XXV KYBOK ITAMATN A.H. KOJIMOTOPOBA. Tsepsp, 28.11 — 05.12.2022

FOHMopLI, BBICHIasg Jura, 3 Typ, pellleHus U YKa3aHusl JJisi >KIOPH.
¢ Orenka B 6 6a/IJTOB B KPUTEPHUAX O3HAYAET OTCYTCTBUE DEIIEHUsI, €CJIM SIBHO He OTOBOPEHO OOpATHOE.

¢ Hepasbop ciydaeB B KJIACCHYECKOH MeOMETPUU IPU YCAOBUHU, YTO XOTs ObI OJMH CYIIECTBEHHBIA ciiydail paso-
Opan — JpIpa He 6osiee 4 baJIoB, ecin obpaTHoe He oropopero. dror Kpurepuit HE OTHOCUTCA k 3amagam o
KOMOUHATOPHOI MeOMEeTPUH M DeOMETPUIECKIM HEPABEHCTBAM.

1. Kaemxu dockxu 100 X 100 packpawenv, 6 HECKOADKO UBEMO8 MaAK, WMo KACMOK Kastcdozo ysema He bosee 104.
IIpu xaxom naumernvwem k 3asedomo natidémes npamoyzosvnur k X 1 usu 1 X k xaemox, codeporcaujud xaemxu
no KpatiHet Mepe MPET PassudHLET 4Bemos?

OtBer: 12. Pemtenune. IIpumep. Pazobném mocky ua 100 kBagparoB co cropoHoit 10 m mokpacum KaK Iblit

KBaJIpaT B cBO#l 1BeT. Torga kakmas mosocka 1 X 11 m 11 X 1 comepkuT KJIeTKM MaKCUMyM 2 KBaJPaToB, a,
cJreioBaTeNbHO, U 1BeToB. [loyaaem, aro k > 12.

Ouenka. ITokaxkem, aro mpsimoyrojibHUK 1 X 12 mym 12 X 1, okparieHHbiil X0Tst Obl B 3 1[BeTA, HAWJIETCS BCETJIA.
[Tpenmnosnoxum nporusHoe. [Tokpoem cTpoky seBsThio mosockamu 1x12: [1,12], [12, 23], [23,34], ..., [89, 100]. Torma
B IIEPBOil moJiocKe He Gojiee 2 MBETOB, a B KaXK 0l cjeyomieil — He OoJiee 0fHOrO HOBOrO 1BeTa. [losrydaem, 1To B
KaxKJ10ii crpoke He 6osiee 10 pa3jinyHBIX I[BETOB. AHAJIOIMYHO, B KaxXKI0M cTOJ101e He Oosiee 10 pa3IndyHbIX I[BETOB.

Paccemorpum kakoit-uubypb 1Ber. IlycTh KIeTOK JaHHOTO 1BETa 7, U TOT IBET HPUCYTCTBYET B I CTPOKAX U C
croyibnax. [Tokaxem, uro r + ¢ > Z. Ecm 100 < n < 104, To 7 + ¢ > 21, u jnannoe nepapenctso sepno. Nnaue
n < 100, 1 Tor/[a MOXKHO HPUMEHHTD ONEHKY 1 4 ¢ > 2¢/rc > 2y/n > %.

IIpocymmupoBaB mosiyteHHOe HEPABEHCTBO TO BCEM IIBETAM, MbI IIOJIYYUM, UTO CYMMAapPHO BCE IIBETA BCTPEYA-
IOTCS XOTSI OBl % = 2000 crpokax u crobmax. C apyroit cTopoHbl, Bcero cTpok u c¢ro omnos 200, B KaxKI0M He
6ostee 10 niBeroB. Takum obpazom, HEpABEHCTBO 00pAIaeTCsi B paBeHCTBO. HeTpy/iHO IpOBEpUTDH, YTO HEPABEHCTBO
T+ ¢ > ¥ obpamaercst B paBeHCTBO TOJbKO g n = 100, 7 = ¢ = 10. Takum obpasom, B KaxJIoff CTpOKe U B
KazKJIOM CTOJIOIE JOJXKHO OLITEH 1o 10 kireTok 10 11BeTOB.

Pacemorpum Kakue-Huby b JBe Coce/iHIe PA3HOIBETHBIE KJIETKH B cTpoke Ha orpeske [11,90]. [lycrs onu umeror
koopauHaTel z u x + 1. Torma cpenn orpeska x — 10,2 4+ 1 y2Ke ecTh JBe KJIETKHU PAa3HBIX IIBETOB, U IMIOTOMY BeCh
OTPE30K OyJIEeT TOKpAIIEeH B 5TH JBa I[BeTa. AHAJOIUIHO BEPHO JjIs oTpe3Ka x, & + 11. CiietoBaTeIbHO, MBI HAIILIH
XOTsI OBbI 22 KJIeTKN KaKUX-TO JBYX IBeTOB. [IpoTuBopedne.

¢ [IpaBuibHBIH OTBeT ¢ MpuMepoM : 2 HaJuia.

¢ Toabko onenka: 6 6aJ/110B.

2. Ha cmoponaxr AC, BC, AB mpeyzoavnurxa ABC ewibparv. mouku A1, By, D coomeemcmeenno. Ompesxu
CD u A1By nepecexaromes 6 mouxe M, npuvem AiM = B1 M. Hoxasicume, wmo

AA; BB DM
+ 22 .
AC  BiC MC
Pemtenne. O6o3natuum x = %, Yy = gf’g, z = %. Ham myx)HO mokazarh, uto = + y > 2z. IloctaBuMm B

geprmabl A, B,C maccet y + 1, x + 1, (y + 1)z + (x + 1)y coorsercrBenHo. Torma meHTp Macc CUCTEMBI [OLAJIET
B T0uky M, nockoibKy (y + 1)A u (y + 1)aC cuocarest B (z + 1)(y + 1) A1, u ananoruuso (x + 1)B u (x + 1)yC
cuocsrest B (x+1)(y+1)By, a M — cepenuna A; B;. Orciona caeyer, uto (y+1)A u (z+ 1) B 10/2KHBI CHOCHTBCS
na upsamyo CD, re. B Touky (z + y + 2)D. Ionyuaewm, uro z = % Ham ocrasioch j1okasarhb, 4To 910

BeIpazkenne He 6osbie ( + y)/2. Ilociae qomuokeHus Ha x + Y + 2 9TO HEPABEHCTBO OYEBHJIHO.

3. Ileped Aaucot aesrcum wonoda uz 1000 xapmouer ¢ wucaamu om 1 do 1000 (na xasrcdotl xkapmouke posro
00HO HUCN0, KaHCIOE YUCAO POBHO HA OOHOT KAPMOUKE, KAPMOUKU AEHCAM 6 NPOUSBOALHOM Nopadke pybawxol
ssepx). Kaotcdvim wodom Aauca bepem eeprmion kapmy u3 Koaodvi, Kiadem eé auyesol cmoporotl ma cmoa u,
ECAU OHA eULE HE OMMEMUAG HU OOHOT KAPMbL, OHG MONHCEM OMMEMUMD MY KAPMY, KOMOPY0 Jocmana u3 Koaodbvl
HO MEKYW,EM TOY.

Hepa daumes 101 xod, 3a epemsa uepvt Aauca o0basana ommemums ooy xapmy. Ilyemov Aauca ommemuna
xapmy ¢ wucaom A, a wucao M — 5l-oe no seauwune cpedu 101 xapmwu, omxpwimuzr Aaucot. Aauca zouem,
umobv, wucao |M — A| 6via0 kax mooicrno menvwe. JIaa kaxozo naumenvwezo d Aauca moorcem 2aparmuposamo,
umo |M — A| < d Hesasucumo om usHa¥aAbHOZ0 PACTIOAOHCEHUSA KAPM?

OtrBer: 474. Pemenmne. Ilokaxkem, aro d > 474. Ilycrs Asnnca pocTaéT u3 KOJIOABI CJIELYIONLIYIO IIOC/IEI0Ba-

TeJIbHOCTE KapT: 475,474, ...,426,949,950,...,998,1. B satom ciayuae M = 475, u ymbo d > 474, mubo Anmca
JIoTKHa OTMETUTh KapTry 426 < A < 475. Oxnako, ecin ona oTMeTuT Kapty 426 < A < 475, To majtee oHa MOTJIa



BBITANUTH KapThl 949, ...999, u Trorma |M — A| = 949 — A > 474. Caenosarensho, d > 474. Ilpuseném crpareruio
za Auymmcy. Samerum, ato 51 < M < 950. CrenoBaresibHO, €CJIU B KAKOW-TO MOMEHT OHA JIOCTAET KAPTY C UUCJIOM
or 476 no 525, To oHa BbIOeper €€ u JNObOBeTCs KejgaeMoro. Ilogenum ocrasibHble YuCsa Ha 6oavwue (KOTOpbIe
6osbie 525) u masenvkue (Koropsie Menbire 474). Torga mycrs Amuca, yBujes 51-e 6osbinoe nim 51-e MajeHbKOe
qncyio, ormerut ero. Torga M u A OyayT OJHOBpeMEHHO OOJIBIIMMU MJIM OJHOBPEMEHHO MAJIEHbKMMHU UHUCIAMHU.
HerpymHo 3aMeTuTh, 9TO PA3HOCTH MEXKJIY JIIOOBIME JIBYMSI OOJIBIIUME U MEXKLY JIFOOBIMU JBYMsI MAJICHbKUMU HE
npesocxoasar 474. Cuenoarenbuo, Ajmca moxker jpodburbes d < 474.

¢ Tonbko oreHka WM TOMBKO mpuMmep: 4 Hasia.

4. Pacemompum ece nocaedosamenvrocmu us Hyset u eduruy, daunve 2022. /lee nocaedosameabHocmu Ha3o08em
SKBUBAJIEHTHBIMU, €CAU 00HY U3 HUL MOHCHO NOAYHUMD U3 OpY20ll HeCKOADKUMY ONEPAUUAMY CACOYIOULL20 MUNG:
6vi0pamsd 640K Nodpad UOYWUT Yuces, 6 KOMOPOM HEPABHOE KOAUMECTNGO HyAel U eOUHUY, a 3amem NepesepHyms
UT NOPAdOK BHYMPU OA0KG (MaK 6AOK a1,a2, . .., Gy CINGHOBUMCH Qpy Qr_1, ..., a41).

