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1. KOHCHEKT JEKOUM

1. 1 Jlekuus Ne 1 (2 yaca).

Tema: «Onpenenenue rpadoB, OCHOBHbIC MOHITHS Teopun rpadoB. Bumsr rpados. CriocoObl 3amanus
rpagoB. MaTpuibl CMEXHOCTH M MHIHMICHTHOCTH Trpada. Marpuma Kupxroda. Uuciaossle xapakrepu-

CTUKH TpadoB»

1.1.1 Bonnpoce! Jekuum:

1. Onpenenenue rpad)oB, OCHOBHbIE HOHATHA TeopuH rpados. Buael rpados. CrocoOsl 3anaHus rpa-
¢doB. MaTpuIipl CMEXHOCTH U MHIIMACHTHOCTH rpada. Marpuia Kupxroda.
2. UncnoBble XapaKTEPUCTHKH TpadoB.

1.1.2 KpaTtkoe coaep:kaHue BONPOCOB:
HanmeHnoBaHue BOIIPOCOB.
1. Onpenenenne rpad)oB, OCHOBHBIE HOHATHS TeopuH rpadoB. Buasl rpado. CrocoOsl 3anaHus rpa-
¢oB. MaTpuliibl CMEKHOCTH U MHIIMICHTHOCTH rpada. Marpuma Kupxroda.
2. UncnoBble XapaKTEPUCTHKH IpadoB.

IIpeacrasiaenue rpagos B IBM. TpedoBanus k npeacraBienuio rpagos. UtoOs

3a1aTh rpad, HY’)KHO KaKMM-TH00 crocoOOM OmMcaTh MHOKECTBO €r0 BEPIINH, MHOKECTBO €ro
pebep, a Takke yka3aTh, KakKhe BEpPIIUHBI U peOpa HHIUACHTHBI (MM CMEXHBIC), T.€. 331aTh OT-
HOIIICHWE MHIUJEHTHOCTH (CMEXHOCTH). PaccMOTpUM HECKOJBKO CIOCOOOB IpEICTaBICHUS
rpada B OBM. Onu paznuvaroTcss 00beMOM 3aHMMAEMOW MaMsITH U CKOPOCTHIO BBITIOJHEHUS
onepauuii Hax rpadamu. [IpencraBneHue BbIOMpaeTCs 1Mo MOTPEOHOCTIM KOHKPETHON 3a1a4H.

Hanomuum: yucio BepmuH rpada obo3HagaeM depes N, a 9ucio pedep — yepe3 M. Xa-
paktepuctuka M(n,m), nmpuBeneHHas Ui KaXKJOTO MPEACTABJICHUS, 03HAYaeT TPEOYeMbId is
HEro o0beM MaMATH.



T A S

R T T

VYkazaHHbIC TIPEIICTaBICHUS MPUTOAHBI s TpadoB U oprpadoB, a mMociae HEKOTOPOl Mo-
nudukanuy — s nceaorpados, MybTHrpadoB U runeprpados.
Bce npeacrasnenus OyaemM WILTIOCTpUPOBATh HA KOHKPETHBIX mpumepax rpada G u oprpada D
(CM. pUCYHOK.).

u u» u u»
r n
€4 €, €4 €
e e
Uy U3 ) Us

Cnoco0Obl mpeacraBJienus rpaga

1) Marpuiia CMEKXHOCTH.

Mampuya cmexncnocmu A(G’) rpada (oprpada) — 3To KBagpaTHas MaTpuia pasmepa Nxn, y Ko-
Topoit st mo0six 1,j €{/,2,...,n} 2/IeMeHT B I-if CTpOKE U |-M CTONOIE paBeH 1, eciu i-51 U J-51
BEPIIMHBI COSTUHEHBI PEOPOM (IyToii ¢ Ha4aioM B BepiInHe 1), u paBeH () B IPOTUBHOM CiIydac.

1, ecnu eepwunvlV; u V; —cmedicrvie (011 opepaga dyea udem us V; 6 V;)

! 0, uHaye
Hamste M(n,m)=0(n?).

@aKTUYECKH ITO YK€ 3HaKOMasi HaM MaTpulia OMHapHOro oTHoIIeHUs. OUeBUIHO, YTO MaTpuLa
CMEKHOCTH HEOPHEHTHPOBAHHOIO rpada sBiIseTCs CUMMETPUYHOM, 3JI€MEHTHI IVIABHOW Iuaro-
HaJIU PaBHbI HYJIIO, a KOJIMYECTBO €IUHUI] B KAX/I0l CTPOKE paBHO CTEIIEHHU BEPILUHBI, KOTOPOI
COOTBETCTBYET 3Ta cTpoKa. [1o MaTpuIie CMEXHOCTH JIETKO MOCTPOUTH AUarpammy rpada.
Martpuia cMeXHOCTH oprpada, He SIBISIFOIIEr0ocs. MyJIbTUTPaQOM, HE MOXKET ObITh CUMMETPUY-
HOM, T.K. TIPU €€ COCTaBJIEHUH BEPIINHBI oprpada UrparoT pa3IuyHbIe POJIH.

u e u, u u»
r n
€4 e- €4 €s
e e
Ug U3 Uy U3

Martpuup! cMeXHOCTH 11 3a1aHHBIX rpada G u oprpada D

01 0 1 0 1 0 O
10 1 1 0 0 1 1
AB =1 1 0 1M =15 0 0 0
11 1 0 1 0 1 0

B marpuiie cmexxnoct MynsTurpada uin rncepuorpada 9ucio, HaxosIeecs Ha epecedeHUH
I-ii CTPOKHM M j-TO CTOJIOIA, COBIMAAAET C YUCIIOM pedep, COSTUHSIOIINX BEPIIUHBI 1 U |, TIPH 3TOM
Ka)K7asi eTIs] CUUTACTCS IBYMSI peOpaMH.

IIceBnorpad, n3o0pakeHHBI Ha PUCYHKE, UMEET MaTpHUIly

_ 0 2 1
* CME@XHOCTH CJIETyFOIIEr0 BUJIA: AP)=|2 2 2
1 2 0 1

2) Marpuiia MHIIHICHTHOCTH.




Jpyroii crioco6 3anatk rpad — onpenenuts mampuyy unyuoenmuocmu (Wi unyuoenyuit) 1(G),
UMEIOIIYIO N CTPOK M M CTOJIOIOB, 3JIEMEHThI KOTOPOU 3a1aI0TCS CIICAYIONIHM 00pa3oM:

1, ecmu eepuwunaV, unyudenmua peopy e,

I
0, wunaue
Jlyist opueHTHPOBAHHOTO Trpada:
1, ecru sepuwiunaV, unyudenmua pebpy e, u A61Aemcs €20 KOHYOM

I, =3 0, ecu 6epuunav, u pebpo e, neunyuoenmuwl

—1, ecnu 6epwunaV, unHyuoenmua peopy e, u A6Jsemcs €20 Ha4aaioMm.
© MaTpuubl MHIWICHTHOCTH s 3ajgaHHbIXx rpada G u  oprpada D

100 1 0 -1 0 0 1 O
11 0 0 1 1 -1 0 0 -1
1(G) = 1(D) =
01100 0O 1 1 0 O
0 01 1 1 0O 0 -1 -1 1

OueBUIHO, YTO B KAXI0M CTOJIOIE MAaTPUILbl MHIIUIEHTHOCTH TOJBKO J1BA 3JIEMEHTA OTJIIMYHBI OT
0 (unmu onuH, ecnu pedpo sABIAETCS NETIIel), T.K. peOpo MOKET ObITh MHLIMJEHTHO HE 0oJiee YeM
JIByM BeplrHaM (a ctosiber; cooTBeTCTBYeT pedpy). [loaTromy MaTpuia cogepKUT MHOTO Hysen
U TaKoii croco0 onucanusi HeakoHoMeHn. M(n,m)=0(n-m).

3) Crucky CMEXHOCTH.

I'pad mpencraBnsieTcss ¢ MOMOIIBIO CIUCOYHOM CTPYKTYPHI (CIIUCKA CMEXHOCTH), OTPaXKaroIen
CMEKHOCTb BEpIIMH U COCTOSIIEH M3 MaccuBa yKa3areslel Ha CHMCKM CMEXHBIX BEpUIMH. Diie-
MEHT CIIMCKa INPEJCTaBIEH CTPYKTYpPOH € JBYMs HOJSIMH: HOMEp BEpUIMHBI M yKazaTelnb. Jlis
HeopueHTupoBaHHbIX rpagoB M(n,m)=0(n+2m), mns oprpados M(n,m)=0O(n+m).

CNE N
CEEBCE I ERC T R
[ 1
[ | e e

2 Crucku CMeXHOCTH IS 3aAaHHbIX rpada G u oprpada D:

N

[EEN

i A ¢

Y oY oy oy

[N

[

KOH Ha4d KOH

WNN PP
AP owpbADdD
AR DMNMDDNDPRE
Wk Prowbd

4) MaccuB pebep (zyr).
OTHoOILIEHNE HHIIUICHTHOCTH MOXHO 33J1aTh TaKXKe CIIUCKOM pedep rpada. Kaxnas ctpoka 3Toro
CIIHCKAa COOTBETCTBYET peOpy, B HEll 3amucaHbl HOMepa BEPIIMH, HHIIUISHTHBIX eMy. M=0(2m).
[To cncky pebep rpada Jerko mMoCTpOUTh MaTPHUILy HHIMUACHTHOCTH, T.K. KaX10€ pedpo
9TOTO CIIUCKA COOTBETCTBYET CTOJIOIlY MAaTPHIIBI, @ HOMEpa BEPIIMH B KaXIOM JJIEMEHTE CITUCKA
— 3TO HOMEpa CTPOK MAaTpPHUIbl MHIUACHTHOCTH, YJIEMEHTHI B KOTOPHIX paBHbI 1. Jlns oprpada
KOOpJMHATa Hayajla — HOMep CTPOKH, IIe CTOUT —1, a KOOpAWHATa KOHIIAa — HOMEP CTPOKH, I'Jie
crourt 1.




2. YucioBble XapaKkTepucTHKH rpagos

Cmenenvio (WU 8a1eHMHOCMbIO) GepuiUHbL | HA3bIBACTCS YUCIO MHIMICHTHBIX €d pe-
Oep. Crenens BepimHbl 0003Hadaercst deg(Vv). OueBumHO, uTO [UIst JTF0O0HM BepiuuHbl Ve V crpa-
BemuBo: 0 < deg(v) < |V| —1; deg(v) = |[['(v)|. Bepimna rpada, uMerorias crenens 0, Ha3pIBaCT-
Csl U30JIUPOBAHHOT, A BEPILIMHA CO CTENEHBIO | — ucsauell, NI KoHYegou.

Va

Vo
Va2

B moka3anHoM Ha pucyHke rpade BepmmHa Vi siBisiercs Bucsiueit: deg(vs) =1. Crenenu
ocranbubIx BepimH: deg(vy) =3; deg(v,) = deg(vs) = 2.

Ecnu cTenenu Beex BepiivH rpada oaMHAKOBBI U paBHBI HEKOTOPOMY YHCITy K, TO Takoii rpad
Has3bIBaeTCs pecysapubim Tpadom crenenn K. CTemeHb peryissipHOCTH SBISETCS HHBAPUAHTOM
rpada u obosznagaercs r(G). s mHeperyaspusix rpados r(G) ne onpezaeneHo. Ha pucynke mo-
Ka3aHbl pPeryysipHbie rpadbl COOTBETCTBEHHO crerneHu 2 u 3. Haiigem cremeHHyro mocieaoBa-
TeNBbHOCTD i rpada G. BeimumieM crenenn Bcex BepIIrH rpada B COOTBETCTBUU C UX HOMeEpa-
mu (2,2,3,2,1).

u us U Us

1. 2 JJexknus Ne 2 (2 gyaca).

Tema: «MapupyTsl, HIUKIbI, CBA3HOCTh. CBOMCTBA CBSA3HBIX TpadoB, DUIEPOBBI U FAMHIIBTOHO-
BbI Ipadbi»

1.2.1 Bonpocsl JieKuum:

1. MapuipyTbl, IUKJIBI, CBSI3HOCTh. CBOICTBa CBA3HBIX TpadoB, DUIEPOBHI U TaMHIBTOHOBBI
rpagsl.
2. OpuentupoBaHHble Tpadbl U aepeBbs. CeTu.
1.2.2 KpaTkoe conep:kaHue BONPOCOB:
HaumeHoBaHue BONIPOCOB.
1.MapuipyTsl, IHUKIIBI, CBSI3HOCTb.
2.CBolicTBa CBS3HBIX IpadoB,
3.DliepoBbI U TaMUIIBTOHOBBI I'PaQBl.

Mapwpymeut, yenu, yuxkavt. MapuipytoM om eepuiunsl U k eepuiune N uau (U,V)-MapupyTom 6
epape G naszvieaemcs ecaxas nociedosamenvhocms euoa U =Vy,€,V;,6,,...,€,,V, =V, 6

KOMOopoti 1100ble 084 COCEOHUX INeMeHma UHYUOEHMHbL, m.e. € — pedpo, coeOuHsowee 6epulll-
Hbol Vi u Vi, K=1,2,....n.

OT0 onpeaeneHne MOAXOAUT TaKXKe JUIs IICEBI0-, MyJIbTU- U oprpadoB. B ciyuae oprpada

Vi1 — Hauano pedpa ey , a Vk — ero koxey. I[Ipu 3TOM BepUIMHY U HA3bIBAIOT HAYALIOM MAPUIPYma,

a BEpIIMHY V — ero KoHyom. B MapuipyTe HEKOTOpbIe BepIIMHbI U pedpa MOryT coBmnanars. Eciu
6



U =V, TO MapuIpyT 3amMKHym, a uHaue omkpuim. J{ns «00b9HOTO» Tpada MapIIpyT MOKHO 3aj1a-

BATh TOJILKO IOCNIEN0BATENbHOCTEIO BepH V),V ,. ..,V um pedep €,€,,...,€, .

MapuipyT Ha3bIBa€TCS yenwvio, €CJIU B HEM HET COBIAIAIOIINX pedep, U npocmoil yenvio —
€CITH JIOTIOJIHUTEIIHO HET COBIAJAIOINNX BEPIIUH, KPOME, MOKET OBbITh, Hayaja W KOHIIA IICTIH.
IIpo nenp U=V,,V,,...,V, =V TOBOPAT, 4TO OHA coeduHsem BEPUIMHLI U 1 V U 0003Ha4aroT (U,V).

O“ICBI/II[HO, 4TO €CJIn €CTh UCIb, COCANHAIONAsA BEPIINHBI UmunvV, TO €CTb U npocrasd ucub,
COCAMHAIOIIAA 5T BEPIINHBI.

3aMKHyTas [elb HA3bIBACTCS YUKIOM, 3aMKHYTas MPOCTas LEMb — NPOCMbIM YUKIOM.
Yuco mukinoB B rpade G obosnauaercst Z(G). ['pad 6e3 HUKIOB HA3BIBACTCS AYUKIUYECKUM.
Jiist oprpadoB 1eTb HA3bIBACTCS nymem, a UK — KOHMYPOM.

Yucno pedep B mapuipyre M (BO3MOXKHO, ¢ TOBTOPEHUSIMHU ) HA3BIBAETCS €r0 OuHOU, 0003HaYa-
ercs M.

Paccmosinuem meacoy eepuunamu U u V (o603uagaercst d(U,V)) Ha3biBaeTcst
JUIMHA KpaTJaimiei menu (U,V), a cama KpaTJyaiias erb Ha3bIBaeTcs ceodesuueckoli. Ecnmm He
CYIIECTBYET IICTH, COSAMHSIONICH BEPIIMHBI U U V, TO 1Mo onpeaencHuto d(U,v) = +oo.
Juamempom rpada G (o6o3nauaercst D(G)) Has3pIBaeTCs JUiMHA ATMHHEHIIICH reoae3nye-
CKOI.

Maxcumanvrvim yoarenuem B rpape G om éepuiunsi V HazpiBaeTces I(V) = max

d(v,v’), V v’eV. Bepuuna vV rpada G siBisieTcs €ro yermpom, eCiii MaKCUMaIbHOE
yJIalieHHe OT Hee JI0 BCEX BEPIIMH NPUHUMACT HAUMEHBIIIeE 3HAYCHHUE.

MHOXECTBO BEpILIUH, HAXOJIIIUXCS HAa OJUHAKOBOM PACCTOSHUM N OT BEPIIUHBI V,
HasbIBaeTcs spycom (06o3navaercs D(v,n)): D(v,n) = {ueV | d(v,u) = n}.
S I'pad, mobast U3 BepUIMH KOTOPOTO SBISIETCS €ro LEHTPOM — MaKCHMAalbHOE YAaleHHUE 0
_ BCEX BEPILUMH OT J1000H =

Ceaznocme. Ecniu 0se gepuunst U u V 6 epaghe MOH#CHO coedu- HUMb  Yenvio, Mo
makue eepuiuHbl céa3amul. I pag) Hazvleaemcs c8sA3HbIM, eCliu 8 HeM C8A3AHbI 8Ce BEPULUHDI.

Jlerko BUJCTH, YTO OTHOIICHUEC CBA3HOCTU HAa MHOKCCTBC BCPIIHH ABJIACTCA OTHOUIICHMU-
€M JKBHMBAJICHTHOCTH. /[aHHOE OTHOIIIEHHE Pa30MBaeT MHOKECTBO BEPIIMH Tpada Ha KIIACCHl,
00BETUHSIONINE BEPIINHBI, CBSI3aHHBIC IPYT ¢ ApyroM. Takue Ki1acChl HA3BIBAKOTCS KOMNOHEH-
MAamu C6s3HOCML; YUCII0 KOMITOHEHT CBsI3HOCTH 00o3Havaercs: K(G).

I'pad G sBsieTCs CBSI3HBIM TOTJA W TOJIBKO TOT/A, KOTJIa OH MMEET OJHY KOMITOHCHTY
csizHocTh: K(G) = 1. Eciu k(G) > 1, 10 310 Hecesnsnbiu Tpad. ['pad, cocTosImuil TOIKO U3 U30-
aupoBaHHbIX BepinH (B kotopoM K(G)=|V|, r(G)=0), Ha3sIBacTCS 6n0IHE HECEAZHBIM.

Bepmuna rpada, ynaneHue KOTOpod YBEIMYHBAET YUCIO KOMIIOHEHT CBSI3HOCTH, HA3BI-
BaeTCs pasoessiowell U Mo4KoU COUNeHEeHUs..

1. 3 Jleknus Ne 3 (2 yaca).
Tema: «OpuentupoBannsie rpadsl u qepeBbsi. CeTn»

1.1.1 Bonpocsl JieKuum:



1.OpuenTHpOBaHHbIE Tpadbl U 1EPEBbS.
2.Cetn

1.1.2 KpaTtkoe conep:kaHue BOIPOCOB:
HaumeHoBaHue BONIPOCOB.
1.OpuenTrpoBaHHbIE Tpadbl U 1EPEBbSI.
2.Cetn

Opuentupoannbiii rpad G(V,E) sBnsercs crabo cessnvim (crabvim), €Ciu CHMMETPHY-
HOE 3aMbIKaHHE MHOKECTBA E ompenenser cBa3HbIi rpad) (MHBIMHU CJIOBAMHM, €CJIH ITOCIIE 3aMCHBI
Bcex ayr rpada G pedpamu noaydeHHsli rpad Oyaer cBsa3HbIM). OpueHTUPOBAHHBIN Tpad SBIIs-

eTCs CUNbHO C83HbIM (CUNIbHBIM), €CITH JUTS JIF000H mapsl BepHIKH U,VeV CyIIeCTBYeT OpUCHTHU-
POBaHHBIN NMyTh U3 U B V (T.€. U3 1000 BepIIKHBI rpada JOCTUKUMBI BCE €0 OCTajbHbIE BEP-
mvHbl). Ecnin auig mr000# mapel BepIIMH IO KpailHell Mepe oAHa JOCTHXKHUMA U3 JpYroM, To Ta-
KOH Tpad SBISCTCS 00HOCMOPOHHE C8A3HBIM, WA 00HOCmMOoporHuM. I'pad), COCTOSIIINN U3 OJHOU
BEPILUHBI, [10 OIPEJEICHUIO CUUTAETCS CUIBHO CBA3HBIM.

MHosxecTBa BEpIIUH CBS3HBIX KOMIIOHEHT 00pa3yloT pa30HeHHe MHOXECTBa BEpILUH
rpada.

1. 4 JIexuus Ne 4 (2 yaca).

Tema: «HaxoxaeHne SKCTpeMalbHbIX MyTeH B CETH: aJTOPUTM J[eHKCTpPBI U €ro MPHUKIIAIHBIC aCTIEKTHI.
Haxoxnenue skcTpeManbHBIX ITyTeH B CETH C OTpULIATENIbHBIMU BecaMu: Anroput™m bennmana — Mypa.
KoMmbroTepHbIE TEXHOIOTHH pealn3auuu anropurma JIeikerpsny

1.1.1 Bonnpoce! JieKkuum:

1. HaXO)K,I[eHI/Ie OKCTPEMAJIbHBIX HYT6171 B CCTHU! AJITOPUTM I[eﬁKCTpLI U CTro IMPUKIIAAHBIC aCIICKTHI.
2. HaXO)K,I[eHI/Ie SKCTPECMAIIbHBIX HYTQﬁ B CCTU C OTpHULATCIIBHBIMH BECAMMU: A.TIl"OpI/ITM bennmana — My—

pa.
3. KoMIibloTepHBIE TEXHOJOTHH PEeIN3aALNH aIroputMa JleKCTpEl.

1.1.2 KpaTtkoe coaep:kaHue BONPOCOB:
HaumeHoBaHue BONIPOCOB.
1. HaxoxxaeHne sKCTpeMalbHbIX MyTel B ceTH: anroput™ J{eWKCTpsl U ero MpHUKIaAHbIE aCTIEKThI.
2. HaxoxxaeHre 3KCTpeMalbHbIX IyTel B CETH C OTPULIATEIbHBIMU BecaMu: AnroputM bemnmana — My-

pa.
3. KoMITbIoTepHBIE TEXHOJIOTHH PEeaTU3alliH aroputMa JleiKkCTphbl.

Kpamuaiimuue nymu. 3a0aua noucka kpamuatiuieeo nymu (Hauboee deuiego2o? Ko-
pomgkozo?) «om nynkma A 0o nynkma By umeem maccy npakmuyeckux npuiodceHull u paziui-
Hble aneopummol peuienus. Mamemamuyeckas nOCmManHo8Ka 3a0ayu umeem ciedyiouuil 8UO.

PaccmarpuBaercst B3BemeHnbli rpad (oprpad) G(V,E), pebpam (ayram) KoToporo coro-
CTaBJICHbI Beca, 0003HayvaroNue JIMHY (UM CTOMMOCTB) MyTH U3 OJHOTO KOHIla pedpa B Ipy-
roil. Ecnu u3 BepmuHsl V; HeT peOpa (Iyru) B BEpLIMHY Vj, TO Bec pedpa (Vj,Vj) cuuTaercs pas-
HbIM 0. J[n1s1 pe0ep, ABIAIOMUXCS METAIMH (JIMaroHalb MaTPHUIbl CMEXKHOCTH), UX Beca CUHMTa-
10Tcsl paBHbIMH (. Bce KOMIOHEHTBI MaTpHUlLbl — Beca pedep, COeANHSIONIMX COOTBETCTBYIOIINE
BEpIIUHBL. TpedyeTcs onpenenuTh KpaTdyalIiil MyTh U3 OJJHON BEPIIUHBI B APYTYIO.



