I-A. Cymma 28218 marypanbubix qucen pasha 2016 - 15, a ux npoussenenue — (20162 + 15). Haitmure
BCE BO3MOXKHbBIE HADOPBI TAKUX YHUCe]I. B oTBeTe yKa)KuTe CyMMy HauOOJIBIIErO U HAUMEHBIIErO U3 YHCEs
BCEX HANIEHHBIX HAOOPOB. Ec/m Takux dmces He CyMeCTBYET, TO B OTBeTe yKaxkute ducyo (.

Pewenue. 13 paznoxenns 20162 + 15 =3-19- 113 - 631 nesaeM BbIBOI, B 33125

a1+ ...+ asgors = 2016 - 15;

ap- ... asgors = 20162 4+15=3-19-113-631
9HCesT a) He PaBHBIX 1 MozKeTr ObITh He Oosee 4 (T.e. He DoJiee 9eM KOJTMIECTBO ITPOCTHIX ,ZLeJIHTeJIefI), II09TOMY
3aJa4a PaBHOCUJIbHA CJlelyIoneil

a1 + as + az + aq4 = 2026;
a1-ag-ag-a4:3-19-113-631;

a5=a6:...:a28218:1.

Pemmaem mocseauioo 3agaqdy: Habop a1, aq, as, aq cocrout u3 yucen 1, 19, 113, 3 - 631.
Ocraerca sorancaurs (3 -631) 4+ 1 = 1894,

OTBer: 1894.
O

1. Cymwma 28218 marypaibHbix gmncesn pasaa 2016 - 15, a ux npoussenerne — (20162 + 15). Haitiure Bce
BO3MOXKHbBIE HADOPBI TakuX 4nces. B orBere ykakure CyMMy HAWOOJIBIIIErO W HAUMEHBIIErO U3 UUCE]T BCEX
HaleHabpIx HabOpoB. Ecm Takux duces He CyIecTBYeT, TO B OTBeTe yKaxkute 9uciio 0.

OtBer 1894.

2. Cymma 1289 marypanbhbix gucen pasha 2016 + 19, a ux npoussenenune — (20162 + 19). Haitaure Bee
BO3MOKHbIE HADOPBL Takux 4uces. B orsere ykakure cymmy HaubOJIBIIErO U HAMMEHDIIEIO U3 YUCEJ BCEX
HalieHHbpIX HAOOpOoB. Kc/im Takumx duces He CyIecTBYeT, TO B OTBeTe yKakute 9ucio 0.

Vkazanue: 20162 4+ 19 = 521773 - 131.

OtBer 656.

3. Cymma 16054 marypanbhbix uucen pasha 2016 - 9, a ux npomssenenue — (20162 — 9). Haitnure Bee
BO3MOKHbIE HADOPBL TakuX 4uces. B orsere ykakure cymMmy HaubOJIBIIErO U HAMMEHDIIEIO U3 YUCEJ BCEX
HaleHabpIX HAbOpoB. Ecim Takux duces He CyIecTBYeT, TO B OTBeTe yKaxkute 9uciio 0.

Vkazannme: 20162 — 9 = 32 .11 - 61 - 673.

Orser 2020.

4. Cymma 50178 narypanbhbix gucen pasua 2016 - 27, a ux npoussenenne — (20162 + 27). Haitaure Bee
BO3MOKHbIE HADOPBL Takux 4uces. B orsere ykarkure cymmy HaubOJIBIIErO U HAMMEHDIIEIO U3 YUCEJ BCEX
HaleHabpIX HabOpoB. Ecm Takmx ducesr He CyIecTBYeT, TO B OTBeTe yKakute 9ucio 0.

Vkazannme: 20162 + 27 = 33 - 109 - 1381.

Orser 4144.

