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BBenenue
1. Heap u 3ap0a4n U3y4eHUs1 AMCUUNIMHBI

Hens mucrumiauHbl: GopMHUpOBaHHWE HabOopa 00menpodhecCHOHATBHBIX KOMITETCHIIHI
OakanmaBpa 1o HampaBieHuto noarotoBkd 09.03.02  «MHpopmanmMoOHHBIE CHCTEMBI U
TEXHOJIOTHI.

3amaun OCBOEGHHMS AMCLUUIUIMHBL  (OPMHUPOBAHUE IMPEJCTABICHUM O POJIM U MecTe
MaTeMaTUKd B COBPEMEHHOM MHpE, JTalax pa3BUTHs, YHUBEPCAJIBHOCTH €€ MOHATUH U
NpeACTaBICHUH; (OPMUPOBAHME YMEHUIH KOHCTPYMPOBAaHUS M aHAJIW3a MaTeMaTHYeCKUX
Mojienieil 00bEKTOB, CUCTEM U MPOLIECCOB MPHU PEIIEHUH 3a/1a4, CBA3aHHBIX CO cepoit Oymyieit
npoeCCUOHATBHON JIeATEIbHOCTH; OBJAJCHHE HaBBIKAMHU TOYHOTO U CXKATOTO BBIPAKCHMS
MaTeMaTHYeCKOM MBICIM B YCTHOM M IHCBMEHHOM H3JIO)KEHHWH, C HCIOJb30BaHUEM
COOTBETCTBYIOIIEH CHMBOJIMKH, TEOPETUYECKOTO M 3KCIEPUMEHTAIBHOIO HCCIEJOBaHUs B
po¢eCCUOHAITBHON IeATETLHOCTH.

2. O0opyaoBaHKMe U MAaTEPHAJIbI

[IpakTrueckue pabOTHl MO AWCHUIUIMHE «J[MCKpeTHass MaTeMaTHKa» TMPOBOASTCS B
y4eOHOI ayquTOpHUH C MYyJIbTUMEANa OOOpYJAOBAaHUEM: MPOEKTOP, KOMIBIOTEP, OSKpaH
HACTCHHBIH.

3. HamMeHoOBaHHe NMPAKTHYECKUX PadoT

Ne HanmeHoBaHMe TeM IMCUUILIMHBI, KX KPAaTKOE Oo6bem N3 Hux
TeMBbI coJep:KaHue 4acoB NPaKTHYeCcKas
NMOAr0TOBKA, YaCOB
3 cemecTp

1 CnocoObl  3amanus MHOXecTB. Omeparuu  Haj 2 2
MHOECTBaMHU.

2 OTtHO1IEHHUS. OTHOILIEHUS SKBHUBAJIEHTHOCTH. 2 2
Otnomienne  mopsigka. CBoiicTBa  OTHOUICHUH.
OtobOpaxenus. WHBEKIMA, CIOPBEKIHs, OWUEKITHSI.
[TonsTHe QYHKIMH.

4 OcHOBHBIE AJIreOPaNIeCKUe CTPYKTYPBI. 2 2

5 Onepanuu  HaJa  BBICKA3bIBAaHUAMH.  TaOIuIbI 2 2
WCTUHHOCTH. Jlornueckue 3aaaumu.

5 Hcuuncnenune BBICKA3bIBAaHUM. Anroput™m 2 2
yaudukaiuu. [IpaBuna BeIBOAA.

6 Hcuucnenune IIPENKATOB. ABTOMAaTHUYECKOE 2 2
JI0OKa3aTeJbCTBO TeopeM. MeTo1 pe30II0IIHIA.

7 CnocoOnl  3amanus OyneBodt (ynkiuu. TaGnuia 2 2
HCTHHHOCTHU OYJIEBOH (DYHKIUH.

7 [IpuMeHeHne 3aKOHOB ajareOphl JIOTHKH. 2 2

8 JIM3BbIOHKTUBHBIE U KOHBIOHKTHBHBIE COBEPILICHHBIE 2 2
HOPMaJIbHBIC (DOPMBI.

8 AJITCOPUTMBI IOCTPOCHUS TOJTMHOMOB JKerajikuHa. 2 2

9 Pazmemenus, NIEPECTaHOBKH, COYETaHHUs B 2 2
KOMOMHATOPHKE.

9 [MoncranoBku. buHOMHManbHBIE — KOI(DPUIIHEHTHI. 2 2
Pazouenmusi.

13 OcHOBHBIE  XapakTepUCTUKU TpadoB. Marpuibl 2 2
CMEXHOCTH ¥ HWHIWACHTHOCTU. Ornepanuu Haj
rpadamu.




14 Ditnepos rpad. Kpurepuii 3iaepoBOCTH. 2 2
14 ["'aMuibTOHOB rpad. 2 2
15 Anroputm @opna — bemnmana  HaxoxaeHUs 2 2
MHUHHMAaJIBHOTO nyTH B Harpy>KeHHOM
OpHMEHTHPOBAHHOM Tpade.
15 3aaya HaXOXKACHUS KPUTUIECKOTO IyTH B rpade. 4 4
16 [locTpoeHne MHMHMMaIBHOTO OCTOBHOTO J€peBa 4 4
Harpy»eHHoro rpada.
HToro 3a 3 cemecTp 36 36




4. Conep:xanue NpaKTHYECKUX padoT

IIpakTuyeckass padora Nel. CnocoObl 3ananusi MHoO:kecTB. Onepamum Hajg
MHOKeCTBaMHU.

Ilens 3anamusn. TlpuoOpecTn HaBBIKM 33aJaHUS MHOKECTB, BBITIOJHEHUS OMepaluii Haj
MHO>KE€CTBaMHU.

3Hanua u ymenus, npuodpemaemvie CHMYOEHMOM 6 pe3yabmame OC60CHUA MeEMbl,
dopmupyemovie Komnemenyuu. 3HAaeT U yMeeT MPUMEHATH Oa30Bble OMNEpalUu HaJ
MHO>XECTBaMHU.

Teopemuueckas uacme.

[lonsiTue MHOXECTBa HE ONpeAeNseTcs, a JUIIb WUIIOCTPUPYETCS MpUMEpPaMHu.
Hanpumep, MoxHO roBopuTh 0 MHO)kecTBe crtated ['K P®D, 0 MHOXECTBE JIOTHMYECKUX
BO3MOXXHOCTeH H T.n. MHOXecTBa OyJeM 0003Ha4aTh MPOMUCHBIMH JIATUHCKUMHU OyKBaMu:
A,B,... Eclin 3JIeMEHT X NMPUHAICKUT MHOKECTBY A, MUIIYT x | A (4UTAIOT: «X NPHHAICHKHUT
MHOXXECTBY A»), B TIPOTHBHOM ITHINYT X | A («x He MPUHAINEKHUT MHOXKECTBY A»). MHOKECTBO,
HE cozieprKaliee HA OJTHOTO DIIEMEHTA, Ha3bIBAIOT NYCMbIM, €0 0003HAYar0T cuMBOJIoM AE.

Mnoowcecmeo cuumaemcsi 3a0aHHbIM, €CIAA O JIOOOM JaHHOM OOBEKTE MOXKHO
OJIHO3HAYHO CKa3aTh MPHUHAJJICKUT OH STOMY MHOXKECTBY WJIM HET. PaccMoTpuMm dea cnocoba
3a/1aHKsI MHOKECTBA:

* JaeTcs MOJIHBIN MEepeUYeHb 3JIEMEHTOB MHOXKECTBA; HAlPUMEP, MHOXKECTBO PE3yJIbTaTOB
TOJIOCOBAHUS IPUCSIKHOTO TAKOBO: {«3a», IPOTHUBY, «BO3JIEPIKATICS» };

* yKa3blBa€TCs NPABWIO OMNpPENEICHUsS MPUHAMICKHOCTH JIOOOro o00beKTa K
paccMaTpuBaeMOMY MHOXKECTBY; Hampumep, 3amuch A = {xX : |x| < 10} o3Havaer, 4T0 A COCTOUT
U3 TaKUX YHCed X, MOIYyJb KOTOphIX MeHblne 10 (mocie ABOeTOYMS 3allKMCaHO MPaBUIIO,
KOTOPOMY JOJIKHO YJOBJIETBOPSTH YUCIIO X, YTOOBI €0 MOXKHO OBIJIO OTHECTH K MHOXKECTBY A).

JIBa MHOXXECTBa, COCTOSALIME U3 OJHUX M TE€X K€ IJIEMEHTOB, HA3bIBAIOTCS PAGHLIMU.
Ecin mHO)ecTBa A u B paBHbI, To numyt A = B.

Ecnu kaxxaplil 51IeMEHT MHOXKECTBa B sBisieTCs B TO K€ BpEMsI DJIEMEHTOM MHOXKECTBA A,
TO FOBOPAT, UTO B — noomnoocecmeo muoxxectBa A. B aTom ciyuae nunryt B | A (anraror «B —
MOIMHOKECTBO MHOKECTBA A»).

B nocnenytomem, ncxoIHOE MHOXKECTBO Oy/IeM Ha3bIBATh YHUBEPCANbHLIM U 0003HAYATh
U. Cobcmeennvle noomnoocecmsea MHOKeCTBa U — 3TO T€ MOAMHOXKECTBA, KOTOPBIE COJEPKAT
HEKOTOphIe, HO He Bce aneMmeHnThl U. Hapsny ¢ coOCTBEHHBIMH MOJAMHOKECTBAMH yCIOBUMCS
camo U u mycToe MHOXeCTBO AE TakKe CUUTATh MOJIMHOKECTBaMU MHOXecTBa U.

PaccmoTpuM mporiecc 00pa3oBaHUs HOBBIX MHOXKECTB U3 JAHHBIX MHOXECTB A u B, mpu
3TOM OyAeM mpenmnojaraTb, 4To U A, u B, m BHOBb 00pa30BaHHOE MHOMECTBO SIBISIFOTCS
MOJIMHOKECTBAMH HEKOTOPOTO YHUBEPCAIbHOTO MHOKecTBa U.

O6vedunenuem wmuoxectB A n B (obosnauaercs A E B) HasbiBaeTcs MHOKECTBO,
COCTOSIIIIEE U3 BCEX TEX DJIEMEHTOB, KOTOpPbIE MPUHAIJIEKAT XOTs ObI OTHOMY U3 MHOXKECTB A, B.
Ilepeceuenuem muoxectB A u B (o603nauaercs ACB) Ha3pIBacTCs MHOXECTBO, COCTOSIIIEE M3
BCEX TEX U TOJBKO TEX AJIEMEHTOB, KOTOpbIE MpUHAMNIEKAT U A, U B. Paznocmuvio MHOXECTB A 1
B (o6o3nauaetcst A4 | B) Ha3bIBaeTCsl MHOYKECTBO BCEX TEX U TOJIBKO TEX IJIEMEHTOB A, KOTOPHIC
He conepxkarcs B B. Ilycte U— yHusepcanvrnoe muooicecmeo Takoe, 4TO BCE paccCMaTpUBaeMble
MHOKECTBA SBJIAIOTCS €r0 IMOJMHOXXECTBaMHU. J[ononHenuem MHOXKeECTBA A Ha3bIBaeTcs
MHO>KECTBO BCEX AJIEMEHTOB, HEe MpUHAIeKaMX A (HO mpuHaanexamux U).

Ecnu paccmoTperh HekOTOpble KOHEUHble MHOXecTBAa N U M, y KOTOPBIX HMEIOTCS
COOTBETCTBEHHO HekoTopble uyucna siemMeHToB k(N), k(M), To umeer MecTo cremyrouiee
COOTHOILLIEHUE:

k (N E M) =k (N) +k (M) — k(N C M).

[lpumep.  BcerynurenbHbIl 9K3aMEeH 1O (U3MYECKOH TOATOTOBKE B MOCKOBCKHIA
yauBepcuter MBJl Poccun cnaBanu 2500 abutypueHToB, oueHky Hrpke "5" momyuwmnm 1800
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YeJI0BEeK, a BbIAEPXKaIH 3TOT k3aMeH 2100 abutypuentoB. CKOIBKO Y€IO0BEK MOJYUUIN OLICHKH
"3"yu "4"?
Pemtenue. [Ipennonoxum, yto N — MHOXKECTBO aOUTYPHEHTOB, BBIJICPKABIIUX dK3aMEH
1o (pu3nvecKkoi MOAroToBKe, M — MHOXECTBO aOUTYPHUEHTOB, MOJIYYUBIINX OLEHKU HIke "5".
o ycnoBuio 3amaun mmeem k (N) = 2100, k(M) = 1800, k (NEM) = 2500. AGHTYpUEHTHI,
noiyuuBime onenku "3" u "4", obpaszyrotr MHOKecTBO NCM. [IpuMeHss npuBeICHHYIO BBIIIIE
(bopMyITy, HAXOIUM:
k (N E M) =k (N) + k (M) —k(N C M).
k(NC M) =k (N)+k (M) -k (NE M),
k(N G M) =2100+1800-2500 = 1400.
Otget: 1400 uenoBeK MOMYYMIIN OLIEHKH «3» U «4».
KoHTpoJibHbIe BONPOCHI M 3aJaHUs

3amauya 1. Ha mepBoMm Kkypce cieAcTBeHHOTO (hakyiabTera MOCKOBCKOTO YHHUBEPCHTETA
MB/I Poccun 1500 xypcantoB, n3 kotopbix 1050 KypcaHTOB M3y4yarOoT aHIVIMHCKHUN A3BIK, 675
KyPCaHTOB U3y4alOT HEMELKHH sI3bIK U 345 KypcaHTOB U3y4atoT o0a si3bika. CKOJIBKO KypCaHTOB
CJIEICTBEHHOTO (DaKyIbTETa HE U3YYAIOT HU aHTIUHUCKUN, HI HEMEIIKUI S3bIK?

3amauya 2. B onmumnumaze mo wHbOpMaTHKEe W MaTeMaTHUKE NMpUHUMaIu ydactue 40
KypcanToB MockoBckoro yHuBepcurera MBJ[ Poccum, UM ObUIO IPEJIOKEHO PEIMIUTH OJHO
3ajaHue 1o HuH(OpPMAaTHKe, OJAHO MO MpaBOBOW HH(OPMATHKE M OAHO IO MaTeMaTHKe.
PesynbpTaThl IpOBEPKU pEUICHU 3a/IaHUi TPEICTABJICHBI B TA0JIHIIC:

Pemenst Konnuectso Pemensl 3ananus Konunuaectso
3a/1aHus pEIINBIINX PEIIHMBIINX
ITo 20 I[lo  wundopmaTMke H  MPaBOBOM 7
nHpopmaTHKe nH(popMaTHKe
Ilo mnpaBoBoW 18 [To napopmaTrKe U MaTeMaTUKe 8
nHpopmaTHKe
ITo 18 ITo mpaBoBO¥ HHPOPMATHUKE U 9
MaTeMaTHKe MaTeMaTHKe

N3BecTHO Takke, 4TO HU OAHOIO 3a/laHus He pelmiin Tpoe. CKOJIBbKO KypCaHTOB PELIMIN
Bce 3 3aganusa? CKOJIbKO KYpPCAaHTOB PEIIMJIA POBHO 2 3a1aHus?

3anaya 3. B MarazuHe KaHUEISIPCKUX IPHUHAJUIE)KHOCTEH MOCKOBCKOIO YHUBEPCHUTETA
MBJI Poccun kypcaHThl OOBIYHO MOKYTMAIOT JHO0 OAHY PYUKY, MO0 OJHY TETpaib, TM00 OAHY
PYUKy ¥ OiHY TeTpajb. B oguu u3 qHei 6pu10 ponano 57 pyuek u 36 terpaaeid. CKoIbKO ObLIO
MOKYyTaTeneu, ecinu 12 KypcaHTOB KyNWJIA U PYUKY, U T€Tpajb?

3anaya 4. B ogHOM M3 ropoJoB YKpauHbl YacThb XKHUTEJIEH TOBOPUT TOJIBKO IO-PYCCKH,
4acThb - TOJIBKO MO-YKPAaWHCKH, YaCTh TOBOPUT U MO-PYCCKH, M MO-yKpauHCKU. W3BeCTHO, 4TO
90% >xuTeneit roBoput no-pyccku, a 80% - mo-ykpauncku. Kakoi mpoueHT kuteneid ropoja
TOBOPUT Ha O0OUX SI3bIKAX?

3amaua 5. Kaxxaplii u3 KypcanToB y4eOHOH rpymiibl MockoBckoro ynusepcurera MBJ]
Poccun B 3uMHME KaHUKYJBI POBHO J[Ba paza ObUI B TeaTpe, Mpu 3ToM crekrakid N, M u P
BUJICNIN COOTBETCTBEHHO 25, 12 m 23 kypcanTta. CKOJIBKO KypCaHTOB B ydeOHOW rpyre?
Ckonpko n3 HUX Buzenu cuekraki N u M, N u P.M u P?

3anmaga 6. B yuebnoit rpymme u3 40 xypcantoB 30 ymeroT miaBath, 27 yMEIOT UTPaTh B
H1axMaThl M TOJBKO 5 HE YMEIOT HU TOro HHU Apyroro. CKOJbKO KypCaHTOB YMEIOT IJlaBaTh U
UIpaTh B IIaXMaThl?

3amaua 7. B Teuenue Henenu B KMHOTeATpe aeMoHCTpupoBanuch GuibMbl A, B u C. U3
40 MIKOJIFHUKOB, KX/IBI M3 KOTOPBIX MPOCMOTpEI JINO0 Bce Tpu (uibma, Tud0 OIUH U3 TpeX,
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¢unem A Buznenu 13, punsm B—16, dunsm C—19 mxonbHuKOB. HallTH, CKOJIBKO YYEHHUKOB
MIPOCMOTPENH BCE TpH (puiibMa.

3anaua 8. B cnoptuBHOM narepe 65% pe0sT ymeroT urpath B pyroosn, 70%—s Boneitbon
u 75%—sB Oacker6os. KakoBo HauMeHbllIee 4nciao pedsT, yMEIoIuX Urpatb 1 B gyroos, u B
BOJICHO0I, M B OackeT001?

3anaya 9. Ha ypoke autepaTyphl YUUTeNb pemIMi y3HaTh, KTO U3 40 y4eHUKOB Kiacca
yurtan kHuru A, B u C. PesynbraTsl onpoca okaszaiauch TakoBbl: KHUTY JI unTano 25 yuyammxcs,
kaury B-22, xkaury C—raxoke 22. Knuru A unu B yuranu 33 yuenuka, A win C—32, B wiun
C—31; Bce Tpu kHuru npouwnn 10 ygammxcs. CKOJBKO YYEHHUKOB MPOYIM TOJIBKO MO OJHOMU
kHHUre? CKONIBbKO y4aluxcsl He YUTAIU HU OAHOM U3 3TUX TpeX KHUT?

3amaua 10. Cpenu aOMTYypUEHTOB, BBLAEP)KABUIMX MPHEMHBIE 3K3aMEHBI B BY3, OLICHKY
«OTJIMYHO» MONYYWIN: MO MareMatuke—48 abuTypueHToB, 1o ¢usuke—37, 1Mo pycckoMy
A3bIKy—42, TI0 MaTeMaTuke Wiu (pu3nke—75, M0 MaTeMaTHUKE WIM PYCCKOMY SI3bIKy—7/6, IO
(buzuke WM pyccKkomy s3bIky—606, mo Bcem Tpem mnpenmeraMm—4. CKOJIBKO aOUTYypHEHTOB
HOJYYHIIU XOTs ObI 0AHY nATepKY? CKOJIBKO Cpeiu HUX MOJTYUYHMBIIUX TOJIBKO OJIHY MATEPKY?

Pexomenoyeman numepamypa:

OcHoBHasi iMTEpaTypa:
3apunoBa, J. P. Jlekuuum mo auckpeTHod MaTematuke. MaremaTuueckas JIOTMKa: ydyeOHOe
nocobue / 3. P. 3apunosa, M. I'. Kokotuukona, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
yHMBEpCUTET  JpyxObl  Hapomos, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JlomoJIHMTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckpeTHas MareMatuka Juisg MpOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne2. OtHomeHusi. OTHOIIEHMS JKBUBAJEHTHOCTH.
OtHomenne mnopsinka. CpoiictBa oTHomeHuii. Orodpaxkenus. Unbexkums, cropbexkuus,
ouexnus. [lonsiTne pyHkuum.

Ileny 3anamusa. 1lpnoOpecTy HaBBIKM ONpE/EieHUs BUJa OMHAPHOTO OTHOLIEHHUS, €T0
CBOICTB U crioco0a 3aaHus.

3nanusa u ymenus, npuoopemaemvie CHYOCHmMOM 6 pe3yibmame 0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaeT OCHOBHbIE OMHApPHbBIE OTHOLIEHHS] U UX CBOWCTBA, yMEET
IPUMEHATH CBOMCTBA OTHOLLIEHUI HA NTPAKTUKE.

Teopemuueckasa uacme.

buHapHble OTHOIIEHHS YCTAaHABIMBAIOT COOTBETCTBUS DJIEMEHTOB OIJHOI'O MHOKECTBA
3JIEMEHTaM Apyroro MHoxectsa. Eciu, HanmpuMep, 3J1€eMeHT xIX COOTBETCTBYET JJIEMEHTY yIY
TO (haKT 3TOTO0 COOTBETCTBUS MOXKHO 3alucaTh B BUJAE YNOpsAAO4YeHHOW mapsl (X,y). [IpaBuio
(mpennucanue, NPUHLMKII), 10 KOTOPOMY 3JEMEHTY X M3 X CTAaBUTCS B COOTBETCTBUE Yy U3 Y
BBIpOKAOT MO0 B cloBecHON ¢dopme, MO0 B CHMBOJWYECKOH ((dopMmaiibHOW M T..). B
OOJIBIIMHCTBE CIydyaeB CHMBOJMYecKass (opma uMeeT BuA XRy M yHuTaercs cleayromum
o0pa3oM «X HaxoAMTCs B OTHoumleHMH R Kk y». B mpuHuune, ecim Mexay HEKOTOPBIMU
JJ€MEHTaMHU MHOXKecTB X u Y OmnpeneneHo OTHoleHHe R, TO OHO MOXeT ObITh
OXapaKTEePU30BAaHO OJHO3HAUYHBIM MPOCTHIM MEPEYUCICHUEM Bcex map (X,y), B KOTOPBIX X U Y
CBsA3aHbl cooTHOoEeHHEeM R. B mocnenHem ciydae oTHomeHHe R MOXHO IIpMHUMAaTh Kak BCe
MHOECTBO JOMYCKAEMBIX MM YHODSAJOUCHHBIX 1ap Buaa (X,y) u mucath (X,y)IR, rae “R” yixe
BBICTYNAET KaK CUMBOJI MHOXECTBA.

Bunaproe oTHomenue K HasbiBaeTcs pediekcHBHBIM, eclu (X,X) 1 R mis Bcex xLX. 1o
OIIPENICIICHNE Ha SI3BIKE TEOPUM MHOKECTB IHUILIETCA B CIEAYIOIIEM BUJIE: ETR,"XT X rne E =
{ex)x T XX X.



Ornomenne R HaspiBaeTcs anTHpedIeKCHBHEIM (HppediexcuBrbiM), ecmn (x.x)I R, " xI X
wm R CE = 0.

bunapHOe OTHOLICHME HA3BIBACTCS CUMMETPHUYHBIM, €CIIU (x,y)iR => (y,x) IR num R
=R,

OrHomeHre R Ha3bIBAGTCS aHTHCHMMETPHUHEIM, ecid (X,y) IR u (y,x) IR P x = y umm
RCRIE.

Otnomenune R Ha3pIBa€TCA aCUMMETPUYHBIM, €CIM M3 JIBYX OTHOWIEHUH XiRxX; 1 X;RX;,-
BBINIOJHAETCS 110 MEHbIIEH Mepe 0HO, T. €. RCR'=0. Ciexyer 3aMeTHTh, 4TO U3 acuMMeTpHuu R
BBITEKAET €r0 aHTUPE(IIEKCUBHOCTb.

BunapHoe oTHOmeHHEe R HaskIBaeTCS TPaH3MTHBHBIM , ecid (X,y)IR u (v,2)IR b (x,2)IR
umn RoRIR. Bonee [IPOCTO CBOMCTBO TPAaH3UTUBHOCTH  OTHOLIEHHs R MOXHO
copmymmposaTe crnexyromum obpasom: m3 XRx; m x;Rxy Bcerma cnenyer x;Rxy. Ilpumepom
TPAH3UTUBHOTO OTHOILIEHUS MOJKET CIYKUThb OTHOLIEHHE BKJIIOUEHUS HAa MHOXECTBax. B
qactaoctn AIB n BIC b AlC.

OTHoOIIEHHE  SKBUBAJIEHTHOCTH  ONpEIeNseTcss Kak OTHOIIeHHe, obJagaroniee
CJICAYIOMUMH CBOMCTBaMU: 1) pedIeKCHBHOCTD, 2) CAMMETPUYHOCTD, 3) TPAH3UTHBHOCTH. J[7s
0003HaYEeHMs 3TOrO OTHOLIEHHUs BBOAAT cuMBoi " ~ ". Eciau R oTHOIIEHHE 3KBUBaJIEHTHOCTH,
TO 3amuCh X RX) ¥ X; ~ X, paBHO3HAYHBI (RiX "X).

[TpumMepoM OTHOLIEHHS SKBUBAJICHTHOCTU B F€OMETPHUH SIBJISETCS OTHOILIEHHE "moaoous”
(KOHTpY3HTHOCTH).

KoHTpoJibHBIC BONIPOCHI M 3aJaHUS

1. OrHomenme R: “<” Ha MHOXECTBE ACHCTBUTCILHBIX YHCEN SBISICTCS JIM
pediekcuBHBIM?

2. Orbomenme R: “<” Ha MHOXECTBE JCHCTBUTCIBHBIX UYHCEI SBISCTCS JIH
TPaAH3UTHUBHBIM?

3. Kakum gBiseTcsa oTHomeHue R; “<” ?

4. OmpenenuTtb, KaKUMH CBOWCTBaMH OOJajacT OTHOIIEHHWE R: «mpuHAIEKHOCTH K
OJIHOM CTYJI€HYECKOU IPYyIIe» Ha MHOXKECTBE CTYJCHTOB MHCTUTYTa?

5. TpaH3UTHUBHO JIM OTHOLIEHHE HEPABEHCTBA HAa MHOKECTBE JICUCTBUTEIbHBIX YUCEN?

6. TpaH3UTUBHO JIM OTHOLIEHUE PABEHCTBA TPEYTOJILHUKOB B TEOMETPUM?

7. Ona muoxkects A, B, u C cnpaBemmso otnomenne A C B = /A&, B C C = A.
SBAsieTCst T 3TO OTHOIIEHUE TPAH3UTHUBHBIM?

8. Onpenenure CBOMCTBA I (14% 01117 0.¢ OTHONIECHUH:
1. «npsAMas X nepecekaeT NpsAMYIo y» (Ha MHOXKECTBE MIPSIMBIX);
2. «9uCII0 X OOJIbIIIE YKCIa Y Ha 2» (Ha MHOXKECTBE HATYPaIbHBIX YHCEI);
3. «4uClio X JENUTCS Ha YUCIO y 0Oe3 ocraTka» (Ha MHOXKECTBE HATypaJbHBIX 4YHCEN);
4. «x - cecTpa y» (Ha MHOKECTBE JIFOJICH).

9. lns1 3ananHbIX HA MHOXKecTBe A={1,2,3,4,5} OuHApHBIX OTHOIICHUH P U T:

pP={(xy)(x-20y-2)£1}; 7={(x,y):2x23y}

a) 3armmcaTb MaTPHUIIBl M TOCTPOUTH TPaQUKH;

0) HAUTH KOMITO3HITHIO p © T,

B) UCCIIEJIOBATh CBOMCTBA OTHOIICHHH p, T U p © T (pepIeKCUBHOCTH, HPPEPICKCUBHOCTb,
CUMMETPUIHOCTh, AaHTHCUMMETPUYHOCTD, TPAH3UTHBHOCTB ).

Pexkomendyeman numepamypa:

OcHoBHas JiMTeparypa:
3apurmnosa, J. P. Jlekuuu nmo guckpeTHoi MmaTemaTuke. MaTteMaTtuyeckast JIOTHKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHTET JIpyKObI Hapo1oB, 2014. — 120 ¢. — Pexwum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTe/ILHAS JIUTEpPAaTypa:



Xarrapty, P. Jluckpetnas maremaTuka Jyisi porpaMMHUCTOB : ydeOHoe nocobue / P. Xarraptu.
— Mocksa : Texnochepa, 2012. — 400 ¢. — Pexxum moctyma:
http://www.iprbookshop.ru/12723.html

IpakTuyeckasi padora Ne3. OcHoBHbBIE ajiredpanvyeckue CTPYKTypbl.

Ilenvy 3anamus. IlpuoOpecTd HaBBIKM OIPEACICHUS OCHOBHBIX —allreOpanmdecKux
CTPYKTYp U OIpPEAETCHUS UX CBOMCTB.

3unanua u ymenus, npuoopemaemovie CHYOeHmMOM 6 pe3yibmame O0CE0CHUA HeMbl,
dopmupyemvie Komnemenyuu. 3HaeT OCHOBHbIE anredpanvyeckue CTPYKTYpbl M yMeeT
ONPENENATh X CBOMCTBA.

Teopemuueckasn uacme.

B MaremaTmke W pasTUYHBIX €€ TPHIOKCHUSAX BAXKHYIO POJb WIPAIOT TaKHe
MaTeMaTHYeCKUe OOBbEKThI, KOTOPhIE HA3bIBAIOTCS aNre0pandyecKuMu CTPYKTypamu. B mupokom
CMBICJIE TI0J] ANre0pandecKo CTPYKTYpOl MOHWMAIOT BCSAKOE MHOXKECTBO, HA KOTOPOM 3a/IaHbl
HEKOTOpPBIE ONepanuu (T.€. 3aKOHBI, CTaBsIIKUE B COOTBETCTBUE OJHOMY WM Tape JIEMEHTOB 10
ompeeEHHOMY MPaBUITy IPYTOM AJIEMEHT), 00Jaaroniue onpeaeaIéHHBIMU CBOMCTBAMHU.

