MaBa 6

MapocoyeTaHus, cBaabObI
U TeopeMa MeHrepa

“A eLe OHM PUCOBANN... BCAKYIO BCAYMHY... BCE, YTO HaYMHaeTcs Ha M..."”
Nbtonc Kspponn (Lewis Carroll)

Pe3ynbraTsl 3TOM IIaBbl 10 CPABHEHUIO C Pe3y/bTaTaMH APYTUX IJIaB HOCAT 0O-
Jiee KOMOMHATOPHBIN XapakTep, XOTs, KaK Mbl YBUAUM, OHU TECHO CBSI3aHbI C TEOPH-
et rpadoB. MBI HAYHEM C 0OCYKICHHS TEOpeMbl X0Juta “o cBajb0ax” B pa3IMIHBIX
KOHTeKCcTax. B pasaene 6.2 mMbl gokaxeM Teopemy MeHrepa (BBEACHHYIO B paszie-
ne 2.1) o KonuuecTBe HenepeceKaronnxcs My Tel, COeTUHAIONINX JIAHHYIO Mapy Bep-
IIMH B rpade Win OpUueHTHPOBAHHOM Tpade, a B pazaene 6.3 1aauM ajabTepHaTHUB-
HYI0 (POPMYIHPOBKY TeopeMbl MeHrepa, H3BECTHYIO KaKk TeopeMa 0 MaKCHMaIbHOM
MOTOKE U MUHUMAJILHOM pa3pese, KOTopas UMEeT BaKHOE 3HAYEHUE B CBSI3U C 33/a-
4yel O ITOTOKAax B CeTAX. boiee AeTabHOE U3I0KEHUE 3TUX BOIIPOCOB MOKHO HAUTH
B [39] u [22].

6.1. Teopema Xonna “o ceagbbax”

Teopema o cBanpOax, nokazannas @umunmom Xosutom (Philip Hall) 8 1935 rony,
OTBEYAeT Ha CJIEAYIOIINI BOIIPOC, M3BECTHBIM Kak 3ajada o cBaabdax (marriage
problem).

Ecnu umeemcs koneunoe MHOMICECMBO 0e8YULEK, KAXHCOAS U3 KOMOPBIX OPYHCUMN
€ HECKONbKUMU IOHOWAMU, MO NPU KAKUX YCTIOBUAX 8CE OEBVULIKU CMOZYN BbIUMU
3aMydHc 3a IOHOWel MaK, Ymoodbl Kaxcodas 8bIXOOUNA 3AMYAHC 3d MO20 IOHOULY, C
KOMopuIM Opyscum?

Hanpumep, eciu ecTb YeTblpe NEBYLIKY, {g,, €5, €5, &4}, ¥ IATh OHOLIEH, {D,, b,,
b,, b,, by}, MEX Ty KOTOPBIMU UMEIOTCS IPYKECKUE OTHOILEHHUS, IOKA3aHHbIE HUKE,
TO BO3MOXXHOE PEIICHHE COCTOUT B TOM, YTO g, BBIXOIUT 3aMyX 3a b,, g, BBIXOAUT
3aMyK 3a b,, g; BBIXOJUT 3aMyX 3a b, U g, BBIXOJIUT 3aMyxk 32 b,.

' Tlepesox H.M. lemypoBoii. Dnurpad u3 “Ipuxmouenuti Anucol 6 cmpane uyoec” CBs-

3aH C Te€M, YTO B OpUTHHAJIE IIaBa Ha3bIBaeTcs “Matching, marriage and Menger's theorem”™. —
lIpumeu. nep.
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172 T[lapocoyeTaHus, cBapbbbl 1 TeopeMa MeHrepa

Jlesyuxa FOnowu, ¢ komopwvimu Opyscum degyura
& b, b, by
& b,
8 b, b, b,
&4 b, b,

Ota npoliieMa MOKET OBITh MpeICTaBlIeHa rPa(UIECKu, €CIH B3SITh ABYAOIbHBIH
rpad G, B KOTOPOM MHOXXECTBO BEpIIMH pa30MBaeTCs Ha J[Ba HEIEPECEKAIOUINXCS
MHOXXECTBA, V|, ¥ V,, COOTBETCTBYIOIIMX AEBYILIKAM U IOHOLIAM, U KaxKa0e pedpo co-
€/IMHSET JIEBYIIKY C FOHOIIIEH, C KOTOPhIM OHa ApyxHT. Ha puc. 6.1 nokaszan rpad G,
COOTBETCTBYIOIUI MOKa3aHHOMN BBILIE CUTYAIHH.

by
g b,
[o7]
(o] bs

by
9a

bs

Puc. 6.1

B Gonee oOmieit mocTaHoBKe coBeplieHHOe MapocoyeTanue (complete match-
ing) u3 V, B V, B nBynonsHoM rpade G(V,, V,) npeacrasnser coboii B3aMMHO-0THO-
3HAYHOE COOTBETCTBUE MEKIY BEPLIMHAMHU V/; 1 HEKOTOPBIMM BEpIIMHAMU V,, TaKoe,
YTO COOTBETCTBYIOIINE BEPUIMHBI COEIMHEHBI peOdpaMu. 3a1a4a 0 cBaab0ax MOXKET
OBITH BBIPAXKEHA B TEOPETHUKO-TpaQUUECKUX TEPMUHAX CIEAYIOIINM 00pa3oMm.

Ecmu G=G(V,, V,) npeocmasnsiem coboti 08y00nvHblll epagh, mo npu Kakux yc-
NI0BUAX cyujecmayem cogepuiennoe napocovemanue u3 V, 6 V, 6 G?

BosBpaiasice k OpayHON TEPMUHOJIOTHH, 3aMETUM, YTO HPHU JIFOOOM pelIeHUH
3a1a4i O cBaIb0ax.

Jna ecex yenvix k, yoosnemesopsiowux yciosuio 1 <k <m, coe m — obwee ro-
JIUMECBO OeBYULIEK, KANCOOE MHONCECMBO U3 k deyuiek OONICHO KOLLIEeKIMUBHO
Opysrcums Kak MUHUMYM ¢ k ronowamu.

310 ycnoBue HEOOXOIMMO, TIOTOMY YTO, €CJIM OHO HE BBIIOJHEHO U HEKOTOPO-
r0O MHOXKECTBA M3 k JICBYIIIEK, BBIJIATh 3aMYy’K BCEX JICBYIIEK B 9TOM MHOKECTBE HE
yaactcs. Mbl Ha3bIBaeM 3TO YCIIOBHE YCJI0BHEM ¢BaabObI (marriage condition).
Kak 3TO HM YIUBHTEBHO, YCIIOBHE CBaJbObl OKA3bIBAETCS M JOCTATOYHBIM: B
9TOM U 3aKIF04YaeTcs TeopeMa Xoia o cBaapOax. XoTs JaHHas Teopema cHopMyIu-
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6.1. Teopema Xonna “o ceagbbax” 173

pOBaHa B JICTKOMBICJICHHBIX TEPMUHAX Opaka, OHa IPUMEHUMA H K 00Jiee Cepbe3HBIM
npobnemam. Hampumep, oHa 1aeT He0OXOAMMOE U JOCTATOYHOE YCIOBUE PEIICHUSI
3a7la4d O HA3HAYCHUSX 3aJlaHU, B KOTOPOW 3aJaHUsl Ha3HAYAIOTCsI paOOTHUKAM C
paznuyHOl kBanupukanuen. [Ipumep Takoi 3a1auu MpUBEICH B yIpaKHEHUH 6.2.
H3-3a BYKHOCTH 3TOI TEOPEMBI MBI TPUBOJIM TPH €€ JI0Ka3aTeIbCTBA; IEPBOEC IaHO
¢ I1. Xanmocom (P. Halmos) u X.2. Boranom (H.E. Vauhhan).

Teopema 6.1 (Xomn, 1935). Heobxonumoe 1 JOCTaTOYHOE YCIOBUE PEIICHHS
3a7a49M O CBaJlb0AaX COCTOUT B TOM, YTOOBI JIF0O0OE€ MHOXKECTBO M3 k JIEBYIIIEK B
COBOKYITHOCTH JIPY>KHJIO TI0 MEHBIIIEH Mepe ¢ k toHomamu, 1 <k <m.

Jloxazamenscmeo. Kak 0TME4aIoCh BBIIIE, 3TO YCIOBUE SBISETCS HEOOXOAUMBIM.

UYroObl 10Ka3aTh, YTO 3TO YCIOBUE SIBISIETCS JOCTATOUYHBIM, UCIOIb3YeM UHIYK-
uto o m. Teopema, OUeBUIHO, BepHA IIpU m = 1.

[Ipenmnonoxum Tenepp, 4To €CTh M JIEBYILIEK, U MPEATNOI0KUM, YTO TEOPEMA BEp-
Ha, €CJIM KOJIMYECTBO JEBYILIEK MeHbuie m. CleqyeT pacCMOTPETh J1Ba CTydasl.

1) Ecnu xaxxzapie k neByriek (rae k < m) B COBOKYIHOCTH JpYyKaT MO MEHBIICH
Mepe ¢ k+ 1 oHOIIIel, Tak YTO YCJIOBHE BCETJa BEPHO C OJHUM ‘‘3aracHbIM’’
IOHOIIEH, TO MBI OepeM JIto0yI0 JEBYIIIKY M BBIJJAEM €€ 3aMyK 3a JIF000T0 FOHO-
11y, C KOTOPbIM OHA APYXHT. Torna MCXOAHOE yCIOBHE OCTAeTCS MCTUHHBIM
st m— 1 aeByIeK, KOTOpble MOTYT BBIMTH 3aMy’K 1O MHIYKLIUH, 3aBepIias
JI0Ka3aTeNIbCTBO IAHHOTO CITyJast.

