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BBEJAEHHUE

3aBepIUaroMii 3Tar NOArOTOBKU CTYAEHTOB [0 METOJIaM ITPOrpaMMHUPOBaHUS
TpeOyeT pellleHrs CTYAEHTOM CJIOKHBIX YUeOHbIX 3a7a4. B nucuuriaune
«CTpYKTYpBI JAaHHBIX U METObI POrPAMMUPOBAHUS, U3yUaeMOU B YETBEPTOM
ceMecTpa 00yuyeHus, peIMETHON OCHOBOM 3a/1ay SIBJISIETCA COPTUPOBKA TAHHBIX
u uHpopmaronHbii nouck. B monorpaduu [1] . Kyt ykassiBaer « ...
MPAKTUYECKU KK bl BaXKHBIA aCIEKT MPOrpaMMHUPOBAHUS BOSHUKAET B CBSI3U C
COPTUPOBKOH U mouckom». OHU HATJIAIHBI, POCTHI JIsl TOHUMAaHHUS.

B onpenenenHoil cTeneHu 3T0 OTHOCUTCS U K 3a/1adyaM Ha rpadax, KoTopbie
peanu3yroTcs CTyICHTaMH BO BTOPOI MOJIOBHHE ceMmecTpa. JIoruka ux pemeHus
CJIOXKHEE, TPYA0EMKO U TECTUPOBAaHUE MOCTPOEHHBIX porpamm. [losTomy 3amaun
Ha Tpadax SBISAIOTCS MPEIMETOM HE JIa0OPaTOPHBIX, & KYPCOBBIX PaboT.

B kypcoBoii paboTe UCHOIb3YIOTCS OHATUS U TEPMUHBIL, TOJTyUYEHHBIE
CTYJIEHTOM B Kypce «JlucKkpeTHass MaTeMaTuKa», a IpUOOPETAET OH HABBIKU
MCIIOJIb30BAHUS TUIIOBBIX CUCTEM UCCIEN0BAHUS rpadoB.

Hekoropble TEpMUHBI, UCIIOJIb3yEMbIE B 331aHUSIX, TPEOYIOT MOSCHEHU.
/Jlnuna nymu BO B3BELIEHHOM Tpad)e MOHMMAETCsl Kak CyMMa BECOB pedep,
o0pa3yIolux 3TOT MyTh, a €CJIM Beca pedep HE 3a/1aHbl — KaK YUCI0 pedep,
oOpasyrwonux nytb. Kpamuatiwuti nyme XapakTepu3yeTcsi HAMMEHBIIEH JJTMHOM.
[TyTh oT BepmnHbl Y K BepiinHe X o003HauaeM kak Y — X, a MHIUACHTHOE
BepmuHaM Y, X peopo kak {Y, X}.Uucro BepuivH B rpade 0003HaUMM N.

lepeeom noucka Ha30BEM MHOKECTBO BCEBO3MOKHBIX IIPOCTHIX MYTEH C
oOmieit HauanpHOM BepimHon. Ha puc.1 cneBa nan npumep rpada, a cipana —
JIEpEBO MOUCKA MyTel, HaunHaromuxcs B BepmurHe A. O0mre Hayana nyTei B
HeM coBMenieHbl. BeTb ¢ Bepmmnamu D, C, E yuacTByeT B AepeBe nmoucka
JBaXbl: B COCTaBE MyTeH, MPOXOAAIINX yepe3 y3ea B, u B cocraBe myTei,
HaunHaroumxcs ¢ peopa {A, D}. Pazmep aepeBa noucka B mIIOTHBIX Ipadax
HKCIIOHEHIIMAJIBLHO BO3PACTAET ¢ yBeanueHueM N. Kak ciencreue, yBeIMunBaeTcs
Y BBIUHUCIUTENbHAS CIOXKHOCTh MOKCKa myTei. OTOpachiBas «HENEPCIEKTUBHBIE)
BETBH, MOXHO YMEHBIIATh pa3Mep JIepeBa MOUCKA, IPOU3BOIAUTH €T0 yceueHue.
Kputepuii olieHKH BETBU JiepeBa MOUCKA, €CJIU OH CYILECTBYET, 3aBUCUT OT
coJiep kaHus 3aaun. Pa3HOBUIHOCTD MOMCKA ¢ BO3BpaTaMu, B KOTOPOM
PEeIyCMOTPEHO yCeueHue JepeBa Noucka, HOCUT Ha3BaHUE Memooa eemeell U
epaHuy.



Puc. 1. I'pad u nepero nowucka.

1. TPEBOBAHUS K COJIEP)KAHUIO KYPCOBOM PABOTHI

[Ipucrynas k kypcoBoit pabore (KP), cTyIeHT T0KEeH OBIaIETh TPEMSs
BapHaHTaMU onucaHus rpada: a) B Bujae MaTpuiibl cMexnoctu ([2], § 8.2);

0) B Buje crrckoB uniuaeHnni ([2], § 8.4); B) B BUAe CTPYKTYPHI C OrTIaBJICHUEM
([2], § 8.4). TpeOyemblii BapraHT onricaHus rpada yka3pIBaeT MPEIo 1aBaTeb.

PaccmarpuBaroTcst Tonbko cBsi3HbIe rpadbl. PaznoBuaHocTH rpada
OIpEIETSAIOTCS TEKCTOM 3a/iaHus. Eciiu B HeM ynoMsiHyThI Beca pedep Uiu
BEpIIMH, rpad B3BEIICHHbIA. B TakoM rpade ammHoi myTtu OyneM Ha3bIBaTh
CYMMY BecOB pedep, 00pa3yrolux 3ToT nyTh. Bec He MoxkeT ObITh MeHblIE (.
OpueHTHPOBaHHBIN rpad) UCIONB3YETCs], TOIBKO €CIIH 3TO MPEANUCAHO B TEKCTE
3amanus. OcMbicauBas pemieHue 3a1auu KP, cTyneHT nomkeH BeIOpaTh A1l
peanu3anuy MOoAXOASIINE CUCTEMbI U3 YEThIpeX 0a30BbIX BAPUAHTOB CHCTEM
uccienoBanus rpada:

- Mo UITMPOBaHHBIH ouck B ryouny ([2], § 8.9);

- opauHapHbIi ouck B mupuny ([2], § 8.10);

- IOMCK KpaTyaimmx myTted no meroxy [lewkcrper ([2], § 8.4);

- IOUCK KpaTyallluX MyTeHd Ha OCHOBE TOMOJIOTUYECKOTO YIIOPSAI0UECHUS
BepmmH ([2], § 9.4).

