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BBEJEHUE

Ilopsigok mpoBeneHUsi, METOAMKA M CUCTEMA OIl€HUBAHUSA
(mpoBepku) pernoHasibHOro 3Tana Bcepoccuiickoil onumnmaab
MIKOJIBHUKOB 10 MaTtematuke 2021-2022 y4yebHoOro roja.

Pernonanbuetit sTan Beepoccuiickoit osmuMina bl MKOJIbHIKOB TI0 Ma-
TemaTuke 20212022 y1ebHOTO rojia MPOBOIUTCS 110 3aJAHUSIM, TTOJITOTOB-
JsieHHBIM [leHTpasbHOl TPeIMeTHO-METOIMYECKONl KOMUCCUEHN, B eTuHbIE
st Beex cyobekToB P® cpoku: 4 ¢deBpanst 2022 1. (I typ) u 5 des-
pasiss 2022 r. (II Typ). PermonasbHbIi 9Tal TPOBOAUTCS IO OTIAEIbHBIM
zaganusaM s yaamumxed 9, 10 u 11 kmaccos.

3amanna JUId KaxKJIoro kiacca Bkmiodaior 10 3amad —rmo 5 3amag
B KaxKIOM u3 JByX gHel (rypos) Ommmvmmansr (3amaan 1-5 —1 Typ, 3a-
paan 6-10 —IT Typ). TIposo/IKUTEIbHOCTD KAasKI0r0 Typa JJid KazKI0ro
KJIAaCCa COCTABJISIET 3 daca HO MUHYT.

B cuny Toro, uro Bo Bcex cybwekrax Poccuiickoit Demepanuu pe-
TMOHAJIBHBIA 9Tall MPOBOJIUTCS IO OJHUM U TEM K€ 33JIaHUsIM, ITOIrO-
ToBJIeHHBIM 1leHTpa bHOM TpeIMeTHO-MEeTOANIECKO KOMUCCHEH, B TIEIIX
IIPEAOTBPAIICHNS IIPEKAeBPEMEHHOI0 JOCTYIIa K TeKCTaM 3a/IaHuil CO CTO-
porbl yaacTHUKOB OQUIIMIIAIBI, 8 TAKXKE UX yduTejeifl U HACTABHUKOB,
BpeMsI HA4YaJa U OKOHYAHHUS TYPOB B YCTAHOBJIEHHBIE JATHI B KaXKIOM
cyobekTe PO J101:KHO ONIpeie/IIThCS B COOTBETCTBUNU ¢ « BpeMeHHBIMU
peryiaMeHTaMu IIPOBEIEHUs TyPOB pPEruoHajJbHOro sramna Becepoc-
CUMCKOI 0JIMMIONAALI ITKOJILHUKOB B cy0beKTax Poccuiickoit ®e-
nepamuu B 2021-2022 y49eOHOM IOy » JJIs 9aCOBBIX IIOSICOB.

Paszbop 3amau B cyobexTax Poccumiickoit Peneparuu, rie Typ OKaH-
quBaeTcsd B 16.00 m 17.00 mo MecTHOMY BpeMeHH, IIPOBOIUTCS HE PAHbBIIE,
JeM Ha CJIeIYIOIINN JeHb OC/Ie MPOBeeHusl BTOporo Typa OJmMInaIbl.

Pemenne kaxxaoit 3aa9un OEHUBAETCS TEJIBIM IUCIOM 0a/ioB OT ()
a0 7. MakcumasabHOe KOJIMYeCTBO 0aJjlIoB, KOTOPOE MOXKET IIOJIYJIHUTh
yuaactHuK, paBro 70 (35 — I typ, 35 — I Typ).

3ajaHns MATEMATUIeCKUX OJIMMITNA]] SIBJIIOTCST TBOPYECKUMH, J10-
IIyCKAIOT HECKOJHKO PA3JNIHBIX BapHaHTOB pernenuit. Kpome Toro, neob-
XOJIUMO OIIEHUBATh YACTUIHBIE IPOJIBIZKEHNs B 3a7a9aX (Halpumep, pas-
60p BarXKHOTO CJIydasi, JOKA3aTeIbCTBO BCIIOMOTATELHOTO YTBEPKICHUS,
HAXOXK/[eHUe [puMepa u T. 11.). HakoHer, BO3MOXKHBI Jlorudeckue u apud-
MeTudecKkrne Omubku B perreHusix. OKOHYATE/bHBbIE OAJUIBI 110 3aJ1a4e
JIOJIZKHBI YIATHIBATH BCE BBIIIEIIEPEIUCICHHOE.

IIpoBepka paboOT OCYIECTBIISETCS B COOTBETCTBUU CO CJIEJLYIOIIUMUI
[IpaBUJIAMHU:

a) Joboe HpaBWILHOE DelleHue onenuBaercd B 7 Gaiios. Hemorry-
CTUMO CHATHE OAJIJIOB 33 TO, YTO PEIleHHe CJIUIIKOM JJINHHOe, UJIH 38 TO,
9TO PEIlleHre MIKOJbHUKA OTJINYAETCs OT MPUBEIEHHOIO B METOIUIECKIX
pa3paboTKax;
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6) HeIOIyCTUMO CHsTHE 6AJIIOB B paboTe 38 HEAKKYPATHOCTD 3AIIUCH
PpeleHuii;

B) GAJUIBI HE BBICTABJISIFOTCS «3a CTApaHue YUaCTHUKA», B TOM UYHCJIE
3a 3a0UCh B paboTe OGOJIBIIOTO O 0OBEMY TEKCTa, HE COIEPKAIIEro MPO-
JIBI2KEHU B PENeHnr 3a/1a4H;

') Y€PHOBUKH HE MPOBEPSIOTCHL.

B cBsi3u ¢ HEOOXOIUMOCTBIO KAYECTBEHHOI OIIEHKN PA0OT yIACTHUKOB,
HA UX TPOBEPKY BBIJEJSIETCS 10 7 JTHEi.

st euHOOOpa3usl OIEHKN PabOT yYACTHUKOB OJIMMIIUAJIBI U3 Pas-
HBIX PErMOHOB M C IEJIbI0 MCKJIIOYEHUs IPU 3TOM omunbok, [leHTpasbHast
[IPEIMETHO-METOIMIECKasi KOMUCCHsI UMeeT MPaBO IMepernpoBepKu paboT
YYACTHUKOB PETMOHAJIBHOIO ITAIIA.

B ciydae orcyTcTBHS cienuabHBIX KPUTEPHUEB IO 33J1a4e, €€ pere-
HUE OLIEHUBAETCS 110 IPUBEAEHHON HUKe Tabiuie (OTMeTHM, YTO JJIs MC-
KJIFOUEHUsI PA3JInJuil B OlleHKe OJIM3KWUX IIPOJBUXKEHUIl 110 3aja4e B pa-
60Tax pa3HBIX YYACTHUKOB, TAOJHUIA yIPOIIEHA IO CPABHEHWIO C IIPHU-
BeséuHON B TpeboBaHUSIX 110 IPOBEIEHUIO PEIMOHAIBHOIO JTAllA).

Banns! | IIpaBusibHOCTE (OMINGOYHOCTD) PEIIeHUS

7 IlonHOE BepHOE perieHue.

6-7 Bepnoe pemenne. Vmerorcs aebosbinue He0I6THI (HE JI0-
IHYECKHE), B EJIOM HE BJIUAIONIUE HA PEIIeHUe.

1o 4 B sagaue tuna «Ouenka+1mpumeps JI0Ka3aHa OLEHKA.

J0 3 B zajage tuna «OrieHKa+IpUMeEp» TOCTPOEH TPUMED.

Jo 1 PaccMmoTrpen BaxKHBIN cirydail Ipu OTCYTCTBUU PEIIEHUS.
0 Anasurndeckoe (KOODJMHATHBIM WJIM BEKTOPHBIM METO-
JIOM) pellleHre PeOMeTPUYECKOll 3a/[a4u, He JOBEIEHHOE JI0
KOHIIA.
0 Pemmenne orcyrcrByer. Perenve neBepHoe, IpOIBUKEHUS
OTCYTCTBYIOT.

Hiuke npuBeieHBI OTBETHI U PEIleHNd K 3a/[a4aM OJIMMITna bl B KoM-
MEHTapHsX K 33Ja9aM yKa3aHbl KDUTEPUU OlleHUBaHusA (B Oa/iax) HEKo-
TOPBIX IPEIOIATAEMBIX ONIMOOK W YACTUYIHBIX [POJBHIKEHUIT. 3aMeTnM,
4TO0 paboTa yIaCTHUKA, IOMHUMO IIPUBEJIEHHBIX, MOXKET BKJIIOYATh JPYyTHe
cojiepKaTebHble [IPOJBUKEHNs] U ONUOKHU, KOTOPBIE JIOJIZKHBI OBITH OIle-
HEHBI JIOIIOJIHUTE/IBHO.

Kenaem yenewnoti pabomot!

Aemopvi u cocmasumeny, cboprura
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YCJIOBUSA U PELIEHWST 3AOAY

9 kJ1acc

[Mocre0BaTEILHOCTD YHUCET A1, G2, - - . , 42022 TAKOBA, UTO Gp — A) =
Zn?’fkg nust io6eIXx n 1 k Takux, 9to 1 < n <2022 n1 1l < k <
< 2022. TIpu stom ajg1; = 0. Kakue 3Havenus MoxKeT IPUHAMATD
a20227 (H. Aeazanos)

OTBeT. agyee = 20223 — 10113 = 710113,

Pemntenne. 3anucoiBas yeaosue nmpu n = 2022, k = 1011 u npu
n = 1011, k = 2022, nosryuaem

ago22 = ag22 — aton1 > 2022% — 1011
u
—ag022 = a1011 — azzz > 1011% — 20223,

TO €CTh 9022 = 20223 — 10113 > a2022. OTCIOZIa U CJIeIyeT OTBET.

ameuanmne. llociaenoBaTebHOCTD, YAOBIETBOPAIOIIA YCIIO-
BUIO, CYIIECTBYeT, 8 NMEHHO ap, = n> — 10113, Bosee Toro, amaio-
IUYHO PEIIEHUIO BBIIIE HECJIO0KHO IIOKA3aTh, YTO TaKas ITOCIEI0BaA-
TeJIbHOCTH eJuHCTBeHHa. OHAKO JIJIST PelIeHus] 3aJa9l He Mmpedy-
emcs HA HAXOIUTh BCE TaKWe ITOCIe0BATE/ILHOCTH, HU JaXKe IIPH-
BOJIUTH IIPUMEP TAKOH MMOC/Ie10BaATEIbHOCTH.

KommenrTapwmii. [lokasano, 910 aggoe = 20223 — 10113 —
7 6aJLIOB.

