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X1 Knacc

1. Uepes pAaBe TOYKW, nexawme Ha ocu OY, ¢ opanHatamm 5 un 11
COOTBETCTBEHHO, MPOBefeHbl ABe MapasnefibHble npsamMble. [lepas npsmas
nepecekaet rpaguk yHKuMn y=x2 B Toukax A n D, BTOpas npamas nepecekaeT
rpauk yHKUMn y=x2 B Toukax B n C (Touykn A n B nexkat no ofHy CTOPOHY OT OCU

QOY). HainTn ypaBHeEHUS 3TUX NPAMbIX, ecin nnowaab Tpaneymn ABCD paBHa 36.

2.  OKpY>XHOCTb MepeceKkaeT KaXayl CTOPOHY
TpeyrosbHMKa ABC B ABYX TOYKax (CM. PUCYHOK): CTOPOHY
AB B Toukax M 1 N (nopsagok touek: A, M, N, B), cTopoHy
BC B Toukax P n O (nopspgok toyek: B, P, O, Q, CTOpOHY
AC B Toukax Bu S (nopsagok touek: AyS, R, C). Okasanioch,
yTto TouKM A, N, P, C nexkaT Ha 0fIHOM OKPY>XHOCTU, a TakxKe
Toukn A, R, Q, B TakxKe nexar Ha OfHO OKPY>XHOCTW.
Jokazatb, 4yto TOukm B, M, S, C nexar Ha OAHOW

OKPY>XHOCTW.

3. HaTtypanbHoe umcno n, He npeBbiwarowlee 2023, nmeeT 6 geautenei,
KOTOpble pacnofiokeHbl Mo Bo3pacTtaHuto: [ <[> <[l <di <db <de. lpn 3TOM

de di db 3

BbINO/MHAETCA paBeHcTBO, —+—+ — — —, H&I7|T|/| BCe TakKume 1.
P T TN T

4. B Kaxaykw KeTky Tabnumupl pasmepa 4>ui (4 CTPoOKW, N CTONOLOB)
3anMcaHo ogHo K3 uenbix umcen ot 0 go K (K>ty. lMpm Kakom HambonbLuem
3Ha4YeHMn N Npu 3agaHHOM 3HadeHun K B Tabnuuy MOXKHO 3anucatb 4ymc/ia Takum
o6pa3om, 4ToObl BO BCEX CTPOKax Cymma umcen Oblna O4MHAKOBa, a B /IHOObIX [4BYX

cTonbuax pasnuyHa, ecnu vymcno K aensercsa a) YeTHbIM, 6) HeYe THbIM'!

5. Ha pucyHke wu306paxeH nnaH ropoga. [opoackue
KBapTa/ibl MMEKT (opMy M0 OAWMHAKOBbIX KBagpaTtoB, /M60
pPaBHOOEAPEHHBIX MPAMOYIO/IbHbIX TPEeYrosibHUKOB (4  YrnoBbIX
TpeyronbHnka). CTOpPOHbI KBaApaToB W TPEYrosibHUKOB SBNSKOTCA
ynmuamn.  [MHa  KaXAOW CTOPOHbl KBagpaTa paBHa 1 KM.
ABTOMOOW/INCT XOYET, BbleXaB M3 KaKOM-IMO0 TOUKU Ha OOHON ©3
ynuy, ropoga (no ero BbIoopy), NpoexaTb N0 KaXXaoi ynuue ropoda He MeHee OfIHOro
pa3a n B UTOre BEPHYTLCH B TY Xe TOUKY. KaKyto HauMeHbLUYH A/IMHY MOXET UMETb

Tako mMapLupyT?



OugeHKa onMMNnaaHbIX 3agaHui
no mateMaTuke

Kaxaaa 3afaya oueHnBaeTcs 8 6annamu.
MakcumasibHoe KO/iM4ecTBOo 6asifioB 3a NpaBu/ibHOE BbIMOJIHEHME 3adaHnii - 40.

