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BBeaenue
1. Heap u 3a0a4n U3yYeHUs: AU CHUNIMHBI

Llens mucuumuebl: (GOpMHpPOBaHHE HaOOpa OOMIETTPOPECCHOHATBHBIX KOMIETECHINN
OakamaBpa 1o HampaBieHuto noarotoBku 09.03.02  «MHopManmoHHBIE CHUCTEMBI U
TEXHOJIOTUI.

3amaun OCBOCHHUS AMCUUIUIMHBL  (OPMHUPOBAHUE TMPEICTABICHUH O POJIM U MecTe
MaTeMaTUKd B COBPEMEHHOM MHpE, JTamax pa3BUTHSA, YHHBEPCAIBHOCTH €€ MOHATHH H
Mpe/CTaBICH; (OPMUPOBAHUE YMEHUW KOHCTPYHPOBAHUS U aHAIM3a MaTEeMaTHYECKHX
Mozesell 00BEKTOB, CUCTEM U MPOIIECCOB IPH PEIICHNUH 3ajad, CBA3aHHBIX cO cdepoit Oymymieit
npodeCCHOHATILHON JIeSTETbHOCTH, OBJIAZICHUE HAaBBIKAMH TOYHOTO M C)KAaTOTO BBIPAKEHUS
MaTeMaTU4YeCKOW MBICIM B YCTHOM M IIHCBMEHHOM H3JIOKEHHH, C HCIOJIb30BAaHHEM
COOTBCTCTByIOHleI;'I CUMBOJIMKH, TCOPCTUUCCKOTO W OKCICPUMCHTAJIBHOTO HMCCIICAOBAHUA B
npodeccHoHaIbHON AEATETHHOCTH.

2. O0opynoBaHHMe 1 MaTEePHAJIbI

[IpakTrueckue pabOTHI MO AUCHHMIUIMHE «J[MCKpeTHas MareMaTHKa» IMPOBOASATCS B
y4eOHOM ayauTOpuM C MyJIbTUMEIUa OOOpYAOBaHUEM: TIPOEKTOP, KOMIBIOTEp, JKpaH
HACTCHHBIN.

3. HaumeHoBaHue MPAKTUYECKHUX padoT

Ne HaumeHoBaHUe TeM TUCHHUILINHBI, UX KPATKOE O0beM N3 nux
TeMbl co/iep:kaHue 4acoB NpaKTHYecKas
NO/ITOTOBKA, YaCOB
3 cemecTp

1 CrocoOpl  3amaHuss MHOXecTB. Omepanuu  Hax 2 2
MHOKECTBAMHU.

2 OTHo1ICHMUS. OTtHoteHus SKBUBAJICHTHOCTH. 2 2
OtHomienne mopsiaka. CBOHCTBa  OTHOLIEHHUH.
OtobOpaxenus. WHbekius, CIOPBEKIUS, OUEKIIHS.
IToHsATHE QyHKIUH.

4 OcHoBHbIE aJireOpandecKie CTPYKTYpBHI. 2 2

5 Onepanu  HaJA  BBICKa3bIBaHUSAMU.  TaOmHIIBI 2 2
HMCTUHHOCTH. JIorndeckue 3aaaqu.

5 Hcuncnenne BBICKa3bIBaHUI. Anroputm 2 2
yaudukanuu. [lpaBuna BeiBoja.

6 Hcuncnenune IIPEINKATOB. ABTOMaTHYECKOE 2 2
JIOKA3aTeIbCTBO TEOpEeM. MeTo1 pe30IFOLIHIA.

7 CnocoObl 3amanus OyneBoil (ynkmuu. Tabmmia 2 2
HUCTUHHOCTHU OyneBoi QyHKITUH.

! [IprmeHeHne 3aKOHOB aJIreOphl JTOTHKH. 2 2

8 JIM3bIOHKTUBHBIE U KOHBIOHKTHBHBIE COBEPILECHHBIE 2 2
HOpMaJbHbIE ()OPMBI.

8 AJTrOpUTMBI IOCTPOEHUS MOIUHOMOB JKerajkuHa. 2 2

9 Pasmenienus, MepPECTaHOBKH, COYETaHUI B 2 2
KOMOMHATOPHKE.

9 [loncranoBku.  buHomuanbHble  KO03()PUIMEHTHI. 2 2
Paz0buenus.

13 OcHOBHBIE XapakTepUCTUKH TpadoB. Marpuiibl 2 2
CMEXHOCTH U UMHIUAEHTHOCTH. Omnepauuu Hax
rpagamu.

14 Oiinepos rpad. Kpurepuii sitnepoBocTH. 2 2




14 I"amunbTOHOB Tpad. 2 2
15 Anroputm  @®opna  — benmnmana  HaxoxXaeHUs 2 2
MUHHMAaJIBHOTO yTH B Harpy>KCHHOM
OpPHEHTUPOBAHHOM rpade.
15 3ajaua HaXOXK/ICHUS KPUTHYECKOTO MMyTH B Tpade. 4 4
16 [TocTpoeHre MHHMMAIBHOTO OCTOBHOT'O JiepeBa 4 4
Harpy»<eHHoro rpadga.
Hroro 3a 3 cemectp 36 36




4. Conep:xaHue NpaKTHYECKUX padoT

IIpakTuyeckass padora Nel. CnocoObl 3anaHusi MHo:KecTB. Onepamum Hajg
MHOKeCTBaMH.

Ilens 3anamusa. 1lproOpecTy HaBBIKM 33JJaHUS MHOXKECTB, BBIIIOJIHEHUS ONEpallUil HaJ
MHO€ECTBaMH.

3Hanua u ymenus, npuodpemaemvie CMYOeHMOM 6 pe3yabmame O0C60EHUA MeEMbl,
dopmupyemovie Komnemenyuu. 3HAaCT W yMEeT NPUMEHATb 0a30Bble OIEpaLUU HAaj
MHO’KECTBaMHU.

Teopemuueckas uacme.

IlonsiTe MHOXXECTBa HE OIpEAENseTcs, a JHIIb WUIIOCTPUPYETCS MPUMEpPaMH.
Hanpumep, MoxxHO roBOpuTh 0 MHOXecTBe ctarteid 'K P®D, 0 MHOXECTBE JIOrMYECKHX BO3-
MOXHOCTEH U T.1. MHOXecTBa OyaeM 0003HauaTh MPOMUCHBIMU JIATHHCKUMHU OykBamu: A,B,...
Ecnu snemMeHT x NMpUHAUIEKUT MHOXKECTBY A, HNUINYT X € A (YUTAIOT: «X NPUHAJJIEKHT
MHOECTBY A»), B INPOTUBHOM MNUIIYT X & A («X HE NPUHAUICKUT MHOXKECTBY A).
MHoxecTBO, HE cojep)Kalllee HHU OJHOTO 3JIEMEHTA, HAa3bIBAIOT MNYCMbLM, €ro 0003HauyaroT
CHUMBOJIOM .

Mmnooicecmeo  cuumaemcsa  3a0aHHbIM, €CIM O JIOOOM JaHHOM OOBEKTE MOXKHO
OJIHO3HAYHO CKa3aTh MPHUHAJICKUT OH 3TOMY MHOXECTBY WM HeT. PaccMoTpum dea cnocoba
3a/1aHusl MHOKECTBA!

* 1aeTCsl TOJIHBIM IIepedeHb 3JIeMEHTOB MHOXKECTBA; HAaIlpUMEP, MHOXKECTBO Pe3yJIbTaTOB
rOJIOCOBAHUS IPUCSIKHOTO TAKOBO: {«3a», «IIPOTUBY, «BO3JEPIKAIICIN | ;

* yKas3blBaeTCsl IMPAaBMJIO OIpENEeNIEHUs] IPHHAJICKHOCTH J1000ro o0BEeKTa K
paccMaTpruBaeMOMY MHOXKECTBY; HaIlpuMep, 3amuch A = {x : [x| < 10} o3Ha4aeT, 4T0 A COCTOHT
U3 TaKUX 4YHUCEeN X, MOJYyJb KOTOphIX MeHblle 10 (mocie BOETOYMs 3aMUCAHO IPaBHIIO,
KOTOPOMY JIOJKHO YAOBJIETBOPATDH YHCIIO X, YTOOBI €r0 MOKHO OBLIIO OTHECTH K MHOKECTBY A).

JIBa MHOXXECTBa, COCTOAILIME W3 OJHUX M TEX K€ IJIEMEHTOB, HA3bIBAIOTCA PAGHLIMU.
Ecnu mHO)ecTBa A 1 B paBHbl, To numyt A = B.

Ecin kaxaplil 2JIeMEHT MHOXeECTBA B siBisieTcs B TO K€ BpeMsl 2JIEMEHTOM MHOYKECTBA A,
TO TOBOPAT, YTO B — noommnoowcecmeo muoxectsa A. B atom ciydae numyt B — A (uurator «B
— IIOJIMHOKECTBO MHOXKECTBA A»).

B nocnenyroem, HCX0JHOE MHOXKECTBO Oy/1eM Ha3blBaTh YHUBEPCANbHLIM U 0003HAYATD
U. Cobcmeennvie noomnodxcecmsa MHoxkecTBa U — 3T0 Te MOJMHOKECTBA, KOTOPBIE CO/AEPKAT
HEKOTOphle, HO He Bce aneMeHThl U. Hapsay ¢ coOCTBEHHBIMH MOJAMHOXKECTBAMH YCIOBUMCS
camo U u mycToe MHOXKeCTBO J TaKKe CUYUTATh IMOJIMHOXKECTBaMHU MHOKecTBa U.

PaccmoTpum mporiecc 06pa3oBaHMsi HOBBIX MHOXKECTB M3 JaHHBIX MHOXeCTB A u B, nmpu
sToM OyneM mpenmnosnaraTb, 4To U A, U B, U BHOBb 00pa30BaHHOE MHO>KECTBO SIBISIOTCS
MOMHOXECTBaMH HEKOTOPOI'0 YHHUBEpCaIbHOTo MHOXecTBa U.

Obveounenuem MHOXeCTB A u B (o0o3Hauaercsi A U B) Ha3piBaeTcs MHOKECTBO,
COCTOSIIIEE U3 BCEX TEX DJIEMEHTOB, KOTOPbIE MPUHAAJIEKAT XOTsI Obl OTHOMY U3 MHOXKECTB A, B.
Ilepeceuenuem MHOXecTB A n B (0603Hauaercss ANB) Ha3bIBaeTCs MHOXECTBO, COCTOSINEE U3
BCEX TE€X U TOJIBKO TEX AJIEMEHTOB, KOTOpbIE MPUHAANEeXAT U 4, U B. Paznocmslo MHOXKECTB A 1
B (o6o3nauaercst A \ B) Ha3bIBaeTCs MHOKECTBO BCEX TE€X M TOJIBKO TEX AIIEMEHTOB A, KOTOpHIC
He cogepxarcs B B. [lycts U— yunusepcanvnoe mnoscecmeo Takoe, 4To BCe paccMaTpUBaeMble
MHOKECTBA SBIIIIOTCA €r0 IOJIMHOXXECTBaMHU. /[ononHenuem MHOXKECTBA A  Ha3bIBaeTCs
MHOKECTBO BCEX AJIEMEHTOB, HE MPHHAAISKANMX A (HO npuHaaiexammx U).

Ecnmu paccMmoTperh HekoTopble KoHeuHble MHOXXecTBa N m M, y KOTOpBIX HMEIOTCA
COOTBETCTBEHHO HekoTopbie umcna smemeHToB K(N), k(M), To mmeer MecTo clieayroiiee
COOTHOLLIEHHE:

K(NuUM)=k(N)+k(M)-Kk(N~nM).



[Mpumep.  BerynurenbHbI 5K3aMeH 1O (U3MYECKOH MOATOTOBKE B MOCKOBCKHI
yauBepcuteT MBJ] Poccun cnmaBamu 2500 abutypueHTOB, onleHKy Huxke "S5" momyummau 1800
YeJIOBEK, a BbIIEpKau 3TOT 3k3aMeH 2100 abutypruenToB. CKOJIBKO YETOBEK MOTYUHUIIH OLEHKH
"3"u "4"?

Pemenue. [Tpennonoxum, uro N — MHOXECTBO aOUTYpHUEHTOB, BBIIEPIKABIINX 3K3aMEH
1o Gu3NYECKON MOATOTOBKE, M — MHOXKECTBO aOMTYPHUEHTOB, IMOJYYHBIINX OLICHKU HUXe "5".
[To ycnosuto 3amaun umeem K (N) = 2100, k(M) = 1800, k (NUM) = 2500. AOUTYpPHEHTHI,
nosyuuBiue omneHku "3" u "4", o6pasyror MHOX)ecTBO NNM. [IpumeHsss npuBEICHHYIO BBIIIEC
dbopMyiy, HaXOIUM:

K(NuUM)=k(N)+k (M)-k(N~M).
KINNM)=k(N)+k(M)-k(NuM),
k(N n M) = 2100+1800-2500 = 1400.
Otget: 1400 yenoBek NOIYYMIIN OLIEHKH «3» U «4».
KoHnTposbHbie Bonpockl U 3aJaHUA

3agaua 1. Ha nmepBom Kypce ciieacTBeHHOro ¢akyiabTera MOCKOBCKOIO YHUBEPCUTETA
MB/I Poccun 1500 kypcantoB, u3 kotopbix 1050 KypcaHTOB M3y4arOT aHIVIMHCKUN S3BIK, 675
KypCaHTOB U3y4yaroT HEMELKHUH A3bIK U 345 KypcaHTOB u3y4aroT 00a s3bika. CKOIBKO KypCaHTOB
CJIEICTBEHHOTO (haKysIbTeTa HE U3YYalOT HU aHTJIUHUCKUI, HU HEMEIIKUHN SI3BIK?

3agava 2. B onumnuazne no umHpopMaTHKe M MaTeMaTHKe NpuHuUManu ydactue 40
KypcanTtoB MockoBckoro ynusepcurera MBJ[ Poccun, uM OBIIO MPEIOKEHO PEIIUTh OIHO
3aJjaHie 1O HUH(POPMATUKE, OAHO IO IMPaBOoBOM HMH(OpPMATHKE M OJHO IO MaTeMaTHKe.
PesynbTarsl npoBepku penieHuii 3alaHuil IpeICTaBIECHbI B TAOJINLIE:

Pemensl Kommnuectso Pewrens! 3ananus Komunyectso
3aJaHMs PELIUBIINX PELIUBIINX
ITo 20 [lo  wuHpopmaTtuke U  TPaBOBOH 7
uHpOpMaTUKe uHpopMaTuKe
[To mpaBoBoit 18 [To undopmaruke u MaTeMaTHKE 8
uHpOpMaTUKe
ITo 18 1o npaBoBoii nHopmMaTuKe 1 9
MaTeMaTHKe MaTeMaTHKe

W3BecTHO Takxke, 4TO HU OAHOIO 3a/laHusl He peliid Tpoe. CKOJIbKO KypCaHTOB PELIHIIN
Bce 3 3amanusa? CKOIbKO KypCaHTOB PELININ POBHO 2 3aaHUs?

3amada 3. B MarasuHe KaHLEIAPCKUX NPUHAUIEKHOCTEH MOCKOBCKOrO yHMBEpPCUTETA
MB/JI Poccun KypcaHThl OOBIYHO MOKYIAIOT JUO0 OJHY PYUKY, MO0 OJHY TeTpajb, MO0 OAHY
PYUKY M OJHY TeTpajib. B ogun u3 auei 6pu10 npojgano 57 pyuek u 36 terpaneit. CKoabKo ObLIO
MOKYyTIaTeNnen, ecy 12 KypcaHTOB KyIWIN U PyYKY, U TeTpaab?

3anada 4. B 0qHOM W3 rOopoJOB YKpaumHbI 4acTh JKUTEJIEH TOBOPUT TOJBKO MO-PYCCKH,
4acTh - TOJBKO MO-YKPAWHCKH, YaCThb FOBOPUT U MO-PYCCKU, U NO-yKpauHCKU. M3BECTHO, 4TO
90% xwurenelr roBoput mo-pyccku, a 80% - mo-ykpamHcku. Kakoil mpormeHT xurteseid ropona
TOBOPUT HAa 000MX SI3bIKAX?

3anava 5. Kaxnaplil u3 KypcaHToB yueOHOM rpymnmbl MockoBckoro yHuBepcureta MB/I
Poccun B 3MMHUE KaHUKYIBI POBHO JIBa pa3za Obul B Tearpe, npu 3ToMm crnekrtakiu N, M u P
BHUJIETTH COOTBETCTBEHHO 25, 12 m 23 kypcanTta. CKOJIBKO KYpCaHTOB B Y4eOHOW Tpymme?
Cxonbko n3 Hux Bugenu cuekrtakad N u M, Nu P,M u P?

3amaua 6. B yuebHoit rpynme u3 40 kypcanToB 30 yMerOT 1aBaTh, 27 yMEIOT UTPATh B
[IaXMaTbl U TOJIBKO 5 HE YMEIOT HU TOro HU Apyroro. CKOJIbKO KypCaHTOB YMEIOT ILIaBaTh U
UrpaTh B IIaXMaThl?



3amada 7. B Teuenue Henenu B KUHOTeaTpe AeMOHCTpHpoBaiuch ¢puibMel A, B u C. U3
40 MKOJBFHUKOB, KX/IbIA U3 KOTOPBIX MPOCMOTpen Jubo Bce Tpu Guiibma, MO0 OMH U3 TpeX,
¢wiem A Bunenu 13, unsm B—16, dunem C—19 mxonsHuKOB. HallTH, CKOJIBKO YYEHUKOB
IIPOCMOTpEINH Bce TpU (hUbma.

3anaga 8. B cnoptuBHOM narepe 65% pebsar ymerot urpats B ¢pyroon, 70%—B Boneitdon
u 75%—s OacketOon. KakoBo HanMmeHblllee 4UCIIO pedsAT, yMEIOIUX UrpaTh U B (yTOOI, U B
BOJIEIT00II, U B OackeTOO0I?

3agaya 9. Ha ypoke nuTepaTypbl yuuTellb pelIni y3HaTh, KTO u3 40 y4eHMKOB KJjacca
yutan kauru A, B u C. Pe3ynbTarsl onpoca oka3aauch TaKoBbl: KHUTY JI unTtano 25 yuyammxcs,
kaury B-22, kaury C—raxoke 22. Kuuru A wnu B yutanu 33 ydenuka, A wim C—32, B wim
C—31; Bce Tpu kuuru npowin 10 yuammxcs. CKOJIBKO YYEHHKOB MPOWINA TOJBKO MO OJHOM
kHUre? CKOJBKO yJalIuxcsl HE YNTAIU HU OJJHOM U3 3TUX TPEX KHUT?

3amaua 10. Cpeau aOMTYpUEHTOB, BBIICP)KABIIMX MPHEMHBIE K3aMEHBI B BY3, OLICHKY
«OTJIMYHO» TONYYMIIU: MO MareMaTuke—48 aOUTypHeHTOB, 1o (usuke—37, MO PycCKOMY
A3bIKy—42, M0 MaTeMaTuke win (u3nKe—75, M0 MaTeMaTUKE W PYCCKOMY SI3BIKYy—76, 10
busnke UM pyccKOMy sI3bIKY—66, o BceM Tpem mnpeameraMm—4. CKOJIbKO aOUTypUEHTOB
HOJIYYMIIH XOTs Obl 0/1HY IATEpKY? CKOJIBKO CPeAM HUX MOIYUYHUBIIUX TOJIBKO OAHY MATEPKY?

Pexomenodyeman numepamypa:

OcHoBHast JiMTeparypa:
3apunoBa, J. P. Jlekuuu mo AUCKpeTHOW MareMaruke. Maremarhyeckas Jorhka: ydeOHoe
nocobue / D. P. 3apunosa, M. I'. KokorunkoBa, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHHUBEpPCHTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryma:
http://www.iprbookshop.ru/22190.html

JlonosiHUTeIBLHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTHas MatemaTuka JJisi IpOrpaMMUCTOB : yueOHoe nocobue / P. Xarraptu.
—  MockBa :  Texnmocdepa, 2012. — 400 <c¢. — Pexumm pgocryma:
http://www.iprbookshop.ru/12723.html

IIpaktnuyeckass padora Ne2. OtHomeHusi. OTHOLIEHHSI 3KBHBAJEHTHOCTH.
OtHowmenne nopsinka. CpoiicrBa oTrHomeHuil. Orodpaxenus. UHbexkuusi, cropbekums,
Oonexnus. [lonsitne pynkuum.

Ienv 3anamusn. [IpuoOpecTy HABBIKKM OMpENETCHUs BHUJAa OMHAPHOTO OTHOIICHHUS, €ro
CBOWCTB M c1ioco0a 3a7aHusl.

3nanua u ymenusa, npuoopemaemovie CMyOCHHMOM 6 pe3yibiname 0C60CHUs MeMbl,
dopmupyemoie Komnemenyuu. 3HacT OCHOBHbIE OMHApHBIE OTHOIIEHUSI U UX CBOMCTBA, yMEeT
IIPUMEHATH CBOWCTBA OTHOIICHUM HA MPAKTUKE.

Teopemuueckas uacme.

bunapHble OTHOIIEHHS yCTaHaBIMBAIOT COOTBETCTBUS AJIEMEHTOB OJHOTO MHOXKECTBA
AJIEMEHTaM JpYroro MHo)kecTBa. Eciu, Hampumep, 371€MEHT X€X COOTBETCTBYET 3JIEMEHTY
yeY, To (GakT 3TOro COOTBETCTBHS MOXKHO 3alMcaTh B BHJC YIOPSAAOYECHHOH mapbl (X,Y).
[TpaBuiio (mpennucanue, MPUHIUI), IO KOTOPOMY 3JIEMEHTY X U3 X CTaBUTCS B COOTBETCTBUE Y
u3 Y BbIpaxkaloT Ju00 B cioBecHOM (opme, 11b0 B cumBoanueckoi (popmanbHoil u T.1.). B
OONBIIMHCTBE cllydyaeB cHMBOJMYeckass ¢opma umeer BuA XRY u uutaercs cruemyromum
0o0pa3oM «X HaxoAMTCs B OTHoumleHMH R k y». B mnpuHuume, ecinm Mexay HEKOTOPHIMH
NeMeHTaMu MHOXecTB X W Y ompeneneHo oTHomeHne R, To oHO Moxker OBITh
0XapaKTEePU30BaHO OJHO3HAYHBIM MPOCTHIM MEPEYUCICHHEM BceX map (X,y), B KOTOPBIX X H Y
cBs3aHbl cooTHoueHneM R. B mocnennem ciydae oTHomeHue R MOXXHO MpUHUMAaTh Kak Bce
MHOECTBO JOITyCKaeMbIX UM YMOPSAAOYEHHBIX Map BUAA (X,y) U nucath (X,y) €R, rae “R” yxe
BBICTYIIACT KaK CUMBOJI MHOKECTBA.



bunapnoe otHomenue K HaszbiBaeTcs peaeKCHUBHBIM, eciH (X,X) € R mist Bcex xeX. Dto
orpeziesieHue Ha S3bIKe TEOPUHM MHOXECTB MUILIETCS B cieaytomeM Bune: EeR,VXe X, roe E =
{(x,x)/x € X}c Xx X.

OtHomenne R HaspiBaercs aHTHpe(IeKCUBHBIM (MppedIeKCHBHBIM), eciu (X,Xx) € R, V
xeX nmuRNE=0.

bunapHOe OTHOILICHHE HAa3BIBACTCS CHMMETPHUYHBIM, ecin (X,Y)eR => (y,x) €R wmm R
=R

OtHomrenue R Ha3pIBacTCS aHTHCHMMETPUYHBIM, eciii (X,)) €R u (Y,X) eR = x =y wimn
RARIcE.

OtHowenne R Ha3pIBaeTCsl aCUMMETPUYHBIM, €CIIM U3 ABYX OTHOLIEHMM XiRXj n  xjRxi,-
BEITIONTHACTCS IO MEHbIIIEH Mepe 011HO, T. . RNR™1=0. Cneayer 3aMeTHTh, 4To U3 acuMMeTpuH R
BBITEKAET €ro aHTUPE(PIEKCUBHOCTb.

bunapHoe ortHomeHne R Ha3biBaeTcs TpaH3MTHBHBIM , eciu (X,y)eR u (¥,z2)eR =
(Xx,2)eR mmn R°RcR. Bojee mnpocTo CBOWCTBO TPAaH3UTHBHOCTH OTHOIIEHHS R MOXHO
chopMynupoBarh ciueayomuMm odpaszoMm: u3 XiRXj u xjRxk Bcerma cienyer xiRxk. IIpumepom
TPAH3UTUBHOTO OTHOIICHUS MOXET CIY)KHTh OTHOIICHHE BKIIOYCHHS HAa MHOXeECTBax. B
yactHocT AcB u BcC = AcC.

OTHOmIEHWE HKBUBAICHTHOCTH  OMpENENsAeTCs KaK OTHOLICHHE, oO0ajaroiee
CIEYIOIIUMU CBOMicTBamMU: 1) peaeKCUBHOCTD, 2) CHMMETPUYHOCTD, 3) TPaH3UTUBHOCTD. JlJist
0003HAYEHMS ITOr0 OTHOIICHUS BBOAAT CUMBOI " ~ ". Eciin R oTHOIIEHNE SKBUBAJICHTHOCTH, TO
3amuch X1RX2 1 X1 ~ X2 paBHO3HA4HBI (RCX X X).

[IprmepoM OTHOIIIEHUS SKBUBAJICHTHOCTH B TEOMETPUU ABIIAETCA OTHOLIEHUE "Moa00us"
(KOHTPY?HTHOCTH).

KonTpoabHbie Bonpochl U 3aaHUA

1. OrHomenme R: “<” Ha MHOXECTBE JCHCTBUTEIBHBIX YHCEN SBISETCS JIU
pedraeKkCuBHBIM?

2. Otnomenue R: “<” Ha MHOXECTBE JCHCTBUTEIBHBIX YHCEI SBISETCS JIH
TPaH3UTUBHBIM?

3. Kakum sgBisiercs otHomenue R: “<” ?

4. OmnpenenuTh, KaKUMH CBOWCTBaMHU 00J1afaeT OTHOLIEHHE R: «IIpUHAANIEKHOCTh K
OJIHOM CTYJIEHYECKOW IpyIIe» Ha MHOKECTBE CTYJAEHTOB MHCTUTYTa?

5. TpaH3UTUBHO JIU OTHOIIIEHUE HEPABEHCTBA HA MHOKECTBE JICUCTBUTEIHHBIX YUCENT?

6. TpaH3UTHUBHO JI OTHOIICHHE PABEHCTBA TPEYTOJLHUKOB B TeOMeTpun?

7. Mg maoxkectB A, B, u C cripaBenmuBo otHomenne A N B =, B N C = . SBnsercs
JIY 3TO OTHOIIIEHUE TPAH3UTUBHBIM?

8. Omnpenenure CBOMCTBa CJIEIYIOLIUX OTHOIIICHUM:
1. «ripsiMast X repecekaeT NpsAMYyIo y» (Ha MHOXKECTBE MPSMBIX);
2. «aucno X Oonblie yucia y Ha 2» (Ha MHOKECTBE HATypaJIbHBIX YUCE);
3. «IuCcI0 X JeNUTCS Ha 4YHCIo y 0Oe3 ocTaTka» (Ha MHOXKECTBE HATYpPaJIbHBIX YHCEN);
4. «x - cecTpa y» (Ha MHOXECTBE JIIOJIEH).

9. lns 3apaHHbIX Ha MHOXKecTBe A={1,2,3,4,5} OuHapHBIX OTHOLIEHUH p U T:

p={x, ) [(x=2)(y-2)£1}; T={(x,¥):2x23y]
a) 3amucaTh MaTPUIIBI ¥ IOCTPOUTH TPAPUKH;
0) HAliTH KOMITO3UIIUIO p © T;

B) HCCJIEIOBATh CBOMCTBA OTHOIICHUHN p, T U p © T (peIeKCUBHOCTD, UPPE(DIEKCUBHOCTD,
CUMMETPUYHOCTh, aHTUCUMMETPUUYHOCTb, TPAH3UTUBHOCTH ).

Pekomendyeman numepamypa:
OcHoBHasi IMTEpaTypa:



3apumnosa, D. P. JIlekiun o quckpetrHoi MmaremaTtuke. MaremaTuuyeckast JOTHKa: yaeOHOe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpYKObI Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJHUTe/ILHAA JTUTEpPATYypa:
Xarraptu, P. JluckpeTHas MareMaTuka JJis MpOrpaMMHUCTOB : yueOHoe nocodue / P. Xarrapru.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Ne3. OcHOBHbBIE ajiredpanyeckne CTPYKTYPbl.

Ilenv 3anamusa. llpuoOpecTn HABBIKKM OINPEACICHUS OCHOBHBIX alTreOpamuecKux
CTPYKTYP M OIPEIEIICHHS X CBOWUCTB.

3nanua u ymenus, npuodpemaemvie CMYOeHmMOM 6 pe3ylbmame 0CE60CHUA HIEMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE airedpanvyeckue CTPYKTYphl M yMeeT
OIPENENATh UX CBOMCTBA.

Teopemuueckasn uacme.

B Marematuke W pasnuuHBIX €€ NPWIOKEHUSX BAXKHYIO POJIb UIPAOT TAKUE
MaTeMaTHU4ecKue 0ObEKThl, KOTOPhIE HA3bIBAIOTCS alredpandecKuMu CTpyKTypaMmu. B mupokom
CMBICTIE TIOJ] areOpandecKol CTPYKTYpOH MOHUMAIOT BCAKOE MHOXKECTBO, Ha KOTOPOM 3ajaHbl
HEKOTOpBIE OMNepanuH (T.€. 3aKOHBI, CTaBsIIME B COOTBETCTBUE OJHOMY HIIM Mape IEMEHTOB I10
onpeieIEHHOMY MPABUITY JIPYTO# 3JIEMEHT), 00Jaaronue onpeaeaéHHBIMU CBOMCTBAMH.

