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AHHOTANMA
«/IuckpeTHbIii aHamM3»» — 0a30BbI BBOMHBIA KYPC, pPACCMATPUBAIOIINE pa3iesbl TUCKPETHON MaTeMaTuKH:
anreOpa JOrukd, koMmOuHatopuka, Teopus rpadoB (AJIKTI) u mnpuBuBaromuil CTyaeHTaM asbl
MaTeMaTHYECKOH KyJIbTypbl, HEOOXOANMBIEC [UIS HOCIEAYIOIEro N3y4eHnsI Kak MaTeMaTHueCKuX AUCIUILIMH,
TaK M KOMITBIOTEPHBIX HayK. Kypc 3HaKOMHUT ¢ TakuMmH (yHAaMEHTaJIbHBIMU TOHSTHUSMH KaK MHOXECTBO,
(dyHKIMU U OTOOpakeHusi, OyieBbl (PyHKIMH, anreOpa JOTHKH, OTHOUICHHUS U Tpadbl. OHU BaXKHBI KakK JIIs
nanpHenero nzydenus Computer Science, Tak ¥ B Ka4€CTBE OCHOBBI «YHCTOI» MaTeMaTHKH.
C npyroii cropoHsl, s I0A0TBOpHOTO pa3sutust Computer Science TpeOyeTcs MOHUMAaHNE TOTO, YTO TaKoe
J0Ka3aTenbCTBO. JloKa3aTenbCcTBa KOPPEKTHOCTH MHOTHX aJTOPUTMOB SIBIISIFOTCS, TIO CYTH, JI0OKa3aTeIbCTBAMH
TEopeM, MI03TOMY B paMKax JaHHOTO Kypca 0co00e BHUMaHHE YIeNIAeTCs JOKa3aTelbCTBAM.
Kypc 3aBepriaercs wu3ydeHHEM MPOU3BOMSIIMX (YHKIMHA — BaXKHBIM MaTEMaTHYECKUM aInapaTroMm
COBPEMEHHOM KOMOWHATOPUKH. [ n3y4yeHus: 3TOH TeMbl CTYIACHTHI JOJDKHBI BIIaJeTh 0Aa30BBIMHM 3HAHUSIMU
U3 MaTeMaTUYeCKOr0O aHAJIN3a: YMETh MU PepeHINpPOBaTh, HHTETPUPOBATh U MPUMEHATH Gopmyiry Teitnopa.
JIOTIOJTHUTEBHBIX 3HAHWH MOMHMO IIKOJBHOW MPOrpaMMbl M CBOSBPEMEHHOTO OCBOCHHS MaTeMaTHYECKOTO
aHaJM3a AJIs U3y4eHUs Kypca He TpeOyeTcs.

1. lean u 3apa4un

Henp AucoMnInHBI
3HaKOMCTBO ¢ 0a30BBIMHM MOHATHAMHU JUCKPETHOTO aHajiH3a: aireOpbl JIOTMKH, KOMOMHATOPHKH,
teopun rpadoB (AJIKTI). Pa3Butne MareMaTudyeckoll KymbTypbl JOKa3aTeslbCTB. M3yueHue
(dyHIaMEeHTaNbHBIX pa3/iesioB, OTHOCAIUXCS K AuckpeTHoi matematrke - AJIKTI, HeoOxomumbIx st
YCHEMIHOTO MPOXOXKACHUS MOCIEAYIOIMINX KypCOB aITOPUTMUYECKOTO ITUKIIA.

3agauu AUCUMIIHHBI
- OCBOGHHME CTyICHTaMu 0a30BbIX 3HAaHWU (MOHATWH, KOHLENIWH, METONOB W Mojesied) B obmactu
AJIKTT;
- IPUOOpETEHNE TEOPETUIECKIX 3HAHUH U TIPAKTHYECKUX YMEHHH U HaBbIKOB B oonactu AJIKTT;

- OKa3aHHuC KOHCYHBTEIHPIIZ U TIOMOIIM CTyAC€HTaM B IMPOBCACHUU COOCTBEHHBIX TCOPECTUICCKUX
I/ICCJ'IG,I[OBaHI/Iﬁ B oOnacTtu ,I[I/ICKpCTHOI\/’I MAaTCMaTHUKH.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-2 Cnocob6en ucnonb3oBars coppemennble |OIIK-2.2  3Haer ©  yMmMeeT TNPUMEHSTb YHCICHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U MaTeMaTHYeCKHEe METOJbl M NPHUKIATHOE IPOrpaMMHOE
MpPOrpaMMHBIE CPEJICTBA [P PEILICHUM 3aJa4  |oOeclieueHue Uil pelIeHWs]  Hay4YHbIX  3a7a4 B
npoeCCUOHANBHOM JIeITENLHOCTH, cOOMIonas  |npodeccuoHaIbHON 0bnacTu

TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

[IK-2.1 3HaeT HOpUHLUIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHocoObl apryMeHTallH

[1K-2 Crioco0OeH caMOoCTOIATENLHO N B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH

[MIK-2.2 CnocoOeH TulaHUpOBaTh ¥ MPOBOJAWTH HaydHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WiICHA
(pyxoBoznuTeNs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo
[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB

Hay4HO-UCCIIE0BATEIbCKON paboTHI [IOCPEICTBOM
MyOJIMKAIIMKY HAYYHBIX CTaTeil U yyacTus B KOH(EPEeHIUIX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!




- (pyHmameHTanbHBIE TOHATHSI, 3aKOHBI, TCOPHH JUCKpeTHOH MaTtemaruku (AJIKTT);

- COBpEMEHHbIE MPOOIIEMBI COOTBETCTBYIONIUX pa3/iesioB auckpeTHoit Marematuku (AJIKTI);

- TIOHATHUS, aKCMOMBI, METOIbl JIOKAa3aTeJbCTB W JIOKAa3aTelIbCTBA OCHOBHBIX TEOPEM B paszjaesax,
BXOIANIMX B 6a30Byto yacth nmukia AJIKTL;
- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIMX MaTeMAaTHUYECKUX OOBEKTOB;

- QHAJUTUYECKUE M UUCIIEHHBIE IOAXOAbl M METOIbl JUIsl PEIICHUs THUIIOBBIX NPUKIAJHBIX 3a1ay

muckpeTHort maremaruku (AJIKTT).

YMETB:

- IOHATH NOCTABJICHHYIO 3a/1a4y,

- HCTIOJIH30BAaTh CBOM 3HAHMUS JJIsl pelieHUsT QYHAaMEHTANBHBIX U MPUKIaaHbIX 3a1ad AJIKTT;
- OLICHUBATh KOPPEKTHOCTh MOCTAHOBOK 3a]1a4;

- CTPOro J10Ka3blBaTh UM ONPOBEPIaTh yTBEPKICHUE;

- CaMOCTOATCIIbHO HAXOAUTH aJITOPUTMBI PCHICHHA 3aJ1a4 AHKTF, B TOM 4YHUCJIC U HCCTAHAAPTHBIX, 1

IMPOBOAUTDH UX aHAJIU3,

- CAMOCTOSITENIHO BUJIETH CIEICTBUS MOJyUYEHHBIX PE3YJIBTATOB;
- TOYHO TIPE/ICTaBUTh MaTeMaTrueckue 3Hanus B oonmactu AJIKTT B ycTHOM M nmuchkMeHHOH Qopme.
BJIAJIETh:

- HaBBIKAMU OCBOEHHUS Ooibmoro obovema uHpopmamuu u pemenus 3azad AJIKTD (B Tom uucre,

CJIOXKHBIX);

- HaBBIKAMH CaMOCTOATEIHLHOU PabOThI U OCBOCHHS HOBBIX JUCIIUILINH;

- KyJAbTYpOW TIOCTAHOBKH, aHallM3a M PEUICHUs MaTeMaTU4eCKHX M MPUKIAJHBIX 3a/ad, TpeOyrommx
JUISl CBOETO PEIICHUS UCIIOJIB30BAHUS MaTeMaTHYeCKUX moaxoa0B U MmetoaoB AJIKTT

- IPEAMETHBIM SI3BIKOM JAUCKPETHON MaTeMaTHK{ U HaBBIKAMH I'PaMOTHOTO OMUCAHUS pelIeHUs 3a7a4d 1
NPEACTABICHUS MTOIYYEHHBIX PE3YJIBTATOB.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TPYZ[OGMKOCTB 110 BUAaAM yqe6Hbe 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora

1 Anrebpa OTHKH. 2 2 4

2 MHoecTBa U JIOTHKA. 2 2 4

3 Maremarudeckue OTIpeieNIeHus, ) 4 4
YTBEPKACHUS U 10Ka3aTeIbCTBA.

4 I'padwr 4 4 4
JIBynonbHble rpadbl, MapoCOYETaHHUS U

5 2 2 4
(GyHKUIMH.

6 Komb6unaropuka 6 6 5

7 bunapubie  ortHowmeHus.  OTHOIIEHUS ) 5 5
9KBUBAJICHTHOCTH.

3 OpuentupoBaHHble rpadbl ¥ OTHOIICHUS ) ’ 5
MopsiaKa.

9 Bynessl pyHkuuu. 2 2 5

10  |[IpomsBomsmume pyHKINN. 6 4 5

Htoro gacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.




4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. AnreGpa JOTHKH.

BbickaspiBaHUsI M JIOTMYECKHE CBS3KU. byneBbl (yHKIMM M CHOCOOBI HX 3aJaHMsA: TaOIHIBI
UCTUHHOCTH, (OPMYNbI, BEKTOp 3HAa4eHUH. 3aKOHbl KOMMYTAaTHBHOCTH, AacCOLMAaTHBHOCTH U
IUCTPpUOYTUBHOCTH, IPUOPHUTET onepannii. 3akoHbl noromeHus. PaBeHcTBO OyneBbIX (yHKIMHA (U
OyneBbix opmyin). CymiecTBeHHbIE U (UKTUBHBIC IIEPEMEHHBIE.

2. MHOXecTBa U JIOTHKA.

MHoxecTBa U omnepanuu Hajx HUMU. CBs3b anreOpbl JIOTMKM U anreOpbl MHOXECTB: HPEANKATHI,
IOHUBEPCYM W JIOTOJIHEHHUE, 3aKOHBI ¢ MopraHa, KBaHTOPBI, IKBUBAJIEHTHOCTb TOXAECTB ajreOpsbl
MHOXKECTB U alreOphl JIOTHKH, UMIUTMKAIMS U BKIIIOYEHHE MHOXKECTB, KOHTPAIIO3HIIHSL.

3. Maremarudeckue omnpeAeNieHus1, yTBepKASHUA U JOKa3aTeIbCTRA.

Onpenenenue, yTBEp)KICHHE, TEOpEMa, KpUTEpUil. 3aluch YTBEPXKACHUI B KBaHTOpax ((OpMyIibl
epBoro nmnopsaka). MeTonbl J0Ka3aTeNbCTB: KOHTPANO3ULMsS, WHAYKUUS, OT IPOTUBHOIO,
KOHCTPYKTHBHBIE (IIPUMEPBI M KOHTPIPUMEPHI), HEKOHCTPYKTHUBHBIE.

