10 knacc
MepBbin Typ (10 MuHym; kaxdasi 3adaya — 6 6asinos).
1.1. Pelunte ypaBHEHUE: 4cosmx = 4x> —4x+5.
OTBET: KOPHEN HET.
Tak kak 4cosmx <4,adx* —4x+ 5= (2x— 1) + 4 > 4, TO UICXOAHOE PaBEHCTBO AOCTUraeTcs T. U
T. T., KOrga ero nesasi n npaeasi YaCcTu paBHbl 4, TO eCTb AaHHOE YpaBHEHWE PaBHOCUIIBHO CUCTEME:

cosmx =1, 1
{Zx 1-0" Ho x = 5 (pelweHne BTOPOro ypaBHEHMS1) HE SIBNSIETCA peLleHneM NepBoro ypaBHEHMS,
MOCKOJ1bK z =0
Yy cos2 =0. B '
C
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1.2. Ha nnockoctn ABC pacnonoxeHbl aBa kyba ABCDA'BCD w KMNCQEFP — Tak, Kak 3To
nokasaHo Ha pucyHke. CpaBHuUTe AnNuHbl oTpeskoB AP n D’K.

OTBeT: ANWHBbI 3TUX OTPE3KOB PaBHbI.

MepBbit cnocob. Paccmotpum noBopoT Bokpyr npsiMori DC Ha 90°: o6pa3om ToukM A aBnsieTcs
Touka D', a obpasom Toukm P — Touyka K (cMm. puc. 1a). CnepoBatenbHo, obpasom oTtpeska AP
aBnsieTcs otpe3ok D'K, 3HaunT, AP = D'K.

Puc. 1a

Btopon cnocob. Paccmotpum npsimoyronbHble TpeyronbHukn ACP n D’CK (cm. puc. 1a): AC =
D’C (anaronanu rpaHen 6onbliero kyba) n CP = CK (pebpa meHbLuero kyba). CnegosatensHo, AACP
= AD’CK (no gBym katetam), 3HauuT, AP = D’K.

Tpetui cnocob. MNycTb a n b — anuHel pebep 6onbLiero n MeHbLIEro KyboB COOTBETCTBEHHO (CM.
puc. 16). Torga, U3 NpPAMOYronbHbIX TpeyronbHukos ACP
n ADC, nonyunm: AP?> = AC?> + PC?> = AD?> + DC? + PC? = B’
2a% + b%. AHanornM4yHo, 13 NPSIMOYroNbHbIX TPEYroNbHUKOB ]
KDD’ v DCK, nonyunm: D’K? = DK? + D’D? = DC? + CK? +
D’D? = 2a% + b?. CneposarensHo, AP = D'K.




Puc. 16

1.3. JokaxuTte, 4To cymma Lumdp B AecATMYHON 3anuncy Yncna 32%° meHblue, 4em 1000.
Tak kak 32 < 10, 10 3% < 10", CnepoBaTtenbHO, B AeCATMYHOM 3anucy yucna 3%°° He GonbLue,
yeM 100 umdp. 3HauuT, cymma umdp yucna 32° He npesocxoaut 900, To ecTb OHa MeHbLue 1000.

Btopowu Typ (15 MuHym; kaxxdasi 3a0ay4a — 7 6annos).
2 2
+
a—>b -c
PaccMoTpum pasHOCTb NEBOW M NPaBOK YacTen AoKa3blBAEMOro HepaBeHCTBa U nNpeobpasyem
2 2 2 2 2 2

a c
ee: —a-2b—c = — _ =
a—b+b—c a-2b—c a_b(a+m+b_c (b+c¢ a—b+b—c

> ¢ cnegyet, 4To b 1 ¢ He obpaliatloTca B HOMb ogHOBpeMeHHo. CrnepoBaTenbHO, neBas 4acTb
GonbLue npaBou, YTO U TpeboBanocCh.

2.1. 13BeCcTHO, 4TO a > b > c¢. okaxute, 4To >a+2b+c.

