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BBenenne
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1 CIIOCOBHI SAJTAHUNA I'PA®OB

1.1 Ompenenenns

Onpepesienne 1.1.1 (opumenrupoBanHoro myJssrurpada). Opuen-
MUPOBAHHBIM MYALMULPAPOM HA3BIEAENCA COBOKYNHOCTID YeMbPET 00Bek-
moe: muoscecmea B eepuun, muooicecmea P pébep u deyx omobpasicenudt
T U Ty MHoscecmsea P 60 muoocecmeo B, cmasswux xascdomy pebpy 6
COOMBEMLMBUE €20 HAUAALHYIO U KOHEUHYI0 Sepuiunbl. Feau navarvHas
eepwuna pebpa cosnadaem ¢ e20 KonewHol epuwunot, mo maxoe pebpo Ha-
3neaemcea nemaél. Imom myavmuepad oboznavaemcs wepes

<B5Pa7-la7—2>‘

Opuenmuposantsiii MyabMU2PaP HA3BIBAEMCA OPUEHMUPOBAHHBLM 2DAPOM,
ecau a0bvie d6a pebpa, umeruue 00UHAKOBbLE HA%AAbHBLE U 00UHAKOBDLE
KOHEWHbLE 6EPULUHDL, COBNAJAIM.

Onpenesienne 1.1.2 (myasrurpada). Myavmuzpagdom nasvieaemcs
COBOKYNHOCTNG MPEX 06BexMos: muodcecmea B eepwun, muoscecmea P
pébep u omobpasrcenun T, CMABAWE20 KaxHcdomy pedpy 6 coomeemcmeue
001y sepwuny uau dee sepwuns.. Ecau pebpy cmasumes 6 coomeemcmeue
001G 8EPWUHA, MO PEOPO HA3BLEAEMCA NeMAET], 4 CONOCTNABAECHHAA 6EPULU-
HG HA3BLEAEMCA KOHUOM dmoti nemau. Ecau pebpy cmasumecea 6 coomeem-
cmeue dee 8epuLUHDL, MO OHU HA3BLBANMCSA KOHUAMU 3M0o20 pebpa. dmom
Mysvmuzpad 0603HaUaAEMCA Yepes

(B, P,T).

Myavmuepag nasvieaemces epapom, ecau aobvie d6a pebpa, umerouwue 00u-
HAKOBBLE KOHUDL, COENAAIOM.

Mynsrurpad (rpad) HasbBaoOT €mE HEOPUEHTUPOBAHHBIM MYJILTUTDA-
dom (rpadom), 4T06bI IOJUEPKHYTH OTJIUYIUE OT OPUEHTUPOBAHHOIO MYJib-
turpada (rpada). IlousTHo, 4T0 HEOPUEHTUPOBAHHDII MyJIbTUIPA®d) MOKHO
paccMaTpUBATh KAK OPUEHTUPOBAHHBIN MyJIbTUTPA®d, B KOTOPOM JJIs KAXK-
JI0TO pebpa mMeeTcst Ipyroe pedbpo, Havaao KOTOPOTO COBMAAET C KOHIIOM
epBOTO pedpa, a KOHEI[ KOTOPOTO COBIAIAET C HAYAJIOM TepBOro pebpa.

OOBIYHO OPHEHTUPOBAHHBIE W HEOPUEHTUPOBAHHBIE MYJIbTUTPAdbl U30-
OpazkaroTcs caemaytonumM oopa3om. Bepimuabl n3obpazkaorcs Toakamu. Péo-
pa OPpMEHTHUPOBAHHOTO MYJILTHTpada N300parkaioTCst CTPEJIKAMHU, WIYIINMA
U3 HAYAJLHON BepIIUHLI (HA4Yaja) B KOHEYHYIO BepiimHy (KOHel) pedpa.
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Pébpa mHeopmeHTHPOBAHHOTO MYJIbTUTPada M300PaKAIOTCI OTPE3KAMH, CO-
€IMHSIONUMH KOHIIBI pedpa. Ileria m300pazkaeTcsi OTPE3KOM, COEIMHSIO-

UM eJWHCTBEHHBIH KOHEIl TeTJIN C CAMUM CODOif.

IIpuBenem aBa mpumepa.
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B npumepe 1.1.1 paccmaTpuBaeTcsi HEOpUEHTUPOBAHHBIM Tpad. Beprm-
HBI 3TOTO Tpada oboznauensl ynciaavu 0, 1, ..., 19. Beero y storo rpada 20
Bepmma. Beprmuaa 11 coenunena pédpavu ¢ Bepmmaavu 10, 9 u 12, Bepmiu-
na 12 coenunena pédbpamu c Bepuimaamu 9, 11 u 13, Bepmnna 9 coenunena c
pébpamu 4, 14, 11 n 12, BeprmmHa 19 coeannena pedbpoM TOIBKO ¢ BEPIITHHOM
14, a Bepmuna 14 coemmuena ¢ BepmuHamu 19, 9, 13 u 15. U Tak gasee.
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B npumepe 1.1.2 paccmaTpuBaeTcss OpUEHTHPOBAHHBIN Tpad, MMEIOIIHii
20 BeprmH, o6o3uaveHHbIX yucaamu ot 0 10 19, u pébpa, uayniue u3 Bepiu-
#bl 0 B BepiuHy 1, 13 BepIIUHBI 1 B BEPIINHY 2, U3 BEPIINHBI 2 B BEPIINHY
3 u TaK Jajee, U3 BEPIIUHBI 8 B BepmuHy 18, n3 BepmuHbl 18 B BEPITUHBI
10 n 16, n3 BepmmHb! 12 B Bepmuabl 9 n 13, u3 BepmuHabl 13 B BepmuHb! 1
u 14 u Taxk manee. Bcero B atom rpade 21 pedpo.

Bunaprwim omnowenuem (i 6unaprvim npeduramom) Ha MHOXKECT-
Be A Ha3bIBAeTCs MHOXKECTBO Tap 3JeMeHTOB MHOxKecTBa A. OTHomewnue
Ha3bIBACTCS MOACIECMBEHHO NOAHCHBIM, €CTi OHO TTycTo. OTHOIIEeHNEe HA3bI-
BAETCST MONCIECMBEHHO UCTNUHHBLM, €CTT OHO SIBJISIETCS MHOYKECTBOM BCEX
nap 3nemMenToB MHOXKecTBa A. Eciin napa BXOAUT B OTHOIIEHHE, TO TOBOPSIT,
9TO 3TO OTHOIIEHWE UCMUKHO HA ITOH 1ape, & eciu mapa He BXOAUT B OTHO-
MeHNe, TO TOBOPSIT, UTO 3TO OTHONIEHUE A0CHO HA ITON nape. MuoxkecTBO A
TIPY 3TOM HA3BIBAETCS HOCUMEAEM PACCMATPUBAEMOTO OTHOIIIEHNS. 3AMUCh
Q(a,b) o3mavaer, YTO OTHOIIIEHHE C UMEHEM () UCTUHHO HA mape (a, b).

OrHolleHNEe HABBIBAETCS PEPACKCUEHBLM, ECITH JIJIsT KAYKIOTO JEMEHTA @
HOcuTesIs napa {(a,a) BXOAUT B OTHOILEHUE.

IIpumepom pediieKCHBHOTO OTHOIIEHUST SABJISIETCS OTHOIIEHUE I€TUMOC-
TH HA MHOYKECTBE HATYPAJIBHBIX UUCE]I.

OrHotenme HA3BIBACTCS UppePaekcUu6HblM, €CTTH [T Ka¥KI0TO SJIeMEHTa,
a HocuTe s 1napa {a,a) He BXOAUT B OTHOILEHUE.

OrHollleHre CTPOTrOro MOpsAKA HA HATYPAJBHBIX YUCJIAX SIBJISIETCS WUP-
pedIeKCUBHBIM.

OTHOMIEHNE HA3BIBAECTCH CUMMEMPULHbLM, €CTTU J1JIs KAsKI0M maps {(a, b)
U3 PacCMaTPUBAEMOTrO OTHOIIEHUs napa (b, a) ToxKe BXOAUT B OTHOIICHUE.

OrHoleHre JeMMOCTH He sBJisieTcss cuMMerpudHbiM. OHAKO cHuMMeT-
PUYHBIM SIBJISI€TCSI OTHOIIEHNE TPUHAMATD OJMHAKOBBIE 3HAYEHNUS HA OIMHA-
KOBBIX HAOOpax 3HAYEHUI ITEpEMEHHBIX HA MHOXKECTBE OyJIeBbIX (DyHKIIHIA.

Bunapuoe orHomenne () Ha MHOXKeCTBE A HA3BIBAETCS MPAHZUMUGHDIM,
ecIu Jyis JIIOOBIX 37IeEMEHTOB a, b u ¢ Muoxkecrtsa A uz uctunnocru Q(a,b)
u Q(b, c) caenyer ucrunnocrs Q(a, c).

OrHollleHNEe JeUMOCTH SIBJISIETCSl TPAH3UTUBHBIM. TPAH3UTHBHBIM sIB-
JIsIeTC W OTHOIIEHWE NPUHUMATHh OJWHAKOBbIE 3HAYEHUsI HA OJMHAKOBBIX
HabOpax 3HAYEHUI TTEPEMEHHBIX.

Bunapuoe otHomenne () Ha MHOXKECTBE A HA3BIBACTCS MOMAAbHBIM, €C-
JIA [T JTIOOBIX PA3JIMYHBIX JIEMEHTOB a U b MHOXKecTBa A 100 MCTUHHO
Q(a,b), mbo ucrunuo Q(b,a).

OrHolleHre CTPOroro MOPsiIKa HA HATYPATbHBIX YHCIAX SIBJISIETCS TO-
TAJHHBIM.

Bunapnoe oTHOMIEHNE HA3BIBAETCS OTHONIEHUEM 9K8UBAAEHIMHOCTIU, €C-



8 1 CIIOCOBHI BA/IAHUSI TPA®OB

Jii OHO Pe(IEKCUBHO, CAMMETPUYHO U TPAH3UTHBHO.

OrHolleHre TPUHUMATH OIMHAKOBBIE 3HAYEHUS HA OJIMHAKOBBIX HAOOpax
3HAYEHUN TEPEMEHHBIX SIBJISETCS OTHOIIEHWEM SKBUBAJIEHTHOCTH HA MHO-
KecTBe OyIeBbIX (DYHKIIWIA.

Teopema 1.1 (o paszbuenun). C KoM OMHOWEHUEM IKEUSAAEHIN-
HOCTU CEA3BIBALTNCA PA3OUEHUE HOCUMEAA NG HENEPECERAIOUUEC NOOMHO-
2HCECNEA NONAPHO IKEUCANCHIMHBLT INCMEHMOE.

Shvt TOOMHOXKECTBaA OOBIYHO HA3BIBAIOT KJIACCAMU SKBUBAJIEHTHOCTH JJIA
PaCcCMATPUBAEMOrO OTHOIMICHUA SKBUBAJECHTHOCTH.

Joxazameavcmeo. J1jis KasKIOTO 3JEMEHTA a4 PACCMOTPUM MHOYXKECTBO A,
BCEX €My 3KBHBAJCHTHBIX 3JIEMEHTOB. ECIm KaKo#-TO 3JIEMEHT @ SKBHBAJICH-
TEH JOBYM PA3HBIM 3JEMEHTaM b U ¢, TO 3TH 3JIEMEHTBI b M ¢ SKBUBAJICHTHDI
mexKay coboii. [TosTomy Bee 3meMenThI MHOXKECTBA A, NONapHO SKBABAJICHT-
HBI, a 0060l 3JIeMEeHT, SKBUBAJIEHTHDIN b, skBUBasenTeH u c¢. CiemoBaTesb-
no, Ay = A.. 3HaunT, paznuuHble MHOXKECTBA, Ap u A, He UMEIOT OOIIUX
snemenToB. C APyroil CTOpOHBI, KaXK/bIA 3JEMEHT @ HOCHTEJIS JIEXKUT BO
MHOXKecCTBe A,. [ |

OrHOLIEHNE HA3BIBAETC GHMUCUMMEMPUYHDLM, €CJIH I KaXKI0H Iapbl
{(a, b) u3 paccmarpuBaemoro orHoienus napa (b, a) He BXOAUT B OTHOILIEHUE.

BunapHoe oTHOIIEHNE HABBIBACTCS Y4GCTMUYHLM TOPAJKOM, €CITH OHO aH-
TUCUMMETPUYHO U TPAH3UTUBHO.

