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NMPEANCITIOBUE

B atoM npusioskennn K skypHaiay «KBauT» TpajaunnonHo co6pa-
HbI MaTepUaJibl BCTYTINTEJIbHBIX UCIIBITAHUIT 110 MaTeMaTHKe 1 (pU3n-
Ke B BY3DbI Harell ctpanbl 3a mpomeamuit 2016 roz.

Mbl npejsiaraeM MIKOJbHUKAM U YYUTENSIM Kak H30paHHbIe
BapUaHTbl €IMHOro rocyaapcrseHnoro sksamena (ETD), Tak wu
3a/1a4N PA3JIUYHBIX OJIUMITHA/], UMEIOIINX CTATYC «BCTYIUTENbHBIX> .
[To6GeauTesnn 1 Npu3epbl TAaKUX OJMMINAJ], BKJIIOYEHHBIX B Qejle-
PAJIbHBIIH CITMCOK JAHHOTO TO/Ia, UMEIOT IIPABO ObITh IIPUPABHEHHBIMI
K JIIaM, HabpaBIINM MaKCHMaIbHOE KOJIMYECTBO GAJIJIOB TI0 €/[ITHO-
MY TOCY/IaPCTBEHHOMY 9K3aMeHy M0 KOHKPETHOMY MpPeJMETY, TpU
nocrynyienun B mio6oit Bys. (OTMetnm, uTo 9TO HE OCBOGOMKIAET
yaaumxcst ot caaun EI'D.) Kpome Toro, B c60pHUKE TIPEICTABIEHDI
MaTepHaJIbl BCTYITUTEIbHBIX MCIBITAHNI B TPA/JUIIMOHHON QopMe, B
KOTOPBIX, B YaCTHOCTH, MOTYT Y4aCTBOBATh aGUTYPUEHTDI, 110 KaKNM-
Jm60 TIpUYMHAM 0CBOOOXKIeHHbBIe OT ciaun ETD.

Mbl HajieeMcs, UTO Mpe/iJiaraeMble BHUMAHUIO YnTaTeseil MaTepu-
ajbl Oy[yT TOJE3Hbl KaK [T CaMOCTOSITEJNbHON MOATOTOBKU K
9K3aMeHaM, TaK ¥ JUUIS UCIIOJIb30BAaHUs HAa YpoKaX, (paKyibTaTuBax,
KPY’KKax ¥ IMOJTOTOBUTEIbHBIX Kypcax.

sKenaem ycrexos!



EAVHbBIA TOCYAAPCTBEHHbINA 3K3AMEH NO ®U3UKE

Ha ET9 mo ¢usuxe B 2016 rogy wucmoab3oBamzach Ta Ke
9K3aMEHAIMOHHAST MOJIEJIb KOHTPOJIbHBIX M3MEPUTEIbHBIX MaTepHa-
j0B (KMIM), 4TO U B IIPOIILJIOM TOALY, HO GbLI HECKOJIBKO PACIIHPEH
nepeyeHb 3aJaHui ¢ KpaTKUM OTBETOM. Kpome Toro, GbLI UCIT0JIb30-
BaH 60Jiee MMIPOKUI CTIEKTP OPUTHHATHHBIX 33/[a4 BBICOKOTO YPOBHS
CJIOKHOCTH, [IIsI KOTOPBIX HYKHO OBLJIO CaMOCTOSITEJIBHO BbIOPATDH
HEOOXOIUMYIO JIJIst pelneHusi (PU3UIECKyI0 MO/IEb.

Kasxaplii BapuaHnT 9K3aMeHAIMOHHOI PaGOTbI COCTOSIT U3 JIBYX
yacTell n BKJIOYAT B ceOs 32 3amanus: 9 3a/1anuii ¢ BBIGOPOM OTHOTO
BepHOTO OTBeTa, 18 3ajaHWii ¢ KpaTKUM OTBETOM W O 3aJaHWil C
Pa3BepHYTLIM OTBETOM.

Yactp 1 comep:xana 24 3aganms: 9 3amannii ¢ KpaTKUM OTBETOM
B BU/I€ OIHON U PBI, COOTBETCTBYIOIIEN HOMEDPY BEPHOTO OTBETa, U
15 3ajjanmii ¢ KPATKUM OTBETOM B BH/IE YKMCJIA WJIH TIOCJIE/[0BATEIHHO-
ctu nudp. OTMeTuM, 4TO 22 3aJaHUS ATOH YaCTH IMPOBEPSIN
yCBOEHHE TOHATUIHOTO anmnapara Kypca dusuku (B TOM umcie
npuMeHeHrue 3HAHUNH 0pu oO0bscHeHUH (DUNYECKUX SIBJEHUN U
MCTIOTb30BaHIE 3aKOHOB U (POPMYJT B HECJTOKHBIX PACUETHDBIX CHUTY-
aluaX), a MOCJAeHUE [BA 3aJaHIs IPOBEPSLIN OBJIAJCHAE METO/I0.I0-
ruyecKkuMu ymMmenusiMu. actb 2 6bLia 0TBe/ieHa pelnenuio 3aad. Ona
cojiep:kasia 8 3a/lanuii: 3 3a/laHusl ¢ KPaTKUM OTBETOM W O 3a/IaHMii,
JUIST KOTOPBIX HEOOXOMMO GbLJIO TIPUBECTH PA3BEPHYTHII OTBET. DTH
3a/1a4M OTHOCHWJINCH KO BCeM paszesaM (U3NKM M ObLIN PasHoTro
yPOBHSA cJI0’kHOCTH. OHM MO3BOJIAN TPOBEPUTD YMEHNE TIPUMEHATD
¢usuyeckie 3aKonbl U GOPMYJIbI KAK B TUIOBBIX CUTYAIUSIX, TaK U
B HETPA/UIMOHHBIX CUTYaIUsX.

3aanns ¢ KpaTKUM OTBETOM B BUJIE OJTHOH U PBI, COOTBETCTBY-
I011[ell HOMEPY BEPHOT0 OTBETA, 1 B BUJIE YKCJIA OIEHUBAIICH 1 GAJLIIOM.
3a/laHusl HA YCTAHOBJIEHWE COOTBETCTBUSI M MHOKECTBEHHBIN BHIGOD
OLlEHUBAJICD 2 GaJIIaMu, eCJid BEPHO YKa3aHbl 00a 3JIEMEHTA OTBETA,
1 6astoMm, eciiu JomyiieHa omubKa B yKa3aHUK OHOTO U3 9JIEMEHTOB
orBeta, u 0 6GasjsoB, ecjiu [OMYyIIEHO /Be OIMMUOKW. 3aJaHus C
Pa3BepHYTHIM OTBETOM OICHUBAJNCH ABYMS 9KCIEPTAMU C yYETOM
MPaBUJIBHOCTU U TIOJTHOTBI OTBeTa. MaKCUMATbHBII EPBUYHBIN O
3a 3a/1aHKS C PA3BEPHYTHIM OTBETOM COCTABJISLI 3 Gasiia.



ET3 mo ¢usuke 2016 rosma mpeacTaBieH 3ech ABYMs BapHaHTa-
Mu OTKpbIToro cerMenta KVIM. IlepBblif BapmaHT TPUBOIUTCS
TTOJTHOCTBIO, CO BCEMW CIIPABOYHBIMHU JAHHBIMHU U yKaszaHusMu. Bo
BTOPOM BapHaHTe CIIPABOYHDIE JIAHHBIE U YKA3aHUs U3DSIThI, IIPU €ro
peleHnr MOKHO TT0JIb30BaThCsI JAHHBIMU 1 YKa3aHUSIMU U3 TIEPBOTO
BapHaHTa.

B 2017 romy KOHTpOJIbHBIE W3MEpPUTEJbHBIE MaTepHAsbl IO
(¢usuke TpeTepriesw CYIIeCTBeHHbIe W3MeHeHWs. VI3 BapmaHTOB
HCKJIIOYEHDI 33/IaHNsT ¢ BBIGOPOM OJIHOTO BEPHOTO OTBETa U 06aBJIe-
HBI 3aJIaHUsT ¢ KpaTKuM oTBeToM. Yacth 1 comepsxut 23 3amaHus ¢
KPaTKUM OTBETOM, B TOM YHCJIE 33/IaHNUSI C CAMOCTOSITEJIbHOI 3aIIChI0
OTBeTa B BHJIE UNCJA, JBYX YMCEJ WM CJI0BA, a TAKKE 33/laHUs Ha
YCTaHOBJICHHE COOTBETCTBUSI M MHOKECTBEHHBIN BBIGOP, B KOTOPBIX
OTBETHI HEOOXOAMMO 3amncaTh B BHUJE TIOCTEAOBATEIBHOCTH IHDP.
Yacrp 2 copepskut 8 3aanuii, 06beIMHEHHBIX OOIINM BHU/OM Jl€si-
TEJIbHOCTH — PEIIEHNEM 33/1a4, U3 HUX 3 3a/IaHKs C KPATKIM OTBETOM
n 5 33JlaHuil, Ui KOTOPBIX HEOOXOAMMO IIPUBECTH Pa3BePHYTHIN
OTBeT.

ET9 o ¢usuke 2017 rona mpeacTaByeH 37eCh OTHUM [IEMOHCT-
PAIMOHHBIM BapUAHTOM.

Bapuant 1 (2016 rog)

Huske mipuBesieHbl CIIPaBOYHbIE JaHHBIE, KOTOPbIE MOTYT MOHA-
JIOOUTHCST TIPU BBITIOJIHEHUN PAGOTHI.

Hecamuunvie npucmasxu

Hali.\i(.‘H()HaH”(.‘ O()();iHEI‘l(..‘HII(..‘ MH())KHT(..‘.'”}
rira r 10°
MeTa M 10°
KHJIO K 10?
reKTo r 102
Jenn I 107!
canTH c 1072

MILLIH M 1079
MHKPO MK 10°°
HAHO H 10°Y
KO In 10712




Koncmanmot

YHCJIO «ITH» n =314
yCKOpeHUe CBOOOHOTO TaJICHUS

Ha 3emJie g= 10M/c2
TPaBUTAIMOHHAST TIOCTOSHHAS G=6,7- 107" H - M2/ Kr?

YHHBepCaJIbHas rasoBas nocrosuuas R = 8,31/lx/(momb - K)

nocrostHHasa BosbiiMana k=138 1073 /K
IOCTOAHHAA ABOTaApO N, =6-10% momp™
CKOPOCTb CBeTa B BakyyMe c=3-10° M/c
K03 UINEHT TTPOTTOPIINOHATBHOCTH
1 . .
B sakone Kymoma k=——=9.10"H-m*/Kn’
4me,

MOJLyJIb 3apsjia dJaeKTpona (/eMen-
TapHBI seKTpuueckuii 3apsan) e =1,6-107"0 K

nocrostHHas Ilmanka h=606- 1073 Ix-c

Coomnowenue .Memay pa3jauyHsbimMu eauuuuamu

TeMIepaTypa 0K=-273 °C
aToOMHas €JUHUIA MaCChl 1 aemM. = 1,66- 107" kr
1 aToMHas eIMHNIIA MAacChl 9KBUBA-

JIeHTHA 931,5 MsB
1 57IeKTPOHBOJILT 1s5B =1,6- 1071 Jx

Macca wacmuuy

5JIEKTPOHA 9,1-103kr = 5,5-107* a.e.m.
npoTOHA 1,673-10%"kr = 1,007 a.e.M.
HeHTpoHA 1,675-10 kr = 1,008 a.c.M.
I romnocmo
BO/IbI 1000 Kr/ M O/ICOJTHEYHOTO
JIPEBECHHDI MacJsa 900 KI‘/ M
(cocna) 400 kr/m® ATOMUHUS 2700 xr/m’
kepocuHa 800 KF/ M? Kemesa 7800 KF/ M’
pryTH 13600 wr/m’

Yoeavnas menaoemxocms
BO/IbI 4,2-10% [T /(xr - K)  amomumns 900 Jix/(kr - K)
JbJIA 2,1-10° [k /(kr - K)  mean 380 Jix/(xr-K)



xemesa 460 Jhx/(xr- K) uyryHa 500 [Tk/(kr - K)
CBUHIA 130 Jix/(xr- K)

Yoeavnaa menaoma

mapoo6pa3oBaHus BOJIbI 2,3-10° JIk/xr
I[IJIABJICHUS CBUHIA 2,510 [l /xr
TJIABJICHWS JIBIA 3,3-10° JIx/Kr

Hopmanvuvie ycaosus: nasnenue 10° Ia, temmepatypa 0°C

Moasapuas macca

asora 28-107 kr/monp  xmesoposa  32-107 kr/ Mo
aproma 40107 kr/momp  stuTHS 6107 kr/mon
Bosoposia  2- 107 kr/mMob HeoHa 20 - 107 kr/Moub
BO/1bI 18 -107° KF/ MOJIb YIJIEKUCJI0TO
Bosayxa  29-107 kr/mMoib  rasa 44 -107 xr/Moub
ress 4107 kr/moup

Yactb 1

Omeemamu x 3adanusam 1—24 aearsomcs uyugpa, uuc-
J10 UU NOCAeD08aAMENbHOCTL UUPP. 3anumume omeem 6
no.Jie omeema 6 mexcme pabomowl, a 3amem nepenecume 6
BJIAHK OTBETOB Ne 1 cnpasa om nomepa coomeem-
cmeyouezo 3adanus, Hauunas c nepeoii kaemouxu. Kax-
Oblil CUMBO NUMUMeE 6 OMOEAbHOU KlemouKe 8 Coomeem-
cmeuu ¢ npueedennvimu 6 6aanxe oopasuamu. Edunuuwt
usmepenus pusuueckux e uUUUH NUCAMb He HYKHO.

1. Ha pucynke 1 npusesieH rpaduk 3aBHCUMOCTH ITPOEKIHN
CKOPOCTHU TeJa ©, OT BpeMeHU. IIpoexius yckopeHus 3Toro Tesa

v,, M/c |
151

104

_10-
Puc. 1




a, B uHTepBaje BpeMenn or 5 o 10 ¢ mpejcrabiena rpadurom
(puc.2):

1) a.m et A 3) a,, oy
51 54
06— 0 fb——»
I, f,«
-5 -51
) Y 4
2) a.,we? 4) a,,m/c?
5T 5 -
0 — ) P
I, t,«
=57 -51
Puc 2

2. OmHopoaHbBIl Ky6 onmupaercs
OJTHUM peGpOM Ha TI0JI, [PYTUM — Ha
BeprTukaibiyto creny (puc.3). Ilie-
4O CHJIBI YIPYTOCTH ﬁz OTHOCH-
TeJTHHO OCH, TTPOXOAIIEH Yepes Tou-
Ky Oz TNepHeHANKYJISIPHO IJIOCKO-
CTM PUCYHKA, PABHO:

1) 0; 2) O,05; 3) OB; 4) AO,.

3. Cuna Tpenus, neiicTByromas
Ha CKOJIb3SIIIE 110 TOPU30HTAIbHON
Jlopore CTaJbHBIE CAHKH MAaccoi
8 xr, pasna 16 H. KaxoB koaddu-
IIMEHT TPEHUS CKOJIbKEHUS CTAJIN TI0 JIbJLY ?

4. B vHepnmasbHOI CUCTEME OTCYETa TEJIO MACCON 2 KT IBUKETCS
IO IIPSIMO¥T B OJTHOM HAIIPaBJICHNH TIO/L /IeHCTBUEM TTOCTOSIHHOI CHJIBI,
pasuoit 3 H. Ha ckoJbKO yBeJaWMUNTCS WMITYJBC Tela 3a 5 C
JIBUKEHTIS ?

3. Cropoctb 3ByKa B Bozayxe 330 M/ c. [luHa 3ByKOBOMH BOJIHDI
0,33 M. KakoBa yacrora KoJie6aHMii UCTOYHUKA 3BYKa?

6. BoicoTa mosteTa HCKyCCTBEHHOTO CITyTHUKA HaJ[ 3eMJIeil yBeJn-
yimack ¢ 400 go 500 kM. Kak W3MeHMJINCH B pe3yJIbTare 3TOTO
CKOPOCTDb CITYTHUKA W €T0 TOTeHI[HATbHAs SHEePTus?

Jlis KaXk101 BEJIMIMHDBI ONPEIeIUTE COOTBETCTBYIONIUI Xapak-
Tep M3MEHEHUsI:

1) yBesmunmach; 2) yMEHbIIMIACD; 3) He U3MEHUJIAC.

Puc. 3



3anuiure B TabuIly BoiGpaHHbie TUPBI /I KK 101t pusudec-
Koii Besmmuntbl. [{udpbl B 0TBETE MOTYT TIOBTOPSITHCSI.

CropocThb CIyTHHKA

[Toren IHAJILHAS IHEPIrUA
CITYTHH Ka

7. Ha rmagkoM ropmsoHTaJbHOM cTOJNEe OpycOK Maccoii M,
MIPUKPEIJIEHHBIN K BEPTUKAJIBHON CTEHE MPYKUHOII KECTKOCTBIO R,
COBepIIaeT rapMoHUYecKue KoJeba-

- o
Hus ¢ ammty o A (puc.4).
k YcraHoBUTE COOTBETCTBUE MEK-
ny (QUBMYECKUMHU BEJMYUHAMU U
M (opMyTaMu, TI0 KOTOPBIM UX MOYKHO

Puc. 4

paccuuTaTh.
K xask10if mosutimu mepBoro cToJi-

611a mogGepuTe COOTBETCTBYIONIYIO
MO3UIMIO U3 BTOPOTO CTOJIGIA 1 3AIUIINTEe BhIGPAHHbBIE MDD MO/

COOTBETCTBYIOIMIMMU 6yKBaMI/I.

OUSNYECKUE BEJINYMHDBI

A) aMILIUTY/1a CKOPOCTH TIpy3a

B) nepuoa koseGanuii rpysa

DGOPMYJIbI

1 alk
M

’M
2) 27 ?
fM
4) 215,/i
M

8. Ilepemaua TemnioThl OT TeJia ¢ MEHbIIel aBCOTIOTHON TeMIiepa-
TYpOii K Tesry ¢ 6oJIbIeli abCOMIOTHON TeMIepaTypoil MOKET TTPOUC-

XOJHUTD B ITPOIECCe:
A) cosepurennst paGoTbI;

B) camMonpousBoJIbHOIE Temionepeadn.

Kakoe(-ue) us yrsepskaenuii npaBuabHo(-b1):
1) toabko A; 2) tonbko b; 3) u A, u B; 4) uu A, uu B?
9. HenachleHHbIIi TTap MOKHO C/leJaTh HACHIIIECHHBIM, eCJIu:
A) OXJTaZUTh TIap TPU TIOCTOSTHHOM OGhEMe N UMCJIE MOJIEKY.T;
B) ckarh map mpu MOCTOSTHHOM YHCJIe €70 MOJIEKYJT M TOCTOSTHHO

TeMIeparype.

Kakoe(-ue) us yreepskaennii npaBuabHo(-b1):
1) toabko A; 2) tonbko b; 3) u A, u B; 4) uu A, uu B?

10



10. B HexoTOpoM Tpollecce ra3 OT/AaJ OKpysKawollei cpeje
KoJsinyectBO TersoThl, paHoe 10 k/[x. Ilpu srtom BHyTpeHHSS
sHeprus rasa yBesmuniaack Ha 30 k/[»x. Omnpenennte paboTy, KOTO-
PYIO COBEPIIUJIN BHEIIHUE CHJIbI, CXKAB Ta3.

11. B cocyze nocrosiHHOro o6beMa aGCOJIIOTHYIO TEMIIEPaTypy
NJIeaTbHOTO Ia3a YBEJMYIJIN B 2 Pa3a, BbIILYCTUB TP 3TOM TTOJIOBUHY
rasa u3 cocysia. Kak nameHn/mcoh B pe3yJ/ibraTe 3TOrO JIaBJeHUE ra3a
B COCy/le U €rO MJIOTHOCTH?

Jl1s1 Kask/I0i BEJIMUYMHBI ONPE/IEJUTE COOTBETCTBYIONINI XapaK-
Tep M3MEHEeHUs:

1) yBemuuumach; 2) yMEHbIINIACD; 3) HEe U3MEHUJIACD.

3anmiure B TabuIly BbiGpaHHbIe THPBI I KasK 101t pusudec-
Kol BesmmumHbl. [ndpbl B oTBeTe MOTYT HOBTOPSATHCS.

JlaBpenne rasa [LmoTHOCTE Tasa

12. O1HOATOMHBIN W/IeaIbHbII ra3 B KOJUYECTBE 4 MOJIb ITIOMella-
10T B TePMETUYHBIN 3aKPBITBIN cocyl o6beMoM 83,1 J1 1 HAYMHAIOT
oxJIaXkaaTh. Macca rasa B COCy/e OCTaeTCs HEM3MEHHOI.

YcTaHoBUTE COOTBETCTBHE MEXKTY (PU3MUCCKUMH BEJTMYMHAMH,
XapaKkTepusyomnuMu ra3, u GopMyJIaMu, BBIPAKAIONIUMI UX 3aBU-
CUMOCTDB OT aGCOJIIOTHOI TemiepaTypbl T Ta3a B JAHHDBIX YCJIOBUSIX
(Bce sHauenus sesmuun B GopMysax ykasaubl B eananiax CH).

K kaxxzoif mo3ummu mepBoro cToJbiia mog6epuTe COOTBETCTBYIO-
MLYT0 TO3UIUIO U3 BTOPOTO CTOJIONA U 3AIUIINTE BIOPAHHbIE TUMPDI
0/l COOTBETCTBYIONUMH OYKBAMIL.

OUSNYECKUE BEJIMYMHDBI DOOPMYJIbI
400
A) Buyrpennss sueprus rasa U (T) 1) -
B) nasaenue raza p(T) 2) 49,86 T
3) 400 T
0 49,86
T

13. Ha pucynxke 5 moxka3anbl JBa
crioco6a BparieHus IpsiMOyroJIbHON
METAJIMIECKOIT PAMKHI B OJIHOPO/I- > -
HOM MarHuTHOM noJsie. ToK B paMke: - -

1) He BO3HWKAET HU HPH OJHOM B B

13 cToco00B;
) Sy, S
2) BO3HHUKAET Ipu 060UX CII0CO-

I
0ax; Puc. 5

1



3) BOBHHMKAET TOJBKO IPU BTOPOM CIIOCOGE;

4) BO3HMKAET TOJBKO IIPU MEPBOM CHIOCO0eE.

14. Tlo AByM HPSIMBIM TOHKUM JIJIMHHBIM ITPOBOJHUKAM, TapaJi-
JIEJTGHBIM AAPYT APYTY, TeKyT Tokn I (puc.6). B atom caywae cuita

7 Awmriepa, JefcTBYIONAs Ha TTPOBOJHUK
- ——— { 2 €O CTOPOHBI TIPOBOJIHUKA 1:
1) HampasJeHa OT HaC ® ;
< ) 2) nampasiena Beepx T ;
3) Hanpab/jeHa BHU3 | ;
4) paBHa HY.JIO.

15. C kaKoii cusoit B3anMoJefCTBYIOT B BAKyyMe [IBA MAJEHBKIX
3apSKEHHBIX TAPUKA, HAXOSIIUXCS HAa PACCTOSTHUM 4 M JIPyT OT
npyra? 3apsi KaskIoTo IapuKa 8-10° Ku.

16. B koseGarenbroMm koutype (puc.7) HampsKeHHE MEsKLy
00KJIa/IKaMi KOHJIeHcaTtopa MeHsieTcst 1o 3akony Uy = U, cos ot ,
rae Uy, = 5 B, o=2000% ! Omnpenenure Te-
puoj Kosie6aHUl HATPSIKCHUS .

_ 17. Yacruna maccoit m, Hecymias 3apsij ¢,
L —C  Buwkercs B OHOPOAHOM MaTHUTHOM TIOJE C
UHAYKLIUeld B 1o okpyskHOCTH paauycoM R co
CKOPOCTBIO ©. UTO MPOU3OHIET C PaIMyCcoM Op-
Puc 7 OGUTBI U IEPUOIOM OOPAIIEHUS YACTUIIBI, €CJIU ee

CKOPOCTb HE M3MEHUTCS, a 3PS/l YBEJIUIUTCS ?

[l Kask10if BEJIMYMHDI OTIPEIeIUTEe COOTBETCTBYIONIMI Xapak-
Tep N3MEHEHUS:

1) yBesqmuurcest; 2) yMEHbBIIUTCS; 3) He U3MEHUTCS.

3anuire B Ta0IMIly BbIOpaHHbIe IU(MPBI s Kask /101 husndec-
Koii BesmmunHbl. [{udpbl B 0TBETE MOTYT MOBTOPSITHCS.

—

Puc. 6

Pamtyc opbutst [Tepuon ob6pauenns
JACTHIIBI HACTHILBI

18. Ilyuyok MOHOXPOMATHYECKOIO CBeTa IIePEXOJUT M3 BOJAbI B
Bo3ayX. CKOpOCTh CBETAa 6 600e v, CKOPOCTb CBETA @ 8030yxe C,
JUIHA CBETOBOIl BOJIHBI 6 6ode A .

YCTaHOBUTE COOTBETCTBHE MEK/Y (PU3NUECKUMHU BeJINYNHAMHI U
(bopmy.TamMu, 110 KOTOPLIM UX MOXKHO PACCUUTATD.

K xax/01l 110311UK 11epBOro cTo/I01a HoAGEPUTE COOTBETCTBYIO-
1[I0 [IO3UIIIO U3 BTOPOrO CTOJIOLA U 3allUIINTe BblGpatible HUQPLI
110/l COOTBETCTBYIOIUMU OYKBaAMI.
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OUSNYECKUE BEJINYMHDBI DOOPMYJIbI

A-c
A) TOKasaTesb TPETOMJIEHUS BOJBI 1) N
v
OTHOCHUTENHHO BO3/IyXa 2) -
. v-A
B) mimHa ¢BeToBOii BOJHBI B BO3AyXe  3) —
c
4) —
v

19. Aapo aroma comep:RUT 3 HEHTPOHA U 4 TPOTOHA, BOKPYT S/pa
00pamaioTcss 2 3JEeKTPOHA. DTa CUCTEMA YACTHUI] SIBJISIETCS:

1) wonom ymtust §Li;

2) neiiTpaabHbM atoMoM yriepoaa 4C ;
3) HeHTpasbHBIM aTOMOM GepUILIUS ZBe;
4) monom Gepniust | Be .

20. B pesysibraTe peakiuu sijpa %Al 1 O -4aCTUIIBI MOSIBUJINCD
IIPOTOH ¥ SI/IPO:

1) #8Si; 2) {Ip;3) §9si; 4) fs.

21. JIiuHa BOJIHBI KPACHOTO CBETA B 2 pa3a GOJIbIIIE [[JITHBI BOJTHBI
duoneroBoro cera. Bo ckosbko pa3 umiysibe (POTOHA KPACHOTO
cBeTa MeHblile UMIyJibca GotoHa (PUOJIETOBOrO CBeTa?

22. Kak u3MeHsIIOTCS ¢ yMEHbIIIEHHEM MACCOBOTO YHCJIa H30TOIOB
OJTHOTO ¥ TOTO JK€ 3JIeMEHTa YKCJO HEWTPOHOB B sIpE W YHCJIO
9JIEKTPOHOB B AJIEKTPOHHOIT 060JI0UKE COOTBETCTBYIONIErO HEHTPAIb-
HOrO aTroMma?

[l Kax/10# BeJIMYMHDBI ONpeJIeIUTe COOTBETCTBYIONIUI Xapak-
Tep M3MEHEHMSI:

1) yBesmuuBaercs; 2) yMeHbLIAETCs; 3) He M3MEHSETCS.

3ammmmiTe B Ta6IUITy BBIOpaHHBIE TIMQPBI 15 KK 101 pusndec-
Koii Besmmuuibl. [ndpbl B oTBETE MOTYT HOBTOPSTHCS.

Hucno neiirponos Hiuemo a/1eKTPOHOB B 3JCKTPOHHOI
B g/ipe o6o/04Ke HeliTpaJbHOro atoMa

23. YdeHuk msydaeT CBOHCTBa IJIOCKOTO KoHJeHcaTtopa. Kakyio
mapy Kougercaropos (puc.8) oH 10JKeH BhIGPaTh, 4TOObI Ha OTIbITE
06GHAPY’KUTb 3aBUCHMOCTb €MKOCTH KOHJIEHCATOPA OT PACCTOSHIUS
MEK/Iy ero OOKJIajKaMu?

24. Ha pucynke 9 mokasaHa 3aBHCHMOCTD JIaBJIEHIS Ta3a p OT €To

13
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Puc 8 Puc. 9

IJIOTHOCTH P B IUKJMYECKOM IIPOIIECCE, COBEPIIAEMOM H/I€AIbHBIM
ra3oM B KOJMYECTBE 2 MOJIb B M/IeaJIbHOM TEIIOBOM JiBurateie. [Tk
COCTOUT M3 JIBYX OTPE3KOB IIPSIMBIX M YETBEPTH OKpyskHOCTH. Ha
OCHOBAaHWMHM aHAJIN3a TOTO IUKJMYECKOTo IIpoliecca Bbibepure 06d
BEPHBIX yYTBEPKIACHUS:

1) B npouecce 2—3 o6beM raza yMEHbIIACTCS;

2) B nporecce /—2 TeMIEpaTypa ra3a yMEHbIIAETCS;

3) B coCTOSIHMEM 3 TeMIlepaTypa ra3a MaKCUMAaJbHa;

4) paGota rasa B mpoiecce 3—1 TOJOKUTEIbHA;

5) OTHOIIIEHHE MaKCUMAJBHOI TeMIeparypbl K MUHUMAJBHOIL
TeMIepaType B IIUKJE PAaBHO 8.

Yactb 2

Omeemom k 3adanusam 25—27 sagasemcs uucao. 3anu-
wiume 3mMo uuca0 8 noJse omeema 6 mexcme pabomot, a
3amem nepenecume ¢ BJIAHK OTBETOB No 1 cnpasa
om Homepa coomeéemcmeyiouiezo 3a0aHus, HAYUHASL C
nepeoii kaemouxu. Kaxowtii cumeon nuwume 6 omoe.n-
HOU KJlemouKe 8 COOmeemcmeuu ¢ npueedeHHbiMuU 6 O 1an-
xe o6pasuamu. Edunuuvt usmepenus usuuecxux eenu-
YUH NUCaAMd He HYKHO.

25. HeBecomblil cTepsKeHb, HAXOASIIUICS B SIIIMKE C IJIaJKUMU
JIHOM M CTEHKaMH, COCTaBJseT yroi 45° ¢ Beprukajipio (puc.10).
K cepennne crepskHS TIOABENICH HA HUTH
mapuk Maccoif 1 xr. Kakos momynb cnu-
Jabl ynpyroctn N, jeiicTByomeil Ha
CTEpPKEHb CO CTOPOHDBI JIEBOIl CTEHKHU
amumKa’?

26. TemmepaTypa KycKa CBHHIIA Mac-
coit 1 xr pasua 37 °C. Kakoe Kojmye-
CTBO TETJIOTHI HAJIO TIepefiaTh eMy, YTOObI
PaCILTaBIIaCh TOJIOBUHA €T0 Macchi? Tem-
Puc. 10 neparypa TiaBienusi cpunia 327 °C .

14



Otser BbIpasute B KUAOMKOYIAX (k/[x). TemnoBbIMU OTEPAME
npeHe6peyb.

27. Korza Ha METaIINYeCKyIO TTACTHHY Ta/IaeT 3JIeKTPOMarHuT-
HOe M3JIyYeHHe C JIMHOW BOJIHBI ) , MaKCHMAaJbHas KUHETHYEeCKast
sHeprusa (oToaIeKTPOHOB paBHa 4,5 3B. Ecim gmuna Bosmsl maja-
IOIET0 M3JIy4YeHUsi paBHA 2),, TO MaKCHUMaJbHash KUHETHYECKAs
sHeprusi GoroasieKTpoHoB paBHa 1 3B. Uemy paBHa pa6ora BbIXo/a
AJIEKTPOHOB U3 MeTaJiia?

He 3a6ydbvme nepenecmu 6ce omeemot 8 61anK omee-
moeNel 6 coomeemcmeuu ¢ uncmpyxuuei no 6vinoJHe-
Hui0 pabomol.

s 3anucu omeemos na 3adanus (28—32) ucnoanv3yii-
me BJIAHK OTBETOBNe2. 3anuwmume cHauana Homep
3adanus (28, 29 u m. 0.), a 3amem pewenue coomeem-
cmeyroweii 3adauu. Omeemot 3anucsvléaiime uemKko u pas-
6opuuso.

28. Ha dororpadun
(puc.11) usoGpaskeHa s5aeKT-
puvecKast 1elb, COCTOSIIAs U3 ;i
peocrata, Kioua, MHGPOBBIX
BOJIBTMETPA, MOAKIIOYEHHOTO
K Oarapee, W aMmIepmerpa.
Haueprure npuHuunuaibHylo
AJIEKTPUUECKYIO CXeMY ITOM
nenu. Kax nsmensarcs (ysenu-
YaTCsa WM YMEHBINATCS) IO- Puc 11
KasaHus aMIIepMeTpa U BOJIbT-

MeTpa IpH MepeMelleHnH ABIKKa peoctaTa BJIeBo 70 KoHia? OTser
TMOACHUTE, ONNPAACh Ha 3aKOHDI JECKTPOJAUHAMUKN.

Hoanoe npasuavnoe peutenue Kak0oi us sadau 29—32
doxkno codepxamsv 3aKoHvl u opmyav, npumenenue
KOmMopvLx Heo6x00umMo u 00CMamouno 04 peulenust 3d-
dauu, a makxe mamemamuuecxue npeoGpazoeanus, pac-
uemovl ¢ UYUCAEHHLIM OMEEMOM u npu Heo6Gxodumocmu
PUCYHOK, NOACHAIOWUN pewieHue.

29. B ycranoBke, n306paskeHHOI Ha pucyHKe 12, Macca rpy3uka
m moo6pana Tak, 4TO TIEPBOHAYATBHO TIOKOSIIASICS TEJEKKA TOCIIE
TOJTIKA BIIPABO JBUIKETCST PABHOMEPHO MO TTOBEPXHOCTH TPHOOMETPA.
C KakmM ycKopenneM Gy/IeT ABUTATHCS TEJIEKKA, €CIU ee TOJTKHYTD
BJeBO? Macca rpysuka m B 9 pa3 MeHbllle MacChl TesJexXku M.
Maccamu 6sioka u HuTH TIpeHe6peub. Hutp Hepactsokuma. Cuiry

15



Puc. 12 "
COIIPOTUBJIEHUS [BMKEHUIO TEJIEKKU CUUTATD TTOCTOSIHHON U OJIMHA-
KOBOW B 000MX CJIydasiX.

30. Bosmymmnbiii map o6bemom 2500 M ¢ Maccolt 060JI0uKH
400 kr WMeeT BHH3y OTBEPCTHE, UYepe3 KOTOpPOe BO3/JAyX B IHape
HarpeBaeTcs TopeJKkoil mo Temmeparypnl 77 °C . Kaxkoil momkna
ObITh MAaKCHMAaJIbHASI TEMIIEPATypa OKPY KAIOIIEero BO3/yXa MJIOTHO-
cThIO 1,2 KF/ M> , uToGBI map B3aeres BMecTe ¢ rpy3oM (KOp3uHoit 1
Bo3ayxomIaBareseM) Maccoii 200 kr? OGOMOUKYy Iapa CuuTaTh
HEPACTSIKUMOH.

31. IIpoTon BeTaeT B 3JIeKTPHUECKOE 11071 KOH/IeHCATOPA ITapaJ-
JIEJTBHO €eTOo TITAaCTWHAM B TOYKE, HAXOAAIIeHcs Tocepeinie MeXK/Iy
mnactunamu (puc.13). Haiiure Munnmain-

| T+ + + + | HYIO CKOPOCTb ¥, C KOTOPOIl IPOTOH [0JI-
O v JKEH BJIETETb B KOH/IEHCATOP, YTOObI 3aTeM

-{+
BbLIETETb M3 Hero. J{nmHa IJIAaCTUH KOH-

|_ - _| JIEHCATOPa 5 CM, PACCTOSIHIE MEXK/TY T1JIac-

tnHaMn | cM, HaNpsSKeHHOCTh 3JIEKTPH-
yeckoro moJisi kouzgencaropa 5000 B /M.
[Tone BHYTpPHM KOH/IEHCATOPA CUUTATH OJHOPO/HBIM, CUJION TSIKECTH
npeHe6peyb.

32. TlpsmoyrosibHast TPOBOASINAS paMKa, 110 KOTOPOH Tedyer
nocTosinublii Tok I = 0,5 A, 3aKpernjieHa B 0JJHOPOTHOM MarHUTHOM
O T1oJ1e, BEKTOP MarHUTHOM I/IH,[[yKL[I/II/I KOTOpPOToO
HAIPaBJEeH TapaJIeJbHO ILIOCKOCTH PaMKH
MEepPIeHINKYISIPHO OJHOII U3 ee CTOPOH

Puc 13

1 B (puc.14). Momenrt cui, AefcTBYOIMX Ha
PaMKy €O CTOPOHBI MATHUTHOTO TI0JisI OTHOCH-

- 0, TespHO ocu OO, , npoxoadileil yepes LeHTp

Puc. 14 pamxn, M =1,5H - ™ . Kakoii 3apsiz g npore-

YeT 10 paMKe, e/ TOcJ]e OTKIIOYEHHST TOKA
noBepHyTh ee Ha 180° BOokpyr ocu OO, ? ConporusjeHne pPaMKi
R = 10 Owm.
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Bapumant 2 (2016 rog)

Yactb 1

1. Testo ABIKETCSA IPSA- 1) v, 4 3) v, A
MOJIMHEWHO BIOJb OCH X
TaK, 4YTO IIPOEKIHS €ro
YCKOPEHHUS Ha 3Ty OCbh O~
CTOSIHHA W OTPHIATeJbHA.
Kaxoit m3 rpaduxos
(puc.15) saBucumocTH 0 i 0
npoekinn 0, (t) cxopoc- 2)T.A 4) VA
TH TeJa Ha 9Ty OCb COOT-
BETCTBYET TAKOMY JIBUIKE-

¥
Y

HUIO?
2. Ha pucynke 16
TIpe/ICTaBIEHBI BEKTOP PaB- >
HozelicTByIOIell F Bcex 0 ¢ 0 ¢
o Puc 15
CuJI, JIefiCTBYIOMMX HAa
F

TEJIO0, M BEKTOP CKOPOCTH 3TOrO TejJa U B
MHEPIMAJIbHOI cucTteMe oTcueTa. KakoBo Ha-
IPaBJIeHNE BEKTOpA YCKODEHUs TeJa B 3TOM
CHCTEME OTCUETA:

1) —;2) «;3) T;4) ?

3. Yenosek maccoii 80 kr ¢ cymkoil Becom ¥
100 H crout menoasm:xHO Ha mosy. Cuia gas- puc. 16
JIEHUS] TIOJIONIB ero GOTHHOK Ha TOJI PABHOMEPHO paciipejiesieHa 1o
mromaz 600 em? | Kakoe jaBiieHue 4eioBeK OKa3biBAET Ha TO?

4. Teno maccoii 0,1 Kr Bpamaercss B TOpH30HTAIBHON TIJIOCKOCTH
Ha HutH jumanoi 1 M. Uemy paBHa paboTa CHJIBI TSKECTH 3a OJUH
060pOT BpallleHus TeJia?

3. Uepes kakoe BpeMsi MOCJE BBICTPEJIA TIPU/IET K OXOTHUKY 9XO
OT 3BYKa BBICTpeJa, €CJIH PACCTOSIHUE IO ITPerpajbl, OT KOTOPOI
oTpasutcs 3BYK, paBHO 850 M? CKOpOCTb 3ByKa B BO3/yXe CUUTATD
paBuoit 340 M/ c.

6. Masnpuuk OpocHJI CTAJbHOW IAPUK BBEPX MOJ YIJIOM K
ropusoHTty. IIpeneGperas conpoTHBIIEHHEM BO3/yXa, OIPE/ENTE,
KaK MEHSIIOTCSI 10 Mepe MPUOJIMKEeHUs] K 3eMJIe MOJLYJIb YCKOPEHHs
MIapyKa ¥ TOPU30HTAJIbHAS COCTABJISTIONIAST €T0 CKOPOCTH.

JUns Kask/10i BEJIMYMHBI ONPE/IENTe COOTBETCTBYIOMNI Xapak-
Tep M3MeHEeHUs:

1) yBemmuuBaetcs; 2) yMeHbINAETCS; 3) HE M3MEHSETCS.

17



3anuiure B TabuIly BoiGpaHHbie TUPBI /I KK 101t pusudec-
Koii Besmmuntbl. [{udpbl B 0TBETE MOTYT TIOBTOPSITHCSI.

.\"10,.1_\".'Ib YCROpeHiAa r()I)IIJi()H'I‘ZI.-’II)HZI.S[ COCTABIAROIAA
HrapiKEa CROPOCTH 1IapHEa

7. OuH KOHeI[ JIETKOil IPY KUHBI JKECTKOCTBIO R TIPHKPEIIEH K
OpYCKY, a APYroil 3aKpeIlieH HENMOJBIKHO. BPYCOK CKOJB3HUT 110
FOPU30HTAIBHOI HAIIPABJISIIONIEN TaK, YTO €ro KOOP/ANHATA U3MEHS-
eTcst Co BpeMeHeM 110 3akoHy X ()= Asinwt .

