MOXHO COKPATUTL BpeMst paboThl
1o O(n?). llpaea, B mocaeHeM crydae Ham NOTPeGyeTcs, 9TOOH BCe IeHb
ali][j] 6rvm HEOTpULATENBLHEL.

9.1.4. HauTu HAaMMEHBIIYIO CTOMMOCTD Npoe3ga 1 — j ana Bcex i, j 3a
spemsa O(n®).
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Pemrerme. sk =0...n vepes A(i,]j,k) 0603HAYNM HANMEHBIIYIO CTO-
MMOCTH MapUIpyTa W3 1 B j, €CiM B Ka4eCTBE NEPeCAJOYHHX pPa3pelIeHo
HCIOIB30BATHL TOJBKO NYHKTH ¢ HOMepaMmn He Goasme k. Toraa

A(i,j,0) =alil[]],
A(i,j,k+1) =min(A(i,j,%), A, k+1,k) + ACk+1,7,k))

(1Ba BapMaHTa COOTBETCTBYIOT HEMCIOAL3OBAHUIO M UCIIOIb30BAHMIO ITyHK-

Ta k+1 B Ka4ecTBe NepecajoyHoro; OTMEOTHM, YTO B HEM He3adeM OwBATH

6osee OQHOTO pasa). O
ITOT aJrOPUTM HasmBaioT adropurmom Paonga.

9.1.5. Kax nposeputs 3a O(n®) neficTeuit, mmeeT i rpad C n BEpIIH-
HAMM IUKJIL C OTPULATEIBHON CyMMON?

[Ykasanue. Moxuo npumensats anropurm daoiaa, npuyéM paspemars
i=3 B A(i,j,k), IOKa He MOABWTCA IEPBEIA OTPULATCJIBHBIA [INKI, ] ([

9.1.6. Nmeercs n Banor u Tabanna OOMEHHHX KyPCOB (CKOABKO ¢uio-
DMHOB Aa10T 3a Takep u T.1.). KoMMepcanT xo4eT HeorpaHudesHo obora-
TUTHCS, OOMEHUBAs CBOW HAYAJLHLIM KANUTAN TYIa-CIOa 10 3TUM KYPCaM,
Kax npoBepnTh, BO3ZMOXHO M 3TO?

[Ykasarmne. [ocae norapudbmMupOBaHMA ACHBIN YHIOAOOIAOTCA PACCTOA-
HUAM. ] O

9.1.7. M3sBecTHO, 4TO BCE LEHK HEOTpUUIATENbHE, HauTn HanMeHbIy:o
crommocTs mpoe3ga 1 — i gna Bcex 1 =1...n 3a spema O(n?).

Pemerme. B nponecce pabornr aaropurma HEKOTOpPHIE ropona OynyrT
BREIACICHHLIME (B Ha4Yaxe — TOJLKO ropod 1, B korue — see). pu arom:

® ISl KaXXJOrO BHIJEJEHHOrO MOPOJAA 1 XPAHNTCA HAWMEHBINAS CTOW-
MoCTb myT 1 — i; 0pU 3TOM W3BECTHO, YTO MUHUMYM JNOCTUIAETCH
Ha IYTH, TPOXOJSAMEM TOJBKO YEDEe3 BHIACJICHHLIE MODOIA;

® ISl KAXJOrO HEBBLIACJCHHOIO T'OPOJA 1 XPAHNTCA HAWMEHBINAA CTON-
MOCTBb nyTH 1 — 1, B KOTOPOM B Ka4ECTBE MPOMEXYTOYHEIX MCIOJb-
3VIOTCA TOJBKO BHIACICHHBIC TOPOJIA.

MHOXECTBO BHIAENCHHBIX TOPOJOB PACIINDSETCS HA OCHOBAHUN CJELYIO-
[IErO 3aMEYaHUsA: €ClTU CPEIN BCEX HEBHIEICHHBIX [OPOAOB B3fATh TOT, A
KOTOPOrO XPAHUMOE YHCJIO MUHUMAJIBLHO, TO 3TO YHUCJIO ABJACTCA WCTHH-
HOU HAMMEHBIIEH CTOMMOCTHIO. B camMoM jene, myCThb eCThb 60nee KOPOTKUU
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nyThb, PaccMOTpUM NepBLIA HEBHIACJCHHBIN TOPOJ HA 3TOM IIYTH — YXKe 0
Hero nyTh mmHEee! (31eCh CYIeCTBeHHA HEOTPULATEILHOCTD LIEH. )

Jlo6aBns BLIGpAHHKIA TOPOJA K BHIJCJCHHHIM, ME JOJKHE CKOPPCKTH-
pOBATE WHPOPMAIMIO, XPAHUMYIO JJI HEBLLIEJCHHLIX ropoios. [Ipn vrom
JOCTATOYHO YYECTh JUIIb YT, B KOTOPHIX HOBKIHA TOPOJ ABJIACTCA TOCAC-
HUM [YHKTOM [EPECAAKN, 8 3TO JErKO CAENATH, TaK KAK MUHUMAILHYIO
CTOMMOCTB MPOE3Ja B HOBHIHA TOPOJ MEI YK€ 3HACM.

IIpn camom GeCXNTPOCTHOM CIIOCO6E XPAHEHWSA MHOXECTBA BHIICJEHHEIX
ropoos (B GyJEBCKOM BEKTOpPE) AOGABICHME OQHOIO rOPOAa K YHCIY BHI-
neleHunx Tpebyer spemenn O(n). U

ODTOT alrOPUTM HA3HBAKOT alropnTmoM JedKCTpH.

9.1.8. Uwmeercs n ropojos, COEAMHEHHKIX AOPOramMu (¢ OHOCTOPOHHIM
nevxerueM). Jas JgobrX rOpoJIoB 1, j M3BBECTEH MAKCHMAILHEN BeC Ipyaa,
KOTODHIM MOXHO Be3TH u3 i B j (rpysonoanémuocts goporn). Hahrn aa
spema O(n?) aus BCEX TOPOJOB MAKCHMATLHEIA BEC I'Py3a, KOTOPHIA B HAX
MOXHO NMPUBE3TY U3 CTOJUIHL.

[Ykasanne. [eficTBoBaTE aHATOrNIHO aaroputMmy [leHKCTpH, 3aMEHUB
CYMMY Ha MaKCAMYM.] O

OTriCKaHUe KpaTYaUIIero NyTH NMEET €CTECTBCHHYIO WHTEPIPETALNIO
B TepMmmuax marpui. llycts A — Marpuna LeH OJHON aBHAKOMIAHUH,
a B — wmarpuna ned apyrou. IlycTs ME XOTUM JETETH C OMHOWN mepeca-
KOW, NpM4éM CHadaja camonérom komnanum A, a sarem — xomnanum B,
CKOJILKO HaM MPUAETCA 3AATHTL, YTOOK TONaCTb W3 TOPOAa i B ropog j7

9.1.9. [lokazaTh, YTO 3Ta MATPULA BEIYUCISLETCA IO OORIYHON popMye
QIS TIPOW3BENECHUA MATDUI, TOJBKO BMECTO CYMMEl HAXO 6paTh MUHUMYM,
a BMECTO YMHOXEHUS — CYMMY. U

9.1.10. /[oxazark, 9TO TakuM OOpPA3OM ONpPEIEJEHHOE NPONIBEACHME
MaTPUL aCCONMATNBHO. (I

9.1.11. [Jokasarsb, 4TO 3342498 O KPATYANIINX Iy TAX DKBABAJICHTHA BhI-
qnenenmo A% s maTpume nen A: B mocregosaremsroctn A, A2, A3 ...
BCE DJEMEHTL!, HAYNHAS C HEKOTOPOI'O, DABHE MCKOMOW MATPUNE CTOWMO-
cren kparyanmux nyten. (Ecam HeT oTpuUaTe bHEX OUKIOB!) ]

9.1.12. Haynnas ¢ Kaxoro 3JeMEHTa MOXHO FapaHTUPOBATL PABEHCTBO
B [peslAyien 3aaage? O

O6rranoe (He MOAMPUIMPOBAHHOE) YMHOXKEHUE MATPHUL TOXE MOXKET
OKa3aThCA MOJE3HKIM, TOJbKO MATPUIK! JOIXKHE Ou1Th apyrue. IlycTs ecrs
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He BCe peichl (Kak paHblie), a TOIbKO HekoTopsie, alil [j] paswo 1, ecim
peic ects, n 0, ecim peica Her. Bosseaém maTpuny a (069HEIM 06pazom)
B CTENEHb X U IOCMOTPUM Ha €& (i-j)-nit saemenT.