> 0, TaK KaK 13 ycrnosusi a > b

a’ b? >az—b2 b —¢?

=a+b+
a—b+b—c a—b_%b—c

3Amy xe udeto MOXHO pearnu3oeams 8 Opy20u ¢hopme:

b+c=a+2b+c.

2.2. B TpeyronbHuke ABC nposegeHa Ouccektpuca AL. Yepes Touky L npoBedeHa npsimas,
nepnengukynspHaa AL n nepecekawowasn nyum AB n AC B Todkax M n K cooTBeTCTBEHHO. HanauTte
AK,ecnimn AB=4, AC=6. A

OrtBer: 4,8.
Tak kak oTpe3ok AL aBnsieTcs BbICOTOM U BuccekTpucon TpeyronbHuka AMK (cm. puc. 2 a, 6), To
3TOT TpeyronbHUK — paBHobeapeHHbin (AM = AK). Kpome Toro, ns tpeyronsHuka ABC (No CBOWUCTBY
BL AB 2
BuccekTpucel): CL-ac 3 [danee MOXHO paccyxgaTb No-pasHoOMYy.

Puc. 2a




[MepBbi _cnocob. Yepes Touky C npoBedem npaAmyto, napannenbHyto KM, N — Todka ee

nepeceyeHns c¢ nydom AB (cm. puc. 2a). [lo Teopeme o
BM BL 2

nNponopumoHanbHbIX oTpeskax —— = — = —. [lyctb BM = 2x; MN
MN CL 3

= 3x, Torga, yuntbiBas, 4to AN = AC, nonyumm: AB + 5x = AC.

CnepoBarenbHo, x =0,4; BM =0,8; AK=AM =48.

A

Btopon cnocob. Mycte £ZBLM = ZCLK = a, LZAMK = ZAKM = [ (cm. puc. 26). MNMpumeHum
BM  BL
sina  sin 8

TeopeMy CUHycOB K TpeyroribHukam BLM n KLC. COOTBETCTBEHHO MNONYYUM:

CK _ CL , o o BM _BL _2 o
sine  sin[180° — ] Tak kak sin(180° — B) = sinf, T0 K-CL 3 Myctb AK = AM =y,

Puc. 26

2
Torga 72’_)} =5 ©y=48.

3

2.3. Kakoe Haubonbllee KONM4ecTBO Nnagen MOXHO pacCTaBuUTb Ha LWAaXMaTHOM OOCKe Tak, YToObl
nobas 6enaa nagbs He Ouna HWKaKyl nagblo MO ropu3oHTanun, a nbas vyepHas nagba He buna

HUKaKylo nagbio no BepTukanun?
Puc.3| (o|®o( @0 @0 @ @ O®

OTBeTt: 14 napen.
[okaxem, yto bonbLue, Yyem 14 nagen NocTaBuUTb HEMb3s. 3aMeTuM, YTo

€CI1 B KaKon-To ropn3oHTanum CtouTt 6enas nagbsi, TO HAKAKMX Apyrmx nagen B

3TOW ropu3oHTanu cTosTb He MoxeT. CnenoBaternbHo, 6enbix nagen He MoXeT

6bITb 6onee BocbMn. Ecnv YyepHbIX Nagen Ha AOCKe HET, TO BCEro fiagemn — He

Oonee BocbMU, TO €CTb 3aBegoMO MeHblue, Yem 14. Ecnu xe Ha gocke ecTb
X0oTsl Obl 0QHa YepHasi Nagbd, TO HA OAHOW FOPU30OHTanNM C Hel Benbix nagen
ObITb HE MOXET, 3Ha4YUT, B 3TOM crydae, 6enbix nagen He bonee, Yem 7. Paccyxgasi aHanorm4Ho npo
BEpPTUKanu, Nony4ymMm, 4To U YepHbIX Nagen He 6onee, Yyem 7. Takum obpasom, nagen Ha AOCKe — He
Gonee, 4yem 14.

Mpumep pacctaHoBku 14 nagen — cMm. puc. 3.

