3aKJII0YNTESIbHBII dTAl
PecnyGiimkaHCKO# OIMMONA/IbI IKOJIbHUKOB
o maremaruke (2021-2022 y4eGHbIit T0O/T)

MareMmaTuKka I1oHi OOMBIHIIIA
Pecity6/mmKaJIbIK, OKYIIBLIAD OJIMMIINAACHIHBIH,
KOPBITBIHABI Ke3eHi (2021-2022 oKy KbLJIbI)

10-cotmvin, 2 myp 10 %aace, 2 myp

Bpems pabomui: 4 waca 30 munym.
Kaorcdan 3adaya ouenusaemes 6 7 6a.108.

2Kymoic yaxomol: 4 cazam 30 munym.
Op ecen 7 ynatiea bazaranadol.

4. P(l) < 2022 xone KOSCb(i)I/IU;I/IeHTTepi OH 6YT1H cag Oosia- 4. ,Z[aH MHOI'OYJIEH P(x) 699-it cTernenu ¢ IOJIOXKUTEILHBIMA 1e-

TeiH 699-biHIIbI foperkesi P(z) kemvymieci Gepincin. Ouja
KOCBIHJBICHI 22, 55 Hemece 77-re TeH OoJiaThiH OipHeIe KaTap
TypraH KO3 UIUEHTTEDP TaObLIATHIHBIH JIOJIEIIEH]B.

aeivu Koadurmerramu, mpudem P(1) < 2022. Jlokaxmure,
YTO HAMIyTCsS HECKOJIBKO MOJAPSI MIYIINX KO3 MUIIEHTOB,
cyMMa KOTODPBIX paBHa 22,55 uan 77.

. ﬂHaFOHaﬂbﬂapr O HYKTGCiH,ﬂ;e KABLITBICATHIH, meﬂ6eppe 1I11- 5. ﬂaH BIIMCAHHBI BbIHyK.HbeI YEThIPEXYTOJIbHUK ABCD C TO4Y-
Teit cer3bLiran geHec ABC D teptOypwiiiib 6epijiren. M kone Koit niepeceyuenns quaronaseit O. M n N — cepeJnHbl CTOPOH
N — coiikecinme AD xone BC kaOblpraJiapbIHbIH OPTACHI. AD u BC coorsercrsento. Ha jiyre AB, ne conepzareii To-
ABCD TGpT6¥prHIbIHa CprTTafI ChI3bLJITaH meH6epﬂ;iH C qexk C'u D, OIUCAHHON OKPYZKHOCTHU ABCD ormerunn TOYKY
»kone D mykrenepi xarnaiitein AB goracoinan ZSMA = S rakyo, 40 LSMA = ZSNB. llycts T' - TouKa nepecete-
/SN B 6onarbinaii S nykreci asgbinran. SM, SN, AB xomne HUS JIMAroHaJIell BBIIYKJIOTO YeThIPeXyroJbHIKa 00pa3oBaH-
C'D my3ynepinen naiiga 0ojraH TOPTOYPBIIITHIH, JIlaroHa Ib- noro npsambiMu SM, SN, AB u CD. Jlokazkure, 9TO TOUKH
napbl 1" HyKTeciHge Kubliabicchid. S, O, T nykresepi 0ip Ty- S,0,T nexkaT Ha OJIHOM IIPMO.
3Y/UR GOMBIN/A KATATLIHBIN JIICI/ICHI. 6. Beckoneunas moc/ie10BaTeIbHOCTD HATYpaJbHBIX dncest {ay, }

. Kes kenren n > 1 ymiiH, ayi9 = apape1 + 1 MT1APTHI OPBIH-

nanaTbiagail mekci3 {a,} Hartypas cammgap Tizberi 6episcis.

Kes kesren ¢ nnjekci yiiin, @’ catbl a; caHblHa OeJiiHeTiH el

j
J > 1 UHJEKCI TabbLIaThIHBIH JIDJIeJIIeHI3.

VJIOBJIETBOPSIET COOTHOIIEHUIO (19 = Qi1+ 1, JIJIsT JTIOOOTO
n > 1. /Jlokaxkure, 410 /I JIFOOOI'0 MHJEKCA ¢ HAJIETCs TaKOi
HHJEKC J > ¢, ITO @; JIEIUTCA Ha d;.



