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Ouanvmnunaga mkoJbHHKOB CIIOI'Y mo maremaruke.
BaksroyuresnbHbIil sran. 2021/2022 yuyebusbiii rog. 10 — 11 kiaccsl.

BapnanTt 1

1. Ha wapmunke HAPUCOBAHO HECKOABKO KPYIHCOUK0S, coedunennur ompeskamu. Cawa svbupaem Ha-
MYPAALHOE YUCAO T U PACCMABAAET 8 KPYNHCOWKAL PASAULHOLE HATMYPAALHBLE YUCAA MAK, 4006, 04
8CET IMUT YUCEA BBINOAHAAOCH CBOUCTNEO:
ecau wucaa a u b ne coedumnenv, ompesxom, mo cymma o + b doastcna 6vIMb 63aAUMHO NPOCA € N, G
ecau coedunenvl, mo wucaa a + b u n dosdtcHb, umems 00uwul HAMYPALLHBLTY deaumenrt, boavwud 1.
IIpu KaKoM HAUMEHBWEM T CYUWLLCTNEYEM MAKAA PACCTNAH06KE?

OrBer: n = 35.

Pemnenue. Crnenaem 1Ba 3aMedYaHus.

1) n newemno. eiicrBuresbro, nycth n derHo. Cpeau cemu 9UCeI BCEr[a €CTh TPU YUC/IA OJHON
YETHOCTH, U 10 yCJIOBUIO OHU JOJIZKHBI OBITH TIOMAPHO coennHeHbl. Ho Ha KAPTUHKE HET IUKJIOB JJIHHBI 3.

2) Ecau ¢ — npocmot deaumend n, mo cpedu 4emuper nocicdo8amesbHO COeOUHEHHBIT YUCE CYULE-
CMBYem napa coceoHuT, Cymma KOmopux we kpamua q. Bosbmem nenouky (a,b, ¢, d) nocuaenosareibHo
coeauHeHHbIX duces. o ycsoButo

a+d=(a+b)—(b+c)+(c+d) :p.
TOF,H& qucJjia a 1 d TOZKEe COG,HI/IHGHI)I, TO eCThb Ha KapTI/IHKe HOJIyLII/IJICH THUKJI JJIAHDBI 4, KOTOpOFO TaM HET.

W13 1) u 3) Bblrekaer, 4To YUCI0 1 UMEET 110 KPaiiHell Mepe JBa Pa3JIM4HbIX HEYEeTHBIX IIPOCTHIX JIEJIH-
resist. Ilycrs ux poBHO ABa (ckaxkem, p u q). Ilokaxkem, uro ouu ormysbl OoT 3. JlomycruM, Hanmpumep,
gro p = 3. He Gostee nByx uucesn aeisarcs Ha 3 (eciu ux Tpu, TO oHM OOpasyior nuki). OcrajbHble
qucia pa30dbeM Ha JBE TPYIINGI, JAIONme npu Aejgennn HA 3 ocratku 1 u 2. OmHa U3 9TUX IPyII MyCTa,
“HAYE JII000€ IUCI0 U3 MEHbIIeH I'PYIIIIbl OyIeT COeIMHEHO [0 KpafiHeil Mepe ¢ TpeMs YuCaIaMu U3 APyroi
rpymbl, 910 HeBO3MOxKHO. CyMMa ducest u3 ofHO# rpyinbt Ha 3 He gesurcd. [Toaromy cymecrByer Tpex-
3BEHHA I[IEMOYKA, B KOTOPOU CyMMa JII00OH maphl COEIMHEHHBIX YUCE/I HEe KPATHA 3 U, 3HAUUT, JEJIUTCS
Ha g. Ho aro nporusopeunr 2).

Taxkum 00pa30M, €C/Id 7 UMEET POBHO Ba PA3IUIHBIX HEYETHBIX MPOCTHIX AETUTENsS, TO 1L = 5-7 = 35.
Ecnm xxe takux genureneit bosbire aByx, o n = 3-5-7 = 105 > 35. Paccranoska gyt n = 35 npuse/ieHa
Ha pucyake. [

2. Ilpu z,y, z € (0,2] natdume MAKCUMANLHOE SHAUEHUE BLIPAAHCEHUA

(2 —6) Yz +6+(y>—6) Yy+6+(2>—6)Vz+6

A=
$2+y2+z2




OrBer: 1.

Pemenne. Ipu z € (0,2] cupasenusbl HepasencTsa /7 + 6 < 2 u 2° < 222, orkyzna
(z® —6) Vo + 6 < 2(22% — 6).
Anajiornyabiv 06pa30M OIEHUBAIOTCH [Ba APYIUX cjaaraeMbix B uuciaureie A. Ilosromy

207 —6+2° —6+2:2 -6 _, 36 36

AL2- - ‘ : =4 — - _ <42 =
= z2 + y? + 22 224y 422 12

1.
PaBencrBo peasmsyercsas npu x =y =2z = 2.

3. Jluazonasu enucannozo yemviperyzosvhuka ABC D nepecexaromes 6 mouke O. Brympu mpeyzorvHu-
ka AOB evbpana makxas mouwka K, wmo npamas KO asasemes buccexmpucot yeaa CKD. Jlyyw DK
BIMOPUYHO NEPECERAE ONUCAHHYN okpyschocms mpeyzoavhuka COK 6 mouwke L, a ayw CK emo-
PUYHO NEPECEKAEM ONUCEHHYI0 0KpYHCcHocmb mpeyzoavruke DOK 6 mouwke M. Hatidume omnowenue
naowadett mpeyzosvhukose ALO v BMO.

OrBer: 1.

Perenue. Ilycts ry u 72 — paamychl OKPYKHOCTEHN, OMUCAHHBIX OKOJIO TpeyroiabaukoB COK u DOK
COOTBETCTBEHHO. 3aMETHM, 4TO
/LKO =180°- /DKO =180° - ZCKO = /ZMKO,

LO r
OTKYyZIA U0 — L. Kpowme roro, uz srnucannoctu ABCD Berrekaer, uro Tpeyroabuauku AOD u BOC
T2

moA00HbI IO IByM yriiam. Torma

AO _ OD _ T2
BO  oC  r’
tak KakK xopasl OD u OC cOOTBETCTBYIOT OJMHAKOBBIM BIUCAHHBIM yryiaMm. [losromy
LO AO
70 BO =1«<—= LO-AO0 =MO - BO.

[Tockonbky /ZKMO = /ZKDO u /KLO = ZKCO, rpeyrojbiuku MCO u DLO 1ogobHbl, OTKY1a

LAOL = ZAOM + ZLOM =180° — ZCOM + LLOM =
=180° — ZDOL + ZLOM = /BOL + ZLOM = Z/BOM.

Taxum obpasom,

Saor = %-LO-AO-SiHZAOLZ % MO -BO -sin /ZBOM = Sgon. O



4. Hamypaabroe wucao T 6 cucmeme cuucienus ¢ ocnosanuem v (1 < 36) umeem eud ppqq, npusem
2q = 5p. OKa3a40Chb, WMO T-UNHAA 3ANUCH YUCAA T° npedcmasiaem coboli cemusnaunbiil naisuropom

¢ nyaesoli cpednets yudpot. (Ilarundpomom HA3BIEAEMCA YUCAO, KOTOPOE YUMAETNCHA 00UHAKOBO CAEEA

nanpaco u cnpasa nareco). Hatidume cymmy r-uwnox yudp wucaa 2.

OrBet: 36.
Pentenne. lorosBopumcs mucarb u = v (mod w), eciu (u—wv) : w. Iycrs p = 2s, ¢ = 5s. Torya
z =ppqq, = (pr* + q)(r + 1) = s (2r? + 5)(r + 1). U3 ycaosus Ha 2° BBITEKAET PABEHCTBO
S22 +5)2(r* +2r+ 1) =a(l+r%) +b(r+7°) +c(r’ + r4), (%)
rme a, b, c — HeKoTOpbIe r-waHble Mudpbl. CaeaaeMm aBa HAOIIOICHUSI.
1) IIpu m060M HATYDAIBHOM 7

=(1+r-1)"=(-1)"1-n1+r)) (mod (1+r)?).
[pasas gactb (*) kparna (1 +7)?, orkyna
0=a(2-6(1+7)) —b(2—6(1+1)) +c(2—6(1+r)) =2(1-3(1+7r))(a—b+c) (mod (1+1)?).
[Mockombky 1 — 3(1 + r) B3amMHO HpOCTO c (1 + 7“)' , va (14 r)? penurca 2(a — b+ ¢). Ho sro uucio
nexkur B unrepsase (—2r,4r) C (—(1+7)2%,(L+7r) ) orkyna b =a+c.

2) Ilpupasngem ocrarku Jieoil u npapoil yacreii () or jenenus na 1 + 72
185°r = br(1 +r*) = 2br (mod (1 +7%)).

[TockonbKy 7 B3anMHO mpocto ¢ 1 + 72, na 1+ r? gemurea 2 (952 — b). Bamernm, uro 4s? < r — 1, unage
amcio x? GymeT BochbMI3HAIHEIM. Kpome Toro, r > 55 + 1 > 6. ITosromy

2(95° —b) <18” < Z(r—1)<6r<1+71> 2(9s°—b)>-2b>-2r>—-1-1>

TaxuM obpazom, b = 9s2.

[MockonbKy b — r-ugnas uudpa, u3 2) BLITEKAET, ‘{TO 952 < r < 36, orkyna s < 4. Tak kak s > 0,
™Mbl ostydaem s = 1 u b= 9. B cumy 1) cymma mudp 22 pasna 2 (a +b+c)=4b=36. O

Bameuanne. [IpaMbiM BbIYUCICHHEM MPOBepseTcs, 4To 22553, = 49505945;. Taxkum obpasom, oru-
CAHHAs B yCJOBUM CUTYAIUsI PEAJIABYETCH.

5. Ilpu kaxux n Kaemuamylo doCKy n X N MOAHCHO PA3OUMb N0 KAEMOUKAM HG 00uh Keadpam 2 X 2 u
HEKOMOPOE KOAUYECTNEO NOAOCOK U3 NANU KACTNOK Mak, ¥Mo Keadpam Oydem npumbsikams K CMOPOHE
docku?

OTBeT: 1pu BCEX N, JAIONIAX OCTATOK 2 OT JEJCHUAS HA J.

Penrenue. Ecim ocKy n X n yaaJaoch pa3pe3aTh Ha OAUH KBAAPaT 2 X 2 U HEKOTOPOe KOJIUIECTBO MO~
JIOCOK M3 IIATH KJIETOK, To n? = 224+ 5m, oTKya n JaeT OCTaToK 2 Wik 3 OT JedeHud Ha 5. IIpeamnomoxum,
4ro n = 5k + 3 u J0CKy ymasoch pa3pesdarb TpedyembiM 0Opa3oMm. Pa3sepuem ee rak, 4roObl KBaApar
[IPUMBIKAJI K BEPXHEH CTOPOHE JIOCKU. JalMIleM B KJIETKAX BEPXHEH CTPOKM €MHUIBL, B KJIETKAX CJIeLy-
foreil 3a Hell CTPOKW — JBONKHU, U TaK JAJ€e. JAMETHM, YTO CYMMa YUCEI B MATH MOCIEI0BATEIHHBIX
CTPOKaX KpaTHA 9, MTOCKOJBKY

ni+n(i+1)+n(@i+2)+n(@+3)+n(i+4)=5n(+2):5.
[TosTromy ocrarok OT mesieHusi HA D CyMMbI BCEX PACCTABJICHHBIX YHCEJI PDABEH
(n+2n + 3n)mod 5 =6 (5k + 3) mod 5 = 3.

C apyroit cTopoHbl, B KaXKJIOH MOJOCKE CyMMa YHCE] KpPaTHA ISTH, a B KBaJpare CyMMa YUCEJ PABHA
14+ 1+ 2+ 2= 6. 3uauur, OCTaTOK OT JEJICHUS HA 5 CyMMbl BCEX PACCTABJIEHHBIX YUCEN paBeH 1, U Mbl
TIOJTyaeM TPOTUBOpEUeE.

Eciu n = 5k + 2, TO MOXHO BBIpe3aTh YIJIOBOM KBaApaT 2 X 2, BEPXHIOIO MOJIOCKY 2 X bk pa3pe3aTsb Ha
rOPU30HTAJILHBIE TTOJIOCKU U3 MATU KJIETOK, 8 IpAMOyroJbHuK 5k X (5k + 2) paspe3arb Ha BepTUKAJIbHbIE
[IOJIOCKU U3 [ATH KJIeTOK. [



Bapnanr 2

1. Ha xapmunke HAPUCOBAHO HECKOABKO KPYIHCOUK0S, coedunennur ompeskamu. Cawa svbupaem Ha-
MYPAALHOE YUCAO T U PACCMABAAET 8 KPYNHCOWKAL PASAULHOLE HATMYPAALHOLE YUCAA MAK, 4006, 04
8CET IMUT YUCEA BBINOAHAAOCH CBOUCMNEO:
ecau wucaa a u b ne coedumnenv, ompesxom, mo cymma o + b doastcna 6vIMb B3AUMHO NPOCA € N, G
ecau coedunensl, Mo wucaa a + b u n dosdcHb, umems 00uwul HAMYPALLHBLTY deaumentd, boavwud 1.
IIpu KaKoM HAUMEHBWEM T CYUWLLCTNEYEM MAKAA PACCTNAH06KE?

OrBer: n = 35.

Perterune. Crenaem JBa 3aMedaHus.

1) n newemmno. HeiicrBuresibHo, mycrb n 4etHO. Cpeau BOCHMU YUCENI BCErJIA €CTh TPU YHUC/IA OJHON
YETHOCTH, U 10 YCJIOBUIO OHU JOJIZKHBI OBITH TIOMAPHO coennHeHbl. Ho Ha KAPTUHKE HET IUKJIOB JJIHHBL 3.

2) Ecau q — npocmot deaumend n, mo cpedu 4emuvpes nocicdo8amensbHo COCOUHEHHBIT YUCES CYULL-
CMBYem napa coceoHUT, CYmma KOMopux we kpamua q. Bosbmem nenouky (a,b, ¢, d) nocuaenosareinbHo
coepuueHHbIx ducesn. o ycsosuio

a+d=(a+b)—(b+c)+(c+d) :p.

Torpa gucsa a u d TOXKE COEMHEHDI, TO €CTh HA KAPTUHKE [TOJIYYHJICH UUKJI JAJIUHBL 4, KOTOPOI'O TaM HeT.

U3 1) u 3) BbITEKAET, YTO YMC/IO 7 UMEET IO KpaiiHel Mepe JBa pa3/IMuHbIX HEYETHBIX IIPOCTHIX JIEJIH-
resist. Ilycrs ux poBHO ABa (ckaxkem, p u q). Ilokaxkem, uro ouu ormusbl OoT 3. JomycruM, Hanmpumep,
gro p = 3. He Gosiee aByx uucesn nensrcsa Ha 3 (ecu ux Tpu, TO OHU 0Opa3yroT mukI). OcTajbHble YUCIa
(ux ne menee 6) pazobbem HA JBe PyIIbL, Jaolme upu jgesenun #a 3 ocrarku 1 u 2. ITokaxewm, uro
O/lHA M3 3TWX rpyum mycra. Ecju 310 He Tak, TO KaXKJA0€ YUCJIO0 U3 OJHOH I'PYIIbl COEAUHEHO C JIFOObIM
qucyaoMm u3 gapyroi. Ho torma B omHo# rpynme He 6osiee Tpex 4mcesi, a B APYroi — He 0ojee ABYX, ITO
meBo3MOkHO. Cymma dmcesr u3 OMHOM rpymnnbl HA 3 HE AeauTcs. 1l03TOMy CyIeCTByeT Tpex3BeHHAsd
[IEMOYKA, B KOTOPOil CyMMa, JTI000# maphbl COEIMHEHHBIX YMCESI HE KPATHA, 3 ¥, 3HAYUT, JeJuTcsa Ha q. Ho
9TO LPOTUBOPEYUT 2).

Taxkum 06pa3oM, ecjid . UMEET POBHO /Ba PA3JINYHBIX HEYETHBIX IPOCTHIX JAEJTUTENs, TO N = 57 = 35.
Ecnm xxe Takux genureneit bosbire aByx, o n = 3-5-7 = 105 > 35. Paccranoska g n = 35 npuseieHa
Ha pucyHke. [J

2. Ilpu x,y, z 2 3 natdume MUHUMAADHOE 3HAYEHUE BOLPAHCEHUS

(2 —24) Yo + 24+ (y> —24) Yy + 24+ (22 —24) /2 + 24

xy +yz + zx

A=

OrBer: 1.



Pemenue. Ilpu x > 3 cupaseniusbl HepaBeHCTBa @ + 24 > 3 u 2° > 322, oTkyma
(2% —24) Vo + 24 > 3 (32* — 24).

AnasiorngapiM 06pa30M OMEHUBAIOTCH JIBA APYIUX cjaraeMbix B gucjaurene A. ITosromy

A>3 =1

3x2—24+3y2—24+3z2—24_9<:1:2-|-y2-|-z2 24 )> ( 24)

— 1— 2=
xy +yz + zx xy+yz+zxr rYy+yz+zx 27

PagencrBo peasmsyercs npu x =y =2 =3. U

3. Ha cmoponax AB u AC ocmpoyzorvrozo mpeyzosvnure ABC ommeuens. coomeememeento maxue
mowku K u L, wmo wemvipexyeoronur BKLC asasemca enucannoim. Brympu amoezo wemoviper-
yeoavhuka evopana movwka M max, wmo npamas AM saeasemca buccekmpucot yeaa BMC. Jlyy
BM smopuuno nepecexaem onucarnyo oxpyscrocms mpeyzosvhuka AMC 6 mouke P, a ayw CM
8MOPUYHO NEPECEKALM ONUCAHHYI OKPYAHcHocmb mpeyzoavhuka AM B 6 mouke Q. Hatidume omno-
wenue naowadet mpeyzosoruros ALP u AKQ.

OrBer: 1.

Pemmenne. Ilycrb r; u 79 — pajuyCbl OKPY2KHOCTEH, OINMCAHHBIX OKOJIO TpeyroJbHukoB AM B u
AMC coorBercrenno. Tak kak AM — 6uccekrpuca yria BMC, cupaBejiuBbl paBEHCTBA,

JAMB = /AMC w /AMP = /AMQ,

AB_Tl_AQ

OTKYJa E = E = ﬁ

. Kpowme toro, u3 smucanunoctu BK LC' BeiTekaerT, 94To

/ALK =180° - ZKLC = LABC.

Buauur, rpeyronbauku ALK u ABC nonobust no asym yriam. Ilosromy

AL AB AQ
E_A_C_E=>AL-AP—AK-AQ.
U3 pasencrs LZABM = LZAQM n LZAPM = ZACM switekaer, uto LBAP = ZCAQ), otkyna
LLAP = ZCAP = /BAP — /BAC = LCAQ — /BAC = ZBAQ = LK AQ.

Taxum obpaszom,

SaLp = %-AL-AP-SiHZLAP: %-AK-AQ-SHIZKAQZSAKQ. O



4. Hamypaavroe wucao x 6 cucmeme cuucaenus ¢ ochosanuem v (1 < 400) umeem eud ppqq, npusem
7q = 17p. Oxa3a40cHb, WMo T-unvhaa 36NUCH YUcAa T2 npedemasisem coboli cemusHaunblil nasuHIPoM

¢ nyae6oti cpednets yudpot. (Ilarundpomom HA3BIEAEMCA YUCAO, KOTOPOE YUMAETNCHA 00UHAKOBO CAEEA

nanpaco u cnpasa naseco). Hatidume cymmy r-uwnox yudp wucaa 2.

