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Ouanvmnunaga mkoJbHHKOB CIIOI'Y mo maremaruke.
BakirouyuresbHbIil sran. 2017/2018 yuebusbiii rog. 10 — 11 kiaccsl.

BapnanTt 1

1. Ha xaemuamot docke 5 X 7 ommeueno 9 kaemox. Haszosem napy kaemok ¢ obweti cmoponoti unmepec-
HOTU, ecau Tomds bvl 00Ha KAeKa U3 Napv, ommevena. Kakxoe naubosbuiee KOAUBECTNGO UHIMEDECHBLT

nap mooicem Goimo?
OrBet: 35.

Pemenue. HazoBem cocednumu nBe KIeTKU ¢ 00IIeH CTOPOHOM. YHC/I0 HHTEPECHBIX AP, COAEPAKAIINX
3a/IAaHHYI0 OTMEYEHHYIO KJIeTKY, He Oouibine 4, a Jijis rpaHnyHoOi KjaeTkn — He Oosibiie 3. Torna obiiee
9HCJIO UHTEPECHBIX map He mpeBocxoauT 9 -4 = 36. Ilpum aTom ecm cpeir OTMEYEHHBIX KJIETOK €CTh JIBE
COCEJIHUE, TO COJEPKAIIAsl UX UHTEPECHAs [apa CUUTACTCS JIBAXKIBL. 3aMETUM, 4TO cpeiu 9 KJIEeToK u3
IPAMOYTOJIbHUKA 3 X 5 00s3aTeIbHO eCcTh JiBe cocenuux. 1loaromy cpemu OTMEYEHHBIX KJIETOK MMEeTCs
00 TpaHUIHAA, THOO IBE COCeTHNX. TakuM 00pa3oM, 00Iee YNCI0 MHTEPECHBIX Map He MPEeBOCXOIUT 35.
[Ipumep pasmerku ¢ 35 UHTEPECHBIMU TAPAMU MPUBEAEH HuKe. [
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2. Janv, nososcumenvrule wucaa a, b, c,d. Hatidume MuHuMaAbHOE 3HAYEHUE BVLPANHCEHUS
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OrBert: 64.

Pentenune. B cuny mepasencts Komn aj1s cpeaanx
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PapencrBo peanmusyerca npua =b=c=d=1. 0

3. Yemupexyzororux ABCD enucan 6 okpyscnocms.

() + (5

a+b b+c c+d d+a

. . . > 64.
2vVab 2vbe 2ved 2vda

B mouxe C x amot oxpystcnocmu nposedena

kacameavnas £. Oxpyorcnocms w npoxodum wepes mowku A u B u kacaemcs npamoti £ 6 mouwke P.
IIpamasn PB nepecexaem ompesox CD 6 mouxe Q. Hatidume omnowenue g—g, ECAU UBBECTIIHO, YIMO

BD — xacameavhasn K okpyscHOCMU W.

OrBer: 1.




Permterane. Yron mexiay kacarenbHoit BD u xopaoit AB OKPyXKHOCTH w PABEH BIUCAHHOMY B HEE
yIuLy, Koropbiil onupaercs #a AB, nosromy ZAPB = ZABD = ZACD. Toraa yerbipexyrosbauk APCQ
Brmcannbiil, orkyna LZCQB = ZCAP. llpumenss eine aBa pa3a TeOpeMy O KacaTeJIbHOH U XOpPJe, MbI
moJryanM Takxke pasenctsa LBCP = ZBAC u /BPC = ZBAP. Torna

/CBQ =180° - /CBP = /BCP + /BPC = /BAC + /BAP = /CAP = /CQ@QB.
Taxkum obpasom, rpeyroibiuk BC'Q) paBnobeapenssiii, orkyia BC = CQ. 0O

4. Ha docke nanucarno npoussedenue wuces UKC u KCHU, 2de bykev, coomeemcmeyom passusHoum HEHY-
AEBBIM DeCAMUYHBIM YuPpam. Imo npousdsedenue wecmusnauHoe u okanwusaemea wa C. Baca cmep
¢ docku ece myau, nocae wezo mam ocmansocv UKC. Umo bvuio nanucano na docke?

OrBer: 100602 = 162 - 621.

Pemterne. Ilosoxum p = UKC - KCU. B necaruuanyio 3anuceh p Bxogsar tpu uwyisi, U, K u C. Torma
ancaa (U+ K+ C)? u (U+ K+ C) gator npu nesenunn na 9 onunakossie ocrarku, orkyaa (U+K+C) @ 9

wm M+ K+ C—-1) : 9. Tak kak uncao U + K + C nexur mexkay 6 m 24, oHO npuna/jesKuT
muoxkecrBy {9,10,18,19}. Muammas uudpa C uucna p pasaa ocrarky or aenenus C-U ua 10. ITosromy
C-(1—1) : 10. Bo3MOKHBI TPHU CJlydasi.

1) #=1. Torma K+ C € {8,9,17}. IIpeanocnenussa mudpa ducaa p paBHA OCTATKY OT JEJIEHUs
C? + K ma 10. IMockomsky C? me genmtcs ma 10, sa nudpa ortnmaaa or K. 3Haunt, oHa paBHA HYIIO,
OTKY/1a

(C?4+K) 110 (C? ~C+K+C) : 10.

Ocrarku or gerenua C? — C ma 10 npurumaror TobKo 3Hadenud 0, 2 u 6. ITosromy K +C = 8 u

(C?—C+8):10+= (C?-C—-2) : 10<= (C+1)(C—-2) : 10.

Tak kak mudpa K owmuana or C u 1, mbt nonydaem C = 2 u K = 6. DT1or BapuaHT HAM OJIXOJHUT,
OCKoJIbKYy 162 - 621 = 100 602.

2) X =6 u yugpa C wemna. Torna K+ C € {3,4,12,13}. Tlo ycaosuio crapuias nudpa p pasua U,
1O ecthb 6. IlosTOMy

600000 < p < (M+1)- (K +1)-10000 = (K + 1) - 70000,

orkysa K > 8. Beuay wernocru C napa (K, C) pasua (8,4) wnu (9,4). 910 HaM HE IOJAXOIUT, HOCKOJIBKY
684 - 846 = 578664 u 694 - 946 = 656 524.

3) C =5, a yuppa U newemna u omauwna om 1. Torma I+ K € {4,5,13,14}. Tak kax
p<(MI+1)-(K+1)-10000 < 900000,

craprias mudpa gucia p menbine 9, To ecrb I < 7. Coyuait I = 5 #eBo3moxkeH, mockoiabky U # C.
Ecmm U = 3, To K paBuo 1 unm 2, u uncjio p okaspiBaeTcsd natu3dHadabiM. Ecan U =7, To K = 6 BBuay
yeaosus K # . Tlockonbky 765 - 657 = 502605, sToT caydait HaM TakKe He TOaXxoauT. [

5. Ha oxpyostcnocmu ommesweno n movex (n = 5). Ilems u Bacsa no ouepedu (nawunasn ¢ Ilemu) npo-
eodam no odnoli xopde, coedunarowed napo. Imuxr movek. Jlwbve dee nposederntvie ToOPdor JOANHCHDL
nepecekamvbes (603ModCHO, Konuesumu movwkamu). IIpouzpweaem uzpok, we umerowud roda. Ilpu
kaxux n Ilemasa sviuepaem ene 3asucumocmu om deticmeut Bacu?

OTBeT: 1pu HEYETHBIX 7.

Pentenne. /lokarkem BHaUaJse CJIEIYIONIEE YTBEPK/IEHHE: ECAU 6 UMOZ20E0M MHONCECTNEE TOPJ MOACHO
6vdeaums mpeyzorvhuk, dée CMmopors, KOMopo2o — cocednue moyku, mo npu HevemHom n nobedumerem



oxaotcemcs Ilems, a npu wemuom — Bacs. leiicrBuresibHo, o6o3uadum Tpeyroiabiuk depes ABC, ruae
A u B — cocepnue touku okpyzkuocru. Torma jobasi u3 OCTajbHbIX XOPJ, JI0J2KHA EPECEKATh CTOPOHbI
rpeyrosbauka ABC. 3HauuT, b0 OHA BBIXOAUT U3 TOUKU A 1 nepecekaer ctopony BC, mub0O BBIXOIUT
u3 B u nepecekaer AC. Ywucio Takux XOpH paBHO KOJHYECTBY TOUYEK, OTJIMYHBIX OT Beprma ABC, o
ectb n — 3. C yuerom cropor ABC o0iee 9ucjio XopJ, paBHO n. 1103TOMY Tpu HEYETHBIX 1 MOCIIETHIH
xoz, Oyner 3a I[lereit, a npu gerabix — 3a Baceii.

[Mokaxkewm, aro [Ters MoxkeT rapaHTUPOBATD HAJMYUE TPEYrOJbHUKA. IIepBBIM XOJ0OM OH JOJIKEH CO-
euMHUTD JBe coceqnue Touku (ckaxkem, A u B). Orerubim xomom Bacu Gyzer xopaa, Bbixoasdimas u3 A
unmu B (manpumep, AC). Torzpa Ilera nposoaut orpe3ok BC, u TpeyroibHUK MOCTPOEH.

[Tokazkem, uro u Bacs Bcerma mozxker obecnedunTs Hajgu4ane TpedyemMoro Tpeyrobauka. [lycrs nepsbrit
xo1 — xopua AC. B orser Bacsa npopoaur orpe3ok AB, rue B — coceansis ¢ A rouka. Eciu [lers
nposeger xopay BC — rTpeyroibHuk roros. B nporusBHom ciydae orperom Ileru Gyuser orpesok BD,
nepecekaroiuit AC. Ho torna Bacs moxer cam nposecru xopiay BC, Tak Kak OHa LIEPECEKaeT BCe TPU
y2Ke MOCTPOEHHBbIE XOpabl. [

6. Ha cmoae naxodsmes mpu wapa v Konyc (0cHO8AHUEM K CMOAY), Kacasch Opye dpyea eHewHUM 00-
padom. Paduycer wapos pasuwv 5, 4 u 4, a 6bicoma KOHYCa OMHOCUMCA K PAOUYCY €20 OCHOBAHUS KAK
4 : 3. Hatidume paduyc 0CHOBAHUA KOHYCG.

OTBer: %.
B
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Pemrenue. Ilycrs O — ueHTp OCHOBaHUs KOHYyCa, ' — €ro pajuyc, 200 — yroJi HaKJI0Ha 00pa3y foImx

kouyca K croiy. Ilo ycmiosuio tg2a = %, OTKY/13

1 — cos 2« 1

4 3
i 2 = — 2 = — t = — = —,
sin 2« , COS2a 5 g P 5

PaccmoTpum cedenue, Mpoxoasiee 4epe3 0Cb CUMMETPUM KOHYCA U LEHTD OJHOrO M3 MapoB (CM. JIeBbIi
pucynok). ITycrs K — rouka kacanus wapa co crosom, R — paauyc wapa. Torga

OK:R'thZ-FT:%R-I-T. (%)

O6o3uauum yepes A, B, C' rouku Kacanus wapos co crosioM (cM. upasblil pucyHok). U3 ycioBus kacanus
mapos BC =8 u

AB = AC = /(5 +4)2 — (5—4)? = V80.

Buauur, Boicota AD Tpeyronbauka ABC sBisiercsa cepeauHHbIM Teprnenukyiapom Kk BC. U3 (x) Bbl-
TekaeT, 9To Touka O pasHOymaseHna ot B u C, To ectb oHa JiexkuT Ha AD, u OA = % + r. 3amerum,
91O

BD=4, AD=+\/AB>-BD>=8, OD=AD-0A=11 .

Pasencrso (x) naer OB = 2+ r, u uo reopeme Iludaropa

OBZ:OD2+BD2<:>(2+T)2=(1.7—7“)2—%16(:)74:%_ O



Bapnanr 2

1. Ha xaemuwamoti docke 7TX 7 ommeveno 14 kaemox. Hazosem napy xiemoxk ¢ obuels cmoponoti unmepec-
HOU, ecAu xoms bv. 00Ha Kaemka u3 naps, ommevena. Kakxoe naubosvuiee KOAULECMBO UHMEPECHBLT
nap mooscem Ovimo?

OTrBer: 55.

Pentenne. Hazosem cocednumu aBe KIETKH C 001l cTOpOHOIT. Y1C/I0 MHTEPECHBIX Tap, COAEPKAIIIX
3aJaHHYI0 OTMEYEHHYIO KJIETKY, He OoJibie 4, a /jis rpaHnndHoil KjaeTku — He bosbine 3. Torma obrree
4YUCJI0 MHTEPecHbIX nap He npesocxoaur 14 -4 = 56. Ilpu srom ecsin cpenu OTMEYEHHBIX KJIETOK €CThb
JIBE COCEJHUE, TO COUEPKAIIAA UX HHTEPECHAs 11apa CYMTACTCs ABAXK/bl. 3aMEeTUM, 4TO cpeju 14 KiaeTok
n3 KBaJIpara b X 5 00s13aTe/bHO eCTh ABe coceaaunx. I1oaToMy cpean OTMEYIeHHBIX KJIETOK MMEETCs JTu0O
rpaHnYHas1, Ju00 aBe cocemumx. Takmm oOpas3om, o0Iee YMCI0 MHTEPECHBIX IMap He IMPEBOCXOIUT H5.
[Ipumep pasmerku ¢ 55 WHTEPECHBIMU TAPAMU MPUBEIAEH HuKe. [
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2. anwv nososcumenvruie wucaa a,b, c,d. Halidume MuHUMAALYHOE 3HAYEHUE GUIPAANCEHUA
Ao a? + b2 4+ b2 + 2 4+ A+ d? 4+ d? +a?\*
- cd ad ab be '
OrBert: 64.

Pentenune. B cuny mepasencts Komn aj1s cpeaanx

(@AR)R )@+ P) (P 4a?) @B P Fhd

>
A>4 cd-ad-ab-bc 2ab 2bc 2cd 2da

> 64.
PasencrBo peanmusyerca npua =b=c=d=1. 0O

3. Boxpye mpeyzorvnura ABC onucana okpyscrocmo w. KacameavHbie K 0KPYICHOCTIU, NPOBEICHHBLE 6
moukaexr A u B, nepecexaromcs ¢ mouke K. Touxa M — cepeduna cmoponwv, AC. Ilpamas, npoxods-
was wepez mouky K napasresvno AC, nepecexaem cmopony BC' 6 mouxe L. Hatidume yzon AML.

OrBert: 90°.

Pemtenne. Tlomoxkum o = ZACB. Yron mexay KacareiabHoit AK u xopmoit AB OKpY>KHOCTH w
paBeH BIMCAHHOMY B Hee yrjly, KOTOpblil onupaercd Ha AB, orkyna o« = /BAK = ZABK. Tak kak



AC || KL, wbt nonyuaem /BLK = ZACB = /BAK. 3nauurt, yerbipexyroabauk ALBK — BnucaHHbBI.
Torua

LZALC =180° — LZALB=/AKB=180°-2a u /ZLCA=a=180°—-ZLALC —a=ZLAC.

[Tosromy Tpeyronpauk ALC paBHOOeIpeHHBIH, a ero meauana LM sBisiercss TakyKe U BbICOTON. Takum
obpazom, ZAML =90°. O

4. Ha docke nanucaro npoussedenue wuces UKC u KCHU, 2de bykev, coomeemcmeyom pasiusHoum HEHY-
AEBBLM 0ECAMUNHBM YUPPam. IMo npouseederue UWeCMU3HAUHOE U OKGHYUBAEMCA He Ha HOAb. Tlema
cmep ¢ docku ece nyau u ooy yudpy C, nocae weeo mam ocmanocy UKC. Umo 6bi.10 nanucano na
docke?

OrBer: 206032 = 632 - 326.

Pemenne. ITomoxum p = UKC - KCH. B mecaTuYHyIo 3anuch p Bxomar nudpst U, K Bxoggar mo
omHomy pasy, a madper C u 0 — 1o gBa pasa. Torma uwmeaa (U + K + C)2 u (U + K + 2C) nmator npu
Jesiennn Ha 9 oguuakosble ocrarky, orkysa Cmod 9 = (M+ K+ C)(U+ K+ C— 1) mod 9. BaBucumocrs
mezky guciaamu n u n(n — 1) mod 9 upusenena B rabiuue:

n 1 2 3 4 5 6 7 8 9
n(n —1)mod 9 0 2

(mamee ocrarku Oy/yT HMMKJINYIECKU TTOBTOPAThCs ). Takum obpaszom, C € {2,3,6,9}. Muanmeii uudpoii
qucya p seasgercsa C, Tak KakK p OKAHIMBAETCs He HA HOJb. C Ipyroif cTopoHbl, Miaaimas nudpa p paBHa

ocrarky or genenus C -1 ua 10. Hostomy C - (M — 1) : 10. Iockonbky nudpa C ne nenurcs nHa 5,
BO3MOZKHBI JIBA CJIydasl.

1) 1 = 1. Hpeanocaeanss mudpa uucia p pasua ocrarky or aeienus C? + K na 10. Iockonbky C?
ue jenurest wa 10, sra nudpa owmuana or K. 3nagur, ona pasaa C wiun 0. Ilycrs Baavase ona pasua C.

Torma C2 — C + K : 10. Ocrarku ot gemenus C2 — C ma 10 mpuHEMAOT TOILKO 3Hadenud 0, 2 u 6,
orkyna K pasno 4 nmm 8. Ilpu K =4

(5+C)P2-5-20:9«=C*+8C—-T7:9+=C(C—1)mod 9=7,

410 HeBO3MOXKHO (cM. Tabmmiy). Ecim K =8, ro U+ K =9 u (C2—-2C) : 9, orkyna C =2 um C = 9.
OTHu Cllyvan HaM HE TOIXOIAT, MOCKOIbKY 189 - 891 = 168399 u 182 - 821 = 149422.

IIycre Teneps npeiocieanssa mudpa yucia p pasaa nymo. Torna C? + K nesmres na 10. ITockoibky
C?mod 10 € {1,4,6,9} u mudpor U, K, C pasmmunsr, napa (K, C) moxker 6uith pasua (6,2) nin (4, 6).
Tax kak 162 - 621 = 100602 n 146 - 461 = 67 306, 3Tu caydanm TakzKe He MOIXOSIT.

2) I = 6 u uudpa C yerna. Torna C = 2, nockoubky C # . 13 rabuuupl Mbl 10J1y4aem
N+K+Ce{ll,14,17} <= 8+ K € {11,14,17} — K € {3,9},

tak Kak K # . Ecim K = 9, to 692 - 926 = 640792, yro nam He moaxomut. B ciayuae K = 3 mbr
nosy4gaem 632 - 326 = 206 032, yro u gaer orser. [

5. Ha oxpyoicnocmu ommeswerno n moyer (n = 5). Ilema u Baca no ouepedu (nawunas ¢ Hemu) npo-
600am no 00HOU Topde, COeOUHANWET NAPYL IMULT MOYEK, HE ABAAOUUTCH cocednumu. Jhobue dee
nposedernvie TOPIbl MOYM NEPECEKAMBCA MOALKO KOHUELEbMU movkamu. I[Ipouzpweaem uzpox, e
umerwut roda. Ipu kaxuxr n I[lems eviuzpaem 6ne 3asucumocmu om deticmeuti Bacu?

OTBeT: 1pu YETHBIX N.



Pemenne 1. /leiicTBusi urpOKOB MO2KHO OIKMCATh TAK: OHU IIPOBOJAT B M-yIOJbHUKE HMATOHAJIH,
repeceKarolecs pa3se 4ro KoHuamu. st ynobcrBa Mbl MOXKEM CYUTATH STOT N-YIOJIbHUK IIPABUIbHBIM.
[Iycts n gerno, To ectb n = 2m. [lobemy Ilere obecreunt crienyiomas crparerus. llepBbiM X0H0M OH
JIOJI?KEH TIPOBECTHU JIMArOHAJIb, Pa30UBAIONLYIO N-YIOJIbHUK Ha IBA OJAUHAKOBLIX (m+ 1)-yrombpauka. lasee
nmobasi XopJa, poBeeHtas Baceii, Oyaer npoxoautb B onHOM u3 AByX (m + 1)-yrombhukos. B orser
[Terss moxker upoBecTu Takylo ke xopay B apyrom (m + 1)-yrosbuuke. Takum obpaszom, y Ileru scerpa
€CTb XO/I, i OH BBbIUI'PAET.

[Iycres n Hegerno. HazoBem %.4104€601 O3UINIO, B KOTOPOU HCXOIHBIN N-YIOJbHUK PAa30UT HA HECKOJIb-
KO MHOTI'OYTI'OJIbHUKOB (BO3MOXKHO, OJ[MH) C HEYETHBIM YUCJIOM BepinuH. JIOKazKeM CJIeIyoliee yTBepKIe-
aue: ecau Ilema deaaem xod 6 kaowesol nosuyuu, mo Baca moocem omeemums mak, 4mobv, 6HO6b
BO3HUKAL KAOWEBAA NO3UYUA. JleficTBUTEIbHO, 110001 x01 [leTn — nuaronass B OMHOM W3 MHOTOYTOJIb-
HUKOB (CcKaxkeM, A), HAa KOTOPbIe Pa3OUT N-yrojibHUK. DTa JMaroHalb pa3pe3aer A Ha JABa MHOIOYIOJb-
HUAKA C YeTHbIM U HEYeTHbIM 4uCjIOM Bepuiud. B orser Baca mosken mposecTu XOp/y, OTPe3arolLyio
TPEYTOJbHUK OT MHOIOYIOJIbHHKA € YeTHBIM 4YUCJIOM CTOpoH. Takum obpaszom, A pacuajercs Ha TPH
MHOTOYTOJIbHUKA C HEYETHBIM YHCJIOM BEDIIWH, U BHOBb BO3HUKHET KJIIOUYEBAs MO3UIUS.

3aMernmM, 9TO MCXOAHAs mo3unus — KjodueBad. (Cemys ommcaHHOI BbIlie cTpareruu, Bacs Bcerzma
MOXKET C/IeJIATh OTBETHBINA XOJ, TOITOMY OH BbIUTpaer. [J

Pemenue 2. JleiicTBusi urpOKOB MOX2KHO OIKMCATh TAK: OHU IIPOBOJAT B M-yIOJbHUKE IMATOHAJIN,
TepPEeCceKaroIIecs pa3Be u4To KoHamu. Jjis ynobcTBa Mbl MOXKEM CIUTATH ITOT N-YTOJIHHUK MTPABUIBHBIM.
[Iycts n gerno, To ectb n = 2m. I[lobemy Ilere obecreunt cienyiomas crparerus. llepBbiM X0H0M OH
JIOJIKEH IIPOBECTHU JIMArOHAJIb, PA3OUBAIOLLYIO N-yIOJIbHUK HA JIBA OAMHAKOBbLIX (m+ 1)-yroubsuuka. Hasee
arobast xopJa, posedennas Baceii, Oyaer npoxouurb B oaHoM u3 AByx (m + 1)-yrosbuukos. B orser
[Terss moxker upoBecTu Takyio ke xopay B apyrom (m + 1)-yrosbuuke. Takum obpaszom, y Ileru scerpa
€CTb XOJI, I OH BBIUTDAET.

[Iycts n mewerno, To ectb n = 2m + 1. Jlokaxkem 1m0 wHAyKInu, 9TO Tpu Jodbom m y Bacu ects
mobeHas crparerns. baza nHAyKun odeBuaHA: B Tpeyronbauke y Iletu et xomoB. Ilycrs mpu mo6oM
k < m rakag crparerus cyimecrByer Jis (2k + 1)-yronbauka. Ilepsas xoppa, nposejennas Ilereii,
Pa3JIEIUT UCXOAHBIA MHOMOYTOIBHUK HA JABa: A C YeTHBIM YMCIOM BepmHH U A’ ¢ HEYeTHBIM., 3aMETHM,
4T0 1pK urpe ToIbKo B A nobemy moxker cebe rapaHTHPOBATH LEPBbIT UIPOK (TaK KAK YUCJIO BEPIIUH B
A 4gerH0), a npu urpe ToNbkO B A’ — BTOpO# MrpoK (0 MHIYKIMOHHOMY MPEANoIoKenuto). Onumem
BBIUTPBINIHYIO cTpareruio Bacu. Ilepsbrii ero xo mosmken ObITh B A a 3aTeM Kaxk bl pa3 Bacs npoBogut
xopay B ToM ke Muoroyrojbauke (A wmau A’), uro mepen stum Ilersa. Ilokaxkem, uro y Bacu Bcerza
Hadiercs xou. JleficTBuTeIbHO, Mrpa UET HAPAJUIEIBLHO B ABYX MHOIOYTIOJIbHUKAX, IprYeM B A HAYMHAET
Bacs, a B A’ — Ilera. ITosromy mig A u A’ y Bacu ecrb nobeinbie crpareruu u, Cielys UM, OH BCerja
CMOXKET CIIeJIaTh OdepesHoi xoa. [

6. Ha cmone HATOOAMCA MPU WaPpa & KOHYc (0CHOBAHUEM K CMOAY), KaAcasct Opye 0pyea SHEWHUM 00-
pasom. Paduycor, wapos pasror 20, 40 u 40, a paduyc ocnosanus konyca pasen 21. Hatdume svicomy
KOHYCG.

OTBer: 28.

20
K 21 0] C




Pemrenue. Ilycrbs O — ueHTp OCHOBaHUS KOHYCa, h — €ro BbICOTA, 2(¢ — yIOJI HAKJIOHA 00pa3y FOImX
KOHyca K cTojly. PaccMorpum cedenue, mpoxojsiinee d4epe3 OCb CUMMETPHH KOHYCA U [EHTD OJHOIO U3
mapoB (cM. JieBblit pucyHok). Ilycrs K — Touka KacaHus Imapa co crojaom, R — paauyc mapa. Torma

OK = R -tgo +21. (%)

O6o3uauum yepes A, B, C' rouku Kacanus wapos co crosioM (cM. upasblil pucyHok). U3 ycioBus kacanus
mapoB BC = 80 u

AB = AC = /(40 + 20)2 — (40 — 20)? = 40V2.

Buauur, Boicora AD tpeyronbauka ABC aBjsercsa cepeuHHbIM neprenukysspom Kk BC. U3 (x) Bbire-
kaer, 9To Touka O paBHoymaaena or B u C, to ectsb ona jexut Ha AD, u OA = 20tga + 21. 3amernwm,
910

BD =40, AD=+/AB?-BD? =40, OD = AD —OA =19 - 20tga.

Pasencrso (%) naer OB = 40tga + 21, u uo reopeme Iudaropa
OB? = OD*+BD? < (40tga+21)" = (19-20tga)’+40? <= 30tg’a+61tga—38 = 0 <= tga = 3.

Orciona
tg2a0=——"5—=- u h=21-tg2a=28. O



Bapuanr 3

1. Kaowcdaa xaemra mabauyv, 5 X 6 okpawera 6 00uH U3 MPex 46emos: CUHUL, KPACHbT WAL HCEATIBLT.
IIpu smom 6 Kaotcdoti cmpoke MabAUYbL YUCAO KPACHBLT KAETNOK HE MEHOULE YUCAL CUHUT KACTNOK U HE
MEHDUWE YUCAG HCEAMBLT KALMOK, G 6 KAHCOOM CMOAOUE MAbDAUUDL YUCAO CUHUT KACMOK HE MEHLULE
YUCAG KPACHVLT KAEMOK U HE MEHDUWE YUCAL HCEAMBT Kaemok. CKoAbKO HCEAMVT KAECMOK MOHCEm
6oums 6 makot mabauye? Ipusedume npumep coomeemcmeyouwels PacKpacKy.

