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0p2KOMumemy U JHCIOpU MYHUYUNATIbHO20 amana

mamemamuyeckou OJIUMNUAObL UKOJIbHUKOS

VBaxxaembie KOJJIET !

CucreMa OILIGHKM pPEIICHWHM 3a1ad TpaJWIMOHHAS, YK€ MHOrO JIET NPUMEHSIOIAsICS Ha
MaTEeMaTUYECKOM OJIUMITHAJC: KaXkJas 3ajava, He3aBHCHMO OT €€ TPYIAHOCTH, OllEHHUBaeTCs U3 7
0anno6 N KaMdcoas OyeHKa OOJHCHA Obimb yeavbiM Yuciom, He meHvuwium 0 u ne Oorvuwium 1.
HamomuHaem, 4TO NpH OlEHKe pelleHHs] MO TaKOii cUcTeMe CHavyaja JaeTcs OTBeT Ha
NPUHIHIHAATIbHBII BONPOC: BEPHOE OHO (XOTsI, MOKET ObITh,  C PA3JIMYHBIMH HEIOCTATKAMH)
WIN HeBepHoe (XOTsl, MOKeT ObITh, M ¢ CYIIeCTBEHHBIM NMPOJABH:KeHHEeM). B mepBoM cirydae
OIICHKA JIOJDKHA OBITH He Hudice 4, BO BTOPOM - He blue 3.

B Havase oJMMNMAAbI HATOMHUTE YYaCTHUKAM, YTO HY>KHO HE TOJIBKO IPUBOAUTH OTBETHI,
HO U 000CHO8b18amMb UX (B 3TOM, MO CYIIECTBY, U COCTOUT PEIICHHUE 3aJa4H, a OTBET — JIUIIb €ro
pe3yabTar).

[IpoaoaKuTeLHOCTh OJTUMIMAABI cOCTaBJsieT s 7-11 kmaccoB 3 yaca 55 MuUHyT, He
cuumas 8pemenu, NOMpPAYeHHO20 HA 3aNnOJHeHUue MUMYIbHbIX JTUCMO08 pabom U pasvbsCHEeHue
VC08UlL 3a0ay.

[Tocne mpoBepkr HEOOXOAUMO 00S3aTEIBHO MPOBECTH MOKa3 padOT, HA KOTOPOM KayKIbIi
YYaCTHUK JIOJKEH UMETh BO3MOKHOCTh O3HAKOMUTBHCA C PE3YJIbTaTaMU MPOBEPKH CBOEU pabOTHI.
Bpewms u MecTo npoBeieHHs Mokasza paboT He0OX0AUMO OOBSIBUTh YUACTHUKAM 3apaHee.

[Ipocum Bac npoBecTu pazbop 3a0ay 015 Y4aCMHUKO8 ONUMnUadbl. JKenaTeapHo cenaTh 3T0
6 Oenvb oaumnuaovl. I[lomumume, umo onumnuada no Mamemamuxe — 35MO He MOAbKO
COpesHOBaHUe, HO U CROCOD RPUOOWEHUA WIKOTbHUKO8 K KPACUBOU U YOUBUMENbHOU HayKe,
MATEMATHKE.
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OBIIME YKA3AHMA 11O TIPOBEPKE U
OIEHKE OJIMMIINAIHBIX PABOT

1. Pewenue kasrcooi 3a0auu oyenusaemces uz 7 6ainos. JKiopu ne umeem npasa usmeHsims yemy
3a0ayu. B cnydasix, He IPeTyCMOTPEHHBIX MPSMO TOTIOTHUTEIBHBIMU YKA3aHUSMH T10 TIPOBEPKE U
OIICHKE 3a/1au¥ (KX MOXKHO HAWTH MOCJIE PEIICHUI 3a1a4 JAJIs KaX 10| U3 rmapaieneil), e€ pemeHue
OLICHMBAETCSI 110 CJIEAYIOLUIUM OOIINM IIPaBUIIAM:

bannwt IIpasunvnocms (owubouHOCmMb) peuierus
7 [TonHOE BEepHOE pelieHue.
6-7 Bepnoe pemenne. UmeroTcst HeO0bINe HEOUYETHI, B IIEJIOM HE BIUSIONIUE HA
pEIICHHE.
Pemenne conepkuT He3HAYUTENBHBIE OLTUOKH, TPOOEbl B 000CHOBAHUSX, HO B
5-6 IIEJIOM BEPHO U MOXKET CTaTh MOJHOCTHIO TPABWIIBHBIM TOCTIE HEOOIBIINX
WCTIIPABJICHUN WU JIOTIOJHEHUM.
2-3 Jloka3aHbl BCTIOMOTaTeNbHbIE YTBEPKICHUS, TOMOTAIOIIUE B PEIICHUH 3aJaUH.
PaccMOTpeHbI OTIebHBIC BXKHBIC CIy4au MPHU OTCYTCTBUN PEIICHUS (W MIPU
0-1 OIMMOOYHOM PEIIECHUH).
0 Pemenue HeBepHOE, MPOABMKCHHS OTCYTCTBYIOT.
0 Pemienune orcyrcTByer.

Pemenue cunraercs HenoiHbiM B CICAYyIOmUX CiIy4daidx:
® ¢CCJIM OHO COACPIKUT OCHOBHBIC HYXHBIC NICHU, HO HE TOBCJACHO 0 KOHIIA,

® ¢Clid OHO MPU BEPHOHM OOIIEeH cxeMe pacCyXIEHUW COMEPKHUT MPOOEINbl, T.€. SBHO WU
CKPBITO OMUPAETCS Ha HEJIOKAa3aHHBIC YTBEP)KJICHUSI, KOTOPBIE HEINIb3s CUECTh W3BECTHBIMU
WJIU OYEBUTHBIMU;

e ccau OHO TpeOyeT pa3dopa HECKOJIBKMX BO3MOKHBIX CIydaeB, OoJiblIash 4acThb KOTOPBIX
pa3zobpaHa, HO HEKOTOpbIE YITYIIEHBI.

le/l PACXOKACHUU MEKIY Oﬁllll/IMI/I U JOIMOJHHTECJIBbHBIMH YKa3aHUSAMMU IPHUMCHAKTCH
JOIMOJTHUTEJIbHbBIC.

2. Tlpu OlCHKE PEIICHUII HAa OMMMIIHAIC YYUTHIBAIOTCS MOALKO UX NPAGUILHOCMb, NOIHOMA,
000CHO8AHHOCMb, — UOEUHOCMb U OpueuHanbhocms.  Henmb3s  CHUKATh — OLIGHKY 32
"HepalMoHaJbHOCTD" peleHust (KpoMe OTHENbHBIX PEAKUX CIy4yaeB, KOTJa TakKoe MpsMO
MPEe1yCMOTPEHO JOMOJHUTEIbHBIMU YKa3aHUSIMH IO MpOBepKe AaHHOW 3anaun). Hu npu kakux
06cmoamenscmeax Henb3a CHUNMCAMb OUEHKY 34 Hemunogeoe ogopmienue peuieHus,
UCNPAGIeHUA, NOMAPKU U M. 1.
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3. OuenuBas OJMMIIHAIHBIE PabOTHI, CIIEAYET OTINYATh IPUHIUIIHAILHBIE (IIPEKIE BCETO

— JIOTMYECKUE) OIMMOKHA OT TEXHHYCCKUX, KAKOBBIMH SIBJISIOTCS, HAmpUMep, apuPMETHUCCKUE
OIUOKN B 2eomempuyeckolu uau aneebpaudeckou 3anade (aireOpandyeckue OIIMUOKH B
BLIYUCIUMENLHOU 33a]]adue YacTO SBIIIOTCS TPHHIUIMUAAIBHBIME). TeXHUYECKHE OINUOKH, HE
UCKaXXAOIIUeE JIOTUKY PEIICHHUS, CJISyeT IPUPABHUBATH K HEIOUETAM.

4. HyXHO MOCTOSIHHO OPHEHTUPOBATh IIKOJBHUKOB HA HEOOXOAUMOCTh OOOCHOBAHHS PEIICHUH.
Ho npu 3TOM He cienyer TpeOoBaTh OOJBIIETO YPOBHS CTPOTOCTH, YEM HPHUHATO B OOBIYHOM
IIKOJIbHOW MPAKTUKE JJIs1 COOTBETCTBYIOIETO Kjlacca. Y MEHHME XOPOIIO U3JIOKUTh pelIeHue Hajo
HOOIIPSITh, HO YMEHHE XOPOLIO 002a0bl8ambCs Ha OJUMIIHAJE BCE e JTOJIKHO LIEHUTHCS BBILIE.
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PEIIIEHUA 34)1AY 7 KIIACCA.
7.1. B neBoii yactu 3anucu CAPAHCK = 2025 nocraBbTe HECKOJIBKO 3HAKOB YMHO)KEHUS, 2 BMECTO Pa3HBIX
OykB — pa3Hble IUGPHI, OJUHAKOBBIX OYyKB — OJMHAKOBBIC LU(PBL, YTOOBI MOITYYHIIOCH BEPHOE YHCIOBOE
PaBEHCTBO.
Omeem. Hanpumep, 1-27-25-1-3.
7.2. B makete 10 kr caxapa. Kak npu momoniu gameuHsix BecoB U 0aH0#H 400—TpaMMOBO# THPH OTBECUTH 2 KT
caxapa, eCJIM pa3pellaeTcs cieaaTb TOJIbKO TPU B3BELIMBAHUS?
Pewenue.

[Ipu mepBoM B3BEIIMBAHUU TOJOKUM Ha mpaByro yamky 400 r u ypaBHOBECHM BEChI C MIOMOIIBIO caxapa,
TOr/1a caxapa Ha JieBoi gamike oynet 5200 r, a Ha mpaBoit — 4800 r. Teneps 4800 r pa3aenum nomnosam: Toraa
Ha Kaxaoi yvamke Oynet mo 2400 r caxapa. Ilpu TpeTrbeMm B3BeHIMBaHWU OTBECHUM C HoMmolnsio rupu 400 r
caxapa, Torja rmojJy4uM Maccy OCTaBIlIerocs caxapa Ha ogHou u3 vamiek 2000 r = 2 Kr.