OTHOITIEHNE CTPOTOTO TIOPSIKA ABJISETCS 9aCTUIHBIM MOPSIIKOM HA MHO-
2KECTBE HATYPAaJIbHBIX YHCEJ.

Bunaproe orHOlIEHNEe HA3LIBAETCA AUHETHbM NOPAJKOM, €CJIA OHO TO-
TAJbHO U ABJISAETCA YACTHIHBIM MOPSIKOM.

OTHOITIEHNE CTPOTrOro TOPSIKA SBJISIETCS JIMHEHHBIM TOPSIKOM HA Ha-
TypaJabHBIX uncaax. Kak Mbl 3HAE€M, OTHOIIEHNE HA KOPTEXKAX, COCTABJICH-
HBIX U3 HyJIeW W €IWHWII, COJEPIKAIINX T€ W TOJHKO T€ Mapbl KOPTEXKEH,
KOTOPBIE PA3JIMYHBL K Y KOTOPBIX KazK/1ash KOOPAXHATA [EPBOIO KOPTEXKA He
[IPEBOCXOUT COOTBETCTBYIOIIEH KOOPAUHATHI BTOPOIO KOPTEXKA, SBJISIETCS
YACTUYHBIM MOPSIIKOM, HO HE SBJISETCS JIMHEHHBIM TTOPSAIKOM.

OpuentupoBanubie Tpadbl UCTOIB3YIOT IJIs 33JaHUs OWHAPHBIX OTHO-
IIEeHU .

OpuentupoBannbiii rpad 3amaér GuHAPHOE OTHOIIEHHE Ha MHOMKECTBE
cBouX BepuuH. /i AByX BEPIIMH 3TO OTHOLIEHHE UCTUHHO TOLJA U TOJLKO
TOI/Ia, KOTJa UMEETCs CTPEeJIKa, WAYIIas U3 [E€PBOH BEPIIMHBI BO BTOPYIO.
OTO 03HAYAET, UTO UMEETCs pedpo ¢ HAYAJIOM B MEPBOIl BEPIUHE W KOHIIOM
BO BTOPOW.
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ToBopsT, aTo rpad obramaer HEKOTOPHIM CBOMCTBOM, €CJIA 3TUM CBOMCT-
BOM 00J1a/Ta€T COOTBETCTBYIOIEe ODMHAPHOE OTHOIIEHHE.

Hanpumep, B npumepe 1.1.2 3amaércs GuHApHOE OTHOIIEHHE, KOTOPOE Ha,
nape <1, 2> UCTUHHO, a Ha nmape <3, 1> J0:KHO. DTO OTHOIIEHNE TppedIeK-
CUBHO U HE SBJISETCS TPAH3WTUBHBIM, TAK KAK OHO MCTUHHO HA mape <1,2>
¥ Ha mape <2,3>>, HO JIOXKHO HA Tape <1,3>. OHO He ABJIIETCS CUMMETPUY-
HBIM W He sIBJISeTCs TOTAJIbHbIM. BMecTe ¢ TeM OHO aHTHCHMMETPHYHO.

B cBo10 0ouepenn kaxkmoe OWHAPHOE OTHOIIEHHE 33JAET OPUEHTUPOBAH-
HBI rpad, BEpIIMHAMEA KOTOPOTO SBJISIIOTCS SJIEMEHTHI HOCUTES PACCMAT-
puBaemMoro oTHoIeHusi. B 3Tom rpade nmeercsa pebpo, uayinee U3 mepBoi
BEPIIWHBI BO BTOPYIO TOTAA M TOJBKO TOTA, KOTJA HA COOTBETCTBYIOIIEH
mape OTHOIIEHUE UCTUHHO.

[Tpu sTOM 71T 3aaHUS CHMMETPUIHBIX OTHOIIEHWH MOYKHO HCIOIB30-
BaTh HEOPUEHTUPOBAHHBIE Tpadbl. B 3TOM ciydae B rpade nmeercs pedbpo,
COEIMHSIONIEE Tapy BEPIIMH, TOTJA W TOJBKO TOTIA, KOTJA OTHOIIEHUE UC-
THUHHO Ha 3TOI mape.

1.2 MaTpuunble IIpEeaCTABICHUS

Jist 3amaHus OMHAPHOTO OTHOIIEHUS] MOYKHO TPOCTO TIEPEYNCIUTD dJIe-
MEHTBHI HOCUTEJISI ¥ BXOJIAIINE B 9TO OTHOIEHNE Taphbl. TaKuM 00pa3oM MOXK-
HO 337aBaTh U rpadbl, IEPEUNCIsisi BEPIMUHBI 1 PEOPA KaK Mapbl BEPIINH.
Ho Gosee HarasgaHBIM ¥ KOMIAKTHBIM CIIOCOOOM 3aJaHusl OMHAPHBIX OTHO-
meHnit n rpadOB SIBJASIOTCS TAOIUIIBI.

Crocobom 3aaHnsi OMHAPHOTO OTHOINEHWS W 33/aBaeMOro MM rpada
SABJISAETCS MAOAUYA CMENHCHOCTU, B KOTOPOH CTPOKU U CTOJIOIBI TOMEYEHBI
BepimHamMu rpada, a Ha mepecevdeHnn CTPOKU u cTosbna crout 1 wim 0 B
3aBHCHUMOCTH OT TOT'O, IMEETCsI JIU WU HET Pebpo, UayIee 3 METKU CTPOKH
B METKY CTOJIOTA.

MoxKHO TaKzKe PAaCCMATPUBATDL HaA2PYHCEHHbLE TPADDI, B KOTOPHIX KarK-
JOMY pebpy MPUCBOEHA €r0 CTONMOCTh, KOTOPAasi 0003HAYAETCS TTOTOKUTETh-
HBIM IIeJIBIM 9uCIOM. B 31OM ciiydyae BmecTo 1 B Tabiuie MOMeIaeTcs CTOu-
MOCTBH COOTBETCTBYIOIIETO pebpa. dpyruMu crioBamu, eciiu CyIecTByeT ped-
PO, mayIee u3 METKH CTPOKH B METKY CTOJOIA, TO HA ITEPECEIeHHUH ITOM
CTPOKH W ITOTO CTOOIA MMOMEIIAETCs CTOMMOCTH TOrO pebpa, a ecam Ta-
Koro pebpa uer, To nomemjaercsa 0. O6branoMy (HeHarpykeHHomy) rpady
COOTBETCTBYET CIydail, KOT/1a CTOMMOCTH BCeX pébep paBubl 1. BmecTo cTo-
WMOCTH WHOT/Ia TOBOPSIT O Bece pebpa.

Hampuwmep, rpad 1.1.2 moxkeT OBITH 33IaH CJIEIYIOIEH TAOIUIIEH CMexK-
HOCTH (B METKAX BTOPOIi TIOJIOBUHBI CTOIOIOB onyniena nudpa 1 kak mudpa
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HpyruM crocoboM 3aaHus OPUEHTHPOBAHHOIO rpada gBasgeTcs maob-
AUYE uHYudenmuocmu. B Takoit Tabswile CTPOKM TTOMEYEHBI BEPITHHAMU
rpada, a crosbubr — pébpavu. Ha mepeceuenHnn CTpOKU W CTOJIOIA MTOME-
maercs 1, ec/ii BEPIIVHA SBJISETCS HAYAJIOM pedpa, moMermaercs —1, ecin
BEPIINHA SABJSETCA KOHIOM pebpa, u momernaercs (0 B OCTAJBHBIX CIyda-
ax. Eciu pebpo siBasiercs nmetsiéit, MOXKHO BMeCTO napsl < 1,—1> momeriars,
HarmpuMep, 2.

Takum obpa3om, B KaxKaI0M CTOJONE TabAHIBI MO0 WMeeT POBHO OIHA
€IMHUIA U OJHA €IUHUIA C MIUHYCOM, a OCTAJIbHBIE SJIEMEHTBI SIBJIAIOTCS HY-
JisiMu, 0O MMEeTCst POBHO OJHA JBOMKA, & OCTAIbHBIE JIEMEHTHI SABJISIOTCS
HYJISMU.

Paccvorpum, manpumep, rpad 1.2.1, B KOTOPOM BEPIIUHBI TOMEYEHBI
mnppamu or 10 mo 18, a pébpa — mudpamvu ot 1 10 9. B rpade mmeercs
MeTJIsi, HAYAJIOM U KOHIIOM KOTOPOi siBjisieTcs Bepmmaa 13. B rpade nmeercs
BepmmHa 11, KoTOpas He ABJAETCA HA HAYAJIbHON, HU KOHEYHOH BEPIINHOMN
HUKAKOro pedpa. Takume BepIIMHBI HA3BIBAIOTCSA U30AUposarHbimu. B rpade
nmMeercs Bepinuaa 10, KOTOpas He SABJISIETCS HAYAIbHON BEPIIMHON HUKAKOTO
pebpa. Takme BepIIUHBI HA3BIBAIOTCA cmokamu. B rpade mmeercs TakxKe
BepmmHa, 12, KOTOpasi HE SBJISETCS KOHEYHOW BEPIIWHON HUKAKOTO pebpa.
Takve BEPITUHBI HA3BIBAIOTCS UCTOYHUKAMU.



1.3 Ilytm 11

10 11 12 13 14 15 16 17 18
IIpumep 1.2.1.

Orot rpad 1.2.1 moxker ObITh 3a1aH Ceayomeil Tabauneil nHIuIeHT-
HOCTH:

1 2 3 4 5 6 7 8 9
v o o0 o0 O 0 o 0 -120
1m0 o0 0 O 0 0o 0 0 0
21 o0 o0 O 0 0o 0 0 0
13 -1 1 o o0 o0 o0 o0 0 2
4 0 -1 1 0 O O O 0 O
5 0 0 -1 1 o 0 0 0 O
6 0 0 0 -1 1 0 -1 0 O
7 0 0 0o o0 -1 1 0 0 0
88 0 o0 0 O 0 -1 1 1 0

DT0T c1ocod TOAUTCS U [JIst 33JAHUsT OPUEHTHPOBAHHBIX W HEOPUEHTH-
poBaHHBIX MyJbTUTpadOB. B HeopumeHTHpOBaHHOM CiIydae momermaercs 1,
€CJTU BEPIITUHA sBJISEeTCs OIHON M3 KOHIIEBBIX BEPIINH PeOPa, U MOMEIIAeTCs
0 B OCTAJBHBIX CIydYasX.

1.3 Ilytm

Ounpenesienne 1.3.1 (myTtn). ITymém 6 opuenmuposaHHOM MYALbMULPA-
e nasvieaeMea Maras NOCALA08AMENLHOCL PEGEP, 6 KOMOPOTl KOHeUHAA
B8EPUWUNHA BCAKO20 PEOPA, OMAUUHOZ0 O NOCAECOHE20, ABAACTNCA HAYANLHOT
sepwunoti caedyrowezo pebpa. ITymv naszwvieaemesa npocmuim, ecau pébpa 6
HEM He NosmopAtomcs (kascdoe pebpo ecmpewaemcs ne 6oaee 00HO20 pa-
3a). Havwaavnasn eepuwuna nepeozo pebpa nasvieaemcs navarom nymu. Ko-
HEUHAA GEPULUHA NOCAEOHE20 PEOPa HaA3BIeaeMca Konyom nymu. Toeopam,
YMO NYMb COCOUHAEM, CE0E HAUANAO CO CEOUM KOHUOM UAU 4MO NYMD UIEM
U3 €60€20 Ha4ara 6 c6ol Koney. [Iymb HA3BIBAETNCA INCMEHMAPHBIM, ECAU
BEPUIUHDL 6 HEM HE NOGTNOPAIOMCA (KAHCIAA GEPUUNHA ABAACTNCA HA%AALHOT
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8EPUIUHOTE MOABKO 00HO020 PEOPA IMO20 NYMU, 0 KOHEY, NYMU He ABAACCA
OMAUNHOT, O HAUANA IMO20 NYMU HA%AALHOT 6ePUUHOT HUKAK020 DPEo-
pa smozo nymu). ITyms Hasvleaemes yuKkiom, ecau on codepacum peébpa
U ECAU €20 Ha%an0 cosnadaem ¢ €20 Konyom. ITuka nazvieaemes npocmovLm
(9AEMEHMAPHBIM), ECAU OH ABAALTNCA NPOCTBIM (COOMEEMCMEENHO, dAe-
MEHMAPHBLM) NYMEM.