2) Eciin umeeTcst MHOXKECTBO U3 k jieBymieK (tae k < m), KOTOpble B COBOKYITHO-
CTH JpYXaT POBHO C k IOHOIIAMH, TO 3TH k JIEBYIIEK MOTYT BCTyNarh B Opak
10 MHAYKIMH C kK FOHOILIAMH, OCTaBJISAA M — k EBYIIEK 0KHMIATh 3aMYKeCTBa.
Ho nto6oe MHOXecTBO U3 & U3 3TUX m — k AeBymek, rae h < m — k, TOIHKHO
JPYKUTH TIO MEHBIIIEH Mepe ¢ /1 U3 OCTABIIMXCS IOHOIICH, TaK KaK B MPOTHB-
HOM CITy4dae 3T /I IEBYIIEK BMECTE C YIOMSHYTBIM BBIIIIE MHOKECTBOM U3 k
JIEBYIIIEK B COBOKYITHOCTH OyZIyT JIPY>KUTh MEHee ueM C /4 + k 1oHOoIaMu, 9To
MPOTUBOPEUHT HaleMy TpeArnonokernto. OTcroaa cieayeT, YTo UCXOHOe yC-
JIOBUE MPUMEHUMO U K m — k aeBymkaM. [103ToMy 1O MHAYKIIUH OHU MOTYT
BCTYIIUTH B Opak TakuM 00pa3zoM, 4T0ObI Bce OBLIIM CYACTIIMBEI, a JOKa3aTelb-
CTBO — 3aBEPIIICHO. n

MbI Takxke MoxkeM cOpMyIHPOBATh TeOpeMy XOJula Ha s3bIKE COBEPIICHHBIX
MapoCOYCTaHU B JIBYIOJIBHOM rpade. HamoMHUM, YTO KOJIMYECTBO 3JIEMEHTOB B
MHOXKECTBE S 0003HavaeTcs Kak |S|.

CaeacrBue 6.2. Ilycte G = G(V,, V,) — nBynonbHbIH rpad, u Ui KaxI0-
ro moAMHOXecTBa A MHOXecTBa V, o06o3HaunM yepe3 ((A) MHOXKECTBO
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174 T[MapocoyeTaHus, cBapbbbl M TeopeMa MeHrepa

BEPILIUH V,, CMEKHBIX 110 MEHBILIEH Mepe ¢ OAHOM BepunrHoi u3 4. Torna co-
BEpPLLIEHHOE [1apocoyeTanue u3 V', B V, CyliecTByeT TOrna U TOJILKO TOIAa, KOr-
na |A| <|p(A4)| s kaxxaoro NoAMHoOXkecTBa A MHOXecTBa V.

Jloxkazamenvcmeo. Jloka3zaTenbCTBO JJAHHOTO CIICACTBHUS MPEACTABISIET COOOM
TIEPEBOJT Ha S3BIK TPadOB JOKA3ATEIILCTBA, TPUBEICHHOTO BHIIIIE. [ |

Teopus TpaHcBepcanei

Teneps MBI MPEICTaBUM aJBTEPHATHBHOE JOKA3aTEILCTBO TEOPEMbI Xoiia Ha
SI3bIKE TEOPUU TpaHCBepcanei (transversal theory). Mbl ocraBisiem ynrartensm B Ka-
YeCTBE YNPAKHEHHsI TIEPEBOJ ATOTO JI0KA3aTeNbCTBA C UCIOJIb30BAHUEM TEPMHHO-
JIOTHH MTApOCOYETaHNH 1iu Opaka.

BcnomuuM u3 mpuBeneHHOTO BhIie mpumMepa (cM. puc. 6.1), 4To MHOXKECTBa
IOHOUIEH, SIBJISIOLINXCS IPY3bsIMU TSl YETBIPEX AEBYIIEK, MPEICTABISIOT cO00M {b,,
b, b}, {b,}, {b,, b;, b,} u {b,, b,} n uTO peleHNE 3aauu O CBaJbOAX MOTyUaeT-
Csl IyTeM HaXOXIICHHsI YEThIPEX Pa3HBIX b, IO OJHOMY U3 KaXKJIOTO U3 MOKa3aHHBIX
MHO)KECTB FOHOIIIEH; TaKOE PelIeHUe MPUBEIECHO Ha puc. 6.2.

b,

g1 b,

92

2} bs
by

Ga
bs

Puc. 6.2
B 06H.ICM cilydac, cClIr E — HCITYCTOC KOHCEYHOC MHOXKXECTBO M CCJIA

F =(S,,S,,...,S,) npexacrasiser coboi ceMeicTBO (HE 00A3aTENbHO PA3INYHbIX)
HEIyCTBhIX TOIMHOXKECTB E, TO TpaHcBepcasb (transversal) F sBIseTCS MHOXe-
CTBOM U3 m PA3JINYHBIX 3JICMCHTOB E, 110 OTHOMY M3 KaXXJI0I'0 MHO>KECTBA Sl, TaKUM
obpasom, {b,, b,, b;, b,} siBIAETCS TpaHCBEpPCAIIbIO ceMeiicTBa

F =({b.b4.bs} (B} {By.by.b, ) {By b, ).
Teneps npeanonoxum, uro K= {1,2,3,4,5,6}, u mycTh

S, =8,={12}, S,=5,={23}, S, ={1,4,5,6).
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6.1. Teopema Xonna “o ceagbbax” 175

B Taxkom ciydae HEBO3MOXKHO HAWTH MSTh PA3JINYHBIX JJIEMEHTOB £, IO OTHOMY
OT Ka)KJ0TO IOAMHOXECTBA S;; UHBIMM CIIOBaMH, cemenctso F =(S),S,,...,5;) He
nMeeT TpaHcBepcand. TeM He MeHee noacemeiictBo F' = (S,,S,,S;,S) umeer TpaH-
cBepcanb, Harpumep {1, 2, 3, 4}. Mbl Ha3pIBacM TpaHCBEpCalb MOACEMEHCTBA ce-
MeiicTBa F yacTHYHOM TpaHcBepcaablo (partial transversal) F. B namem npume-
pe F “MeeT HECKOJIbKO YaCTUUHBIX TpaHCBepcasel, Takux Kak {1,2,3,6}, {2,3, 6},
{1,5} nu @. ObparuTe BHUMaHUE, YTO JFOOOE TOAMHOKECTBO YACTUIHON TPAHCBEP-
CaJIu SIBIISICTCSl YACTUYHOM TPAHCBEPCAIIBIO.

EcTecTBeHHO CIPOCHUTH, MPH KaKUX YCIOBHUSIX JAaHHOE CEMEHUCTBO MOJMHOXECTB
MHOKECTBa HMEET TpaHcBepcaib. CBsI3b MEXIY 9TOH 3aa4ei u 3a1a4eii 0 cBaapoax
JIETKO YBUJETH, €CIIH £ — MHOXECTBO IOHOILIEH, a S; — MHOXKECTBO IOHOILIEH, Ipy-
KaIIKX C IeBYIIKOH g, 1 <i<m. B 3TOM cityuae TpaHcBepcalb — 3TO IPOCTO MHO-
JKECTBO M3 M IOHOIICH, B KOTOPOM KaX/Ibli IOHOIIA JPYXKHUT C COOTBETCTBYIOLICH
neBymkoil. OTcroga ciemyer, uTo TeopeMa 6.1 maer Takke JOCTaTOYHOE YCIIOBHE
HaJIM4Us TPAHCBEPCANIN JUISL JAHHOTO CEMENCTBA MHOXKECTB.

Teneps nepedopmynupyem TeopemMy Xojia B COOTBETCTBYIOIIEM BHUJIE U MPEI0-
CTaBUM aJIETEPHATUBHOE JT0Ka3aTenbcTBO, Halennoe P. Pamo (R. Rado). Ilpenects
ATOTO JO0KA3aTeNIbCTBA 3aKIOYAeTCsl B TOM, YTO, IO CYTH, OHO COCTOHMT TOJIBKO U3
OJIHOTO II1ara, B OTJIMYME OT JIOKa3aTenbcTBa XaaMmoca—Borana, KoTopoe BKIIOYaeT
B ce0s1 1Ba OTHENBHBIX Clly4as (OJHAKO paccMaTpHBaeMoe JO0Ka3aTelbCTBO OYCHb
TPYIHO BHIPA3UTh Ha MHTYUTUBHOM U TIPUBJICKATEIILHOM SI3bIKE OpaKOCOUETaHHH ).

Teopema 6.3. ITycts £ — HemycToe KOHEYHOE MHOXKECTBO U IyCcTh F = (S),S,,
..., ) — CEeMENCTBO HemyCThIX noAMHOKeCTB £. Torna F umMeer TpaHcBep-
caJlb TOT/Ia ¥ TOJIBKO TOTJIa, KOI/a 00bEeJMHEHHE JIF0ObIX A TIOIMHOXKECTB S, CO-
JEPKUT KaK MUHUMYM k d11eMeHTOB 111 1 <k <m.

Jlokazamenscmeo. Heo6xoqMMOCTh YCIIOBHSI O4EBUIHA.

UroObl 10Ka3aTh JOCTATOYHOCTb, MOKAKEM, YTO €CIM OIHO W3 IOAMHOMKECTB
(ckaxkeM, S;) comep UT OONbIIEe YeM OIUH 3JIEMEHT, TO Mbl MOXKEM YIAJIUTh JIe-
MEHT U3 S, 0e3 u3MeHeHus ycnopus. [ToBTopss 3Ty npouesypy, Mbl B KOHEYHOM MTO-
re CBOJIMM 33/1auy K CIIy4aro, KOIza Kak0e MOJAMHOKECTBO COEPHKHUT TOJIBKO OJMH
AJIEMEHT, U J10Ka3aTelbCTBO CTAHOBUTCS TPUBUAJIBHBIM.

