IIpakTnuyeckoe 3ansiTHe 2 M0 AMCHUILINHE «MeToAbl MATEMATHYECKOT0 MOAeJIHPOBAHUS»
Ha Temy: Kparyaiilme nyTu 1 ux npuio:keHus

B IMponecce 3aHATHA CTYACHT JOJIKCH:

1. Hayuutscs popMynupoBath 3a/1a4il B TEPMUHAX TEOPUH rpadoB.

2. O3HaKOMHTHCS C AITOPUTMAMU HaXOKJICHUS KpaTUyalnX myTei B rpadax U CeTsX.
3. Ymetrb GpopMynHpoBaTh Ipyrue poJCTBEHHBIC 3aIaUH.

4. BBIMOTHATH 3a/IaHUsI B TUCBMEHHOU (hopMme.

Nycte G=(V, E) — opuentnposaHHbiii rpad, ayram kotoporo npunucaHsl seca W(E), e=(X,y)eE,
WHTEpNpPeTUPYeMble KaK A/MHa (MU CTOMMOCTb) Ayru. 3adaya o Kpamyaliwem fymu COCTOUT B HAXOMAEHUM
KpaTyailuero nyTu oT 33AaHHOI HauanbHol BepwnHbl SEV A0 334aHHON KoHeYHOI BepwmHbl t€V npu
YC/I0BUM, YTO TAKOW MyTb CYLLECTBYET, T.€. MPU YCAOBUM, 4TO BeplMHa t JOCTUMMMA U3 BEPLIMHBI S .

Beca W(E) moryT 6biTb NONOMKMTENbHBIMM, OTPULATENbHBIMM UAKN HyNeBbIMU. EANHCTBEHHOE OrpaHMyYeHne
cocTouT B ToM, 4Tobbl B G He 6bI710 LIMKNOB C CyMmMapHbIM oTpuuaTenbHbim Becom. Ecam Takoii unkn @ sce xe
CyllecTByeT U X; — HeKoTopas ero BepLiMHa, TO, ABUrascb oT S K X;, obxoga satem @ poctaTouHo Honblioe

YMUCNO pa3 U nonagad, HakoHel, B t, NONYYMM MYTb CO CKOJIb YrOAHO MajsibiM BECOM. TakKMm o6pa30M, B 3TOM

C/lyyae KpaTyaiLero Nyt He cyLLecTeyer.

Ecan, ¢ Apyroit CTOpoHbl, NMOAOGHbIE LMKAbI CYLLECTBYIOT, TO MX MCK/OYAKOT M3 PAaCCMOTPEHWUA M HaXoaAaT
KpaTyalilume ramuabTOHOBbI NyTU (T.e. NYTU NPOXOZALLErO Yepes Bce ApyrMe BepwuHbl rpada) U3 BeplmnHbl S B
KoHLeByto BeplwmnHy 1. 3agaya HaxoKaeHMA KpaTdyaliluero raMmabTOHOBa NYTM HAMHOTO C/IOXKHEE, Yem 3a4aya o
KpaTtuaiiwem nyTu. [lanee byaem npeanonarath, YTo Bce UMKAbI rpada G MmeloT HeoTpuULaTeNbHbI CyMMapHbIN

Bec. OTCloAa TakxKe BbiTeKaeT, uTo pébpa rpada G He MoryT MmeTb oTpuLaTeNbHbIE Beca.

Cnepgytowme 3agaun  ABAAIOTCA HENOCPEACTBEHHbIMM 0606wWeHnAMN  cHOPMYIMPOBAHHOMW 334adun o
KpaTtyaiiem nytu.

1. Ana 3apaHHoi BeplumHbl SEV HallT KpaTtualiime nyTv (NyTM MAHUMaNbHOW AJ/IMHbI) A0 BCEX OCTaNbHbIX
BEPLWMWH rpada.

2. HaliTv KpaTyaiwme NnyTM Mexay BCeEMU napamu BepLUUH.

MouTn BCe MeToAbl, NO3BOAAKLIME PELINTL 3a4a4y O KpaTyaiiluem NyTW OT 3aJaHHON BepwmHbl SEV a0
KoHeuHoOW BeplunHbl teV , patoT Takke (B npouecce peweHna) U Bce Kpatuaiiume nytm oT S ao VeV, Te.
pelweHue 3agaum 1. 3a4a4a 2 MOKeT BbITb pelleHa IM60 MHOTOKPaTHbIM NPUMEHEHMEM aNropuTMa A4 3agdaun 1,
KOrZla Ha KakAOM Luare B KayecTsBe Haya/sbHOM BEPLUMHBI S BbIBMPAIOT PasNnYHbIe BEPLUMHbI, M0 04HOKPATHbIM
NPUMeHeHUeM CneLmanbHoOro aaropuTma.

Ha npakTuKke yacto TpebyeTca HallTU He TONbKO KpaTyalwuii NyTb, HO U BTOPOM, TPETUI U T.A4. KpaTyaiwne
nyTu B rpade, KOTopble MOXKHO UCMNOJIb30BaTbh NPU aHaN3e KYYBCTBUTENbHOCTMY» 3a4a4M O KpaTyalilem nyTu.