4. I'padms
I'pader 1. HeopuentupoBanusie rpadsol.

OmpeneneHre HEOPHEHTHPOBAaHHBIX rpadoB CrermeHp BepmmHbL CyMMa CTENEHEH BEpIIMH —
YVABOGHHOE KoNM4uecTBO pebep. Uucio moneH, caenaBmmx HEYETHOE YUCIIO PYKOMOXKATHHA, YETHO.
TeopeTnko MHOXECTBEHHBIE orepanuu ¢ rpadamu. Onpenenenue noarpada OnpeneneHue myreil u
UKJI0B (depe3 moarpadsur). CsizHbie Tpadbl U KOMIIOHEHTHI CBA3HOCTH (depe3 noarpadsl).

I'pader I1. depesbs.

Ceszaocth. Teopema «#KoMmoHeHT cBA3HOCTH > |V|- |E| ». MapmpyTsl U 3aMKHYTbIE MapLIPyTHI.
Mexny AByMs BepIIMHAMU rpada ecTb IyTh, €CIH MEXKIY HUMH ecTh MapupyT. [lepesrs. Teopema
00 9KBHBaJECHTHOCTH YETHIPEX CBOMCTB. PaccrosiHue Mexay BeplinHamu, auameTp rpada. Juamerp

moboro cBs3HOTO Tpada He mpeBocxomut |V | — 1. JIBypackpamuBaemblii rpad. I[pad
JBypacKpalliBacMblii TOTJa W TOJBKO TOTNA, KOIZa HET IUKJIOB HEYETHOW JUIMHBI. DHICPOBBI
MapupyThl.

5. JIBynonbHbIe Tpadbl, TapocodeTaHust U QYHKIINH.

JBynonbHble Tpadsl u mapocoderanue. Teopema Xomna (6e3 gokaszarenbcTBa). OyHknmuu (obmacth
ompeseNieHns], MHOXXECTBO 3HAueHW, o0pa3, ToNHBIA mpoodpas). Orobpaxenus (BClOmy
onpenenéHHble  (QYHKIUM): HHBEKIUH, CIOPBEKIUH, Ouekiuu. OToOpakeHUS W 3ajgada o
HasHayeHMsX. Vizomopdusm rpados. /lokazarenbcTBO TeopeMbl Xomma®.

6. Kombunaropuka
Komb6unaropuxka 1. [IpaBuna cymMMbl ¥ TpOM3BEACHUS.

OtoGpaxenust u noacuérel. [IpaBuno cymmsl. [IpaBuno nponsBeneHus — OUEKIMSA C JEKAPTOBBIM
MIPOU3BENCHUEM MHOXKECTB. YHCIO JBOMYHBIX CJIOB JUIMHBI N. YHCIO MOIMHOMXKECTB N-3JEMEHTHOTO
MHoxecTBa. Pasmenienus. [lepectanoBku. [ToncuéT konuyecTBa coB JUIMHEI K ¢ pa3HBIMH OyKBaMH.
[Toncu€Tsl ¢ KPaTHOCTHIO: CKOJBKO Pa3IMYHBIX CIOB MOXKHO COCTaBHTH U3 clioBa «MareMaTuka?
Yucno coueranuii. KommuectBo Kk-21€MEHTHBIX TOIMHOKECTB N-3JIEMEHTHOTO MHOXECTBA.
JluckpeTHast BEPOSITHOCTb.



Kom6unatopuka II. bunoMuanbHbie k03(hOUITUEHTEI.

Konmuectro myTeit o y3nam kierok (Brpaso u BBepx) u3 (0,0) B (i,j) ecTh 4yuCIIO coueTaHuil u3 itj
no i. TpeyrompHuk Ilackanst W ero CBOWCTBa: CHMMETpHs, BO3pacTaHWe OMHOMHAIIBHBIX
k03D (DUITMEHTOB K cepeuHe, OIeHKa IeHTpanbHoro koddduienta. bunom HeioToHa U
OuHoMuanbHble  KOd(puuMeHTh.  PexyppentHoe  cooTtHomeHue. Cymma  OMHOMHAIBHBIX
kod(hduiueHToB W €€ KOMOMHATOPHBIM CMBICH. 3HAKONepeMeHHas CyMMma OWHOMHANBHBIX
kodppunmentoB. KomOMHaTOpHBIE T0Ka3aTebCTBA. PeKyppeHTHOE COOTHOIICHNE Ha OMHOMUAILHBIC
ko3 duuueHTsl B TpeyroabHuke Ilackamsa. 3amaua o KoMmaHaupe M coijarax. MeTox Touek M
neperoponok. @opmyina Myaspa. Yunciio monomoB crenienn d. Uucao codeTaHuii ¢ MOBTOPCHUSIMH.
Uucna Gubonayuun. Yncna Karanana (oka3arenbcTBO SBHOUM (hopMysbl).

Kombunaropuka I11. @opmyra BKIHOUEHUIH-UCKITFOYSHHN.

Xapakrepuctuieckue ¢GyHKUnH. JlokazarenabcTBO (opMyna BKIIOUEHUH-HCKIIOUueHUi. [Ipumepsr:
KojandecTBO uymcen or 1 go 1000 He npensmmxcs HM Ha 3, HA Ha S5, HM Ha 7; CBiI3b CO
3HAKOIIEPEMEHHOW CYyMMOW OMHOMHAIIBHBIX KO3 (HUIHEHTOB; MoacuéT cropbekuuil. [loacuér uncna
oToOpaXkeHUH (BCIOAY omnpeAen€HHbIX (QYHKINN), QYHKINH, HHHEKIMA, OUEKIINH U3 N-2JIEMEHTHOTO
MHOXECTBa B N-3JIEMEHTHOE MHOXeCcTBO MHOxecTBa U (GyHKuuH. CMmbIci o0o3HadeHHd 2"A nmist
MHOXECTBa BceX TOAMHOXKeCTB U Y X1t MHOXKecTBa otoOpaxenuid u3 X B Y. [puniun Jupuxie:
Mpu m > n HeT uHbeKuu u3 {1,...,m} B {1,...,n}.

7. BI/IHapHBIe otHouIcHNS. OTHOIIECHHS SKBUBAJICHTHOCTH.

dopmManbHOE ONpeielicHHe OTHONIGHWH W WX CBOWMCTB: pe(IeKCHBHOCTb, TPaH3UTHBHOCTD,
CUMMETPUYHOCTb, aHTHCUMMETPUYHOCTD. 3a/laHue OMHAPHOTO OTHOILICHHS TaOMUICH, ABYAOIbHBIM
rpadom, nepedncieHueM nap. IIpuMepbl OTHOIIEHMH SKBHUBAJCHTHOCTH: pAaIlOHAJIbHBIC YHUCIA,
paBHBIC U MOJOOHBIE TPEYTOJIBHUKH, HeompenenéHHble nHTerpaisl. @opmansHoe omnpenenexue. T.:
Knaccel 5KBHBaJ€HTHOCTH HE IIEpECEKAlOTCs WM COBMNAJalOT. TeOpeTHKO-MHOXKECTBEHHBIE
ornepauuu ¢ orHoumeHusaMU. Onepauusi oOpameHus. OnucaHue ¢ NOMOIIBIO OyJIEBBIX MaTpHL.
Kommo3suiust oTHOIICHHH (CBs3b ¢ 0a3aMM JaHHBIX ).

8. OpueHTupoBaHHbIE Tpadbl 1 OTHOIICHUS MTOPSIKA.

Omnpenenenne opueHTHpOBaHHOTO rpada. Mcxoasdmme u BXOASIMIME CTETIEHH — aHAIoOr (hopMysibl
CYMMBI CTeleHel JJsi HeOpUeHTHpoBaHHOTO Tpada. KOMIIOHEHTHI CHIBHOH cBs3HOCTH. T.:
Crenyromue ycIoBUs UIsl OpUEHTHPOBAHHOTO Tpada paBHOCUIBHBIL:

» Kaxxas koMIoHeHTa CUIIBHOHM CBA3HOCTH TPUBHAJIbHA (COCTOUT U3 OJHOM BEPILIHHBI).

* ['pad anuknnueckuii.

* Bepmunsl rpada MOXXKHO 3aHYMEpOBarh Tak, 4To péOpa HMAYT TOJIBKO OT BEPUIMH C MEHBIIUM
HOMEPOM K BEPIIMHAM C OOJIBIINM HOMEPOM.

[Tpumepsl OTHOWIEHHWH (YAaCTUYHOTO) TMOpsIKa, (GopmaiabHOE ompeneneHue. JIMHEHHBIA MOPSIOK.
OTHOINIEHUE HEMOCPEJCTBEHHOTO Cle/0BaHus U ero rpad (muarpamma Xacce). IlokoopauHaTHBIN
nopsioK. byneB Ky0 — IBOWYHBIE CIIOBA, YIIOPSI0UYECHHBIC TOKOOPANHATHO.

9. byneBbl QpyHKIHMH.

AnroputMm nioctpoenust JJH® (u KH®) no Tabmuiie wicruaHOCcTH Ompenenenue OyleBbIX CXEM,
peanmmsyromux OyneBbl (QyHKIMHM, Yepe3 IOCIIENOBATEIBbHOCTH IPHCBAaMBaHUK U TpadoB
(cranpaptablil 6asuc). 3amanue QyHKIMH OyneBOW cXeMoH (IOCIIe0BaTeIbHOCTRIO IPUCBAUBAHHMIA)
®opmyne—cxeMbl crienuansHoro Buaa OOmiee ompezerneHre cxeMm (JUIS MPOHM3BOJILHOTO Oaswmca).
Basuc — nonueli 6a3uc . MOHOTOHHBIE (YHKIMH: HEMOJIHOTa MOHOTOHHOTO Gasuca {/A,V }, cBasb ¢
MHO)KECTBaMHU (MOHOTOHHOCTb IO BKJIIFOYCHUIO), pacKpacka OyneBa KyOa, OLleHKa YHCIIa MOHOTOHHBIX
Oynesbix GyHknmid. Muorownens! XKerankuna. Knacesr [Tocta. @opmynuposka Teopems [locTa.