7.3. Kakoe namboipliee KOJIMYECTBO HATYPAIBHBIX YHCET MOKHO BBIOpAaTh Tak, YTO JJIsl JIFOOBIX JBYX
BBIOPAHHBIX UX CyMMa WJIM Pa3HOCTb — IPOCTOE YUCIIO?

Omeem. 4.

Pewenue.

Ilpumep. 1,3,6,8. Bce pazHOCTH MPOCTHIC YUCIA.

Ouyenka. Ecnu ducen XoTs Obl 5, TO TPU U3 HUX OJHOM YETHOCTH, ABA U3 3TUX TPEX OTIUYAIOTCS XOTA ObI Ha 4.
VY Takoii mapsl U cymMMa M pa3HOCTh — YETHBIE YUCIIa, O0bIIne 2.

7.4. Jlana maxmatHas qocka pazmepom 2025 X 2025. Ha ueit [lets u Bacs urparot B CIICIYIONIYIO UTPY: OHU
MOOYePETHO CTaBAT (HaumHaeT [leTs) HOBBIX IIAXMATHBIX KOHEW Ha CBOOOJHBIC KJIETKH, HE OUTHIC IPYTHMH
KOHSIMH, BBICTABJICHHBIMH K MOMEHTY Xona. [IpourpbiBaeT TOT, KTO HE MOXET cJelaTh XOJ (Ipyroi
BBIMTPBIBAET). Y KOTO U3 UTPOKOB €CTh BHIUTPHINIHAS CTpATETHsi?

Omegem. BoiurpseiBaer [lers.
Pewenue.
JoxkaxeMm, yro y Ilerm ecTb BBIMIPBINIHAA CTpPATErHs: IMEPBBIM CBOMM XOJOM OH IIOCTaBUT KOHS B

LEHTPaAJIbHYIO KJIETKY AOCKH, nojoxuM ee koopauHatel (0,0). Teneps, Ha kaxabli xon Bacu B kietky (x,y)
[lerst Oyzmer oTBeyaTh MOCTABICHHBIM KOHEM B KIETKY (—X,—Y), TO €CTh B CHMMETPUYHYIO OTHOCHTEIHHO
LEHTpaJIbHOW. 3amMeTuM, uTo nocie xoxa Iletn nocka Bce Bpemst OyaeT LEHTPalIbHO CUMMETPHUYHON, U €CIU
KOHS Ha KJeTKe (—X, —y) ObeT Kakoi-TO KOHb OTJIMYHBII OT HOCTaBJIEHHOTO B KJIETKY (X, Y), TO CHAMMETPUYHBII
€My OTHOCUTEJIBHO CEPEMHBI IOJKEH OUTh KOHS, TOCTaBIEHHOr0 Baceil Ha 3ToM XO07€e, Yero He MOKET ObITh.
Takxe KoHs Ha KieTke (—x, —y) He MOT MOOUTHh KOHb Ha KJIEeTKe (X,Y), Tak KaK Pa3sHOCTH 00CWX KOOPJAWHAT
KJIETOK — YETHBIE YHCIIA, 8 ObIOIIMECS KOHU UMEIOT KOOPJUHATHI, B OJIHOM HAIIPaBJICHUM OTIMYarouecs Ha 1
— 3HA4UT, KoHs Iletn HukTo He ObeT. Takum oOpa3om, Ha moboi xo Bacu y [letu Oyner oTBeTHBIN X011, U B
CHIIy KOHEYHOCTHU KJIETOK KTO-TO IMPOUTPAET, 3HAUUT, [leTs mobeaur.

3ameuanue. Vimerotcs v Apyrue BO3MOXKHBIE cTpateruu urpsl [letn. Tak ke, Ha mo0oii qocke Buma n X k, rae
n, k— nederHsle yucna, nodeaur Ilets, a ecau n, k— yetHsle, To BeIUrpaet Bacs.

7.5.
2024 Yetblpe yyacTka UMEIOT (pOpMy IPSIMOYTOJIBHUKOB C BhIPE3aHHBIMU
yriamu, CTOPOHBI KOTOPBIX napasiesbHbI CTOpPOHAM
2026 NPSIMOYTOJIBHUKOB, M  PAcloJIOkKEeHbl TaK, Kak Ha pHCYHKE.

! ITepumerpsl Tpéx ywacTkoB paBHbl 2023, 2024, 2026. Haiigure

IIEPUMETP YETBEPTOrO y4aCTKA.
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Omeem. 2025.
Pewienue.
X o a-x Jdemma 1. Eciu 6 npsamoyeonvHuke @vlpe3ams y2oi, CHOPOHbL KOMOPO2O
b-y napanieibHovl CMOpPOHAM NPSAMOY20bHUKA, NEPUMEMDP He USMEHUMCHL.
Hokazamenscmeo.
y b [lepumeTtp npsiMoyrosibHUKA paBeH 2a + 2b.
[Tepumetp Gurypsi mocse BeIpe3aHus yria paBeH

o a a+b+a—-x+b—-—y+x+y=_2a+ 2b.
O6a nepuMeTpa paBHBL.

Jdemma 2. Cymmsr nepumempos O08yX nap NPOMUBONOTIONHCHBIX

c NPAMOY2OJIbHUKOS, HA KOMOpble OAHHbIL NPAMOY2OIAbHUK pa3zdusaemcs
a b 08yMs1 Ompe3Kamu, NapaiielbHblMu CIMOPOHAM, PAGHDL.
/loxkazamenvcmeo.
d CyMMa nepuMeTpoB 3aKpallIeHHBIX MPSIMOYTOJILHUKOB paBHA
2(a+d+ b+c).

CyMMa nepuMeTpoB HE3aKpaLIEHHBIX MPSMOYTOJIbHUKOB PaBHA
2(a+c+b+4d).

O0e cyMMBbI paBHBI.

HO JICMMC 1 JAHHBIC yqaCTKI/I MOXHO 3aMCHUTDH Hpi[MOYFOJII)HI/IKaMI/I.
2023 2024 O0603HaYUM UCKOMBIN TIEPUMETP Yepe3 X.
ITo nemme 2
X 2026 x + 2024 = 2023 + 2026.
Orcroma x = 2025.

7.1.
7.2.

7.3.
74.

7.5.

JAOIO/JIHUTE/IBHBIE YKA3AHUA 110 IIPOBEPKE H OIIEHKE (7 kaacc).

3a BepHbIil mpumMep — 76annos.

3a mpaBUIIbHOE NEPBOE B3BEUIMBaHUE — 3 OaLld.

3a nosHoe 000CHOBAaHHOE pEIIeHUE — 70a108.

3a BepHbIii ipumep — 2 oanna. OueHka — 4 6anna.

Tonbko BepHsIit oTBeT — 0 6ar106

Bepnoe pelienue, OTIMYHOE OT aBTOPCKOTO — OAJIbl HE CHUMATh.

3a 00beM HAMCAHHOI'O TEKCTa 0€3 KaKuX-TMOO0 CYIIECTBEHHBIX PE3yJIbTaTOB OaUIbl HE CTABATCS.
Jlanee uayT BO3MOXKHBIE ITPOABIIKEHHS, OLIEHUBAIOIINECS CIEYIOIUM 00pa3oMm:

Wnes Toro, uto I1eTst cTaBUT epBBIM CBOUM XO0JIOM KOHSI B LIEHTPAIBHYIO KIETKY — 2 6aia.

Wnes napHoii cTpaTeruu, HO peleHre HeBepHoe — 3 baua.

He nosicHena KOppeKTHOCTb CTpaTeruu — He Oosee 5 O6an1os.

B nenom BepHoOe pelieHne ¢ He3HaYUTENbHBIMU OIIMOKaMU / onieyaTkaMu — mrtpad 1o 2 d6annos. bamibl
32 TIPOJIBIKEHHSI CyMMHUPYIOTCSL.

3a mpaBWIBHBINA OTBET O€3 000cHOBaHus — 1 Oa.

O0a yTBepKIeHHUs, UCIIOJIb3YeMbIe MTPH PEIICHUH 33a]a9H, TOJDKHBI OBITh TOKa3aHbL. [Ipu oTcyTCTBHA
JI0Ka3aTeIbCTB CHUAMTH 10 3 Oasia 3a KaxJ0e.
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PEIIIEHHUA 34/]IAY9 8 K/IACCA.

1,3 ,5,7 .
8.1. Jlokaxxute, 4TO ypaBHEHHE oot o = 9 He uMeeT pelIeHU B HEYETHBIX YUCIIax.

Pewenue.

JlomHoxxuM 00€ yacTu Ha 00muii 3Hamenarenb. [lonmyaum becd + 3acd + 5abd + 7abc = 9abcd. 3amernm,
9TO ClIeBa HAXOIATCS 4 HEUETHBIX UYMCNA, a crpaBa | HeueTHoe ymcio. Ho cymma 4 HEUETHBIX — YETHOE.
[IpotuBopeune.

8.2. Ha30BéM umcio HepeallbHbIM, €CIM OHO PaBHO cyMMe k = 2 TO4HBIX KyOOB, rae k — cymma nudp uucia.
Hanpumep, 2025 HepeanbHoe uncio, T.k. 2025 = 13 + 23 + 33 + -+ + 93 u cymma uudp uncna 2025 pasna
9, mpu 3ToM k = 9. CymecTByeT Jin emé X0Ts Obl 0JJHO HepeaTbHOE YUCIIO?

Omeem. ]la, CymecTBYIOT.

Hanpumep, uucno 2024, T.x. 2024 = 23 + 33 + --- + 93 u cymma uudp uncna 2024 papHa 8, UK 9UCIIO
3025 =13 +23 + 33+ .-+ 93 + 103 u cymma uudp uucna 3025 pasna 10, mnu uncio 2 = 13 + 13, ..,
9=13+13+ -+ 13 (9 enunun).

8.3. B aynuTopuu Ha onuMnuay o MaTeMaTHKe coOpanuck 15 yueHHMKOB, HEKOTOPBIE APYXKAT IPYT C APYTrOM,
npuyeM Apyxk6a o0oroiHass. MOKeT M Tak 0Ka3aTbCs, YTO CPEeIU HUX!

a) 4 y4eHHKa UMEIOT 1Mo 3 apyra, 5 yYeHUKOB — 10 4 pyra u 6 y4eHUKOB — 10 5 Ipy3ei;

0) 4 yueHuKa UMEIOT 110 4 Apyra, 5 yYeHUKOB — 110 5 Apy3ei 1 6 yYSHUKOB — 10 6 Apy3eil.