O[O O[ O] O[O O

Tpetun Typ (20 MuHym; kaxxOasi 3a0a4ya — 8 6asnnos).
3.1. N3BecTHO, YyTOo M* + > =1, k* + p> =1 n mk + np = 0. Haingute mn + kp.
OtBer: 0.
MNepBbint cnocob. 3 nepBbix ABYX AaHHbLIX PABEHCTB CreayeT Hannune Takux yrmnoe a v S, 4To
m = cosa;, n = sing; k = cosf; p = sinf. Toraa TpeTbe paBeHCTBO NPUMET BUA: COSacosf + sinasin =
0 & cos(a— p) =0.

1
CnepoBaTtenbHO, mn + kp = cosasina + cosfsinf = 5 (sin2¢ + sin2p) = sin(a + P)cos(ax — B) =




Btopoit cnoco6. PaccMoTpuM BeKTOpbl a(m;n) W b(k; p). W3 ycnoBus 3agaum Puc. 4
bl=\[k*+p> =1, a-b=mk+np=0, TO €CTb a L b. OTNOXUM
€0VWHUYHbIE BEKTOpbl & W A OT Hayana KoOpAauvHaT: O4=a W OB =b, TOrda Todka B aBnsetcs
obpasom Toukm A npu noeopote ¢ LeHTpom O Ha 90° (B 0OAHOM M3 ABYX BO3MOXHbIX HanpaBrieHun).
Ecnu a10T NOBOPOT — NPOTMB YacoBOW CTPenku (CM. puc. 4), To U3 KOOpAMHATHLIX (POpMYyr NOBOpOTa

crnegyert, 4To [a| =Vm? +n> =1,

k=-—n,
Ha 90° (nMbo paccmaTpuBasi PaBEHCTBO TPEYrofibHUKOB) MOMYYUM, YTO { o AHanormyHo, B

crny4ae noBopoTa Mo YacoBOMW CTPESIKK, NONYYUM, YTO {p e B o6oux cnyvasx mn + kp = 0.

Ommemum, 4ymo 0se cucmeMbl paseHcms, [r10/1y4eHHbIE PU 8MOPOM criocobe peuweHus,
T T
coomeemcmaytom momy, 4ymo cos(a — f) = 0 < ﬁ=a+5+27m unu a:ﬁ+5+27m, e20e neZ, mo

cosfB=—sina {cosﬁzsina

ecmb { .
sin 8 = cos

sinff=—-cosa’

3.2. Ha ctopoHax BC n CD kBagpata ABCD npon3BorbHO BbiGpaHbl TOUKM P 1 Q COOTBETCTBEHHO.

N3 BepwunHbl B Ha oTpe3kn AP 1 AQ onyweHbl nepneHankynapbl BBy n BB;, a 13 BepwuHbl D —
nepnengukynspel DDy n DD, cooTBeTCTBEHHO. [okaxuTe, 4TO OTpe3kn BB, u D:D, paBHbl U
nepneHauKynsipHbl.

B P C

A D

[MepBbii _cnocob. lMycTb AuaroHanu kBagpaTta nepecekawTcs B Toyke O (cm. puc. 5a).
PaccmoTtpum noBopoT ¢ ueHTpom O Ha 90°. Obpa3om BepLUMHbI B npu 3TOM NOBOPOTE SABMSIETCS
BepwwmHa A, a obpasom npsmon BB — npsimas, en nepneHavKyngapHas u npoxoasias yepes Touky A.
CnepoBaTtenbHo, obpa3 Toukn B; nexut Ha npamon AP. Kpome TOoro, obpasom BepluvHbl A npu
paccmaTpuBaeMOM MOBOPOTE SABNSAETCS BepwnHa D, noatomy obpas npsimon AB; — npsmas, en
nepneHanKynsipHas u npoxogswiasa yepes Touky D, To ectb npsimass DD;. 3HaunT, o6pa3 Toukm By
nexuT n Ha npsmon DD,. Takum obBpa3om gokasaHo, 4YTo npu noBopoTe ¢ ueHTpom O Ha 90° obpasom
TOYKM By aBnsaetcsa Todka Ds.