10. TTpousBoasye QyHKIHH.



Omnpenenenus u npumepsl. IlponsBonsmas ¢ynkuus 6unoma Hprorona CBoiCTBa, HYXKHBIE IS
MaTeMaTH4YecKoro aHamm3a (IKCIOHEeHTa pacTtér OblcTpee moiauHOMa M T.aI.). [Ipumenenue s
peleHus KOMOMHATOPHBIX 3ajad 3amada MyaBpa. 3amaua o cuacTimBbIX Ownerax. Haidtu umcio
LEJIOYMCIICHHBIX PEUICHUH CHUCTeMbl ypaBHEHHH Buaa X 1+x 2+ +x k=n c orpannyeHusMH Ha
3HAUCHUs TNEpPEeMEeHHBIX. UYucno pa30MeHuii n Ha pa3iIM4HbIC CllaraéMble COBIAJACT C YHCIOM
pa3Oouenuii n Ha Heu€THble ciaraemble. CBEpTku. llpumep wucmoONb30BaHMS 7Sl BBIUYMCICHUS
npousBosied  (GyHKnMM mocnenoBarenbHOCTH. Ywmcema Karamana.  *OOmmit  meron st
JMHEHHO-PEKYPPEHTHBIX mocienoBareabHocTeil. Uncna Crupnuara mepBoro pona (0e3 3Haka).
3anaua o yncne oecriopsakoB. Yucna Gubonauun. Yucna Ctupnunra Broporo poia. Uncna benna.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIbTHMEAHAIIPOEKTOPOM M SKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Tuckpetnblit ananu3. KomOunatopuka. Anreopa noruku. Teopus rpados [Teker] : yue6. mocodue
s By3oB / FO. U. Kypasnes, 0. A. ®nepos, O. C. @enpko ; M-Bo 0bpazoBanus u Hayku PO, Mock.
¢u3.-trexH. uH-T (roc. yH-T .— M. : MOTH, 2012 .— 248 c.
2. COOpHUK 3a/1a4 10 JUCKpeTHOMY aHanu3y. KomOnHaropuka. DneMeHThI anreOpbl Joruku. Teopust
rpagoB [Tekcr] : yue6. mocobue mis By3os / HO. U. XKypasnes [u ap.] ; M-Bo obpazoBanus Poc.
®deneparn, Mock. ¢us.-TexH. HH-T (TOC. YH-T) .— 2-¢ u3g. — M. : M®TU, 2000, 2004 .— 100 c.

JlononHuTeNbHAS TUTEPATypa
1. Konkpernast maremarnka. OcHoBanue uHpopmaTuku [ Tekct] : [y4ue0. mocodue st By3oB] / P.
I'paxem, [. Kayt, O. [laramnuk ; nep. ¢ anni. b. b. [loxonzes, A. b. Xonynéga ; nox pen. A. b.
Xomynésa .— 3-e uzn. — M. : Mup : bunowm. JIa6. 3nanuii, 2009 .— 703 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://www.mou.mipt.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

He npenycmorpeno.
9. MeTonuyeckne yKkazaHusl JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CIUILIHHBI (MOXYJIs)

CryneHT, M3y4alOLMil Kypc IMCKPETHOrO aHalW3a, JOJDKEH C OIHOM CTOPOHBI, OBJIAAETH OOLINM
MOHATUHHBIM alIlapaToM, a ¢ APYrodl CTOPOHBI, JOJIKEH HAYYUTHCS IPUMEHSITh TEOPETUUECKHE 3HAHUS
HAa MPaKTHKE.

B pesynbrate u3ydeHWs IUCLHUIUIMHBI CTYACHT JOJDKEH 3HAaTh OCHOBHBIE OIPENEIEHMs, MOHATHA,
aKCHOMBI, METO/IbI I0Ka3aTEIIbCTB.

VYenemrHoe 0ocBoeHHE Kypca TpeOyeT HanpspKEHHOW caMOCTOsSTENbHOM paboThl cTyaeHTa. B mporpamme
Kypca MpUBEIEHO MHHHMAJIbHO HeoOXoauMoe BpeMs [uii paboThl CTyAEHTa Haja TEMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEH/I0BAHHOM JIUTEPATYPHI;

— TpopaboTKy ydeOHOro marepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW IHUTeparype),
MOATOTOBKY OTBETOB HAa BOIPOCH, TNpPEIHA3HAYEHHBIX [UII CaMOCTOSITEIBHOTO  H3y4YCHHS,
JI0Ka3aTeJIbCTBO OTIEJIbHBIX YTBEPKIECHUM, CBOMCTB;



— peuleHue 3ajad, IpelylaraéMbIX CTYJIEHTaM Ha IPAaKTUYECKUX 3aHATUSIX U B KaueCTBE KypCOBOIO
3aaHMus;

— MOATOTOBKY K NPAKTHYECKUM 3aHATHAM, K3aMEHY.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTylIeHTa ocylecTBisercs B Qopme
UHAUBUYaIbHBIX KOHCYJIbTAlUM.

ITokazareneM BiIQAEHUS MaTepUaIoOM CIYXKHUT YMEHHE pemars 3aaadu. Jns GpopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS HAa MPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIIe
3amad. [Ipu pemenny 3a1a4u Kakaoe JeiicTBHE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIC
TEOPETUYECKHE CBEICHUS.

BaxxHo noOuThca MOHMMaHMS M3y4aeMOTo MaTepHaja, a He MEXaHHYECKOTo ero 3amoMuHaHus. [Ipu
3aTPyOHEHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYeT OOpamaTrhCsi 3a KOHCYJIBTALUSMH K
JIEKTOPY WJIM NIPENOoiaBaTeiio, BEAyIeMy IPaKTUUECKUE 3aHATHSL.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kaempa MaTeMaTHYECKUX OCHOB YIIPABICHUS

Kypc: 1

KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: J.I'. InbrHCKM, KaH[. 9KOH. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 Crniocoben ucnonb3oBarh coppemernble |OIMK-2.2 3HaeT W yMeeT TIPUMEHSTH YHCIICHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue METOAbl W MPHUKIAJHOE MPOrpaMMHOE
IPOrpaMMHBIE CPEACTBA IIPU PEIICHNUH 33/1ad  |o0ecredeHre  JuId  pelleHus  Hay4yHbIX  3a7a4 B
npo¢eCcCHOHANBHON e TeNbHOCTH, coOIonas  |npodeccnoHaIbHON obnacTu

TpeboBaHus WHPOPMAIIMOHHON 0€30MacHOCTH

[MK-2.1 3HaeT NOPUHIMUIBI TOCTPOSHUS HAyYHOHW PadOTH,
MeTonbl cOopa M aHaju3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaINH

[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHBIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.2 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCIICZIOBAHMsI CaMOCTOSATENIbHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

[MK-2.3 CnocobeH mNpoBOIUTH anmpoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKaluK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydeHus JUCIUILIMHB «[HCKPETHBIN aHaIN3y 00y4YarONIHiiCs TOJKEH:

3HATh:
- (pyHmameHTanbHBIC OHSTHSI, 3aKOHBI, TEOPHH JUcKpeTHON Matemaruku (AJIKTT);
- COBpEMEHHbIE MPOOJIEMBI COOTBETCTBYIOIINX pa3nesioB auckpetHoi marematuku (AJIKTI);
- IOHATHUS, AKCUOMBI, METOIbl JI0Ka3aTeJIbCTB U JIOKAa3aTelbCTBA OCHOBHBIX TEOPEM B paszzeiax,
BXOZSIIUX B 0a30By10 yacTh nukia AJIKTT;
- OCHOBHBIE CBOHCTBA COOTBETCTBYIOIINX MaTeMaTHYECKUX OOBEKTOB;
- QHAJUTUYECKHWE M YHMCIICHHBIC MOAXOABI M METOIBI JUIsl PEHICHUS! THIOBBIX NPUKIAAHBIX 3a1ad
nuckperHor Mmaremaruku (AJIKTT).
YMeThb:
- IIOHSThH IIOCTABJICHHYIO 3a/1a4y;
- CIOJIB30BaTh CBOM 3HAHMS AJISl pelIeHus (yHAaMEHTANbHBIX U NpuKiIagnbix 3agad AJIKTT
- OLICHUBaTh KOPPEKTHOCTb IOCTAHOBOK 3a/1a4;
- CTPOTrO JI0Ka3bIBaTh WM ONPOBEPTaTh YTBEPKICHUE;
- CaMOCTOSITEJIbHO HaXOAUTh alropurMsl pemenus 3agad AJIKTI, B ToMm umcie U HeCTaHOAPTHBIX, U
MPOBOJUTH UX aHAIIN3;
- CaMOCTOSITEIbHO BUAETh CJIEACTBUS IIOJIyYEHHBIX PE3Y/bTaTOB;
- TOYHO TIPEACTaBUTh MaTeMaThueckue 3HaHus B oonactu AJIKTI B ycTHOH M nmuceMeHHOH Qopme.
BJa/IeTh:
- HaBBIKAMU OCBOEHHsS 0ojbmIOro obovema wHpopmanuu u pemenus 3anad AJIKTT (B Tom uucre,
CJIOKHBIX);
- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;
- KyJABTYpOW TOCTAHOBKH, aHalW3a M PELICHUS MaTeMaTH4YeCKHX M MPUKIAAHBIX 33a/ad, TPeOyromux
JUTSL CBOETO PEILIEHUS UCTIOIh30BaHMI MaTeMaTHUeCKUX Moaxon0B 1 MetonoB AJIKTT;
- IPEIMETHBIM S3BIKOM JAUCKPETHON MaTeMaTHUKH U HaBBIKAMU TPAMOTHOTO ONMCAHUS PELICHUS 3aa4 U
[IPECTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIIeMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MPOBOAUTCS YCTHBIH ONpoC B
Hayaje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.



3. IlepevyeHb THMOBBIX KOHTPOJIbHBIX 33JaHUI, HCIOJIb3YeMbIX JISl OLEHKU 3HAHUM,
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YMeHUil , HABBIKOB

Anrebpa noruku. byneBbsl pyHKIUM U cIOCOOBI UX 3a7jaHus: TaOIULIbI HCTUHHOCTH,
(dbopMyIIbI, BEKTOp 3HAYCHUH.

3aKOHbI KOMMYTaTUBHOCTH, ACCOLIMATUBHOCTH U AUCTPUOYTUBHOCTH, IPUOPUTET
onepauui.

3aKOHBI OTJIOIEHMS.

PaBenctBo OyneBbIx QyHKIMIA (1 OyiIeBbIX Gopmydm).

Cy1iecTBeHHbIE U (UKTHBHbIEC IEPEMEHHBIE.

MHOXeCTBa U JIOTHKA.

MHoxecTBa U onepanuy HaJl HUIMH.

CBs13b anreOphl JJIOTUKH U anreOpbl MHOXKECTB: MPEIUKAThI, OHUBEPCYM H JIOTIOJIHEHHE,
3aKOHBI 16 MopraHa, KBaHTOPbI, SKBUBAJICHTHOCTb TOXIECTB aJreOpbl MHOXKECTB U
anreOpbl JIOTUKY, UMIUTMKALIKS ¥ BKJIIOUYEHHE MHOXKECTB, KOHTPATIO3UIIHSL.
MaremaTtnueckue onpeaeaeHus, yTBepKACHUA U 10Ka3aTeIbCTBA.

Omnpenenenue, yrBepKIeHUe, TEOPEMa, KpUTEPUi. 3alich YTBEPKACHUN B KBAaHTOPAX
(popmyBI IEPBOTO MOPSIIKA).

MeToapl 10Ka3aTeNbCTB: KOHTPAMTO3UINS, HHIYKIHS, OT IPOTUBHOTO, KOHCTPYKTHUBHBIE
(mpuMepBl M KOHTPIIPUMEPHI), HEKOHCTPYKTHBHBIE.

