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[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl AuckpeTHoi matematuku 06.03.2023



AHHOTANMA

Kypc Brirouaet TeMbl Teopun rpad)oB, 4aCTO BBIXOASIIHUE 32 MPEelibl BBOJHBIX KYPCOB [0 KOMOWHATOPUKE U
Teopuu rpados. B yacTHOCTH, paccMaTpUBAIOTCS TOCTATOYHO CTaHAAPTHBIE, HO HEXapaKTEePHBIE AJIsl BBOIHBIX
KYpCOB: CIIMCOYHOE XpOMAaTHYECKOE YUCIIO, CBI3HOCTh, YUCIIO cKpemuBaHuil. Kypc neMoHCTpHUpyeT NOHATHA
Y METO/Ibl, CBOIICTBEHHBIE COBPEMEHHBIM HCCIIEOBAaHUAM 110 TEOPHUHU IPpaoB.

1. lean u 3apa4un

Henp AucoMnInHBI
- OCBOCHHME OCHOBHBIX ITOHATHH TeOpuH rpagos.

3agauu AU CUMILUINHBI
- OCBOGHHE CTyJACHTaMHU 0a30BbIX 3HAHWU (TIOHATHH, KOHIICTIUH, METOJOB M MOjEJcH) B obnacTu
rpa¢os;
- mpuoOpeTeHNe TEOPETUISCKUX 3HAHUHN U MPAKTUYECKUX YMEHU U HABBIKOB B 00acTu rpados;

- OKa3zaHHe KOHCYJIbTAllMii M TIOMOIIM CTYACHTaM B MPOBEICHUU COOCTBEHHBIX TEOPETHUECKUX
WCCIIeIoBaHMid B 001acT rpadoB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HaumMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBisieT MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHOH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsATh KpUTHIECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaM3 MPOOJIEMHBIX CUTYaIlMii Ha OCHOBE
CHUCTEMHOTO TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTABJICHHOM 1€ Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3ydbTaT KaKAO0T0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIbHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHHUKOB 3TOMN
NesITeIbHOCTH

VYK-4.1 CriocobeH BecTn OOMEH JIeJI0BOM WHGopMainuel B
YCTHOH M MUCHhMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuym M HE MEHEE YEM Ha OJHOM

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE UHOCTPAHHOM A3BIKC

KOMMYHHKATHBHbBIC TEXHOJIOTHH, B ToM uncie |YK-4.3 Cnocoben IPE/ICTaBISTh pE3yabTaThI
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIeMUYEeCKOM W TPO(EeCCHOHANBHON JEATENbHOCTH Ha
aKaJIeMHYECKOT0 B PO(eCcCHOHATEHOTO pasIMYHBIX Hay4HBIX MEPOIPHUATHUSIX, BKJTIOYAsT
B3aMMOJICHCTBUSI MEXTyHapOIHbIC

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIBHOTO B3aUMOAEHCTBHS

OIIK-2 CriocobeH coBepIIeHCTBOBATh U OIIK-2.1 Umeet nmpeacrasieHHe 0 COBPEMEHHOM COCTOSTHUH
pean30BbIBaTh HOBbIE MaTeMaTU4eCKHe MaTeMaTUYEeCKUX HCCIENOBAaHUNH B pPaMKax TeMaTU4eCcKOH
METOJbI PEIICHUS TPUKIAIHBIX 33]1a4 o0sacTu cBoei mpoeccuoHaIbHOM e TeIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!

- (pyHIaMeHTaIbHBIE TOHATHSL, 3aKOHBI, TEOPHH CIIy4alHBIX rpadoB;

- COBpEeMEHHbIE TPOOJIEMBI COOTBETCTBYIOIIUX PA3AEIOB CIydaliHbIX IpadoB;

- TOHATHS, aKCHOMBI, METOMABI JIOKA3aTeNbCTB M JO0KA3aTelbCTBA OCHOBHBIX TEOPEM B pasfelax,
BXOJISIIMX B 0a30BYIO YaCTh IIHKII;

- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIMX MaTeMAaTHUYECKUX OOBEKTOB;

- QHAJUTUYECKUE M UUCJIEHHBbIE MOAXOABI U METOIbl Ul PEIIEHUs TUIIOBBIX IPUKIAIHBIX 3aiad
ciydaiHbIX rpadoB.