OcTasioch TOJBKO IMOKa3aTb OOOCHOBAHHOCTH ATOM “NIPOIENyphl CBEIEHUS .
WTak, npennonoxkum, 4to S, COIEpKUT IEMEHTHI X U Y, YAAJICHHUE JII000ro U3 Ko-
TOpPBIX JIeJaeT yCJoBHe HeBepHbIM. Torma uMeroTcst moamMHoxecTBa A U B u3
{2,3,...,m}, obnanaromniye TeM CBOMCTBOM, uTo |P| <|4|, a Takxe |Q| <|B|, rme

P=UJs, U(Sl _{x}) n0=Js, U(Sl _{y})'

jed jeB
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176 T[lapocoyeTaHus, cBapbbbl 1 TeopeMa MeHrepa

Torna

[PUQl=| U s,Us|u|PNgl>| | s,
jeAUB jedANB

Ortcrona BeITEKaeT HEOOXOJUMOE NIPOTUBOPEUHE, TIOCKOIBKY

[4]+|B|2|P|+|| =|PUQl+[PN Q|2

> | s, Us |+ U s,|2

jedUB jedANB
> (|AUB|+1)+|AﬂB| = (o yenosuro Xonia)
=|4|+|B|+1. =

[Tpex e uem nepeiT K HEKOTOPBIM MPUIIOKEHUAM TeopeMbl XoIIa, ChopMyIu-
pyeM CIEACTBHUE, KOTOPOE JACT HaM yCIIOBHE, IIPU KOTOPOM KAK MUHUMYM ¢ I€BYILIEK
MOTYT BBIMTHU 3aMYX 3a IOHOIIEH, C KOTOPBIMU OHU JIPY7KaT.

CaencrBue 6.4. Eciiu E u F onpezaeneHsl Tak e, Kak U paHblle, T0 F uMeet
YJaCTUYHYIO TPAHCBEPCANIb Pa3MEpPOM f TOTAA U TOJIBKO TOTZA, KOrna o0beIu-
HEHHUE JIF0ObIX k MOZIMHOXKECTB S; COAEPIKUT HE MeHee k + ¢ —m 371eMEHTOB.

Habépocok ooxazamenscmea. HeoOXoquMBbIil pe3ynbTar clieyeT U3 IPUMEHEHUs
TeopeMsbl 6.1 K ceMecTBy

f,:(Sl UD7S2 UDa"'7Sm UD)’

rae D — mo0oe MHOXKECTBO, He IepeceKaronieecs ¢ £ u comeprkaiiee 71—t dIeMeH-
ToB. OOparure BHUMaHUE, YTO F UMEET YaCTUUHYIO TPAHCBEPCaIb pa3MEPOM ¢ TOT-
7Ia ¥ TOJIBKO TOT/a, Korzia ' MMeeT TPaHCBepCalb. n

YnpaXkHeHus

6.15 TIpeamnonoxum, 4To TPH FOHOIIH, @, b ¥ ¢, IPYKaT C YETHIPbMSI JICBYIIIKAMH,
W, X, ¥ ¥ Z, CIICYIOIITIM 00pa3oM.

FOnowa Hesywiku, ¢ komopvimu Opyaicum roHoua

w y z

b X z
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YnpaxHenus 177

1) 306pa3ute ABYnOIBHBIN Ipad, COOTBETCTBYIONIUI 3TON Tabiule OTHO-
LICHHH.

2) HaiinuTe nsTh pa3iMyuHbIX PELICHUH COOTBETCTBYIOLICH 3a/1a4 O CBab0ax.
3) IlpoBepsTe ycinoBue cBaABOBI TSl STOW 3a1a4u.

6.2. CTpOPITeJ'IBHLIﬁ NOAPAAYNK UIICT KaMCHIIUKA, INIOTHUKA, CAHTCXHHUKA U CJIC-
capd U NoJIy4acT IATb NPETCHACHTOB: OJJHOI'O0 — Ha JOJLKHOCTh KaMCHIIMKaA,
OAHOI'0 — Ha IJIOTHHKA, OAHOI'O — Ha KaMCHIIMKA U CAHTCXHHUKA U IBYX —
Ha CAaHTCXHUKA U CJiecaps.

1) N300pa3uTe COOTBETCTBYIOIINH JABYIOIBHBIN Tpad.
2) IIpoBeprTe, BBIMOIHSACTCS JIM YCIOBUE CBAIBOBI IS 9TOH 3a/1a4u.

MoryT 11 Ha BCE JIOJDKHOCTH OBITh IPUHSTHI PAOOTHUKH COOTBETCTBYIOIICH
KBaM(uKanum?

6.3 OObBsicHuTe, Modemy rpad Ha puc. 6.3 He UMEET COBEPIICHHOTO MapocoyeTa-
Hus u3 V) B V,. Haliiure MHOXXECTBO BEPIIMH B V|, I KOTOPBIX HE BBIIOJI-
HSETCS yCIOBUE CBAJIbOBI.

V] V2

Puc. 6.3

6.4. (“Samaua o rapeme”.) [lycth B — MHOXECTBO FOHOIIEH W TMYCTh Ka)KIIbIi
IOHOIIA B B jkKenaeT KEHUThCS Oosee YeM Ha OJHOW M3 CBOUX MOAPYIKEK.
Haiitu HeoOXomuMoe U JOCTaTOYHOE YCIOBHE Ui TOTO, YTOOBI 3a/1a4a O ra-
peme umena pemienue. (/lo0ckaszka: 3aMEHUTE KaXKIOTO FOHOIIY HECKOJIbKHU-
MU UJICHTHYHBIMH KOIHMSIMH CaMoOro ce0s, a 3aTeM BOCIOJIB3YHTECh Teope-
Mol Xosa.)

6.5. Hokaxure, uto eciu G=G(V,, V,) — AByA0sIbHBIN rpad, B KOTOPOM CTENEHb
KQKJIOM BEPILIMHBI B }| HE MEHBIIIE, YEM CTEIIEHb Ka)KI0M BEPIIUHEI B V,, TO
G UMeeT COBEpIICHHOE MapocoYeTaHue.

6.67 PemnTe, Kakue W3 CICIYIOIUX CEMEHCTB moaMHOXKecTB E = {1, 2, 3, 4, 5}
MMEIOT TPaHCBEPCAIIN; HalIUTe TPaHCBEPCalb Il CEMEUCTB, Y KOTOPBIX OHA
€CTh; U TIEPEUHCIIUTE BCE YaCTUUHBIC TPAHCBEPCAIN Y TEX CEMEHCTB, Y KOTO-
PBIX HET TPAHCBEPCAIHU:
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178 [lapocoyeTaHus, cBapbbbl 1 TeopeMa MeHrepa

D ({1}, {2, 3}, {1, 2§, {1, 3}, {1, 4, 5});
2) ({1, 2}, {2, 3}, {4, 5}, {4, 5});
3) ({1, 35, 12, 3}, {1, 2}, {3});
4) ({1,3,4), {1,4,5}, {2,3,5}, {2,4,5}).
6.7. TloBropute ynpaxuenue 6.6 qs maoxectBa {G,R, A, P, H, S}:
D (IR}, {R, G}, {A, P}, {A, H}, {R, A});
2) ({R}, {R, G}, {A, G}, {A, R});
3) ({G, R}, {R, P, H}, {G, S}, {R, H});
4) (1R, P}, {R, P}, {R, G}, {R}).
6.8% Ilycte E — MHOXkecTBO OykB B cinoBe MATROIDS. Tlokaxute, 4TO cemeil-
CTBO IIOAMHOXECTB £

(STAR, ROAD, MOAT, RIOT, RIDS, DAMS, MIST)
HMMEET POBHO BOCEMb TPAHCBEPCAJICH.

6.9% Ilycts E mpencraBiser codorr MHOKecTBO {1, 2, ..., 50}. Ckompko paznnd-
HBIX TpaHcBepcalielt umeer cemeiictso ({1, 2}, {2, 3}, {3, 4}, ..., {50,1})?

6.10. IIpoepsre yTBepkaeHue cuenactsus 6.4 mist E={a,b,c,d,e} n F =({a,c,e},
{b,d}, {b,d}, {b,d}).
6.115 TIyctb E={¢, %, &6 & Kk} 1 F =({6,9, 4} (& &} (&} (&} {69 Xk})
1) Iepeuncnute Bce moacemeiictBa F, il KOTOPHIX HE BBHITIONHSIETCS YCIIO-
BHE CBaJIbOBI.
2) IlpoBepsre yTBEepKIeHHE CileAcTBUs 6.4.
6.12. Ilepenumure

1) yrBepkeHue cieAacTBus 6.4 ¢ UCIOIb30BaHUEM TEPMUHOJIOTUU OPaKOCO-
YeTaHUU;

2) noxasarenbcTBO Xanmoca—Borana Teopembl Xoia Ha Si3bIKe TEOPUH TPAHC-
BepcaJieil.

