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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
OCBOCHHE OCHOBHBIX NOHATHI TEOPHH NPOAPHUHYTHIX rpadoB.

3agauu AU CUMILUINHBI
- OCBOGHHE CTYJCHTaMHU 0a30BBIX 3HAHWH (TTOHITHH, KOHIEMIIMA, METOJIOB M Mojeleil) B obmactu
rpa¢os;
- TIpUOOpPETEeHNE TEOPETUICCKUX 3HAHUH U MTPAKTUICCKUX YMEHUM U HaBBIKOB B 00JIaCTH rpados;

- OKa3aHWE KOHCYNIbTAMi M TOMOUIM CTYACHTaM B IPOBEICHHU COOCTBEHHBIX TEOPETUYECKHX
WCCIIeIoBaHMid B 001acT rpadoB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckuid  |YK-1.2  OcymiecTBisier MOWCK  BapUaHTOB  PEUICHUS
aHaJn3 NpOOJIEeMHBIX CUTyalluii HA OCHOBE MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIPAaOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN
CTpaTeruro AeucTBui
OIIK-2 CriocobeH coBepIIEHCTBOBATh U OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
pean30BbIBaTh HOBBIE MaTeMaTU4eCcKue MaTeMaTUYEeCKUX HCCIENIOBaHUNH B pPaMKax TeMaTH4eCcKOH
METO/IbI PEeIICHUs IPUKIATHBIX 3334 o0sacTu cBoei mpodeccuoHaIbHOM e TeIbHOCTH
[1K-2 [MorumMaeT 1 criocobeH MPUMEHUTH B [IK-2.1 3naeT OCHOBBI  HAyYHO-HCCIIEIOBATEIHCKOU
HAy4HO-HCCIICAOBATEILCKON U PUKIIATHON NesITeTbHOCTH B oOmnactu
JEATeIbHOCTH COBPEMEHHBIM MaTeMaTHYeCKUi | MH(POPMAMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUU
anmapar ¥ ajJrOpUTMbl, OCHOBHBIE 3aKOHBI BJIaJIeeT 3HAHHEM OCHOB (HIIOCO(OUN U METOJOIOT U HAYKH;
€CTECTBO3HAHUS, COBPEMEHHBIE SI3bIKU 3HaHUEM METOJ0B HayYHBIX MCCIEIOBAHUN U HAaBBIKAMHM HX
MPOrpaMMHPOBAHUS U IPOTPAMMHOE MPOBEACHUS

06ecnequI/Ie; OIepalluOHHbIC CUCTEMBI U
CCTCBLIC TCXHOJIOTHH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- (¢yHAaMeHTAIbHbIC TOHATHS, 3aKOHBI, TEOPUU CIYYaHBIX TpadoB;
- COBPEMEHHBIE MPOOJIEMBI COOTBETCTBYIOIINX Pa3/IeiOB CIydalHBIX TpadoB;
- TIOHATHUS, aKCHOMBI, METOMbI JTOKA3aTeNIbCTB M JI0KA3aTelIbCTBA OCHOBHBIX TEOPEM B pasleiax,
BXOZSINUX B 0230BYIO 4aCTh ITUKIT;
- OCHOBHBIE CBOHCTBA COOTBETCTBYIOIUX MaTeMaTnIeCKUX 00bEKTOB;
- aHAJIUTUYECKHE U YHUCJICHHBIC MOAXOAbl U METOHBI ISl PEUICHUS TUMOBBIX NMPUKIANHBIX 33134
cIydaiHbIX TpadoB.
YMETh:




- TIOHATH IOCTABJICHHYIO 33/1a4y;
- HUCIIONb30BaTh CBOM 3HAHMS JJIS peuleHus (pyHIaMEHTaIbHBIX M MPHUKIATHBIX 3a7a4 CIyYaiHBIX
rpa¢os;

- OIICHUBATh KOPPEKTHOCTH MOCTAHOBOK 3a/1ad;

- CTPOTO J0Ka3bIBaTh WM ONPOBEPTaTh YTBEPKACHUE;

- CaMOCTOATEJIFHO HAaXOAWTh alTOPUTMBI PELICHUS 3a7ad, B TOM YHCJIE W HECTAaHAApTHBIX, U
MPOBOJIUTH UX aHAJIH3;

- CaMOCTOSITENILHO BUJETh CIEICTBHS IOIyUYCHHBIX PE3YJIbTaTOB;

- TOYHO MpPEACTAaBUTh MaTeMaTHYCCKHE 3HAHWS B OONACTH CIIOKHBIX BBIYMCICHHHA B YCTHOW M
MUCHLMEHHOM (hopMe.