Omegem. a) na, 0) HeT.

Pewenue. YuenukoB OyneM u300paxaTb TouykaMH. TeX, KTO JAPYKUT, COEAUMHHM OTpPE3KOM. 3ajaua
Mozenupyercs rpadoM, B KOTOPOM BEPIIMHBI H300pakatoT YIEHUKOB, a pEOpa — OTPE3KH MEXKTY BEpIINHAMU
— ApyxOy.

a) OTBET MOJIOKUTEIbHBIN.

[Tpumepom siBIIsitOTCS 3 M30JUPOBAHHBIX MOJHBIX Tpada Ha 4, 5 1 6 BepIInHAaX.

T1
a). B mpuMepe y yueHUKOB
T, T, Ty,..,T, 1o 3 gpyra,
< y Fi,...,Fs no4 npyra u
Fy T, 1 Se y S, .., Sg TO 5 mpysei.
F F
2 5
S5 S
F
3 Fu Sy S,

6). OtBet oTpunaTensHbli. Ha s3b1ke Teopun rpadoB 3T0 00BICHSET JIeMMa O PyKOMOXKAaTHAX.

Tak kak oHa Ipy»)0a CBA3BIBACT 2 YUEHUKA, TO O0IIee KOJIUYECTBO BCEX JIPYy3€H BCEX YICHUKOB JOJKHO OBITh
y€THbIM. Clle10BaTeNbHO, KOJUYECTBO YYEHUKOB, UMEIOMINX HEUYETHOE KOJIUYECTBO ApYy3ei, JOHKHO ObITh
y€THBIM. B Hamewm ciaydae HEYETHOE KOJIMYECTBO I10 5 APY3€H TOJKHBI UMETh 5 YYEHHMKOB — YHCIIO HEYETHOE.
[ToaTomy Takas cuTyalus HEBO3MOXKHA.
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8.4. Bacs 3akpammBaet 1o 0 JHOH B HEKOTOPOM IMOPsIKE KIETKH H3HAYAIbHO O0eJI0ro KBajgpara 8 X 8, BnuchIBast
B KXKAYIO0 HOBYIO 3aKpalllEHHYIO KJIETKY UYMCIIO paHee 3aKpalleHHbIX e€ coceHUX (110 cTopoHe) kieTok. Kakoe
HauOOoJIbIIIee KOJIMYECTBO KJIETOK C YUCIOM 4 MOTJIO Y HETO 0Ka3aThCs MO0 OKOHYAHUHU 3aKpalliBaHUs?

Omeem. 18.
Pewenue. 4 Mmoria nossBUTHCS TOJIBKO B KJIIETKE, HE CTOSLIEHN Ha Kpato, IPH TOM
4 4 4 4eTBEPKU PAJAOM HE CTOSAT, T.K. KJIETKA, KOTOPast IOKPAIlEHa PaHbIIE COCEIKH HE
4 4 4 MoxkeT coaepxarb 4. lleHTpanpHbId KBagpar 8 X 8 pasOuBaercs Ha 18
4 4 4 JOMHHOIIEK 1 X 2, B K&KIOW U3 KOTOPHIX MAaKCUMYyM OJiHAa 4, 3HaYHUT, YeTBEPOK
4 4 4 He Oonbiie 18. B kauecTBe mpumepa cM. pHc., IZle CHayaja 3aKpalluBacM B
4 A 4 IIPOU3BOJILHOM MOPSAJIKE BCE KIETKU 0€3 4, a IOTOM YK€ 3aKpalllBaeM KJIETKH, B
4 4 4 KOTOpBIE CTaBUM 4.
8.5.
B‘ p B mapamnenorpamme  ABCD touka M — cepenuna AD. Touka P Ha
orpe3ke CM Ttakasi, yto BP u CM nepneHIuKyIsipHbI.
Jlokaxkute, 4TO TpeyroabHUK ABP paBHOOEIPEHHBIH.
P
A D
M

Pewenue. OrmeruM Touky N — cepenauny cropoHsl BC. PN — meauaHa B NpSMOYTOJbHOM TPEYTOJIbHUKE.
B N C [Tostomy PN = BN.
ANCM — napamtenorpamm = AN || CM u AN L BP.
ITlycts AN nepecekaer BP B Touke F. Toraa no teopeme @aneca BF = FP.

3HauuT, B TpeyroibHuke BNP otpe3ok NF — BbicOTa W MeIuaHa.
Al P CnenoBarenbHo, AN — cepelMHHBIN epneHAUKYISIp K oTpe3ky BP. [Toatomy
M D AB = AP u tpeyronsHuK ABP paBHOOEIpEHHBIH.

JAOIO/IHUTE/IBHBIE YKA3AHUA 110 IIPOBEPKE H OIIEHKE (8 knacc).

8.1. 3a mosHOE 000CHOBAHHOE PEIICHUE — 70aLI08.
8.2. 3a BepHBII IpUMEp C MPOBEPKON —7 OAL108.
8.3. Tompko npuBenéH npuMep B a) — 3 basia.
JlaH TOJIbKO MIPaBHIIbHBIN OTBET B MyHKTE 0) — 0 Hanos.
Tonpko MOKa3aH MpaBWIbHEIN OTBET B 0) —3 Oania.
[TonHOCTBIO pemieHsl 00a MyHKTa — 7 OaL108.
Ilpumeuanue. OHOM CCHUIKH HA JIEMMY O PYKOTIOXKATHIX HEJOCTATOYHO. J[0IKHO OBITh 00BsICHEHHUE WIIH
JI0Ka3aTeJIbCTBO.
8.4. Tombko orBeT — 0 GAIIOB.
3a BepHblii ipumep — 2 oanna. OueHka — 4 banna.
8.5. 3a momonHHWTENHHOE MOCTPOCHHE: PACCMOTpPEHA cepeiuHa cTOpoHsl BC — [ bai.
JlokazaHa mepneHAuKYyIIpHOCT — 2 Oania.
Hcnonb3oBana teopema Paneca — 2 6ania.
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PEINIEHUA 34/1AY 9 KVIACCA.

9.1. Pemmre ypaBuenue g(x — 1) = g(2x — 1), eciu g(x) = x? — 2023x + 2024.

2025
Omeem. x =0, x =

Pewenue.
g(x) = x? —2023x + 2024.

(x — 1)% — 2023(x — 1) + 2024 = (2x — 1)? — 2023(2x — 1) + 2024,
x?—2x+1—2023x + 2023 =4x%2 —4x +1—2-2023x + 2023,
3x% —4x + 2x —2-2023x + 2023x = 0,
3x%2 —2025x = 0,

—0 _2025
x =0, x = 7

9.2. Haiinute Bce HATypalbHbIC N, I KOTOPBIX 3™ + 56M — TOUYHBIN KBaapaT.

Omeem. n = 2.
Pewenue.

PaccMoTpuM cHadana ciydaii uétHoro n = 2k, k = 1 noaxoaut: 32 + 2+ 56 = 121 — kBaapat. k = 2 He
noaxoaut: 3* + 4 - 56 = 81 + 224 = 325 = 25 - 13 — ue kBagpar. k = 3 He moaxoaut: 3° + 6 - 56 genutcs
Ha 3, HO He JenuTcs Ha 9.

[pu k > 4 3ameTum, uto cnexyronmii nocie 32% = (3%)2 meuérnelit TounbI KBagPAT paBeH
(3% + 2)? = 3%% + 4(3% + 1) > 32k + 4 - 14k, nockonbky npu k > 4 umeem 3% > 14k (310 nOKa3BIBaETCH,
HanpuMep, UHAyKuei o k: 3* > 14 - 4, u ipu yBenuuenuu k Ha 1 uncno 3% ypenuuupaercs na 2 - 3% > 162,
auucino 14k numb Ha 14).

[Tpu HeuéTHOM N 3ameTuM, uto 3™ Haér ocratok 3, 6 WK 5 npu AencHUH Ha 7 (OCTaTKH CTeNeHer 3, HaunHas
c3%=1, npu genenuu Ha 7 cyTh 1,3,2,6,4,5,1,3,2 ...), a KBaApaThl TAKUX OCTATKOB MpHU JCTICHUH Ha 7 HE
JatoT.

9.3. JlokaxkuTe, 4TO JUIS JIOOBIX JIEMCTBUTEIBHBIX YHUCEN a,b,C, Takux, 4To a,b,c = 1, BBIIOIHSAETCS
HEPAaBEHCTBO

ad+b3+c b3P+c2+a c2+ac+b
+ + >9
ab bc ca

Pewenue.

. 3
[Ipumenum HepasencTBo Kommu mus tpéx uncen: x3 + y3 + z > 3xyVz.
IIpuMeHUM 5TO HEPABEHCTBO K KAXKIOMY YUCIUTENIO:
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3ab¥c 3bc¥a 3cailb
+ + >9
ab bc ca

3 3 3
Coxpamias ¥ npuBos MOJO00HBIE, TIOTyYaeM: Va + Vb + V¢ = 3. Uro OYEBUJIHO, TAK KaK Ka)KI0€ U3 YHUCEIl
He MeHbIe 1.

9.4. Ha3z0BéM Tpu TpEX3HAUHBIX YMCIIA “TPOMHSIIKAME, €CIU KaXKJ0€ YHCIO COCTOMT W3 TPEX Pa3IMUHBIX
HEHYJIEBBIX IU(P U BCE OHU SBJISIFOTCS IMOJHBIMH MEPECTAHOBKAMHU JAPYT Jpyra (B pa3HBIX pa3psiax CTOST
pasubie 1uGpsl). CymecTBYIOT M TPEX3HAYHBIC “TPONHSIIKK TaKHWe, YTO OJIHO YHCIO PaBHO CyMME JIBYX
JIpYrux yucen?

Omeem. He cyiecTByIOT.

Pewenue.

3anuieM Tpu TPEX3HAYHBIX YKCIIA B BUAE abc, pqr, Xyz, rae HaOOpbl Pa3InYHBIX HEHYJIEBBIX HHU(P
{a,b,c}, {p,q,7}, {x,y, z} coBnanator. [Ipenrnonoxum, 4To CrpaBeIIMBO HCKOMOE PABEHCTBO
abc + pqr = xyz.
PaccMOTpHUM HECKOJIBKO CITy4aeB B 3aBHCHMOCTH OT YHKCJIa MIEPEXOI0B €AMHUIIBI B CIICAYIOLIHIA pa3psil.