BonbIIMHCTBO CBOMCTB M pE3yNbTaTOB 00 ATUX MHOXKECTBAaX IMOJYyYalOT, OMHUPAsCh Ha
KOHKPETHYIO TPHPOJY IJIEMEHTOB 3THX MHOXKECTB M HA KOHKPETHBIA CMBICT ONEpanuid HaJ
HUMHU. B TO ke BpeMsi MHOTHE Pe3yJbTaThl MOXKHO TMOJIYYUTh HE3aBHUCHMO OT MPUPOJBI ITHX
MHOKECTB U KOHKPETHOT'O CMBICJIA OIIEPaLIMii, a UCXOI TOJIBKO U3 CBOMCTB ATUX ONEPALUid.

Cpenu  Takux  CBOMCTB  OmNepaluii  pacCMaTPUBAIOTCSA:  ACCOIMATHUBHOCTD,
KOMMYTAaTUBHOCTh, JUCTPHOYTHBHOCTh, HAJIWYHE CICIHATBHBIX JJIEMEHTOB, OO0JIAJAOIINX
onpeAenéHHBIMA CBOWCTBaMU (HYJIEBOM, €IMHUYHBIN (HEUTpanbHbBIN), OOpaTHBIA 3JIEMEHT K
JaHHOMY U T.1.).

B 3aBucuMOCTH OT KOJIMYEeCTBa OMEpaluili U CBOWCTB, KOTOPHIMH OHHM 00JaJaroT,
pa3IuyaroT cieayIoue anredopandyeckue CTpyKTyphbl.

Tonyepynnoti Ha3piBacTCs MHOXeCTBO (5, Ha KOTOPOM 3ajaHa OWMHApHas orepanus *
(dacTo €€ Ha3pIBAIOT YMHOXXEHHEM M O00O03HAuaroT * ), JUIsl KOTOPOM BBIMOJHSETCS CBOMCTBO
ACCOLMATHBHOCTH, T.e. JUIs MobbiX a,b,c [ G (a*h) *c = a*(b*c) . Ecnu B monyrpyIme nMeercst
HEUTpabHBIN dJIeMEHT e (HyJIeBOM, €IMHUYHBIN), T.€. TaKOH, 4To a*e=e*a=a nns a1000To0 alG,
To monyrpymnmna G Ha3bIBaeTCs yHumapHot (MOIyTPYIIoi ¢ HyIéM; TOTYTPYIION ¢ eTUHUIICH).
Eciu B MOJNYrpyIne BBIIOMHACTCS KOMMYTATHBHBIN 3aKOH, T.€. €CIIM s T00bIX a,b1G a*h
= b*a, TO MOyTpyIIIa HA3BIBACTCS KOMMYmMamueHou (AU abenesoir).

YHHTApHAS TONYIPyIa HA3BIBACTCA 2pynnoi, ecom mis moboro alG cymecTByer
obpatHblii 31eMeHT b | G, T.e. Tako#, uTo a*b = b*a = e. Eciu JOTOJHUTEIBHO BBITOTHIETCS
CBOMCTBO KOMMYTaTHUBHOCTH, TO TPYMIa HA3bIBACTCS KOMMymamusHou (WU abenesoli), U B
3TOM Cily4ae OOBIYHO MPHUMEHsIETCS aJJIMTUBHAS CHMBOJHUKA, T.€. Omepalnus o0o3Hadaercs -+,
HeUTpasbHBIA deMeHT (), OOpaTHBIA BJIEMEHT K d Ha3bIBAIOT MPOTHUBOIOJIOXKHBIM U
o0o3Havaercs: -a.

Ecnu B aGeneroii rpymme (K , +) Hapsay ¢ omepanuei ClIoKeHUs + 3anaHa emé oaHa
oreparys: npousBefAeHHe * (MM - ), KOTOpas CBs3aHa ¢ + JUCTPUOYTHUBHBIMU 3aKOHAMH:
(atb)*c=(a*c)+(b*c), a* (b+c)=(a*b)+(a*c) misamodbx a,b,c|l Kwu 0*a=a*0=0
s moboro a | K, to K HaseiBaercs koavyom. Ecnu B kombie (K, +, *) IOMONMHATENIBHO 1Ist
NPOM3BEACHUS * BBIMIOJHICTCS aCCOIMATUBHBIN 3aKOH, T.C. €CIIU

(a* b) *c=a*(b*c) nmns m0b6wIX a,b,c | K,

TO KOJIBLIO Ha3bIBAETCS ACCOYUAMUBHBIM. A €CIM KPOME TOTO CYIIECTBYET €IMHUYHBIN
aneMeHT 1, T.e. Takoii, uto 1% = a*1=a ans mo6oro al K, TO KONBLIO HA3BIBACTCS YHUMAPHBIM
(wu koabiioM ¢ 1). Eciu B KOJbIle BBIMOJIHIETCS KOMMYTATHBHBIA 3aKOH JJIS *, TO KOJIBIIO
HA3bIBACTCS KOMMYMAMUBHBIM.

AccolrMaTiBHOE YHUTAPHOE KOJIBIIO, B KOTOPOM KaXKIbIii HEHYJIEBOW AJIEMEHT a UMEET
obpatuelil a’!, T.e. Tako#, uto a*a’! = a'*a = 1 waseiBaerca menom. KommyTaTuBHOE TENO
Ha3bIBACTCS NOJIEM.



KOHTpOJIbeIe BOIIPOCHI U 3aITaHUA

SBnsiercs M CIEAYIOIIEE MHOMKECTBO TPYIION, KOJBIOM, IIOJIEM OTHOCHTEIBHO
CJIOKEHHSI YUCENl U YMHOXKEHUS YHCell:

Bapuanm 1. - MHOXeCTBO 1€CTBUTEIBHBIX YUCEIT;

Bapuanm 2. - MHOXECTBO pallMOHAIBHBIX YHCET;

Bapuanm 3. -MHOX€CTBO LIETIBIX YHCEN,

Bapuanm 4. -MHOXeCTBO HEOTPULIATEIbHBIX PAI[IOHATIBHBIX YHCET,;

Bapuanm 5. -MHOX€CTBO HaTypaJIbHBIX YUCETT;

Bapuanm 6. -MHOXeCTBO HEOTPULIATENbHBIX JEHCTBUTENbHBIX YHCET;

Bapuanm 7. -MHOXE€CTBO YETHBIX LIEJIBIX YHCEI;

Bapuanm 8. -MHOXeCTBO HEOTPHUILIATEIbHBIX LIETBIX YHCEN,;

Bapuanm 9.  -MHOXeCTBO IPOCTHIX YHUCET;

Bapuanm 10. -MHOXECTBO KOMIUJIEKCHBIX YHCeI?

OTtBeT 00oCHYyHiTE.

Pexomendyeman numepamypa:

OcHoBHasi JIuTEpaTypa:
3apurosa, J. P. Jlekuuu mo guckpeTHOM MaTemMaTuke. MaTeMaTnyeckas JIOTHKa: yaeOHoe
noco6wue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHoB. — Mocksa : Poccuiickuit
YHUBEPCUTET APYkObl Hapos10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTeILHAS JTUTEpaTypa:
Xarrapty, P. JluckpeTrnas MmaremaTuka Jyisi IpOrpaMMHUCTOB : ydeOHoe nocobue / P. Xarraptu.
— Mockaa : Texnochepa, 2012. — 400 ¢. — Pexxum noctyma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Ned. Onepanum Haa BbICKa3bIBaHUSIMU. Tadauubl
HCTHHHOCTH. Jlornyeckue 3agaumn.

Lenv 3anamua. IlpuoOpecTd HaBBIKM  BBINOJHEHUS JIOTUYECKHX OIEpanui HaJ
BBICKAa3bIBAaHHUSIMH.

3Hanua u ymenus, npuoopemaemvie CHYOEHMOM 6 pe3yJibmame O0C60CHUA HeMbl,
dopmupyemvie Komnemenyuu. 3HaeT OCHOBHBIC TOHSITHS TEOPHUH BHICKAa3bIBAaHUN W yMeeT
BBITIOJHATH OTEPAlliU HAaJl BBICKA3bIBAHUSMH, CTPOHUTH TAOIUILy MCTHHHOCTH BBICKA3bIBAHUS,
MPUMEHSTD MOJTYYEHHBIC 3HAHUS K PEIISHUIO JIOTUYECKHUX 3a/1a4.

Teopemuueckasn uacme.

OCHOBHBIM TMOHSITHEM MaTEMaTUUECKOM JIOTMKH SIBJISIETCS MOHATHE gblckasviéanus. 1lox
BBICKA3bIBAHUEM OOBIYHO MOHUMAIOT BCSKOE MOBECTBOBATEIILHOE MPEIIOKEHNE, 00 HCTUHHOCTH
WM JIOKHOCTH KOTOPOTO HMMEET CMBICI TOBOPUTH. BCsikoe BBICKa3bIBaHUE SBISETCA JHOO
UCTUHHBIM, JHOO JIO)KHBIM, HO HE MOXET OBITh OJHOBPEMEHHO WCTHHHBIM U JIOXKHBIM.
Pa3znuuaroT mpocThie M COCTaBHBIE BBICKa3bIBaHMs. BpICKa3bIBaHWE, MPEICTABIISAIONICE
CBSI3bIBAHUE MPOCTHIX BHICKA3bIBAHUN B COCTABHBIE OCYILECTBIISETCS MOCPEICTBOM JIOTUYECKUX
OTIepaIlHii, Ha3bIBAEMBIX CBSI3KAMHU.

Ompuyanuem BBICKA3bIBaHMSI X HA3bIBAETCS HOBOE BBICKA3bIBAHUE, KOTOPOE SIBISETCA
WCTHHHBIM, €CJIH BBICKa3biBaHUe X JIOKHO, M JIOJKHBIM, €CJIM BBICKa3bIBaHWEe X HCTHHHO.

OTpunanue BeICKa3bIBaHMsA X 0603HauaeTcs X ¥ UMTaeTcs «He X» HIIH «HEBEPHO, 9TO X».

Konvionkyueii 1Byx BbICKa3blBaHUU X, V Ha3bIBaeTCs HOBOE BBICKA3bIBAHHME, KOTOPOE
CUMTAETCSl UCTUHHBIM, €l 00a BhICKa3bIBaHUsI X, Y UCTUHHBI, U JIOKHBIM, €CJIM XOTs Obl OJHO
U3 HEX J10KHO. KOHBIOHKIHS BBICKa3blBaHHH 06o3Hauaercs cumBotoM XUY mm X&Y
(uuraercs: «X u Y»).

Jluzvionkyueu nByX BbICKa3blBaHMI X M Y Ha3bIBa€TCs HOBOE BBICKa3bIBAaHUE, KOTOPOE
CUMTACTCS UCTUHHBIM, €CIIM XOTsI ObI OJTHO M3 BBICKa3bIBaHWU X, Y WMCTHUHHO, W JIOXKHBIM, €CITH
OHM 002 JTOXKHBI. J|M3BIOHKITNS BBICKA3bIBAHUI 0003HAUAETCS XUy (auraetcs: «X wiu Y»).
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Umnnuxkayueii 1ByX BbICKa3zbiBaHUW X, Y Ha3bIBaeTCs HOBOE BBICKA3bIBaHUE, KOTOPOE
CUUTAETCS JIOKHBIM, €CJIM X UCTUHHO, @ Y — JIOKHO, U UCTUHHBIM BO BCEX OCTAJIbHBIX CITydasx.
HmMmuirkanus BeICKa3bIBaHUH 0003HaUaeTcss CHMBOJIOM X®Y (dunurtaercs: «eciau X, TO Y»).

Okeusanenyueti NByX BbICKa3blBaHUN X, Y HAa3bIBA€TCS HOBOE BBICKA3bIBAHHUE, KOTOPOE
CUMTAETCs UCTUHHBIM, KOrja 00a BBICKAa3bIBaHHUS X U Y JHOO OJHOBPEMEHHO MCTHUHHBI, JTHOO
OJTHOBPEMEHHO JIOKHBI, 1 JIO)KHBIM BO BCEX OCTAIBHBIX CIydyasx. DKBUBAJICHIIHS BBHICKa3bIBAHUHN
o6o3Hayaercst cumBoiom XUY (untaercs: «X TOTJIAa U TOJBKO TOT/Ia, KOraa Y»).

Bcesikoe cioxHOE BBICKa3bIBaHHE, KOTOPOE MOXKET OBITh TMOJYYEHO U3 AJIEMEHTapHBIX
BBICKA3bIBAaHUI MOCPEACTBOM NMPUMEHEHHUSI IEPEUHUCIICHHBIX JOTUYECKUX Olepaluii, Ha3bIBaeTCs
Gdopmynoti  aneeopwvr  nocuxu. JIBe QopMmynsl anreOppl Jormkd A u B Ha3pIBaroOTCSA
PABHOCUTbHBIMU, €CTTU OHU MPUHUMAIOT OJMHAKOBBIC JOTHYECKHE 3HAUCHHUs Ha JTI0O0M Habope
3HAYCHUN BXOAAIMUX B (OPMYJIBI DJIEMEHTAPHBIX BBICKa3bIBaHUI. PaBHOCHIBHOCTH (hopmyi
0003Ha4aroT 3HaKoM © , a 3anmuch 4 ° B 03Ha4aeT, 4to Gopmybl 4 u B paBHOCHIIbHBIL.

Baxneiimme paBHOCUILHOCTH aJIT€OPHI JIOTUKA MOKHO pa3OUTh Ha TP TPYTIIIBI:

1. OcHOBHEIC DABHOCHILHEOCTH:

1. x&x=x

- TH.
2 xvx=x SaKOHL! HMAEMIIOTEHTHOC!
3. x&u=x

4. xvu=u
5 x&a=ax

~

2. PaBHOCHABHOCTH, BLHIPARAIHIHE ONHH JIOIMYECKHEe
onepamuu Yepes3 JApyrue:

L xoy=(x-»yk(y->x)
2. x>y=xvy

3. x&y=xvy
4. xvy=x&y
5 x&y=xvy

3. PaBHOCHJABLHOCTH, BRPAKAIONHE OCHOBHBIC 3AKOHEI
aare6psl JOrHKH:

1. x&y =y&x — KOMMYTATHEHOCTh KOH'BIOHKITUMN,
2, xvy=yvXxX — KOMMYTaTEBEOCTH AHILIOHKHHH.,

3. x& (y& z) = (x& y)& 2 — acCONHATHBHOCTb KOHBLICHK-
nny.

4, xv{yvz)=(¥vy)vz - acconuaTHBHOCTb AMSHIOHK-
nng,

5. x&(y v 2) = (x& y) v (x& 2) — pucrprGyTHBLOCTL KOHD-
JOHKIME OTHOCHTEALHO AMILIOHKIIAA.

6. x v (y&z) = (x v y)&{x v z) — AAcTPHOyTHEHOCTS AAEL-
JOHKIEH OTHOCHTENLEO KONBIOHKIHH.

dopMyia Ha3BIBACTCS MOHCOECMBEHHO UCMUHHOU (masmono2uell), eCu OHA IPUHUMAET
3HAYEHUE «UCTHHA» MPHU BCEX 3HAUCHUSX BXOMSIIMX B Hee mepeMeHHbIX. DopMysa Ha3bIBaeTCs
MOACOECMBEHHO JIOJCHOU, €CIH OHAa TPUHUMAET 3HAYCHHE «IOXKb» MPHU BCEX 3HAYCHUSX
BXO/ISIIINX B HEE MEPEMEHHBIX.

Hpumep: [okaszate, uto popmyia A °x ® (y ® X) TOKACCTBEHHO UCTUHHASL.

Pemenwue: [Togsepruem ¢popmyny A paBHOCUIBHBIM MTPEOOPa30BAHUSIM:

A°x® (y®x)° XU Ux)° xUxUyp)° xUx)Uy°1Uyp°1,
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BBIBOQI (bopMyna TOXACCTBCHHO HMCTHHHA, TaK KaK BCETrJa MMCCT 3HAUCHUC «HMCTHHA»
wm «1». I[OKa?;aTL TOXKIACCTBCHHYIO MCTUHHOCTD Q)OpMYHBI MOXHO N C IIOMOIIBIO Ta6J'II/II_IBI

uctuHHOCTH. Hanpumep, 1ist paccMoTpeHHOH GopmMysibl A Tabnuiia HCTHHHOCTH UMEET BUJT:

X y y X ® (y ® x)
® x

==
===
SER=qjafje
== ==

J11st TOrO, YTOOBI PEIIUTH 33124y C IIOMOMIBIO aareOphl JTIOTUKH, HEOOXOIUMO:

- BBECTH KpaTkue 00o3HaueHHus Uis cPOpMYIHUPOBAHHBIX YCIOBHI U COCTaBUTH JIOTUYECKYIO
(hopMyITy, BRIpAXKAOIIYIO YCIOBHE 33/1a4U B CHMBOJIUYECKOU (hopMme;

- 7S TOoJdy4YeHHOU (OopMyINbl HAMTH ¢ IOMOIIBbIO PaBHOCWIIBHBIX MPEoOpa30BaHUN BO3ZMOXKHO
0oJiee MPOCTYI0 PABHOCHIIBHYIO (DOPMYITY;

- TIOJIB3YSCh HAaWJIGHHOH OoJiee mpocToit (hopmyIiol, mepeiias K CIIOBeCHOU ee (hOpMYIUPOBKE,
OIpEACIUTh PELICHHUE 3a/1a4H.

IIpumep:

[Tocne oOCyXIeHHs COCTaBa YYAaCTHUKOB, OTIPABIIEMBIX Ha KOH(EpeHIHIo, OBLIO
PEIICHO, YTO JOJIKHBI BHIMOIHATHCS JIBAa YCIOBUS: @) €ciu noeaetr ApOy30B, TO JOIKHBI 10€XaTh
eme bprokBuH mnu BumHeBckuii; 0) ecnm moenyt ApOy3oB M BumiHeBckuii, To moener u
BbprokBun. Haiit Gonee mpocTyro ClI0BECHYIO (POPMYIMPOBKY MPUHATOrO PEUICHHS O COCTaBe
YYaCTHUKOB KOH(EPEHIINH.

Pemenne: Hasnauenwe Ha koHbepeHnuto ApOy3oBa, bprokBuHa u BuirHeBckoro
ob6o3naunm OykBamu A,b,B coorBercTBenHo. Torma ycimoBue a) MOXKHO 3amucath B Bujge A ®
BUB, a ycioBue 6) B Bume AUB ® B. Tak Kkak 00a YCIOBHS IOIKHBI BBIIOIHSATHCS
OJIHOBPEMEHHO, TO HMX COCAMHHUM JIOTMYECKOW CBsA3KOW «w». llo3TOMy mnpuHATOE peueHue
MOJKHO 3aIliCcaTh B BHIE Cleaykomeil cumBomdeckoii popmyist: (A ® BUB) U (AUB ® B). C
MOMOIIBIO0 PAaBHOCUJIBHBIX IPe0Opa30BaHUil yIPOCTUM COCTABICHHYIO (POPMYITY:

(A® FUB)U(4UB® B)° (AUFUB)U(AUBUF)° (AUB)UBUB)® A® B

CumBonnueckas ¢opmyna ozHavaet: «Eciau noenetr ApOy30B, To moeaeT U bprokBuH».
OTo M ecTh HamboJee TpocTas CIOBECHas (HOpPMyIMpPOBKA MPHHATOTO PEIICHUS O COCTaBe
TPYIIbI COTPYTHUKOB, OTIIPABISIEMbIX Ha KOH(GEPEHIINIO.

KoHTpo/ibHBIE BONPOCHI M 32/IaHUSA:

3amaua 1. Jloka3aTh TOXIECTBCHHYI) HCTHHHOCTb HIIM TOXJICCTBEHHYIO JIOXKHOCTb
(hopMyJT ¢ TOMOIIIBIO a) PABHOCUIIBHBIX MPeoOpa3oBaHMii; 0) TAOIHIIEI HCTUHHOCTH (DOPMYIIBL:

I. (x® y)® (y® X);

2. ®X)® (x® y);
(x® YU ® 3)® x;
4. xUx® »)UGx® ¥);
5.0® (Y®2)®(x® y)® (x® z2));
6. x® (xUy);
7
8
9

w

. xUy® x;

.x_L'J_y® )?L'Jy;

L zZ®X)® (z® y)® (z® xUy));
10. x® »)® (y® 2)® (xUy ® 2)).
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3amaga 2. IlpiTasch BCIOMHHUTH MOOEAUTENEH MPOIUIOTOJHUX COPEBHOBAHUU TIO
cTpenboe, MATh OBIBLINX 3pUTeNiel 3asBUIIN:
A) AHTOH ObUI BTOPBIM, a bopuc — nsAThIM,
b) Buktop Obl1 BTOpBIM, a J[eHUC — TpeTbUM,
B) I'puropuii 6611 niepBbIM, a bopuc — TpeTbum,
I') AuToH ObLT TpeThbuM, a EBrenuii — mectbiM,
J1) Bukrop 6bu1 TpeThbuM, @ EBrennii — 4eTBepThIM.
BrnocnencTBun BBIICHUIIOCH, YTO KaXKIbIH 3pUTENh OMIMOCS B OJHOM M3 JIBYX CBOHMX
BbICKa3bIBaHUH. KakoBO OBLIO HCTHHHOE pacrpeiesieHne MecT Ha COPEBHOBAHUSAX ?
3amaua 3. bpayny, Jlxoncy m CMUTy TpEeIbSBICHO OOBHHEHHE B COyYacTUH B
orpabsnienun Oanka. [loxuTuTenu CKpbpUIMCh Ha MOJKHUIABIIEM UX aBToMoOwmie. Ha crienctBun
bpayn moxasain, uto mpectynHuku Obut Ha cuHeM «bpromke»; J[OHC ckaszai, 4To 3TO OBLI
yepHblil «Kpaiiciepy», a CMuT yTBepxkaai, uto 3To Obl1 «Dopa MycTanr» U HU B KOEM Cilydae
He cuHuil. CTasio U3BECTHO, YTO, JKeJlas 3alyTaTh CIeACTBHE, KaKIbl U3 HUX yKa3ajl MpaBUIbHO
a100 TOJIBKO MapKy MalluHbl, TH00 ee 1BeT. Kakoro 1Bera Obl1 aBTOMOOMIIb M KaKOW MapKu?
3anaya 4. BepuyBuics nomoii, Merps no3soHui Ha HabepexHyo Opdesp.
- T'oBoput Merpa. Ectb HOBOCTH?
- Ha, med. IMocTtymunu coobimieHust oT HHCIEKTOPOB. ToppaHc ycTaHOBHII, uyTO eciu PpaHcya
ObUI MbsiH, TO MO0 DTheH yOwuiina, nubo Ppancya mxer. JKyccbe cuMTaeT, yTo WIM OThEH
yowuiiia, i ®@paHcya He ObUI MbSH W yOMIICTBO MPOM3OILIO TOCHE MOAyHOUH. MHCTIEeKTOp
JIroka mpocui nepeaars Bam, yTo ecnu yOUiCTBO MPOU3OILIO MOCIIE MOIYHOUH, TO JTM00 DTheH
youiina, 1160 ®pancya JKeT. 3aTeM 3BOHUIIA. ..
- Bce. Cnacu6o. Ortoro nocratouno. — Komuccap nonoxun TpyOky. OH 3Han, 4TO Tpe3BbIH
@®paHcya HUKOI/Ia He JDKeT. Tenepb OH 3HaJ BCe.
Kakoii BeiBoz1 cenan komuccap Merpa? Kto coBepum youiictso?
3amaya 5. CryneHtam OOBSBUIM, 4YTO B TIOHEAEIbHUK OyAeT OIHO 3aHsATHE IO
KPUMMHAIUCTUKE ¥ OJHO 110 MaTeMaTHKe, IPUYEM, €CIIU Ha MEPBOM Iape MaTeMaTHKH He OyJeT,
TO KPUMHUHAJIUCTUKA OyJET Ha BTOPOW Hape; €clii TPeThs Mapa He MaTeMaTHKa, TO YeTBepTas —
KPUMMHAIUCTHKA; €CJIM MaTeMaTukKa Oy/eT Ha MepBoil nape, ToO KpUMUHAINCTHKA — HA TISITOM.
Onpenenure, Ha Kakoi mape Oy/1eT KpUMUHAJIMCTHKA, a Ha KAaKOW MaTeMaTHKa.
3anmaya 6. Yerslpe ctynentku A, E, C, P nocemaroT yHUBEPCUTET 1O OYEPENN U BELYT
oOmmii koHcrmekT Jjekiuil. HeoOxonumo cocTaBuUTh TIpaduK MOCEHIEHMs Ha Onamkaiiryro
HEZEIII0, YUUTBIBA, UTO:
A) IloHenenbHUK — IEHb CAMOCTOSITENILHOM pabOThl Ha KypCe, U B YHUBEPCUTET HE XOAUT

HUKTO, a B Cy000TYy HEOOXOAUMO OBITH BCEM.
B) C u P He cMoryT NOHTH Ha 3aHATHS BO BTOPHHK B CBSA3H C OOJBIION 3arpy>KEHHOCTHIO B TOHECITBHIK.

B) Ecnu C Brriter B cpeny wiu P — B uetBepr, To E cornmacurcst moObIBaTh Ha 3aHATHSIX B
ISATHULLY.
I') Ecnu A e noiiner B BY3 B uerBepr, To E no3Bonut cede cXoauTh Tya B Cpemy.
J1) Ecniu A wmm P 6yayt B mHCTHTYTE B cpeny, To C CMOXKET IMONTH B TIATHHUILY.
E) Ecnu P B maATHUIYY BMECTO MHCTHTYTa TOWIET HA CBAAbOYy MOAPYTH, TO A MPUACTCS
CXOJUTh B UHCTUTYT BO BTOPHUK, a C — B YETBEPT.
3anaya 7. YeTblpeM COTpyAHHMKAaM YrOJOBHOI'O po3bicka — AHTOHOBY, BexoBy, CoMoBy,
JleeBy HEOOXOIMMO OTIIPABUTHCS MO CIY>KEOHOH HEOOXOAMMOCTH B YETHIPE PA3IUYHBIX ropojia
— Mocksy, Oneccy, Kues u CraBpornosb. Onpenenute, B Kakoi TOpoJ1 TOJDKEH MoeXaTh KaK bl
U3 HUX, €CJIM UMEIOTCS CIEAYIOIINE OTPAHUYEHUS:
A) Ecnu A se ener B Mocksy, To C He enet B Oneccy.
b) Ecu B He enet Hu B MockBy, HE B CTaBpomnoiib, TO A enet B MOCKBY.
B) Ecnu C ne ener B CraBponons, To B enet B Kues.
I') Ecau /I He enet B MockBy, To B He enet B MOCKBY.
1) Ecnu J1 ne enet B Oneccy, To B He ener B Mocksy.
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3amaua 8. Corpynnukam I'MBJIJI AngpeeBy, Kocruny, CasenbeBy u JlaBbIIOBY
MOPYYEHO NIEKYPCTBO Ha 7-oM, 8-oM, 9-om m 10-oM yyacTkax Tpaccel. [Ipu mpoBepke mocie
JNEKypcTBa OKazajloch, 4ro Ha 10-oM ydacTke MPOM30LUIO JOPOKHO-TPAHCIIOPTHOE
MPOUCIIECTBUE, TOJIPOOHOCTH KOTOPOrOo HM3BECTHHI nexypusiiemy cotpyauuky ['MBJIJI. He
yIIEALINE JOMOM COTPYHUKH MOCTIE IEXYPCTBA COOOIIMIN O CIETYIOIIEM:

Anppees: « nexypun Ha 9-oM yuyactke, a CaBenbeB - Ha 7-0M».

Koctun: «4 nexypui Ha 9-om ydactke ,a AHIpeeB — Ha 8-0M».

CagenbeB: « S nexypun Ha 8-oM yyactke, a Koctua — Ha 10-om».

JaBblioB yxke ymen JOoModM. B jmanbHEHIIEM BBIACHWIOCH, YTO Ka)Iblid

MUJIMIIMOHEP B OJTHOM M3 JIBYX BbICKa3bIBaHUI TOBOPHWII IIPaBIy, a BO BTOPOM ee cKphiBasl. KTo
U3 COTPYTHUKOB Ha KAKOM YYacTKe JAEXKYypHuiI?

3anaya 9. Onpenenute, KTO U3 YETHIPEX CTYJIEHTOB CAall 9K3aMEH 10 MaTeMaTHKe, eClu
U3BECTHO:
A) Ecnu niepBBIii ciai, TO M BTOPOH Call.

b) Ecnu BTOpOi#i cian, To TpeTuii caai WK NepBblid HE cliall.

B) Ecnu uetrBepThIii HE caall, TO MEPBBIM cAall, a TPETHI HE clall.

I') Ecniu yeTBepThIii cjall, TO U MEPBbII clial.

3amaya 10. Ha Bompoc: «KTo U3 Tpex CTyIEHTOB M3ydall MaTEMaTHYECKYIO JIOTHUKY?»
IIOJIy4€H BEpHBIN OTBET — «Eciau m3ydan nepBslid, TO U3y4al U TPETHH, HO HEBEPHO, 4YTO €CIIU
M3yyas BTOPOil, TO U3ydalsl U TpeTHui». KTo U3 cTyZeHTOB U3y4as MaTeMaTUYECKYIO JIOTUKY?