6.2. TeopeMma MeHrepa

Teneps MBI 00paTHMCsl K TeOpeMe, KOTOpasi TECHO CBs3aHA C TeopeMoi Xo-
Ja U MMEeT JAJIeKO MIYIIME MPAKTUYeCKUe NMPUMEHEHUs. DTa TeopeMa, OTKpPbITas
K. Menrepom (K. Menger), kacaetcst yucia myTei, COeIUHSIONINX JBE 3aaHHbIC
BEpUIMHBL, V U W, B rpade G. Hac MoxeT HHTepecoBaTh MaKCUMAJIbHOE KOJIMYECTBO
MyTeH OT v 10 W, HUKAKKE JIBa U3 KOTOPBIX HE UMEIOT 00X pedep, — Takue ImyTH
Ha3bIBAIOTCS pedepHO-HeNepeceKAIUMUCH MyTAMH. MOXeT Takke BO3HUKHYTh
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6.2. Teopema Mexrepa 179

BOMPOC O MAKCHMAJIbHOM KOJIMYECTBE MYTEH OT Vv 0 W, HUKAKHE J[Ba M3 KOTOPHIX
HE UMEIOT 001Iel BepUIMHbBI (KPOME V U W), — TaKHUEe IyTH Ha3bIBAIOTCS BePIINH-
HO-HenepecekawmuMucsa nyrtavu. Hanpumep, Ha rpade Ha puc. 6.4 umeercs de-
ThIpe peOepHO-HENEePEeCeKAIOUINXCSl U JBa BEPLUIMHHO-HENEPECEKAIOUXCS MyTH
U3 VBW.

Puc. 6.4

Jla viccnenoBaHus 3TUX 3a/1a4 HY>KHbI HEKOTOPBIE JONOJIHUTENBHBIE OlIpeesie-
Hus. bynem cumrarb, uto G — CBSI3HBINA rpad, a v 1 w — pa3Hble BepuHbl G.
vw-pa3aesiioimM MHOKecTBOM (vw-disconnecting set) G OyzemM Ha3bIBaTh MHO-
*ecTBo £ pebep G, Takoe, YTO KaKIbIi Iy Th OT V 10 W BKIIIOYAET B cebst pedbpo u3 £
o0paTuTe BHUMaHHE, YTO BCIKOE VW-Pa3/IeNSIONniee MHOKECTBO SBIISETCS Pa3Ieisio-
MM MHOXECTBOM (. AHAJIOTUYHO YW-OTAeJISIIIIUM MHOKEeCTBOM (Vw-separating
set) rpada G sBiIsIeTCS MHOKECTBO S BEPIITUH, OTIIMYHBIX OT V U W, TaKUX, YTO KaXkK-
JIbIH ITyTh U3 V B W IPOXOAUT yepe3 BepiuuHy u3 S. Ha puc. 6.4 MmHOXkecTBa

E = {ps,qs,ty,tz} uk,= {uw,xw,yw,zw}

SABJIAIOTCS vW-pas3gC/IAIOIMMHA MHOXKCCTBAMU, a

V= {s,t} uvb,= {p,q,y,z}
SBJISIIOTCS. VW-OTIEIISIOLMMHI MHOXKECTBAMHU.

UYroOb1 mocuuTaTh pebepHO-HeTepeCceKatomuecs MyTH OT V 10 W, 3aMETUM CHa-
yaJsa, 4To eciu E mpencrtaBisieT coO0M vw-pas3nessioniee MHOXKECTBO ¢ k pebpa-
MU, TO YHCII0 peOepHO-HEMEePECEKAOIINXCS TyTeH He MOYKET MPEBBIIIATH K, TaK KaK
B IIPOTUBHOM ClIly4ae HEKOoTopoe pedpo u3 E Oyner BKIIOYEHO Oosee 4eM B OMH
myTh. @akTHyecku, ecnu E SABISETCS VW-paseliaioluM MHOKECTBOM MUHUMAITb-
HO BO3MOXHOI'O pa3Mepa, YUCIO0 pedepHO-HeNepeceKarouxcs NyTeid paBHO k U B
Ka)XIOM TaKOM ITyTH UMEETCS pPOBHO OJHO peOpo u3 E. DTOT pe3ylibTar U3BECTECH
Kak pedepHast popma Teopembl Menrepa; B 310l popme oHa Oblia BIEpBbIE J0-
kazana JI.P. ®opmom (mi.) (L.R. Ford, Jr.) u JI.P. ®ankepconom (D.R. Fulkerson) B
1955 rony.
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Teopema 6.5. MakcumanbHOE KOJIMYECTBO peOepHO-HENepeCeKaroIUXCs Imy-
TeH, COeNMHSIONINX JIBE Pa3IMYHbIE BEPIIHHEI, V U W, CBSI3HOTO Tpada, paBHO
MHHHUMAJIBHOMY YHCILy pebep B vw-pa3lIelsSioleM MHOXKECTBE.

Ilpumeuanue. TlpuBeIcHHOE JTOKA3aTEIILCTBO HEKOHCTPYKTUBHO, TTOCKOJIBKY HE
JIACT CUCTEMAaTHYECKOTO CIoco0a IMoilydeHUs: kK peOepHO-HEeNepeCeKatOMMXC sl My-
Tl WK 1a)Ke TIOMCKa CaMOTO 3HAYCHUS k. AJTOPUTM, KOTOPBIA MOJKET ITO CAETATh,
MIPUBEICH B CIICAYIOLIEM pa3Jielie.

Joxazamenvcmeo. Kak Mbl TOJBKO YTO yKaszalld, MaKCUMaJIBHOE YHUCIIO pedep-
HO-HCTICPECCECKAOIUXCA HYTeﬁ, COCIUHAOIINX Vv U W, HC MOXET IPCBLIIIATL MUHU-
MaJIbHOE KOJMYECTBO pedep B vw-pasaelisonieM MHOXKeCTBe. Mcnonb3yemM nHAyK-
U0 1o ynciay pedep rpada G, 9ToOBI T0Ka3aTh, YTO ATH Yncia paBHbL [Ipu m =1
pe3yNbTaT TPUBHAJICH.

Wraxk, npeamnonoxum, 9ro ynucio pedep rpada G paBHO m U 9TO TeOpeMa BepHa
TS BeeX TpadoB ¢ MeHee ueM m pedpamu. ClienyeT pacCMOTPETh JIBa CITydasl.

1) IIpenmnonoxum cHauana, 4To CyIIeCTBYET VW-pa3/elstoiiee MHOKECTBO £ Mu-
HUMAaJBHOTO pa3Mepa k, Takoe, YTO He BCe ero pedpa MHLIUACHTHBI V U HE BCE
uHIMeHTHB w. Hanpumep, Ha puc. 6.4 BpIIEYyNIOMSHYTOE€ MHOXECTBO £, sB-
JSETCSl TAKUM VW-Pa3JeIIoIUM MHOXKECTBOM. YaaneHue u3 G pedep usz E
OCTaBJISIET JBa HemepeceKkarommxces noarpada, ¥ u W, conepkaniyx BepIIUHbI
VU W COOTBETCTBEHHO.

Teneps onpenenum 1Ba HOBBIX Ipada, G, u G,, cienyromum odpazom: G, no-
nyyaetcs U3 G myTeM CTATMBaHUS KakJ0ro pedpa V (T.e. coxumanueM V 1o v),
a G, NoJTyyaeTcsi aHaJIOTUYHBIM CTATMBaHMEM Kaxkaoro pedbpa W. I'pader G,
u G,, noiay4eHHsle U3 rpaga Ha puc. 6.4, IokazaHbl Ha puc. 6.5; MyHKTUPHbI-
MU JIMHUAMHU 0003HaueHsl pedpa E|. Ilockonbky kaxaplii u3 noarpados G, u
G, comepkutT MeHsle pedep, ueM G, U Tak Kak E sSBIseTcs vw-pa3aensomnm
MHOECTBOM MUHUMAJILHOTO pa3zmepa U 4 G, 1 11 G, TO 110 TUNOTE3€ NH-
nykuuu B G, umeercst k pebepHoO-HenepeceKaromuXxcs MyTei oT v 10 w; aHa-
JIOTUYHOE yTBEep)KAeHHe BepHO U 11 G,. KomOuHMpys oueBHAHBIM 00pa3om
9TH MyTH, NOJIy4aeM k pedepHo-Henepecekaroumxcs myrei B G.

u p

Puc. 6.5
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6.2. Teopema MeHrepa 181

2) Tenepb NOMYCTHM, YTO KaKAOE VW-PA3/ENIoIiee MHOKECTBO MUHUMAIIbHO-
ro pa3Mepa k COCTOUT TOJIBKO M3 pebep, KOTOpble BCE MHLMIAEHTHBI V, JTUOO
BCe MHLIIMJCHTHBI w. Hanpumep, Ha puc. 6.4 Takum vw-pasiessitoIluM MHOXe-
CTBOM SIBJISIETCS MHOKECTBO F,. be3 morepu oOIMIHOCTH MOYKHO CUMTaTh, YTO
Kaxjoe pedpo rpada G compepKUTCa B HEKOTOPOM VW-PA3ZIEIISIOIIEM MHOXKe-
CTBE pa3MepoM k, TaK KaK B IPOTUBHOM CIIy4ae y/laJeHHe COOTBETCTBYIOLIETO
peOpa He BIMsET Ha BEIMYMHY K U MBI MOXKEM BOCIOJIB30BATHCS THIIOTE30M
MHIyKIMU 1S IOJTydeHus k peOepHo-Hernepecekaromuxces myteid. Ecom P —
MPOU3BOJIBHBIN IyTh OT V 10 W, TO OH JIOJDKEH COCTOSITh JINOO M3 CIUHCTBECH-
HOTO pedpa, 1100 U3 ABYX pedep, U MOITOMY MOKET COllepKaTh He Ooree of-
HOTO pebpa 13 I000T0 VW-pasaeIoNIero MHOKECTBA pa3MepoM k. Yiamss u3
G pebpa, npuHaanexaupe P, Mbl OMy4yuM rpad, copepkauii no KpaHen
Mepe k— 1 pebepHO-HenepeceKarommxcsi MyTei (COTIacHO THMOTe3¢ WHIYK-
uun). Bmecre ¢ P 3T yTH Aar0T UCKOMBbIE k ryTel B G. |

OO6parumMcs Teneps K Apyroi 3ajade, yrnoMsHyTON B HayaJsie 3TOTo paszziena, — K
HAXOXKJICHUIO YMCIIa BEPITUHHO-HETIEPECEKAIOMNXCS MyTe n3 v B w. IMeHHO 3Ty
3ajayy M peman MeHrep, XOTs OOBIMHO €r0 MMs CBSI3BIBAIOT ¢ 00EMMHU Teopema-
MU — ¥ 6.5, 1 6.6. JlokazarenbcTBO TeopeMbl 6.5 MpU 3TOM MpPEeTepIeBacT JIHIIb
HE3HAUUTENbHbIE U3MEHEHUS, COCTOSIIUE INIaBHBIM 00pa3oM B 3aMEHE TaKUX Tep-
MUHOB, KaK ‘“‘peOepHO-HeTepeceKaronmicss” 1 “WHIMICHTHBIN , TEPMUHAMH “‘BEp-
IMUHHO-HETIepeceKaronuics” u “cMexHbiil”’. ChopMyaupyeM Terneph BEPIINHHYIO
dbopmy TeopeMbl MeHrepa, a ee T0Ka3aTeabCTBO MPEIO0CTABUM YHTATEITIO.