Hampuwmep, B rpade 1.2.1 mocemoBarebHOCTE pédep 1,2,3 siBisiercst my-
TéM, a mocaen0BaTebHOCTh 1,3,4 myTém He saBasercs. IlyTs 5,6,7 aBiasercs
nuksoMm. Ilyru 1,2,3 u 5,6,7 asasiorcsa snementapubivu. Ilyrts 2,3,4,5,6,7
SABJISIETCS TIPOCTHIM, HO HE SBJISIETCS 3JIEMEHTAPHBIM U HE SABJISETCS ITUKJIOM.
Iy 2,3,4,5,6,7,5,6,7 He ABJAETCS TTPOCTHIM.

Jaunoti nyu HasbiBaeTcs 9ucsio pébep B 9TOM myTu (JJIMHA 10CIe10Ba-
resibHocTu). Hanpumep, piaunoit nyru 2,3,4,5,6,7,5,6,7 siBisierca ducio 9.

B marpyzkennoMm mynabTurpade 6ecom MYTH HA3BIBAETCS CYMMa BECOB
BXOJSAIIUX B 9TOT IMyTh PEOED.

Onpepesienne 1.3.2 (myTn B HEOPUEHTUPOBAaHHOM MYyJibTUrpade).
ITymém 6 HeoPUEHMUPOBAHHOM MYAbMULPAPE HAZBIEALTNCA MAKAA NOCAE-
dosameabrocms

Al,’r'l,Az,’r'Q, . .,Am,’r'm,Am+1

nap (6epwuna,pebpo), 34KAHYUBAIOWAACH 8epwunoti, 8 Komopol dan i =
1,2,...,m sepwunv A;, Aiy1 Asaaomesn ecemu Konyamu pebpa r;, a coced-
Hue péopa r; U rir1 padausku. Ilymov nasveaemces npocmuim, ecau péopa 6
HEM He nosmopatomes (Kascdoe pebpo ecmpeuaemcsa we bosee 001020 Pasa,).
A1 HA3BIBAEMCA HAYAAOM NYMU. Apm i1 HA3BBAEMCA KOHUOM nymu. [060-
PAM, YWMO NYMb COLOUHALT CE0E HAUANAD CO CEOUM KOHUOM UAU YN0 NYMb
udém u3 c60e20 nauare 6 ceoti xKoney. Ilymb HA3BEAEMCA INEMEHMAPHBIM,
ECAU BEPULUHDL 6 HEM HE TLOGMOPAIOMCA (AUOO OHU NONAPHO PASAUNHDL, NU-
60 6ce BEPWUHDL, KPOME KOHUG NYMU, NONAPHO PA3AUNHbL, G KOHEY NYMu
cosnadaem ¢ nauasom). [lymov Ha3bi6aEMCA YUKAOM, €CAU OH COOEPAHCUM
PEBPa u ecau e20 nauano cosnadaem ¢ e2o kKonyom. Luka nazvieaemcea npoc-
MbLM (IANEMEHMAPHBIM), ECAU OH ABAALMCH NPOCTbLM (COOMEEMCMBEHHO,
INEMEHTMADHBIM) TYMEM.

Onpenesnierre JJIMHBL ¥ BECA TYTH B HEOPUEHTUPOBAHHOM CJIydae HE OT-
JUYaeTcad OT COOTBETCTBYIOMIETO OIpeJeIeHud /I CIydasd OPUeHTHPOBAH-
HBIX MYJIBTUTPADOB.
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10 1.1 12 13 14 15 16 17 18

IIpumep 1.3.1.

Hampuwmep, B rpade 1.3.1 nyts 14,3,15,4,16,7,18,6,17 aBisieTcs d1eMeH-
TapHBIM IyTéM u3 14 B 17.

1.4 JIByaosabHBIE TpadbI

Ounpenesienne 1.4.1 (aBymoasHoro rpada). Heopuenmuposanmsiii epagd
HA3VLBAEMCH 08YIONBHBIM, €CAU €20 BEPUIUHDL MOHCHO PA3OUMDL HO MAKUE
dea nodmroocecmea 6e3 00WUT INEMEHMOB, WMo KasHcdoe Pebpo umeem Ko-
HeY Kak 8 00HOM TOOMHOICECTEE, MAK U 8 IPY20M NOOMHOHCECTNGE.

B wactHoCTH, ABYIOMBHBIN Tpad HE UMEET MeTesb.

Hamnpuwmep, rpad 1.3.1 ne saBasercs asyaosnbabiM. Kak 6b1 Mbl HE pas3-
OmBaJjIM BepIIUHBI 3TOrO rpada, BepmuHbl 16 u 17 J0KHBI OBITH B PA3HBIX
noamHOXKecTBax. Ho Torna Beprimuy 18 HeIb3si OTHECTH HU K TIEPBOMY, HU
KO BTOPOMY TOJIMHOYXKECTBY pa30ueHus.

I'pad nazbIBaercs KoneunsiM, €CITM OH NMEET KOHETHOE MHOYKECTBO BEP-
IITUH.

JlBe pa3inyHbie BEPITUHBI HEOPUEHTHPOBAHHOTO IPada HABBIBAIOTCS CMEHC-
HbLMU, €CTTA OHU SBJIAIOTCA KOHIIAME KaKOT0-TO pebpa 3toro rpada. IIpo ato
pebpo TOBOPSAT, 9TO OHO COEIWHSIET STU BEPITUHBI.

Teopema 1.2 (o aBymoabHbIX rpadax). Heopuenmuposanmoiii xoneu-
Hol 2pagh asasemcs 06YdoabHbLM MO20a U MOALKO M020a, k0206 0H HE UME-
M YUKA08 HELEMHOT OAUHDL.

Jloxasamenavcmeo. Ecmu nMeercs MUK HEYETHOW IJIWHBI, TO Tpad HE dB-
JISIeTCsT IBYIOBHBIM, TAK KAK HAYAJIO IIMKJIA HEJb3s OTHECTH HU K [TEPBOMY,
HU KO BTOPOMY HOJIMHOXKECTBY pas3buenusi. JleficTBUTEILHO, BEPIIUHBI, HA-
XOIAIINECS HA HEYETHOM PACCTOSHUHU OT HAYAJIA, JOJYKHBI MOTAJATh B TO
TTO/IMHOKECTBO pa30uennsi, KOTOPOe He COJEPIKUT HaJaJo.

IIyts Teneps rpad HE COMEPKUT IMUKJIOB HEUETHON JITUHBI.
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Haunnaem mepsbiif miar mocTpoenusi. BoibepeM KaKyio-TO BEPIIUHY
moMeTuM €€ 3HAKOM «—+». Bce BepIImMHbBI, CMEXKHBIE C BHIODAHHOMN, TIOMETHM
3HAKOM «—>.

[TycThb y2xe moMmedeHbl HEKOTOPBIE BEPIITUHBI 3HAKAME «+» U «—». Byzem
TIPE/IOJIaraTh, YTO JJIs BEPINUH, TOMEUYEHHBIX «+» Ha ITOM IIare, NMEeTCs
MyTh 9€THOH [JIMHBI B 3Ty BEPIIUHY U3 NEPBOHAYAIHHO BHIOPDAHHON BepIiu-
HBI HA ITOM II1are, a JJjis BEPIINH, TOMEYEHHBIX «—», AMEETCs IIyTh HEYETHOM
JJIMHBI W3 TIEPBOHAYAILHO BHIODAHHOW BEPINWHBI HA YTOM Iare B 3Ty Bep-
MIHHY.

Eciu ecth HEmoMedeHHBIE BEPITUHBI, CMEYKHBIE C TIOMEUYEHHBIMHU, BHIOE-
peM oxny m3 Hux. Ecnu BbiOpanHas BepumuHa A cMmexkHa ¢ BepIIuHON B,
MIOMEYEHHON «—+», TO TIOMETUM €€ 3HAKOM <«—».

3aMeTuM, 9TO BCE CMEXKHBIE ¢ BRIOPAHHON BEPIMUHbBI JIMOO HENOMEYEHbI,
JIN0O TIOMEYEHBI 3HAKOM «+». JIeficTBUTEIbHO, €C/iu CMeXKHas C BHIOPAHHOM
BepInHa Ag TOMEUEHA 3HAKOM <«—», TO UMEETCsl MyTh HEUETHOU JJIMHDI

A17T17A27T27"'17'81As

73 EPBOHAYAIBHO TOMEYEHHON B CMEXKHYIO C BHIODAHHOW W MMEeTCs My Th
YeTHON JIJTMHBI
Alatla B27t27 .. 7t’l’1’L7Bm

U3 TIEPBOHAYATBLHO TIOMEYEHHOM B CMEXKHYTO ¢ BBIOpAaHHOM. 3ameTum, 910 A,
u B,, pa3nu4Hbl, TaK KaK MOMe4YeHbl pa3HbiMu MeTKamu. [losromy nmeercs
TUKJI

AlarlaAQaTQa-"arsaASaTaAasaBmatma"'at25B27t13A1

HEYeTHOH IJIMHEI.

[MomeTnm Bce BEpIIMHBI, CMEKHBIE ¢ BHIOpAHHON BepmuHON A, 3HAKOM
«+». Ilo mpeapiayneMy, METKH paHee TIOMEYEHHBIX BEPIIUH TPH 3TOM He
M3MEHATC.

IIpu 3TOM J7151 BEPIITUH, TIOMEUEHHBIX «+», UMEETCS MYTh YETHOMN JIJTIHBI
B 3Ty BepIINHY W3 TEPBOHAYAIHLHO BHIODAHHOW BEPIIUHBI, & /JIsi BEPIIUH,
IIOMEYEHHBIX «—», UMEEeTCd IIyTh HEYeTHOH JJINHBI U3 IIePBOHAYAIbHO BbI-
OpaHHOIl BEPIUHBI B 3Ty BEPINUHY.

Ecnu BoiOpannas BepuinHa He CMEXKHA HU C KAKOW BEPITUHON, TTOMEUEH-
HOIt 3HAKOM «-+», HO CMEKHA C BEPIINHOHN, TOMEYEHHONH 3HAKOM <«—», TO TO-
MeTnM eé 3HAKOM «+». o mpempiayiemMy, Kaxasd CMeKHAsE C BHIOPAHHOM
BepInHa 100 HemoMedeHa, JU0O0 MOMETEHA, «—».

[MomeTnm Bce BEpIIUHBI, CMEKHBIE ¢ BHIOpAHHON BepmuHON A, 3HAKOM
«—». Ilo mpeaprayIieMy, METKH paHee TIOMEUYEHHBIX BEPIIUH MPU ITOM HE
M3MEHSATC.
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ITpu 310M /U151 BEPIIMH, IOMEYEHHBIX «+», MMEETCsl IIyTh YeTHOMN JIJIMHBI
B 3Ty BEPIIMHY U3 NEPBOHAYAJIBLHO BHIOPAHHON HA TOM IlAre BEPIIHUHbBI, &
JIJIST BEPIIAH, TIOMEYEHHBIX «—», UMEETCsl TIyTh HEYETHOW JIMHBI M3 TIEPBO-
HAYAJHHO BHIOPAHHON HA 9TOM Tare BEPIIUHBI B STY BEPIITHHY.

Ecnu HeT HEMOMEYEHHBIX BEPIUH, CMEXKHBIX C TTOMEYEHHBIMU, TEPEX0-
JIUM K cllefyiomemy mary. Beibepem oHy U3 HEIIOMEYEHHbIX BEPIIKH, HA30-
BeM €€ NePBOHAYAJILHO BbIODAHHON U moMerum eé 3HakoM <«+». Bee cmex-
HBIE C Hell BepImuHbI HenoMedeHbl. [Tomernm nx 3nakamu «—». Jamee meiicr-
BYeM y?Ke OMHUCAHHBIM CITOCOOOM.

Yepes KOHETHOE UHUCIIO TTATOB MbI TTIOMETHM BCE BEPIITHHBI.

OTHeceM BePIIUHBI, TOMEYEHHBIE «+», K IEPBOMY IIOJIMHOXKECTBY, & BEP-
LIMHBI, IOMEYEHHBIE <—» — KO BTOPOMY.

Hano nokazarb, uro sro6ble Be BEPINUHDLI, OMEYEHHbIE OAMHAKOBBIM
3HAKOM, HE SIBJISTIOTCS CMEXKHBIMI.