I'padst I. HeopuentupoBanHsie rpadsl.

Onpenenenue HeOpueHTHPOBaHHBIX rpadoB CreneHb BepiinHbl. CyMMa cTeneHel BepILInH
— YJIBOEHHOE KOJIMYECTBO pEOEp.

Yucno moaei, caenaBux Heu€THOE YUCIIO PYKONOXKAaTUH, YETHO.

TeopeTuko - MHOKECTBEHHBIE OTIepannu C rpadamu.

Onpenenenue noarpada. OnpeneneHue nyrei u UKIOB (dyepe3 noAarpadsl). Ces3HbIE
rpadpl 1 KOMIIOHEHTHI CBSI3HOCTH (Uepe3 moarpadul).

I'pader I1. JIeperbst. CBsa3HocTh. Teopema «#KoMmoHeHT cBsisHocTh = V| — |E| ».
MapiipyTsl ¥ 3aMKHYThIE MapIIPYTHI.

Mexay 1Byms BepIInHaMU rpaga ecTh MyTh, €CIIM MEXy HUMH €CTh MapIpyT.

JepeBbs. Teopema 00 3KBUBaJIEHTHOCTH YETHIPEX CBOMCTB. PaccTosiHre Mexay
BepILIMHAMH, TuameTp rpada. Juamerp moboro csizHoro rpada He npeBocxo T |V | — 1.
JIBypackpaiuBaemsblii rpad. I'pad nBypackparmBaemblii TOT/Aa U TOJIBKO TOT/1a, KOT1a HET
LUKJIOB HEYETHOM IITUHBI.

OWnepoBbl MapIIPYTHI.

JIBynonbHble rpadsl, napocodyeTanus U pyHkuuu. Teopema Xosa (6€3 10Ka3aTeNIbCTBA).
Oynkuu (06J1aCTh OMpeIeTIeHUs, MHOKECTBO 3HAUCHH, 00pa3, MOIHBIN mpoolpas).
OTto0paxkeHus (BCroly onpeenéHHble (YHKIINN): MHBEKIUH, CIOPBEKLUHN, OMEKIIUH.
OtobOpaxkeHus U 3a/1a4a 0 HA3HAYCHUSX.

N3omopdusm rpados.

JlokazaTtenbCcTBO TeopeMbl Xouia*,

KomoOunaropuxka I. [IpaBuna cyMMbl ¥ IpOU3BEACHUS.

OtoOpaskenus u noacuérsl. [IpaBmiio cymmel. [IpaBuio npousBeneHus — OUEKIHS C
JIeKapTOBBIM NPOU3BEICHHEM MHOXeCTB. YHCIIO ABOUYHBIX CIIOB JIMHBI n. Yucio
MOJIMHOXKECTB N-3JIEMEHTHOI'O MHOKECTBA.

Pasmemenus. [lepecranoBku. [Togcuér konuyecTBa ci1oB JUIMHBI K ¢ pa3HBIME OYKBaMH.
[Tocy€Thl € KPaTHOCTHIO: CKOJIBKO PA3IMYHBIX CJIOB MOYKHO COCTaBHUTbH U3 CJIOBA
«Matematuka»?

Yucno coueranuil. KonuuectBo k-31eMEHTHBIX TOJMHOKECTB N-3JIEMEHTHOTO MHOXECTBA.
JluckpeTHas BEPOSTHOCTD.

Komb6unaropuxka 1. bunomuansasie koapdunuenTsl. KonnuecTBo myrei o y3iaam KIeTOK
(BrpaBo u BBepx) u3 (0,0) B (1,j) ecTh yKcno couetanuit u3 i+j 1o i.
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Tpeyronbauk [lackans u ero cBOKWCTBa: CHMMETPHS, BO3pacTaHUE OMHOMHAIIbHBIX
K03(pPHILIMEHTOB K cepeivHe, OIIeHKA LIEHTPAIbHOTO K03 puiineHTa.

bunom HetoTrona n 6unomuanbhbie k03 duimenTsl. PekyppeHTHOE COOTHOIIEHUE.
Cymma OMHOMHUAITBHBIX KOA((OUIIMEHTOB U €€ KOMOMHATOPHBIM CMBICI. 3HAKOMIEPEMEHHAasI
cymMMa OMHOMHAJIBHBIX KO3 (OUIIMEHTOB.

KomOunaTopHble oka3arenbeTBa. PekyppeHTHOE COOTHOIIEHNE Ha OMHOMHATIbHBIE
koad¢umeHTs! B TpeyronbHuke [lackand. 3amaya o KoMaHaAUpe U coyigaTax.

Merton Touek u neperopoaok. @opmyina Myaspa.

Yucmo moHoMoB crerniern d. Uuceso coueTanuii ¢ MOBTOPEHUSIMHU.

Yucna OGubonayuu.

Uucna Kartaana (mokazaTenbCcTBO SBHOW (POPMYIIBI).

Komb6unaropuxka III. @opmyna BKIIOYEHUI-UCKIIIOUEHUH.

Xapakrepuctudyeckue QyHkiuu. JlokazaTenabcTBO GOPMYJIIbl BKIFOUEHUNH-UCKITIOYSHHH.
[Ipumepst: konnuectBo uncels oT 1 g0 1000 He aensmuxcs HU HA 3, HU HA 5, HU Ha 7;
CBSI3b CO 3HAKOMEPEMEHHOI CyMMO OMHOMUATIBHBIX KOO(PPHUIIMEHTOB; MOACUYET
CIOPBEKLIHA.

[Toncuér yncna orobpaxeHuit (BCo1y onpeaenéHHbIX GyHKINi), QyHKINUNA, HTHBEKIIHIHA,
OMeKIM M3 N-3JIEMEHTHOTO MHOXECTBA B N-3JIEMEHTHOE MHOYKECTBO.

MuosxectBa 1 GpyHkiun. CMbIcT 0603HaYeHHi 24 171 MHOKECTBA BCeX NMOAMHOMKECTB U
Y X nns MHOKecTBa oTOOpaxeHuii u3 X B Y.

[Mpuniun Jupuxie: npy M > N HeT uHbeKwy u3 {1,...m} B {1,....n}.

bunapusie otHOomeHust. OTHOIIEHUS SKBHBAJICHTHOCTH.

dopmanbHOE OIpeielieHHe OTHOLIEHUH U X CBOMCTB: pe(pIeKCUBHOCTh, TPAH3UTUBHOCTb,
CUMMETPUYHOCTh, aHTHCUMMETPUYHOCTD. 3aaHne ONHAPHOTO OTHOIICHHS TaOJIHUIICH,
JIBYJIOJIbHBIM TpadoM, iepeuncienueM nap. [Ipumepsl OTHOILIEHUIT S5KBUBAJICHTHOCTH:
palroHaIbHBIC YMCIIa, PABHBIC U MTOI00HBIEC TPEYTOJIbHUKH, HEONPEAeIEHHBIC HHTETPAITBL.
®opmanbHoe onpenesnenue. T.: Kiacchl S5KBUBAIEHTHOCTH HE IEPECEKAIOTCS UITN
COBIMAJIAOT.

TeopeTrKo-MHOXKECTBEHHBIE ONEpalliy HaJ OTHOLIeHUsIMH. Omneparius oOparieHus.
Onucanue ¢ nomouipio 0yneBsix Marpull. Komnosunus oTHomeHui (cBsA3b ¢ 6azamu
JTAaHHBIX ).

OpueHTHpOBaHHBIE Tpadbl U OTHOIIECHUS MOPS/IKA.

Omnpenenenne opueHTHPOBAHHOTO rpada. Mcxoasamme 1 BXOIAIIHEe CTeIIEHH — aHAJIOT
(bopMyIbl CyMMBI CTENIEHE! 111 HEOPUEHTHUPOBAHHOTO Ipada.

KOMITOHEHTBI CHIIBHOM CBSI3HOCTH.

T.: Cnenyromue ycioBus JUIsl OpUEHTUPOBAHHOTO Ipada paBHOCHIIBHBI:

» Kaxx;1as KOMIOHEHTa CHIIBHOM CBSI3HOCTU TPUBHAJIbHA (COCTOUT U3 OJIHOM BEPIINHBI).
* ['pad aumknuyeckuit.

* Bepmmas! rpada MOKHO 3aHYMEpOBATh TaK, 4YTO pEOpa YT TOIBKO OT BEPIINH C
MEHBIIUM HOMEPOM K BEPIIMHAM C OOJIBIINM HOMEPOM.

[Tprmeps! OTHOLIEHUH (YaCTUYHOTO0) OpsAKa, popMasbHOE ompeneiaeHue. JIMHeHbIi
nopsiiok. OTHOILIIEHHE HETOCPEACTBEHHOIO ClIeIoBaHMs U ero rpad (1uarpamma Xacce).
IToxoopIMHATHBIN TOPSAIOK.

ByneB kyO — 1BOMUHBIE CIIOBa, YIIOPSAJOYCHHbIE TOKOOPIUHATHO.

bynesbl pyHKIINH.

Anroputm noctpoenust TH® (u KH®) o tabauue ucruanoctu Omnpenenenue OyaeBbIX
CXEeM, peaTU3yIOIUX OyIeBbl PYHKIINH, Yepe3 TOCIeI0BATEIbEHOCTH TIPUCBANBAHUN 1
rpa¢oB (cTaHgapTHBIN 0a3uc). 3aganue GyHKIUU OyJIeBOM cXeMoit
(TTocneI0BaTeTbHOCTHIO TIPUCBAMBAHU ).

DopMyIbI-cXeMbl crieragbHoro Buaa. Ooriee onpeneneHue cxem (A7 MPOU3BOIBHOTO
Oazuca).

ba3zuc — nonuelii 6a3uc.
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MonoToHHbIE GYHKIIUN: HETIOJTHOTa MOHOTOHHOTO 0asuca {A,V}, CBs3b C MHO)KECTBAMH
(MOHOTOHHOCTH IO BKJTFOUCHHIO), packpacka OyseBa Ky0a, OIleHKa YKCJIa MOHOTOHHBIX
OyneBbIX (QYHKIHH.

Muorouiensl JKerajikuHa.

Kitaccel Ilocra. @opmynuposka TeopeMsl 1locra.

[TpousBoasmue Gpynkuuu. Onpenenenus u npumMepsl. [IpousBoasimas GpyHKIus OMHOMA
Hororona CBolicTBa, HyKHBIE JUIsl MATEMaTHYECKOTO aHaIN3a (IKCIIOHEHTA PacTET
ObIcTpee moauHOMa U T.11.). [I[puMenenue 11 periennsi KOMOMHATOPHBIX 3a/1a4.

3anaua Myagpa.

3amaya 0 cUaCTJIMBBIX OWieTax.

Haittu yncno nenoYrciieHHbIX PENIEHN CUCTEMBI YPaBHEHUM BUJA X1 + Xy + -+ X = N
C OrpaHUYCHUSIMH Ha 3HAYCHUS TIEPEMEHHBIX.