1). IlycTh npH BEIYUCICHUN CYMMBI YKCell abc, pqr He MPOUCXOUT HU OHOTO IIEPEX0/ia CIMHUIBI B
CIICAYIOIIMN pa3psi. ITO 03HAYAET, YTO BBHITIOJIHCHBI PABCHCTBA
a+p=x, b+q=y, c+r=z
CnoxuM Bce paBeHCTBA, IOJy4YUM
a+p)+b+g)+(c+r)=x+y+z =
(a+b+c)+(p+tq+r)=x+y+z
3aMeTHM, 4TO CyMMBI BceX Iu(p paBHBI
S=a+b+c=p+q+r=x+y+z
MI0ATOMY PaBEHCTBO MPHHUMAET BH/]
S+5=S5 = §=0,
YTO HEBO3MOKHO, TTOCKOJIBKY BCE MU PBI pa3TuIHBIC.

2). IlycTh npy BEIYUCICHUHN CYMMBI YK CEN abc, pqr MPOUCXOINUT OAUH MIEPEXO0.l €ANHHIIBI B CIICTYIOIINN
pa3psia. DTo O3HaYaeT, 4ToO, HApPHUMEpP, BBIMOJHEHBI PABEHCTBA (€CIIH, HAIIPUMEpP, MEPEXO0] MPOUCXOAUT U3
MOCJICZHET0 pa3psiaa B MPEIIOCIETHIUI)

a+p=x, b+q+1=y, c+r=10+z.
CHoBa ClI0)KMM BCE PaBEHCTBA, MOJIYYUM

a+p+b+qg+1)+(c+r)=x+y+(10+2), =

(a@a+b+c)+(p+tq+r)=(x+y+2z)+09.

CHOBa, MMOCKOJIBKY CYMMBI BCEX IIU(P paBHBI, pABEHCTBO MIPUHUMAET BUJT
S+5=5+9, = §S=0.
[TokaxxeM, 4TO 3TO HEBO3MOXKHO. J|efICTBUTEIBHO, €CITM UMEETCS OJIMH MEPEX0/1 SIUHHIIBI B
CIIETYIOLTHIA pa3psil, TO CyMMa KaKUX-TO IBYX U(P, HApUMep, ¢ u r doibiie 9, To ectb ¢ + 1 > 9. C npyroi
CTOPOHBI, 3Ta CyMMa C + T €CTh CyMMa KakuX-To AByX u¢p Hadopa {a, b, c}, Hanpumep, ¢ u b, TO ecTh
¢+ b > 9. Ho 370 HEBO3MOKHO, MOCKOJBKY CyMMa BceX TpEX Hudp Habopa paBHa 9, TO €CTh MOIYYUM
NPOTUBOpEUHE
S=a+b+c=9<c+b, = a<.

3) HaKOHCI_I, OyCTb TCICPbL MPU BBIYHUCICHUU CYMMBI YHCCII abc, pqr ONpouCXOJUT ABA IIEPEXOoaa
CIWHUIbI B CJ'ICI[yIOIJ_II/Iﬁ paspdana. 9710 03Ha4acT, 4YTO, HAIIPUMCP, BBIIIOJIHCHBI PAaBCHCTBA (TaK KaK NepexXoabl
MPOUCXOJAT U3 ABYX MOCIICAHUX PA3PAI0B B npem;mynme)

10
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a+p+1=x, b+q+1=10+y, c+r=10+z

CHOBa CIIOXKHUM BCE PaBEHCTBA, TTOIYIUM
(a+p+D)+b+qg+D)+(c+r)=x+10+y)+(10+2), =

(a+b+c)+(p+q+r)=(x+y+2)+18
CHoBa, IOCKOJIBKY CyMMBI BCEX LIM(p paBHbI, pABEHCTBO IPUHUMAET BH]L
S+5=5+18 = S=18.

ITokaxeM, 4TO ¥ 3TO HEBO3MOKHO. [[eCTBUTENIBHO, €CIIM UMEETCA IIEPEXO] AUHULIBI B CAMBIN CTApIIUI
paspsl, TO CyMMa KaKHX-TO pas3IuyHblx IBYX TP a U p Ha €IUHUILY MEHbBILIE mpembell OTIAMUYHOW OT HUX
nudpsl X, TO €cTh, HAIPUMEP, CyMMa JIBYX LM(p a u b Ha eauHuny MeHbuie uudpsl ¢. Toraa nomydaem
IIPOTUBOPEUNE

a+p+1=x, = a+b+1=c¢c =
S=18=a+b+c=a+b+(a+b+1)=2(a+b)+1,
MOCKOJIBKY 4€THOe uncio S = 18 ne paBHo HeuétHOMY unciy 2(a + b) + 1.
Taxum o0pa3oM, Takue TpU TPEX3HAYHBIX YHUCIIA HE CYILECTBYIOT.

9.5. PaBnoOenpennsie TpeyronibHuk ABC (AB = AC) u DEF (DE = DF) nonoOHBI U pacmoioXeHbl TaK, 4TO

A touka E mpunamnexut orpesky AB, a touka C npuHa[uIexkuT oTpe3ky DF.
/N\\ HokaxwuTte, uto npsimeie AD u BF napainienbHbl.
AN
L\ N\ D
BAWV
=
Pewenue.
E A Jemma. ITycmo npamwvie AB u DF npoxoosm uepes konywvl obweii xopowvr CE
B OKpYHCHOCMEU W4, W, U nepecekaiom ux 6 moukax B,F u A,D
coomseemcmeenHo. Tocoa npsmeie BF u AD napannenvhoi.
/Jlokazamenscmeo.
F Yersipéxyronsauk AECD Bnmcannsii > £LECF = £EAD.
C UYersipéxyronpuuk BECF Bnucanuwii = £ECD = £EBF. Ho yrast ECD un

ECF cmexHble.
Tak xak cymma ogHocTOpoHHMX yriioB BAD n ABF pasna 180°, To BF || AD.

11
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Pewenue 3a0auu.

A 2EAC = £EDC, xak yriael TpH BepUIMHAX NOJOOHBIX paBHOOEAPEHHBIX
TPEYroJbHUKOB. 3HA4YUT, O0Tpe30K EC u3 Touek A u D BUJIEH 1OJ PaBHBIMHU
yriaamu. CreoBaTenbHo, 4eThIpEXYroibHUK ADEC BIMCaHHBIM.
£LEBC = £EFC, xak yriel Tpd OCHOBAaHUAX TOJOOHBIX pPaBHOOEIPEHHBIX

E D TPEYroJIbHUKOB. 3HAUUT, oTpe30K EC u3 Touek B u F BUAEH NOJ paBHbIMU

yriaamu. CrieoBaTenbHo, YeThIpEXYroibHUK BECF BnycaHHBIN.
ITo nemme npsimbie AD u BF napainienbHbl.

AOHO/IHUTE/IBHBIE YKA3AHHUA 110 IIPOBEPKE U OLJEHKE (9 knacc).

9.1. [omymiena apudmernueckas omudka — cHames 2 6anna.
3a anreOpanyecKyro ommoKy — cmasums () 6annos.

9.2. 3aBepHOe pemieHue — 7 6a1108.
[IpoBepeHo, uto n = 2 noaxoaut — I b6ann

9.3. 3a BepHoe pernieHue — 7 6annos.
3ameueHo HepaBeHcTBO Ko —2 6anna.

9.4. 3ameueHo, 4TO BO3MOXKHAsI CyMMa TGP S B TAKHUX YMCIIAX JOJDKHA NEIUTHCS HA 9 — [ bann.
[Tony4yeHo mpoTUBOpEUrE IPH YCIOBUH, YTO CyMMa ITU(P B TAKUX YHCIaX paBHa S = 9 — 2 banna.
[TonydyeHno nmpoTuBOpeUre MpH YCIOBUH, UTO CyMMa (P B TaKUX uuciax paBHa S = 18 — 4 banna.
JIroboe npyroe BepHOE U MOJHOCTHIO OOOCHOBAHHOE JI0KA3aTENIbCTBO OTCYTCTBUSI TaKOH TPOWKM 4MCEN
OLICHUBAETCA B 7 6aA1108.

9.5. Jlokazana BrimcanHocte ADEC wiv BECF — 2 6anna.
Jloxa3aHbI 00€ BITMCAHHOCTHU — 3 banna.

3ameuanue. JlemMMa UM SKBUBAJIEHTHOE YTBEpK/I€HUE TPEOYIOT 10Ka3aTEIbCTRA.

12



Bcepoccuiickass oamMnuana WKOJBHMKOB IO MareMarwuke. II (MyHuLMDanbBHEDL) STam.

PEIIIEHHUA 34/]AY 10 K/IACCA.

10.1. Haiitu Bce mapbl HaTypajJbHBIX YUCEN M U N TaKUE, YTO
m? + 7mn — 98n? = 2025.

OtBer. m = 227, n = 32.
Pewenue.

[IpeoOpaszyeM JieByr0 4acTh paBEHCTBA K BULY

m?+7mn—98n?> =m? + 14mn—7mn —7-(—14) - n? =
= (m+ 14n) - (m — 7n),
TOTJla YpaBHEHHUE PUMET BU]L
(m+ 14n) - (m — 7n) = 2025.
3aMeTHM, 4TO pa3HOCTh MHOXUTENEH M + 14n u m — 7n ecTh HaTypaJlbHOE YUCIIO, KpaTHOE 21!
m+ 14n — (m—7n) = 21n.

3anwmimeM Bce paznokenus yucia 2025 Ha HaTypalbHbIC MHOKUTEIIH TaKUE, YTO IMEPBLIA MHOKUTEIb

0O0JIBIIIE BTOPOTO
2025 =2025-1=675-3=225-9=135-15=81-25=75-27,

¥ 3aMETHUM, YTO Pa3HOCTh IIEPBOTO W BTOPOTO MHOXKUTEIICH AeTUTCS Ha 21 TONBKO JIsl Taphl MHOKUTEIICH
675 u 3, TO ecThb

2025—-1=1202417 21, 675—3=672=21-32 : 21, 225-9=121617 21,

135—-15=1207 21, 81 —-25=5617 21, 75—27 =487 21.
CrenoBarensHO,
m+14n =675, m—-7n=3, = (m+1l4n)—(m—7n) =675-3, =
2In=672, = 21n=32-21, = n =32, m = 227.

