Mounck B rnyouny

[Touck B rirybuny — yjuBuTe ibHBIH ajroputM. C OHON CTOPOHBI, OH OYEHb IPOCT JJIsi PeaJM3aluu U JI0-
BOJIBHO IIPOCT JIJIsI IOHUMAHWS, 8 C APYTOil CTOPOHBI, UMEET CTOJIBKO IIPUMEHEHMH It PA3INIHbIX CTAHIAPTHBIX
3a/1a4, CKOJIbKO, ITOXKAJIYil, He UMeeT HU OJUH JIPYTOil ajroput™M. Kciu O0IbIMIHCTBO APYTHUX AJITOPUTMOB PeIa-
IOT BIIOJTHE KOHKPETHYIO 33y, TO IIOUCK B IVIyOMHY caM 10 cebe — ckopee 1rabJIoH JJIsd HATUCAHUS AJITOPUTMOB
perrteHust Jijist 1ejioro Habopa 3aad. S TYT mocTapaioch paccka3aTh IPUMEHEHHs ero JJisl MOYTH BCEeX 3a/1ad,
KOTOPBIE 3HAI; HEKOTOPBIE M3 9TUX IPUMEHEHUsI TIOIPOIIe, HEKOTOPbIE TIOCI0XKHEE, HAJIEIOCh, YTO XOTsl OBl YaCTh
Oy/IeT TIOHATHA.

BmecTto BcTynnenus :)

B s70it Teme onsTh OyzeT 60JbIIOE KOINYIECTBO 331a4. [[09TOMy 8 TyT HAIUIITY MOE MHEHHUE 110 TIOBOY TOTO,
9TO C HAMHU JeaTh. BO-IIepBbIX, MOYTH IO IO KaXKJO# 3aJade eCTh OTBET, a [0 HEKOTOPBIM 3aJadaM — eI u
nojickasku. OHU TIonajm B KOHEI[ Ha OT/e/IbHbIe CTPAHUIIBL. ¥l HAJEe0Ch, 9TO IO KaXKIOil 3ajiave B UTOTe BbI
IpOYMTaeTe M MOJICKA3KY (eJM OHA eCTh), U OTBeT. 110 HEKOTOPBIM 3ajladaM OTBeTa HEeT — JyMaiiTe HaJ[ HUMU
camu.

Ho, kone4no, crout HaJi 3aa4aMu CHAYAIA JyMaTh, & TOJbKO II0TOM YUTATh II0JCKA3KU /OTBETLL. f HA/IeI0Ch,
4TO y Bac OyJer J0CTATOYHO BPEMEHU Ha pa3Mbliienus. He jieHurech nucars 3a/1a9m ;) Ha CAMOM JieJie TYT BCe
[IPOCTO, U YEeJIOBEK, KOTOPBIIl BCE 3TO XOPOIIO 3HAET, IOTPATUT Ha HAIKMCAHNE U TeCTUPOBaHUE KaXKJION 3aa4uu
MaKCHMYM MUHYT IISITHA/IATh-BA/IATh, I09TOMY TPHU JIECATKA 33]1a9 — 3T0 paboTa BCETO HA OJMH JIEHb :). Y
BacC € IIEPBOTO pa3a 3TO, CKOpee Bcero, 3aifiMEér GOJIbIlie BpeMEHH, HO 9TO TOJIHKO JIUIMHUN II0BOJT HE TIOJICHUTHCS
U C/IeJIaTh BCE 3a/Ia4M.

NMXO, MOXKHO TPHUAEPKUBATHCS CIEAYIONEr0 «aJrOpUTMay paboOThl HAJT 38 adaMu:

0. Houurars coorBercTByMOILYI0 Teopuio. Oco3HATH, YTO BbI BCE TYT IOHMMAETe U YTO, CKOPEE BCEro, BO-
IIPOCOB TI0 HAIIMCAHUIO TPOTPAMMBI ¥ Bac HE BO3HUKHET. KCTM BOZHUKAIOT KAKHe-TO BOIPOCHI, TO €IE pa3
[IPOYUTATH TEKCT :), HO HE 3a0bIBATH U CAMUM JIOJYMbIBATH TO, YTO Bbl IPOYUTAJU. S XOTh U cTapascs
pPaCIHCHIBATEH BCE IOAPOOHO, HO, KOHEIHO, COOCTBEHHOE PA3MBIILICHAE TAKKE JOJIKHO IIPUCYTCTBOBAT.
Kpome toro, yurure, 910 y MeHs BIIOJIHE MOTYT OBITH PA3JINYHBIE OMEYATKHU U JAXKe ONIUOKM KaK B TEKCTE,
TaK U B IpUMeEPaxX KOJIa.

1. Hagats nucath nporpammy. JloBecTu €€ /10 COCTOSIHUSI, YTO OHA KOMITUJIUPYETCs U 3amycKaercs. Eciu ne
MIOJTyJaeTcs U He 3HaeTe, YTO MUCaTh, TO cM. 1. .

2. Hagars TecrupoBath 3ajady. CHadajga Ha MAJIEHBKHX MPOCTBIX TeCTaxX, MOTOM Ha 6ojiee KpyThix. [lo-
crapaiiTech IIPOBEPUTH BCE BO3MOXKHBIE ITOIbIE Caydan. 1lonb3yiiTech TeM, 9TO BbI 3HAETE MPABUILHBIN
AJICOPUTM U TIOTOMY MOKETe POy MaTh, KAKKe CJIyuan JJisi Hero OyyT HaunboJiee mouibiMu (HO, KOHETHO,
TeCTUPYHTE U IPYTUE CIIydan).

Ecin vamum Tect, Ha KOTOPOM IporpaMMa paboTaeT HEIPABUJIBLHO, TO

o [TonpobyiiTe mMOIpPeoOPa3OBLIBATD TECT, YMEHbINAsS €ro pa3Mep, TaK, ITOOBI MOIYyYATh KAaK MOXKHO
6oJiee MaJjIeHbKUIl TECT, Ha KOTOPOM IIpOorpamMMa He paboTaer.

e [TonpobyiiTe «MeTOIOM MPUCTAJIHLHOIO BCMATPUBAHUS> B TECT MOHATH, B YEM COCTOUT €ro OCODeH-
HOCTh, 9TO Ha HEM IporpaMMa He paboTaer, 9YeM TAaKUM OH OTJIMYAETCs OT TECTOB, Ha KOTOPBIX
uporpamma paboraer (KOHEUYHO, 9TO Jyis CJIyYaeB, KOrja IIPOrpaMMa Ha GOJIBIIMHCTBE TECTOB BCE-
Taku paboraer).

e 3Jiech BCe aJIrOPUTMBI JIOBOJILHO IIpocThie. [lonpobyiiTe Mporsarsh aJIrOPUTM Ha 3TOM TECTE BPYYHYO,
U [IPOBEpbTE, YTO OH IPaBUJIbHO paboraer. Eciu Her, TO winuTe OMUOKY WK B BallleM HOHUMAaHUU
aJIrOpUTMa, WU B BallleM IOHMMAaHUU 3aJ1a4K, KOTOPYIO BbI peinaere. He 3abbiBaiiTe, uTo y MeHsI B
TEKCTe MOI'YT ObITH OIIUOKU :)

e [TompobyiiTe momebarraTh TeM WM WHBIM CIOCOOOM Balry mporpammy. Moxkuo mobasiasaTs «debug
outputy», 9T06BI IPOrpaMMa BBIBOAWIIA HA 9KPaH (Wiin B Qails), 94To 1 B KAKOM IHOPSIJIKE OHA JIEJIAET,
MOXKHO JiebarraTh BCTPOEHHBIM JiebarrepoM nackaJsi. He 3abbiBaiiTe, aro BP cBoeobpasno paboraer
npu jiebare peKypcHBHBIX Iporpamm. llpu jebarre mpoBepsiiiTe, 9TO BCe KJIIOUEBBIE II€pPEMEHHBIE
MPUHUMAIOT UMEHHO T€ 3HAYEHUs, KOTOPbIe BBl OT HUX oxujaere. OOHAPYKUB OTKJIOHEHWE, UIIUTE
€ro KOPEHb :)

[TocrapaiiTech TPOIBUHYTHCS IO ITOMY AJTOPUTMY KaK MOXKHO JIAJIbIIe 00 YTEHUs IOJICKA30K U OTBETOB.
Ecyin BBI 10Ty Yniim OJIHOCTBIO pabOTAIOILYO IIPOrPpaMMy, KOTOPasl IPOXOJUT BCE BAIlU, JaXKe OYEHb IIOJJIbIe,
TeCThl, BbI KPYThl. O6sI3aTEIbHO TPOYUTANTE MTOJICKA3KY U OTBET.

Vuarure Takke, 4TO JIOOBIE 33JIa9N MOJIPA3yMEBAIOT, 9TO BbI XOTh UyTh-IyTh, HO U300peTéTe ITO-HUOY D!
Ecsu BBl iputymaere cBOit BapuaHT peleHns, KPyTO — HAIUIIUTE U IPOBEPHTE €r0, T.e. JIeHCTBYITe JAJIbIIe 10
AJIPCOPUTMY.

Ecyin 3a napy jHeil He moJiydaeTcs peluTh 3aJa4dy, YnTaiiTe MoJICKa3Ky, eCJii OHa ecTh. lloToM omsTh 1o-
BTOD#HTE BCE BBIMICIIPUBEACHHBIE IMAru. TOJBKO IIOCJE 3TOrO0 YUTANTEe OTBET W, €CJIA JI0 CHX [OP y Bac HeT
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paboratorieil nmporpaMmbi, To Hanummre e€. Q0s3aTEILHO TOCTAPAITECH JOBEINTE KAXKIYIO 3a/1a4y J10 pabora-
FOIIEro cocTosiHUsI. Feym jaxke y Bac ObLia paboTarolias IporpaMMa, MojlyMaiite, Hejib3si JIU €€ eIlé YiIydIlnuTh,
MIOJIB3YSICh TOJICKA3KOH M OTBETOM.

DTO BCe B MEPBYIO OYEPe/ib OTHOCUTCS K 3aa9aM, KOTOPBIE [TO/IPA3yMEeBAIOT HAIMCAHUE IIPOTpaMMbl. AHa-
JIOTUYHO MOXKHO IIOCTYIIATh U C HETPHUBUAJBHBIMU TEOPETHYECKUMHU 3aJ[a9aMi; HO €CTh Iapa 3ajiad, KOTOpble
TPeOyIOT OTBeTa Cpaly, He YnTas TeKCTa JaJbiie. [[po HuX meficTBUTEHHO oLy MaiiTe HEMHOTO, IIOKA He Oy/ere
YBEPEHBI, YTO MOXKETE JIaTh YBEPEHHbI OTBET ¢ 000CHOBaHUEM. I[0TOM CBEPHTECH C OTBETOM U YUTAIITE JAJIbIIIE.

Ecnu y Bac mojs pykoit HeT KOMIBbIOTEpaA, 9TO UMXO TOXKE He IOBO/JI CPa3y YUTATh OTBETHI. MOKHO BOODOIIE
OTJIOZKUTH PEIIeHne TeX 3a/1a9, KOTOPbIe TPEOYIOT KOMIIBIOTEPA, /10 T€X HOP, KOT/IA BBl IOJyINTE K HEMY JOCTYII.
Ho mo kpaitreit mepe MOXKHO 70BecTH PabOTy HAJ 3a/adeil 10 TOTOBOIO TEKCTa MPOTrPAMMBI, HAIIMCAHHOTO HA
OyMazKkKe, ITOOBI yOeIUThCsl, 9TO BbI MOXKETE IIPONTH IEePBbIE [IBA M3 BLIMIENPUBEIEHHBIX maros. Ha manrom
ITare UMXO HAIMCATH IIPOrpamMMmy, Oy/Iydu IMOYTH YBEPEHHBIM B HEl — 9TO [TOJIOBUHA BCETO JieJial

Kpome 331104, KOHEUHO, si PACCUYUTBIBAIO, YTO Bbl HamuimuTe (T.e. Z0BEAETe 10 paboTaloNel OTTeCTUPOBaH-
HOII IpPOrpaMMBbl) Bce 0OCYKIaeMbIe 3/1eCh aJIFOPUTMbI, KOHEYHO, 110 BBINIENpUBEASHHOIN cxeme. [Tosiesno Gyaer
CHAYAJA MPOIJISZIETh €r0 PEAIM3AINIO, TPUBOJINMYIO MHOIO B TEKCTE, YOEIUTHCS, 9TO BBl BCE IOHNMAETE, U MOCJIe
9TOT'O MHUCATh IPOI'PaMMy, He IOIVIAIbIBAasA B TEKCT.

Yactb |. dnemenTapHas peanusauus n obuime 3amedaHus

§1. Peanuzanmusi. Urak, gro Ttakoe mouck B riayOummy. Ilomck B riryOMHY —39TO DPEKYDPCHBHBII aJIrOPUTM
06xoza rpada. OH NpuHUMaeT Ha BXOJ HEKOTOPYIO BepIINHY rpada U PEeKYyPCUBHO 3allyCKaeT cedsi JIJIsl BCEX eIlé
He IOCEIIEHHBIX cocellell TaHHOI BepIuHbl. TakuM 00pa3oM, y HAC B KayKJbIi MOMEHT PO KaXKIYI0 BEPIIUHY
MBI 3HaeM, ObLIM MBI B Heil yxke wim emnié Her. [Ipu BXOJy B O4YepeHYIO BEPIIMHY MbI IIOMEYAEM, 9TO MbI B
Heil 6bLTH, U PEKYPCUBHO BXOJMM BO BCE COCEJHUE C Heil BEPINUHBI, B KOTOPBIX €IIé He ObLIN. DJIeMeHTapHAs
peaJjin3anusl [OUCKa B [VIyOMHY TOIJA MOJIYYaeT CJAeAYomuil Bu (cuuraeM, 9TO Mbl XpaHUM Ipad Marpuei

CMEXKHOCTH):
procedure find(i:integer);
begin
was[i] :=1;
for j:=1 to n do
if (grli,jl=1)and(was[j]1=0) then
find(j);

end;

3mech gr — MaTpuIla CMEKHOCTH, Was — TOT CaMblii MACCUB, B KOTOPOM Mbl XPAHUM, ObIJIM MBI YK€ B 3TOH
BepHuinHe uJu HeT eH_[e

B npusIuie, 310 abCOIFOTHO KOPPEKTHBIN BADUAHT PEAJIUBAIMK, HO sI JIMIHO [IPEIIOYATAI0 JIPYTOil BAPUAHT:
KakK B JIIOOBIX PEKYPCUBHBIX IIpOoLeAypaX, s IMPpeJIIOoYUuTal0 IIPOBEPATH H€O6XO,HI/IMOCTI) PEKYPCUBHOI'O BbI3OBa
upu 6xode B HPOLEIAYPY, & He npu eé 6u306¢ (KOHETHO, IIOKA 9TO BO3MOXKHO). KOHKPETHO, B JJAHHOM Cjlydae d
[PEJIIOYUTAIO IIEPEKUHYTH IIPOBEPKY was[j] = 0 B HAYAJIO IPOLE/LYDBI:
procedure find(i:integer);
begin
if was[i]<>0 then

exit;
was[i] :=1;
for j:=1 to n do

if grl[i,jl=1 then

£find(j);

end;

(obparure BHUMaHKE, YTO, KOHEYHO, IPOBEPKa U3 was|j] upeBparmwiach B was(i]).

CMbICJI TAKOTO II€PEHOCa IPOBEPOK B ODIIEM CJlydae PEKYPCUBHBIX IPOLEAYD (B IEPBYIO O4Yepelb B CIydae
nepe6opa) B TOM, 4TO 1. ecji Bbl BBI3BIBAETE BAIILY IIPOLELYDY U3 HECKOJILKUX MECT B KOJIe, TO He HAJ0 KAKJIbIii
pa3 ay6MpoBaTh MPOBEPKY, 2. HEPEIKO B HAYAJIE IIPOIE/LYPhI IIPOBEPKA CMOTPUTCS KAK-TO €CTECTBEHHEe (ecTe-
CTBEHHEe 110 MAaKCUMyMy pafoTaTh ¢ i-Off BEPIIMHOM, T.K. UMEHHO OHA SIBJISETCS [apaMeTPOM IPOIELYPhl), 1
WHOTI4 3Ty MPOBEPKY TYT Hammucarh npome. C apyroif CTOpOHBI, TAKOH MEPEHOC MPUBOJAT K JIOTOJTHATETHHBIM
3aTpaTaM BPEMEHU Ha BBI30B (DYHKIMHU TIPU BBIIOJHEHNN IIPOTPAMMBI, HO TI0O-MOEMY B GOJIBITUHCTBE CIIyIa€B STH
3aTpaThl HECYIIECTBEHHBI (BPeMs BBIIIOJHEHUs CaMOii npouemsypbl 06brdHo MHOrO Gosbuie). IIpasza, B ciaydae
[OKMCKa B IVIyOMHY BCE 9TH MPEMMYIIECTBA MOYTH HE3aMEeTHBI, T.K. was[i] <> 0— dbaKkTuuecKn eMHCTBEHHAS
POBEPKA, KOTOPYIO TI0JIyYaeTcs IepeHecTH (COBEPINEHHO TIOHSITHO, YTO IPOBEPKY g7[i, j] = 1 nepeHoCHTH HEBO3-
MOKHO ¥ B0OOIIEe 6ECCMBICIIEHHO), K TOMY 2Ke mporneaypa find o6bIMHO BBI3BIBAETCA MAKCUMYM M3 JIByX MECT B
KOZIe, TTIO3TOMY SKOHOMHHU OT MEePEHOCa HeT, TaK UTO 3JI€Ch 9TO CKOPee JIEI0 BKYCA.

Emg obpainy BHuMaHue Ha TO, YTO BO BTOPOM BapuaHTe Hanucano wasli] <> 0, a e was[i] = 1. Boobiue, 310
Kak Obl emé mpumMep obmIeil ujen, 9To HMXO CTOMT MaKCHUMAJILHO PacHIMpATh yciosus B if’ax. B mannom ciygae
IIOTOM MOZKET OKa3aThCsl, UTO, 3aii/s B BEPIIUHY, B Was Mbl COXpPAHUM YTO-HUOY/Ib €IIé, He 0653aTebHO ¢IMHAILY
(HanpuMep, HOMep KOMIIOHEHTHI CBSI3HOCTH, UJIU «COCTOSTHUE» BEPIINHBI B TOM WJIM HHOM CMBICJIE) — HO B JIIO6OM
citydae HOJIb OyzieT 0603HAYATH HEIIOCENIEHHY IO BEPIIUHY, & He-HOJIb — IOCEHICHHY 0, I109ToMy was|i] <> 0 6yzxer
BCera paboTaTh.
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§2. Kak BbI3biBaTh mporeaypy find. Korneuno, cama 1o cebe mporiejiypa HUYero He cjeJiaer; YTo0bl eé
UCHOJIb30BATh, Hy2KHO €€ BbI3BATh B IVIABHOIT IporpamMMe (MM, eCTECTBEHHO, B IPYTOi IPOIEyPe, T/ie BaM IIOHA~
JIOBUIIOCH 3aIlyCTUTD IOUCK B TIyOuHY, 1 T.11.). C11oco6 BbI30Ba, KOHEUHO, 3aBUCHT OT 331891, HO HanboJiee 9acTo
HCIIOJIB3YIOTCS IBA BaprWaHTa: JTUOO HYKHO TMPOCTO 3AIyCTUTh MOWCK B TVIyOWHY W3 JAHHOW BEPIINHBI U BCE —
9TO, €CTEeCTBEHHO, JIEJIAeTCs IIPOCTO BbI3oBoM [find(i), rae i — HOMep 3TOIl BepIIUHBI, JUO0 HY?KHO 3aIlyCTUThH
IIOUCK TaK, 9TO0OBI 000 TN 00SI3aTEIHHO BCE BEPIIUHBI — TOTA IIHUIIEM TaK:

for i:=1 to n do
if was[i]=0 then
find(i);

Koneuno, ecsiu cam mouck HalmcaH BTOPBIM CIIOCOG0M (T.e. ¢ IIPOBEPKOIl was npu BXOJE B UPOLELYDY ), TO if
73 9TOr0 KO/ MOYXKHO yOpaTh.
W emig, KOHEUHO, HY>KHO He 3a0bITh [IPEJBAPUTE/IBHO 3aHYJIUTh MACCUB WAS.
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§3. IIpumep paborsl. Ilycrs y Hac ecTb rpad, HoKa3aHHBIN Ha puc. 3alyCTUM Ha HEM IIOMCK B TJIyOUHY
u3 BepumHbl 1. Ilycth (B COOTBETCTBUM ¢ TeM, KaK 5TO HAIMCAHO B NPUBEJSHHBIX BBIIIE DEATM3AlUAX) [PU
[IPOCMOTPE COCEJHUX BEPINUM MbI IIepeOupaeM BepIIUHBI B IOPsIJIKe BO3pacTaHus HOMepoB. Toria ajiropurM

nouncka Oyzier paboTaTh CJepyonuM 00pa3oM (OTCTYI CTPOKU COOTBETCTBYET YPOBHIO PEKYPCUH ):
find(1): 3amycKaeM MOHWCK B IVIyOHMHY M3 BEpIIUHBI 1 5
Ilomeuaem, uTo mobbIBa B Bepuinue 1
IIpocmarpuBaemM cocefieit BepIuHb 1
Hamnu cocena: Bepmuny 2
B Bepmune 2 emé ne Ob1an
£ind(2): 3amycKaeM IIOHCK B IVIyOHHY U3 BEPIIHHBI 2
ITomeuaem, uTO HOOBIBAJIM B BepiInHe 2
IIpocmaTpuBaeM cocefieil BEpIIUHBI 2
Harmnu cocena: Bepmuny 1
B Bepmune 1 y»xe 6b1n, IONCK U3 BEpUINHBI 1 He 3alycKaeMm
Harmnu cocena: Bepmuny 3
B Bepmune 3 emé ne Ob1an
£ind(3): 3amycKkaeM IOHCK B IVIyOHHY W3 BEPIIHHBI 3
ITomeuaem, uTO OGBIBAJIM B BepuInHE 3
IIpocmaTpuBaeM cocefieil BEPIUHBI 3
Harmnu cocena: Bepruny 1
B Bepmune 1 y»xe 6bLin, IONCK U3 BEPIINHLL 1 He 3alycKaeMm
Harmnu cocena: Bepruny 2
B Bepmune 2 y»ke 6bLn, IIONCK U3 BEPIINHLL 2 HE 3aIlyCKaeM
Cocenn BepIINHBI 3 3aKOHYUJINCH, 3aBEPIIAEM IIOMCK M3 BEPIINHBI 3
(npodonsicaem npocmomp cocedeti sepusurvy 2)?
Hammm cocena: Bepmnny 4
B Bepmmne 4 emgé ve 6b1m
find(4): 3amycKkaeM IIOWNCK B IVIyOHHY W3 BEPIIHHBI 4
ITomegaem, uTo 1106BIBAJIM B BepiuuHe 4
IIpocmaTrpuBaem cocegeit BepruHb! 4
Harmnu cocena: Bepruny 1
B Bepmune 1 y»xe 6bLin, IONCK U3 BEPIINHLL 1 He 3alycKaeMm
Harmnu cocena: Bepruny 2
B Bepmune 2 y»xke ObLiIn, IOUCK U3 BEPIINHLI 2 HE 3aILlyCKaeM
Cocean BepmInHBI 4 3aKOHUHMIINCH, 3aBEPIIaeM IOUCK U3 BEPIIUHBL 4
(npodossicaem npocmomp cocedeti 6epwurvs 2)
Cocent BepIIMHBI 2 3aKOHYHIINCH, 3aBEPIIaeM [IONCK U3 BEPIIUHBL 2
(npodoastcaem npocmomp cocedeti sepusurns 1)
... (mammm cocezeii: BepmuHbL 3 U 4, IOUCK U3 HUX HE 3aIlyCKaeM, /sl KDATKOCTH He OIHCBIBAIO 3TO MOPOGHO)
Hamnu cocena: Bepmuny 5
B Bepmune 5 emé ne 6b11n
find(5): 3amyckaeM IOWCK B IVIyOWHY U3 BEPIIWHBI 5
ITomeuaem, 4TO OOBIBAJIA B BEpIIUHE 5
IIpocmaTpuBaeM cocefieil BEpIIUHBI 5
Harmmnu cocena: Bepmuny 1
B Bepmune 1 y»xe 6bln, IONCK U3 BEPUINHBI 1 He 3alycKaeMm
Harmnu cocena: Bepmuny 6
B Bepmune 6 emé me 6b1n
find(6): 3amyckaeM IOWCK B IVIyOWHY W3 BEPIIUHBI 6
ITomeuaem, uTo moGBEIBaJIM B Bepuuue 6
IIpocmaTrpuBaeM cocefeit BepruHb! 6
Harmmnu cocena: Bepruny 1
B Bepmmne 1 y»xe 6blin, IONCK U3 BEPIINHLL 1 He 3allycKaeMm
Harmnu cocena: Beprmuny 5
B Bepmmne 5 y»ke ObLIN, MOUCK U3 BEPIIWHBI 5 HE 3aIlyCKaeM
Cocenn BepIINHBI 6 3aKOHYMIINCH, 3aBEPIIAEM IIOMCK M3 BEPIINHBI 6
(npodossicaem npocmomp cocedeti 6epwurvl 5)
Cocent BepIIMHBI 5 3aKOHUIIINCH, 3aBEPIIaeM [IOUCK U3 BEPIIUHBL 5
(npodoastcaem npocmomp cocedeti sepusurns 1)
Hamuiu cocena: Bepinuny 6
B Bepmune 6 y2xke ObLIN, IOUCK U3 BEPUINHBI 6 He 3aIllyCKaeM
Cocenu BepmuHBI 1 3aKOHYHMIINCH, 3aBEPIIAEM [IOUCK U3 BEPIIUHBL 1

1

Ha camom siejte 04eHb HETPUBUAJIBHO [IPUIYMATh OAUH HEOOJIBINON TPUMED, KOTOPHIH ObI ITOJIHOCTHIO XapaK-
TepU30BaJjl BCe 0CODEHHOCTH MONCKa B Tiiyouny. [losTomy, eciim BaM 9T0-TO BO BHYTPEHHEM MeXaHU3Me PabOThI
[TOMCKA, eI€ He IOHSITHO, IIOPUCYHTE elé rpadbl U TPOMOIEJUPYHTE BPYUHYIO PAbOTy MOUCKA HA HUX.