Onpedeaume HaubosvuLee HAMYPAALHOE HYUCAO 1L, OAL KOMOPO20 CYUWECTNEYEM N PASAUNHBIL NOCAEIOEAMEALHO-
cmeti A1, As, ..., Ay, nukaxue dee u3 KOMOPLIT He IKEUBAAECHMHDL.

OtBetr: 2025 Pemnenwne. [Ipusenem mpumep MonapHO HEIKBUBAJIEHTHBIX HOCJIEI0BATEILHOCTEI.

A;=11---100---0 mpm 1 <7< 2023
N———
i—1 2023—1
Aggeq = 101010
Asp2s = 0101 ---01

JIro6p1e onepanun ¢ Asgos 1 Asgas MEPEBOASAT UX CaMUX B celsl, a BO BCEX OCTAJILHBIX A; pasHoe YUCjIo eIuHMuII,

Jlokaxkem, uTo He cymecTByeT 2026 mMomapHO HEIKBUBAJEHTHBIX IIOC/Iem0BaTebHOCTel. JloKarXkeM, nHIyKIHeit
110 JIJIMHE TI0CJIEI0BATEIbHOCTH, 9TO B JIFOOOM MocIe10BaTe/ IbHOCTH X MOXKHO II€PEIBUHYTH BCE €UHUIIBI B HAYAJIO,
KpOMe CJIydasi, KOT/a B Hell eIMHUILI 1 Hyu depeayiorcd. Haitaem B X OJI0K MOAPST MAYIIIX OAMHAKOBLIX UMD
HauboJibIeil Jymabl k. Tak Kak Mbl OTKHHYJIN C/Iydaii, KOrJa HyJd W eIUHUIBl 9epeayIoTCs, TapaHTHPOBAHHO
k > 2. Ilycrs, HYO, 310 610K epuauI (eciu Hysiel, To Oy1eM JBUraTh ero Hanpago). Ecau 3ror 6JI0K He sSBJIsieTcs
HAYaJIOM ITOCJIEIOBATEIHHOCTH, TO MOYXKHO €TI0 CJIBUHYTH Ha 1 BJIEBO

011---1—=11---10
— =
k>2 k>2

[IponenbiBasg 3Ty onepanuio, noka MozkeM, noaydnm 11---1 X’ rne X' maunnaercs ¢ 0. Ecim B X' ne gepemy-

>k ones
HOTCA HYJ/II 1 C€INHUIIBI, TO MOXKHO IIPUMEHUTH K HeMy I/IHILyKHI/IOHHOG IIpeaInoJIozKeHe, 1 HepeILBI/IHyTb BCE e JMHUIIBI

B HadaJio. [IycTb depeyrorcs. Torma cienaem ciepyroree:

11---1010101...—011---1010101...— 11---100101...
N—— N—— SN——
l /41 l+1

B ocrasmemcs KYCKe€ €JUHUIIbI 1 HYJIN HE Ye€PEAYIOTCAd, IIO3TOMY 110 MHAYKIIMOHHOMY IIPEIITOIO2KEHUIO MO2KHO
BCe €IMHUIIbI CIBUHYTH B Ha4aJIo.

‘ Tosbko npuMep IMOoIIapHO HESKBUBAJICHTHBIX HOCJIe,HOBaTeJIbHOCTEIU/Ii 4 baJa.

¢ Ornenka, 9TO HET IPYIUX KJ1accoB: 6 6AJIIOB.

5. Touxa I — uenmp enucannoti oxpyscrocmu mpeyzoavhuka ABC, a wa, wp, Wo €20 BHEBNUCAHHBIE OKPYIHC-
nocmu. Iyemo L4 — npamas, NPOTOOAUGA HEPE3 MOYKYU KACGHUA KACAMEALHHX U3 I K wa, anaro2uumno onpe-
deasromes npamwvie £g u L.. Joxascume, wmo opmouenmp mpeyzosvruka, obpasosarrozo npamvimu 4, €g, Lo,
cosnadaem ¢ mouxoli Hazeas mpeyeoronura ABC.

Pemtenne. Crnadasna JJOKaXKeM OJIHY JIEMMY.

Jlemma. Ilycts Touka P jiexkur BHe okpyx)HOCcTelr {21 u (o. Ilycre {1 — npsiMasi, TPOXOAAIIast dYepe3 TOUKU
KACAHUS KACATEIbHBIX 13 P K ()1, aHAJIOTUTIHO OTIPEIETNM JIUHUIO {9, U TyCTh () OYIeT TOUKOM Mepecedennst MPSIMbIX
l1 u fy. Torna cepennna orpeska P(Q) jiexxuT Ha paJuKaabHOR ocr {21 1 9.

JokazarenbcrBo jieMMbl. Ilycts ) — OKpyzKHOCTH ¢ meHTpoM P 1 HyseBbiM pajuycoM. OO03HAYUM TOUKU
kacanng n3 P k Q1 u 29 wepes3 Sy, 11, So u Ts. Torna cpeausist munus Tpeyroiabauka PS17Th, mapasnenbaas S177,
SIBJISIETCsT paJUKaJIbHON ocbio () u §)1. AHajorudHO, cpejHsis JuHUs TpeyrojbHuKa PSoTh, mapasutesbaast SoTh,
SIBJISIETCS paJauKaabHOi ochio () 1 {29. Tak Kak cepemuna oTpe3ka P() 1eKuT Ha 00enX STUX 0CIX, MbI 3aKJIFOYAEM,



YTO OHA SABJISIETCS PAIUKAJIBHBIM 1eHTpoM 2, 21 u 5. Takum obpa3oM, OH TaK¥Ke JIESKUT Ha PaIuKaJbHONR ocHu {2y
n QQ.

IIycte A — TpeyronbHEUK, o6pa3oBaHHbI npsiMbiMu L4, £ u {o. Ilyers Tak:ke H — oprornentp A. 3aMernM,
YTO CTOPOHBLI A IapaJule/IbHLI OMCCEKTPHUCcaM BHEIIHUX yriaoB Tpeyroibuuka ABC. Takum o6pasom, BHICOTHL A
napaJijieJIbHbl IMONapHBIM paaukaJbHbIM ocsiM 24, Qp u Qo. W3 gemMbl ciaenyer, 9To cepeiuHa orpe3ka [ H siB-
JIIeTCd paIuKaJabHBIM 1eHTpoM 4, Qp n Q¢. Obo3uaunM dYepe3 J MEHTP BIUCAHHON OKPYKHOCTU CEPEINHHOIO
TpeyroJibHUKA Jijist Tpeyrosibauka ABC. Torna J siBistercst cepeinuoit orpeska I N, mockosibKy Touka Harejist Tpe-
YTOJIbHUKA COBIAIAET C IIEHTPOM BIIMCAHHON OKPY2KHOCTHU YIBOEHHOI'O TpeyTroJbHIKaA. HaMm ocTramoch 10Ka3aTh, 9T0
J siBiIsieTcst paJuKaabHBIM HeHTpoM 24, g u Q. Torna us sroro cpasy ciemyer, 9ro Touyku H u N coBIAIAIOT.
[Iycte M — cepenuna cropoust BC, u nycrs g u Q¢ kacaiorcs npsmoit BC' B Ttoukax U u V' cooTBeTCTBEHHO.
Torma M siBastercst cepenunoil orpeska UV, a saauur M JjiexxuT Ha pagukaibHoil ocu g u Qo. Kpome Toro, Tak
Kak TpeyroabHnK ABC u ero cepeIuHHBI TPeyroJbHUK MOMOTETHYHBI, caemyer, 4To upsmbie MJ u Al mapaJ-
JIEJIbHBI, a 3Ha4uT, upsaMast M J neprnenauKyaspHa IpsMoil mpoxoisiieil yepes3 neaTpol 2 u Q. Takum obpazom,
upsamMas MJ coBnajiaer ¢ paaukKaiabHOR ocbio 2 u Q¢. Anasorudno, J J1eXKUT Ha paJuKaIbHBIX ocsax 24 ¢ Qp u
Qc¢. CrnemoBaresibHo, J IECTBUTENIBHO SIBJISIETCS PaJIuKaJbHBIM IeHTpoM (24, 0 1 Q.

6. Jano namypasvroe wucao n, ceobodnoe om keadpamos. Ilycms D — mHoscecmso 6cexr HAMYPALLHBIT Oe-
aumenett n. IHodmnoorcecmea A,B mnooicecmea D ydosaemsopsrom ycaosuro, umo oas awbwvx a € A ub € B
cnpasedauso, wmo a He deaumcsa Ha b u b we deaumes wa a. Joxasrcume, wmo

VIAl+VIBl < VIDI.

Pemrenne. 3amernm, uro ecm aq|z|ag, rie aj,aa € A, T0 MBI MOXKeM JI06aBUTH T B A, He HapyIlasi yCJIOBHSI.

CrnemoBarebHO, HEPABEHCTBO JOCTATOYHO JOKA3aTh TOJIBKO B CIydae, KOTJla T TakyKe MPUHAIEKAT A.

ObozuauuM gepe3 V' MHOXKeCTBO 1uces u3 D, sBJISIFOIUXCS JIeJIUTESIMA XOTsI OBl OHOrO ducia a € A. Anajo-
ruaHO, obo3HaunM depe3 W MHOKecTBO wmcen u3 [, KPATHBIX XOTs ObI OHOMY 9uciay a € A.

Jlemma. |A||D| < |V||W].

Jlokasamenvcmeo Gyner sBectuch unykunueii no |D|. Basza |D| = 1 oueBumna.

Ilepexom.

Bribepem p — menurens n u pazobbém D Ha MHOKecTBa Do m D1: B D1 cobpaHBI JeTUTENN N, ASTANINECT Ha
p, a B Dy — ne pensituecs. Auanmorngsno nocrynum ¢ A, V u W.

Tak kak |Vp| > [Vi| u [Wp| < |W1|, To, npumenus nepaBeHcTBO UeOBINEBA, MBI Oy THM

VW] = (IVol + Vi) (IWo| + [Whl) = 2 (Vo [Wol + [Vi[[Whl)

Haiee, pasnenus Bee uncia u3 D Ha p; W BOCHOIB30BABIIACH IPEIIOIOKEHIEM NHIYKIUH, MbI IOy 4aeM
2 ([Vol|[Wo| + [Va|[W1l) = (|Aol| Dol + |A1||D1]) = |D|(|Ao| + |A1]) = |A[|D].