10.2. Ha3oBéM Tpu YeTHIPEX3HAYHBIX YHCIA “‘TPOMHSIIKAMH’, €CIH KaXKJI0€ YHUCIO COCTOUT U3 YETBIPEX
Pa3IMYHBIX HEHYJIEBBIX HU(P U BCE OHU SIBISIFOTCS MOJIHBIME MEPECTaHOBKAMU APYT Ipyra (B pa3HbIX pa3psiaax
cTosIT pazHbie UdphI). CyIIECTBYIOT JIM YETHIPEX3HAUHBIE “TPONHSIIKN TaKWe, YTO OJTHO YHUCIIO PABHO CyMME
JBYX JAPYTUX yucen?

Omegem. CymecTBYIOT, HanpuMep, Tpoiika 1467 + 6174 = 7641, wim tpoiika 2538 + 3285 = 5823.
Pewenue.

3anuiieM TP 4eThIPEX3HAYHBIX YUCIIA B BHJIE abcd, klmn, pqrs, Tae HaOOPbI Pa3THYHBIX HEHYJIEBBIX HH(P
{a,b,c,d}, {k,l,m,n}, {p,q,r, s} coBnagaror. [Ipearnonoxum, 4To CIIpaBeITNBO UCKOMOE PABEHCTBO

abcd + klmn = pqrs.
PaccMOTpUM HECKOJIBKO CITydaeB B 3aBUCUMOCTHU OT YHCIIAa IEPEX0A0B €IMHUIIBI B CIETYIONIUI pa3psil.
1). [lycTh ipy BBIYUCICHUN CyMMBI YHCEI M, kimn ue MPOUCXOJIUT HU OJHOTO TTEPEX0/Ia CIUHUILIBI
B CJICAYIOUIMHA pa3ps. DTO 03HAYAET, YTO BBHIIIOJIHEHbBI PaBEHCTBA
a+k=p, b+l=q c+m=r, d+n=s.
Co>xum BCe paBeHCTBA, OJIYYHM
(a+k)+b+D+(c+m)+(d+n)=p+q+r+s, =
(a@a+b+c+d)y+(k+l+m+n)=p+qg+r+s.
3aMeTuM, 4TO CYMMBI BceX UG paBHBI
S=a+b+c+d=k+l+m+n=p+q+r+s,
MIO3TOMY PaBEHCTBO MIPUHUMAET BUJ]
S+5=§5 = §=0,

13
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9TO HEBO3MOXKHO, MTOCKOJIbKY BCE MU(PPHI pa3TUIHbIE.

2). Ilycte mpu BBIYMCIEHUU CYMMBI YHCEll abcd, kimn MPOUCXOJIUT OJAMH TEPEeXO] €AUHUIIBI B
CIIEIYIOIUN pa3psa. DTO 03HAYAeT, YTO, HAIIPUMEP, BBHIMOTHCHBI PABEHCTBA (€CIM MEPEX0]l MPOUCXOIUT U3
MOCJICTHETO pa3psjia B MPEANOCISTHUN)

a+k=p, b+l=q c+m+1=r, d+n=10+s.
CHoOBa CII0)KMM BCE PaBEHCTBA, MOJIYYUM

(a+k)+b+D)+(c+m+1D)+(d+n)=p+q+r+(10+5s), =

(a+b+c+d)+(k+l+m+n)=(p+q+r+s)+09.

CHoBa, OCKOJIbKY CYMMBI BCeX LU(p paBHbBI, pABEHCTBO MPUHUMAET BU/T
S+5=5S+9, = §=09,
9TO HEBO3MOKHO, IOCKOJIEKY CyMMa BCeX IU(P HE MEHbIIIE
S=a+b+c+d =21+2+3+4=10>0.

3). IlycTh mpu BBIUMCIECHUU CYMMBI UYHCET M, kimn [IPOUCXOJUT TPH IEpexoa €IUHULBI B
CIIEIYIOIMUN pa3psa. ITO 03HAYAET, YTO BBHIMOJTHECHBI PABEHCTBA (IMEPEXOIBl MPOUCXOIAT U3 BCEX Pa3psiJioB,
KpOMe TIEpPBOTO)

at+k+1=p, b+1l+1=104+q, c+m+1=10+r,

d+n=10+s.
CHoBa CJI0)KMM BCE PABEHCTBA, MOJIyYUM
(a+k+D)+B+1I+D)+(c+m+1)+(d+n) =
=p+(10+qg)+(10+7r)+ (10 +5s), =

(a+b+c+d)+(k+l+m+n)=(p+q+r+s)+27.

CHOBa, TIOCKOJIBKY CyMMBI BCEX M (P paBHBI, paBEHCTBO PUHIUMAET BHT
S+85=85+27, = S=27.

3TO HEBO3MOXKHO, MTOCKOIBKY €CIIH PAacCMOTPETh BCE BO3ZMOXKHBIE Ha0OpHI IUGp ¢ Takoi cymmoi S = 27, To
ectb HaOopsel 3, 7, 8, 9, i 4, 6, 8, 9, wnm 5, 6, 7, 9, TO cymMMa KaXJI0H Mapsl Ynucel U3 TaKUX HaOOpPOB HE
MeHbIe 10, TOITOMY YUCIIO MEePEX00B SAUHHIIBI B CIEIYIOIINE Pa3psbl OYIET YeThIpe, a He TPH, IOITOMY
CymMMa 4unceil 6y1[eT IISITU3HAYHBIM, a HE LICTI)IpéX?;HaLIHI)IM YUCIIOM.

4). Ilycth Tenephb NpH BHIYUCICHUU CYyMMBI YHCET abcd, klmn MIPOMCXOJIUT ABA TIEPEX0/1a SAMHUIIBI B
CIIEYIOIINN pa3ps. DTO O3HAYAET, YTO, HAIIPUMEP, BBHITIOJHEHBI PABCHCTBA (€CITH MEePEXO bl TPOUCXOISIT U3
JIBYX TOCJIEIHUX Pa3psI0B B MPEABIAYIIHE)

at+k=p, b+l+1=q, c+m+1=10+1r, d+n=10+s.

CHoBa CJI0)KMM BCE PaBEHCTBA, MOJIYYUM

(a+k)+b+l+D)+(c+m+1D)+(d+n)=p+q+(10+7)+ (10 +5),

(a@a+b+c+d)+(k+l+m+n)=(p+q+r+s)+18.
CHOBa, MMOCKOJIbKY CYMMBI BCeX LU(p paBHBI, pABEHCTBO MPUHUMAET BU/T
S+5=5+18 = S=18,
YTO BO3MOKHO, IIOCKOJIBKY CyMMa BceX IUGP MOKET MPUHUMATh 3HAUYCHUE
S=a+b+c+d=18,
Harpumep, st mudp 1, 4, 6, 7 cnpaBenmuBo S =1+ 4+ 6+ 7 = 18. [lpu sToM MOxHO mom0OpaTh
COOTBETCTBYIOIIUN BO3MOXKHBIN IpUMEp TPEX uMced ¢ TakuMH Iuppamu. PaccMoTpuM, Kakue CyMMBbl JaOT
mapbl ATUX THPP:
1+4=5 1+6=7 1+7=8, 4+6=10, 4+7=11, 6+7=13.

Cpemu 3Tux ymcen HeT mU(psl 4, MOITOMY 3Ta MHU(PpPa MOKET MOIYIUTHCS TOJBKO W3 IOCIIETHETO
paBEHCTBA MMOCJIE Mepexoaa eANHUIIBI B CIeAYOImui pa3psia. Cpeau dTUX 9ucel Takke HeT MUGpPhl 6, TOITOMY
3Ta nudpa MOXKET MOTYIUTHCS TOJIBKO U3 TIEPBOTO PABEHCTBA MOCJE MEPEX0/1a €AUHUIIBI B CIICTYIONINN pa3psi.

[udpa 7 MOXKET MOITYIUTCS TOTBKO U3 TPETHETO PABEHCTBA. B IBYX paBeHCTBAaX JAOKHBI MOTYYUTHCS YUCIIA
14
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Oonpime 9, mpu4éM B OJHOM W3 HUX JIOJDKHA UCTIOIB30BATHCS CAMHHMIIA, MEpemIeAmias U3 MPeIblIylero
paspsna. Takum 06pa3om, BO3MOKHOE HCKOMOE PaBEHCTBO UMEET BHU/T
1746 + 4671 = 6417.
3aMeTuM, 4TO TaKKe U3 ITUX MU(]P MOKHO COCTABUTH €IIE OJTHO PABEHCTBO
1467 + 6174 = 7641.
3ameuanue. MOXHO TIOKa3aTh, UTO CYIIECTBYET €I TOILKO OAuH Habop mudp 2, 3, 5, 8, U3 KOTOPBIX MOXKHO

COCTABHTD JBa TAKUX PAaBEHCTBA
2538 + 3285 = 5823, 2853 + 5382 = 8235.

10.3. B tpaneuun ABCD, ¢ ocHoBanusimu AB u CD, otpesku AC u CD nepnenaukyiasapubl. Ha cropone BC
BbIOpaHa Touka E Tak, uto 2DAC = £CAE. Jlokaxute, 4TO mpsiMasi, MpoOXoAsias yepe3 Touky E u Touky
nepeceuenuss AC u BD, napannenbHa OCHOBaHUSAM Tparelyu.