ITo mocTpoeHNI0 OYEBUIHO, YTO BEPIITUHBI, TIOJYIUBIITHE METKHA HA Pa3-
HBIX IArax, He sBJSIOTCH CMEeXKHbIMH. [109TOMY JOCTATOYHO PacCMOTPEThH
ciydail, Korjga obe BepIIUHbI OJYYal0T METKHM HA OJHOM U TOM Ke IIare.
Ho B sTOM ciyuae gBe CMeXKHbI€ BEPILIMHBI HE MOI'YT MMETh OJUHAKOBYIO

METKY. [ |
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2 JOCTUZKMMOCTDb 1N CBA3HOCTD

B sTom pazzesne Mbl paccMaTpuBaeM TOTHKO OPUEHTUPOBAHHbBIE I HEOPH-
€HTUPOBAHHBIE MYJIHTUTPADBI, Y KOTOPHIX YUCJIO BEPINAH KOHEYHO. Takue
MyJAbTATPADBI MbI HA3BIBAEM KOHETHBIMHU.

2.1 Tabauma JOCTUXKMUMOCTH

Bepimuna A OpMeHTHPOBAHHOTO MyJbTUTpada HA3BIBACTCS JOCMUNICU-
Mot m3 BepumHbl B 3T0r0 Mysnbprurpada, ecam CyIecTByeT myTh B 3TOM
Myabrurpage usz B B A. Ilpu 310M cumTaercsi, 94TO KaxKIasd BEPIIMHA J10-
cTuKuMa u3 camoii cebsi. Crie1oBaTeIbHO, OTHOIIEHNE TOCTHXKUMOCTH ped-
JIEKCUBHO.

Teopema 2.1 (TPaH3UTUBHOCTB JocTHXKUMOCTH). Omuowerue docmu-
AHCUMOCTIU MPAH3UMUEHO.

Zoxasameavcmeo. Ecau cymectsyer nyts u3 A 8 B w uz B B C, T0 Cy-
mectsyer u iyTh u3 A B C. JlocTaTouHO cHaYaJ1a BBIMUCATL PEOPA MEPBOTO
IIyTH, & TOTOM PEOPA BTOPOTO My TH. [ |

Tabauyeti docmusicumocmuy OPUEHTUPOBAHHOIO MYyJIbTUIrpada Ha3bIBa-
ercsi Tab/IUIA, B KOTOPOH CTPOKW U CTOJIOIBI TIOMEYEHBI BEPIITUHAMY ITOTO
MyabTUTpada, a HA TEPeceveHnr CTPOKHW W CTOJIONA CTOUT 1, ecim MeTKa
CTOJIONA JOCTUKWUMA, U3 METKHM CTPOKHU, ¥ CTOUT () B OCTAJIBHBIX CIIydasiX.

JLj1st mocTpoeHust TAOIUIIBI TOCTUKUMOCTH MOYKHO MCITO/IB30BATh CJIEIY-
IOIUI aJITOPUTM.

Bepmuna A OpHeHTHPOBAHHOTO MyJIbTUrpada HA3LIBAETCS CMEKHON C
BepmmHON B 3T0r0 MynbpTurpada, eciam B 3TOM Myabrurpade CyIecTByer
pebpo, HAYATBHOM BEPIIMHON KOTOPOTO ABJsieTCst B, a KOHEYHON BePIIHHOM
apasercs A.

Boibupaem Bepiiuay A u HAXOIUM BCE BEPIITUHbBI, JOCTUKUMbIE U3 A.

Jljist 3TOr0 CHaYasia BBIMKUCHIBAEM CAMY BLIODAHHYIO BEPIIUHY, a 3aTeM
BCe CMexKHbBIe ¢ Heil. Boibpannyro BepiuHy cantaeM 00603peBaeMoii.

Eciu obo3peBaemas BepinmHa sBJISETCS TOCIEIHEH, TO BCE BEPIIUHBI,
JoctmkuMbie u3 A, Halizensl. B nporuBHOM citydae cauraeMm 0603peBaeMoit
CJIeIYIONIYI0 BEPINUHY BBIMUCHIBAEMO# OCIEI0BATEIHHOCTH U JO0ABIISIEM B
KOHIIE MOCJIEIOBATETHHOCTH BCE BEPIIUHBI, KOTOPbIE CMEXKHBI ¢ 0003peBae-
MOif, HO HE BCTPEYAIOTCS €I€ B BBIMUCHIBAEMOM MOCIEI0BATETHHOCTH.

[ToBTOpsiem 3Ty Tporeaypy A0 TEX MOP, TOKA 0003PEBaEMAasi BEPIITUHA HE
OKaXKeTcd MOCTeTHEN.
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Teopema 2.2 (KOPPEKTHOCTH AJrOpuUTMa AOCTHXKHUMOcTH). B no-
CMPOEHHOT NOCAECI0BAMEALHOCTNU OKAHCYMCA BCE BEPULUHDBL, DOCTNUNCUMDLE
us A u moavKo Mmaxue SEPULUHYL.

Jloxasameavcmeo. Ecmu cymecTByer myTh
T1,72,---3,Tm

u3s AB Bu By, B,,..., By aBIg10TCd KOHEYHbIMU BepIIMHAMU PEOED 3TOro
MyTH, TO ITU BEPIIUHBI OYAYT BKJIIOUEHBI B BHIMUCHIBAEMYIO MOCIEI0BATEh-
HOCTh. JTO JIOKA3BIBACTCS WHAYKIMEH 110 m. Bepmuna By Oyner BKIOUYEHA
cpasy. Ecin BKiodueHna BeprmmHa B;, TO OHa B KaKOW-TO MOMEHT OKarKeT-
cst 0003peBaeMoit, mocie 4ero Oyaer BKIIOYEHA U CMEXKHas C Hell BepIiimHa
Bi1.

3aMeTuM Ternepb, 9TO BCAKAsl BEPIIMHA, CMEXKHAS C JIOCTHKUMOMN u3 A
BEpINUHON, caMa JOCTUKUMa, 13 A.

JlefiCTBUTEILHO, €CJIU CYIIECTBYET My Th 71,72, - ..,y U3 A B B u pebpo
Tm+1, uaymee u3 B B C, TO CYIIECTBYET TYTh 71,72, .« ., Tm, Fm+1 U3 A B
C.

JlokazkeM Terepb WHIyKIHei 10 HOMEPY BEPIIMHBI B TIOCJIEIOBATETLHOC-
TH, 9TO BCE BKJIIOUYEHHBIE B BBIMUCHIBAEMYTO MOCTEI0BATETHBHOCTH BEPIITMHDI
noctukuMbl n3 A. Kaxknas Bepimna 3TOi MOCIEI0BATEIHLHOCTH JUOO SB-
JISIETCST TIEPBON B MOCJIEIOBATEILHOCTH, JINOO CMEKHA C HEKOTOPOH MpeInl-
IyIIel BePITUHONW 9TOW MOCIemI0BATEILHOCTH. Tak Kak Mo WHIYKIUOHHOMY
[PEJITOIOKEHNTO TPEbIIyIas BepIIinHa JoCTKuMa u3 A, 10 U paccmar-
puBaeMasi BEPIIMHA TOXKe JI0CTUKuMa u3 A. [ |

Paccmorpum, mampumep, caoBa rpad 1.2.1, B KOTOPOM BEPIITUHBI TOME-
genbl nudpavu ot 10 1o 18, a pébpa — nudpamvu or 1 10 9.

Bepmuna 11 sBasiercs m3onuposannoit. Hukakas npyras BepminHa ne
poctrkuma u3 11. Bepmmuna 10 me umeer Bepimma, cmexkubix ¢ Heil. [lo
9TOl MpUYMHE HUKAKAS IPyTras BEPIINHA HE [TOCTUXKUMA U3 Hee.

Haiiném Beprmnbl, goctuxkumble 3 12. Cragasna nomeraem 12, 13. Tlo-
ToM 06o3peBaeMm 13 u momermaem 14. IMoxywaem 12, 13, 14. ITotom o6o3pe-
Baem 14 n momemaem 15. ITorom o6o3peBaem 15 m momemaem 16. ITorom
obo3peBaem 16 n momernaem 17. Ilotom o6ozpeBaem 17 m momemiaem 18.
Tlonygaem

12, 13, 14, 15, 16, 17, 18.

Hanee obo3peBaem 18 u nmomemaem 10. 16 npu 3TOM IOMEMIATH HE HA/IO,
TaK KAaK 3T BEPIIUHA YK€ eCTh B mocjenoBarenbroctu. O603peBasi 3aTem
10, MBI He 100aBJIsiEM HOBBIX BEPINUH W 3aKAHIMBAEM TOCTPOEHUE.
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Takum obpazom u3 12 moctmxkumbr 12, 13, 14, 15, 16, 17, 18 u 10.

Haiiném Bepmmabl, qocTmkuMbie 3 17. [locmetoBaTeTbHO BHIMUCHIBAEM:

17, 18, 10, 16.

OTH 3Ke BEPIIUHBI JOCTUKUMBI 13 16 u 18. AnajorudnbiM 06pa3oM mosy-
qaeM, uTo u3 13 moctmxumsr 13, 14, 15, 16, 17, 18 u 10. I3 14 noctmkmmbr
14, 15, 16, 17, 18 u 10. I3 15 moctmxkumer 15, 16, 17, 18 u 10.

8
7
1 2 3 4 5 6
10 11 12 13 14 15 16 17 18
ITonygaem creayrormyo TabAHILy JOCTHKAMOCTH:

10 11 12 13 14 15 16 17 18
01 0 0 0 O O O 0 O
1 0 1 0 O 0 O 0 0 O
2 1 o 1 1 1 1 1 1 1
3 1 0o 0 1 1 1 1 1 1
4 1 0 O O 1 1 1 1 1
% 1 0 0 O O 1 1 1 1
% 1 0 0O O O O 1 1 1
7 1.0 O O O O 1 1 1
¥ 1 0 O O O O 1 1 1

B ciygae HEOpueHTHPOBAHHOTO MyabTUTPAdha OTHOIIIEHNE TOCTUKUMOC-
TH CUMMETPUYHO. B 3TOM cydae MOKHO TOXKE MCIOIH30BATh MPEITOKEH-
HBIH AJTOPUTM JIJTsT MIOCTPOEHUsT TAOIUIIBI JOCTHKUMOCTH.

2.2 KoMmmoHeHTBHI CUJIBHOI CBA3HOCTHN

OrHolIeHre JOCTHKKUMOCTHA TPAH3UTUBHO U peduiekcuBHO. IToaToMmy or-
HOIIIEHHE B3aUMHOIT TOCTHKMMOCTH SBJISIETCsI OTHOIIEHNEM SKBUBAJIEHTHOC-
ti. CJ1e10BaTEIbHO, 3TO OTHOIIEHHE PA30MBaeT BEPIIMHLI HA KJ/IACCHL B3aM-
HO JIOCTHKHUMBIX BEPIIHH. DTU KJIACCHI HAZBIBAIOTCS KOMNOHEHMAMU CUAb-
Hol c8A3HOCTU.

OpueHTHpPOBAHHBIN MyJIbTUTPAG} HABBIBAETCS CUALHO CEA3HbIM, €CITH OH
COCTOMUT M3 OJHOI KOMITOHEHTHI CUJIHHON CBA3HOCTHU.
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Hanpumep, B rpade 1.2.1 KOMIOHEHTAMY CHILHON CBA3HOCTH ABJISIIOTCS:

{10}, {11}, {12}, {13}, {14}, {15}, {16, 17, 18}.

Ha xommoneHTax CHUJIBHON CBA3HOCTH MOYKHO PACCMATPUBATH CIETYIO-
111ee OTHOIIIEHNE JTOCTUKUAMOCTH.

Omnpenesienne 2.2.1 (FOCTHMXKUMOCTH HAa KOMIIOHeHTaX). Kaowcdas
Komnonenma docmustcuma u3 camoii ceba. Ecau xomnonenmor passusmo,
6vloupaem 6 KaHcdol u3 PaccMampueaemMvls KOMNOHEHT NO 00HOMY dAe-
Mmenmy. Buiopannvie snemenmo, He ABAAOMCA 63aGUMHO JOCTNUNCUMBLMU,
MaK KK KOMNOHEHMB, passudms. Komnonenma docmuoicuma us dpyzot
KOMNOHEHMDBL, €CAU 8bLOPAHHBLY 6 Hell dnemenm JOCMUNCUM U3 INeMEeHMA,
6bL0panH020 8 dpyzoli Komnonenme. Komnonenma cmpozo docmusicuma u3
Opy201i KOMNOHEHMBL, ECAU OHA JOCTNUNCUMG U IMU KOMNOHEHMDL PA3NUY-
HDL.