YcraHoBuTE COOTBETCTBHE MEK/Y (PUBHYECKUMI BEJANUMHAMI 1
dopMy.1aMil, BBIPAXKAIOUNMI UX H3MEHEHNs] BO BPEMEHI.

K kask/10if 03u1LII 11EPBOTO CTOJAGIA MOAGEPHTE COOTBETCTBYIO-
II[Y10 TIO3HILMIO U3 BTOPOTO CTOJIGIA U 3alUIINTe BBIGPAHHbIE [H(PbI
110/ COOTBETCTBYIONMMEI OYKBaMHU.

DOU3NYECKUNE BEJIMUYNHDBI DOPMYVYIJIbI
A) motentmanbhas sHeprus npyskunnl E, (£) 1) —kAsin ot
B) npoekmus F, (t) pasrogeiictsyiomeit cumpt  2) —kA? sin’ ot
Ha OCb X 3) kA%sin ot
2
4) kTsinz ot

8. Tlepexon BemecTBa M3 XKUAKOTO COCTOSIHUS B TBEPIOE MU
TEMIIEPATYPEe €ro KPUCTAJIH3AIMEI COMPOBOKIACTCS:

1) yMeHbIIEHHEM KUHETHYECKOI SHEPIUuy TEMJIOBOTO JBIKEHUS
MOJIEKY.JI BEIIEeCTBa;

2) yBeJMYeHneM SHEp-
I'MU B3aUMOJIEICTBUS MO-
JIEKYJT BEIECTBA;

3) yMeHbueHHEM
SHEPIUH B3aUMOJIEHCTBIIST
MOJIEKYJI BEIIECTBA,;

N N 4) yBelVveHHEM KH-

0 T 0 T HeTHYECKOil sHepruu Ter-

2y A Hr A JIOBOTO JIBUKEHUST MOJIe-
KyJI BEIeCTRa.

9. Ilycryto mpobup-
Ky, JI0JIF0 HAXO/UBIILYIO-

p , ¢l B KOMHATeE, Me/JIEHHO
. / [OTPY3KAKT OTKPBITHIM

0 T 0 V' KOHIIOM BHU3 B BOJIy KOM-

Puc. 17 HATHOI TeMmeparypbl. B

18
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pesyJibrate yacth o6beMa IPOOUPKH 3aHuMaeT Bojia. Kakoii rpadux
(puc.17) mpaBUIbHO ONMUCHIBAET IIPOLECC, TPOUCXO/SAIINIT IIPU 5TOM
C BO3/JyXOM B IPOOHPKe?

10. Ha pucynke 18 mokaszaHo, Kak MEHAJOCh JaBJEHHE Tasa
B 3aBHUCHMOCTH OT ero oObeMa Ipu Iepexoje u3 cocrosguust ! B

cocrosiHue 2, a 3aTeM B cocrosuue 3. UeMy paBHO oTHOLIEHUE PAGOT
rasa o
Ays
11. Temmneparypy HarpeBartess TeILIO- '
BOH MaummHbl KapHo yBeJNYn/In, OCTaBUB /
TEMIIEPATypPy XOJOJAMJIbHUKA TIPEXKHEid. f /
KosmmyecTBO TenJorbl, OT/@aHHOE Ta30M
XOJIOZAMJIBHUKY 34 IIMKJI, HE U3MEHUJIOCD.

TIPH 9THX Tepexofax? P

Kax mamennsncn mpu atom KII/[ temo- >
BOIl MalllMHbI U KOJMYECTBO TEILJIOTHI, I10- 0 }
JIy4EHHOE Ta30M 3a IUKJI OT HarpeBarteJisi? Puc. 18

[l Kax/10# BeJIMYMHDBI ONpeJIeIUTe COOTBETCTBYIONIUI Xapak-
Tep ee U3MEHEHUST:

1) yBeJmuuiach; 2) yMEHbIINIACH; 3) HE U3MEHUIACD.

3anuiure B Tabauity BoIOpanubie udpbl 7S Kaxk/oi dhusndec-
Kol Besimunnbl. [{udpsl B oTBETE MOTYT OBTOPSITHCS.

KII/L rernosoii KomiyecTBO TENJIOTH, NOJYYEHHOE
MAallHHbL rasoM OT HarpeBaTessd 3a UK paboThI

12. YcranoBure cooTBeTcTBIE MEXK/Y (PU3MIECKUMHU TIPOIIECCAMU
B M/ICAJTBHOM Ta3e HEM3MEHHOI Macchl U (POPMYJIaMHU, KOTOPBIME OTH
IpoIecchl MOXKHO onucath (N — 4ucio yacruil, p — AasieHue, V —
o6beM, T — a6comoTHas TeMiepaTypa).

K kask/10il o3uiiuy U3 nepBoro croJbia nogéepure COOTBETCTBY-
IOIYIO TIO3UIMIO M3 BTOPOTO CTOJIONA W 3alMIINTEe BbIOPAHHbIE
1pbI MO/ COOTBETCTBYIOMMUME OYKBAMHU.

ITPOITECCDbI DOOPMYVYJIbI
A) m3oxopHbIit ponece mpu N = const 1) pV = const
\%4
B) uzo6apusriii mponece pu N = const 2) T const
3) VT =const
p
— =const
4 7

13. /IBa He3apsDKEHHBIX MEIHBIX Mapa, 3aKpeTIeHHbIX Ha M30-
JIIPYIOMINX IO/ICTABKAX, COIPUKACAIOTCS Mexay coboii. Crpasa ot
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HUX [TOMECTUJIM OTPUIIATETHHO 3aPSKEHHOE TeJO0
u 3areM pasasunyau mapbl (puc.19). ITocse
yAATeHus 3apssKeHHOTO TeJa!

1 1) 06a mapa 3aps’KEeHbI OTPHUIATENBHO;

2) map 1 3apsKeH OTPUIATEIbHO, a map 2 —
MTOJIOKUTEJLHO;

3) 06a 1mapa 3apsAKEHbI HOJOKHUTETbHO;

4) map 1 3apsiyKeH MON0KUTEIbHO, a map 2 —
- OTPUIIATETHHO.

’ 14. DunexTpuueckas

@ 1IeTTb, COCTOSIIIAST U3 TIPSI-
+  MOJIMHEIHBIX TOPU30H-

@ B T TaJbHbIX IPOBOJHIKOB I
HCTOYHUKA TIOCTOSTHHOTO
TOKa, HAXOUTCS B OTHO-
POAHOM MAarHUTHOM
1oJie, BEKTOP MAarHUTHOI
UHAYKIUA B KOTOPOrO HAINPABJCH HEPICHIUKY/ISPHO ILIOCKOCTH
pucynka Ha nac (puc.20; Buz csepxy). Kyma HanpasieHa Bbl3BaH-
Hasg 3TUM ToJIeM CUJIa AMIiepa, AeHCTBYIOIas Ha MPOBOAHUK —2:

1) BJIEBO B ILIOCKOCTU PUCYHKA < ;

2) BIPABO B IJIOCKOCTH PUCYHKA — ;

3) nepnenguKyASpHO IJIOCKOCTH YepTesKa Ha Hac O ;

4) NepleHAuKYJIAPHO MJIOCKOCTH YepTeska OT HAC & ?

15. Omupeziennre CONMpoTHRIIE-
HUE y9YacTKa Iend, N306pakeHHO-
ro na cxeme (puc.21), mexmay
Toukamu A u B.

2

Puc. 19 Puc. 20

6 Om

A B 16. Uemy paBHa WHIYKTHB-
HOCTb KaTyLIKH, €CJIH IIPH CHJIe
Puc 21 3 Om Toka | = 4 A sHeprus ee MarHur-

Horo moJist pasHa 0,01 /[x?

17. IIpoToH B OAHOPOAHOM TOJIE MEXAY MOJIOCAMH MaTrHHUTA
JIBIDKETCS TI0 OKPYIKHOCTH PAJIMYCOM 7 C YAaCTOTON OOpallieHus v u
IEHTPOCTPEMUTEIBHBIM YCKOPEHHEM dy. . B atoM ke mose 10
OKPY>KHOCTH C TaKHUM >X€ PajJInyCOM CTaja JIBUTATbCs () -4aCTHIIA,
o6J1a1afomast Takoi Jke sHeprueil, Kak u MpoToH. Kak M3MeHUInch
yacTora OOpalleHHs B MarHUTHOM I0JIe ¥ IEHTPOCTPEMUTEIbHOE
YCKOPEHHUE O, -4aCTUI[bI TI0 CPABHEHUIO C ITPOTOHOM ?

[l Kaxx/10i BEJIMYMHDBI ONpPEeIeIUTe COOTBETCTBYIONIUI Xapax-
Tep M3MEHEHUsI:

1) yBesmunmach; 2) yMEHbIIMAACDH; 3) He U3MEHUJIAC.
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3anuiure B TabauIry BoiGpaHHbie T PLI I KK 101t pusudec-
Koii Besmmuntbl. [udpbl B 0TBETE MOTYT TOBTOPSITHCSI.

Yacrora obpautenns Vexopenie

18. Dekrpuyeckas 1ernb, cxeMa KOTOpoil H300pakeHa Ha PUCYH-
Ke 22, TIO/IK/II0UeHa K akKyMyJIaTopy. HanpsokeHue Ha ero KiaeMMax
pasuo U, . Ilokazanus ujgeaJbHbIX aM-
nepMerpa u BoJbTMerpa pasubl [ u U
COOTBETCTBEHHO. Py

YcranoBure COOTBETCTBUE MEKIY Q)
(pusmueckMu BesmunHAME 1 (pOpMyIa-
MM, 110 KOTOPbIM UX MOKHO PACCUUTATD. _|:I_
BuyTpeHHUM CONPOTUB/IEHUEM aKKyMy-
JisiTopa mpenedpeyb. pnc 22

K kax10il m1o3uimm nepBoro cros61a 1moi6epure COOTBETCTBYIO-
I1Y10 O3UINIO U3 BTOPOTO CTOJIONA U 3aIlUIINTe BbIOPaHHbIE UMPBI
0/l COOTBETCTBYIONMMH GYKBAMH.

o Vo,

OU3SNYECKUE BEJIMYMHDBI DOOPMYJIbI
Uy-U
A) MOImHOCTD, HOTpe6isgeMas Pe3ucTOpPOM 1) —7
B) conporusienue pesucropa 2) (Uy-U)I
3) Ul
U
4) 7

19. Aapo nukens ggNi COJTEPIKUT:

1) 57 HelTpoHOB U 28 HJIEKTPOHOB;

2) 28 nporoHos u 29 HelTpOHOB;

3) 28 npoToHoB U 57 HEHTPOHOB;

4) 57 npoTOHOB U 29 3JIEKTPOHOB.

20. B pesyJibTaTe peakiiuu CUHTE3a %H + gBe - 5X+ 0171 obpa-

3yeTcs SIPO XUMIYIECKOTO JIeMEeHTa /%X. KakoBbl 3apsi1oBoe 4nco
00pa30BaBIIerocs saapa Z U ero MacCoOBOE YNCJO0 A:

1)7Z=5 A=11;2)72=5,A=9;3)Z=4, A=10; 4) Z = 5;
A =10?

21. fAnpa nosonus Po MCHBITBIBAIOT O -pacriaji ¢ MepUoIoM
nosypacnaga 140 gueii. B moment navana nabuiogenus B o6pasiie
cojiepkutcs 8 - 102 siep nosionus. Uepes kakyio us rouek (puc.23),
KpoMe TouKu A, mpoiifier rpaduK 3aBUCUMOCTA OT BPEMEHH YHCJIA
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N, 10%,

S/Iep PaIlOaKTUBHOTO TIOJIOHHS B
10 o6pasiie?

, 22. Tlpw nccie0BaHUN 3aBH-

8 CUMOCTH KHHETHYECKOW 3HEPruu

6 dOTO3JIEKTPOHOB OT YACTOTHI I1a-

Al 2, . JIAloIero cBera (pOTO3IEMEHT 110-

9 3y » OuUepeIHO OCBEINAJICS Yepe3 pas-

° JIMYHbIe cBeTOPUIbTPBI. B Tmep-

0 140 A20 700 > poii cepuu OlbITOB MCIIOJb30BaJI-

t, . ¢ cBeTOUIBTP, POy CKATOIIH

pne. 23 TOJIbKO (DUOJIETOBBII CBET, a BO

BTOPOIl — MPOIYCKAIOIUN TOJbKO 3esieHblil. B KaxgoM ombite

Habmonamn sBiaenue GoroadderTa U U3MEPSJIN 3anuparoliee Ha-

TpsiKEHNe.

Kaxk n3MeHnIIICh YacToTa Majaroriell CBeTOBO BOJTHBI U 3alnpa-
I0Ilee  HANpSDKeHne TIPU Mepexojie OT TIePBOH CepuH OIBITOB KO

BTOPOI1?

Jlnsa Kaska0i BEJMUMHBI ONPEJeJHTe COOTBETCTBYIOMMI XapaK-
Tep ee M3MEHEHMUS:

1) yBesmunmach; 2) yMEHbIIMIACH; 3) He U3MEHUJIACD.

3ammmmTe B Ta6JNITy BBIOpaHHBIE M PBI A1 KK 101 (prsndec-
Koii Besmuunbl. 1{udpbl B OTBETE MOTYT IIOBTOPSATHCS.

YactoTra ceera,

NMaJarolero Ha q)OTO:).-'IE‘)IeI[T HaIlPAMCHHE

33IIII[]3I{}II[C{.‘

23. Uemy paBHO JlaBJICHUE BO3/yXa
B GajlJIOHE, €CJIM MOTPENIHOCTh MaHO-
Mmetpa Ap = 3 MM pr. cr. (puc.24):

1) 224 MM pr. cT.;
2) (224£3) mm pr. ct.;
3) 236 MM prT. CT.;
4) (236+3) mm pr. ct.?

24. Ha HaxJIOHHOI IIJIOCKOCTU Ha-
xoauTcst GPYCOK Maccoit 2 Kr, JJisi KO-
TOpOFO COCTaBUJIN T3.6.]II/H_[y 3aBUCHUMOC-
™ MOy cunibl Tpenus Fy, or yraa
HAaKJIOHA TIIOCKOCTH K TOPU30HTY O C
rorpenrHocTbio He 6ogee 0,01 H:



o,pax|00,05(0,1]02[03|104[05]06]07]|08[0,9]1,0

Fo.H]0| 1,0([2,0(3,86(3,76|3,63|3,46(3,25|3,01(2,75(2,45(2,13

“pr

OcCHOBbBIBasICh Ha JJAaHHBIX, IPUBEIECHHBIX B TAOJNIE, U MCIOJIb-
3ysl 3aKOH CyXOTO TpeHusi, BbIGepHTe 08d BEPHBIX YTBEPIKIEHMS:

1) koapdunuent Tpenust ckoJbxkeHus: paset 0,5;

2) npu yBesmuennu yraa Hakmoua ot 0 1o 0,1 pajx cumia TpeHus
MIOKOSI YBEJMYMBAETCST;

3) 6PYCOK TIOKOUTCSI, KOT/[A YTOJI HAKJIOHA TIOCKOCTH COCTABJISET
0,6 pasm;

4) B cilydae KOrjJa yroJ Hak/oHa miockoctu cocrasisier 0,1 paa,
cua HopMaJbHOU peakiuu Gosibine 10 H;

5) cuma TPEHWs CKOJBKEHUs HE 3aBUCHT OT YIJa HAKJIOHA
IJIOCKOCTH.

Yactb 2

25. Cuapsiz, Jerstiquii co ckopoctbio 100 M/ ¢, paspbiBaercst Ha
nBa ockoska. OMUH M3 OCKOJKOB JIETHUT o yrioM 90° K mepBoHa-
YaJIbHOMY HAIIpaBJIEHUIO, a BTopoii — mof yraoM 60°. Kakosa macca
CHapsila JI0 PaspbiBa, €CJU BTOPOIl OCKOJIOK Maccoit 1 Kr mmeer
ckopocth 400 M ,/¢? Maccoii B3pbIBUATOrO BEIIECTBA ITPEeHEOPEYb.

26. B xanopumerpe HaXOIATCS B TeIJIOBOM paBHoBecun S0 T
BOJIBI 1 5 T Jibjla. Kakoil go/skHa ObITh MUHUMAJbHAS Macca GOJITa,
MMeEIOIEro y/eubiyio Ternoemkocts 500 [ik/(kr - K) u remnepary-
py 339 K, uTtoGbl 1ocjie OnyCKaHusi ero B KAJOPUMETD BECh JE]l
pacrasn? TeroBbIMU 1TOTEPSIMU TIpeHeGPeYb.

27. TloporoBasi 4yBCTBUTENLHOCTD CETYATKN YEJOBEYECKOTO TJIa-
3a K BUJUMOMY CBETY COCTaBJIeT 1,65-107'® Br, mpu artom ma
CeTYATKy IJjia3a eKeceKyHaHo momajaer 5 doronoB. Oupenenure,
KaKoll /I/IHE BOJIHBI 3TO COOTBETCTBYET.

28. /IBe mJOCKHE TJIACTUHBI KOHJEHCATOPA, 3aKpEIJIeHHbIe Ha
M30JMPYIONINX TITATHBAX, PACHOJOKUIN Ha HEOOJBIIOM PacCTOS-
HUW JPYT OT JAPyTra W COCJMHWUIN OHY TITACTHHY C 3a3eMJICHHBIM
KOPILYCOM, a APYIyIo cO cTepskHeM ajiekTpomerpa (puc.25). 3arem
MJIACTHHY, COEIMHEHHYIO CO CTEPKHEM 3JIEKTPOMETPa, 3apsi/InJIf.
O6bsicHuTe, OMMPasich HA U3BecTHble BaM 3aKOHDI, KAaK U3MEHSIIOTCS
MOKA3aHUS 3JIEKTPOMETPa MPU BHECCHUU MEXIY TIACTHHAMU [IN3-
JIEKTPUUECKOI TIacTUHBI. OTKJIOHEHNE CTPEJIKHI 3JIeKTPOMETpa Mpo-
HOPIMOHATBHO PA3HOCTH MOTEHIMAJIOB MEX/Iy TIaCTHHAMH.

29. Masnenbkuii mapuk Maccoit m = 0,3 Kr mojBelieH Ha Jer-
KOIl HepacTsokuMoit Hutu jnHoii [ = 0,9 M, KoTopas pa3pbiBaeTcs
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R T

= T

Puc. 25

npu cue Hatsokenust I, = 6 H. Illapuk oTBesieH OT IOJIOKEHIS
pasHosecust (puc.26) u ormyien. Korga mapuk mpoxXoaut moioxe-
HU€e PaBHOBECHS, HUTh OOPBIBAETCS U
HIAPUK TYT JKe aBGCOJIIOTHO HEYIIPYTO
CTaJKnMBaeTcss ¢ OPYCKOM Maccoi
M = 1,5 Kr, JexanmM Heo BIX-
HO Ha TJIQJIKOW TOPU3OHTAJIBHON TI0-
BepxHOCTU cToJia. KakoBa cKOpOCThb
u 6pycka mocJie yrapa? Cuurarp, 4To
M 6pYCOK TIOCJIe yiapa JIBUKETCS TI0-
CTyIIATEIbHO.
Puc 26 30. B BepTUKAIBHOM TTUTITH/IPE C
rJIQKUMU CTEHKAaMU, OTKPBITOM
CBEPXY, IO/l MOPITHEM HAXO/UTCSI OJHOATOMHBIN njieanbHblil ra3. B
HAYaJIbHOM COCTOSTHUU TIOPIIEHb Maccoil M M IO/ IbI0 OCHOBAHUS
S noxourca Ha BbicoTe f, onupasch Ha BbicTynbl (puc.27,a).
[laBrenne rasa p, paBHO BHemHeMy armocdepHoMmy. Kakoe xousn-
4eCTBO TEIIOTBI Q HYKHO COOONMTH ra3y IPH MeJJIEHHOM ero

|

A

st

i
\
.,

a) 6) Po
M,S LI
Po e
Po h
Puc. 27
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HarpeBaHuM, YTOObI MOPIIEHb OKasaucss Ha Boicotre H (puc.27,6)?
TerioBbIMI HOTEPSIMU TPEHEOPEUD.

31. Dsekrpuyeckas Ielb COCTOUT M3 HCTOYHHKA TOKA M peocTara.
I/1C nucrounnka & = 6 B. Makcumanbnas MomHOCTb TOKa P,
BbI/leJIsieMasi Ha PeocTare, JIOCTUIaeTcs TIPU IIPOMEKYTOYHOM 3Have-
HUM €r0 CONPOTUBJIEHNUS U paBHa 4,5 Br. Uemy paBHO BHyTpeHHee
COIIPOTUBJIEHNE NCTOYHUKA?

32. B gHO Bomoema Tury6mHOI 2 M BepTHKaJbHO B6UTA cBas. Ha
1 M cBas BBICTYIIAeT U3 BOJBL. YTOJ HaJCHUS COJTHEYHDIX JIydeil Ha
MOBEPXHOCTb BoJBI paBen 3(° . IlocTpoiite xox syueii, popmMupyio-
MUX TEeHb OT CBaW Ha /IHE BOJIOEMA, U OIIpe/lesIuTe ee [IJTUHY.

4
[ToxasaTesb IpesOMICHUS BOABL 1 = 3

BapumarT 3 (2017 rog)
Yactb 1

Omeemamu x 3adanuam 1—23 aeasaiomcsa yudpa, cao-
60, UUCNO UAU NOCACO0BAMENLHOCTMb UUPDP UIU HuCe..
3anuwume omeem 6 nosie omeéema 6 mexcme pabomol, a
3amem nepenecume 6 BJIAHK OTBETOB Ne 1 cnpasa
om Homepa coomeéemcmeyiouiezo 3a0aHus, HAUUHASL C
nepeoii xaemouxu. Kaxovtii cumeon numume ¢ omoenn-
HOU KJlemouKe 6 COOmeemcmeuu ¢ npueéedeHHbiMuU 8 O.1an-
xe o6pasuamu. Edunuupvt usmepenus usuuecxux eenu-
YUH nucamsv He HYKHO.

1. Ha pucynke 28
npejcTaBiaen rpaduk
3aBUCUMOCTH Koopau- 200
HATBI X BEJIOCUIIE[INCTA
ot Bpemenu t. Otpejie- 150
JIATE IPOEKIIIO CKOPO- 4
CTU BEJIOCUIIE/ICTA Ha
OCb X B MHTEpBaJe Bpe- 50
menu ot 10 g0 20 c.

2. Ilpn ucenenosa- 940" 20 30 40 50 60 70 f.c
HIH 3aBUCHMOCTH CHIIBL 5 5o
TPEHUS] CKOJIbJKCHUS
F,, nepesannoro 6pycka 110 FOPH3OHTaIbHOI IIOBEPXHOCTH CTOJIA OT
Macchl m Gpycka rosyder rpaduk, MpecTaBIeH bl Ha pUCYHKe 29.
Yemy paBeH k03D DUIMEHT TPEHUST B OTOM HCCJIE0BAHNN ?

3. [Tapuk maccoii 200 r mamaer ¢ BbICOTHI 20 M ¢ HaYaJbHOM
CKOPOCTbBIO, paBHOW HyJ0. KakoBa ero kunernueckasi sHeprusi B
MOMEHT Tepe/l yIapoOM O 3eMJI0, €CJIU TIOTepsl SHEPruh 3a Cyer

25
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Fo HA COIPOTUBJICHUST BO3/IyXa
coctaBuyia 4 JI:x?

0.8 / 4. Tenomaccoii 0,3 xr

yd HOJIBEIIEHO K HEBECOMO-

/ My pblUary Tak, Kak ITIOKa-

0.4 3aHO Ha PUCYHKe 30. I'pys

/ KaKoif Macchl H/10 TojiBe-

CUTb K TpeTbeil MeTKe B

> [1paBOil YacTH pblyara Jiist

0 0,1 0,2 0.3 m, KI'  jnocTuskeHus paBHOBECHS ?

Puc. 29 3. Illapuk kaTuTCs 110

npsimomy kesioby. Mame-

HEHWE KOOP/UHATHI IMAPUKA C TEYCHUEM BPEMEHH B MHEPIHMAIbHOI

cucreMe orcyera 1okasano Ha rpaduke (puc.31). Ha ocnoBanum

3TOrO TpadmKa MOXKHO yBEpeH-
HO yTBEepXJaTbh, UTO:

1) CKOPOCTD TapHKa 10CTO-

SHHO yM€HblIaJJaacCb; 4 \

2 N
&8 -

X, MA

C

() o 1 2 fe

Puc. 30 Puc. 37

2) Ha wWapuk JelicTBOBaja BCE YBEJMYUBAIONIAAC CHIIA;

3) nepsble 2 ¢ paBHOAEHCTBYIOMAA BCEX CHJI, AEHCTBYIONMX Ha
LIAPUK, PaBHA HY.JIO;

4) nepBble 2 ¢ CKOPOCTD MIAPUKA HE MEHSIACD, & 3aTEM €€ MOJLY.JIb
MTOCTETIEHHO YMEHDINAJICS;

5) nepsble 2 ¢ MaPUK TOKOUJICH, a 3aTeM JABUTAJICS C YBEJIUYUBa-
olieics 110 MOJLYJII0 CKOPOCTbIO.

6. Ha moBepxHoCTH BOADI IJIABAET CILIONIHON JePEBSHHDII
6pycok. Kak wusmensarcs riay6uHa morpy:KeHuss OpycKa W CHJA
Apxumesa, feiicTByomas Ha 6PYCOK, €CJIU €T0 3aMEHUTD CILJIOITHBIM
6PYCKOM TOMH 3Ke TJIOTHOCTU M BBICOTBI, HO GOJIBIIEH MacChl?

JIist Kask/I0M BeJTMYMHBI ONPEJIEJSUTE COOTBETCTBYIONNI XapaK-
Tep U3MEHEHMUS:

1) yBemwuurcst; 2) yMEHBIIUTCS; 3) HE U3MEHUTCS.

3anumimre B TabuIly BoiOpaHHbIe TIUQPPBI s KasK 101l pusudec-
Kol BesmumHbI. [{ndppr B 0TBETE MOTYT MOBTOPSTHCS.
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Fny6una norpysxenms
Opycka

Cuia Apxumejia

7. Ilocsie ynapa maiiba Maccoil m Hayajga CKOJIb3UTh CO CKOPOC-
TbIO ¥, BBEPX IO MJIOCKOCTH, YCTAHOBJIEHHOH IOJ| YIJIOM O K

ropusonty (puc.32). Koad-
¢urmenT TpeHns MAHOLI O
IJIOCKOCTD PaBeH L.

YcranoBuTe COOTBETCTBHE
MeKIy (PU3MYECKUMU BEJTH-
ypHaMu U Qopmyiamu, To
KOTOPBIM UX MOKHO Paccu-
Tarh.

y

Puc. 32

L

K kaxxoi o3uiuu mepBoro croJibia moadepuTe COOTBETCTBYIO-
IIYIO TIO3UIUIO M3 BTOPOTO CTOJIOIA U 3AIUIITNTE BbIOpaHHDbIE U PHI

1oL COOTBETCTBYIOIUMN 6yKBaMI/I.

OUSNYECKUE BEJIMNYMHDBI

A) MOJyJib YCKOPEHUs TIPH ABWKEHUN

nraiiébl BBEPX
B) Momysb cuibl TpeHus

8. Ha pucynke 33 uso6paskeHo
U3MEHEHHE COCTOSTHUSI TOCTOSTHHOI
MAaCChl Pa3peskeHHoro aprouna. Tem-
nepaTypa raza B coctosinuu 1 pas-
na 27°C. Kakas Ttemieparypa
COOTBETCTBYET COCTOSIHUIO 27

9. Temnosas mammHa ¢ KIT/]
40% 3a 1MKJI PabOThI OTJAET X0JI0-
JULTBHUKY KOJIMYECTBO TETLIOTHI,
paBaoe 60 /[:x. Kakoe xosmue-
CTBO TEIJIOTHI MallMHa TOJydYaeT
3a IUKJ OT HATPeBaTeJIs?

10. Kakyio pa6oty coBepiiaer
ujleasibHbIil Ta3 MpH Mepexojie u3
cocrosinus 1 B cocrosinue 2
(puc.34)?

11. Nmeetcsa nBa OMHAKOBBIX
6a/IoHa, OCHAIEHHBIX MAHOMET-

p, 10 TTa A

p, 10° TTak

DOOPMYJIBI
1) g(sino—pcoso)
2) Wmgcos o
3) umgsinao
4) g(mcosa +sino)

o

3

0 1 AV, m?

Puc 33

6

Puc. 34



pamu. B mepBoM HaxomuTCs TesHii, a BO BTOPOM — BOJOPO/ IPH
KOMHaTHOU TeMmeparype. [Tokazanns MaHoMeTpa TmepBoro 6ajoHa
cocrasysgior 100 xITa, a Broporo — 200 «Ila. Basmtonsl coeuHAIOT
KOPOTKWUM TIJIAHTOM ¥ OTKPBIBAIOT Kpaubl. Cumras Hem3MeHHOI
TeMIepaTypy Tra3oB, BbIGEPHUTE W3 TPEIJOKEHHOTO TepedyHs J6d
YTBEPIK/EHUSI, KOTOPbIE COOTBETCTBYIOT PE3yJIbTaTaM MPOBEICHHDIX
9KCIEPUMEHTANbHBIX HAOMIOCHUN, U YKAKUTE UX HOMEpA:

1) nepBOHAYANBHO KOJMYECTBO MOJIEH rejius B epBoM GaJlioHe
B 2 pasa GoJIbIlle KOJIMYEeCTBA MOJIEl BOIIOPO/Ia BO BTOPOM GaJlJIOHE;

2) mepBOHAYATbHO MACChl Ta30B B GasIOHaX PaBHbI;

3) 10CJ1e YCTaHOBJICHNS PABHOBECUS aB/ICHUE B IEPBOM GaJLIoHe
yBesmmuutest B 1,5 pasa;

4) nocJie yCTaHOBJICHUS PABHOBECHS JaBJIEHIE BO BTOPOM (aJLio-
HEe YMEHBITUTCS B 2 pasa;

5) HocJie OTKPbITUS KPAHOB JaBJeHue B nepBoM GajioHe Oyjaer
MEHbIIIE, YeM BO BTOPOM.

12. YcranoBure cOOTBETCTBUE MEK/Y TpauKaMu MpoIeccoB, B
KOTOPBIX y4acTByer 1 MoJib uaeanbHoro rasa (puc.35), u 3HaueHu-

A) pA B) A
)
1po [ )
" i
pi) T ‘//
| - |~ -
0 v, AV, V 0 T
Puc. 35

amMu GU3UYECKUX BEJMYNH, XapaKTepusyomux atu npoieccbl ( AU
— U3MeHeHUe BHYTpeHHeil sHepruu, A — pa6ora rasa).

K xasx/J0il Tosunum nepsoro croJiona mogéepuTe CoOTBETCTBYIO-
HIYIO MO3UINIO U3 BTOPOTO CTOJOIA U 3aNHINTe BbIGpaHibie 1upbl
110/ COOTBETCTBYIONMMEI OYKBaMHU.

ITPAOUKHN SHAYEHUA OUSNYECKUX BEJIMUYNH
A) 1) AU=0, A>0

2) AU>0, A>0

3) AU>0, A=0

4) AU=0, A<0
b)

13. /IBa mapaielbHBIX JJIMHHBIX IPOBOJIHIKA € ToKaMu [y u I,
PACTIOIOKEHBI TIEPIIEHANKY ITPHO M10cKocTH uepreska (puc.36) . Kak
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HanpasJer (86epx, 6HuU3, 61660, 6NPA- A I I,
60, om nab.odamens, k¥ nadaodame- o ) .
J10) PE3YJbTUPYIOIMIT BEKTOp Mar- |, v N
HUTHOH MHYKIMK TOJeH, cosaaBae- ' a 0 a 7
MbIX 3THMU IPOBOJIHUKAMU B TOUKE A?  pyc 36

14. Kaxkum Gyzier conpoTusieHie —
yuactka nemn AB (puc.37), ecoim 4|  — B
kaou K 3aMkHyTb? Kaskapiit u3 pe-
3UCTOPOB HMEET COIPOTHUBJIECHNE
5 Om.

15. Ha pucynke 38 mnpusejen —'E
rpaduK 3aBUCUMOCTH CHJIBI TOKA OT pnc. 37
BpPEeMEHH B 3JICKTPUYECKON LeNu, UHIYK- [ wA A
TUBHOCTH KOTOpO#t 1 MIH. Omnpegennre
Moaysib DJIC caMOMHIYKIMT B WHTEpBaJe 3071
Bpemenu ot S5 10 10 c. 20~

16. Ha pucynke 39 uso6pakenpl rpa-
Cl)I/IKI/I 3aBUCUMOCTU MOITHOCTHU JIaMIIbl Ha- 104
kamipanus P = P(T) u conporusienus ee
ciimpaiu R = R(T') or temneparypbi. Boi- 0 5 10 15 20
Gepute 06a BEPHBIX YTBEPIK/IEHUS, KOTO- t,c

pbIe MOKHO CJleJTaTh, aHATU3UPYs 9TH rpa- FHC 38

puxn:

1) HanpsKEHUE HA CIUPAJIU JIAMIIbL IPU MOABOAUMON MOIIHOCTH

P = 200 Bt menbire 150 B;

2) COIIPOTHUBJIEHUE CITMPaAJHN JIaMIIbl IIpA HOI[BOI[I/IMOﬁ MOHIIHOCTH

P =100 Bt pasno 80 Ow;

3) C YMEHbIIEHNEM MOIIIHOCTH, TO/IBO/TMMOM K JIaMII€, HallpsAKe-

HUe Ha Hell IajlaeT;

4) HanpsDKEHUE Ha JIaMIIe BO3PACTAET MPOMOPIHOHAIBHO MOABO-

JIUMOI K Hell MOII[HOCTH;

5) HallpAKEeHNE Ha CITUpaJin JIaMIIbl ITpH HOI[BOI[I/IMOfI MOIIHOCTU

P =100 Bt pasno 100 B.

P, Bri R, Om A
140
200 / 100 |
7 e
1001 ] = o I I
! _.// 60-/

T.K
Puc. 39

] t — f b
2000 2800 3600 2000 2800 3600

T.K
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+ 17. 3apsokennas 4acTUIA Maccoit

K m, ABWXKYMASACA CO CKOPOCTBIO 7,

v d BJIeTAeT B II0JIe IIJIOCKOTO KOHeHCa-

» it \Zi ~ rtopa (puc.40). Paccrosnue Mesxmy

IJTACTUHAMH KOHJIeHcaTtopa d, a Ha-

- “~  IIPSIKEHHOCTD 3JIEKTPUYECKOTO TOJIS

Puc. 40 Mexay IactuHamu E. IIposeres

KOH/IEHCATOP, YaCTHIA OTKJIOHIETCS OT IIEPBOHAYATIBHOIO HATIPABJIe-
HUST HA YTOT O .

Kak m3MeHsITCst MOy Ib CKOPOCTH BBIJIETEBINEH YaCTHIBI U YTOJT
0L, €CJI YMEHDBIIUTD HATPSIKEHHOCTD HJIEKTPUIECKOTO TIOJIST MEK/LY
[JTACTUHAMH KOHJICHCATOpa?

JIis Kask/I0M BeJIMYMHBI ONPEJIEJUTE COOTBETCTBYIONNI XapaK-
Tep M3MEHEeHUs:

1) yBemuuurcst; 2) yMEHBIIUTCS; 3) HE U3MEHUTCS.

3anuimre B TaGIMIly BbIOpaHHbIE IU(MPBI s Kask/10i husndec-
Koit Besimuunbl. Ll pbl B 0TBETE MOTYT MOBTOPSTHCS.

Yy 00 -

}'10;:[_\".-'[]3 CHOPOCTH Yroa oTkJaoHeHHs o
BbLIETEBIIEIl YaCTHI[bI

18. Kownerncatop Kosie6aTeIbHOro KOHTYpa TMOIKII0UEH K UCTOY-
HUKY [IOCTOSHHOTO Hanpsikenus (puc.41). B moment ¢ = 0 nepek.io-
yaresib K 1epeBo/sIT U3 T0JI0KeHNs | B [OJIOKEHNE
2. I'padurn A u B (puc.42) npeacTaBIsgioT u3MeHe-
Hust PUBNYECKUX BEJUYNH, XaPAKTEPUBYIOIIX KOJIe-
6aHus B KOHTYpe 1iocie atoro, T — mepuoj Koseba-
HUI.

YcraHoBuTe COOTBETCTBUE MEXAY rpauramMu u
(pusuyeckuMu BeTMYMHAMHU, 3aBUCUMOCTH KOTOPBIX
Puc 47 OT BpeMeHH 3TU TPahUuKu MOTYT TIPEICTABJSATH.

K kasx;10i o3uiyu nepBoro cToalma moa6epure
COOTBETCTBYIOILYTO MO3UIIUIO BTOPOTO U 3aIUIIITE BbIGPAHHBIE TTH (-
PBI TIOJI COOTBETCTBYIOMUME GYKBAMH.

B)
t0 TN\t
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I'PAGUKU DOUSNYECKUE BEJIMYMHDBI

A) 1) cusa ToKa B Karylike
2) 3apsj JieBOi OOKJIaJKU KOHJEHCATOPA
3) sHEprus MarHUTHOTO MOJIS KaTyIIKH
4) MOLyJIb HAIIPSKEHHS Ha KOHEHCATOPE
B)
19. Ha pucynke 43 mpencraBien ¢parment Ilepmommueckoii
cucrembl asementoB [[.M. Menpgeneesa. [log Ha3zBanueM Kak/10ro

Li 3 | Be i15 B
2 11 JUTHI BEPWJLINIT BOP
T‘.}367__4 9104) 1 1&1) 1 0!0
Na 11 | Mg 12 | 13 Al
3 111 HATPUII MATHMII ATIOMHUHWI
23")0 247‘.} 26“ 2S‘IO 27104)
K 19 | Ca 20 [Sc 21
v KA KAJIBIIAT CKAH/ NI
i 39‘.}3416.7 40?]7 44!.1 45104)
29 Cu |30 Zn | 31 Ga
V ME]lb IIMHK TAJTIITAT
6369 6531 | 6449 66,5 6819 690714
Puc. 43

9JIeMEHTa MPUBEIEHBI MACCOBBIE YMCJIA €r0 OCHOBHBIX CTAGMJIBHBIX
n3otonoB. IIpu »TOM HIDKHUI MHIEKC OKOJO MacCOBOTO YHCJA
ykasbiBaeT (B IpoleHTax) pacipoCcTPaHeHHOCTh H30TOIA B IIPHPOJIE.
YKaxkuTe 4uc/Ja0 MPOTOHOB M YKMCJIO HEHTPOHOB B Si/[pe HauMeHee
pacIpOCTPaHEHHOTO M30TONA MArHUS.

B 6.1anx omeemos Nof nepenecume moavko uucaa, 6e3
npo6enoe u Opyaux 0ONOIHUMEALHHIX CUMEO.LOE.

20. OO6pasell pajinOAKTUBHOTO PAJiusl HAXOIUTCS B 3aKPBITOM
cocyne. slapa paaust *2iRa MCIBITBIBAIOT oL -pacnajy ¢ HEPHOZAOM
noaypacraza 3,6 cyrok. Onpejenure KonuecTso zeaus (B MOJIb) B
cocyzne deped 3,6 CYTOK, ecJqM B HadaJbHBII MOMEHT BpCMCHH
o6pagert cogepskan 1,8 morb paausa-224.

21. Ha Merasumueckyo IJIACTUHKY HAIPABUJIM ITyYOK CBETA OT
nasepa, Bbi3BaB (GoToaddext. VHTEHCHBHOCTD JA3ePHOTO M3JTyde-
HIIS TIJIABHO YBEJIMYNBAIOT, HE MEHSISI €r0 4acToThl. Kak MEHSIIoTCs B
pesyJibTaTe 3TOrO YMCJO BbLIJIETAIONINX B €JAMHUIYY BpeMeHHu (DOTo-
9JIEKTPOHOB M UX MAKCHMAJIbHAsT KHHETUYECKAsT SHEPTHs?
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Z[JIH Ka)Kl[OfI BCJIMYMHDI OIIpe/ejinTe COOTBCTCTByIOHII/IfI Xapak-

TE€Pp U3MEHEHHUA:

1) yBesmuuBaercs; 2) yMeHbLIACTCS; 3) HE MEHSAETCH.
3anuiure B TabMIly BbIOpaHHble UMPDI s Kask/oi dhusndec-
KOH Besmuunbl. [{udpbl B OTBETE MOTYT MOBTOPSITHCS.

Yucmo (I)OTOD.'[E‘]{T[)O]]OD_. MakcuMaabHasd KHHETHYECKas
BBLAETAIONMNY B €THHHIY BpeMeHH SHEPIHA (I]()'I'():-).'I(.‘K'I'])()H()B

Puc. 44

22. Y4eHUK U3MePSJ CUITY TSXKECTH, IeHCTBYIO-
nryio Ha rpy3. Ilokazanus auHamMoMeTpa IpuBe/e-
ubl Ha dororpaduu (puc.44). TorpemHocTb uame-
HEHWs paBHa IleHe JesieHus AuHaMoMeTpa. Yemy
paBHa 1O pe3yJIbTaTaM 3TUX U3MEPEHUT CUJIa TSKe-
CTU? 3amnuiuTe B OTBET TIOKA3aHUS INHAMOMETPA C
YYETOM IOTPENTHOCTU M3MEPEHUI.

