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Sagaua 1
B-1 Ckoabko cymecTsyer neabx aucesn N, mpu kotopeix 48000 - (2.5 4+ 2.58+1) — nenoe uncno?
OtgeT: 10
Pemenne. Pa3jioxkuM BbIpazkeHne Ha IPOCTbIe MHOMKHTEIH:

5\ 5
48000 - (2.5 + 2,58 = 2. 3. (2. 5). (5) : (1 + 5) =20-N. 5N 3.7,

Taxk kak gmcsaa 2, 3, 5 ¥ 7 B3aUMHO IIPOCTBIE, TO JAHHOE BbIParKeHHe OyJIeT IeJbIM, €CJU OJHO-
BpPEMEHHO BBITIOJIHAIOTCA JiBa yeaoBusd: 6 — N > 0u 3+ N > 0.
[Tony4aetca 10 3Ha4deHmil.

B-2 Ckosbko cymectsyer meabix unces N, npu koropeix 160000 - (1.25Y + 1.25N8+1) — nenoe
IUCTO?
OrtBer: 8

B-3 CkoabKo cymecTByeT meabix ancesn N, mpu kotoprix 32000 - (2.5 4+ 2.58+1) — nenoe uncio?
OTser: 11

B-4 Ckosbko cymectsyer nejbix uucen N, npu koropbix 80000 - (1.25Y + 1.25M 1) — nenoe
IUCTO?
OtBet: 7

3agaua 2
B-1 Vauna umeer dopmy nosiocwt jyimabl 200 M u mupusbl 5 M. BJioJib KazKioro Kpas yJiibl
crosT (boHAPH, KarK/IbIil 13 KOTOPBIX OCBemaeT Kpyr pajuyca 13 M BoKpyr cebdsi. Kakoe MmuHuMa/ibHOE
qnc10 poHApeil HAI0 PACCTaBUTD, YTOOBI YIIMIA OBLIA TOJHOCTHIO OCBelleHa’?

OTser: 9
Pemieumne.
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Ha cpoeit cropone dponaps ¢ pagumycom 13 M ocBemaer mo 13 M 0009mHBI B 06€ CTOPOHBI. SHAYUT, HA,
MTPOTUBOIOJIOXKHONW CTOPOHE OH MOYKET OCBeTHTh /132 — 52 = 12 MeTpoB 000YMHBI B 00€ CTOPOHHI.
Tax uym unade, ob6e 060YUHBI HY2KHO OCBETHUTH IIOJHOCTHIO — OJIUH (OHAPH MOXKET OCBETUTDb 24 + 26
MeTpoB 000YHH, 00e 00OUYMHBI Jal0T B obmieit caoxkuoctu 400 M, TaK 9TO MOHATOOUTCI MUHHEMYM
% = 8 donapeit. Eciin y Hac ectb Bcero 8 conapeit, T0 00IIyIO JIJIMHY OOOYMH OHHM OCBEIIAIOT
«BIPUTHIK» — €CJIM BJIPYT OCBEIeHre Ha 000YNHAX HAJOXKUTCS JIPYT Ha Jpyra, TO o0Iei JIHbI yKe
HEe XBATUT Ha BCIO YJINILY. DTO MPUHYKIAET HAC K ONTUMAJILHON paccTaHOBKe poHAPEll B «IITaxXMaTHOM
HOPSIIKE» — TO €CTh €CJIU Ha 3TOi cTopoHe ecTh poHAPD, TO Yepe3 25 MeTpPOB Ha HPOTUBOIOIOXKHON
CTOpPOHE OVIET CTOATH ciaeayooiuii donapb. OTIEIBHO B3ATYIO 000UMHY OOYEPETHO OCBEIIAIOT TO
donapu ¢ 3TON CTOPOHBI, TO C HPOTUBOIOJIOKHON — 0e3 1pobesioB u Haj0KeHuit. Byib ciepytomuii
doHaph Ha JPYTOM PACCTOSIHUH, WK y JAPYTO# 000YMHBI — IOJYUYHMJIOCH Obl HAJOXKEHHE CBeTa, WJIN
JKe 1mpodest, KOTopoit Obl MPUIILIOCH 3AOJHATH JOMOJHUTEILHBIM (oHapém. [Tosromy paccranoBka
IaxMaTHasd.

CaMo JOpOzKHOE TIOJIOTHO € TaKO# paccTaHOBKOM TOyKe OyIeT OCBEIIeHO MOJTHOCTBIO — ¢ HeDOJIb-
IMTAMY HAJTOXKEHUSAMHU.

C Takoit paccTaHOBKOI moJyiyantcss ocBeTuTh 110 200 MeTpoB 000YMHBI ¢ KaK/10il CTOPOHBI BCETO
BoCchbMbIO (poHapsiMu — HO 3TH 200 MeTpOB OCBeNEHHBIX 0004YMH OYIAyT CABUHYTHI Ha METP OTHO-
CUTEJIbHO JpyT JApyra. OKoJ0 Topia NpaMOYIOJIbHON YIUIBI MOy IUTCA HeOOIBIION HeOCBEIEHHbI
«TPeyroJbHUK». [ TOTOo, 9TOOBI OCBETHTDL BCIO VJIHUILY, OHamobuTcs 9-it (boHaph.

B-2 Viuma umeer dpopmy nosiockl giuabl 320 M u mupuabl 8 M. Bioib KaKioro Kpas yJIuIbl
cToAaT POHAPH, KAXKIBIi U3 KOTOPBIX OCBEIIaeT KPYyT pajuyca 17 M BOKPYT cedd. Kakoe MuHUMaIbHOE
qucIo (poHapeit HaJ0 PacCTaBUTh, YTOOBI YJIMIA ObLIA TOJHOCTHIO OCBEIeHA?!