Brauane cTyaeHT 3amuchiBaeT U MPOBEPSIET MporpaMmMy 6a30BOTO BapHaHTA.
BHoCs KOppeKTHbIE U3BMEHEHUS B IPOrpaMMy, CTYIEHT IPUCIIOCA0INBaET
BBIOpAaHHYIO CUCTEMY K CBOEMY BapuaHTy 3aaanus. Hanpumep, a1 BbIsBICHUS
MHO>KECTBA MPOCTHIX MyTeH, HAYMHAIOIIKXCS B 3aIaHHON BepIIMHE A, ciaeayer
OPUMEHATh MOAUPUIMPOBAHHBIN MOUCK B rryouny (MIII). XapakrepHoit
omuOKoM yuamierocs siBnsgercs 3ameHa MIIT muocokpammusim mocTpoeHreM
NyTH, HAYMHas OT BepIIUHbI A. DTOT Hed(PeKTUBHBIN criocoO TpeOyeT
3aIlIOMUHAHUSI MHOYKECTBA BBISIBIIIEMbBIX MyTeW, OOJBIINX 3aTPAaT BPEMEHU Ha UX
cpasHenue. [Ipumensist MIIT', oonasicowr 3amyckaeM mpoiiece Moucka, B Xo/1e
KOTOPOTO aBTOMAaTHYECKU CO3JAI0TCS PA3IMYHBIEC MPOCTHIE MYTH (MU MPOCTHIE
IIUKJIBI, €K AToro Tpebyer 3ananue). MIII™ mpuroaeH u 1j1s moucka
€MHCTBEHHOT'O IIyTH, HAIIPUMED, ITyTH IKCTPEMAIBHOTO B 33JaHHOM CMBICJIE.

JI1st KpaTKOCTH B AAIIBHENIIEM TEPMUHBI «IIPOCTOMU ITyThY, KIPOCTON LIUKID)
3aMEHSIOTCS TEPMUHAMU KIIYTh» U KUK, MOCKOJbKY UCIOJIb3YIOTCS JIUIIIb
MPOCTHIC IMYTU U MPOCTHIE IIUKIIBI.



Ipumep 1. CornacHo 3aJaHUI0 HAJI0 HAUTH BCE LIUKJIbI, TPOXOASILINE YEPE3
BeplHIMHY A, HE UMeroLe o0umx pedep Hu ¢ kpaTyailium nyteM B — C, Hu ¢
KpaTyaiiiumum nmytem D — E.

Jlns ucyepnbiBaroiero nepedopa mukinoB npumensem MIII ¢ Toi
0COOEHHOCTBIO, UTO HY>KHBI 3aMKHYThIE TTyTH. [IoMCK Takoro myTy HaYMHAEM C
BepIIMHBI A, B TIpoliecce MOMCKa MPOBEPsieM, BO3BpAIIACTCS JIK MTyTh B BEPIIUHY
A. B u3MeHEHHYI0 IpOrpaMMy HaJ0 BHECTH POBEPKY, HE IPUHAJICIKNAT JIU
ouepeaHoe pedpo MepeuHio 3anpenieHHbix pedep. Takue peOpa UTHOPUPYIOTCS, B
COCTaB LIMKJa He BKIoYaroTcs. [IpoBepky Ha10 NpOU3BOAUTH IO XOAY
IIOCTPOEHUS BO3MOYKHOTO LIUKJIA. PacCMOTpeHO cosepkaHue NOAIpPOrpaMMBl,
WCIIOJIB3YIOIIEN METO BETBEU U rpaHull. /[0 ee npuMEHEHHs HY>KHO CO3/1aTh
nepeyeHb 3anpenieHHBIX pedep, BRIABUTH kpaTdaiimue nytu B — C, D — E.

Tak kak rpad He B3BELIEHHBIH, 1151 HAXOKIEHUS KpaTyailliero myTu
UCIOJIb3yeM OPJAMHAPHBIN MOUCK B MIKMPUHY. B 6a30By10 porpammy mnoucka
BHOCUM U3MEHEHHUS: TP MOMELIEHUU B OUepelb MOCEIEHHON BEPIIUHbI
3allOMHUHAeM BepLIMHY-TIpeaiecTBeHHUKA. [Ipu ycnenHom 3aBepiiieHuy noucka
B IIUPHHY (IOCTIOKECHUM 33JaHHOM BepIIMHbI X) OepeM ee mpe/iiecTBeHHuKa Y,
3aromuHaeM pedpo {Y, X} u mpoxoaum BCIO IEIb MPEIIIeCTBEHHUKOB,
3aniomuHas pedpa. Konerr nenu — Bepimna 0e3 npeiecTBeHHUKA.

PaccmoTpenHoe 3ananue TpedyeT yrouHeHHs. MOXKeT CyIiecTBOBaTh
HECKOJIbKO KpaTuaiimux nyteit B — C mim D — E. B kypcoBoii pabote
MCCJIEI0BATh, 3alIOMUHATh KaX/Iblii BAPUAHT IIyTH HE cieayeT (mporpamMmma
Ype3MEPHO yCIOKHUTCS). OpAMHAPHBINA [TOUCK B IIUPUHY JAET HAM OJIUH
BapUaHT KpaT4aMIlero myTH, €ro U UCHOJb3yeM. AHAJOTUYHbIE YTOUHEHHSI MOTYT
noTpeOOBaThCA U AJI1 HEKOTOPBIX APYTUX BapuaHTOB 3afaHusi. HyxxHo
COrJIacoBaTh MX C MPENOJABATENEM HpU NOTYUEeHUU UHOUBUOYATLHO20 3A0AHUSL.

Oco0eHHOCTH MHIUBUYAIBHOTO 3a/IaHUsI ONIPEACIIAIOTCS YKa3aHHBIM
IpernojiaBaTesieM BapuaHTOM HIDKE CIEAYIoNIero nepeyuns. JleicTBus ydaierocs
NPUBEACHBI HUXKE, OH JTOJIKEH

- U3YYMTh YKa3aHHbBIN BapUaHT NEepeyHs AJs olpeaeseHus Tumna rpada,
YKa3aHHOTO SIBHO WJIM 33/IaHHOTO 110 MPaBWIy YMOJTYAHMS.