YMETb:

- IOHATH NOCTABJICHHYIO 3a/1a4y,

- HCIIOJIb30BaTb CBOU 3HAHUA MJIsI PCHICHUS (bYHHaMeHTaHBHBIX U NPUKIAIHBIX 3aaa4d CJ'Iy‘-IElfIHBIX

rpa¢os;

- OLICHMUBATb KOPPEKTHOCTb NOCTAHOBOK 3aJa4;
- CTpOT'0 JOKAa3bIBATh UJIM OIIPOBCPIraTrhb YTBCPKACHUC,

- CAMOCTOATCIIbHO HAXOAUTDH aJITOPUTMBI pCIICHUA 3a4a4, B TOM YHCJIC U HCCTAHAAPTHBIX, U IIPOBOAUTH

HnX aHaJu3;

- CaMOCTOATEJIIbHO BUACTD CIICACTBUA IMOJTYUCHHBIX PE3YJIbTATOB,

- TOYHO HOpCACTABUTH MATCMATUYCCKUC 3HAHUS B 00JIaCTH CIIOXKHBIX BEIYUCICHHI B YCTHOﬁ u

MUCHMEHHOM (hopMe.

BJIAJIETh:

- HaBBIKAMH OCBOCHMUS OOJIBIIIOr0 00neMa I/IH(l)OpMaLII/II/I " PpCIICHUA 3aaa4 (B TOM YHCIIC, CJ'IO)KHLIX);
- HaBBIKAMH CaMOCTOSITEIIbHOM pa6OTLI N OCBOCHUS HOBBIX JUCIUIIINWH,

- KyanypOﬁ MOCTAaHOBKH, aHaJin3a W PCHICHUA MATCMATHUYCCKHUX W NPHUKIAIHBIX 3a1a4, TpGGYIOH_II/IX

JJIA CBOCTO PCIICHU MCIIOJIBb30BaHUA MATEMATUYCCKUX ITOAX0A0B U METOA0OB CJIy‘IElfIHLIX Fpaq)OB;

- IPpCAMCTHBIM A3BIKOM CJIOKHBIX BBIYMCIICHUA M HABBIKAMH T PaMOTHOI'0 OIIMCAaHUA PCHICHUA 3a1a4 U

[IPECTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Jlokanbubie Teopemsl [amnaun-Opaéma o 6 6 7
YHCIIe BEPIINH
) Oo6o06menust 3agaun Typana ans rpadoB 6 6 7
u runeprpadoB
3 OCHOBHBIE OTIpeNIENICHNUS 1 TOHSITHS 4 4 7
4 IIpocreiimme 3amaun  SKCTPEMAIBHON 4 4 3
Teopuu rpados
5 Cas13H0CTh. OCTOBHOE JIEPERO. 4 4 8
6 Tpanceepcans B rpade u  gmcno 6 6 3
HE3aBUCUMOCTHU
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

Cemectp: 3 (Ocennuii)

1. JlokaneHbie Teopemsbl ['amnan-Opaéma o yncie BepuH

3amaya Typana. Teopema Morkuna-Ctpocca. O6o0menus mis runeprpadoB. 3agadyu TYPaHCKOTO

THTIA JUTsI KITAccOoB TpadoB U rurieprpadoB 13 KOMOMHATOPHOW T€OMETPHH.




2. O6006menus 3anaun Typana aiist rpadoB u runieprpados
DKcTpeMaibHas 3a/1a4a o rpagax 0e3 MUKIIOB ATUHBI 4 U KOHEUHBIE IPOEKTHBHBIE TNIOCKOCTH.
3. OcHOBHBIE OMpEeNICHNS U TIOHATUS

I'paduueckue nmocienoBaTeIbHOCTH. ANTOPUTM ONpeeNeHHs], rpaduuecKue MOCIeA0BaTeIbHOCTH U
teopema ["ayunan-Opaéma.

4. Ilpocreiimue 3a1a4n 3KCTpeMaIbHON Teopru rpados

Uwucio He3aBUCHMOCTH M KJIMKOBOe uncio. Teopema Pamces (Hanomunanue) u (p, )—CBOWCTBO.

@ynkuus HezaBucHMMOCTU rpada. Kputepuii nBynonbHOCTH W (QYHKIUS HE3aBHCUMOCTH. 3ajadu
pamceeBCcKOro THIA Jisl KjaccoB rpados u runeprpadoB U3 KOMOMHATOPHON T€OMETPHUH.