Teopema 2.3 (0 YacTUYHOM IOPsiIKE HA KOMIOHEHTax). Onpedene-
HUE JOCTNUNCUMOCTIU HE 3ABUCUM OM EB60PA INEMEHMOE 8 KOMNOHEHMAL.
Omnowenue cmpozoti JOCUNCUMOCTNY HA KOMNOHEHMATL ABAACMCA YAC-
MUYHBLM NOPAIKOM.

Jloxaszamenavcmeo. Beibepem m3 KOMIOHEHTHI K1 37€MEHTBI a1 U dg, & U3
KOMTIOHEHTHI Ko ss1emenTht dy u do. Ilycth a1 moctuxxum u3 di. Tak kax dy
JOCTYXKUM U3 dy ¥ sy JOCTUKUM U3 (1, TO (2 JOCTUKUM U3 ds.
OrHOIIEHNE CTPOroil TOCTUKUMOCTH Ha, KOMIIOHEHTAX TPAH3UTHBHO, TAK
KaK OTHOIIEHWE JOCTUXKWMOCTH Ha, BEPIITMHAX TPAH3WUTUBHO. Bmecte ¢ Tem
JIBe PA3JINIHbIE KOMIOHEHTHI HE MOT'YT OBITH B3aMMHO JIOCTHXKUMBIMHE, TaK
KakK B MPOTHUBHOM CIy4ae, B KaXXJIOM W3 HAX MOXKHO ObLTO OBI BHIOPATH IO
BepIUHE Tak, 9TOObI BHIOPAHHBIE BEPINUHBI ObLIH B3AWMHO JIOCTHXKUMBI.
970 03HaUAIO OBI, 9TO PACCMATPUBAEMbIE KOMIIOHEHTHI COBMAIA0T. [103T0-
My OTHOIIIEHHE CTPOTOI JTOCTUKUMOCTH HA KOMIIOHEHTAX AHTUCAMMETPUY-

HO. i

st n306parkennsi KOHEYHBIX YACTUYHBIX MTOPSAIKOB MOXKHO HCIIOIH30-
BaThH CAeAyIOMuii crnocob. Ha3zoBéM 31eMeHT MUHUMAALHbLM, €CTTH OH He 5B-
JITETCS CMEYKHBIM HU ¢ KAKUM 3JIeMeHTOM. PacnoioxknM MUHUMATBHBIE dJ1e-
MEHTBHI Ha HUXKHEM ypoBHe. PaccMoTpuMm ocrtaBrmecs meMeHThl. Karkbrii
MHUHUMAJIbHBIN U3 OCTABIINXCS 3JIEMEHTOB, PACIOIOKUM HA BTOPOM yPOBHE.
IIyctb y2ke mocTpOeHbI 37eMeHThI HECKOJIBbKUX HAYAJIbHBIX ypoBHEi. Kax-
JbIfl MUHUMAJbHBIN W3 3JIEMEHTOB, He TIOMENIEHHBIX ellé HU Ha OJUH M3
y2Ke TIOCTPOEHHBIX YPOBHEH, TTOMelaeM Ha CJEeIYIONUi Tocae BCeX paHee
TIOCTPOEHHBIX YPOBEHbB. I3 3/1eMEHTOB OTHOTO YPOBHS HU OJWH HE ABJISETCS
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CMEXKHBIM K JIpyromy. Eciu ajieMeHT BEPXHEro yPOBHS G SBJSETCS CMeXK-
HBIM K 3JIEMEHTY MEHBIIEro YPOBHS b U He CyIIeCTBYeT HUKAKOTO TAKOrO
3JIEMEHTA, ¢ TPOMEKYTOYHOTO YPOBHSI, UTO @ CMEYKEH C ¢, & ¢ CME¥XKEH ¢ b, TO
coenuHsiEM @ U b OTPE3KOM.

B paccmarpuBaeMoM TpUMeEpEe YACTHYHBIN TOPSI0K HA KOMIIOHEHTAX
UMeeT CJeIYIOINi BUI:

{12} {11}

B ciyuae HeopueHTUPOBAHHOTO MyJIbTUTPAda OTHONTEHUE B3AMMHOMN 10-
CTHKUMOCTH COBTIQIAET C OTHOIIIEHUEM JIOCTHKUMOCTH. B 3TOM cmydae MHO-
2KECTBO BEPINWH PA30MBAETCs HA KOMIIOHEHTHI C6A3HOCTMU, & BEPIIUHBI U3
Pa3MYHBIX KOMIOHEHT HE JOCTUKUMBbI OfHa n3 Apyroit. Takum obpazowm,
YACTUIHBIN TIOPAIOK HA KOMIIOHEHTAX SABJISIETCS TPUBUAJILHBIM. Karkmas
KOMTIOHEHTA, ABJIAETCA W30JIMPOBAHHBIM 3JIEMEHTOM B 3TOM YaCTHUIHOM IIO-
pAIKe.

HeopuentnpoBauubsiii MyabTurpad Ha3bIBACTCS C6A3HbIM, €CTIH OH CO-
CTOUT U3 OJHOI KOMIIOHEHTbHI CBA3HOCTH.

2.3 Ilopoxknamomiue MHO>kKecTBa. baszbl

MH#HO0>K€CTBO BEPINTUH OPUEHTUPOBAHHOTO MYJIbTUTpada HA3BIBAETCS T0-
POHCOGOULUM, €CITU KAXKAAsl BEPIIMHA JOCTHKMMA, U3 OJHOM U3 BEPIIUH 3TO-
IO MHOXKECTBA.

MHOKeCTBO BEPIIUH OPUEHTHPOBAHHOTO MYJIbTUTIPada HA3BIBAETCS €0
0a30ii, €CJUM OHO SIBJSIETCS TOPOXKIAIONINAM, HO IepecTaHeT ObITh MOPOK/Ia-
IOIIWM TIOCJIe BHIOPACKIBAHUS M3 HErO JII000# OIHOM BXOASINEH B HErO Bep-
IITAHBI.

Hanpuwmep, B rpade 1.2.1 nmeercst Tonpko onna 6a3a {11, 12}. B camom
Jene, Kaxkaas 6a3a JOJIXKHA COIeprKaTh BepimHbl 11 n 12, Tak Kak KarkIas
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W3 HUX HEe JOCTHXKMMA HU M3 KAKOH OTIWYHON OT Heé Bepmmubl. Ho u3 12
JIOCTU2KUMBI BCE BEPIIUHBI, KpoMe 11.

Teopema 2.4 (o 6a3ax). Mwuooicecmaso sepusum OPUEHMUPOBAHHO20 MYAb-
muepapa asasemcs 6630t mozda u MoOALKO Mozda, K020a OHO COdePIHCUM,
POo6HO No 00HOT GepusUHe U3 KAAHCIOT, MUHUMANADHOT KOMNOHEHMBL CUALHOT
CBASHOCTU U He CO0ePAHCUM IDY2UT 6EPUIUH.

Jloxasameavcmeo. Kaxkmast BepIimHa IOCTHXKUMA W3 JII0OON BEPITHHBI
KaKOW-TO MUHUMAJILHON KOMIIOHEHTHI CUJIbHON cBs3HOCTH. /leiicTBUTENHHO,
KasK/Ias BEPIIUHA JTUOO0 JIEKUT B MUHUMATBHON KOMIIOHEHTE M TOTIA JTOCTH-
KHUMa U3 JTI000H BEPIIHHBI 9TOW KOMIIOHEHTBI, TAK KaK JIFOObIE /IBE BEPIIH-
HBI OHOM KOMITIOHEHTHI B3AUMHO JOCTHXKHMBI, JTHOO JIE2KUT B KOMIIOHEHTE,
KOTOpasd JOCTUKUMA N3 HEKOTOPON MIUHUMAJIBHON KOMIIOHEHTHI B TOTAA J10-
CTUXKUMQ, U3 JIIOOOH BEPITUHBI 3TOM MUHWUMAJIHHOW KOMIIOHEHTHI.

Hukakast Bepiiinaa n3 MUHUMAIbHON KOMIIOHEHTBI HE JOCTHUKAMA HU U3
KaKO#l BEPIIINHBI, HE JIezKaIel B 3Toit kommorenTe. 1o 3Toi npwyunie B KaxK-
noit ba3e momKHA OBITH XOTd ObI OJHA BEPIHHA M3 KAXKIOH MHUHUMAJIbLHOMN
KOMIIOHEHTHI. [ ]

B wactHocTH, Kaxkgast 6a3a CONEPKUT BCE MCTOUYHWUKU W HE COIEPIKUT
CTOKOB, KOTOpPBIE HE SBJIAIOTCA NCTOTYHUKAMH.
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3 JAEPEBbZ

B sTom paszmene paccMaTpUBarOTCs KOHEYHBIE HEOPMEHTHPOBAHHBIE T'Pa-
dbo1 6e3 neTesh.

3.1 Omnpeaenienusi Aepesa

Ounpenesienne 3.1.1 (gepeBa). /epesom nazveaemcs ceésasnoiii epad 6e3
YUKAOS.

Teopema 3.1 (06 ocroBe rpada). M3 npouzeoavnozo c6asnozo zpaga
yoasernuem peéGEP MONCHO NOAYHUMD depeso.

[Monyuennoe mepeBO HA3BIBAETCS OCMOE0M ITOTO Tpada.
st moKa3aTebcTBa TEOPEMBbI JOKAXKEM TPHU JIEMMbI.

Jlemma 3.2. Buwibpacviearuem pédep us xancdozo nymu, He AGAANULE20CA
YUKAOM, MOHCHO NOAYUUMD INEMEHMAPHBLY NYMb, COeOUHAOWUT Mme dHce
B8EPULUHDL.

U3 kaorcdozo npocmozo yukaa 6b0Pacu8aHUuem PEOED MOHCHO TOAYHUMD
INEMERMAPHOLT YUKA, COEOUHANOUWUT e MHCE BEPUIUHDL.

Ecau epag codeporcum yuxa, mo on codepacum u npocmoti Yuki.

Zoxasameavcmeo. Kcin u3 myTn BBIOPOCUTH €0 HAYAJIBHYIO WJIH KOHEU-
HYIO 9aCTh, TO TOJYYUATCA MYTh. PaccMOTpUM TyTh HAWMMEHbIIEH JIJTUHbI,
COeIMHAIONTNI Te ke BepunHbl. Eciin B HEM BHYTDPEHHsisI BepPINWHA COBIIa-
IaeT ¢ KOHIIEBOi, TO MMeeTcs 0omee KOPOTKHUI My Th, COEINHAIONINI Te XKe
BEPIIUHBI, & €C/IU COBIIaIAI0T /IB€ BHYTPEHHHUE BEPIINHDI, & KOHIIBI IIyTH Pa3-
JIMYHBI M OTJIMIHBI OT BHYTPEHHUX BEPIINH, TO MOXKHO Y/IAJUTh 9aCTh My TH,
COEIMHSIIONIYI0 9T COBMAJAONINE BepuinHbL. [ 3TOro BhIOEPEM MEPBYIO
BHYTPEHHIOIO BEPIITNHY, /119 KOTOPOi €CTh COBMAAIONIas BHYTPEHHAS Bep-
IWHA, HaWJeM IOCIEHIOI0 BEPIINHY IIyTH, COBIA/AIONIYIO C 3TOil BHYTpEH-
Hell BEepIIUHOI, U BRIOPOCHM OTPE30K IIyTH OT MEPBOI /0 MOCTeqHel ¢ Heit
copmamarorreii. Ciieayroree mocie BHIOPOIIEHHOTO OTPE3Ka pedpo OTINIHO
OT pebpa, HAXOISIIErocs Mepel BHIOPOIIIEHHBIM OTPE3KOM.

Bribepem B 1ukje Taxoii 0OTpe30K, B KOTOPOM BHYTPEHHUE BEPIITUHBI HE
[IOBTOPAIOTCA U OTJIMYHBL OT KOHIIOB OTPE3Ka, a KOHIIbI OTPE3Ka OJUHAKOBDI.
DTOT OTPE30K OyIET FMEMEHTAPHBIM [IUKIOM. [ |

He BepnO, 9T0 M3 MuKIa BEIOpACKIBAHHEM PEOEP MOXKHO MOy IUTh ITHAKJI,
COeIMHSATONTII Te Ke BepiuHbl. Hanpumep, u3 mukia

Ar,B,t,C,s,D,u,B,r, A
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HEJIb3s TOIYYUTh UK, TPOXOsiiuii yepe3 A B rpade:
u

A B C D

Pebpo rpada HazwBIBaETCS UYUKAUUECKUM, €CTH OHO BXOAWUT B KAKOH-TO
mpocToii ukia. OcTranbabie PEOPA HA3BIBAIOTCS GUUKAUYECKUMU.