OtBert: 6.
C|C|C|K|K|K
K|K|K|C|C|C
KKIK|K|C|C
C|C2K|ZK|K |K
K| K|C|C|ZK|zK

Pemenne. Tak Kak B KaKI0# CTPOKE KDPACHBIX KJIETOK HE MEHBINE, YeM CHHUX, UX He MeHbIIe I
Bo Bceit Tabiaure. Torga KpacHBIX M CUHUX KJIETOK ITOPOBHY B KaKJ0M cTojibue. /[leificTBurenbHo, ecin
B OJIHOM ©U3 CTOJIOLOB KPACHBIX KJIETOK MEHbIle, YeM CUHHUX, TO uX Oy/er MeHblle U BO Bceil Tabiule,
LIOCKOJIBKY B OCTaJIbHBIX CTOJIOLAX ux He Oojiblie, yeMm cunux. Kpome ToOro, 4mcio CUHUX KJIETOK B
KazKJIOM Croji0ue He MeHblie %, TO eCTb OHO IO Kpaiimeil mepe 2. 3Haunt, TabIUIA COMEPKUT KAK
MUHEMYM 12 CHHHX KJIETOK M CTOJIBKO K€ KpacHbIX. llosTromy B Tabiune mMeercs He 6osiee 6 KeIThIX
kietok. C Apyroil CTOPOHBI, B KarK/IOM CTOJIOIE ODIIlee YUCI0 KPACHBIX U CHHUX KJIETOK Y€THO, II03TOMY
B HEM HMMeeTCsI XOTsI Obl OJ[HA »KeJITas KJIeTKA. JHAYHUT, TaOJIUIA CONEPKHUT He MeHee 6 KeJIThIX KJIeTOK.
ITpumep packpacku € LIECTHIO KEJITbIMU KJIETKaMU LIPUBEJEeH Ha pucyHke. [J

2. Janwv wucaa x,y € (0, %) Hatidume makcumanvroe 3navenue 6oiparcerus

_ /COSTCO8 Y
T Jctgx 4+ \/ctgy
\/E

OrBer: -

Pemenne. 3amerum, u10 +/a + Vb < \/2(a + b) npu mobbix a,b > 0. IIpumenss HepaBeHCTBO jjis
CPEIHErO rapMOHWYECKOTO W CPEIHETrO apu(PMETHIECKOrO, MbI TIOJLY I1M

1 1
Agz COS T COos Y ( tgr + )—Z(\/smxcosy—l—\/cosxsmy)

v

T \/sinxcosy+cos:1:siny =

<
3

[\
-5

Pasencrso peasmsyercs upu z =y = 7. [

3. Yemwmpexryzonvrurx ABCD enucan 6 OKpyscHOCMb W, UeHmp komopol aescum na cmopone AB.
Okpyotchocmsd w1 Kacaemes sHewHuMm 00pasom okpysrcrocmu w 6 mouke C. Okpyoschocmsd we Kaca-
emca okpyorchocmeti w u wy 6 mowkar D u E coomeemcmeenno. Ipamas BC emopuwHo nepecexaem
okpyoscHocM® W1 6 mouke P, a npamas AD emopuuno nepecexaem okpystcHOCH Wo 6 mouke (.
Uszsecmno, wmo mouku P, Q u E pasauuno.. Hatidume yzon PEQ.

OrBer: 180°.

Pemenune 1. Tak kak Z/BCO = ZPCOy, pasuobeapentbie rpeyrojibiuku BOC u PO;C 10m06HbI,
orkyma /BOC = /PO,;C. Awnajoruuno nposepsiercs, uro ZAOD = ZQ0OsD. Torma orpesku O1 P u
0> Q napayiebHbl mpsaMoit AB u, 3Hagut, apyr apyry. Ilosromy /PO E = ZQO2E. Takum obpa3om,
paBuobepernbie Tpeyrogbauku PO E u QO2 E nonobusr, otkyna ZO1 EP = Z0, EQ. 3uagur, touka F
JIe2KUT Ha orpeske PQ, uro u jgaer orser. [



Pemenue 2. Ormernm moJsie3HOE CBONCTBO KACAIOIMIMXCSA OKPYKHOCTEH: ecau cexyusans UV npozodum
wepes mouky T wacanus 06yxr okpyscrocmetl, Mo BNUCAGHHBLE Y2Abl, ONUPGOULUECH HA GBLCEKAEMbLE el
dyau, pasHbl. JlefcTBUTE/IbHO, IIOCKOIbKY BIMCAHHBIA YO/ PABEH YIJLy MEXK/Y KaCaTelbHON U CeKyllei,
cupasenyusbl papercrsa LZUULT = LZUTY = ZXTV = ZVV,T (cMm. sieBblil pUCyHOK HUZKe).

O6o03naunm Touky nepecedenust AD u BC depe3 R, a Bropyio Touky nepecedernss AC ¢ OKpYKHOCTHIO
wy gepe3 S. Ilycte L0002 = 2a u L0020, = 25. U3 paBuobeapenuoctu Tpeyrogbaukos O1CE u
O3 DFE MbI TOIy9aeM, 9To

LO1EC =90° —a, /OsED=90°—f u /CED =180°— ZO,EC — /O,ED = o + B.

C apyroit croponbl, u3 cymMMbl yriioB Tpeyrosabauka O0; 0, maxogum, uto ZCOD = 180° — 2a — 26.
Brucanusiit yron ZC AD — nonosuna nieaTpaabaoro yriaa ZCOD. Torma

LCAD =90° —a -8, ZACR=/ZACB=90°, orkyna ZCRD =a+ .
Taxkum obpasom, ZCRD = ZCED. U3 Buucannocru yerbipexyrojibuuka PEC'S Bbirekaer, 4ro
/PEC =180° — ZPSC = 180° — ZCAB = 90° + ZRBA.
Kpowme rtoro, ZDEQ = ZDBA = 90° — ZRAB. Teunepb Mbl MOkeM Haditu yroa PEQ:

/PEQ = /PEC + /CED — /DEQ = /PEC + /CRD — /DEQ =
= (90° + ZRBA) + (180° — ZRAB — /RBA) — (90° — ZRAB) = 180°. O

Wi

4. Ha docke nanucano npouseedenue mpersnaunox wucen KCU u UCK, zde bykev, coomeemcmeyrom
PABAUNHBM 0ECATNUNHBM YuPpam. 3anucet 9mozo npouseederus COCMoOuM u3 mpex nap 0OUHAKOGHLL
cocednux yugp. Imo Hanucaro wa docke?



OrBert: 224455 = 385 - 583.

Pemenne. Ilockonbky 3amada ne mensierca npu nepecranoske I u K, mbr 6ynem cumrars I < K.
[Mycrs KCU - UCK = Zzyyzz. OueBuiuo, 4ro npasas dacrb kparaa 11. Tak kak

KClmod 11 = (1 + K — C) mod 11 = ICK mod 11,

quciaa KCU u UCK nensitest ma 11, a ux npoussenenune gemmrcs va 121. Iockombky Txyyzz = 11-20y0z,

MBI IosTydaeM « + 4 + 2z - 11, orkyzma x + y + z passo 11 mwinm 22. 3amerum, 9TO
(I + K + C)*mod 9 = KCH - UCKmod 9 = Zzyyzzmod 9 = 2 (x + y + 2) mod 9.

BaBucuMoCTb MexKy ducaamu 1 u n’ mod 9 npusejena B rabuie:

n 1 2 3 4 5 6 7 8 9
n?mod 9 1 4

(nanee ocrarku OyayT LMKJIMYecKu 10Bropsrbes). Tak kak 44mod 9 = 8, cayuwait ¢ +y + z = 22
nepo3Mozken. Eciu x + y + 2 = 11, mbt nosygaem (U + K + C)2mod 9 = 22mod 9 = 4, u u3 rabmup
M+K+Cmod9 € {2,7}. Kpome roro, I + K — C kparno 11, orkyzma mubo C = U + K, mubo
C =N+ K — 11. Paccmorpum 3TH Ciydau.

1) IIycre C = U + K. Torga 2Cmod 9 € {2,7}. Eciu 2Cmod 9 = 2, o C = 1, 4T0 HEBO3MOKHO,
nockoibky U+ K > 2. ITycrs 2Cmod 9 = 7. Torua C = 8, u napa (U, K) moxer upunumars 3uadenus
(1,7), (2,6), (3,5). Taxk kak 781187 = 146047, 682 -286 = 19 50 52, 583 - 385 = 2244 55, Ham LOAXOAUT

TOJIBKO TPEeTUi Cjrydai.
2) ITycrs C=U + K — 11. Torma C < 9+ 8 — 11 = 6. Tak Kak

2(C+1)mod 9=(2C+11)mod 9= (N + K+ C)mod 9 € {2, 7},
Ml nostyauM C = 9 wian C = 7, 910 HEBO3MOXKHO. [

5. Ilo xparo kpyesozo cmoaa cmoam n nycmox cmakanos (n = 3). IHems u Baca no owepedu (navwunas
¢ Hemu) naausarom 6 nux xeac. Ilema 6 c6oli £0d Harusaem K6ac 6 ulOPaHHLIT UM NYCMOT CINAKAH,
Y KOMOpPozo 066 cOCeHUT ¢ HUM CAKGHG AUb0 nycmoie, aubo nosnse. Baca 6 ceoli xod nasusaem
K6acC 8 6blOPAHHBLY UM NYCMOT CMAKaH, Yy Komopozo 0dur cocednull ¢ HuM CMakeH nycmot, dpyzolt —
noanvli. Ipouzpwsaem uepok, ne umerowut xoda. Ilpu xaxux n Ilems evuzpaem 6He 3a6UCUMOCTIU
om deticmeuti Bacu?

OrBer: n # 4.

Pemenue. OueBuauo, uro n = 3 mHam moaxoaut. Chaydwait n = 4 we moaxomut. JleficTBUTEIBHO,
IEPBBIM OTBETHBIM XO10M Bacs 3amosHser crakas pgaaoMm ¢ Ttem, uro Hagwa [lersi, mociae wero y Ilern
HET XOJI0B.

IIycte n > 4. Hazoem 38enom OJIOK M3 HECKOJBLKHX IOCTIEI0BATENbHBIX 3AIIOTHEHHBIX CTAKAHOB, a
HabOP 3BEHbEB, PA3/EJIEHHbIX OJHUM IIyCTbIM CTAKaHOM, — yenouwkol. Cuesaem /Ba HAOJIONEHMA.

1) Ecau nepen xomom Bacu 3anosiHeHHble CTakaHbl 00pa30BBIBAJIM IIENOYKY, TO U IIOCE €ro XO/a
IIEMOYKA COXPAHUTCSA C TEM K€ IHUCJIOM 3BEHLEB.

2) Eciu Ilers HajquBaer KBac CTakaH, CTOANIMI dYepe3 OJUH OT KpailHero 3BeHa LENOYKH, TO CHOBA
[IOJTy9aeTCA MEMOYKa, Y KOTOPO# CTAHOBUTCS HA OJHO 3BEHO OOJIbIIIE.

[Tobennas crparerus Ileru cocrour B cieayiomem. IlepBbiit Xom OH e/taeT MPOU3BOJIBHO, MTOJTYYIast
OJHO3BEHHYIO 1enouky. Eciu y Bacu Her xoma — oH mpourpaJ, uHade mocje xozxa Bacu B cuiy 1)
coxpamsercs 1emodka. Torma Ilersa 3amosHsaeT crakaH, CTOAININH Yepe3 OIUH OT KpaifHero 3BeHa, MermovdKH,
eci 310 BO3MOKHO. [lomycTum, 9ro nocie 2k X0moB Tak jeiicrBoBaTh yxKe Heab3sd. C yderom 2) 310
3HAYUT, 9TO 0OPA30BAIACH EIOYKA, Y KOTOPOIT 3230p MEXK/y KpalHUMH 3BEHbSIMHU HE MIPEBOCXOIUT JABYX



crakauoB. K stomy momenty umeercst 2k nosinbix crakaHos u ue 6osee k+1 mycroix. Torma 3k+1 > n > 4,
oTKyna k > 2. Bayrpu nenouku ectb k — 1 > 1 myCThIX CTaKaHOB, ¥ B OAuH U3 HUX [lers Moxker HaIUTH
kBac. Ecam 3a30p MexIy KpailHMMU 3BEHbSMU IEMOYKN COAEPXKUT BCErO OJWH CTakaH, TO y Bacu mer
X0/l ¥ OH mpowurpaJ. Ecim Takux cTakaHOB [1Ba, TO B OAWH 3 HUX Bacs cMOxKeT HAJIUTh KBAC, HO IPYTOi
OKaKeTCsl OKPYKEHHBIM IMOJHBIMYM CTakKaHamu. Takum obpasom, y Ileru mogButTcCs ere OmwH XOI, a Y
Bacu ux yxke mer. [

6. Ha cmoae aesrcam wapo. paduycos 2, 2, 1, kacasco dpye dpyza enewnum obpasom. Bepwuna xonyca
HATOUMCA Nocepedure MeHcdy MOUKAMU KACAHUA 00UHAKOBHLL WaAPOE CO CMOAOM, G CAM KOHYC Ka-
caemcs erewnuMm 00pasom scex wapos. Hatidume yeon npu eepwune konyca. (Yeaom npu sepwune
KOHYCA HA3OLBALINCA Y204 MEACOY €20 00PU3YIOULUMY 6 0CEBOM CEUYEHUL. )

OTBer: 2arcctg8.

K
K H
O H 0O, O
M a
LS
C Az C
Pemtenne. Ilycre Op, 0y, 03 — nenarpsl mapos, Aj, Ay, A3 — TOYKEM KacaHUs IApOB CO CTOJIOM,

C — BepImHa KOHYyCa, 2«0 — yTOJI Iipu ero Bepiure, ¢ = L01C Ay, ¥ = Z03C As. U3 ycioBus KacaHus
1apoB

OA1:2 n A1A3:A2A3:\/(2+1)2_(2_1)2:\/§

/ ; ) O3 A 1
= 2 — 2 = = 3473 = —
CA3 = A1A3 CAl 2 un tg¢ CA3 2

Kpowme Toro, O1A; =2 = CA;, orkyna ¢ = 45°.

Bribepem Ha ocu cummerpun kKonyca ToUKy K Tak, uro ee npoeknus H Ha mmockocts CO1 02 monamaer
Ha orpe3ok 0104 (cM. seBbtit pucynok). Obpasyiowue, 110 KOTOPbIM KOHYC KACAeTCsd OJMHAKOBBIX LIAPOB,
sezkar B mwiockocrax KCOy u KCOs, orkyna

Torma

/KCO; = Z/KCOs = p+a =45+ a.

Kpome toro, CO; = 2v/2 = CO,. OTMeruM HECKOIBKO IPOCTBIX (DAKTOB.

1) H — mouka xacanus pasuo wapos. [eiicrurensuo, rpeyrosbuuku KCO; u KCOy pasubl,
orkyua KOy, = KOy. Tak kak KH 1 0104, mbl nonyuum HO, = HOs.

2) IInockocmv KCH nepnendukyasprua O105. HeiicrBurensuo, rpeyronbuuk O1COy paBuobeapen-
wblit, a H — cepeauna O0;, orkyaa CH 1 O105. OueBuano takxke, uro K H 1 0,05,

3) Ecau KM — nepnendukyanp, onywennot us mowku K na CO1, mo MH L CO;. Do BbITEKAET
13 00PaATHOI TEOPEMbL O TPeX LEPLEHIUKY/IIPaXx.

[Tycrs KM — nepuenaukyssp, onyiuennbii u3 rouku K na CO;. U3 1) u 2) BeiTeKaer, 4To npsMas
CH kacaercs paBubix wapos, nosromy ZO1CH = Z0,CA; = 45°. Toraa B cuiy 3)

CH _ CM ) CM s ZKCO;  cos(45° +a) st — sina
CK =~ cosZ0,CH ~cosZKCO; cosZO,CH ~ cos45° '

cos ZHCK =



C apyroit cropoust, B cuiy 1) u 2) wiockocrs HCK cocrour u3z touek, papuoyiaseHubix or O u Os.
Buauur, HCK copepxkur 1ouxky Os. Torna (cm. upasblii pucyHOK)

cosa — sina = cos ZHCK = cos(90° — 2¢) — «) = sin(2¢ + «) = sin 24 cos a + cos 2 sin a,

OTKyZIa
1—sin2¢y  (sint — costp)? _ (tgy —1)* 1

= g
1+ cos2y 2 cos2 Y 2 8

tga =



Bapunanr 4

1. Kaowcdaa xaemxa mabauyv, 5 X 5 okpawera 6 00uH U3 MPex 46emos: CUHUL, KPACHbT WAL HCEATBLT.
IIpu amom 6 Kaotcdoti cmpore MabAUYbL YUCAO HCEATNOLL KACTIOK HE MEHLULE YUCAA KPACHOIL KACTOK U
HE MEHLULE YUCAG CUHUT KAEMOK, G 8 KAHCIOM CTMOAOUE ADAUYDL YUCAO KPACHBLT KAETOK HE MEHbULE
YUCAG HCEAMBLT KAEMOK U HE MEHDUE YUCAL CUHUT Kaemok. CKoAbKO CUHUT KAemok moocem Obmb
6 maxotl mabauye? Ilpusedume npumep coomsememsyruel packpacky.

OtBerT: 5.
C|K|K [ZK|2K
K| C ZK|K | K
K|K|C|2K|ZK
K|2K|ZK| C |K
KK K|K|C

Pemenme. Taxk Kak B KaxK0fl CTPOKE XKEJITHIX KJETOK HE MEHBINE, Y€M KPACHBIX, UX HE MEHBIIIEe
u BO Bceit Tabsmne. Torma »KeIThIX W KPACHBIX KJIETOK MOPOBHY B KaXKI0M cTosiOe. [leficTBuTe/bHO,
€CJIM B OJHOM W3 CTOJIOIOB KEITHIX KJIETOK MEHbIIEe, Y€M KPACHBIX, TO HX OyJeT MEeHbIIe U BO BCel
TabJIUIEe, IOCKOIbKY B OCTAJIbHBIX CTOJONAX UX HEe O0sbIle, 9eM KpacHbIX. Kpome Toro, 94uciio KpacHbIX
KJIETOK B KaXKJIOM CTOJIOIE HE MEHbIIIE %, TO €CTh OHO IO KpaifHeit Mepe 2. 3HAYUT, TAOJIUIA COAEPIKUT
kaKk MuaEMYM 10 KpacHBIX KJIETOK W CTOJBKO K€ KeJaThix. IlosTromy B Tabmuie mveercs we Oosee 5
cuaux KjeToK. C apyroit CTOPOHBI, B KaXK/I0OM CTOJIOIE OOIIee YUCIIO KEIThIX U KPACHBIX KJIETOK U€THO,
[IO9TOMY B HEM HMMEeTCs XOTs Obl O/HA CHHss KJIETKA. JSHAYUT, TAOJIMIA COJEPKUT HE MEHEee D CUHUX

kirerok. IIpumep packpacku ¢ nATHIO CHHHMU KJIETKAMU IIPUBEJEH HA pUCYHKe. [

2. Janwv wucaa x,y € (0, %) Hatidume makcumanvroe 3navenue 6oiparcerus

e sinz siny
- Vtgx + Vigy'

OTBer:

Pemenmne. 3averny, uro /a + vb < ¢/8(a + b) mpu mobsix a,b > 0, TOCKOIBKY

~[ss
[e2)

(Va+Vb)" < (2(va+vb))* <8(a+b)t.

[Ipumensisi HEPABEHCTBO JJid CPEHErO FAPMOHUYECKOrO U CPeHero apudMeTndecKoro, Mbl [IOJTY IHM

1 1
A< i \“/sinxsiny (\“/ctgx—l— {/ctgy) =1 ({*/sin:tcosy—l— {’/cosxsiny) <

VB, ~ . VB, ~
<T\/smxcosy—f—cosxsmyzT\/sm(x—f—y)<

,;
0]

|5
0]

Pagencrso peamusyercst mpu x =y = 7. [

3. Yemwpexyzorvrurx ABCD enucan 6 oKpyscHOCML W, UeHmMP Komopol aedxcum Ha cmopone AB.
Oxpyotchocmsd W, KACGEMCA SHEWHUM 00pazom okpyochocmu w 6 mouke C. OkpyoscHocmsd ws Ka-
caemca oxpyosicrocmeti w u w1 6 mowkex D u E coomeemcemeenno. IIpamasa BD emopuywno nepecexa-
em okpyorcHoCcmsb wo 6 mouke P, a npamas AC emopunno nepecexaem okpysicHocmsd wy 6 mouke Q.
Hatdume yeon PEQ.

OrBer: 180°.



Pemtenne 1. Tak kak ZACO = ZQCO;, paBuobesapennnie Tpeyronbinku AOC u QO1C momnobHbI,
orkyua ZAOC = ZQ0O,C. Ananoruuno uposepsiercs, yro /BOD = /PO, D. Toraa orpe3ku O1Q u
O, P napasuiesbibl upaMoii AB u, 3uauut, apyr apyry. Iosromy Z01QF = ZOyPE, 410 9KBUBAJIEHTHO
LO1EQ = ZO3EP. 3unauur, rouka F jexur na orpeske PQ, orkyna Z/PEQ = 180°. O

Pemnterne 2. OrMernM mojie3H0e CBOWCTBO KaCAIOMUXCs OKPYKHOCTEH: ecau cexywas UV npoxodum
wepes mouky T Kacanusa dsyr okpyostcHocmel, MO BNUCGHHBIE Y2Abl, ONUPAIOULUECA HG BbCEKAEMBLE el
dyezu, pasHbi. JlefiCTBUTEIBHO, MOCKOJIbKY BIIMCAHHBIN yrOJI PaBeH YUy MEXKIY KacaTeIbHOW W CeKyIIei,
cupasenyusbl papercrsa LZUULT = LZUTY = ZXTV = ZVV,T (cMm. sieBblil pUCyHOK HUZKe).

O6o3nauum rouky nepecedenus AD u BC qepes R. Ilycrs Z00,05 = 2a u Z00,0, = 28. Torua
u3 papaobeapennoctu rpeyrosbHukoB Oy CE u Oy DE Mbl 10J1y4aeM, 410

LO\EC=90°—a, ZO:ED=90°—8 u /CED =180°— ZO,EC — ZO2ED = a + 3.

C apyroit cropossr, u3 cymmbl yriioB rpeyroibauka O0; 0y naxogum, yro ZCOD = 180° — 2a — 20.
Buucanubiit yros Z/C AD — nosoBuna uenrpasibioro yria ZCOD. Torxa

/DAC =90° —a -3, ZACR=/ACB =90°, orkyma Z/DRC =a+ (.
Taxkum obpasom, ZDRC = /DEC. B cuiy I0Ka3aHHOI'O BbILIE yTBEP2KICHUS
LPED = /BAD = /RAB u ZCEQ =/ZABC = /ZRBA.
Teneps MbI MOykeM HaiiTu yroa PEQ:

/PEQ = /PED + /DEC + /CEQ = /PED + /DRC + /CEQ =
= /PED +180° — ZRAB — /RBA + /ZCEQ = 180°. [

W




4. Hmeromces vemupersnauHbe wucaa m u n, nosyueemvie dpyz u3 0pyza 3anucvio yudp 6 oopammom
nopadke. Mzsecmno, umo wucao mn deaumcs na 100, a e2o decamuunas 3anucsb cOCMOUM U3 Yemipex
nap 0duHakosu s cocednur yugp. Hatdume m u n.

OrBert: 6325 - 5236 = 3311 7700.

Perterune. 3anuiiem
m = abed, n =dcba, mn = zzyyz200.

dAcuo, 4ro 0HO U3 YKces M U n oKanuupaercd Ha 5 (nycrs sro 6yuer m). Torpa d = 5, yudpa a yerna.
OueBuzao, uro mn kparuo 11. Tak kak

mmod 11 = (b+d—a—c)mod 11 = (—n) mod 11,

qucaa m u n genarcd Ha 11, a ux upoussenenue gesmrca HA 121, [Tockonbky Txyyzz = 11 - 20y0z, Mbr

nomydaeM ¢ +y + z ; 11, orkyna « + y + z pasno 11 umuz 22. 3ameruM, 4To
(a+b+c+d)?mod 9=mnmod 9 = zzryyz200mod 9 = 2 (x + y + z) mod 9.

BaBHCHMOCTD MezK Iy umcaamu p 1 p> mod 9 npusesena B Tabiuie:

» |12 ]3]45]6]7]3s
pPmod9 | 1 | 4 | O | 7 | 7] 0| 4] 1|0

(nanee ocrarku OyayT LMKJMYecKu 1oBropsrbes). Tak kak 44mod 9 = 8, cayuwait ¢ +y + z = 22
HeBo3MOxKeH. Ecim o +y + 2 = 11, ¢ yuerom d = 5 Ml noaydaem (a + b+ c+5)?>mod 9 = 22mod 9 = 4.
Kpowme Toro, b + 5 — a — ¢ kparuo 11. Paccmorpum apa ciaydas.

1) IIyemv a + ¢ =b+ 5+ 11. Torga
4=(a+b+c+5)2mod 9= (2(b+5)+11) mod 9 = 4(b+5+1)>mod 9 <= (b+ 5+ 1)> = Imod 9,

u 110 rabsmne b+ 5+ 1 pasuo 8 unu 10. B ciyuae nmtoca a + ¢ 6yaer pasuo 18 miu 20, 970 HEBO3MOXKHO.
[Ipu MuHyCe a + ¢ OKaYKeTCs HElOJIOKUTEIbHBIM, 9er0 BBUIy a > 0 TakKe ObITh HE MOMKET.

2) IIyemwv a+ ¢ = b+ 5. Torpa uo rabauue b+ 5 pasuo 8 uinu 10, ro ecrb b paBuo 3 uau 5. Borauciss
HPEAIIOCIIETHIOI TUdPY M7, Mbl IOy YUM

0= (5b+ac+ %)mod 10 = (5+ ac+ %) mod 10. (%)

Tak kaK a 4erHo, gouycruMmbivu napamu (a,c) upu b = 3 6yuyr (2,6), (4,4), (6,2), (8,0), aupu b =5 —
(2,8), (4,6), (6,4), (8,2). IMoucrasisis 914 1apbl B UPABYIO 4aCTh (%), MbL LIOJLY4UM

83,00 2 1,2, 5.

Buauur, ycaosuio (x) ymosiaerBopsier Tobko m = 6325. Ilockomnbky 6325 - 5263 = 3311 77 00, 310 yucsio
u pgaer orser. [

5. Ilo xparo kpyesozo cmoaa cmoum n nycmux cmakanos (n = 3). Ilems u Baca no owepedu (navwunas
¢ Ilemu) naausarom 6 nux nanumku: Iemsa — weac, Baca — mopc. 3a 0dun 100 uepox mooicem
3aNOAHUMD 00UH NYCMOU CAKAH HG c60U 6bl00p MaK, 4Mobv, nocae e2o roda He 00pa306asocs J06YL
COCEOHUL CTNAKAHO6 ¢ 00UHAK08bLM Hanumkom. Ecau 6 pesysvmame deticmeuti uzpokos 3aN0AHANOM-
CA 6CE CMAKAMDBL, O UZPA 3AKAHYUCAEMCA 6HUYbI0. B npomuenom cayuae npouzpuieéaem uzpox, He
umerowut roda. Ipu kaxux n I[lemsa eviuepaem ene 3asucumocmu om deticmeuti Bacu?

OTBeT: HU IIpU KAKHUX.



Pemmenue. Crparerus Bacu 3akirodaercsa B CeAyrOIIEM: Ha KaxKJOM LIAre OH JIOJ2KEH 3allOJIHATH
CTAKaH, CJIEAYIOMHI [0 YaCOBOH CTPEJIKE 33 TeM, 9TO mpeAbLaynmM xomoM HamoiaHut [lers. [lokaxkewm,
9TO 9TO BCErJa MOXKHO caenarh. Bocmomb3yemes nuaykmueit mo anciy xoa0B [lerun. Tak kak n > 3, 6a3a
UHIYKIWMY oueBuana. Jlonycrum, uro mjis k miaros sra crparerus npoxoaut. Ilepen (k+1)-m xomom Ieru
CTaKaHbI C KBACOM M MOPCOM 00pa3yIOT COCETHHUE MAPhI: MO YACOBOM CTPEIKE MOPCY MPEIIIECTBYET KBAC.
[Iycre Ilers Hamma KBac B odepeaHoi crakan. [Io ycioBuio B cireyiomeM CTakaHe He MOXKET ObITh KBaC.
He mozker ObITh TaM © MOPC, TAK KaK MOPCY BCEr/a MPE/MIECTBYET CTaKaH ¢ KBacoM, u Ilers 3amoraHmt
OBbI €r0 MOBTOPHO. JHAYUT, CAEAYIOMnii cTakan mycT. HakoHelr, B CTakaHe, HAXOIAIIEMCs 9epe3 OJUH OT
masuToro Ilereit, Mopca HET, MOCKOJIBKY TIPEIIeCTBY IO MOPCY CTaKaH 00sS3aTeIbHO 3amoHeH. Takum
obpas3om, Bacs moxker caenars caemyromuii xom. [

6. Ha cmoae aesrcam wapv, paduycos 2, 2, 5, Kacasco dpye dpyza snewnum obpasom. Bepwuna wonyca
HATOUMCA nocepedure MenHcdy MOUKaAMU KACAHUA 00UHAKOBHLL WaAPO8 CO CMOAOM, G CAM KOHYC Ka-
caemcs enewnum 00pasom scex wapos. Hatidume yeon npu eepwune konyca. (Yeaom npu sepwune
KOHYCA HA3OLBALTNCA Y204 MEACOY €20 00PU3YIOULUMU 6 0CEGOM CEUYEHUL. )

OTBer: 2arcctg72.