BonbmMHCTBO CBOMCTB M pe3ynbTaToB 00 3TUX MHOXECTBAX IMOIYYalOT, OMUPASICh Ha
KOHKPETHYIO TPUPOJY AJIEMEHTOB JTUX MHOXKECTB M HAa KOHKPETHBIM CMBICI OMEpalvii HaJ
HUMU. B TO ke BpeMs MHOTruE€ pe3yJbTaTbhl MOKHO IOJIYYUTh HE3aBUCHUMO OT IPUPOIBI 3THUX
MHOKECTB U KOHKPETHOI'O CMbICJIAa OIEPALlhii, @ UCXOIA TOJIBKO U3 CBOMCTB ATUX ONEPaLUid.

Cpenn  Takux  CBOMCTB ~ OlepaluMid  pacCMaTpUBAIOTCS: aCCOIMAaTUBHOCTb,
KOMMYTaTUBHOCTb, JUCTPUOYTUBHOCTb, HAJIMYUE CIEIUAIBHBIX JJIEMEHTOB, O00JIaIal0IINX
onpenenéHHBIMA CBOWCTBaMHU (HYJEBOUM, €IWHUYHBIN (HEUTpanbHbBIN), OOpaTHBI 3JIEMEHT K
JAHHOMY U T.1I.).

B 3aBucuMOCTH OT KONIHWYeCcTBa OMepaluili W CBOWCTB, KOTOPHIMH OHHU O00JaJaroT,
pa3uyaroT CIeAyIIINe alredpandeckue CTPYKTYpBHI.

Ilonyepynnoti Ha3piBaeTcsa MHOXKecTBO G, Ha KOTOpOM 3agaHa OWHApHAas OIeparus *
(yacTo €€ Ha3bIBAIOT YMHOXXEHMEM M O0O03HAYalT * ), JUISI KOTOPOW BBINOJIHAETCS CBONCTBO
aCCOLMATUBHOCTH, T.€. A JII0OBIX a,b,c € G (axb) *c = ax(b*c) . Ecnu B momyrpyrmie
UMeeTCsl HeUTpaNbHBIN dJIEMEHT e (HyJeBOW, eIWHUYHBIN), T.€. TaKOW, 4TO a*e=exa=a as
moboro a€G, To monyrpymma G Ha3bIBaeTCs yHumapHot (TIOXYTPYIIION ¢ HYJIEM; MOTYTPYIIION
¢ enuHuiei). Ecnmu B momyrpyrime BBIMOMHSAETCS KOMMYTAaTHBHBIA 3aKOH, T.€. €CIIUA JUIs
ro0bix a,beG axb = b*a, To monyrpynmna HaseBaercs kommymamueroii (WK abenegoii).

YHuTapHas TOJYTpyIa Ha3bIBACTCS epynnou, eciau Juis Jiodoro acG cymecTByer
obparubiii smemeHT b € G, T.e. Takoi, uro a*b = b*a = e. Eciiu 10MOIHUTENBHO BBITOTHACTCS
CBOMCTBO KOMMYTaTUBHOCTH, TO TPYIINa HA3bIBACTCA KOMMymamusHou (WU abenegoll), U B
ATOM ciydae OOBIYHO MPUMEHSETCS aJJUTHBHAS CUMBOJIHMKA, T.€. OmMepamus obo3HaydaeTcs +,
HelTpanbHbld dyeMeHT 0, OOpaTHBI SIEMEHT K & Ha3bIBAIOT MPOTUBOMOJIOXKHBIM U
obo3Havaercs: -a.

Ecnu B aGeneBoit rpynmne (K , +) Hapsay ¢ omnepaiyei CloXeHHs + 3aJaHa emé oiaHa
omepanus: mpou3BeAeHUe * (Mau - ), KOTOpas CBA3aHa C + AUCTPUOYTUBHBIMH 3aKOHAMMU:
(a+b)*xc=(axc)+(b*c) , ax (b+c)=(axb)+(axc) s mo0eix abc € K um
O*a=a*0=0 mns mroboro a € K, to K HaszwiBaercs xoavyom. Ecaum B kombie (K, +,  *)
JIOTIOJTHUTEIIBHO JIJIsl TPOU3BECHUS * BBIMOJHAETCS aCCOMATUBHBIN 3aKOH, T.€. €CIU

(a* b) *c=ax(b*c) mma mobwIx a,b,c € K,



TO KONBIIO HA3BIBAECTCA ACCOYUAMUSHBIM. A €Il KPOMe TOTO CYIIECTBYET €IMHMYHKII
snemeHT 1, T.e. Takoii, uto 1*a = a*1=a s mo6oro ac K, TO KONBIIO HA3BIBACTCS YHUMADHLIM
(umu koibuoM ¢ 1). EcnM B KOJIbBLE BBIIOIHAETCS KOMMYTATHBHBIA 3aKOH JUIL *, TO KOJBLO
HA3BIBACTCS KOMMYMAMUBHBIM.

ACCOLMAaTHBHOE YHHTAPHOE KOJIBIO, B KOTOPOM KBl HEHYIEBOH 3JIEMEHT a MMeeT
obpatHblii al, T.e. Takoi, uto a*al = al*a = 1 HaseBaeTcs merom. KoMMyTaTHBHOE TElo
HA3BIBACTCS NOIEM.

KoHTposbHbIe BONpochl U 33 JaHUA

SIBnsieTcst M CIENyOIIee MHOXKECTBO TPYIIOW, KOJBIOM, IIOJIEM OTHOCHUTEIHLHO
CJIO’KEHUS YUCeIl 1 YMHOXKEHUS YUCEll:

Bapuanm 1. - MHOXXeCTBO JEHCTBUTEIIBHBIX YHCET;

Bapuanm 2. - MHOXXECTBO pallMOHAJIbHBIX YHCEN;

Bapuanm 3. -MHOX€CTBO LIEJIBIX YHCET;

Bapuanm 4. -MHOXeCTBO HEOTPHULATENIbHBIX PALlMOHAIBHBIX YUCEI;

Bapuanm 5. -MHOX€CTBO HaTypaJbHBIX YHCE;

Bapuanm 6. -MHOXXECTBO HEOTPHULIATEJIbHBIX JIEHCTBUTEIBHBIX YUCEI;

Bapuanm 7. -MHOXECTBO YETHBIX IIEIIBIX YHCET;

Bapuanm 8. -MHOXXeCTBO HEOTPHULIATEJIbHBIX LIEIBIX YHCEN;

Bapuanm 9. -MHOECTBO POCTBIX YHCEIT;

Bapuanm 10. -MHOXECTBO KOMIUJIEKCHBIX yncen?

OtBeT o0oCHYIITE.

Pexomenoyemasn numepamypa:

OcHoBHas1 JIuTepaTypa:
3apumnosa, J. P. Jlekiuu o quckperHoit Matematuke. Maremaruyeckast JOruKa: yueoHoe
noco6ue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactesiHOB. — Mocksa : Poccuiickuii
YHUBEPCUTET JIpykObl Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHAS JINTEpaTypa:
Xarraptu, P. Jluckpernas matematuka Jyisi IporpaMMHCTOB : yueObHoe nocobue / P. Xarrapru.
— Mocksa : Texnocgepa, 2012. — 400 ¢. — Pexxum nocrymna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Ned. Omnepanum Haa BbICKa3bIBaHUSAIMU. Tadauub
HCTUHHOCTHU. JIoruyeckue 3a1a4u.

Lenv 3anamua. IlpuoOpecTd HaBBIKM  BBINOJTHEHUS JIOTUYECKHX OIEpaluid Hal
BBICKA3bIBaHUSMMU.

3nanua u ymenusa, npuobpemaemvie CMYOCHmMOM 6 pe3yibmame OCEOEHUS MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE MOHSTHS TEOPUM BBICKA3BIBAHUI U yMEET
BBITIOJIHSITh OTEpaIlii HaJl BHICKA3BIBAaHUSIMU, CTPOUTH TAOJWIy MCTUHHOCTH BBICKA3bIBAHUS,
MIPUMEHSATD IMOJYYEHHBIE 3HAHUS K PELICHUIO JIOTUYECKUX 3a/ay.

Teopemuueckasa uacme.

OCHOBHBIM NOHSITUEM MAaTEMAaTUUYECKOW JIOTUKU SIBIISIETCA TOHATHE 8bickazvieanus. 11ox
BBICKa3bIBAHUEM OOBIYHO MMOHUMAIOT BCSIKOE MMOBECTBOBATENILHOE MPE/JI0KEHNE, 00 HCTUHHOCTH
WIH JIOKHOCTH KOTOPOTO HMEET CMBICI TOBOPHUTH. BCsKOe BBICKa3bIBaHWE SBISETCS THOO
WCTUHHBIM, JHOO JIO)KHBIM, HO HE MOXET OBbITh OJHOBPEMEHHO WCTHHHBIM U JIOKHBIM.
Paznmuuaror mpocTthle M COCTaBHbIE BBICKa3bIBaHWs. BbICKa3bIBaHHWE, IPEICTABISIOIICE
CBSI3bIBAHUE MPOCTHIX BBICKA3bIBAHUW B COCTABHBIE OCYIIECTBISETCS MOCPEACTBOM JIOTMYECKHX
onepauuii, Ha3bIBAEMbIX CBSI3KaMH.

Ompuyanuem BBICKa3bIBaHUS X HA3bIBAETCS HOBOE BBICKA3bIBaHUE, KOTOPOE SIBIACTCS
WCTHUHHBIM, €CJIM BbICKa3blBaHUE X JI0OXKHO, W JIOKHBIM, €CJIM BBICKAa3bIBAHME X HCTHHHO.

Otpunanue BeIcKa3biBaHUs X 0003HauaeTcss X W UUTaeTCs «HE X» UM «HEBEPHO, U4TO X».
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Konvionkyueii nByx BbICKa3blBaHUU X, V Ha3bIBaeTCs HOBOE BBICKA3bIBAHHE, KOTOPOE
CUMTAETCSl UCTUHHBIM, €clii 00a BhICKa3bIBaHUS X, Y UCTUHHBIL, U JIO)KHBIM, €CIIA XOTsI OBl OHO
U3 HHUX JO0XHO. KOHBIOHKIMS BBICKa3bIBaHUI o0003HayaeTcsi cCUMBOJIOM XAY min X&Y
(unrtaercs: «X u Y»).

Jusvionkyueii 1ByX BbICKa3biBaHUM X M Y Ha3bIBa€TCs HOBOE BBICKAa3bIBaHHE, KOTOPOE
CUMTAETCSl UICTUHHBIM, €CITU XOTS Obl OJHO M3 BbICKa3bIBaHUN X, Y UCTUHHO, U JIOXKHBIM, €CJIH
OHHU 00a JIOKHBI. JIN3BIOHKINS BHICKa3bIBaHUN 0003HayaeTcss XVY (uuraercs: «X uin Y»).

Umnnuxkayuei ByX BbICKa3zbiBaHUU X, Y Ha3bIBaeTCs HOBOE BBICKA3bIBAaHUE, KOTOPOE
CUMTAETCS JIOKHBIM, €CJIM X UCTUHHO, a Y — JIO)KHO, U1 UCTUHHBIM BO BCEX OCTAJIbHBIX CIIydasX.
MMrIuiikamus BeICKa3bIBaHUH 0003HAYaeTCss CAMBOJIOM X—Y (unuTaercs: «eciau X, T Y»).

Oxeusanenyueu ABYX BbICKa3bIBaHUN X, Y Ha3bIBAETCS HOBOE BBICKA3BIBAHHME, KOTOPOE
CUMTAETCS UCTUHHBIM, KOrJa 00a BBICKAa3bIBaHUS X U Y OO OJHOBPEMEHHO WCTHHHBI, JTHOO
OJIHOBPEMEHHO JIOKHBI, U JIO)KHBIM BO BCEX OCTAJIBHBIX CIy4asix. DKBUBAJICHIIMS BHICKA3bIBAHUMI
o0o03HayaeTcs CUMBOJIOM X<V (unTaercs: «X Toraa U TOJbKO TOr/a, Korna Y»).

Besikoe criokHOE BBICKa3bIBaHHUE, KOTOPOE MOKET OBITh MOJIYYEHO U3 AJIEMEHTApHBIX
BBICKA3bIBAaHUI MOCPEACTBOM MPUMEHEHHUSI NIEPEUHCIICHHBIX JJOTUYECKUX ONepaluii, Ha3bIBaeTCs
Gopmynoi  anceopvr  noeuxku. JlBe Gopmynbl anreOpel Joruku A uW B HaspBarorcs
PABHOCUNILHBIMU, €CITH OHU TPUHUMAIOT OJMHAKOBBIE JIOTMUECKHE 3HaUeHUsl Ha J1000oM Habope
3HAUEHUH BXOIAIIMX B (OPMYIBI 3JIEMEHTAPHBIX BBICKA3bIBaHWN. PaBHOCWIBHOCTH (HOpMYIT
0003HaYarOT 3HAKOM = , a 3aNUCh A = B 03HauaeT, yTo Gopmynbl A U B paBHOCUIIbHBI.

Baxkneiiime paBHOCHILHOCTH JIT€OPbI JIOTUKA MOKHO pa3OUTh HA TPU TPYIIIIBI:

1. OcHOBHEI® DABHOCHILHOCTH:

1 »&x=x
— 3AaKOHBI MACMIOTeHTHOCTH.

2, xvx=x
3. x&u==x
'4. xvu=u
5. x&ar=n

2, PaBHOCHEBHOCTH, BHIpAKAIONIHE ONHH JIOTMIECKHE
omepamMM HYepes apyrue:

1. x(—)ys(xey)&(y—)x)
2 x-oy=xvy

3 x&y=xvy

4. xvy=x&jy

5 x&y=xvy

3. PaBHOCHIBHOCTH, BEIPAKAIONMHE OCHOBHBIC 3AKOHBI
anrefpsr JOTHKH:

1. x&Yy=y&x — KOMMYTATHMBHOCTE KOHBIOHKITMNE,
2, xvy=yvx — KOMMYTATHBHOCTH IHILIOHKHEH,

3. x& (y& z) = (x& y)& 2 — ACCOmMATHBHOCTL KOHBIOHK-
nau.

4. xv{yvz)=(xvy)vz - acconEaTHBROCTS AMSHIOHK-
nEH.

5. x&(y v 2) = (x& y) v (x& 2) — macTpuGyTHBROCTS KOS
IOHKIMA OTHOCHTEAbHO ARIBIOHKIAH, |

6. x v (y&2z) = (x v y)&{x v 2) — grerpubyTuBHOCTH AAL-
IOHKIYE OTHOCHTeMLEO KONLIOHKITHE,
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dopmyna HA3BIBAETCS MONHCOECMEEHHO UCIMUHHOU (magmono2uetl), €Cu OHa TIPUHUMAET
3HAYEHHUE «HMCTHHA» MPH BCEX 3HAUEHUSX BXOJALIMX B Hee mepeMeHHbIX. DopMyiia Ha3bIBaeTCs
MONCOECMBEHHO JIOJCHOU, ©CIIA OHAa TPUHUMAET 3HAYCHHE «IOXKb» IPU BCEX 3HAUYCHUIX
BXOJIALINX B HEE MEPEMEHHBIX.

[pumep: [okazatb, uto ¢popmyia A =X — (Y — X) TOKAESCTBEHHO NCTUHHASL.

Pemenue: [Togsepraem ¢popmyny A paBHOCHIBHBIM TPEOOPa30BAHUSAM:

A=x—>(y—>x)= xv(pvx)=xvxvy)=(xvx)vy=lvy=1

BeiBoa: popmyna TOXXIECTBEHHO MCTHHHA, TaK KaK BCErJa MMEET 3HAYCHHUE «HCTHUHA
wia «1». Jloka3aTh TOXIECTBEHHYIO MCTUHHOCTH (POPMYIJIBI MOKHO U C IOMOIIBIO TaOIUIIBI

uctTuHHOCTU. Hanpumep, ans paccMoTpeHHOM Gopmysbl A Tabauiia ICTUHHHOCTA UMEET BU:

X y y X = (y—>Xx)
- X

Sfp=]jaspies

=N
==
<= ==

Jiist TOrO, YTOOBI PEHIUTH 33a4y C MTOMOIIBIO aareOphl JTOTHKH, HEOOX0IUMO:

- BBECTH KpaTkue 0003HaueHUus A cHOPMYIUPOBAHHBIX YCIOBUU U COCTABUTH JIOTUYECKYIO
(dopMyITy, BEIpaXAIOIIYIO YCIOBHE 33]]a4l B CHMBOJIMYECKOH opme;

- JUIs TOJNY4YeHHOW (OPMYIIbI HAWTU C TIOMOIIBIO PAaBHOCHIBHBIX MPE0Opa3oBaHUN BO3MOKHO
0oJiee MPOCTYI0 PaBHOCUIIbHYIO (POPMYILY;

- MOJB3YsCh HaieHHOH Oosee mpocToit (hopmynol, mepelas K cIoBecHOU ee GopMyITUPOBKeE,
ONPEETUTD PEIICHHE 3a/1a4N.

IIpumep:

[locne oOcyxneHus cocTaBa YYacTHUKOB, OTIPAaBIsieMbIX Ha KOH(pepeHIuIo, ObLIo
PELIEHO, YTO JOJKHBI BBIITOJIHATHCS J1BA YCIIOBHSL: a) € rnoeneT ApOy30B, TO JOJKHBI TOE€XaTh
eme bprokBuH mnu BumneBckuii; 0) ecnu moenyt ApOy3oB u BuiiHeBckuii, To moener u
bprokBuH. Haiftu Gonee mpocTyro clioBecHYI0 (POpMYIMPOBKY MPUHSATOrO PELICHHUsS] O COCTaBe
Y4aCTHUKOB KOH(EpEeHIINH.

Pemenne: Hasnauenume Ha koHpepeHuuto ApOy3oBa, bprokBuna u BumneBckoro
o0o3Haunm OykBamu A,b,B coorBercTBeHHO. Toraa ycioBue a) MOXHO 3amucarh B BUjie A —
bvB, a ycnosue 6) B Bume AAB — b. Tak kak o0a ycrnoBHS JOMKHBI BBIOTHATHCS
OJHOBPEMEHHO, TO HUX COCAWHHUM JIOTMYECKOW CBA3KOW «wm». [lodToMy mpuHATOE pelieHue
MO>KHO 3alucaTh B BUJIE Clenyromiel cumBomueckoit popmynsl: (A — bvB) A (AAB — B). C
MOMOIIBIO0 PABHOCUIIBHBIX MTPE0OPa30BaHUI YIPOCTUM COCTABICHHYIO (POPMYITY:

(A—> BEVvB)A(AAB—>B)=(AVvEVvB)A(AvBvbE)=(AVvE)v(BAB)=A— b

CumBonnueckas gopmyna ozHadaer: «Ecnu nmoener ApOy30B, TO moeaer U bprokBuH».
Oto M ecTh Haubojee mpocTas ciioBecHas (HOPMYTUPOBKA MPUHSATOrO PELICHHS O COCTaBe
IPYIIbI COTPYIHUKOB, OTIIPABIISEMbIX Ha KOHPEPEHIINIO.

KOHTpOJII)Hble BOIIPOCHI M 3aJaHUA .

3amaua 1. Jloka3zaTh TOXJIECTBEHHYI0 HMCTHHHOCTb WM TOXIAECTBEHHYIO JIOKHOCTb
(dbopMyI1 ¢ TOMOIIBIO a) PAaBHOCUIILHBIX MTPpeoOpa3oBanuil; 0) TaOMUIBI HCTUHHOCTH (YOPMYJIBL:

1. x—>y)> (Y —X);

2. (YoX)>(X>Y);

I (Xo>YAKX>Y)—>X;

4 XAX>Y)AX>Y);

12



5 X=>(y—>2))>((x—>Yy)>(x—>2);
6. x> (XVvYy);
7. XAY—>X;

8. Xvy—->Xvy;
9. Z->x)>(z>y)>(@E—>xAY);
10. x> y)>(y—>2)>Xvy—>12).
3amaua 2. IlpITasicb BCIOMHUTH TOOETUTENCH MPOILIOTOJHUX COPEBHOBAHUN TIO
cTpenbOe, MATh ObIBIIUX 3pUTENIEeH 3asBUIH:
A) AHTOH 0L BTOPBIM, a Bopuc — nsaThIM,
b) Bukrtop Obu1 BTOpBIM, a [leHuc — TpeTbum,
B) I'puropuii 6611 iepBBIM, a bopuc — TpeTbum,
I') AaTOH OBLT TpeThUM, a EBreHuii — mecTsiM,
J1) BuxTop Obu1 TpeTbuM, a EBreHuii — 4eTBepThIM.
BriocnencTBuM BBIICHUIIOCH, YTO KaXKAbI 3pUTENb OMIMOCS B OJHOM M3 JBYX CBOMX
BbICKa3bIBaHUI. KakoBO ObLIO HCTUHHOE paclpeiesieHue MECT Ha COPEBHOBAHUSX ?
3agaua 3. bpayny, Jlxoncy m CMuTy npenbsBieHO OOBHHEHME B COYyYacTHHM B
orpabyiennn Oanka. [loxuTuTenu CKppUIMCH HA MODKHUIABIIEM WX aBromoOmie. Ha cinexctumn
bpayn mokasan, 4ro mpecTynHUKH OblTM Ha cuHeM «bbromke»; JIKOHC ckazaji, 4To 3TO ObLI
yepHblil «Kpaiiciep», a CmuT yrBepxaai, uyto 31o 01 «Popa MycTanr» U HU B KOEM cllydae
He cuHuil. CTano U3BECTHO, UTO, JKeJasl 3allyTaTh CIEICTBUE, KX/l U3 HUX yKa3all IpPaBUIbHO
1100 TOJIBKO MAapKy MAaIIWHEL, TH00 ee nBeT. Kakoro msera ObUT aBTOMOOWIIb U KAKOW MapKu?
3anaua 4. BepuyBumch qomoit, Merpa mo3sonm1 Ha Habepexxknyo Opdesp.
- Tooput Merpa. Ectb HOBOCTH?
- Ha, med. [Hoctynunu cooOmienus ot uucnekTopoB. ToppaHc ycTaHoBui, uto eciu OpaHcya
ObLT TbsIH, TO MO0 OTheH yoOwmiina, audo Ppancya mxer. Kyccbe CUMTAET, YTO WIM ODTheH
yOwuiina, nan ®dpancya He OblI IbSH M YOMICTBO MPOM3OLUIO MOCie MoiayHouu. MHcmekTop
JIroka npocwit nepenate Bam, uTo eciam yOHICTBO MPOU3OIILIO TTOCIIE TOTYHOUYH, TO JTUO0 DThEH
yOwuiina, mu6o @paHcya keT. 3aTeM 3BOHUIIA. ..
- Bce. Cnacu6o. Otoro nocrarouno. — Komuccap nonoxun tpyoky. OH 3Haj, 4TO TPE3BBIi
®paHcya HUKOTAA He JUKeT. Tenepb OH 3Hal BCe.
Kaxoit BeiBoa caenan komuccap Merpa? Ko coBeprmn youiicto?
3amaua 5. CryneHTaM OOBSBHIM, UYTO B IOHENENbHUK OydeT OJHO 3aHATHE I10
KPUMHUHAJIMCTUKE U OJHO IO MaTeMaTUKe, IpUUeM, €ClIi Ha NIEPBOM Mape MaTeMaTUKH He OyJieT,
TO KPUMMHAIHUCTHKA OyJeT Ha BTOPOH IMape; eclid TPeThs Mapa He MaTeMaTUKa, TO YeTBepTast —
KPUMUHAJIMCTUKA; €CIIM MaTeMaTHKa OyeT Ha IepBOM Nape, TO KpUMUHAJIMCTHKA — HA MATOM.
Omnpenenure, Ha Kako# nape 0yJeT KpUMUHAIMCTHKA, a Ha KaKOW MaTeMaTHKa.
3amauda 6. Yerbipe crynentku A, E, C, P nmocenmator yHuUBEpCUTET 1O OYEPEAN U BEIYT
oO0mui KoHcmekT Jekiuil. Heobxomumo coctaBuTh Tpaduk MOceumieHus Ha Onvkaniryro
HEZeNI0, yUYUTHIBAL, UTO:
A) TloHenenbHUK — IeHb CAMOCTOSITETILHON pabOThl HA KypCe, U B YHUBEPCUTET HE XOAUT

HUKTO, a B Cy000TY HE0OXOAUMO OBITH BCEM.
B) C u P He cMoryT moiiTH Ha 3aHATHS BO BTOPHHK B CBA3H C OOJIBIION 3arpy’KEHHOCTBIO B TOHECITHHIK.

B) Ecnu C Boiiizer B cpeny wiu P — B uetBepr, To E cornacurcs noObIBaTh Ha 3aHATHSIX B
IATHULLY.

I') Ecu A ne noiiner B BY3 B uetBepr, To E mo3Bonut cebe cX0auTh Ty1a B Cpey.

J1) Ecnu A win P Oynyt B uHCTUTYTE B cpeny, To C CMOXKET MOWTH B MSATHULLY.

E) Ecnu P B maTHHUIly BMECTO MHCTHTYTa MONAET HA CBAaAL0y MOAPYTH, TO A TIpHUAETCS
CXOJUTh B UHCTUTYT BO BTOPHUK, a C — B 4ETBEPT.

3agaya 7. UeTblpeM COTpYJIHHMKAaM YrOJIOBHOTO po3bicka — AHTOHOBY, BexoBy, ComoBy,
JleeBy HEOOXOAMMO OTIIPABHUTHCS IO CIY)KEOHONH HEOOXOIMMOCTH B YETHIPE pa3IMYHBIX TOpoja
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— Mocksy, Oneccy, Kues u CraBponosbs. Onpenenute, B KaKoil TOPOJI JOJDKEH MOeXaTh Kax bl
U3 HHUX, €CJIM UMEIOTCS CIEAYIOIINE OTPAHUYEHUS:
A) Eciiu A se ener B Mocksy, To C He eznet B Oneccy.
b) Ecnu B He enet Hu B MockBy, Hu B CTaBponoiib, TO A enet B MOCKBY.
B) Ecnu C ne ener B CraBponoins, To B enet B Kues.
I') Ecau /I He enet B MockBy, To B He ener B MOCKBYy.
) Ecnu [l ue enet B Oneccy, To B He enet B MockBy.
3agaua 8. Corpyanukam ['MBJIJI AunnpeeBy, Koctuny, CaBenbeBy u JlaBblIOBY
MOPYYEHO JEXKYpCTBO Ha 7-oM, 8-oM, 9-om u 10-om yuacTtkax Tpaccel. [lpu mpoBepke mocie
JeKYpCTBa OKa3ajnoch, 4To Ha 10-oM ydacTKe MPOU30IUIO JOPOKHO-TPAHCIOPTHOE
NPOHCIIECTBHE, MOAPOOHOCTH KOTOPOTO H3BECTHHI AexxypuBiiemy cotpyauuky ['MBJI/I. He
yIIEIINe JOMOM COTPYAHUKH TOCTE 1eKYPCTBA COOOUIMIIN O CIEAYIOIIEM:
AHppees: «S nexxypuin Ha 9-oM yuyacTke, a CaBesbeB - Ha 7-OM».
Kocrtun: « nexypun Ha 9-om yyactke ,a AHJIpEeB — Ha 8-0M».
CagenbeB: « A gexyput Ha 8-om ydacTke, a Koctun — Ha 10-om».
JaBbiioB  yxxe ymen JoMol. B jmanpHedmieM BBIAICHWIOCh, YTO KayKIbli
MUJIMIIMOHEDP B OJJHOM U3 JBYX BBICKAa3bIBAHWI T'OBOPUJI MPABIy, a BO BTOPOM €€ cKpbiBasl. KTo
13 COTPYJHUKOB Ha KAKOM y4YacCTKe JeKypui1?
3amaua 9. Onpenenurte, KTO U3 YEThIPEX CTYACHTOB CJlIajl DK3aMEH 10 MaTEMaTHKe, €CIIU
U3BECTHO:
A) Ecnu iepBBIii ciai, TO ¥ BTOPOH CIall.
b) Ecnu BTOpO#i cnan, To TpeTuii caal Wiy NepBblid HE cllall.
B) Ecam yetBepThIit HE call, TO MEPBBIN cAall, a TPETUM HE ClIall.
I') Ecniu yeTBepThI cAall, TO U IEPBbII clial.
3agaua 10. Ha Bompoc: «KTo M3 Tpex CTyAE€HTOB M3ydal MAaTeMATHUYECKYHO JIOTHKY?»
IIOJIy4eH BEpHBIM OTBET — «Eciam m3yyan nepBwlid, TO U3y4all U TPETHI, HO HEBEPHO, YTO €CIU
M3y4aj BTOPOH, TO U3ydall U TpeTui». KTo U3 cTyAeHTOB U3ydan MaTeMaTHYECKYIO JIOTUKY?