PaccmoTprm HECKO/IbKO MPUMMEPOoB 3a4ay O KpaTdyanwem nyTu.

Bbibop mapuwpyta. peanonoKuMm, Yto Hago npoexatb M3 MOCKBbI B PUM, MCMOAb3yA MarucrpasbHble
LOCCeMHble AOPOTU, COEAMHSAIOLLME Pa3IMYHble CTPaHbI. KaK BbI6paTb KpaTyaiwmii MapLupyT?

MocTpoum rpad, BepLUMHbI KOTOPOro COOTBETCTBYIOT TOYKAM COEAMHEHUS paccmaTpuBaembix gopor. MycTb
Kaxgaa Aayra rpada COOTBETCTBYeT LIOCCEMHOM Aopore, COeAMHAIOWEN MYHKTbl, NpeacTaBieHHble
COOTBETCTBYIOLMMM BepwmnHamu. MycTb ANMHA Oyrv onpeaenseTca AJMHON (B KMNOMETPax) coOOTBETCTBYIOLLErO
yyacTka goporu. Tenepb 3a4ada NoMcKka ONTMMaNbHOMO MapLUpyTa ABUKEHMA mexKay MocKBoi M Pumom ceoantcs



K 3af1a4e OTbICKaHWA B NOCTPOEHHOM rpade KpaTyaillero Nyt mexay BeplnHaMm, COOTBETCTBYHOLWMMU MOCKBE U
Pumy.

Bbibop MmapwpyTa aBuanepenéra. Maccaxkmp obpaluaetca 3a ycayramu K HeKOTOpOK aBMakomnaHuu. OH
enaeT nonacTb BO3AYLWHbIM NyTém 13 Kypcka B ctonmuy Typummn AHKapy, NpoBeasa B BO3AyXe KaK MOMXHO MeHblue
BPEMEHMW, NOCKO/IbKY MONET Ha CamMo/IETe Bbi3blBaeT Y HEro YyBCTBO CTpaxa. Kakol MaplpyT B AaHHOM cayyae
AO/MKHA NPEANOKUTb aBUAKOMMNAHUA NACCaXKMPY?

[Onsa TOoro 4ytobbl OTBETUTL HA 3TOT BOMPOC, HEOHXOAMMO NOCTPOUTHL Hekui rpad. BepwwuHbl 3atoro rpada
NPeAcTaBAAOT a3pPoNopPTbl, Yepes3 KOTOPbIE MOXKET MPOXOAUTb MAPLIPYT NOMETA, @ AyrM COOTBETCTBYIOT NOMETaM
MeX Ay onpenenéHHbIMMU a3ponopTamu. JANHOM KaxKA0N Ayrv cnesyeT cYMTaTb BPEMA COOTBETCTBYHOLLENO NO/ETa.
Tenepb aBMAKOMNaHMM HEOBXOAMMO B MOCTPOEHHOM rpade HalTK KpaTyallumii NyTb, COEAMHAOLLMIA BEPLUUNHDI,
cooTBeTcTBytoWwMe KypcKy 1 AHKape.

Bbibop aBTOoMOb6UAnA. MpeanosoxKMM, YTO Bam HeobXO0AMMO WMMETb B PACMOPAMEHWUW ABTOMOOMAbL, Ha
NPOTAXKEHUN BAMKAWWKX NATU NeT A0 BbIXOAA Ha MeHCUIo. B HacToAwMiA MOMEHT MmeeTca 60/blwoin BbIGOP
aBTOMObUNEN, KOTopble MOXHO /MO0 KynuTb, MO0 B3ATb HanpoKaT. ABTOMOOWAN MMEKT pas/iInyHble CPOKM
3KCN/yaTaLMM U pasHyto CTOMMOCTb. Kakum 06pasom caenatb BbI6Op B TaKOM cUTyaLumn?

MpeactaBUmM MOMEHTbI BPEMEHWM BO3MOMKHbIX CAE/IOK Ha GavManwuii NATUAETHUI Nepuo, CBA3aHHbIX C
MOKYMNKOW MAM MCNO/Ib30BaHMEM HaMpoKaT asTomobuns, sepwuHamu rpada. (Ons ynpoweHMs B KauyecTse
MOMEHTOB BPEMEHM CAENOK PacCMaTpuBaem JiMllb MepBble AHM Kax4oro mecaua.) Msobpasum  dakr
npuobpeTeHns aBTOMOBMAA AYyroi, COeaUHAIOWEN BepLMHY, COOTBETCTBYIOWYIO MOMEHTY MOKYMNKW MAM Hadany
MCMONb30BaHNA HanpoKaT, C BEPLUMHOM, COOTBETCTBYIOWEN MOMEHTY OKOHYaHUA CPOKa CAYKObl WM
MCNONb30BaHUA HaNpPoKaT aBToMobuaA. MyCcTb ANMHA KaXKA0M Ayrv COBNAgaeT Co CTOMMOCTbIO COOTBETCTBYIOLLEN
coenkn. Haunydwee coyeTaHMe peLWEHW, MPUHATBIX B paccmaTpuBaem NATUAETHEM Nepuoae, A0J/KHO
COOTBETCTBOBATb KpaTdailuemy MyTM B MOCTPOEHHOM rpade Mexay BEPLIMHOMN, NMPeacTaB/AloLLEN HadasibHbIN
MOMEHT, ¥  BEepLIMHON, oOTobpakalowei  MOMEHT  yxo4a  AMUa,  MPUHMMAKOWEro  PeLUeHMs,
Ha NeHcuio.