B 6.1ank omeemoes Nef nepenecume moo-
K0 uucaa, 6e3 npo6enos u Opyaux 00NOAHU-
meabHbIX CUMBOIO8.

23. Heo6xoamMo 3KCTIEPIMEHTANBHO U3YIHUTDH
3aBUCUMOCTD YCKOPEHUST TeJda, CKOJB3SIIETO T0
HIepOXOBATON HAKJIOHHOI ILJIOCKOCTH, OT MacChl
rpysa (Ha BCex TIPEICTABICHHBIX HUKE BAPUAHTAX
puCyHKa 45: m — Macca TeJa, 0. — YrOJI HAKJOHA
ILJIOCKOCTU K TOPU3OHTY, I — KO3(hDDUITMEHT TPEHsT

MEXKAY 6py€KOM n HJIOCKOCTI)IO). Kakne /IBE€ YCTaHOBKM CJIEAYET
HCITI0JIb30BaThb [IJIA IIPOBEAECHUA TaKOT'O I/ICCJIeI[OBaHI/IH?

1) 2m

2) m 3) m

oL oL

2 ].I./ n

3m 5) m

2ot 0t

21



Yactb 2

Omeemonm k 3adanusam 24—26 aeasemcs uucao. 3anu-
wiume 3Mo UUCAO 6 nOJe omeema 6 mexcme pabomol, a
3amem nepenecume 6 BJIAHK OTBETOB No 1 cnpasa
om Homepd COOmMEeMmcmeylouLe20 3a0aHusl, HaA4uHdAsl C
nepeoii xkaemouxu. Kaxowtii cumeon nuwmume 6 omoen-
MOl KJlemouKe 6 COOmeéemcmaeuu ¢ npueedeHHviMuU 6 Oan-
ke o6pasuamu. Edunuuvt usmepenus usuueckux eenu-
YUH nucamov He HYKHO.

24. Msu GpoliieH BepTHKAJIbHO BBEPX € HAYAJIbHON CKOPOCTHIO
20 M/ c. UeMy paBHO TiepeMeleHre Ms4a 3a 3 ¢, CIUTast OT MOMEHTA

6pocka? ConpoTuB/IeHreM Bo3jyXa Tpenes- -
peub. - Y
25. B 0/iHOPO/IHOM MATHUTHOM TIOJIE TIO ] B
BEPTUKAJIbHBIM HAIPABJSAIONIUM (€3 TPEHUS P =
o o ~ =
CKOJIb3UT TIPSIMOI TOPU30HTAIBHBIN TPOBO/

HUK Maccoil 0,2 Kr, o KOTOpOMY TeYeT TOK
2 A. Bektop MaruHuTHON MHAYKIIUHN HAIIPaB-
JIEH TOPU30HTAJIbHO TEPIIEH/IUKYISIPHO T1PO-
soanuky (puc.46), B = 2 Txa. Uemy pasha
JUIMHA [TPOBO/IHUKA, €CJIM U3BECTHO, UTO yC- /I I/‘
KOPEHHE MPOBOJHNKA HANPABJIEHO BHU3 U
paBHO 2 M/c2 ? Pnc. 46

26. Ha mundpakImoHHyio pereTKy, nMe-
jomyio 100 mTpuxoB Ha 1 MM, HepHEHANKYJISAPHO ee MOBEPXHOCTU
najiaer Jyd cBeTa, [JIMHA BOJHBI KoTtoporo 650 um. KakoB makcu-
MaJIbHBII TOPSIIOK AUQPPAKIIMOHHOIO MAaKCUMyMa, JIOCTYITHOTO JIJIst
HaOJIIOIeHUA ?

He 3a6ydvme nepenecmu éce omeemoul 6 61aHK omee-
moe Nel 6 coomeemcmeuu ¢ uHcmpyxuueil no évino.aHe-
Huio pabomot.

s 3anucu omeéemoe na 3adanus (27—31) ucnoav3yii-
me BJIAHK OTBETOBN:2. 3anuwmume chauaaa Homep
3adanus (27, 28 u m. 0.), a 3amem pewenue coomeem-
cmeyroweil 3adauu. Omeemot 3anucwvléatime 4emKo u pas-
6opuuso.

27. B BepTHUKAJIBHOM IUJIWHADPE C TJAJKAMH CTEHKAMH O]
MaCCUBHDIM METAJVIMYECKUM IMOPITHEM HaAXO/IUTCA Hjlea]lebIﬁ ras3. B
IepBOHAYAJIbHOM COCTOAHUN 1 TopHIieHb OIIMPAEeTCA Ha KECTKue
BBICTYIIBI Ha BHYTPEHHEH CTOpoHe cTeHOK nuaunapa (puc.47,a), a
ras 3aHuMaeT o0beM VO 1 HaXOJUTCA IO JaBJIEHUEM P, , PaBHbIM
BHEIIIHEMY aTMOC(i)epHOMy. Ero TEMIIEPDATYypa B 3TOM COCTOSAHNU
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a) 6) Po
i
Po
2pl}r
- —— 4 2V, A |
Pos Vo

Puc. 47

pasHa T; . I'a3 Me/l/IeHHO HArpeBaAIOT, 1 OH MEPEXO/UT U3 COCTOSTHUS
1 B cocTosiHUE 2, B KOTOPOM /IaBJICHUE ra3a PaBHO 2p,, & ero 00beM
pasen 2V, (puc.47,6). KomuuecTBo BemiecTBa rasa NpH 9TOM He
Mmensercs. IlocTpoiite rpaduk 3aBumcuMocTH 0o6beMa rasa OT €ro
TeMIIepaTyphbl TIPH Tiepexojie U3 cocTossHusd / B coctosiame 2. OTBeT
TOSICHUTE, YKA3aB, KaKue sIBJIeHUS U 3aKOHOMEPHOCTH BbI ncmosib3o-
BaJIN 119 OObSICHEHUS.

Ioanoe npasunvnoe pewenue Kaxoou us 3adau 28—31
00J/KHO codepkamb 3aKOHbL U POPMYJabl, npumenenue
KOmopvLx Heo6x00umMo u 0ocmamouno 01 peuwienus 3d-
dauu, a makxe mamemamuueckue npeobpasoeanus, pac-
uemvl CUUCAEHHBIM OMEEMOM U NPU HeoOX00uMocmu pu-
CYHOK, NOACHAIOWUN peulenue.

28. OgHOpOAHDBIN TOHKUIN CTEpyKeHb Maccoit m = 1 Kr oHuM
KOHI[OM IIAPHUPHO NPHUKPEIJIEH K IIOTOJNKY, a JPYTHM KOHIIOM
OIIUpaeTCA Ha MaCCUBHYIO TO-
PU3OHTAIBHYIO JIOCKY, 06pasyst
¢ Heil yroa o = 30° . Ilox neii-
CTBUEM rOpHSOHTaJIbHOﬁ CUJIbI

= const

v

F F JlocKa JBWKETCS TIOCTyma-
4—'. - o
TEJBHO BJEBO C TOCTOSHHOI

Puc 48 ckopoctbio (puc.48). Crep-

JKEHb TIPH 9TOM HETIO/IBUXKEH.
Haiinure F, ecan koadPUIMEeHT TpeHNS CTEPsKHS 1o focke [ = 0,2 .
Tpenuem JJ0CKHU 110 OIIOpPe U TPEHHEM B MIAPHUPE MPeHeOPedb.

29. Tenyon30JNPOBAHHBIN TOPU3OHTATBHBIN COCYZ paseseH
TIOPUCTOHN TIePEropojiIKoil Ha JBe PpaBHble 4YacTH. B HavaabHbIH
MOMEHT B JIEBO 4AacTH COCY/Ia HAXOJMUTCSL vV = 2 MOJIb Tesnst, a B
NpaBoil — Takoe Xe KOJMYeCTBO aproHa. ATOMbBbI T€JHs MOTYT
MIPOHUKATDh Yepe3 MeperopofiKy, a /I aTOMOB aproHa Heperopojka
HerponunaemMa. Temmeparypa rejusi paBHa TeMIlepaType aproHa
T = 300 K. Ompenesnte OTHOIIEHHE BHYTPEHHUX SHEPTUIH Ta30B
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[0 Pa3HbIe CTOPOHDI TEPETOPOJIKH TIOCTIE K
YCTAaHOBJICHUSI TEPMOIUHAMIUYECKOTO PaB- v e
HOBECHSI.

30. VcTounnk TOKa, JBa Pe3ncTopa u — |_"‘|
KJIIOY BKJIIOYEHbI B IIellb, KaK IMOKa3aHO R1 ,-?2
Ha pucyHke 49. [Ipu pazoMKHYTOM KJI0U€
Ha pesucrope R; BbIJEJSIETCS MOIHOCTD
P, =2 Br, a na pesucrope R, — mour-  Puc 49
Hocth P, =1 Br. Kakas momHocts 6y-

JleT BBIACTATbCA Ha pesnucrope R, Tocie 3aMBbIKaHUS Kioda?
BuyTpeHHUM CONPOTHUBJIEHNEM HUCTOYHUKA ITPeHe6peyb.

31. B BakyyMe Haxo[sATCs /iBa KaJbIIMEBBIX 3JEKTPO/A, K KOTO-
pbIM noikII04eH KoHzeHcaTop eMKkocTbio 4000 nd. [lpu pymresns-
HOM OCBEIEHWH KaTola CBETOM (DOTOTOK MEXKIY 3JIEKTPOJaMH,
BO3HUKIII BHaYaJe, MpeKpalaeTcs, a Ha KOHAEeHCATOPe MOSBJISET-
e 3apsan 5,5-107 Ku. «Kpacnas rpanunas dorosddekra ams
Kampist Ay = 450 um. Onpegesnre 4YacTOTY CBETOBOI BOJIHbI,
ocBeramoIieil Karo/[. EMKOCTbIO CUCTEMbI 3JIEKTPOIOB TIPEeHEOPEYb.

Hy6auxayuro nodzomosuau M. /lemudosa, A.Ueproyuan



MEXXPETMOHAJIbHAA OJIMMIMUALA LLUKOJIbHUKOB
«BbICLUAS MPOBA»

MATEMATUKA
OT60p0YHbIV 3TalT

10 knacc

1. B ropome N xaxapiii cenpmoil maremaTnk — dumocod, a
KaKIblil eBsTbiil pusocod — maremaruk. CKOJIBKO MaTeMATUKOB B
ropojie He sBJsiioTes puiaocodamu, ecan 360 dusocodos He ABIIS-
I0TCSI MaTeMaTHKaMU ?

2. Ha pucynxe 1 m306paskeHbI B HEKOTOPOM Macirrtabe rpadukn

1
dynximuit y=— n y=10-(x - 100)2. Ocu koopAuHAT He TI0Ka3a-
X

Hbl. Ha ckoJsibko yacTeii aTH rpaduKu [1eJT JI0CKOCTD?

H
b

femszzse

Puc. 7

3. B HexoTopbIii MOMEHT BpeMEHM YTOJ MEXIy YacoBOH M
MUHYTHOH CTpeJKaMu paBeH 7 TpajycaM, TPUYEM HM3BECTHO, UYTO
n < 90. Posno yepe3 20 MUHYT yToJl MesK/y 4acOBOH M MUHYTHOI
CTpeJKaMu CHOBA paBeH 7 rpajaycam. Haiigure n.

4. Bce TOYKHM C TIeSBIMA KOODJMHATAMH HA YHMCJOBON TPSIMOI
oT™MeTHJIn JUGO KPACHbIM, JUGO CHHUM I[BETOM, MPHUYEM TaK, 4YTO
mo6ble [[Ba YHUCJIA C PA3HOCTBIO 7 3aKpallleHbl OJHUM IIBETOM.
WsBecTHO, uTO yncsa 74, 40 u 733 orMeuyeHbl CUHIM I[BETOM, a YKCJa
29, 142 u 86 — kpacHbiM. CKOJbKO CYIIECTBYET PA3JIMYHBIX PACKpa-
COK, Y/IOBJIETBOPSIONIIX BCEM MEPEYHCICHHBIM YCJIOBUSIM ?

5. [lan uerbipexyrosipuuk ABCD. WsBectno, uto DC = 56,
AD = 100, £BAC = LZADB , a £ZBAD = ZADC = 60° . Haiiaure
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AB. (Ecsm oTBet He 1eJblii, B [10J1€ OTBETOB CJIE/YET 3aliChIBATh €r0
B BH/IE IECATUYHON ApO6U, OTAESS TIeJIyI0 YacTb OT [POOHOI yacTu
TOYKOI. )

6. BoBouka BbImmcag Ha JOCKy B cTo0MK 11 KBaJpaTHBIX
ypaBHenuit Bupa x*+mx—4=0, rme m 1mpoberaer Bce IieJibie
3HavYeHuss oT 5 M0 —5. Bo BTOpOil CTOJMOMK OH /ST KasKI0TrO
ypaBHEHUs BBITUCAT HAUGOIBINNIT U3 IBYX ero KopHeii. UeMmy paBHO
[POU3BECHNE OJMHHAALATH YuceJ BO BropoM cronbuke? (Eciu
OTBET He IeJIblii, B 10Jie OTBETOB CJIE/IyeT 3alUChIBATh €r0 B BH/E
JIECSITUIHON ApOo6U, OTAEJIsIsl MEJYI0 4acTb OT APOOHON YacTu TOY-
KOI1.)

7. Ilerst pemaer 3ajnauy: M3 muoxecmea namypaivHulx duce.l
om 1 00 ... 6KA0UUMENLHO 6LIOPAHO HAY2dd 00HO wucao. Haimu
6EPOSIMHOCb MOZ0, UMO IMO 4ucio 6ydem desumvcs Ha 17.

[Tets pemmu 3agauy mpaBusabHO 1 Toay4mt oteeT 0.056. Kakoe
Haur6oJIblllee HATYPAJbHOE YUCJIO MOIJIO CTOATh B YCJIOBUH 3aJa4u
BMECTO MHOTOTOYUS?

8. ®ynkima f(x) ompeaenena nmpu BcexX JEHCTBUTENbHBIX X.
[Tpu KKJIOM X 3HAueHHe f(x) paBHO HauMEHbLIEMY H3 UUCET
5+ x—x%, 2 — x. Haiiaure HanGobiee sHauenne dyskimn [ () .
(Ecau oTBer He 1eibli, B 110Jie OTBETOB CJEAYeT 3alliChIBATDH €ro B
BUJIE JIECTUYHON APOOH, OT/ENss 1eyio 4acTb OT APOOHOI YacTu
TOUKOI1. )

9. Ha ocTpoBe ;KUBYT TOJBKO PBIIApU, KOTOPbIE BCET/Ia TOBOPSIT
npaBy, U JoKelbl, Kotopble Becerga Jryt. Heckoabko (Menee 100)
OCTPOBUTSIH BCTPETUJINCH, W KK/IBIH U3 HIX CKa3aJI PO KaK/I0TO M3
OCTaJIbHBIX, PbIlapb ToT uian Jikel. Mpasza «Trer — yoxen!» npossy-
yaja poBHO 286 pa3. Ckoabko pa3 mposBydana ¢paza «Ter —
pbiapb!»?

10. /lepeBsHHBIN 6pyCcOK, MMeIOIUI (OpMYy MPSIMOYTOJBLHOTO
napasnenenunesa ABCDABCD,, pacnuiuim TpeMs paclujaMiu,
napaJ/ie/IbHbIMK TPataM, Ha 8 MajeHbkux 6pyckos (puc.2). Uemy
paBHaA ILJIOMIA/(b TTIOBEPXHOCTH
6pycka ¢ sepumnoii Cp, ecan p, _ C,
ILIOM[a/Ib TIOBEPXHOCTH GpycKa ¢ e
BepinHOi A cocraBisier 78, ¢ A - B,
BepimHO B — 42, C — 72, T T
D - 126, A, — 110, B, — 62, -
D, — 170? (Ecau orser He 1ie-
JIbIi, B II0JIe OTBETOB CJELYeT
3aITMChIBATh €r0 B BU/IE I€CSTHY- R GhoN
HOI IPO6H, OT/IEJISAS TIETYIO0 YacCTh 3 - 5!
OT JpOGHOI 4acTh TOYKOI.) Puc. 2
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11 knacc

1 denw

1. Ha depmy npuBessin KopM, KOTOPOTO XBaTuI0 6bI yTKaM Ha 30
JIHelt, TycsaMm Ha 45 mueil. Ha ckosibko [HEH XBaTUT MPUBE3CHHOTO
KOpMa yTKaM W TyCsSM BMecTe?

2. Ha pucynke 3 uzo6pasken rpaduk dbyuriun y = asinbx + ¢ .
Haiigure snavenue soipaskenns ab + c¢. (Ecam orser He 1esbiid, B
[0Jie OTBETOB OT/EJISINTE 1EIYIO
4acTh OT APOGHOIT YaCTH TOUYKOI. )

3. metorcs 9achl, y KOTOPBIX
MIHYTHAasI CTPeJIKa B JIBA pa3a JAJI1H-
Hee wacoBoil (/MHA CTpenKnm —
paccTosHEe OT ee KOHIIA /10 IIEHTPa
4acoB, BOKPYT KOTOPOTO MIPOUCXO-
qut Bpanienue). B 12:00 wacosas u
MUHYTHAasI CTPEJIKI COBMEIIAIOTCS,
T.€. WX KOHI[BI W IIEHTP YacoB Jie-
KaT Ha O;HOW mpamoii. Yepes
CKOJIbKO MHUHYT IIOCJI€ 9TOTO MOMEHTA TPH TOYKH — IIEHTP YacoB U
KOHI[bI CTPEJIOK — BIIEPBbIE OKAXKYTCS BEPIIUHAMU MPSIMOYTOJIHHOTO
TpeyroJbHUKa?

(EcJm oTBeT He 11eJiblii, B 10JI€ OTBETOB 3aIUIIUTE TENYI0 YaCTh
47

noJyuuslierocs uucaa. Harnpumep, npu orBere «uyepes 7 MUHYT>

B II0JI€ OTBETOB CJIEJyeT 3alicarh yucao 6.)

4. Cm. 3agauy 4 nog 10 kmacca.

d. Cm. 3amauy 5 ags 10 kaacca.

6. Haiimnte cymMmMy Bcex /eHCTBUTETHHBIX KOPHEH BCeX ypaBHe-
HUN BUIA 2 -1x+m , T1te m mpol6eraeT Bce Tiesible 3HaveHust ot 1
1o 2015.

7. Cwm. 3amauy 7 mist 10 xiacca.

8. Haiigure 3nauenue mnapamerpa @, NpPU KOTOPOM BepPIIMHA
napaGonasl y = x> —2ax +a’ + a+1 HAXOAWTCS HA HANMEHBIIEM
paccrosiauu ot Havyata koopauHat. (Eciu oTBeT He 1esblii, 3anmmm-
Te ero JIeCATUYHON JIPOODIO, OT/eJIsIs eIy 0 4acThb OT APOOHOI YacTh
TOYKOI. )

9. ¥ Bacn ectpb Memrok gparoneHHBIX KaMHeil. OH pa3IosKiT Bce
KaMHW Ha /IBe Ky4n paBHOro Beca. [Ipumresn Ko n passosxkns Bce
KaMHHU Ha /IBe Ky4M TaK, 4TO O/iHa Kyd4a B 3 pasa TsoKeJsee JPYTOil.
3arem npumies Ilerst u pasoskus Bce KaMHU Ha /[Be Ky4Hl Tak, 4TO
o/lHa Ky4ya B 7 pas TsKkesee Jpyroil. VsBecTtHo, 4To B Tporecce
JIeTTeHUsT KK pa3 MCI0Ib30BATNCh BCe KAMHH, TIPU 3TOM KaMHM
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He pa3buBaJuch Ha yacTu. Kakoe HamMeHbIlee KOJMYECTBO KaMHel
MorJyio 6bITh ¥ Bacu?

10. /lepeBsinnblii Gpycok, uMeionuii (hopMy TPSMOYTOJBHOTO
napasiesernnena ABCDABCD,, pacnuanim TpeMs paclinjaMH,
mapa/leJIbHBIMU TPAHAM, Ha 8 MajseHbKnX OpyckoB (cM. puc.2).
UeMy paBHa TJIOMA/b TTOBEPXHOCTH OpycKa ¢ BepimHoit C, ecyu
IJIONIA(b TOBepXHOCTU Opycka ¢ BepmmHoil A cocrasaser 130, c
BepmuHOit B — 184, D — 220, A, — 210, B, — 288, C, — 448,
D, — 340? (Ecau orBer He IeJiblil, B I0OJE OTBETOB CJELyeT
3aIMCBIBATD €70 B BU/IE JECATHYHOI APOOH, OT/IEISIS 1ENyI0 YacTh OT
JPOGHOM 4aCTh TOYKOIL.)

2 Oenov

1. Cwm. 3amauy 1 gma 10 kmacca.

2. Cm. 3agauy 2 ang 10 kmacca.

3. Cm. 3amauy 3 nng 10 kmacca.

4. V3BecTHO, YTO YMCJIO @ TIPU JleJIeHUN Ha 7 faeT octaTok 1, a
npu Jenennn Ha 11 paer ocratok 7. HaiiuTte ocTaTok OT JeseHus
yucsaa a Ha 77.

5. Buytpu tpeyrospiuka ABC B3sta Touka D. Oxasajioch, 4To
tpeyroibiuk ACD — paBHOGeAPEHHDI IPAMOYTobHbINH (IpsaMoit
yrosn 1pu Bepumue D), ZABD =17°, /DBC =28°. Haiizure
ZBCA .

6. Cm. 3agauy 6 mus 10 xiacca.

7. CKOJIbKO CyIIeCTBYeT Nap HaTypasbHbIX uncen (m,1) Takux,
yto HOZ[(m,n) =3, a HOK (m,n) = 270 ? (ITappi, ormyaionmecst
HEPECTAHOBKOM, CYNTAIOTCS Pa3JMuHbIMU, T.€., HanpuMmep, (1;2) u
(2;1) — pasubie napbi.)

8. Cm. 3amauy 8 musa 10 xuacca.

9. Cm. 3amauy 9 mus 10 xuacca.

10. [Man npasunbabrii TeTpasap SABC. Ilycts U n V — cepeuHbl
pebep SA u BC coorBerctBenno. Ilpsimas, mpoxojsiias udepes
BepIInHy S mapasesasto npsamoit UV, nepecekaet miaockocts ABC

B touke T. Haiigure TV, eciu AB = 18\/§ . (Ecin oTBeT He LeJIbIH,
B TTOJI€ OTBETOB CJIEIyeT 3aIMChIBATh €T0 B BHU/IE ACCATUIHOIN Ipo6H,

OT/IeJISIS 1eYI0 YacTh OT APOGHON 4acTh TOYKOIA.)
3aKIIOYUTE IbHBI 3Tall
70 knacc

1. Tpu pas3inMyHBIX TOJOKUTENBHBIX YUCJA SIBJSIOTCS TpeMs
HOCJIe/IOBATeIbHBIMU YjleHaMu apudmernueckoil mporpeccun. Mo-
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[yT JU 3TH JKe TPU YHCjIa OKazaTbess Tpems (He 06s13aTelbHO
I10CJIE/IOBATE/IBHBIMI) UJIEHAMH TEOMETPUUYECKON MPOTrPEccun?

2. Boxpyr tpeyrombaunka ABC ¢ yrioM /B =6(0° ommcaHa
OoKpy>kHOCTb. KacareapHble K OKPY’KHOCTH, MPOBEJCHHDBIE B TOYKAX
A n C, nepecekaiorcst B Touke By . Ha nyuax AB u CB orMetniu
toukn Ay u C, cooTBeTCTBeHHO Tak, uTto AAy = AC = CC,. [oka-
skute, uto Toukn Ay, C,, By Jexar Ha ofHOI IPAMOIL.

3. Kaxaplii XoJ MaxXMaTHOTO KOHS — IepeMellleHne Ha OJHY
KJIETKY TI0 TOPM30HTAJIN U J[BE TI0 BepTUKAJIHU, JH60 Hao60pOT — Ha

OJIHY TIO BEPTHUKAJIN W J[BE TIO TOPU3OHTAM.
(Ha pucynke 4 KOHb, OTMEYEHHBIH GyKBOii
K, moxer 3a oimH X0/ TIEPEMECTHUTHCS B
J0OYI0 U3 3aTEMHEHHBIX KJETOK.)
K B n1poun3BoJsibHOI KJeTKe IIPSIMOYTOJIbHOI
[ JIOCKH pa3MepoM 2 X 2016 KJIETOK CTOUT IIax-

.. - MaTHBIH KoHbB. [lepemeniasch o onucanHOMY

' ' npasuny (1 He BBIXO[S NPHU 9TOM 3a Kpast
Puc 4 JIOCKH), OH MOKET U3 3TOIl KJIETKU MOMACTh B

HEKOTOPbIE JIPYre KJETKH JJOCKH, HO He BO
Bce. Kakoe HauMeHbllee KOJIMYECTBO KJIETOK HYKHO /100aBUTb K
JI0CKe, 4TOGbI KOHb MOT M3 JI060W KJIETKH JOCKH IOMNACThb BO BCE
ocrampupie? (Jlo6aBaeHnEe KJICTKU IIPOMCXOJMUT TaK, 4TOOBI OHA
uMesa OOIIyI0 CTOPOHY C O/HOI u3 y)xe umeonmxcs. /o6aBasTb
MOKHO JIT060€ KOJIMYECTBO KJIETOK, TTOJTYUUBIIASICS TPH STOM JIOCKA
He 00513aTeIbHO JIOJIKHA UMETh MPSMOYTOJIbHY0 (GopMy.)

4. Oyuximsa f(x), ompeseseHHas IPH BCEX TEHCTBUTENBHBIX X,
sBysiercst 4yetHoit. Kpome Ttoro, npu Jio00M JI€fiCTBUTETBHOM X
BbIIOJIHsIeTCsL paBeHeTBo f(x)+ f(10-x)=4.

a) TpuBeauTe npuMep Takoil GyHKIUM, OTJIUYHON OT KOHCTAHTDI.

6) Jlokaskure, uTo m06as Takas (PYHKIMS ABJISCTC HEPUOANYEC-
KOIi.

5. Ilers xouer npoBepuTh 3HaHusI cBoero 6para Ko — no6Gei-
TeJIst OJIMMINA/b! <« Bbiciras mpobas o martematnke. [l atoro [lets
3a/[yMaJl TPH HATY PATIbHBIX uncia a, b, ¢ uBbranciann x = HOJ/l(a,b),
y=HO/l(b,c), z=HO/I(c,a). 3ateM OoH Hammcax Ha JOCKe TPH
pszia Mo IATh Yhces B KasK/OM:

6, 8, 12, 18, 24

14, 20, 28, 44, 56

5, 15, 18, 27, 42
ITerst coobmma KoJie, 4To 0HO 13 YHCENT B TIEPBOM Py PaBHO X,
OJTHO T3 YHCEJ BO BTOPOM DSy PABHO ¥, OJIHO M3 YHCET B TPETHEM
pS/ly PaBHO z, W TIONPOCHJ yrajarb uucjaa x, y, z. llomyman
HECKOJIbKO MUHYT, KoJuisi cripaBuiics ¢ 3aj1adeil, NpaBuJIbHO Ha3BaB
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Bce Tpu umcia. Hazosute ux u Bbl. JlOKaxkhTe, UTO CyIIeCTByeT
e/IMHCTBeHHas Takas Tpoitka (X,%,2) .

6. Tabmuna nx n 3anoJHseTcsl HaTypaJbHbIMU YiCaaMu oT 1 710
10 Tak, 4TOObI HU B OJHON CTPOKE M HU B OJHOM CTOJOIE He GbLIO
JIBYX OJIMHAKOBBLIX umces. COBMajeHe YiCe, CTOSANMX B PA3HBIX
cTonbliax u crpokax, gomyckaercst. Ilyerb f(n) — koamuectso
Takux paccranoBok. Hampumep, f(1)=10, f(11)=0.

a) Uro 6oabure: [ (9) wm [(10)?

6) Uro Gompmme: f(3) umx f(6)?

11 knacc

1. Cwm. 3amauy 1 s 10 kmacca.

2. Cm. 3agauy 2 ang 10 kmacca.

3. Cm. 3amauy 4 nmg 10 kmacca.

4. Cum. samauy 5 nug 10 xmacca.

3. [IBa KOpHUIOpa BBICOTOI U MUPUHOH B 1 M WAYT MEPIEHINKY-
JSIPHO [JPYT JPYTy MO HEPBOMY W TI0 BTOPOMY 3TAKYy 3[IAHUSI.
Pasnesistioniiee X nepexpoiTie pazobpano, o6pasys Abipy 1x1 M B
HOJIy OJIHOTO M TIOTOJIKE Jpyroro. KakoBa MakcuMasbHas [JIMHA
6aJiku, KOTOPYIO MOKHO TIepe/laTb M3 OJHOr0 KOPH/J0pa B JIPYTOii
uepes apipy? (Baiky cuntarth HETHYIMMCS OTPE3KOM HYJIEBON
ToJHbL.  TOJIMHA TepeKpbITHS TaKkyKe paBHA HYJIO, T.€. IOJI
BEPXHETO KOPUAOpPA U TIOTOJOK HIDKHETO KOPHIOPA HAXOIATCS B
OJIHOM TIIOCKOCTH.)

6. Tabimma nXxn 3anoJHSeTCs HATYPaJIbHBIMU YuciaMu oT 1 710
2016 Tax, 4ToObI HU B OJIHO CTPOKE U HU B OJTHOM CTOJIOIE He ObLIO
JIBYX OJMHAKOBBIX yuces. COBIaJileHne Yuces, CTOSIUX B Pa3HbIX
cronbiiax u crpokax, gomyckaercst. Ilyerb f(n) — koamuectso
Takux paccranoBok. Hampumep, f(1)=2016, f(2017)=0.

a) Uro Goabure: f(2015) umm f(2016) 2

6) Uro Gompme: f(1008) wm f(1009)?
Iy6auxayuio nodzomosunu H.Kyprocos, I'.Mymadghsn



OJIMMNUALA «JIOMOHOCOB-2016»

MATEMATNKA

B cootserctBum ¢ IlopsjakoM npoBeieHUsT OIUMITNA]] HTKOJIbHU-
KOB oJIIMIHAa/1a «JIOMOHOCOB» 110 MaTeMatuke (a Takke 110 MeXaHMH-
Ke M MaTeMaTHYeCKOMY MOJENMPOBaHIIo) TpoBoauaack B 2015 /16
yueGHOM TOJy B JBa IJTama: OTOGOPOUYHBIN U 3aKIIOYUTETHHDIN.
OT60POYHDBIIT TAIT TPOBOMIICS B PEXKIME OHJIANH U COCTOSIT U3 IBYX
HE3aBUCHMBIX JPYT OT JApyra TypoB. KaKabIii MIKOJIbHUK MOT
y4acTBOBaTh B JOOOM U3 HUX uiu B oboux (B 1oc/enHeM ciydae
3aCUMTHIBAJICS PE3yJIbTaT BTOPOro Typa). Bee samanus my6imkosa-
JINCH Ha caiite osmmnuaabl olymp.msu.ru.

K ywactuio B saxkmountebaoM (04HOM) sTale, KOTOPbIi MpoBo-
quics B mapre 2016 roga B MockBe m psine ropojoB Poccun,
JIOITYCKAJINCh TOJBKO TOO6EANTEN U TPU3epbl OTOOPOYHOTO 3Tara.

OT160p0YHBIN 3TAr

[TepBbivi Typ

1. Kakoe naun6oJibiiiee KOJUIECTBO TOAAPKOB [IJIs JI€Tell MOMKHO
co6patb n3 198 npsunkos, 462 xouder n 132 mokosanok, 4ToOb! B
KaXK/JIOM TIoJlapKe ObIIO OJIMHAKOBOE KOJNYECTBO MPSHUKOB, OJIMHA-
KOBOE KOJTMYECTBO KOH(QET M OAMHAKOBOE KOJTMYECTBO TOKOJIATI0K 1
9TOOBI BCe TIPSHUKHN, KOHQETHI 1 MIOKOTIAIKH OBLTH HCIOJb30BAHDI?

2. Haiijiure 3HavyeHne BbIPAKEHUSI

1 1 Yt 1YY, *+c*-a

2
—+ —— 1+ (a+b+c)72,
a b+cfa b+c 2bc

ecqm ¢ =T, a b u ¢ — KOpHU yPaBHEHUS 2015x% = 201546 +2=0.

3. Ha oxpy»xHoctu nbitaiorcs pazmectutb 20 uepupix u 50 6esbix
TOYEK TaK, 4TOObI CPeAM HUX MOXKHO OBbLIO HACUYUTATh KAK MOXKHO
6OJIbIIIe BCEBO3MOXKHBIX TPOEK, SIBJISIONMXCS BEPIITMHAMU MIPSIMOY-
TOJIbHBIX TPEYTOJIbHUKOB C YEPHBIMHU BEPHIMHAMU Y IPSIMbBIX YIJIOB.
KaxoBo HamnboJiblliee KOJMYECTBO TAKMX TPOEK?

4. Haiijinte Bce yeTbIpeX3HaUYHbIe YUCJA, KOTOPbIE YMEHBIIAIOTCS
B 16 pas nocse or6paceiBanus neppoil 1udpoi. B oTBete yraxure
CyMMY BCeX TaKHX 4YHCeJ.
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5. B tpeyrosbuuke co croponamu AB = BC = 5, AC = 6 Ha
ocuoBanun AC Boi6pana touka N Tak, uto AN : NC =2 : 1. Haiinu-
Te paccToSHNE MEXAY IIEHTPaMU OKPY>KHOCTEH, OMMCAHHBIX BOKPYT
TpeyroabHukoB ABN u CBN. Ilpu Heo0X0[MMOCTH OKPYTJIUTE
pe3yJIbTat /10 [IByX 3HAKOB IIOCJIE 3aILSITOM.

. x+y
6. Haiiqure nanboJibliiee 3HaYCHUE BEJIUYUHBI — —Jxy

eCII U3BECTHO, u4TO +/a — \/? = [2xy +% .

7. Pemniure ypaBHeHue
SSin(Zx + arcsin §J+ 10 cos| x — arcsin 1£00 =

B oTBere ykaskute cymMMy BCeX pellieHull, MPUHAIEKAINNX MTPOMe-
3n 13w
ekl lddd
2 6
JIBYX 3HAKOB IOCJIE 3aIIsATOI.

8. B npaBusbHOil ueTbipexyrosbHoil upamuge SABCD ¢ Bep-

KYTKY , TIPH HEOOXO/IMMOCTH OKPYIJIMB PE3yJbTaT JI0

muHON S pe6po OCHOBaHUSA paBHO d = 1242 YTOJT HaKJOHA 6OKO-

2
BOTO pe6pa K TIJIOCKOCTH OCHOBaHUA PaBEH aI‘CCOS§. HpOBOlII/ITCH

CeueHne MUpaMU/Ibl TIOCKOCTRIO, mapaienabnoit AC u SD, npudeM
Tak, 4TO B 9TO CEUEHME MOKHO BIHCATb OKPYKHOCTL. Haiinure
BCEBO3MOYKHBbIE 3HAUEHUS] PAJMYCOB ITUX OKPYsKHOCTeil. B orBer
3aMUIIUTE CyMMY II€JIbIX 3HAUEHWI TAaKUX Pa/IyCoB.

9. HaiiznTe MakcuMaJbHOE YUCJIO0, TIPUHA/JIEKAIEe MHOKECTBY
3HAYeHU (PyHKINN

f(x)=14115sin” x + 10 cos” x +
+ 24180 5sin 2x — 6048 cos x — 8064 sin x + 8050 .

10. Haiiure Bce 3HAUEHUS ¥, NPU KAKIOM U3 KOTOPBIX POBHO
[Ba IEJbIX B3HAYEHUS X YJAOBJETBOPSIOT HEPABEHCTBY

4 o
Jy?—x' >x—y. B orere ykaxkure cymMMy Bcex HaiifleHHBIX
LIeJIOYUCJICHHDBIX 3HAUYeHUN y.

Bropovi Typ

1. B caoe JIOMOHOCOB 3amenute ojnHaKoBbie OyKBbBI
O/IMHAKOBBIMHU 1IppamMu, a pasHble GYKBbI — PA3HBIMU [P PaMU TaK,
9TOGBI TOJTYYHJIOCh HanGoJiblliee BO3MOXKHOE Ym0, kparHoe 90.

2. bBoabmme JJIEKTPOHHDBIE YacCbl Ha TrJIaBHOM IJiontan ropoza
nokasbiBaior Bpemst or 00:00 10 23:59. KakoBa BeposiTHOCTD TOTO,
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YTO B CJIyYallHbIiI MOMEHT BPEMEHU B T€YEHUE CYTOK XOTsI ObI O/[HA U3
yeTplpex IMdp Ha yacax okaxkercs rudpoit 0? OtBer mpaiite c
TOYHOCTBIO /IO /IBYX 3HAKOB TIOCJE 3aTsITOM.

2 TTX . 2 X
3. Pemure Hepasencrso |7 +8cos m > 4sin TR B otser

BIIUIIIMTE CYMMY BCEX IIeJIbIX PElIeHUd, MPUHAJIEKAIUX OTPE3KY
[-18; 31].

4. TlepBblil 4ieH U 3HAMEHATEJb T€OMETPUYECKOI TIpOTpeccuu
oauHakosbl U pasusiores 2572015 Haiiure Bee nesble 3navenus k,
IPH KOTOPBIX CyMMa MEPBBIX HECKOJIbKHUX UYJEHOB ATOI Mporpeccuu
MokeT paBHATbes 2016. B oTBere ykaskuTe CyMMy BCeX TaKHX
snavyenuii k. Eciu Takux 3navyeHuii Her, T0 B orBere yKaxure 0.

5. Haiizinre miiormmaib BBITYKJIOTO MHOTOYTOJIbHUKA C BEPITHHAMHE
B TOUKAX, KOOPAUHATDI (X §) KOTOPDIX ABJIAIOTCS [EJI0OUNCICHHBIMI
pemenuamu ypasHenus 13x +48 =13y + 3xy .

6. danbr 2015 ypaBueHwmii:

X +2xy ==1007 , xy + x5 =-1006, ..., X007 + Xy908 = —1,
X100 + X009 = 05 Fio9 + 1010 =1, X1o10 + Xio11 =25 .
oy Xoo14 F X015 = 1006, X905 + x4 =1007 .
Haiiure xq¢y -

7. Ha xaxkmoit w3 ABYX MNapasjieJibHbIX TPSIMbBIX, PACCTOSHUE
MEK/1y KOTOPBIMU PABHO 2 ¢M, oTMeueHO 1o 10 Touek ¢ MHTepBaIoM
MeKIy cocefHUMH Toukamu 1o 1 cm. M3 atmx 20 Touek HY:KHO
BBIOpATD 9 Tak, 4YTOOBI KKIbIE [BE N3 HUX OTCTOSJIN JPYT OT APyTa
He MeHee yeM Ha 2 cM. CKOJIbKMME C11oc06aMi 9TO MOYKHO C/IeJIaTh?

8. B rpeyrombuuk ABC 1uioiasu 25 BInMcCaHa OKPYXKHOCTDH C
enrpom O, kacatomascst cropod AB, BC u AC B toukax L, M u N
coorBerctBeHHo. Ilpu atom AN : NC = 3:7 . Haiigure niomaib
tpeyrosbHuka AND, rae D — Touka nepecedenusi npsimbix AO u
NM. TIpu HeoGX0ANMOCTH OKPYTJINTE OTBET JI0 JIByX 3HAKOB I10CJIE
3aIIATON.

9. Haiimute Bce 3HaYeHus @, TIPU KAKIOM U3 KOTOPDIX CYIIECTBY-
eT eJHHCTBEHHOE YNCJI0, OJHOBPEMEHHO yIOBJIETBOPSIONIEe HEPABEH-
crBam (a—-1)x* +2ax+a+4<0 u ax’+2(a+\)x+a+120.
Boi6epure cpenn aTuX 3HAUYEHUIl @ HanboJIbIlee U HAMMEHbIIEe U B
OTBETE YKA)KUTE PACCTOsHUE MeKAy HuME (ecu Takoe 3HaYeHHe
eIMHCTBEHHO, B oTBeTe yKaxuTe 0), npu HeOOXOJAUMOCTH OKPYTJIUB
€TO JI0 COTBHIX.

10. B yceuennoii tpeyrosbroii nupamune AB,CiABC peGpo
AA; nepreHuKyJISPHO TLIOCKOCTH GoJbiiiero ocHosanusi ABC,

AB=AC=5, BC=6 u DD1=?, rae D u D; — cepeinHbl
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orpeskoB BC u B|C; cooTBeTcTBeHHO. V3BecTHO, UTO B 3Ty yceueH-
HyIO IHMpaMuly MOKHO Blucarb map. Haiigure Bce BO3MOKHbIE
3HAUEHUs, KOTOPble MOYKET IPUHUMATD PaJIMyC 9TOTro 1apa. B orser
BIHIINTE IPOU3BE/ICHNE 3THX 3HAYCHUIT, IpU HEOOXOUMOCTH OKPYT-
JIUB pesyJbTaT 0 ABYX 3HAKOB I10CJE 3aIlATOH.