BJIAJIETD:

HaBbIKAMH OCBOEHUS O0NBIIOr0 00beMa HHPOPMALIMU U PELLICHHS 3a1a4 (B TOM YHCIIE, CIIOKHBIX);
HaBBIKAMU CAMOCTOSATEJILHON pabOThl M OCBOEHHSI HOBBIX TUCLIUILINH;

KyJBTYypOil TOCTAaHOBKH, aHAIN3a W PELICHUS] MaTEMAaTHUYECKUX M MPUKIAAHBIX 3a7ad, TPEOYIOMMX
JUIS1 CBOETO PEIIeHHs UCTIONb30BAaHHU MaTEMAaTHYECKHX ITOJXO0/I0B ¥ METOAOB CIy4aifHbIX IpadoB;

- TPEAMETHBIM S3BIKOM CIOKHBIX BBIYUCICHUN M HaBBIKAMH I'PAMOTHOTO OMUCAHMS PEIICHUS 3a7ad U
[IPECTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Jlokanbupie Teopems! [Mamnan-Opaéma o 6 6 ]
YHCIie BEPIINH
) O606menus 3anaun Typana ans rpados 6 6 g
u runeprpadoB
3 OcHoBHBIE OnpeiesIeHus U TOHATHUS 4 4 8
4 [Ipocreiimue 3agadyn  3KCTPEMAIBHOU 4 4 ]
Teopuu rpados
5 Ces13H0CTh. OCTOBHOE JIEPEBO 4 4 7
6 Tpanceepcans B rpade u©  YHCIO 6 6 6
HE3aBUCUMOCTH
Nroro yacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.
4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. JlokanpHBIe TeOpeMbl [annau-Opaéa o yncie BepIuH

3anmaua Typana. Teopema Mornkuna-Ctpocca. O6o6menus s rurneprpadoB. 3aiadd TypaHCKOTO
THUIA JJIs KJIacCOB rpadoB U runeprpadoB U3 KOMOMHATOPHON T€OMETPHH.

2. O606mwenus 3anaun Typana asns rpados u runeprpados




DKcTpeMaibHas 3a/1a4a o rpagax 0e3 MUKIIOB AIUHBI 4 U KOHEUHBIE IPOEKTHBHBIE TNIOCKOCTH.
3. OcHOBHBIE OMpEeNICHNS U TIOHATUS

I'paduueckue nmocienoBaTeIbHOCTH. ANTOPUTM ONpeeNeH s, rpaduuecKue MOCIeA0BaTeIbHOCTH 1
teopema ["ayutan-Opaéma.

4. Ilpocreiimue 3a1a4n 3KCTpeMaIbHON TeOpru rpados

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

@Oynkuus HezaBUcHMOCTH rpada. Kputepuii nBynonbHOCTH W (QYHKIUS HE3aBHCUMOCTH. 3ajadu
paMceeBCKOro THIA Jisl KjaccoB rpados u runeprpadoB U3 KOMOMHATOPHON T€OMETPHUH.

5. CeszHoCTh. OCTOBHOE IEPEBO
Paznuunble 3a1a4n 00 OCTOBHBIX JIEPEBbSIX.
6. Tpancsepcaib B rpade 1 4MciIo He3aBUCUMOCTH

PeGepnbie rpads! 1 TeopeMa ["amman 0 MakCUMaJIbHOM ITapacO4YeTaHNH.

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

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

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

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'padbr. 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 .— IlonHbIi 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 HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX IPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekunoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTALUN.