Jloka3aHO TOJBKO, 9TO (2022 < 20223 — 10113 (nm TOTbKO
agga > 20223 — 10113) — 1 Gasu.
[Ters pazbun kirerdarsiit kBagpar 100 x 100 HEKOTOPBHIM 0O6pa3OM
Ha JOMUHO — KJIeTYaTble IPAMOYTOJIbHUKA 1 X 2, M B KayKJIOM J0-
MMHO CO€IMHUJI IMEHTPbI ABYX €I0 KJIETOK CHMHHM OTPE3KOM. BaCH
X04eT pa3buTh ITOT K€ KBaJApaT Ha JOMHHO BTOPBIM CIIOCOOOM, U B
Ka2KJIOM CBOEM JIOMUHO COEJIMHUTDH JBe KJIETKH KPACHBIM OTPE3IKOM.
Bacst xoger m100uTBHCS TOro, 9TOOBI M3 KarKI0H KJIETKH MOXKHO ObI-
JIO TIPOUTHU B JIIOOYIO APYTYIO, Ul IO CUHUM M KPACHBIM OTPE3KAM.
O6s13aTeIbHO JIM y HETO OYIeT BO3MOXKHOCTH 3TO CJIEJIATD?!

(E. Baxaes)
OtBet. He obszarenbho.
IlepBoe pernienne. 3anymMepyeM BEepTHUKAJIU CJIEBa HAIPABO
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quciamu ot 1 ;10 100, Ilycth @ — BepxHsSS cTpoKa KBajpaTa, a b
— crpoka cpagdy o Heil. [lycrs B meruHOM pasOueHun 5Tu CTPOKHU
3aHSTHI BEPTUKAJILHBIMI JoMHuHO al — bl, a2 — b2, ..., a98 — b98 u
ropusoHTaJbHBIMEU JIoMuHO a99 — 100, 99 — b100. OueBuHO, YTO
OCTABIILYIOCSI YaCTh JIOCKU MOYKHO Pa3buTh HA JOMUHO (HAIIPHMED,
HA TOPU30HTAJIbHBIE), TO9TOMY TaKoe pa3OueHue CyIiecTByer.

[TpemmoioykumM, ITO CYIIECTBYeT BACUHO pas3bueHnue Ha JOMUHO,
yIIOBJIETBOpsitoliee TpeboBanusAM 3aja4u. Kcyim B BacuHOM pa3bue-
HUU KaKasg-TO U3 KJIETOK al, a2, ...,a98 3aHATa BEPTUKAJIBHBIM JI0-
MHHO, TO 3TO — TO K€ JIOMHHO, 9TO U B IIETHHOM pa30ueHUu, U u3
9TUX JBYX KJIETOK HEJIb3s J00PAThCs 10 OCTAJILHBIX. [[oaTOMY B Ba-
cuHOM paz3buenHnn 00sg3aTeTbHO JIOJKHBI IPUCYTCTBOBATH JIOMUHO
al — a2, a3 — a4, ..., a97 — a98. Anasioruuno, knerku a99 u al00
He MOT'YT ObITh HAKPBITHI TOPU30HTAIBHBIMU JIOMUHO, II09TOMY OHU
HaKPBITHI BepTUKabHbIMU joMubO a99 — 699 u 100 — $100. Ho
ToTma M3 4eThIpéx KiaeTok a99, al100, b99, b100 Henb3sT HMOTACTH B
OCTaJIbHBIE — IIPOTUBOPEYHE.

Bameuyanue. CyIiecTByIOT U JIpyrde BAPUAHTHI IETUHOTO pas3-
OumeHus, PU KOTOPBIX TpebyeMoe HeBO3MOXKHO. Harpumep, eciu
00603HAYUTD YEPE3 C CTPOKY HEIOCPEJCTBEHHO Mo b, TO romuTcs
Jio0oe pazbuenue, comeprKallee CJIeayolle IaTh JoOMUHO: al — bl,
a2 — b2, a3 — a4, b3 — b4, ¢l — 2 (rakue pasbueHus CYIIECTBYIOT).

Bropoe pemnienne. Ipemmnonoxum, aro Bace ymaaocs Tpeby-
emoe. Torya n3 KaxK10il KJIETKYU BBIXOJIUT OJINH CUHUI U OJIIUH KPac-
HBIl OTPE30K, [P STOM OHHU HJYT B Pa3Hble KJIETKH — HHAYE U3 ITUX
JIBYX KJIETOK HEJIb3s1 OBLIO OBl JIOOPATHCS JI0 OCTAJbHBIX.

Packpacum Bce KJIeTKM B IIaXMAaTHOM IOpsiJIKEe B YEPHBIH 1 Oe-
JIBIL T[BETA, U TMOCTABUM Ha KaXKJIOM CUHEM OTPE3KEe CTPEJIKY OT Oe-
JIOM KJIeTKHU K IEPHO#, a Ha KPaCHOM — OT YEpHOI K Oesroit. Torma u3
KaXKJION KJIeTKU BEJET POBHO OJIHA CTPEJIKA, U B HEE BXOJUT POBHO
onua. Torma Bce KaeTKu pa3duInCh Ha IUKJIBI, U, eciin Bace Tpeby-
eMOoe yJIaJI0Ch, TO IOJIyYUJICs OJUH IUKJI U3 BCEX KJIETOK.

ITycTb @ — BepxHsIsT TOPUBOHTAJD, & z — HIKHsA. [lycTh B 11e-
THHOM pa30WeHNU MPHUCYTCTBYIOT JoMuHO al — a2 u 22 — z3 (rta-
Koe pa3bueHue BO3MOXKHO, ecjiu, Hampumep, kiaetku z1 u 2100 mo-
KPBITh BEPTUKAJIBHBIMU JIOMUHO, & BCE OCTAJIbHBIE JIOMUHO CJIEJIaTh
ropusoHTabHbIMN). Torma 5Tu oTpesKu Oy1yT OPUEHTUPOBAHBI KAK
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al = a2 n 22 — 23. Eciin oOHE HAXOASITCA B OTHOM IUKJIE, TO 3TOT
IIWKJT JOJIPKEH MPOATH OT a2 K 22, a 3areM oT z3 K al. Ho Takue iaBa
IIyTHU JOJIKHBI UMETh OOIIYIO KJIETKY, UITO HEBO3MOXKHO.

KomMmenTapuii. B perennn m0/2KHO MPUCYTCTBOBATDL ABHOE
U JIOCTATOYHO MOAPOOHOE OObICHEHHE KOHCTPYKIIUN [IETHHOTO Pas-
OmeHusi, MPOTHBOPEYAINEro )ejganusgMm Bacu. MoxkeTr Tak CIydnTh-
Csl, 9TO IPUBEIEHBI HECKOJIBKO JIOMHUHO, KOTOPbIE HAJ0 BKJIIOYUTD
B IIeTUHO pa3bueHne, HO MOJHOTO Pas3sOMeHUsI, COMEePIKAIIEro TaKne
JIOMHHO, He cyliecTByeT. B Takom cirydae crapurcs 0 6ajioB 3a 3a-
Jady.

[TostHast BepHasi KOHCTPYKIIUsI OIIEHUBaeTCsI B 3 HaJsuia.

[Tpu HAJIUYIKMHU TOJIBKO JIOKAJIBHOIO BEPHOTO pa3buenus (KOTopoe
MOYKHO JIOIIOJTHUTD JI0 Pa3OueHnst BCEro KBaJpara) CTaBsaTcs 2 basia
BMECTO 3.

JlokazaTebCTBO TOTO, 9TO MIPUBEJIEHHOE pa3dueHne He yIoBJIe-
TBOpsieT XKejaaHusM Bacu — 4 6asia.

[Tpu tepebopHOM XapakTepe J0Ka3aTeIbCTBA 38, IPOILYCK 00HO-
20 YACTHOI'O CJIydasl PACIIOJIOXKEHUsI JOMIHO B BAaCHHOM pa30ueHuun
cHUMaeTcs 2 basia.

Eciu npormyrieno 6oJiee 0THOTO Citytast, 38, JJ0KA3aTeJILCTBO CTa-
Butcst 0 6aJLIOB.

EcrecTBerno, Gaibl 3a omucaHne MpuMepa W 38 JT0Ka3aTeTh-
CTBO TOTO, 9YTO OH IOJIXOUT, CYMMUPYIOTCSI JIPYT C JIPYTOM.
B tpameruu ABC D nuaromans BD pasua ocuoBammio AD. Jlwna-
ronasu AC' u BD nepecekatorcs B Touke F. Touka F' Ha oTpeske
AD suibpana tak, uro EF' || CD. Hokaxure, uto BE = DF.
(A. Kysneuos)
Pemenne. ITockonsky AD || CB, tpeyronsuuku EAD u ECB

110/I0OHBI, U ITIOTOMY % = %

Hoctpoum  tpeyrospuuk ~ BCD 10  mapaJjiiesorpam-

mMa BCDK (cwm. puc. ?7?). Torma rtpeyronbauku DEF uw DBK
DF _ DK
DE DB
DB = DA, nonyaaem
DF DK BC BE
DE DB AD DE’
oTKyJsla u caenyetr, yro DF = BE.

ITO00HBI, TTO3TOMY Hakowner, nockosibky DK = BC' u
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9.9. Ha miockoctu ormedennl N Todek. JIio- B C
Oble TpU W3 HUX 00pa3yioT TPEyroJbHUK,
BEJIMYUHBI YIJIOB KOTOPOI'O B IPaJlycax Bbl-
parkaroTcs HaTypaabHbIMU dncjiamu. [Ipu
KakoM HauboJbieM N 9TO BO3MOXKHO?
(E. Baxaes) A K F D
Otser. 180. Puc. 1
IlepBoe pemenue. [Ipumep. Iloka-
KeM cHadaja, 9ro upu N = 180 Tpebyemoe BozMoOxKHO. OTMeTHM
Ha okpyxkHocTu 180 Touek, pazdbuBaronux e€ Ha 180 paBHBIX AyT Be-
JuunHoi mo 2° Kaxkjas. Benmwuumna a060il gyru ¢ KOHIAMU B ABYX

W3 OTMEYEHHBIX TOYEK BBIPAXKAeTCs YETHBIM YMCJIOM I'PaJIyCcoB, IIO-
9TOMY BEJIUYIUHA JIIOOOT0 BIIMCAHHOTO B OKPYXKHOCTH yTJia, 00pa3o-
BAHHOT'O TPEMS OTMEYEHHBIMI TOYKAMU, BIPAKAETCS HATYPAJIbHBIM
quciioMm rpajycoB. CiieroBaresibao, 180 oTMEYEHHBIX TOYEK YJIOBJIE-
TBOPSIOT YCJIOBUIO 3aJIa9H.

