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AHHOTANMA

Kypc Bkirouaet Tembl Teopun rpadoB, 4acTO BRIXOISIINE 32 MPEAebl BBOAHBIX KYPCOB 110 KOMOMHATOPHUKE U
Teopuu rpados. B yacTHOCTH, pacCMaTpUBAIOTCS 1OCTATOYHO CTaHAAPTHBIC, HO HEXapaKTEePHbIE 111 BBOAHBIX
KYPCOB: CIIHCOYHOE XPOMAaTHYECKOE YUCIIO, CBI3HOCTh, YUCIO CKpelnBaHui. Kypc JeMOHCTpUpYET MOHATHS
Y METO/Ibl, CBOIICTBEHHBIE COBPEMEHHBIM HCCIIEOBAaHUAM 110 TEOPHUHU IPpaoB.

1. lean u 3apa4un

Henp AucoMnInHBI
- OCBOCHHME OCHOBHBIX ITOHATHH TeOpuH rpagos.

3agauu AU CUMILUINHBI
- OCBOGHHE CTyJCHTaMH 0a30BbIX 3HaHMI (MTOHATWH, KOHIEMIUHA, METOIOB W Mojeliei) B obmactu
rpa¢os;
- mpuoOpeTeHNe TEOPETUISCKUX 3HAHUHN U MPAKTUYECKUX YMEHU U HABBIKOB B 00acTu rpados;

- OKa3zaHHe KOHCY/IbTAllMii M TIOMOIIM CTYJCHTAM B IPOBEICHUU COOCTBEHHBIX TEOPETUYECKUX
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 Ananu3upyet npoOIEMHYIO CUTYAINIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBiser MOWCK BapuUaHTOB 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 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HOpeABUIS PE3ydbTaT KaKAO0T0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB JTOM
NesITeIbHOCTH

VYK-4.1 CrnocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MUCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuy M HE MEHEE 4YEM Ha OIHOM

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE UHOCTPAHHOM A3BIKC

KOMMYHHKATHBHbBIC TEXHOJIOTHH, B ToM uncie |YK-4.3 Cnocoben MIPEACTABIIATh pE3yabTaThI
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIeMU4YecKoll W TMpo(decCUOHATIBHON JesITeThHOCTH Ha
aKaJIeMHYECKOT0 B PO(eCcCHOHATEHOTO pasIMYHBIX Hay4HBIX MEPOIPHUATHUSIX, BKJTIOYAsT
B3aMMOJICHCTBUSI MEXTyHapOIHbIC

YK-4.4 CriocoOeH WCMONIb30BaTh COBPEMEHHBIE CpEICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIBHOTO B3aUMOAEHCTBHS

OIIK-2 CriocobeH coBepIIeHCTBOBATh U OIIK-2.1 Umeet nmpencraBiaeHue 0 COBPEMEHHOM COCTOSTHUH
pean30BbIBaTh HOBbIE MaTeMaTU4eCKHe MaTeMaTUYeCKUX HCCIEIOBAaHUN B pPaMKax TEeMaTH4ECKOU
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;

- TIOHATHUS, AKCHOMBI, METOABI J0Ka3aTeIbCTB M JOKAa3aTelIbCTBA OCHOBHBIX TEOpEM B pasjenax,
BXOJISIIMX B 0a30BYIO YaCTh IIHKII;

- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIMX MaTeMAaTHUYECKUX OOBEKTOB;

- QHAJUTUYECKUE M YUCIIEHHBIE IOAXOAbl M METOIbl JUIsl PEIICHUS THUIIOBBIX NPUKIAJHBIX 3a]1ay
ciydaiHbIX rpadoB.