B npouecce camocTosATENbHOM PabOThI 00YHaIONIMXCs BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, MATLAB, Maple u np.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



1. PexoMeHzayeTcsi YCHEUIHO COaBaTh KOHTPOJIbHBIC PabOThl, TaKk Kak 3TO YIMPOIIAeT HTOTOBYIO

aTTCCTAIUIO IO MPCAMCTY.
2. I[J'ISI IIOATOTOBKH K HTOTOBOM aTTCCTallMy IO MPEAMCTY JIYUIIC BCCIO IMOJB30BATLCA MaTCpUalaMnu

JIEKINH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: CoBpeMeHHasi KOMOMHATOpUKa

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

Kadeapa IUCKPETHON MaTeMaTHKH
Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - 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 ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

OIIK-2 CriocobeH coBepIIEHCTBOBATh U
pean3oBbIBaTh HOBBIC MaTEMaTHYECCKUE
METO/Ibl peIICHHS TPUKITAIHbIX 3a/1a4

OIIK-2.1 UmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
MaTE€MaTU4YECKUX HCCIEHOBAHUN B paMKax TEMATHYECKOU
o0nacTu cBoei mpoeccuoHaIbHOM e TeIbHOCTH

[1K-2 [MorumMaeT 1 criocobeH MPUMEHUTH B
HAay4YHO-UCCIIEIOBATCIBCKON U TPUKIIATHOM
JIEATEJIbHOCTA COBPEMEHHBIA MaTEMaTUYECKUI
anmapar v aJlTOPUTMBI, OCHOBHBIEC 3aKOHBI
€CTEeCTBO3HAHUS, COBPEMEHHBIE SI3BIKU
MIPOTPAMMHUPOBAHUS U MPOTPAMMHOE
o0ecrieyeHne; ornepanuoOHHbIE CUCTEMBI 1
CETEBBIC TCXHOJOIUH

[IK-2.1 3HaeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIHCKOU
JesITeIbHOCTH B oOmnactu
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUH
BJIaJIeeT 3HAHHEM OCHOB (HIIOCO(OUN U METOIOIOT U HAYKH;
3HAHMEM METO/IOB HAyYHBIX MCCIIEJOBAaHMH M HAaBBIKAMH HX
MPOBEICHUS

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI <(I[OHOJ'IHI/ITCJ'IBHBIG TJIaBbl TCOPUU Fpa(bOB» 06y‘lalOH.IHﬁCi[ JOJIKCH:

3HAThb:

(byHIaMeHTaNbHbIE TIOHATHUS, 3aKOHBI, TEOPHHU CITy4alHBIX IrpadoB;
COBpPEMEHHBIE MTPOOJIEMBI COOTBETCTBYIOLINX PA3/IeNIOB CIy4YalHbIX TpadoB;

- TMOHATHS, AKCUOMBI, MCTOAbI A0KAa3aTC/IbCTB U A0Ka3aTCJIbCTBAa OCHOBHBLIX TCOPEM B pasaciax,

BXOJAIIUX B 63,30ByIO 4aCTb LIUKII;

- OCHOBHBIEC CBOMCTBA COOTBETCTBYIOIIUX MATCMATHICCKUX OG’BGKTOB;
- AHAJIMTUYCCKUC W YUCIICHHBIC MOAXOAbI U MCTOABbI JIA PCHICHHA THUIIOBBIX IMPUKIAIHBIX 3aaaq

cIydaiHbIX TpadoB.
yMeThb:
- TIOHATH IOCTABJICHHYIO 33/1a4y;

- HCIIOJIb30BAaTh CBOU 3HAHUA [JI PCIICHUA (I)yHIIaMeHTaJIBHBIX U NMPUKIIAAHBIX 3aJaq CJIy‘IElfIHI:IX

rpa¢os;

- OLICHHMBATb KOPPEKTHOCTH IMTOCTAHOBOK 3a/1a4,
- CTpOro JOKa3bIBATh WX OIPOBCPraTb YTBCPIKICHUC,
- CaMOCTOATCJIbHO HAaxXOAUThb aJITOPUTMBbI PEIICHUA 3ada4d, B TOM UYHCIC W HECTAHAAPTHLIX, U

MMPOBOJAUTH UX aHAJIU3;

- CaMOCTOATCIBbHO BUACTD CJICACTBUA MMOJTYUCHHBIX PE3YyJIbTATOB,
- TOYHO MPCACTABUTL MATCMATUUYCCKUC 3HAHUA B 00JIaCTH CIIOJKHBIX BEIYUCICHHI B YCTHOI>'I n