§4. IlepeBo moucka B INIyOUHY. Y KaxKJIOi BEPIIUHBI, KPOME TOMH, U3 KOTOPOil OBLI MPON3BEIEH HATAD-
HbBIil 3aILyCK IIOUCKA ( «KODH» ), MOKHO BBIIEJIUTH «POJUTENsA» — BEPUIMHY, U3 KOTOPOIl MbI II€pelLId B JAHHYIO

nu, ectn peasim30BaHO BTOPBIM CIOCOGOM, 3aIlyCKAEM, HO TYT YK€ BBIXOIHM Ha3aJl.

206paruTe BHUMAHUE, Y9TO STO HPOUCXOIUT ABTOMATHIECKH: paboTa. npouenypst £ind(3) 3aBepiniach, IOITOMY IPOIOJIZKAETCS
paboTa IporpaMMbl C TOIO MeCTa, OTKyJa Oblia BhI3BaHa Ipoleaypa £ind(3) —a 3To ecTh CTpoYkKa B IuKJe B mpoueaype £ind(2),
IIOTOMY IIPOCTO MPOUCXOJUT IEPEXOJ] K CJIeAYIoIel nrepanun mukiaa B £ind(2), T.e. mpogo/zKaeM MPOCMOTP COCeeil BEpIIUHBI 2.
ITosTomy sTa cTpodka 3/1eCh M HallMCaHA KYPCHBOM — €if, MOXKHO CKa3aTbh, HE COOTBETCTBYET HUKaKas CTPOKA HMCXOJHOI'O TEKCTa
TIpOorpaMMBI.
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gepimHy. Coe/IMHNB KaxKIyI0 BepIIMHY (KPOMe KOPHsI, KOHEYHO) C €€ POIUTeseM, Oy InM HoArpad HCXOAHOTO
rpacda — depeso noucka 6 2AYouUHY. 5

Bamanue 1: doxaorcume, wmo deticmsumenvHo nosywumcs depeso. Touwnee, dorxasrcu-
me, 4mo 6 noaAyweHHom nodzpage we bydem yukaos. Bepro au, wmo amo ecezda 6ydem
depeso, NokpLIBalOWee 8ce BEPUUNBL Ucrodnozo epada? Kax smo 3asucum om moezo, kax
MbL 8bI3bIBAEM NOUCK 6 2aybuny (n. 1.2)? Ha camom deae doxazamesbecmeo ne ouens mpu-
BUAALHO.

Ha puc. crpaBa npuBeieHO JepeBo JIjisl IPUMepa U3 MPEIbIIYIIEro IIyHKTA.

CobcTBEeHHO, TIOUCK B TUIyOUHY — CAMBIii, TIOXKAJIYil, TIPOCTON AJITOPUTM [TOCTPOEHUsI B CBSI3HOM rpade 0cmos-
Ho20 niepeBa (T.e. JepeBa, MOKPLIBAIONIEro Bee BepinuHbl rpada). Eciu BaM 3a4eM-T0 I0HAI06UIIOCH 41060€ 0CTOB-
HOE JIEPEBO, MOJIb3yHTech TONCKOM B Turybuny. Kpome Toro, nepeBo moucka B TiIyOHHY HAM eIlé IPUroIUTCS IPU
pellleHny 33,129 HUXKeE.

§5. Ouenka cioxxkHoctu. KakoBa C/I0KHOCTB ITOUCKa, B IJiyOuHy? Bo-11epBbix, 3amMedy, 9To 3/1eCh, KaK 1 Ha
JIIOOBIX 3ajiadax Ha Tpadbl, 1. CJI0KHOCTD TPUHATO ONEHUBATH KaK (DYHKIUIO J8Yxr MapamMeTpoB — KOJUIECTBA
BepmuH V u kosmdectBa pédep E, u 2. CJI0KHOCTD 3aBUCUT OT TOTO, KAKIM 00Pa30M MbI XpaHUM I'pad B MAMSTH.

B nepBom BapmanTe peasmsanun O9eBHIHO, ITO Iporeaypa find HU Jjd KaKOro mapaMerpa He Oymer Bbl-
3BaHa nBaxbl (T.e. find(l) Gyaer BbI3BaHA MAKCUMYyM OJMH pa3 3a BpeMsl paboThl porpaMMel, find(2) Toxe
MAKCHAMYM OJIUH Pa3 U T.J.), MOCKOJIbKY II€PE]] KaxKIbIM BBI30BOM MbI [IPOBEPSIEM, & HE ObLIU JIU Mbl y2KE B 3TOM
seprmne®. [Tosromy obmiee Komaectso Bb3oBos Gyaer O(V ). CloxHOCTL paboTHI KasK 101t MpoTe yphl (He cuu-
Tasi BpeMeHu paboThl peKypPCUBHBIX BbI30BOB) ectb O(V'), T.K. B Hell HPOCTO IMKJIL, II0ITOMY OBIIAsl CII0KHOCTD
nomcka B Try6uHy Gymer O(V?2).

Jljist BTOpOTrO BapuaHTa OIEHKA CJIOXKHOCTU OyJieT, KOHEYHO, B TOYHOCTH TaKasl XKe: NOAHOUEHHVIT 3aILyC-
KOB TIPOIEJypbl, T.€. TAKUX, KOTOPbIE He BBIAJAYT TyT »Ke 10 nepsoil nposepke, 6ymer Toxe O(V), a Bpewmsl,
HOTPavYeHHOe Ha ocTajbHble (Ha Kax bl —O(1) BpeMeHM), MOKHO y4eCTh BO BPEMEHH BBIIIOJHEHUS [UKJIA B
BBI3BIBATONIEHT TIPOTIe Ty pe, TakuM 06paszom cioxkuoctb O(V2). TlousaTHO, 9TO BOOGINE B 0BIIEM CTydae OT HepeHo-
ca MPOBEPKHU B HAYAJIO MIPOTIELYPhI CJIOKHOCTH PAOOTHI AJITOPUTMA HE M3MEHUTCS, TOCKOJIBKY 00IIee KOJTUIECTBO
neficrBuii hakTUIECKU OCTAJIOCH TeM 2Ke (IIPOBepOK OyZeT CTOJIBKO Ke; JI00aBUTCS TOJBLKO BPEMs HA BbI30BBI
hyHKIWMIH, HO JIMITHUX BBI30BOB OYJIET CTOJIBKO Ke, CKOJIBKO U IIPOBEPOK, MO3TOMY CJIOKHOCTh HE U3MEHHTCS ).

DTO0 BCe OTHOCHUTCS K CJIydaro, KOrja rpad Mbl XpaHUM MaTpHIlei cMexXHocTh. HO MOXKHO XpaHuTb rpad
CIUCKOM CMEYKHBIX BEPINUH WJIM JIIOOBIM JPYTUM CIOCODOM, MO3BOJISIONIUM HepedpaTh cocejiell BEPIIMHBI 3a
O(xoaunecmeo amux cocedeti) (HanpuMep, CIIUCKOM PEGEP, OTCOPTHPOBAHHBIM 110 [EPBOIi BEPIIUHE, U BOOO-
e He XPaHUTh rpad, a BBIYUCIATH COCEIHUE BEPITUHBI «HA JIETY», KaK, HAIPUMED, B PA3IUIHBIX 3aja9axX THUIa
XOKJIEHUsI KOHsI 10 IIaXMaTHOMY IIOJIF0 — TaM Mbl, KOHEYHO, He OylIeM XpaHuTh pebpa BoobIe, a OyjaeM IIpo-
CTO nepebupaTh BCe KJETKH, Ha KOTOPbIe MOXKHO IONACTh ¢ Tekymieil). Torja cymMmmapHOoe BpeMsi pabOThI BCEX
rakux 1epebopos Oyaer O(cymmaproe Koiuuecmeo cocedeti ecex eepwun), T.e. O(FE), a obiiee Bpemsi ocTas-
ntefica paborsl 6ymer O(V), T.e. obuiee Bpems paborsl anropurma Oyiaer O(V + E). B GonbinuncTBe cirydaes
E >V, 10310oMy 4YacTo rOBODPAT, Y4TO CJIOXKHOCTH PabOThL oucKa B riybuny ectb O(E). Dro, B 0briem-To, He
COBCEM KOPPEKTHO, HO OIMUOKa OOBIYHO He cTpaInHa (T.K., HAIIPIMED, OOBIYHO B OIPAHNIEHUSIX 381891 BCe-TAKH
maxE > mazV, n r.n.). Takum o6pa3oM, JOCTATOUHO TOYHO MOXKHO CKa3aTh, UTO BPeMsi pabOTHI MOWCKa B
IyOuHy Ha CIHCKe CMeXXHbIX BepimmH ectb O(F). 3amedy ocobblil ciydaii: ecan creneHb BepinuH rpada He
[PEBBIIIAET HEKOTOPOH MAJIEHbKOM KOHCTAHTHI (HALIPUMED, [IPU XOXKJIEHUH KOHS [0 IIAXMATHON J0CKe CTeIeHH
BepruH He npesbimaor 8), ro E = O(V) u ciaoxuaocts pabors! anropurma ectb O(V).

[o-BupmmMomy, ceifdac IIpU UCHOJHL30BAHUH TTOUCKA B TJIyOUHY B OOJIBITMHCTBE CJIYIAeB HE CTOUT HMCIIOJIB30-
BaTh MATPHUILy CMEXKHOCTH, T.K. HEPEJKU 3aja4u ¢ orpanumdenusmu turma V. < 10000, £ < 100000, Tak gTo
O(E)-anropurm mpoiinér, a O(V?) —mer. Ho, kak Bceryia, BbIGOD criocoba xpanenus rpada B Kaxioii 3a1ade
cBOii. AHasm3upyiiTe OrpaHUYeHNsT U COOTBETCTBEHHO BhIOUpaiiTe criocod XpaneHus: rpada.

§6. JonosuuresibHbIe 3aMedyaHusda. Hepeako nmpu 00CyKI€HNN 3JIEMEHTAPHOTO [IONCKA B IVIyOHHY Cpa3y
JAl0T emé Kydy HH(MOPMAINY, HAIPUMED, JeJIeHre BEPIINH HA MPu KJIAcCa: HEeIOCEIEHHbe, 00padaTbiBaeMble
ceffuac u yke of6paboTaHHble (BMECTO, KAK ¥ HAC, JIBYX KJIACCOB — B KOTOPBIX MbI €Il HE TOOBIBAJIN U B KOTOPBIX
MBI y2Ke MoObIBaJn), Kiuaccudukaims pébep, BpeMeHa Bxoja/Bbixoja u T.n. Ho Ha caMoM jieie OHU OBIBAIOT
HY>KHBI 0a.4€K0 He 60 6cex TMPUMEHEHUSAX IMTOWCKA B TUIyOWHY, TIO9TOMY si Oy/y TOBOPUTH O HUX TOJIBKO TOTJIA,
KOI'/Ia, OHH IIOHa 1004 TCH.

Hacte Il. MpocTbie 3apayn, pewaembie NOUCKOM B rNyouHy

B srom pazmesie moutu Be3me OyaemM pacCMAaTPUBATD TOJBKO HEOPUEHTHPOBAHHBIE IPAdBI.

§1. KomnoueHnTs! cBsizHOCTH Trpada. JI0BOJIBHO 0YEBUIHO JIOKA3BIBAETCS, YTO MOWCK B IVIyOUHY, 3alry-
[IEHHBIA 13 HEKOTOPOil BepmuHbI rpada, 00OWIET BCe BEPIIMHBI U3 TOW KOMIIOHEHTHI CBSI3HOCTH, B KOTOPOIi
HAXOJIUTCS HAIA BEPIIUHA.

3Koneuno, IIoApasyMeBaeTcs, 9TO BBI3OB IIPOLELYPHI find U3 TIABHOH IPOrPAMMBI CIEJIaH COOTBETCTBYOIIIM O06PAa30M — JTOOLI
He IOJIyYUJIOCh, YTO IPOIeaypa OyIeT ABark/ibl 3allyIleHa C OJHUM U TeM YKe MapaMeTpOM
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JokaxkeM 310. JleficTBUTE/IBLHO, IyCTh €CTh BEPIIHHA, JIeKAIlasd B TOH ¥Ke KOMIIOHeHTe! cBA3HOCTH, HO 10

KOTOPOII MBI He JOmLH. Pa3 oHa JIeKUT B TO# yKe KOMIIOHEHTE CBSI3HOCTH, TO €CTh IIyTh U3 HAYAJIbHON BEePITUHDI B
Heé. B Haua/IbHOI BepIIMHE Iy TH MBI TOYHO MTOOBIBA/IA (MBI BEb OTTY/IA 3AILyCTHJIUCE ), B KOHEYHOH BEPIIMHE HET
(o npemosiozkerno). Torma 0ueBUHO, YTO BIOJIb Iy TH HAHYTCsI J{Be COCeOHUe BEPIIUHBL U U U TAKUe, 9TO B U
MBI TTOOBIBAJIN, & B ¥ HeT. Pa3 OHU cocejHIE B HAIIIEM IIyTH, TO OHU COenHeHbI pebpom. Toria crpamuBaercs: 4To
MBI JIeJIaJIN, KOTJ[a TpOoCMaTpuBaJu coceielt Beprmmubl u? [Toaemy He monu B v7 IIpoTuBopedne, ciiejoBaTeabHO,
MBI JeHCTBUTEILHO 00OHIEM BCIO COOTBETCTBYIONLYIO KOMIOHEHTY CBSI3HOCTH.

Hpume%aHue: KaK BpuTe, 10Ka3aTe/JIbCTBO OT IPOTUBHOIO. MHe Ka>KeTCsd, 9TO 3TO JOBOJIBHO XOPOIIO HO,H‘{'épKI/IBaeT
caMy CyTb IIOMCKa B IJIyOHMHY: cpa3y JaJIeKO He OY€BU/IHO, YTO OHO paboraer. [lonbiTku B 7106 10Ka3aTh, 9TO OHO PabOTAET,
He mpoitayT. Ho Tem He MeHee OHO JIEHCTBUTEILHO pabOTaeT.

EcrecTBeHHO, MBI CYUTaEM, UTO IIEPE]] 3AILYCKOM MACCUB wWasS 110 KPaiiHel Mepe B IpejesiaX 3TOH KOMIIOHEHThI
CBSI3HOCTH OBIJI 3aII0JIHEH HYJISIME, NHAYe, KOHEYHO, HUYErO He IOJLY YUTCS.

Samanue 2: nonumaeme, NOYEMY MOHCEM HUYE20 HE NOAYHUMBCA, ECAU MACCUS WAS USHAYAALHO HENPQ-
BUABHO 3anoanen? 3a00H0 MO 6bL MOHCEME CKA3AMD NO NOGOJY NPOGEPKU OPUEHTUPOBAHHOTO 2pada Ha CE8A3-
HOCMD ?

Takum 06pa3oM, 4TOOBI IIPOBEPUTD, 4TO I'pad (HEOPHMEHTHPOBAHHBI!) CBI3€H, IOCTYIIAEM OYEHb IIPOCTO:
3allyCKaeM IIOUCK B IVIyOUHY U3 JIFOOOH BEPIIMHBI U [TOCJIE STOTO [IPOBEPSIEM, YTO MbI TIOOBIBAJIM BO BCEX BEPIINHAX:

fillchar (was,sizeof (was),0);
find(1);
for i:=1 to n do
if was[i]=0 then
writeln(’Non-connected!?);

ITycrb Temepb HAM HAJI0 HAWTH BCe KOMIIOHEHTHI HAIIETO (BO3MOXKHO, He CBsi3aHHOrO) rpada. T.e. HaM Hao
IIOCYUTATH UX, & B CIIEIINAJIbHBIN MaCCUB JJIs1 KaXK 10 BEPIITUHBI 3a1I1CATh HOMEDP COOTBETCTBYIOIIEN KOMIIOHEHTHI.
Sl mymaro, 31O TOXKe BIOJIHE TOHATHO. 3allyCKaeMcs U3 [E€PBOIl BEPIIMHBI, TIOTOM HUINEM €M HEIOCEIEHHY IO
BepINUHY ¥ 3alryckaeMcs u3 Heé u T.J0. lIpaBrga, HEKOTOPYIO CJIOKHOCTH MOYKET COCTABUTH PEAJIMIAIUS STOTO
Jesia, HO, €CJIM HEMHOTI'O I10/IyMaTh, TO MOYKHO HaINCaTh TaK:

procedure find(i:integer);
var j:integer; begin
begin nc:=0;
if was[i]<>0 then fillchar(was,sizeof (was),0);
exit; for i:=1 to n do

was[i] :=nc; if was[i]=0 then begin
for j:=1 to n do inc(nc) ;

if gr[i,jl=1 then find(i);

find(j); end;

end; end.

3mech ne— riobasibHAsST IepeMeHHAasT, XPAHATIIAsT KOJMIECTBO y2Ke HalJIEHHbIX KOMIIOHEHT CBsi3HOCTH. HoMep
KOMIIOHEHTBI CBSI3HOCTH, KAK 5 M OOEIaJsl BBIIE, Mbl 3AIMCHIBAEM MIPSIMO B MACCUB WAS: KOMIOHEHTHI MbI HYy-
MepyeM, HaunMHas ¢ 1, mosromy npobsem He Bo3HuKaeT. was[i] = 0 06o3HavaeT, UTO BepIIMHA | eIE He ObuIa
HoceneHa, MHade BepInHa Oblia MoceleHa, a was|i] — HoMep eé KOMIIOHEHTHI cBsizHocTu. [ToaroMy B iponeype
MBI J[eJlaeM UMEHHO was[i] := ne, a He 1, KaK paHblIe.

Emé obparure BHIMaHTE, 9YTO TYT 0043amenvHo HyKHa IpoBepka if was[i]=0 B ruraBHOi mporpamme, gaxe
HECMOTPSI Ha TO, 9TO COOTBETCTBYIOIIAs [IPOBEPKA HAIMCAHA 68 Haua.ie Tporeaypbl. JleificTBuTenbHO, MpoBepKa
B IVIABHOI IIPOrpAMMe Hy?KHA, ITOOBI HE YBEJUIUTH IUCJIO KOMIOHEHT JIUIITHUN pa3.

W HakoHer| 3aMeTbTe, YTO, KOHEYHO, MACCUB WaS Mbl MHUIMAJU3UPYEM OJIUH Pa3 3a IIPOrPAMMY.

§2. IIpoBepka rpada Ha ABYAOJBHOCTH. N-JI0JIbHBIM HA3bIBAETCsl HEOPUEHTUPOBAHHBIN Ipad, BEPIIH-
HBI KOTOPOT'O MOYXKHO PacKpacuTb B N I[BETOB TaK, YTO KOHIBI JTIOOOTO pebpa OyIyT pa3HOIBETHBIMH, T.€. HE
Oyzer peébep, BeAyINUX U3 OJHOTO IBETa B TOT K€ CaMbIil 1[BeT. B TakoM ciydae rpymnmnbl BePIIUH OHOTO IIBETA
HA3bIBAIOTCs doasamu Tpada. B gacTHOCTH, NBYM0IHHBIH Tpad — rpad, BepIIuHbl KOTOPOTO MOYKHO pa30uTh Ha
JIBE TPYIIIBI-JIONN TaK, 9T0 KaxKjioe pedbpo OyJeT BeCTu U3 OJHON JI0JU B APYTYIO.

Hepeiko 1By 10/1bHBIE TPadBbl SIBJISIIOTCS JBY/I0JIBHBIMUI 110 CBOEI IIPUPOJIE, T.€. HEPEJIKO caMa IIPUPOa Bep-
NIMH Da3HBIX JOJell pasHas: KJIaCCHYECKHUil IpUMep — IepBas J0Jsd — juogu (paboTHUKM), BTOpasi — paboThl,
KOTOPBIE OHU MOT'YT BBITIOJIHATH, PEOPO MEXKJIy Y€JTOBEKOM U PabOTOI €CTh, €CJIN OH yMeeT €€ BBIMoJHATh. Ode-
BHUHO, 9TO TyT pedpa B Ipejesiax OIHON 0/ COBEPIIEHHO OECCMBICIEHHO. B Takmx cirydasx 0OBIIHO cpa3y BO
BXOJIHOM (paiijie 3a1aéTcst rpad Tak, 9TO OH He MOYKET 0Ka3aThCs HEJIBYIOJbHBIM, U BOOOIIE BOIIPOC O IIPOBEPKE
rpada Ha JIBY/I0JBHOCTH OeccMbiciieneH. Ho 6piBaeT Tak, 4TO JaH MpocTo rpad, a HaJ0 IPOBEPUTH, SIBJISETCS
JIX OH JIBYJIOJIbHBIM. VIMEHHO TaKyfo 3a/1a4y Mbl 1 OyjieM paccMaTpuBaTh 371echb. OIHOBPEMEHHO C IIPOBEPKOil HAa
JBYIOJBHOCTD MBI CPa3y Oy/1leM HAXOIUTH €ro JOJIU.

4KcraTn, rpaMMaTHYECKHii BOIPOC: KAKOTO POJIA CJIOBO <«KOMIIOHeHTa»? Bpojie OueBH/IHO JKEHCKOTO, HO He SIBJIAETCA JIM 3TO
ommbKOl, Belb HOPMAJIBHOE CJIOBO-TO — KOMIIOHeHT (mpmbopa, HampuMmep)? Ha camMoM zesie B COOTBETCTBYIOIMX CJIOBAPSX YETKO
3aUKCHUPOBAHO BBIPAXKEHUE KOMNOHEHMA C8A3HOCTU, KOMNOHEHME 6€KMOPa U T.II., TAK UTO B MaTEMaTUKe 9TO BPOJE He OIIHOKa.
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Samanme 3: moorcem au ama 3adava umems Heckoavko pewenut? T.e. mooicem au 6vimb MaK, “Mo pas-
buerue sepwur epaga Ha doau HeodHo3HauwHo? [lonpobytime chopmMysuPosaMs KAK MONHCHO 60ACE NPOCTOT
Kpumeputi, Komopoili omeeuaem na amom eonpoc. Toavko, npesicde wem wumams dasvuie, OMEEMHME HA IMO
sadanue.

Nrak, mam mam rpad. lasaitre mompobyeMm ero mokpacuTh. Bo3bMEM MEpBYIO BEPIIWHY U MTOKPACUM €€ B
KaKOi 1omaJio user (T.e. OTHECEM e K Kakoii onasio jouie). Toraa cpa3y NOHATHO, KAK HAJIO KPACUTh COCEIHUE
¢ neii Bepmunbl. [Tokpacum ux kak #Ha 0. [locse 3T0ro MoHATHO, KaK HAJI0 KPACUTH COCEJHUE C HUMH BEPIIUHBI
u T.71. (JJ0BOABHO CHIIBHO HAIIOMHHAET BOJIHOBOI anroputM.) Tak Gyjer mpoJoszKaThbCs JI0 TeX HOp, MOKa He
CJIYYUTCS OJTHO U3 JIBYX:

1. Bo3aukHeT MpOTHBOpEYHE, T.€. MbI JIOJKHBI Oy/IeM TOKPACUTH OJHY U Ty K€ BEPIIUHY B Pa3HbIe IIBETa
OJTHOBPEMEHHO WJIN JIOJKHBI OYJIEM Nnepexpauluéams y¥Ke MOKPAIeHHY o BepiuHy. Uto 510 obosnadaer? Eaun-
CTBEHHBII IIPOU3BOJI, KOTOPbI MbI JIeJIaJid, COCTOSII B BBIOOpE IiBeTa caMoii rnepBoil Bepinuubl. O4YeBUIHO, 9TO,
ecJiu MBI TIOITPpo0OyeM JIpyTroil BAPUAHT I[BETA [IEPBOI BEPIIMHbBI, TO IPOTUBOPEYIE COXPAHUTCS, IIPOCTO I[BETA BCEX
[TOKPAIIIEHHBIX BEPIIUH UHBEPTUPYIOTCs. 10r/1a 09eBUIHO, YTO rpad He JBYIOJIbHBIIMA.

2. Ham Gyner Hedero jejiaTh, T.e. Mbl TOKPACUIN HECKOJBKO BEPINUH, IPOTUBOPEYW HET, HO HU Yy OJHON
U3 yKe MOKPAIEHHBIX BEPIIMH HET HEMOKPAIIEHHBIX coceneil. Uro s1o 3uaunt? OHO n3 ABYX: JUOO MBI I10-
Kpacuian Bech rpad — KpyTo, 3aja9a penieHa, orser nosjoxkuresnbHbii (KoHTposbHBIH Bonipoc 4: omsem Ha
kakol eonpoc? :) ). JIubo ecThb eI HelmoKpalleHHble BepIInHbL. HO SICHO, YTO TOI/Ia OHM HAXOJSATCS B 0py20l
KOMIIOHEHTE CBSI3HOCTH U IIOTOMY UX MOXKHO KPACUTh HE3A6UCUMO OT y¥Ke MOKPAIleHHbIX. BO3bMEM JIIOOYIO U3
emié HelMmOKPAIeHHBIX BEPIIUH U TTOKPACHM €€ KaK TOMAJI0 U T.J., IPOJI0JIKash KaK onucaHo Boire. Ousarsb jaubo
BOZHHMKHET IIPOTUBOPEUNE, TOTJa rpad TOYHO HE JIBY/IOJIbHBINA, T.K. Ha 9TO MPOTUBOPEYNE BJIHASI TOJIBLKO CAMBIIT
HOCJIE/IHUI IPOU3BOJI, & €r0 MHBEPTUPOBATH OLATH GECCMBICIEHHO (a IpeblLyliue BIOOPb, KOTOPBIE MBI JIeJa-
JIM, He MMEIOT Tellepb 3HAYeHWUsl ), Jub0 OnsATh OyJeT Hedero KPacuTh — AHAJOTMIHO JI6O BCe MOKPACUIH, Jubo
[Iepexo/ MM K TPeTheil KOMIIOHEHTE U T.]I.