9.1.13. Yemy ou pasen?

OrBer. Uncay pasimyueix Crroco60oB momacTs w3 i B j 3a k pencos
(c k-1 nepecaakammn). O

lpn onucanmm KpaT9anmmux OyTed CIyd9ad, KOrjJa €CTh HE BCE DPEUCHI,
MOXKHO CBECTH K MCXOJHOMY, BBEAs (PUKTUBHEIE DEHCH € 6ECKOHEYHO 6OMb-
moN (MM JOCTATOYHO GOALUION) cTOMMOCTBIO. TeM He MeHee BO3HUKAET
TAKOW BOMPOC. UNCIO pEaNbHEIX PEHCOB MOXET OGHTbL CYNIECTBEHHO MEHb-
me n?, MO3TOMY WHTEPECHE! aJrOPUTMEI, KOTOPHIE paBoTaroT 3(deKTHBHO
B TakoN curyaumu. Mcexoaume nannele eCTECTBEHHO NPEACTABIATL TOLA
B TakoN gopme: A KaXKJOr0 Mopojia M3BECTHO YNCIO BEIXOAALMX U3 HErO
PefCoB, UX NYHKTH HA3HAYEHUSA W [EHH.

9.1.14. [okazaTs, 9T0 anropnt™ JeAKCTPH MOXHO MOAUMDUINPOBATH
TaK, 9TOOH A 7 TOPOJOB M m peicos (Bcero) oH Tpebosanr He Gomee
C(n + m)logn onepaunin.

[Ykazanue. UTo Had0 cAenaTh Ha Kax oM mare? BrparTs HeBwgepeH-
HLIA COPOJ ¢ MPUHWMAJLHON CTOMMOCTLIO W CKOPPEKTNPOBATS LICHEL JULS BCEX
rOPOJOB, B KOTOPHE W3 HEro ecThb MapmpyTh. Ecam 6u1 KTO-TO coobman
HaM, 1A KAKOO FOPOAa CTOMMOCTH MUHUMAIBHA, TO XBaTWi0 661 C'(n + m)
JENCTBUHA. A NoJAepKaHne CBEICHNN O TOM, KAKOW BJICMEHT B MACCUBE MU-
rumanen (cm. 3agady Ha ¢. 114) obxogurcs emé B MuoxuTens logn.] O

9.2. CBAA3Hble KOMIMOHEHThI, NOUCK B rNyOUHY
W LWPUHY

Han6onee npocroit cayyan 3amaym O KPaTYAWIINX OYTAX — €CJAN BCE
nenst pasast 0 wm +oo. JpyraMm CIOBAMN, MBI WHTEPECYEMCA BO3MOXHO-
CTBIO [TONACTL W3 { B J, HO 33 LIGHOU HE NOCTOWM. B Apyrux TepMuWHAX: MEI
UMeeM OPWEHTUPOBAHHEN I'pad (KAPTUHKY W3 TOYEK, HEKOTOPHIE U3 KOTO-
DHIX COGIMHEHH CTPEIKAMM) M HAC WHTEPECYIOT BEPIIMHE, NOCTYIHHE U3
NAHHOMN,

s aToro caydas 3ajfadd O KPaTYaWINX IyTAX NPUBEASHHEIE B rpe-
OBLAYINEM pa3jelie aJrOPUTME — He Hauayunme, B camom nene, 6onee Ori-
CTpas PEKYpPCUBHASA IPOrPAMMA PENICHNsA ITON 33 a49N IPUBEEHA B riiase 7,
a mepexkypcemsaas — B raase 6. Celyac HaC MHTEpPECYeT TAKAA 3aa9a: HE
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IPOCTO MNEPEYUCTUTD BCE BEPIIUHEL, JOCTYITHLIC U3 JAHHOW, HO IePEeYNCIUTH
WX B OnpexeséHHOM nopsake. [Isa MOmyasapHBIX CIydas — MOWCK B INPUHY
" B UIyOMHY.

Ilomck B nimpuny.

Hapno mepeuncinTs BCe BEpMIWHEI OPUEHTWPOBAHHOIO rpada, HOCTYII-
HblE U3 JAHHON, B TOPSAKE YBEINYEHNA JInHL! 1yTn 0T Heé. (Tem camum mMu
pemmM 331349y 0 KpaTIaUlInX My TAX, KOrAa IEHH pebep paBHul 1 miam +00.)

9.2.1. Ilpmaymars anrOPUTM PEIICHUA 3TOH 3aa49M C YUCIOM JCUCTBUNA
He 6onee C' - (4ucao pébep, BRIXOMAIMX U3 UHTEPECYIOMUX HAC BEPIIMH).

Pemrerme. Dra 3anava paccmarpmeanaces B raase 6, ¢. 113. 3aecs Ml
npuseaém noapobuoe perenne. Ilyers num[i] — xommdecTso pébep, BHI-
xomsammx n3 i, out [1][1],...,out[i] [num[i]] — BepummuEl, Kylxa BeAyT
pébpa. Bor nporpamma, npuBexéHHas paHee:

procedure locTymuse (i: integer);
{HamevaTaThr BCe BepUMHH, HOCTYIHHe M3 1, Bkmwyadg i}
var X: nmomMHoxecTBo 1..n;
P: momMHoxXecTBO 1..n;
q, v, w: 1..n;
k: integer;
begin
...cpenats X, P mycThMu;
writeln (i);
...nobaButs i k X, P;
{(1) P = MHOXecTBO HameYaTaHHHX BepuMH; P comepxuT i;
(2) HamevaTaHH TOIBKO JOCTYIHHE M3 i1 BepumMHH;
(3) X - momMuoxecTRO P;
(4) Bce HamevaTaHHHe BepUMHH, X3 KOTOPHX BHXOJUT
pebpo B HeHameYaTaHHY® BepUMHY, OpUHammexaT X}
while X memycTo do begin
...B3ATh KaKOM-HU6YIb 3NMeMeHT X B V;
for kX := 1 to num [v] do begin
w := out [v][k];
if w He npunamgmexuT P then begin
writeln (w);
no6aBUTL W B P;
nob6aBuTL W B X;
end;
end;

end;
end;
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Torga HaM GbI0 GE3Pa3INYHO, KAKOM WMEHHO BJIEMEHT MHOXECTBA X BHI-
6upaerca. Ecom mul GyjeM cynrars X oyepenbio (IepBHM MPUIMEN — nep-
BHIM yIIE), TO 9Ta IPOrPAMMA HANEYATAET BCE BEPUINHEL, JOCTYITHEE U3 i,
B [TOPSAKE BO3PACTAHWA WX PACCTOMHNA OT 1 (ymcna pébep Ha KpaTyamnmniem
nytu w3 i). Jokaxem sTo.

O6o3naynm yepes V (k) MHOXECTBO BCEX BEPIIMH, PACCTOAHUE KOTOPHIX

or i (B ommcanHOM CMHICIe) paBHO k. MMeer mMeCTO Takoe COOTHOIICHNE:
V(k + 1) = (xounet pébep ¢ maganamu 8 V(K)) \ (V(0)U...UV(k))

Joxaxem, yro mias mo6oro k=0,1,2... B xone paborTu nporpamMmu 6y aer
TAKOM MOMEHT ([OCsIe O49EePEIHON WTEpaly InKJa while), korga

B 04YEPEN CTOAT BCE daeMEHTH V (k) W TOIBKO OHM;
HaneyaTans Bce anemenTta V(0), ..., V(k).

