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BBEJAEHUE

HGHBIO JUCHUITIINHBI «I[I/ICerTHaSI MaTCMaTuKa» SABJIICTCA HM3YUCHUC W OCBOCHHUC MCTOHOOB
IMCKPETHOH MaTeMaTHKH, ¥ (OpMUpOBaHHE NPAKTUYCCKHX HABBIKOB pPa3padOTKM M aHaIn3a
AJITOPUTMOB HaJ O6’bCKTaMI/I I[HCKpGTHOfI MaTEeMaTHuKU.

Hacrosimee mocoOue mpeacTaBiseT co0OM PYKOBOJICTBO K  BBIMIOJTHEHHUIO JIaOOpaTOpPHO-
MPAKTUYECKUX PadOT MO TUCKPETHON MaTEeMAaTHKE.

[TocoOue mo3BOJSET BBHIAABATh MHIMBHIYAJIbHOE 3aJaHHE KaKJOMy yudamiemycs. Bcee 3amaHwus
UMEIOT OJIMHAKOBYIO CTETICHb CII0KHOCTH.

Becr MaTepuan pa30MT Ha TJaBbl, B KOTOPBIX JaeTCs HAOOp pabdoOT MO COOTBETCTBYIOIICH TEMeE.
Kaxxnas pabora HaumHaeTcsl ¢ 3aJaHUs, KOTOPOE OJMHAKOBO MJisl JIFOOOTO M3 BapuaHTOB. B KoHIle
paboTHI IPUBOAUTCS 0OpA3EI] €€ BHITIOTHEHUS.

CTyAeHT caMOCTOSITENIbHO BBIOUPAET BApUAHT KOHTPOJIBHOM paboThl B COOTBETCTBUU C HAYAJILHOM
OyKkBO# (paMmiIMK MK MOJTy4aeT BapUaHT OT IPENoJaBaTess B UHANBHYaJIbHOM HOPSIIKE.
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1 KOHTPOJIBHAS PABOTA Nel

33[{3HI/I€ MHOKE€CTB U OCYIIECCTBJICHHUEC onepaunﬁ HaJa HUMMU.

OCHOBHBIE IMTOJIOKEHUA

MHOXECTBO, EI'O 9JIEMEHTbHI 1 IIOAMHOKECTBA

CoOBOKYNHOCTH CBOMCTB M OTHOLUICHWH (T.e. NMPHU3HAKOB) IMPeIMETOB, OTPA!KaeMbIX B
NOHSITHH, COCTABJSAET COJAepP:KaHHe MNOHATHA. BCIKOMYy NOHSTHIO COOTBETCTBYET MHOXECTBO
MPEeIMETOB, KaXIbIii M3 KOTOPHIX 00NagaeT Mpu3HaKamu, 3aUKCHPOBAHHBIMH B COJCPKAHUU
MOHSTHSI. DTO MHOXECTBO HA3bIBAIOT 00bEeMOM NOHAMUS.

MHOXecTBO €cTh JII000e COOpaHue OMPEAETCHHbIX U Pa3IMYUMBIX MEXIy c000i 0OBEKTOB
Halle MHTYUIUN WIM UHTEJUIEKTa, MBICIMMOE KaK €MHOE 1IeJoe. 31eCh CYIIECTBEHHO MPEX/Ie BCErO
TO, 4TO CcOOpaHue MPEJAMETOB CaMO pPacCMATPUBAETCS KaK OJUH MPEeAMET (MBICIUTCS KaK €IMHOE
1IeJIoe).

He cnemyer moHMMaTh MHOXECTBO (KJIacC) KaK COBOKYIMHOCThH JEHCTBUTENIHHO CYIIECTBYIOIINX
MpEeIMETOB, O0JIAJalONIMX  BCEMHM pEAJbHBIMU XapaKTEepPUCTUKAMH, CKa)KeM, OIpeaeIeHHbIMU
MPOCTPAHCTBEHHBIMHU WM BPEMEHHBIMH CBOWCTBaMH. [IpHHAAIEKHOCTH K MHOXKECTBY HE TpeOyer,
HampuMep, CYLIECTBOBAHMS BO BPEMEHU U B MPOCTPAHCTBE: BCE CTOPOHHUKH MUpPA 00pa3yloT OAMH
KJIacC, XOTS W JKUBYT B pasHbIX cTpaHax; Apuctorens u [.I'erems mpuHamie:kaT K MHOXKECTBY
BBIIAIOIIUXCS PUIIOCO(OB, XOTS OHU U KUITU B pa3HOE BpPEeMs.

MHOXeCTBO B JIOTHKE — 3TO «a0CTPAKTHBIM OOBEKT», B KOTOPOM KaKIBIH COCTABIISIOLIMHA €ro
MpeIMeT paccMaTpUBAeTCs ¢ TOYKH 3PEHHUS NMPU3HAKOB, 00pa3ymoIIUX COJEp>KaHUE OIpeNeIeHHOro
noHsTust. [1oATOMy OHU (3TH MPEAMETHI) CTAHOBSTCS HEPa3NTUYUMbIMU (MO0 MBI MPUMHUCHIBAEM UM
OJIHU U T€ e MPU3HAKH), OTIMYHUE K€ UX JIPYT OT ApyTa OoNpeAessieTcs Teneph y>Ke He 10 CBOMCTBAM U
OTHOIICHUSM, a 10 UX uMeHaMm [Ipeamer, mpUHAICKANINA TaHHOMY MHOKECTBY, Ha3bIBae€TCS €ro
nemeHmoM. DIEMEHTBl MHOXKECTBA 0003HAYAIOTCS OOBIYHO — X, ), Z, ... (WIH X;, X2, X3, ...), @ CAMH
MHOXxecTBa — 4, B, C,...

Eciu MHOXECTBO COAECPKUT KOHEUHOE YHCIIO SJIEMEHTOB, €r0 Ha3bIBAIOT KOHEYHbIM, €CIIA B HEM
0ECKOHEYHO MHOT'O 3JIEMEHTOB, TO — OECKOHEUHbIM.

MHOXeCTBa MOTYT COCTOSITh M3 MPEAMETOB CaMOW PAa3IUYHONU MPHUPOJLI. DTUM U OOBSICHIETCS
Ype3BblYaiiHas MHUPOTA TEOPUN MHOXKECTB H €€ MPUMEHUMOCTh B CAMBIX PA3JIMYHBIX 00JACTSIX 3HAHUS
— MaTeMartuke, Gu3nKe, XuMuu, ONOJIOTUH, JIMHTBUCTHKE H T.1.

3HakoM € 0003HAYAETCS OTHOIICHWE MPUHAICIKHOCTH OJHOTO dJIEMEHTa TOMY WIH HHOMY
MHOECTBY. BripaxkeHnue X € A 03HAYaeT, 4TO DJIEMEHT X MPUHAIIICKUT MHOKECTBY 4. Ecniu x He
SBJIIETCS DJIEMEHTOM MHOXKECTBA A, TO 3TO 3alUChIBaeTCs X & A..

Ecnu nBa MHOXecTBa A u B COCTOAT U3 OAHUX U T€X K€ 3JIEMEHTOB, TO OHU CUUTAIOTCS] PABHBIMH.
Ecmu A u B paBHbl, TO nuiieM 4 = B, B npotuBHOM ciy4yae — A # B. Tak, coBokynHocTh {2,4,6} ecTb
MHOECTBO, COCTOSIIECE M3 TPEX MEPBBIX MOJOKHUTEIBHBIX YETHBIX HeNbIX yucels. [lockonbky {2,4,6}
u {2,6,4} COCTOAT U3 OJIHUX U TEX K€ HIEMEHTOB, OHU SBJISIOTCS PaBHBIMU MHOXecTBaMu. [1o 310t ke
npuunHe {2,4,61={2,4,4,6}.

MuoxectBa {{1,2},{2,3}} wu {1,2,3} He paBHbI, HOO 37IeMeHTaMH NepBOro sApistoTcs {1,2} u
{2,3}, a amemenTamu Broporo — 1,2,3.

MuoxectBa {{1,2}} u {1,2} Taxke He paBHBI, TOCKOJBKY TEPBOEC MHOKECTBO, COCTOSINEE U3
OJTHOTO U TOJBKO OAHOTrO »3jemeHTta {1,2} (0IHOIEMEHTHOE MHOXKECTBO), & BTOPOE MMEET CBOMMU
anementamMu 1 u 2. [losTomy, B o0Omem Buzae, CileAyeT pa3inyaTh NPEIMET W MHOXKECTBO,
€MHCTBEHHBIM 3JIEMEHTOM KOTOPOTO SIBJISIETCS] 3TOT MPEAMET.

MHOXECTBO CUUTAIOT 3a0aHHbiM (U3BECTHBIM), €CJTU MBI BJIAJIEEM CIIOCOOOM, TTO3BOJISIOIIMM IS
mO00r0 MaHHOTO TpEeAMeTa PEIIUTh, MPUHAJICKUT JTH OH ATOMY MHOXECTBY WJIM HET, T.e.
OTIpEeCNUTh, UCTUHHO WJIH JIOXKHO BbIpa)keHUe X € A (IIpU COOTBETCTBYIOILEM 3HAYCHUH EPEMEHHBIX
x u A). 3amaTh MHOXECTBO MOXXHO pPa3iMYHbIM crocobamu. OAWH W3 HUX COCTOMT B TOM, YTO
3aJ1aeTCsl MOJHBINM CIHCOK 3JIEMEHTOB, BXOASIIUX B JAaHHOE MHOXeCTBO. ECiiM Mbl XOTUM CKa3aTb, YTO
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JAaHHOE MHOXECTBO A COCTOUT W3 3JEMEHTOB X, X2, X3,...X, , TO OOBIYHO 3amuchiBaeM A = {x;, X,
X3,...X,}. Hampumep, MHOXECTBO apu(METHUECKUX ACUCTBUN COCTOUT W3 DIIEMEHTOB {CIIOKCHHE,
BBIUMTAaHUE, YMHOXKEHUE, IeTICHHE | .

OpnHako 3TOT cOCO0 MPUMEHUM TOJBKO /ISl 33/IlaHUsl KOHEYHBIX MHOXECTB, /1a U TO JAJIEKO HE
Bcex. Hampumep, XOTs1 MHOKECTBO pbI0 KOHEUHO, €0 BPsA JIW MOXKHO 3a/aTh crnuckoMm. Tem OGonee
CIMCOK HEBO3MOXEH B cllydyae OECKOHEYHOT'O MHOKECTBA.

Torma mnpuMEHSIOT Jpyroil cmocod, KOTOPBIA COCTOWT B 3aJaHUM  MHOXECTBA €ro
XapaKTEPUCTUUYECKUM CBOMCTBOM, T.€. YyKa3aHHEM TaKOBOIO CBOWMCTBAa, KOTOPOE MPUHAMJICKUT
JT000MYy TIPEIMETY, SBISIOUIEMYCS JIE€MEHTOM JaHHOTO MHOKECTBA, M HE NMPUHAAJIEKUT HU OJHOMY
peIMeTy, KOTOPBIH He ABJseTcs ero anemMeHnToM (M = {x | P(x)}— «MHOXkeCTBO Bcex X, 00JIaaroNInX
CBOMCTBOM P»).

Pasrpannuenue oOBEKTOB Ha NpUHAAJIEKAIIME W HE IPHUHAJICKAIINE JaHHOMY MHOXECTBY
3aTPyIHSAETCS eIlle U HATMIHEeM OOJIBIIIOro YHCIa IPOMEXYTOUHBIX (OPM.

Oco00 BBIIENSIOT, BO-NIEPBBIX, VHUBEPCANbHOE MHONMCECHE0, T.e. TaKOe MHOMKECTBO, KOTOpPOE
COCTOUT U3 6cex 3JIEMEHTOB uccienyemoi obnactu (o6o3Havdaercss OykBoil U , a B reOMETpUYECKOi
MHTEPIIPETallMi M300pa)kaeTcs MHOKECTBOM TOYEK BHYTPH HEKOTOPOrO IPSIMOYTOJIbHHMKA), BO-
BTOPBIX, NYCMOe MHOICecmao, T.6. MHOXKECTBO, HE COJIeprKalllee HU OJTHOTO 31eMeHTa (0003HavaeTcs
CUMBOJIOM ).

JItoOyr0 4acTh MHOXECTBa HAa3BIBAIOT NOOMHOJNCecmeoM. ECIU HEKOTOpOe YHUBEpPCAIbHOE
MHOkecTBO U 3a71aTh XapakTEPUCTHIECKUM CBOWCTBOM P, a nmenHno: U = {x /P(x)} , TO MHOXXECTBA
A,B,C, ..., seaaonmecs dacTaiMu U, onpenessitoTcsi CBOMCTBaMHU P, Py P,... . CiaegoBaTeiabHO,

D
MOJAMHOKECTBO A OIpeAenseTcs: A:f{x\er u P, (x)} («4 ecTh TIO ONpPENEICHUIO MHOXECTBO BCEX
TeX W TOJIBKO TeX X, KOoTopkle mpuHamnexar U u obnanatot cBoicTBoM P,»). Ecnmu, Hanpumep, U —
MHOXECTBO JIOJieH, a P, — OBITh yJallMMHKCS BBICHIETO Y4eOHOTO 3aBeACHHS, TO 4 — MHOXKECTBO
CTYJICHTOB.

Ecnu cBolicTBa, KOTOPBIMU 3aJaHbl HEKOTOPOE MHOKECTBO M €ro IMOJAMHOYKECTBO, COBMHAJAOT
(omHM W Te Ke€), TO 3T MHOXeCTBa OyayT paBHBL [103TOMYy cuMTaeTcs, 4TO MHOMXECTBO SIBIISCTCS
YacThIO caMoro ce0st (MHOT/Ia TOBOPST, YTO IIOIHON YaCThIO»).

Ecnu cBOMCTBO, KOTOPBIM 33Ja€TCS HEKOTOPOE IOAMHOMXKECTBO, NPOTHBOPEYUT CBOWMCTBY, C
MOMOIUIbI0 KOTOPOTO 33aJaHO CaMO MHOXECTBO, TO JaHHOE IMOJMHOXKeCTBO OyneT mycTeiM. [lycToe
MHOKECTBO IMOATOMY TaK)K€ CUMTAIOT YaCThIO JIIOOOTO MHOKECTBa (MHOT/Ia TOBOPSIT «ITYCTOM
YacCThIOY).

[MonHy0 M MyCTyHO YacTH HAa3BIBAIOT HecoOCmeeHHviMu TIOIMHOXKECTBaMU. Bce ocTranbHbIE
MOJIMHOXKECTBA SIBIISIOTCSA COOCMBEHHBIMU.

Eciii M3BECTHO YHCIIO 3JIEMEHTOB JAHHOI'O MHOKECTBA, TO OOIIIEE YUCIO MOIMHOKECTB Oyaer 2"
(roe n — 4ucio 31eMeHToB). V3 mycToro MHOXKECTBa MOKHO 00pa3oBaTh TOJBKO OJHO MOAMHOXKECTBO
— caMo IIycToe€ MHOXkeCTBO (Tipu n = 0, 2°=1).

Cooeporcanue nowsmutl OTpakaeT CBONCTBA MPEIMETOB WM OTHOIICHWH MeXAy HUMH. Ecin
npeaMeT o003HAYMTH Yepe3 X, a CBOMCTBO IpeaMmeTa P, Torga 00beMOM TOHATHS, OTPAXKAIOMIETO
CBOMCTBA, Oy/IET MHOXKECTBO, KaXIbI JIEMEHT KOTOPOTO, MOACTaBICHHBIM HA MECTO NTEPEMEHHON X B
dbopmyinie P(x), OynmeT maBatb HMCTUHHOE CyXIeHHUE. SICHO, 4TO B (OpMYIy MOACTABISIOTCS HE CaMU
MIPEAMETBL, & TOJIBKO X UMEHA.

[Tycts B dopmyne P(x) P o3Hagaer cBOWCTBO «OBITh HEUETHBIMY», TOTJA BMECTO X MOTYT OBITh
MOCTABJICHBI TIPeAMETHl (B JaHHOM ciydae umcna) 1,3,5,7 u T.4., uOO TPH 3TOM MBI MOIYYUM
WCTUHHBIE CY)JeHUs («1-He4eTHOe YUCIOo», «3-HEUETHOE YKCIIO» U T.IL.).

CrnemyeT 3aMeTUTh, 4TO BbIpakeHue P(x) 01u3ko mo cMmbiciy BeIpakeHuto x € P. Tak, roBops o
CBOMCTBE «OBITh HEUYETHBIMY», MBI MOAPa3yMEBA€M MHOXECTBO IMPEAMETOB, KaKIblii M3 KOTOPBIX
o0aiaeT TUM CBOHCTBOM.

['oBops 0 M1060M MpeaMeTe, Mbl UaCTO BBICKA3bIBAEMCSI HE TOJIBKO O TOM, KAKMMH CBOWCTBaMHU OH
o0namaeT, HO U O TOM, KaKUE CBSI3U OH UMEET C IPYTUMH MPEAMETaMU, KaKUe OmHOUleHUs K APYyTUM
MIpEAMETAM €r0 XapaKTEPU3YIOT.

OtHomenust o6o3HavyaroTcst OykBoi R (mepBasi OykBa JIAaTHHCKOTO cioBa Relatio — oTHomeHue).

Breipaxenue xRy (umu R(x,y)) duTaercs: «IpeaMeT X HaXOJWTCS K MPEAMETY ) B OTHOIICHUH Ry.
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Takue moHATHA, KaK «OOJbIIE», «MEHBIIE», «PABHO», «IIPUUMHA», «QYHKIUS» U T.J. OTPaaroT
onpeJieJIeHHbIE OTHOILIEHUA MEXAy npeameramu. Hampumep, s OTHOIIEHHUS «MEHBILIE» HY>KHO
MMETh JIBa MpeAMETa, YTOOBI 00pa30BaTh OCMBICICHHOE MpeIoKeHue («2 MeHbIe 3», «5 MEHbIIe 4»
- OCMBICJICHHBIE MPEIJIOKEHUS, IEPBOE U3 KOTOPHIX BBIPAXKAET UCTUHHOE BBICKA3bIBAHME, & BTOPOE —
JIO’)KHOE).

CrnenyeT mog4epKHYTh, YTO MAphl MpeaMETOB (drcen), oOpa3yromme 00beM MOHATUS «MEHBIIIEY,
SIBISIIOTCS YNOpsi0oueHHbiMY, W00 mapa 2 U 3 BXOAUT B 00BEM JAHHOTO TMOHATHA, a 5 U 4 HeT. B
o01IeM BUE 3TO 00CTOSATEIHCTBO MOXKHO 3amucaTh <X,y>€R, 4To 03Ha4yaeT «ynopsaodeHHas mapa X,
y ectb 21emMeHT R». B 3TOM ciydae MBI paccMarpuBaeM OTHOLIEHHME R Kak MHOXKECTBO
YHOPSAAOYEHHBIX Tap 371€MEHTOB. Takoro poga OTHOIIEHUS HA3bIBAIOTCS IBYXMECTHBIMU. MOTYT OBIThH
pazyMeercs, TPEXMECTHbIE, YETBIPEXMECTHBIC U T.J.) OTHOILICHHUS.

3HakOM C O0O0O03HAYaeTCs OMHOUleHUe 6KIIOYeHUs MHOXeCTBa, T.e. A < B («vmHOXecTBO A
BKJIIOYEHO B B») 03HauaeT, 4To KaxAbld AJIEMEHT MHOXKECTBA A SIBJIIETCS 3JIEMEHTOM MHOXecTBa B.
[Ipu sToM A Ha3bIBaeTcs noomHoxcecmeom, a B — naomnoocecmeom. A < B — 3TO BKIIOYCHHUE B
IIUPOKOM CMBICIIE, 100 HEe UCKIo4YeHo, uTo 4 = B. Ecnu A BkimodueHo B B u mipu 93tom 4 # B (T.€.
CYLLECTBYIOT 3JEMEHTHI B, He MpuHaanexamue 4), To A crporo BkiItodaerca B B. B atom ciyuae 4
Oyner cobcmeeHHbiM TIOAMHOXKECTBOM B, uto 3ammchiBaetcss A < B. HMHorma ymorpeOnsioT
BBIpakeHHEe B D A — «B conepkuT B cede A».

Cooepoicanue noHsmuil OTPaKaeT CBOWCTBA MPEAMETOB WM OTHOIICHUW MeXAy HuUMHU. Ecmu
npeaMer o003HAUYMTH 4Yepe3 X, a CBOMCTBO mpeameTa P, Torga 00bEMOM MOHATHSA, OTPAXAIOIIETOo
CBOWCTBA, OyJIeT MHOXECTBO, KQKIbII 3JIEMEHT KOTOPOTO, MO/ICTABICHHBIA HA MECTO IEPEMEHHOM X B
dbopmyne P(x), Oyaer maBaTh HCTHHHOE CyXJeHHe. SIcCHO, 4TO B (pOopMyITy MOACTABISIIOTCA HE CaMH
MPEAMETHI, & TOJILKO UX UMEHA.

OIIEPAIIMN HAJJ MHOXKXECTBAMMU

Ilycts A, B, C, ... — NIOAMHOXXECTBA HEKOTOPOI'0 YHUBEpCabHOr0O MHOXkecTBa U. B MHOXecTBe
BCEX BO3MOXHBIX MOJAMHOKECTB YHHUBEPCAIBLHOTO MHOXKeCTBa (BKitovas @ u U) onpenenuM 4eTbipe
OTICPALINH: OONOJHEHUE, nepecedeHue, 00beOuHeHue U pa3HOCMb.

B TpaaunmoHHON JIOTHKE ONEpalyel Hal MOHATUSAMHU Ha3bIBAETCS TAKOE JIOTUYECKOE JEHCTBHUE,
KOTOPOE€ TPUBOJIUT K OOpa30BaHUIO HOBOTO MOHATHSA. B COBpeMEHHOH JIOTHKE TMOHSATHE OIepaIuu
(HaT MHOXKECTBAMH) YTOYHSETCS B TepMUHAX (DYHKIMUN: oreparysi HaJ MPOU3BOJILHBIMH JJIEMEHTaMHU
(B TOM umcCIe U HaJl MHOXKECTBAMH) €CTh OJIHO3HAaYHAs (QYHKIIHS, KOTOpas KaXXIOMY JIEMEHTY CTaBUT
B COOTBETCTBHE JPYroil 3JEMEHT, KOTOpPHIA HA3bIBAETCS pe3yJIbTaTOM onepanuu. Pe3ynbrarsl
oTepalnnii HaJl MHOKECTBaMU 0OBIYHO M300paxaroT rpaduiecky Ha AuarpamMmax Diinepa — Benna.