Orser: 400.
Penrenue. JloroBopumcs nucarh 4 = v (mod w), ecn (u—wv) : w. Hycrs p = T7s, ¢ = 17s. Torua
z =ppqq, = (pr* + q)(r + 1) = s (7r? + 17)(r + 1). U3 ycaoBus na 2% BbiTeKaer paBeHcTBO
S + 172" +2r +1) =a(L+ %) + b(r +7°) + c(r? + 7‘4), (%)
rme a, b, c — HEeKoTOpbIe r-maHble Mudphbl. CaenaeMm gBa HAOIIOICHSI.
1) Ilpu m060M HATYDAIBHOM 7

=(1+r-1)"=(-1)"(1-n(l+r)) (mod (1+r)?).
[pasas gactb (*) kparna (1 +7)?, orkyna
0=a(2-6(1+7) —b(2-6(1+7)) +c(2—6(1+r)) =2(1-3(1+7r))(a—b+c) (mod (1+7)?).
[Mockombky 1 — 3(1 + r) B3amMHO HpOCTO c (1 + 7“)' , va (14 r)? penurca 2(a — b+ ¢). Ho sro uucio
nexur B uarepsane (—2r,4r) C (—(1+7)2,(1+7r) ) orkyna b =a +c.

2) IlpupaBHsieM ocTaTKyu JIeBoif u MpaBoif gacteil () oT meaenus wa 1 + 72:
200s%r = br (1 +r*) = 2br (mod (1 +r2)).

[Mockonbky r B3aumuo upocro ¢ 1+ r? na 1+ r? nenurca 2 (100s? — b). 3amerum, uro 49s? < r — 1,
unade uucio x2 Gyger BocbMusHauHbIM. Kpome Toro, r > 17s + 1 > 18. ITosromy

2 (100s* — b) < 200s? < 4090 (r—1)<5r <1472 2(100s* —b) > —2b> —2r > —1 — 12,
Taxum obpazom, b = 100s>.

[MockoabKy b — r-uuanas mudpa, u3 2) Beitekaer, uto 100s? < r < 400, orkyna s? < 4. Tax xax s > 0,
™Mbl ostydaem s = 1 u b= 100. B cuny 1) cymma mudp 22 pasna 2(a+b+c) =4b=100. O

3ameuanne. [Ipsvoe BbIYuC/IEHHE TOKA3BIBAET, YTO (7 7,17, 17) 49,100, 51,0, 51, 100,49)

Takum 06pa3oM, ONUCAHHAS B yCJIOBAU CUTYAlUs PEATU3YEeTCs.

120 — ( 120°

5. Ilpu kaxux n Kaemuamylo doCKy n X N MOICHO Pa3bumb no Kiemoukam Ha 00uk xKeadpam 3 X 3 u
HEKOMOPOE KOAUMECTNEO NOAOCOK U3 CeMU KACTNOK Ak, 4mo Keadpam 6ydem npumbkams K CMOPOHE
docku?

OrBer: mpu BCeX n, JAIOMKUX OCTATOK 3 OT JIeJIeHUs HA 7.

Penrenue. Ecim ocKy n X n yaaaoch pa3pe3arh Ha OAUH KBAApaT 3 X 3 U HEKOTOPOE KOJIUIECTBO IO~
JIOCOK M3 CeMH KJIeTOK, TO N2 = 32 +7m, oTKy#a n JaeT OCTATOK 3 WK 4 OT JeeHns Ha, 7. IIpeamooKu,
aro n = 7k 4+ 4 u m0CKy ymajoch pa3pe3arh TpedyeMbiM 00pa3oM. Pa3BepHem ee Tak, 9TOOBI KBAApPAT
[IPUMBIKAJI K BEPXHEH CTOPOHE JIOCKU. JalMIleM B KJIETKAX BEPXHEH CTPOKM €MHUIbL, B KJIETKAX CJejLy-
OIIel 3a Hefl CTPOKU — JBONKM, ¥ TaK Jajee. 3aMeTUM, YTO CyMMa YHCENI B CEMU MOCIEI0BATEbHBIX
CTpOKaX KpaTHA 7, MTOCKOJBKY

ni+n(i+1)+n@+2)+n(@i+3)+nGi+4)+n(i+5)+n(i+6)=Tn(i+3):7.
[TosTromy ocrarok OT mesienusi HA 7 CyMMbI BCEX PACCTABJICHHBIX YHCEJI PABEH
(n+2n+3n+4n)mod 7 = 10 (7k + 4) mod 7 = 5.

C Apyroit cTOpoHbI, B KAXKJOW MOJIOCKE CyMMa, YUCEJl KPDATHA CeMH, & B KBaJpare CyMMa YUCEJ PaBHA
3+6+9 = 18. Buauur, OCTATOK OT JEJI€HUS HA 7 CYMMbI BCEX PACCTABJIECHHbBIX dnces pased 18 mod 7 = 4,
¥ MBI MIOJTy9a€M TPOTHBOPEYHE.

Eciu n = Tk + 3, TO MOXHO BBIpe3aTh YIJIOBOM KBaApaT 3 X 3, BEPXHIOO MOJIOCKY 3 X Tk pa3pe3aTsb Ha
rOPU30HTAJILHBIE TTOJIOCKU U3 CEMU KJIETOK, a IpAMOYyroibHuk Tk X (Tk + 3) pa3spesarb Ha BepTUKaJIbHbIE
IIOJTOCKU U3 CEMH KJIeTOK. []



Bapuanr 3

1. Ha xapmunxe HAGPUCOBAHO HECKOABKO KDYIHCOUKOS, COLOUHEHHLIT ompeskamu. Tans evbupaem namy-
PAABHOE YUCAO N U PACCTNABALEM 6 KPYNHCOUKAL PASAUNHBLE HAMYPAALHBLE YUCAG MAK, 4MOObL 0Af
BCEL IMUL YUCEN BLINOAHANOCH CEOUCTNEO:
ecau wucaa a u b ne coedunenvt ompesxom, mo cymma a> + b> dossicra 6vMb 63GUMHO NPOCMA C N, 4
ecau coedunenst, mo wucaa a® +b% un dossrcrv umems obuuti Hamypasvhbli deaumens, boasvuwut 1.
IIpu Kaxom HOUMEHDWEM T CYUWELCTMBYEM MAKAA PACCMAHOCKA?

OTBeTr: n = 65.

Penrtenne. CaemaeM BHaYAIE TPU 3aMEIAHUI.

1) n newemmno. IeiicrBuresnbho, myctb n derno. Cpeay ngaTu YUCes BCErJa €CTh TPU YUC/Ia OJHON
YETHOCTH, U 110 yCJIOBUIO OHU JOJIZKHBI OBITH TIOMAPHO coennHeHbl. Ho Ha KAPTUHKE HET IUKJIOB JJIHHBI 3.

2) Ecau d — deaumennv n, mo ne boaee deyx wucea xpamus, d. Ilycrb Hamwioch Tpu Takux 4uciia.
Torma oru AO/KHBL OBITH HOMAPHO COEJIMHEHBI U, 3HAYUT, OOPA3YIOT TPEX3BEHHbIN UK.
3) Ecau ¢ — npocmotl deaumend n, mo cpedu “emuper nocacdos8amesbHo COeOUHEHHBT HUCE CY-

WECBYEM Napa COCEORUT, CYMMA K6adpamos Komopoux He kpamiua ¢. 1lycTh Hamjiach Takas [EMOYKa,
(a,b,c,d) mocnenoBaTEIbHO COEAMHEHHBIX YUCE]I, YTO CyMMa, KBAJIPATOB JIIO0OH IMapbl COCEJIHUX YUCEJI
Kparaa q. Torma
2 2 2, 72 2, 2 2 2
a* +d* = (a® +0%) — (B’ + )+ (P +d°) i q
3uauut, 9ucia a u d COeJMHEHBI, TO €CTh Ha KAPTUHKE MOJIYYUJICS [TUKJI JJIUHBL 4, KOTOPOTO TaM Her.

U3 1) u 3) Bblrekaer, 4ro 4McC/IO N UMEET 110 KpaiiHell Mepe /Ba Pa3/IMYHbIX HEYETHBIX LPOCTBIX
nenuress. [Iycrs ux posuo asa (ckaxem, p u ¢). ITokaxkem, 410 onu orsmusbt or 3, 7, 11. Touycrum,
Hanpumep, uro p € {3,7,11}. Bamerum, 9To 115 JTOBOr0 HATYPAIBHOTO A

a’mod 3 € {0,1}, a’mod 7€ {0,1,2,4}, @®mod 11 € {0,1,3,4,5,9}.

[Tostomy a? +b% KpaTHO p TOTa U TOJILKO TOT/A, KOTIa Ha p Aenarcs a’ u b?, a 3HaquT, a u b. B cuy 2)
9TOMY YCJIOBUIO MOXKET YAOBJIETBODPATH JIUIIH OAHA Tapa. I3 OCTajbHBIX YeThIpeX map COeINHEHHBIX
9UCeJI MOXKHO COCTABUTH TPEX3BEHHYIO IEMOYKY, B KOTOPOH CyMMa KBA3IPATOB KaXKION Mapbl COCETHUX
quces Kparua ¢. Ho sro uporusopeuur 3).

Taxkum 06pa3om, eciiu n ©MeeT POBHO JBa PA3/IMYHBIX HEYETHBIX IPOCTHIX JIejuTesisd, Ton = 5-13 = 65.
Ecnu xe takux menuresieii OosbIne aByx, o n = 3-5-7 = 105 > 65. Paccranoska mjis n = 65 npusezena

Ha pucyHke. [J
(6)
(2 12

10—

2. Ilpu x,y, z > 1 natidume MUHUMAABHOE 3HAMEHUE BBLPANCEHUS

Bty + Byt 2+ V32 -3
N Ty +yz + zx '

A



OrBer: 1.

Perterane. 3amverum, 4ro npu z,y > 1

V3t +y—l=vat+2t+y—1>Vat+2224+1-1=2"

AnasiornyabiM 00pa30M JOKA3BIBAETCS, YTO

V3t +2—1>9% V3zi4+z—-1>2%

[ToaTom
Y a:2-|-y2-|-22
z2——2>1
xy +yz + zx

PasencrBo peanmusyerca npu x =y =2z =1. O

3. Jan snucannoili vemwpexyzonorur ABCD ¢ nepnendukyaaproimu duazonassmu. Ha onucannol 6o-
Kpye He20 0KPYACHOCTIU ommeyvena mowka E . duamempanvro npomusonosostcnas D, npuvem ompesku

AB u DFE ne nepecexaromes. Hatidume omnowenue naowadett mpeyzorvruka BCD u wemuvipexryzons-
nuxka ABED.

OrBer: 1.
C
E —H
rN
B %D
A

Pemtenne. [lycrs N — rouka nepecedenus AC v BD, H — ocHOBaHUe MEPIEHIUKYJ/IAPa, Oy IIIEHHOTO

u3 rouku F wa npsamyio AC. Ilo yciosuio DE — nuamerp okpyxuocru. Torna ZDBE = 90°, orkysa
BE || AC. Kpowme roro, ZDCE = 90° u

/CDE =90°— ZDEC =90° — ZDAC = ZADB,
orkyna CE = AB. 3uauur, ABEC — paBHoOenpeHHas rpanenus, u
CN =AC — AN = AC - CH = AH.
Ocraoch 3aMeTUTH, ITO

2-Spspep=BD-AN+BD-BE=BD-AH =BD-CN =2-Sgcp. U

4. Ha docke nanucano wucao x = 9999 6 cucmeme CUUCAEHUS C YEMHBLM 0CHOBGHUEM T. Bacs 6blacHUuA,
YN0 T-UMHAA 3aNUCL T2 npedcmasasem cobol 60CLMUSHAUHYIT NAAURIPOM, Y KOTROPO2O CYMMGA 61MO0-
poti u mpemved yudp pasra 24. (Iarundpomom HA3LIBAETCA YUCAO, KOMOPOE YUMAEMCA 00UHAKOGO
CAe6a, HANPABo U cnpasa Haaeso). Ipu kaxuz r makxoe 603M0HCHO?

OrBer: r = 26.



Pemntenne. lorosopumcs nucarb 4 = v (mod w), eci (u—v) ; w. Ilo yc0BUIO CyIECTBYIOT TaKue
r-uaabie udpst a,b, c,d, 9aro b+ c =24 n

8L(r+ 1P+ 1) =a(r"+ 1) +b(r% +r) +c(r® +17) +d (" +17). (%)

CrhenaeM HEKOTOpbIE HAOJIIOICHNA.

1) Tak kak % = —1 (mod (r? + 1)), cipaBe/IUBbI paBeHCTBA
r"+1=1-7r (mod (r*+1)) u r*+r=r—1 (mod (r* +1)).
Kpowme Toro, 7* =1 (mod (% + 1)), orkysa
P4+r?=r—1 (mod (r+1)) n r*+7°=1—r (mod (r*+1)).

Torua B cuiy (%)
0=(a—b—c+d)(1-7) (mod (r* +1)).

Bamerum, 9to 72+ 1+ (1—7)(r+1) = 2, a uncia 1 —r u r? + 1 HewerHb. [[09TOMY OHM B3AMMHO TIPOCTHI,
orkyna a —b—c+d : (r* +1). Ho

lla+d)—(b+0)|<2(r—1)<2r<r’+1

Buaant, a +d = b+ c = 24.

2) Tak kak 7" =1 (mod (r — 1)) npnu m06oM HaTypasbHOM n, u3 (x) u 1) BeITEKaET, 9TO
81-16=2(a+b+c+d)=96=16-6 (mod (r —1)).

[MockombKy 7 — 1 mederno, ma r — 1 gemurcea aucno 81 —6 = 75 = 3-52. Tlo yeaosuio r > 9, TO ecThb A4 T
BO3MOXKHBI TOJIbKO 3Hadenus 16, 26, 76. B ciydae r = 16 ¢ yuerom 1)

a=81 modl6=1 u d=24—a=23>r,

49T0 HEeBO3MOXKHO. Ecim r = 76, To a = 81 mod 76 = 5, oTKyza u crapmas mudpa 2 pasma 5. Ho aro
HEBO3MOKHO, OCKOMbKY 999925 < 102 - 765 < 2 767. Bnauur, r = 26. O

Sameuanune. Eciu r = 26, 10 B cuiy 1)
a=81 mod26=3, d=24—a=21=1Ly, b= (81-2+[5%]) mod26=9, c=24—b=15= F.
Pasencrso 99993 = 39F LLF 9326 1poBepseTcs 1IPAMbIM BbIYUCIEHUEM.
5. Jana xeadpammnas mabauya 2021 x2021. Kaorcdas ee xaemxa okpawena 6 0dun u3 n ysemos. Hzeecm-
HO, YO 0AA AOOBIL YETNOPET KAECTNOK 00HO20 UBEINA, PACTIONOHCEHHBLL 6 00HOM CTNOADYE, CNPasa om

GBPIHG’U/ U3 HUT U CAEBG O HUMCHEU U3 HUL Hem KAEMOK Mo20 e uyeema. Hpu KaAKOM HAUMEHDULEM
N MAKoe 603MONHCHO?

Otsert: 506.
Pemenne. Paccmorpum Kakoii-1o KOHKperHblii uper (ckaxkem, cunuii). B kaxiaom crouabue rpu
HUZKHUE CUHUE KJIETKM OTMETHM KDECTHKOM, OCTaJbHble — HOJIMKOM (€CJM CUHUX KJIETOK B CToJbue

MEHbIIIE YETHIPEX, TO KPECTUKOM [OMEJYaeM BCE KJIETKHU). 3aMeTHM, 9TO B JII00O# CTpOKe ecTh He GoJjiee
OJHOW CHHEl KJIeTKH C HOJMKOM (B IIPOTUBHOM CJIy4ae Jjis CaMOil JIEBON M3 HUX HApPYIIAETCS yCIOBHUE
3a7a4n). 3HAYUT, Bcero uMeercs He 6osbuie 2021 curux Kjerok ¢ HosukoM. Kpowme Toro, 4mcsio cuHux
KJIETOK C KpecTtukoMm He Gosbine, dem 3 - 2021. Takum obpaszom, obiee KOJIMYECTBO CHHUX KJIETOK HE



npesocxonutr 2021 + 3 - 2021 = 4 - 2021. Dru paccyxKaeHus ClpaBeiuBbl st aioboro nsera. [Tosromy
o0l11iee YUCIIO [BETOB HE MEHbIIE, 9eM

20212 2021 505. 25
4.2021 4 T
Suauur, n > 506.

[Tokaxkem, uTo n = 506 peanuzyercsa. [locmemoBarenbHO 3aHyMepyeM CHU3Y BBEPX BCe IWATOHAJIH,
HIYIIAE C CeBEPO-3amaa Ha, I0r0-BOCTOK, unciamu oT 1 1o 4041. IlepBble deThbIpe IraroHa v TOKPACUM B
[epBbIii BT, CJIEAYIOIME YeThIPE — BO BTOPOI, 1 Tak jaJiee o UKy (To ectb 3a 506-M HBETOM CHOBA
Gyaer cienoBarb 1epsbiii). IIpoBepum, 4ro ra packpacka yJAOBJIETBOPHAET YCJIOBUIO 3a/a4d. 3aMETUM,
YTO HU OJIMH [IBET HE HCIIOJb3yercs Oosiee 1ByX pa3, mockosbky 506 - 4 - 2 = 4048 > 4041. Ilycres k-ii
IIBET BCTPETHUJICS NIBA pa3a. B mepBom OJIOKe camasi BEpXHsAS KJIETKA ITOTO I[BETA OKAXKETCS B CTPOKE C
nomepoMm 4k. Bo BTopoM 0/I0Ke caMasi HUKHsST KJIETKa 9TOTO IIBETa HAXOIUTCSI B CTPOKE C HOMEPOM

4(506 + k — 1) +1 — 2020 = 4k + 1.

3Ha4uuT, KJIETKH OJHOIO [IBETA U3 PA3HBIX OJIOKOB HE MOI'YT OKA3aThCs B O/HOM cTpoke. [



Bapunanr 4

1. Ha xapmunxe HAGPUCOBAHO HECKOABKO KDYNHCOUKOS, COLOUHEHHLIT ompeskamu. Tans evbupaem namy-
PAABHOE YUCAO N U PACCTNABALEM 6 KPYNHCOUKAL PASAUNHBLE HAMYPAALHBLE YUCAG MAK, 4MOObL 0Af
BCET IMUT YUCEN BLINOAHANOCH CBOTCMEO:
ecau wucaa a u b ne coedunenv, ompesxom, mo cymma a> + b> dossicra 6vMb 63GUMHO NPOCMA C N, 4
ecau coedunenst, mo wucaa a® +b% u n dossrcrve umems obuuti Hamypasvhbl deaumens, bosvuwud 1.
IIpu KaKOM HOUMEHDUWEM T CYWELCTNBYEM MAKAA PACCTNAHOEKA?

OrBer: n = 65.

Pemmenue. Creraem BHaYAIE TPU 3aMEIAHUA.
1) n newemmo. HeiicrBuresbo, nycrb n dyerno. Cpeiy LecTu 4uces BCErja eCrb TPU HUC/Ia OJHON
YETHOCTH, U 110 yCJIOBUIO OHU JIOJ2KHbBL ObITH IOIAPHO coenuueHbl. Ho Ha KAPTUHKE HET [UKJIOB JJIMHbBL 3.

2) Ecau d — deaumens n, mo ne boaee deyx wucen xpammse d. IIycTh HAIIOCH TPU TaKUX YHUCIA.
Torma oHU JOJKHBI OBITH TMOMAPHO COEJIUHEHBI U, 3HAYUT, 0OPA3YIOT TPEX3BEHHBIN UK.
3) Ecau q — npocmot desumenn n, a 6 yenouke (a,b,c,d) nocaedosamesvno coeQUHEHHBIT “ucCea

CYyMma £6a0dpamos 10601l napv, cocedHuT “wucea kpamua ¢, mo (a, b, ¢, d) obpasyem yura. delicrBuresbHo,
a* +d* = (a® +0%) — (B*+ )+ (P +d°) i q

TO €CTh YUCJIA a U d TOXKE COeJMHEHBI.

N3 1) u 3) BbITeKaeT, 9TO YMCJIO 7 MMEET O KpaliHell Mepe JiBa Pa3jIMYHbIX HEYETHBIX MPOCTHIX
penurens. [Iycrs ux poBHO ABa (ckaxkeM, p u ¢). Ilokaxkem, 9410 oHu orsmdsbl or 3, 7, 11. lomycrum,
Hanpumep, uro p € {3,7,11}. Bamerum, 9To 115 JTO6Or0 HATYPAIBHOTO A

a*mod 3 € {0,1}, a@*mod 7 € {0,1,2,4}, a’mod 11 € {0,1,3,4,5,9}.