Pexomenodyeman numepamypa:

OcHoBHasi IuTEpaTypa:

3apunoBa, D. P. Jlekuuu mno auCKpeTHONM MmaTtematuke. MaTemaruueckas JOTHKA!
yuebHoe mocobue / 3. P. 3apunosa, M. I'. KokorunkoBa, JI. A. CeBacTbsiHOB. — MockBa :
Poccuiickuit  yHuBepcurer apyx0sl Hapomo, 2014. — 120 c¢. — Pexum pocryma:
http://www.iprbookshop.ru/22190.html

JlonotHUTeILHAS JTUTEpaTypa:

Xarraptu, P. JluckperHas maremartuka i IMPOTPAMMUCTOB : ydeOHoe mocobme / P.
Xarraptu. — MockBa : Texnocdepa, 2012. — 400 c. — Pexum poctymna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora NeS. Mcuncienne BbICKa3bIBAHMNA. AJITOPUTM YHU(PHKALNH.
IIpaBuia BbIBOAA.

Ilenv 3anmamusa. llpuoOpecTH HaBBIKM NPUMEHEHMs IIpaBUia BBIBOJA, aJTOpPUTMA
YHU(PHUKALUH.

3nanua u ymenus, npuoobpemaemvie CHYOeHMOM 6 pe3yNbMame O0C80EHUA HMEMbl,
dopmupyemovie Komnemenyuu. 3HaeT aNrOpUTM YHUDUKAIIUHE U YMEET IPUMEHSTH ITPABHIIO
BBIBOJIA.

Teopemuueckas uacme.

PaccmoTrpuM apeBHeimnii oOpasel] JIOTMYECKOro BbIBOJa — cuiuiorusM: «Bce mroan
cmeptHbl. Cokpart - yenoBek. CrenoBatenbHo, COKpaT CMEPTEHY.

Kak ¢opmanu3oBaTte Takue YMO3aKIIOUEHHs: HAYYHUTh KOMIIBIOTEp IPOBEPATh HX
NpaBWIBHOCTh W aBTOMATHYECKH T€HEPHPOBATh MOA00HBIE? Hamr mpumep cOCTOMT W3 IBYX
IOCBIJIOK «BCE JIIOAM CMEPTHbD», «CoKpaT - 4YeraoBek» U 3akitoueHus «COoKpaT cMepTeH»,
UCTUHHOCTh KOTOPOTO CJEIyeT M3 HMCTUHHOCTH IIOCBUIOK. 3amuIieM IEpBYIO MOCBUIKY Ha
«TIPEMKATHOMY SI3bIKE: «"X €CIIM X - YeNOBEK, TO X cMepTen». Ha ocHOBaHMU 0O0IIe3HAYMMOI
dopmyasl "x P(x) ® P(a) TOTUYHO, OMYCTUB B BHICKA3bIBAHWN KBAHTOP ", MOJICTABUTH BMECTO X
Cokpara: «eciu Cokpat - yenoBek, To Cokpar cmepren». IlocTaBuM psaoM C HOTy4EHHBIM
BBICKa3bIBAHUEM BTOPYIO TIOCBIIKY CHJUIOTH3MA M MOJIyYUM PE3yJbTaT, KOTOPBIA odopmisiercs B
CJICAYIOLIEM BUJIE:

Eciu Cokpat yenosek, To Cokpar cmepred.  CoOKpar - YeIOBeK.
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Coxkpat cMepTeH.
B oOmem ciywyae Haj dYepTol MOMEMIAIOTCS JIOTWUYECKHEe (QOpPMYJIbI-IOCHUIKH A,B,
VCTUHHOCTb KOTOPBIX FapaHTUPYET UCTUHHOCTB 3aKiatodeHus C:

A.B

C
CrnoBecHas 3amuch IpPaBHJI JIOTUYECKOTO BBIBOAA 3BYUYHMT Tak: «3 maHHbBIX (dopmyii-
noceiok A,B  cnemyer popmyna-akmouerne C.»  (cokpamenno: AUB ® C). Ilpu stoMm
cuMTaeTcs, 4YTo (Gopmysa-3aKkiI0deHre UCTHUHHA M0 KpalHed Mepe MpH BCeX TaKUX 3HAYEHMSIX
NpeIUKaTHBIX, MPEAMETHBIX M BBICKA3bIBATEIbHBIX MEPEMEHHBIX, IPU KOTOPBIX OOpaIlaioTcs B
UCTUHY Bce (OPMYINBI-MIOCBUIKH. MeTo[ MaTreMaTHdecKol WHAYKIMH, O(QOPMIICHHBIN Kak

IPaBUIJIO BBIBOJIA, IPUMET BUJIL:
PA), P(k) ® P(k+1)

"n P(n)

[IpuBeneM HEKOTOpHBIE MTpaBUIIa BbIBOIA, paboTarolue B 6a3ax 3HaHUM:
A® B, A
— 5 - MpaBWJIO 3aKyIro4eHus (modus ponens),
A® B, B® C

- IPAaBHUJIO CHIIJIOTH3MA,

A® C
"xP(x), a
—_— - CTIeIMaTU3aIHs,
P(a)
A,B

— - BBEJICHHE KOHBIOHKIINH.
AUB

Paccmotpum cnenyromuii mpumep. B 6aze maHHBIX XpaHSTCS CBEIEHUS O COTPYIHUKAX
yupexaenus Ilerpose, MBanose, Ky3nerose, SIkoBieBe (B panbHeieM o00o3HauuM ux kak I1,
N, K, A). JomxHOoCTHas nepapXus OMUCHIBAETCS C IOMOILBIO IBYXMECTHBIX IPEIUKATOB!

PYK(ILMW) o3nauaer, yro IlerpoB pykoBoaut VIBaHOBEIM,

OTY(Y,X) o3Hauaer, uTo Y oTunThiBaeTcs nepex X.

B 6a3e naHHbIX XpaHATCA TpU QakTa:

1: PYK{ILN),

2: PYK(H,K),

3: PYK(K,A).

[lanee onuchIBaOTCS Ba MpaBUla BBIBOJA, KOTOPbIE UMEIOT MECTO B PacCCMAaTPUBAEMOM
MpeAMETHOM 00J1aCTH:

1:"X,)Y PYKX)Y) ® OTU(Y,X) -  ecau X pykoBoauT Y, TO Y OTUUTHIBACTCS MEPET
X,

2:"X,Y,T PYK(X,Y)UOTY(T,Y) ®OTY(T,X) - ecnu X pykoBoaut Y u T OTUHTHIBACTCS
nepen Y, To T oTuuThiBaeTcs nepen X.

TpebyeTcst mpoBEpUTH 3aMpoC MOJIb30BATENA: TOJDKEH JIU SIKOBJIEB OTUMTHIBATHCS MEpeEN
HBanoBwM (TO ecTh, cnenats 3akinoueHue OTU(A,N)).

B 6a3e naHHbIX Takoro (axra HeT, OJJHAKO MPEAMKAT, ONUCHIBAIOIINNA UHTEPECYIOILYI0 HAC
CBsI3b, BCTpEUaeTcs B npaBuiax 1 u 2.
[Tpumensist npasuiio 1 k dakry 3, nosryuum Gopmyiy:
PYK(K,A)®OTYU(A,K).
ITpumensiem k Hell 1 ¢akTy 3 npaBuiio BbIBoJa modus ponens:

PYK(K.N®OTUY(SLK), PYK(K. )
OTU(SLK)

Tax xKaK UCXOHBIE BBIpKEHHS ObLIM UCTHHHBL, TO 3akiaroueHue OTYU(S,K) - HOBBII akT
- TaKXe ABJSAETCS UCTUHHBIM.
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pumenss k OTY(A,K) u dpakry 2: PYK(M,K) npasusno 2, noay4uum popmyiy:
PYK(M,K)UOTY(S,K) ® OTU(S,N),
ykasbiBatolryto Ha otBeT OTY(A,WN), koTOpHhIii 0HAKO, HAZO €lle MpOoBEpUTh. st 3TOrO
cBs3biBaeM ¢akt 2 u OTY(S,K) npaBuiiom «BBeieHUSI KOHBIOHKIIUN):
PYK(.K). OTY(A.K)
PYK(M,K)UOTY(,K)

¥ HAKOHEIl, IPUMEHsist modus ponens, 000CHOBBIBAEM Pe3yJIbTaT
PYKM.K)UOTY(LK) ® OTYAM), PYKM.K)UOTY(A.K)
OTYU(N)

JAIOIINN yTBEPAUTEIbHBIM OTBET HA 3alpoC, AEHCTBUTEIBHO JU SIKOBJIEB OTYMTHIBAETCS
nepe IBaHOBBIM.
KoHTpoabHbIe BONPOCHI U 3aJaHUA:

Jlokasarh cienyrolue TOXK/IeCTBa BHAYAJIE HA SI3bIKE TEOPHHM MHOYKECTB, a 3aTEM —
Ha A3bIKC TCOPHHU ,E[OKBB&TCJIBCTBI
a) AC(AE B) =4,
6) AE (ACB) =4;
B) AE(BGC)=(4E B)C(4E C);
r) AG(BEC)=(4CB)E (4G C);
1) I\(AE B) =(I\A)| (I\B).

Pexomenoyemasn numepamypa:

OcHoBHasi iMTEpaTypa:
3apumnosa, J. P. Jlekiuu o quckpeTHoN MaremaTuke. MaremaTuyeckas JIOTHKa: yueOHoe
nocobue / J. P. 3apunosa, M. I'. Koxotunkoga, JI. A. CeBacThsinoB. — Mocksa : Poccuiickuit
YHHUBEPCHUTET JIpyKObl HapoaoB, 2014. — 120 ¢. — Pexwum nocryna:
http://www.iprbookshop.ru/22190.html

JlonmoJIHMTeIbHAS JIUTepaTypa:
Xarrapty, P. JluckperHas MmaremaTnka Juisi IpOTpaMMHUCTOB : ydeOHoe ocobue / P. Xarraptu.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexum noctymna:
http://www.iprbookshop.ru/12723.html

IpakTnyeckas padora Ne6. McuncieHue npegukaToB. ABTOMATHYECKOE 10KA3aTeIbCTBO
TeopeM. MeToa pe30Jionuii.

Ileny 3anamua. TlpuoOpecTn HAaBBIKM MaTEMaTHYECKH AHAIM3MPOBATH CYXKICHUS C
MOMOIIBIO MPEUKATOB, IPUMEHITh METO/1 PE3OIIOLNIA I JOKa3aTEIbCTBA TEOPEM.
3Hanua u ymMeHusa, npuobpemaemvie CHMYOEHMOM 6 pe3yibmame O0CE0CHUA HeMbl,
dopmupyemoie Komnemenyuu. 3HACT OCHOBBI MCUUCIICHHUS IMPEAUKATOB U YMEET MPUMEHSTh
IIPY AaHAJIU3E CYKICHUN.

Teopemuueckas uacmeo.

PaccMoTpuM MCTHHHOE BBICKAa3bIBAaHHE «5 - IEJIOE YUCIIO» M JIOKHOE BBICKA3bIBAHHE
«= R uenoe uncio». OOIIYI0 YacTh MX MOYKHO BBIICIHTH KaK MPEIIOKEHHE-Ia0IoH « @ -
IIEJI0€ YHUCIIO», TPHU TOACTAHOBKE B KOTOPBIM KOHKPETHOTO YHWCIIA MOJIYYaeTcss KOHKPETHOE
BbICKa3bIBaHUE. BBens obo3Hauenue: P(x) = «x - 1enoe 4ucio», noiayuum P(5) =1; P( & ) =
0 . Tenepp mycTh P(x) = «x - OBOII». 3aMeliasi X Ha KOHKPETHBIE TUIO/IbI, TTOJIy4aeM HUCTUHHOE
Bbicka3piBanue P(JIYK)=1, umu noxuoe: P(CJIMBA)=0.

HazoBem nmpeduxamom P(x) mpeioxeHue, 3aBUCAIIEE OT TMEPEMEHHOW X,
NpUHAIJICKAIIeH HEKOTOpoi mpeaMeTHoW oOmacth - MHOxkectBy U: xf U. B mepBom
npumepe x ¥R, Bo BTopoM U - 3T0 MHOXKeCTBO TuionoB. [Ipu mojcraHOBKe (HPUKCHPOBAHHOTO
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anemenTa a i U npeaukar P(x) npeBpamaercs B BoickasbiBanue P(a)F {0,1}. Takum oOpasom,
MpeIMKaT MOYKHO CUMUTATh JIOTUYECKOW (YHKIIMEH, orpeieIeHHON Ha 3JieMeHTaX MHOXkecTBa U
IIPOU3BOJIBHON IPUPOJIBI.

U pazbuBaetcs nmpenukaToMm P(x) Ha 1Ba HETEPECEKAONTUXCS TTOJIMHOKECTBA: Ha TICPBOM
U3 HHUX, KOTOPOE HA30BEM MHOMNCECMEOM UCHIUHHOCMU , TIPEINKAT IPUHUMAET HWCTUHHBIC
3HA4YCeHUsI, HA BTOPOM - JIoHBIe. O003HaunB ux uepe3 P u P, cOOTBETCTBEHHO, moyunm: U
=P & P

K npeaukaTtam npuMeHHMBI BCE JIOTUYECKUE OTIEPAIIH.

[Ipemnoxxenue, ompeneacHHOe Ha MHOkecTBe X, X;'...'X,, Ha3bIBalOT H-MeCHIHbIM
npeouxkamom: A )

P()Cl, X2yeun Xn), xlle, an)(n .

Haiinem oOnacTb MCTMHHOCTM TpexMecTHoro mnpenukara P(x,y,z) = (xy < z2),
OTIpeIeIEHHOTO Ha TpolKax (x, y, z) TAA4A=43 rne A= {1,2,3,5}.

Uucno Bcex YMNOPSAOYEHHBIX TPOEK M3 UYETHIPEXDJIEMEHTHOIO MHOXeCTBa A pPaBHO
4X3X(4-3+1) = 24. llna cokpauieHus nepedopa HUCHIONb3yeM CUMMETPHUYHOCTh MpEIUKaTa
OTHOCHUTEJILHO MEPBBIX ABYX MepeMeHHbIX: P(x,y,z) = (xy <z) = (yx <z) = P(y.x,2).

Jlanee, nans BBIOJHEHHUS HEPAaBEHCTBA HEOOXOAMMO, YTOOBl MpaBas 4acTh Z
IPEBOCXOIMIIA KaX/IbIF U3 coOMHOXKuUTeNe x,y. C ydeTOM cKa3aHHOT0, UMeeM 3 OaronpusiTHBIX
ciaydasi: 1 X2 <3, 1X2 <5, 1X3 <5, naromme 6 31eMeHTOB obmacTi uctuHHoct 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, o6macte uctuHHOCTH P 00pasyer mHoxkecTBO Tpoek: {(1,2,3), (1,2,5), (1,3.5),
(2,1,3), (2,1,5), (3,1,5)}.

JUis  3a0MCH  TIPEJMKATOB MOXHO WCIIOJIb30BaTh KBAHTOpP CYILECTBOBaHHA $,
COOTBETCTBYIOIINI CIIOBAM «CYIIECTBYET», KHAUAETCS, «XOTS ObI OAMHY», U KBAHTOP OOIIIHOCTH
", COOTBETCTBYIOILUI CJIOBAM «MIJISl JIIOOOTO», «BCE», «KaxIblii». TakuM 00pa3oM, KBaHTOPHI
CBSA3BIBAIOT IMIPEJMKATHbIE IE€PEeMEHHblE X, z, MpeBpamias npenukarsl P(x) u QO(x) B
BBICKA3bIBAHUS:

$x P(x); "z 0(2).

B oOmem ciydae, cBsizbiBasi JIOOYIO W3 MPEIMETHBIX MEPEMEHHBIX KBAHTOPOM, WIIU
3aMEHsAsl €€ NMPEIMETHOM IOCTOSHHOW, MBI CHM)KAEM 4YMCIO MECT B NPEAUKATE HA CIUHUILY.
Hampumep, u3 aByxmecTHoro mnpenumkara P(x,y) C MOMOIIBIO JIBYX KBAaHTOPOB MOXHO
00pazoBaTh 8 BEICKa3bIBAaHUM:

x"y P(x,y) "® "y"x P(x)),

$x $y P(xay) ® $y $x P(x,y),

$x"y P(xy) —® "y $x P(x)),

"x$y P(xy) —® $y"x P(xy),
TOJIBKO IBa HepBLIX n3 KOTOpBIX paBHOCI/IJILHLI, TaK KakK paSHOI/IMeHHLIe KBaHTOpLI HepeCTaBJISITL
HEJIb34.

KOHTpOJ’IbeIe BOIIPOCHI U 3a/IaHUA

3amaua 1.

a) Ha muoxectBe M = {1..30} 3amanbl npeaukatsl: A(X): «X — 4€THoe uMcio»; B(x): «x He
nenutcs Ha 3». Halitu mHOXkecTBO nctuHHocTy npeaukara A(X) UB(X).

0) Ha muoxectse M = {1..30} 3amanbl npenukarbr: C(x):”x kpartHo 57; D(x):”x - u€tHOEe 7}
Haiitu MHOecTBO uctunrocTH ipeankara D(x) U C(x).

B) Ha muoxectBe M = {1..30} 3amansl npenukatbl: A(X):”X — uétHoe yucio”; C(x):”X KpaTHO
5”. HaiiTu MHOXKECTBO MCTHHHOCTH mpeankara JA(x) UC(x).

r) Ha muoxectse M = {1..20} 3amanbl npeaukatsl: A(X):”X — 4€THoe yucio”; B(x):”x nenurcs
Ha 3”; C(x):”’x kpatHo 5. Haiitu MHOXecTBO ucturHocTH npearkara B(x) UA(x) UC(x) .

n) Ha muoxectse M = {1..30} 3amanbl mpenukatbl: C(X):”X — He KpaTHO 57; D(x):”x

Henpoctoe”; Haiitu MHOkecTBO ucTHHHOCTH npeaukara C(x) ® D(x).
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3agaua 2.

a) Ha mHoxxectBe M 3amanbl npeaukatsl: A(x) u B(x). M300pa3ute Ha AuarpaMMme MHOXKECTBO
uctuHHocTH npenukata A(X) UB(X).

6) Ha muoxxectBe M 3amanbl npeaukatsl: A(x) u C(x). M300pa3uth Ha quarpaMmme MHOXKECTBO
uctuaHOCTH Tipeankara C(x)\ A(x).

B) Ha mHoxxecTtBe M 3amansl npenukathl: A(x) u C(x). 1300pa3uTe Ha nuarpamMme MHOKECTBO

UCTUHHOCTH npenukata A(x) UC(x).
3amaua 3. )
a) [lns mpeaukara P(x):"(x+0 =x)", x| R, onpenenuts 3uauenne " xP(x).

6) Jlns mpemukata P(x) :"(x 0 =0)", x1 R, onpenemurs snauenne " xP(x).

B) s npeukara  P(x) :"(2x =4)", xI R, onpenenuts snauenne $xP(x).

r) Js npeankata P(x) :"(x +10 =x +5)", x1 R, onpenennts 3Hauenne $xP(x).
n) dns npenukara  P(X) :"()C2 - 2x+1) =0", xI R, onpenenuts suauenne $xP(x).

e) M mpemnkatos P(x):"(x? +x-2>0)", Ox):"(x*+x+0.5=0)", xR
onpenesuts 3uauerne $x(P(x) UQ(x)).
%) [ mpemnkatos  P(x):"(2x? +3x- 5>0)", O(x):"(2x* +3x- 5<0)", x1 R
onpenenuts suauerne $x(P(x) UQ(x)).

3) Ipu xI R OTIPEICITUTh 3HAYEHHE BBICKA3bIBAHHS
2 o2

$x((x” - 5x+6>0)U(x” - 2x+1>0)).

I/I) HpI/I XT R OIPCACIIUTD 3HAYCHUC BBICKAa3bIBaHUA

$x((xT {2,5))%4® (x* - 6x +8 =0)).

Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apurnosa, J. P. Jlekuuu no guckpeTHoi MmaTtemaTuke. MaTteMaTtuyeckas JIOTHKa: yaeOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpyKObI HapoaoB, 2014. — 120 ¢. — Pexwum gocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTe/ILHAS JIUTEpPAaTYypa:
Xarraptu, P. JluckpeTHas MaTeMaTuKa i MPOrpaMMHUCTOB : yaeOHoe rocobue / P. XarrapTu.
— Mockaa : Texnocoepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnueckass padora Ne7. Crnoco0bl 3aganus OyjaeBod pyHkuumu. Tadjauna UHCTHHHOCTH
OyJjeBoii pyHKIMH.

Lenv 3anamusa. llpuoOpecTH HABBIKM IMOCTPOCHHS TaOMUIBI HCTUHHOCTH (GYHKIUH,
OTIpENICICHUs]  TOXKJICCTBEHHOM HCTHHHOCTH WJIM  JIO)KHOCTH  (OPMYJIBI.  BBIIIOJHEHUS
PaBHOCHJIBHBIX IPE0Opa30BaHUi C MPUMEHEHHEM 3aKOHOB areOphl JJOTUKU.

3Hanua u ymenus, npuodpemaemvie CMYOEHMOM 6 pe3yabmame O0CE0CHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE CMOCOOBI 3anaHusi OyyneBOH (YHKIMH,
yYMEET CTPOUTH TaOJIUIy UCTUHHOCTH (POPMYJIBI.

Teopemuueckas uacme.
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ByneBoit pynkumeit YV = f (Xl,xz ,...,Xn) OT N NMEPEMEHHBIX X, X,,..., X, Ha3bIBACTCS
aro6ast GyHKIUS, B KOTOPOH apryMeHTsl U (YHKIHMS MOTYT NMPHHAMATh 3HadeHue nuoo 0, 1mbo
1.

ByneBy ¢yHKIHIO OT n mepeMeHHBIX MOXXHO 337aTh TAOMUIEH MCTUHHOCTH, B KOTOPOH
HAOOpHl 3HAYEHHI apryMEHTOB pACIOJIOKEHBI B MOPSAKE BO3pAaCTaHUS UX HOMEPOB: CHadala
ujeT Habop, MPEICTaBISIONINI co00i nBOoMYHOE pasioxeHue 0 (3ror Habop mmeer Homep 0);
3aTeM HJIET Ha0Oop, SBIISIOIINICS JBOMYHBIM pa3jiokeHueMm 1, morom 2, 3 u T.1I.

Ortpunanue - OyneBa QyHKIIUS OJHON IEPEMEHHOM, KOTOPAs OMPEAEISAETCSI CIIeAYOmei

TaOJIHUIIEH UCTUHHOCTHU

X 0 1 O003HaueHUs

f(x) 1 0 ~

_'X, x

Hexotopsie snemeHTapHbie OyneBbl (YHKIIMU ABYX NMEPEMEHHBIX TPUBEICHBI HUXKE.

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

C OMOIIIBIO CYTEePIIO3UITUH 3JIEMEHTAPHBIX OYJIEBBIX (YHKIIMHA MOYKHO MOCTPOUTH OoJiee
CJIO’KHBIE (DYHKIIUH, KOTOPhIE MOTYT 3aBUCETh OT JIO0OOT0 YHCiIa MEPEeMEHHBIX. 3alUCh OYJIEeBbIX
(GyHKIMHA yepe3 3JeMEeHTapHbIe OysieBbl (GYHKIHMU OyleM Ha3biBaTh (POPMYJIOH peann3yromien
JTaHHYIO (QYHKIHIO.

Juist 6osiee KOMITAKTHOM 3aITUCH CIIOXHBIX (DYHKIIMI BBEACM CIICIYIOUINE COTJIAIICHUS:

1) BHEIIHME CKOOKH OITyCKaIOTCS;

2) cHavaJia POM3BOISATCS OTIEPAIIMHU 51 CKOOKaX;

3) cumTaeTcs, 4TO MPHOPHUTET CBSA30K yOBIBAaeT B cieayromeM mopsake:, (U,|, ), U,
(®,A), « .

J171s1 paBHOCHUITBHBIX CBSI30K (B CKOOKaX) MPUOPUTET OMPEEIAETCS CIeBa Ha MPaBo.

IIpumep. PacctaButh ckoOKH B popmyiax:

DxUy« zAx; 2)x yUz; 3)xAy)« z® xUyU—z

Pemenne: 1) B hopmyse xUy « zA X cKoGKH pacCTaBIIsAIOTCS CIELYIOMIM 00pa3oM:

(xUy) « (zAx));

2) T.K. onepaisi  cuibHee onepauun U coriacHo 3amedanuio umeeM ((x - y)Uz);

3) B dopmyne (xAy)« z® xUyU—z ucrons3ysl BBEJCHHOE CTapIIMHCTBO CBSI30K;
Toy4aeM, 4To JaHHas GopMyna pasHocHibHA (XA y) « (z® ((xUy) U(—2)))).

[pumep. CocTaBUTH TaOJIUIBI UCTUHHOCTH LTS OpMYII:

a)x« y® (yAx); 6)x|(yUz)” (xUz).
Pemrenue:

a) WUCIONIb3Ysl BBEJICHHOE CTApIIMHCTBO CBSA30K, IIOJyYUM, 4YTO JaHHas ¢opmya
paBHOCHIBHA X « (J ® (y A x)), a TabnuIa HCTHHHOCTH NPUMET BU:

x |y vy | 0AY v x« (¥® (yAx)
® (yAx)
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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) cocrasum Tabmuity ueruaHOCTH s hopmyisl x | (yUz) ™ (x Uz)

x|y |z| vy |z |yuz|xUz | 0;:|(pUz)” Uz) F(x,y)
oo o 1 |1 1 0 1 0 1
oo 1| 1 |o 1 0 1 0 1
ol 10| 0o |1 1 0 1 0 1
ol 1]1] o0 |o0 0 0 1 0 1
1lolo| 1 |1 1 0 1 0 1
1ol 1| 1 |o 1 1 0 0 1
1|10l o |1 1 0 1 0 1
11 |1] 0o 0 1 0 1 0

@opMyia Ha3bIBACTCS TOXKJIECTBEHHO HMCTHHHOM (JIOJKHOI), €cClidi OHAa NPUHHUMAET
3HayeHue 1 (0) mpu Bcex 3HAYCHUSAX BXOASANIUX B HEE MEPEMEHHBIX.

[Ipumep. SABnsercs, mu popmyna ((x ® y) UE ® X TOKIECTBEHHO HCTHHHO!M?

XY | x|V |x®y | x@y)Uy | (x®@y)Uy)® x
olo|1]1 1 0 1
ol 1]|1]0 0 0 1
10|01 1 0 1
1| 1]0]0 1 1 1

q)OpMYJ'Ia paBHa 1 IIpHU BCEX 3HAYCHUAX BXOAANIMX B HEC NCPECMCHHBIX, CJICI0BATCIIBHO,
OHa TOXIACCTBCHHO MCTHUHHAasA (TaBTOHOF I/Iﬂ).
KOHTpOJIbHI)Ie BOIIPOCHI U 3alaHUs.

1. Tlopsok BBIOJHEHUS JOTHYECKUX ONEpaIvid.
2. Kak omnpenenuTs Yuciio CTPOK B TaOIHIIE HCTUHHOCTH.
3. CocraBuTh TaOIUIy HICTHHHOCTH JJAHHOM OyJIeBOM (QyHKIIUU:

1 (xAyz)® xUz 16. X « (yAzUy)

7 (x[y)® (EyAx) 17.xl'JyEAy

3 (x® ;)A(z Ux) 18. (xA y)zUx

4 GUNAE« y) 19. x® A (zUy)
5. xUy® 2)A y 20. (x|y)ZU;

6. xUy® zp 21 (x® A )« y
7. x " »)Ux® z 22. (x " y)« (zAy)
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8. xy® z)UxA y 23. (xUy)Azy® y

9. (x| y)z® ;Ux) 24. (xyA z)® x

10. (x ® yz)A x 25. xA(y " 2)Ay
ll.xl'JyE® Xy 26.@0(;02)

12. (xA y)(zUx) 27. (x| y)A (y ® zx)
13 GUNACE® ) 25 X ® y(xU(yAz)
14. (x y)AZU; 29. (xAz)« (zxUy)
15. xUy ® ;)Ay 30. x(m) « (;A z)

Pexomenodyeman numepamypa:

OcHoBHasi iMTEpaTypa:
3apunosa, J. P. Jlekuuu o nuckpeTHoi MmaTemaTtuke. MaTtemaTiudeckast IoTuka: yaeoHoe
noco6wue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHOoB. — Mocksa : Poccuiickuii
YHHUBEPCUTET APY>KObI HapoaoB, 2014. — 120 c¢. — Pexxum goctymna:
http://www.iprbookshop.ru/22190.html

JlonoHUTeILHAS JUTEpaTypa:
Xarrapty, P. JluckperHas MmaremaTuka Juisi IpOrpaMMHUCTOB : ydeOHoe ocobue / P. Xarraptu.
— Mocksa : Texnochepa, 2012. — 400 ¢. — Pexxum moctyma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne§. [IpumeHeHune 3aK0HOB aredpsbl JOTHKH.
Iens 3anamusa. 11puoOpecTy HaBBIKU BBIOJHEHUS PAaBHOCWIBHBIX MPe0oOpa3oBaHU ¢

NPUMEHEHHUEM 3aKOHOB alreOpbl JOTHKH.

3nanua u ymenusn, npuobpemaemvie CHIYOEeHIMOM 6 Ppe3ynbmame O0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaeT OCHOBHBIE 3aKOHbI anreOpbl JIOTMKM U yMeeT
NPUMEHSTH UX IS IpeoOpa3oBaHusl OyIeBBIX (PYHKITHIA.

Teopemuueckas uacme.

Bbynessr pynknun f; u f; Ha3pIBAIOTCS SKBUBAJICHTHBIMHU, €CJIH Ha BCIKOM Habope

(a,,a,,...,a,) Hyled u enuHUL 3HauyeHHd GQyHKOUE coBmagaT. (OO6o3HaueHHE
SKBUBAJICHTHBIX (PaBHOCUJIBHBIX) QyHKUUH cnenytomee: f1 =f2 umu f1° f2.

OcnoBuble sxBuBagentHocrn (HH,, H,, Hj;.. o3Hagaror HexoTopsle OyJeBbI
¢byHKIMN):

1. 3akoH aBoitHOTrO OTpUNanus: H = H
2. Upemniorentnocts: HH =H, HUH =H
3. Kommyrartusnocts: H,* H, =H,*H,, Tae cuMBOol * 03Ha4aeT OAHY M3 CBS30K

&UA,~|,”.