- YTOYHUTH CIIOCOO OMUCAHUS UCXOIHOTO rpada U MpeicTaBiIeHUE pe3yIbTara;

- 000CHOBaHHO BBIOpaTh 0a30BYIO CHCTEMY HCCleA0BaHus rpada;

- BHECTHU B Hee HEOOXOIMMbIE U3MEHEHUSI U COCTAaBUTh IPOrpaMMy Ha SI3bIKE
C++, mnanupyemblil pe3ybTaT KOTOPOH yKa3aH B MyHKTE EPeyHS;

- IPEAYCMOTPETH B pOrpaMme nu3o0paxeHue rpada u pe3ysibrara, UCIoyib3ys
NOJXO/SIIYIO IBETOBYIO FaMMY;

- IOATOTOBUTH TECTHI JUIsl HCTIBITAHUA MporpaMMbl. Cpen UCXOIHBIX rpadoB
JOJIKHBI OBITh M TAKUE, JI1 KOTOPBIX HCKOMBINA PE3yibTaT HE peaanu3yeTcs.
[Iporpamma nomkHa coo01maTh 00 3TOM;

- UCIIBITATh IPOrPAMMY Ha MHOYECTBE TECTOB, P HEOOXOAUMOCTHU BBITIOJIHSS
OTJIaJIOYHBIE IEVCTBUS;

- 0()OPMUTH OTYET MO BHITIOJIHEHHON KypPCOBOM padote (cM. 1. 4.



2. IEPEYHEHb BAPUAHTOB UCKOMOI'O PE3YJIBTATA

1. BceBo3mosxHble yTH A — B, 4acTbi0 KOTOPBIX ABJISIETCS KpaTdyalliui
nyts C — D.

2. ki, mpoxomsuiuii yepes Bepiiunbl A, B, C, He coaepxkammuii pedep, Bec
KOTOpbIX Oouibiie P.

3. Bce nytu A — B, He umeroniye o0mux pedep ¢ caMbiM IJTUHHBIM LIUKIOM,
MPOXOAIIMM Yepe3 BeplInHy B (momnaraercs, 4To OH € IMHCTBEHHBIN).

4. TlyTh, HAUMHAIOUTUICS B BepIIMHE A U IPOXOASAIINI Yepe3 MaKCUMAIbHOE
YHCIIO APYTUX BepiinH. Eciu Takux mpoCcThIX MyTeill HECKOJIBKO, HAUTH BCE.

5. Bce nukiisl, mpoxoasiye 4yepe3 BepinHy A, HO HE TPOXOAsIre Yepes
1eHTp rpada; BepmrHa A IEHTPATbHON HE SBIISACTCS.

6. Lukn, npoxonsuuii uepe3 BepiuHbl A, B, 4acTpio KOTOPOTO SBIISIETCS
kparyaimuii mytb C — D.

7. Ilyte A — B HaumeHsb1I€#l CTOMMOCTH B Tpade, rae 3aaHbl HE TOJBKO Beca
pedep, HO U Beca BepiinH. CTOMMOCTb MMYTH — 3TO CyMMa BECOB
IPOWJICHHBIX peOep U BEPIIMH.

8. Ilyts A — B, npoxoasmmii uepe3 BepuinHy C, Bce pedpa KOTOPOro UMEIOT
Bec B uHTEepBaje ot P1 no P2.

9. Bce nukIibl, NPOXOAIINE Yepe3 BEPIIMHY A, He UMEIOIIe 00X pedep C
kparyaimum nmytem C — D (monaraercs, yto kpatdaimmuit myte C — D
€/IMHCTBECHHBIN ).

10.Bce nytu A — B, He umermume o0mux pedep ¢ KpaTdalliuMm IMyTeM
A — B, HAXOAMMBIM I10 CIIOCOOY TOMOJIOTHYECKOTO yropsigoueHus (rpad —
OPUEHTUPOBAHHBIH, O€3 IIUKIIOB).

11.1Tyte A — B, npoxoasmuii uepes Bepimmabl C, D 1 coaeprxammmii
MUHHMAaJIBHOE YHCII0 pedep 3aaaHHoro Beca P.

12.Bce mytu A — B, mpoxosiimue xoTst ObI 4epe3 OHY IEHTPATbHYIO
BepIIMHY rpada; BepinHbl A, B leHTpanbHbIMU HE SBIISIOTCS.

13.Kparuaiimmii UK, MPOXOAAIIUI yepe3 BepunHy A, 9acTh KOTOPOTO —
nyTs C — D unu nyte D — C.

14.TTlyte A — B HaumeHbIIIel CTOUMOCTH B Tpade, MpeICTaBISIONIEM CUCTEMY
JIOpOT; BeC pedpa — 3TO CTOMMOCTh TOIUIMBA, PACXO01yEMOT0 TIPH MPOE3/e
JIOPOTH, TIPEACTABICHHON PeOpOoM; 0c000 3a/1aHbl IONIITUHBI, B3UMAEMbIE
IpU BHE3JIE Ha IOPOTH.

15.Bce nytu A — B, mpoxopsmue yepe3 BepirHy C 1 HE UMEIOIIHE 00X
pebep ¢ kpaTuaitium nyteM A — B, Haxoaumbim o metoay JlelKcTpbl
(rpad — B3BeHICHHBIN).

16.ITyts A — B, mpoxomsmuii yepe3 Bepmmnbl C, D u umeromuii
HauOOJIBIINI BEC.

17.Bce kparyaiimue nytu A — B, He npoxopsiire yepe3 BepIIMHbI U3
3aJIaHHOTO MHO>KECTBA BEPILIHH.

18.Bce nytu A — B, He umeroniue o0mux pedep HU ¢ OJJHUM LIUKIIOM Tpada.



19.1uki, npoxoadiuii yepes BepiinHy A, HO HE IPOXOAIIUN Yepe3 BEPLINHY
B, u cogepxamumii MakcuMaabHOE YUCII0 pedep 3a1anHoro Beca P.

20.Huxn, npoxoasiuii yepe3 BepinHy A 1 MaKCUMaJIbHOE YHCIIO APYTHUX
BEpIINH, HEe ABsronxcs sepmunamu C, D.