MUCHMEHHOM (hopMe.
BJIaJIeTh:

- HaBBIKAMH OCBOCHHMS OOJIBIIOr0 00bheMa I/IH(l)OpMaLII/II/I " pCHICHUSA 3a1a4 (B TOM YHCIIC, CJIO)KHBIX);
- HaBBIKAMM CaMOCTOSTEIbHOMN pa6OTBI 1 OCBOCHUA HOBBIX JUCIIUILIMH,

- KYJIBTYpOH MOCTaHOBKHM, aHAJIN3a U PELICHUS MaTeMaTHYeCKUX W MPHUKIATHBIX 3a/1a4, TPeOyIommx
JUISL CBOETO PEIIeHHs UCTIONb30BAaHHU MaTEMAaTHYECKHX MTOJX0/I0B ¥ METOAOB CIy4aifHbIX IpadoB;

- TPEAMETHBIM SA3BIKOM CIOKHBIX BBIYUCICHUN M HaBBIKAMH I'PAMOTHOTO ONUCAHMS PEIICHUS 3a1ad ’
[IPEICTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO

Texyuii KOHTPOJIb

Cpenu rpadoB HHIXKE OTMETBTE BCE T€, KOTOPHIE SIBISIOTCS 2-CBSI3HBIMU:

npocroii ks Ha 2017 BeprmHax, nonHbl rpad Ha 2017 BepmmHax, aepeBo Ha 2017 BepmmHax,
noJHbINA ABynoabHbI rpad $K {2017,2017}S.

[Ipusenure npumep rpada, B KOTOPOM CTENEHb KaKA0H BeplnHbl He MeHble 2017, Ho mpu 3ToM rpad
HE SIBJIIETCS JIBYCBSA3HbBIM.



CKOJBKO IyT B CETH, IIOCTPOCHHON B JIOKa3aTeIbCTBE BEPIIMHHOTO BapHaHTa TeopeMbl MeHrepa, eciu
B ucxomHoM rpade 6sut0 10 Beprmua u 30 pédep?

B noka3zaHHOW Ha JIEKIUSAX TEOPEME YTBEPKIAETCS CYLIECTBOBAHUE LMKIIA, KOTOPBIM COINEPKUT
BBIOpaHHOE MHO)KECTBO BEPIIWH Tpada, HO HMYETO HE TOBOPUTCS O TOPSAAKE, B KOTOPOM BEPIIUHBI
JOJDKHBI JIe)KaTh Ha nukie. IlpuBenure nmpumep, MoKas3bIBAIONIHMA, YTO KOHTPOJIMPOBATH MOPSIIOK MBI
ObI HE MOIIIK: B O0IIEM cllydae He BepHO, uTo Juisi Jo0bix BepmuH $v_1,\\dots,\,v_k$ B §k$-cBsznom
rpade HalaETCs UK, B KOTOPOM BeplIMHbI $V_i$ jekar B TOUHOCTH TI0 MOPSKY, T.€. 3a $v_i$ unér
$v_{i+1}$ s xaxmoro $i$.

[Mocrpoitte s kaxasix HaTypanbHbix $\kappa, \lambda, \delta$, ymoBneTBopsitoMX HepaBEeHCTBY
$\kappa\legslant\lambda\legslant\delta$, rpad, uMeromuii B TOYHOCTH TaKKe BEPIIMHHYIO CBS3HOCTb,
pEOGEpHYIO CBA3HOCTh M MUHMMAJIBHYIO CTEIICHb COOTBETCTBEHHO.

Kaxk BBIIAIAT AepeBbs, HA KOTOPBIX JOCTUTAeTCs OLIeHKa TeopeMbl bpykca.