Pa3melneHMe Kanutana. MesnKkuii BKIASUMK peLllaeT BONPOC O LesiecoobpasHOM pasmeLLLeHNM CBOero Kanutana
B creaytolem rogy. OH pacnonaraeT HeKOTOpbIM HAbOPOM BapMaHTOB BOSMOXKHOTO pa3melL,eHUn (MOXKET NONOKUTb
AeHbrM Ha cbeperatenibHyl0 KHWXKKY, B/IOXWTb CpeacTBa B Aen03WUTHbIN cepTuduKat, obauraumm v T.n.). Ona
YNPOLLEHUA NPEANONOXKMUM, UYTO BKNAAbl MOTyT MPOM3BOAMUTLCA MAM M3bIMATbCA B Hayase KarKAoro Mmecaua.
MocTaBMM B COOTBETCTBME Hayasly KaxAoro mecsaua sepwuHy rpada. B atom rpade Kaxkaomy BKAagy NocTasfieHa B
cootsetcTeue ayra (X, Y) B Tom cnydae, ecam BKnag 6bin caenaH B mecaue X, a CPOK ero ucTekaeT B mecaue Y .
3aMeTMMm, YTO YKasaHHbIM rpad He coaepXuUT KOHTypoB. MycTb A/IMHA KaXKAOM AyrM paBHa B3ATOMY C 0BpaTHbIM
3HaKOM [l0X04y OT COOTBETCTBYHOWEro BKNaZa. Hawnydwas crpaTerna BAOXMKEHMM KanuTana CoOTBETCTBYET
KpaTyalilwemy nyTM (B AaHHOM ciaydae MyTM, MMEIOLEMY MaKCMMasbHOE OTPULATENbHOE 3HauYeHWe AAWHbI),
COeAMHAIOLEMY BEPLIMHY Hayana U KOHL@ paccMaTPMBAEMOro roga. JaHHbli npumep NoYTW NOHOCTbLIO aHANOMMYEH
BbI6OPY aBTOMOOMAA, 32 UCKAOYEHMEM TOTO, YUTO B HEM 3HAYEHUA ANUH Ayr rpada ABNAOTCA HE NONOXKUTENbHbIMK, A
OTpULATENBHBIMW YUCAAMM.

Bce anroputTmbl  HaxOXAEHMA  KpaTyalwmx nyTeid OCHOBaHbl Ha  MPUHUMME  AUMHAMMUYECKOro
MPOrpaMmMMpPOBaHNA, KOTOPbIA MPUMEHUTENIbHO K AAaHHOW 3ajadye O3HayaeT, yto nyTb S,..., X,...,1 asnderca

KpaTdyalluMm OT BeplmnHbl S K BepwuHe t Torga v Tonbko Toraa, Korga nytb S,..., X ABAAETCA KpaTyalwmm oT

BEPLMHbI S K BepwuHe X, a nytb X,..., 1 AaBasercs Kpatyaiwmm oT BepwmHbl X K BeplunHe t.

Anzopumm [eiikcmpbl npyMeHAeTCA ANA pelleHns 3aaum o KpaTdaiiwem nyTu npu ycnosum, uto W(E)>0
ana scex €€ E. Anroputm ocHosaH Ha npucBoeHUW BepluMHam meTok. Mepsas uacTb meTkn |(U) BeplumHbl U

YKasblBaeT TeKylee KpaTtyaillee pacTosHue OT BEpPLUMHbLI S 40 BepwmrHbl U, BTOpas — NpealuecTsyoLyo BEPLUNHY



B TEKyLLEeM NyTu OT BeplmHbl S A0 BepwuHbl U. MeTkuM moryt 6bITb BpemMeHHbIMU UAN NOCTOAHHbIMU. [MOCTOAHHAA

MeTKa He MOXXeT U3MeHATbLCA B npouecce BbINO/IHEHNA a/ITOPUTMa.

Ona sepwmnbl peV nyers I'(p)={xeV:(p, X)eE}.

OnucaHue anzopumma felikcmpol

War 1. MonoK1UTb METKY BEPLUMHbI S paBHOM (0, S) M CYMTaTb 3TY METKY NOCTOAHHOWN. s BCeX BepLUMH
U#S MONOMWUTb METKM paBHbiMM (00, S) M cuMTaTb 3TM MeTKM BPeMeHHbIMU. 3a TeKyLlylo paccMaTpuBaemyto

BEPLUMHY C MOCTOAHHOM METKOM B3ATb BeplUMHY P=S.

War 2. Ana kaxgoit sepwuHbl UEl'(P) c BpemeHHO! MeTKOW M3MeHUTb MeTKy B COOTBETCTBMM CO
cneayrowmm sbipaxkenmem: |(U)=min{l(u), I(p)+w(p,u)}. Npu stom ecan nepsas yacTb MeTKM M3MEHMAACD,

TO U3MEHUTL BTOPYIO YacTb METKM, NOJIOXKMB ee paBHON P .