SaKIIOYUTESIbHBIM 3Tarl

1. Hesnaiika mpbiras ot cBoero goma K jgomy 3Haiiku. Tpu
YeTBEPTU MYTH OH TIPEOJ0JIeN] MPbIKKAMU, JJNHA KOTOPBIX paBHA
JIBYM €T0 OOBIYHBIM IITaraM, a OCTAJbHYIO YeTBEPTDh MyTH — MPBIKKA-
MU, JUINHA KOTOPBIX PaBHA TPeM ero o6bruubiM maraMm. OKas3aioch,
YTO MPBIKKOB B /[BA Mara 0Ka3aaoch Ha 350 6oJiblie, YeM MPHIKKOB
B Tpu mara. CKOJIbKO OOBIYHBIX IIArOB OT [OMa 3HAUKHU [0 0Ma

Hesnaiiku? Cunraem, uro Bce maru y HesHaliku oJjuHaKoBbIE.
2

T
2. Haiinure Bce pellieHys ypaBHEHUs arcctg’x = 3arctg’x + 36"

3. Tom Coiiep, Cuz Coitep u I'ek Dumn kpacusau 3a6op. Bruavase
Tom kpacun oauH B TeuyeHue BpeMeHH, 3a Kotopoe Cua u Tek,
pa6oras BMecte, MOTJIM Obl TIOKPACUTb MOJIOBHHY 3a6opa. 3areMm
kpacusn ogmH Cuj B TedeHWe BpeMeHW, 3a Kotopoe Tom m Tek,
paborast BMecTe, Morsim Gbl TOKpacuth 5/4 Bcero 3abopa. IloTom
Kpacus ojun ek B Tedenue Bpemenu, 3a koropoe Tom m Cu,
paborast BMecTe, MOTJIM Obl MMOKPACUTb YeTBEPTb Bcero 3abopa. B
pesyJibTare Bech 3a60p ObLa MOKpaiieH. Bo cKoJibKo pa3 6bicTpee OHu
OKOHYHJIN GBI paboTy, ec/u 6bI C CAaMOT0 HavYasa Bce BpeMsi paboTaiu
smecte? (TIpeanosaraercs, 4to CKOPOCTb PaboThl KAKIOTO MaJbyk-
Ka II0CTOSIHHA. )

4. B tpeyrospanke ABC Toukn A, By, C; — cepeanHbl CTOPOH
BC, AC u AB cootBerctBenHo. Hailigute aminy croponnt AC, ecin
M3BECTHO, 4YTO CyMMa BEKTOPOB 3 - A—Aq1 +4- B—B71 +5- C—Cq1 paBHa
BekTOpy ¢ Koopmunatamu (2;1) .

5. Haifiure Bce pernienust HepaBeHCTBA

log, (2x - 5)—log, (7 —2x) | X

6 6

x| cos x+£ —cos(2x —1) |(Jx — 4] - |22 - 5]) 2 0,

6. Haiigute nmpousBezienne BceX 3HAYEHUU X, TIPH KAKIOM U3
22 -9x+11 )
KOTOPBIX ( 4—V11) | 2% 9wt ( 4+ 11

METHYECKasd Iporpeccusd.

22-9x+11
) —apud-
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7. Haiiure nauboJsibliiee 3HayeHue o6beMa TPEyroJbHON THpa-
MU/IbI, ¥ KOTOPOH MPOTHBOIOJIOKHBIE pe6pa IOMapHO PaBHBI, a
cyMMa JIUIMH BceX peGep paBHa 3642 .

8. Kakoe naunGoJibliiee KOJMYECTBO YUCEJS MOJKHO BBIOPATH U3
MHOKECTBA BCEX HEUETHDBIX uncelt, jexamux Mexxay 16 1 2016, uro6or
HU OJTHO M3 BBIOPAHHBIX YKCEJ HE JIEJUJIOCh HU Ha OJHO JIpyroe?

MEXAHUKA N MATEMATUYECKOE
MOOENNPOBAHWE

HekoTopsle 334a44 O 7'60,00 YHOro araria

1. /IBa TypucTa — OINH Ha BEJIOCHTIEE TTapaJiiebHO 6epery peKH,
JIpyroii Ha MOTOPHOH JIOJKEe TIO0 peKe — OJHOBPEMEHHO Havasm
JIBIDKEHNE OT MPUCTAaHU A, goexasiu [0 npuctanu B, pa3BepHy.JIICH
U OJHOBPEMEHHO MPUOBLIN B MCXOHBIN MYHKT CBOETO MapIIpyTa,
MIPOEXAaB IIPU TOM OJIMHAKOBDIE paccTostHus . Bestocureuct qBuracst
co ckopocthio V = 12M /¢, cKkopocTb TeueHust peku u = 12,5 m/c.
Haiigure ckopocTh MOTOpPHOI JToAKu B cTosuel Boje (B Merpax B
CEKYHJLY), CUMTAst BPeMsl, II0OTPAYEHHOE Ha PA3BOPOTHI, OJMHAKOBBIM.

2. Tupst maccoit 200 rpamMoB crout Ha croJie. Ee niepeBepHy.in u
TMOCTABUJIM HA CTOJ IPYTOH TPaHbIO, TIJIOMIAb KOTOPOIl MEHbBIIE Ha
15 cm? . Tlpu aToM jaBrenue Ha cToJ yBeaumumioch ma 1200 Ila.
Haiimute nomaap rpaiu, Ha KOTOPOI TSI CTOSIIA TEPBOHAYAIBHO.
OtBer paiite B cM?, IpH HEOGXOANMOCTH OKPYTJIUTE €r0 [0 JBYX
3HAKOB TTOCJIE 3aTIATOH.

3. Hacoc maunmnaer mabuparb Bogy B 105-BeepHyIo IyCTyIO
60uKy. B Teuenne Kaxk/1oro HEYETHOrO Yaca OH HAKAYMBAET B GOUKY
15 Bexmep BObI, a B T€UEHHE KAXKIOTO YETHOrO 4yaca u3 GOYKHU Ha
oropoji BoikauusaeT 10 ¢ 1oJ0BUHOI Bejep. YKakuTe HOMep vaca
(nepBblii yac umeer Homep 1), B TeyeHHe KOTOPOro Bojga B GOYKe
BIIEPBbIE MOJLETCS Yepe3 Kpail.

4. Vmetorcs aBe SKUJKOCTH, MAcChl KOTOPBIX OJWHAKOBBI. B
O/IHOW W3 HUX JIEPEBSIHHBIA OPYCOK IIIaBaeT, IOTPY3UBIINCH Ha
3 /4 cBoero o6bema, a B Apyroii — ua 1,/2 cBoero o6bema. Jtu Be
SKUIKOCTH THIATEIbHO MepeMentaa (CyMMapHbIii 06beM sKuAKOCTel
[IPU 9TOM HE U3MEHUJICS) U IIOMECTHJIA B CMeCh TOT ke Gpycok. Kaxas
qacThb 0o0beMa OpycKa ocTaHeTcss Ha roBepxHoctu cmecu? Ilpum
HEOOXOJAUMOCTH OKPYTJINTE OTBET /[0 COTDIX.

3. Hacenennbie nynkrsr Jlucnuanck, OJieneBka 1 Me/Be/[beBKa
MOTIAPHO COEIMHEHbBI TIPSIMOJTMHENHbIMU loporamu. K gopore Mex/ Ly
JIncmuanckom u OJIeHEBKOI NMPUMBIKAET KBaJpaTHOE TI0JIE, O/IHA
CTOpPOHA KOTOPOTO TOJHOCTBIO COBTAJAeT C JaHHON moporoii. K
nopore Mexxay OJsieHeBKON W MeBeIbeBKOH TTPUMBIKAET MPSIMOY-
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roJIbHOE TI0Jie, OJ[HA CTOPOHA KOTOPOTO IIOJHOCTBIO COBIA/aeT ¢
JIaHHOI1 zoporoii, a BTOpasg B 4 pasa ayuHHee. K gopore mexay
JIucnyanckom u MeBebeBKOI IIPUMbBIKAET JieC MPAMOYTOJIbHON
¢opmbI, ofHA CTOPOHA KOTOPOTO TMOJHOCTBHIO COBIAJACT C JIAHHON
JIoporofi, a Bropas cropona pasna 12 k. IIpu aTom miomaas jeca
Ha 45 KB. KM 60JIbIlIe CyMMBI ILI0MIa /el oJieit. Haiiinte cymMmmapHyio
IJIOTIA/Ib Jieca U T10Jiel B KBaJPaTHbIX KUJIOMETpax.

3aKIIIOYUTENIbHBIA 3TAlT

1. Paccrosame oT jexarieil B TOpU30HTATbHON MJIOCKOCTH TOYKH
JI0 OCHOBaHUS TeseBusnonuoil 6amun pasuo 100 . IIpm atom u3
JaHHON ToukM OGammsg BuaHa (OT OCHOBAHHSA 0 BEPXYHIKM) IO/
yrioMm 46° . Be3 ucnosnb3oBanus Tab/HIl, KAJIbKYJISTOPA U IPYTUX
BBIYMCJIUTEIbHBIX YCTPOUCTB OIpe/eauTe, 4YTo OOJIbIIE: BBHICOTA
Gamran wam 103,3 m?

2. Ha Geperax umemotiero ¢opmy Kpyra (Bu cBepxy) ocTpoBa
pacmnosiokennt Topoga A, B, C u D. Ilpamonuneiinasg acdanabroBas
qopora AC eMT OCTPOB Ha J[B€ paBHBbIE TOJOBUHBI. [Ipamosaeii-
Hast acasnbroBasi gopora BD kopoue poporu AC u mniepecekaer ee.
CkopocTb BesiocuriefiucTa Ha Jro60i acdasbToBOil J0pore paBHA
15 xM /4. Ha ocTpoBe nMeroTcs Takske MpsSIMOJIMHEHHbIE TPYHTOBBIE
noporu AB, BC, CD u AD, cKOPOCTb BeJIOCUTIEANCTA HAa KOTOPHIX
oInMHaKoBa. BesocumeancT moesskaeT M3 MyHKTa B 70 KaXXI0TO W3
nyakToB A, C u D 1o npamosnuneiinoil fopore 3a 2 yaca. Haiinnre
ILJIOTA/Ib, OTPAHUYEHHYIO YeTbIpexXyroabHuKoM ABCD.

3. Cannag ropka COCTOUT U3 TNPSIMOJUHEHHOro cKJoHa AB wu
ropusoHTajabHoro yuyactka BC. Touka A HaX0[UTCS HA PACCTOSIHUU
S5 M or Ommxkaiiimieil K Heit TOYKM H TrOPU3OHTAIBHONU 3eMHOI
noBepxHoctu. Paccrosume HC paBHo 3 M, Touka B JeXUT Ha
orpeske HC. Haiiaure paccrosinue ot touku H 10 Touku B, 4To6bI
BpeMsI JIBUKEHUsSI CaHell 13 COCTOSTHIS TTOKOs 110 JjoMaHoit ABC 6bL10
MUHUMAJTbHBIM. [ToJie CuJIbI TSXKECTH CUMTATh OJTHOPOHBIM, CHJION
TPEHNs, COMPOTHBJIEHNEM BO3/yXa W M3MEHEHWEM MO BEKTOpa
CKOPOCTHU CaHell MPHU MPOXOKIEHUN TOYKHU COIPsKeHUsT B mnpenes-
peub. Yckopenue cBOGOJHOTO TAJIEHNsT CUUTATh PaBHBIM 10 M/ .

4. OuH MOJIb OTHOATOMHOTO UIEAThbHOTO Ta3a COBEPIIaeT 1UK-
JdecKkuii mporece abea. Inarpamma atoro mporecca B ocsix p — T
npejicTaBisier co6oil KPUBOJMHENHBIN TPEYrOJbHUK, CTOPOHA ab
KOTOpOro mapaJjuienbHa ocu T, cropoHa bc — OTpPe30OK MPsIMOii,
MPOXO/AIIeHl 4Yepe3 HadaJo KOOPAWHAT, a CTOPOHA ¢4 — JyTa
napaGoJibl, MPOXO/AIIEell Yepe3 HadyaJo KOOPIAMHAT, OChb KOTOPOW
napasienpna ocu T. Ilpu 3TO0M B TOYKAaX @ U ¢ TemiiepaTypa rasa
onunakoBa 1 pasHa T, =320 K, naBienue B Touke @ BBOe MeHbIIIE
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naBJyeHns B Touke ¢. Omnpenennre paboTy, COBEPIIAEMYIO Ta30M 3a
LKL,

S. s nepeMenienusi MeK/y TTyHKTaMU, PACTIONOKEHHBIMU Ha
PACCTOIHUN COTEH KWJOMETPOB Ha 3€MHON TIOBEPXHOCTH, JIO/N
OyIyIIero, BEPOSITHO, OY/YT MPOKAIBIBATD MPSIMOJUHENHbIE TYHHE-
JI1, B KOTOPBIX KaICYJIbl OYAYT IepeMernarbest 6e3 TPeHUst NCKIII0Yn-
TeJIbHO T0J1 JieiicTBUeM cuJibl IpUTsiKeHust 3emun. [lyctb Touku A,
B u C nexar Ha OJHOM Mepujuase, paccrogHue ot A no B 1o
TMOBEPXHOCTH OTHOCUTCS K paccTosTHuio oT B 10 C 10 TIOBEPXHOCTH
kak m : n. Kancymaa mpoxoauT mo TyHHeJaI0 AB mpuMepno 3a 42
MunyTbl. OneHnTe Bpems aBukeHus mo tyuneaio AC. OtBer paiite
B MUHYTaX.

6. KunoduibM Ha TJIEHKE HYJKHO TIEPEMOTATDh € OJTHOW KaTYIIKU
Ha Apyryio. [ImamMeTpnl MyCTBIX KaTylleK OJWHAKOBLI W PaBHBI d.
Haiiure Bpemsi, Heo6X0uMoe /Jist iepeMoTku. Cuynrtaiite, 4TO AJ0HA
KUHOJIEHTBI paBHA L, TOJMMMWHA KWHOIJIEHKW MaJa W paBHa S, a
MpUEeMHAast KaTyIlIKa BPAIAETCsI C TIOCTOSTHHOI YTJI0BOIT CKOPOCTHIO @ .

OUNINKA
OT160pOYHBIV 3Tar

Or60pounblii aTan npoxoaua B hopme 3a04HOro ucnbitTanus. Ha
3TOM aTare Kaxabiii yueHuk 10 wiam 11 kiacca MOr yuyacTBOBATb 110
COOCTBEHHOMY BBIOODY B OJIHOM HJIM JIBYX TYpaX, IPOBOJUMBIX TI0
eHOI (popMe ¥ ¢ PABHOIIEHHBIMH 33/IaHUSAMU. 3a/J[aHus OJIMMIIHA-
Jibl ObLIIN pa3Mellienbl B nHTepHere Ha caiite http: / /olymp.msu.ru.
Jocrynn K ycaoBusAM 3a/iaHnil ObLT OTKPBIT /IS YYACTHUKOB JIBAXK/IbI:
¢ 11 no 14 nos6ps 2015 roma (nepssiii Typ) u ¢ 29 HOAGPS MO 2
nexabps 2015 roga (Bropoii Typ). IIpueM pemrenuii u OTBETOB 110
Ka)K/IOMY U3 TYpPOB [IPEKPAIIAJICS OJJHOBPEMEHHO C MX 3aBEPIICHHEM.
[l yueHnkoB 7—9 KJsaccoB OTGOPOYHBIIT STAll IIPOBOJMJICS B OJMH
typ ¢ 11 HosiOpst 10 2 nexabpst 2015 roja.

[To6enurenu u mpusepbl OTOOPOYHOTO ITAlA ObLIN IPUTJIANIEHDI
[T yYacTusl B 3aKJIIOYNTEIBHOM HTAIE OJIMMITHA[IBI.

Huske puBOASTCS TPUMEPDI 33/IaHUH JIJIST YIaCTHUKOB 0TGOPOY-
HOTO 3Tara OJUMITHA/BI.

7—9 knaccwl

1. JKenag onpesenuth Maccy m mapuka o6bemMoM V = 0,5 eM°,
YUEHUK TIO/IBECUJI €70 HA JIEFKOW HUTU K KOHILY TOHKOTO O/THOPO/IHOTO
crep:xust maccot M = 4,5 v u gnunont L = 5 cm. [locse atoro on
[TOJIOKILJI CTEP;KEHb Ha Kpail TOHKOCTEHHOI KIOBETHI C BOJOHM Tak,
4To6bl B BOAY IOrPY3ujach POBHO mojosuHa mapuka (puc.1).
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Okasajoch, 4YTO CTEP’KEHb HAXOJAUTCS B ’ [ §|

PaBHOBECHH, €CJIN JIJINHA OTPE3KA CTEP>KHS - -
OT TOYKM KPEIJICHNS HUTH 10 Kpast KIOBETHI
paBua [ = 2 cm. Onpejenure Maccy Iia-
pHUKa, CYUTas IJIOTHOCTb BOJbI PABHOI
p=1 r/ em® . OTBeT mpuBe/ITE B rpaMMax,
OKPYTJIMB JIO JIBYX 3HAKOB TI0CJIE 3aIISITOM.

2. ABTOMOOWJIb TpOTaercs ¢ Mmecra u, Fuc 7
JIBUTAsICh PAaBHOYCKOPEHHO TIO TIPSIMOMY TOPH30HTAJLHOMY ITTocce,
MOKPOMY OT AOX/, Tpoxoanut mepsble s = 100 M myTn 3a Bpems
t = 10 c. Haitaure ckopocTb v Kareaex BoJbl, KOTOPbIE OTPBIBAIOT-
Cs1 B MOMEHT BpeMEeHM ¢ = T OT IOBEPXHOCTH IITMH aBTOMOGHUJIS 1
JIETSIT B HATIPABJIEHUH €70 IBUXKEHUS 1101 yTJIOM ¢ = 30° K TOPU30HTY.
Cunraiite, 4TO KoJIeca aBTOMOOMJISI KATATCS 110 Iopore 6e3 ITPOCKaJIb-
3piBanng. OTBET OKPYTJINTE 70 OAHOTO 3HAKA IOCJIE 3aIATOMN.

3. /lBe npyKUHKM, OTPE3aHHbIE OT OJHOI GOJBIION MPYKUHBI,
HacuuTbIBAIOT 7y =15 um my =20 BUTKOB cooTBeTcTBenHo. Opun
KOHEI[ NepBOH MPYKUHKK COEJMHEH C OChIO TO/IBUXKHOTO OJIOKA, a
apyroit ee komen cso6ogen (puc.2). Bropas
IPY’KMHKA TIPUKPeIJIeHa OJHUM KOHIIOM K
HETIOIBIDKHOM omope, a JAPYyrUM — K HUTH,
MEPEKUHYTON Yepe3 HeMOABUKHBIN 1 TOABUIK-
HbIi 6JIOKU U IPUBSI3AHHOI K moTosiky. Korma
K CBOOO/IHOMY KOHILy TI€PBOIl TIPY>KUHbBI ITPH-
JIOKHJIN HEKOTOPYIO CHJLY, HAIIPABJIEHHYTO Bep-
THUKAJbHO BHU3, OH IlepeMecTHJICS Ha
Aly = 16 cm. KakoBa cyMmma Al BOSHHKIIHX
IIPU 9TOM PacTsiKeHuit 06enx mpysknHok ? OTBer
IPUBE/INTE B CAHTUMETPAX, OKPYTJIMB /IO O/IHO-
TO 3HaKa I0cJe 3aIsTOo. Puc 2

4. Bpmmonuss sma6opartopHyio pa6oTy IO
(pusuke, yueHHK BOCBMOTO KJIAacCa M3ydaJsl MPOIECCHI YCTAHOBJICHHUS
TETIIOBOTO paBHOBecHs. [l 3TOTO OH CMEIMMBaJ B KaJopuMeTpe
pasHble KOJUYECTBA BOJDI, B3SATOH IIPU HEKOTOPOH IOJIOKUTEIbHON
TeMieparype, M Jibjla, HaXO/SIIErocst P HEKOTOPOH OTPUIATE b=
HOiT TeMIiepatype. BoisicHunocs, 4to ecsin macca ibaa B kR = 35 pas
IPEBBIITAET MACCY BOJIBI, TO CITyCTSI HEKOTOPOE BPEMSI B KAJIOPHUMETpe
OKa3bIBaeTCs TOJIbKO JIe/ IIpU HyJIeBol Temnepatype. Ecun xxe Macca
BO/BI B Y pa3 TPEBBIMAET Maccy JbJa, TO MOCJE YCTAHOBJICHUS
TEIJIOBOTO PABHOBECUSI COJIEPIKUMOE KaJOpHMeTpa IPEeICTaBIIsIeT
co6oii Bosy TIpu HyJieBoii Temieparype. [Ipu kakoM oTHOmeHUU n
HavaJIbHbIX MACC JIb/Ia 1 BO/IbI KOJMYECTBO JIb/[a [IOCJIE YCTAHOBJICHUS
TEIJIOBOTO PaBHOBeCHsI Oy/€T PAaBHO MCXO/HOMY €ro KOJIMYEeCTBY?
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OTBeT OKPYT/IUTE A0 OJHOrO 3Ha-
Ka IIocJIe 3aIATOl.

5. B cxeme, mokazaHHON Ha
pHUCYHKe 3, MHCIIOJb30BAHBI /B
ujlealbHbIX aMIiepMeTpa Ay 1 A, .
OrtHollenue cujbl TOKa, TeKyle-
ro yepe3 amiepMerp A;, K cuie
TOKa, TEKYIero 4yepe3 aMIiepMerp
A,, paBHO n = 2,5. OupenenuTe CONPOTHBIEHNE pe3nucTopa Ry,
eCJIU COIPOTUBJEHUS] OCTAJbHBIX PE3UCTOPOB paBHBL: R, =
= 2 kO™, R3 = 3 kxOM, R; = 4 kOwm. OtBer npusejure B KIJIO-
OMax, OKPYIJIUB JI0 ABYX 3HAKOB IOCJIE 3allATOl.

6. 1306pakenne QMANO3UTUBA Ha dKpaie, HOJIyuYeHHOe C IIOMO-
IIbIO IIPOEKIMOHHOIO allllapaTa, OKa3aJoch He OyeHb pe3KuM. B
YaCcTHOCTH, N300pa’keHHe TOYKU Ha dKpaHe MMeJso Buja kpyra. He
U3MEHSS HOJIOKEHNA 00bEKTHBA, BIIOTHYIO K HEMY HIPIXKaIU COOU-
patolyio JuH3y ¢ ¢pokycHbIM paccrosauem Fy = 10 cm. Ilpu satom
pasMep uzobpaxenus Touku He uaMmenmsca. Haliure ontuueckyio
cusy D, JMH3bI, KOTOPYIO HaJ0 GbLIO IPUXKATh K OGBEKTUBY , YTOODI
nzobpaxkenue crano peskuM. OTBeT HpuBeuTe B AUONTPUAX, OKPYT-
JIUB 10 OJTHOTO 3HAKa IOCJe 3aIsITOl.

Puc. 3

10—11 knaccwl
[Tepsbivi Typ

1. C riraiIkoit HAKJIOHHOT IIJIOCKOCTH, PACIIOIOMKEHHOI TT0/T YTJIOM

o = 45° K ropusoHTy, ¢ BoicOTBI H = 1 M cOCKasib3bIBaeT HEGODb-
- moit mapuk (puc.4). Ha Bbicore hu =55 c™

7w MIAPUK OT/EJISIETCS OT HAKJIOHHOM ILIOCKO-
CTH U TI0CJIe aBGCOIOTHO YIIPYrOro yaapa o
T0JT [IPOZIOJIKAET JIBIDKeHe B Bo3ayxe. [Ipe-
HeOperasi COTPOTUBJIEHIEM BO3/TyXa, HAN/II-
T€, KAKyl0 HAYAJIbHYIO CKOPOCTb ¥, HAJ0
COOGIIUTD MIAPUKY HA BEPIIMHE HAKJIOHHON
ILJIOCKOCTH, YTOGBI OH MOAIPBITHYJI HA T K€
h BBICOTY, C KOTOPOU HAYaJI IBICKEHNE, T.€. Ha
H. Yckopere cBOGOIHOTO Ma/IEHIST TIPHMU-

H o

Te paBHbIM ¢ =10 M/ ¢’ . Orser OKPYTJIUTE
Puc. 4 J10 OJTHOTO 3HaKa I10cJje 3alsTol.

2. JlocTaTo4HO JJIMHHAS JIOCKA MacCOH
M = 6 KT CKOJb3UT MO TJIAJKON TOPU30OHTAJIBHON MOBEPXHOCTH CO
ckopoctbio v = 0,6 M/ c. Ha cepesnHy 10CKHM IJIABHO OITyCKAOT U3
COCTOSIHUSI TIOKOSI He6GOJIbINoi 6pycok maccoit m = 2 kr. Koaddu-
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IUEHT TPeHus MeX1y 6pyckoM u gockoit L = 0,05. ITocse Toro kak
JIocKa 1 6GPYCOK CTaJU JABUTATHCS C OJUHAKOBON CKOPOCTBIO, JOCKA
PE3KO OCTAaHOBWJIACh, HATKHYBIMNCH Ha TpemarcTBue. Ha kaxom
PACCTOSTHUM $ OT CEPEJANHBI JJOCKH OCTAHOBUTCSI GPYCOK? Y cKopenne
cBOOOIHOTO TraJieHus npuMuTe pasibiM g = 10 M/ ¢’ . Orser TpuBe-
JNTe B CAaHTUMETPaX, OKPYTJINB 0 TEJbIX.

3. XosoanabHuK, paGoOTAONIUN 10 0OPATUMOMY ITHKJIY, COCTOSI-
meMy u3 JABYX anumabaTHbIX U JIBYX HM30TEPMUYECKUX IIPOIECCOB
(muka Kapro), noaepskuBaeT B X0J0ANIbHON KaMepe TeMIeparypy
t; =-13°C, orBos U3 Hee 3a IMKJI PaGOThI KOJUYECTBO TEILJIOTHI
QO = 500 /Ix. Temmeparypa paguaTopa XoJo[uIbHIKA t, = 26 °C .
Oripe/iesiuTe CpPeHIOD MOIHOCTb P, MoTpeG/sieMyio XOJI0UIbHIU-
KOM, eCJIH JUINTEeIbHOCTD ero MuKJaa T = 1,5 c¢. OTBer BbIpasute B
BarTaxX, OKPYIJIUB /IO IEJbIX.

4. JlBa pesucropa conporusienussimu Rj= 100 Om n R, =

= 200 Owm u aBa xonjgencatopa emxoctsamu C; = 1 Mmxd un C, =
= 2 MK® NOAK/IIOYEHbI K MCTOUYHHMKY IIOCTOSHHOIO HAallpsiKeHus
U = 100 B, kak mokaszano Ha pu- R C
1
1

cynke 5. Kakoit 3apsan Ag mporeuer 4
yepe3 MpOBOAHUK AB 3a JOCTAaTOYHO

6O0JIBINON TIPOMEXKYTOK BPEMEHU T10C- R,
Jie 3aMbIKaHMS KJI0Ya, eCJIU KOHJIeH- 2
caTopbl ObLIN IIEPBOHAYAJIBHO Pa3psi-
’KeHbl? OTBeT MpUBENTE B MIKPOKY-
JIOHAX, OKPYIJIUB [0 I[EJIbIX. — [J

5. Jle cobuparoue mussl ¢ go- 1 2

kycHbiMU pacctosguusamu [y = 10 cmu F, = 20 cM pacno/ioxeHbl
TaK, YTO MX [IJIaBHbIe OINTHYECKUE OCH COBNajaloT. Paccrosnue
Mexay smHsamu [ = 40 cm. Onpenesure yesmuenue I', gaBaemoe
3TOH CHCTEMON JWH3 /IS TIpeiMeTa, HaXOIANIerocss Ha PacCTOSHAN
d = 32 cm or nepBoil suH3bl. OTBET OKPYTJHUTE [0 JBYX 3HAKOB
rocJie 3amsToil.

Bropoui Typ

1. [ToaBYKHBIN KJIWH ¢ yTJ0M ¢ = 30° TIPH OCHOBAHUU ITOKOUTCS
Ha TJIaJKOM ropusoHTasbioMm crosie (puc.6). Ha ero raaakyio
HAKJIOHHYIO TIOBEPXHOCTD KJIQ/yT MaJICHD-
KWiT 6pyCcOYeK 1 OTIYCKAIOT €ro C HyJe-
BOIl HAYAJbHOW CKOPOCTBIO, TOCJE YeTo
o6a Tesa MpUXOJAT B JABMsKenue. I1poii-
2 pacctostare s = 20 ¢M, KJIUH Ipro6pet o
ckopoctb © = 40 cM /¢, a Gpycouek K
9TOMY MOMEHTY BpeMeHH omycTuiacs Ha /46 6
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h = 15 cm. Haitaure Monynp d,, ycKopeHus GPyCOYKa OTHOCH-
TesbHO KJMHA. OTBET OKPYIJINTE /IO ZBYX 3HAKOB IOCJE 3aISTOI.

2. I'pysuk MaTeMaTH4YeCKOTO MasgTHUKA COBEpIIaeT TapMOHIYEC-
Kie KoJsieGaHust, MPH KOTOPbIX MaKCUMAJbHBIH YToJ OTKJIOHEHHS
HUTH OT Beprukaysu paseH o, = 0,05 pax. Onpenesure MOAyJib
yrjaa @ MEeXK/Jy BeKTOPOM YCKOPEHUsI TPy3MKa W HUTBIO CIIYCTS
BpeMs, coctaBisioniee 1,/8 mepnosa KoebaHuil moce MPOX0K/Ie-
HUSI TPY3UKOM MOJIOXKeHUsT paBHOBecus. OTBeT BbIpa3uTe B TPay-
cax, OKPYIJIUB /10 OJJHOTO 3HaKa TIOcse 3amsToi.

3. Pacnosiokennyto BepTuKajgbHo TpyOKy mimnoit [ = 60 cm,
3allasiHHYI0 C OJ/IHOTO KOHIIA, ME/JIEHHO MOTIPY’KA0T OTKPBITbIM
KOHIIOM BHHU3 B JIOCTATOYHO IJTyGOKMii cocys ¢ pTyThbio. Ha kakyio
ryOMHY X HY’KHO IOTPY3UTb HUKHMI KOHell TPYOKH, 4TOObI Ha
BHYTPEHHHX CTeHKaX TpyOKnu BbInasa poca? TemmnepaTypy Bosjayxa
B TpyOKe cunTaiite nmocrosannoil. BraxuocTs arMocdepHoro Bo3yxa
¢ = 80%, armocepHoe nasnenne p, =10 Ila, mroTHOCTH PTYTH
p=13,6 r/ cM® . Yekopenue cBOGOHOTO TACHHS TIPHMUTE PABHBIM
g=10 M/ ¢? . OTBeT NpuUBeaNTE B CAHTUMETPAX, OKPYTJIHB /10 O[HOTO
3HaKa I10CJIe 3aIlsITol.

4. TlpoBoJsiovyHasT KaTylIKa € TI0/ICOEMHEHHBIM HapaJlIeJbHO K
Hell pesnucropom conpotuBienueM R = 100 Owm B Teuenme mocra-
TOYHO JIJIUTEIbHOTO BpeMeHH Obliia MoJ(KI0ueHa K ncroanuky ¢ 9/1C

& = 10 B u BHYTpPEHHUM COIPOTUB-

J nennem 7 = 2 Om (puc.7). Ilocae

pPasMbIKaHUS KJIIOYa Yepe3 pPesnucTop

- mpotek 3apsan ¢ = S5 MKa. Hafinure

r MH/LyKTUBHOCTb KaTymikn L, cuurtas,

YTO e€e COIPOTUBJIEHNE TPEHEOPEKIMO

. Masio. OTBET NPUBEANUTE B MUJIJINTEH-
pPac. 7 PHU, OKPYIJIUB JI0 HEJbIX.

5. V3yuynB 3aKOHBI T€OMETPUYECKOIl ONTHKH, JI0G03HATEIBHDII
MIKOJIbHUK PelTJI TPUMEHNTD NX Ha mpakTuke. C MOMOIIbIO cobupa-
IOTI[ell JIMH3BI OH TIOJTYYUJT HA CTEHE PE3KOe N300parkeHne CBeTsIei-
Csl CHUPAJM HACTOJbHOIN Jammbl. IlepemecTuB JIMH3Y K CTeHe Ha
Al = 21 cM, OH TOJIyYnJI Ha CTEHE ellle OJHO OTUYETINBOE M300pa-
skeHne crimpasin. [Ipu sTom Bropoe nso6paskeHne okazajochb Bn = 4
pasa Menblre nepsoro. Omnpezpennure paccrosHue L oT JjaMmbl 70
crenpl. OTBeT IpUBeNTE B CAHTUMETPAX.

3aKIIOYUTESIbHBIV 3Tarl

[TpoBesenne 3aKIIOUNTEIBHOTO dTAlA OJIUMINA/ABI ObLJIO Ha3HAa-
yeHo Ha 19 ¢espass 2016 roga. us yyammxcst BceX KJIAacCOB 9TOT
JTaIl IPOBOIUJICS B OUHOI popme Ha dusuveckom dakyibrere MY
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1 Ha IeCTH PErMOHAJbHBIX ILIOIA/KaX B Topogax Actana, Kucio-
Bozck, CapoB, Cmonenck, Yda u Yebokcapsl.

3asanne AJ1g yYamuxcst 7—9 KIaccoB COCTOSO N3 YeThIpeX 3a/1a4
[0 TeMaM, W3y4aeMbIM B paMKaxX TIPOTpaMMbI TO (HU3MKe [
OCHOBHOII 06111e06pa30BaTENbHON MTKOJIbI. 3aaHUs [T YUAIIUXCS
10—11 kJiaccoB ObLIM COCTABJEHbI B IIOJHOM cooTBercTBun ¢ Koau-
dukaropom EI'D 2016 roma nmo ¢usuke u OXBATHIBAJU OCHOBHBIE
pasaeanl Koanduraropa, a uMeHno: 1) MeXaHuKy, 2) MOJIEKYJIAP-
Hy10 (PUBUKY U TEPMOJAUHAMUKY, 3) DJEKTPOAUHAMUKY U 4) OITHUKY.
TumnoBoe 3ajjanne BKJIOYAJIO YETBIPE PA3JUIHBIX Pas/iesa, COCTOs-
MIMX U3 KPATKUX BOIIPOCOB O TEOPUU U JIOTIOJTHSIONNX X 33/1a4. B
MepBOM pasjiesie ObLIN MOMEIIEeHbI 3a/IaHKs TI0 MEXaHUKe, BO BTOPOM
pasjesie — 3a/laHus TI0 MOJIEKYJISIPHOIT (DU3nKe U TepPMOJIUHAMUKE, B
TpeThbeM pasjiesie — 3aJaHus 10 3JIEKTPOJUHAMUKE, B YETBEPTOM
pasziesie — 3aJJaHUS 110 OINTHKE.

Hwxe mnpuBomsarcs 3agaHus 3aKJIIOUYNTETHBHOTO JTama  OJIMM-
[a/bl.

/—9 knaccel

1. BouHckas KOJIOHHA, coOBeplarolias Tenuii Mapii-6pocoK,
pactsayJach pu xoap6e Ha L = 500 M. Komananp, Haxomsammuiics
BO TJIaBe KOJIOHHDI, HAIIPABUJ KOHHOTO TIOCBLIBHOTO B XBOCT KOJIOH-
HbI C TAKETOM K CBOeMy 3aMecTutesio. I[lOoChLIbHBIN TOCKaKaJl
HABCTPEYY KOJIOHHE CO CKOPOCTBbIO ¥ = 36 KM /4, BPYYHJ MaKer
3aMECTHUTEI0 KOMAHIUpa 1 CPa3y Ke BEPHYJICS C TOI JKe CKOPOCTbIO
K HayajJdy KOJIOHHBI, 3aTpaTuB Ha Becb myTb ¢ = 1 mMuH 44 c.
Haiigute, ¢ Kakoil CKOPOCTBIO ¥ ABUTAJNACh KoJoHHA. OTBET MpHBe-
JiTe B M,/ C, OKPYTJIMB JI0 HEJIbIX.

2. Kor/ia jierkoBoii aBToMOOUJIb €/IeT C TIOCTOSTHHON CKOPOCTHIO 10
FOPU3OHTAJbHOMY IIOCCE, pacxoj OGeH3WHa COCTaBJIeT
W =7 /100 kM. KakoB Oyzer pacxop OeH3WHA [l , €CJIH ITOT
aBTOMOOMJIb TIOE/IET C TOIi K€ CKOPOCTHIO BBEPX MO YYaCTKy IIocce,
YKJIOH KoToporo cocTaBiser 50 M Ha 1 kM myTtn? KavecTBo HOpOK-
HOTO TOKPBITUSI HA TOPU3OHTAJBHOM M HAKJOHHOM y4YacTKax IMI0cce
oanHakoBo. Macca apromo6usist M = 1000 kr, koadduiment noJes-
HOro JelicTBus asurarens 1 = 30% , yAeIbHasd TEILIOTa CTOPAHUS
6ensnna g = 42 MJx /xr, miorHoctb Gensuna p =0,7 Kr/..
Yckopenue cBOGOJHOIO MaJeHUs NPUMUTE PaBHBIM ¢ =10 M/ .
Ortset npuBeaute B /100 KM, OKPYTJINB [0 OJHOTO 3HAKa ITOCJIE
3aITON.

3. B memnmn, cxeMa KOTOPOI TTOKa3aHa Ha PUCYHKeE 8, COMPOTHBIIC-
Hue peaucropa R = 500 Owm, a mexky kaemmamu A u B nojiepsku-
Baetcst noctosHHoe Hanpsibkenue U = 20 B. Oupepenute Komve-
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CTBO TeILIOTBI Q, BbIJE/SIONieecs Ha
ATOM PE3HCTOPE 3a BpeMs T = 5 MUH,
€CJIN COTIPOTUBJIEHHS OCTAJIbHBIX PE3N-
cTopoB paBHb: R =2R, R, =4R,
Ry;=R, R,=2R, Ry=R. Ortser
MPUBEUTE B JXKOYJISIX C TOYHOCTHIO /10
OJIHOTO 3HaKa I10CJIe 3allsATOM.

4. Myxa moJI3eT 1o CTeHe €O CKOPO-
ctpio v = 3 cM/c. Ilnockoe 3epkaJio,
napajjiefibHOe CTeHe, YAAJsIeTcss OT
CTEHBI €O ckopocTblo u = 2 cm/c. C

KaKoil 110 MO/IYJIIO CKOPOCTbIO \%4 JABUKETCA I/1306pa>K€HI/Ie MyXH B
3€pKaJI€? OtBer IIpUuBEAUTE B CM/C, OKDPYIJIUB /10 HEJIbIX.

10—11 knaccew/

1. [laiite onpesgesienne aasjeHns. Kakne eInHNUIII M3MEPEHUs

JIaBJIEHUS BBI 3Haere?

3adaua. Ha teexke, HaXO/SAIIENCS HA TOPU3OHTATIBHOM CTOJIE,
ycTaHoBJieH cocy B hopme ky6a (puc.9). Cocy/ 10BepXy 3aoMHeH

Puc. 9

JKUJIKOCTBIO, BHYTPH KOTOPOW B TOYKax A,
B, C 3akpernieHbl TpU JIATUYHKA J[ABJIEHUSI.
Tpeyroapiuk ABC paBHOGe/peHHbIH, OC-
HoBanne BC BepTUKAJIbHO U PaBHO
2l = 0,5 M, BbicoTa Tpeyrosabuuka AH =
=h=0,5 M. Korga teiexky Haua u JBU-
rathb BJIEBO C TIOCTOSIHHBIM YCKOPEHHEM,
4aCTh YKU/IKOCTH BBLIIIACH, & ee CBOOOIHAS
MIOBEPXHOCTD CITYCTS JIOCTATOYHO GOJIBIIOE
BpeMsI MPUHSJIA YCTAHOBUBIIEECS HAKJIOH-
noe noJoxenne. Kaxoit yroan o o6pasyer

IIPU 3TOM IIOBEPXHOCTD JKU/IKOCTH C TOPH30HTOM, €C/IU BCE JAATUUKH
JIaBJICHUST OCTAIOTCS MOJHOCTBIO MOTPYXKEHHBIMU B JKHJIKOCTD, a MX
nokasanus pasubl p, = 100,6 klla, pp = 101 klla u p; =

=106 xlla coorBeTcTBEHHO?

2. Uto Takoe BHYTPEHHSISI SHEp-
TUST TEPMOIMHAMIYECKON CHCTEMDBI?
Kakumu croco6amMu MOKHO H3Me-

HUTb BHYTPEHHIOIO SHEPIUIO CHCTe-
MBI?

3adaua. Haji HeKOTOpbIM KOJIH-
YECTBOM TEJHST COBEPIIAIOT TIHKJIH-

Puc. 10
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Ortpesiesiute KO3(MD@PUIMEHT MOJE3HOTO JAEUCTBUS T IHKJA, €CJU
TeMIepaTypa reJiust Ipu Iepexojie U3 COCTOSIHUS 3 B cocTosiHue |
MOHOTOHHO TI3/Ia€T, & OTHOIICHUE JABJICHUN py/py=n=2.