Pa3zmepom mapocoueranus OyneM Ha3biBaTh KoiauuecTBO p&dep B HEM. [lycth $G$ — mnpowusBosbHBbI
(HeoOs13aTeNIbHO JBYAONBHBIN) Trpad ¢ mapocoderanusmMu $SM'S m $M"$ pasmepoB $m'$ m $m"$
cooTBeTCTBeHHO, mpuuéM $m"\It m"$. Bynem ycioBHo Ha3biBaTh pEéOpa mapocoueranus $M'$S cunumy, a
péopa $M"$ xkpacueimMu (Te péOpa rpada $G$, KOTOpHIE OTHOBPEMEHHO NPHUHAUICHKAT OOOUM
napocoueranusiM $M',\\M"$, ne Oymem packpammBarb). COBEpPIICHHO aHAJIOTMYHO TOMY, KaK 3TO
Jenanoch B INPEIbLAyIIeM BuaeodparMeHTe, BBEIEM MOHATHE KpPacHO-CHHEH MaKCUMAaJbHOM
yepenytoreics (kemy) renu. Jlokaxute, uto B rpade $G$ mmeercs mo menbiieir mepe $(m"-m')$
KCMY IIeTIeH, KaXKaast U3 KOTOPBIX HAYMHACTCS M 3aKaHUYMBACTCSl Ha KpacHOM pedpe.

[Mycts $G$ — mnpomsBonbHBIN rpad, a $M$ — mnpousBonbHOE mapocodeTaHue B HEM. YCIOBHO
nokpacuM péopa $MS$ B cunmii uBet, a Bce ocranbubie péopa $G$ — B kpacHslii 1Bet. Jlomyctum, uro
€CThb KCMY LIeTb, IEPBOE U MocieaHee péopa KoTopoit KpacHble. [lokakuTe, 9TO B 3TOM CiIydae pa3mep
napocoderanus $M$ MOXKHO yBeTHYHUTS.

[Tycte $G$ — nBymonbHBINA Tpad ¢ PaBHOMOIIHBIMU JOJSIMHU, JUISI KOTOPOTO BBITIONHEHBI YCIIOBHUS
teopembl Xoma. [Tycte $M$ — mapocoderanue B $GS, He sBistomeecs coBepuieHHbIM. PaccMoTpeB
BCCBO3MOXKHBIE KCMY IICIIM, HAYMHAIOIIMECS B BEPIIMHE, «HE IMOKPBITOW» mapocoueranueM $MS,
MOKa)XKHUTE, KAaK MOJKHO TIOJTyYUTh ITapOcodYeTaHme, pa3mMep Kotoporo oosbire $MS.

OmnummTe, 9TO IMEHHO MOXKET «HE 3apaboTaThy», €CIIU IMOIBITAThCS T0Ka3aTeIbCTBO TeopeMbl Kénura
0e3 U3MEHEHHH NePeNIoKUTh C ABYIOIbHBIX IPa)oB Ha MPOU3BOJIBHBIE.

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

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

Teopemy TypaHa HEeTpPYIHO MEPEBECTHU € A3bIKA KIMK HA A3bIK JBOMCTBEHHOTO MOHATHUS HE3aBHCHMOTO
MHOXecTBa. [Iponenaiite 3to u Bel, onmcaB cTpykrypy rpada, y KOTOpOro MUHHMAJIEHO BO3MOXKHOE
KomuecTBO pébep cpeau rpados Ha \( n \) BepmrHax ¢ yncioM HezaBucumocty \( \alpha \). Onucanne
HE JJOJDKHO CChIIAThCS Ha TeopeMy TypaHa.

Kakoii xoncranre (u3 orpeska \([0,\,1]\)) acumnToTHueckn paBHa MUHUMalbHas Jos pébep Tpada,
IpU KOTOPOH TapaHTUpyeTcs Haimuuue noarpada (HeoOs3aTesbHO IMOPOXKIEHHOTO), U30MOP(HOTO
rpagy Ilerepcena?