Pexomenoyeman numepamypa:

OcHoBHas1 JIuTepaTypa:

3apunoBa, D. P. Jlekuuu 1O JAUCKpEeTHOM MareMaTHke. MareMaTHueckas JIOTHKa:
yaebHnoe mocodue / O. P. 3apumnosa, M. I'. Kokotunukona, JI. A. CeBacThiHOB. — MocCKBa :
Poccuiickuii yHuBepcuter aApyxkObl HapomoB, 2014. — 120 c¢. — Pexum pocrymna:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:

Xarraptu, P. JluckperHas mareMaruka Il MPOTPAaMMUCTOB : ydeOHoe mocobue / P.
Xarraptu. — MockBa : Texnocdepa, 2012. — 400 c. — Pexum pocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnuyeckas padora NeS. Mcuncienue BbICKa3bIBaHUHA. AJITOPUTM YHH(PUKALMH.
IIpaBuna BeiBOAA.
Ilenv 3amamus. IlpuoOpecTH HaBBIKM NPUMEHEHMs IIpaBHJa BBIBOJA, aJlTOpPUTMA
YHUPHUKAIUY.
3uanua u ymenusn, npuoodpemaemvie CHMYOEHMOM 6 pe3yibmame O0C60EHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT aNropuT™M YHHU(PHUKAIUU U yMEET IPUMEHSTh PaBUIIO
BBIBOJIA.
Teopemuueckas uacme.
PaccmoTtpuM apeBHeimmuii  oOpaszeln; JIOTHYECKOro BbIBOJAa — cuiulorusM: «Bce mroan
cMepTHBl. Cokpar - yenoBek. CienoBarenbHo, COKpaT CMEPTEH».
Kak Qopmanu3oBare Takue YMO3AKIIOUEHHS: HAYYUTh KOMIIBIOTEp NPOBEPATh HX
NPaBUIBHOCTh M AaBTOMATUYECKM TI'€HEpPUpOBaTh MoA0OHbIe? Haml mpumep COCTOMT M3 JIBYX
MOCBIIOK «BCE JIIOAM CMEPTHBI», «CokpaT - 4yenoBek» W 3awioueHHs «Cokpar cMepTeH»,
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UCTUHHOCTh KOTOPOTO CJEAYyeT W3 HWCTHHHOCTH IOCBUIOK. 3aluIleM IEepPBYI TOCHUIKY Ha
«TIpeANKATHOMY si3bIKe: « VX eclH X - 4eloBeK, TO X cmepTen». Ha ocHOBaHuM 0011e3HaYMMON
dopmynbr VX P(X) — P(@) moru4no, onycTHB B BICKa3bIBAHHH KBAHTOP V, MOJCTABUTH BMECTO
x Coxkpara: «ecnu CokpaT - uenoBek, To CokpaTr cmepteH». [locTtaBuM psaoM ¢ MOIy4eHHBIM
BBICKA3bIBAHHUEM BTOPYIO MOCHUIKY CHJUIOTH3MA U MOJIYYUM PEe3yJIbTaT, KOTOPbIA ohopMIIsieTcs B
CJIEIyIOIIEM BUJIE:
Ecaun Cokpat yenoBek, To Cokpar cMepTeH. CoKpar - 4eJI0BeK.
Coxkpat cMepTeH.

B oOmem ciyyae Haj dYepToil momemiaroTcs Jjorudeckue (opmynbl-nmockuiku A4,B,

UCTUHHOCTh KOTOPBIX TapaHTUPYyeT UCTHHHOCTH 3aKiatodcHus C:
AB
C

CrnoBecHas 3amuch IpPaBHJI JIOTMYECKOTO BBIBOAA 3BYUYMT Tak: «/3 maHHbIX (opmyii-
noceiok A,B  caenyer ¢dopmyna-zaxmouenne C.» (cokpamenHo: AAB — C). Ilpu stom
cuMTaercs, 4YTo Gopmysa-3akiIOYeHre UCTHHHA MO0 KpalHed Mepe MpH BCeX TaKUX 3HAYCHHSIX
MPEIUKATHBIX, TPEIMETHBIX U BBICKA3BIBATCIIHBIX MEPEMEHHBIX, TIPU KOTOPBHIX OOpAIIaroTCs B
UCTUHY Bce (OpPMYIBI-MOCBUTKH. MeToA MareMaTH4eCKOW WHAYKLIHUU, O(POPMIICHHBIN Kak
MIPABHUJIO BBIBOJA, TPUMET BH/I;

P(1), P(k) — P(k+1)

vn P(n)
[IpuBeneM HEKOTOpBIE ITpaBUIIa BbIBOJIA, paboTarolue B 0a3ax 3HaHUM:
A—> B, A
— 5 - mpaBMJIO 3aKiarodeHus (modus ponens),
A—>B, B->C
- IPAaBUJIO CHILIOTH3MA,
A—>C
Vx P(x), a
_ - CHIeTHAITH3aIHs,
P(a)
A,B
— - BBEJICHHE KOHBIOHKIINU.
ANB

PaccmotpumM crnenyromuii npumep. B 6a3e gaHHBIX XpaHSTCS CBEAECHUS O COTPYIHUKAX
yupexnenus [lerpose, lBanose, Ky3nenose, SlkoBnese (B nanpHeimeM o6o3HauuM ux kak I1,
U, K, 51). JomxHOoCTHAs MepapXus OMUCHIBAETCS C TOMOIIBIO TBYXMECTHBIX MPEIUKATOB:

PYK(IL,) o3nauaer, uto IlerpoB pykoBoauT MIBaHOBBIM,

OTY(Y,X) o3HauaeT, uTo Y OTUUTHIBAETCS TIepea X.

B 6a3e naHHbIX XpaHATCA TpU (akTa:

1: PYK(ILN),

2: PYK(1,K),

3: PYK(K,A).

Jlanee onuckIBarOTCs JiBa MpaBHJia BbIBOJA, KOTOPhIE UMEIOT MECTO B paccMaTpUBaeMOM
npeaMeTHON 001acTu:

1: VXY  PYK(X)Y) > OTU(Y,X) - ec X pykoBomuT Y, TO Y OTUHTHIBACTCS
nepen X,

2: VXY, T PYK(X,Y)AOTY(T,Y) >OTY(T,X) — ecau X pykoBomuT Y u T OTYMTHIBACTCS
nepen Y, To T orunuthiBaeTcs mepen X.

Tpebyercs mpoBepUTH 3aIpOC MOIB30BATENS: JODKEH JM SIKOBJIEB OTYUTHIBATHCS HEpes
NBanoBsIM (TO ecTh, caenath 3akmoueane OTU(S,N)).

B 6a3e naHHBIX Takoro (akra HeT, OJHAKO MPEAUKAT, OMUCHIBAIOIINN MHTEPECYIOLIYI0 HAC
CBsI3b, BCTpEYaeTCs B mpaBuiiax 1 u 2.
[Tpumensis npasmiio 1 k gakry 3, mosnyuum Gopmyiy:
PYK(K,A)—»>OTY(4,K).
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[Ipumensiem k Heii U akTy 3 npaBuiIo BeIBoIa MOdus ponens:

PYK(K. ) —OTY(SLK), PYK(K.S)
OTY(5LK)

Tak kaK UCXO/HBIE BhIpaKEHUS ObUTH UCTUHHBI, TO 3akaoueHne OTY(S,K) - HoBBIH dakT
- TaK)Ke SIBJISIETCS] UCTUHHBIM.
[Tpumenss k OTU(SL,K) u pakry 2: PYK(M,K) npasusio 2, nomyuaum Gopmyiy:
PYKM,K)AOTY(A,K) - OTYU(A,N),
ykasbiBatonyro Ha otBeT OTU(A,N), koTopslii 0JHAaKO, HAAO elie mpoBepuThb. s 3TOro
cBs3biBaeM (akT 2 1 OTY(A,K) nmpaBuiom «BBeIeHHS KOHBIOHKITUN:
PYK(.K), OTY(K)
PYKMLK)AOTY(S,K)

W HAKOHCL, ITIPUMCHSA mOdUS ponens, O60CHOBBIB8.CM pe3yiibTat
PYK(MLK)AOTUY(SLK) — OTU(LU), PYK(K)AOTUY(SLK)
OTY(SL 1)

JAIOIIMN YTBEPAUTEIbHBIM OTBET HA 3aIlpPOC, ACHUCTBUTEIBHO JU SIKOBJIEB OTYUTHIBACTCS
nepen IBaHOBBIM.
KoHTpoJibHbIEe BONPOCHI U 3aJaHUSA:

I[OKaSaTb CJIICAYIOUC TOXKACCTBA BHAYAJIC HA A3BIKEC TCOPUU MHOKECTB, a 3aTCM —

Ha A3bIKC TCOPHUU NOKa3aTCIIbCTB!:
a) AnN(AUB)=A;
0) AU(ANB)=A;
B) AU(BNC)=(AuB)n(AULC);
r) An(BuC)=(AnB)U(ANC);
n) IN(AuB)=(I\A)N(I\B).

Pexomenoyeman numepamypa:

OcHoBHas1 JIuTepaTypa:
3apumnosa, J. P. Jlekiuu o quckpeTHoit Mmarematuke. MaremaTuyeckast JOrHKa: yueoOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBactbsiHoB. — Mocksa : Poccuiickuit
YHHUBEPCUTET JIpyKObl Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. Jluckpernas MmaTemMatuka Jiisi IporpaMMHUCTOB : yuyebHoe nocobue / P. Xarrapru.
— Mocksa : Texnocgepa, 2012. — 400 ¢. — Pexxum nocrymna:
http://www.iprbookshop.ru/12723.html

IpakTnyeckas padora Ne6. Mcuncienne npeankaToB. ABTOMATHYECKOE 10KA3aTeJIbCTBO
Teopem. MeToa pe30Jironuii.

Ilenv 3anamua. IlpuoOpecT HaBBIKM MaT€MaTHYECKH aHAIM3UPOBATh CYXKIEHUS C
IIOMOILBIO IIPEIUKATOB, IPUMEHATh METOL PE3OIIOLUN ISl 10KA3aTEIbCTBA TEOPEM.
3nanua u ymenusn, npuoodpemaemvie CMYOCHMOM 6 pe3yIbmame O0C60CHUA HeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBBI MCUUCIICHHS NPEAUKATOB U YMEET MPUMEHSATH
IIPU aHAJIU3€E CYKICHUN.

Teopemuueckasa uwacme.

PaccMOTpuUM HCTHHHOE BBICKAa3bIBAHME «5 - LEJIO€ YHCIO» M JIO)KHOE BBICKA3bIBAHME

«T — O E€JI0€C YUCIION. 0611_[}’}0 HaCTb UX MOXKHO BBIACIIUTH KaK HpCIIHO)KeHI/IC-H_Ia6JIOH «J- 119 (0]
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YHUCIO», MpPU TMOJCTAHOBKE B KOTOPBIH KOHKPETHOTO 4YHCIA TIOJIy4aeTcsl KOHKPETHOE
BbICKa3bIBaHHE. BBems obo3nauenue: P(x) = «x - nenoe gucio», noayuum P(5) =1; P(n) =0.
Teneps mycth P(X) = «X - OBOII». 3aMellas X Ha KOHKPETHBIC IUIObI, MMOJYy4aeM UCTUHHOE
Bbicka3piBanue P(JIYK)=1, umu noxunoe: P(CJIMBA)=0.

HazoBem nmpeduxamom P(x) TmpemioXKeHHe, 3aBHUCAINCE OT TMEPEMEHHOW X,
IpUHAJIeKAIIe HEeKOTOPOH MpeaMeTHOM obnactu - mHOkecTBY U: Xe U. B nepBom mnpumepe
x€R, Bo BropoM U - 310 MHOXecTBO mioa0B. [Ipu nmojacraHoBke (GUKCHPOBAHHOTO 3JIEMEHTa
acU npenukar P(x) npeBpamaercs B BbickasbiBanue P(a)e{0,1}. Takum oOpa3om, mpeaukar
MOXKHO CYHMTaTh JIOTHYECKOW (YHKUHMEH, OmpeeNeHHOM Ha »JneMeHTax MHoxectBa U
MIPOU3BOJILHON MTPUPOJIBIL.

U paszbuBaercst mpeaukaroM P(x) Ha [Ba HENEPECEKAIOUIMXCS OJIMHOKECTBA: HA TIEPBOM
U3 HHUX, KOTOPOE HA30BEM MHOMCECHEOM UCHIUHHOCMU , TIPEIUKAT MPUHUMAET HUCTUHHBIC
3HAa4YeHHUs, HA BTOPOM - JoxkHbIe. O003HauMB uX yepe3 P u P’, COOTBETCTBEHHO, noyunm: U =
PUP”

K nmpenukatam npuMEHHMBI BCE TIOTUYECKUE OMIEPALIHH.

[Tpemnoxenue, onpeneIcHHOE Ha MHOXKECTBE X1x X2X..xXn, Ha3bIBAIOT N-MeCcHHbIM
npeouKkamom:

P(X1, X2,... Xn), X1€X1, ... Xn€Xn .

Haiinem o0iacTh MCTMHHOCTH TpexmecTHoro mnpeaumkata P(x\y,z) = (xy < 2),
oIpeelIeHHOro Ha Tpoitkax (X, Y, Z) € AxAxA = A%, raoe 4 = {1,2,3,5}.

Yucio BeeX yHOpsIIOYCHHBIX TPOCK M3 YETHIPEXJIEMEHTHOTO MHOXKECTBA A paBHO 4-3-(4-
3+1) = 24. [lna cokpanieHus rnepedopa Croib3yeM CHMMETPHYHOCTD MPEUKaTa OTHOCHUTEILHO
HepBBIX ABYX HepeMeHHbIX: P(X,y,2) = (Xy < z) = (yx <) = P(y,X,2).

Janee, nansi BBINOJHEHHWS HEPAaBEHCTBA HEOOXOAWMO, dYTOOBI TpaBasi dYacTh Z
MPEBOCXOIUIIA KaX/IbIi U3 COMHOXUTENeH X,y. C ydeToM cKa3aHHOT0, UMeeM 3 0JIaronpusTHBIX
ciydas: 1-2 <3, 1.2 <5, 1.3 <5, naromue 6 snementoB obmactu uctuanoctu P: P(1,2,3) =
(2<3) =P(2,1,3), P(1,2,5) = (2<5) =P(2,1,5), P(1,3,5) = (3<5) = P(3,1,5).

Wrak, obmacte uctuHHocTH P 00pasyer MHOxkecTBO Tpoek: {(1,2,3), (1,2,5), (1,3,5),
(2,1,3), (2,1,5), (3,1,5)}.

Jns  3am@ic  TpeAMKAaTOB MOXKHO — HCIIONB30BaTh KBAaHTOP CYIIECTBOBAaHUS — J,
COOTBETCTBYIOIIHNI CIIOBAM «CYIIECTBYET», «HAUAETCS», «XOTS ObI OMH», U KBAHTOP OOIIHOCTH
V, COOTBETCTBYIOIIMMA CIOBaM «IJIsl JTIIOOOTO», «BCE», «KKIbI». Takum 00pa3oM, KBaHTOPHI
CBSI3BIBAIOT TIPEIMKATHBIC TEpPEeMEeHHbIe X, Z, mpeBpamias mnpemukatel P(x) u Q(X) B
BBICKA3bIBAHUS:

ax P(x); vz Q(2).

B o6meMm cnyuae, cBs3biBas JIOOYI0 W3 NPEIMETHBIX MEPEMEHHBIX KBAHTOPOM, HIIU
3aMeHss €€ MPEIMETHOM MOCTOSHHOW, MBI CHMKA€M YHCIO MECT B NpeAMKaTe Ha €AMHUILY.
Hampumep, u3 aByxmectHoro mnpemukara P(x,y) ¢ TOMOIIBIO JBYX KBAaHTOPOB MOXHO
00pa3oBaTh 8 BHICKAa3bIBAaHHIA:

VX Vy P(xy) «<— VyVx P(xy),
Ix 3y P(xyy) «<— 3Ty Ix P(Xy),
xVy P(xy) <«— Vy 3x P(xy),
vx 3y P(xy) <«— 3y Vx P(xy),
TOJILKO JIBa TIEPBBIX M3 KOTOPHIX PABHOCHJIBHBI, TAaK KaK pa3HOMMEHHBIE KBAHTOPHI TIEPECTABIIATh
HEeJb34.
KoHTposbHbIe BONPOCHI U 32 JaHUA

3amgaua 1.
a) Ha muoxectse M = {1..30} 3amanbl npeaukarsl: A(X): «X — 4€THoe 4mcio»; B(x): «x He
nenutcst Ha 3». Haiitn MHOXecTBO netuHHOCTH nipeaukara A(X) A B(X).
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6) Ha muoxectBe M = {1..30} 3amansl npeaukatel: C(x):”x kpatHo 57; D(X):”x - ué€rHoe 7
Haiitn MHOXkecTBO nctunHOcTH ipenukata D(X) A C(X).

B) Ha muoxectBe M = {1..30} 3amansl npeaukatel: A(x):”’Xx — u€tHoe uncio’’; C(x):”X KpaTHO
5”. Haiiti MHOXeCTBO HcTHHHOCTH Tipeaukara —A4(x) A C(x).

r) Ha maoxectBe M = {1..20} 3amanbl npeaukatsl: A(X):”X — u€tHOoe uncno”; B(X):”x nenurcs
Ha 3”; C(x):”x kpatHo 5. Haiitu MHOXecTBO ucturHoCTH nipeaukara B(x) v A(x) v C(x) .

n) Ha muoxectBe M = {1.30} 3amanbl npemukatsl: C(X):”x — He kpatHo 57; D(X):"x -
Henpocroe”; Halit MHOKeCTBO ucTHHHOCTH Ipeaukata C(x) — m

3anaya 2.

a) Ha muoxectBe M 3amansl npeaukatsl: A(X) u B(x). M300pa3uTh Ha quarpaMme MHOXKECTBO
uctuaHoctu npeaukara A(X) A B(X).

06) Ha muoxxectBe M 3amansl npeaukatbl: A(x) u C(x). M300pa3uTh Ha nuarpaMme MHOXKECTBO
uctuaHocTH npeaukara C(x)\ A(x).

B) Ha mHOXecTBe M 3amansl npenukathl: A(x) u C(X). M300pa3uTh Ha 1uarpaMme MHOXKECTBO

ucrtuaHocTy npeaukara A(x) A C(x).
3anauva 3.
a) Jlna mpenuxara P(X) " (X+0=X)", X &R, onpenenuts 3nauenne [ VXP(X).

6) dns npemukata P(X) " (X-0=0)", XeR, onpenenuts snauenne [1 VXP(X).

B) Jlna npemukata  P(X) " (2x=4)", X e R, onpenenuts 3nauenne IXP(X).

r) Jns npemukara P(X) " (Xx+10=x+5)", X e R, onpenenuts 3navenne IXP(X).

n) s npeaukara P(X) Z"(X2 — 2X +1) =0", XxeR, onpenenuts 3nauenue [ ElXP(X).

e) Jlna npemmkaros P(X) Z"(X2 +x-=2>0)", Q(x) Z"(X2 +x+05=0)", xeR
ONpEeACIUTh 3HAUCHHUC EIX(P(X) V Q(X)) .
x) s npemukaros  P(X) Z"(2X2 +3x-5>0)", Q(x) Z"(2X2 +3x-5<0)", xeR
onpenenuts 3navenne IX(P(X) A Q(X)).

3) [Tpu xeR OIIPENEINUTh 3HAYCHHE BBICKa3bIBaHUSs
Ax((x% =5x +60) A (x* —2x+1> 0)).
I/I) HpI/I Xe R OIIpCACIINTD 3HAYCHHUC BBICKA3bIBAHUA

IX((x e{2,5}) —>(x*> —6x+8=0)).

Pexomenoyeman numepamypa:

OcHoBHas1 iuTEeparypa:
3apumnosa, J. P. JIekiuu o quckpeTHoi Marematuke. Maremaruyeckast JOrHKa: yueOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHoB. — Mocksa : Poccuiickuit
YHHUBEPCHUTET JIpYKObl Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. Jluckpernas MmaTemMatuka Jiisi IporpaMMHUCTOB : yuyebHoe nocobue / P. Xarrapru.
— Mocksa : Texnocgepa, 2012. — 400 ¢. — Pexxum nocrymna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Ne/. CnocoObl 3aaHusi OyJjeBoil pynknun. Tadauuma HCTHHHOCTH
OyJeBoii pyHKIMH.
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Lenv 3anamusa. TlpuoOpecTH HABBIKKM TOCTPOCHHS TaOMUIBI MCTUHHOCTH (YHKITUH,
onpefeNieHusT TOXJISCTBEHHOW HCTUHHOCTM WM  JIO)KHOCTH  (POPMYJIbL.  BBITIOJIHEHUS
PaBHOCHUIIBHBIX TIPe0Opa30BaHUil ¢ MPUMEHEHUEM 3aKOHOB JIre€OPBI JJOTHKH.

3nanua u ymenusa, npuobpemaemvie CmMYOeHmMOM 6 pe3ylbmame O0C6OCHUS MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIC CHOCOOBI 3amaHus OyineBoW (YHKIHH,
yMEEeT CTPOUTH TaOIUIy HCTUHHOCTU (OPMYIIBL.

Teopemuueckas uacme.

Byaesoii gpynxuueii Y = f(X,X,,...,X,) or n nepemennbix Xy Xpy.00,X,, HA3BIBACTCS
mo0as GyHKIHS, B KOTOPOH apryMEHThI U (DYHKITUS MOTYT NMPUHUMATH 3Ha4YeHue oo 0, 11udo
1.

byneBy gyHkuMIO OT N MepeMEHHBIX MOXKHO 3a7aTh TaOJHMIIeH UCTUHHOCTH, B KOTOPOU
HAOOPBl 3HAYCHUH apryMEHTOB PACIOJIOKEHBI B MOPSAKE BO3PACTAHUS MX HOMEPOB: CHadaa
UIET HAa0Op, MPEACTABIAIOMUNA co00i nBOMYHOE pazinoxeHue 0 (3tor Habop mMeer HOoMep 0);
3aTeM UJET Ha0OP, SABJISIFOIIUICS JBOMYHBIM Pa3IoKeHHEM 1, moToMm 2, 3 U T.1.

OTtpunanue - OyneBa GYHKIUS OJHON IEPEMEHHOM, KOTOPAst OMPEIEISICTCS CIEAYIOMmEH

TaOIUIIEH UCTUHHOCTH

X 0 1 O0o03HaueHUsA

f(x) 1 0

_|X, X

Hexotopsie anemenTapubie OyaeBbl (yHKIMK ABYX NTEPEMEHHBIX TPUBEICHBI HIKE.

xy | x&y xVy x@Py X~y X—=y x|y xly
00 0 0 0 1 1 1 1
01 0 1 1 0 1 1 0
10 0 1 1 0 0 1 0
11 1 1 0 1 1 0 0

C momol1bI0 CyNepro3nuuu AJIEMEHTApHbBIX OyaeBbIX (PYHKINNH MOKHO IOCTPOUTH OoJiee
CJIO’KHBIE (DYHKIIMH, KOTOPbIE MOTYT 3aBUCETh OT JIFOOOT0 YHCiIa MEePEMEHHBIX. 3alKCh OyIeBBIX
GyHKIMI 4yepe3 aneMeHTapHble OyieBbl QYHKIMU OyaeM Has3biBaTh (opMYyJI0il peannsyrouieit
JTAaHHYIO (QYHKIHIO.

Jli1s 6onee KOMITAKTHOM 3aIlMCH CIIOKHBIX (DYHKIMH BBEJEM CIEAYIOLIUE COTIAIeHMS:

1) BHeIIHNE CKOOKH OITyCKaroTCs;

2) cHauasa mpoU3BOJISTCS OIepaIuu 1 CKOOKax;

3) cumTaeTcs, 4TO NPHOPUTET CBA30K YOBIBACT B CIIEAYIOMEM mopsaake:, (A, ¥ ), v, (=
D), ©.

JU1st paBHOCHJIBHBIX CBSI30K (B CKOOKAx) MPUOPUTET ONpPEAEIsIeTCs ClieBa Ha MPaBo.

[Ipumep. PaccTtaButh ckoOku B hopmyrax:

1) Xvye 20X 2) xdyvz; ) XDY)>Z>XAYV Z

Pemienwe: 1) B hopmyne X vy «>Z® X ckOOKH pacCTaBISIOTCS CIEIYIOUIMM 00pa3oM:

((xvy) «(z®X));

2) T.K. omeparus | CHIbHEe Omepamiy v/ COrlacHo 3aMedannio umeeM (x4 y) v 2);

3) B dopmysie (XDY)«>Z—>XAYV™Z WUCHOIb3Ys BBEICHHOE CTAPIIMHCTBO CBS30K;
noJiy4aeM, uTo JAaHHas Gpopmyna paBHocwibHA (XD Y) <> (2> ((XAY) v (72)))).

ITpumep. CocTaBUTH TaOIUIBI UCTUHHOCTH JUTS (hopMyIT:

)Xo §>ox); 6 x[(Yyv)(xaz).
Pemtenue:

a) WCHONB3ys BBEICHHOE CTapIIMHCTBO CBS30K, IOJYYHM, YTO JaHHas Qopmyna
paBHOCcHIBHA X > (Y — (Y @ X)), a TabnuIa UICTHHHOCTU NIPUMET BHIL:
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X y y (y®x) y X (Y > (Y©x)
—>(y®Xx)

0 0 1 0 0 1

0 1 0 1 1 0

1 0 1 1 1 1

1 1 0 0 1 1

6) cocraBuM TaGuuiy uetuHHOCTH s popmyist X | (Y v 2) 4 (X A 2)

X1yl z | ¥V | Z] YV | XAZ |xaz|(yvZ)(xnz) F(xy)
Z
ojlof[o] 1 [1 1 0 1 0 1
ojo0o|1] 1 |0 1 0 1 0 1
o 1]0] 0 |1 1 0 1 0 1
0| 1|1] 0 |0 0 0 1 0 1
100 1 |1 1 0 1 0 1
10|11 1|0 1 1 0 0 1
1l1(0] 0 |1 1 0 1 0 1
1(1(1] 0 |0 0 1 0 1 0

@opmysia HA3bIBAETCS TOXKIAECTBEHHO HCTHMHHOW (JIOKHOM), €CIIM OHAa NPUHUMAET
snauenue 1 (0) mpu Bcex 3HAYEHUSIX BXOAIINX B HEE MEPEMEHHBIX.

[pumep. Spnsiercs, 1 popmyina (X —>Y) A Y) — X TOXKISCTBEHHO UCTHHHOMN?

XPY | x | Y | X2V | (xoy) Ay (X>Y)AY) > X
0] 0|11 1 0 1
oj1(1]0 0 0 1
110101 1 0 1
1 1 0 0 1 1 1

(DopMyna paBHa 1 IMPpU BCEX 3HAYCHUAX BXOAAMHX B HEC NMCPEMCHHBIX, CJICI0BATCIBHO,
OHa TOXIACCTBCHHO HCTHUHHAaA (TaBTOJ'IOI‘I/IH).
KOHTpOJIbeIe BOIIPOCHI U 3aTaHUA.

1. Tlopsinok BHIMOJHEHMS IOTUYECKUX OMepaIuii.
2. Kak onpeaenuTs 4Mca0 CTPOK B TaOJIUIE HCTUHHOCTH.
3. CocraBuTh TaOIUIy HCTUHHOCTH JAaHHOH OyJieBOW (yHKIIHU:

1. X®yz) > xvz 16. X< (Y®zVvYy)
2 (x]y) > (zy ®x) 17_xvy2®y

3. (X = y)®(zvX) 18. (x®@y)zvX

4. Xvy)®(zoY) 19. X=>y)®(zvy)
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5. Xvy—>2)®y 20. (x|y)2v>_<

6. XVYy—>zy 21 (x> y)®2) oy
7. (xyy)vx—o>z 22. Xy y) o (zay)
8. (xy >z)vx®y 23. (xvy)®z)>Yy
9. (x| Y)z > yVvX) 24. (xy ® z) - X

10. (x > yz) ® X 25. x®(yl2)dy

11. Xv yz —> xy 26. X > yv(yv2)

12. (x®y)(z Vv X) 27. (x| y) ® (y > zx)
13, XV V)@ (2> Y) 28, X = Y(xv (y@2)
14. (x4 y)®z v x 29. (X®z) <> (X V' Y)
15. (xvy —>2)®Yy 30. x(y > z) & (Y@ 2)

Pexomenodyeman numepamypa:

OcHoBHast iMTEeparypa:
3apumnosa, J. P. Jlekuuu nmo guckpeTHoi MmatemaTuke. MaTteMaTtnyeckast JIOTHKa: yueOHoe
nocobue / D. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHTET JIpYKObI HapoaoB, 2014. — 120 ¢. — Pexxum nmocryma:
http://www.iprbookshop.ru/22190.html

JonoJHUTe/ILHAA JTUTEPATYypa:
Xarraptu, P. Jluckpernas maTremMatuka Jiisl IpOrpaMMHECTOB : yueOHoe ocobue / P. Xarrapru.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IpakTnyeckas padora Ne8. [IpumeHenne 3aK0HOB aJ1re0pbI JIOTHKH.
Iensy 3anamusa. 11pnoOpecTy HABBIKU BBIMOJHEHHS PaBHOCWIBHBIX IMpeoOpa3oBaHUil C

PUMEHEHHUEM 3aKOHOB aJIreOphl JTOTHKH.

3nanusa u ymenusa, npuobpemaemvie CMYOCHMOM 6 pe3yibmame OCEOEHUs MeMbl,
dopmupyemvie Komnemenyuu. 3HaeT OCHOBHbBIE 3aKOHbl airedOpbl JIOTUKK U yMEEeT
OPUMEHSATH UX Ul IpeoOpa3oBaHus OyaeBbIX (yHKIHI.

Teopemuueckas uacme.

byness! pynkunu f1 u f2 Ha3pIBarOTCS SKBUBAIICHTHBIMY, €CITH HA BCIKOM Habope

(a,,a,,...,4,) Hynel W eOUHHI] 3HAYCHUS QYHKIMHA coBnamaroT. OO003HAYCHHUE
DKBUBAJICHTHBIX (PaBHOCHUIIBHBIX) QyHKIWH cnenyromee: fl=f2 nmm fl= 2.

OcHoBubie 3kBuBasientHoct (H,H,, H,, H,.. o3Hauator HekoTopble OyieBbl
(GYHKITHIH):

1. 3akoH aBoitHoro orpurianus: H = H
2. Unemnorentoocts: HH=H, HvH =H
3. KommyraruBaocts: H, *H, =H, *H,, rme cumBon * 03HagaeT omHy W3 CBS30K

&V, ®,~,|,¥.

4. Accoumarunocts: H, *(H, *H,)=(H,*H,)*H;, roe cumBon * o3nHauaer omny
n3 CBA30K &,v,D,~.

5. luctpudyrusnocts: H; & (H, vH,)=(H, &H,)v(H, &H,),
H,v(H,&H;)=(H, vH,) & (H, &H,).