3. Chopmymmpyiite 3akoH Kynona. Uemy paBHa HATIPSKEHHOCTD
3JIEKTPOCTATIYECKOTO TOJIS TOYEYHOTO 3apsijaa?

3adaua. Tpu ToHKHE TPOBOJISIIIE KOHIIEHTPUYHDBIE C(Pepbl mep-
BOHAYAJIbHO HE 3apPsiKEHbI, a MepBasi U TPeTbs cepbl COeMHEHDI
MEXKy CcO060if TOHKUM WM30JIMPOBAHHBIM ITPOBOJIOM, ITPOXO/ISIIIM
yepes Majioe otBepcTie Bo Bropoit cdepe (puc.11). Paanycor cdep
n=R,rn=2R, r; =4R . Kaxoii 3aps/ ¢,
OyieT HaBe/ieH Ha cepe pajnycoM 7 , ecJiu
coobmuth cpexHeir cdepe 3apsng
g = 6 uKxa? OTtBer BbIpasuTe B HAHOKYJIO-
HaX, OKPYIJIMB IO JIECATBHIX. @’

4. CdopmymupyiiTe 3aKOHBI OTPASKEHUS ‘
cBeta. [IpuBenTe mpuMep OCTpOeHUS U306-
pakeHWs TIpeIMeTa B IIJIOCKOM 3epKaJie.

3adaua. Ha paccrosnum [ = 20 c¢m or
doxyca ToHKOII cobuparoieil auH3bI ¢ Go-  Puc 77
KyCHBIM pacctosihuem F = 50 cM pacnoJio-
sKeHa Topsmas cBeya. Uepe3 HEKOTOPOE BPEMsI BBICOTA CBEYH YMEHD-
muaach Ha Ah =2 cm. Onpeieaute MPOUSOIIE/INIEE TIPU HTOM
uamenenne AH BbICOTBI U300PAsKEHUST CBEUH.

Hyb6aurxayuio no mamemamuxe nodzomosuau A.3erencxuil,
A.Kosxo, JI. Kpuukos, B.Ilangpepos, A.Paszbopos, A.Casuyx,
H.Cepezees, U.Illetnax, M.FOmawes;

10 MexXawuxe u MAmMeMamuueckomy Mo0eaupPOSaHUo —
A.3enenckuil, E. Mozunescxuil, M.IOmawes,

no ¢gusuxe — C.Uecnokos



OJIMMNUNALA «MOKOPU BOPOBbLEBbI MOPbI!»

MATEMATNKA

Ommvmmana «ITokopu BopoObeBbl ropbil» 1Mo MaTeMaTuke B
2015,/16 yue6HOM Tro/ly COCTOsIJIA M3 JABYX 9TAIOB: OTGOPOYHOrO M
3ak04nTebHOT0. OTOGOPOUYHBIN ATAll MPOBOAWICS B HOsIOpe —
nexa6pe 2015 roga u cocrosn us 6ami-typa (5 sagad B omnaiine, 3
yaca Ha pelieHue) U TBopueckoro samanug (7 3azau, peleHue
KOTOPBIX HY’KHO ObLJIO OTIIPAaBUTH B Teuenue Hemesn). [ToGeanrenn
U 1IpHU3epbl 0OTOOPOYHOTO ATATA TIPUTJIANIATINCH K YIACTUIO B 3aKJIIO-
ynTeapHOoM (OYHOM) STare, KOTOpbIi mposoaucs B Mapte 2016 roga
B Mockse u psjie ropojioB Poccun.

O160pOYHBIT 3TAr
bany-typ

Kaskapiit ygacTHUK OTGOPOYHOTO 3Taria TOJIydaa CBOi HaGop
3a/1a4, OTJINYAIONINICS OT HAGOPOB 3a/1a4 APYTUX yuyacTHUKOB. Huske
npuBe/ieH TUITAYHBIA Haéop n3 14T 3ajiad.

22+\/x71 _ 24

1. Pemure HepaBeHcTBO ———— — > 1. B oTBere yKaskuTe
p 21+\/X71 _ 8 y

CYMMY BCeX IeJIOYHCJEHHBIX 3HAUEHUN X, YJOBJIETBOPSIONINX JaH-
HOMY HEPaBEHCTBY U IpHHajexkamux uurepsaty (—70; 34).
2. Pemmre ypaBHeHue

sin x + S(x - 27t)2 cosx + 5x° +20m* = 20mx .

Haiisure cymMmMy ero KopHeil, mpuHa/iekaux otpesky [~ 67], n
YKaKHTE ee B OTBeTe, IIPU HeOOXOAMMOCTH OKPYTJIUB JI0 IBYX 3HAKOB
TIOoCJIe 3aIIsITOM.

3. Buytpn npsmoyroabpaoro tpeyroabunka ABC ¢ rumorteny3oit
AC B3dra Touka M Tak, 4TO TJIOMAAN TpeyroabuukoB ABM n BCM
COCTaBJISIIOT TPETh ¥ YETBEPTh IO Tpeyroabunka ABC cooTBeT-
crBenHo. Haitqure BM, eciu AM = 60 u CM = 70. B cayuae ecan
oTBeT OYy/eT HeIeJbIM YNCJIOM, OKPYTJHUTE €ro [0 OGJrKaiiiiero
11eJI0TO.
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4. HaﬁHHTe HaunMeHblllee 3HauyeHue d, IIpu KOTOPOM CHUCTEMa
2+ 4y? =1,
x+2y=a

uMeeT eJIMHCTBeHHoe perienne. [Ipu HeoOX0MMOCTH OKPYTJINTE €ro
JI0 JIByX 3HAKOB I0CJI€e 3ansToil. Eciu perienuii HeT, TO B OTBETe
nocrasbTe 0.

3. llepBas 6puraja pabounx Kaajer acdaabT HA OHOM yYacTKe
JIOPOTH, a BTOpas 6puraja, B KOTOpoi Ha 6 pa6ounx 6oJiblle, — Ha
JIPYTOM, TJIOMNIA/b KOTOPOro BTpoe OoJibiie. IIponsBopnTesbHOCTD
BcexX paGounx ojiHakoBa. Kakoe HanMeHbllee 4ncso pabounx Morjio
ObITh B TI€PBOI OpUrajie, ecau cBoi0 paGoTy OHA BBINOJIHUJIA ObICT-
pee? Ecmu pemrenuit Het, To B oTBeTe nocTasbTe ().

TB0,0'—/E’CKO@ 3afaHuve

1. Ha copeBHOBaHusX 110 Gery Hy»KHO ITpo6esKaTh JUCTAHIINIO B
3 OJMHAKOBBIX Kpyra, IMpH 3TOM KPYI COJAEPKHUT IeJ0e YNCJIO0
KIJIOMETPOB. TpeHep 3aMeTHJI, YTO BTOPOH KPYT CIIOPTCMEH Tpobe-
JKaJd 3a 22 MUHYTBI. 3a CKOJIbKO MHUHYT CIIOPTCMEH HPOOGEKUT
BCIO JIMCTAHINIO, €CJIN BPEMsI POXOXK/IEHHUS UM KasK/[0TO KUJIOMET-
pa, HAUMHAs CO BTOPOTO, YBEJMYMBAETCS B apU(PMETHYECKON I1po-
rpeccun?

2. B moxsemesibe y THOMOB B ofiiH psifi ctodaT 2016 cyHIyKOB C
COKPOBHINAMI: HEKOTOPBIE N3 HIX 3aKPBITHI, HEKOTOPBIE — OTKPBITHI.
I'mom mo mmenm OTKpbIBall MPOXOAUT BAOJb PSAJa M OTKPBIBAET
KaKIbI CYHIyK, KOTOPBIN /10 9TOrO ObLIT 3aKPbIT. 3aTreM THOM II0
UMeHM 3aKPbIBail MOJXONT K KasK/[OMY BTOPOMY CYH/IYKY M, €CJI OH
OTKpBIT, 3akpbiBaeT ero. Ilotrom ruom OTKpbIBail MMOAXOAUT K
Ka)K/IOMY TPeTbeMy CYH/JYKY ¥, €CJH OH 3aKpbIT, OTKPbIBAaeT €ro.
3ateM THOM 3aKpbIBail TOAXOANT K KAKIOMY YeTBEPTOMY CYHIYKY
M, ecJM OH OTKPBIT, 3aKPbIBAET €ro, W Tak JjaJjee. Bcero rHOMbI
3akpbiBait u OtkpbiBail caenann 2016 1npoxosoB BAOJb psjia.
CKOJIBKO CYH/IyKOB OKQ)KYTCsI ITOCJIE BCETO 3TOTO 3aKPBITHIMU?

3. K paBHo6eapennomy TpeyroabHuky ABC ¢ ocuoBanmeM AC
JIOCTPOWIH APYTOil paBHOGepEHHDBIN TpeyroabHuK CBD ¢ ocHOBa-
neM CD Ttak, 4to 06a TpeyroJbHUKa He UMEIOT 00X TOUEK, KPOMe
touek croponbl BC. Touka E — Touka mepecedenus npamoit AD c
OKPY’KHOCTBIO, ONMCAHHON BOKPYTr TpeyrosbHuka ABC. Haiinurte
orHomeHne ocHosanusi CD K pajamycy 3TOH OKPY>KHOCTH, €CJIH

cos ZDCE =6/7 uw ZCBD =9/10 . B orser 3anuumire HailjjleHHOE

OTHOIIIEHUE, TIPU HEOOXOJUMOCTU OKPYIJIUB €ro J0 JBYX 3HAKOB
IocJjie 3arsTou.
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4. OHPCL[E)J'II/ITC, CKOJIbKO pe].L[eHI/Iﬁ B IIeJIbIX YuCJjaX HUMeeT

YpaBHEHUE
JVr +y =+2016 .

5. Pemmre ypasuenne
(cosx —1)(2+sinx +4cosx)=5(1+cosx)(2—sinx +2cosx).

B orBerT 3ammmuTe CyMMy BCEX KOpHell Ha IIPOMEXYTKe
[20167:; 20177:] , IPA HEOOXOIUMOCTH OKPYTJIUB €e /10 IBYX 3HAKOB
1ocJie 3angaTon.

6. Yernipexyrompuas npusaMa PQRSPQ(RS,; ¢ 0InHAKOBBIMU
pe6pamul, paBHbIMU @, BiucaHa B nupamuny SABC Tak, 4To TOYKa
S| nexxut Ha pe6pe SA, Touka P — Ha pe6pe SB, touka R — Ha pebpe
SC, arouka Qq npunaesxknt mockoctn ABC. Haiinnre pe6po SA
MUPaMU/IbI, ecJin u3BectHo, yto SB = b, SC = c¢. B oTBeTe yKaxure
HallleHHoe 3HadeHue, Mpu HEOOXOJUMOCTH OKPYTJIUB €ro JI0 JABYX
3HAKOB mocse sanaroit (a = 4, b =13, ¢ = 14).

7. HazoBeM HATypaJbHOE YUCTIO M 3AMEUAMETbHBIM, €CTIH CYIIe-
CTBYeT TaKkoe HaTypaJsbHOe uncyo k, we mpeBocxojsiiee 2015, uro

m® —k + ([cos m])2 + 2m[cos m] siasiercs mosmbIM KBazipatoM (31ech

[cosm] o6osnauaer maubosbIee HEI0E YHCTO, HE TPEBOCXOISIICE
cosm ). Haiiture Bce 3aMevaTe IbHbIE YICIa. B OTBeT samummre nx
CyMMy.

3aKIOYNTENIbHBI 3Tarl

BapuanTbl, mpe/araBimiecs yyacTHIKAM 3aKJIIOUYUTEIbHOTO dTara
B pasHbIX ropojax Poccum, orTjnyaguch APyr OT Jpyra. 3/ech
MPUBOJIATCS O/IMH N3 BAPHAHTOB MTOJHOCTBIO N N30PaHHbIE 331Ul U3
JPYIX BapHaHTOB.

BapuaHTt 1

49
1. Cpasnure uncaa (sinl+cosl) u 36" OrBer o6ocHyiiTe.

2. JIBa MasbuMKa B TeYeHUE HECKOJIbKUX YaCOB XOJMJIN KPYraMu
BOKDYT 3/1aHusI, 06a 10 YacOBOW CTPEJIKE, KaXKIbIH C MOCTOSHHOM
cKopocTbio. BoJiee GBICTPBIIT TPOXOAMI OJMH KPYT 32 5 MUHYT, a
GoJiee MeJIJICHHBIH — 3a HEKOTOpoe 1iesioe Yucao MUHYT. [Ipu atom
BpeMsI MEX/Iy BCTpeuaMH TOXKe PaBHAIOCh HEKOTOPOMY IIEeJIOMY
YHUCJAy MUHYT, IpUYeM OHO OblIo He MeHblne 12. 3a Kakoe BpeMs
6oJiee Me/IJIEHHbII MAJbYMK TTPOXO/MJI TIOJHBINH KPYT?

3. Haiigute MuHUMalbHOE 3HAYEHHE BbBIPAXKEHUS

\/(x +6) +y” + \/xz +(y—4)° npu yerosun 2|x|+ 3y =6
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4. Pemmre ypaBHeHune

2
[log2 (logs x)] —11log, ([log; x]) + 18log, (10g3 ([x])) =0
(uepes [t] o6osmauena remas yacTh uncaa ¢, T.e. HauboJIbIICE IEJT0e

YHCJI0, He TIPEBOCXO/sIIEE ).
3. Bokosbie pe6pa SA, SB u SC tpeyrompuoit mupamuast SABC
B3aUMHO TIEPHEHUKYIAPHDbL. Touka D JEeXUT Ha OCHOBAHUU INHpa-

muzibl ABC Ha paccTogHIN J5 or pebpa SA, Ha paccrosamn 13

ot pe6pa SB n na paccrosnun /10 or pebpa SC. Kakoe HanmMenbinee
3HavYeHe MOJKET uMeTh 00beM rnupamuibl SABC npu 9Tux ycJa0Busix ?

U36paKHbIe 3883441 APYIMX BaPUIHTOB

1. Ha copeBHOBaHms MO JIETKOH aTJieTHKe YYEHWKH TITKOJIBI
nprexaJsu Ha aprobyce, BmeraorieM ne 6oJiee 40 uenoBek. Kaxkpriii
U3 HUX Y4acTBOBaJ B OJHOM M3 BUOB copeBHOBaHuii. [Ipm atom
1/7 4acTb YYEHUKOB 3aBOeBaJu 30Ji0Tbie Memasu, 1,/4 yactp —
cepebpsubie u emte 1,/4 — 6ponsoBbie. Ha o6paTHOM TIyTH Mea/Ii-
CTBI pelrin co6paTb AeHbIU U KYTUTb MO OJHOMY TOPTY KaXKIOMY
13 CIOPTCMEHOB, ocTaBiiemycsi 6e3 megaseir. CKOJIbKO TOPTOB MM
MPUJETCS TOKYTIaTh?

2. OyT6OJbHBIH MA4Y IbeTcs W3 32 KYCOYKOB KOXKH: GEJIbIX
MIECTUYTOJBHUKOB W YEPHBIX TSATHYTOJbHUKOB. KasKIbIil 4epHbIi
KyCOUEK TPAHUYUT TOJBKO € OeJbIMH KYyCOUKAMU, KaX/Iblil Gesblii
KYCOYEK I'DAaHUYHUT C TpeMs yepHbIMU U Tpemsi GesbiMu. CKOJIBKO
YepHBIX KYCOYKOB HY’KHO JIJIS1 M3TOTOBJICHUS Ms4a?

3. B mecstnuHOl 3am1icu HATYPAIbHOTO YHCJIA, COCTOSIIEH TOIb-
Ko u3 1mudp 4 u 5, KoamyectBo MUdp > HeyeTHO u Ha 17 Gosblire
KoJsmuectBa mudp 4. Hailiure Bce BO3MOKHBIE OCTATKH OT JICIE€HUS
3TOTO Ymcsaa Ha 9.

4. CymMa mepBBIX TATH YJIEHOB TEOMETPHYECKOW IPOTPEcCHi
paBHa 93, a cymma cJueayomux S5 udjieHoB pasHa 2976. Haiinure
CYMMY TIEPBbBIX 7 UYJICHOB IIPOTPECCHUH.

5. [l Gpurajibl MasisipOB-yYeHUKOB ObLjia 3allJTAaHUPOBAHA OK-
packa 360 xB. M cren. [lepen HawasoM paGoOTbI OJVH M3 YYCHUKOB
3a00J1eJI, U BMECTO Hero paboTaj Macrep, POU3BOUTETBHOCTD
KOTOporo B 3 pasa G6oJblile TPOU3BO/IUTENBHOCTH KAXKIOTO U3
yueHUKOB. [loaToMy KaXXAblii 13 YYEHHKOB B JCHCTBUTEJbHOCTH
MOKpacuy Ha 6 KB. M MeHbIIIe, YeM IJIaHPOBAIOCh. Bece yueHuKn u
MacTep paboTasn ofnHaKoBoe BpeMsi. CKOJIbKO YIEHHKOB paboTaro?

6. Haiianre Bce HaTypaJbHBIE YNCIA X U ¥, YAOBJETBOPSIONINE
YPaBHEHHIO

8x° + > =2016.
59



7. Pemmre ypaBHeHue

log, 2x -log, x = —1.

8. Kakue 3HaueHIst MOJKET IPUHUMATD BBIDAXKEHHE X} + 41Xy + X5 |
rae Xy W X, — HECOBMAJAIoONINe MesKAy cOoO0l KODHM ypaBHEHII

22 = 20154 + 2016 =0 ?
9. Pemute ypaBuenue

x+log2x—log3x+log4x—7=(%—log3x/§)log249.

10. PemmTe HepaBeHCTBO

—1
(1- Jc)(log““7 Vi) > log(_gx) (1-x)- cos’ 7.

11. Ha croponax AB u BC rtpeyroabanka ABC pacrnososkeHbl
touku M u N coorBerctBeHHOo. lIpm stom AM : MB = 3 : 1,
CN : BN =1 :7. Kakoil IpoIeHT OT IJIOIIA/I1 YeTbIPEeXyTOJIbHIKA
AMNC coctaBrger miaomans Tpeyroabunka MBN?

12. B oxpyx#ocTb ¢ TeHTpoM O BHHCaH YeTBIPEXYTOJLHUK
ABCD, mnaronasu AC u BD KOTOPOro mepeceKaioTcsl B Touke M,
npuuem AM = 4, AB = 6. Onpenenure, Kakoil MOKeT ObITb
HaUMEHbINAs [JTMHA auaroHanmu BD, ecin W3BECTHO, YTO CTOPOHBI
AB u AD paBHoyjasenbl oT Toukn O.

13. [IByrpaHHBIil yToJ PN OCHOBAHWY TPABIJIBHOM TPEYTOJbHON
mupamuapl SABC paBen arctg3. B KakoM OTHOIIEHUW I€JUT
60KOBYIO cTopony SB cdepa, MeHTP KOTOPOI JIEKHUT B IJIOCKOCTU
OCHOBAHUsI, €CJIM U3BECTHO, YTO BEPIINHBI OCHOBAHUS MTPUHA/IJIEKAT
cdhepe?

14. Haiianre cymMMy BCex JIeKalnx Ha oTpeske [—73; 5] mesbx
peleHwii HepaBeHCTBa

. (T X
sin| — |- cos| — |+1
2 2 . .X X
> sin| arcsin— |[— —
. (T X 10
sin| — |+ cos| — [-1
2 2

10
15. Pemnte ypaBHenue
(«/Esin 3x ++/2 + cos 3x)(2 cos («/Earcsin x) - 1) =0.

16. Haiignre cymMy TepBBIX CTa TOJIOKUTETBHBIX KOPHEH ypaBs-
HEHUs

cos (8mx) + 2 cos (4mx) — cos (2mx ) + 2sin (mx) +3 =0,
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17. Haiiure Bce 3HAYeHUs @, IPU KOTOPBIX CHCTEMA
(|x| + 1)a =y +cosux,
sinfx + 4% =1
UMeeT eJIMHCTBEHHOE PEIIeHHUE. 201
—
18. TIpu KaKMX 3HAYEHUSIX ¢ U b HEPABEHCTBO b < 1644 ~41+5 < g
BBIIIOJIHAETCS [/ BCeX JeHCTBUTENbHBIX X?

19. Vxkaxure Bce 3HaUeHHWS TapaMeTpa d, TPH KaKIOM W3
KOTOPBIX CHCTEMA

2+ 27 + 2y (x —a)+a* =0,
27277 logy x < 1

HMeeT pelieHnsd, n HaﬁﬂHTe 9T pelieHusAd.

20. Haiimute KoJMYeCTBO TOYEK Ha KOOPJAMHATHON IIIOCKOCTH,
. 15 . 16
yepe3 KOTOPble IPOXOAUT KaK KpUBast (4x3 - 3x) =1- (4 -3 y) ,

Tak u kpuBast x> =1—y>.
ITy6auxauuio nodzomosunu B.Taramenxo, A.3enenckuil,

A.Kosko, JI. Kpuyxos, B.Ilangepos, A.Pasbopos, H.Cepzees,
H.Illetinax, M.FOmawes



MHXEHEPHAA OJIMMIMUNALA LWKOJIbHNKOB

B Tevenne HecKOMBKUX MocaeHUX JieT HammonaabHbIi ncereno-
BaresbCcKuil saepunii yauBepcuter « MU DU s, MockoBcknii rocy-
JapCTBEHHbIT yHuBepeuter myteir coobmenus (MUNT), Huske-
TOPOJICKUN TOCY/aPCTBEHHBIH TEeXHUYECKUN YHUBEPCUTET HMEHU
P.E.AnexceeBa, Camapckuii HAITMOHATBHBIN NCCJICIOBATETLCKUT YHI-
Bepcuter nmenn akajgemnka C.I1.Koposesa u Canxt-Iletep6ypre-
KHUH TOCY/IapCTBEHHDBIN 3IeKTPOTeXHIYECKIH yHIBepcuTeT «JIOTU»
MPOBOAAT HEOOBMUHYI0 OaMMIHaay — VHKeHepHyIO OJMMIINA[LY
HIKOJbHUKOB. 3aJIaHusl 3TOI OJIMMIINA/bl TOCBSIIEHbl (U3NKe B
TexHUKe, u3nKe BOKPYT Hac, PU3NKe B KM3HU YessoBeka. MHorue
3a/IaHNs OJIMMIINA/bl OTBEYAIOT Ha BOIPOC «KAK 3TO paboTaeT».

NmskenepHad olmMIInaa IMKOJIbBHUKOB BXOAUT B [Iepeuenn omm-
Naj KaK OJMMITNAZa BTOPOTO YPOBHS.

Hwxe mpuBoauTCS 33/jaHIe 3aKTIOYUTEIBHOTO Typa OJUMITHA/IBI
2015 /16 yue6Horo roja.

3aknognTensHeI Typ
9—10 knaccel

1. Ha pucynke 1 1okasanbl jiBe cXeMbl PacoJioxKenus: 6apabaH-
HOTO TOPMO3a aBTOMOGUJIst. [TpuHIHIT PabOThI TOPMO3a 3aKJIIOYAETCS
B caemyionieMm. Ha ocu kouec
HAJIETHI IUJINHIpHYecKre Gapa-
6aHbl, BpAIAIOIIMECS] BMECTE C
KoJsecamMn. K TOpIEBBIM CTeH-
KaM GapaGana (KOTOpble BMeCTe
¢ GapaGaHOM He BpallaloTCcs)
HPUKPEILJIEHBI /[BE TOPMO3HbIE
kosnonku A u B (B Toukax 1, 2,
3 m 4). Tlpu HakaTMM Ha NeAanb TOPMO3a BO3DACTAET JABJIECHUE
SKUJIKOCTU B TOPMO3HBIX IH/IHHAPaX C, KOJOJAKU TPUMKUMAIOTCS K
BHYTpeHHell moBepXHocTH OapabaHa U TOPMO3AT ero GJarogaps
tpenunio. Kakast cucrema — rmokasaHHasl HA JIEBOM WJIM HA TIPABOM
pucytke — topmosut 6osiee acddexrnBro? Harnpasienue BpaieHust
GapaGana rokasaHo crpeJikoii. OtBer oGocHyiiTe.
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2. B mraxTHbIil BOZOCOOPHUK — pe3epByap st c00pa MaXTHBIX
BOJI Tlepe] UX OTKAYKOIl BOJOOTIUBHON YCTAaHOBKOH — PaBHOMEPHO
nocryrnaer Boja. IlepBoHayaibHo BOAOCOOPHUK ObLI IyCTOH, a Ha
OTKA4Ky BOJIbI U3 KaMepbl BOAOCOOPHUKA paGoTans OJMH HACOC.
Hacoc ne crpasiacs ¢ BoJoH, Tak uTo 3a BpeMs ¢ = 6 MUH KaMepa
3AII0JHIIACH HATIOJIOBUHY. Toraa BKIOUNIN BTOPOil (TOYHO TaKoli
’Ke) Hacoc, HO BOJIa TPOJOJDKATA MPUOBIBATH — ele uepes t, =
=15 MHUH Kamepa ObLIa 3aloJIHEHA IMOJHOCTbIO. 3a Kakoe BpeMs
KaMepa OIyCTeeT, eCJd B MOMEHT €€ TIOJIHOTO 3ATIOTHEHUsT BKITIOYUTD
tperuil (TOYHO TaKoii ke) Hacoc?

3. Haiigure conporusnenue unemu (puc.2). ConporusiaeHus
PE3UCTOPOB YKA3aHDLI HA PHCYHKE.

R R I_L 2R '_L{ 3R 3R

Puc. 2

4. B tunorpaduio 3aBe3sm 6ymary B pysione. Bo Bpems pa6oTbl
PYJIOH Pa3MaThIBAIOT U UCIOJIB3YIOT OyMary /s evatu raser. Uepes
40 gHeil paGoOTBI 0KA3aJI0Ch, YTO PAJUYC OCTaBIIEHCS YacTH PyJOHA
cocTaBJsieT 2 /3 oT HadaIbHOTO. Ha CKOJIbKO /iHelt pabOThI XBATUT €70
ocrasineiics yactu? Cuntaiite, uro tunorpadus paboTaeT ¢ ojHa-
KOBOIl MHTEHCUBHOCTHIO, GyMara HaMOTaHa JI0 CaMOll OCH PYJIOHA.

5. BaskHbIM mapameTpoM Jiro60ro JKUAKOCTHOIO HACOCA SIBJISETCS
€ro HAIOPHO-PACXO/[HAsl XaPaKTEPUCTHKA, KOTOpasi IIOKAa3bIBaeT,
Kakoil nepenaji gapjaeHuii Ap (Hamop) MoskeT 06ecreunTb HACOC B
3aBUCUMOCTH OT KOJIMYECTBA SKUAKOCTH L, KOTOPOE OH MOJKET
MPOKAvaTh B eAUHUIYY BpeMeHm (pacxom). JTa 3aBUCHMOCTD, KaK
[IPaBUJIO, siBJsteTcs: yObIBaloleil GyHKImeil: npu 6OJIbIIOM PacXojie
HACOC MOKET 00€eCIeYTh TOJbKO MaJeHbKUIT HArop 1 Ha060poT. /[Ba
HACOCa C HAIIOPHO-PACXO/IHBIMHI XaPAKTEPUCTHKAMI Ap, = P — O
u Ap, = po —BU?, TA€ Py, 0L M B — U3BECTHBIE YHCJIA C COOTBETCTBY-
IOIMHU Pa3MePHOCTSIME, BKJIIOYEHDBI B TPYOOIIPOBO/L TaK, KaK MOKa-
3aH0 Ha pucynke 3 (mapauienbHo).

Kakum 6yner pacxon B cucreme Ha- -~
cocoB 1pu Harope Ap = p,/2? Ka-

KOIi HAIlOp 00ECIIEYNT CUCTEMA HACO-  —3m
COB IIPH pacxojic B TPyGOIPOBOJC

HO ? -
6. Uepes nomelrenne, B KOTOPOM
p i ’ p Cxemamuuecroe
TIO/JIEP’KUBAETCST TIOCTOSTHHAST TEM- @ oBoaHauene
neparypa t =15 °C, npoxoaut Tpy- Hacoca

6a c ropaueil Bojoil. Temuneparypa Auc 3
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TPyOBI B TOM MeCTe, I/ie OHA BXO/UT B OMeleHue, paBHa ¢ =75 °C,
a B TOM MecTe, rjie BbIxout, — ¢, = 30 °C . Uemy paBHa Temieparypa
nocepesinie Tpy6ur? Cuutaiite, 4TO TENIOOOMEH MEXKIY TEM WU
MHBIM YYacTKOM TPYObl U TIOMeIleHHeM TIPOIOPIIMOHAJIEH PA3HOCTH
TEMIIEPATyP 3TOr0 y4acTKa TPyObl U TIOMEIIEHUSI.

11 knacc

1. /lng uaMepeHus yrja CKJIOHEHUs 3BE3/[bl WJIM TIJTAHETHI HAJl
TOPM30HTOM HCIOJIb3YETCS CEKCTAHT, UEI0 KOTOPOTO TIPEJTIOXKILT
N .Hpioton. CeKCTaHT COCTONT M3 HETOABWKHOM paMbl P ¢ uM60M
JI v HaHeceHHOW Ha HeM yrioBoil 1mkanoii (oGpasywoueir 1,6
MOJIHOTO yTJia — OTCIO/Ia HagBaHue mpr6opa), TOABIKHON pauaib-
HOH IIJIaHKU — anaupajbl A, mMero-
1Ieil MapHUPHOE KPETJIeHUE B I[CH-
Tpe paMbl, KECTKO CBSI3aHHOTO C
AJINIaJI0N B IIEHTpe CEeKCTaHTa 3ep-
Kanza 3, MOJIyIpPO3PAYHOrO HETo/I-
BIDKHOTO 3€pKaja 3, , MapaJiiesb-
HOT'O HYJIEBOMY OTCYUETY TITKAJIbI JIUM-
6a, u 3pureapHoit Tpy6er 37T. Ilo-
CMOTPHUTE Ha PUCYHOK 4 ¥ OTIUIINTE,
KaK C TTOMOIIBIO CEKCTaHTa MOKHO
U3MEPHUTb YTOJ CKJIOHEHUS TIIAHETHI HaJ[ TOPH30HTOM. UTO HYKHO
U3MePATh, YTOObI HANTH YroJI CKIOHEHHS Ty1aHeTbl? CeKCTaHT MOJK-
HO WCIOJIb30BaTh ¥ Ha manay6e Kopabjs TPH CHJIbHOW Kauvke.
O6bsicHUTE, TTOYEMy KauyKa «He MeIaeT» ITPOBOJUTb U3MEPCHHUS.

2. Ilemb 3 TpexX pe3NCTOPOB CONMPOTUBJICHUSIMA 7} = R, , = R,
r3 =2R 1 IByX WIeaJbHbIX ANOJOB MOJKJIOYHIN K UCTOYHUKY

TEePEMEHHOTO HATPSUKEHNUS € aMILUTATYI0H
U, (puc.5). Haiigure cpemHIon TEmIOByO
MOIIIHOCTDb, KOTOpast OY/JIeT BbIJAEJSATbCS Ha
} 3 KaykJIOM pe3ucrope 3a 60JbInoe Bpems. Vie-

AJIBHBIN JIO/] TIPOBOJIUT AJIEKTPUYCCKUIT TOK
B OJIHOM HATIPaBJIE€HUH — B HAMPABJIEHUN
CTpeJIOUKN B 0603HAUeHNN Iroaa. [IpoBosa
COTIPOTHBJICHUS HE MMEIOT.

3. B page cayvaes mmub (yray6ienus
WJIM 1a3bl B TOJOBKAX KPEHEXKHBIX U3/
— BUHTOB, GOJTOB W T.J.) JOJKHbI MUMEThH
HecTaHAAPTHYTO (hopMy. PaceMOTpIM ML B BH/IE TTPSIMOYTOJTBHOTO
tpeyrosbauka ¢ kKaretamu a@ (AB) n 3a,/2 (BC) (puc.6). B murmi
BCTaBJIEH KJIOY, 3a30PbI MEXK/Y CTOPOHAMU KOTOPOTO U CTOPOHAMH
mnna Majel. K pydke Kiwoua mpuioskensl jBe cuibl (mapa cui),
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cozaaiomue MomMenT M. Ompenennte
CHUJIBI, C KOTOPBIMH KJIIOY [JIiCTBYeT
Ha rpaHu muia. TpeHueM mpeHe6-
peub.

4. Cwm. 3amauy 5 s 9—10 kiac-
COB.

5. B nHe6oubioe 6110/111€ HAJIUIA
M = 20 r Bogbl. Ornennre, 3a Kakoe
BpEMsI BOJ/Ia ITOJIHOCTBIO HMCITAPUTCS.
Temmeparypa BOAbI U BO3ayXa
t =20 °C, agaBjeHHe HACBHIIEHHBIX
MapoB BOJbI MPHU ITOU TeMIIepaType
p=24- 10 Ila, mwiomaap 6Joama

Puc 6

S =100 cm?, oTHOCHTE/IbHAS BJIAKHOCTD BO3AyXa ¢ = 70% . Cun-
TaifTe, YTO BIAKHOCTb BO3/lyXa OJMHAKOBA BO BCeM 00beMe TTOMelIe-
Hust (B TOM 9nC/Ie M OKOJIO TTOBEPXHOCTH) M HE MEHSIETCST B IIPOIIECCe

uclrapeHus.

6. Cm. 3agauy 6 musg 9—10 kJaccos.

ITy6auxauuro nodzomosuru M.Bywyesa, E.H3xeypos,
b.Komapos, A. Mununa, C.Mypasves, A.IIpynues, B. Cxpoimmwiil,

U.Yocmxoscras



MHCTUTYT KPUNTOFPA®UN, CBA3UN N UHOOPMATUKHN
AKAOEMWN ®CB POCCUN

MATEMATNKA

ME')K,OE’/' UOHaJs/lIbHas oOJIviMIinga LLIKOJIbHUKOB Ha baze
BEJOMCTBEHHbIX 05,0(330587'6'/7be/)( }/VIOG)KHE'HMM'

11 knacc
BapuaHTt 1

1. Haiigure kaxoe-HuOy/ib HaTypaJbHOE YHCJO, CyMMa BCEX
jemureneil koroporo (Bkaouas 1 1 camo 210 uncao) pasHa 2016.

2. Pemure ypaBHeHue <x2 +3x + 6)(x2 +7x + 16) =41.

3. [lokaskure, 4TO [I/Is1 JTIOGOTO TPEYTOJBHUKA C JITUHAMU CTOPOH
a,b,cuyrnamu o, B, ¥ (o — HAIPOTUB CTOPOHDI @, B — HAIPOTUB
b, Y — HaIPOTHB ¢) BBIIOJHSIIOTCS PABEHCTBA

a’ +b* —2abcos (60° + y) =
= b% +c? = 2bccos (60° + o) = a? + ¢* — 2abcos (60° +B) .

4. JIBe uacTHMIIBI HaXoJATCSA B BeplmMHax mpasuiabHoro 2016-
yrojibHuka. B HauaJbHDI MOMEHT IepBasi YacTUI[A HAXOJIUTCS Ha
paccTosHUM 45 CTOPOH IO YacOBOH CTpesKe OT BTOpOil. 3ateM
O/THOBPEMEHHO OHM HAYMHAIOT COBEPINATD MPBIKKHU: BTOPAsi — POTUB
yacoBoii cTpeskn yepe3 100 cTopoH, a mepBast — 10 9acoBOIl cTpeske
4yepe3 83 croponsl. IlomaayT m OHI 0JHOBPEMEHHO B O/THY BEPIINHY
U ecJii J1a, TO Yepe3 CKOJBKO MPBIKKOB?

3. Ha mockoctu n3oOpasken KBajpar
nXn KJIETOK. BepmmHbl KiIeToK 6yaeM
Ha3bIBATH y371aMu. TpebyeTcs B 5TOM KBaJI-
pare yaoxutb TpyOy («reribiii mosis)
Tak, 4T0OBbI BXO[ OBLI B JIEBOM HIDKHEM
-~ yIJIy, a BBIXO/l — B COCEHEM y3Jie, U Mpu

aToM Tpy6a mpoiia 6bI POBHO OJWH pPa3
—_— Yyepe3 Kaxk/plit y3ena. Tpy6y pasperraercs
Puc. 1 YKJIQJIbIBATh TOJBKO 0 TPAHUTIAM KJIETOK.
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Ha pucynxe 1 n3zo6paskeH npuMep yKJIaJkn TpyObl B KBaapare 3 x 3 .
JlokaxknTe, 4TO YJIOXKUTH TPYyOy BO3MOXKHO IPH JIIOOOM HEYeTHOM
3HAYEHWN 7 1 HEBO3MOKHO HU TIPU KaKOM YETHOM 71.

6. IlepBoIil cIOpTCMEH HAUMHAET ABIDKEHNE U3 TIYHKTA A B MyHKT
B, nepxxa B pyke actadeTnyio manouky. OJHOBPEMEHHO ¢ HUM U3
HMyHKTa B cTapTyer BTOPOl CIOPTCMEH M COBEPIIAET YeTHOYHbIH 6er
Mexkay myHkramu A u B co ckopocrtbio, B 10 pa3 Gouiblieit, yem
CKOPOCTD TEPBOTO criopreMena (T.e., 106ekaB 10 A, BTOPOil crnopt-
CMEH TYT ’Ke pasBopaumBacTcs W 6eXUT B B, oTTyma cHoBa B A n
1.1.). IIpy Kax/a0il BCTpede CHOPTCMEH, BJIaACiommil scradeTHolt
MAJIOYKOI, IepefiaeT ee Apyromy crnopreMeny. Haiigure myTsb, KOTO-
polii 6y/1eT po/iesiaH acTadeTHOI MaJouKoil K TOMy MOMEHTY, KOT/a
HEepBbIil CIOPTCMEH OKAKETCS B IIYHKTE B, eC/in pacCcTosIHuEe MEX/Ly
nynkramu A u B pasHo S.

7. Tlyctb x — feiicTBuTe bHOE ynca0. O603HauMM cnMBoIOM ]|
paccTosiHie Ha YUCJIOBOW MPSIMOW OT X /10 OJIMIKANIIEro I[esoro
upcsa. (Hamnpumep, ||3,7|| =0,3.) Jokaxkure, 4To Haiizerca Hary-
1

1000 -

8. Haiiiute Bce mapbl HaTypaabHbIX uncea (X, ¥), y0BAeTBOPS-
IONUX PaBEHCTBY:

pasbHoe uncao k takoe, uro: 1) k<999 u 2) "kﬁ" <

2% + > =100000 .
[TNCbMEHHbIVT IK3aMEH

BapuaHr 1

2x=2,

1. Cpasmure uncia: 5cos’ x + 4sin x cosx + sin
1g°16 +31g%16-1g2 + 31g16 - 1g° 2+ 1g>2 u (log, 8)” .
2. Perute ypaBHeHue
5cos? x +4sinxcosx +sin’x =2.
3. Pemure ypaBHenue

3x—9|=9X+3“1—12_

4. CyMMa nepBBIX [IECTH 4JICHOB BO3PACTAIONIeH FeOMeTPUYECKOM
IPOTPECCHN B YeTbIPe pasa 60JIbllle CyMMbI BTOPOTO U IISTOTO YJIEHOB.
Haiizinte 3HaMeHaTeJsb TIPOrpeccui.

3. Ilocsie pemonta myTeit Ha ydactke B 100 KM CKOpPOCTD 110€3/10B
yBeJauuInaach Ha 15%, 3a CUeT 4ero BpeMs TPOXOKIEHUS yIacTKa
yMeHBIMIoCh Ha 15 MuH. 3a Kakoe BpeMs Moe3/1a CTaIN TPOXOUTh
9TOT Y4aCTOK?
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6. B npsimoyrosibHoM Tpeyrosbauke ABC u3 BepUIMHbBI TPSIMOTO
yria C npoBelleHa BbIcOTa, Jefsiias TpeyroabHuk ABC Ha JBa
TPeyroJbHNKA, TJIONMAAN KOTOPBIX paBHBI 4 n 16. Hafinute nammy
TUTIOTEHY3bI Tpeyroabanka ABC.

7. Pemnre HEPaBEHCTBO

2

Vax2 —3x +2

8. Ilpm kakuX 3HAYEHUSAX MapaMeTpa d ypaBHEHIe

+3x <4x? +1.

log3(3x) +logz|x — 1|+ logza = 0

UMeeT POBHO OJTHO pelieHue?

OU3NKA

MexpervioHanbHasas OmMMIMaaa LKO/IbHUKOB Ha base
BEAOMCTBEHHBIX 0OPA30BATEIbHBIX Y4PEXAEHNM

11 knacc
BapuaHr 1

1 (5 6annos). PoM6 cOCTaBIeH U3 KECTKUX CTEPKHEN MIMHON L.
Crep KHU CKpeIJieHbl Ha KOHIAX MapHupaMu. B HauaabHbIi MOMEHT
JIBa IIPOTHBOIOJIOKHBIX IHAPHUPA HAXOAATCS psAsoM (04eHb GIM3KO)
U MIMEIOT HyJieBble cKopocTu. OUH U3 9TUX MIAPHUPOB 3aKPETLIEH.
Bropoil HaunHaIOT ABUTrATh € IIOCTOSIHHBIM ycKOpeHueM a. Haiigure
BEJIMYMHY YCKOPEHUsI OCTAJbHBIX IAPHUPOB POMOAa B TOT MOMEHT,
Korja poM6 MPeBPaTUTCS B KBA/IPAT, €CJM BCE CTEPKHU JIBUTAIOTCS,
OCTaBAsICh B OJIHOI ILJIOCKOCTH.