K
K H
O H 0O, O
M a
LS
C Az C
Pemtenne. Ilycre Oy, 0y,03 — nenarpsl mapos, Aj, Ay, A3 — TOYKEM KacaHUs IApPOB CO CTOJIOM,

C — BepImHa KOHYyCa, 2«0 — yTOJI Iipu ero Bepiure, ¢ = L01C Ay, ¥ = Z03C As. U3 ycioBus KacaHus
1apoB

CAr=2 m AjAs= M4 =/(5+2)? - (5-2)2 = V40

/ : ; O3 A )
= 2 — 2 = = 3473 = —
CA3 = A1A3 CAl 6 u tg¢ CA3 6

Kpowme Toro, O1 Ay =2 = CAy, orkyna ¢ = 45°.

Bribepem Ha ocu cummerpun kKonyca ToUKy K Tak, uro ee npoeknus H Ha mmockocts C'O1 02 monamaer
Ha orpe3ok 0102 (cM. neBblit pucyHnok). O6pasylomue, M0 KOTOPhIM KOHYC KaCcaeTCs OJUHAKOBBIX IIAPOB,
sezkar B mwiockocrax KCOy u KCOs, orkyna

Torua

/KCO; = ZKCOs = p+ a = 45° + a.

Kpowme toro, CO; = 2v/2 = CO5. OTMernM HECKONBKO TIPOCTBIX (PAKTOB.

1) H — mouka xacanus paswoz wapos. [eiicrurensuo, rpeyrosbuuku KCO; u KCOy pasubl,
orkyna KOy, = KOy. Tak kak KH 1 0104, mbl nonyuum HO, = HOs.

2) Inockocrme KCH nepnenduryaapna O10+. [eiictBurensbrao, rpeyronbuuk O1COy paBHOOEADEH-
woiit, a H — cepeauna 0102, otkyna CH L O105. OgeBugno takxke, aro KH 1 010;.

3) Ecau KM — nepnenduryanp, onywennot us mowku K na COy, mo MH 1 CO;. Do BbITEKAET
13 00PaATHOI TEOPEMbL O TPeX LEPLEHIUKY/IIPaXx.



IMycrs KM — nepueniukyssp, ouyuiennbtii u3 rouku K na CO;. U3 1) u 2) Bbirekaer, 4ro upsimas
CH kacaercs paBubix wapos, nosromy ZO1CH = Z0,CA; = 45°. Toraa B cuiy 3)

cos LHOK CH CM CM cos ZKCO;  cos(45° + ) cos "
— — : — = = — S11 .
CK cosZO.CH cos/ZKCO; cosZO.CH cos 45° @

C apyroit cropoust, B cuiy 1) u 2) wiockocrs HCK cocrour u3z touek, papuoyiaseHubix or O u Os.
Buauur, HCK copepxkur 1ouky Os. Torna (cm. upasblii pucyHOK)

cosa — sina = cos ZHCK = cos(90° — 2¢) — o) = sin(2¢ + «) = sin 24 cos a + cos 2 sin a,

OTKy/a
tga = 1—sin2¢y _ (sinw—‘c081/1)2 _ (tgy — 1)2 _ i 0
1+ cos2y 2 cos? 2 72




Bapuanr 5

1. B kaemkax mabauyvt 5 X 5 paccmasierv. HAMYPAADHBIE YUCAG MAK, YMO 6Ce JeCAMb CYMM IMUL
wuces 6 CImpoKar u cmoabyaxr mabsuysve pasasudms. Hatdume naumenbulee 803MOHNCHOE 3HAYEHUE
CYMMBL ucen 60 sceli mabauye.

OrBer: 48.

Pentenne. Tak Kak 371€eMeHTHI TAOIAIBI — HATYPAJbHBIE YHC/Ia, CyMMbI II0 CTPOKAM H 10 CTOJIOIAM
rabsinupl HEe Menbiie 5. [lOCKOJIBKY BCe 9THU CyMMbI Pa3JIMYHbI, MUHUMAJIHHO BO3MOXKHBIH HAOOpD HX
sHavenuii pasen {5,6,...,13,14}. CkuaapiBas CyMMbI O CTPOKAM M CTONONAM TAOIUIIBI, MBI MOJLY UM
VIBOEHHYIO CyMMYy S BCEX Unces TaOJIUIbI, TaK KAK KAXKI0€ U3 HUX YIUTHIBACTCS JBAXKIBI — B CTPOKE U
B crojibe. Torma

S>1(5+6+...+134+14)=1.95=47], roecrn S >48.

2

[Mpumep s S = 48 npusenen nuxke. O

1j171|1]1
171111]2]2
1111233
1121233
213(3|3|4

2. anwv, nososcumenvrvie wucaa a,b, c,d. Hatidume MuHuMaAbHOE 3HAYEHUE BVLPANHCEHUS
1\* 1\* 1\’ 1\’
A=(a+7) +(b+=) +(c+=) +(d+=).
b c d a
OrBer: 32.

Pentenne 1. Bocnonb3yemca nepasenctsom Kommm /1t cpeinnx BHaYa e B KazK/I0i CKOOKe, a 3aTeM
st Beelt cyMMbl. MbI mojty9um

3 3 3 3 3/8
a b c d a b ¢ d
A> 24/~ 24/ - 24/= =) =232(----=-- = 32.
(\/;) +<\/:> +( d) +< a) 5 (b c d a) 5
PasencrBo peanmusyerca npua =b=c=d=1. 0

Pemenne 2. Bocnomssyemcs mepaserctsom z° + ¢ > L (x4 y)3, seprpiM ana 2,y > 0. [puvenss

1
ero TPUKAbI, MbI Hoﬂqu/IM
PP+t 2 1 (@ +y)?P+G+w)?) 2 G @+y+z+w)? upn x,y,z,w > 0.

Tornma B cumy mHepaencTBa Komm 11 cpeaanx

1 1 1 1
Z.c.
c

A= +1+b+1+ -|-1-|-d+ 3>1 8{5/ b
> 1 1 1...1 LR L
16\“" % c d a 16 Y

PaBencrBo peasmmsyercs npu a =b=c=d=1. 0O

1 1\ s
Z.d-2) == =32.
d d a> 16 5

3. an ocmpoyzoavhorii mpeyzosvhur ABC. Oxpyorcrnocms ¢ duamempom BC nepecexaem cmoponv. AB
u AC 6 moukaxr D u E coomeemcmeenno. Kacameavhvie, nposedennoie ¥ okpysrcHocmu 6 movwkax D
u E, nepecexaromcs ¢ mouke K. Hatidume yzon meocdy npamomu AK u BC.

OtBert: 90°.



Pemenune 1. [lycts « = ZDBE, = Z/BCD, v = ZCBE, O — touka nepecedenusi orpe3kos C'D
u BE. ¥Yron mexay KacareabHoit DK n xXopaoit DFE paBeH BIUCAHHOMY YIUIy, KOTOPBIM OMUPAETCS Ha
DE, orkyna
/DEK = /EDK = «.

Kpowme Toro, ZCDE = ~. B cuny Buucanxoctu derbipexyroibuuka BDEC
/AEK = /AED —a = /CBD —a =+ wu, ananoruuno ZADK = (3.
Tak kak a+ f+ v = LADC = 90°, Mbl 1IO7y49uM
ZDAE =180° — 2 — 8 —y=90° —a = 1 (180° — 2a) = } ZDKE.
Samerum, 410 OKOJIO derbipexyrojbiauka ADOFE MOXKHO onucarb OKpyKHOCTb w. Torma yron DAFE
BIMCAH B w, & TOYKa K JIEKUT HA CEPEIMHHOM MEPIEHANKY/IsApe K xopae BE, To ecth Ha muamerpe w.
[Tosromy K — meHTp w, OTKyOa
/DAK = /ZADK = 3=90°—a—~v=90° - ZCBD.

Takum obpasom, AK | BC. O

Peutenne 2. Ilonoxum
a=/DBE, B=/BCD, v=/CBE, ¢p=/DAK, ¢ =/FAK.

Yron mexnay kacarenbHoit DK m xopmoit DE paBeH BOUCAHHOMY YTJIy, KOTOpPBI omupaercda Ha DE,
OTKY/1a
/ZDEK = /EDK = a.

Kpowme Toro, ZCDE = ~. B cuny Buucanxoctu derbipexyroibuuka BDEC
/AEK = /AED —a = /CBD —a =+ wu, ananoruuio ZADK = (3.
Tak kak o+  + v = ZLADC = 90°, MBI IOy INM
y=90°—-a—-03, ¥vp=180°-2a—B—-—~v—9=90°—a— .
Teopema cunycos ajist rpeyrojibiukos DAK u EAK naer

AK DK AK EK

sin3  sing’ siny  sint)’



Tak kak DK = FK, u3 3Tux paBeHCTB MOXKHO HUCKJIOYUTb CTOPOHBI. MBI ITOTyIuM

sinysin ¢ = sin Bsiny <= cos(a + B) sin g = sin fcos(o + ¢) <=
< sin(a+ B+ ¢) +sin(p —a— ) =sin(a+ B+ ¢) +sin(f — a — ¢) <= 2sin(p — f) cosa = 0.

Torma
/DAK = =08=90°—-a—~v=90°—- ZCBD,

orkyma AK 1 BC. O

4. Ha docke nanucano npoussedenue wucen MKC u KHC, 20e 6yksbe cOOMeememeytom pasiusoim Heny-
aesvim decamuswHom yuppam. Cpednumu yudpamu smozo npouseedenus asasomea U, K, C u 0,
3ANUCAHHBLE 8 HEKOTNOPOM NOPAdKe, 4 Kpatinue Uu@dpor pashb, Medcoy cobot U OMAUYHBL OM CPEOHUL.
Ymo nanucano Ha docke?

OtBer: 169201 = 269 - 629 uau 193501 = 359 - 539.

Pemenne. Tak kak 3ama4a ue mensercs upu nepecranoske U u K, mbr moxxem cumrars, uro U < K.

[Iycrs p = UKC - KUC, I — kpaituue nudpst p. Iucna (U + K + C)? u (U + K + C + 2I1) gator upu
(U+K+C)(U+K+C—1)
2

Jgesiennd Ha 9 oguHAKOBbIE ocTaTKu, OTKy/Aa Il mod 9 = mod 9. BaBucumocTb MEXK LY
n(n—1
2

YJUCJIAMHA N 1 ) mod 9 nmpuBenena B TabJure:

no |1 l2]3 |45 |6][7|8]09
" Dmod9 | 0| 1| 3|6 | 1|6 ]3[1]0

(mamee ocrarku OyIyT MUKIMIECKH NOBTOPATHCsA). Takmm obpasom, 11 € {1,3,6,9}. Tak kak LI sasgerca
MiIamelt mudgpoit dmeaa p, oHa paBHA ocTaTKy oT mejenus C2 ma 10, KOTOpPLIH Beerja OTIHYEH OT 3.
Kpowme Toro, I aBigerca rakxke crapiieil nudpoii p u p < (U + 1) - (K + 1) - 10000 < 900000, orkyaa
0 < 9. 3amerum, 9TO

M+ DE+1) M-K+18 )
10 10

> [M}

<
10 =

Paccmorpum nBa cirydas.

1) I = 1. Tax kak I = C?®mod 10 u II # C, mudpa C papna 9. U3 TabauIbl MBI HAXOIUM, 9TO
N+ K+9e{14,17,20,23}, o ectb I + K € {5,8,11,14}. IlepBoe u3 nepasencrs (x) maer 1 - K < 19.
Hudpot 1 u K ornmuanst or C, 1o ecrb ve paBubt 9. Ecom M+ K > 11, o U- K > 3-8 > 19, uro
HeBo3MOKHO. B ciaygae I+ K = 8 napa (1, K) pasua (2,6) unu (3,5). Tak xax 269 - 629 = 169201 u
359 - 539 = 193 501, oba Bapuanra nam nogxonar. Eciu U + K =5, ro (U, K) = (2,3). Dror ciaywait ne
TOMTCSI, TIOCKOJIBKY YHCIIO P OyJeT MATU3HATHBIM.

2) IT = 6. Tak kak I[ = C?mod 10 u IT # C, uudpa C pasua 4. U3 Tabiuipl MbI HAXOMUM, HTO
N+K+4e{13,15}, 7o ectb U+ K € {9,11}. Eciu U+ K =9, to I1- K < 20, u Bropoe HEepaBEeHCTBO
B (%) maer II < 3, gro meBo3moxuo. Ilycrs U + K = 11. Tak kak U u K ormanst or C u I, ayia napst
(1, K) Bosmozkubl TO/1bKO 3Ha4enus (2,9) uu (3,8). Onu oba He noaxoaar, nockonbky 294-924 = 271 656
m 384 - 834 = 320256. O

5. Io xparo kpyeaozo cmoaa cmosm 2n nycmux cmaxanos (n = 2). Ilems u Bacsa no owepedu (nanunas
¢ Ilemu) naausatom 6 nycmole CMAKAHBL ANEADCUHOBHLT U A0A0%HBLT COK. 3a 00un T00 Katcoul uzpor
evloupaem 064 NYCMBLL CIMAKAGHA U HAAUBAET 6 00UH U3 HUL GNEAbCUHOBbU COK, ¢ 6 dpy2ol — A0A0Y%-
noli. Mepa saxanwusaemcs, xoeda 6ce cmakansve 3anoanens. Ilems xowem dobumoca mozo, 4mobo
0Ka3aA0CH MPU CMAKAHa nodpad ¢ 00unaKrossim Hanumrom. Ilpu kakuz n on moocem dobumovces ceoel
YeAU 8He 3a6ucuMocmuy om deticmeut Bacu?

OTBeT: HUE IIpU KAKHUX.



Pentenne. Pa3zobbem Bech HaOOp CTaKaHOB Ha Mapbl coceqHux. dTo0bl HapymuTh mwianbt [letu, Bacsa
JIOJ2KEH PUJIEPKUBATBCS ciieytoiieit crpareruu. Eciu Ilers 3anonnsier nBa crakana w3 OJHON HAPbI,
to Bacs — nBa crakana u3 apyroit mapol. llycrs [lers 3amosrasier cTakaubl W3 ABYX Pa3HBIX Map: W3
IEPBOil — aIeJbCHHOBBIM COKOM, U3 BTOPO# — si0ounbiM. Torma Bacs 3amosasier 1Ba Apyrux crakaHa
73 9TUX K€ Map: U3 MEePBOHl — AOJOTHBIM COKOM, U3 BTOPOI — A€ IbCHHOBBIM.

B pesysnbrare rakumx geiicrBuit Bacu Ha KaxKoMm mare ecim 00a CrakKaHbl OJHON [APbl 3aIIOJHEHbI,
TO PA3HBIMUA HAINUTKAMH. 3AaMETHUM, 9TO TPU HOCIEIOBATEJIbHBIX 3allOJHEHHBIX CTaKaHa 00s3aTesibHO
cozepKarT meryo napy. [losTomy onvHAKOBBIX HAITUTKOB B HUX ObITH HE MOXKET. [

6. Ha cmoae nesrcam wapo paduycos 2, 2, 1, xacasco dpye dpyea snewnum obpasom. Bepwuna xonyca C
HATOOUMCA HA CTNOAE, G CAM KOHYC Kacaemcs enewnum obpasom ecex wapos. Touxa C' pasnoydanrena
0 YEHMPO8 08YL PAGHOLL WAPOS, G MPEMbEL0 WaPG KOHYC KAcaemcs oopasyrouteti, nepnenduryisaprot
cmony. Hatidume yzon npu sepwune Konyca. (Yerom npu 6epuiune KOHYCH HA3bLBGETNCSA Y20 Medrcdy
€20 00pPa3YIOUWUMU 8 0CEBOM CEUEHUU. )

OrtBert: 2arctg @
K
As
K
C H
M Ay
L0\ 0 B
C Aq D Ay Ag C

Pemmenue. Ilycrs Oy, 02,03 — uenrpbl mwapos, Aj, Ay, A3 — TOYKM KacaHus LIAPOB CO CTOJIOM,

2 — yroa upu Bepimue Kouyca, ¢ = Z01CA;. Ilpsimvas, npoxomsinas depe3 C nepIeH MKyIsapHO

croity, Kacaercsa mapa ¢ nearpom Oz, orkyma LA3COs = 45° u A3C = 1. Ilycrs A3D — BbICOTA
rpeyrosbuuka A; As Az (cM. cpennuii pucyHok). V3 ycjioBus KacaHus 11apoB

Aj Az = AyAs =/(2+1)2 - (2-1)2=V8, A D=2,

AsD =\/A1As> —A1D?2 =2, u CD=A3D— AsC =1.

Tak kak A;C = 2ctgp, u3 Teopembr [Tudaropa MbI Moy IuM

OTKYyZa

5
A1C? = A\D?> + OD? <= 4ctg’p =5 <= ctgp = g

Boibepem Ha ocu cuMMerpuu KOHyca To4Ky K Tak, 4ro ee npoekuus H Ha miockocrs CO1 0y nonasaer
Ha orpe3ok 0102 (cm. ugesbiii pucynok). [osoxkum v = ZHCK, f — yron mexay CH u crosom.
Obpa3syiorue, 110 KOTOPBIM KOHYC KACAETCs OJIMHAKOBBIX MIAPOB, jiexkar B mwiockoctax KCO; u KCOo,
OTKY/Ia

/KCO, = ZKCOs = ¢+ «.

Kpowme roro, o ycnosuio CO; = COy. OrmMerum HECKOJIBKO POCTHIX (HhAKTOB.

1) H — mouka wacanus pasrwoi wapos. leiicrurensuo, rpeyronbauku KCO; u KCOy paBHbi,
orkyna KO; = KO,. Tak kak KH | 0104, mbt mogyanm HO, = HO-.

2) Inockocrms HCK nepnenduryaapna O10+. eiictBurensbuo, rpeyronbuuk O1C Oy paBHOOEADEH-
wblit, a H — cepeauna O0s, orkyga CH 1 O105. OueBugno takxke, uro K H 1 0,0,



3) Ecau KM — nepnendukyasnp, onywennoid us mowku K na COy, mo MH L COp. Dro Bbirekaer
13 00PATHON TEOPEMBI O TPEX HEPUEHIUKYIAPAX.

[Tycrs KM — nepuenaukyssp, onyiuennbii u3 touku K na CO;. U3 1) u 2) BeiTeKaer, 4To npsMas
CH xacaercs pasubix mapos. Torna Z01CH = Z0,CA; = p, u B cuity 3)

cos —C—H— cM . cM _COS(QOWLQ)—COSa—t SinO(_COSCY—lSiHOC
VT CK T csZOCH cosZKCO;  cosp gy sina = s sina.

[Tockonbky CH u CA; — orpe3ku KacarejbHbIX K c(epe, Mbl 110J1y 4aeM

2 2

CH =CA, =2ctgp =5, orxysa sinf = ol i 7

1
n cosf=——.
V5
B cuny 1) u 2) mnockocrs HC' K cocrout u3 Touek, paBHoyaageHHbx or O u O, I03TOMY OHA COAEPKUT
rouky Os. 3uauut, v = 90° — 8 — a (cMm. mpasbiii pucynok). Torma

sina 4+ 2 cos a

\/3 )

2 . . . .
cosa — —sina = cosy = sin(8 + «) = sin fcosa + cos fsina =

V5

oTKyma tg o = ‘/53_2. O




Bapuanr 6

1. B kaemkaxr mabauyoe 4 X 6 paccmasiervs HAMYPAADHBIE YUCAG MAK, MO 6Ce 0eCAMb CYMM IMUL
wuces 6 CMmpoKar u cmoabyaxr mabsuysve pasasudms. Hatdume naumenbulee 803MOHNCHOE 3HAYEHUE
CyMMmbL wucen 60 eceli mabauye.

Orser: 43.

Pemenune. Tak Kak 3/IeMEHTHI TaOJIUIBI — HATYPAJbHBIE YUCJIA, CYyMMBI 10 CTPOKAM W IO CTOJIOIaM
tabsunpl He Menbine 4. IlocKObKYy BCe 3T CyMMBbI Pa3/IM9IHbI, MUHAMAJIHLHO BO3MOXKHBIH HAOOp HX
snavenuii pasen {4,5,...,12,13}. CkuagpiBas CyMMbI O CTPOKAM M CTOJNONAM TaOJIUIIBI, MBI OJLY UM
VIBOEHHYIO CyMMYy S BCEX UnCes TaOJIUIbI, TAK KAK KAXKI0€ U3 HUX YINTHIBACTCS JBAXKIBI — B CTPOKE U
B crojibe. Torma

S>4(44+5+...+12+13)=1-85=425, roecrr S >43.

[Mpumep ams S = 43 npusenen nmxe. [

| = =] =

N |W( (N |~
WlWwW| N+
(NN

NN

DO | = | = | =

2. anwv nososcumenvruie wucaa a,b, c,d. Halidume MuHUMAALYHOE SHAYEHUE GOIPANCEHUA
,  1\° ,  13)\* ., 1)* ,  1Y)*
A=(ad®>+= b2+ — 24y = P +=).
(a +bc) +< +cd> +(c +da * +ab
OTtBer: 32.

Pentenne. Bocnosbdyemcs HepaBencrsom Kormmu it cpeHnx BHAYAIE B KaXKJ0W CKOOKe, a 3aTeM
JItst Beel cyMMbl. Mbl mosty4um

A>(£>3+(2_b)3+<£>3+(2_d>3>32 (_ wo dj)”_gz
~ \Wbe Ved Vda Vab) = bc cd da ab T
PaBencrBo peasmmsyercs npu a =b=c=d=1. 0O

3. Touka M — cepeduna cmoponw, AB mpeyeorvnura ABC. UYepes mouku A u M nposedena oxpyorc-
HOCMb W1, Kacarouyaacs npamot AC, a wepes mouwku B u M — oxpyoschocmd ws, KACAOWAACA MDA
moti BC'. Oxpyorcnocmu wy u wy emopuwno nepecexaromea 6 mouke D. Touxa E aeorcum enympu
mpeyeoavrurae ABC u cummempuyuna mouxe D omnocumenvno npamoti AB. Hatdume yeon CEM.

OrBer: 180°.

B
B
W,
M
D
Wy
c a C

A A

<




Permterane 1. Yron mexay kacarenboit AC' u xopaoit AM OKpPYKHOCTH w) PABEH BIUCAHHOMY B
wy yriy, Koropblii onupaercd Ha AM, 1o ectb LZCAB = ZADM. Anajiorudsble paccyzKIeHus s wWo
nator ZABC = ZBDM. [ocrpoum tpeyroabuuk ADB no napaienorpamyva ADBK (cMm. mpasbiii
pucynok). Tpeyrombuuku ACB u DAK nono6ubl o agym yriam. Touka M — cepenuna orpeskos AB
u DK, nosromy tpeyroibauku ACM u D AM toxe nomo6HbI (10 yIyIy U NPOIOPIUOHAIBHBIM CTOPOHAM ).
Buauur, LAMC = ZAMD. Kpowme Toro, u3 cummerpuu tTouek D u E ornocurensno AB BbiTekaer, 410
LAME = ZAMD. Takum obpasom, Touka F jnexur na orpeske CM. [0

Pemenue 2. Ilo ceoiicrBam kacarenbubix ZADM = ZCAM v ZMDB = ZCBM. CienoBareibHoO,
LADB = /ADM + /ZMDB = /ZCAM + £/CBM =180° — LACB,
n gerbipexyronbank AC BD srucannbiii. Torma
4ZBDC = /BAC =/ZMDA un /BCD =/BAD=/MAD.

Suauur, rpeyronbaukun BDC u M DA 1ogobHbl 110 AByM yryiam, OTKY/1a

BD BC _CB
MD ~ MA ~ MB’

[Tostomy tpeyrombauku BDM u C'BM 10g00HBI IO yIJIy W OTHOIIEHUIO CTOPOH M, B 9aCTHOCTH, PABHBI
yrubt ZCMB v ZDMB. B cuiy cummerpuu royek D u E orHocuresibHo AB Mbl 1OJIy4aeM

LEMB =/DMB = /ZCMB.

SuaunTt, Touka F jexwur wa mpamoit C M, orkyma ZCEM = 180°. O

Peutenne 3. Ilonoxum
a=/CAB, B=/ABC, p=/AMD, ¢ =/AMC.

Yroa mexay kacareabuoit AC' u xopuoit AM OKPyKHOCTH W) PABEH BIMCAHHOMY B Wi YIVIy, KOTOPbIi

onupaerca Ha AM, to ectb ZCAB = ZADM. Anajorudnble pacCyzK/EHUs JIJId Wo JAI0T PABEHCTBO
LABC = ZBDM . 3amerum, 4To

/DAM =180° —a — ¢ /DMB =180° — 3 — (180° — ¢) = ¢ — 3.

Torna Teopema cunycos i Tpeyroiabaukos ADM u DM B naer

AM DM BM DM

sina  sin(a+ @)’ sin3  sin(e—fB)°
Tax kak AM = BM, u3 3ruxX paBeHCTB MOXKHO HCKJIIOYUTH CTOPOHbI. MblI 110JIy UM

sin8 _ sin(p — )

sina  sin(a + )’

Awnanornunsre paccykmenns mis tpeyroiabankos ACM u CM B mator

sinf3  sin(y — j)

sina  sin(a+ 1)’

Uckitogas jieBy10 94aCcTh 3TUX COOTHOILIEHUM, MbI IIOJIY YUM

sin(p — B) sin(y + a) =sin(y — B) sin(p + a) <= cos(p —f—a — ) —cos(p — S+ a+ 1) =
=cos(p — f—a—p) —cos(p — B+ a+ ) < 2sin(a+ B)sin(p — ¥) =0,



orkyna ¢ = 1. Kpome toro, u3 cummerpun rouek D u E orHocuresbuo AB Bbirekaer, uro ZAME = .
Taxkum obpasom, rouka F Jiexkur Ha orpeske CM. O

4. Ha docke nanucarno npoussedenue wuces UKC u KCHU, 2de bykev, coomeemcmeyom passusHoum HEHY-
aeevim decamuunobim yudpam. Imo npoussedenue codeporcum mpu yudpor C u no odnot U, K u 0,
npuvem cmapuwas e2o yuppa pasna C. Ymo nanucano na docke?

OrBer: 112015 = 521 - 215.

Pewenne. Ionoxum p = UKC - KCU. Yucra (U + K+ C)? u (U +K + 3C) ngator npu nenennn Ha 9
(M+K+C)(M+K+C—1)
2

onmHAKOBBIE OcTaTKu, OTKyxa Cmod 9 = mod 9. 3aBUCHMOCTb MEXKIY YUCIAMHU 1 U

@ mod 9 npuBesena B Tabiuie:

no | 1|23 ]4]5|6|7|8]09
M Dmod9 | 0| 1 |36 |16 |3]1]0

(mamee ocrarku GyayT HUKJIUYECKW MOBTOPATbCH). Takum obpasom, C € {1,3,6,9}. Cayuait C = 9
HeBO3MOKeH, 10cKoJbKy C sBisiercs crapueit uudpoit p u p < (I +1) - (K + 1) - 10000 < 900 000.
CupaBeyiuBbl HEDABEHCTBA

K (I +1)(K + 1)

PaccmorpuMm Tpu caydas.

1) C = 1. U3 rabaunpr mbr maxomum, ato M1+ K + 1 € {8,11,14,17}, to ectb U + K € {7,10,13,16}.
O6o3nauum ugepes I npeanociaenuon uudpy p. Torma I = (1 + U - K) mod 10. 3amerum, yro I # U,
mockoJibky I — wmumanmas mudpa p. Kpome roro, I # 0, Tak Kak TpOU3BeAEHHE DAIAIHBIX TUPP

I u K ne moxer okanuusarbes na 9. Ecm I[ = K, o 1+ (I — 1) - K : 10, nosromy (I — 1) - K
okanuuBaercsa Ha 9. domycrumeivu napamu (U, K) 6ynyr (4,3), (8,7), (2,9). IHoaxonamee 3uadenue
1 + K nonygurcs ToJbKO fist mapbl (4,3), HO oHA HAM HE MOAXOAWT, Tak Kak 431-314 = 135334. Takum

o6pasom, IT = C =1, orkyga - K : 10. Ileproe u3 nepasencts (x) naer U-K < 19. Tlosromy U-K = 10,
To ectb mapa (U, K) pasua (2,5) wiu (5,2). I[ockombky 251 - 512 = 128512 u 521 - 215 = 112015, nam
HOAXOAUT TOJBbKO BTOPOIl ciy4aili.