ITo npeanosnoxkennio A C VNW, a rakzke VUW C D\ B. Orcroga cieayer, 94To

DI =Bl +|A| > [VAW|+[VUW]| = [V|+ |W| = 2{/[VIW] > 2¢/|A] D],

9TO0, KAK HETPYIHO MOHSATH, PABHOCUIBLHO TPeOYeMOMY HEPABEHCTBY.

¢ okazana jiemma u3s pemtenusi: 4 6aJuia.

7. Bepno au, wmo 0as 2106020 MOAOIHCUMEADHO20 GEULCTNEEHHO20 YUCAL N CYULCTNEYEM HATMYPAALHOE YUCAO
n = 2 u n HAMYPAALHLIT YUCEA A1, G2, ..., Gnp MAKUT, wmo a1 < az < ... < ap, < 2"\ u dasa 1106020
k=1,2,...,n

HO/(a1,ar) + HOA(az,ax) + ...+ HOd(an,ar) : ax?

OtBer: Bepno. Pemrenne. TpebyeMbie JIeJMMOCTA SBJSIOTCH CUMMETPUYHBIM YCJIOBHEM, IIOTOMY CHAYAJA

HaEM MHOXKECTBO YHCEJI, YIOBJIETBOPSIONINX JAHHOMY YCJIOBHUIO, a MOC/IE YIOPSAIOYUM €ro U MOJIy9IUM COOTBET-
CTBYIOIIMT HAOOD a;.
Byuem crpouts npumep Buja

{b17 ey bN+2t7t+1} = {p17p2) <.y P2ty 2t7 2t+17 ey 2N}7

rJe p; — Pa3JIndHble IPOCThIE YHUCIa, a HapaMeTpsl ¢, N Mbl BBIOEDEM TI03Ke.



3aMeTnM, 9TO JIeJIMMOCTD U3 YCJIOBUS BBITTOJTHEHA I CTeleHeil TBONKM:

N+2t—t+1
> HOH(b;,2") = ZHOI[pZ,T“ +Z 20 ok =2t - (2F — 2y 4 (N — k4 1)2F ¢ 2k

j=1

NAZ=HL ocd by, pr) = N + 28 — £+ py.

Haxkomerr, jiist BBIIIOJIHEHUsI HEpaBEHCTBAa HaM JIOCTATOYHO, qTo6m BCE IPOCTBbIE YHUCJIA ObLIM MEHbIIIE
raxse 2V < N2NF2' =L 16 ecrp 2071720 < ),

Bcee stu ycinoBus mMoxkHO BbIIOJHUTL. CHadasia BO3bMEM ¢, JIJI KOTOPOIO < )\, 3areM BO3bMéM 2
Pa3IMIHBIX TPOCTHIX uncelr. Iloce monbepém N, cpaBamMOe ¢ ¢ — 2! 0 MOYIIIO P . . . Pat, KOTOpPOE OyIeT GobITe
Bcex pg. Ilpy Takux ycioBusX Hall OpuMep OyAeT yIOBJIETBOPITH BCEM YCIOBHSIM.

JL71st IPOCTBIX YUCES Mbl XOTUM JIEJIUMOCTHU HA Pi BBIPAXKEHUsI Z
2N a

2t+1—2t

8. Ilpu xaxom nauboavwem N cywecmsyrom wucaa 0 < x1, T3, ..., <2022 w0 <y, ¥, ..., yn < 2022,
maxue, ¥mo npu ecex 1 <1< j < N
Yi Y 1 0
> ?
wi gl iy + )

OTser: 3-20223. Pemenwme. Paccmorpum na KoopaumarHoii miockoctn N Touek Pi(x;, ;). Tlo yenosmo onn

JexkaT B KBagpaTe K, 3aganaoM HepaBeHcTBaMm 0 < x < 2022, 0 < y < 2022, HO He Ha €ro JIeBOU CTOPOHE.

YMHOXKAas HEPABEHCTBO U3 yCJIOBUS HA LT, TIOIYUUM |T;Y; — XjY;| = B HaIeil reoMeTpuIecKon HHTepHpe—

Yi +y
TaIlUd 3TO 3HAYUT, ITO ILIOMIhL Kazkaoro Tpeyronbuuka OF;Pj, rie O — Hagalo KOOPIUHAT, He MEHbIIIe Q(Tﬂh)
[lepenBunem Kaxkayio Touky P; Baosb jsyda OPF; Tak, 9To0bl OHa HOMaJa Ha CTOPOHY KBajapara K (asjrebpamte-
CKU — yMHOXKHMM 00a Yucja KaxkJoi mapbl (x;,y;) Ha OJHO U TO YK€ YHCJIO TaK, 4TOObI OOJIbIee U3 YUCE]T CTAJIO
pasao 2022). O4eBuHO, yCIOBHE Ha IUIOMAIN TPEYTOJBHIUKOB COXPAHUTCHA. PaccMOTPUM O OT/IEIBHOCTH TOYKA
Ha BepxHeil u mpaBoii cropoHax kBajpara (IpaBblii BEPXHUIT yroJ1 IPUIUIIEM K BEpXHEH CTOPOHE).

[TockombKy it J0OBIX JABYX TodeK FP; m P; Ha Bepxmeil cTopone mioma/s Tpeyronbanka OF; P; e Menbine
2(yii‘yj) = 4~2%)22a a BbIcOTa, onymennas Ha P;P; uz O pasna 2022, xaxk/plit oTpesok P P; umeer uHy He MeHee
m, TIO9TOMY TaKHX OTPe3KOoB He Gomee 2 - 20223 — 1 (mamommmM, 9To TOUKH ¢ abcemuecoit 0y Hac GBITH He
MOXKET), & TOUEK Ha BepxHeil cropone He Gosee 2 - 20223

Hnsa mobbix aByx Touek F; m P; ma mpapoil ctopone mMmeeMm x; = x; = 2022, y;,y; < 2022. Ilo yciaosuro

TO €CTh ]yf — y]2| = ﬁ. I[TosToMy Touek Ha IpaBoii cropore He Gosee 20223
2022) c 1 <k <

|?/ yj|/m

[Ipumep 3 -20223 nap, yI0BIETBOPSIONINX YCJIOBHIO, J0CTaBIsioT 2 - 20223 Touek Buja (2 30992 >

220223 u 20223 Touex Buma (2022, 2022) c0 < k <20223—1. Ecin 1Be Touku P; n P; nexxar Ha ofHOIl cTOpOHE

kBajpaTa K, ycjioBue jijisi HUX BBIIOJHEHO 110 TocTpoeHuto. Ecu ke rouka Pj(x, 1) jilexkuT Ha BepxHeii cTOpoHe, a

touxa P;(1,y) na npasoii, paccmorpum Touky FP(1,1). ITo mocrpoenuio mioniaaps Tpeyroasanka O P P; He MeHbIIe

f—fylﬂ)' A mnomans Tpeyronbuuka OP;P; emé 6oibire (Tak Kak cropona OF; y Hero ta ke, a BbICOTa 0OJIbIIIE).
odToMy TOUKHN F; n Pj TakzKe yJIOBJIETBOPAIOT yCIOBHIO.

¢ TosbKo oneHKa MM TOJIBKO IpuMep: 4 GaJuia.

9. Jana napa sewecmeennvir wucea (ag,bo). Onpedeaum nocaedosamenrvrocmu {a;} u {b;} coommowenuem
Upt1 = A + by U by = apby das scexn =0, 1, 2, .... Hatidume ece napwv. (ag, by), das Komopux aspee = ag U
b2o22 = bo-

Orser: Ilapsl Buzna (a,0), rae a — moboe Bemecrsennoe.  Pemenne. JIerko BujieTh, 9TO Haphl U3 YCJIOBHSI

nonxoasaT. Jlokaxkem, 1To B J1000i moxosImeit nape obstzaresibao by = 0. [IpocymMmMupyem 1o epuoty cieryromnme

BEJINYUHBI:

2021 2022 2021 2021 2021 2021

E Qip1 = E Qip1 = E (ai—i-bi): E ai—l—g b, = E b; = 0.
=0 =0 1=0 1=0
2021 2022 2021

0= E bi = E bi = E aibz
=0 =1 =0
2021 2021 2021 2021 2021 2021 2021 2021

ZazH—Zaz—i-b Za +Zb2+22alb—2a +Zb2:>Zb2

¢ Tonbko orBer ¢ nmpumepom: 0 GaJLIOB.



10. okycHuk ¢ NOMOWHUKOM COOUPAIOMCA NOKA3AMD MAKOT GOKYC: 3PUMEAL COOOULAETM NOMOWHUKY HATNYPAAD-
noe wucao om 1 do 22922, ITomowgrnur svinucweaem cmpoky oaunve 4044 us 6yxe A, B, B. 3pumeav cmompum
Ha AMY CMPOKY, svidupaem 00HY U3 Mpex OYKE U CMmuUpPaem 6ce 8LodHclenus subpartot bykev, ud cmpoku. Ilocae
2Mo20 PoKYCHUK, 2408 MG OCMABWYIOCA CMPOKY doadicer Yeadambv, KaKoe “ucao 3azadas apumens. Mozym au
POKYCHUK U NOMOWHUK J02080DUMBCA MAK, 4MOObL POKYC 2aPAHMUPOBAHHO YIAACAT

OtBer: Moryr. Pemenune 1. ComoctaBuM KayKIOMYy THCIY TOCTIEIOBATEIBHOCTE U3 OYKB A m B mmmb

2022. B »sToit mociegoBaTeIbHOCTH TIOCTE KaxK10i OyKBhI mmoctapuM OykBy B. Ilomyumm ctpoky mmmuabl 4044. Eé
U 3aTWIIeT TOMOIHIUK, 38 UCKIIOUEHIEM JIBYX CJIYUAEB: €CJIN TOCIeI0BATEILHOCTE COCTOUT TOJIBKO n3 OYyKB A, TO
OMOIIHUK TteT cTpoky u3 4041 6ykeer B u aByx 6ykB A u onuoit B. Eciiu nocsenoBaTeibHOCTD COCTOUT TOJIBKO
3 O6ykB B, To momorauk et ctpoky u3 4040 6yke B u Tpex 6yks B u ognoit A. [Tokaxkem, 9T0 mocsie yaaaeHust
KaKO-TO OYKBBI, (POKYCHUK CMOXKET BOCCTAHOBUTB MCXOIHYIO IOC/IEI0BATEILHOCTh. Ha3oBeM Bce CTPOKHU, KpOME
JIBYX UCKJTIOYUTEIHHBIX, CTPOKAMH MTEPBOTO THUTA. A MCKIIOYATETHHBIE CTPOKH BTOPOTO THIIA.