YMETb:

- IOHSTH NTOCTABICHHYIO 3a/1a4y;
- HUCIIONIb30BaTh CBOM 3HAHMA JUIS peIIeHus (yHJaMEHTANbHBIX M IMPUKIATHBIX 3a/ad CIy4aiHbIX
rpa¢os;

- OLIEHMBATh KOPPEKTHOCTh OCTAHOBOK 3a71a4;
- CTPOTO JIOKa3bIBATh HJIH ONPOBEPIaTh yTBEPIKIACHHE;
- CaMOCTOSITETIbHO HAXOANUTh AJITOPUTMBI PEIICHU 3aa4, B TOM YHCJIEe U HECTAHIAPTHBIX, U IPOBOAUTD
UX aHaJIH3;
- CAaMOCTOSITEIbHO BUAETH CIEICTBUS MOMYUYCHHBIX PE3yJIbTaTOB;
- TOYHO MPEACTAaBUTh MaTeMaTHYCCKHE 3HAHHA B OOJACTH CJIOXKHBIX BBIYUCICHHH B YCTHOW M
MUCHMEHHOM (hopMe.
BIIAJICTh!

- HaBbIKAMH OCBOEHHS OO0JIBIIOro 00bemMa HHPOPMALUU U peIIeHHs 3a/1a4 (B TOM YHCIIE, CIOKHBIX );

- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;

- KyJABTYpOW TOCTAHOBKH, aHalW3a M PELICHUS MaTeMaTH4YeCKHX M MPUKIAAHBIX 33a/ad, TPeOyromux
JJIS1 CBOETO PEIIeHHs UCTIONb30BAaHHU MaTEMaTHYECKHX ITOX0/I0B ¥ METOAOB CIy4aifHbIX Ipados;

- MIPEIMETHBIM SI3BIKOM CJIOKHBIX BBIYUCIICHHH W HaBBIKAMH TPaMOTHOTO OIMCAHMS PEIeHHs 3a/ad
[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
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Jlokanbable Teopembl ['amman-Opaéma o 6 6 7
YHCIIe BEPIINH
) Oo6o6menust 3anaun Typana juis rpados 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 gac., 3 3au.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)
Cemectp: 3 (Ocennuii)
1. JlokaneHbie Teopemsbl ['amnan-Opaéma o yncie BepuH

3amaua Typana. Teopema Morkuna-Ctpocca. O0o0menus mis runeprpadon. 3amaadul 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 mocien0BaTeNbHOCTH. AITOPUTM ONPEAEICHUs, rpaduuecKne NocIe0BaTeIbHOCTH U
teopema ["ayunan-Opaéma.

4. Ilpocreiimue 3a1a4n 3KCTpeMaIbHON Teopru rpados

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

@Oynkuus HezaBucMMOCTH rpada. Kpurtepuit ABYyHOTBHOCTH M (YHKIHS HE3aBUCHMOCTH. 3aaaqd
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. PexoMeHzmyeTcsi YCHEUIHO COaBaTh KOHTPOJIbHBIE pabOThl, TaKk Kak 3TO YIMPOIIAeT HTOTOBYIO

aTTCCTAIUIO IO MPCAMCTY.
2. I[J'ISI IIOATOTOBKH K HTOTOBOM arTeCTalluu IO NMpCAMCTY JIy4dlIC BCCTO IOJB30BATHCA MAaTCpHaJIaMU

JIEKINH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

HEHTP JONOJHUTEIBHOTO, TOMOIHUTEIHLHOTO PO(eCcCHOHATBEHOTO U
oHnaitH-oopazosanus "Ilyck"

Kadeapa IUCKPETHON MaTeMaTHKH
Kypc: 2
KBaJIMpUKALUS: 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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOH
JesITeIbHOCTH

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

YK-4.1 CnocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MUCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyu M HE MEHEE 4YEM Ha OIHOM
WHOCTPAHHOM SI3BIKE

YK-4.3 Crniocoben MPECTABIIATD Pe3yNbTaTh
aKaJIeMU4YecKoll U TMpo(decCUOHATIBHON JesITeThHOCTH Ha
Pa3IUIHBIX Hay4YHbBIX MEpOTIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

YK-4.4 CriocoOeH WCMONb30BaTh COBPEMEHHBIE CpEICTBA
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHT
MaTE€MaTUYECKUX HCCIEHOBAaHUN B PAMKax TEMaTHYECKOU
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;
- TIOHATHUS, AKCHOMBI, METOABI J0Ka3aTeIbCTB M JOKAa3aTelIbCTBAa OCHOBHBIX TEOpEM B paszjenax,

BXOIISIIMX B 0A30BYIO 4aCTh ITHKIT;