2) C = 3. U3 rabuipt Mbl Haxoaum, aro 1+ K+ 3 € {7,12,16}, o ects 1+ K € {9, 13}, nockosbKy
mudpst 1, K, C paszmuunst. [Iycrs U+ K = 9. Bropoe u3 mepasencrs (x) maer (I + 1)(K + 1) > 30,
orkyza napa (U, K) pasua (4,5) uiu (5,4). Ilepsbiii ciydail HeBO3MOXKEH, TakK KaK p OyieT OKAHYUBATHCS
Ha 2, a BO BTopoM Mbl nosy4um 543 - 435 = 236 205, yro nam rakzxke He noaxoqur. Ilycrs U+ K = 13. U3
epBoro HepaBeHCTBa (%) BbITeKaetr, uro 1 - K < 39, mosromy napa (U, K) pasua (4,9) nn (9,4). Torga
p Oymer OKaHIMBATHCS HA, 7 WA 2, 9TO HEBO3MOXKHO.

3) C = 6. U3 Tabiunpt Mmbl HaxomuMm, uyro U+ K + 6 € {13,15,22}, orkyna U + K € {7,9,16}. B
nepBbix aByX caydasx (U + 1)(K + 1) < 30, uro HeBo3MOKHO B cuiy (*). ITosromy I + K = 16, T0 ecTh
napa (U, K) pasua (7,9) wiu (9,7). Torna p 6yzer okanuuBarbcsa Ha 2 wiu 4, 9T0 HEBO3MOXKHO. [

5. Io xparo kpyeaozo cmoaa cmosm 2n nycmux cmaxanos (n = 2). Ilems u Bacsa no owepedu (nanunas
¢ Hemu) naausarom 6 nycmole CMAKaHbL ANEALCUHOSHLT U A0A0%HbLT oK. 3a 00un T00 Kaocoul uzpor
solOUPaE 064 NYCTNLLL CMAKAHE U 3GNOAHAETN UL 00UHAKOSbM 6udom coka (ha ceol ewbop). Hepa
3AKAHYUBAETNCA, K020a 6ce cmaKaro, 3anoanenst. Ilemsa rowem dobumovces moezo, 4mobvt No OKOHYAHUL
u2pol 00Pa306ascs MAKOT CMAKAH, YN0 68 COCEIHUE C HUM CMAKAHbL HAAUM COK NPOMUBONOLONCHOZ0
euda. Ilpu kaxuzx n on moosicem dobumuvces ceoell yueau ene 3asucumocmu om deticmeuti Bacu?

OTBeT: HU IIpU KAKHUX.

Pemmenue. Pa3obbeM Bech HAOOpP CTAKAHOB HA Mapbl cOceaunX. U100l HApyIUTh maanbl 1letn, Bacs
JIOJIZKEeH [IPHUAEePKUBAThCA cieaytomeir crpareruu. Ecou Ilers 3amosnnsier nsa crakana u3 OHON HapbI,



10 Bacsa — saBa crakana u3 Japyroit napol. Eciu xke [ers 3amosnsier crakaubl U3 JIBYX Pa3HbIX AP, TO
Bacs 3anosnasier aBa Apyrux crakaHa M3 ITHX Ke [map TeM Ke COKoM, 4ro u [lers.

B pesynbrare Takux meficreuii Bacu Ha KaxKaI0M mare ecu 00a CTAKaHBI OJHOM Maphbl 3AM0IHEHBI, TO
OIMHAKOBBIMY HAMATKAMHU. 3aMETUM, YTO TPU MOCIEIOBATEIHHBIX 3AMOJHEHHBIX CTaKaHA 0053aTeIbHO
cozepKar neayio napy. Ilosromy Tpoiiku cTrakaHOB, B KOTOPOil JII0OBIE Ba, COCETHUX HAMUTKA PA3IUIHBI,
MOy IAThCsT He Moxker. [

6. Ha cmone aesrcam wapv, paduycos 4, 4, 5, kacaaco dpye dpyza enewrnum obpasom. Bepwuna xonyca C
HALOOUMCA HG CTOAE, G CAM KOHYC KACAEMCA HewHum obpasom ecex wapos. Touxa C pasnoydarena
0M UEHMPOE J6YL PAGHBLL WAPOS, G MPEMBE20 WAPE KOHYC Kacaemca obpasyoueti, nepnendurysaprot
cmoay. Hatidume yzon npu sepwune konyca. (Yerom npu sepuiune KOHYCa HA3bBAETNCH Y20 MeHCIY
€20 00Pa3YIOUWUMU 8 0CEBOM CEUEeHUU. )

OtBer: 2arcctg?7.

K
As
K
C H
M Ay
[ 4 /)P
C A D Ay Ag C
Pemtenne. Ilycre Oy, 0y,03 — nedarpsl mapos, Aj, Ay, A3 — TOYKEM KacaHUs MApOB CO CTOJIOM,
2 — yroa upu Bepumne KoHyca, ¢ = Z01CA;. Ilpsimasi, npoxomsinas depe3 C nepleH MKyIsapHO

croity, Kacaerca mapa ¢ nearpom Osz, orkyma LA3COs = 45° u A3C = 5. Ilycrs A3D — Bbicora
rpeyrosbuuka Aj As Az (cM. cpemnuit pucyHok). V3 ycjioBus KacaHus 11apoB

AjAzy = AyAs =/(5+4)2 — (5—-4)2 =80, A D=4,

AsD =/ A1 As? —A1D?2 =8, u CD=A3D — AsC =3.

Tak kak A;C = 2ctgp, u3 Teopembr [Tudaropa MbI Moy IuM

OTKY/1a

A1C? = 41 D* + CD? <= 16ctg’p = 25 <> ctgp = 2.

Bribepem Ha ocu cuMmmerpuu KOHyca TOYKy K Tak, uro ee mpoekius H ma mrockocts CO1 0 monamaer
Ha orpe3ok O10: (cm. usesblii pucynok). [osoxkum v = ZHCK, f — yron mexay CH u crosom.
Obpa3sytorue, 110 KOTOPBIM KOHYC KACAETCs OJIMHAKOBBIX MIAPOB, jiexkar B mwiockoctax KCO; u KCOo,
OTKY/I2

/KCO, = ZKCOs = ¢+ «.

Kpowme Toro, mo ycnosuio CO; = COz. OTMernM HECKOIBKO MPOCTHIX (DAKTOB.

1) H — mouka xacanus pasuoz wapos. [eiicrurensuo, rpeyrosbuuku KCO; u KCOy pasubl,
orkyua KOy, = KOy. Tak kak KH 1 0104, mbl nonyuum HO, = HOs.

2) Inockocrms HCK nepnenduryaapna O10o. [eiictBurensbuo, rpeyronbuuk O1C Oy paBHOOEADEH-
woiit, a H — cepeauna 0102, otkyna CH L O105. OgeBugno takxke, ato KH 1 010;.

3) Ecau KM — nepnendukyanp, onywennot us mowku K na COy, mo MH L CO;. Do BbITEKAET
13 00PaATHOI TEOPEMbL O TPeX LEPLEHIUKY/IIPaXx.



IMycrs KM — nepueniukyssp, ouyuiennbtii u3 rouku K na CO;. U3 1) u 2) Bbirekaer, 4ro upsimas
CH xkacaercs pasubix wapos. Torpa Z0,CH = Z0,CA; = ¢, u B cuiy 3)

CH _ cM _ cM _ cos(p + )
CK cosZO,CH " cos ZKCO;  cosy

. 4 .
cosy = =cosa —tgp sma:cosoz—gsmoz.

IMockombky CH u C Ay — OTpe3Ku KacaTeJbHbIX K chepe, MbI MTOIyIaeM

4 4
CH=CA; =4ctgp =5, orkysa sinﬁ:c—Hzg u cosﬁ:%.

B cuay 1) u 2) wiockocrs HCK cocrour u3 Touek, papHoyuasenubix or O1 u Oz, 1109T0MY OHA CONEPAKUT

rouky Os. 3uauut, v = 90° — 8 — o (cMm. mpasbiil pucynok). Torma

cosa — %sinoz = cosy = sin(f + «) = sin S cosa + cos Bsina = %cosoz+ 3 sina,

orkysa ctga =7. 0



Bapuanr 7

1. Kakoe HauMEHDUWEE KOAUNECTNBO KACTNOK HYACHO ommemumsd 6 mabauye 7 X 7 mar, wmobo, 6 kastcdotl
8EPMUKAALHOT UAU 20PU3OHMAALHOT noaocke 1 X 4 bvaa zomsa 6v. 00Ha ommeventas Kiemxa?

OrBer: 12.

Pemnenne. Paccmorpum Gosiee o0uiyro 3ajady, korga radbauma umeer padmep (2n — 1) x (2n — 1), a
noocka — 1 x n. HazoBeM n-10 ¢TpOKy u n-if cTOI0El], YenmparbHoLMu, & OTMEIEHHBIE Ha HUX KJIETKH,
OTJIMYHBIE OT NEHTPA JAOCKH, — 0cedbimu. IIlyCTh B NEHTPATBHON CTPOKE UMeercs k OCEBBIX KJIETOK, & B
HEHTPATBHOM CTOJIOIE — M OCEBBIX KJIETOK. B CTPOKAaxX M CTONONAX, HE COAEPIKAINIMX OCEBBIX KIIETOK,
JIOJZKHO OBITH OTMEYEHO He MeHee JBYX KJIETOK. Bcero B Takux CTpoKax OyJeT OTMEYEHO HE MeHee
2-(2n—2—m) = 4(n — 1) — 2m kieroK, a B cronbuax — He MeHee 4(n — 1) — 2k kuerok. ITpu sTom
KaxkJIas KjeTka Oyjer mocunTaHa He Goiee AByX pas3. C ydeToM OCeBBIX KJIETOK MbI MOJIYy9aeM, 9ITO
OTMEYEHO He MEeHee

$(4n—1)—2m+4(n—1)—2k) +k+m =4(n—1) xierox.

Buauenue 4(n — 1) peanusyercs, ecid OTMETUTb BCE KJIETKHU LEHTPAJIbHBIX CTPOKM U CTOJIOLA, KPOME
nenrpa gocku. [lomaras n = 4, Mmbl nosyaum orser. [

2. Janvw wucaa z,y, z € [0,%]. Hatidume MUHUMEALHOE 3HAMEHUE BHPAKCEHUL
A = cos(z — y) + cos(y — z) + cos(z — x).

OrBer: 1.

Pernterne. Mbl MOXKEM CUUTATD, UYTO & < Y < 2, TIOCKOJIBKY BbIpaskeHue A He MEHSeTCS TPH MOMapHBIX
[IEPECTAHOBKAX [EPEMEHHBIX. 3aMETHM, YTO

cos(z —y) + cos(z — ) = 2005(%) COS(% — gc)

[lepBbiit KOCHHYC B IPABOI YaCTU HOJIO2KUTEJIEH U HE 3aBUCUT OT X, & APIyMEHT BTOPOI'O JIE2KUT HA [0, 1] ,

2
TaK Kak 3 > ”Ty > x. 3HauuT, mpaBas 9acTh Oyaer HanMenbined mpu z = (0. B atom ciaygae

A=cosy+cosz+cos(y —2) =cosz+2cos - cos(y — £).

Bamerum, uto —% <y — % < , orkyza cos(y — £) > cos Z. Ioaromy

A}cosz+2cos2§=2cosz+1 > 1.

Papencrso peamusyerca nmpu v =0,y =z = 5. [0
3. Boxpye mpeyzoavnura ABC onucama oxpysicnocms w. Okpyscnocms wy kacaemces npamoti AB 6
mouke A u nporodum wepes mouxy C, a oxpyscnocmov wy Kacaemces npsmot AC 6 mouxe A u npo-
xodum uepe3 mouky B. B mouxe A x okpysicrHocmu w nposedena KacamesvbHas, KOMopas 6MmopuwHO
NEPECEKAEM OKPYNHCHOCTIID W1 6 mouKke X U 8IMOPUWHO NEPECEKAET OKPYHCHOCMb Wy 6 movke Y . Hal-
AX
dume omuowenue 55 -
1

OrBer: 5




Pemtenne 1. Ilycre O — nenrp w, o = ZBAC. Yron mexay KacarenbHoit AB u xopnoit AC' okpyxk-
HOCTH W) PaBEH BIIMCAHHOMY B Hee yIJy, KoTopblil onupaerca na AC, ro ectb ZAXC = . AHajoruyHbiM
obpaszom mosryuaercs pasencrBo LAY B = «. Jlocrpoum derbipexyroiabuuk C XY B 10 TpeyrojabHUKa,
XY Z (cMm. pucyHOK). 3amMerum, 9To

/BOC =2/BAC =20 =/ZXY + /ZYX =180° — /X ZY,
1O ecrb 4yerbipexyrosibiuk OBZC — puucannbiii. Toraa
/0ZB =/0CB = /Z0BC = Z0ZC.

[Tosromy syu ZO — Ouccekrpuca paBHOOEAPEHHOIrO TPeyroJbHuKa X ZY |, KOTOpas SBJISAETCS TAKXKe

mMeauaHoil u BbicoTol. Pajgmyc OA oKpyzKHOCTH w NEPIEHIUKY/ISAPEH ee KacarejbHoil XY u, 3Hadur,

napaJuiaied Z0O. Takum obpaszom, rouka A Jsiexxur Ha jyde Z0O, orkyna AX = AY u ?}—i(, = % O

Pemntenne 2. Ilpsvas XY kacaercs OKpy2KHOCTH w, OTKY/1a,
/BAY = /BCA w /CAX = /CBA.

[TockonbKy mpsimast A B Kacaercs OKPYKHOCTH wy, a psiMas AC KacaeTcst OKPYKHOCTH Ws, MbI TIOJIyTaeM
TaK2Ke

LAY B = /BAC = ZAXC.

Buauur, rpeyronbauku ABC, X AC u Y BA nonobubt o agym yriam. I[Tosromy

AX _ BA AY _CA
AC _BC " AB OB’

Taxmm obpasom,

:AB-AC:AY N AX AX 1

AX BC XY  AX +AY 2

O

Perterne 3. O603na9uM painyCcbl OKPYKHOCTEHN W, w1 U Wy 9€PE3 T, 71, 'y COOTBETCTBEHHO. [lomoxum
TaKKe

a=4LBAC, pB=/ZABC, ~=/ACB.

Vroa mexay kacareabuoit AB u xopmoit AC OKpY>KHOCTH Wi PaBEH BIUCAHHOMY B Hee yTJIy, KOTODBIi
omupaercs va AC, to ectb LZAXC = /BAC = . AnaiorndabiM 06pa3oM MOJIyYaioTCsl PaBEeHCTBA,

/AYB=aqa, /XAC =83, /YAB=-.



Torna rpeyrosibuuku AXC u AY B nonobust ABC' 1o asym yriam, orkyga ZACX =y u ZABY = .
ITo Teopeme cumycos
sin o r siny 7o

AC = 2r;sina = 2rsin f < — =— u AB =2rysina = 2rsiny < — = —=.
sinff 7 sin « r

ITosTomy

AX  rysiny 1y siny sina ry r 1o 1
AY  rysinfB ry sina sinfS ry 1

OTKY/la ¥ Tojydaercs orser. [J

4. Ha docke nanucano npoussedenue wucea UKC u UCK, 2de bykeo, coomeemcmeyom passusHoiM HEHY-
AEBBIM JECAMUNHbIM UUPPAM, U3 KOMOPLIT POSHO 00HG “emHa. Fmo npouseedenue NAMUSHAYHOE U
00UHAKOB0 WUMAEMCH CAEEG HANPABO U CNPABG HaAee0. dmo nanucano wa docke?

OrBer: 29392 = 167 - 176.

Pemnrenne. Tak kak 3amada mHe mensiercs npu nepecranoBke K m C, Mbl MmoxkeMm cumTarh, aro K < C.
[Momoxum p = UKC - UCK. Yucno p narusaagnoe u p = 10000 - U2, orkyna U < 3. Pacemorpum Tpu
coydast.

1) I = 1. Tak xak p < 40000, crapmas mudpa p we npesocxoaur 3. Ona coBHaIaeT ¢ MJIAIIEH
nudpoii p, koropas pasua K - Cmod 10. ITo ycaosuio K - C gerno, orkyma K- Cmod 10 = 2. Tak kax
mudpet K u C oryinunst ot Y u uMeroT pasHylo 4eTHOCTh, 1jid napbl (K, C) Bo3moxubl 3Hauenus (3,4),
(6,7), (8,9). Mockoubky

134 - 143 = 19162, 167-176 = 29392, 189-198 = 37422,

HAM HOAXOIUT TOJIBKO mapa (6, 7).

2) I = 2. Crapuwas uudpa p jexur mexiay 4 u 8. Oua coBuagaer ¢ muamweil uudpoii p, Koropas
pasaa K-Cmod 10 u no ycnosuio nederna. [Tosromy K-Cmod 10 pasuo 7 unu 5. B nepsom ciydae mapa
(K, C) moxer 6bitb (1,7) wian (3,9). IMockombky 217 - 271 = 58807 u 237 - 273 = 64701, 06a BapuaHTa
mam He moaxomar. Ilycts K - Cmod 10 = 5. Torma ogma u3 mudp K u C pasma 5. 3amerum, 910
p = 40000 + 2000 (K + C). Ozcioma K + C < 9, unage crapimag nudpa p 6yger 6osbme 5. Iosromy
napa (K, C) pasua (1,5) nm (3,5). Tax xak 215 - 251 = 53965 u 235 - 253 = 59455, 06a ciayuas HaM HE
HOJIXOJISAT.

3) I = 3. Torma p > 90000 + 3000 (K + C), orkyna K+ C < 3 u (K,C) = (1,2). Ho npoussezenue
312 - 321 mecTu3HavgHOE, YTO HAC HE yCTpamBaer. [J

5. B 6epuwunax npasusbrozo 2n-y2oabHUKG PACCMasaens, nycmoe wawku. Ilemsa u Bacs no ouwepedu
(navunas ¢ Ilemu) naausarom 6 wawky 4ati. 3a 00uH TO0 MOHCHO HAAUMD %4l AUOO 6 00HY NYCYIO
wawKy, Aub0 6 06€ CUMMEMPULHBLE OTNHOCUMEADHO UEHMPL 2N-Y20ADHUKE YAUWKY, ECAU OHY 00e ny-
cmoie. IIpouzpvieaem uzpox, we umerouwuti xoda. Ilpu xaxur n Ilems eviuzpaem 6ne 3a46UCUMOCTIU
om deticmeuti Bacu?

OTBeT: 1pu HEYETHBHIX 7M.

Pentenne. Ilycrp Bragase n mederno. I[lobemny Ilere obecreunmT ciemytomas crparerus. llepBbiM
XOJIOM OH HAJIMBAET 4Yail B J(Be JMAMETDPAJIbHO MPOTHUBOIOJIOKHBIE JAITKU. J3aTeM Ha KarXKIOM Ilare OH
3aIMOJIHIET YAIKH, CHMMETPUYIHBIE OTHOCUTEIBHO TOT0 TMAMETPA TEM 9alllKaM, B KOTOPBIE MEPE ITUM
masui daii Baca. I[lepen xomom Bacu nro0bie 7Be CHMMETPUYHBIE YAIKU OJHOBPEMEHHO CBOOOIHBI MU
wer. Eciu Bacsa 3amonaun ase quaMerpasbHO IPOTHBOIOJIOKHDBIE YAIIKH, TO CUMMETPUYHAA [1apa Jua-
METPAJIbHO IIPOTHBOIIOJIOKHBIX YAIIEK OCTAHETCs IyCTa, HOCKOJIbKY [IPU HEYETHOM 1 HUKAKON Juamerp
He cumMmerpudeH camomy cebe. Takum oOpa3om, OTBeTHBIH X0 Bacu Bcerma BO3MOXKEH, U OH MOOEINT.

[IycTs Teneps n geTHO, TO ecTh n = 2m. Pa3obbeMm Bech HAOOP dalleK Ha 1M YeTBEPOK, 00PaA3YIOIMIUX
BEpINUHBI KBAApaTOB. UT0OBI He mpowrparh, Bacs mosmken ciemoBarh takomy miany. Eciawu Ilers 3a-
[IOJIHSIET JIBE YAIIKH, TO OHM HAXOJATCHA B BEPIIMHAX OJHOIO M3 KBaJparos, u Baca najnusaer 4ail B /Be



JIpyrue Yamky Toro ke kBajapara. Eciu Ilers HamuBaer dail TOJIbKO 0JHY U3 daiiek, 70 Bacs 3amosHs-
eT JaIlKy, HaXO[IANIYIOCS B COCEeIHell BepIiuHe TOro XKe KBajpara. B jobom ciydae y Bacu maiimercs
OTBETHBIH X0, TO9TOMY OH Bbiurpaer. [

6. Ha cmone aestcam dea wapa paduyce 4, kaceacv opye dpyea enewHum obpasom. Konyc wacaemca
60%0801 NOBEPTHOCTIBIO CMOAG U 060UT WaPo8 (8HewHuM 00pazom). Paccmosnus om sepuwuns Konyca
do Mmouer Kacanus wapos co cmosom pasuos . Hatidume yeon npu eepwune xonyca. (Yeaom npu
BEPUUHE KOHYCH HA3BLBAECTNCH Y204 MeHCIY €20 00PasyouuMu 68 0Ce60M CEYeHUU.)

Otser: 90° uu 2 arcctg4.

K
K
H H
O H 0O, K
M a
B Pl
C C C
Pemenue. Ilycrs O,,0; — uenrpbl mapos, Ay, Ay — TOYKM KacaHus 1L1apoB co crojom, C' —
BepIIHA, KOHyca, 2« — yroJi npu ero sepmmune, ¢ = Z0;CA;. Ilo ycimosuio tgp = %. Breibepem Ha

ocH cMMMeTpuu KOHyca TO4YKy K Tak, 4aro ee mpoekius H ua mrockocts C'O 0, monamaer Ha OTPE30K
010, (cM. aesblii pucyHok). Obpasymoliue, 110 KOTOPbIM KOHYC KaCAeTCs OJAMHAKOBDBIX ILAPOB, JIEXKAT B
wiockocrsax KCOy u KCOs, orkyna

Kpowme Toro, CO; = COs. OrMeruM HECKOJIBKO IPOCThIX (PAKTOB.

1) H — mouka wacanus wapos. Heiicrsurensho, tpeyroibiuku KCO; u KCOs paBHBI, OTKYyIa
KO, = KO;. Tak kaxk KH 1 0102, vibt montyaum HO; = HO-.

2) IInockocmv HCK nepnendukyasprua O104. HeiicrBurensuo, rpeyronbuuk O1COy paBuobeapen-
wbiit, a H — cepeauna 00, orkyaa CH 1 O105. OueBugno takxke, uro K H 1 0,0,

3) Ecau KM — nepnendukyasnp, onywennod us mowky K na COy, mo MH L COp. Dro Bbirekaer
u3 00paTHOM TEOPEMBI O TPEX MEPIEHIUKYIIPAX.

ITycrs KM — nepuenaukyssp, onyiuennbii u3 rouku K na CO;. U3 1) u 2) BeiTeKaer, 4To npsMas
CH xacaerca oboux mmapos. Torna Z0.CH = Z0:CA; = p, u B cuiy 3)

CH CM CM _ cos(p+ )

/KCH = — = : =
€08 CK cosZO.CH cos/ZKCO; cos

=cosa —tgy sina = cosa — gsina.

IMycrb f — yron mexkay CH u crosnom. Tak kax orpezok 01Oy napajiiesiet CToiy, u3 2) BbITEKAeT, Y10
B ectnb yroa mexxay C'H u nunueit nepecedenus maockoctu HC K co cronom. Iockombky CH uw CA; —
OTPE3KH KaCaTe/lbHBIX K c(hepe, MbI MOJLyYaeM

4 4 4 3
sin 8 = =—u cosﬂzE.

CH CA 5
Bosmozkubr 1Ba coydast.

1) ZKCH =180° — a — 8 (cm. cpeanwmii pucyrok). Toraa

cosa — %sina =cos LZKCH = —cos(a+ ) =sinasin f — cosacos f = %sina— %cosa,



oTKyJa sina = cosa u o = 45°.

2) ZKCH = 8 — a (cM. mpassrit pucynok). Torma

cos o — %sina =cos LZKCH = cos(ff —a) = cosacosf + sinasin f = %cosa—}—%sina,

orkyra ctga =4. [0



Bapuanr 8

1. Kakxoe HaumeHbULEE KOAUMECTNBO KACMOK HYACHO ommemumsd 6 mabauye 9 X 9 max, wmobv, 6 kastcdot
BEPTNUKAALHOU UAU 20PU3OHMAALHOT NoAocKe 1 X 5 6viaa zoma 6b, 00HG OMMEUEHHAA KALTIKG?

OrBer: 16.

Pemienne. Paccmorpum Gosiee o0uiyro 3ajady, korga radbauia umeer padmep (2n — 1) x (2n — 1), a
nomocka — 1 x n. Ha3oBeM n-10 ¢TpOKy u n-if cTOI0El], Y4eHmpasbHbLMu, & OTMEIEHHBIE Ha HUX KJIETKH,
OTJIMYHBIE OT LEHTPA JOCKH, — oceduimu. IIycTh B IEHTPATIBHON CTPOKE NMeeTcs k OCeBBIX KJIETOK, & B
HEHTPATBHOM CTOJIOIE — M OCEBBIX KJIETOK. B CTpOKAax u CTONONAX, HE COAEPIKAINIUX OCEBBIX KIIETOK,
JIOTZKHO OBITH OTMEYEHO He MeHee NBYX KJIETOK. DBCero B TakuX CTPOKax OyJeT OTMEYEHO HE MEHEe
2:-(2n—-2-m) =4(n —1) — 2m wierok, a B croabuax — ue menee 4(n — 1) — 2k kuerok. Ilpu srom
KaxkJIas KjeTkKa Oyjer mocunTaHa He Goiee AByX pas3. C ydeToM OCeBBIX KJIETOK MbI MOJIYy9aeM, 9ITO
OTMeYeHO He MeHee

1 (4(n—1)—2m+4(n—1)—2k) +k+m =4(n—1) xierox.
Buauenue 4(n — 1) peanusyercs, ecjiu OTMETUTh BCE KJIETKH IEHTPAJbHBIX CTPOKW U CTOJIONA, KPOME
menTpa gocku. llomaras n = 5, Mbr nosryanm orBer. [
2. Jdanv wucaa x,y, z € [0,7]. Hatidume MunUMaAbHOE 3HAYEHUE BOPAHCEHU
A = cos(z — y) + cos(y — z) + cos(z — x).
OrBer: —1.

Perterane. Mbi MOXKeM cauTaTh, YT0 & < Y < 2, HOCKOJIBKY BbIpakeHue A He MEHAETCS [IPH MOMAPHBIX
[IEPECTAHOBKAX [EPEMEHHBIX. 3aMETHM, YTO

cos(x —y) + cos(z — x) = 2cos(Z5%) cos(FE —x).

[lepsbiit KOCHHYC B LIPaBO#l YaCTH HEOTPULATEJIEH W HE 3ABUCUT OT T, & APIYMEHT BTOPOI'O JIE2KHUT HA
orpeske [0, 7], rak KaK m > Z'gy > x. 3uauur, nupaBasg 4acrb Oyner Haumenbiieir npu x = 0. B srom

caydae

A=cosy+cosz+cos(y —z) =cosz+2cosZ - cos(y — £).

3ameTnm, 9TO —% < —% <y-— % < % < %, OTKYyZa

A= cosz+2cos§-cos(y— %) >cosz > —1.

Pagencrso peasmsyerca upu ¢ =0, y =z =7n. U

3. Boxpye mpeyeorvnura ABC' onucana oxpystcrocmo w ¢ yewmpom 6 mouxe O. Oxpysrcrocms w1 Kaca-
emca npamoti AB 6 mouke A u npoxodum uepes mouky C, a oxpyscrocms wy Kacaemcea npamot AC 6
mouke A u nporodum wepes mouky B. Yepes mouky A nposedena npamas, 6MopuHO NEPECEKIOULAA
oOKpYAHCHOCT® W1 68 mouke X U okpyscHocmdb wo 6 mouke Y. Touxa M — cepeduna ompeska XY .
Haudume yzon OMX .

OtBert: 90°.

v
IV

X = /A}A\S‘l} B
C ‘



Pemterne 1. [onoxum o« = ZBAC. Yron mexay kacareibuoit AB u xopaoit AC' okpyxRuocru wy
PaBeH BIIMCAHHOMY B Hee yrJy, Koropblil onupaerca va AC, To ecrb ZAXC = /BAC = «. AHajorudnbiM
obpaszom mosryuaercs pasencrBo ZAY B = «. Jlocrpoum derbipexyroiabuuk C XY B 10 TpeyrojabHUKa,
XY Z (cMm. pucyHOK). 3amMerum, 9To

/BOC =2/BAC =20 =/ZXY +/ZYX =180° — /X ZY,
1O ecrb 4yerbipexyroyibiuk OBZC — puucannbiii. Toraa
/0ZB =/0CB = /Z0BC = Z0ZC.