JIemma 3.3 (o mmkiandeckoMm pebpe). ITocae yoarenus yukAuecrozo
pebpa u3 c8a31020 2pagda IMom 2pagd 0cMmaémces C8A3HHIM.

Zoxasameavcmeo. Hamo mokasarh, 9TO JII0ObIE BE BEPITUHBI CBABAHBI Y-
TéM B osiydeHHOM rpade. B HaganbHOM rpade OHI CBA3AHBI 3J1EMEHTAPHBIM
nytém. Ecnm aToT nmyTh He mpoxoauT uepe3 BhIOpOIeHHOe pebpo, OH ocTa-
HeTCs TyTéM U B ntostyueHHoM rpade. IlycTs BeIOpoimeHo pedpo 7 ¢ KOHIAMK
A u B. Tlycth 370 pebpo BXOAUT B TPOCTON IUKJI

Ar,B,r1, A, ..., 15, A

SaMeHI/IM B IIyTH, CBA3BIBAIOIINUM paCCMaTpUBaeMbl€ BEPIITNUHBI, BLI6pOH_IeH—
HOE pedpOo HA MYTh

A,Ts,...,Al,Tl,B.

IMTony4unm myTh B momydeHHOM rpade, CBI3bIBAIOIINN PACCMATPUBAEMBIE BEP-
LIKHBI. [ |

Jlemma 3.4 (06 amukiamueckoM pebpe). [locae ydasenus ayurauvec-
K020 pebpa u3 ceA3H020 epada smom 2pad nepecmaém OvMb CEAZHHIM.

Jloxaszamenavcmeo. Ecim 6b1 B monydeHHOM Tpade KOHIIbI BBIOPOIIEHHOTO
pebpa CBA3LIBAIMCH KAKUM-TO 3JIEMEHTAPHBIM TYTEM, TO T00ABUB K HEMY
BBIOPOIITIEHHOE PEOPO, MBI TTOJTYYU/IN OBl TPOCTOI IIUKJI, & BEIOPOITIEHHOE Ped-
PO OBLITO OBI MUKJINIECKHIM. [ |

Zoxazameavcmeo meopemn, 3.1. Ecnu B rpade ecTb HUKIIBI, TO €CTH U TPOC-
ThIe TUKJIbI. BHIOPOCHB MUKINTIECKOE PeOPO, MBI TMIOTYINM CBSA3HBIA rpad
MeHbIUM 4YncjaoM pébep. IIpomomkaeM 3TOT TPOIECC 10 TeX TMOp, MOKA B
rpade ecth MUKJIBL Tak Kak B rpade 6e3 pédbep IMKJIOB HET, TO MPOIECC
3aKAHYMBAETCS W B PE3YJIHTATE TOIYIAETCS JEPEBO. [ ]
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Teopema 3.5 (o myTax B gepeBe). B depese das 210601 napvL pasauHoLT
8EPWUH CYULLCNEYEM 00UH U MOABKO 00UH C8A3BLEANULUT UL INEMEHMAD-
HoLl NYmMb.

Ecau 6 ceasnom zpagpe 0as A0OBT 08YT PASAUMHBLT BEPULUH CYULECTTI-
syem 00uH U MOALKO 00UH COCQUHANOUUT IMU BEPULUHBL IAEMEHMAPHbLT
nYmov, Mo IMOM 2pad He uMmeem YUKA08 U, 3HAUUM, ABAAEMCH JePEBOM.

Zoxazameavcmeo. IlycTb ecThb ABa PA3TUIHBIE SIEMEHTAPHBIE ITyTH, COEJIH-
HSTOIUE Te YKe BepiuHbl. Eciu 5Tu 1Ba myTd uMeoT OOy BHY TPEHHIOI0
BEPIIHMHY, TO MOXKHO PacCMOTPeTh Dojiee KOPOTKHE Iy Tu. Kciu onu He uMe-
0T OOIIUX BHY TPEHHUX BEPIITUH, TO MPOXO/Isi CHAYAJIA IEPBHIi My Th, & MOTOM
BTOPOIi B 0OPATHOM MOPSIIKE, MBI TOJIYIYUM TPOCTON IUKJI.

Ecnu B rpade ectb 3meMeHTapPHBIN UK, TO JJisT TIOOBIX IBYX €ro pas-
JIMYHBIX BEPIIUH CYIIECTBYET JIBA PA3TUIHBIX COEIUHSIONINX STU BEPITHHBI
S/IeMEeHTaHbIX IIyTH. [ |

IIpensiozkennoe onpezesnenue JepeBa sABJSeTCs JEHOTALMOHHBIM (Omuca-
TesbHbIM). HO MOXKHO NpPeAJIoKUTh U OEPAIMOHHOE OIIPE/IeJIeHHE.

I'pad ¢ BoiaenenHoi BepiMHON Ha3biBaeTcs /I-2pagom TOrna u TOILKO
TOT/A, KOTJA OH JJuO0 MMEeT OIHY BEPINUHY W HE MMEeT HU OJHOTrO pebpa,
JI0O TOTyYaeTCst U3 KOHedHoro yucia J-rpados 6e3 momapHo o0ImuX Bep-
muH 1 6e3 momapHo ooIux pédep mobaBIeHneM HOBOM BEPIIHHBI, KOTOPAs
OyeT ero BBIIEIEHHON BEPIIWHON, U J00aBI€HNEM HOBBIX pebep, COemmHsI-
FOIUX HOBYIO BEPINUHY C BBIJIEIEHHBIMU BepIIHHAMY 3a7aHHBIX JI-rpadoB.
Bo Bropom ciyuae Oymem roBoputh, uTo 3TOT JI-rpad momydaercs coedu-
HeHuem /[-epagos. Brimemennas BepImHa HA3BIBAETC KopHem [-zpada.

Teopema 3.6 (peKypcuBHOe onpepeJsieHne jaepeBa). I'pad asasemcs
depesom mozda u MoAbKO Mmozda, K02da nocae 00BABAEHUA NPOU3BONbHOT
€20 eepwunbl evidesennoti on cmanosumecea -zpagom.

Zoxasameavcmso. Ilycts rpad mocie BbiIe/I€HNs BEPITUHBI CTAHOBUTCS [1-
rpacdom. UnayKkiumeit o 9uciy ero 3JeMEeHTOB JI0KAXKeM, YTO OH CBS3€H W
HE MMeeT [UKJIOB.

B camom mene, 370 BepHO st Tpada ¢ OZHONM BepImmHOi u 6e3 pédep.
Ecau sto BepHO mns kakux-10 JI-rpadoB, W3 KOTOPBHIX PACCMATPUBAEMBIi
J-rpad mogydaercs coequHEHNEM, TO JIOOBIE 1B €er0 PA3JIUYHbIE BEPITUHDI
aubo J1eKaT B OMHOM M3 coemmHsieMblx JI-rpadoB ¥ TOTIa MMEIOT eIUHCT-
BEHHDBIH COeIUHSIONNA X 3JIEeMEHTAPHBIA MyTh, JUOO JIEZKAT B PA3HBIX CO-
enunsiembix JI-rpadax u Torga e IMHCTBEHHBIH COeTUHSAIOMINHA 3TH BEPITUHBI
9JIEMEHTAPHBIN TYTh TOIYYaeTCs OObheIUHEHNEM 3JIEMEHTAPHBIX TyTed u3
paccMaTpuUBaeMOil BEPIUHBI B KOPeHb coemmusieMoro /JI-rpada, m3 3Toro
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KODHs B KOpeHb HOBOTO JI-rpada, n3 Hero B KOpeHb APYyroro COeauHsIeMOro
J-rpada u u3 3TOro KOpHS BO BTOPYIO BEPIIHUHY.

W3 sToro u teopemsr 3.5 ciemayer, aro kaxkapiii JI-rpad sBasercs mgepe-
BOM C BBIJEJIEHHOI BEpIINHOM.

Boigenum Temeps B mepeBe OAHY BEpIUHY W HAa30BEM e€ KopHem. Pac-
CTOSIHWEM BEPIITUHBI 3TOTO Tpada OT KOPHS HA30BEM JJINHY 3JIEMEHTapPHOTO
MyTH U3 3TOH BepiuHbl B KOpeHb. CKaXKeM, 9T0 BEpIIUHA PACIONOXKEHA Ha
YPOBHE i, €CIu €€ PACCTOsIHUE OT KOPHS PABHO 1.

Kaxknas Bepuinna yposHs ¢ + 1 cMeXKHA € OHOI U TOTBKO OTHOI BEPIIIH-
HOU YPOBHS %, Ha3bIBAEMON MPEJIKOM PACCMATPUBAEMOI BEPIIWHBI YPOBHS
1+ 1. JI;1s1 BepIUHBI YPOBHS ¢ CMEYKHas C Hell BEPITUHA YPOBHSA ¢ + 1 Ha3bI-
BaeTCs €€ HEeMOCPEJICTBEHHBIM TIOTOMKOM.

Paccmorpum HemocpeicTBeHHBIE TOTOMKHY KOPHsI. PaccMOTpuM /115t KarxK-
JOr0 TAKOTO MOTOMKA BCE BEPINWHBI [I€PEBA, JEMEHTAPHbIA IIyTh U3 KOTO-
PBIX B KOPEHb JePeBa MPOXOIUT Yepe3 ITOT MOTOMOK. Kciin octaBuTh TOIHKO
pé6pa, KOHIIBI KOTOPBIX SBJISIIOTCS TAKUMU BEPIIMHAMU, TO TOJYIUM CBSI3-
HBII Tpad 0e3 MUKIOB.

[Monyuennsre TakuM 00pa3oM rpadbl HE UMEIOT OOIIUX BEPIIUH U PEGEp.
Ucnonb3yst MEAYKIMIO 110 YUCITy BEPIIWH JI€PEBA, MOXKHO CYUTATH, YTO TH
rpadnr aBasgiorcs [l-nepeBbsiMu, KOPHIMU KOTOPBIX SIBJISIOTCS PACCMATPHU-
BaeMble HEMIOCPEICTBEHHBIE MOTOMKH KOPHs. 9TO JOKA3BIBAET, YTO JIEPEBO C
BBIJIEJIEHHON BepmuHOiil siBsiercst I-rpadom. [ |

Teopema 3.7 (o uucsie Bepius gepesa). Cesasnuviil epagh mozda u moas-
K0 M020a ABAAEMCA 0EPEBOM, K020a YUCAO BEPUIUH 6 HEM HA 00HY boavule,
yeMm YUCA0 pébep.

Jloxasameavcmeo. B oxnoBepmmaHOM JI-rpade 37O COOTHOIEHNE BBHITOJ-
HsieTcs. Kciiv OHO BRITIOTHSAETCS B coeanHsIeMbIX /[-rpadax, TO BBITOIHIETCS
¥ B COEIMHEHNN, TaK KaK J0OABJISETCS CTOIBKO PEGEp, CKOIBKO rpadoB COo-
€/INHSIETCS, ¥ OJTHA BEPIINHA.

Ecnu yncio Bepmua HA 0HY OOJIBINE, YeM 9UCI0 PEGEDP, TO MUKIUIECKUX
pEGep HeT, TaK KaK MOCTe BHIOPACHIBAHUS MOy 9HI0CH ObI IEPEBO, B KOTOPOM
PA3HOCTH MEXKJIy YHCIOM BEPIIUH W YUCIOM PEGEp GOJIbIe eMHUTIBI. [ ]

3.2 IlocTpoeHme MUHUMAJIBHOTO OCTOBA

B sToM moapasmesie Mbl pacCMaTPUBAEM CBS3HBIE TPAdBI.
Jlna moyueHusi 0CTOBa PEOPaA MOXKHO YIAJIATH PA3HBIMHU CIOCODAMM,
OIHAKO 00IIIee YN0 YIAJEHHBIX pEOEp HEe 3aBUCUT OT Crocoba yaajeHus
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pédep. Tak Kaxk B pe3yabTaTe YUJIO BEPIIUH JOTXKHO OBITH HA OTHY OOJbIIE
qucyia pédbep, 9ucio yAAJEHHBIX peéOep paBHO dHCIy pEGep MHUHYC UHCIIO
BEPIIWH TIJIIOC OJUH.