Hawnbonee mmpoko M3BECTHHI JBa ajlrOpUTMa IMOMCKA KpaTyaWIuxX IMyTed. AJTOPUTM
JISVKCTPBI HAXOAMUT KpaTJyaiiiee pacCcTOsHUE OT OAHON (PMKCHPOBAHHOM BEPIIMHBI 10 APYrod U
yKa3blBae€T caM IyTh, [UIMHA KOTOPOrO paBHa 3TOMY paccTosiHuio. Anroputm Pnoiina-
Yopania mo3BosisieT HAWTH KpaTJaiIlie pacCTOSHHS MEXy BCEMH IapaMy BEpIINH rpada.

Asroput™ JAefKCTPBI

HaXO,Z[I/IT KpaTJaiiiee pacCTOSHHUE OT BEPIIMHEI V1 10 BEPIIHHBI Vpy

Unesa: Unem no BepuirHaM, MOCTENEHHO YAAISACH OT CTAapTa, IMPU 3TOM JUIsl KaXJI0W BEPIIMHBI
onpeensieM CaMblil KOPOTKHUH 10 Hee IyTh U3 CTapTa U 3alIOMUHAEM €TO0.

Kaxxnoii BepiimHe Vi CTaBUTCS B COOTBETCTBHE YHOpsoueHHas napa (M,Vy), rie nepsas Koopau-
HaTa 03HAYaeT HAaMMEHbIIee Ha TeKYIIHMI MOMEHT pAacCTOSTHUE OT CTapTa — V1 — 10 BEPIIUHBI Vi, a
BTOpasi KOOpJMHATA YKa3bIBACT HA MPEABIAYIIYIO BEPIIUHY Ha 3TOM IyTH. [lepBoHauansHO Bce
BEpILKHBI TOMeUeHbl apamu (00,0) 1 UMEIOT cTaTyc BpeMeHHbIX. [locTeneHHo mo Mepe Haxox-
JIEHUs KpaTyallero MyTH 4acTh BEPLIMH CTAHOBSTCSA MOCTOSHHBIMHU. AJICOPUTM 3aKaHYMBAET
paboTy, KOr[a MOCTOSIHHOW CTaHEeT BEPIIMHA V.

AJITOPUTM COCTOMT U3 ClieAyromux maroB: Hagate B Bepiiune Vi(o0,0), 3aMEHUTh €€ METKY Ha
v1(0,0) u cienaTh 3Ty BEepUIUHY

ITIOCTOSIHHOU.

1. Iloka V, HE CTaHET MOCTOSTHHOM BEPIIUHOMN, IPOJCIBIBATH CACAYIOIIHNE IIaru:

a. Ecau BepmmHa Vi(M,Vy) cTana MOCTOSHHOM, TO JJIsl BCEX CMEXKHBIX C HEH BPEMEHHBIX
BEpILIMH Vj BIYUCIUTb M+d(Vi,Vj) ¥ CPaBHUTH C TEKYLIUM PACCTOSHUEM, KOTOPBIM IIOMeue-
Ha BepiuHa Vj. Ecin nmomydyeHHas cymMMa MeHbIIE, TO TEKYILEE PACCTOSHUE 3aMEHUTH €10,
a BTOPYIO KOOPJAMHATY 3aMEHUTH Ha V.

b. HaiiTi MUHEMYM M3 PAaCCTOSHHIA, PUITMCAHHBIX BPEMEHHBIM BepiinHaM. [lepByro u3
TAKUX BCPHIUH CACIATb MMOCTOSIHHOM.
2. Korma v, cTanet moCTOSHHON BEPIIUHON, TO PACCTOSHUE, TPUITUCAHHOE €1 —
3TO W €CTh JJIMHA KpaTdaifimero nytd. CaMm nyTh (B 0OOpaTHOM MOPSJIKE) MOKHO
OTCIIEAUTh, €CIIA MPOUTH B OOpPaTHYIO CTOPOHY — OT BEPIIMUHBI Vy K Vi — IO BTO-

pBIM KOOp):[I/IHaTaM MCETOK BepHJI/IH.
B(0,0) 7

Haiitn xpaTyaliimii myTh U3 BEPIIHBI A B BEPLINHY
F Bo B3BemeHHoMm rpade. Bepmunbl cHaOxkaem mo- A(©0)
MeTKamMHi, U B rpade OyayT NMPUCYTCTBOBATH METKH

(00,0), OKa He Haiigen myTh

>
B(5,A) 7 D(12,B) E(x,0)

Bepmunbl, KoTOphle OyAyT cTaHo-
F(15B)  BUTBCS MOCTOSAHHBIMH, BBIIEISEM KMPHBIM LIPUQ-

TOM. F(x0,0)



R

7
E(0,0) E(x,0)

a) 6) B)

Bepmmna A crana noctositHHOM (pHcC. a), ¢ Hel cmexHbie B 1 C = 119 HUX HAIUIM PacCTOSTHUS

(3t0 5 u 6), 3ameHmn MeTKU Ha (5,A) u (6,A). MUHUMaIBLHOE U3 PACCTOSHUM 5 => BeplInHA
B(5,A) ctanoBuTCs MocTOSTHHOM (prc. 0). BbvmcisieM paccTossHUS OT HEe 10 CMEKHBIX ¢ Hell C,
E, F, D. Paccrosinue no C 6yner 5+3=8 = oHo Oombiie Tekymiero (6) = metka BepunHbl C He
MeHseTcsl. Bee ocraibHBIE PacCTOSHUS MEHBIIE 00 —> METKH OCTaJbHBIX BEPIIMH 3aMEHSIOTCS.
W30 Bcex Tekymmx MeTok pacctosauii min{l2,15,7,6} = 6 = Bepuuny C(6,A) aemaem mocro-
aHHOH (puc. B). CMexHas ¢ Hell BpeMeHHas BepuinHa E, pacctosnue 1o Hee uepe3 C 6+7=13>7
= u3MeHeHu HeT. Ternepb U3 BpeMEHHbBIX BepiiH MiN=7 = BepiuuHa E(7,B) cranoButcs mo-
crosiHHOM. 7+4=11<15 = wmerka Bepmunbl F mMensiercss Ha F(11,E) u oHa cTaHOBUTCS MOCTOSIH-
HOM. AJNIrOopUTM 3aBepIeH, paccTosiHue oT A 1o F paBno 11, a kpatuaitmmii myts — A,B,EF.

1.5 Jlekmusa Ne 5 (2 gaca).

Tema: «Haxoxnenue kpaT4alilinx IMyTe B CETH C OTPULIATENILHBIMU BECaMU: AJITOPUTM
bennmana — Mypa»

1.1.1 Bonpocs! ekuum:

1. HaxoxneHne KpaTdyaiux MyTed B CETU C OTPULIATEIIbHBIMU BECAMH.
2.AnroputMm bennmana - Mypa

1.1.2 Kparkoe coaepxxaHne BOIIPOCOB:
HaunMeHoBaHMe BOIIPOCOB.
1. HaxoxxneHne kpaTdyaiux MyTed B CETU C OTPULIATEIbHBIMU BECAMH.
2.Anroputm bennmana - Mypa

Ecnu Beca — npousBosbHbIe urcia U rpad G He COAepKUT OPUCHTUPOBAHHBIX IIMKIIOB
OTPHUIATENILHOTO BECa, TO MUHUMAJIBHBINA MyTh MOKET OBITh HaiiieH aropuTMoM bemnmana —
Mypa, TOX0XHUM Ha alIropuT™M J{eHKCTphl. DTOT AITOPUTM YacTO HA3bIBAKOT AITOPUTMOM KO-
PEKTUPOBKHM MeTOK. Kak u B anroputme J{efKCcTpbl BCeM BEpILIMHAM IPUITHCHIBAIOTCS METKH,
OJIHAKO 3/1eCh HET JIJIEHUSI METOK Ha BpEMEHHbIE U MOCTOsIHHbIE. KOoppeKkTupoBKa METOK OCy-
HIECTBIISIETCS TI0 CTapoMy TipaBmity (4.7.1), oqHaKO BBIONHEHUE ycnoBus (4.7.2) Teneps He ra-
PaHTUPYET, YTO JUIMHA KPaTYaiIIero MyTH OT S 10 X; Hal/eHa, Tak Kak Hanmuuue B rpade G

AYyT C OTpULATCIIbHBIMU BECAMU MOXKCT YMCHBIIUTL 3TY MCTKY Ha NOCJICAYIOIINX IIarax. I1o-
3TOMYy B anroputme bennMana — Mypa BMecTo mporeayphl IpeBpalleHusi BPEMEHHON METKH B
MOCTOSIHHYIO (hopMUpyeTcs ouepeib BEPIIMH, KOTOPble HYXHO NPOCMOTPETH
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JUIsl aHaJIM3a BO3MOXKHOCTH YMEHBLIEHUS 110 NpaBuily (4.7.1) METOK BEpIIMH, HE HAXOAIIUXCS B
JaHHBIA MOMEHT B O4Yepe]y, HO JOCTHKHMBIX M3 Hee 3a OJuH Iar. B mpouecce paboTel anro-
pUTMa OJIHA U Ta K€ BEPILINHA MOXKET HECKOJIBKO pa3 BCTaBaTh B OUEPE/lb, a 3aTEM ITOKUIATh €€.

Anroputm bennmana — Mypa cocrout u3 aByx 3tanoB. Ha mepBoM srTame HaxonsTcs
JUIMHBI KpaTyallIuX MyTed OT BEpUIMHBI S JI0 BCEX OCTAJIbHBIX BEpIIMH rpada. DToT 3Tam 3a-
KaHYUBAETCS MPU OTCYTCTBUH BEPIINH B OUEPEIHU.

Bropoii sTan — noctpoenue kpartyaiiiero myta ot S A0 t coBmazaer ¢ COOTBETCTBYIO-
[IMM 3TaroM B airoputMe JleWkcTphl u BemonHseTcs mo Gopmysne (4.7.3). Onumem moapodbHo
BCE IlIard aJirOpUTMa.

Ortan 1. HaxoxkaeHue MIMH KpaTyallIMX MyT€H OT BEPIIMHBI S 10 BCEX OCTAJIbHBIX
BepIInH rpada.

[Ilar 1. IlpucBoeHHE HayalbHBIX 3HAYCHUH. d(s)= 0, d(xj)= ©, X; € S, X=s5,
Q= {)7 } - MHO>KECTBO BEPILIUH B OYEPEIH.

Hlar 2. KoppekTHpoBKa METOK M O4EepPEIH.

2a). Ypansem u3 ouepenu Q BepIIMHY, HAXOJSIIYIOCS B CAMOM Hayalle Ouepe/iu.

20). st KakI0# BEPUIMHBI X;, HEMNOCPEACTBEHHO JOCTHKMMON U3 X , KOPPEKTUPYEM
ee MeTKy 1o popmyie (4.7.1).

266). Ecru pu stom d,, (x,)<d, v (X,), To nepexonuM K noxmary 268), HHaue HPO-
J0JDKaeM repebop BepIInH 1o mary 20).

268B). KoppektupoBka oueperau. Ecin X; He ObL1a paHee B ouepean M HE HAXOJUTCS B
HEH B IaHHBI MOMEHT, TO BEPIIUHY X; CTaBUM B KOHel| ouepenu. Eciu ke X; yxe Obuia Korga-
HUOYIb paHee B OUepeld UM HaXOJUTCS TaM B JaHHBIH MOMEHT, TO IIEPECTABIIIEM €€ B HA4aJIO
ouepeu.

Hlar 3. [IpoBepka Ha 3aBepuieHue nepBoro 3rana. Ecium Q #©, To Bo3BpamaeMcs K
Hayajly BTOPOTO 11ara, eciiv ke Q =, To mepBblil ATan 3aKOHYEH, TO €CTh MUHUMAaJIbHBIE pac-
CTOSIHUS OT S JI0 BCeX BEpILIMH rpada HaleHBbI.

1. 6 Jlekmus Ne 6 (2 gaca).

Tema: «IlocTpoenne OCTOBHOTO jJepeBa rpada (ceTn): 3amaya 06 0CTOBE MHHUMAIBHOTO Beca. AJro-
putM IIpumay»

1.4.1 Bonpocs! Jekuum:

1. [TocTpoeHnne ocToBHOTO JepeBa (jeca) rpada.
2. anroput™ Ilpuma; 3a1aga 06 0CTOBE HIKCTPEMATILHOTO BECa.

1.4.2 KpaTkoe cojep:kaHue BONPOCOB:
1. [TocTpoeHnne ocToBHOTO jAepeBa (eca) rpada.
2. anroput™ IIpuma; 3aaga 06 0CTOBE HIKCTPEMATILHOTO BEca.
1. HaumenoBanue Bonpoca Ne 1.
JlepeBbsi SBISAIOTCS MPOCTEHIIMM Ki1accoM rpadoB. [ HUX BBITOJHSIOTCS MHOTHE CBOWCTBA,

KOTOpBIE HE BCET/Ia BBIMOJIHAIOTCS 7151 00bIUHBIX IpadoB. Kpome Toro, nepeBbs LIMPOKO IpUMe-
HSIOTCSA B MMPOTPaMMHMPOBAHUM NP PA3IMYHOrO poja 00paboTKe NaHHBIX, B YACTHOCTH, B aJro-
pUTMax COPTUPOBKH, KOAHpoBaHUs U T.N. [ToapoOHO anropuTMel paboThl ¢ IepeBbIMU OyIyT
paccMaTpuBaThCs MO3/IHEE B APYTUX Kypcax, a ceiiuac TOJIbKO KpaTKoe 3HAKOMCTBO.

epeso — 310 cBsA3HBIM rpad 6e3 nukioB. Heckonabko nepeBbeB (MM HECBSI3HBIN Tpad 0e3
IIUKJIOB) COCTAaBJISIOT 1ec. TakuM 00pa3oMm, AepeBO SBISETCS KOMIIOHEHTOM CBA3HOCTH Jieca.
3.2. Bopoc Ne2: «CBoiicTBa 1epEBHEB»
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Iycts G = (S,U) u |S| =n, |U| =m. Torma crnpaBemnBa SKBHBAJICHTHOCTD CICIYIO-

IIUX YTBEPKIACHUM:

1). G - nepeBo;

2). G- cBssHbi rpah 1 M=n—1,

3). G - anukuinyeckuii rpag u m=n-—1;

4). nmro0Oble IBe HECOBMAMAONIME BEPIIUHBI Ipada COCTUHSET SIUHCTBEHHAS MPOCTast
1IETIb;

5). G - anuknnyeckuii rpad, 00IaaaronMi TEM CBOMCTBOM, YTO €CJIM KaKyro- JIH0Oo ma-
Py €ro HECMEXHBIX BEPUIMH COSIUHUTH peOpOM, TO MOIydeHHBIH rpad OyaeT comepkaTth pOBHO
OJIUH LIUKIL.

OpueHTHpOBaHHBIN rpad Ha3bIBACTCS OPUCHTUPOBAHHBIM JIEPEBOM (OPIEPEBOM), €CIIH:

1). cymecTByeT pOBHO OJiHA BepUIMHA X; € S, Ha3bIBaeMas KOPHEM, KOTO-pas HE MMEET Mpejl-
HIECTBYIOLIUX BEPIIUH, TO €CTh P(Xl) =0;
2). moboii BepmmHe X; # X, B rpage G HEMOCPeICTBEHHO NPEIIIECTBYET POBHO OJIHA BEPUIMHA,

TO €CTh P(Xj): 1.

X

HeopHeHTHPOBaHHOE JIEPEBO MOKHO MPEBPaTHTh B OPHEHTHPOBAHHOE, BHIOPAB B Kaue-
CTBe KOpHS mponseonbHyo BepmmHy. Iycts G = (S,U). Tpap G’ = (S’ U’ )Ha3LIBaeTc;{ nosi-
rpadom rpapa G, ecim S’ =S m U’ cU.Tloarpap G’ rpada G HaswiBaeTcs OCTOBHBIM
noarpadom, ecmm S’ =S. Tloarpad G'rpada rpada G HaspIBaeTCs OCTOBHEIM IOJUIEPEBOM

(ocToBOM, Kapkacom), ecmu S’ =S u G - nepeso.

Teopema Ko *. Yucno pasnuunvix depesves, komopuvle ModcHO nocmpoums Ha N

)
PaznuuHbIX epuiunax, pasio t. =n"".

B st0it (hopMysie MOACUUTHIBAETCS] YUCIO BCEX AEPEBbEB C JAaHHBIMU N BEpLIMHAMU.
MHorue u3 3THX JepeBbeB U30MOP(HBI, 1 BO3HUKAET BOIIPOC O YUCIIE HE N30MOP(]HBIX 1€PEBHEB
cpeau HUX. JTo OoJyiee TpynHas 3ajaya, OHA pelaeTcs s KaXKJA0ro KOHKPETHOro ciyyas Mo
anroputmy teopuu Iloiia.

Bepuemcst k mpousBossHBIM Tpadam. Matpuieit Kupxroda™ rpada G HaswiBaeTcs

-1 X, u X; CMEXHBI,
n=|S

MaTtpuia B , €CIIH bij =40, X, u X; HE CMEXHBI, CyMMma 3JIEMEHTOB B KaXKIOU

P(x,), i=].

nxn 1
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n
CTPOKE W  KaXIOM CTOJIOIC ITOM MaTpHIbl paBHa HYJIIO, TO €CTh Zbij =0, j=1n,
i1

ibij =0, i=1n.
j=L

Kpome Toro, m3 sToro ciemyer, 4To anreOpandeckue JOMOTHEHHS BCEX HJIEMEHTOB MAaTPHIIBI
B paBubl Mexny coboii. Marpuna Kupxroda ucnonb3yercst Ui MoJcueTa 4ucia OCTOBOB B

rpade.

* Aptyp Komu(Koitnu) (1821-1895 r.1.) - aHIIIHIICKHIA MATEMATHK.
“T'ycra Pobept Kupxro¢ (1824-1887 r.r.) - HeMelKuii (pU3NK

Teopema Kupxroda. Yucio ocmosnuvix oepesves 6 cesznom epagpe G nopsoka N> 2
PasHo aneedpauieckomy 0OnoaHeHuio 1100020 2nemenma mampuyvl Kupxeogha B(G )

3.3 Bonnpoc Ne3: «3agaua 00 0cTOBe MUHMMAJIBHOTO BeCay

Iycts G =(S,U) - ceasHas cets. B npuiioskeHmsIx 4acTo BOSHUKACT 337848 O MOCTPOC-
Huu ocrosa rpada G, uMeromero HauMenbmui Bec. Ilycts, Hanpumep, G = (S,U,Q) CILY’KUT
MOJICIIBIO JKEIIE3HOIOPOXKHON CETH, COCIUHSIONMICH MYHKTB X, X,,..., X, €S, a @ (xi , X j) - pac-
CTOSIHME MEXIY MYHKTaMu X; U X;. TpeOyercs MpomokuTh CeTh TeNerpadHbIX JMHUN BIONb

JIMHUMN )K6H63HOI[OpO)I(HOI7I CCTHU Tak, yTOOBI BCE IMTYHKTBI Xl, X2,..., Xn OBbLIN CBSI3aHBI MCXKAY CO-

601 TenerpaHOi ceThio M 00IIas MPOTSKEHHOCTh JTUHUM TenerpadHoil ceTu ObLIa HaUMEHb-
miei.
M3BecTHO HECKOJIKO aJTOPHUTMOB MOCTPOSHHS KpaT4alIIero OCTOBHOTO jaepeBa. Pac-

cMOTpuM aiaroputm [lpuma”, mpeCcTaBIAIONINi cO00M UTEPAMOHHYIO MTPOLEAYPY, COCTOSIIYIO

W3 JIBYX IIATOB U BhIMOMHSAIONTyocss N —1 pa3 Harpade G ¢ N BepmmHaMHu.
/ Il ool ol ol
Iyets S' S, S"cS u S=S"US", SNS" =@, 10 ect» S’ u S” - pazbuenne
MHOKECTBA y370B ceTu G Ha J]Ba HelepeceKaroluXcs MOAMHOKeCTBa. OnpeeuM MoMaroBoe

paccrostane Mexay MEOkectBamu S’ u S’ cnemyronum o6pazom:

d(S’,S”)=min a)(Xi,X%ES/, X, s [

rmue (Xi , X j) - Iyra, COEIMHSIONIAst BEPIIUHBI X; U X; .

B anroputme [Ipuma ocToBHOE NEpeBO CTPOUTCS B pe3ysibTaTe MOCIE0BATEILHOTO pac-
HIMPEHUs] UCXOJHOTO nojiepeBa. Ha kax ol utepanny 4Yuciio BepIIMH U pedep mojiiepeBa yBe-
TuIuBaeTcs Ha equHuIly. OCHOBHBIC IIaTH aJITOPUTMA TAaKOBBHI.

[ar 1. (IlpucBoeHNe HAYATLHBIX 3HAYEHUI).
Tomarator S’ = {x, }, rie X, - nponssonshas sepmmna, S” =S/S', U =0.
[ar 2. (O6HOBNIECHNE TaHHBIX ).

Haxonum pe6po (Xi,xj) TaKoe, 4to X, € S/,Xj eSS’ u
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a)(xi,xj):min{co(xi,xj):xi eS’,xj eS”}.
Monaraor S' =S’ Ufx;} 8" =5/8",U" =U" U{x,x, )}
[ar 3. (IlpoBepka Ha 3aBEpILICHUE).

/ Y .
Ecmu S’ =S, 10 G' = (S U ) - UICKOMBIH OCTOB. B MpOTUBHOM ciiyyae mepexoiarT KO BTOPOMY

niary.

1. 7 Jlekmusa Ne 7 (2 gaca).

Tema: «ITocTpoeHune ocTOBHOTO aepeBa rpada (cetn). 3amada 00 0CTOBE SKCTPEMAIBHOTO Beca. AJro-
pyUT™ KpaCKaﬂa. KOMHI)}OTepHI)IC TCXHOJIOTHUH peaIM3alluu aJIrOpuT™Ma KpaCKaﬂa».
1.5.1 BonipochI ekium:

1. TToctpoenune ocToBHOTO AepeBa rpada (ceTn).
2.3amaya 06 ocToBe IKCTpeMabHOTO Beca. Anroputm Kpackana.
3.KoMmnbroTepHbI€ TEXHONOTUH peanu3anuu anropurma Kpackamna

1.5.2 Kpartkoe coaep:xkaHue BONPOCOB:
1. TToctpoenune ocToBHOTO AepeBa rpada (ceTn).
2.3amaya 06 ocToBe IKCTpeMaIbHOTO Beca. Anroputm Kpackana.
3.KoMmnbroTepHbI€ TEXHONIOTUH peanu3annuu anropurma Kpackana

Munumanwvnwiit ocmoes, anzopumm Kpyckana

Oma 3adaua 6o3HuKaem npu NPOEKMUPOSAHUU TUHULL TeKmponepeoay, mpybonpoeo-
008, 00poe u m.0., Kocoa mpebyemcs 3a0anHbvle YeHmpul (8epuiuHvl epaga) coeounHums HeKo-
MOpOU CUCmMeMol KAHAL08 C85A3U MAaKum oopazom, umoovl 10dble 08a YyeHmpa ObiiU CEA3AHbL
HENnocpeoCmeeHHO Uil yepe3 opyeue KaHalvl, U YymooOvl oOwas OIuHAa (CMoOUMOCmb) KAHAI08
€643U ObIIA MUHUMATLHOLL.