[Tostomy a? +b% KpaTHO p TOTa U TOJILKO TOT/A, KOTIa Ha p Aenarcs a’ u b?, a 3HaquT, a u b. B cuy 2)
9TOMY YCJIOBHIO MOXKET YIAOBJIETBOPATH JIWINH OHA Mapa. 3 OCTaJbHBIX IMIECTH AP COSTUHEHHBIX IHCET
MOZKHO COCTABUTH TPEX3BEHHYIO HELMK/IMIECKYIO LEIOUKY (HAIpUMEp, IPOXOALLYIO 1O JIEBON 1 BepXHeil
WM 110 UPABOI U HU2KHEH CTOpOoHaM GOJIbLIOrO LPAMOYIOJbHUKA). B 910ii nenodke cymma KBaaparos
Ka2K/I0il 11apbl COCEHUX YUCEJl KPATHA ¢, YTO IPOTUBOPEYUT 3).

Taxkum 006pa30M, eciiu n UMEeT POBHO B PA3IMIHBIX HEYETHBIX MPOCTHIX AEIUTe s, TO N = 5-13 = 65.
Ecnu xe takux menuresieii OosbIne aByx, o n = 3-5-7 = 105 > 65. Paccranoska mjis n = 65 npusezena

Ha pucyake. [

2. IIpu z,y, z € (0, 1] natdume makcumaibHOE 3HAYEHUE BBLPAACEHUSL

CVBat+y+ /Byt + 2+ VB2 1 —3
rt+y+z '

A

OTrBer: 2.



Permenne. 3amerum, yro upu z,y € (0,1]

V8rt+y—1=+da* +4zt +y—-1< V42 + 4+ 1 -1 =2z

AnasiornyabiM 00pa30M JOKA3BIBAETCS, YTO

V3yt+2—-1<2y, V3z'+zx—-1<2z

[Tosromy
A< 2 + 2y + 22 _

r+y+z

PaBencrBo peasmsyercs npu x =y =2 =1. O

3. Juazonarv AC enucannozo uemupexyzorvruka ABCD aeasemca duamempom onucarholi 60kpye
Hezo okpyotcnocmu w. M3 mouku D nposeau npamyro, nepnenduryaspuyro ompesxy BC, ona emo-
PUYHO Mepecersa okpysdcrocms w 6 mowke E. Hatidume omuowenue naowadetc mpeyzorvrure BC D
u wemupexyzorvrura ABEC,

OrBer: 1.

D
Pemmenune. [lycte N — Touka mepeceyernus BC' u DFE, H — OCHOBaHUE MEPIIEHINKY/ISIPA, OIMYIIEeH-

woro u3 Touku A wa npsmyio DE. Ilo yciaosuio AC — mmamerp okpyxkuoctu. Torma ZABC = 90°,
orkyna AB || DE. Kpowme toro, ZADC = 90° u

ZACD =90° — ZDAC =90° — ZDEC =90° — ZNEC = ZECB,
orkyna AD = BE. 3uauur, DABE — paBuobepeHHasi Tpanernys, u
DN =DF—-EN=DF—-DH = EH.
Ocraoch 3aMeTUTH, ITO

2-Sapgc =BC-EN+BC-AB=BC-EH=BC-DN =2-Sgcp. U

4. Ha docke manucaro 4ucao 5555 6 cucmeme CHUCAeHus ¢ 4emusim ocrosanuem r (r > 18). Ilema
BLLACHUA, WMO T-UYHGA 3anuUct T2 npedcmacasem coboli 60CHMUIHAUHLT NAAURIPOM, Y KOMOPO2O
pasnocmv wemeepmot u mpemovel yugdp pasna 2. (Ilarundpomom nazvieaemes wucro, KOmMopoe “u-

maemcsa 00uHAK0B0 CAEBG HANPGBO U Cnpasa HGJLBGO). Hpu KAKUL T MAKOE B03MONHCHO?

OTBert: r = 24.



Pemntenne. lorosopumcs nucarb 4 = v (mod w), eci (u—v) ; w. Ilo yc0BUIO CyIECTBYIOT TaKue
r-uaable Pt a,b, ¢, d, aro d —c =2 u

25(r+ 12+ 12 =a(" + 1)+ b0 +0) (P + ) +d (0t +13). (%)

CuestaeM HEKOTOpbIE HADJIFOIEHUSI.

1) Tak kak % = —1 (mod (r? + 1)), cnpaBeIMBBI paBeHCTBA
r"+1=1-7r (mod (r*+1)) u r+r=r—1 (mod (r* +1)).
Kpowme Toro, 7* =1 (mod (% + 1)), orkysa
P4+r?=r—1 (mod (r+1)) n r*+r°=1—r (mod (r*+1)).

Torma B cuiy (%)
0=(a—b—c+d)(1-r) (mod (r* +1)).

Bamerum, uro 72 + 1+ (1 —7)(r+1) = 2, a uncna 1 —r u 72 + 1 HedeTHsl. 3HAYUT, OHU B3AUMHO HPOCTBI,
orkyna a —b—c+d : (r* +1). Ho

la—b—c+d <2(r—1)<2r<r?+1.

Buayut, b —a=d —c = 2.

2) Tax kak 7" =1 (mod (r — 1)) upu JoGoM HarypaibHoM n, u3 (x) u 1) Bblrekaer, 4To
25-16=2(a+b+c+d) =4(b+c) (mod (r—1)).

[Tockonbky 7 — 1 HewerHo, Ha 1 — 1 memmres gucao 100 — (b + ¢).

3) IIpu s060M HaTypasbHOM 70
m=r+1-1)"=(-1)"(1-n(r+1)) (mod (r+1)*).
I[IpaBast gacTh (x) kparHa (r + 1)%, orkyna
0= (7a—5b+3c—d)(r+1) (mod (r+ 1)%).
Suauut, HA 7 + 1 AEIATCS IUCIIO
7a—5b+3c—d=T70b—-2)—5b+3c—(c+2)=2(b+c) — 16.

Torma b+ c—8 : (r+ 1) Beuay medernocru r + 1. [losromy b+ c =8 wm b+ ¢ = 8 + r + 1. Bo BTOpOM
ciIydae
0=92—(r+1)=90 (mod (r —1)).

Tak kak 7 gwerHo u r — 1 > 17, mbt nonygaem r = 46. Torna a = 25 u b = 27, 4T0 HEBO3MOXKHO, TAK KaK
b =150 mod 46 = 4. Buauur, b+c=8. B cuny 2) 92 : (r — 1), orkyna r = 24. O

3ameuanme. Ecin b+ c =8 u r = 24, T0
a=25 mod24=1, b=a+2=3, ¢c=8-b=5, d=c+2=T.
Pasencrso 55553, = 1357753144 NpOBEpAETC NPAMBIM BBHIYHCICHUEM.

5. ana xeadpamnaa mabauya 2023 x 2023. Kaotcdasa ee kaemka okpawena 6 00uHn u3 n uysemos. Hs-
6ECTHO, MO 04 AOOBLT WECTNU KAETMOK 00H020 UBEMA, PACTIONOHCEHHBLT 68 00HOT CMPOKE, CEEPTY OM



camoti nesot U3 HUT U CHU3Y om camoti npaeoﬂ U3 HUT HEM KAEMOK 1020 IHCe UBeEMa. Hpu Kaxom
HOUMEHDUEM N, MAKOE GO3MONCHO?

OTBer: 338.

Pernenne. PaccMoTpuM Kakoii-TO KOHKPETHBIH [BeT (CKaxKeM, cuuuii). B KaxK10ii CTpOKe MsTh JIEBbIX
CUHMX KJIETOK OTMETUM KPECTUKOM, OCTAJIbHbIE — HOJIMKOM (€C/1M CUHUX KJIETOK B CTPOKE MEHbILE LIeCTH,
TO KPECTUKOM LOMEYaeM BCE KJIeTKHU). 3aMerum, 4ro B Jjiobom crosubue ecrb He Gojee O4HOM cuHeit
KJIETKM C HOJIMKOM (B LIPOTMBHOM CJly4ae JJlsi CaMOil BEDXHeHl U3 HUX HAPYLIAETCHd YCJIOBUE 3a/adu).
3HaauT, BCcero nmMeerca He Oosbire 2023 CHHMX KJIETOK C HOJHKOM. Kpome TOro, 9mcjao CHHHX KJIETOK C
KpEeCTUKOM He Ooibiite, geMm 5 - 2023. Takum obpa3om, 00Iee KOTHIECTBO CHHUX KJIETOK HE IPEBOCXOIUT
2023 + 5 - 2023 = 6 - 2023. DU paccyKAeHus ClIPaBeIIuBbL s Joboro usera. [losromy obiee duciio
IIBETOB HE MEHBIIE, IeM

20232 2023 3371
6-2023 6 6
3uaqant, n > 338.

[Tokaxkem, uTo n = 338 peanuzyercsa. [locmemoBarenbHO 3aHyMepyeM CBepXy BHU3 BCe THWATOHAJIH,
uiaynye ¢ 0ro-3amajfa Ha CeBepo-BOCTOK, duciaamu or 1 1o 4045. Ilepsbie mects guaronasneil mokpacum
B LIEPBbIil LBET, CJIe/yIOlIMe LEeCTh — BO BTOPOIi, U Tak JaJiee 1o uukiy (ro ecrb 3a 338-M LBETOM CHOBA
Gyaer cienoBarb 1epsbiii). IIpoBepum, 4ro ra packpacka yJAOBJIETBOPHET YCJIOBUIO 3a/a4d. 3aMETUM,
9TO HU OJMH [IBET HE WMCIOJIb3yeTcs 0oJiee IByX pa3, MOCKOJbKY 338 - 6 - 2 = 4056 > 4045. Ilycrs k-it
IIBET BCTPETHUJICS [1Ba pa3a. B mepBom OJI0OKe caMas mpaBasi KJIETKA ITOrO IBETA OKAXKETCs B CTOJIOINE C
nomepom 6k. Bo Bropom 6s10Ke camas jieBas KJIeTKa TOrO IIBETa HAXOJAUTCH B CTOJIOIE C HOMEPOM

6(338+k—1)+1—2022=06k+1.

3HAYUT, KJIETKA OHOTO [IBETA M3 PA3HBIX OJIOKOB HE MOTYT OKa3aThCA B OJHOM cTojibme. [



Bapuanr 5

1. Ha xapmunke HAPUCOBAHO HECKOALKO KPYHCOUK0S, coedunennnx ompeskamu. Hacmasa ewbupaem na-
MYPAABHOE YUCAO T U PACCTNABAAECTM, 6 KPYICOUKAT PASAUNHBLE HAMYPAALHBLE YUCAL MAK, 4MOObL OAA
BCEL IMUL YUCEN BLINOAHANOCH CEOUCTNGO:

ECAU YUCAE @ U D He coeduHEHb, 0MPE3KOM, O PA3HOCTNL a4 — b QoAdCHE BbIMb B3GUMHO NPOCA C T,
a ecaU COeOUHERBL, O YUCAG & — b u 1 doadcHbl UMeMb 00UWUT HAMYPAALHBLY deaument, bosvuwus 1.
IIpu xaxom HOUMEHDWEM N CYUWLCTMBYEM MAKAA PACCMAHOCKA?

OtrBer: n =5-7-11 = 385.

Perterune. Crenaem JBa 3aMedaHus.

1) n ne deaumca na 2 u 3. Cpenu cemu duces BCEryia €CTh TPU YUC/IA OAHOM YerHocTH. Ecau n yerHo,
TO OHU JOJI?KHBI OBITH ITOMAPHO COeINHEHBI. KpoMe TOro, cpein ceMu 9ucesT Hal Iy TCS TPU YUCTIA, JTATOIIIe
OJIMHAKOBbBIE OCTATKY 1pu JAesieHnu Ha 3. Ecim n kparHo 3, TO 91U 4mcia ToKe 00pPa3yoT TPEX3BEHHbIHI
uukia. Ho Takux 1MUKJIOB Ha KAPTUHKE HET.

2) Ecau p — npocmoti deaumenv n, mo cpedu mpexr nocaedosamensbHo COCOUHEHHBLT “UCEe CYULe-
CIMBYEM NAPa COCEOHUT, Pa3Hocmy Komopux ne kpamua p. 1lycrs (a,b, ¢) — nemodka nocjienoBaTeIbHO
COeJIMHEHHBIX YUCe)l, B KoTopoit a — b u b — ¢ kparuet p. Torga a —c = (a — b) + (b — ¢) : p. Suayur,
(a, b, c) obpasyer Tpex3BEeHHbIH IUKJI, YTO HEBO3MOXKHO.

[Tokaxxkem, 910 YUCJIO M UMEET HE MEHee TPEX Pa3JIMdHbIX HpocThix jesiureneil. Ilycrs p — npocroit
jesurens n. Vmeercs ne Gosiee Tpex pasiuuubix nap (a,b), aas xkoropbix a — b : p. Ecim 6b1 rakux
uap 6bwi0 4, TO KaKMe-TO JBe U3 HUX Lepecekaauch Obl, 4ro nporusopedur 2). Ho Bcero orpeskamu
COEJIMHEHO 7 Map YucesI, IOITOMY 7 MMEET He MEHee TPeX Pa3/IMYHbIX MPOCThIX Jejureneii. B cuiy 1)
MHUHUMAJIBHO BO3MOKHBIE 3HAUYEHUS JId HUX — D, 7, 11, T0 ectb n > 5 - 7 - 11 = 385. PaccranoBka mjisa
n = 385 upusenena Ha pucynke. L[]

SN C)

(48 {09
@&

2. IIpu z,y € (0, 1] natidume mMakcuMarbHOE 3HAUEHUE EBLPAAHCEHUSN

g @y Vy+at—ay+ (P —o) ety —ay+1

(z—y)*+1

OrBer: 1.
Penrenne. 3averum, 9T0
y+ad —ay—2? = (y—:102)(1—:1c).

Eciu y > 22, 10

Vy+zd—zy>ax m (;102—y)(\/y+:1c3—:1cy—x) <0,



anpu y < x?

Vy+zd—zy<ax m (;102—y)(\/y+:1c3—:1cy—x) < 0.

B 06oux crydasx crnpaseaIunBo HepaseHcTso (12 —y) \/y + 23 — zy < 2° — zy. Onennpas aHaIOTHIHBIM
06pa30M BTOPOE CJraraeMoe B ducauTesie A, Mbl MOy IuM

x4+ — 22y +1 3:2+y2—23:y-|-1_

A< : < .
(—y)?+1 (z—y)?+1

PasencrBo peasmsyercs npu x =y = 1. [

3. Ha cmopone AB ocmpoyzonrvrozo mpeyzosvrura ABC ommeuwena mouka M. Buympu mpeyzosoHuka
evopana mouxa D. Oxpyoscnocmu wy u wp onucaksl 60kpye mpeyzoavhukos AMD u BMD coom-
semcmeenno. Cmopona AC emopuuno nepecexaem okpyHcHOCMd Wa 6 mouwke P, a cmopona BC
8MOPUYHO NEPECEKAEM OKPYHCHOCML Wi 6 moyke Q). Jlyw PD emopuuno nepecexaem 0KpYICHOCTMb
wp 6 mouwke R, a ayw QD emopuuno nepecexaem okpysichocms wa 6 mouke S. Hatidume omuowenue
naousadets mpeyzoavnuros ACR u BCS.

OrBer: 1.

Perterane. 3amverum, 410
/PAM =180° - /PDM = /RDM = /RBM,

orkyna BR || AC. 3uauwmr, paccrosaus ot Touek B u R no npamoit AC' onunakosber. Torma Tpeyrosb-
nuku ABC u ACR umeror obuiee ocHopanne AC u 0JuHaKOBbIE BbICOTHL, onyuennbie Ha AC. [Toaromy
IO ITUX TPEYTOJLHUKOB paBHBI. Kpome Toro,

ZQBM =180° — ZQDM = ZMDS =180° — LM AS,

orkyna AS || BC. 3uauur, paccrosiuus ot Touek A u S no nupamoit BC' oxunakosbl. Torma Tpeyrosb-
uuku ABC u BC'S umeror obiiee ocaoBanve BC U 0IMHAKOBBIE BBICOTHI, omyineHubie Ha BC. IToatomy
IJIOIIA/IM STUX TPEyIroJIbHUKOB TOXKe paBHbl. B pedyibrare noiaydaeMm Sacr = Sapc = Spes. O

4. B cucmeme cwucaenua ¢ ocnosaruem v (1 < 100) namypaabroe wucao T ABAAEMCA 0BY3SHAYLHOLM
¢ odunarosvimu yudpamu. OKA3AA0CH, YN0 T-UMHAA 3ANUCH YUCAL T> YEMBPETIHAYHARA, NPULEM

Kpatinue yudpol, 00uHAK06L, 6 cpedhue pasHb, Hyat. TIpu xaxux r makxoe 603MoHCHO?
OrBer: r = 2 wym r = 23.

Pemenne. 3amumenm yciosue B suae a®(1+7)2 =b(1+73), rae a,b — r-uansie mudpor. Cokpamiast
Ha 1 4 7, MBI TOTy9IHM
a?(L4+r)=b(l—r+r*)=b(1+7)(r—2)+3). (%)



Bamerum, aro HO/I (1 +7,(1 —|—7“)(r—2)+3) pasen 1 uim 3. B nepsom ciyuae b : (r+1), 4T0 HEBO3MOKHO,

1+7r k(L+7)

rak kKak 0 < b < 7 — 1. Buauur, (1+7) : 3ub : = Torpa b = 3 , rae k pasuo 1 wm 2.

[Monoxum 1+ r = 3s. B cuny (%)
3a°s =ks(3s(3s —=3) +3) <= a®> =k (3s(s — 1) +1).

Tax kak s (s — 1) werno, npu k = 2 mMbi noayuum a? mod 4 = 2, 4o HEBO3MOXKHO. 3Ha4uT, k = 1 u

4a° =3 (4s* —4s) +4=3(2s—- 1)’ + 1+ (2a—1)(2a+ 1) =3 (25 — 1)*.

Yucna 2a — 1 u 2a + 1 B3amMHO TTPOCTHI, TOCKOJIBKY OHM HEUETHBHI U paziudaiorcs Ha 2. Kpowme Toro,

a— a+
OJIHO W3 ITUX YUCEJ KPATHO 3. 3HAUWT, —3 " 2a + 1 nmm —3 n 2a — 1 — TOYHBIE KBAIPATHI.
Paccvorpum nBa cirydas.

1) 2a — 1 = 3m?2. Torga umciao 3m? + 2 GyaeT TOYHBIM KBajpaToMm. Ho 9TO HEBOZMOXKHO, TaK Kak
(3m? +2) mod 3 = 2, a ocTaTOK OT JeJeHns Ha 3 KBaJpaTa HATYPaJIbHOTO YHC/Ia MOMKET OBITH paBeH
Tosibko O mm 1.

2) 2a+1 = 3m?2. Tax Kax umcio 2a+ 1 HedeTHO U He MpeBocxomuT 199, /1A Hero BO3MOYKHbLI 3HATEHH ST
3,27,75,147. B mepBom caydae

m=1, a=1, 2a—1=1, 2s—1=m+vV2a—-1=1, s=1, r=3s—1=2, b=1,
4TO YJOBJIETBOPSET YCJI0BHUIO, TOCKOJILKY 113 = 10012. Bo BTopoMm ciyuae
m=3, a=13, 2a—1=25, 2s—1=mv2a—-1=15 s=8, r=3s—1=23, b=28,

4TO YJI0BJIETBOPseT ycioBuio, Tak Kak DD3; = 800833. Takum obpasoM, 7 = 2 u r = 23 HAM LOIXO/IIT.
JlBa moc/ieHUX 3HAYEHUsI HE TONATCs, TMOCKOJAbKY 2a — 1 Oymer paBHO 73 wim 145, a 9Tu gduciaa He
SIBJIAIOTCS TOYHBIMU KBaJparamu. [

5. ¥V napassesenuneda a X b X ¢ epanu pasbumov. Ha edunuunvie xaemru. Hmeemcs maxorce bosvuoe
KOAUYECTNEO MPETKALMOYHBLET NONOCOK, KOMOPHLE MONCHO Nepezubams no epanuyam xaemox. Ipu xa-
Kuz a, b u ¢ mpu epanu napasesenuneda, umeUUEe 06UYI BEPULUHRY, MONHCHO TLOAHOCTIIBIO OOKAEUMb
NOAOCKAMY 0€3 HAA0HCEHUT U 3a30P06 MAK, wMOoObL KAEMKY epakel U noaocok coenadaiu?