- OCHOBHBIC CBOICTBA COOTBCTCTBYHOIIUX MATCMATHYCCKUX 06’LGKTOB;
- AHAJIMTUYCCKUC W YHCJICHHLIC MOAXOAbl W METOAbI g PCIICHUA THIOBBIX MNPHUKIAJAHBIX 3ajad

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

- HUCIIOJIb30BaAThb CBOU 3HAHUA JIS1 PCHICHUSA (bYH,I[aMCHTaJ'IBHBIX U TPUKIAAHBIX 3aaaq CJ'Iy‘IaﬁHBIX

rpados;

- OLIEHUBATh KOPPEKTHOCTh OCTAHOBOK 33]1a4;
- CTPOro JI0Ka3blBaTh UM ONPOBEPIaTh yTBEPAKICHUE;
- CaMOCTOSITENIBHO HAXOAUTh AJITOPUTMBI PEIIEHNUS 3a/1a4, B TOM YMCIIE U HECTAHAPTHBIX, U IPOBOIUTH

WX aHaJIu3;

- CaMOCTOATCIIBHO BUJCTH CIICACTBUSA MMOJYUYCHHBIX PC3YJIIbTATOB,
- TOYHO MpPEACTAaBUTb MATCMATHYCCKHUC 3HAHHUA B 00JaCTH CIIOKHBIX BBIYMCIICHHH B yCTHOI\/'I )41

MMCEMEHHOU (opme.
BJIAJIETh:




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

- HaBBIKAMH CaMOCTOSITEIbHON pabOThl M OCBOCHUS HOBBIX JANCIMIUINH;

- KyJABTYpOW TIOCTAHOBKH, aHalW3a M PEUICHUS MaTeMaTH4YeCKHX M MPUKIAAHBIX 33/ad, TPeOyromux
JUISL CBOETO PEIIeHHs UCTIONb30BAaHHU MaTeMaTHYECKHX ITOJX0/I0B ¥ METOAOB CIy4aifHbIX IpadoB;

- MIPEIMETHBIM SI3BIKOM CJIOKHBIX BBIYUCIICHUH W HaBBIKAMH TPaMOTHOTO OIMCAHMs PEIIeHHs 3a/ad
[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 nuki Ha 2017 BepmmHax, nonsbelil rpad Ha 2017 Bepmmuax, aepeBo Ha 2017 BepiuHax,
noJHbIN ABynoabHbIH rpad $K {2017,2017}S.

[Mpusenure mpumMep rpada, B KOTOPOM CTENEHb KX0M BepIIHHbI He MeHbIre 2017, Ho ipu 3ToM rpad
HE SIBJISICTCS IBYCBSI3HBIM.

CKOJBKO YT B CETH, IOCTPOCHHOM B JI0OKAa3aTeNbCTBE BEPUIMHHOTO BapHaHTa TeopeMbl MeHrepa, eciiu
B ucxomaHoM rpade obuto 10 Bepmma u 30 pédep?

B noka3aHHON Ha JIEKIUSX TEOpEME YTBEPXKAACTCS CYIISCTBOBAHHME IIMKJIA, KOTOPBIH CONCPKHUT
BBIOpaHHOE MHOKECTBO BEpIIMH Ipada, HO HUYEr0 HE TOBOPHUTCS O IMOPSAKE, B KOTOPOM BEpIIMHBI
JOJDKHBI JIeKaTh Ha 1mkie. [IpuBeanTe npuMep, NOKa3bIBAIOMINN, YTO KOHTPOJIMPOBATH MOPSIOK MBI
Obl HE MODJIK: B OOIIEM Cliydae He BepHO, uTo Juis JitoObix Bepimud $v_1,\\dots,\,v_k$ B $k$-cBsizHoM
rpade HaWAETCs UK, B KOTOPOM BepmHHbEI $v_i$ 5exxar B TOYHOCTH 10 MOPSAIKY, T.c. 32 $v_i$ unér
$v_{i+1}$ nnst kaxmoro $iS.

[Mocrpoiite s kaxaeix HarypaibHbIX $\kappa, \lambda, \delta$, ymoBneTrBopstomMX HEpaBEHCTBY
$\kappa\legslant\lambda\legslant\delta$, rpad, umeromuii B TOYHOCTH TaKUe BEPLUIMHHYIO CBS3HOCTD,
pEOEPHYIO CBSI3HOCTh 1 MUHHMAJIbHYIO CTETICHb COOTBETCTBEHHO.

