Wccneposarternbckue 3agaHms
XXVII pecny6nmMkaHCKOro TypHupa IoHbIX MaTeMaTUKOB

BaxHble ykazaHus K nopsaky peweHuss 1 opopMIIeHNsa nccnegoBaHnn no
3ajaH1sM TYpHUPA IOHbIX MaTeMaTKOB

O6pamaem Baie BHUMAHME Ha 10, 4TO nipeasiaraeMblie 3aaHus (Jajnee — 3aJaun) HOCSIT
MCCJIEeI0OBAaTENIbCKUN XapakTep (B OTIMYME OT OJMMIMAIHBIX 3aaad). [lomHble pemeHus u
HauIy4ime o000IEeH s 3TUX 3a7a4 HEM3BECTHBI JJaXKe aBTOPAM, IOTOMY:

BO-TIEPBBIX, HeO0A3aTeIbHO pelaTh Bce 3aJa4yd — HEOOXOAMMOE KOJIMYECTBO
NPEICTaBISIEMbIX B JKIOpU 3agad — 7, a UTOr OyIeT MOJIBOAUTHCA MO 9 JIyUIIUM,
T.€. HauOoJjee IMOJHO U BEpHO peuieHHbIM Bamu 3amayam (moxpoOHee cM. IpaBuiia
MpOBEACHUS TYpHHUpA U MpaBUjia MaTeMaTuyeckoro 60s Ha cTpanuile «PecmyOnukaHckuit
TYpHUD IOHBIX MaTeMaTUKOBY (Ha caiiTe www.uni.bsu.by);

BO-BTOPBIX, Ham0oJiee MOJHOE pelleHHe (MCCIeJOBaHMe) 33Jaud HE O3HAYACT, 4TO
HyxHO pemnTs BCE ITYHKTDHI 3anaun, TouHee — pemaeM «HacTONBKO MOJHO HACKOJIBKO

MOXKCM)», HUMEUTE B BHUAY, 4YTO B pAAC 3ada4 HHTEPCC TIPEACTABIIAIOT JIAKC nepeble
RNYHKMbl _Ujiu Omoe/ibHble YACHHbLE ciayuau 3a0aHull (UX NYHKmMO6 Uiu HeDObULUX
3HAYeHUU na;zazwem;zoez;

B-TPEThUX, BO3MOXKHO (3TO [OMYCKAeTCS U JaKe TPUBETCTBYETCS) BBl CMOdiceme
ycunumeo psiod ymeepocoenuil, IpUBeICHHBIX B POpMyIIUpPOBKaX 3a/ay;
B-4ETBEPTHIX, KPOME PACCMOTPEHHSI UCXOJHOW TIOCTAHOBKU NOIE3HO PACCMOMPENb C80u

nHanpasnenus, npudem Bain uccienopanusi HEOBASATEJBHO 10m&KHbBI COBNAIATD C
IPE/UIOKCHUSIMU aBTOPOB;

MPEIBAPUTEJBHBIE MATEPHUAJIBI HUCCJIEJOBAHHUN IO KAXJIOH
3AJAYE HEOBXOIUMO O®OPMUTH OTAEJBHO ot apyrux 3agad B
pacnedyaTaHHOM BHJ€ B ABYX 3k3emiusapax (no 30 crp. ¢popmara A4), a Takke B
AIEKTPOHHOM dbopme B pdf-popmare (oOpaszery Ha3BaHUS (aiinon
«Brest-gym97-2025-problem7-predvary, ipu 3Tom:

o odopmiieHue Kaxaoi 3agaun 10xH0 HayuHaThesi C TUTYJIBHOI'O JIMCTA,
Ha KOTOPOM HY)KHO yKa3aThb HOMEp 3aJaud M €€ Ha3BaHUE, Ha3BaHUE YUPEKICHUS
oOpa3oBaHus, Ha3BaHWE KOMAHIbI (€CITM KOMaHa SBIACTCS COOPHOW JIByX WIIH
HECKOJIBKUX YUPEXIACHUH ), ropo, aBTOpa(0B) UCCIeN0BaHUS (pEIICHUS);

o HHUKE HA TUTYJIbBHOM JIUCTE (u1u Ha BTOPOM JIKCTE) 00513aTeJIbHO JaiiTe
KpaTkoe pe3loMe Balllero MCCJAeI0BAHMS — KAaKUE TMYHKTHI BBl PEIIMIM, KaKHe
caenanu 06o0menus, uetko chopmynupyiite BAIIIM COBCTBEHHGLIE I'JTABHBIE
JOCTWXXEHWSA (yTBepkaeHus, TPUMEPDI, TUIIOTE3bI );

o OBA3ATEJIBHO pnaiite 4eTKHe CChIJIKH HA JIUTEPATYPY U JAPyrue MCTOYHMKH,
KOTOpbIE BBl HCIIOJIB30BAIM MpPU TPOBEAEHUU HCCIEAOBaHUI (B MecTe MX
HCII0JIb30BAHUA ).

ITonpoGHee cM. Ha caiiTe www.uni.bsu.by Ha cTpaHuIle TypHHpA.


http://www.uni.bsu.by/

CIIMCOK 3apanui,
npeaIaraeMbIX JJs 00J1aCTHOTO TYPHHPA IOHBIX MaTeMAaTHKOB

3agaya 1. CymMMBbI NOIMHOKECTB

[Iyctes man HaboOp W3 n pa3aUYHBIX 4YUCeN a,<a,<...<a,. Bynem paccmarpuBaTh Bce
BO3MOXHBIE CYMMbI POBHO & U3 3TUX YHUCET.

1. Tlpu n=3, k=2 nonyuunu cienyriue 3HaueHus cymm: 3, 11, 12. Halinure yucna a,,
a,, as.

2. Bo3moxkHa nm nipu n=3, k=2 cuTyalus, KOrjla HEKOTOphI€ U3 MOJy4aeMbIX CYyMM
OynyT coBmazarh (CleayeT MOMHHTh, UYTO a,;<a,<a;)? Eciaum ga, To onummre Bce HAOOPHI
3HAUYCHUH @ ,<a,<a;, TPH KOTOPBIX HEKOTOPhIC M3 3HAYCHUU TMOJy4aeMbIX CyMM OymyT
COBIA/AAaTh.

3. Ilpu n=5, k=3 monyunnu cnenyrommue 3HadeHus cymm: 10, 13, 15, 16, 18, 20, 21, 23,
24, 26. Haiigurte uucna a,, a,, as. da, ds.

4. Bo3MoxHa JM Opu n=5, k=3 cuTyauus, KOrga HEKOTOPbIE M3 IOJYyYaeMbIX CyMM
OynyT coBmaaarh (CAemayeT MOMHUTH, 9TO a,<a,<a;<a,<as)? Ecnmm ma, To omummTe BCe
Ha6opr 3HAUCHUN a,<a,<a;<a;<as, TPpU KOTOPBIX HEKOTOPHIC U3 3HAYCHUU IOJTYyYAEMBbIX
CyMM OyZIyT COBIAAATh.