Ouenka. Ocranoch jmokazark, aro N < 180. JIrobbie Tpu orme-
YEeHHBIX TOYKN 00pPa3yioT TPEYTOJbHUK, TIO3TOMY HE MOTYT JIE?KATh
Ha OofHON mpsiMoil. CuuTasi OTMEUEHHBbIE TOUYKUA PACIIOJIOKEHHBIME
Ha KOOPJMHATHON IJIOCKOCTH, 0603HAaYNM depe3 A Jio0yio n3 HUX C
MaKCUMAaJIbHON opauaaToit. Cpeau oCcTaBIIUXCsS BbIOepeM TOUKu B
u C Takue, aro yron BAC maxkcumaseH.

W3 ycnoBus 3amaqu cieayer, 9to B Tpeyroibauke ABC Benn-
qunbl yraos ABC u AC B He Mmenbine 1°, Mo3TOMy BeIUYWHA, Y-
na BAC we 6oubiie 178°. Beuy Boibopa Touek B u C' ocrajibHble
N — 3 oTMeUeHHbIe TOUKH JIeXKAT cTporo BHyTpu yria BAC, u kax-
JIBIi JTyd ¢ HavaI0M B Touke A comepKuT e 60bINe ONHON M3 HUX.
[TpoBeist gepes3 KaxkIy0 OTMEUEHHYIO TOUKY BHYyTpH yriia BAC ny4
¢ HagasoM B Touke A, momyunm N — 3 pasinvHbIX JTyda, JeTAIIX
/BAC na N —2 yrna. Eciim N — 2 > 178, 10 X0Ts1 OB OJIUH U3 3TUX
YIJIOB UMEET BEeJIMYUHY, MEHBITYIO 1°, U ABJIAETCA YyIJIOM HEKOTOPO-
o TPEYroJIbHUKA C BEPIIUHAMEU B TPEX OTMEYEHHBIX TOYKAX, UTO
npoTuBOpednT yciosuto 3agaun. Cienosarenbro, N — 2 < 178, To
ectb N < 180, uTo u TpeboBaIoCh JI0KA3aTh.

Bameuanmue 1. Onucars BHIOOP UCIOJIB3YEMO B PEIIIEHNN TOY-
K A MOXKHO TaksKe CJIEIYIOMNMA CIIOCODAMMU.
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1. Paccmorpum BeprmuHy A suinykaoti 000404KU CACTEMBI OT-
MeUYeHHBbIX TOUYeK. B kauecTBe Touek B u C' Torma MOXKHO B3STb CO-
ceHue ¢ A BepIUHBI BBIMTYKJIOH 000JIOUKH.

2. Paccmorpum onopryto npamyro MHOXKECTBA OTMEIEHHBIX TO-
Y€K, T.e. TAKyIO IPAMYIO, YTO BCE OTMEUYEHHbIE TOUKH JIeXKAT 110 OJI-
HY CTOPOHY OT 9TOH NpSAMOii, & Ha CAMON MPSAMOI JIE2KUT XOTs OBI
OJIHa OTMEYEHHasT TOUKA. DTy TOUKY U MOXKHO B3sIThb 3a TOUKY A.

3ameuanue 2. B npumepe orMedeHHbIE TOUYKHU SIBJIAIOTCSA BEP-
muaaMu npaBuiabHoro 180-yronbauka. Bee mpumepst misg N = 180
YCTPOEHBI IMEHHO TAKUM 00pa30M (9TO HECTIOXKHO BBIBECTH, UCIIOJIb-
3ysl PACCYKJICHUS U3 JIOKA3aTe/HCTBA OIEHKM, HO KOHEYHO, 9TO He
TpebyeTcsi B PEIeHNN).

Bropoe pemmenne. [Ipuseném npyroe mokaszaTesbCTBO OIEH-
ku. Paccmorpum mapy ormedeHHBIX Todek A, B Ha HamboJbIIeM
paccTostHuH JIpyT OT Jjpyra. Torma jiist Jioboit Apyroit 0TMedeHHOil
touku C' cropora AB — naubouibiias B Tpeyroyibauke A BC, mosro-
My, B 9acTHOCTH, yroa / BAC ocTpbrii.

ITpoBejist 3 Toukm A Jiydn BO Bce OTMEUEHHBIE TOUKU, [TOJIYIa-
€M, 9TO BCE 9TH JIy4d PA3JIugIHbl (HOO TPH OTMEUYEHHBIX TOUKH He
MOI'YT JIe?KaTh Ha OJHOM HPSIMOIi), U KazKJblil COCTABIISIET C JIyTOM
AB ocTpblil yroJi, BeIpaXKaeMbIil [eJIBIM YUCJIOM I'paaycoB. Takoii
yroa (ecim jiy4 He coBnagaer ¢ AB) MOXKeT IPUHUMATH 3HAYEHUSI
or 1° 10 89°, mosTOMy KOJIMYeCTBO TakuX Jiyueit N — 2 He IpeBOC-
xomut 2 -89 = 178. Orcrona N < 180.

Sameuanmue 3. [lokazarb Oosee ciaabbre omenku N < 361 n
gaxke N < 181 moxkHO, paccMmarpuBasi JIFOOYIO OTMEYEHHYIO TOY-
Ky A (6e3 KaKoro-To CIenuagbHOro BHIOOPA) U BBIXOJSIIIHE U3 Hee
JIy9H B JIpyrUe OTMedeHHble TOUKH. JlefcTBUTETbHO, TaK KaK yToJI
MEXKJIy JIIOOBIMU JBYMsI TAKUMU JIyIMU U3MEPSIeTCS IEIbIM TUCJIOM
IpajIyCcoB, BOBMOXKHBIX HAIIPaBJIEHNH JaHHBIX JTydeit — 360, oTcioma
N < 361. Kpome Toro, us j1i060it mapbl MIPOTUBOIOJJIOXKHBIX HAIIPAB-
JIEHUII MOYKeT IPUCYTCTBOBATH He HOJiee OJHOTO, TOITOMY JIy4eil He
6osee 180, m N < 181.

Sameuyanue 4. MoXKHO [10Ka3aTh OIEHKY HECKOJIBKO II0-
npyromy. Pacemorpum yros BAC BbIyKJI0# 060JI09KM MHOYKECTBA
OTMeYeHHBIX TOUYeK. OH BbIpaskeH HATYPAJIBHBIM UHCIOM TPayCoB
u MmenbIne 180°, 3uaunT on He mpeBocxoauT 179°. Jlanee moBTopsist
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paccyXKeHus u3 perenus, nojaydaem, uro N — 2 < 179, orkyma
N < 181.

Ecou xoTst 661 0JIMH yTOJI BBITYKJIOH 060109KH He Gosibine 178°,
TO mokaszbiBaeM oreHky N < 180 Tak 2Ke, KaK B IIEPBOM PEIIEHUN.

Ocraercst caydail, KOTjia Bce YIJIbl BBIITYKJ/IONH 0D0JI0UKN PABHBI
179°, unu Bce BHeNIHHWE yTJIbI BBIMTYKJIOH obosoukn pasubl 1°. Ho
CyMMa BHEIIHUX YIVIOB BBIIYKJIOIO MHOIOYrOJbHUKa paBHa 360°,
IIO3TOMY B BBINIYKJION 0bojiouke He meHee 360 Beprnuu, Torma N >
> 360. Ho panee mokazano, uro N < 181 — mpoTuBopeune.

KomMmmeHTapwuii. Baiibl 3a mpuMep u OIeHKY CyMMUPYIOTCS.

(1) Hpmmep N = 180 ToUeK, yIOBICTBOPSIONIIX YCIOBUIO 3a/a-
91, ¢ 0G0OCHOBAHUEM TOTO, UTO OH YJIOBJIETBOPSIET YCJIOBHIO) — 2 HaJI-
JIa.

Eciin npaBusibHBIN puMep HEe 0O0OCHOBAaH, BMECTO 2 HaJIJIOB CTa-
BuTcs 1 Gasut.

(2) ITosHoe mokazarenscrso oneku N < 180 — 5 6aswios.

3a 3aMevuaHme O TOM, YTO JIIOOble TPU OTMEYEeHHBIE TOUKHU He
MOI'YT JIEXKATh Ha OJIHOHM HPSMOU, Oa/UIbl He J00ABJIAIOTCA. 3a UC-
II0JIb30BAHUE YTOI0 3aMevuaHus 0e3 sIBHOM ero popMyIupoBKU OaJi-
JIbI HE CHUYKAIOTCS.

[Tpu oTcyTcBUE TOJIHOTO TOKA3aTEIHLCTBA OIEHKN OAJLIbI HAUUC-
JSIOTCs (M CyMMUDYIOTCSI) 32 CJICYIOITHE TPO/IBUKEHIS.

(a) Paccmorpena Tpebyemast «ocobasi» Touka A (Hampumep, ca-
Masl IpaBas TOYKa, TOYKA Ha BBITYKJIONH 000JOYKHN U/UJIN OTIOPHOIL
upsimMoii, u T.71.) — 1 6aJu.

(6) PaccMoTpeHbl Jiyun, BBIXOJIAIINE U3 OJ[HON U3 OTMEYEHHbBIX
TOYEK B JIPyTHe, U 3aMEYEHO, UTO YIVIBI MEXKIY TAKUMHU JIyIaMu
U3MEPAIOTCS TEJIbIM IUC/IOM I'PaIycoB — 1 GaJi.

U3 npoasmxkennii (a) u/umm (6) HETPY/IHO BbIBECTH GoJee CJia-
oyio oreuky N < 181, 3a 9TOT BBIBOJ, JIOIOJTHUTE/IbHBIE OAJIIbI HE
HAYUCIISAIOTCS.

3a UCI0JIL30BaHUE TTOHATUI OIMOPHOI MPSIMOl U BBITYKJIOH 000~
JIOUKH U UX U3BECTHBIX CBOMCTB OAJIIbl HE CHU2KAIOTCS.

JlokaxkuTe, 9TO CyIIECTBYET HATYPAJBHOE YUCIO b Takoe, I4TO mpu
JIIOOOM HaTypaJIbHOM 1 > b cyMMa 1udp uuncia n! He MeHbIIe 10100,
(1. Xpamuyos)

Perrenne. Tomoxmv a = 10100, Yepes s(m) oGozmaumm cym-
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My 1udp guciaa m. Ormerum npocroe coiictso s(£)+s(m) > s(0+
+m), KOTOpoe cpa3y BUIHO, €CIN 9UCIa £ U M CJIOKATH B CTOJIOHK.

Jlemma. Ilycmov k — namypasvroe wucao, U nycms HAMYPALL-
noe wucao m kpammo 108 — 1. Tozda s(m) > 9k.

HdokazarenbcTBo. Unaykmusa mo m. Baza m = 10F — 1 oue-
BHJTHA.