5. Cymma 1118 marypanbhbix uucen pasha 2016 + 44, a ux npoussenenune — (20162 + 44). Haiiaure Bee
BO3MOKHbIE HADOPBL Takux 4uces. B orsere ykakure cymmy HaubOJIBIIErO U HAMMEHDIIEIO U3 YUCEJ BCEX
naiinennpix Habopos. Ecsin Takux duces ne cyumiecrsyer, TO B orBere ykaxkure 9ucio 0.

Vkazannue: 20162 + 44 = 22 . 52. 97 - 419.

Orser 839.

6. Cymma 82705 narypasibhbix ducen pasia 2016 - 46, a ux npoussenenne — (20162 + 46). Haitaure Bee
BO3MOKHbIE HADOPBL Takux 4uces. B orsere ykakure cymmy HaubOJIBIIErO U HAMMEHDIIEIO U3 YUCEJ BCEX
naiinennpix Habopos. Ecsin Takux duces ne cyumiecrsyer, TO B orBere ykaxkure 9ucio 0.

Vkazanne: 20162 + 46 = 2 - 11 - 37 - 4993.

Orser 9987.



7. Cymma 8571 marypaibubix umcesn pasua 2016 - 6, a ux npomssenenne — (20162 + 6). Haitnure Bce
BO3MOZKHbIE HAOOPBL TaKuX 4uces. B orsere ykaxure cymmy HaubOJIBLIEIO U HAUMEHBLIEIO U3 YUCEJ BCEX
naitzennbix Habopos. Eciu rakux duces e cyuiecrsyer, To B orsere ykaxkure aucio 0.

Vkazanue: 20162 + 6 = 2 - 3 - 439 - 1543,

Orser 3087.

8. Cymma 10780 marypaabubx umcesn pasha 2016 - 9, a ux npomssenenne — (20162 + 9). Haitmure Bee
BO3MOXKHBIE HAOOPBI TAKUX 4HCe/l. B oTBere ykaxKuTe CyMMy HauOOJIBIIErO U HAUMEHBIIEro U3 YHCe/l BCEX
naiizennbix Habopos. Eciu rakux duces e cyuecrsyer, To B orsere ykaxkure aucio 0.

Vkasanue: 20162 +9 = 32 . 5. 37 - 2441,

OTBer 7324.

9. Cymma 1265 marypanbabix aucen pasra 2016 + 33, a ux npousseaenune — (20162 + 33). Haiiaure Bee
BO3MOXKHBIE HAOOPBI TAKUX 4uce/l. B oTBere yKaxKuTe CyMMy HauOOJIBIIErO U HAUMEHBIIEro U3 YHCe/l BCEX
naiizennbix Habopos. Eciu rakux duces e cyuecrsyer, To B orsere ykaxkure aucio 0.

Vkazanue: 20162 4+ 33 = 3-41-173 - 191.

OTBer 574.

II-A. Pemmure ypaBHeHue
4 3 cos8z

1 + cosx + cos 2x + cos 3z + cos 42)* + (sin z + sin 2z + sin 3z + sin 4z -+
4 4

Haiimnre cymmy Bcex KOpHel Ha MpOMeXyTKe A, OKpyIJIMB mpu HEOOXOAMMOCTH 0 TEJ0ro [mcia. Ecmm
KOpHeil HeT MJIM WX Ha 9TOM IPOMEXKYTKe OECKOHEYHO MHOTrO0, B orBeTe 3amnuiure mudpy 0.

Pewenue. 1-wi cnocob pewenus. CrpaBeaimupBo

(14 cos4x) + (cosx + cos 3x) + cos 2z = cos 2z (2 cos 2z + 2 cos 2z + 1),
sin 2x + sin 4z + (sinz 4 sin 3z) = sin 2z (1 4+ 2 cos 2x + 2 cos z).