6. 3akoH ne Moprana: H; & H, =H_1&H_2, m=H_1&H_2,
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7. lpasuna nornomernns: H, v(H, &H,)=H,, H, &(H,VvH,)=H,
8. 3axomsr cxiensanus: H, & H, v H, &H, =H,, (H,vH,)&(H,VvH,)=H,
9. 3akonbl uHBepcuit: H vﬁ=1, H&H =0.

10. IpaBuna oneparwuii ¢ koucrauramu: Hv1=1, H&l=H, Hv0=H,6 H&0=0.

Bce IMPUBCACHHBIC COOTHOLICHUS JIETKO ITPOBEPAKOTCA 110 Ta6J'II/II_[aM HMCTUHHOCTH.

HQI/IMC[) prOCTI/ITB (bOpMynBI, HCIIOJIB3YsA OCHOBHBIC 3aKOHBI DKBUBAJICHTHOCTH:
1) XZVXVXZIVYZ=ZVYI=ZVYIVXVYI=ZVYVX;

2)

X—>y=Xv (6) X—>y=xXvy,(6)
(X=>Yy)Ay—>X - yﬁ((X—>y)/\y)vx:(ﬁ(x—>y)vﬁy)vx 0
®) 2 X—>y=Xv
=(XA=YVY)VvX=(—YVaYAX)VX==Y VX Z yy_>x;

3)

XYZV XYV XYZVXZVXZ=XZ(YV Y) VXY VXIVXZ=XZV XYV XLV XZ =

=(xzvXz)v(avx) vy =x@Zvz)vz(xvx)vxy=xvzvxy=xlvy)vz=xvz

4)

X,V X Xg - XXy V Xg = Xo (Xp v Xg) V(X X5) X5 = (X v X, X5) V(X X, v Xg) = X (X, v Xg) =

=X VXX VXV Xy V Xy = XV Xy VX,

[Mpumep: C NOMOIIBIO PABHOCHIIBHBIX IIPEOOPa30BaHUl YIIPOCTUTH HOPMYITY
Xy = (Xvy)z.
X§/—>()_(V§I)EE)_(yv()_(vgl)gz)_(v;/vﬁvﬁs)_(v YVXIVYZI=XVYVZ=
a)xv (yvz)=x—(yvz);
6)zv (XVYy)=7— (XVY);

8)(YVXVZ)=Yyv X

XVIVY=XIVY=XL Y]

)XV YV Z=XYyz

JIro0yro 3amuch a) - 1) MOKHO CUUTATh OTBETOM.

[pumep:. [IpoBepbTe, OyAYT JIM SKBUBAJIEHTHBI Cleaylomue G yHKIUU:
x—>2z2)(y > 2); (Xvy)—>z
C nmomouIp0 paBHOCUIIBHBIX MPE0Opa30BaHUi MOJIy4yaeM, 4To

(X>2)(y>2)=(Xv)(YvI)=XyvIyvXZvZI=XyvZI=XvYyvz=(XVYy)—>z

T.C. (IJYHKI_II/II/I OKBUBAJICHTHBI.

[pumep:. Jloka3ath paBHOCHIBLHOCTE (X V Y) A (X Vv 9) =X
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1

2.

3.

2
3
4.
5
6
7

(Xvy)/\(ng)EX/\va/\XvX/\Y/vyAYIE

=XVYAXVXAY=XA(LVvYvY)=Xxalvl)=x
KoHTpo/bHbIE BONPOCHI U 32/1aHUA

1. I[OKBB&TI) CICAYIOIUE paBHOCUJIIBHOCTH:
_X/\yEm 9_X|y5;\/§
_xiys;w\? 10. (XV Y)A(XVY) =X
X|y=xvy 11 XV (XAy)=xvy
XD Yy=Y-oX 19 Y —>Z=Xvyvz
X2 Yy=XVYy 13_x@yEXAyVX/\y
Xv(yAx) =X 14 (XvVY)(xVvy)=x

[Tokazath, uyTOo (OPMYIIBI bva , an b—a ,

HUCTHUHHOCTH, YTO U UMILJIMKAIIUA a—>b .

15, XV V) A XV Y) A (XV Z) =X

16, VY IV =(xv y) v (yv2)
17 X@(y®2)=(xDYy)Dz

18, Xy > (Xv y)z=xy2

19. X>(Y>2)=xXAy—>1

o0, X Y=18y®xy

21, X >y =(xvy)(xvY)

arb—>b pyeror Ty e Tabuuiy

[IpoBepbTe, OyayT JIM SKBUBAJIICHTHBI CISAYIOIINE (PYHKIIUH:

1. X=>(yD2z), X—>Yy)®(X—>2)
2 XA(Y®z), (XAY)D(XA2Z)
X®y)v(x®D2)

3.

© © N o 0 b

10. XY (y e 2), (xiy)e(x¥2)

XA (y <> 2), (XAY) <> (xA2)
xv(ylz), (xvy)|(xv2)
XDy —>2), X>Y) e (x{2)
x| (y—>2), (x]y)—>(x|2)
XA(y—>2), xyzvx|y
Xv(y—>1z), Xvy)—>(Xvz)

X®(y —>2), (Xy) > (XD2)

11 XY (yr2), (xoy)v(xva)

12, (YvX)@(yAa2),

13. XDy, y®X
14, XVY:x oy
15, XV y. x|y
16, XA Y. x ¥y
17. X(yvx).x

18. XA Y AX,X
19. Wt z,z ¥ xy
20. XV ¥z,(Xv y)(xvz)

4. Tlpeobpa3yiiTe GOpMYIIbI, UCIIOIB3YsS OCHOBHBIE 3aKOHBI SKBUBAJICHTHOCTH:

1. xyvyvxy

XV YV XY VXY

XV XYV XYV X

2
3
4 XVYVXYVYVXY
5
6
7

_ XyZ v XYV XYZ V Yz

XYV XV YV 2V YT XYZ

CXYZVYZVXYVXVY

11. xy v Xy v Xy v yv Xy

12. (zv2)v(yzv2)
13. vayivxf/
14. xﬁvﬁvxﬁ

15. XYZV XV YV ZV XYV XYZ

16. XYZV YV ZVXYZV XV YV Z

17. WIVYIVXVXVYVZ

23



8 XZVXYZVXVYVZIVXyZVYyZ 18. XYZVXZV YZV YV 2

9. XYZV XYV XV Zv X2 19. (XVyVX(YV Y)YV 2)

10. X?Zv;(viv)_(vyvivxyz 20. vaxyZVXVX)/Zt.

Pexomenodyeman numepamypa:

OcHoBHas1 iuTEpaTypa:
3apumnosa, J. P. Jlekuuu no guckpetHoi MmatemaTuke. MaTteMaTtuyeckast JIOrTuKa: yueOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpYKObI Hapoa0B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTe/ILHAA JIUTEpPAaTypa:
Xarraptu, P. Jluckpernas maTrematuka Jijisi IpOrpaMMHECTOB : yuyebHoe nocobue / P. Xarrapru.
— Mockaa : Texnocdepa, 2012. — 400 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckass padora Ne9. /IM3bIOHKTHBHbIE H KOHbIOHKTHBHBIE COBEepPIIEHHBbIE
HOpMaJIbHbIe GOpMBI.
Lenv 3anamusa. llpuoOpectu HaBbiku mnoctpoeHuss CKH® (CAH®D) c mnomoiirsio
Pa3IUYHbIX aITOPUTMOB.
3nanua u ymenusa, npuobpemaemvie CMYOCHmMOM 8 pe3ylbmame O0C60CHUS MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE 3aKOHbl airedOppl JIOTUKU U yMEET
npuMeHsTh anroputMel nocrpoerns CKH® (CAH®D) 6yneBbix QyHKIIHIA.
Teopemuueckas uacme.
MHOeCcTBO Bcex OyJieBbIX B Oazuce S = {—|,/\,v} oOpa3ytoT O0yJieBy aiaredpy. Ecinu x -

JIOTUYECKasl IEPEMEHHasl, & = O € {O,l} TO BBIPAKEHUE

X ecm o=1 1 eciu X=o

X" = WIn X7 =

)_( eciu o=0 0 eciu X#o'

Has3bIBaeTCs JUTEPOH. JIuTepsl X M —X HAas3bpIBalOTCS KOHTpapHbIMUA. KOHBIOHKTOM
Ha3bIBAaCTCSl KOHBIOHKUMA JuTep. JIM3BIOHKTOM  Has3plBacTCsd  JU3BIOHKLUSA  JIUTEP.
JAn3bI0HKTUBHOI HOpMaabLHOU (opmoii (JJH®P) HazpiBaeTCAd NU3BIOHKIMSA KOHEUYHOrO 4YHUCia
KOHBIOHKTOB. KOHBIOHKTHBHOI HOpMajbHOU ¢opmoii (KH®) Ha3biBaeTCS KOHBIOHKLHUSA
KOHEYHOI'0 YHCiIa IU3bIOHKTOB.

lycre Gynkius f 3anucan B 6a3uce S1. JlanHas QyHKIMS MPUBOIUTCS K HOPMATbHOM
dbopme CIeayIoIIM TyTeM:

1. ucnonb3yem 3akoHbI e Moprana, uToObI Ipeodpa3oBath GopMyny K BUAY, B KOTOPOM
3HAKHU OTPULIAHUS OTHOCSTCS TOJBKO K OTAEIbHBIM [IEPEMEHHBIM;

2. IpUMEHSIEM TIPAaBUJIO CHSTHS ABOHHOTO OTPHIIAHUS: X = X ;

3. mamee clieyeT UCHOJb30BaTh 3aKOHBI JUCTPUOYTUBHOCTH, MPHUYEM TEPBBIM 3aKOH
nuctpuOytuBHOCTH 1iisi mpuBenenuss k JH®, m BTOpoi 3akoH IUCTPUOYTUBHOCTH ISt
npuseneHus k KHO.

Ecnu B kaxxoM wiieHe HopMalbHOM (OpPMBI NTPEICTaBICHBI BCe IEpeMeHHbIe (JIN00 caMu,
anb0 WX OTPHIAHUA), MPUYEM B KaXJIOM OTACIBHOM KOHBIOHKTE WIH IU3IBIOHKTE Jr00ast
nepeMeHHass BXOJIUT POBHO OAWH pa3 (mbo cama nubo ee oTpuianue), To 3Ta (opma
Ha3bIBAcTCs cOBepIIeHHOI HopMaJbHOH dopmoii (CAH® niau CKH®D).

[Ipumep: 1o nanno# Tadbmmie ucTuHHOCTH TTOCTpouTh CJITHD.

Pemenune paccmorpum Ha ipumepe pynkuuu f (X, Y, Z) , 3a7aHHOM TaOIMYHO:
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X y z Koncruryents! 1 Koncruryentst 0 f(x,y,2)

0 0 0 X-y-z XVyvz 0
0 0 1 X-y-2 XV Yyvz 1
0 1 0 X-y-z XV YvVz 1
0 1 1 X-y-2 XV Yyvz 0
1 0 0 X-y-z XVyvz 0
1 0 1 X-y-z XVyvz 1
1 1 0 X-y-z XV yvz 1
1 1 1 X-y-z XV yvz 1

Koncruryentsl_1 (MaM OCHOBHBIE KOHBIOHKLIMM ), BKJIIOYEHHbIE B TaOIuLy,
COOTBETCTBYIOT KOHKPETHOMY HAOOpy HyJIeHl M €IWHUI], KOTOpHIE MPHHUMAIOT MEepEeMEHHbIE
X,¥,Z. CTposiTcs KOHCTUTYeHThl 1 1o crienyromemy IMpaBuily: IE€pEMEHHAs BXOIUT B
IIPOM3BECHUE CaMa, €CIM Ha JaHHOM Habope OHa MPUHUMAET 3HayeHHe |, B IPOTUBHOM Cilyyae
B IIPOM3BE/ICHUE BXOJUT €€ OTPULIAHHE.

MpaBuio aas nocrpoenusi CAH®: crenyer BoIOpaTh CTPOKH, B KOTOPBIX (YHKIUS
paBHa 1, a 3aTeM B3ATh JU3BIOHKIHUIO COOTBETCTBYIOIIMX KOHCTUTYeHT 1. Tak s Hamero
npuMepa, UMeeM

f(X,¥,2)=X-Y-ZVX-Y-ZVX-Y-ZVX-Y-ZVX-Y-L.
[pumep: [To nanHOI Tabnuie ucTuHHOCTH ocTpouth CKHO.

Pemenue: KoncrutyenThl_0 a1 HaGopa Hynedl W enuHUI] (KOTOpble NPUHUMAIOT
HEpEeMEHHbIE X, Y,Z) CTPOUTCS CIEAYIOIIMM OOpa3oM: MEepeMEHHas BXOJUT B JTU3IBIOHKIUIO
cama, €cClli Ha JaHHOM HaOope oOHa NpuHUMaeT 3HaueHue (0, B TNPOTUBHOM Ciydae B
JU3BIOHKIIMIO BXOJUT €€ OTPUIIAHHUE.

IIpaBuio nust mocrpoenuss CKH®: cnenyer BbIOpaTh CTPOKH, B KOTOPBIX (YHKLHS
paBHa 0, a 3aTeM B3STb KOHBIOHKLHMIO COOTBETCTBYIOUIMX KOHCTUTYyeHT 0. B pesynbrare
nosryuntcst uckomast CKH®. Tak ns Hamero npuMepa, iMeeM

f(x,y,2) =(xv yvz)-(XVva)-(;w yvz).

Omnucannpiii crioco6 Haxoxnaenus CAH® (CKH®) mo Tabiuiie MCTHHHOCTH OBIBaeT
qacTo 6osiee TPYIOEMKHM, YeM CIICAYIOIINNA aITOPUTM.

1.Jns naxo:xagennu CAH® nannyio popmyny npuoaum cHavana k JJH.

2. Ecim B HeKoTOpBIi KOHBIOHKT K He BXOIUT CKakeM NepeMeHHas Y, TO 3TOT
KOHBIOHKT 3aMEHsieM Ha S3KBUBaJeHTHYIO (opmyny K /\(yv3_/) U, npuMmeHsas 1-il 3akoH
JUCTPUOYTUBHOCTH, NPHUBOAUM TMoiydeHHyto ¢opmyny k JIH®. Eciu HemocTtarommx
HEPEMEHHBIX HECKOJBKO, TO JJISi KaXJIOM U3 HUX K KOHBIOHKTY J100aBJsieM COOTBETCTBYIOIILYIO
dopmymy Buna (y v y).

3. Ecnmu B monydyennoit JIH® nmeeTcss HECKOIBKO OAMHAKOBBIX KOHCTUTYECHT €IUHUIIBI,
TO OCTaBJIIEM TOJIBKO OJIHY U3 HUX. B pe3ynbrare nonyyaercs CJITHD.

3ameuanue: [y noctpoenuss CKH® au3bloHKT HE coAeprKalluil CKaXeM MePEMEHHYIO
Yy 3aMeHsieM Ha OJKBUBaJEHTHYO (opmynyDvy-y W, TpUMEHsAEeM 2-i 3aKOH
JTUCTPUOYTUBHOCTH.
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Hpumep: Iloctpouts CKH® gns ¢yskimum F  npu  momommM  3KBUBAJICHTHBIX
npeoOpa3oBaHUA

F=x|(y®z)=xv(y®z)=xv(yzvyz)=xvyz-yz=xv(yvz)-(yvz)=xv(yvz) (yvz) =
:()_(\/ yvz)-()_(vglvg)—CKHd)
[Tpumep: C momMoIIbI0 SKBUBAJICHTHBIX IpeoOpa3oBanuii npuseaute popmyny k JHO, KHO,
CIIH®, CKH®. F = (x4 y) > 2) & V.
Pemenue: [Ipuenem ¢pynkuuto F k 6azucy S, = {—|,/\,v}

F=(x-y>)oy=(Xyv)eoy=Xvyvz)oy=Xvyvzvy)(Xvyvzvy)=

=X-y-Zvy=X-y-2-yY=(XVvYyvz)y— KHD

st npusenenns F x [IH®, npuMeHUM NIepBBIi 3aKOH JUCTPUOYTHBHOCTH.

F= Xgl\/ yvaS/: ngES/: X?/vE-?/—,ZZH@

[Mpusenem ¢pynaxnuro F xk CJIHD:
F=xyvzy=Xxy(zvz)vzy(xvX)=XyzvXyzv(zyXv zyX) = Xyzv Xyz v Xyz.

[Tpusenem ¢pynkuuto F k CKHO:
F=(xvyvz)y=Xvyvz)(yvxx)=xvyvz)(yvx)(yvx)=Xxvyvz)(yvxvzz)-

(yvxvzz)=(xvyvz)(yvxvz)(yvxvz(yvxvz)(yvxvz).

[pumep: [Mpusectu Gpynkuuio k JHD, ncnons3ys 1-blif 3aK0H AUCTPUOYTUBHOCTH.
x-y-x-—y-f-(yv z):x-y-(ivy_/v;)-(yv 2)=(X-Y-XVX-Y-YvX-y-2)-(YVv2) =—omoKHD
=0v X;lv X~§/-Z)-(yv Z):(X-glv X~;/-Z)~(yvz):—3m00pyeaﬂ KH®
:x-gl-yvx-y-z-yvx-y-Z\/x-;/-z-z:0v0vx-§-2vx-§-z:x-9-2vx-§-z—3mo JHD
[pumep: [MpuBectu dpyukuio k KH®, ucnonb3ys BTOpoit 3aKoH JUCTPUOYTHBHOCTH.

XVY-X-YVZ=Xv y-(x-_y~2)=XV Yo (Xvy)z=xvy-z-(Xvy)=(Xvy-2)-(XvXvy)=
=(xvy)-(xv2)-Avy)=(xXvy)-(Xvz)— smo KH®D
[pumep: [1o nanHoI Tabnuie UCTUHHOCTH ocTpouTh CAHD:

X y z OCHOBHBIE f(xy,2)
KOHBIOHKIIMN
0 0 0 X-y-z 0
0 0 1 X-y-z 1
0 1 0 X-y-z 1
0 1 1 X-y-z 0
1 0 0 X-y-z 0
1 0 1 X-y-z 1
1 1 0 X-y-z 1
1 1 1 X-y-z 1

IToctpoum CKH® nis1 Hamiero npuMepa Ha OCHOBAaHUH 3aMEUYaHUs.
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1. Ctpoum CAH® nnst orpunianust X- Y - ZvX- y-Zv X-)_/- Z.
2. Ucnionws3yem 3akoHbI 1e MopraHa, rnojaydaem

f =?=x~y-2v>_<-y~2vx-§/-2=x~y~2/\)_<-y.2/\x~§/-2=(xv yvz)-(Xvyvz) (xv
vYyvVv).
KoHTpoJibHbIe BOIPOCHI U 32 JaHNS
1. Yro nassBaetcss KH® (JIHD)?

2. Anroputmsl noctpoenust CIH® u CKHO.
3. Kakwue u3 cneayrommx GyHKIHI 3a1IMcaHbl B HOpMaJIbHOH hopMe, a Kakue HeT?

1. xvy—>z 2. (X-yvX)-(zvX); 3. (XvzvX)-X-y-(zvX);
4.x-yv>_<-y-(XVy); 5.x-y-z->_<-XVz-yvx; 6. (X\/yvyvz)-E-(Z\/x);
7. X-yvX-zvy-z-xvz, 8 (Xvyvz)(yvxyvz), 9.XyzvXyv Xyz

10. xyzvxyzvxyE; 11. (yzv xy v z)(x v yv?z); 12. Ev;(yv xyE;

13. xyvzvxyvzvxy, 14 (xvyvzvt)(xvyt, 15 xvyvzv(Xvyz);
16. Xyzv xyzv yz(xv z); 17. XvyvzvXyv yz 18. xyz v (X v y)(y v 2);
19. (xvyvZ)(Xvyvz)(xvy); 20. xyzv xyvztv xyzt; 21. (Xvyvz)-X-(zvX).
5. [Ipusectu caenyromue Gpopmynst k JIHO n KH® u no BO3MOXKHOCTH YIPOCTHUTD.

1. xvyz; 2. XV, 3. X Vyz;

4. x>y o7 5. Xy <> Xy; 6. X > (y > 2);

7.@v(x—>y); 8.xyvy2vE; 9.XVﬁvx_yz;

10. Xvyvz-Xxvx-y; 11 (x-yvz)-(yvx-2); 12. (xyzvX)-(XvyvzZvXz)Vy;
13. X-y-X-yvxyzvz), 14 x-y—>zvy; 15. 2> y v X-2);

16. (x®@y) > (z@®x); 17. (xyy)®z-X 18. (xv z) > (y ¥ 2);

19. (X|Y) > X-yvz 20 Xvy <> XDZ: 21, X-yvXyz vz

6. IlpuBectn ¢QyHkuun k coBepuieHHBIM ¢(opmam (CJH® u CKH®) nyrem
SKBHUBAJIEHTHBIX MpeoOpa3zoBaHUil.

1. Xy Vv XyzZVz; 2. (Xv2)-(xvYy); 3. XV yVIX;

4. (xvyvz)-y-(yvz), 5 X-y-z 6. yvXx-(yzv2);
7. (xyvz)-i-(xivy); 8. x2vy—>>_<z; 9. (9vz)®x-y-§;
10. XY Y)vyzax, 1L X<>X-YAZ 12. xAy 4z

13. XV y; 14. xy(x = Y); 15. (X = Y) > XV Y;
16. x —> yz; 17. (x> y) > X 18. xy > (y > X);
19. xvy — (X = 2); 20. Xy —> zt; 21. (yvz)®X-y.

7. Hoctpouts CIH® u CKH® nns ¢yHKuMi 3aJaHHBIX BEKTOPOM 3HAueHUM OyleBOii

GyHKIHIH.
1. (0011); 2. (0101); 3. (1110); 4. (1000); 5. (0011 1010);

6. (1100 0101); 7. (1000 1111); 8. (1110 1100); 9. (1000 0011); 10. (1100 0000);
11.(1101 0000 0011 0110); 12.(0000 1111 0101 1100);
13.(1001 0000 0011 0100); 14. (0101 0110 0010 0111);
15. (0001 1100 0011 1110); 16. (1101 1111 0011 0001);
17. (1111 0000 1111 0110); 18. (0101 0110 0101 0110);
19. (1000 0110 1011 1111); 20. (1010 1111 0111 0000).

27



8. I[OKasaTb PaBHOCHIILHOCTH MyTeM MPUBE/ICHHS K CAH® unu CKH®:

N o a ~ wbd e

XVYy=

Xy = XV Y;
X(XVvy)=X;
XV XXY = XV Y;

XY,

x—>yzx§/;
(Xvy)xvy)=x
XY=y oX

8. X>y=y-oX 15. (x> y)>y=xvy;

9. Xy v XY = X; 16. x> (y>2)=XxAy—>1Z

10. xv xy =x; 17. x> z)(y > z2) =(xVvy) > z;
11. XV Xy = XV Y; 18. x(yv z) = (XA Y) Vv (XA 2);
12. X(XV y) = Xy; 19. x> y= (x—>y)/\(y—>z)

13. (XV Y)A(XVY) = X; 20. X > y=y X
14. Xxv (XA Y) =XV Y.

9. C nmomomp0 3KBUBAJICHTHBIX TpeoOpa3zoBanuii puBeaute Gopmyny k JJTHD, KHD,
CJH®, CKHO.

N o bk~ w0 DN PE

x|y;

X®y;
X<,
x4 y;
X—=>Y,
X — Yz,

Xyz;

8.z x e (X]Y); 15. X+ y > xvy o x|y;
9. (x|y)y—>2)®Yy; 16. (xvy) > (z®Xx);
10. (X\/?/)—)(Z(-D)_(); 17. (z > x) < (Y| x);
1L (x]y) @ (z = X); 18. (x4 y) > 2) @y,
12. (z > X) @ (x] y); 19. Xy y > x| y®X;
13. (XV y) > (2@ X); 20. (Xv'y) = (z < X).

14, ((m/) Dz) > yX;

10. [TpoBepbTe 1BYMst criocobamu, OyyT JI SKBUBAICHTHBI CIEAYIOMNE (QYHKIINH.
1) cocraBnenuem Tabmui uctunuocty; 2)npuBenaenrnem kK CJJH® wim CKHO ¢
MTOMOMUIbIO HKBUBAJICHTHBIX MPE0Opa30BaHUA.

1.

© o N OO WD

XVY, XY, 11. XA (Y © 2),(XAY) <> (XA 2);
X— Y, X, 12. xv (y|2),(xv y) [ (xVv 2);

XV Y, X®Y; 13. XD (y > 2),(x > y) & (x4 2);
xyvz,x(yv2); 14. x> (yD2),(x>Yy)®D(X—>2);
(X—>y)z,x—>yz; 15. x| (y = 2),(x] y) = (x] 2);

Xy <> X, (X <> Vy)z; 16. XA (Y > 2),(XAY) > (XA 2Z);
(XV Y),XAY; 17. xv(y > 2),(xvy) > (Xv 2);
X—= Y, XVY,; 18. x® (y — 2),(xy) <> (XD 2);
CXv(y > 2),(xvy) > (xvz); 19 xd (y o 2),(x{dy) o (xi2);

10. XxA(Y > 2),(xAY) > (XA2); 20. xA(YDZ),(XAY)D(XA2Z).

Pekomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumnosa, J. P. Jlekuuu mo quckpeTHoi MmaTemaTuke. MaTeMaTnyeckast JIOTHKa: yaeOHoe
nocob6ue / J. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBacThsiHOB. — Mocksa : Poccuiickuit
YHHUBEPCHTET JIPpYKObI Hapo10B, 2014. — 120 ¢. — Pexxum mocryma:
http://www.iprbookshop.ru/22190.html

JdomosHuTeIbHAS JIUTEpATYypa:
Xarrapty, P. JluckpeTHas MmaremaTuka Juis IporpaMMHUCTOB : yuyeOHoe ocodue / P. Xarraptu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Nel0. AnropuTMbl NOCTPOEHUsI MOJTUHOMOB Kerajakuna.
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Leny 3anamun. 3aKkpenuTh HABBIKM IOCTPOCHUS MHorouwieHa JKerajgkuHa MeTOJaMU
PaBHOCWJIBHBIX ITPeoOpa30BaHU U HEOMPEAEICHHBIX KO3 PHUIIUESHTOB.
3HaHuA u ymeHus, npuodpemaemvie CHIYOEHMOM 6 pe3)ibmame 0C6OCHUsA HeMbl,
dopmupyemoie Komnemenyuu. 3HaeT aNrOpPUTMBI MOCTPOCHHUSI MHOTOWICHA JKerankuHa u
yMEeT UX MPUMEHSTh.
Teopemuueckan uacme.
MHoxxecTBO OyJeBbIX (YHKIMH, 3amaHHBIX B 0Oasuce JKeramkmHa S :{G-),/\,l}

Ha3bIBaeTcs anredpoit JXKerankuna.
OCHOBHBIE CBOWCTBA

1. kommyratuBaocts H, ®H, =H, ®H,, H  AH, =H, AH_;
2. accoumarunocth H, @ (H, ®H,)=(H, ®H,)®H,, H, A(H, AH;)=(H, AH,)AH;;
3. mucrpubyrusHocts H, A(H, ®H,)=(H, AH,)®(H, AH;);
4. cpoiicrBa kouctauT H Al=H, HA0=0, H®0=H;
5. H®H=0,HAH=H .

YrBepxkaenne. Uepez onepaiuu anreOpsl JKeraqkuHa MOXKHO BBIPA3UTh BCE JpPYyrue
OyseBbl QyHKLIUU:

X=1@ X, XVYy=Xx®y®xy, X~y=1®xdYy,

X—>y=1Ox®xy, XIy=1OxDy®xy, x|y=1®xy.

Onpenenenune. [Tonnnomom JKeranakuHa (IIOJIMHOMOM IO MOAYINIO 2) OT N NEPEMEHHBIX
X;s X, .00, X, HA3BIBACTCS BHIPOKCHUE BUJIA

P(X,, X;,00,X,) =Co D C X, DC, X, @...DC X, DCLX X, D...DCp, X X,...X

n

IZle IOCTOSIHHBIE C, MOTrYT IpUHMMATh 3HadeHus 0 wim 1.

Ecnin monunom JXerankuHa He COAEPKUT TPOU3BEACHUNA OTAENBHBIX IEPEMEHHBIX,
TO OH Ha3bIBAETCS JMHEUHBIM (JIUHEHHAs PYHKLUSA).

Teopema. Kaxnas OyneBa QyHKUMS MpeAcCTaBiseTCsl €IWHCTBEHHBIM 00pa3oM B
BUJE noinuHoMa JKeraiakuHa.

OcHOBHBIE METO/bI TOCTPOEHHUS MOJIMHOMOB JKerankuHa:

1. MeTtoa, ocHOBaHHBII Ha npeodpa3zoBanun Gopmy.. [Ipusonum popmyny k Buny,
cojepxamieMy cBs3ku u3  0Oasuca S={®,&,1}; packpeiBacM CKOOKH HCIOJb3Ysl 3aKOH
JUCTpUOYTUBHOCTH (CM. CBOIMCTBO 3); a 3aTeM NpUMEHsIeM CBOMCTBA 4 U 5.