4. AccoumarusHocts: H, *(H,* H,) =(H,* H,)* H,, rae cuMBOI * O3Ha4YaeT OfHY
u3 cBs3ok &,UA, ~.

5. AucTpuOyTHUBHOCTGH : Hl&(HzUH3):(H1&H2)U(H1&H3),
H UH, &H,)=(H UH,)&(H, & H,).

6. 3akon ne Moprana: H, & H, :FI&H_Z, m ZF]&E,

7. Npasuna nornomenus: H, U(H, & H)) =H,, H,&(H,UH,)=H,

8. 3axons! cknensanus: H, & H, UH, &H_2 =H,, (H UH,)&(H, UH_Z) =H,

9. 3axonbl uHBepcuit: H UH =1, H&H =0.
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10. Ipasuna onepanuii ¢ kouctantamu: H Ul =1, H &1 =H , H U0=H, H&0=0.

Bce MPUBCACHHBIC COOTHOMICHUSA JICTKO IMPOBEPAIOTCA 11O Ta6JII/II_[aM HCTUHHOCTH.

Hpm\_/lep:_VHp_oETHT_L (bOp_My.TIEI, MCTIONB3YS OCHOBHBIE 3AKOHbI SKBUBATICHTHOCTH:

1) szxezUyz :ZUyZ :ZUyZUnyZ :ZUyUx;

2)

. x® y=Uy . . (6) i C x®y=Uy,(6)

x® »Uy®x = Gx® yUyUx=Bx® y)UGy)Ux =

. i e i . ) . x® y=Uy
=xUyUy)Ux 0y UGy Ux)Ux=GyUx = y® ux;

3)
xyz UxyUxyzUxz Uxz =xzy Uy) UxyUxz Uxz =xzUxyUxz Uxz =
=(xz L'Jx;) Uxz U)_cz) Uxy =x(z U;) Uz(x U;c) Uxy =xUzUxy =x(1Uy) Uz =xUz;

4)

x, Ux,x, >§71)52 Ux} ZZ(ZUZ) U(sz))% =(x Ux2x3) U(sz Ux3) :Z(ZUZ) =
=x, Ux,x, Ux, Ux, Ux, =x, Ux, Ux,.
[pumep: C NOMONIBIO pABHOCWIBHBIX MTPEOO0Pa30BaHUN YIIPOCTUTH (HOPMYITY
xy® (xUy)z.
xy® (xUy)z° xyUxUp»)z° xUyUxzUyz° xUyUxzUypz0 xUypUz©
fa)xU(yUz)° x® (yUz);
I -, -, .
i6)zU(xUy)° z® (xUy);
i P — ,—
°ie)yUxUz)° yUuxz;
-:-Z)EU;Uy° xzUy° xz® y;
%0); UyUz® xyz
JIro0Oyto 3anuch a) - 1) MOYKHO CYMTATh OTBETOM.

[pumep:. [IpoBepsTe, OyAyT M SKBUBAJICHTHBI CICAYIONINE (DYHKIIHH:
(x® z)(y ® z2); (xUy)® z.
C noMoIIbI0 paBHOCHIIBHBIX TIPE0OPa30BaHUil OydaeM, 4TO

x® 2)(y® 2)° (xUz)(yUz)° xpUzpUxzUz° xpUz° xUpUz° (xUy) ® z,

T.C. q)YHKI_II/II/I OKBHMBAJICHTHEI.

Hpumep:. JTokaszats paprocmibHocTs (x U y) U(x U ;) ° x.

xU»UEU»° xUxUpyUxUxUyUyUye

° xUyUxUxUy° xUaUyUy)° xUaU° x
KoHTpoJibHBIE BONPOCHI U 3a1aHUsI

l. Jloka3zaTh ciiefyrolue paBHOCHIbHOCTH:
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xUy°xUy g xUy°x~y 15, @U»UEU»)UGEU2)° x

[S—

2. xUye x|y o xy°xUy 16. ¥U»~ (U2)° GU» UG U2
3'x_y°;L‘J; 10. (xUy)UxUy)° x 17.xA(yAz)°(xAy)Az
4.x|y°;U; ll'xU(;l‘Jy)°ny 18, x;®(505)2°g

5 x®y°y®x 12, w® z°xUyUz 19 *® (Y ®2)°xUy® z

6. X ® y°xUy 13.xAy°;UyUxU; 20.;® y° 1A yAxy

7700 Un°x gy UnGU»° x5 x« y° @Uy)xUy)

2. Ilokazath, 4TO (OpMYIBI bUa, alUb® a, a Ub® b pwmeror Ty JK€ TaOJIHIy
MCTHHHOCTH, 4To 1 umrumkauus 4 ® b
3. [IIposepbTe, OYIYyT JIM SIKBUBAICHTHBI CICAYIOIINE PYHKIINU:

1 Xx® (yAz), x® »)AGx® 2) 11.* U2, (x« »UEU2)
7 xU(yA2), (xUpAxUz) 12. WUxA(yU2),
(xA y)U(xA 2)
3.xL‘J(y« z), (xUy)« (xUz) 13. XAy, yAx
4 xU(r|2). (xUy)[(xUz) 14. xUy,x«
5 YA(Y®z2), (x® )« (x 2) 15 xUy.x|y
6. x| ® 2), (x[»)® (x]2) 16, xUpx "y
7 xU(y® z), xyzUx|y 17. x(yUx),x
g xU(y® 2), xUy)® (xUz) 18. xUyUx,x
9 YA(y® z), (xp) « (xA2) 19. XV z,zZ Xy
10X (e« 2, (x" )« (x 2 20, *Uyz,(xUy)(xUz)
4. TIlpeobGpa3yiite hopMyIbl, UCIIOIB3YsI OCHOBHBIE 3aKOHbBI SKBUBAJICHTHOCTH:
1. xyUyUxy 11. xyUxyUxyUyUxy
2. HJ—yU;yny 12. (xyzUz)U(xyzU;)
3 xUxyUxy Ux 13, 0z UxpzUxy
4 xUyUxyUyUxy 14. vz Uxz Uxyz
5 xyzUxyUxyzUyz 15 xyzUxUyUzUxy Uxyz
6. wzUxUyUzUyzUxyz 16. wzUyUzUxyzUxUy Uz
7 xyzUyzUxyUxUy 17. wzUyzUxUxUy Uz
g xzUxyzUxUyUzUxyzUyz 18 xzUxzUyz Uy Uz
9. x;znyU;UzU;z 19. (xU;U;z)(yU;)(yUz)
10. xzUxUzUxUyUzUxz 20, 2w UxpzUxUxyzr
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Pekomenodyemasn numepamypa:

OcHoBHas JuTepaTypa:
3apurnosa, J. P. Jlekuuu nmo guckpeTHoi MaTemaTuke. MaTteMaTtuyeckas JIOrHKa: yaeOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuii
YHHUBEPCHUTET JIpyKObI HapooB, 2014. — 120 ¢. — Pexwum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTe/ILHAS JIUTEpaTypa:
Xarraptu, P. JluckpeTHas MaTeMaTHKa i MPOrpaMMHUCTOB : yaeOHoe mocobue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne9. /IM3bIOHKTHBHbIC H KOHBIOHKTHBHbIC COBEpPIICHHBIE

HOpMaJibHbIe (POPMBI.

Lenv 3anamusa. IlpuoOpectu HaBbiku mnoctpoeHuss CKH® (CAH®D) c mnomoiirsio
Pa3IUYHbIX aJITOPUTMOB.

3nanua u ymenusn, npuobpemaemvie CHyOeHMOM € pe3yibmame O0C60CHUA MeMbl,
dopmupyemvie komnemenyuu. 3HaeT OCHOBHbBIE 3aKOHBbl anredpbl JIOTUKU W yMEEeT
npuMeHsTh anroputMbl nocrpoeHuss CKH® (CAH®) OyneBbix QyHKIHIA.

Teopemuueckasn uacms.

MHoxecTBO Bcex OyneBbIX B 0aszuce S Z{Q, U,U} oOpasytot OyJieBy ajaredopy. Eciu x -
JloruyecKas epeMeHHas, a =S | {0,1} TO BBIPOKCHUE
ix eciu s =1 o
X =l- wm X =1
ix eciu s =0 |

1 eciu x =S

0 ecru x1's”

Has3bIBaeTCs JUTEpoM. JluTepsl x M Dx Ha3bIBAOTCS KOHTpapHbIMA. KOHBIOHKTOM
Ha3bIBACTCSI  KOHBIOHKIMS  JuTep. JIM3BIOHKTOM  Ha3blBaeTCAd  JAU3BIOHKLUA  JIUTEP.
JAM3bI0HKTHBHOI HOpMaJbHOH (opmoii (JH®P) Ha3piBacTCs NU3BIOHKIMSA KOHEYHOIO 4YHCiIa
KOHBIOHKTOB. KOHBIOHKTHBHONM HOpMaabHOU ¢opmoii (KH®) HazpiBaeTcs KOHBIOHKIUSA
KOHEYHOTI'0 YHCJIa TU3BIOHKTOB.

[Iycty ¢ynkuus f 3anucan B 6asuce S1. Jlannas (yHKIUS OPUBOIUTCS K HOPMaJIbHOM
(dhopme crieTyonuM myTeM:

1. ucnone3yem 3akoHbl 1e Moprana, yToObl Ipeodpa3oBath (HopMyiy K BUIY, B KOTOPOM
3HAaKHM OTPHULIAHUS OTHOCSITCS TOJIBKO K OTACIBHBIM IIEPEMEHHBIM;

2. MpUMEHSIEM MPABWIIO CHATHUS IBOMHOTO OTPULIAHUS: X =X ;

3. nmanee ciemyeT WCIOJIb30BaTh 3aKOHBI JUCTPUOYTHBHOCTH, NMPHYEM IEPBBIA 3aKOH
mucTpuOyTuBHOCTH nnsi mpuBeneHus k JIH®, u BTOpoit 3akoH TUCTPUOYTUBHOCTH ISt
npuseneHus k KHO.

Ecnu B kaxxoM 4iieHe HopManbHON (OPMBI IPEACTABIICHBI BCE IEPEMEHHBIE (00 caMu,
au00 WX OTpUIAHUS), MPUYEM B KKIOM OTICIHHOM KOHBIOHKTE WJIM JIU3BIOHKTE Jr00as
NepeMeHHass BXOAUT POBHO OJWH pa3 (mubo cama OO ee OTpHUIlaHHME), TO 3Ta Qopma
Ha3bIBaeTCs coBepleHHoi HopMaibHO# popmoii (CAHD® nian CKHD).

[pumep: [To nanHO# Tabnuie ucTUHHOCTH OCTpouTh CJITHD.

Pemenue paccmotpum Ha npumepe GyHKIuu f(x, y,z), 3alaHHON TaOJINYHO:

X y z Koncrutyents 1 Koncrturyentsi 0 f(x,,2)

0 0 0 X 2 ¢ xUyUz 0
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0 0 1 ;>§>Q xl'Jyl'J; 1
0 1 0 ;>§/>{; xl'J;l'Jz 1
0 1 1 XX xUyU:z 0
1 0 0 X9 ¢ xUyUz 0
1 0 1 x>§/_><z )_cL'JyL'J; 1
1 1 0 X9 % xUyU: 1
1 1 1 XX ;U;U; 1

Koncruryenthl 1 (MIM OCHOBHBIE KOHBIOHKIIMM ), BKJIIOYEHHbIE B TaOmuLy,
COOTBETCTBYIOT KOHKPETHOMY HA0Opy HyJiel M €AMHUI], KOTOpble MPUHUMAIOT NepeMEHHbIe
x,y,z. Crpoarcs KOHCTUTYEeHTbl 1 1O cleyoleMy NpaBUily: IEpeMeHHas BXOAUT B

MIPOU3BEICHNE caMa, €CJIM Ha IaHHOM Habope OHa MPUHUMAET 3HaueHHe 1, B MPOTUBHOM cCiydae
B IIPOU3BE/ICHUE BXOJUT €€ OTPULIAHUE.

IIpaBuio niasi mocrpoenust CAH®: crnenyer BeIOpaTh CTPOKH, B KOTOPBIX (YHKLHUS
paBHa 1, a 3areM B3ATh JU3BIOHKLIHIO COOTBETCTBYIOIIMX KOHCTUTyeHT 1. Tak s Hamiero
IpuMepa, UMeeM

F(x,,2) =x>x > Ux> > Ux>xxUx>x Ux > x.
[pumep: [To nanHOM Tabmuie ncTuHHOCTH MOcTponTh CKH®.

Pemenne: Koncruryentnl 0 s HaOopa Hyned W eauHUIl (KOTOpHIE NPUHUMAIOT
MEPEMEHHBIE X, ),z ) CTPOMUTCS CIEAYIOUIMM 00pa3oM: MepeMeHHas BXOIUT B JAU3BIOHKIIHUIO

cama, ecid Ha JaHHOM Habope oHa mNpuHMMaeT 3HadyeHue (O, B MPOTUBHOM cCily4yae B
JU3BIOHKIIUIO BXOAUT eé OTpHULIAHUC.

IIpaBuno pias nmocrpoenuss CKH®: crnenyer BHIOpAaTh CTPOKH, B KOTOPBIX (DYHKIIHS
paBHa 0, a 3areM B3STh KOHBIOHKIHMIO COOTBETCTBYIOLIMX KOHCTUTYeHT 0. B pesynbrare
nonyuntcs uickomasgs CKH®. Tak niis Haiiero npuMepa, UMeemM

f(x,y,2) =(xUyUz)XxUyUz) xx Uy Uz).

Onucannpiii ciocod Haxoxacaus CIHH® (CKH®) mo tabnwie WCTUHHOCTH OBIBaeT
yacTo 6osee TPYJOEMKHIM, YeM CIEAYIOLIUI alrOPUTM.

1.JJas naxoxaenun CAH® nannyio ¢popmyrny npuBoauM cHavana k JJHD.

2. Eciu B HEKOTOpBIH KOHBIOHKT K HE BXOIUT CKaXE€M IepeMeHHass ), TO O3TOT

KOHBIOHKT 3aMEHAeM Ha SKBUBaneHTHyI0 dopmyny K U(y U;) U, OpuMeHsas 1-i 3aKkoH
TUCTPUOYTUBHOCTH, NPHBOAMM TMojdydeHHyio (opmyny k JH®. Ecmu Hemoctarommx
MIEPEMEHHBIX HECKOJIBKO, TO ISl KQXKION M3 HUX K KOHBIOHKTY JOOABJISEM COOTBETCTBYIOIILYIO
bopmyay uma (y U y).

3. Eciu B nonyuenHoi JJH® umeercs: HECKOIBKO OJMHAKOBBIX KOHCTUTYEHT €IMHUIIbI,

TO OCTaBJIIEM TOJBKO OJIHY U3 HUX. B pe3ynbrare nonyyaercsa CIAHD.
3ameuanue: /g noctpoenuss CKH® nu3bIOHKT HE cOAEpKaIIUNA CKaXEM NEPEMEHHYIO

y 3aMeHsieM Ha OJKBUBaICHTHYI0 (dopmyny DUy > ¥, TpUMEHseM 2-i 3aKoH

TUCTpUOYTHBHOCTH.
[pumep: Iloctpouts CKH® pans ¢ysxkuun F  mpum momomu  3KBUBAJEHTHBIX
npeoOpa3oBaHU
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Fo=x|(yAz)=xU(pA2) =xU(zUyz) =x Uz 9z =xU(y U)Xy Uz) =x U(y Uz) Xy Uz) =
=(xUyUz)xxUyUz)- CKH®
[pumep: C noMo1pI0 S5KBUBAJIEHTHBIX IpeoOpa3oBanuiil npusenute Gopmyny k JTHD, KHD,
CJIH®, CKH®. F =((x " y)® z) « .
Pemenue: IIpusenem gpynkuuto F k 0azucy S, I{Q, l‘J,UJl

F=(x¥®)« y=(xxUz)« y=xUyUz)« y=xUyUzU»)xUyUzUy)=
=x>xvxUy=x>x>x>x =xUyUz)y- KH®

s npusenenus F x JIH®, npumeHnM nepBblii 3aKOH TUCTPUOYTUBHOCTH.
F=xyUyyUzx =xyUz>x =xyUz> - JHD

ITpusenem ¢pynxmuro F k CJIHD:

F Ix; Uzy Ix;(z U;) UE;(x U;) Ix;z Ux;g U(E;x UE;}) :x;z Ux;g U};E

[Tpusenem ¢pynxmuro F k CKH®: o

F=(xUyUz)y =xUyUz)(yUxx) =(xUyUz)(y Ux)(yUx) =(xUyUz)(y UxUzz)>

(yUxUzz) =(xUyUz)(yUxUz)(»y UxUz)(y UxUz)(y Ux Uz).

[pumep: [Mpuectn pyuknuo k JJH®D, ucnonb3ys 1-b1ii 3ak0H AUCTPUOYTUBHOCTH.
x>§>s&¢>9/>£>(y Uz) =x>§>(;U;U§) Xy Uz) =(x>§>§Ux>§>§Ux>§>Q) Xy Uz) =- smoKH®
=(0Ux >§Ux >§ )Xy Uz) =(x >;Ux >§ %)Xy Uz) =- omo dpyean KH®
=x>§>9/Ux>§>Q>9/Ux>§>QUx>§>Q>Q ZOUOl'Jx>§>Ql'Jx>§>Q =x>§>QUx>§>s‘z- omo J[H®D
[pumep: [Mpusectu pyukmuio k KH®, ucnonb3yst BTOpoil 3aKOH JTUCTPHUOYTHBHOCTH.
xL'Jy>sx>§vUZ :nyx@;) =ny>()_cU;)>s‘z Zny>s2>(;U;) =(ny><z)>(xU;U;) =
=xU»xxUz)x1Uy) =xUy»)XxUz)- smo KH®

[pumep: [1o nanHoI Tabnuie ICTHHHOCTH MOCTpouTh CITHD:

X y z OCHOBHBIE f(x,v,2)
KOHBIOHKIINU
0 0 0 XX > 0
0 0 1 X X ¢ 1
0 1 0 XX 1
0 1 1 XX > 0
1 0 0 XX > 0
1 0 1 XX > 1
1 1 0 X% 1
1 1 1 XX > 1

IToctpoum CKH® nns Hamero npuMepa Ha OCHOBAHMH 3aMEUYaHUs.

1. Crpoum CJIH® nnst otpumianus x > ¢ U x 5 ¢ Ux >§ X.
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2. Ucnonb3yeM 3akoHbl 1e Moprasa, noiayyaem
f :? :;>§>;U;>§)>QUX>§>;:;>§>;U;>§)>QUX>§>; =(xL'JyL'JZ)>(xL'J;L'J;)>(;L'J
UyUz).

KoHTpoJibHbIe BONPOCHI U 3aJaHUs

1. UYro nazeiBaetcss KHO (JJHD)?
2. Anroputmsl noctpoerust CJH® u CKHO.
3. Kakue u3 cinenyrommx GyHKIUN 3aTMCcaHbl B HOpMaIbHOHN dopMme, a Kakue HeT?

1. xUy® z; 2. (x> Ux)%zUx); 3. (xUzUx)> > Xz Ux);
4. x> Ux>Xx Uy); 5. x> Uz Ux; 6. (xUyUypUz) %z Ux);
7. x>9/U;>{zUy>Q>§UZ; 8. (nyUz)(ynyUE); 9. x—yZU;yUx;,

10. xyz Ux;z nyg; 11. (zUxyUz)(x Uy U;z); 12. x—yz UE nyg;

13. xy—l'J_zl'nyl'J;l'ny; 14. xUyUzUnxUy); 15, xl'Jyl'J;U(nyz);
16. )_cyzUx)TzUyz()_cUz); 17. nyUZnyU;z; 18. )?zU(ny)(;Uz);
19. (x U;Uz)(; U; Uz)(; Uy); 20. xyzUxy Uzt Ux;z_t; 21. (x Uy Uz) > Xz Ux).
5. IMpusectu cnenyromue Gopmyns k JJHO u KH® 1 1o BO3MOXHOCTH YIIPOCTHUTH.

l. xUyz; 2. x« 3.x« yz;

4. x« y« z 5.xy « xy, 6. x® (y® z),

7.x_yU(x® »); 8. nyyzUE; 9.xU)7zU)?z;

10. xUpUzxUx>; 11 (x> Uz) Xy Uxe); 12. oz Ux)Xx Uy Uz Uxz) Uy,
13. x>9>¢> UxypzUz); 14. x> ® zUy; 15. z® yUx>);

16. xAy)® (zAx); 17. (x " y)Azx; 18. (xUz)® (y~ 2);

19. (x| »)® x> Uz 20. xUy« xAz 21. x>y Uxyz Uz

6. IlpuBectn ¢yHkuu k coepmieHHbIM ¢opmam (CAH® u CKH®) nyrem
9KBHBAJICHTHBIX ITPEOOpPa30BAHU.

1. xyUxyzUz; 2. (xUz)%xx Uy); 3. xUyUzx;

4. (xUy Uz)>9/>(;Uz); 5. x X ¢, 6. ;U;Xyz Ug);
7. (xyUz)xx XxzUy); 8. xzUy® xz; 9. (yUz)A x> ¢;
10. (;_y)Uy;Ux; 11. x « x>9/U;; 12.xU;_2;

13. xUy; 14. xy(x ® y); 15. (x® y)® xUy;
16. x ® yz; 17. (x® y)® x; 18. xy ® (y ® x);
19.xUy® (x® z);  20. xy ® zf 21. (yU2)A x 9.

7. Hoctpouts CAH® u CKH® nns ¢pyHKUMN 3aJaHHBIX BEKTOPOM 3HA4YE€HUH OyieBoit
byHKIMY.
1. (0011);  2.(0101); 3. (1110); 4. (1000); 5. (0011 1010);

6. (1100 0101); 7.(1000 1111); &. (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 O0111);

15. (0001 1100 0011 1110); I6. (1101 1111 0011 0001);

17. (1111 0000 1111 O0110); 18. (0101 0110 0101 0110);

19. (1000 0110 1011 1111); 20. (1010 1111 OI11 0000).

8. [oka3zarb paBHocunbHOCTH yTeM npuBenenus kK CAIH® nin CKHO:
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1. xy =xUy; 8.x® y° y® x; 15.(x® y)® y° xUy;
2. x(xUy)° x; 9.xyl'Jx;°x; 16. x® (y® 2)° xUy ® z;
3. xUxxy° xUy; 10. xUxp ° x; 17.(x® 2)(y ® 2)° (xUy) ® z;
4.ny°§; 11. xUxy©° xUy; 18. x(yUz) =(xUy)U(xUz);
50x® y°;; 12. x(xU ) ° xy; 19.x« y° (x® »U(y® z);
6. (xUp)(xUy)° x; 13. xU»)UxUy)° x; 20 x® y° y® x;
7.x« y° y« x 14.xU(;Uy)°ny.

9. C moMoIbI0 3KBUBAJIEHTHBIX NpeoOpa3zoBaHuii npuseaute ¢popmyiny k JHD, KHO,
CJIH®, CKH®.

1. x|y; 8.z® x« (x|y); 15.x" y® xUy« x|y,

2. xA y; 9. (x| y) ® 2)Ay; 16. (xUy) ® (zA x);

3.x« y; 10. (xUy)® (z A x); 17. 2 ® x) « (¥]x);

4. x" y; 11. (x| Az ® x); 18. (x ~ »)® 2)A y;

5.x® y; 12. (z ® x)A (x| y); 19.x" y® x| yAx

6. x ® yz; 13. (xUy) ® (zA x); 20. xU») ® (z« x).

7. xy_z; 14. (x~ y)A2)® yx;

10. ITpoBeprTe AByMs crioco0amu, OYIyT JIM SKBUBAJICHTHBI CIETyIOIUE (PYHKIIUH.
1) cocraBiaenuem Ttabaui uctuHHOCTH; 2)ipuBenenneM K CAH® wm CKH® ¢
MIOMOIIBIO SKBUBAJICHTHBIX MTPE0Opa30BaHU.

I.xUy,x® y; 11. xU(y « z),(xUy)« (xUz);
2.x® y,x« y; 12. xU(y|2),(xUy)|(xUz);

3. xUy,xA y; 13. xA(y® 2),x® y)« (x z);
4. xyUz x(yUz); 14. x® (yAz2),(x® y)A(x® 2);
50(x® y)z,x ® yz; I5.x](y® 2),(x|y)® (x]|2);

6. xy « x,(x« y)z; 16. xU(y ® z),(xUy)® (xUz);
7. (xUy),xUy; 17. xU(y ® z),(xUy)® (xUz);
8 x® y,;L'Jy; 18. xA (y ® 2),(xy) « (xA 2);

9. xU(y ® 2),(xUy)® (xUz); 19.x (y« z),(x py)« (x 2z2)

10. xU(y ® z),(xUy)® (xUz); 20. xU(yA2),(xUy)A (xUx2).

Pexomenoyeman numepamypa:

OcHoBHas JuTepaTypa:
3apunosa, J. P. Jlekuuu 1o nuckpeTHol MaTemMaTnke. MaTtemaTHdeckast IOTuKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Koxotunkoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpykObl HapoaoB, 2014. — 120 ¢. — Pexwum nocryna:
http://www.iprbookshop.ru/22190.html

JlonoTHUTeILHAS JUTEpPATYypa:

Xarraptu, P. Jluckpernas MmaTemMatuka Jyisi IporpaMMHCTOB : yueObHoe nocodue / P. Xarrapru.

— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckas padora Nel(). AnropurmMbl NOCTPOEHHUSs MOJMHOMOB JKerajkuna.
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Ilenv 3anamusa. 3aKkpenuTh HABBIKM MOCTpPOEHUs MHorowieHa JKerajakmHa MeETOAAMH
PaBHOCHJIBHBIX IPe0Opa30BaHUM 1 HEONPEEIECHHBIX KO (UIIMEHTOB.

3nanua u ymenus, npuoobpemaemvie CHyOeHMOM 6 pe3ynbmame O0C60CHUA MEMbl,
dopmupyemvie komnemenyuu. 3HaeT alNropuTMbl MOCTPOCHUS MHoOrousjeHa JKeraikuHa u
YMEET UX NPUMEHSTH.

Teopemuueckas wacme.

MuoxectBo OyneBbIX (yHKIUMH, 3amaHHblx B Oasuce JKeramkuna S ={A,U,1JL
HasbIBaeTCs anreOpoit XerankuHa.
OcHoBHBbIE CBOMCTBA

kommyTtatusHocts H, A H, =H, A H,, H, L‘JH2 =H, UHI;
accormarusrocts H, A (H, A H,) =(H, A H,)A H,, H U(H,UH,)=(H, UH,) UH,;
IUCTpUOYyTUBHOCTD L‘J(H2 AH)=(H, L‘JHZ)A(H1 UH3);
cBoiicta kouctaut H Ul =H, HU0 =0, HA0=H ;
HAH=0,HUH =H .

Yr1Bepxkaenue. Yepes oneparuu anredps! JKeraqkuHa MOKHO BBIPAa3UTh BCE JIpyrue
OyJieBbl (DYHKITHH:

A e

;Zle, nyZxAyAxy, x~y=1AxAy,

x® y=1AxA xy, x y=l1AxAyAxy, x|y=1Ax.

Onpenenenue. [Tommanomom XKerankuna (IMMOJIMHOMOM IO MOJYJIIO 2) OT N MEPEMEHHBIX
X;,X,,...,X, Ha3bIBACTCS BBIpA)KEHHE BUA

P(x,,%y,...x,) =c, Acex, Ac,x, AL Acx Ac,xx, ALLAc, xx,.x,,

IJIe MOCTOSHHBIE ¢, MOTYT IPUHUMATh 3Ha4eHus 0 mn 1.

Ecoun nomuuoM JKeramkuHa He COACPKUT NPOU3BEACHUM OTAEIBHBIX IIEPEMEHHBIX,
TO OH Ha3bIBACTCS JIMHCHHBIM (JTMHEHHAS (DYHKIIHS).

Teopema. Kaxnas OyneBa (yHKIMS NpPEICTaBISETCS EIWHCTBEHHBIM OOpa3oM B
BUE nmonHoMa JKerajakuha.

OcHOBHBIE METO/IbI TOCTPOEHHUS MOJIMHOMOB JKerajkusa:

1. MeTtoja, ocHOBaHHBIH Ha npeodpa3oBanuu gopmya. [IpuBogum dhopmyny K BULY,
cozepkaiieMy CBs3ku M3 Oasumca S={®,&,1}; packpeiBaeM CKOOKHM WCIIOJB3Ysl 3aKOH
JTUCTPUOYTUBHOCTH (CM. CBOMCTBO 3); a 3aTeM MpUMEeHsieM cBolcTBa 4 U 5.

2. Meton HeonpeaedeHHbIX ko3¢ dunuenton. [lomunom XKerankuna, pean3yromniui
3ajaHHy0 QyHKIMIO f(X,,X,,...,X,) WIIEM B BHJE

P(x,,x,,...x,) =c, A X, A C,X, A.A c,X, A Cph XX, A.A Cly XXy X,
Haiinem ko3¢ ¢uuuents c¢,. [ng 3Toro mnociefoBaTeNbHO NPUAAAUM IIE€PEMEHHBIM

XX, ,...,X, 3HAUEHMs U3 KaXJOW CTPOKH TaOJIMIIbI HCTUHHOCTU. B uTOre nmoiay4um cucremy u3s

n
2" ypaBHeHU#H ¢ 2" HEHM3BECTHBIMH, MMEIOUIYI0 €IMHCTBEHHOE pelleHue. Pemms ee,
HaxomuM Kodddunments! momuHoMa P(x,,X,,...,X, ).