JIJ1st TOCTaHOBKY M PEIISHHS 3a/1a91 JaJIM HEKOTOPBIE OTIPEIEIICHUSI.
Bec ocmosHnozo Oepesa B3BEMIEHHOTO Tpada paBeH CyMMe BECOB, NMPUIUCAHHBIX €ro pedpam.
Munumanvhvim ocmosHbiM 0epegom Ha3BIBAETCS OCTOBHOE JIEpeBO rpada ¢ MUHUMAIBHBIM Be-
COM.

Maremaruyeckas GOpMYIMPOBKA 33aa4u: BO B3BelIeHHOM cBsizHOM rpade G(V,E) Haiitu
MUHHMaJIbHOE ocToBHOE AepeBo T(V,E’).

Paccmotpum anroputm Kpyckana (Kpackana?) pemenust 3Toit 3aiaun. Maesd anropurMa
COCTOHMT B TOM, 4T0OBI mocTeneHHo ¢opmuposath aepeBo T(V,E’), BeiOupas pedpa ¢ HaMMEHb-
[IMM BECOM TaK, YTOObI HE BOZHUKAJIO IIUKJIOB.

[TepBonavanibHO MHOKeCTBO E’ mycroe, V — MHOXecTBO BepmiuH rpada, T mycroe. JBa
CIIEMYIONINX JACHCTBUS BBITTOJHIIOTCS JI0 TEX TOP, TTOKa 3TO BO3MOKHO.
1). BriOpaTh peOpo MUHHMAIBHOTO Beca B UCXOAHOM Tpade G, He mpUHaIeKaIee MHOKECTBY
E’, Tak, uro ero no6aBnenue B E’ He cozmaeT nukia B gepese T.

2). 1o6aBuTh 3TO pebpo BO MHOKECTBO pebep E’.

[Tpumep. HaifTu MuUHUMAaNbHBINA OCTOB BO B3BEIIEHHOM rpade.
[TocTpoenne octoBa HauHeM ¢ pedpa (V1, V3). [lopsaok mpucoenuHenus pedep K OCTOBY:
(v, va), (v2, Vs), (V1, V2) (mu (v1, Vs)), (Va, V5). Bec octoBa W=1+2+1+4=8.
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Vi Vs

1. 5 Jlexuus Ne 8 (2 uaca).

Tema: «IloToku B ceTsx, 3aj1ada 0 MAKCUMaJIbHOM IMMOTOKE U MUHUMAaJbHOM pa3pese. Teopema
®opna — Gankepcona. KomnberoTepHbie TEXHOIOTUHU peanu3aimu anroputma dopra-dankepconan

1.8.1 Bonpocs! Jiekuum:

1. IToToxu B CCTAX, 3aJa4a O MAaKCUMAJIbHOM INOTOKC U MUHUMAJIbLHOM Pa3peseC.
2. Teopema doppa - Dankepcona

1.8.2 Kparkoe coaep:kaHue BONPOCOB:
1. [ToToku B ceTsAx, 3ajja4ya O MAKCUMaJIbHOM IIOTOKE U MUHMMAJIbHOM pa3pese.
2. Teopema @oppa - PankepcoHa
1. HaumenoBanue Bonpoca Ne 1.
IMoToku B cersax. yHKINOHATIBHOE Ha3HAUCHHNE OOJBIIMHCTBA (PU3NUECCKU PEaTN30BaH-

HBIX CETCH COCTOMT B TOM, YTO OHH CIIY’)KaT HOCUTEIIIMUA CUCTEM TIOTOKOB, TO €CTh CHCTEM, B KO-
TOPBIX HEKOTOPBIC 0OBEKTHI TEKYT, ABMKYTCS WIIM TPAHCIIOPTUPYIOTCS IO CHCTEME KaHAJIOB (IyT
CETH) OTPaHMUYEHHOM MPOMyCKHOW crocoOHocTH. [IpuMepaMu MOTYT CIyKHTh MOTOK aBTOMO-
OMIJIBHOTO TPAHCHOPTA MO CETHU aBTOJIOPOT, MOTOK TPY30B MO YYACTKY KEJIE3HOJOPOKHOM ceTH,
MOTOK BOJBI B TOPOJCKOW CETH BOAOCHAOKEHUS, MOTOK AJIEKTPUYECKOTO0 TOKAa B IEKTPOCETH,
MOTOK TeNeQOHHBIX WM TenerpadHbIX COOOIICHHH MO KaHalaM CBS3H, MOTOK MPOTPamMM B BBI-
YUCIIUTENbHON ceTH. OrpaHUYeHHas TMPOMYCKHAsT CITOCOOHOCTh O3HAYAET, YTO WHTCHCHBHOCTH
MEPEeMEIICHUS COOTBETCTBYIONINX MPEIMETOB IO KaHATy OrpaHWYeHa CBEPXY OIMpPEIeICHHON
BEJIMYUHOM.

HauGonee wacto B cetn pemraercs 3ajada 0 MaKCHMaJILHOM MOTOKE W MUHHUMAITEHOM
paspese. [Ipu atom rpadp G = (S, U) JIOJIKEH YIOBIIETBOPSITH CIEIYIOLIUM YCIOBUSIM:

1). G - cBsa3HbIi rpad Oe3 merens;

2). cyliecTByeT POBHO OJ{HA BEpIIHMHA, HE MMEOIIas MPEANISCTBYIONINX; 3Ta BEpIINHA
Ha3bIBACTCS ICTOYHUKOM U 0003HAYaeTcs S ;

3). CymIecTByeT POBHO OJHA BEPIIMHA, HE HMMEIOIAs IMOCIEAYIOIINX; 3Ta BEPIIUHA
Ha3bIBAaeTCsl CTOKOM M 0003HavaeTcs t;

4). KaxIou ayre (wa J.)eU MIOCTABJICHO B COOTBETCTBHE HEOTPHIATEIIFHOE YHCIIO

C(Xi ' X; ), Ha3bIBAEMOE IPOIYCKHON CIOCOOHOCTBIO IYTH.

DyHKIUA @ (Xi ' X; ), ompeieileHHAasi HA MHOKecTBe Ayr cetu G = (S,U,Q), Ha3bLIBaeTCcs IO-

TOKOM, €CJIH OS(o(Xi,Xj)SC(Xi,Xj)V(Xi,xj)eU " Z (p(xi,xj)= Zgo(xi,xj)zmﬂmo-

Xjesnp(xi) Xjesm(xi)

Goii BepmMHBI X, €S 1 X, & {5,1}.
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[Tocneanee ycnoBue Ha3bIBAETCSl YCIOBUEM COXPAHEHHUS MOTOKA, B MPOMEKYTOUYHBIX BEPIIMHAX
IIOTOKU HE CO3/Ial0TCA U HE MCUE3al0T.

Beanunna A(Xi,Xj)=c(xi,xj)—gp(xi,xj) Ha3bIBAECTCSI OCTATOYHON IIPOIMYCKHOW CIIO-

COOHOCTBIO TYTH (Xi ' X; ) Ecimu ¢ (Xi VX )= C(Xi e ), TO JIyra Ha3bIBAETCS HACHIIICHHOM.

MakcHManbHBIH MOTOK ONPEENSeTCs C OMOMIBIO OJHOTO U3 OCHOBHEIX TOHATHH TEO-
pHH ceTeii — paspesa. Pazpes MOXeT GBITH ONpeaeIeH KaK MHOXKECTBO YT, HCKIIOYEHHE KOTO-
PBIX U3 CETH OTJAEIHIO OBl HEKOTOPOE MHOXKECTBO Y3J7I0B OT OCTANbHON cetu. IIpeamonoxum,
YTO MHOKECTBO BEpIINH CETH S pa30HTO HA J[BA HEMYCTHIX HEMEPECEKAIONMUXCs OIMHOKECTBA
S=s5'"us’ us'ns’=0.

MHO0:KecTBO Iyr, HA4a/1a KOTOPBIX JexaT B S’, a konusl B S”, HasbiBaercs: opu-

€HTHPOBAHHBIM Pa3pe30oM U 0003HaYaETCS (S’ — S’ ) CuenoBareJibHO,

(5/—>3”)= (Xi’x%es/’ X, cs/

¥ < / n
HpOHy'CKHOI/I CIIOCOOHOCTBIO HMJIM BEJIMYHMHON pa3pe3a (S — S ) Ha3bIBACTCA CyMMa

IMPOIMMYCKHBIX CIIOCOOHOCTEH BXOJAAIIUX B HET'O AYyT, TO €CTh

(s’ >s")= Delx.x;)

XIES/,XJES//

Ha pucynke cineBa wn3zo0pa’keHa ceTh, HA KOTOPOW OKOJIO Ka)/J0ro pedpa yka3aHa ero
nporryckHas crocooHocts. [IpousBenensr n8a paspesa: | u Il. IIpu pazpese | BepmmHbl OKa-

3aTiCh Pa3OuTHl Ha TIOAMHOXKeCTBA S’ = {Xl, X2} u S” ={X;,%,, %}, a pebpamu, o6pasyrommmu
paspes cranu pedpa (Xl,X3), (Xl,X4), (XZ,X4). Ipu paspese 1S’ ={X1,X2,X3,X4}, a S" ={X5},
pazpes 06pasyiot pebpa (X;, Xs ), (X, Xs ).
Teopema @opaa-Dankepcona. /[ 11000i ceTH ¢ OAHUM UCTOYHHUKOM U OJHUM CTOKOM BEJIH-
YHHAa MaKCHMAaJIBHOTO MOTOKA B CETH OT MCTOYHWKA K CTOKY pPaBHA BEIIMYMHE MUHUMAIHLHOTO
paspesa.
IToTok MUHUMAJILHON CTOUMOCTH.

Paccmotpum 3amauy omnpeiencHUs MOTOKA, 3aJaHHON BenudwHBI 6 oT S kK t B cetn

G= (S, U,Q, D), B KOTOPOH KaxKaast 1yra (Xi , X j) XapaKTepU3yeTcs MPOIMYCKHOM ClIOCOOHOCTHIO

C(Xi,x j)e () ¥ HEOTPHUIIATEITLHON CTOMMOCTHIO d(xi,x j)e D mepecbulkM €IMHUYHOTO TMOTOKA
U3 X; B X; BJIOJb IyTH (Xi,xj).
Ecmu 60> ¢, , THE @, - BETUUYMHA MaKCUMAJILHOTO TOTOKa B cett G ot S k t, TO

peurenus Het. Eciu ke 6 < @, , TO MOXKET OBITh ONPENEIIEHO HECKOJIBKO PA3IMYHBIX MOTOKOB

BeMUMHBI € oT S k t. Maremarnyeckas MOJIeIb 33J]a9d BBITJISIUT CICAYIOIUM 00pa3oM. Mu-

HUMHU3HPOBATH
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d(xi'xj)'¢(xi’xj)’

(xi,xj U
rac (p(Xi ) Xj) - IIOTOK I10 AYyT¢C (Xi ’ Xj) IIpU OTpaHUYCHUAX
1). Osw(xi,xj)s c(xi,xj) EI(Xi,Xj)eU,

2). 1715 HaYaabHOM BEPLIMHBL S € S Z(p(s, X, )— Zq)(xi ,$)=0 - ypaBHEHHE HCTOKa,

X €S X, €S

3). s KOHeUHOM BepiuHb T € S Z(p(t, X; )— Zgo(xi : t) = —@ - ypaBHEHHUE CTOKa,

X; €S X €S

4). nuist 00H ApYroii BEpUIMHBL X; # S, 1 Zgo(xj ' X )— Z(P(Xi X ): 0 - ycioBwue co-

X; €S X; €S

XPpaHCHUA ITOTOKA.

2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJTHEHU IO
JJABOPATOPHBIX PABOT

JIaGoparopHblie paboOThI HE MPEyCMOTPEHBI Pab0YNM YUeOHBIM IIJIAHOM)

2.1 JIaboparopnasi padora Ne 1 (2 yaca).

Tema: «HaxoxaeHue SKCTpeMalbHBIX MMyTeH B CETH: alTOpUTM JIeHKCTPhI»

2.1.1 Hean padoTbl: chopMUPOBATH YMEHUS U HABBIKHM PELICHUS ONTUMHU3AIIMOHHBIX
3aja4 (0 MOMCKe KpaTYalIIMX IMyTeld MeXIy ABYMS 33JJaHHBIMU BEpILIMHAMH) Ha rpadax v ceTsx.

2.1.2 3apaum padoThl: U3yUUTH ANTOPUTM JlefKCTphl HaX0XKIEHUS KpaTyanIlero myTu
MEXly IBYMS 3aJJaHHBIMU BEPIIMHAMU B OPUEHTHUPOBAHHOW CETH.

2.1.3 Ilepeyennb npudOpPOB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1a00paTOpPHOH padoTe:

1. IIK.
2. Windows.
3. Open Office.

2.1.4 Onucanue (xo1) padoThl: IPUMEpP BHIOIHEHUS 3aaHus padoTsl Ne 1.
3ananue. 3agana BecoBas matpuna cetd G . HaiiTh MUHUMAaNbHBIN TyTh U3 BEPIIMHEI

X; B BEPUIMHY Xy IO aITOPUTMY JIeHKCTPBHI.

X, X, X X, Xg X

X (- 9 6 11 «
X, © — 8 o o o
P=X; [0 0o — o 6 9],
X, o 5 7 - 6 o
Xs © 6 o o — 4
Xg o0 o0 00 00 o -

Pemenue. W3o00pasum Temeppr caMm Tpad 1O JaHHOW MaTpHUIlE BECOB.
(oo,l3*) [Tockonpky B gaHHOM rpade eCTh IIUKI Me-

X5 KAy BEpIIHHAMM X, , X3 U X5, TO BEpIIH-
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HBI rpada Heab3sl YIOpsA0YUTh MO alro-
putmy @ankepcona. Ha pucynke rpada
BPEMCHHbBIE M TOCTOSHHBIC METKH YKa3aHbl

HaJl COOTBETCTBYIOLIECH BepmunHOM. MTak,

pacnuiieM noapoOHO paboTy aaropuTMa
JIeHKCTphI 110 1maram.

DOran 1. Mlarl. ITonaraem d(Xl)= 0", X =X,

A(x,) = ()= d (x,) = 8 (x;) = d(x,) = o

1-1 wrepanus. [lar 2. MHOKECTBO BEpIIHH, HEITOCPEACTBEHHO CIICAYIOMIHMX 38 X = X, C BpEMEH-

HBIMH ~MeTKaMH S = {X,,X,, X5} TlepecunthiBacM BpeMEHHbIE METKM OTHX BEpIIMH
d(x,)=min{o, 0" +9}=9, d(x,)=min{o,0" +6}=6, d(x,)=minfe, 0" +11}=11.
Hlar 3. OpHa U3 BpPEMEHHBIX METOK IPEBpAILIAETCs B IOCTOSHHYIO
min{9, «0, 6,11, 00} =6" =d(x, ), X = X,.
[lar 4. X = X, #t =X, , IPOMCXOMUT BO3BPAIIIEHUAE HA BTOPOH IIIar.
2-5_wrepawns. Iar 2. S =1{x,,x,, %} d(x,)=min{9,6" +5}/=9, d(x;)=min{o,6" +7}=13,
d(x;)=min{l1, 6" +6}=11.
Ilar 3. min{d(x, ),d(x,),d(x;),d(x,)}= min{9,13,11, 0} = 9" = d(x,), X = X,.
[ar 4. X, # X4, BO3BpallcHUE HAa BTOPOM LIar.
3-5 ureparms. lar 2. S = {X,}, d(x;)= min{l3, 9" + 8}: 13.
Ilar 3. min{d(x,),d(x, ), d(X,)}=min{13,11,00}=11" = d(x, ), X = Xs.
[ar 4. X; # X, BO3BpAIllCHUE Ha BTOPOM IIIar.
4-5 wreparms, lar 2. S = {X ) d(xs)= min{oo, 11" + 4}: 15.
Ilar 3.. min{d(x,),d(x,)}=min{13,15}=13" =d(x,), X = X,.
[ar 4. X; # X4, BO3BpAIllCHUE HA BTOPOU ILIAr.
5-s wrepaums. Ilar 2. S = {x,}, d(x,)=min{l5,13" +9}=15.
lar 3. min{d(x,)}= min{l5}=15", X = x,.
[ar 4. X, =t = X;, KOHEeI IepBOTO JTarna.

Dran 2. Illar5. CocTaBuM MHOXECTBO BEPIIKH, HEMOCPEACTBEHHO MPEUIECTBYIOIMX X = X,

C HOCTOSIHHBEIMH METKaMH S = {XS' XS}' HpOBepI/IM JJI1 OTUX ABYX BCPIIWH BBIMTOJIHCHUEC pa-

BeHCTBa (4.7.3).
d(X)=15=11"+4=d(x,)+ @ (X,

o) d(X)=15#13"+9=d(x,)+ @ (X,, X, ). Bmouaem
ayry (XS, X ) B KpaT4ailnii myTe. X =

v X
X =Xs.
[ar 6. X # S = X,, BO3BpAIICHAE HA TIATHII IIar.

2-s urepars, 1lar 5. S = {X,, %, }
d(X)=11=0"+11=d(x,)+ @ (X, %), d(X)=11#6" +6=d(x,)+ @ (X,, X; ). Brmouaem

IyTy (Xl, X5) B KpaTJaiIimii myth. X = X; ..
18



[lar 6. X =S = X, , 3aBepIICHHE BTOPOTO JTAIa.

HWrak, kpaTuaillunii MyTh OT BEPIIMHBI X, A0 BEPLIMHBI X, MOCTpoeH. Ero niuHa (Bec) paBHa

15, cam myTh 00pazyeT cieayrolas nociae10BaTeIbHOCTh AYT AL = (Xl, X5)— (XS, Xg )

3ananus JadoparopHoi padorsr Ne 1
3ananus. 3anana BecoBas matpuna cetd G . HaliTu MUHMMANIBHBIN ITyTh U3 BEPIIMHBL S = X B

Bepumny U = X, mo anropurmy JleiikcTpl.

X X X X X X Xp Xy X3 X, X5 X

X1 _ 5 10 13 © 0 Xy - 9 [ee] 6 11 o

) g |o - 8 9 18 w[2) X |» - 8 @ = =
P=x, |0 o - 5 3 6| FP=%|®> — = 6 9,
8 10 X, |0 5 7 - 6 o

X, |®© o o — X, |© 6 © o - 4

X5 © 0 © o - 9 X¢ \© © o o o -

Xe \oo oo 0 o -

X, Xy Xy X, X5 Xg X Xy, Xg X, Xs X

X (= 9 o 6 11 o X (— 9 6 11

3) X, 0 8 w w o 4) X, oo — 8 o o o
P=X; |© © — o 6 9| P=X;, [© o — o 6 9|
X, | 5 7 - 6 o X, |©o 5 7 —- 6 o

X |0 6 o o - 4 X |© 6 © o — 4

Xg 00 00 00 o0 - X o 00 o 00 o0 -

2.2 JlabopaTopHasi padota Ne 2 (2 uaca).
Tema: <<Hax0>1<z[eHHe 9KCTPEMAJIbHBIX HYTeﬁ B C€TH C OTPULATCIIbHBIMU BECAMMU: AIIFOpI/ITM bemmana —
Mypa»

2.2.1 Heab padoTbl: chopMUPOBATH YMEHUS U HABBIKHM PELICHUS ONTUMHU3ALIMOHHBIX
3a/1a4 (0 MOMCKEe KpaT4yallInX MyTeld MeX1y IByMs 3aJJaHHbIMU BEpPIIMHAMHU) Ha rpadax u ceTsx.

2.2.2 3apaum padoThl: U3y4uTh aNropuT™ bemnmana - Mypa HaxokJ1eHus! KpaTyaiiiero
MyTU MEXY IBYMS 3aJaHHbIMU BEPIIMHAMU B OPUEHTHUPOBAHHON CETH.

2.2.3 Ilepeyennb npuOOpPoOB, MATEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHON padore:

1. IIK.
2. Windows.
3. Open Office.

2.2.4 Onucanue (xoa) pabdoThl: IPUMEpP BBHIIOIHEHUS 3aaHus paboThl Ne 2

3aoanusn
3anana BecoBas marpuiia cetn G .
a) MOCTPOUTH I10 ITOW MATPHIIC CETh,
0) HaliTH MMUHUMAJIBHBIA MyTh U3 BEPUIMHBI S =X, B BepiInHy t =X, win t =X, Mo anropurmy
bemnmana-Mypa,
B) HaliTH BEC MUHUMAJIBHOTO ITYTH.
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- 8 7 11 o o - 7 o -8 o o

o — =10 7 o o o — 13 -9 10 w

©w o — oo 6 o© o oo - 3 -4 2
L o o 5 - o 8 2 © oo oo - 9

©w oo o -6 - 7 © o o o — 8

© oo o 0 o — ® o 0 o o —

IIpumep pemennst TunoBoii 3agaun. [lycte rpadp G 3aman BecoBoi marpuueid W .
X, X, Xz X, Xs X

X (- 4 o 6 © ©
X, |0 — 7 -8 6 o
W=X, |0 o — o =7 5]
X, |0 oo 8 - 9 o
X © o oo o — 3

X6 o0 o0 © o0 o0 —

I/I306paSI/IM 9Ty CCThb HA PUCYHKC U pacCUUTACM KpaT‘laﬁIlIHfI IIyTh OT y3Jia Xl A0 y3Jia X6 .

X, (20,4) X5 (0,10,5,-3)

Oram 1. Ilar 1. X=X, d(xl):O,
d(Xj)zoo, j:ﬁ’ Q:{Xl}'
Ilar 2. 2a). X =X, Q =Q/{x,}=0.

Xg (0,8,0) 20). Ilycts S - MHOXKECTBO BEpLINH

HETIOCPE/ICTBEHHO JIOCTHIKUMBIX U3
X5(0,11,4) 8 X, (0,6,-4) pepumEbl X . S ={X,, X, }, d(x,)=
= min{eo, 0+ 4}=4.
260). 4<0? Jla.
260B). Q = {X2 }, X, HaJo OBbLIO MOCTaBUTh B KOHEL o4epeau, HO Q ObLIO MyCTO, MOITO-

My KOHEIl OYepEeM COBIAJ C HAYaJIOM.
26). d(x,)=min{o,0+6}=6.
260). 6 <o? Jla.
268).Q = {X,, X, }
[ar 3. Q =0? Her. Ilepexoa Ha HaYaJI0 BTOPOTO IIara.
Bropas nrepamms. Illar 2. 2a). X = X,, Q =Q/{X}=1{x,} S ={X;, %,, X, }
26). d(x,)=min{oo,4+7}=11.
260). 11<0? [a.
268).Q = {X,, X, }
26). d(x,)=min{6,4—8}=—4.
260). -4<6? Jla.
26B).Q = {X4, X3}. BepmmHy X, Hazo MOCTaBUTH B HAYAJIO OYEPEIH, HO OHA YXKE CTOUT

TaM.
26). d(x;)=min{w,4 + 6}=10.
260). 10<w0? [la.
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268). Q = {X,, X5, X5 }
[ar 3. Q =0? Her, nepexo/1 Ha TPETHIO UTEPAIIUIO BTOPOTO IIara.
Tperbs urepanms. [lar 2. 2a). X =X,, Q = Q/{)?}: {X3, Xs }, S = {X3, XS}.
26). d(x,)=min{l1,—4+8}=4.
260). 4<11? [a.
208).Q = {X3, Xs } Bepumny X; Hajo NOCTaBUTh B HAYAJIO OUYEPEU, HO OHA YK€ TaM.
26). d(x;)=min{l0,~4 +9}=5.
260). 5<10? Na.
208).Q = {X5, X, } Bepmuny x, nepeasuraeM u3 KOHIA OYEPEM B HAYAJIO.