Ortset: 11

B-3 Vauna umeer dpopmy mosiochl aanabl 294 M u mupuHbl 7 M. B1osib KayKaoro Kpast yiIuIlbl
crodT hoHaPH, KazKJIbIil 13 KOTOPBIX OCBEIIAET KPYT pajuyca 25 M BOKPYT cedd. Kakoe MuHuMaIbHOE
qucsIo (poHapeit HaJIO PACCTABUTD, YTOOBI YJIHIA OBLIA TMOJHOCTHIO OCBEIEHA?!

OtrBer: 7

B-4 VYiauna umeer dopmy mosockl aiunbl 972 M u mupunbl 9 M. Bos Kayk10ro Kpast YIuIbl
crodaT boHAPH, KazK/IBIIl U3 KOTOPHIX OCBeIIaeT KpyT paamyca 41 M BOKpyT ceds. Kakoe MunnMaabHOe
quc10 (poHApeit HAJI0 PACCTaBUTD, YTOOBI VIUIA OBLIA TMOJTHOCTHIO OCBeIleHa?

Otsert: 13
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Samaua 3
B-1 Haiitu Bce 3HavMeHns mapaMeTpa a, IPU KazKJI0M U3 KOTOPHIX HEPABEHCTBO

25y* + — > — avy + y — 2527

100
BBITIOJTHSIETCsL JI71s1 JIOOBIX 1ap ancen (z,y), Takux 4rto |z| = |y|. B orBer 3amucarb cymmy BO3MOK-
HBIX 3HAYEeHU [apaMerpa a, ecii UX KOHEYHOe YHCJI0, WM CYMMY JITHH WHTEPBAJIOB BO3MOYKHBIX
3HaUYeHHil a, eciu 3HaYeHUN @ OeckoHedHo MHOrO. Ecin 3Havennit ¢ Her HUKakux — mummre 0.
Otsert: 50
Pemenne. PaccmarpuBaem ciaydam y = x u y = —x. B caydae, korma x = y, umeeM:

1
o
2%(50 + a) x+100 > 0.

B cayuae, korna r = —y, umeem:
50 —a) + L > 0.
7 100 ~
Pacemorpum cnavana caydait © = y. CiieBa rpaduk — napabdosia. 4Tobbl HepaBeHCTBO BBITOJIHSI-
JIOCh JIJIS BCeX X, HEOOXOIMMO, YTOOBI BETBH OBLIM HAIIPABJIEHBI BBEpX, caegoBaTebHO, 50+ a > 0 u
JUCKPUMUHAHT OBLT HEMOJIOKUTENbHBIN ([OKAYKeM TPO YIPOIIEHHBIH TUCKPUMUHAHT)
50+ a

l1————<0
100

I3 mepBoro HepapeHcTBa ciaemyer, 9to a > —bH0. A m3 Broporo a > 50. CiegoBaresbHO, HMeeM
a = 50.
Anajiormano, s ciaydas x = —y umeeM a < 50. 3uauut, a = 50.

B-2 Haiitu Bce 3HaueHus napaMerpa a, Ipu KazxKJOM U3 KOTOPbIX HEPABEHCTBO

1
24> + — > v — avy +y — 242°
96
BBITIOJTHSIETCsT J71s1 JIOOBIX Tap uncen (z,y), Takux 4to |z| = |y|. B orBer 3amncarb cymmy BO3MOK-
HBIX 3HAYEeHW apaMerpa a, ecii WX KOHEYHOe YHCJI0, WM CYMMY JITHH WHTEPBAJIOB BO3MOYKHBIX
3HaUYeHnil a, ecyiu 3HaYeHUN @ OGeckonedHo MHOrO. Ecin 3Havennit ¢ Her HUKaKux — mummre 0.

OTser: 48

B-3 Haiitu Bce 3HaUeHnda mapaMeTpa @, IPU KaxKJI0M U3 KOTOPBIX HEPABEHCTBO

20259° + —— > & — axy + y — 20252>

8100
BBITIOJTHSIETCSl 71 JIOOBIX TTap unces (x,y), Takux 4to |z| = |y|. B oTBer 3amucarh cymMMy BO3MOXK-
HBIX 3HAUCHUH ITapaMerpa a, eCIM MX KOHEYHOe YHCJIO, WK CYMMY JUIMH MHTE€PBATIOB BO3MOMKHBIX
3HAUeHUH @, ecyiu 3HaYeHul @ GecKoHeuHO MHOro. Eciu 3Hauenuil ¢ ver nukakux — muimure 0.

OTBeT: 4050

B-4 Haiitu Bce 3nauenus nmapaMeTpa @, TP KaxKJI0M U3 KOTOPBIX HEPABEHCTBO

20249 + —— > & — axy + y — 20242>

8096 ~
BBITIOJTHSIETCsT 7151 JIOOBIX 11ap ances (z,y), Takux 4rto |z| = |y|. B orBer 3amucarb cymmy BO3MOK-
HBIX 3HAYEHUH apaMerpa a, ecii UX KOHEYHOe YHC/I0, MM CYMMY JTHH WHTEPBAJIOB BO3MOYKHBIX
3HaUYeHUil @, ecyiu 3HaYEeHUN @ OeckoHedHo MHOrO. Ecin 3navennit ¢ Her HuKakux — mummre 0.



OTBeT: 4048

B-5 Haiitu Bce 3Hauenus napaMerpa a, Ipu KazKJI0M U3 KOTOPbIX HEPABEHCTBO

506y° + —— > & — axy +y — 50623

2024
BBIIIOJIHSIETCS JJ1st JIIOObIX 1ap uuces (z,y), Takux 4ro |z| = |y|. B orBer 3anucars cymmy Bo3MOK-
HBIX 3HAYEHWI mapaMerpa a, eCju WX KOHEYHOe YUC/I0, UM CyMMY JJIMH WHTE€PBAJIOB BO3MOMKHBIX
3HAYEHUil a, ecyin 3HAUEHWH @ OeCcKOHeuHO MHOro. Eciu 3Havenuil ¢ Her Hukakux — tmmmre (.