Ipeanonoxnm, aro m > 10F, u 4ro yrBeprieHne moxasaHo
JUIST BCEX YnCcesI, MeHbIumX m. Jlokaxkem ero u st m. Ilycrs mo-
crepnue k mudp guciaa m o6pasyorT ducyao v (BO3MOXKHO, C BEIy-
IUMU HYJISIME), & BCe ocrajbHble —uncyo u > 0 (uHadue ro.ops,
m =0 = 10Fu + v). Tlockombky m memnrcs ma 105 — 1, 10 u (mmo-
noxuTenproe) ncao m' = u +v =m — (10¥ — 1)u Taxexe kparno
10% — 1. [Mostomy s(m’) > 9k 110 TIPeIIOIOMKEHIIO NHIYKITHH, & TO-
rna u s(m) = s(u) + s(v) > s(u+0v) = s(m') > 9k. O

st pertenns 3a/1a9u OCTAJIOCh B3dTh Takoe k, aro 9k > a, u
3aMETHUTDL, 9TO eCJIn b = 10F—1un > b, To n! penurcd Ha 10F — 1
u, 3Haunt, s(n!) = 9k > a.

3ameuvanue. B jjokazare/ibcTBe JIEMMBI 110 CYTH HCIIOJIB30BAH
CJIEYIOMMI TPU3HAK JIEJTUMOCTHU HA 10% — 1. Pazo6bém JECATUIHYIO
3amuch ducyaa m Ha 0soku 1o k nudp (mepsblii 60K MOXKET OBITH
HenoJioH ). BocnipunuMast 91u 6J10KKM KaK OOBIYHBIE YHCIIA (BO3MOXK-
HO, C BeJIyIIME HYJIAME), CJIOKAM nX, Tostyuns aucyio m’. Torma m
KpPaTHO 108 —1 TOTJIa M TOJIBKO TOIVIA, KOTJIa m’ JeJnTces Ha 107 —1.

V JileMMBbI ecTh HECKOJILKO BapHalluil; HAIIpUMep, JII000e YHCJIo,
gestsitiieecst Ha gucyao 11...1, nmeer cymmy 1udp, HEe MEHBIIYIO K.

—
k enumauig

KommenTapwuii. Copmysnuposana jiemma (Ui aHAJIOMTIHBIH
BepHBIil (hbakT), yTBepK/IeHNe 3a/[a4l CBEJIEeHO K 9TOMY (bakTy, HO
caM dakT He JoKa3aH — 4 baJuia.

Ucnonp3oBan 6e3 10Ka3aTENLCTBA MPU3HAK AEJIUMOCTH, Chop-
MYJIMPOBaHHBIH BBIIIe — OAJLJIBI HE CHUMAIOTCS.
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10 kJacc

Ha nocke namucanbl Tpu 1OCJI€10BATENbHBIX HEYETHBIX Yucya. Mo-
2KeT JI1 CyMMa OCTaTKOB OT JIeJIEHUs 3TUX TPEX guces Ha 2022 pas-
HATHCS HEKOTOPOMY TTPOCTOMY THCITY ! (H. Azazwaros)

OrBer. He moxer.

Pemntenne. [lycts r — 0cTaTOK MEHBIEr0 U3 JTAHHBIX HEIETHBIX
4quces1 npu gejaeHnu Ha 2022, Tak 9To 7 — HEKOTOPOE HEYETHOE YUCIIO
u3 MHOoxkectBa {1,3,5,...,2021}. Ecau r < 2017, To jaBa japyrux
ocraTka—7 + 2 U r + 4, TaK 9TO CyMMa OCTATKOB paBHa T + (1 +
+2)4 (r+4) = 3(r+2) — 910 YnCI0 COCTABHOE, TAK KAK JICJIUTCS HA
3 u 6ombmie 3. O1esnbHO paccmorpuM ciydan r = 2019 u r = 2021.
B nepBowm ciyuae ocrarku maHHbIX unces paBubl 2019,2021 u 1. Bo
BTOPOM CJIydae OCTATKN JaHHBIX dnces paBubl 2021,1 u 3. B oboux
CJIydasix CyMMa, OCTaTKOB JIeJUTCS Ha 3 U OosbIe 3.

3ameuanue 1. Bo Bcex Tpéx cirydasx cyMMa TPEX OCTATKOB
pasua 3(r + 2) — 2022k, rue k € {0,1,2}.

3ameuyanue 2. FEciu B ycmoBum 3amadn 2022 3aMeHuTh HA
Jpyroe ducyio (He KparHoe 3), YTBEPKJEHHEe 3aJIadi MOYKET CTaTh
neBepubiM. Hanpumep, cymma ocrarkos uuces 19, 21, 23 npu neite-
ann Ha 20 pasHa 19 + 1 4 3 = 23 — mpocToe 1dncIO.

KommenTapwmit. Eciiu B pelteHun ymoyimeH ciaydail «IIepexo-
na gdepes 2022» (T.e. X0Tst ObI ONMH W3 CJIy9aeB TPOEK OCTATKOB
2019,2021,1 u 2021, 1, 3) — craBurcs 4 GaJuia.

Eciin B BepHoMm perenun 1oJiydeHO, YTO CyMMa, OCTATKOB Jle-
JIUTCS Ha 3, HO sIBHO HE OTOBOPEHO, YTO OHA GoJiblie 3 (CKazKeM,
nosydena dopmyrta 3(r + 2) B caydae r < 2017) — 6aisl He cHO-
JKAFOTCH.

Jlan BrucanHubIil YeTbipéxyroibauk ABC D, B kotopom /A = 2/B.
Buccexkrpuca yria C nepecekaer cropony AB B Touke E. Jlokaxu-
te, uro AD + AF = BE. (A. Kysneyos)

Pemenne. O6oznaunm /ABC = «, Torja Mo yCJIOBHIO
/DAB = 2a. Ha nponomkenun orpeska AB 3a Touky A or1-
MeruM TOUKy F Tak, uro AD = AF. Torma Tpeyronbuuk AF D
PaBHOOEIPEHHBIN, W €ro yIVIbl IIPU OCHOBAHUU PaBHBI. Tak Kak
/FAD = 180° — 2a, o ZAFD = ZADF = .

[Mockonbky  4erbipexyroiibauk ~ ABCD — Brnucansblil, TO
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/ADC = 180° — ZABC = 180° — a = 180° — ZADF. Cie-
noBarenbno, Toukn C, D u F jexar na ommoil mpstmoit. Torma
/CFB = a = ZCBF, nosromy tpeyroabauk FC B paBHOOEIpEH-
Hblit. 3HaduT, ero buccekrpuca C'E coBmagaer ¢ meguanoit. Vtoro,
BE = FEF = AD + AE, aro u TpebOBaJIOCh.

3ameuvanmne. CyiecTByer
U Takas BapHUAIlUsl PENIeHUs.
O6ozunaunm ZABC = «, To-
ria o yeiaosuio /DAB =
= 2«a. U3 BonucannocTu we-
teipéxyronbanka ABCD wume-
em /BCD = 180° — /DAB =
= 180° — 2a. Torma Z/BCD +
+ /ABC = 180° — o, nyun BA
u CD nepecekaioTcss B HEKOTO-
poit Touke F', u ipu stom /BFC = «. llockonbky LZCFB = o =
= /CBF, tpeyronoauk F'C'B paBHOOeapeHnblit. 3HAYUT, ero ouc-
cektpuca C'E coBnamaer ¢ meuanoii, mosrtomy BE = FF = AF +
+ AFE.

Jlis1 3aBepieHnst penteHnst OcTaéTes mokasaTh, uto AF = AD.
DT0 ciiejlyeT U3 BIIMCAHHOCTH YeThIpExyroibanka ABC D, mocKob-
ky ZJADF = /CBF = «. 3uaunr, Tpeyronbank AF D paBHoOeI-
penHbIil ¢ paBabiMu yriiamu ZAFD = ZADF = a.

KommenTapwuii. [Tocrpoena Touka F' u3 pemennst (oHa MO-

Puc. 2

2KeT 6bITI) olpejesjieHa pa3SHbIMUA CHOCO6a1\/II/I: KaK TO4YKa C YyCJIOBHEM
AF = AD wna nponomxkennn orpe3ka AB, kak mepecedenne C'D n
AB, u T.21.) — 2 6asura.

Ha mnockoctnn ormevenst N todek. JIioOble Tpu m3 HUX 00pasyoT
TPEYTOJIbHUK, BEJIMIUHBI YIJIOB KOTOPOTO B IPaJyCaX BBIPAXKAIOTCS
HaTypaJbHbIMU Ynciaamu. [Ipu kakom HanbosbieM N 9TO BO3MOXK-
Ho? (E. Baxaes)

OTgert. 180.

IlepBoe pemenue. [Ipumep. Ilokaxkem caavdana, aro npu N =
= 180 Tpebyemoe Bo3MOKHO. OTMeTHM Ha OKpyzKHOCTH 180 TOUEK,
pasbusatormux eé Ha 180 paBHBIX Jyr BeJMYUHON 10 2° Kaxkjas.
BeJ’[I/I‘II/IHa J'[IO6OI71 Ayrn C¢ KOHIIaMH B JABYX M3 OTMEYEHHbLIX TOYCK
BBIPAYKAETCH YETHBIM YUCJIOM T'PAJIyCOB, MMOITOMY BEJIMYMHA, JIIO0O-

13
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0 BIMCAHHOIO B OKPYKHOCTL yIJia, OOPa30BAHHOTO TPEMsl OTMe-
YEHHBIMU TOYKAMHE, BBIPAXKAETCS HATYPAJIbHBIM YHCJIOM I'PAJIyCOB.
CnenoBareibHo, 180 0OTMEUEHHBIX TOYEK YIOBJIETBOPSIIOT YCJIOBUIO
3a/1a9H.

Ouenka. Ocrajoch gokazarh, aro N < 180. JIrobbie Tpu orme-
YEHHBIX TOYKHU 0OPa3yIOT TPEYTOJbHUK, [TOITOMY HE MOI'YT JIEXKATH
Ha ofgHON mpsiMoit. CUnTas OTMEYEHHDBIE TOUKHU PACIIOIOXKEHHBIMU
HAa KOOPJMHATHON TJIOCKOCTH, 0603HAYNM depe3 A Jobyio 13 HUX ¢
MaKCHMaJIbHOI opamHaToil. Cpemau ocTaBIIUXCsI BbIOepeM TOUKH B
u C rakue, uro yron BAC makcuMmaseH.