Pemmenust 3aK1109nNTEe/ILHOTO dTAIA
PecnybmmKaHCKOI 0JIMMITNAJIbI
IMKOJBHITKOB II0 MaTeMaTIKe

2021-2022 y4eOHbI 1o/

10 xaacc

Jenv 2

OO6me moJioXKeHns 10 TpoBepKe padoT

. [IpuBeiéHHbIE KPpUTEPUN OIECHUBAHUS ABJISIIOTCA NPUOJIN3HU-

TeJIbHBIMI. Ydarecst (Kak ¥ IIPOBEPSIIONIIE), BO3MOXKHO,
CMOI'YT HaiTH U JPYrue BepHble perenus. 2Kopn umeer mnpa-
BO BHOCHUTH W3MEHEHHsI B KPHUTEPUH, MPOr0JIOCOBAB 3a HUX
KoJlIernaabHo. [1aBHoe, 9To0bl Bee paboThl yIaCTHUKOB Olle-
HUBAJIICH 10 OJAMHAKOBBIM KPUTEPHUSIM.

2. Ilepen mpoBepkoit KOpW cjeayeT BHUMATEIHLHO W3YYUTD

OJTUMITHATHBIE 3a/IaHNA, NX peleHus u Kpurepun. 2Kenarenb-
HO IIpopeniaTh 3a/JaHnsd caMUM JIJIsi BO3MOYKHOI'O TTOMCKA aJlb-
TEPHATUBHBIX PEIeHNUIA.

. [To okonuaHun MPoBepKH 0OI3aTEJILHO HAJI0 MPOBOJIUTE Pas-

O0p U alesUIsINIo 3aJ1a4, IPUTOM pas300pbl KejIaTeJbHO Je-
JIATD JIO alle/UISIIN 1 1IpU Pa3dope paccKasbiBaTh yIeHUKAM,
32 YTO CHUMAJHUCH OAJLIBI, & 3a 4TO J00ABJIAJINCH. JTO 3Ha-
YUTEJIHbHO COKPATUTh UMC/I0 YUEHUKOB KEeJIAMIINX 1104aTh Ha
AIeJIISIIIIO.

. B nessix 6otee crpaBelyinBoil OIEHKH YKeJIaTe/IbHO YTOObI OJ1-

HY 3a/1a49y [IPOBEPSLI OJINH YeJI0BeK (MJIH, COTJIACOBAHHO, OJIHA
rpymnma). B KoHIle, ec/in T03BOJISIET BpeMsl, TO CJIeJIyeT Ie-
PEIPOBEPUTH MOPU30HTAJIBHO (OJINH YEJIOBEK IMTPOBEPSIET BCe
3a/1a91 OJIHOTO MIKOJTBHUKA,).

. CJIG,ZLYGT IIOMHHUTDL, 9TO OJIMMIINaJIHAaA pa60Ta — 9TO HE KOH-

TpoJibHasi paboTa. [Ipu orneHnBaHUN OJIMMIINAHBIX padOT, B
OTJINYKME OT OIEHMBAHUs TUIIOBBIX 3aJIaHUIl 110 MaTeMaTHuKe,
HEJIONYCTUMO CHUMAThL OAJIIbl 3a HCIpaBJeHus B padboTe, 3a
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CJIMIIIKOM JIJIMHHOE PellleHne, U eCJAU PelleHne MKOJIbHUKA
OTJIMYIAETCA OT PElIeHUs], IPUBEJIEHHOTO B yI€OHBIX ITOCOOUSIX.

. He ciienyer ciammkoMm cTporo Haka3blBaTh 3a TEXHHYECKHe
OMINOKY MJIM HEJIOCTATKH B PEIIEHNN: OIIUCKH, JIEIKO yCTPAHNU-
Mble apudMeTnIecKne OIMNOKM, HEeIPUHININAILHBIE MOMEH-
TBI B XOJI€ PEIIeHNsI, HAIIpUMEpPYyIaCTHUK 0 KOHIIA He YIIPO-
CTIJI OTBET, HE COBCEM CTPOIHil IOPSIIOK M3JI0ZKEHNE WJIH IPO-
IIyCK OYEBUJIHLIX MOMEHTOB, HE BJINAIOIINX B IIEJOM Ha, XOJ
pertennsi. B 3aBucuMocT 0T cepbE3HOCTU OMINOKU MJIU HEJIO-
cTaTKa CHUMaeTcs: He OoJsiee 2 6aJI/I0B, B HEKOTOPBIX CUTYaI[U-
sIX BOOOIIE CHUMATDh He CJIe/IyerT.