CienoBarenbHO,

3 1—2sin’4
2COSQ$+2COS2$+14 cos? 2z + sin® 2z =—+w
4 4
sin? 4x
2

(4 cos® x + 2cosx — 1)4 (cos4 2z + sin® 290) =1-

. 2 . 9
4 4
(4cos2:1:+2cosx—1)4 (l—sm I> —poam

(4c052:v + 2cosx — 1)4 =1
4cos® x4+ 2cosx — 1 = +1.
Permas xpajpaThble (OTHOCHTENBHO NepeMeHHoil cosz) ypaphenus 4cos?x + 2cosz — 2 = 0 u 4cos® x +
2cosz = 0 mpuxogum k cosx = 1/2; —1; 0; —1/2.
Orer: x = +7% + 27mn, x::l:%”—k%’n, T =35 +7mn,z=m+2mn,n € L

2-wt cnocob pewernus. Kak jJerko 3amMeTuTb, Ha MHOXKECTBE © = 27N, n € Z periennii ner. Paccmorpum
BCe OoCcTa/IbHbIe 3HaUYeHnsA x € R. YpaBHEeHNEe PABHOCUIBHO:

. 4 . . 4 .
(sm 57”” cos 290) <s1n 57”” sin 290) sin® 4z
+ 1

3 x 3 x =
sin 5 sin 5

5z \ 4
) (cos4 27 + sin® 2:10) =1-

- Bz 4 .92 )
<51.n§) <1_sm 490)_1_5111 4:v<:>
sin 5 2 2

sin® 4x




Pemmnm ypasrenne

52 =42 4 2mn
sin — = +sin — <= 2 ’
%zw:ﬁ:%—i—%ﬂn,
3z = 27, r =2
2x = 27n, T =7n,
3x =7+ 27n, x:%—I—QWT",
2z =7+ 27n. T =5 +7n.

Ucxonnoe ypaBHeHMe Ha MHOKECTBE & 7# 27N, N € Z PABHOCUIBHO

x:%Tm, m € Z,m # 3s,8 € Z,
r=2+2" neyz,

r=7%5+7mn, nc€i.
Orser: Ha muoxecrse A = [2mm; 2rm + ]. Orser 2 + 87m, m € Z.

= 1009. OrBer 25367.
= 1010. Oreer 25392.
2mm; 2mm + = 1011. OrBer 25417.
2mm; 2mm + = 1012. OrBer 25442.

[27mm; 27rm + 7], m
[ J, m
| R
[27rm; 2rm + w]: m = 1013. Orser 25467.
[ J, m
[ J, m
[ J, m
[ ], m

2mm; 2mm + 7

2mm;2tm + = 1014. OrBer 25492.
2mm;2tm + = 1015. OrBer 25518.
2mm;2tm + = 1016. OrBer 25543.
2mm; 2mm + = 1017. OrBer 25568.
0. A = [2rm; 2wm + 7], m = 1018. Orser 25593.
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III-A. Buyrpu tpeyronbauka ABC B3sita Touka M Takas, 9T0 Npo HEE U3BECTHO CJIEAYIOIIEee CBOWCTBO:
ECAU K CYMME KBAOPAIOs 6CELT CIMOPOH MPEYLOAbHUKG NPUOABUMb YMPOCHHYW CYMMY 6CeXT K6adPaImos pac-
cmosanut om mouku M 0o eepwun MpeyzosbHUKG, TO NOAYHUMCHA GEAUNUHA, KOMOPAs He NPpesocrodum
24 - z. Hajijure crOpoHy TPeyroibHUKA ¥, €CJIM U3BECTHO, 4TO ILI0Ia b Tpeyrojibiuka ABC He menee \/§ - X
IIpu HEOOXOAUMOCTH OKPYT/IATE HAWJIEHHOE 3HAYEHHE 10 JIBYX 3HAKOB IIOCJIE 3AIIATOIl.

Pewenue. O60o3uaunm depes C1 u By npoexknuio Touek C' u B ua npamyio AM. Torna cnipaseniuBo:

B

Puc. 1: Puc. 2:

A(Sanp + Sanc) =2+ AM - (BB, + CCy) <2+ AM - BC =

zi-(2-\/§AM-BC)<

7 - (3- AM? + BC?).