OrBer: u3 4ucen a,b, c HE MEHee ABYX NEJIATCH HA, 3.

Pemenne. Ilycrs y napasienenunesa xors Obl nBa u3mepenus aesnsrca Ha 3. Toraa y 1060t rpanu
[APAJUIEJIEINIIE/[A eCTh CTOPOHA, KpaTHas 3. 3HAYUT, Mbl MOXKEM IIOJTHOCTHIO OOKJIEUTH IPAHD HOJOCKAMHU,
HaKJIaIbIBas WX TAPaJIIeJIbHO 3TOM CTOPOHE W He 3ajeBas Apyrux rpaxeii. [lostomy takas curyamus
V/IOBJIETBOPSIET YCIOBHUIO 3aIa9H.

IIyctp Teneps na 3 mesnurcs Menee nByX m3mepenuil napasuiestenunena. l[lokakem, dro obxsentb
napaJuesenures rpedbyembiM 06pa3om He ymacres. PaccMorpum gBa cirydast.

1) Posno 0dno usmeperue napaaseaenuneda kpamuo 3. Ilycrs, naupumep, a aenaurcd va 3, a b u ¢ —
uer. OO6Iee 9UCII0 KJIETOK HA TPEX BBLIEJEHHBIX rPaHax paBHO ab+ bc + ca, u 0HO He KpaTHO 3 (Kpaiinue
ciaraembie Jejdarcd Ha 3, cpeaaee — Her). [109ToMy MOJHOCTBIO OOKJ/IEUTh 9TU MPAHU TPEXKJIETOUHBIMU
TOJIOCKAMU HEBO3MOYKHO.

2) Hu odno u3 wucea a,b, c ne deaumes na 3. Ilponymepyem crpoku u croubupl HA TPEX BbIIEJIEHHbIX
rpaHsx, Ha4YuHAS OT Pedep, ODIIKX C APYIUMU BbLIEIeHHbIMYU rpaHsgmu. 1lokpacum B 4epHbIl [BET CTPOKU
7 CTOJIOIBI C HOMepaMu 2, 5, 8, . . ., a OCTaJbHbIe KJIeTKH — B Oestblil nper. Torma Ha Kaxk 10 IpaHu OeIbIMu
OyayT yrioBoit kBagparuk 1 X 1, a TakykKe HEKOTOPOE KOJIMIECTBO MPSIMOYTOJHHUKOB 2 X 1 U KBaJApaToB
2 x 2. 3uaunt, 9nci0 OEJIBIX KJIETOK Ha KaXKI0i rpanu HederHo. llosromy HederHbiM Oymer u obImee
KOJIMYeCTBO Oesibix Kierok. C Japyroit cropoHbl, Jiiobas TPEXKJIETOYHAs [MOJIOCKA [TOKPbIBAET YETHOE
9rCI0 OesbIX KaeToK. Torma obiee KOJUIecTBO OesbIX KJIETOK JOJKHO ObIThb deTHbIM. llosyderHoe
LPOTUBOPEYUE JOKA3BIBALT, YTO CJIy4dail 2) TakzKe HeBO3MOXKeH. [J



Bapuanr 6

1. Ha Kapmurke HAPUCOBAHO HECKOALKO KPYHCOUK0S, coeduHnennuxr ompeskamu. Hacmasa ewbupaem na-
MYPAALHOE YUCAO T U PACCMABAAET 8 KPYNHCOYKAL PASAULHOLE HATYPAALHOLE YUCAA MAK, 4006, 04
6CET IMULT YUCEA BBINOAHAAOCH CEOUCNEO:
ecau yucaa a u b me coedunens, ompesxom, mo paznocmov a — b doasicna 6vimsb 63AUMHO NPOCMA C N,
a ecat coeduHeHd, Mo YUCAL & —b u n JoaNCHBL UMEMDb 00ULUT HAMYPAALHBLY deaumend, borvwud 1.
IIpu KaKoM HAUMEHBWEM T CYUWLELCTNEYEM MAKAA PACCTNAH06KE?

OrBer: n=3-5-7=105.

Perterne. Crenaem JBa 3aMedaHus.

1) n newemmo. HeiicrBuresbuo, nycrb n yerno. Cpeiy LIeCTH 4uces BCErja eCrb TPU HUC/Ia OJHON
YETHOCTH, U 110 YCJIOBUIO OHU JIOJIZKHBI OBITH 1TOMApHO coepuneHbl. Ho Ha KADTUHKE HET [UKJIOB JIJIMHBL 3.

2) Ecau p — npocmoli deaumens n, mo cpedu mpexr nocaedosamensbHo COCOUHEHHOLT “YUCEe CYUse-
CIMBYEM NAPa COCEOHUT, Pa3HoCcmb Komopux ne kpamua p. 1lycrs (a,b, ¢) — nemodka nocjienoBaTebHO
COEeJIMHEHHBIX YUCe)l, B KOTopoit a — b u b — ¢ kparuet p. Torga a —c = (a — b) + (b — ¢) : p. Suayur,
(a, b, c) obpasyer rpex3BeHHbLH LUKIL, YTO HEBO3MOZKHO.

[Tokaxxkem, 9T0 YUCJIO M UMEET HE MEHee TPeX Pa3JIMdHbIX HpocThix geiureneil. Ilycrs p — npocroit
Jenurenb n. Vmeerca He Gojiee Tpex pasauuHbx nap (a,b), ays koropbix @ — b : p. Eciu 6b1 Takux
nap ObLIO 4, TO KaKue-TO /Be U3 HUX Nepecekauch Obl, uyro mporusopedur 2). Ho Bcero orpeskamu
COEJIMHEHO 7 Map 4ucesI, IOITOMY 7 MMEET He MEHee TPeX Pa3/IMYHbIX MPOCThIX Jejureneil. B cuiy 1)
MUHUMAJIbHO BO3MOKHbIE 3HAYEHUS Jjis HUX — 3, 8, 7, To ectb n = 3 -5 -7 = 105. Paccranoska s

n = 105 nupusenena na pucysnke. L[]
W—E—)
(@—19—)

2. IIpu z,y € [1, 3] natidume MUHUMAALHOE 3HAYEHUE GBLPAACEHUA

(3zy + %) Bay + o — 3y + (Bzy + y*) V3ay + y — 3z

22y + y2x

A=
OrtBer: 4.
Penrenne. 3averum, 9T0
3zy+a—3y—a22=By—x)(xr—1) =0,

mockosibky © > 1 u & < 3 < 3y. Torna

(3xy + x2) \/m > 32%y + 2®  u, anasorudHo, (3xy + y2) \/m > 3yx + 5.
Kpowme toro, mo nepasencrBy Komm

2’y +yPe =y (@ +y) < § (2 +y)°

ITosTomy
3;vy(x+y)+:c3+y3_4. _4
T(@+y)? (z +y)?

Az



PasencrBo peasmsyercs npu x =y = 1. [

3. Ha cmopone BC mpeyzosvnura ABC ¢ mynvm yeaom C ommeuena movwka M. Touka D ewbpana
mak, wmo mpeyzorvruk BC'D ocmpoyzoavmwidl, a mowku A u D aesrcam no pasnsie cmopons, om nps-
mott BC'. Oxpyosrcnocmu wp u we onucanss 60kpye mpeyzosvnuros BM D u CM D coomeemcmeeno.
Cmopona AB emopuuno nepecexaem oxpystcnocms wp 6 mouke P, a ayyw AC eémopuuno nepecexa-
em okpyostcnocms we 6 mouke Q. Ompesox PD emopuwno nepecekaem oKpysiCcCHOCTNG Wo 6 TOYKe
R, a ayw QD emopuwno nepecexaem okpyscrocms wp 6 mouke S. Hatdume omuowenue naousadeds
mpeyzoavhukoe ABR u ACS.

OrBer: 1.

Perterane. 3amverum, 4ro
/SBM =180° — ZSDM = /M DQ = 180° — ZMCQ,

orkyna SB || AC. 3uauur, paccrosuus or Todek B u S 1o npsamoit AC' omunaxosbl. Torja TpeyrojibHUKA
ABC u ASC umeror obuee ocaopanne AC u paBHbie BbICOTbI, omnyiientabie Ha AC. ITosromy miomaau
9TUX TPEyIrOJbHUKOB paBHbl. Kpome Toro,

/PBM = /PDM = Z/RDM = ZRCM,

orkyna BP || RC. 3uauur, paccrosuus ot rouek R u C 10 upamvoii AB oxunaxkosbl. Torga rpeyrojibHuK
ABC n ABR uwmetor obiee ocHopatnue AB u paBHble BbICOTbI, omyieHHbie Ha AB. Ilosromy miomaau
9TUX TPEYIrOJbHUKOB TOXKE paBHbl. B pesyibrare noiay4daem Sasc = Sapc = Sapr. O

4. 3anucb HAMYPAALHOZO YUCAL T 6 CUCTNEME CHUCAEHUA C OCHOBAHUEM 23 cocmoum u3 2m 00UHAKOEHLE
yugdp. Oxazanroco, wmo 6 23-uunoli sanucu wucaa x° Kkpatinue yudpo, 00UHaAK0s, 6 ocmasbHle dm—2
yudpot pasuv, nyato. Hatidume sce maxue wucaa x. Omeem datime 6 23-uunoli cucmeme CHUCAEHUSA.
(Lugpve om 10 do 22 oboznavwaromes samurckumy 6yksamu om A do M.)

OtrBer: © = DDs3.

Penrenune. JloroBopmmMmcsa mucarh u = v (mod w), eci (v —v) ¢ w. Iyers n = 2m. o yciosuio
[IPY HEKOTOPBIX 23-WYHBIX udpax a u b CrupaBesImBo PABEHCTBO

a®(1+23+23 +...+23"71)° =p (1+232")) (1)

wiu, B Apyrom Bujie,

a?(23" — 1) =222 b (1 + 232"71). (2)

Tak xax 23" = (—1)" (mod 24), a n uerno, sepas uacrb (1) kparna 24%. Buaunur, na 24% jeanrcs u
npasad 9acrs (1). 3amerum, 4ro

14237 =1+ (24-1)>"""=(2n—1)-24 (mod 24°).



[Mosromy b(2n —1) : 24, orkyna b : 8. Torma b = 8 uau b = 16. Ho
14231 =147""1=1+7-49"" =8 (mod 16).

TaxuM o6paszoM, ancio 23271 + 1 menaured Ha 8 u He JeauTes Ha 16, a MOTOMY OHO He ABJSETCH TOYHBIM
KBaJpaToM. 3Hauut, ciydaii b = 16 wesosmoxken. [Togcrasiss b = 8 B (2), Mbl noJjiyuum

a®(1—2-23" 4+23°") =22°.8- (1+23°" ") < 23""7'(23a” — 22° - 8) = 2a” - 23" — a® + 22° - 8.
[TocKOMLKY IpaBas 9acTh IOJIOKATEIbHA, BEPHO HepapeHcTBo 23a% — 222 -8 > 1, oTKyna
23*"71 < 20%-23" —a® +22° -8 <2-227 23" +22°-8<3-22°-23" u 23" <3.22%
U3 deTHBIX N 3TOMY YCIOBHUIO yIOBJIETBOpsieT Toybko n = 2. Iloacrasum ero B (1):
247 0> =8 (1+23%) <= a®> = 169 <= a = 13 = Das.
Ocragnoch 3amerurs, uro DD3, = 80083, [

5. ¥V napasseaenuneda a X b X ¢ epanu pazbumov, wa edunuywHbie xiemru. Hmeemcs maxoice boavwoe
KOAUYECTNEO NATNUKACTNOYHBLL NOAOCOK, KOMOPbLE MOACHO Nepezubamb no epanuyam kiemor. Ilpu xa-
Kuz a, b u ¢ mpu epanu napassesenuneds, umeruue 00Uy GEPUUHY, MONHCHO TOAHOCTIBIO 0DKAEUMb
noAoCKamu 6e3 HaA0HCERUT U 3a30P06 MaK, 4wMobbl KAemKy 2panet U Nosocox coenadasu?

OrBer: u3 4ucen a,b, c HE MEHee ABYX NEJISATCH HA, .

Pemenne. Ilycrs y napasienenunesa xors Obl 1Ba u3Mepenus Aesdrca Ha 5. Toraa y Jioboii rpanu
HapaJule/IeluIle/[a eCTb CTOPOHA, KpaTHas 5. 3HAYUT, Mbl MOXKEM IIOJIHOCTbIO OOKJIEUTh I'PAHb [IOJIOCKAMU,
HAKJIAJbIBAs UX IAPAJLIEJIbHO 3TOW CTOPOHE W He 33jeBad apyrux rpaneil. [losromy takas curyanus
V/IOBJIETBOPSIET YCIOBUIO 3aa9H.

[IycTs Tenepsh Ha 5 AenWTCS MEHee ABYX W3MepeHuii mapaJuienenunena. l[lokaxkem, 910 0OKJIEUTH
mapaJuresienumnes TpedyeMbiM 00pa3oM He yaacTcs. PaccMoTpuM aBa, Ciydasi.

1) Posno 0dno usmeperue napaasensenuneda kpammo 5. Ilycrs, naupumep, a aenaurca va 5, a bu ¢ —
ner. OO6luee YMCII0 KIETOK HA TPEX BbLIEJEHHbIX IPaHsaX paBHO ab+ bc + ca, u 0HO He KparHo 5 (Kpaiinue
cslaraemble Jessired Ha b, cpeanee — uer). [1oaromy nojHOCTBIO OOKJIEUTh ITU IPAHU LATUKIIETOYHbIMU
TOJIOCKAMU HEBO3MOYKHO.

2) Hu 0dno u3 wucen a,b, ¢ ne deaumes na 5. TIponymepyem cTpOKE U CTOJOIBI HA TPEX BbIIEJEHHBIX
rpaHsx, HadnHas OT pedep, OOIMUX C JAPYTUMH BBLIE/TCHHBIMU rpaHsaMu. Ilokpacum B 4epHBIil [[BET CTPO-
KK ¥ CTOJIONGBI ¢ HOMepamu 2,3,4, 7,8,9, 12,13,14 ..., a ocranbHble KjaeTku — B Oesbrit per. Torma Ha
Kaxk 1081 rpanu 6esibiMu OyayT yrioBo#t KBajapaTtuk 1 X 1, a TakzKe HEKOTOPOE KOJUIECTBO IPSAMOYTOJIb-
HUKOB 2 X 1 u KBaaparoB 2 X 2. 3HAYUT, 9UCI0 OEIbIX KJIETOK Ha KaXKI0i rpanu HedeTHO. [losTomy
HEYETHBIM Oyzmer u obiee KOaudecTBO Oenbix Kierok. C mpyroit CTOpOHBI, Ji00asi MATUKJIETOYIHAS ITO-
JIOCKQ TTOKPBIBAET YeTHOE YHCIO OesIbIX KJIeTOK. Torma obirmee KOJIMIecTBO OeIbIX KJIETOK JOJIKHO OBITH
vernbiM. [losyuennoe nporuBopedune JH0Ka3bIBALT, YTO CJydail 2) TakKe HeBO3MOxKeH. [



Bapuanr 7

1. Ha KAPMuUHKE HAPUCOBAHO HECKOALKO KPYHCOYUKOG, COEOUHEHHBLT ompe3xamu. Kocma 6bt6upaem Ha-

mypanvHoe YUuUcCA0 1 U PaccmasaAAem 6 KPpYynHcovkar pa3dAutHble HAamypaisbHble Yucaa mak, ymobvl 0A%
6CET IMUT HYUCEA B8BINOAHAAOCD CEOUCTEO!

ecau wucaa a u b ne coedumnenv, ompesxom, mo cymma o + b doastcna 6vIMb 63aAUMHO NPOCA € N, G
ecau coedunenvl, mo wucaa a + b u n dosdtcHb, umems 00uwul HAMYPALLHBLTY deaumenrt, boavwud 1.
IIpu KaKoM HAUMEHBWEM T CYUWLLCTNEYEM MAKAA PACCTNAH06KE?

OrBer: n = 15.
Pemnenune. Cuenaem aBa 3aMedaHusd.

1) n newemmno. HeiicrBuresnbho, nycrb n derno. Cpeay nsTu 4ucesl BCELJA €CTb TPU YUCIA OJHON
YETHOCTH, U 10 yCJIOBUIO OHU JOJIZKHBI OBITH TIOMAPHO coennHeHbl. Ho Ha KApTUHKE HET IUKJIOB JJIHHBI 3.

2) n umeem ne menee 08YL PaA3AUNHLIL NPocmut desumened. Ilycrb n — CTemneHb IPOCTOro YUcIa p.
Bosbmewm 1nienouky (a, b, ¢, d) mocsen0BaTeibHO COEIUHEHHBIX uncesr. 110 ycioBuio

a+d=(a+b)—(b+c)+(c+d) :p.

Torga uncia a u d TOKE COEIUHEHBI, TO €CTh HA KAPTUHKE TTOJIYIUJICS IAKJI IJINHBI 4, KOTOPOTO TaM HeT.
Takum 00pa30M, 4UCJIO M UMeeT 0 KpaiiHeil Mepe JBa PA3JUMYHbIX HEYETHBIX [POCTHIX JEJIATEJIs,
orkynaa n > 15. Paccranoska juiga n = 15 nupusenena Ha pucynke. [

2. Ilpu x,y, z € (0,1] Hatdume MUHUMAALHOE 3HAMEHUE BBIPAACEHUA

Ao (z+2y) Ve ty—ay+ y+22)Vy+z—yz+(z+2z)vz+z— 2z
Y + Yz + zx '

OTBer: 3.

Pemenne. 3amernM, uro npu z,y € (0,1]

Vity—zy=+vz+y(l—z)>Vr >

Torpa (z + 2y) /T + y — 2y > 2% + 22y u, aHAIOTMYHO,

(W+22)Vy+z—yz=>y>+2yz, (2+22)Vz+ao—zax>2>+ 222,

[Tosromy ‘ ‘ ‘ ‘
A x2+y2+zz+2xy—l—2yz+2zx: (x+y+ 2)? >3
Ty +yz + zx Ty +yz + zx




PaBencrBo peasmsyercs npu x =y =2 =1. O

3. Ha cmoponax BC u AD enucannozo wemuperyzorvhuka ABCD ommeuens. mowku K u M coom-
semcmeenno, npuvem BK : KC = AM : MD. Ha ompeske KM ewbpana maxas movwka L, wmo
KL :LM = BC : AD. Hatdume omnowenue naousadets mpeyzosvrukos ACL u BDL, ecau useecm-
Ho, wmo AC = p u BD = q.

OrBer: %.

Permterane. Ob6ozuaunm gepes O rouky nepecedenus AC u BD. B cuny Buucannocru ABCD rtpe-

oC _ BC
yronbuukn AOD u BOC 1noaobubl o AByM yrjiaM, OTKY/a 45 = a5 KpPoMe TOro, 1o ycaoBuio

KC_MD _ KC_MD__ KC _BC_0OC
BK ~ AM BC ~ AD MDD~ AD  OD’

Hakonern, ZKCO = ZM DO kak BOHCAHHBIE YTJIbI, OMUpAIONrecs Ha ayry AB. 3Ha4uT, TpEeyroJbHUKN
KCO u M DO 1uonobubl ¢ K03bduimeHrom %. Orciona ZKOC = ZMOD wu 110 ycjioBuio

OK BC KL
OM AD LM’
[Mosromy OL — buccekrpuca tpeyrosabauka M OK. Torma

ZCOL =/ZKOL — ZKOC = ZMOL — ZMOD = ZDOL.