War 3. Cpean Bcex BEPLUMH C BPEMEHHbIMW METKamMKn HalTW BeplwmnHy U C MUHMMaNbHOM NEepPBOM YacTbio

I(u) metkm.
War 4. CuntaTb METKY BepLMHbl U MOCTOAHHOMN WU NONOKUTL P=U.

War 5 (a). (Mpn HaxoKaeHWM NyTn u3 BepwmHbl S B BepwuHy t.) Ecam p=t, o I(t) asnserca gamnoin

KpaTuaiwero nytm us S B t. Anroputm 3aBepluaet paboty. Ecam P#1, To nepeiitv K wary 2.

(6). (Mpn HaxoxKAeHUM nyTe oT S KO BCEM OCTaNbHbIM BepliMHam.) Ecan Bce BeplMHbI NMOMEYeHbI
NOCTOSHHbIMM METKaMW, TO 3T METKU AAl0T ANWHbI KpaTyalwwux nyteir. Anroputm sasepliaeT paboty. Ecaum

HEKOTOPblE METKU ABNAKOTCA BPEMEHHbBIMU, TO nepeﬁTM K Wwary 2.

Mo 3aBepleHUn anropuTma rMepBble YacTM METOK A[Al0T MCKOMble KpaTtyahwwue pacctosHuA. Camum
KpaTyalilume NyTM MOXKHO MOJYYUTb C MOMOLLLIO PEKYPCUBHOW MpoLeaypbl, HaYMHan ¢ BeplwmnHbl t, Ans KoTopoi
ULETCA KpaTyallmii nyTe oT S. BTopas yacTb meTkM BepwwmHbl i yKasbiBaeT BepwuHy U, HenocpeacTBEHHO
npealwecTsyowyo el B Kpatdaiwem nytm ot S K {. Bepem BTOpyto YacTb MeTKM BepwuHbl U 1 nosTopaem
AENCTBUA, NOKA He JOCTUTHEM BEPLUMNHLI S .

CnoxHocTb anroputma [eikctpol pasHa O( |V |2) .
Hallném kpaTuaiiee pacctosHue oT BepwnHbl S a0 sepimHbl t 8 cetn G=(V, E) Ha puc.1.

pad G aBnsetca HeOpPMEHTUPOBaHHbLIM, MO3TOMY paccmaTpuBaem ero pébpa Kak napbl NPOTUBOMNONOMKHO

HanpaBAE€HHbIX OYT.

Xy

Xy 4

Puc.1. Cets G=(V, E)



MeTKK BepLIMH B NpoLecce BbIMOAHEHUA afirOpUTMa NpuseaeHbl B Tabn.l.

Tabauya 1
s X, Xy X3 X, Xs t
(0, 5)* (0, ) (0, ) (0, s) (0, s) (0, ) (0, s)
(9) (0, ) @8, 59) @ 9)* (0, 5) (0, s)
(5, 9)* (0, ) (5. %) (7, %4) (0, s)
(14, %) (5, %)* (7, %4) (0, 5)
(6, X3)* (7, X,) (11, ;)
(7, %4)* (9, %)
(8, x5)*

CuMBO/IOM * OTMEeYeHbl NOCTOAHHbIE METKU.

B pasobpaHHOM npumepe BCe BepwMHbl rpada MNOAYYMAM NOCTOAHHbIE METKM. [loaTomy HalgeHbl
KpaTyalilume pacCToAHMA OT BEPLIMHBI S [0 BCEX OCTa/IbHBIX BEPLUMH rpada.

[nunHa KpaTtyaiiwero nyTv oT BepwnHbl S K BepwmHe t pasHa 8. Cam KpaTyanwuii nytb oT S K t cTpomm no

BTOPbIM YacTAM METOK. Moayunm nyte S —> X4 —> Xg —t.

Anzopumm ®opda NpUMEHAETCA ANA HAXOXAEHMA NyTell MUHUMaNbHOW AMHbI OT BeplunHbl SEV  ao Beex
OCTaNbHbIX BepwuH rpada. OrpaHMYeHnii Ha A/IMHY Ayr He HakaagbiBaetcA. ANTOpUTM MO3BOASET OnNpeaesvTb

Ha/ZMyne KOHTYpa oTpULaTeIbHON ANUHbI B rpade.

MpoHymepyem BepLliMHbl UCXOAHOro rpada Homepamu oT 1 ao n=V|, npuuém BeplunMHe S NpUCBOUM

nep.bIit Homep. Coctasum (NXN) -maTpuLy paccToaHMi D=(dij) 1A UCXOAHOW CETU, NONOMKMB:

0, ecnu i=j;
dij= W(Xi’xj)’ €Cliu (Xi,Xj)EE;
00, eciu (Xi,Xj)ﬁE.

Tak e Kak B anroputme [enkctpsl, 6yaem npucsausato sepwure X; metky (I (%), %), rae I (%) -
KpaTdyailuee paccTOAHWME OT BEPWMHbI X, A0 BEPWWHbl  Xj, MO BCEM MNYTAM, COAEPKALLUM
He 6onee yem K ayr, X, — BeplwuHa, npegwecTsyowan X;, B KpaTyailiem NyT1, COAepXaLmMM He bonee yem

K ayr.