Otrser: 1012

B-6 HaiiTu Bce 3nHauenus napaMeTpa a, Ipu KazKJa0M U3 KOTOPBIX HEPABEHCTBO

1012y + —— > o — axy + y — 101222

4048
BBITIOJTHSIETCsT J71s1 JIOOBIX TTap ancen (z,y), Takux 4to |z| = |y|. B orBer 3amncars cymmy BO3MOK-
HBIX 3HAYCHUH HapaMeTpa a, €CJH HX KOHEYHOe UUCJI0, WM CYMMY JJIMH HHTEPBAIOB BO3MOYKHBIX

3HAYEHUH a, ecJiu 3HaUYeHUi a GecKOHeYHO MHOro. Eciu 3HadeHuil a HeT HUKaKuX — muiiure 0.
OTset: 2024

B-7 HaiiTu Bce 3HaYeHHs HapaMeTpa @, IPH KaxKJIOM U3 KOTOPBIX HEPABEHCTBO

120 + — > 2 — axy + y — 1222

48 ~
BBITIOJTHSIETCsT [0 JIOOBIX TTap uuces (z,y), Takux 4to |z| = |y|. B oTBeT 3amucarb cymMMy BO3MOXK-
HBIX 3HAUEHUH ITapaMerpa a, eCJIM MX KOHeYHOe YHCJIO, WK CYMMY JJIMH MHTE€PBATIOB BO3MOMKHBIX

3HAYEHUN @, eCJIM 3HaYeHUI a OeCKOHEeYHO MHOrO. Ecim 3Havenunilt a Her Hukakux — muiure 0.
OTBeT: 24

B-8 Haiitu Bce 3nauenus mapaMeTpa @, TP KaxKJI0M U3 KOTOPHIX HEPABEHCTBO

20y + — > = — avy +y — 202°

80 ~
BBITIOJTHSIETCS JIJIsT JTIOOBIX Tap wucen (z,y), Takux urto |z| = |y|. B orBer 3amucarsh cymMmmy BO3MOZK-
HBIX 3HAUYEHUI [TapaMeTpa a, €CJIM WX KOHEYHOEe YUCJI0, WA CYMMY JJIMH WHTEPBAJIOB BO3MOYKHBIX
3HAYeHUH @, ecyin 3HaYeHUN @ GeckoHedHO MHOrO. Ecan 3HaveHnii a HeT HUKakuX — mummre 0.

Otset: 40
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Sagaua 4
B-1
e —> —>
\2 1 \
<« <«
\ 1 0
—> —> —> —>

Yepes nepemnierenne Tpyd U KJaamaHoB TedéT Boga. CucTeMa OJHOCTOPOHHSS, BOJA TEUET B HAIIPAB-
JICHHH CTPeJIoK. Boma co Bcex BXOASIIMX B KJallaH TPYO CKJIAIbIBAETCS BMECTE, a IIOTOM JIEJITCS
IIOPOBHY MEKY BCEMH HCXOMSIIUMI U3 KJallaHa TpyOaMm.

Kakast gacTh BXOIAIEro moToOKa BHIAET depe3 BepxHIO TpyOy? OTBeT mpH HEOOXOINMOCTH
OKPYIJIATE 10 COTHIX.

OtseT: 0.25

Pemienue.

« C E <«
\ 1 ()
- > B > F -

[oiiaém o Tpybam mociesoBarTeabHo. B kiamane A K mOTOKY u3BHe (IycTh OH paseH 1) mpubas-
JISIeTCS CKOJTBKO-TO BOJBI OT 06paTHo# mersin. CKOJBKO 1O Heil MoCTynaeT — HaM MOKa HEeU3BECTHO,
o3TOMY 0003HAYMM J00aBIEHHOE KOJIUIeCTBO HenspecTHO# x. Toraa: B Touke B NOTOK pa3/enrcs

na 2% u 22 B rouke F upuxomsmee pasgemurca na £ n 22 B rouke B x % npubasurcs
1+z

4
HeM3BeCTHOe KoydecTso y. B Touke D norok =4+ +y pazbusaercd nomojam, Teuér Kk G u C, u eciu



MBI HaNHUIEM yCJAOBHs paBHOBecus B KjaanaHax G m C' — MBI MOJYYUM CHCTEMY, OIPEIesIIONLY IO
3HaveHus r u y. Cucrema Takas:

14z
5 T
14z
~ T

= 2y,

+ l—gm = .

N Nk

Pemmenns cucrembr — y = }L, r=2.
Yepes BepxHio0 Tpydy BBIXOJUT Y, & y paBHo 0.25, 310 u OyJ1eT OTBET.

B-2

Yepes nepemnierenne Tpyd U KaamanoB TedéT Bojga. CucTeMa OJHOCTOPOHHSS, BOJA TEUYET B HAIIPAB-
JIEHHH CcTpesoK. Boma co BcexX BXOASAMUX B KJIalaH TPYyO CKJIAIbIBAETCS BMeECTe, a HMOTOM JeJIUTCS
IOPOBHY MEXK/Iy BCEMH HCXOISIIUMU U3 KJallaHa TpybaMu.

Kakasg gacThb BXOIAIEro mOTOKa BHIAZET depe3 BepxHiO TpyOy? OTBeT mpu HEOOXOIUMOCTH
OKPYTJINTE 0 COTHIX.

Otsert: 0.1

B-3

Yepes nepemierenne Tpyd u KaamanoB Tedér Boga. CucreMa OJHOCTOPOHHSIS, BOAA T€YET B HAIIPAB-
JIEHHIH CTPEJIOK. BO,ZLa CO BCeX BXOAAIMHUX B KJIallaH pr6 CKJIaJbIBa€TCA BMECTE, a IIOTOM AeJIUNTCA
MIOPOBHY MEYKJIy BCEMH UCXOASAIIMMU U3 KJallaHa Tpybamu.