JlonoiHeHHue

Hononnenuem mHOxectBa A (0Oo3Hawaercs A’ wiam A , YMTaeTcs «He — A») Ha3bIBaeTCs
MHOKECTBO, COCTOSIIIIEE M3 BCEX TEX M TOJBKO TEX AJIEMEHTOB W3 U, KOTOphIE HE MPUHAIJICKAT
MHOKECTBY A.

D710 ompee’eHrne MOKHO 3aIucaTh TaK:

Zsz{x|er u X ¢A} (D

(He — A paBHO 110 ONpeaEIEHNI0O MHOKECTBY BCEX 3JIEMEHTOB X U3 U, KOTOpbIE HE MpPUHAJIEKAT
MHOKeCTBY A). I'paduuecku pe3ynapTaT onepaiuu AOMOJHEHUS MHOXeCTBa A N300paKeH Ha PUCYHKE
1.

1




Pucynoxk 1

Bu/IHO, 4TO M1000M AIEMEHT YHUBEPCATHLHOIO MHOKECTBA TIPUHAIEKHT 00 A, 6o A, HO He
MOKCT NpHUHAIJIC)KATD UM 06OI/IM.

JIOTIOTHEHNI0O MHOXKECTBA COOTBETCTBYET ONeEpalysi Haa TOHATHAMH, KOTOPYIO Ha3bIBAIOT
ompuyanuem TOHATHSL.

Ilepeceuenne

Ilepeceuenuem mHOXeCcTB A U B (0003Havwaercs A (N B, uHorna AB; untaeTcs «mepecedeHue A
1 B» nmm «4 xpsiiika By, MOXKXHO YUTaTh «A u B») Ha3bIBa€TCS MHOXKECTBO, COCTOSIIEE U3 BCEX TEX U
TOJIBKO T€X 3JEMEHTOB, KOTOPhIE MPUHAJIEKAT KAK MHOXKECTBY A, TaK 1 MHOXKECTBY B.

D710 ompeereHre MOXKHO 3aIucaTh CIEAYIOUUM 00pa3oM:

Df
ANB={x|xe Au x € B} (2)

(ITepeceuenue A u B paBHO 1O ONpPEETECHUIO MHOKECTBY 3JIEMEHTOB X, TJI€ X €CTh 3JIEMEHT U A,
u B). Nnaue roeops, mo ompeneneHuto xe ANB Torga u TOJbKO Torda, korma xeéA m x € B.
Hampuwmep, {1,2,3}N{1,3,4}={1,3}.

Ha pucynke 2 nzo0pakeH pe3yapTar olepanuu nepeceyeHnss MHOKeCTB A U B.
U

Pucynok 2

TodHO Tak ke ompenemnseTcs pe3yabTaT MepecedeHus JTI000ro Ynuciaa # MHOXKECTB A;, Aj, ... Ay —
KaK MHOXXECTBO BCEX DJIEMEHTOB, MPUHAIJICKAMUX U A}, U... A,. DT0 MHOXKECTBO 0003HauaeTcs 4; N
AN ... N A,.

Ecnu MHOXkectBa A W B BbIIENEHBI W3 YHHBEPCATBHOIO MHOXECTBA XapaKTEPUCTUUYECCKUMH
cBoiicTBamH, ckaxeMm P, u Py, TO nepeceuenue 4 N B — 3TO MHOXECTBO, COCTOSILIEE U3 3JIEMEHTOB,
KOTOpBIE 00J1a71al0T 000MMH STUMH CBOWCTBAMHU.

[lepeceuenne MHOKECTB €CTh ONEpalisl BCIOAY ONpENeJeHHas, T.€. OHAa HMMEET MECTO IS
MHOECTB, HAXOIAMINXCS B JIFOOBIX OTHOIIEHUAX. Tak, eciu B3sTh JIBa HEMYCThIX MHOXKeCTBa (A u B),
TO CYIIECTBYET MSATh B3aUMOUCKIIOYAIOIIUX CIIOCOOOB, KOTOPBIMH MOTYT OBITH JIOTHUECKU CBSI3aHBI
9TH JIBa MHOXKECTBA (PUCYHOK 3).

Pucynok 3

[To cymecTBy OHH YyXe pacCMOTpPEHbl paHee, HO TaM He ObUl TOMENIEH PUCYHOK,
COOTBETCTBYIOIIMK auarpamme 3. DTO OTHOLIEHUE HAa3bIBAIOT MIPAaBOCTOPOHHUM BKIIIOUEHUEM, TOI'/A
KaK OTHOILIEHUE, U300pakeHHOE Ha AUarpaMMe | — JIEBOCTOPOHHHUM.

Omnepanust mepecedyeHus] MHOXKECTB, TaKUM 00pa3oM, HMMEeT LEeNbI0 HaXOXKICHHE OOIIUX
AJIEMEHTOB JIBYX U 00Jie€ MHOMXKECTB.



[lepeceyeHn0 MHOXECTB COOTBETCTBYET OIEepalus HaJa IOHATHAMH, KOTOPYK) Ha3bIBAOT
VYMHOMCEeHUEeM TTIOHATHIA.
Oo0bennnenune

Ob6veounenuem muoxects A u B (o6o3nauaercs A (/B, unraercs «o0beauHenne A ¢ By wim «A
qamka B», MOXHO unTaTh «A uiv By») Ha3pIBaeTCsS MHOXKECTBO, COCTOSIIIIEE U3 BCEX TEX U TOJIBKO TEX
3JIEMEHTOB, KOTOPBIE TIPUHAJIEKAT XOTs Obl OTHOMY M3 MHOXKECTB A minu B.

D10 omnpeieIeHHe MOXKHO 3aIucaTh CISAYIONUM 00pa3oM:

AUBZ{x\xeA um x € B} (3)

(O6benuueHne A ¢ B paBHO MO OMpPEAEICHUIO MHOXXECTBY JIEMEHTOB X, TJIE€ X €CTh 3JIEMEHT A
win sneMeHT B). HyXHO mpu 3TOM MMETh B BHIY, YTO COIO3 «HIIM» 3/I€Ch YHOTPEOJIEH B CMBICIIEC
«H/AITHy.

Takum oGpasom, 1o onpezenenno x €4 (/B Toraa v TOJIBKO TOT/a, KOTJIA X €CTh 3JEMEHT XOTs
OBl OJTHOTO U3 MHOXECTB A Win B.

Hanpuwmep, {1,2,3} U {1,3,4} = {1,2,3,4}.

Pucynok 4

[TogoGHBIM x€ 00pa3oM pe3ysIbTaTOM O0BETUHEHHUS JTIOOBIX N MHOXECTB Aj,A»,...A, Ha3bIBaETCS
MHOXKECTBO BCEX OJJIEMEHTOB, NPUHAJICKANHUX XOTS OBl OJHOMY U3 HHUX. OTO MHOMKECTBO
ob6o3nauaercsa A; (JA> A,.

OO0BbeAMHEHUIO MHOXXECTB COOTBETCTBYET OMNEpalusi HajJ TOHATHUAMH, KOTOPYIO Ha3bIBAIOT
clodceruem MOHIATUH.

Omneparuss 0ObETMHEHHUS MHOMKECTB SBJISICTCS BCIOJY OIPEACIICHHOW TakKe, KaKk W omeparus
nepeceyeHus] MHOXKECTB.

OObeauHsIEMbIE MHOXKECTBA MOTYT WMETh OOIIMIA SJEMEHT, T.e. WX IepeceueHue He Oyner
mycTeiM. Toraa TMOBTOPSIIONIME JJIEMEHThl B OOBEAMHEHHHM CUHUTAIOTCS TOJBKO IO OJHOMY pasy.
[TosTOMYy /TSI KOHEYHBIX MHOYKECTB YHCIIO AJIEMEHTOB OOBEIWHEHUS MOXKET OKa3aThCsl MEHBIIE, YeM
CyMMa YHCeIl JIEMEHTOB 00bEAUHIEMBIX MHOKECTB.

Hampumep, eciii Mbl 00BEIMHUM BCEX CTYACHTOB KHOEpHETHYECKOTo ¢akyibTera (A) U Bcex
CTYJIEHTOB AKOHOMHYECKOTO (akynbreta (B), mpu 3TOM HU3BECTHO, YTO HEKOTOPBIC CTYICHTHI
OJTHOBPEMEHHO y4aTcs Ha IBYX (haKyInbTeTaX, TO KOJIHYECTBO A|JB OYIET MPEACTAaBIATHCS CyMMOU
TpeX YHCEe:

KOJIMYECTBO CTYJCHTOB, KOTOPBIC y4aTcsi Ha 000X (pakynprerax;

KOJIMYECTBO CTYJCHTOB, KOTOPBIE yUaTCs TOJBLKO Ha KHOEpHETHYECKOM (DaKyIIbTETE;

KOJIMYECTBO CTYICHTOB, KOTOPHIE YU4aTCs TOJILKO HA IKOHOMUYECKOM (DaKyJIbTeTe.

Pa3znocTth

Pasznocmero maOXecTB A u B (0oO6o3Hauaercs 4 | B mubo 4B, uHorna A — B) Ha3bIBaeTcs
MHOJKECTBO, COCTOAIIEE M3 BCEX TE€X M TOJBKO TEX OJIIEMEHTOB MHOXECTBAa A, KOTOpBIE HE
MIPUHAJJIeKAaT MHOKECTBY B.

(ITepeceuenue A ¢ He — B paBHO IO OMPEICICHUI0O MHOXKECTBY JJIEMEHTOB X, TJI€ X €CTh DJIEMEHT
MHOXECTBa A M X HE €CTh 2JIEMEHT MHOXXeCTBa B).

CrieioBaTenbHO, 10 ONpeaeieHno x € AN B Torjaa v TojbKo Toraa, korga xe A u xg B.



Huarpamma Diinepa — BeHHa Ha puCyHKe 5 mpeacTaBiseT rpapuieckoe H300pakeHne pe3yabTaTa
9TOU OllepaLuu.

U_

PucyHok 5

SlcHo, uTO MHO)kecTBa A U B uMeroT u BTOpyr0  pa3HoOCTb - 4 () B, cocTOAILyIO0 U3 3JIEMEHTOB
MHOKeCTBa B, KoTOpble HE MPUHAJIE)KAT MHOKECTBY A.

Takum 06pa3om 1Mo onpenesieHuo X € 4 () B Toraa v TOJIbKO Toraa, Koraa x €4 u x €B.

Han MHOXecTBaMu, MOJIY4EHHBIMH B PE3yJIbTaTe OMMCAHHBIX YETHIPEX OMEPALUii, MOXXHO B CBOIO
odepe]ib MPOU3BOJIUTE TE JKE CaMbIe ONepanuu. Tak, MOXHO 00pa30BhIBATh JOIOJHEHHUS MePeCeUCHUs
(4NB), 06bemuHenus (AU B) WIH Pa3HOCTH (A B); MOXKHO 00pa3oBaTh MepeceueHue 00beIMHeHui
(4UB)N(CU D) WK 00beIUHEHHE NIepecedeHuil (4 B)U(CND) U T.1..

Jlist ykazaHus MopsIKa onepanuil IpUMEHSIOTCS CKOOKU. OTHOIIICHHE MEXITYy CKOOKaMH, 3HAKaMu
U ¥ () Takoe ke, KaKk MeXay CKoOKamu, 3Hakamu * u + B anreOpe. JlonomHeHue GepeTcst OT BCEro
BBIPQKEHUS, HAJ KOTOPHIM CTOUT 4YepTa (WJIU OT BCETO BBIPAXKEHHS, CTOSIIErO B CKOOKax, PsaoM C
KOTOPBIMH CTOWT 3HAK IITPHX).

HyXHO MOMHUTB, YTO BCE STH OMNEPAMH MOXKHO MPOU3BOIUTH TOJHKO HAJ MHOKECTBAMU,
MIPUHAUICKANTIME OJHOMY M TOMY K€ YHUBEPCATLHOMY MHOXKECTBY.

YKA3ZAHUWA

JlaHHasi KOHTpOJIbHasi pa0oTa MoKeT ObITH BBINOJHEHA OT PYKH Ha jucrax gopmara A4
WM NPeICTaBJeHA B PAaClHeYaTaHHOM BapHaHTe B pe3yJbTaTe HCNOJb30BAHHHA IPOrPaMMBbI
«MHoxecTBa».

Ilepen pemeHuem 3agay KOHTPOJBHON pabOThI PEKOMEHYETCS] 03HAKOMUTBCS CO CIEILYIOLUMHU
METOINYECKUMU YKa3aHUSIMU:

1. Xamumon B.U., Komapor I[I.M., TymanoBa E.B. IloHsTusA, OTHOIIEHUS, MHOXECTBA,
oIepaluy HaJ MHOXKeCcTBaMH.: Meron. ykazanus.- CII6., CIIGI TU(TY), 2002.-36 c.

2. Kys3uenos O.I1., Anenscon-Bensckuii [.M. JluckpeTHas MaremaTuKa JJIsi HHKEHEPOB. — M..:
Oueprus, 1980. — 814 c.

3. T'opbaroB B.A. ®yHnaMeHTaIbHBIE OCHOBBI JUCKPETHOW MaTemaTuku. MHbopmarmoHHas
MaTeMaTuka: YueOHuK aiis B3y30B. — M.: Hayka. @usmatnut, 2000. — 544 c.

4. benoycoB A.U., TkaueB C.B. [IuckperHas maremarnka: Yd4eb. mis By3os/ mona. pen. B.C.
3apybuna, A.Il. Kpumenko.- M.: U3n-Bo MI'TY um. H.D.baymana, 2001. — 744 c.

3AJTAHUME: OcyliecTBUTH ONEePAUN 00beIMHEHUS], TIEpeceYeHsl, PA3BHOCTU M_JIONOJIHEHUS
HA MHOKECTBAX MCI0Jb3VH IMarpamMmMbl Jiijiepa — BeHHa.

Bapmuanr 1 Bapuanr 14

1.1 (4UBNO\D=M 8.1 (AUB\C)\D=M
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7.3 (A\B)NC=M 143  ((4UB\C)\D=M

Bapuanr 13

7.1 (4aUc)nN(EC\py=M
72 A\CUB=M
73 (4NB)\C)UD=M

O0pa3den BBINOJHEHUSN 3aJaHUA

Lesanb padoThi:

HGJIBIO paGOTBI SABJIICTCA HU3YUCHUC OCHOB MaTeMaTHIECKOU JIOTUKH, 4 MUMCHHO OIPCACIICHUC
MOHATHM U OTHOUIEHWH MEXAYy MOHSTUSAMM, MHOXKECTB W OINEpaluil HaJ HUMH, a TaKK€ OCBOCHHE
KOMITBIOTEPHBIX CIIOCOOOB pean3aIiui 3TUX ONEPAIIH.

3aganue Ha padoty

Hcnonb3ys METOoAMYECKHE yKa3aHUs, OCBOUTH MOJIHBIM NEepeyeHb Omepaluii Ha MHOXKECTBaX U
pCeUInUTL pAa 3ada4. HO,Z[I‘OTOBI/ITB OTYCT C pacneanKOﬁ pCaIn30BaHHBIX pemeHHﬁ 1 aHaJIU30M 3THUX
pE3yIbTATOB.

2.1 (AUBUC=M
22 BUONKNN)=M
23 @4\BpUC=M

Pemenue: Pemenue Oyaem uckaTh B BUJIE quarpamMm Disepa-Benna.
2.1. Hatinem AUBUC=M
[TepBerit aTan pemenus: HaxoauM (4 B).

Pucynok 6

Bropoii sran: HaxoguMm 4B O3TO [ONOJHEHHE K MHOXeCTBY (A4UB), T.e. yHHMBEpPCAIbHOE
MHO>K€ECTBO.

Pucynok 7

Tperuit stam: HaliaeMm (4U B)U C, YTO U SBJISIETCS PEILICHUEM AAHHOM 3a1a4H, T.€. MHOXKECTBO M.



Pucynok 8

2.2. Haiinem (BUC)\(KNN)=M
CHauana HaiieM (BJC).

Pucynok 9
3areM HaluAeM (K N).

Pucynok 10

Teneps n3 (BUC) BBIUUTAEM (K (| N), YTO U SBIIAETCS OTBETOM,

TO €CTH MHOXXECTBOM M.

Pucynoxk 11
2.3. Haiinem (4\B)UC=M.
B nagarne Beraucium (4 \ B).



Pucynok 12

Hanee Haxomum oObenuHeHne MHOXectBa (A \ B) ¢ MHoxectBom C. B wurore momydaem
MHO)K€eCTBO M.

Pucynok 13

BeiBoa:
B nanno#t maboparopHoii paboTe MbI HAXOAMIU MHOXKECTBO M, 3aJJaHHOE B YCIOBUSAX 33JaHHUS,
BBINIOJIHSAS C MOMOINBIO auarpamM Diiiepa-Benna omepanun Hajg MHoxkecTBamu o0beaunenus (U),

nepeceueHus (), JOMOJIHEHUS (_) u pazHocTu(\).



2 KOHTPOJIbBHAS PABOTA Ne2

N3yuyenne ocHoB Teopuu rpagos, 6a30BbIX NOHATHI U ONPeeJIeHUI; 03HAKOMJICHHE C
3aja4aMH, BOSHUKAIOLIUMH B TEOPHH rpa)oB M METOAAMHU HX PELICHUS.

OCHOBHBIE ITOJIOXXEHWA

I'PA®OBBIE MOJEJIU, METO/bI IIPEJJCTABJIEHUSA I'PA®OB

I'pad G mpencrasnsier coboit aBoriky Buaa: G = ( X, U ), rae X — MHOXKeCTBO BepIIHH Tpada;
U — MmHO)kecTBO pedep rpada.

MHOXeCTBO BepIIMH OOBIYHO TMPEACTABIAET COOONW MHOXKECTBO JJIEMEHTOB CHCTEMBI, a
MHOXECTBO pebep — CBSI3U MEXAY 3JEMEHTaMH CHUCTEMbl WJIM OTHOLICHHS 3JIeMEHTOB. [lycTh
MHOXECTBO X MMeeT pazMepHOcTh N, a MHOkecTBO U — pasmepHocTh Q. [lonsitue rpada onmpaercs
Ha TIOHATHE MHIUJCHTHOCTU. EcM HEKOTOpOMY 31IeMeHTy M3 MHOXKecTBa U COMOCTaBIICH JIEMEHT U3
MHOecTBa X, TO TOBOPST, YTO HEKOTOpOe pedpo U MHIMIEHTHO BepiinHe X. JlaHHOe COmocTaBIeHHE
MOJKET OBbITh €TUHCTBEHHBIM, T.€. JAHHOMY PeOpy U MOXKET OBITh COMOCTaBJICHA BEPIIMHA X TOJIBKO
OJIMH pa3, U MHOXECTBEHHBIM, T.€. JJaHHOMY peOpy BeplLIMHAa CONOCTaBISETCS HECKOJIbKO pa3. B
3aBHUCUMOCTH OT TOT0, CKOJBKO BEPIIMH COMOCTAaBICHO pedpy U CKOJIbKO pa3 MPOU3BOIUTCS
comocrtaBiieHne, Tpadsl genarcs Ha oObHBIE Tpadbl, MyJdbTUTpadsl, rTuneprpadsl U
MYJIbTHTUIIEPTpadBI.

[Tpu u3yueHNM B3auMOCBSI3eH MEXAy OObEKTaMH HCCIeAyeMas CUCTeMa MPEACTaBIseTCS B BUIE
rpada. J{is noctpoeHus rpada CHCTEMBbI T0CTaTOYHO 3HATh COCTAaB AJIEMEHTOB U CBSI3U MEX]y HUMHU.
Tononornueckuii aHaIN3 NPOXOIUT B HECKOJIBKO ITAIOB!

® aHaJM3 DJIEMEHTOB,
aHaJIM3 IIyTe U KOHTYPOB B CUCTEME;
aHAJIU3 CBSI3aHHOCTU CTPYKTYPHI,
orpesiesieHue 0000IEHHBIX CTPYKTYPHBIX XapaKTEPHUCTUK CUCTEMBI;

OLIeHKa ObICTPOCHCTBUS;

MPOBEPKA JOCTHKUMOCTH 3JIE€MEHTOB;

aHaJIU3 HaJIe)KHOCTH;

OTIpe/ieNIeHUE CTENEHU L[EHTpATU3aIlH 3JIEMEHTOB.

I'pappl MOXHO 3amaBaTh: Mampuyer CMEICHOCMU, Mampuyeu UHYUOEHYUL, CHUCKOM O)e,
cnuckom okpecmuocmeti eepuiut epaga. Ilycts nan rpad G = (X, U), rne X — MHOXKECTBO BEpIIUH
rpada, a U — MHOXKECTBO cBsizel B rpade, u mycth P — uucio BepmmH rpada, Q — gucio cBs3el B
rpage. Paccmorpum 6a30Bbie peacraBieHus rpados HacieaytonieM npumepe (P=13, Q=16):

Odnacte npoextupoeannn [Hopmanohwi pexum)
Add Del <Back MNest> Connect Properties

Pucynok 14. ITpumep rpada



Mampuyeti cmesxcnocmu epagha Ha3bIBaeTCA MaTpuia V, uMmeromas pasMepHocTh P*P, kaxmbrit
3JIEMEHT KOTOPOH OMpeeNnsieTcs CIeyIOIUM 00pa3oMm:

1, ecnu Mex 1ty 1-0i BEPLIMHOM U j-O
V(@i,)) = BEPIIMHON €CTh JIyTa ; 4)
0, B IpOTMBHOM CiIy4ae.

Ecmu nma rnasHOM AJuaroHajin 9TOU MaTpulbl CTOUT €AWHULA, TO 3TO COOTBCTCTBYCT HAJIMYUIO
netu B rpade. st rpada nmpeacrasieHHoro Ha puc. 1 npeacrasieHue umeeT Bug (cMm. puc. 15)

E¥ Marpuua cMexHocTH rpata _ (O]
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Pucynoxk 15. Marpurna cmexHocTH rpada

I[aHHOG MMPEACTAaBJICHUC SABJIACTCA OYCHDL yI[O6HBIM U IIHUPOKO HCIOJB3YyCMbIM Ha IPAKTHKEC.
Opnnako, B ciydae, korma Q < P*P sro mpexacraBiieHne SBISIETCS HE DKOHOMHYHBIM, MOCKOJIBKY
TpeOyeT MHOTO MaMsTH JUIsL XpaHEHUS HYJICH.

Mampuyeti unyudenyuii epagha HazpiBaeTcs Matpuia W, umeromas pasMepHocTs P*Q, kaxbrit
AJIEMEHT KOTOPO OTpeeINsIeTCs CIEeIYOIUM 00pa3om:

-1, ecnu i-ast BepIIMHAa — HAYaJo j-0i AyTH;

W(,)) = 1, ecnu i-ast BepIIMHA — KOHEI] j-0i 1yTH; (5)
0, B OCTAIBHBIX CITydasX.