KpuTepum oLeHKN onMMNnaaHbIX 3afaHuii:

KonnyecTBo

CTeneHb BbINOMHEHNA 3a4aHUS
6asnnos

3afjaya peLLeHa NOMHOCTLIO (peLleHe MOXeT 8
OT/INYaTLCA OT aBTOPCKOr0)
3afjaya peLLeHa ¢ HefloueTaMu UK He Bce 060CHOBaHMS 5-7
BbINO/IHEHbI MO/THOCTLIO
3aflaya peLLeHa HamnosI0BUHY 4
[MpaBuNbHO BbICKa3aHa Maes, HO YUYeHUK He CMor ee 1-2
peasin30BaTb
Mpwn pelLeHnn gonyuieHbl rpyoble owmnoKu 1-3
[aH nNpaBWNbHbIA OTBET, HO HET PeLleHUs!' 1
Yyawmiics ToNbKO NPUCTYNII K PELLEHNIO 1-2
Yyawmiica caenas HecKobKO NpaBusibHbIX LLAroB. 5.7

Hy>XHO CMOTpPEeTb CTeneHb NPOABMKEHUA B peLLeHnn



Marematumka
XI knacc. PelueHus.

PeLueHnsa yyawmxcs MoryT oT/iM4aTbCsi OT aBTOPCKMX!

/. PelueHme:

MycTb npsamble AD 1 BC MEIOT ypaBHEHUSA y=KX+5 1
y=kx+11. Jlerko BugeTb, 4To cnyyain A=0 He y[0BNETBOPSET
YCNOBUIO 3aa4u.

Mycts npsmble BC n AD nepecekatoT ocb OX B
Toukax P 1 Q cooTBeTCTBEHHO, a ocb OY B Toukax M(0; 11)
1 K (0; 5) COOTBETCTBEHHO (PUCYHOK COOTBETCTBYET C/ly4ato
K > 0).

MycTb BepLUMHBI Tpaneu,mm MMetoT criegytoLve
koopavHaThl: A (a; a2), B (b; bl), C (c; c2), D (d\ d1). Myctb
KH - Bblcmaﬁaneumw ABCD.

8ABCD -------- KH-

Mycts XMKH=a., Torga KH = MK-co3a-.

3ameTum, 4yto XMKH+XQKH+XQKO=\M)°.

a+90°+Z£®>180°.

ZQKO=90°-a. Torga XKQO=a 1 tga=£.

I +taza=—i;-; 1-1fa = —V 7 COSOJ— ==
core +fe2’
6

Torma HK = G visfez

AD = M(a—d)T + (a2 — d)z="l(a— d)7(l t(o + d)2)=|a— d\*I A-(a. y d.)z.
IMocKonbKy Toukn A 1 D SBASIOTCS TOUKamu nepeceyeHnst NpsiMoit AD v napa6osbly=x\ To uncna

a v d ABNAKOTCA KOPHAMM ypaBHeHNs X2 = KX 4-5, X2 — fecx — 5 = 0.
a+d=k, ad=-5.
la—dj~ = (a+d)2— Aad = k" + 20. la—d| = y*c2 + 20.
Otctoga AD="kz + 20- V'l + fc2
AHanornyHo nonyuum BC=Vfc2 + 44 VI + kz
VF2+20-y'l+k2+Vics+M*JI+K3 6  A2+20-+y'k2+44

Saiicd X -m6=
2 V14« 4

= (JK' -r 20- + yk2 + 44 >3,

WTak, (y'it2 + 20- + v'k2 + 44 )-3 = 36, oTkygak=+-/5-
Vickomble npsMble UMEROT BUL Y = +->/5x1-5 n y = +->/5x+11.
OTBeT-, y = £/$x+5 1y = #x/5x+11

2. PewweHne:

Vmeem: AM-AN = ASAR, BP-BQ = BN-BM, CR-CS = CQ-CP.
[Hanee: AM (AB - BN) = AS-(CA — CR),

BP-(BC- CQ) = BN-(AB-AM),

CR-(CA—AS) = CQ {BC- BP).

Packpoem CKO6KM W CNOXWM faHHble paBeHCTBa:

AM-AB — AM-BN A-BP-BC — BP CQ+CR-CA — CR-AS =

= A5-CA - AS-CR+ BN-AB - BN-AM r CQ-BC- CQ-BP,

unm nocne ynpolenus .4/1/-4B- -r BP-BC + CR-CA = AS-CA + BN-AB + CQ-BC,

(AM-AB - AS CA) + (BP-BC — BN-AB) -r (CR-CA - CQ-BC) = 0.