5. Ilyctb n=5, k=3. Jlns 3amanHoro Habopa yucen a,<a,<a;<a,<as OyJieM BBIIMUCHIBATh
MHO>KECTBA HOMEPOB CJIaraéMbIX CyMM B MOpPSJKE BO3pacTaHus (HEyObIBaHUs) 3HAYECHUUN
aTux cymMm. Hampumep, mis Habopa a,=0, a,=1, a;=2, a,=5, a5=8 moyiy4yuM cIleayIomryo
MOCJIEI0BATEIbBHOCTh MHOXKECTB HOMEPOB ciaraembix cymm {1, 2, 3}, {1, 2, 4}, {1, 3, 4},
{2, 3, 4}, {1, 2, 5}, {1, 3, 5}, {2, 3, 5}, {1, 4, 5}, {2, 4, 5}, {3, 4, 5}. [Be
MOCJIEOBATEIBHOCTH MHOXECTB HOMEPOB Oy/IeM CUUTATh PA3IUYHBIMHU, €CIU HaWaETcs
Takasl MO3UIMS B ATUX IOCJIEAOBATEIBHOCTIX, YTO B HUX Ha dTOH MO3UIIUU OYIYyT CTOSTH
HE paBHbIC MHOXKECTBA. MHOKECTBA HAa3bIBAIOTCSI HE PABHBIMU, €CJIM CYIIIECTBYET JIEMEHT,
KOTOPBIN COAEPKUTCS TOJIBKO B OJTHOM M3 MHO>KECTB.

1) Ckonpko CymIECTBYET TAKMX Pa3IUYHBIX MOCIEA0BATEIBHOCTEN?

1) CymiecTByIOT M Takue€ MO3UIMHU, YTO BO BCEX IMOIYYaEMbIX MOCIEI0BATEILHOCTSIX
HAa HUX OyIyT HaXOQUTCA OJHU M T€ ke MHOxecTBa? Eciam ma, To ykakuTe BCe TaKue
TTO3UITHH.

PaccmotpuTe Bonpockl nmyHkTa 5 npu n=6, k=4.

PaccmotpuTte Bonpockl myHkTa 5 npu n=6, k=3.

Bynem roBopuTh, 4TO MHOXKECTBO X HOMEPOB ciaraem npeowiecmsyem y (xX<y),
ecnu i 1r0oro Habopa a,<a,<...<a, cyMMa claraéMbIX ¢ HOMEpaMH U3 X Oy/IeT MEHbBIIIE
WM paBHA CyMME CJlaraeéMbIX C HOMEpaMH U3 V. byleM roBOpUTh, UTO U npeouiecmayem v
yepe3 x<y, ecnu u<x u y<v. bynem roBoputh, 4TO U npedwiecmeyem v npu x<y, eCciv
1S mro0oro Habopa a,<a,<...<d,, B KOTOPOM CyMMa CJIaraéMbIX ¢ HOMEpaMH U3 X OyaeT
MEHBIIIE WM paBHa CyMME CjlaraéMbIX C HOMEpPaAMH U3 ), CyMMa CJIara€MbIX ¢ HOMEpaMu
U3 u Oy/IeT MEHBIIIE WJIM paBHA CyMME CJIaraéMbIX ¢ HOMEpPaMHU U3 V.

1) BepHo i, 9TO TpHU JIOOBIX JOMYCTHMBIX 3HAYCHUSAX 7 M k W JTIOOBIX MHOXKECTBAX
HOMEPOB CJIaraeMbIX X, y, ¥ U V €CIU U MPEIIIECTBYET V IPU X<y, TO U MPEIIIECCTBYET V
yepes x<y.

1) Ilpu kakux 3HAYCHUSAX 7 U k TIPH JTFOOBIX MHOXKECTBAX HOMEPOB CIaracMbIX X, V, U ¥
V €CIIU U TIPEIIIECTBYET V Yyepe3 XY, TO U NPEAIUIECTBYET V IpU X<Y?



1) Ilpu xakux 3HaYEHUSIX 7 U k HAWAYTCS MHOXKECTBa HOMEPOB CJIaraeMbIX X, ), U U V,
YTO % MPEAIIECTBYET V uepe3 X<y, HO U HE MPEUICCTBYET V IpU X<y?
[Ipennoxure cBon 000OIIEHUS WU HAIPaBIICHUS HCCIEAOBAaHUS B 3TOW 3a1ade U
UCCIIEAYWUTE HX.

3agaya 2. OTaeJEHHOCTHL HTEePAIMH OT HVJIS

[Tycts dynkuus f ompenenena Ha orpeske [0; 1] u mpuHUMAaeT 3HAYSHUS U3 ITOTO KE
npomexyTka, mpuueM f(0) = f(1) = 0. Ilycts, kpome Toro, GYHKIHS f BBHITYKIast BBEPX
(To €CTh TUTSt JFOOBIX 0<x<y<z<1 BEPHO HEPABEHCTBO
z-—xf)=z-y)fX)+ (y — x)f(2)), mnHaiinércs Takoe x € (0;1), wuro
f(x )= 1, u HaligyTCa Takue X, € (0, xmax) M X, € (xmax, 1), yro 0 < f(xl) <1lm

0<f (xz) < 1. bynem Ha3bIBaTh Takue QYHKIUU UHMEPECHBIMU.

max

O603HauuM 7-10 UTEpaIuio f yepes fn, TO €CTb f 1(x) = f(x) nsa Bcex x€[0; 1], u ans
mo6oro nEN: fn+1(x) =f (fn(x)) st Beex x€[0; 1]. O603HaYMM MHOXKECTBO 3HAYCHHM
BCEX WTepalMi i1 JaHHOM Touku depe3 f (x) = {fn(x)|nEN } Bbynem Ha3bIBaTh
MHOXeCTBO f (X) OTAEnEHHBIM OT HyJs HEe MeHee yeM Ha & > 0, eciau 1 Bcex nEN
fn(x)ZS. byneM roBoputh, 4TO MHOXECTBO f_(X) OTAEIEHO OT HyJd, €ClIM Halaercs
takoe & > 0, uro MHOXecTBO f_(x) OyzneT OT/eNEHHBIM OT HYJISl HE MEHee 4eM Ha d.

OO003HauNM MHOKECTBO BCEX TAKUX 3HAYEHUH X, 4TO f_(X) OTAETIEHO OT HyJsl HE MEHee
gem Ha 6 > 0 uepes X f(S), a MHOKE€CTBO BCE€X TaKUX 3HaueHUi X, uto f (x) OTAENIeHO OT
HyJIs yepe3 X -

[. VYcranoBute, Bcskas nu uHTepecHas GyHKOUsS f, o0magaer CleayrOIUMU
CBOWCTBaMU:
1. Haiinércs takoe 3HaueHue x € (0; 1), uro f(xl) =1wu f(x)< 1 ana Bcex

x€[0; x 1). Bbyner nu ipu 3ToM QyHKIUS f BO3pacTaroiie Ha [O ;X 1]?
2. Haiinércs takoe 3HaueHuUe x, € (0;1), uto f (xz) =1wu f(x)< 1 gna Bcex
XE(x > 1]. byner nmu ipu 3ToM (yHKIHS f yOBIBaromeii Ha [x > 1].

3. f(x) = 1 nnsa Bcex xe[xl; xz], TJe X W X, U3 IyHKTOB lu?2.

1
II. s byHKIMHI fl(x) = min{ (kk_xl) k(1 — x)}, e k>1;

f,(0= min{%,%l, 1}, mea>0,b>0una+b<1;f (x)=4x(1 - x)

UCCIIETyITE CIIEAYIOIINE BOIPOCHI:
1. ABnsercsa nu pyHKIUA (PYHKIUU YKa3aHHOTO BUJA) HHTEPECHOM ?
2. TlpuBenuTe mpUMEpPHI, €CIU CYIIECTBYIOT, 3HadeHui u3 (0; 1), npuHamiexamumx

X pH HE NpUHaIeKAUX X -

3. Hailigytcs nu takue 81 u 82, 4TO 81 < 82, YTO HU OJHO W3 MHOXECTB Xf(81) u

X f(8 2) HE SIBJISIETCS TIOAMHOXECTBOM JAPYroro?