Buauut, Touka L paBHOyageHa OT npaMbix AC u BD, T0 eCTh OIMHAKOBBI BBICOTHI TPEYTOaLHUKOB AC L

u BDL, onymennbe u3 toukn L. Takum oOpa3om, OTHOMIEHUE ILJIOMAAEH ITUX TPEYTOJIHbHUKOB PABHO
AC _ p 0

BD — q°

4. HamypaabHoe wuca0 T 6 CUCTNEME CHUCAEHUA ¢ 0CHoGanuem T (1 > 3) umeem eud DPGq, npuvem
q = 2p. OKa3a.0ch, WMo T-UNHAA 3ANUCH YUCAL T2 npedcmasasem coboti cemusnHa bl Nasunopom c
mpems 00UHAKOBUMU cPednumU yudpamu. (Ilarundpomom Ha3bl6aeMes HUCA0, KOMOPOE YUMAELNCH
00UHAKOB0 CAEBG HANPABO U CNPA6A Hare6o). IIpu xakuz r maxoe 603moocHo?

OtBer: r = 3n?, re N — HaTypajJbHOe YHCIo, n > 1.

Pemenne. Jlorosopumcs macats u =v (mod w), ecim (u —v) : w. 3amernm, 910

©=ppqq, = (pr’ +)(r+1) =p(* +2)(r+1).

W3 yciopus Ha 2° BhITEKAET PABEHCTBO

p2(7“2 —|—2)2(r2 +2r+1) :a(l—l—TG) +b(7“+7“5) +C(7“2 +73 +7“4), (%)



rae a, b, ¢ — Hekoropble r-udible uudpbl. CaenaeMm HECKOJIbKO HADJIIOAEHMI.

1) [pu 106OM HATYPAILHOM 71
m=14r-1)"=(-1)"(1-n(l+r)) (mod (1+r)?).
[Ipasas gactb (*) kparna (1 +7)?, orkyaa
0=a(2-6(1+7)—b(2-6(1+7)+c(1-31+7)=(1-3(1+7))(2a—2b+c) (mod (1+7)?).

[Mockonbky 1—3 (14 7) B3aumuo upocro ¢ (14 7)?, na (1+7)% peaurcs 2a — 2b + c¢. Ho 910 1nciio jexur
B unrepsase (—2r,3r) C (—(1+r)?, (1 +r)?), orxysa 2a = 2b — c.

2) Ilpupasngem ocrarku Jieoil u npapoit uacreii () or jenenus na 1+ 72, B cuy 1)
2p’r =br(l+7") + cr® = (2b — ¢)r = 2ar (mod (1 + 7‘2)).
[Mockonbky 7 B3aumuo npocro ¢ 1+ 12, na 1+ r? nenurcs 2 (p? — a). Ho

2P —a) <2’ <@ <rP <1473 2(p*—a)>-2a>-2r>—-1—1r%

_ 2
Taxum obpazom, a = p=.

3) Ilpupasusiem ocrarku JieBOil 1 1IPaBOiL yacTell (*) Or JeseHus Ha T

p*=a (modr)<:>4aza (modr)<:>3afr<:>3a=7" unua 3a = 2r,

2
nockoabKy 3a < 3r. Torma B cumy 2) r = 3p? unn r = 3%. Bo Bropom ciydae

2
x> >p2(r6+27“5) =0 <p2+2%) =70 <p2+§) >T6(p2+1).

[Tostomy crapmas madpa x? Gomblne p?, a Miajmas B cuiay () pasna p®. 3maunt, z2 He sBageTcs

2
MaJUHIPOMOM U T = 3% HaM He€ HOJXOJIMT.

[Iycrs Teneps r = 3p®. Ilokaxkem, 9ro x? GyJeT HAJHHAPOMOM TPebYeMOro BHa mpu Jrobom p > 1.
PackpoeM ckoOKu B JieBo#i dacTu (*):

z? = p? (r4 + 472 + 4)(7"2 +2r+1)= 4p® + 8p?r + 8p*r? + 8p2r® + 5pPrt + 2p%r° 4+ p*r® =
=p>+ (2p2 +1)r+ (2p2 +2) r? + (2p2 +2) r®+ (2]92 +2) rt 4+ (2]92 +1) o+ p2r®

(B mOCIE/THEl CTPOKE CJlaraemMble HeperpyInupoBanbl ¢ yaeroM pasencrsa 3p? = r). Kosdbdunuenrs: npu
CTENeHAX 1 ABJIAIOTCS r-HIHBIMA TIdPaMu 22, MOCKOABKY BCE OHH He IPEBOCXOAT 2p° +2 = r+2—p? < r.
O1u mudpbl, OYEBUIHO, YAOBIETBOPAIOT YCJIOBUIO 33139, [

5. Jocka m X n (m,n > 5) paspesana na dueypku u3 wecmu eJUHUYHHT K6aIPAMUK0S8 6uda E‘:E‘Z!
(Pueypru mooicho nosopauusams u nepesopauusams). Ilpu kaxur m u n makoe 603MOHCHO?

OTBert: 1pu BCEX M U N, CPeay KOTOPLIX UMEeTcs U KpaTHoe 3, u KparHoe 4.

Pentenne. Ilpemnonoxkum, 910 JOCKY M X N MOXKHO pa3pe3arh Tpedyembim obpazom. IlockoimbKy B
KaxK/10i1 purypke mecrb KJETOK, 0D0Inee KOJIM4ecTBO KaeToK Ha Jjocke Kparuo 6. Torma cpemu m u n
UMeeTCs YeTHOe YUC/I0 (MyCTh i ONpeaeIeHHocTr 310 m). Kpome Toro, oHo U3 3TuxX Yuces KpaTHo 3.
[Tokazkewm, aro m wiam n genutca Takxke Ha 4. Ilycts 3To He Tak. IlpoBemeM ropusoHTaIbLHBIE U BEP-
TUKAJIbHBIE JIMHUU C I1aroM B JIBE KJIETKHU, HAYWHAS C BEPXHEIrO U JIEBOTO KPAEB [TOCKW COOTBETCTBEHHO.
OnHu pazobbIOT JOCKY Ha KBAJIPAThI 2 X 2 U, BO3MOXKHO, HEKOTOPOE KOJUIECTBO MPAMOYTIOJIbHUKOB 2 X 1



(KOTOpBIE HOABATCS TOJILKO IIPU HEYeTHOM 7). Packpacum 311 KBaAparbl U UPAMOYIOJIbHUKY B LIAXMAT-
HOM HOpsijike B Oesbiil u yepublii usera. Ilycrs B mosiocke 2 X n, orcekaeMoil AByMs COCEHUMU JIUHUAMU,
uMeeTcst p OeNIbIX U ¢ YepHBIX KJIeTOK. Torma p # ¢, MOCKOJAbKY n He nenutcs Ha 4. B cocenmeil mosocke
2 X n Oyzmer, HA0OOPOT, ¢ OEJIBIX U P YEPHBIX KJIETOK. JHAUWUT, CyMMAPHOE KOJIMIECTBO OEJIBIX M YEePHBIX
KJIETOK B OOBbEIWHEHWN STUX ABYX MMOJOCOK ommHakoBoe. Ho obimee 4ucsio moiocoK 2 X m HEYETHO, TaK
Kak m He genurcsa Ha 4. Ilosromy Ha Bcell mocke OebIX M 9€PHBIX KJIETOK IOPOBHY OBITH HE MOIKET.
C apyroit cTOpOHBI, B KaxKJIO# HIECTUKIETOYHON (PUIypKe YepHbIX U OesiblX KJETOK OyJeT MOPOBHY, a
TOT/A 9TO JOJIKHO ObITh BEpHO U [jis Bceit mocku. [losrydennoe mporwBoOpetdne M0Ka3bIBAET, 9YTO CPEIU
M U N ecTh YUCJIO0, KpaTHoe 4.

Ecmzn : 3w m | 4, To pa3pexkeM JOCKY Ha OPAMOYTOJLHUKHE 4 X 3, a KasK[Ablii U3 HUX pa3o0bbeM Ha
nse burypku. Ilycrs onun u3 pasmepos kparen 12 (ckaxem, m). IIpoussosbHoe 4ucsio n > 5 MOKHO
HPECTABUTD B BUJE 3+ 4] ¢ HEKOTOPBIMH HEOTPUIATETbHBIME IIEJIbIME ¢ 1 j. JleicTBUTeNbHO, IIpH 7 & 3
9TO OYEBHUHO, & B IPOTUBHOM ciy4vae Ha 3 gesurcs n — 4 wim n — 8. Ilosromy nocky moxkHO pa3durhb
Ha { IPSIMOYTOJILHUKOB M X 3 U j IPAMOYTOJbHUKOB M X 4, KaXK bl U3 KOTOPBIX 3aTEM Pa3Pe3aeTcs Ha
IpPSMOYTOJILHUKHA CO cropoHamu 3 u 4. [



Bapuanr 8

1. Ha xapmunke HAPUCOBAHO HECKOALKO KPYIHCOUKOS, coedunennbx ompeskamu. Kocmas ewvbupaem Ha-

mypanvHoe YuUcCA0 1 U PaccmasaAfAem 6 KPpYyncovkar pa3dAutHble HAamypaisbHble Yucaa mak, ymobvl 0AA
6CET IMUL YUCEN BYINOAHANOCH CE0UCTEO:

ecau wucaa a u b ne coedunenvy ompeskom, mo cymma o + b doasicua 6vimd 63GUMHO NPOCTNG € N, G
ecau coedunenvl, Mo wucaa a + b u n JdosdcHb umems 00uwul HAMYPALLHBLT deaumenrtd, boavwud 1.
IIpu Kaxom HAUMEHDUWEM N CYWELCMBYEM MAKAA PACCMAHOBKA?

OrBer: n = 15.

Pemenune. Creraem nBa 3aMevaHus.
1) n newemmo. HeiicrBuresbHo, nycrb 1 d4erHo. Eciu 4eTHbIX M HEYETHBIX YMCeJl 110 TPU, TO KaxKias
3 3TUX Tpoek obpadyer nuki. Ilycrs mMmeercs derbipe ducia a,b, ¢, d oguoit vernocru. Torma Bce oHu

LIOLIAPHO COEJMHEHbI, ¥ Mbl CHOBA LIOJLy4aeM JBa TPEX3BEHHbIX LUKJa — Haupumep, (a,b,c) u (a,d,c).
Ho ma kapTWHKe TaKoO# IUKJ BCETO OJIWH.

2) n umeem ne menee 08YL PaA3AUNHLIL BPocmur desumened. Ilycrb n — CTemneHb IPOCTOro YUcIa p.
Bosbmewm nienouky (a, b, ¢, d) mocsen0BaTeibHO COEIMHEHHBIX uncesr. 110 ycioBuio

a+d=(a+b)—(b+c)+(c+d) : p.

Torpa gucsa a u d TOXKE COEMHEHDI, TO €CTh HA KAPTUHKE [TOJIYYHJICH UUKJI JAJIUHBL 4, KOTOPOI'O TaM HeT.
Takum 0Opa3oM, 4UCIO N UMeeT [0 KpailHeil Mepe /JBa Pa3JInYHbIX HEYeTHBIX IPOCTHIX JAEJIUTEJs,
orkyma n > 15. PaccranoBka mjis n = 15 npuBenena uHa pucyake. [

2. Ilpu x,y, z > 0 natidume MAKCUMAALHOE 3HAYEHUE BBIPAAHCEHUSA

- =) V2 +y2+Y—2) V2 + 2+ (z—2) Vi + 22 + V2
97T a2 '

5-
Pentenne. Ecim x > y, TO

Va2 + 12 < V22 =2v2 u (x —y) Vaz +y? §\/§(332—l’y),

OrBer: %

anpu xr <y
Vaz+y2>V22 =2v2 u (v —y) Va2 +y2 <V2(2? — xy).

B oboux ciayuasx cupaseimso zepasencrso (z —y) /22 +y2 < V2 (2? — zy). Ouenusas aHajiormanbm
00pa3oM JIBa JAPYrUX CJIaraeMbIX B YHCIUTEIE A, Mbl TOIYIUM

A<ya. 2P+ —ry—yz—zz+1 1 (x—y)?+(y—2)

[V
+
|
5
~—
[V
+
[\

@—9?+@-22+GE-22+2 V2 (2-yP+(y—2)

M
_|_
&,

M

[\
Sl



PaBencrBo peasmsyercs npu x =y =2 =1. O

3. Ha cmopornax AB u CD enucannozo wemvipexyzoasvhura ABC D, ne asaaowezoca mpaneyuet, om-
mevenv, mouxu P u R coomeemcemeenno, npuvem AP : PB = CR : RD. Ha ompesxe PR evbpana
maxas mouka Q, wmo PQ : QR = AB : CD. Haudume omnowenue naowadeti mpeyzorvruros AQD
u BQC, ecau useecmno, wmo AD =z u BC = y.

OrBer: £

C

R

D A @]

Pemterane. O6o3naguum gepes O Touky nepecedenus npsimbix DA u C'B. Bynem s onpejejieHHOCTH
CYUTATh, 4TO OHA JiezkuT Ha Jiydax DA u CB. B cuny Buucannocru ABCD rpeyrosbauku AOB u COD

IO100HBL 110 ABYM YIJIAM, OTKY/IA % = é—[B). Kpowme Toro, o ycsosuio

PB_RD(:)PB_RD:>PB_AB_OB
AP~ CR AB ~ CD RD CD  OD’
Haxkonen, ZODR = 180° — ZCBP = /PBO. 3uauur, rpeyrojibauku OBP u ODR 1onobubl ¢ Ko3d-

dunumenToM é—g. Orcrona ZBOP = ZDOR u 110 yCJI0BUIO

or _AB _PQ
OR  CD QR
[Tosromy OQ — buccekrpuca rpeyrosbauka POR. Torna

/DOQ = /DOR + Z/QOR = /POQ + /BOP = /BOQ.

Suauur, Touka ) paBaoymasiena or upsambix AD u BC, 10 €cTb OMHAKOBBI BHICOTHI TPEYyroJibHUKOB AQ)D

u BQC, onymiennbie u3 Toukn (). Takum 00pa3om, OTHOIEHWE TIJIOMAAEH ITUX TPEYTrOJbHUKOB PABHO

AD _ =z O

BC Ty’

4. 3anucv HAMYPAALHOZO YUCAG T 6 CUCTEME CHUCAEHUA ¢ ocnosanuem T (1 < 70) noaywaemcs m-
KPAMHbLM NOSMOPEHUEM HeKOMOopol napu. yudp, 2de n — namypaavhoe wucro. OKa3aa0¢b, wmo r-

uunas sanuce T2 cocmoum uz 4n edunuy. Hatidume 6ce napwi (1, 1), Npu KOMOPLIT MAKOE 603MONCHO.

OrtBet: (7,267).
Pemtenne. Ilycrs & = ab. .. ab,. IlonokuM y = ab, 1 3alumIeM yCIOBUE B BHIE
2n 2 4n
2 2 2(n—1)\2 _ an—1 o (FM =17 -1
y(1+r + .4 )) =1l4r+...+r <:>y-(r2_1)2— p— —
=2 -1 = (r+ 1) - 1) +1).

Orciona BeITeKaeT, uTo 2> mod r = 1, a TakyKe PaBEHCTBO

My = (r+1)(? -1) =y’ + (r+1)(r* - 1).



Torna y? — (r+1)(r? —=1) >0u
(y* = (r+1)(*=1)) modr=(y*+1) modr=2 modr#1.
Hostomy y*> — (r+1)(r* —1) > 2 m
2 < (r+ 1) - D)+ <+ D) - D+ (7 -1 =7 =D +7) < 2,
9TO BO3MOKHO Jjimib pu . = 1. Takum obpasom,
(ar +b)* = (r+1)(r* + 1).

Bamerum, uro uucaa v+ 1 u r? + 1 ne Moryr GbITb B3AMMHO IPOCTbIMH, MHAYE 7° + 1 OKAXKeTCst TOYHbIM
ksagparom. Torma uz pasencrsa r? + 1 = (r 4+ 1)(r — 1) + 2 BbITekaer, 4T0 ux HaubOJIbIIME OOUTMiT
Jenurens paseH 2. [losromy r HeueTHO 1

ar +b 2_7"—0—1 r?+1
2 T2 2

Jpobu B mpaBoit 9acTu B3aWMMHO MPOCTHI U TOTOMY JOJI2KHBI OBITh TOYHBIMU KBaJparamu. B gacrHOCTH,

r = 2k* — 1, u ycaosuto 7 < 70 ynosnersopstior Tosibko r € {7,17,31,49}. Ilocnennue tpu Bapuanta

49241
2

2 2
HE MOJXOJIAT, MOCKOJbKY YHCIIA 172—"‘1 = 145, % =481 m = 1201 He ABAAIOTCA TOYHBIMHU

kBaaparamu. Ilycts r = 7. Torma

y=ar+b=+/(r+1)(r2+1) = V850 = 20 = 267,
otkyma a =2 u b = 6. 9TO HAM TIOIXOIUT, TTOCKOJIBKY

262 = (307 — 1)% = 12007 — 607 + 1 = 1111;. O

5. Jdocka m x n (m,n > 15) paspesana na Pueypru us decamu edunuwHbBT K6aIPAMUKOS 6Uda
(Pueypru moorcno nosopauusams u nepesopanusams). Ilpu kaxur m u n makxoe 603M0oHCHO?

OrBer: mpu BCEX M U N, CPEIM KOTOPBIX UMEETCs M KpaTHoe 4, U KpaTHoe 5.

Pentenne. Ilpemnonoxum, 910 JOCKY M X N MOXKHO pa3pe3arb Tpedyembim obpazom. IlockoimbKy B
KaxKI0il Gpurypke necarb KJIETOK, 00Iee KOJUIecTBO KjaeToK Ha gocke kparuo 10. Torma cpeam m u n
UMEeeTCs YeTHOe YUC/I0 (MyCTh i ONpeaeIeHHocTr 310 m). Kpome Toro, oHo U3 3TuxX Yuces KpaTHo 5.
[Tokazkem, aro m wam n genutca Takxke Ha 4. Ilycts 3To He Tak. IlpoBemem ropusoHTaIbHBIE U BEP-
THKAJIbHbBIE JIMHUYU C IIArOM B JIB€ KJIETKH, HAYWHAS C BEPXHEI'O U JIEBOIO KPAEB /IOCKH COOTBETCTBEHHO.
OnHu pazobbIOT JOCKY Ha KBAJIPAThL 2 X 2 U, BO3MOYXKHO, HEKOTOPOE KOJUYIECTBO MPAMOYTIOJIbHUKOB 2 X 1
(KOTOpBIE TIOABATCS TOJLKO IIPU HEYETHOM 7). Packpacum 3T KBaJApaThbl U NPAMOYTOJbHUKU B [IAXMaT-
HOM MOpsifiKe B OeJblil 1 9epHbIil 11BeTa. 1lycTh B mMOJIOCKE 2 X M, OTCEKAEMO IBYMS COCEIHUMU JINHUSIMU,
uMeeTcst p OeNIbIX U ¢ YepHBIX KJIeTOK. Torma p # ¢, MOCKOJAbKY n He fenurcs Ha 4. B cocenneil mosocke
2 X n Gyner, HA0O0POT, ¢ OGEIBIX U P YEPHBIX KJIETOK. JHAYUT, CyMMAPHOE KOJIMYECTBO OEJIbIX U YEPHBIX
KJIETOK B OObEeIMHEHNH 3TUX ABYX IO0J0COK omuHakoBoe. Ho obiee 4ucio mosjocok 2 X n HeYeTHO, Tak
Kak m He genurcsa Ha 4. Ilosromy Ha Bcell mocke OebIX M 9€PHBIX KJIETOK IIOPOBHY OBITH HE MOIKET.
C apyroit CTOpOHBI, B KaXK/I0# MECATUKICTOIHON (DUTYpPKE UE€pPHBIX U OEIbIX KJIETOK OyIeT MOPOBHY, a
TOT/A 9TO JOJIKHO ObITh BEpHO u [jis Beeit mocku. [losrydennoe mporwBoOpetdne M0Ka3bIBAET, 9YTO CPEIU
M U N eCTb IUCJ0, KparTHoe 4.