[pumep: [Toctpouts nonuunom XKerankuna GpyHKIUN
a) f(x,y) =x® y, 0) f(x,y,2) =(x® y)® z) « y.
Pemenne: a) 1 cmoco6. 3amumemM  WCKOMBIA  TMOJMHOM B BHUJE

P(x,y) =c, AcxAc,yAc,xy

[Tonp3ysick TabnHIEH HCTUHHOCTH
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| X® y | 1 1 0 1
HI0JIy4aeM, 4To
£(0,0) =P(0,0) =¢, =1,
£0,1) =P(0,1) =¢c, A ¢, =1,
£(1,0) =P(1,0) =¢, A ¢, =0,
Ay =P11)=c,Ac,Ac,Ac, =I.
Otkyna mocienoBaTellbHO HaxoauM, ¢, =1, ¢, =1, ¢, =0, ¢,, =1. CnenoBarensHo,
P(x,y) =1A x A xy.
2 cnoco6 (Meto mpeodpazoBanus Gopmyi.) Umeem
xX® y I;Uy =x—>§ =(xXyA1)A1=1A xA x .
0) 1 cnoco®. ITycTs nonmuuoM JKerankuHa UMeeT BUL:
P(x,,2) =c,AcxAc,yAc,zAc,xyAcxz A c,,yz A cpyxyz.
P(0,0,0) =¢, =1, (t.x. £(0,0,0) =1).
P(0,0,1) =c, A ¢, =0 (1.x. £(0,01)=0)P 1Ac, =0b ¢, =I.
P(0,1,0) =c,Ac, =0b 1Ac, =0b ¢, =I.
P(1,0,0) =c,Ac, =1b 1A ¢, =1P ¢, =0.
PO,L) =c,Ac,Ac,Ac,, =0b 1A1A1Ac,, =0P 1A, =0P ¢, =1.
PL0,1) =c,Ac,Ac,Ac, =1b 1A0A1Ac, =1P 0Ac, =1b ¢, =I.
P(1,1,0) =c,Ac,Ac,Ac, =0P 1A0A1Ac, =0P ¢, =0.
PLLY) =c,Ac,Ac,Ac,Ac,Ac,Ac,Ac,, =0P
P 1A0ATA1A0A1A1Ac,, =0P 1A ¢, =0P ¢, =1.

Wrak, nonyuaem nonuHom XKeragkuna 3-if cTeneHu.

P(x,y,z) =1IA yAzA xy A yz A xyz.

[pumep: Iloctpouts mnomuunom Keramkuna s ¢yakuun  f =(1011) metogom
HeonpeIeIeHHbIX KO3 PuimeHToB. SABusercs M1 f TUHEHHON?

Pemienue. Mmem nonuuom Kerankuna P(x, y) B BUIE:
P(x,y) =c, A c, Ac,y A C3X).

Hcnone3ys Tabnuily HCTUHHOCTH VIS f, , UIMEeM

P(0,0) =¢, =1P ¢, =1,

PO,1)=c,Ac, =0b 1Ac, =0P ¢, =I.

P(1,0) =c,Ac, =1b 1A ¢, =1P ¢, =0.
P(L1)=c,Ac,Ac,Ac, =1P 1A0A1Ac, =1b ¢, =I.
Urak, f =1A y A xy — ne nuneiina.

KoHTpoJibHbIe BONIPOCHI U 3a]aHUs

1. Yro Ha3rpiBaeTcsa MHOrowieHoM JKeraakuna?
2. Meton HeomnpeaeneHHBIX K03()PHUIIMESHTOB.
3. Ioctpouts nonuHom JKerajikuHa, UCIIONB3Ys YIKBUBAJICHTHBIE IPE0Opa30OBaHUSI.

. x« y, 8. (x® y)(y® 2), I15. xy ® xUy « x,
2. x® y, 9. (xyUxy)A z, 16. (xA y) « (zx),
3. xy " z, 10. x 7 yz, 17. zU») A (y Ux ),
4. (xUy)z, 1. (x ® y)(y ® x), 18. xUy)® z|y,
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5. xy|z, 12. xUyUz, 19. (x « y)~ (xAx>),

6. xy(x A ), 13. xAy~ 2 20. (xz « xyz)U(xy ® 2).
7. xyz Uy, 14. xUyzUxyz,

4. Tloctpoiite moauHOM JKerajqkruHa METOIOM HEONpPeaeIeHHBIX KOA(h(PHUITMEHTOB.
I.(x« y)« z, 8. xy U;z Uzt Utz, 15. (z® x)A(x\;),
2.x® (y® z2), 9.x y® xUy« x|y, 16.(xUy)® (zAx),
3.(x|y)” z, 10. x " y® x| yAx, 17. xUy)® (zA x),

4. xy(xA y), 11. z® x« (;\y), 18. (z® x) « (y]|x),
5. xyzUxyz Uxyz, 12. (x| y) ® 2)Ay, 19. (x~ »)® 2)A y,
6. (x® )y~ 2), 13. xUyp)® (zA x), 20. (xU») ® (z « x).
7. (x® y)Uz)|x, 14. (x| y)A (z ® x),

5. Tocrpoiire moauHom XKerankuna, ecan GyHkuun f(x,y,z) u f(x,,X,,X;,X,) 3alaHHbI

BEKTOPOM CBOMX 3HAYCHUM:

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).

Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apumnosa, J. P. Jlekuuu nmo guckpeTHoi MmatemaTuke. MaTteMaTtuyeckas JIOruka: yueOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuii
YHHUBEPCHUTET JIpyKObI HapoaoB, 2014. — 120 ¢. — Pexwum gocryma:
http://www.iprbookshop.ru/22190.html

JonosiHUTeILHAS JIUTEPAaTYypa:
Xarraptu, P. JluckpeTHass MaTeMaTuka Jjis IPOrpaMMHUCTOB : yueOHoe mocooue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pgocryna:
http://www.iprbookshop.ru/12723.html

IpakTnueckass padora Nell. Pa3memenusi, nepecTAHOBKH, COYETAHUS B
KOMOMHATOPHUKE.
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Ileny 3amamun. WV3yuuTb OCHOBHBIE KOMOHMHATOpHBIE OOBEKTHI M OOJACTH UX
BO3MOKHOT'O TIPUMEHEHUSI.

3Hanua u ymeHusa, npuoopemaemvie CMyOeHMOM 6 pe3yibmame 0CEOCHUs MeEMbl,
dopmupyemoie Komnemenyuu. 3HACT pa3MEIEHUs, MEPECTAHOBKU, COYETAHUS U YMEET HX
IPUMEHATH [P PEIICHNUH 3a/1a4.

Teopemuueckas uacme.

KomOuHnaTtopuka - 3TO paszen MaTeMaTWKH, B KOTOPOM H3Y4aroTcs BOINPOCHI O TOM,
CKOJIBKO Pa3JIMYHBIX KOMOWHAIMH, MOAYNHEHHBIX TEM WJIM UHBIM YCIOBHUSIM, MOKHO COCTaBUTh
U3 3a/laHHBIX O00BEKTOB. OCHOBBI KOMOWHATOPUKHM OYEHb Ba)KHBI JJISI OLICHKH BEPOSITHOCTEH
CIIy4aHbIX COOBITHH, T.K. UIMEHHO OHHU MO3BOJIAIOT MOJICYMUTATh MPUHLHUIIHAIBHO BO3MOXKHOE
KOJINYECTBO PA3JIMYHBIX BAPUAHTOB PA3BUTHUS COOBITHIA.

OcHoBHas popMyiia KOMOMHATOPUKH

ITycte umeercst k rpynm 371€MEHTOB, NMpPUYEM i-i TpYIIA COCTOMT W3 N 3JIEMEHTOB.
BoibepeM 1o ogHOMY 3JeMEHTY M3 Kaxaod rpynmnbl. Torga obmee uucio N cnoco6os,
KOTOPBIMHM MOKHO IIPOM3BECTH TaKOW BbIOOp, onpeaesnseTcs cooTHomeHueM N=n;*n,*ns*...*ny.

IIpumep. [lossicHuM 3TO mpaBmiIO Ha mpocToM Ipumepe. IlycTp mmeeTcss Be IpyIIIbI
9JIEMEHTOB, NPUYEM I€pBas Ipylla COCTOUT U3 N 3JIEMEHTOB, a BTOpas - U3 Ny JIEMEHTOB.
CKOJBKO Pa3iIMYHBIX Map 3JEMEHTOB MOXHO COCTaBUTh U3 ATUX JIBYX TPYIIN, TaKUM 00pazom,
4TOOBI B ITape ObUIO 10 OJHOMY JIEMEHTY OT KaX10H rpymmbl?

JomycTim, MBI B3sUIM NEPBBIN 3JIEMEHT W3 MEPBOW I'PYMIIBI U, HE MEHSA €ro, rnepedpanu
BCE BO3MOXKHBIEC IIapbl, MEHsIS TOJBKO 3JEMEHTHI U3 BTOPOHM Ipynmbl. Takux nap mjisg 3TOro
3JIEMEHTa MOYKHO COCTAaBHUTbH Np. 3aTe€M Mbl O€peM BTOPOM 3JIEMEHT U3 MEPBOM I'PYMIbl U TAKKe
COCTaBJIIEM JJISi HEr0 BCE BO3MOXHbIE Mapbl. Takux map Toxxe Oyzaer np. Tak kak B mepBoi
IpyHIe BCEro nj 3J€MEHT, BCEr0 BO3MOXKHBIX BApUAHTOB OyJIeT n*n,.

[Ipumep. CKOIBKO TPEX3HAYHBIX YETHBIX YUCEN MOXHO cocTaBuTh u3 1udp 0, 1, 2, 3, 4,
5, 6, eciii LU PBI MOTYT MOBTOPATHCS?

Pemienue: n;=6 (T.K. B KauecTBe MepBOM LM(PPBI MOXKHO B3SThH J100YI0 1IUdpy u3 1, 2, 3,
4,5, 6), n,=7 (T.K. B KadyecTBe BTOPOH LU(PpbI MOKHO B3ATh Jr00yt0 tudpy u3 0, 1, 2, 3, 4, 5, 6),
n3=4 (T.K. B KauecTBe TPeTheil LU pbl MOXKHO B3ATh J00YI0 1dpy u3 0, 2, 4, 6).

Htak, N=n;*n,*n;=6*7*4=168.

B Tom ciydae, xorma Bce IpyNIbl COCTOST M3 OJMHAKOBOTO YHCJIA DJIEMEHTOB, T.€.
Nn;=n,=...N=N MOXXHO CUUTATh, YTO KKl BHIOOp TTPOU3BOAMUTCS U3 OJHOM W TOH K€ TPYIIIIHI,
IOpUYeM 3JEMEHT Iocje BbIOOpa CHOBA BO3BpalllaeTcs B IPyIMy. Toraa 4uciio BceX CIocoOoB
BBIOOpa paBHO n*.Takoli croco6 BEI6Opa HOCHT Ha3BaHUE BHIOOPKH ¢ BO3BPAIICHHEM.

[Tpumep. CKOMBKO BCEX YETHIPEX3HAYHBIX YUCEN MOKHO COCTaBUTH U3 1udp 1, 5, 6, 7, 8?

Pemenue. /{nst kaxa0ro paspsiia 4eThIPEX3HAUHOTO YHUCIa UMEETCS ISTh BO3MOKHOCTEH,
3HauuT N=5*5*%5%5=54=625.

PaccMoTpuM MHOKECTBO, COCTOSIIIIME U3 N 3JIEMEHTOB. DTO MHOKECTBO OyJieM Ha3bIBATh
reHepaIbHON COBOKYITHOCTBIO.

PazMeniennemM U3 n 3J€MEHTOB IO M Ha3bIBaeTCs JIO00H YMOpSAOYEHHBIH HA0Op M3 m
Pa3JINYHBIX 3JIEMEHTOB, BEIOPAHHBIX U3 '€HEPaIbHOM COBOKYITHOCTH B N 3JIEMEHTOB.

[Ipumep. PaznuuHbiMu pa3memieHUsIMH U3 Tpex sneMeHToB {1, 2, 3} mo aBa Oymyt
Habopsl (1, 2), (2, 1), (1, 3), (3, 1), (2, 3),(3, 2). Pa3menienuss MOryT OTJIMYATHCS APYT OT Apyra
KaK 3JIEMEHTaMHU, TaK U UX HOPSAIKOM.

(v m
Yucno pasmenienuii 0003HadaeTcs 4 W BHIMUCISETCS 110 popmyse:

nl

A% =n(n-Din-2.(n-m+D=—"_
{n—m)l

ITpumep. CKONBKO CYIIECTBYET ABY3HAUHBIX YHCEI, B KOTOPBIX IM(pa 1eCATKOB U Iudpa
€MHMUI] pa3IMYHbIE U HEUYETHBIE?
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Pemenwue: T.k. HeYeTHBIX 1UGp MsITh, 2 UMEHHO 1, 3, 5, 7, 9, TO 3Ta 3aHa4a CBOIUTCS K
BBEIOOPY W pPa3MEIIEHWIO Ha JBE pa3Hble MO3WIMH JBYX W3 TSATH Pa3IWYHBIX HHPp, T.C.
yKa3aHHBIX YHcel OyaeT:

Al=54-20
CoueTraHreM M3 N 3JIEMEHTOB [0 M HAa3LIBAE€TCS JIH000M HeyHop}II[OquHBIﬁ Ha60p n3 m
PAa3IMYHBIX 3JIEMCHTOB, BBI6paHHI)IX nus3 FeHepaﬂBHOﬁ COBOKYITHOCTHU B N 3JICMCHTOB.

IIpumep. J{ns muoxectBa {1, 2, 3}couetanusmu sisisitores {1, 2}, {1, 3}, {2, 3}.
(v m
Yucno coueranuii obo3naqaercs (' ¥ BhHUCISETCS N0 popmye:

& . nl
* omlin —m)l

[Ipumep. CKOTBKUMHU CIIOCOOAMH YHUTATEh MOXET BBIOPATh NIBE KHIDKKH M3 IIECTH
UMerIuxcs?

Pemenwne: Yucno cmocoOOB paBHO YHCITy COUYETAHWM W3 IIECTH KHIKEK MO JBE, T.C.

paBHoO:

a4 2

[lepecTaHOBKOM M3 n 3IIEMEHTOB HAa3bIBACTCS JIIOOON YMOPSAIOYCHHBIH HAOOp STHX
3JIEMEHTOB.

IIpumep. BceBO3MOXHBIMU IIEPECTAHOBKAMU MHOJKECTBA, COCTOSILIENO0 U3  TpeEX
anemenToB {1, 2, 3} semsrores: (1, 2, 3),(1,3,2),(2,3,1),(2,1,3),(3,2,1),3, 1, 2).

Yucno pa3iuyHbIX MEPECTAaHOBOK M3 N 3JIEMEHTOB oOo3Hauaercs P, W BblUMcisercs mo
dhopmyne P,=n!.

[Tpumep. CKOTBKUMH CHOCOOAMHM CEMb KHHUI Pa3sHBIX aBTOPOB MOYKHO pPAacCTaBUTh Ha
MOJIKE B OJIMH psija?

Pemenne: »Ta 3agaya O YncCI€ NEPECTAHOBOK CEMH pas3HbIX KHUT. [meercd
P=71=1%2*3*4*5*%6*7=5040 crtocoO0OB OCYIIIECTBUTHh PACCTAHOBKY KHHT.

KonTpoJsbHBIC BOPOCHI U 3a1aHUs

| .
oFieol8) 1o B

1. Pacniucanue onHOro aHsg coaepXHUT 5 ypokoB. OnpenenuTh KOJUYECTBO TaKHUX
pacriucaHuii pu Beibope u3 11 qucrurimy.

2. Komuccus coctouT u3 npejacenatens, €ro 3aMECTHTENS U €LIe MSATH 4YEJOBEK.
CKOTBKUMHU CIIOCOOAMHU YJIEHBI KOMHCCHUU MOTYT paclpeeNiuTh MEXy cO00H 00s3aHHOCTH?

3. CkonpkuMH croco0amMu MOXHO BbIOpaTh TpeX NAEXYpHBIX u3 rpynnsl B 20
YeJnoBeK?

4. CKONBKO PA3IMYHBIX 3BYKOCOUETAHWUH MOXKHO B3ATh Ha JECATH BBIOPAHHBIX
KJIQBUIIIAX POSUIS, €CIIH KaXK10€ 3ByKOCOUETaHNE MOXKET COJEPKaTh OT TPEX JI0 IECSATH 3BYKOB?

S. B Baze crost 10 kpacHbIX H 5 po30BBIX TBO3AUK. CKOJIBKUMH CIIOCOOaMH MOXHO
BbIOpaTh U3 Ba3bl MATh FBO3AUK OJHOTO 11BeTa?

6. Homepa TpaMBaiiHBIX MapuIpyTOB HMHOIJIA OO0OO3HAYAIOTCS JBYMS ILIBETHBIMHU

¢donapsmu. Kakoe konmu4ecTBO pa3iuyuHbIX MaplIIpyTOB MOXKHO 0003HAYHUTh, €CJIU UCIIOTIB30BATh
(oHapu BOCbMH 1IBETOB?

7. YemnuoHaT, B KOTOPOM y4acTBYIOT 16 KOMaHJ, MPOBOAMTCA B JiBa Kpyra (T. e.
KaXJasi KOMaHJa ABaXIbl BCTpEUAETCS C 000U Apyroi). OnpeneiauTh, KaKoe KOIUIECTBO
BCTpEY CJIEyeT POBECTH.

8. 3aMOK OTKpBIBAa€TCS TOJIBKO B TOM Cllydae, €cild HaOpaH ONpeesICHHBIN
Tpex3HauHbld HOMep. [lonbITKa COCTOUT B TOM, UTO HAOUPAIOT Hayraj TpU LUU(PHI U3 3a1aHHBIX
At mudp. Yragate HOMEp YJaloCh TOJIBKO HAa MOCTEIHEH M3 BCEX BO3MOXKHBIX IOTMBITOK.
CKOJIBKO MOMBITOK MPEAIIECTBOBAIO YIAUHON?
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9. N3 rpymmer B 15 denmoBeKk BBIOMPAIOT YETBIPEX YYACTHHKOB 3cTaeThbl
800+400+200+100. CkonbkumMu crnoco0aMu MOXHO pPAacCTaBUTh CHOPTCMEHOB IO ASTamam
scradersi?

10. KomaHma W3 mATH 4YeOBEK BBICTYNMAET HA COPEBHOBAHUAX 110 ILJIABAHUIO, B
KOTOpBIX y4acTByOT emie 20 crnopTtcMeHOB. CKOJIBKMMHU CHOCOOaMH MOTYT paclpeielnuThCs
MECTa, 3aHAThIC YWICHAMHM 3TOM KOMaHIbI?

1. CKONBKMMHU CHIOCOOAMH MOKHO PACHOJIOXKHUTh Ha IIaXMaTHOW JOCKE JBE JaJbU
Tak, 4TOOBl OJHA HE Moryia B3aTh Apyryto? (OmHa Jaaps MOXKET B3ATh JPYrylo, €CId OHa
HAXOAMTCS C HEM Ha OJIHOM TOPU30HTAIH WM Ha OJTHOM BEPTUKAIH MIAXMAaTHON TOCKHU.)

12. JIBe 5agpy pas3IMYHOTO LBETA PACIOJIOKEHBI HA INAXMATHOM JOCKE Tak, 4YTO
KaXKJasi MOXKET B35Th ApYyTryro. CKOJIBKO CYIIECTBYET TAKUX PACIOJIOKEHUN?

13. [Topsiiok BBICTYIJIEHUS BOCBMU YYaCTHHKOB KOHKypCa OIpeAessieTcs: KpeOuem.
CKOJIBKO Pa3TUYHBIX HCXOJI0B KEepeObEBKH MIPU ITOM BO3ZMOXKHO™

14. Tpunuath yenoBek pa3OMTHl HAa TPU TPYMIBI MO JAECATH YEJIOBEK B KaXIOM.
CKOJIBKO MOXeET OBITh pa3IMYHBIX COCTABOB IPyM?

15. CKOJIbKO YEThIPEX3HAUHBIX YHUCEJ, JENAIUXCS Ha 5, MOXKHO COCTaBUTh U3 LU
0,1, 3,5, 7, ecnu Ka)10€ YUCIIO HE IOJDKHO COAECPKATh OJIMHAKOBBIX ITUGP?

16.  CKOJBKO pa3IUYHBIX CBETSAIIUXCS KOJIEL MOXHO CJieNaTh, PACIOJIOXKHUB IO

OKpyxHOCTH 10 pa3HOIBETHBIX JaMIIOUYEK (KOJIbLIA CUUTAIOTCS OJMHAKOBBIMM IIPH OJAMHAKOBOM
HOPSIZIKE CJIETOBAHUS LIBETOB)?

17. Ha xHmxHO# nosnke nomeniaercss 30 ToMoB. CKOJBKMMHU CIIOCOOAMHU HUX MOXHO
paccTaBUTh, YTOOBI IIPU 3TOM IE€PBBINA U BTOPOI TOMa HE CTOSUIN PSLIOM?

18.  Yerblpe cTpenka IODKHBI IOPAa3UTh BOCEMb MHUIIEHEH (KaXAbI MO JBe).
CKonpKUMHU cIOCOOaMH OHU MOTYT pacIlpeieanTb MUILIEHU MEXIy cO00i?

19. U3 rpynmel B 12 yenoBeK €XEAHEBHO B TeueHHEe O JHEH BHIOMPAIOT IBYX
NeXypHbIX. OnpenenuTb KOJIUYECTBO PA3JIMYHBIX CIIMCKOB JIEKYPHBIX, €CIIM KaXKJbli 4eJIOBEK
JEXYPUT OJIMH Pa3.

20. CKOJIBKO YeTBIpEX3HAYHBIX YHWCeN, cocTaBieHHbIXx w3 mudp 0, 1, 2, 3, 4, 5,
cogepxat udpy 3 (udpsl B yrcaax He MOBTOPSAIOTCS)?
21.  Jecarp Tpymm 3aHUMAIOTCS B JIECATH PACIIOJNIOKEHHBIX MOIPS AyAHTOPHUSX.

CKOJIBKO CyIIECTBYET BapUaHTOB paclucaHus, Npyu KOoTopbix rpynmnbl Nel u Ne2 naxonunucek Ob1
B COCEJTHUX ayAUTOPUAX?

22. B TypHupe y4actByrT 16 maxmarucroB. OnpenennTs KOJIMYECTBO Pa3IUYHbIX
pacnucaHMii TepBOoro Typa (pachuCaHus CUMTAIOTCS pPa3IMYHBIMM, €CJIM OTIMYaloTCs
YYaCTHUKAMU XOTsI Obl OTHON MapTHH; UBET (PUIYp U HOMEP JOCKU HE YUUTHIBAIOTCS).

23. [ITecTh AMMKOB pa3INYHBIX MATEPUATIOB JOCTABIIAIOTCS HA IISITh ATAXKEW CTPOMKH.
CKOJNBKMMHU CIIOCO0aMHM MOKHO PacHpeleuTh MaTepualsl o 3Taxam? B ckoilbKuX BapHaHTax
HAa TISITHIN 3TaXK JOCTABJICH KAaKOW-TMO0 OIMH MaTepuan’?

24. JBa mourtanboHa n0mkHBI pazHectw 10 mucem mo 10 ampecam. CKOJbKUMH
croco0aMu OHU MOTYT PaCTIPENEIUTh padoTy?

Pexkomendyeman numepamypa:

OcHoBHas JIMTeparypa:
3apumnoBa, J. P. Jlekuuu mo AMCKpETHOW MareMartuke. Maremaruueckas JOTHKAa: y4eOHOe
nocobue / D. P. 3apunosa, M. I'. KokotuukoBa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
yHUBEpCUTET  JApykObl  Hapomos, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JonojiHUuTeILHAS JIUTEpPAaTYypa:
Xarraptu, P. JluckpeTHas mMareMatuka Ui MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocpepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTnyeckas padora Nel2. IloacranoBku. BuHOMHajabHBIE KO3 (HUIMEHTHI.
Pa3ouenus.

Ileny 3anamua. PaccMOTpeTh BO3MOXHOCTh IpHMeHEHHs OuHoma HploToHa K
YIPOLIEHUIO BBIYUCIUTENIBHBIX 1EUCTBUM.

3uanusa u ymenus, npuoopemaemovie CHYOCHMOM 6 pe3yibmame O0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaTh M yMETh MPHUMEHSTH AalNTOPUTM HCIIOJIB30BAHHS
6unoma HploTOHA M IepecTaHOBOK /IS peIIeHHs] MPaKTHYECKUX 3ajay.

Teopemuueckas wacme.

[ToncraHoBKoOM (n-0if CTemeHW) U3 N 3JIEMEHTOB HA3bIBACTCS B3aUMHO OJIHO3HAYHOE
OTOOpaKEHHE MHOXECTBa M3 N CHMBOJIOB Ha ceOsi. OOBIYHO DJIEMEHTHI 3TOTO0 MHOKECTBA
HYMEPYIOTCSI U OTOXKJIECTBIISIIOTCS C N YMCIaMH HAaTYPaJIbHOTO psijia YUCed.

IIpumep. BmecTo moacTaHOBKH - OTOOpa)KEHUS AJIEMEHTOB MHOXKecTBa X={a, b, c, g}, -
TOBOPSAT 00 0TOOpakeHuu MHOKeCTBa {1, 2, 3, 4} 1 0003HAYAIOT 3Ty MMOJCTAHOBKY Kak

( T B §F 4
(2 4 1 &

VYMHOXEHHE IMOACTAHOBOK - OoIl€palus, KOTopas CTaBUT B COOTBETCTBUC ynOpS[)IO‘IGHHOﬁ
nape€ mMoaACTaHOBOK n-oii crerieHn A u B TPETHIO ITOACTAHOBKY C Toli e CTCIICHH I10 IpaBUITy:

('l 3 2 s W

\
in)

."!.:

S - R U
sy G

L= k ; . .
s TR - R |
Paccmotpum n3BecTHbie HOPMYIIBL:

. (‘"2'1 2'-‘2 23 2-.11 \‘)' ’
/1 2 3
Jn) '

ia+th)t = a+k ,
la#hi % = afizabih?,;
tath) ? = a*+3ah+3antinl.
AHaNOTMYHO MOXKHO BBIYUCISTH OCTAIBHBIC CTENECHH, HO MBI BMECTO MPOJIOKEHHUS
TaKOM MOCJIEeN0BATEILHOCTH (GOpMYyT CHOPMYTUPYEM OOIIYIO TEOPEMY O HUX.
Teopema. CnpasemyiuBa ¢popmyna (obunoma HeroToHa):
(44" =a™ + Za™1}h + ) Gt nlgn=2p2 4L
(n—1)(n—2)...(n—k+1) n—Fkik
"'+n|\.n L li'-; \n +.ﬂ.n f;bft+---+&ln!
=R B0k, RE= =10 O'=1.

m
Wcnone3ys uncna (7 MokHO 3anucath 6uHoM HproToHa:

(a+b)"=C%" + Cla™1b+ ...+ Cran—kbk 4 ... + Crb™.
KoaddunmenT HaspiBaeTcs OMHOMUATBHBIM KOA(PHUITUEHTOM.
Teopema. CrpaBenuBbI HOPMYIIBI A1 OMHOMHUATBHBIX KOA((DUIIMEHTOB:
b CE + C}l + ...+ C7 - ceoAcTEO CyMMbl BMHOMUANbHEIX KOSHHHLMEHTOE;
2, CT* = CT7™ - CEOACTED CHMMETRMM;

£ . 7 1T i o
3. 6 A CE“'H = _‘:1_:1 - CEOMCTEO CNOXEHWS,

KOHTpOJ’IbeIe BOIIPOCHI U 3aJaHUA

1. Pa3jioKuTh, BHIYMCINB OMHOMHUANBHBIE Kod(puumentsr: (a + b)’; (a + b)!°,
2

& 0] o
2. B pasnoxeHun ¢a +— = Haiity kodbdurment npu a’.
e 4ag
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.10

16 .
3. B paznoxenun (}%a - 2 = naitu ko> dumenT npu a’.
e ag

4. IToctpoiite TpeyronbHuk Ilackans mpu n=12.
5. Beruncaure uncia @epma u Mepcenna npu n=4.

6. Peuth ypaBHeHMe (x - 2)6 + (x - 4)6 =64 .

. 6
7. HaiiTi HOMep 4iieHa pas3iioKeHns: OMHOMa ( Ux +- ) , HE COJIEPIKAIIETO X.
X

Ly
a7

9.Haiitu cymmy OMHOMHAIBHBIX KOA()(PUIIMEHTOB YJIEHOB, CTOSIIMX HAa HEYETHBIX MECTaxX B

8.HaiiTu niaThIit unen pasnoxenus 6unoma (/@ +

n )
pasnoxennn 6uHOMa (X +y ) , €clli OMHOMHUANIBHBIA KO3((UIMEHT TpeThero ujaeHa Ha 9

3/

o o 2 a ., o

10.Haiit cempMoii unmeH pasnoxenus Ounoma (A ~a +——)", ecnm GuHOMMATBHBI
a

0oJIbIIIe OMHOMHAIBHOTO KOA(PHUIIMEeHTa BTOPOTro YjIcHa.

K03(ppULIMEHT TpeThero uieHa paseH 36.
36
11.CKOMBbKO WIeHOB pasnoskenus GuHoMa ( U3+ {/? )" sBnsIOTCS METBIMI YHCTAMH?
0 1 2 2 33 4 ~4 55
12.Bpaucinurs cymmy C5 + 2C5 +2 C5 +2 C5 +2 C5 +2 C5 .
13.Haiitu  anreOpamdeckyro cymMMmy KO3(DQHUIMEHTOB MHOTOWJIE€HAa OTHOCUTEJIBHO X,

17
IIOJIy9a€Moro B pa3JIOKCHUU OumHOMAa (3.x = 4) .

A}

14.Cymma HeueTHbIX OMHOMUAIBHBIX KO3 (PHUIINEHTOB pa3ioKeHus @x = paBHa 512.
%]

Haittu cnaraemoe, He coaepIkailiee x.