Teopema 6.6 (Menrep, 1927). MakcumanbHOE YHCIIO BEpPIIMHHO-HETIEpeceKa-
FOITUXCsL HYTefI, COCIUHAIONHNX ABC Pa3/IMYHbIC HCCMEXKHBIC BEPIIUHEBIL, V U W,
rpada, paBHO MUHHUMAJILHOMY YHCITy BEPLIMH B VW-OTAENSIONIEM MHOMXKECTBE.

U3 teopem 6.5 1 6.6 MO’KHO HEMEIJIEHHO BBIBECTH YCIIOBHS (C KOTOPHIMU MBI BCTpE-
Jajauch B pasnene 2.1) Toro, uro rpad sSBISETCs k-CBA3HBIM U k-peOEpPHO-CBSI3HBIM.

CaencrBue 6.7. ['pad G sBisercs k-peOGEpHO-CBS3HBIM TOT/IA M TOJIBKO TOTIIA,
KOT/1a Jro0ble 1B pa3IndHble BepIIUHbI G COSIUHSIOTCS MO KpaifHeil mepe k
pebepHO-HenepeCceKArOIMMUCS Ty TSIMH.

CaencrBue 6.8. I'pad G ¢ xkak MuHUMYM k + 1 BepIIMHOM sBIsieTCs k-CBs3-
HBIM TOTJIa ¥ TOJIBKO TOT/Ia, KOT/Ia JIF0ObIe 1BE pa3udHbIe BepuHbl G coenu-

HSIOTCS 110 KpaliHEeH Mepe k BEpITMHHO-HENEPECEeKAIOIUMHUCS Ty TSIMHU.

[TpuBeneHHOE BBIIIE 00CYKAEHHE MOKET ObITh U3MEHEHO TaKMM 00pa3oM, 4To-
OBl 1aThb 4YUCIIO “‘TYTOHENEepPeCceKaroUXCs” MyTel U3 BEPLIMHBI V B BEPLIMHY W B
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opueHTHpoBaHHOM rpade. IlpuBeneHHas Teopema aHajgorudHa teopeme 6.5, u ee
JI0Ka3aTeNbCTBO BBIIOIHAETCS OYTH JOCIOBHO Tak ke. OOpaTuTe BHUMAHUE, 4TO B
OPHUEHTUPOBAHHOM I'pade VW-pa3AensIollee MHOXKECTBO MPEACTaBIsIET COO0H MHO-
KECTBO IYT A, TaKOE, YTO KaX/IbII ITyTh U3 V B W BKJIIOYACT YTy U3 MHOXECTBA A.

Teopema 6.9. MakcumallbHOE KOJTMYECTBO TyTOHENEPECEKAIOIIUXCS ITyTEN U3
BEPILUHBI V B BEPIIHHY W B OPHEHTHPOBAHHOM I'pad)e paBHO MUHUMAIBHOMY
KOJIMUECTBY JIyT B VW-Pa3ENAIOIIEeM MHOXKECTBE.

Hampumep, ecnn opueHTHpOBaHHEIH Tpad UMeeT BUJ, MMOKa3aHHBINA Ha puc. 6.6,
TO UMEETCsl IEeCTh AyTroHelnepeceKaromumxcs myTe ot v 1o w. CooTBeTCTBYyOlIEE
VW-pas3iensoniee MHOXKECTBO COCTOUT U3 YT Vz, Xz, ¥z (IBAXKAbI) U XW (JIBAXKIIbI).

Puc. 6.6

OueBUIHO, YTO ATU TUArPAMMBI 10 MEPE YBEIMYCHUS KOTMUECTBA YT, COCIHHS-
IOIHUX Mapbl BEPUIINH, CTAHOBATCA OYCHb I'POMO3AKUMM. Y1051 CIIPaBUTHLCA C 3TOU
HETIPUATHOCTBIO, MBI H300pa)kaeM TOJIBKO OJJHY JIyTY U YKa3bIBaeM PSIOM C Heil He-
o0xoanMoe KommaecTBO Ayr (puc. 6.7). D70, Kazanoch Obl, HEBUHHOE 3aMEYaHHE
uMeeT (pyHIaMEHTaIbHOE 3HAUCHHE IS M3YYEHHs CETEBBIX MOTOKOB, KOTOPHIE MBI
00CyIiM B CIIETyTOIIEM pasferie.
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DTOT pasfen MbI 3aBEpIIMM BBIBOJIOM TEOpEMbI XOJUIa M3 TeopeMbl MeHrepa.
MBI Takke JOKaXeM BEPCHIO0 TeOpeMbl X0J1a, MPEICTaBIECHHYIO B ClIEACTBUU 6.2.

Teopema 6.10. Teopema Xosuia BeITEKaeT U3 TeOpeMbl MeHrepa.

Hoxazamensvcmeo. Illycts G= G(V,, V,) — nBynonbHeli rpad. Mbl JOIKHBI J10-
Ka3arb, 4To eciu |4| <|p(4)| 1 Kaxkaoro NoaMHOXKecTBa 4 MHOXecTBa V|, TO cy-
LIECTBYET COBEPLICHHOE ITapocodeTanue u3 V', B V.

J51g 3TOr0 MBI IPUMEHUM BEPIIMHHYIO (opMy TeopeMbl MeHrepa (Teopema 6.6)
K rpady, MoIydeHHOMY MIpHCcOoennHEHHEeM K G BEPIINHBI v, CMEKHOM C KaXKJI0U BEp-
MIMHOU B V| (A€BYLIKH), U BEpPIIMHBI W, CMEXKHOU € KaXJOW BEpLIMHON B V, (F0HO-
) (puc. 6.8).

Puc. 6.8

[TockonbKy coBeplIeHHOE apocodeTanue u3 ¥, B V, cyliecTByeT Toraa U TOJIBKO
TOIJa, KOIJa KOJIMYECTBO BEPIIMHHO-HEIEPECEKAIOUINXCs MIyTed U3 V B W PaBHO
YHCITy BEpPIIUH B V| (CKaxkeM, k), TOCTATOYHO MOKA3aTh, YTO KAXKI0E VW-OTIEIISIO-
iee MHOXKECTBO MMeeT He MeHee k BepimH. MTak, mycTh S mpencraBiseT coOoin
VW-OTAETSIONIEE MHOXKECTBO, COCTOALIEE U3 TIOIMHOXKECTBA A MHOXECTBA V| 1 MOI-
MHOXecTBa B MHOXkectBa V,. ITockoneky AU B sBIsieTcst vw-OTACISIONM MHO-
’KE€CTBOM, HU OJTHO peOpO HE MOXKET COSTMHUTH BepIIUHY V', — A ¢ BepmuHO# V,— B,
a caenosarensHo, @V, — A) < B. OTcrona ciemyer, 4ro

Vo=l <lp(v; - 4)| <]

9

1, TaKUM 00pa3om,

S| = |A| + |B| > |V1| =k , 4TO ¥ TPEOOBAJIOC. [
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YnpaxxHeHus

6.13¢ Ilpoepsre Teopemsl 6.5 u 6.6 nus rpados Ha puc. 6.9.

@ @
Puc. 6.9

6.14. IlpoBepwTe TeopeMbl 6.5 u 6.6 s rpada IleTepcena B cirydae, korna v u w
1) cMeKHBbIe BEPILIMHBI; 2) HE SIBISIOTCS CMEKHBIMU BEPIIMHAMH.

6.15%. IlpoBepwTe creacTBUe 6.7 A KaKI0TO U3 CIEAYIOMNX IrpadoB:
DWs 2)K,: 3) 0
6.16. IIpoBepsre cieacTue 6.7 s KAXKIOTO U3 CIASTYIONIHUX TpadoB:
1) K5, 2) K55 3) rpad oxrasupa.
6.17. TlpoBepbTe TeopeMy 6.9 It KaKJI0T0 OpUEHTHPOBAHHOTO rpada Ha puc. 6.10.

@ %
Puc. 6.10

6.3. CeTeBble MNOTOKMU

CoBpemMeHHOE 00IIECTBO B 3HAUUTEIIBHOIN CTETICHU YIPABIIASTCS CETAMH — TPaHC-
HOPTHBIMH, CETAMHU CBSI3U U T.A., — U (PyHIaMEHTaIbHOE 3HaYeHHe NIPUoOpeTaeT Ma-
TEeMaTUYECKHH aHAlIM3 TaKUX ceTed. B 3ToM paszmene Mbl MPOMILUIIOCTPUPYEM, YTO
aHaJIU3 CEeTeH, M0 CyTH, NPEACTABIIET COOON M3ydeHHE OPUEHTHPOBAHHBIX IPadoB.