1) B crpokax nepsoro Tuma ocranercs win posHo 2022 cumBosia A u B, uin posro 2022 cumBosia B u ¢ckosibKo-T0
cuMBojioB A mimm B. O4ueBriHO, U3 CTPOK BTOPOTO THIIA TAKOI'O OCTAThCsT He MOXKeT. [109ToMy MBI MOXKEM OTJIUIUTH
CTPOKHM IIEPBOTO THUIIA OT BTOPOr'O, U MOXKEM Pa3JINIUTh CTPOKH BTOPOrO THUIA JIPYT OT APYTa, TaK KaK TaM Pa3Hoe
KOJTUIECTBO BXOXKJICHUI OJTHON U TOH 2Ke OYKBBI.

2) IokaxkeM, 9TO MBI MOXKEM OTJINYATH CTPOKU MEPBOro THla. Ecm Mbl BHANM, 9TO OCTAJIACH [TOCIIE0BATEb-
vocTh u3 2022 6ykB A u B, To MBI TOHUMaeM, 9TO pOBHO €€ u 3arajaJt nmomMomHuk. [lycts Mbr Bugum posHO 2022
O0yke B u emé ckonbko-To OykB, HanpuMep A. Kaxayo OykBy A obbenuHuM ¢ uayiieil nocie Heé B u omHOBpE-
MEHHO KaXKJIyI0 Iapy 3aMeHuM pocTo Ha OykBy A. Bcee 6ykBbl B, KoTophie He Bomu B mapy ¢ A, 3amenum Ha b.
MBI MOTy9YHIH TTOC/IEI0OBATEIBHOCTD, 3ara/IAHHYIO TOMOITHUKOM.

Pemenne 2. Haszosém 6a0kxom nocienosarensuoctu suga A...AB...BB ...Bu B...Bb...BA ... A, B KoTO-
poix nopoBry 6ykB A, B u B. Paccmorpum crpoku jyinabt 4044, cocrosiinye w3 OJHOTO MM HECKOJIBKUX MOJIPSI]T
uaymux 0/10k0B. [lokaxkeMm, 9TO MpU CTUPAHUU BCEX BXOXKIEHWI JIIOO0OH OYKBBI CTPOKHU OCTAIOTCS PA3IUIHBIMU.
eiicTBUTEIEHO, TIOCIE CTUPAHUS OCTAETCs CJIOBO, cocTosmiee u3 6yiokoB X... XY... Y u Y... YX...X. [TocmoTpes,
CKOJIBKO pa3 B HadaJIe MOBTOPSIeTCsI IiepBast OyKBa, MbI OIIPEJIEJIUM [T€PBbIi 0JI0K. AHAJIOTMYHO, MOYKHO OIPEJIETUTD
BTOPOI#i OJIOK, U Tak JaJiee.

Tax Kax moceoBaTesbHOCTel 13 N 610K0B Gyser 2"C4,t, To Beero Takux crpok Gymer Y. 2"C7hE = 2(2 +
1)1347 = 231347 Tlokaxewm, aro 2-31347 > 22022 Jlejicrurensho, 231347 = %9674, 22022 — 8674 'yt 110 HepaBeHCTBY

9674 674 3
Bepuyimn nmeem (8) z1+2F >3

Takum ob6pazom, POKYCHUK M MOMOIIHUK MOTYT COIOCTABUTH KaXKJIOMY YHUC/IY CTPOKY, COCTOSIIYIO U3 0JI10-
KoB. U Tak Kak IocJie CTUPaHUsi CTPOKHU OCTAIOTCS PA3JUIHBIMU, TO (POKYCHUK CMOXKET BOCCTAHOBUTH CTPOKY, H,

CJIe10BAaTE/JIbHO, YUCJIO, 3a/[yMaHHOE€ 3PUTEJIEM.



XXV KYBOK ITAMATN A.H. KOJIMOTOPOBA. Tsepsp, 28.11 — 05.12.2022

IOHuopel, neppas Jjura, 3 Typ, pelllieHus U YKa3aHWUs JIJIsl XKIOPH.
¢ Ouenka B 6 6a/I0B B KPUTEPHUSIX O3HAUAET OTCYTCTBUE PELICHUs, €CJIA SIBHO HEe OrOBOPEHO 00paTHOE.
¢ Hepas6op ciydaeB B KJIaCCHYECKON MeOMETPUU IPU YCIOBUHU, YTO XOTs OBbI OJMH CYIIECTBEHHBLIA ciiydail paso-
Opan — JpIpa He 6osee 4 baJIoB, ecin obpaTHoe He oropopero. dror Kpurepuit HE OTHOCUTCA k 3amagam o
KOMOHHATOPHOI MeOMEeTPUH U NeOMETPUIECKIM HEPABEHCTBAM.

1. Bnympu mpeyeoavruxa ABC (AB = AC) ewbpana mowka D maxas, wmo LDBC = 30°, ZDBA = 50°,
/DCB = 55°. Hatidume yzon DAC.

OrBer: 5° Pemrenme 1. Ilycth 6uccekTpuca yrima A mepecekaer orpe3sok BD B touke E. Torna /EBC =
ZECB = 30°, ZECD = £/DCA = 25°, Z/CED = /ZECD + ZCBE = 60°, ZAED = /EAB + ZEBA = 60°.
CanenoBareibHo, ID — 1eHTp BlMCcaHHON OKpy»kHOCTH Tpeyroibhauka AEC, /CAD = Z/DAE = 5°.

Pemtenue 2. Ilycte /DAC = «. llepeMHOXUB TeopeMbl CHHYCOB it TpeyrojbHukoB NABD u NACD,
TTOJTY M
~ BA DA sin(70° - «) sin 25°
T AD AC ~ sin50°  sin(25° + a)
HokaxkeMm, aTo o« = 5° yjioByieTBOpsieT 3TOMY paBeHCTBY: sin 30° - sin 50° = sin 25° - sin 65°. YTo BepHO, Tak
Kak 2sin 25° - sin 65° = 2sin 25° cos 25° = sin 50°. Hy o cymme yruos (70° — a) + (25° + «) = 95° u 3aganHOMy
OTHOIIIEHNIO CUHYCOB YTOJI (v ONPEJIE/ISIETCS OTHOZHATHO.

¢ Tospko orser: 0 6anIoB.

2. Ha cmoponax AC, BC, AB mpeyzosvnura ABC evibpanvs mouxu Ay, By, D coomeemcemeenno. Ompesku
CD u A1B;1 nepecexaromes 6 mouxe M, npuuem AyM = B1 M. Hoxascume, umo

AA; BB DM
+ =2 .
AC  BiC MC
Pemtenne. O6oznatum r = fﬁ%, Yy = ngC{, z = %. Ham myxkno mokasars, uto = + y = 2z. IloctaBum B

geprmabl A, B,C maccet y + 1, x + 1, (y + 1)z + (x + 1)y coorBercrBerHo. Torma meHTp Macc CUCTEMBI OLAJIET
B Touky M, nmockoibKy (y + 1)A u (y + 1)xC cuocarcs B (z + 1)(y + 1) A1, u ananoruuno (x + 1)B u (x + 1)yC
cuocsirest B (x+1)(y+1)B1, a M — cepenuna A; B;. Otciona caenyer, aro (y+1)A u (z+ 1) B 10/2KHBI CHOCUTBCSE
Ha npsmyto C' D, r.e. B Touky (z 4+ y + 2)D. Tlonyuaem, uro z = % Hawm ocranoch moka3aTh, 9TO 3TO

BbIpazkenue He 6oubiie (x + y)/2. Ioce qomuokeHust Ha T + Y + 2 970 HEPABEHCTBO OYEBHJIHO.

3. Ileped Aaucoti aesrcum xonaoda uz 140 xapmouer ¢ wucaamu om 1 do 140 (ha xascdol kapmouke poeHo 0dHo
YUCAO, KAHCIOE YUCAO POBHO HA 00HOT KAPMOUKE, KAPMOUKU AEHCATN 6 NPOU3BONLHOM NOPAJKE PYbawKol 66epx).
Kaorcdvim xodom Anuca bepem seprHiot Kapmy ud kKoa00v, KAadem e€ Auuesoti cmopoHoti Ha CMOA U, eCAl OHA eWé
HE OMMEMUAG HU 00HOT KAPMBL, OHA MONHCETM, OMMEMUMD MY KAPMY, KOMOPY0 JOCMALG U3 KOA0O0bL HA MEKYULLM
T00Y.

Hepa daumesa 101 xod, 3a epemsa uepvt Aauca 0basana ommemums o0y xapmy. Ilyemov Aauca ommemuna
Kapmy ¢ wucaom A, a wucaso M — 5l-oe no seaunune cpedu 101 xapmor, omxpomoir Asucoti. Aauca xouem,
wmobol wucao |M — A| 6viro kax mosrcno menvwe. Jlas kKako2o naumernvuwezo d Aauca mMoxHcem 2aparmuposamsy,
umo |M — A| < d mesasucumo om usHa4aAbHO20 PACTIOAOHCEHUSA KAPM?

Otset: 39. Pemrenne. [Ipuseném crpaterns 3a Amucy. 3amernm, aro 51 < M < 90. CieoBaTesbHO, TaK Kak

B KaKOW-TO MOMEHT OHa JIOCTAET KapTy ¢ uncyioM oT 51 10 90, To ona BbIOEpeT e€ n JTOOBETCST KEJTAEMOTrO.

[Tokazkem, aro d > 39. IlycTb Astnca 70CTa€T U3 KOJIOBI CIIEY FOIILY O TIOCIE0BATEIBHOCTE KapT: 2,3, ...51,90,91, ...

Ecim Asnmca orMernT KapTy B IEpBOIl HOJIOBHHE CIHCKA, TO JAJbIIe OHA MOXKeT jocTarb 140, W MBI IOJIyqnM
|M — Al =90 — A > 39. Eciin ke Asmca orMeTuT KapTy BO II€PBOii IIOJIOBHHE CIIICKA WJIM HE OTMETUT BOBCE, TO
nocJsie Hell KapToii oHa MoXKeT jocrarh 1, u Mbl noayuum |[M — A| = |51 — A| > 39. Cuenosarenbho, d > 39.