Har 3. Q =0? Her, nepexo Ha YETBEPTYIO UTEPALIMIO BTOPOTO IlIara.
Yergepras urepamus. Ilar 2. 2a). X = X;, Q =Q/{X}={x,}, S = {X }.
26). d(x,)=min{o,5+3}=8.
2006). 8<0? Jla.
268).Q = {X;, X, }
[Har 3. Q =0? Her.
[Taras urepanus. [ar 2. 2a). X =X,;, Q=Q /{)7}: {X6 }, S = {XS, XG}.
26). d(x;)=min{5,4 - 7}=-3.
260). -3<5? Ha.
268).Q = {Xs, X .
26). d(x,)=min{8,4 +5}=8.
20606). 9<8? Her.
[Har 3. Q =0? Her.
Ilecras ureparms. Ilar 2. 2a). X = X5, Q= Q/{X}={X,} S = X, }
26). d(x;)=min{8,~3+3}=0.
20606). 0<8? [la.
268).Q = {X;} Q comepxaio TOIBKO BepIIHY X, Y OHa BCTaJjla B HA4aJI0 OYEPE/IH.
[lar 3. Q =0? Her.
Centbmas wrepars, Illar 2. 2a). X = X, Q=Q/{X}=0. S = 0.

Hlar 3. Q =0. Konen nepsoro srana. HaliieHbl MMHMMaJIbHBIE PACCTOSHMS 10 BCEX

BEpUIMH OT IepBoii BepmmHbL i paccrosumst takoss: d(X,)=4, d(x;)=4, d(x,)=—4,
d(x;)=-3, d(x,)=0.

Bropoii sran. Illar 4. TMomaraem X = Xg. IlycTh S - MHOMECTBO BEpIIMH, HEMOCPESI-

CTBEHHO IIPEeIIIECTBYIOMHUX X. S = {X3,X5}.
d(X)=d(x,)=0#4+5=d(x;)+ o (X5, %, ),
d(X)=d(x,)=0=-3+3=d(x;)+ @ (X, X, ).

KpaTyaiimmii myTh. X = Xs. Bo3BpaljaeMcst Ha 4ETBEPTHIH LIar.

IlepBasg wuTepanus. BxmroyaeM nyry (XS,XG) B

Bropas ntepanusa. X =S? Her.
S ={%,, X5, X, } d(X)=d(x;)=-3=4-7=d(x,)+ @ (X;, X ),
d(X)=d(x;)=-3%4+6=d(x,)+o(X,, X )
d(i)zd(x5)=—3¢—4+9=d(X4)+a)(X4,X5). Bxkitouaem nyry (X3,X5) B Kparyaii-

i myTh. X = X,. Bo3Bpamaemcs Ha 4eTBEPTHIii miar.
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Tperps urepamms. X =S? Her. S ={x,, X, }
d(X)=d(x;)=4#4+7=d(x,)+ @ (X, X,;),
d()?)zd(X3)=4=—4+8=d(X4)+a)(X3,X4). Bkirouaem ayry (X3,X4) B KpaTyaiiuit

myTh. X = X,. Bo3Bpaiaemcsi Ha 4eTBEPTHIN LIAr.
Yersepras urepamms. X =S? Her. S = {x,,, }
d(X)=d(x,)=—4#0+6=d(x,)+a(x,X,)
d(X)=d(x,)=—4=4-8=d(x,)+®(x,, X, ) Brmouaem myry (X,,X,) B kparuaiimmii
myTh. X = X,. Bo3Bpaimaemcsi Ha 4eTBEPTHIN LIAr.

Isras urepauus. X =s? Her. S ={x }
d(X)=d(x,)=4=0+4=d(x, )+ ®(x,X,). Brmosaem ayry (X,,X,) B kpardaiimmii
myTh. X = X;. Bo3Bpamiaemcs Ha 4eTBEpPTHIi Liar.

Ilecras urepanus. X =S? Jla. 3anaua 3akonueHa. ICKOMBIi KpaT4allIvii MyTh OT BEPIIMHBL X,

J0 BCPIIMHBI X6 nMeeT HyneBoﬁ BEC u COCTOHUT n3 CIICAYIOIUX Aayr

(Xl,X2)—(X2,X4)—(X4,X3)—(X3, XS)_(X51X6)'

2.5 JlabopatopHas padora Ne 3 (2 yaca).

Tema: «IlocTpoenue octoBHOTro nepeBa (eca) rpada: anroputmbel Kpackama u [Ipuma; 3amayua
00 0CTOBE IKCTPEMaIbHOTO BEca»
2.3.1 Lean pa6oThi: chopMUPOBATH YMEHHUS U HABBIKU HCIIOIH30BAaHUS alITOPUTMOB

Kpackaina u [Ipuma.

2.3.2 3amgaum padoThI: U3YUIHUTH dJIIEMEHTHI anropuTMoB Kpackana u [Ipuma, 3amaqy 06
OCTOBE 3KCTPEMaIBHOIO BECa.

2.3.3 llepevyeHb NpuGOPOB, MaTEPUATOB, HCII0JIb3YeMbIX B J1a00paTOPHOIi padoTe:

1. TIK.
2. Windows.
3. Open Office.

2.3.4 Onucanue (X01) padoThbI: IPUMED BBINOIHEHUS 3a1aHus paboThl Ne 5.
3aoanusn

s rpacda(cetn), 3aJaHHOTO MaTPUIIEH BECOB,
a)IIOCTPOUTH TI0 ATON MaTpulle CETh(MUCXOHBIN rpad),
0) MOCTPOUTH OCTOB HAUMEHBIIIETO Beca,

B) HAlTH €ro Bec.
T') U300pa3uTh OCTOBHEIN rpad:

- 10 o 5 o o 14 - 7 15 12 o 10

10 - 6 2 4 8 7 - 13 9 o o 8

6 - 3 1 1 o 15 13 - 7 15 7
n|5 2 3 - 6 o 3|, 2)112 9 7 - 9 o 11
o 4 1 6 - 5 o o o 15 9 - 10 «

o 8 1 o 5 - 2 10 o 7 o 10 - 12

14 © o 3 o 2 - o 8 o 11 o 12 -
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.W=x;, [10

Ilpumep évinonnenus munoeozo 3aoanus. J1jis rpada, 3aJaHHOTO MaTPHIICH BECOB,
a)IIOCTPOUTH 110 3TOM MaTpHUIIE CeTh(MCXOAHBIH rpad),

0) OCTPOUTH OCTOB HAUMEHBIIIETO BECA,

B) HAlTH €ro Bec.

Marl. S’ ={x} S” ={X,, X5, X,, X, X ), U’ =0.
X X, X3 X, Xg X

x (- 5 10 14 o o Ilepas urepanus. [ar 2.
X, |5 = 5 6 o o©
5 - 7 8 9 d(S/,S”):a)(xl,xz)ZS, S/:{Xl’XZ}’ S”:{X3’X4’X5’X6}’
X, |14 6 7 - 4 o /
Xs o o 8 4 - 12 U= {(X1' X, )}
X, 0 o 9 o 12 - Illar 3. S’ # S, mepexo1 Ha HAYAJIO BTOPOTO IlIAra.

Bropas nrepanus. Ilar 2.
d(S/’S”):w(X21X3):5’ s’ :{Xl,XZ,X3}, s" = {X4’X5’X6}’

u'= {(Xl’ Xz)’ (Xz’ Xa)}-

Ilar 3. S’ # S, nepexos Ha HAYAIO BTOPOTO LIIATA.

Tpetpsa uteparms. Ilar 2.
d(S/,S//):a)(XZ,X4):6, s :{Xl’x2lx3’x4}’ s' = {Xs’xe}’

U’ = {(le Xz)’ (Xz’ Xs)' (le X4)}-

Ilar 3. S’ # S, mepexo/ Ha HAYAIO BTOPOTO IIATA.

Yereepras ureparug. 1lar 2. d(S/,S’/):a)(X4,X5):4, s/ :{Xl,xz,xg,x4,X5}, s’ :{X6},

U’ = {(Xl’XZ)'(XZ’ Xa)’ (XZ’ X4)’ (X41X5)}-

Illar 3. S’ # S, nepexoa Ha HAYasI0 BTOPOTO IAra.

[laras urepanusd. llar 2. d(S/,S”)=a)(X3,X6)=9, s/ ={X1,X2,X3,X4,X5,X6}, s’ =0,
U’ = {(Xl'XZ)' (XZ'X3)’ (Xz’ X4), (XA’ Xs)f (Xs’xe)}-

Ilar 3. S’ =S. Urak, nomyuen octoBHslii rpad. G' = (S/,U’ ) n300pakeH Ha PUCYHKe

CIIpaBa, ero Bec a)(G/):5+5+6+4+9:29.

Hcxonuslii rpad OctoBHBIH rpad




Kpatkas TeopeTnueckas cripaBka

JlepeBbst SABISIOTCS MPOCTEHIIIMM Ki1accoM TpadoB. {1 HUX BBIMOIHSIOTCS MHOTHE CBOWCTBA,
KOTOpBIE HE BCET/1a BBIMOJIHAIOTCS 17151 00BIYHBIX TpadoB. Kpome Toro, AepeBbs MUPOKO MpUMe-
HSIOTCSI B IPOTPaMMHUPOBAHUHU TIPH PA3JIIMYHOTO PoAa 00pabOTKEe JaHHBIX, B YACTHOCTH, B aJr0-
pUTMax COPTUPOBKH, KOAMpoBaHUA U T.N. [logpoOHO anropuTMel paboOThl ¢ IepeBbIMU OyayT
paccMaTpuBaThCs MO3/IHEE B APYTUX KypcaxX, a celuac TOIbKO KPaTKOe 3HAKOMCTBO.
Jlepeso — 310 cBs3HBIN Tpad Oe3 nukiIoB. Heckoabko aepeBbheB (MM HECBSA3HBIN Ipad 0e3 1uK-
JIOB) COCTaBIISIOT Jiec. TakuM 00pazoM, 1epeBo SBISETCS KOMIIOHEHTOM CBA3HOCTH.

IIycts G = (S,U) u [S|=n, U|=m. Tora crpaBemmBa SKBUBAIEHTHOCTb CIELYIO-

IUX YTBEPKIACHUM:

1). G - nepeBo;

2). G- cBssubi rpah 1 M=n—1,

3). G - anukuinyeckuii rpag u m=n-—1;

4). nmro0Oble JIBe HECOBMAAIONINE BEPITUHBI Ipada COCTUHSAET CIUHCTBEHHAS POCTAst
1EeTb;

5). G - anuknuyeckuit rpad, obmagaonMii TeM CBONCTBOM, YTO €CIIH KaKyro- JHOO rma-
Py €ro HECMEKHBIX BEPIIUH COCTMHUTL PEOPOM, TO MOIYIECHHBIN Tpad OyaeT comepkaTth pOBHO
OJIUH LIUKIL.

2.4 JlabopaTopHas padora Ne 4 (2 yaca).

Tema: «Iloroku B ceTsx, 3a/1a4a 0 MAKCUMAIGHOM NOTOKE U MHHUMAIBEHOM paspese. Teopema Dopaa -
dankepcoHa»

2.4.1 Heanb padoTsi: cHhopMUpPOBATH YMEHHS U HABBIKU MPUMEHEHUSI aITOpUTMa pEIleHus 3a-
J1a4 0 MaKCUMaJIbHOM ITOTOKE U MUHUMAJIILHOM pa3pese.

2.4.2 3apaum padoThl: U3YYUTHh AITOPUTM PELICHHS 33a]a4 O MAaKCUMaJIbHOM MOTOKE U MUHHU-
MaJIbHOM paspese.
2.4.3 TlepevyeHb NpUOOPOB, MaTEPUATOB, HCII0JIb3YeMbIX B J1a00paTOPHOIi padoTe:

1. IIK.
2. Windows.
3. Open Office.

2.4.4 Onucanue (xoa) padoThl: IPUMEP BHIMOIHEHUS 3a1aHus paboTsl Ne 3
3aoanusn

ITponyckHble crocoOHOCTH Ayr 3amaHbl Marpuuei. C momouipio anroputma doppa-
QPankepcoHa MOCTPOUTh MAKCUMAJIBHBIN MOTOK OT S K [ M yka3aTh MUHMMAJIbHBIN pa3pes3, OT-
Jgensromun S or t.

- 18 16 - - 9 - -9 - 11 - 17 -
- - 8 11 7 - 13 - -6 — 8 - 12
1)_————13—19’2)——————7
- - 10 - - 15 - - 5 — — — 5 4
- - - 17 - 28 - - - - - -7 -
- - - - - - 14 - - - - - - 9
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Ilpumep pemienusi TUNOBOM 31a4n. [IpormyckHbIe CIOCOOHOCTH YT 3allaHbl CIIETYIO-
nie marpureit. Iloctpouts MakCUMaJIbHBIN ITOTOK OT S K [ M yka3aTh MUHMMAaJIbHBIA paspes,

oTaensgromui S ot t.
S X X, Xg X, t

S - 12 - 13 - -

T Dran 1. Tlyte s—2—5x, —2>x, —2>t.
W=X, |- - - — — 8|

X, |- — — — 7 15

X, |- - 8 — — -

t - - - - -

S =min(12,14,15)=12. YBenuuum 1o 3TOMY IyTH TOTOK 0 12 exuuui, pebpo (S,X,) craHo-

BUTCS HACBHILEHHbIM. IloCcTaBMM BENMYMHY IIOTOKA Ha Jyrax (Xl,XS) u (X3,t).

o= min(13, 15—12)=3.HOTOK MOXKHO YBEIMYUTh Ha TpU eauHunbl. Jlyra (X3,t)CTaHCT

313 > Xy ——> X, —>—>X, —>—>t. MOXHO YBEIMYUTH MOTOK HA CEMb

HachlleHHOU. I1yTh S
CIIMHMUII,

Hyra (X3, X4) CTaHET HACBILIEHHOMW, TOTOKH IPUMYT BH]L
10(13)

> X, — D 5 x, 76 5y, 16 st

S

bonpmie myreit Her. Konen nepsoro sramna.

Oran 2. PaccMoTpuM Tenepb MaplIpyThl, COAEp Kallhe MPOTUBOMOJIOKHBIE IYTH.

10(13) 12(14) 11 7(8)

X > X, >t. TIoTOK MOXXHO YBEJIMYWUTH HA €IUHUILY

Mapuipyt S > X5 €
Ha  Jyre (Xz,t). Torma moTokM 1O JayraM 3TOrO  Mapuipyra CTaHyT TaKHMH

s,y Uy 20D 5y %6) 5t Jlyra (X,,t) craza HaceimenHoil. Boubue

MapmpyToB HeT. [loToxk Mmakcumasen. [leqaem paspes BOKpPYr { 1o HaCHIIEHHBIM AyraM U
1oJiyyaeM ero BeJuuuny 15+8=23 exununsl.

2.4 JIaGopaTopHas padota Ne 5 (2 yaca).

Tema: «KomnbroTepHble TEXHOIOTHH peanu3anuy anroputmos Jleiikerpsl, Kpackaa.»
2.4.1 Ueab padoThi: chopMUpOBaTh YMEHHS U HABBIKM MPUMEHEHUs AJTOpPUTMa peleHHs 3a-
Jla4 0 KpaTyaiiieM nyTH.

2.4.2 3agaum padoThl: U3YYUTH aAJITOPUTMBI PEIICHHUS 3a7a4 O KpaTdalIieM MmyTH.
2.4.3 TlepeyeHb NpUOOPOB, MaTEPUAIOB, HCI0JIb3YeMbIX B J1a00paTOPHOIi padoTe:

1. TIK.
2. Windows.
3. Open Office.
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2.4.4 Onucanue (xoa) padoThl: IPUMEp BHIOIHEHUS 3a1aHus padboTh Ne 5
3aoanusn
1. 3agayu o moMcKe KpaTyalIIux myrei

PemieHue 3a7a4M 0 NOMCKe KpaTYaMlIlero NyTy € UCNOJ/Ib30BaHUEM HaACTpPOrKu MS
EXCEL «Ilouck perueHus»

Jlns moirydeHus MaTeMaTU4ecKoil Mojienu 3aa4u BBeieM OyJIeBbl IEPEMEHHBIE Xjj, KOTO-
pbIe HHTEPIPETUPYIOTCS CIIEIYIONMM 00pa3zoM: Xij=1, eciu ayra (i, j) BXoauT B MapmpyT; X;j=0,
eciu Jiyra (i, J) He Bxomut B MapuipyT. Torga MareMaTudeckass MOJEIb MOXKET UMETh, HAIPHU-
Mep, TaKoi BUJ, Kak Ha puc. 48 [12].

Orpannyenue (2) TpeOyer, YTOOBI HCKOMBIM MTyTh HAYMHAJCS B BepiinHe s. OrpaHnveHue
(3) Tpebyer, 4TOOBI HCKOMBIN MyTh 3aKaHYMBAJICS B BepiuHe t. Orpanndenue (4) tpedyer, 4To-
OBl HICKOMBIN ITyTh OB CBA3HBIM, TO €CTh MIPOXOAMII Yepe3 BepiuHbl rpada G. Orpannuenue (5)
Tpe6yeT YTOOBI BCE TIEPEMEHHBIC MOACIH OBUTH OyJIEBBIMH.

>3 ex - min, 6

i=1 j=1

Zn: ij - Zn: Xis = L (2)
Zn: X — Zn: X, =—1; @)

n

ZX Z =0(Vie{,2,..nfi=s,i=t) (4)

i=1

x; € 0.1}(Vi, je il 2,..,n})

()
Pucynok 1
3aoaua 5.3. Victionb3ys npuBeneHHbIN Ha puc. 49 rpad, HallTH KpaTyalliui MyTh MEXIY
BepmmHamu 1 u 10 ¢ ucnonszoBanrem HaacTpoiiku «llouck pemeHus».
Pemienne. B 3adannom epage 10 éepuun u 16 dye. CnedosamenvHo, nepemeHuvimu ma-
memamuyeckou Mooeiu 3mou UHOUBUOYAIbHOU 3a0aiu 0 NOCMPOeHUU Kpamuatiuieco nymu s6-
nsiromes 16 nepemennbix:

X12' X15’ X23’ X24’ X34’ X35’ X46’ X54’ X57’ X69’ X6,1O’ X67' X78' X7,1O’

Xg100 X910 -

PucyHnok
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ﬂhunﬁ”aﬂ”ﬂ%TKdﬂIKXUH&HOGKGlﬂaKOﬁlUKhMUOyd]bHOﬁBGOa%HZLWGCHYCR%»W%QUQHUOI

SXy, + 6X5 + 4Xp5 + 99X,y + 3Xg, + 2Xg5 + 3X,6 + 4Xgy +5Xg7 + T Xgg +

+6Xg 19 +5Xg7 + 2X7g +8X; 10 + TXg10 +10X%g ;o — Min,
! ! ! ! XeA[;

/e MHOKECTBO OIPaHUYCHHH BBITIIIUT TaK, Kak Ha puc. 50.

Bocnonb3yemcst HaacTpoiikoit «Ilouck pemenus», Bxoasmen B coctaB MS EXCEL. Pac-
II0JIO’KUM MCXOJIHBIE JJaHHBIE HAa pabodeM JIMCTE, HalpuMep, TakK, Kak Ha puc. 51. B sueiikax mno-
Ka3aHbl (POpPMYIIbI, CBSA3bIBAIOIIME TIepeMeHHble Moaenu. LleneBas GyHKIUS HAXOOUTCS B Ueiike
E19. Ha puc. 52 npuBeneHo OKHO Jguajiora HaJCTPOWKHU Iepes 3allyCKOM Ha BblmosiHeHue. Ha
puc. 53 mokaszaH pe3ynbTaT pabOThl HAJICTPOWKHU, a Ha pUC. 54 — MyTh U3 BEPIIUHBI | B BEpIIMHY
10 MUHUMATBHOM JUIMHBL. DTO 3HAYEHUE COBMAAAET C PEIICHUEM, MTOJIYYEHHBIM B COOTBETCTBUU

c JITOPUTMOM
JIeHKCTpHI.

X, + X =1

Xs10 T X700 T Xg10 T X910 = L
Xjp = X3 = Xp4 = 0;

Xo3 = X3q = Xg5 = 0;

Xy T Xy = Xy = 0;

Xa5 + X5 = X54 = X57 = 0;

X46 — X7 ~ Xoo — Xg20 = 0;
X57 + Xg7 — X7 = X719 = 0;
X786 = X310 = 0;

Xeo ~ X910 = 0;

X121 X150 Xo3s Xoa1 X341 X351 X461 X545 X575 X691 X5 101 X671

X781 X7.100 Xg100 X910+ € {O’ 1}'

A B © D E
HavankHanA
BELUHHA

pehpa

KOHEYHAA BEPLUMHE EBC

pebpa pebpa [MepeMeHHEE OrpaHyeHua

= CYMM(DZ:D3)
=CYMMDAD7)
=02-D8-03
=DE-D10-D11
=D10+D9+D13-D12
=D11+D3-D13-D14
=D12-D16-D4-D15
=D14+D15.D17-05
=D17-D8

=D16-D7

o

D0~ | e | LD D | —

=
B EE A B B R E N E R G E S
ta|—[mm = |w|ow]ole =]~ o[ m
Oooo|jo|Io|o|Io(o(o|o|o|Io(o(o|o)o

[muy Rdu] ot Rt P ) R ) o B

19 =CYMMNPOKU3B(D2:017,C2:.C17)
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lloxck peweHnAa

YCTAHOBHTE WENEEYHD AHEAKy BHINONHHTE

PaBHORA; MAKCHMANEHOMY SHAYEHMH sHaveHuo: |0
D = ¥ O = 3aKPEITE

(%) MMHMMANEHOMY SHAUSHHHD
|A3HEHAR AHEFEH:

§Ob2:50417 .| |[nNpeanonommte
QrpaHHYEHHA: DapameTpel
$042:$0417 = aBOMYHDE AobaenTe
$E$2 =1
$E$3=1 HzMeHMTE

$E444E411 =0

BocCcTaHOEHTE
¥aanmTe

Cnpaeka

A B (e E

HaYaneHaA | KOHEeYHaA Bec

EERLUMHAE EEpPLIMHA nEpEMEHHbIE OF[JEHH\-IEHHH
1 Apa efipa pebpa

pebp pebp

2 1 2 5 a 1
3 1 5 5] 1 1
4 B 10 =] a 0
5 7 10 g 1 0
5] g 10 7 a u]
7 9 10 10 a u]
g 2 3 4 a i
] 2 4 =] a a]
10 3 4 3 a u]
11 3 5 2 a u]
12 4 B 3 a
13 5 4 4 a
14 5 7 5 1
15 5] 7 5 a
16 B 9 7 a
17 7 g 2 a
18|
1 19

[25] 19 1

PucyHnox

2.6 JlabopaTopHasi pa6ora Ne 6 (2 yaca).

Tema: «Anroputmsl 00X0/1a U MOKCKa B rpade: MOUCK B MIYOUHY U B IIMPHUHY. DWIepOBbI [IHKIIbI
B rpadax»
2.6.1 Heap padoThl: chOpMUPOBATH YMEHUS U HABBIKH IPHUMEHEHHS aJITOPUTMOB 00X0-

Jla ¥ TIOMCKa B rpade: moucka B rIIyOUHY U B IIUPHHY
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2.6.2 3amaum padoThI: U3YYUTh JIEMEHTHI AJITOPUTMOB 00X01a M IOMCKa B Tpade: mo-
UCKa B INyOMHY U B LIMPUHY
2.6.3 Ilepeuenn npuOOpPoOB, MaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1a0opaTopHO#i padoTe:

1. TIK. 2. Windows. 3. Open Office.
2.6.4 Onucanue (xox) padoThl: IpUMEpP BHINOIHEHUS 3a1aHus paboThl Ne 6.

3aoanue. Bvinonnums (06x00) nouck 8 enyouHy u 6 Wupumy 6 epage

0ox000b1 epagpos. O6x00 epagha — 3mo nexomopoe cucmema-
muyeckoe nepeuucienue e2o sepuiut (pedep). Cpedu ecex 00x0008 Hauboiee u3eeCmMHbl NOUCK 8
2NYOUHY U 8 WUPUHY. ANeOpumMmbl MaKo2o NOUCKA JIeNHCAm 8 OCHOBE MHO2UX AN2OPUMMO8 Ha

epagax.