21.1ukn, mpoxoasauiuii yepe3 BepiiuHbl A, B, Bce pedpa B KOTOPOM UMEIOT
Bec B uHTEpBaje ot P1 mo P2.

22 . KaxxnpIii 1IUKJI, MPOXOsuil yepe3 BepinHbl A, B, xoTs 661 01HO pedpo B
KOTOPOM IPUHAICKUT KpaTdaimemy nmytu C — D.

23.Bce nukibl, mpoxosiiue yepes y3ea A, Bec KOTOpBIX He MpeBbiaeT P, He
uMerorue oomux pedep ¢ kparuaimmm nyrem C — D.

24.Bce mukiel, poxoasmue depe3 y3ibl A, B, C u He comepxkantue pedep, Bec
KOTOPBIX PaBEH HYIIIO.

25.ITyte A — B, mpoxoasmmii uepes Bepiuinasl C, D, cymmapHbIit Bec
KOTOPOT'0 HE IpeBbImaet P.

26.Kakoi-nm100 myTh, HaYaJIOM KOTOPOTO SBJIAETCS KpaTyamuii myte A — B,
a OKOHYaHueM — kparyaimuil nyts C — D.

27 . Kparuaiiimuii myth A — B, mpoxoasmuii yepe3 Bepinny C. Permuth
3a71a9y JABYMs CIocoOaMHM: a) Ha OCHOBE TOKCKA B TIyOHHY; 0) JTBaXK bl
UCIIOJIb3YsI TIOUCK B IIMPHUHY.

28.Bo B3BemenHoM rpade Hanboliee yaaleHHbIE BEPIIUHBI OT BEPUIUHBI A,
SBIISIFOLLEICS MenaHo rpada (paccTosiHUE ONpeeNsIeTcs Kak cyMMa
BECOB pedep, COSTUHSIONINX ATy BEPIINHY C BEPIIHHOM A).

29.11yts A — B, Haunnaromuiics ¢ pebpa {A, E} u comepxarnimii
MUHUMAJIBHOE YMCIIO0 OOIINX BEpIIUH ¢ Kpartyaiimmm mytem C — D.

30.Kparvaiimmii myte A — B, mpoxomsimuii uepes peopa {C, D}, {D, E}, o
He mpoxoasmuit uepes 1eHTp rpada. Bepmunsr C, D, E He nuentpansHble.

3. YKA3AHHS IO BBIITOJTHEHUIO KYPCOBOM PABOThHI

Jjig ncuepnsIBaroIIero nepedopa NpocThiX MyTel WK MPOCTHIX IIUKIOB
npuUMeHsieM MOAU(PUIIMPOBaHHBIN MOUCK B rtyouny (MIID). Bo uzbexanue
OLIMOOK CJeyeT MPUACPKUBATHCSI MMEHHO 3TOM CHCTEMBI HCCie1oBaHus rpada,
TIIATEIHHO 00IyMbIBasi BHOCUMbIE U3MeHEHUs. Eciu xapakTep 3agaHus
OIpe/eTsieT BO3MOXXHOCTh yCEUEHUS IepeBa MOUCKa, 0043aTeIbHO UCTIONIb3YHTE
METO/]I BETBEM U IPaHUIL.

IIpumep 2. Bo BTOpOM BapHaHTe MEPEUHs MPEANOIararoTcs 3anpenieHHbIe
pedpa. Jlonyctum, TakuM siBisgercs pedpo {Y, X}. [Ipu goctukennn BepinHbl Y
BBIOMPACTCSI OJIHO M3 MHIUACHTHBIX pedep. Eciu BeiOpano pedpo {Y, X},
0e3yCclIOBHOE BBIMOJHEHHUE 1Iara Ha3a OT BepIIuHbI Y OyaeT ommnbkoi. HyxHo
IPOBEPATH JIpyrue pedpa, MHIUUIEHTHBbIE Y, U1 IBUJKEHUS BIIEPEl, U TOJIBKO
€CJIM TaKuX pedep HET, BBINOIHATH LIAr Ha3al. BO3MOXXHBIM ClI€CTBUEM OIINOKU
SIBUTCS] UCKJIIOUEHUE U3 PACCMOTPEHHUSI HEKOTOPBIX LIUKJIOB.

IIpumep 3. Llenblit psin BapuaHTOB 3a/1aHUsI PEIIONIATAIOT yCEUSHHE 001acTu
noucka. O6parumcs k 6 BapuanTy. HauanbpHblil 3Tan perieHus — HaxoxeHue
MHOXeCTBa pedep, o0pasyromux kpardaimmii myte C — D. Bropoit atanm — MIIT



C U3MEHEHUSAMHU. TpynoeMKHil mepedop MPOCThIX MyTEH WM LIMKJIOB IJIaBHBIH
Henoctatok MIIT'. CokpaTuth ero B 6 BapuaHTe 3a1aHUS MOKHO, OTKa3aBIIHUCH
OT PaCCMOTPEHUS MHO20UUCIEHHbIX LIUKIIOB, Jieasi MPOBEPKHU 10 XOIY
noctpoenus mukia. [lycrs C =5, D = 3, a HalinenHbid kparyaimuii myts C — D
oOpasoBaH pebpamu {5, 2}, {2, 4}, {4, 3}. Ilpu noctwxennu Bepuubl C
BBITIOJIHSAEM Tiepedop pedep, HHIMACHTHBIX C. COOTBETCTBYIOUIUHN UK
npenycMotpe B MIID', n3aMeHeHre COCTOUT B TOM, UTO LIAr BIOEPE] HE
BBITIOJTHSAEM, TTIOKa HE BBISIBUTCS pedpo {5, 2}. 3aTeM B yKa3aHHOM ITUKIIE
BBHITIOJIHAEM Tiepebop pedep, MHITUACHTHBIX BEPIIUHE 2, IeTiast Iar Bepe]
TOJIBKO TIPH BBIsIBIIEHUU pebpa {2, 4} u T.1. Takum oOpa3zoMm, UCKITIOYAEM U3
mpoliecca MoMcKa BETBH, OTXOIAIINE OT BepITuH KpaTdaimero mytu C — D.