¢ TosbKo oreHKa MM TOJIBKO IpuMep: 4 GaJuia.
4. Paccmompum ece nocaedosamenvhocmu u3 wyset u eduruy, daunove 2022. /lee nocaedosamesbHocmuy Ha3osem
SKBHUBAJIEHTHBIMU, €CAU 00HY U3 HUX MOHCHO NOAYUUMDS U3 0pY20T HECKOADKUMU ONEPAUUAMU CACIYOULEL20 TMUNA.

evilopams 6.40% N00PAO UOYULUT “UCEN, 6 KOMOPOM HEPABHOE KOAUMECTNGO HYAET U eOUHUY, G 3amem NePesepHymb
Uz NopAdok enympu 6A0Ka (Max 6A0K a1, a2, ..., Gy CMAHOBUMCA Gy, Gp_1, . . .,a41).



Onpedesume HaUOOADULEE HAMYPAABHOE YUCAO T, OAA KOMOPO20 CYWELCTMBYEM N PASAULHHLT NOCACI0BAMEADHO-
cmeti Ay, Aa, ..., Ay, HuKaKUE JBE U3 KOMOPIT HE IKGUBAAEHINHDL.

OtBetr: 2025 Pemneunwne. [Ipusenem mpumep MonapHO HEIKBUBAJIEHTHBIX HOC/IEI0BATEILHOCTEI.

A;=11---100---0 mpm 1 <7 <2023
S——
i—1 2023—1
Asp24 = 1010---10
Aggos = 0101 ---01

JIto6b1e omeparun ¢ Agpeg 1 Asggas TEPEBOISAT WX CaMUX B cebsl, a BO BCEX OCTANBHBIX A; pa3Hoe YHCIIO €JTUHMIII.

JoxkaxkeMm, uTO He cymecTByeT 2026 momapHO HeIKBUBAJEHTHBIX TOCJIen0BaTebHOCTel. JlokaxkeMm, nHIyKIuei
110 JIJTMHE TI0C/I€I0BATE/IbHOCTH, ITO B JIIODOH MOC/IeI0BATE/IbHOCTH X MOYKHO IIEPEIBUHYTH BCE €IUHUIIBI B HAYAJIO,
KpoMe CJIydasi, KOTJia B Hell euHuIbl U Hysm depeayrorcs. Haitnem B X OJI0K TOJPSI MIyIIUX OJIUHAKOBBIX 1TA(P
HauboJibieil mymabl k. Tak Kak Mbl OTKUHY/IU CIydail, KOrJga HYJX W eIUHUIBl 9ePeIyIoTCs, TapaHTUPOBAHHO
k > 2. Ilycre, HYO, 310 610K emuuIr (eciu HyJieii, To Oy/1eM JBUraTh ero HampaBo). Kcau 3ror 6JI0K He siBJIsieTcst
HAYaJIOM TIOCJIE/IOBATEIBHOCTH, TO MOYXKHO €TI0 CJIBUHYTH Ha 1 BJIEBO

011---1—=11---10
—_— =
k>2 k>2

[TponenbiBas 3Ty onepanuio, moka Moxkem, noayunm 11---1 X’ rne X’ nauunaercs ¢ 0. Eciim B X/ ne uepemy-

>k ones
IOTCA HYJ/IN U €/IUHUIBI, TO MOXKHO IPDUMEHUTH K HEMY NHYKITUOHHOE IIPpEAIIOJIO2KeHne, U IIepeJIBUHYTH BCE € JTUHUIIbI

B Hauaso. Ilycrs yepemaytorcsa. Torma cuemaem ciemyroriee:

11---1010101...—011---1010101...— 11---100101...
~—— ~—— ——
L l+1 I+1

B ocraBmemcsa Kycke enmHUITBI U HYJIN HE UePeAYIOTCs, IO3TOMY IO MHAYKIIMOHHOMY IIPEATIOJIOKEHTIO MOXKHO
BCE €JIMHUIIBI CJBUHYTH B HAYAJIO.

¢ TosibKo pUMep MOMapHO HESKBUBAJEHTHBIX IOC/IEI0BaTe/IbHOCTEH: 4 Haia.

¢ Orenka, 9TO HET JIPYyrUX KJaccoB: 6 6AJIIOB.

5. Touxa I — uenmp enucarnoti oxpysrcrocmu mpeyeoavhuka ABC, a wa, wp, Wo €20 BHEBNUCAHHBIE OKPYIHC-
nocmu. Iyecmo L4 — npamas, NPoOTodAUGA HeEPe3 MOYKYU KACGHUA KACAMEALHHIX U3 I K wa, anaro2uuHno onpe-
deasromen npamvie £g u L.. Joxasicume, wmo opmouenmp mpeyzosohuka, obpazosarmnozo npamoimu L4, g, Lo,
cosnadaem ¢ mowkot Hazeasn mpeyzorvrura ABC.

Permtenne. Cuavyaja JT0KazkeM OIHY JIEMMY.

Jlemma. Ilycts Touka P jiexkur BHe okpyxKHOCTel 21 u (o. IlycTh €1 — mpsiMasi, IPOXOJAIIAs depe3 TOUKH
KacaHts KacaTeJbHbIX 13 P K (1, aHaJJOrMIHO OIPeIeInM JIMHUIO fo, U IyCcThb () OyIeT TOYKOIl mepecedeHusl IPSIMbIX
f1 n £o. Torna cepenuna orpeska P(Q) jiexkuT Ha pajJuKkaabHOR ocu 21 1 9.

JlokazaTreabcTBo JieMMbl. [Iycth 2 — okpyKHOCTH ¢ IeHTpoM P u HysneBbiM pagmycoM. OO03HAYMM TOYKH
kacauus u3 P x 0y u Qo wepe3 Sy, 11, So u 1. Torna cpennsist muaust Tpeyrosbanka P.S17T1, mapautenbaast S177,
SIBJISIETCS paJUKaJIbHOI ocbio ) 1 §)1. AHaAIOrM4YHO, CpelHsis JUHUS TpeyroJbHuka PSoTh, mapauienbHas Solb,
sIBJISIeTCs paJuKaIbHOI ochio () n {29. Tak Kak cepeauna orpeska P(Q) j1exKuT Ha 00enX 9THX 0CSIX, Mbl 3aKJIIOYAEM,
qTO OHA SIBJISIETCS PaIuKAILHBIM ITeHTpoM §2, 01 u s, Takum 06pas3omM, OH TaksKe JEKUT Ha paInKaJbHON ocu (g
n QQ.

IIyctb A — TpeyronbHuK, o6pasoBaHHbI npsiMbiMu L4, £ u £o. Ilyers Tak:ke H — opronentp A. 3aMernM,
YTO CTOPOHBI A IapaJule/IbHLI OMCCEKTPHUCcaM BHEIIHUX yriIoB Tpeyroibuuka ABC. Takum o6pasoM, BHICOTHL A
nmapaJijieJIbHbl MONapHBIM paJukaJbHbIM ocsiM 24, Qp u Qo. V3 gemMbl cienyer, 9To cepejiuHa orpe3ka [ H siB-
JIgeTCd paIuKaJabHBIM 1eHTpoM 4, Qp u Q¢. Obo3HauuM dyepe3 J MEHTP BIMCAHHON OKPYKHOCTU CEPEINHHOIO
TpeyroJibHUKA Jjist Tpeyrosibauka ABC. Torna J siBistercst cepennuoii orpeska I N, mockoybKy Touka Harejist Tpe-
YTOJIbHUKA COBIAIAET C IIEHTPOM BIIMCAHHON OKPY?KHOCTHU YIBOEHHOI'O TpeyTroJbHIKaA. HaMm ocTraioch 10Ka3aTh, 9T0
J sBjsieTcst paguKaabHbIM 1eHTpoM {24, 2p u Q¢. Torma u3 sroro cpasy cieayer, 9o Touku H u N COBIaJAOT.
[Iycte M — cepenuna cropoust BC, u nycrs 2p u ¢ xacaiorcst npsmoit BC' B Toukax U u V' cooTBETCTBEHHO.
Torma M siBastercst cepenunoii orpeska UV, a suauur M jiexxuT Ha pagukaibHoil ocu Qg u Qco. Kpome Toro, Tak
Kak TpeyroiabHuK ABC u ero cepeIuHHBI TpeyroJbHUK MOMOTETHYHBI, ciaenyer, 4ro upsmbie MJ u Al mapaJ-
JIEJIbHBI, a 3Ha4uT, upsaMast M J neprneHauKyaspHa IpsMoil mpoxoisineil yepes neaTpol 2 u Q. Takum obpazom,



npsamas MJ coBnajiaer ¢ pajaukaiabHOi ocbio g u Q¢. Anasorudno, J j1exKUT Ha paJiKaabHBIX ocsax 24 ¢ Qp u
Qc¢. CinemoBaresibHo, J IeCTBUTENIBHO SIBJISIETCS PaJuKaabHBIM HeHTpoM 24, Qp 1 Q.

6. Mnoowcecmso M cocmoum us n anemenmos. Obosnavum 2M muoocecmeo ecex noommosicecms mmoscecmea
M, nycmo A C 2M. O6osnavum 3a B mmoocecmeo scex maxux s € 2M | daa xomopwx natidemesa xoma 6v. 00um
maxoti anemenm a € A, wmo s C a. O6osnavum 3a C mroscecmso ecex makuz s € 2M | das komopwx natidemea
xomasa 6v. 0dun makol anemenm a € A, wmo a C s. Jokaocume, wmo |B| - |C| = 2™ - |A|.

Pemenue. Jleiicreyem unykimeii o n. Ilycrs x € M. Pazobbem Bce 2M na muozkecrso S1 Tex noamuoxkects M,
KOTOPBIE COJAEPKAT X, ¥ Ha MHOXKECTBO Sy TeX IMOAMHOXKeCTB M , KOTOpble He cojepKaT x. AHAJOIMYHO OLPEIEIAM
A= ANS;, B, = BNS;, C; = CNS;. Bynem obozaayars pasMepbl MHOXKECTB COOTBETCTBYIOLIEH CTPOUHOIL
6ykBoii. [lo MHIYKIIMOHHOMY IIPEIIIOJIOXKEHUIO nMeeM bicy > 2" lay m bacy > 2" lay. Kpome Toro sico, 4To
by < by, mOTOMY YTO KaxKJOMy S € Bj MOXKHO conocraBuTh s \ {z} € By. Anasorudso, ¢; = cy. [losromy, mo
TpancHepasencTsy, be = (by + bo)(c1 + ca) = 2(bicy + baca) = 2(2" Lag + 27 tag) = 2"a.