IIpu moucke ucnonb3yeTcss HEKOTOpasl CTPYKTypa JaHHbIX T, B KOTOPYIO MOMEIIAI0TCS
BepwnHbI rpada. s 0003HaueHUs] MPONHAECHHBIX BEPIIMH 3aBOJAT JONOJHUTEIbHBIH MacCUB
HOMETOK 3THX BEpLIMH.

ITouck OCHOBBIBAaETCS Ha CIEAYIOIINX JEHCTBUSAX.
1.CnHauana Bce BEpIIMHbBI CYUTAIOTCS HEOTMEUEHHBIMHU.
2.Bribupaercs nro0as BepIMHaA (Had. MOMCKa), 3aHOCUTCS B CTPYKTYPY AaHHBIX T U momevaercs.
3.Cnenytolue 1eHCTBUS BBINOJIHSIIOTCSA B IIUKJIE 10 TE€X MOp, MoKa CTpykTypa T He cTaHer my-
CTOMW: U3 CTPYKTYpHI AaHHBIX T BbIOMpaeTcs BeplIMHA U; OHA BBIJAETCS B Ka4eCTBE OYEpEAHOMN
MPONJICHHON BEPIIMHBI; IepeOuparoTcs Bce BepiinHbl u3 ['(U), 1 Bce Te, KOTOpble HE TOMEUYEHBI,
TOKE 3aHOCATCS B CTPYKTYpY T U momedarorcs.

Ecim T — 310 crek (LIFO), To 00x0o Ha3bIBaeTCs MOUCKOM 6 21yOuny (T.e. IEPBBIM JIEJIOM U3
cTpykTypbl T wu3BiekaeTcsi BeplIMHa, nomasmias Tyaa nociuenHeil). Ecnom T — 310 ouepenp
(FIFO), To 00x0/1 Ha3bIBaETCSI IOUCKOM 6 wupuny. [Ipu moucke B TIyOHMHY Haxomsrcs Oojiee
JUTMHHBIE TTYTH.

Ecnu epagh G ceazen u koneuen, mo nouck 8 wupuHy uiyu nouck 8 2iyoury oootioemece eepuiu-
Hbl 2pagha no oonomy pasy.

I[Ipumep Ha aNrOpUTMBbI MOUCKA B INIyOMHY M B mmMpuHy.PaccMoTpum anro-
PUTMBI TIOKCKA B TIIyOWHY U B IIMPUHY Ha IpuMepe. B kauecTBe cTapTOBOW BO3BMEM BEPIIHHY C
HoMepoM 3. Torma moucK B HIMPUHY JAAcT HocienoBarenbHOCTh BepminH: 3—>T. T={3}= 3:
{2,5,6,4}>T; T={25,64}= 2. {1}>T;, T={5,6,4,1}= 5: {8,9}>T; T={6,4,189}= 6:
{7}>T; T={4,1,8,9,7}. OkpyKeHHUs BCEX 3TUX BEPIIUH YK€ OTMEUYEHBI —> OHU OYAYT BBIIAHBI
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no mopsaky. Wrak, BBIMONHEH 00XOA BCEX BEpMIHMH Tpada B CIEAYIOUNIEM IOPSIKE:
3,2,5,6,4,1,8,9,7. Tlpu noucke B rayouny Haudano takoe xe: 3—T. T={3} = 3: {2,5,6,4}—>T;
T={2,5,64}= 4: {7}>T, T={2,5,6,7}= 7: {9}>T, T={2,5,6,9} = 9: {8}>T, T={2,5,6,8}=
8: {1}>T; T={2,5,6,1}. OcraBimecsi BepIINHbI BBIAAIOTCS IO MOPAAKY. B uTOre mocienosa-
TenpHOCTH BepmuH: 3,4,7,9,8,1,6,5,2.

JIr000i1 13 PacCMOTPEHHBIX 00XO0B MO3BOJISIET IIOCTPOUTH OCTOBHOE JEPEBO MCXOHOTO
rpada c KOpHEM B HCXOHOM BepIIUHE (CBSI3HBIN moarpad 6e3 IUKIoB).

ineposwt cpaghuvt

Lukn 6 epage nazvigaemcs SUNEPOBBIM, eciu OH codepaicum 6ce peopa epaga. Cenz-
HbLU 2pagh, 8 KOMOpom cywecmeyem dU1epos YUK, Ha3bléaemcs SIEpoBbIM Tpadom. Diinepo-
BOMU ICTIBIO (U1 nymem) s181semcs yensv (nymov), Komopas ekaouaem éce peopa (0yeu) epagha no
oonomy pa3y. COOCTBEHHas SUJIEpOBA LEIb — 910 JUIEPO8A Yenb, KOMOpPAas He AGJslemcs dljie-
POBBIM YUKIOM.

DiinepoB rpad MOKHO HapHCOBaTh, HE OTPHIBAs KapaHjaalia oT Oymaru.

Teopema Diinepa. Ceasusiii epag asiaemcs d1eposbiM mMo20d U MoIbKo mo2od, K020d
CMeneHu 6cex e20 Gepulut YemHuol.

Bcrmomaum 3a1a4y o KGHI/IFC6epFCKI/IX Moctax. Ona CBOAUTCA K BOIIPOCY — ABJIACTCA JIU
rpad, mpencTaBISIIOIIMIA ATy 3a1auy, 3inepoBbiM? Eciu Bepiunbl OyayT 0003HA4YaTh yYaCTKU
Cym, a pedbpa — MOCTBI, TO MOJIyYHM Ipad CIEAYIOUIETO BUAA:

O4eBHUIHO, YTO ATOT Ipad He IEPOB, T.K. BCE €0 BEPIIUHBI HIMEIOT HEYETHBIE CTETICHHU; MO~
ATOMY TpeOyeMBbIi ITUKII HE CylecTBYeT. Eciin oTMEeHUTh TpeOoBaHUE BO3BpaTa B Ty K€ TOUKY,
TO BOIIPOC O MYTH [0 BCEM MOCTaM CBEAETCA K BOMPOCY O CYIIECTBOBAHUU COOCTBEHHOM diiie-
pOBOI LIETH.

I'pagh umeem codocmeennyio riinepogy yenv (nyms) <> K020a OH CEA3HBLL U POBHO 08e €20

GEPULIUHDBL UMEIOM HEeUYEeMmHYI0 CHEenenbd.

BepuuHbl HEUETHO cTENeHHU ABISIOTCA HA4aloM M KOHIIOM 3HJIepOBO Liemu.
A Tenepb pa3zdbepeMmcs, Kak HalTH 3inepoB UK. CHavyana erie onpeaeieHue.

Mocmom (wnu nepewetikom) Ha3bIBaeTCs Takoe pebpo rpada G, ynalieHHe KOTOpOTo
YBEIMYHMBACT YUCIIO CBSI3HBIX KOMIIOHEHT. Eciti pedpo I mpuHauiexuT HekoTopomy mukiry C, To
OHO HE MOXET OBITh MOCTOM.

B nannom rpadge pebpa i u I sIBISIOTCS MOCTaMHU.

I[J'ISI HaXO0XJICHUA BﬁHCpOBOﬁ OCIHu B CBA3HOM rpa(pe, KOTOpBIﬁ HMECT BCPHIMHBI TOJIBKO

YETHOM CTCIICHU, UCITIOJIB3YIOT aicopumm Drepu.

1)  JIBwkeHHe HAYMHACTCS U3 MPOU3BOJIBHOM BEPIIMHBI rpada; uaeM 1mo pedopam, BKIHOYas ITH
peOpa B 3iiepoBy 1enb U yaamsas ux u3 rpada.
2) B ouepenHoll BepuIMHE BHIOMpAacM IyTh MO MEPEHICHKY TOJBKO B TOM Clly4yae, €Clid HeT

MyTH MO LUKITY.
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3) Ecmum B rpade ocrarorcst pebpa, KOTOpbIe HEIb3s MCIIOIB30BaTh IS MPOIOIKEHUS HMEFO-
LIErocs IIyTH, TO CIEAYET Ha4aTh CTPOUTH MPOCTOM 3aMKHYTBHIN LIUKI U3 YK€ IIPONMIACHHON BEp-

IIMHBI ¥ HTHIUAEHTHOTO €1 pedpa, eciiu 1ocjaeJHee paHee He UCTI0Ib30BaI0Ch.

. e Vs
. e
g V4 V
€s .
€7 en €4 €2
Vo en Va2

[Tycth TpeOyeTcs MOCTPOUTH DHIIEPOB UK Ut Tpada, n300pakeHHOTO Ha pucyHke. Hagath
MIOCTPOCHHE DIIIEPOBOTO IIUKIIA MOKHO C JIto0oro pedpa rpada. Haunnas ¢ eq, MOTydInM UK V1,

e1, Vs, €2, V4 ,€3, V3,84, V4 ,65 ,V1,66 ,V3, €3, V2, €7 ,V1. B manHom Cliy4yae cpasy IoJIy4yuiau SﬁHCpOBy

LEIb.
3aoanusn
HaiiTu DiisiepoBy Henib B HEOPHEHTHPOBAaHHOM rpade.
1y 2\ 2 e
s
A
vy R
vy A%
Vr
Vi
a) 0)

Ilpumep evinonnenusn 3ad0anusn. Havitn DiinepoBy 1enb B HEOpUEHTUPOBAaHHOM Tpade G, n300-
paXKEHHOM Ha PUCYHKE.

Pemenue. Ilpexne, yem nmpuctynath K HAX0KJIECHUIO DiJIepoBOM LIeNU, HEOOXOJUMO MPOBEPUTH
cTerneHu BepliuH rpada G — coriacHO yTBEpXKIEHUIO 2, I CYLIECTBOBAaHUS DWiIepoBoil 1enw,
HE00XO0/IMMO U JIOCTaTOYHO, YTOOBI B rpade G poBHO 2 BepIIMHBI HEYETHOM CTEEHH.

Va Vi

Vi Y

Vs V;
Puc. 1

B paccmaTtpuBaemom rpade HedeTHble CTETIEHH MMEIOT BEPIUMHBI V3 U Vi (CTENEeHb ATHX
BepiirH paBHa 3). CoeauHss 3TU BEPIIUHBI (PUKTUBHBIM peOpOM Tak, KaK IMOKa3aHO Ha puc. 2,
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nony4yaem rpag G':

Puc. 2.
[TockobKy B KOHEYHOM HMTOTE OyJeT MOJydeHa Ielb, TO OYEBUIHO, YTO HAYAJIOM M KOH-

I[OM 3TOM 1N OyIyT BEPIIMHBI C HEYCTHBIMH cTereHsIMU. [[oaToMy, ciemys OMUCaHHOMY BhI-
1Ie aIrOPUTMY, Oy/IeM IUKJIBI | TaK, YTOOBI XOTsI ObI OJIMH U3 HUX HAYUHAJICS WJIM KOHYAJICS Ha
BEpILMHAX V3 UIH V1.

[TycTh UKIT [y COCTABST pedpa, MPOXOIAIINe Yepe3 CICAYIONINE BEPIIHHBL: V3 Vg V7 Vg Vi Vo
v3. CornacHo airoputmy, ynaiseM u3 G’ Bce peOpa, 3a/ieiicTBOBaHHbIC B IIUKJIIE Li1. Teneps rpad
G’ Oynet TakuM, KaK OKa3aHo Ha puc. 3.

CocraBiisieM CIe Ty UK o V4 Vs Vg V2 Vs V7 V4. I'pad G’ mocne ynanenus pedep, co-
CTaBJISIFOIIMX ITUKJ Llp, H300paXKeH Ha puC. 4.

V== *1

Puc.3 Puc. 4

OueBHAHO, YTO MOCIEAHUN UK U3 OyIET COCTOSTh U3 V3 Vs Vi|V3, TIe mocieaHee pedpo,
COEIUHSIONIEE BEPIIUHEI Vi U V3 — pukTuBHO. [locne ynanenus pedep, COCTaBISIOMUX UK L3,
B rpade G' He ocTaHeTcss HU OHOTO pedpa.

Teneps mo oOITMM BepIIMHAM CKIIEUBAEM IMOJIYYeHHbIE IUKIBL. [I0CKONBKY 1 U 2 UMEIOT
0011y BEpIINHY Vs, TO, OOBEIUHSS UX, TTOTYUYUM CIEAYIOIINI IIUKIT: V3 Vg Vs Vg V2 Vs V7 V4 V7 Vg
V1 V2 V3. Teneph CkiieMM MOJTYYUBIIMAICS IUKJ C HUKIIOM 3 V3 Va Vs Vg V2 V5 V7 Vg V7 Vg V1 V2 V3 V5
V1|v3. Y aamnsist uKTHBHOE pedpo, MOTyIaeM HCKOMYIO DHIEPOBY HEMb: V3 Vg Vs Vg Vo Vs V7 Vg V7 Vg
V1 V2 V3 Vg V1.

Anzopumm evioenenusn Iinepoea YUKIA 6 C6AZHOM Myabmuzpage ¢ YemHbIMU CMEneHAMU
eepuiun

1)  Beigenum u3 G nuki py. (Tak Kak CTEMEHHW BEPIIMH YE€THBI, TO BHCSYUE BEPIIUHBI OTCYT-
ctBytoT). [Tonmoxum I=1, G'=G.

2) Vnansem u3 G' pebpa, MpUHAJISKAIINE BBIICICHHOMY UK Mj. [omydeHHBIH TCceBIo-
rpa¢ cHoBa obo3HayaeM kak G'. Ecnu B G’ oTcyTcTBYyIOT pebpa, To nepexonum Kk mary 4. Ecnu
pebpa ecTb, TO BbiaesieM U3 G' UK [y+1 U IEPEXOIUM K HIary 3.

3) IlpuceamBaem l:=l+1 1 nepexoaum K miary 2.
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4)  Tlo mocTpOCHHIO BBIACICHHBIC IIMKIIBI COAEPIKAT Bece pedbpa mo ogHomy pasy. Eciu |:=1, To
MCKOMBIA DIJIepoB LUKJ HaiiieH (KOHelL paboThl anropurMa). B mpoTMBHOM cilydyae HaxoJIuM
IUKJIBI, COJepIKAIe XOTs ObI 10 OJHON 001Iel BepiMHe (B CUIy CBI3HOCTH Ipada 3To Bcerna
MOHO clienarb). CkienBaeM 3T LUKIbL. [loBTOpsieM 3TH omepanuu, MOKa HE OCTAHETCsl OJUH
LIUKJI, KOTOPBII SIBJISIETCS HCKOMBIM.

3.6.3 Pe3yabTaThl M BBIBOABI: B PE3YJILTATE IPOBEACHHOIO 3aHATUS CTYJEHTHI:
- OCBOWJIN NOHATHS 00 ayropuTMax o0Xoza U Moucka B rpade: MOMCK B INTyOUHY U B HIMPHHY.
DiIIepoBBIX UKIIAX B Ipadax;
IpUOOpeNN YMEHHs U HABBIKU BBIIIOJHEHMS aITOPUTMOB 00X0/1a M ITOMCKA B rpade.

2.7 JlaboparopHasi padota Ne 7 (2 yaca).

Tema: «Ilouck paccTosHUS MEX1y BCEMHU MapamMH BepIIuH. Aiaroput™ Y opiuamia-dioiaa»
2.7.1 Hean padoThl: chOpMHUPOBATH YMEHUS U HABBIKH UCIIOJIB30BAHUS aroputma Y o-

pmajuta-PIioiga B IPUKIAAHBIX MOJEIX
2.7.2 3apauum padoThI: U3y4UTh 3JIEMEHTHI aliropuT™a Y opiuaiia-dioitna
2.7.3 Ilepeyenb npudOpPOB, MATEPHAJIOB, HCIIOJIb3yEeMbIX B JIA0OPAaTOPHOIi padore:

1. TIK.
2. Windows.
3. Open Office.

2.7.4 Onucanme (xox) padoThi: IpUMEpP BBINOIHEHUS 3a1aHus paboThI Ne 7.
3agaHue M pelleHHe TUIIOBOM 3a1a4M.

Haubonee mmpoko M3BECTHBHI JABa alIropuTMa IMOMCKA KpaT4aWIIuX MyTed. AJITOpUTM
JIefiKCcTpbl HaXOUT KpaTyaiilliee pacCTOSIHUE OT OJHOW (PMKCUPOBAHHOM BEPIIMHBI 10 IPYroi u
YKa3plBa€T caM IyTh, JJMHA KOTOPOrO paBHAa 3TOMY pacCcTosHMI0. AusroputMm Pioiina-

Yopiuania no3BosisseT HAUTH KpaTJaiIlie pacCTOSHUS MEX/ly BCEMH IapaMy BepIIMH rpada.

C nomompro anropurMa @ioina-Yopiamia HaWTH KpaTHYaWIIUE PACCTOSHHUS MEXKIY
BCEMH IapaMU BEpIIMH Ipada.

Unes: Crpoutcs crenuaibHas martpuiia D, sneMeHTH KOTOpoil — kpaTuaiimiume mytu
MEXy BCEBO3MOXXHBIMH Tlapamu BepmuH rpada G. [Ipu onpeneneHun KpaTdaiiero myT BbI-
OMpaeTcs MUHUMYM U3 «IIPSMOI0» PACCTOSHHS MEXIy CMEXHBIMU BEPIIMHAMHU Vi H Vj U CyM-
MapHOT'0 PacCTOSHUA MPU MPOXOJIE Yepe3 JOMOTHUTEIbHYIO BEpIINHY. 3aTeM — Oosiee IJIMHHbIE

yTU U T.[.
m o
O603Ha4unM yepe3 di( j ) JUIMHY KpaT4aIlero IyTH U3 Vi B Vj C IPOMEKYTOUHBIMH BEPIIMHAMHU BO
MHOXECTBE {V1,...,Vm}. AJITOPUTM HCIIOJBb3yEeT TPH MPaBHIA:
0 _ > : .
1) d, j = 8&;; — BEC JIYI'!l, COCIMHSIOUINN BEPIIMHBI Vi U Vj (T.e. mepBoHavanbHO MaTpuia D —
3TO UCXOHAsi MAaTPUIIA BECOB).

2) d™ = min(d™,d™, +d(™ ).

j i,m+1 m-+1, j
3) [lnuHa KpaTdaiIuero myTH U3 BEPIIMHBI Vi B BEPLIMHY Vj: d (Vi yV i ) =d i(?) .

AJTOPUTM CTPOUT MATPHILY 3a N MIAroB, T.€. CTPOUTCS MAaTPHUIIA DY, ..., D™=D.
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Pernenne Tunooi 3agavu.

Haiinem matpuiy kpaT4aidiux paccTosiHUMA 11 Tpada Vi Vo V3

0 8 5)v,
DP?=3 0 w|v,
o 2 0)v,

DNIEMEHTBI MaTPUILIbI DY Haxomum 1o IIpaBUILY di(}) =min (d i(?) ) di(lo) + dl(?) ) IlepBas cTpoka

0O 8 5
u TepBbId cronden He MeHstores. [lonydyaeM @ 3 (O 8| DeMCHTBI MaTpHIIbL D@
o 2 0

@

Haxo1uM 110 npasmwty d i(? =min (di i di%) + délj) ) bes u3menenuii BTopoii ctonder u BTopast

CTpoKa. D@ —

g w O
N O
O 00 O

OJeMeHThl  MaTpHIIbI D®  maxomum 1o IIpaBUILY di(?) =min(di(?),di(32) +d§?)).

0 7 5
D®=|3 0 8| D=D®. Kaxustii u3 snementos (i,j) marpuupt D pasen HanMeHbLe-
5 2 0

MY PacCTOSHHMIO MEXKIY BEpIIMHAMU Vi U Vj.

2.8 JIabopaTtopHas padora Ne 8 (2 yaca).

Tema: «Fpa(bl)l H 3aga4u JIMHEHHOTO IporpaMMHUPOBaHUA U KOMIBIOTCPHBIC TEXHOJIOIMHU UX PCIICHUSI»
2.8.1 Heab padorbi: chopMuUpoBaTh MpeACTaBICHUE 00 UCIOIB30BAHUU METOOB JIH-
HEWHOTO nporpaMMupOBaHUuA U KOMIIBIOTCPHBIX TEXHOJIOTHI IIpH peIICHUA 3aaa49 OIITUMU3AlUHN I'pa-

¢os.

2.8.2 3apaum padoOThI: W3YyYUTH DJIEMEHTHI METOOB JIMHEHHOTO MPOrPAMMHPOBAHHS U
KOMITBIOTEPHBIX TEXHOJIOTHI TP pelieHus 3a71a4 ONTUMHU3AUHN T'padoB.
2.8.3 Ilepeyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOpHON padore:

1. TIK.
2. Windows.
3. Open Office.

2.8.4 Onucanue (xoa) padoThl: IPUMEpP BHITIOTHEHUS 3a4aHus paboThl Ne 8
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1. OcHOBHBbIE MOHATHUS U METO/IBI JINHEHHOTO MPOTrPAMMUPOBAHMUS.
2. OcHOBHBIE 33724 JIMHEHHOTO MPOTPaMMHUPOBAHUSI.
3. KoMriptoTepHbIe TEXHOJIOTHH PEIICHH 3a]a4 JIMHEHHOTO MPOrpaMMHUpOBaHus Ha rpagax.

Ieab padoTbl — [103HAKOMHUTE C KOMITBIOTEPHBIMH TEXHOJOTHUSIMH PEIICHUS 3a1ad OIl-
TUMH3aKMK (JIMHEHHOTO mporpammupoBanus) B Microsoft Excel.

Teoperuueckune cBemeHusi: BykonoB D.A. OCHOBBI CTaTHCTUYECKOTO aHAU3a...(CM.
OnekTpoHHble KHUTH). ['maBa 9, ctp. 300-326.