Uwucno pa3OueHuil n Ha pa3TUYHbBIE cllaraeMble COBIAIACT C YHCIOM pa30UeHMI n Ha
HEYETHBIE cIaraeMele.

Ceéptku. [Tpumep MCTIOIp30BaHUS IJIs1 BBIYUCICHUS TPOU3BOISIICH (DYHKIIUN
MOCIIE0BATEIHLHOCTH.

Yucna Karanana.

*O01muii METOT AJIsl TMHEHHO-PEKYPPEHTHBIX MOCIIEI0BATEILHOCTEH.

Yucna Ctupnunra nepBoro poja (0e3 3Haka).

3anaya o uncie oecropsaakoB. Yucna Oubonauyu.

UYucna Ctupnunra Broporo poaa. Yucna benna.

Ha kaxxaoM ceMuHape CTyJIeHTaM IPeIaralTcs 10MallHue 3aJaHKsl, HallpuMep, TaKoe:
IIpumep nomManiHero 3aiaHus

Jomamnsisi padora

1.

BepHo JIK, 4YTO OJIA JIFOOBIX MHOKECTB A 1 B BBINOIHAETCSA PaBCHCTBO

(A\B) N ((A U B)\(A4 N B)) = A\B?

2.

3.

BepHno 1, uto st 1r006IX MHOXKECTB A, B 1 C BBITIOJIHIETCS paBEHCTBO
(CA\B) U (A\C)) n (A\(B N ()) = A\(BU ()?

BepHno 1, uTo n7st 11006IX MHOXKECTB A, B 1 C BBITIOJIHIETCS] paBEHCTBO

(AN B\C = (A\C) n (B\C)?

4.

BepHno nu, uTo 17151 TH0OBIX MHOKECTB A U B BBINOTHSAETCS BKIIFOUCHUE

(AU B)\(A\B) < B?

5.

[Tycts P = [10,40]; Q = [20,30]; u3BecTHO, YTO OTPE30K A YIOBIETBOPSET
COOTHOIICHUIO

(x€ed) > (xeP)A((x€Q)— (x€A)).
Haiinure oTpe3ok A MakCUMaibHO BO3MOXKHOU JITUHBI.
Haiinure oTpe3ok A MUHUMAIbHO BO3MOXHOM JTUHBI.

[Ipo muoxectBa A, B, X, Y uzBectHo, uto AN X =B NX,AUY = BUY. BepHo nu, uto
toraa BeimouHseTcst paBeHcTBO A U (Y\X) = B U (Y\X)?

Ilycts A1 2 A, 2 A3 2 -+ 2 A, 2 - — HeBoO3pacTarouas NocieJ0BaTEIbHOCTD
MHOXecTB. M3BecTHO, uT0 A1\A, = Ag\Aq. Hokaxure, uto A,\A4,; = A3\As.



8. Ilycte A, B, C, D — takue otpe3ku npsmoit, uto A A B = C A D (cummeTpudeckue
pa3HOCTH paBHBI). BepHo 1, uTo BBINMOTHSETCS BKitoueHne A N B € C?

IIpumep KOHTPOJILHOI PadoOTHI
1. lns Kakoro €j0Ba J0KHO BBICKa3bIBAHUE

«[lepBas OykBa cioBa riacHas — ( Bropas OykBa cnosa rnacuas V [locnennsis OykBa cioBa
riacHas)»?

1) xapa; 2) opaa; 3) oropox; 4) mapa.
2. JIOKaXUTe, yTo X >y =X VY, XAy =XVYyXx >y =X A Y.

3. Haiigure anst popmyinsl (x Az) V (x A =z) V = (=x = —Y) paBHOCWIbHYIO GopMyILy (cpenu
dbopmMy HUXKE), TpeoOpa3oBaB MEPBYIO.

a)l; 6)x A(zVYy); B)xVYy; ).
4. I[OKEDKI/ITG [[I/ICTpI/I6YTI/IBHOCTI) JAU3BIOHKIIMHY OTHOCHUTCIIBHO DKBHUBAJICHTHOCTH.
xVyez)=xVy) o (xVz).

5. byneBa ¢pynkuus MAJ (x4, x5, X3) Bo3Bpamiaer 1 Toraa v TOJIBKO TOT1a, KOTJa XOTs ObI 1BE
nepeMeHHble U3 Tpéx paBHbL. Beipasutre MAJ (x4, x5, x3) yepe3 OyneBy Gpopmyimy.

6. Jlokaxute cnemyrontue Gpopmyisl pasioxenuii (Lllennona u Puna):
fOen,xg, e xn) = (L A0, %0, 0, x)) V(1 A (L, x5, .0, X)),

[, Xz, %) = (LD x1) Af(0, %z, 0, X)) D (21 A f(L, %2, 000, X))
7. byneBa hyHKIHS 3a1aHa BEKTOPOM 3HadeHul: f(xq, x5, x3) = 10100101.
a. Onumute f yepe3 TaOIUIY HCTHHHOCTH.

b. Kakue nmepeMenHbIe [ SBIAIOTCS CYIIECTBEHHBIMH; (DUKTHBHBIMU?

C. OnumuTe f yepe3 OyneBy hopmyy.

8. bynesa ¢ynkuus f 3anana gopmynoii. Beipasute f yepe3 Tabnuily HCTUHHOCTH U (GOpMYITy €
onepanusimMu AV, — (B cTaHZapTHOM 0asuce):

f(x1,x3) = %1 D x, D (%1 Ax2);
f(x1,%2,%3) = %1 D x2 D x3 D (X1 Axz) D (%1 Ax3) D (xz Axg) D (x1 Axy Axg).

9. Jlokaxxute, 4TO HE cyllecTByeT OyneBoi pyHKuuu f (x,y), CyleCTBEHHO 3aBUCSIIEH OT
00enx mepeMeHHbIX, TAKOW YTO

fxy) =f&x ).

10*. Jlokaxkute, 9To Jr000€ TOXACCTBO Buaa A = B, rie A u B — OyneBbl GOpMYIIBI CO
CBsI3KaMu AV, —1, OCTaHETCA BEPHBIM, €CJIN B HEM Bce KOHBIOHKIINU 3aMCHUTH HA
TU3BIOHKIINH, & TU3BIOHKIIUU 3aMEHUTHh Ha KOHBIOHKIIUU.

11*. ITocTpoiiTe TaKylo JIOTHYECKYIO CBA3KY (OyseBy (DYHKIMIO OT JABYX MEPEMEHHBIX ), UTO
mo0as OyneBa PyHKITHS BeIpa3uMa B BUAE (GOPMYJIBI C TOM CBSI3KOA.



IIpumep cemecTpoBOii KOHTPOJILHOM padoThl Nel

IIpuBenute oTBeT (000CHOBAHME HE TPedyeTcsl).

3anummuTe oTBET Ccpa3y nocje ycjiopusi 33)13‘1]/]! He o6s3aTensHO IMPUBOJUTH B OTBCTC YUCIIO B
HeCﬂTHqHOﬁ 3aIMcCH, €CJIN B YCJIOBHUH HE Tpe6yeTCH YHCJICHHBIN OTBET. B clIeayronmx
pasaciiax mocjc yCiaoBUs 3aJa4 3allUIIUTEC et peuicHuc.

1. HaﬁI[PITC YHUCJIO CEMHUIJICMCHTHBIX ITOJMHOXKCCTB ACBATHOJICMCHTHOI'O MHOXKECTBA.
OTtBeToM JOJI2KHO OBITH YKCIIO B HeCﬂTHqHOﬁ 3aIIucCu.

OtBer:

2. Haiinure GukTHBHBIC IEpEeMEHHBIC Y OYyIeBOM (QYHKIIMH, 3aIaHHON BEKTOPOM 3HAYEHU
11001100. OTBeTOM AOMKHO OBITH UUCIIO B ACCITUYHON 3aMKCH.

OTtBer:

3. JlecoM Ha3bIBaeTcs rpad, KOMIIOHEHTAMH CBSI3HOCTH KOTOPOTO SIBJISTFOTCS JIepeBbsi. HaliTu
KouecTBO pEdep B siecy, coaepxkaiieM 2019 pepmna u 100 KOMIIOHEHT CBSI3HOCTH.
OTBETOM JOJIKHO OBITH YHCIIO B ACCATUYHOM 3aITUCH.

OrtBer:
4.  HaiiguTe 9MCI0 MPaBUIIBHBIX pacKpacok rpada-3e3nbl Ha 11 BepmmHax B TPH LBETA.
OrBer:

5. CxompKuMH cTIOCOOaMHU U3 TIOITHOM KOJ0AB! (36 KapT) MOXKHO BBIOpATh 7 KapT Tak, 4YTOOBI
Bce 4 MacTu B 3TOM HabOpe OKa3aJIuCh MPEACTABICHBI XOTS OBl 110 pa3y?

OTBer:

HpnBe}mTe OompeacjaceHmue u 000CHOBAHHO OTBETLTE HA BOIIpoOC.

6.  JlepeBo. BepHo nu, uTo ecnu B rpade YUCIIO BEPIINH HA €AUHUILY OOJIbIIE, YeM YHCIIO
pebep, To rpad — nepeBo?

7. WNubekuus. Halinure uncno nabekuil n3 Maoxkectsa {1,2,3, ...,2019} B MHOKECTBO
{1,2,3,...,2007}. OTBeTOM JOIKHO OBITH YMCIIO B IECATUYHOH 3aITHCH.

8.  3axomsl ge Moprana. Jlokaxure, uto ecti AN (BUC) =AUD, 10 AU(BNC)=AN
D.

IIpuBennTe 000CHOBaHHBbIE pellICHUS

9.  CKoJIBKHMH CIIOCOOAMHU MOXHO BBUIOXKHTB B P 25 KPacHbIX, 25 CHHUX U 25 3e1EHBIX
[I1apOB, TaK YTOOBI HUKAKHUE JIBA CHHUX LIapa He JIexkallu psiiomM?

10. Ha okpyxHocT otmMedeHbl 2020 pa3nuvHbIx Todek. OHA U3 ITUX TOYEK CHHETO IBETa, a
ocTajbHble — KpacHOro. Kakux Ayr OKpyKHOCTH ¢ KOHIIaMH B JIBYX Pa3JIMUHBIX U3 ATHX
2020 Touek OombIIe: T€X, HA KOTOPBIX JIEXKHUT CUHSS TOYKa (B TOM YHCIIE, BO3MOXHO, B
KaueCTBE OJHOI0 U3 KOHIIOB), WM OCTAJIbHBIX?



11. HaiiauTre KOJTUYECTBO BCEBO3MOXKHBIX Tpoek MHOXecTB A, B, C € {1,2,3, ...,8}, s
KOTOPBIX BBIMOJHSIOTCS yeioBus |A| = |B| = |C|=4u|ANB|=|AnC|=|BnC(C|=
2.

12.  CymectByert 1 Takoe otoopaxenue f: N; — Ny, uto u3 1000ro cBA3HOTO (IIPOCTOTO
HEOPHEHTUPOBAHHOTO) Tpada, B KOTOPOM CTEIeHb KaX 1011 BepInHbl He MeHbIe f (k),
P yJIAJICHUH JIFOOBIX K BepIIuH (CO BCEMH CMEXHBIMH PEOPAMM ) TTOTYUAETCsI CBSI3HBII

rpad?