IIpumep 4. Paccmotpum 8 BapuanT. Korna BeIsBIIsIeTCA peOpO 3apenieHHOro
Beca, I1ar BIepe]] M0 3TOMY PeOpy HE BBINOJIHSAETCS U OTBEPraeTcsi BETBb JIEpEBa
ITOKMCKA, BO3MOXKHO OOJIbIIIAs.

IIpumep 5. Obpatumcs K 25 BapuaHTy, OYEBUAHO TPeOyIOLIEMY IPUMEHEHUS
MeToza BeTBell U rpanull. CymMmMupoBaHue Beca pedep Mo X0y ABMXKESHHUS BIEpe
MO3BOJISIET COKpAIATh AEPeBO Moucka. Beskuii pa3, koraa cymma npessbiinaer P,
JieaeTcs mar Ha3aj (Bo3MOKHO He ojiuH). [Ipu mare Hazaj ot BepiuHbl X K
BepinrHe Y U3 HAaKOIUIEHHOM CyMMbI BhiunTaeTcs Bec peopa {Y, X}. Takas
KOPPEKIIMS HY>KHA U B CIy4dae MOCEIICHHS BUCSYMX BEPILIHUH, BUCIYUX BETBEH.

IIpumep 6. /{5 ucnonb3oBaHust MeTO/1a BETBEH U rpaHull B 11 BapuanTe
HykeH cueTurk K pebep 3amannoro Beca P. [Ipu mare Brepen mo takomy pedpy
CUETUMK yBEJIMUYUBAETCS Ha 1, a mpu 11are Ha3aj Mo Takomy pedpy —
yMeHblInaetcs Ha 1. Ecnu npu qoctuxkenuu BepiiuHbl B moaTBepxkaaercs gakt
MPOXOXKIeHUs MyTH depe3 BepmuHbl C u D, 3anomunHarorcs 3Hauenne KO
cueturika K u myts A — B, nenaercs mar Hazan u npoiecc MIII™ nponomkaercs
C LIEJIbIO BBISIBJICHUS CJIEIYIOLIMX BAPUAHTOB MyTH. Tenepb Ha KaKJIOM I11are
BIiepe/] npoBepsieTcss ucTUHHOCTH yenoBusi K < KO. Ecnu oHo oka3biBaeTcs
JIO’KHBIM, MPOUCXOUT yceueHue aepena noucka. [Iponecc MIII™ BHOBH mpUBOIUT
K BepiiuHe B, Tonbko ecnu Ha myTH K Helt 3HaueHue K octanock Menbie KO.
3nauenue KO 3amensiercs, mytb A — B 3amomunaercs u npouecc MIIT
MOBTOPSAETCS, TOKa BCEBO3MOXKHBIE JIOMYCTUMBIE MYTH HE OYIyT paCCMOTPEHBHI.

Jlnst ynipomenus anroputMa ycnosue K < KO mpoBepsiiite ¢ camoro Hadana
TIOVICKA Ty TH, BBHITIOJTHUB TIPeIBapUTEIbHO MprucBanBanue KO = n.

3anpenmieHHble BepuInHbl, Ecu B BapraHTe 3a1aHUs] yIIOMSIHY ThI
BEPIIMHBI, TPOXOKIeHUE KOTOpbIX Ha 3Tane MIII 3anpeiieHo, To YTOObI
COKPATHUTh JIEPEBO MOUCKA, BEPIIUHBI CIETYET MPOBEPATH MO XOAY MOCTPOEHUS
nyTu. [IpocToii nepedop 3anpemnieHHbIX BEPIIUH Ha Kax1oM 1are MIII ne
PEKOMEHyeTCsl, TaK KaK CYLIECTBEHHO 3aMeJIsIeT NOCTpoeHue myTu. Mimerores
JIbTEPHATUBBI: a) TUXOTOMUYECKHUM MOUCK B YNOPAOOUEHHOM CIIUCKE
3alpeICHHBIX BEPIINH, 0) UCIOIb30BaHue BekTopa Q npusHakoB BepiinH; Q[w]
= false o3nauaer, uro BepirHa W 3amperieHa. DTo caMblil OBICTPBIH CIIOCO0.

Oobs3aTenbHbIE BepmIMHbI. ECiu 3a/1aHKe NpeanuchiBaeT MPOX0KICHUE
MyTH Yepe3 3a/IaHHbIE BEPIINHBI, COKPATUTH JEPEBO MOKUCKA HE YIAAETCH.



[TpoBepKy HYHO BBIIIOJHATH MOCIE TOCTPOEHUSI OUEPEAHOTO BapUAHTA MY TH.
JIBykpaTHBIi iepebop BepinH He noTpedyetcs. Ecmu metka R[V] BepiuuHb v
0ombuie 0, myTh NPOXOAUT uepe3 V. BeIsiBieHHE BapUAaHTOB MYTH MPOI0KAETCH,
MOKa HE HAAETCS MyTh, IPOXOASIIUN YEPE3 BCE 3aJaHHBIC BEPIIUHBI.

. PaccmoTpum ocoGeHHOCTH peanu3aiuu noucka 6 wiupury. Takoi Tan
npejmnoiaraeTcs B Bapuanrax 1, 5, 6,9, 12, 17, 22, 23, 26, 27, 28, 29, 30
IPUBEAEHHOTO BhIlIE epeuHs. [Ipy norcke B NIMPHUHY MTOCEIIAEMbIE BEPIINHBI
CHa0XalOTCS METKaMU, MPENATCTBYIOIIMMHU TOBTOPHOMY 3aHECEHUIO B OUepeb.
[Tomeuast kaXxayro BEpIINHY (KpOME HayalbHOW) HOMEPOM BEPLIMHBI-IIPEIIIIE-
CTBEHHHKA, MOYXEM IMOJYYHUTh €N MPEAIIECTBEHHUKOB, B KOTOPOU KaXkaas mapa
COCEJTHUX 3JIEMEHTOB ONpeesieT peOpo — 3JIEMEHT KpaTyalliero myTu OT
KOHeYHOU BEPIIMHBI ICKOMOT'O IyTH JI0 OTIIPaBHOM BEPILIWHBI IOMCKA B LIUPHHY.

Drar Noucka B IIMPUHY HauboJIee CI0KEH B pealn3aluy BapuaHToB 5, 12,
30, B KOTOpO# cHavana HaAo JUIsl KaXJA0W BEpIIMHBI HAWUTH SKCLIEHTPUCUTET, a
3aTE€M BBIIBUTb MHOXECTBO YEHMPAIbHbIX 8EPULUH, TSI KOTOPBIX
HKCLEHTPUCUTET MUHUMAJIEH.