Ecnm Touku A, N, P, C nexat Ha ofiHolA okpyxHocTi, To BP-BC = BN-AB n B$BC — BN-AB=0.
Ecnm Toukun /1, R, O, B nexart Ha ofHoi okpyxHocTu, To CR-CA = CQ-BC n CR-CA — CQ-BC =0.
Ho Ttorga n AM-AB — ASCA=0 nnn AM-AB = AS-AC, 4TO 03HauaeT, 4To Touku B, M, S, C nexar

Ha OfIHOI OKPYXXHOCTU.

UTo 1 Tpe6oBanoch [oKasaTh.



J. PelueHue:

3ametm, uT0 <Y,=1, d6=n. [lpu peleHUM 3agaun YAO6GHO WCMONL30BaTbL ClEefYHOLLYI0
W3BECTHYIO TeOpemy:

MycTb HaTypaabHOe 4MCNO N WUMEEeT Crefylollee pasfodXKeHWe Ha NpocTble MHOXKUTEN
n- p“i1P2?7 ..1P/, t rgep/, p2, ..,pt —pasnmuHble NpocTble AenMTenn yucna n. Torga KoOM4ecTBO

nenvTeneid uncna n (o6o3HavaeTcsa d(n)) BblpadkaeTcsa copmynoii d(n) - (at + 1)(a2 + + O-

Vickomoe umncnio n umeeT 6 aenuteneid, a MOckKonbKy 6 = 5+1 nam 6 = (1+1)-(2+1), TO OHO MOXET UMETb
CriepytoLLiee pas/ioxKeHne Ha NpoCcTble MHOXWTENW: N = pP5, wan N =pa2, rae p v g — pasinyHbIe NpocTble
yucna.

1) MycTb N —p5. Torga fennuTenu ymicna n no BospactaHnio \,p,p2, p\p\p2. Torga nmeem:

—+ Ar +-M-=—; —=— oTkygap=1. Torga ” =73 = 16807.
PP P 7 p 7

OpHako 16807>2023.
2) Myctb n =pg2. Torga genvtenu yicnan: 1,p, g, g2, pg, pg2. PaccMOTPUM pas/iMyHble Cnyyau:

2.1)/><7. Torga \<p<<q<<pg<g2< pqgl. Torga paBeHCTBO W3 YCNOBMA NPUMET BUL;
K+y +£ J1- 1+1+1=2; 3
P pg pa2 7'p p p 7P
Tak, Kak p<q, T0:

ecnn 7=11, 70 n=7111- = 847;

ecnn 7=13, 70 n= 71132 = 1183;

ecnm 7=17, T0 n = 71172 = 2023.

2.2) g<p<q2 Torga | <q < p <2 < pq < pgl Toraa paBeHCTBO M3 YCNOBWS NPUMET BUL;

3
= ; oTKyAap=7.

1+A+—=J71 1+A4A+1J1; 22+P=3; 147+712=3</2; 7/2=7(37-14).

77 21- 7 7 707 7 » o7

MMpaBas 4yacTb MOC/MEAHEro paBeHCTBAa JenMTCA Ha 7, Torga w 1p genutcd Ha q. Torga 7=7 u
1p = 7(3+7—14) np=1. MNMpoTuBopeune.

2.3)g2<p. Torga 1 <q <72 <p <pq<pql TorgapaBeHCTBO W3 YCNOBUSA NPUMET BUJ;

1+£1+_ P£=3. 1+£1+1=3. 2+71~=3. 2p+73_3.

g p pg2 7" g p q T g p 1° ap 7

14p 4-773 =3/27, 1412 =3pqg-'Iqi\ \\p=q((3p-792}.

MpaBas yacTb MOCNeHEro paBeHCTBa AeNUTca Ha 7, Torga u 14/2 penmtcs Ha . 3TO BO3MOXHO,
npu 7=2 wn q=I. Ecrm 7=2, 10 14/2 = 2(3/>-7-22); 7p = 3p-7-2r, p=-7. NpoTnBOpeuve.

Ecnn 7=7, 710 14?7 =7(3/?7—=7+72); 2p = 3p-73,p=1\ lNpoTrBOpeuve.

OTseT: 847, 1183,2023.