Kakas gacThb BXOIAIEro MOTOKa BHIAAET depe3 BepxHiO TpyOy? OTBeT mpu HEOOXOIUMOCTH
OKPYIJIATE JI0 COTHIX.
OTsert: 0.75

B-4

Yepes nepemierenne Tpyd u KaamanoB Tedér poga. CucreMa OJHOCTOPOHHSS, BOJAA T€YET B HAIIPAB-
JIEHIH CTPEJIOK. BO,ZLa CO BCeX BXOAAIMHUWX B KJIallaH pr6 CKJIaJbIBa€TCA BMECTE, a IIOTOM ACJIUTCA
MIOPOBHY MEYKJIy BCEMH MUCXOASAIIMMU U3 KJalaHa Tpybamu.

Kakag gacTb BXOIINEro HmOTOKa BBIAJET 4epe3 BepxHIOl Tpyoy? OTBeT IpH HEOOXOIUMOCTH
OKPYTJIHTE O COTHIX.

OTset: 0.9
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3amaua 5

B-1 /lana okpyzxnOocTh ¢ nentpom O u pagmycom 4+/3. TIposenena xopma AB, Kotopas okasa-
JIACh TUIOTEHY30i MpsaMOoyToIbHOr0 Tpeyroibauka ABC. [lnameTrp OKpyKHOCTH, HPOXOIAIIAN depe3
BepmuHy C| neJUTCA Ha YeThIPe PABHBIX OTPe3Ka BepimmHOil ' TpeyrobHuKa, meHTpoM () OKpYyK-
HOCTH U TOYKOH mepecedenns quaMerpa ¢ xopaoi AB. Haiiiure paccrosinue oT MeHTpa OKPYKHOCTH
110 xopabl AB.

OtgerT: 3

Pemenne.

S

B

[Iycte M — Touka mepecedeHusl AuaMerpa ¢ THIOTeHy30i AB. OTMeTuM, UTO PacHoJIOXKeHHe
touek O, C, M na auamerpe ompeje/isiercsi OHO3HAYHO — Tak Kak () obsi3ana ObITH MOCEpE/UHE.

Omnycrum u3 Toukn O neprnennukyaap ON k xopae AB. Torga N - cepenuna orpeska AB (Tak
kak ON — Beicota pasnobenpennoro tpeyroabunka AOB). Iposemem CP ||ON (rge P nexwur
Ha AB) u coemuaum N u C' orpeskom npsmoit. Pacmorpum tpeyronbauk MCP. Otpesok ON —
cpelnds JauHsdg Tpeyroibauka, Toraga C'P = 2 - ON. Orpe3ok C'N — MeauaHa B IPSIMOYTOJBHOM

tpeyrosibanke ABC, ciaenoBarenbrao C'N = §AB = NB.
[Mycte ON =2, MN = NP =y, CN =NB = z.
Torna, Tak kak OM = §R, u3 TpeyrogbHukoB ONB, CNP u OMN Ha OCHOBaHHUU TEOPEMBI

[Tudparopa mosyuaem:
22 = R? — 22,
(20) = 22 — 2,

1 2
3?2 = (ER) — y2‘

CKJ’I&,ZLI)IB&H IIOYJIEHHO II€pPBbIC JBa YpaBHEHUA U 3aTEM BbIYUTad U3 PE3yJbTaTa TPeThe, HaXOAUM

(z@?::RQ—-(%R>2,

42° = R
T 4 s
V3
= '°R.
T

B-2 Jlana okpy:KHOCTB ¢ IeHTpoM O U paguycoM 8v/3. IIpoBenena xopua AB, koTopas oKa3a-
JIaCh THIIOTEHY30i MpAMOYTOJIbHOr0 Tpeyroabauka ABC. [InaMerp oKpyKHOCTH, TPOXOAAIINNA depes
BepiuHy C, JEIUTCSA HA YeThipe PaBHBIX OTpe3Ka BepimuHoit C' TpeyrojbHuka, meHrpoM O OKpyK-
HOCTH M TOYKOI mepecedeHus: nuamMerpa ¢ xopaoit AB. Haiianre paccrosHme OT HMeHTpa OKPYKHOCTH
110 xopasl AB.



OTBeT: 6

B-3 Jlana okpy:KHOCTH ¢ eHTpoM O U paguycoMm 161/3. [posenena xopaa AB, KoTopas oKa3a-
JIaCh THIIOTEHY30H MPAMOYTOJIbHOTO Tpeyrosbauka ABC. [lnamerp OKpyzKHOCTH, TPOXOASAIINANR depes3
Bepinay C| MeIUTCSA HA YeThIPe PaBHBIX OoTpe3ka BeprmmHoil C' Tpeyroiabanka, neHTpoM (O OKpy K-
HOCTH U TOYKOM IepecedeHns quaMerpa ¢ xopaoit AB. Haiinure paccrosHme oT MeHTpa OKPYKHOCTH
710 xopasl AB.

OTrser: 12

B-4 /lana okpyKHOCTB ¢ 1eHTpoM O U pagmycoMm 32v/3. IIposenena xopaa AB, KoTopasi oKa3a-
JIACh THIIOTEHY30H MpsSMOYTOJIbHOrO TpeyroabHuka ABC. [naMerp OKpyzKHOCTH, HPOXOALAIINANA depes
BepmHy C, JEIUTCA Ha YeThIPe PaBHBIX OTpe3Ka BepInuHoit C' TpeyroabHuka, meHTpoM O oKpyK-
HOCTH M TOYKOI mepecedeHus: puamMerpa ¢ xopaoit AB. Haiianre paccrosHue OT HMeHTpa OKPYKHOCTH
110 xopaer AB.