OnucaHue anzopumma Popda

War 1. Nonoxute K=1, l;(X;)=dy;, BTOpyto YacTb MmeTkM A5 BCex BEPLINMH PaBHOM X .



War 2. Haiitn |k+1(X|)=mirI{|k (XI)’ mln{lk (X])+djl}} Aana scex i, |=1., 2,..., n. rlpVI |k+1(XI)¢|k(XI)
1<j<n

BTOPan YacTb METKM BEPLUMHbI X Mo/araeTca paBHOM BepLunHe, Ha KoTopoi gocturaetcas Min{l, (Xj)-i—dji}.
<j<n

War 3. Ecm | 1(X) =l (%) ana nekotopoit sepwurHbl X u K+1<n, to nonaraem K=K+1 u

BO3BpaLLaeMcs K Lwary 2.

Ecm o1 (%) =1 (%) ana Hekotopoit BepwmHbl X; 1 K+1=n+1, To rpad nmeet KOHTYp OTpULATENLHON

OJIMHbL. 3aa4a He MMeeT peLleHunA.

Ecm (%)=l (%) ana seex i, 1=L2,...,n, u K+1<n+1, 1o metkn | 1(X) Aator kpatuaiwme

PaccToAHUA.

Camu KpaTyaiime NyTu CTPOATCA TaK e, KaK B anroputme [elKcTpbl Mo BTOPbIM YacTAM MeTOK. CNOXKHOCTb

anroputma ®opgaa pasHa O( |V |3) .

Mpumep 1. Haligém KpaTyaiilee paccTosiHue OT BepLUMHBI X; A0 Bcex ocTanbHbix BepwnH cetn G=(V, E)

, NPeAcTaBAeHHOW Ha puc.2.

Puc.2. Cetb G

MaTpuLa paccTosHMIA ANA 3aA4aHHON CETU MMeeT Buz,

0 1 3 3

2 0 o o
D= )

1 -1 0 -4

3 3 o 0

MeTKM BEPLUMH B MPOLLECCE BbINOJIHEHWA a/IrOPUTMa NpuBeseHbl B Tabn.2.

Tabnuya 2
MNepBas ntepayma (0, x1) (1, x1) | (3,x1) | (3,x1)
BTopas ntepauua (0,x1) | (0,x) | (3,x1) | (-1, x3)
TpeTba Utepayma (0,x1) | (-4, x4) | (3,x1) | (-1, x3)

YereepTana utepaums | (=2, x,) | (-4, x1) | (3, x1) | (-1, x3)

MsaTas utepaums (=2, x3) | (-4, x4) | (1, x1) | (-1, x3)




MeTKa BeplIMHbl X3 M3MEHMNack Ha NATON uTepaumn. CheaosaTtenbHo, rpad MMeeT KOHTYp OTpuLaTeNbHOM

ONvHbL.  Ero  nerko  noctpouTb MO BTOPbIM  YacTAM  METOK: X3 —>Xg —> X, > X —>X3. 3agava

He nmeeT pelleHuns. »

Anzopumm ®a0iida NpUMeEHAETCA O1A HAaXOKAEHUA KpaTdyalluero NyTM ONSA KaK4OM Napbl BEPLWMH CETW.
OrpaHuYeHnii Ha ANUHbI AyT He HaKNagblBaeTca. ANropuTM 0BHapYKMBAET KOHTYP OTPULLATENbHOM A/IUHbI.

MpoHymepyem BeplwmHbl rpada Homepamu ot 1 go N=\V| n noctponm matpuuy paccrosnmii D=(dij) ans

NCXOAHOM CeTM No aHanorum ¢ anroputmom Popaa.

k o
MycTb dij — 3Ha4YeHMe KpaT4aillero PaccTosHWA OT BEPLWMHbI Xj K BeplWMHe X MO BCEM NyTAM,

cozepallyM BEPLIMHbLI C HoMepamu He bonee K .

OnucaHue anzopumma Pnoiida

War 1. Monoxuts K=0 1 nocrpours D° —(d ), TO—(t ), rae d =d;, ,(J) j - i, j=12,..
0_n0 N
3pecb T° =(tj) - scnomoratensHas matpuua, rae tj = j, npeaHasHaueHHas AR NOCTPOEHMA MATPULbI

KpaTyamwmx nyTemn.

War 2. MocTpouTb MaTpuLbl Dkﬂ—(dkﬂ) Th = (k+1) no marpuuam Dk—(d ) u Tk—(t,J)

BbIYUCNAA UX SN1€MEHTbI NO d)OpMyllaNK

dilj, ecn 1=K wm j=k;
diIJ“l: 0, ecnu i=j;

k

max{ djj ;

dif +dg}, ecmnizk, j=k,

llj, eciu korl d,l;,

tk+1_
k, ecmm dilrrl #* diljf.

ij -

War 3. Ecam K+1<N u ana Hekotoporo i anemeHT di|§+1<0, TO rpad MMeeT KOHTYp OTpULATENbHOM

ONMHbBI. 334a4a He MMeeT peLLeHus.