2. Metoa HeonpeaeeHHbIX ko3¢ dunuenton. [lomnnom XKerankuna, peann3yroniui

sagannyro Gynkiuio f (X, X,,...,X,) HieM B Buae

P(X, Xy,..,X,) =Co DC,X, DCX, ©...DC X, DCLX X, D...DC, X, X,... X,

Haiinem xoadduumentsr C,. g 3TOro mMocieoBaTelbHO MPHUIATUM IMEPEMEHHBIM
X1y Xy,...,X, 3HAYCHUS U3 KOKAOH CTPOKM TAOIHIBI HICTUHHOCTH. B mTore momyunmM cuctemy u3

2" ypaBHeHwii ¢ 2" HEWU3BECTHBIMH, WMEIOIIYI0 CIMHCTBEHHOE pelleHue. Pemms  ee,
HaxoauM Kod(uimenTsl mosuaoma P(X, X,,...,X, ).
Ipumep: [Moctpouts nonmHoM JKeraikuna GyHKIUU

a) f(xy)=x—>y, 0) f(xy,2)=((x>y)>2) ey

Pemtenue: a) 1 CI10co0. 3amuineM ~ WCKOMBIM  HOJIWMHOM B BHUJIE
P(X,y)=c, ®c,x®c,ydc,Xy

[Tonp3ysick TaOMHIIEH UICTHHHOCTH

>
o
o
[EEN
[EEN
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[ x>y | 1 | 1 | 0 | 1 |
HOJTy4aeM, 4To
f(0,0)=P(0,0)=c, =1,
f(01)=P(01)=c,Dc, =1,
f(L0)=P(@0)=c,®Dc, =0,
fL)=P@Ql) =c,®c, &c,dc, =1.
Orkyna mocienoBatenbHO HaxomuM, Cp =1, ¢, =1, ¢, =0, ¢, =1. CuenoBarensHo,
P(X,y) =1® x® xy.
2 crioco0 (meron npeodpazoBanus Gopmyi.) Umeem
X y=Xvy=x-y=(x-(yOL)®L=1®xDX-y.
6) 1 cnoco®. [lycts nonuaom XKeranknHa UMeeT BHI:
P(X,¥,2) =C, @C,XDC,y D C,zDC,XY D CiaXZ D CppyZ @ Cppo XYZ.
P(0,0,0)=c, =1, (r.x. f(0,0,0)=1).
P(0,01) =c,®c, =0(rx. f(0,01)=0)=1Dc,=0=c,=1.
P(010)=c,®c,=0=1&c,=0=c¢, =1.
P@0,0)=c,®c, =1=1®c, =1=¢, =0.
P01l =c,®c,®c,®C,, =0=10101DC,; =0=1DcC,, =0=10C =1.
P10l =c,®c, ®C,DC,; =1=10001®cC, =1=0®c,; =1=c, =1.
P110)=c,®c, &c,®dc,=0=>10001®cCc,=0=c, =0.
PLLY) =c,®c,®c,DC,DC, DCa®Cyy ®Cpy =0=
=1000180180001010cC,, =0=1DcC,, =0=cC,, =1.
HWrak, noixyuaem noauHoM JKerankuna 3-i cTeTIeHH.
P(X,y,2)=1®y®z® Xy ® yz ® Xyz.
Hpumep: Iloctpouts mnommuom XKerankmna mis ¢yakouun = (1011)
HEOoIpeesIeHHbIX Ko pumeHToB. SBnserca nmu f nuHeHO#?
Pemenne. Mmem nonmaom XKerankuna P(X, Y) B Buze:
P(x,y) =c, ©c, ®c,y DC,xy.
Hcnone3ys Tabnuiy ucruanoctu st f, , umeem
P0,0)=c,=1=¢, =1
P01 =c,®c,=0=1®c,=0=c, =1.
PL0)=c,®c, =1=1®d¢c, =1=¢, =0.
P@ll) =c,®c, ®c,®c, =1=100®01Dc, =1=c, =1

Hrak, f =1@ y @ Xy — He nuHeiiHa.
KoHTpoJibHbIe BONPOCHI U 33/1aHHUSA

1. Yro Ha3eiBacTCsa MHOrowieHoM JKeraakuna?

2. Meron HeonpeaeneHHBIX K03 uineHTos.
3. IMoctpouts nmonuHoM JKeraakuHa, UCIOIb3Yys SKBUBAJICHTHBIE IPe0oOpa3oBaHusl.

1. xovy, 8. X—=>y)y—>2), 15. xy > Xvy <X,
2. XY, 9. (xy v xy) @z, 16. (X @ y) «> (zx),
3. xy 4z, 10. x4 vz, 17. ZAY)® (Y v X-2),
4. (xvy)z, 11. (x > y)(y = X), 18. (xv y) > z]|Y,

METOIOM
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5. xy|z, 12. Xv yvz, 19. (x oY) (x®x-2),

6. Xy(x®y), 13. x®y i z, 20. (xz > xyz) v (xy = 2).

7. Xyz v Xy, 14. XV yz v xyz,

4. Tlocrtpoiite momuHOM JKeraikuHa METOIOM HEONPEIEICHHBIX KO (UITUESHTOB.
1. (xoy) oz, 8. xyvyzvztviz, 15. (z > X)® (x] y),

2. x> (y > 2), 9. xyyoxvyeo x|y, 16 (xvy)— (z@X),

3. (x| y) ¥ z, 10. Xy y > x| y®x, 17. (xv y) > (z® x),

4. xy(x®Yy), 11. 2> x o (x]y), 18. (z > x) < (y| ),

5. XyZ v XyZ Vv XYz, 12. (x|y)—=>2)®Yy, 19. (xdy) > )@y,

6. (x> y)(y ¥ 2), 13. (xvy) > (z®X), 20. (xvy) > (z > X).
7. (x> y) v 2)| X, 14. (x| y)® (z - x),

5. TMoctpoiite noaunom XKerankuna, ecnu dyuxiun f(X,y,z) u f (X, X,,X;, X, ) 3ananusl

BCKTOPOM CBOHUX 3HAYECHUI;

1) (1010 0101);

2) (0011 1101);

3) (0011 1100);

4) (0101 0011);

5) (0010 0011);

6) (0101 1001);

7) (1111 0101);

8) (0111 1111);

9) (1101 1011);

10) (0010 0011);

11) (1111 1100 1011 1001);
12) (1101 0011 1101 0011);
13) (1100 1011 1111 1011);
14) (0101 0101 1110 0011);
15) (0000 1111 0101 1100);
16) (0011 1101 0011 1100);
17) (1111 1100 1011 1011);
18) (0101 1111 1101 0011);
19) (0000 1011 1011 1010);
20) (0001 1101 1010 1111).

Pekomendyeman numepamypa:

OcHoBHasi iuTEepaTypa:
3apumnoBa, J. P. Jleknuu mo quckpeTHoi MmaTemaTuke. MareMaTrnyeckast JIOTHKa: ydeOHoe
nocob6ue / J. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactesiHOB. — Mocksa : Poccuiickuit
YHHUBEPCHTET JIpYKObI Hapo10oB, 2014. — 120 ¢. — Pexxum nmocryma:
http://www.iprbookshop.ru/22190.html

JdomosHuTeIbHAS JIUTEpATYypa:
Xarraptu, P. JluckperHas MaTemMaTuka Il IPOrPaMMUCTOB : yueOHoe nocobue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 <c¢. — Pexmm jgocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas paGora Nell. Pa3memenusi, IepecTaHOBKH, COYeTaHHS B
KOMOUHATOpPUKE.
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Ileny 3anamua. VI3yduTb OCHOBHbIE KOMOMHATOpHBIE OOBEKTHI M 00JAaCTH UX
BO3MOKHOT'O IIPUMEHEHUS.

3Hanua u ymeHus, npuodpemaemvie CmMyOeHmMOM 6 pe3yibmame 0C60EHUS HeMbl,
dopmupyemvie Komnemenyuu. 3HaCT pa3MELCHUs], NEPECTAHOBKU, COUYETaHMUS U yMEeT MX
IPUMEHSITD [IPU PELICHUHU 33]1a4.

Teopemuueckan uacmo.

KomOunaTopuka - 3TO pasjen MaTreMaTWKH, B KOTOPOM H3y4arOTCs BOIPOCHI O TOM,
CKOJIBKO pa3IMYHbIX KOMOMHALMN, TOAYMHEHHBIX TEM UM UHBIM YCIOBHSIM, MOXHO COCTaBUTh
U3 3a/laHHBIX O00BEKTOB. OCHOBBI KOMOWMHATOPHUKHM OYEHb BaXKHBI JUISI OLIEHKU BEpPOSTHOCTEH
CllydaliHbIX COOBITHH, T.K. UMEHHO OHH IO3BOJISIOT IOJICYUTATh NMPUHLUIHAIBLHO BO3MOXKHOE
KOJIMYECTBO Pa3IMYHbIX BAPUAHTOB PA3BUTHUS COOBITU.

OcHoBHas (popmysia KOMOMHATOPUKH

[Tycte mmeercst k rpynm 371€MEHTOB, NMPHYEM i-S TPYIIa COCTOMT W3 Nj 3JIEMEHTOB.
BeiOepeM 1no onHOMY 537eMeHTY M3 Kaxaod rpymmbl. Torma oOmee umciao N crmoco6os,
KOTOPBIMU MOHO IMPOU3BECTH TAKOUW BHIOOP, OIIPEIeIsieTCss COOTHOIIEHnEM N=n1*N2*N3*...*n.

IIpumep. Ilosicaum 310 mpaBmiio Ha npoctoM npumepe. IlycTe nmeercs nBe rpymmbl
AJIEMEHTOB, NPUYEM IE€pBasi TPyIIa COCTOMT M3 N1 IJIEMEHTOB, a BTOpasl - U3 N2 3JIEMEHTOB.
CKOJIBKO pa3IMYHbIX Iap 3JIEMEHTOB MOKHO COCTABUTh M3 3THX ABYX IPYII, TaKUM 00pa3oM,
4yTOOBI B Tape ObUIO MO OJJHOMY 3JIEMEHTY OT KaXKJ10M Tpymibl?

JlonmycTHM, MBI B3SUIM IIEPBBIA 3JIEMEHT U3 MEPBOI IPYMIIbl U, HE MEHSS €ro, nepedpaiu
BCE BO3MOXKHBIE€ Iapbl, MEHSISI TOJBKO 3JEMEHTHI W3 BTOPOH Ipymmbl. Takux map Ajs 3TOro
3JIEMEHTa MOXHO COCTAaBMTb N2. 3aT€M MbI OepeM BTOPOIl JIEMEHT U3 MEePBON TPYIIBI U TaKXKe
COCTaBJISIEM /ISl HETO BCE BO3MOXKHBIC Mapbl. Takux map Toke Oyzmer nz. Tak kKak B mepBoi
IpyIIe BCEro N1 3JIEMEHT, BCEr0 BO3MOXKHBIX BapUaHTOB OyzeT n1*Ny.

[Ipumep. CKOJIBKO TPEX3HAYHBIX YETHBIX YUCENI MOXHO cocTaBuTh U3 1udp 0, 1, 2, 3, 4,
5, 6, ecau LU PHI MOTYT MTOBTOPATHCS?

Pemenue: N1=6 (T.K. B KauecTBe NMepBOil HU(PBI MOKHO B3SITh JIH00YI0 1IUdpy u3 1, 2, 3,
4,5, 6), n2=7 (T.K. B KauecTBe BTOPOii H(PbI MOKHO B34Th Jt00OYI0 1upy u3 0, 1, 2, 3,4, 5, 6),
N3=4 (T.K. B KaueCTBE TPeThel MUdPHI MOKHO B3STh JIt0OYI0 udpy u3 0, 2, 4, 6).

Hrak, N=n1*n2*n3=6*7*4=168.

B tom cnydae, xorma Bce TpyMIbl COCTOST M3 OJMHAKOBOTO YHCJIAa 3JEMEHTOB, T.C.
N1=N2=...Nk=n MO>XHO CUMUTATh, YTO KaX/bIil BEIOOP MPOU3BOAUTCS U3 OJHOW M TOMU K€ IPYIIIbI,
IIpUYEM 3JIEMEHT I0cie BbIOOpa CHOBA BO3BpallaeTcst B rpymnmy. Torna 4ucio Bcex croco0oB
BEIGOpa paBHO NX. TaKoii cI0CO6 BEIGOPA HOCHT HAa3BaHHE BHIOOPKH C BO3BPAIIICHUEM.

[Ipumep. CKOTBKO BCEX YETHIPEX3HAYHBIX YUCE MOXKHO COCTaBUTh U3 1udp 1, 5, 6, 7, 8?

Pemenue. /Inst kaxaoro paspsiia 4eTbIPEX3HAUHOTO YHCIAa UMEETCA MATh BO3MOKHOCTEH,
3HauuT N=5*5*5%5=54=625.

PaccMOTpUM MHOKECTBO, COCTOSAIINE M3 N JIEMEHTOB. DTO MHOKECTBO OyJleM Ha3bIBaTh
TE€HEPAIIBHON COBOKYITHOCTBIO.

Pa3zmMerniennemM U3 n 3J€MEHTOB 10 M Ha3bIBaeTCs JI000M ymopsiioueHHbI HabOp U3 m
Pa3IMYHBIX JIEMEHTOB, BHIOPAHHBIX U3 T€HEPAIbHON COBOKYITHOCTH B N AJIEMEHTOB.

IIpumep. PaznuuHbIMU pa3memieHUsIMH U3 Tpex anemeHtoB {1, 2, 3} mo aBa OyayT
Habops! (1, 2), (2, 1), (1, 3), (3, 1), (2, 3),(3, 2). Pa3memienuss MOryT oTJIM4aThCs APYT OT JApyra
KaK 2JIEMEHTaMH, TaK U UX TOPSIKOM.

o m
Yuciao pasMCIICHUHN 0003HayaeTcs An M BBIYUCIIACTCA 110 (I)OpMYJ'IeZ

A® =n(n-Dn-2)..(n-m+1) o
(n—tm)l

IIpumep. CKONBKO CYIIECTBYET ABY3HAUHBIX YHCEI, B KOTOPBIX M (pa IECATKOB U Iudpa
€IMHUL] pa3IN4YHbIC U HEYeTHbIE?
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Pemenwue: T.k. He4eTHBIX nUp MATh, a UMeHHO 1, 3, 5, 7, 9, To 9Ta 3aga4a CBOIUTCS K
BBIOOPY M DPa3MEIIEHUWIO Ha JBE pa3HbIe IO3MIMH ABYX W3 IATH Pa3IW4YHBIX LU, T.C.
yKa3aHHBIX YHcel Oy/eT:

AZ=54=20
CoueTtanueM M3 n AJIEMEHTOB 10 M HA3bIBAETCS JIOOON HEYNOPSI0YEHHBIH HA0Op U3 M
Pa3IMYHBIX AJIEMEHTOB, BEIOPAHHBIX U3 T€HEPATbHONW COBOKYITHOCTH B Nl SJIEMEHTOB.

[pumep. Jlns muoxkectBa {1, 2, 3} coueranusimu sBisitores {1, 2}, {1, 3}, {2, 3}.
) m
Yucno coueranuii obosnaqaercs (' M BbHMCISETCS 10 HopMyIie:

o fl

® "l —m)l

IIpumep. CKOIBKUMH cIIOCOOAMHU UYUTAaTEdb MOXKET BbIOpAaTh ABE KHWKKHM W3 LIECTH
umeromxcs’?

Pemenue: Yucno cnocoOOB paBHO YMCIY COYETAaHMH M3 IIECTH KHUXKEK IO JBE, T.€.
paBHoO:

@=51=3E=w
2140 21

IlepecTaHOBKOM M3 n 3JIEMEHTOB Ha3bIBAaeTCS JHOOOH YHNOPSAAOYEHHBIH HAOOp 3THX
DIIEMEHTOB.

IIpumep. BceBO3MOXHBIMM —IE€PECTAHOBKAMU MHOXKECTBA, COCTOSIILIEIO M3  Tpex
anemenToB {1, 2, 3} semsrotes: (1, 2, 3),(1,3,2),(2,3,1),(2,1,3),(3,2,1),(3, 1, 2).

Yucno pa3nyHbIX MEPECTAaHOBOK U3 N 3JIEMEHTOB 00O3Hayaercss Pn M BblUMCIAETCS 1O
dopmyne Pr=n!.

IIpumep. CxoapKUMHU crioco0aMH CeMb KHHUI' pa3HbIX aBTOPOB MOYKHO pPAacCTaBUTh Ha
MOJIKE B OJIMH psAa?

Pemenue: »Ta 3ajaya o 4uclIe IEPECTAaHOBOK CeMH pa3HbIX KHHUT. Hmeercs
P7=T71=1*2%3*4*5%6*7=5040 cnoco00B OCYIIECTBUTh PACCTAHOBKY KHHUT.

KoHTpobHbIEe BONPOCHI U 321aHUA

1. Pacnincanune oHOTO IHSA COAEPKUT 5 ypokoB. OmpenenuTh KOJUYECTBO TaKHX
pacrniicanuii mpu Beioope u3 11 nucuuruivg.

2. Komuccust coctoutr u3 mpeacenarenis, €ro 3aMECTUTENS U €IIe IMSATH YeJIOBEK.
CKOJIBKUMHU CTIOCOOAMH YJI€HBI KOMHCCHH MOTYT PaclpeaesiuTh MEXy cOO0M 00s13aHHOCTH?

3. CkonpKMUMH CIOCO0aMH MOXHO BBIOpaTh TpeX MAEKYpPHBIX U3 rpynmnsl B 20
YeJIOBEK?

4. CKONBbKO PA3NUYHBIX 3BYKOCOUYETAHHH MOXHO B35Th Ha JECATH BBIOPAHHBIX
KJIABHIIIAX POSIIS, ECITH KaXT0€ 3ByKOCOUETAHNUE MOXKET COJEPKATh OT TPEX J0 JIECATH 3BYKOB?

5. B Baze ctosar 10 kpacHbIX U 5 po30BbIX I'BO3AUK. CKOITBKHUMH CIIOCOOAMU MOKHO
BBIOPATh U3 Ba3bl MATH TBO3/IUK OJTHOTO IBETa?

6. Homepa TpaMBaifHBIX MapIIpyTOB HWHOT/AA O0O3HAYAIOTCS JABYMSI I[BETHBIMH

donapsimu. Kakoe KOIM4ecTBO pa3IMyHbIX MapIIpyTOB MOXKHO 0003HAYUTh, €CIIA MCTIOIB30BaTh
¢dboHapU BOCHMH 1IBETOB?

7. YemnmoHat, B KOTOPOM Y4acTBYIOT 16 KomaH, MMPOBOAUTCS B ABa Kpyra (T. €.
KaK7as KOMaHJa ABaXIbl BCTpedaeTcs ¢ 000l apyroif). Ompenenutb, Kakoe KOIHMYECTBO
BCTPEY CIEAYET MPOBECTH.

8. 3aMOK OTKpBIBAaeTCS TOJBKO B TOM Cllydae, €CIM HaOpaH oOIpeaeleHHbIN
Tpex3HayHbI HOMep. [IombITKa COCTOUT B TOM, YTO HaOWUPArOT Hayraa Tpu MUGPHI U3 3aJaHHBIX
natyd uudp. YragaTh HOMEp YAaloch TOJIBKO Ha TMOCIETHEH W3 BCEX BO3MOXKHBIX IMOMBITOK.
CKOJBKO MOMBITOK MPEIIECTBOBAIO YIaYHON?
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9. N3 rpynmel B 15 denoBek BHIOMPAIOT YETHIPEX YYACTHUKOB 3cTadeThl
800+400+200+100. CxonbKuMH CIOCOOAMH MOYKHO pPAacCTaBUTh CIOPTCMEHOB IO 3Taram
sctadersr?

10. Komanjga u3 MOATH 4YeNOBEK BBICTYNAET Ha COPEBHOBAHUSAX M0 IJIaBaHUIO, B
KOTOpBIX y4acTBYIOT eme 20 crnoprcMeHoB. CKOJBKMMHU CIIOCOOaMH MOTYT PacIpenesIuThCs
MECTa, 3aHAThIEC WIEHAMH 3TOM KOMaH]Ibl?

11. CKONBKHMH CIIOCOOAMH MOXKHO PACIONOXHUTh HA IIaXMATHOW JOCKE JIBE JaJlbu
Tak, 4ToObl OJlHA He Moryia B3sTh Jpyryto? (OmHa jaabs MOXKET B3STh JAPYTyl0, €ClId OHa
HAXOJIUTCA C HEW Ha OJIHOM TOPU3OHTAJM WM HAa OJTHOW BEPTUKAIIM IAXMATHOM JIOCKH. )

12,  JIBe najapu pa3auMyHOrO LBETa PACIOJIOKEHbl Ha IIaXMAaTHOM JOCKE Tak, 4YTO
Ka)/1ast MOXKET B3STh APYryt0. CKOIBKO CYIIECTBYET TAKUX PACIOJIOKCHUN?

13.  Ilopsinox BBICTYIUICHHMSI BOCBMU YYaCTHMKOB KOHKYpCa ONpeAessercs KpeOuem.
CKOJIBKO Pa3IUYHBIX HCXOJI0B KepeObEeBKH MTPU ITOM BO3ZMOXKHO*

14.  Tpuauate 4enoBeK pa30OMThl Ha TPHU TPYMNbI IO JECATh YEIOBEK B KaXJOi.
CKOJIbKO MOXET OBbITh pa3IMYHbIX COCTABOB IpyM?

15.  CkonbKO 4eThIpeX3HAYHbIX YHMCEN, JENAIIMXCS Ha 5, MOXKHO COCTaBUTh U3 LUGD
0,1, 3,5, 7, ecii KakJ10€ YUCIIO HE TOJHKHO COICPkKATh OJTMHAKOBBIX U(p?

16.  CkoOnbKO pa3IUYHBIX CBETAILIMXCS KOJEll MOYKHO CJelaTh, PAacHoJ0XHUB I10

OKpy)HOCTH 10 pa3HOIBETHBIX JJaMIIOUYeK (KOJIbLIA CUUTAIOTCS OJUHAKOBBIMU IIPHU OJIMHAKOBOM
HOpSI/IKE CIIEJOBAHUS 1IBETOB)?

17.  Ha xuwxkHo# monke nomemaercs 30 TomoB. CKOTBKAMH CHOCO0AMH MX MOKHO
paccTaBUTb, YTOOBI IIPU ITOM MEPBBINA U BTOPOIl TOMa HE CTOSIIH PsAOM?

18.  UYerplpe cTpenka MOJKHBI TOPAa3sUTh BOCEMb MHIICHEH (KaXIbld IO JBE).
CKOIBbKMMH c1I0OCO0aMHU OHM MOTYT pacHpeeIuTh MUILIEHU MEXIY cO00i?

19. U3 rpynmel B 12 4YenmoBeK €XeIHEBHO B TeueHHE 6 IHEW BBIOMpPAIOT JBYX
JNEXKYpHBIX. ONpenenuTs KOJIMYECTBO PA3NIMUYHBIX CIIMCKOB AEKYPHBIX, €CIM KaKJIbl 4eJIOBEK
JIEXYPUT OJIUH pas.

20. CKONBbKO 4YeTHIPEX3HAYHBIX 4YHCelN, cocTaBleHHbIX w3 mudp 0, 1, 2, 3, 4, 5,
coaepxat udpy 3 (uudpsl B yUCIax HE TOBTOPSIFOTCS)?
21. JecsaTp rpynn 3aHUMAalOTCS B JECATH PACHOJIOKEHHBIX MOAPANl ayAUTOPHSX.

CKOJIBKO CYIIECTBYET BapUaHTOB paclucaHusi, Ipu KoTopbix rpynnsl Nel u Ne2 Haxoaunuch Obl
B COCEJJHUX ayJUTOPHUAX?

22. B TypHmpe ywacTBYIOT 16 maxmaructoB. OnpeaenuTh KOJIMYECTBO Pa3THIHBIX
pacriucaHuii mepBoro Typa (paclucaHMs CUUTAIOTCS PA3IUYHBIMU, €CJIH  OTJIMYAIoTCA
Y4aCTHUKAMHU XOTsl Obl OJHOM MapTUH; UBET (GUTYP U HOMEP JOCKH HE YUUTHIBAIOTCS).

23.  IecTpb AIMKOB pa3IMYHBIX MAaTEPUAIOB JOCTABISAIOTCS HA MATh ATAXEH CTPOHKH.
CKonbKMMH CcIIOCOOaMM MOKHO pacHpelesIuTh MaTepuaibl Mo 3TaxkaM? B CKOJIBKMX BapHaHTax
Ha MATHIA 3TaX JI0OCTABJIEH KaKOH-TH00 OMH MaTepHran?

24,  JlBa moutamboHa IODKHBI pasHectd 10 mmcem mo 10 ampecam. CKOIBKAMH
crioco0amMH OHM MOTYT paclpeaeanTb padory?

Pexomenoyemasn numepamypa:

OcHoBHas1 JiuTEeparypa:
3apunoBa, 3. P. Jlekuuum mo IuCKpeTHOW MaTeMmaTuke. MaremaTuyeckasl JIOTHKA: ydeOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokotunkoga, JI. A. CeBacthsiHOB. — MockBa : Poccuiickuii
YHHUBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryna:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. Jluckpernas maremMatuka Juisi IpOrpaMMHUCTOB : ydeOHoe mocoOue / P. Xarraptu.
—  MockBa :  Texnocdepa, 2012. — 400 <c¢. — Pexum gocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTnuyeckas padora Nel2. IloacranoBku. buHOoOMMaibHBIEe K03 (HIHEHTHI.
Pa3ouenus.

Ilenv 3amamus. PaccMOTpeTh BO3MOKHOCTH INpuUMEHeHHss OuHoMa HplooToHa K
YIPOILEHUIO BHIYUCIUTENbHBIX JEHCTBHIA.

3nanusa u ymenus, npuoopemaemovie CMYOeHmMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaTh U YMETb MPUMEHATH AITOPUTM HCIOJIB30BaHUS
6unoma HploTOHA M 1TepecTaHOBOK JIJIsl pEIICHUS MPAKTHYECKUX 3ajad.

Teopemuueckas uacme.

[TogcranoBko# (n-oif CTENmEHW) M3 N BJIEMEHTOB HA3bIBAETCS B3aUMHO OJIHO3HAYHOE
O0TOOpakeHHEe MHOKECTBa M3 N CUMBOJOB Ha ce0si. OOBIYHO 3JIEMEHTHI ITOrO0 MHOXKECTBa
HYMEPYIOTCSI U OTOKIECTBIISIOTCS C N YUCIAMU HATYPAIbHOTO Psiia YHCEIL.

[Ipumep. BmecTo moacTaHOBKH - OTOOpaKeHHsI SJIEMEHTOB MHOKecTBa X={a, b, ¢, g}, -
roBOPAT 00 0TOOpakeHnu MHOXKecTBa {1, 2, 3, 4} 1 0003HAYAIOT ATy MMOJACTAHOBKY KaK

1 2 3 4
2 4 1 3

YMHOKEHUE MOJCTAHOBOK - OIlEpaLMsi, KOTOpPasi CTaBUT B COOTBETCTBUE YIIOPSIAOUYCHHOU
nape moJICTaHOBOK N-oii creneHu A u B tpersio nojcrtanoBky C TOH e CTEICHH 10 MPaBUITY:

1 2 3 ...
A= 2 ",
i1 12 1z ... 1
B — 1'.1 ?:.2 1'.3 i.n ,
Ji 3z Jz .o In
1 2 3 ...
c=(. 2 "
v Iz Jz -+ In

PaccMoTpuM u3BeCTHBIE (DOPMYIIBI:
fa+h) !t = a+h ,
(a+h1® = a®+2akh+h®,
ta+h)® = a®+3a’b+3abt+R®.
AHaJOTMYHO MOJKHO BLIYHCIIATH OCTAJILHBIE CTCIICHU, HO MBI BMCCTO MNPOJOIKCHHA
TaKOM MOCIEI0BATEILHOCTH (GOPMYIT cHOPMYITHPYEM OOIIYIO TEOPEMY O HHX.
Teopema. CripaBemyinBa ¢popmyna (bunoma HeroToHa):
(a4+b)"=a™ + %a”_lb + ﬂ%_l-’—a”_zbz + ...
ot nlfn—ljlfn—ilj__'_(n—k-l—lj f:r,”_'i"-b'i" TS
Kl=1.2.3.....(k=1)k, Kk!'=(k—-1)k, 0'=1.

m
Ucnonp3ys uucna (' MoxkHO 3anucath 6uHoM HproToHa:

(a+b)"=C%" + Clam=th+ ... 4 CFan=FpF 4 .+ CPb™.
Koaddumment nazpiBaercst OMHOMUATBEHBIM KO OUITHECHTOM.
Teopema. CripaBeyiuBbI (hOpMYJIBI 151 OMHOMHUANTBHBIX K03(PULIneHTOB:

1, 2™ = C‘E + Ci 4+ ...+ E__f: - CEOHCTED CYMMBl BHMHOMManNeHbY KoadhdUHeEHTOE;
T . AT o '
2. Crt=CT - CEOMCTED CHMMMETOMM,

1 ..
3. O 4 C‘E“"’l = _‘21_:_1 - CEOMCTED CRAOMXEHWE.

KOHTpOJIbHI)Ie BOIIPOCHI U 3a/IaHUA

1. Pa3noxuTh, BEIYMCIMB OHHOMHUANBHEIE KodhduumenTs: (a + b)’; (a + b)*°.
12

1 y
2. B pasnoxenuu | a+= | Haiitu ko umuent npu as.
a
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10
1
3. B paznoxenun (Za —3—) HaiiTH ko3 dunent npu a.
a
4. IToctpoiite Tpeyronpuuk [lackans mpu N=12.
5. Beruucaure uncia @epma u Mepcenna npu n=4.
6. Pemiuth ypaBHEHHE ( X—2 )6 + ( x—4 )6 =64.

o / 6
7. Haiiti HOMep 4iieHa pa3ioKeHus OMHOMa (3 X+— ) , HE COZIEPIKAIIIETO X.
X

1
8.Haiiti nsthlit uneH pasnoxenus 6uroma ( \/a + f )n :
a

9.Haiitn cymmy OMHOMHAIBHBIX KO3((HUIMEHTOB YJICHOB, CTOALIMX HAa HEYETHBIX MECTax B
n o
pa3noKeHuu OMHOMaA (X-l- y) , €cIM OMHOMHAIBbHBIM KO(G(HUUNUEHT TpeThero uwieHa Ha 9

OoJibIIe OMHOMHAIBHOTO KO3(ppHUIIMEeHTa BTOPOTO YJICHa.
3/
10.Haiitn cexpMoOii wieH pas3loXKeHUs OuHOMa (a va+ —) , ecau OMHOMHUAJIBHBIN
K03 PHIMEHT TpeThero wieHa paBeH 36.
36

11.CkoipKko 4ICHOB pa3JIoKeHUs: OnHOMA (‘r\’/g + %/7 ) ABJISAFOTCS LIEBIMU YUCIIaMH?