Taxum o6pa3zom B KOHIIE KOHIIOB MblI WJIM IIOKPACUM BeCh rpad, WK NPUIEM K BBIBOMY, 9TO rpad HE IABY-
nosbabiil. [Ipexite vem 00CyKIaTh peaan3aluio, 00Cy M emé HeDOJIbIION TeOPEeTUIeCKUil BOIIPOC.

MoHO Ji puiyMaTh Kakoi-HUOY b KpuTepwii nBypoasHocTH rpada? JlaBaiite mogymMaeM, KOria «3aThbl-
Kaercsi» Hall ajiropuTM. Korjga oOHapyKuBaeT IIPOTHUBOPEYNe, T.e. OJHY W Ty K€ BEPIIUHY IBITAETCS CPa3y
[MOKPacuTh U B OeJiblil, 1 B 4€pHBIi 11BeT. [0BOps 10 Jpyromy, KOrja y OJIHOM elé HelOKPAaIlleHHON BepIIUHbBI
HaXOJIATCS JIBA PA3HOUBEMHVLT cocema. dTo 3ro obo3nadaer? Jlo cux mop Bce OBLIO HOPMAJIBHO, T.€. Ha KaXKJIOM
pebpe IBET YepeI0BAJICs, TOITOMY IIBETA 0D03HAYAIOT (PAKTUIECKU «CJIOUy Tpada: 10 BEPIITUH OIHOTO IIBETA OT
HAYAJILHON MbI 1o0upaeMcs 3a 4éTHoe uucsio maros (pébep), 10 BepIIMH BTOPOro HBera— 3a HedérHoe. Ecium
JKe TMOSIBUJIOCH IIPOTHBOPEYNe, 3HAYNUT, HAILIACH BEPINUHA, 0 KOTOPOW MBI MOXKEM JI00paThCs U 3a YETHOE, U
3a HEYETHOE KOJIMYECTBO IIArOB. DTO 0DO3HAYAET, UTO MOSBUJICA UUKA HEYEMHOU OAUHBL: OT HAYAJBLHON Bep-
[IUHBI JIO0 HEE caMOil MOXKHO JI00paThes 38 Heuémuoe KOandecTBO maros. O4YeBHIHO, 9TO B JABY/IOJIBHOM rpade
HE MOXKET OBITH IMKJIOB HEYETHON JJIMHBL: B JIIOOOM IMKJIE BEPIIUHBI PA3HBIX JI0JIEH YE€PEYIOTCsI, U TOTOMY,
9TOOBI BEPHYTCS B HAYAJBHYIO BEPIINUHY, HAJIO CIEJIATh 4émHuoe KOIMIecTBO maros. [losromy sicHO, 9To, pa3
HAII aJTOPUTM HAIIEI-TAKW TaKON IUKJ, TO Ipad TOYHO HEJBYIOJBHBINA. A Terneph 3aMETHM CaMOe IJIaBHOE:
€CJIn [IUKJIOB HEYETHON JIMHBI B Ipade TOYHO HET, TO HAIll aJlOPUTM B IIPHUHIUIE HE CMOXKET «3aTKHYTbCS»,
T.e. OH KOPPEKTHO PACKpacutT rpad, T.e. rpad aBy10JbHBI. TakuM 06pa3zoM, Mbl JIOKA3AJIA TO YTBEPKIEHNE B
06e cTOpOHBI: Tpad MBYIOILHBIN TOTJIA ¥ TOJIHKO TOT/IA, KOTJIAa B HEM HET IUKJIOB HEYETHON JIJTHHBL.

Bce 10 xKe camoe, HO IIO-IPYrOMYy U3JI0XKEHHOE (3TO U3JI0XKEeHHUe, MOXKET ObITh, CJIOYKHEe ¢ XOJy IIOHATb, U
TeM GoJiee He TIOHSTHO, KaK /10 HEro JIONTH, HO 3aTO OHO OYEHBb XOPOIIO MOMOTraeT Pa3jIoKHUTh BCE 0 TOJIOYKAM,
YTOOBI OBITH YBEPEHHBIMU, YTO MbI HUTJE HUYErO HE CIUIIOUM/IN):

Teopema (o nBymoabHOCTH Tpada): 2pag deydosvhuil mozda u Moavko mozda, K020a 6 Hem Hem YUKA0S
HEUEMHOT DNUHDL.

Jloka3zaTeabCcTBO:

= Ilycrs rpad aBynobubril. Torma B HeM BI0JIb KayKIOT0 [UKJIA [[BETA BEPIIUH YEPELyIOTCs, TIO9TOMY THKJI
00sI3aTeJIbHO UMeeT YETHYIO JIJINHY.

< Ilycrb B rpadpe HeT IUKJIOB HEYETHO JUINHBI. 3AILyCTUM BBIIIENpUBEAEHHBIN ajropuTM. OH MOXKeT ocra-
HOBUTBCSI, HAliJIsT IPOTUBOPEYNE, TOJIBLKO €CJIM HAMIET IUKJI HEYETHOI JIUIMHBI, 9T0 HEBO3MOXKHO. CJie0BaTe/IbHO,
OH KOPPEKTHO pacKpacut rpad, 3uadut, rpad ABYAOIbHBINA. YT/I.

ObparTure BHUMaHHUE, YTO JOKA3ATEJHCTBO B OJIHY CTOPOHY CHJIBLHO OTJIHYAETCS OT JIOKA3ATEIHCTBA B 00-
parayio. Emé obparure BHUMaHUE, 9TO OTCIONA OUEBHUJIHO CJIEIYET, 94TO JIepeBo (1 BOOOIIE Jiec) — NBYI0JIbHbII

rpad.

Kaxk rmenepp peasmzosars 3Tor anaropurm? HampammBaromasicst ujiest — IIOUCK B MIMPUHY, OH K€ BOJHOBOM
ajroputm. Briosime MOXKHO.

3aganue 5: peaausyime smom aA20PUMM € NOMOWDBIO NOUCKA 8 WUPUHY.

Ho eciim HeMHOrO momymMaTh, TO MOJOHIET 410607 00x01 rpada, KOTOPBIN MepexouT U3 OJIHOI BEPIIWHBI B
JIPYT'YIO TOJIBKO 110 pébpam u 0bxoauT Bech rpad. Hampumep, BIOJIHE TOI0IIET TTOUCK B IIyOUHY; ITOCKOJIBKY
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[IOUCK B TUIyOWHY PEAJn30BATh OOBIYHO IIPOINE, YeM B IIMPHUHY, TO OOBITHO IPOBEPSIOT Ipad HA ABYIO0IBHOCTD
C TIOMOIIIHIO TIOUCKA B TUIyOUHY.
WNrak, KaXkIp1ii pa3, KOrja HaXOUM HOBYIO BEPIIUHY, OyleM eé KpacuTh B HYKHBII ITBET.

procedure find(i:integer); exit;
var j:integer; end;
begin end;
for j:=1 to n do
if grli,jl=1 then begin .
if was[j]l=was[i] then begin fillchar (was,sizeof (was),0);
ok:=false; ok:=true;
exit; for i:=1 to n do
end; if was[i]=0 then begin
if was[jI1<>0 then was[i]:=1;
continue; find(i);
was[j]:=3-was[il; if not ok then
find(j); break;
if not ok then end;

Urak, gro TyT. MaccuB was OUATH UCHOIB3YEM [UJIsi XPAHEHHS JIOTIOJHUTEIHLHON HHMOPMAIN: B JIAHHOM
ciyqae 1sera BepmmHbl (1 niam 2). Moxer ObITh, JIorndHee ero ObLIO Gbl HA3BATH KaK-HUOYb 10-apyromy. B
nponenype find, Korpa HaXOJUM O4YEPEIHOTO COCeJa TeKyIell BEepIIMHBI, CMOTPHM: €CJIH OH TOrO Ke IIBeTa,
YTO M Mbl, TO O0JIOM, MHAYE €CJId OH yzKe LOKpAIleH, TO Tyla He CyHeMcs, uHade kpacuM (3 — was[i] maér
KaK pa3 Hy»KHBI [[BET) U 3allyCKaeM [OUCK M3 3Toil Bepmmubl. O6paTuTe BHUMaHUE, YTO KPACUM BEDIIHHY
(r.e. 3amonHsieM was[j]) Mbl do Bxoma B nponeaypy find(j), mosToMy B Hauase POyl HUUEro BOOOIe He
JesiaeM. B riiaBHOI mporpaMme Tenepb Hafijisl enié HeNOKPAIIEHHY IO BEPIIUHY, KpacuM eé (00sa3areabHo! T.K. He
KpacuM eé B caMoii mporeaype) u 3amyckaemcs. ObparnTe BHUMaHUe, KakK clejaHa pabora ¢ IepeMeHHoi ok,
KOTOpas XPaHWUT, He HAIIX JIU MBI €MI¢ TPOTUBOPEIN.

Kakoii-To yzkac TyT nosyuaercs. Ilosromy nMxo jiorutdnee nmepeHecTr BCIO paboTy B HAYAJIO HIPOLEYPhI, & —
BHHMaHNEe! — B mporerypy Oy/eM mepesiaBaTh donoaHUumesvHsil TapaMeTp — I[BET, B KOTOPBIH HAJI0 TOKPACHTD
9Ty BEPIINHY.

procedure find(i,c:integer); exit;
var j:integer; end;
begin end;
if was[i]<>0 then begin
if was[i]l<>c then c..
ok:=false; fillchar (was,sizeof (was),0);

exit; ok:=true;
end; for i:=1 to n do
was[i] :=c; if was[i]=0 then begin
for j:=1 to n do find(i,1);
if gr[i,jl=1 then begin if not ok then
f£ind(j,3-c); break;
if not ok then end;

Teneps pabora nponenaypst find nmxo 6ojiee 0OYeBUIHA: OHA MBITAETCS MOKPACUTH BEPIIUHY ¢ B 1BeT ¢. Bo-
[EPBBIX, €CJIU BEepIIMHA yXKe [MOKPAINIeHa, TO HAJO TOJbKO [OCMOTPETh, B TOT Jiu 1BeT (oOparure BHUMAHUE,
YTO B IIPOILJIOM BapuaHTe Obljia IpoBepKa was(i] = was[j], a Teneps wasi] <> ¢), u Boiiitu. Mnaye kpacum u
CMOTPHUM COCeJIe.

Emé zameday, 9o, ecyiu B ciiydae, KOrja rpad HeJIBYI0IbHBIN, HY?KHO CJI€JIATh 9TO-TO IPOCTOE U 3aBEPIIUTH
pabory nporpammbl (Hanpumep, BbiBecTu ‘No solution’ u BbIiiTH), TO MOXKHO € 0k He BO3UTHCS, a IIPOCTO
¢/IeJIaTh 9TO HAJO:

procedure outno; if was[i]<>0 then begin
begin if was[i]<>c then outno;
e exit;

halt; end;

end; was[i] :=c;

for j:=1 to n do
if grli,jl=1 then begin
procedure find(i,c:integer); f£ind(j,3-c);
var j:integer; end;
begin end;

Emé zameqay, aro moxkuO nepemennyio ok yopars, a npouenypy find caenars dyHKIMEH, BO3BPAIIAIONIEH
boolean. Moxere norpo6oBaTh 3T0 peajun3oBarb. HakoHell, ecjin TapaHTUPYETCsl, YTO rpad JBYI0JIbHBIN, HAJIO0
TOJIBKO €ro JI0JIM HAWTU, TO ok BOODIIE He HyXKHA.

Bamanue 6: A novemy MaKHCcE HEAL3A NPOBEPANML 2Ppad Ha MPeTIOALHOCTL ?
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§3. IIpoBepka, siBisiercss ju rpad gaepeBoM. Kak Bbl 3Haere, JEPEBOM HA3bIBAETCSI CBA3HBINA Ipad
6e3 IUKJIOB (BCe eIE paccMaTPUBaeM TOJIbKO HEOPUEHTHPOBAHHBIE I'PadBbI), JTI6COM HA3BIBAETCS IPOU3BOJIbHBII,
T.e. He 00s13aTEJILHO CBSI3HBIN, rpad 0e3 1mukioB. Kak nposeputb, sBjsgerca jin rpad gepeBoM uim Jjecom? B
[IPUHIINIIE, IOHATHO: IIPOBEPUTH, YTO MUKJIBL B I'pade 0TCYyTCTBYIOT, MOYKHO IIPOCTO 3aIlyCTUB IIOUCK B TJIyOHHY
1 IIOCMOTPEB, HE IPHUAEM JIX Mbl KOTIa-HUOYIb B Ty BEPIIMHY, I/I€ MbI YK€ [TOOBIBAJIN.

KoHKperHO: eciin HaM H&aJI0 IPOBEPUTD, ABJSETCS JIA rpad JepeBOM, TO 3allyCTUMCH U3 IEPBOIl BEPIIUHEI.
Eciu xoTh pa3 BepHEMCs B BEPIINHY, TJI€ MBI y2Ke ITOObIBAJIM, TO rpad TOUYHO He JAepeBo. VHade B KOHIIE TPOBe-
PUM, BEPHO JIM, 9TO MBI MOOBIBAJIA BO BCeX BepiuHax. Ecau ja, To rpad CBA3€H, a OTCYTCTBUE IUKJIOB MBI YK€
npoBepwin — oK. Vlnade mHe nepeso.

Eciin HaM Hajgo NPOBEPUTH, SABJLAETCS JU Ipad JeCOM, TO BCE AHAJOIMYHO, TOJHKO AHAJOTMYHO IOUCKY
BCeX KOMIIOHEHT CBSI3HOCTH 3aKOHYHUB IIOMCK B IUIyOUHY U3 IEPBOI BEPIIMHBI, 3aIlyCKaeMCs U3 IEePBOil emeé He
MIOCEIEHHON U T.JI. — TAKOW K€ IUKJI, KAK 1 [IPU MMOUCKEe KOMIIOHEHT CBA3ZHOCTH.

Bagauue 7: Hanuwume smu dee npozpammo.. Twamesvro nomecmupytime ux. Ilepebepume ece 603Moo1ic-
Hole nodavie cayuau. IIpedcmasvme, wmo 6v, — 2COPU HA HEKOTOPOTL osumnuade u 0aéme YuacmHukam Maryo
sadavwy. Bu snaeme, kax €€ peuamv, noIMOMY MOHCEME NPOOYMAML, KAKUE MYM NOOAOCTIU B03MONCHDL — HA
nux u deaatime mecmor. Hanpumep, ouesudho, nado ommecmuposams ceA3HblEe U HECBA3HbIE 2padl; 0epesvs,
AECA, HECEAZHBIE 2Pavl, Y KOMOPLIE NEPEAA KOMNOHEHMNA ABAACNCA/HE ACAAECMCA 0EPEGOM; AUHETHBIE CINPYK-
mypoe (M.e. NEPBAA BEPULUKG CBA3AHG CO 8MOPOT, 6mopas — ¢ mpemvel u m.d.) u paseemsaénnbvie 0epPevs;
OAUHHDBLE UUKADL, TYCMble 2padvl U M. 0.

IIpu nanucanuu npoepammss NOWMU HABEPHAKA 6bL CIOAKHEMECH ¢ (00HUM) GOABWUM NOOBOOHVIM KAMHEM.
Ocosnatime e20, notimume, novemy 6aUa NPOPAMMGE HE PAOOMAEM, U UCTPASHIME NPOPAMMY MAK, 4IMobbL OHA
pabomana.

Texcm npozpammv, mym s npusodumsv ke bydy, npusedy moasvko 6 omeemaz. Y amot 3adauyu ecmv nod-
CKA3KaG; MOPewas 3a0a4y, nNoCMompume nodckadky 00 0meema.

§4. HaxoxxneHue siijiepoBa MyTHU U HUKJA. ¢ 1ymaio, Bbl 3HAETE, YTO TAKOE SMIEPOB IIUKJI — ITO IIHAKJI,
KOTOPBIi MTPOXOJIAT M0 KAXKJIOMY PeOpy POBHO OJIMH pa3. AHAJOIUYHO, UIEPOB MyTh — 9TO MyTh, KOTOPBIHA O
KaxKJ0My pebpy IPOXOJUT POBHO OJUH Pa3 (HO, B OTJIMYUM OT IMKJA, MOYKET HAYMHATHCH M 3aKAHIMBATHCS B
PA3HBIX BEPINUHAX ). 91 TakKe JlyMalo, 9TO BbI 3HAETE KPUTEPUil HaIM4usl SIepoBa UK/Ia U 3UIepoBa IIyTH B
rpade. [leiicrBuresibHO, eciin B rpade ecTb SHJIEPOB IUKJI, TO B IIPU JIBUYKEHUH 10 HEMY B KaXKJIYIO BEPIIUHY
MBI BXOJIUM POBHO CTOJIBKO YK€ Pa3, CKOJBKO BBIXOJUM. 3a BpEeMsl IPOXOJIa 10 BCEMY IUKJIBI MBI MPOIIIA O
Bce péOpaM, MHIMJICHTHBIM JIAHHON BEPINNHE, CJIeI0BATEHHO, CTEEHb KaXKI0W BEPITUHBI d0AHCHA Obimb IETHA
(MBI TIOKa BCe eI pacCMaTpUBaeM HeopueHTUpoBaHHbIE Ipadbl). COBEpIIEHHO AHAJIOIMYIHO, ecJiu B rpade ecTh
9UJIEPOB Iy Th, TO CTEIEHH TOJILKO JBYX BEPIIUM MOTYT OBITH HEUETHBI — 3TO Oy/IyT HAYAJIO U KOHEI[ HAIIIEero Iy TH:
73 HavaJa Mbl BB Ha OJMH pa3 b0JIbIle, YeM BOIILIM B HETO, C KOHIIOM IIyTH Bce Ha0OopoT. EmmE, oueBuIHO,
HaJ0 [IOCTABUTb HEKOTOPOE yCJIOBUE Ha CBA3HOCTH rpada. Mbl OyieM jajbiine caurarh rpad CBA3HBIM, HO 9TO
HE €CTh Heobrodumoe yCIOBUE.

Samauue 8: [Tonpobytime chopmyasuposams mo Ycao8ue abCOMOMHO MOYHO, M.E. YKA3AMb, KAKOE YCA0B8UE
HA CBA3HOCD 2pada Hado d0basUMb K YCAOBUIO HA CTENEHU BEPULUH, 4MOOBL NOAYUUMD KPUMEPUT CYULLCTNEO-
BaHUA ITUNEPOBA YUKAL/NYMU 6 2pade, MaKoL, 4Mo, eCAl OH GLINOARACINCA, MO MY /YUK TOYHO ECTNG, UHAYE
MOYHO HEM.

O6paruTe BHUMAHUE, YTO BBIIIEIPUBEISHHbBIE PACCYKICHUS HE JOKA3bIBAIOT CYULCNEO8AHUA UK /Iy TH,
€CJIM 9TU yCJIOBUs BBIMONHsIOTCA. CyIecTBOBaHUE IUKJIA MbI OYyIeM JJOKA3bIBATH TOCTPOEHUEM aJITOPUTMA, KO-
Topblii Oyzer pemars 3Ty 3agady. Hamr aaropury GyJer HAXOQUTh [UKJ/IyTh B JIOOOM CBA3HOM rpade, yio-
BJIETBODSIIONIAM YCJIOBHIO Ha CTEIIEHU BEPINUH (YTO JeIaTh JIUIS HECBSI3HOTO Ipada — 9To Balle 3aJaHue).

Wrak, mycrs rpad CBsi3eH W CTEIleHH BCeX ero BepriuH 4érHbl. [locTpoum sitiepos muki. IToxkamyit, Tyt
mporre OyIeT MPUBECTH CaM aJrTOPUTM, & MOTOM OOBSICHUTDH, MOUeMy OH paboraeT. Tak, 3amyCTUM IMOUCK B
rIyOumy, HO He OyJIeM KOHTPOJUPOBATH BO3BPAIIEHIE B YK€ MOCEIEHHbIE BEPIIIMHBL: Oy/I€M JIOIIyCKATH CKOJIBKO
YTOJHO Pa3 IPUXOAUTH B OJHY U Ty K€ BepIIuHy (OYeBHIHO, YTO B 00IIEM cJiydae 3iiepoB MUK/ OyJer depe3
KaXKJIYI0 BEPIINHY IPOXOIUTH 110 HECKOJIBKY Pa3, I09TOMY sICHO, YTO 0e3 3TOro m3MeHeHHs IIOUCK B IIyOuHy He
noMoxer). 3aTo 6yeM cTuparh pebpa u3 rpada, Kak TOJIBKO MBI [0 HUM IIPOIUIH. SICHO, 9TO TOr/Ia aJropuTM
10 beckoHeuHocTu paborarh He Oyuer. Korma Oymem suwrodums W3 BepIIMHBI, OyIeM BBIBOJIUTH €6 HOMED B
BBIXOIHOH bailr:

procedure find(i:integer);
var j:integer;
begin
for j:=1 to n do
if grl[i,jl=1 then begin

grli,jl:=0;
grlj,i]l:=0;
find(j);
end;
write(i,’ ?);
end;
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O6parure BHUMaHUe, 4TO CTUpaeM pedpa Mbl 06ymA NPUCBAMBAHUSMU, Belb KarxkKJIoMy pebpy B MaTpuie
CMEXKHOCTH COOTBETCTBYIOT JIBE €IMHUIKN.

VrBepKaercs, 9To nocie paboThl ITOrO AJrOpUTMa, (TOYHEe, IOCJIe BIIOIHEHUS KO- 5
manapl find(l)) Ha sKpad Oyler BbIBeJeHA MOCJIEA0BATEIbHOCTL BEPIIMH, KOTOpas 00~
pasyetT 3ilepoB IUKJI. UTOOBI HOHATHL 3TO JIyHIle, IOXKAJIyil, CTOUT pa3zodparTh IPOCTO
npumep. Paccmorpum rpad, mokazaHHBIH clipaBa — B HEM, OUE€BUIHO, €CTh 3iJIepOB UKL
Kaxk Oymer paborars HaIl ajropurm?

6
find(1)
HAIIJIA COCe/la — BepIINHY 3, cTupaeM pebpo 1-3
find(3)
HAIIJIA COCeJla — BEPIINHY 2, CTUpaeM pebpo 3—2
find(2)
HaIIA cocefia — BepmuHy 4, ctupaeMm pebpo 2—4
find(4)
HaILIA cocela — BepinHy 1, crupaeM pedbpo 4-1
find(1)
(sce pebpa us sepwunse 1 yotce cMEPMbL, NOIMOMY HUKAKUT cocedeli he Hazooum)
writeln(1);

3aBepmaeM nponeaypy find(1)
(6oavwe Hukyda us sepwunsl 4 He udém, M.K. 6ce pebpa yorce cmEPMbL)
writeln(4);
3aBepuiaeM nporneaypy find(4)
(npodosstcaem nouck u3 sepwurvy 2)

HAIIJIA COCeJla — BEPIINHY 5, CTUpaeM pebpo 2—5H

find(5)
HaIIA cocesla — BepuinHy 6, ctupaeM pebpo 5—6
find(6)
HAIJIA COCe/la — BEPIINHY 2, cTUpaeM pebpo 6-2

find(2)
(6oavwe nuryda us eepwunve 2 ne udém, m.x. 6ce pebpa yoce cmMEPMbL)
writeln(2);*
3aBepiiaeM npoueaypy find(2)
(npodossicaem nouck u3 sepwurss 6, Ho Huwe2o Goavwe He HATO0UM,)
writeln(6);
3aBepmaeM nponeaypy find(6)
(6oavwe Hukyda us sepwunse 5 He udém, M.K. 6ce pebpa yorce cmEPMbL)
writeln(5);
3aBepuiaeM nporneaypy find(5)
(npodonsicaem nouck us eepuunsL 2, HO Huue2o boabwe He HATOOUM)
writeln(2);
3aBepmaeM nponeaypy find(2)
(npodosasicaem nouck u3 epwurs, 3, HO HUYE20 boavule He HATooUM)
writeln(3);
3aBepuiaeM npoueaypy find(3)
(npodonotcaem nouck us eepwurv, 1, Ho Huuezo Goavwe He HaToIUM)
writeln(1);
3aBepmaeM npoueaypy find(1)

(momeTKa 3BE3IOUKOI Oy/IeT NCIOIb30BATHCS HUKE)

Bce. BoiBenu cieyoniyio mocae0BaTe/IbHOCTD HA SKPAH:

14265231

D10 JIEHCTBUTEIHLHO SUAEPOB IUKJI, HO, €CJU CPABHUTH C TE€M, KaK MblI XOAWIN 1O rpady, TO BBITJISIAT
9TO OYEHb CTPAHHO: IUKJI IOJIyYaeTCs KaKOW-TO KapakaTullei, Mpoxo/isi o pébpaM B OOPaTHYI CTOPOHY IIO
CPaBHEHUIO C TeM, KaK MbI 110 HUM XOJWJIM IPU MOUCcKe B riybuny. 4 He Oyiy cTpOro joKa3blBaTh, YTO TOT
AJTOPUTM KOPPEKTHO HAXOJUT IUKJI; TTOXKAJYH, CAMBIH JIydIuii criocod MpOBEPUTH €ro paboTy — 3TO BPYUIHYIO
IPOMO/IESINPOBATE €r0 PA0OTy Ha PA3HbIX rpadax, crapasiCh MPUIYMATDh CJIydail monojyee. TOIbKO CKaXKy UIe0
obocHOBaHUS KOPPEKTHOCTH paboTol. Tekcra MHOTO, HO TIO-MOEMY, OH IIPOCTO#: s MPOCTO PACIIMCHIBAIO BCE II0-
ZIPOBHO U HOBTOPSIIO [0 HECKOJILKO Pa3 :)

WTak, MbI 3aIlyCTUINCH U3 TIEPBO BEPIINHBI ¥1 U IO B €€ cocelia V2, CTEPEB TI0 IIyTH pedpo. B pe3ynbrare
CTeNeHb KaK V1, TaK U Vg, CTaJIa HEIETHON, T.K. U3HATAJIHLHO 10 YCJIOBUIO OHU ObLIH YéTHBIMU. HO 9T0 0603HaYaeT,
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9TO CTEIEeHb BEPIIUHBI U9 TElePh TOYHO HEe PaBHA HYJIIO — 3HAYNT, Y HEE €CTh ewé KaK MUHUMYM 00UH COCET
V3, B KOTOPBII Mbl MOxkeM moiitu. [loiijst B HEro, Mbl COTpEM PeOPO Va—v3 U CTEIEHb BEPIIUHBI Vg OISATH CTAHET
49€THOI, 3aTO CTENEHb U3 CTAHET HEYETHOE. SHAYUUT, U ¥ HEE ecmb ewé Kakx MUHUMYM 00uk coced vyq, B KOTOPBIT
™Mbl 1 noiizém. U Tak jasiee, B KarXKIblii MOMEHT CTEIIeHH BCeX BEPIIUH OYIyT YETHBIMU, 38 NCKIIIOUEHUEM I1€PBOM
V] ¥ MOCJeHeH, B KOTOPYIO MBI TOJIBKO UTO 3AIlIU, V. ¥ ITUX JABYX BEPIIWH crernenu OyayT meuérubimMu. Ho
310 Oyzmer 0003HAYATh, YTO Y Kastcdotl TeKyIel BEpIIUHbLI OyAeT ewé Kakx MUHUMYM 00uH coced U Mbl CMOYKEM
ujaru Tak jio 6eckonevnoctu?! Yro-To TYyT HE TaK, MbI YKe BBISICHUJIM, YTO aJrOPUTM OECKOHEYHO paboTaTh He
MOXKET, B KOHIIE KOHIIOB IPOCTO pedpa KOHYATCH... SHAYUT... 0! 3HAYUT, B KAKOW-TO MOMEHT Mbl BEDHEMCS B
HavasibHyo Bepuuay v1! IIpu 9ToM MBI cOTpéM pebpa BIIOJIb IEJIOro IUKJA W TMOTOMY CTEIeHH BCEX BEPIIUH
OoyayT dérapivu. Ecin crenenb BepIUHBI ¥ HE HOJIb, TO MBI MOHIAEM JAJIbINE, U COBEPIIEHHO AHAJOTUIHBIMA
paccyKIeHUSIMI MOXKHO Oy/IeT H0Ka3aTh, 9TO MBI OISATh BepHEMCs B Heé... U Tak masee, 10 Tex mOp, IOKa HA
OYepeIHOM BO3BPAIIEHUH B U] €€ CTelleHb He CTaHeT paBHOi Hysr0. Torna Mbl €€ U BbIBEJIEM B BBIXOIHON (Daiis.