5. CeszHOCTh. OCTOBHOE JI€PEBO.
Paznuunble 3a1a4n 00 OCTOBHBIX JIEPEBBSIX.
6. Tpancsepcanb B rpade 1 41ciIo He3aBUCHMOCTH

PeGepnbie rpadsl 1 TeopeMa ["amman 0 MakCUMaJIbHOM ITapacO4YeTaHNH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. JluckpeTHass MaTeMaruka: JJoruka, rpynimsl, rpadsl [Teker] : [yue6. mocobue mis By3oB] / O. E.
AxumoB .— 2-e u3f., gon. — M. : JIa0. 6a3oBeixX 3HaHuii, 2003 — 376 ¢
I'pader. Anropurmel Ha si3bike C [Teker] : yue0. mocoOue st crynenToB 1 kypca MOTHU / B. B. IlpyT;
M-Bo o6pazoBanust 1 Hayku PD, Mock. ¢us.-texH. uH-T (roc. yH-T) .— M. : MOTH, 2017 .— 213 c. +
pdf-Bepcus. - bubmmorp.: c. 207-209. - 200 k3. - ISBN 978-5-7417-0633-6 .— llonHbIi TEKCT
(Hoctyn u3 cetu MOTN).

JlononHuTeNbHAS TUTEPATypa
1. COopHUK 3a/1a4 10 JUCKpeTHOMY aHanu3y. KomOnHaTtopuka. DineMeHThI anreOpbl Joruku. Teopus
rpagoB [Tekcr] : yue6. mocobue mis By3os / FO. 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.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://dm.fizteh.ru/

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekunoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTALUN.

B npouecce camocTosATENbHOM PabOTHI 00YHaIONIMXCS BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, MATLAB, Maple u ap.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

1. PexoMeHzayeTcsi YCHENIHO COaBaTh KOHTPOJIbHBIE pabOThl, TaK Kak 3TO YIMPOIIAeT HTOTOBYIO

aTTCCTAIUIO IO MPCAMCTY.
2. I[J'ISI IIOATOTOBKH K HTOTOBOM aTTCCTallMy IO MPEAMCTY JIYUIIC BCCro IMOJB30BATHCA MaTCpUuajlaMnu

JIEKINH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: Kombunaropuka u udposas SKOHOMUKA

LHCHTP AOMOJHUTCIBHOTO, JOIMOJIHUTCIBHOT'O HpO(l)eCCI/IOHaJ'ILHOFO nu

oHnaitH-oopazosanus "Ilyck"
Kadeapa IUCKPETHON MaTeMaTHKH
Kypc: 2

KBaTuuKanus: MarucTp
CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 3 (OCEHHUH) - DK3aMeH

Pa3zpatGoTunk: A.b. laiiHsk, kaHA. GU3.-MaT. HayK, JOLEHT, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTAaBJICHHOM 1€ Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIFHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHHUKOB 3TOMN
JesITeIbHOCTH

YK-4 CriocoGeH mpUMEHSITh COBpEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCJIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.1 CnocobeH BecTn OOMEH JIeJI0BOM WHGopMaiuel B
YCTHOH M MHUCBMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyu M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BIKE

YK-4.3 Criocoben NPEACTaBIIATh PEe3yNbTaTh
aKaJIeMUYEeCKO W TPO(dEeCCHOHANBHON JEATENbHOCTH Ha
Pa3IUIHBIX Hay4YHbBIX MEpOTIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENCTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M PO(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

OIIK-2 CriocobeH coBepIIEHCTBOBATh U
pean30BbIBaTh HOBBIC MaTEMaTHYCCKUE
METO/Ibl peIICHHS TPUKITAIHbIX 3a/1a9

OIIK-2.1 UmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
MaTE€MaTU4YECKUX HCCIEHOBAHUN B paMKax TEMATUYECKOU
o0sacTu cBoei mpoeccuoHaIbHOM e TeIbHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzyuenus aucuuiuinHsl «IIpoasunyThIe rpadsn 00yyaromuiics 10mKeH:

3HATb:

- (pyHIaMeHTaIbHBIE TOHATHSL, 3aKOHBI, TEOPHH CIIy4alHBIX rpadoB;
- COBpEeMEHHbIE TPOOJIEMBI COOTBETCTBYIOIUX PA3AEIOB CIydaliHbIX IpadoB;
- TOHATHS, aKCHOMBI, METOMABI JIOKA3aTeNbCTB M J0KA3aTelIbCTBA OCHOBHBIX TEOPEM B pasfelax,

BXOIISIIMX B 0A30BYIO 4aCTh ITHKIT;

- OCHOBHBIC CBOICTBA COOTBCTCTBYHOIIUX MATCMATHYCCKUX 06’LGKTOB;
- AHAJMTUYCCKUC N YHCJICHHBLIC MOAXOAbl WM MCETOABI IJId PCHICHHSA TUIIOBBIX MPUKIIAAHBIX 3aJayd

ciydaiHbIX rpadoB.
yMeTh:
- IIOHSThH IIOCTABJICHHYIO 3a/1a4y;

- HCIIOJIB30BaThb CBOU 3HAHUA IJid PCIICHUA (I)yHI[aMGHTaHBHBIX " TPUKIIAAHBIX 3aaaq CJ'Iy‘laI\/’IHI:IX

rpados;