AHaNorM4Ho OoKa3bIBaAETCH, YTO NPU paccMaTpMBaeMoM NoBopoTe ob6pa3om Touku B, siBnsieTcs
Touka D,. CnepoBatenbHo, obpasom oTpeska BB, sensetca otpe3ok DD, No3ToMy 3TN [Puc. 5a
OTPE3KM paBHbl U NEPNEHANKYNSAPHbLI, YTO 1 TpeboBanoch (CMm.
puc. 50).

Btopon cnocob. MNyctb ZPAQ = a. 3ameTnm, 4To 0Tpe3ok AB BuaeH ns Tovek By n B, nog yrnom
90° (cm. puc. 56). CneposatenbHO, TOYKM By n B; nexat Ha OKpyHOCTU ¢ auameTtpom AB. llo

B1B2
CneacTBUIO M3 TeopeMbl CUHYCOB: ——= = AB . AHaAnoru4yHo, u3 Toro, 4to Todknm D1 n D, nexaTt Ha
SIo

OKPYXXHOCTM € gnameTtpom AD, nonyymm, 4To M = AD . Tak kak AB = AD, 10 B1B, = D1D.
SINn &

[okaxem Tenepb, 4yto B1B,1D.D,. [Ina aTtoro gocratovyHo gokasatb, uto LABB, + ZBD:D, =

Puc. 56

90°.
OTO MOXHO MonyYnTb, Hanpumep, Tak: ZABB; + ZB:D:D>» = ZABB, + ZADD, = (90° — ZBAQ) +
(90° — ZDAQ) = 180° — (£BAQ + £ZDAQ) = 90°.

3.3. MNMonocka 1x100 pa3dbuTa Ha eguMHMYHbLIE KBagpaThl. B 3T kBagpathl 3anuceiBaoT yicna 1, 2, ...,
100 cnegyrowmm obpasomM: cHavana B kakon-HMbyab KBagpaT 3anuncbiBaOT YnMcno 1, 3aTem B OQNH U3
COCeAHMX KBagpaToB 3anUChIBalOT YMCHO 2, 3aTEM B OAMH U3 COCEOHUX C YXKe 3aHATbIMU KBagpaTtaMu
3anucbiBatoT vncno 3, u Tak ganee. CkonbkMMuy cnocobamm 3To MOXHO nNpoaenaTb?

OtBerT: 2%.

[MepBbit_cnocob. 3ameTum, 4YTO KONMMYECTBO CMOCOOOB pPacCTaHOBKM HE W3MEHUTCS, ecrnu
paccTaBnaTb YMcrna ¢ koHua. Ymucno 100 morno okasaTbCs TOSMIbKO B OAHOM M3 KOHLIOB NMOMOCKM — [ABa
BO3MOXHbIX BapunaHTa. Yb6epem ero, Torga octaHeTcst nonocka 1x99. Yucno 99 morno okasatbce B
O[HOM 13 ABYX KOHLIOB 3TOW MOSIOCKM — CHOBA ABa BO3MOXHbIX BapuaHTa. M Tak ganee, Kaxabii pas
Ans Toro 4Tobbl NOCTaBUTL OYEpedHOe YMCNO Yy Hac OyageT ABa BapuaHTa, Noka Mbl HE Jovaem Oo
eVHNYHOro KBagpaTta, B KOTOPOM OCTaHETCA TONbKO OJHO CBOGOAHOEe MecTo. 3Hauut Bcero 2%
CcnocoboB BOCCTAHOBUTL MOSIOCKY C KOHLA.