Pexypcus B peanuzauuu MIII'. [IpoBepKy KOppEKTHOCTH U3MEHEHHU I
MIIT" yno6GHO OCYIIEeCTBIATH HA TPOCTOM Moenu. Mcrmons3yiTe peKypcHro.
Huke ouepenHOCTh €€ 1I1aroB MoKa3aHa Ha MCEBIOKOE.

[Mognporpamma MIII (V) Il v — mexywas sepuwuna MIIT
Il (6nauane smo ucxoonas eepuuna 7)

1. /1151 V BBINOJIHSEM [TOUCK HE MOCEIIEHHOW CMEXHOW BEpIIUHBI W
2. Ecnu BepinHa W He HaiiieHa, IepexouM K IMyHKTY 5
3. Bepumay W cHaOkaeM MeTKo# R[W] = v, 3anpernarorieii HOBTOpPHOE €€ MOCEMCHIE
4. PexypcuBHblii epexon MIIT (w)
5. CHuMaeM 3arpeT Ha MOBTOPHOE IMOCeleHne BepuHbl V (aeiictBuem R[v] = -1)
6. Konerr mara pekypcuu

JlaHHas moJrporpaMma NpoxXoAUT BCEBO3MOKHBIE TyTH, HAUMHAIOIIUECS B
BepinHe Z, 6e3 ux o0paborku. Ecnu Hac uHTEpecyeT myTh Z — U J0 HEKOTOPOH
BEPIIMHBI U, MOCTaBUM B KOHEIl MYHKTA 3 MPOBEPKY ycaoBust W = U. Korma ono
UCTUHHO, 00pabaThIiBaeM HAWJEHHBIN IMMyTh C IEPEX0A0M K MyHKTY 1. Texymen
BEpIIMHON ocTaeTcs V, mporiecc MIIT mpomomkaercst © MOTYT OBITh HAMICHBI
JIpyTue nmyti Z — U. Ecinm Bce MHOKECTBO IyTE€W HAC HE UHTEPECYET,
BBITNIOJTHCHHE MTyHKTa 4 CTABUM B 3aBUCUMOCTD OT JIOTHYCCKOM MEpeMEHHOM D,
3anaBas el 3HadeHue false mpu oOHapy)eHnn nepeoro myta Z — U. OT™MeHa
pekypcuBHOro Bbi3oBa MIII' BBI30BET 3aBepIIEHHE BCEX KONUN IMOAITPOTPAMMBI.

Ji1st 00paboTKK HAWIEHHOTO MMYTH HAJI0 UMETh MOCIIEA0BATEIbHOCTh
oOpasymoiux ero BepiirH. MeTka R[W] BepIHBI W COEPIKUT HOMEP
Npe/IIeCTBCHHNKA BepuHbl W. [T03TOMY, €ciii HaurHas C BEpIIUHBI | = U
BBITOJIHATH JekcTBHE | = R[], MOXHO MOIYyYUTh LIEMb MPEANICCTBEHHUKOB,
3aKaHYMBAIOLIYIOCS HAYAIIbHOM BEPILIUHOM Z IIYTH.

Ecnu cornacHo 3amanuto 3anpemiaercs npoxoauTs pedpo {X, Y}, BcTaBisiem

IIyHKT la Mex1y nyHkTtamu 1 u 2:
la. Eciu (v =X) and (w =Y) or (v =Y) and (w = X) nepeiiti k myHKTY 1.



B npunoxennn A noanporpamma MIII', B KOTOpO# y4TE€HBI U3BMEHEHNS,
3anucaHa Ha a3bike [lackanes. Ee uzyuenue cnocodctByet pazpadborke 3tana MIIT
B MH/IMBUYaJIbHOM 3aJIaHHH.

4. TPEBOBAHUSA K O®OPMJIEHUIO OTYETA 11O KP

OTueT Mo KypcoBoii paboTe JOJDKEH COICPIKATh CICAYIOIINE Pa3/IeIib:

a) TuryabHbId JUCT. BBEpXY CTpaHULBI -- BEPTUKAIBHO PACIIOJI0KEHHbBIE MOJIS !
<YHUBEPCUTET>, <UHCTUTYT>, <kadeapa>; B IIEHTPE CTPAHUIIHI -- TTosie "OTuer
10 KypCcoBO# paboTe Mo Kypcy: <HaMMEHOBaHUE Kypca> Ha TEMY: <TeMma
BapuaHTa KypcoBOi paboTh>"; cipaBa OT UEHTPA, BBIPOBHEHHBIE 110 IPABOMY
Kparo, -- BEpTUKaJIbHO N0 "CTyAeHT Ipynibl <HauMeHoBaHHe rpynne><dO
crynedra>, "llpunsan: <®OMO npenoxaBarens™>"; BHU3y CTPAHUIIBI --
BEPTUKaAIBHO N0JI "'T.MockBa", <TeKylui roa>; HEHTPUPOBAHHUE TEKCTA
TUTYJIBHOTO JIUCTA (KpoMe 0c000 YKa3aHHBIX MoJeil); pasmep mpudta 14pt,
rapuutypa Times New Roman.
0) [locranoBka 3axa4m (B oO1eM BU/JIE C YKa3aHUEM JAHHBIX KOHKPETHOTO
BAapUAHTA 3aJ]aHUs, BBIIAHHOTO TIPENIOIABATEIIEM ).
B) X0/ pelieHUs 3a4a4M (IIOCTPOCHUE aJrOPUTMa PELIECHUS 3a/1a4d B BUJIE
ncegooKo0a; MOCIEI0BATEIbHOE IEPEYUCIEHHE BCEX UCIIONIb3YEMBIX IS
perieHus 3a7a4u rpadoBbIX AITOPUTMOB ¢ 0OOCHOBAHUEM X PUMEHUMOCTHU B
cllyqae KOHKPETHOTO BapHaHTA 3a/1aHMs, BbIJAHHOTO IPENOIABATEIIEM ).
r) Crpykrypa nporpammsl Ha C++ (onucanue (pailyioB, COCTaBISIIOIIUX MPOEKT,
C YKa3aHUEM MPOTOTHIA TJIABHOM (BBI3BIBAIONICH ) PYHKIIMHU U TIEPEUUCICHUEM
MPOTOTUIIOB BCIIOMOTaTEIbHBIX (BhI3bIBAEMBIX) (DYHKITUH)
) CKpMHIIOTHI (CHUMKHU SKpaHa) NporpaMmael (TiiaBHasi GopMa MPUIIOKEHUS C
€€ OCHOBHBIMU 3JIEMEHTAMHU YIIPaBJICHHUS; BU3Yyalu3alus UICXOAHOTO rpada u
pe3yibTaTa paboThl IPOrpaMMbI -- HCKOMOTO MYTH, ITUKJIA, pedep U T.II. -- Ha
MPOU3BOJILHOM MPOCTOM ITPUMEPE)