4. TlpuBenute MPUMEPBI, €CIIH CYIICCTBYIOT, 3HadeHH O > 0, I KOTOPBIX
Xf(8)¢®, U I KOTOPBIX Xf(8) = Q.

5. KakoBnwl 3HaueHus b, 4To Xf(8)¢(2) g Bcex 0 < 8§ < b, u B, uto Xf((S) =0

g Bcex & > B? Hackonbko O6aM3KkuMH MOTYT OBITH 3HaueHus b u B? Moryt nu
OHM coBIaaTh? Eciin MOTYT, TO IPUBEIUTE COOTBETCTBYIOIINE IPUMEPHI.
III. IIpenmoxuTe CBOU HAITPABIICHUS B 3TOM 3a/1a4€ U UCCIIEAYUTE UX.

3agaua 3. YpaBHeHHE TPEVroJLHUKA

Bcrony B ganbHeillieM ucnob3ytoTcs Takue 0003HaYeHus: R — pajnyc OIMCaHHOM, a

¥ — paiuyc BIMCAHHOM OKPY>KHOCTEW HEKOTOPOTO TPEYTOJIbHUKA, p — €r0 MOJYIEepUMETp, a
ypaBHeHne F(x)=(x—-a)(x—b)(x—c)=0, tme a — [IuHA OTpe3Ka KacaTeJIbHOM,
NPOBENEHHON M3 BEPIIMHBI A TPEYyroJibHUKA O TOYKM KacaHus, b U ¢ ONpeAeNsaroTcs
aHAJIOTUYHO (CM. pUCYHOK) — Ha3bIBaTh YPABHEHHEM TPEYTOJIbHUKA.

1. Joka3zaTrb, 4TO TPEYTrOJbHUK C JAHHBIMU R U 7 B
CyllleCTBYyeT npu R > 2r. b

2. Jlokazarb, 4TO TpEyrojbHUK ¢ R=18, r=3§,
p =45 cylecTByer.

3. Jlokaxkute, 4YTO YypaBHEHHE TPEYTOJbHHUKA
MOKET OBITh 3aMKCaHO B BUJIC

F(x)=x*—px*+ (¥ + 4Rr)x —’p = 0. A c c

4. [Jokazarb, uro npu R=18, r=8, p=45 )
ypaBHEHHE TPEYTOJIbHUKA HE UMEET pallMOHAIbLHBIX KOPHEH.

5. CymiecTByeT JaM TPEYrOJAbHUK POBHO C OJHUM IEJIbIM KOPHEM YpaBHEHUS
TpEyrojabHUKA?

6. CymiecTByeT JIM TPEYTroJbHUK POBHO C JABYMS LEJIbIMH KOPHSMH YpaBHEHUS
TpEyroJibHUKa?

7. CyuiecTByeT U TPEYTOJIbHHUK C TPEMs IIEJIbIMU KOPHSIMH YPaBHEHUS TPEYTOIbHUKA?

8. CymecTByeT M TPEYrojbHUK POBHO C OJHUM JPOOHBIM KOPHEM YpaBHEHUS
TPEYTONBHUKA (30€ech U HUdiCe CTL0B0 «OPOOHBILLY 03Ha4aem 000U He yenvlil)?

9. CymecTByeT 1 TPEYyTOJbHHUK POBHO C JBYMSI NPOOHBIMU KOPHSMHU YpPaBHCHHUS
TpPEYToJIbHUKA?

10. CymectByeTr 1M TpEyroJbHUK C TpeMs JApOOHBIMU KOPHSMHU ypaBHEHUS
TpPEYroJIbHUKa?

11. CymiecTByeT U TPEYTrOJbHUK POBHO C OJJHUM UPPAIMOHAIILHBIM KOPHEM YPaBHEHUS
TpEyroJIbHUKa?

12. CymiecTtByeT JM TPEYrojbHUK POBHO C JBYMS HPPALMOHAIBHBIMU KOPHSMHU
ypaBHEHUS TPEyroJbHUKA?

13. CymiecTByeT 1M TPEYrojbHUK C TPEeMs HUPPAIMOHAIBHBIMU KOPHAMH YpaBHEHUS
TpEyroJibHUKa?

14. Tlpemyioxxute CBOM HAIIPABJICHUS HCCIICIOBAHMS 3TOM 3a]]aud U PEIINUTE UX.

3amaua 4. be3 kacaHuu

[. JlaHo HaTypanpHOE YHCIIO 71, MHOXKECTBO CBsI3HBIX ¢uryp F u mpasmio A. B kBaaparte co
CTOPOHOM N IIPOBENM BCE NMPSAMBIE, MAPAIIIETBHBIE OJHON NTapEe IPOTHUBOIIOIOKHBIX CTOPOH



Y OTCEKAIOIIKE OT APYTMX OTPE30K HATYpaJbHOW JJIMHBL. llonydeHHy0 pemérky Ha30BEM
I. Omnpegenure, Kakoe HamOomblIee KonuuecTBo (uryp u3z MHoxkectBa F (ogny durypy
MO>KHO HCIIOJIh30BaTh HECKOJIBKO pa3, (PUTyphl MOKHO MTOBOPAYMBATh) MOKHO Pa3MECTUTh
B OTOM KBaJpare B COOTBETCTBHUH C MPABHIIOM A Tak, 4TOOBI JIt0ObIE 2 PUrypsl HE UMETH
OOIIIUX TOYEK.
1. TlpaBuno A — 1. “@urypsl COCTOSIT U3 KIETOK I
a. MuoxecTBO F cOnepKUT TOJIBKO YIrOJIOK, COCTOSIIMNMN U3 TPEX KIIETOK.
b. Jlaupl HarypanmpHble umnciaa s, t. MuoxkectBo F  comepxut TOJBKO
MPSMOYTOJIBHUK SXt.
c. Jlano HarypanbHOe yucio s. MHoxecTBO F — kiietuarsie urypsl, coctosmime
U3 S KIIETOK.
2. IlpaBuiio A — 1. “@urypsl COCTOSIT M3 NPSIMOYTOJbHBIX PaBHOOEIPEHHBIX
TPEYTOJIbHUKOB, MTOJYYaEMbIX TPOBEACHUE JUATOHAIN U3 KIIETKU [,
a. Jlano marypanpHOe umcio s. MHoxecTBo F — Bce durypsl, cocrosmue u3
KJIETOK W TPSMOYTOJBHBIX PAaBHOOCHPEHHBIX TPEYTOJbHUKOB C KaT€TOM

S
JUIMHEI 1, momaan -

II. Jlano HaTypaspbHOE YHCIO N, MHOXECTBO CBs3HBIX ¢uryp F u mpaBuno A. B
PAaBHOCTOPOHHEM TPEYTOJILHUKE CO CTOPOHOM N MPOBEIM BCE MpAMbIC, MapajielbHbIC
OJTHOM W3 CTOPOH M OTCEKAIOIIME OT APYIMX OTPE30K HATYypAJIbHOU JUIMHBEL. [lonmydeHHyro
pem€Tky Ha3zoBéM E. Ompenenure, Kakoe HaUOOJbIIEe KOIUYECTBO PUTYP U3 MHOXKECTBA
F (omny ¢urypy MOXXHO HCHOJIb30BaTh HECKOJBKO pa3, PUIYpbl MOXKHO MOBOPAYMBATH)
MOXXHO Pa3MECTUTh B 3TOM TPEYrOJIbHUKE B COOTBETCTBUM C MPaBWIOM A Tak, 4TOOBI
mto0bIe 2 GUryphbl HE UMENU OOIINX TOUCK.
3. IlpaBuno A — 1. “@urypsl cOCTOAT U3 KIETOK E.
a. /lano HarypanmpbHOe uyucio s. MuoxectBo F  ComepkuT  TOJBKO
PaBHOCTOPOHHUI TPEYTOJIHLHUK CO CTOPOHOM S.
b. Jlano HarypasibHOe umcio s. MHoxecTBO F — Bce urypsl, cocrosiime u3 s
PABHOCTOPOHHUX TPEYTOJIBbHUKOB CO CTOPOHOM 1.