V. PeLleHue:

CyMma ymcen B OAHOM CTON6LLE MOXET NPUHMMATL 3HaveHus ot 0+0+0+0=0 go /11-A’+A'-A'=4/C
T.e. 4/0 | pa3MuyHoe 3HayYeHne. Takum 06pa3oM, 3HaYeHVe « He MOXKET npesbiluaTb 4K+1.

A) Myctb K - yeTHoe. Mpueesem npumep Tabnmubl 4*(4K'+1), yaoBneTBOpstoLLei Tpe6oBaHWAM
3agaum.

0 0 0 O K K K K
0 0 0 I K-\ K K K
0 0 ! ! K\ K-1 K K
0 1 | | K-1 K-\ K-1 K
Cymma 0o 1t 2 3 4K-3 4K-2 4K-1 4K

[okaxem, 4To faHHaa Tabnvua YA0BNETBOPSET YCMOBUIO 3afadun. byfaem 3anonHATb Tabnuuy
cnefytoLym o6pasom. CHayana B KpaliHWiA NeBbIli CTONGEL, CTaBUM BCe HY/W, B KaXAYHO Aueliky KpaliHero
npasoro cton6ua ctaBum K. OcTanbHble KeTKW noka nyctbl. CymMmMa 4ucen B Kaxfoi CTpoke CTana
pasHa K.



Cymma

o6pa3oM (cM. puc.)

Cymma

[lanee pelicTByem aHanormyHo. Mpu aToM nocne 3anosiHeHMs o4epefHON Napbl CTONOLO0B CyMMa
uncen B KaXOW CTPOKe GyfieT ocTaBaTbCH HEW3MEHHOW. A CyMMa YnCen B KaXAOM credytoLleM cTonbue
B /1eBOI YacTu ByAeT yBenmuMBaTbCA Ha 1, a B NpaBoii YacTy yMeHbLUaTbCs Ha 1.

PaccMOTpMM MOMEHT, KOrfa, NeBblii 1 NpaBblii «NOTOKW CTONGLIOB» BCTPETATCS.

Ecm K - YeTHOe, TO KONMYeCTBO CTONGLOB B Tabnmue O6yAeT HeyeTHbIM. B TOM clydyae MOTOKM
CTONG6LOB COMAYTCHA B LIEHTPanbHOM CTONGeL,: B KaKAOW KieTke 3TOro ctonbua 6yaeT 3ammcaHo 4Mcno
K/2. 3TOT cTONGEL, a TaKKe COCeAHMe C HAM cToNbLbI ByayT UMETb BUL;

0 0 Kz2-1 K/2-\ K2 K2+  K/2+\ K K
0 0 A2-1 K/2 K/2 K/2 K/2+\ K K
0 0 K72 K/2 K/2 K/2 K72 K K
0 1 K/2 K/2 K/2 K/2 K/2 K-1 K
Cymma 0 1 4K/2-2  4K/2-1 4K/2 4K/2+1 4K/2+2 4K-1  4IC

B) Myctb K- HeyeTHoe. Ecnn n=4K+1, T.e. B Tabnumue 4/<+! ctonbeL, U CyMMbl Yyncen B CTONBLAX
npuHMMalOT  3HaveHns ot 0 pgo 4K, To cymma Bcex uuacen B Tabnuue  paBHa
0+1+2+...+476=1" -4K=(1+4/0'2/<.

5 (1+4K)-2K_ (1+4K)-K
Torga cymMma uncen B Kakgoi CTpoke 6yeT paBHa: ; 5= Y1 TIpY1 HeveTHoMm K He

ABNAETCA LenbIM uncnom. CnefoBaTtesibHO, N He MOXET 6bITb PaBHbIM 4/<+1. MoKaXeM, 4TO N MOXET 6bITb
paBHbIM 4/<.

Byaem 3anonHATb Tabnuuy npuBefeHHbIM Bbille CMOCO60M A0 Tex Mop, Moka B KpaviHeM npaBom
cTon6Le NeBoro NoToka He ByAyT 3anucaHbl uucna (/<-1)/2, a KpaiiHem neBoM CTO/6LEe NpaBoro MoToka
He ByayT 3anmcaHbl yncna (/<+1)/2.