Sl



AmnajlorngHo, oIy YaeM

A(Spmc + Spua) < —= - (3- BM? + AC?),

1
V3
1
4(S +8 <—-(3-CM?+ AB?).
(Scma+ Scus) NG ( )

Takum obpazom

8vV3Sapc < AB? 4+ AC? + BC? + 3(AM? + BM? + CM?).

JlokazkeM, 9T0 3HAK PABHO B JJAHHOM HEPABEHCTBE JOCTUTAETCS TOJBKO B CIy9ae MPABUIHBHOIO TPEYTOIbHIKA.
g sToro jokazkeMm, 4ro Bce yruibl pasabl mo 60°. Ilposexém nokazaresberso s yriaa (3 (cm. puc. 2)
u mokaxkem, 9To [ = 60°. OcrajbHble yIJIbl JOKA3bIBAIOTCH aHAJOrHYHO. [lycts O — 1eHTp OnmucaHHO
okpyzkHOCTH BOKpYT Tpeyrojbauka ABC. I[TockosbKy BO BCeX MEPexojax B HEPABEHCTBAX JIOJIZKEH CTOSATH
3HAK paBHO, TO M — TOYKa mepcecevdenus BbICOT U

AC = BM+V/3 < b= /3z.

CrenoBarenbuo n3 Tpeyroabanka AON momydaem

AN b)2 )

Ho u3 ycmoBus BuITEKaeT, 4TO
8V3Sapc = 24x > AB? + AC? + BC? + 3(AM? + BM? + CM?).

Cateosarensuo Tpeyrojibuuk ABC paBHOCTOPOHUIA.

Orser: 2,/T.
O

1. UsBecrro, uro x = 2014, naiiaure y = AC. OrBer 89.76.
2. Ussecrno, uro = = 2015, naiiaure y = AB. Orser 89.78.
3. UssecrHo, uro z = 2013, naiimure y = BC. Orser 89, 73.
4. Uzsecrno, aro z = 2017, naiimure y = AC. Orser 89.82.
5. Ussecrno, uro x = 2018, naiiaure y = AB. Orser 89.84.
6. 3BectHo, uro = 2019, naiiaure y = BC. Orser 89.87.
7. Ussectro, uro x = 2020, naiinure y = AC. Orser 89.89.
8. UssecrHo, uro z = 2021, naiure y = AB. Orser 89.91.

9. UssecrHo, uro x = 2022, naiyure y = BC. Orser 89.93.

10. Ussecrno, uro x = 2023, naiiaure y = AC. Orser 89.96.
11. Useecrno, uro x = 2024, naiiaure y = AB. Orser 89.98.
12. UsBecrro, ato x = 2026, naiinure y = BC. Otser 90.02.

IV-A. Oupegenum f(a) Kak QyHKIMIO, DABHYIO KOJMYECTBY PA3JIMYHbIX PELICHUN yDABHEHUS

. arx m(2? + dax + 1) /
smx2+1+cos y— =\/2-V2 (1)

Hanpuwmep, f(a1) = 3 o3uadaer, 9ro 1pu ¢ = a; 9TO yPABHEHUE MMEET TPU PA3JIUYHBIX PELICHUs X1, T2, T3.
Eciu npu a = ag ypasHenue KopHeii e umeer, 1o mosoxum f(ag) = 0.

Pewnre nepasencrso f(a) < 5. B orser sanumure cymMMapHyIO JJIMHY 1IOJLy YUBLIMXCHA MHTEPBAJIOB,
OKDYIJVIUB ee, IIPU HeOOXOIMMOCTH, /10 /IBYX 3HAKOB 1OC/Ie 3anaToil. Eciau pemenuil Her, 1O HAIUIIUTE YUCIIO
0; ecsiu Oy IUBIIAACS JAIUHA OECKOHEYHA, TO HAmumuTe Iucao 9999,




Pewenue. Ilycrs t = S5 Torpa ypasHenue npuHuMaeT Buj sint 4 cos(§ +1) = V2 — V2 wim

241"

. . ™

s1nt+sm(z—t) :\/2—\/§<:>

2sinzcos(z—t> :\/2—\/§<:>
8 8
T
——t)zl.