['maBHas popma MpuioKEHUs JOJKHA, KAK MUHUMYM, COJIEPKATh:
-- TI0JIs1 BBOJIA HCXO/IHBIX JIaHHBIX (pa3Mep rpada -- noje peJakTUpyeMoro BBoJia
-- Hanpumep, tunia TEdit 8 IDE Borland C++ Builder; rpad -- npsmoyronsHas
TabnuIa -- HarpuMmep, tuna 1StringGrid, B ciydae 3aganust rpada MaTpHuIiei
CMEXXHOCTH, WK Tpad -- CIIUCOK -- HanpumMep, tuma 1 StringGrid wim apyroro
TIOJIXOJIATIIET0 Tpapaeckoro KoMIoHeHTa cpepl pa3padorku (IDE), ecim rpad
3aJlaH CIIMCKOM CMEKHBIX BEPIUUH (MHIUACHIINI), UM UHbIE TpapuuecKue
KOMITOHEHTBI B COOTBETCTBUU C 33JIaHUEM KOHKPETHOT'O BapUAHTA; ILJTIOC MOJIS
JUISl 3aJIaHKs YCJIOBUH TIOMCKA B Tpade);
-- kHomkH ynpasienus (Crapt, Beixon, u T.11.);
-- J)KeJIaTeJIbHO - TJIaBHOE MeHIO popmbl (¢ myHKTamu "daitn" - moAmyHKTHI
"Coznarts", "Coxpanuts", "Coxpanuts kak...", "OTkpeITh", "Y ganute"; myHKT



"Busyanusanusa" -- noanyHkTsl "Coxpanuts", "CoxpaHuTs Kak...", myHKT "O
nporpamme", myHKT "TTomonip").

Ha ¢opme oTpucoBku pe3ynbTara pacnoiiaraercs rpadpuueckoe n3o0paxxeHue
pemenus 3agaun KP. I'pad u cTpykTypbl, COOTBETCTBYIOIINE YCIOBUSM BapHaHTa
3aJlaHus, cleayeT oToOpaxarb HH()OPMATUBHO, SPTOHOMUYHO, B IOJIXOAAIIEH
[IBETOBOI r'aMMe€, C COOTBETCTBYIOLIUM I'pauueCKUM pa3pelIeHneM dKpaHa.

e) Pe3ysbTaThl TeCTUPOBAHUSA NPOTrPAMMBbI (AHAJIOTUYHO ITYHKTY 1) TS
MaKCHUMAaJIbHO ITOJIHOM CUCTEMBI TECTOB, TOKPBIBAIOLIE BCE BO3MOXKHbBIE
JIOTUYECKHE BETBU BApUAHTOB MCXOIHBIX TAHHBIX Tpada)

) JIucTuHr mporpamMmsbl (onucanue Ha sa3bike C++ riaBHOM U
BCIIOMOTaTEIbHON (YHKUIUNA IPOrpaMMBbl)

3) BbIBOI (pe3toMe BO3MOXKHOCTEN pa3pab0TaHHON MPOrpaMMBbl, C YKa3aHUEM
A3bIKa U Cpebl pa3pabdOTKH)

Ilpumeuanue. AnbTEpHATUBHBIN OMMCAHHOMY BBIIIE B MII. JI), €) BAPUAHT
opranuzanuu uarepdeiicuoi yactu KP -- ucnosib3oBaHre roTOBOTO MPUIIOKEHUS
Graphviz mis Busyanu3zanuu rpadoB -- MPEII0KESH B MPUIOKEHUU b. DTOT
BapHaHT MOKET UCIOJIb30BaTHCS CTYJEHTOM BMECTO (hOPMBI OTPUCOBKH MPHU
BBINOJIHEHUH 3aJIaHUH TII. 1), €).
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A. PekypcuBHas peaausaunus meroga MIIT'

[Tepemennsnie N, b, u, X, Y sBustorcs riiodansaeiMu. imenem Obrab
0003HayYeHa MOJIb30BaTeNIbcKasi MOANpPOrpaMMa 00pabOTKU HAACHHOTO My TH.
Ona He npuBenena. Onucanuem rpada sBiseTcs MaTpuia cmexHoctu. [lepen
3amyckoM mporeaypbl MPG meTkam Bcex BepivH rpada J0JKHO ObITh
IPUCBOCHO 3HAYCHHUE -1, a METKE OTIIPaBHOM BepIIMHBI Tpada — 3HaUeHue N.
[TomuepKkHyYTHIN onepaTop peanu3yeT 3anpeT IPOXO0XKISHUS MTyTH Yepe3 pedopo
{X, Y} B mro6om HampasneHuu. OH yIpomaeTcs, €Cu 3anpenieH npoxoa pedpa
JUIIb B OJHOM HaIlpaBJIEHUH, Hanpumep, oT Y K BepuiuHe X. Eciau myTh dosorcen
npoxodums 4epe3 pedpo {X, Y} B HanpaBiaeHuu oT X K Y, 3aMEHsIEM
OAYEPKHYTBIA OIEPaTOpP ONEPaTOPOM

if (v=X) and (w <>Y) then continue;

Procedure MPG (v: integer);
Varj, w: integer;
begin
forw:=0ton-1do
begin if (A[v,w] > 0) and (R[w] = -1) then
begin if (v = X) and (w =) or (v =Y) and (w = X) then continue;
if w = u then begin b:= false; Obrab (v, w) end
else begin R[w]:=v; if b then MPG (w)end  // Illaz énepeo, eciu b — ucmuna
end
end;
RIV:=-1  // Heticmeue, evinoansemoe npu waze nazao
end;

b. Bapuanr peanusauuu unrepgeiicuon yactu KP

Haubonee npocToii crioco0 BU3yaIu3UpOBaTh Pe3yJIbTaThl PEIICHHUS 3a1a4 Ha rpadax —
UCTIOJIB30BaTh CBOOOIHO TOCTYMHYIO cucTeMy Bu3yanuzanuu Graphviz.