- OLIEHUBATh KOPPEKTHOCTh OCTAHOBOK 33]1a4;
- CTPOro JI0Ka3blBaTh UM ONPOBEPIaTh yTBEPAKICHUE;
- CAaMOCTOSITENIEHO HAXOAUTh AJITOPUTMBI PEIICHUS 33]1a4, B TOM YHUCJIE U HECTaHJAPTHBIX, U IIPOBOIUTH

WX aHaJIu3;

- CaMOCTOATCIIBHO BUJCTH CIICACTBUSA MMOJYUYCHHBIX PC3YJIIbTATOB,
- TOYHO IPCACTAaBUTb MATCMATHYCCKHUC 3HAHHUS B 00J1aCTH CIIOKHBIX BBIYMCICHUH B YCTHOﬁ )41

MMCEMEHHOU (opme.
BJIAJIETh:




- HaBbIKAMH OCBOEHHS O0JIBIIOro 00bemMa HHGOPMALUU U peIIeHHs 3a1a4 (B TOM YHCJIE, CIOKHBIX );

- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;

- KyJAbTYpOW NOCTAHOBKH, aHAJIU3a M PELICHUS MAaTEMAaTHUYECKHX M NPUKJIAIHBIX 3a/ad, TPeOyoLmx
JUISL CBOETO PEIIeHHs UCTIONb30BAaHHU MaTeMaTHYECKHX ITOJX0/I0B ¥ METOAOB CIy4aifHbIX IpadoB;

- MIPEIMETHBIM SI3BIKOM CJIOXKHBIX BBIYMCIICHUH M HABBIKAMU T'PAMOTHOTO ONMCAHUS PEIICHUS 3a/1ad U
[IPEICTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

Cpenu rpadoB HHKE OTMETBTE BCE T€, KOTOPBIE SIBISIOTCS 2-CBSI3HBIMU:

npoctoit ki Ha 2017 BepmmHax, nonsblid rpad Ha 2017 BepmmHax, aepeBo Ha 2017 BepunHax,
noJHbIN ABynoabHbIH rpad $K {2017,2017}S.

[MpuBenure nmpumep rpada, B KOTOPOM CTENEHb KaXKA0H BeplinHbI He MeHbie 2017, Ho mpu AToM rpad
HE SIBJISICTCS IBYCBSI3HBIM.

CKOJIBKO IyT B CETH, IOCTPOCHHOW B JIOKa3aTeIbCTBE BEPIIMHHOTO BapHaHTa TeOpeMbl MeHrepa, eciu
B ucxomaHoM rpade obuto 10 Bepmma u 30 pédep?

B nokasaHHOW Ha JIEKIUSIX TEOpEME YTBEP)KIACTCS CYNIECTBOBAHUE IMKJIA, KOTOPBIA COAEPIKHUT
BBIOpaHHOE MHOXKECTBO BEPIIMH Tpada, HO HMYETO HE TOBOPHUTCSA O MOPAAKE, B KOTOPOM BEPILUHBI
JOJDKHBI JIeKaTh Ha nukie. [IpuBenure npumep, MOKa3bIBAIOIIMA, YTO KOHTPOJIMPOBATH MOPSIOK MBI
ObI HE MOIJIM: B OOIIEM Cliydae He BepHO, uTo [uis JroObix BepmuH $v_1,\\dots,\,v_k$ B $k$-cBszHoM
rpade HalAETCs UKII, B KOTOPOM BepuIHHBI $v_i$ nekar B TOYHOCTH 1O MOPSAKY, T.€. 3a $v_i$ muér
$v_{i+1}$ nnst kaxmoro $iS.

[Mocrpoiite s kaxasix HatypaibHbeix $\kappa, \lambda, \delta$, ymoBneTBopstommx HepaBeHCTBY
$\kappa\legslant\lambda\legslant\delta$, rpa¢, umeronuii B TOYHOCTH Takue BEPIIMHHYIO CBS3HOCTb,
pEOEPHYIO CBSI3HOCTh 1 MUHHMAJIbHYIO CTETICHb COOTBETCTBEHHO.

Kax BBIISAIAT AepeBbs, HA KOTOPBIX JOCTHTAeTCs OLICHKa TeopeMbl bpykca.