OtBeT: 24

3amaua 6
B-1 Haiinure tg|z|, ecoim u3BecTHO, 4TO

<5sinx+3cosx+\/§) <\/ﬁ—3 sin|x|> = 0.

B orBeTe yKayKuTe CyMMY BCEX BO3MOXKHBIX 3HAYEHUH tg|x|, OKPYIVIEHHYIO 10 THICSIHBIX.

Otsert: 0.696

Permtenue. OrvernM, 94To Bropas cKOOKa He o0parnaercst B HOJIb, Tak Kak y/sin|z| < 1 < g
Taxnum 00pa3oM, ypaBHEHHE PABHOCUJIBHO CHCTEMe YPABHEHUS W HePABEHCTBA,

sin |z| > 0,
5sinz + 3cosz + /2 = 0.

Pemmaem ypaBHenme n3 9T0i CHCTEMBI — TOJIy9aeM €Ié OJIHY CUCTeMY W3 YpaBHEHUS W HEPABEHCTBA:

Ssinx + 3cosz < 0

25sin?x 4+ 30sinz cosx + 9cos?x = 2

Pemaem ypaBHenue:
25sin® z + 30 sinz cos ¥ + 9cos? v = 2

25sin? & + 30tgz cos® & + 9 cos® & = 2

thx
1+tg?z?

1

2., _
COS™ T = iy

Ucnosb3yem 3aMenst sin® @ =
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5 (27 ) 4 somge (— ) 1o (— ) =2
m pr—
1+ tglx S \1 7 tg2x 1+ tgla

Vmuoxaem Ha 1 + tg2z, mepenocum BCE Ha OJHY CTOPOHY — U TIOJIyYaeM KBaJpaTHOE ypaBHEHHe
23tg’x + 30tgx + 7 = 0.

Pemennga ypaBuenns — 3710 tgr = —1 ntger = —%. B cBoto ouepenn, tg|r| cMoxkeT moTeHIHATHHO
IpUHUMATH Takne 3HadeHns: 1, —1, 2—73, —2—73 (moTomy 9To, 0OpaMIIsis T MOJLYJIEM, MbI JIHOO OCTABJISIEM
2 KaK eCTh, JIMOO YMHOXKaeM Ha MUHYC OJUH — a TaHTeHC (DYHKIUS HeqéTHaH.) [Tposepum, moaxoadT

JIM HaliJeHHbIe T TI0JT HAKOMUBIIHeCS yCaI0Bud. [lepen mpoBepKoil ycaoBuit OTMETHM, ITO

sin|z|  sin |z

tg|z| = = :
cos|x|  cosw
[t BBIMOTHEHNS YCA0BUI HYKHO, ITOOBI 3HAK tg|z| cOBmAIAI cO 3HAKOM COS .
Korpma cosz > 0, u3 HepaBeHcTBa BO BTOPOI CUCTEME CJIe/LYET, 4TO tgr < —g. Suaunr, tgr = —1,
HO tg|z| > 0, mosromy tg|z| = 1.
Korma cos x > 0, n3 HepaBeHncTBa BO BTOPOU crcTeMe CJIeIyeT, 9To tgr > —%. Suaunr, tgr = —
__
Ho tg|z| < 0, mosromy 7tg|x| = —353.
B orser uuér 1 — ;.

i
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B-2 Haiinure ctg|x|, ecam usBecrro, 1to
<5(:osx + 7sinz + \/§> (\/5— /sin ]x\) = 0.

B orBete ykazxkuTe CyMMYy BCEX BO3MOYKHBIX 3HAYEHWN Ctg|z|, OKPYTJIEHHYIO S0 THICSIHBIX.

OTBeT: —1.043

B-3 Haiizure tg2|z|, ecan u3BecTHO, 910
(5 sin 2z + 3 cos 2z + \/§> <\/11 — 3y/sin 2\x|> ~0.

B orBeTe yKazKuTe CyMMY BCEX BO3MOZXKHBIX 3HAYEHUH tg2|T|, OKPYIVIEHHYIO 0 THICSIHBIX.
Otset: 0.696

B-4 Haiinure ctg3|z|, ecan uzsectHo, 410

<5 cos 3z + 7sin 3z + \/5) (\/_ — 4/sin 3\35]) =0.

B orBere ykazkure cymMMy BCeX BO3MOXKHbBIX 3HAaUYeHUii Ctg3|z|, OKPYIJIEHHYTO JIO THICSYHbIX.

OTBeT: —1.043




Mocxoeckutl 20cydapcmeentvili ynusepcumem umeny M. B. Jlomonocosa
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Or6opounbtit aran 2024 /25 y4uebnoro roja juist 10 kiacca

Sagaua 7
B-1 Oxkpyzxnuocts ¢ nearpom O Ha cropone AB tpeyroabauka ABC nepecekaer cropony AC B
roukax C' u D, kacaercs cropoust BC' u nepecekaer orpe3ok AO B Touke F, a orpesok BO B Touke
F. Haiinure miomans tpeyroapaunka ABC, ecim BC =5, FB =3 u LZACB = ZDFC + 90°. Ilpu
HaJI0OHOCTH OKPYTJINTE OTBET IO COTHIX.
OtBeT: 14.29
Permienne.

A

D F

C B

Tax kax okpyzkHocTh Kacaercs BC, To C — Touka Kacanus. I1o TeopeMe o KacaTe/IbHOM U ceKyIIei
BC2:BE-BF:>52:(3+2R)-3:>Rz%.