N3 ycnoBust 3agaqu ciepyer, 9to B Tpeyrojibanke ABC Besu-
qunbl yrios ABC u ACB ue menbie 1°, mo3ToMy BeJUYMHA YT-
na BAC ue 6ombie 178°. Beuay Boibopa Touek B u C' ocTajabHbIE
N — 3 oT™MeUYeHHBIe TOYKH JieXKaT cTporo BuyTpu yriaa BAC, n kax-
JIBIIL JIYY ¢ HAYAJIOM B TOUKe A COfep:KuT He OOJIbIe OTHOM U3 HUX.
[Iposenst gepe3 KaxKIyI0 OTMEIEHHYTO TOUKY BHyTpH yrita BAC nyq
¢ HavasioM B Touke A, mosyunm N — 3 pasjim4yHbIX JIyda, JeIANmX
/BAC uwa N —2 yrma. Ecim N — 2 > 178, 10 X0Ts OBI OUH U3 TUX
YTJIOB UMEET BEJIMYNHY, MEHBIYIO 1°, U SBJISETCS YIIIOM HEKOTOPO-
'O TpeyroJibHUKa C BepIIUHaMW B TpéX OTMEYEHHBIX TOYKaX, YTO
npoTuBopednT ycjiosuio 3amaqdu. Ciaenosarenbro, N — 2 < 178, To
ectb N < 180, uro n TpebOBATIOCH JI0KA3ATH.

3ameuanue 1. Onucarsb BEIOOD UCIOJIB3YEMOI B PEIIIEHUN TOY-
K A MOXKHO TaKxKe CJICYIONIAMHI CIIOCOOAMMU.

1. Paccmorpum Beprmuay A 6unyk.aot 060404KU CACTEMBI OT-
MeUYeHHBbIX TOUeK. B kauecTBe Touek B u C' Torma MOXKHO B3SITh CO-
cemame ¢ A BEpITUHBI BBIMTYKJIOH 0OOTOYKI.

2. Pacemorpum onophyto npamyro MHOXKECTBA OTMEUYEHHBIX TO-
Y€K, T.€. TAKYIO MPAMYIO, 9TO BCe OTMEYEHHbIE TOYKH JIEYKAT IO OJI-
HY CTOPOHY OT 3TOI NpSMOii, & Ha CAMON MPSIMOI JIEXKUT XOTsI ObI
OJTHA OTMEYEHHAsT TOUKA. DTy TOUKY U MOXKHO B3STh 3a TOUKY A.

3ameuanmue 2. B npumepe orMeUeHHBIE TOUKHU SIBJIAIOTCSA BEP-
muHaMu npaBuabHoro 180-yronbauka. Bee mpumepsr mig N = 180
YCTPOEHBI IMEHHO TAKUM 00pa30M (3TO HECTIOXKHO BBIBECTH, UCIIOJIb-
3ysl pacCy:K/IeHUsI U3 JOKA3aTeJbCTBA OIEHKU, HO KOHETHO, 5TO He
Tpebyercss B PEIeHun ).
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Bropoe pemenmne. [Ipuseném Jipyroe j10ka3aTebCTBO OIEH-
ku. PaccMorpuMm mapy oTMedeHHBIX TOUeK A, B Ha HambOJBIIEM
pacCTOSTHUU JIPYT OT jApyra. Torma st 0ol Ipyroit oTMedeHHO!
touku C' cropona AB — nanbosbinas B Tpeyroabunke ABC, moato-
My, B yactHOCTH, yroa /BAC' ocTpsiii.

[Iposenst u3 Tourkn A Jydnm BO Bce OTMEUEHHBIE TOUKH, Oy Ia-
€M, UTO BCE 9TH JIy4d Pas3jindHbl (KOO TPU OTMEUYEHHBIX TOYKH HE
MOT'YT JIe?KaTh Ha OJHOIN HPSIMOI), U KaxKJblil COCTABIISIET C JIyTIOM
AB ocTpblit yroji, BbIpaXKaeMbIil MEJbIM YUCJIOM IPaIycoB. Takoii
yroz (ecau jiyd He coBnajiaer ¢ AB) MoXKeT NpUHUMATH 3HAYEHUSI
ot 1° 1o 89°, mosTOMY KOJIMYECTBO Takux Jydueit N — 2 He mpeBoc-
xomuT 2 - 89 = 178. Orcroma N < 180.

3ameuanue 3. [lokazars Gosee ciabbie orienku N < 361 u
maxxe N < 181 MOXKHO, paccMaTpUBas JIIOOYIO OTMEUYEHHYIO TOY-
Ky A (6e3 KaKoro-to CIenuaJbHOrO BHIOOpPA) U BBIXOJAIINE U3 Hee
JIVIU B JIpyTU€ OTMeYeHHbIe TOUKU. JlelcTBUTEIbHO, TaK KaK yToJI
MEXK/Ly JIIOOBIMU JABYMsI TAKUMU JIy9IMHU U3MEPSETCS TeJIbIM YUCIIOM
IrpajlycoB, BO3MOXKHBIX HAIIPABJIEHU JAHHBIX Jydeit — 360, orcioma
N < 361. Kpome Toro, u3 j1i060it mapbl IPOTHBOIOJIOXKHBIX HAIIPAB-
JIEHU MOYKET IPUCYTCTBOBATH He HOJiee OJTHOTO, MO3TOMY JIydeil He
6omee 180, m N < 181.

3ameuvanue 4. MoxHO [0Ka3aTh OIEHKY HECKOJBKO I0-
npyromy. Pacemorpum yrosm BAC BBITyKIT0H 060JIOYKY MHOXKECTBA
orMeueHHbIX ToueK. OH BbIpakeH HATYPAJBHBIM YUCJIOM I'DAJIyCOB
u Mmenbine 180°, sHadnT oH He mpeocxoauT 179°. lanee nmosTopsis
paccyKIeHns U3 pereHus, moaydaeMm, aro N — 2 < 179, orkyma
N < 181.

Ecym xoTst 661 01MH yT0JT BBIYKJIOH 060109k He GoJibiie 178°,
To mokasbiBaeM oreHky N < 180 Tak »Ke, KaK B IIEPBOM DEIICHUH.

Ocraercs ciy4aii, KOTJIa BCE YTJIbI BBITYKJIOH 000JOYKN PABHBI
179°, mnum Bce BHeNTHHWE YTJIBI BBIMTYKJION obosoukn pasubl 1°. Ho
CyMMa BHEIIHUX YIJVIOB BBIIYKJIOIO MHOTIOYroJbHUKa paBHa 360°,
[IO3TOMY B BBIIYKJION 000Jsiouke He Menee 360 BepriuH, Torma N >
> 360. Ho panee mokazano, uro N < 181 — nporuopeuue.

KomMmenTapuii. Bayibl 3a mpuMep u OIEHKY CYMMUPYIOTCSH.

(1) ITpumep N = 180 ToUeK, yIOBJIETBOPSIIOIIIX YCIOBHIO 3a/1a-
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41, ¢ 0G0OCHOBAHUEM TOTO, UTO OH YJIOBJIETBOPSIET YCJIOBHIO) — 2 HaJI-
JIa.

Eciin npaBusibHBIN puMep HE 0OOCHOBAaH, BMECTO 2 H6aJIJIOB CTa-
BuTcst 1 Gasut.

(2) ITosmoe mokazarenscrso onenku N < 180 — 5 6aswios.

3a 3aMevdaHme O TOM, YTO JIIOOble TPU OTMEYEeHHBIE TOUKHU He
MOI'YT JIEXKATh Ha OJIHOHM HPSMOU, Oa/UIbl He J00ABIAIOTCA. 3a UC-
II0JIb30BAHUE ITOr0 3aMevdaHus 0e3 sIBHOM ero popMyIupoBKu OaJi-
JIBI HEe CHUZKAIOTCSI.

[Tpu oTcyTcBUE TOJIHOTO TOKA3aTEIHLCTBA OIEHKN OAJLIbI HAUUC-
JSIOTCs (M CyMMUDYIOTCST) 32 CJIEYIOITHE TPO/IBUKEHIS.

(a) Pacemorpena Tpebyemast «ocobasi» Touka A (Hampumep, ca-
Masl IpaBas TOYKa, TOYKA Ha BBITYKJIONH 000JOYKHN U /UM OTIOPHOIL
upsimMoii, u T.71.) — 1 6aJu.

(6) PaccMoTpeHsl Jiyun, BBIXO/AIINE U3 OJJHON U3 OTMEUYEHHBIX
TOYEK B Jpyrue, W 3aMeYeHO, UYTO YIVIBI MeXKJY TaKUMH JIydaMU
U3MEPAIOTCS TEJIbIM IUCIOM I'PaIycoB — 1 6aJi.

U3 npoasmxkennii (a) u/ummn (6) HETPY/IHO BbIBECTH GoJee CJia-
oyio orenky N < 181, 3a 9TOT BBIBOJ, JIOIIOJTHUTE/IbHBIE OAJIIbI HE
HAIUCIISIIOTCS.

3a UCI0JIb30BaHUE TTOHATUI OMIOPHOI MPSIMOl U BBITYKJIOH 000~
JIOUKH U UX U3BECTHBIX CBOMCTB OaJIIbl HE CHU2KAIOTCS.

B Bepmunbnr npasuiabaoro 100-yrosbauka mnoctasuwium 100 durex,
Ha KOTOPBIX HalMcanbl HOMepa 1,2,...,100, nMeHHO B TAKOM IIO-
PsIZIKe IO 9acoBOM cTpeJike. 3a XOJI pa3perniaercsi OOMEHSITh MeCTa-
MH HEKOTOPBIE JiBe (DUINKU, CTOSIIHE B COCETHUX BEPINUHAX, €CJIN
HOMEpa 3TuX (uiliek oTmIaTcss He bojiee 1eM Ha k. [Ipu kakom
HauMeHbIeM k cepueil TaKuxX XOJI0B MOXKHO JTOOUTBHCS PaCIIOJIONKE-
HUsl, B KOTOPOM KaxKjasi (DUINKA CJABUHYTa HA OJHY MO3UIUIO IO
4acoBOil crpesike (110 OTHOIIEHUIO K CBOEMY HAYAJBHOMY IOJIOMKE-
HH0)? (C. Bepaos)

Orger. 50.

Pemntenne. IIpumep. Pumky 50 mociaemoBarenbao 99 pas MeHs-
eM co cjemyloreil mpotuB yacoBoit crpenku. [lomy4uaem Tpebyemoe
pAaCIIOJIOKEHHE.

Ecth HECKOJIBKO CIIOCODOB 0KA3aTh ONEHKY, HUYKE MbI IIPUBO-
JIUM 1B U3 HUX.
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IlepBoiii cnocob. [Ipemamonokum, aTo pu HeKoTopoM k < 50
TpedyeMasi pacCTAHOBKA TIOJIyIEHA.

B kakJplif MOMEHT BpEMEHHU CUUTAEM NOKPAUWEHHOT YTy OT
dumku 100 g0 dumiku 1 o gacopoit crpeske. Tak kak duriku 100
u 1 HeJIb3s MOMEHATDH 3a OIUH XOJ, KaXKJas KOHKpeTHas (PUIIKa 1M
(2 < m < 99) Moryia onacTh Ha MOKPAIIEHHYIO JyTY WU MOKUHY Th
ITOKPAIIeHHYIO JyT'y TOJIBKO IIyTéM oOMeHa ¢ ojiHOMi u3 dutiek 1 uin
100.