7. Cywecmeyem Au HaMYPALbHOE HUCAO T = 2 U N PASAUNHBLE HAMYPAALHOLT YUCEA 1, A2, - - -, Ay, HE NPEBOC-
zodswux 273, maxux, wmo das mobozo k=1,2,...,n

HO/(a1,ar) + HOA(az,ax) + ...+ HOMd(an,ar) : ax?

Otser: Jla, cymecrByior. Permmenne. Bosbmem a1 = 1, as = 3, a3 = 5, a4 = 7, a5 = 22, ag = 23, ...,
an, =2"3 un =3-5-7+1 = 96. [Iposepun, uTO /I Beex ay BhIOIHEHO yciosue. llpu k < 4: (ag,ap) =
ar, a Bece octagbuble HOJ/pr papubr 1. To ecth cymma pasHa ap +n — 1 @ ag. Ilpu k > 4 moaydmres cymma
T+1+14+1+224234 .. 283 4 2k=3 4 ok=3 1 ok=3

8. Hpu Kaxom Haubosvwem N CYWEeCmaeyrom noAONHCUIMEADHDIE BEWECTNBEHHIE YUCAA L1, L2, ..., TN U HEOMPU-
UAMEALHBIE BEULLCTNEEHHDIE YUCAA Y1, Y2, - - -, YN, He npesocrodaujue 1, maxue, “4mo
Yi  Yj 1
LA AN I
T  xj 22 (Yi + Yj)

npul <i<j<N?
OtBer: upu N = 3. Ilpumep tpéx map (x;,y;), yIOBIETBOPSIONMX yCIOBHUIO, gocTaBisior mapsl (1,0), (1,1) u
(%, 1), B uém J1erko y6euThCsl HEIIOCPEICTBEHHO.

Pemenne. Tokaxkem, 4To Gosibliie TPEX Hap ObITh HE MOXKET. 3aMETHM, YTO €cjii 0ba 4ucia B KaxkIoil nape
(24, yi) yMHOXKWUTH Ha KaKOe-HUOY/Ib 9ucyIo k; > 1, jleBasi 4acTh HEPABEHCTBA U3 YCJIOBHs He M3MEHHUTCsI, & [IpaBasi
He yBenmuuTcs. 1103TOMy MBI MOXKEM CYUTATh, 9TO OOJIbIIEE YUCIO B Kaxk0il mape pasno 1. ITpu sToM nByx map,
(xi,y:) m (2j,y;), y KOTOPBIX x; = x; = 1, a y;,y; < 1, ObITb He MOXKET, TaK KaK JJIsI TAKIX Iap JOJZKHO OBITH
lyi — yj| = m, TO ecThb |y? — y]2| > 1. A map (x;,y;) n (2j,y;)y KOTopbIx ¥; = y; = 1, a 0 < x4, x; < 1, Moxker
ObITH He GoJlee 2, TaK KaK JJIs JIOOBIX JABYX M3 HUX |T; — x| = %

9. Jana napa sewecmeennvir wucena (ag,bo). Onpedeaum nocaedosamenvnocmu {a;} w {b;} coommowenuem
Upt1 = Ap + by U by = apby daa scexn =0, 1, 2, .... Hatidume ece napwv. (ag, by), das Komopux aspee = ag U
b2o22 = bo-

Orser: Ilapsr Buzna (a,0), rae a — moboe Bemecrsennoe.  Perenue. JIerko BujieTh, 9TO Haphl U3 YCJIOBHSI

nonxoa4aT. Jlokaxkem, 1To B J1000# mojixosineit nape obstzaresibao by = 0. [IpocymMupyem 1o nepuoty ciieryromnme
BEJIMIUHBL:

2021 2022 2021 2021 2021 2021
Zai—i-l = Zai—l-l = Z(ai+bi): Zai+zbi:> Zbizo-
i=0 i=1 =0 i=0 i=0 i=0
2021 2022 2021
0= Zbi: Zbi: Zaibi
i=0 i=1 i=0
2021 2021 2021 2021 2021 2021 2021 2021
Zagﬂ = Z(Gi+bi)2 = Za?+zb?+22aibi: Za?—&-Zb? — Zb? =0.
i=0 i=0 =0 i=0 i=0 i=0 i=0 i=0

¢ Tosbko orser ¢ npumepoM: 0 6aLI0B.



10. okycHuk ¢ NOMOWHUKOM COOUPAIOMCA NOKA3AMD MAKOT GOKYC: 3PUMEAL COOOULAETM NOMOWHUKY HATNYPAAD-
noe wucao om 1 do 22922, ITomowgrnur svinucweaem cmpoky oaunve 4044 us 6yxe A, B, B. 3pumeav cmompum
Ha AMY CMPOKY, svidupaem 00HY U3 Mpex OYKE U CMmuUpPaem 6ce 8LodHclenus subpartot bykev, ud cmpoku. Ilocae
2Mo20 PoKYCHUK, 2408 MG OCMABWYIOCA CMPOKY doadicer Yeadambv, KaKoe “ucao 3azadas apumens. Mozym au
POKYCHUK U NOMOWHUK J02080DUMBCA MAK, 4MOObL POKYC 2aPAHMUPOBAHHO YIAACAT

OtBer: Moryr. Pemenune 1. ComoctaBuM KayKIOMYy THCIY TOCTIEIOBATEIBHOCTE U3 OYKB A m B mmmb

2022. B »sToit mociegoBaTeIbHOCTH TIOCTE KaxK10i OyKBhI mmoctapuM OykBy B. Ilomyumm ctpoky mmmuabl 4044. Eé
U 3aTWIIeT TOMOIHIUK, 38 UCKIIOUEHIEM JIBYX CJIYUAEB: €CJIN TOCIeI0BATEILHOCTE COCTOUT TOJIBKO n3 OYyKB A, TO
OMOIIHUK TteT cTpoky u3 4041 6ykeer B u aByx 6ykB A u onuoit B. Eciiu nocsenoBaTeibHOCTD COCTOUT TOJIBKO
3 O6ykB B, To momorauk et ctpoky u3 4040 6yke B u Tpex 6yks B u ognoit A. [Tokaxkem, 9T0 mocsie yaaaeHust
KaKO-TO OYKBBI, (POKYCHUK CMOXKET BOCCTAHOBUTB MCXOIHYIO IOC/IEI0BATEILHOCTh. Ha3oBeM Bce CTPOKHU, KpOME
JIBYX UCKJTIOYUTEIHHBIX, CTPOKAMH MTEPBOTO THUTA. A MCKIIOYATETHHBIE CTPOKH BTOPOTO THIIA.

1) B crpokax nepsoro Tuma ocranercs win posHo 2022 cumBosia A u B, uin posro 2022 cumBosia B u ¢ckosibKo-T0
cuMBojioB A mimm B. O4ueBriHO, U3 CTPOK BTOPOTO THIIA TAKOI'O OCTAThCsT He MOXKeT. [109ToMy MBI MOXKEM OTJIUIUTH
CTPOKHM IIEPBOTO THUIIA OT BTOPOr'O, U MOXKEM Pa3JINIUTh CTPOKH BTOPOrO THUIA JIPYT OT APYTa, TaK KaK TaM Pa3Hoe
KOJTUIECTBO BXOXKJICHUI OJTHON U TOH 2Ke OYKBBI.

2) IokaxkeM, 9TO MBI MOXKEM OTJINYATH CTPOKU MEPBOro THla. Ecm Mbl BHANM, 9TO OCTAJIACH [TOCIIE0BATEb-
vocTh u3 2022 6ykB A u B, To MBI TOHUMaeM, 9TO pOBHO €€ u 3arajaJt nmomMomHuk. [lycts Mbr Bugum posHO 2022
O0yke B u emé ckonbko-To OykB, HanpuMep A. Kaxayo OykBy A obbenuHuM ¢ uayiieil nocie Heé B u omHOBpE-
MEHHO KaXKJIyI0 Iapy 3aMeHuM pocTo Ha OykBy A. Bcee 6ykBbl B, KoTophie He Bomu B mapy ¢ A, 3amenum Ha b.
MBI MOTy9YHIH TTOC/IEI0OBATEIBHOCTD, 3ara/IAHHYIO TOMOITHUKOM.

Pemenne 2. Haszosém 6a0kxom nocienosarensuoctu suga A...AB...BB ...Bu B...Bb...BA ... A, B KoTO-
poix nopoBry 6ykB A, B u B. Paccmorpum crpoku jyinabt 4044, cocrosiinye w3 OJHOTO MM HECKOJIBKUX MOJIPSI]T
uaymux 0/10k0B. [lokaxkeMm, 9TO MpU CTUPAHUU BCEX BXOXKIEHWI JIIOO0OH OYKBBI CTPOKHU OCTAIOTCS PA3IUIHBIMU.
eiicTBUTEIEHO, TIOCIE CTUPAHUS OCTAETCs CJIOBO, cocTosmiee u3 6yiokoB X... XY... Y u Y... YX...X. [TocmoTpes,
CKOJIBKO pa3 B HadaJIe MOBTOPSIeTCsI IiepBast OyKBa, MbI OIIPEJIEJIUM [T€PBbIi 0JI0K. AHAJIOTMYHO, MOYKHO OIPEJIETUTD
BTOPOI#i OJIOK, U Tak JaJiee.

Tax Kax moceoBaTesbHOCTel 13 N 610K0B Gyser 2"C4,t, To Beero Takux crpok Gymer Y. 2"C7hE = 2(2 +
1)1347 = 231347 Tlokaxewm, aro 2-31347 > 22022 Jlejicrurensho, 231347 = %9674, 22022 — 8674 'yt 110 HepaBeHCTBY

9674 674 3
Bepuyimn nmeem (8) z1+2F >3

Takum ob6pazom, POKYCHUK M MOMOIIHUK MOTYT COIOCTABUTH KaXKJIOMY YHUC/IY CTPOKY, COCTOSIIYIO U3 0JI10-
KoB. U Tak Kak IocJie CTUPaHUsi CTPOKHU OCTAIOTCS PA3JUIHBIMU, TO (POKYCHUK CMOXKET BOCCTAHOBUTH CTPOKY, H,

CJIe10BAaTE/JIbHO, YUCJIO, 3a/[yMaHHOE€ 3PUTEJIEM.