3 s

(dna k =0 — 3710 cocTosnme mepel MMKAOM.) Paccyxpaas mo wHAyKUINM,
OPEANOJIOXKAM, 9TO B OYEPEAN CKOMMINCH BCe anemenTr V (k). Onn Oynyr
NPOCMATPUBATLCH B LIWKJIE, TOKA HE KOHYATCH (ITOCKOJBLKY HOBHIE BJEMEH-
TH HOGABIAIOTCA B KOHEIL, OHM HE NEPEMEINAIOTCA CO CTapuiMu). KoHmm
BeAyIIMX W3 HUX DEGED, eCM OHM YXKE He HAeYaTAHKl, [IeYATAIOTCA U CTa-
BATCA B OYEpelb — TO €CThb BCE KAK B BANMCAHHOM BHIIIE COOTHOIICHUN
aas V(k +1). Tak 970 KOrga BCE CTAPHE DIEMEHTH KOHYATCA, B O4EPEan
6ynyt croars Bce anemenTH V(k + 1). u

Iomck B ruryGEEy.

Paccmarpnsas nonck B rny6uHy, yaA00HO NpeACTABIATE cebe OPUEHTH-
poBaHHHEMW rpag Kax obpas aepesa. Bojsee TOYHO, NyCTh €CTH OPUEHTUDO-
BaHHHIM rpad, OJHA W3 BEpIINH KOTOPOro BHeeHa. Bynem npeanonarats,
YTO BCE BEPUIMHLL JOCTYITHE W3 BHIICJIEHHOH 10 OPUEHTHPOBAHHEIM Iy TAM.
TlocTponm nepesBo, KOTOPOE MOXKHO ObLIO 6Bl HA3BATE «YHWBEPCATLHEIM Ha-
KpHITHEM» Hamero rpada. Ero xopuem 6yaer BerIeNeHHAA BepumHa rpada.
W3 xopHs BHIXOAAT Te Xe CTPEJNKH, 9TO U B rpacde — mxX KOHNk! 6y AyT ChI-
HOBBAMM KOpHA. I3 HuX B JepeBe BRIXOJAT T€ XE CTPEJKN, YTO U B rpade
n Tak ganee. Pasunmna mexny rpadoM u JepeBoM B TOM, YTO NYyTH B I'pa-
e, Begymme B OJHY W TY K€ BEPIIWHY, B jepesBe «packjieenul. B apyrux
TePMWHAX: BEPIINHA JEPeBa — BTO NyTh B rpade, BEIXOMALMA W3 KODHS.
Eé cuuoBbs — 3TO myTH, MPOJOIKEHHEIE Ha OOHO pebpo. 3amMeTuM, 9To
JepeBo OeCKOHEYHO, eCM B rpade eCTb OPMEHTNPOBAHHEIE IINKJH.

Nmeeres ecrecrsennoe orobpaxeune nepesa B rpad (Bepumu B Bep-
muus). [Ipy 3TOM Kaxaas BepUMHA rpada MMeeT CTOIBKO NPOOBpa3os,
CKOJIBKO 1ryTer B Heé Benér. [Tosromy 06xon aepesa (oceienne ero Bepimy
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B TOM WIM WHOM NODpAJAKE) ONHOBDEMEHHO ABILeTCA M 06xonoM rpadga —
TONBKO KAXas BEPIINHA MTOCEIAEeTC S MHOMOKPATHO.

Bynem npemnonarars, 4TO s KAXIOW BEPIIMHE! rpada BHIXOAAMINE
13 Heé pébpa ynopagodensl (HanpuMep, NpOHyMepoBanel). Tem caMuiM s
KAaX O BEPIIMHEI JEPEeBa BHIXOANmME W3 Heé péfpa Takxke yHOpsIOYeHEL.
Bynem 06xoanTs nepeso Tak: CHAYANA KOPEHb, 8 IIOTOM MO AepeBbsa (B mno-
pAiKe BeAymnx B Hux pébep). Takon 06xoa Aepesa pacCMATPUBAJICA HAMM
B ruase 7. Emy coorsercrByer 06x01 rpada. Eciu suikuny s ua 3roro ob-
XO[a TOBTOPHBIE [TOCEIIEHNS YXX€e MOCEMENHEBIX BEPIINH, TO MONXYYNTCA TO,
YTO HA3BIBAETCA «ITOUCK B MIIyOHHY».

Jpyrumm caoBaMu, Ha IYTAX, BHIXOMAIIAX W3 BELACICHHON BEPUINHEL,
BBEAEM NOPAJOK: IYTh NDPEANIECTBYET CBOEMY NPOJOKEHNIO; €CAN IBa, ITy-
TN PACXOIATCA B HEKOTOPOW BEpIINHE, TO MEHBIINM CYATAETCH TOT, KOTO-
PLIA BRIXOINT W3 Heé 1o mensmemy pebpy. Bepmune Teneps yropsaounsa-
IOTCSl B COOTBETCTBUYN C MUHUMANBHEIMUA Y TAMYA, B HUX Beaymmmn. O6xon
BepUIMH rpada B YKABAHHOM NODPAAKE HABLIBAETCHA NOUCKOM 8 2aYOUHY.

9.2.2. Hammcares nporpamMmy MONCKa B rIyOWHY.

[Yxazanne. Boabmém nporpammy obxoja jJepesa (KOPEHb — JEBOE MO/-
[epeBo — NpaBoe MOAJEPeBO) M3 IJIaBH 7 WIM U3 I[VIABH 8 M HCIOJIB3YeM
€€ NPUMEHNTENBbHO K 00cToATenbcTBaM. [NIaBHOE W3MEHEHWe: He HaJ0 MOo-
CeIATH BEPUINHL! NOBTOPHO. Tak YTO eCau MEI [TONTaJU B YIKe ITOCEILEHHY IO
BEPUINHY, TO MOXHO ¢ Hen uwyero we netars. (Ecim nyTs we Muawmaien
cpei BeAyIMUX B NAHHYIO BEDIIWHY, TO U BCE €r0 NPOJOCKCHUS HE MUHU-
MAJIBHE — UX OPOCMATDPUBATEL HE HAO).] O

3ameqanme. HanmomunM, 910 B ryaBe 8 yIoMrHAINCE JBE BO3MOXHOCTH
YCTPaHEHNs DEKYPCUHM B iporpamme o6xoda aepesa (c. 141). O6a sapnanTa
MOXHO WCIIOJB30BATH JJIA NMOWCKA B NIyOUHY.

Ilonck B riry6uny JeXUT B OCHOBE MHOI'MX aNrOPUTMOB HA rpadax, mo-
pPOW B HECKOJBLKO MOIW(PUIINDOBAHHOM BUJIE.

9.2.3. Heopuwentnposanuniil rpad Ha3wBaeTcsa deydoabHbiM, €CIU €ro
BEPIIMHE MOXHO DACKPACATD B [BA LIBETA TAK, YTO KOHLK JI060ro pebpa —
pasnoro nsera. CoCTaBUTL aJrOPUTM IIPOBEPKM, ABJIACTCA JU 38JaHHEIN
rpad ABYIJOJBHBIM, B KOTOPOM YHUCJIO JeHcTBNH He npeBocxomnT C' - (Yncio
pé6ep + YUCIO BepIINH).

[Ykazanne. (a) Kaxayio CBA3HYI0O KOMIIOHEHTY MOXHO PaCKpallNBaTh
oraebH0. (6) Brifpas uBeT OJHON BEPIIMHE U O6XOA4A €€ CBA3HYIO KOMIIO-
HEHTY, MEl ONPEICIACM CAUHCTBEHHO BO3MOXKHEIN 1IBET OCTAJIbHEIX.] U
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3amequarme. B 5Toi 3ana4e 6e3pasanyHo, IDOU3BOANTE [TOUCK B IINPUHY
WIN B rIyOUHY.