[Tockosbky M3HAYAIBLHO U B KOHIIE (puiika m He ObLia Ha I0-
KpAIIIeHHOl JIyre, OHA CJieajia OJIMHAKOBOE KOJMYECTBO 620006 Ha
MOKPAIIEHHYIO JIyTY U 6bix0006 ¢ oKparteHHoi ayru. [Tpu m < 50
durka m He Morya MeHATbes ¢ ¢umkoir 100, mosTomMy OHa MOIJIA
JieJiaTh 6x0d WIN 6vxrod TOJIBKO IyTéM obmena ¢ ¢umkoit 1. Ilpu
6xode dumka 1 coBepiiaer CABUr Ha 1 110 4aCOBOIl cTpeKe, a Ipu
eévizode—Ha 1 mporusB dacopoii crpesnku. [Ipoeném anasoruanbie
paccyx)aenus g cdumek m > 51, KOTopble He MOT'YT MEHSITHCS C
durkoit 1.

Tem cambiM, Mbl TosTyaaeM, aTo ¢urtiku 1 u 100 coBepiaT ogu-
HAKOBBIIl CJIBUT 110 U IIPOTHUB YaCOBOW CTPEJIKU, MOITOMY OHU OCTa-
HyTCsI Ha CBOUX mo3uIusx. [Iporusopeune.

Bropoii crtocob. Byaem cunrarh caBuru uimek OTHOCUTE b
HO UX HAYAJbLHON MO3UINU, MPUIEM CIBUT IO YACOBOI CTpesKe OY-
JIET CIUTATHCS C IUIIOCOM, IIPOTUB YaCOBON — ¢ MUHYCOM. Tora mpu
obMeHe JiByx (DUINEK K CABUI'Y OJHON M3 HUX npubasisiercs: +1, a
npyroit — —1. 3HauuT, B pe3yabTaTe MPOBEIEHHBIX OTIEPAIINA CyMMa,
caBuroB Oyger pasaa 0.

Paccyxmaem ot nporuBHoro: mycts npu k < 50 Karkaast puika
1 B WTOre CIABUHYTA HA OJIHY MO3UIUIO TI0 YaCOBOIl CTpEJIKe, T.€. ee
caBur okazasics paBabiM 1+ 100¢; (31ech t; — 1eioe «4ancsio 060po-
TOB» 110 YaCOBOH CTpeJiKe, B YacTHOCTHU 1pH t; < 0 duika ¢ crenaia
|t;| oboporos mporus wacosoii crpesku). Torma cymmapHblil ¢Bur
Beex 100 dumek pasen 100(t1 + to + ... + t100) + 100. ITockombKy
OH JIOJIZKeH paBHATbes 0, umeem t1 +t9 + ...+ t1900 = —1.

[Tockombky k < 50, dumkn ¢ Homepamu ¢ u j, rae j = ¢ + 50,
HE MOIJIU MEHSIThCS MECTaMU, MOITOMY UX CJIIBUIH B JIFOOOH MOMEHT
3aBE/IOMO OTJIMIAIOTCS MeHbIe deM Ha 100, 3HAYUT «KOJIMIECTBA
060poTOB» t; U tj pasubl npu j = @ + 50. Orcrona umeem t1 = tgq,
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ty =t59, ..., tsg = t100- Torma cymma t1 +to + ... +t100 = 2(t1 +
+t9 + ...+ t50) — derTHa, a 3HaUUT He paBHa —1. IIpoTuBopeune.

3ameuanue 1. Ilociienee paccyKaeHne MOXKHO BUJIOU3ME-
HUTDH CJIEIYIOMIM O0OPA30M.

Orciona t1 = t51, t1 = ls52, ..., t1 = t100, t2 = t100, t3 = t100,
..., tsop = t100, TakUM OoOpaszoM, Bce t; pasubl t1. Torma t1 + to +
+ ...+ t100 = 1001 75 —1.

3ameuyanue 2. 3aBepINNTh CBEIEHUE K ITPOTUBOPEIUIO MOXKHO
U TO-JPYroMy, 3aMEHUB ITOCJIEIHUI ab3al] PeIleHns HA TaKoe Pac-
CyKJIeHUE.

[Tockpacum KpacHbiM GUIIKH, g KOTOPBIX t; > 0, u cuHuM —
durkn, 11 KOTopwiX t; < 0. fcHO, 9TO HA KAKOM-TO XOJIe CUHSIS 1
KpacHas OUIIKY JJOJRKHBL OY/LyT MOMEHATHCS, IOCKOIbKY Pa3HOCTD
ux capuros He Menee 100. ITockosmbky k < 50, mapa dumiek 1 u 51
— OJIHOTO I[BeTa, AaHAJOTUYIHO maphl ¢umrek 1 u 52, ..., 1 u 100, 2
u 100, 3 u 100, ..., 50 u 100 — omuoro mBera. Takum obpazom, Bce
dummkn oguoro 1msera. Mol 3naeM, uto t1 + to + ... + tjg0 = —1,
[IO3TOMY CpeJI 4ducesn ti,...,t100 €CTb KaK HEOTPUIATEbHbIE, TaK
U OTPHUIIATE/IbHDIE, T.€. UMEIOTCS KAK KPACHbBIE, TAK U CHHUE (DUITKN
— IIPOTHBOpEYUE.

KommenTapwmit. Tosbko BepHbIit orBeT — () 6aJ110B.

Basuibl 3a npumep u ONEHKY CYMMUPYIOTCH.

[TpuBenén BepubIit mpuMep — 2 OaJLia.

Ectb nonnoe J1oKa3aTebCTBO OIEHKH — 5 0aJIJIoB.

[Ipu orcyTcTBUM TIOJTHOTO OKA3ATEIHCTBA ONEHKU OICHIBAIOT-
sl cJtejlytonine npojBuzKenusi (6aJibl 3a npojpukenne (1) He cym-
MEDPYIOTCs ¢ bajutamu 3a npojsrzkenus (2a), (2b), (2c), 6amsl 3a
npoxsmkenust (2a), (2b), (2¢) cymmupyrorcs):

(1) IIpucyrcrByer mjesi OTCJIEXKUBATH IIPUHAJJICKHOCTH (hu-
ek gyre 100—1 (wiu B3auMHOE PACIIONIOXKEHHE TPOHKM buIek
1,m,100) — 2 GaJsura.

(2a) paccMOTpEHBI CABUIM 1 TIOKA3aHO, YTO CyMMa CJIBUIOB DaB-
na 0 — 1 6aswr.

(2b) B tpenoOKEHNN, YTO (DUITKUA B UTOTe CMECTUJIUCH Ha 1
110 YaCOBOl CTpEJIKe, 3aIlMCAHO PABEHCTBO HA CYMMY <«KOJHUYECTBA
060poTOB» — 1 GaJLIL.

(2¢) nokazano, 4To (bUIIKK C PA3HBIM «KOJIMIECTBOM 000POTOB>
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I C «KOJIMIECTBOM 0HOPOTOBY PA3HOTO 3HAKA 00sI3aTEJILHO MEHSsI-

JINCh MECTAMHU Ha KAKOM-TO X0y — 1 GaJur.

JokaxxuTe, 9T0 CyIIeCTBYeT HATypaJbHOE YMCJIO b Takoe, UTO MpH

J1060M HaTypaJIbHOM 7 > b cymma mudp uncia n! ne menpime 10100,
(/. Xpamuyos)

Perrenne. onoxm a = 10100, Yepes s(m) oGozmaum cym-
My 1udp guciaa m. Ormerum npocroe coiictso s(€)+s(m) > s(0+
+m), KOTOpoe cpady BUIHO, CIH 9UCaa ¢ U M CJIOKUATD B CTOJIOHK.

Jlemma. Ilycmov k — namypasvroe wucao, U nycms HAMYPALL-
noe wucao m kpammo 108 — 1. Tozda s(m) > 9k.

dokazarenbcTBo. Unaykmua mo m. Baza m = 10F — 1 oue-
BUJIHA.

IIpennmonoxkum, 910 M = 10% , M1 4TO YTBEpXKJICHUE JIOKA3aHO
JUIST BCEX YUCesI, MeHbImxX m. [lokaxkem ero u jyist m. Ilycts mo-
crepuue k mudp guciaa m o6pasyrorT 9ucyao v (BO3MOXKHO, C BEIy-
UMY HYJISIME), & BCe OcTajbHble —4uciao u > 0 (uHade roBops,
m =0 = 10Fu + v). Tlockombky m memnrcs ra 105 — 1, 10 u (1mo-
noxuTenproe) ncao m' = u +v =m — (10¥ — 1)u Taxake kparno
10F — 1. [Mostomy s(m’) > 9k 110 TIpeIIOIOKEHIIO UHIYKITHH, & TO-
riaa u s(m) = s(u) + s(v) = s(u+v) = s(m’) > 9. O

st pelteHnst 3a1a4n 0CTAJIOCh B3ITh Takoe k, ato 9k > a, n
3aMETHUTDL, 9TO eCJIn b = 10F—1un > b, To n! menurcsd Ha 10F — 1
u, 3Hauut, s(n!) = 9k > a.

3ameuvanue. B jjokazaresibcTBe JIEMMBI 110 CYTH HCIIOJIB30BAH
CJIEIY IO TPU3HAK JICJTMMOCTU Ha, 10% — 1. Pasobpém JECATUIHYIO
3amuch ducyaa m Ha 0soku 1o k nudp (mepBblii 60K MOXKET OBITH
HeroJ10H). Bocupuanmast 311 610Ku KaK 0ObIYHBbIE YUCIa (BO3MOXK-
HO, C BeTyTMIMH HYJIAME), CJIOKIM nX, TTosty«ms aucyo m’. Torma m
KPaTHO 108 —1 TOTJIa M TOJIBKO TOTVIA, KOTJia m’ JenTces Ha, 107 —1.

VYV J1leMMBI ecTh HECKOJIBKO BapHalluii; HAllpUMep, JII000e YHCJIo,
Jestsitiieecst Ha gucyao 11...1, nmeer cymmy 1udp, He MEHBIIYIO K.

—
k enumaunig

KommenTapwuii. Copmynuposana jieMMa (Ui aHAJTOTTIHBIH
BepHbIil (bakT), yTBepK/eHNe 3a/[a4i CBEJIEeHO K 9TOMY (bakTy, HO
caM dakT He JoKa3aH — 4 baJuia.