Buaumanue! 9710, moxaJsiyil, KOHel, OCHOBHO! Hien BceX paccyxkieHuii. Mbl j1oKa3ayu, 94To 6cezda nepsot
evieedennoti 6 6bLrodnol datin eepwunot 6ydem ma, ¢ KOMOPOU Mbl HAYAAL; C CAMOTO HAYAJIA ITO UMXO OBLIO
BecbMa He 09eBUIHO. ECu BBI 9TO emé He 0CO3HAJIN, MOMPOOyiTe eImé pa3 3TO MPOyMaTh; MOYXKET ObITh, TOPH-
cyiite mpumepsl rpadoB u mocmorpure. Eié pas KpaTKo MOBTOPIO OCHOBHYIO UJIEI0: B KAXKbIII MOMEHT BPEMEHU
B KaKJ[yI0 BepIIUHY B rpade Mbl YCIEU [IOPOBHY Pa3 BONTH M BBHIATH, KpOME CaMOil epBOii BEpIIUHBI U TON
BEPIIUHBI, B KOTOPOil Mbl HaxouMmcst. [109ToMy y BCceX BEPINMH CTEIEeHU OCTAJIUCh YETHBIMU, KPOME ITHX JIBYX
BEPIIUH — €CJIU OHU HE COBIIAJAIOT, TO y HUX CTeleHu HedéTHble. Ho Torja n3 TekyIeil BepIIMHBI MBI MOMHCEM
HOiTH faJibiie. 3HAUUT, Mbl OCTAHOBUMCS TOJIKO 9TH JIBE BEPIIUHBI OYYT COBIAIATH, T.€. KOrua (B 0YepeIHOl
pa3) BepHEMCs B IIEPBYIO BEPIIUHY. 3HAYUT, MMEHHO [IE€PBYIO BEDIIUHY Mbl M BbIBEJEM IEDPBOIi.

Urak, garo ke manbiie? A jajblie, MOCHe TOTO, KAK Mbl BbIBEJIH BEPIIUHY, [IPO HEE MOYKHO 3a0bITh: y HEE
CTENeHb TOYHO HOJIb (T.K. MBI HE CMODJIM HUKYJa JaJblle IOHTH), IO3TOMY B HEE Mbl HUKOIJIA OOJIbIIE He
BepHEMCsl (TOUHee, MOYKEM BEPHYTHCs, HO TOJBKO OTKATHIBASCH TIPH BBIXOJE U3 pekypeun). Jasbiine Mbl Gynem
OTKATBIBATHCS 110 PEKYPCHUN HA3a/ T U BBIBOJINTH BCE BEPIIUHBI 10 yTu. Ho oHE TO9HO OyayT CBA3aHbI PEOpaMU B
HUCXOTHOM Tpade, T.K. MBI TI0 3TUM PEOPaM MK BIEpE. SHAYUT, IOKA MbI BHIBOJIUM KOPPEKTHBIH Iy Th. Jasibire
B OYEpeIHON MOMEHT Mbl BBIBEJIEM HEKOTODPYIO BEPIIMHY U U OTKATUMCH JI0 BEPIIMHBL ¥, U3 KOTOPOii Oyer Kyaa
nofitu emé (Kak BepIINHA 2 B HAIIIEM IIPUMepe); caMy BEPIIMHY vf MBI ellé He BBIBEJEM K 9TOMY MOMEHTY. Mbl
nofieM B eé coceia vh H... OISITh MONAJEM B TAKYIO Ke CATYAIUIO, KaK yKe ObLIO: y BEPINUH U] U U} CTEeleH:
HEYETHDIE, & Y OCTAJIBHBIX Y6THBIE. [[09TOMY U3 v MBI TOHAEM Ky1a-HUOY/ b €IS U T.JI.; OCTAHOBUTHCSA MbI CMOXKEM
moavko 6 v]. (Obparure BHUMAHKE, UTO CTEIIEHD CAMOU HA4AALHOT BEPIIUHBL V1 YKe JABHO HOJIb, U II09TOMY B
Hell Mbl, KOHEYHO, HE CMOYKEM OCTAHOBUTBCS — He 3Dsl Mbl IPO Heé 3a0bLIn ). 3HAYUT, Mbl BbIBeIeM v} . Bosnukaer
Borpoc: a KoppekTHo Jin? CoejuHeHa Jjiu OHA PeOPOM C TOI BEPIUHON, KOTOPYIO MbI BbIBeU 1iepes stum? Jla,
KOHeYHO. T.K. mepej; 9TUM Mbl BBIBEJIH U, & U — ITO Ta BEPIIUHA, B KOTOPYIO Mbl B CBOE BpeMsl, JIaBHBIM-JIAaBHO,
HONLIA U3 v]: BeJb Mbl CPABHUTE/IBLHO HEJABHO OTKATHJIACH U3 U B U]. SHAYNUT, BBIBOJ U] KOPPEKTEH (eC/iU BbI
COBCEM 3aIly TAJIUCh, TO IPOCJIEIUTE ITO HA HAIIEM IIPUMEpPE: TYT v] = 2, u = 4, a 06CyKIaeM Mbl KOPPEKTHOCTh
BBIBOJIa 2 B OII€pATOPE, IOMEYEHHOM 3BE3104KO. BooOIre, mepeBoauTe BCe pacCyzK/I€HUs HA HAII IPUMED, OH,
[I0-MOEMY, JIOBOJIbHO XOPOIIO MJUIIOCTPUPYET TYT BCE, O YEM i TOBODIO).

Tax uyTo HaIr BBIBOJ Bee eIlé OyaeT KOPpPeKTHBIM. Jlajiee MBI OIsITh OyIeM OTKATBIBATHCST HA3aJ1 0 TeX I0P,
[IOKa, He OTKATHUMCS B BEPIIUHY, OTKYy/a OyIer Kyja WITH, ¥ T.J. —a TaM OISTh BCe OYIeT aHAJOIUYHO U T.I....
Hakomner, nocaedhetl Mbl BBIBEJIEM Ty Ke BEPIIUHY, 9TO U [EPBON BBIBEJIU: JEHCTBUTEIHLHO, BEJIb MBI U3 TJIABHON
uporpammbl 3amycruin find(vy), 1osroMy nocaedusas uponedypa find, u3 KoTopoii Mbl BbliizieM, GyJeT UMEHHO
9Ta, U HOCJeIHel BBIBEJIEHHON BepInuHOil OymeT v1; a BbIe Mbl BUIEIU, 9TO IIEPBOIl BBIBEIEHHON OymeT OHA
Ke — T.e. JIeHICTBUTEILHO IUKJI 3aMKHETCSI.

BoJiee-menee nonsiTHO, 9TO ajropurm padoraer. IIpaBia, He yBepeH, U4TO BBINIEIPUBEIEHHBIE PACCY K IEHUSI
MOXKHO TIPDEBPATHUTD B CMPo20e 00Ka3aMesbemeo (T.e. PACKPBITh «U T.JI.» TaK, YTOOBI BCe ObLIO CTPOrO); MOXKeT
OBITH, CTPOTO BCE JIOKA3BIBAETCHA METOJIOM OT IIPOTUBHOIO — €CJIM IECTHO, He 3Hal... Ho uies, g Hamemoch, sicHa.

A Torya sicHO M TO, 9TO HYKHO JIeJIATh JIJIsl CJIydasl MOUCKa SUIepoBa nymu u Jjist paboThl B OPUEHTUPOBAH-
HBIX Tpadax. A UMeHHO, Jiis SiIepoBa IIyTH HAJIO0 IIPOCTO HANTU OJHY W3 JIBYX BEPIIUH C HEYETHON CTEIEHBIO
(ImycTh BEpIIMHY ¥1) M 3allyCTUTHCS U3 HeE. AHAJOTUUHBIMU PACCyKJEHUSIMI MOXKHO OObSICHATH, ITO IepBAast
BepIlUHA, KOTOPYIO MbI BbIBEIEM, OyjIeT dpyeas BEPIIMHA C HEYETHOW CTEIEHBIO, M YTO TO, YTO MbI BBIBEIEM
J[EWCTBATENHHO IIyTh B rpade, U OH 3aKOHYUTCS B BEPIIUHE V.

B opuentuposannom rpade mHeckoabKo xurpee. Bo-1mepBhixX, TaM KPUTEPUil HEMHOTO JIPYTOM: [T IIUKJIA TaM
HaJI0 TPebOBaTh PABEHCTBA BXOJMIIEH 1 BHIXOMIIEH CTEIeHN sl KaXK 0l BEPIIMHBL (T.€. DABEHCTBA KOJMYECTB
BXOJISIIIUX U BBIXOJAMIUX PEGED ). BO-BTOPDIX, MOCKOJIBKY MbI BBIBOJUM IIyTh «KaPAKATUIIEH», TO HIATH 110 pEOpaM
B IIOKCKE B IIyOUHY HAJIO HABCMPeyYy CTPEJIKAM, UTOOBI OKOHYATEJIBHBIH Iy Th IIEJI KaK II0JI0YKEHO. Paccy K ieHust,
00 BbACHAIONNE KOPPEKTHOCTD, IIPOBOAATCS anajaorndno. Emé ne 3abymeM, 9T0 yaaasith oOpaTHoe pedpo TyT He
HaJo (T.e. KOryia MAEM U3 § B j, HRJO CTUPATH TOJLKO PeOpo i — j, a j — i He HaJo).

Samauue 9: Hanuwume u ommecmupyiime ai20pumm noucka 3UAepo8a YUKAG 6 OPUECHMUPOBAHHOM 2pade.

(Ha camoMm jiesie, KOHEUHO, 51 HAJIEIOCh, YTO Bbl HAIIUIINTE 6C€ AJTOPUTMBI, KOTOPbIE TyT 0OCYKJIAFOTCs, HO
9T0 — 0c060 BasKHOE 3a/IaHNe :))
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Bamanue 10: (hemnozo Goaee caodcnoe dadanue). ITodymatime, Kax uckamo 3UAEPOS TyTh 68 OPUEHMUPO-
sanHoM epage. A UMEHNHO, KAKOGHL KPUMEPUU CYULLCTNGOBAHUA NYMU 68 opuermuposarnom epagde? Kax nado
nucamd arzopumm? Iowemy on 6ydem pabomamsv? Hanuwume u, Konewno, nomecmupyime e20.

Emg ormedy, uTo Bcé 910 paboTaer u s Ciiydas KpaTHBIX PEGep, meresib u T.7. (T YBeJInInBAeT CTeleHb
COOTBETCTBYIOIEH BEPINUHBI HA JBA). AJINOPUTM JaKe He IPUIETCH MEHATb, KPOME TOrO, YTO HaJ0 aKKypaT-
Hee XpaHUTb Ipad u cruparb pebpa (T.e., HAPUMED, B MaTPUIE CMEXKHOCTH XPAHUTD YUCAO DEOEP MeXKIy
BepIIUHAMEI, KOTOPOE MOXKET ObITh U 60Jibile 1 — B cilyyae KpaTHBIX pEbGep — U cTuparh pedpo yMEHbIIEHUEM
COOTBETCTBYIOIIETO JIEMEHTA MATPUIIBI CMEXKHOCTH ).

A Teriepb HEMHOTO OOCYJIMM CJIOXKHOCTH 9TOTO aJITOPUTMAa. B Toii ero peajmsaruu, KOTopasi MPUBEIEHA BbI-
1€, CJIO?KHOCTH OIEHUTDH HEIPOCTO, HO, MOXKAJIYi, MOXKHO Tak. Bpemsi paboThI OHOI HPOIEILyPhbl, HE CIUTAs
PeKypCcHUBHBIX BbI30BOB, Oyuer O(V'). Beero BbizoBos uponenyp 6yner E, Bellb MMEHHO CTOJIBKO BEDINUH Mbl B
utore BeiBesieM. [TosTomy Bee paboraer 3a O(V E).

Ho, eciiz moymars, TO SICHO, 9TO aJIrOPATM Ha CAMOM JleJie JiejlaeT Kydy JIuiiHel paborsl. JleificTBuTebHO,
ecan B find(4) MBI y2Ke JIOIMIIN IO BEPIIMHBI j, TO TOYHO BCe IPEbLIyIue peGpa Mbl yxKe cTépsm. Torja, Korua
ecJ Mbl B 04epejHoii pa3 3amycrum find(i), Ham He HaIO Oyjer nepebUpaTh BCe BEPIIMHBI CHAYAJA, MOXKHO
nauanHaTh ¢ j + 1. (Peub He uzér 0 TOM, 9TO HAM JIEJIATH, KOTJAa Mbl 6€PHEMCA HA TOT YPOBEHb DEKYDPCHUH, TJe
MBI JIOILJIU JIO BEPIIMHBI j, & O TOM, YTO Ha 0oJiee TJIyOOKOM yPOBHE PEKYPCHUU MbI MOXKEM OISITh 3aIlyCTUTh
find(7)). MozxHo, HapUMeEp, B 0COGOM MaCCUBE XPAHUTh, HA KAKOi BEPIIMHE Mbl OCTAHOBUJIACH, [IPOCMATPUBAS
cocenielt i-oii (T.e. B cur(i] OymeM XpaHUTh, KAKOTO IIOCJIEIHEr0 COCEIa Y 4 Mbl CMOTDEJIN), U U3MEHUTDH IUKJI B
find wa wTO-HMOYIL THUIIA

while cur[il<n do begin
inc(cur[il);
if gr[i,cur[i]]1<>0 then begin
grli,cur[i]]:=0;
grlcur[i],i]:=0;
find(cur[i]);
end;
end;

Terepsr Bpojie JOTKHO ObI paboTaTh GbicTpee (Tmma 3a O(V?2); HO 9TOT KO o He TIPOLYMBIBAT 0 KOHIIA,
BJIPYI' 3JI€Cb €CTh Kakue-HUOY b IO0ABOHbIE KAMHHM), HO II0-MOEMY eIl¢ IpOIle HAIUCATH BCE, €CJId XPAHUTH
rpad CIMCKOM COCeIHMX BepmuH (BOOOIIE, BCE OCHOBAHHOE HA IIOMCKE B IiybuHy Oyjer ObicTpee paboTaTrh Ha
CIIUCKE COCEHUX BEPIIMH — sI Y2Ke FOBOPUIL IIPO 3T0). 7, noxkaJyii, ne Oy/ly HIPUBOJUTDH 3/€Ch COOTBETCTBYIOIIEH
peasm3anuu (TYT HaJ0 GbITH OCTOPOXKHBIM C y/aJleHneM OOpaTHBIX PEGED, T.e. KOIJIa MJETe U3 BEPIIMHBI { B ],
V/IAJIUTh He TOJBKO Pebpo ¢ — 7, HO U pedpo j — i; KaK CJIeICTBHE, Jisi OPUEHTUPOBAHHBIX IPAdOB, T/I€ YIAIATH
BrOpOE pebpo He Hazo, TyT Bee upome). Tem He MeHee 310 103BoJIsieT H06uTHCs Bpemenu paborsl O(F), kak
U BCEX OCTAJIbHBIX aJI'OPUTMOB Ha IIOUCKE B [iyOuHy (T.e. JiumiHeill paGoThl MBI TYT JeJarh He OyJeM, TOJIbKO
XOJIUTH 10 PEGPaM — [0 KaXKJIOMY 110 Pa3y — U BBIBOJUTH BEPIINHBI).

Yactsb . MNMouck B rnybnHy Ans opueHTUPOBaHHbLIX rpacpoB: Tonosiornyeckasl copTu-
pOBKa U CMe>XXHble BOMNpPOChI

Ha mepBbiii B31JIsi)i MOXKET II0KA3aThCsl, OCOOEHHO II0CJIe TPOYTEHUsI TIEPBOii YACTH ITOIO TEKCTa, YTO ITOUCK
B TUIyOuHY JIst opuenmuposannsix rpados Hidero xoporero He jgact. Ho aro He Tak. Kak Hr crpanHo, HO opu-
€HTHPOBaHHbIE IPadbl — MOXKAJIY#l, HanboJIee IACTO UCIOJIb3yeMast apeHa Jjis IIoucKa B riryouny. B gacTtrocTn,
TOIIOJIOTUYIECKAs COPTUPOBKA AINKJINIECKOro rpada 09eHb 9acTo ObIBAECT HYKHA, HABEPHOE, HAMHOTO YaIlle, IeM
npoBepka rpada Ha JIBYJ0JIbHOCTD /HA JEPEBO. ..

B obmiem, B 3TOM pasjesie Mbl OyIeM pacCMaTpUBATh OPUEHTHUPOBAHHBIE I'DAdBI.

§1. Tomosiorudeckasi COpTUPOBKaA. Auyukiuveckum HaA3bIBAETCSI OPUEHTHPOBAHHBIN Ipad, B KOTOPOM HET
(opuentupoBaHHBIX, KOHEYHO) 1uKJI0B. KOHTpOoabHbIA Bompoc 11: [Honumaeme Au 6bi, 4mo 9mom KAacc
HAMHO020 wupe, yem depesva? T.e. wmo ayurauveckutl 2pag — 3mo He MOoALKO OPUEHMUPOBAHHOE JEPEGO?

Camast OCHOBHasI 3aJ1a9a, KOTOpasi MOYXKeT OBbITh MOCTABJIEHA HA AIMKJINIECKUX Tpadax —ITo monosozue-
ckas copmuposka (COKPAIEHHO TOIICcopT) Takoro rpadga. HecMoTpst Ha cTpainHoe Ha3BaHUe, Ha CAMOM JIeJie 3TO
pocTo. 3aja4a COCTOUT B TOM, YTOOBI IIPOHYMEPOBATH BEPIIUHBI I'pada Tak, 9Todbl Bee pebpa IIN U3 BepIIuH
C MEHBIUM HOMEPOM B BepImHY C 06sbimmM. Vi, rOBOps MO-APYroOMYy, PACIIOJIOXKUTH BEPINUHBI HA HTPAMOI
Tak, 9T00BI Bce pebpa I cjeBa HampaBo. Kiaccuyaeckast JiereHia 3aa4qu IJIACUT: eCcTh [N eI, KOTOpbIe HAJ0
cuesiarh. [Ipu 9TOM 1IIPO Kazkioe JeJ0 U3BECTHO, KAKKe JIejia HaJ0 CIeNaTh 00d43areabHo do Hero (i, coOoTBET-
CTBEHHO, U3BECTHO, KaKHe HaJo CIejaTh nocae). Tpebyercs: onpesesuTb MOPsIOK, B KOTOPOM HY?KHO JIEJIAThH
9TH Jlera.

OueBuiHO, 9TO, €ciiu B rpade ecTh MUKJIBL, TO 3aja4a pertenns: He umeeT. OKa3bIBaeTCsl, €CJIU IUKJIOB HET,
TO 3a/lada UMEET DeIleHne; KAK Bbl y2Ke, HaBePHOe, JOTaIAJINCh, MOKA3bIBATH MBI 3TO OYIEM IPEIbIBICHAEM
COOTBETCTBYIOIIETO AJITOPUTMA.
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Ha camowm jiesie ecTb d6a JOBOJIBHO CYIIIECTBEHHO Pa3HBIX AJITOPUTMa PelleHus 3Toii 3a1aun. [lepsbrit BoobIIE
He HCIIOJIb3YeT UJIeU HOKMCKA B INIyOUHY®, JOBOJBHO OUYEBHJICH HJICHHO, HO HEe OUeHb TPHBHAJICH B PEAJIHM3AIINM.
On npusenén B «lckyccrBe nporpamvupoBanust s 9BM» Kayra u moromy st Oyy Ha3blBaTbh €ro METOIOM
Kuyra (oH ucHosb3yercs pejiko, U sl He 3HAI0, €CTh JIM y HEero CraHjapTHOe HaszBaHue. Kcraru, KOrmga roBopsr
«QJITOPUTM TOIIOJIOIMYECKOl COPTUPOBKK», OOBIYHO [IOHMMAIOT HE 3TOT, a BTopoii). CocrouT 9T0T ajropurM B
CJIEJIYIOIIEM: B JIIODOM aIlMKJINIECKOM I'pade TOUHO €CTh «CTOK», T.e. BEPINUHA, U3 KOTOPOI He BBIXOIUT HU
ojiHOTO pebpa (T.e. BepUIMHA, Y KOTOPOH ucxodAwas cmenerd pabHa Hym0). O4eBUIHO, €8 MOXKHO HOCTABUTH
nocsiesneit. [locie 3Toro Kak 6bI MBI HU CTaBUJIM OCTaJIbHBIE BEPIIUHBI, IIPOOJIEM ¢ PEOpaMU, WIYIIUMUA B MYy
BEpINUHY, HEe BO3HUKHET: OHU B JIIOOOM cjydae OyayT MATH HampaBo. Torma 3Ty BepIIMHY BMECTE CO BCEMU
BXOJSNMMA B Heé pEOpaMu (a UCXOIMAIIMX, Mbl IIOMHUM, HET) MOXKHO BBIKUHYTH u3 rpada. [losyuusinuiics
rpad Takke OyIeT ArMKJIMIECKNM, U B HEM TOXKe 00s3aTesibHO OyzmeT cToK. llocTaBuMm ero Ha mpejmociennee
MEeCTO B MacCuBe U BhIKHHeM u3 rpada. U tak gajee. O4eBUIHO, YTO B UTOTE BCE MTOJIY IUTCS: TTOCKOJIBKY KaXKJLYIO
BEPIIUHY Mbl CTABUJIU TOJIBKO TOIJIA, KOIJA OHA CTAHOBHJIACH CTOKOM, TO MpOOJeM HU C KakuMu pébpamu He
[TOJTY YU TCS.

Kcraru, s Hajeoch, 09e€BUIHO, TIOYEMY B JIOOOM AIUK/InIecKoM rpade obs3aresibHo Hadiiéres crok? Ecaun
€ro HeT, TO BCTAHEM B MPOU3BOJILHYIO BepinuHy. VI3 Heé ecTh BbIXOsIiee pebpo — moiiiém mo Hemy. lasbire
ONSITh HARIETCsI BbIXOsIIEee peOpo — u T.11. ['yasTh 110 rpady Mbl CMOXKeM 10 OECKOHEYHOCTH, & ITO 0003HAYAET,
9TO BEPIINHBI 00sI3aTE/IbHO IOBTOPSITCS — HalIETCst uKJI. [IpoTuBopeune.

Takum 0b6pazoM, aJIrOPUTM: HAXOJMM KaKON-HUOY/Ib CTOK, CTaBUM €r0 Ha IIOCJIE/IHEE MECTO B BBIXOIHOM
MACCUBE, BBIKAIBIBAEM €ro (a Ha CaMOM JieJie IPOCTO IOMEYAeM B COOTBETCTBYIOIIEM MACCUBE, 9TO OH BHIKUHYT,
u B OyiymieM [pyu pacdére UCXOJsINeli CTeneHu He yIuTbiBaeM ero). Jlajblie HaX0uM HOBBIH CTOK U T.J., II0Ka
HE PACCTABMM BCE BepINUHBI. FC/M HA 0YepeHOM Imary CToka He HalIETcs, 3HAYUT, rpad He AIUKJINIECKUii.
3amMerbTe, 9TO MbI TAKUM 00PA30M JIOKA3aJId, YTO JIFOOOH alMKJINIeCcKuil rpad MOXKHO OTTOICOPTHUTH.