005(8

W3 nocienneit hbopMysibl BUIHO, 9TO €C/ii ¢ 3aMEHUTh Ha —t KOJMYECTBO pernenuii He mensercs. CiemoBa-
resibHo byuxuus f(a) — uérnas.

Pemmm mepasenctso | f(a)] < 5. Ilocaenaee HepaBeHCTBO 03HAYAET, YTO KOPHEH y MCXOJHOrO ypABHEHUS
JI0/2KHO ObITh HE Hosiee 5. st 9100 pemiaeM ypaBHEHHE COS (% — t) =1

t:%—i—%rk, keZ.

anx
2Z2+1°

Ilockoabky t = TO

a
2
- ———ax+1=0.

2k +1/8
OrMeruM, 4T0 P Pas/IUYHbIX 3HaUYeHuAX b = by u b = by ypasuenus r2 — bz +1 =0u 22 — bz +1 = 0 ne
UMeIOT O0muX KOopHei. /leiicTBUTE/IbHO, €CIn 9TH YpPAaBHEHUS MMEIOT ODmIuii KOpeHb, TO 1m0 Teopeme Buera
COBIQ/IYT U JBA IPYTUX KOPHS, & 3HAYUT, b1 = by. Ilpu kaxk oM buKCupoBaHHOM k € 7 pEIleHue CymecTByeT,
ecsim D > 0, npuyem npu D = 0 umeercs oano pertenue, npu D > 0 — aa. Ycejgosue D > 0 paBHOCHJIBHO

2
a 1
—4 >0 >12(2k+-)].
(2k+§) al ‘ ( +8>'

CuteoBaresibHO,
1 1
la| < 1= pewenuii mer, |a| = 1= 1 peutenue,
1 15 15
lal —;— | = 2 pemenus, |a]=— = 3 pemienus,
4" 4 4
15 17 17 .
la] € 1) = 4 pemenus, |a| = T 5 peleHmui,
17 )
la| > T GoJsiee b pereHwuii.
Orser: a € [—1I; 2], numna mnrepsaa pasHa 8, 5. O

1. YpaBuenue:

. arx m(2? + dax + 1) /
smx2+1+cos 2 = 2—\/5,

uepasenctso f(a) < 5. OTBeT: a € [—177; 1?7], JIJIMHA MHTEepBaJja pasHa 8, 5.

2. Ypasuenue:
arx . w(2% + dax + 4) /
cos 2_'_4—i—sm 12 116 = 2+\/§,

nepasencrso f(a) < 7. OrBer: a € [—31; 3], nmna unrepsana pasua 31.

3. YpaBHeHnue:
anx . m(2? —dazx +1) /
cosx2+1+s1n 2 = — 2+\/§,

nepasencTso f(a) < 5. OrBer: a € [—22; 22|, nuna unTepsBajia pasHa 11, 5.
4. YpaBueHnue:

. 2amz m(x? + 8ax + 1)
s1nx2+1+cos 2 = 2—\/5,




nepasenctso f(a) < 7. OrBer: a € [—22; %], JIJIMHA, MHTEepBasa pasHa 6, 25.

8 7
5. Ypasuenue:

. amx m(x? + dax + 1) /
s1nx2+1—cos 2 = —\/2+V2,

nepasencrso f(a) < 5. OrBet: a € [—12; 2], iuna unrepsana pasua 9, 5.
6. YpaBuenue:
2amx m(x? + 8ax + 1)
cos — sin =1\/2—-V2,
2 +1 472 + 4 V2
nepasencrso f(a) < 7. OrBet: a € [-2; 2], 1una unrepsaia pasua 7, 25.
7. YpaBHeHHe:
arx (2% + 4ax + 1) /
sin + sin =—\/2+V2,
22 +1 422 + 4 V2
nepasencTso f(a) < 9. OrBer: a € [—%; %], JIJIMHA, MHTEepBasa papHa 18, 5.
8. YpaBHenue:
2
arx (2 — dax + 4)
cos — cos = —\/2-V2,
x2 44 422 + 16
nepasencrso f(a) < 5. OrBer: a € [—2!; 2], iuna unrepsana pasua 21.
V-A. Ilycrb a,, — KOau4IecTBO nepecranoBok (ki, ko, ..., ky) gucen (1,2,...,n) TakKux, 9TO BbIIOJHEHBI
JIBa, YCJIOBUSL:
[ ] kl = 1,
e [Ing moboro womepa i = 1,2,...,n — 1 Bblnosineno vepaBeHcrso |k; — k1] < 2.

Kakoso uucno an?

Pewenue. JIokazkeM B HECKOJIBKO IIATOB:

ITar 1. /lokaxkeMm, 9TO €CTh PEKYPPEHTHOE COOTHOIIEHUE: Gy = Gp—1 + Ap—3 + 1. BO3MOXKHBI cemyromnime
Hadaja MepecTaHOBKH:

e B nocienosarensuocru (1,2,...,). OrbpocuM NepByIO €IUHUILY, a OCTAIbHBIE YUC/IA, YMEHbIIUM
ua 1. To, 9T0 MOy YnI0Ch, Y/IOBIETBOPSIET YCJIOBUAM Ha mepectanoBku mpu n— 1. CremoBarebHO,
TaKUX MEPECTAHOBOK (y_1.

e B nocnenosarensuocru (1,3,2,4,...,). Orépocum nepsbie Tpu 4iena nepecranosku ((1,3,2)).
OcTasbpHBIE YNCTA YMEHBIIUM HA TPH. 10, 9TO MOIYyYHIOCH, YAOBIETBOPSET YCJIOBUSAM Ha MEpe-
cranosku npu n — 3. Cjie10BaTe/IbHO, TAKUX [IEPECTAHOBOK €CTh (i —3.

e Ecrb em@ omma nepecranoeka Buna (1,3,5,7,...,6,4,2). B cepenmune — mepexop ¢ MOCIETHETO
HEYETHOTO YHCJIA, HE MMPEBOCXOMAIIETO 1 K MOCAEIHEMY YETHOMY YHUCJ/IY, HE MPEBOCXOIAIIETO 7.
Takum 0b6pa3oM, Oy IUIN

Ay = Qp_1 + Qp_3 + 1. (2)

ITar 2. BoramcigeM Ha9aabHBIE 3JIEMEHTHI IOCJIEI0BATEILHOCTH

ar=1, ax=1, a3=2, as=4, a5=6, ag=9, ary=14, ag=21, a9 =31,
ayg =46, a1 =68, a2 =100, a13=147,, a4 =216, a5 =317,

a1e = 465, a7 =682, a8 = 1000, ai9 = 1466, a9y = 2149, a9 = 3150,

age = 4617, a3 = 6767, agq = 9918, a5 = 14536, agg = 21304, asr = 31223,

asg = 45760, ag9 = 67065, ago = 98289, a3y = 144050, agze = 211116, as3 = 309406,
aszq = 453457, asgs = 664574, aze = 973981, asr = 1427439, a3z = 2092014,

azg = 3065996, a40 = 4493436, a41 = 6585451, aye = 9651448, a43 = 14144885,

agq = 20730337, aygs = 30381786, ayqs = 44526672, a4y = 65257010.



OrBer: a4; = 6585451.

CHRIPGUR W=
Il
S
t

. OrBer 6585451.
. OrBer 9651448.
. OrBer 14144885.
. Orser 20730337.
. Orser 30381786.
. Orser 44526672.
. OrBer 453457.

. OTBer 664574.

. N = 36.

Otrser 973981.

10. N = 37. OTser 1427439.
11. N = 38. OTser 2092014.
12. N = 39. Orser 3065996.
13. N = 40. Orser 4493436.