B HeopuenTHpoBaHHOM Tpade Kaxkaoe pedpo MpeAcTaBiseTCs KaK JBE MPOTHBOIOJIOXKHO
HarpaBieHHbIe nyrH. [ rpada npeacrasiaeHHoro Ha puc. | nmpeacraBiaeHue umeet Bus (cM. puc. 16):

Marpuua HHUMAEHUHA rpada
a I2 I3 I4 IS IB I? IS IEI I1DI11I12I13I14I15I1BI
111100000 00D0COD0OD0OD0OD0OD
2|1 001100071 0000000
3|01 00044000000 00O00D0
40 0001 00110000000
50 00001 00O0O0O0O0O0D0DO0D
/0 01T 0 0O0OO0OODODOS--100D0O0TI0
7|00 00001 0D0O0O0D20000D0
@000 1000100004100
9|0 00 0O0OO0DO0OODODODODODIT 1T 0100
i0j0 0o 00 0O0D0DDO0O71TO0O0OD0D0DSAD0
i1i)jo 0 0000 0D0DOO0OO0COCT O D0
12|0 0 0 00O 0D O0OODOODOOWOOODOODODOOH
13j0 00 000D O0OODOODOODOOODOOOD

Pucynox 16. Marpuna nHunaeHuui rpada

OTO MpeaCTaBICHUE TaKXKe SBISETCS HE SKOHOMHUYHBIM, MOCKOJIbKY TpeOyeT MHOTO MaMsTH IS
XpaHeHus1 Hylel. 3adanue epaga cnuckom oye BkiarodaeT mMaccuBbl [U n OU. Oba mMaccuBa UMEIOT
pasmepHocTh Q M1 opueHTHpoBaHHOTO Tpada u 2Q it HeopueHTHpoBaHHOTO rpada. Maccur U
XpaHUT HOMEpa BEpLIWH, SBISIOIUXCS HadamoMm ayr, a MaccuB OU — konubl ayr. ns [-wix
aneMeHnToB MaccuBoB [U u OU, T.e. nis [-oit nyru, cnipaBeyiuBo:



IU[i] — naugano nyrw,

OUJi] — xoHeI ayTH.

B HeopueHTMpoBaHHOM rpade Kaxaoe peOpo NpeAcTaBIseTcs Kak JBE IMPOTHUBOINOJIOXKHO
HanpasieHHble AyTu. Ji1st rpada npeacraBieHHoro Ha puc. | mpeacrasineHue umeer Bua (cM. puc. 17):
4 Cucok ayr rpada [ [Of]

789 1012
3118 112

Pucynox 17. Cnucok ayr rpaga

3adanue epagha okpecmunocmouio BepmH BkIodaeT maccuBel FO u KAO. MaccuB FO umeer
pasmepHocTh Q s opueHTHpoBaHHOTO Tpada m 2Q s HeopueHTHpoBaHHOTO Tpada. B Hem
XpaHATCS HOMEpa BEPIIWH, SBIAOLIMXCA BbIXoxaMu (Bxozamu) ayr. Maccus KAO wumeer
pasmepHocTh P+1. B HeM XxpaHsaTcs HOMepa sineMeHTOB MaccuBa FO, ¢ KOTOpbIX HAaUMHAETCA HOBas
okpecTHOCTb. [-blif anemeHT KAO xpanut Homep anemeHTa MaccuBa FO, ¢ KOTOporo HauMHaercs
OKpecTHOCTH [-0i#1 BepimmHbl rpada. B HeopueHTHpOBaHHOM rpade Kaxaoe pedpo mpeacTaBisieTCs: Kak
7IBe TPOTUBOIIOJIOKHO HarpaBiieHHbIE nyru. s rpada mpeacraBieHHOro Ha puc. 1 mpezacraBieHue
nMeet BuJ (cM. puc. 18):
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Pucynok 18. Ciricok Mo BBIXOJIHBIM Ayram

AHAJIN3 CTPYKTYP CJIOXKHBIX CUCTEM I'PA®OBBIMU METOJJAMMU

AHanIu3 CTPYKTYp CIOXKHBIX CHCTEM IpadOBBIMH METOJaMH pPacCMaTpPHUBAETCS IO CIEAYIOLUIUM
IIYHKTaM:

® BbIsIBJICHHE OIIHMOOK B CTPYKTYpPE CUCTEMBI;

® AHAJIM3 CBS3EU CTPYKTYPHI;

e aHaju3 OBICTPOACHCTBUS CUCTEMBI;

® aHaJM3 Ha/IeKHOCTU CUCTEMBI.

BrisiBiieHre OIINOOK B CTPYKTYpPe CUCTEMBI

[Ipu TpPOEKTHPOBAHUU CIIOKHBIX CHUCTEM B MPOEKTAX MOTYT MOSABIATHCS Pa3lIUYHBIC OIIMOKU
CTPYKTYPHOT'O XapakTepa.

CymectBytoT Haubosiee oOriue rpyOble OMMOKH, CBONCTBEHHBIE MPAKTUYECKH BCEM CHCTEMaM.
HauOosnee TunnyHele U3 HUX CIEAYIOIINE:
® TIOSIBJICHUE B CTPYKTYpE 3JIEMEHTOB, HE CBSI3aHHBIX HU C KAKUMU JIPYTHMHU 3JIEMEHTAMH CUCTEMBI;
® HECOOTBETCTBHE YMCIIa BXOJOB U BBIXO/I0B B CUCTEME 33JaHHIO;
® OTCYTCTBHE JOCTHKUMOCTH BBIXOI0B CUCTEMBI U3 BXO/10B CUCTEMBI.

PaccmoTtpum 31 THnHM4HbIE OmMOKM. [losiBIeHNE HECBA3aHHBIX JIEMEHTOB SBISAETCS OJHON W3
rpyOBIX OIMOOK CHHTE3a CUCTEMBI IIOTOMY, UYTO 3JIEMEHTHI BKIIOYAIOTCS B CUCTEMY UIS TOTO, YTOOBI
OHU HECJIM KaKyl0-TO (YHKIHIO B HEH, B3aUMOJEHCTBOBAIY C APYTUMH 3JIEMEHTaMU IIyTeM Nepeaadn
MIOTOKOB PHEPTUH, BellecTBa, HHPopManuu. Eciu 3eMeHT cymecTByeT B CUCTEME caM 1o cebe, He
OKa3blBasl BIMSHMS Ha JAPYIME 3JEMEHThl CUCTEMbl WJIM Ha BHEUIHIOKO Cpely, TO IS 4ero Takon
AJIEMEHT BKJIIOYAETCs B cucTeMy? BhIsIBICHUE Hec8A3aHHbIX 2eMeHn 06 TPaPOBBIM METOAOM COCTOUT
B IIOUCKE B rpade cucTeMsl usonuposannvix epuiun. Hanpumep, nis rpada, npeacTaBlIeHHOro Ha pyC.
1, BepmmHa ¢ HoMepoM 13 sBisieTcs n301MpoBaHHON. BepimHa ¢ HomepoM 12 XOTs U cBs3aHa, HO OHA
CBsI3aHa TOJIKO caMa ¢ cO00i, 4TO TOKe MOXKHO pacCMaTpPHUBATh KaK OLIMOKY B CTPYKTYpe.
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Pucynok 19. M3onupoBaHHbIE BEPIIUHBI

Bxodamu cuctembl OyleM Ha3bIBaTh JJIEMEHTHI, KOTOpbIC TMOJMYYAarOT W3 BHEIIHEH Cpelbl
BEIIIECTBO, YHEPTUI0, HH(POPMAITUIO MM BOCHPUHUMAIOT KaKOE-TO BO3JEHCTBUE. Bbix0oamu CUCTEMBI
OyzeM Ha3bIBaTh JIEMEHTHI, KOTOPBIE OTAAI0T BO BHEITHIOK CPEAY BEIIECTBO, SJHEPTHUIO, HHPOPMAITUIO
WIA OKa3bIBalOT Ha Hee Kakoe-TO Bo3zjeicTBue. HecooTBeTcTBHE umciia BXOJOB CHCTEMBI OOBIYHO
CBHUJICTEIILCTBYET O TOM, YTO B HEH MMEIOTCS KaKWe-TO BHYTPEHHHE MCTOYHHKHU BEIIECTB, YHEPIHH,
uHpopManuu. DTH UCTOYHUKH OKA3bIBAIOT ONPE/IEIICHHOE BO3ACHCTBUE HA IPYTHE SIIE€MEHTHI CHCTEMBI
Y MOTYT BHOCHUTH pa3jIMuHBIC TIOMEXH B paboTy cucTemMbl. HecooTBeTCTBUE YHCIia BEIXOIOB CHCTEMBI
OOBIYHO CBUJIETEIBCTBYET O TOM, YTO B HEH MMEIOTCS JIEMEHTHI, Yepe3 KOTOPhIE MPOUCXOIUT yTeuKa
BEIIECTBA, SHEpTHH, nHpopMmarmu. [1osBIeHHE TONOTHITEIHHBIX BEIXOI0B MOXKET MPUBECTH K KaKHM-
TO MOOOYHBIM 3P deKTaM B paboTe CUCTEMBI PU B3aUMOCHCTBUY €€ C BHELTHEW Cpeo.

BeisiBIieHHEe BXOZOB M BBIXOJIOB CHUCTEMBI Tpad)OBBIM METOJOM COCTOMT B TIOMCKE B Tpade
CHCTEMBl GHMUMYNUKOBLIX W MYNUKOGLIX BEPIIMH COOTBETCTBeHHO. Hampumep, 11 rpada,
MPEACTABICHHOTO Ha puc. 6, BXOAHOW BEPIIMHOW OYyJIeT TOIBKO BepmnHa ¢ HomepoM 1 (cm. puc. 20),
a BeIxogHbIMH — S U 11 (cM. puc. 21).

D6nacTe npoekTMpoBaHKA [HopManbHbii pexun)
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Pucynok 20. BxonHasi BepiimHa
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Pucynok 21. BeixogHbie BepIMHbI

AHajan3 cBsizeldl CTPYKTYPbI (10CTHAKMMOCTD)

OTcyTCTBHE TOCTHKMMOCTH BBIXOJIOB CUCTEMBI M3 BXOJIOB CUCTEMBI OOBIYHO CBHUIECTEILCTBYET O
TOM, YTO B HEH HapyIlIaeTcs MPOXOKJIEHHE MOTOKOB BEIIECTBa, SHEPTruu, HHGOPMAILMU OT BXOAOB K
BbIxomaM. Cuctema OOBIYHO JIOJDKHA TPEOOpPa3OBBIBATH BXOJHBIE BO3JCHCTBHS B BBIXOIHBIC.
BozneiicTBust B cuctemMe mpoxoJsaT OT BXOJIOB Yepe3 AJIEMEHThI CUCTEMBI K €€ BbIxoAaM. Ecnu curnan
HE MOXET IPOHTH OT ONPEIECICHHOTO BXOAAa K BBIXOAY CHUCTEMBI, a JODKEH NPOXOAUTH, TO
MPOCKTUPOBIIUK JIOJDKEH HAWTH omuOKy. [lpuumHON Takod OMMOKH MOXKET ObITh, HAIpHUMeEp,
HEMPABUIIbHOE COEAMHEHHUE JIEMEHTOB. JTa 3a/laya B TEPMUHAX Teopuu rpadoB GopMymupyercs Kak
3a0aya nposepku OOCMUNCUMOCIU OOHO20 MHOINCECMBA Gepuiun 2paga u3 0py2020 MHO*CECmea
8epuiUH, NpU YCI08UU, YMO MU MHOMcecmea He nepecekaiomcs. Hampumep, s rpada,
MPEJCTABICHHOTO Ha PUCYHKe 19, BbIXxoaHas BepmuHa 11 gocTwkuMa W3 BXOJHOM BEPIIMHBI 1.
Bepmmna 8 noctuknma u3 Bxoja 1 u HelOoCTHKKMMA U3 BepIIUHBI 11.

AHau3 OBICTPO/IeHiCTBUSA CHCTEMBI

beicTposielicTBHE 3JIEMEHTOB, COCTABIISIOIIUX CHUCTEMY, OMNPENEISeTCS MO MX TEXHUYECKUM
xapakTepuctukaMm. OnpeaenuTh ObICTPOACHCTBHE OONBIINX CUCTEM JIOBOJBHO CI0XKHO, IIOCKOJIBKY MX
OBICTpO/CICTBHE 3aBUCUT HE TOJBKO OT OBICTPOJECHCTBUS 3JIEMEHTOB, HO U OT croco0a CoeMHEHUs
3JIEMEHTOB, XapakTepa cBa3eil. Eciu B cucteMy BXOIAT OBICTPOJCHCTBYIOIINE 3JIEMEHTHI, TO 3TO €Ille
HE O3HaYaeT, 4YTO OBICTPONCHUCTBHE CHCTEMBI B 1eloM Oyzaer Xxopomee. HeoO6xomumo
IIPOAHAIM3UPOBATh XapaKTep CBA3ECH MEXIy DJIEMEHTAaMHU U MOPSIOK MPOXOKIEHUS CUTHAJIOB Yepes
cUCTeMY. DTOT aHaJIM3 MOKHO BBINIOJHUTH Ha rpade CTpyKTYpHOU cXeMbl cucTembl. M3BecTHO, 4TO
4eM KOpO4Y€ ILEeMb, 110 KOTOPOM CUTHAld MPOXOAUT OT OAHOIO 3JIEMEHTAa CUCTEMBI K JPYroMy, TEM
MEHbIIIE BPEMEHU TPaTUTCA Ha MepeAady JaHHOTO CUTHAja UM TEM BbIIIE OBICTPOJCHCTBHE CHCTEMBI.
JUMHYy NPOXOAMMOM LENH MOKHO OLICHUBATHh YMCIOM YCTPOMCTB CUCTEMBI, YHCIOM CBs3ed. Eciam
BBECTU B Ipad HEKOTOpbIE TEXHUYECKHE XApaKTEPUCTHKU CAMHUX 3JEMEHTOB CHCTEMbI Takue, Kak
BpEMS NIPOXOKICHUS CUTHAJIa Yepe3 JIEMEHT, CKOPOCTh IIPOXOXKICHUS CUTHAJA, 3aJ€pyKKa CUTHalIa B
3JIEMEHTE, WHEPIIMOHHOCTh AJIEMEHTAa, TO MOKHO IMPOBeCTH Ooyiee TOUHBINA aHANU3 OBICTPOACHCTBUS
CUCTEMBI.

TakuM 06pa3oM, BO MHOTHX 3a/ladyax aHaJld3a CJIOXHBIX CHCTEM, CBSI3aHHBIX C IMOBBILICHUEM
OBICTPOJCHCTBUS CHCTEMBl BO3HHKAeT MOTPEOHOCTh HAXOXKACHUS IyTe MUHUMAJIbHOW WU
MaKCUMaIbHON JUIHHBI. [Ipr 3TOM BO3MOXXHBI pa3IM4HbIC MOCTAHOBKM 3aJaYd: HAWTH KpaT4aulIyro
(MakCUMaJIbHYIO) L€Nb MEXAYy ABYMsI BEpIIMHAMH, HAalTH BCe KpaTdalllMe LEeNu MEXIy ABYyMs
BEpIIMHAMHU, HAWUTU JIEPEBO KpaTyaWllUX IENeld ¢ KOpHEM B 3aJaHHOW BepuminHe U T.4. [lo udmciy
MIPWIOKEHUN 3aJada O KpaTdaillled Lenu 3aHUMAaeT IIepBO€ MECTO CPEeIM IPYrux 3aJad TeOpUu
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rpadoB. Ilpexxne vem mneperTH K pPacCMOTPEHUIO 3TOM 3a/Jadyd HEOOXOJAMMO BBECTH TOHSITHE
paccrosiHus Ha rpade, T. €. ONpeeIUTh METPHUKY Tpada.

ITyctes 3aman rpap G = ( X, U ) u Ha rpade onpexnenena ¢yHkuus paccrosaus d( xi , xj )
MEXIy ABYMsSI BEpUIMHAMH Xi, Xj TAKUM 00pa3oM, YTO JJIMHA LENH MEXIy JBYMs BEpIIMHAMHU paBHA
YUCITy AYT, BXOIAIIMX B 3Ty Lenb. [Ipu TakoM onpeneneHun KaxKaoi 1yre CONMOCTaBIsSeTCs €ANHULA
ycinoBHOU JnHBL. 1o yCIIOBHON €IMHMIIEW MOXHO IIOHMMAaTh YCTPOMCTBO B CHUCTEME YIIPABIICHHS,
eAMHUILY 000PYIOBaHUSI B TEXHOJIOTUYECKON CXeMe U T. 1. 3adaua Haxoxicoenus Kpamuatiue2o nymu
Gopmynupyemcs Kax 3a0aua HAXOHCOEHUS MAKO20 MApuipyma mexncoy GepuluHamu Xi U Xj, umo
d(xi,xj)=min. D1a 3a7a4a CBsi3aHa C HAXOXKJIEHUEM TAaKOI'0 IIyTH B CUCTEME MEX]y ABYMS 3aJaHHBIMU
3JIEMEHTaMH, MIPU KOTOPOM CHUTHAJ MPOXOAUT HaMMEHBIIee Yuciio ycTpoicTB. Hanmpumep, mist rpaga
CHUCTEMBI, TPEJCTABICHHOTO Ha puC. 6, KpaTdyalmuM myTem OyaeT myTh: 1, 2, 8, 11 Tlo atomy myTn
CUTHAJIy HY’KHO IPOMTH HaUMEHBIIIEE YUCIIO YCTPONCTB OT Bxoaa 1 10 Beixoxa 11.

Hpyroii BaxxHOH 3a1a4eil ABIAETCS HaX0KACHUE JepeBA KpaTYallliuX 1eneil ¢ KOPHEM B 3aIaHHOM
BepmnHe. B 3TOM 3amade HaxomATcs KpaTdauliue IyTH U3 33aJaHHOM BEPIIMHBI 0 BCEX OCTaJIbHBIX
BepiuH rpada. [Io 3TuM myTsM curHan u3 JaHHON TOYKU CHCTEMBI PAcIpOCTpaHseTcst ObIcTpee, YeM
0 JpyruM IyTsM. Jlanee MOYKHO ONPEEIUTh MaKCUMaIbHOE 1 MMHUMAJIbHOE 3HAYEHUE TUX ITyTeH
1, TAKUM 00pa3oM, OLIEHUTh CKOPOCTbH MEPEAauu CUTHAIOB OT JAHHOTO 3JI€MEHTa CUCTEMBI.

[Ipu pemeHun 3agad, CBA3AHHBIX C TIOBBIIICHHEM OBICTPOACUCTBUS CUCTEM pE3yJIbTaThl
HCCIEAOBaHUS yAOOHO TIPEJICTaBUTh HEKOTOPHIMU OOOOIIEHHBIMH XapaKTEepPUCTHKaMU rpada,
KOTOPBIMH  SABIISIIOTCS  paduyc u ouamemp cpagha. llpexne uemM naTh ONpeAeNeHHE 3ITUM
XapaKTepUCTHKaM HEOOXOJUMO BBECTH MOHITHE IKCYEHmMpucumema BEPIIUHBL. IKCYeHMpUcumemom
6epuiLiHbl HA3bIBAETCS IJIMHA MAKCHMAJIbHOIO U3 HAMKpaTYalIIuX MyTEH OT 3TOM BEPLIMHBI A0 APYIHX
BepiuH rpada, T. €.:

e(x) =max (d(x,xi)),i=1, .., n, (6)

rae e(X) — SKCIEHTPUCUTET BEPLIUHBI X;
d( x, Xi ) — pacCTOSIHHE OT 3aJIaHHON BEPIITMHBI X
710 IpYTOi BepIIMHEI Xi rpada;
N — YKCIIO BEpIIHH rpada.

Pa3npie BepmMHbBI B Tpade UMEIOT pa3HbI 3KCLEHTPUCHUTET, MO3TOMY MHTEPECHO 3HATh BEPXHEE U
HIDKHEE 3HAYEHUE DKCIICHTPUCUTETOB BEPILHH.
Paouycom epagha Ha3piBacTCS MUHIUMAJIBHBIN U3 SKCLIEHTPUCUTETOB €r0 BEPIIMH, T. €.:

R(G) = min (e(xi) ), i=1, ... , n, (7)

rae R(G) — paamyc rpada G;
e(X1) — PKCIICHTPUCUTET Xi BEpILUHBI Tpada;
N — YKCIIO BEPIIHH rpada.

Pamuyc rpada maer HIKHIOIO OIIEHKY CKOPOCTH MPOXOXACHHS curHaia B cucreMe. OmHaKo, eciu
R(G)=0, To 5TO O3Hawaer, 4Tto rpad COAECPNKUT BEPIIUHBI-TYIUKH, W3 KOTOPHIX CHUTHAIBI HE
IIOCTYIIArOT.
Juamempom epagha Ha3pIBACTCSI MAKCUMAITBHBINA U3 SKCIICHTPUCUTETOB €T0 BEPIIHH, T. €.
D(G) =max (e(xi) ), i=1,..,n, (8)

rae D(G) — mmamerp rpada G;
e(X1) — PKCIIEHTPUCUTET Xi BepIIUHBI Tpada;
N — YKCIIO BEPIIHH rpada.

Jumamerp rpada JaeT BEpXHIOI OIEHKY CKOPOCTH MPOXOKIEHUS CHTHAJIA B CUCTEME, T. €. CUTHAI OT
MIPOU3BOJILHON TOYKU CHCTEMBI IPOUIET MEHBIIIEE JIMOO paBHOE TUAMETPY YHCIIO YCTPOUCTB.

C DKCIEHTpUCHUTETAMH BEpIIMH CBsA3aHa emie oJHa TpadoBas 3ajada — 3a/Jada HAXOKIACHHUS
BEpIIUH rpada, dKCIEHTPUCUTET KOTOPHIX paBEH paauycy Wik AuaMmerpy rpada. Takue BepUIMHBI
HA3BIBAIOTCS LIEHTpaNbHbIMA. [[enmpom epaga G = (X, U) Ha3pIBaeTCS TaKOE MOJAMHOKECTBO BEPIIIHH
X' u3 X, 9TO I BCEX BEPIIUH X BXOIAMUX B X' UX DKCIEHTPUCUTET paBeH paauycy rpada, T.e. e(x) =
R(G). Ecmu R(G)=0, TO 3T0 MHO>KECTBO BEPIIMH-TYIHUKOB, T. €. CTOKOB HMH(pOpPMAIUH, UHAYE STO
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MHOKECTBO TOYEK CHUCTEMBI, OT KOTOPBIX CHUTHAJI JI0 CaMOM YJaJ€eHHOW TOYKHM PaclpOCTpaHsIETCs
ObICTpee, YeM OT JPYTHX TOYEK CUCTEMBI. JTH TOUKH JIeKAT KakK Obl B IIECHTPE CUCTEMBI.