9.2.4. CoCTaBUTH HEPEKYPCUBHHEIA AJICOPUTM TONOJOTUYECKOUW COPTM-
poBKu opwenTuposannoro rpada 6e3 mmkaos. (Pexypcusnmu arropurm
cMOTpM Ha C. 127.)

Pernerme. I[Ipeanonoxnm, 4To rpacd nMeeT BEPUINHLL ¢ HOMepaMu 1...1,
JJISL K&XKIOM BEPIIMHEl 1 M3BECTHO Yncao num[i] Brixoaammx w3 Heé pédep
n pomepa sepmmd dest[i][1],...,dest[i] [num[i]], B xkoTOpRIE DTM DE-
6pa sBeayr. Byaem ycnosao cunrars, 4TO pEGDA MEPEYNCICHE «CJIEBA HAIDaA-
BO»: JleBee TO pebpo, y KoToporo nomep menbime. Ham nano nanegarars Bce
BEpIIMHLI B TAKOM MOpAAKe, 4TOOH KoHel Joboro pebpa OvlI HaneyaTan
nepen ero HadanoM. Mu npeamonaraeMm, 4To B rpadpe HET OPUEeHTUPOBAH-
HEIX [IWKJOB — WHAYE TAKOE HEBO3MOXHO.

[na magana gobasum K rpacdy sepumny 0, U3 KOTOpou péGpa BeAyT
B BepummHK 1, ..., n. Ecin eé ynacrca naneyarars ¢ cOOMIO IEHNEM TPABII,
TO Te€M CAMHIM BCE BepmMMHE Oy AyT HANEYATAHH,

AJNropuTM XPaHNT OYTh, BREIXOAANINNA U3 HYJCBOU BEPINUHEI U WIYIIAUA
o péopam rpada. Ilepemennasn 1 orsoanrcs aisa pmnet 3roro nytn. [lyrs
obpasosan seprmuamu vert[1] ... vert[1] n pébpamn, UMEIOMMMN HOME-
pa edge[1] ...edge[1]. Homep edgels] ornocurca x mymepaumm pébep,
BRIXOAANMX n3 Bepmmuul vert[s]. Tem caMbiM [is BCEX S HONKHBI BHITOJ-
HATHCSA HEPABEHCTBO

edge[s] < num[vert[s]]
¥ PaBEHCTBO
vert[s+1] =dest [vert[s]] [edgel[s]].

3ameTmm, YTO KOHel mociefnero pebpa mamero nyTn (TO eCTh BEepIINHA
dest [vert[1]] [edge[1]], ne Brinowaercs B maccus vert. Kpome Toro,
st ToceqHero pebpa Mel JENaeM WCKJIIOYeHWe, Pa3pernas eMy YKa3kBaTh
«B IIyCTOTY», T. €. paspemaem edge[1] pasusrecsa num[vert [1]]+1.

B npouecce paGorel anroputm OyieT eYaTaTb HOMEPA BEDIIWH, NIDH
3ToM cobmnofas TpeGoBaHMe «BEPIIWHA HAIEYATAHA TOIBKO [TOC]E TEX Bep-
IIWH, B KOTOpHIe w3 Heé BeayT pébpay. Kpome Toro, 6yJer BHIIOIHATHCA
Takoe Tpebosanne (M):

BEPIIMHE Oy TH, KpoMme nocsennen (vert[1] ... vert[1]) He na-
[eYaTAHKEl, HO CBEPHYB C NYTHU HAJIEBO, MEl HEMENJEHHO yIupa-
€MCsl B HAIIEYATAHHYIO BEPIIUHY .
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BoT uyTo moxyvaercs:

1:=1; vert[1]:=0; edgell]:=1;

while not( (1=1) and (edge[1]=n+1)) do begin

if edge[l]=num[vert[1]]+1 then begin

{nyTE KoH4YaeTcA B NMyCTOTe, NO3TOMy BCe BEPUMHH,
crenyoume 3a vert[l], HameyaTaHu - MOXHO
nevyatath vert[1]}

writeln (vert[1]);

1:=1-1; edgel[l]:=edge[1]+1;

end else begin

{edge[1] <= num[vert[1]], nyre xomvaerca B

BepumHe}

lastvert:= dest[vert[1]][edge[1]]; {mocmeguas}

if lastvert nHamewaTana then begin

| edge[1] :=edge[1]+1;

end else begin

| 1:=1+1; vert[l]:=lastvert; edgel[l]:=1;

end;

end;

end;

{nyTs cpa3y xe BeméT B NyCTOTy, NO3TOMY BCe BepUMHH

IeBee, TO ecTh l..n, HamewaTaHu}

9.2.5. [okasars, 94To ecim B rpade HET HUKJIOB, TO 3TOT AJCOPHTM
3aKaHYUBAET paboTy.

Pemernme. [Iycrs 510 ne Tak. Kax gas Beprumua MOXET 1EYaTATHLCA TO-
JBKO OJIMH Pa3, TAK YTO C HEKOTOPOI'O0 MOMEHTA BEDINWHE! HE [1eYaTaIOTCA,
B rpadge 6e3 unkiaos quwna nyTr orpasnyena (BepIWHA HE MOXET BXOJNTH
B IIyThb ABAXK[H), IOITOMY MOAOXKJAB CIIE, MBI MOXEM JOXIaTHCA MOMEH-
Ta, I0CJAe KOTOporo nyTh He yammasercs. [locne aroro moxer passe 9rTo

yBemanBaTheA edge[1] — HO M 3T0 He GecnpeleabHO. (]
Tem camMBIM MBI IOCTPOWIN UCKOMEIA HEPEKYDPCUBHBIA ANTOPUTM TOIO-
JOIWYECKOW COPTUPOBKM Ipada. ]

9.2.6. [lokasars, 4TO BpeMa pabOTH 3TOr0 AJICOPUTMA HE IPEBOCXOINT
O(4aucno BepumH + 9ucao pédep). O

9.2.7. Kax MOaAMdpuImpoBaTs ajirOpUTM TaK, YTOOB! OH OTHICKWBAJI
ONWH W3 LWKJOB, €CNN TAKOBHIE WMEIOTCH, W NPON3BOANI TONONOr NYECKY IO
COPTUPOBKY, €CJIU LNKJIOB HeT? (]

10. COMOCTABJNEHUE
C OBPA3LOM

10.1. TMpocTenwnn npumep

10.1.1. Umeerca nocaeaosareisHocTs cuMeoaos x[1] ... x[n]. Onpeae-
JNTH, WMEIOTCS JIN B HEH Wiylme APYr 3a Apyrom cumeoasl abed. ([Apyrn-
MU CJIOBaMM, TPeOyeTCs BRIACHUTL, eCTh Jau B ciose x[1] ... x[n] noacroso
abcd.)