JlaHHYIO CHCTEMY MOXKHO CKauaTh B CETH MHTEPHET 10 azapecy http://www.graphviz.org
(ectb Bepcuu st OC Window/Linux/MacOS).

Cucrema Graphviz npencrapisieT co00i HaOOp MporpamMm, MPUHUMAKOIIUX Ha BXOJT
ommcanue rpada B BUIEC TEKCTOBOTO (aiiyia Ha crienuanbHOM si3bike onucanus rpadgos DOT u
BBIJIAIONTUX H300pakeHne Tpada B BUAe GailioB B MOMYJSIPHBIX rpaduueckux hopmaTax
(bmp/gif/jpeg/png).

SA3eik DOT moctaToYHO MPOCT /ISl TeHEepaIiK OUCaHus rpada U3 MporpaMMBl.
Onwucanue NpoCTeHIEro HEOPUSHTUPOBAHHOTO M OPUEHTHPOBAHHOTO Tpada MPUBEIEHO HIDKE!

Heoprpad Oprpad
graph G { digraph G {
Illll Illll

Il2l| ll2l|

Il3ll |l3ll


http://www.graphviz.org/

Il4ll Il4ll

np npt s
n L g nt > Mg
"3t g "> g
ngn RS R
np g "t s g
} }

Jist cozmanust rpad)oB coiepKaliuX OpUEHTHPOBAHHBIE M HEOPUEHTHPOBAaHHBIE pedpa, a TaKkxke
BBIJICJIEHUS IBETOM U 33/1aHUS TIOMETOK pedep HEOOX0IMMO yKa3bIBaTh JIOTOJIHUTEIbHbIE
aTpuOyTHI.



digraph G {

nn
"2" [shape=box]
na

ng

i s o

non _s, nan

ngn s, mgn

"4" ->"1" [style=dotted]
"1" ->"3" [dir=none, color=red,label="10"]

¥

I[JIH MOCTPOCHUA I/I306pa)KeHI/Iﬂ rpaq)a 10 TOTOBOMY TCKCTOBOMY OIIMCAHHUIO MOKHO
HCIIOJIB30BAaTh:

1. Cepucsr http://www.webgraphviz.com/ wiu https://stamm-wilbrandt.de/GraphvizFiddle/ B
cetu HTEpHET;

2. Vrunutel dot unu circo u3 naketa Graphviz, 3amyckaeMble U3 KOMaHIHOW CTPOKH Ha CBOEM
KOMIBIOTEPE.

J51st 3TOrO0 HEOOXOIMMO 3aIyCTUTH KOMaHIHY10 000510uKy (cmd.exe B Windows) U BBIIIOJIHUTH
komaHay dot -Tpng input.dot > output.png rae-Tpng3amgaer popmar
BBIXO/IHOTO U300paxeHusi(png), input.dot — TeKCTOBBIN ¢ails ¢ onucanueM rpada Ha sI3bIKe
DOT, output.png — ums (aiina BBIXOJHOTO U300paKEHUSI.

Hwxe npuBenen npumep nporpammsl, popmupytomieit onucanue rpada Ha si3pike DOT mo
MaTpHUlle CMEXHOCTH (IIpeIBApUTENIHHO B HEE BCTABIISETCS 3aJaHHbIN B MAaCCHUBE IyTh).

#include <iostream>

#define NODES 5
#define PATH_SIZE 4

//mMaTpuIia CMK;KHOCTH

int my_graph[NODES][NODES]={{0,1,1,1,0},
{1,0,0,1,1},
{1,1,0,0,1},
{0,1,1,0,0},
{0,1,0,1,0}},

/[y Th

int my_path[PATH_SIZE]={1,3,2,0};

//BcTaBKa My TH B MaTpHILy CMEKHOCTH


http://www.webgraphviz.com/
https://stamm-wilbrandt.de/GraphvizFiddle/

void insert_path_in_graph(int graph[NODES][NODES],int path[PATH_SIZE]){
for(int i=0;i<PATH_SIZE-1;i++)
if(graph[path[i]][path[i+1]]>0){ //mark edge as path part
graph[path[i]][path[i+1]]=2;
if(graph[path[i+1]][path[i]]>0) graph[path[i+1]][path[i]]=2; //if undirected mart too

}
else graph[path[i]][path[i+1]]=-1; //mark edge as error
¥

/Inevate DOT onucanus rpada
void print_graph_dot(int graph[NODES][NODES]){

std::cout<<"digraph G{\n";

for(int i=0;i<NODES;i++) //output nodes
std::cout<<"\""<<i<<"\"\n":

for(int i=0;i<NODES;i++) //output edges
for(int j=0;j<NODES;j++)
if(j<i){
if((graph[i][j]==1)&&(graph[j][i]==1)) //undirected edge not from path
std::cout<<"\""<<i<<"\" > <<\ M << <<\ [dir=none]\n";
else if((graph[i][j]==2)&&(graphl[j][i]==2)) //undirected edge from path

else if((graph[i][j]==1)) //directed edge not from path
std::cout<<"\""<<i<<"\" >\ <<\ \nY
else if((graph[i][j]==2)) //directed edge from path

¥

else{
if((graph[i][j]==1)&&(graph[j][i]==0)) //directed edge not from path
std::cout<<"\""'<<j<<"\" >\ Mg <<\ \n'";
else if((graph[i][j]==2)&&(graph[j][i]==0)) //directed edge from path

¥

std::cout<<"}\n";

int main(void){
insert_path_in_graph(my_graph,my_path); //mark path for visualization
print_graph_dot(my_graph); //create DOT description

}

[TonyuuBmeecs onucanue rpada u n3oOpaxeHue:
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digraph G{

L _snge
'->"0" [dir=none]

' ->"0" [dir=none,color=red,style=bold]
P

s

' ->"1" [dir=none,color=red,style=bold]
' ->"2" [color=red,style=Dbold]

'->"1" [dir=none]

L _sng
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