2 (3 6.). Ha riajxoil TOPU3OHTANBHON ILIOCKOCTH HAXOUTCH
KJMH Maccoit M ¢ yrioMm 45° npu ocHosanun (puc.2). Ilo ero
HAKJIOHHO TPaH! MOKET JABUTATHCS 6e3
TpeHus He6OIbITIoe TeJI0 Maccoi m. Yemy
NOJKHA OBbITh paBHa U Kyma (BIpaso
WM BJIEBO) HaIlpaBJIeHA TOPU30HTAJIb-
Has CUJIA, TIPUJIOSKEHHAS K KJIMHY, YTO-
6bl YCKOpEHWe TeJa Maccoit m ObLIo
HaTPaBJIEHHO TOPU30HTAIbHO? K He
OIIPOKU/IBIBAETCS, YCKOpeHue CcBOGO/I-
HOTO TA/IEHVsT PABHO .

Puc 2 3 (2 6.). VckyceTBeHHDI CITyTHUK

3eMJIH 3aIyIieH B MJIOCKOCTH 3KBaTOpa
TaK, YTO OH JBIKETCS TI0 KPYTOBOiIl op6uTEe B HAIPABJIEHUN Bpaliie-
Hus semsn («o6rousisi> 3emuto). Bo ckosibko pas M paauyc opOuThI
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cryTHUKa R, Gouibliie pagnyca 3eMan Rg, ecym CIlyTHUK TepHO/Iin-
YeCKN IPOXOANT HaJ| 3a/laHHOI TOUYKOW 3eMJI POBHO 4Yepe3 n =
=2 cyrok? Pamnyc 3emsmn Rz = 6400 xm.

4 (2 6.). Tlo II-o6pasuoii paMKe, HAKJTOHEHHON MO YTJIOM O K
TOPU30HTY U HOMEIIEHHOW B OJHOPO/IHOE MAarHUTHOE I10JIe, MePIIeH-
JIIKYJISIPHOE TIJIOCKOCTH PAMKH, HAYMHAET COCKAJIb3bIBATD TIEPEMbIY-
Ka Maccoii m. JlnnHa mepeMbIuky [, ee CONPOTHBJIEHUE 7, MHIYKITHS
noJst B, koauimenT TpeHuss MeX/ly TepeMbIYKON U paMKoi U .
Haiigure ycranoBUBIIYIOCS CKOPOCTD .
JBIDKEHUS TiepeMbrukn. ConpoTus- I=
JICHUEM PaMKH IpeHe6pedb. |

5 (3 6.). K toukam 1, 2, 3
3JIEKTPUUECKOI 11e1u, n306paskeH-
HOIl Ha PHUCYHKe 3, /I/THHHBIMU TOH-
KUMW TPOBOAHUKAMHU TTO/ICOENHN-
JIN M3HAYAJBHO He3apsKeHHBbIE Me-
TaJJINYeCcKye Mapbl ¢ pajuycamu p
r 1 p coorBercTBeHHOo. Haifigure
3aps/ibl, YCTAaHOBMBIIMECS Ha KaKJAOM u3 mapos. Cumraiire, 4TO
pacCTOsTHIE MesK/Ly IapaMi MHOTO 0OJIbIlie MX PasMepoB, 3apsiji Ha
caMoll 3JEeKTPUYECKOH e W Ha COEAMHUTETbHBIX MPOBOIHIKAX
peHeOPEKMMO MaJl, BHYTPEHHee CONPOTHBJIEHUE MCTOYHHMKA TOKA
pasuo nymio, J/]C Garapen usBecTHa U paBHA § .

Puc. 3

[TnCb MEHHBIV IK3aMeH

BapuaHTt 1

1. DzexTpoBO3 Maccoil My, ABUXKYIIMIICS CO CKOPOCTbIO O,
CTQJIKNBAETCSI C HEMTO/IBIPKHBIM BarOHOM MacCOi 72, 1IOCJIe Yero OHU
IBIDKYTCS BMecTe. HaiinTe cKOpPOCTb WX COBMECTHOTO /IBMKEHUS.

2. MaJieHbKWi MapuK, TO/IBENIEHHbBIN Ha TeJTKOBOI HUTH, IMEET
3aps . B TOPU30OHTATBHOM 9JIEKTPUUECKOM T10JI€ € HATIPSI?KEHHOC-
TpI0 E HUTb OTKJIOHWUJIACh OT BEPTUKAIU Ha yroJ o, . Haiiaure maccy
HIapuKa.

3. TanbBanmyeckuii amement ¢ D/C 15 B u BHyTpeHHNM compo-
tujenneM 1 OM 3aMKHYT Ha comportuBienne 4 Owm. Haiinnte cnty
TOKA B IIETH.

4. DNEeKTPOH NBIDKETCS B OZ[HOpOI[HOM MarduTHOM II0JI€ C WH-
aykiweit 0,01 To co ckopoctbio 1,6 - 107 M/C, HanpaBJIeHHOI TIep-
HEeHUKYIAPHO JuHUAM uuaykiun. Oupegennre paauyc (B MM)
OKPY>KHOCTH, IO KOTOPOW JBUKETCS 3JIEKTPOH. 3apsi/i 2JI€KTPOHA
1,6 107" Ku, ero macca 9.1073" xr.

5. Kamenn 6pomeH ropusonTtabHO. Uepes Bpemsi T mocJie Gpocka
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BEKTOP €ro CKOPOCTH COCTAaBWJI yTOJ ¢, C Topu3oHToM. Haiinure
HAYATbHYIO CKOPOCTb KaMHSI.

6. K ommoMy KOHIly pe3WHOBOTO ITHypa TPUKPEIHIN ITapuk
Maccoil m, APYroil ero KOHeIl 3aKPelnIn Ha TOPU30HTATbHON TIaj1-
KOI1 TTOBEPXHOCTH U TPUBEJU MAPUK BO BpAIleHNe 0 TTOBEPXHOCTU
C YIJIOBOI CKOPOCTbIO . HaiinuTe yaiuHeHue MHypa X, €CJIu ero
JKECTKOCTD R, a MepBOHAYAJIbHAS JJIHHA [ .

7. Hekoropoe KOJHYECTBO UI€AJTBHOTO OJHOATOMHOTO ra3a M30-
XOPHO HarpeJiv, CoOOIMB €My KOJHMYeCTBO TEIIOThI Q. 3areM ra3
13006apHO OXJIAININ /10 TIEPBOHAYATBHON TeMiepaTypbl. CKOJIBKO
terJia 6blJI0 OTOGPAHO y raza Ipu M300apHOM OXJIAXK/ICHUN ?

8. Buosp ontuveckoit ocu coGupaioiieil JuH3bl ¢ (HOKYCHBIM
paccrosiieM F pacriojiosKeH CTepyKeHb TaK, 4YTO €ro cepejuHa
HAXO/IUTCST HA PACCTOSIHUU @ OT JINH3bl. UeMy paBHa JIJTUHA CTEPIKHSI,
€cJI ero MpojloJibHoe yBesndenre pasuo K?

IIpumeuanue. B 3anavax, B KOTOPBIX JaHbl YACJIOBbIC 3HAUCHNUS,
HEeOGXOIMMO CHAYATA MOTYYHTh aHauTndeckuii (GYKBeHHBIIT) OTBeT
U TOJBKO IIOTOM HWCIOJIb30BATh YHUCJECHHbBIC JAHHbIC U3 YCJIOBUSA
3a/aun /IS IOJIyYeHHsI YHCACHHOTO OTBETA.

MEXPETMOHANNBHAA ONMUMNONALA
No MATEMATUKE W KPUNTOTPADOUMN

3aKIIOYUTEIbHBIL 3Tarl

1 (8-9, 10 ruaccer). Ha KOOBOM 3aMKe UMEETCSI KPYTJIBIH JIHCK
€ HAHECEHHDBIMH Ha PAaBHOOTCTOSAIINX MHTEPBAJIAX II0 €0 IEepPHMETpPY
yucaamu or 1 go 12. V3HayanabHO JUCK YCTAHOBJIEH TakK, Kak
[I0KA3aHo Ha PUCYHKe 4,d. 3aMOK OTKpOeTcs, €C/IU JHUCK OKaxKeTcs
1OBepHyTbIM Ha 30° OTHOCHUTEIBHO CBOETO HepBOHAYAILHOIO 110J10-
skenmst (puc.4,6). st M3MeHEHMs TIOJIOXKEHHsT [HCKA FMEeeTCst

CIIENUATbHBIN CTEPKEeHb, KOTOPBI MOKHO ITPOJIETh Yepe3 JiBa JIio-
ObIX JAMAMETPAJIbHO IIPOTUBOINOJIOKHBIX urcaa (Hanpumep, yepes 1
u 7; puc.4,6), a 3aTeM IOBEPHYTb JUCK BOKPYI CTEpPyKHA Ha 18(°
(puc.4,2). MOKHO JIM TAKMMH TI0OBOPOTAME OTKPBITb 3aMOK U €CJIH
J1a, TO KakuM o0pa3om?
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2 (8-9, 10 xu1.). [aa mudposanus coobmenuii Kara u Auron
ucnosib3oBasu 1udp Cryrana: Ha KPYTJIYIO MAJ0YKy BUTOK K BUTKY
6e3 TPOCBETOB ¥ HAXJIECTOB HaMaThIBajach JieHTa. [Ipu TOpu30H-
TAJbHOM TIOJIOKEHUM TAJOYKU HA JIEHTY 1O BCEll [IJIMHE CTepIKHs
MOCTPOYHO 3AIHCHIBAJICS TEKCT COOOIIEHNs 6e3 3HAKOB TIPEITMHAHUS
u npobesos. Ilocse aToro JieHTa ¢ 3anucaHHbBIM Ha Heil TEKCTOM
nochLIamach aapecary. Anton tepefan Kare JeHTy, Ha KOTOPOIi
OBLJIO HAMKICAHO BOT YTO:
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K coxanennio, KaTsg cBoIO majsouyky HoTepsiia, HO OHAa BUJAUT, 4YTO
JIEHTA UCIINCAHA TIOJTHOCTHIO, U 3HAET, YTO PN HAMOTKE JIEHTbI ObLIO
clleiato 1esoe ucao 060potoB. IlomMorute eif BOCCTaHOBHUTH COO6-
IIEHHe.

3 (11 xx.). Jlokaxkurte, 4TO CYUIECTBYET HATYPAJIbHOE UUCJIO,
kparnoe 2015, pecATHYHAss 3alucb KOTOPOIO HMEET BUJ
12351235...1235 (1.e. o6pasoBaHa MOCAEA0BATEIbHBIM TIOBTOPEHH-
em (pparmenTa 1235).

4 (8-9, 10 wua.). [lna samudpoBaHUs CIOBA UCHOJIB3YETCS
HOCJIE/IOBATEIbHOCTD HATYPAJIbHBIX YUCET Yy, Yy, ..., KOTOPaAst (HOp-
MUDPYETCS TaK: ¢, BbIOMPAETCS MPOU3BOJBHO, & OCTAJbLHBIC YJICHDI
HOCJIC/IOBATEILHOCTH BBIYUCJSIOTCS 110 dopMyse ¥y, = 4y, + 23,
n=1, 2, ... 3ammppoBanme MTPOU3BOINIOCDH CJAETYIONIM 06Pa30OM.
[lepBasi OGyxkBa cJOBAa 3aMeHSJIACh YHCJOM COTJIACHO TaOJHIIE:

AlB|B| T | EE[K|3| U] 1| K|J[M]|H|O |11

O 1121314 5| 6|7[8[9[10]11[12{13]|14]15

P{C|T| V]| X|I[|Y | |H|DB|bl|b]|3 |IO] A
16[17]1819| 20]121]22|23) 24|25 |26 |27 |28[29| 30|31

u yMHOKasach Ha ¥ . Ilotom Tak ke 3amMeHsiiach Bropast OyKBa U
YMHOXAJIach Ha ¥, M T.J. 3aTeM Bce MTPOM3BE/IEHNS ObLIN 3aMeHbI
ocTaTKaM® OT feseHus Ha 32. B pesyJsbTaTte MOJIYYIIOCH BOT YTO:
8, 16, 24, 13, 22, 10, 9, 16, 0, 28, 24, 29.
Kaxoe csioBo 6110 3ammndpoBano?
5 (10, 11 x.). Ing NpoBepKM KOPPEKTHOCTH HOMEPA IJIACTUKO-
BOIl KapTbhl, MpejAcTaBJsollero cob6oit wHabop u3 16 nudp
(2, 209, 203, 204, X5, X, X7, Xg, Xg, Xy, Xy, Xy2, Xy3, Xy4, Xy5,Xyg ) , BHIUMCIISA-
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I0TCSI KOHTPOJibHbIEe cymMMbl A, B u C:
A =21+ xy)+ X3+ x4+ X5+ X5 + X7 + Xg + Xg + Xy + Xy +
+x12 +x13 +.7C14 +x15 +x16 ,
B =x +x3+x;+3x5+ x5+ x; +7xg + Xy + X4y + Xy3 + X5,
C=ux;+xy+x; +7x5+ x5 + 3% + x40 + X4 + Xyg -

Ecin Bce tpu cymmbl A, B u C kpartHbl 10, To HOMep Ipu3HaeTcs
KOPPEKTHBIM. KaKnX KOPPEKTHBIX HOMEPOB GOJIbIIIE U HA CKOJIbKO:
y KoTopbIX TiepBbie 4 1idpot 0, 0, 0, 0 wam y KOTOPBIX MOC/eTHIE
4 madpwt 0, 0, 0, 0?

6 (8-9, 10 ka1.). Ha crosie BoL1oKeHDBI 13 KapTOueK B MOPSIIKE

BospacTanus ux Homepos (puc.5,a). Kaproukn paspeniaercs nepe-
KJIaJIbIBaTh MPOUKAMU, 3 UMEHHO: BbIOMpaeM TpH JioOble KapTOUKH,

I!H! H"'H
IHIIHH”'

Puc. 5

T

d

3
e

[0}

HalpuMep ¢ HoMepaMu 2, 3 u 5. 3aTeM KpailHss JieBas KapTouyKa
repeMeraeTcss Ha MeCTO Cpe/iHell, CpefiHsss — Ha MecTo KpaiiHeii
[1paBoil, a KpailHss IpaBas — Ha MecTo KpaiiHeil sieBoil. Pedysbrar
n300pakeH Ha PUCYHKe 5,6. MOXKHO JIM, TIEPEKIAIbIBas KapTOUKH
YKa3aHHbIM CHOCOGOM, YJIOXKHUTb WX, KaK Ha PHCYHKe 3,4, HO B
nopszke yopiBaus Homepos (kaprouka ¢ HoMepoM 13 — mepsas, ¢
nomepoM 1 — mocennss)?

7 (11 xa.). PaccMOTpUM MHOKECTBO BCEX TOYEK ILJIOCKOCTH,
KOOD/IMHATBI KOTOPBIX MMeIOT BuA (m +2n,3m—n), A€ m, n —
nesple uyncaa. [lokaxkure, 4TO Ha MPSIMOMN, TMPOXOJAAIICH dYepes
Jo0bIe /IBE TOUKH YKA3aHHOTO MHOKECTBA, JIEXKUT CTOPOHA HEKOTO-
pOro KBajJpaTa, BCe YeTbIPe BEPIIUHBI KOTOPOrO MPUHAJIEKAT
3TOMY MHOKECTBY. Y Ka)KIT€ MUHMMAJIbHYIO TLION[A/b TAKOTO KBA/I-
para.

8 (11 k1) Yucno ropogos B Kpumromammmu paso 4% . B
KadecTBe Ha3BaHUII TOPO/Ia NMEIOT pa3IMyHbIe TN POBbIe KOMOUHA-
mnu Buzga (a,b,c,d), rae a, b, ¢ u d — mesble uncaa U3 MHOKeECTBA
{0,1,2,3}. /[lBa ropoma, HaszBaHus KOTOPHIX OTJUYAIOTCS OHOU
mudpoii, HaspiBarorcs cocednumu. Hanpumep, ropomga (3201) wu
(3001) — cocemnue, a (1111) u (3311) — mer. ¥ kax/0ro ropoja
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€CTb (bJIaI' OIIpe/IeJIEHHOTO IIBETa, IIpuieM 1

darn coceTHNX TOPOOB BCET/IA MMEIOT 1 1
HecoBITaafolre 1Bera. Biact o6bsaBu- T2 1

JI KOHKYPC Ha CO3/[aHie CUcTeMbl (h1aros T3 3 1

JUIS TOPOJIOB, NMEIOITel HalMeHbIIee BO3- 4 6 41
MOKHOE YMCJIO PAa3JIMYHbIX 11BeTOB. Haii- T 5 10 10 2 1
JUITe 5TO HauMeHblee yncao. OTser 060- | 615 20 15 6 1

CHYyiiTe.

9 (8-9, 10, 11 ku.). Tpeyzorvrurom pnc. 6
IHackans na3piBalOT GECKOHEUHYIO TPEYTOJIbHYIO TAaGJIHUILy YUCes, Y
KOTOPOIi Ha BepIIuHe U 10 GOKAM CTOSIT eIUHUIIBI, & KaXK/0€ YHCJIO0
BHYTPU PABHO CyMMe JBYX CTOAIMX Haj HuM umcea (puc.6). Taxk,
HalpuMep, TpeTbsd CTpoka tpeyrosbhuka (1,2,1) comepsKuT aBa
HEUYETHBIX YHcJsa U 0HO YeTHoe. CKOJIbKO YEeTHBIX YHCEJ COACPIKUT-
cs: a) B CTPOKe ¢ HOMepoM 256; 6) B ctpoke ¢ HOMepoM 200?

10 (89 ku1.). TokaxkuTe, UTO A KAXK/IOTO HATYPAJBHOTO 71 = 5
KBaJIpaT MOKHO Paspesarb Ha 7 IPSMOYToJIbHUKOB (He 0653aTeIbHo
OIMHAKOBBIX), Yy Ka’KJ0I0 U3 KOTOPBIX OJHA CTOPOHA BABOE GOJIbIIE
npyroii. Pesatpb paspelnaercs 1o JUHUSM, MapaJiieJIbHbIM CTOPOHAM
MCXOHOTO KBajpara.

11 (11 kn.). UTO6BI CHATD JIEHBIU C KapTOYKW, Amnca B GaHKO-
marte BBoauT nuH-KoA (ITK) 2y, 29,24,0, — HAGOp U3 4 1e/bIX
uncen (0<x; <9, i =1, 2, 3, 4). Banuxkomar szammdposbiBaeT
BBesiennblii [TK mo ciemylomemy npaBuiy: OH ciydyailHbIM 06pa-
30M BBIOMpAET IeJIoe YUCI0 X5 Takoe, uto 10 < x5 <15, a 3areM
dopmupyer sammbposanupiii muH-kox (31IK)  yy, ¥y, Y3, Yy, Y5 1O

dopmymam
Y :f(ﬁs(x1+3'yo))y Y2 :f(rm(?@ +3~y1)),
Y3 =f(”16(x3+3'yz)), Ys =f(716(x4 +3-y3)),
Ys =f(716(x5+3'y4)),

e y, =2, fg(x) — ocratok or menenus umcia x wa 16, a f —
HEKOTOpOe IPaBUJIO, O KOTOPOMY O/IHO Tiesoe uynucsio ot 0 go 15
3aMeHsieTcst Ha ipyroe (BO3MOXKHO, TO 3Ke caMoe) Tiesoe 9nuco ot 0
J0 15, mpuyeM pasHble YUcJIa 3aMeHAI0TCS pasHbiMu. llocie atoro
3IIK ormpasssiercss Ha cepsep, rae oH paciudposbiBaercs (T.e. 1o
MPUCTAHHBIM YUCTAM Yy, Yo, Y3, Y4, Y5 BBIUNCISIOTCS Xy, Xy, X3,X, U
X5 ), M €CIM X5 He yjoBjerBopsier HepaseHcTBY 10 < x5 <15, TO
cepsep Bbljaer coobienne o6 ommbke. M3BectHo, uto mias IIK
Autucnt 6611 chopmuposan caemyionmii 31TK: 13,13,1,11,7. 3Bect-
HO TAK)Ke, YTO XAKEPbI TBITAINCH OTCHLIATH Ha cepsep (Hampsamyio,
MuHyst GaHKOMAT) B KA4yecTBE Yy, Yy, Y3, Yy, Y5 KOMOUHAILMU YHCEJT
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bl 1| 2| 3111213
d

1=+ -1-1-1+%+
2| - + -1 -1 -
3 - NEE
4 - -] =1+
51 -1 -1 - +]-
61 -1 -1 -|+]-
’;f — — — —
S| -1+ +| -1+ -
ol +[ - -1-1+]-
1wl +[ - -1+ -1+

Buga 0,0,0,a,b. Pe3yabraTbl X HONBITOK MPHUBEJEHbl B TaGJIHIle
(3HaK «+» — cepsep He BbLAAJ CoOOImEnne 06 OmmOKe, 3HAK «—» —
soigan). Kakoit 11K y Asnmcebr?

Hyb6auxauyuio no mamemamurxe nodzomosuau C.Pamodaios,
O. I abanumn; no usuxe — M.Anexcees, B.I1onos;
no xpunmoepagpuu — C.Pamodanos



MOCKOBCKU FOCYAAPCTBEHHbBIN TEXHUYECKUI

YHUBEPCUTET UMEHW H.3.BAYMAHA

OU3NKA

Onunmnmnanga-2016
7

BapuaHTt 1

1. TToj KaKuM yrjioM ¢, K TOPU3OHTY cJie/lyeT OPOCUTh KaMeHb CO
cKopocTbio v = 14 M /¢, 4TOGBI JATHHOCTD €r0 T0JIeTa L 6bLiIa paBHA

10 m? CormnpoTuBjenue Bo3ayxa He yuu-
TBIBATh.

2. Ilog KakmM YIJIOM O CJeiyer
TSIHYTb BEPEBKY, YTOGBI PABHOMEPHO BO-
JIOUUTD TSIKEJbI IPY3 10 TOPU30HTAb-
HOI [IJIOCKOCTH ¢ HAUMEHDBIITUM YCUJIIEM
(puc.1)? Ilpu 9TOM M3BECTHO, YTO TPY3
caM HauHeT COCKaJIb3bIBaTh C HAKJIOHHOM
IJIOCKOCTH IIPH yTJie HakaoHa ¢ (puc.2).
I'pys cuuraTb MaTepuaabHON TOUYKOIL.

3. /lBa OMHAKOBBIX MIAPHKA CBSI3a-

HbI HEBECOMOII HUTBIO, TIEPEKUHYTOIi Yepe3 HeBeCOMBbIil GJIOK, TPUYeM

OJIMH U3 IMAPHKOB MOTPYXKEH B COCY[ C
skuakoctbio (puc.3). C kakoii ycraHo-
BUBIIEHCS CKOPOCTBIO © GY/IyT JIBUTATHCS
MAPWKHU, €CJIM U3BECTHO, UTO YCTAHOBUB-
Mmasicsi CKOPOCTh MaJeHUs OJMHOYHOTO
mapuka B TOH Ke SKUJKOCTU paBHA v ?
Cuta COnpOTUBJIEHUS KUIKOCTHU TIPOIIOP-
[IUOHAJIbHA CKOPOCTH J[BUKEHUSI APUKA.
[LIOTHOCTD KUAKOCTH P, , TWIOTHOCTD Ma-
Tepuaga MapuKoB p .

4. Tnasikas ynpyrast HUTh JUIMHOM [ 1
JKECTKOCTBIO k TIO/IBETIIEHA OTHIM KOHIIOM
k touke O (puc.4). Ha HumxHeM KoHIe

.Il,lI

m

Puc. 4
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nmeercst HeBecoMblii yrop. M3 toukn O Hauvasna najsaTh He6OIbIIAst
Mydra Maccoii m. I[Ipene6perast Mmaccoil HUTH, HAUTE MAKCUMATh-
HOe pacTspKeHne HUTH Al .

3. B ropnsoHTaIbHOM TMIHHAPUIECKOM COCY/IE, 3aKPBITOM TTOP-
mHeM Maccoit M, HaXOAWTCS WMeaJbHbIN O/fHOATOMHBIN Ta3. [lpn
HarpeBaHUM Ta3a MepBOHAYAIBHO MOKO-
SIIAICST TTOPIIEeHb HAYMHAET JBUraThCs
pasHoyckopenno (puc.5). Haiiaure xo-
JIMIECTBO TETJIOTHI ), TIO/ABEJCHHOE K
razy 3a TPOMEXYTOK BpeMEHH T, B
pac. 5 TEYEeHHnEe KOTOPOTrO MOPHIEHD CMECTHJICS
B cocyzie Ha paccrosaue L. TerioeMKOCTbIO cocy/ia M TIOPIIHS,
BHEIITHUM JIaBJIEHHEM, a TaKKe TPeHHeM INpeHe6pedb.

6. TopusonTasbHast TIaTOpPMa COBepIIaeT rapMOHUYECKHE KO-
siebaHusl B BEPTUKAJIBHOM HAIPABJIEHUN BMECTE C JIEXKAIUM Ha Hel
rpy3oM. CHJjbI, ¢ KOTOPBIMHU I'PY3 JaBUT Ha ILIaT-
(opmy B KpailHUX HIDKHEM M BEPXHEM I10JIOXKEHN-
SIX, oTJanyatTes B n = 2 paza. Haiiaure amnuty-
ny xosebanuit A, ecsm ux vacrora v = 1,1 T
[Tpunare g =10 M/C2 .

7. TonKkoe MPOBOJIOYHOE KOJBI0 K AMaMeTpoM
d = 34 MM, TI0/IBEllIEHHOE K MIPY’KUHE C yKasaTe-
JeM Z, Horpyskaior B cocyn ¢ Bogoi (puc.6).
OTMeTHB MOJIOXKEHNe yKas3aress Ha Inkaue S,
ME/IJIEHHO OITyCKaloT MOJICTaBKy ¢ cocyzsoM. [Ipy-
SKIHA IIPU 3TOM pacTsAruBaeTcs. B MOMEHT oTpbIBa
KOJIBITA OT KUKOCTH BHOBb OTMEYAIOT TTOJIOXKEHE
ykazaress Ha mkase. Kakoe snauenue koaddu-
IIMEHTA TIOBEPXHOCTHOTO HATSIXKEHUST BOJIbI M10JIy-
Puc. 6 YeHO, eCJIN IPY KIHA pacTsHyaach Ha Al =32 MM?

Kecrkocrs npyskunbst k = 0,005 H/cM.

8. Tpu nosoknTEMBHBIX TOYEUHBIX 3apsifa +q, +q u +2q pacio-
JIO’KEHBI B BEPIIMHAX TPABUJIBHOTO TPEYTOJIbHUKA CO CTOPOHOH a.
Haiizinte paboTy Cusl 9JIEKTPUYECKOTO MOJIsI, KOTOPYIO OHU COBEp-

+q AT, €CJIU 3apsi/ibl PACIIOJIOKUTD BJIOJIb

PSMOIl, Kak IOKa3aHO Ha PUCYHKe 7.
a/s N 9. K ucroynuky ToKa ¢ BHYTPEHHUM
/ N\ compoTtuBaeHneM ¥ = 4 OM TOAKTIOYEH
+qd— ------- O+2q peocTat, COMPOTHUBJECHIE KOTOPOTO MOXK-
HO W3MeHATb B mpezesax or 1 Om j0
O----- O----- ) 10 Om. MaxkcuMajbHas MOLIHOCTD, Bbl-
+q +q +2¢  JesgeMad Ha peoctare, pasHa P =49 Br.

Puc 7 Uemy pasna I/[C ucrounuka toka?

Q|- X a = const
= :




10. Tonkoe MPOBOJIOY-
HOE€ KOJIbI[O IIJOILaJbl0
S =100 cm? , IMeIoIIlee Co-
nporusienue R = 0,01 Owm,

IOMENIEHO B OJIHOPOJIHOE 053 4\3 3 ';/g Te
maruuthoe nojie. Vamene- — —0,1
HIIE [IPOEKINI BEKTOPA Mar-  —() 9 \/

HUTHOW WHIYKIINU 3TOTO
nosia B, Ha ocb x, nepren-
JMIIKYJISIPHYTO TIJIOCKOCTH KOJIBIIA, OT BPEMEHU TIPe/ICTABJIEHO Ha
rpaduke (puc.8). Kakoe KOMMIECTBO TEILIOTHI BbIACIUTCH B KOJbIIE
3a uHTepBas BpeMeHu ot t = 0 1o t =8 ¢? MHAYKTUBHOCTBIO KOJbIIA
npeHe6peyb.

Puc. 8

BapuaHt 2

1. Teno coBeprmaer aBa TOCJEIOBATEJbHBIX OAWHAKOBBIX IO
JUIHHE [IePeMEIeH s CO CKOpPOCThIio vy = 20 M/c moj yraom o = 60°
K KOOD/IMHATHOH OCH X M CO CKOPOCTbIO ¥, =40 M/c 1OA yriioMm
o, =120° x ToMy oxe mampaBienuio. Haiinure o .
MOJLYJIb CPE/IHEIl CKOPOCTH JIBUXKEHUS TeJla. i

2. IlpoBogsamimii KOHTYp, UMeMuii (opmy \
BOCBMEDKH, TIEPEMENIAETCS TMOCTymareabHo B 1
MaTHUTHOM TIOJIe TOKa, TEKYIIETO IO MPsSMOJIH-

HeitnoMy umHHOMY npoBoHnKy (puc.9). Iloka-

JKHTE Ha PUCYHKE HANPABICHNE PE3yJIbTUPYIO- 5

nieit cusibl Amriepa, JeiicTByoleil Ha KOHTYD,

€cJI KOHTYP YJaJsieTcst OT IPOBOHUKA. DJIEKTPUUYECKUI KOHTAKT B
MecTe TepecedeHus npoBogHuKoB (B Touke A) orcyrcrByer. Orser
TIOSICHHUTE.

3. C HakJoHHOIT 1JI0cKOCTH, oGpasyionieil yron o = 30° ropu-
30HTOM, C BbICOTBI H = 4 M, cocKaJib3bIBaeT HeOoJiblasd Iiaiiba
(puc.10). B xoHue crycka, y ocHOBa-

HUA HAKJOHHOU IJIOCKOCTH, Iaitba uc-

HBITHIBAET aGCOJIIOTHO yIpyroe coyaa-  H

PeHne co CTEHKOI 1 TOTHIMAETCsT BBEPX :‘EI o
10 HAKJOHHOH IIJIOCKOCTH Ha BBICOTY
h = 2,4 m. Haiigure koadduiment
TPEHUS MEXK/Iy Iail60il U HaKJIOH-
HOI1 IJIOCKOCTBIO.

4. Ha menoBm:KXHBIN TPY3 Mac-
coit m = 1 Kr, Jexamuii Ha TOpH-
30HTAJbHOM CTOJIE U TIPUKPEIlJIeH-
HBIIl K CTEHKe MPYKUHOW XKeCTKoC- Puc 17

Puc. 10
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10 k=910 H/M , HauuHaeT [eficTBOBATh IIOCTOAHHAS TOPU30H-
ranbiag cuta F=1 H (puc.11). Uepes Hekoropoe Bpems t feiicTBue
cuJipl ipekpaiaercs. [Ipu kakom 3navenuu ¢ cMelenne rpysa Oyier
PaBHO HYJIO B MOMEHT IpeKpamieHus AeicTBus cuibl? Cumamu
COIIPOTUBJIEHUS TIpEHEOPEYD.

3. B o3epo, nmeiotiee cpepniono rayouny 2 = 10 M u 1ioma/ip
nosepxHocTH S = 20 kM, GPOCHIN KPUCTAJLINK TI0BAPEHHOI COMM
maccoit m = 0,01 r. CKOJIbKO MOJIEKYJI 3TOi COJIM OKa3ajoch Obl B
HarepcTKe BOjbl 00beMOM V = 2 cM°, 3aueprHyToil U3 o3epa, eciu
10JIaraTh, YTO COJIb, PACTBOPUBINNCH, PABHOMEPHO PaCIIpe/leNIach
BO BCeM 00beMe BOJIbL?

6. 3aMKHYTBIIT, BepTUKAJIBHO PACIIOTIOKEHHDIH IIUIMHIPUYCCKUTT
cocyst cedenneM S = 20 cm’ pasjesieH MOpIHIHeM Maccoit M = 5 Kr
Ha ase yactu (puc.12). HuxHAA YacTh HUIMHAPA
MO/l TIOPIITHEM TIEJTUKOM 3aroJiHeHa BOJOW MpHU Ha-
k yagbHOIl Temmepatype f, =0 °C, max mopmHeMm —
BakyyM. IlopiieHb CBsI3aH C BEPXHUM OCHOBAHHEM
IUJIMHAPA TPYKUHOW »KecTKocThio kB = 15 H /M.
Bravase npy:xuna ne gedopmuposana. Onpeenure
_ - - Maccy m Tmapa TOJ MMOPITHEM TIPY HarpPeBaHWH BOJIBI
Ao temnepatypbl ¢ =100 °C. TpenmeM m Maccoi
Puc. 12 MPY’KUHBI TTPEHEOPEYD.

7. OHOATOMHDBIN UEaJbHBI Ta3 y4acTByeT B IIpOIlecce, Jist
KOTOPOTO BHYTDPEHHSISI 3HEPIus rasa IPOTOPIMOHATIbHA KBAIpaTy
ero o6beMa: U =qV?, rae o — nocrogunad. Haiigure paGoty,
COBEPIIEHHYIO Ta30M B TAKOM IIPOIIECCE, €CJIU U3BECTHO KOJTNIECTBO
TerJaoTel Q, cooO0IeHHOe rasy.

8. Diekrpuveckoe mosie 06PA30BAHO BHENIHUM O/HOPO/HBIM
AJIEKTPUUYECKUM TI0JIEM U 3JIEKTPUUYECKUM I0JIEM 3aPSIKEHHOI MeTaJl-
JIMYECKOIT TIJIACTUHBI, KOTOpOEe BOJIN3H TIIa-

=
CTHHBI TOKE MOKHO CUMTATH OJ[HOPO/HBIM.

| [ HarnpsiskeHHOCTb Pe3yJIbTUPYIOIIEro dJIeK-
—_— TPUYECKOTO TOJS CJeBa OT IJIACTHHBI
— [ E,=5-10" B/m, a cupasa OT IIacTHHBL
E, oy S — E; E,=3-10"B/m (puc.13). Onpesnenure
— 3apsijl TJIACTUHBI, €CJIU CUJa, JIefCTBYIO-
—_— [ masi Ha IJIACTHHY CO CTOPOHBI BHEIIHETO
— aJIEKTpUIecKoro moss, pasua F = 0,7 H.

— 9. Ompenennte Mokazanue BOJbTMET-

pa, BKJIIOYEHHOTO MeK/Iy Toukamu A u B B
3JIEKTPUYECKOI 11ernu, n3o6pakennoii Ha pucynke 14. 3 /[C kaxgoro
3JIeMEHTa ¢ , BHYTPEHHEE CONMPOTHBJIEHUE #, CONMPOTUBJICHUEM IO/
BOJIATIIUX MTPOBOJIOB TIPEeHE6PEYD.

Puc 13
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Puc 14 Puc. 75
10. Bak KBaJpaTHOrO CEYEHHS CO CTOPOHOM b = 1M 1 BbICOTOI 2b,
3aTI0JTHEHHDIH BO/I0 HATIOJIOBUHY, TTOCTABJICH Ha KJIMH, CKOJIb3STIIHI
BHU3 TI0 HAKJOHHON IJIOCKOCTH, COCTABJISIONIENH yros o =45° ¢
ropusortom (puc.15). [lHO Gaka pacmoJOKEHO TOPU3OHTAIBHO.
KoadduimenTt TpeHust KJaMHA O HAKJIOHHYIO IJI0CKoCTh W = 0,278.
Hafigure BenuyuHy yCTAHOBUBIIENHCS CHUJIbI JIaBJIEHUS BOIbI Ha
3a/IHIOIO 110 XO/ly /IBUDKEHUS CTEHKY 6aKa.

/I Typ

BapuaHTt 1

1. Teso, nBUKYIIIEECS PABHOYCKOPEHHO C HAYAJIBHOW CKOPOCTHIO
o, =1 M/c, POt HEKOTOPOE paccTosiHue [, MPUOOPETAET CKOPOCTD
v, =7 M/c . Haiiure cKOPOCTb 9TOTO TeJIa HA IIOJOBHUHE PACCTOS-
HUSI.

2. Yepes aBa MaJIEHbKUX HEMOJBMKHBIX OJI0KA, OCH KOTOPBIX
HAXOJISATCS HA OJHOU BbIcoTe HA paccrosauu 90 cM Apyr oT apyra,
nepexutyTa Huth (puc.16).
K koHmam u K cepejune
HUTH TIPUBSI3AHDBI TPU OJH-
HaKOBBIX rpy3a. Cpennuit
rpy3 MOJHUMAIOT TaK, 4TO-
6bIUHI/ITI) 6bLTa TOPU30HTAD- .. i
HOIi, a caM TPy3 HaXOUJICS -
rnocepejinie Mex;y 0J0Ka-
MU, U OTIYCKAIOT, TIOCJIe Y€r0 CPEAHUN IPY3 OIyCKAeTcsl, a KpaiiHie
nogauMaoTcst. C Kakoll CKOPOCTbIO IBUTAIOTCS KpaliHue rpy3bl B TOT
MOMEHT, KOT/[a CPEJHNE YACTH HUTU MEX/IY 610KaMui 06pasyioT yroJr
200 =120° ? Tpenuem npere6peyb.

3. /IBa oIMHAKOBBIX IIapa MACCOM 7 KasK/IbIiT JiesKaT Ha abCOJTI0T-
HO TJIAJKOIl TOPU3O0HTAJBHOW TIJIOCKOCTH, CONMPHUKACASCHh [PYT C

apyrom (puc.17; Bum csepxy). 0
Tperuil map Takux >xe pasmepos, ___ (3 o —
CKOJIB3AIINNA 10 TON K€ ILIOCKO- °

CTH, yAapsieTcsi OJHOBPEMEHHO B  Puc. 17
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o6a mapa. Cuurag yjgap aOCOJIOTHO YIPYruM, Haiijure Maccy
HaJleTalollero 1apa, ecjy Iocje yjapa OH OTCKaKuBaeT Hasaj co
CKOPOCTDIO, PaBHOI MOJIOBHHE CKOPOCTU 3TOTO IMIapa JIo yJapa.

4. B cocyne ¢ TOABIKHBIM TIOPUIHEM HAXOANTCS MBLIHHBIN
IIy3bIPb pajuycoM 7. MeJIleHHbIM B/[BUTAHHEM IOPIIHS BO3LYX B
cocyzie COKUMAIOT TaK, YTO paJuyc IIy3bIps yMeEHbLIAeTCsl BABOE.
Haiinure naBienue BosiyXa B COCy/e BHE IIy3bIpS B 9TOT MOMEHT,
ecJIl JaBJIeHue BO3/lyXa B COCy/le BHE IIy3bIPS B UCXOHOM COCTOSAHUY
6b110 py . Ilponecc cumrarp usorepmuueckuM. Koadduiment mno-
BEPXHOCTHOTO HATSKEHUSI MbLJIbHOH IIJIEHKU PABEH G .

5. B 3akperieHHOM TeILIon30/IMPOBAHHOM HIUINH/IPE, Pas/ieseH-
HOM Ha /[Be YaCTH HEIOABIDKHON TEILIONPOBOAIei IeperopoAKoil 1
3aKPbITOM CJI€Ba IIOJBIXKHBIM IIOPIIHEM, He [IPOBOASLIUM TEILIO, B

- - JIEBOIT YaCTH HaXOAUTCS Ta3 aproH Maccoi
C : my = 20 T, a B IpaBoil YacTn — Ta3 HEOH
S e maccoit my =40 T (puc.18). [lasienue na
o LT MOPIIEHb ME/JIEHHO YBEJUYUBAIOT, HAYHU-

Hasi C HEKOTOPOTO HAYaJIbHOTO 3HAYCHMUS.
HaiiguTe MOJISIPHYIO TEIJIOEMKOCTb ra3a B
JIEBOIT YacTH IUJIMH/pA B JAHHOM ITpOIlecce, CUNTAst, YTO TeMIIepaTy-
pa Tasa B TIpollecce CXKaThs B JIEBOH W MPaBOW YacTIX IHJINHAPA
ojiMHakoBasi. TpeHuem npeHe6pedb.

6. Metaymnyeckuii mapuk paaunycoM R ¢ OTPHUIIATEIbHBIM 3apsi-
JIOM —2¢ HaXOIUTCS BHYTPU TOHKOCTEHHOI METAaJINYecKOll cdepbr
pammycoM 2R. LleHTpBI Mmapuka u MeTaIndecKoil cepbl coBIaa-
io1. Cepe coobimin mososkuTesbHbiil 3apsi +¢q. lapuk u cdepy
COEINHUJIN TOHKWM TIPOBOJHUKOM HWYTOXKHONH €MKOCTH W 3aTeM
pasbequann. Hafiimre pa3HOCTb TOTEHITMATbHBIX 9HEPTU KOHEU-
HOTO U HAYaJbHOTO COCTOSIHUN CHCTEMBI.