Ilepughepueii epagha G = (X , U) Ha3pIBaeTCs Takoe MOAMHOMXKECTBO BepmMH X' U3 X, 4TO IJIA
BCEX BEPIIMH X BXOAAMIMX B X' MX JKCIEHTPUCUTET paBeH nuameTpy rpada, T.e. e(x) =D(G). Dt0
MOJIMHOXKECTBO KPUTHYECKHX TOYEK CHUCTEMBbI, OT KOTOPBIX CUTHAJd JO CaMOil yJNaJeHHON TOYKH
paclpoCTpaHseTCsl TOJbIIE BCETo, XOTS M0 HEKOTOPBIX ONFMKHUX TOUYEK CUTHAT MOXKET JOXOIHTH
JIOCTaTOYHO OBICTPO (Hampumep cMmexHass Todka). [lodToMy TpH TOBBIMICHHH OBICTPOACHCTBUS
CUCTEMBI aHAJIN3 HY>)KHO HAUWHATh C 3TUX TOYCK.

O6nacTb npoekTupoBaikA [HopManbHbii pexum)
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Pucynok 22. [lapameTpsl ObICTpOACHCTBUS

[Ipu naHHOM BBIIIE ONpEIEICHUH PACCTOSHUS UMEETCS OJWH HEAOCTaToK. Jlemo B TOM, YTO Ha
NpakTHKEe CHUTHAI dYepe3 pa3Hble YCTPOMCTBA PACHpPOCTPaHSIETCS HE C OJMHAKOBOM CKOPOCTHIO.
[TosToMy ecrecTBeHHEe ObLIO ObI BBECTH paccTostHue ApyruM obpasom. Ilycts nan rpadp G = ( X, U).
Kaxnmoit nyre u (Bepmmne X) rpada G comocTtaBuM BEIIECTBEHHOE HEOTpHIIATENIbHOE unciao w(u)>0
(w(x) > 0), xoTopoe Ha3bIBaeTcsi BecoM nyru (BepwmuHbsl). Ecim kaxnmas mayra rpada siBisercs
HEKOTOPBIM YCTPOWCTBOM B CHCTEME, TO YHCIO W MOXXET UMETh 3Ha4eHHE CKOPOCTH WJIM BPEMECHU
MPOXOXKJICHHUS CUTHAIA Yepe3 JaHHOEe yCTpoicTBo. Takum oOpa3oM, B rpad) cCHCTEMBbI BKIIOYAIOTCS
TEXHHYECKHE XapaKTePUCTUKH JJIIEMEHTOB CHCTeMBl. JlaHHBIE BBl oOmpenesneHus OynyT
c(OpMyIHpOBaHbI CIEAYIONIMM 00pa3oM. JIMMHON MapuipyTa, MPOXOSIIEro yepe3 3aJaHHble JYTH,
Ha3bIBACTCS CyMMa BECOB AYTI, BXOAALIMX B 3TOT MapmpyT. PyHkims paccrosHus d( X, y ) Mexay
IBYMsI BEpUIMHAMH X M y OINPENENIIeTCsl aHAJIOIMYHO, KaK JUIMHA LIEeMU C HAYaJoM B X U KOHIIOM B Y.
3amaya HAXOXKJICHHS KpaTdaiiero myTH GOpMyIHUpYyeTcsl Kak 3ajJa4a HaX0KJCHUS TaKOTro MapIipyTa
MEXy BEpIIMHAMHU X U Y, uTo d(X,y)=min.

AHaJIOTHYHBIC ONpEJENCHNS TONydaroTcs M Ui OOOOLICHHBIX XapaKTEPUCTHK: pajuyca,
IuaMeTpa, meHTpa u nepudepun. Hampumep, mist rpada cucTeMmbl, NMPEICTaBIEHHOIO Ha pHC. 6,
KpaT4aimmi myTh 13 Bxoaa 1 B Beixoa 11 npoxoauTt yepes3 Bepuussl: 1, 6, 10, 11:
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Pucynok 23. [louck kparyaifiiero myTu

AHAaJU3 HAIEXKHOCTH CTPYKTYPbI

HamexHOCTh CcHCTEM paccMaTpUBAIOT B TPEX HANPABIICHHUSIX:
® HAJCKHOCTh 3JICMEHTOB CUCTEMBI,

® HAJCKHOCTh CTPYKTYPbI CHCTEMBI;

® WCCIICJIOBAaHUC YCIIOBHM (DYHKIIMOHUPOBAHUS CUCTECMBI.

B teopum rpadoB paccMaTpuBaIOTCS BOMPOCHI, CBS3aHHBIE CO CTPYKTYPHOH HaJEKHOCTEHIO.
[IpencraBinsisi CTPYKTYPHYIO CXEMYy CHCTEMbI B BHIE rpada HEOOXOIMMO pacroyiaraTb METOIUKOM,
MO3BOJISIONICH BBIICIUTh W ONPEIACIUTh HEKOTOPBIE CTPYKTYPHBIE TMapaMeTpbl W JaTh UM
KOJIMYECTBEHHYIO OIICHKY. B KauecTBe mapamMeTpoB, OMPEICIAIONIMX KAaueCTBO CTPYKTYPHOW CXEMBbI
MIPU TIPEJICTaBICHUN €€ Tpad)oM, MOKHO PEKOMEHIOBATh CIICAYIONICE:
® CBSI3aHHOCTH rpada;
paHT 3JICMCHTA;

MHOYECTBO TOYEK COUJICHEHUSI,
HE3aBUCHUMOE TTOJIMHOXKECTBO;
MOJTHOE TTOJAMHOKECTBO (KJIMKA).

Csszannbiii epagh — o510 Tpad, y KOTOpOro irodas mapa BEpIIMH 63AUMOOOCHUNCUMA.
Hocmuoicumocms HEKOTOPOW BEpIIMHBI X Tpada W3 BEpIIMHBI y O3HA4YaeT, YTO W3 BEPIIMHBI Y
CYIIECTBYET MapIIPyT B BeplIMHY X. ['pad cBsi3aH TOT/Ia M TOJIBKO TOTJa, KOT/Ia JIto0ast mapa BepIiuH
COCAMHSCTCS MapIIpyToM. OTOT TapaMeTp [ODKEH BBIIBUTH B CTPYKTYpE HaJIUYHUE OOPBIBOB,
OTCYTCTBUEC HEOOXOIMMBIX CBSI3CH, «Y3KHE» MECTa B CHCTEME, CIIA0OCBS3aHHBIC TOJCHCTEMBI,
«BHCSYHME» BEpIIMHBL. JIaHHBIA MapaMeTp JOCTATOYHO MPOCT JJIS MOHMMAHUS, OJHAKO €ro OIEHKa
BKJIFOYACT HECKOJIBKO Toj3amay. Kak BHUIHO W3 ONpECICHHS, TMOHSITHE CBS3aHHOCTH BKJIFOYACT
MOHATHE TOCTHXUMOCTH. [103TOMY HEOOXO0IMMO CHadaia MPOBEPUTH JOCTHKUMOCTh BEpIIMH Tpada.
DTO SBJISAETCS CAMOCTOSATEIILHOW mMoja3amavelt aHanusa. [l onpeneneHusl JOCTHKHUMOCTH BCEX
BepIuH rpada, T.e. IIIEMEHTOB CHCTEMBI, HCIIOJIb3YETCS MaTpHUIla HEMOCPEICTBEHHBIX MyTeH rpada.

Pe3ynbraThl IPOBEPKU AOCTHIKUMOCTH YIOOHO MPEICTABIIATH B BHJIC MATPHIIBI JTOCTH:KHMOCTH
A" rpada. DieMeHTH MaTPUIIbI JOCTHKUMOCTH CTPOSTCS CIIELYIOIIMM 00pa3oM:

1, ecnum U3 BEpIIMHBI 1 K BEPIIUHE | CYIICCTBYET MYTh ;
ai= )
0, B IpPOTHUBHOM cClly4ae.
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YKA3ZAHUA

JlanHasi KOHTpoOJbHast paboTa MOXET OBITh BBHIMOJIHEHA OT PYKH Ha JUcTax ¢dopmara A4 umu
MpeJicTaBjeHa B pacleyaTaHHOM BapuaHTe B pe3ysibTare HCHojib3oBaHus mnporpammbel «GRAF
TOOLBOX». Bce npumepsl B OCHOBHBIX MOJIOKEHUSAX K JAHHOH paboTe BBINOJHEHBI B MPOTpaMMe
«GRAF TOOLBOX».

[lepen pemenuem 3agad KOHTPOJIBHOW pabOTHl PEKOMEHAYETCS 03HAKOMUTBHCS CO CIEAYIOIIUMHU
METOJIMYECKUMU YKa3aHUSIMU:

1. Xamumon B.U., PoroB A.I1O., [Ipocturenxo O.B., KptokoB A.B. Mcnonb3oBanue mporpaMmmMHOrO
komiuiekca «Kommuexkc 'PA®y niig nccnenoBanus CTPYKTYpP CIOXKHBIX CUCTeM: MeToandeckue
ykazanus / CIIGI TU(TY).- CII6, 2001.- 43 c.

2. Xamumon B.U., PoroB A.JO., 3aiineBa B.C. AHanu3 CTPYKTyp CIOXHBIX CHUCTEM TpadOBBIMHU
Meroaamu: YueoHnoe nocooue / CIIOI' TU(TY).- CII6, 2001.- 88 c.

3. Heuenypenko M.WU. AnropuT™Mbl W TporpamMmsi pemieHHs 3anad Ha Tpadax CeTAX.-
Hoocubupck: Hayka, 1990.- 515 c.

4. Ky3uenos O.I1., Agenscon-Benbckunii .M. Jluckpernas MaremaTuka s WHXEHEPOB. —
M.: Dueprus, 1980. — 814 c.

5. T'opbaroB B.A. ®yHnaMeHTaIbHBIE OCHOBBI ITUCKPETHOM MATEMaTHKH. Nudopmanmonnas

MaTeMaTHKa: Y4eOHUK a7 B3y30B. — M.: Hayka.

6. benoycoB A.U., TkaueB C.B. [luckpernas maremaTtuka: Yue0. ais By3os/ moa. pea. B.C. 3apyOuna,
A.Il. Kpumenko.- M.: U3n-so MI'TY um. H.O.baymana, 2001. — 744 ¢

3AJIAHUE: Heo0Xx0auMo0 HM3YYUTh TeOPETHYECKHIi MaTepHaj y4eOHOr0 Nmoco0Msi ¥_PpeluTh
cJeIVIONIHe 3aaUm:

1.ITocTtpouts rpad, cocrosmuit U3 Z. W30JUPOBAHHBIX KOMMOHEHT MOHTHOCTHIO Ni,N,,....Nz u T
U30JIUPOBaHHbIX BepiInH. Bo BcéM rpade momxHo Ob1Th I ncToKOB, S cTOKOB, V BuCSYMX BepiinH, R
PEryJSIpHBIX BEPIIHH, TPHA U3 KOTOPBIX UMEIOT CTEIEHH I, I'2, I3. MakcuMasbHasi CTENIeHb KPaTHOCTH
nyr rpada nomxHa 66Tk K. B rpade gomkHO Ob1Th He MeHbIIe, yeM M nap NpOoTHBONOIOKHBIX AYT.

B oryere mnpenctaBUTh NOCTPOCHHBIM Tpad € BBIACICHHEM BCEX IOCTPOCHHBIX AJIEMEHTOB.
Hannucats nonycrenenu ucxoaa v 3axo/a JAJisg Kaxx10M BepIuuHblL. (I kapmuHka)

2.IlocTpouTh OpUEHTUPOBAHHBIN Tpad u3 7 BepmuH U 14 ayr, coaepKanuii OMH UCTOK, OJIMH CTOK,
OJHY HW30JIHMPOBAHHYIO BEPIIUHY, OAHY pPETYyIApHYIO BEPIINHY, ONHY IIETNIIO, IAapy OAMHAKOBO
HaIpPaBJIEHHBIX JYT, Mapy MPOTUBOIIOJIOKHO HaIpaBJIEHHBIX Tyr. C HCTOKOM M CO CTOKOM JOJKHO
OBITH CBSI3aHO OoJIee ABYX IYT.

[MocTpouth ¥ TpOAHATM3UPOBATH CIEIYIOIIUE CIIOCOOBI TPEACTaBICHUs TpadoB: MaTpuia
CMEXHOCTH, MaTpHUIla WHIMICHTHOCTH, MAaTPHIILI OKPECTHOCTEH BEPIIHMH 110 BXOJAM U IO BBIXOJaM,
CHUCOK Iyr. B oTuere mpeacTaBUTh MOCTPOCHHBIM Tpad WM MaTpUuYHBIE MpeacTaBieHus rpada c
onucanueM. (I epag u 5 mampuy)

3.Iloctpouts cBsizaHHbI rpad n3 N BeplInH, HE COACPIKALINA BUCSYMX M M30JHMPOBAHHBIX BEPIIHH,
Ho cogepxamuil T Touek couneHeHus Tak, 4To0bl OHM He ObLIU CMEXHBI. PaccuuTaTh paHru BepILINH
sTOTO rpada.

B oruere mpeacTaBUTh NOCTPOSHHBIHM rpad ¢ BbIIEIEHHBIMU TOYKAMH COUJICHEHUS U MOANNCAaHHBIMU
paHraMu Ka>KJ0¥ BepIIMHBL. (I kapmunka)

4.ITocTpouTh CBA3aHHBIN OPUEHTUPOBAHHBIN rpad, comepkamuii K CHIbHBIX KOMITOHEHT CBS3aHHOCTH
MOIHOCTBIO N,Ny,...,Nx. CBepHYTh Tpad 1o HalJCHHBIM KOMIIOHEHTaM.

B otyete npencraButh rpad, packpamieHHbIH 0 KOMIOHEHTaM U Tpad-cBepTKy. (2 kapmuHKu)
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5.ITocTpouTh CBSI3aHHBIN OPUEHTUPOBAHHBIN AITMKINYCCKUN HETIOCIE0BA-TEIbHBIN rpad), COCTOSIINI
u3 L nmopsakoBbix ypoBHed MomHOCThIO Ni,No,...,Np. I'pad comepxur N; nctokoB u Ni CTOKOB.
CBepHyYTb rpad 1o HAMICHHBIM YPOBHSIM.

B otuere mpexacraButh rpad, ymopsaoueHHBIH MO ypOBHSIM ClieBa HampaBo U Tpad-cBEpTKy. (2
KapmMuHKU)

6.IToctpouts cBs3anublii rpad u3 P BepmmH u Q nyr. Mcnonb3yss METOH, ONMMCAHHBIA B y4eOHOM
MocoOuH, TIEPEUUCIUTh BCe MapuipyThl 3Toro rpada mmuou 1, 2, 3. B oruere mpuBectu rpad u
BBIKJIQJIKH 110 BBIYUCIICHUIO MaTpHil. (1 epag u 3 mampuywl)

7.1locTpouTh CBSI3aHHBIH OPUEHTUPOBAHHBINA Tpad u3 N BepIuH, COACpKAIIUi OJUH UCTOK U OIUH
CTOK, HE CoJIeprKallluii meTenb. 3a1aTh Beca Ha ayrax rpada 1 MpoHyMepoBaTh BCE BEPIIUHBI. Mex Ty
HMCTOKOM M CTOKOM MOCTPOUTH P myTelt 4epe3 ocTaibHbIe BEPIIMHBI, JIMHON OoJbie K-ayr.

N3mensis Beca Ha nyrax MoauduuupoBath rpad Tak, 4ToObl KpaTyaliiyme MyTH M0 CyMMe BECOB U 10
KOJIMYECTBY AYT MEXIY HCTOKOM M CTOKOM HE MMENH HH OJHOW oOmieil ayru (He coBmaxanmu). B
OTUeTe TPEICTaBUTh Tpad C BBIACICHHBIMH NYTSAMH, yKa3aTh AJIUHY IMyTeH MO BecaM M IO
KOJUYECTBY NyT. (I kapmuHka)

Ha sTtom ke rpade MOCTpOMTH HCXOASAIIEE JIEPEeBO KpAaTYAWIIMX MYTEH C KOPHEM B MCTOKE H
3axXO0sIIee IEPEBO KpaTYANIIINX IyTeH ¢ KOPHEM B CTOKE. (2 KapmuHKu)

8.IToctpouTh CBSI3aHHBI OPUEHTUPOBAHHBINH Tpad HUMEIOIUI Kak MHHUMYM JBe IICHTpaJbHbIC
BEpPILIMHBI, KAK MUHUMYM JiBe nepudepuiinble BEpIINHbI, KAK MUHUMYM JiB€ OObIYHBIE BEPIIUHBI TAK,
9TOOBI €ro paauyc OblT HE paBeH HYJIO W HE paBeH aAuaMeTpy. Hauath moctpoenue ¢ 6 BepIuH,
NOOUThCs pe3yibTara 100aBI€HHEM M YyAaJeHHeM Ayr KW BepumiuH. [locTpouTh MakcuManbHOE
IIOKPBIBAIOLIEE IePeBO KPaTYAUIINX IIyTEH.

B oryere mpencTaBUTh MOCTPOCHHBINH Ipad ¢ BBIACICHHBIM JIEPEBOM, IEHTPOM U Tiepudepueii, Haxa
BEpIIMHAMU HAMAMUCATh WX JKCIEHTPUCUTETHI, YKa3aTh 3HAUEHUS paguyca W auameTpa rpada.
(I kapmunka)

9.ITpunymats Q CBOHCTB Heko# cucteMbl W3 N 31eMeHTOB. IloCTpouTh OpPHEHTHUPOBaHHBIN Tpad
CUCTEMBI, 33J]aTh B KaueCTBE BCIIOMOTaTEeJIbHOIO BeCa BEPLIMH TEKCTOBBIE HIECHTHU(PHUKATOPHI, a B
KauyeCTBE OCHOBHOTO Beca — OMHAPHBIC IETIOYKY (IIMPHUHA paBHA KOIUYECTBY CBOMCTB). [IpocTaBUTh
Ha BEpIIMHAaX OCHOBHBIE BEca B BHJE LIEMOYKH HYJIEH M €AMHMI] B 3aBUCUMOCTH OT TOTO 00jagaer
BeplInHa cooTBeTcTBYOmUM cBoiicTBOM (1) mnm et (0). Mcnonb3yss MeTON «CBepTKa MO KOJAaM»
BBITMIOJIHUTH TPU CBEPTKH IMOCTPOESHHOTO rpada Mpu pa3iInyHbIX COYETAHUAX HYJIeH U eTUHUI] B MacKe
MaKpO-CBOMCTB. B oTuere mnpeacTaBUTh ONUCAHHE CBOMCTB, ONUCAHHUE 3SJIEMEHTOB CHUCTEMBI,
UCXONHBIN Tpad CHCTEeMBI C OWHApHBIMU BecaMu, Tpu Tpada CBEPTKM IO TPEeM MacKam
MaKpOCBOUCTB. (1 epagh u 3 ceepmxu).

Buinonnenue noumu ecex uyacmeii OamHou pabomvl B03MONCHO HA OOMAUIHEM NEPCOHANLHOM
Komnblomepe. s 3moeo HeoOX00UMO NOAYYUMb paspeuienue y npenooasamensi Ha YCMAHOBKY
NPOCPAMMHO20 obecneueHus 0oma. 3anpewaemcss pacnpocmpaHnerue NOJLYYEeHHbIX NPOSPaAMM UlU
Kaxkoe-1uoo Kommepieckoe ux UCnoIb308aHue.
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Bapuant Ne 1.

1. T=1 u Z=3 : N1=6, N2=8, N3=9 // =2, S=3, V=2 // R=4 : r1=2, 12=3, r4=4 K=4 u M>2
2. Marpuupr: VV, VU, FO, FI, 10.

3.N=17uT=4

4. K=5: N1=2, N2=3, N3=4, N4=5, N5=6

5. L=5: NI1=2, N2=3, N3=4, N4=3, N5=2

6. Ilepeuncnuth MapuIpyThI:

7.N=20 // P>4 u k>4
9. Q=6 n N=12

Bapuant Ne 2.

1. T=1 u Z=4 : N1=2, N2=5, N3=6, N4=7 // =3, S=3, V=3 // R=4 r1=2,12=3, r4=4 // K=4 u M>3
2. Matrpuuer: VV, VU, FO, FI, 10.

3.N=12uT=3

4. K=5: N1=4, N2=3, N3=1, N4=5, N5=6

5. L=5: N1=3, N2=4, N3=2, N4=4, N5=3

6. IlepeuynrciuTh MapIIPYTHI:

7.N=23 // P>5 u k>4
9. Q=6 u N=14

Bapuant Ne 3.
1. T=2 u Z=4 : N1=3, N2=4, N3=5, N4=6 // 1=2, S=2, V=2 // R=5 : r1=3, 12=4, r4=5 // K=5u M>3

2. Marpuusr: VV, VU, FO, FI, 10.
3.N=11uT=3

4. K=4: N1=4, N2=5, N3=6, N4=7
5.L=5:NI=3, N2=1, N3=2, N4=4, N5=2

6. IlepedynrciuTh MapUIPyTHI:

7. N=20// P>4 u k>5
9. Q=7uN=16

Bapuant Ne 4.

1. T=2 u Z=4 : N1=4, N2=5, N3=6, N4=7 // 1=2, S=3, V=3 // R=5 : r1=1, 12=2, 14=3 // K=3 u M>3
2. Marpuusri: VV, VU, FO, FI, 10.

3.N=9 u T=2

4. K=4 : N1=3, N2=4, N3=5, N4=6

5. L=5:NI=3, N2=2, N3=4, N4=2, N5=3
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6. IlepeunciuTh MapIIPyTHI:

7.N=20 // P>4 u k>4
9.Q=7uN=14

Bapuant Ne S.
1. T=2 u Z=3 : N1=6, N2=7, N3=8 // =3, S=2, V=3 // R=4 : r1=2, 12=3, r4=4 // K=5 u M>4

2. Marpuusr: VV, VU, FO, FI, 10.
3.N=8uT=2

4. K=5: N1=3, N2=4, N3=5, N4=6, N5=7
5.L=5: NI1=2, N2=1, N3=4, N4=4, N5=2

6. IlepeuniciuTh MapIIPyTHI:

7.N=22// P>3 uk>6
9.Q=7u N=15

Bapuant Ne 6.

1. T=3 u Z=3 : N1=5, N2=6, N3=7 // 1=2, S=2, V=2 // R=3 : r1=2, 12=3, r4=4 // K=5 u M>3
2. Matpuuer: VV, VU, FO, FI, 10.

3.N=18uT=4

4. K=5: N1=4, N2=5, N3=6, N4=7, N5=1

5. L=5: N1=3, N2=4, N3=5, N4=3, N5=2

6. IlepeunrciuTh MapUIPYTHI:

o

7.N=25 // P>5 u k>5
9. Q=6 u N=15

Bapuant Ne 7.