[I-IV. OTBeThTE HA TE e BOMPOCHI JJIsl KBaJlpara U TPEYrojIbHUKA, €CITU JII0ObIe 2 PUrypsl
uMeIoT He 6osiee 1 o01el TouKy.
IV. Moxete npeiyioxKUTh CBOM HAIPABIICHUS UCCIICAOBAHUA.

3anaya S. YeBHaHbl B HEYETHOYIOJbHUKAX

PaccmoTrpum Bemykbiid (2k + 1)-yronpHuk A 1A2 A2k+ . Hanee Oynem cuuTark, 4TO
A=A JIs1 JTF0OOTO LEJIOTO .
i i+2k+1"" I ’
1. BpicoToi, NpOBENEHHOW W3 BEPIINHBI Al_ B B MHOIOYTOJIBHUKE A1A2""A2k+1’
HA30BEM MPAMYIO, MPOXOISAUIYIO 4Yepe3 BEpIUHHY Ai NEPHEHIUKYISIPHO TPSMOUN
A A .
i+k i~k
1.1 PaccMoTpuM ciydaii k = 2, HOKaXHUTE, 4YTO e€cld 4 BBICOTHI B HTOM

IIATUYTOJIBHUKE MPOXOMAT Yepe3 OAHY TOYKY, TO M IATask HPOUAET depe3 HeE.



Mo>kHO 11 BMECTO 4 BBICOT B3SITh 3 BBICOTHI?

1.2 JlokaxkuTte, 4TO €ciii 2Kk BBHICOTHI B ’TOM MHOTOYTOJIbHUKE MTPOXOIST YEPe3 OHY
TOYKY, TO ¥ 2k+1 BbIcOTa IPONAET uepe3 Hee.

1.3 Ins1 Kakoro MUHUMAJIBHOTO 7 MOYKHO TapaHTHUPOBaTb, YTO €CJIH 7 BBICOT
2k+1-yronbHuKa MEpPeCceKaroTCs B OJHOM TOYKE, TO U BCE OCTAJIbHBIE BBICOTHI
IIPOUAYT Yepes3 3Ty TOUKY?

2. buccekTpucoi, NpoBEIEHHOW W3 BEPIIMHBI A, B MHOTOYrOJbHUKE A 1A 2...,A e’
l

HA30BEM OMCCEKTpHUCY yIvia Ai kAiA . OctranyTCcsl M BEPHBIMHU YTBEPKICHHUS W3
B i+k

nyHkra 1?

3. MennaHoii, TpoBEAEHHON W3 BEpIIMHBI A B B MHOTOYTOJbHHKE A1A2 A2k+1,
l

HA30BEM NPSIMYIO, TPOXOJAILIYI0 YEPE3 BEPLIMHY Ai U CEpEeAnHy OTpeE3Ka Ai+kAi_k.

OcraHyTcs i BEpHBIMU YTBEPKIACHUS U3 MMyHKTA 17

4. CumenuaHoi, TPOBEAEHHON W3 BeEpIIMHBI A B MHOroyroibHuke A 1A 2...,A ot
L

HAa30BEM TPSAMYIO, TOJYYAIOUIYyIOCS OTPAXKEHUEM  MEAWAHbl OTHOCHUTEJIBHO

OMCCEKTPUCHI  BEPIIMHBI Ai B MHOI'OYI'OJIbHUKE A1A2 A2k+1? OcranyTcs 1m

BEPHBIMH YTBEPKIACHUS U3 MyHKTA 17

5. B 3roM myHKTe 3aMKCHpPYEM JIBE€ HEBBIPOKICHHBIE HENEPECEKAIOLIUECS KPHUBBIC
BToporo mnopsiaka w u ). (IlogpoOHee mpo KpuBbIE BTOPOr0o MOpPsAKA MOXKHO
npountarb B AxkonsiH A. B., 3acnaBckuit A. A. «l'eoMeTpryecKkrne CBOMCTBA KPUBBIX
BTOPOTO MOPSIAKA).

5.1 PaccMOTpUM BBINYKJIBIM MATHYTOJBHHUK A1A2A3A4A 5 TAKOM, 4YTO BCE €ro

BEpLIMHBI Jiekar Ha () M BCe €ro CTOpoHbl Kacarorca w. Ilyctb B 3TOM
NSTUYTOJIBHUKE BCE OMCCEKTPUCHI MepecekaroTcss B onHoi Touke. Iloctpoum
emi€ OJUH NATUYTOJIbHUK, CTOPOHBI KOTOPOTO KacaloTCs ), a BEPLUIMHBI JieXkKaT Ha
(). O cymectByeT U3 Teopembl [loHCcene o 3ambikaHuu. J[okaxuTe, 4TO €ro
OMCCEKTPUCHI TaK K€ MEPEeCeKaloTCsl B OJHOM TOUYKe, MPH 3TOM 3Ta TOYKAa HE
3aBHCUT OT BbIOOpA MATUYTOJIbHUKA.

5.2 PaccMOTpUM MHOTOYTOJIBHUK A 1A - A _— TaKOW, YTO BCE €r0 BEPIIHHBI

nexat Ha () ¥ BCe ero CTOpPOHbI KacatoTcst w. [lycTh B 3TOM MHOTOYTOJIbHUKE BCE
OMCCEKTPUCHI MepeceKaroTcs B 01HOM Touke. [locTpouM emé oauH n-yrojibHUK,
CTOPOHBI KOTOPOTO KacaloTcsl w, a BepiiuHbI JexaT Ha (). OH cyllecTByeT U3
teopembl [loHcene o 3amblkanuu. JlokakuTe, YTO €ro OUCCEKTPUCHI TaK >Ke
NepPEeceKarnTcsl B OJHOM TOYKe, MPU ITOM 3Ta TOYKA HE 3aBUCUT OT BBIOOpa
MSATUYTOJIbHUKA.

5.3 Jlokaxure, 4TO Mpu k > 3 yTBEpKIECHNE TyHKTA 5.2 BEPHO U JUIsl ME/IUaH.

5.4  U3zyuwure npeapiayive MyHKTHI 71 BHICOT U CUMEIHNAH.

6. Ilpemnoxure cBOM 000OIICHHUS.



3axauya 6. B monckax MUHUMBI

Jlan HeopuentupoBanHusblii rpad G = (V, E) u dynkuus f: E-R, cTaBsimas B COOTBETCTBUE
KaxaoMy pebpy e aeiictBurenbHoe uncio f(e). OpueHTupyem Kak-1ubo Kaxkaoe pedpo
rpaga G W MOJNyYUM HEKOTOPBIA OpueHTUpoBaHHbIN rpad G*. Ilomyuennsiii rpap G*
OyzmeM HaszwIBaTh opuermupom Tpada G, a rpadh G — ocmosom tpada G*. I{nsa noboit
BEPIIMHBI U uepe3 E +(v) 0003HAYUM MHOKECTBO HaNpaBIEHHBIX PEOEpP, BXOIAIINX B V, a

yepes E (v) — MHOXECTBO HampaBieHHBIX pEOep, BBIXOAANUX U3 VL. Becom h(v)

gepuiuHbl U HA30BEM BEIIMYUHY

hy= X fle- X f(o.

e€E+(v) e€E (v)

Becom h(G*) opuenmuposannoco epagpa G* wHazoBéMm h(G*) =maxvev|h(u)|.