Kax BBIISAIAT AepeBbs, HA KOTOPBIX JOCTHTAeTCs OLICHKa TeopeMbl bpykca.

Pa3zmepom mapocoderanus OyneM Has3bIBaTh KoimmuecTBO pédep B HEM. Ilycth $G$ — mpomsBonbHBII
(HeoOs13aTeNibHO JIBYONBHBIN) rpad ¢ mapocoderanusmu $M'$S u $M"$ pasmepoB $m'$S u $m"$
COOTBETCTBEHHO, TpruéM $m'\It m"$. Bynem ycnoBHO Ha3biBaTh péOpa mapocoueranus $M'$ cuanmuy, a
péopa $M"$ kpacueiMu (Te pébpa rpada $GS, KOTOpHIE OJHOBPEMEHHO NHPHHAMIEKAT OOOMM
napocoueranusiv $M',\M"$, He Oymem packpammBarb). COBEpIIEHHO aHAJOIMYHO TOMY, KaK 3TO
Je7anoch B TMPEAblAyIIeM BuaeopparMeHte, BBeAEM IIOHATHE KPAaCHO-CHHEH MakcHMalbHOM
gyepenytromeics (kemu) nenu. Jlokaxure, uro B rpade $G$ mmeercs mo menpmieir mepe $(m"-m')$
KCMY IIeTIeH, KaJkaas U3 KOTOPBIX HAYMHAETCS M 3aKaHUYMBAETCS Ha KPacHOM pedpe.

ITycts $G$ — mnpoumssombHelil rpad), a $M$ — mpousBosmbHOE MapocodeTaHne B HEM. YCIOBHO
nokpacum pébpa $M$ B cuHmit 1BeT, a Bce octanbHble péopa $G$ — B KkpacHbIif nBeT. JlomycTuM, 9T
€CThb KCMY LIellb, IIEPBOE U nocienHee péopa KoTopoil kpacHble. [TokaxuTre, 4TO B 9TOM ciydae paMep
napocodetanusi $M$ MOKHO yBEITHUYUTB.

[Mycts $G$ — nBymompHBIN Tpad) ¢ PaBHOMOUIHBIMU JOJISIMH, JUII KOTOPOTO BBITIOJIHEHBI YCIIOBHS
teopembl Xomna. ITycts $M$ — mapocoueranue B $G$, He sBIsAOmEecs coBepmIeHHBIM. PaccMoTpeB
BCEBO3MOXKHBIE KCMY LENH, HAYMHAIOIIMECS B BEPIIMHE, «HE IOKPHITOI» mapocoueranneM $MS,
MOKaKUTE, KAaK MOYKHO TIOJIyYHTh IApOCOYETaHue, pa3Mep Kotoporo Gonbiie $MS.

OnumuTe, 9TO IMEHHO MOXET «HE 3apaboTaTh», €CIM MOMNBITaThCS AOKA3aTeIbCTBO TeopeMbl Kénura
0e3 U3MECHEHHI TIEPENIOKUTH C IBYNOJIBHBIX Ipa)OB Ha MPOU3BOJIBHBIC.

Hoxaxwute, uro y $k$-perynsiproro rpada Ha HEUETHOM YUCIIE BEPIIMH XPOMATHYECKHI HHACKC PaBEeH
$(k+1)$.

ITokaxwure, uTo Teopema Busunra (BepXHss OLleHKa) B OOILIEM ciydae HE BepHa Al MyasTuUrpadon
(mpuBemuTE IPUMED).

Jlokaxxute, 4T0 Xpomarmdeckuid mHaekc sodoro $2k$-perymspHoro mynsrurpada He TPEBOCXOAMT
$3kS$.

Teopemy TypaHa HETpPYIHO NEPEBECTH C sI3bIKA KIMK Ha SI3BIK IBOWCTBEHHOTO MOHSTHS HE3aBUCHMOTO
MHOXXecTBa. [Iponenaiite 3To n Bbl, onmcaB cTpykTypy rpada, y KOTOpOro MUHHMAJIBHO BO3MOXKHOE
KomuecTBO pédep cpemu rpadoB Ha \( n \) BepmmHax ¢ yucioM HezaBucumoctH \( \alpha \). Onrcanune
HE JTOJDKHO CChIIAaThCs Ha TeopeMy TypaHa.