[Tosromy syu ZO — Ouccekrpuca paBHOOEIPEHHOIrO TpPeyroJbHuKa X ZY |, KOTOpas SBJISAETCS TaKXKe
MeauaHoi u BeicoToM. Takum obpasom, Touka M jexwut va ayde Z0 u ZOMX =90°. O

Pentenne 2. Ilycrs npamas XY BropudHO mepecekaer OKpyKHOCTh w B ToUKe K. ITockombKy npsmast
AC Kacaercst OKPYKHOCTH Ws,
/BYK =/BYA=/BAC.

Yroa YBA ounmpaercs Ha Jayry Y A OKPYKHOCTU ws, HE COmepKailyio Todky B. 3Hadyur, OH paBeH
yriy Mexny xopmoit YA u xacarenbHON K we B Touke A, 10 ecth yriy X AC. C yueroMm BOUCAHHOCTH
gerbipexyrosibauka ABC K Mbl morydaem

LYBA =/XAC =/ZKAC = ZKBC,

orkyuna /Y BK = ZABC. Tlosromy tpeyroabauku ¥ BK u ABC 1oa00ubl 110 aByM yriam. Torzia

YK BK YK_AC’-BK
AC  BC ~ BC
Awnajornano nposepsiercst, aro Tpeyrojabauku CAX u CBK momnoOHbI 1 g—ig = %. 3uagur,
AC - BK
AX = — =YK.
BC
Orciona BbiTekaer, 4o Touka M sBisercs cepeaunoit orpeska AK. 3amerum, dro Touka O — meHTp

ONMCAHHOM OKPYKHOCTH Tpeyrojabuuka AK B u, 3HAYAT, TEKUT HA CEPEAVHHOM MEPIEHINKYIISIPE K CTO-
pore AK. Ilostomy Z/OMX = Z/OMK =90°. O

4. Jlanv, 0e8AMUSHAYHBLE YUCAL T U T, NOAYUGEMbLE 0pY2 U3 OPY2a 3GTUCHI0 YUPp 68 00pamHom nopadke.
OKa3aA0Cb, YN0 NPOU3BEIEHUE TN, COCTNOUM, U3 HEYETNHOZ0 HYUCAL UUPD U 0OUHAKOBO YUMAETNCA CAEEE
HANPABO U CNPasa Hwaseso. Hatidume Haubosbwee wucio m, 0af KOMOPozo Mo 603MONACHO.

OrBer: 220000 001.



Pentenne. Ilycte m = ag...ag, N = Qg ...ag. Tak KaK 9UCIO MN COAECPKUAT HEIETHOE KOJUIECTBO
uu@p, OHO SABJILETCS CEMHAAUATUPA3PAAHBIM. 3amnumem mn = byg . .. by. IlokaxKeM 110 MHAYKIMM, 4TO

br = apas— + ajag_ + ... + ag—1a7 + arag ana modoro k€ {0,...,8}. (%)

SIcuo, uro by = agag mod 10. Tak xax 1017 > mn > agas - 108, Mbr moayaum agas < 9, T0 ectb by = apas.
[IpeonozKuM, 4To JIjis HEKOTOPOro k < 8 paBeHCTBO (*) J0Ka3aHo. 3aluiieMm

apar—k + aras— + ...+ agar + agr1as = 10p+7r, rme r€{0,...,9}.

Bamerum, uro by = 7, a p He upesocxoaur epexoca u3s (15—k)-ro paspsua B (16 — k)-it upu ymuoenuu
m uHa n. Ho bjg_ = by, U 110 HHAYKIMOHHOMY MPEIIOJIOKEHUIO ITOT MIEPEHOC TOJKEH OBbITH HYJIEBBIM.
ITosromy p = 0, uro u gaer (*) ¢ 3ameHoit k Ha k + 1.

Hpumensist (x) aist k = 8, mbl noiyuum bg = a2 + ... + a3. Iockoubky bg < 9, 1paBast 4acTb TOXKE He
upesocxonur 9. o ycsoBuio ag u ag OTIMYHBL OT HyJst, IO9TOMY Bce mudpbl m He oJibiie 2. 3HAYUT,
JiBe MAKCUMAJIbHO BO3MOXKHBIe crapuiue mudpbt m paBabl 2. Tak xkak ag > 0, Mbl noydaem ag = 1 u
ar =0mpu k=1,...,6. Yucino m = 220000 001, oueBuIHO, yIOBIETBOPSET YCAOBUIO 3aga4du. [

5. B 6epuwunax npasusbro20 2n-y20abHUKG PACCMasaens nycmoe wawku. Ilemsa u Bacs no ouwepedu
(nawunas ¢ Ilemu) narusarom 6 wawku wat. 3a 00uH T00 MOHCHO HAAUMD wal 6 dée NYCMble LAWK,
Komopvie Aub0 cmoam pAdom, AUOO CUMMEMPUUHDL OMHOCUMEALHO UeHMPa 2n-y2oivHuka. IIpoue-
puisaem uzpox, ne umerowul roda. Ipu waxux n Ilems sviuzpaem ene 3a6ucumocmu om delicmeud
Bacu?

Orser: IIpHU HEYETHBIX N.

Pentenue. HazoBeMm napot aBe Yamrku, CAMMETPUYHBIE OTHOCUTEIHHO TEHTPpa 2n-yrojabHuKa. 1lycTh
n 9erHo. IDTO O3HA4Yaer, 4YTo Kosm4decTBO map derHo. I[lobexy Bace obecneunr cienyromiasi crparerus.
Ecnu Ilers nanuBaer gail B gamiku u3 OaHOI mapbl, T0 Bacs HamoOIHsIeT JaIKu U3 KaKOW-HUOYIb 1pyroit
uapst. Ilycrs Ilers 3anosnui ne cocennne gamku. Torga CMMMETPUYHbBIE UM YAIIKH TOXKE CTOAT PSIOM,
u Baca manmuBaer wait B mux. Ilocse geTHOro umciia XOI0B 9YaIliKu JII000H mapbl OyayT OJIHOBPEMEHHO
00 MOJTHBIME, 00 mycThiMu. [losTOMy Tporiece OyaeT MPOJOIKATHCSA A0 TeX MOP, MTOKA BCE JAIKU HE
3amnoHATCS. B CHIIy 9eTHOCTH n IMyCTHIX 9YallleK He OCTAHeTCs MOCje X07a Bacw, u OH BbIUTpaeT.

IIycrs reneps n mewerno. Ilersi qoskeH mepBbIM XO0M 3aII0JHUTD YAIIKKA U3 Kakoi-to mapel. [locie
9TOr0 KOJIUYECTBO CBOOOJHBIX AP CTAHET YETHLIM, U 33/1a49a CBEIETCd K yKe Pa30OpaHHO C nepeMeHon
ponsmu Iletn u Bacu. Ucnons3ys onucanuyo panee crpareruto Bacu, Ilers mobwrercs mobempr. [

6. Ha cmone aesicam dsa wapa paduyca 12, xacaacv dpye dpyea emewnum obpasom. Kowyc wacaemca
60%0601i NOSEPTHOCTBIO CMOAA U 060UT WAPOS (sHewHUM 06pasom). Paccmosnus om sepusuhvl KoHyca
do mouex Kacarua wapos co cmorom pasuv. 13. Hatidume yzon npu eepuune xonyca. (Yenrom npu
6EPULUNE KOHYCA HASBIGALTICA Y200 MEXNCOY €20 06PA3YIUUMY 6 0CEE0M CEMEHUU. )

Orser: 2arcctg 3 mmm 2arcctg 3.
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Pemenue. Ilycrs O,,0; — uenrpbl mapos, A, Ay — TOYKM KacaHus 1L1apoB co crojom, C' —
BepIIMHA, KOHYCa, 2a¢ — yroJi npu ero sBepiuune, ¢ = Z01CA;. o ycaosuio tgp = % Boibepem na
ocu cUMMeTpuu KOHyca To4YKy K Tak, 4aro ee mpoekiuss H ua mrockocts C'O 0, monamaeT Ha OTPE30K
010, (cM. JeBbiii pucyHok). O6pasyoriue, [0 KOTOPbIM KOHYC KaCaeTCs OJMHAKOBBIX INAPOB, JIEXKAT B

mwrockocTax KCO; u KCO,, otkyna

Kpowme toro, CO; = COs. OTMeTrnM HECKOJIBKO MPOCTHIX (PaKTOB.

1) H — mouka wacanus wapos. Heiicrsurensuo, tpeyroibiuku KCO; u KCO2 paBHBI, OTKYyIa
KO, = KO,. Tak kax KH 1 0105, mbt nosyuum HO, = HO-.

2) IInockocmv HCK nepnendukyasprua O105. HeiicrBurensuo, rpeyronbauk O1COy paBuobeapen-
wblit, a H — cepeauna O,0s, orkyga CH 1 O105. OueBugno takxke, uro K H 1 0,0,

3) Ecau KM — nepnendukyanp, onywennot us mowku K na CO1, mo MH L CO;. Do BbITEKAET
u3 00pATHON TEOPEMBI O TPEX MEPIEHIUKYIIPAX.

Mycrs KM — nepueniukyssp, ouyuiennbtii u3 rouku K na CO;. U3 1) u 2) Bbirekaer, 4ro upsimas
CH xkacaerca oboux wapos. Torna Z0.CH = Z0,CA; = ¢, u B cuuy 3)

CH CM CM _ cos(p + )

/KCH = — = : =
€08 ¢ CK cosZO;CH cos/ZKCO; cos

=cosa —tgy sina = cosa — 1—3$ina.

IMycrb f — yron mexkay CH u crosnom. Tak kax orpezok 01O napajiiesiet CToiy, u3 2) BbITEKAeT, 4T0
0B ecrb yrost mexkiay CH u jinnueii nepecedenus iiockocru HCK co crosiom. ITockonbky CH u CA; —
OTPE3KHM KACATEIbHBIX K C(epe, Mbl OJ1ydaem

12 12 12 cos 3 )
= = — = — " = —.
CH CA 13 13

Bosmozkubr 1Ba coydast.

1) ZKCH =180° — a — f (cm. cpenuuit pucynok). Torga

cosa — %sina =cos LZKCH = —cos(a+ ) =sinasin § — cosacos f = %sina— %cosa,

OTKyJa Ctga = %.

2) /ZKCH = 8 — a (cm. mpassrit pucynok). Torma

cosa — %sina =cos LKCH = cos(ff — a) = cosacos § +sinasin § = 15—3coso<—|— %sina,

orkyra ctga =3. [



Bapuanr 9

1. B mabauuye 3 X 3 paccmasaenvs 9 wuces mak, mo 6ce wecmsv npoudsederudl IMULT wuces 6 CMpoKaT
U 8 cmoabuar mabauys, pasausns. Kakoe naubosvuwee KoAuMECME0 wuces 6 3motl mabauye MoHcem
pasksmbes edunuuye?

OTBer: 5.

Pemenune. Hasosem undexcom Tabiiuipl 00LI€e YUCIO €€ CTPOK U CTOJIDLOB, COCTOAIMX U3 €IUHULI,
ITo ycnoBuio nngekc me npesocxoaut 1. Ilycrs n — smement tabmunpl, oraugnbiii or 1. Torga B oaHoit
CTPOKE W/ B OJHOM CTOJIOIE C 7 €CThb €Ile OJHO YUCJIO0, He paBHOe 1 (MHAaYe MpPOM3BEIEHHs B CTPOKE
U CcroJIbIE, CONEPKAIIUX 7, PABHBL 1). 3HAYUT, HEEIUHUYHBIE HJIEMEHTHI BCTPEYAIOTC napaMu. Takux
map 1Mo KpaiiHei Mepe [Be, WHade WHAEKC TAOIWIBI He MeHbime 3. Ecim map poBHO IBe, TO OHU HE
[IePeCceKaroTCs, B IPOTUBHOM CJydae HmHIAeKC Tabymipl paBeH 2. Takum obpa3om, Tabiimma CONEpXKUT HE
MeHee 4 9ucest, OTINIHBIX OT 1, & KOJUIEeCTBO €INHAT He IPEeBOCXoauT 5. [Ipumep Tabuiipt ¢ 5 e IMHUIIAMEI
npuBeneH Huxke. [

2. Janwv wucaa x,y,2 € [0, g} . Hatidume maxcumarvroe 3uavenue 8bpaicens

A =sin(z — y) + sin(y — 2) + sin(z — z).

Otrser: 2 — 1.

Permteane. Mbi moxkeMm cumrarb, 9410 & < Yy U ¢ < 2z, HOCKOJIbKY Bblpakenue A He MEHAeTCs IPH
[UKJIMIECKON [T€PECTAHOBKE [IEPEMEHHbBIX. 3aMETUM, 9TO

sin(z — y) + sin(z — ) = 2sin(5Y) cos(ZHY — ).

s
)

Apryment cuyca n3 npasoii yacTu jgexut Ha [—Z, 2], a kocnnyca — Ha [0, Z], tak kak I > Y > g
Paccmorpum nBa ciydas.

1) z > y. HauboubIrieil npaBasg 9acrb OyJer Ipu MaKCUMAJIbHO BO3MOXKHOM &, TO €CTb IPU & = Y, U
3HadeHNe A OKAXKETCsT HYJIEBBIM.

2) z < y. Ipu bukcupoBaHHBIX y U z IpaBasd YacTh JAOCTUTHET MakcuMmyMa 1ipu © = 0. B arom cayuae

i . N oy y Yoy (1 y
A =sinz —siny +sin(y — 2) = —siny + 2sin cos(2 z)<2sm2 siny = 2sin (1 cos2).

. —_ T

Bripazkenne B IpaBoii 9aCTh yBEJMIUBACTCA C POCTOM Y, TOITOMY €0 MAKCUMYM JOCTUTAETCS IPH Y = 5
i paser /2 — 1. Takum o6pasom, A < v/2 — 1. Pasencrso peammsyercs npu z =0, y = 5,2=7%. 0

3. Touka O — uyenmp onucannotl oxpyscnocmu mpeyzoavhuka ABC. Ha onucannotl oxpystcnocmu mpe-
yeoavrura BOC ene mpeyzoarvrura ABC ewbpana mouwka X. Ha aywax X B u XC 3a moukamu B
u C evbpans, maxue mowku Y u Z coomeememeenno, wmo XY = X 7. Onucannas okpyscrocmo
mpeyezoavhura ABY nepecexaem cmopony AC 6 mouke T. Hatidume yeon LYTZ.

OrBer: 180°.

Pemtenne. 3amerum, uro /BYT = /BAT kak BIUCAHHBIE yTJIbI, OMUPAIONINECS HA OOIILYIO IyTy.
ITockonbKy 4werbipexyroiabHuk BOC X BHHCAHHBIN, MBI IOy YUM

180° — 4BXC = /BOC =2 /BAC =2 /BYT.



C apyroii croponbl, rpeyroiabauk Y X Z pasaobeiapennbiii, orkyma 180° — LY X7 = 2 /XY Z. Tlosromy
/XYT = /XY Z, to ectb Touka T jiexxkut Ha orpe3ke Y 7. [

4. Ha docke manucano npouseedenue mpexsnaunos wuces UKC u KCH, 2de 6yken. coomeememeyrom
PABAUNHBM HEHYAEEBLM decAMUYHbLM Yudpam. Mo npouseedenue 00UHAKOBO YUMAEMCA CAEBA HA-
NPAGo U CNPABA HAAEB0, d6e e20 UuPPbL PasHbL 4, 6 ocmasbHbie wemoupe yudpo. cosnadatom ¢ M. Imo
Hanucaro Ha docke?

OrBer: 477774 = 762 - 627 umm 554 455 = 593 - 935.

Pemenne. Ilomoxum p = NKC - KCU. U3 ycnosusa Ha p BHITEKaeT, 9T0 p : 11 U, 3HAYUT, OJUH K3

muozkuTeneit p kparen 11. Iycers aagame IKC : 11. D10 ozmauaer, uro U + C — K : 11, oryza mubo
N+ C =K, 6o U+ C = K+ 11. 3amerum taxske, uro uuciaa (U + K+ C)% u 41 + 8 naior nupu jenenun
Ha 9 oMHAKOBBIE OCTATKH. PaccMoTrpuM aBa ciaydas.

1) U+C = K. Torga (2K)?mod 9 = (411+8) mod 9, To ectb K? mod 9 = (M +2) mod 9. 3asucumocts
Mexk1y uuciaamu 1 u n’ mod 9 npusejena B rabuie:

n 1 2 3 4 5 6 7 8 9
n?mod 9 1 4

(masee ocrarku OyayT HuKIMIECKH HOBTOPATHCA). [Tosromy (M1+2)mod 9 € {0,1,4,7} u U € {7,8,2,5}.

[Moacrasngas (M + 2) mod 9 B HUKHIOIO CTPOKY Tabsmipl, Mbl Oyzem nosydars K B Bepxueit. Eciu U = 5,

1o K pasuo 4 unu 5, uro meso3mokuo. Husg I = 8 mbr nonyuum K = 8 = U, yro me nmoaxoaur 1o

yenosuio. 3uadenusm U =7 u U = 2 coorsercrsyior napst (K, C) = (9,2) u (K, C) = (7,5). Tak xak
792927 =734184, 275-752 = 206800,

9THU CJIydaud HaM TOKe He IIOAXO/IAT.
2) U+ C =K + 11. Torza

(41 + 8)mod 9 = (2K + 11)’mod 9 = 4 (K + 1) mod 9 <= (K + 1)*mod 9 = (1 + 2) mod 9,

u cuoBa I € {7,8,2,5}. Caygau I = 2 u I = 8 He noaxoadr: OpU JOMYCTHMBIX 3HadeHuax K u3
paBerctBa C = K — U + 11 mbr momyaunm C > 10. durst ocranpabix U 0 Tabiunie HaXOasATCs CIeLy IOIme
rpoiiku (11, K, C): (5,3,9), (7,2,6), (7,5,9). Tak kak

939395 = 212905, 726267 = 193842, 759597 = 453123,

OHM HaM TO2K€ H€ IIOJAXOIAAT.



[Iycrs Temepsr KCU : 11. Qto osmauaer, uro mubo U+ K = C, mubo 1+ K = C + 11. Iepecrapias B
npeapiaymux paccykaenusx K u C,; Ml mosyuunm, aro tpoiika (U, K, C) npunuMaer ofHO U3 CjieLyomux
suavenuii: (2,5,7), (7,2,9), (7,9,5), (7,6,2), (5,9, 3). Tak kak

257-572 =147004, 729-297 =216513, 795-957 = 760815, 762-627 =477774, 593-935 = 554455,

HaM MOAXOISAT TOJILKO JBE TMOCIegHue Tpoiiku. [

5. Ha cmoae cmosm 6 pad n nycmot cmakanos. lems u Baca no owepedu (navwunas ¢ Ilemu) nasusarom
6 nux nanumxu: Ilemsa — aumonad, Bacs — xomnom. 3a 0dun 00 uzpokx modcem 3aNOAHUMD 00UH
nYycmoti cmakaH Ha ceotl 6560p mak, wmobv, nocae e20 L0da He 06pPa3o6asocL 064 COCCOHUT CMAKAHA
¢ odunarosvim wanumrom. Ecau e pesyavmame delicmeul uepokos 3anoAHANOMCA 6Ce CMAKGHbL, O
U2Pa 3GKGHYUBAEMCA 6HUYDLIO. B npomuenom caywae npougpuisaem uzpok, ne umerowud xoda. Ilpu
kaxuzr n Baca evwuepaem ene 3asucumocmu om deticmeuts Ilemu?

Orser: n ¢ {1,2,4,6}.

Perterane. 3anymepyem crakatbl ciieBa Hapaso duciaamu ot 1 1o n. [pu n =1 u n = 2, oyeBugno,
Oyner mudbsi. Ecau n paBuo 4 uiau 6, To Ilers mepBbhIM XOA0M HAJIWBAET JIMMOHAI B MEPBLIA CTAKaH.
IIpu n = 4 Ilerd cMoXKeT ele 3aMOIHUTH OJUH U3 JABYX MOCTEIHUX CTAKAHOB U, 3HAYUT, HE TPOUTDAET.
B ciygae n = 6 Ilers BropbiM X0O[0M 3aIOJIHAET MOCJIEAHUIT CTakaH (€C/IM OH IIyCT), & 3aTe€M — OJIUH U3
JBYX CPEJIHHX; ecJid 2Ke rocseaauii crakan 3amoinaui Bacs, To [lers nasuBaer koMnor B Tpernii CTaka,
a 3areM — B narbiii. B obom ciaygae Ilerst He mpourpaer.

Paccmorpum remepb n ¢ {1,2,4,6}. TokaxkeM [Ba yTBEPKICHUS.

1) Ecau Bacs ceoum nepsvim xodom 3anoamnsem cmaran ¢ nomepom 1, mo dasree y nezo scezda bydym
zodu.. HazoBem cezmenmom HaDOP CrakaHOB, CTOLAIIMX MEXKJLYy JABYMsi IIOC/IE10BATE/IbHbIMI CTAKAHAMU C
suMoHaIOM. 1lo yC/IoBHMIO KaxXK/plil CErMEHT HEIycCT, a JII000# CTaKaH CerMeHTa, b0 He 3aMOJIHeH, 0O
comepxkut kKoMroT. [Iycts k > 2. [ocse k-ro xoma [leru obpasyercs k — 1 cerment. Bacs na 3TOT MOMEHT
3ano/Hui k — 1 crakad, B TOM 4MCJI€ LEePBbLid, KOTOPbI HE BXOAUT HU B OAMH cermeHT. Toria Haiinercs
TAKOI CEeIMEHT, YTO BCE BXOJMIIME B HEIO CTAKAHBL IyCThl. B onuu u3 Hux Bacs u MOxKeT HaJIMTh KOMIIOT.

2) Ecau Baca c60um nepevim T00OM 3GNOAHALT CINAKAH ¢ HOMEPOM 1, MO OH He MOJICEM TPOUZPANDL.
HeiicrBurensho, B cuity 1) Bacsa Bcerma Oyner uMeTh X0, U, 3HAYUT, JOOLETCS KAk MUHUMYM HUYbEL.

Omnumem obeuyio crpareruto Bacu. CBoum mepsbiM xonom Bacst Becerna HanuBaer KOMIOT B KpaiiHuit
crakaH (MOXKHO CUUTATh, YTO B IEPBbIl, HHAYE [IEPEHYMEPYEM CTaKaHbl B 0OpaTHOM Hopsizke). B cuity 2)
JIOCTATOYHO TTOKA3aTh, 9T0 Bacsa cmoxker m3bekarh Hudbeit. PaccMorpum mpa ciaydas.

a) n mewernno. Baca MOXKeT urpaTh MpOU3BOILHBIM 00pa30M. Hudbs HEBO3MOXKHA, OCKOJIBKY B 9TOM
cilydae HocjeAHuii crakad 3ano/uu opt [lers, yro uporusopeuur 1).

6) n = 2m npu m > 4. CBoum BropbiM x0u0M Bacs J0iKeH 3al0/HUTH CTaKaH C YeTHbIM HOME-
pom, 66bIEM 2. DTO BO3ZMOXKHO, TAK KAK MMEETCs HE MEHEe TPEX CTAKAHOB ¢ TAKMMHU HOMEDAMHU H,
3HaYnT, OnmH u3 Hux mycT. Jlasee Bacs moxker urparbh mpow3BOSbHBIM 00pazom. Jlomycrmm, 9TO mrpa
3aBEPINUIACh BHUYBIO. TOrga m CTaKaHOB C JIMMOHAIOM DPA3MECTHUJINCH HA mo3uruax 2,3, ...,2m. Onu
JIOJIZKHBI PACIIOJIArATHCA HA YeTHBIX MECTaX, MOCKOJIbKY HUKAKUe JBa CTakaHa He crogar psgom. Ho sro
HEBO3MOZKHO, TaK KaK Y€THBIX MECT BCEro M W OJIHO U3 HHUX y2Ke ucuosb3osas Baca. [

6. Ha cmone aeorcam dsa wapa paduycos 4 u 1 ¢ yenwmpamu O1 u Os, Kacasacov dpye 0pyeza 6HewHum 00pa-
som. Konyc kacaemces 60k060U noeeprrocmovio cmoaa u 06oux wapos (enewnum obpasom). Bepuuna
C xonyca naxodumes na ompeske, coeOUHAIOULEM MOYKU KACGHUA WaPO8 co cmoaom. Hzsecmmo, 4mo
aywu CO; u COy obpasyrom pasusie yeav, co cmoaom. Hatidume yzon npu sepwune xonyca. (Yerom
NPU 6EPULUHE KOHYCA HA3DLBAETNCA Y20N MEHCIY €20 00PA3YIOULUMY 6 0CEB0M CEYEHUU. )

OrtBert: 2arctg %

Pemtenne. Ilycts A, Ay — TOYKM KacaHHs MAPOB CO CTOJIOM, 2cv — yTOJI IPH BepInuHe Konyca. I1o
yeaiouio yruibl O1C Ay u O2C' Az paBHbl, 0003HaYMM UX 00IIee 3HAYEHHE Yepe3 ¢. 3aMeTHM, YTO TOYKH



01,04, Ay, Ay, C nexar B ogaoit wiockoctu, nockosbky 01 A; || Oz As, a C npunanmexur orpesky Aj As.
Torua

detgptetgp=A1C+CAy = A1 Ay = /(A +1)2 - (4—1)2 =4 <= ctgp = 3

Bribepem Ha ocu cuMmmerpuu KOHyca TOYKy K Tak, uro ee mpoekius H ma mrockocts CO1 0y monamaer
Ha orpe3ok 0104 (cM. seBbtit pucynok). Obpasyiowue, 110 KOTOPbIM KOHYC KACAeTCsd OJMHAKOBBIX LIAPOB,
siezkar B mwiockoctax KCOy u KCOs, orkyna

LKCO; = ZKCO5 = ¢ + a.

Onycrum u3 Toukn K neprenaukyaspbl KM u KN wa CO; u COs coorBercrBenHo. [Ipsimoyrosbabie
rpeyrosbauku KCM u KCN pasubl, nosromy CM = CN. OrMeTum HECKOIHKO MPOCTHIX (HAKTOB.

1) MH L CO; w NH 1L COs. 9ro Bbirekaer u3 06parHoil TeopeMbl O TPeX HEePIEeH UK YIIsAPaX.

2) ZMCH = ZNCH. [eiicrBuTenbHo, B cuity 1) npsamoyrosbhbie Tpeyroiabiuku MCH u NCH pas-
HBI IO TUIIOTEHY3€ U KATeTy, TIOITOMY U WX COOTBETCTBYIOIIME yTJIbl paBubl. O603Ha4nM 00IIee 3HAUEHNE
yrioB MCH u NCH uepes 1.

3) Ipamas CH nepnendukyaspra cmoay. eficrBuresbHo,

180° = 2p + 2¢, orkyma ZA;CH = ¢+ =90°. (%)

ITosromy npsimast CH napasrensHa Ay O 1, 3HAYAT, TEPIEHANKYIAPHA CTOIY.
N3 1) ¢ yaeroM (*) MBI TTOIy4aeM
CH CM CM cos(p+a)  cos(p + )

/KCH = —/— = . _ _ — ot _dina.
€08 CK cosZO.CH cos/ZKCO; cos Y sin g prosasina

JIlyu CK obpasyer co crosiom yrou «, u u3 3) soirekaer, uro ZKCH = 90° — «. Ilosromy

4
5

cosa —sina <= tga = 2. O

sina =cos ZKCH =ctgpcosa —sina = z

K

O O,




Bapuanr 10

1. B mabauuye 3 X 4 paccmasaenvs 12 wucea mak, 4mo 6Ce CeEMb CYMM IMUL “UCEA 8 CMPOKAT U 6
cmoabyaxr mabauys, pasasuvwns,. Kakxoe naubosvuwiee xoauvecmeo wuces 6 amoli mabauye modsrcem
DABHAMOCA HYA0 ?

OrBer: 8.

Pemrenue. Hazopem urndexcom tabimipl 001Iee YUCIO €e HyJIeBbIX CTPOK U croabuos. Ilo ycioBuio
nuagekc we npesocxoaut 1. Ilycts n — nHenyseBoit sjemenT tabmurbl. Torma B ONHON CTpPOKE WU B
OTHOM CTOJIOIE C 1 €CTh elle OJHO HEeHYJIEBOE YUC/IO (MHAYEe CyMMbI B CTPOKE U CTOJIONE, COAEepKAIIUX 1,
paBHbL 1). 3HAYUT, HEHYJIEBBIE JIEMEHTHI BCTPEUYAIOTCs napamu. Takux nap mo KpaiiHeil mepe JBe,
nHade uHjekc rabsmnpl He menbiie 4. Eciau map poBHO jBe, TO OHU HE [IEPECEKAIOTCd, B IIPOTUBHOM
caydae uHAEKC Tabiaunpl pased 3. Takum oOpa3om, Tabiuia COAEPKUT He MeHee 4 HEHYJIEBBIX YUCEII, a
KOJIm4ecTBO Hyseil He mpeBocxoaut 8. [Ipumep tabmuiel ¢ 8 Hynsamu npuBeaeH nuxke. [

0{0j0|O0
1(210]0
0(0(4|5

2. Hanwvt wucaa x,y, z € [0, 7). Hatidume maxcumaivroe 3HaAUEHUE 6bPAAHCEHUS

A =sin(z —y) + sin(y — 2) + sin(z — x).