[Mpomomxkum CO o nmamerpa. Torma w3 TOYKH TMepecedeHus ITOTO THAMETPA C OKPYKHOCTHIO
Cy (ma pucynke He oboznadeHa) ua xopay DC Gyaer onuparbest yrou, pasubiii ZDFC. Tlpu stom
Tpeyroabuuk C'DCY onupaercs Ha JUAMETP, IMOYTOMY OH HpAMOYTOJbHbBIH, a yroa ZOC B npsaMoi,
u /DCB = 90° + Z0OCD. Bwmecre 310 3nauut, yro /DCB + ZDFC = 180°. Tak kak /DCB +
LDFC =180°,a ZDCB—/ZDFC = 90° (10 ycaosuio), o ZDCB = 135° u ZDFC = 45°. Orciozna
cooTBeTCTBYOMTHNI TeHTpaIbHbI yros ZDOC = 90°, u, tak kak OC' nepuenaukynapuo C' B, orpe3ok
DO napamrenen CB.

Torna
A0 DO AF-% 3 64 85
— —3 S AF = _ = AB=22
AB _CB  AF+3 5 7
Tak Kak R 8
in /ABC = ——— — —
St R+3 17
TO
85 8 100

2 7 17 7

B-2 Oxpyzxnuocts ¢ nmearpom O Ha cropone AB tpeyroabauka ABC nepecekaer cropony AC B
roukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B ToUKe
F. Haiinure maomane tpeyroapaunka ABC, ecim BC =5, FB =4 u ZACB = ZDFC + 90°. llpn
HaJI0OHOCTH OKPYTJINTE OTBET 10 COTHIX.

OTser: 3.63

B-3 Oxpyzxuocts ¢ nmearpom O Ha cropone AB tpeyroabauka ABC nepecekaer cropony AC B
toukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B ToUKe



F. Haiinure maomans tpeyroapanka ABC, eciw BC =6, FB =4 u LZACB = ZDFC + 90°. Tlpu
HaIOOHOCTU OKPYIJIUTE OTBET JO COTBIX.
Orset: 12.86

B-4 Oxpyxnuocts ¢ nearpom O Ha cropone AB tpeyroabanka ABC nepecekaer cropony AC B
toukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B Touke
F. Haiinure maomans tpeyroapaunka ABC, ecim BC =3, FB =2 u ZACB = ZDFC + 90°. llpn
HaJI0OHOCTU OKPYIJIATE OTBET JIO COTBIX.

Otser: 3.21

B-5 Okpyzxuocrs ¢ nenrpom O na cropoue AB rpeyroibuuka ABC nepecekaer cropony AC B
roukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B Touke
F. Haitnure mmomans tpeyroapanka ABC, ecim BC =4, FB =3 u LZACB = ZDFC + 90°. Tlpu
HaIOOHOCTU OKPYIJIUTE OTBET JO0 COTBIX.

OtBerT: 3.29

B-6 Okpyzxuocts ¢ mearpom O Ha cropone AB tpeyroibauka ABC mepecekaer cropony AC B
toukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B Touke
F. Haiinure mmomans tpeyroapanka ABC, ecim BC =7, FB =5u ZACB = ZDFC + 90°. llpn
HaJ00HOCTH OKPYILJIATE OTBET IO COTHIX.

OTBer: 12.78

B-7 Oxpyzxnuocts ¢ nearpom O Ha cropone AB tpeyroabauka ABC nepecekaer cropony AC B
roukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B ToUke
F. Haitnure muomans tpeyroapanka ABC, ecim BC =8, FB =5u LZACB = ZDFC + 90°. Tlpn
HaJTOOHOCTH OKPYLJIATE OTBET 10 COTHIX.

OtBeT: 30.44

B-8 Okpyzxuocts ¢ mearpom O Ha cropone AB Tpeyroibanka ABC mepecekaer cropony AC B
toukax C' u D, kacaercs cropousl BC' u nepecekaer orpe3ok AO B Touke F, a orpe3ok BO B ToUKe
F. Haitnure miomans rpeyrosaviauka ABC, eciu BC =8, FB =6 u LZACB = ZDFC + 90°. llpu
HaIOOHOCTH OKPYIJIUTE OTBET J0 COTHIX.

OTser: 13.18
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Or6opounbtit aran 2024 /25 y4uebnoro roja juist 10 kiacca

3amaua 8

B-1 11 apy3eit karatorcd Ha Karke B (popMe IIPABUILHOIO 22-yrojibHUKA. KazKapit U3 HUX BHIOpAJT
cebe O7HY Mapy HapaslieJIbHBIX CTOPOH KaTKa M KaTaeTcs MeXKJIy HUMHU 10 MPSAMOJIMHEHHOW TpaeK-
TOPHUU: CTAPTOBAB OT MEPBOIl CTOPOHBI, OH JI0€37KaeT JI0 BTOPOH, KacaeTcs 3aCHEXKEHHOT0 DOPTHKA
u efeT obpatHo K mepBoil. Il Tak namee. Yepes kakoe-TO BpeMs OKa3aja0Ch, YTO CyMMapHO Ha BCeX
Goprukax okazajgoch 2024 ormedarkoB PyK (BKJIOYasi C/leJIaHHbIE B KOHIIE, & B HAYAJIE J(BUKECHUS
OTHeYaTKH He JeJAI0TCsA), B yriax OOPTHKOB OTIIEYATKOB HET, a Bce pebsara CToAT y TOro GOpTH-
Ka, OT KOTOPOro Hadaju jpuzkenne. Kakoe MakCUMajbHOE YHCJIO MEPECEYEHUN TPAEKTOPUI MOIJIO
nonyunthbest? (Camomepecederust TpaeKTOPUil He YIUTBIBAIOTCSI. )