[Tpou3BonuTENs KOMIIBIOTEPOB XOUET OTIPABUTH CBOM KOMIIBIOTEPHI Ha JAHHBIN
pbIHOK. CyIIEeCTBYIOT pa3iIMyHble KaHAJbl, 10 KOTOPHIM MOI'YT OBITH OTIIPABJIEHBI
AIIMKHA C KOMIIBIOTEpaMH, KaK IOKa3aHo Ha puc. 6.11, roe BepiunHa v npeacTasis-
€T IIPOU3BOJUTENS, & W — PBIHOK. YHCIIO PSAAOM C KaKAO0M JYrod yKa3blBaeT MakK-
CHMaJIbHYIO Harpys3Ky, KOTOpas MOKET IIPOXOAUTh Yepe3 COOTBETCTBYIOLIMM KaHAII.
[TpousBoauTens xenaeT HalTH MaKCUMAaJIbHOE KOJIMYECTBO SIIIUKOB C KOMIIBIOTEPA-
MH, KOTOPBIE MOKHO OTIIPABUTH 10 CETH, HE MPEBBIILIAS PA3PEILICHHYIO IPOILYCKHYIO
CIIOCOOHOCTh Ka)KA0r0 KaHaa.
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Puc. 6.11

PucyHnok 6.11 no3Boisier onuceiBath U Apyrue cutyauuu. Hanpumep, ecim ka-
JKJIasi Iyra MpeACTaBIseT YIUIy ¢ OMHOCTOPOHHUM JIBHJKEHHEM, a YUCIIO PSIOM C
JIyTOM — MAaKCUMAaJIbHO BO3MOKHBIM MOTOK JBHKEHHUS 110 3TOU YIHIIE B TPAHCIIOPT-
HBIX CPEACTBAX B 4ac, TO Mbl MOJKEM 3aIIPOCUTh MAKCUMAJIbHO BO3MOXKHOE KOJINYE-
CTBO TPAHCHOPTHBIX CPEJICTB, KOTOPHIE CMOTYT MPOEXaTh U3 V B W B TEUEHHE OHOTO
yaca. B kauecTBe ajpTepHATHBBI, €CIIM HA CXeME M300pakeHa dIEKTpUIECKas IIeTb,
MBI MOXKEM OIPECITUTh MAaKCUMAIIbHBIN TOK, KOTOPBIA MOXHO O€30IacHO MpOITy-
CTHTB 3Ty Yepe3 IeTb, P YKa3aHHBIX MPEACTbHBIX TOKaX, TIPU MPEBINICHUN KOTO-
PBIX BBITOPAIOT OT/EIBHBIC TIPOBO/IA.

Hcrionb3yst 3TH IPUMEPHI B KAY€CTBE UCXOTHOM TOUKH, OTIPEeTNM ceThb (network)
N xak B3BELICHHBIH OpUEHTHPOBAHHBIN Tpad, T.€. OpPUEHTUPOBAHHBIN Tpad, Kax 10
JyTre @ KOTOPOTO IPUCBAaUBAETCS HEOTPHUIIATEIBHOE BEIIECTBEHHOE YUCIIO (), UMe-
HyeMoe ee MPOMYCKHOI crnocodHocThio (capacity). Ilosycrenenb mcexoga (out-
degree) outdeg(x) BepHIMHBI X SBISETCS CyMMOW TPOMYCKHBIX CIOCOOHOCTEH JIyT
BUJIA Xz; MOJycTeneHb 3axoaa indeg(x) ompenensiercst anajgornuyHo. Hampumep, B
ceTH, NmokazanHo Ha puc. 6.11, outdeg(v) =8 u indeg(x) = 10. O6parute BHUMaHHE,
YTO OpJIeMMa O PYKOIIOXKATHAX TeTIeph MPUHUMAET CIIETYIOLIHI BH]I.

Cymma nonycmeneneii ucxooa 6cex 6epuiun 6 cemu pasHa cymme ux noiycmene-
Hell 3ax00a.

Bepmmza ¢ HyneBoi MoMyCTeNneHblo 3axo/ia SIBSIETCS MCTOYHUKOM (source), a
BEpILIMHA C HYJIEBOH MOIyCTENEHBIO UCX0/1a SBIAETCS CTOKOM (sink); Hampumep, Ha
puc. 6.11 eTMHCTBEHHBII UCTOYHUK — V, @ W — IMHCTBEHHBIN CTOK. OOBIYHO MBI
MperonaraeM, 4ro Jr0as CeTh UMEeT POBHO OIMH UCTOYHHK V U OAMH CTOK w. O0-
MM CiTydail HECKOJIBKMX UCTOYHUKOB U CTOKOB, COOTBETCTBYIOLIMX OOJiee YeM Of1-
HOMY TIPOM3BOAMTENIO M PHIHKY, JIETKO CBOAMTCS K 3TOMY YaCTHOMY CIy4aro (CM.
ynpaxHeHue 6.22).

IMotok (flow) B cetn mpencrasiseT coboit GyHKIHIO (, KOTOpas Ha3HA4YaeT Ka-
JKIIOW JIyre HEOTPHIIATENbHOE ACHCTBUTEIILHOE YMCIO (@), HA3bIBAEMOE MOTOKOM
yepe3 a, TAKUM 00pa3oM, 4TOObI

1) nns KakI0M AyTH @ BBIMOJIHAIOCH yeaoBue ¢o(a) < c(a);
2) momycTeneHy UcXoa M 3aX0/a KaXKI0i BepIINHbI, OTIIMYHON OT V i W, ObLTH
OIMHAKOBBHI.
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Takum 00pa3om, MOTOK B JIFOOOH Jyre HE MOXKET MPEBBINIATh €€ MPOITYCKHYIO
CMOCOOHOCTH, a “0o0ITui MOTOK”, BXOASIINNA B KOXKAYIO BEPIIMHY, KPOME V U W, pa-
BeH “o0mieMy moToky” u3 Hee. Ha puc. 6.12 moka3aH BO3MOXKHBIN ITOTOK B CETH Ha
puc. 6.11. HyseBbIM moTokoMm (zero flow) siBisieTcst MOTOK, B KOTOPOM TIOTOK B Ka-
JKJIOH JTyTe paBeH HYIIIO; JTF000I HHOM MOTOK SBIISIETCS HEHYJ1eBbIM MOTOKOM (Non-
zero flow). [lyra a, st kotopoii ¢(a) = c(a), Ha3bIBaeTCs HACBIIIEHHOI (saturated).
Ha puc. 6.12 nyru vz, xz, yz, Xw U zw HacCBIILIEHbI, a OCTaJIbHbIE — HEHACHIILEHbI
(unsaturated).

Puc. 6.12

W3 oprneMMBbI 0 pPyKOIIOXATHSIX CIEIYEeT, YTO CyMMa IOTOKOB B JIyrax, BBIXOJsi-
IIMX U3 V, paBHA CyMMe ITOTOKOB B JIyrax, BXOJSIIUX B W; 9Ta CyMMa Ha3bIBaeTCs
BeJIMUMHOI motoka (value of the flow). Mcxons u3 npuBeneHHBIX BbIlIE TPUMEPOB
HAC MHTEPECYIOT B OCHOBHOM ITOTOKH, 3HAYEHNE KOTOPBIX MAaKCUMAJIbHO BEITUKO, —
MakcuMaJibHble MOTOKHN (maximum flow). Bel MoxkeTe nerko npoBepuTh, YTO MO-
TOK Ha puc. 6.12 sBisieTcsi MaKCUMaJbHBIM Jis1 ceTH Ha puc. 6.11 u yTo ero Beu-
4yrHa paBHA 6. XOTS CETh MOXKET UMETh HECKOJILKO Pa3HbIX MAKCUMAJIbHBIX TOTOKOB,
BEJINYMHBI BCEX UX JOJKHBI OBITH PABHBIL.

HccnenoBaHre MaKCUMAIIbHBIX IOTOKOB B CETH TECHO CBSI3aHO C TIOHSITUEM pa3-
pe3a (cut), KOTOPBIH TIPEACTABISET COO0M MHOKECTBO OYT A, TAaKUX, YTO KaXKIbIN
MyTh OT V 10 W BKJIIO4YaeT B cedst ayry u3 A. Takum oOpa3zom, pa3pe3 B CETH SBIIA-
eTCs VW-Pa3JeNsSIoiM MHOKECTBOM B COOTBETCTBYIOIIEM OPHEHTUPOBAHHOM T'pa-
¢de D. IlponyckHasi cioco0HOCTH pa3pe3a MpeaCcTaBisieT co00i CyMMy MPOITYCK-
HBIX CIIOCOOHOCTEH AyT B paszpe3e. Mbl 3aHHUMaeMCsl B OCHOBHOM TEMH Pa3pe3amH,
NPOITYCKHAsI CHOCOOHOCTh KOTOPBIX HACTOJIBKO Masia, HACKOJIBKO ATO BO3MOXKHO, —
TaK Ha3bIBAEMBIMA MHHHMAJIbHBIMHU pa3pe3amMu (minimum cut). Ha puc. 6.13 mu-
HUMAaJbHBINA pa3pe3 COCTOUT U3 AYT Vz, XZ, YZ U XW, HO HE JIyTH zX; TIPOITyCKHAsl CII0-
COOHOCTB ATOTO pa3pe3a paBHa 2+2+2=6.