Amy xe udeto peweHuUsT MOXHO U3IoXume rno-opya2omy. bydem paccmaensames ducra om 1 0o
100 no mem xe npasunam, 4Ymo 8 ycrosuu 3adayu, HoO Ha beckoHe4yHou ronocke. 3anuwem 1 8
rpouseorbHbIlU Keadpam. [anbwe 6ydem dea 803MOXHbIX 8apuaHma 01151 moeao, Ymobbi nocmasuma
qucro 2, nomom 08a 803MOXHbIX 8apuaHma 071 moa2o, Ymobbl nocmasumse 4ucrio 3, u mak daree.
[Morny4um, ymo Konu4yecmeo sapuaHmos ebirnucams ece yucra om 1 0o 100 rno cgpopmynuposaHHbIM
npasunam pasHo 2%°. B mobomM makom criyyae 3arnucaHHble Yucsia 3aliMym Kakyr-mo [0/I0CKY
OnuHbl 100. Toz0a 8 KaxxOom criydae Ux MOXHO bydem eOUHCMBeHHbIM crlocoboM cO8UHYMb Mak,
Ymobbi OHU 3aHsIUu UCXOO0HYo rornocky 1x100.

Bropon cnocob. MNMyctb 1 noctaBunu Ha k-e MecTo OT Hadana. Ecnu nocne atoro BbIGpathb,
Kakne uMeHHo k — 1 uyucen 6yayT 3anucaHbl nepeq 1, TO BCS 3anucb onpegensieTcs OgHO3HAa4HO.




HencteutenbHo, nepsble kK — 1 MecT ByayT 3aHsATbl BbIOpaHHbIMU YnucnamMu B nopsigke yobiBaHus, a
100 — k mecT nocne 1 6yayT 3aHATbI OCTABLLUMMUCA YMCNamMmn B NOPsiAKE BO3paACTaHUSA.

BbibpaTtb k — 1 uncno us 99 uncen moxHo C.,' crnocobamu. Tak kak k MOXET GbiTb NHOGLIM
uncrnom ot 1 go 100, To obLiee KONMMYECTBO cnocoboB paBHO: Cy, + Cy, + Coy +...+ Cyy =27

YeTtBepTbint TYp (25 MuHym; kaxdas 3adaya — 9 6asnos).

4.1. Yucno a aBnsetcs KopHeM ypaBHeHUus x° — 3x? + 5x — 17 = 0, a uncno b — KOpHeM ypaBHeHus x°
— 3x%? + 5x + 11 = 0. Kakue 3Ha4yeHuss MOXET NpuHUMaThb a + b?

OtBeT:a +b =2.

Tak kak x> = 3x* + 5x = (X =3 + 3x - 1) + 2x + 1) = (x = 1)* + (2x + 1), TO UcxoaHble
ypaBHEHMs1 MOXHO 3anucaTb Tak: (x— 1)+ 2(x—=1)—-14=0un(x—-1)°*+2(x— 1)+ 14 =0.

[anee MOXHO paccyxgaTb No-pasHoMy.
Y

i

MNepBbii_cnocob. MNockonbKy Yncna a u b COOTBETCTBEHHO SABMSKTCA KOPHSAMWU MOSyYEHHbIX
ypaBHEHWIA, TO BbINOSHAOTCA paBeHcTBa: (a— 1) +2(a—-1)=14un(b-1)>+2(b-1)=-14.

Myctb @a—1=m, b—1 = n, Toraa cknagbiBas 3TV paBeHCTBa MNOYNEeHHo, nony4ymm: m® + 2m + n®
+2n=0 (Mm+n)(mM?*—=mn+n?)+2(m+n)=0 < (m+n)(m?>-mn+n*+2)=0.

Tak kak m> —mn + n>+ 2 =(m-0,5n)*> + 0,75n* + 2> 0, To m + n = 0. CnegoBaTtesnbHo, a + b —
2=0sa+b=2.

BTopoii cnoco6. Myctb z = x — 1, Torga nony4YeHHble ypaBHEHUS NPUMYT BUA: 22 +2z=14n z> +
2z = —14. ®yukuns y = Z° + 2z sBospactaeT (Cymma BO3pacTaLmx yHKUKUIA), NOSTOMY [5,.- 6
KaXxgoe U3 3TuX ypaBHEHUN umeeT He Bonee oaHOro KOpHs. 3aMeTUM, YTO eCrnn YUCAO C -
KOpEeHb NepBOro ypaBHEHMS, TO YUCIO —C — KOpeHb BToporo. CniegosatensHo, a— 1 =c¢, b —
1=-c,TOoectba+b=(c+1)+(-c+1)=2.