Ecm K+1<n u di|f+120, i=12,...,n, 10 nonoxuts K=K+1 u nepeittu k wary 2.

Ecam K+1=n u di|§+120, i=12,...,n, To matpuua D" paér kpatuaiiwme paccTonHua mexay napamu

BEPLUMH.

o o n n
Kpatuaiiwmii nyTe OT BeplwnHbl X K BEpWMHE Xj CTPOUTCA MO 3/IEMEHTaM MaTPULbI T". nement tij =m

o n
YKa3bIBAET MPOMEKYTOUHYIO BEPLWNHY X, B KpaTyaiiliem nyTu oT BepwmHbl X; K BepwuHe X;j. Haxogum i, v
n n n H

tmj: KOTOopble yKa3blBaloT o4yepefHble MPOMEXYTOUYHble BepluHbl. Ecam b, =m (tmj =]), 10 BepwmHa Xy
HerocpeACTBEHHO CneflyeT 3a BepWMHOW X (HenocpeAcTBeHHO npejLectsyeT BepwuHe Xj). Mpouecc

3aBepwaem npu nonyvyeHnMnm Homepa BeplwUnHbl, HenocpeaCTBEHHO cnep,yrou.l.eﬁ 3a Xi' M HOMepa BEPLIUHDI,

HEerMoCpe/CTBEHHO NPeAWeCTBYOWeR X; .



CnoskHocTb anroputma dnoiaa pasHa O( |V |3) .

MNpumep 2. Hallgém KpaTyailume paccTOAHUA MEXKAY KaXK4oM napoi BepwnH ans cetu (puc.3).

Puc.3. Cetb G

PeweHue. CornacHo anroputmy dioiiaa noayuynum matpuubl:

0 1 3 3 12 3 4
Do_zooooo TO1234_
11 -1 0 4/ 112 3 4]
3 3 » 0 12 3 4
0 1 3 3 12 3 4
D1_2055 Tl_1211_
11 -1 0 4] {12 3 4
3 360 121 4
0 1 3 3 1 2 3 4
, |2 5 5 , |1 211
D= , T = ;
1 -1 0 4 1 2 3 4
1 320 2 2 2 4
0 1 3 3 12 3 4
, /2 0 55 s |1 211
D= , T = ;
1 -1 0 4 12 3 4
-1 320 2 2 2 4
0 0 3 3 1 4 3 4
D4_2 055' T4_1211_
1 -1 0 4 1 2 3 4
-1 320 2 2 2 4
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MaTtpuua D OAET 3HAYeHMA KpaTyaulMX PaCCTOAHUMM MeXay BeplwuHamu. Hanpumep, KpaTyauwee

pacctosHne mexay YeTBEPTON 1 TpeTbei BepMHaMmi paBHO 2. Cam KpaT4yaiwuid NyTb CTPOMM MO maTpuue T?.
Monyuaem: X4 —>X; > X —>X3.»

Coopmynunpyem 3agauv, ANA pelleHna KOTopbIX MOryT 6biTb MCNOb30BaHbl anropuTMmsl Jenkctpol, Popaa
nnu dnonaa.



1. MpoeKTUpoBaHMe cUCTeMbl AOCTaBKU NouTbl. KpynHoe yupexpeHue naaHupyet paspabotatb cuctemy
BHYTPEHHEN AO0CTaBKM MOYTbl, OCHOBAHHYD HA WCMONb30BAHWMM JIMHWIA MHEBMATUYECKOM CBA3W, ANS
pacnpeaeneHua KoppecnoHAEeHLUMU MeXAy BOCbMbIO oTaenamu. HekoTopble oTaenbl 6yayT TOMbKO OTCbINATh
NOCTYNaloLLYyl0 KOPPECNOHAEHLMIO B Apyrue OTAeNbl, He MMes MpPM 3TOM BO3MOXHOCTM MoJsyyaTb nouTy. Bce
OCTa/ibHble OTAE/bl CMOTYT OTNPABAATb U NOAYYaTb MOYTY 6€3 KaKNX-TMB0 OrpaHNYeHuU.

PacnonoxeHuve nuHuii (puc.4) 6bI10 yCTaHOBAEHO 3apaHee. Kaxabli oTAen npeacTaB/ieH BepluMHON, a
Kaxkgan AnMHuA — ayroit. OpueHTUPOBaHHbIE AyrM COOTBETCTBYIOT pacnpefennTesibHbIM 3BEHbAM, KOTOPble MOTyT
6bITb MCMOIb30BaHbI A5 NOCLUIKM NOYTbI TONILKO B YKa3aHHOM HanpaB/ieHUKU. Yncna, NpunmMcaHHbie gyram, paBHbl
PacCcTOAHUAM MeXAy COOTBETCTBYIOWMMM oTAenaMu. [na peannsaumm nocTaBAeHHON Lenn Heobxogumo HamTu
KpaTyaniime NyTn mexKay Kaxkaou napoi paccmaTpMBaemMoit ceTu.

Puc.4. Cnctema 0CTaBKM NOYTLI

2. 3apaya o NOKynKe aBTomobuaa. Mpu pelleHUMn Bonpoca O TOM, KOrda cnefyet NpPousBOAMUTb MOKYMKY
HOBOro aBTOMO6MAA, HEOBXOAMMO YUUTHIBATL €F0 CTOMMOCTb M BO3PACTAlOLLME SKCM/YaTaLMOHHbIE PAacXoabl.