Paccmorpum Tenmeps ciydait HarpykeHHoro rpada, péopa KoToporo nMe-
0T 33IaHHBIE CTOMMOCTH. B 3TOM ClIydae mojydaeMbie OCTOBBI He SIBJISIOTCS
PaABHOTIPOBHBIME U MOYKHO TTOCTABUTH 33a4y MOJIYUEHUsS] CAMOTO JIEMIEBOTO
ocroBa. Cymma cromMmocTeil Bcex ero pébep He MPEeBOCXOIUT CYMMBbI CTOU-
Mocreit Bcex pédep soboro apyroro ocroBa. Cambril JeméBbiit 0CTOB erné
HA3BIBAIOT MUHUMAALHBLM.

Asaropurm 1 (aJst HOCTPOEHNsSI MUHUMAJIBHOTO ocToBa). Pacnosa-
eaem 6ce péOpa 6 Mopadke G03PACTNANUA UL cmoumocmed (epynno. pébep
¢ 00UHAK0BOT CTMOUMOCTBIO MOHCHO GHINUCHIEAMS 6 NPOU3BONLHOM NOPAI-
Ke).

Buibupaem nepeoe pebpo u 6KA0OUAEM €20 6 0CTNOE.

Hyemo yorce paccmompens, HEKOMOPbLE PEOPA U HEKOMOPBLE U3 HUL GKAN0-
weHdl 6 0CMOoE.

Paccmompum caedyrousee pebpo. Ecau emecme ¢ yoce 6KA104EHHDIMYU 6
0cmoe pébpamu ono obpasyem 2pad 6e3 UUKA08, MO BKAIOUAEM €20 6 OCMOE,
uHaue omopacvLeaem 3mo pebpo u Neperooum K paccmMompenuto cAeoYou,e20
pebpa.

Anzopumm 3axanuueaem pabomy, x020a 6 0cmoe bydem 6KAIOUEHO CTNOND-
K0 PEGEP, UMO UL YUCAO HA OOHO MEHDULE YUCAL BEPULUH.

Teopema 3.8 (o koppekTHOocTH anropurma 1). Auszopumm 1 deticm-
GUMEABHO CTPOUTN, MUHUMAALHBIT 0CTNOE.

Jloxaszamenavecmeo. Hano mokasarh, 9TO MOCTPOEHHBIN OcTOB D1 He I0pOXKe
qnroboro apyroro octoBa. Ilycrs Dy — camblit gemésbrit octoB. MHayknueit
mo ducay pébep B Ds, He aBiasomuxcs péopaMu ocroBa Dy, TOKaXKeM, 4TO
D, ue gopoxke Dy. PaccMorpum mepBoe pebpo (B TOPAIKE UX BKJIIOUEHUS
B D1) ocroBa D1, me Bxomsuiee B Ds. Ilyts A u B — KOHIIBI 3TOTO pedpa.
OTu BepuInHbI B JiepeBe Dy COeMHEHBI HEKOTOPBIM JIEMEHTAPHBIM Ty TEM.
DTOT HyTh HE MOXKET COCTOATH TOJBKO U3 pébep ocroBa Di, Tak KaK TOraa
B Dy 6611 ObI UK. Beiopocum u3 Do Takoe pebpo 3TOro myTH, KOTOPOe He
ABJIsIeTCsT pebpoM ocToBa Dy, M 100ABUM paccMaTpuBaeMoe pebpo ¢ KOHIIA-
Mu A u B. Hosblit ocTOB He 10poKe ocToBa Do, HO UMEET MeHbIe pédep,
HE SBIAIONIXCs pébpamu octoBa D1 . [ |

[Tpusenem mpumep. Paccmorpum Harpykenubrii rpady, 3aJaHHBIN TaOIV-
1eit CMeXXHOCTH:
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A
B
c
D

E

A
0
33
16
2
719

B
33
0
3
222
3

¢ D E
16 2 719
3 222 3
0o 7 1
T 0 77
1 7 0

Pacmonoxxkum pébpa B mopsizike BO3PACTAHUSI:

(E,C),(A,D),(B,C),(B

. E),(C,D),(4,0),(A,B), (D, E), (B, D), (A, E).

Nx croumocTn pasubl: 1, 2, 3, 3, 7, 16, 33, 77, 222, 719.
Bkirowaem B ocToB pébpa:

(E,C),(A,D),(B,C).

Crenyromiee peGpo BKIIIOYATH HEMb3sl, TAK KAK MOSABUTCSA UK. Briaodaem
B octoB pebpo (C, D). Ilonyuaem uerbipe pebpa 1 3aKAHIMBAEM OCTPOECHHUE

OCTOBaA.
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4 TIOATPA®EI. YETHHIE T'PA®EI

B sToMm pasznesie paccMaTpuBAIOTCS HEOPUEHTUPOBAHHBIE KOHEYHBIE IDA-
&1 6e3 merenb. Mbl mpeanonaraeM, 9To rpad ComepKuT pébpa u, 3HAUUT,
nMeeT Oosiee OHOM BEPIIUHBI.

4.1 Yérusie rpadnl

Onpenenenne 4.1.1 (ungexkca BepmuHbl). Hudexcom eepwunss 2pada
HA3VLBAENCS YUCAO BCET PEOED, OAA KOMOPHIT IMA 6EPUUHA ABAAETNCA KOH-
4e601.

Onpepnenenne 4.1.2 (uéraoro rpada). I'pad nasveaemes wémuom, ec-
AU undexe Kancdol e2o 8epuiutb, 4EMEH.

Teopema 4.1 (Ditnepa o uérHbix rpadax). Ceaswui zpad asasem-
CA UEMHBLM M0206 U MOALKO mozda, Kozda cyuiecmeyem npocmot Uuka,
npoxodsuuti wepes ece pébpa zpada.

Jloxaszameavecmeo. B mpocToM IuKIIe WHAEKC KazK/I0H BEPITNHBI 96TEH.

ITycts B cBsI3HOM rpade MHAEKC KayKI0i BepIIUHBI YETEH.

Bribepem mpoun3BobHy0 BepriuHy. Tak Kak rpad CBs3€H, CyNIeCTBYET
pebpo, IJIs KOTOPOTO 3TA BEPINWHA SBJISIETCS KOHIEBOH. PaccmoTrpum apy-
roit KoHer, 3Toro pebopa. Tak Kak ero WHIEKC 9YETeH, CYIIECTBYeT IPyroe
pebpo ¢ KOHIIOM B 3TOi BepiinHe. PaccMOTpuM Apyroit KOHer 3TOro pedpa
7 Tak gasee. BoiOmpas TakuM 06pa3oM KazKIabli pa3 HOBOE pebpo U MCIIOIb-
3ysl YETHOCTH WHIEKCA KAXKI0H BEPIIUHBI, MBI YePe3 KAKOe-TO YUCJIO MIAr0B
BEpHEMCS B BEPIIMHY, BRIOPAHHYIO TIepBOii. JIubo mpu 3TOM OyayT npoiigeHbt
BCe pébpa, OO OTHO W3 HEMPOIIEHHBIX PEOEP MMEeT OHY U3 MPOIeHHBIX
BepIuH KoHIEBOoi. Ecim 661 310 66110 He TaK, rpad He ObLT ObI CBI3HBIM,
TAK KaK HEMPOIIeHHbIE BEPITHHBI He ObLIN ObI JJOCTHKUMbI U3 TPOMI€HHBIX.

B nmepBom ciaydae rpad saBiserca 3iaepoBbiM. Bo BTopoMm ciydae mpo-
JIOJIZKUM TIOCTPOEHKE, BBIOUPAs 9TO HEMPOWIeHHOe peOPO U ero HermponeH-
HBII KOHEII,

OTO OKA3BIBAET, 9TO CBA3HBIA YETHBIN Tpad sBisercs 00beInHeHueM
MPOCTBIX MUKJIOB 0e3 o0IuX pédep, B KOTOPOM KAXKIABIN CIIEAYIONIAA UK
uMeeT OOIIYI0 BEPINWHY C 00beInHEeHHEM Tpeabiaymx. [Ipeamnomarasi, 9To
00beIMHEeHNE TPEIBIAYIIUX [IUKJIOB SABJISETCS MPOCTHIM IIUKJIOM, MOJTYIaeM,
9TO 3TO0 OOBEJUHEHHNE BMECTE C PACCMATPUBAEMbBIM [UKJIOM TOXKE SIBJISIETCST
OpOCTHIM HUKJIOM (00XO HAJI0 HAYATH C OOLIeil BEepIIMHbL). [ ]
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4.2 TIloarpadsr

Onpepesienne 4.2.1 (noarpada). I'pad, sepwunamu Komopozo A6AA-
10MCA 6Ce BEPUWUHDL 300aHH020 2pada, a PEOPAMU KOTNOPO20 ACAAIOMCA HEKO-
mopuie pébpa 3adarnozo zpagda, Hasveaemcsa nodepagdom sadarrozo zpaga.

Onpepesenne 4.2.2 (cymmbr noarpados). Paccmompum dea nodzpa-
a nexomopozo epaga. Cymmoti smux nodzpagos nazosém maxotl nodepad,
4mo pebpo epada AAZEMCA PEOPOM CYMMbBL MO204 U MOABKO Mo2da, K020a
MO PEOPO ABAACMNCA PEOPOM 00HO20 U3 PACCMAMPUBAEMBLT NOPAPOS U He
ABAAEMCA PEOPOM OPY2020 U3 PACCMATNPUBLEMBLT T002pados.

W3 onpenenenus ciaeayer, 9To CIOXKEHWE TOATPadOB KOMMYTATUBHO U
aCCOIMATUBHO, & CyMMa, moarpada ¢ camum coboii He copep:kut pédep. loz-
rpad 6e3 pébep HazbiBaercs myctbiM. Cymma mycroro moarpada ¢ Jro0bM
noarpadom G gaér sror noarpad G. ToBopart, 910 MHOXKECTBO TOATPAdOB
¢ 97Ol onepanuei coKeHnus: 00pa3yeT BEKTOPHOE MPOCTPAHCTBO HA/T MOJIEM
Bbr4eTOB 10 Moyti0 2. Cam rpad Toxe siBjisieTcst moarpadom 31oro rpada.
DTor noarpad Ha3LIBAETCS MOJTHBIM.

Teopema 4.2 (o cymme uérHbix noarpados). Cymma wémmnz nodzpa-
Pos aeasemes weémmvim nodzpagpom.

Joxazameavcmeo. VHaeKe BEPUIUHBI B CyMMe DABEH CyMMe WHJIEKCOB JTOM
BEPIIHUHBI B CYMMHUPYEMBIX I'padax MHHYC YIBOCHHOE IHCTIO pEOEP, KOTOPHIE
WMEIOT 3Ty BEPIIUHY B KAYECTBE KOHIIA W KOTOPBIE SIBISIOTCSA KaK pPEOpaMu
TEPBOTO CJIATaeMOro, Tak u péOpamMu BTOPOTO. [ |

ITodnpocmparcmeom TPOCTPAHCTBA TIOATPADOB HABBIBAETCS KAXKIO€ Ta-
KOe MHOKECTBO MOATrPadOB, 9TO CyMMa JIOOBIX ABYX HOATPadOB U3 ITOTO
MHOXKECTBA CHOBA, MTPUHAIJIEKUT ITOMY MHOMKECTBY.

Takum 06paszom, uérabie TOATpad bl 00PA3YIOT TOAIPOCTPAHCTBO TTPOCT-
paHcTBa BCex moarpadoB.

Bazucom moanpocTpaHcTBA HABBIBAETCS KAXKJIOE TAKOE €T0 MOJMHOXKECT-
BO, 9TO KaXKJbIi TOATpad U3 3TOr0 MOAIPOCTPAHCTBA €IMHCTBEHHBIM 00pa-
30M TPEACTABUM B BUIE CyMMBI TTOTIAPHO PA3IUIHBIX JIEMEHTOB TOTO TO/I-
MHOXKeCTBA. IIpm 3TOM cymMMa MyCcTOro MHOMXKECTBA MOATpadOB CUMTAETCS
nycThiM oarpadoM. Unceso 371eMeHToB 6a3mnca Ha3bIBACTCS Pa3MEPHOCTIHIO
MO/ITPOCTPAHCTBA.