JloKakuTe, 4TO CIIMCOYHOE XPOMATHUYECKOE YHCIIO0 IMKJIA Ha YETHOM YHCIIe BEPIIMH PAaBHO JBYM.
Jlokaxute, 4TO XpoMarmdyeckoe uucio rpada paBHo $k$ Torma m Tompko ToOrnma, Korma MOXKHO Tak
copueHTHpoBatTh pédpa rpada, 4ToObl B MOTYYEHHOM oprpade MakCUMalbHas JJTMHA LeTell paBHSIIACh
$(k-1)$. [Ilon mnuHOW mHenu MoOmpa3yMeBaeTCsi KOIMYecTBO péOep B Hel; Bce péOpa MODKHBI
MPOXOJUTHCS B MIPABUIILHOM HAlPaBICHUU; TIOBTOPSHUI BEPILIUH OBITH HE JTOIDKHO. |

I'pad HazpiBaercst kpurnueckuMm $k$-xpomarmueckum, eciu xpomarnueckoe yuciio rpaga pasxo $k§,
HO XpOMAaTHYECKOe YHCII0 JItoboro ero noarpaga yxe He 6onee $(k-1)$. Jokaxure, uro ans modoro
kputnaeckoro $k$-xpomarnueckoro rpada $G$ Beimonneno nepasernctso $\|G\|\ge |Gl\cdot k/28$.
Omnuimre, KaK ycTpoeHsl kputnieckue $3$-xpomarndeckue rpadpsi.

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

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

[TycTh MaTeMaTHueCcKOe OKUAaHUE KoimdecTBa IukiIoB JuuHbl $108 B ciryqaitnom rpade paBro $0.28.
Kakum umciom, ncxons 3 HepaBeHCTBa MapkoBa, MOJKHO OLIEHHTH CBEPXY BEPOSATHOCTb TOTO, YTO B
rpade ki Ha $10$ Bepmmaax?

MOKHO JIM yITydlIUTh pe3yJIbTaT JEMMBI O YeThIpEX BepuimHax crterneHu $\le 5§ — BepHo sm, 9TO B
TPUAHTYJISILIUH, B KOTOPOW HE MEHee ST BEPILHH, HAlIyTCs He MEHee IsATH BepIuuH crerneHu $\le 5$7?
Ecnu Henmp3s — mpuBeqUTE NMpUMEpP TPUAHTYISIMH, B KOTOPOW HET MSATH BEPIIMH MaJIOW CTENCHH.
Ecnu MOXXHO — IOKaxuTe.



Jlokakute, 4To mpu Jito00# packpacke péoep rpada $K n$ B nBa nBera B HEM HANIETCS FAMHIBTOHOB
LUK, COCTOSIIIUI U3 IBYX OIHOLBETHBIX IMyTei (IIBeTa MyTed MOT'YT OBITh U OIMHAKOBBI, U PA3JIHYHBI).
[IpuBenure npumep rpada, yIOBIECTBOPSIOLIETO YCIOBUIO TeOpeMbl AcparsHa—XadarpsiHa, HO HE
YAOBIIETBOPSIOLIETO YCIOBHIO TeopeMbl Ope.

JlokaxuTte, 4TO TpaHU IUIOCKOTO rpada, B KOTOPOM €CTb TaMHJIBTOHOB LUKJI, MOXKHO MPaBHIBHO
packpacuth B 4 1Bera (TO €CThb Tak, 4TOObI TpaHW, WMEIONIME OONIYI0 TPaHMIy HEHYJIEBON
MPOTSHKEHHOCTH, TOTYYMIIN Pa3HbIE LIBETA).

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

Jlokaxxute WIM ONpOBEPrHUTE (T.6. TPUBEAUTE KOHKPETHBI KOHTPIPUMEP) YTBEP>KACHUE:
«$\kappa(G)\legslant\alpha(G)$ mns nro6oro npocroro rpada $G$, He obnanaromero raMuIBTOHOBBIM
LUKIIOM.

Nmeercst Tpu Tpynmbl CTYJCHTOB: W3ydalollUe WCHAHCKHUH, (QpaHIly3CKHH M KUTAWCKHi SI3bIK. B
MIEPBBIX ABYX TPYMIax IO MATh CTyAEHTOB, B TpeTbell — 205 cTyneHToB. M3BECTHO, YTO KaXAbId U3
W3YYAIONIMX HWCIAHCKMHA 3HAKOM C KaXIbIM W3 H3y4Yalolmux (paHIy3CKHH, W UYTO KaXKABIH U3
W3YYaIOIINX KUTAWCKUH, 3HAKOM 110 MEHBIICH Mepe ¢ TpeMsl CTYACHTaMU B KaXI0H W3 IPYrHX IPyIIIL.
JlokaskuTe, YTO MOXKHO BBIOpATh IO TPH CTYACHTA U3 KaXJOW IPYMIIbl, TaK, YTOOBI CPEIH BHIOPAHHBIX
JEBSITH CTYACHTOB JIFOOBIC 1B PA3HOSI3BIYHBIX CTYIEHTA ObLTH 3HAKOMBI.