. BammarenbHo mpoBepsiiiTe HACKOJIBKO COOTBETCTBYET pelile-
HUEe KpUTEpUsiM TPoBepku. B ocobennocTu, ecjim perieHue
yUeHWKa HeOJTHOe 1 / WM ajbTepHATHBHOE O(UIHATHLHOMY.
BaykKHO TOHATH, HACKOJIBKO YIACTHUK MTPOABUHYJICS 110 KPUTe-
pHUSM, KaKie cIydae UJen OH IpeJiaraeT n Kakme pakThbl 1M
MOJTYYeHbl WU JIOKa3aHbl. B abTepHaTUBHOIO pelleHns »Ke-
JIATETLHO OOCY/INTH PEIIeHNs] U KPUTEPUHN JIJIsl TOTO PEIeHnst
KOJIJIETHATHHO.

. OJIHaKO TEKCT pelleHus!, He COJAEPKAINIl MOJIe3HbIX IPO/IBHU-
JKeHUi, JTo/KeH oleHuBarhesd B 0 OasutoB. Basuier 3a «cra-
paHye yJacTHHUKa» He BBICTAB/ISIIOTCS, JlayKe eCJI yUaCTHUK
UCIINCAJ MHOI'O CTPAHMUII MJIA IOCTPOUJI «KPACUBBIN» 4epPTEXK.
Ecan ygacTHUK «yrajaji» HpaBUIbHBIN OTBET, HE IPUBOIUT
HUKAKIX O0bsIICHEHHIT, KaK OH €ro IOJIYYIII, TO 38 9TO He CJie-
JIyeT JlaBaTb OaJLIOB.

9.

10.

YacTo Ha oJMMIINAJaX MOYKHO BCTPETUTh TaK Ha3blBaeMble
«CYETHBIE PEIIeHNs», KOTJa YIaCTHUK IBITAETCSA PEIINTh 3a-
Jlady «B JI00», OIHUpasich TOJIHKO Ha aJiredpamvecKre orepa-
UM, METO/I KOOPJAUHAT, BEKTOPHBII METOJ, TeOpeMbl KOCHHY-
coB, cuHycoB, UeBbl, MeHesasi 1 T. II., He IPUMEHsIST HUKAKYIO
1JIe10, OTJIMIHOI'O OT TeXHH4IecKoro cuéra. OObIUYHO TaKue pe-
mennst (ecyim BooOIIe BO3MOXKHO PEIIUTh TAKIM CIIOCOOOM 3a-
a4y ) 3aHUMAIOT MHOTO CTPAHKI] TEKCTA. I TaKUM «CIETHBIM
peIIeHnsIM 110 CJIOXKUBIIENCsST MHOTOJIETHEH TPaJIulinniIpruMe-
HSIETCSI CJIEIYIONIasl CXeMa OIleHUBaHUSI:

® cC/IM YYACTHUK CMOI JIOBECTH CBOE CUETHOE PEIIeHUue JI0
KOHIIA, TO OH II0JIy4aeT I0JIHble 7 0aJIJIOB;

® cCJIM YYACTHUK He JIOBEJI CBOE «CUHETHOE» PeIleHne 0 KOH-
1a (He3aBUCUMO HACKOJIBKO OH MTPOJIBUHYJICS ) ¥ / WJIH JI0-
IIyCTUJT BLIYUCJUTEbHYIO oMmubdKy — 0 O6aJ1/10B.

Ha maremarndeckux oJmMIIHaiax MpPEeUMYyIIeCTBEHHO 3aKpe-
IJIaCh HAWJIYUIIIM 00pa3oM 3apeKoMeHJioBaBIIasi ceds 7-
OaJthbHas mKaja. Karkgas 3ajada OlEHIBACTCS [EeJIbIM THC-
Jiom OaJtoB oT 0 o 7. MTor nogsoauTcs 1o cymme OaJLioB,
HaOpaHHBIX yJacTHUKOM. OCHOBHBIE NPUHIUIIBI OIIEHIBAHISI
IPUBEJICHBI B Tab/mIe HiKe. Tab/mia npuMepHast, K KayK 10
3aJiade CJIe/lyeT MOJIXOANTh UHINBUIYaJbHO.