Pewenue.
A B
[Iponnum AE no nepeceuenusi ¢ CD B Touke G, TOUKY
nepecedernst AC u BD o6o3naunm F.
) E AECG ~ AEBA=2E = 28
L. EG CG
AAFB ~ ACFD =2 =28,
FC  CD
B AADG, AC — Guccektpuca U BBICOTA, CIEI0BATEIBHO,
CG =CD.
2= A2 _ 2 EF|DC|AB
D c G EG cG ¢D FC

10.4. Jlokaxxute, 4TO IS JIOOBIX JCHCTBHTENBHBIX 4YMCEN a,b,c, Takux, 4to a,b,c = 1, BBIIOJIHSCTCS
HEPABEHCTBO

a>+b3+c bP*+cd+a +ad+b
+ + >
a+b-1 b+c—-1 c+a-—-1
Pewenue.
JlokaskeM BcrioMorarenbHoe HepaBeHCTBO X +y — 1 < xy, mns moOwsix X,y = 1. Ilepenecém Bce B OIHY
qacTh U crpynmupyem, noiaydnm (x — 1)(y — 1) = 0. Yro oueBuaHO BepHO, T.K. X,y = 1.
[TpuMeHnM ero K 3HaMEHaTeINsIM Jpo0eii:

ad+b3+c b3+cP+a cP+ac+b
+ + =9
ab bc ca

. 3
[Ipumenum HepaseHcTBo Koy s tpéx uncen: x3 + y3 + z > 3xyi/z.
[IpuMeHUM 5TO HEPABEHCTBO K KAXKIOMY YUCIUTEIIO:

3ab¥c 3bc¥a 3cailb
+ + >9
ab bc ca

3 3 3
Cokpamasi ¥ IpUBOJIA MON06HEIE, momydaeM: Va + Vb + /¢ = 3. Uro odeBmIHO, TaK KaK KaXkJI0€ U3 YHCE
HE MEHbIIE 1.
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10.5. B s3bIke nsATyIIeK Henonb3ytoTes Tpu OykBbl — K, B 1 A. CiioBoMm sBiisieTcs mr06ast mociae10BaTebHOCTh
3TUX OYKB, B KOTOPOH MEXKIy JI0OOBIMU ABYMs1 OyKBamH A ecTh XoTs Obl onHa OykBa K (Hanpumep, ABKKA —
3TO CJIOBO si3bIKa Jsrymiek, a KAA — HeT.) CKOJIBKO B sI3bIKE JIATYIIEK cJIOB U3 10 OykB?

Omegem. 17711.

Pewenue.

Paccmotpum mocnenoBatenbHocts @ubonauun: Fy =0, F; =1, F,.q = F, + F,_1. Jlokaxem, 4To s
BCSAKOI'0 HaTypaJIbHOT'O 71l BBIIIOJIHAIOTCSA CIIEIYIOIINE PABEHCTBA:

* KOJIMYECTBO CJIOB SI3bIKA JIATYHIEK U3 11 OYKB PaBHO Fypp 4 o)

* KOJIMYECTBO CJIOB SI3bIKA JIATYIICK U3 N + 1 OykB, HAYMHArOIIMXCS Ha A, paBHO Fypp 4 1.

Nupyknus no n.

baza n = 1 npoBepsieTcs HEMOCPEACTBEHHO.

[lepexomorn—1xn = 2.

CHauana noKaxxeM BTOpoe€ yTBepkaeHue. PaccMoTpuM ciioBO si3bika JiAryimek Buaa Ax ... u3 n + 1 OyKBBI.
Ectp nBa BapuanTa: x =K u x =B. B nepBom ciyuae mocine BTopoii OyKBbl MOKET UATH MPOU3BOJIBHOE CIIOBO
SI3bIKA JIATYIIEK U3 N — 1 OYKBBI, TAKMX CJIOB M0 MHAYKIIMOHHOMY MPEANoIokeHuto F,,. Bo BTopom ciydae,
BBIUEPKMBAs U3 HAIIETO CIIOBA BTOPYIO OYKBY MOJy4yaeM (OMSATh ke, MPOU3BOIBHOE) CIIOBO SI3bIKA JISATYIIEK U3
n OykB, HaunHaromeecs Ha A. Takux CJIOB MO MHAYKIIMOHHOMY MpeAnoiaoxeHuto F,,_ ;. Bcero momyuaercs
Fon + Fap—1 = Fapyq c11OB.

Teneps nokaxem mepBoe yTBepkaeHue. Ecnu mepBas OykBa cioBa — K unm B, mocne 3toit 6ykBbl uaér
IIPOM3BOJILHOE CJIOBO SI3bIKa JIATYIIEK U3 . — 1 OykBel. Takux cios, nonydaercs, 2F,,. Eciu e nepBas Oyksa
A, TO Takux CJOB MO MHIYKUHOHHOMY MpeanosioxkeHuto F,, ;. Bcero nonyuaercsa 2F,, + Fop_1 = Fo, +
Fyn4+1 = Fy,42 CTIOB, 9TO U TPEOOBAIOCH.

Urak, oTBeT Ha Bonpoc 3agaun — F,, = 17711.

AOHO/IHUTE/IBHBIE YKA3AHHUA 110 IIPOBEPKE H OLIEHKE (10 knacc).

10.1. [omyuyeHo paznoxkeHue AJs JIEBOM YacTH paBEHCTBAa HA MHOKUTENHU — 2 b6aiia.
3aMeueHo, YTO MHOKUTENH HAaTypaJIbHbIE U OJMH U3 MHOXKHTENEH 10JKeH ObITh Ooblie ipyroro — 1
oann.
3ameueHo, YTO pa3HOCTh MHOXKUTENEH fnenutcs Ha 21 — 2 6anna.
BepHo, pemiena cucrema ypaBHEHUH 17151 HAXOXKJIEHUSI m U N — 2 6ania.
JIroboe 6eproe u obocrosannoe peurenue OLEHUBAETCS B 7 6a1108.

10.2. Tloxka3zaHo, yTO CymMMa (P HCKOMBIX YUCET MOXKET ObITh paBHa 18 — 3 6aua.
JIro6oe BepHOE 1 000CHOBAHHOE TPeOyeMOe paBeHCTBO OLICHUBAETCS B 7 6aA1108.
10.3. 3ameueno nmogooue AECG v AEBA — 1 6ann.
3ameueno nogooue AAFB v ACFD — I 6ann.
3a BepHOE pelieHue — 7 6anos.

10.4. JToxa3aHo BCIoMOTaTelIbHOE HEPABEHCTBO — 2 Oailia
10.5. BepHo noy4eHo peKyppeHTHOE COOTHOIICHHE, HO HEBEPHO BBIYHCIICH OTBET — 6 OA/L108.
[TonydeH TonbKO OTBET (HampuMep, yrajaH 1o NepBbIM HECKOJIbKUM 3HAUEHUSIM) — 2 6asia.
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PEIIIEHHA 347149 11 KJIACCA.

11.1. Haiitu Bce napbl HaTYpaJbHBIX M U N TaKHUE, YTO
m? — 6mn — 91n? = 2025.
Omeem. m =93, n = 6.
Pewenue.
[IpeoOpaszyeM JieByro 4acTh paBEHCTBA K BUY
m?2—6mn—91n2 =m?+7mn—13mn+7-(-13)-n? =
= (m+7n) - (m— 13n),
TOTJla ypaBHEHHUE PUMET BU]L
(m+ 7n)- (m—13n) = 2025.
3amMeTuM, 4TO Pa3HOCTh MHOXHTENIEH m + 7n u m — 13n ecTb HaTypalibHOE YKCIIO, KpaTHOE 20:
m+7n— (m—13n) = 20n.
3anuinem Bce pasnokeHus uncna 2025 Ha HaTypaidbHble MHOXKHUTENIN TaKHe, YTO MEPBBIA MHOXKHUTEIb
OoJb1IIe BTOPOTO
2025 =2025-1=675-3=225-9=135-15=81-25=75-27,
U 3aMETHM, YTO Pa3HOCTh MEPBOTO M BTOPOro MHOXUTened nenutcs Ha 20 TONBKO JiA THapsl
mHoxureneit 135 u 15, To ecthb
2025 —-1=20247 20, 675—-3=6721 20, 225-—-9 = 2161 20,
135—-15=120 : 20, 81—-25=5617 20, 75—27 =487 20.
CrenoBarenbsHO,
m+7n=135, m—13n=15, =2 20n =120, 2 n=6, m = 93.

11.2. Ha30BéM TpH MATHU3HAYHBIX YUCIIA “TPOUHSIIKAMHU, €CIH KAXKIOE YUCIIO COCTOHMT W3 MATH Pa3IMIHBIX
HEHYJIEBBIX LIU(P U BCE OHU SIBIISIFOTCS MOJIHBIMHM ME€PECTAaHOBKAMHU JIPYr Jpyra (B pa3HbIX pa3psaax CTOAT
passbie mudpsl). CymecTBYIOT U MATH3HAYHBIC “TPOWHSIIKK TaKHE, YTO OJIHO YHCJIO PAaBHO CyMME JIBYX
apyrux uncen? Ilpusenure npumep win 000CHYHTE, YTO €ro HET.

Omegem. CymecTByloT, Hanpumep, Tpovka 13428 + 21384 = 34812, wnu Tpoiika 24678 + 62784 =
87462.

Pewienue. 3anumieM TpW TSTU3HAYHBIX 4Yucia B Buae abcde, jklmn, uvxyz, rae HaOOpbl pa3IWYHBIX

HenyneBbix 1udp {a,b,c,d, e}, {j, k,l,m,n}, {u,v,x,y,2z} coBnanarr. [Ipennonoxum, 4To CIPaBEIIUBO
HCKOMOE PaBEHCTBO

abcde + jklmn = uvxyz.
PaccMOTpHM HECKOJIBKO CITydaeB B 3aBHCHMOCTH OT YHCIIA IEPEX0/I0B €AWHUIIBI B CIICAYIONIHHA pa3psil.

1). Ilycte mpu BBIYMCICHUM CYMMBbI uucenl abcde, jklmn He TpPOMCXOJUT HHM OMHOTO TEpexoja
CINHUIIBI B CJ'ICJIYIOH_[I/Iﬁ paspdan. 910 03HA4YacCT, YTO BBIITOJTHCHEI paBE€HCTBA
a+j=u, b+k=v, c+l=x, d+m=y, e+n=z.
CJ10XHMM BCe paBEHCTBA, MOIYYUM
a@a+)N+b+E)+(c+hH+d+m)+(e+n)=u+v+x+y+z
(a+b+c+d+e)+(+k+l+m+n)=u+v+x+y+z
3aMeTHM, YTO CYMMBI BCeX (P paBHBI
S=a+b+c+d+e=j+k+l+m+n=ut+v+x+y+z
IMO3TOMY paBCHCTBO MMPUHUMACT BU
S+S5=S5, = S=0,
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9TO HEBO3MOXKHO, MTOCKOJIbKY BCE MU(PPHI pa3TUIHbIE.