7. Onpenesite 3aps/bl HA KOHJICHCATOPAX B cXeMe, N306pakeH-
Hoii Ha pucyHke 19. [lapamMeTpbl 3/1eMEHTOB 1I€1IU CYUTATb U3BECTHbI-
MU. BHYTpEeHHUM COIPOTHBJIEHHEM HCTOYHUKOB TpeHeGpeyb.

8. Il1ocKO-BBIMyKIasT TOHKAS JMH3A € (POKYCHBIM PACCTOSHIEM
F = 40 cM mnriockoil cTopoHOM s
BILIOTHYIO MPUJIETAET K IJIOCKOMY - o
sepkany (puc.20). Ha onruyeckoii

4| |_r52 d
SN

A
i s

Puc. 18

Puc. 19 Puc. 20
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ocu JimH3bI Ha pacctosan d = 10 cM OT 3epKaja HaXOIUTCS
cBersnasgcs Touka S. Ha kakom paccTosgHum ot 3epkaJja paciososke-
HO M300pasKeHe TOYKHU?

9. Yacrnma, BbImoJHeHHad B ¢opMe IIapuka paguycoM R =
=(0,6 MKM, IOJIHOCTBIO MOTJIOIAET MaJaloNuii Ha Hee cBeT. Omnpee-
JIUTE TJIOTHOCTb Marepuaa 4acTUIlhbl, TP KOTOPOI IPaBUTAITMOHHOE
nputskenne ee K CoJiHITy Ha J1I060M PACCTOSIHUM OT Hero Oy/er
KOMIIEHCUPOBATbCA CUJIOH cBeToBOro jAasijeHusi. CymMMapHas MOIIl-
HOCTD cBeToBoro uamydenus Cosama W =4 - 10%6 Br , macca Coun-
ma M =2-10% xr.

10. B cucreme, n3o6paskeHHOl Ha pucyHKe 21, IpUKpeIeHHbIe
K HEBECOMbIM IIPY>KMHAM I'PY3UKH [TPU TIOMOIIU HUTEN Y/1ePKUBAIOT-
s Ha PacCTOSTHUAX L /2 OT CTEHOK, K KOTOPBIM MPUKPETLTEHbI KOHITbI

2k m 2m k

Cal

2L
Puc. 27

pr}KI/IH. ]IJII/IH})I 0661/1)( pr}KI/IH B He]le(bOpMI/IpOBaHHOM COCTOAHNU
O/IMHAKOBBI U paBHbl L. HUTH 0HOBpEMEHHO MEPeKUraior, 1mocJie
Yero TPy3uKU CTAJIKUBAIOTCA U cyutiaiorcest. Haiinre MakcuMaabHy 10
CKOPOCTb, KOTOPYIO GyyT UMETD IPY3UKHU ITPU KOJTeHAHUSX, BOSHUK-
WX TI0CJI€ ATOTO CTOJKHOBEHUS. ¥ 1ap MPU CTOJTKHOBEHUU SIBJISETCS
IEHTPATbHBIM. 7KecTKOCTH TMPY;KIH M Macchl TPY3UKOB YKa3aHbI Ha
pucynke. TpeHuem u pazMepamu rpy3ukoB 1peHeGpeub.

BapuaHt 2

1. C xakoii cunoit T HatsauyT Tpoc AB, eciau Ha cucremy
MMAPHUPHO CKPEIJIEHHBIX CTEpPXKHEN [eHCTBYeT BEPTUKAJIbHO Ha-
npasiennaa cuna F (puc.22)? Cniommnble crepxuu AE u BP
IMAPHUPHO COe/IMHEHbI rocepeane Tak, yto AC = CB=AD = DE =
= DB = DP = PQ = EQ.
Maccoii crep:kHeil m Tpoca Lo
npeneGpeyb. Y e

2. Ha ropusoHTaJbHOM Pa o F - -
CTOJIE CTOWUT 3aMKHYTBIH ITH-

JUHAPUYIECKUH COCYJI, 3amoJI- H -
HEHHBIN 710 BBICOTBI H JKUIKO- -
CTBIO ILIOTHOCTBIO P (puc.23). — M
[TpocrpancTBO HaJ >KHUIKO- —

CTbIO 3aII0JITHEHO ra3oM, JiaB- Puc. 23
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JeHne Kotoporo pasuo p (p > p,, tae p, — armocdepHoe IaBie-
Hue). B GoKoBON cTeHKe cocy/ia Ha paccrosiHun i < H oT ero Ha
OTKPBIBAIOT OTBEPCTHE MJIOMaAbio S, . Onpesennre MakCHMaJIbHOE
3HaueHne KO3 PUIIeHTa TPeHUS L MEX/IY COCY/I0OM M MOBEPXHOC-
TBIO CTOJIA, TIPU KOTOPOM COCY/| HAUHET J[BUTATbCS T10CJIE OTKPbITHS
orsepctud. Ilnomaznp ocnoBanus cocyga S > S, . Maccamu cocy-
Jla U Tasza, a TakKe CUJIaMH BS3KOTO TPEHMS ITpeHeOPeyb.

3. B cucreme, n306pakeHHON Ha PHUCYHKe 24, MacChl TPY30B 12,

JKECTKOCTh 1py:kuHbl k. Ilpyskuna um HuTb HeBecomble. Tpenmne

OTCYTCTBYeT. B HauasbHBIN MOMEHT TPY-

T I 3bl HETTO/[BUYKHBI M CUCTEMA HAXO/IUTCS B

paBHOBecHU. 3aTeM, y/Iep>KNBas JEBbIii

lff Ipy3, CMEIIAIT IPaBblil IPy3 BHU3 Ha

b PacCTOsTHUE @, TIOCJIE YETO UX OTITyCKAIOT

6e3 HavaybHOI ckopoctu. Haiisiute Be-

. TIUHY MAKCHMAJIBHOTO MMITYJIbCa Je-

Puc. 24 BOrO rpysa B IIpoLecce Ja/IbHEUIIero

JIBIDKEHUS TPY30B, CUMTAs, YTO HUTH BCeE

BPEMSI OCTAIOTCSI HATSIHYTBIMU, a I'PY3bl He yIapsIioTCsl 06 OCTAJIbHbIE
TeJla CUCTEMBI.

4. VeanpHBIN Ta3 MOCTOSHHON MaccChl CXKMMaeTcsl B IIpoIiecce,
[ KOTOPOro BbimoJHsierest yeaosue pV" =const . Ilpu kaxkux
3HAYEHMSX 110KAa3aTesIsl CTENeHN 7 TEMIIEPATypa ra3a B 9TOM I1poliec-
ce TOBbBINIAETCS?

5. OmuH MOJb HACATBLHOTO OJHOATOMHOTO Ta3a ydyacTBYyeT B
mporiecce, /I KOTOPOTO JiaBJI€HHUEe ra3a IPONOPIHOHAIBHO KOPHIO
KBAJ[PATHOMY M3 ero aGcomoTHoll Temmnepatypbi: p ~ N/T . Omnpeste-
JINTE MOJIIPHYIO TEIJIOEMKOCTD Ta3a B 3TOM IIPOIlecce.

6. Kamms prytu maccoit m = 1 r nomenieHa MeXIy [IBYMs
MapajIeIbHbIMI  TOPU30HTATbHBIMU CTEKJISTHHBIMU TLJIACTHHKAMH.
Kakyio cuiry Hajto IPUJIOXKUTD K BepXHEH MIaCTHHKE, 4TOObI PTYTh
nMesa GopMy KpyTJIol Jienenku pagiycoM R =5 cm? Koadduin-

€HT MOBEPXHOCTHOTO HATSXEHHUS PTYTH

6 = 0,465 H/m . Cunrarh, 4TO PTYTh COBEPIIEHHO

B He CMayMBaeT CTEKJO, TaK YTO YTOJl MEX/y CBO-

6O/THOII TOBEPXHOCTHIO PTYTH ¥ CTEKJISTHHOM T1y1a-
CTUHKOW PaBEH HYJIO.

7. He3zapskeHHblil MeTainueckuii Gpycok
%’ TpexcTaBisSeT co60i TPSAMOYTOJBHBIN Hapasie-

nenunes co croponamu d , b, ¢ (d>c, b>c)

m

d (puc.25). Bpycok ABMKETCS B MarHUTHOM IOJIE
c B/I0JTb CTOPOHBI d. VIHIYKIMS MATHUTHOTO TOJIsI
Puc. 25 B meprnieHIuKyISspHA OCHOBAaHUIO OPYCKa CO CTO-



ponamu d u c. Omnpenennre CKOPOCTb ¥ JIBUXKEHUST OPYCKa, €CJIH
MJIOTHOCTD 3JIEKTPUYECKUX 3apsZIoB Ha OOKOBBIX ITOBEPXHOCTSIX

napaJiiesienume/ia, 06pasoBaHHbIX CTOPOHAMU d
u b, paBHa © .

8. Tonkoe MPOBOJIOYHOE KOJIBIIO PAANYCOM R
HECET JIEKTPUYECK Uil 3apsijl ¢. B 1eHTpe KoJibiia
PACTIOJIOJKEH OJIHOMMEHHBIH ¢ ¢ 3apsi Q, 1mpH-
yeM Q > g . Otupenesnure Cuy yrpyroctu, Bo3-

HUKaHYyI0 B KOJIbIIE. Puc. 26

9. IIpu nonoxurespbHOM Hanpspreann U Ha
JMojie B cxeMe, N300paskeHHOi Ha pucyHke 26, 1mpo-
XOASAIMUI Yepe3 Hero TOK paBeH [ = aU?, tne
a=0,5A-B72, a npu OTPHIATETPHOM HATIPSIKEHII
I = 0. ConporuBienne R = 1 Om , 3/]C barapen
& =10 B. Haiizure TenaoByo MOIHOCTD, BbIIEJISIO-
MIyiocs Ha Anozie. BHYTPeHHUM COTPOTHBJIEHIEM 6a-
Tapen npeneGpeyb.

10. MaseHbKHUI TIAPUK Maccoil m TOJ/BEIeH Ha
NPy KUHE SKECTKOCThIO k 1 Hecet 3apsin g (puc.27). B
HAYAJIbHBIIT MOMEHT IHAPUK YIEP>KUBAIOT TaK, YTO
npyskuHa He gedopmuposana. [lox mapukom Ha pac-
CTOSTHUU 7 JIE)KUT TaKOW Ke HMIapUK C 3apsiioM —(.
Bepxnuil mapuk ornyckaor. IIpu kakoM MUHUMAaJIb-
HOM 3HAYeHUU ¢ HIDKHUH IMTapUK TOATPBITHET?

o, 1

@ gm

Puc. 27

ITyoauxayuro nodzomosur 10.Cmpyros



MOCKOBCKUA FOCYAAPCTBEHHbIA YHUBEPCUTET
MMEHW M.B.JJIOMOHOCOBA

OU3NKA

[Tpogun b HbIV 3K3aMEH

B 2016 npoduibHbil 5K3aMeH (JIOMOTHUTETBHOE BCTYTHTENBHOE
ucnbitanue) 1o dusuxke B MTY u ero CeBactonoibckom uinae
IPOBO/IJICS B ITcbMeHHO# hopme. Tunosoe 3ajjanne st abuTypu-
€HTa OXBATbIBAJIO BCE OCHOBHbIE Pa3jie/ibl IIPOrPaMMBbI 10 (DU3KKE
aas ocrynaionmx B MTY: 1) Mexanuky, 2) MOJEKyJIApHYIO (u-
3UKY M TEPMOJMHAMUKY, 3) 3JIEKTPOJAMHAMUKY U 4) ontuky. Ilo
KaKJIOMY Pas/iesLy IIpOrpaMMbl a0UTYPHEHTY [IPeJIaralnch KpaTKuil
BOIIPOC 110 TEOPUHU M JOMOJHAIOMAsA ero 3ajzada. Ha sblmosnnenne
BCETO 3a/IaHNsI OTBO/MJIOCH YeTbIpe aCTPOHOMMYECKNX vaca.

Huxe mpuBozsTCsl IpUMepb! 33JJaHuil TIPOQUIBHOTO 3K3aMeHa.

MEXAHNKA

1. Kak onpeziessieTcst UMIyJIbC CHCTEMbI MAaT€PHAJbHBIX TOUYEK?
CdopmymmpyiiTe 3aKOH COXPAaHEHUs] UMITYJIbCA.

3adaua. Cuapsiy Maccoit m = 16 Kr BbLIeTes] U3 MYIIKU IO/
YTJIOM o = 30° K TOPH30HTY. B BepxHeil TOUKe TPAeKTOPUU CHAPS]
pasopBaJicsl Ha [Be 4acTH, IIpUYeM OCKOJKH CHapsja ylaau Ha
3eMJII0 0IHOBPeMeHHO. OCKOJIOK Maccoit 7y = 4 Kr ymaJji IIOuTH Ha
MYTIKY, & APYTOi OCKOJIOK yTIaJl Ha 3eMJII0 Ha PACCTOSIHUN § = 8 KM
or mymku. [Ipene6perast cornpoTuBIeHneM BO3/[yXa I MacCoit B3pbIB-
YaTOro BelecTBa B CHapsije, HalijuTe KHHETHYECKYIO SHEepruio
cHapsza E, B MOMEHT BbLIETa U3 IIyIIKH. YCKOpEHUE CBOGOIHOTO
MajieHus IPUMUTE PaBHBIM ¢ = 10 M/ c?.

2. Cdopmympyiite 3akoH Apxumena. Ilepeuncinte ycaoBus
IIJIaBaHUS TeJl.

3adaua. B manenbpkoM Oacceifie ¢ BEPTHKAILHBIMU CTEHKAMU
IJIaBaeT NTPYIICUHDBIN MJIOT, HA KOTOPOM JIeXKAT OJIMHAKOBbIE UTPYIII-
k. Ha crenke GacceiiHa HaHeceHa IITKaJa /IS N3MEPEHHS BBICOTbI
ypoBHs Bozibl. Korjia pe6eHOK nepenec ¢ 10Ta Ha 60pTuK GacceiiHa
OJIHY MTPYIIKY, BLICOTA YPOBHS BO/bI H3MeHIJIAch Ha Ay =6 cM. OH
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XOTeJI TEPEHeCTH Ty[a K€ ¥ BTOPYIO WTPYIIKY, HO YPOHWJ ee, U
UTPYIIKA yaJja Ha HO. BbicoTa ypoBHS BO/BI 1TOCJIE STOTO N3MEHU-
sach ente Ha Al =1 cM. Bo cKoJIbKO Pa3 MJIOTHOCTb MaTepHasia
UTPYIIKH GOJIbIIE, YeM TIJIOTHOCTD BOJIBI?

3. Maiite omnpeesieHre KMHETUYECKONW SHEPTUM MaTepPHAJbHOMN
TOYKU M CHCTEMbI MaTepUAJIbHBIX ToueK. Kak cBs3aHO mpuparieHue
KIHETUYECKOW 3HEepruu Teia ¢ paboToil NPUJIOKEHHBIX K Tesy
cua?

3adaua. Bpycok maccoit M = 100 T, IpUKpEIJIEHHbIN TOCPe/-
CTBOM TIPYZKUHBI K HETIOJBIKHOI CTEHKE, COBEPIIAET FaPMOHUYECKITE
KoJIeOaHUS Ha TJIQJIKOM CTOJIe C aMInTynoit Ay = 5 cM. B Moment
MIPOXOK/ICHUS] GPYCKOM TIOJIOXKEHISI PABHOBECUST HA HETO BEPTUKATb-
HO TaJIaeT KyCOK IJIACTUJIMHA Maccoii m = 56,25 T u cpasy IpuJiu-
maer K Opycky. Ompegennte yCTAaHOBUBIIYIOCS aMILTATYyay A,
KoJieGaHmil 6pycKa ¢ MPUJINTIIINM K HEMY TJIACTUJIITHOM.

MONEKYNAPHAA OU3INKA N TEPMOAVWHAMUKA

1. CopmymupyiiTe OCHOBHbIE MOJIOKEHNS MOJIEKYJIIPHO-KITHE-
THYECKOI TeopnH. KaKoBBI IO TOPS/IKY BEJIMYIMHBI Macca M Pa3Mephl
MOJIEKYJT?

3adaua. U-06pas3nyio TpyOKY TTOCTOSTHHOTO CEYEHHUS PACTIOTOKI-
JIN BEPTUKAJIBHO, YaCTUYHO 3AII0JIHUJIN PTYThIO ¥ OTMETUJIN YPOBEHDb
PTyTH Ha ee CTeHKaX. 3aTeM JieBoe KOJIEHO TPYOKH TepMeTHIHO
3aKpPBLIM, 2 B OTKPBITOE ITPaBOE KOJEHO TPYOKH JOJHUJIN HEKOTOPOe
KOJITYECTBO PTYTH, B Pe3yIbTaTe Yero MOBEPXHOCTD PTYTH B KOJIEHAX
CMECTHJIaCh OT TIePBOHAYATIBHOTO TOJOXKeHUA. Onpepeaute atMoc-
(pepHOE naBIeHNE P , €CJaM OTHOIIEHNE CMEIIEHNI YPOBHEH PTYTH B
IPAaBOM U JIEBOM KOJIEHAX OT MEPBOHAYAJBHOTO IIOJIOKEHHS PABHO
n = 4, a BBICOTA BO3/YIIHOTO CTOJIOA B JIEBOM KojleHe L = 25 cM.
Orser faliTe B MUJINMETPAX PTYTHOTO cTOs16a. Temmeparypy Bo3y-
Xa CuMTaiiTe IOCTOSHHOM.

2. Cdopmymmpyiite nepsblii 3aKoH  p A
TepMOZIHAMUKH. 3anuimTe (HopMmy-
JIBI JUIS TEMJIOEMKOCTH  H/IeaTbHOTO
OJTHOATOMHOTO Ta3a B WM30XOPHOM W
1306apHOM TIpOIeccax. /

b

3adaua. Hap upeaabHbIM TazoM /
MPOBOJUTCS TMKJIMYECKUI TIpoIiecc, f’
COCTOSIIIMI U3 JBYX Y4YacTKOB 1—2, r;’ 3
3—4, Ha KOTOPbIX /laBJIeHUE IPOIIOp- / T
UOHAJTIBHO 00beMY, U JABYyX ajualbar [

2-3, 4—1 (puc.1). NsBectHO, 4TO U3~ 0
MEHEHHE TeMIIEPATyPhI Ta3a Ha YUacT-  pye 7



ke /=2 pasno AT} = 20 K, a Mozay/b U3MeHEHUS TeMIIepaTyphbl Ha
yuactke 3—4 pasen AT, =15 K. Haiinure koacduimeHT mosse3noro
JIENCTBUS TTUKJIA 1) .

3. Kakwue Buzbl napooOpasoBanusi Bbl 3Haere? [laiite ornpeerie-
HUE Y/eJbHOI TEeIIOThI Tapoo6pasoBaHus.

3adaua. TOpU30OHTANIBHO PACIIOJNIOKEHHBINH TTUIUHAD, TePMeTHY-
HO 3aKPBITBIIl ¢ 060UX TOPIIOB, pa3/ieJieH MOPIIHEM HA JBE PaBHbIE
YacTH, JUIMHA Kakaoil n3 Kotopbix [ = 30 cMm. B Kaxgoil vacTu
MUJIMHAPA HaxouTest Boja u ee map nipu temieparype 100 °C . Tlpu
9TOM Macca BOJIbI B KXK/I0W M3 YacTeil B > pa3 MeHbIlle MacChl 1apa.
[Tnomaap momepeyHoro cevenus mopimasa S = 20 cm?, a ero macca
M = 200 r. Ha kakoe paccTosinue 7 CMeCTUTCS TIOPIIEeHb Yepes
JIOCTAaTOYHO GOJIBINON POMEKYTOK BPEMEHU, €CJIH IUJIMH/P ITOCTa-
BUTb BEPTUKAJIBHO, a TeMIIEPATyPy COAEPKUMOI0 IIUJIUH/PA O//1ep-
SKUBATDh TTOCTOSTHHOI ? TpeHme MeXIy MOPITHEM 1 CTEHKaMHU ITIJINH-
Jipa cuuraiite mpeHe6PeKMMO MaJIbIM, MOJIYJIb YCKOPEHUsT CBOOOHO-
ro IaJileHusi NpUMUTE paBHbIM ¢ =10 M/ ¢?,a HOpMaJ/IbHOE aTMOC-
(bepnoe paBienue — p, = 10° Ila. OTBeT MpUBEAUTE B MUJLINMET-
pax, OKPYTJUB 10 1EJIbIX.

DQNEKTPOONHAMUMKA

1. Uro Takoe asieMeHTapHBIN asekTprueckuii 3apsa? Chopmy.iu-
pyiiTe 3aKOH COXPaHEHUsI JEKTPUUECKOrO 3apsiia.

3adaua. Tpu oAMHAKOBBIX TOYEUHDBIX 3apsijia q= 10" Ku yaep-
SKUBAIOT Ha OJHOHN TPSAMON Tak, YTO PAcCTOSHNE MEKIY TIEPBBIM 1
BTOPBIM 3apsilaMi paBHO 3d, a MEXX/IY TIePBBIM U TPETHUM 3aps/IaMi
—7a,rnea = 10 cm. Onpenennre MUHUMATbHYIO PaGOTy, KOTOPYIO
HY’KHO COBEpPIINUTD, Y4TOOBI TI€PEMECTUTH ITH 3apPsibl B BEPIIUHDI
MPSIMOYTOJBHOTO TPEYTOJIbHUKA ¢ KaTeTaMu 3a U 4a, 1peojjoseBast
JICiCTBUE TOJBKO 3JIEKTPOCTATUYECKUX CHJI, CO3aBAEMBIX AHTUMHU
3apajaMy. JJIEKTpUYecKad NOCToAHHad g, = 8,85 - 10712 D/m .

2. [lafiTe ompezesieHNe 3JEKTPOEMKOCTH. 3amuuinte GopMyTy
JUUIST 3TIEKTPOEMKOCTH TIITOCKOTO KOH/IEHCATOPA.

3adaua. B anekTpuvecKoil cxeme, MPEACTABJIEHHON Ha PUCYHKE
2, conpoTuBaIeHus pe3uctopos Ry = Ry = R3 =10 OwM, aznekrpoeM-

kocTb konjencaropa C = 2 mMx®, 9/IC ucrounukos &; = 10 B,
R, R, R,
C
&, &
;".'lT =2 T 3 T
Puc 2
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&, = 8 B, &3 = 5 B, ux BHyTpeHHHUe CONPOTHBJIECHNUS IIpeHeOpe-
KMo Mautbl. HalijinTe 3apsiji ¢ Ha nJacTHHax KOHJIEHCATopa.

3. Cdopmymupyiite 3axkon Owma ang ydactka tenn. /laiire
oTipefieJIeHe OMITYECKOTO COMPOTHBJIECHUS MTPOBOTHUKA.

3adaua. Ydaenuk coOpas sJeKTPHUECKYIO TIEMh, COCTOSIIYIO U3
MCTOYHUKA ¥ TIO/IKTIOYEHHOTO K HEMY Harpy30uHoro pesucropa. [1pu
3TOM COINPOTHBJIEHNE PE3UCTOPA YUEHUK MOJA06pas TaKuM, 4ToObI B
pesucTope BBbIJIESIach MaKCHUMaJbHO BO3MOXKHAsT MOIIHOCTb. Bo
CKOJIbKO pa3 n uaMeHutces koadduiuent nosnesnoro aeicrsus (KITT)
Henu, ecim K MCTOYHUKY BMECTO OJIHOTO TOJAKJIIOYHUTH /IBA TaKUX
pesucTopa, COeIMHEHHbBIX MapasebHO?

ONTUKA

1. V3o6pasute xoj jydeil B npusme. B ueM cocTtout siBiieHue
MOJIHOTO BHYTPEHHErO OTPa’KeHUs ?

3adaua. T1nockoe 3eprajio 3 ABUKETCS TIOCTYIIATENBHO € HEKOTO-
POIi TTOCTOSTHHOH CKOPOCTHIO, BEKTOP KOTOPOIT HATIPABJIEH TIePIICH/ -
KyJISpHO 1ockocTu 3epkadia (puc.3). Ipea-
mer IT pBisKercst co ckopoctsio oy =1cem/c o 7
moj yriiom o = 30° K mIockocTu 3epkaja, a | u U \&qs
ero uzobpaxkenue M NBUXKETCA IO YIJIOM — pg >
B=60° x maockoctu 3epkana. Haiigure
MOJIYJIb ¢ CKOPOCTH 3epKaJa. 3

2. CdopmyupyiiTe 3aKoHBI mpesomae- A€ 3
Hust cBera. Jlaiite ompezesieHust aGCOJMIOTHOTO W OTHOCHTENTBHOTO
MoKaszatesieil TpeJoOMIeHNS.

3adaua. icrounuk cBeta S, UCIMYCKAIONIUIT TOHKHIA JTyd, [BUKET-
CsI TOPM30HTAIBHO HA/ IOBEPXHOCTBIO BO/IbI B 6acceiine, mpubImKa-
SCh K €ro CTeHKe C MOCTOSIHHOW ckopoctbio vy = 0,5 M/c, BekTop
KOTOPOIi neprenguKkyaspen creike (puc.4). Jlydy HanpasJeH B BOLY
Tak, 4To yroJ magenns o = 30° . C Kako#l CKOPOCTLIO 0, JABIKETCS
10/ BOJIOH 10 BEPTHKAJbHON CTeHKe OacceiiHa CBETOBOE IISITHO OT
ayua? Ilokasaresb npesomienus Bojabl n = 1,33.
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(83

o

N
Puc. 5

3. Kakue JWH3bI Ha3bIBAIOT TOHKUMMU?
[laiite ompenenenus (OKYCHOTO pPaccTos-
HUST U ONTUYECKOU CHUJIBI TOHKOU JIMH3BI.

3adauya. Ha moBepxXHOCTb TOHKOH pacce-
UBAIONIEN JMH3DI MaJ[aeT Jyd CBeTa Ha pac-
crostHUM @ = 1 CcM OT IeHTpa JUH3bI TT0J
yraom oo = 0,1 paj K ee rjaBHOI onTuyec-
koit ocu (puc.5). Haiizgure Mmoay.b Gokyc-
HOTO PACCTOSHUS JWMH3bI F, €CJW BBIIIe/-

I U3 JTUH3BI JIYY OTKJIOHSCTCS OT MEePBOHAYAIBLHOTO HATIPABICHNUS
Ha yroa Y = 0,05 paj. Yurure, 4To IS MAJIbIX 3HAUEHMH apry-
MEHTa X, 33/JaHHOTO B Pa/IMAHHON Mepe, CIPaBeJINBA TPUOIHIKEH-
Hasg ¢opmysa tgx = x .

ITy6auxayuio nodzomosur C.Uecnokos



MOCKOBCKUIA Q)I/I3!/IKO-TEXHI/I‘-IECKI/II7I UHCTUTYT
(TOCYAAPCTBEHHbIN YHUBEPCUTET)

Ommnnana «Puszrex-2016»

dusuko-maremaTueckas onumnuaga «Dusrexs» sxoaut B [lepe-
YeHb OJIUMIINA/] HIKOJbHUKOB, YTBEPXK/ICHHDbIII MunucrepcTBomM 06-
pasoBanus u Hayku Poccun.

[Tepsoiit (or6opounbiit) aran omumnuaabt 2015,/16 yueGHoro
rojia IPOBOAUJICS OYHO U 3a04HO (AUCTaHIMOHHO) ¢ OKTAGps 2015
roga 1o ¢despasb 2016 roga amsa yuammxes 9—11 kiaaccos, pasuesb-
HO 10 MaTreMaTtuke u (OU3nKe.

Bropoii (3aK/0unTeIbHbII) 9Tall OJMMIINA/IbI IPOBO/IMICS OUHO
Juist yaamumxcst 9—11 kJyaccoB, paszieJibHO 10 MaTeMaThKe 1 pusnKe,
B Gosiee yeMm 50 ropomax P® u crpan CHI. Ko BTOpoMy ararmy
JIONYCKAJIUCH TTOGEINTENN U TIPU3EPDI TIEPBOTO ATAIa.

[To6eauTesnn u IIPU3EPbI OJUMITUA/BI UMEJIU JIbIOTBI, OTIpe/leJis-
eMble TPUEeMHOI KoMuccHuei By3a, B KOTOPbIii MOaBaJNCh JJOKYMeH-
o1 B 2016 rony. B MDTU nobenurensm 11 kmacca no dusuke
o6ecIieunBagoch TOCTYIIeHne 6e3 BCTYMUTEJIbHBIX HCIBITAaHWM, a
npusepam 11 kiacca no ¢usuke n noGepuressim u npusepam 11
KJjlacca 1o MateMarnke 3acuntbiBagoch 100 6asioB 110 cOOTBETCTBY-
Io1eMy npeaMery. Pe3yibTaTbl OJMMITNA/bl MOKHO ObLIO 3aCUUTATD
IIPU YCJIOBUU TIOJIyUEHUs 110 COOTBeTCTBYIoIeMy mnpeamery ETOD He
Menee 75 6aJLIoB.

Huke npuBoasaTcs 3aJaHus 3aKJIIOYNTETBHOTO 3Tara OJUMITNA-
el «Dnstex-2016» mo Matematnke u uUUKe.

MATEMATNKA
11 knacc
BapuaHTt 1

(x*-2)(2x -3) ¥
—

1. Pemmure nepasenctso log -,

2x-3

2. Pemmre ypasnenne (cosx —3cos 436)2 =16 +sin? 3x .
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3. Pemute cucremMy ypaBHEHHUI

x+,/x+2y—2y:%,
x? +ac+2y—4y2 =22—7.

4. Touku A, B, C, D, E mnocyieioBaTeJIbHO PACIOJOKEHBI HA
npsamoit, mpmaeM AB = BC = 2, CD =1, DE = 3. OxpyskHoctn
n ®, Kacaiomuecs APyT JPyra, TAKOBbI, 4TO €2 MPOXOAUT vepe3
toukn A u E, a @ npoxoaut depe3 Touku B u C. Haiinurte paguycer
OKpY)KHOCTEll £ M ®, €cJii U3BECTHO, YTO UX LEHTPbI M TouKa D
JIesKaT Ha OJTHOW MPSIMOIA.

5. B uncse 2*¥0*1*6*0*2 Hy>KHO 3aMeHUTH Kax/1yio u3 6 3Be3/10-
uek Ha Jobyo us uudp 0, 1, 2, 3, 4, 5, 6, 7, 8 (udpsr MoryT
MOBTOPATHCS) TaK, YTOOBI MOMYUeHHOE 12-3HAUHOE UNCTIO TETUI0CH
Ha 45. CKOJIbBKUMU CIIOCOOAMH 9TO MOKHO CZeJIATh?

6. Haiizure Bce 3HaueHus TapaMeTpa a, IIpu Kask/[0M 13 KOTOPbIX
cucreMa ypaBHEHHI

(ly + 9]+ +2|-2)(x* +y* -3) =0,

(x+2) +(y+4) =a
WMeET POBHO TPHU PEIIEHIS.

7. Jlana npasumbnag npusma ABCDABC\Dy ¢ ocnosanuem
ABCD. Ilnockoct o U [ NepHeHJUKYIApHbI BjD U 1mpoxojdar
yepes Bepunbl A u D coorBerctBenno. Ilycrs FF'u H cooTBeTcTBEH-
HO — TOYKH IlepecedeHus mjaockoctell o u ¢ anaronanbio ByD ,
npu atom DF < DH.

a) Haiimure ornomenwe BH : DF .

6) IlycTb JOMOJHHUTENBHO M3BECTHO, 4TO HeKoTopas cdepa
pamuyca 3 KacaeTcss BceX OOKOBBIX TpaHell NPU3MbI, a TaKxKe

mnockocreil o u . Haiigure orpesox B D u o6beM IIPU3MbI
ABCDA B,C\D; .

BapuaHT 2

2sin3x  cos3x
1. Pemre ypaBnenne ———— —
sin x cos X

2. Haiiaure Bce mapbl MOJOKUTENbHBIX Yrce (X, Y ), YAOBJIETBO-
PAIONIUX CUCTeMe YPaBHEHUI

y—21/xy—\/z+2:0,
x

3x%y? + yt = 84.

=5|cos a].

90



S5x-3
3. Pemmre nepasenctso 17 3% - 257¥ <68 .

4. OxpyskHocth ® paauyca 6 ¢ mearpom O BhucaHa B OCTPO-
yroJibHblil Tpeyroabuuk CFM u xacaercs ero cropoH CM nu FM B

toukax P u K coorBercTBeHHO. OKpyKHOCTH Q paauyca c

nenTpoM I' onucana oxoJio Tpeyrojbuuka PKM.
a) Haiiqure OM.
6) IlycTh JOMONHUTEJIBHO M3BECTHO, YTO OTHONIEHUE IJIONIAN

B
tpeyrosbuuka CFT x mjomaaun tpeyroabHuka CFM paBHO 3

Haiinure nomny 6uccexkrpucsl MA tpeyronpanka CFM, a Takke ero
ILJIOIAD.

5. B uncrie 2016****02** mnyskno 3aMeHUTh Kaxaylo u3 6
3Besfouek Ha moOyo us mudp 0, 2, 4, 5, 7, 9 (uudpsr MoryT
HOBTOPATHCS) TaK, YTOOBI MOJTyYeHHOE 12-3HAYHOE YHUCIO0 AEINIOCH
Ha 15. CKOJIBKUMU criocoOaMM 3TO MOKHO CJieJiaTh?

6. /lana cucrema ypaBHeHUit
2

)

16+ 6 — x” = 2|+ |6 = 16+ 122 - 2” - y
(a+15)y+15x—a=0.

a) Mzo6pasuTe Ha IIOCKOCTH (X; §) MHOMKECTBO TOUEK, y/I0BJICT-
BOPSIIONINX TIEPBOMY YPAaBHEHUIO CHCTEMbI, M HANJWTE IJIOMA/Ib
MOJIyYeHHO# (DUTYPBI.

6) Haiiure Bee 3HAYCHUSI TAPAMETPA @, IPU KaKIOM M3 KOTOPBIX
cHCTeMa NMeeT POBHO O/IHO pellleHue.

7. [lana mpamas tpeyroabHas npusma ABCA (B,C;. Cdepa c
mnamerpoM BC nepecekaet pe6pa AC n AB cOOTBETCTBEHHO B TOUKAX
P u Q, ormmunbix or BepmmH npusmbl. Otpeskn BP u CQ
nepecekatorcst B Touke T', u npu atoMm BP =5, TQ = 2.

a) Haiigure yron TPA.

6) Haiigure ornomenue AP : CP.

B) ITycrb pononuuTesibHo u3BectHo, uto AC = 3. Haiiaure o6bem
[IPU3MBI.

BapuaHt 3

1. Pemnre HepaBeHCTBO

(x2 -3x+ 3)4x3+5x2 < (x2 —-3x+ 3)2x:;+18x .

COSSX — cos7x .
2. Pemute ypaBHeHUE ——————— = 2|51n 2x| .
sin4x + sin 2x
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3. Pemute cucremMy ypaBHEHHUI
22y +xy* =20 -2y +10 =0,
2y —xy® =227 + 24> =30 =0.

4. B tpeyrompauke ABC mexuanbl BD u CE nepecekaiorcs B
touke M. OKpy’XHOCTb, TOCTPOEHHAs Ha OTpeske BM Kak Ha
auaMerpe, IpoxoautT depes Bepmuny C m kacaercs npsamoit DE.
WsBectHo, uto CM = 4. Haiigute Bbicory AH tpeyrosbuuka ABC,
yroa CBD u nuomaJp Tpeyrojbuuka ABC.

5. B uncie 2*0*1*6*0*2* wnykno 3aMeHUTh Kaxaylo u3 6
3Besmouek Ha moOyo us mudp 0, 2, 4, 5, 7, 9 (uudpsr MoryT
HOBTOPSITHCSI) TaK, YTOObI MOJTyYeHHOE 12-3HAYHOE YMCJIO [EIUI0CH
Ha 75. CKOJIBKUMU CIIOCOOAMH 3TO MOYKHO C/€JIATh?

6. /lana cucrema ypaBHeHUI

|15x] + [8y] +[120 — 15x — 8| = 120,

an Y 157 (a+2Y
x—4cos— | +ly—— | =|——| .
2 2 4

a) M306pasute Ha mI0CKOCTH (X; ) MHOKECTBO TOUEK, YOBJIeT-
BOPSIONMX TEePBOMY YPABHEHMIO CHCTEMbl, M HaiiuTe IJIOMA/b
MOJTyYeHHOT PUTypbI.

6) Haiignre Bce 3HaUeHNs MapaMeTpa @, PU KakKI0M U3 KOTOPBIX
chcTeMa UMEET POBHO TPH PEIIeHMUs.

7. Beicora mpasusbnoii Tpeyroabnoii npusmbr  ABCABCy

paBua 12. Cdepa Q paamyca 7 = ,/3—35 Kacaercsi BceX GOKOBBIX

rpaneii npuambl. Ha orpeskax AA; u BB, BbIOpaHbI COOTBETCTBEH-
no touxku K u L raxme, uto KL | AB, a maockocru KBC u
LAC, xacatorca cdepor Q. Haiiure o6beM NpU3Mbl U JIHHY
orpeska AK.

OU3NKA

9 knacc

1. Kamenb 6polireH ¢ moBepXHOCTH 3€MJIH TIO/] YTJIOM K TOPU30HTY
co ckopocTbio vy = 10 M/ c. B BepxHeil TOUKe TPAEKTOPUU CKOPOCTD
KaMHs OKazajach paBHOW v = 6 M/ c. CompoTuBieHne BO3ayXa He
yunThIBaTh. [IpHHATH yeKopenie ¢cBO60OIHOTO MageHns g = 10 M/ .

1) HaliguTe BepTUKAIbHYIO COCTABJISIONIYIO CKOPOCTU KAMHSI TIPH
6pocke.

2) HaiizuTe BpeMs NoJieTa KaMHs 10 BEPXHEH TOUKM TPAeKTOPUH.
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2. Ha kaxoii BbIcOTe, cunTast OT IOBEPXHOCTU 3eMJIH, YCKOPEHUe
cBoGoiHOTO TTajienust Ha 19% Menbiie, yeM Ha ToBepxHOCTH? Pajyc
3emsn paBeH R.

3. ABTOMOOMJIb MaCCOW M MPH JBIDKCHUU IIO BBIILYKJIOMY MOCTY
JIABUT HA MOCT B BepxHeii Touke ¢ cusoit 0,9mg C kaxoit cuioii 6yaer
JIAaBUTH HA MOCT B BEPXHEIl TOUKE 3TOT K€ AaBTOMOGU.Tb TIPH IBUKEHIH
€O CKOpPOCTHIO B 2 pasa 6oJbIieii?

4. Tonkag Tpy6Ka 3amasHa ¢ OJHOTO KOHIIA, 3aMOJHEHA JKUIKO-
CTBIO TIOJTHOCTBIO P W 3aKperieHa Ha TOPU30HTATbHON TiaTdopme
(puc.1). OTKpbITOE KOJEHO
TPYOKU BEPTUKATIBHO U 3aII0JI-
HEHO YKUIKOCTBIO /10 BBICOTDI H . R
[Tnardopma Bpaiaercs ¢ yrio-
BOIl CKOPOCTBIO (® BOKDYT Bep- I

H

» 7R

LN}
21

TUKAJIbHOU ocu. BepTukaabHoe
KOJICHO HaXOJUTCS Ha PacCTos-
Huu R, a KOHel TOPU30HTAJIb- | |
HOTO — Ha paccrosiHuu 7R oT N2

ocu Bpaienus. Armocdepnoe
JIaBJIeHHE P .

1) Haiigure paBjienne skugKOCTH B MecTe U3ruba TpyOKH.

2) Haiigure naBjenue KUAKOCTH B TOPU3OHTATBHOM KOJIEHE Ha
paccrosHuu 2R OoT ocu BpallleHusl.

5. Kimn mMaccoit M = 4m HaxoJuTCs Ha LIEPOXOBATOI rOPH30H-
TaabHOl moBepxHoctu crosa (puc.2). Uepes 610K, yKPEILICHHbIHA Ha
BeplIMHe KJNHA, IIePeKnHy-
Ta JieTKas HepacTsKuMas
HUTDb, CBA3BIBAIONIAS TPY3BI,
Macchl KOTOPBIX my =3m U
my =m . I'pysbl ynepxusa-
10T, 3aTeM oTiryckatoT. [loc-
Jie 3TOr0 TPy3bl ABUXKYTCH,
KJINH TorkouTcs. Imaakas
HAKJIOHHAS MOBEPXHOCTD
kauHa o6pasyer ¢ ropusontoM yroa o, (sino=0,8).

1) Haiizure yckopeHue rpysos.

2) Haiigure cuiy TpeHus, AeHCTBYIONIYIO Ha KJIUH CO CTOPOHbBI
CTOJIA.

Puc. 7

Puc. 2

70 knacc

1. Bpyckun maccamu m, 2m, 3m u 4m, coeANHEHHbIC JIETKIMI
npykuHaMu U HUTho (puc.3), yAepsKUBAIOTCS HEMOABUKHO C TMO-
MOIIBIO YTIOPa Ha TJIAJKOH HAKJOHHOH MOBEPXHOCTH C YIJIOM Ha-
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KJIOHA K TOPHU3OHTY O
(sina=1/6).