OTrBer: 2.

Pemterne 1. Mbl MOXeM cUUTATh, 9TO & < Yy U & < 2z, MOCKOJIbKY BbIpakenue A He MeHseTcs Ipu
[IUKJIMIECKON TIePECTaHOBKE MIEPEMEHHBIX. 3aMETHUM, 9TO

sin(z — y) + sin(z — z) = 2sin(5Y) cos(ZHY — ).

AprymenT cunyca u3 OpaBoil 4acTy JIEXKUT HA [—%, %], a kocunyca — Ha [0, 7], Tak KaK T > Z'gy > .
Paccvorpum aBa cirygas.

1) z > y. HauboubIrieil npaBasg 9acrb OyJer Ipu MaKCUMAJIbHO BO3MOXKHOM &, TO €CTb IPU & = Y, U
3HadeHNe A OKAXKETCsT HYJIEBBIM.

2) z < y. Ipu bukcupoBanubix y u z upaBas 4acrb gocrurder Makcumyma upu ¢ = 0. B arom cayuae
A=sinz —siny +sin(y — z) = —siny + 2sin ¥ - cos(¥ — z) < 2sin ¥ —siny < 2.

Taxum obpasom, A < 2. Papencrso peamusyerca npu z =0,y =7, 2 = 3. 0O

Pemtenne 2. Ilonoxum a =z —y, b=y — 2z, ¢ = z — x. Cymma gucen a,b, ¢ paBHA HYJIIO, [IO3TOMY
XOTs Obl OJIHO U3 HUX HenosioKurebHo. Ilycrs, naupumep, ¢ < 0. Torua ¢ € [—7,0], orkysa sinc < 0.
ITosTomy

A=sina+sinb+sinc < sina +sinb < 2.

J— — — T
Pasencrso peammsyercs nmpu x =0, y =7, 2= 5. [0

3. Tourxa O — yenmp onucarnol oxpyscrhocmu mpeyzosvruke ABC. Ha cmoponax AB u BC' evibpariol
mouku QQ u R coomeemcmeenno. IIpamas QR 6mopuuno nepecekaem onucarHy0 OKPYHCHOCTDL mpe-
yeoavrura ABR 6 mouke P u 6mopuuHo nepecekaem onucarHyo okpyscrocms mpeyzosvruka BCQ
6 mouke S. Ilpamvie AP u CS nepecexaromesa 6 mouke K. Hatidume yeon meocdy npamomu KO
u QR.

OtrBet: 90°.



Pemtenune. 3amernm, uro ZCSQ = LZCBQ u LZAPR = ZABR Kak BUUCAHHbBIE YIJIbI, OLUPAIO-
mmecs wa 0bmryio ayry. llosromy LZKSP = ZKPS, to ectb Tpeyronbank PKS — paBHOOEIPEHHDIN.
ITockombky

180° — ZAKC =2/KSP =2/ABC = ZAOC,

verbipexyrojabiuk AOC K — puucannbiii. Tak Kak rpeyrosibiuk AOC paBHOGEIPEHHDbIH, MbL LIOJIY UM
/AKO = LZACO = LZCAO = LZCKO.

[MosTromy mpsimasg KO sBasercs OMCCEKTPHUCOi paBHOOeApeHHOrO Tpeyroibuuka PK .S, a 3HauuT, u ero
BeicoToit. Takum obpazom, KO 1. QR. 0O

4. Ha docke nanucano npouseedenue mperanaunox wucen KCU u UCK, zde bykev, coomeemcmeyom
PABAUNHBM 0ECATNUYHBM YUUPPaMm. Do npouseederue WeCmusHayHoe, €20 Kpatinue Lu@pol pasHvl, o
MENHCAY HUMU HAT0OAMCA d6e Napvl 00UHAKOSHT cocednux yudp. dmo Hanucaro Ha docke?

OrBer: 633556 = 847 - 748.

Pemenue. Ilockompky 3amada me mensiercss npu mepecranoBke I u K, mbr 6ymem cumrars U < K.
IIycts p = KCU - UCK, d — mmamgmas nmudpa p. Tak kak d = 1 - Kmod 10, 3amumem U - K = 10m + d,
rae m — nesoe ancyio. 1lo ycmosuio d Oyaer Takzke crapireit mudpoit p. Torma

(d+1)-100000 > p > - K- 10000 > m - 100 000.

Orciona d > m, npudeMm papeHcTBa ObITh He Moxker, maade 1 - K @ 11. Kpome roro, cupasemimpo
nepasencrso p < (I +1)(K + 1) - 10000, orkyza

nN-K+nN+K+1
m<d< +10+ + }=m+[

d+1N+K+1
R *)

N3 ycnosus BeiTekaer, uto p kparHo 11. Torma wa 11 geaurcs KCU wmau MCK, 910 SKBUBAJIEHTHO

N+ K- C : 11. Iosromy mmbo C = U + K, mbo C = 1 + K — 11. PaccMoTpuM 9TH CIydam.

1) ITycrs C = N+ K. Tak kak d+ M+ K+1=d+1+C < 20, u3 (*) MbI nomygaem d = m+ 1, 1o ectb
nN-K =11m+ 1. Kpowme roro, I + K < 9, orkyna - K < 20. ITosromy U - K = 12, u napa (U1, K) pasua
(2,6) wu (3,4). Iockonbky 682 - 286 = 195052 u 473 - 374 = 176 902, 11 ciaydad HAM HE HOJIXOLAT.

2) ycts C = M+ K — 11. Tak xak d + U + K + 1 < 27 < 30, u3 (x) mbr nomygaem d = m + 1 wim
d=m+2, orkyma I - Kmod 11 pasuo 1 uau 2. Kpowme toro, I+ K > 11, orkyza U - K > 18. Ilosromy
1 -K moxer npunnmars 3uadenus 24, 35, 45, 56, a mapa (11, K) — (3,8), (5,7), (5,9), (7,8). ITockoibky

308 - 803 = 247324, 715-517 =369655, 935-539 =503965 847748 = 633556,



HaM [OJXOMUT TOJBKO HOCHemHuil ciaydai. [

5. Io kpa wpyea0eo cmoaa cmosam n nycmos cmakanos (n = 3). Hemsa u Baca no ouwepedu (navunas
¢ Ilemu) naausaom 6 HUL KOMNOM UAU AUMOHGD. 3a 00uH T00 UZPOK MOICEM 3ANOAHUNG 00UH
nycmot cmakan A1006M U3 J8YT HANUMKOS Ha ¢80T 6ubop. Hepok, nocae uvezo roda 006pa3068aACH
CMAKAH € AUMOHAIOM, Y KOMOPO20 006 COCEOHUT CMAKAHA C KOMNOMOM, 8biuzpbieaem. Fcau uzpoxy me
docmanocs nycmozo cmakxana, mo ok npouzpweaem. Ilpu xaxuz n Ilema eviuzpaem ene 3a6UCUMOCTIU
om deticmeuti Bacu?

OTBerT: 1Ipu HEYETHBIX N.

Pemmenue. Ilycts n meuerno. Ilobeanas crparerus [lerw 3akmowaercd B ciemyiomem. Ilepsbrii cTa-
KaH OH BBIOMpAET Mpou3BOIbHO. JlomycTum, 9T0 OYepesHbiM X00M Bacs 3amo/iHMI CTaKaH, OTCTOSIIHMA
OT MEpPBOro Ha k mo3unuil, canras no kpardaiimieit ayre. Ecmu y Ileru mocie sToro nmossisiercs modes-
HBIT X0J1 — OH BhIMrpbiBaer. B nporusHoM ciyuae [lerst HamuBaer TOT Ke HAIIMTOK B CTAKAH, OTCTOSAIITUIT
OT MEPBOrO Ha, k mo3wunmii B Apyryio cropony. W3 cummerpum scHO, 9T0 vy Bacu mobemHoro xoma toxe
HE MOABUTCA. B cujy HeYeTHOCTH n MOC/IEIHWN MyCcTOi cTakaH 3amoiaHuT llers, eciu OH HE BBIUIPAET
nmocpogano. B robom ciiyuae Bacs npourpoiBaer.

[Tycrs reneps n gerno. Bygem caurars, 9T0 CrakaHbl CTOAT B BEPIIMHAX PABHJIBHOIO N-yIOJbHUKA.
HazoBem kat0ue80t mpotixot Takue TPU HOCIEI0BATEJIbHBIX CTAKAHA, YTO, 3AIOJHUB OIUH U3 HUX I1OJIXO-
JISAIM HAIIMTKOM, MOXKHO [OJIy9uTh 1100eauyio kombunanuio. Crparerus Bacu cocrour B ciemyromem:
eciu llers 3amomuu oyepemHoil crakaH u He 0O0PA30BAJIOCHh KJIOYEBOH Tpoiiku — Bacsa mammBaer ToT
JK€ HAIMTOK B CTAKAH, CAMMETPUYHBIA cTakaHy IleTn oTHOCHTEILHO IIEHTPA N-yrojabHuKa. BBumy derHo-
cru n Ilers moxker mobeauts quiib gocpodno. Ilokaxkem, aTo sToro mHe mpousoiiger. Ilycrs mocie xoma
Bacu obpaszosBastace KiaodeBas Tpoiika 1, a 10 3Toro rakux rpoek He Opr1o. Torma B T BXOIUT MOCTEI-
Huil craxkaH, 3amosHennbtii Baceii. ITo nocrpoenuto crakambl Tpoiiku 1”7, cummerpuunoii T OTHOCHTEIbHO
HEHTPa N-YTOJbHUKA, 3AMOJHEHbI TaK JKe, KaK B 1, HO B 0OpaTHOM TIOpAAKe. 3HAYUT, 1’ TOXKe SABJIAETCS
KJII049€eBO# Tpoiikoit. Ho ona cymecrBoBasia eme 10 xoxa Bacu, aTo HeBo3moxkHO. [

6. Ha cmone aescam dea wapa, kacascs dpye dpyza enewnum obpasom. Kownyc xacaemcs 60xosol no-
BEPTHOCINGIO CTROAG U 000UT wapos (eHewnum o0pasom). Bepwuna Konyca nazrodumces na ompeske,
COCOUHAIOULEM THOYKU KACAHUA WAPO8 CO cmoaom. Hzeecmmo, wmo aywu, coedunaousue 6epuury Ko-
HYCA ¢ YEHMPAMU Wapos, obpasyrom pasHbe yeab, co cmosom. Hatidume maxcumasbro 603MoAHcHbLY
Yy20n Npu sepusure KoOHYca. (Yeaom npu eepuiune KOHYCa HA3BLBAETNCA Y204 MEAHCOY €20 00PA3YIULUMU
8 0Ce80M CeweHUU.)

OTBer: 2arcctg?2.

C A C A,

Pemtenne. Ilycts O; u Oy — nenTpsl mapos, R u r — paauycer mapos, A; u Ay — TOYKHU KacaHus
mapos co crojoMm, C' — BepinHa KOHyca, 2ac — yroJ npu Bepimuae. 1o yeaosuio Z01CA; = £Z05C A,
00603HaYUM 00IIIee 3HAYEHUE ITUX YTJIOB Uepe3 ¢. 3ameTum, uro Touku O, O, Ay, Ay, C jexar B OgHOMN
mockocta, nockoabKy Oy Ay || O2 Az, a C npunagmexur orpesky A; As. Torma

2V Rr
R+17r’

Retgp +retgp = A)C+CAy = AjAy = /(R+71)2 — (R—1)2 =2VRr < ctgp =



Boibepem Ha ocu cuMMerpuu KOHyca To4Ky K Tak, 4ro ee npoekuus H Ha miockocrs CO1 0y nonasaer
Ha orpe3ok 0104 (cM. seBbiit pucynok). Obpasyiowue, 110 KOTOPbIM KOHYC KACAeTCsd OJMHAKOBBIX LIAPOB,
smexkar B mrockocTsx KCOp u KCO,, otkyna

LKCO; = ZKCO5 = ¢ + .

Onycrum u3 rouku K nepuenukynsapbl KM u KN wa CO; u CO4y coorsercrsenno. [Ipsmoyrosbhbie
tpeyronbauku KCM nu KCN pasusbl, mostomy CM = C'N. OTMeTuM HECKOJIHKO TPOCTHIX (DAKTOB.

1) MH L COy w NH 1 CO>. 910 BbITEKAET U3 0OPATHOH TEOPEMbI O TPEX MEPIIEH UK YIIsPax.

2) ZMCH = ZNCH. HeiicrBuTenbHo, B cuity 1) npsamoyrosbhbie Tpeyroiabiauku MCH u NCH pas-
HbI [I0 TUIOTEHY3€ U KATeTy, IO9TOMY U UX COOTBETCTBYIOIIME yriibl paBabl. O603Ha4nM 00IIee 3HAYEHUE
yrsioB MCH u NCH uqepes 1.

3) Ipamas CH nepnendukyaspra cmoay. eficrBuresbHo,

180° = 2p + 29, orkyma ZLA;CH = ¢+ =90°. (%)

[Tosromy upsimas C'H napasienbia A; O v, 3HAYUT, IEPLHEHIUKY/IIPHA CTOJLY.
N3 1) ¢ yaeroM (*) MBI TTOIy4aeM
CH CM CM cos(p+a)  cos(p + )

/KCH = —/— = . _ _ — ot _dina.
€08 CK cosZO.CH cos/ZKCO; cos Y sin g prosamsina

Jlya CK obpa3yer co crojiom yroJ «, u u3 3) Bbirekaer, uro ZKCH = 90° — «. Ilosromy

R+r

VRr-

ITo nepasenctBy Kommu ctga > 2, To ectb o < arcctg 2. PaBencrso peanusyercs B ciydae R =r. [

T
cosa — sina <= ctga =
R+r &

sina =cos ZKCH = ctgpcosa —sina =



Ouumnuana mkoJLHUKOB CIIOIY o maremarTuke.

3akmounTtenabnblii dTan. 2017/2018 yueoHblii rox.

3aganuda 14 8-9 Kjaccos

(ITpaBuUsIbHOE M MOJIHOE pEIICHUE KaKA0M 3a/1aun olleHuBaeTcs B 20 6asioR)



OmuMmnuana mkojgbHUKOB CIIOI'Y mo maremaruke.
BakaounTeabHbIil stam. 2017/2018 y4eGubrii roa. 8-9 Kiacchl.

Bapwuant 1

1. Moxno ymm Bce HaTypaJsibuble ynciaa or 1 jgo 2018 Tak paccraBUTH 1O KPYTy, YTO
CYyMMa JIIOOBIX TPEX MOJPSIJT CTOAIIUX UUCET ObLIa HEICTHBIM THCJIOM !

OTBerT: HerT.

Pemenue. B kaxmoit cymMe TPEX MOAPST CTOANINX TUCET OJHO WM TPU HEIETHBIX
claraeMbIX. Bo Bcex cymMmax MO OJHOMY HEYETHOMY cjlaraeMoMy OBITH He MoxKeT. [leii-
CTBUTEIHHO, BECh KPYT TOKpbIBaeTca 673 Tpoitkamu, a Bcero on coepkuT 1009 nedéTHbIX
qUCcesI. 3HAYMUT, XOTs ObI B OJIHOI TPOWKE HEUETHBIX YKCe] He MEHbIEe JIBYX, TO €CTh TPH.
Nrak, ectb TpoiiKa ¢ TpeMsd HEUYETHBIMU YHCIaMH. PAcCMOTPUM TaKylo TPOWKY U IOii-
JIEM OT Hee TI0 9acOBOil CTpEJIKe, MOKa He BCTPETUM IepBoe dérHoe uncyo. OHo ¢ aByMs
MIPEJIBIYIIIAMA HEYETHBIMH JIAET YETHYIO CYMMY — IPOTUBOPEYNE.

2. Jlame! HeHy/IeBble BeleCTBeHnbe uncia a, b u c. Ilapabomna y = ax? + b + ¢ pacto-
JIO¥KeHa BBIIe paMoit y = cx. JlokazxkuTe, uro napabosa y = cx? — bx + a pacrosoxKena
BBIIIIE HIpsIMOit y = cx — b.

Pemenne. To, uto napabosa y = ax? + bx + ¢ PaCIOIOKEHa BBIIIE IIPAMOH y =
cx, PaBHOCUJILHO JBYM YCJOBHUSIM: BeTBU Iapabojibl HAIIpaBeHbl BBepX, T.e. a > 0, u
napaboJia He IepeceKaeTcs ¢ IPAMOil, T. . ypaBHenue ax’+bx+c = cr He IMeeT PeleHuii.
3HauKT, JUCKPUMUHAHT ypaBHeHus orpunaresen, T.e. (b—c)?—4ac < 0. B wacrnocru, 310
osnagaet, uto ¢ > 0. Torma BeTBH mapabosnl y = cx? — bx + a TaKyKe HaIpPaBJICHLI BBEPX,
1 HaM HY?KHO JIUIIb JOKA3aTh, 9TO Y Hee HET IepecedeHnii ¢ MpsiMoii, T. €. 9TO ypaBHEHNE
cx? —bx +a = cx — b me mmeer perrennii. JI1g 9TOro Hy»KHO IPOBEPUTH OTPUIATETLHOCTD
ero auckpumunaaTa. Ho o paBen

(—=b —¢)* —4c(a+ b) = b? + 2bc + ¢ — dac — dbc =
=b* — 2bc + ¢ — dac = (b — ¢)* — dac < 0.

3. IlpousBeenne MOJIOKUTEIBHBIX Yuces a, b, ¢ u d pasuo 1. Jlokaxkute HEpaBeHCTBO

at+bt b4t Adt dr+at
a2+b B+ A+d2 BP+a?”

IlepBoe pemenue. [Tockonbky 2(a* + bt) > (a? + b?)?, cipaBeyIMBO HEPaBEHCTBO

1
a* + b - 5@+ %) a®+b?
= = .
a? + b? a? + b? 2
CJI0KHUB €ro ¢ TpeMs aHAJOTMIHBIMYI HEPaBEHCTBAMMU, TTOJIYINM, UTO JieBasd 9acThb JIOKa-
3LIBAEMOTO HEePaBeHCTBa He MeHbIne, deM a’ + b2 + ¢ + d? > 2ab + 2cd > 4v/ abed = 4.



4 4
Bropoe pemnenne. 3amerum, 4To % > ab. JleficTBUTEILHO, 9TO HEPABEHCTBO IO~
cJle JIOMHOXKEHIA Ha 3HaMeHaTe b [IPeBPalllaeTcd B HEPABEHCTBO

(a® = b*)(a—b) =a" +b" —a’b—ab® > 0.

Ho B TakoM BHjie OHO OYEBUIHO, MOCKOJIBKY CKOOKM B JIEBOH YaCTH MMEIOT OJMHAKOBBIN
3HAK, U UX IPOM3BE/ICHNE HEOTPHUIATE/ILHO.
CrenoBaTesbHO,

at+vt b+t A+dt d+a
a2+52+b2+02+c2+d2+d2+a2 = ab+bc+cd + da > 4.

B IIocjgaeJHeM HepaBE€HCTBE MBI JABazKJIbl BOCIIOJIB30BaJIMCh HEPABEHCTBOM O CPEAHUX JIJIdA

nByX uaucest: ab+ cd = 2vVab - cd =2 n be + da > 2v/be - da = 2.

4. Kierkn 6eCKOHETHOrO KJIeTYATOro JINCTa OyMarun KpacsarTest B k 1BETOB (KazKiast
KJICTKA KPACUTCS TIEJIMKOM B oiuH 11Bet). IIpu kakom HanbosbineM k B KayK/IOM KJICTIATOM
IPSIMOYTOJIBHAKE CO CTOPOHAMHU 3 1 4 BCTPETATCS KJIETKU BCEX 9TUX I[BETOB?

Otset: 10.

Pemtenne. PazobbeM OeckoHEUHBIN KJjeTYATHIA JIACT 6yMaFI/I Ha JECATHUKJICTOYHbIC

durypku Buja TaK, KaK IIOKa3aHO Ha PUCYHKE.

RN N O

Tpebdbyemas packpacka B 10 1IBETOB IOy YUTCs, €CJIA PACKPACUTH OJHY TaKYyIO PUTYPY
B 10 11BeTOB, & OCTAJIbHBIE PACKPACUTH POBHO TaKUM K€ CIIOCOOOM.

OueBnyiHO, 9TO OOJIEe TeM B 12 11BeTOB TpebyeMbIM 00pa30M IMOKPACUATH JIUCT HEJIb34.
[Iycts ecth packpacka B 11 mim 12 miBeroB. IIpeamnoo:kum, 9T0 HaILIaCh TaKas pacKpacKa
B 11 1mBeTOB, UTO B KaxKJIOM KBajpaTe 3 X 3 Bce I[BeTa pa3jnvHbl. PaccMOTpUM OIIH
Takoit KBajpatr. B comeprKalieM ero mpsaMoyroJbHUKe 3 X 4 nMmeercs: UMb 11 pasimaHbix
1BeToB. [losTOMY B JOMOTHUTEIBLHOI MTOJIOCKE 3 X 1 Kakue-To JBa I[BeTa COBIAaI0T. Torma
B KBaJIpare 3 X 3, CoJIepKaIlleM 3TY IMOJIOCKY, KAKHe-TO JIBa I[BETa COBIAIAIOT.

S

[IycTh y HAC ecThb packpacKa B n IBETOB, Iyie n paBHO 11 mam 12. Boibepem kBajipar
3 X 3, B KOTOpOM He 6ojiee n — 3 pa3HbIX IBETOB. [ocTpouM ero a0 mpsaMOyroJbHUKOB
3 x4 u4d x4 Tak, Kak rmokasano Ha pucynke. Torma B mosiockax 3 X 1 u 1 X 3 npejcras-
JIEHBI OJIMHAKOBBIE TpOiiKK 1BeToB. Hakpoem ropum3oHTaJIbHBIM IPAMOYTOJIBHUKOM 3 X 4
KJIETKY, ITIOMEYEHHYIO0 KPeCTHKOM. Toraa 3ToT IpsIMOYTOIbHUK OYIeT ComepKaTh b KIETOK
13 I0JIOCOK, 3HAYUT, B HEM MMeeTCs He MeHee JBYX Iap KJIETOK OJHOIO IBeTa, IIO3TOMY
o01ee Komm4aecTBo 1BeToB He npeBocxoauT 10. ITporuBopedne.



5. Jlan Tpeyrosbauk ABC'. Ha ero croponax BC, CA u AB coOTBETCTBEHHO BBIOpa-
bl Takune Toukn A;, By n C}, aro gerbipexyronbHuk AB;A;C] gBIsieTcs BIMCAHHBIM.

Jokazkure, 910
SAlBlCl < <Blcl)2
Sapc A4y )

A
s
' 8
C ‘D B

Pemmenue. Ilpogmnm orpesok AA; 10 miepecevdernst ¢ OMMCAHHON OKPY?KHOCTBIO Tpe-
yroabanka ABC n 0603HaYnM TOUKY Tepecederus depe3 P. V3 BOucaHHOCTH YeTBIpEX-
yroabankoB AB1A1C; 1 ABPC nmeeMm paBeHCTBa yTJIOB:

41413101 = 41411401 =/PAB = ZPCB n

Cnenosarenbno, Tpeyronbuuku A; BiC7 u PC B nogobub! 110 1ByM yrutam. Torma

2
SAAlBlcl _ Blcl

Sapcg  BC*’
C npyroit ¢cTOpOHBI,

SapcB _ PA

Spapc  AAY

[IOCKOJIbKY OCHOBAHHUsI Y HEUX OOINME, a OTHOIIEHHE BBICOT PABHO OTHONIEHHIO OTPE3KOB
AA; n PA,. Takum obpasom,

Snaspicy _ Saames Sapcs _ BiCP PA . B,C}

Snapc Sapcs  Saapc  BC?T AA T4 AAT

[Tociennee HepaBEHCTBO OCJIE COKPAIIEHUA U JIOMHOKEHIS Ha 3HAMEHATEN IIPUBOIATCS
K By 4 - PA, - AA; < BC?. Ho u3 nonobua Tpeyrompaukos AAC' n BA, P cuenyer,
aro PA; - AA; = BA; - CA;. Tlostomy

4PA1AA1 :4BA1 CAl < (BAl +CA1)2 - BC2



6. Ilpu nekoropoMm HaTypajabHOM 1 4mcjao n® + n* + 1 uMeeT POBHO IMECTb Pa3/Id-
HBIX HATYPaJbHBIX JesuTeseit. JlokazkuTe, 9To 4uciao n’
HaTYPaJILHOI'O YHUCIA.

—n + 1 gBagercs KBaJIpaToM

Pemenne. Ouesuano, uro npu n = 1 u n = 2 uucio n® + n* + 1 me umeer poBHO
MIECTU PA3JIMYHBIX HATYypaJbHBIX JeruTeneil. [lostomy n > 3. PoBHO mecTh nenmreneit
MOT'YT UMeTh JIMITh YHC/Ia BUJIA P° WK P°¢, p U ¢ — Pa3JIUdHbIe HPOCTLIE YHCTa. 3aMeTHM,
aro n®+nt+1= (n>—n+1)(n*+n+1). lycrs d — HauGoOIBIINIT OGN ETUTETH THCET
n®—n+1un’*+n+1. Torga uncio n—2 = (n—1)(n*+n+1)—(n®*—n+1) takxke neaurcs
na d. Cnenosarenbho, Ha d Oyer gaenurbes u auciao 7 = (n?> +n+1) — (n + 3)(n — 2).
Crajo 6b1Th, d = 1 mu d = 7. B nepBoM cirydae moJsrydaeM, 9TO OJMH U3 MHOXKHUTEIEH
paBeH p?, a npyroit g. Ho aucio n%4+n+1 He MOXKeT OBITH TOYHBIM KBAPATOM, IIOCKOJIbKY
n? <n’*+n+1<n?+2n+1= (n+1)% 3naunt, kBagparom Gyjer ducio n3 —n+ 1, aTo
1 HY?KHO J0Ka3aTh. B ciyuae d = 7 uucio n’® +n' + 1 genures na 72, mo3ToMy OHO UMeeT
B 72q wmm 7°. B ciyuae 72 MHOXKUTEIM paBHLL 7 U 7q, e ¢ # 7 — IIPOCToe YUCIo, a B
ciydae 7° MHOXKUTEIN PaBHLL 7 U 74, IOCKOJILKY UX HAUOOJILIINIA OOIINit Je/IuTe/Ih PaBeH
7. TaxkuM 06pas3oM, B I060M caydae ofuH n3 MHOKHTeaed n? +n+ 1 u n® —n + 1 pasen
7, 9TO HEBO3MOXKHO IIpA 1. = 3.



Bapuant 2

1. Moxno jin Bce HaTypaJsbHble dncya ot 1 10 2018 Tak paccTaBUTH 110 KPYTY, 9TO BCE
CYMMBI TI0 8 CTOSIIIIX TOJIPSJT, IUCesT JaBaIi pa3IndHble ocTaTK OT jeyeHus Ha 20187

OTBerT: HeT.

Pentenne. /lomycTtrm, 9T0 TaK paccTaBUTh YKCIa yAaI0ch. [Ipocymmupyem Bee 2018
rpyii u3 8 crodmux moapst ducesi. C oiHO# CTOPOHBI, OCTATOK OT JIEJICHUS 9TOH CyMMbI
Ha 2018 OyzeT paBeH OCTATKy CyMMBI BCEX BO3MOXKHBIX OCTATKOB OT Jejexus na 2018,
T. €. OyzeT HedéTHbIM dncjaoM. C Ipyroit CTOPOHBI, KarKI0e YUCI0 Ha OKPYKHOCTH Oy1eT
MIOCYNTAHO POBHO 8 pa3, MO9TOMY ITOT OCTATOK Oy7ieT 4€THBIM. [IpoTnBOpevne.

2. Haiimre Bce TaKkme KBapaTHBIC TPEXUICHDLI ax’ + b + ¢ ¢ BemeCcTBeHHLIME KO3(gh-
dunuentamu a, b u ¢, ITO ec/id B TpEXUICHE 3aMEHUTD JII000 13 Tpex KoM HUIUECHTOB
Ha 1, TO moOJTyduBINHUiic KBaPATHBIN TPEXIeH Oy/IeT UMETh POBHO OJIMH KOPEHb.

OTBer: %~x2:|:\/§~x+%.