13. B cTpane U3 KaxxJ0ro ropo/ia HCXOIUT HE MEHbIIE M > 2 IByCTOPOHHUX aBTOMOOMIIBHBIX
JIOpOr U J1100bIe Ba rOpoAa CBsA3aHbl He 0oJiee yeM 0/1HOM Joporoi. Jlokaxure, 4To
HEKOTOPBI TOPOJ JICKUT HA KOJBIIEBOM MApIIPYTE JUIMHBI HE MEHbIIE M + 1, B KOTOpOoM
BCE ropojia pasHble, T. €. U3 TOPOa MOXKHO BhIEXaTh B IPYTO, U3 JPYroro B TPETUH U TaK
Janee, Kax /bl pa3 OTHpaBisisICh B HOBBIM rOpOJI, U BEPHYTHCS B KOHLIE MapIIpyTa U3 m +
1-ro ropoa B epBBIii.

IIpumep cemecTpOBOii KOHTPOJIBLHOI padoThI Ne2

IIpuBennre oTBeT (000CHOBaHME He TPedyeTcs).

Ha Bpinosinenne Tecra naércst nojaropa yaca! 3anuiure oTBeT cpa3y 1nocjie yCJa0BHA
3agpaun! He 00s3aTensHO NIPUBOAUTE B OTBETE YHCIIO B IECATUYHOM 3aMTUCH, €CIIH B
YCJIOBHH HE TpeOYyeTCs YNCTICHHBIN OTBET.

1. [TpuBenuTe MpUMEp OJHOBPEMEHHO HEPEIICKCHBHOTO U HE aHTUPEIICKCUBHOTO
OMHApHOTO OTHOIICHUs Ha MHOXecTBe {1,2,3}.

Otsert:

2.  Tlocrpoiite JIH®-paznoxenue st pyHknun, 3ananaon Bekropom 10110010.

Otsert:

3. HaiiguTe 9ynciio MHBEKIMA U3 5-3JIEMEHTHOTO MHOXKECTBA B 8-2JICMEHTHOE MHOXKECTBO.
Otsert:

4.  Ckonbko noarpados rpada Ks sSBIAIOTCS HUKIAMH JUIUHBL 47

Otser:

5. Kaxxnprit n3 4eThIpEX 9K3aMEHOB B CeCCHIO Ha <<oTiau4yHO 10>> cnanu no 42 cryaeHTa,
MIPU STOM KXKYIO Mapy SK3aMEHOB Ha <<OoTn4yHO 10>> canu 1o 5 CTyAeHTOB, Kaxable
TpH DK3aMEHa CAaJIu Ha OTJIMYHO I10 3 CTYACHTOB, a BCE€ 9K3aMEHbI Ha <<OTJIMYHO 10>>
cAanyu ToJbKO 2 yenoBeka. CKONBKO CTYACHTOB MOMYyUMIH <<OTAU4HO 10>> X0Ts OBl 3a
OJIUH 3K3aMeH?

OTBer:

IIpuBennre onpenenenune

6. HauOonpmmii aiieMeHT.

7. CamopaBoHcCTBeHHas! (GYHKIIHS.



8.

N3omopdubie rpadbl.

O00cHOBAHHO OTBETHTE HA BOIIPOC, ONMUPASICh HA ONIPEACICHUEC

6.

[TpuBenuTe npUMep OTHOLIEHUS NOPAAKAa HA OECKOHEUHOM MHOXECTBE, B KOTOPOM €CTb
HauOOJIBIINI 3JIEMEHT.

[TocuuTaiite KonuuecTBO OyJIEeBbIX PYHKIUN OT 1 IEPEMEHHBIX, KOTOPBIE SIBIISIFOTCS
OJIHOBPEMEHHO JIMHEHHBIMU U CAMOJIBONCTBEHHBIMHU.

9999
CKobKO HEM30MOP(HBIX HEOPUEHTUPOBAaHHBIX I'padoB Ha 9999 BepmmHax C ( 2 ) -2
p&opamu?

HpI/IBe}IHTe 000CHOBAHHDIE peuICcHUs

9.

10.

11.

12.

13.

CKONBKUMHU CITIOCOOAMH MOXKHO PacCeNuTh 25 rocTel (3To pa3Hble Mou!) B TOCTHHOM,
crnajibHe, KyXHe M Ha uepJaKe, eciy TpeOyeTcs YToObl HA OJTHA U3 KOMHAT HE OCTajach
MyCTOU?

33.(1)1/IKCI/IpyCM MHOkecTBO U. OnummuTe Bce OTHOIICHUSA SKBUBAJICHTHOCTH Ha U, KOTOPBIC
SABJIAIOTCA YaCTUYHBIMU IMOPAJKAaMH Ha U.

Mesxty mo0bIMU JBYMsI BEPUIMHAMH X U Y IPOCTOTO OPUEHTHPOBAHHOTO rpada G
CYIIECTBYET POBHO OJIMH ITyTh: KOO IyTh U3 X B Y, TNOO MyTh U3 Y B X.
HeopuentupoBanusiii rpad G' nonyden u3 rpada G yaaieHueM opueHTaIun péoep.
Jlokaxkute, 9T0 B G €CTh OCTOBHOE JIEPEBO, SBJISAIONICECS IPaPoOM-TIyTEM.

Paccmotpum otobpaxkenus f:{1,2,3,...,13} — {1,2,3, ...,13}. Haiiaure yncio Takux
otobpaxenuii, uto f13(1) = 1; nox f13 nonumaerca xomnosuuus: f(f(f(... f(x)))).

13
[Mycts A = {1,2, ..., n}. HaiiquTe KOJIMYECTBO HEYMOPAIOYCHHBIX TPOeK MHOXKeCTB X, Y, Z
(MHOXeCTBa He 00s3aTeNbHO Pa3IN4YHbI), Takux uto X UY U Z = A.

4. Ilepeyenb THNOBBIX (IPHUMEPHBIX) BONIPOCOB M TEM /JIsl IPOBEICHUS] IPOMEKYTOYHOM

arrecTalMu 00y4aroIMXCH M0 UTOraM o0yUeHust

IIpoMexyTouHas aTTecTanys o JUCUUIUIMHE «/{HCKpETHBIN aHaIN3» OCYLIECTBIIAETCS B
¢bopme sK3aMeHa. DK3aMeH MPOBOAUTCS (popmMe TecTa + YCTHBIHM ompoc.

Ha sx3amene npeajaaracTcsa TeCT, BOIIPOChI KOTOPOTO OJIM3KU 110 AYXY K l'IpI/IBCI[éHHLIM HWXKC.



[IpumepbI TeCTOBBIX BONPOCOB

OTBeTbTe HA BOoNpochl. O0ocHOBaHue He TpeOyeTcs. He 00513aTe/IbHO NPUBOANTDH B OTBETE

© © N o

11.

YHCJIO B 1eCSITHYHOM 3alIUCH, €CJIM B YCJIOBHM 3TOro He TpedyeTcs.
Haiinute cummerpuueckyro paznocts muoxects {0,1,2,3} u {1,3,5,7}.
Uemy paBro msitoe ynciio Gubonauun (Fs)?

W3BecTHO, yTO BEeKTOp 3HaueHH OyneBoit pynkuuu f umeer Bux 07 10?71?71, roe 7 "—
910 0 nnm 1. Haiiaure 4nciao BCeBO3MOXKHBIX GyHKIUH f. OTBETOM JOIKHO OBITH YUCIIO B
JIECATUYHOM 3anucu.

CKOJIBKO CYIIECTBYET MOJIMHOKECTB U3 5-371eMeHTOB y 10-3]1eMEeHTHOTO MHOYKECTBa?
OTBETOM JOJKHO OBITH YHCIIO B JECATUYHOM 3aIKUCH.

CKOJIBKO He 0053aTeIbHO OCMBICIIEHHBIX CJIOB MOXKHO TOJTYYUTh MEPECTaBIsisl OyKBBI B
cinose <<['OJIOCJIOBHbI>>?

Haiinure yncno nabeknuid u3 maoxectna {1,2, ...,7} 8 {1,2, ...,10}.
HaiijuTe uKcI0 pasaMYHbIX MPABUILHBIX PACKPACOK Ipada-myTH UIMHEL 5 B TPU LBETA.
Haiigure xo3pdunuent npu unene x2y3z* s pasnoxenun (3x — 2y + z)°.

[IpencraBeTe OyneBy GyHKIUIO f, 3anaHHy0 BekTopoM 3HaueHuit 00101001, B Buze
JAHO®.

HaiinuTe BeposiTHOCTh COOBITHS <<IpU OPOCAHUHU JABYX KOCTEH BbINANO 9 OUKOB>>.

CkobpKo oarpagoB-TpeyroabHUKOB y Tpada Ks?

Cnucok onpeneseHui

1.

o g > w D

~

10.
11.
12.
13.

Jlormueckue onepanuu: KOHbIOHKIUS, TU3bIOHKIUS U OTPUIIAHNE

Jlornueckue onepanuu: ummuiukanus, XOR (uckioyaromiee nin) U 3KBUBaJICHTHOCTh
Bbynessl pynkiuu. 3ananne Ta0auIe HICTHHHOCTH U BEKTOPOM 3HAYECHHI
CymiecTBeHHbIE U GUKTHBHBIE ITEpeMEHHbIE OyneBON (PyHKIIMU

MHO0kecTBO, TOJIMHOKECTBO, PABEHCTBO MHOXKECTB

Onepanuu ¢ MHOXKECTBaMH: 00bEeTHUHEHHE, TIepeceyeHIe, Pa3HOCTh, CHMMETpUYECKas
paszHocTb. [luarpammel Diinepa-Benna

3akoHbl Moprana (c 060011eHreM Ha TPOU3BOJIBHOE CEMEUCTBO MHOXKECTB)
3aKOH KOHTPANO3ULIUN

Merton MaTreMaTUYECKON MHIYKIIUU

['padsl. OcHOBHBIE OnpeaeneHns: pedpa, BepIIUHbI, CTETIEH! BEPILIUH.
bazoBble rpadsl: rpad-myTh, rpad-1uK, MOIHBIN rpad, rpad-3Be3aa
[Tonrpader. IlyTs, 1MKI, KIUKa U HE3aBUCUMOE MHOKECTBO

KowmmoneHnTa cBsizHocTH. MHaympoBaHHbIi moarpad



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24,

25.
26.
27.

28.

29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.
40.
41.
42.