ITo Teopeme Diunepa, B JepeBe HET HEMYCTHIX YETHBIX MOArpadOB, Tak
KaK B JIepeBe HeT MuKJAndeckux pédep. Iloaromy pazmMepHOCTh MOAIPOCT-
paHcTBa 4ETHBIX moarpadoB B fepere paBHa 0, a 6a3wuc 3TOTO TMOANPOCT-
pPaHCTBa TyCT.
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Kak u3pecTHO, 118 IIOCTPOEHHS U3 IIPOU3BOJILHOIO CBA3HOIO Ipada me-
peBa UCIOMb3yeTCst MPoIeaypa BeiOpachiBanus pédep. Uuncio BHIOPOIEHHBIX
péGep mpu ITOM PABHO YUCITY PEOGEP MUHYC YUCJIO BEPIIWH TIIIOC OUH.

Buioporrennbie pédbpa HA3BIBAIOTCSA Topdamu. XOpabl, KAaK MBI 3HAEM, He
OTIPEIeNIAI0TCS OMHO3HAYHO. [locie BhIOpACHIBAHUS BCEX XOP/ TOIYYIa€TCs
JepeBo, Ha3bIBaEMOE OCTOBOM rpada.

Teopema 4.3 (o pasmepHOCTH M 6a3uce MOAIIPOCTPAHCTBA YETHBIX
noarpadoB). as kascdotl xopdv h paccmompum eduncmeennoiii sne-
MEHMAPHBLT NYMb 6 0cmose, coeduHANUUT Konyb, 3mot Topdv. Pébpa
2amoz0 nymu emecme ¢ ropdoti obpasyrom uémmuwuil nodepad Ty, max xax
06pasyrom IA4eMERMAPHVLT YUKA.

Mmnooicecmso ecex noayuwennox nodzpagos Ty das ecex xopd obpasyem
6asuc 6 nodnpocmpancmee wémunx nodzpagos. Caedosamenrvro, pasmep-
HOCMb 3MO20 NOONPOCTPAHCINEA PABHA HWUCAY TOPJ.

Jloxaszamenavemeo. ZcHo, 9TO pa3audHBIE CYMMBI TOJTYIE€HHBIX MOArpadoB
COZIEPIKAT PA3IUIHBIE XOPIbI U TOITOMY DPA3JIMTHBI.

Paccmorpum npousBosbHbIi uétHbT noarpad. Ou gubo mycrt, gubo co-
JIEPYKUT XOP/IbI, TAK KAK B JIEPEBE HE MOYXKET ObITh 96THBIX moarpados. s
KazKJI0# XOPbI h, ABJSIONIEHCs pedPOM pacCMaTPUBAEMOro moarpada, mpu-
6aBUM K paccMarpuBaeMoMy moarpady moaydeHusit moarpad Tj, comepka-
AR 3Ty XOpHy.

B mosyuerHoi cymMe XOpIbI He SBIISIIOTCS pEOpamu. 3HAYUT, 3TA CyM-
Ma, IBJIsIeTCS YETHBIM Toarpadom ocToBa. Ho OCTOB HE COMEPIKUT HEMYCTHIX
98THBIX NOArpadoB. 3HAUMT, ITA CyMMa MyCTa U PACCMATPUBAEMBIH MOJI-
rpad pasen cymme Bcex T} [/isT BCEX TAKUX XOPZA h, KOTOPBIE SIBIASIOTCS
ero péopamu. [ |
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5 HAT'PY2KEHHBIE I'PADDBI

B sTOM pasmene Mbl paccMaTpUBAEM OPUEHTHPOBAHHBIE KOHEUHBIE HA-
rpyzkeHnbie rpadbl 6e3 merenb. Mbl pegnonaraeM, ITo rpad CHIbHO CBs-
3en (s06as BepIIMHA JOCTHXKMMA U3 JII00OH Apyroii) u comep:kur Gosiee
OJ/THOW BEPIIUHBI.

I'pad 3amaércsa Tabmureit cMexkHOCTH. [IJ1sT TPOCTOTHI MBI TIPEMTOIATA~
€M, 9TO KazK/Iasl BEPIIMHA CMEXKHA C JIF000# Apyroil OTIUYIHON OT Heé Bep-
muao. Takum 0O6pa3oM, B Tab/IWIlE CMEKHOCTH IO IUATOHAJIE CTOSAT HYJIH,
a OCTAJIbHBIE HJIEMEHTHI SIBJIAIOTCS TIOJIOXKUTEIHHBIMU IEJTBIMY YuCIamMu. de-
pe3 p(A, B) obo3Havaercst CTOMMOCTh pedpa, uayero u3 A B B.

Hanomuum, 970 CTOMMOCTBIO ITYyTH HA3BIBAETCS CyMMa CTOMMOCTEH (Be-
COB) BCEX BXOISNIUX B 3TOT MyTh péGep. IlyTh ¢ HAaMMEHbIEl CTOMMOCTHIO
MBI HA3BIBAEM CAMBIM JEIEBbIM. MbI 00CyK1aeM BOTTPOC TOCTPOEHUS CAMO-
ro JIeMEBOro myTH U3 TePBOil 3aJaHHON BepIMHBI BO BTOPY. CTOMMOCTH
3TOr0 CaMOTO0 JIEMIEBOTO IIyTH Mbl HA3BIBAEM KPATYANIINM PACCTOSTHUEM.

s pemrenusi 3TOrO BOmpoca mpemyaraercs ajaroputm Jlefikcrpor. B
9TOM AJITOPUTME BEPIINHAM IIPUIUCHIBAIOTCS HEOTPHUIATEIHHBIE IIEJIbIE YUC-
Jla B KadecTBe MeTOK. Merka 3a1aéT BepXHIO I'PAHUILY JJIs KPaTdaifiero
PACCTOSHIS TOMEYEHHON BEPIUHBI OT BHIOPaHHO. MeTKu OBIBAIOT BpEMEH-
HBIMU ¥ TOCTOSTHHBIMU. BpEMEHHBIE METKHU Y MEHBINAIOTCS B X01€ paOOTHI aJI-
TOPUTMA JO TEX IMOP, MOKA He CTAHOBSITCS MOCTOSHHBIMU. Ha KaxK oM 1mare
paboThl aJIropuT™Ma TOYHO OJHA W3 BPEMEHHBIX METOK CTAHOBUTCS IIOCTO-
saaroi. [TocTosgHHas MeTKa paBHA KpaTdaiilieMy pacCTOSHHUIO MOMETIeHHOM
BEPIIMHBI OT BhIOpanHoii. Merka Bepiuabl A o6o3Havaerca depes u(A).

Kpowme Toro Bepumaam mpUNIHCHIBAIOTCS MYyTH U3 BHIOPAHHON BEPIIWHbBI
B paccmarpuBaemyio. Eciu MeHseTcsi MeTKA, TO MEHSIeTCS W MIPUTTACAHHBIH
myTh.

Agropurm 2 (anropurm deiikcTpsi). Aszopumam pabomaem no wazam.
Buibepem sepuiuny C'.

ITar 0. Bubparnas eepwura C nosyuwaem memxy 0. Ima memxa 06s-
asasemes, nocmoannot. Bubpannwnd nyms us C 6 C wne codepocum pé-
bep. Kaotcdas dpyzasn eepuuna B 6 xauecmee 8pemeHHott MEMKEU NOAYYA-
em cmoumocms pebpa, udyuiezo u3d evdparnoti sepuuns, C 6 nomewaemyro
sepuwuny B. Bubparnni nymv us C' 6 B cocmoum u3 00020 3mozo pebpa.

HTar i das w6020 i > 0. Cpedu sepuiun ¢ 8PEMEHHBLMU MEMKAMU
Halimu eepwunsl ¢ Houmenvuwetd memrotd. Cpedu maxuxr eepwur 634mb
00ny. Memwxy smoti sepwunv, A obsasums nocmoannot. Ecau ece sepusumi
NOAYHUAY NOCTNOAHHBLE MEMKU, 3G4KOHYUMb PAOOMY GA2OPUMMGE.
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Memxu ocmaswuxcs 6epuun ¢ 6PEMEHHBLMU MEMKAMYU 3AMEHUMD 1O
caedyrouemy npasuay.

Ecau p(A, B) + u(A) ne menvwe pu(B), mo memry B ne menaem.

Ecau orce p(A, B)+ u(A) menvwe u(B), mo memxy sepwunv, B mensaem
na p(A, B) + p(A). Buopannodi nyms uz C 6 B menaem na 6uibpantvii
nymos u3 C' 6 A, donoanennuti pebpom us A 6 B.

Ilepexodum Ha wae i + 1.

Takum 06pazom, cHavasa BbINOIHseTCs nauimanu3anug (mwar 0), a no-
TOM BBINOJHAIOTCA mard 1, 2, ... JI0 TexX mop, MOKA eIlé eCTb BPEMEHHbIE
METKHU.

Teopema 5.1 (Teopema o KoppekTHOcTH anropurma Jledikcrpsi).
Hocmoannas memxa sepuuns, A pasnaemcs kpamuatuiemy paccmosHulo
amoti sepuuns, A om ewbpannoti eeputuns, C.

Zoxazameavcmeo. JIeTKo 3aMeTUTD, 9YTO METKA BEPIINHBI PABHA CTOUMOCTH
BbiOpanHOro myTu w3 C B 31y BepiuHy. Kpome Toro, /1isi BEPIIUHBI ¢ TIOCTO-
SIHHO# METKO¥ BBIODAHHBIH Iy Th MPOXO/INUT 9€PE3 BEPIIUHBI C TOCTOSHHBIMH
MEeTKaMH, TIOJYyYEeHHBIMH Ha, TTPEJBIIYIINX Tarax ajJropuTMa.

ITokaxkem, 9TO JJIst BEPIIUHBI A ¢ TOCTOSTHHOM METKOM BHIOPAHHBIN My Th
au3 C B A aBisercs caMbIM JICIIEBBIM.

Jloka3pIBaTh 31O Oy[AeM WHIyKIUeH 0 HOMepY Iara ajropuTMa, Ha KO-
TOPOM BEpIINHA A MOJIydYaer MOCTOSTHHYIO METKY.

[Tyt umeercs Gomee perménbiit myTh S 3 C' B A.

Ecmu myth 8 He mpOXOIUT TONBKO Yepe3 BEPIIUHBI ¢ TOCTOSIHHBIMUA MET-
KaMH Ha Iare, Ha KOTOPOM A HoJaydaer MOCTOSHHYIO METKy, myctb D —
mepBast BepIIMHA 3TOTO IMyTH, KOTOPAs He MOTYIN/Ia TTOCTOSTHHON METKH /10
paccMaTpUBaeMoro mrara, a F — mpeabraymas BepIrmHa.

Toruna

W(E) + p(E,D) > u(D) > p(A).

Tewm 6ostee cTOMMOCTD TyTH 3 HE MEHBIIIE CTOUMOCTH TIYTH (.

BuaguT, 1yTh [ OIPOXOAUT TOJIHKO Yepe3 BEPIIMHbLL, 01y YUBIIAE IOCTO-
SIHHBIE METKH 10 PACCMATPUBAEMOTO IIIara.

Paccmorpum mpeanociaeaaue Bepmuabl By u By myTeit a u 3. Tak kax

p(A) < p(B2) + p(Bs, A),
TO CTOMMOCTD MyTH [ HE MOYKET ObITh MEHBIIIE CTOUMOCTH TYTH Q. [ |

IIpuBeném mpumep.
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C nomormpio amropurMa JJefikeTpbl MOCTPOUM CAMBIil TEIIEBBIN Iy Th U3
Bepiuabl A B BepiuHy F B OPHEHTHMPOBAHHOM HATrPY:KeHHOM Tpade, B
KOTOPOM CTOMMOCTH PEOEp 3aJaHbl TAOINIICH:

A B C D E

A 0 33 16 2 719
B 170 0 36 222 3
C 1 101 O 7 1
D 22 11 46 O 77
E 54 1 16 111 0
IITar 0.
A B C D FE
0 33 16 2 719
IITar 1.

IMocTosinayto MeTKy mosydaer D. BriGpanubiii myTh ectsb (A, D).

A B C D E
0 13 16 2 79

Iar 2.
IMocTosinuyto MeTky nomy4daer B. BeiGpauustii nyts ectsb (A, D), (D, B).

A B C D E
0 13 16 2 16

IMTar 3.
IMocrosianyto Merky noxydaer C. BuiOpanusiit nyts ects (A, C).

A B C D E
0 13 16 2 16

Iar 4.
IMocrosinnyto merky nosnyuaer E. Boibpannsiii nyrs ects (A, D), (D, B), (B, E).

A B C D E
0 13 16 2 16
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