Pa3zmepom mapocoderanus OyneM Has3bIBaTh KoiamdecTBO pédep B HEM. Ilycth $G$ — mpownsBonbHBIM
(HeoOs13aTeNIbHO JIBYIONBHBIN) rpad ¢ mapocoderanusmMu $SM'S u $M"$ pasmepo $m'$ u $m"$
COOTBETCTBEHHO, TpnuéM $m'\It m"$. Bynem ycioBHO Ha3biBaTh péOpa mapocodyeranus $M'S cuanmu, a
péopa $M"$ kpacHeiMu (Te péOpa rpada $G$, KoTOpBIE OZHOBPEMEHHO IIPUHAUIEKAT O0OOUM
napocoueranusiv $M',\,\M"$, He Oymem packpammBarb). COBEpIIEHHO aHAJOTUYHO TOMY, KaK 3TO
Jenanoch B IpEIbAylieM BuaeodparMeHTte, BBeIEM MOHATHE KpPacHO-CHHEH MAaKCHMAaJbHOM
gyepenytomeics (kemd) nenu. Jlokaxute, uto B rpade $G$ mmeercs mo menpmieir mepe $(m"-m')$
KCMY IIeTIeH, KaJkaas U3 KOTOPBIX HAYMHAETCS M 3aKaHUYMBAETCS Ha KPacHOM pedpe.

ITycts $G$ — mnpousBombHbll rpad, a $SM$ — npousBonbHOE mapocodetaHue B HEM. YCIOBHO
nokpacuM péopa $M$ B cunwmii 1BeT, a Bce octanbHble pédpa $G$ — B kpacHbIi 1BeT. JlomycTtum, 4To
€CTb KCMY LIeTb, IEpBOE U Hocieanee péopa KoTopoit KpacHble. [lokaxuTe, 4TO B 3TOM CiIydae pazmep
napocodetanusi $M$ MOKHO yBEITHUYUTB.

[Tycts $G$ — nBynomnbHBINA rpad C PaBHOMOIIHBIMH JOJSIMHU, JUISI KOTOPOTO BBITOJNHEHBI YCIOBHS
teopembl Xomna. [Tycte $M$ — mapocoueranue B $GS$, He saBisromeecs: coBepuieHHBIM. PaccMoTpes
BCEBO3MOXKHBIE KCMY IIeTM, HAUYMHAIOUIMECs B BEpIIMHE, «HE MOKPHITOi» mapocoderaHneM $MS,
MOKaKUTE, KAaK MOYKHO TIOJIyYHTh IApOCOYETaHue, pa3Mep Kotoporo Gonbiie $MS.

OmnumuTe, 9TO UMEHHO MOXKET «HE 3apaboTaTby», €CIIU MOMBITAaThCS JOKa3aTeIbcTBO TeopeMbl Kénura
0e3 U3MECHEHHI TIEPENIOKUTH C IBYNOJIBHBIX Ipa)OB Ha MPOU3BOJIBHBIC.

Hoxaxwure, uro y $k$-perynsproro rpada Ha HEUETHOM YKCIIE BEPIIUH XPOMATUICCKUN WHIIEKC PaBeH
$(k+1)$.

[Mokaxxute, uTto Teopema BusuHra (BepXHsisi OIleHKa) B OOIIEM ciydae HE BepHa JJisi MyJIbTUTpagoB
(mpuBemuTE IPUMED).

JokaxuTe, 4To XpoMmarnueckuil uHaekc mobdoro $2k$-perymsaproro mymsrurpada He NpeBOCXOAUT
$3kS$.

Teopemy TypaHa HETPYIHO MEPEBECTH C A3bIKA KIMK HA A3bIK JBOMCTBEHHOTO IMOHATHUS HE3aBHCHMOTO
MHOXXecTBa. [Iponenaiite 3to u Bel, onmcaB cTpykrypy rpada, y KOTOpOro MUHHMAJIEHO BO3MOXKHOE
KomruecTBO pébep cpenu rpados Ha \( n \) BepmmHax ¢ yncioM HezaBucumocty \( \alpha \). Onucanne
HE JTOJDKHO CChIIAaThCs Ha TeopeMy TypaHa.

Kakoii xoncranre (13 orpeska \([0,\,1]\)) acumnToTHueckn paBHa MUHUMalbHas Jois pébep Tpada,
IpU KOTOPOH TapaHTUpyeTcs Haimuuue noarpada (HeoOs3aTeslbHO MOPOXKIEHHOTO), U30MOP(HOTO
rpagy Ilerepcena?

JloKakuTe, 4TO CIIMCOYHOE XPOMATHYECKOE YHCIIO IMKJIA Ha YETHOM YHCIIe BEPIIMH PAaBHO JBYM.