OOparute BHUMaHKE, YTO BEJIMYMHA JTFOOOT0 TIOTOKA HE MOXKET MPEBBIIIATH MPO-
MyCKHYIO CITOCOOHOCTH JIFOOOTO pa3pesa, Tak YTO BEIMIMHA JTF000TO MAKCUMATLHO-
20 NOTOKA HE MOXKET MPEBBIIIATh IPOIYCKHON CIOCOOHOCTH J1H000T0 MUHUMATLHO2O0
paspesa. Oka3bpIBaeTCs, 3TH JIBAa 3HAYEHHSI BCEIZa PaBHBI. DTOT PE3yNbTaT, U3BECT-
HBII KaK TeopeMa 0 MAKCHMAJbHOM MOTOKe 1 MHHHMAJIBLHOM pa3pe3e, 10Ka3aH
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JL.P. ®opaom (mi.) u I.P. ®ankepconom B 1955 romy. Ml ipezicTaBuM JBa ToKas3a-
TenbcTBa. [lepBoe MoKasbIBaeT, 4To JaHHAs TEOPEMa, 110 CYTH, IKBHBAJICHTHA TEOpe-
ME MeHrepa; BTOPOC K€ ABJIACTCS MMPAMBIM J10Ka3aTCIILCTBOM TCOPCMBI.

X

z

Puc. 6.13

Teopema 6.11 (Teopema 0 MaKCUMaJIbHOM MTOTOKE ¥ MUHUMAJILHOM pa3pese).
B nmo60ii cetn BenMYMHA MaKCHMaJIBHOTO IOTOKa PaBHA MPOITYCKHOM CIIo-
COOHOCTH JIFOOOTO MUHHMAJIHLHOTO pa3pesa.

Ilpumeuanue. ITpuMeHss 3Ty TEOPEMY, YaCTO MPOIIE BCETO HAWTH MOTOK U pas3-
pe3, AJisl KOTOPOTro BEIMYMHA MOTOKA PaBHA MPOITYCKHON COCOOHOCTH paspesa. U3
TEOPEMBI CIIEMYET, YTO TIOTOK JOJDKCH OBITh MAaKCMMAaJbHBIM, a pa3pe3 — MUHU-
MasbHbIM. Eciu Bce nporrycKHble CTOCOOHOCTH MPEACTABISIOT OO0 11esble Yncia,
TO BEJIMYMHA MAKCUMAaJILHOTO MTOTOKA TAKKE SIBISIETCSI LIETTBIM YHCIIOM; 3TOT PE3Yib-
TaT OKa3bIBAETCS MOJIE3HBIM B ONPEACIIEHHBIX IPUIIOKEHUSIX CETEBBIX IOTOKOB.

Ilepsoe ooxazamenscmeo. IlpennonoXuM CHadaia, 9To MPOIMYCKHAs CIOCO0-
HOCTb Ka)/10M AYTH SIBJISIETCS LI€JIbIM YMCIoM. Torna ceTb MOKHO paccMaTpHUBaTh
KaK OpUEHTHPOBAHHBIN rpad D, B KOTOPOM MPOIMYCKHBIE CIIOCOOHOCTH TPEACTaB-
JISTFOT COOOM KOIMUYECTBO JIYT, COCIUHSIONINX Pa3IMIHbIE BEPIIMHBI (KaKk Ha puc. 6.6
u 6.7). BenmnmunHa MakCUMaJILHOTO ITOTOKA COOTBETCTBYET OOIIEMY KOJHYECTBY [Ty-
TOHEIEPECEKAOIINXCs MyTEH U3 BEPILIMHBI V B BEPLIIMHY W B D, a IPOITyCKHAas CIIO0-
COOHOCTh MUHUMAJIFHOTO pa3pe3a — MUHHUMAIBLHOMY KOJIMYECTBY YT B VW-pas3zie-
nsirorieM MHOkecTBe rpada D. Tlocne 3Toro HeoOXOAMMBIN Pe3yibTaT CIEAyeT U3
TeopemMsbl 6.9.

PacnpocTpanenue 3Toro pesyibrara Ha CETH, B KOTOPBIX MPOIMYCKHBIE CIIOCO0-
HOCTH TPEICTABIISIOT COO0H parMoHaIbLHBIC YUCIIA, TOCTUTACTCS ITyTEM YMHOKCHUS
ATUX MPOITYCKHBIX CIMIOCOOHOCTEH Ha MOAXOJAAIIEE 1eJI0e YUCIO0 d, 4TOOBI ¢Jienarh
UX TEJBIMHA YMCITaMU. Tak MBI MTOJydaeM ONMCAHHBIN BBIIIE CITydai, a TpeOyeMbIid
pe3ynbTar NOoIy4aeTcs IMyTeM JeJIeHUs Ha d.

Haxonerr, eciim HEKOTOpBIE M3 MPOITYCKHBIX CIIOCOOHOCTEH MpPAIMOHAIBHBI, TO
MBI UCIIOJIb3YeM UX MPUOIIKEHUE ¢ 000 JKelaeMOoi TOUHOCTBIO J0 pallMOHAb-
HBIX 3HAYEHUH, TIOCIIE Yero MPUMEHsIEM ITPUBEICHHBIN BbIIIE Pe3ysbTar. TiarenbHo
BbIOMpast pallMOHAJIbHbIC MPUOJIMKEHUS, MBIl MOXXEM T'apaHTHUPOBaTh, YTO 3HAYCHUE
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71r000T0 MAaKCUMAJIBHOTO MTOTOKA U MTPOITYCKHAsI CTIOCOOHOCTD JIF000T0 MUHUMAJIBHO-
ro paspesa OyIyT pa3inyaTbCsi Ha CKOJIb YTOAHO Malyto BennmuuHy. OOparuTe BHH-
MaHHE, YTO B MPAKTUICCKUX IMPUMCHCHUAX UPPAIHOHAJIBbHBIC ITPOITYCKHBIC CII0C00-
HOCTH BCTPEUAIOTCS PEAKO, TaK KaK OOBIYHO OHU YKA3bIBAIOTCS B IECATHYHOM BUJIE.

Bmopoe ookazamenscmeo. 110ckonbKy BeTMYUHA JTFOOOT0 MaKCHMAJIBHOTO TIO-
TOKa HE MOXXET MPEBBIIIATh MPOITYCKHYIO CIIOCOOHOCTH JIF0OOTO MHHUMAJIBHOTO
paspesa, I0CTaTOYHO J0Ka3aTh CyIIeCTBOBAaHHUE pa3pe3a, MPOIYCKHasi CIIOCOOHOCTh
KOTOPOTO paBHA BEIMYMHE JAHHOTO MAaKCHMaJIBbHOTO ITOTOKA.

HyCTB @ SABJICTCA MAaKCUMAJIbHBIM ITOTOKOM. OHpe,ZIeJII/IM JBa MHOXCCTBA, V n
W, BepiHH B ceTu cienytoumm oopazoM. Eciu G siBisercst 6a30BbIM rpadom ceTH,
TO BEpIIIMHA Z HAXOJUTCH B VTOFI[a M TOJIBKO TOIAa, KOraa B G CyHIECTBYCT IIYTh

V=V, DV oV, DY, DY, =2,

B KOTOPOM KaxkJjoe pedpo V,v,,, COOTBETCTBYET JMOO HEHACHIIIEHHON Iyre v\,
aubo z1yre v, ,v,, 4epe3 KOTOpyIo MPOXOAUT HeHyIeBol noTtok. MHoxxecTBO W cocTo-
UT U3 BCEX TeX BEPIIMH, KOTOpPhIE HE puHa yiexkatr V. Hanpumep, Ha puc. 6.12 MHO-
JKECTBO }' COCTOMT U3 BEPIIUH V, X U ), @ MHOKECTBO W — M3 BEpIIUH Z U W.

OueBuaHoO, uTo v copepxutcs B V. [lokaxkem Tenepb, 4To MHOXKECTBO W conep-
JKUT BepIIMHY w. Eciiu 9T0 He Tak, TO w IpUHAAISKUT V 1, cienosarenbHo, B G Cy-
IIECTBYET IyTh

VoIV OV, DY, W

BBIILIEYKA3aHHOTO TUIA. Tenepb BhIOEpEM MOJOKHUTEIBHOE YUCIIO €, KOTOPOE HE Mpe-
BBIIIAET HU OJJHOTO W3 YHCEN, HEOOXOIMMBIX JIJIsl HACBIIICHHUS JII000W HEHACHIIICH-
HOU IyTH V,v,,,, 1 HE IIPEBBIIIAET NOTOK B 000N IyTe v, ,v,, 4epe3 KOTOPYIO Ipo-
XOJIUT HEHYJIEBOM MOTOK. JIerko BUJIETh, YTO €CJIM YBEIMUUTh Ha € IOTOKU BO BCEX
Jyrax IepBOro TUIA U YMEHBIINUTh HA € IOTOKU BO BCEX Ayrax BTOPOro THUIA, TO Be-
JIMYMHA TTOTOKA () YBEJIMYUTCS HA €, a 3TO MPOTUBOPEUUT HAIIEMY MPEANOIOKEHUIO
0 TOM, 4TO MOTOK () — MaKCcUMasibHbIH. OTCIOA CIIEAYeT, UTO W MPUHAIEKUT W.