B npocreiiteii peasuzaiuu 3TOT aaroputm oyser paborats 3a O(V3): neiflcTBUTEbHO, KA IBIil MOUCK CTOKA
sarmmaer O(V?2): mepebpaTh Bce BEPITUHBI U I KayKIO0i MOCTHTATH MCXOATILYIO CTeTeHb — a TAKHX TOMCKOB
Hay10 caeath V. Ho MOXKHO Ha caMoM jiejie BCe YCKOPUTH, ¥ B UTOre TOJIYYUTh IPOrpaMMy, paboTAoIIyIo 3a
O(E) (xkax Bcerya, upu yCJIOBUH, 4TO rpad XPAHUTC CHUCKOM CMEXKHBIX BEDIIUH).

Bagaume 12: Hanuwume smy npoepammy. Ilonpobytime npudymamsv, Kakx MOHCHO 36CMasums eé pabo-
mamov bvicmpee. Ha camom deae amo deaaemces 6 d8a amana: 80-nepevlir, 3aMemum, wmo Kaicdol pa3 nepe-
CUUMDBIBAMD UCTOOAWYIO CMENEHb HE HAd0, a4 Ha 8MOPOM IMANe 8aM NPU2OOUMCH CMPYKMYPL 0aGHHT 0epeds
uau cmex. Ionpobyime npudymams smo camu. Ecau we npudymaeme, mo cmompume nodckasku, KOmMopoie
ecmsv no amomy 3adanuto (6npouem, Kax u no Hexkomopwvim opyeum). Obszamesvro nomom npowumatime nood-
CKA3KY U OMBEM; 8 YACTHOCU, Mam OYIem npumep TPAHERUA 2PaPa CNUCKOM CMENCHDIT BEPULLH.

Kcraru, 3amedy, 9ro, 09€BUIHO, BMECTO CTOKOB MOXKHO TOYHO TaKKe UCIIOJIB30BATH UCTOKU — BEPIIUHBI, Y
KOTODPBIX 6T00AWAA CTENIeHb PaBHA HYJIIO, U BOOOIIE, 3a/1a9a TOIOJOTHIECKO! COPTUPOBKHU 00JIa/1aeT COOTBET-
CTBYIOIEH CUMMeTpHeil: eci 06paTuTh Bee pedbpa, TO UCKOMBII TOPSJIOK BEPIIUH TOYXKE IPOCTO OOPATUTCH.

BoimenpuBe 1EHHBIN AJITOPUTM HA CAMOM JIeJIe O9eHb UHTEPECEH, a J[BE UJIEU er0 YCKOPEHUST BEChMa KPACUBBI.
Ho mepeiiém k0 BTOpOMY ajirOpuTMy, KOTOPBI HAIPSIMYIO UCIOJIB3YeT MOWCK B rayouny. /laBaiite, kKak u B
[IEPBOM aJIrOpuTMe, OyJ/IeM 3al0JIHATH BBIXOIHON MAaCCUB CIIpaBa HAJIEBO, T.€. OT OOJIBIINX HOMEPOB K MEHBIITUM.
Tlomymaem, Korja MOXKHO ITOCTABUTH HEKOTOPYIO BepriuHy! (QUeBHJIHO, JIMIIb IIOC/E TOr0, KaK IOCTABJIEHBI
BCe BEPINMHBI, B KOTOPbIe U3 Haleil uayT pebpa. [losydaem cireyomniyo mporeypy, CTaBAILy0 BEpITUHY | B
BBIXO/IHOI MaCCHUB:

epebpaTh BCe BBIXOJAININE U3 4 pebpa U MOCTABAUTH B BHIXOHON MACCHUB BEPINUHBLI, B KOTOPBIE 9TU pedpa UIyT.
ITocste sToro mocraBuTh HamIy.

Ho kak mbl Oy7eM CTaBUTH 9T caMble BEPIIUHBI, «B KOTOpbIE 3T pebpa mayT»? OUeBUIHO, peKypcusHviM
sv3060m! TobKO He 3a0yieM IPOBEPUTH, & BIPYT Ta BEPIINHA Yo+ce OCTABJIEHA B BBIXOHOM MaccuB. A Toria
9TO €CTh BBIJIUTHIN IOUCK B IIyOUHY:

procedure put(i:integer);

begin
if was[i]<>0 then exit;
was[i] :=1;

for j:=1 to n do
if gr[i,j]1<>0 then
put(j);
3amycaTh BEPNMHEY i B BHXOJHOHE Maccus;
end;

Urak, emé pa3. IIporeaypa put ctaBUT BepIIUHY ¢ B BBIXOJHON MaccuB. lIpexe weMm Tyra e€ mOCTaBUTh,
OHA TIBITAETCS OCTABUTH TYJa BCE BEPIIMHBI, KOTOPBIE JOJXKHBI MJTH IOCJe i-0ff (HAIIOMHIO, UTO MACCHB MbI

5Hy, KOHeYHO, MOXKHO, HaBEPHOe, HAMTH KaKue-HHOYIb HIEHHBIE CXOICTBA y STUX JBYX AJCOPHTMOB, U IasKe, MOMKET OBITh,
MOYKHO, CUJIBHO TIOMYYHUBIIHUCH, TONBITATHCA OOBABUTH, YTO B KAKOM-TO CMBICJIE OHU OJIMHAKOBHI. . . Ho, MOXeT 6bITh, 3TO BOOGIIE
BEPHO JJIs1 A100bix IByX PEIleHui OHON 1 Toii ke 3amadn? :)
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3aII0JHsIEM C KOHIA); eCTECTBEHHO, 9TO JIeJIAeTCsl PEKYPCUBHBIM BbI30BOM. Ilociie TOro, Kak 3TO BBIIOJHEHO,
MOYKHO HEIOCPEJICTBEHHO MOMECTHUTD § B BBIXOHON MACCHUB.

To ke MOKHO CKa3aTh HEMHOTO TIO-JIPYTOMY: IPOIEAYPa YoescAaemes, ITo i-s BEPIIIHA yIKe CTOUT B BBIXOJI-
noMm maccuBe. Ecsin crout, TO OK, nHade IPOIeypa MOMEIIAET €€ Ty/Ia C COOIOIEHNEM BCEX MEDP IIPEIOCTOPONK-
HOCTHU. A UMEHHO, IIpeK/ie YeM IIOMECTUTDh BEPIIUHY B MACCUB, OHA IIepedNupaeT BCe BEPIIUHBI, KOTOPBIE JO0JIZKHBI
uaTu nocie i-oit u ybesrcdaemes (PEKYPCUBHBIM BBI30BOM, KOHEUHO), YTO 3TH BEPIINHBI TaM y2Ke CTOAT. Takum
06pazoM, mocsie Bbi3oBa put(j) j-s BepiIuHA TOYHO OyueT B BBIXOAHOM MaccuBe. Maccus was 31ech hakTuiecKu
KaK pa3 0003HAYAET, HAXOAUTCS JIU BEPIINHA Y2K€ B BHIXOIHOM MACCUBE WJIM HET.

(Ha Beskuil corydaii 3aMedy JOBOJBHO OYEBUIHYIO HA MO B3IV BEIllb: 311eCh Y HAC, BOOOIIE roBODs, €CTh
dse cxeMbl HyMEpAIlUN BEPIUH: OJ[Ha — TaK, KAaK OHU 33JIaHbl BO BXOJHOM daiije, BTopast — UCKOMasl IIPHU TOIIO-
JIOTUYECKON COPTUPOBKE. Besjie 101 HOMEPOB BEPIINHBI 5 TOHUMAI0, KOHEYHO, HOMED €€ Tak, KaK OHa 3a/[aHa BO
BXO/IHOM (baiie.)

Kaxk peanmzoBarh MOCJIEIHIO CTPOYKY B MPUBEIEHHOM BhIIe mporeaype? OdueBuiHo. 3aBeéM o0 bHbBII
MaccuB out, B KOTOpPOM Oynem (OpMHUPOBATH PE3YIHTAT COPTUPOBKU, U CUETIUK POS, KOTODPBIH Oy/meT yKa3bl-
BaTh, KAKYIO MO3UIMs MbI ceiidac OyieM 3al0JHATh (T.€. IEePBYIO CBOOOIHYIO IIO3UIMIO [IPY JBUXKEHUN CIIPABA
HaJsleBo). VI3HAUAIBHO POs = n: 3all0JHEHNE MAaCCUBa HAIMHAEM ClIpaBa. Torja Moy aeM CJIe Ly oI aJroOpuTM
TOIOJIOTMYECKOH COPTUPOBKU (U151 €JMHOOGPA3Hsl IIEPEMMEHOBAJ TIponeaypy put B find):

procedure find(i:integer);
begin .
if was[i]<>0 then exit; fillchar (was,sizeof (was),0);
was[i] :=1; pos:=n;
for j:=1 to n do for i:=1 to n do
if gr[i,j]1<>0 then find(i);

find(j);
out [pos] :=i;
dec(pos) ;
end;

O6paTuTe BHNMAaHME, 9TO BBI3HLIBATH IMOUCK B TIyOMHY IPUXOIUTCA MUKJIOM: ACHO, 9TO, 3AIlyCTHBIINCH U3
cytydaifHON BepIIMHBI, MBI He 00s13aTeJIbHO 000HEM 6ech rpad, Jaxke ecian OH CBs3eH (a TeM 6Gojiee eciu OH
HecBsizeH). MOXKHO 9TO Ke CKa3aTh M IO-APYroMy: 9TOOBI OTTOICOPTUTH rpad, HaM HAJ0 y6edumuvca, ITO BCe
€ro BEPIIUHBI CTOAT B BBIXOAHOM MaccuBe. [109ToMy Ha0 3aIlyCTUTh IPONeaypy find u3 Bcex BEpIIHUH.

Bagauue 13: (npocmoe) Tax au scrno? Ipusedume npumep c6sa3H020 OPUEHMUPOBAHH020 2pada, Ha KO-
MOpoM 00HOKPAMHO 3anyuiertsill nouck 6 2aybuny ne obotidém ece sepwunv.. He zabydvme, uwmo ceasmwili
opuenmuposarHvLll 2pad — smo maxoti, Komopuili 6yoem ceA3HBLM, eCAl 3a0bIMb NPO OPUEHMAUUIO €20 PEGED.
Benommume 0okaszameabemeo mozo, 4mo nouck 6 2Ayouny 6 HeopueHmMuposarHom epade 06xodum 6cio Kom-
NOHEHMY CBAZHOCTU, U NOTMUME, NOYeMY IMO JOKAZAMEALCTNEO He PAbOmaem 6 CAYHAE OPUEHMUPOSAHHO20
epada.

O6paTuTe BHEMaHHE, KaK IPOCTO. eCATOK CTPOK — M pelleHa TaKas HeTpHBHAJbHad 3amada. M mymarb
[IOYTH HUYETO He HaJO, T.K. 3TO IPOCTO IMOUCK B iryouny. Ho nmmen ouens riryGoKme, OHI eIé aKTUBHO BCILILIBYT
B JMHAMUYECKOM Iporpammuposannu, Hanpumep. (IIpusen@uublil Bhime «ajroputym KHyTa» ToXKe, HaBEpHOE,
MOXKHO PEeaJIn30BaTh TaK KOPOTKO, TOJIBKO TaM JIyMaTh HAJO...)

CJ103KHOCTh, KaK U BCerjia y MOUcKa B LIyGuHy, y npubenénnoro soimte aaroputva O(V?), a, ecim rpad
XPAHUTh CIIUCKOM cocennux BepuinH, 10 O(F).

§2. IIpoBepka rpada Ha AUUKJINIHOCTH. Kak npoepurh rpad Ha anukiandHocTh? Ha camom fene Bee
o4eHb IpocTo. Kaxkercsi, TOUHO TaKkKe, KAK [IPOBEPSITh HEOPUEHTUPOBAHHBIN rpad Ha TO, SBJISIETCS JIU OH JIECOM,
TOJIBKO, MOYKeT OBbITh, ellé mpolre. BeraneMm B IpOM3BOJIBHYIO BEPIIUHY U MOWIEM IIOUCKOM B IyIyOuHy. Ecim xors
pa3 BepHEMCsI TYJIa, Ije yKe ObLId, 3HAYUT, rpad TOYHO He arukandeckuii. Xors... Her! Huuero momobuoro!

Samaume 14: [Ipusedume npumep ayuKAUMECK020 2pada, 6 KOMOPOM MbL NPU NOUCKE 8 2AYOUHY NONadéMm
8 8ePWUHY, 6 KOMOopol yotce Ovuay paHbUlLe.

Yro xke menars? [loxkasyii, s MOy IpejjIOXKUTh JiBa BapuaHTa. [lepBbIil: Ha caMOM Jiejie, BUJMMO, ITHKJI
HaAETCs, eC/ii Mbl BEDHEMCsI B Ty BEPINUHY, KOTOPYIO €IIE He 3axoruuau obpabarbiBaTh. T.e. Ternepb BBEIEM
MPU COCTOSIHUSI BEPIIUH: B KOTOPOI MBI €I He ObLIN, KOTOPYIO Mbl Hada/m 00pabaThiBaTh, HO €IIE He 3aKOH-
YU, U KOTOPYIO Mbl y2Ke 00paborasu (MX 9acTo HA3BIBAIOT, COOTBETCTBEHHO, OEIBIMH, CEPHIMU U YEPHBIMU).
T.e. Teneps maccuB was kKpome 3uadennit 0 u 1 Oymer npuHUMATH emE 3HAYEHne 2: BEPIIUHBI, KOTOPYIO MBI
0bpaboTasi 10 KOHIA; 9TO 3HAYEHNE MbI OyIeM yCTAHABJINBATH Ha BBIXOEe u3 mnponeaypsl find. Ecian nemuoro
[IOJIyMaTh, TO MbI HAIIJIM [UKJI TOT/Ia U TOJBKO TOI/A, KOIJa BEPHYJIUCH B CEPYH BEPIIUHY:

procedure find(i:integer); was[i] :=1;

begin for j:=1 to n do

if was[il=1 then if grli,jl<>0 then
rpad He aIMKINIeCKHi find(j);

if was[i]<>0 then was[i]:=2;
exit; end;
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JleficTBUTEIBHO, B KaXK/IBIIl MOMEHT «Cepble» BepIIMHBI (y KOTOPhIX was = 1) obpasyor nyms B rpade, B
TOYHOCTHU COOTBETCTBYIOIINIA CTEKY BBI30BOB MpOIeyphl find. Ecin Mbl BEpHYINCH B OJIHY U3 HUX, TO MBI TOYHO
HAIIA UK. K HeMHOTO MolyMaTh, TO BHJUMO BEPHO OOpATHOE: UTO, ecjiu Ipad He AlUKINIeCKUil, TO MbI
XOTsl OBl OJMH TUKJT Haiaém. Mokere Ha | 9TUM TOAYMATh, MHE 3TO KAK-TO € XOJy HE OYEBUTHO.

Ectb BTOpPOIi, COBEPIIIEHHO TYIION, aJIrTOPUTM IIPOBEPKH I'pada HA AlUKJIMIHOCTD: 3aIlyCTUM BbIIIEIIPUBEIEH-
HBII AJIFOPUTM JIJIsI TOLOJIOMMIECKOH COPTUPOBKY (MCIOJIB3YIOMUI TONCK B TIyOHHY, & He «aaroputM KHyTas ).
OH 8 A1060M cayuae BBIIACT KAKyIO-TO MOCJEIOBATEILHOCTD BepInH. Ecan rpad alyukInIHbIA, TO 9T0 OyaeT
periienune 3a1a49u o Torcopre. Kcym rpad He anuKINIHBINA, TO 9TO MOoYH0 He DYIeT PelIeHueM 3aJIa91 O TOICOPTE,
T.K. B HEAIMKJIMIHBIX rpadax OHa PEIleHus He UMeeT. SHAYUT, MOYKHO IIPOCTO ITPOBEPUTH, BEPHO JIH, YTO BCE
pebpa WiIyT cjieBa HAIIPaBoO B IOJIy4YeHHOM I'pade, U, ecjid Ja, TO rpad aluKJINIecKuil, nHadYe HET.

Samaune 15: [lonpobytime nonamy, novemy 6 6oUenpusedénnol udee HeAb3A 68 A00 3AMEHUMD AAOPUMM
MONCOPMA € NOMOUWDBIO NOUCKE 8 2ayoury na <aszopumm Knymas. Ho «anzopumm Knymas maxtce HeECA0HCHO
nPpUCNoOcobumsd dan nposepry 2pada Ha AUUKAUYHOCTD; npudymatime, Kax.

Bee sTi anropuTMbl Toxke, KoHedno, paborator 3a O(V?) wim O(E) B 3aBUCHMOCTH OT CIIOCO6a XpaHEHHs
rpacda.

§3. KoMIIOHEHTBI CUJIBHOM CBA3HOCTU. ['0BOPSIT, YTO JIBE BEPIIUHBI U U ¥ HAXOSITCS B OJIHOI KOMIIOHEHTE
CHJIBHOMN CBSI3HOCTH OPMEHTUPOBAHHOTO rpada, ecim cylecTsyer (OpHeHTUPOBAHHBIH, KOHEUHO) IIyTh KaK U3 U
B v, Tak u HazaJ. HecJoKHO BUJETD, UTO, €CJIU U W ¥ HAXOJSTCSA B OJHON KOMIIOHEHTE CUJILHOW CBA3HOCTU U
VU W TOXKE, TO U U U W TOXKE HAXOMAATCH B OJHOH KOMIIOHEHTE CUJIBHOM CBI3HOCTH (3TO CBOMCTBO HA3BIBAETCS
mpanaumuerocmyio). 1109ToMy MOXKHO pasOUTh BCE BEPIINHBI HA KOMIIOHEHTHI CUJIBHOI CBSI3HOCTH TakK, 9TO
KaxKJiasi BepIinHa OyjIeT pOBHO B OJHOW KOMIIOHEHTE; Ha PUCYHKe CIIpaBa IIPUBEIEH IIPUMEDP OPUEHTUPOBAHHOIO
rpada n pasbueHnst ero Ha KOMIIOHEHTBI CHIIBHOMN CBSI3HOCTH (3/1€Ch UX TPH).

Sagaume 16: 3auem mpebosams mpansumusrnocms? Jlasatime s nonpobyro onpe- 9 4
deaumb KOMIIOHEHTBHI CJIaDON CBSI3HOCTU CAEIYIOWUM 00pa30M: 08€ BEPULUHDL U U U 5
HALOOAMCA 8 00HOT KOMNOHEHME CAGDOOT CBAZHOCTIU, ECAU TOMA Obl 8 00HY CMOPOHY
ECMb NYMb, M.€. UAU €CTND NYMb U3 U 6 U, UAu Hadad, uau u myda u myda. Ume-
em au cmoica maxoe onpedeaenue? T.e. cymeeme au 6vt 6 Ar0bom 2page pazbums sce 6
BEPWUHDL HA KOMNOHEHMDL CAAO0T ceazHocmu? 1 3

Samedy, 9TO B AlUKJIMIECKOM Ipade KaykJIasi BEepIIUHA, sIBJISIETCA OTJAEJIHHON KOM-

[TOHEHTO CUJILHON CBS3HOCTH, TIOCKOJIBKY HAJUYNE JBYX BEPIIUH B OJHON KOMIIOHEHTE 5
CUJIBHOI CBSI3HOCTH OYEBHJIHO 0DO3HAYAET HAJIMYME ITUKJIA.

WNrak, mocraBuM 3a/1a49y HAXOXK/IEHUsI CUJIbHOCBSI3HBIX KOMITIOHEHT rpada. Ecrh u3-
BECTHBII aJI'OPUTM UX MOUCKa. 1 He 3Ha0, KaK JI0 HEr0 MOXKHO JIOLyMaThCsl CAMUM U
C TPYJOM IIPEJICTABJIAID, KaK ero Joka3arb (B KopMmeHe ecrb JByXCTpAHUYHOE JJOKA-

=
w

3aTEJIbCTBO €r0, KOTOPOE s € GOJIBIIUM TPYIOM OCO3HAJI), II0ITOMY § €r0 JIOKA3bIBATH
He Oyy.

Wrak, anropurm ciaemyromuii. CHavaIa 3aIyCTUM aJrOPUTM TOIOJOIMYECKO COPTUPOBKHU IIOMCKOM B TJIy-
OUHY — OH BBLIACT HAM HEKOTOPYIO MOC/IEI0BATEIbHOCTD BEPIINH (KOHEUHO, B CJIy4Yae HeAlMK/IMIecKoro rpada
oHa He OyleT pelleHHeM 3aJadd O TOICOPTE, HO KAKas-TO IOCJEeI0BATeJbHOCTh BepliuH nosydunrcs). [locie
3TOTO CJIETAeM CJIeIyTOIee: 3aIlyCTHM MOUCK B TIyOMHY €mié pas, HO OyJeM JBUTATHCS 110 UHBEPTMUPOEAHHDLM
pébpam, a BO BHENIHEM IWKJE TOUCKA OyJeM NMPOCMATPHUBATH BEPHIMHBI B TOM IOPSJIKE, B KOTOPOM HAM HX
BbLIaJ TocopT. T.e. oOpaTuM HaIpaBjIeHHE KazKaoro pebpa rpada U 3alyCTUM HOUCK B TJIyOuHy, nepebupast
BO BHEIHEM IUKJI€ BEPIIUHBI B 9TOM 0c¢060M nopsike. (IcHo, uro ckopee Bcero Bbl He OyJeTe MHBEPTUPOBATD
pebpa, a IpocTo B IOUCKe Oyjlere mucarh yciaosue tuna grj,i] <> 0 Bmecro grli,j] <> 0). YrBepxaaercs,
YTO T€ «KOMIIOHEHTHI CBA3HOCTH», KOTOPBIE BBl HAMIETE PN BTOPOM TONUCKE, KAK Pa3 | OyIyT CHIbHOCBA3HBIME
KOMIIOHEHTaMHU HUCXOIHOTO rpada.

procedure find(i:integer); e
var j:integer; procedure find2(i:integer); fillchar (was,sizeof (was),0);
begin var j:integer; pos:=n;
if was[i]<>0 then begin for i:=1 to n do
exit; if was[i]<>0 then find(i);

was[i] :=1; exit; fillchar(was,sizeof (was),0);
for j:=1 to n do was[i] :=nc; nc:=0;

if grl[i,jl<>0 then for j:=1 to n do for i:=1 to n do

find(j); if gr[j,i]<>0 then if was[ts[i]1=0 then begin

ts[pos]:=i; £ind2(j); inc(nc);
dec(pos) ; end; find2(ts[i]);
end; end;

Emgé pa3 obpatnre BHIMaHME, KaK aJTOPUTM COCTOWUT U3 JBYX YaCTeil: IepBble YeThIpe CTPOKU B OCHOBHOM
AJTOPUTME — TOIICOPT, OCTAJIBLHOE B TOYHOCTH TOBTOPSIET MOUCK OOBITHBIX KOMITIOHEHT CBSI3HOCTU B HEOPHUEHTH-
posanHo rpade. Obparure BHUMAHUE, UTO JIJIsi HUX HUCIOJIB3YIOTCS PadHbie mporeaypbl find, MOCKOJIBKY, XOTs
obe TIpolIe Iy phbl Pean3yoT IOUCK B TJIYOMHY, HO OHU JIEJIAI0T PA3HbIE Bl B JOIOJHEHNE K CODCTBEHHO ITOUCKY.
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EL[LG 3aMeqy, 9TO Ty T CTaHJdapTHaA OImuOKa — B PEKYPCUBHOM BBI3BOBE BO BTOpOfI nponeaype BbI3BaThb IIEPBYIO,
a He BTOPYIO, T.€. HAIIUCAThb

procedure find2(i:integer);

if gr(j,i]<>0 then
£ind(j);

Bcerjia, Korjia y Bac B mporpaMme eCcTb JIBe MPOIEIyPhl C IOXOXKUMHU UMEHAMHU, CJIEIUTe, YTOOBI UX HE Iepe-
nyratb. OCODEHHO ec/in 9TU MPOIELyPbl PEKYPCUBHBI — HE IMEPEIyTaliTe, IJe KaKy (PYHKIHUIO B PEKYPCUBHOM
BBI30Be BBI3BIBATE. Jlake OoJiee obIIee yTBEPKIEHNE: €CIIN €CTh /IBA ITOX0XKUX KYCKa KOJIa, OCOOEHHO BHUMATE b~
HO IIPOCMOTPHUTE, HE CTUIIOYIIIN JIU BbI rie-au0y 6. Hanpumep, eciin y Bac /iBa OUCKa B TIIyOUHY TI0 ABYM PA3HBIM
rpadam, He nepernyraiite rpadbl BHYTPH MIPOIEAYDP, HE TepeyTaiiTe peKypCUBHBIE BBIZ0BBI U T.11. OCOOGEHHO 3TO
BasKHO, €CJIU OJMH OJIOK BBI II0JIy9YaeTe KOIUPOBAHUE U3 JIPYTOro.

Emg obparnre BHIMaHME, YTO BO BTOPOM IIOUCKE UCIIONb3YeTCst g7 (4, 1] <> 0: HOMCK WIET B ”HBEPTUPOBAHHOM
rpade.