Jlokaxute, 4TO XpoMarmdyeckoe 4ucio rpada paBHo $k$§ Torma m Tompko Torma, Korma MOXKHO Tak
copueHTHpoBaTh pédpa rpada, 9ToObl B MOTYYEHHOM oprpade MakCUMalbHas JJTMHA LeTel paBHSIIACh
$(k-1)$. [Ilon mnuHOW mHenu MOmpa3yMeBaeTCs KOIMYecTBO péOep B Hel; Bce péOpa MODKHBI
MPOXOJUTHCS B MIPABUIILHOM HalPaBICHUN; TIOBTOPSHUN BEPILIUH OBITh HE JOIDKHO. |

I'pad nazpiBaercst kputnueckuMm $k$-xpomarmueckum, eciu xpomarnueckoe yucio rpaga pasuo $k§,
HO XpPOMAaTHYECKOe YHCII0 JItoboro ero noarpaga yxe He 6onee $(k-1)$. Jokaxure, uro ans modoro
kputnaeckoro $k$-xpomarnueckoro rpada $G$ Beimonneno Hepasenctso $\|G\|\ge |Gl\cdot k/28$.
Omnuimre, KaK ycTpoeHsl kputnueckue $3$-xpomarndeckue rpadpsi.

Yemy paBha Benmunna $\max_{G\text{ mmanapusiii} }\chi_1(G)$?

Yemy paBHa BenmunHa $\max_{G\text{ mianapusiii} } (\chi_1(G)-\chi(G))$?

KakoBa MuHMMaJbHast JUIMHA MK B rpade 3pikoBa—Mpinensckoro $G {2017} $?

[TycTh MaTeMaTHUecKOe OKUAaHUE KoiamdecTBa UkiIoB JunHbl $108 B ciryqaitnom rpade paBro $0.28.
Kakum umciom, ncxons U3 HepaBeHCTBa MapkoBa, MOJKHO OLIEHHTH CBEPXY BEPOSTHOCTb TOTO, YTO B
rpade ki Ha $10$ Bepmmaax?

MOKHO JIM yITydIIUTh Pe3yJIbTaT JEMMBI O YeThIpEX BepmmHax crteneHu $\le 5§ — BepHo sm, 9TO B
TPUAHTYJISILIUH, B KOTOPOW HE MEHee ST BEPILHH, HAlIyTCs He MEHee IATH BepIiuuH crerneHu $\le 587?
Ecnu Henmp3s — mpuBeaUTE NMpUMEpP TPUAHTYISIMHU, B KOTOPOW HET MSATH BEPIIMH MaJIOW CTENCHH.
Ecnu MOXXHO — IOKaXuTe.

Jlokakute, 4To mpu Jito00i packpacke péoep rpada $K n$ B nBa nBera B HEM HANIETCS FaMHIBTOHOB
IIUKJI, COCTOSIIMI M3 IBYX OAHOLBETHBIX IyTel (LBETa MyTEH MOTYT OBITh U OJIMHAKOBBI, U Pa3JINYHBI).
[MpuBenute mpumep rpada, yIOBIECTBOPSIOUIETO YCIOBUIO TeOopeMbl AcparTsHa—XadaTrpsiHa, HO He
YAOBIIETBOPSIOLIETO YCIOBHIO TeopeMbl Ope.

JlokakuTe, YTO TPaHU IUIOCKOrO rpada, B KOTOPOM €CTh T'aMUJIBTOHOB IIMKJ, MOXKHO IPAaBHIIBHO
packpacuth B 4 1Bera (TO €CThb Tak, 4TOObI TpaHW, WMEIONIME OONIYI0 TPaHMIy HEHYJIEBON
POTSHKEHHOCTH, TIOJTyYUITN pa3HbIC [[BETA).

Kakoe HamMeHbIIIee CIMCOYHOE XPOMATHIECKOE YUCIO MOXKET OBITh y ABYCBsi3HOTO rpada Ha $1076$
BEpIIMHAX?

Jloka)kuTe WIM ONpoBEeprHUTe (T.€. NPUBEIUTEC KOHKPETHBIH KOHTPIPUMEp) YTBEp)KACHHE:
«$\kappa(G)\legslant\alpha(G)$ mns nro6oro npocroro rpada $G$, He obnanaromero raMuIBTOHOBBIM
IIUKJIOM.

Nmeercst Tpu Tpynmbl CTYJACHTOB: W3y4alollWe WCHAHCKHUH, (QpaHIly3CKH M KUTAWCKWid sI3bIK. B
MEPBBIX ABYX TPYMIax IO MATh CTyAEHTOB, B TpeTbeill — 205 cTyneHToB. M3BECTHO, YTO KaXAbId U3
M3YYaIONIMX HWCIAHCKMHA 3HAKOM C KaXIbIM W3 H3y4Yalolmux (QpaHIy3CKHH, W UYTO KaXKABIH U3
M3YYalONINX KATAHCKUN, 3HAKOM 110 MEHBIICH MEpe ¢ TpeMs CTYICHTAMH B KaXKIOW M3 APYTHX TPYIIIL.
JlokaskuTe, YTO MOXKHO BBIOpATh IO TPH CTYACHTA U3 KaXJOW TPYMIIbI, TaK, YTOOBI CPEIH BHIOPAHHBIX
JICBATH CTYJCHTOB JIFOOBIC 1BA PA3HOSI3BIYHBIX CTYJCHTA OBLIH 3HAKOMBI.