Hepess. [Tonmable 6uHapHbIe AepeBbs (cMm. I3 7)

[TpaBuiibHEBIE packpacku rpadoB. DopMyIHpPOBKa KPUTEPHs 2-paCKPAIINBAEMOCTH
JBynonbHbie rpadsl. JByAoIbHBIC U ABYpacKpalIuBaeMbie Tpadbl

OWepoBbl 3aMKHYTHIE MapUIPYThI

Oynaknun. O61acTh ONPEACIICHUS] © MHOYKECTBO 3HaUYECHUN

O06pa3 MHOKECTBA M TIOJHBII TIPooOpa3

Orobpaxkenus (Bcroay onpenenéHubie GyHKIUN). MHBEKINN, CIOPBEKIIMN U OUEKITUN
IIpaBuno cymMMsbl

[IpaBuio npousBeneHus

KomOunatopubie yncna. Yuciio nepecTaHoBOK, YUCIIO MOJMHOXKECTB pa3mepa k y -
AJIEMEHTHOTO MHOKECTBA

Xapakrepuctuueckasi GyHKIHS U €€ UCTIONb30BaHUEe MTPH MOACUETE YKCIIa SJIEMEHTOB
MHOX€eCTBa

®opmya BKIOUECHUN U UCKITFOYEHUI
bunomuanbHble KOAQPHUIUEHTH, OCHOBHBIE CBOWcTBa. bunom HeioToHa

Tpeyronpauk Ilackaia. PekyppeHTHOE COOTHOILIEHHE
1 ron
®opmyna nis -ro uucna Karanana: — ( n )

bunaphsie oTHOIIEHU. TPaH3UTHBHOCTh, CHMMETPUYHOCTb, PEPIIEKCUBHOCTh
TeopeTnko-MHOKECTBEHHBIE ONlEepalliu ¢ OTHOIIEHUsIMH. Oneparys oOpaleHus
Kommno3zuius OuHapHBIX OTHOIIEHUI

OTHoOLIEHUS YKBUBAJIEHTHOCTH

OpuentupoBaHHbie rpadbl, OCHOBHBIE ONPEACIICHUS

KoMITOHEHTHI CHITBHON CBSI3HOCTH OPUEHTUPOBAHHOTO Tpada

OTHo1eHus (YaCTUYHOTO0) MOPAIKa (CTPOTUE U HECTPOTHE), TMHEWHBIE MOPSIIKH
OTHoLIEHNE HETOCPEACTBEHHOTO CIIEI0BaHUS

MunuMansHbBIE U MaKCHMAaJIbHBIC, HAUMCHBIIINEC U HanOOJIBIINE 3JIEMEHTHI B YaCTHYHO-
YIHOPAAOUYCHHBIX MHOXKCECTBAX

N3omopdusm rpadoB U (4aCTUYHBIX ) TOPSIKOB
JIM3bIOHKTUBHAS U KOHBIOHKTHBHAS HOpMaJIbHbIE (POPMBI
bynesbl cxemsl

MHuorounens! Xeranknna

MouHoToHHbIe OyeBbl HYHKIUN



43. JluneitHbie OyseBbl (YHKIIMH

44, CamoaBoWicTBEHHBIE OyJeBbl (PYHKINN

45. ByneBsl QYHKIIUU, COXPAHSIONINE HOJb U SIUHUILY

46. TIpousBonsmiasi GyHKIIHS MOCIEIOBATEIEHOCTH

47. Yucna Gubonayun u yncna Karanana

48. Yucna CtupauHra rnepBoro u BToporo poja. Yucna benna
IIpumepsl 3a1a4 Ha onpeaeieHUs

1.  MonotonHas OyneBa ¢pyHKIs. Fi3BecTHO, 4TO BEKTOp 3HAUCHHH OyiieBoi pyHKIUH f
umeet Bua 07 107 1?1, rae ? "— 5710 0 mumm 1. HaiinuTe yrcio MOHOTOHHBIX (DYHKIHHA f .

2.  TpanmsutuBnoCTh. SABmsrorces nm otHomenus P = {(1,2),(3,4),(5,6),(7,0)}u Q =
{(1,2),(2,1),(1,1)} na maoxectse {0,1, ...,7} TpaH3UTHBHBIMU?

3. dopmyna BKIIOYCHUH-HCKItoueHuit. Haliqure uucio ouexkmwii f: {0,1, ...,9} — {0,1, ...,9},
takux uro f(0) > 1,a f(9) < 8.

4.  CamopBoiicTBeHHas OyneBa (yHKIHA. MI3BeCTHO, YTO BEKTOp 3HAUCHHH OyieBOi QpyHKIHH
f umeer Bun 07 17707 1, rae ? "— 510 0 wiu 1. Haiinure 4nciao caMoIBONCTBEHHBIX

byHKIH f.

5. Jluneiinas OyneBa Gpynkuus. Haiiaure uncino mTUHEWHBIX OyneBbIX QYHKIUI OT MATH
HEePEMEHHBIX.

6. [MonnbIit mpoodpa3. dyukuus f w3 MHOXecTBa {1,2, ...,8} B MHOXecTBO {a, b, ¢, d, e}
ofpeiesieHa CIeIyIOIUM 00pa3omM

filsa, 2v»a 3¢ 4+-d, 5+-c¢ 7v-d
7. Haiigure momHbIil mpooOpa3 MHOXKecTBa {a, b, ¢}

8.  HesaBucumoe MHOXkecTBO. JlokaxuTe, 4To OyneB KyO pa3MEpHOCTH N COAECPIKUT
HE3aBUCHMOE MHOKECTBO paszMepa 2™ 1,

9. [TpousBoasmias pyHkuus. Beipa3ute aHanmuTHUECKH TPOU3BOSIILYIO () YHKITUIO
nociieqoBareiapHocTH 1,2,3,4, ....

Cnmcok BONPOCOB HA 10KA3aTEJIbCTBO
1.  OOGo6ménnbIi 3aKk0H Moprana

2. VppaumonamsHOCTb uncia V2. CymecTBYIOT Takue HppalMoHAIbHEIE YiCia d U b, 9To
gmcio a’ parmonansHo.

3. Hmxuss olleHKa YUCIia CBI3HBIX KOMITOHEHT B HEOPUEHTHUPOBAHHOM Trpade

4.  Ecmu G "— MUHUMAaJIbHO CBSI3HBIN rpad (ynanaeHue ao0oro pedpa NpUBOAUT K
HECBSI3HOCTH), TO G HE CONIEPIKUT LIUKIIOB

5. Ecnu G "— cBsa3HbIN anukinyeckuit rpag, To MEXIy JH0O0BIMU ABYMS BepIIMHAMU G
CYILIECTBYET €AMHCTBEHHBIN TyTh



10.
11.

12.

13.

14.
15.

16.
17.

18.

19.
20.

21.

22.

23.

Ecnu mexny mo0siMu 1ByMs BepituHaMu G CYIECTBYET €AMHCTBEHHBIN MyTh, TO G —
cBsi3HBINA rpad ¢ |[V| — 1 pebpom

Kpurepuii 2-packpaimBaeMocT HEOPUEHTUPOBAHHOTO rpada

Kpurepuii cymecTBoBaHus 3aMKHYTOIO 3MJIEPOBA MAPLIPYTa B HEOPUECHTUPOBAHHOM
rpade

SIBHAs (bopMyna JJIA 9yucjia COUYeTaHUHU (Z) qucia -3JICMCHTHBIX ITIOJMHOXKECTB N-
JJICMCHTHOT'O MHO>KECTBA

bunom Hetotona. PekyppenTHoe cooTHOMIEHUE 17151 OMHOMHUAIBHBIX KOA(h(UIINEHTOB

OCHOBHBIEC CBOMCTBA TPEYroJbHUKAa ITackans: CUMMETPUYHOCTD CTPOK, BO3PACTAHUC YHUCEIT

B [IEPBOM II0JIOBUHE CTPOKHU

OcHOBHBIE CBOWCTBA TpeyroyibHuKa [lackans: ¢popmyra st CyMMBbI YHCEINT B CTPOKE,
HWDKHSIS OIIEHKA Ha IICHTPAIbHBIN K03 PUIIHEHT:

2n 22n
(w) 2z
n 2Zn+1
Yucno pemieHuit ypaBHEHUS X1 + X, + -+ + X, = N B HEOTPHUIATENBHBIX IEJIBIX YHCIAX
(3amaua MyaBpa)

®opmya BKIOUECHUN U UCKITFOYEHUI

Yucno otobpaxkeHui, PyHKINNA, THBEKINHI, OMEKIIUHN U3 -2IEMEHTHOTO MHOKECTBA B M-
2JIEMEHTHOE MHOKECTBO

®opmyna 171 yncia CIopbeKUui

OcHoBHas TeopeMa 00 OTHOIICHUSX YKBUBAJICHTHOCTH (KJIACCHI SKBUBAJIEHTHOCTH Ha
MHOKeCTBe A "— B TOUHOCTH pa30ueHHsI MHOXecTBa A Ha OJIMHOYKECTBA)

PaBHOCUIIBHOCTH CBOMCTB OpHEHTUPOBAHHBIX IpadoB: (1) Kak1as KOMIOHEHTA CHIIBHOM
CBSI3HOCTU COCTOUT M3 OJIHOM BepIIUHBI; (2) BepIIMHBI T'pada BO3ZMOKHO 3aHYMEPOBaTh

TakK, 4YTOOBI KaXK10€ peOpo BEJIO U3 BEPILIHUHBI C MEHBIIIMM HOMEPOM B BEPLINHY C OOJIBIINM

HOMepoM; (3) B rpade HeT UMKIIOB JUIMHBI Oonbie 1
Paznoxenne B IH® u KH® 6yneBoii pynkuun

HuxHss olieHKa Ha YKCII0 MOHOTOHHBIX OYJIEBBIX KIMI: MOHOTOHHBIX OyJIEBBIX
M YH M
2n
(GYHKIMHI OT 21 IEPEMEHHBIX HE MEHbIIIE 22n+1

[TonnnoTa MHOTOUNEHOB XKerankuHa. Kaxxnoi OyneBoil GyHKIIMU OT n mepeMeHHBIX
COOTBETCTBYET €AMHCTBEHHbIN MHOTOWIeH JKerajgkuHa oT n nepeMeHHbIX (B CTaHAAPTHOM
BH/JIC)

[TpousBoasmias pyuakuus 1ist yucen GudboHavyuu (aHanuTHdeckas Gopmyna). SpHas
dopmyna ans uncen Gubonauun (Popmyna bune)

Yucio pa3bueHnit Yrciia n Ha pa3IMdHbIE CJIaraeMbI€ COBMAIAET C YUCIOM pa3OMeHUA
YKCJIa N HA HEYETHBIE ClaraeMble



5. Meroauveckue MaTepuaJibl, ONpeaeaaoiue Npoueaypbl OlleHNBAHUSA 3HAHUNA, YMEHUI,
HABBIKOB M (MJIM) ONBITA JeSITeJILHOCTH

DK3aMEH COCTOUT U3 MUCbMEHHOU U YCTHOM yacTu. [TuceMenHas yactb coctout u3 10 TecToBBIX
BONPOCOB U JuuTcs 60 MUHYT. B citydae, eciii CTYJI€HT OTBETHII BEpHO He Oosee, 4ueM Ha 5
BOITPOCOB, 32 9K3aMEH BBICTABIIACTCS HEYOBICTBOPUTEIbHAS OlleHKa: (-2 IpaBUIbHBIX
OTBeTa Hey/AoBJeTBOpuTEabHO(1), 3-5 MPaBUIHLHBIX OTBETOB HEY0BJIETBOPUTEILHO(2).