HpI/IMeprIe KpUuTepum oneHnBaHUA 3a1a4

Basner | Ormerka | [IpaBunbaocTh (0HIMG0YHOCTE) pe-

IIIeHUS
7 + [TotHOE BepHOE perteHue.
6-7 + Bepnoe pemenne. merorcss uebosbIme
HeJI0UeThl, B 1IeJIOM He BJIMSIOININEe Ha pe-
IICHHE.
5-6 + mm + Pemenne B neom Bepuoe. OjiHako OHO

COJIEPKUT PsiJl OIIMOOK, JIOO He pac-
CMOTpEHHNE OTJEJIbHBIX CJy4aeB, HO MO-
JKeT CTaTh MPaBUJILHBIM II0CIEe HEOOJIb-
[TUX UCIIPaBJICHUN NN JOTOJTHEHUIA.

4 + Bepro paccmorpen ojgun u3 jByx (6oJiee
CJIOZKHBI{T) CYIIECTBEHHBIX CJIYUaeB, W
B 3aJlaue TUIIA «OIleHKa -+ IIPUMEP» Bep-
HO TI0JIy4Y€eHa OIleHKA.

2-3 F JlokazaHbl BCIoMOTaTe/IbHBIE YTBEPK Ie-
HIIS, TIOMOTalOIe B PEIIeHNN 3a1a9M.

0-1 -~ PaccMoTpenbl oT/ie/ibHbIE BasKHBIE CJIy-
qan IpU OTCYTCTBUE perierust (Ui npu
OMUOOTHOM PEIICHUH ).

0 — Pemtenine neBepHOE, NPOJIBUKEHUS OT-
CYTCTBYIOT.
0 — Pemenne orcyrcTByer.




Taxum obpaszom,
Hau muorowien P(x) 699-it crenenu ¢ moJoKUTe IbHBIME I[e- >
S;i—8S; = |55
abivu koaddunuentavu, npuaem P(1) < 2022. okaxure, J ’
970 HaiyTCs HECKOJILKO IIOAPSI UAYIIIX KO3MDUINEHTOB, 7.
cyMMa KOTOPBIX paBHa 22,55 naun 77. Ho S; — S — cymma noapsaj naynmx KoadOuImenTos MHOIO-
aiena P(x).
Pewenrue. Ilyctb aq, ao, ..., azgp — K03MDPUIMEHTHI MHOTOUIE-
wa, Torna P(1) = a; + as + ... + aqoo.
Ob6o3HaINM
S1 = ay,
So = ai + ag,

S700:CL1+CL2+°"+CL700:P(1)<2022.

Torna cocraBuMm HabOP

1 <851 <85y, .. < Sy,
S14+22 <85+ 22... < Sy + 22,
S14+T7T< Sy +T77...< Sq0+ T7.

Bcero 700 x 3 =
= 2100 uuces

Beero umcen 2100, m Bce OHM NpUHAJIEKAT ITPOMEKYTKY
[1,2099]. [Mosromy no npuniwny upuxjie Kakune-to U3 HUX MO-
BTOPSAIOTCS, TO €CTh HAlJIyTCsd TakKue ¢ U J, 9TO

mmbo S; = S; + 22,
J100 SZ = Sj + 77,
ambo S; + 22 = Sj + 77.
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Sagaga 10.5

Jan BumcaHHBIN BBITYK/bIH deTbipexyroiabuuk ABCD ¢
TOUKOI nepecedenust nauaronaseit O. M u N — cepenuHbI
cropoin AD n BC' coorBerctBenno. Ha nyre AB, He comep-
»karreit Touek C' u D, onmcannoit okpyzxkuoctu ABC'D or-
MeTuI ToUKy S Takyto, uro LSMA = ZSNB. Ilycts T -
TOYKa [epeceveHns JJuaroHasieil BbITyK/I0r0 9e€ThIPeXyTroib-
HuKa obpasoBanHoro npsmoiMmu SM, SN, AB u CD. Jloka-

»xure, uro Toukn S, O, T jexKat Ha OJHON HPAMOIL.

Pewernue. OboznaunMm
SMNAB =X, SNNAB =Y,
SNNCD =P, SMNCD = Q.

Torna
/XYP=/ABC+ /ZYNB = /ABC + ZSNB

/XQP = /ADC — /QMD = /ADC — /SMA.

3HaunuT
/XQP+ /XYP=/ADC + ZABC = 180.