Abconomuvim eecom 6EPULUHDL V Ha30BEM BCIIMUUHY

Ho)= X Ifeal+ X If(el

e€E (v) eEE+(v).

OOparuM BHUMaHHE, YTO aOCOJIOTHBIA BEC HE 3aBUCUT OT BBIOOpa OpHUEHTHUDA.
AHasioruyHo onpenenuM abcomomusiii éec H(G) epaga G. Munumou m(G) epagpa G
HAa30BEM  MUHUMAJIBHBIM  BO3MOXHBIM Bec rpada G*, mnomyyeHHoro u3 G
OpUEHTHPOBAHHEM BCeX ero péodep, To ecTh

m(6) = h(G) |

rje MUHUMYM Oepétcst o BceM opueHntupam G* rpada G.
1. Jlokaxwure, 9to A mo0oro opueHtupa G* rpada G BBIIOIHEHO

Y h(v) = 0.

VEV
2. a) IIpenmonoxum, f(e) = 1 nisa Bcex e€E. [Jokaxute, uto m(G)<1.
0) Onumute Bce rpadsl G, yIOBIETBOPSIONINE MYHKTY 2a), 111 KOTopbix m(G) = 1.

3. a) [Ipennonoxumf (e) € {1, 2} nns Bcex pédep e u H(V) HEUETHO I BCEX BEPIIUH
v. [{na xaxaoro rpada G Haigure m(G) B 9TOM cydae.
0) Kaxk u3meHuTCs OTBET MyHKTA a), €ClId Tenepb Heobs3arenbHo H(V) HEeUETHO IS
BCEX BEPIIUH V?
B) Kak usmennrcs orBet myHkra 0), ecnu teneps f(e) € {a, b} ansa moboro
e€EE s HEKOTOPBIX BEIIECCTBEHHBIX MOJIOKHUTEIBHBIX YUCeN @ U b?
4. Ilpeanonoxum, H(v) = 1.
a) HaiiauTe Ui OllEHUTE MaKCUMAJIbHOE BO3MOXHOE 3HaueHue M BennuuHbl m(G)
cpenu Bcex rpadoB ¢ |V] = n (OTBET MOXKET 3aBUCETH OT 7).

06) Moxere nu BBl ommcarth Bce Tpadbl (MIU XOTsA OBl MPEIbSBUTH KaKyIO-TO
OECKOHEUHYIO cepHio rpadoB), /I KOTOPBIX CYIIECTBYET Takast GyHKIuUs f, uto H(v) =1 u
m(G) = M?

5. Wccnenyiite Bompochkl yHKTOB 4a) u 46), ecnu ycinoBue H(v) = 1 3ameHuTh Ha



ycrnoBue max |f(e)| = 1.
eEE

6. IlomblTaiiTech MNPENIOKUTH KAKHE-TO Pa3yMHbIE OLEHKHM B IIYHKTE S5, €cCilHu
JOTIOJTHUTENBHO U3BECTHO, yTo min |f(e)| = a npu HexoTopoMm a < 1.
eEE

7*. Ecnu BBI 3HAKOMBI C allTOPUTMAaMHU, MTONBITANTECH MPUIYMATh U OMUCATh alTOPUTM,
no3Bosstronuil 1o rpady G u dynkiuu f HaiTH m(G). OeHUTE CI0KHOCTH OTYYSHHOTO
aJTOPUTMA U TIOTIPOOYHTE €r0 ONTUMHU3UPOBATH.

8. [Ipenyoxure cBou 00OOIICHHS U UCCICAYNUTE HX.

3agaya 7. PexkyppeHTHbI¢ QYHKIUH

Bbynem moHnMaths (QyHKITHIO, KaK Y€PHBIN SITUK, KOTOPHIN O IETBIM HEOTPHUIIATEIbHBIM
qrcliaM BBIJAET IIeJIoe HeoTpuareabHoe unciao. Ham nonano6arcs GyHKIUN OT OAHOTO U
OT JIBYX apTyMEHTOB — COOTBETCTBEHHO, HA BXO/ OHU IPUHUMAIOT OJHO WJIU JBA YUCTIA.

1. Paccmorpum ¢ynkumio f or AByx aprymeHtoB. M3BectHo, uro fla, b) =f(b, a),
3HaueHue f{a, 0) onpeaeneHo OAHO3HAYHO JIJISl KXKJIOTO @, ¥ €CJH a > b, TO
fla, b)=fla— b, b). Jokaxure, 4To B TakoM ciiydae (QyHKIUS f OJHO3HAYHO OMpe/eeHa
JUISl BCEX 3HaYeHui (a, b).

2. Ilycts npu Tex xe ycnoBusx fla, 0) = a. Uemy paBno f(a, b)?

3. Uto npousoiiaer co 3HaueHueM fla, b), ecnu fla, 0) onpenensTh HHBIM 00pazomM?

4. ITomensiem onpenencuue ¢ynkuuu f. [lo npexuemy fla, b) = f(b, a) u fla, 0) 3apanee
u3BecTHO, HO Teneps f(a, b) = T(fla — b, b)), tne T(x) — HexoTopas GYHKIUS OT OIHOMN
nepemeHHo. Jlokaxkure, uTo 3Ha4eHHE f(a, b) CHOBAa OHO3HAYHO OMPEICISIETCS NI BCEX
nap (a, b).

5. llycte T(x) =x + k, tne k — HEKoTOopoe HarypaibHOe 4ucio; fla, 0) ompeneneHo
KakuM-1u00 oOpa3zom. Uemy B TakoMm citydae paBHoO f(a, b)?

6. PaccmoTpum QyHKIUIO /1 OT ABYX aprymMeHToB. [Ipo Hee n3BecTHO cienyroniee:

a) h(ac, b) = h(a, b)-h(c, b) nns mob6wIX a, b, c;

0) h(a, bc) = h(a, ¢)-h(b, c) nns moObIX a, b, c;

B) h(a, a) 3apaHee omnpeiesieHa OJHO3HAYHBIM 00pa3oM;

r) h(a, b)=h(amod b, b)ynpua>bu b >0,

n) h(0, 1), h(l, 1), h(2, 1), h(t,0), h(t, 1), h(t, 2) 3apadee omnpeaeracHbl OAHO3HAYHBIM
obpazom;

e) h(p, p») = T(h(p, p»)) tHe p,, p, — HEUETHBIC TPOCTBIE YHCHA, p; < p,, T(X) —
HEKOTOpast PyHKITUS OT OJTHOM MEPEMEHHOM.

Jlokaxkute, 4To 3Ha4YeHHE /(a, b) OMHO3ZHAYHO ONPENEIICHO IS BCEX 3HaYSHUH (a, b).