Pemenme. Vmeerca mpumepHo n (ecam OHITH TOYHEIM, n-3) HO3UIWH,
HA KOTOPBIX MOXET HAXOAUTHLCA NCKOMOE IIOJCJAOBO B MCXOAHOM ciose. [is
KX JIOW U3 MO3ULUHA MOXHO NPOBEPUTH, NCUCTBUTEILHO JU TaM OHO HAXO-
OUTCA, CPABHUB YeThpe cumeoia. QaHako ecTs 6oaee 3hdEKTUBHBIN CIIO-
c06. Yuras cnoso x[1] ... x[n] caeBa HanpaBo, MBI OXW AaeM HoABNEHNA Oy-
KBH a. Kak TOIbKO OHa MOSBMIACH, MEL MIIEM 3a Hel OykBy b, 3arem c, n,
Haxouel, d. Ecan Hamm oxXuJanns onpasALIBAIOTCA, TO CI0BO abed o6Hapy-
XeHo. Ecin xe Kakas-To N3 Hy XHBIX OYKB He NOABJIACTCA, MBI OKA3KIBAEMCS
y pa3buTOoro KOpHITA ¥ HAYNHAEM BCE CHAYAJA. (]

ODTOT NPOCTON aArOPWTM MOXHO ONNCATH B Pa3HuX Tepmunax. Mc-
ONB3YA TEPMUWHOJOINIO TAK HA3KLIBAEMBIX KOHEUHbIL Q8MOMAMO8, MOXK-
HO CKa3aTb, YTO NPW YTEHUM CJAOBA X CJIEBA HANDABO ME B KAXIHMA MO-
MEHT HaXOANMCA B OJHOM M3 CICAYIOLMX COCTOAHMN: «HavaasHOe» (0),
«cpasy nocie a» (1), «cpasy nocie ab» (2), «cpasy nocie abey (3) m «cpa-
3y nocie abcdy (4). Unras ovepennyio 6yKBy, MBI IEDEXOAUM B CJCLY-
IOee COCTOAHME NO NPABWIY, yKazaHHomy B Tabinne (CM. CJeIYIOLIYIO
crpanmiy). Kak Torpbko mMu nonaaém B cocrosune 4, pabora 3aKaH4InBa-
eTCA.

Harnsaano srmosnenne anropnTmMa MOXHO NpeacTaBnTs cebe Tak: dur-
Ka JBUCaeTCA U3 KPYXKA B KPYXOK ITO CTPEIKAaM; CTPeJKa BEIONpaeTcsd TaK,
YTOOH HAANMUCH HA HEW COOTBETCTBOBANA OYEPEIHOU GYKBE BXOJHOIO CJOBA.
Yro6u 3TOT OpOLECe GHUT YCITEMIHBIM, HYXHO, YTOOH M8 KAXJOU OyKBHI
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Texymee | Ouepennas Hosoe
COCTOSHUE OyxBa COCTOSIHUE
0 a 1
0 KpoMme a 0
1 b 2
1 a 1
1 KpoMme a,b 0
2 c 3
2 a 1
2 KpoMme a,C 0
3 d 4
3 a 1
3 Kpome a,d 0

HpaBnna nepexona. i KOHCYHOrO aproMara

OBlIa POBHO OMHA NOAXOJAMAA CTPENKA U3 JI0O0ro KPyXKa.

CoOoTBeTCTBYIOMAA NPOrPaMMa OYEBH AHA (MEl YKA3KBAEM HOBOE COCTO-
AHUE, AaXKE €CJIN OHO COBIAIAET CO CTAPHIM; 3TN CTPOKN MOXHO OYyCTUTH):

i:=1; state:=0;

{i - mepmas HempoumTanmas 6ykBa, state - cocTosamme}
while (i <> n+1) and (state <> 4) do begin

if state = 0 then begin

if x[i] = a then begin

| state:= 1;
end else begin
| state:= 0;
end;

end else if state = 1 then begin
if x[i] = b then begin

| state:= 2;

end else if x[i] = a then begin
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| state:= 1;
end else begin
| state:= 0;
end;

end else if state = 2 then begin
if x[i] = c¢ then begin

| state:= 3;

end else if x[i] = a then begin
| state:= 1;

end else begin

| state:= 0;

end;

end else if state = 3 then begin
if x[i] = 4 then begin

| state:= 4;

end else if x[i] = a then begin
| state:= 1;

end else begin

| state:= 0;

end;

end;

end;

answer := (state = 4);

WNupivp croBaMm, MBI B KaXX BN MOMEHT XPAaHWM MH(MOPMALINIO O TOM,
KaKoe MaKCMMaJbHOE HaYalo Hamero obpasna abcd ABJISETCA KOHIIOM IIPO-
ynragHol yacTu. (Ero jmHa u eCTh TO «COCTOAHMEY , O KOTOPOM IILIA PEYb. )

TepMuHONOrUs, HAMYU WCNOAB3YeMas, Takosa. Cao8o — 370 Jnobas no-
CIeOBATENBHOCTE CUMBOJIOB W3 HEKOTOPOrO (PMKCHPOBAHHOIO KOHEYHOI'O
MHOXECTBA. JTO MHOXECTBO HABLIBACTCHA aafasumos, ero DJEMeHTH —
byxeamu. Ecam oT6pOCHTL HECKOJIBKO GYKB C KOHLA CJIOBA, OCTAHETCA ADY-
roe CJIOBO, HA3LIBAEMOE Haua10M 1epBoro. Jliofoe CIOBO TaKke CYNTALT-
¢ csoum Havajiom. Kouey cioBa — TO, 94TO OCTAHETCS, €Cin OTOPOCATHL
HECKONBKO nepBrix 6yks. JlIo6oe cioBo cynraerca csomM Kouuom. IHodcao-
80 — TO, YTO OCTAHETCS, eCIM OTOPOCHTHL OYKBHI M C Ha4aja, M ¢ KOHIA.
([Ipyramu cIoBaMy, OACIOBA — ITO KOHLUEI HAYAJ, WIHN, YTO TO XKe, Hadaua
KOHIIOB, )

B Tepmunax naAyKTUBHEX GYHKUNHA (M. pasaea 1.3) CRTyanmo MOXHO
ONUCATH TAK: PACCMOTPUM (DYHKIUIO HA CIOBAX, KOTOPAs NPUHUMAET ABA
BHAYCHUA MCTUHAY U WIOXKb» M UCTUHHA HA CJIOBAX, UMenomux abcd cBouM
OACAOBOM. DTa QYHKINA HE ABIACTCA WHIYKTWBHON, HO NMEET WHIYKTUB-
HOE pacuupenne

T — JJAHA MaXKCHUMAJBHOI'O HavaJa CJaoBa abcd./ ABNAIOIIECTOCA KOHIIOM ZI.
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10.2. lNoBTopeHus B 06pasue — UCTOUHUK nNpobnem

10.2.1. MoxXHO Jm B OPEABIAYIUUX PACCY X JCHNAX 3AMEHNTL CIOBO abed
Ha [PON3BOJIBLHOEC CIOBO?

Pemenme. Her, n npobreMur cBA3aHE ¢ TEM, 9TO B 06pa3ie MOryT O6uTh
nopropsomuecs Oyksul. Ilycrs, manpumep, MBI MIEM BXOXKIEHUS CIOBA
ababc. Bor nossnnacs 6yksa a, 3a Hen naéT b, 3a Hel nAET a, 3aTeM CHOBA b,
B »ToT MOMenT MuI ¢ Hereprnennem ¥ aém Oykeul ¢. QOQHAKO — K Hamemy
Pa304YapOBAHMIO — BMECTO He€ rnoseiasgeTcs aApyras Oyksa, w Ham obpaser
ababc ne obuapyxen. OQHAKO HAC MOXET OXWIAATH YTEIUTEILHEIN [1DU3:
eCIM BMECTO ¢ nosBmiachk OykBa a, TO He BCE MOTEPAHO: 3a HEW MOLYT I10-
crenoBaTh 6YKBHEL b U ¢, u obpazen-Takn GyaeT HauJeH. U

Bor KapTNHKAa, NOACHAMaA CKa3aHHOEC:

X y z a b a b a b c < BXOJHOE CJOBO
a b a b c — MH X Jaanam o6pasna 371ech
a b a b c «— a OH OKasaJjcda 3J€eChb
Taknm 06pa3oM, K MOMEHTY
Xy z a b a b < BXOJHOE CJIOBO
a b a bl|c — MH XJanam o6pasna 371ech
a bla b c «— & OH 0KazaJjacda 34ecChb

€CTb JBa BO3MOXHKEIX [TOJOXEHNA 00pasNa, KaxJ0€ W3 KOTOPHIX MOAJEXNT
nposepke. TeM HE MEHEee NO-NPEXHEMY BO3MOXEH KOHCYHHIN aBTOMAT, 9U-
TAIOMMHA BXOJHOE CJIOBO OykBa 3a OyKBOW M MEPEXONANMU W3 COCTOAHUA
B COCTOAHME B 3aBUCUMOCTH OT IPOYATAHHHX OYKB.