Hoxaxure, 4yro mna smoboro $k\gegslant 3$ ana  npomssomeHbIX  $k$  BepmmH rpada
3bikoBa—MBbinienbekoro $G{k+1}$ (umeromero xpomaruueckoe uucio $(k+1)$) MoxHO ykazarh
COAEpKALINM UX MPOCTON LUKI (pasyMeeTcs, UK MOXKET BKIIIOUATh KaKUE-TO el BEPIIMHBI TOMHUMO
BEIOpaHHBIX $k$).

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. OCHOBHBIE OTIpENICICHNUS U TIOHSTHS.

2. I'papuueckue nocaenoBaTelbHOCTH. AJITOPUTM OTIpeieNieHus], TpaguuecKre NoCae10BaTeIbHOCTH U
teopema ["amman-Opaémia.

3. CeszrOCTh. OCTOBHOE JIepeBo. PasnuuHbie 33124l 00 OCTOBHBIX JICPEBbBSX.

4. Ipocreiimue 3a1a4n 3KCTpeMaIbHON TeOpUHr Tpados.

5. Yucno He3aBUCHMMOCTU M KIMKOBoe 4ucio. Teopema Pamcest (HamomuHanue) U (p, q)—CBOWMCTBO.
@ynkuus HezaBucMMOCTH rpada. Kpurepuil aBymompHOCTH M (YHKIMS HE3aBHCHMOCTH. 3ajadu
paMceeBCKOro THIa IJis KjaaccoB rpadoB u runeprpadoB 3 KOMOMHATOPHON TreOMETPHUH.

6. Tpancepcanr B rTpade U uHucio He3aBUCUMOCTH. PebGepnbie rpadpsl u Teopema [amman o
MaKCHUMaJIbHOM I1apacoyeTaHUH.

7. JloxanbHbie Teopembl [amnmam-Opaéma o ymcie BeplIMH W TeopeMa bomnobama o yucne péodep,
rapaHTHpyolye cyuectsoBanue k—rpancsepcanu. O000meHs 3TUX TeopeM AJisi Turepragos.

8. 3amaua Typana. Teopema Moukuna-Crpocca. O0oOmenus st runeprpados. 3amadu TypaHCKOTO
THTIA JUTsI KITAcCOB TpadoB U rurieprpadoB 13 KOMOMHATOPHOW T€OMETPHH.

9. O606menus 3anaun Typana ais rpadoB U runeprpados.

10. Hoxaxwure, uro y $kS$-perynsproro rpada Ha HEUETHOM YHCIIC BEPIIMH XPOMATHYECKUH HHIEKC
pasen $(k+1)$.

buner 1:

1. Ha cdepe ormernnum 128 Touek u coennHWIN uX 378 IMHUSAMH, TaK, YTO MOJYYHIOCH H300paKeHHE
HEKOTOpOro mpocToro rpada 6e3 nepeceuenuii péodep. [locie 3Toro Bce BEepIIMHBI OJHOW M3 TpaHen
MMOCTPOCHHOM YKJIaJKN PacKpacuid KpacHBIM LIBETOM, a BCE OCTaJbHbBIC BEPIIMHBI Tpada pacKkpacuin
CHHUM 1BeTOM. J[oKaXkuTe, 4To JIF00YI0 Mapy CHHUX BEPLIMH MOKHO COCIMHUTD JPYT C APYTOM IIETIBIO,
HE cozeprKalield KpacHBIX BEPIIHH.