16
15.TIpy KakWX 3HAYEHWSX X deTBepTOoe craraeMoe pasmoxkenus (J +2X )~ Gombime mByx

COCEIHUX C HUM CJIaraeMbIx?

0
x-1 3/~-x
16. Ilpu KakoM 3HAUYEHUHU X YETBEPTOE CIAraeMoe pa3ioxKeHUs (\/ 27 +4/2 ) B /IBaJIIIaTh

pa3z Oonpiie m, ecnu OMHOMHUATBHBIA KOI(PPUIIMEHT YEeTBEPTOro CJIaraeMoro OTHOCHUTCS K
OMHOMHATBHOMY KOA((PHUITMEHTY BTOPOTO ClIaraeMoro Kak 5 : 1?

el o]
17. B xakyro HauOOJbIIYIO CTENECHb CJEIyeT BO3BECTH OMHOM (;—2 + 3 = 4T00BI OTHOIICHHE
e @

YCTBEPTOI'O CJIAracMoro pas3joKCeHUA K TPECTbEMY OBLIO PaBHO 3’\/ 2 ?

Pexomenodyeman numepamypa:

OcHoBHasl JuTepaTypa:
3apumnoBa, J. P. Jlekuuu mo AMCKpETHOM MareMmartuke. Maremartuueckas JIOTHKa: y4eOHOe
nocobue / J. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
YHUBEpPCHTET  OpyXOsl  HapomoB, 2014. — 120 c¢. — Pexum pocryna:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTeILHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTHass MaTeMaTuka Jjis IPOrPpaMMHUCTOB : yuyeOHoe mocooue / P. Xarraprw.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pgocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTnyeckas padora Nel3. OcHoBHbIe XapakTepucTHKH rpados. MaTpuunsbl
CMEKHOCTH M HHIUAEHTHOCTH. Onepanun Haja rpadamu.

I[ens 3anamusa. VI3y4utb BO3MOXHBIE CTIOCOOBI 3a1aHUS TPa(oB, AITOPUTM BBITOTHEHHS
onepauui HaJ rpadamu.

3nanua u ymenusn, npuoodpemaemvie CmMyOeHmMOM 6 pe3ynbmame 0C60C€HUA MeMbl,
¢opmupyemvie Komnemenyuu. 3HaTb U yMEThb pPEATU30BBIBATH HA IPAKTUKE OCHOBHBIE
CHocoOBI peICTaBICHUS TPadoOB U ONEpAK HAJ IrpadamMi.

Teopemuueckas uacme.

I'padom G(V, E) Ha3pIBaeTCsi COBOKYIMHOCTD IBYX MHOXECTB — HEMYCTOI'O MHOXECTBa V
(MHOXKECTBa BEpUIMH) M MHOXecTBa E HEymopsJO4YeHHbIX Hap pa3JIMYHbIX 3IIEMEHTOB
mHokecTBa V (E — MHOXKECTBO pebep miw yr).

G(V,E)=4aV;EA, V'/E, EIV'V, E=E".

[Tpu 3TOM nyra (a,b) Ha3bpIBAETCA MCXOAALICH U3 BEPIIMHBI a U 3aX0AA1ICH B BEpIINHY b.

DJeMeHThl MHOXECTBa V Ha3bIBalOTCS BEpIIMHAMM (WIM y3JIaMM, WIK TOYKaMu) rpada
G, a snemenTsl u3 E — ero peOpaMu (MM TMHUAMHA).

Jlyry, BBIXOAAIIYIO M3 HEKOTOPOW BEPIIMHBI M 3aXOJIIYI0 B Ty XK€ BEpIIMHY, OyaeMm
Ha3bIBaTh nemiell, a JyTH, BEIXOAAIIUE U3 OJHOW U TOW K€ BEPIIMHBI U 3aXOJAIIUE B OJHY U TY
e BepIINHY, OyJeM Ha3bIBaTh KpamuviMu. TaK, TyTU €s U €6 SBISIOTCS KPAaTHBIMU, a yTra €] —
netyieid. BepuimHy, U3 KOTOpOil HE BBIXOJIUT M B KOTOPYIO HE 3aXOJUT HHU OAHA Ayra, Oylem
Ha3bIBATH Uz0aUposannol. Hampumep, i — M30IUpOBaHHAS BEPIIMHA.

BepinHa v HHIMACHTHA pebpy e, ecim vie; Tor/a ele roBopsrT, 4To € ecTh pedpo IpH V.
JIBe BepIIHMHBI, WHIMJCHTHBIC peOpy, CYyThb €ro KOHIIEBbIC BEPIIMHBI WM KOHIBI; Pedpo
COEJIMHSIET CBOU KOHIIEBbIE BEPIIIHHBI.

Mapmipytom B rpade Ha3bIBaeTCs MOCIEOBATEIBHOCTh BEPIIMH U pedep Vo, €1, Vi, €2,
V2, ..., €, Vk, B KOTOPOIi JTIOOBIE JIBa COCEHUX DIEMEHTAa COCAMHEHBI peOpoM. 3aMKHYTasl LeTb
(Vo=Vy) Ha3bIBAETCS LIUKIIOM.

I'pad Ha3bIBaeTCS CBS3HBIM, €CIH JIIOOBIE IBE €r0 HECOBIAIAIOIINE BEPIIUHBI COSTUHEHBI
MapIIpyTOM.

Jlns MHOTMX 3a7ad HECYIIECTBEHHO, SBJISIOTCS JU pedpa OTpe3KamMHu MpPSIMBIX WM
KPUBOJMHEWHBIMU JTyTaMH; BaXKHO JIMIIH TO, KAKHE BEPIIMHBI COSIUHSIET KaXKa0e pedpo.

Ecnu pebpam rpacda npugaHsl HalipaBiIeHUs OT OJJHOW BEPIIMHBI K JPYro#, TO Takoil rpad
Ha3bIBACTCS OpueHmuposanHvim. Pebpa OpHEHTHpOBaHHOTO rpada HA3BIBAIOTC OyedMu.
CooTBeTcTBYIOIIME BEPIIMHB OPUEHTUPOBAHHOTO rpada Ha3bIBAIOT Hauaiom N koHyom. Eciu
HampaBJIeHUsl pedep He YKa3bIBAIOTCA, TO Tpad HA3BIBACTCS HEOPUEHMUPOBAHHHIM (WIH TIPOCTO
rpagom).

Ha pucynke n3zo0paxxeH HeopueHTUpoBaHHbBIN rpad G =( X, A).

X = {x1, X2, X3, X4},

A= {a1= (X[, XZ), 612=(X2, X3), a3=(x1, X3), as= (X3, )C4)}.
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Ha cnenytomem pucynke nzo0paxeH opueHTHpoBaHHbIN rpad G = (X, A).
X= {x1, X2, X3, Xa,
A={a1=(x1,x2), a0 =(x1,x3), a3 =(x3,%4), as = (x3,x2)}.

X2 ay Xz

a as

az
X1 X4

I'pad, umeromuii Kak OpUEHTUPOBAHHBIE, TAK U HEOPUEHTHPOBAHHBIE pedpa, Ha3bIBACTCS
CMEULAHHBIM.

Paznuunblie peOpa MOTYT COEMHATH OJHY U Ty K€ mapy BepiMH. Takue pedpa Ha3bIBalOT
kpamuvimu. I'pad, comepxaniuii KpaTHbIE pedpa, HA3BIBACTCS MY abmMucpapom.

HeopuentupoBannoe pedpo rpacda SKBUBaJICHTHO JBYM IIPOTHBOIIOJIOKHO HANpPaBIEHHBIM
Iyram, COSAMHSIONINM Te K€ CaMble BEPIIUHBI.

Pebpo MoxeT coeauHATh BEpIIMHY caMy c coOoil. Takoe peOpo Ha3bIBaeTCs nemiel.
I'pad ¢ kpaTHBIME peOpaMu ¥ METIIIMU HAa3BIBAETCS 1Ce8002PAPOM.

MHoxectBo pedep rpada MoKeT ObITh MyCThIM. MHOXECTBO BEpIIUH rpada HE MOXKET
ObITh MycThIM. Hanmpumep, H1>ke n300paskeH opueHTHpoBaHHbIN rpad G = (X, A).

X= {xl,XQ,X3,X4},

A= .

@ @)
X1 X4
Kak B ciydae OpUeHTHPOBAHHOTO, TaK M B ClIydae HCOPHEHTHPOBAHHOTO pedpa TOBOPST,
YTO BEPIIUHBI X U ) UHYUOEeHMHbL PEOPY a, €CIIA ITH BEPIIMHBI COSIMHEHEI d.
Cmenenvlo BepIIMHBI Tpada Ha3bIBaCTCS YUCIO pedep, MHIMISCHTHBIX 3TOH BEpIIUHE.
Bepinna, umeromas crenens 0, Ha3bIBACTCS U30AUPOBAHHOU, A CTENIEHD | — sucsuyeti.
JIJIs. OpUEeHTUPOBAHHOTO Ipada MHOKECTBO BEPIINH, B KOTOPBIC BEAYT AYTH, UCXOISIIHE
W3 BepIIMHBI X, 0003HauatoT G(x), To ecth G(x) = { y. (x y )| G}. MHO)ecTBO G(X) Ha3BIBAIOT
o6pazom BepumHbl x. CootBeTcTBeHHO G'()) — MHOKECTBO BEPIIMH, M3 KOTOPHIX MCXONSAT
nyru, Beaymue B BepmmHy y, G'(») = {x: ( x, ¥y ) | G}. Muoxecrso G''(y) HasbBalOT
npoobpazom BEPILIUHEI V.

Crnioco6s1 3aianus rpadoB
1. 'eomeTpuueckuit

( b
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2. Marpuiia CMEXHOCTH - KBaJpaTHas MaTpHlla, pa3MEPHOCTH, PABHOM KOJIUYECTBY
BepmuH. [Ipu sTomM af 1, j ]-1esoe 9uciio, paBHOE KOJIUYECTBY pEOEp, CBA3BIBAIONINX 1-10, J-IO
BepunHy. Ecnu B rpade Her merenb, TO AMaroHanbHble 37eMeHThl paBHbl 0 . Ecimu pébpa He
MOBTOPSIFOTCSA, TO Bce 3ieMeHThl 0 miam 1. Ecim rpad HEOpHEeHTHpPOBAHHBIM, TO MaTpHIla
CUMMETpHUYHA.

3. Marpunia MHOUACHTHOCTH — MAaTpHIla Pa3MEpHOCTH M'N , TJe M — KOJWYECTBO
BEPILINH, N — KOJMYECTBO pedep Ui IyT.

1 1, ecnu dyea e; ucxooum us eepuiunsi v,

1-1, ecau oyea e ', 3aX00UM 6 6EPUIUHbL V,
a . =i
Y42, ecau e, nemas npu eepuiune v,

f 0 6 npomuenom cryuae

4. Cnucok CMEXHOCTH (WM CHHCOK WHIMAECHTHOCTH) — CIMCOK KaXKIBIH DJIEMEHT
KOTOPOTO COCTOUT M3 BEPIIMHBI Ipaha U CIIUCKA CMEKHBIX C HEW BEPIIHH.
[Ipumep. Io rpadguueckomy 3aganuio rpaga coCTaBUTh MATPUILy CMEXKHOCTH, MATPHILY

HMHIOIUACHTHOCTHU
Q

el 1 0 0906

Pemienue: Matpuiia CMEXKHOCTH g-l 0 1 - 1_ Marpunia HHIMACHTHOCTH
g0 -1 -1 1g

2 1 19
8001_}.
& 1 0g

Omnepanuu Hajx rpadamu
1. HeopuentupoBauubiii (opueHtupoBannbii) rpad G(V,E) Ha3bBAlOT JAONOJHEHHEM

HEOPHEHTHPOBaHHOTO (opuenTHpoBanHoro) rpada G(V, E), rae - E - nononHeHne MHoxecTBa E
JI0 MHOKECTBA BCEX HEYNOPSAIOYCHHBIX (YIOPSI0YCHHBIX) TTap Ha V.

2. O6wvequnenueM rpadoB Gy (Vy, E)) u G, (V,, E;) (06o3HaueHne Gl(Vl,El)EGg(Vz,
E,), mpu ycnosuu V,CV,=A, E|CE,=/A) nassiBactcs rpad G(V, E), roe

V:=V,EV,& E:=E,EE,

3. Coemunennem rpados G; (Vi, E)) u G; (Va, E,) (0603nauenue G(V,E )+ Go(Va, Es),

npu yciosuu VCV,=A, E|CE,=A) nassiBaetcs rpad G(V, E), rae
VZ=V1EV2& EI=E1EE2E{e=(V1,V2)|V1‘iV1& VzTVz}

4. Ynanenue Bepmmnbl v U3 rpada G; (Vi, E;) (o6o3nauenne G; (Vi, E;) — v, npu

yenosuu viV)) maer rpad G, (Va, Ey), e
Vo=V \{v}& E:=E\{e=(v1,v2)[vi=v U v,=v}

5. Ynanenne pebpa e u3 rpada G; (Vi, E|) (o6o3nauenue G, (Vi, E|) — e, npu ycnosuun

elE,) maer rpad G, (Va, Es), rae
V22=V1& E2:=E1\{e}

6. Jlo6aBnenue BepmuHbl v B Tpad G; (Vy, Ei) (o6o3nauenue G; (Vy, Ei) + v, npu

yenosun viV)) naer rpad G, (V,, E,), rie
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Vo=V E{v}& E»:=E,
7. lob6aBnenue pedpa e B rpada Gy (Vy, E;) (o603nauenue G, (Vy, E;) + e, npu ycnosun
elE)) naer rpad G; (V,, Ey), rae
V,:=V,& E;:=EE {e}

KoHTpoJibHbIe BONPOCHI U 3aJaHUs
1. 300pa3uth rpadsl, 3aJaHHBIC MATPUIIAMH:
= o0 I -1 0 -1 -1 06 o8
: - 13 go

cl 0 0 0

pel -1 .0 0 o:;@gl
0
1

1
[e—

80 1 1=+ ¢l
0g &

€0 0

1
—
S = O O O
S O O = =
= =
>

S O = O O o o = O O
(e)
|
o o = O

0,
©C O - o O O =
o oo o o o o
S O 0 o o —~ O o
o o 0o o o o ©
o —_— 0 o 0o o o ©

gl 01 00 0 0g
2. CoCcTaBUTh MATPHILy CMEXHOCTH IS TpagoB:

3. [TocTpouts rpadsl 17 pemieHus 3a1a4:

1) IlepeBozunky (II) Hy»x)HO mepernpaButh uyepe3 pexy Boika (B), ko3y (K) u memok c
kamyctor (M). Jloaka Tak Mana, 4TO KpoMe MEePEeBO3YHMKA MOXKET B3ATh TOJIBKO OJHMH U3 ITHX
00bekToB. Kpome TOro, kamycTy Hedb3s OCTaBIATh C K030, a KO3y — ¢ BoinkoM. Kak
OCYIIIECTBUTH TEepeIpaBy?

2) JlBa 4yenoBeKa MMEIOT MOJIHBIN KyBIIMH BOJBI B 8 JI, @ TAK)KE JBA MIyCTHIX KyBIIMHA B 5 JI
u 3 1. Kak um pa3aenuts Bory OpOBHY?

4. IloTokn TOKyMEHTOB LIMPKYJIMPYIOT Mexay ropoxamu Al, A2, A3 u roponamu Bl,
B2, B3. MOXHO 71 NPOJIOKUTh HENEPECEKAIOIIHUECS] MAPUIPYThI, COEANHSIOIINE KAl TOPOJL
Ai ¢ kaxabM ropojom Bj?

5. Onmnpenenure, kakue rpadbl, H300pa)KEHHbIE HA PUCYHKE HUXKE, SBISIOTCS

YHUKYpCaTbHBIMU?
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b2, C A F
D C
) i e) i)

3) H) E)
6. B odpuce 15 komnbroTrepoB. MOXHO I COCIUHUTH UX APYT C JIPYrOM TaK, YTOObI
KaK/pIi OB COEIMHEH POBHO C TPEMS APYyTUMuU?

Pexkomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumoBa, J. P. Jleknuuu mo AWCKpPETHOW MareMaTtuke. Maremartwueckas JIOTHKA: y4eOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokotuukona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuit
yHUBEpCUTET  JApykObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JlonotHUTeILHASA JTUTEpaTypa:
Xarrapty, P. JluckperHas MatemMaTuka AJisi IPOrpaMMUCTOB : yueOHoe nocobue / P. Xarrapru.
—  MockBa :  Texnocpepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Nel4. Jitinepos rpadg. Kpurepuii sii1epoBocTH.

Ienv 3anamusa. V3yduTh anropuTM TMOCTPOEHHUS SWJIEpOBA LHMKIA B SUIEPOBOM
MyJbTUTpade U ero NpUIoKEHUs Ha MPAKTUKE.

3nanua u ymenus, npuoopemaemovie CHYOCHMOM 6 pe3yibmame O0CE60CHUA HeMbl,
dopmupyemvie Komnemenyuu. 3HATb M YMETb pEaJIU30BBIBATH HAa IPAKTHKE aAJITOPUTM
MOCTPOCHHUS SUIEPOBA IHUKJIA B IIIEPOBOM MyJbTUTpade.

Teopemuueckasn uacme.

[lepBbie 3amaum Teopun TpadoB OBLIM CBS3aHBI C PEHICHUEM MAaTEeMaTHYECKUX
pa3BIEKaTENbHBIX 3aJad W TOJOBOJOMOK (3amaya o KenurcOeprckux wmocrax, 3amada o
paccTaHoBke (ep3ell Ha MIAXMaTHOM JOCKe, 3aJaud O IEpPeBO3Kax, 3ajaya O KPyroCBETHOM
nyTenecTBud U Apyrue). OQHUM U3 TEPBBIX Pe3yIbTaTOB B TEOpPHH TpadoB SBUJIICS KPUTEPUI
CylIecTBOBaHUSI 00XoJa Bcex pedep rpada Oe3 moBTOpeHuid, moiaydeHHbd JI. Ditnepom npu
peueHnu 3agauu 0 KeHurcoeprckux Mocrax.

[IpaBuno Ditnepa:
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1. B rpade, He uMerolieM BepIIMH HEYETHBIX CTENEHEH, CYIIEeCTBYET 00X0J] BCeX
pé6ep (mpuueM Kakaoe pedpo MPOXOAUTCS] B TOYHOCTH OJUH Pa3) ¢ HavajIoM B JIFO0O0U BEpIIMHE
rpaga.

2. B rpade, mmMeromem Be M TOJNBKO JBE BEPIIMHBI C HEUETHBIMH CTETICHSIMU,
cyliecTByeT 00X0 ¢ Ha4yaJoM B OJIHOM BEpILIMHE C HEUYETHOI CTENEeHbIO U KOHIIOM B JAPYTOM.

3.B rpade, umeroniem Oosiee ABYX BEpPUIMH C HEYETHOM CTEMEHBIO, TAKOrO 00X0/Aa He
CYILLIECTBYET.

Teopema Ceazubiii HeOpUEHMUPOBAHHBIL MYAbMUSPAD MO20a U MOILKO M0o20d A611emcs
IUNEPOBbIM, KO20A CMENeHb KAHCOOU U3 €20 ePULUH — YemHOoe YUCTIO.

OnwumeM anropuTM TOCTPOCHHS »JiiiepoBa IMKIA B OJWIEPOBOM MyJbTHTpade. ITOT
QJITOPUTM 33a€TCs CISAYIOIUMH MPaBHIIaMH.

1. BwiOpaTh IpOM3BOJIBHO HEKOTOPYIO BEPIIUHY d.

2. BpiOpath NpoU3BOJIEHO HEKOTOPOE pedpo i, HHIUIEHTHOE d, U IPUCBOUTH €My HOMEp
1 (Ha30BeM 3TO PeOPO npoLdeHHbIM).

3. Kaxnoe npoiineHHoe peOpo BBIYEPKHYTH W HPUCBOMTH €My HOMEp, Ha EIUHMILY
OONBIINIT HOMEpa MPEIBIIYIIETO BEIUEPKHYTOTO pedpa.

4. Haxogsce B BepUIMHE X, HE BbIOUpaTh pedpo, COSAMHSIOUIEE X C d, €CIM UMeeTcs
BO3MOKHOCTH HHOTO BBIOOpA.

5. Haxonsce B BeplIMHE X, HE BBIOMpATh pedpo, KOTOpoe SBISETCs nepeutetikom (T.e.
pebpoMm, TmpH yAaJeHUU KOToporo Trpad, oOpa3oBaHHBI HEBBIYEPKHYTHIMU peOpami,
pacragaercs Ha JIB€é KOMIIOHEHTBI CBSI3HOCTH, Ka)KAas U3 KOTOPBIX UMEET XOTs Obl 110 OJHOMY
peopy).

6. I[Tocne Toro xak B rpade OyayT 3aHyMepOoBaHbI Bce pedpa, oOpaszyercs SUIepoB IMKI,
pUYeM TMOPSIOK HyMEpaIllui COOTBETCTBYET MOCIIEIOBATEIBHOCTH 00X0/1a, pedep.

KoHTpo/ibHbIE BONIPOCHI U 32/1aHUSA

1.meroTcst mu B rpade 31IepoBbl IUKIIBI?

2. NmeroT nu MATHUYTOJBHUK M TSATUTPAHHUK-TIMpaMuZa C METISMH B HEKOTOPBIX
BEpIITMHAX SUJIEPOB MUK (1IETTh)?

3. SIBAsIOTCS 1M DiNIEpOBBIMU TpadaMu: IPSIMOYTOJIBHUK C TIIaBHOM TUaroHajibio, Kyo?

Pexomendyeman numepamypa:

OcHoBHasi JIuTeparypa:
3apumnoBa, D. P. Jlekuuu mo AMCKPETHOW MareMaTwke. Maremartwueckas JIOTHKa: y4eOHOe
noco6ue / 3. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuii
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YHMBEpCUTET  JpyXObl  HapomoB, 2014. — 120 c¢. — Pexum pocryna:
http://www.iprbookshop.ru/22190.html

JlonoJiHMTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckpeTHas MaremMatuka Juis MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pgocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckas padora NelS. F'amunbToHOB rpad.

Ieny 3anamun. VI3yuuth anropuT™M NOCTPOCHHS TaMHJIBTOHOBA IMKJIAa MUHUMAJILHOTO
BECa M €T0 MPIJIOKEHHS Ha TIPAKTHKE.

3nanua u ymenusa, npuodpemaemovie CmyOeHmMOM 6 pe3ynbmame O0C60C€HUA MeMbl,
¢opmupyemvie Komnemenyuu. 3HATb W yMETb pPEATU3OBBIBATH HA IPAKTHKE aAJITOPUTM
HOCTPOEHUS TAMUJIBTOHOBA IIMKJIA.

Teopemuueckas uacme.

I'pad Ha3BIBAETCS 2amunbmoHO8bIM, €CIA B HEM HUMEETCs MPOCTON LUK, COAEpKaIui
KaXIylo BepminHy 3Toro rpada. Cam TakoW IMKJI TakKXKe Ha3bIBACTCS 2aMUTbINOHOGBIM.
I'amunvmono6ou Ha3bIBaETCSl W MPOCTasi Lielb, coAepxkalias Bce BepUIMHbI rpada. O4yeBuIHO,
4TO J1000M rpad, pedpa KOTOporo o0pa3zyroT MPOCTOM LUK, SBJISETCS TraMUJIBTOHOBBIM, a rpad,

MOKa3aHHbBIN Ha PUCYHKEC — HET aMUJIbTOHOBBIM.
4

HecmoTpst Ha cX0XecTh 3a7ad O HaXOXKIEHHH JHIIEPOBBIX M TaMHJIbTOHOBBIX ITUKJIOB,
pelleHre IMOCHeAHEH 3HAYUTENbHO Ccllo)KHee. M3BeCTHBI clenyrolue JOCTaTOYHbIE YCIOBHS
CYIIECTBOBAHMS raMHUJIbTOHOBBIX IIUKJIOB B CBSI3HOM Heoprpade G 0e3 merenb, umeroem n° 3
BEPIIMH:

Teopema Eciu Ons n100blx 08YX pa3iudHblX HECMENCHbIX eepuiun a u b epaga G
gvinonnsemces ycrosue deg a + deg b ® n, mo cywecmsyem camunvmonos yuxi, 2oe deg(a)-
cmeneHb (8aleHMHOCMb) BEPUIUHDL.

CneacrBue Eciu ons mobou eepuunst a epagpa G evinoanerno ycrosue deg a® n/2, mo
cywecmeyem 2amuibmoHo8 YUK

C 3agaueil Hax0XKJIeHHUs FTAMUIIBTOHOBA IIUKJIA CBS3aHA 3a0aia KOMMUBOSCEDA.

PaifoH, KOTOpBIM JOJDKEH TOCETUTh OpOJSYUIl TOPrOBEl, COJEPKUT HEKOTOPOe
KOJINYECTBO T'OPOJIOB, PACCTOSIHUS MEXJY KOTOPBIMU H3BECTHBI. Tpelyercs HaillTu Mapuipyr,
IIPOXOSIINAN Yepe3 BCE ITyHKTHI IO OJTHOMY pa3y M BO3BPAILLAIOIINANCS B UCXOIHBIN ropoa. Ecinu
TaKUX MaplIpyTOB MHOT0, TpeOyeTcsl HaliTu KpaTuailiuii u3 HuX. MaremaTnueckasi HOCTaHOBKA
3324 BBITJSIIUT Tak: TpeOyeTcss HATH TaMIIIBTOHOB IIMKJI MUHUMAJIBHOTO Beca.

KoHTpo/bHBIE BONIPOCHI U 32/1aHUSA

1. UmeroTes nu B rpade raMHIIbTOHOBBI IIUKJIBI?
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2. IIpuMeHUB aNTOPUTM C BO3BpaTaMu, OCTPOUTH BCE TaMIJIbTOHOBBI ITUKJIBI 715 rpada,
00pa30BaHHOTO KBAIPATOM C MEPECEKAIOIIUMUCS TUATOHATIIMHU.

3. YkaxwuTe 3a7a4u, MHTEPIPETAIHSI KOTOPBIX COCTOUT B HEOOXOIUMOCTH TTOCTPOCHUS

raMHJIHBTOHOBBIX ITUKIIOB.

Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apunoBa, 3. P. Jlekuuu mo auckpeTHOW MaTematuke. MaremaTHueckas JIOTHKa: ydyeOHOe
nocobue / D. P. 3apumnosa, M. I'. Kokotunkona, JI. A. CeBacthsiHOB. — MockBa : Poccuiickuii
yHMBEpCUTET  OpyXObl  HapomoB, 2014. — 120 c¢. — Pexum pocryna:
http://www.iprbookshop.ru/22190.html

JlomoJIHUTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckperHas MaremMatuka Juis MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  Mocksa: Texnocdepa, 2012. — 400 c. — Pexxum JOCTYyIIA:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Nel6. Auaroputm PDopaa - beivaHa HaxoKIeHUS
MHMHHMMAJIbHOIO IIyTH B HATPY’KeHHOM OPHEHTHPOBAaHHOM rpade.

Ilenv 3anamua. VI3yuutb anropuT™M HaxOXKIAEHHMST MUHUMAJIBHOTO IyTH B oprpade u
BO3MO>KHOCTH €TI0 ITPaKTUYECKOI0 IPUMEHEHHS.

3nanua u ymenus, npuoopemaemovie CHYOEHMOM 6 pe3yibmame O0CE0CHUA HeMbl,
dopmupyemvie komnemenyuu. 3HaTb U YMETh PEAIN30BbIBATh HA NIPAKTUKE aroputM Popaa —
bennmana.

Teopemuueckasn uacme.

[Ipenmonaraercs, 4YTO OPUEHTUPOBAHHBIM Ipad HE COACPKHUT KOHTYPOB OTPULATEIILHOMN
JUTHHBIL.

Aneopumm Dopoa — bernmana.

OCHOBHBIMHU BBIYHMCIIAEMBIMU BEIMYMHAMH 3TOTO AJFOPUTMa SBJIAIOTCSA BENUYUHBI +(k),
rnei=1,2,...,n (n—uucno BepuuH rpada); k=1, 2, ... , n — 1. Insa pukcupoBaHHbIX [ U k
BeIMUYMHA +;(k) paBHa IJIMHE MMHMMAJBHOTO IIyTH, BEIyLIEro U3 3aaHHON HayalabHOI
BEPIIMHBI X| B BEPIIUHY X; U COJIEprKallero He oomnee k IyT.

Illaz 1. YcTaHOBKA Ha4aJIbHBIX yCIOBUH.

BsecTn uncno sepuuH rpada n u Matpuiy Becos C = (cj).

Llaz 2. Tlonoxuts k = 0. [Tonoxuts +40) = ¥ 115 Bcex BEPIIUH, KPOME X|; TOJOXKHUTh
+1(0) = 0.

Hlaz 3. B uukne no k, k= 1,..., n — 1, KaXO0l BepUIMHE X; HA K-OM IIare MpUIHCATh
uHaeke + (k) o ciemyronemMy npaBuIy:

+i(k) = gljlgl,} {Hik—1) +cu}

JUTSL BCEX BEPIIUH, KPOME X, TOJOKUTE (k) = 0.

B pesynbrare paboTsl anroputma Gopmupyetcs Tabnuma uHaekcoB +(k), i=1,2, ..., n,
k=0,1,2,...,n—1. Ilpu atom +,(k) onpenensier NIUHY MHHAUMAJILHOTO ITyTH U3 MEPBOM
BEPIIMHBI B I-y10, COZIepIKalero He oomee k ayr.

Illaz 5. BoccTaHOBJIEHHE MMHUMAJIBHOTO ITYTH.