Eciun @ 5 um : 4, To paspexkeM JOCKY Ha OPAMOYTOABHUKE 4 X 5, a KaK/plii U3 HUX Pa3obbeM Ha,
nse burypku. Ilycrs oqun u3z pasmepos kparen 20 (ckaxxem, m). IIpoussosbhoe uucio n > 15 MoxkHO
MIPEICTABUTH B BUE i + 4j ¢ HEKOTOPBIMU HEOTPHUIATEILHBIMU MEJIbIMU ¢ U j. JleficTBUTEIbHO, Yuca n,
n—5,n— 10, n — 15 maroT pa3Hble OCTATKHU OT AejeHud HaA 4, MOITOMY XOTs ObI OZHO W3 HUX KPATHO 4.
3HAYUT, JOCKY MOYKHO Pa30UTh HA i MPIMOYTOJILHUKOB M X 5 U j TPAMOYTOJBHUKOB m X 4, KaXKIplil u3
KOTODBIX 3aTEM Pa3Pe3aercs HA PAMOYIOJIbHUKHU cO croponamu b u 4. [
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9 KJIACC. IIEPBBIMT BAPUAHT

1. Ilera u Bacs omHOBpeMEHHO BbIEXaJI Ha caMoOKaTax HaBCTpedy Jpyr Japyry. PoBHo 1o-
cpeJinHe MeXKJTy HUMU pactojioxken MocT. /lopora ot Ilern 10 mMocrta acdanbrupoBanHasdi, a oT
Bacu ;10 Mmocta — rpynToBasd. 3BecTHO, 9TO 110 TPYHTOBOI J0pOre OHU €IyT C OJIMHAKOBBIMU
CKOpOCTIMH, a 110 achaabTy [leTs aBukercs B 3 pasa ObIcTpee, YeM 110 rpyHTOBKe. [lersd 3a 1uac
JI06paJsics 10 MOCTa U, HE OCTAHABJIUBAsICh, IIPOIOJIKIII JIBUKEHNE. depe3 KaKoe BpeMsi IIOCTIe
BbI€3/1a OH BeTperuT Bacio?

OTBer: depe3 2 gaca.

Pemnenne. [lycrs paccrosinue /10 MOCTa OT cTapTOBLIX o3uliuii pasuo x. [lers mobpadics 1o
MocTa 3a Jac. Bacst exas B Tpu pasa MeJJIeHHee, TI09TOMY 3a JYac OH IpoexaJt myTh /3. B aror
MOMeHT paccrosiaue Mexk 1y lereii u Baceit craso 2x/3, a 1ajee oHE JBUZKYTCS ¢ OIMHAKOBBIMHE
ckopocTaMmu. [oaToMy 710 BCTpeun KazK/Iblil 13 HUX MIPOEJIET PACCTOsSHUE X /3. DTO CTOTIBKO XKe,
CKOJIBKO TIpoexaJji Bacs 3a repBbiit yac. 3HAUUT, UM HOTPEOYETCs elle OJiH Jac.

2. Jlan xBaapaTHbIl TpexwieH 222 — x — 36. Haiimure Bee nesble o, IPH KOTOPBIX 3HAYCHIS
9TOro TpexXdeHa PaBHBI KBa/IpaTy IIPOCTOTO YUCIA.
OtBet: © =5 wm x = 13.

Pemenue. Haiijiem Bee napsl (z, p), yaos/aeTBopsionue ypasaenuio 22 — x — 36 = p?, e
T — TeJoe, a p — npocToe. Pa3moKuM TpexdieH Ha MHOKUTEJIN:

p? =227 —x—36 = (20 — 9)(x +4).

Eci 06e ckoOKn B IpaBoii 9acT KpaTHBL p, TO HA p Oyer geantbes u 2(x +4) — (20 —9) = 17,
TO eCTh B 3TOM ciaydae p = 17. Torma mubo 20 —9 =x+4 = 17, mubo 20 —9=xr+4 = —17. B
EePBOM cJIydae mosydaeMm © = 13, a BTopoit neBo3moxken. Ecin ke onna n3 cKOOOK He KpaTHa
p, To mbo x + 4 = £1 u 2x — 9 = £p?, 6o 2x — 9 = £1 u x + 4 = £p*. Ilepsblit ciayyait
HEBO3MOXKEH, 8 BO BTOPOM IOJXOJUT T = b.

3. [MonoxkurenbHble Yuciaa a, b u ¢ yaoBIeTBOpsioT yeaosuio abe(a + b+ ¢) = ab + be + ca.
Jokazkure nepasenctso 5(a + b+ ¢) > 7+ 8abe.

Pemenmne. [lockonbky
ab+betca _ (a+b+c)? a+b+c
at+b+c " 3a+btc) 3 7

abc =

HAM JIOCTATOYHO JIOKA3aTh HepaBeHcTBO 5(a+b+¢) = 7+ $(a+ b+ ¢), KOTOpoe SKBUBAJICHTHO

a+ b+ c > 3. Ho 310 BepHoO, HOCKOJIbea—i-b—FCIé—i-%—I—% > a+?7+c'

4. YV Mamu ectb 1000 6ycurok 50 pasgaumdHbIX 11BeTOB, 110 20 OYCHHOK KayKJOro I[BETA.
[Ipn kKakoM HamMeHbIIIEM n JIsI JIFOOOro criocoba cobpaTh M3 BeeX OYCMHOK OXKepesibe MOXKHO
BBIOPATH N TOCEI0BATE/IBHBIX OYCHHOK, CPE/I KOTOPBIX €CTh OYCHHKN 25 PAa3HBIX IBETOB?

OtrBer: n = 462.

IlepBoe perienne. HazoseM xyckom oorcepesvsa NIUHBL M HAOOP U3 M MOCJIEI0BATETBHBIX
oycunok. Eciim B oxkepesbe pacnoyiokuTh OycuHKE 1m0 20 OJTHOIBETHBIX TOJIPS/I, TO B KYCKe
JumHbl 461 He MOXKeT oKazarhed Oosiee 24 pasubix 1BeToB. [losTomy n > 462. Paccmorpum
KyCOK okepeJibsd JuHbl 462. [Ipenosoxum, 9To B HEM He BCTPETUIOCH 25 OYCHHOK pa3HbIX
I[BETOB. 3aHyMepyeM OyCUHKU OyKepPeJibsl IPOTUB YACOBOI CTPEJIKU TaK, YTOOBI IEPBBIMU ObLIN
OycuHKM BBIOpaHHOTO Kycka. [lycTh m — HoMmep mepBoil OyCMHKHU TAaKOTO IBETa, KOTOPBIN He
IPUCYTCTBYET B KyCKe (CKazkeM, KeJsitoro). [lokazkem, 4ro Kycok oxepesbsi or m — 461 10 m
coZiepxKuT 25 1BeTOB. JleficTBUTEIbHO, XKETHI IIBET B HEM e€CTh. B ocraBImiicsa JacTu Kycka
JKEJITHIN I[BET HEe MOYKET BCTPETUTHCH 110 nocTpoenunio. Ho TaM npucyTeTByioT OyCcuHKY He MeHee
yeM 24 11BeTOB, TTOCKOIBKY 461 > 23 - 20.




Bropoe pemenne. Hazosem kycrxom oorcepeans 462 mnocnenosaresbibie Oycuaku. [loka-
JKeM, YTO B KaKOM-TO Kycke Oyrer 25 pasubiX 1BeToB. lIpeamnosnoxum npormsnoe. Torma B
JII0O0M Kycke He Oosiee 24 pa3HbIX IBETOB. PaccMOTPUM BCEBO3BMOXKHBIE ITapbl, COCTOLAIINE U3
KYCKa OYKepeJibsl U HEKOTOPOT'O BCTPEYAloIerocsd B HeM IBeTa. B KaxK/1oM Kycke He Oosree 24
PA3HBIX [IBETOB, & 00IIee YrcJI0 KycKoB oxkepesibsa paBHo 1000. ITosromy uncsio nap He mpesoc-
xomut 24 - 1000 = 24 000. Paccmorpum Ternepb Kakoi-TO KOHKPETHBIN 1BET (CKayKeM, CUHMUIA).
Beero cunnx Oycunok 20, Mexk/Iy caMbIMU JaJbHUMU cuHuMu Oycuakamu A m B Bcerja pac-
nosiaraercst He Menee 18 OycuHOK (poBHO 18 TOJBKO KOT/a BCe CHHUE OYCHHKH WJLYT MOJPS).
BuaunT, umeercs He MeHee 19 KyckoB, comepxkamux B u e comepxammx A. Cama OycuHka
A nonazaer B 462 kycka. Takum obpasom, cuHHe OYCHHKH COJEpPKATCS 110 KpaiiHeil mepe B
481 Kycke. DTU PaACCyKJIEHUs CIIPABE/JINBEI Jjisd Jitoboro 1sera. [losTomy obiree vucsio map e
MenbIre, gem 481 - 50 = 24 050 > 24 000, 4T0 HEBO3MOXKHO.

5. Toukn A; u B; — cepemunnl cropon BC' u AC' ocrpoyrosibHoro tpeyroiabanka ABC,
touka M — cepenuna orpeska A; By. Touka H — ocHOBaHUe BBICOTHI, OIYIIEHHON U3 BEPIIUHBI
C wa cropony AB. Uepes Touky M mpoBeseHBI OKPYKHOCTH, Kacatormuecs cropon BC n AC
COOTBETCTBEHHO B ToUKax A n By. O003HAYNM BTOPYIO TOUKY IIepecedeHust OKPYKHOCTE uepes
N. Jlokaxxute, uro Touku H, M n N jexkaT Ha OJHON IPSIMOIi.

Cy
Cy JAC

N/

A
1 M B

B H A

Pertenue. [Tycre N — Touka, cumMerpudtas Touke N OTHOCHTEIBLHO TpsiMoii Ay By, mipsi-
mas M N’ nepecekaer npstmbie AC' u BC' B Toukax Cy u Cy coorBercTBeHHO. [T0CKOJIBKY yroJ
MesKJIy KacaTeJbHON U CeKyIleil paBeH BIMCAHHOMY YIJTy, ONUPAIONIEMYCs Ha CEKYIILYIO,

ZCQAlM - ZAlNM - ZAlN/M

Cunenosarenbho, Tpeyroiabuuku MN'A; u M A,Cs nogobHbl. 3HaYUT, %ﬁ}, = %iﬁ, OTKY/Ia

MA?  MB?
MN' MN'

MCy =

Anajiormano
/CyBiM = /ByNM = /ByN'M.

2
Cuenosarensno, Tpeyronbauku MN'By u M B;C, nogobunl, orkyna MC; = J]\égl,. [TosTomy

roukn C7 u Cy comajator, To ectb npsamas M N’ npoxomur depe3 Ttouky C. OTHOCHUTETHHO
npsamoit A By cummerpudanbl npsimbie M N’ u M N, a takxke touku C' u H. ITosromy H sexkur
Ha upsmoit M N.




6. YV HaTypaJIbHOIO YKCJIa N HET HU OJIHOIO JIeIUTeNdA d, YIOBJIETBOPSIONIEI0 HEPABEHCTBY
n? < d* < nd. Jlokaxkure, 94TO N MMeeT IPOCTOI JeINTe/b, YeTBepTas CTeleHb KOTOPOTo

GombIme, deM n’.

Petenne. Eciu k sBisiercs gemureniem n, To n/k takxke sipigercs geauresiem n. Torga n

. 4
He MMeeT JefuTeneil k, 118 KOTOphIX n? < (%) < n?, gro skeuBanentHo n < k* < n?. Cie-
JOBaTeIbLHO, Y YHCIa N HeT faenmnreseit k, aug kotopoix n < k* < nd. Ilyers d — mambombmmit
JleJIuTe b 9ucsia n, s Koroporo d* < m, a p — moboii npocroii gemutens ducia n/d. Toraa
dp sBngerca nesmureneM n. V3 makcnMmagbHOCTH d BBITeKaeT, uto d*p* > n3. CremosaresnsHo,

pt = d'p*/d* > n3/n = n?. TlockonbKy p — jesuresb n, BEpHO HepaBeHcTBO pt > n’.



9 KJIACC. BTOPOI1 BAPUAHT

1. Kosg moexas Ha 3JIEKTpPOCAMOKATE B Mara3mH B COCEIHIOIO JEPEBHIO CO CKOPOCTBIO
10 kM /4. [IpoexaB poBHO Tperhb BCEro IyTH, OH TIOHSIJI, YTO IIPU JIBUKEHUHU C IIPEXKHEH CKOPO-
CTBIO YCIIEEeT TOYHO K 3aKPBITHIO MarasuHa, U yBeJIUIH CKOPOCTh BiBoe. Ho Korja on mpoexaut
POBHO 2/3 BCero IyTH, CaMOKaT CJIOMAJICS, U OCTABIIYIOCS 9acTh myTu KoJis mpoIesr memnKkom.
C KakKoif CKOPOCTBIO OH IIIeJI, €CJIU YCIeJ TOYHO K 3aKPBITUIO Marasuna’

OTBer: 6% KM /.

Pemenne. Ilycts paccrognue no gepesnu paBuo 3x kM. Eciu 661 Kosst Bce BpeMs exan
co ckopocThio 10 KM /4, To 0oH noTpaTus 66 Ha jopory 3x/10 dacoB. 9To U eCcTh BpeMst OT €ro
BBIE3/Ia JI0 3aKpbITHs MarasuHa. [lepsyio tpers mytu Kosst npoexar 3a /10 gacos. YBeaudus
ckopocThb BBoe, Koy Bropyio Tperb mytu mnpoexas 3a x/20 gacos. Takum o6pazom, Ha JBe
tperu 1yt o norparui x/10 + x/20 = 3x/20 wacos. Crajo ObITh, JI0 3AKPLITHS Mara3uHa
ocrasioch 3x/10 — 3x/20 = 3x/20 wacoB, u 3a 9TO BpeMs OH CyMeJs MPOiTH & KM. SHAYUT, OH

3z _ 20

ITeJT CO CKOPOCTBIO T @ 56 = 3 KM/H.

2. HaiinuTte BCe mesible @, JJis KOTOPHIX KBaJpPaTHBII TpexdunaeH x2 + ax + 2a WMeeT 1Ba

PA3IMIHDBIX TEJIbIX KOPHS.

OtBer: a = —1ua=9.

IlepBoe pemenmue. Ilycts u u v — KopHE TpexdwieHa, npudeM u < v. Torma o Teopeme
Buera wv = 2a u u + v = —a. CieoBarenbHoO, % + % = —%. Ecim v nonoxkurenbHo, TO u
OTPHUIATESLHO U % < —%. Orcioa uw = —1, a 3uauut, v = 2 u a = —1. Ilycts 0ba kopus
orpunarensusl. Torga |u| > |v|. Kpome Toro, a > 0 u

1 1 1
ul - o] = 2a, |ul+|=a= —+—==.
ul  Jo] 2

[Tocenee paBeHCTBO BO3MOXKHO TOJILKO 1pu |v| > 3. Ho ecut |v| > 4, 10 |u| > 4 u ‘—11L|+‘—21)| <3
Takum obpazom, v = —3, oTkyna u = —6 u a = 9.

BTopoe perienne. [lockonbKy KBaJpaTHBI TpeXdjieH UMEET JIBa IeJIbIX KOPHS, ero JInc-
KPUMUHAHT, paBHbIil a(a — 8), 10/2KeH ObITh KBAJPATOM HATYPAJIbHOIO Yucia. Eciu a HedeTHo,
TO MHOXKHUTEIM a U ¢ — 8 B3auMHO IIpocThl. Torya a = £b*> u a — 8 = 4c® 118 HEeKOTOpLIX
HaTypaIbHLIX b 1 ¢, oTKyna ¢2 — b? = £8. Ho Ha 8 MOryT pas3/muaThes TOILKO KBaPAThl Yucel
1 u 3. Ilosromy a = 9 win a = —1. Ecsn a gerno, 1o a = 2k, u k(k — 4) — KBagpaT HEKOTOPOrO
HaTypaJbHOrO Yncaa n. Torma

n=k(k—4)=(k-2>-4= (k-2)?>—-n?>=4.

Ho kBajipaTs! IByX HATYypaJbHBIX YUCE] HE MOTYT pa3jndaiorcd Ha 4.

3. [MonoxkurespHble Yncia a, b u ¢ yaoBrerBopsiior yciaosuio abe(a + b+ ¢) = 3. Jokaxure
HepaseHcTBO (a + b)(b+ ¢)(c+ a) = 8.

ITepBoe pentenue. 3ameTnm, ITO

2
(@+b)(b+c) =blatb+e)+ac=—+ac> = +2,
ac ac

NOCKONBKY @ + = > 2 npu & > 0. CrezioBarennsHo,
2 2
(a+b)(b+c)(c+a)>(——4—2)(0—4—@)22 2. —-2¢/ca=8.
ac ac

4



BTopoe pernienne. 3amerum, 910

1 1 1
(a+b)(b+c)(c+a) :(a—i—b—l—c)(ab—l—bc—i—ca)—abc:3<a+E—FE) — abe.

[To HepaBeHCTBY MEXK/Ly CPeJHUM apuMETHICCKUM U CPEJHUM I€OMETPUYECKIM
1 4/3
1:§(a+b+c)‘abc>(abc) = abc < 1.

Takum obpasom, HaM JOCTATOYHO ITPOBEPUTH, UTO % + % + % > 3. Ho »To cnoBa ciesiyer u3
HEpPABEHCTBA MEXK/Iy CPEIHUM apu(PMeTHIeCKUM U CPEJIHUM NeOMETPUIECKIM:

3

1,1 1 1 41 1 1 1
( ) >
a b ¢

4. Kakoe HauMeHbITIee KOJTUIECTBO (PUIIEK MOKHO PACCTABUTH B KjIeTKax Taouiibl 99 x 99
Tak, 9TOOBI B KayKJIOM KBajipaTe 4 X 4 ObLJIO He MeHee BOCHbMU (DUIIIEK !

Orset: 4801.

Pemenne. /lobaBum k Tabsmnine crpoky u crojber ¢ Homepom 100. IToctaBum Bo Bce mx
KJeTKu 1o duiike. Pacmupennyio tabiuniy paszodbbem Ha 625 kKBajparoB 4 X 4. B kaxmgom
KBa/IpaTe MOXKeT 6bITI) He 60.]'[66 BOCbMH IIYCTBIX KJIETOK, IIO9TOMY BO BCeil Ta6ﬂHHe nx He
6omee 5000. 3Ha4nT, 06IIEe KOJMIECTBO (BUIIEK JIOMKHO OBITH He MeHbe 992 — 5000 = 4801.

[ToctaBuM Ternepb B pacHupeHHON Tab/uIe (PUITKH B KJIETKaX, TPOU3BEJICHIE KOOPMHAT
KOTOPBIX JIenTcd Ha deThipe. [Ipm aToMm B Kaxkmom m3 625 KBaapaToB 4 X 4 okaxKeTcsd pOBHO 1O
8 dumex. Kpome Toro, job6aBaeHHbIE CTPOKA U CTOJIOEI Oy Iy T MEJTUKOM 3aI0JTHEHbI (DUITKAMHA.
[Tosromy B mcxomHoit Tabmie Oymer paccraBieHo 625 -8 — 199 = 4801 dwurexk.

5. Humaronaym uerbipexyronbunka ABCD mepecekaiorcs B Touke (). maromaas AC —
ouccexktpuca yria ZBAD, touka M — cepeauna croponbl BC, a touka N — cepeinHa OTpe3Ka
DO. Jlokaxkure, 9T0 deTbipexyrogbHuk ABC D gaBjseTcs BIUCAHHBIM TOTJIa W TOJHKO TOIJIA,
Kora 9eTbipexyroJbHuk ABM N daBjseTcss BIUCAHHBIM.




IlepBoe pemntenme. Ilycts wersipexyrosnbuuk ABCD — rnucannsiii. Torma LZADO =

ZACB. Tlo ycnosuto LZOAD = ZCAB. Tlosromy tpeyrosibauku AOD u ABC' 11o100HbBI, OT-
KyJia g—g = %. Torna

AD  2AD 2AC  AC

DN DO CB CM’

u Tpeyroabauku ADN u AC'M nonobust. Crenosarensuo, ZDAN = ZCAM u, 3Ha9ur,

LMAN = LCAD = ZCBD = ZMBN.