Kakoii xoncranre (u3 orpeska \([0,\,1]\)) acumMnrorndyecks paBHa MUHHMAaJbHas Aoy peédep rpada,
NPy KOTOPOM TrapaHTupyercss Haiumuue moarpada (HeoOs3aTedbHO MOPOXKIAEHHOTO), H30MOpP(HHOTrO
rpagy Ilerepcena?

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



Jlokakute, 4To XpoMmarudeckoe 4ucio rpada pasHo $k$ Torma m Tompko TOrma, Korma MOKHO TaK
copueHTHpoBath pédpa rpada, 4ToObI B IMOMyd4eHHOM oprpade MakcuMalbHas JUIMHA LeNel paBHSIACh
$(k-1)$. [Ilon mnuHO#M memu TmOmpasyMeBaeTCs KOJIMYecTBO pEOep B HeW; Bce péOpa JIOJIKHBI
MPOXOJUTHCS B MIPABUIILHOM HalPaBICHUN; TIOBTOPSHUN BEPILIUH OBITh HE JOIDKHO. |

I'pad HazeiBaeTcst kpurtuueckuM $k$-xpomarnueckum, eciim xpomarnieckoe yuciio rpada pasHo $k$,
HO XpOMAaTHYECKOe YHCio Jtodoro ero noarpada yxe e oomnee $(k-1)$. dokaxure, 4to amis mo00ro
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} $?

IMycTh MaTeMaTHUYECKOE OXKUIaHUE KomndecTBa nUkIoB JiauHbl $10$ B cnyyaiinom rpade pasao $0.28.
Kakum umcnom, ncxons 3 HepaBeHCTBa MapKoBa, MOKHO OLIEHHTH CBEPXY BEPOATHOCTH TOTO, YTO B
rpade ki Ha $10$ Bepmmaax?

MOJKHO JIM YJITy4IIMTh PE3yJbTaT JIEMMBI O YeTHIpEX BepimHax creneHu $\le 5§ — BepHO am, uTo B
TPUAHTYJSILIUK, B KOTOPOW HE MEHee IISITH BEpIINH, HalIyTCsl He MEHee IsATH BepiuuH creneHu $\le 5§?
Ecnu Henmp3ss — mpuBenUTE NpPUMEp TPHAHTYIISALUH, B KOTOPOW HET ISATH BEPUIMH MajoOH CTEIeHH.
Ecnu MOXXHO — IOKaXuTe.

Jlokakute, 4To mpH 000 packpacke pédep rpada $K_n$ B nBa nBera B HEM HalAETCS TaMHUIIBTOHOB
IIUKJI, COCTOSIIMI M3 IBYX OAHOLBETHBIX IyTel (LBETa MyTEH MOTYT OBITh U OJIMHAKOBBI, U Pa3JINYHBI).
[TpuBenute mpumep rpada, yIOBICTBOPSIOLIETO YCIOBHIO TEOPEMBI AcparsiHa—XadarpsHa, HO He
YAOBIIETBOPSIOLIETO YCIOBHIO TeopeMbl Ope.

JlokakuTe, YTO TPaHW IUIOCKOTO rpada, B KOTOPOM €CTh TaMHJIBTOHOB IIMKJI, MOKHO MPaBHIBHO
packpacuth B 4 1Bera (TO €CThb Tak, 4TOObI TpaHW, HUMEIOIHMe OOIIYI0 TpaHWIy HEHYJICBOH
POTSHKEHHOCTH, TIOJTyYUITN pa3HbIC [[BETA).

Kakoe HauMeHbIIIee CITMCOYHOE XPOMAaTHYECKOE YHCIIO MOXKET OBITh Yy JABYycBsizHOTO rpada Ha $1076$
BEpIIMHAX?