CojeprkaHue yCTHOW YacTH YK3aMEHa 3aBHCHUT OT PE3yJIbTAaTOB TecTa. ECIIU CTYICHT OTBETHII
BEPHO Ha 6-7 BOIPOCOB TECTa, TO YCTHAS YaCTh COCTOUT M3 GECeIbl C IK3aMEHATOPOM 10
pesysbTaraM Tecta (KOTOpas MOKET BKIIFOYATh U JOTIOJHUTEIbHBIE BOIPOCHI);
MaKCHUMaJlbHask OI[CHKA 10 Pe3yJIbTaraM Oece/bl "'— ya0BJIeTBOPHTEIHHO(4)
(HCYI[OBHCTBOpI/ITeHBHaSI OLICHKA TaK»XK€ BO3MOXHA, HO HC MOXKCT 6BITB HHNXKE
HEY/I0BJIETBOPUTEIbHO(2)).

Ecnu cTyneHT oTBeTHII BEpHO Ha 8 BOIIPOCOB U 0oJiee, TO YCTHAs YacTh COCTOUT U3 OTBETa HA
BOTIPOCHI OMJIETA ¥ JIOTI. BOIIPOCKL. BUJIET COCTOUT M3 3a/ja4n Ha ONPEIeIICHUE U BOIIPOca
HAa JI0Ka3aTenbCTBO. PelieHne 3a1a4u Hy>)KHO HadaTh ¢ (POPMYIUPOBKHU ONPEACTICHHUS.
Oruenka 3a sK3aMeH (eciii 3a TecT HabpaHO HEe MEHbIIE § U Oeceia He BhISIBHIIA
HEMOHUMaHUs HAITMCAHHOTO B TECTE) HE MOXKET OBITh HUXKE YAOBJIeTBPUTEIbHO(3); B
cily4ae, €clid CTYACHT BEPHO PEIIII 3a/1auy U MPUBET BEPHOE JI0KA3aTEIbCTBO, OIEHKA HE
MOKET OBITh HUXE XOpo1Io(6); eciu, IpH 3TOM, TECT BBIITOJIHEH Ha MOJHBIN 0aJu1, TO
OIICHKA HE MOXKET ObITh HUKE X0pomo(7). i noaydyeHus OTIIMYHON OIICHKHU MOCIIe
BEpPHOI'0 OTBETa Ha 00a Bompoca Ouiera CTyJeHTY HY>KHO OTBETUTh Ha JIOIL. BOTIPOC,
COCTOSIIUN U3 PELICHUs 3a/1a4u 110 KypCy (B Cllydae MOJy4YeHUs OLICHOK OTJIU4YHO(9) 1
otm4yHo(10) 32124 MOXKET OBITH HECKOJIBKO). DK3aMEHATOP MOKET OCTABUTH OTIUYHYIO
OIICHKY 0€3 JIONOJHUTEIIBHBIX 33]1a4, €CJIH B X0/ Oecebl 110 OWIETy YKe 3a/1all
JIOCTaTOYHO JIOTIOJHUTEIIbHBIX BOIIPOCOB.

Htorosas oneHka 3a kypc s cryaentoB @PTK coBnamaeT ¢ oneHkoil 3a sk3aMeH (ecinu paHee
He ObUIa MOJTyueHa OLlEHKAa aBTOMAaTOM).

Ha skx3ameHne cTyneHTam 3ampenaercs nojib30BaTbCsi KaKUMU-TH00 MaTepraiaMu U pudopamu,
4eM-JIn00 KpoMe YUCTOI OyMaru u MMCbMEHHBIX MTPUHAIe)KHOCTEH. B ciydae
oOHapyXeHHs (paKTa CIIHCHIBAHUS, 3a IK3aMEH BhICTaBIIseTCs oneHka 0 (BHE 3aBUCUMOCTH
OT Pe3y/bTAaTOB TeCTa U Oece/bl 0 YCTHOM YacTH).

Kpurepun onenuBanus

Onenka «otnnyHo (10 6am1oB)» - BBICTABISETCS CTYACHTY, I0Ka3aBIIEMY BCECTOPOHHUE,
CUCTEMATHU3UPOBaHHBIE, TTTyOOKHE 3HAHUS YU€OHOU MPOrpaMMbl TUCIUIUINHBI,
MPOSBIISIONIEMY HHTEPEC K JAaHHOW MPeIMETHOM 00J1aCTH, TPOJIEMOHCTPUPOBABIIEMY
YMEHHE YBEPEHHO M TBOPUECKU MPUMEHSTH UX Ha MPaKTUKE MIPHU PEIIEHUN KOHKPETHBIX
3aja4, CBOOOAHOE U MPaBUIIbHOE 000CHOBAHNE MPUHSTHIX PEIICHUH.

Onenka «omINYHO (9 0aIoB)» - BHICTABIAETCS CTYACHTY, IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, TTTyOOKHE 3HAaHUS yUeOHOI MporpaMMbl AUCIUILUTUHBI M YMEHUE
YBEPEHHO MPUMEHSTh UX Ha MMPAKTHKE MPH PeIIEeHMH KOHKPETHBIX 3a]1a4, CBOOOHOE U
MPaBUJIbHOE 0OOCHOBAHUE NMPUHATHIX PELICHHH.



Onenka «0TJIMYHO (8 OaJIOB)» - BBICTABISETCA CTYAEHTY, IIOKAa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TTTyOOKHE 3HAHUS YUeOHOM MpOorpaMMbl AUCIUILUTUHBI M YMEHUE
YBEPEHHO NPUMEHATh UX Ha IIPAKTHUKE IIPU PELICHUU KOHKPETHBIX 3a/1a4, IIPABUIIBHOE
000CHOBaHHE NPUHATHIX PELIEHUH, C HEKOTOPBIMU HEI0UETaMH.

Onenka «xopoio (7 6a1oB)» - BEICTABIAETCS CTYIEHTY, €CIM OH TBEP/IO 3HAET MaTepuall,
TpaMOTHO U IO CYHICCTBY MU3JIaract €ro, yMeCT NIpUMCHSATDH ITOJYUCHHBIC 3HAHUA Ha
HpaKTHKE, HO HEAOCTaTOYHO I'PAaMOTHO 0OOCHOBBIBACT MTOJIYYECHHBIC PE3YIIbTAThI.

Onenka «xopoio (6 6a1I0B)» - BEICTABIAETCS CTYIEHTY, €CIM OH TBEP/O 3HAET MaTepuall,
T'paMOTHO U IO CYHICCTBY MU3JIaract €ro, yMeCT NIpUMCHSATH ITOJYUCHHBIC 3HAHUA Ha
HpaKTHKE, HO IOMyCKAeT B OTBETE WJIM B PELICHUH 337a4 HEKOTOPBIC HETOYHOCTH.

Omnenka «xopomo (5 6aIoB)» - BEICTABIAETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HAEeT MaTepHall,
T'paMOTHO U IO CYHICCTBY HU3JIaracTt €ro, ymeCT NpUMCHATH MMOJTYYCHHBIC 3HAHUA Ha
NPaKTUKE, HO JIOIYCKAeT B OTBETE WJIM B PEIICHUH 33]a4 JIOCTaTOYHO OOJIBIIOE
KOJIMYECTBO HETOYHOCTEH.

OrieHKa «yIO0BJIETBOPUTEIBHO (4 6aiiia)» - BBICTABIISIETCS CTYJIEHTY, MOKAa3aBIIEMY
(dbparMeHTapHbIN, pa3pO3HEHHBIN XapaKkTep 3HaHUN, HEJOCTATOYHO MPABHIIbHBIC
dbopMynupoBKH 0a30BBIX MOHATHI, HAPYIICHUS JOTHYECKON MOCIEA0BATEIHLHOCTH B
W3JI0KEHUHU IPOrPAMMHOr0 MaTepuasa, HO PU TOM OH OCBOMJI OCHOBHBIE pa3/ieiibl
yueOHOI MPOrpaMMbl, HEOOXOIUMBIE JUIS JAIbHEHUIIEro 00y4eHus, U MOXKET IPUMEHSTh
MOJTyYEHHBIC 3HAHUS 110 00pa3Ily B CTAHIAPTHON CHUTYaIHH.

OneHka «ya0BIeTBOPUTENBHO (3 6asuia)» - BHICTABISAETCA CTYACHTY, IIOKAa3aBILIEMy
(bparMeHTapHbIi, pa3pO3HEHHBINA XapaKTep 3HAHUH, TOMYCKAIOIIEMY OILNOKH B
(bopmynupoBKax 0a30BbIX MOHATHHA, HAPYIIEHUS JIOTHYECKOH 1OCIIe0BATENFHOCTH B
U3JI0’KEHUU IPOrpaMMHOI0 MaTepuaa, ci1ado BiiajieeT OCHOBHBIMU pa3jesaMu y4eOHOM
POrpaMMbl, HEOOXOIMMBIMHU JUIsl JAIbHEUIIEro 00y4eHus U ¢ TPYAOM IPUMEHSET
MIOJIyYEHHBIE 3HAHMS JaXKE€ B CTAHAAPTHOU CUTYaLIUH.

OrieHKa «HEYAOBJIETBOPUTEIHHO (2 Oaliia)y - BEICTABISETCS CTYICHTY, KOTOPBII HE 3HAET
0oJIbIIIEeH YaCTH OCHOBHOT'O COJIEpaHUsl YUeOHON TPOrpaMMBbl TUCIUTUTAHBI, TIOMTyCKAeT
rpyObie OIMOKY B (POPMYITUPOBKAX OCHOBHBIX TPUHITUIIOB M HE YMEET UCIOJIb30BATh
MOJIyYeHHBIEC 3HAHUS [IPU PELIEHUU TUIIOBBIX 3a/1a4.

OreHka «HeyI0BIETBOPUTENLHO (1 6asT)» - BRICTABIISIETCS CTY/IEHTY, KOTOPBIM HE 3HAET
OCHOBHOTO COJIEp>KaHUS Y4eOHOUM MpOrpaMMbl AUCITUTUIMHBI, JOMMYCKAET rpyOenIme
omuOKHU B (OPMYIUPOBKAX 0a30BBIX MOHATHHN JUCIUIUIMHBI U BOOOIIIE HE UMEET HAaBBIKOB
pEIICHUS TUTIOBBIX MPAKTUYCCKUX 33]1ad.

3HaHUs, yMEHVSI U HABBIKH CTYJICHTOB T0 IPEAMETY GUKCUPYIOTCS B 0AJUTBHO-PEHTHHIOBOM CHCTEME
(BPC) onenku 3HaHMi, yMEeHUH, HaBbIKOB cTyJieHTOB. BPC 10 peMeTy pa3meliiena Ha caiite kadenpbl
WWW.MOou.mipt.ru.



http://www.mou.mipt.ru/