Jlis1 3aBepieHus 10Ka3aTeabcTBa 0003HaYNM yepe3 £ MHOXKECTBO BCEX AyT BUA
Xz, TAE X MPUHAUICKUT V, a z npuHaaiexut W. SIcHo, uro E sSBIsSETCS pa3pe3oMm.
Kpome Toro, kaxnaast gyra xz u3 £ HachlllleHa, a Yepe3 KKIYI0 YTy zX MPOXOAUT
HYJIEBOH TOTOK, TIOCKOJIBKY B TIPOTHBHOM CIly4yae z Takke Obuia Obl 2JeMeHTOM V.
OTcrona ciemyer, 4To MpOoIyCcKHasi ClIoCOOHOCTh £ MoKHA OBITh paBHA BEJIMYMHE
MOTOKA (@ U 4TO E sBnsieTcst TpeOyeMbIM MUHUMAIbHBIM pa3pe3oM. [

Teopema 0 MakCHMaJIbHOM IOTOKE U MHUHHUMAJIBHOM Pa3pe3e MO3BOJSIET IPOBE-
PATb, MAKCUMAJIEH JIM IaHHBIA MOTOK, HO TOJIBKO JUUIsl JOCTATOYHO MPOCTBIX CETEH.
Ha mpaxtuke cetd, ¢ KOTOPBIMHU MPUXOAUTCS MUMEThH JIEJ0, OOJBIINE U CIOXKHBIE,
TaK 4T0 OOBIYHO TPYIHO HAWTH MaKCHMaJbHBIA MOTOK TaKOW CETH MPOCTHIM IOJ-
60opoM. BoNBIIMHCTBO METONOB MOMCKAa MAaKCMMAaJILHOTO MOTOKA BKJIIOYAET B ceOs
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YnpaxHeHus 189

OIIPCACIICHUC HYTeﬁ YBCJIIMYCHUS TIOTOKA U3 V B W. 9T0 IMyTHU, KOTOPBIC IMOJHOCTBIO
COCTOAT M3 HEHACBIIEHHBIX AYT XZ U IYT ZX, Yepe3 KOTOpbIE MPOXOAUT HEHYICBOH
norok. Hanmpumep, paccMoTpuM ceTb, IIOKa3aHHYIO Ha puc. 6.14.

Puc. 6.14

Hauunas ¢ HYJICBOT'O IIOTOKA, Mbl MOKEM ITIOCTPOUTH ITYTH, YBEIIMINBAIOIIUC ITOTOK

V—§—{—W, BI0JIb KOTOPOTO BEIMYNHY IMMOTOKA MOYKHO YBEJIUYHThH HA 2,
V—X—Z—W, BJI0JIb KOTOPOT'O BEJINYMHY IMOTOKA MOKHO YBEJIUYMUThH HA 2,

U V—U—Z—X—)—W, BJ0Jb KOTOPOTO BEJINYNHY TTOTOKA MOXKHO YBEJIUYHUTD
Ha 1.

[Tony4yeHHBI B pe3ysbTare MOTOK C BEJIMYMHOM 5 MoKa3zaH Ha puc. 6.15.

Puc. 6.15

[TockosbKy CeTh MMEET MPOIYCKHYIO CIIOCOOHOCTD 5, 3TOT MOTOK SBJISCTCS] MaK-
CHUMaAJIbHBIM ITIOTOKOM, a pa3pe3 — MHWHHUMAJIbHBIM Pa3spe30M.

B sTOM pasaene HaM ymanoch TOJBKO CIerka KOCHYThCS 3TOM0 MHOTOIPAHHOTO U
BayKHOTO HarpasieHUs. YuTarelp, xKeJlarllui NPOoJoJIKUTh U3yUYEeHNE 3aTPOHYThIX
BOTIPOCOB, MOXKET 0OpaTUThCs K padboTtam [22] u [24].

YnpaxxHeHus

6.18% Paccmotpum cetb Ha puc. 6.16.
1) Iepeuncnure Bce pa3pe3bl JaHHOW CETH U HAWIUTE MUHUMAJIBHBIN pa3pes.

2) Haiigute MakCHMMaJbHBIM TMOTOK W IMPOBEPHTE BHIMOIHEHHE TEOPEMBI O
MaKCHMAaJIbHOM II0TOKE 1 MUHUMAJIbHOM pa3pese.
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Puc. 6.16

6.19. IloBropure ynpaxnenue 6.18 ns cetu, nokasaHHON Ha puc. 6.17.

Puc. 6.17
6.20% IIpoBepbTe BHITIOJIHEHUE TEOPEMBI O MAKCUMAJILHOM IMOTOKE 1 MUHUMAJIbHOM
paspese sl CeTH, MoKa3aHHo# Ha puc. 2.37.

6.21. Haitnute motok BenmunHoi 20 B ceTu Ha puc. 6.18. SIBnsieTcs a1 3TOT MOTOK
MaKCHUMaJbHbIM?

Puc. 6.18

6.22%. 1) PaccMOTpUM CETh ¢ HECKOJBLKMMH WMCTOYHMKAMHU M CTOKamH. ITokaxkwure,
KaK aHaJM3 MOTOKOB B OTOW CETH MOXKET OBITh MPUBEJICH K CTAHJIAPTHOMY
CITy4aro MmyTeM J00aBJICHNS HOBBIX ‘‘BEPUIMHBI-UCTOYHUKA W “BEPIIUHBI-
cToKa”.

2) [IponmmocTpupyiiTe CBOM OTBET Ha BOMPOC U3 I1. 1 AJist ceTH Ha puc. 6.19.
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Puc. 6.19

Mpobnembl

6.23. 1) Mcnonb3yiiTe yciioBHUE CBaJIbObI, YTOOBI TTOKA3aTh, YTO €CIH Y KaKI0U Jie-
BYILIKH €CTb > | Ipy3el, a y KaXJI0ro IOHOIIM €CTh ¥ OAPYT, TO Y 3aa4u
0 cBaJb0aX €CTh pELICHHUE.

2) Ucnonw3yiite pesynbraT M. | ympaxHeHHs, 4yTOOBl J0Ka3aThb, YTO €CIHU
G — IBYIOJBHBIN PETYISpHBIA cTeneHu 7 rpad, To G UMeeT COBEpIICH-
HOe MapocoyeTaHue. BviBenuTe M3 3TOro, 4TO XpOMaTHUYECKUH WHIEKC
rpada G paBeH r.

(D10 yacTHBI cityyaii Teopemsl 5.18.)

6.24. Ilpennonoxxum, 4TO yCIOBHE CBa/IbOBI YIOBIETBOPEHO M KaXKAas U3 m JIeBY-
IIeK IPY>KUT KaK MUHUMYM C ¢ FoHOIamu. [1o MHIYKIUHU 1O m TOKaXHuTe,
9TO Opaku MOTYT OBITh 3aKIIIOUYEHBI HE MEeHee yeM ¢! criocobamu, eciu ¢ < m,
W He MeHee ueM ¢!/(t—m)! cnocobamu 1pu ¢ > m.

6.25. Ilycts E u F onpeneneHsl 00bIHBIM 00pa3oM U nycts 7, u T, — TpaHCBep-
camu F, a x — anemeHT 7. [lokaxure, 4To CylIECTBYET 21EMEHT ) U3 7, Ta-
koit, uto (7, —{x})U{y} (MHOXECTBO, mOTy4YeHHOE M3 T, 3aMEHOI X Ha ))
TaKkke sABJsieTcs TpaHcBepcanblo J. CpaBHUTE ATOT pe3yiabTaTr C pe3yibTa-
TOM yrpaxHenus 3.11.

(Or1ot pe3ynbrar noHagobUTCs HaM B aBe 7, “Marpouasr’.)

6.26. Ilyctb F — ceMencTBO, COCTOAIIEe U3 M HEMYCThIX MOJMHOXECTB E W
nyctb A — noamMHoxkecTBO E. [Ipumensis teopemy Xoiia K CEMEUCTBY, CO-
crosimemy u3 JF BMecTe ¢ |E|—m komusimu E — A, TOKaXHUTE, 9TO CYIIECTBYET
TpaHcBepcanb J, copeprkaiias A TOTAa U TOJIBKO TOT/a, KOTya

1) F umeer TpaHcBepcab;
2) A sBNSETCS YACTHYHOU TpaHCBepcanbio F.

(bonee mpocroe n0Ka3aTenbCTBO C UCHOIB30BAHUEM MAaTPOUIOB MPUBEIECHO
B mase 7, “Marpoubr’.)
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6.27. Panr (rank) r(4) monMHOXXecTBa 4 MHOXKeCTBa E TpecTaBiseT co00il Kou-
YECTBO 2JIEMEHTOB B HaWOOIBINEH YacTUYHOW TpaHCcBepcanu JF, comepxka-
mieiics B A. Ilokaxure, 9To

) 0<r)<lA|;

2)ecin Ac Bc E, 10 r(A)<r(B);

3)ecu A,Bc E, 10 r(AUB)+r(ANB)<r(A)+r(B).

CpaBHHTE 3TH PE3yIbTaThI C pe3yabTaTaMu yrpaxHeHus 3.33.
(OTOT pesynbrar Takke MoHaA00UTCs HaM B IaBe 7, “Marpouibr’.)

6.28. Ilyctb E — cueTHOE MHOXKECTBO U IycTh = (S, S,, ...) — cueTHOe ceMelCcTBO
HEITYCTBIX KOHEeYHbIX TIONMHOXKECTB E.

1) Ilpu onpenenenny TpaHcBepcaau F OOBIYHBIM ITyTEM MOKAXKUTE TIO JIEM-
Me Kénmura (teopema 2.7), uto F MMEET TPaHCBEPCAIIb TOIAA U TOJIBKO TOTTIA,
KOIJIa JUIsl BCEX KOHEUHBIX k 00beMHEHUE JII00bIX A TOJMHOXKECTB S, coaep-
KHUT KaK MUHIMYM Kk SJIEMEHTOB.

2) Paccmotpen
E={1,2,3,...}, §,=E, S,={1}, $;=1{2}, S,={3}, ...,
MOKA)KUTE, YTO PEe3yJbTar II. 1 JI0)KEeH, €ClIi He Bce S, KOHEUHBI.
6.29. TlompoOHO HoKaxuTe Teopemy 6.6.

6.30. HOKa)KI/ITe, KaK T€opEMa O MaKCUMAJIbHOM IIOTOKC U MUHHMAJIbLHOM pa3pc3e
MOYKET OBITh MCIIOJIb30BaHa JUIA 10Ka3aTeJIbCTBA TEOPEMBI Xomna.
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