1. T=1 u Z=5 : N1=2, N2=4, N3=5, N4=6, N5=7 // I=4, S=3, V=3 // R=5 : r1=3, 12=4, 14=5 // K=5u
M>4

2. Matpuusl: VV, VU, FO, FI, 10.

3.N=14u T=4

4. K=6: N1=4, N2=4, N3=3, N4=3, N5=5, N6=5

5. L=5: N1=1, N2=3, N3=1, N4=2, N5=2

6. [lepeuncnuth MapuIpyThI: Qo

o
7.N=25// P>6 u k>4
9.Q=8uN=14
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Bapuant Ne 8.

1. T=2 u Z=5 : N1=3, N2=4, N3=5, N4=6, N5=7 // 1=3, S=4, V=3 // R=5 : r1=2, 12=3,14=4 // K=4 un
M>4

2. Matpuuer: VV, VU, FO, FI, 10.

3.N=15uT=4

4. K=4: N1=2, N2=3, N3=4, N4=5

5.L=6 : N1=2, N2=2, N3=1, N4=3, N5=3, N6=2

6. [lepeunriciuTh MapIIPYTHI:

7.N=23// P>4 u k>6
9. Q=8 u N=12

Bapuant Ne 9.
1. T=3 u Z=5 : N1=3, N2=5, N3=5, N4=6, N5=6 // I=3, S=3, V=2 // R=4 : r1=3,12=4, r4=5 // K=5n
M>3

2. Marpuuer: VV, VU, FO, FI, 10.
3.N=13uT=3

4. K=6 : N1=3, N2=3, N3=4, N4=4, N5=5, N6=5
5.L=5:NI1=2, N2=3, N3=4, N4=3, N5=2

6. Ilepeuncnuth MapuIpyThI:

™
e

7.N=25 // P>6 u k>4
9. Q=6 u N=13

Bapuant Ne 10.

1. T=3 u Z=5 : N1=2, N2=5, N3=5, N4=7, N5=7 // 1=2, S=2, V=2 // R=4 : r1=2, 12=4, r4=6 // K=6 u
M>4

2. Marpuusri: VV, VU, FO, FI, 10.

3.N=11uT=2

4. K=6 : N1=4, N2=4, N3=5, N4=5, N5=6, N6=6

5. L=5:NI1=2, N2=3, N3=4, N4=3, N5=2

6. IlepednciuTh MapIIPyTHI: Zb\
7.N=25// P>Tuk>4 l‘/o

9.Q=7 u N=13

Bapuant Ne 11.

1. T=2 u Z=6 : N1=3, N2=5, N3=5, N4=6, N5=6, N6=7 // I=3, S=4, V=3 // R=5 : r1=4, r2=5, r4=6 //
K=5uM>4
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2. Marpuusr: VV, VU, FO, FI, 10.
3.N=14uT=3

4. K=6: N1=2, N2=3, N3=3, N4=4, N5=4, N6=5
5.L=4 : N1=2, N2=4, N3=3, N4=2

6. IlepeuynciuTh MapIIPYTHI:

7. N=22// P>6 u k>6
9. Q=8 u N=13

Bapuant Ne 12.

1. T=3 u Z=6 : N1=4, N2=4, N3=5, N4=5, N5=6, N6=6 // I=4, S=4, V=3 // R=5 : r1=3, 12=4, r4=5 //
K=5uM>4

2. Matpuuer: VV, VU, FO, FI, 10.

3.N=10u T=2

4. K=6 : N1=1, N2=2, N3=3, N4=4, N5=5, N6=6
5. L=4 : N1=3, N2=2, N3=4, N4=3

6. [lepeuncinuTh MapUIPYTHI: ,\O\

o)
7.N=22//P>3 u k>7

9.Q=8 u N=15

Bapuant Ne 13.

1. T=1u Z=3 : N1=5, N2=6, N3=7 // 1=2, S=2, V=1 // R=3 : r1=1, 12=2, r4=3 // K=3 u M>2
2. Matpuuer: VV, VU, FO, FI, 10.

3.N=10u T=2

4. K=5: N1=3, N2=4, N3=5, N4=6, N5=6

5.L=5:NI1=2, N2=1, N3=2, N4=3, N5=2

6. [lepeunciiuTh MapIIPYTHI:

7.N=18 // P>3 u k>3 o
9. Q=5 uN=12

Bapuant Ne 14.

1. T=2 u Z=5 : N1=3, N2=8, N3=4, N4=5, N5=6 // I=4, S=3, V=2 // R=6 : r1=1,12=2,14=3 // K=5n
M>3

2. Matpuuer: VV, VU, FO, FI, 10.

3.N=20u T=5

4. K=6 : N1=3, N2=3, N3=4, N4=4, N5=5, N6=5

5. L=7 : N1=2, N2=3, N3=4, N4=3, N5=2, N6=3, N7=2

6. IlepeunrciuTh MapUIPyTHI:

| :




7. N=24 // P>6 u k>5
9. Q=6 u N=15

Bapuant Ne 15.

1. T=2 u Z=4 : N1=6, N2=6, N3=5, N4=5 // |=3, S=3, V=1 // R=4 : r1=2, 12=3, r4=4 // K=4 u M>2
2. Marpuusr: VV, VU, FO, FI, 10.

3.N=12u T=3

4. K=5: N1=4, N2=4, N3=5, N4=5, N5=6

5. L=7: N1=2, N2=1, N3=3, N4=2, N5=1, N6=3, N7=2

6. TlepeyncanTh MapupyThl: o— v\

/0

7.N=25 // P>5 u k>4 o
9. Q=6 u N=20

Bapuant Ne 16.

1. T=3 u Z=3 : N1=8, N2=9, N3=10 // 1=3, S=4, V=3 // R=5 : r1=2, 12=3, r4=4 // K=5 u M>3
2. Matpuuer: VV, VU, FO, FI, 10.

3.N=20u T=4

4. K=6: N1=3, N2=3, N3=4, N4=4, N5=5, N6=5

5. L=7 : N1=2, N2=3, N3=1, N4=2, N5=4, N6=3, N7=3

6. IlepeyncanTs MapupyThl: @: >

7.N=22 // P>4 u k>5

9.Q=7uN=15

Bapuant Ne 17.

1. T=2 u Z=5 : N1=5, N2=6, N3=7, N4=8, N5=9 // I=4, S=4, V=3 // R=6 : r1=3, 12=4, r4=6 // K=6 u
M>4

2. Matpuusr: VV, VU, FO, FI, 10.

3.N=20u T=5

4. K=8 : N1=3, N2=3, N3=4, N4=4, N5=5, N6=5, N7=6, N8=6
5. L=8 : N1=2, N2=3, N3=1, N4=4, N5=2, N6=2, N7=3, N8=3

6. IlepedniciiuTh MapIIPyTHI: ‘_‘T \
O@ °
7.N=26 // P>6 1 k>5 e

9. Q=7 u N=20

Bapuant Ne 18.

1. T=3 u Z=5 : N1=4, N2=5, N3=6, N4=7, N5=8 // I=5, S=3, V=3 // R=6 : r1=3, 12=4, r4=5 // K=6 u
M>3
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2. Marpuusr: VV, VU, FO, FI, 10.

3.N=22 u T=6

4. K=7 : N1=3, N2=3, N3=4, N4=4, N5=5, N6=5, N7=6

5. L=8 : N1=3, N2=2, N3=4, N4=1, N5=2, N6=3, N7=2, N8=3

6. IlepeuynciuTh MapIIPYTHI:

e

7.N=27 // P>7 u k>4
9.Q=5uN=10

Bapuant Ne 19.

1. T=1 u Z=5 : N1=2, N2=4, N3=6, N4=8, N5=10 // =3, S=5, V=3 // R=6 : r1=3, 12=4, r4=5 // K=6
n M>4

2. Marpuusi: VV, VU, FO, FI, 10.

3.N=23uT=6

4. K=6 : N1=4, N2=4, N3=5, N4=5, N5=6, N6=6

5.L=9 : N1=2, N2=2, N3=3, N4=1, N5=2, N6=2, N7=3, N8=4, N9=3
6. IlepeuynrciuTh MapIIPYTHI: \

(o) 1 lo)
O/
7. N=25// P>4 u k>7
9. Q=4 uN=10

Bapuant Ne 20.

1. T=3 u Z=5 : N1=6, N2=6, N3=7, N4=7, N5=8 // I=4, S=4, V=2 // R=5 : r1=3,12=4, r4=5 // K=6 u
M>3

2. Matpuuer: VV, VU, FO, FI, 10.

3.N=25uT=6

4. K=6 : N1=3, N2=6, N3=5, N4=5, N5=4, N6=8

5. L=8 : N1=3, N2=2, N3=1, N4=2, N5=4, N6=3, N7=4, N8=3

6. Ilepeuncnuth MapHJPYTLI;/o'\\p?
o l\m
04\\,0

7.N=25// P>4 u k>5
9. Q=7 u N=15

Bapuant Ne 21.

1. T=2 u Z=3 : N1=10, N2=9, N3=8 // 1=4, S=4, V=2 // R=5 : r1=3, r2=4, r4=5 // K=5 u M>3
2. Marpuusr: VV, VU, FO, FI, 10.
3.N=14uT=2

4. K=6 : N1=2, N2=3, N3=4, N4=5, N5=6, N6=7
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5. L=7: N1=2, N2=3, N3=2, N4=4, N5=3, N6=2, N7=3

6. Ilepeuncnuth MapuIpyThI:

7. N=20 // P>3 u k>5 o
9. Q=6 u N=12

Bapuant Ne 22.

1. T=2u Z=2 : N1=12, N2=14 // 1=2, S=2, V=2 // R=4 : r1=1, 12=2, r4=3 // K=5 u M>4
2. Matpuuerl: VV, VU, FO, FI, 10.

3.N=14uT=2

4. K=5: N1=2, N2=3, N3=4, N4=5, N5=6

5. L=8 : N1=3, N2=2, N3=4, N4=3, N5=2, N6=4, N7=3, N8=2

6. IlepeuncanTh MapIIPyTHI: @v\o

7.N=29 // P>5 n k>7 -

9. Q=6 n N=18

Bapuant Ne 23.

1. T=2 u Z=3 : N1=10, N2=9, N3=8 // [=4, S=4, V=2 // R=5 : r1=3, 12=4, r4=5 // K=5 u M>3
2. Marpuusi: VV, VU, FO, FI, 10.

3.N=14uT=3

4. K=6 : N1=2, N2=3, N3=4, N4=5, N5=6, N6=7

5.L=5:NI1=2, N2=3, N3=2, N4=4, N5=3

6. Ilepeuncnuth MapuIpyThI:

~~

O—

7.N=20 // P>3 u k>5
9. Q=6 u N=12

Bapuant Ne 24.

1. T=2u Z=2 : N1=12, N2=14 // 1=2, S=2, V=2 // R=4 : r1=1, 12=2, r4=3 // K=5u M>4

2. Marpuuer: VV, VU, FO, FI, 10.

3.N=12uT=2

4. K=5: N1=2, N2=3, N3=4, N4=5, N5=6

5. L=8 : N1=3, N2=2, N3=3, N4=3, N5=2, N6=4, N7=3, N8=2

6. [lepeuncnutb MapuIpyThI: (o)
o

L
7.N=22// P>5 u k>7
9. Q=6 u N=18
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BapuanT Ne 25.

1. T=1u Z=3 : N1=6, N2=8, N3=9 // =2, S=3, V=2 // R=4 : r1=2, 12=3, r4=5 // K=4 u M>2
2. Matpuuer: VV, VU, FO, FI, 10.

3.N=12uT=3

4. K=5: N1=2, N2=3, N3=4, N4=5, N5=6

5.L=5:NI1=3, N2=4, N3=2, N4=4, N5=3

6

. Ilepeuncnuts MapLIpyThI:

3

.N=20// P>4 u k>4
. Q=6 uN=12

Ne)

OO0Opa3en BBINOJHEHUSN 3aJaHUSA
Hean pa6oTsl

N3yuenne ocHOB Teopuu rpadoB, 6a30BBIX OHATUN U OMPEACICHUI; 03HAKOMIICHHE C 3aJja4aMu,
BO3HUKAIOIIMMU B TEOpUU Ipa)OoB W METONAaMU UX PEIICHUS; OCBOCHHE KOMIIBIOTEPHBIX CIOCOOOB
npeacTaBiIeHus rpadoB U aITOPUTMOB MAIIMHHOW 00paboTKH TpadoB.

OcBoeHHE KOMIBIOTEPHBIX TEXHOJOTHM 00paboTKu rpadoB; HM3ydeHHE CHEIHATU3UPOBAHHBIX
IIPOTPaMMHBIX TIPOYKTOB JJISl BBOJIA, PEIaKTUPOBAHMS U aHaiu3a rpagos Ha OBM.

IIpakTH4yeckas 4yacThb

[IpakTuyeckast yacTh paboOTHl OblIa peasimzoBaHa ¢ nomouibio nporpaMmmel GRAPH TOOLBOX
1.3 (build 3010.20.02) ¢ ucnofb30BaHUEM MAaTEpPUATIOB METOJAMYECKOTO TOCOOUs «AHAIU3 CTPYKTYP
CJIO’KHBIX CUCTEM Ipa)OBBIMH METOAMI.

3aganue 1

[Toctpouts rpad, cocrosmuii U3 3 H30JIMPOBAHHBIX KOMIIOHEHT MOIIHOCTHIO 4, 5, 6 u 1
M30JIMPOBAHHBIX BEpUIMHBL. Bo BcéM rpade m0mKHO ObITh 2 HCTOKA, 2 CTOKA, | BUCSYME BEPIIUHBI, 3
pEryJISIpHBIX BEPUIMH, TPU U3 KOTOPBIX UMEIOT creneHu 1, 2, 3. MakcumanbHas CTeNeHb KPAaTHOCTU
ayr rpaga nomkHa ObITh 3. B rpade 10KHO ObITh HE MEHBIIIE, YeM 2 TIap MPOTHUBOMOIOKHBIX AYT.
B oTuete npencTaBUTh NOCTPOEHHBIN I'pad ¢ BBIICIEHUEM BCEX IIOCTPOCHHBIX 1eMeHToB. Hagnucars
IIOJIyCTETIEHN UCXOJa U 3aX0/1a AJIs KayKIOW BEPILNHBI.

BepimHbl H301MPOBAaHHBIX KOMIIOHEHT:

2, 3,4, 5 (MmourHOCTH 4);

6,7,8,9, 10 (MOIIHOCTH 5);

11,12, 13, 14, 15, 16 (MomHOCTH 6).
N3onupoBaHHbIC BEPIIUHBL: 1.
Bepmmnab-ucToku: 4, 6.
BepmmHbI-cTOKU: 5, 16.
Bucsuue Bepmunbr:  16.
Perynsipabie BEpITUHBL:

2 (crenienb 1), 8 (ctenens 2), 11 (crenens 3).
[Tapbl IPOTUBOMONIOKHBIX JIYT:
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9-11, 12-13, 18-19, 20-23, 16-24.
[Tomycrenenu ucxona U 3axoa BEPILUUH:

1(2|3(4|5|6(7|8|9(10(11(12|13|14(15]|16
pt|0|(1[(1(0|3|0|2|2|2|2[3|1|3|1]|2]1
p-10]1 22|03 |1|2|1|1|3[2[2[3[1]0
3
& 6
™ P
'4 '/-, \Fﬂl
& 5
#J & '9
b
1
# F
C:}@‘\
14
e
i i5
Pucynok 24
3aganue 2

[TocTpouTh opueHTHpOBaHHBIM Tpad w3 7 BepmuH U 14 myr, coaeprKaniuii OJAWH HCTOK, OJUH
CTOK, OJHY M30JIMPOBAHHYIO BEPIUINHY, OJIHY PErYyJSIPHYIO BEPIIUHY, OAHY NETIIO0, Mapy OJAMHAKOBO
HAINpPaBJIEHHBIX AYT, Mapy MPOTHUBOIOJIOXKHO HampaBieHHBIX Iyr. C UCTOKOM M CO CTOKOM JIOJIKHO
OBITH CBsI3aHO OoJiee ABYX JAYT.

[Toctpouth W TpoOaHANTU3UPOBATH CJEAYIONIME CIOCOObI MpelcTaBieHHus TpadoB: MaTpulla
CMEXHOCTH, MaTpHIla MHLUUJEHTHOCTH, MAaTPHUIbl OKPECTHOCTEN BEPILIMUH MO BXOJaM M IO BbIXOJaM,
chucok Ayr. B oryere mpencTaBUTh NMOCTPOEHHBIM Tpad M MaTpUuHBIE NpeacTaBieHus rpada c
onucanueM. (1 rpad u 5 marpuir)
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Pucynok 25
Marpuiia CMEKHOCTH: Marpuiia THUHIEHTHOCTH:
1 [2 3]s s s I7 | 1 |2 [3 Ja |5 [s [7 I8 [ [10]11[1z[13]1a]
1401 1 1 1 1 0 1J111 1411000000000
2o 021000 (21000011 1000000
3jooo1o010 [Blotroocoo1 14100010
40 01t 1010 [4lo0o100100101 410
5o o ocoo10 [Sfooo10000000TCO 1
6o oooooo0o [6jo0o001000010101
flooooooo (7J0000O0CO0CO0O0GO0OD0O000
MaTpia OKpeCTHOCTEH BEPIIHH 110 BXOJaM:
1 [2 I3 Jals s |7 [ I8 bolni 1213 ]14]
R f1i1 ¢4 2 21 43211654 3

Kagit 1 2 & 10 11 15 15

ManHuﬂ. OerCTHOCTei& BEPILIHH MO BbIXOOAaM:.
1 12 ]2 [a [5 I [7 le [s ol [12[13]14]

FO f2 3 4 5 6 4 3 3 4 6 4 6 3 6
KAD’I 6 9 11 14 15 15 15

Crnmcox ayr:
e it 111 2 2 2 3 3 4 4 405
ouj2 3 4 5 6 43 3 46456 36

U3 mampuyel cmedcnocmu:

EnnHuna B 4eTBEpPTON CTPOKE Ha IVIABHOW AMAroHajad FOBOPUT O TOM, YTO YETBEPTAsl BEpIIMHA
uMeer ayry-neriao. BepmmHel 4 W 3 UMEIOT NPOTHBOMOJOXKHO HaNpaBieHHbIE AYrd, T. K.
COOTBETCTBYIOIIUE AIEMEHTHI MAaTPUIIbl, CAMMETPUYHBIE [TIaBHOM JUArOHAJIN, 3alI0JIHEHBI. T.K. YHCIIO
BO BTOPOI1 CTPOKE TPEThEro CTONONA - 2, TO B rpade uMeroTcs JBe KpaTHbBIE IyTH, HalpaBJIeHHbIE OT 2-
oil k 3-eii BepminHe. CTPOKM MaTpHUIbl COOTBETCTBYIOT BBIXOJHBIM OKPECTHOCTSIM BEpIIMH, a
CTOJNIOIBI -  BXOAHBIM OKpecTHOCTSIM. CymMMa 3JIEMEHTOB IO CTPOKE paBHA MOJYCTENEHU HCXO0Ja
COOTBETCTBYIOIIEH BEpIIMHBI, a CyMMa 3JIEMEHTOB IO CTOJOILY - MOJIyCTENEeHHW 3axonaa. Bepurmne-
HUCTOKY | COOTBETCTBYET HyJeBOW ctonbery 1 wm HeHyneBas cTpoka 1, a BepIIMHE-CTOKY 6
COOTBETCTBYET HyJleBasi CTpoka 6 u HeHyneBod cromben 6. W3omupoBanHOW BepuinHe 7
COOTBETCTBYET HyJIeBasi CTpOKa 7 U HYJIEBOU cToiber 7.

M3 mampuybl unyuoenmuocmu:

Hyre-netne 11 B MmaTpulle MHUMIEHTHOCTH COOTBETCTBYET €IMHCTBEHHas eauHuna B 11-om
CTOJIOIE, PACIIOJIOKEHHAsI B CTPOKE C HOMEPOM BEPIIMHBI, KOTOPOW OHa MpHUHAIIEKHUT. CTonOuIb! 7 1 8
OJIMHAKOBBI, CJIEJIOBATEIIEHO, COOTBETCTBYIOIINE AYTH ABISAIOTCA KpaTHBIMU. CTonOusl 13 u 9 cranyT
OJIMHAKOBBIMM, €CJIM B HUX NOMEHITh MecTaMH -1 U 1, cienoBaTenbHO, COOTBETCTBYIOIUE UM JTyTH

MPOTUBOMIONOKHO HampasiieHbl. KomnmdectBo -1 B m000W CTpOKE paBHO TMONYCTENICHH HUCXOAA
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COOTBETCTBYIOLIEH BEPIIMHBI, & KOJIMYECTBO | paBHO MONyCTENEHHU 3axo0aa. M301upoBaHHON BepIIMHE
7 COOTBETCTBYET HyJjeBas 7-asi cTpoka. BepmmHe-uctoky 1 coorBercTBYeT l-asi cTpoka, B KOTOpOM
umerores -1 u Het 1. BepunHe-cToky 6 COOTBETCTBYET 6-ast CTpOKa, B KOTOpoul umeroTcst 1 Ho HeT -1.

U3 cnucka oye:

Hyre-nietne 11 rpada cOOTBETCTBYET CTOIOLI] MATPHUIIBI CIIHCKA AYT, B KOTOPOM 3JIEMEHTHI PaBHBI
MEXIy coO0M M paBHBI HOMEPY BEpPUIMHBI, KOTOPOW 3Ta Ayra MPUHAIICKHUT. T.K. Ayru 7 U 8 KpaTHHI,
UM COOTBETCTBYIOT OJJMHAKOBBIC CTOJIOIBI 7 ¥ 8 MaTpuIlbl. [I[pOTHBOMONOKHO HAMPABICHHBIM qyram 9
1 13 cooTBeTCTBYIOT 9 1 13 cTONOIBI MATPHIIBI, KOTOPBIE OKA3bIBAIOTCS OJMHAKOBBIMU, €CIIH B OJTHOM
U3 HHUX TEPEeCTaBUTh MeCTaMHu 3JieMeHTHL. [lomycreneHp wmcxona 000N BEpIIMHBI - KOJIUYECTBO
ITOBTOPEHMI €€ HOMEpPA B NIEPBOM CTPOKE MATPHUIIBI, & ITOJTYCTENEHb 3aX0/1a - KOJIMYECTBO MOBTOPEHUMN
ee HOMepa BO BTOpPOM CTpOKe MmarTpuipbl. M30aupoBaHHass BepIIMHA 7 MMEET HOMEDP, KOTOPBIA HE
BCTPEYAECTCS HU B TEPBOM, HU BO BTOPOM CTpoke. BepmmHa-ucToK 1 MMeeT HOMEp, KOTOPBIil
BCTpPEYAETCs B MIEPBOI U HE BCTPEUAETCS BO BTOPOU CTPOKE, a BEPIIUHA-CTOK 6 UMEET HOMEpP, KOTOPbIi
BCTPEYAETCSI BO BTOPOM 1 HE BCTPEYAETCS B IEPBOM CTPOKE.