B obmiem, kak s y2ke cka3asi, s He 3HAIO, KaK J0 9TOr0 aJrOPUTMa MOXKHO JOWTH, W HE 3HAI0, KAK ero
JIETKO JI0Ka3aTh. 1109TOMy MMXO 3TOT aJrOpUTM HYXKHO MPUMEPHO 3amoMHUTH. COOCTBEHHO, 3aIlIOMUHATH TYT
HEYero: JiBa IMOUCKa B IVIyOuHy, IpU4IéM BTOPON — B MHBEPTUPOBaHHOM rpade. EjinHcTBeHHOE, YTO HE 0YEeBUIHO,
KaK 3allOMHUTH, — 3TO TO, B KAKOM IIOPSIJIKE CTOUT IepeOupaTh BEPIIMHBI IIPH BTOPOM Ioucke B riybouny. Ho
9TO JIETKO BOCCTAHABJIMBAETCSI: IIPEJICTaBbTe cebe ayuxauveckul rpad. B HeM, 09eBUIHO, KazKas KOMIIOHEHTA
CUJIBHOU CBSI3HOCTH — 9TO OTJIeJbHAsS BepiinHa. OQYeBUIHO, 9TO TaKhue KOMIOHEHTHI MbI ITOJIYYUM, TOJBKO €CJIH
OyJleM BTODOil MOUCK 3allyCKAaTh B HOPsi/IKe, KOTODbI Mbl IIOJIy4YdM H3 TOICOpPTa (He 3aby/jbTe, 4TO BTOPOH
nouck — B uHBepTHpOoBaHHOM Tpade!). KoHeuHo, 370 He 0YeBHIHO, a HAJO NPEJCTABUTH cebe AlMKINIeCKUH
OTTOIICOPYEHHBIN Tpad B yMe U IPOCTO NMPUKUHYTH, KAKUE IOCIEICTBUS OYIYT Yy Pa3HbIX MOPSJIKOB BBHIOOPA
BepiuH. Ecin Bee emg He NOHSITHO, TO HAPUCYHTE OTTOICOPYEHHBIN aluK/InYecKnii rpad u monpobyire B HEM
[I03AITyCKATD [TONCK B TUIyOMHY B MHBEPTUPOBAHHOM rpade, mepebupasi BEPITUHBI CIeBa HAIIPABO, CIIPABA HAJIEBO
7 T.II.

B obmiem, mo-moeMy, 3TOT aaropuTM IOBOJIBHO JIETKO MOYKHO 3aIIOMHUT.

Bananue 17: (hempusuasvhoe) He owesudno, wmo e pabomaem maxoti aszopumm: ommoncopmum pagh
U NOUIEM NOUCKOM 8 2AYOUNY 68 HEUHBEPMUPOBAHHOM 2pade CIIpaBa HAJEBO, M.e. 0M NOCACOHUT BEPWUH K
nepsvim. Ipudymaiime xKowmpnpumep K 9mMomy aa20pummy (KOHEWHO, Npudymams KOHMPNPUMED NPOULE, “4EM
dokaszamv Koppexmmocms :) ).

§4. Konnencanus rpada. Ilycrs y nac ects anukandeckuii rpad. Boigeanm B HeM KOMIIOHEHTHI CAJIHHON
CBSI3HOCTH M COYXKMEM KarKJ[YIO B OJIHY BepIuHy. T.e. pacCCMOTPUM HOBBIH rpad: B HEM KaxKj[asi BEPIIINHA OTBEYAET
KOMIIOHEHTE CUJIbHOCBSI3HOCTH HA4YaJIbHOTO rpada, pebpa, mielnne Mexx, 1y BePIINHAME U3 Pa3HbIX KOMIIOHEHT,
COXpaHeHbl (€C/IM IPHU ITOM II0JIYYaI0TCs apHbIe pebpa, TO OCTABJISIOT TOJILKO OJIHO U3 HUX), & pebpa, Iieime
B IIpeiesiax OJIHOM KOMIIOHEHTBI, He COXPAHSIOTCS. 10, UITO MOy IATCs, HA3BIBAETCs KOHIEHCAIIIE 9TOro rpada.

CrpaBa TpHUBEIEH MPUMEDP OPHEHTHUPOBAHHOTO TI'pada € BBIIEIEHHBIMUA KOMIIO-

HEHTaMU CHJILHOMN CBA3HOCTH (TO K€, UTO U BBIIIE, B TeMe PO KOMIOHEHTHLI CUJIbHON 2 4

CBSI3HOCTH), U €r0 KOHJIeHCAIH. II0CKOIbKY KOMIIOHEHT CUJIBHON CBSA3HOCTH TPH, TO 4
U BEPIIVH B KOHJIEHCUPOBAHHOM rpade TPH, COOTBETCTBYIOIINE TUM CAMBIM KOM-
[TOHEHTAM.

Samaume 18: Jokaosicume, 4mo KOHIEHCAUUS NPOU3BOABHO20 2Pada ABAAENCA 6

AUUKAUYECKUM 2DAPOM.

Kak mocrpouts KoujeHcanuio rpada’ Hy B mnpunmmie 10BOJIBHO OYEBUJIHO.
WimeM CHIIBHOCBsI3HBbIE KOMIIOHEHTHI, a II0TOM CTPOUM HOBBIH rpad (T.e. 3aBouM
HOBYIO MaTPUILy CMEXKHOCTH WJIM T.II.) U j100aBJjisieM B HEro pebpa, IpocTo npobera-
SICh 110 PEOpaM cTaporo rpada U Te, KOTOPbIE UIAYT B MIPEIEIaX OJIHON KOMIIOHEHTHI,
WTHOPHUPYEM, & T€, KOTOPBIE WIYT U3 OHOI KOMIIOHEHTHI B JIPYTYIO, J100aB/IsieM K mHoJrydatomemycs rpady. Bee
IPOCTO.

B uem cmbica koniencanuu? Hy Hanpumep ot B yem. IlycThb y Hac ecth HAOOP 0OBEKTOB, PO KOTOPBIE U3~
BECTHO, 9YTO UX MOXKHO B KAKOM-TO CMBICJIE YIIOPSIIOUUTD, U IIyCTh IIPO HEKOTOPBIE MAPHI OObEKTOB JAHO yTBEP-

{1,2,3} {45} {6}

JKJIEHUE BUJA «IEPBblii 00BEKT MeHble UAl paser BTOPOros (a IIpo OCTaJbHbIE [APbl HUYEro HE U3BECTHO).
fcno, 910 3TOMY COOTBETCTBYET OpHEHTUPOBAHHBIM rpad. HecioKHO MOHATH, 9TO KOMIIOHEHTBI CUIIBHOMN CBS3-
HOCTHU TAKOI'0 rpada — 3T0 MHOXKECTBa 00bEKTOB TaKKe, KOTOPbIE MOYHO JIOJIXKHBI OBITh PABHBI: BEJIb KaXKJIbIH
13 HUX IOJIyYaeTCsl MEHbIlle Wik paBeH cam cedsi. Torna JIOrmIHO 5Tu 06bEKTHl OObEIMHUTD B OJHY BEPIIHUHY,
BeJlb OHU BCE PaBHBI MexKj1y coboii. OcTajoch ONpeeuTh OTHOIIEHUs] MEXKJy TAKMUME <«KJIACCAMU», T.€. IIPO
HEKOTOPBIE KJIACCHI CKA3aTh, 9TO «O00bEKTHI OHOTO KJIACCA MEHbIIE U PABHBI OOBEKTOB APYTOoro Kiaccay. Fe-
JIA TIOJIB30BATHCA TOJHKO TEMH OTHOIIEHUSIMHU, KOTOPBIe HaM JIaHBI C CAaMOTO HadaJja, U He MBITAThCS MOJYIUTh
JIOIIOJIHUTEJIbHBIX CJIEJICTBUI U3 HUX, TO TO YTO HAM HaJI0 — 3TO KaK Pa3 U eCTh KOHJIEHCAIIUsI HAYAJILHOTO Ipada.

Bameuy, 9T0 ecJin ObI C CAMOro HavaJia ObLIN JJAHBI YCJIOBUSI BUA «OJUH O0BEKT CIMPo20 MEHbLULE BTOPOTO», TO
rpad 6611 Ob1 00sI3aH OBITH AIUKJIUIECKUM. SICHO, UTO B 9TOM CJIydae 3aJ[a9a KOHJIEHCAIMY DOJIBIIIONO CMBICJ/IE HE
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nmMeer (KOHJEHCAIUST allUKIMIecKoro rpada ectb caM 5ToT rpad, T.K. KaXK/Jas KOMIOHEHTa CUJIBHOMN CBSI3HOCTH
TYT COCTOUT U3 OJHOI BEPUIMHBI), HO MOXKET UMETb CMBICJI 3aJ[@da [OUCKA KAKOrO-HUOYIb HOPs/IKa 00bEKTOB,
HEe IPOTHUBOPEYAIIErO ITUM YCJIOBUSIM — & ITO JIEJIAET TOICOPT.

Emé 3amedy, 9T0 MOXKHO MTOCTABUTH 3334y Tak: 0a3MPysiCh HA JAHHBIX HAM YCJIOBUSX 00 00bEKTax, mepe-
YUCIHATDH HaAUub0oAbWee BO3MOYKHOE KOJTMIECTBO Hap 00bEKTOB, IPO KOTOPBIE MBI MOXKEM CJIJaTh aHAJOTUIHOE
yTBEpKIEHUE. 31€Ch NPUIETCS MOJIb30BATHCSA TPAH3UTUBHOCTHIO OTHOIIEHUS] «MEHbBINEe» (MJIN «MEHbBIIE WA PAB-
HO», B 3aBUCUMOCTHU OT TOI'0, KAKHME YCJIOBHsI HAM JIAHbI): T.€. TeM, 4To, ecyu a < b, a b < ¢, o a < c¢. T.e., ecn
HaM JIaHBI YCJIOBUA

a<b, b<ec b<d,

TO MBI JIOJIZKHBI CKa3aTh, 4T0 a < b, a < ¢, a < d, b < ¢, b < d, HO 1po ¢ 1 d HUYIero ckazarb He MOXKeM. Takast
3a/1a4a Ha3bIBAETCSl MPAH3UTMUSHM 3AMBIKGHUEM 2pada, OHA He PElIaeTcsl HA OJJHUM U3 PACCMOTPEHHBIX BBIIIE
AJTOPUTMOB, JJIsI HEeE €CTh OTAEJbHBIN AJTOPUTM, TTPO KOTOPBIH MBI TOTOBOPUM KaK-HUOYIb B JAPYToif pa3d —K
TIOMCKY B TVIyOWHY OH MMEEeT MaJiO OTHOIIEHMUSI.

§5. Bpemena Bxoza u Bbixoga. Ouenb 4yacTo npu 06CyXKIEHUN IIOUCKA B IJIyOUHY BBOJISIT TaKUE TIOHSITHS,
KaK BpeMEeHa BXOJa U BBIXOJa. A MMEHHO, 3aBeJIEM IJIOOAJIbHBIN CUETUNK «BPEMEHU» ¢ U KaXKJIblil pa3, KOra Mbl
nepBblil pas HaunHaeM 00pabOTKY OuepesiHOM BepIINHbL (BXOJUM B HEE), M KaxKJplil pa3, Korja 3aKaHIMBaeM
00pabOTKy BEPIIUHBI (BBIXOAUM U3 HEE) OyJeM yBeJUduBaTh ¢ HA eJIUHHUILY, & [OJLyYeHHOE 3HAUCHNE 3AlUChIBATD
KAaK «BPEMs BXOJa» WM <«BPEMs BBIXOJA» B/U3 9TOH BEpUIMHBI, COOTBETCTBEHHO. T.e. HOJLydnuM CjIeiyIonuii
aJICOPUTM:

procedure find(i:integer);

begin
if was[i]<>0 then ...
exit; fillchar(was,sizeof (was),0);
was[i] :=1; t:=0;
inc(t); for i:=1 to n do
s[i]:=t; find(i);

for i:=1 to n do
if gr(i,jl=1 then
find(j);
inc(t);
flil:=t;
end;

31ech s — MaccuB BpeMEH Bxoa (T.e. $[i] — BpeMs BX0JIa B i-10 BEPIIUHY ), & f — aHAJOTUIHBII MacCuB BpeMEH
BoIxo/1a. Ilepest 3amycKoM 1oucCKa B riryOuMHY 3aHYJIUM IIePEMEHHYIO t.

Ob6parure emé pas BHUMaHUe, 9TO [IpU pabdOTe STOro aJIrOPUTMa KaKJIbIil 3/IeMEHT MaccuBa § Oyler ycra-
HOBJIEH PO6HO OJMH Pa3 (T.e. KaXKJblil 2JieMeHT OyJeT yCTAHOBJIEH: He OYJET BEPIIMH, y KOTOPBIX BPEMsl BXOJA
OCTAHETCsT HEOIPEICIEHHBIM — U HUKAKON 3JIeMEHT He OyIeT MepennchiBaThCs: He OyIeT TaKOTO, 9TO MBI CHAYA~
Jia B 8[| 3amuinemM oHO 3HAUEHUE, a TIOTOM TYJa Ke JIPYToe), OCKOJIbKY KayK/Iyl0 BEPIINHY Mbl 00pabaTbiBaeM
POBHO OJIMH pa3. AHAJIOTMYHO C MACCUBOM f.

Emé obparure BHUMaHUE, 9TO MaCCUB WaAS TEIEPh HE HYXKEH, BMECTO HEI'O MOXKHO KCIIOJIb30BATh MACCUB S
(mo He f!), TOJMBKO, KOHEUHO, TOrJIA S HYXKHO OyIeT IIpelBAPUTEHLHO 3aHyIuThb. Vum, 4ro 10 XKe camoe, BpeMeHa
BXO0JIa MOXKHO XDAHUTh B MacCHBE was, a He B § (KAK PaHbIIE Mbl HOMED KOMIIOHEHTBHI CBSI3HOCTH XPAHUJIU B
was). 31Mech s UCIOJIBL3YIO § TOJIBKO JJisl HATJISIHOCTH.

Ho B peaJibHBIX 3aj1a9aX BpeMeHa BXOJ/a U BBIXOJIA, KAK IIPABUJIO, HE OBIBAIOT HYKHbI. OHU YaCTO TOMOTAIOT
B TEOPETUYECKUX PACCYKJIEHUSIX, HO PEAJIbHO X BBIYUC/ISITH OOBIYHO He HYXKHO; 00Jiee TOro, KaK MHE KarXKeTcCsl,
HEPEJIKO IIOHATH AJIOPUTM IIPOIIE, €CJH He 00paIiarbes K HOHATUIO BPEMEH Bxoja/Bxoja. Hamnpumep, gacro
[PU OIUCAHUM AJIFOPUTMOB yloTpebiisgercs dbpa3a «OTCOPTUPYEM BEPIIMHBI 110 BDEMEHAM BBIXOJa» (pexke 1o
BpEMEHaX BXO0Ja), HO 9TO HE 3HAYMT, YTO HYKHO BBIYHCJ/IATH 9TH BpPeMeHa, a 1HoToM nucarb QSort miau uro-
uuby b 110s106H0e. Bee JiestaeTcst HAMHOTO IPOIIIE.

Bamanue 19: Kax 1ado npasusvHo U NPOWE 6CE20 COPMUPOSATND BEPULUHDL THO BPEMEHAM 6bix0da? Anano-
2UMHO MO BPEMEHAM 8T00a.

O6s3aresbHo npounTaiite orBer K 1ol 3azade! (Koneuno, TobKoO ocje TOro, Kak moperaere caMu).

Yactb V. MocTbl n TO4Yku couyneHeHus

B sroit Teme paccmarpuBaem OUSTH TOIBKO HEOPUEHTHPOBAHHBIE IPAMBI.

Mocmom B HEOPUEHTHPOBAHHOM I'pade HA3BIBAETCH PeOPO, IIPU YAAJEHUN KOTOPOTIO KOJIUIECTBO KOMIIOHEHT
cBsI3HOCTH rpada yBeJInInBaeTCs.

Toukoti couneHeHus B HEOPUEHTUPOBAHHOM Irpade Ha3bIBAETCS BEPIIUHA, [IPH yJIaJIeHUH KOTOPOil KOJIMYeCTBO
KOMIIOHEHT CBSI3HOCTH I'pada yBeININBAETCH.

Bagaume 20: [locmosanno, ko2da dopmysupyro onpedeserus, TOYEMCA CKA3AMb <. .. KOAUYECTNEO KOMNO-
HEHM CBAZHOCTIU YBEAUNUBAEMCA HG 00KYy>. Mootcno au mak 20860pums, m.e. 6Yyoym AU NOAYUAIOULUECHA ONPe-
OeNeHUSA IKBUBAACHIMHBL eM, 4MOo daHbL 6blwe?
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Bamanue 21: Ecmv au xaxas-Hubydo npocmas C6A3b MEHCIY MOCTAMU U Mowkamyu counsenerus? T.e.
BEPHO AU, WMO @) KaHCOVT KOHEY, MOCTNG — MO MOUKA CONAEHEHUAT 6) KaHCAaA MOWKA COYNEHEHUSA ABAAECTNCHA
KOHUYOM HEKOMOPO20 MOCTNG? 8) modtcem Bumb, ewé wmo-rHubyds npudymaeme?

§1. Ilepekpéctabie pebpa. O HNM U3 BayKHEUIINX CBOWCTB IOUCKA B TJIyOUHY sIBJIsieTCs cjemyiomiee. B
JlepeBe [oucKa B IyOuHy (Kak, KOHEYHO,  BooOIIe B J000M JiepeBe ¢ KOpHeM) Jyist JIIOOOH BEPIIUHBI MOYKHO
OIIPEJIEJINTD €€ IIPEJIKOB — T.e. Te BEPIINHbBI, KOTOPhIE JIEXKAT 10 JIOPOre OT KOPHSI JepeBa K 9TOH BepIlinHe, —
a TaKXKe MOXKHO OIIPeJIeJINTh MIOTOMKOB JAHHOM BEPIIUHBI — T.€. Te BEPIIUHBI, HA IIyTU OT KOTOPBIX JI0 KOPHS
JIEZKUT Hala. T.e. BEpIIUHA U SBJISIETCS IOTOMKOM ¥ TOTJIA U TOJIBKO TOTJIA, KOTJA U SIBJISIETCS IPEJIKOM U.

Torya oka3bIBAETCs, 9TO JIEPEBO MOUCKA B INIyOMHY TaK YCTPOEHO, UTO At060e pebpo zpagha COeUHSIET JBE
BEPIIKHBI, OJHA U3 KOTOPBIX SIBJIAETCS UPEIAKOM JIPYroil B 9TOM Jiepese (a, COOTBETCTBEHHO, BTOPAs SBJISIETCS
HOoTOMKOM 11€pBoii). Eciu npepcraBurs cebe JepeBo MOABEIIEHHBIM 33 KOPEHb, TO BCe pebpa UIyT CBepXy BHU3
(nm, 9TO TO XKe camoe, CHU3Y BBEpX — rpad-TO HEOPHEHTUPOBAHHBIN ), BOSMOXKHO, IPOIYCKasi HECKOJIBKO Bep-
mmH (B CMBIC/IE, 9TO HE 00I3aTEIbHO COCIUHSIOT BEPIIUHY ¢ €6 HEelOCPEJICTBEHHBIM MOTOMKOM, a, BO3MOXKHO,
¢ 6ouiee nasbHuM). [0BOps 1O-Ipyromy, B rpade OTCyTCTBYIOT nepekpécmibie pebpa, T.e. pebpa, KOTopble UiyT
«IOTIEPEK» JIepeBa, 3 OJHOIO MOJIIEPeBa B COBCEM JPYroe: Kaxki0e pedpo UAET U3 BEPIIMHBI B TOJJIEPEBO ITON
BepumHbl (i Hao6opor). O6 9TOM CBONCTBE Halle BCEro MOBOPAT KAK O CBOMCTBE OTCYTCTBUS IIEPEKPECTHBIX
pédep B JiepeBe TTOUCKA B IUTyOUHY.

MozkeT 6bITh, 3TO HE OYEHb IOHITHO COOPMYIUPOBAHO — IIOPUCYTE rpadbl U MOIPOOYTE MOHATH. DTO Ha
[IE€PBbIIl B3IJIsLJ] OYeHb YIUBUTELHOE CBOWCTBO, W II0 HAYAJLy BOOOIIE HE BEPUTCS, YTO TAKOe JEPeBO BOOOIIe
MOKET CyIIeCTBOBATH, HO 1opucyiire rpadul u Bl ybeaurech B 3roM. (Boobiie, Kak Hal0 pucoBarh TyT rpadbr?
fcno, uT0 HAIO PUCOBATH HE KAKO# OmaJsIo rpad, a ¢ OIpeIeIEHHOM TEJIbIO, IIBITASICh MTOA00PATH KOHTPIPUMED —
TOIJ[a, MOXKEeT ObITh, HAMHOTO YETYe CTAHeT SICHO, IIOYEeMY TaK IIPOUCXOJUT M, MOXKET ObITh, BbI JIayKe CyMeeTre
CaMU 9TO J0Ka3aTh).

Samanue 22: /lokaoxcume 3mo ceolcmao.

DTor daKT HEPEJIKO PACCKA3BIBAIOT CPa3y, KAK TOJHKO HAYMHAIOT PACCKA3BIBATH MTOUCK B MIYOWHY, HO, KaK
MBI BHJIEJIN, OH, KaK IIPABUJIO, HE HYKEH HUIJE, KPOME TEKYIIEero pa3iesia — MOCTOB U TOYEK COUIEHEHUS.

§2. ITouck Touek couneHenusi. OCHOBHAasI UJiesl TIOUCKA TOYEK COUJIEHEHMS COCTOUT B TOM, UTO MAKCUMYM,
HA YTO MOXKET PaclacTbes Ipad Ipu yJaJeHuM BEPIIMHBI — 3TO II0JIEPEBbs (JepeBa MONCKa B IIyOUHY) HUXKe
9TOil BepInHe U Bech ocrasmuiicst rpad. CooTBETCTBEHHO, BEPIIMHA He SIBJISIETCS] TOYKON COYJIEHEHUs TOTIA U
TOJIBKO TOTZA, KOTJIa €€ MOXKHO <«000iTH» m3 JI0D0T0 MOIepeBa, T.€. eCin U3 KAKOW-HUOY/b BEPIINHLI HIXKE
9TOl ecTh pebpPo KyJA-TO B OCTABIIYIOCH 4acThb Jepesa. (Tounee, ecm y Halieil BepIIMHBI HECKOJIBKO IIOTOMKOB
B JlepeBe HOKMCKa B [IyOHHY, TO Pebpo J0JRKHO ObITh U3 KazKJOro II0JepeBa ¢ KOPHEM B 9TUX MOTOMKAX.)

Ha puc. crpaBa npuBeiéH npuMep KO BCEMY, O YeM NOBOPHJIOCH BBIMIE. 3JECh HEKO-
TOpasl BEpINWHA U, €€ ChIHOBbs B JIEpeBe IOUCKa B ITJIYOWHY ¥; U VU3, CEPBIM YCJIOBHO
[IOKA3aHbl II0JJIEPEBbsl C KOPHSIMU ¥1 M VU2 (T.€. MHOYKECTBA BCEX HOTOMKOB U1 U U3).
JepeBo 110Ka3aHO MOJBEIIEHHBIM, T.€. CBEPXY IJe-TO (He II0Ka3aH) — KOPeHb, a Bce PEb-
pa jepeBa uayT BHU3. CBOWCTBO OTCYTCTBUS HMEPEKPECTHBIX PEOEP YTBEPKIAET, UITO B
rpade He MOT'YT CyIIeCTBOBAThH pebpa Tuna pebpa 2, T.e. WIyIinue U3 OJHOTO Io/IepeBa
B sgpyroe. A Bor pebpo Tuma 1 MoXkKeT CyIecTBOBaTh (IPU YCJIOBAM, YTO OHO HMJET B
BEPIINHY, SBJISIONLYIOCS IPEIKOM ). VIMEHHO OHO 1 OyJieT TeM <«OOXOIHBIM» PeGpPOM,
KOTOPOE TIO3BOJIUT TOJJEPEBY C BEPIIUHON B ] HE OTIEJIUTHCS, KOT/Ia YIAJINM BEPIITUHY
u. T.e. 9T00BI TPOBEPUTD, HE SBJISIETCS JIU BEPIITUHA U TOYKON COYJIEHEHNUsI, HAJO IIPOBe-
puTh, ecTh Jiu pebpa Tuma 1 Jjist Bcex eé ChIHOBEIL, T.€. eCThb Jin pebpa, WyIue U3 BCEX MO/IePEBhEB €€ ChIHOBEI,
BBEPX BBIIIIE U.

A 1poBepuTh 3TO JOBOJIBHO NpOCTO. Benb Takme pebpa He MOIYT MJITH HUKYJA, KPOME KaK B IIPEIKOB
BepmuHbl %. A oHu (upejaku) o6pa3yIOT IPSAMOI IIyTh OT KOPHs JepeBa IOMCKA B IJIyOUHY 1O BEPIIMHBL U U
YIIOPSJIOYEHBl B 9TOM JlepeBe 1O MOPAIKY. Ecim s KaxKIoil BepIrHbl BBeCTU €€ riiyOuHy Kak paccrosHue (B
JlepeBe IIOMCKa B IVIyOUHY) OT KODHsI JIO 9TOH BEPIIMHBI, TO BCE BEPIIMHBI B IIyTU OT KOPHSI JIO U IOJLy4aTCs
MJIyIMMHI B [IOPsiJIKE yBeJudeHus riayounbl. Torma, ecjm mogyMarh, TO MOHSITHO, YTO, JIJisi IPOBEPKU HAJIUIUSI
00X0/THOTO pebpa JIOCTATOYHO JJIsi KarKJI0il BEPIIMHBI YMETHh HAXOAUTDH BEPUUNY € HauMeHbuel 2aybounot, 6
Komopyro udym pebpa u3 noddepesa ¢ xoprem 6 Haweld sepwune. T.e., HATIpUMED, I V1 HAWIEM BEPINUHY C
HAUMeHbIeH rIyOuHOH (T.e. caMyto GJIM3KYIO K KOPHIO), B KOTOPYIO UAyT pebpa Wiu u3 caMoil v, wia u3 eé
IIOTOMKOB — T.€. M3 BCEr0 COOTBETCTBYIOIIEIO0 CEPOTr0 TPEYTOJbHUKA. 1akmMm pebpom Oyrer miam pebpo 1, mim
pebpa, KOTOpbhle WIYT €IIE BhIllle — KOPOYe I'OBOPsl, €CJIM HaiijeHHasl TaKuM ODpa3oM BeplInHA Oy/IeT JieKaThb
BBIIIE, YeM U, TO ITO OyJeT 0003HAYATH HAJUYIHE 0OXOMHOIO pebpa, nHade TaKoro obxoHoro pebpa uer. Takum
00pa30M MBI y2Ke TOJIY YU AJITOPUTM IIOUCKA TOYEK COUJIEHEHHSI, HO BCe-TaKU KOJ| aJI'OPUTMA s IIPUBELY B JIBa
JTaIa.