CiietoBaTe/ibHO, 9eThIPEXYToabHIK XY P() BIUCAHHBII.
Orcroga mojydaeM, 9To

/QMD = /YNBu ZQDM = /Y BN.

Torna
QM QM YN YN

AM DM BN CN
11

LAMC = ZY NC.
CuentoBaresibno, AQMA ~ Y NC. Tlostomy

LQAM = /YCN = QAY = /ZPCY.
Suaunt, QC AY — Buncannsiii. Orcrona
/DBA=/DCA=/QCA=/QYA = QY || DB.

Anasnornuno PX || CA.

ITycts QS u PS nepecekator AO nu BO B toukax U u V. 3a-
METUM, YTO TaK KaK 4YeThIpExyroibHuk ABCD BrucaHHblil, TO
NAOD ~ ABOC, n tak kak M n N cepeauHbl COOTBETCTBYIO-
mux ctopoH, 10 ANAOM ~ ABON.

Tak kak ZAMU = Z/SMA=/SNB =/VNB, 10 % = %.
Crenosaresnsro, UV || AB.

Taxum odbpazom, moaydaeMm, ato AXTY romorerndaen AUOV
a 3Haunt S, T, O jexxar Ha OJHOI IPAMOIL.
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Sagaga 10.6

BeckoneuHnasi 110C/IeI0BaTeIbHOCTL HATYyPAJIbHBIX — JHCe

{a,} ymoBiaeTBOpsieT COOTHOMICHUIO yyg = Aplpiq + 1, JJTs

qaoboro n > 1. Jlokaxkure, 4To s J1I0OOI0 MHJEKCa ¢ Ha-
- . . J 7

JIeTCst TAKOH MHJEKC j > 4, 4TO @ JAeJIUTCA Ha ;.

K coorcanrenuio, 6 3adaue 10.6 6viaa donywena onevamra. Boi-
A0 MPONYWEHO YCAOBUE . Omo npuseso K momy, 4mo 3a-
dana cmana wexoppexmmuot u umeem xonmpnpumep. Hawedwum
KOHMPNPUMEDP O6vLA0 nocmasserno 7 6aanros. Tem xmo npuees eep-
HOEe peweHue, kax ecau ov, t > 1 6v.a0 dano 6 ycaosuu, 6bLLO NO-
cmasaeno 6 banrnos. [locaednue nomepanu 1 6aarn 3a mo, ¥mo He
3aMemuUAL, Mo Yycaosue 1 > 1 sastcho.

Pewenue. Ilycts p; — upocroit geaurenns a;.

Paccmorpum mapet (ar, az), (a, a3), - .., (@241, @210). Tak xak
nx p? + 1, Torma OyayT JBe Hapbl ¢ OJMHAKOBBLIME OCTATKAMH 110
Moysiio p1. C 39TOro MOMEHTa, OCIEe0BATE/ILHOCTL OYIeT IIOBTO-
pATLCA 110 MO0 py. CrienoBaTesibHO, OHA, HAYMHASA C HEKOTO-
POro MOMEHTA, IePUOIMIHA 110 MOJLYJIIO P.

JloKkazkeM, 9To IIepUOAMYHOCTD HAYMHACTCS C YUCIA (.

[To dpopmyie
ApQpi1 + 1= Ap+2,
Ap+2 — 1
ecin ap1 Z 0 (mod py), 10 @, = ————, 9ITO BBITUCIISICTCS
anp+1

OJIHO3HAYHO 110 MOJLYJIIO p1. Eemm ¢ > 1, To nmapbl ocTaTKOB Oy1yT
pasubl (0,1), (1,1), (1,2), ...
nopTopenune HadHeTcd ¢ 0 1o MOJLY/IIO pi, TO €CThb C a;.

, HaumHas ¢ uHjekca 7. [losaromy
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3HaunT, CyleCTBYeT OECKOHEUYHO MHOI'O TAKUX UHIEKCOB j, 9TO
a;j =0 (mod p1), TO ecTb HANIETCH JOCTATOYHO OOJIBIION ji Ta-

(a

- J1 ivpy (a;) D 6
KO, ITO @} JieuTes Ha py . DTO BEPHO JJ1¢1 JII0OOT0 IPOCTOIO
Dk, JCINTEIIS ;.
BosbMéM nHjieKe s = 1 + | | (jr — ). Torma a2 Gymer geuThest
k
i

Ha aj.
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