0 1 22 3,3 4 ~4 5,5
12.BpIYUCIUTE CYMMY C5 + 2C5 +2 C5 +2 C5 + 2 C5 +2 C5 .
13.Haiitu  anreOpamueckyro cymMmMy KO3(GQHUIMEHTOB MHOTOWICHa OTHOCHUTEIBHO X,

17
IIOJTy4aeMOT0 B Pa3JIoKeHHMH OMHOMA ( 3x—4 ) .

\"
14.Cymma HeueTHBIX OMHOMHUAIBHBIX KO (UIMEHTOB Pa3JIoKEHUS (&X + X A ) paBHa 512.

Haittu cnaraemoe, He cogepIkaiiee x.

16
15.Ipn KakMX 3HAYEHHUAX X YETBEPTOE CJIAraeMoe Ppas3JIOKEHHs (5+ 2X) Oonpie JBYX

COCEIHUX C HUM CiIaraeMbIx?

[yx-1 3/—xX
16. HpI/I KaKOM 3HAQUCHHHU X YCTBEPTOC Ci1aracMoe€ pa3j0KCHUA ( 2 + 2 B ABAJIATh

pa3 Oousbiie M, eciu OMHOMHUANBHBIA KOI(D(PHUIIMEHT YETBEPTOrO CIAaraéMoro OTHOCUTCA K
OuHOMHATBLHOMY KO3 (DHUITMEHTY BTOPOTO cllaraeMoro kKak 5 : 1?7

17. B xakyo HauOOJBIIYIO CTENEHb CIEIyeT BO3BECTH OMHOM T + 3 | 4T06HI OTHOMmEHNE
YETBEPTOTO CIATAEMOr0 PA3IIOKEHHS K TPETheMy ObIIO paBHO 3 2 ?

Pexomenoyemasn numepamypa:

OcHoBHas1 JiuTEparypa:
3apunoBa, 3. P. Jlekuuum mo IuCKpeTHOW MaTeMmaTuke. MaremaTuyeckas JIOTHKA: ydeOHOe
nocobue / J. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBacthsiHOB. — MockBa : Poccuiickuii
YHHUBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jocryna:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. JluckpeTrHas MareMartuka i MPOTPaMMHUCTOB : yuyeOHoe mocooue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 <c¢. — Pexum gocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTuyeckasi padora Nel3. OcHoBHbIe XxapakTepucTuku rpadoB. MaTpuibl
CMEKHOCTH U MHIMAeHTHOCTH. Onepanuu Haja rpadgamu.

Ilens 3anamus. I3ydanTh BO3MOXKHBIE CIIOCOOBI 3aaHusI TpadoB, aIrOPUTM BITOTHEHHUS
orepanuii Haj rpadamu.

3uanusa u ymenus, npuoopemaemovie CMyOeHmMOM 8 pe3ylbmame 0C60CHUs MeMbl,
dopmupyemovie Komnemenyuu. 3HATH W YMETb pEATU30BBIBATH HA MPAKTHKE OCHOBHBIC
crocoObl pecTaBiIeHus rpadoB U onepanuu Haj rpadamu.

Teopemuueckas uacme.

I'padom G(V, E) Ha3pIBa€TCSI COBOKYITHOCTD ABYX MHOKECTB — HEIIYCTOr0 MHOXeCTBa V
(MHOXXECTBa BEpIIMH) M MHOXECTBa E HEYNOpSAJOYEHHBIX Nap pPa3IWYHbIX 3IIEMEHTOB
MHOxecTBa V (E — MHOXKECTBO pebep uiu ayr).

G(V,E)=(V;E), V&, EcVxV, E=E™.

[Tpu sToMm nyra (a,b) Ha3bpIBaeTCs MCXOIAIICH U3 BEPIIMHBI @ U 3aXO/ISIICH B BepIIuHy b.

DneMeHThl MHOKeCTBa V Ha3bIBAIOTCS BepIIMHAMU (WM y3JaMH, WM TOYKaMmH) rpada
G, a anemeHTsI U3 E — ero pedpamu (Wiiu THHUASMHE).

€1

JIyry, BBIXOASIIYIO M3 HEKOTOPOW BEPIIMHBI U 3aXOJSAUIYI0 B Ty K€ BEPIIMHY, Oyaem
Ha3bIBaTh nem.el, a Ayrd, BEIXOASIIUE U3 OJHOW U TOM K€ BEPIIMHBI U 3aXO0JAIIUE B OAHY U Ty
K€ BEpIINHY, Oy/leM Ha3bIBaTh Kpamubimu. Tak, IyTH €s U € ABISIOTCS KPATHBIMH, a JIyra €1 —
netieil. BepuinHy, U3 KOTOpOW HE BBIXOJUT M B KOTOPYIO HE 3aXOJUT HU OJHA ayra, Oyaem
Ha3bIBaTh uz0aupogantou. Hampumep, i — U30IUpOBaHHAs BEPIIMHA.

Bepmmna v uHniuieHTHA pedpy €, eciu VEe; Tora elie ToBOpsT, YTO € eCTh pedpo mpu
V. /IBe BepIIMHBI, UHUUACHTHbIE peOpy, CyThb €ro KOHIIEBbIE BEPIIMHBI WM KOHIIBI; pedpo
COEJIMHSET CBOU KOHLIEBBIE BEPIIMHBI.

Mapuipytom B rpade Ha3bIBaeTcs MOCIEN0BATEILHOCTD BEPIIMH U pedep Vo, €1, Vi, €2, V2,

., €, Vk, B KOTOpPOI JIIOOBIE /IBa COCETHHX HJIEMEHTA COEJMHEHBI peOpoM. 3aMKHYyTas Lelb
(Vo=Vk) Ha3bIBaeTCs IIUKIJIOM.

I'pad Ha3bIBaeTCA CBA3HBIM, €CIIU JIIOOBIE IBE €r0 HECOBMA/IAIOIINE BEPLIMHBI COSIUHEHbI
MapLIpyTOM.

Jlns MHOTHX 3a7ad HECYIIeCTBEHHO, SBISIIOTCS JU pebpa OTpe3KamMH NPSMBIX WIIH
KPUBOJIMHEHHBIMH yraMy; BaKHO JIUIIb TO, KAKKWE BEPIIMHBI COEIMHAET Kaxa0e pedpo.

Ecnu pebpam rpada npuaHsl HalpaBIeHUs OT OJJHOM BEPIINHBI K IPYToOi, TO TaKoi rpad
HA3bIBACTCS opuenmuposanuvim. Pedpa OpHEHTUPOBAHHOTO Trpada Ha3bIBAIOTCS Oyeamu.
CoOTBeTCTBYIOIINE BEPIIMHBI OPUEHTUPOBAHHOIO rpada HA3bIBAIOT HaualoMm U KoHyom. Ecmu
HampaBlieHUs1 pedep He yKa3bIBAIOTCA, TO rpad Ha3bIBAETCS HeOpueHmuposanHulm (WIN MPOCTO
rpadom).

Ha pucynke u3o0paken HeopueHTHpOoBaHHbINA rpad G =( X, A).

X = {X1, X2, X3, Xa},

A = {a1= (X1, X2), a2=(X2, X3), a3=(X1, X3), &= (X3, X4)}.
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Ha cienyromem pucyHke uzodpakeH opueHtupoBanubiid rpad G = (X, A).
X ={X1, X2, X3, Xa},
A={ar =(X1,%2), a2 =(X1,X3),a3 =(X3,Xs), as = (X3, X2)}.

a s dz
X R

I'pad, nmeromuii Kak OpUEHTHPOBAHHBIC, TAK U HEOPUCHTHPOBAHHBIE peOpa, Ha3bIBACTCA
CMEUAHHBIM.

Paznuunbie peOpa MOTYT COeMHATH OJHY U Ty e mapy BepiinH. Takue peOpa Ha3bIBaIOT
kpamusvimu. I'pad, coaepxkaiiuii KpaTHble pedpa, Ha3bIBACTCS MY IbMUSPAPOM.

HeopuentupoBannoe pedpo rpada SKBHBAJICHTHO JIBYM MTPOTHBOIIOIOKHO HAIPABICHHBIM
JIyraM, COSJIMHSIONINM T€ K€ CaMbIC BEPIIHHBI.

Pebpo moxer coenuHATh BepUIMHY caMmy ¢ coboil. Takoe peGpo Has3bIBaeTcs nem.iel.
I'pad ¢ kpaTHBIMU peOpaMu U METIASAMHU HA3BIBACTCS 1Ce8002pagdh oM.

MHoxectBo pebep rpada MOKeT ObITh MyCTHIM. MHOXKECTBO BEpIIMH rpada HE MOXKET
ObITh ycThIM. Hanpumep, Hike n3zo0paxeH opueHTupoBanHbiid rpad G = (X, A).

X ={X1, X2, X3, Xa },

A=0.
X2 X3
O O
O O
X X4

Kak B ciyuae opHeHTHPOBAHHOTO, TaK U B CIy4ae HEOPUEHTHPOBAHHOTO pedpa TOBOPST,
YTO BEPIIUHBI X U Y UHYUOeHMHbl PEOPY 8, €CIIU 3TU BEPIIHNHBI COCTUHECHBI a.

Cmenenvio BepuvHBI rpada Ha3bIBACTCSA YHUCIO pedep, MHIUACHTHBIX 3TOW BEpINUHE.
Bepmmna, umeromas crenens (0, Ha3bIBACTCA U30AUPOBAHHOU, A CTENIEHb | — sucsyell.

Jl511 OpreHTUPOBAHHOTO Ipad)a MHOKECTBO BEPIIMH, B KOTOPBIE BEAYT JAYTH, HCXOISIINE
U3 BepiuHbI X, 0003HauatoT G(x), To ectb G(x) = {y: (X y) e G}. MuoxectBo G(X) Ha3bIBatOT
o6pazom BepnmHEl X. CootBercTBeHHO G()) — MHOMXECTBO BEpIIMH, U3 KOTOPHIX MCXOMIAT
nyru, Bexymue B BepmmHy y, G(y) = {x: ( X, ¥ ) eG}. Muoxecrso G(y) HasbBaroT
npoobpa3zom BEPIIUHBI Y.

CrnocoOslI 3aanus rpadoB
1. 'eomeTpuueckuit
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2. Marpuiia CMEXHOCTH - KBajpaTHas MaTpHIla, Pa3MEPHOCTH, PaBHON KOJIUYECTBY
BepiuH. [Ipu aToM a[ 1, j ]-11emoe 4Kciio, paBHOE KOIMYECTBY pEOEp, CBA3BIBAOIIMX 1-10, J-1O
BepmnHy. Ecnu B rpade HeT meTenb, TO IuaroHaibHbIE d1eMeHTHl paBHbI (0 . Eciu péOpa He
HOBTOpsitOTCS,, TO Bce AnmeMeHThl 0 wminm 1. Eciam rpad HEOpUEHTHPOBAHHBIH, TO MaTpHIIA
CUMMETpUYHA.

3. Marpuna MHIUAEHTHOCTH — MaTpulia pasMEpPHOCTH MXxN , rae M — KOJIWYECTBO
BEPIIKH, N — KOJMYECTBO peOep MU JIYT.

1, ecnu dyea e j ucxooum u3 eputuH bl v,
—1, ecnu dyea €; 3axooum 6 éepuiunblV,

2, ecnu €; nemas npu epuiune V,
0 6 npomuenom cryuae

4. Coucok CMeXHOCTH (WM CHUCOK MHUUJCHTHOCTH) — CHHCOK K&Kl 3JEMEHT
KOTOPOTO COCTOHUT W3 BEPIIUHBI Tpada 1 CIIMCKa CMEKHBIX C HE BEPIIUH.

[Ipumep. Ilo rpaduueckomy 3amanuio rpada cOCTaBUTh MATPUILYy CMEKHOCTH, MATPHILY
WHIIUJIEHTHOCTH

O
O
O
1 1 0 O
Pemwenne: Marpuna cmexnoctn |—-1 0 1 —-1| Marpuna HWHIHJIEHTHOCTH
0O -1 -1 1

o o o
=
o R K

Omnepauuu Haj rpadamu
1. Heopuentuposauusiii (opuentuposannbiii) rpadp G(V,E) naswsBaroT nomnoianeHneM

HEOPHMEHTHUPOBAHHOTO (OpHeHTHpoBaHHOro) rpada G(V, E), rue - E - momonHeHne MHOXecTBa
E 1o MHOXecTBa Bcex HEYNOPSAI0UEHHBIX (YIOPSJOUEHHBIX) ap Ha V.

2. O6benunennem rpados Gi (Vi, E1) u G2 (V2, E2) (0o603nauenne Gi1(V1,E1)uG2(V2,
E>), mpu ycnosuu V1inV2=J, EixNE,=) HaszeiBaercs rpad G(V, E), roe

V.=V1iuVa& E:=E1UE2

3. CoenunenneM rpados G1 (V1, E1) u Gz (V2, E2) (0603nauenune G1(V1,E1)+ Go(Va, E2),

npu ycnosuu ViNVo=J, E1NE>=C) nassiaercs rpad G(V, E), rae
V:=V1uV2& E:=E1UEx2u{e=(v1,v2)|vieV1& v2eV2}

4. Ynanenue Bepmunbl V u3 rpada Gi (Vi, Ei1) (o6o3nauenune Gi (Vi, E1) — v, npu

yenosun Ve V1) naet rpad Gz (Vz, E2), rae
V2:=Vi{v}& Ex:=E:1\{e=(v1,v2)|Vi=V Vv Vo=V}

5. Ynanenue pedpa e u3 rpada Gi (V1, E1) (o603nauenne Gi (Vi, E1) — e, nmpu ycinosuu

e€E1) maer rpad G2 (V2, E2), e
V2:=V1& E2:=E:1\{e}

6. Jlo6aBnenue BepmuHbl V B rpad Gi (Vi, E1) (o6o3nauenue Gi (Vi, E1) + v, npu

ycnosun Ve V1) naer rpad Gz (V2, Ez), rae
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V2:=V1u{v}& Ex:=E;
7. Nob6asnenue peodpa e B rpada G1 (V1, E1) (o603nauenne Gi1 (V1, E1) + e, mpu ycinosuu
e¢E1) maer rpad G2 (V2, E2), e
V2:=V1& E2:=E1{e}

KOHTpOJ’IbHLIe BOIIPOCHI U 3alaHUA

1. 306pa3utsb rpadsl, 3aJaHHbIE MATPUIIAMH:

0 0 1 -1 0 -1 -1 0 10110
10 0 0 -1 1 0 -1/ |00 101
o1 -1 0 0 0 0 1 0lgl1 00 10|
0 1 -1 0 0 0 0 1 11010
0 0 0 1 1 0 0 0 00010
01000000
00010000
00000000
10000000
0100001 0f
00000001
00000101
10100000

2. CocTaBUTh MaTpPUILy CMEXHOCTH s TpadoB:

3. IlocTpouts rpadsl A pelIeHus 3a1a4:

1) TlepeBo3umky (I1) HyxHO mepenpaBuTh 4epe3 peky Bojka (B), xo3y (K) m memok c
kanyctoi (M). Jlogka Tak Mana, 4TO KpoMe NEpeBO3YMKA MOXKET B3ATh TOJBKO OJUH M3 ITHUX
00bekToB. Kpome Toro, kamycTy HeNnb3si OCTaBIsATH C KO30M, a KO3y — C BoikoMm. Kak
OCYIIIECTBUTH NIEPENPABY?

2) JlBa veroBeKa MMEIOT TOJIHBIA KYBIIHH BOJBI B 8 JI, @ TaK)Ke JBa MyCTHIX KYBIIMHA B 5 J1
u 3 1. Kak uMm pazgenurts Boy MOPOBHY?

4. TloToKH TOKYMEHTOB LHUPKYIHPYIOT Mexay roponamu Al, A2, A3 u ropomamu Bl,
B2, B3. M0XHO 11 IPOJIOKUTHh HENEPECEKAIOIINECS MapUIPYThl, COEAUHSIOIINE KaX bl TOpo.
Al ¢ kaxapiM roposom Bj?

5. Onmnpenenure, kakue rpadbl, H300pa’)KEHHbIE Ha PHUCYHKE HUXKE, SBISIOTCS

YHUKYPCAJIbHBIMH?

40



E n E D A
a) @)
A B B
E F A
n O
o) E a)
3) 1) E)

6. B oduce 15 xomnproTepoB. MOXHO U COCAMHHUTH UX APYr C APYrOM TaK, YTOOBI
KaKIbIH ObLT COEIMHEH POBHO C TPEMsI IPYTUMHU?

Pexomenoyemasn numepamypa:

OcHoBHas1 JIuTepaTypa:
3apunoBa, 3. P. Jlekuuum mo nuckpeTHol MaTemaTuke. MaremaTuueckas JIOTHKA: ydeOHOe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacThaHoB. — Mocksa : Poccuiickuit
yYHHUBEpCUTET  JpyxObl  Hapomos, 2014. — 120 c¢. — Pexum jocryna:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. JluckperHas maremMatuka Juis IpOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocgepa, 2012. — 400 <c¢. — Pexum jgocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora Nel4. Jiisepos rpag. Kpurepuii siinepoBocru.

Ileny 3anamun. V3yduTb aiaropuT™M IOCTPOCHHUsS OdilliepoBa LUKIA B JilIepoBOM
MyJIbTHTpad)e ¥ ero MPUIIOKEHUS Ha TTPAKTHKE.

3nanua u ymenus, npuodpemaemovie CHyOeHMOM 6 pPe3ylbmane OCE0CHUA MeMbl,
¢opmupyemvie Komnemenyuu. 3HATb W YMETh pPEATN30BBIBATh HA NPAKTHKE aJITOPHTM
MIOCTPOCHHUS dilfiepoBa LIMKJIA B SHIEPOBOM MyIbTHrpade.

Teopemuueckas yacmo.

IlepBbie 3amaun Teopuu rpadoB OBUTM CBSA3aHBl C pEIICHHEM MaTeMaTUYECKUX
pa3BIEKaTeNbHBIX 3aJad M TOJOBOJIOMOK (3amada o KenmrcOeprckmx MocTax, 3agada o
paccTtaHoBKe (ep3ell Ha IIaXMaTHOW JOCKe, 3aJjauyd O IEepeBO3Kax, 3ajaya O KPyrocBETHOM
MyTEIeCTBUH U pyrue). OJHUM M3 TEPBBIX PE3yJIbTaTOB B TEOPHH TpadoB SBUICS KpUTEPUil
cyliecTBOBaHMsA 00xona Bcex pebep rpada Oe3 moBTopeHuid, moiydeHHslid JI. Ditnepom npu
pemeHnn 3a1a9u 0 KeHurcoeprckux Mocrax.

ITpaBuiio Diinepa:
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1. B rpade, He nmeronieM BEepIIMH HEYETHBIX CTENEHEH, CYIIECTBYET 00XO0J BCEX
pEo6ep (rmpuyeM Kaxka0e pedpo MPOXOAUTCS B TOUHOCTH OJMH pa3) C HA4aJIoM B JIF00O0H BepIInHE
rpada.

2. B rpade, umeromem ABe M TOJIBKO JABE BEPIIMHBI C HEUYETHHIMH CTEICHIMH,
CyIIECTBYET 00XOJ C HA4YaJIOM B OJIHOM BEPIIMHE C HEYETHOM CTEIIEHbIO U KOHIIOM B JIPYTOM.

3.B rpade, nmeromem Oonee NBYX BEPIIMH ¢ HEYETHOM CTEMEHBIO, TAKOro 00Xoaa He
CYILECTBYET.

Teopema Cés3Hblll HEOPUESHMUPOBAHHBIU MYAbMUSPAD M020ad U MOILKO MO020d AGIAECMCS
IULNEPOBBIM, KO20A CMENeHb KANHCOOU U3 €20 ePUuiUH — YemHOoe YUCIO.

OnunieM aaropuT™M TIOCTPOEHHUs dijepoBa ILUKIAa B SWUJIEpOBOM MyJbTUrpade. ITOT
QITOPUTM 33a€TCs CIESIYIOINUMH MPaBHIIAMH.

1. BpiOpaTh mpon3BOIBHO HEKOTOPYIO BEPIIUHY a.

2. BpiOpath Ipou3BOJIEHO HEKOTOPOE pedpo U, MHIIUAEHTHOE d, U IPUCBOUTH €My HOMEp
1 (Ha3oBeM 3TO peOPO npotiderHbiMm).

3. Kaxnoe npoiineHHoe peOpo BBHIYEPKHYTb M IPHUCBOUTH €My HOMEp, Ha EIUHHILY
001N HOMEpa MPEIbIIYIIEr0 BEIUEPKHYTOTO pedpa.

4. Haxomsich B BEepIIMHE X, HEC BBIOMpaTh peOpO, COCTUHSIONIEE X C d, €CIIU MMECTCS
BO3MOXXHOCTh HHOT'O BBIOODA.

5. Haxopnsice B BepiIMHE X, HE BBIOMpPATh pedpo, KOTOpoe sIBISETCs nepeuietikom (T.e.
pebpoM, mpH yHaJeHUH KOTOporo Trpad, oOpa30BaHHBI HEBBIYEPKHYTHIMU pebpami,
pacmagaercsi Ha 1B KOMIIOHEHTBI CBSI3HOCTH, KaKJasi U3 KOTOPBIX UMEET XOTS OBl M0 OJTHOMY
pebpy).

6. I[Tocne Toro xak B rpade OyIayT 3aHyMEpPOBaHBI Bce peOpa, 00pa3yeTcs SUIEPOB UKL,
pUyYeM MOPSAOK HyMepalluyd COOTBETCTBYET MOCIIEA0BATEIBHOCTH 00X0aa, pedep.

KoHTposabHbIe BONpochI U 3aJaHUA

1.1merotes nu B rpade 3HIepoBbl HUKIbI?

2. VMeroT nM TATUYrOJbHWK M TISTUTPAaHHHUK-TIHPAMHIA C TETISIMH B HEKOTOPBIX
BEpUIMHAX SUJIEPOB LUK (1IETb)?

3. SIBnsrOTCS M HIIEPOBBIMU TpadaMu: IPSIMOYTOIBHUK C TJIABHON THArOHAJBIO, KyO?

Pexomenodyeman numepamypa:

OcHoBHas1 JiuTEparypa:
3apunoBa, J. P. Jlekuuum mo nucKpeTHOW MaTemaTuke. MaremaTuyeckas JIOTHKA: ydeOHOe
nocobue / D. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBactbsiHOoB. — MockBa : Poccuiickuii
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YHHUBEpCUTET  OpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryna:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTeIbHASA JINTEepaTypa:
Xarraptu, P. JluckpeTHas MateMartuka i MPOTPaMMHUCTOB : yuyeOHoe mocooue / P. Xarrapru.
—  MockBa :  Texnmocdepa, 2012. — 400 <c¢. — Pexum jgocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Nel5. F'amuibTOHOB rpad.

lle]lb 3aAHAmMUA. I/I3y‘-II/ITB AJITOPUTM IMOCTPOCHUA IaMHUJIbTOHOBA IUKJIA MUHHMAJIBHOTI'O
Beca M €ro MPHJIOKEHUS Ha IPAKTHKE.

3uanusa u ymenus, npuoopemaemvie CMyYOeHmMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemovie kKomnemenyuu. 3HaTb W yMETb pEAJIM30BBIBATH HAa IMPAKTHKE aJTOPUTM
MOCTPOEHHUS TaMUJIBTOHOBA IIUKJIA.

Teopemuueckas uacme.

I'pad Ha3BIBaeTCS 2amunbmoHo8bIM, €CITH B HEM HMMEETCS MPOCTOM IUKII, COJEPIKAIIHA
KaKAyl0 BeplimHy 3Toro rpada. Cam Takod LUK TaKKe Ha3bIBACTCS 2aMUIbIOHOBbIM.
T'amunbmoHno6oll Ha3bIBACTCSI W TPOCTAs LeNb, coAepkKalias Bce BepIMHbI rpada. OdeBuIHO,
410 J1000# rpad, pedpa KoToporo oOpa3yroT NPOCTON LUK, SABISETCS TAMHIBTOHOBBIM, a rpad,

MMOKAa3aHHBIN HA PUCYHKE — HEraMUJIbTOHOBBIM.
4

HecMoTps Ha cXO0XecThb 3aJad O HAXOXKICHUH SHIIEPOBBIX M TaMUIBTOHOBBIX IIMKJIOB,
peleHe TMocleHel 3HAYUTENbHO CIIOKHEe. VI3BECTHBI CIEAyIOIIne OCTATOYHBIC YCIIOBHS
CYIIECTBOBAHMS TaMHJIBTOHOBBIX IIUKIIOB B CBS3HOM Heoprpade G 6e3 metesnp, MeromeM 1> 3
BEPIIIVH:

Teopema Ecnu 0ns n06bIx 08X pa3IuuHbIX HecmedcHuix eepuun a u b epaga G
svinoansiemces yenosue deg a + deg b > n, mo cywecmeyem eamunvmonos yuxn, 20e deg(a)-
cmeneHb (8aeHMHOCMb) BEPUIUHBIL.

CaencrBue Ecnu ons moboii eepuunst a epagpa G evinonneno ycrosue deg a> n/2, mo
cywjecmayem 2amuibmoHo8 YUukil.

C 3amaueil HaXOXKICHUS TAMIJIBTOHOBA IIMKJIA CBSA3aHA 3A0aYd KOMMUBOANCEPA.

PaifoH, KOTOpBII JODKEH TOCETUTh OpOASYHII TOPTOBEl, COJEPKHUT HEKOTOPOe
KOJIMYECTBO TOPOAOB, PACCTOSHHS MEXIY KOTOPBIMH HM3BECTHBI. TpeOyercss HaWTH MapIipyT,
MIPOXOSIIMN Yepe3 BCE MyHKTHI IO OJJHOMY pa3y M BO3BPAIIAIOIINNCS B UCXOAHBIN ropoa. Eciu
TaKMX MapIIpyTOB MHOTO, TpeOyeTcsi HAWTH KpaTJalIiid 3 HUX. MaremMaTiueckas OCTaHOBKA
3a/1a4M BBITJISIAT TaK: TPeOyeTCs HAWTH raMUIBTOHOB ITUKJI MUHUMAJIbHOTO Beca.

KonTpoJibHbIe BONPOCHI U 3aJaHUSI

1. metotcs u B rpade raMuiIbTOHOBBI LIUKITBI?
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2. [TpuMeHMB alITOPUTM C BO3BpaTaMHU, OCTPOUTH BCE FAMHIBLTOHOBBI IIUKJIBI TS rpada,
00pa30BaHHOTO KBAJIPATOM C MEPECEKAIOIMMUCS IUATOHAIISIMU.

3. VKaxuTe 3a/1a41, HHTEPIIPETAIUS KOTOPBIX COCTOUT B HEOOXOIMMOCTH IMTOCTPOCHUS

TaMUJIBTOHOBBIX ITUKJIOB.

Pexomenodyeman numepamypa:

OcHoBHas1 JiuTEpaTypa:
3apunoBa, J. P. Jlekuuu mo AUCKpeTHOW MareMaruke. Maremarhyeckas Joruka: ydeOHoe
nocobue / D. P. 3apunosa, M. I'. KokorunkoBa, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHHUBEpPCHTET  OpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryma:
http://www.iprbookshop.ru/22190.html

JonoJHUTe/ILHAA JTUTEpPATYypa:
Xarraptu, P. JluckperHas maremMatuka Juis IPOrpaMMUCTOB : yueOHoe rmocobue / P. Xarraprtu.
—  Mockaa: Texnocgepa, 2012. — 400 c¢. —  Pexum  jgocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Nel6. Auaroputm Popaa - be/uiMaHa HaxoKIeHUsA
MHMHHMAJILHOTO YTH B HATPYKEHHOM OPMEHTHPOBAHHOM rpade.

Ileny 3anamusn. VI3yduth anropuT™M HAXOXKICHHS MHHUMAJIBHOTO TMYTH B oprpade u
BO3MOYKHOCTH €0 TPAKTHYECKOTO MPUMEHEHHS.

3nanun u ymenusn, npuodpemaemvie CHMyOCHHMOM 6 Pe3yibMame 0CE0CHUs MeMbl,
gopmupyemole kKomnemenyuu. 3HaTh ¥ YMETh PEaTM30BBIBATh Ha MpakTHKe anroputm dopaa —
bemnmana.

Teopemuueckas uacme.

[Ipenmonaraercsi, 4TO OPUEHTHPOBAHHBIA Tpad HE COJACPKHUT KOHTYPOB OTPHUIIATECIHLHOU
JUTHHBIL.

Aneopumm Dopoa — bernmana.

OCHOBHBIMU BBIYHCIIIEMBIMU BEJIMYMHAMHU ITOTO aaroputMa siBisitorcest Benudaunbl [1j(K),
rnei=1,2,...,n (n—aucno Bepuwmn rpada); K=1, 2, ... , n — 1. Jlna pukcupoBanubix i u K
BennurHa [1j(K) paBHa mjMHE MHUHHUMAIBHOTO ITYTH, BEAYIIEr0 W3 3aJaHHON HadalIbHOU
BEPIIMHBI X1 B BEPIIUHY Xi U coJepkaliero e oomnee K ayr.

laz 1. YcTaHOBKA HAYAJIBHBIX YCIOBUM.

BBectu uucno BepuuH rpada N u marpuily BecoB C = (Cjj).