Jdns mro00if  BEpIIMHBI X, TNPEIIISCTBYIOIIAs €H BEpIIMHA X,  ONpEACIAeTCS U3
COOTHOILICHUS:
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+r(n - 2) tCp = +v(n - 1), er G_l(xs),
rae G''(x,) - mpooOpas BEpIIHMHEI X;.
Jns HaWJICHHOW BEPIUNMHBI X, NPEALIECTBYIONIAas €W BEPIIUMHA X, ONPEACIACTCS M3
COOTHOLIECHHUS:
+4(n—3) + cy= F4A(n-2), qu Gl(x,),
rae G''(x,) - mpooGpas BEPIIMHEI X,., | T. .
[TocnenoBarenpbHO NMPUMEHSS 3TO COOTHOLIEHHE, HAYMHASI OT IOCIENHEH BEPIIMHBI X; ,
HalJ1IeM MAUHUMAJIbHBIN Ty Th.
IIpumep: C nomompto anroputma ®Popna — bemimana HallTM MUHUMAaIbHBIN IyTh U3
BEPIIMHBI X| B BEPIINUHY X3 B rpade, n300pakeHHOM Ha PUCYHKE:
Xy ] X3

Paccmorpum moapobHo paboty anroputma Popaa — bemnmana s 3TOro mpumepa.
3HavyeHUs1 MHIEKCOB (k) OyJeM 3aHOCHTH B TaOJIUILy WHICKCOB.
Llae 1. Beenem uucino BepiuH rpada n =5. Matpuiia BecoB 3Toro rpaga UMeeT BUL:
& 1 ¥ ¥ 3%
C= g¥ ¥ 8 7 1:
¥ ¥ ¥ -5
§¥ ¥ 2 ¥ ¥

& ¥y ¥y 4 ¥,

Llaz 2. Tlonoxum k =0, +1(0) =0, +2(0) = +3(0) = +4(0) = +5(0) = ¥. OTH 3HAUCHUSA
3aHECEM B MEPBBIil CTOIOCI TAOIHIIBL.

Llae 3.
k=1.
+1(1)=0.
Hna k=1:

#i(1) = min { #5(0) + c;i}-

F2(1) = min{ +1(0) + c12; #2(0) + c22;5 +3(0) + c325 #4(0) + can; +5(0) + ¢523} = min{0 +
L¥+¥ ¥+ ¥+ ¥+¥=1.

+3(1) = min{ +1(0) + c13; +2(0) + c23; +3(0) + c335 +4(0) + ca3; +5(0) + ¢35} = min{0 +
¥, ¥+ 8 ¥+ ¥+2;¥+¥ =¥,

+4(1) = min{ +1(0) + c14; #2(0) + c24; #3(0) + 345 #4(0) + caa; +5(0) + 545} = min{0 +
¥ ¥+ T, ¥+ L, ¥+ ¥+4 =¥

+5(1) = min{ +1(0) + c15; +2(0) + c25; #3(0) + c35; +4(0) + cas; +5(0) + cs55} = min{0 +
¥+ 1L ¥ -5 ¥+ ¥ ¥+¥ =3,

[Tonmyuennsle 3HaueHuss +;(1) 3aHeceM Bo BTOpOil crosiben; Tabauipl. YOexaaemMcs, YTo
BTOpPOH CTOJ0€1, HAaUMHAs CO BTOPOrO 3JIEMEHTa, COBIAAAET C IEPBOM CTPOKON MaTpPHIIbI BECOB,
YTO JIETKO OOBSCHSETCSI CMBICTIOM BeTUUUH +(1), KOTOpBIE paBHBI AJIMHE MHHUMAIBHOTO ITyTH
13 TIEPBOil BEPIIMHBI B i-YI0, COJIEPIKAIIEro He 0oJee OTHOW AYTH.

k=2.
+1(2)=0.
Jos k=2:

+i(2)= 1r£1,1£r51 { (1) +cii}.

+22)=min{0+1; 1+ ¥+ ¥+¥3+¥=1.
+32)=min{0+¥;1+8¥+¥ ¥+2;3+¥} =9,
F42)=min{0+¥; 1+ 7, ¥+ 1, ¥+¥3+4}=7.
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+52)=min{0+3; 1+1;¥-5¥+¥3+¥ =2
[Monmyuennsie 3HaueHUst +,(2) 3aHeceM B TpeTHil cronOern Tabnumbl. Bemuunmuer +(2)

paBHBI JUIMHE MUHUMAJIBHOTO MYTH U3 MEPBOIl BEPIIMHBI B i-yI0, COAEpXKAIIETro He OoJiee IBYX
TyT.

k=3.
+1(3)=0.
Jos k=3:

+i(3)= lrglllgfsl {+/(2) + ¢t

+23)=min{0+1; 1 +¥9+¥T+¥2+¥ =1.

+33)=min{0+¥;1+89+¥%7+2;2+¥ =9,

+43)=min{0+¥;1+7,9+1;7+¥2+4}=6.

+53)=min{0+3; 1+1;9-57+¥%2+¥% =2,

IMonyyeHHble 3HaUeHHsT +;(3) 3aHeceM B 4eTBEPTHIA cToj0el Tabnuibl. Benmnunnasr +3)
PaBHBI JJIMHE MHUHUMAJIBHOTO IIyTH U3 IIEPBOI BEPIIMHBI B I-yI0, COAEPIKAIIETO HE OoJiee Tpex
JyT.

k=4.
+1(4) = 0.
Hns k= 4:

+i(4) = {glg { +j(3) + Cji}-

+2(4)=min{0+1; 1+¥9+¥%6+¥2+¥=1.
+3(4)=min{0+¥;1+89+¥6+2;2+¥} =8.
F4(4)=min{0+¥;1+7;9+1;6+¥%2+4}=6.
+s5(4)=min{0+3; 1+1;9-5,6+¥2+¥} =2.
[Tonmyuennsle 3HaueHus: +;(4) 3aHeceM B IMATHIA cToyOen TaOmuibl. BenwmuuHbl +(4)

paBHBl JJIMHE MUHHMAJIBHOIO IYTH M3 IMEPBOM BEPLIMHBI B i-ylO, COAEpKallero He Ooiee
YETBIPEX AYT.

I (nomep +40) +i(1) +42) +(3) +i4)
BEPIITMHBI)

1 0 0 0 0 0

2 ¥ 1 1 1 1

3 ¥ ¥ 9 9 8

4 ¥ ¥ 7 6 6

5 ¥ 3 2 2 2

Illaz 5. BoccTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.

Jns mocnenHei BepUIMHBI X3 MPEAUISCTBYIONIAs €M BEpIIMHA X, ONpENeNseTcs U3
COOTHOIIEHMUS, TOJIy4YEHHOT'0 TIpH § =3:

+r(3) tes= +3(4)a er G_I(XS);

rae G''(x3) - mpoobpas BEPLIUHEI X3.

G (3) = {x2, x4}

[TogcraBuM B mocieHEE PABEHCTBO MOCIENOBATENBHO 7 = 2 U 7 = 4, 9YTOOBI ONPEIEIHTh,
JUTSL KAKOTO 7 3TO PABEHCTBO BBINIOJIHAETCS:

+203) t o3 =1+8" +#3(4) =8,

+4(3) + cy3= 6+2= +3(4) = 8.

Taxum 00pa3oM, BEpIIMHOM, IPEAIIECTBYIONICH BEPIIUHE X3, BISETCS BEPLIMHA X4.

JIns BepIIMHBI X4 MPEANIECTBYIONIAas €i BepIIMHA X, OIPEACISIETCS M3 COOTHOIICHHS,
MIOJIyYE€HHOT O 1pH § =4:

+42) T = +43),  x1Gl(x),
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rae G''(x4) - mpooOpa3 BEpLIMHEI X4.

G (x) = {x2, X3, x5}.

[MoncraBumM mocnenoBaTesbHO ¥ = 2, ¥ = 3 ¥ ¥ = 5, 4TOOBI ONPEACIUTh, AT KAKOTO 7 3TO
PaBEHCTBO BBIITOJIHSIETCS:

F2(2) teau=1+7" +43) =6,

+32) teu=1+1"+43) =06,

+5(2) T csa=2+4=+43)=6,

Takum oOpa3om, BEpIINHOM, MPEAIIECTBYIOMIEN BEPILINHE X4, SBISETCS BEPIINHA Xs.

Js BepHmIMHBI X5 IPEALIESCTBYIOIIAs €M BEpPILIMHA X, OIPEHEISICTCS U3 COOTHOLICHUS,
MTOJIyYEHHOT0 TIPH § =35

+r(1) + Crs = +5(2)s Xl G_I(XS);

rae G''(xs) - mpooOpa3 BEpLIMHEI Xs.

G(xs) = {x1, x2}.

[ToncTaBum mocnenoBatenbHo # = 1 W r = 2, 9TO0BI OMPENETUTH, IS KaKOro 7 3TO
PaBEHCTBO BBIIIOJIHACTCS:

+1(1) +c15=0+3" +5(2) =2,

Fo(1) +ers=1+1=+52)=2,

Takum oOpa3om, BEpIINHOM, MPEAIIECTBYIOMIEN BEPILINHE X5, SIBJISETCS BEPLINHA X).

Jns BepHIMHBI X, IPEALIECTBYIOIIAs €M BEpILIMHA X, OIPEHEISACTCS U3 COOTHOLICHUS,
MTOJIyYEHHOTO TIPH § =2:

+r(0) tco= 4’2(1)3 Xl G_I(XZ),

rae G''(x;) - mpooOpa3 BEpLIMHEI X,

Gl(x2) = {x1}.

[HoxcraBum r = 1, yTOOBI ONPEEIUTD, BBIMOIHIETCS JIU 3TO PABEHCTBO:

+1(0) + Ci12 = 0+1= %2(1) =1.

Takum oOpa3om, BEpIINHOM, MPEAIIECTBYIOIIEN BEPILINHE X), SIBJISETCS BEPIIUHA X|.

Wrak, HailieH MUHUMAaNbHBIA IyTh — X1, X2, Xs, X4, X3, €C0 JJIMHA paBHa 8.

KoHTpoJibHbIe BONPOCHI M 3aJaHUs

[aH cnmcok payr ¢ ykasaHnmem wux AanuH. CoctaBbTe MO  HEMY PUCYHOK
OpPUEHTUPOBAHHOIO rpadpa. Hangute gna atoro rpadpa HaUMEHbLIWA MyTb OT BEPLUUHbI-
BXO4a [0 BEPLUNHBI C MaKCUManbHbIM HOMEPOM.
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1L (0:1)-3,(0:2)-9,(1:2)-5, 9. (0;1)-2,(02)-7,(2:1)—-1,

(2.4)—1,(1:3)-8,{2:3)- 2, (2:3)—6,(1.5)-12,(5:4)- 10,
(3:5)-4, (4:5)-6. (5:3)=5,(3;4)=4,(4.6)-2,

2. (0;1)—4,(0:2)-5,(1;2)-8, (3.6)-7.
(2:4)—3,(1;3)-11,{2:3)—5, (01 -4 (0:2)-2.(2:D—1,
(3;5)-3,(4;5)—-6. 2:3) =7, (1:5)= 5. (544,

3. (©0:;1)—3,(0:2)-9.(12)- 12, (5:3)-1,(3:4)-4,(4:6) -3,
(2.4)—1,(1:3)-2 (2:3)-3, (3.6)=1
(3:5)- 10, (4;5)-5. 11.(0;2) -2, (0;1) -7, (2;1) - 4,

4, (0;1)-6,(0:2)-2, (2;1)-3, (2.4)-9,(1:3)-3, 341,
(2:4)-6,(1:3)-1,§2.3)--3, (4:6) -2, (3;5)—8,(6:5) -4,
(3:5)-8,(4:5)-7. (6:7)- 10, (3:7)-5.

S (0:1)--6,(0:2)-5, (12)-1, 12.(0;2) - 10, (0;1) -5, (2;:1) - 1,
(2:4)6,(1.3) L i23)-6, (2:4)-4,(1;3)-3,(3:4) -5,
(3:5)—8, (&:5)-. (4:6) -3, (3:5)- 10, (6:3) - 10,

6 (0:1y—3,(0:2)=2, {2:1)-1, (6:7)-5,0:N—1.

(2:5) 3 (1:5) =+ {548, 13.(0;2) -4, (0;1)-6, (2;1) -4,
(3:3)-5.(3:4)-3.46)-2, (2:4)-6,(1:3)-3,(3:4) -2,
(3:6)—-4. (4.:6)—4,(3:5)-7,(6:5) -3,

7. (0;1)-10, (0;2) -5, (2;1)—4, 6:7)-3 65
(2,53)-8,(1:9)-3. (5:4) -4, 14.(0:2)-3,(0;1)-1,(2:1) -4,
(9:3)~2, (3:4)= 1, (46}~ 3, (2:4)-2,(1:3)-6,(3:4) -4,
(3:6)-17. (4:6)—3,(3:5)—6, (6:5)— 4,

8 (0:1)—3.(0.2)-2,(21)~2, 6. 7) 12, (5:1) 1.

(2:5)= 12, {5)= 8, (5:4)-2, 15.(0:2)8,{0.1)= 12, (2;1)~3,
(5:3)-6,(3:4)— 1, (4;6) -8, (2:4)-6,(1:3)-5,(3:4) -4,
(3:6)-3. (4:6) - 10, (3;5) — 4. (6:5) -6,

(6:7)— 10, (5:7)— 6.

Pexkomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumoBa, J. P. Jleknuuu mo AMCKpPETHOW MareMaTtuke. Maremartwueckas JIOTHKA: y4eOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokotuukona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuit
yHUBEpCUTET  JApykObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JdomosHuTeIbHAS JIUTEpaTypa:
Xarrapty, P. JluckperHas MatemMaTuka JJisi IPOrpaMMUCTOB : yueOHoe nocodue / P. Xarrapru.
—  Mocksa: TexHocdepa, 2012. — 400 c. — Pexnm JIOCTYyTIA:
http://www.iprbookshop.ru/12723.html

IMpakTnyeckas padora Nel7. 3agaua HaX0KIeHHUS KPUTHYECKOI0 MYTH B rpade.

Ilenv 3anamua. VI3ydutb alropuT™M HaXOKJEHUS KPUTUYECKOTO MYTH U BO3MOKHOCTU
€ro MPaKTUYECKOTO MPUMEHEHUS.

3Hanua u ymenus, npuoopemaemovie CHYOEHMOM 6 pe3yibmame O0CE0CHUA HeMbl,
dopmupyemovle kKomnemenyuu. 3HATb W yMETb pEaJU30BbIBATH HAa NPAKTHKE aJITOPUTM
HaxXO0XXIACHUA KPUTUIYCCKOI'O ITYTH.

Teopemuueckasn uacme.

3amaya HAXOXKJIEHUS KPUTHUECKOTO, (T. €. JIIMHHEHIIero) myTu B rpade — 3TO 3ajava,
CBSI3aHHAS C 3arpy3Koi CTAHOYHOTO 000PY0BaHUS, COOPKHM MHOTO3BEHHBIX U3JENUN U T. 1.

CeteBoii rpaduKk — HEOOXOIUMBIN AJIEMEHT CIOXKHOTO MPOU3BOJCTBA, COCTOSIIETO W3
HECKOJIbKMX CBSI3aHHBIX U 3aBUCSIIMX JIPYT OT JIpyra 3TanoB. BrisgBieHne KpUTHUECKOTO MMyTH U
BPEMEHHBIX PE3EPBOB IPOMU3BOJCTBA — OCHOBHAs 3ajaya, pelaemasl MOCTPOEHUEM CETEBOIO

48



rpaduka. Takue 3a1aun MOTYT OBITH ITPEICTABICHBI B BUJE Tpada U B BUAE OTOOpaKaroliei ero
Tabmumpl. [ HaXOXKISHHS KPUTHYECKOTO IyTH (ITOCIEIOBATEILHOCTH JTAlloB PalOTHI,
OTIpENIeNAIONUX JUIMTEIBHOCTh BCEro IMPOeKTa M HE HUMEIOIIUX pe3epBa IO BPEMEHHM)
MIPUMEHSIOTCSl BBIYUCITUTENbHBIE MeTOAbl. OJHUM W3 TaKUX METOJOB SIBISETCS TaOIWYHBINA
METO/ U PUMEHSIETCS /ISl TAaHHBIX, MPEICTABICHHBIX B BUJIE TaOIUIIBI.

[Tpobnema aBTOMaTH3aAIMH pacy€éTa CETEBOTO rpaduka sBISETCS JOCTATOYHO aKTyalIbHON
U Ba)XHOH. BbrumcieHne KpuTHYecKoro myTH ¢ momouibio 9BM momoxer B HECKOIBKO pa3
YCKOPHTB ATOT TPOIIECC, a pH OOJBIINX rpadukax — BO MHOTO pa3. [loaToMy aBTOMAaTH3AIHS
pacuéra ceTeBoro rpaduka MoKeT UMeTh OOJIBIIYIO MPAKTHUECKYIO MOJIb3Y.

ANTOPUTM HaXOXICHHS JUIMHHEHWINETO IMyTH B Tpade MOX0X Ha alTOPUTM HAXOXKIACHUS
Kpartyaifmero nytd B rpade. Bmecto kpaTuaiimmx pebep B anroputMe HaXOXKIACHUS
KpaT4aillero myTy BeIOMparoTCs IIMHHEHIIHE.

ITycth TpeOyeTcs HalTH Takoil myTh Ha rpade, KOTOPBIA ObI UMEN MAKCUMAJIbHYIO JJTUHY
M0 CPaBHEHUIO CO BCEMH BO3MOXHBIMH MYyTsAMHU UIsi HaHHOTO rpacda. Ilycte cymiectByer
OpHEeHTUPOBaHHbIH rpad 6e3 nuukios G.

Péopa rpadba — BemonaHeHue paboTel. PEOpa wumeroT MHY, 0003HAYAIOIILYIO
IOPOJOJDKUTENBHOCTh  paboThl M HampaBieHHe, O00O03Hayallee IMOCIe0BaTEIbHOCTh
BBITIOJIHEHHE Pa0OThl. BepmmHbl — 3T0 (hakT Havasia ¥ OKOHYaHHS PadoT.

IlycTe nana cers.
A0 s
LY
OSSO

Jnst kaxnoro coOwitus | onpenenum Hambosee panHuil cpok ero Hactryruienus TP(I) o
CJICAYIOLIEMY MPaBHITY:

1) TP(0)=0;

2) niia 1 >0 TP(I) paBHO mpoaOMKUTENFHOCTH camoro JIMHHOTO (0, [)-myTH.

3unauenus Tp(l) onpenenstor mociaenoBaTeNbHO, NEPEXO/Id OT UCTOYHHUKA K CTOKY. Tak,
JUIS pacCMaTpUBAeMOT0 NPUMepa HaXOAUM:

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

Otu 3HadeHust HaxoaTcst u3 cootHomeHus:: TP(I) = max{ TP(K) + Tk; } ,

T. e nmna Bcex nayr (K,I), mis xoropsix | sBisieTcss KOHIIOM, HEOOXOIUMO
BeruncianTh TP(K) + Tk; u BeIOpaTh HaubobIlIee 3HaYCHHE.

Wrak, B HamieM mIpuMepe BpeMs BBHIMOJHEHHs MpoekTa paBHO 16. UTOOBI MONMYy4HTH
KPUTHUECKHIA MyTh, OyeM MepeIBUraThCcsi B 00paTHOM HAIPaBIEHUH, OT CTOKA K UCTOYHUKY, 110
tem pedbpam (K, I), xotoprie onpenemsuin 3Hauenus TP(I), T. e. AJIg KOTOPBIX BBIMOTHSAETCS
pasenctBo TP(I) - Tk; = TP(K) . B mpumepe sto pebdpa: (3, 5); (2, 3); (2,1) . Takum o6pazom, (1,
2,3, 5) - KpUTHUECKUN MYyTh.

KoHTpo/bHBIEe BONIPOCHI U 32/1aHUSA

1.IIpu cocraBneHuun mpoekra padboT BwiAeneHo 8 coowituit: (0,1,2,3,4,5,6,7), KoTOpBIE
cBs3aHbl paboramu (i —j ), rae i) 0,1,2,3...,7 u i # j, Hampumep, coObiTHe 1 CBsI3aHO C
coObiTHeM 2 pabotoii (1-2).
HcxoaHble JaHHbIE M0 NTPOAOIKUTEIBLHOCTH paboT:
PaGora | 0-1 | 02 | 0-3 [ 1-2 | 1-3 | 14 |23 |24 |25 |34 (35|45 |46 | 56|57 | 67
Jamr.
THU

8 12 | 10 8 10 4 10 6 8 12 5 8 6 6 7 5
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TpebyeTcs onpeaenuTbs KPUTUIECKUIA YTk U BPEMsI BHITIOJTHEHUS TPOEKTA.
2. OmnpenenuTbh KpUTUYECKUH MyTh B Tpade:

Pexkomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumoBa, J. P. Jleknuuu mo AMCKpPETHOW MareMaTtuke. Maremartwueckas JIOTHKA: y4eOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokorumnkona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuit
yHUBEpCUTET  JApykObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JdonmosHuTe/IbHAS JIUTEpATypa:
Xarrapty, P. JluckperHas MaTemMaTuka JJisi IPOrpaMMUCTOB : yueOHoe nocobue / P. Xarrapru.
—  Mocksa: TexHocdepa, 2012. — 400 c. — Pexnm JIOCTYyTIA:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckass padora Nel8. IlocTpoeHne MHHHMAJIBHOIO OCTOBHOIO JepeBa
HArpy:KeHHOro rpada

Ilens 3anamua. V3ydyeHue anroputMa MOCTPOEHUS MUHUMAIBHOIO OCTOBHOTO JiepeBa
Harpy»KeHHOTo rpaga.

3nanua u ymenus, npuoopemaemovlie CHYOEHMOM 6 pe3ylbmame O0CE0CHUA HeMbl,
dopmupyemvie kKomnemenyuu. 3HACT U yMEET IPUMEHATh aJITOPUTMA IOCTPOEHUS
MUHUMAJILHOTO OCTOBHOTO JIEpeBa HAarpy>KeHHOTO rpada.

Teopemuueckasn uacme.

I'pad G = (X, A) Ha3BIBAETCS HASPYHCEHHBIM, ECIIN ITIs KaXJ10ro pedpa (x;,X;) onpeneneHa
€ro JUIMHA (UM BEC) Cjj.

[Tycth G - cBS3HBIN Harpy>KeHHbIN Tpad. 3aaua IOCTPOCHUS MUHUMATILHO2O OCHOBHO20
Odepesa 3aKIOYACTCsl B TOM, YTOOBI M3 MHOXKECTBA OCTOBHBIX JICPEBBHEB HAWTH JEpPEBO, Y
KOTOpPOT0 cCyMMa JJIUH pedep MUHUMAJIbHA.

[lpuBenemM TUNHMYHBIE CIy4aW, KOTJa BO3HHKAET HEOOXOIUMOCTh MOCTPOCHHUS
MHHUMAaJIBHOTO OCTOBHOTO JiepeBa rpada.

a) HyXHO CcOeIMHUTH n TOPOJOB KEIE3HOAOPOKHBIMU JTHUHHUSIMH (2aBTOMOOWIHHBIMU
JOporamMu, JUHHUSAMH 3JeKTpolepenayd, ceTbio TpyOONpoBOIOB U T.J.) TaK, YTOOBI cyMMapHas
JUTMHA JIMHUW WA CTOMMOCTE ObUTa OBl MUHUMAJIBHOM.

0)Tpebyercst MOCTPOUTH CXeMy SJIEKTPUUYECKON CETH, B KOTOPOU KJIEMMBI JTOJKHBI OBITH
COEIMHEHBI C TOMOIIBIO MPOBOJOB HAMMEHBIIEH OOLIEH JAJIUHBI.

3amaqy MOCTPOEHUS MHHHUMAJIBLHOTO OCTOBHOTO J€pPEeBa MOKHO PEIIUTh C MOMOIIbIO
CJIEIYIOILIETO AJITOPUTMA.

Aneopumm Kpackana.

Lllae . YcraHOBKa HaYaJIbHBIX 3HAYEHUH.

Broaurcs matpuna qiuH pedep C rpada G.
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llae 2. BpiOpate B rpade G pebpo muHuManbHOW uMHBL. [loctpouts rpad Go,
COCTOSIIIMI U3 JaHHOTO pedpa 1 MHUUIACHTHBIX eMy BepiuH. [lonoxurs i = 2.

Ulae 3. Ecnu i = n, tae n - yucio pedep rpada, To 3aKOHUUTH padoTy (3a1aua perieHa), B
MIPOTUBHOM ClIy4ae MEPEeUTH K mary 4.

Llae 4. Tloctpouts rpad G; 11, 106aBnsAs K rpady G; HOBoe pedpO MUHUMAIILHOW JUTMHBI,
BbIOpaHHOE cpean Bcex pedep rpada (G, Kaxaoe U3 KOTOPBIX WMHIUACHTHO KaKOW-HUOYAb
BepuinHe rpada G; M OIHOBPEMEHHO WHIMIEHTHO KakoW-HHOynp BepummHe rpadga G, He
conepsauieiicst B G;. Bmecte ¢ 3tuM pedbpom BkitouaeM B G; 4 M HHIIUICHTHYIO €My BEPIIUHY,
He coaepxairytocs B G;. [IpucBauBaem i:= i +1 u nepexoaum k mary 3.

Hanpumep, HaliieM MUHIMAaIbHOE OCTOBHOE /IEpEBO /st rpada, I300pakeHHOTO HITKE.

X3

2 4
X2 1 Xg
1 3
X1 5 X5

Lllaz 1. YcTaHoBKa HAYAJILHBIX 3HAUYEHUH.
Brenem matpuity niuH pedep C:
& 1 ¥ 1 596

81 ¥ 2 1 3.
Sy 2 ¥ 4 ¥°
81 1 4 ¥ 3=
& 3 ¥ 3 ¥

llae 2. Beibepem peOpo MUHHMAJIbHON UIMHBL. MUHHMMajibHas IJIHHA pedpa paBHA
equHuIe. Takux pedep Ttpu: (x1, x2), (X1, X4), (X2, x4). B 3TOM Cilydae MOXHO B3ATH JHO0OE.
Bosbemem (x, x). Iloctpoum rpad G, cocrosimuii U3 AaHHOTO pedpa M MHIMICHTHBIX €My
BEPILIUH X| U X,. [Tomoxum i = 2.

Illae 3. Tak kak n =5, T0 i ' n, MO3TOMY MEPEXOTUM K Imiary 4.

llae 4. Ctpoum rpad G nobasnss k rpagy G, HOBoe peOpO MHHHUMAJIBHOM JUIMHBI,
BbIOpaHHOE cpenu Beex pedep rpada G, Kakaoe U3 KOTOPHIX WHIMIEHTHO OJJHOM U3 BEPIIHUH X1,
X, ¥ OTHOBPEMEHHO MHITUACHTHO KakOW-HUOYb BepimHe rpada G, He coaepxkarieiics B G, T.
€. OJJHOM U3 BEPIIHUH X3, X4, X5. TaKUM 00pa3oM, Hy’KHO BbIOpaTh peOpO MUHUMAJILHOM JITTMHBI U3
peoep (x1, x4), (x1, X5), (x2, X3), (X2, X4), (X2, X5). Takux pedep AIUHBI eTUHUTIA J1BA: (X1, X4) U (X2,
X4). MoxHO BbIOpaTh M000e. Bo3bmeM (x), x4). Bmecte ¢ 3tum pebpom BkimouaeM B (s
BEPILHHY X4, HE cofiepxkanytocs B ;. [lonaraem i = 3 1 nepexoauM K mary 3.

Illae 3. Tak xaKk i ' n, MO3TOMY MEPEXOJUM K miary 4.

Llae 4. Ctpoum rpad G4 nob6asnss k rpady G; HOBoe peOpO MUHUMAIBHON IJIMHBI U3
pebep (x1, Xs), (X2, x3), (X2, X5), (x4, X5). Takoe peOpo ATUHBI ABa OAHO: (X, X3). BMecTe ¢ aTUM
pebpoM BkItouaeM B G4 BEPIIMHY X3, HE coaepkamytocs B (3. [Tomaraem i = 4 u mepexoaum K
mary 3.

Illaz 3. Tak xkak i ' n, MO3TOMY MEPEXOIUM K miary 4.

llae 4. Ctpoum rpad Gs nobasnss k rpady G; HOBoe peOpO MUHHUMAILHON IJIMHBI U3
pebep (x1, Xs), (X2, Xs5), (x4, X5). Takux pedep MIUHBI TPHU ABA: (X2, X5) U (X4, X5). Bo3bMeM (X3, Xs).
BwmecTte ¢ aTum pedpom BkiItouaeM B (s BEPILUHY Xs, HE coaepskaitytocsi B G4. [lonaraem i = 5
U NepEeXOuM K 1mary 3.

Hlae 3. Tak xak i = n, 710 rpadp Gs — HMCKOMOE MHHHUMAJIBHOE OCTOBHOE IEPEBO.
Cymmaphas qiiHa pedep pappa 1 + 1 +2+3 =7,

[Iponecec mocTpoeHUss MUHUMAJIBHOTO OCTOBHOTO JiepeBa M300pakeH Ha PUCYHKE.
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Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apunoBa, 3. P. Jlekuuum mo IUCKpeTHOW MaTematuke. MaremaTHueckas JIOTHKa: ydyeOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokotunkona, JI. A. CeBacthsiHOB. — MockBa : Poccuiickuii
yHUBEpCUTET  OpyXObl  HapomoB, 2014. — 120 c¢. — Pexum  jocryna:
http://www.iprbookshop.ru/22190.html

JlonoJIHMTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckpeTHas MaremMatuka Ui MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  Mocksa: Texnocdepa, 2012. — 400 c. — Pexxum JOCTYyIIA:
http://www.iprbookshop.ru/12723.html
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MUWHUCTEPCTBO HAYKU U BBICIIEI'O OBPA3OBAHUA P®

OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbBHOE

YYPEXJEHHWE BBICIIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKHNU ®EJIEPAJIBHBIM YHUBEPCUTET»
[Taturopckuit unctutyt (Ppunan) CKOY

MerToauyeckue yKkazaHus

JU1s1 OOyYarOIKUXCS 0 OPTaHU3AIMKU U TIPOBEACHUIO CAaMOCTOSITEILHOM
paboThI
M0 AUCIUIIINHE «JI[UCKpeTHas MaTeMaTHKa
JUIs1 CTYJIeHTOB HamnpasiaeHus noarotoBku 09.03.02 UudgopmanmoHHbIe
CHCTeMBbI M TeXHOJIOTHM HarnpaBieHHOCTh (poduiib) UndopmanuoHHbie
CHCTEMBI U TEXHOJIOTHMH 00padOTKH IM(PPOBOIro KOHTEHTA

Iaruropck, 2025
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1. OO1mue moJI0KEeHUA

CamocrosrenbHass paboTa - IUlaHUpyemas YydeOHas, y4eOHO-HCCleoBaTeNbCKasl,
HAy4YHO-HCCIIeI0BaTeNbCKasi paboTa CTyAEHTOB, BHIIOJIHSEMasl BO BHEAYAUTOPHOE (ayJUTOPHOE)
BpeMsl 10 33JaHUI0 M TpU METOJWYECKOM PYKOBOJCTBE IIpernojaBaTens, HO 0e3 ero
HETOCPEACTBEHHOI0 ydacTHs (IPHU YaCTUYHOM HEMOCPEICTBEHHOM YYaCTUH IpernoaaBaTes,
OCTaBJISIONIEM BEYIYIO POJb 32 PabOTON CTYIECHTOB).