Urak, cragasia Hay InMCs HAXO/IUTH TAKUE BEPIIUHBL. TOYHee, /U151 KayKI0# BEPITUHBI Mbl HAY IUMCS HAXOIUTH
CcOOCTBEHHO 2AYyOuHY caMoli HersiyOOKOIl BepIIMHBI, B KOTODPYIO MJyT pebpa u3 Hallleil BEepIIWHBbI W U3 eé
moroMKoB. HaxomuTs 3T0 JIerko — 3ta riiyObrHa paBHa MUHUMYMY MEXKJIy TJIYOMHAMHU BCEX BEPIINUH, KyJ/a UJIYT
pebpa KOHKPETHO U3 HaIleil BEPIIUHBI U MEXKJTy OTBETAMU Ha, TAKYIO 2Ke 3aJ1a9y JIJIsT BCeX ChIHOBei. T.e., ecyim Mbl
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y2K€ BBIYUCJIMJIA TAKyl0 MAUHHMAJIBHYIO IyOMHY IJIS BCEX CHIHOBEH, TO B3AB MHHAMYM 3TUX 3HAYCHHN W ydTH
BCe pébpa, KOTOPBI HAIPAMYIO U3 TEKyllel BepIIUHY KyJa-TO UAYT, HOJYy9IHM OTBET — TAKYI0 MHHUMAJBLHYIO
rIyOuHY — /I Hallell BepnimHbL. JIerko peanun3oBaTh 3TO Tak, 9ToObl find crasa ¢yHKIued, KoTopas Oyaer
BO3BpaIaTh 3TOT caMblil orBeT. Kpome Toro, jyist yaobcrsa OyeM B find nepepgaBarh riayouny obpabdarsiBaeMoi
BepIUHbL (YTOOBI He BBIUUCIATH €€ KasKJbI pa3 3aHOBO) W OyJeT 3Ty camyro INIyOMHY COXPaHSITh IIPSAMO B
maccuse was. [Ipu aroM norpebyercs riayOuHy KOPHsI CYUTATH €JIMHUYIHON (& B JAPYIUX CIydasX MOYKHO OBbLIO
Obl CIMTATH €6 U HYJIEBO).

function find(i,d:integer):integer;
var j,min,t:integer;
begin
was[i] :=d;
min:=n+1;
for j:=1 to n do
if (grli,jl<>0) then begin
if was[j]=0 then begin
t:=find(j,d+1);
if t<min then
t:=min;
end else begin
if was[jl<min then
min:=was[j];
end;
end;
find:=min;
end;

O6parure BHUMAHUE, YTO s OLATH HepeHéc nposepky was[j] = 0 Buyrps nukia. [Tapamerp d — riybuna re-
KyIIeil BEPIIMHBI, I03TOMY BBI3IBAEM 9TOT AJITOPUTM, KOHEYHO, KoMaH 10l if was[...]=0 then find(...,1).

KonTpoasHbIilt Boripoc 23: Ymo doaskcho 6uimd Ha mecme MHO20mowus?

Yro 3a MyTh TyT noHanucana! Bce J10m0JIHEHUS K CTAHIAPTHOMY IIOUCKY B IVIyOUHY 3/1€Ch JIEJISITCS Ha, JIBE
vyactu. Bo-niepsbix, Bo3us ¢ d. [Tapamerp d npu riepBom 3airycke (T.e. Jijisl KOPHs) PABEH eIUHUIIE, a JJIsd KAZKIOr0
CBbIHA YBEJIMIMBAETCA HA OAMH (3a cuér Toro, yro Hamucano find(j,d + 1), rakom o6pa3om OH AeHCTBUTEILHO
oTpaKaeT riyOuHy BepIIUHY, TIO3TOMY 110 OKOHYAHHUH TIOUCKA B IJIyOUHY B was JeHCTBUTEIBLHO JIeXKaT IJIyOUHBI
BEPIIUH.

Bo-BTOpBIX, BO3HSI ¢ Min U BO3BpalllaeMbiM 3HadeHneM (GyHKImu find. QyHKIMS J0J2KHA BEPHYTH OTBET
Ha HAIy 3aJady, T.e. HANMEHbBIIIYIO U3 IVIyOMH BepINWH, B KOTOPbIE BEIyT pedpa M3 HaIleil BEePIIUHBI WJIH U3
€€ TOTOMKOB. BhramciisieM ero ™Mbl cirefyiomum obpa3om. 3HauanpHo nmprucBanBaeM eMmy OECKOHETHO OOJIbIoe
3HAYEHUe, KOTOPOE B JAHHOM CJiydae paBHO n + 1 (n — KouumdecTBO BepuinH B rpade; 09eBUIHO, YTO HUKAKAS
rryOuHa He MOXKeT IpeBocxoauThb n). Jlasee mepebupaeM Beex cocenedi Tekyel BepmumHbl. MoryT GbITh j1Ba
BapuanTa. Ecim was[j] = 0, To B 910i BepinHe Mbl emg He Oburn. [109TOMYy MIEM B HEé, BBI3BIBAsS PEKYPCUBHO
find, u, bosiee TOTO, j CTAHOBUTCS CHIHOM ¢, IIO9TOMY B IIOMCKE MHUHMMYMA HAJIO y9IECTb BCe pebpa, BHIXOISAIINE
u3 ero nojepesa. Ho 910 genaercs jierko: Kak pas Bbi3oB find(j,...) U BBIYUCIUT MUHUMYM O BCeM PEGDaM,
BBIXO/IATIIM U3 [IOJJIEPEBA, OCTAJIOCH HAM CPABHUTH €r0 C MiN U IPU HEOOXOINMOCTH HAII TEKYIIUH MIHIMYM
nonkoppektuposarh. Eciu ke was[j] # 0, To B BepimHe j MbI y2Ke ObLIM M HOTOMY OCTAJIOCh JIAIIL Y3HATH
€8 IyOuHy U CPaBHUTH C TeKyluM MuHEMyMoM. Ho eé riyOuHy Mbl y:Ke 3HaeM — OHa y¥Ke JIeXKUT B was|j],
nosroMy npocto cpasausaeM. (O6paruTe BHUMAHNME, UTO B 9TOM CJIydae HAM Hy»KHa MMEHHO TJIyOuHa caMoil j,
a He OTBET HA 3aJa4dy JJId j, T.K. j He CTAHOBUTCsI CHIHOM i.)

Samedy, 9TO 3TO — OJWH U3 CPABHUTEIHHO MPOCTHIX IMPUMEPOB JUHAMUYIECKOTO TPOrPAMMUPOBAHUS HA Jie-
peBe. Emié 3amedy, 4ro MMEHHO M3-3a TOrO, YTO BCE PABHO HAJIO PACCMATPUBATH ITH JIBA CIydasi, sl U IepPeHEc
npoBepky waslj] = 0 u3 HaYaIA IPOIELYPHI CIOJIA.

Wrak, pas Temnepb MOHSITHO, KaK paboraer 3ra (DYHKIMS, OCTAJIOCh HAYUIUTHCS ONPEIESIATh, SIBJISIETCS JII
TeKyIas BePIIUHA TOYKON COUIeHeHUsI. DTO yKe npocto. [Ipu yranennn Tekyineil BEpIIMHBI YUCI0 KOMIOHEHT
CBSI3HOCTU MOKET yBEJUIUTHCS, TOJBKO €CJIN KAKOW-TO ChIH OTBAJUTCS BMECTE CO CBOMM mojmepeBoM. Ho mpo
KaXKJIOI'0 ChIHA Mbl 3HAEM, OTBAJUTCS JIA OH: €CJI OTBET HA HAIly 3aJady (T.e. MUHUMAaJIbHAs [JIyOMHA Bep-
IIUH, KyJia uayT pebpa u3 9TOTO ChIHA WM €ro OTOMKOB) MEHbINe, YeM IIyOuHa d TeKyIel BepIIMHBI, TO He
OTBaJINTCsl, MHAYE OTBAJIUTCs. T.e. OCTAJIOCH JIMIIb JI00ABUTH IIPOBEPKY t > d:

function find(i,d:integer):integer; t:=min;
var j,min,t:integer; if t>=d then
ok:boolean; ok:=true;
begin end else begin
was[i] :=d; if was[jl<min then
min:=n+1; min:=was[j];
ok:=false; end;
for j:=1 to n do end;
if (grli,jl<>0) then begin find:=min;
if was[j]1=0 then begin if ok then
t:=find(j,d+1); BepUMHA i1 --- TOYKA COWIEHEHUS
if t<min then end;
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T.e. ecim orBajiuTCsi XOTsI OBl OIWH ChIH, TO BEPIIWHA § — TOYKa codjieHeHusi. Obparure BHUMaHUE, YTO
[IPOBEPKa BBIMVISIAT UMEHHO Kak t > d, a He t > d: ecim pebPO UIET MPSIMO B 4-yIO BEPIIHMHY, TO BCE PABHO
[IO/I/IEPEBO OTBAJIMTCS.

OrMedy TOJIBKO, 9TO 0coDOit 00paboTKU TpedyeT KOPEeHb JiepeBa MOWCKa B TiiybmHy. Mokere momymars,
[I0YeMY BBIIIEIIPUBEIEHHBIN AJITOPUTM TYT HE TOIUTHCH, & S CKAXKY, YTO KOPEHb SBJISI€TCS TOYKOI COUIEHEHUsT
TOIJ[a ¥ TOJIBKO TOTJIA, KOTJIa OH uMeeT 6oJjiee 0iHOro chiHa. OKOHUYATEbHYI0 BEPCUIO aJITOPUTMA si [IPUBOJUTH
He OyJLy, 3aMevy TOJIBKO, YTO y3HATH B IpoIeaype find, sBJisieTcs Jii TeKyIasi BEPIIUHA KOPHEM, MOYKHO JIETKO:
Yy KOPHS U TOJBKO y Hero d = 1.

§3. ITouck mMocTOB. MOXKHO MBITATHCS UCKATH MOCTBHI aHAJIOTUIHO. OUEBHIHO, UTO BCE MOCTBI BOUJIYT B
JepeBo moucka B rirybumny. Bostee Toro, pedbpo mepesa 6yaeT MOCTOM TOT/Ia U TOJIBKO TOTJA, KOTIa HET OOXOIHBIX
BOKpPYT HEro peébep, T.e. KOrJa Jjis HU?KHEro KOHI[a 3Toro pebpa dyHKus find BO3BpallaeT 3HAYEHNe He MEHbIIIE,
JeM TUIyOMHA 3TOTr0 HUXKHEr0 KOHIIA.

Samauume 24: Jlodymaiime 2mom ai20pumm U HGMUUUME €20.

Ho myist moncka MOCTOB eCTh HAMHOTO D0JIee TPOCTOi aJropuTM. 3aIyCTUM TIOUCK B IIyOHHY B HatmeM rpade
U OpHEHTHPYEM Bce pebpa B TOM HAIIPABJIEHUH, B KOTOPOM MBI MX B IIEPBBIN Pa3 IPOCMATPUBAJIMN, T.€. BCe pebpa
JlepeBa — BHU3, OT KODHsI, & BCe OCTajbHbIe pefpa — BBEPX, K KOPHIO. TOrja HECJIOKHO IOHATH (M CJIOXKHEee
JIOKA3aTh :) ), 9TO JOCTATOYHO B IOJIyYeHHOM I'pade HANTH CHIBHOCBSA3HBIE KOMIIOHEHTBI: MOCTAMH B UCXOJHOM
rpade OyayT Kak pas Te peébpa, KOTOpbIe UJyT U3 OJHON CHIBHOCBA3HON KoMmmoHeHTH B Apyryio. (Hapucyiire
upumep u uposepbre!) [Tonck CHILHOCBI3HBIX KOMIOHEHT JEIaeTCs, KAK Mbl y2Ke 3HAeM, JIByMs HOMCKAMU B
UIyOUHY, HO MBI Y2K€ OJINH CIEJIAJIN, II09TOMY MOXKHO BOCIIOJIB30BATHCS €r0 PEe3yJIbTATaMU JJIs 3aIyCKa BTOPOrO
oncka. Takum ob6pa30oM, 3a JBa [MOUCKA B IJIyOUHY UIILYTCS MOCTHI.

3agaume 25: Jlodymatiime 2mom ai20pumm U HGMUUUME €20.

Yacte V. 3apgaun Ha nouck B rnybuny

Koneuno, s mipejiiiosiarar, 9To Bbl HAIMIIATE BCe 00CY K IABIIAECS aJITOPUTMBbI, PEIIIATE BCE BBINIEIIPUBEIEH-
HbIE 331290 W HAIUIINATE U TPOrPAMMBI IT0 STUM 3aJ1a9aM.

Samaume 26: Jan 2pag. Boisecmu meckoavko nymel max, wmobv, no kaxcdomy pebpy nporodus posHo
00UH NYMB U NPU IMOM YUCAO NYMET ObLAO MUHUMAADHOM. B Kascdom nymu eepuiums, MO2Ym nosmopamoses,
Ho pebpa nem. (B wacmmocmu, ecau 6 e2page cyuecmeyem siaepos UUKA UAL NYMb, MO Hado NPOCmo €20
swl8eCU).

Sagauue 27: Jan epad, 6 Komopom mouno cyuecmeyem sUAepos Yukas (m.e. cmenenu 6cex sepuih 4Em-
not). Jas xaotcdozo pebpa i dano wucao x;. an kaoscdozo 2ineposa yukaa 6 3mom epade 66edém e2o <wmpads
caedyrouwum obpasom. IImpad 3a 0dno pebpo i 6ydem pasen k — x;, 2de k — nopadkoswvitl Homep 3moz0 pebpa 6
yukae. IlImpad yuraa pasen cymme wmpagpos 3a ece pebpa. Tpebyemcs natimu dULEPOS YUKA ¢ MUHUMAALHHLM
wmpagom.

Sagauue 28: Jan neopuenmuposannovili epad. Opuenmuposamo ezo (m.e. Kascdoe pebpo opueHmuposams 6
00HO U3 0BYT BOZMONCHBLT HANPABAEHULL) Ak, 4Mobb. 01 cnaa ayukiudeckum. Ecau pewenus ne cywecmeyem,
mo coobwums Imo.

Sagaune 29: Jan neopuernmuposannoili epagd. Opuenmuposams e20 max, 4mobv, 01 CMaA CUNHOCEAZHBIM.
Ecau pewenus e cyuecmeyem, mo coobuums amo.

Sagauue 30: Jan wacmuuro opueHmuposarnvili epad (m.e. Hexomopvie pebpa U3HAMAALHO OPUEHTNUPO-
sannovie, Hexomopue nem). Opuenmuposams HeopueHMuUPOBarHve PEGPa Mak, 4mobvl OH CMAA GUUKAUYECKUM.
Ecau pewenusa e cyuecmeyem, mo coobuums amo.

Bananue 31: (3adaua 172 ¢ acm.sgu.ru) B Hexomopotl wkose npogodamcs <akzamenv, no ewbopys. Kaorc-
Oouli yuenuk doasicen 8ulopamsv 086 IK3aMeNa U3 danHo20 cnucka U cdamsv ux. M3eecmno, KaKol YyueHuk KaKue
aK3amens, oiopan. Illkora xowem evidesumsp poero dea OHs N00 IMU IK3AMEHDL, NPU IMOM 6 NEPBHLT JeHb NPo-
BECTNU HACTND IKZAMEHOB, & OCTMAALHBLE IKIAMEHDL, — U MOABKO UT — 60 8mopoll. Koneuno, npu amom 0oascHo
NOAYUUMDCA MAK, 4MOObL KaHCOBLT WKOALVHUK M02 cOamb 8blOPAHHbBIE UM IK3AMEHDBL 8 pasHbie Onu. Tpebyemcs
COCMasUMb MAKOE PACNUCAHUE IKZAMEHO0E (M.e. Pacnpedeaumsb SK3AMEHbL N0 OHAM) UAU COOOUUMD, 4MO IMO
HEBOZMONHCHO.
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YacTtb VI. MNMoacka3sku no 3agaHusm

EcrecrBenno, cnadasia nopemaiire 3a7a49u caMu, a IOTOM TOJIbKO yuTaiite moickasku :) Iojckasku naio He
10 BCEM 3a/IaHUSIM.

Ilockaska 7: IlogBomHBIN KaMeHb, C KOTOPBIM BBl CTOJIKHETECH — 3TO TO, 4TO U3 KaXKJION BEPIIWHBI Bbl OY-
JIeTe IBbITATHCS MONTH B BEPIIMHY-POJUTEIIS TEKYIIEl BEPIINHBI U IIPOrpaMma OyJIeT CYUTATh, YTO OHA HAIILIA
[IUKJI, XOTsI Ha caMoM jiejie 310 — He TuKJI. CaMblit mpocToi crmocob, KOTOPBIH s 3HAKD, YTOOBI M30eKaTh ITON
pobJIeMbl — 3TO TiepeJiaBaTh B porieaypy find jgomoHuTeIbHBIN TTApaMeTp — BEPIIUHY-POIUTEISI TEKY e Bep-
[IUHBI — U TIepeJ], PEKYPCUBHBIM BBI30BOM IIPOBEPSITH, HE SIBJISIETCS JI Ta, BEPIIMHA, Kya MbI IBITAEMCsI IONTH,
poauTeieM TeKyleil.

ITockaska 8: MoryT cyiecTBoBaTh HECBsi3HBbIE I'Padbl, B KOTOPBIX MJIEPOB IUKJI BCE-TAKH CYIIECTBYET.

ITlockaska 12: U iest HOMep OfMH COCTOUT B CJIEAYIONEM: OYIEM B OTIE€ILHOM MACCUBE M KayKI0M BEPITUHBI
XPAHUTD €€ TEKYIIYIO UCXOISIIYIO CTeIeHb. 10T/1a PN YIaJeHUN BePIIUHBL Oy/1eT JOCTATOYHO TPODEKATHCS 110
BCEM BXOJSIIMM B He€ PEOPAM M YMEHBIIUTH HA €IUHUILY UCXOISILYIO CTEIIeHb COOTBETCTBYIONINX BEPIIIMH; CAMU
ucxojgmye pebpa MOXKHO HE yJajsTh U JIa’Ke HE XPAHUTh (XpaHuM TOJbKO Bxomsmme). CTOK mckarh Torga
MOXKHO IIPOCTO IPOHErasich 1o TOMY MacCHBY U UIa B HeM Hysu. Vljest 1Ba COCTOUT B TOM, 4TOOBI, B JJOOABOK
KO BCEMY BBIIIECKA3aHHOMY, XPAHUTh BCE CTOKU B OTJEJbLHOM MaccuBe (110 IPUHIMILY creka, Hanpumep). Korga
MBI YMEHBIIAEM HCXOJMAIILYI0 CTEIeHb OYePEIHON BEPINMHBI, TO IOCMOTPUM: €CJIM CTEIEHb CTaja HyJIeBO#, TO
BePINUHA CTAJIa CTOKOM U MBI €€ 3aHOCAM B 9TOT MAacCUB. Ternepb He HAJIO HA KAXKJIOM IITary ITPOOEeraThbCs [0 BCEMY
MaCCHUBY CTeIleHeil B IIOUCKaX HyJieil —y Hac eCThb OT/eJIbHBII MACCUB, B KOTOPOM XPAHSTCS BEPIIUHBI C HYJIEBON
ucxodIeil crenennio. Peaynsanus u JOIOJHATEILHBIE KOMMEHTAPUU B OTBeTaX (HO CHavaJia nonpodyiire camu
Hammcars!).

ITockaska 15: [TompoOyiiTe mOHATH, 9TO Oy InTCs, eciin asroput™ KuyTra 3amyctuTs Ha rpade, B KOTOPOM
€CThb IUKJIBI!

Ilockaska 16: Paccmorpure ciemyronuii rpad: Tpu BepIIWHBI, JiBa pedpa: U3 IEepBOil BO BTOPYIO U U3
TpeTbeii BO BTOPYIO.

ITockaska 19: Ilogymaiite, 9T0 K€, COOCTBEHHO, Je/IaeT aJrOPUTM TOIOJOTMIECKOH COPTUPOBKU B ILIAHE
BPEMEH BBIXOIA?!

ITockazka 22: IlycTth ecTh mepekpéctHoe pedpo. PaccMoTpuTe TOT €ro KOHeIl, B KOTOPBI MBI TIPH TIOUCKE B
rryOumy monasin panbine. [Ipu mpocMorpe ero cocesieil Mbl JOJIKHBI OYIEM HATKHYTHCS HA JAPYTOil KOHEI] 9TOr0
ke pebpa. Ioiigém jin Mbl B HEr0?

TTockaska 26: ZcHo, 9To 9mc/io myTeii Oy/ieT KaK MUHUMYM PABHO IIOJIOBUHE OT YUCJIa BEPIIUH ¢ HEYETHOMN
CTEEeHbIO; IIyCTh 9T0 Yucjao paBHo K, ono Bcerma uérno. Jobasum B Ham rpad K /2 pébep, nonapuo (npous-
BOJIBHBIM 00PA30M) COEJMHUB HAIIY HEYETHBIE BEPIIMHLL. UTO fasibiie?

ITockazka 27: Ha camoMm jiere 9TO OYTH 9UTO 3a1a9a-TITyTKA.
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Yactb VII. OtBeThbl

OtBer 1: To, uro He OymeT IUKJIOB, BUAUMO, MOYKHO JIOKA3bIBATH MHOTMME criocobamvu. [IpuBemxy mmero
CaAMOTO TIPOCTOr0 U3 TPUIIEIINUX MHE cefidac B TOJIOBY JOKA3aTesbCTB. IIpoHyMepyeM Bce BEpIIUHBI B TOM
[OPsiJIKE, B KOTOPOM MBI X HaXO/W/IN. B jilepeBe moucka B rJIyOnHY U3 KarKJI0i BEPIIUHBI U BBIXOIUM HECKOJIBKO
(mos1b M GoJibIne) PEGEp B €6 «CHIHOBbS» — BEPIIMHBI, KOTOPBIE Mbl HAIILIA U3 U, 3HAYUT, UX HOMEPa GOJIbIIe,
YeM y u, — a TaKKe POBHO OJHO PebpO B «IIpejiKa» — BEPINUHY, 43 KOTOPOH Mbl HAILM u (Takue pebpa ecTb y
BCEX BEPIIUH, KPOMe KOPHsI) — HOMED 9TOii BEpIIMHBI MeHbIe, 4eM y u. Ilycrb ecTb muki. Paccmorpum B HeM
BEPINUHY ¢ HAMOOJIBITUM HOMEPOM. B Heé BxomaT deéa pebpa, MpUHAJIeXKAIIINE STOMY [TUKJLY, ¥ TIOTOMY HJLyIIAe
U BEPIIUH C MEHLW UMY HOMepaMu, deM y Hareii. [IporuBopeune.

B cayuae cBasnoro rpada 910 Beerja 0yjer ocToBHOE jiepeBo rpada, T.e. OKphIBatoIiee Bce Bepimuubl. Ho
B CJIydae HeCBSI3HOTO rpada 310 O6yIeT Uil OCTOBHOE JEPEBO OJIHOM KOMIIOHEHTHI CBA3HOCTH — €CJIU 3aIyCKAeM
upocro find(i), — nim OCTOBHBIN JiecC, IIOKPBIBAIOIIUIT BCE BEPIIMHBI — €CJIU 3aIlyCKAEM BTODPBIM U3 IIE€PEUIHCIICH-
HeIX B 11. 1.2 cmocobom.

OrBer 2: fcHo, 4T0, €ciiu B TEKYIIEHl KOMIIOHEHTE CBSI3HOCTU HEKOTOPBIE 3JIEMEHTHI MaCCUBA WS NU3HAYAJb-
HO OBLIM HEHYJIEBBIME, TO B 3TU BepIIUHBI Mbl He BOiiiéM. CKOopee BCEro, 3T0 HEMHOI'O He TO, YTO MbI XOTeJIN
(XOTs1, KOHEYHO, BCE 3aBUCHUT OT 3a1a4u. MoryT ObITh 33J1a41, XOTS 1 TAKUX C XOJy HE IMPHUIOMHIO, B KOTOPBIX
HAM UMEHHO 3TO U HAJO).

Otser 3: /la, KOHEUHO, KOJIMUECTBO perrenuii pasno 2%, ryie k — KOJMYIecTBO KOMIOHEHT CBAZHOCTHU rpada.
B mpesiesiax ojiHO#M KOMIIOHEHTHI €CTh JiBa CIT0co0a PACKPACKU, OTJINYAIOIINECT WHBEPTAIell BCeX BEpIIH.

Boobiie, ects s1eMeHTapHasi HEOIHO3HAYHOCTH: MOXKHO MHBEPTUPOBATH BCE BEPINUHBI CPa3y M IOJIyYUTh
HOBOE peIIeHne — 3HAYMUT, PellleHne 6cezda HeoqHo3HaIHO. Ho fake ecsin pernenust, OTIIMYAIONAecs: HHBepTaIei
6CET BEPINUH, CIUTATH OIMHAKOBBIMU, TO BCE PABHO B HECBSAZHBIX Tpadax perreHne HeoHO3ZHATHO.

OTBet 4: Koneuno, Ha BOIIPOC «SIBJISIETCS JIN JAHHBIA rpad ABYIOTILHBIMS.