3agaya Ne 8. ApuanyremecTrBusi ¢ OrpaHUYeHUSAMHU

Ha nnanere Y4613 ectb N roponos. Ilpumensipsr Marselh u Tumodein cobuparorcs
CBSI3aTh UX JIBYCTOPOHHMMH aBuapericamu. [Ipu 3ToM He 00s13aTenbHO, 4TOOBI U3 KaXK10TO
roposia MOKHO ObLIO JOOpAaThCs 10 Ka)A0ro aBuapeiicamu. 3a K 0003HaYUM MHOXECTBO

u3 n=>1 ropoAoB Takoe, YTO KaxJble JBa COEAMHEHbI aBUapelicamu. Ha3oBEM mpocThiM



UKJIOM JJIMHBI N=>3 U 0003HAYUM Cn, MOCIIEA0BATENIBHOCTD U3 Nl PA3JIMYHBIX TOPOJOB, B

KOTOPOM KaXKIbIi CICAYIOMIMN COSAUHEH ¢ MPEIbIAYIIUM (M TIOCIEAHUN ¢ nepBbiM). JBa
MPOCTHIX I[HKJIA CUYUTAIOTCS PA3TUYHBIMHU, €CIM B OAHOM M3 HUX €CTh XOTS Obl OIUH
aBUApEMC, KOTOPOTO HET B APYTOM.

Bo Bcex myHKTax OTBET MOXKET 3aBHUCETh OT N. Bo Bcex myHKTax, Jlake eciiu He ObLI
MOJTy4Y€H OTBET, HAaXOKJIeHUE KOH(MUTypallui, B KOTOPOH MaKCMMaJbHOE YHUCIO 0OBEKTOB
JIOCTUTAETCsl, YK€ MPEACTABISIET OOJIBIION HHTEpEC.

1. K coxanenutro, MaTrBero He HpPaBUTCS, KaK BBINISAAT MyTH JJIMHBL 3, TaKk 4TO B
MOJTyYMBIIIEHCS cUCTeMe aBuapeiicoB ux He Oyrmer. Kakoe HamOonbliiee KOIWYECTBO
aBUapeicoB Ha IUIAHETE MOXET ObITh mpu TakoMm ycnoBuu? Ilyte mouael 3 — Tpu
pPa3IMYHBIX aBHApPEMCa TaKWX, YTO BTOPOM HAUYMHAETCS B TOPOAE, TAE 3aKAHYMBACTCSA
MIEPBBIN, 4 TPETU HAYUHAETCS TaM, I7I€ 3aKaHYNBAETCSI BTOPOM.

2. Teneppr MarBei 3ampeniaeT CTPOWUTH IPOCTHIE IUKIBI HEYETHOM MIMHBL Kakoe
HauOOJIbIIIEE KOJIMYECTBO aBUAPEHCOB Ha IulaHETEe MOXeT ObITh? (B KaxkaoM myHKTe
3ampeThl U3 NPEIbIAYIINX MYHKTOB HE YUYUTHIBAOTCS )

3. Margeii 3ampemiaeT NOpocTble IUKIB HEYETHOM JuimHBL. Kakoe HamOombiiee
KoJInuecTBO C , MOXKET OBITH?

4. Tumodeli He mOOUT TOJHBIE MOATpadbl U 3amperiaeT K3. Kakoe naunbonbiuee

KOJINYECTBO aBUAPEHCOB MOXKET ObITH?
5. Tumodelt 3ampemniaeT K4. Kakoe namOombiiee konmudecTBO aBuapeiicoB? Kaxkoe

HauOoJbIIee KOMM4ecTBO K 3‘?
6. Marseii 3anpemaer C v Kaxkoe nanbompItee konmaecTBo aBuapeicon? K 3?
7. Tumodeii 3anpemaer K 5 Kakoe nau6osmsiiee konuuectBo € 4‘? Cm?
8. Tumodeit 3ampentaer K . Kakoe nau6osmsiiee konmmuectBo C 4? Cm?
9. Tumodeii 3ampemaer K " Kaxkoe nan6onpiiee konuaectBo K m? C m?
10. Marseii 3anpemaer C " Kaxkoe nan6omsiee konuaectBo K m? C m?

11. V3menuTtcs i 4To-HUOY/b, €CIU KUTEIH TJIaHEThl TOTPEOYIOT, YTOOBI M3 KaXKI0TO
ropojia MOXHO OBLIO I0OpaThCs A0 KaKJI0ro aBuapencamm?
12. [Ipemyioxxute cBoM 0O00OIIECHHS M TOTIOTHEHHUS K TAaHHOM 3a71aue U UCCIIeyHTe HX.

3agaya Ne 9. Beceable HepaBeHCTBa

J{nst mpon3BOJIBLHOTO HaOOpa MOJIOKUTEIbHBIX YHCEIT a,, @, @ OHPE/IETUM BETHIHHY

k k k
Sk =a, + a, +..+ a_ AJIA Kax/0ro kER+.

Yacrs 1
1. CymectByeT 11 HAO0Op, COCTOSIIMK H3 JABYX TOJOXHTEIBHBIX YHCEN, YTO
BBITIOJIHAECTCA HEPABEHCTBO S , < S L < S . A ecTb 11 HAbOp U3 TPEX uncen?

2. CyliecTByeT JM TAaKO€ M, YTO HAUAYTCS M MOJIOKHUTEIbHBIX YHMCEN, JJISI KOTOPBIX
BBITIOJIHAECTCA HEPABEHCTBO S R S2 > 53 < 545 g < ?

3. CyuiecTByeT Jid Takoe N, YTO HAWAYTCA N MOJIOKHUTENbHBIX YMCEN, JJISl KOTOPBIX
BBIITIOJIHSIETCS HEPABEHCTBO S L < S2 < S3 > S4S g e ?



4. CymectByer au aiusa jao6oro k > 3 Takoe M, 9TO HAWIYTCA N TMOJIOKHUTEIbHBIX
YUCEJI, 1JIs1 KOTOPBIX BBIIOJIHIETCS HEPABEHCTBO S e 52 >.>S L < S g S ?

5. CymecTtByer nu s dr000ro kK > 3 Takoe N, 4TO HAUAYTCS N TMOJOXKHUTEIbHBIX
YuCeJl, A1 KOTOPBIX BBIMOJIHSIETCS HEPABEHCTBO S < S2 <.<S e S a1 k > 3?

6. [Ipennoxxure cBoM 0000IIEHNS K TAHHOU 3aJ1a4y€ U UCCIEAYNUTE UX.
Yacrts 2
1. CymectByer au Ha0Op, COCTOSIIMK W3 JBYX TOJOXHUTEIBHBIX YHCEN, YTO

BBITOJIHSICTCS HEPABEHCTBO \/5: < \3/573 ? A ectb 1 HaOOp U3 TPEX Umcen?

2. CymectByer nu HaO0Op, COCTOAIMNA €3 JBYX TMOJOXKUTEIBHBIX YHCEN, 4YTO
BBITIOJIHAETCS HEPABEHCTBO \3/573 < \4/574 ? A ecTb 1 HabOp U3 TPEX uncen’?

3. CymectByer 11 HaOOp, COCTOAIIMNA W3 JBYX TMOJOXKUTEIbHBIX YHCEN, 4YTO
BBITIOJIHAETCS HEPABEHCTBO \”/S: < "+41/Sn+ , Tme neN,n > 3? A ecTb a1 Hab0Op U3 TPEX
yucen?

4. BbINOTHAETCA JIM BCErIa HEPABEHCTBO % 2@ , rme n,meN,n < m, i

IIPOM3BOJILHOTO HA0OPA MOJOKUTEIIBHBIX YUCETT A,y d,; k > 3?