0 0 (I<-1)/2 (16+1)/2 K K
0 0 (7<-1)/2 (N+1)2 K K
0 0 (I<-1)/2 (tF+1)/2 K K
0 1 (I<-1)12 (7C+DI2 K-1 K
Cymma 0 1 (4K-2)/2 (4K+4)/2 4K-1 4K
3ano/HMM ellle oAHY napy CTONGLIOB.
0 0 (tF-I/2 (<12 (<+D2 (Y- K K
0 0 (<=2 (<+D)f2  (<+1)2 K K
0 0 (<=1)2 (<12 (I<+1)/2  (ZC+D)i2 K K
0 ! (C-1)2  (<+1)2 (<=2 (I<+1)2 K-1 K
0 I 2K-2 2K—| 2K+1 2K+2 4K-1 4K



Takum 06pa3om, B [aiiHOW Tabnuue CyMMbl CTONGLIOB MO OAHOMY pasy MOFYT NpWHUMaTb BCe
3HayeHus oT 0 Ao 4/< 3a ucknoueHrem 2K, T.e. MOXET NPUHUMATL 4/< pasNyHbIX 3HAUEHWIA.
OTBeT: 4/1+1 npu K - yeTHOM, 1 4/C npyt J1-— HEYETHOM.
5. PeleHue:
Cnocob 1.
HecnoxxHo noacunTaTb, YTO BCEro B ropoge 52 ynuupl AavHoW | KM u
4 ynuupl ANVHOW Y2 KM. BepLunHbl KBafipaToB Ha3oBeM nepekpecTkamu. 3ameTum,
4yto K 16 nepekpecTkam (OHM OTMeYeHbl TOYKamM) MOAXOAUT HEYETHOe YMCIO0
ynny,. Mo OAHON M3 ynuu, NOAXOAALMX K TakoMy MepekpécTKy, aBToMObuancTy
NpuAETCA MpoexaTb [BaKAbl, MPUYEM HauMeHbLUas oblas f7vHa mMapLupyTta
OyfieT, ecnu ABaXKAbl aBTOMOOML GyAeT NpoexaTb N0 yAuLe AMVHOW | KM, a He
V2 kM. T10CKO/bKY OTPe30K COefIMHAET fiBa NepekpECTKa, IMLLHKX Mpoe3gos byaer

He MeHee 16:2=8. WTOro Becb NyTb COCTaBUT He MeHblue 52 +8 +4y2=60+4-/2
(km). MpuMep Ha prCyHKe NOKa3blBaeT, YTO NYTb TaKOM A/IMHBI BO3MOXEH. Hayano mapLupyTa — Touka A.

Y
rll:lgn

]

OTBeT: 60+4\ 2 KM. D |:|

A

Cnocob 2.

PaccmoTpym nnaH ropoga Kak rpad, y KOTOpPOro MepekpecTky SBMSKOTCA
BepLUMHaMK, a ynuubl pebpamu. Toraa AaHHbIA rpad umeeT 56 peGep. Mpu 3ToM M\
16 BepLUMH UMEIOT HEYETHYIO CTeneHb, paBHyto 3. lo6asum B rpad 8 pebep amHbl  (
| (km), coegvMHUB BOCEMb Map BEPLUMH C HEYETHOI CTeneHbio (cM. puc). Tenepb B I r
rpade 64 pebpa W CcTeneHW Bcex BeplMH YeTHbl. CornacHo Teopeme Jiinepa [/ e d
CyLLeCTBYeT UMK/, codepxawmii Bce pebpa rpajga no ogHomy pasy. [nuHa
COOTBETCTBYIOLLET0 MapLupyTa 6yfeT paBHa 60+41/2 kM. 3aMeTUM, u4TO npu o*#
[06aBeHNN K UCXOAHOMY rpadly MeHee BOCbMU pebep HeM OCTaHeTCs BepLUMHA HEeYeTHOW CTeneHu U
TpebyeMoro uukna He byger.

OTBeT: 60+4yr2 Km.

3ameuanue. Mpy pelLeHnn 33daun BTOPbIM CNOCO6OM MPUBOAWUTL MPUMEP TPEGYEMOro LKA He
06s3aTenbHo. Teopema Jiinepa 40Ka3bIBaeT ero CyLLeCTBOBAHNE.