3my xe uder MOXHO peasiuzogams UHaYe. YpaeHeHue z° + 2z = —14 pasHOCUSIbHO ypasHEHU
(-2)° — 2z = 14, a epagpuku yHKyul f(z) = 22 + 2z U g(z) = (-z)* — 2z cuMMEMPUYHBLI OMHOCUMESTILHO
ocu opduHam (acku3 — cMm. puc. 6). CnedosameribHO, MOYKU riepecedyeHuUs 2paghukos ¢ npsamol y =
14 makxe cuMMempuyHbl OMHOCUMESIbLHO OCU Y, 3Ha4Yum ux abcyuccbl — MPOMUBOIONOXHbI.
lMosmomya—-1+b—-1=0&a+b=2.

Ommemum, 4mo 8axKHyH0 POJIb 8 NMPUBEOEHHbIX PacCyXO0eHUSIX Cbigpania HedemHoCcmb OyHKUUU
flz) =2+ 2z

4.2. Touka M — cepeguHa pebpa AA; TpeyronbHon npuamel ABCA:B:Ci. Ha npamon AB; BbiGpaHa

y - EF
Touka E, a Ha npsimon BC, — Touka F Tak, 4to npsmble EF n CM napannenbHbl. Hanante M



2
OtBeT: — .
5

[MepBbiv cnocob. Tak kak EF || CM, a npamas CM nexut B nnockoctn AAC, 1o EF || AA:C (cm.
puc. 7a). lNnockoctb BEF copepxut npsmyto EF n nepecekaet nnockoctb AA:C no npsamon DC;,
3HauuT, DC; || EF. Takum obpasom, DC; || CM.

CnepoatenbHo, MCC1D — napannenorpamm, 3Hauut, CM = C;D. Kpome TOro, tak kak M —
cepeanHa AA:, TO U3 paBeHCTBa NpPAMOYronbHbIX TpeyronbHukos Ci1A:D n CAM cnepyert, 4to DA, =

BB
MA = A:M. U3 nogobua TpeyronbHukoB BEB: n DEA cnegyer, 4To % = DAI =§. Torga, y4nTbiBas

6 EBF v DBC L2
nogobve TpeyronbH1KOB " 1 OMYHAM:- ey "D, BD 5

BTopoii cnocob. PaccMoTpym TPOIKY HekoMnnaHapHbIX BEKTOPOB: CA=a, CB=b, CC, =c B
C1

Puc. 7a

AE
=X
AB,

KayectBe 6a3ucHbIx (cMm. puc. 76). lycTb Takke

BF
BC,
—xAB, + (l; —;) + yBC,

—_— = - = 1= . ___
=Y. Torpa CM=CA+AM=a+5c, FEF —=FA+ AB+BF =

= —AZ§+§EW45—3+YGE+EE”
—xlb—a+c|+(b—a)+yl-b+c) = (x—Na+(1-x—y)b+(y—x)ec.

B

Tak kak EF || CM, To BEKTOpPbl EF W CA KONNUHEApPHbIl, 3HA4YUT, HANOETCA Takoe Ymcno K, 4to
EF =kcar.
_ _ _ -1 -
CnepoBaTtenbHo, (x—1)a+(1—x—y)b+(y—x)c = ka +5kc. B cuny Teopembl 0O €OUHCTBEHHOCTU

pasnoxeHuss  NGOro  BekTopa  MpPOCTpPaHCTBa MO TPEM

HEKOMMaHapHBLIM BEKTOPaM, MOMyYeHHOe ypaBHeHWe paBHocUmbHO |FYC 70




x—1=k,

2
cucteme: 1—x—y =0, WCKNOUMB N3 Hee MNEepeMeHHble X W Y, MNomy4uMm, 4to k = -5
y—x=0,5k
zF| >
CnepoBaTtenbHO, —— = <.
[SZI

4.3. MoxHO N B AecATMYHOW 3anucy Yncna A = 28%° nameHuTb POBHO OAHY LUUMPY Tak, YTOObI OHO
cTano nNpocTbiM?

OTBET: HeT, Hemnb3s.