3aoaua. [Ipeonpusmue npoussooum u npooaém npooykyuio 08yx eudos: « 1 Ilpodykmy u
«2 Ilpooykmpy. J{na npouzsodcmea npooyKyuu UCnOIb3YIOMC pecypcbl 08yx kamezopuii. A u B.
Pacxoowvl pecypcos A u B na npouzeoocmaso edunuybt npooyKyuu Kaxircoo2o euda, 3anacvl pecyp-
€08 U YeHbl NPoOyKYUU npusedensvl 6 maoauye 1.

Tabnuya 1
Pecypcur Pacxoo pecypcos na eo. npooykyuu 3anacwt pecypcos
1 IIpooykm 2 [Ipooykm
A 1 2
B 3 1
Konuuecmeo npooykyuu | x, X,
1]envt 2(0emn. ea.) 1( oen. eo.)

Buiacnums, kaxoe xonuwecmeo npooykyuu Kaxicoo2co 6uda HAO0O NPou3so0Umv NPeOnpUsmuIo
(cocmasums nian NPou380OCM8a), YmoodvL NOLYYUMb MAKCUMYM NPUOBLIU.

3aoanue. 1. Cocmasums mamemamuiecKyro Mooeib 3a0ayu.
2. Pewuums 3a0auy ¢ Excel.

Pewenue. 1. Cocmagumep mamemamuueckyio mooens 3adauu. J1jis COCTaBlI€HUsI MaTeMaTH4e-
CKOM MOJIENM 3aJ1aui MIPEXKIE BCETO 86€0éM nepemennvle (Heu3gecmuole) 3a0auu: X KOJIN4e-

X
CTBO IMPOAYKIINUN 1-To Buaa, a 2 - KOJIUYECTBO MpoaAYKIUU 2-To BUJ4, TPOU3BOJUMBIC ITPEAIIPU-
SATHEM.

X
OI‘paHI/ILIeHHOCTB 3aI1aCcoOB pCCYpCOB NNPUBOAUT K OCPDAHUHUECHUAM HA Xlu 2 OrpaHH4YCHUA Ha

pacxoj pecypca A X +2:% =3 :

3:X +X%,<3

OrpaHMuEHUs Ha pacxo pecypca B

>
Kpowme Toro, X, X = 0.

K i oaun L00%)
AUCCTBO PCHICHUA 3aJa4r OIPCACIIACTCA C IIOMOLIBIO HUeneeou d)yukuuu 3aoauu

L=2-X +X,

GYHKIIMH, OTTPEACIISIONICH T0X0 ] IPEANPHUATHS OT MPOJAXKH MPOIYKITUH:

35




3amaua o0 ompeereHUH TUTaHa MPOU3BOJICTBA MIPOIYKIIMU CBEJACh K CIEAYIONIEeH MaTeMaTuye-

. . X
CKOM 3ajaue: Haumu 6eKmop (Xl’ 2) (nian npouzeoocmea), KOOPOUHAMvl KOMopo2o y0osJie-
MEOPSIOM cucmeme 02paHudeHul

X, +2-X,<3
3-X +X,<3

X, X, =20
U yciosusim HeompuyamelbHocmu 2 y

L=2-%+X

KOMOopblll 00CMAsIsiem MAKCUMYM Yeie8ou (hyHKyuu

9Ty MAaTCMaTUUYCCKYIO 3a/lavy IMPUHATO 3allMChIBATh B BUJIC

Z=2-X +X, > max (1)
X, +2-X,<3

3% +X,<3 @
X, % 20 3)

Y Ha3EIBAaTh MAMEMAMUUECKOI MOOEbI0 TAHHOMN HpOI/I3BOI[CTBCHHOI7I 3aJa4u.

HO,Z[O6HI>I€ 3aJa4i Ha3bIBAIOTCs 3a0auamu JTUHEHHO020 npozcpammupoeanus. Onn n3sy-
YaroTCsa B pas3aciic MaTCMaTUuKH, HA3bIBACMOM MamemMamudeCKum npocpammuposanuem. Tak

X X 5 Z
KaK MepeMeHHbIe u BXOJAT B CUCTEeMY orpaHuueHuii (2) u nenesyio dpynkummo £ (1)
NUHEHO, TO ATy 3a/a4y MaTeMaTHYECKOTO IPOrpaMMHUpPOBAHHUS HA3bIBAIOT 3adayeil IUHEIHO20

nPOZPAMMUPOBANUSA.

o X

MHOXeCTBO TOYEK JeKapTOBOM MIIOCKOCTH (%, %,) , KOOpAMHATBI KOTOPBIX yJOBIETBO-
PAIOT CUCTEME OrpaHHuYeHuil (2) U ycIoBHSIM HEOTpULATeIbHOCTH (3), Ha3bIBaeTCs 00JIACTHIO
JOMTYCTUMBIX PEIICHUH 33Ja4dl JTHHEHHOTO MPOrpaMMHUPOBAHUSA(00IACTHIO JTOMYCTUMBIX IIJIa-

*

o o o .. X
HOB). B manHO# 3a1aue oHa npeacTaBiseT co00M BRIMYKIIbIA YETHIPEXYTOJNbHUK. 3HAU€HUs "1 U

*

X 13 00JIaCTH OMYCTUMBIX TUIAHOB, MPU KOTOPBIX Z MIPUHUMAET HAauOOJbIIIee 3HAUCHUE B

9TON 00JacTH, HAa3bIBAIOTCS ORMUMAIbHLIMU(ONMUMATIBbHBLI NAAH), A COOTBETCTBYIOIEE
* * *

HauOoJIbIlIee 3HAYCHHUE Z =2 X X% SIBJISIETCS. ONTHMAJBHBIM 3HAYEHHEM NPHOBLIN.

TakuMm oOpa3om, 3aja4a 0 pacIpe/eICHUH PECYpCOB SBISETCS 3aJaueil ONTUMHU3AINU U e€ Ma-

TEMAaTUYECKOW MOJIETIBI0 CIYXHUT 3aJada JIMHEMHOTO MpOrpaMMHUPOBAaHUS, 3aKJIIOYAIOIIAsACsS B

MOKCKE ONTHUMAJILHOTO TUIaHa U ONITUMAILHOTO 3HAUYEHUS 1IeJCBON (QYHKIINH.
3amaveii ONTUMH3AINUN MOXKET OBITh MOMCK HAUMEHBIIIETO 3HAYCHHUSI.

2. Pewwenue 3a0auu 6 Excel.

2.1. Beoo dannvix u popmyn ¢ mabauyy Excel. Orkpeite Kuury Excel, Jlucrl.

-O6bequauM sueiiku Bl u C1. [ 3Toro BeIAENUTh SUEHKH, HAXKaTh PaByI0 KHOIKY MbIIH. B
MOSIBUBILIEMCSI OKHE BbI3BaTh «PopMar sueek», 3aTeM «BbIpaBHUBaHUE» U IIOCTaBUTH TaJOUuKy
MPOTUB OMIUU «00benuHEeHHNe ssueeky», Haxarh OK. B 00bequHEHHBIC STYEWKH BIHILEM 3aroio-
BOK «IIepemeHHBIE.
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-B sueitky A2 Bnucarb «msi», B A3- «Ilnany», B ssueiiky A4 «llena», B B2- «1 IIpoaykT», B C2-
«2 IIpoaykt», B D2 « [IpuObLIBEY.

-B saueiiku B4 u C4 3aH0CsTCS 3Ha4Y€HMS 1IEH HA MPOAYKIIUIO.

X o o
-J{71s1 mepemMeHHbIX Xg % otBoasTcs stueiiku B3 u C3. D10 u3mensemsie(paboune) sueiiku, B
HUX UCXOJIHBIC JJAHHBIC HE 3aHOCATCS M B PE3yJIbTaTe PEIICHHS 3a/1a41 B OTH SIUCHKU OyIyT BITH-
CaHbl OIITUMAJIBHBIC 3HAYCHH . Ta6JII/IL[a JAaHHBIX 6YI[CT HUMETHh BU

_I./Ts;\"] Lﬂ - )= 3agaun nuneinoro_nporpamm_c_Excel - Microsoft Excel
B/ [naenHas Beraeka PazmeTka cTpaHuLE Gopmynel JaHHele PeueHsnpoeaHmne Bug Hagcrpoitkn
= ¥ — —— | =— - -
_j Calibri ~|16 - ||| (= §||§}'_-| =1 MepeHoc TekeTa OB - ijg‘
BerasuTs ; = = E| [ O6wegurTe n nomecrue 6 uentpe - (B - o 00 (%8 £ LEIaEEE
- hopMaTHPOEBaH
Bytdep obmeHa = WpndT P BEIDEHUEAHKE P Yucno Pl
C6 - ( | x2
A B C D E F G H J K
1 MepemeHHbIe ‘
2 Uma 1Mpodyxkm |2 Mpodykm Inpuﬁnmu
3 [lnax
4 leHa 2
5 OzpaHu4yeHus
6 |Pecypcor | X1 X2 Pacxod  |3anacel
7 A 2
8 B
9
10

-B siueiike D4 mocne okoHYaHuUs peleHHs 3a4a4u Oy/eT yka3aHa ONTHMajibHOE 3HAUeHUe MpH-
obutn(1ieneBas sueiika). C 3Toil nensto B stueiiky D4 BBoauTcs popmyiia st BHIYMCIECHUS 3HA-

y y Z=2-X +X, ,
YeHUH 11eJIeBON QYHKIIUU . ns1 3TOT0 HAIO BBINOJHUTH CIIEAYIOIIUE ONEPAIUN:

1) xkypcop B D4, BeI1eUTE 3Ty S4EHKYy,

2) mENKHYB MO KHOIMKE X BbI3BaTh MacTepa (pyHKLMI, B OTKpBIBILIEMCSI OKHE B KaTeropuu «10
HEJIJaBHO MCIOJIb30BABIIUXCS» BHIOpaTh «Marematuueckuey, a 3areM «CYMMITPOU3By, OK.
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(a2 H9-w i Nun_nporp-1.dsx - Microsoft Excel
" —
~_-/ | [naeHaa | BrTaeka PazmeTka CTpaHMLEI GopMynsl JaHHele PeueHznpoBaHne Bug Hagcrpoiiku
A | o S : B
_] . Calibri 11 |A A | OB it 5‘5
Berasute X & 4 iy A ~ad OB BEAMHNTE U NOMECTUTE B LiEHTPE GY- o, o[ s Yenostioe
. | = || ||§2 —-— j | ; E Ll o G opMaTHpoBaHne
Bydep o6mena [ LWpngT BHpaEHMEaHME Yucno
D4 O XV k=
A B C D E F G H | J K]
1 [NepemeHHble p .
Macrep dyrxumit - war 1 uz 2 [ ? g
2 Wma 1 Mpodykm |2 Mpodykm | MpuBsias P&y
il :
3 Mnan [onck diyHKLAN
BEEAMTE KPATKOE ONWCEHNE NEACTEMA, KOTOPOE HYKHO
- ‘ LI.EHB 2 - = BEIMOMHATS, M HEHMATE KHOMKY "Haimi”
5 OrpaHHLIEHHH Kateropus: | 10 HeAEBHO MCNOML30BABIWMKCA E|
X X BoifiepiTe dyHKLi:
1 2
6 |Pecypchl Pacxog |3anachl e y;
OCTAT
7 A 2 ABS =
CTAHAOTKNCH
g B CP3HAM
KOPEHb
9 MOZA 2
10 CYMMIMPON3B(MaccuBl 2 3o
Bo3spallaeT cyMMy NPoMSEEAEHWA AMANA30H0B WK MACCUEDE,
11
12
13
14 Cripasta no 3Toit 1 | oK I OTHeHa
Cia) Hw-wo-)s Nun_nporp-1.xdsk - Microsoft Excel
i .a —
t—/ | [naeHan | Beraska PasmeTka cTpaHuLsl CopMyALl JaHHbe PeueH3HpoBaHHE Bug Hagcrpoiiku
(= * . = = - I
Calibri 11 - |A A | | =1* MepeHoc TekcTa OBwWrA 2 &
BeraeuTe ¥ v|| &y~ A v| | | ] OEBEAWHNTE W NOMECTUTE B LEHTPE |§' % 000|| %8 78 YcnosHoe
= = = GopMaTHpOEaHKE 7]
Eydep oEmena ™ LW pudT F} BrIpaEHMEaHWE F} Yucno F}
D4 2
A B C D E F G H | J |
1 MNepemeHHble p .
M - war 1132 - S
2 Nma 1 Mpodykm |2 Mpodykm | Mpubslis e
3 Mnan Donas diyHKLym:
BEEANTE KPETKOE OMMCEHIWE AEACTEIA, KOTOPOE HYMHHD Haitti
4 LLEHa 2 - = BEINONHMTE, M HEXMUTE KHoMKY HaiTi™
g OrpaHquHMﬂ Kareropua: | 10 HEAEBHO MMONL30BABLUMXCA
BbIGEDMTE ¢ 10 HEAEBHO MMONE30BABLUMKCA
6 Pecypcol X1 X2 Pacxon, 3anachi MonHeli aNdEBUTHEIR NEpEYEHs
7 A 2 s
TATUCTHHECKHE
8 B CranaaTe CobinkK M MaCCMBE]
9 PaboTa ¢ G330l AaHHLIx
Norudeckme
10 CYMMMNPOI MposepKa CBOACTE 1 SHaYEHMIA
1 1 BOEBDELU.EE OnpeaeneHHEIE NONL30BATENEM
12
13
14 Cnpaska no 3Toi H i oK ] l OTMEHE ]
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-
MacTtep dyHkwmiA - war 1 ns 2

Dowck. yHKLIAN:

KaTeropma: Martematrdeckme

BribepuTe dyHELIKD:

BESOWTE KPESTKOS OMMCaHME ASMCTEMA, KOTOPOE HYHHD
BEIMONHMTE, M HEMMWTE KHoOMKY "HaliTi”™

CYMMECTIMMH
CYMMEE
CYMMEEPASH

CYMMPASHKE
CYMMIYMMEE
PAKTP

1 CYMMMPOM3E

CnpaBka No 3Tol dyHKLMK

O MMNPOMEB({Mmacons 1l;Maccus 2;MaccHBI;...)
1 EoZBpaWaET CYMMY MPOMIESLEHAA OMaNaZ0Ho0E MMM MECCUBOE,

[ QK ] [ OTMeHa

B mosiBuBIIEMCS OKHE ((Apr'MeHTBI Q)YHKHI/II/I» B ntojie «MaccuB 1» BBeCTH aapeca U3SMCHACMBIX

syeek B3:C3(nmporackuBas Kypcop MBIIIM 1O sYeiikaM), B mose «MaccuB 2» BBOJSATCS ajpeca
Aa4yeek ¢ 1eHamu Ha nponykiuto B4:C4, «Maccus 3» urnopupyerca. Haxxate OK. B sueiike D4

nosgBuTcs aucio 0.

Eydep obmena = Wpngt BrIpaBHHEAHNE Yucno Crran I
ompoizE v (0 X« [fe| CYMMNPOM3B(B3:C3;B4:C4) |
A B C D E F G H ] K L
1 MNepemeHHble
2 Wma 1 Mpodykm |2 Mpodyxm | Mpubbine AprymenTsl dysKLAA lilg
3 MnaH CYMMIPOVEE
4 |LI,9Ha 2 1B4:C4) Macomsl |B3:C3 = {00}
5 mar‘;;e;;mewﬂ Macoe? |B4:C4 = &y
Maca.3 = MaccHs
6 Pecypcel | X1 X2 |Pacxog |3anacwl
7A 2
8 B [ :
BO3BPALIAET CYMMY NDOMIBENEHWA AMANA30HOE UMM MACCHEOE.
9 MacoB2: Macos1;Macous2;... oT 2 40 255 MACCMBOE, COOTBETCTEYHOWME
10 KOMMOHEHTHI KOTOPLIX HY2KHO CHEYENE NEDEMHONUTS, 3 SATEM CIONHTS
NONY4YEHHBIE NPOM3BEAEHHA. Bce Macovesl AOMKHL! MMETH OAMHEKOBYHO
11
12 3Havenme: 0
13 Cnpaska No 3T0M HYHKLYM
14
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J/Tn\w = Nun_nporp-1.axdsx
_‘63/ FnaeHas Bcraska PazmeTka cTpaHHLg Do pMyAEL JaHHele PeugHImpoBsaHue Bug, Hagcrpo
z :Z Calibri -l A A= §||$’/:| = Meperoc Tekcra 06U
B":"E'B"“Tb 7 K & 9 - = || é'l 1= = =||£E 2= @OGbe,anuTbu MOMECTHTE B LIEHTpE ™ IEE
Bydep o6meHa ™= LWpHgT = BhIpaEHHMEBaHMHE =
I D4 - f | =CYMMNPOM3B(B3:C3;B4:C4)
A B C D E F G H
1 MNMepemeHHble
2 |Mma 1 fMpodyrm |2 (podykm | Mpubeuie
3 lnan
4 Uena 2 i o |
5 OrpaHvdyeHKnA
6 Pecypcbl X1 X2 Pacxon |3anacol
7 A 1 2
8 |B 1
<]

-O0beaunuth sueiiku B5S u C5 u Bnucats «Orpanndyenus», B A6- «Pecypcer», B B6 u C6 % u

X, , B D6 «Pacxony, B E6 «3amace», A7 u A8 3HauKu pecypcoB,

B niosie B7:C8- HOpMBI pacxojia pecypcos.

-B sueiixy D7 BBoauTCS (hopMysia BBIYHMCIICHHS M3PACXOJI0BAHHOTO pecypca A X +2-% . B

3 X + X,

sueiiky D8- popmyina uzpacxogoBanHoro pecypca B
(Taxke, Kak U hopmyIa LeiaeBoi GyHKIUN).
- B aueiiku E7 u E8 BHOCHM pa3zMepsl 3a11acoB pecypcoB.

Jannble u popmyssl BBeeHbl. HTepdeiic 3anaun OyaeT UMeTh BT

— FnasHan Bcraeka PasmeTra cTpaHKLb LopmMynbl AaHHBIe PeueHIMpOBEaHWe Bung HagacT
_"_3 & Calibri -l -A L[ = S Neperoc Tekcra o
B‘-"'EYBMTb ; | & Y9 - x| Sy - é - &= = §| @ OBBEAMHWUTE M MOMECTHTE B LiEHTpe ~ ||| =8
Eydep o6merHa ™= LpwdgT = EBEIpaEHHEaHME =
I Al - (2 £ |
A B C D E F G H
1 . MepemeHHbIE
2 |HMma 1 Mpodyxm |2 Mpodyxm |Joxod
3 |Mnaw
4 Hewra 2 1
5 OzpaHu4YeHuUs
6 Pecypcer |Xi Xz Pacxod Sanace!
7 A 1 2
g B 1
g

2.2. Hcnonvszosanue naocmpotiku Excel «llouck pewenusy.

Hancrpoiika Excel «/louck pewenus» mpu mepBoM HCIOIb30BaHUH JIOJDKHA OBITH TpEIBapH-
TenbHO akTHBHpoBaHA. OTKpEIB EXCel, naxats xHonku «Office» — «Ilapamerpsr Excely —
«Hancrpoiikn» > «HeaKTHBHBIE HAaJCTPOWKH TPHIOKEHHI» ~” BBIIEINTH CTPOKY «Ilouck

pewenusy > «Yrpasiaenue: HaacTpoitku Excely > «mepeiituy > OK.
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[IlénkuyB Ha neHTe KHONKY «/laHHbIeY, 3aTem «llouck pemennii» orkpoem okHO «llouck pemre-

HHUN.
A f) - [y H - - Mi
(0a)) a Tun_nporp-1adsk - Microsoft Excel
EE
[naeHan Bcraeka PazmeTka cTpaHnuel Dopmynel JaHHeie PeueHINpoBaHne Bug Hagcrpoiiku
43 V13 Access n; 1| Noakniouerua Al (A . CumcTuTe ‘}4 - =4 Nposepka ga
%] . ~ i A ]
_:_ Wz Beba - -1 CeoicTea - {v» MpUMEHKNTE NOBTOPHO =i = ra KoHconugawy
- W3 apyrix Cywecrsyowme || OBHOBWTE \ 1 CopTupoBka | DuneTp 7 TekcT o ¥AanuTb -
V3 TERTE yeroynmkos T | nogknodeHua BE =2 [3MEHUTE CBASM || ¢ .7 BononHuTensHo cTon6LaM AyBnukaTel f AHAMNS “HTO-
MoAy4uTE BHEWHKME A3HHEIE MograYeHna CopTUpOBKA W GUALTD PaboTa ¢ AaHHEIMK
I D4 > fe | =CYMMMNPOW3B(B3:C3;B4:C4)
A B C D E F G H J K L
1 lMepemeHHbIe
2 Hma 1Mpodykm |2 Mpodykm |MpuBsins
3 lnaH 12 s A
Mownck pelwenna M
4 | UeHa 2 1 2,4]
YCTEHOBMTb LIENEBYIO AHEiiky: BE &
5 OzpaHuyeHus e TDEETY : BrInoAHiTE
PaEHoit: (@ pakoumManbHoMy 3HaueHmio () 3Hadermo: |0 —_
6 Pecypcer | X1 ‘ Xz Pacxod  |3anace _
_ () MMHMMENEHOMY SHHEHMID
7 A 1 | 2 Mamengn aqefiku:
2 B 1 £B53:8C%3 53 MpeanonomuTs
9 Orpa-eHua:
10 SBERECE3 ==0 - NobasnTe
SD&T <= SES7
11 05 -
12 L YaanuTe
13
14 —

-B none «YcTaHOBUTH LieneBYyIO siueiiKy» BBECTH ajpec LeieBoi sueiiku D4, ménkHyB mo Hei
KypCOPOM MBIIIH.

-BriOpath «paBHOI MakCUMalIbHOMY 3HAYEHHUIOY.
-B none «u3mensis ssueiikuy ykazarthb aapeca B3:C3.

-B none «Orpannuenus» ménkHyTh «Jlo6aButhy». [locne nosBnenus nons «/{oGasieHue orpa-
HuueHns» B none «CchlIKa Ha SYEHKy:» CIenaTh CChUIKY Ha sueiiky D7, BeIOparth 3HaKk <=, B
nojue «OrpaHuyeHue:» BBECTH ajjpec ssueiku ¢ 3arnacoM pecypca A- E7. BHoBb BeIOpaTh «/lo0a-

0

X, =
BHUTH» IIPOBECTH BBOJ OTPAaHUYEHUS 110 pecypcy B, 3areM 1o orpaHuyeHuro X1 %o . [Tocne

storo HaxaTh OK.
2.3. Hacmpotixa napamempog peuierus 3a0aqu.