Jloka)kuTe WIM OnpoBeprHUTE (T.. TPUBEIUTE KOHKPETHBIH KOHTPIPHMEp) YTBEp)KICHHUE:
«$\kappa(G)\legslant\alpha(G)$ mns modoro npocroro rpada $G$, He oOnanaromero raMUIBTOHOBBIM
IIUKJIOM.

Nmeercst Tpu Tpynmbl CTYJEHTOB: W3ydyalolIMe HCIAHCKUHM, (QpPaHIy3CKHA W KUTAHCKHH S3bIK. B
MEPBBIX ABYX IPYMIAX IO MATh CTYAEHTOB, B TpeTbel — 205 cTyneHToB. M3BECTHO, 4TO KaXIbIid U3
M3YYaAIONIMX HCHAHCKUA 3HAKOM C KKABIM W3 M3YYarolluX (QpPaHIy3CKHUH, W 4YTO KaXKIbIH W3
M3YYaloNINX KUTAHCKHUH, 3HAKOM 110 MEHBIIEH Mepe C TPeMsl CTyACHTaMU B KaKIOH W3 IPyruX TpyII.
JloKakuTe, YTO MOKHO BBIOPATh 1O TPU CTYAEHTA M3 KaXKIOH IPYIIBI, TaK, YTOOB! CPEeH BHIOPAHHBIX
JICBATH CTYJCHTOB JIFOOBIC 1BA PA3HOSI3BIYHBIX CTYJCHTA OBLIH 3HAKOMBI.

Ha cdepe ormermn 128 touek u coequuunu ux 378 JTUHUAMH, TaK, YTO MOIYYHUIOCH H300pakeHHe
HEKOTOpOro mpoctoro rpada 6e3 nepecedenuid pédep. [loce 3Toro Bce BEpIIMHBI OJHON W3 rpaHel
MOCTPOCHHOW YKJIAJIKW PaCKPaCHIM KPACHBIM IIBETOM, a BCE OCTAJbHBIC BEPUIMHBI Tpada pacKpacHiIu
CHHUM LBeTOM. JlOKa)KuTe, 4TO JII00YI0 Mapy CUHUX BEPIINH MOKHO COEANHHUTH APYT C APYIOM IIETIBIO,
HE COJIeprKallleil KPaCHBIX BEPILUH.

JlokaxuTe, 4To JII0OOW HEOPUEHTHPOBaHHBIN mpocToil rpad $G$ mMoxkHO Tak mpeBpaTuTh B Ooprpad
(HapuCOBaB CTPEJIKY Ha KaKIOM pedpe), 4TOObI B MOIyYSHHOM oprpade UIMHBI BCeX MPOCTHIX Lenen
ObL1u orpanuyeHb! cBepxy unciaoM $\Delta(G)S. ([nuna nenu — 310 uncno pédep B HEH.)

[Tycte $G$ — nBynonbhslil rpad ¢ momsimu $AS u $BS, npuuém Bce Beprmubl nomu $AS$ umeror
creniedb $2d$, a Bce Bepmmubl moau $B$ umeror cremens $d$. JlokaxkuTe, 4TO MOXHO pa3OUThH
BepmuHbl rpada $G$ Ha uenu amuHer $28$, He MMeroIMe 06X BepiuH. ([IHHA LM — 3TO YHCIIO
p€Gep B Heil.)

Cpennell creneHplo rpada Ha3bIBalOT cpeaHee apu(MeTHYeckoe CTereHel Bcex BepinH. Jokaxwure,
94TO €CIM CpeaHsisi creneHb $n$-BeprmuHOro rpada orpaHuyeHa cHuzy BenuuunHOW $n/100$, TO
CIIMCOYHOE XPOMATHUUECKOE YUCIO Tpada OorpaHHMYCHO CHU3Y 1O mopsaky BenumuuHoil $\Omega(\log
n)$.

Hokaxute, uro mus Jwboro S$k\gegslant 3$ s mpoumssoibbix  $k§  BepmmH rpada
3bikoBa—Muinenbekoro $G {k+1}$ (umeromero xpomaruueckoe uucio $(k+1)$) mMoxHO ykazarsh
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 mocne0BaTeIbHOCTU. AJITOPUTM OIPEAEICHUs, rpaduecKue MocIe10BaTeIbHOCTH U
teopema ["ayutan-Opaéma.