U3 mampuy oxpecmuocmeti 6epuiun:

Eciu B Tpade wuMmeroTcs KpaTHble Iyrd, TO B i-oi okpectHoctn MaccuBa FO (FI)
UMEIOTCS TMOBTOpSIONIMECS HOMepa BeplIMH. [IpOoTHBOMONOXKHBIE AYTM MEXIy BEpIIMHAMH 1 U ]
HAXOJATCS KaK HOMEp ] BCTPEYAETCsl B OKPECTHOCTH 1-OM BEPIIMHBI U OJTHOBPEMEHHO HOMED 1 €CTh B
OKPECTHOCTH j-O¥ BEPIIHHBI.

3amanmue 3

[Toctpouth cBs3aHHBI Tpad wu3 20 BepmwH, COAEpXKAIIUK 5 TOYEK COUJICHEHHUS, W HE
COJIep KALIMI BUCSYMX U M30JIMPOBAHHBIX BEPIIMH. PaccunTaTh paHru BepIIuH 3TOro rpada.

B otuere mnpeacTtaBuTh MOCTPOEHHBIH TIpad C BBIACICHHBIMH TOYKAMHU COWIEHEHUS U

IIoAIIMCaHHBIMHU paHraMH Ka)KIIOﬁ BepH_II/IHLI.
[
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Pucynok 26

Marpuna JocTHXUMOCTH rpada A u paHru BepiiuH rpada.

O4eBUIHO, B MAaTPHIIE JOCTHKUMOCTH Tpada Bce IIEMEHTHI - €IUHUIIBI, CIIEA0BATEIHPHO MAaTPHUIIA
JOCTHKUMOCTH - eguHnyHas Matpuia 20x20. CienoBaTenbHO, BCE 3JIEMEHTHI MaTpullbl R = A + AA
OyayT paBHbI 21.

T.x. panr BepunHbl rpad)a paBeH OTHONICHUIO CYMMBI 3JIEMEHTOB COOTBETCTBYIOIICH CTPOKH K

CyMME 3JIEMEHTOB BCEH MAaTpHUIbl, TO paHTW BCEX BEpIIMH Ipada OyAyT paBHBI:

*
o 20 1o
21#20%20 20
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[Toctpouth cBs3anHbIl Tpad w3 10 BepmwmH, coaepKamuii 2 TOYEK COUYJICHEHHUS, W HE
COJIepIKALINI BUCSYMX U U30JIMPOBAHHBIX BEPLIMH. PaccunTarh paHru BepIIuH 3TOro rpada.

B otuere mnpencraBuTh NOCTpPOEHHBIH Tpad C BBIJCICHHBIMH TOYKAMU COWIEHEHUS U
noANMMCAaHHBIMHA paHTaMU Ka)KIIOﬁ BCPIIIMHBI.

=1olx)
o [t [2[3[e [5 [6 [7 [8 [3 [ro]|
I
2o 111000000 |
3joo1 10000 n‘
5 4o 0000000 0O
',*‘W‘E_f g‘“\'? 5o 001100000
600000 1 11 ul
10

){ R 7jo 000001100 |
3 54 g [8]0 0 000000 @0 |
r 25 %Hf slboooooo1 10 |
\Esﬂff P 10jo 0 s 001 1111 |

Pucynox 27

Marpuria 70CTHKUMOCTH Tpada A 1 paHTH BepIIHH rpada:
Panru sneMeHTOB BBIYHMCIAIOTCS MO cienyromeil ¢popmyne: R = 4 + A4 , rne A - marpuua
JTOCTHKUMOCTH Tpada.

Dl112]|3|4|5|B|7]|8]89 Rang:=A + A-A

0] 2| a| 4| 5] 3| 4| 5| 6| 4] 3| . i 30

T ol 2l 3l 3 o[ ol o] o] ol 0] '~%% 1] 8

2| 0] 0[2[ 2] 0] 0] 0[0[ 0] 0] R:= Rang, 2| 4

3[ ol o[ o] o] o] of of o[ of O =0 gl 0
R=[2] 0] 0] 0] 2| 2| 0] 0| 0] 0] © Res= TR R=14] 4

5| 0] 0] 0] o|o|z|3|3loo i a] 8

6] 0] 0] 0[ 0] 0] 0] 2] 2] 0] 0] e gg f 3

7[ o[ o[ o] o] o] 0] o] o] o] o

8| 0] 0] 0] 0] 0] 0] 0] 2| 2| 0 R, a4

ol ol ol ofol ol 345 3] 2 " Res 8f 17

Pucynox 28

T.x. panr BepmMHbI Tpad)a paBeH OTHOIICHUIO CYMMBI 3JIEMEHTOB COOTBETCTBYIOIIEH CTPOKH K
CyMME 3JIEMEHTOB BCEIl MaTpUIlbl, TO PaHTU BepiinH rpada OyAayT paBHBbIL:

£ 0.?:43 Bepmabl 4 1 8 HE UMEIOT MyTEeH K OCTANIBHBIM BEPIIMHAM I'pada ¥ OHU SBJISIOTCS
~+ooe7|  BPIXOZIAMH  CHCTEMBI. Y naHHBIX JJIEMEHTOB OTCYTCTBYET BJIHMSHHE HA OCTaJbHBIE
T o0a5|  OVICMCHTEL, TIOOTOMY PAHTH PABHBI HYITIO. DJIeMEeHTHI 2 n 6, 3, 5, 7 m 9 umeroT
OJIMHAKOBBIE PAHTH, YTO CBHJETEIHCTBYET O WX OJUHAKOBOW 3HAYUMOCTH B CHCTEME.
. 2 0.042 Beixon u3 ctpost moboro u3 sneMeHToB 2 u 6; 3, Sl 7 u 9 Oynmer UMETE NIPHMEDHO
OJIMHAKOBBIE TOCIEACTBUS - CUCTEMa JIMIIUTCS OJHOW M3 CBOMX (PyHKIMHA, HO Oynmer
L S MPOJIOIIKATH (PYHKITHOHHPOBATb.
6| 0.045
i 0
8| 0045
9| 0193
3amanue 4

[TocTpouTh CBSI3aHHBI OPHEHTHPOBAaHHBIM Tpad, colaepKamuii S5 CHUIBHBIX KOMITOHEHT
CBSI3aHHOCTH MOIIHOCTHIO 3,4, 5, 6, 6. CBepHYTh rpad 1Mo HaliJeHHBIM KOMIIOHEHTAM.
B otuere npencraBuTh rpad, pacKpamieHHbIH 10 KOMIIOHEHTaM U rpad-cBepTKY.
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CuibHble KOMIIOHEHTHDI :

Caeptka rpada:

Pucynok 29

3ananme 5

[locTpouTh CBA3aHHBIM OPHEHTHUPOBAHHBIM  AIMKIMYECKUHA  HEMOCIENI0BaTEeIbHBIN  rpad,
COCTOSIINN U3 S TOPSAIKOBBIX YPOBHEH MOIHOCTRIO 2, 1,3, 3, 2. I'pad comepxut 2 UCTOKOB U 2 CTOKA.
CBepHyTh Tpad 1o HalJCHHBIM YPOBHAM. B oTdere mpeacTaButh rpad), ynopsioueHHbIH M0 YPOBHSIM
CJIeBa HANPaBo U rpad-CBEPTKY.

Cseprtka rpada:

Pucynox 30

3aganue 6
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[TocTpouTh cBs3aHHBIN Tpad w3 5 BepmuH U 7 ayr. Mcnonb3ys METOJ, OMUCAHHBIA B y4eOHOM
nocoOuu, MEepeunciInTh BCe MapIIpyThl 3Toro rpada amuHoit 1, 2, 3. B oruere mpuBectu rpad u
BBIKJIQJIKH 110 BbIYKcIIeHnio Matpuil. (1 rpad u 3 Matpuiib)

Pucynok 31

3ananue 7

[TocTpouTh CBsI3aHHBII OPUEHTHPOBAHHBIN rpad U3 22 BEpIIMH, COACPKAIIUN OJMH UCTOK U OJIUH
CTOK, HE coJiepKallluii neTesb. 3aAaTh Beca Ha Ayrax rpada u IpoHyMepoBaTh BCE BEPLIMHbBL. Mexay
MCTOKOM U CTOKOM ITOCTPOUTH P>6 myTeil uepes ocranbHble BEPIIMHBI, JUTMHOM OOJIbIIE 5 AYT.

N3menss Beca Ha qyrax MoauGUIMPOBaTh rpad Tak, 4ToObl KpaTyaiiliye MyTH 10 CyMME BECOB U
M0 KOJIMYECTBY IYT MEKIY MCTOKOM M CTOKOM HE MMENIM HU OAHOM oOmieil nyru (He coBmaaanu). B
OT4eTe MPeACTaBUTh IPpad C BbIAEICHHBIMU MTyTAMH, yKa3aTh JUIMHY ITyTeH 11O BECaM U 10 KOJIUYECTBY
ayr. (1 xkapTuHka)

Ha stom e rpade moCTpouTh HCXOISIIEE AEPEBO KpaTUAMIIUX IMyTEH ¢ KOPHEM B HCTOKE
3ax0fslIee AepeBO KpaTyallluX IyTel ¢ KOPHEM B CTOKE.
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Pucynok 32

Bepmmna-uctok - 1, BepmmHa cTOK - 22. MeXay UCTOKOM M CTOKOM CYHIECTBYET Oosiee 6-TH
nyTel, AmuHON 6ornee S-u ayr. KpaTuaiimmii myTh o KoiauuecTBy Oyr (6 ayr, Bec 25) U KpaT4alImi
myTh 10 Becam ayT (7 ayr, Bec 17) HE UMEIOT HU OJTHOW OOIIEH TyTH.

Pucynok 33

3axojsiiee 1epeBo KpaTyaliux MmyTel B KOPHEM B BepIIUHE-CTOKe (22):

Pucynok 34
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3ananue 8

[TocTpouTh CBS3aHHBIM OPUEHTHPOBAHHBIA Tpad, UMEIOUUI KaK MUHHUMYM JBe IICHTPaJbHbBIC
BEPILIUHBI, KAK MUHUMYM JiBe Nepu(epuiiHble BEPIINHbI, KAK MUHUMYM JABe OObIYHBIC BEPILUHBI TaK,
4TOOBI €ro paguyc ObUl HE paBeH HYJIO0 M HE paBeH AuaMerpy. Hauate mocTpoeHue ¢ 6 BepIIMH,
NOOUTbCS pe3ynbTaTa A00aBIEHHMEM M yAaIeHHEM Iyr M BepuH. IlocTpouTh MakcumalibHOE
IIOKPBIBAIOLIEE JEPEBO KPATUANIIUX IIyTEH.

B oTdere mpeacTaBUTh MOCTPOSHHBIN Tpad ¢ BBIACICHHBIM JEPEBOM, IIEHTPOM M Tepudepuei,
Ha/l BEpPIIMHAMYU HAJIUCATh UX IKCIICHTPUCUTETHI, yKa3aTh 3HAYCHHS pajuyca 1 JuaMeTpa rpada.

Pucynok 35

OKCLUEHTPUCUTETHI BEPIIHH:
exc(1)=4; exc(2)=3; exc(3)=3; exc(4)=3;
exc(5)=4; exc(0)=4; exc(7)=5; exc(8)=5.
IleHTpanbHbIE BEPIIUHBIL:
2, 3, 4 (exc=3).
[epucdepuiinpie BEpIINHBL:
7, 8 (exc=)).
OObIuHBIC BEPUINHBI:
I, 5, 6 (exc=4).
Paguyc rpada:
R=exc(2)=exc(3)=exc(4)=3+0.
HuameTp rpada:
D=exc(7)=exc(8)=5#R.

BriBoa:
B nmannoi#t mabopaTtopHO#l paboTe OBUTM M3YyYEHBI pa3IudHbIC CIIOCOOBI TpeacTaBiIeHus TpadoB U
MCTOABI UCCIICAOBAHUSA TOIMOJIOTHYCCKUX CTPYKTYP C UCIIOJIB30BAHUCM OCHOBHBIX MOJIOKEHUN TCOpHUU

rpados.
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3 KOHTPOJIbBHAS PABOTA Ne 3

OcHoBHbBIe 3aK0HBI 0yJIeBOH a/1red0psl U NpaBHIIa NPeodpa3oBaHUM

OCHOBHBIE IMTOJIOKEHUA

JIO'MYECKHUE (bYJIEBbI) ®YHKIIUN
OcHOBHBIEC TOHATHSA

B kypce MaTemMaTH4eckoro aHajau3a M3y4aroTcs (pyHKIUH, OmnpeaeiEHHbIe HAa YHUCIOBOM MPSIMOM
WIM Ha OTpe3Ke YHCIOBOW MPSMOI WM Ha TUIOCKOCTH U T.I. Tak WM MHave 00JacTh ONMpeneaeHHs —
HenpepuvlgHoe MHOXKECTBO. B Kypce AMCKpETHOM MaTeMaTWKu H3y4aroTcs (QYyHKUMM, 00JacTh
OTIpe/IeNICHUs] KOTOPBIX — OuckpemHoe MHOXecTBO. [IpoctedmmMm (HO HETPUBHAIBHBIM) TaKUM
MHOXECTBOM SIBIISIETCS MHOXECTBO, COCTOAIIEE M3 JBYX 3JEMEHTOB. TakuM 00pa3oMm, YacTHBIM
ciydaeM GyHKIHH y=f(X1;X2;. ..;Xy) ABISCTCS (YHKIHS, 3HAYCHUSI KOTOPOU W 3HAYCHHS] KOMIIOHEHT €&
apryMeHTa npuHaanexat MHoxecTBY {0;1}. Takyro (QyHKIMIO Ha3bIBAIOT J102UYECKOU. APTyMEHT
JOTUYECKOW (YHKIUH (X);X2;...;Xy) YaCTO HA3BIBAIOT O0BOUUHBIM(UIU OYle6biM) BEKTOPOM, a €ro
KOMITIOHEHTBI-080UYHBIMU(UIU OYIe8bIMU) NEePEMEHHbIMU.

Jlormueckyto (yHKIMIO TaK)Ke€ HA3bIBAIOT J02UUECKOU onepayueti, T.K. 3HaueHUusI pyHKUUU U €€
apryMEHTOB NpUHAAIEKAT OJHOMY MHOXecTBY {0;1}. 3naxu nocuueckux omnepayuii nazviearom
JI02UYeCKUMU CEA3KAMU.

Auare0py, HocHTeJIeM KOTOPOH SIBJISETCH MHOXKECTBO X=(X1;X25......Xp,y}, IJIE€MEHTbI
KOTOPOr0 NPHHUMAKT 3HavyeHus: Ha MHoxecTBe {0;1}, a curHarypa KoOTOpoi omnpeaejeHa
MHOKECTBOM JIOTHYECKHUX CBA30K(JIOTHYECKHUX ONEePAIHii), HA3bIBAIOT aJredpoii JIOruKH.

JIBa BO3MOXHBIX 3HaueHMs jorndeckux nepemeHHbix HaszbiBaloT MCTUHA (TRUE) u JIOKb
(FALSE), unorna ux Ha3eiBaioT A u HET, a wame Bcero ux o6o3nauarot 1 u 0. [Ipu sToMm crienyer
MOMHHTD, YTO 3TH Jorndeckue 0 u 1 Henb3d TpakTOBaTh KakK YKCIa, HAJl HUMHU HeJb3sl POU3BOAUTD
apupMeTHYECKUE NCHCTBHUS.

Jlornueckast GpyHKIIUS MOXKET OBITh 3a/1aHa YETHIPbMSI CTIOCO0aMHU:

— CJIOBECHO (OMHMCaHUEM CUTYaIlUH),

— anreOpandyeckiM BbIPaKEHUEM,

— TaONHIe NCTUHHOCTH

— BIIEKTPUYECKON CXEMOM, COCTOSIIEN U3 KOHTAKTOB MEPEKITI0YATEIICH.

Hanpuwmep:

1.JIudT MOXKHO BBI3BATh, ECIIN 3aKPBITHI ABEPHU JU(PTA HA IEPBOM ITAKE U HA BTOPOM 3TaXKE U HA
TPETHEM ITAXKE.

2.Ecnu 3akpeIThIE IBEPH HA TIEPBOM 3Take 0003HaUMUTh Kak A = 1, Ha BTopom — B = 1, Ha TpeTbem — C
= 1, BO3BMOXXHOCTb BBI3BaTh JU(PT 0003HauMTh Kak F = 1, a moruyeckyio ¢pynkuuo M 0603HauUTH
3HAKOM YMHOKEHHUS " X ", TO anredpandeckoe BeIpaXeHUe Oy1eT UMETh BH/T :

F = AxBxC (10)

3.B Tabnuny UCTUHHOCTH 3aHOCATCS BCE BO3MOXKHbIE KOMOWHAIIMM BXOJHBIX apryMEHTOB U
COOTBETCTBYIOIIME 3TUM KOMOWHAIIMSAM 3HAYCHHs BBIXOAHOW (YHKIMH. BXOoIHBIE KOMOMHAIINU
3alMCBIBAIOTCA B MOPSAKE BO3pACTaHUS MX 3HAUEHUN OT BCEX HYyJIEH O BCEX E€IMHULl CBEPXY BHM3.
Tabnuia HICTHHHOCTH, COOTBETCTBYIOIIAS JAHHOMY MPUMEPY OyAeT UMETh CIISAYIOMUN BU/I:
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4.9nexTpudecKas KOHTaKTHas cxema 00JaaeT XOpOoIe HarJIAIHOCTBIO, HO MOXKET OBITh JIETKO
MOCTPOCHA JIMIIB JUISI CAMBIX MPOCTHIX JIOTMUECKUX (QYHKIMA. [T HalIero mpumepa 3Ta cxeMa MOXKeT
WMETh CIEAYIOIINA BU;

A
J{: B_.;O C o
ol /)
1
F
Pucynok 36
Mmuoroo6pa3ue 3HaueHu# normdeckoir (yHKuuU f(X);Xp;....;.X,) OMPEAEeTIEH0 MHOTO00pa3uemM
3HAUCHMIT 8 apryMeHTa, T.e. |y|=2/x!*%-- X0,
R . R —n3_

Hampuwmep, I BEKTOpa (X1;X2;X3) nMeeM: [{(X1;X2:X3) } [=27=8, T.€.

{(0;0,0);(0;0;1);(0;1;0);(0;1;1);(1;0;0)5(1;0;1);(1;1;0)5(1; 1, 1)} . Jlna dymxumm y=f(X1;X2;...Xg) UMeeM:
ly[=25=256.

Jnst m300paXkeHrs apryMeHTa JJOTUuecKor (DYHKITMH, HCTIONB3YIOT N-MEpHBIM KyO ¢ JUIMHON pedpa
1. Tak, nust BeKTopa (X1;X2;X3), IPEICTaBIEHHOTO Ha puc. 37-a), Kakaas BeplInHa rpada Kyda umeer
€IMHCTBEHHBIN HAO0Op 3HAYEGHW KOMIIOHEHT JTOro BekTopa. s BekTtopa (X1;X2;X3;X4),
MpEeACTaBICHHOTO Ha puc. 37-0), Kakmas BepIIMHA 4-MEpPHOro Ky0a TakKe MMEET €IWHCTBECHHBIN
HaOOp 3HAYCHUN KOMIIOHEHT BEKTOPA.

X1 (1;1;0;1) X4
Puc. 56. Equaudnbie KyObI U BEKTOPOB (X[;X2;X3) M (X1;X2;X3;X4).

ByneBrlii BEKTOD (X1;X2;X3;X4) YACTO HA3BIBAIOT TETPAO0M, KAK COAEPIKAILMMI YETHIPE KOMIIOHEHTHI.

Crnenyer oOpaTWTh BHHMMAaHHUE, 4YTO JBE BEPIIMHBI KyOa, NpHHAUIeKALIUE OIHOMY pebpy,
OTIMYAIOTCS MEXIy CcO0Oi TOJBKO 3HAYCHHUSMH OJHOH KOMIIOHEHTBI; YEThIpE BEPIIUHBI,
MPUHAAIEKAIINE OJHOM MIOCKOCTH, OTIMYAOTCS MEXY COOOM TOJIBKO 3HAUEHUSAMHU JBYX KOMIIOHEHT
OyJIeBOTO BEKTODA.

[Tpu TabimunoM 3amanuu GYyHKIIUA HEOOXOIUMO I Ka)XJA0ro Habopa JBOMYHOTO BEKTOpA, T.C.
apryMeHTa JIOTHYeCKOW (yHKIMH, yka3aTh e€ 3HaueHue (cM. Tabmumy 1). Ecnu 3Hauenue ¢pyHkuum
OINIpPENIeJIECHO HE [UId BceX HAaOOpPOB JIBOMYHOIO BEKTOpPA, TO (YHKIMsS Ha3bIBA€TCd YacTUYHO

43



onpenenénHon. YnCI0 CTPOK MONHOCTBIO ONpPENETEHHON (PYHKIMH OT N KOMIIOHEHTOB apryMeHTa
paBHo 2",

Tabmuma 1
X x| Xn f(x1;x25. ... .. Xn)
5 5 0 0 [Tpu AHAJIUTUYECKOM
1 ol 0 o | 3amaHuM JIOTUYECKOU
. o 0 1 (byHKHHH HCIIOJB3YIOT
X ) 0 1 | PMEMCHTApHbIC yHApHBIC U
------ OuHapHBIE oONEpalyMu , a
..... 1 1 1 0 TaKXke NpaBrJIa
...... MHOJICTAHOBKHA M 3aMEICHUS

npu GopMUPOBaHUU (HOPMYIT JOTHUECKON (HYHKIIUH.
Onucanue JIOTH4ecKOil (PYHKIMH OJHOH M ABYX IBOMYHBIX IlepeMEHHBbIX.
Kak yxe OBUIO OTMEYEHO, YWCIO JIOTHYECKUX (YHKIMHA I N KOMIOHEHTOB apryMeHTa
onpenensercs Beipaxennem: 2P, rue p=2".

Jlnst n=1 4uciio BO3MOKHBIX 3HAYCHHN JIOTHYecKoi GyHKIUHU paBHO 4 (cM. Tab. 2).