10.2.2. Ykaz3arp COCTOSHMA COOTBETCTBYIOIIENO aBTOMATa W Tabiaw-
1y mepexofa (HOBOE COCTOAHWE B 3ABUCHMOCTM OT CTAPOrO W YWTAEMOW
GYKBHL).

Pemenwe. Ilo-npexuemy cocrosuns GyAyT COOTBETCTBOBATH HAUOOIL-
wemy Hadany o6pasna, ABIOMEMYCsS KOHLIOM IPOYWTAHHON YaCTH CJIOBA.
Nx 6ymer mects: 0, 1 (a), 2 (ab), 3 (aba), 4 (abab), 5 (ababc). Tabmuna
nepexoa TaKas.
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Texymee Owuepenuasn | Hosoe
cocrosuue | Gyksa COCTOSIHME
0 a 1 (a)

0 KpoMme a 0

1 (a) b 2 (ab)

1 (a) a 1 (a)

1 (a) kpome a,b | 0

2 (ab) a 3 (aba)

2 (ab) KpoMme a 0

3 (aba) b 4 (abab)
3 (aba) a 1 (a)

3 (aba) kpome a,b | 0

4 (abab) c 5 (ababc)
4 (abab) a 3 (aba)

4 (abab) kpome a,c | O

Jis npoBepk®W MOCMOTPWM, K NPUMEDPY, HA BTODYIO CHW3Y CTDPOKY. Ecam
NIPOYMTAHHAA YaCTb KOHYAIAaCh Ha abab, a 3aTeM noasuIacs OYKBa a, TO Te-
repb NPOYNTAHHAA 9aCTh KOH4YaeTCa Ha ababa. Hanbonsiee nagano o6pas-
na (ababc), aBisomeecs eé KOHLIOM — 3TO aba. U

DHAoCOpCKAR BONPOC: MBI TOBOPUIN, YTO TPYAHOCTL COCTOUT B TOM,
YTO €CTH HECKOJIBKO BO3MOXHEIX TOJOXEHNYN 00pasna, Kax I0€ U3 KOTOPHIX
MOXET OKa3aTHCA NCTUHHEIM. M COOTBETCTBYIOT HECKOIBKO Havaa obpas-
1A, ABIAMNXCA KOHIAMMA BXOAHOrO ¢aoBa. Ho KOHEYHEIN aBTOMAT NOMHNWT
JUNIB camoe NIMHHOE 3 Hux. Kak xe ocraisuuie?

Dunocopcxnnr orser. [eno B TOM, 4TO CaMOE NJIWHHOE M3 HUX Onpe-
JEIACT BCE OCTANBHEIC — 3TO €r'0 KOHIK!, OJHOBPEMEHHO ABJAIOMMECHA €ro
HAYaJaAMMU,

He cocrasaser Tpyaa njis mo6oro KOHKpETHOTO 06pasia HamucaTh npo-
rpaMMy, OCYMIECTBIAAIONIYIO MOUCK 3TOr0 00pasla OMUCAHHBIM CIIOCOOOM.
OaHaKo XOTen0oCh O HANUCATHL NPOrPAMMY, KOTOPAA WIIET NPOU3BOJIbL-
HLIA 0Opasen B NPOW3BOJBLHOM CIOBE. DTO MOXHO JEJATH B JIBA ITANA:
CHAaYala N0 06pa3ly CTPONTCA Tabanuua NepexoJ0B KOHEYHOI'O aBTOMATA,
a 3aTeM YNTAETCA BXOJHOE CJIOBO M COCTOSHME NPeobpasyeTcsa B COOTBET-
crBun ¢ 3Ton Tabmuned. [TogoCHKIA METON YACTO MCIOAL3YeTCA s 6o-
Jee CJIOXKHBIX 337a4 NOMCKa (CM. gajee), HO IJA [OUCKa HOJCIOBA CyLie-
crByeT Gojee npocToR U 3P MEKTUBHEIA aIrOPUTM, HABLIBACMEIA aJrOpWT-
mom Kunyra—Moppuca—Ilparra. (Panee cxonusie njien OEUIM OPENIOXKEHE
10.B. Maruacesnyem.) Ho npexjae Ham noHan00ATCA HEKOTOPHE BCIOMO-
FaTEILHEIC YTBCPXK ICHUA.
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10.3. BcnomoraTtenbHble yTBEpXAeHUS

[us npomssoibHOro cioBa X pacCMOTPUM BCE €ro HaYaaa, OJHOBpE-
MEHHO ABIAIOIIMECS €0 KOHIAMM, U BrOepeM m3 Hux camoe mimHHOEe. (He
CYMTag, KOHEYHO, camoro ciosa X.) Bynem o6osmagars ero [{ X).

Tpumepwr: [(aba) = a, {(abab) = ab, [(ababa) = aba, l(abc) = nycroe
CJIOBO.

10.3.1. [Jokasars, uyro Bce caosa (X)), I(I( X)), I{I{I(X))) n T. n. apna-
I0TCA HaYajaaMm ciaosa X .

Pemerme. Kaxnoe n3 aux (COrIacHo ONPEEICHNIO) ABIACTCA HAYAIOM
IpeABl IYILEro. ([l
Ilo ToW xe NpuYNHE BCE OHM ABJAIOTCA KOHIAMM CaoBa X .

10.3.2. [JokazaTb, 4TO HOCJACIOBATEIBLHOCTL NPCABIAYIUEA 3aJadn 00-
peIBaeTCs (Ha MyCTOM CJIOBE).

Pemrerme. Kaxnoe cioBo xopoye npexs aymero. U

10.3.3. Joxasars, 9ro n060€ CIOBO, OMHOBPEMEHHO ABIAIOMIEECH HAYA-
JOM M KOHLOM c0Ba X (kpome camoro X ) BXOAWT B IOCJHEAOBATEALHOCTD

WX, X)),

Pemenwe. [Iycts cnoBo Y ectb opnoBpemenno Hadano u konen X . Croso
I{X) — camoe JIMHHOE N3 TAKUX CJIOB, Tak 970 Y He minuHee [{X). O6a stn
CJI0BA ABIAIOTCA Havadamy X, nNo3Tomy Gojee KODOTKOE W3 HUX SBJSAETCH
HagaJtoM Goee ATUHHOro: Y ects Havauo [(X). Amanormyno, Y ects KoHel
I(X). Paccyxas o MHAYKLIAW, MOXHO NPEIIIONATATh, YTO YTBEDXK ACHUE
3aa9M BEPHO JJIA BCEX CJIOB Kopode X, B yacTHOCTH, ms caosa [(X). Tax
YTO CIOBO Y, ABigromeecs KoHuom u Hagaaom [(X), mbo pasuo (X)), an6o
BxoanT B nociaeosarensuocts [(1(X)), 1(1(1{X))),..., 9yro u TpeboBanocs
JOKa3aTh. U

10.4. Anroputm KHyTa—Moppuca—TIlpaTTa
Aunropurm Kuyra-—Moppuca - Ilparra (KMII) noaygaer Ha BX0A CJIOBO

X=x[1]x[2]...x[n]

" OPOCMATPUBAET €ro CJIEBa HAPABO OYKBA 33 GyKBOM, 3aI0NHAA NP HTOM
maccuB HaTypaitbuerx yncena 1[1]...1[n], rae

1[i] = mauna caosa l{x[1] ...x[i])
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(dyuxuns | onpegenera B npeanaymem nyukre). Crosamu: 1[1] ecrs gin-
Ha Hanboasmrero Havana ciosa x[1] ...x[1], oguoBpeMenHo ABIsIOILIErOCH
€ro KOHIOM.