+,1r<t
5. BemonHsieTcss M Bceraa  HEPaBEHCTBO J/ST > J/St, roe 1r,teER ,  JUIA
IIPOM3BOJILHOTO HAa0Opa IMOJIOKHUTEIBHBIX YHCET A,y A, k — moboe HarypalbHOE

qUCII0?
6. [Ipennoxxure cBou 000OIIEHUS U JOTOJHEHUS K JaHHOM 3a/1aye U UCCIEAYNUTE UX.

3agaya Ne 10. IX, HUUPKYJIU-INHEHKH

ByparnHo, kak Bcerma, nonajl Ha mepecaady €IMHCTBEHHBbIM Ha moToke. B 3toT pas
9K3aMeH ObLI MO0 reoMeTpuH U BypaTuHO 3a0bL1 B3STh ¢ COOOM LUPKYJAb W JUHEHKY. Ero
yuurtenb, Kapabac bapabac, oueHb 307, 4TO €My NPUXOAUTCS MPUXOJUTh B YHUBEPCUTET
paay OJHOTO YEeJOBEKa, MO3TOMY OH pelnil Oparh ¢ bypaTuHO A€HBIU 3a UCIOJIb30BaHUE
CBOMX LIMPKYJ U JIMHEHKU. B yacTHOCTH, ByparnHO MOXET Aenarh TOJBKO CIEAYIOLINE
MOCTPOCHHUS:

e [locTaBuTh ciyuyallHyIO TOYKY Ha IJIOCKOCTR/TIPSAMYI0/OKPY>KHOCTh — O€CIlIaTHO,
e [locTaBUTh TOUKY B IEPECEUCHUHN OOBEKTOB — OECIUIAaTHO,

e [IpoBectu npsmyro yepes 2 TOUKH - 1 3010TOH,

e [IpoBecTH OKpYKHOCTbH M0 €€ HEHTPY U TOUKE HA HEeW — | 30JI0TOM.

[Tomorute byparnHo cnarts 3x3ameH!

JInst KakJI0oro MyHKTa HalJuTe MUHUMAaJbHBIE 3aTpaThl HA MOCTPOCHHE HEOOXOAUMO
KOHCTPYKLIMU, aJTOPUTM €€ TOCTPOCHHUs, a TAKXKE JOKaKUTE, YTO Helb3sd OOONTHUCH
MEHBILIUMU 3aTpaTamH.

1. Jlanbl nBe pasnuusble TOYKU. IlocTpoiiTe cepelIMHHBIN NMEPIEHIUKYIAP K OTPE3KY,
COCIMHAIOLIEMY HX.

2. [Tansbl 1Be paznuyHble TOUKH. [locTpoiite cepeanHy OTpe3Ka, COETUHSIOUIETO UX.

3. Jana okpyxHocTb. [TocTpolite €€ ueHTp.

10



4. Jlama mnpsiMag W TOYKa, HEe Jexamas Ha Heill. I[locTpoiiTe nepHeHAUKYIAp,
OIYIIEHHBIA U3 TOYKH HA IPIMYIO.

5. Jlana mnpsamas wu TOuKa, Jexam@as Ha Hel. [locTtporte nepneHaUKYIp,
BOCCTAHOBJICHHBIM U3 TOYKHU Ha IIPSIMOM.

6. /lana npsmas m TOYKa, He Jexamas Ha Heu. llocTpouTe mpsiMyro, mapaulesbHYIO
JAHHOM IPSAMOM U MPOXOJAIIYIO YEPE3 TaHHYIO TOUKY.

7. JaHbl 1Ba pa3IMyYHBIX Jy4da, BBIXOAAIIME U3 OIHOM TOUkH. [locTpoiite buccekTpucy
yIia MEXAY JIy4amu.

8. Jlama oxpyXHOCTb M TOYKa Ha Hell. IlocTpoiTe KacarenpHYIO K OKpPYKHOCTH,
IIPOXOAIIYIO Yepe3 3aJaHHYI0 TOUKY.

9. [1an xBazpar. [locTpoilTe BOMCAHHYIO B HETO OKPYKHOCTb.

10. /TaHa OKpYy>XHOCTb, €€ LIEHTP M TOUYKa A, JiexKauias Ha OKpyKHOcTH. ITocTpoiite
KBaJIpaT, BIMCAHHBIN B 3Ty OKPY>KHOCTb, OJIHA U3 BEPILUH KOTOPOI'O - TOUKA 4.

11. IIpemnoxuTe cBOM 0000IIEHUS K JaHHOH 3a/1a4e ¥ UCCICAYNUTE HX.

3amaua Ne 11. O cymme KBaJgparToB AeJIUTeIel

JlJist HaTypaibHOTO Yucia n 0003HAYHM 32 G,(71) CyMMY KBaJpaToB BCEX HATYPaJbHBIX
aenuTenel n. byneM Ha3zpIBaTh HaTypalbHOE YHCIIO 7 KPACHUBBIM, €CIU G,(7) i 1 (31eCh U
Jasiee 3HaK | O3HAYAET «JICTUTCS HaAIEI0 Hay).

Yucno Ha3biBaeTCsi CBOOOAHBIM OT KBAaApPaTOB, €CIM OHO HE ACIUTCS HU HA OJIUH
MOJIHBIMA KBaJpar, Kpome 1.

1. Onpenenure, KOHEYHO WU OECKOHEYHO MHOXKECTBO KPACHBBIX YHCEIL.
2. CylIecTBYIOT JIM HaTypalbHbIE Yucia k U x Takue, 9To 2°x* kpacuBoe?
3. a) CymiecTByIOT 1M KpacHBbIe CBOOOIHBIE OT KBAaIPaTOB YUCIIA, KpaTHBIEC 37

0) CyIIEeCTBYIOT JIM KpacuBbIE CBOOOIHBIC OT KBAJPATOB YHCJIA, KPATHBIC MMPOCTOMY
qucay p, rae (p + 1) i 4?

B) CylliecTBYIOT JIM KpacHUBbIe CBOOOIHBIE OT KBaIpaTOB YuCIa 1 Takue, uto (n+1):4?

4. Ilycts p - npoctoe uncio. O0s3aTeNIbHO JIU CYIIECTBYET

a) KpacMBOE YHUCIIO 1, KpaTHOE p?

0) KpacuBO€ CBOOOJTHOE OT KBaJIpaToOB YUCIIO /1, KpaTHOE p, ecnu (p—1) : 4.

5. llycte n # 150 - kpacuBoe HaATypajJbHOE YHUCIO, & p - €r0 HAauOOJBIIUM MPOCTOMN
aenuTenb. M3BecTHO, 4TO IS JIFOOOTO HATypadbHOTO YWCia X > |, MEHBIIETO p, n HE
nenutes Ha x°. JIOKaXKKTe, 4To N CBOOOIHO OT KBAPATOB.

HazoBem HAaTypaJbHOC YHUCIO n 2-COB€pH_I€HHI>IM, CClIn CyMMa KBaaparoB <CTO
COOCTBEHHBIX I[GJ'II/ITGJIeﬁ PpaBHa 7.

6. a) Jlokaxxute, 4TO 2-COBEPILICHHBIX YHUCEN HE CYIIECTBYET.
0) Cpenun Bcex KpacHUBBIX YHCEN N > 1 HaluTe MUHUMAJIBHO BO3MOXKHOE 3HAYCHHUE
o,(n)/n.

[TycTh ,(N) - KONMYECTBO KPACUBBIX HATypaJIbHBIX yuces oT 1 go N.