Uncno 28%° — yeTHoe, 3HaAUUT ero nocrnegHss uudpa yeTHas. [10STOMy, eCnv MEHSATb He
nocnegHio undpy, TO YUCNO OCTAHETCS YETHLIM, TO €CTb HE MOXET CTaTb NPOCTbIM (OHO 3aBEAOMO
BonbLue, 4Yem 2). 3HaUUT, OCTanocb pazobpaTb BO3MOXHbIE Cryvyan U3MEHEHUsI nocneaHen umdpobl.

Hainpoem nocnegHolo undpy B AecATUYHON 3anucu uucna 28°°. Ona ypnobetea 3anucu
ncnonb3yem, YTo nocrnegHss undpa B AECATUYHOM 3anMCKU Yncna SIBAsieTCA OCTaTKOM OT AeneHus
aTtoro uncna Ha 10. Torga: 28" = 8 (mod10); 282 = 82 =4 (mod10); 28% = 8°=2 (mod10); 28*=8*=6
(mod10); 28° = 8° = 8 (mod10), To ecTb OCTaTKy NOBTOPSAOTCA C nepuoaom 4. 3HauuT, 28%° = 28° = 2
(mod10).

3ameTm Tenepb, YTO YMcro 28 AaeT ocTtaTok 1 Npu AeneHun Ha 3, 3HauuT, Yncrno 28°° takxke
aaet octatok 1 npu geneHumn Ha 3. MNepebepem Bce BapmaHTbl 3aMeHbl nocrneaHen umdpbl Ymcna
289 1 nokaxkem, YTO B KaXaAOM Cry4ae Nnony4eHHOe YMCIO SBMAETCH COCTABHbIM:

1) 3ameHa nocneaHen undpbl Ha APYryr YETHYHO LMAPY HE MEHSIET YETHOCTU LAHHOIO Yucna.

2) 3ameHa nocnegHen ungpbl Ha 1 03Ha4YaeT, YTO AaHHOE YUCAO0 YMEHbLUMTCA Ha 1, TO €CTb CTaHeT
paBHO 28%%° — 1 = (28 — 1)(28°% + 28%% + ... + 1). Torma oHo genuTca Ha 27.

3) 3ameHa nocnegHen umdpbl Ha 3 03HAYaeT, YTO AAHHOE YMCNO YBENUYUTCA Ha 1, TO €CTb CTaHeT
paBHbIM 28%%° + 1 = (28 + 1)(28%%8 — 28%% + ... + 1). Torga oHO AenuTcs Ha 29.

4) 3ameHa nocnegHen undpbl Ha 5 03Ha4aeT, YTo NOMy4YEHHOE YNCHO KpaTHO 5.

5) 3ameHa nocnegHen uMdpbl Ha 7 03HAYaeT, YTO MOSyYEHHOE YMCIO CTaHeT paBHO 28°° + 5 1 Gyget
aenuTbes Ha 3, Tak kak 28%°° = 1 (mod3).

6) 3ameHa nocnegHe uMdpbl Ha 9 03HaYaeT, YTo NonyyYyeHHoe Yncno Gyaet paBHo 28%° + 7 n Gyaet
aenurcd Ha 7.

Ommemum, 4mo O4YeHb CrIOXHO OoKa3bleamb rpocmomy 0ocmamoyYyHO b60sbWo20 4ucna,
rnoamomy 8 bornbwuHcmee rnodobHbIx 3ad0ay MOXHO 3apaHee rpedyzadamb omeem, a UMEHHO, 4mo
paccmampugaeMoe HUCII0 OKaXXemcsi COCmMasHbIM.