Otset: 1862080

Pemenne. fcno, uTo B 01O TOYKE He MOTYT MepeceubCsl TPACKTOPUU Oojee IBYX Apy3eil —
MHaYe YUCJIO MEePEeCeYeHrnl MOXKHO YBEJUYHMTh, HEMHOI'O HMOABUHYB Tpaekrtopuu. [Ipm 3rom Touex
HepecevdeHrst Pa3HbIX TPACKTOPHUiT KOHEYHOe YHCJI0, TIOTOMY 9TO HUKTO He exaJl 10 JuaroHajn (T.K.
HeT OTIEeYATKOB B yriax). Jjisi BBIYUCIeHUs MOKHO CYUTATh, YTO TPAEKTOPHSI TBUZKEHUs KAXKOTO U3
Jpy3eii COCTOUT U3 TTapasuIeIbHBIX JTUHUH (OHU GY/IyT MepHeHIUKYISIPHBI COOTBETCTBYOIIEH TAHHOMY
apyry mape 6opTukoB). Uncao smuumit pasno 2024. U econr KaxKablit j-it APYT MpoUepTHI N, JHHHIA,
TO Ny + g + ... + ny; = 2024. Tenepb HAM HYKHO MAKCUMHU3UPOBATH YUCJIO [IEPECEYEHUN, T.€. CyMMY
BCEBO3MOKHBIX BEJHYUH Ny + 1y TPH pasaudubix k,[. fcro (HO 10 Tpebyer mokazaresnbcTsal), 9TO
MaKCHUMYM JIOCTUTAETCS IIPH N = Ny = ... = Nq1. 1[09TOMY HCKOMBINI MaKCUMyM paBeH %(%)2
1862080.

O6ocHyeM, 9TO MAKCUMYM ), _, Ty - 7y JOCTUTAETCs IPU PABEHCTBE BeJH4nH n;. llepemoxknm
€JIMHUILY C N1 HA Mo ¥ CPABHUM CYMMbI HOIIAPHBIX TPOU3BEACHUI JIO U IIOCJIE:

N1, N2, N3y oo s Mgy —> N "N+ N1 - N3+ oo+ N1 * Ny

ni—Lng+1,ns3,....,0, = (n1-notny-ng+...4+Npm_1-Np) —No—N3—...— Ny +n1+n3+...+n,—1

To ecTh W3MeHeHHe CYMMBI PaBHO Ny — g — 1. Ecain ny = ny+k, (10 ecth nq 661710 GoIbIIE), TO MBI
JIOOMBaeMcs IIPUPOCTa CYMMBI Tpou3Beiennii pasmepa k — 1. Ecy, Hao60poT, ny ObLI10 H0JbIIEe 1, TO
Oy YaeTCs TapaHTUPOBAHHAS YOBLIb. SHAUUT, €CJIH CYMMa N1; (PUKCHPOBAHHA, TEPETOKHUTD OAJIIIBI
¢ GosblIero n; Ha MeHbIIee n; BEIPOAHO (ecau |n; — nj| = 1, TO Takue IEPEK/IAJbIBANMNS HUYCIO HE
nobapisior). [lomydaercs, 9To camasi BBITOAHAA KOHGUTYPAIHSI — KOTJA HETY OOJIBINX W MEHBIITIX
3HAYEHU, KOT/Ia MHOYKUTEIM PABHBL JAPYT JAPYLY U 06IIasi CyMMa [MO/IeIeHa TOPOBHY (& eCJid IIOPOBHY
OaJLIbl HE JeIITCsI, TO 7; PaBHBI IPYT APYTLY € TOYHOCTHIO JIO €IMHUNBI, HO B HameM ciaydae 2024
neautcs Ha 11 6e3 ocTaTka).

B-2 8 npy3eit katatoTcs Ha KaTKe B (popMe npaBuabHOro 16-yrosbunka. Kaxkipiit u3 HUX BHIOpaJT
cebe OJHY Hapy HapaslIeJbHBIX CTOPOH KaTKa M KaTaeTcsd MexKJy HUMHU II0 IIPAMOJIMHEHHOW Tpaek-
TOPUH: CTAPTOBAB OT IEPBOH CTOPOHBI, OH JIOE3KAET JIO BTOPOM, KacaeTcs 3aCHEKEHHOr0 OOPTHUKA
u ejer obparno kK nepsoit. 1 tak jgasiee. Yepes kakoe-1o BpeMsi 0Ka3aJ/10Ch, 9TO CyMMapHO HA BCEX
6oprukax okazajgoch 2024 ormedaTKoB PYyK (BKJOUYas CleJlaHHbIe B KOHIE, & B HAadYase J(BUKEHH
OTIeYaTKH He JeJAITCA), B yriax GOPTHKOB OTIIEYATKOB HET, a Bce pebsTa CTOoSAT y TOro GOpTH-
Ka, OT KOTOpPOro Hadaju JBuzKeHne. Kakoe MakcHMajbHOE YHCJIO IEpecedeHuil TpaeKTOpUil MOIJIo
nonyunthest? (Camornepecederust TpPaeKTOPUIl He YIUTBIBAIOTCSI. )

OtBeT: 1792248

Pemenne. flcno, 4ro B 01HOII TOYKE HE MOTYT Iepecedbcs TPACKTOPUHU Oojee JBYX Jpy3eid —
WHaYe YUCJIO MePEeCeYeHrnil MOYKHO YBEJUYHUTb, HEMHOI'O MOJABUHYB Tpaekrtopuu. [Ipm 3ToMm Touex
HepecevdeHrsi PA3HbIX TPACKTOPHUil KOHEYHOe YHCJI0, IIOTOMY YTO HUKTO He eXaJl 10 JuaroHajiu (T.K.



HET OTIEYATKOB B yryiax). [Ijist BBIYUCIeHns MOKHO CYUTATh, YTO TPAEKTOPHSI TBUZKEHHs KaXK0T0 13
Jpy3eii COCTOUT U3 TapaJIeIbHBIX JTUHUI (OHU OY/IyT MepIeHUKYIsIPHBI COOTBETCTBY O TAHHOMY
Apyry mape 6oprukoB). Hncrto smauit pasro 2024. U econr KaxKaplit j-if Apyr NpoUepTHI N, JUHHIA,
TO N1 + Ny + ... + ng = 2024. Teneps HaM HYKHO MaKCUMU3HPOBATH YUCJI0 TEpeCeUeHN, T.e. CYMMY
BCEBO3MOKHbBIX BEJIMYMH Ny - 1y PH PA3JIUYHBIX K, [.