AHanu3 TabIuIsl 2 MO3BOJISET JaTh ONPeAeTIeHIE KaXKI0W U3 YETHIPEX JOTUIECKUX (yHKITUH:

Tabmaa 2. © 00 - dymmer
X y=H(x) KoHcTaHTa “0”, T.K. OHa HE
U3MEHSICT CBOETO

fo(x) f1(x) £r(x) f3(x) 3HAUEHMs TIPU M3MEHCHHU

0 0 0 1 1 aprymesnra, Tt.e. (y=0),
MepeMeHHas X Uil 3TOM

1 0 1 0 1 (YHKLINU HECYIIECTBEHHA;

o fi(x) - byHKIHS

MOBTOPUTENH, T.K. OHa
NPUHUMAET 3HAYCHUs!, paBHBIC 3HAUCHHUIO apI'yMEHTa, T.€. (y=X);

o f5(x) — ¢yHKUMS OTpHUIIAHMS, T.K. OHAa TMPUHHUMAET 3HAYCHUS IPOTHBOIMOJIOXKHBIE 3HAYEHUIO
aprymeHTa, T.e. (y= X), 3Ta QyHKIIHS MOXKET eI1e 0003HaYaThCs: Ix, =%, "x;

o f3(x) - ¢yHKUMA-KOHCTaHTa “1”, T.K. OHa HE HU3MEHSET CBOETO 3HAYCHHS MPU H3MEHEHUU
aprymenrta, T.e. (y=1) u, xak g1 ¢yakuun fo(x), mepemMeHHas X JUIs 3TOH (YHKIMHU
HECYIIECTBEHHA.

Bce ¢pynkuuu Tabnuiiel 22 — yHapHbIe, T.K. 3TO (YHKIUU OT OJJHOM MePEeMEHHOM.
Jl1st n=2 9uci0 BO3MOXKHBIX 3HAYCHHH JIOTHYEeCKOW QyHKIMU paBHO 16 (cm. Tadm. 3).

Tabmmma 3
Aprym. Oynknusa y=fi(x1,X2)
X1 X || H [ b |G| ||| & || fio| fii | fio]|fis fi4 fis
0 0 Olo0f({0[O0O]O0O]O0O]O0O]O 1 1 1 1 1 1 1 1
0 1 010010 1 1 1 1 01]0 0 0 1 1 1 1
1 o(ofjoj1|1f{ojoj|1|1[0]0]|1 1 0 0 1 1
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

B tabnure 4 npuBeneHb IMEHA BCEX JIOTHYECKUX (DYHKITUH.
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Tabmuna 4

No WM JIOTUYECKOMN dbopmya JIOrHIecKor PyHKITUN “yreHue”
No byHKIIUN JIOTUYECKOU
byHKIIN
fo KoHcTaHTa “0” 0 “Mr000M HOJIB
f, KOHBIOHKII U
(s1oruveckoe “HN” (X1-X3) “xX1 M Xo¢
COBIIAJIeHHE)
f OTpHITAHIE I(x19%2)=x1- X=1( X1VX2) “He eCIH X, TO X"
UMTUTHKAIH
f; | moBTOpHUTENH MEPBOTO
aprymeHra X| “Kak X
4 OTpHUIIAHHE 0OPATHON “He eCJIU Xp, TO X1~
AMILTHKAITHA —|(x2—>x1)= ;1-x2=—|(x1v ;2)
fs | TmoBTOpPHUTETH BTOPOTO
aprymeHra X2 “Kak Xp
fe OTPULIAHUE “HIIA X1,HJIM X
’KBHBAJEHTHOCTH -|(x1<—>xz)=(xl@xz)=
(c10:KeHHE 10 ( X1'X2V X1+ X2)
MOIYJII0 2)
f; I3 BLIOHKIUSA
(srormueckoe “MJIN”, (X1vXy) “X1 WM X"
pa3nejieHue)
fg OTPULIAHUE
AN3LIOHKIHH Txivxa)=xidx= x1- x2 “He X; M He X,”
(crpeaxa Ilupca)
fo JKBHBAaJICHIIUS
(PABHO3HAYHOCTD) (x19X2)=( X1+ X2VX1-X2) “X| KaK X;”
fio OTpHULIAHUE BTOPOTO “He KaK Xp”
apryMeHTa X>
fi1 | oOpaTHast UMITTUKAIUS
(X2—>X1)= gz-xl “eclM X,,TO X1~
fin OTPHUIIAHKE TIEPBOTO
aprymeHra X “He Kak X;”
f13 _
npsaMasi UMILIMKALUSA (X1>X3)= X1°X; “ecJim Xj, TO X;”
f14 OTpULIAHUE “He X; HJIM He X,”
KOHBIOHKIHMH (IITPUX -|(x1-x2)=x1 | X2=( glv ;2)
e depa)
fis KOHcTaHTa “1” 1 “mro0as equHANA’

[Tepeuncnum 7 BakHEUIUX (HyHKITAN:

1) f1 - konbroHkys (pyHkuus M), KOHBIOHKIHS — 3TO (PaKTUUYECKU OOBIYHOE yMHOMCeHue (HyNel u

equauI). MHOrAA 9Ty QyHKIIMIO 0003HAYAIOT X1 & X3 WU XA Xa.

2) {7 - nmuzbronkiys (pynkuus MJIN).




3) fi3 - umMITUKaNMs (Cle0BaHUE).

WNuorna nMrmnkanuio 0003Ha4aroT X1 D Xz, 9TO OYCHb BayKHasl QYHKIUS, 0COOEHHO B Joruke. Ee
MOHO pacCMaTpUBaTh CIACAYIOMMM 00pa3om: eciu Xy = 0 (T. €. X3 “JOXKHO’"), TO U3 ATOro (paKTa
MO’KHO BBIBECTH U “NI0XKb”, U “UCTHHY’ (M 3TO OYJET MpaBUIIbHO), ecliu Xp= 1 (T. €. Xz “HCTUHHO”), TO
WCTHHA BBIBOJUTCS M U3 “TKA U U3 “UCTUHBI, U 3TO TOXKE MPABWIHHO. TOJBKO BBIBOJ “U3 UCTUHBI
JIOXb” SIBJSIETCSI HEBEPHBIM.

4) fe - cnoxxenue no moayiio 2. IHoraa oty QyHKIHIO 0003HAYAI0T X1A X, WK X1 /X;.

5) fo - sKkBUBaNIEHTHOCTH WK TTofo0ue. Jta pyHkiwus fo= 1 Torna u ToabpKo TOrAa, Koraa Xy = Xa.
WNuorna 5ty pyHKIHIO 0003HAYAIOT X1= X; WU X1~X3.

6) f14 - wrpux eddepa.
7) fs - ctpenka [lupca (uHOTAA ATY (DYHKLMIO Ha3bIBAIOT MITPHUX JlykaceBuya).

AHanmu3 JOru4YecKux (YHKIMA OMHOHW U JBYX NMEPEMEHHBIX IMOKA3bIBAET, YTO CPEAM MHOXKECTBA
3HAYEHUH CYMIECTBYIOT (DYHKIIMU OT MEHBIIIETO YKCIa TepeMEHHBIX. Tak, uist n=2 uMeeM : fy(X ;Xx;)
f15(x1;X) BOOOIIE HE 3aBUCAT OT ABOMYHBIX MEPEMEHHBIX, a (yHKIHH f3(X1;X2),f5(X1;X),f10(X1;X2) u
f12(X1;X2) 3aBHCAT TONBKO OT 3HAYCHUI OAHON TIEPEMEHHOM.

OyHKIMA, KOTOpas CBOJUTCS K 3aBUCHMOCTH OT MEHBIIEr0 YHCIIa JBOUYHBIX IEPEMEHHBIX,
HA3BIBAETCS BBIPOKACHHOM, a (DYHKITUS, CYIIIECTBEHHO 3aBHUCSIIAsI OT BCEX IBOMYHBIX MEPEMEHHBIX, -
HEBBIPOKJIECHHOM.

JlBonuHast mepeMeHHas X; B QYHKOUH f(X1;X2;...;Xi-1;Xi;Xi+15...;Xn) Ha3bIBa€TCs (PUKTUBHOM, €CIH
BBITIOJTHSIETCS YCIIOBHUE:

f(x1;x25...... X3 05Xis 15 Xn)=f(X15X25... ... X LiXis1seeens Xn)-

VY nanenue GUKTUBHON MEPEMEHHON YIpoIIaeT aHanu3 (PYHKINH, a €€ BBEJCHUE MTO3BOJIET BCAKYIO

¢byHKUMIO cenarh GyHKIMEH OT O0JIbIIETo YHCia ePEMEHHBIX.

Cynepno3nuus Jorndeckux Gpynkuuii. @opmy.Jibl.

Yacto paccmarpuBaiorcss (QyHKIUH OT GYHKIUH, T. €. Cynepno3uyuu TEPEUNCICHHBIX BBIIIC
byukumii. Oynknus f, momydaemas u3 ¢ynkuui f);f5;...;f, ¢ momMompo oneparuii MOJCTAHOBKH WX
JpYyT B Ipyra U IEPEUMEHOBAHUS apTYMEHTOB, Ha3bIBACTCS CYMEPIO3UINEH (PYHKITHIA.

Anrebpanyeckoe BBIpa)KEHUE, OIMCHIBAIOIIEE JIOTHYECKYI0 (DYHKIMIO U COJAepKallee TOIbKO
JIBOMYHBIC TEPEMEHHBIE W JIOTUYECKHE CBSI3KM, Ha3pBaloT ¢opmynamu F wHam Fy, rmoe
FocurHarypa(MHOKECTBO ONEpalyii ) anreGphl JOrHKH. J[BOMUYHbIC MepPeMEHHbIC MHOTJA HA3BIBAIOT
dbopmynamu TiayOunsl 0, a smeMeHTapHble (DOPMYJIBI, apTYMEHTAMH KOTOPBIX SIBJISIFOTCSI TOJIBKO
JTBOMYHBIC TIepeMeHHbIe, - ¢dopmynamu rayounsl 1. [Ipm 3TOM mociaegoBaTeNBHOCTD ACHCTBUIN
yKa3biBaeTcsl (Kak OOBIYHO) cKOoOkamu. VICKIIIOUEHHE COCTaBISET KOHBIOHKIUS (KOTOpask Ha CaMOM
nene SIBJSieTCsl OOBIYHBIM YMHOKEHHEM B JBOMYHON cucteme).ll03ToMy KOHBIOHKILMS COBEpIIaeTCs
MEePBOM JaKe eCIIM OTCYTCTBYIOT ckoOKku. Hampumep, 3anuch X1 & Xav X; & X3 03HavaeT (X & Xz) v (X3
& X3).

Besikas dopmyna, Beipaxkatomas ¢yakiuio f kak cyneprozunmio npyrux Gyskmuit fi;f;.... . fy,
3a71a€T croco0 e€ BeraucieHus: (POpMyITy MOKHO BBIYHUCIIHTD, TOJILKO €CITH YK€ BBIYUCIICHBI 3HAYCHUS
Bcex e€ monadopmyn. 3HadeHne noaGOopMyIibl MOKHO BBIYMCIUTH MO M3BECTHOMY HAaOOpy 3HAUECHUU
JTBOMYHBIX TIEPEMEHHBIX.

[To xaxmoi hopmyse MOKHO BOCCTAaHOBUTH TAOJHUILy JJOTHYECKON (YHKIIUU, HO HE HA0OOPOT, T.K.
KaX/101 JIOrHuecKoi (PyHKIIMM MOYKHO IPEACTaBUTh HECKOIBKO (hOPMYII.

@opmynsl F; u F; npexncraBnsromue oaHy M Ty K€ JIOTHYECKYl0 (QyHKIMIO fj, HasbIBaroTCs
SKBHUBAJICHTHBIMU WJIM PAaBHOCHIBHBIMU. Tak, 5KBUBAJICHTHBIMU (POPMYJIAMU SBIISIOTCS:

fg(Xl;Xz):( X1 ;2): —|(X1\/X2):X1~LX2;
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fla(xi;x2)=( x1vx2)= I(X1%2)=x, | xs.

PasenctBo Fi=F; o3Hauaer, uto ¢popmyisl F; 1 F; onuceIBaloT ofHy U Ty e JTOTH4ecKyro (QyHKIUIO.
Ecnu xakas-nmu6o ¢popmyna F cogepxur B kauecte nojadopmyisl Fi, To 3amena F; Ha s5KBUBaJICHTHYIO
F; He nsmenser 3HaueHus Gpopmyiiel F npu mobom Habope OyneBoro BekTopa, HO U3MeHseT Gopmy eé
onucanusi. BHoBb nmonyueHnas ¢popmyna F sxBuBanentHa popmyie F.
[Ipu popmupoBanuu Gopmy cieayeT NpUIEPKUBATHCS CIEAYIOUINX MTPABHI

Yucno 1eBbIX CKOOOK PaBHO YUCITY MPaBBIX CKOOOK;

Her n1ByX cTOSIIIKMX PSIIOM JIOTUYECKUX CBSI30K, T.€. MEKYy HUMU JOJKHBI ObITh (POPMYJIBI;

Het nByx crosux psitom GopMyi, T.e. MEXKLy HUMH JTOJDKHBI OBbITh JIOTHYECKUE CBSI3KHU;

Jlornueckas cBsizka “  ““ cuspHEe 000U IByXMECTHOM OTepalliy U BBITTOTHIETCS TIPEK]IC BCETO;

Jlornueckas cBsi3ka “& “ cuibHee 10001 ABYXMECTHOM JIOTHYECKOH CBSA3KHY;
Otu npaBuiia 00JErvarT 3anuch GopMyII U UX Mpeodpa3zoBaHue.

W3 mepeuncieHHBIX (QYyHKUIUI OCOOYIO pOJIb MTpaloT TpU (QYHKLUMH, & UMEHHO KOHBIOHKIIHS,
IU3BIOHKINS U OTPUIIAHKE, TI03TOMY PacCMOTPUM OoJiee MOAPOOHO UX CBOMCTBA.

ByneBa anredOpa u MuHumMu3zanus 0yjaeBbIX GyHKIUIA

Aiire0py, HOCHTEJIEeM KOTOPOil SIBJAAETCH MHOKECTBO X=(X15X25......Xp,y}, IJIEMEHTbI
KOTOPOr0 NMPUHMMAKT 3HadYeHUs1 Ha MHoxxecTBe {0;1}, a cHrHatypa KOTOpPoOW ompeaeeHa
JIOTHYECKHUMH ONepanusiMi JAU3BIOHKIUH, KOHBIOHKIHM W OTPUIAHHUS HA3BIBAIOT OYyJeBoil
aareOpoi B 4ecTh AHIIMIICKOro MmatemaTuka J[k. byusi.

Takum oOpa3om OyneBa anredpa ecth: A=<X; &; v; ;0; 1>,
rue:
X - MHOX€ECTBO, 3JIEMEHTBI KOTOPOTO MPUHUMAIOT 3HadeHus 17 uinm “07;
- yHapHas oreparys OTPUIIAHKS 3HAUEHUS X;
& - OuHapHas ornepanys KOHBIOHKITH JIBYX 3JIEMEHTOB MHOXECTBA X;
V - OMHapHas ornepays TU3bIOHKINH JIBYX 3JIEMEHTOB MHOXKECTBA X;

Ocobast pons AByX OGYHKIMNA (M3 JTHX TPEX) OMPEAENAeTCS TeM OOCTOSTEIBCTBOM, YTO
ornpeaeNieHue 3TUX PYHKIHIA JIETKO MOXKET OBITh IEPEHECEHO Ha JIF000€e YUCIIO TIePEMEHHBIX:

Konbronkumei n nepemeHHbIX f (Xg, X2, ...y Xp) = X3 & X2... & X, Ha3bIBaeTCHA PYHKUHS, KOTOpast
NPUHUMAET 3HaYeHue 1, ecjin U TOJILKO eCJIN BCe nepeMeHHble paBHbl 1 (M, 3HauMT, paBHa 0,
eCJIM XOTs ObI O/IHA M3 ITHX NepeMeHHbIX paBHa 0).

JAun3bronkuueii n nepeMeHHbIX f (Xq, X2, ..., Xp) = X1 VX2... V X, Ha3bIBaeTcsi Takasi QyHKIUSA,
KOTOpasi paBHa () ecJiM M TOJIBKO eCJIM Bce nnepeMeHHble paBHbl 0 (4, 3Ha4UT, paBHa 1 Toraa u
TOJIBKO TOI/1a, KOIAa X0TS ObI 0/1HA NepeMeHHasi paBHa 1).

N3 »>Tux ompeneneHWi BUAHO, YTO KOHBIOHKIUS W JU3IBIOHKIUS KOMMYMAamueHsl, T.€. 00e
(GYyHKIMU HEe 3aBHUCAT OT MOpsAAKa  mepeMeHHBIX. Omnupasich Ha 3aKOHbBI OyJIeBOH anreOpbl, MOXKHO
BBINIOJIHATH AKBUBAJICHTHBIC NMPE0Opa3oBaHMs JTIOOBIX aareOpandeckux BBIPAKCHHUH, YCIOXKHSAS WIH
ympouiast uX onrcaHue. JKBUBAJICHTHBIEC MPEOOpa30BaHMs aNreOpandyeckux BbIpaKEHUH HEOOXOIMMBI
IS TIOMCKAa HAaWMEHBIIETO YHCIIA BBIYUCIUTEIBHBIX ONEpaluii WM JOCTHXKCHUS PEe3ylIbTaToB
BBIUMCIICHUH 32 MeHbIlee yucio maroB. [lociegoBaTensHOe NpUMEHEHHE 3aKOHOB OYIeBoil anredpsl,
dopMupyromee MHUHHUMAIbHOE I10 BBIYHCIUTEIBHOM CIOXKHOCTH airedpandeckoe BBIpaKeHHE,
Ha3bIBAIOT cTparerueil mpeoOpasoBanus. s oOiierdyeHHuss HMCIOMHEHHS TNpeoOpazoBaHuMi (hopmyi
OyJneBoi anreOpsl B €IMHOM TabJIuIIe TTPEACTaBICHBI OCHOBHBIC 3aKOHBI M MpaBmia (cM. Tadi. 5).

Tabmuma 5
HaumenoBanue 3aKOHa, DKBHUBAJICHTHBIC (HOPMYJIBI
IpaBUIIa
1. KOMMYTaTUBHOCTH 1. (X1VvX2)= XoVX1;
(X1 "X2)= X2:X1;
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2. acCOLIMAaTUBHOCTH 2. x1v(XaVvXs)= (X1VX2)VX3;
X1+ (X2:X3)= (X1X2) XX3;
3. IUCTPUOYTUBHOCTH 3. X1 v(X2:X3)= (X1 VX2)-(X1VX3);
X1 (X2vX3)= (X1X2)V(X1°X3);
4 MIEeMIIOTEHTHOCTH 4. XVX=X; X-X=X;
5. TIOTJIOIIEHUS 5. X1 V(X1-X3)=X1; X1+(X1VX3)=X;
6. IpoTUBOpEYUS 6. xv x=1; x- [x=0;
7. ne Moprana 7.—|(x1vxz)= —[xl-—|xz;
Txix2)= x1v x5
8. cBoicTBO “1” 8. xvl=1; x-1=x;
9. cBoiicTBO “0” 9. xv0=x; x-0=0;
10. nBoiiHOE OTpHIIAHUE 10. 1( Tx)=x.

PaccmoTpum crpareruto npeodpaszosanus Gpopmysl F:
F=x; %V X1-(X2VvX1X3)- (X1 XaVXa)V X2-X3);
1) BBIOIHUM [PeoOpa3oOBaHKE 110 3aKOHY UCTPHOYTUBHOCTH
F=x; XoV( X1XaV XpXpXa) [(Xi( XaVX3)V X2:X3);
2) ucrosb3yeM 3aKOH HPOTHBOPEUHSI
F=x;X2v XpX2: [ Xp°( X2VX3)V X2X3);
3) Bocnosb3yemcs 3aKOHOM Jie Moprana
F=xixav XX (I(x1:( X2vxa))- [(x2rx3));
4) MOBTOPUM MCIOJIb30BAaHUE 3aK0HA Jie MopraHa
F=x;x2v X X2(( X1V I(X2vxs))-( Xav X3));
5) ucmonb3yeM erue pas 3akoH e Moprana
F=x;xv X% (( xv(I(Ixz): x3))( xav x3));
6) UCIIOJB3YEM 3aKOH JABOWHOIO OTPHLIAHHS
F=x; XV XX ( XivXe X3)( XV X3));
7) BBITIOJTHUM MPEoOpa30BaHKE M0 3aKOHY JUCTPUOYTUBHOCTH
F=xXov( X1'X* X1VX1'X2' Xy X3)( X2V X3);
8) MCIIOJIB3YeM 3aKOH HIEMIIOTCHTHOCTH
F=x;-X2V( X1 XaVX1Xy X3)( XaV X3);
9) BBITIOJIHMM MpeoOpa3oBaHUE TIO 3aKOHY TUCTPUOYTUBHOCTH
F=X1'X2V X1°X2* XoV X1-X2* X3VX1-X2' X3+ XoVX1-Xp X3+ X3,
10) ucnosnib3yem 3aKOH MOTJIOMIEHUS U UAEMIOTEHTHOCTH
F=x1-Xav X1‘X3* X3;
Wrak, crmokHOoe anredpandyeckoe BBIpAXKEHHE B pPe3yJbTaTe HKBHUBAJIECHTHBIX IPEOOPA30BAHMIA,
COJIEPKUT MEHbILIEE YUCIIO ONepalluil AJIsl TeX e TPEeX AIEMEHTOB MHOXKECTBA X1,X2,X3.
Hcnonb3ys HEKOTOPBIE JOMOHUTENbHBIE TIPe0Opa30BaHUs, MOXKHO €IIe YIPOCTHTh (popmyay F.
11) BBIIOTHUM MTPe0Opa30BaHKE MO 3aKOHY TUCTPUOYTUBHOCTH
F=x2:(x1v X1+ X3);
12) ucrionauM tiporiefypy 0000IIeHHOTO CKIICUBAHUS U TIOTJIOIICHUS
F=x;-(x1v X1* X3V X3)=X2:(X1vV X3); _
OxoHuatenbHOE BBIpaXKeHHE hopMysl uMeeT BUI: F= X, (X1Vv X3).
Ha mare 12) Obuto ucnons30BaHo OJHO U3 mpaBui breiika- [Toperkoro, a UMeHHO 00OOIIEHHOTO
CKJICBaHUSI:
Ecmu K; u K; - kakue-To moruueckue GyHKIUU, TOTIA:

X'Klv ;'Kz =X'K1V ;'Kz \Y% Kl . Kz

s

CrencTBHEM M3 3TOTO MPABUJIA SBIISIOTCS CIIEIYIONTNE BhIPAYKESHUS:
xKv xK =K; xv xxK=xv K.
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IMpusrom K, K;, K;  ObITh Kak tornyeckuMu GyHKUIUSAMH, TaK U

MPOCTHIMU TIEPEMEHHBIMHM, YTO MOKHO IMpPEACTAaBUTh, HAMPUMEp, B CIEAYIOMIMX pPaBHO3ZHAUYHBIX
3anucsX:
XyV Xy =y W XyV Ky=Sy Wi XyvoXxy=y

TouHo TaKxke PAaBHO3HAYHBIMU SBJIAIOTCA 3aIlIUCH:

an(f_:n v.:_rnai'} = &v(f?n; UE} =5v(§: e UE}
la& (bvie&dy=lav (b & TlevId).