Ha cdepe ormermu 128 touek u coequHuan ux 378 TUHUSIMH, TaK, YTO MOIYYUIOCH N300paskeHHe
HEKOTOpOro mpocToro rpada 6e3 nepeceuenuit péodep. [lociie 3Toro Bce BEpIIMHBI OJHOW M3 TpaHen
MOCTPOCHHOW YKJIAJIKW PaCKPaCHIM KPACHBIM IIBETOM, a BCE OCTAJbHBIC BEPUIMHBI Tpada pacKpacHiIu
CHHUM 1BeTOM. J[oKaXkuTe, 4To JIF00YI0 Mapy CUHUX BEPIIMH MOKHO COCIMHUTD JPYT C APYTOM IIETIBIO,
HE COJIeprKallleil KPaCHBIX BEPILUH.

JlokaxuTe, 4To J110OOW HEOPUEHTHPOBaHHBIH mpoctoi rpad $G$ MoxHO Tak mpeBparuth B oprpad
(HapuCOBaB CTPEJIKY Ha KaXI0M pedpe), 4ToObl B MOITYYEHHOM oprpad)e [UIMHBI BCEX MPOCTHIX Iereil
ObL1u orpanuyeHb! cBepxy unciaoM $\Delta(G)S. ([nuna nenu — 310 uncno pédep B HEH.)

[Tycte $G$ — nBynonbHslil Tpad ¢ nomsamu $A$ n $BS$, npuuém Bce Bepumubl nomu $AS umeror
crenedb $2d$, a Bce Bepmmubl gomu $B$ umeror crenens $d$. Jlokaxkure, 4TO MOXKHO Pa3OUTh
Bepmunbl rpada $G$ Ha nam amuae $2$, He MMerole 06X BepiuuH. ([[THHA HEm — 3TO YUCIIO
p€Gep B Heil.)

Cpennell creneHplo rpada Ha3bIBAIOT CpeHEe apU(PMETHUECKOe CTENeHel BceX BepmuH. Jlokakure,
9TO €CIM CcpeHsisi creneHb $n$-BepmmuHOrO rpada orpanudeHa cHuzy BenuuunHoi $n/100$, To
CIIMCOYHOE XPOMATHUUECKOE YUCIO Tpada OorpaHHMYCHO CHU3Y 1O mopsaky BenumuuHoil $\Omega(\log
n)$.

Hokaxute, uyro mus smoboro $k\gegslant 3$ ans  npoumssosmbHbiX  $k$  BepmmH rpada
3bikoBa—MBbInenbekoro $G {k+1}$ (umeromero xpomarmueckoe ugucino $(k+1)$) mMoxHO ykazarb
coziep KalIuii UX POCTOH IUKI (pa3zyMeeTcs, MUK MOXKET BKITIOUATh KAKUE-TO el BEPIIMHBI TIOMHUMO
BeIOpaHHbIX $k$).

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst



1. OcHOBHBIE ONIPEIENCHNS U TIOHSTHS.

2. I'paduueckue mocueoBaTenbHOCTH. AJTOPUTM ONpeeNeH s, rpaguyecKie MoCaeJ0BaTeIbHOCTH 1
teopema ["ayutan-Opaéma.

3. CszaocTh. OcTOBHOE JIepeBo. Pasnuunble 3a1a4i 00 OCTOBHBIX JICPEBbAX.

4. Ilpocreiimue 3a1a4n 3KCTpeMajIbHON TEOpUHn rpados.

5. Uucnmo He3aBUCUMOCTH W KIMKOBoe 4ucio. Teopema Pamcest (HamomuHanue) M (p, q)—CBOWMCTBO.
Oynkuus HesaBucuMocTH Tpada. Kputepuil nBymonbHOCTH M (QYHKUMS HE3aBUCHUMOCTH. 3agadu
pamceeBCKOro THIA JJisl KjaccoB rpadoB u runeprpadoB U3 KOMOMHATOPHON T€OMETPHH.

6. Tpanceepcanb B Tpade W 4YHCIO He3aBUCUMOCTH. PebGepHble Tpadsl m Teopema [ammam o
MaKCUMaJIbHOM I1apacoueTaHHH.

7. JlokanbHble Teopembl [amnmam-Opaéma o umcie BepliMH M TeopeMa bomnobama o yucne pédep,
rapaHTHpYyolIe cymecTBoBanue k—rpancsepcani. O000IIEHHS TUX TEOpeM JJist Tutiepragos.