Pemenne. I1o ycaosmo Tpexanens 22 +bx+c, ax? +x+c n ax? 4+ bx + 1 IMeIoT POBHO
o ojHOMYy KopHio. CjieoBaTe/ibHO, Y HUX HYJIeBble JUCKPUMUHAHTHI. TakuM obpas3oM,

W —4c=1-—4ac="b—4a =0.

13 Toro, 1To nepBoe U TPEThe BhIpaKeHUe PaBHbI HYJIIO, cieayeT, uro a = ¢ > (. Torma u3
paBeHCTBa HYJIIO BTOPOTO BBIPAXKEHUSI MOJIYyUUM, 9TO 4 = C = % Craso 6eITh, b = 4+/2.

3. [TostoxKuTeIBHEIC UNCIa @, b U ¢ YIOBICTBOPSIOT yeaosmio a’+b3 4¢3 = 3. JlokaxkuTe
HEPABEHCTBO

1 n 1 n 1 S 3
at+3 43 44374
Pemnienne. [lockonbky afj-3 + a%% =1,

1 N 1 N 11 at b* t
a*+3 bv¥+3 A+3 3 at+3 bv+3 A+3)

LX)

Ci1e10BaTEIILHO, IOCTATOYHO JIOKA3aTh, YTO BHIPA’KEHHE B CKOOKAX HE MEHBIIE, TeM
DTO PaBHOCHILHO HEPABEHCTBY
a* b* c 3

<
a4+3+b4+3+c4+3 4

a? a® o 4
HokazkeM, 410 —f—= < . edcTBuTeNbHO, 9T0 PABHOCH/IBLHO HepaBeHCTBY 4a < a” + 3,
KOTOPOE Y2Ke COBCEM IIPOCTOE:

a*+3=(a"+1)+2>2Vat +2 =2 +1) > 4a.



4. Kakoe HauMeHbIIIee KOJUIECTBO KJIETOK HYXKHO OTMETUThb B Tabsmie 50 X 50 rak,
9TOOBI B KarK/I0il BePTUKAJILHON MJIM FOPU30HTAJILHOI 1moJI0cKe 1 X 6 Oblaa XOTsI Obl OJIHA,
OTMeUCHHas KJIeTKA.

OrBer: 416.

Pemntenne. Ksagpar 50 x 50 jerko pazpe3arb Ha YeTbIpe TPAMOYTOJIbHUKA 24 X 26
U TEeHTPaJbHBIN KBajpar 2 X 2. KaxKaplii npsMoyro/bHuK paspesaercd na 4 - 26 = 104
nosiocku 1 X 6. B kaxk 101t Takoii mos1ocke JI0/2KHa OBITH CBOSI OTMEUEHHAs KJIETKA, TI0O9TOMY
TaKnX KJIETOK OyreT He MeHee 416.

[Tokaxkem, Kak HYKHBIM 00pa3oM oTMeTuTh 416 KiaeTok. OTMETHM Bee TapaJiiebHbIe
JIpyT Apyry Jauaronasun c¢ giuwaamu H, 11, 17, 23, 29, 35, 41 u 47. Beero 6ynaer ormedeHo
2-(5+ 11417423 +29 + 35+ 41 4 47) = 416 KJ1eTOK.

5. Ilyctb M — rtouka nepecedenus menuan Tpeyroibuuka ABC. Tlpoxosinas depes
M mupsmas mepecekaer orpeskn BC n CA B Ttoukax A; m By coorBercTBenno. Touka K
— cepeauna croponsl AB. Jlokaxkure, 9to 9SK 4,8, = 254BC-

C

[1 [1 [1

T BA, M K B! A

Pemenne. Ilycrs npsaveie AB u A;B; mepecekaiorcs B TO4YKe 1, W MyCTh s
OTIPEICJICHHOCTU 3TO MPOU30NLIo 3a Toukoil B. IlockoabKy TO4YKa IepecedeHus: Meu-
an M npemmr memmany C'K B orHomenum 2 : 1, BBICOTBHI, OmyIneHHble n3 Todek C'
nu K na npamyio A B, takxke orHOcaTca kKak 2 : 1. Torma 2Saxa,B, = Saca,s,
u SkacB, = Saxap + SacaB, = 3S5aKa,B,- [lo3roMy HYyXKHO J0Ka3aTh HepaBeH-
cTBO 3SKA,0B, = 25aapc. llocie cokparienus oOIIell ILIOMAIM OCTAHETCA HepaBEH-
ctBO 3(Saaa,x + Saspik) < Saapc = 3SAmap WIH, 9TO TOXKe CaMoOe, HEPABEHCTBO
Saamk + Sae k. < 2Samap. Ecim ysemmuanTh ocnoBanusi TpeyrosbHukoB AA; K u
BB K B ;mBa pa3sa ;0 orpeska AB, TO IIoma b TaKyKe YBeJIMIUTCA B JIBa pasa, I0-
9TOMYy TpeOyeMoe HepaBeHCTBO HPHUMET BUJ Saaa,B + Sappa < 25amap. [lockobky
9TO TPEYTOJbHUKU C OJMHAKOBBIM OCHOBAHHUEM, JOCTATOYHO IIPOBEPUTH COOTBETCTBYIO-
Iee HEePaBeHCTBO I BBICOT. IlycTh BBICOTHI, OmyImeHHbIe Ha TpsaMylo AB m3 Touek
Ay, By u M, mvetor ocnosanue A}, B{ m M’ coorBercrsenno. Ocrasoch 10Ka3aTh,
qro A1 Al + B1B] < 2MM'. Dro HepaBeHCcTBO H3-3a 10/100us1 TpeyronbHukoB 1'A; Al
TByB) u TMM' moxuo nepenucars B Bujie TA; + T By < 2T'M, 910 BepHO, TOCKOJIBKY
MB; < M A, (unaue touka nepeceuenust AB u Ay By 6yier jexarb 3a ToUKoil A).

6. CKOJIbKO peLHeHI/Iﬁ B IEJIbIX YUCJIaX UMEET YpaBHEHUC
n(n+1)(n+2)(n+3) +m® = 50007

OTBer: HU OJHOIO.

Pemenue. [TycTh /1715 HEKOTOPHIX HATYPATLHBIX THCEJT 171 1 1 BBHITOIHACTCA PABEHCTBO
n(n+1)(n+2)(n+3)+md = 5000. ITockonbky n(n+1)(n+2)(n+3) = (n*+3n+1)2—1,



PaBEHCTBO MOXKHO Hepenucats B suje k? +m® = 5001, rae k = n? + 3n + 1. PacemoTpum
oCTaTKH! OT jlesienyd Ha 11 y JeBoit 1 mpaBoit gacreit paserctsa k2 4+m® = 5001. KsaapaTsr
MOTyT jJaBaTh octarku jumib 0, 1, 3, 4, 5 m 9, a marere crenenn jqumb octarku 0, 1 m 10.
Ho nukakue u3 jIByX HaIlMCAHHBIX OCTATKOB B CyMMe He JIAIOT OCTATOK 6, KOTOPBIi Oy1eT
y uncaa 5001.



Bapuant 3

1. Moxkno Jin Bce HaTypaJibabie ducia oT 1 1o 2017 Tak paccTaBuUTh 110 KPYTY, YTOOBI
JIIOOBIE JIBa COCEJIHUX YHUC/Ia OTJIMYAJINCh POBHO Ha 17 min wa 217

OrsBer: Her.

Pemnitenne. llockonbKy coceqnune qucsa OTJIMYIAIOTCA HA HEYETHOE YUCJIO, OHU UMEIOT
pa3uyo 4€THOCTDb. [loaTomMy WérHOCTH YHMCes MO KPYTY JIOJKHBI YepesioBaThbed. Ho 3To
HEBO3MOYKHO, TAK KaK HEYETHBIX UUCEs OOJIbINE, YeM YETHBIX.

2. Jlanbl pasiauvHbIe BellecTBeHHble yncaa a, b u ¢. Kajaparubiii rpexwien f(x) yio-
BerBopsier coorromenusiM f(a) = be, f(b) = ca n f(c) = ab. Haiigure f(a+ b+ c).
Orser: ab + bc + ca.

Pemenne. Ilycrs f(z) = pz? + qx + r. Torna us pasencTs
be=f(a) =pa®*+qa+r u ca= f(b)=pb*+qgb+r

cienyer, uro ¢(b—a) = p(a® —b*) + q(a —b), orxyga ¢ = —p(a + b) — ¢, nockoIbKY a # b.
Anasormano nosydaem cootnomtenne b = —p(a + ¢) — q. Berarem nepsoe paBeHCTBO 13
BTOPOTO:

b—c=pla+b)—(a+c))=pb-rc).
Cnenosaresibio, p = 1. Torna ¢ = —(a +b+c) ur = f(a) — pa* — qa = ab + be + ca.
CraJjio OBITB,

fla+b+e)=pla+b+c)’+qlatb+c)+r=
=(a+b+c)*—(a+b+c) + (ab+bc+ ca) = ab+ be + ca.

3. CymMma TOJIOKUTETBHBIX 9ucesl a, b u ¢ paBHa 1. JlokaxknTe HEpABEHCTBO

at*+ vt 4+ A c4+a4<1

a6+bﬁ+b6+06+06—|—a6 = abe’

4 4
Pemrenue. 3amernm, 9To % < é JleiicTBUTEILHO, 9TO HEPABEHCTBO IIOCJE J0-

MHOYKeHHs Ha 3HaMenaTenab mpuMmer B a® + b5 — a®b — ab® > 0, 9T0 SKBHBAJCHTHO
nepasenctsy (a® — b°)(a — b) > 0. B TakoMm BuJe OHO OYEBUJIHO, MOCKOJIBKY CKOOKH B
JIEBOIl 4aCTH OJJHOIO 3HAKA.

CrenoBaTesbHO,

a*+bt b4t c4+a4<1 1 I a+b+c 1
ab+b6 W4 S4+ab T ab be ca  abe  abe’

4. Ha xneruaroit mocke 50 X 50 Ilerst paccrasisger 50 He ObIOMUX JPYT JIpyra Jajeil,
a Bacga Beibupaer Ha jocke 1m0 KieroukaMm keajapar k X k (k < 50). Ilpu kakux k BHe
zaBucuMocTu oT jeiicteuii [letm Baca Bcerma cmoxker BbIOpaTh KBaJgpaT, B KOTOPOM He
OyeT HI OJTHOM Jrabu?

Otser: Ilpu k£ < 7.

Pemntenne. Ilokazkem, kak Bace BbiOparh KBajapar 7 X 7. 3aMeTuM, 9TO XOTsI ObI B
omuoMm yrimy gocku 50 X 50 He cromT Jsasgbsa. [lycTh 718 OnpeeIleHHOCTH 9TO IPaBBIit
Bepxuuit yroj. Torma B camoil BepxHeil CTPOKe M B CAMOM IIPABOM CTOJIOIE CTOUT IIO



Jajgbe. PazobbeM ocTaabHYIO YacTh JOCKM Ha KBaJIpaThl 7 X 7 HAUWHAs C JIEBOI'O HUZKHETO
yria. Iomyunrca 7% KBajpaToB, B KOTOPBIX CTOUT He Gojee e 72 — 1 aapa. [losTomy
KaKO#-TO KBaJIpaT IIyCTOH, U ero cMozKeT BhIOpaTh Bacsd.

[Tokazkem, Kak pacctaBuTh 50 Jrajieit Tak, 9TOOBI He OBLIO JTazKe IyCTOro KBaJipara 8 X 8.
BanymMmepyeMm CTpokn u cTojonb! gocku 50 X 50 amciaamu ot 0 10 49. [locraBum jaapu B
KJIeTKH ¢ KoopauHaramu (8z + y,x + 8y) Upu BeeX TaKUX IEJbIX HEOTPHUIATETHHBIX T
1 Y, IPU KOTOPBIX OHM IOMEIIAITCA Ha JIOCKY. Torga JIerko BHAETb, UTO IIPH JIIOOOM
PACITOJIOKEHNN KBaJipaTa 8 X 8 B HEM OKaxKeTcs XOTs Obl ojaHa Jjajabd. OTMmerum, ITO
zaBesioMo 0 < o < 6 n 0 < y < 6. [TokaxkeM, 9TO cpesin HUX HET JIQJIeH, CTOAIIMX B OJTHOM
psiay. [leiicTBUTEIbHO, €c/iM JiBe JIaJIbU OKAa3aJIMCh Ha OJHON BepTUKAIU, TO 8 + y =
8x' + 1y, orkyna y' — y genurcs Ha 8 U, 3Ha4uT, y = ', a Torga u x = r'. AHajIormuHO
IIPOBEPSIETCsI, ITO JBE JIAJbU HE OKAXKyTCsl Ha OfHOM ropu3oHTa . [lockoabky 0 < @,y <
6 mocTtasieno e bosee 49 mazmeit. IlocaemoBaTebHO TOCTABAM HELOCTAIONIEE KOJIUIECTBO
Jlajieit Ha CBOOO/IHDBIE TOPU3OHTAIN U BEPTUKAJIN U TOJIYIUM HYKHYIO PACCTaHOBKY.

5. ana tpanenus ABC D. Ha ocaoBanusx BC' u AD coOTBETCTBEHHO BBIOPAHBI TOUKH
Q@ u S. Orpeskn AQ n BS nepecekatorcs B Touke P, a orpesku C'S u D() mepecekaroTcs
B Touke R. [Jokaxure, 910 Spors < iSABCD-

L M

K N

IlepBoe pemnienmne. Craadasa JOKaKeM CJIEIYIONLYIO JIEMMY':

Iyecms mpaneyusa pazbuma duazonasamu 1a 4 mpeyzoavhura. Toeda naousadv mpe-
Y20NDHUKA, UMEIOW,E20 8 KAYECMEE CMOPOHbL DOKOSYI0 CMOPOHY MPAneuul, He NPecocro-
dum wemeepmu NAouLadu MPanevyu.

HoxaszatenbcTBo. [lycrs qnaronanm rpameruun K LM N nepecekatorcs B Touke O,
a ee ocnoBanug — orpe3ku KL u M N. Torna

SakoL OK B KL Saxrm KL
Saxiv  OK+OM  KL+NM " Sagww  NM

CrenoBarebHO,

KL KL-NM SKLMN

Saxor =~ S - .S g DELMN
ANKOL KL—I—NM ANKLM (KL+NM)2 KLMN 4

JlemMa, mokazaHa.
IIo memme SAPQS < iSABQS u SAQRS < iSCDSQ- TOI‘,ZL&

1

Spors = Saspg + Sasrg < =(Sapgs + Scpsg) = ZSABCD-

N

B Q C

V4




Bropoe pemenne. [Liomau tpeyronbankos ABS 1 AQ)S paBHBI, IOCKOJIBKY y HUX
ob1ree ocHoBanue u paBHble BHICOTHI. Clie0BaTeIHHO,

Saapp + Saaps = Saaps = Saags = Saprgs + Saaps.

Craso 6b1Tb, Sapgs = Saapp (0003HaUNM nX O0Iee 3HAYEHUE Yepe3 Sq). AHATIOTHIHO,
Saprs = Sacpr (0003HaUNM X 0OIIee 3HaUeHNEe Yepes Sp). C Apyroif CTOPOHBI,

1 1
s7 = SaaprSapgs = AP PBsin ZAPB - QP - PSsin ZAPB =

1 1
= §AP PSSIHZAPS . §BP . PQSII]ZAPS = SAApssABPQ.

CrenoBaresibHo, Saaps + Sappg = 24/SaapsSappg = 251. AHAJIOIHYHO IIOJIyYaeM, YTO
Saprs + Sacrg = 252. Takum obpazom,

Sapep = (2s1+ Saars + Saprg) + (252 + Saprs + Sacrg) =
2 481 + 482 = 4SPQRS~

6. Haiinyure Bce Takne HaTypaJibHbIE YACIA @ U b, 9TO JJIsd BCEX HATYPAJILHBIX 7 YHUCIIO
(an + 1)% + b nenurea na n? +n + 1.

OtBer: a = 2, b = 27.

Pemenne. 3amerm, uro n® — 1 gemurea ma n? + n + 1. CrenoBaTesbHo, 9nUCIO N

naeT ocTaToK 1 or gesenus Ha n? 4+ n + 1. Byzem cumtaTh oCTaTOK OT JIeJIeHHs HHCIa
(an +1)% + b wa n* +n + 1. [jns 3Toro packpoem cKOOKH:

3

(an +1)% + b = a®n® + 6a°n® + 15a*n* + 20a*n® + 15a*n* + 6an + 1 + b.
OcraTok 6yjeT paBeH OCTaTKy IHCIa

a® + 6a°n? + 15a*n + 20a® + 15¢°n* + 6an + 1 + b =
= (6a° + 15a*)n® + (15a* + 6a)n + (a® 4 20a” + 1+ b) =
= An? + Bn + C.

Ecim uncio An? + Bn + C JICJIUTCSI Ha YUCJIO n? +n+ 1, To Ha Hero IeaUTCS U YHUCIIO
(B— A+ (C—A) = (An* + Bn+ C) — A(n* + n + 1). Ho npu GosbImux n 9mcsio
n? +n+ 1 6ompie, wem |(B — A)n + (C' — A)|, u genmumocTh BO3MOMKHA JIMIIH B CIIy4ae,
korma A = B = C. Pasenctso A = B osnauaer, 9to 6a’ + 15a® = 15a* + 6a, oTkym1a 1160
a =1, mbo 5a = 2(a®+ 1), T.e. a = 2. B nepsom ciyuae pasencrso B = C' HeBO3MOZXKHO,
BO BTOpOM cJjiy4ae ycioBue B = C' paBuocuibio b = 27.



Bapuant 4

1. Moxkno Jin Bce HaTypaJibabie ducia oT 1 1o 2018 Tak paccraBUTh 110 KPYTY, YTOOBI
CyMMa JIIOOBIX YETBIPEX MOJIPSJ CTOSIINX YUCEJ ObLIa HEUETHBIM YUCIOM !

OrsBer: Her.

Pemntenne. B Kax ot cymme 9eTBIPEX MOAPSAJ], CTOANINAX YUCET OJTHO UM TPU HEUET-
HBIX CjaraeMbiX. Bo Bcex cymMmax POBHO IO OJHOMY YETHOMY (HEUETHOMY) CJIaraeMOMYy
ObITh He MOXKeT. JlelicTBUTEIbHO, BeCh KPyr HMOKpbiBaeTcs H05 deTBEpPKaMm, a BCErO OH
cogepxkut 1009 4€THBIX unces. SHAYUT, XOTd ObI B OJIHON YeTBEPKE HEUETHBIX UUCET HE
MEHBIITE JIBYX, TO €CTh TPU. SHAUNT, €CTh IeTBEPKA C OJJHIM YETHBIM UNCJIOM U IeTBEPKA C
TpeMs HEeYETHBIME JYHCIaMU. PaccMOTpUM TaKyro YeTBEPKY U MOHJIEM OT HEE 10 9acoBOit
crpenke. Cremyromnas 9eTBEPKa MOTyIaeTCsl BRIOPAChIBAHUEM OJTHOTO UNC/Ia U3 TPEIbIIy-
et u jo6aBIeHneM OJIHOTO HOBOI'O YHC/IA. 3aMETUM, UTO JIOOABJICHHOE U BBIOPOIICHHOE
YUC/Ia JOJKHBI OBITH OJHOM YETHOCTH, MHAYE U3MEHHTCS UYETHOCTH CyMMbBI YHCEI B 9eT-
Bépke. [losTomy B creyionieit 4eTBEPKe TaKxKe POBHO TPU HEUYETHBIX 4nc/ia. Paccyxias
TaKUM 00pa30M, MbI TIOJIYYHM, YTO BO BCEX YETBEPKAX POBHO TPH HEUETHBHIX umcia. [Ipo-
TUBOpEYHeE.

2. Haiture Bece TaKue KBaJpaTHble TPEXWICHDLI ax? + b + ¢ ¢ BellecTBeHHBIMEI KO3(g-
dunuentamu a, b u ¢, YTO €CIM B TPEXWIECHE YBEJIUIUTH JI000H U3 Tpex Kod(pOUINECHTOB

Ha 1, TO MOJIyYUBIIHiiCA KBIPATHBIN TpexdIeH OyJIeT UMeTh POBHO OJUH KOPEHbD.
1
8

Pemmenue. Ilo yenosuio tpexuienst (a+1)x?+bx+c, az?+(b+1)x+cu az’+br+(c+1)
MMEIOT POBHO 110 0JfHOMY KOpHIO. CJie/I0BATE/IbHO, Y HUX HYJIEBBIE JUCKPUMUHAHTEL. TaKuM
obpasowm,

OTBer: ~x2—%~x+%.

b —4(a+1)c= (b+1)* —dac = b* — da(c+ 1) = 0.

W3 Toro, 9To mepBoe W TpeThe BhIpaykeHWMe PaBHBI HYJIIO, CIeIyeT, 9To a = c. Torma n3
paBeHCTBa HYJIIO BTOPOT'O BbIpaKeHusd moydauM, 91o b+ 1 = +2a. Iocse uckmovenus b u
¢ U3 TOCJIeIHEro paBencTBa notyuntes ypasuenue 0 = (—142a)*—4a(a+1) = 1F4a—4a.
BHaunT, 3HaK F dABJsgeTCT MUHycoM. Torma ¢ = a = % nb=-1+4+2- % = —%.

3. [ostoxKuTeAbHLIC YnCIA @, b U ¢ YIOBICTBOPAIOT yeaosuio a?+b*+c? = 3. JokaxkuTe
HEPABEHCTBO

a n b n ¢ o 1
a+5 b+5 c+5 2
a 5
Pewenne. 3amernm, uro —t= = 1 — 2=, mosromy
a b c ) ) )

+ + =3 + +
a+5 b+5 c+5 a+b b+5 c+5
CretoBaTeIbHO, JOCTATOYHO JOKA3aTh, 9TO BBIPAyKeHNE B CKOOKAxX HE MEHBIIE g 910
paBHOCI/IJIbHO HepaBeHCTBy

1 1 1 1

+ >
a+5 b+5 c¢+57 2
WU, 9TO TOXKE caMoe, HEPABEHCTBY

1 1 1 a+b+c+15
b > 7127
((a+5)+ (b+5)+ (c+5)) a+5+b+5+c+5 5 (%)



Ho neBag gactb mociie PaCKpPbITHUA CKODOK HMeeT B

54 b+5 +a+5 n c+95 +a+5 n c+5 +c+5
a+5 b+5 a+5 c+5 a+5 b+5)
rjle KaxK/as CKOOKa He MEHBIIe JIBYX, HOCKOJIbKY SIBJISIETCsI CyMMON B3amMO OGPaTHBIX
ancest. Takum 06pasoM, J0CTATOUHO JoKazarh, aro 9 > “HEtd g ecth @ + b4 ¢ < 3.
Ho 370 nepasencTBO cripaseyiuBo, mockoyibKy (a + b+ ¢)? < 3(a? + b + %) = 9.

Sameuanne. HepaBeHCTBO (%) MOXKHO O0bSICHUTH ¥ JIpYruMu criocobamu. Hampumep,
II0 HEPABEHCTBY O CPEJIHUX

(a+5)+ (b+5)+ (c+5) =3/ (a+5)(b+5)(c+5) u

1 1 1 7 1 1 1 3
a5 b5 c+5” Vats b+5 c+5  la+5)(b+5)(ct+5)
[I09TOMY JieBasi 4acTh He Menbliie 9. [IpaBas wacthb He Gosbine 9, TOCKOIBKY (a+ b+ 0)2 <
3(a>+ 0?4+ %) =9.

4. Jlana KjerdaTasi JTOCKa m X N (m, n = 2). Yeonxom HazbIBaeTCA TPEXKICTOTHA
durypa, cocrosmas u3 KJICTKH (HaSOBéM eé LLeHTpaﬂbHOI‘/’I) U ABYX COCEIHUX C Heil 110 cTo-
POHE KJIETOK (I/IX MBI HA30BEM 6OKOBbIMI/I). Kapronnbrit yroiok HaKpbIBaeT JIEBBI BEPXHUI
yroJs m aBe cocegHue C HUM KJIETKHW JOCKH. 3& OJHY Oollepalnio MO2KHO BbI6paTb OJHYy u3
DOKOBBIX KJIETOK YI'OJIKa 1 IIOBEPHYTH YI'OJIOK Ha 90° oTHOCHTEILHO OeHTpa 3TON KJIETKH,
IIPpX 9TOM IIOCJIE IIOBOPOTa YyI'OJIOK JOJIZKEH IIOJIHOCTBIO OCTaBaTbCid Ha JOCKE. HpI/I KaKHuXx 1m
1 N C IIOMOIIIBIO TaKNX onepauﬂﬁ MO2KHO II€epeMeCTUTb YI'OJIOK TaK, 9YTO €ro nHeHTpaJibHasl
KJIeTKa Oy/IeT HaKPbIBATH MPABbIl HUZKHWI yTOJT JOCKH?

OTBeT: 1pu HEYETHBIX M U M.

Pentenne. Ilokaxkem Kak JIOOUTbCS HY?KHOTO TE€PEMEIEHUsT TIPU HEYETHBIX M U MN.
[Tpu m = n = 3 TaK caejnaTb MOXKHO (Ha PUCYHKE KPDECTHKOM OTMEYeHa KJIETKA, OTHOCH-
TeJIbHO KOTOPO# MPOUCXOUT TIOBOPOT).

7
%4

N

]

7
V)

|
vy
1K

24
Ha cremyroriem pucyHKe moka3aHo, KaK IEPEMECTUTh YTOJI0K C COXPAHEHUEM ero OpH-
EeHTaIlNU Ha JBe KJIeTKU BIpaso. [Ipogenaem sTo jeiicTBue mT_?’ pasa. AHAJOrMYHBIM J1eii-
CTBUEM MOYKHO CMECTUTDH YTOJIOK Ha JIBE KJIETKW BHU3

¢ coxpaHeHmneM ero opuenTaruu. [Ipomenaem sro neiicteue "7_3 pasa. A 3aTem mepeMecTIM
YTOJIOK TaK, KaK MBI 3TO JleJIan JIJId M = N = 3, U OH 3aiiMeT HYXKHYIO HaM MO3UITUIO.

[Iycts Tenepsb ojHa u3 cTOopoH HocKu YéTHasd. [lokarkeM, 9TO BBIIOJHUTH TpedyeMoe
nepeMerenue ne ygpacres. [Ipesamnonoxkum, 94To oHo cymecrByeT. PaccMoTpuM maxMaTHyio
PACKPACKY JOCKHU, HO KJIETKH, Y KOTOPBIX 00€ KOOP/IMHATHI HEUETHDBIE, IIOKPACUM B CEPBIit
IIBET.
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SameTum, 9TO TPU JIOOOM MOBOPOTE yroJIKa MEHTPaJbHas KJIETKA OyJIeT Paclo/araTbCs
Ha, cepoil man IEPHOI KJeTKe JTOCKM, a OOKOBbIe KJIeTKH — Ha Oenbix. Kpome Toro, mpun
JIIOOOM TTOBOPOTE IBET, HA KOTOPOM HAXOJIUTCS IEHTpaJbHas KJIETKa, MEHSAeTCs Ha IIPO-
TUBOTIOJIOXKHBIH (T. €. ¢ ceporo Ha YEPHBIN, a ¢ 9EpHOr0 — Ha cepbiii). [lockoIbKY B KOHIIE
YIOJIOK HY2KHO TOBepHYThH Ha 180°, B 00Ieil cjioKHOCTU OY/JIeT CIe/laHO YIETHOE YHUCIIO
oBopoToB. (CJie/I0BATEILHO, B KOHIIE IIEPEMEINEHUs IIEHTPAIbHAS KJIETKA CHOBA OKAYKET-
¢ Ha cepoil kimerke jocku. [losromy obe €€ KOOpAUHATHI UMEIOT TY K€ I6THOCTb, 9TO U
HaJaIbHAA KJIETKa JOCKA. SHAYUT, OHU HEYETHBI, T. €. 1M U 1, HeIETHBHI.

5. OKpy?KHOCTb w OIHUCcaHa BOKPYT paBHOOGeapentoro Tpeyroibauka ABC. IIpomon-
JKeHre BBICOTHI BBy, omymienHoi Ha 60KoByI0 cropony AC, mepecekaer OKpyKHOCTB W B
touke D. 3 touku C' onyriensl neprerukyasipel C'Cy na 6okoByio cropony AB u CH
Ha npsamyto AD. Jlokaxure, uro Spop,c, = Suoco, -

Cy

Pemenue. [Tycts M — cepenuna ocuoBanusg BC', a T — Touka nepecevdeHus BbICOT
tpeyronbanka ABC. 13 paBnobeapennoctn Tpeyroabanka ABC orpe3ok AM sBisiercs
ouccekTpucoii u Buicoroii. [Tomoxkum £/ BAC = 2«a. Torma

LCAD = ZCBD = ZCBB; =90° — ZBCA = a.