10.4.1. Kakoe orHomenne BCE 3T0 mMeeT K noucky noacaosa? Jpyru-
MM CJIOBaMM, KaK MCHOAb30BaTh ajropurtm KMII nns onpeaenenms Toro,
ABJSETCS M CI0BO A moacaosom caosa B?

Pemerme. IIpumennm arropntm KMII x crnosy A#B, rxe # — cnenmans-
nan 6ykBa, He BCTpeyaromancs uu B A, un 8 B. CioBo A sBiIeTCS IOACIOBOM
c10Ba B TOrHa m TONBKO TOr [, KO3 CPeAN Yucen B maccuse 1 6yeT 9ucno,
paBHOe junHe caoBa A. ([l

10.4.2. Omucars anropntM 3anongenns rabmns: 1[1]...1[n].

Pemenme. [Ipegnonoxum, yro nepswie i amagenmi 1[1]1...1[i] yxe
HalgeHsl, My ynraem ovepeanyio Gyksy cnoBa (T.e. x[i+1]) n pomxusr
BrryncanTs 1[i+1].

1 i i+l
| YK€ OPOYNTAHHAA 9aCTh X [ ]

Z Z

JpyruMmm ciroBaMm, HAC MHTepecyoT Havaka Z ciosa x[1]...x[i+1],
OJHOBPEMEHHO SBJIAONIMECS €0 KOHIAMM — W3 HUX HAM Hauo0 BHIOPATH
camoe gumaHoe. Orkyna Oepyrcsa sm mavana? Kaxpoe w3 mnx (we cum-
Tasg MyCTOr0) MOAYIACTCA U3 HEKOTOPOro CJOBA Z' NpunncuBanmneM GyKBEI
x[i+1]. Cnoso Z' aensercs HayaaoM m KoHuom caosa x[1]...x[i]. Oana-
KO He JI000e CJIOBO, SBIAILEECA HAYAAOM M KOHuHoM ciosa x[1]...x[i],
rOANTCA — HAJAO0, 4TOOK 3a HuM caenoBana Oyksa x[i+1].

Ilonyyaem Takow penent OTHICKAHWA CaoBa Z, Paccmorpmm BCe Hava-
aa caosa x[1] ...x[1i], asnsrommecs oquoBpeMeHHO ero KoHnamu. U3 nux
BrIbepeM DOAXOAAIWINe — Te, 33 KOTOpHMM naér Oyksa x[i+1]. U3 noxxo-
Jaumx Bribepem camoe pimuanoe. Ilpunmncas B ero konen x [i+1], nonyynm
HMCKOMOE CJOBO Z .

Teneps mopa BOCHONBIOBATHLCA CACIAHHHIMNA HAMM NDUCOTOBICHUAMMA
M BCIOMHNTB, YTO BCE CIOBA, ABIAILACCA OJHOBPEMEHHO HAYAJAMU ¥ KOH-
LAMM JAHHOT'O CIOBA, MOXHO IOJYYATH MOBTOPHBIMUA NPUMEHCHUAMHA K HEMY
dyukmmm | w3 npeauaymero pasaeia. Bor yro nonygaercs:

i:=1; 1[1]:= O;

{ra6mmua 1[1]..1[i] samonnena mpamBmnbHo}
while i <> n do begin

| len := 1[i]
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{len - pmumna mavama cmoma x[1]..x[i], xoTopoe aBngercs
ero KOHLIOM; BCe 6ojlee JIMHHHe HayajJa oOKa3alMCh
HeTIOoIX O NAIMMH }

while (x[len+1] <> x[i+1]) and (len > 0) do begin

{navano He mogXomUT, IpUMeHAeM K HeMy QyHkumo 1}

len := 1[len];

end;

{Hamnu mogxopmduee MMM yE6eDMINCE B OTCYTCTBHU}

if x[len+1] = x[i+1] do begin

{x[1]..x[1len] - camoe mmumHoOe momXonAllee Hadalol}

1[i+1] := len+i;

end else begin

{mopxommmx HeT}

1[i+1] := 0;
end;
i = i+1;
end; O

10.4.3. [JoxasaTsb, 9TO YUCAO JEUCTBUNA B NPUBEIEHHOM TOJBKO YTO aJ-
ropuTMe He npesocxoauT Cn A8 HEKOTOPON kKoHCTanTH C.

Pemenme. D10 He BroaHE 0YEBUIHO: OOGPAOOTKA Kax O O4epeqHON Oy-
KBHI MOXET NOTPEGOBATL MHOIMX UTEPAIMM BO BHYTPeHHEeM mukae, O quako
KX (a8 TAKAA WTEePANUA YMEHbINAeT len N0 KpanHen mepe Ha 1, u B 5TOM
crnydae 1[i+1] oxaxercsa samerno menbnie 1[i]. C apyrow ¢cTopoHH, npu
yBeIWYeHNN 1 Ha exmHMNy BeJwywHa 1[i] moxer BoapacTw He 6osee Yem
Ha 1, TAK YTO YaCTO M CUIBLHO yOLIBATL OHA HE MOXET — WHa4e yOnBanue
He OyleT CKOMIIEHCUPOBAHO BO3PACTAHNEM.

Bosee TO9HO, MOXHO 3aMucaThb HEPABEHCTBO

1[i+1] €1[i] — (ymeno wrepanui Ha i-M mare) + 1

nam
(umeno mrepanwi Ha i-m mare) < 1[1] —1[i+1] + 1.

OcTaércs CIOXUTE DTN HEPABEHCTBA N0 BCEM 1 1M MONYYNTH OLUEHKY CBEPXY
[t OOIIErO YMCAa NTEPAIUN. (Il

10.4.4. Byaem mcnons3oBaTh 3TOT aIropuTM, 9YTOOH BHIACHATD, SIBJA-
ercst Jm caoBo X JumHE n nojgcaosom caosa Y pmue m. (Kak aTo penars
€ NOMOILIBIO CHENUAIBHOrO pa3ieanTens #, ONNCcaHo Brime.) Ilpn arom 4u-
cno nenctsunn 6yaer ue Gonee C(n + m), W WUCHONL3yeMas NaMATL TOXKE.
IIpwaymars, kKak o6onTucs namarsio He 6onee Cn (910 MoxeT GLITEH Cyme-
CTBEHHO MEHBINE, CCIM UCKOMHIM 06pa3en KOPOTKUHW, a CJIOBO, B KOTOPOM
€ro NUIIyT — JJIUHHOE).
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Pemerwme. [Ipumensiem anrropntm KMII x ciosy A#B. Ilpm aToMm BrI4m-
cnenue 3nagenwn 1[1],...,1[n] nposoaum ansa caoBa X NJAMHEL N M BAIO-
MUHaeM 9TH 3uadedus. [lanbuie Mul NOMHUM TOABKO 3Hadenwe 1[i] mus
Tekymero 1 — xpome "ero m kpome tabmwnwt 1[1] ...1[n], wam ans Bui-

YUCJACHUH HUYErO HEe HYMKHO. |

Ha npakruxe cioea X m Y MOryT HE HAXOAWTHLCA NOAPAN, TOFTOMY IPO-
cMOoTp coBa X n 3aTeM ¢10Ba Y yIOOHO OPOPMUATE B BHJIE DA3HBIX IUKJIOB.
ITO M3baBIAET TAKXKE OT XJONOT C PA3ACINTEIEM.

10.4.5. Hanmcars COOTBETCTBYIOMMA AIrOPUTM (IIPOBEPSIOWH, ABJLI-
erca Jm cnoso X =x[1] ...x[n] noacaosom caosa Y =y[1]...y[m]).