Taxum obpazom, derbipexyrogbHuk ABM N — BIUCAHHBIN.

[Tycts gernipexyronbank ABM N — suucannsrii. Jlokazkem, aro derbipexyroibauk ABC D
roxke Brucanubiii. [Ipeanoozkum nporusaoe. Ilycrs D' — Touka nepecedenus jiyda BD ¢ omu-
caHHOi1 OKpyKHOCTBIO Tpeyrosibiuka ABC, a N' — cepenuna orpeska BD'. Torma gerbipex-
yrosibauk ABC' D’ — BrucaHHBI, U 10 JIOKA3aHHOMY paHee deTbipexyroabuuk ABM N’ takxe
BIUCaHHBIH. 3ameTnM, 910 Toukn N u N’ jrleskar u Ha ONMMCAHHOW OKPYKHOCTH TPEYTrOJbHUKA
ABM , u na npsamoit BD. CrenoBarebHO, OHE COBIAIAIOT. TakuM 00pa3oM, 1eThIPEeXyTrOJTbHUK
ABC'D — BuucaHHblii.

Bropoe pemtenue. ObocHyem JIpyruM Criocob0M, 9TO U3 BIIMCAHHOCTU YE€ThIPEXYTOJTbHIKA
ABMN cnemyer BIUCAaHHOCTH deThipexyroibanka ABCD.

Jlokaxkem BHadaJje, 9T0 JiI0OO#H TpeyroabHuk RST 0JIHOZHAYHO OIPEJIE/IAeTCd CTOPOHOM
RS, nporuBosiexkarum eif yrjioMm 7T u yIJIOM (¢ MexKy cTroponoit RS u npoBejieHHON K Heit
memanoit. leficreuresbno, RS v T 0JJHO3HAYHO OIPEIE/IAIOT U PAJIIYC OMUCAHHON OKPYKHOCTU
ARST, u ee 1eHTp (TOYHOCTBHIO JIO0 CHMMETPUU OTHOCHTEIHHO TpsMoii RS). B 3aBucumoctn
OT TOTO, SIBJIAETCSI YTOJI T TYIBIM I OCTPBIM, OIPEIe/IAeTcs, ¢ KaKOW CTOPOHBI OT MPSMOM
RS nexur Bepmuna 1. C npyroit croponbl, T’ JIEXKUT HA TEPECEIEHUN OKPYKHOCTH C JIy9IOM,
MIPOBEJIEHHBIM U3 cepeJnHbl orpe3ka RS mox yriom ¢ k RS. Takux jydeii jBa, HO OHU JIAIOT
paBHbIE TPEYTOJILHUKH.

U3 nokazaHHOrO Cjeyer, 9TO €CJIu B JBYX TPEYTOJbHUKAX PABHBI YIVIbI IIPU BEPIIMHAX,
a TaK¥Ke YTJIbI MEXKJIy IPOTHBOJIEZKAINMIA UM CTOPOHAME U OIYIEHHBIMU K TUM CTOPOHAM
MeJIMaHaMU, TO TaKue TPEYTrOJbHUKU TOJI00HBI.

[Ipumennm s1o 3amedanue K Tpeyroabankam ADO u AC'B. Yrast DAO u CAB paBHBI 110
yesiouio, a yribl ANO u AM B — B cuty BimcaHHOCTH deTbipexyroiibuuka ABM N. 3uaqur,
tpeyrosibiauku ADO u AC'B nonobusr, orkyia LZADO = ZACB. Takum obpa3om, deTbipex-
yrosbauK ABC'D — BrnmcaHHbIi.

6. /lokarkure, aTo y Kazk0ro n3 quceyn n! + 1, n! +2, ... n! 4+ n M0KHO BRIOpATh TTPOCTOI
JIEJTUTETh, Ha KOTOPBINA He JICJIUTCS HU OJTHO M3 OCTAJbHDIX.

Pemenne. Ecin 1 < k < n, To Haubo bl obmmii geanrensb dncena n! u n! + k pasen k.
[Momoxum jyist kparkoctu my, = (n!+k)/k = nl/k+ 1. Eciun aucia my n n! B3anmuo npocrsr,
TO BO3bMEM JII000#H TPOCTOI JIeJTUTENTb Py, IUCTIa My. 'Toria py > n U Ha Py He JeIATCS HUKAKIe
qucya ot n! + 1 j10 n! + n, kpome n! + k. I[losromy BoIOpanHOe p), nojxoauT. Ecim ke duciia
mg 1 n! uMeroT obIuit jeuTeNb, To y n! ecTh KaKo#i-To IPOCTOM e UTe b P, ABJIIOUACcT 1
nemureneM uucia my = n!/k+ 1. Ho n!/k we xparHo p, nosromy p = k > n/2. Torga BosbMem
pr = k. Ha #ero e nmensites Hukakue unciaa ot n! + 1 10 n! + n, kpome n! + k, mosromy oHo
TaKKe TOJIXO/TUT.



9 KJIACC. TPETUM BAPUAHT

1. Maswpuank Toss sobut 1aBaThb. Korja oH npueskaeT Ha Jady K OJHON OalyIke, OH
Kynaercd B BojixoBe W BHHU3 110 TE€YEHUIO IPOILILIBAET OT OJIHOTO ILISXKa JIO JPyroro 3a 18
MunyT. ObpaTHo OH IbiBeT poBHO 1 wac. Korma oH mpuexas Ha jady K Japyroii 6abyiike, oH
HPOILIBLI 110 peke JIyre poBHO Takoe ke paccrosinue 1o TedeHnio 3a 20 munyT. CKOJIBKO eMy
oTpedyeTcss BpeMeHH’, YTOObI BO3BPATUTHCA Ha3a1!

OTtBeT: 45 MUHYT.

Pemienne. [lycTh paccrognme MexK Ty TIIsizKaMu paBHO - KM. Torga B Bosixose 110 TedeHmno
Touist IubIBET €O CKOPOCTHIO /18 KM/MUH, & IIPOTUB TE€UEHUs — CO CKOPOCTHIO x/60 KM /MUH.
osTomy coGersennas ckopocts Tomn pasma 3(x/60 4+ 2/18) = 132/360 xm/mum. B Jlyre
no rtedennio Tosist muibiBeT co cKopocThbio /20 KM/MuH. 3HAYHT, CKOPOCTh TedeHus B Jlyre
pasra x/20 — 132/360 = 52/360 km/vun. CregoBaTesbHO, CKOPOCTh To/H IPOTUB TedeHns B
Jlyre pasua 13z/360 — 52/360 = x/45 &km/mun. [Tosromy x kM mporus Teudenus Jlyru Toss

MIPOILTBIBET 3a 45 MUHYT.

2. JTaunt nesbie uuciaa a u b. JJokaxuTe, 910 KBaJpaTHLI Tpexunen 2 + 3ax + 3(2 — b?)
He UMeeT IeJIbIX KOPHeil.

Pemenune. Eciu y Tpexdiiena ecThb 1eJiblii KOpeHb U, TO 110 TeopeMe Buera BTOpoit KOpeHb
v paBeH —3a — U U, B YaCTHOCTH, TOXKe sABJIseTcd 1ejabiM. [Ipoussesenue uv = 3(2 — b%) kpaTHo
TpeM, MOTOMY OJIMH U3 KOPHel TpextduseHa (CKaxkeM, u) jeaurces Ha 3. Ho rormamw v = —3a—u
nenmTesd Ha 3. 3HaUnT, uv KpaTHo 9, oTKyna 2—b? nesmurces na 3. Ho 9T0 HEBO3MOKHO, HOCKOIBKY
KBaJIpaThl EJIbIX YUCces JAI0T IPH JdeJIeHUH Ha 3 Jiuib ocTtaTku 0 u 1.

3. Cymma KBapaToB MOJOKUTETBHBIX TNCeT a, b 1 ¢ paBHa TpeM. JlokaKuTe HEpaBEHCTBO
a+b+c>a?b?+ b P + Pad?

Pemtenne. 3amernm, 910
2(a’? + b°c + fa?) = (a® + > + ) — (a* + b + ) =3(a* + b + ) — (a* +b* + ).
[TosToMy HaM HYKHO JIOKa3aTh HEPABEHCTBO
a' —3a® +2a+b' — 30> + 20+ ¢* — 3c* +2¢ = 0.
Bamerum, uto mpu Jiobom x = 0
2t =32 4+ 2v = 2(x + 2)(z — 1)* > 0.

CyMmMupyst 3T HepaBeHCTBa JJIsI T = a, T = b 1 & = ¢, MbI TIOJIyIuM Tpebyemoe.

4. Kierkn tabymris 20 X 20 OKpaIeHbl B 1 IIBETOB, IPUYEM €CTh KJIETKHU KazK I0ro 1BeTa. B
KazKJI0 CTPOKE U B KayKJIOM CTOJIOIE TaOIUITHI 33/1efICTBOBAHO He DOJiee TIeCTH PA3HBIX I[BETOB.
[Ipu kakoM HaMOOJIBIIEM 71 TAKOE BO3MOXKHO?

Otset: 101.

Pemenune. [Ipeanonoxnm, uro ectsh packpacka B 102 niBeta. Torma HailyTes aBe cTpoKd, B
KOTOPBIX BMECTe 33/IefiCTBOBAHO He MeHee 12 1BeTOB (B IPOTUBHOM CJIydae ObIIee Yuc/Io IBETOB
He npeBocxoauT 11 + 518 = 101). Ilycrs muist onpeiesleHHOCTH 9TO TIepBasi U BTOPasi CTPOKH.
[To yciioBuio B KaxkJ10#f CTPOKEe IPUCYTCTBYET He OoJiee IMIECTH Pa3HbIX 1BeToB. [losTomy u B
IIEPBOIi, U BO BTOPOIl CTPOKE 3aJIefiCTBOBAHO POBHO IO IECTh IIBETOB, IIPUYEM BCE TH IIBETA
pazmynbl. HazoBem mcmosib3yeMble B IIEPBBIX JIBYX CTPOKAX IBETA MEMHMU, & OCTATbHbIE —
ceemavimu. Paccmorpum Terepb ¢TosI0bI Tab/mIbl. B KaXK/10M U3 HUX [IPUCYTCTBYET He boJiee
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YEThbIPpEX CBETJILIX IIBETOB, IIOCKOJIBKY JIB€ BEPXHUEC KJICTKN OKPalI€HbI B Pa3Hble TEMHbIE IIBETA.
Torma Bcero B TabuIe nCroabL308aHo He 6bosee 4-20 = 80 cBeT/bIX 11BeTOB 1 12 TeMHBIX. TakuMm
obpaszoM, 0bIIee KOJIMIecTBO 1BeToB He peBocxoanT 80 + 12 = 92 < 102, 9To0 HEBO3MOXKHO.

Packpacka B 101 mBer npusejsiena auxke. Ilyctoie kiaetkn kpacum B 100-it mBeT.
0|12 |3]4

516 | 71819
10 (11 |12 |13 | 14
15116 | 17 | 18 | 19

76| T 78|79

80 81| 82|83 | 84
85 | 86 87 |88 | 89
90 | 91 | 92 93 | 94
95196 | 97 | 98 99

5. Buucannas B tpeyrosibuuk ABC okpyKHOCTB nMeeT 1eHTp | u Kacaercs cropon BC u
AC' B Toukax A; u B coorBercTBeHHO. CepeInHHBIN HepHeHIuKyIap K orpesky C'1 mepecekaer
cropony BC' B Touke K. Yepe3 Touky [ mpoBejieHa IpsiMasi, MepHeHnKyasipaas K By, oHa
nepecekaer cropony AC B Touke L. /lokakure, uro npsimbie AC' u Ay L nepreH Ky IspHbI.

A

ITepBoe pemienue. Obo3uadnM depe3 N TOUKY MepecedeHrs] CePeIMHHOIO TepPIIeH INKY-
ssipa K orpe3ky C'I co croponoit AC, a depes P — Touky mnepecedenns: npsaMbix [L u K Bj.
[Tockosbky CI — 6uccexkrpuca yriaa ZACB, no nocrpoennio Toukn K n N, a Tak:Ke TOYKHI
Ay u By cummerpuunbl otHocuTebHO TipsiMoit C'I. Tlosromy Tpeyrosmbauku KIBy; u NITA;
CUMMETPUIHBI OTHOCUTENIBHO Tipsimoit C'] u, B yacTHOCTH, paBHBL. Torma

LBIK = /ZAIN wu /IB1K = /ZIA|N.

BamMeTumM, 4TO

/4By LI =90° — LLB\P = /ZIB1K = ZI A N.

Buaunt, dersipexyroibauk A LN — snucanubiii, orkyga LA LN = ZA;IN. Ilockoabky
JACT = /KCI = ZKIC, upsambie AC' u KI napannensusl. CraenoBarenbio, /B IK =
ZIB;C = 90°. Takum obpaszom,

LA LN = ZAIN = ZKIB; = 90°.

8



Bropoe pemntenne. [lockobky LZACT = /KCI = ZKIC, npssmbie AC' u K1 napaJeisb-
ubl. [losroMy mocraTodno mokasarh, 9To npsmas A; L meprnenaukyaspraa K 1.

Oboznaunm dvepe3s P Touky mnepecedenus npsmbix IL n KB;. OrmernMm, 9TO TPSMO-
yrojbuble Tpeyroiabuuku BiPL u IB;L 1momo0HbI U, 3HAYWUT, f—; = %. [To mocTpoenuio
ZKPI = /KA I =90° nosromy touku Ay, I, K u P jiexkat Ha OKPYKHOCTH W, TIOCTPOEHHO
na orpeske K kak Ha jguamerpe. [Iycrh 3Ta OKpyKHOCTH BTOPUYHO IEPECEKAET BITMCAHHYIO
OKpY:KHOCTB TpeyrosbHuKa ABC B Touke (). Torma mpsamvbre QA; n K I neprieHInKyJISpHBI, 110~
CKOJIbKY TOUKM () 1 Ay cuMMeTpuYHbI OTHOCHTEIBHO jauamerpa K . Takum obpas3om, ocTasoch
IIPOBEPUTDH, 4TO TOoUYKa Ap jexkut Ha upsamoit LE). Ilycts npsmas L() BTOPUYHO Iepecekaer
OKPY?KHOCTb W B HEKOTOPOIl TOUke Ay M BTOPUYHO IEpeceKaeT BIMCAHHYIO OKPYKHOCTH TpPe-
yroibanka ABC B HekoTOpoit Touke As. I3 cBoiicTBa yriia MexKIy KacaTeJIbHON M CeKyIeit

LBy _ LA:
caemyer moobue Tpeyrobaukos LB1Q) u LA3 B, oTkyna o = In- CirenoBaTebHO,

LP LP LBy, LBy LA; LA;

LQ LB, LQ LI LB, LI’

C apyroil cTOpPOHBI, U3 BIUCAHHOCTU 4YeThipexyroibauka I PQ A, ciemxyer mogodbue Tpeyrob-
uukoB LP(Q) u LAsI, oTkyna % = LL—’L‘IQ. [Tosromy Toukn Ay u Az coBuamaroT MexKIy coboil u ¢

toukoit A;. Crasmo 6b1Th, TOukU Ay, L n () jteskar Ha OHON MPIMOii.

6. JlaHbpI 1Ba TAKMUX MPOCTBIX YHCJIA P U ¢, UTO p < ¢ < 2p. /okaxkuTe, 9TO CyIIeCTBYIOT Ta-
KUe JIBa T0CJIeJI0BATEIbHBIX HATYPAIbHBIX YHCJIA, YTO HANOOBIINN TTPOCTOM JIeJINTENh OJTHOTO
U3 HUX PaBeH P, a HAHOOJIBIINII IPOCTOI JIEJIUTE/Ib JIPDYTOr0 PABEH (.

Pemenne. Paccmorpum 4mcena ap Opu BCeX HEBIX @, YJIOBJIETBOPSIONMX HEPABEHCTBY
—3(g—1) < a < 3(g —1). Bee onm 1aloT pasamtdHble OCTATKH OT JeqeHus Ha . 1[0cKoub-
Ky 9THX OCTATKOB POBHO ¢, oauH u3 nux pasen 1. CiemoBarTesnbno, Haiijercs Takoe a, UTO
ap = bq+ 1 npu HeKOoTOpOM TIesI0M b. SHauuT, uncia |ap| u |bg| pazmmaatorcs Ha 1. Kpome Toro,

lap| < 2(g—1)-p<ipg<p®, |bg| <lap|+1<p® <

Toryma p — HanbOBIHI JeUTeTb TUCTA |ap|, & ¢ — HauOOIbIINiT KesnTesb ancia |bgl.
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(ITpaBuUsIbHOE M MOJIHOE pEIICHUE KaKA0M 3a/1aun olleHuBaeTcs B 20 6asioR)



6-7 KJIACCHI. [IEPBBIT BAPUAHT

1. HeKOTOprfI TPpEYroJIbHUK pa3pe€3aJiid Ha IIATh MaJICHbKHUX TPEYTIOJIbHUKOB TaK, KaK ITOKa-
3aHO Ha pHc. 1. Morau m IIPKU 9TOM BCe IIATh MaJICHbKUX TPEYT'OJIbHUKOB OKa3aTbCsd paBHbIMI/I?

OTBet: 1a, Morn.

Pemenmne. [Ipenmnonaras, 9To Bce NATh TPEYrOJHLHUKOB PaBHBI, MONBITAEMCH HANTH, KaKU-
MU CBOMCTBAMU JIOJI?KEH 00J18/1aTh NCKOMBIN TpeyroabHuK. CyMMa yTJIOB TPEYTOJIbHUKA PaBHA
180°, 3HauuT, cymMMa JIIOOBIX JIBYX €ro yriioB MenbIine 180°. 3amerum, 4To B BepiiuHe A cxomsares
dea yrjia COCEIHUX TPEYrOJbHUKOB, KOTOphIe B cymMe jgafoT 180°. 3HauuT, 5T0 JBa OJIMHAKO-
BBIX yIJIa, U IOTOMY 00a OHU TpAMble. TorIa MOAXOAAIIYI0 KAPTUHKY JIETKO HAPUCOBATDH «IIO
KJIETOYKaM».

A
Puc. 1

2. Ha kapTuHKe HaprCOBAHO HECKOJIBKO KPYKOYKOB, COEJIMHEHHBIX OTpe3KaMu. KocTsd BbI-
OupaeT HaTypaJabHOE UHCIO N W PACCTABISIET B KPYKOUKAX Pa3/IMIHbIe HATYypaJbHbIE UUCTIA,
HEe IIPEBOCXOJISAIINE N, TaK, YTOObI JIJIsT BCEX ITOCTABJIEHHBIX UM YHCEJI BBIIIOJIHAIOCH CBOMCTBO:
ecau wucaa a u b coedurenv, ompeskom, mo pasHocms a — b doadrcra bviMmb 83aUMHO NPOCMNG €
n, a ecau He COedUHEHDL, MO YUCAA & —b U N doAdHCHDL UMEMb 00UUT HAMYPALLHVIT deaumen,
boavwuti 1. Hammpumep, 1j1s KapTuaku Ha, puc. 2 Koctst B3s1 n = 45 1 1101006paJt MOIXOISIILY 0
pPacCcTaHOBKY — OHA MOKa3aHa Ha pHC. 3.

(—)

Puc. 2 Puc. 3 Puc. 4

a) IIpn KaKOM HaMMEHBIIIEM 1 CYIIECTBYeT TpebyeMasi pacCTaHOBKa JHCes Ha puc. 27
6) MoxKHO Jin paccTaBUTh YHC/Ia B KPYyKOYKax Ha puc. 4 npu n = 257

B) MOXKHO /i paccTaBUTh YnCJIa B KPY:KOUKax Ha puc. 4 mpu n = 397

r) [Ipu KaKOM HaMMEHBIIIEM N CYIIECTBYET PACCTAHOBKA YHCEJ B KPYKOUKax Ha puc. 47

Pemenne.

a) Orser: pu n = 4.

[TockosbKy TpeOyercss pacCTaBUTh YeThIPE PA3JIUIHBIX UUC/IA, N HE MOXKET ObITh MeHbIIe 4.
A npu n = 4 paccraHOBKa CyIIECTBYET — CM. PHC. .