ObocuyemM, 9TO0 MAKCHMYM » . 7 - 7 JOCTUTAETCS IPU PABEHCTBE BequduH 1;. Ilepesroxnm
eJIMHUILY € M1 HA Mo W CPABHUM CYMMBI TTOTTAPHBIX TTPOU3BEEHNN 1O U TTOCTIE:

N1, N2, N3y o oo s Mgy —> N Mo+ N1~ N3+ o oo+ N1 * Ny

ni—Lng+1,n3,....,0 = (n1-no+ny-ng+...4+Npm_1-Npy) —No—N3—...— Ny +n1+n3+...+n,—1

To ecTb u3MeHeHHe CyMMbI paBHO Ny — N — 1. Ecain ny = ny+k, (1o ectb ny 66110 GoJibine), 10 Mbl
JIoOMBaeMCcsT IPUPOCTA CYMMBbI TIpon3BeaeHnit pazmepa k — 1. Ecyn, HaobopoT, ne ObLIO H0JIBIIE Ny, TO
Oy 9aeTCs TapaHTUPOBAHHAS YOBLIb. SHAUNT, €CJIH CYMMa 1; (PUKCHPOBAHHA, TIEPETOKHUTD OAJIIBI
¢ GostpIIero n; Ha MeHbIIee 1, BBITOAHO (ecau |n; — nj| = 1, TO Takue IepeK/IabIBAHAs HUTETO He
nobaprstior). [lomydaercs, 9To camasi BBITOIHAS KOHMUTY DAL — KOTJa HETY OOJIBIINX U MEHBIIHX
SHAYEHU, KOTJIa MHOKUTEIM PABHBI JAPYT JIPYTY U OOIIast CyMMa MOJIeIeHa TOPOBHY (& eCJIu TTOPOBHY
GaJIBL He JIEJISITCS, TO 1; PABHBI APYT APYTY ¢ TOYHOCTBHIO J0 €JIHHHUIB).

2024 : 8 = 253, a aT0 uncao HeyérHoe. IloaTOMY TTOPOBHY MOJAEIUTH NPOOEKKNA HE TOJYINTCA —
geTBepo cuenatoT o 127 mpobexek Tyma-cioga (1 rpymma), a yerBepo — mo 126 (2 rpynma). Haii-
JIEM BX KOJHYECTBO Iepecevdennii. /s 3Toro ya1o6HO CYUTATH 1O OTIEJILHOCTH IepecedeHns MepBoi
IPYUIBLI ¢ OepBOH, BTOPOH T'PYIIBI CO BTOPOU, EePBOM I'PYUIILI CO BTOPOH — M CJIOKUTL UX BMECTE.
[Tostyanres

4.3 4.3
2522 . - + 2542 . - + 252254 - 42 = 1792248.

B-3 23 apyra karaiorcs Ha KaTke B (popMe IpaBHIbHOTO 46-yroabunka. Kaskaplit u3 HUX BHIOpAT
cebe oJiHYy Hapy napasuie/IbHbIX CTOPOH KaTKa M KaTaeTcsd MeXKy HUMHU 110 IIPSAMOJIMHEHHOH Tpaek-
TOPUU: CTAPTOBAB OT HEPBON CTOPOHBI, OH JI0E3KAET JIO BTOPOM, KACACTCA 3aCHEKEHHOI'O DOPTUKA
u ejier obparno K neproii. 1 tak jpanee. Yepes Kakoe-TO BpeMs OKa3a/ioCh, 9TO CYMMapHO Ha BCEX
Goprukax okasagoch 2024 oTmedaTKoB PYK (BKJOUYasi ClleJlaHHbIe B KOHIE, & B HAadajle BUKEHHs
OTIEeYATKH He JEJAI0TCsA), B yIVIax OOPTHKOB OTIIEYATKOB HET, a BCe pebaTa CTOAT y TOro GOpTH-
Ka, OT KOTOPOIro Hauda/u jpuzkenue. Kakoe MakCMMaJjbHOE YHUCJIO HEPECEYEHUN TPAEKTOPUl MOIJIO

nonyanThest? (Camonepecedennst TpaeKTOPUIl He YIUTBIBAIOTCSI. )
OTBeT: 1959232

B-4 88 npy3eit karaiorcs Ha KaTke B popMe npaBuabHOro 176-yroabuuka. Kaxk /bt u3 HUX Bbl-
OpaJi cebe ofHY Tapy NapaIeTbHBIX CTOPOH KAaTKa W KATaeTCd MKy HUMH 1O MNPsMOJTUHEHHON
TPaeKTOPHUH: CTAPTOBAB OT MEPBOIl CTOPOHBI, OH JI0€37KaeT J0 BTOPOil, KacaeTcsd 3aCHEKEHHOTO OOp-
THKa ¥ ejieT ob6paTHO K mepBoil. 11 Tak mamee. Yepes Kakoe-TO BpeMs OKa3aja0Ch, 9YTO CyMMapHO Ha
BCcex 6OpTUKax oKazanoch 2024 oTmevaTKoB pyK (BKJIIOUAsH C/IeJIAHHbIE B KOHIE, & B HAYAJIE IBUYKEHUS
OTIHeYaTKH He JIeaioTcs), B yriax O0PTHKOB OTIEYATKOB HET, a Bce pebsra cTosaT y TOro GOpTHKA,
OT KOTOPOTO HavaJiu JBHKeHne. Kakoe MakCHMaJIbHOE YUCI0 IEPEeCeIeHU TPACKTOPUIl MOTJIO MOJTy-
qurhes? (CaMonepecedeHns: TPAeKTOPHIA He YIUTHIBAIOTCS. )

Orset: 2024968