8. 3amaua Typana. Teopema Morknna-Crpocca. O600mmenus st runieprpadon. 3amadu TypaHCKOTO
THMA JUIsI KJIaccoB rpadoB U rurieprpadoB 13 KOMOMHATOPHOW T€OMETPHH.

9. O606menus 3agaun Typana ans rpadoB u runeprpagos.

10. Pebepnbie rpadsr u Teopema ["aymuran 0 MaKCUMaIIEHOM ITapacodeTaHuUH.

11.3anaum paMceeBCKOTO TUIIa I KiaccoB rpadoB u runeprpadoB U3 KOMOMHATOPHON TeOMETPHUH.

[Tpumeps! OuIETOB:
burner 1:

1. TpancBepcans B Tpade W uucio He3zaBUCUMOCTH. Pebepnble rpadsl M Teopema lammam o
MaKCHUMaJIbHOM I1apacoyeTaHUH.

2. OCHOBHbIE ONPEEICHUS U TTOHITHSL.

buner 2:
1. O606menus 3anaun Typana ais rpadoB u runeprpados.
2. CeszHOCTh. OcTOBHOE JIepeBo. Pa3nuyHbIe 3a/1a4M 00 OCTOBHBIX JICPEBBSX.

Kpurepun onennBanus
- omenka «ommumuHo  (10)»  BeIcTaBisieTCSs ~ CTYACGHTY,  IIOKa3aBIIEMY  BCECTOpPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX pELICHUI
- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOM NMporpaMMbl AUCIUIIIMHEL U YMEHUE IPUMEHATh UX
Ha TpaKTHKE MPHU PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE NMPHHATHIX
peleHnin
- oueHka  «omm4HO  (8)»  BBICTaBUsieTCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHUE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHUS yueOHOMH MporpaMMbl AUCIUIIIMHBL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEILICHUH KOHKPETHBIX 3ajia4, U IPaBUIbHOE 0O0CHOBAaHUE MPUHSTHIX PELICHUN
- OLIEHKa «xopoluo (7)» BbICTaBISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, I'paMOTHO M IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUHU 3a]jad HEKOTOPblE HETOUHOCTH;
- OIICHKA «XOpowIo (6)» BBICTABISAETCS CTYACHTY, €CIIM OH 3HAET Marepuai, IPaMOTHO H IO CYLIECTBY
U3JIaraeT ero, yMeeT IPUMEHSTh IIOJy4YEHHbIE 3HAHUSA Ha IIPAKTUKE, HO JIOIYyCKaeT B OTBETE WJIMU B
pEIIeHUH 3a/1a4 HEKOTOPhIE HETOUHOCTH;
- OLIEHKa «XOpowIo (5)» BBICTABIAETCS CTYAEHTY, €CJIM OH 3HAET Marepuas, U IO CYLIECTBY U3Jaraer
€ro, yMeeT MPHUMEHSATH MONyuYeHHbIC 3HAHMS Ha MPAKTUKE, HO JOIYCKAET B OTBETE WM B PEIICHUH
3a]1a4 HEKOTOpbIE HETOUHOCTH;
- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHsl JOrMYECKON M0CIeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIPU 3TOM
OH BJIAJCET OCHOBHBIMU pa3lelaMd Y4eOHOHM NporpaMMbl, HEOOXOOMMBIMH JJsl AalbHEHIIETo
00yueHHs 1 MOXET NIPUMEHSThH NOJIy4YeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOM CUTYaIUH;



- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHHH ITPOrPaMMHOIO MaTepHasa, HO MPU 3TOM
OH BIajeeT (parMeHTapHO OCHOBHBIMH pa3felaMHd Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH JUIS
nanpHeimero o0y4eHHs U MOXET IPUMEHSTh MOJy4YeHHbIE 3HAHUS MO o0pas3ly B CTaHAApPTHOU
CUTYyalluy;

- OILIEHKAa «HEYIOBJIETBOPUTEIHHO (2)» BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HaeT Oouiblleill yacTu
OCHOBHOTO COZACP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYEeHHBIC 3HAHUS MIPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKHUX 33134

- OLICHKA «HEYHOBJIETBOPUTENHHO (1)» BBICTAaBISETCS CTYACHTY, KOTOPBbIM HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX ITOHATHN AUCHUILINHBI

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo BpCEMs IIPOBCACHUSA 5K3aMCHaA o6y%uomneca MOTYT ITOJIb30BATbHC nporpaMMoﬁ JAUCIMITIIMHBI.