7. Haitnure acUMOTOTHKY (DYHKITUH TT,, MM OJIM3KO OLIEHUTE €€ CBEPXY U CHU3Y.
8. Jlns paznuuHbiX QyHKIUH f{(n) monpoOylTe U3yduTh Korjia G,(n) i f(n).
9. Ilpennoxure cBOM 000OIICHUS 3a/1a4l U UCCIEAYNTE HX.
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3amaua Ne 12. Iloaku B mkady

VY Bcecnapa B mkagdy OECKOHEUHO MHOTO MOJIOK, OH PELINI MOJIOKUTh HA HUX 10 OYepean
BCE€ HEOTPULIATENbHBIE 1IEJIbIE YUCIIA CIEAYIOINUM 00pa3oM:

— 0 JIeKUT HA TIEPBOM MOJIKE.

— HarypaibHO€e 9UCII0 N JIEKHUT Ha MOJIKE ¢ HAMMEHBIIMM HOMEPOM, YTO JUIs JIK00OT0 m
eciu n® + 1 ... m*+ 1, To HOMEp IOIKH 7 CTPOrO GOJIBILE HOMEPA MOJIKHU /1.

Yepes f(n) 0o603HaunM HOMEp MOJKU YMCIa 1, yMeHbIIeHHBIH Ha 1 (To ecTh f(0) = 0,
f(1)=1,...).

1. Haiigute Bce HEUETHBIE 4uMcCla n, JIeXKalllMe Ha BTOPOM MOJIKE (TO €CTh h, AJIS
kotophix f(n) = 1).

2. IIycth s HEKOTOpBIX 1,m BepHO (n> + 1) i (m* + 1) u m < n. (3ech U nanee 3HaK :
03HAYACT <JICTUTCS HAIIETIO HAY).

a) Jlokaxwure, uro m < 0,75n.
0) JloKa)XuTe, 9TO JUIA BCEX LIENBIX HEOTPULIATENLHEIX 71 BepHO (4/3)™ < n + 1.

3. ViyumuTe oneHky myHkTa 2.6) Ha 2" < 3n + 3.

4. Jlokaxkure, 4to Juist 1t000oro A € N ecTh 4ucIo, JieKallee Ha MOJIKE C HOMEPOM He
MeHbIIe A (TO €CTh f(n) HEeOTpaHUYCHA).

5. JlokaxkuTe, 4TO Ha BTOPOM TMOJIKE JIEKUT OECKOHEYHO MHOTO YHCEIL.

6. JlokaxkuTe, 4TO Ha BCEX IIOJKAaX, KPOME IEPBOH, JIEKUT OECKOHEYHOTO MHOTO
YHUCEIL.

Jlanee Ui ABYX LEIBIX HEOTPUIIATEIBHBIX UUce BeecaaB onpenenua HauMeHbIIUi
kpatabiid o mkady (manee — HKII): ITycts ans mapsr uucen (a,b) cymecTByeT n, 9TO
(n*+1) i (@* +1) u (n* + 1) i (b* + 1) u gna moGoro m, ecima m*> + 1 gemurcs Ha a* + 1 u
b* + 1, 1o menurcs v Ha n° + 1, torna HKI(a,b) = n 1 He onpenenéH nHave.

7. JlokaxkuTe, 4TO CyHIECTBYET OECKOHEYHO MHOTO map yucen (a,b), 4To HU OAHO U3
a’*+ 1 u b* + 1 me genurcs na sropoe, Ho HKII(a,b) onpenenén.

8. JlokaxuTe, 4TO CylIeCcTByeT OeckoHeuHo MHoro map (a,b), uro HKII(a,b) He
OITPEICIIEH.

9. llpennoxxute cBou 00OOIIECHUS U APYTUe HANIPABICHUS UCCIICIOBAaHMS.

No 13. IlpekpacHbie CYMMBI — 2

Ilycte 7 > 2 — HarypanwsHoe umcio. Jns nabopa K = (k, k,, ..., k) HaTypanbHBIX
yuceql W MHOXKECTBA S HaTypalibHbIX 4ucen HazoBéM mapy (K,S) mpexpachot, eciu B
MHOKECTBE S €CTh XOTS OBI 7 3JIEMEHTOB U JIJIS JIFOOBIX 3JIEMEHTOB X/, X5, ..., X, MHO)KECTBa
S, I KOTOPBIX X; < X, < ... <X,, UUCIO kx| +kox, +...thkx, Takke NPUHAICKUT S.

1. a) Jlokaxwute, uro aig a00oro Habopa K CyllecTByeT MHOXKECTBO S Takoe, 4To
napa (K,S) npekpacHa.
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6) Bepno nu, uro ecnu napsl (K,S)) u (K,S,) npekpacusie,To napa (K,S;US,) Toxe
npeKpacHas?

2. Ilycts (K,S) — HekoTopas npekpacHas napa u K = (ky, k,, ..., k).

a) Jlokaxxute, 4TO MHOXKECTBO S OECKOHEUHO.

0) MoXeT Ju OKa3aThCs, YTO CYNISCTBYET JIMIIb KOHEYHOE KOJIMYECTBO HAaOOpPOB
L= (¢,,t,,...,C,) Takux, uto napa (L,S) Toxxe npekpacHas?

3. a) Jokaxwure, yto ecnmu K = (1,1) u mapa (K,S) mpekpacHa, TO CYIIECTBYET
HATypaJbHOE YUCIIO M, AJI KOTOPOTro mn € S Mpu JIF0OOM HATypaJbHOM 7.

0) OtBeThTE Ha Bompoc MyHKTa 3a) 11 Habopa K = (1,1,1).

B) OTBeThTE Ha Bompoc nyHkra 3a) s Hadopa K = (1,1,...,1), coctosiero u3 r > 4
€MHMII.

r) [lonbiTaiiTech OTBETUTH HA BONIPOC MYHKTA 3a) JJIs MPOU3BOJIBHOTO Habopa K.

bynem rosoputh, uro Habop K = (k, ky, ..., k.) sBusieTcss pezynsipuvim, €clu
CyIIEeCTBYeT Takouh mHuekc i €{1, 2, ..., » — 1}, aro k; < k; + 1. Uepe3 Ayn) ob6o03HaUNM
KOJTUYECTBO YHCEIT B MHOXKECTBE S, HE TIPEBOCXOISIIINX 7.

4. Jlana npekpacHas napa (K,S) mist HekoToporo peryisipHoro Habopa K. Jlokaxwure,
9TO 7151 HEKOTOPOro ¢ > 0 1 1000T0 HATYpaIbHOTO 71 BBIIOJIHEHO HEPaBEHCTBO

AS(n)Zc\/E — d.
5. Kak BbI MOxkeTe oneHuTh Ag(n) CHU3Y I MPOU3BOJIBHOM MpekpacHoil napsl (K,.S)
JUIsl HeperyisipHoro Habopa K?

6. Ilycte o — peiictBuTenbHOE ynciao u3 noayuntepsana (0,1]. IIpu kakux ycrnoBusix
Ha K MOXHO yTBepknarh, 4To A(n) > cn® — d ana Hexoropbix ¢ > 0 u d ER?
MOo’kHO Ha4yaTh UCCIIEIOBAHNUE C YACTHBIX CIydaeB, Hampumep a = 1 wim a = 2/3.

7. Ilpennoxure cBOM 0000IIEHMS], CBA3aHHBIE C MPEKPACHBIMU MApaMU, U UCCIEIyHUTE
uX.
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