2). Ilycte mpu BblUMCIEHHHM CyMMBbI 4ucell abcde, jklmn nmpoucxoguT OAMH MEPEXO] €IUHUIBI B
CIIEIYIOIUN pa3psa. DTO 03HAYAeT, YTO, HAIIPUMEP, BBHIMOTHCHBI PABEHCTBA (€CIM MEPEX0]l MPOUCXOIUT U3
MOCJICTHETO pa3psjia B MPEANOCISTHUN)

at+j=u, b+k=v, c+l=x, d+m+1=y, e+n=10+z.

CHOBa CJIO)KMM BCE PAaBEHCTBA, MOJYYUM
a+)H)+b+k)+(c+DH)+{d+m+D)+(e+n)=u+v+x+y+(10+2),
(a+b+c+d+e)+(+k+l+m+n)=u+v+x+y+2z)+09.

CHOBa, TIOCKOJIBKY CYMMBI BCEX M (P paBHBI, pABEHCTBO IPUHUMAET BH/T

S+5=§+9, = §=09,
YTO HEBO3MOXKHO, IOCKOJIEKY CyMMa BCeX MUQP HE MEHBIIIS
S=a+b+c+d+e =21+2+3+4+5=15>0.

3). IlycTb npu BBIYMCIEHUU CYyMMBbI YUCEIl abcde, m IIPOUCXOJUT YeThIpe IEPEX0a €AUHULIBI B
CIICAYIOMMN pa3psaa. ITO 03HAYAET, YTO BHIMOIHEHBI PAaBEHCTBA (MIEPEXOIBl MPOUCXOAT U3 BCEX Pa3psioB,
KpOMe TIEpPBOTO)

a+j+1=u b+k+1=10+v, c+1+1=10+x,
d+m+1=10+y, e+n=10+z.
CHoBa CJI0)KMM BCE PABEHCTBA, MOJIyYUM
(a+j+D)+B+k+D+(C+I+D)+@d+m+1)+(e+n)=
=u+(10+v)+(10+x)+(10+y)+ (10+2), =
(a+b+c+d+e)+(+k+l+m+n)=@w+v+x+y+2z)+ 36
CHOBa, IOCKOJIBKY CyMMBI BCEX M (P paBHBI, paBEHCTBO MPUHUMAET BH/
S+S=5+36 = S=236,
4TO HEBO3MOJKHO, ITOCKOJIBKY CyMMa BeeX Iudp He Oobiie
S=a+b+c+d+e<5+6+7+8+9=35<36.

4). ITycThb Terneph MPpH BBEIYUCICHUH CYMMBI drcel abcde, jklmn npoucxoauT aBa mepexoja eIuHUIIbI

B CJIEIYIOIIMIA pa3psia. DTO O3HAYAET, YTO, HAIIPUMED, BBHITIOTHEHBI PABEHCTBA (€CIIH MePeX0abl TPOUCXOIT U3
JIBYX TOCJIEIHUX Pa3psI0B B MPEABIAYIIIHE)
at+j=u, b+k=v, c+1l+1=x,
d+m+1=10+y, e+n=10+z.
CHoOBa CIIO’)KMM BCE PABEHCTBA, MOJIYYUM
a@a+))+B+E)+(c+l+D)+d+m+1)+(e+n) =
=u+v+x+(10+y)+ (10 + 2),
(a+b+c+d+e)+(+k+l+m+n)=wu+v+x+y+2z)+18.
CHoOBa, MMOCKOJIbKY CYMMBI BCeX LU(p paBHBI, pABEHCTBO MPUHUMAET BH/]I
S+5=5+18, > S=18,
YTO BO3MOKHO, IOCKOJIBKY CyMMa BceX UG P MOKET TPUHUMATH 3HAYCHHE
S=a+b+c+d+e=18,
Harpumep, s mudp 1, 2, 3, 4, 8 cipaBeqnmueo S = 1+ 2 + 3 + 4 + 8 = 18. Ilpu sTomM MOXHO MOg00paTh
COOTBETCTBYIOIIUN BO3MOXKHBIA MpUMep TpEX yHceN ¢ TakuMu nudpamu. PaccMoTpum, Kakue CyMMbI JarOT
mapbl ATUX THPP:
1+42=3, 1+3=4, 1+44=5, 1+8=9, 2+3=05,
2+4=6, 24+8=10, 3+4=7, 3+8=11, 44+8=12.
Cpemnu »Tux uucen HeT mudpsl 8, ModTOMY 3Ta IHU(pPa MOXKET MOITYYUTHCS TOJIBKO M3 BOCBMOTO
paBEHCTBA MOCIIE Mepexo/1a eAUHUIILI B cneaytouuii paspsia. Hudpst 3 u 4 MOTYT OTYyYUTCS TOIBKO U3 IEPBBIX
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IBYX paBeHCTB. [103TOMY B OCTaBIIMXCS IBYX PaBEHCTBAX JOJDKHBI MOTy4YaThCs yucia Oonbliue 9, mpuuém B
OJTHOM M3 HMX JIOJDKHA HMCIIOJIb30BAThCs €AMHUIIA, NepelIe/mas u3 npeabaymero paspsaa. Takum o6pazom,
BO3MOKHOE MCKOMOE PaBECHCTBO UMEET BUJ]
13428 + 21384 = 34812.
3aMeTHM, 4TO TaKXKe U3 3TUX IU(P MOKHO COCTABUTH PABEHCTBA
31428 + 12384 = 43812, 14283 + 23841 = 38124, 34281 + 13842 = 48123,
42813 + 38421 = 81234, 42831 + 38412 = 81243.

5). HakoHerr, mycTh Temephb MPU BBIYUCICHHH CyMMBI uncen abcde, jklmn npoucxomut TpM nepexoaa

eAVHUIBI B CICAYIOIIMN pa3psi. DTO 03HAYAEeT, YTO, HANPUMEpP, BBINOJIHEHBI PABEHCTBA (€CIHM MEPEXObl
MIPOUCXOAAT U3 MOCJIEIHEr0 pa3ps/ia B MPEANOCICIHUN U U3 MPEANOCIEIHEr0 pa3psaa B MPEANPENTOCIEIHUAM,
Y U3 U3 IPEANPEANOCiIeTHEr0 pa3psaa B IpeAnpeIpeanocaeHui)
a+j=u, b+k+1=v, c+1+1=10+x,
d+m+1=10+y, e+n=10+2z.
CHoBa CJI0)KMM BCE PABEHCTBA, MOJIyYUM
a@a+)D)+b+k+D)+(Cc+l+D)+d+m+1)+(e+n)=
=u+v+(10+x)+ (10 +y) + (10 + 2),
(a+b+c+d+e)+(+k+l+m+n)=@w+v+x+y+2z)+27.
CHoOBa, MOCKOJIbKY CYMMBI BCeX LIU(p paBHbBI, pABEHCTBO MPUHUMAET BU/T
S+8S5=85+27, = S=27,
9TO BO3MOXKHO, IIOCKOJIBKY CyMMa BCeX TGP MOKET IPHHUMATH 3HAYCHHE
S=a+b+c+d+e=27,
Harpumep, st mudp 2, 4, 6, 7, 8 crnpaBemymBo S =2+4+ 6+ 7+ 8 = 27. Ilpu 3TOM Takke MOKHO
Mo100paTh COOTBETCTBYIOMINH BO3MOKHBIN IMIPUMEP TPEX YUCEN C TAKUMU ITUPPAMH:
24678 + 62784 = 87462.
3aMeTuM, 4TO TaKKe U3 3TUX HU(P MOKHO COCTABUTH PAaBEHCTBA
24768 + 62874 = 87642, 46782 + 27846 = 74628, 47682 + 28746 = 76428.
3ameuanue. MoHO MOKa3aTh, 4TO CYHIECTBYIOT U APYryue Habopsl LUPP, U3 KOTOPBIX MOKHO COCTaBUTh
HCKOMOe paBeHCTBO. Beero cymiectByeT 90 pa3auvHbIX TAKUX PABEHCTB.

11.3. PemuTh ypaBHEHHE
tgx + tg2x + -+ tgtlx — 11 = 11 — ctg x — ctg?x — -+ — ctgllx.

Omeem. x =%+ mn,n € Z.

o T
Pewienue. O651aCTh JONIYCTUMBIX 3HAUYCHUM YpPaBHEHUS: X # > ™M, m € Z. llepenuiiem ypaBHEHHE B BUJIE

tg x + tg?x + tg3x + .- + tg'lx + ctg x + ctg?x + ctg3x + - + ctgllx = 22,

HUJIN B BUIC
tg x + ctg x + tg?x + ctg?x + tg3x + ctgdx + -+ + tgllx + ctgllx = 22,
HUJIN B BUIC
A o te?x + —— teBx + —— oo+ toll L o_
tgx +tgx+tg x+tg2x+tg x+tg3x+ +tg x+tg11x 22.

O6o3Hauum tg x = t, rorna t # 0, U ypaBHEHHE IPUMET BUJ
tHo+ 2+t oot = 22,
t t t t
Paccmotpum nBa ciayyvast.

1). ITyctsb cHauvana t > 0. 3ametum, yto npu Jtodom k = 1,2,3, ...,11 cnpaBeyInBO HEPABEHCTBO
1

k1 Y 2NN
t+t—kZZt tk—Z,
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e ———
.. k_ 1 ték-1 _
MpU4YEM paBEHCTBO JOCTUTAETCS JIUIIb MIPHU YCIIOBUH, UTO £ = &> TO €CTh NPU —— = O,mmnput = 1. Toraga

JIEBas 4aCThb YpaBHCHUA BCCTraa HC MCHBIIC HpaBOfI €ro 4actu

bttt B bbbt 224242442 =22,

11 —

11Ty

. 1
MpUYEM PaBEHCTBO JIOCTUTAETCS JIMIIID IPH YCIOBUH, 4TO TIpH Beex k = 1,2,3, ...,11 cnpaBemmmBo th =

t_k’ TO

ectb npu t = 1. [loaTomy tg x = 1, oTkyna x = %+ n,n € Z.
2). Ilyctp Teneps t < 0. [IpeoOpazyeM NeBYIO 4acTh ypaBHEHUS C IMOMOIILI0 (POPMYIBI JJISI CYMMBI
reOMETPUYECKOI MPOrpeccuu K BUIY
1 _ra-ety | ¢(imE) _
e 1t 1-3 o

N (T P E N (s
T o1-t +t11-(t—1)_ 1—¢ t+t11 =t 1—¢ 1+t10'

A S U AT LR R AR SRR
t o t?2 3

1
3aMeTuM, 4TO BhIpaxkeHHe B ckoOke 1 + o> 0 nonoxutenbHoe npu t # 0. Takxe 3aMeTuM, 4TO TIpU

mobbIx t < 0 pasnoctu 1 — t11 > 0 u 1 — t > 0 Takke 00€ NOTOKUTENBHEIE, I0TOMY IPOOH Iepes CKOOKOI
11

TAaKKC ITOJIOKHUTCIIbHAsA >0 H, 3HAYUT, JICBAA 4aCTb YPABHCHUS OTpHULATCIIbHAA

411
t+t2+ 3 4t b=t (14 2) <0,
t o t?2 3 e t10
>

CJIeI0BAaTEIbHO, YpaBHEHUE HE UMeeT KopHel npu t < 0.