Otreer 5: Hy yro-nubyup B ciemyromiem cruie (KOHEYHO, [IOMCK B IIMPUHY s PEAIU3YI0 0UePeiIbio)

var q:array[l..n] of integer; while 1<=r do begin

was:array[1..n] of integer; cur:=q[1];

1,r:integer; inc(1);

cur:integer; for j:=1 to n do

j:integer; if (grlcur,jl<>0)and(was[j]=0) then begin
e was [j]:=3-was[cur];
fillchar(was,sizeof (was),0) ; inc(r);
1:=1;r:=1; qlrl:=j;
ql1]:=1; end;
was[1]:=1; end;

MaccuB g — o4epe/ib, MACCUB Was — HOMEPA JIOJIU. DTO PabOTaeT JJisi CBA3HOTO Irpada, B IPOTUBHOM CJIydae
emné Hy»KeH BHEITHUN IUKJI ¢ TpoBepKoil was. Hageroch, TyT omuboK HeMHOTO.

OtrBer 6: Hy nonsarno, noyemy :) s AByIOJBHOCTH, IIOKPACUB OJHY BEPIIMHY, MbI TYT K€ 3HAeM, KaK
KPaCHUTb COCEeJHUEe C Hell, T.K. eCTh BCEero JBa BapHUAHTA, & OJUH U3 HUX yKe 3aHAT. B TPeXI0JbHOCTH TaK He
TIOJTY IUTCS.

OtrBer 7: CoOCTBEHHO, B IOJICKA3Ke sI yKe CKas3aJj, Kak HaJo Bce jeyarhb. Ocrajoch MPUBECTU I[IPUMED
IIPOrPAMMBI.

procedure find(i,p:integer);
begin
if was[i]l<>0 then begin

He gmepeso!

exit;
end;
was[i] :=1;
for i:=1 to n do

if (grli,jl=1)and(j<>p) then
find(j,1);

end;

JlOoTOTHATEIBHBII TapaMeTp P 3/1eCh — HOMED BEPIUHBI-TIPE/IKa. BhI3pIBaeM 3Ty IPOIeAypPy U3 TJIABHOI IIpO-
rpaMMbl, KOHEYHO, TIepe/laBas B KAYECTBE BEPIIMHBI-IIPEKA HOMEP HECYIIEeCTBYIOIIEH BEPITUHBI, HAIPUMED,
HOJIb, €CJI HyMEPYeM BEPIIUHBI C €IMHUIIBL.

Ha, emg He 3a0y/pTe, UTO JJIsI IPOBEPKH, siBJIsieTCst Jiu Tpad JepeBoM, HaJio 3anyctuTh find(1l) u nposepuTs,
9TO BBl MOOBIBAJIM BO BCEX BEPINMHAX, & JIJIsI IPOBEPKH, SIBJISIETCS JIX I'padd JIeCOM, HAJ0 IPODEeKaThCs TI0 BCEM
BepIIrHAM U 3aIycKaTh find oTTyma, rie emgé He ObIBAJIM.

OrtBet 8: OKoOHUATETLHBII KpUTEPHiT — ecyii B Tpade CTeNeHrn BCeX BEPINUH Y6THBI TII0C BCE KOMIIOHEHTHI
CBSI3HOCTU, KPOME, MOXKET ObITb, OJIHOM, COCTOAT U3 OJHOI BepIIUHbI (T.€. 3TO CBA3HBIA rpad U emg HeCKOIbKO
U30JIMPOBAHHBIX BEPIIHH).

OrBer 9: Hy uro Ty nucars-to? Bee ckazaHo B ab3alie 1epes 3a/1a49eii.

OrBer 10: Kpurepuii Takoii: pOBHO OJ[HA BEPIIIUHA C UCXOISIIEl CTEIIeHbIO Ha €IMHUILY OOJIbIIe BXOJIAIIEH, 1
POBHO OJIHA — CO BXOJISINEN, HA eIMHUILY OOJIBIIEH NCXOMAIIEN; Y OCTAIbHBIX 9TU CTEIIEHU JOJI2KHBI OBITH PABHBI.
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Hy u obbranbre yciioBust Ha cBs3HOCTD. [lummercs Tak e, Kak u 9#1epoB UKJI B oprpade, TOIBKO CHAYAIa HAJO
HANTH Ty caMylO BEpIIUHY, TJe BXOJINasi HA eAUHUILy OoJiblne ucxomsdmel (MMEeHHO Tak, T.K. Mbl HOHIEM 1O
MHBEPTUPOBAHHBIM pEGpam!)

OrBer 11: ZAcHo, yTo MOryT OBITH alUMKJIMYecKue rpadbl — He JiepeBbsi. Hanpumep, Tpu BepIuHbl U pebpa
1—2,1— 3u2— 3. Ec/iu cCHuUMeM OpUEHTAINIO C PEOEp, TO MOTYT MOSIBUTHCS IIUKJIbI, KOTOPBIX PaHbIIE He
OBLIO M3-3a TOTO, 9TO pebpa OBLIM OPUEHTUPOBAHBI.

OrtBer 12: IIpuBeny Ko, TOJBKO CHAYAIA HECKOJIHKO KOMMEHTAPHEB [P0 XpaHeHne rpada CIIICKOM CMEXK-

HBIX BEPIIWH. Byﬂy UCITIOJIb30BaTh HaCTOdIIUe CIIUCKH, T.e.6
type tv=record end;
v:integer; pv="tv;
next:pv; var gr:array[l..maxN] of pv;

3aech tv — 0YepeHOl JIEMEHT CIIUCKA, XPAHSIIUHA OJHO Pebpo (T.e. OJHY CMEXKHYIO BEPIIUHY ):. U — HOMED
9TOI BepIIMHBI, PU — yKa3aTeb Ha cJeiyomiee pebpo (Ha ciemyromuil sieMeHT Tuna tv), uim nil, eciu Takoro
pebpa Her. gr xpaHuT rpad: i KaxKI0il BePIIUHBI — yKa3aTesb Ha MEPBOE PeOPO, 8XOISINee B ITY BEPIINUHBI
(nnm nil, ecan Takux pédep HET).

B nanHO 3a1a4e MBI Oy/IeM XPaHUTH TOJBKO BXOJSIINe pebpa, T.K. UCXOJIAIINe HaM He HY2KHbI (51 TOBOPHUII
006 9TOM B TIOJICKa3Ke). B Apyrux ciydasix Jyisi OpHEHTUPOBAHHOTO rpada MOryT IIOHAJ00UTHCS JIBA MACCHBA
OTJEJIBHO IS BXOJISMINX U UCXOIAIINX PEOep; i HEOPUEHTUPOBAHHOTO rpada, KOHEIHO, Hy2KEH OJINH MACCHUB.

AsropurMm:
read(f,u,v); v:=st[nst];
var st:array[l..maxN] of integer; new(nv) ; dec(nst) ;
nst:integer; nv-.v:=u; ans [pos] :=v;
d:array[1l..maxN] of integer; nv~.next:=gr[v]; dec(pos) ;
u,v:integer; grlv]:=nv; nv:=gr[v];
n,m:integer; inc(d[ul); while nv<>nil do begin
nv:pv; end; dec(d[nv~.v]);
ans:array[1..maxN] of integer; nst:=0; if d[nv~.v]=0 then begin
pos:integer; for i:=1 to n do inc(nst);
if d[i]=0 then begin st[nst]:=nv-.v;
begin inc(nst); end;
... st[nst]:=i; nv:=nv-~.next;
fllchar(gr,sizeof (gr),0); end; end;
fillchat(d,sizeof(d),0); pos:=n; end;
read(f,n,m); for i:=1 to n do begin
for i:=1 to m do begin {momxuo 6mTH nst>0}

st — MaccuB (CTEK) CTOKOB; NSt — KOJMIECTBO JIEMEHTOB B HEM (T.€. KOJMIECTBO CTOKOB B TEKyIeM rpade).
d — maccuB ucxougux creneneil (T.e. d[i] —ucxonsias creneHb (-0l BEPINUHBL). ANS — MACCUB-OTBET, POS —
MO3UIAS B 9TOM MACCHUBE, KyJa MbI JOJKHBI OyJIeM MOCTABUTH OYEPEIHYIO BEPIITUHY.

Cuauajia cunrbiBaeMm rpad. ¢ crenuanbHO MPUBOXKY ITOT TEKCT, YTOOLI BbI BHUJIEIU, KaK XPAHUTH rpad
CHUCKOM CMexKHBIX BeprmH. CunraeM, 9To Tpad 3a/aH CIICKOM PEOEp: T.e. BO BXOJIHOM (aiiyie CHavYaa KOJIH-
4yecTBa Bepiiud (n) u pébep (M), a HOTOM HO JBA YUCJA HA CTPOKE, 3aJa0lIue JBe BePIIUHbI — OTKY/Ia U Ky/a
uiér pebpo. I[losromy cunmThiBaeM cHavYa a 3TU KOJUIECTBA, a MOTOM camu pebpa. Kaxkmoe pedbpo u — v Hamo
J106aBUTH B CIIUCOK PEGEpP, BXOALIIMX B BEpINUHY v, T.e. B cuucok grv]. Ilocmorpure, Kak sro nenaercs. Tyr
HEOOJIBINAST IyTAHUIA C TE€M, UTO PeOPO HJET M3 BEPIIUHBI U, TO3TOMY IPUXOJAUTCS IUCATh NU.U := U, HO 3TO
Mesioun. MoxKeT ObITh, MOXKHO OBLJIO IPHIYMAaTh 00Jiee XOPOIINe UMEHa MOJIIM U nepeMeHHbIM. OOpaTuTe BHE-
MaHWe, YTO, KAK BCErJia P BCTaBKe B CIIUCOK, Mbl BCTABJISIEM B €r0 HAYAJIO, a He B KOHEIl. 3a0/THO apaJlIeIbHO
CYUTaeM B MAcCCUBe d MCXO/ISIIAE CTEICHH.

ITocse sroro popmupyem HaIATBHBIN CIIMCOK CTOKOB St, Mpoberasich 0 MACCUBY d U WIa TaM HyJIH.

Hastee ocHoBHast 9acTh. MbI JO/DKHBI 1 pa3 MOJPsJL B3sTh CTOK, [MOCTABUTbL €r0 B BBIXOJHOW MAaCCHUB W
yaagnTh ero u3 rpada. Kaxapii pa3 croK TOYHO HAWmETCs, T.K. rpad alUKIMIeCKHil, TOITOMYy BCE BPEMs
JIOIZKHO OBITH nst > 0. Bepém ouepenHoli CTOK (KOHEUHO, MOCJIETHUT U3 MACCUBA St — ero NPOIIE YIAJATh, €M
LEepBbIii ), yaasseM ero u3 Maccusa st (komanoit dec(nst) mpocro), craBuM B BBIXOJIHON MaCCUB 1 IIPOGEraeMcs 1o
BXOAAIUM pébpam, obparure BHIMaHue Kak. L1 Kaxk10ro pedpa MpoCTO YMEHBIAeM HA €IMHUILY HCXOISIILY IO
CTelleHb COOTBETCTBYIOIIEH BEPINUHBI M, €CJIU OHA CTajla CTOKOM, 3aHOCHM e€ B MaccuB st. Hacras ommbka
3/1eCb — 3a0BITh HAIMCATH NV:=nv~.next, 9robbl HepeiiTn K ciemyiomeMy pebpy. Dto Bam He for, KOTOpBIi
[IEPEMEHHYIO ITUKJIa aBTOMATHIECKH YBEJININBAECT.

OTBet 13: Hampumep, rpad ¢ AByMs BepInHaMu W OFHUM pebpom 2 — 1 ¢BsA3€H, HO TPHU 3aITyCKe TTONCKa,
B rybuny find(l) Bo Bropyio BEPIIMHY MbI He IIONAJIEM.

Oreer 14: Tpu Bepiunbl, Tpu pebpa: 1 — 2,1 — 3,2 — 3: 3anycrusimuce find(1), Mbl 1Ba pa3a monpobyem
[OIACTh B TPETHIO BEPIIUHY.

63anmeqy, 4TO 9TO OYEHD CHHTAKCHYECKH CTPAHHAS KOHCTPYKIHS: S UCHOJIB3YI0 HAEHTH(MHKATOP PU IO TOTO, KAK OOBICHUI, ITO
OoH 3Ha4uT. llackajb Takoe JOIIyCKAaeT IIpU BBIIIOJIHEHUU JIBYX YCJIOBHIl: BO-IIEPBBIX, BCE JIOJI)KHO OBITH B OJIHOW <«CEKIMH» type,
BO-BTODBIX, JIOJIZKEH OBITH ONPENesIEHHBIN MOPSJI0K: TO JIM CHAadYaja ONpeIeéH tv, TOTOM pv, TO Ju HAaobOpOT, s cefiyac TOYHO He
nomuio. Ec/ti 9TOT KoJi He KOMIIUJINTCS, IIOMEHSIIITe UX MeCTaMU.
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OrBer 15: Hanpsimyio 3aMeHuTh Hejib3sl, T.K. ajaropurm KHyTa He Bcerja JacT KaKyH-TO HOCIEI0BATE b
HOCTb BepiuH. Ho HA060pOT: OH JacT KaKyK-TO IOCJIEI0BATEILHOCTD BEPIIMH TOIJIA U TOJBKO TOTJa, KOIJA
rpad anmurmaeckuit. T.e. npucrmocobuts ajroputrM KHyTa MOXKHO CJIEYIOIUM 00Pa30M: 3aIlyCKaeM ero U, eCJiu
OH HOPMAJIHHO 3aBEPINAETCs, TO Ipad AlUKIMIeCKI, HHAYe HeT. A 9TO 3HAYUT HOPMAJILHO 3aBepinaercs? KiauH-
CTBEHHOE, 9TO €My MOXKET I[IOMEIIATh — MOXKET OKa3aThCsd, 9TO B 04epeHoil MoMmeHT nst = 0, T.e. B TEKyIeM
rpade Her cToKOB. HeclmoKHO MOHATH, 9TO 9TO OyJeT TOTJa W TOJbKO TOr/a, KOrja rpad He AlMKIMIeCKui.
Takum obpaszom, MoxkeT B ajroputm KxyTa j106aBUTH OJ[HY NPOBEPKY BHYTPb IHUKJIA U IOJIYYUTH AJTOPUTM
npoBepku rpada Ha alUKINIHOCTH (& MACCHB GNS TOTJA, KOHEUHO, He HyKeH Oyier).

OTBer 16: Paccmorpum TOT Tpad, KOTOPBIT MpUBEAEH B IOJCKA3Ke: TPU BEPINUHBI, ABa pedpa: 1 — 2
n 3 — 2. B cOOTBETCTBUM C HAIIUM OIPEIECIEHIEM «KOMIIOHEHT CJIa0O0i CBSI3HOCTU» BEPIMUHBI 1 W 2 JTOJIZKHBI
JIEZKATH B OJ[HON KOMIIOHEHTE, 2 1 3 ToxKe, a 1 u 3 Her (T.K. Hu oT 1 10 3, Hu o 3 10 1 gobparbes Hedb3s). [Toarom
TaKoe ollpejiejieHre OEeCCMbBICJIEHHO B TOM CMBICJIE, YTO BEPIIUHBI HE MOJIyYaeTcs Pa3dUTh Ha KOMIIOHEHTHI CJI1a00ii
cBs3HOCTH. SICHO, YTO IpOGJIeMa UMEHHO B TOM, UTO HAPYIIAeTCs TpeGOBaHIE TPAH3UTUBHOCTH .

OrBer 17: [Ipumep rpada, [1jisi KOTOPOI'o TAKOil aJIrOpUTM HE paboTaeT: TpU BepIIuHbL, pedbpa 1 — 3,3 — 1
n 1 — 2. Ecim 3amycTuM mepBblit IOUCK B IVIyOMHY W3 BEPIIUHBI 1, TO PE3YyIbTaT «TOICOPTa» OYIET MMEHHO
mopsAoK 1, 2, 3, u, noiisg B HEMHBEPTUPOBAHHOM rpade CrpaBa HAJEBO, 3aIlyCTUBIINCH IEPBBIM YKe 3aIyCKOM
find(3), MBI TIOCETUM BCE TPH BEPIIMHBI, YTO HeNpaBwiIbHO. Kak «Ha masjbnax» OObsICHUTH, 9eM TAKUM ITOT
AJICOPUTM OTJIMYAETCSI OT BEPHOTO, si HE 3HAO.

Orer 18: Ilycrs B KOHeHCaIuu ecThb UK. Ho Torjga BO3bMEM JIBe BEPIIMHBI 3TOTO IUKJIA — IIYCTh 3TO
Bepmmabl 1 n 2. B kommencanuu mo 3TomMy UKy MOXKHO foiitn u u3 1 B 2, u u3 2 B 1. Torma Bo3bMEM B
n3HaYAILHOM rpade nBe Bepmunbl 1’ n 2/ U3 KOMIIOHEHT CHJIBHON CBSI3HOCTHU, COOTBETCTBYIONINX BEPITHHAM 1 1
2 KoHgencanuu. HecstoxKHo mokazaTh, 9To Torga u u3 1’ B 2’ u B 06paTHYIO CTOPOHY MOXKHO JIONTH B HAYAJIHHOM
rpade, 9TO IPOTUBOPEUUT TOMY, UYTO OHU JIEXKAT B PA3HBIX KOMIIOHEHTAX CUJIbHON CBSI3HOCTH.

OrBer 19: Heciio:KHO BHJIETH, 9TO TOICOPT KAK Pa3 U COPTUPYET BEPIIUHBI 110 BPEMEHU BBIXO/A, TOJBKO
B nopsijike yobiBanus. OH Besb Ha TOCJEIHEE MECTO B BBIXOJHOM MACCHBE CTABUT BEPIIUHY, U3 KOTOPOH MBI
BBINIIA TIePBOii, u T.71. [losTOMYy cOpTHpPOBATH BEPIMUHBI IO BPEMEHH BBIXOJA HAJO aHAJOrHYIHO Torcoprty. Ilo
BPEMEHH BXOJa COPTHPOBATH TOYXKE AHAJOTMIHO, TOJIHKO CTABUTH BEPINUHY B BBIXOIHON MAaCCHB HAJO B HAYAJIE
nporeaypsl find. 9To 4eM-TO aHAJOTUYHO COPTUPOBKE IOICIETOM.

OrBer 20: JIjisi MOCTOB MOXKHO. [[Jist TOUEK COYJIEHEHUsI HET, T.K. MOXKET OKa3aThCsl, YTO IIPH YJIAJEHUN BEP-
[IUHBI CTapasi KOMIIOHEHTa, CBSI3HOCTY PaCIaIaeTcs Cpa3y Ha Tpu uim emié oosibine. ObpaTuTe TakyKe BHUMAHUE,
9TO HEJIB3sI TOBOPUTH «MOCT — 3TO TaKOe pedpo, MpHU yJIAJIEHUN KOTOPOi rpad pacuaIércs Ha dée KOMIIOHEHTHI
CBSI3HOCTH» W AHAJIOTUIHO JJI TOYEK COYJICHEeHUsI, T.K. He MOHATHO, YTO STO 3HAYUT JJIsI HECBA3HBIX IpadoB, u
B HauboJiee JIOTUYHOI TPAKTOBKE JIJIsi HECBSI3HBIX I'PadOB 3TO HEBEPHO.

Orser 21: ¢ Takoii CBsi3u He 3HAIO. &) HET, T.K. KOHEI] MOCTa MOXKeT OKa3aThCsl BUCAIIEH BepinHOii. Boobe,
HanpuMep, B rpade ¢ JAByMsl BepIInHaMu U ofHUM peGpom (1-2) ofpH MOCT, HO HU OJIHOM TOYKH COUJIEHEHUSI.
6) OueBUIHO, HET, U HECJIOKHO MPHUJYMATH KOHTPIIPUMED.

OtBer 22: Ilycrs ects Takoe pebpo. Paccmorpum ToT KOHEI[ ero, B KOTOPBIN MBI [IOTAJIN PAHBIIE — IIYCTh
910 BepiuHa u. K MOMEHTY, KOrja Mbl HOIIaJM B HEro, BO BTopoil kKouer (v) Mbl emmié Ha 3axomuia. Mol Gyaem
[IPOCMATPUBATH COCEJIEN BEPIIUHBI U U HATKHEMCS Ha v. FCjin K 9TOMY MOMEHTY MBI BCE eIllé He ObLIA B U, TO MBI
B HeE TOWIEM, ¥ CTAHET CBIHOM M ITOTOMY ITOTOMKOM % M pebpo He OyeT IepeKpECcTHBIM. B IpOTUBHOM Cilydae
MBI ycresan 1moObIBATh B BEPIIUHE v, IOKA 00PAbATHIBAIN JPYTUX COCEENl BEPIMUHBI U, 3HAYUT, U — IMOTOMOK U
7 pebpo BCe PABHO HE MEPEKPECTHOE.

OrtBer 23: Hy nmousTHO, iepeMeHHasi BHEITHETO IMKJIA, B KOTOPOM MbI 3aIlyCKaeM MOUCK B rryoumy. CM. 1.
1.2.

Oreer 24: [IpusBoauTh aaropuT™M TYT He OyLy, IUIIATE CAMU :)

OrBer 25: Anajiornyno upempyiyiiemy. MHe KayKeTcsi, 9TO, €CJIM Bbl XOPOIIO OCBOUJIMCH C IIOMCKOM B IJIy-
OWHY, TO IPUIYMaTh U HAINCATH 3MOM AJTOPUTM TPYIA HE JIOJI?KHO COCTABUTD.

OtrBer 26: Eciu nobasurs K/2 pébep, Kak 9TO CKA3aHO B IIOJCKA3KE, TO CTEIEHU BCEX BEPIIMH CTAHYT
gérabivu. [loaroMy HaiiiEM B rpade 3iijIepoB IUKJI ¥ [IOTOM U3 HErO BHIKUHEM Te pebpa, KOTOPbIe Mbl PAHbIIE
nobasuin. [uka pacnanérest Ha K /2 myreii, Koropble n GyIyT OTBETOM Ha HAIly 3a/1a9y, T.K. MEHbIIE IIyTeil
[TOJIy YU Th HEJIb3sI.

Bonycnoe 3aznanue: a nodemy umenuo xa K /27 Bapyr y Hac HECKOJIBKO ylasseMbIX pébep B IUKJE OyIyT
UJITH HOAPSAI?!

OrtBer 27: 3amada-myrka. HecjtoxkHO J0Ka3aTh, 9TO Beca BCEX SHMIEPOBBIX IUKJIOB OJUHAKOBBI U PABHBI
n(n+1)/2 -5, rae S — cymma Beex ;, OITOMY BBIBOJUM JIFOOOH THKJI.

Orer 28: Oyenb IPOCTO HA CAMOM JIeJIe, U JiayKe TOUCK B IIyOuHy TyT HU 1pu 4eMm. [IpocTro opueHTHpyeM
BCce pebpa OT BEPIIUHBI ¢ MEHBIITUM HOMEPOM K BEPIIUHE C OGIBITIM.

"Ha camom jefte, MycTh TIPO HEKOTOPBIE TAPbI BEpPHTHH (MM BOOOIIE JIIOGBIX 06BEKTOB), CKA3aHO, YTO STH MAPBl <XOPOIIHE».
Torma, 4TOOBI BEPIIMHBI MOYKHO OBbLIO PAa3bUTh HA <«KOMIIOHEHTBHI XOPOIIECTH», T.€. Ha TPYIIbLI TaKWe, YTO B IIPEesiaX KarKIou
rpynnbl BCe TApbl XOPOIIHE, & MEXKJY CPYIIIaMU — HET, HEOOXOIUMO M JOCTATOYHO BBIIOJHEHUS TPEX YCIOBUA: PEeIIEKCUBHOCTH
(aTo Kazkmas BepIIMHA caMa ¢ cOO0i 06pasyeT XOPOLILYIO Iapy), CHMMETPATHOCTH (ITO €CJI U U U XOPOIIasi Iapa, TO U U U U TOXKE),
U TPAH3UTHBHOCTH (€C/IM % U v XOpOolas Iapa, U U U W TOXKe, TO U U U W TOXKe).
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Boobirie, jir060ii arukndecknii rpad, Kak Mbl 3HA€M, MOYKHO OTTOIICOPTUTH, M HA000POT, JII060i1 rpad, KOTO-
PBIIl MOXKHO OTTOICOPTUTS (T.€. ISl KOTOPOTO 3371848 TOIOJOINIeCKOH COPTUPOBKY UMEeT DeIlleHNne), SBIISeTCsI
anukmIeckuM. [103ToMy MOXKHO MPOCTO 33JIaTh IIPOU3BOJIbHBIN IIOPSIJIOK BEPIIUH U OPUEHTHPOBaTh pebpa B
COOTBETCTBUU C ITUM IOPSIKOM, 1, HOJIee TOro, TAKUM 00Pa30M MOXKHO IMOJIYYUATH 4100010 anuKImaeckuit rpad,
KOTOPBII BOOOIIE MOYKHO HOJIYIUTh U3 JAHHOI'O HEOPHEHTHPOBAHHOLO.

OtBer 29: Pemenus ne 6yzeT CymecTBOBaTh TOTJA U TOJIBKO TOTJA, KOrJa B rpade ecTb MOCTHI. Kciu ux
HET, TO OPHUEHTUPOBATH HAJIO TAKXKe, KaK IIPU ITOMCKE MOCTOB, T.e. pebpa JepeBa IIOUCKa — OT KOPHsI, OCTaJIbHbIE
pebpa — Kk Kophio. (Ha camom Jiesie j1azke MCKATh MOCTHI He 00sI3aTEIBHO).

OtBer 30: Boikurem Bce HEOPHEHTHPOBAHHBIE PeOpPa U OTTOICOPTHUM IMOJTydeHHblil rpad. Ecan 3To neBos-
MOKHO, TO 3a/ia4a pelenus He umeer (modemy?). Ilorom BepuéM Bee HEOPHEHTUPOBAHHDBIE PeOPa 1 OPUEHTUPYEM
WX B COOTBETCTBHH C ITOJIyI€HHBIM B TOICOPTE HOPSIKOM.

Bonychoe 3ajanue: cpaBHUTE 9Ty 3aja4y ¢ 3aja4eil 28.

OrBer 31: Ilocrpoiite rpad: BepmuHbI — 9K3aMeHbl, pedbpa — ydyeruku. Ocrajoch IIPOBEPUTH €ro Ha JIBY-
JIOJIBHOCTb.
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