Nartbin Typ (15 MuHym; kaxx0Oast 3adaya — 7 6annoes).

5.1. N3BecTHO, 4TO ypaBHeHne x* + px* + g = 0 UMeeT POBHO TpU KOPHsi. CKOMbKO KOPHEN umeet
ypaBHeHue x* + gx? + p = 07

OTtBeT: ABa KOPHS.

3ameTVM, YTO eCn YMCIO Xo — KOPEHb ypaBHeHUs x* + px? + ¢ = 0, TO U YNCIIO —Xo ABNSAETCS
KOpHEM 3TOro ypaBHeHus. CnegoBaTenbHO, eCrv Takoe ypaBHEHE UMeeT POBHO TPU KOPHS, TO OOWH
13 Hux paBeH 0. 3HaunT, g = 0, TO ecTb NepBoe ypaBHeHMe uMeeT Bua: x* + px? = 0 < x3(x? + p) = 0.
Hanuuyme Tpex KopHen y Takoro ypaBHeHUs o3Hayaer, 4to p < 0.

Btopoe ypaBHeHue npu g = 0 umeet Bua: x* + p = 0. MNpn p < 0 OHO MMeEeT OBa KOPHS:
x=x%—p.



5.2. Ha 6okoBbIx cTtopoHax AB n BC paBHobGegpeHHoro TpeyronbHuka ABC B3daTbl ToukM E n F
cooTtBeTcTBEHHO. OTpe3kn EC n FA nepecekatwoTcsa B Touke O. [JokaxuTe, 4TO ecnv nnowagb
yeTblpéxyronbHuka BEOF paBHa nnowaaun TpeyronbHuka ACO, To AE = BF.

N3 paBeHCTBa nnowagen B yCrnoBuu 3agayum crnegyet, YTO paBHOBENUKN
TpeyronbHukn ABF n ACE, Tak KaK ux nnowaan nonyyatotcs npubasneHnem
nnowaan TpeyronbHMka EOA K paBHbIM nnowagam (cm. puc. 8). Tak kak
TpeyronbHuk ABC — paBHOGegpeHHbIn, TO ero BbicoTbl AM u CN paBHbl, npu atom AM n CN
ABNAOTCA Takke BblcoTamu TpeyronbHukoB ABF n CAE cootBeTcTBeHHO. CnepgoBaTtenbHo, 6yayT
paBHbl U COOTBETCTBYHOLLME 3TUM BbICOTaM OCHOBaHUs, TO ecTb BF = AE, 4yto 1 TpeboBanocso.

Puc. 8

5.3. CyuiecTByeT N BbINYKMbIA LWECTUYrONbHUK, Y KOTOPOro AfvHa OO4HOM M3 CTOPOH paBHa 1, a
ANWHBI BCEX AMaroHanen — uenble Yncna?

Puc. 9 A B

OTBeT: HeT, He CyLLeCcTBYeT.

MycTtb wecTtuyronsHnk ABCDEF co ctopoHon AB = 1 yooBneTBOpSiET YCroBMIO 3agadn (CMm.
puc. 9). PaccmoTtpum TpeyronbHuk ABD: 13 HepaBeHCTBa TpeyrofibHMKa cneayert, yuTo |BD — AB| < AD
<BD + AB, To ectb BD — 1 < AD < BD + 1. YunTtbiBasi, 4To AnuHbl BD n AD — uenble, Nony4nm, 4Yto
AD = BD.

AHanorMyHoe paccyXgeHue MOXHO npoBecTM WU ana TpeyronbHuka ABE. W3 TOro, 4to
TpeyronbHukn ABD n ABE — paBHoGeapeHHble ¢ ocHoBaHueM AB crnieayert, 4to Toukn D n E nexar Ha
cepeouMHHOM nepnenaukynsape K crtopoHe AB. Torga BepwuHbl A n B nexar B pasHblX
NONynyI0CKOCTAX OTHOCUTENBHO NpsaMon DE, 4To NPOTUBOPEYNUT BbIMYKNOCTU LLECTUYIONbHMKA.