2. Jlokaxxure, 4TO JI0OOM HEOPUEHTHPOBaHHBII pocToii rpad $G$ MoxkHO Tak mpeBparuth B oprpad
(HapHCOBaB CTpEINIKy Ha KaXJOM pedpe), 4ToObI B MOlyueHHOM oprpad)e AJIMHBI BCEX MPOCTHIX Lenei
ObL1u orpaHuyeHbl cBepxy unciaoM $\Delta(G)S. ([nuna nenu — 310 uncno pédep B HEH.)

buner 2:



1. Ilycrs $G$ — nBynonbhblit rpad ¢ nomssmu $AS$ u $BS, npuuém Bce Bepumubl 1o $AS nmeror
crenenb $2d$, a Bce Bepmmubl gonmu $B$ umeror crenens $d$. Jlokaxkure, 4TO MOXKHO Pa3OUTh
Bepmunbl rpada $G$ Ha nam amuaer $2$, He MMerome 06X BepiuuH. ([THHA HEm — 3TO YUCIIO
p€Gep B Heil.)

2. Cpenneit crenieHbIo Tpada Ha3bIBAIOT CpeHee apu(MEeTHIeCKoe CTeNeHeH BceX BepuH. JJokaxure,
4TO €CIM CcpelHsisi creneHb $n$-BepmmHHOrOo rpada orpanudeHa cHuzy BenuuuHoi $n/100$, To
CIIMCOYHOE XPOMATHUUECKOE YUCIO Tpada OorpaHHMYCHO CHU3Y 1O mopsaky BemumuuHoi $\Omega(\log

n)$.

Kpurepun onennBanus

- omenka «ommuuHo  (10)»  BeIcTaBisieTCs ~ CTYACGHTY,  IIOKa3aBIIEMYy  BCECTOpPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUI

- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOMH NMPOrpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha TpaKTHKE MPHU PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE MPHHATHIX
peleHnin

- oueHka  «omm4HO  (8)»  BBICTaBIsieTCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHUE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOMN MporpaMMbl AUCIUITIIMHBEL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEIICHUH KOHKPETHBIX 3ajia4, U IPaBUIIbHOE 0O0CHOBAaHUE MPUHSTHIX PELICHUN

- OLIeHKa «xopouio (7)» BBICTAaBISETCSA CTYIEHTY, €CIM OH TBEPJO 3HAET MaTrepual, rpaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT MPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPble HETOYHOCTH;

- OCHKa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUuall, IpaMOTHO U MO CYIICCTBY
n3JjaracTt €ro, yMeCT NpPHUMCHATH IMOJYUYCHHBIC 3HAHUA Ha IMPAKTUKE, HO JOMYCKACT B OTBECTC HJIN B
peIICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH;,

- OLIEHKa «XOpowIo (5)» BBICTABIAETCS CTYAEHTY, €CJIM OH 3HAET Marepuas, U IO CYLIECTBY U3Jaraer
€ro, yMEeT NMPUMEHATh NOITYYEHHBIE 3HAHUS Ha NPAKTHKE, HO JOMYCKAaeT B OTBETE WM B PEIICHUU
3a]1a4 HEKOTOPbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISETCA CTYAEHTY, IOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU IIPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BJAJCET OCHOBHBIMU pa3lelaMyd Y4eOHOH NporpaMMbl, HEOOXOOMMBIMH JJsl AalbHEHIIETOo
00yueHHs 1 MOXET NPUMEHSTh NOJIyUeHHbIE 3HaHUS 110 00pas3ily B CTAaHJAPTHON CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHUH ITPOrPaMMHOIO MaTepHasa, HO MPU 3TOM
OH BJajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH UL
nanpHeimero o0y4eHHs M MOXET IPUMEHSTh MOJy4YeHHbIE 3HAaHUS MO o0pas3ly B CTaHAApPTHOU
CUTYyalluy;

- OLIEHKAa «HEYIOBJIETBOPUTEIHHO (2)» BBICTABISETCS CTYIEHTY, KOTOPBHIH HE 3HaeT Ooublleill yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYECHHBIC 3HAHUS MIPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKHUX 3a1a4

- OLICHKA «HEYHOBJIETBOPUTENHHO (1)» BBICTAaBISETCS CTYACHTY, KOTOPBIM HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX IOHATHI AUCHUIUINHBI

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

Bo BpCEMs IMPOBCACHUS SK3aMCHaA o6y%uomneca MOTYT ITOJIb30BATbHCA nporpaMMoﬁ JAUCIUITIIIMHBI.