Pewnm 3amavy, B KOTOpoOK TpebyeTca onpeaenuTb, Kak 4acTo B Te4yeHne BOCbMW/IETHEro nepmoaa cneayer
3aMeHATb aBTOMOBW/Ib, YTOBbI MUHMMM3MPOBATL MPU 3TOM obuwue 3aTpatsl. [peanonaraerca, YTO peweHne o
MOKYMNKe HOBOTO aBTOMOOW/IA MOKET MNPUHMMAETbCA B Haya/le Kaxk4oro roga, MCXoas w3 3aTpaT Ha ero
npuobpeteHme, 3SKCNAyaTaUMOHHbIX pPacxodoB Ha MNepuoa, B TedeHWe KOoToporo astomobunb 6yaer
MCMONb30BaTbCA, U JIMKBMAAUMOHHOW CTOMMOCTM MalUMHbI B MOMEHT, KOr4a OHa 3aMeHsieTC Ha HOBYHO.
MpeanosoXum, YTO B HayasibHbI MOMEHT Ye/I0BEK He MMeeT aBTOMOBUAA 1M YTO OH cobupaeTca NoKynaTb HOBbIN
aBTOMOBWNb, NO KpalHel mepe, Kasable YeTbipe roaa.

CeTtb ana paCCMBTpMBaEMOﬁ 3a4a4un M306pameHa Ha puc.5. Havany Kaxkgoro roga cooTBETCTBYET BepLUMHA.
Ecan nokynka aBTOMObGMNSA nponsBogunTcA B Hayane i-ro roga, a B Hayane J -ro roga aBTOMObOMNbL 3ameHseTcs Ha

HOBbIIA, TO AaHHOMY BapMaHTy 3ameHbl cootsetcteyeT ayra (i, J). MycTb oblwime 3aTpaTbl B JaHHOM C/ly4ae paBHbl

Cjj - Toraa sHadenme napameTpa Ayru (i, j) eblumcnaetca no dopmyne

j-1
Gj =R+ m-S;,
k=1

rae P — ctoumocTb aBToMo6uns B Havane | -ro roga; My — sKcnyaTaumMoHHble pacxoabl B Tedenne K -ro roga;

SJ — IMKBUOALUMOHHAA CTOMMOCTb aBToMObMAA B Havyane J -roroaa.



6150

5450
M 5650
3200 / 4100
1700, /21850 s 6oo > 5)2450

1450 950 %7\ 2075 2325
1 2) 3 4 5

\ 2750 | 3425 \\ 3875 4325
V@V 5350

4750 5800 6500

9

Puc.5. Mokynka HoBoro aBTomob6uns

Ha puc.5 uucna, npunucanubie ayram (i, J), cooTseTcTsytoT nnaHMpyembiM 3aTpaTam Cij . Bcneacteue

MHONALMK, BO3PACTAHUA CTOMMOCTM aBTOMOBUAA W YBE/NIMYEHMA PACXOA0B Ha ero TeXHMYeckoe obCay)KuBaHue
oblmMe 3aTpaTbl B Pas3/MYHbIX NEpPUoSax OAMHAKOBOM AJMHbI He ABAATCA MNOCTOAHHbIMKW. ONTUManbHOMY
pelweHno AaHHOW 334ayYn COOTBETCTBYET KpaT4yalluii NyTb U3 BeplMHbl 1 B BeplMHY 9. ITy Lenb MOMKHO
paccmaTpuBaTb KaK Lenb, KoTopas MUHUMU3UPYET CTOMMOCTb 4MHULbI MOTOKA M3 BEPLUMHbI 1 B BEpLUMHY 9 npwu

YCNOBMM, YTO CTOMMOCTb eauHMubl noToka no ayre (i, ) pasHa Cjj - A MUHMMM3aLMK 0o6Wwmx 3aTpaT NOKYMKy

asTomobuna cnegyetr NpousBOAUTb B Hadvasie MepBOro, MATOro U aesaToro rogos. Obuwwme 3aTpaTtbl NpU 3TOM
coctasaaoT 11 250 ponn.

3. CocraBnieHMe maplipyTa neperoHa BaroHoB. Cpeau O6LWMX PacXO4OB Ha TPAHCMOPTMPOBKY rpys3a,
MOCTYNaloLLEro B MOPCKOM NOpT BNaamBOCTOKA M BbIBO3UMOTO M3 HErO, 3HAUMTE/IbHYIO A0J1H0 COCTaB/IAIOT 3aTPaThl HA
NneperoH BaroHOB M3 OAHOrO MyHKTa MOPTOBOrO KOMMJEKca B Apyroi. B cetm (pwc.6) BepwwmHa 1 cooTseTcTByeT
CTaHUMKM NPUBbLITUA NOE30B, U3 KOTOPOW BaroHbl NPnbbIBalOLLMX COCTABOB MEPErOHAOTCA K Pas3/IMYHbIM MyHKTaM
Ha3Ha4YeHWa B NOPTOBOM KOMIieKce, 0603HaYeHHbIM OCTa/ibHbIMKW BEPLUMHAMKU CeTU. Yncna, NpunucaHHble ayram,
npeAactaBnAloT coboit 3aTpaTbl Ha NeperoH BaroHOB MO COOTBETCTBYIOLLEN BETKE.