Llae 2. Tlonoxuts kK = 0. TTomoxwute [1i(0) = co st BCex BEPIIMH, KPOME X1; TOJOKHUTh
[11(0) = 0.

Ilaz 3. B mukie mo Kk, k = 1,..., n — 1, kaxxaoi BepinHe X; Ha K-OM miare mpumucarb
unjeke [i(K) mo ciaenyromemMy npaBuiy:

Hi(k) = min {Ui(k — 1) +cjit

JUIsL BCEX BEPIINH, KpoMe x1, monoxuTh [11(K) = 0.

B pesynbTare pabotsl anropurma popmupyercs tadbmuia uaaekcos [i(k), i=1, 2, ..., n,
k=0,1,2,...,n—1. Ipu srom [Ji(Kk) onpenensier AMMHY MUHUMAIBHOTO IyTH M3 TEPBOM
BEPIIIKHBI B I-y10, cojiepikaiiero He 6omee K ayr.

llaz 5. BoccTaHOBJIEHHE MUHUMAJIBHOT'O ITYTH.

Jnst 000t  BepmIMHBI Xs TPEAIISCTBYIOIIAs €H BepIIMHA Xy  OMpeAeNseTcs u3
COOTHOILICHUS:
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Dr(n — 2) + Crs = Ds(n — 1), Xre G_l(Xs),
rae G(Xs) - mpoo6pa3 BEPIIMHBI Xs.
Jns HaliieHHOM BEpIIMHBI Xr MPEAUIECTBYIOIIAs €l BEPIIMHA Xq ONPEACISIETCS W3
COOTHOUIEHUS:
Dq(n — 3) + qu = Dr(n — 2), XqE G—l(Xr),
rae G(X) - mpooGpas BepIIMHBI Xr, 1 T. 1.
[locnenoBarenbHO NPUMEHSS 3TO COOTHOIIEHHE, HAYMHAS OT IOCJIEIHEW BEPIUUHBI X ,
HaiiIeM MUHUMAaJbHBIN ITyTh.
IIpumep: C momomipto anroputma Popna — bemimaHa HalWTM MUHUMAIbHBIM MYyTh W3
BEPILMHKI X1 B BEPIINHY X3 B Tpade, n300paKeHHOM Ha PHCYHKE:

Xz X3

Paccmotpum monpoGHO pabory anroputma Popaa — bennmana ans sToro mpumepa.
3naueHus uHaekcoB [1i(K) Oyaem 3aHOCUTD B TaOJIHILY HHICKCOB.
Illae 1. BBenem uuciio BepiiuH rpada N =5. Matpuia BeCoB 3Toro rpada uMeeT BU/I:

o 1 oo o 3

o]

c= |® =8 71|
1 -5
4
Llaz 2. TTonoxum k = 0, [11(0) = 0, [12(0) = [J3(0) = [14(0) = Us(0) = c0. DTH 3HAYECHHUS
3aHeceM B MEPBBIN CTOIOEI TaOIUIIBI.

o O

o0 0

8§ ™ 8

o O

lae 3.
k=1.
11(1) = 0.
T k =1:

Oi(1) = min {(0) + cji}-

[2(1) = min{[11(0) + c12; [12(0) + C22; [13(0) + c32; [14(0) + ca2; [I5(0) + Cs2;} = min{0 + 1;
o0 + 00} 00 + 00; 00 + 00; 00 + 0} = 1.

[13(1) = min{[11(0) + c13; [12(0) + C23; [13(0) + C33; [14(0) + Ca3; [15(0) + C53;} = min{0 + o0 ;
0+ 8;00+0;00+2;0+w}=00,

[a(1) = min{J1(0) + c14; U2(0) + Ca4; [3(0) + Caa; [14(0) + Caa; [I5(0) + Cs4;3 = min{0 + o0 ;
w+7,00+1;0+0;0+4}=0o0.

[15(1) = min{[11(0) + c15; [12(0) + c25; [13(0) + c35; [14(0) + Cas; [15(0) + Cs5;} = min{0 + 3;
w+1;00 —5;0+00;0+w}=3.

[Toryuennsie 3Hayenust [Ji(1) 3aHeceM Bo BTOpoil cTonben Tabmuipl. YOexaaemcs, 4yTo
BTOPOIi1 cTOJI0EI, HAYMHASI CO BTOPOTO AJIEMEHTA, COBIIA/IAET C TIEPBOM CTPOKOW MAaTPHIIBI BECOB,
YTO JIETKO OOBSICHSETCS cMbICIOM BennuuH [1i(1), KOTOpbIe paBHBI JJIMHE MUHUMAJIBHOTO ITyTH
U3 TIEpPBOI BEPIIHMHEI B i-yI0, COAEPIKAILEro He 00JIee OHOM TyTH.

k=2.
[11(2) = 0.
Hua k =2:

0i(2) = min {0i(2) + cji}.

02(2) = min{0 + 1; 1+ 00; 00+ 0; 00+ 00; 3+00}=1.
[13(2) =min{f0+ 0 ;1+8;00+x0;0+2;3+x0}=9.
04(2) =min{0+c0;1+7;00+1;00+00;3+4}=7.
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05(2) =min{0+3; 1+1;0-5;00+00;3+0w}=2.
[Tony4yennbie 3HaueHust [1i(2) 3aHeceM B TpeTwii crtonber, tabmuipl. Bemwmunusr [1i(2)
paBHBI [UIMHE MUHUMAJILHOTO MYTH U3 NIEPBOM BEPIIUHBI B I-yIO, COACpXKAIIEro He 0oJiee IBYX

JIyT.

k=3.
[11(3) =0.
Husa k =3:

0i(3) = min {0i(2) + cii}.

02(3) = min{0+1; 1+0;9+00;7+00;2+0w}=1.

[13(3)=min{f0+0;1+8;9+00;7+2;2+0}=9.

04(8)=min{f0+00;1+7;9+1;7+x;2+4}=6.

(05(3)=min{0+3; 1+1;9-5;7+00;2+x0}=2.

[Monyuennbie 3HaueHus [1i(3) 3aHeceM B 4eTBepThId crosber Tabnuibl. Beaumuunnbn [Ji(3)
paBHBI UTHHE MUHUMAJIBHOTO MyTH U3 [IEPBOM BEPIIMHBI B i-yI0, COJEpIKAIEro He Ooyee Tpex

JYT.

k=4.
[11(4) = 0.
Js k = 4:

i(4) = min {0i(3) + ¢ji}-

2(4) = min{O+1; 1+00;9+00;6+00;2+00}=1.

03(4)=min{f0+o0;1+8;9+00;6+2;2+w0}=8.

(4(4)=min{fO+o00;1+7;9+1;6+0;2+4}=6.

O5(4) =min{0+3; 1+1;9-5;6+00;2+x0}=2.

[Monyuennbie 3HaueHus [Ji(4) 3aHeceM B MATHIA cTosOen Tabmuipl. Benmuunsr [1i(4)
paBHBI JJIMHE MHUHHUMAJILHOTO TYTH W3 TEPBOW BEPIIMHBI B I-yI0, COjAepKaliero He Oolee
YeThIPEX JYT.

| (Homep 0i(0) i(1) 0i(2) Ui3) [i(4)
BEPIINHBI)
1 0 0 0 0 0
2 0 1 1 1 1
3 © 9 9 8
4 0 0 7 6 6
5 v 3 2 2 2

llaz 5. BoccTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.

Jis mocneqHeld BepUIMHBI X3 MpEALIECTBYIOIAs €M BeplIMHAa Xr  ONpeAessiercs H3
COOTHOIIIEHUSI, TTOTYYSHHOTO TTpH S =3:

Dr(3) + Cr3 = D3(4), Xre G'l(X3),

rae G1(x3) - mpooOpa3 BEpIINHBEI X3.

G(x3) = {Xx2, Xa}.

[ToncraBuM B TOCIEeIHEE PABEHCTBO MOCIEAOBATENBLHO = 2 U I = 4, YTOOBI ONPE/ICIHTH,
JUISL KaKOTO I' 3TO PaBEHCTBO BBIMOJIHSAETCS:

[12(3) + c23=1+8 = [13(4) =8,

[14(3) + caz =6+ 2 =[13(4) =8.

Taxum 006pa3oM, BEpIIMHOM, IPEIMIECTBYIOIEH BEPIINHE X3, ABISETCS BEPIIMHA X4.

JUis BepIIMHBI X4 MPEALIECTBYIOINAs €d BEpIIMHA Xr ONpEAEseTcs U3 COOTHOLICHMS,
MIOJIy4YE€HHOT O 1pH S =4:

Dr(Z) + Cpy = D4(3), Xre G-l(XA),
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rae G(xs4) - mpooGpas BepIIMHBI Xa.

GY(xa) = {X2, X3, X5}.

[ToacraBum mocnenoBaTenbHO ' = 2, F =3 U I = 5, 4TOOBI ONPEACTUTD, ISl KAKOTO I' 3TO
PABEHCTBO BBIIIOJIHSIETCS:

[12(2) + Ca =1+ 7 # [14(3) =6,

[13(2) + caa =1+ 1+ [1a(3) =6,

[5(2) + csa =2 + 4 = [14(3) = 6,

TakuMm oOpa3oMm, BEPIINHOM, IPEAIIECTBYIOIIEN BEPIINHE X4, BJISIETCS BEPILNHA X5.

Jns BepmMHBI X5 NMPEALIECTBYIONIAs € BEpUIMHA Xr ONPEIEISAeTCS U3 COOTHOLUEHUS,
MIOJIyYE€HHOTO 1IpH S =5!

Dr(l) + Cy5 = DS(Z), Xr e G-l(XS),

rae G(xs) - mpooGpa3 BepIIMHBI Xs.

GY(xs) = {x1, X2}.

[ToacraBum mocnemoBaTenbHo I = 1 w0 I = 2, 4T0OBl ONpPENEHUTh, IS KaKoro I 3TO
PABEHCTBO BBIIOJIHSETCS:

[11(1) + ci5 =0+ 3 = [5(2) = 2,

(2() +cs=1+1=1052) =2,

TakuMm oOpa3oMm, BEPIINHOM, IPEALIECTBYIOIIEN BEPIIUHE X5, SBJISIETCS BEPILINHA X2.

Jns BepumIMHBI X2 MPEALIESCTBYIOLIAsA €1 BEpUIMHA Xr ONPEIENseTCs U3 COOTHOLIEHUS,
MOJY4EHHOTO TIpH S =2:

Dr(O) + Cr2 = DZ(l), Xre G_l(XZ),

rae G1(x2) - mpooOpa3s BEpIIMHBEI X2.

G(x) = {xa}.

[TopcraBum I = 1, 9TOOBI ONIPENEINUTD, BHIOIHIETCS JIU 3TO PAaBEHCTBO:

01(0) +c2=0+1=10x(1)=1.

TakuMm oOpa3om, BEPIINHOM, PEAIIECTBYIOIIEH BEPIIUHE X2, SIBJISIETCS BEPILINUHA X1.

Wrak, HaiileH MUHUMaJIbHBIN NTYTh — X1, X2, X5, X4, X3, €T0 IJIMHA PaBHA 8.

KOHTpOJ’IBHLIe BOIIPOCHI X 3aIaHUSA

JlaH cnucok Ayr ¢ ykazaHWeM Ux AJuH. CoOcTaBbTe 0 HEMY PUCYHOK OPUEHTUPOBAHHOTO
rpada. Haiigure guig atoro rpada HaMMeHbIIMKA NYTh OT BEPIIMHBI-BXOJA [0 BEPIIMHBI C
MaKCHMaJIbHbIM HOMEPOM.
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(0:1)-3,(0:2)-9,(1:2) -5,
(2:4)-1,(1:3)-8,(2:3) -2,
(3:5)—4, (4:5)-6.

(0:1)—-4,(0:2) -5, (1:2) - 8,

(2:4)-3,(1;3) - 11,(2:3) - 5,

(3:5)-3.(4:5)-6.

(0;1)=3,(0:2)-9, (1:2)- 12,

(2:4)—-1,(1:3)-2,(2:3) -3,
(3:5)— 10, (4:5) - 5.

(0:1)-6,(0:2)-2,(2:1) -3,
(2:4)-6,(1:3)-1,(2:3) -5,

9. (0:1)=-2,(0:2)-7,(2:1) - 1,

(2:5)-6,(1:5)- 12, (5:4) - 10,
(5:3)-5.(3:4)-4,(4:6) -2,
(3:6)— 7.

10.(0:1)— 4, (0:2) -2, (2:1)— 1,

(2:5)-7.(1:5)-5,(5:4) -4,
(5:3)-1.(3:4)-4,(4:6) -3,
(3:6)— 7.

11.(0:2) -2, (0:1) - 7,(2:1) - 4,

(2:4)-9.(1:3)-3,(3:4) - 1,
(4:6)—2,(3:5)-8,(6:5)—4,

(3:5) -8, (4:5)-7.

5 (0:1)-6,(0:2) -5, (1:2)- 1,
(2:4)-6,(1:3)-7,(2:3) -6,
(3:5) -8, (4:5)-7.

6. (0:1)=3,(0:2) -2, (2:1) -1,
(2:5)-3.(1:5)-4,(5:4) -8,
(3:3)-5.(3:4)-3,(46) -2,
(3:6)—4.

7. (0:1)—- 10, (0:2) -5, (2:1) - 4,
(2:5)-8,(1:5)-3,(5:4) -4,
(5:3)-2,(3:4) - 1. (4:6) -5,
(3:6)-17.

8. (0:1)-3,(0:2)-2,(2:1)-2,
(2:5)— 12, (1:5) -8, (5:4) - 2,
(5:3)-6,(3:4) - 1.(4:6) -8,
(3:6)- 3.

(6:7)— 10, (5:7) - 5.

12.(0;2)— 10, (0;:1) =5, (2:1) - 1,
(2:4)-4,(1:3)-3,(3:4) -5,
(4:6)— 3. (3:5)— 10, (6;5) — 10,
(6:7)=5.(5:7)— 1.

13.(0;2) — 4, (0:1)— 6, (2:1) -4,
(2:4)-6,(1:3)-3,(3:4)-2,
(4:6)—4,(3.5)-7.(6:5) -3,
(6:7)—8.(5:7)-5.

14.(0;2) - 3, (0:1)— 1, (2:1) -4,
(2:4)-2,(1:3)-6.(3:4) -4,
(4:6)—3,(3:5)-6.(6:5)— 4,
6:7)—12,(5:7)-17.

15.(0;2)— 8, (0:1)— 12, (2:1) -3,
(2:4)-6,(1:3)-5.(3:4) -4,
(4:6)— 10, (3:5)— 4. (6:5) -6,
(6:7)— 10, (5:7) - 6.

Pexomenoyeman numepamypa:

OcHoBHas1 JIuTepaTypa:
3apunoBa, O. P. Jlekuuum mo nuckpeTHoW MaTemaTuke. MaremaTuueckasl JIOTHKA: ydeOHOe
nocobue / J. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBacthsaHoB. — Mocksa : Poccuiickuit
yYHHUBEpCUTET  JpyxObl  Hapomos, 2014. — 120 c¢. — Pexum jocryna:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. JluckperHas maremMatuka Juis IpOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  Mocksa: TexHocdepa, 2012. — 400 C. —  Pexum  pocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Nel/. 3agaua HaX0kKAeHHsI KPUTHYECKOT0 MyTH B rpadge.

Ilens 3anamusa. VI3ydnTh anropuTM HaXOXAECHUS KPUTHUUECKOTO IMYTH M BO3MOXKHOCTH
€ro MPaKTHUYECKOTO MPUMEHEHUSI.

3uanusa u ymenus, npuoopemaemvie CMYOeHMOM 6 pe3yibmame O0C60CHUA MeMbl,
dopmupyemovie kKomnemenyuu. 3HaTH U yMETh pEAJU30BBIBATh Ha MPAKTHKE aJITOPUTM
HAaXO0JIEHUS KPUTHYECKOTO MYTH.

Teopemuueckas uacme.

3amada HaXOXKICHUS KPUTUYECKOTrO, (T. €. JUIMHHEeHIero) myTu B rpadge — 3TO 3ajaua,
CBSI3aHHAsS C 3arpy3KOl CTAHOYHOT0 000PYAOBaHUs, COOPKM MHOTO3BEHHBIX U3EIUH U T. 1.

CeteBoil rpaduKk — HEOOXOAUMBINA FJIEMEHT CIOKHOTO MPOU3BOJACTBA, COCTOSIIETO U3
HECKOJIbKUX CBSI3aHHBIX U 3aBUCSIIMX APYT OT Jpyra 3TanoB. BeIsiBiIeHHE KPUTHUYECKOTO MYTH U
BPEMEHHBIX PE3EPBOB IPOU3BOJCTBA — OCHOBHAs 3aJaya, peliaemasl IOCTPOEHUEM CETEBOTO
rpaduka. Takue 3agaun MOTyT OBITH MPEJCTABICHBI B BUJIE Tpada v B BUAC OTOOPAKAIOIICH ero
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Tabmuubl. Jl7s HaXOXKIEHUS KPUTUYECKOTO MyTH (TOCIEIOBATEILHOCTH JTamoB paboTHI,
OTpPEACIAIONIMX JJTUTEIbHOCTh BCEr0 IMPOEKTa W HE HUMEIOUIMX pe3epBa 10 BPEMEHH)
MPUMEHSIOTCS BBIYUCIUTENIbHBIE METOJbl. OJHUM U3 TaKUX METOJOB SBIISICTCS TaOIMYHBIN
METO/]] ¥ IPUMEHSIETCS /7Sl TaHHBIX, IPEJCTABICHHBIX B BUJE TaOIUIIBI.

[TpoGiema aBTOMaTH3AIMK pacdéra CETeBOro rpaduka sSBIsICTCS JOCTATOUYHO aKTyalbHOU
U BaXHOU. BbluncieHHe KpUTHYECKOrOo MyTH C Momolnbio DBM mOMOXKET B HECKOJIBKO pa3
YCKOPUTH ATOT MPOIECC, a MPU OONbIINX Tpadukax — BO MHOTO pa3. [loaTomy aBTomMaTH3amus
pacuéra ceTeBoro rpaduka MO>XeT UMETh OOJIBIIYIO MPAKTUYECKYIO MOJb3Y.

ANTOpPUTM HaXOXICHHS JTTMHHEHUINIEro MyTH B rpade MoX0oX Ha aJrOpUTM HAXOKICHHS
KpaTyaiimero mnytu B rpade. Bmecro kparwaiimmux peGep B alropuTMe HaXOXKIACHUS
KpaTyaiIiero myTu BEIOUPAIOTCS IITMHHEHIIINE.

[Tyctb TpebyeTcs HaiiTh Takol MyTh HA rpade, KOTOPhIi Obl UMeNl MAaKCUMAIbHYIO UTHHY
[0 CPaBHEHHWIO CO BCEMH BO3MOXXHBIMH ITyTSIMU JJsi JaHHOTO rpada. IlycTs cymiecTByer
OpUEHTUPOBaHHBIH rpad 6e3 1ukioB G.

Péopa rpada — BemONHEHHWE paboThl. PEOpa wMeEOT AIMHY, 0003HAYAOIIYIO
MPOJOHKUTEIFHOCTh  pabOThl W HalpaBlIieHHWE, O00O3Hayaroliee IMOCIeI0BaTEIbHOCTh
BBINOJIHEHNE PaboThl. BepmmHbl — 3T0 (hakT Havaia 1 OKOHYaHHS padoT.

IIycTh nana cers.

LA

Jlns xaxnaoro coObiTus | onpenenum Hanbosee panHuil cpok ero HactyruieHus TP(I) mo
CJIEAYIOIIEMY MPaBHITY:

1) TP(0)=0;

2) most | >0 TP(I) paBHO MpoaoKUTENBHOCTH camoro JumuHHOTOo (0, 1)-myTH.

3uauenus TP(l) onpenensor mocieaoBaTeabHO, MEPEXOAs OT UCTOYHHMKA K CTOKY. Tak,
JUTSL pacCCMaTPUBAEMOT0 MPUMEPa HAXOUM:

TP(0) =0, TP(1) =1, TP(2) =5, TP(3) = 11, TP (4) = 11, TP(5) = 16.

Otu 3HaueHus Haxosres u3 cootnomenus: TP(I) = max{ TP(K) + Tk; },

T. e. mma Bcex ayr (K, I), mma xoropeix | siBisercss KOHIIOM, HEOOXOIUMO
Berarciuth TP(K) + TK; 1 BbIOpaTh HanbobIIICEe 3HAUCHHE.

Wrak, B HamieMm npumepe BpeMs BBINOJIHEHMs NMpoekTa paBHO 16. UTOOBI MONyduThH
KPUTHYECKHI MyTh, Oy/IeM MepeBUraThCsl B 0OpaTHOM HampaBlIe€HUH, OT CTOKA K HICTOYHHKY, TIO
tem pedbpam (K, I), xotoprie onpenemsumn 3Hauenust TP(I), T. €. AT KOTOPBIX BBHITOJHSAETCS
pasernctBo TP(l) - Tki = TP(K) . B mpumepe 3to pedpa: (3, 5); (2, 3); (2,1) . Takum obpazom, (1,
2, 3, 5) - KpUTHYECKUIT TTYTh.

KonTposabHbie BONpochl U 3a1aHUSA

1.ITpu cocraBnenuu mpoekta padoT BeIAeNeHO 8 cobwrtmii: (0,1,2,3,4,5,6,7), KOTOpHIE
cBs3aHbl pabotamu (i1 — j ), rme i,j 0,1,2,3...,7 u 1 # j, Hampumep, coObiTHe 1 CBsI3aHO C
cooObITHeM 2 paboroii (1-2).
Hcxonabie qaHHbIe O MTPOAOHKUTEILHOCTH PadoT:
PaGora | 0-1 | 02 | 03|12 |13 |14 |23 |24 |25 |34|35 |45 |46 |56 |57]|6-7
Jowar.
JHHU

8 12 | 10 8 10 4 10 6 8 12 5 8 6 6 7 5

Tpebyercs onpenenuTs KPUTUIECKUN TYTh U BPeMs BBITIOJIHEHUS TPOEKTA.
2. OnpenenuTh KPpUTHICCKUN MTYyTh B Tpade:
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Pekomendyeman numepamypa:

OcHoBHasi IuTEepaTypa:
3apunoBa, 3. P. Jlekuuu mo auckperHoil Matemartuke. Maremaruyeckas JOTuKa: y4deOHOE
nocooue / J. P. 3apumnoa, M. I'. Kokorunkona, JI. A. CeBacThsiHOB. — MockBa : Poccutickuii
VHUBEpCUTET  JApYykObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JonoHUTEILHAS JIUTEpaTypa:
Xarraptu, P. JluckperHas MatemMaTtuka Ajisi MPOTPaMMUCTOB : yaeOHoe mocooue / P. Xarrapru.
— Mocksa: TexHocdepa, 2012. — 400 C. —  Pexum JIOCTyTIA:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora Nel8. IlocTpoeHMe MHHHUMAJIBHOIO OCTOBHOIO JepeBa
HarpyKeHHOro rpaga

Ilens 3anamusa. VI3ydenue anroputMa IMOCTPOCHUS MHUHHMAIIBEHOTO OCTOBHOTO JEpeBa
Harpy»XeHHOro rpaga.

3nanua u ymenusn, npuodpemaemovie CMyOeHHIOM 6 pe3yibmame O0C60EHUsA HIeMbl,
dopmupyemvie Komnemenyuu. 3HAaET U yMEeT MPUMEHATh aJIrOpUTMa IOCTPOCHUS
MUHHMAaJIBHOTO OCTOBHOTO JI€peBa HAarpyKEHHOTO rpada.

Teopemuueckasn uacme.

I'pad G = (X, A) Ha3BIBACTCS HASPYIHCEHHBIM, €CITU T KaXI0T0 pedpa (Xi,Xj) onpeaeneHa
ero anuHa (Uiau Bec) Cij.

[Tycts G - cBs3HBIN HarpyXeHHBIN rpad. 3agaua MOCTPOCHUS MUHUMATLHO20 OCHOBHO2O
Oepe6a 3aKIOYAETCsl B TOM, YTOOBI M3 MHOXKECTBA OCTOBHBIX J€PEBbEB HAWTH JEPEBO, Yy
KOTOPOTO CyMMa JUTMH pedep MUHUMAIbHA.

[lpuBenemM TUNUYHBIE Clyyad, KOTa BO3HHUKAET HEOOXOAMMOCTh IOCTPOEHUS
MHUHHUMaJIbHOTO OCTOBHOTO JiepeBa rpada.

a) HyxXHO coequHHMTH N TOPOJOB KEIE3HOJOPOKHBIMH JHUHUSAMHU (aBTOMOOMIBLHBIMU
JIoporaMu, JTUHUSIMHU 3JIEKTpoIepead, CeTblo TpyOONpoBOIOB U T.JA.) TaK, YTOOBI CyMMapHas
JUIMHA JIMHUHA WA CTOUMOCTH Obljla ObI MUHUMAJIBbHOI.

0)Tpebyercst MOCTPOUTH CXeMY DJEKTPUUECKON CETH, B KOTOPOU KJIEMMBI JOKHBI OBITh
COEIMHEHBI C TIOMOIIbIO POBOOB HAMMEHBIIIEH 001 JUTUHBI.

3amady TOCTPOCHHS MHHHMAIBHOTO OCTOBHOTO JEpeBa MOXHO PEIIUTh C ITOMOIIBIO
CJIEAYIOIIETO AITOPUTMA.

Aneopumm Kpackana.

Illaz 1. YcTaHOBKA Ha4aJIbHBIX 3HAYECHH.

Beoautcst marpuna e pedep C rpada G.

Hlae 2. BpiOpate B rpade G pebpo muHumanbHoi miamHbl. [loctpouts rpad Go,
COCTOSIIINI U3 TAHHOTO pedpa U MHIMACHTHBIX eMy BepInuH. [10J0XuTh i = 2.

lae 3. Ecnu i =n, e n - gucio pedep rpada, To 3aKOHYUTH padoTy (3a1aya peuieHa), B
MIPOTUBHOM ClIy4ae NMepenTH K mary 4.

50



Llae 4. Tloctpouts rpad Gj +1, no6aBsis k rpady Gi HOBoe pedpO0 MUHUMAIBHOM JJTHHBI,
BBIOpaHHOE cpeau Bcex pebep rpada G, Kakmoe M3 KOTOPHIX HMHIIMACHTHO KaKOW-HUOYIb
BepmnHe Tpada Gi M ONHOBPEMEHHO WHIMAEGHTHO KakoW-HHOyns BepumHe rpada G, He
copepkameiics B Gi. Bmecre ¢ atum pedpom BimoyaeM B Gj +1 M HHIIUJICHTHYIO €My BEpIINHY,
He cogepkainytocs B Gi. [IpucBauBaem i:= i +1 1 nmepexoaum K mary 3.

Hampumep, HaiiieM MUHHMAIBEHOE OCTOBHOE JIEPEBO ISt rpada, H300paskeHHOTO HIKE.

X3

2 4
X2 1 Xa
1 3
X1 5 Xs

Illaz 1. YcTaHOBKa HaYaabHBIX 3HAYEHUN.
Benem matpuny muH pedep C:
o 1 o 1 5

1
C=

00
1
5

llaz 2. BoibepeM peOpo MHUHHMMaJIbHOW AMUHBL. MUHMMaibHas JUIMHAa pedpa paBHa
enunnne. Takux pedbep Tpu: (X1, X2), (X1, X4), (X2, X4). B 3TOM Ciy4ae MOXHO B3sITh JIFOOOE.
Bozbemem (X1, X2). IToctponm rpad G2, cocrosimuii 3 gaHHOTO pedpa M WHIMICHTHBIX €My
BepUIMH X1 ¥ X2. [Tonoxum i = 2.

[llae 3. Tak kak N =5, TO | # N, MO3TOMY MEPEXOJUM K Iary 4.

Ilaz 4. Ctpoum tpad Gs, mobaBnsis k rpady G2 HOBoe peOpPO MHUHUMAILHOW JITHHBI,
BbIOpaHHOE cpeau Bcex pedep rpada G, kaxkaoe U3 KOTOPHIX MHIMJIEHTHO OJJHOM U3 BEPLIMH X1,
X2 ¥ OJTHOBPEMEHHO MHIUJICHTHO Kakoi-HuOynp BepmmHe rpada G, He comepxkameiics B G2 T.
€. OJIHOM 13 BEPILIUH X3, X4, X5. TakuM 00pa3zoM, Hy’HO BbIOpaTh peOpo MUHUMAILHOMN JJIMHBI U3
pedep (X1, X4), (X1, X5), (X2, X3), (X2, X4), (X2, X5). Takux pedep MIMHBI eaUHHUIA aBa: (X1, X4) U (X2,
X4). MoxxHo BbIOpatTh mo6oe. Bozpmem (X1, Xa). Bmecte ¢ stum pebpom BkimtowaeM B Gz
BEPIINHY X4, HE copieprkanrytocs B Gy. [Tonaraem | = 3 u nmepexoaum K miary 3.

Llaz 3. Tak kak | # N, TO3TOMY MIEPEXOIUM K mIary 4.

Illaz 4. Ctpoum rpad Ga, mobasnsis k rpady Gz HOBoe peOpPO MUHHMATLHOW JITHHBI U3
pebep (X1, Xs), (X2, X3), (X2, X5), (X4, X5). Takoe peOpo UIMHBI ABa OHO: (X2, X3). BMecTe ¢ aTum
pebpom BrirouaeM B G4 BeplIMHY X3, He cofepikaiytocs B Gz. [Tonaraem i = 4 u nepexoaum K
niary 3.

[llaz 3. Tak kaKk |# N, MO3TOMY IEPEXOAUM K Iary 4.