6) OrBer: Her.

Tax 25 = 5%, To jyg umcesn a n b, He COeMHEHHLIX peOpPOM, PA3HOCTh @ — b JeauTed Ha
5. Ho ecsn pasnoctu a — ¢ u ¢ — b gensresa va 5 (em. puc. 6), To u a — b jesured Ha 5, 910
HEJIOIYCTUMO B TpeOyeMoil pacCTaHOBKE.

B) OTBeT: Her.

Tak 39 = 3 - 13, To ay1s1 uncen a u b, He coeMHEHHBIX PEOPOM, Pa3HOCTHL a — b AenuTces Ha
3w Ha 13. Ilycrs pasaoctsb a — d jesnmrest Ha 3 (eM. puc. 7), Torga pasHocTb b — d He MoXKeT
JIJINTHCA Ha 3, 3HAYMUT, OHA JIOJIKHA JeauThed Ha 13. Torma b — e aHajaornvHo He JE/IUTCA Ha
13, Ho nenurca Ha 3; € — ¢ genuTcd Ha 13, HO He Ha 3; U HAKOHeIl, ¢ — a jJenuTcd Ha 3. Takum
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puc. 5 puc. 6 puc. 7 puc. 8

obpasoM, ¢ — a u a — d jgendarcd Ha 3, 3HAYUT, ¢ — d TOXKE JIJTUTCI Ha 3, YTO HEJOINYCTUMO B
TpebyeMoil pacCcTaHOBKeE.

Cayyaii, Koria pasHocTb a — d jgeuTcd Ha 13, pasdupaercs aHAJOTUYIHO.

r) OrBer: mpu n = 105=3-5-7.

W3 pemennii mpeabiyux MTyHKTOB CJIEJYET, YTO YUCJIO N JOJKHO UMETh KaK MUHUMYM
TPU Pa3JUIHBIX MPOCTHIX JeauTesd. Kpome TOro, HETPY/HO BHJETH, YTO YHUCJIO N HE MOXKET
OBITH YeTHBIM (IIOCKOJIbKY B IHKJIe abcde HedeTHOE YnCIO pebep, B HEM UMEIOTCs JIBa COCETHUX
JHCIIa OJIMHAKOBOI yeTHOCTH ). HamMeHblee 1uc/Io, yI0BI€TBOPSIONIEE STUM OTPDAHMIEHUSIM, —
910 uncsao 105 = 3-5- 7. s Hero HETPY/IHO 10I00PATh TPEOYEMYIO PACCTAHOBKY — CM. PHC. 8.

3. Ha nocke nammcano 2021 munycos. llers u Baca urpator B Takyto urpy. XoJ cOCTOUT B
TOM, UTO MOXKHO OJIUH MUHYC 3aMEHUTH Ha ILIIOC, JIMOO CTePeTh OJIUH ILTIOC U OJUH MUHYC, JITOO
JIBA MUHYyCa 3aMEHUTH Ha TPHU ILTIOCA. XOJAT 1O o4Yepe/iu, 1mepBbiM xoauT llers, mpourpbiaet
TOT, KTO HE MOYKET CJIeJIATh X0/, KTO BRIMIpaeT mpu npaBUILHON urpe?

OrtBert: Boiurpaer [lers.

Pemenwne. [lepsoivm xomoMm [leTs jo/rken 3aMeHUTh JBa MUHYyCa Ha TPHU ILIoca. B pe3yiib-
TaTe TOro KOJUIEeCTBO MUHYCOB Ha JIOCKe cTaHeT JeauThed Ha 3. [locse moboro Bacunoro xoja
YUCJI0 MUHYCOB u3MeHnTCsI Ha 1 uin 2, u [leTs cmoxkeT MOXOAUTH TaKUM 00Pa3oM, UTOOBI KO-
JIMIECTBO MUHYCOB OIIATH CTaJIO JEJIUTHCA Ha 3 — JId 9TOro eMy JOCTaTOYHO 3aMCHUTDL 1 nJjm
2 MUHYyCa Ha TLTIOCHI.

HeiictByss Takum obpazom, Ilets no0bercd TOro, 9TO 1OCJIE HEKOTOPOTO €ro XOja HHCJIO
MuHYycOB cTtaHeT paBHO 0 m Bacs me cMoxkeT cesraTh XOJI.

4. a) Nmeercs Gosbiasg KoMauust el — Gosbine 100 gesioBek, B KOTOPOil HEKOTOPbIE
Jnojin npyzkar. BepHO JiM, 9TO KaKJyl0 TAKyi0 KOMIIAHWIO MOXKHO Pa30UTL Ha JIBE T'PYIIIIBI
«JIPY?KECTBEHHBIM CIIOCOOOM>», T.€. TaK, 4TOObI y KaXKJOro UejOoBeKa Jpy3eil B cBoeil rpyiiie
Ob1L10 OoJIbIIe JTUOO PABHO, U€M Jpy3eil B IPOTUBOIOJIOKHOM rpyte?

6) Jokazkure, 9T0 KazK/Iyl0 KOMIAHUIO, B KOTOPYIO BXoauT 2022 YeoBeKa, MOKHO pa3OUTh
Ha 15 rpynmn «HeJIpyKeCTBEHHBIM CIIOCOOOM», T. €. TaK, YTOOBI Y KaKJ0r0 YesI0BEKa KOJIMIEeCTBO
Jpy3eii B cBoeil rpyme coctasisiio He 6osee 1/15 o obrero ducia ero jipyseii.

OTBerT: HeT.

Pemenue. Hanmpumep, ecin B KOMIIAHUNA HEYETHOE KOJUYECTBO HYEJIOBEK M BCE CO BCEMU
JIpY?KaT, TO B I'PYIIIE, KOTOPasi COJAEP:KUT MEHbIIIe HAPOJLY, 9TO YCJIOBUE BLIIIOJIHEHO HE OyJIeT.

6) Hapucyem rpady 1py»KObl: JIr0[1 — BEpIIUHBI, OTHOIIEHUST APYKObl — pébpa. BeprruHer
U3 OJIHOI TPYHIBLI Oy/ieM KPacuTh B OJIMHAKOBLIN 1IBeT. Bo3bMeM pa3buenne Ha TPYIIILI ¢ MaK-
CUMAJIbHBIM KOJIMYECTBOM DPA3HOIBETHBIX pebep (T.e. pebep, KOHIbI KOTOPBIX PA3HOTO IBETA).
1o pasbuenne nogxoaut. JleficrBuTenbHO, ecam y KOro-To (CKaykeM, U3 KPACHOW KOMITAHUH )
B KPACHOI KOMIAHWU OKa3asoch 6oJibiie 1/15 or obirero unciia cBoux Jpy3eil, To 3T0 3HAYWT,
9TO B KAKOW-TO U3 OCTATBHBIX KOMIAHWH (/I OIPEICIEHHOCTH B CHHE) y 9TOTO YeoBeKa
okazkercst MenbIne 1/15 ot gucsa ero apy3seit. Mbl yTBepzK1aeM, 9To PH HEPEMEIEHUH STOTO
YeJI0BeKa U3 KPACHOI KOMITAaHUU B CHHIOIO KOJIMYECTBO PA3HOIIBETHBIX pebep yBennuntes. [leii-
CTBUTEJILHO, IyCTh y «KPAcHOro» dejoBeka A B KpacHOil rpyiie m Japyseif, a B cuneit — n.
[Ipu nepemerniernn A B CHHIOIO TPYIIILY 11 OJTHOIIBETHBIX pebep CTaHyT B «KPACHO-CHHUMUY, a N



«KPaCHO-CUHHUX» pedep — OJHOIBETHBIMHU. Tak Kak m > M, YUCI0 PA3HOIBETHBIX pebep yBesu-
qnTcs. Ho 9To0 HeBO3MOXKHO, ITOCKOJIbKY MbI BhIOpaJii pa3dnueHune Ha IPYIIIbl ¢ MAKCHMAaJIbHBIM
KOJINIE€CTBOM Pa3HOIBETHBIX pedep.



6-7 KJIACCBHI. BTOPOI1 BAPUAHT

1. Hekoropblii TpeyrojbHUK paspesad Ha ISaTh MaJeHbKUX TPEYroJbHUKOB TaK, Kak
mokazaHo Ha puc. 1. Moriam jm nmpu 3TOM BCe IATH MaJEHbKUX TPEYIOJbHUKOB OKA3aThCS
paBHBIME?

Puc. 1

OTBeT: HeT He MOILJIN.

Permnenne. [Ipeamnosoxxum, 9T0 Bee IITh TPEYTOJIBHUKOB paBHBI. CyMMa YIJIOB TPEYTOJIbHNI-
Ka paBHa 180°, 3HAYNT, cyMMa JIIOOBIX JIBYX €ro yrjioB MeHbIne 180°. 3aMeTnuM, 9TO B BEpIIUHE
A cxongTes dea yrila COCeIHUX TPEYTOJbHUKOB, KOTOpbIe B cyMMe jgaior 180°. 3nauut, 310 1Ba
OJINHAKOBBIX YTJIA, U IOTOMY 00a OHH IIPSIMBIE.

Bynem obo3nadarh depes ¢ TUIIOTEHY3bI MaJeHHKUX TPEYTOJIHHUKOB. 3amMeTuM, 910 BX =
EZ = ¢, nockonbky yroiel FAZ nu BAX upsavbie. Kpome Toro, ¢ — camast 60JbI1as CTOPOHA
JII0OOr0 M3 MaJIEHbKHUX TPeyroJbHUKOB. IIpuMensis sTor dakT K Tpeyroabankam BCX u FAZ,
MbI Tiostyanm, 910 BC < ¢ u BE < AFE < c¢. 3naunrt, B Tpeyrosibauke CBE cropousl BC' n
BE gpnsiorca kareramu, orkyaa C'E = c¢. Torma Bece yrue jjomanoit K DCBAZ upsawvble,
3HAYNT, €€ IePBOE 3BEHO MapaJljIeIbHO TOC/IEIHEMY, YeTr0 He MOYXKET OBITh, TaK KAaK 9TH 3BEHb
JIEZKAT Ha COCETHUX CTOPOHAX OOJIBIIIOTO TPEYTOJIHHUKA.

Z
c
A
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2. Ha kapTmHKe HAPMCOBAHO HECKOJIBKO KPY?KOUKOB, COEJIMHEHHBIX OTpe3kaMmu. KocTs BbI-
ObupaeT HaTypaJbHOE UHCJIO 1 W PACCTAB/ISIET B KPYKOUKaX pas3/IMdHble HATYpabHbIE UNCTIA,
HE IIPEBOCXOJISIIIE N, TaK, ITOObI /I BCEX IOCTABJICHHBIX UM YKUCEJ BBIIOJIHSIOCH CBOMCTBO:
ecau wucaa a u b coedurenv, ompesxom, mo pasHocms a — b doasicra bvimb 83aUMHO NPOCMNG C
n, a ecau He coeduHeHsl, Mo YUCAA a —b u n doadtcHovr umems 00U HAMYPALLHIT deaumenn,
boavwud 1. Hammpumep, njia KapTuaKu Ha, puc. 2 Kocts B3g1 n = 75 1 110100paJt MOIXOAIILY IO
paccTaHOBKY — OHa IOKa3aHa Ha PUc. 3.

X
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Puc. 2 Puc. 3 Puc. 4

a) IIpn kKaKOM HaMMEHBIIIEM 1 CYIIECTBYeT TpebyeMasi pacCTaHOBKa JHCes Ha puc. 27



6) MoxKHO Jin paccTaBUTh YHC/Ia B KPYyKOYKax Ha puc. 4 npu n = 497
B) MOXKHO /i paccTaBUTh YnCJIa B KPy’KOUKax Ha puc. 4 mpu n = 337
r) [Ipn KaKOM HaMMEHBIIIEM N CYIIECTBYET PACCTAHOBKA YHCEJ B KPYKOUKax Ha puc. 47

Pemienne.

a) Oteer: ipu n = 4.

[TocKObKY TpeOyeTest PACCTABUTD YeThIPE PA3IMIHBIX YUCIA, 72 HEe MOKET ObITh MEHbIIe 4.
A npu n = 4 paccraHOBKa CyIIECTBYeT — CM. PHUC. .

6) OTBer: HeT.

Tak 49 = 7%, To jig 4ucesn a u b, He COEMHEHHBIX PEOPOM, Pa3HOCTb @ — b JeJuTcd Ha
7. Ho ecom pasnoct @ — ¢ u ¢ — b nemsres Ha 7 (em. puc. 6), To u a — b gequrcs Ha 7, 9TO
HEJIOIYCTUMO B TPeOyeMOill pacCTaHOBKe.

B—W () () (23
=
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puc. 5 puc. 6 puc. 7 puc. 8

B) OTBer: HeT.

Tak 33 = 3 - 11, To ays ducesn a u b, He COEIMHEHHBIX peOPOM, PA3HOCTh a4 — b Jle/iuTcesa Ha
3 wm va 11. [lycrs pasuocts a — d menures Ha 3 (eM. puc. 7), Toraa pasHoCTb b — d HE MOXKeT
JIEJINTHCA Ha 3, 3HAYMUT, OHA JIoJIKHa JenuThed Ha 11. Toryma b — e anajorudno He jie/iuTcd Ha
11, o nenuresa Ha 3; e — ¢ gequtced Ha 11, HO He Ha 3; W HAKOHEII, ¢ — a JAeauTcd Ha 3. Takum
obpasoM, ¢ — a u a — d jendarcd Ha 3, 3HAYUT, ¢ — d TOXKE JICJTUTCS Ha, 3, YTO HEJOIMYCTUMO B
TpebyemMoil paccTaHOBKE.

Cayuaii, Koria pasHocTh a — d jgenurcsd Ha 11, pasdupaercs aHAJOTUYIHO.

r) Orer: mpu n = 105=3-5-7.

N3 pemennii pebIynux MyHKTOB CJIEJLYET, YTO YUCJIO N JOKHO UMETh KaK MUHUMYM
TPHU PaA3JUIHBIX MPOCTHIX JeauTeNd. Kpome TOro, HETPYJHO BHJIETH, YTO YHUCJIO N HE MOXKET
ObITH YeTHBIM (IIOCKOJIbKY B IHKJIe abede HedeTHOE Yncao pebep, B HEM UMEIOTCs JBa COCETHUX
JHCIIa OJIMHAKOBOI yeTHOCTH ). HamMeHbIee 9uc/io, yIoBIeTBOPSIOIIEE STUM OIPDAHUIEHUSIM, —
910 uncso 105 = 3-5-7. [l Hero HeTpyIHO TO00PATh TPEOYEMYIO PACCTAHOBKY — CM. PHC. 8.

3. Ha mocke nammcano 865 mmocoB. llers m Bacsa urpaior B Takyio urpy. Xoji COCTOUT B
TOM, 9TO MOYKHO OJIMH ILTIOC 3aMEHUTH Ha MUHYC, JTUOO CTEPETH OJINH ILIIOC U JIBA MIHYCA, JITOO
JIBa, TTIOCA 3aMEHUTh Ha, JBa MUHYyCA. XOJAT 10 09epeiu, mepBbiM xoauT llets, nmpourpoiBaer
TOT, KTO He MOXKET CJieJIaTh X0/, KTo BbIMrpaer npu npaBubHOil urpe?

OTtBer: Boiurpaer Ilers.

Pemienne. Ilepbim xojiom I[leTst j1o/12KeH 3aMEeHMTH OJIMH ILIIOC HAa MuUHYyC. B pesyibrare
9TOr0 KOJIMIECTBO IJIIOCOB Ha JJOCKe cTaHeT JeanTheda Ha 3. Ilocie roboro Bacunoro xosa aucio
IJIFOCOB M3MeHnTcsd Ha 1 mmm 2, u Ilerss cMoXKeT MOXOAUTH TaKIMM 00Pas3oM, ITOOBI KOJTUIECTBO
IJIIOCOB ONSITH CTAJIO JIEJUTHCA Ha 3 — JIJI 9TOr0 €My JIOCTATOYHO 3aMEHUTH OJIMH WJIM JIBA
ILJIIOCa, HA MUHYCHI.

JeiictByss Takum obpasom, Ilers mobbercss TOro, 4To IOCIE HEKOTOPOTO €ro XOAa HHCJIO
mwItocoB craneT paBHo 0 m Bacsa He cmoxkeT ceaTh XO/I.



4. a) Nmeercs Gosibliast Kommanus Jiojeiit — 6osibiie 100 deioBek, B KOTOPOil HEKOTOPbIE
JIIOJIA JIpY2KaT. BepHo i, 9TO KaxKIyl0 TaKylo KOMIIAHUIO MOXKHO pa3OUTh HA TPHU TPYIIILI
«JIPY2KECTBEHHBIM CIIOCOOOM», T.€. TaK, YTOOBbI y KaxKJOro YesoBeKa JIpy3eil B CBOeil rpytie
6b110 GoJtbIne 6O paBHO 1/3 OT KoJIMYecTBa BCeX ero Jpyseii?

6) Jokazkure, 9T0 KaxK/Iyl0 KOMIAHUIO, B KOTOPYIO BXoauT 2022 4yejioBeka, MOKHO pa3OuTh
Ha 11 rpymn «HeIPyKEeCTBEHHBIM CIIOCODOM», T. €. TaK, 9TOObI Y KaxKJI0r0 IeJI0BeKa KOJIUIECTBO
JIpy3eil B CBOeil rpyiiie coctasyisio He 6osee 1/11 or obiiero dnciia ero jipyseit.

OTBer: Her.

Pemenne. Hanpumep, ecii B KOMIIAHUU KOJIMYECTBO YEJIOBEK HE JIEUTCS HA 3 U BCE CO
BCEMMU JIPYIKAT, TO B OJHON M3 T'PYII OKAXKeTcsl MeHbIte 1 / 3 oT 001Iero 4ncia Jrogeil u B 9Toi
rpyIIlie YCJIOBHE BBITIOJIHEHO He OyJIeT.

6) Hapucyem rpad apy2KObl: JIIOIU — BEPIIUHbI, OTHOIIEHUs JIPY>KObI — pébpa. BeprimHb
U3 OJIHOI TPyHIbI OyJ/ieM KPacUTh B OJIMHAKOBBIN 1IBeT. Bo3bMeM pazbuenne Ha TPYIIbI ¢ MaK-
CUMAJIbHBIM KOJIMYECTBOM DA3HOIBETHBIX pebep (T.e. pebep, KOHIIbI KOTOPBIX PAa3HOTO IBETA).
Do pasbuenne MoaxoauT. JleficTBUTEIHHO, €CIU Y KOrO-TO (CKayKeM, U3 KPACHON KOMITaHUH)
B KPACHOI KOMIIAHNU OKa3asoch GoJibiie 1/11 ot obirero uncia cBoux Jpy3eil, To 9T0 3HAYWT,
YTO B KAKOW-TO U3 OCTAJTHHBIX KOMIIAHWI (JjIsl ONPEIeJIEHHOCTH B CHHEl) y 9TOro 4esioBeKa
okaxkercst MeHbIie 1/11 ot uncia ero jpyseii. Mbl yTBep:KaeM, 4T0 IPU IIEPEMENIEHUN ITOTO
Je/I0BEKa U3 KpacHOM KOMIIAHWHU B CHHIOIO KOJTMYECTBO PA3HOIBETHLIX pedep yBemmautcs. Jleii-
CTBHUTEJILHO, ITyCTh Y «KPACHOTO» dejioBeka A B KpacHO# rpyiie m Jpys3eil, a B cuHeit — n.
[Ipu mepememnenun A B CHHIOIO TPYIIILY 7 OJHOIBETHBIX pebep CTaHyT B «KPacHO-CHHUMU», & 7
«KPaCHO-CUHUX» pebep — OJHONBETHbIMU. Tak Kak m > m, 9UCJIO0 PA3HOIBETHBIX pebep yBesu-
ynurcda. Ho 370 HeBO3MOXKHO, TTOCKOJIBKY MBI BHIOpaJM pa3buenne Ha rpyIibl ¢ MAKCHMAJIbLHBIM
KOJIMYECTBOM Pa3HOIBETHBIX pedep.
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