XXV KYBOK ITAMATN A.H. KOJIMOTOPOBA. Tsepsp, 28.11 — 05.12.2022

FOuuopsl, BTopast iura, 3 Typ, pelieHusl U yKa3aHus JJisi XKIOPHU.
¢ Orenka B 6 6a/IJTOB B KPUTEPHUAX O3HAUAET OTCYTCTBUE PEIIEHUsI, €CJIM SIBHO HE ONOBOPEHO OOpATHOE.

¢ Hepas6op ciydaeB B KJIaCCHYECKON MeOMETPUU IPU YCIOBUHU, YTO XOTs OBbI OJMH CYIIECTBEHHBLIA ciiydail paso-
Opan — JpIpa He 6osee 4 baJIoB, ecin obpaTHoe He oropopero. dror Kpurepuit HE OTHOCUTCA k 3amagam o
KOMOHHATOPHOI MeOMEeTPUH U NeOMETPUIECKIM HEPABEHCTBAM.

1. Bnympu mpeyeoavruxa ABC (AB = AC) ewbpana mowka D maxas, wmo LDBC = 30°, ZDBA = 50°,
/DCB = 55°. Haiidume yzon DAC.

OtrBer: 5° Pemrenme 1. Ilycth 6uccekTpuca yriaa A mepecekaer orpesok BD B touke E. Torna /EBC =
ZECB = 30°, ZECD = £/DCA = 25°, Z/CED = /ZECD + ZCBE = 60°, ZAED = /EAB + ZEBA = 60°.
CanenoBareibHo, ID — 1eHTp BlMcaHHON OKpykHOCTH Tpeyroibhauka AEC, /CAD = /DAE = 5°.

Pemtenue 2. Ilycte /DAC = «. llepeMHOXUB TeopeMbl CHHYCOB st TpeyrojbHukoB NABD u NACD,
TTOJTY M

~ BA DA sin(70° - «) sin 25°
~ AD AC  sinb0° sin(25° + o)
HokaxkeMm, aTo o« = 5° yjioByieTBOpsieT 3TOMY paBeHCTBY: sin 30° - sin 50° = sin 25° - sin 65°. YTo BepHO, Tak
Kak 2sin 25° - sin 65° = 2sin 25° cos 25° = sin 50°. Hy o cymme yruos (70° — a) + (25° + «) = 95° u 3aganHOMy
OTHOIIIEHNIO CUHYCOB YTOJI (v ONPEJIE/ISIETCS OTHOZHATHO.

¢ Tospko orser: 0 6anIoB.

2. ABC — mpeyeoavhuk ¢ npamoim yaaom npu C. My u My — dee npoussosvroie mouxu enympu ABC, mouka
M — cepeduna MiMsy. Ipodossicenus BMy, BM u BMs nepecexarom ompesox AC 6 moukar N1, N u No

BN; |, BN BN
coomsemcmeaerto. Joxascume, 4mo B, T B Z 2575 -

Pemrenne. Tomuoxxkum va BN/BM. onyunm

BNi-BN | BN, BN _ S(BNN)) , S(BNN))
BM,-BM ' BM,-BM  S(BMM,) S(BMMs,)

Tax kax S(BMM,) = S(BM Ma) — %S(BM1M2)7 10

S(BNNy) N S(BNN;) _ 2S(BNiN;)  2BN;- BN,
S(BMM;)  S(BMMy) S(BMiM;) BM;-BMy'

B

BNy BNy ~, BN?
BM; ~BM; © BMZ?:

Cupoenupyem Bce orpesku Ha BC. Ot 31010 orHOMmeHust He u3Mensitest. Ilycrs M1, M4 u M’ — upoexuuu My,
My u M na BC. Torna nepasenctso npespatutes 8 BM'? > BM] - BM). Tax xax M’ — cepemuna M] M}, To

2BM’' = BM] + BM} > 2,/BM] - BMj,

CJIQ,Z[OB&TGJH)HO, OCTaJIOCh J0Ka3aTb, 9YTO

3. dano namypasvroe wucao n = 3 U pa3audHble GEULLCTNEEHHBIE YUCAL A1, A2, - .., Gn. Hatidume naumenvwee
BO3MONCHOE KONUMECTNEO PASAUNHIL 3HAYEHUT CYMM 68 PAJY a1 + a2, Qg + a3, ..., Gp—1 + Gy, Gy + a1.
OtrBer: 3. Pemienne. llpumep: 0,1, —1,2, —2,.... Bce cymmsr 6yiayTt pasubl 1 wiu 0, KpoMme 1oCe Heid.

Tak Kak gucja pa3audHbl, TO JABE MOPSL UILYIIIAE CYMMbI He PABHBI APYT ApyTy. [losToMy pasjuyHbIxX 3HAYEHUH
CyMM He MeHbIe aByxX. Ecam ux poBao 2 (by u bg), TO 9Tu 3HAYEHWs JTOJIKHBI YepeioBaTbesa. Hedernbie n cpasy
HE TOAXOIAT. A JIJIsT YeTHBIX 7 MOXKHO 9HCJIa B Kpyre pas3OUTh Ha Hapbl JABYyMsl CIIOCOOAMHU W IIPOCYMMHPOBATD.
[Tostyunm, 9TO ¢ OJHON CTOPOHBI CyMMa Bcex uuces pasHa bin/2, a ¢ apyroit ben/2. Ilporusopeune.

¢ Tosbko onenka: 4 6asia, TOJBKO IpuUMep: 2 HaJiia.

4. Pacemompum 6ce nocaedosamesvrocmu u3 nyaet u eduruy, daunv, 2022. /lee nocaedosamesvrocmu Ha3o6em
SKBUBAJICHTHBIMHU, €CAU 00HY U3 HUL MOHCHO NOAYHUMD U3 OpY20li HeCKOADKUMY ONEPAUUAMY CACOYIOULL20 MUNG:
6u6pamsd 6.40% NOIPAO UOYWUT “UCes, 6 KOMOPOM HEPABHOE KOAUMECTNBO HYAET U eOUHUY, G 3aMeEM NePesepHymy
Uz NopAadok 6Hympu 6A0Ka (Mak 6A0K a1, a2, ..., Gy CIMAHOBUMCA Gy, Gp_1, . . .,a41).

Onpedeaume naubosvbULee HAMYPAALHOE YUCAO TV, OAL KOMOPO20 CYWECTNEYEM N PASAUNHBLL NOCACIOEAMENLHO-
cmeti A1, As, ..., Ay, nukaxue dee u3 KOMOPbLL He IKGUCAACHMHDL.



OTrBet: 2025 Permnenune. [Ipusenem mpumep monapHo HESKBUBAJEHTHBIX MTOCIEI0BATE/IHHOCTER.

A;=11---100---0 mpm 1 < <2023
N————
i—1 2023—1
Aggoqg = 1010---10
Asges = 0101 ---01

Jliobbie oneparuu ¢ Asgog U Aogos IEPEBOAST UX CAMHUX B ce0sl, a BO BCEX OCTAJILHLIX A; pa3Hoe YMCIIO eUHUIL.

JokaxkeMm, uTo He cyiecTByeT 2026 monapHO HEIKBUBAJEHTHBIX MOCJe0BaTe/bHOCTEN. JoKaXkeMm, nHyKInei
110 JIJTUHE TIOCJIe0BATEIBHOCTH, ITO B JIIOOOH moC/1e/10BaTeIbHOCTH X MOYKHO TIEPE/IBUHYTh BCE €JIMHUIIBI B HAUAJIO,
KpOMe cJiydasi, KOrjia B Hell eIMHUTIBI 1 Hysin depeaytorcs. Haitnem B X 610K TIOAPSIT UIYTIAX OJMHAKOBBIX 1TH(pD
HauboJibitielt mymabl k. Tak Kak Mbl OTKUHYJIA CJIydail, KOrJa HYJU U CIUHUIBI YePeIyIOTCsd, TapaHTUPOBAHHO
k > 2. Ilycrs, HYO, 310 610K epuumuir (ecau Hysieii, To Oy1eM JBUTaTh ero HampaBo). Kcim sror 610K He sBJsteTcst
HA4JajI0M [IOCJIEI0BATEIBHOCTH, TO MOXKHO €r0 CIABUHYTH Ha 1 BJIEBO

011---1—=11---10
—— =
k>2 k>2

[TposesbiBas 3Ty onepaluio, moka Moxkem, noayunm 11---1 X’ rne X’ naunnaercs c¢ 0. Ecim B X/ ne uepejy-

>k ones
IOTCd HYJIN U €/IUHUIBI, TO MOXKHO IPUMEHUTH K HEMY NHYKITMOHHOE IIPpEAIIOJIO2KEeHe, U IIEePpEeJIBUHYTH BCE€ ¢ ITMHUIIBI

B Hagaso. Ilycrs gepeaytorcs. Torma cuemaem ciemyroiee:
11---1010101...—~011---1010101...—~11---100101...
y4 /+1
¢ +1 +

B ocrapriemcst Kycke €IMHUIIBI U HYJIU HE UE€PEIYIOTCS, IIOITOMY 10 WHJIYKIIMOHHOMY TPEIIOJIOXKEHUI0 MOXKHO
BCe €IMHUILbI CIBUHYTH B Ha4aJIo.
¢ Tosbko puMep MOMApPHO HESKBUBAJEHTHBIX IIOC/IeI0BaTe/bHOCTEH: 4 HaLia.

¢ Orerka, 9TO HET JIPYyTrUX KJ1accoB: 6 6AJIIOB.

5. Ilonooicumenvrnie seujecmeentvie wucaa a, b, ¢ maxosw,, wmo ab—c = 3 u abc = 18. Kaxue 3navwerus mooicem

NPUHUMAIG BOIPAAHCEHUE %b ?
OtBer: 2. Pemenne. Tak kax ab+(—c) = 3 n ab(—c) = —18, 10 ab 1 —c — 1Ba KOPHs KBaJIPATHOIO yPABHECHHUS
2?2 — 3z — 18 = 0. Tax Kak uucia a, b, ¢ — IOJOKUTENbHbIE, TO ab = 6, —c = —3.

6. Hatidume 6ce namypasvHole YUCAA T, KOMOPBIE MOMCHO npedcmasums 6 cude d° 4+ m?>, 2de m — nexomopoudi
HAMYPaNoHoLl desumens N, o d — HOUMEHLWUT HAMYPAALbHLIT desumend N, omauwHbl om 1.