BriopaB B okne «llouck pemenuii» omnmuto «llapamerpsr» B mosiBuBmeMcs okHe «llapameTpsr
MOWCKA PEHICHUs» YCTaHOBUTH (praxkok B mode «JIuneitHas monenb». [lpu TakoM BeIGOpe mpu
pelieHny 3a1a9u OyJIeT MCIONb30BaThCsl CUMILIEKC-MeTo 1. OcTanbHble 3HAUYEHUSI MOYKHO OCTa-
BUTH O0e3 m3meHeHus. Haxats OK.
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——/ [naeHas Beraeka PazmeTka crpaHmius Topmynsl JlaHHee PeLieHIMpoBaHKe Bug Hagcrpoitkn
(3] nogkniouerms 4| ﬁ 1?' K OuncTuTe = E = Enp
i AlA K
2r CeoilcTea G, TpHMEHUTE NOBTOpHO [Fako
Wz apyrix CywecreyrowMe || OBHOBUTE | CopTMpoBKa | DWUALTD ., Tekcrno  ¥ganuTe ,
W3 TeRTA yerourikos | nogkniouerig BCE =5 WameHHTE CBAH A % Bononsiensio CTonBLaN gyGnukatel P AR
Mony4uTE BHEWHKE A3HHEE MogkaoyeHHa CopTHPOBKE W GUAETD PaboTa € 4aHHH
I D4 - .fr| =CYMMMPOM3B(B3:C3;B4:C4)
A B C D E F G H ] K
1 lMepemeHHbIe ‘ - -
I [NapameTpbl NoMcka pellesys &J
2 Hma 1Mpodyxm |2 Npodyxm |Mpubbine
3 MaaH 1 ,2 MaKCMMaNsHoe BpeMa: CeKYHA
1 I'_f EHa 2 1 ‘ 2,4J MpeaensHoe Yicno uTepawt: | 100
5 Dapa””'”” ua OTHOCMTENEHEA NorpewHocTe: | 0,000001
6 Pecypcer |X1 ‘ X2 Pacxod  |3anace LonycTiMos oTKNoHEHKE: 5 %
7 A 1
8 B MnHeliHas Modens [7] ABTomaTHIEtKOE MaCWTAGMOBAHKE
9 [7] HeoTpuuaTensHple sHaueks || MokaskiBaTh DE3YNLTATE UTEALMI
10 OueHKm PasHocTn MeTon nowcka
@ nuHeiHaR @ npambie (@ HutoToHa
11 : . _
[ kpanpaTHyHan () UpHTPaNEHbIE () coNpsEHHBIX [PAAWEHTOR
12
_—
13

2.3. 3asepuienue pewieHus 3a0avu U NPOCMOMP pe3yibmamos.

B oxne «Ilouck pemeHuin» Haxxumaem KHONKY «Bwimomuutsy. [losBusercs okHO «Pe3ynbTaThl
MOMCKA pelIeHus». MOXHO BBIOpATh TUI OTYETA, COXPAHUTh HAWJIEHHOE PEIICHUE MM BOCCTa-
HOBHTB UcXxoaHbIe 3Hauenns1, OK.

3. METOANYECKHUE YKA3AHUSA
O MPOBEJEHUIO MPAKTUYECKUX 3AHATUI

3.1 IIpakTtuyeckoe 3ansitue Ne 1 (2 yaca).

Tema: «Onpenenenue rpadoB, OCHOBHBIE MTOHATHA Teopuu rpadoB. Buasr rpados. Crio-
coObI 3amanust rpadoB. MaTpuilbl CMEKHOCTH U MHIHIEHTHOCTH Tpada. Matpuna Kupxroda.
UucnoBble XapaKTEPUCTHKHU TpadoB»

3.1.1 3apanue nJs1 padoThI:

1. Ompenenenue rpadoB, OCHOBHBIE MOHATHS Teopuu rpadoB. Buasl rpador. CiocoOs! 3a1a-
HUs TpadoB. MaTpHIlbl CMEKHOCTH U MHIIMACHTHOCTH Tpada. Marpunia Kupxroda.

2. YucnoBble XapakTepUCTUKU IpadoB

3.1.2 KpaTkoe onucanue nNpoBOAUMOro 3aHATHS:

1. Ompenenenue rpadoB, OCHOBHBIE OHATHUS Teopuu rpados. Bunasl rpados. Criocobs! 3a1a-
HUs rpadoB. MaTpuilbl CMEXHOCTH U MHIMIEHTHOCTH Tpada. Matpuiia Kupxroda.

2. YucnoBble XapakTepUCTUKH TpadoB

1. Cnoco0sbl 3ananus rpagpo. MaTrpuiHoe npeacraBiaeHue rpagos.
1. CocTaBUThH MaTPHIIBI CMEXHOCTH TPpadoB.

u € u» u u

N

€4 ) €4 €

e €
Ug Us Ug U3



Pemenne. Matpuisl cMeXHOCTH JUis 3a7aHHbIX rpada G u oprpada D

0O 1 0 1 0O 1 0 O
A(G) = 1 0 1 1 A(D) = 0O 1 1
0O 1 0 1 0O 0 0 O
1 1 1 O 1 0 1 O
2. Haiftu MaTpuiIly CMEeXHOCTH IiceBaorpada.
0O 2 1
AP)=|2 2 2
1 2 0 1

3. Haiitu MaTpuibl MHIUASHTHOCTH Ui 3aaHHbIX Tpada G u oprpada D

1(G) = (D) =

o O Rk P
O r O
R B OO
R O O Bk
R O F O

0 O -1 -1 1

4. 3anana Becosas Matpuua cetu P . [IocTpouTh 1o 3Toi MaTpulle CeTb,
N300pa3um tenepb cam rpad 1o JaHHON MaTpPHIIE BECOB.

n L% Y5 & =13')
L (-9 o 6 11 mw 1,
L (m - 8 m ®» m o 6
P=x (@ ® — ® &6 9| )
x |5 7 - 6 m (
% |m 6 m » - 4
Iﬁ kﬂ] oo m m —)

2. YucioBble XapaKkTepucTuku rpagos
1. Oprpad G 3amgaH CIHCKOM MMap HAYaIbHBIX U KOHCUHBIX BEPIIMH OPUCHTHPOBAHHBIX p&OEp:
(X1, X2), (X1, X3), (X2, X1), (X3, X4), (Xa, X1). A5zt rpacdha G crenens Bxona BepuHbl  iN deg (X4)

paBHa-...
OTBET:1
2.
>
= ll_
:'{I - - X_%
-3
Ry

Crernens BBIX0/1a BEPUIMHBI X1 PaBHAa-...

OTBET:2

3. B mpocrom rpade G , mpeacraBiaeHHOM mapamu cMmekHbix Bepmua G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), d(G) paBHO-...
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OTBET:2

3.1.3 Pe3yabTaThl U BBIBOJBI: B PE3YJIbTATE MPOBEJICHHOTO 3aHATHUS CTY/ACHTHI:
- OCBOWJIM OCHOBHBIE TOHSTHS TeOopuH TpadoB, cnocoObl 3amaHus rpadoB, MaTpHYHOE IpE-
cTaBiieHHE rpadoB;
npuoOpeNny yMEHHS M HaBBIKA IPUMEHSATh OCHOBHBIC HOHSTHS TEOpUH IpadoB, criocoObI 3a1a-
HUS rpadoB, MaTPUIHOE MpeICTaBlIeHHE rpadOB MPH PEIICHUH 3a/ad.

3.2 IIpakTuyeckoe 3ansitue Ne 2 (2 yaca).
Tema: «MapupyTbl, IUKJIbI, CBA3HOCTh. CBOMCTBA CBSI3HBIX I'padoB, DUICPOBBI U TAMHIIBTOHO-
BbI rpadsl. OpueHTupoBanHble rpadsl 1 1epeBbsi. CeTu»
3.2.1 3apanue aJis1 padoThI:
1. MapuipyThl, IUKIBI, CBSI3HOCTb. CBOICTBa CBS3HBIX TpadoB, DUIEPOBHI U TaMHIBTOHOBBI
rpadsl. 2. OpueHTHpOBaHHBIE Tpadbl U AepeBbs. CeTu.
3.2.2 KpaTkoe onucanue NpoBOJAUMOIO 3aHATHS:
1. MapuipyThl, ITUKIBI, CBSI3HOCTH. CBOWMCTBAa CBSA3HBIX TpadoB, DUIEPOBHI M TaMHJILTOHOBEI

rpadml.
2. OpuentupoBanHbie Tpadsl u qepeBbs. CeTu.

Mapwpymet, uenu, yuxavt. Mapuipytom om eéepuiuiivt U k eepuiune V uiu (U,V)-MapiipyTom 6
epagpe G nasvieaemcs ecsaxas nocreooeamenvocms euoa U=V,,€,V;,e,,...,€ ,V, =V, ¢

KOMOopoli 1100ble 084 COCEOHUX dNeMeHma UHYUOEHMHbL, m.e. €x — pebpo, coeduHsouee depull-
Hol Vieru Vi, K=1,2,...n.

OT0 onpeaeneHne NOIXOAUT TaKXKe /7S ICEBA0-, MyJIbTH- U oprpadoB. B ciydae oprpada
Vi1 — Hauano pedpa ek , a Vk — ero korey. IIpu 3TOM BeplIMHY U Ha3bIBAIOT HAYAIOM Mapuipyma,
a BEpIIUHY V — €ro KoHyom. B Mapiuipyre HEKOTOpbIE BEPIIMHBI U pedpa MOTYT coBnajaaTh. Eciu
U =V, TO MapuIpyT 3amMKHym, a uHaue omkpuim. J{ns «00b4HOT0» Tpada MapipyT MOKHO 3aj1a-

BaTh TOJBKO MOCIEN0BATEIBHOCTBIO BepiH V,,V,,. ..,V um pebdep €,€,,...,€, .

MapuipyT Ha3bIBaeTCsl yenvio, €CIM B HEM HET COBIMAJAIOIUX pedep, U npocmoii yenvio —
€CJIM JIOTIOJIHUTENIEHO HEeT COBIMAJAIOIIUX BEPIIUH, KPOME, MOXKET ObITh, Hayajla ¥ KOHIIA IIETIH.
IIpo neme U=V,,V,,...,V, =V TOBOpPAT, 4TO OHA coeduHsenm BEPUIUHEI U ¥ V U 0003Ha4aroT (U,V).

O4eBUAHO, YTO €CIIH €CTh IIeTb, COSMHSIONIAS BEPIIHHEI U U V, TO €CTh B MPOCTAas IeTb,
COEIMHSIONIAS 3TU BEPIIUHBI.

3aMKHYyTas LIeNb Ha3bIBACTCS YUKIOM, 3aMKHYTas IMPOCTasl LENb — APOCMbIM YUKIOM.
Yucno nukios B rpade G obo3navaercsa z(G). ['pad 6e3 HUKIIOB HA3BIBACTCS AYUKIULECKUM.
Jnist oprpadoB 11enb Ha3bIBAETCS nymem, a LUK — KOHMYPOM.

Yucno pebep B mapuipyre M (BO3MOXKHO, ¢ TOBTOPEHUSIMHU ) HA3bIBAETCSI €r0 O/uHOU, 0003HaYa-
ercs M.

Pacemosinuem meancdy eepuunamu U u vV (0603uagaercs d(U,V)) Ha3biBaeTcs
JUIMHA KpaTydaiiieit menu (U,V), a cama KpaTyaiiias 1enb Ha3blBaeTcs ceodezuueckoli. Ecnu He
CYIIECTBYET IIeTH, COSAMHSIONICH BEPIIUHBI U U V, TO 1o onpeaencHuto d(U,V) = +oo.

Juamempom rpada G (o6o3nauaercst D(G)) Ha3pIBaeTCs JUIMHA ATMHHEHIIICH Teoe3nye-
CKOM.

Maxkcumanvuvivm yoanenuem B rpape G om sepuiunst V HazbiBaeTcs r(v) = max
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d(v,v’), V v’eV. Bepuuna v rpada G sBisieTcsi €ro yeHmpom, eCiii MaKCUMaIbHOE
yIaJeHue OT Hee IO BCeX BEPUINH MPUHUMAET HaUMEHBIIIee 3HAUCHHE.
MHOXeCTBO BEpIIMH, HAXOMSANIMXCS Ha OJMHAKOBOM PACCTOSHUU N OT BEPUIMHEI V,
Ha3bIBaeTcs spycom (o6o3nauaercs D(v,n)): D(v,n) = {ueV | d(v,u) = n}.
I'pad, mrobas U3 BEpIIMH KOTOPOTO SIBJISIETCS €r0 IEHTPOM — MAKCUMAIbHOE YAalIeHUE JI0

RN

s

BCEX BEPIIUH OT JH000i =

Ceaznocme. Eciu 0se gepuiunsl U u NV 8 epaghe MoAHCHO coeou- HUMb  yenvio, Mo
maxue eepuiunsl ceszamvl. 1 pagh Hazvieaemcs cesA3HbIM, eCliu 8 HeM C8A3AHbl 6Ce BEPUILHDL.

Jlerko BUJIETh, YTO OTHOLICHHE CBS3HOCTH HA MHOXKECTBE BEPILUH SIBJISICTCSI OTHOILCHHU-
€M SKBHBAJICHTHOCTH. J[aHHOE OTHOIICHHE pa30MBacT MHOXECTBO BEpIIUH rpada Ha KIIACCH,
00BEIMHSIOIINE BEPIINHBI, CBSI3aHHBIC IPYT C APYroM. Takue KJIacChl Ha3bIBAIOTCS KOMNOHEH-
mamu CésA3HOCMuU; YUCI0 KOMIIOHEHT CBsI3HOCTH o0o3Hadaercst K(G).

I'pad G sBAsieTCs: CBSI3HBIM TOTJA W TOJIBKO TOT/A, KOT/Ia OH MMEET OJHY KOMITOHCHTY
cszHocTh: K(G) = 1. Eciu K(G) > 1, o 310 Hecesasnbui Tpad. ['pad, cocTosmuii TOIbKO 13 U30-
aupoBaHHbIX BepirH (B kotopoM K(G)=|V|, r(G)=0), Ha3bIBacTCs 6noHe HeC8A3HbIM.

Bepimna rpada, ynanieHrne KOTOpOH YBEINYHUBACT YHCIO KOMIIOHCHT CBSI3HOCTH, HA3bl-
BaeTCA paszoensaoujeil Wu MmMoyKoU CO4UIeHeHUs.
Opuentupoannsiii rpad G(V,E) sBnsercs crabo cesasnvim (crabvim), €CId CHMMETPHY-

HOE 3aMblKaHHe MHOXecTBa E onpenensier cBs3HbIN rpad (MHBIMH CIIOBaMH, €CJIH MOCJE 3aMEHBI
Bcex nyr rpada G pedpamu nonmydeHHsbI rpad Oyaer cBsa3HbIM). OpueHTHPOBAHHBIN Tpad SBIIS-
eTCS CUNbHO CEsA3HbIM (CUIbHBIM), €CIH JUTs TF000M mapbl BeplIkH U,VeV CyIIecTByeT OPUEHTH-
pPOBaHHBIN MyTh U3 U B V (T.€. U3 000N BepIIMHBI I'pada JOCTHXKUMBI BCE €r0 OCTaJIbHbIE BEp-
muHbl). Ecnu s mo60it mapbl BepIMH 1Mo KpaiiHel Mepe ojiHa TOCTHXKHMMA U3 JIPYroi, To Ta-
KOil rpad sBnseTCS 0OHOCMOpOHHE C8A3HbIM, UIH 00HOCmOoporHuMm. I'pad, COCTOAINN U3 OHOM
BEPILUHBI, [10 ONPENEICHUIO CUUTACTCS CUIIbHO CBS3HBIM.

MHoXecTBa BEpIIMH CBSI3HBIX KOMIIOHEHT 00pa3yloT pa30MeHHe MHOXKECTBa BEPILUH

rpada.
1.
“ o
. 2
-
i * UEI
B rpade, npencrasinennom Ha pucynke, €(1) pasHO-...
OTBET:2

2.B npoctrom rpade G , mpencraBieHHOM napamu cMmexubix Bepmma  G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), e(2) pasHO-...

OTBET:1

3.B mpoctom rpadpe G , mpencrasieHHoM mapamu cMmexHbix BepmuH G:i(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), d(G) paBHO-...

OTBET:2

4.B mpoctom rpade G , mpencraBieHHOM mapamu cMmexHbIX BepmuH G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), r(G) pasHO-...

OTBET:1
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5.B mpocrom rpade G , mpexacraBienHoM napamu cmexHbix BepmmH G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), ueHTpOM SBISIETCA:
+a) 2
0) 1
B) 3,4
r) 2,3
n) 5
6.B npocrom rpade G , mpeacraBienHoM mapamu cMmekubix Bepmmn  G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), nuameTpanbHOM LENBIO SIBISETCS:
+a) 1-2-3
0) 1-4-2-3
B) 1-3
r) 1-4
x) 3-5
7.KomnuectBo nepuepuitHpIX BepIInH B IpocToM rpade G , mpeacTaBiIeHHOM HapaMHu CMEX-
weix BepmuH G:(1,2), (1, 4), (2,3), (2,4), (2,5), (3,5), paBHO-...
OTBET:4
3.2.3 Pe3yabTaThl M BBIBOJBI: B PE3YJIBTATE POBEJICHHOTO 3aHSATHUS CTY/ICHTHI:
- OCBOWJIM OCHOBHBIC TIOHSATHS MapIIpyTa, ICTH, KA, CBI3HOCTH, METPUYCCKIX XapaKTEpH-
CTHK;
IPUOOPETH YMEHUS ¥ HaBBIKU IPUMEHSITH IMOHATHS MapIIpyTa, IEMH, [UKIa, CBI3HOCTH, METPH-
YECKUX XapaKTEPUCTHUK TPU OMUCAHUU rpadoB.

3.3 IIpakTtuyeckoe 3ansitue Ne 3 (2 yaca).
Tema: «OpuentupoBannsie rpadsl u qepeBbs. CeTn»
3.2.1 3apanue aJis1 padoThI:
1. OpueHTHpOBaHHBIE TPadbI U JEPEBBS.
2.Cetn.
3.2.2 Kparkoe onucanue nNpoBOANMOIoO 3aHATHS:
1. OpueHnTrupoBaHHbIE Tpadbl U 1€PEBBS.
2.Cetn.

Opuentupoannsiii rpad G(V,E) sBnsercs crabo cessnvim (crabvim), €CIu CHMMETPHY-
HOE 3aMBbIKaHHE MHOXecTBa E ompenenseT cBs3HbIN Tpad) (MHBIMU CIIOBAaMH, €CITU TIOCIIE 3aMEHBI
Bcex ayr rpada G pedpamu noaydeHHsbli rpag Oyaer cBa3HbIM). OpueHTHPOBAaHHBIN Tpad sABIIS-
eTCS CUNBHO C83HbIM (CUTbHBIM), €CITH JUTS JIF000H mapsl BepuH U,VeV CyIIecTByeT OpUSHTHU-
POBaHHBIN MyTh U3 U B V (T.€. U3 000 BeplInHbI rpada JOCTUKUMBI BCE €r0 OCTalbHBIE BEP-
mHbl). Ecnu g mr000# mapel BeplivH MO KpaifHeill Mepe oJHa JOCTHXKHMa U3 JpYroM, To Ta-
KOU rpad SBISIETCS 0OHOCMOPOHHE CEA3HbIM, UITH 00HOCMOpoHHUM. I'pad, COCTOSINM U3 OTHOU
BEPIIIHBI, 110 ONPEACTICHUIO CYUTACTCS CHIIBHO CBS3HBIM.

MHoXecTBa BEpIIMH CBS3HBIX KOMIIOHEHT 00pa3yloT pa30MeHHe MHOXKECTBA BEPIIUH

rpada.
1.

4 o3
' e
-*»

1 93

OTBET:2

B rpade, npencrasneHHom Ha pucyHke, (1) pasHO-...
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2.B npoctrom rpade G , mpencraBicHHOM napamu cMmexubix Bepuma G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), e(2) pasHO-...
OTBET:1
3.B mpocrom rpade G , mpeacraBienHoM mapamu cMmexkubix Bepmmn G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), d(G) paBHO-...
OTBET:2
4.B npoctom rpape G , mpexacraBieHHOM mHapamu cMexHbIX BepumH G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), r(G) pasHO-...
OTBET:1
5.B mpocrom rpade G , mpeacraBienHoM mapamu cMmekubix Bepmmn  G:(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), 1eHTPOM SIBJISIETCSL:
+a) 2
0) 1
B) 3,4
r) 2,3
m) 5
6.B mpocrom rpadpe G , mpencraBienHoM napamu cMmexHbix BepmuH G:i(1,2), (1, 4), (2,3),
(2,4), (2,5), (3,5), nmameTpabHOM IENBIO SBISACTCS:
+a) 1-2-3
0) 1-4-2-3
B) 1-3
r) 1-4
n) 3-5
7 KonuuectBo nieprdepuiiHbIX BepIinH B MPocToM rpade G , mpeacTaBIcHHOM MapaMu CMEK-
ueix BepmH G:(1,2), (1, 4), (2,3), (2,4), (2,5), (3,5), paBHO-...
OTBET:4
3.3.3 Pe3yabTaThl M BHIBOJbBI: B PE3yJIbTATE IPOBEACHHOTO 3aHITHS CTYCHTBI:
- OCBOWJIM OCHOBHbBIC MOHATHS MapIIpyTa, IEMH, [MUKIA, CBIA3HOCTH, METPHUCCKUX XapaKTepH-
CTHK;
npruoOpeNd yMEHHS U HaBBIKH MPUMEHSTH TOHSITHS MapIIpyTa, IeMH, [UKIa, CBI3HOCTH, METPHU-
YECKUX XapaKTEPUCTHK MPU OMUCAHUH TPadoB.

3.4 IIpakTnueckoe 3ausTue Ne 4 (2 yaca).
Tema: «HaxoxneHne dKCTpeMAIBHBIX IyTE€H B CETH: alNropuT™M JIEMKCTpBI U €ro MpUKIAIHbIE
acnekTsl. KOMITBIOTEpHBIE TEXHOJIOTHH pean3aliy aaroputMa JlemkeTpoi»
1. 3agaun r106ATBHOTO M JIOKAJILHOTO aHau3a rpados.
2.HaxoxxeHue KpaT4yallux MyTel B CETH: aJITOPUTM J[eHKCTpBI M €0 MPUKJIaJHbIE ACTIEKTHI»
3.4.1 3apanue ny1s1 padoThI:
1. 3agaun rno6aIbHOrO U JOKAJIBHOTO aHaIHu3a rpagos.
2.HaxoxaeHue KpaT4alllinX MyTeld B CETH: alTOPUTM JIEHKCTpBI M €ro NPUKIIAIHBIE ACIIEKTHI

3.4.2 KpaTkoe onucanue NpoBoANMOro 3aHSITHA:

1. 3agaun rno6aIbHOTO U JOKAJIBHOTO aHaIHu3a rpagos.

2.HaxoxaeHue KpaT4alllinX NyTed B CETH: AJITOPUTM J[eHKCTpBI ¥ €ro NpHUKIaJ HbIE ACIIEKThI
3aoanusn

3anana BecoBas matpuiia cetn G .
a) TIOCTPOUTH TI0 ATOM MAaTPHUIIE CETh,

0) HaliTM MUHUMAJIBHBIN IyTh U3 BEPUIMHBI S =X, B BepliuHy =X, wim t =X, no anroputmy
JlerKcTpshl,
B) HAliTU BEC MUHHUMAJIbHOTO ITYTH.
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IIpumep. 3anana BecoBas Martpuua cetu G . HaliTu MUHUMaNbHBIM IyTh U3 BEpIIMHBI X, B
BEPILUHY X 110 QIrOpUTMY JIEUKCTPHI.