Illaz 4. Ctpoum rpad Gs, modaBnss k rpady Gz HOBoe peOpO MHUHHMATLHOW JITHHBI U3
pebep (X1, Xs), (X2, Xs), (X4, X5). Takux pedep ATUHBI TpH 1aBa: (X2, X5) U (X4, X5). BozbMeM (X2, Xs).
BwMmecte ¢ atum pebpom BiiIrodaeM B Gs BepuinHy Xs, He coaepskarnyrocs B Ga. [Tomaraem i = 5
U TIePEeX0/IUM K mary 3.

llage 3. Tak xak i = n, 1o rpadp Gs — HCKOMOE MHUHHMAILHOE OCTOBHOE JIEPEBO.
Cymmapnas 1yimHa pebep papa 1 + 1 +2+3 =7.

[Tporecc MOCTPOCHNSI MUHIMAaIBHOTO OCTOBHOTO JiepeBa H300pakeH Ha PHCYHKE.
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1. OOume moJI0KeHUSA

CamocrosiTenbHast pabota - IulaHupyemasi YydeOHas, y4ueOHO-HCClIeJOBaTeIbCKasl,
HAYYHO-MCCIIEIOBATENIbCKAsA paboTa CTYIEHTOB, BHINOIHAEMAs BO BHEAYAUTOPHOE (AyIUTOPHOE)
BpeMs 10 3aJaHUI0 M TPH METOJUYECKOM pYKOBOJCTBE IIpenojaBareis, HO 0e3 ero
HEMOCPEJICTBEHHOTO y4yacTHs (MpU YacCTUYHOM HEMOCPEJCTBEHHOM Y4YaCTUHU MpernojaBaTels,
OCTaBJISIOIIEM BEAYIIYIO POJIb 32 pabOTOil CTY/IEHTOB).

CamocrositenpHast pabota crynento (CPC) B BY3e sBnsiercss BaXXHBIM BUAOM Y4eOHOM
U Hay4yHOM JesaTenbHOCTH cryaeHTa. CamocrosArenbHas paboTa CTYAGHTOB  HIpaer
3HAYUTENbHYIO POJIb B PEUTHHIOBOM TEXHOJIOTHH 00YUECHHUS.

CaMocrosiTenbHast paboTa sBJIsSETCS BakHeHIned Qopmoii ycBoeHus 3HaHud. B xome
CaMOCTOSITENIbHOM pabOThl CTYNEHThl YSICHSIOT 3HAaHUS II0 KOHKPETHOW TeMe Yy4eOHOro
MaTepuaia, 3aKpeIUIIIoT M YTOYHSIOT YK€ M3BECTHBIE M OCBAaMBAIOT HOBBIE KaTETOPUU.
CrankuBasch ¢ HEJOCTATOYHO MOHATHBIMH DJIEMEHTAMH TE€Mbl, CTYIACHTBI CTPEMATCA HAXOIUTh
OTBETHl WM (UKCUPOBATH BOIMPOCH! I TMOCTAHOBKM U YSICHEHHS UX Ha KOHCYJIbTALIUHU C
IpernojaBaTesieM Wi BO BPEMs [IPaKTUYECKOTO 3aHSITHSL.

3aza4n caMOCTOATENbHON PabOThI COCTOSIT B CIAEAYIOLIEM:

1. Pa3BuTh MOruyeckoe U arOpUTMUIECKOE MBILIUICHHUE.

2. BripaboTaTh TEpBUYHBIE HABBIKM MAaTEMaTHYECKOTO WCCIICJOBAHMS MPHUKIAIHBIX
BOIIPOCOB.

3. BeipaboTaTh HaBBIKM JOBEJIEHUS PELICHMs 3aJaud J0 MPUEMIIEMOI0 MPaKTHYECKOIO
pe3ynbpTaTa — 4ucia, rpadrka, TOYHOTO KaueCTBEHHOTO BBIBOJA C MPUMEHEHHEM aJeKBAaTHBIX
BBIUHCIUTENbHBIX CPEJCTB, TAOIHII, CIPABOYHHKOB.

4. Boplpa®oTaThb yMEHHE CaMOCTOSITENILHO pa3OupaTbcs B MAaTeMaTHYECKOM alapare,
NPUMEHSIEMOM B JINTEPAType, CBA3aHHON CO CHEIUAIbHOCTBIO CTYACHTA.

5. Hayuute omepupoBaTh aOCTPaKTHBIMH OOBEKTAMH U aJ€KBAaTHO YMHOTPEOIATh
MaTeMaTHYeCKUe TOHATHS M CHUMBOJBI JUIS BBIPKEHUS KOJIWYECTBEHHBIX U KaueCTBEHHBIX
OTHOUIIEHHUM.

CamocrositennpHass paboTa CTyneHTa MO ydeOHOW auciuiuimHe «MareMaTudecKuit
aHAJIM3» BKIIOYAET MOATOTOBKY K TPAKTHUYECKUM 3aHATHUSIM W BBINOJHEHHUE MPAKTHUECKUX
3a/laHui, CAaMOCTOATEIHLHOE U3YUYCHHE TeM YIeOHOTO MaTepuaa o peKoMeHAyeMOi TUTepaType
U C UCIIOJIb30BaHHEM MH(OPMALIMOHHBIX PECYPCOB.

CamocrosiTenpHas paboTa mo AucnuruimHe «MaTtemMaTH4ecKuid aHaM3)» HarpaBiieHa Ha

(dbopMUPOBaHKE CIETYIONINX KOMIMETEHIIHIA:
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[Tnanupyembie pe3ynbTaThl

Kon, Kox, (opMyIHpoBKa oOydeHusl MO AMCIUILIMHE (MOIYIIO),
(bopMyIIMpOBKa HHIKaTOpA XapaKTePU3YIOIIHE STarbl
KOMITCTCHIIH (dhopmMupoBaHus KOMITCTCHIIMH,

WHIMKATOPOB

OIIK-1: N-lonk-1 3HakoMm c [Ipumensier
Crioco0eH MpUMEHSATh | OCHOBaMHU MaTeMaTHKH, | €CTECTBEHHOHAYYHbBIC U
€CTECTBCHHOHAYYHBIC | (M3WKH,  BBIUMCIUTEIHHON | OOIIEHHKCHEPHBIC 3HAHUS, METOIbI
U OOIICHH)KEHEPHBIC | TEXHUKH M | MAaTEMaTHYECKOTO MOJICIIMPOBAHKS B
3HAHUSA, METO/JIbI | IPOTPAMMHPOBAHUS. npodeccnoHATLHOM IS TEIIEHOCTH.
MaTeMaTH4YCCKOrO N-2onk-1 Pemaer
aHajan3a U | CTaHJIapTHBIE
MOJICJTUPOBAHUS, npodeccroHalIbHBIC 3a/1a49H C
TEOPETUIECKOTO U | IPUMECHECHUEM
IKCIEPUMEHTATIBHOTO | €CTECTBEHHOHAYYHBIX u
HCCJICIOBAHMS B | OOIIEMH)XCHEPHBIX  3HAHUH,
poheCcCHOHATILHOM METOJIOB ~ MaTeMaTHYECKOro
JIEATEILHOCTH aHaJIM3a U MOJICTTUPOBAHUS.

HUA-3 OIIK-1 IIpoomut
TEOPETHUIECKOE u
IKCIIEPUMECHTAIILHOE
HCCIICIOBAHKE 00BEKTOB
npodeccuoHaIbHOM
JEATECILHOCTH

2. llean W 3a1a4U CAMOCTOAITEILHON PadoTHI

Benymas nens opranmzanuu u ocymectienuss CPC coBmamaer ¢ menbio oOydeHHs

cTyneHTa — (opmupoBaHue Habopa OOIIEHAYYHBIX,

HpO(l)eCCI/IOHaJIBHLIX Hn CIHCOuaJdbHBIX

KOMIIETCHITUIH 6ynymero 6aKanaBpa 10 COOTBCTCTBYIOLIEMY HAITPABJIICHUIO ITOATOTOBKU

[Ipu oprannzauunu CPC BaKHBIM U HEOOXO/IMMBIM YCIIOBUEM CTAHOBATCS (hOpMHpOBaHHE

YMCHUA CaMOCTOSATEIbHOU pa60TI>I JJIA HpI/IO6pCTeHI/I$I 3HaHI/II\/JI, HaBBIKOB MW BO3MOKHOCTHU
OopraHu3alnuun y"le6HOI7I n HaquOﬁ JACATCIIbHOCTH. ]_ICJ'ILIO CaMOCTOSITEIbHOMN pa6OTLI CTYACHTOB
SABIIACTCA OBJIAACHUC (bYH)IaMCHTaJIBHBIMI/I 3HAaHUAMU, HpO(bCCCI/IOHaJ'IBHLIMI/I YMCHHUAMU U

HaBbIKAMHU  JIEATEIBHOCTH MO MPOGMII0, OMNBITOM TBOPYECKOH, HCCIEN0BATENbCKOMN

nesrenbHocTH.  CaMmocrosiTenbHass ~— paboTa  CTYAEHTOB — CIIOCOOCTBYET  Pa3BHUTHUIO

CaMOCTOSATENILHOCTH, OTBETCTBEHHOCTH U OPTaHU30BaHHOCTH, TBOPUECKOT'O IMOIX0a K PEIICHHUIO
npo6ieM yueOHOro U IpopecCHOHATBLHOIO YPOBHS.

3amavamu CPC saBastores:
- CHCTEeMAaTH3alusl W  3aKpeIUICHHE TMOJYYCHHBIX TEOPCTUYECKUX 3HAHMH U
NPaKTHYECKUX YMEHUH CTYACHTOB;

- yrayOeHne U pacuIupeHre TEOPETUUECKUX 3HAHHIA,
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- (dopMHpOBaHHE YMEHHMH HCHOIb30BATh HOPMATHUBHYIO, IIPABOBYIO, CIPABOYHYIO
JOKYMEHTALUIO U CIIELMAIIBHYIO JIUTEPATYPY;

- pa3sBUTHE IO3HABATEIILHBIX CIIOCOOHOCTEH M AKTUBHOCTH CTYACHTOB: TBOPYECKOMH
MHULMATUBBI, CAMOCTOATEIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BAHHOCTY;

- (bopMHpOBaHHE CaMOCTOSITEIbHOCTH MBILIUIEHHS, CIIOCOOHOCTEM K CaMOpa3BUTHIO,
CaMOCOBEPILIECHCTBOBAHUIO U CaMOPEAIN3aLUH;

- pa3BUTHE UCCIIEI0BATEIbCKUX YMEHUM;

- UCIOJIb30BaHUE MaTepuasia, COOPAaHHOTO U IMOJYYEHHOI'O B XOJI€ CaMOCTOSITEIbHbIX
3aHATHUM Ha CeMUHapax, Ha IPAaKTHYECKMX M Ja0OpaTOPHBIX 3aHATHSIX, NPH HAIUCAHUHU
KYPCOBBIX M BBIIYCKHOW KBaTU(pHUKAIMOHHONH pabor, misi 3(QQeKTHBHON MOATOTOBKH K

HUTOT'OBBIM 3a4€TaM U OK3aMCHaM.

3. TexHoJiornyecKasi KapTa caMOCTOSATE/IbHOI padoThI CTyIeHTa

OOBeM 4acoB, B TOM YHCIIE
Bun
(akanm.)
Konpr JIEATEILHOCTH
Konrakr
pean3yeMbIx CTYJICHTOB CpencrBa u as
KOMIIETEHITUI TEXHOJIOTHH OLIEHKH CPC pabota o Beero
npernojaa
BaTelIieM
3 cemecTp
OIlK-1 ITogroroBka k | KommiuekT 3amaHui 0,62 0,18 1,8
(Ma-1,2,3) JEKIHSIM U BONPOCOB  TIO
TeMaM JUCIHAIUIMHEI
OIIK-1 ITogroroBka k | KommiekT 3amaHui
(Nma-1,2,3) NPaKTUYCCKUM U BONPOCOB  TIO 6,48 0,72 7,2
paboram TeMaM JUCIHUILIHHEI
OIlK-1 Camocrositenso | KoMmoekT 3amaHui
(Ma-1,2,3) e M3ydeHHWE | ©  BOMPOCOB  IIO 9 1 10
JIATEpaTypsl  TI0 | TeMaM JUCIUTLTHHEI
TeMaM 1-5
Hroro 3a 3 cemecTp 81 9 90
Hroro 81 9 90

4.ITops10K BBINOJTHEHUS] CAMOCTOSITEIbHON Pa00ThI CTYICHTOM

4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eoHol Jumepamypou

[Ipu pabGoTe ¢ KHUTONH HEOOXOAMMO TOAOOPATH JUTEPATYPY, HAYUYNUTHCS MPABUIBHO €€
YUTaTh, BECTH 3amucu. [ mogbopa mureparypbl B OMOIHOTEKE HCTIONB3YIOTCS aa(paBUTHBIA U
CHUCTEMAaTUYECKHUI KaTaloTH.

BaxxHO MOMHHUTH, 4TO paliMOHAIbHBIE HaBBIKM PabOTHI C KHUTOHM - 3TO Bcerjaa OosbImas

OKOHOMMUA BPpEMCHHU U CUJIL.
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[IpaBuibHbI  TONOOp Y4YEOHMKOB PEKOMEHAYETCS IpernojaBaTesieM, YHTAIOIIUM
JEeKIMOHHBIN Kypc. HeoOxoaumasi nutepaTypa MOXKET OBITh TaKXKe yKa3aHa B METOAMYECKHX
pa3paboTKax 1o JaHHOMY KYpCYy.

W3yyast marepuan no yueOHUKY, CIEAyeT MEPEXOJUTh K CIEAYIOIEMY BOIPOCY TOJIBKO
nocjie TPaBUIBHOTO YSACHEHUS MpPEIbIIyIIero, OMHUChIBas Ha Oymare BCE BBIKIAAKUH U
BBIYUCIICHHUS (B TOM YHCIIE T€, KOTOpble B y4eOHUKE OIYLICHbl WM Ha JIEKUUU JaHBl JJIs
CaMOCTOSATEIIBHOTO BBIBOJIA).

[Tpu u3yueHuu 000 AUCUUIUIMHBI OOJIBIIYIO U BaXKHYIO POJIb UTPAET CAaMOCTOSITeNbHAS
WHAUBHUAYyalIbHAs paboTa.

Ocoboe BHMMaHHE cjenyeT OOpaTUTh Ha OIpEIeIIEHHE OCHOBHBIX IOHITHH Kypca.
CryneHT noikeH noApoOHO pa3Ouparbh NPUMEPHI, KOTOPbIE MOSCHAIOT TaKUE ONpPEIEICHUS, U
YMETh CTPOUTH AaHAJIOTWUYHBbIE MPHUMEpPHl caMmocTosTeNbHO. HykHO 100UBaTbCS TOYHOTO
NpEJCTaBICHUsT O TOM, YTO H3ydaellb. [lole3HO COCTaBNsATH OMOpPHBIE KOHCIEKTHI. [Ipu
M3y4EeHUU MaTepHayia Mo y4eOHUKY MOJIE3HO B TEeTpaau (Ha CHEIHAJIbHO OTBEACHHBIX IMOJISIX)
JIOTIOJIHSTh KOHCIEKT JeKIuil. TaM ke cienyeT OTMe4aTb BOIPOCHI, BBIIEICHHBIE CTYJEHTOM
JUTSL KOHCYJIBTAIlUU C MPENOIaBaTEIIEM.

BriBosibI, MONTy4eHHBIE B pe3yabTaTe U3YUYCHHS, PEKOMEHIYeTCS B KOHCIIEKTE BBIJEINATD,
YTOOBI OHU MPH MEPEUUTHIBAHUY 3aIIUCEH JTyUIlle 3alIOMUHAIKCD.

OnpIT MOKa3bIBAa€T, YTO MHOTMM CTYAEHTaM IIOMOTAeT COCTaBJIEHME JIMCTa OMOPHBIX
CUTHAJIOB, COJIEpKAIer0 BaKHEUIIMe U HauboJjiee 4acTo ynorpebseMble GOpMYIIbl U MOHITHS.
Takol JUCT MOMOTraeT 3allOMHUTH (POPMYJIbI, OCHOBHBIE MOJIOKEHHS JIEKLIUU, @ TaKKe MOXKET
CILY’KMTb ITOCTOSIHHBIM CIIPAaBOYHUKOM JJIsl CTYJEHTA.

UreHne Hay4dHOTO TEKCTa SIBJISIETCS YacThIO MO3HAaBaTENbHOM jAestenbHocTU. Ee nenb —
U3BJICUEHHE U3 TeKcTa HeoOxoauMoil nHpopMmaru. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOIUM
COOCTBEHHAs1 BHYTPEHHSSI YCTaHOBKA INpH OOpalleHMM K IeYaTHOMY CIJIOBY (HalTH HY>KHbIE
CBEJICHMSI, YCBOUTh MHGOPMAIMIO MOJHOCTHIO WM YAaCTHYHO, KPUTHYECKH MPOAaHAIM3UPOBATH
MaTepuai U T.I.) BO MHOI'OM 3aBUCHUT 3()(HEKTUBHOCTh OCYILIECTBISIEMOTO NEHCTBUS.

Boiaenstor uemuipe 0choénble yCmano6KU 6 YUmeHuU HAyYHO20 MEeKCma:

MH(OPMAIMOHHO-TIOMCKOBBIN (3371a4a — HallTH, BBIIEIUTh UICKOMYIO HH(OPMAIIHIO)

ycBauBaromas (yCwivs 4MTaTeNlsl HampaBlIeHbl Ha TO, YTOOBI KaK MOXKHO TIIOJHEe
OCO3HAaTh W 3allOMHUTH KaK CaMU CBEJCHHS H3JaraeMble aBTOpPOM, TaK U BCIO JIOTHKY €ro
paccyxaeHui)

AHAJTMTUKO-KPUTHYECKass (YUTATENIb CTPEMUTCS KPUTHUECKHM OCMBICIUTH MaTepHal,

IPOAHAJIM3UPOBAB €0, OMPEICIIUB CBOE OTHOIICHHUE K HEMY)
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TBOpYECKas (CO34AeT y 4YMTATeNs FOTOBHOCTh B TOM MJIM MHOM BHJE — KaK OTIPaBHOU
IOYHKT JJIS CBOUX PacCyKICHHUH, KaKk 00pa3 Ui ASWCTBUS 1O aHAJOTHH U T.II. — UCIOJIB30BATh
CYXKJCHUS aBTOpAa, XOJ| €ro MbICIEH, pe3yiabTaT HaOJIOJEHUs, pa3pabOTaHHYI0 METOAMKY,

JOTIOTHUTD WX, [TOIBEPTHYTh HOBOM IPOBEPKE).

4.2. Memoouueckue pekomeHoayuu no n0020MoeKe K NpAKMmMu4ecKuUM 3aHAMuUsIM
JUis  Toro 4YTOOBI NPAKTUYECKHE 3aHITHS MPUHOCWIM MaKCHUMAaJbHYIO IOJb3Y,

HEO0OXOJUMO IOMHMTb, YTO YIPAKHEHUE U PELICHUE 3a7ad IPOBOAATCA II0 BHIYMTAHHOMY Ha
JEKIMSIX MaTepualy W CBS3aHbl, KaK MPaBHIIO, C JACTAIBHBIM Pa300poM OTIEIBHBIX BOIPOCOB
JeKIMOHHOro Kypca. CrenyeT NOAYEpKHYTh, 4YTO TOJBKO IIOCIE YCBOEHHS JIEKI[MOHHOI'O
MaTepHaja ¢ ONpPENelIeHHOM TOYKHM 3peHus (a UMMEHHO C TOH, ¢ KOTOpOM OH H3jaraercs Ha
JEKIHSIX) OH OyNeT 3aKpeIuIAThCS Ha MPAKTHUECKUX 3aHATHUAX KaK B pe3ysIbTaTe OOCYKICHHS U
aHaM3a JISKIMOHHOTO MaTepHaia, Tak U C MOMOIIBI0 PeUIeHUs MPOOJIEMHBIX CUTYaIUi, 3a1ad.
[Tpu 3TUX yCIOBUSAX CTYJEHT HE TOJIBKO XOPOIIO YCBOMT MaTepuall, HO U HAyYUTCs MPUMEHSThH
€ro Ha IpaKTHKEe, a TaKXKe IOJIYYUT JOIMOJHUTEIbHBIA CTUMYN (M 3TO OYEHb BAaXKHO) IS
AKTUBHOM NPOPabOTKH JIEKLIUH.

CnenyeT HNOMHUTbH, YTO pEIIEHUE KaXKIAOW ydyeOHOM 3ahauu JOJDKHO JOBOJMUTHCS J0
OKOHYATEeJIbHOTO JIOTUYECKOrO0 OTBETa, KOTOPOro TpeOyeT YCIOBHE, W IO BO3MOXKHOCTH C
BbIBOZIOM. [loydeHHBIH OTBET cieayeT MPOBEpUTh CHOCOOaMM, BBITEKAIOIIMMH M3 CYIIECTBA
naHHoW 3ajmaun. Ilonme3Ho Taxke (eciu BO3MOMKHO) pellaTh HECKOJBKMMM CHocob0amMu U
CPaBHMTbH IOJIyYE€HHbIE pe3ysbTaThl. PemieHue 3amad JaHHOTO THIA HYXKHO IPOJOJIKATh JI0

an06peTeHH5{ TBCPAbIX HABBIKOB B UX PCIICHUU.

4.3. Memoouueckue pekomeHOayuu no camonposepKe 3HaHull
[Tocne u3yyeHUs: OMpENEIEHHON TEMBI MO 3aMUCsIM B KOHCIIEKTe U Y4eOHUKY, a TakKe

pelIeHHs T0CTaTOYHOI'0 KOJMYECTBAa COOTBETCTBYIOIIMX 33/ay Ha MPAKTHYECKUX 3aHATHUIX U
CaMOCTOSITENIbHO CTY/AEHTY PEKOMEHAYETCsl, MPOBECTH CaMOIPOBEPKY YCBOEHHBIX 3HAHUM,
OTBETHUB HAa KOHTPOJIbHBIE BOIIPOCHI 110 U3YUYEHHOM TEME.

B ciiydae HE0OXOIUMOCTH HYXKHO €Ille pa3 BHUMATEIbHO pa3o0paThcs B MaTepHale.

WNHorpa HeIOCTaTOYHOCTh YCBOEHHUS TOTO MJIM MHOTO BOIPOCA BBISICHSAETCS TOJBKO MPH
U3y4eHHH JaibHENIIero Matepuana. B 3Tom ciyuae Hazo BEpHYTbCA Ha3al U MOBTOPUTH IJIOXO
YCBOEHHBII Marepuas. BakHbIM KpUTEpUIl yCBOEHHUS TEOPETHMUYECKOIO MaTepuajna - yMEHHE
pelmare 3aJaud WM IOPONTH TECTUPOBAHME IO MPOHAEHHOMY Marepuany. OngHako ciexyer
MOMHHUTb, YTO MPAaBWJIbHOE pEIIeHHE 3aJaud MOXET IMOJIyYUThCS B pe3ysibTaTe NMPUMEHEHUS

MEXaHUYECKHU 3ay4eHHBIX (opMyIl 6€3 TOHUMAaHUs CYITHOCTH TEOPETUUECKHUX MOJI0KEHUH.
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5.KoHTpoJb caMOCTOATEIBLHOI Pa0OThI CTYACHTOB

B pamkax peWTHHIOBOM CHCTEMBI YCIIEBAEMOCTb CTYJACHTOB IO KaXAOW JUCLMILIMHE
OLICHUBAETCA B XOJ€ TEKYILIEro KOHTPOJIS U IPOMEKYTOYHON aTTECTALUU.
Tekymmii KOHTPOJIb

PeiiTuHrOBasi OleHKA 3HAHUI CTyIEHTA

Buj nestenpHOCTH CTYJEHTOB Cpoku Kon
n/m BBITIOJTHEHUS UYECTBO
6aJIoB
1. [IpakTuueckoe 3ansarue 5 ) 15
Heaens
2. [TpakTruyeckoe 3anstue 10 10 20
HeJens
3. [IpakTuyeckoe 3anstue 15 15 20
HeJens
Hroro 3a 1 cemecTp 55
[TpakTrueckoe 3aHsaTHE 5 5 15
HeJens
[IpakTrueckoe 3anstue 10 9 20
HeJens
[IpakTuyeckoe 3anstue 15 13 20
HeJens
Hroro 3a 2 cemecTp 55

MakcruMaabHO BO3MOKHBIM 0aJu1 32 BECh TEKYIUN KOHTPOJIb YCTaHABIMBAETCS PaBHBIM 95.
Texyliee KOHTPOJIBHOE MEPONPUATHE CUMTACTCS CIAHHBIM, €CIIM CTYJICHT MOJIyYHII 32 HETO He
MeHee 60% OT YCTAHOBJIEHHOTO JJII ATOTO KOHTPOJS MaKCHMalbHOTrO Oana. PedTHHTOBBIN
0aJu1, BBICTABISIEMBIN CTYJIEHTY 3a TEKyIllee KOHTPOJIbHOE MEPOIPUITHE, CAAHHOE CTY/IEHTOM B
YCTAHOBJIICHHBIE TPaUKOM KOHTPOJBHBIX MEPONPHUSATHH CPOKH, OMPEACISIETCS CIEAYIOIINM
obpa3zom:

Yposenw Peiimunzoeutit 6ann (6 % om
6bINOJIHEHUA KOHMPObHO20 3A0AHUS MAKCUMANbHO20 0ann1a 3a KOHMPOJIbHOE
3a0anue)
Omauunwiil 100
Xopowwuti 80
Yooenemsopumenwvhutii 60
Heyoosnemeopumenvnuiii 0

IIpome:kyTOoUHAs aTTecTANMS

[Ipomexyrounass arrectauus B ¢opMe 3IK3aMeHa IPeIyCMaTpUBAeT IPOBEJICHUE
00s13aTeNIbHON 9K3aMEHAIMOHHON mpoueaypsl u oueHuBaercs 40 6ammamu u3 100. B ciyuae
€CIM PEeUTHHTOBBI OaJll CTyJIEHTAa IO JTUCIUIUIMHE IO WTOoraM cemectpa paBeH 60, To
porpamMMoil aBTomMatudecku nodamisercss 32 NpeMHualbHBIX Oajla M BBICTABIISETCS OLIEHKA
«OTIUYHO». IlONOXKUTENbHBIM OTBET CTyJEHTa Ha HK3aMEHE OLICHMBAETCS PEHTHHIOBBIMU
Oautamu B gmanazone ot 20 go 40, omenka wmenbme 20 0amuoB  cuMTaeTCs
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HEYJOBJIETBOPUTEIBHOM.

[IIkana COOTBETCTBHS PEHTUHTOBOTO Oaslia SK3aMeHa S5-0abHOM crucTeMe

PeiiTuHroBbIi 02J11 110 Ounenka no 5-60a/UIbHOM cuUcTEMe
AUCUHHUIINHE
35-40 OTnn4HO
28 - 34 Xoporto
20 - 27 Y 10BIETBOPUTETBLHO

Hrorosas oneHka no JUCHUILIMHE, U3y4aeMON B OJHOM CEMECTPE, OIpENEsIeTCs M0
cymme 0asuioB, HAOpaHHBIX 32 padOTy B TE€UEHHUE CeMecTpa, U OAIIOB, MOTYYSHHBIX TPU clladye

OK3aMCHa:

Llxana nepecuema peiumuneo6020 6ania no OUCYUNIUHe
8 OYEHKY no 5-0annvHol cucmeme

Peiimunzoeuuit 6a1n no Ouenka no 5-06annvnoit cucmeme
oucyuniune
88-100 Omauyno
72-87 Xopowo
53-71 Yooenemeopumenvrno
<53 Heyoosnemsopumenvho

6. Cniucox urepatypsl

6.1. IlepeueHb OCHOBHOI1 JIUTEPATYPHI:

I'ycak, A. A. Marematnueckuil aHanu3 u quddepeHuanbable ypaBHeHus. [IpuMeps! u
3ajaun: yaeoHnoe nocooue / A. A. I'ycak. — Munck: TerpaCucremc, 2011. — 415 c. - Pexxum
noctyna: http://www.iprbookshop.ru/28122.html

6.2. IlepeueHb JONOJIHUTEILHOM JIUTEPATYPbI:

1.MlnauBuayansHble 3a1aHus Mo Bbiciied Maremaruke. Yacte 1. JIuHeiHas u BeKTOpHas
anredbpa. Ananutuueckass reomerpus. [uddepennuansHoe wucuucnenve QYHKOUN OJHOU
nepeMeHHoil: yue6Hoe mocobue / A. II. Pabymko, B. B. Bapxaros, B. B. [lepxasen, U. E.
IOpyTh; mon penakmueit A. I1. PsOymko. — Munck: Bemmitmas mxomna, 2013. — 304 ¢. —
Pexum noctyna: http://www.iprbookshop.ru/20266.html.

2.lanuBuayalibHBIE 3aJjaHusl 1O BhICIIe maTteMmaruke. Yacte 2. KomIekcHble dncia.
Heonpenenennsle u omnpeneneHHble MHTErpanbl. @OYHKIUMM HECKOJIBKHX IEPEMEHHBIX.
OO6bikHOBeHHbIE U depeHIanbble ypaBHeHUs: yueOHoe mocobue / A. II. PaGymko, B. B.
bapxato, B. B. [lepxaseu, U. E. Opyrs; nox penakuumeit A. II. PgaOymko. — MuHck:
Brimmiinias IKOJIA, 2014. — 397 C. — Pexum JOCTYTIA:
http://www.iprbookshop.ru/35481.html.

3.nauBuayaneHble 3a7aHusd 1Mo Bbeicuied maremaTtuke. Yacte 3. Psawl. Kpartneie u
KPUBOJMHEHHBIE HHTErpalibl. DJIIEMEHTHI TEOPUH MoJis : yuebHoe nocodue / A. I1. Pabymiko, B.
B. bapxaros, B. B. Jlepxaseu, 1. E. FOpyts ; non penakuueir A. II. Palymko. — MuHck:
Beimmiimas mkona, 2013. — 367 ¢. — Pexxum goctyna: http://www.iprbookshop.ru/20211.html.
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