Pemrerme. Cuavana srrynciasem tabmuny 1[1]...1[n] xak pausme. 3a-
TeM INIIEM TAKYIO NPOrpaMMy:
j:=0; len:=0;
{len - nmuma MakcUMaNBLHOTO Hayala cloBa X, ONHOBpEMEHHO
ABnAvmerocs kKouuom cmosa y[1]..y[jl1}
while (len <> mn) and (j <> m) do begin
while (x[len+1] <> y[j+1]) and (len > Q) do begin
{Havamo He TMONXONUT, MpUMeHAeM K HeMy dyHxumo 1}
len := 1[len];
end;
{Hanmm monxonsmee uIM y6eIUIMCH B OTCYTCTBUHU}
if x[len+1] = y[j+1] do begin
{x[1]..x[1en] - camoe mmumHOe momXonAllee Havalol}
len := len+i;
end else begin
{mopmxopmmmix HeT}
len := 0;
end;
j = g
end;
{ecmu len=n, cmoBo X BCTPeTHUIOCH; MHAYe MH JOUUU IO KOHIA

croBa Y, Tak ¥ He BCTPeTHB X} [

10.5. Anroputm Bonepa—Mypa

OTOT aJICOPUTM JeJaeT TO, YTO HA NEPBHIA BIJAN KAXKETCA HEBO3MOX-
HEIM: B TUITWYHOU CATYAlUUN OH YATAET JUlb HeGOAbIIYIO YacTh BCex OyKB
CJI0Ba, B KOTOPOM MILETCA 3adauunin obpasen. Kak Tak moxer 6uirn? U nes
npocra. Ilycrs, nanpumep, Mu nem obpasen abed. IlocmoTpum Ha yeTBép-
Tyio OYKBY CJIOBA: €CJIN, K NPUMEPY, 3TO OyKBa e, TO HET HUKAKOU HEeOoOXO0-
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JUMOCTHY 9YNTaTh mepsrie Tpu Oykerl. (B camom xene, B o0pasie GykBH e
HET, MO3TOMY OH MOXKET HAYATHCA HE PAHBINE INATOW OYKBHI.)

Mu npusenéM CaMBIit TPOCTOW BAPUAHT DTOCO ANTOPUTMA, KOTOPHIN HE
rapasTupyer OwicTpou paboTh BO BCEex cayvasx. Ilycrs x[1]...x[n] —
obpaserl, KOTOPLIA HA 0 NCKATL. [l KaxJI0ro CUMBOJA S HAWAEM CaMOe
paBoe ero BXOX[IEHWe B cA0BO X, TO ecTb mambosibmee k, IIpU KOTOPOM
x[k] = s. Orn ceegenns Gyaem XpaunTs B Maccuse pos[s]; ecim cuMBOa s
BOBCE HE BCTPEYaeTcs, TO wam Oyaer yaobuo nonoxnts posl[s] =0 (mm
YBUAUM [aJbIIE, T0YEMy ).

10.5.1. Kax 3anoiuuts maccus pos?

Pemrenne.

TONOXUTE BCe pos[s] paemmm 0
for i:=1 to n do begin
pos[x[i]]:=i;
end; O

B nponecce noncka mur 6yaeM XpaHWTb B epeMeHHon last nomep Oy-
KBEl B CJOBE, IPOTUB KOTOPOW CTONT mocacauss Oyksa obpasna. Buavane
last = n (gumua 06pasua), 3aTeM last NOCTENEHHO YBEINYUBACTCA.

last:=n;

{Bce mpepupymMe monoxeHMa ofpaslia yXe NPOBEPEHH}

while last <= m do begin {cmoBo He xoHuMnmocn}

if x[n] <> y[last] then begin {mocneguue 6yxen paszuue}

last := last + (n - posl[y[last]]);

{n - posl[y[last]] - 3To MuHMManbHMM cEBMr of6pa3ma,
opu KoTopoM HampoTHB y[last] BcTaHeT Takas xe
6yxBa B ofpasme. Ecam TakoM 6YKBH HeT Booble,

TO CIBUTaeM Ha BCH JJMHY obpasmal

end else begin

eCIM HuHellHee IOJOXeHHe IONXONUT, T.e. eCIH

x[1]..x[n] = y[last-n+1]..y[last],

TO COOBUMTL O COBNMAJEeHHH;

last := last+1;

end;

end;

3HAaTOKW PEKOMEHIYIOT POBEPKY COBMNAJCHWUA NPOBOJAUTEL CIpaBa HAJCBO,
T. €. HAYMHAs ¢ nocaeAHer Gyksul 06pasna (B KOTOPOU COBIIAJEHUE 3aBeI0MO
ecThb). MOXHO TakXe HEeMHOIO COKOHOMUTE, IPON3BEeAA BEIYUTAHNE 3apaHee
n xpana He pos[s], a n-pos[s], T.e. yncio 6yks B 06pasue copasa OT
IOCJeJHEr0 BXOX NeHNA OYKBHI S.
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Bosmoxun pasusie Moxudukanmm 3Toro arropurma. Harpumep, MOXHO
crpoky last:=last+1 3amennTb Ha last:=last+(n-u), rge u — KOOpAN-
HaTa BTOPOro cupasa BxOxiaeuns Oyksul x[n] B o6pasern.

10.5.2. Kak mpore Bcero y4ecrs 3T0 B nporpamme?
Pemrerme. [Ipn nocrpoennn Tabauusl pos HAMUCATH

for i:=1 to n-1 do...

(majee Kax paHblle), a B OCHOBHOM NpOrpaMMe BMecTO last:=last+1 Ha-
TUCaTh

last:= last+n-pos[y[last]]; ]

TIpnBenéunui namw yIpOmENHLIM BapnanT airopurma Bonepa—Mypa
B HEKOTOPHIX Cly4asx Tpefyer CymecTBeHHO GoJbmie n JedcTeui (Yncio
[NEACTBIMA MOPAIKA mn), TpOUrpriBas airoputmy Kuyra—Moppuca - IIpar-
Ta.

10.5.3. IlpmeecTn npmmep cuTyaumm, B KOTOpOHM oOpasen He BXOANT
B CJIOBO, HO aITOPUTMY TPeOyeTcs NOpAAKA mn ACUCTBUU, YTOOH DTO yCTa-
HOBUTB.

Pemerme. [IycTs 06pasen wmeeT Buj baaa.. . aa, a CamMO CJIOBO COCTONT
TONBKO M3 OykB a. Torjga mwa KaxJIoM Iare HeCOOTBETCTBUE BHELICHAETCS
JNIME B ITOCAEIHWNA MOMEHT. |

Hacroammin (me ynpoménnnin) arroputm Bonepa-—Mypa rapanTtupy-
€T, 94TO YUCAO AencTeui He npesocxomnt C(m+ n) B xyamem caydae. On
nerons3yer wiaen, 6am3kuwe K naesam airropuwrma Kayra-—Moppuca—IIpar-
Ta. [Ipencrasnm cebe, 94TO MEI CpaBHMBAMM O0pa3el CO BXONHHIM CJIOBOM,
nis copasa waneso. IIpn 3ToM HEKOTOPHN KYCOK Z (ABJIAIOMINNACA KOHIIOM
ofpasua) coBOAJ, a 3aTeM OOHAPYXWIOCH paaiw4me: repel Z B obpasue
CTOUT HE TO, YTO BO BXOAHOM cjioBe. UTO MOXHO CKa3aTh B 3TOT MOMEHT
o BxoauoM ciaose? B uém obuapyxken ¢hparmMeHT, paBHHIA Z, a Nepe] HUM
cronT we Ta Gyksa, 94TO B 00pasne. ITa WHHOPMANMSL MOXKET IIO3BOJNTHL
CABWHYTHL O06Gpa3ell HA HECKOJLKO NO3WIMA BOPABO 6€3 PUCKA NMPONYCTUTH
€ro BXOXJEHNE. DT CABAIM CACAYET BLIYNCINTL 3aPAHEE U KAXKJOrO
konua Z uamero obpasua. Kak rosopsar 3uaTokm, BCé »ro (BLryncienne Ta-
GJINLEL CABUIOB U €€ UCIONL30BanNe) MOXHO yA0XNTL B C'(m + n) gercTsuit.

10.6. AnropuTtm Pabuna

DTOT AIrOP