[Ipsmoyronbueie Tpeyrobuuku AMC u AHC' paBHBI, TIOCKOJIBKY OHM UMEIOT OOIILYIO
cropony u pasuble yriael ZCAM = o = ZCAH. B wactuoctu, CH = C'M, u To4Kn
M w H cummerpuunbl orHOCHTENbHO TpsaMoit AC. Touku D u T Tak:ke CHMMETPHIHDI
orHOCHTENIBHO TIpsiMoii AC', TOCKOJIBKY MPSIMOYTOJIbHBIE TpeyroibHukn AB1D uw ABT
paeubl. Torna Tpeyroapankun DCH u TC'M cuvMeTpudHbI OTHOCHTENIBHO TpsiMoit AC'.

[Hosromy ZDCH = ZTCM n
LHCC, = /ZDCB = 180° — ZDAB = 180° — 3a.

C apyroit croponsl, Yerbipexyroyabuuk C'ByDH Bruucantbiii (y HEro JiBa mMpoOTUBOIOJIOXK-
HBIX yryia npsimbie), orkyita LZCHBy = ZCDB; = ZBAC = 2a. Hakower, 4erbipex-
yroiaeauk BC BC) takxke Brmcaunblii (tak kak /BBC = ZCCB = 90°), nosromy
/CC\B = ZCBB; = a. Crajo 0biTh, B YerTbipexyrosbiuke C'Cy By H cymva Tpex yriioB

/CCiB+ ZCHBy + ZHCCy = a + 2a + (180° — 3a) = 180°.

JIeZIoBaTEIbHO, TOYKA [B] JIEXKUT Ha OTPE3K: 1. TOMY T MO€ HEpPaBEHCTB
CnenoBarenbHo, Touka By Je a orpeske HC,. Iloato ebyeMoe HepaBEHCTBO
MOXKHO 3aIlfiCaTh B BHUJIE

Saceyp, + SaceB = Spes,cy = Sance, = Sarcce,B, = SacciB, + SACHB, -



3HA4YUT, OCTAJIOCH MOHATL, YTO Sacc,B = Sacup,- Ho Tpeyroasuuku CHB; u CM B,
CUMMETPUIHBI OTHOCHTENBHO TpsaMoit AC, mo3sToMy WX ILIOMA U paBHBI, W HAJO JIUIIh
HIOKa3aTh, YTO SACC,B = SACMB,- DTO y7Ke 09eBU/THO, IIOCKOJIbKY Y 9TUX TPEYTrOJIbHUKOB
OJINHAKOBBIE BBLICOTHI, 8 OCHOBAHMS OTJIMYAIOTCS B JIBa Pasa.

6. Haiiture Bce mapbl HATYypaabHBIX YHUCET M U N, TAKUX UTO M + 1 JieuTcd Ha n U
n? —n + 1 nesmrea HA M.

Otser: (m,n) = (1,1), (1,2) u (3,2).

Pemntenne. Ecun = 1, o m = 1, u Takas mapa, 04eBUIHO, IOAXOAUT. Bynem canrars,
gyron = 2. llycte m+1 = kn. Hucia m u n B3aUMHO IIPOCTHI, TOCKOJIbKY, €Cin d X 00Tt
nemuresib, To 1 = (m+1)—m = kn—m nenures na d. Kpome Toro, m < n?—n+1 < n?—1,
nostomy kn =m + 1 < n? n k < n. 3amernm, 4T0

nn+k—1)=n>—n+kn=n"—-n+1)+ (kn—1)

neuted Ha m. Torma Ha m jenaurcd auciao n + k — 1. CinenoBarensio, m <n+k —1 <
2n — 1. Crajo 6bITh, m + 1 e npeBocxoaut 2n u jgeaurcd Ha n. [lostomy m + 1 = n umm
m+1=2n. Buepsom ciysae n? —n+1=m+1)2—(m+1)+1=m?>+m+1,nu

u3 mesmMocTd n? — n + 1 Ha m BHITEKaeT, 9To m = 1 U n = 2. DTa mapa HaM HOIXOINUT.

2 2
Bo BropoMm ciydae m = 3 un? —n+1 = (mTH) - (m?ﬂ) +1= mTJF?’. N3 nesmvocT
n? —n 4+ 1 Ha m MBI Hoay9aeM, 9To m? + 3 TakyKe JEJUTCS Ha M U, 3HAYAT, M = 3 U

n = 2. DTa mapa HaM TOXKe IOIXOJINT.



Ouumnuana mkoJLHUKOB CIIOIY o maremarTuke.

3akmounTtenabnblii dTan. 2017/2018 yueoHblii rox.

3aganusd 1jd 6-7 KJ1accoB

(ITpaBuUsIbHOE M MOJIHOE pEIICHUE KaKA0M 3a/1aun olleHuBaeTcs B 20 6asioR)



1.

OmuMmnuana mkojgbHUKOB CIIGI'Y mo maremaruke.

BaksrounTeabHbIil dtan. 2017/2018 yuebHblii rog. 6 — 7 KJaccsl.

Bapwnanr 1

Loxaostcume, wmo 0aa 1106020 HAMYPaNLHO20 N CYWECMEBYIOM MAKUE UEALE YUCAL T
wy, wmo x° + y* — 2017 deaumes na n.

Pemntenune. B kadectBe © u y MOXKHO B3dTh uncia 44 u 9. OHE rojgarcs i BCeX N,

HOCKOJIbKY 442 + 92 — 2017 =0. O

2.

Kocmasa «obsedurusy mabauyy CAoNCEHUA U MADAULY YMHOHCEHUS HAMYPANOHDIT YU-
cen: oH NoCmpous mabauyy, y Komopot cmpoku U cmoabyvl COOMeemcmesyom Hamy-
DANLHBM YUCAGM, U 3GNONHUA 6CE KACMKU: 6 KACMKY HG NEPECEYeHUL -1 CMPOKU U
§-20 CMOAOUA OH NOMECTIUA “UCAO TS + (S + T).

| 1 2 3 | 1 2 3 | 1 2 3

1 1 2 3 n 1 2 3 4 - 1 3 5 7

2 4 6 3 4 5 o 2 5 8 11
Tabmuma yMHOKEHHIST Tabmuma cooxenns Kocrumna rabanma

Iocmompes snumamenvro, Kocmsa obnapyscun, 4mo Hexomopoe namypasbHoe YUCAO
n 6 mabauye omeymemeyem (0HO NPUCYMEmMeEyem moavko 6 NOONUCAT K N-1 cmpoke
U N-MY CMOAOYY, 4 68 KAEMKAT camoll Mmabautb, €20 He 0ka3aaocy). lokascume, wmo
mozda wucao n + 1 — npocmoe.

Pemenwne. Ecin qnciao n + 1 He mpocToe, TO ero MOXKHO Pa3JIOKUTh B IIPOU3BEICHIE

JIBYX MHOKUTe e, 60abmux 1. amumrem nx B Buje r+1 u s+ 1, rje 7 u s — HATypasbHBIE
qucya. Torma

n=n+1l—-1=F+1)(s+1)—1=rs+s+r,

TO €CTb YHCJIO Tl COJECPZKUTCA B Ta6JII/ILLe. ]

3.

Bydem naszvisams secenrol dueypy, cocmoiwyro u3 KAEMOYEK, PACTONOHCEHHBIT 6
sude cmynener (cm. wa pucynwke npumep aecenox usd 7 u 8 xkaemox). Ha pucymxke,
U300PANCAIOULEM NECENKY, HAPUCYEM PASMEMEKY: 006€0eM KPACHBIM UBEMOM HECKONb-
KO HENePecekaouurcsa Cmopor KAeMoK mak, 4mobv, Kaxcoas epuiuna KarHcdot Kiem-
KU NPUHAOAENHCANG POBHO 00HOMY KpacHoMy ompedky. CKOADKO pasAudaHblT pasmemor
umeemcesa y secenru us 199 xaemor?

Jlecenka n3 8 KiaeTok Jlecenka us 7 KJieToOK Pazmerka




Orset: 200.

Pemenne. O6oznaunm 1uepes3 L,, KOJUIECTBO PA3METOK JIECEHKN U3 N KjeTok. [lycTnb
ToOYKa A — JIeBBIN HVZKHUN YroJI JIeBOH HIZKHEH KJIETKU JICCCHKU.

Ecnu kpacHbIil 0Tpe30K, cojepzKaiiuii TO9Ky A, BEpTUKAJbHBINA, TO yIauM W3 Jie-
CEHKM JIEBYIO HUKHIOIO KyieTKy. OcraBiiasics hburypa mpejcrapisger codoil epeBepHyTYIO
Jiecenky u3 n — 1 kjaerku. Jlobasiss K jo60it u3 L, | pa3sMeToK 3TOil JIeCEHKU KpPacHBIi
OTPE30K, cojiepzKaIiuii A, MbI mosiydaeM pasMeTKy UCXO/HOM jeceHku. Takum oOpaszom,
UMeeTCs POBHO L, 1 pa3MeTOK MCXO/IHOI JIECEHKN, B KOTOPBIX OTPE30K, COJIEPKAIIHIT TO-
Ky A, Beprukajen. Ecim ke KpacHbIl OTPE30K, COJEPIKAIIHii TOUKY A, TOpU30HTAIBHBII,
TO, KaK HETPY/IHO BHJETh, Pa3MeTKa BCell JIECEHKU B 9TOM CJIydae JOCTPAUBAETCS OJHO-
3HAYIHO.

Takum obpazom, crpapeamnBo coorHomrenune L, = L, 1 + 1. YuuTbiBag O4UeBUIHOE
KpaeBoe ycjoBue L = 2, Mbl cpa3y nHaxojum, 9to L, =n+ 1. [

4. Jlan pasnobedpennovii mpeyzorvrur ABC ¢ ocnosanuem BC'. Touxka M — cepeduna
cmoponv, AC, mouka P — cepeduna AM, na cmoporne AB ommeuerna mouka () mak,

wmo AQ = 3BQ. oxasicume, wmo BP + MQ > AC.

A

B C

Pemenue 1. 1o HepaBeHCTBY TpeyroabHUKA
MQ + MA > AQ < MQ + $AC > 3AB < MQ > 1 AC = PA.

Torna
BP + M@ > BP+ PA>AB=AC. [

Pemenne 2. Ilycrs Touka P’ cumMmerpudna P OTHOCHTE/NBHO OCH CHUMMETPUH TPE-
yrosmbunka. Ouesnano, BP = CP'. O6osnaunm depe3 O TOUKY NEPeCedeHnsi OTPE3KOB
CP u MQ. JIpaxkibl IpUMEHSS HEPABEHCTBO TPEYTOJBHUKA, MbI ITOJIYIUM

CP'+MQ = (CO+O0M)+ (QO+OP')>CM + QP' = 3AC + $AB=AC. O

5. Bezosas dopooicka npedcmasasem coboti oxpyscrocmo daurot 1 xm. Bdoav dyeu,
dauna xomopot paswa 100 m, nocmpoenv. spumenverue mpubyrv,. Moowcro au 3a-
nycmums no amoti dopostcke 8 00HOM U MOM dHce nanpasaeruy 10 beeynos, deu-
HCYWUTCA € NOCMOANHMU cKopocmamu — 20, 21, ..., 29 kxm/v — mak, 4mobo.
6 A1000T MOMEHM, BPEMEHY HANPOMUE MPubyr npobezas roms 6v, 0dur u3 beeyHos?



(Mecmo cmapma kasicdozo be2yra MOANCHO HAZHAYUMD 6 A1000M MECTE, HE3AGUCUMO
om ocmanbHur be2ynos. )

OTBerT: Her.

Permrenne. [Tycrb A — uHTEpBas JHOPOXKKH, WY BI0Ib TpubyH (6€3 KOHIEBBIX
TOYeK ). PaccMOTprM MpoOMeKyTOK BPEMEHH, 3a KOTOPbIH KazK/Iblil n3 6eryHOB POOEKUT
ejioe aucao Kpyros (Hampumep, 29! gacos). IlockosibKy TpubyHHast Jyra coCTaBisier %0
JUIMHDI JIOPOYKKU, KAXKJIbIIi OEI'yH POBHO %0 BCEro 3TOr0 BpeMeHU Oy/IeT HaXO/UThCS BO3JIe
TpudyH. [lockoabky Gerynos posno 10, TpeboBamnue 3a/a4qu 00eCIIeUNBAETCS JIUIIL TOLIA,
KOTJIa «TPUOYHHBIC MHTEPBAJIbI» OCT'YHOB HE HaJIeraioT Jpyr Ha japyra. VHbiMu cioBaMu,
B mmpoMekyTke A B JiI000I MOMEHT BpEMEHU MOXKeT OBbITh JIMIb ojuH OeryH. [lokazkewm,
410 910 HE Tak. llyctb A mu B — cnopremensl, 6eryiue co ckopoctsvu 20 u 21 KM/ 4
coorBercTBenHo. lomycrum, B joraan A B Kakoit-ro Touke jgopoxkku BHe A. Jlo Havasa
TpubyH UM Ha10 IpobexkaTh He 60s1ee 900 MeTpoB, u GeryH A mpeojioseeT 3T0 PacCTOSTHIE
makcnmyM 3a 0,045 gaca. Korma A mobexut 110 Hadasaa TpubyH, B OyaeT onepexkarb ero
me Oosiee veMm na 45 merpos. [locse sTtoro A u B Oy/1yT HEKOTOPOE BpeMs HAXOJUTHCS B

A Bmecte. [

6. Ha docke nanucarno 10000 nevemmnoixr wucen, ve deaswurcs nwa o. okascume, 4mo
MONCHO BLIOPATD HECKOALKO “UCEA MAK, YMO UL CYMMaG bydem oKaHYUBAMBCA Ha
1379. (Ecau swvibupaemcs 001O “ucao, Mo OHO U PAGHO CYMMeE.)

Pemnienne. I[Iposepum BHAudase qBa YTBEPK/IEHUA.

1) Ecau wucao m 63aummo npocmo ¢ 10000, a wucaa p u q darom paznvie ocmamxu npu
deaenuu wa 10 000, mo wucaa pm u gm makotce darom pasdnovie ocmamxu. JeicTBUTEIBLHO,
pm—qm = (p—q)m. Ilepsslit MHOKHUTEND He JAeaurces Ha 10 000, a Bropoil B3auMHO IpoCT
¢ 10000.

2) Ecau wucao a 6zaummno npocmo ¢ 10 000, mo cywecmeyem makxoe wucao @', 63aummo
npocmoe ¢ 10000, wmo aa’ mod 10000 = 1. JleiicrBurenbro, B cuiay 1) ocrarku or
nenenus va 10000 gucen a, 2a, . .., 9999a Takue ke, kKak y uncen 1,2, ...,9999, nosromy
cpen Hux ecthb 1. Ecm a’ u 10 000 umeror oO1mumii ie/inTesb, To OH OYIeT TakKe JeTuTeIeM
€JIMHUTIBl U TTOTOMY paBeH 1.

Jlokaxkem 1o mHIyKImuu, 910 ecian y Hac uMeercd n < 10000 dmces, B3auMHO TIpO-
cTeix ¢ 10000, TO BCeBO3MOKHBIE CyMMBI, COCTaBJIEHHBbIE U3 TUX YHCEJI, JAI0T HEe MeHee
n pazanaubix octaTkoB 1o Moayaio 10000. Baza n = 1 tpusnasnbnaa. [lycts MBI ymMeem
COCTaBJIATH U3 N — 1 guciaa cymMMmbr Sq, ..., S, 1 C PA3JINIHBIMUA OCTaTKaMu by, ..., b, 1
(3aHyMepyeMm ocTaTKu 110 BospacTanuio). JlobaBum HOBOe 9HCIO . MBI MOXKEM CUUTATS,
gro a = 1. [eiicTBuTenbHo, mycTh i a = 1 Bce jokazano. B obiiem ciydae mogabepem
a' B cCOOTBETCTBUU C 2) U JIOMHOXKUM Bce 1ducia Ha a'. CyMMBI 9THX YHCEJT TaKZXKe JOMHO-
JKaTcs Ha @', 1 B CHITy 1) KOJIMYECTBO PA3/IMIHBIX OCTATKOB OT jesenus cymm ra 10 000 ne
u3Mmenurcs. [Ipu srom wnciio a 3amenures va aa’ (mod 10000) = 1, u O IpeIoI0KeHIIO
Pa3/IMYIHBIX OCTATKOB Oy/IeT He MeHee n.

[Iycts @ = 1. Ecim by, ...,b, 1 Bo3pacrator ¢ marom 1, To cymma S, 1 + a jaer
HOBBIIT ocTaToK b,—1 + 1 (mod 10000). B nmporusnom ciryuae Haiimerca takoe k < n — 1,
910 by — b = 2. Toryma cymma Sy + a jgaer HOBBIM octaToK by + 1. [



1.

Bapwnanr 2

Loxaostcume, wmo 0aa 1106020 HAMYPANLHO20 N CYWECMEBYIOM MAKUE UEALE YUCAL T
uy, wmo x° + y* — 2018 deaumes na n.

Pemenue. B kauecrBe x n y MoxKHO B34Th uncia 43 u 13. Oun rojgarcs st Beex n,

MOCKOTBbKY 432 + 132 — 2018 = 0. O

2.

Kocmasa «obsedurusy mabauyy CA0NCEHUA U MADAULY YMHOHCEHUSA HAMYPANOHDIT YU~
cen: oH NOCmpous mabauyy, y Komopot cmpoku U cmoabyv, COOMeemcmsyom Hamy-
DAALHBM YUCAGM, HAYUHAA C 3, U 3ANOAHUNA BCE KACMKU: 6 KACMEKY HA NEPECeteHul
-0 CMPOKY U §-20 CMOAOUA OH NOMECTNUN YUCAO TS — (S +T).

| 3 4 5 .. | 3 4 5 | 3 4 5

3 9 12 15 ... B 3 6 7 8 _ 3 3 5 7

4 12 16 20 ... 4 7T 8 9 h 4 5 8 11
Tabmuma yMHOKEHUST Tabmuma cooxenns Kocrumna rabmanma

Ilocmompes enumamenvro, Kocmsa oonapysicu, 4mo HEKOmMOopoe HaMypasbHoe 4uc-
A0 m > 3 6 e20 mabauue omeymemeyem (0o npucymemeyem moabko 6 noonucAT
K n-U cmpoke U n-my CmMobYY, ¢ 6 KAeMKAT Camoll, MabAuydl €20 HE 0KaA3aA0CD).
Aoxaotcume, umo mozda wucaro n+ 1 — npocmoe.

Pemenne. Ecimm unciio n + 1 ne IIPOCTOE, TO €0 MOZKHO Pa3JIOZKUTh B IIPOU3BE/ICHUE

JIBYX MHOKUTe e, 60abmux 1. Samumrem ux B Bujge r—1 u s—1, rjie r u s — HATypasbHBIE
qucia, r, s = 3. Torma

n=n+l-1=r—-1)(s—1)—1=rs—s—r,

TO €CTb YHCJIO Tl COJECPZKUTCA B Ta6JII/ILLe. ]

3.

Bydem nasvisamyv aecernkolc uypy, COCMOAWYIO U3 KAEMOYUEK, PACTONOHCEHHHT 6
sude cmynener (cm. nwa pucynwke npumep aecenox us 7 u 8 xkaemox). Ha pucymxe,
U300PAANCAIOWEM NECEHKY, HAPUCYEM PAZMEMEKY: 006€deM KPACHBIM UBEMOM HECKOND-
KO HENepecekaouurcsa Cmopor KAeMoK mak, 4mobv, Kaxcoas epuiuna KarHcoot Kiem-
KU NPUHAOAENCANG POBHO 00HOMY KpacHomy ompedky. CKOADKO pasAuuHblT pasmemor
umeemes y secenku ud 200 xaemox?

Jlecenka u3 7 KjeTok Jlecenka 13 8 KJeTOK Pazmerka

Orset: 201.

Pemenne. O6oznadnm 1uepes3 L,, KOJUIECTBO PA3METOK JICCEHKN U3 N KjeTok. [lycTo

TOYKa A — JIeBBIN HYZKHUN YToJI JIeBON HIZKHEH KJIETKU JICCCHKU.



Ecnu kpacHbIil 0TPe30K, cojepzKaiiuii TOUKy A, TOPU30HTAIbHBIN, TO yIaNM U3 Jie-
CEHKM JIEBYIO HUKHIOIO KyieTKy. OcraBiiasics burypa mpejcrapisger codoil epeBepHyTYIO
Jiecenky u3 n — 1 kjaerku. Jlobasiss K jo6oit u3 L, | pa3sMeToK 3TOil JIeCEHKU KpPacHBIi
OTPE30K, cojiepzKalmii A, MbI TIOJTydaeM pa3MeTKy HMCXO/HON JieceHKH. Takmm oOpasom,
uMeeTcs pOBHO L, 1 pa3MeTOK MCXOJIHOMN JIECEHKH, B KOTOPBIX OTPE30K, COJICPKAIINMII TOY-
Ky A, ropusonrasen. Ecim e KpacHbIl OTPE30K, COJEpKAaIiii TOUKY A, BEpTHKAJIbHBIII,
TO, KaK HETPY/IHO BHJIETh, Pa3MeTKa BCeil JIECEHKU B 9TOM CJIydae JOCTPAUBAETCS OJHO-
3HAYHO.

Takum obpazom, cupapeamnBo coorHomrernue L, = L, 1 + 1. YuuTbiBag O4UeBUIHOE
KpaeBoe ycjosue Ly = 2, Mbl cpa3y nHaxojum, 9to L, =n+ 1. [

4. Jlan pasnobedpennoviti mpeyzorvrur ABC ¢ ocnosanuem BC'. Touxka M — cepeduna

cmoponv, AB, mouka (Q — cepeduna AM, na cmopone AC ommeuerna mouxa P max,
ymo AP = 3PC'. Jloxaostcume, wmo PQ + CM > AB.

A

B C

Pemenue 1. 1o HepaBeHCTBY TpeyroabHUKA
PQ+ QA > AP < PQ+ 1AB > 3AC < PQ > AB = MA.

Torna
PQ+CM>CM+ MA>AC =AB. O

Pemenne 2. [Tycrs Touka M’ cummerpudna M OTHOCHTEIHLHO OCH CUMMETPHUU TPE-
yroabauka. Ouesuaro, CM = BM'. O6o3naunm depe3 O TOUKY IepecedeHnsi OTPE3KOB
BM' n PQ. JIpaxk/ibl IpUMEHSIS HEPABEHCTBO TPEYTOJIBHIKA, MbI ITOJIY IUM

BM' + QP = (BO + 0Q) + (PO + OM') > BQ + PM' = 3AB + 1AC = AB. O

5. Bezosas dopoorcka npedcmasasem coboti oxpyscrocmo daurot 2 xkm. Bdoav dyeu,
dauna komopol paena 100 m, nocmpoenv, 3pumesvcrue mpubyrv. Moocrno au 3a-
nycmums no amot dopoodicke 6 00noM U mom olce nanpasienuy 20 be2yros, 06u-
HCYWUTCA € NOCMOANHMU cKopocmamu — 10, 11, ..., 29 kxm/v — mak, 4mobo.
6 A1000T MOMEHM BPEMEHU HANPOMUE MPubyr npobezas xoms 6v, 0dur u3 be2yHos?
(Mecmo cmapma kasicdozo be2yna MoAHCHO HAZHAYUMD 6 A000M MECTIE, HE3ABUCUMO
om ocmanbHuT bezynos. )

OTBeT: Her.



Pemenne. [Iycts A — uwHTEpBas JOPOKKH, WLyl BIOJIb TpubyH (6€3 KOHIEBBIX
ToUeK). PaccMoTpuM IPOMEKyTOK BpPEMEHH, 3a KOTOPbI KaxK/Iblil 13 GEryHOB MPOOEKUT
1esioe qncyio Kpyros (Hampumep, 29! gacos). [lockosnbky TpubyHHas jyra COCTABIISET QLO
JUTHHBI JIOPOYKKU, KaXK bl OCTYH POBHO 2% BCEro 9TOr0 BpeMeHU OyJIeT HaXOUThCA BO3JIC
Tpubyn. [lockoybky 6erynos posno 20, TpeboBanue 3a/1a4u 00eCIeanBacTCs JIMIIThL TOT/IA,
KOI'JIa «TPUOYHHDbIE MHTEPBAJIbIy OEI'yHOB He HAJIeraloT Jpyr Ha Jpyra. VHbiMu ciioBamu,
B npoMexkyTKe A B JII000H MOMEHT BpeMeHU MOyKeT ObITh Jiniib ojuH GeryH. [Tokazkem,
910 510 He Tak. Ilycrb A uw B — cnopremenst, Gerymme co ckopoctamu 20 u 21 Km/4
coorBercTBenno. Jlomycrum, B noraan A B Kakoii-to Touke jopoxkku BHe A. Jlo Havama
TpuOYH nM Ha10 TpobexkaTh He 6ostee 1900 MeTpoB, 1 Geryn A 1mpeoj1o/1eeT 3T0 PACCTOSTHIE
makcumyM 3a 0,095 gaca. Korja A nobexkut j10 Havdaia TpubyH, B Oyjer ornepexarsb ero
He Oojiee gem Ha 95 meTpos. [locse sToro A u B 6yjyT HEKOTOPOE BpeMsi HAXOJUThCS B

A BMecTe. [

6. Ha docke nanucano 1000 nevemmnunr wucen, we deasujuxca wa 5. Jloxasrcume, 4mo
MOJHCHO 6LIOPAMY HECKOALKO “UCEN, MAK YIMO UL Cymma Oydem 0KGHUUBAMBCA HA
713. (Ecau evibupaemes 00Ho 4ucao0, MO 0HO U PAGHO CYMME. )

Pentenne. [Iposepum BHavase jaBa yTBEpKICHUA.

1) Ecau wucao m e3aummo npocmo ¢ 10000, a wucaa p u q darom pasrvie 0Cmamxu npu
deaeruu wa 10000, mo wucaa pm u gm makoice darom paznvie ocmamxu. JleiicTBuTe/HHO,
pm—qm = (p—q)m. Ilepsoiit Muo)uTE B He jesmTesa Ha 10 000, a BTOpoit B3anMHO IpocT
¢ 10000.

2) Ecau wucao a 63aumro npocmo ¢ 10000, mo cyuecmeyem makoe wucao a', 63aummo
npocmoe ¢ 10000, wmo aa’ mod 10000 = 1. JleiicrBurensHo, B cmiy 1) ocraTku or
nenenns Ha 10000 gucen a, 2a, . ..,9999a Takne xe, kKaxk y qucesn 1,2, ...,9999, mosTomy
cpean Hux ecthb 1. Ecm a’ 1 10 000 umeror ob1munii e/ iureib, To OH OYAeT TakzKe JeTUTeIeM
€JIMHUIIBI U TTIOTOMY paBeH 1.

JlokazkeM 1O WHAYKIWA, 9TO ecan y Hac nMeercd n < 10000 dgmces, B3amMHO TIPO-
cteix ¢ 10000, To BCeBO3MOXKHBIE CYMMBI, COCTaBJIEHHBIE U3 ITUX YHUCESI, JAIOT HE MEHee
n pasanydHbIX ocTaTKoB 1o Moaymaio 10000. Baza n = 1 tpuBnaspHa. Ilycts MBI ymeem
COCTABJIATL U3 N — 1 9ucjaa CyMMbl S, ..., S5, 1 C Pa3JIUIHBIMA OCTaTKaMu by,..., b, 1
(3aHyMepyeMm ocTaTKu 1o Bo3pacranuio). JlobaBum HoBoe wmcsio a. Mbr MoxKeM cuuTarh,
gro a = 1. [leiicTBuTebHO, ycTh i @ = 1 Bce jokasano. B obiiem ciydae mojabepem
a' B cooTBeTCTBUY € 2) M JOMHOXKUM Bee dncya Ha a'. CyMMBI 9TUX YHCe] TaKxkKe JJOMHO-
JKarest Ha @', U B CHITY 1) KOJIMYIECTBO PA3JIMIHBIX OCTATKOB OT jesernst cymm Ha 10 000 He
u3menurcsd. [Ipu sTom wnciio a 3amenures ua aa’ (mod 10000) = 1, u 0 IPeIIOI0KEHIIO
PA3JIMYHLIX OCTATKOB OyJIeT He MeHee n.

[Iycts @ = 1. Ecim by, ...,b,_1 BO3pacrator ¢ marom 1, To cymma S, 1 + a jaer
HOBBIIT ocTaTok b, 1 + 1 (mod 10000). B nmporuBHOM cityuae Haiimercsa Takoe k < n — 1,
910 bpyq — b = 2. Torma cymma Sy + a jgaer HOBBI octaToK by + 1. [
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