JAM3BbIOHKTUBHAA ¥ KOHBIOHKTHBHOI HOpMaibHas GopMBI

Ilpocmoti konvloOHKYUel Ha3bI8AemM sl KOHBIOHKYUSL OOHOU UU HECKOJIbKUX NePEMEHHbIX, NPU dMOM
Kaxcoas nepemenHas gcmpedaemcsi e Oonee 00Ho2o paza. Hanpumep, Xp-Xp'X3 SIBISIETCS ITPOCTOM
KOHBIOHKIIHEH.

Juzvronkmueroti nopmanvrou hopmoui (AHD) nasvieaemces ouzvroHkyus RPOCMuvLX KOHLIOHKYUI.
Hanpumep, X3+ Xpvxy'Xp sBisercsa [JHD.

HpOCWlOﬁ 0u3"bIOHK1/;u€IZ Hasvleaemcs ()u3"bl0HK1/;uﬂ OOHOU U HECKONbKUX nepemenrnvlx, npu snom

Kaxcoas nepeMeHHas ecmpeuaemcs e 6onee 00Ho2o pasa. Hanpumep, X1V XpV X3 sBISETCS
MIPOCTON JU3BIOHKLIUEH.

Konwvronkmusnou nopmanvuotu gpopmoti (KH®) Hazvisaemcs KoHbIOHKYUA NPOCBIX OU3BIOHKYUI.
Hampumep, (X1v X2V X3 ) (X2v X3 )+ (X3v Xx3) — KH®.

YKA3AHUA

Ilepen pemeHueM 3a7a4 KOHTPOJbHOW PadOThl PEKOMEHAYETCHA O3HAKOMUTBLCHA CO
CJEeAYIONIUMH MEeTOAUYECKUMHU YKA3ZAHUSIMH:
1. Kysuenon O.Il., Anenscon-Benbckuii I'"M. JluckpeTrHas MaremaTuka IJisi UHXEHEPOB. — M.:

Oueprus, 1980. — 814 c.

2. T'opbatoB B.A. ®yHnaMeHTaIbHBIE OCHOBBI JUCKPETHOW MaremaTuku. WH]opmannoHHas
MaTeMaTuka: YueOHuK aiis B3y30B. — M.: Hayka. @usmatnut, 2000. — 544 c.

3. benmoycoB A.M., Tkauer C.B. JluckperHas maremarwka: YueO. musa By3oB/ moa. pen. B.C.
3apy6una, A.Il. Kpumenko.- M.: U3n-so MI'TY um. H.D.baymana, 2001. — 744 c.

4. TlonomapeB B.®. OcHOBBI nuCKpeTHON MaTeMaTukH. YdeOHoe mocobue. -Kamuaunarpaa: KI'TY,
1997. — 152 c.

3AJJAHUE: Onupasace _na __3axousvt __0yneeoui _an2edpvl, GbINOJIHUMb _ IKGUGAICHMHbBLE
HnPeodpa30eanus_anzedpauiecKux 6blpadceHuil.

Bapuant Ne 1.

L pvovrvipar
2. (a&b)v (a&b)v (a &b)

Bapuant Ne 2.
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1. (avb)&(avb)&(avb)
2. a&(a&b)v (b &c)v (bv(c &d)))

Bapuant Ne 3.

l. (av(b&c&d)) & (ave)
2. (a&b)ve)&(avb)ve)

Bapuant Ne 4.

l. @&b&a)v(c&a)v(a&b&b)v(c&b)vc
2. (a&b)ve)&((avb)ve)

Bapuant Ne S.

L (x, &x,)v(x &x, &x;) v (x, &x, &x,)
2. (a&b&c)v(a&b&c)

Bapuant Ne 6.

1. ((a&b)va)&a)v (a &b)
2. (a&b)v(c&((bvd)ve

Bapuant Ne 7.

l. (¢&b&c)v(a& (b &c))v (a&b)
2. av(a&b)vh

Bapuant Ne 8.

l. (avbh)&(ave)&(avb)&(ave)& (bve)& (bvc)
2. (a&b&c)& (a&b)v (a &b &)

Bapuant Ne 9.

1. (avb)v(ave)v @y (b&e)
2. (avb)&(ave)&(avb)&(avc)

Bapuant Ne 10.

1. (avb)&(ave)&(avh)&(ave)
2. (avbyv(ave)v(av(b&e)

Bapuant Ne 11.

l. (a&b)v(c&(bvd)ve
2. (av(@&b)vb

Bapuant Ne 12.
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l. ((a&b)va)va)v(a&b)
2. (a&b)v(c&(bvd)ve
Bapuant Ne 13.

l. (a&b&c)v(a&b&c)v(a&b&c)
2. (x_l&xz)v('xl &xy &x3) V(X VX)) VX,

Bapuant Ne 14.

l. (a&b&a)v(c&a)v(c&b)vc
2. (a&b)ve)&((avb)ve)

Bapuant Ne 15.

l. a&(a&b)v (b&c)) v (b (c &a))
2. (av(b&c&d) & (ave)

Bapuant Ne 16.

1. (avb)&(avb)&(avb)
2. (a&b)v(a&b)v (a&b)

Bapuant Ne 17.

L (pve)vrv(p&r)

2. (6 vx,) & (x, VX, vxy)
Bapuant Ne 18.

1. (xl\/)cz)v(x_zvxlvx3)vx3

2.k &x, &xyvx, &x, & xy v (x, &x, & X3)
Bapuant Ne 19.

L. x &x, &x,vx, &x, &x, v (x, &x, &x;)

2. (avh)&((ave)&(avb))

Bapuant Ne 20.

1. (Evb)&(m)
2. (avb)&(av b)) &(avh)

Bapuant Ne 21.

1. (avb)&(avbve)
2. (avbve)&(avbva)&(avbvb)&(avbvc)

Bapuant Ne 22.



l. (a&b&c)v(a&b&c)v(a&b&c)v(a&b&c)
2. k& yvx&(yvx &) &(x&(yvz)V y&2)

Bapuant Ne 23.

l. (a&b&a)v(c&a)v(a&b&b)v (c&b)vc
2. (avb)&(ave)&(avh) &(ave)

Bapuant Ne 24.

. x&yv(xvy&2)
2. x&yvx& )& (yvz)v(z& )

Bapuant Ne 25.

L (e & x))(x, v )

2. (xv ) &(xV ) &(x Vv yv2)

OO0pa3den BBINOJHEHUS 3aJTaHUA

Lesab padoThi:
Lenbio paboOTHI SBJISETCS M3yUYeHHE OCHOB aJreOphl JOTMKH U 0cOOeHHOCTEl OyieBoil anreOpsl u
MUHHUMH3AIUS OyJIeBBIX (YHKIIHA.

3ananue Ha padoTy:

I/ICHOJ'IB?)y}I MCTOANYCCKUC yKa3aHHs, OCBOUTH MMOCICAOBATCIBHOC MPUMCHCHUC 3aKOHOB 6yJIeBOI>'I
anreOpsl, (opMHUpPYIOIIEe MHHUMAIbHOE 1O BBIYUCIUTEIBHOW CJIOXKHOCTH ajreOpandeckoe
BBIpAKEHHUE

YrpocTuTh cieayrolee BbIpaXkeHne U yka3aTh, Kakye MMpaBuiia U 3aKOHbI 0yJieBoil anreOpbl ObLIN
MPUMEHEHBI Ha KaKJIOM I1are mpeoOpa3oBaHu:

Pemenne:

((a wh) AT) vila ve)nd) =

= (@vB AT A ((ave) nb) =

= (la vB) ve) nlfa ve) vi) =

= ((a vb) ve) nfla ve) wb) =

= (T AB Vel AT AT wh) =

= (((@Ad) vl Al@ A ) (@b ) ve) nd) =

= (& Ab Ad AT e AT AS)IVIE AR AR Ve AR)) =
= (T Ab AT V(e AT AT V@ AR AR Ve AR =

= {(Z rb AT A0 (E A 0) vl Ab)) =

= {(Z b AE) w0 w(0wiz ab)) =

= (7 rh AT wieab)
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[laru npeoGpa3oBaHUs HUCXOJHOTO BBIPAYKEHUSI:
1. mpaBuno ne Moprana

2. mnpasuio ae Moprana

3. 3aKOH JBOMHOTO OTPULIAHUS
4. npasuno ne Moprana

5. 3aKOH IUCTPUOYTHBHOCTH
6. 3aKOH TUCTPUOYTUBHOCTH
7. 3aKOH MIEMIIOTEHTHOCTH
8. 3aKOH MPOTUBOpEUHUS
9. cBoiicTBO «0»
10. cBoiicTBO «0»

BriBoxa:

B pesynbraTe mnpoBeNEHHBIX INPeoOpa3oBaHHMl MCXOJHOE BbIpaKeHUE OyineBol (GyHKIMU
MIPUBEJICHO K JU3BIOHKTUBHOU HOpMasibHOU popmoit (JJHD).
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4 PaGouasi nporpaMmma yuyeOHO# TUCUMIIMHBI «/[MCKpeTHAsi MATEeMaTHKA»

VYT1Bepxkaaro:

[TpopexTop mo yuebHOI paboTe

[Tpodeccop N.I".MaciieHHHKOB

PABOYA I ITIPOTPAMMA YUYEBHOU JIUCLIUITJIMHEI

«I[I/[CerTHaﬁ MaTeMaTuKa»
AJIg HallpaBJICHUS ITOATOTOBKHU 6a1<anaBpOB HAayKN U TCXHHUKHU

230100/552800 «HupopmaTHKa U BEIYUCIUTEIIbHAS TEXHUKA»

Kypc 3

Kypc nekuuii 36 u. 3ayer.
JlaGopaTopHble 3aHATHUS 36 4. OK3aMeH.
CamocrositenpHas pabora 68 4.

Bcero gacos 140 u.

Pabouas nmporpamma oOCy»1eHa Ha 3aCe€AaHUU KadeIpbl CHCTEMbl aBTOMAaTHU3HPOBAHHOTO

IIPOCKTUPOBAHUS U YIIPABIICHUS.

« » 2006 roma, mpoTokosa Ne

3aBeyromnuii kKadeapoit T.b.Yucrakosa

Opno6peHo Ha 3acelaHUd METOJIUYEeCKOW KoMHuccuu (akyinbTeTa HUHGOPMATUKU U YIIPaBICHUS

« » 2006 rona

[Ipencenarens koMuccuu T.B.MBanoBa

[Iporpammy cocTaBui B.. Xanumon
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1. Ileamn m 3aaa49u TUCUUILJIUHBI
Lenpt0o AUCHUIUIMHBL SIBISETCA M3YYEHHUE U OCBOCHHME METOJOB JAMCKPETHOM MaTeMaTHKH,
HanOoJiee TMPUMEHSIEMBIX TMPU MPOCKTUPOBAHWW W OKCIUTyaTallud BBIYHUCIUTEIBHBIX MAIIWH,
KOMIUIEKCOB, CcHCTeM U ceTeil. DopMupoBaHHE MNPAKTUYECKUX HABBIKOB pPa3pabOTKU W aHAIM3a
ITOPUTMOB HaJl 00bEKTAMU JUCKPETHON MaTEeMaTHKH.

2. TpeOGoBaHue K YPOBHIO OCBOCHHUS COMEPKAHUA TUCIUATIIUHbBI
B pesynbrare n3ydeHus AUCHUILTAHBI CTYIEHTHI JOKHBIL:

—  3Hamb:

—  crmocoObl 3aJ1aHusI, CBOMCTBA MHOXECTB, OTHOIIIEHUH, DYHKIIMA U OTOOpaKHEHUH;

— KaHOHMYEcKHe (OpMBbI TMpEACTaBICHUS, METOJbl MpeoOpa3oBaHUS W MHUHHUMHU3ALUU OyJEBBIX
GbyHKIHIH,

— METOJbl OCYIIECTBJICHHS OIepamnuii Haj rpadaMu U BBITIOJHEHUS KOJMYECTBEHHBIX OIEHOK HUX
XapaKTePUCTHK;

—  ymemy:

— WCTOJB30BaTh METOJBI TUCKPETHOW MaTEMaTHUKW TMpH peIIeHHH 3aJad CHHTe3a IU(POBHIX
YCTPOMCTB 1 pa3paboTKe MpOrpaMMHOTO 00ECTICUCHHS;

—  UMemb Onvlm:

— HCHOJb30BAaHUS CHMBOJIMKH JTUCKPETHOW MaTE€MaTHKU [UISl BBIPAKEHIHUS KOJMYECTBEHHBIX H
KaueCTBEHHBIX OTHOILIEHUH 00BEKTOB;

—  UMemb npeocmasieHue:

— O TEepCHEeKTHBAaX WCIOIh30BAHUS METOJOB JUCKPETHOM MaTEeMaTHKHU IMPH pa3paboTke Mojenei
CUCTEM aBTOMATHKHU U BBIYUCIUTEIHHON TEXHUKH.

3. Copepxxanue pa3aejioB JUCHUNIMHBI
BBeneHne B AUCKPETHYIO MAaTEMATHKY

Ponv ouckpemnoti mamemamuxu npu pazpabomie u IKCNIYAmayuu MmexHo2eHHbIX CUCmeEM
MHokecTBa, OTHOIIIEHUS

3aoanue muodcecms u ocywecmeieHue onepayuti Hao HUMU.
CrocoOwr  3amanus. Omepanuu OObBEIWHEHUS, TEPECEYCHHs, PA3HOCTH, OTIOTHEHHS |
JIEKapTOBa MIPOU3BEICHUS

Munumuzayus npedcmasieHull MHON*CeCmas
AKcHOMaTMKa TeOopuH MHOXecTB. AnreOpa Kanropa. MwuHuMU3amms MpeacTaBICHUS
MHOYECTB.

OmHowenus u ux ceoucmea

bunapubie otHomeHus. CriocoObl 3amaHus OWHAPHBIX OTHOIIEHWH. CBOHCTBA OMHAPHBIX
otHOomeHUH. Pa3zOuenus. OTHOIICHUS DSKBHBAJICHTHOCTH U mopsaka. IlpeacrtaBieHue n-apHBIX
OTHOIICHUIA OMHAPHBIMU. AJIreOpa OTHOILICHHH.

Omobpadicenus u ux ceolicmaa.
[Tonsatue otobpaxkenus. OToOpa>keHusI, 3aJaHHbIE HAa OJJTHOM MHOKECTBE.
DyHxyuu

Onpenenenne ¢pynkuun. [IpencraBnenue GyHKIMN ¢ TOMOIIbI0 MaccuBa. OOpaTHast GyHKITHSL.
@Oyukius Bpemenu. [lonstre pynknuonana. [lonstue oneparopa.

I'pader
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3aoanue u xapaxmepucmuka epaghos
Buner rpados. Iloarpadsi. Matpuiel, accormupoBanHbie ¢ rpadamu. CTENEeHU BEpIIHH.
MapipyTsl, Ienu ¥ HUKIBL. Paccrosiane Mexxay BepmnHaMu. Jluamerp u paguyc rpada.

Onepayuu nao epagamu

VYHapuble 1 OuHapHbBIE oneparuu Haa rpadavu. JlomonHenue rpada. Y aaneHue u nodaBiIcHUE
BepIIMH. YjaneHue u jgoOaBieHue pedep. OTOXKIECTBICHHE BEpIIMH. PacimerieHne BepIIvH.
O6nvenunaenue rpados. [lepeceuenne rpados.

Csaznocmu epagos
Kommonentsl cBsi3HocTu. Touku couwineHeHus. Moctel. Bepmmnanas u peGepHasi CBS3HOCTb.
CBSI3HOCTb OPUEHTUPOBAHHBIX TpadOB. ANTOPUTMBI BEIYHCICHUS CBSI3HOCTH.

Heszasucumocmo u nokpoimusi

BHyTpenHsiss  ycroiunBocTh. BepmmHHOE uYMCIIO HE3aBUCHUMOCTH. PeOepHoe dymcio
He3aBUCUMOCTH. BepmmuHoe u pebepHoe mokpeitue rpada. Baemmnss yctoitunBocTs. Bepmmnanoe u
pebepHOoe YNCIIO BHEIIHEH YCTOWYUBOCTH.

Luxnvl u paspesvl
Onpenenenns. MaTpuipl IUKIOB M pa3pe3oB. HezaBuCHMble MHOKECTBA IIMKIJIOB U Pa3pe30B
(KOIUKJIIOB). DUIEPOBBI IIUKIIBI.

/lepesbs.
OpHeHTUpOBaHHbBIE JEPEBbs. YINOPSAOUYEHHBbIE JiepeBbsi. buHaphHbie paepeBbs. [lepeBbs

COPTUPOBKH. AJITOPUTMBI ITOUCKA B IEPEBE COPTUPOBKH.
Anrebpa JIOTUKH.

bynesvr ¢hynxyuu
byneBbr wnu nBomunbie (QyHkmuu. CrocoObl 3amanus. byneBbl GyHKIMM OJHOW M JBYX
MEPEMEHHBIX U UX CBOMCTBA.

bynesa ancebpa
®opmynel  OyieBoit anreOpsl. OCHOBHBIE 3aKOHBI OyNeBON anreOpbl. DKBHUBAJICHTHOCTH
dbopmyd. [TpuHIMT TBOUCTBEHHOCTH.

Hopmanvnvie ¢hopmer npedcmasnerus

KoHcTuTyeHThl enuHuIlbl U HyNs. PasnokeHune OyneBbIX (YHKOHA TO TMEPEMEHHBIM.
Cosepmiennbie nmu3bioHKTHBHBIE (CIH®) u coBepiiieHHbIE KOHBIOHKTHBHBIE HOPMalbHBIC (OPMBI
(CKH®). Ilepexon or CJH® x CKH® u naobGopor. 'eomerpuueckoe mnpencraBieHUe OyIeBBIX

byHKIHA.

DYHKYUOHAILHAS NOTHOMA U 3AMKHYMOCHb

CucteMmsbl 371eMeHTapHBIX OysieBbIX GyHKUIMH. Onpenenenue GyHKIUOHATIBHO MTOJTHON CUCTEMBI
a7eMeHTapHbIX OyneBbIX (yHKOu. [lpumepsl (QyHKIIMOHAIBHO TMONMHBIX 0Oa3ucoB. BakHelmue
3aMKHYTBIE KJIacChl. Teopema o0 pyHKIIMOHAIBHOW MOJTHOTE.

Munumuzayus 6ynesvix yHKyuil

OCHOBHBIE TIOHATHS M OINPEACIICHMS: KaHOHWYECKasl 3aJadya MUHMMHM3alW{; WUMIUIMKAaHTa U
MpOCTasi UMIUTMKAHTA; COKpAIllEHHAs, TYITHKOBAasl 1 MUHUMAIbHAS (DOPMBI; orepariy 3JIeMEHTapHOTO
YU HEMOJIHOTO CKJIEMBaHWS; onepanus mnornomenus. Meron Ksaitna — Mak-Knocku. Meron kapt
Kapuay wnmm nuarpamm Beiiua. MuHMMUH3anus HEMOJHOCTBIO  ONPEACTCHHBIX  (DYHKIHUI.

Munumu3aius KOHBIOHKTHBHBIX HOpManbHbIX (QopM. Ilpobrema dakropuzanuu npu yopolieHUH
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¢byukauii. CoBMecTHass MUHUMH3aUs cucteM QyHKInid. MunuMuzamus GyHKIMN B IpyTUX Oa3ucax.

Cxemuvl uz (j)yHKI/;MOHaJZbelX J1eMEeHmMo6

[IpencraBnenne OyneBbIX (YHKIMA B BUAE CTPYKTYPHBIX

KOHBIOHKTOPA, AU3BIOHKTOPA.

O0630p IpUIOKEHUH TUCKPETHOM MaTEMATHUKH

IIpumenenue memooos OUCKPEemMHOU MaAmMeMamuKu npu NPoeKmupo8aHuu
3¢ (PeKTUBHOTO MaTEMaTUYECKOTO, MPOTPAMMHOTO,
TEXHUYECKOTr0 00eCIeYeHNs Ha OCHOBE METOJIOB TUCKPETHON MAaTEMATHKH.

Pa3zpaboTka

4. JIabopaTOpHBIH NPAKTHKYM

Ne paznena HaumenoBanue nabopaTopHbIX paboT
Ne | mucrmming
n/ bl
i
1. 2. [IpencraBneHre U BBIOJHEHUE ONIEPALIMNA HAJT

MHO’KE€CTBAMHM B BHJIE TUarpaMm Jilsiepa-BenHa.
2. 4 IIpencraBnenue oTHomeHuiit Ha OBM
3. 9 ®dopmMmebl nipeicTaBieHust rpad)OBBIX CTPYKTYP
4. 10 BepimnHas u pedepHasi CBI3HOCTh rpadoB
S. 11 BHeniHsAsg ycTOMYMBOCTS M MOKPHITHS B Tpadax
6. 12 [{uxitel 1 pa3pessl B rpadax
7. 19 ®opmupoBaHue PyHKIIMOHAIBHBIX CXEM
peanu3yomux O0yaeBbl GyHKITUN

JJIEMEHTOB MHBEPTOpA,

nH()OPMAITMOHHOTO U

5. YueOHO-MeTOANYECKOE o0ecIedeHue QM CIMIIINHEI.
Pacuetnble komnbroTepHblie nporpammsl: Kommieke 'PA®; Onepanuy Hai MHOKECTBAMHU.

[Tepconanpapie 9BM tuna Pentium I, Pentium II.

SNk W =

6. CamocTosiTe/IbHasI padoTa CTYyIeHTOB.

OneMeHTHl 0011e# anreOpsl. Pemerku, monyrpynmsl, rpymnmsl
3aKOHBI JIOTUKHU BBICKa3bIBaHUI

TpancnopTHeIe ceTu

IIpeoOpa3oBaHue JTOTHUECKUX CXEM AJITOPUTMOB

SI3BIK JIOTUKU TTPEAUKATOB

-68 uacos.

- 10 yacos
- 20 gacos
- 16 yacos
- 12 gacosn
- 10 yacos
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