Otreer: 23 +23 =16, 22 4+ 4% = 72 u 22 + 8 = 520. Pemenne. Tak Kax d — HaUMEHBIIHIl IeINTETb N,

ormmaneli o1 1, To d — mpocroe uncso. 3ammcas paBeHCTBO 1 = d° 4+ m3, mosmyunm, aro m ¢ d. Ilycrs m = dk.
Torman = d3(k3+1). Tak kax dk — nemmrens n, To d>(k3+1) © dk, 1o ectb d?(k3+1) : k. Ilpmarom (k3+1,k) = 1.
CresroBarensno, d2 © k. Orkyna, k =1k = d wnmu k = d?>. Ho ecsm d neuerno, 1o k3 + 1 4eTHo, a 3HAUUT y N €CTh
gesurenib 2, menbinuit d. Utoro, d = 2, k =1, 2 wiu 4. Orciona Tpu oTBeTA.

¢ Haitnennt Bce Tpu oTBeta: 2 H6asia.

7. Cywecmeyem AU HAMYPAALHOE HUCAO T = 2 U N PASAUMHBLET HAMYPAALHBIL YUCEA A1, G2, .. ., (n, HE NPEEOC-
zodswuz 273, maxux, wmo das mobozo k=1,2,..., n

HO/l(a1,ar) + HO/(ag,ax) + ...+ HOA(an,ar) : ag?

Otser: J[la, cymecrByior. Permmenne. Bosbmem a1 = 1, as = 3, a3 = 5, a4 = 7, a5 = 22, ag = 23, ...,
an = 2" 3, un =3-5-7+ 1 = 96. [Iposepum, 4To A1 BCeX aj BIIOIHeHO yciosme. lpu k < 4: (ay, ar) =
ar, a Bce octanbible HO/Ip1 pasnbl 1. To ecth cymma pasHa ap +n — 1 ¢ ag. Ipu k > 4 nmoayuurcs cymma
T4+ 1+14+1+22 4234, 42673 4 2k=3 4 ok=3 1 k=3

8. Jlan svinyxanti namuyzosvhur ABCDE u mouxa P enympu neeo. Touxy P coedunuau ¢ cepedunamiy ecex
cmopon namuy2osvrura. OKa3ai0ch, 4mo yemuipe u3 namu 06pa308a8UWULCA YEMBPETYLONOHUKOE — ONUCAHHDLE.
Hoxascume, wmo namulii 4emotpery2oibHuk mostce onucGHHbL.



Pemtenne. Ilycrs Ay, By, C1, D1, By — cepenunbl cropon AB, BC, CD, DE, EA, cooTBETCTBEHHO. XOTHUM
[OHSATD, YTO YeThIpexyroapuuk AA; PEy — Brnucannbiii. 1o papunocuibuo AA; — AP = AE,— PE;. U3 pasencrsa
OTPE3KOB U JPYTUX OIMUCAHHOCTEN mMeeM 1enouky AA; — AiP = BA; — AP = BBy — BiP = CB; — B1P =
cc,-CiP=DC, -CP=DDy—DP=FEDy —DP =FEF, — E\P = AE, — E1P. Yro u TpeboBajoch
JIOKA3aTh.

9. Jana napa eewecmeennmx wucea (ag,by). Onpedesum nocaedosamenvriocmu {a;} u {b;} coommnowernuem
Upt1 = A + by U byy1 = apby das scexn =0, 1, 2, .... Hatidume ece napwvi (ag, by), 0as Komopuir asgee = ag U
b2022 = bo.

Orser: [lapsl Buga (a,0), rue a — mo6oe BemecrBerHoe.  Perrenwme. Jlerko BuJIeTh, YTO I1apbl U3 yCJIOBUSI

noaxoasT. Jlokarkem, UTO B JII000M moaxosieit mape obsizarensio by = 0. IIpocymMupyeMm 1o nmepuomy ciiemyroriue

BEJINYUHBIL:
2021 2022 2021 2021 2021 2021
E aiy1 = E Aiy1 = E (ai + bz') = E a; + E b, —= E b; = 0.
=0 =1 =0 =0 1=0 =0
2021 2022 2021
0= E bZ’ = E bi = E aibi
=0 =1 =0
2021 2021 2021 2021 2021 2021 2021 2021
§ 2 § 2 § : 2 § 2 § § : 2 § 2 § 2
a’i+1 = ((Zi + bz) = az» + b’L + 2 aibi = CL,L‘ + b’L — b’L = 0
=0 =0 =0 1=0 =0 1=0 =0 =0

¢ Tonbko orBer ¢ npumepom: 0 GaJLIOB.

10. QokycHuk ¢ NOMOWHUKOM COBUPAIOMCA NOKA3AMD MaK0T GOKYC: 3PUMEAD COOOULGEM NOMOWHUKY HATYPAND-
noe wucao om 1 do 22922, [Momoupnur svinucveaem cmpoxy daunve 4044 us 6yxe A, B, B. 3pumess cmompum
HG IMY CMPOKY, 6uildupaem 00HY U3 Mper OYke u Cmupaem 6ce SLoAHcIeHus 6uloparnoti bykev, ud cmpoxu. Ilocae
2Mo20 PoKYCHUK, 2AA08 MG OCMABWYIOCA CMPOKY dosdicen Yy2adambv, Kakoe “ucao 3azadas 3pumens. Mozsym au
POKYCHUK U NOMOUHUK 02080PUMBCA MAK, 4MobbL POKYC 2aPAHMUPOSAHHO YIAACAT

OtBer: Moryr. Pemenne 1. ComoctaBuM KayKJIOMy UHCIY TOCIEIOBATEILHOCTh W3 OYKB A m B anHb

2022. B sTo0i1 mocaeqoBaTeIbHOCTH MOCe KaxKaoi OykBbl moctaBuM OykBy B. Ilosyumm crpoky mnauubr 4044. Eé
U 3aTWIIeT TOMOIHIK, 38 UCKIIOUEHIEM JBYX CJIYUIAEB: €CJIN TOCIEI0OBATETHLHOCTE COCTOUT TOJBKO n3 OYyKB A, TO
OMOIIHUK TteT cTpoky u3 4041 6ykeer B u n1Byx 6ykB A u onuoit B. Eciiu nocsieioBaTeibHOCTD COCTOUT TOJIBKO
u3 6ykB B, To momorauk et ctpoky u3 4040 6yke B u Tpex 6yke B u ognoit A. [Tokaxkem, 9T0 mocsie yaaaeHust
KaKOH-TO OYKBBI, (DOKYCHUK CMOXKET BOCCTAHOBUTH HCXOJIHYIO IOC/IeIOBATEIbHOCTL. Ha3zoBeM Bce CcTpOKU, Kpome
JIBYX UCKJTIOYUTEIHHBIX, CTPOKAMH MTEPBOTO THUTA. A MCKIIOYNTETHHBIE CTPOKH BTOPOTO THIIA.

1) B crpokax nepBoro Tuta ocranercst uiu posao 2022 cumsosia A u B, win posro 2022 cumBosia B u ckosibKo-TO
cuMBoJioB A mimm B. O4ueBniHO, U3 CTPOK BTOPOTO THIIA TAKOI'O OCTAThCsT He MOXKeT. [109ToMy MBI MOXKEM OTJIUIUTH
CTPOKHM II€EPBOT'0O THUIIA OT BTOPOr'O, U MOXKEM Pa3JINIUTh CTPOKH BTOPOrO THUIA JIPYT OT APYTa, TaK KaK TaM Pa3Hoe
KOJIMIECTBO BXOXKICHUI OTHON U TOH 2Ke OYKBBI.

2) Iokaxkem, 9TO MBI MOXKEM OTJINYATH CTPOKU MEPBOro THIA. Ec/m Mbl BIINM, 9TO OCTAJIACH [TOCIIE0BATEb-
HocTh u3 2022 6ykB A u B, To MBI TOHUMaeM, 9TO pOBHO €€ U 3arajaJt moMomHuk. [lycts Mbr Bugum posHO 2022
O0ykB B u emé ckonbko-To OykB, HanpuMmep A. Kaxayio OykBy A obbenuHuM ¢ uayiieil nocie Heé B u omHOBpE-
MEHHO KaXKJIyI0 Iapy 3aMeHuM 1pocTo Ha OykBy A. Bcee 6yksbl B, KoTophie He Bomiu B mapy ¢ A, 3amenum Ha b.
MBI MOTy9H/IHN 1TOC/IEI0BATETBHOCTD, 3araIaHHYI0 TOMOITHUKOM.

Pemtenue 2. HaszoséMm 6a0xom mocienoBaresnprocTr Buja A...AB...BB ...B u B...BB...BA ... A, B x0oTO-
poix mopoBry 6ykB A, B u B. Paccmorpum crpokn jyimubt 4044, cocrosiinye w3 OJHOTO WJIM HECKOJIBKUX MOJIPSI]T
uaymux 0/i0koB. [Tokaxkem, 9TO MpU CTUPAHUU BCEX BXOXKJIEHUI JII0O0H OYKBBI CTPOKHU OCTAIOTCS PA3IUIHBIMU.
JleiicTBUTEILHO, ITOCIE CTUPAHUS OCTAETCA CJI0BO, cocrosiiee u3 610koB X... XY... Y u Y... YX...X. [TocmoTpes,
CKOJIBKO pa3 B HadaJie MOBTOPSIeTCsI IiepBast OyKBa, MbI OIIPEJIEJIUM [T€PBbIi 0JI0K. AHAJIOTMIHO, MOYKHO OIPEJIETUTD
BTOPO#1 OJIOK, U Tak JaJiee.

Tax xax moceosaTesbHocTell 13 N 610KoB Gyger 2"Cj4, %, To Beero Takux crpok Gymer Y. 2"Cpht = 2(2 +
1)1347 = 231347 Tlokaxewm, aro 2-31347 > 22022 Jlejicrurensho, 231347 = %9674, 22022 — 8674 'yt 110 HepaBeHCTBY
Bepuysmn nmeem (%)674 =21+ % > %

Takum o6pazom, POKYCHUK M HMOMOIIHUK MOTYT COIMOCTABUTH KaXKJIOMY YHC/IY CTPOKY, COCTOSIIYIO U3 0JI10-
koB. U Tak Kak IocJjie CTUPaHUsi CTPOKHU OCTAIOTCS PA3JIUIHBIMU, TO POKYCHUK CMOXKET BOCCTAHOBUTH CTPOKY, H,

CJIe10BaTE/JIbHO, YUCJIO, 3a/JlyMaHHOE€ 3PUTEJIEM.