N300pa3um teneps cam rpad 1o JaHHOH MaTPHILIE BECOB.

n B oG X X X =13°)

5 (- 9 o & 11 m) .
o |®m - 8 @ o o™
P=x |m @ - o & 9|
x, |m 5 7T - 6 o
% [ 6§ ®m ™ - 4
X \m @ o o™ —

Aranl. Illarl. Tomaraemd(x,)=0",X = x,,X; d(x,)=d(x;)=d(x,)=d(x;)=d(x;)=co.
1-s1 wrepauust. [llar 2. MHOXECTBO BEpIIMH, HETIOCPEICTBEHHO CIEAYIOIIHMX 38 X = X, C BPEMEH-
HBIMH METKaMH S = {Xz, Xgs Xs } [lepecunTeiBaeM BpeMEHHbIE METKH 3TUX BEPIINH
d(x,)=minfo, 0" +9}=9, d(x,)=minfo,0" +6{=6, d(x;)=minfe, 0" +11{=11.
[Mar 3. OpgHa w3 BpEeMEHHBIX METOK IMpeBpallaercs B  MOCTOSHHYIO
min{9, 0, 6,11, 00} =6" = d(x, ), X = x,.
[lar 4. X = X, #t =X, , IPOMCXOMUT BO3BPAILIEHUE HA BTOPOH IIIar.
2-1 nrepamms. Ilar 2. S = {X,, %, %} d(x,)= min{9, 6" +5}: 9, d(x;)= min{oo, 6 +7}=13,
d(x;)=min{l1,6* +6/=11.
Iar 3. min{d(x, ),d(x,),d(x;),d(x,)}= min{9,13,11,00}=9" = d(x, ), X = X,.
Iar 4. X, # X, , BO3BpallleHHE Ha BTOPOii 1Iar.
3-s nrepamms. Ilar 2. S = {x,}, d(x,)= min{13, 9" + 8}: 13.
Ilar 3. . min{d(x,),d(x;) d(x,)}=min{13,11, 0} =11" =d(x;), X = X.
[ar 4. Xy # X, BO3BpAIllCHUE HA BTOPOU IIar.
4-s wreparms, 1llar 2. S = {Xs ), d(x;)= min{oo, 117 + 4}= 15.
Ilar 3. . min{d(x,),d(x,)}=min{13,15}=13" =d(x,), X = X,.

[ar 4. X, # X, BO3BpallCcHUE HA BTOPOU IIar.

48



5-s ureparms, Iar 2. S = {Xs h d(x,)= min{15, 13" + 9}: 15.
Ilar 3. min{d(x,)}= min{l5}=15", X = x,.
[Iar 4. X4 =t = Xy, KOHELl IEPBOro JTara.

Oran 2. [lar5. CocTaBuM MHOXECTBO BEPILKH, HEMOCPEACTBEHHO MPEIIECTBYIOMUX X = X

C IOCTOSAHHBIMU METKAMH S = {X3, X5 } HpOBepI/IM IJId OTUX IBYX BCPIIMH BBINIOJIHCHUC pa-

BeHCTBA (4.7.3).
d(X)=15=11"+4=d(x; )+ @ (X5, %), d(X)=15#13" +9=d(X;)+ @ (X5, %,)  Brmouaem

Iyry (X5, X6) B KpaTyaiimii myts. X = X; .
Mar 6. X #S = X, , BO3BpAIlICHUE HA IATHI LIAT.

2-5 urepauus. llar 5. S = {X,, X, }
d(X)=11=0"+11=d(x,)+ @ (X, %), d(X)=11#6"+6=d(x,)+ @ (X,, X; ). Brmouaem my-
X, .

ry (Xl, X5) B KpaT4ailIinii myThb. X =
[lar 6. X =S = X, , 3aBePIIEHUE BTOPOTO ITAIA.

Wrak, kpaT4allnii MyTh OT BEPIIMUHBI X, 10 BEpIIMHBI X; MOCTpoeH. Ero anmuHa (Bec) paBHa
15, cam myTh 00pasyer cienyronas MoCIeA0BaTENbHOCT IyT A = (xl, X5)— (xs, Xg )

3.4.3 Pe3yabTaThl M BBIBOJBI: B PE3YJIbTATE MMPOBEJICHHOTO 3aHATHS CTY/ICHTHI:
- OCBOMJIM MOHATUS 00 anroput™e JlefKcTpsr,
- IpUOOpeNn yMEHHUs U HaBBIKK pabOThI ¢ aNropuTMoM JleiiKeTpsl.

3.5 IIpakTrnueckoe 3ausTue Ne 5 (2 yaca).
Tema: «HaxoxaeHne SKCTpeMaNbHBIX MyTEH B CETH C OTPUIATEIBHBIMH BECaMU: AJITOPHTM
bennmana — Mypa»
3.5.1 3apanue nis1 padoThI:
1. HaxoxxaeHue KpaT4alux MyTel B CETH C OTpULIATEIbHBIMU BECAMU.
2.AnroputMm bennmana - Mypa

3.5.2 KpaTkoe onucanue npoBOANMOIo 3aHATHS:

1. HaxoxxneHne kpardyaiux MyTed B CETU C OTPULIATEIbHBIMU BECAMH.
2.AnroputMm bennmana - Mypa

3amana BecoBasi marpuna cetu G .

a) TIOCTPOUTH TI0 ATON MATPHUIIE CETh,

0) HaliTH MUHUMAJIBHBIN IIyTh U3 BEPUIMHBI S =X, B BeplIMHy =X, wim =X, no anroputmy

bennmana-Mypa,
B) HATH BeC MUHUMAJILHOTO ITyTH.

[Tycte rpad G 3aman BecoBoii marpurei W .
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N300pa3um 3Ty ceTh Ha PUCYHKE M PaCCUNTAEM KpaTYaiIMii yTh OT y31a X, 10 y3la X;.

X2 (0094) X5 (00510359_3)

Dran 1. Ilar 1. X=x, d(x)=0,
d(Xj)zoo, j:ﬁ’ Q:{Xl}'
Ilar 2. 2a). X =X, Q=Q/{x,}=0.

Xg (,8,0) 20). Ilycto S - MHOXKECTBO BEpPILIHH

HETIOCPEJCTBEHHO JIOCTHXMMBIX U3
X, (00,6,-4) BepmmHBL X . S ={X,,%,}, d(x,)=

X3(o0,11,4) 8
= min{eo, 0+ 4}=4.
260). 4<x0? Jla.
260B). Q = {X2 }, X, Hago ObLIO MOCTaBUTh B KOHEI] 04epeau, Ho Q ObuIO ImycTo, HO3TO-
MY KOHEIl OYepeIH COBIIaJl C HAUaJIOM.
26). d(x,)=min{x,0+6}=6.
260). 6 <o0? Jla.
268).Q = {X,, X, }
[ar 3. Q =0? Her. [lepexox Ha HaYaJI0 BTOPOTO IIIara.
Bropas urepauus. Illar 2. 2a). X = X,, Q =Q/{X}=1{x,} S ={X;, %,, X, }
26). d(x,)=min{oo,4+7}=11.
260). 11<0? [a.
268).Q = {X,, X, }
26). d(x,)=min{6,4 —8}=—4.
260). -4<6? Na.
268).Q = {X4, X3}. BepmmHy X, Hazo MOCTaBUTH B HAYAJIO OYEPEIU, HO OHA YXKE CTOUT

TaM.
26). d(x;)=min{w,4 + 6}=10.
260). 10<0? [a.
208).Q = {X4' X3, Xs}-
[ar 3. Q =0? Her, nepexo1 Ha TPETHIO UTEPALIUIO BTOPOTO I1ara.
Tperss urepars. Ilar 2. 2a). X = X,, Q =Q/{X}={x., X}, S = {Xs, X }
26). d(x,)=min{l1,—4+8}=4.
260). 4<11? Jla.
26B).Q = {X3, Xg } BepmmHy X; HaJI0 MOCTaBUTh B HAYAJIO OYEPEH, HO OHA YXKE TaM.
26). d(x,)=min{l0,~4 +9}=5.
2606). 5<10? [Ia.
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20B).Q = {X5, X3 } Bepumny x, nepeasuraeM u3 KOHIA OYEPENU B HAYAIIO.
[ar 3. Q =0? Her, nepexoa Ha 4€TBEPTYIO UTEPALIMIO BTOPOTO I11ara.
Yersepras urepaims. [lar 2. 2a). X =X%;, Q=Q /{)7}: {X3 }, S = {X6}.
26). d(xg)=min{o,5+3}=8.
200). 8<w0? Jla.
268).Q = {X;, X, }
[ar 3. Q =07 Her.
[sras urepamus. lar 2. 2a). X = X;, Q=Q /{)7}: {X6 }, S = {X5, XG}.
26). d(x;)=min{5,4 - 7}=-3.
260). -3<5? Ma.
268).Q = {¥;, %, }
26). d(x,)=min{8,4 +5}=8.
2006). 9<8? Her.
[ar 3. Q =07 Her.
Llecras urepamus. llar 2. 2a). X =X, Q = QI{Y}: {X6 }, S = {XG}.
26). d(x,)=min{8,~3+3}=0.
2006). 0<8? /a.
208).Q = {X6}. Q coaep:Kano TOJIBKO BEPUIMHY X, M OHA BCTaJla B HAYaJI0 OYEpEIH.
[ar 3. Q =0? Her.
Cesbmas urepauws, Lllar 2. 2a). X = X, Q=Q/{X}=0. S = 0.
Hlar 3. Q =@. Konen nepBoro srana. HaliieHsl MUHUMaIbHBIE PACCTOSHUS 1O BCEX

BEpUIMH OT IepBoii BepmmHbl JtH paccrosums takoss: d(X,)=4, d(x,)=4, d(x,)=—4,
d(x;)=-3, d(x,)=0.

Bropoti sran. Illar 4. TMomaraem X = Xg. IlycTh S - MHOMECTBO BEpIIMH, HETMOCPEI-

CTBEHHO MPEIIECTBYIONHX X. S = {Xg, X; }
d(X)=d(x,)=0=4+5=d(x;)+ @ (X5, X, );
d(X)=d(x,)=0=-3+3=d(x;)+ @ (X, X, ).

Kparyaiiimii nyth. X = X;. Bo3Bpaljaemcsi Ha 4eTBEPTHIiA 1Iar.

IlepBas wmTeparus. Bxirowaem nyry (XS,XG) B

Bropas nrepamusa. X =S? Her.
S ={X,, X3, X, } d(X)=d(x;)=-3=4-7=d(x,)+ @ (X5, X )
d(X)=d(x;)=-3%4+6=d(x,)+o(X,, X )
d(Y)zd(X5)=—3¢—4+9=d(X4)+a)(X4,X5). Bkitouaem nyry (X3,X5) B Kparyaii-

it myTh. X = X;. Bo3Bpaiaemcst Ha 4eTBEpTHIN 1ar.
Tperbs urepamms. X =S? Her. S ={x,, X, }
d(X)=d(x;)=4#4+7=d(x,)+ @ (X,, X;),
d(X)=d(x,)=4=-4+8=d(x,)+ @ (X, X, ). Brmouaem nyry (X,,X,) B kpardaiimmii

myTh. X = X,. Bo3BpaiaeMcs Ha YeTBEpThIH Iar.

Yersepras urepauus, X =S? Her. S = {Xl, Xz}.
d(X)=d(x,)=—4=0+6=d(x,)+o(x,X,)
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d(X)=d(x,)=—4=4-8=d(x,)+®(x,, X, ) Brmousaem ayry (X,,X,) B kparuaiimmii
myTh. X = X,. Bo3Bpaiaemcsi Ha 4eTBEPTHIN LIAr.

Isras urepauus. X =s? Her. S ={x }

d(X)=d(x,)=4=0+4=d(x, )+ ®(x,X,) Brmosaem ayry (X,X,) B kpardaiimmii
myTh. X = X,. Bo3Bpaiaemcst Ha YeTBepTHIiA LIar.
Ilecras urepanus. X =S? Jla. 3anaua 3akoHueHa. ICKOMBIi KpaT4allInii yTh OT BEPIIMHbL X,

0 BCPIINHBI X6 nMeeT HYHGBOﬁ BCC u COCTOHUT nus3 CJICAYIOIIUX Ayr

(Xl’ Xz)_(xz’ X4)_(X4’ X3)—(X3, X5)_(X51 Xs)-
3.5.3 Pe3y1bTaThl M BBIBOJbI: B PE3YJIbTATE IPOBEJCHHOTO 3aHATUS CTYACHTHI:
- OCBOWJIM TIOHATHUS 00 anroputme bennmmana-Mypa
- IpHOOpeNIn YMEHMsI U HaBbIKU PabOTHI ¢ anroputMoM bennmana-Mypa.

3.6 IlpakTuyeckoe 3ansaTue Ne 6 (2 yaca).
Tema: «IlocTtpoenue ocroBHOro nepesa rpada (cetun): anropurmbl Kpackana u [Ipuma; 3agaua
00 ocTOBe PKCTpeMaibHOro Beca. KoMmbIOTEpHBIE TEXHOIOTHH peanu3anuu anroputma Kpacka-
Ja.»
3.7.1 3apanue a5 padoThbI:
1. [TocTpoeHue ocTOBHOTO JiepeBa rpada.
2. anroputMbl Kpackana u [Ipuma.

3.7.2 KpaTkoe onucanue NpoOBOJAUMOIO 3aHATHS:

1. [TocTpoenne ocTOBHOTO JiepeBa (eca) rpada.

2. anroputMmbl Kpackana u [Ipuma; 3agada 00 ocToBe 3KCTpEMaIbHOTO Beca.
Ilpumep evinonnenun munoeozo 3adanus. J{ns rpada, 3aJaHHOr0 MaTpUILIEH BECOB,

a)IIOCTPOUTH 110 3TOM MaTpuIe ceTh(MCXOAHBIHN rpad),
0) HOCTPOUTH OCTOB HAUMEHBIIIETO Beca,
B) HalTH €ro Bec.
[TockonbKy MaTpuIila CHMMETpHYECKasi, TO Trpad TaH HEOPUEHTHPOBAH-

HBIM.
I " /I

X X X X X X Marl. S" ={x} S" ={X,, X;, X, %5, %, ), U =0.
X, (- 5 10 14 o o Ilepas urepanus. [ar 2.
X, |5 -— 5 6 o o o / )

=X, |10 5 - 7 8 9 d(S S ):a)(xl’XZ):s’ S" =X, 8" = {Xg X X, X6

X, |14 6 7 - 4 o /
Xs o o 8 4 - 12 U= {(Xl' X, )}
X o 0 9 o 12 - Illar 3. S’ # S, mepexo1 Ha HAYaJIO BTOPOTO IIATa.

Bropas nrepanusg. Ilar 2.
d(S',8")= (%, %) =5, S’ ={X,, X, Xs b S” =X, X6 X

U’ = {(x, %), (6, %)} .

Illar 3. S’ # S, nepexo Ha HAYaJIO BTOPOTO IIAra.

Tpetpsa ureparms. Ilar 2.
d(S',8" )= (X,, %, ) =6, S' = {X;, X0, Xg X b S = {Xg, X},
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U’ = {(Xw Xz)’ (Xz’ Xs)’ (le X4)}-

Ilar 3. S’ # S, nepexos Ha HAYaIO BTOPOTO ILATA.
Yersepras urepanus. Hlar 2. d(S/, S”)= @ (X, %) =4, S" ={X,, %, X5, X, X5 }y S” ={X, }

U’ = {(Xl,Xz),(XZ,X3), (Xz’ X4)’ (XA’XS)}'

Ilar 3. S’ # S, nepexos Ha HAYaIO BTOPOTO ILIATA.
[Isarasg ureparms. [lar 2. d(S’, S”): a)(xg, XG): 9 S = {Xl, Xo s Xz, X4y Xs, Xg }, s’ =@,

U’ = {(Xl' Xz)' (XZ' Xs)’ (Xz’ X4), (XA’ Xs)f (Xs’ XG)}'

Ilar 3. S’ = S. Urak, nonydex ocroBHblit rpad. G’ = (S’,U’ ) U300pakeH Ha PUCYHKE

CIpaBa, ero Bec a)(G’)=5+5+6+4+9=29.

Hcxonnsiit rpad OcTtoBHBI rpad
X2 Xs

X3

Kpatkas TeopeTnueckas cripaBka

JlepeBbs SBISAIOTCS MpOCTeHIUM KitaccoM rpadoB. /s HUX BBIMOJHSAIOTCS MHOTHE CBOMCTBA,
KOTOpbIE HE BCEr1a BBIMOJIHAIOTCS 7151 00BIYHBIX IpadoB. Kpome Toro, aepeBbs MUPOKO NpUMe-
HSIOTCSl B IPOTPaMMHUPOBAHUHU TIPH PA3IUYHOTO poja 00paboTKe JaHHBIX, B YaCTHOCTH, B ajro-
pUTMax COPTUPOBKH, KOAHpoBaHUsA U T.N. [ToapoOHO airopuT™Mel paboThl ¢ IepeBbIMU OyIyT
paccMaTpUBaThCs MO3HEE B IPYIHX Kypcax, a ceiiuac TOJIbKO KPaTKOE 3HAKOMCTBO.
/lepeso — 310 cBs3HBIN rpad Oe3 uukioB. Heckonbko nepeBbeB (WM HECBS3HBIN rpad 0e3 Huk-
JIOB) COCTaBJIAIOT tec. TakuM 00pa3oM, JepeBo ABISAETCS KOMIIOHEHTOH CBA3HOCTH.

Iycts G = (S,U) u |S| =n, |U| =m. Torma cnpaBeninBa 3KBUBAJICHTHOCTh CIEAYIO-

IIUX YTBEPKICHHM:

1). G - nepeBo;

2). G- cBssHbi Tpahp 1 M=n—1,

3). G - anuksimyeckuii rpadp u m=n—1;

4). nro0Oble IBE HECOBMAJAIOIINE BEPIIMHBI Tpada COCTUHSET CAMHCTBEHHAs MpPOCTAast
1eTIb;

5). G - anuknuyeckuit rpad, obOmagaoNMii TeM CBOHCTBOM, YTO €CITU KaKyro- KOO ma-
Py €ro HEeCMEXHBIX BEPLIHH COCAMHUTH peOpoM, TO MOTy4eHHBIH Tpad Oyaer coaepkaTh pOBHO
OJTVH ITHKJT.

3.6.3 Pe3yabTaThl M BHIBOJBI: B Pe3yJIbTAaTe MPOBEICHHOTO 3aHSITHS CTYICHTBI
- ocBomyn anroputMbl Kpackana u [Ipuma; 3amaqy 00 OCTOBE SKCTpEMaIbHOTO BECa;

- IpuOOpeNTM YMEHUS U HAaBBIKH MpUMeHeHHs anroputMoB Kpackana u [Ipuma, pereHus 3amadn
00 0CTOBE IKCTpEMaTbHOTO Beca.
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3.7 IlpakTuyeckoe 3ausitue Ne 7 (2 yaca).
Tema: «IloToku B ceTsx, 3a/lada 0 MaKCUMAIbHOM MOTOKE U MUHUMAJIBHOM pa3zpese. Teopema
®opna - @ankepcona. KoMmproTepHbIe TEXHOJOTMH peanu3anuu anroputma dDopna-
®dankepcoHa»

3.7.1 3aganue 1151 padoThHI:
1. [ToToku B ceTsiX, 3a/1a4a 0 MAKCUMAIILHOM TIOTOKE ¥ MHHUMAJILHOM pa3pese.
2. Teopema ®opaa - Dankepcona

3.7.2 KpaTlcoe OIMMUCAaHUEC MPOBOAUMOI'O 3aHATHUA:

1. [ToToku B ceTsiX, 3a/1a4a 0 MaKCUMaJIbHOM MOTOKE 1 MUHUMAaJILHOM pa3pese.
2. Teopema @opna - PankepcoHa
3aoanusn

[Iponyckubie criocoOHOCTH Ayr 3amanbl MaTpuineid. C momomnsio anroputma Poppa-
QdaikepcoHa MOCTPOUTh MAaKCUMAJBHBIN MOTOK OT S K ! M yKa3aTh MUHUMAaJbHBIN pa3pes, OT-
nensrommn S ot t.

- - 8 11 7 - 13 - -6 -8 - 12
- - - - 13 - 19|, |- - - - - - 7
- - 10 - - 15 - -5 - - - 5 4
— - - 17 - 28 - - - - - -7 -
- - - - - - 14 - - - - - - 9

IIpumep . [IponyckHble cnocoOHOCTH AYT 3aAaHbl cienyomeid Marpunei. Iloctpouts Makcu-
MaJIbHBIM MIOTOK OT S K { M yKka3aTb MMHMMAJIbHBIN pa3pes, OTAesommii S ot t.
S X, X, X3 X, ¢

S - 12 - 13 - -
X |- — 11 14 15 -
W=x, |- - - - - 8/ Dram 1. Iyt s—2>x, —2 > x, —2>t.
X, |- - - - 715
X, |- - 8 - - -
t I

o= min(12, 14, 15)= 12. VBenuuyum mo 3ToMy IyTH NMOTOK A0 12 enuHut, pedpo (S, Xl) CTaHO-

BUTCS HACBHILEHHBIM. IlOoCTaBMM BENMYMHY IIOTOKA Ha Jyrax (Xl,XS) u (Xg,t).

5 =min(13,15-12) = 3.[IoTok MOXHO yBemMuMTh Ha TpH emuHumbL Jlyra (X,,t)cramer

313 > Xy ——> X, —>—>X, —>>t. MOXHO YBEIMYUTH TOTOK Ha CEMb

HachleHHOU. I1yTh S
€IMHULL;
Hyra (X3, X4) CTaHET HACBIIECHHON, TMOTOKU NPUMYT BUJ
1013 L{UEN 7| 7(8)
s Xy > X, X, >t.
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Bosnbiie myreit HeT. KoHel nepBoro srara.

Oran 2. PaccMoTpuM Tenepb MapLIpyThl, COAEpIKaIMe IPOTUBOMIOJIOKHBIE IYTH.

10(13) 12(14) X, 11 > X, 7(8)

Mapupyt S > Xy € >t. TIoTOK MOXHO yBETUYHUTH Ha EAUMHHILY

Ha Jyre (Xz,t). Tormpa moOTOKM 1O JyraM 3TOro MapupyTa CTaHyT TaKUMH

s 11 > X € Li14) X, 1y > X, 58) 1, Hyra (Xz,t) CTajia HAChILIEHHOM.

Boabme mapupyToB HeT. [loTok MakcuMmaJieH. /lesiaem paspes BoKpyr { mo HachbIIeHHbIM
AYraM M moJy4aeM ero seqnuuny 15+8=23 enumHuusbl.

2. Jlpyrue BONpoChl MPaKTHUECKOTO 3aHATUSL PACCMOTPETh B (hopMe AOKIIAZ0B CTYICHTOB.

3.7.3 Pe3ybTaThl U BBIBOJBI: B PE3YJIbTATE MIPOBEJCHHOTO 3aHATHUS CTY/ACHTHI:
- OCBOWJIM IIOHATHS 00 alropuTMe MONUCKa MAKCUMAaJIbHOT'O MOTOKA.
- IpHOOpENIN YMEHHSI ¥ HABBIKU PA0OTHI C alITOPUTMOM TIOMCKA MAaKCHMAaJIbHOTO ITOTOKA.

4. METOANYECKUE YKA3AHUA

O MPOBEJEHUIO CEMUHAPCKHX 3AHSTHI

CeMuHapckue 3aHsATHS He npenycmorpensl PVYII.
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