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

4. Ilpocreiimue 3a1a4n 3KCTpeMajIbHON TEOpUHn rpados.

5. Uucno HE3aBHCMMOCTH W KIIMKOBOE uucio. Teopema Pamces (mamomuHanwe) u (p, q)—CBOWMCTBO.
Oynkuust HesaBUcUMOCTH rpada. Kpurtepuil nBynonpHOCTH M (DYHKIMS HE3aBUCUMOCTH. 3ajadu
pamceeBCKOro THIA JJisl KjaccoB rpadoB u runeprpadoB U3 KOMOMHATOPHON T€OMETPHH.

6. TpancBepcanb B Tpade W 4YHCIO He3aBUCHUMOCTH. PebGepHbie Tpadsl u Teopema [ammam o
MaKCUMaJIbHOM I1apacoueTaHHH.

7. JloxanbHble Teopembl ['amman-Opaéma o yucne BepmmH U Teopema bomnobama o uucie pédep,
rapaHTHpYyolIe cymecTBoBanue k—rpancsepcani. O000IIEHHS TUX TEOpeM JJist Tutiepragos.

8. 3amaua Typana. Teopema Monkuna-Ctpocca. O6o6mienus ans runeprpados. 3ajadnd 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 rpade M uMCIO He3aBUCHUMOCTH. PeOepHbie rpadpel u 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 «omm4HO  (10)»  BBICTaBNSieTCSl  CTYAGHTY,  IIOKa3aBIIEeMy  BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX pELICHUI

- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAaHHS yuyeOHON MporpaMMbl JUCHUIUIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPH PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBUIbBHOE OOOCHOBAHUE MPUHSATHIX
peleHnin

- oueHKa  «omm4yHO  (8)»  BBICTABISACTCS  CTYOCGHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHS yuyeOHON MpOrpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPH PEILICHUH KOHKPETHBIX 3ajia4, U IPaBUIbHOE 0O0CHOBAaHUE MPUHSTHIX PELICHUN

- olLleHKa «xopouio (7)» BBICTaBISAETCS CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepuai, 'PaMOTHO M IO
CYLIECTBY M3JIaraeT €ro, yMeeT NPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WM B PELIEHUHU 3a]jad HEKOTOPblE HETOUHOCTH;

- OIICHKA «XOpowIo (6)» BBICTABISAETCS CTYACHTY, €CIIM OH 3HAET Marepuai, IPaMOTHO H IO CYLIECTBY
U3JIaraeT €ro, yMeeT IPHUMEHSTh I0JyuyeHHbIC 3HaHMs Ha MPaKTHKE, HO JOIyCKAaeT B OTBETE WIM B
pEIIeHUH 3a/1a4 HEKOTOPhIE HETOUHOCTH;

- OIIEHKa «XOpoImIo (5)» BBICTABIAETCS CTYACHTY, €CIIM OH 3HAET MaTepHaj, U MO CYIIECTBY M3JIaraet
€ro, yMeeT MPHUMEHATH MOJlyuYeHHbIC 3HAHMSA Ha MPAKTHUKE, HO JIOMYCKaeT B OTBETE WJIM B PELICHUHU
3a]1a4 HEKOTOpbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapylLIEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajia, HO IIPU 3TOM
OH BIAJEET OCHOBHBIMH pa3ieiaMu Y4yeOHOW mporpaMMbl, HEOOXOAMMBIMH JJisl AajibHEHIIero
00yueHHs 1 MOXET NIPUMEHSThH NOJIy4YeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOM CUTYaIUH;



- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKONW MOCIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO Marepuaia, HO IPU 3TOM
OH BIajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOH NporpaMmbl, HEOOXOAMMBIMH IS
JaybHedmero o0y4eHuss U MOXKET MPHUMEHSTH IOJIyuYeHHbIE 3HaHWA 1O 00paslly B CTaHAAPTHOM
CUTYyalluy;

- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABIIAETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblueil yacTu
OCHOBHOTO COZEP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI JUCHUIUIMHBI U HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHHS [IPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKHUX 33134

- OLIEHKa «HEYHOBJIETBOPUTENIBHO (1)» BBICTaBIISIETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX ITOHATHN AUCHUILINHBI

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

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