Ucnonp3oBan 6e3 10Ka3aTENLCTBA MPU3HAK JAEJIUMOCTH, Chop-
MYJIMPOBAHHBIH BBIIIEe — OAJLJIBI HE CHUMAIOTCS.
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11 kJmacc

[TocreioBaTeIbHOCTD YHUCE A1, A2, . . . , 42022 TAKOBA, UTO Ay — A) =
> nd — k3 ag1st mo0bIX n v k Takux, yro 1 < n <2022 ul <k <
< 2022. TIpu stom ajg1; = 0. Kakue 3navenns MoxKeT IPUHAMATD
a20227 (H. Azazaros)

OtBeT. agyye = 20223 — 10113 = 7-10113,

Pemmenne. 3anuceiBas ycsosue npu n = 2022, k = 1011 u upwu
n = 1011, k = 2022, nosyyaem

ago22 = ago2 — ato11 > 2022° — 10117
u
—ag022 = aip11 — agoz > 1011° — 20227,
TO €CTh a9(22 = 20223 — 10113 > a2022. OTCIOMA U CJIEIyeT OTBET.

Bameuanwue. [locie0BaTe/IbHOCTD, YIOBIETBOPSIIOIIAS YCJIO-
BUIO, CYIIIECTBYET, a UMEHHO Gy, = n? — 10113. Bosee TOTO, aHaJIO-
TUYHO PEIIEHUIO BBIIIE HECJOXKHO TTO0KA3aTh, UTO TaKas MOCIEI0BA-
TEeJIbHOCTE eauHcTBeHHa. OIHAKO JIJIS PElIeHUs 3aJ1a9l He Mmpedy-
emcs HA HAaXOIUTh BCE TaKUe IIOCIeI0BATE/ILHOCTH, HU JaXKe IIPH-
BOJIUTH MIPUMEP TAKOH IOCJIEI0BATEILHOCTH.

Kommenrtapumii. Jlokasano, 4ro aspe = 20223 — 10113 —
7 6aJLIoB.

JlokazaHO TOJIBKO, 9TO 9022 < 20223 — 10113 (nm TOJIBKO
asgae > 20223 —10113) — 1 Ga
[Tpouseenenne nndp HATYPAILHOTO UNCIA 1 PABHO X, & IPOU3BEIE-
uue nudp ucaa n+ 1 paBuo y. MoxkeT Jin TaK CIyIUTHCs, ITO ITPO-
n3BejeHne 1udp HEKOTOPOro HATYPAJbHOIO YUC/IA 11 PABHO Y — 1,
a npousBeeHne mudp dnciaa m + 1 pagao x — 17 (A. Kysneyos)

OtBet. He moxker.

Pentenue. 13 ycioBus ciemyet, UTo &,y = 1, TOCKOJIBKY MPO-
u3BejieHne nudp HATYPAILHOTO YUCTIA HE MOXKET ObITh OTPHUIATE b=
oeiM. CileoBaTesIbHO, 9ucaa . 1 N + 1 He cojepzkar Hyjeill B je-
caTudHoM 3anucu. Toraa 9Tu Yucjaa OTINYIAIOTCS JIUIIh TTOCIeTHeH
nudpoit, npudém y dncia n + 1 ona 6osbie Ha ojuH. Takum obpa-
zoMm, y > x. Ecoim x — 1 > 0, To, paccyx)jiast aHAJIOIUYIHO, MbI I10-
JIyauM, 9T0 Yy — 1 < & — 1, 9TO IPOTHUBOPEYUT JTOKA3AHHOMY BHLIIIIE.
CaenoBaresbio, x — 1 = 0. Torma x = 1, u B gecaTudHoil 3ammcu
quciia 1 Bee mudphl paBabl 1. OTcoma ciemgyer, 9To B ducie n + 2
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rocjeiHss nudpa — JIBOMKA, a OCTaJbHbIE ITU(PPHI — €IUHUIIBI, T10-
sromy y = 2. 3Hauut, y — 1 = 1, U 4UCJI0 M COCTOUT JIUIIb U3
enunaui. Ho Torma uncio m + 1 He conep:KuT HyJsiel B JeCATUTHON
zarmcu. OJIHAKO, TPOU3BEIEHNE €ro IudpP PaBHO HYJIIO, IPOTUBOPE-
que.

KommenrTapwmii. /lokaszamo, aro x > y — 2 Gajia.

Hokazano, uro = 1 (Wim 9TO YUCJIO M COCTOUT TOJIBKO W3
enuHUI) — 2 Gasuia.

B Bepmmubr npasuibaoro 100-yronpauka mnoctasuin 100 duriek,
Ha KOTOPBIX Halmcanbl HOMepa 1,2,...,100, nMeHHO B TAKOM IIO-
PsJIKe 110 YacoBOM cTpeJike. 3a XO0JI pa3perniaeTcss OOMEHSTh MeCTa-
MU HEKOTODPBIE JiBe (DUINKU, CTOSIIHE B COCETHUX BEPINUHAX, €CJIN
HOMepa 3TuxX PUIIEK OTInIaoTca He Oosee geMm Ha k. IIpum kaxom
HauMeEHbINeM k cepueil TaKuxX XOJI0B MOXKHO JOOUTBHCS PAaCIIOJIOXKEe-
HUsl, B KOTOPOM KaxkKjasi (DUINKA CJABUHYTa HA OJHY MO3UIUIO IO
9acoBOii cTpesike (10 OTHONIEHUIO K CBOEMY HAYAJBHOMY IOJIOZKE-
Hiio)? (C. Bepaos)

Ortger. 50.

Pemntenne. ITpumep. @umky 50 mociaemoBarenbio 99 pas MeHs-
€M CO CJIeJYIoIel TPpOTUB YacoBoil crpesku. [losryuaem Tpebyemoe
pAaCIIOJIOZKEHHE.

Ectb HECKOIBKO CIIOCODOB J0KA3aTh OIEHKY, HUYXKE MBI IIPUBO-
JINM JIBa U3 HUX.

IlepBoiii cmocob. [Ipemamnonokum, aTo mpu HEKOTOpoM k < 50
TpebyeMasi pacCTaHOBKA IOJIyJeHa.

B kaxkJplif MOMEHT BpPEMEHHU CUYUTAEM NOKPAUWEHHOT YTy OT
dumkn 100 no dumku 1 o yacosoit crpesnke. Tak kak durku 100
u 1 HeIb3s MOMEHSATD 3& OJIUH XO/I, KaK/as KOHKpeTHast (DbUIIKa m
(2 < m < 99) Moria 1IONACTb Ha MOKPAIIEHHYIO YTy WU MOKUHY Th
ITOKPAIIIEHHYIO /YTy TOJIHKO IIyTEM 0OMeHa ¢ O1HOi u3 duriex 1 wim
100.

[TockonbKy m3Ha4YabHO U B KOHIE BUIIKA M He OblIa Ha I10-
KpAIIIeHHO JIyTe, OHA CJiejajia OIMHAKOBOE KOJUYIECTBO 6X0006 Ha
MOKPAITEHHYIO YTy U 6ux0006 ¢ mokparternoit myru. [Ipn m < 50
dumika m He Moryia MeHsThes ¢ durkoit 100, mosToMy oHa MOTJIA
JieJiaTh 600 WIN 6vxod TOJIBKO IyTéM obmeHa ¢ ¢umkoit 1. Ilpu
exode cdurka 1 copepiraeT ¢aBUr Ha 1 110 9aCOBOH CTPEJIKE, a IPU
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evirode —Ha, 1 IpOTUB UacoBoil crpesku. IIpoBeném aHAJIOTHMIHbBIE
paccyKaeHusi i cumrek m > 51, KOTopble He MOI'YT MEHSIThCS C
durmkoit 1.

Tem cambiM, MbI TTostydaem, uto ¢uiiku 1 u 100 coBeprar oju-
HAKOBBI! CABUI II0 U IIPOTUB YaCOBOIl CTPEJIKU, II03TOMY OHU OCTa-
HYTCsS Ha CBOMX no3unusx. lIporuBopeune.

Bropoii criocob. Bynem cuntarh caBuru puinek OTHOCUTE b
HO UX HAYAJbHON MMO3UIIUN, IPUIEM CIBUT 10 9aCOBOI cTpesKe Oy-
JeT CIUTATHCS C IIFOCOM, ITPOTUB YacoBOit — ¢ munycom. Torma mpu
obmMmeHe IByX (buIlleK K CIABUTY OIHONM M3 HUX mpudasisercd +1, a
Japyroit — —1. 3HaunT, B pe3y/abTaTe IIPOBEJIEHHBIX OlEPAIil CyMMa,
casuros Oymer pasaa (.

Paccyxmaem ot nporuBHOro: mycth npu k < 50 Kaxkast (UIKa
1 B UTOTe CJABUHYTa HA OJIHY IMO3UIIMIO IO YACOBOU CTPEJIKE, T.€. ee
caBur okazasicst paBabiM 1+ 100¢; (31ech t; — 1eoe «aucao 06o0po-
TOB» II0 9aCOBO¥ cTpesike, B yactHocTu npu t; < 0 dumka ¢ caenaia
|t;| o6oporos mporus wacoBoii crpesnku). Toryga cymMMapHblil caBur
Beex 100 dumex pasen 100(t] + t9 + ... + t199) + 100. TTockoabKy
OH JIOJIZKeH paBHATbcA 0, umeem t1 +t9 + ...+ t1900 = —1.

[Tockonbky k < 50, dumku ¢ nomepamu ¢ u j, rue j = ¢ + 50,
HE MOIJIM MEHSITHCST MECTaMMU, II03TOMY UX CIABUTH B JIIOOOW MOMEHT
3aBeIOMO OTJINYaloTCs MeHbIle 4eM Ha 100, 3HAUUT <«KOJIMYecTBa
000poTOB» t; M t; paBHBI pU j = i + 50. Orcrona umeeM t| = tgq,
ty =t59, ..., tsg = t100- Torma cymma t1 +to + ... +t100 = 2(¢1 +
+t9 + ...+ t50) — deTHa, a 3HaUUT He pasHa —1. IIpoTuBopeune.

Sameuanmne 1. Ilociennee paccyzkjeHne MOKHO BHIOU3Me-
HUTDb CJIEIYIOMIM O0OPA30M.

Orciona t1 = t51, t1 = ts52, ..., t1 = t100, t2 = t100, t3 = t100,
..., tsg = t100, TakuUM oOpaszom, Bce t; pasubl t1. Torma t1 + to +
+ ...+ t100 = 100t #£ —1.

3ameuanne 2. 3aBepIIUTh CBEIEHNUE K IIPOTUBOPEUHNIO MOXKHO
7 TO-JIPYTOMY, 3aMEHUB IOCJIeTHUI ab3all peleHus Ha TaKoe pac-
Cy2KJIeHue.