11.4. Yucna x, y, z, t TakoBsl, ut0 0 < X,y,7,t < % JlokazaTb, 4To
x(1=-y)+y1l—-2)+zQ1-t)+t(1—-x)< 1.

Pewenue nepsoe. 3anviiieM JIEBYIO 4aCTh HEPABCHCTBA B BUJIC JINHEHHOUW (D)YHKITHH OT TIEPEMEHHOM X, TO €CTh
0003HaUNM

fX)=Q—-y—-t)x+(y+z+t—zy—zt).
Torma ecnm HepaBeHCTBO f(x) < 1 Oyzer BImOHEHO pu X = 0 ¥ pu X = %, TO OHO OY/IET BBITIOJTHEHO U TIPH
Beex 0 < x < % (mipu J1E00BIX (PUKCHPOBAHHBIX Y, Z, t).
PaccMmoTpuM HepaBeHCTBO
fO<l, & y+z+t—zy—zt<l1, &
y+t—1+z—-zy—2zt<0, &
y+t—-1+zQ1-y—-¢t)<0, &
y+t—-1)(A-2)<0.
[TocneqHee HepaBEHCTBO BEPHOE, MOCKONBKY 0 < t < ; 0<y< ; 0<z< % U, 3HaunT, 0 <y +t <
1,H03TOMy%< 1-z<1lu-1<y+t—-1<0.
PaccmoTtpum HEpaBeHCTBO
f(§)< L, & -(A-y-t+y+z+t—zy—zt<1, &
1—y—t+2y+2z+2t—-2zy—-22t <2, &
—-14+y+t+2z-2zy—-22t <0, &
-1+y+t+2z(1-y—-1t) <0, &
1-y—-t)(2z—-1)<0.
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[Tocnennee HEpaBEHCTBO Takke BEPHOE, MOCKOIBKY 0 < t < 2 o0<y< > 0<z< 2> Torna

0<2z<l,mmodtomy 0<y+t<1lu-1<2z-1<0.
Teneps, BBIOUpas TF00YI0 IPYTYIO0 IEPEMEHHYIO M (DHKCUPYSI OCTABIIYIOCS TPOHKY YMCEIN, TOydaeM,

. 1
YTO HEPABEHCTBO BEPHO JJIA JIOOBIX 3HAYCHHH X, Y, Z, t Takux, uto 0 < x,y,2,t < b

Pewenue emopoe. PaccMoTpUM KBajpar cO CTOPOHOM, paBHOM 1, U OTMETHM Ha €ro 4eThIpéX CTOpPOHAX
OTpE3KH, paBHbIC X, Y, Z, t TaK, KaK IOKa3aHO Ha PUCYHKE.

1—=2 b
O O
e,
’_l
Py
|
— )
o~
O O
T l—2x

Torpa nmapa npsMOYTrOJIbHHUKOB CO CTOpoHaMH X U 1 —7y, z u 1 —t, a Takke napa npsIMOYTOJIbHUKOB CO
ctopoHamMu y u 1 — z, t u 1 — x He nepecekaroTcs apyr ¢ apyrom. [loaTomy cymma miiomnaaei Bcex 4eThIpEX
MPAMOYTOJIbHUKOB HE MPEBOCXOAUT IJIOMIAJIN KBAIPATa, TO €CTh BBIMOJHIETCS HEPABEHCTBO
S1+85,+5:+5,<S, &
x(1-y)+yQ1l-2)+zQ1-t)+t(1l—x) <1,
9TO U TPeOOBAIOCH IOKA3aTh.
3ameuanue. 3aMeTUM, YTO €CITU NPEANnonoxuth, 4yro 0 < x,y,z,t <1, TO HUCKOMOE HEPABEHCTBO
BBITIOTTHATHCS HE OyJIeT, HapuMep, Ipu X, z, onuskux k 0, u ipu y, t Oau3KkuX K 1, BeIpakeHue
x(1—=y)+y(1l—2z)+z(1—-1t)+t(1—x)Oyner 61U3KO K 2.
OpaHako, MOKHO MOKa3aTh, YTO B ATOM ClIydae Oy/IeT BEPHBIM HEPABEHCTBO
x(1—-y)+y(l—-2)+z(1-t)+t(1—x) < 2.
HerictBuTenpHO, 3ameTuM, uyto ipu 0 < x,y,z,t < 1 cnpaBeyiiuBo
x(1=-y)+yA-2)<1-1-y»+y-1=1-y+y=1,
zl-t)+t(1l—-x)<1-A1-t)+t-1=1—-t+t=1,
MO3TOMY
x(1—-y)+y1l-2)+z1-t)+t(1—-x)<1+1=2

11.5. byaem rosoputs, uto pedpo AB terpasapa DABC ynaduHoe, eciii ero cepeinHa paBHOY/IajeHa OT BEPIIUH
Cu D. lokaxwure, uto ecnu Bce pédpa AB, BC, CA — ynaunsle, To BCce TpaHH TeTpadIpa PaBHBL.

Pewenue.
[Tycte M, N, K — cepenunsl pédep AB, BC 1 AC cOOTBETCTBEHHO.
Tax xak pebpa AB, BC, CA — ynaunsie, o DM = CM,DN = AN, DK = BK.
Ucnions3yst hopMyny IITUHBI MEIHAHBI, TTOJIYyIaeM:
4DM? = 2AD? + 2BD? — AB?, 4CM? = 2AC? + 2BC? — AB?*>
AD? + BD? = AC? + BC?; (1)
4DN? = 2BD? + 2CD? — BC?, 4AN? = 2AB? + 2AC? — BC?*>
BD? + CD? = AB? + AC?; (2)

21



Bcepoccuiickass oamMnuana WKOJBHMKOB IO MareMarwuke. II (MyHuLMDanbBHEDL) STam.

4DK? = 2AD? + 2CD? —

AC?, 4BK? = 2AB* + 2BC? — AC?*=

AD? + CD? = AB? + BC?; (3)

CxknagpiBasi mowieHHO paBeHcTBa (1) u (2), BbluMTad
paBeHCTBO (3), mosryyaem:

2BD?* = 2AC*?.
CxknagpiBasi mowieHHO paBeHcTBa (2) u (3), BblUMTad
paBeHcTBO (1), monyyaem:

2CD? = 2AB2.
CxknagpiBasi mowieHHo paseHctBa (1) u (3), BbluMTad
PaBeHCTBO (2), moJry4aem:

2AD? = 2BC2.
HNrak, AC=BD, AB=CD, BC=AD, 3Hauutr Bce TrpaHH
TeTpa’ipa PaBHBI.

JAOHO/IHUTE/IBHBIE YKA3AHHUA 110 IIPOBEPKE H OLIEHKE (11 knacc).

11.1. Tomy4yeHo pa3ioxKeHHe AJIs JIEBOM YacTH PaBEHCTBAa HA MHOKHUTENHU — 2 Oaid.

3aMequo, 4YTO MHOXHTCIN HATypaJIbHBIC U OJJUH U3 MHOKHUTEIICH JOJIKCH OBITH OOJIBIIIC Apyroro —

1 6ann.

3aMedeHo, YTO Pa3HOCTh MHOXKHTEINCH nenutcs Ha 20 — 2 6anna.

BepHo peniena cucrema ypaBHEHUH JJ1 HAX0XKAEHUS M U n — 2 bania.

JIroboe seproe u obocHosanHoe peuterue OLICHUBACTCS B 7 6aAL108.

11.2. Tloka3aHo, 9TO cyMMa (P HCKOMBIX YHCET MOXKET ObITh paBHa 18 wim 27 — 3 b6anna.
JIroboe geproe u ob6ocHosannoe TpedyeMoe paBEHCTBO OIIEHUBACTCS B 7 OAL108.

11.3. YpaBHeHue BepHO pelieHo npu yciuosuu tg x > 0 — 4 danna.

JlokazaHo, 4TO ypaBHEHHE HE UMEET KOopHel npu yciosuu tg x < 0 — 3 banna.

BepHo mnpumeHeHa ¢opmyina CyMMBl TeOMeTpUYecKOM mporpeccuu npu ycioBuu tgx < 0 (mpu
OTCYTCTBUH BEPHOT'O 0OOCHOBAHHS TOTO (aKTa, YTO ypaBHEHHE HE MMEET KOpHel npu ycinoun tg x < 0)

— 1 6ann.

He ykazana 065acTh JOITyCTUMBIX 3HAUEHUH ypaBHEHUs — CHUMAaeTcs 1 oann.

JIro6oe seproe u obocrosannoe pelieHrne OLeHNBAETCs B 7 6an108.

11.4. Imeetcs uaest paccMaTpUBaTh BbIPAKEHUE
2 6anna.

IIPU HEKOTOPBIX (PMKCUPOBAHHBIX 3HAUEHUSIX [TEPEMEHHBIX —

JIro6oe 6eproe u 0ob6ocHosanHoe pelIeHne OLIEHUBAETCS B 7 6a/1108.

11.5. Hanrcanbl Hy)XKHbIE paBEHCTBA U3 (POPMYIIBI AJIs AJIMHBI METUAHBI, HO HE ClIeJaH BBIBOJ O PABEHCTBE

JUTHH TIPOTUBOMOJIOKHBIX pEOEp — 2 banna.

JIroboe geproe u ob6ocHosanHoe penieHne OIICHUBACTCS B 7 6a/L108.
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