Puc.6. TpaHCNopTHasA ceTb

NMpumep 3. Moesg coctomt M3 200 BaroHos, 100 M3 KOTOpPbLIX XOMNMNEPbl, rPYXeHHble 3epHOM. Xonnepsbl ¢
3€ePHOM [A0/1XKHbl 6bITb AOCTAaBAEHbI K 31€BaTOPaM, PacrnoOKeHHbIM B BeplunHax 3, 6 1 10. MNocne pasrpysku oHK
MOryT 6bITb IMBO AOCTaBAEHbI HA 3aBOAbI, NPOU3BOAALLME YA06peHMA (BeplwnHbl 2, 5 1 8), inbo nepeseseHbl Ha
CTaHUMIO oTnpaBneHua (BepwmHa 11). OctanbHble TUMbl BaroHOB, TakWe, KaK KPbiTble TOBApHble BaroHbl, BaroHbl-
NnatGopmMbl U LUCTEPHbI, CleayeT AO0CTaBUTb B NYHKTbl 4, 7 1 9, pa3rpy3uTb UX Tam M NeperHatb Ha CTAHUMIO

oTnpaBneHunA.

PeweHue. MpumeHeHne anroputma ®noiga TpaHCNOPTHOW ceT (CMm. puc.6) NO3BOAUT MMHUMMU3IUPOBATH
3aTpaTbl Ha NEperoH BaroHOB M3 Ka)KAOro MyHKTa MOPTOBOrO KOMMJieKca B no6oi gpyroit nyHKT. Hanpumep,
pelweHne JAaHHOM 3afayuM MNO3BOUT ONpeLevTb ONTUMANbHBLIN NyTb MEepPeBO3KU XOMMepoB, COeAMUHALMIMA
CTaHUMIo NpMbLITUA, 3N1€BaTOPbI, 3aBOAbI, NPOM3BOAALME YA0OPEHUSA, U CTAHLMIO OTMNPABKMY.



Ha puc.6 BeplwmHa 1 cooTBETCTBYET CTaHUMKU NpUbbITUA, BeplwnHbl 3, 6, 10 — aneBaTopam, BepLlmnHbI 2, 5, 8 —
3aBogam, npounsBogAwmMm yaobpenus, yanol 4, 7, 9 — opyrMm nyHKTam nopToBOro KOMIMJIEKca, a BeplimHa 11 —

CTaHLUUKU OoTNpaBaeHUsA. »

4. 3agaya o K kpatuaitwmx nyrax. MNpu pelleHUM HEKOTOPbIX MPaKTUYECKWUX 334ay, CBA3aHHbIX C
KOMMYHUKALMOHHbIMW UM TPAHCMOPTHLIMMK CETAMM, TpebyeTcs HalTU He OAMH, @ HECKO/IbKO KpaTdyanwmx nyTein,
PaCcnoNOMKEHHbIX B NOPAAKE BO3pacTaHUA MX ONMH. Hanpumep, 3HaHME HECKONbKMX KpaTyauux nyTend B CeTU
YAUL, NO3BOMUT MIaHMPOBLMKAM TPaAHCMNOPTHbLIX CETEN MOAEMPOBaTb MOTOKM ABWMKeHMA asTomobusiein no
yamuam ropogos. Mpu cocTaBieHMM MaplipyTa nepegauy MHGOpMauMM MO KOMMYHWMKALMOHHOW ceTu, Koraa
HEKOTOpble MyTU BPEMEHHO 3aHATbl, MOTYT ObiTb MCMO/Ib30BaHbl CBEAEHUA O HaWIYYLIMX W3 BO3MOMKHbIX

a/1IbTEPHATUBHbIX BAPUAHTOB.

3agaumn A4Na CaMoCTOATENbHOrO pelueHus.

B 3agayax 1 1 2 HalTK KpaT4yailumii NyTb OT BEPLUMHbLI X; 40 BEPWUHbI Xy .

1.
X1 6 X2 2
: I\
Xy ® %10
3 5
X5 6 Xg 2 X 1 Xg
2.

3.




5. Onpegenntb KpaTyalluMe pPacCTOAHMA MeXAy KaxKAon napok

MaTpULL @MW PACCTOSHUI:
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B)

0
20
8

-15 15
0o 7
o 0
2 o
o 14
1 o
0 -1

-1 0
7 o

7

© b

o

1 00
-10 -3 ;

0 6

4 0
5 9 -3
7 6
o 7 5|
0 6 -2
6 0 -4
-2 -4 0

8 8 N NN w o

8 8 P b U1 O W

8§ 8 N 8

W N 8 8 O kL, N

~ » © 8§ oo R

8 8 » O ©

8 8 8 o unwn

8 U1 O, 8 L, N

8 DM ©o 8 8 @

M o 8 8 8 ~ 8

BEPWMUH ans rpadoB Co CredyoWwmmm

11 11

~N O DD

8

8

o N 8 w

o ~N 8 B