[Tockpacum KpacHBIM (DUIKH, JJIsT KOTOPLIX t; > 0, n cuHuM —
durmky, s KoTophixX t; < 0. flcHo, 4TO HA KAKOM-TO XOIe CUHAA U
KpacHast QUIMIKA JOKHBI Oy/IyT MOMEHATHCs, ITOCKOJIbKY Pa3HOCTH
ux capuros He Menee 100. ITockosbky k < 50, napa dumek 1 u 51
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— OJIHOTO I[BeTa, aHAJIOrUYHO naphl ¢umrek 1 u 52, ..., 1 u 100, 2
u 100, 3 m 100, ..., 50 u 100 — omuoro mBera. Takum obpa3om, Bce
dumkn oxuoro 1sera. Mol 3naeM, uto t1 + to + ... + tigg0 = —1,
[IO3TOMY CpeJiu duces ti,...,t100 €CTb KaK HeOTpUIATEbHbIE, TaK
U OTpHUIIATE/IbHBIE, T.€. UMEIOTCSI KAK KPACHBIE, TAK U CUHUE (DUITKH
— IIPOTHBOPEYNE.

Kommenrtapuii. Tosbko BepHbIil oTBeT — () 6a/LI0B.

Basibl 3a npuMep U ONEHKY CYMMUDPYIOTCH.

[Ipusenén BepHbil ipuMep — 2 basLIa.

Ecte mmonHOE m0KA3aTEIBCTBO OIEHKH — 5 0AJLIOB.

[Ipu orcyTcTBUM TOJIHOTO JIOKA3ATE/IHLCTBA ONEHKU OICHIBAIOT-
sl cJlelytoniue npojBrzKenusi (6aJuibl 3a npojpukenne (1) He cym-
MupyfoTcs ¢ Gasutamu 3a npojasukenus (2a), (2b), (2¢), 6amisl 3a
upojpuzkenust (2a), (2b), (2¢) cymmupyroresi):

(1) IIpucyrcrByeT mjiesi OTCAEKUBATH IIPUHAJIEKHOCTH (Du-
ek gayre 100—1 (win B3auMHOE DACIIOJIOXKEHHE TPONHKM huIek
1,m,100) — 2 GaJsura.

(2a) paccMOTpEHBI CJIBUTH U [TOKA3AHO, 9TO CyMMa, CABUIOB PaB-
na 0 — 1 6aswr.

(2b) B mpenoIOKEHNN, YTO (DUITKUA B UTOTE CMECTUJIUCH Ha 1
10 9aCOBOl CTPEJKe, 3AIlMCAHO PABEHCTBO HA CYMMY <«KOJIMIECTBA
obopoToBy — 1 HaJu.

(2¢) nokazano, 4To (bUIIKK C PA3HBIM «KOJIMIECTBOM 060POTOB>
WIN C «KOJIMIECTBOM 0DOPOTOBY PA3HOTO 3HAKA 005A3aTEIbHO MEHSI-
JILCh MECTaMU Ha KAKOM-TO Xoay — 1 GaJu.

Tpanenuss ABCD ¢ ocuoBanusimu AD un BC Bumcana B OKpyXK-
voCcTh w. Juaronamu AC u BD mnepecekatorcs B Touke P. Touka
M — cepenuna orpeska AB. CepeIMHHBIN MEPIIEHINKYJISIP K OTPE3-
Ky AD mepecekaer OKpy»KHOCTh w B Toukax K u L. Touka N — ce-
penuna ayru C'D onmcaHHO# OKpy»KHOCTH Tpeyroiabauka PCD, He
conepxxareit Touky P. /lokaxkure, uro touku K, L, M u N mexar
Ha OJIHOU OKPY2KHOCTH. (A. Kysneuos)

Pemmenne. O6o3naunm depe3 O NMEHTP OKPYKHOCTHU, OIUCAH-
Hoit okosio Tpaneruu ABCD. Torna ZCOD = 2/CAD = ZPAD+
+ LZADP = ZCPD. 3nech Mbl BOCIOJIB30BaJUCh TEM, YTO IIEH-
TPaJIbHBIN yIroJl BIBOe OOJIbIIe BIUCAHHOTO, M UTO BHEITHHUI yTroJI
TPEyTroJIbHUKA PABEH CYMMe JIByX BHYTPEHHUX, C HUIM HE CMEXKHDIX.
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CanenoBaresibHO, TouKa O JIEXKUT HA OKPYKHOCTH 7Y, OIIUCAHHON OKO-
Jjio Tpeyrosibauka C'PD, u nockosbky OC = OD, To O — cepennna
jayru CPD. Torga orpesok ON — quaMerp OKpyKHOCTH 7Y, a IIpsi-
masg ON — cepelMHHBIN TepHeHUKYIAp K orpe3ky C'D. B yacrHo-
cru, cepeauna orpeska C'D, obo3HaunmM e€ depe3 S, JIEKUT HA OT-
peske ON. U3 ckazannoro soime, ZOCN = 90° = ZCSN. 3na-
YUT, OKPYKHOCTDb, ONUCAHHAsT OKOJI0 Tpeyroiabuuka SCN, kacaer-
st upsvoit OC, nosromy OS - ON = OC? = OK - OL. Ormernm
Touky S, cummerpuunyio Touke S ornocuTenbro Touku O. Torma
OK -OL = OS'-ON, nosromy touku S’, K, L, N nexaT Ha OTHOII
OKPYKHOCTH.

Teneps 3amernm, aTo TOUkr M 1 S CHMMETPUIHBI OTHOCUTE b
Ho npsamoit K L. 3uaunt, OS' = 0S = OM u /LOS' = /KOS =
= /KOM. Takum obpasom, Touku M u S’ cummMeTpuaHbI oTHOCH-
TeJIHO CepeIMHHOTO nepreHauky/sipa K K L. CienoBareibHO, TOU-
ku K, M, 8" u L nexxar na omuoil oKpy:KHOCTH. V3 CKazaHHOTro
BBIIIIE, HA ITON OKPY>KHOCTHU JIEYKUT TaKKe U ToOUKa N, UYTO U Tpe-
60BaJIOCh.

KommenrTapwuii. /lokazano, aro Touka O JIEKUT HA OIMUCAHHOM
okpyxkuocTu Tpeyroiabanka CPD (nmm aro ON — auameTp 3TOi
OKpy2KHOCTH) — 1 GaJu.

Jlanbl HeoTpulaTe/ILHbIE YnCIa a, b, ¢, d Takue, 4ro a+b+c+d = 8.
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Jokazkute, 4TO

a’ n b3 . 3 n d3 S 4
a2+b+c b2+c+d E+d+a dP+a+b’

(A. Kysneuos)

ITepBoe pernienue. 3ameTum, 9TO

a? o a(b+c) S a(b+c) _a_\/b+c
a?+b+c a?+b+c 2avb+c 2

S,ZLGCB MBI OIICHUJIN 3HaM€HaTeJIb 110 HEPABEHCTBY O CPEIHUX:

a2+b+022a\/b+c.

Cioxum IOJIy9YeHHOE€ HEPABEHCTBO C TPEMA aHAJIOTUIHBIMHA. Tenepb
HaM JOCTaTO4YHO JOKa3aTb, ITO

Gt btetd— \/a2—|—b_ \/b2—|—c_ \/c2+d_ \/d2+a >4

[Mockonbky a + b+ ¢+ d = 8, 9370 PaBHOCUILHO HEPABEHCTBY
a+b b+ c c+d d+a
VaTh Ve Vexd

2 2 2 2
Ho u3 mepaBencTBa MEX Iy CpEIHUM apUMOMETUIECKAM U CPe-

HEM KBaJpPAaTUYIHBIM MbI ITOJIyYaeM, 9TO

VaTh  verd <\/<m)2+(m>2 -

<4

=2
~
2 2 2 ’
7, aHAJIOTUIHO,

\/b2+ ¢, \/d2+ a <2

CxafpiBast 9TH JBa HEPABEHCTBA, TIOJydaeM Tpebyemoe.
Bropoe penienune. Ilo HepapencTBy Komu-ByHsgkoBcKoro-
[Isapra

a3 b3 3 d3
Zrbre b2+c+d+c2+d+a+d2+a+b >
. (a® + b2 + 2 + d?)?
“alaz+b+c)+bb2tet+d) (2 +d+a)+ddE+a+b)
Takum obpazoM, TOCTATOTHO TOKA3ATH, UTO
(a2 402+ +d%)? > 43 +03+ S+ dP +ab+be+cd+da+2ac+2bd).

3amerum, 9TO

(a+b+c+d)?
5 —

32 =
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2 2 b2 d2
:ab+bc+6d+da+ac+bd+a ;_C 4 —; >

> ab+ be + cd + da + 2ac + 2bd,
[IO3TOMY JIOCTATOYHO IIPOBEPHUTD, ITO
(@®+ 02+ +d*)? >4+ 03+ 3 +d +32). (%)
Crenaem 3amMeHy
a=24+2,b=24+y,c=2+2,d=2+1t.

Torna
r4+y+z4+t=a+b+c+d—8=0,

AP+l =4-2242 2@ +y+2+1)+
v+ 22 =164 2+ P+ 241

B+ +E+dB=4-243- 2@ +y+z+10)+
+3 2+ 2+ 2+ )+ a3+ a3+ 15

HepasencrBo (*) npumer Buj,

((x2 Ty 422 )+ 16)2 >
>4(x3+y3+z3+t3+6(m2+y2+z2+t2)+64).

HOCJIG PaCKpPbITUA COKDPAIIlCeHU A OCTaeTCs JA0Ka3aTb, 9TO
@2+ 2+ 2+ 22 48 + 2+ 22 412 > 4@ + P + 2+ D).

Ocraércs 3aMeTUTD, 4TO

@2+ 2+ 22?2 48 + 2 + 22+ 12 >
St byt At 4t 4 42 4 >
> 4 + 3 4+ 23+ 1),

IlepBoe HEpaBEHCTBO MOJIYYAETCsI PACKPLITHEM CKOOOK: ITOCJIe
COKpallleHusd B JIEBOII €r0 4aCcTU OCTAIOTCsI JIUIIb HeoTpuliaTeJIbHbIC
cJiaraemble. Bropoe nosrydaeTcst CI0sKeHHEeM YeThIPEX HEPABEHCTB O
CpeJHUX BUJIA p4 + 4p? > 4p3.

KomMmMmenTapwnii. OrnieHka Kazk10it 1pobu (Kak B EPBOM perlie-
Hin) — 4 6asua.

[Tpumeneno nepasencrso Komu-Bynrskosckoro-IlIBapra (kak
BO BTOPOM perrieHnn) — 1 6asut.
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UcxoiH0€e HEPABEHCTBO CBEJIEHO K HEPABEHCTBY (x) — 3 Gasuia.
BaJsuibl 3a yKasaHHbIE IIPOJIBUKEHUS HE CyMMUPYIOTCSI.
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