CamocrosrensHas pabota ctyaentoB (CPC) B BY3e siBnsieTcs BaXXKHBIM BUIOM y4eOHOM
U HayyHOW jedrenbHOCcTH cTydeHTa. (CamocrosTenbHass paboTa CTYyZIEHTOB WIpaer
3HAYUTENbHYIO POJIb B PEHTUHIOBOM TEXHOJIIOTUU 00y4EHUS.

CamocrosarenbHas paboTa sBisieTcsl BakHelmed (opmoil ycBoenust 3HaHuil. B xone
CaMOCTOSITENIbHOW pPabOThl CTYAEHTHI YACHSIOT 3HAHUA IO KOHKPETHOHM TeMe Yy4eOHOro
MaTepuaia, 3aKperuiiloT M YTOUHSIOT YK€ H3BECTHbIE M OCBAaMBAIOT HOBBIE KAaTETOPUHU.
CrankuBasch ¢ HEJOCTaTOYHO MOHATHBIMU 3JIEMEHTAMHU TEMBbI, CTYJIEHTBI CTPEMSTCS HaXOAUTh
OTBEThl WM (UKCHPOBATH BONPOCHI JJIsi MOCTAHOBKM M YSICHEHHS WX Ha KOHCYJbTAallUU C
IIPENoAaBaTeseM WK BO BPEMs [IPAKTUUYECKOTO 3aHSTHS.

3anaun caMoCTOATEIbHONU PabOThl COCTOST B CIAEAYIOLIEM:

1. Pa3BUTh JIOrM4ecKoe U aIFTOPUTMUYECKOE MBIIIUICHHUE.

2. Bplpa®oTaTh NEpBUYHBIE HABBIKM MATEMAaTHYECKOTO HCCIIEIOBAHUS IPUKIAJTHBIX
BOIIPOCOB.

3. BblpaboTaTh HAaBBIKM JOBEJIEHUS PEHICHUs 3aJaud J0 MPUEMIIEMOI0 MPaKTHYECKOIOo
pe3yabpTaTta — yucia, rpaduka, TOYHOr0 Ka4yeCTBEHHOI'O BBIBOJA C IMPUMEHEHHEM aJI€KBAaTHBIX
BBIYUCIIUTENbHBIX CPEJCTB, TAOJIHII, CIPAaBOYHHKOB.

4. BpipaboTaTh yMEHHE CAMOCTOSITEIBHO pPa30MpaThCsi B MaTeMaTUYECKOM arrapare,
IPUMEHSEMOM B JINTEPATYPE, CBA3AHHOM CO CHEIMATIbHOCThIO CTYACHTA.

5. Hayuuts omepupoBaTh aOCTpaKTHBIMH OOBEKTaMH M aJCKBAaTHO YIOTPEOISATH
MaTeMaTHYeCKUEe MOHATUS U CHMBOJIBI JJISI BBIPQXKEHUS KOJMUYECTBEHHBIX U KaueCTBEHHBIX
OTHOILIEHUM.

CamocrositenbHasi paboTa CTyAe€HTa MO ydeOHOW aucHuIuinHe «MareMaTudecKuil
aHaIu3» BKIIOYAET MOATOTOBKY K IPAaKTUYECKMM 3aHSATHSAM M BBINOJIHEHUE IPAKTHYECKUX
3aJJaHUi, CAMOCTOSITENIbHOE U3yUCHHE TEM YyU4eOHOI0 MaTepuaa o peKoOMeH1yeMol TuTepaType
U C UCHOJIH30BAHNEM MH()OPMAIIIOHHBIX PECYPCOB.

CamocrosrenbHas paboTa Mo qucuMIUinHe «MaTreMaTHYeCKUil aHalu3) HampaBiieHa Ha

(hopMUpOBaHUE CIIEIYIONINX KOMIIETeHIIUM:
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[Tnaaupyempie PE3yIIbTATHI
Kon, Kox, opMympoBka o0y4eHHus] MO TUCHUIIINHE (MOIYJIIO),
(dhopmMynupoBka HHMKATOPA XapaKTepHU3yIOIIne 3Tanf,1
KOMITETCHIINT hopmupoBaHUs KOMITETCHIIUH,
HWHIMKATOPOB
ONK-1: N d-1onk.1 3HaAKOM C [Ipumenser
CnocobeH NpUMEHSTh | OCHOBaMU MaTEeMaTHKH, | €CTECTBEHHOHAYYHbBIC i1
€CTECTBCHHOHAYYHBIE | (DU3UKH, BBIYUCIIMUTEIILHON | OOIICMH)KCHEPHBIE 3HAHUS, METOJIbI
U OOIICWH)KEHEPHBIE | TEXHUKH U | MATEMATHYECKOTO MOJICIUPOBAHMS B
3HAHUA, METO/IbI | MPOTPAMMHUPOBAHUS. po¢eCCUOHAIBHON JEATEITHLHOCTH.
MaTeMaTHIECKOIO NA-20mnK-1 Pemraer
aHanu3a U | CTaHJIapTHBIC
MOJICTTUPOBAHUS, npodeccroHalbHBIE 3a/1a4U C
TEOPETHIECKOTO U | IPUMECHECHHEM
IKCIIEPUMEHTATBLHOTO | €CTECTBEHHOHAYYHBIX 51
HCCIIEN0BaHUS B | OOIIEMH)KCHEPHBIX  3HAHUH,
npohecCHOHATBLHOM METOJIOB  MaTeMaTH4YeCKOIro
IEeITEIbHOCTH aHaJIM3a U MOJICJIMPOBAHUSI.
UA-3 OIIK-1 IIpoBoaur
TEOPETHUECKOE 51
IKCTICPUMEHTAILHOE
HCCIIEOBaHNE 00BEKTOB
po¢eCcCUOHATBHOM
IEeITEIbHOCTH

2. Ilesab 1 3272494 CAMOCTOATEJIHHOH PadoOTHI

Benymas uens opranmzanuu u ocymectBienuss CPC coBnmagaeT ¢ 1enp0 oOydeHHs
cTyneHta — (QopMupoBaHue HabOopa OOIIeHAyYHBIX, NPO(ECCHOHATBHBIX M CHEIHATBHBIX
KOMIETEeHIIN Oy Ty1iero 6akanaBpa Mo COOTBETCTBYIOIIEMY HAMPABICHHUIO TOATOTOBKU

[Tpu opranuzanuu CPC BaXHBIM 1 HEOOXOIUMBIM YCJIOBHEM CTAHOBSITCS (JOPMUPOBAHHE
YMEHHSI CaMOCTOSITCIIbHOW pa0OThl I NMPUOOPETCHUs 3HAHWMA, HABBIKOB W BO3MOXHOCTH
OpraHu3aIy y4eOHOU W HAYyYHOH NedaTelbHOCTH. Llenpro caMmocToATenbHON paboThl CTYICHTOB
SIBIIIETCS OBNaJicHHe (YHIAMEHTAIbHBIMU 3HAHUSAMHU, TPO(ECCHOHATHHBIMU YMEHUSIMU U
HABBIKAMHU  JICATEIHHOCTH IO TNPOPWI0, OMNBITOM TBOPYECKOH, HCCIIEIOBATEIbCKON
NeSTETLHOCTH. CamocrositennbHasi ~ paboTra  CTYACHTOB CIIOCOOCTBYET  Pa3BUTHIO
CaMOCTOSITENIbHOCTH, OTBETCTBEHHOCTH M OPTaHW30BaHHOCTH, TBOPUYECKOTO MOIX0a K PELICHUIO
npo6sieM yueOHOro U npoheCCUOHATBLHOTO YPOBHSI.

3agauamu CPC sBisroTcs:
- CUCTeMATH3alMsl W  3aKPEIUICHHE TOJyYCHHBIX TCOPCTHUYSCKUX 3HAHWH U
NPAKTUYECKUX YMEHUH CTYJCHTOB;

- erIY6J'IeHI/Ie H paCIIUPCHUC TCOPCTHICCKUX 3HaHI/II71;
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- (¢bopMUpOBaHHE YMEHHH HCIONB30BaTh HOPMATHBHYIO, IPABOBYIO, CIPABOYHYIO
JOKYMEHTAIUIO U CIIEIHATIBHYIO JINTEPATYPY;

- pa3BUTHE TO3HABATENBHBIX CIIOCOOHOCTE M aKTUBHOCTH CTYJIEHTOB: TBOPUYECKOM
WHHIIAATHBBI, CAMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAaHHOCTH;

- (dbopMHpOBaHHE CAMOCTOSITEILHOCTH MBIIUIEHHS, CIOCOOHOCTEH K CaMOpa3BHUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CaMOpPEaTH3aIiH;

- pa3BUTHE UCCIIENOBATEIBCKUX YMEHNH;

- UCTIOJI30BaHUE MaTepuayia, COOPAHHOTO M TIOJYYEHHOTO B XOJI€ CAMOCTOSTEIbHBIX
3aHATHIA Ha CEMHUHAapax, Ha MPAKTUYECKHX U JIA0OPATOPHBIX 3aHATHUSAX, IMPH HAMHCAHUU
KYPCOBBIX U BBITYCKHOM KBaTH(PUKAITMOHHON padoT, ans 3PQPEKTUBHON IMOATOTOBKH K

HUTOT'OBBIM 3a4€TaM M 3K3aMCHaM.

3. TexHosiornyeckasi KapTa cCaMoOCTOATEIbHOI padoThI CTyIeHTa

OO0beM 4acoB, B TOM YHUCJIC
Bun
Konrr NEATEILHOCTH (axan.)

KonTakt
peanmyeMH)v( CTYJICHTOB CpencrtBa u Has
KOMIIETEHITUI TEXHOJIOTHH OICHKH CPC pabota ¢ Beero

npemnojaa

BaTelIeM

3 cemecTp
OIIK-1 IlogroroBka k | KoMmiekr 3amaHui 0,62 0,18 1,8
1a-1,2,3) JIEKIHASIM U BONPOCOB  TIO
TeMaM JUCHUILIMHBI
OIIK-1 ITonroroBka k | KoMmiuiekt 3amanuii
na-1,2,3) MPaKTUYECKUM U BONPOCOB  TIO 6,48 0,72 7,2
paboTam TeEMaM JUCHMIIINHBI
OIIK-1 CamocrosTenbHo | KoMmmiekr 3agaHmit
(1a-1,2,3) e W3y4eHHE | ©  BOMPOCOB IO 9 1 10
JUTEPaTyppl  TIO | TeMaM JUCIUILTAHBI
TemaM 1-5
Hroro 3a 3 cemecTp 81 9 90
Htoro 81 9 90

4.H0pﬁ)]0K BBINOJIHEHUS CAMOCTOSITEIbLHOM paﬁon CTYAE€HTOM

4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eOHOU aumepamypou

[Ipu pabGote ¢ kHUTONH HEOOXOAMMO TOAOOPATH JTUTEPATYPY, HAYUHTHCS MPABWIBHO €€
YUTaTh, BECTH 3anucu. J{ns mogdopa aurepaTypsl B OMOIHOTEKE UCTOIB3YIOTCS anaBUTHBIN U
CHUCTEMAaTUYECKHUI KaTaloru.

BaxHO OMHUTH, YTO palMOHAIBHBIE HABBIKU Pa0OTHI C KHUTOW - 3TO BCETJa OOJbIIas

OKOHOMU BPEMCHHU U CUJL.
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[IpaBunbHbIE  TOAOOP YUYEOHMKOB PEKOMEHAYETCS IperojaBaTesieM, YUTAIOIIUM
JEeKIMOHHBIN Kypc. HeoOxomumas nureparypa MOXKET OBbITh TAaKKe yKa3aHa B METOJUYECKHX
pa3paboTKax Mo JaHHOMY KypcCy.

N3yyas matepuan mo y4eOHUKY, CIEAyeT MEePEeXOAUTh K CIIEAYIOIIEMYy BOMPOCY TOJBKO
noclie TPaBWIBHOTO YSCHEHHUS MPEIbIAyIIero, OMHChIBas Ha OyMare BCE BBIKIAIKA U
BBIYUCIJICHUS (B TOM YHUCJIEC TC, KOTOPLIC B y‘ICGHI/IKC ONMyHI€Hbl WJIM Ha JICKOWH OaHbl JJIA
CaMOCTOSITEJIBHOTO BBIBOJIA).

[Tpu u3yuenuu n000# AUCUUIUIMHBI OOJBIIYIO U BaXKHYIO POJIb UTPAET CAMOCTOSITEIbHAS
WHIMBHIyallbHAs paboTa.

Ocoboe BHHMaHHE CIEAyeT OOpaTUTh Ha OIpeAeliCHHE OCHOBHBIX TOHSATHH Kypca.
CTyleHT JOJDKEH MOAPOOHO pa3Ouparh MPUMEPHI, KOTOPBIC TMOSCHSIOT TaKWe ONPEACTCHUS, U
yMETb CTPOUTHh AaHAJOTUYHbIE MPHUMEPbl camMocTosATeNbHO. HyXHO 100MBAaTbhCS TOYHOTO
NPEJCTaBICHUST O TOM, YTO H3y4Yaemlb. [loJe3HO COCTaBIATH OMOPHBIE KOHCIEKTHL. [lpu
M3YYEHUU MaTepHuayia Mo y4yeOHUKY IOJIE3HO B TeTpaau (Ha CHEIUAIbHO OTBEICHHBIX IMOJIX)
HOIIOJIHATH KOHCIICKT HeKIII/IfI. Tam xe CJICAYyCT OTMCYATh BOIIPOCHI, BBIACJICHHBIC CTYACHTOM
JUISL KOHCYJIBTAIlUU C MPENO0IaBaTEIIEM.

BbIBOIbI, TTONTy4YEHHBIE B Pe3yNIbTaTe U3YUYCHUS, PEKOMEHIYEeTCSI B KOHCIIEKTE BBIJCNSATD,
YTOOBI OHH MPH MEPEYUTHIBAHUN 3aITUCEH JIydllle 3alIOMHHAIHCh.

OmbIT IMOKa3bIBA€T, YTO MHOIMM CTYACHTAM IIOMOra€T COCTaBJICHUC JIMCTAa OINIOPHBIX
CUTHAJIOB, COJIEprKalllero BaKHEHIIMe U HauboJsee 4acTo ynorpediseMble (POpMyIIbl U TOHATHUS.
Takoil TUCT MOMOraeT 3amoMHUTH (OPMYIIbI, OCHOBHBIE MOJIOKEHHUS JICKIHH, a TaKK€ MOMKET
CJIYKUTb NOCTOSIHHBIM CIIPAaBOYHHUKOM JJId CTYICHTA.

UreHrne HayYHOTO TEKCTa SIBISICTCS YacThIO TIO3HABATENHLHOW JesTenbHocTH. Ee menp —
U3BJIEYCHHE U3 TEKCTa HE0OX0auMoil nHpopmaruu. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOIIUM
coOCTBEHHasi BHYTPEHHSS YCTAHOBKA MpU OOpAIlleHWH K TEYaTHOMY CIIOBY (HAWTH HYKHbBIE
CBCIACHUA, YCBOUTH I/IH(I)OpMaL[I/IIO MOJIHOCTBIO WJIM YaCTHUYHO, KPUTHYCCKU IIPOAHATIU3UPOBATH
MaTepHal u T.II.) BO MHOTOM 3aBUCHT 3(PPEKTUBHOCTH OCYIIECTBISIEMOTO JICHCTBHS.

Boigensior uemsipe ocrnosnble ycmanoeKu 6 umeHuu Hay4Ho20 meKcma:

nH(OPMaIIMOHHO-TIOUCKOBBIN (3a/1a4a — HANTH, BBIAETUTH HCKOMYIO HH(GOPMAIIUIO)

yCBauBaromas (YCI/IHI/IH YUTaTCIA HalpaBJICHbBI Ha TO, I-ITO6I>I KaK MOXKHO IIOJIHEEC
OCO3HATh MW 3allOMHUTL KaK CaMH CBCIACHHA H3JIaraCMbI€ aBTOpPOM, TaK M BCIO JIOTHKY €TI0
paccyXIeHHI)

AQHAIUTUKO-KPUTHYECKAsl (YUTATeNb CTPEMUTCS KPUTHUYECKH OCMBICIUTh MaTepual,

MPOAHAIU3UPOBAB €TI0, ONPE/IEIUB CBOE OTHOLIEHUE K HEMY)
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TBOpUYECKas (CO3/1aeT y YMTATENsl TOTOBHOCTh B TOM MJIM MHOM BHJE — KakK OTIpPaBHOU
IYHKT JUJIs1 CBOMX PAcCy>KJI€HUM, Kak o0pa3 /i JEHCTBUS MO aHAJIOTMM U T.I. — UCIOJIb30BaTh
CYXJIEHUSI aBTOPA, XOJA €ro MbICIeH, pe3yibTaT HaOIroAeHus, pa3pabOTaHHYIO METOJUKY,

JOTIOJIHUTD WX, MTOJIBEPIHYTh HOBOW MPOBEPKE).

4.2. Memoouueckue pekomeHOayuu no N0O20MmMoeKe K NPaAKmuyeckum 3aHamuim
Jis  Toro 4YTOOBI TPAKTUYECKHE 3aHATUS MPUHOCKWIM MaKCHUMAalIbHYIO TMOJbB3Y,

HEOOXOIMMO TIOMHUTbH, YTO yNpaKHEHHE W pelIeHHe 3a1ad MPOBOJATCS MO BHIYUTAHHOMY Ha
JEKIUSAX MaTepually U CBS3aHbI, KaK MPaBUJIO, C JIETAIBHBIM pa300pOM OTAEIbHBIX BOIPOCOB
JEeKIMOHHOro Kypca. Crenyer NOAYEPKHYTb, YTO TOJBKO IIOCIE YCBOEHHUS JIEKIIMOHHOTO
MaTepuanga ¢ ONPEIEICHHON TOUKM 3peHMs (a MMEHHO C TOW, ¢ KOTOPOW OH M3JIaraeTcs Ha
JIEKIHSAX) OH Oy/eT 3aKpeIUIAThCS Ha MPAKTHYECKUX 3aHATHIX KakK B Pe3yibTaTe 0OCYKICHUS H
aHaJIM3a JIEKIMOHHOIO MaTepuaia, Tak U ¢ MOMOUIbIO pelIeHHs MPoOIeMHBIX CUTYallUid, 3ajad.
[Tpu 3TUX yCcIOBUAX CTYJEHT HE TOJIBKO XOPOIIO YCBOUT MaTepual, HO U HAYYUTCS MPUMEHATh
€ro Ha MpaKkTHKE, a TaKXXe MOJIYYUT JOMOJHUTEIbHBIH CTHUMYN (M 3TO OYEHb Ba)KHO) s
AKTUBHOHN MPOPaOOTKH JCKIIHH.

CnenyeT NOMHHUTbH, YTO pEIIEHUE KaXKIOW ydeOHOM 3ahauu JOJDKHO JOBOJMUTHCS J10
OKOHYATEeJIbHOTO0 JIOTMYECKOr0 OTBETa, KOTOPOro TpedyeT YCJIOBHE, M IO BO3MOXHOCTH C
BbIBOZIOM. [lomydeHHBIH OTBET cienyeT MPOBEPUTh CHOCOOAMHM, BBITEKAIOIIMMHU M3 CYLIECTBa
naHHOM 3amaun. [lome3Ho Tarkke (€cau BO3MOXKHO) pellaTh HECKOJBKUMH CIIOCOO0aMU H
CPaBHMTbH IOJIyYEHHbIE pe3ynbTarhl. PemeHue 3ajay AaHHOTO THUIMA HYKHO NPOJOJDKATH J10

npUOOpETEeHNUs TBEPIbIX HABBIKOB B UX PELICHHUH.

4.3. Memoouueckue pexomenoayuu no camonposepke sHaHui

[Tocne u3yueHUs: OMpPEETICHHON TEMBI MO 3aMUCSAM B KOHCIEKTE W Y4eOHHUKY, a Takxke
peicHrud AOCTATOYHOI'0 KOJUYCCTBA COOTBCTCTBYIOIIUX 3aJa4 Ha IMPAKTUYCCKUX 3aHATUAX U
CaMOCTOSITEJIbHO CTYJCHTY PEKOMEHIYETCs, MPOBECTH CaMOIPOBEPKY YCBOCHHBIX 3HAHUM,
OTBETHUB Ha KOHTPOJIbHBIE BOTIPOCHI 0 U3YUYEHHOI TeMe.

B cnyuae He0OXOAMMOCTH HYKHO €I1le pa3 BHUMATEIbHO pa300paThCsl B MaTepuae.

I/IHOFI[a HEAOCTATOYHOCTb YCBOCHUS TOTO WJIM MHOI'O BOIIPOCA BBISICHACTCA TOJIBKO IIPpH
N3YyUCHUU Il&J'ILHCfIIHCFO Marcpurajia. B stoMm ClIyd4ac HagO0 BCPHYTLHCA Ha3aJd U MMOBTOPHUTH IJIOXO
YCBOCHHBIM Marepuasl. BakHbIi KpUTEpUIl YCBOEHHSI TEOPETHUYECKOTO MaTrepuana - YMEHHUE
pemiath 3aJayd WIM NPOWTH TECTUPOBAHUE IO MPOWJIEHHOMY Marepuany. OJHAKO cieayer
IIOMHUTB, YTO HPABUIIbBHOC PCHICHUC 3aJa4d MOKCT IMOJIYUYUTHLCA B PC3YJIbTATC NPHUMCHCHUSA

MEXaHUYECKHU 3ay4Y€HHBIX (POpMyJ1 6€3 TOHUMAaHHUS CYIIHOCTH TEOPETUUYECKUX MOJI0KEHUH.
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5.KoHTpoJb caMOCTOATEIbHOI Pa0OTHI CTY1CHTOB

B paMmkax peMTHMHIOBOM CHUCTEMBI YCIIEBAEMOCTb CTYAEHTOB II0 KaKIOH JUCLUILIMHE
OLICHUBAETCA B XOJI€ TEKYILEr0 KOHTPOJISI ¥ IPOMEKYTOYHOU aTTECTALUH.
Texkymmii KOHTPOJIb

PeiiTuHrOBasi OleHKAa 3HAHUI CTyIEHTA

Bun nesrenbHOCTH CTYIEHTOB Cpoxku Kon
n/n BBITIOJTHEHUSI UYECTBO
0a/oB
1. [IpakTrueckoe 3anHsTuE 5 5 15
HEJes
2. [IpakTuueckoe 3anstue 10 10 20
HEJes
3. [IpakTuueckoe 3austue 15 15 20
HEJIEeIsI
Hroro 3a 1 cemecTp 55
[IpakTnueckoe 3aHsaTue 5 5 15
HEeJest
[IpakTrueckoe 3anstue 10 9 20
HEJes
[IpakTuueckoe 3anstue 15 13 20
HEeJest
Htoro 3a 2 cemecTp 55

MakcumanbHO BO3MOYKHBIN 0ajll 3a BECh TEKYIIUH KOHTPOJIb YCTAaHABIUBACTCS PaBHBIM 55.
Tekyliee KOHTPOJIbHOE MEPONPUITHE CUUTACTCS CAAHHBIM, €CJIM CTYJIEHT MOJIY4YWsI 32 HETO He
MeHee 60% OT YCTAHOBJEHHOTO I ATOTO KOHTPOJISI MAaKCUMaJbHOTO Oania. PedTHHrOBBIN
0aJ1, BBICTABIISIEMBI CTY/ICHTY 3a TEKYIIee KOHTPOJIBHOE MEPONPHUATHE, CTAHHOE CTYICHTOM B
YCTaHOBJICHHbIE TPadUKOM KOHTPOJBHBIX MEPONPUATUN CPOKH, OMPEAENSETCS CIEAYIOIIUM
obpa3zom:

Yposenw Peiimunzoevtii 6ann (6 % om
8bINOJIHEHUA KOHMPOIbHO20 3A0AHUS MAKCUMAIbHO20 0aNNa 3a KOHMPOAbHOE
3a0anue)
Omauunbolii 100
Xopowuti 80
Yooesnemeopumenvnuiii 60
Heyoosnemeopumenvhuiii 0

HpOMe)KyTO'—IHaﬂ aTTeCTalud

[IpomexyTouHas aTTectanus B QopMe 3IK3aMeHa TpeIyCMaTpPUBACT IPOBEICHUE
00s13aTeIFHON PK3aMEHAIMOHHOM Tponienypsl u orieHuBaercsa 40 Oamramu u3 100. B cimydae
€ClIi PEUTHHIOBBIA Oalll CTyAEHTa MO AUCHUIUIMHE [0 HMTOraM ceMmectpa paBeH 60, To
IIPOrpaMMoOil aBTOMAaTUYeCKU a00aBiseTcs 32 mpeMHallbHbIX Oaija M BBICTABISETCS OLIEHKA
«oTiuyHOY». [loNmoKUTENbHBI OTBET CTYJACHTa HAa JK3aMEHE OIICHUBAETCA PEHTHHTOBBIMU
Oayutamu B guamazoHe ot 20 1mo 40, omnenka wMenbme 20 0OamioB  cudTaeTcs
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HEYJO0BJIETBOPUTEIBHOM.

[[Ixana cOOTBETCTBHSI pEUTUHTOBOTO Oalljia 3K3aMeHa S-0aTbHON cucTeMe

PeiiTunroBbiii 6211 10 Ouenka no 5-0a/LUIbHOM cUcTEMeE
AUCUHMILINHE
35-40 OTtanyHO
28 - 34 Xopor1io
20-27 Y 10BIE€TBOPUTENHHO

HroroBas oleHka Mo MUCIUIUIMHE, U3y4aeMOW B OJIHOM CEMECTpe, OMpeAensercs Mo
cyMMe 0ayutoB, HAOpaHHBIX 32 paboTy B TEYEHHE CEMECTpa, U OAIJIOB, MOJMYYSHHBIX MPH Cllaue

JOK3aMCHa:

LlIkana nepecuema pelimunzo6020 6ai1a no OUCYUNIUHE
8 OYeHKY no 5-0alnbHOU cucmeme

Peiimunzoewtit 6ain no Ouenka no 5-6an1vHou cucmeme
oucuunIuHe
88-100 Omauuno
72-87 Xopowio
53-71 Yooenemeopumenvro
<53 Heyooseremeopumenvro

6. Cnicox iurepatypbl

6.1. IlepeyeHb OCHOBHOI JIMTEpPaTypPhI:

I'ycak, A. A. Matemarndeckuii aHanu3 U nuddepeHnuansabie ypaBHeHus. [lpumepsr u
3agaun: yyeOHoe nocobue / A. A. I'ycak. — Munck: TerpaCucremc, 2011. — 415 c. - Pexum
nocrtyna: http://www.iprbookshop.ru/28122 . html

6.2. IlepeyeHb JONOJHUTEIBHOM JUTEPATYPHI:

1.MaauBuayansHble 3aaHus Mo Bbiciedl marematuke. Yacte 1. JIuHeitHas 1 BEKTOpHAS
anrebpa. Amnanmutuueckas reomerpus. [uddepennuansHoe wucuucienne QGyHKIUN OTHON
nepeMeHHoi: yuebnoe mocooue / A. Il. Psdymxko, B. B. bapxaros, B. B. Jlepxasen, U. E.
OpyTtb; mon penakiumeit A. I1. Pabymko. — Munck: Beimsiimias mkona, 2013. — 304 ¢. —
Pexxum noctyma: http://www.iprbookshop.ru/20266.html.

2.MlnnuBuayanpHble 3aJaHus 10 BbicHiedl MaTtemaTtnke. Yacts 2. KomriuiekcHble yucia.
Heompenenennsie u onpeneneHHble HHTErpayiibl. OYHKIMM HECKOJIBKUX IEPEMEHHBIX.
OO6bikHOBeHHBIE TuddepeHIanbubie ypaBHeHus: yueOnoe mocodbue / A. II. Pabymiko, B. B.
bapxaros, B. B. [epxaseu, U. E. lOpyts; non pemaxuumeit A. II. PsOymko. — MuHck:
Brinmiinias IIKOJIa, 2014. — 397 C. — Pexum JIOCTyTa:
http://www.iprbookshop.ru/35481.html.

3.MunuBuayanpHble 3aJaHud 1O Beiciiedl mMatematuke. Yacte 3. Panel. Kpatnele u
KPUBOJMHEHHBIC HHTETPAIbl. DJIEMEHTHI TEOpUH Mo : yueObHoe mocodue / A. I1. PsOymko, B.
B. bapxaros, B. B. Jlepxasen, U. E. IOpyts ; mox pemakmueit A. I1. PaOymko. — MuHCK:
Beimmiimas mkona, 2013. — 367 ¢. — Pexum noctyna: http://www.iprbookshop.ru/20211.html.
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