1) Haiigure cumiy Hats-
JKEHUST HUTH.

2) Haiigute yckopenue
(Hanpas/ieHue M MO/IYJIb)
6pycKa Maccoii 2m cpasy 1oc-
Puc 3 Jie TIepeKUTaHus HUTH.

2. He6oJb1110ii 110 pa3me-
paM IapuK Maccoil 7m ABIDKETCS 10 OKPY’KHOCTH B TOPU30HTATIBHOM
IJIOCKOCTH, HAXO/SICh OT BEPTUKAIBHOI OCU BpAIleHUs HA PACCTOSI-

nun R. [Mlapuk yaepskuBaercs apyms nursamu (puc.4),
COCTABJISIIONIUME C OCBIO BPAIIIEHUSI PaBHBIE YIJIbI O
(sino =8/17 ). Cuusia HaTsKeHUsI BEPXHEH HUTH B 5
¢ g Pas 60JIblIIE, YeM HIUZKHEN.
’ 1) Haiigure cumy HaTsDKEHWS HIDKHEH HUTH.
2) Haiigure yrjioByio CKOPOCTb BpallleHHs.
m 3. T'azoo6pasHblil Tenii COBEPIIAET IUKJ, COCTO-
SAMUN 13 1306apuvecKoro pacumpenust 1—2, aqunaba-
o THYECKOTO Tpoliecca 2—3 1 M30TePMUYECKOTO CXKATUS
3—1 (puc.5). KII/] unukaa pasen .

1) Haiigure orHOmeHHe pabOTHI Tasza 3a IHUKJ K
pa6ote raza B mporecce 2—3.

2) Haiigure oTHOIIEHHe paGoOThI Ta3a B IIPOLECCE
2—3 k paboTe HaJ ra30M IMIPU €ro CXKATUHU.

4. Touxasg U-o6pasnas Tpy6Ka

) TTOCTOSTHHOTO BHYTPEHHETO CeYeHNS
< C TOPU3OHTATIBHBIM KOJICHOM JIJI-
HOIT L u IBYyMST OJITHHAKOBBIME BEP-

Jr

oL

Puc. 4

PA

s

0 v
Puc. 5 Puc 6

THKAJTBHBIMA KOJIEHAMU, OTKPBITBIMA B aTMOC(epy, 3all0JHEHA BO-
poit ne mosnocteio (puc.6). B KamaoM BEpTHKAIBHOM KOJEHE
ocraercs cJ10il Bosfyxa. Bojga HauMHaeT BBLIMBATbCS, eCaH TPYOKy
JIBUTaTh B/IOJb TOPU30HTAIBHOIO KOJIEHA C TIOCTOSHHBIM YCKOPEHH-
eM, He MEHbIINM 4eM dy = g/8 .



1) Haiigure mmuny H c10g BO3ZyXa B OJHOM BEPTHKAJIBHOM
KOJICHEe, Kor/la TPyOKa TTOKOUTCS.

2) Haiiaure gy [ BbLIMBILErOCS CJIOSI BOJDI IIPU [ABUKEHUE C
ycropenueM a; = g/6 .

TopusonTasbHOE KOJEHO OCTAeTCS BCET/a 3aIlI0JHEHHBIM BOION.

5. Fa3006pasublii resnii Harpesaercs (HempPepbIBHO MOBBIIIAETCS
TeMIeparypa) or temnepatypbl Ty B IIpoiiecce, B KOTOPOM MOJISIPHAS
TETIOeMKOCTh Taza C 3aBUCHUT OT TeMmeparypbl 1 TIO 3aKOHY

T
C=0R—, rae o — Hem3BeCcTHAs YNCJICHHAS KOHCTAHTA.
0
1) Haiigure o, €cay M3BECTHO, YTO NPU HATPEBAHUH JI0 TEMIIE-
parypsr T, = 5T;/4 ra3 coBepmui paboTy, paBHYIO HY.JIO.
2) Haiigure temueparypy T,, Ipu JAOCTHIKEHHUM KOTOPOU Ta3
3aHNMAaJl MUHUMAJIbHbII 00bEM B IIPOIlECCe HArPEBAHMS.

11 knacc

1. Ha riaaxoM 3akpersieHHOM GpeBHE pajuycoM R BUCHUT Mac-
CUBHbBIN OHOPOIHBII KaHAT Maccoil m u jjmHoi [ = 7R, npuKper-
JleHHbIi K OpesHy B Touke E (puc.7). Touka
E n ocb O 6peBHA HAXOASTCS B OJHOH TOPH-
30HTAJIBHOMH TJIOCKOCTH.

1) Haligure cuay HaTs)KeHHS KaHaTa B
Touke A.

2) Haiigure cuiy HaTsKeHUs KaHata B
Touke B Takoil, yro yron EOB paBeH o
(sino=2/3).

2. Teswii B KOJIMYECTBE V MOJIb PACIIH-
psietcst ot Temueparypbl 1y B nporecce 1—2,
a 3aTeM — B Ipolecce 2—3 ¢ NPSIMO MIPOIIOP-

. Puc. 7
[MOHAJIBHOI 3aBUCUMOCTBIO JIABJIEHUSI ) OT
V, V3 3
o6wema V (puc.8). Ornomenne o6beMOB AR
1 2

1) Haligure TemmepaTypbl B
cocTosiHusAX 2 U 3.

2) Haiigure paGoty, coBepiieH-
HyIo TazoM B TIporiecce /—2-3.

3) Haiigure cymmapHoe KOJu-
YEeCTBO TEILIOTHI, IMOJyYeHHOe ra-
30M B mporecce 1—2—3.

3. Bycunka maccoit m ¢ moJo-
KUTEMBHBIM 3apsiioM ¢ Moxer 1€ 8
CKOJIB3UTH BJIOJIb 3aKpPerJIieHHOM
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B JAauHHON crunbl  (puc.9).
Bycunka co cnuneii nome-
% " IIEHbBl B OJHOPOJHOE Mar-
O HUTHOE TIOJIe ¢ WHAYKIINEH
m,q B. Yron MexXay BEKTOPOM
///// UHAYKOUNA n cruien
o = arcsin § .
5

Bycunke co-
Puc. 9

o0611aT CKOpPOCTh 7. Ko-
acpdurnmenT Tperns Meskry 6ycuHKOIN u cruiei W . /lelicTBrie cuJIbt
TSOKECTH HE YYUTBIBATD.

1) Haiiaure cumny Tpenus, nefcTByOnyo Ha GyCUHKY B MOMEHT,
KOT/Ia ee CKOPOCTh CTaHeT v, /2 .

2) Ha kaxkoe MaKCHMAJbHOE PACCTOSHHE CMECTUTCS OyCHHKA
BJIOJIb CITUI[bI?

4. B asiekTpuuecKoil 1enu, cXeMa KOTOPOil TIOKa3aHa Ha PUCYHKE
10, Bce aJeMeHTHI W/eaTbHbIC, WX TapaMeTpbl YKa3aHbI, KJIOY
3aMKHYT, PEXUM YCTaHOBWIC.

1) Haiigute HanpsikeHWe Ha KOHEHCA-
TOpE TIPU 3aMKHYTOM KJIIOUE.

2) Haiigure TOK 4epes MCTOUHMK CPa3y
rmocJie PasMbIKaHUS KJI0Ya.

3) Kakoe KOJMYECTBO TEMJIOTbI BbIje-
JINTCS B TIETIN TIOCJIE€ PA3MBIKAHUS KJI09a?

5. Tonkasi cobupaiomniasi TUH3a CO3/AeT
Puc. 10 Ha 9KpaHe u306paskeHue CTPEJIKU, MePIeH-

JIMKYJISIPHOI ee TJIaBHON ONTHYeCcKoil ocH, ¢
yBesnyeHneM ' = 2. JIuH3y nepemelnaioT, MOJOXKeHUE TIJIaBHON
OTITHYECKOI OCH OCTAaeTCs] HEM3MEHHDIM, CTPEJIKY M 9KpaH He JBHTa-
ior. K MoMeHTy Korja Ha 9KpaHe BHOBb HAGJIOAETCS YETKOE
n300paskeHne, nepeMereHne CoCTaBuIo s = 27 cM.

1) CpaBHHTE paccTosSIHIE MEXK/Y CTPEJNKON U JTMH30M /10 IepeMe-
IIEHUS JMH3bI W PACCTOSIHUC MEXKIY SKPAaHOM W JIMH30i TOCJe
TepeMeTeH .

2) Haiigure $oKycHOE paccTosHUE JIUHSbI.

Hy6auxayuio no namemamure nodzomosuau C.Iopodeyruil,
O.Hoodrunckuii, M. ITa6ynun; no ¢usuxe — B.Hueurés



HALUMOHAJbHbIA UCCNEQOBATENbCKUIA YHUBEPCUTET
«MWNIT»

OU3INKA

UHTEPHET-0Mmmnmnana «llosepes B cebs!»

Harmumonanbublii uccaenoBatebckuii yausepeuter «MUIT» Ha
MPOTSDKEHUHM MHOTHX JIET TTPOBOJUT JIJISI CTAPIIEKJACCHUKOB OJIMM-
Na bl IO MaTeMartnke, ¢pusnke n nHGOPMATHKE, KOTOPBIE TTOJIb3Y-
10TCST GOJIBIION TOIMYJISIPHOCTBIO CPEN TITKOJBHUKOB MOCKBBI 1
MockoBckoii o6sactu. Uto6bl paciiMpuTh KPyr yYaCTHUKOB, HAYH-
Hast ¢ 2010 roza ouMIMaa TPOBOUTCS B 3204HOIT (hopMe, UCTIOb-
3ysl MHTEPHET-TEXHOJIOTUH.

OusmMmnaza 1o ¢usnke MpoxXoauT noj Ha3BaHumeM <«Ilosepb B
ce6s1l> OHa HE COLEPKUT CBEPXCJOXKHDBIX 33j7a4, KOTOPblEe MOTYT
pentaTh TOJBKO CIEIHATbHO TOATOTOBJEHHbIC NMKOJIbHUKH. [loutn
BCe 33/1aUM OJIUMIINAJIbI JIONMYCKAIOT MIPOCTbIE peleHus: 6e3 TpoMo3-
JIKOI ayre6pbl Ha OCHOBE 3HAHUN OOBIYHON IIKOJBHON ITPOrPaMMBbI.
OjHako Hapsily C BIOJHE CTaHAAPTHBIMU 33/la4aMU B 3aJlaHUSIX
OJINMITHA/[bI MOXKHO HAlTH W HOBBIE, PElIeHHs] KOTOPBIX Cpasy He
OYEBU/IHBI.

C 2015 roga unrepuer-osumiuaga «Iloseppb B cebst» mpoxoauT B
paMKax IHUKJIa MEPOIPHUATHH AJad MKOJBHUKOB <«Putm MUIT —
Poccun».

Huske npuBosATCs 331241 IEPBOTO U BTOPOTO TYPOB OJIMMITHA/[bI
g yuamuxes 10—11 xmaccos.

[TepBbivi TyP
BapuaHt 1

1. [Ipu TopMOKkeHu#r aBTOMOOUJIS HA HEKOTOPOM YYacTKe IyTH
€ro CKOpPOCTb CHU3MJIACD OT vy = 70 kM/4 10 vy, =10 kM/u . Cunras
JIBIDKEHIE aBTOMOONJIS paBHO3aME/JIEHHBIM, HAHANTE €T0 CKOPOCTD
0 B CepejliHe ITIyTH.

2. Illap maccoii m = 3 Kr, TOJBENICHHDIII HA HUTH, PACKPYTUIN
TaK, YTO OH CTaJ JBHUTATbCS MO OKPY)KHOCTU pajaumycoM R = 0,4 M c
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MMOCTOSTHHO# CKOPOCTBIO U ycKopeHueM ¢ = 10 M/ ¢’ B TOpPU3OHTAIIDL-
HOU TIJTOCKOCTH. Bblunmcimre KHHETHYECKYIO SHEPTHIO IIapa.

3. Bprunc/mTe MIOTHOCTD P MJ€aTbHOTO Tasa, eCJIH €70 JABJIEHIEe
p=1,5-10" Tla, a cpeaHsIsT KBAIPATUIHAS CKOPOCTH MOJIEKY.I Tasa
0 = 300 M/c .

4. B aByX BepuImHAX TPABUJIBHOTO TPEYTOJbHUKA HAXOSTCS
OJIMHAKOBBIE TIO0 BEJTMYMHE U TTPOTUBOIIOJIOMKHDIE TI0 3HAKY 3aPSI/Ibl.
Hamnps:keHHOCTD 3JIEKTPIUYECKOTO TI0JIST B CePe/INHE CTOPOHDI, COeIH-
HAIOWeH 3apaabpl, paBHa E; = 400\/§ B/m . Haiigure Moxysp Ha-
TIPSKEHHOCTH TI0JI B IIEHTPE TPEYTOJbHUKA.

3. DJIEKTPUUYECKASI [[EMTb COCTOUT U3 AKKYMYJISTOPA ¢ BHYTPEHHUM
comporuBieHueM # = 1 OM U BHENIHEro CONPOTUBJEHUS R =
=100 Om. BoabT™Merp, MOAKIIOUEHHDBIH T10CJE/10BATEJIHBHO WU T1a-
PaJIJICTBHO COMPOTHBJICHUIO, TIOKA3bIBAET OJHO W TO XK€ HaIpsiKe-
Hue. BprumcmnTe COMpOTHBJIEHIE BOJbTMETPA.

6. Tox I uepes katymky uHAyKTUBHOCTBIO L = 100 MI'H ymMenb-
1IAI0T JI0 HYyJSI B COOTBETCTBUU C TIpacdUKOM, IMPUBEJIEHHBIM Ha

pucynke 1. Omupenenute
I, MA MaKCHUMaJIbHOE HallpsiyKe-
HUe Ha KaTyIIKe BO BpeMs
TAKOTO BBIKJIIOUEHS TOKA.
ConpoTuByeHIEM TTPOBO-
Jla KaTyIIKi rnpeHe6peyb.

7. ToueyHbIit HICTOUHIK
CBeTa JBUKETCSI CO CKOPO-
croio u = 1 M/¢ mepren-
. JUKYJAPHO TJIaBHOH OI-
t, Mc THYECKOI OCH TOHKOH CO-

6uparorieil JuH3bl ¢ o-
KycHbIM paccrogHueMm F = 20 cm. Hailaure BesnmunHy CKOpPOCTH
n306paskeHnss B TOT MOMEHT, KOT/Ia UCTOYHUK IepPeceKaeT TJIaBHYIO
OTITHYECKYIO OCh JIMH3BI Ha paccTosHUT 60 cM OT JMH3BI.

40

20

0
Puc. 7

BapuaHT 2

1. Kamenb, GpoliieHHbIi TOPU3OHTAIBHO ¢ HEKOTOPOW BBICOTBI C
HavaJIbHOIT cKopocThio vy = 10 M/c, ymas Ha 3eMTio Yepe3 T =2 C.
OtipeziesiuTe paccTosiHUE S M0 TPSIMOI MEXKIy TOYKOU 6pocaHust u
TOYKOH mpu3emsenHns: kaMHsl. CONPOTHBJIEHHEM BO3jyXa IpeHes-
peub. YcKopenue cBo60HOTO Majgennsa g =10 M/ .

2. Tpysnl 1 u 2 cBsA3aHBI HEPACTSKUMOH HUTDHIO, TEPEKIMHYTOM
uepes 60k (puc.2). Macca Ka[IOro rpysa m, CUJIa HATSKEHUs
mutu (3/5)mg . Onpexennre ko3 PUITEHT TPEHA [ MEXKIY TPy-
30M / W TOPHM3OHTAJbHOH IJIOCKOCTbIO. Maccammu 6JioKa W HHUTH
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npere6peub. Tpenue B ocu 6JIOKA OTCYT-
CTBYET.

3. B asexTpuueckuii YaifHUK ¢ yCTpPOIi-
CTBOM CaMOBBIKJIOYeHNs Hamuan V =1 1
Bozbl nipu Temmepatype t =20 °C . Uepes
T = 160 c vaitnuk orkJounicg. Onpeze-
JINTE MOIIHOCTD HarpeBaTeist yaitauka. Terr-
JIOOGMEHOM € OKPYSKAIONIUMU TeJaMu 1Ipe-  p, - 5
He6peub. [LmoTHOCTD Boztbl p = 1000 KF/ M
yaeJbHAsT TeIIOeEMKOCTb Bojbl ¢ = 4200 [[>1</ (KF . K)

4. B BepmuHax paBHOCTOPOHHErO TPEYTOJbHUKA HAXOSTCS
TovyeuyHble 3apsapl ¢ = 4 HK1, g, —q. HanpsbkeHHOCTD aekTpudec-
KOTO TIOJIST B CepeiHe CTOPOHDBI, COCAMHSIONICH MOJIOKUTETbHDIE
3apsapl, pagia E = 300 B/m. Onpezenure BeJImunHy CUJIbI, Jeii-
CTBYIOIIEH Ha KaK/blil MOJOKUTEIbHBIN 3apsi/l.

5. IIpoBosiiiiee KOJBIO MOAKJIIOYEHO K HCTOYHUKY TTOCTOSTHHOTO
nanpstkenusas B toukax A u B (puc.3). Temmosasg MOIIHOCTD,
BbBI/IEJISIONIAsICST B KOJIbIle, paBHA P =
=40 Br. Kakas momHocts P, Oyzer
BBIJIEISITECS B KOJIBbITE, €CJIU TOYKH TIO/I-
KJIIOYEHUsI C/IeJIaTh AUaMEeTPAJIbHO MPO-
TUBOIIOJIOKHBIMU ? A

6. OHeprusi MarHUTHOTO TOJIS Ka-

Tymku WHAyKTHBHOCTBIO L = 0,1 TH
pasaa W = 50 m/[xx. Ompenennte Be-
gmanny 9 J[C caMONHAYKIINY B KaTyIIKe B
[PU PABHOMEPHOM YMEHDIIIEHUU CHUJIbI pac. 3

Toka ot I, nonynasaspema 1 = 0,1 c.

7. 3epKaJjo mepeMecTUuIN B TO MECTO, T/l HaXO/UJIOCh TIePBOHA-
YasbHOE N306pakeHne IpeiMeTa, Co3[aBaeMoro 3epKaJjioM. Bo ckoJib-
KO pa3 yBeJUYNJIOCHh PACCTOSIHIE MEK/LY ITPEe/IMETOM U €10 M300paske-
nuem? Ilpeamer ocraercs He-

TTOJIBUKHBIM. v,M/C

BapuaHt 3

1. /IBa Tema ABWXYTCS 20 /
Brosb ocu x. Ha pucynke 4
pUBe/IeHbl IPadUKI 3aBUCHU- 10 2
MOCTH TIPOEKITHIT CKOPOCTei
9TUX TeJ Ha OCh X OT BPEMEHH.
Kaxkoe paccrostame GbLITO MeXK-
Jly TeJJaMU B MOMEHT BpeMeH!
t = 0, ecan MUHHMAJbHOE Puc. 4
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paccTosiHue MEXKAY HUMH IPH TaKOM JABUXKEHUU COCTABUJIO
L., = 30 m?

2. Hlapuk maccoif m = 50 r ToHET B KMJAKOCTH. B HeKoTOpbIii
MOMEHT BPEMEHH ero yCKOpeHHe PaBHO a = 2 M/ ¢’ W HampasIeHo
BepTuKaJabHO BHU3. C KaKOW CHJIOW SKUAKOCTH B 3TOT MOMEHT
JlelicTByeT Ha MapuK? Y ckopeHue cBo60HOTO najiernst g = 10 M/ c?.

3. B BeprukasbHOM IWJIUHIPUYECKOM COCY/IE O] MOPITHEM
HaXO/JUTCS OJMH MOJIb H/IeaTbHOTO Ta3a. a3 MeIeHHO HarpeBaor,
OHOBPEMEHHO HACBITIas Ha TOPIIEHDb TEeCOK TaK, YTOOBI TOPIIEHDb
ocTaBaJICS HEMO/ABIKHBIM. OmpesiesnTe Maccy TMecKa, BBICHIIAeMOTO
Ha MOPIIEeHD IIPU YBEJIMYEHUN TEMIIEPATY PhI ra3a Ha KasK/IbIil TPAIyC.
[Topienb HaXOAUTCS HA BbIcOTe 2 = 1 M OT AHA cocy/la, TPEHUEM
MEK/1y TIOPIIHEM U COCY/IOM IpeHe6peub. Y HUBEPCaJbHAs ra3oBast
nocrogunag R = 8,3 [I}K/ (MOJIb . K) , YCKOpeHne cBOGOTHOTO Tiajie-
s g =10 m/c?

4. JIBa 3apsoKEHHBIX KOH/IEHCATOPA TTOAKJIIOUNIN APYT K APYTY.
B ycranoBuBIIIEMCS COCTOSIHUEM 3HEPTUS IIEPBOTO KOHJEHCATOPA
0Ka3aJIach PaBHOI €ro ePBOHAYAIBHON SHEPTUH, & SHEPTUSI BTOPOTO
KOHJ/ICHCATOpa yMeHblmiach Bn = 9 pa3. Otupezesnnte OTHOIIEHUE
€MKOCTH TIepPBOTO KOH/[EHCATOPA K €MKOCTH BTOPOTO.

S. OGkmanku 3apstrerHHoro go Hamnpspkennss U = 100 B xon-
nercatopa eMkoctbio C = 1 MM 3aMKHYJIM TPOBOHUKOM, MTOCJE
4ero KOHJIEHCATOp 3a BpeMsi T = 1 MKC IPakTUYeCKH MOJHOCTHIO
paspsiauics. OtpejiesuTe CPeHIO0 CUIY TOKA Yepe3 MPOBOIHUK 32
3TO BpeMS.

6. IIpu mogKTIOYEHNN KaTYIMIKN WHAYKTHBHOCTBIO L = 90 MI'H K
ncrounnky IJ/IC Tox depe3 karymky 3a Bpema T = 0,015 c
yBesmuanics ot uyJg 10 I = 10 A. Onpenennte cpeHION BEJNITHY
IOIC caMOMHAYKITMN B KATYIIKE 32 9TO BPEM.

7. Ha ToHKyI0O paccewBaIONIyi0 JMH3Y TaJaeT Ty4YOK Jydeil,
napaJiieIbHbIX TJaBHOU omrthmyeckoil ocu. Ilocie mpemomieHus: B
JIMH3E 3TH JIYYH PACTIPOCTPAHSIOTCS BAOJID MPSMDBIX, TIEPECEKAIOMNX-

csHa paccrostauu [ = 40 cm

v,M/C OT ILJIoCKOCTH! JIMH3bL. Onpe-
| l | | JleJiuTe ONTUYeCKyIo cury D
1 JINH3BL.
10
BapuaHT 4

1. /IBa aBTOMOOUJIST IBU-
JKyTCs BAoJib ocu x. Ha pu-
CyHKe 5 TpuBe/ienbl rpacu-
KU 3aBUCUMOCTH TPOEKINi
Puc 5 cKopocTell aBToMOOuIel Ha
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ocb x oT BpeMeHn. Kakoe paccrostaue 6b1JI0 MEXK/Ly aBTOMOOHUJISIMU B
MOMeHT BpeMeHH ¢ = (), ecsii BMOMEHT BpeMeHn t = 4 ¢ aBTOMOOMJIN
BCTPETUJIHCD?

2. I'pys maccoit m = 100 T, mogBemIeHHDIH Ha IPY>KUHE SKECTKO-
crbio kR = 20 H /M, coBepiiaer BepTukasibHble kosnebanus. C ka-
KHM YCKOPEHHMEM [IBIDKETCS IMapuK B MOMEHT BPEMEHH, KOrja
NPY)KMHA pacTsHyTa Ha X = 2 cM? YcKopeHue cBOGOJHOTO Majie-
Hug g =10 M/c2 .

3. I'padux saBucumocT o6beMa V KHCIOPOJA OT €ro TeMIlepary-

por T mpu moctosuHOM aAaBienun p; = 70 xlla coBmagaer c
rpadukom 3zaBucumoctu V ot T ang asoTa IPHU JaBJICHUH
p, = 160 klla. Bo ckonbko pa3 Macca asora 6oJbllie MaccChl

kucsaopona? I'a3pl cuntaTh ujeasbHbiMu. MoJisipHas Macca KUCJI0po-
ma M, = 32 r/Monb, MospHasd Macca azota M, = 28 T,/ MoJb.

4. 3apssKkeHHDIN KOHIEHCATOP MOAKIIOUYNIN K HCTOYHIKY HaIIps-
xenng ¢ DC & = 10 B. Tlocne nepe3apsaknm KOHIEHCATOPA €TO
SHEprusi OKa3ajachb PaBHOU IEPBOHAYAJDHOW, a B II€NU 32 BPEMs
nepesapsi/iIki  BbIJEUIOCh KoaudecTBo Termnotbl Q = 0,4 m/[x.
Ortipesiesiute eMKOCTh KOHJICHCATOPA.

5. Ha pesucrope conporusienem R = 8 OM, MO/JKJIIOYEHHOM
K Garapeiike ¢ I/IC & = 4,5 B, KaKAyIl0 CEKyH/y BbI/JeJsIETCS
KosmdectBO TerioTel Q = 2 JI)x. Omnpenennte BHyTPeHHEE COMPO-
TUBJIeHNE GaTapeiiku.

6. Karymka nanykrusHoctbio L = 0,1 I'm u KoHzmeHcarop 1moj-
KJTIOYEHDbI MapaJijie;IbHO K HMCTOYHUKY TMOCTOSIHHOTO HATIPSIKCHUS.
ConpoTuBJIeHNE TIPOBO/JA, KOTOPHIM HAMOTaHa KaTYIIKa, PaBHO
R = 100 Owm. Ilpu kakom 3Hadye-
HUU €MKOCTU KOHJIeHCATOpa dHep-
TSI MATHUTHOTO TI0JIST KATYIIKU PaB-
Ha 9HEPTUU 3JIEKTPUUYECKOTO TI0JIS
KOHJIeHcaTopa?

7. CrexJigHHAS TIpW3Ma C TIpe-
JIOMJIAIONIUM yIJIoM @ = 30° JIeKuT ,
Ha 1ockoM sepkase (puc.6). Ilpu 7'z 9|7
KAKOM yIJe [afcHUs o, Jyua Ha T i rryy
BEPXHIOIO IPaHb MPU3MBI JIyd mocie A6 6
OTpPa’KeHMs OT 3epKajia CMEHHT HaIlpaBJIeHUE PAclpOCTPAHEHUS Ha
psIMO TIPOTHBOIONIOKHOE? [lokasaTesb MpeToMIeHNs CTeKJIa CUH-
Taiite paBupiM n = 1,7.

BapuaHTt 5

1. Temo Gpomeno nox yriaom K ropusonty (puc.7). MssecTHbr
IPOEKIMM  HAYaJIbHOII CKOPOCTH TeJda Ha BepTukajibhyio (y) u
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¥ ropusonTaibiyio (x) ocu:
vy, =8 M/c, vy, =4 M/c.
Ha xakom paccTosnuu ot Tou-
K1 crapra OyJerT Tesjo vepe3
cexynay mogera? CompoTus-
JICHNEeM BO3jlyXa NpeHe6peyb.
Yckopenne ¢Bo6O/IHOTO Tajie-
nua g =10 M/c2 .

2. Teno maccoii m = 0,5 Kr GpOCUJIN C HEKOTOPOH BBICOTHI.
Korga morennmaabHasg 3»HepPTUsS Teja yYMEHBIINJIAach Ha
AE, = 16 ][Ik, ero KHHeTHYeCcKas BDHEPTUSA CTajga paBHOMH
E. = 25 [Ix. C kakoil HavaJbHOW CKOPOCTbIO GPOIIEHO Teso?
CornporuBiieHHEM BO3/yXa MpeHe6peyb.

3. Usorepma kucsoposa npu temneparype ¢ = 47 °C cosmajjaer
¢ m3oTepMoil azora mpu Temmeparype t, =7 °C. Bo ckoabko pas
OTJIMYAIOTCS MacChl 9TUX ra3oB? [aspl cumraTh naeanbHbIMH. Mo-
JISIpHast Macca kucjaopoga My = 32 r/MoJib, MOJIIpHAs Macca a3ora
M, = 28 r,/Moib.

4. PaccrosHme Mexjy IJIACTUHAMM IIJIOCKOTO KOHJIEHCATOPA,
TIO/IKJIIOYEHHOTO K MCTOUYHHKY TTOCTOSIHHOTO HAIPSIKEHUS, YBEJIYH-
Jm B 2 pasa. 3aTeM, OTKJIOUYNB KOHAEHCATOP OT NCTOYHNKA, MJIACTH-
HBI BepHYJIN B HaYaIbHOE Mosioskenne. HaiiuTe oTHOIMEHIIE HAYaJIb-
HOU 9HEPIUM KOH/IEHCATOPA K KOHEYHOM.

5. K ucrounuky D/[C ¢ BHYTPEHHUM CONPOTUBJIEHHEM ¥ = 2 OM
TIOJIKJIIOYEH pe3ncTop. [Ipu KakoM CONPOTHBJIEHUH 3TOTO Pe3ncTopa
HalpsKEHHe Ha KJeMMaX HCTouHuKa cocrasiaser 60% or IDJC
HCTOYHUKA?

6. 3aMKHYTBId TPOBOJOYHBIA BUTOK COINPOTUBJIECHUEM
R = 0,3 Om nponocsT MuMo Mmaruuta. [Ipm aToM MarHuTHBIN TTOTOK
@ uepe3 MOBEPXHOCTb, OIPAHMYEHHYIO BUTKOM, MEHSETCS, Kak
MOKa3aHO Ha puCYHKe 8. B Kakoil MOMEHT BpeMeHHU BeJMYIHA TOKA
B KOHTypP€ MaKcuMaJjbHa?

O, MmB6oy

i

SRR

\J

Puc. 8
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7. Iliockoe 3epKaJio JIBUXKETCSI CO CKOPOC-
TBIO v; = 2 ¢M /¢, NEPHEHANKYAAPHOI MIOCKO- S
CTW 3epKaJjia, a TOYEYHBIH WCTOYHUK cBeTa S
JIBIDKETCS €O CKOPOCTBIO v, = 3 cM/c, mapai-
JenbHOl mockocetn seprana (puc.9). Ompene- v,
JIUTE CKOPOCTD JIBUKEHUST N300PAsKEHUST NCTOU-
HUKA, CO3/IaBaeMOro 3epKajoM. Bce ckopoctn
olIpe/iesIeHbl B OJTHOI CHCTEME OTCYUeTa.

Puc. 9

Bropovi Typ
BapuaHr 1

1. Poi6ax yponua B6sm3u 6epera rpy3usio B Boay. Ilo moBepxHo-
CTH BOJIbI, CKOPOCTDb TEYEHMS KOTOpPOoil # = 3 M,/ c, Havajga pacipo-
CTPaHATLCA BOJIHA, CKOPOCTb KOTOPOW B HEMOJABWIKHOH BoJe © =
=5 ™M/ c. CrycTst HEKOTOPOe BpeMs BOJTHA, OTPA3UBIIUCDH OT MTPOTH-
BOTIOJIOXKHOTO Gepera peku, BHOBb BepHyJach K poibaky. Haiigure
9TO BpeMs, ecu mupuHa pekn d = 60 M.

2. BesmumHa CKOPOCTU MaTepUANbHOU TOYKU, ABVIKYIIEUCS 10
OKPY>KHOCTH, MEHSETCS CO BpEMEHeM 10 3aKOHY o = ot , TAe
o=4 M/ ¢? . Onpesie/ire BeJMUNHY @ IEHTPOCTPEMHUTENBHOTO YCKO-
PEHUS TOYKM B MOMEHT BPEMEHH, KOT/Ia OHA COBEPIIUT OJMH 060pOT
M0 OKPY>KHOCTH TIOCJIe HadaJa IBUKEHUS.

3. lemouka cocTOUT M3 O9EHDb OOJIBITIOTO YNCTIA TMAPUKOB, JKECTKO
3aKPEIJIEHHBIX HA PABHBIX PACCTOSHUAX JPYT OT JPyra Ha JIETKON
ru6OKoil HepacTspKuMol HUTH. Macca HEerouKy m, IJINHA B BBITSHY-
ToM coctosgann L. Ilernouky pacnoJsiaraior B/I0JIb MPSIMON HA TJIa/IKOM
TOPU30HTAJbHOM CTOJIE W TIJIOTHO TPH/IBUTAIOT COCEJHUE MIAPUKH
JIPYT K pyry. JlJHa Takoi cKaToil 1ernovYKH CTAHOBUTCS PaBHOIA /.
Kpaitnnit mapuk HaYMHAIOT TIHYTDH C MOCTOSHHON cuiIoi F, pactsa-
ruBas I1ENoYKy B/0JIb ee ocu. OnpenesnTe yCTAaHOBUBIIYIOCS CKO-
POCTb KpaifHero mapuka.

4. B nByx cocyznax o6bemamu V; =10 1 u V, =20 a1 mHaxoaurcs
BO3/IyX IIPU OJHOI W TOil ke Temrepatype. OTHOCHTENbHAS BJIAK-
HOCTh BO3/yXa B TepBOM cocyae @, = 60 %. Ompenennre oTHOCH-
TEJTbHYIO BJIAKHOCTD (), BO3/yXa BO BTOPOM COCY/E, €CJN TOCJe
COCIMHEHUS COCY/IOB YCTAHOBUBIIASCS BJIAKHOCTH BO3/lyXa B COCY-
JlaX [pU HEM3MEHHOU TeMIieparype crajga paBHoil @ = 20 %.

5. Omnpepesure paGoty A, COBEPIIAEMYIO OJJHUM MOJIEM H/EaJIb-
HOTO ra3a B 1306apHOM TIPOIlecce, eCJIM KOHIICHTPAIIH MOJIEKY.JI ra3a
B 9TOM TIpOTlecce yMeHbIaeTcs B m = 2 pa3a. Havanbpnag temmepa-
Typa rasa t, =27 °C.

6. Tonkast HempoBOASAIAS CIUIA HAKJIOHEHA IO yIJOM O K
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q seprukamu (puc.10). Onpezgenure paccrosauue [
Mesky OYCHMHKAMU, eCJIM HIDKHSS GyCHHKa 3aK-
penJieHa Ha CIUIEe, a BEPXHSS MOYKET CKOJb3UTh

g 0e3 TpeHus. BycnHKH HaXOAATCS B PABHOBECHML.

o 3apsii Kak/0it OYCHUHKY ¢, Macca m, MOCTOSTHHAs

B 3akone Kysona k, yckopenue cBo6OHOTO majie-

HUS §.

7. B cxeme, mzobpakeHHoil Ha pucynke 11,
COITPOTHUBJIEHNS BCEX PE3UCTOPOB OMHAKOBEI, D /1C
uctouanka ¢ = 1,5 B, ammepmeTp TOKa3bIBaeT

tok I =20 MA. Haiizure corpo-

(A)
| O/ | TUBJEHUE R KaXX/0TO Pe3ucTo-
I—T—| I—r pa. CoOnpOTHBJIEHUSIMU aMIIep-
3 MeTpa M ICTOYHUKA TIpeHe6peyb.
8. C momoripio JUH3BI Ha
dKpaHe IMOJYIeHO H300PasKeHne
Puc 11 [peIMeTa ¢ IBYKPATHBIM yBeJIH-
yenueMm. PaccrosHue Mexzay

IIPpEAMETOM U DKPAHOM YyBEJNYINJIA B 1,6 pasa. C xakuM yBeJIM4YE€HUEM
TENEPb MOXET OBITD IIOJIYy4€HO Ha SKpaHe 1/1306pa>1<eHI/Ie HpeﬂMeTa?

BapuaHT 2

1. 3eHuTHAST MyNIKA MOYKET CTPEJIATH TOJ JIOOBIM YIJIOM K
ropusonty (puc.12). Ha KakoM paccTosHuM 7, OT MyIIKH CaMOJIET
Ha BbICOTE 7 = 2 KM BOW/ET B 30HY BO3MOYKHOTO MOPASKEHUSI, €CJIH

. h

Puc. 12

MaKcHUMaJsbHasl TOPU30HTAIbHAS AAIbHOCTD TI0JIeTa CHAPS/A MyIIKK
[ =5 xm? ConporuBjeHnEeM BO3/lyXa MpeHeOpeyb.

2. CrtontHo# 0IHOPOAHDII 1Iap, /10 MOJOBUHBI MOTPY>KEHHbIH B
BOJY, JIE)KUT Ha JIHE COCy/la U JaBUT HA HErO C CUJIOH, paBHOI OHOMI
TpeTH AeHCTBYIOLeil Ha Iap CUJbl TspkecTU. Byzger s niaBatb aToT
map B riayGoKOM cocyjie, 3arojiHeHHOM Bojioi? OTBeT o6ocHyiiTe.

3. Uepes /1Ba HEBECOMbIX HETIO/IBUIKHBIX OJIOKA, OCH KOTOPBIX
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TOPU30OHTAJbHBI U HAXOJATCS HA OJI- 7 iy
HOU BBICOTE Ha paccrosiHuu [ = i
=90 cM Ipyr OT ApyTa, IMepPeKnHyTa
nesecomas muth (puc.13). K xonmam
U cepeluHe HUTH MPUCOEUHEHDbI TPU
Oo/lMHAKOBBIX rpy3a. Cpeganuil rpys
pacroJiaraloT Tak, 4YTo6bl HUTh ObLIa
rOpHU30OHTaJbHa ¥ 4TOObI OH Haxo- AuC 13
JUAJICST TIocepe/inHe Mexxy OJIoKamu, U OTiyckaioT. Kakoii myTb
MPOHIeT cpefHuil Tpy3 MPH OMYyCKAHUW, TIPEXKJEe YeM OH HadHeT
IMOTHUMATHC ?

4. Ompegenurte Maccy Bo3JyXa B Ny3bIpbKe 06beMOM
V =0,083 cm® , KOTOpBIil «IpHIMIT> K HY BOZOEMA Ha TIyOuHe
h = 2 m. Temneparypa Bojbl t =17 °C . Armocdeproe jaBienue
po =10° Ia. Yckopenue cBoGogHOTO Magenus g =10 M/ c?, yuu-

BepcajbHas rasoBad IOCTOgHHAas R =83 ﬂ}K/(MOJIb-K), ILJ10T-

HOCTB BOABI p =1000 Kr/MS, MoJgpHas Macca Bo3ayxa M =
=29 r/Mob.

5. CaumIOBast MPOBOJOYKA AuaMeTpoM d; = 1 MM B mpemoxpa-
HuTeJie I1aButTes npu toke I; =8 A. Omupepennte, Ipu KakoM TOKe
I, pactiaBuTCs TIPOBOJIOUKA JuameTpoM dy, = 2 M. Cunraiite
MIPOBOJIOYKY JIOCTATOYHO JJTMHHOMN, YTOOBI MOKHO OBLIO IpeHe6peyb
TETIIOM, BBIJIEJISIEMBIM Y ee 3a)KIMOB, 1 TI0JIaTaTh, YTO TIOTEPST TeTia
MPOBOJIOYKOH MPSIMO MTPOIOPIUOHATIBHA IO ee GOKOBOI 110-
BEPXHOCTH.

6. Toueunbre 3apsapl g = 1 vKa u g, = 4 uKa pacmnoJio-
SKeHbl B Toukax A u B, paccrosHue mMexay kotopbiMu @ = 30 cM,
a ToueyHblll 3apsa Q Haxoautcs B cepeauHe orpeska AB. llpm
KakoM ( 3JIeKTPHYECKUE CUJIBI, efiCTBYIONINE HA 3apsaibl ¢y U (,
B JIAaHHOH cmcTeMe, OYIyT PaBHBI MO BEJIMYNHE?

7. [locrosuupiii Tok I; = 300 MA s nagpynkoBoil 6aTapeiiku
¢ 9JIC ¢ = 1,6 B asngerca npegenbubiM (Ipu GOIBLUINX TOKAX
Garapeiika HauMHaeT HarpeBaTbcs M paboraer HecTaOWIbHO). Bo
CKOJIBKO pa3 3TOT TOK MEHBIIIe TOKA KOPOTKOTO 3aMbIKaHWs, €CJIU
HampsDKeHNe Ha BbIBojax OGarapeiikn pasuo U; = 1,3 B? Uemy
PaBHO BHYTpeHHee CONPOTHBJEHNE ¥ GaTapeiiki?

8. Ha kaxom paccrosinum d oT TOHKOiI coGuparonieil JIMH3bI ¢
doxycupiM paccrosinueM F = 20 cM HY’KHO PaCIOJIOXKUTH HEPIIeH-
JIMKYJISSPHO TJIABHOI OMITUYECKOI OCH MpeMeT, YTOObI TIOJIYYUTD €To
npsiMoe U yBeJIWm4YeHHOe 6GoJsiee yeM B 7 = 2 pasa m3o6paskeHue?
OrtBeT fafiTe B BUjEe HEPAaBEHCTBA.

ITy6auxayuio nodzomosunu I'.Taiidyxos, H.Topbamoiil
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HALMOHAJIbHbIN NUCCNEQOBATENbCKUA AOEPHbIA
YHUBEPCUTET «MUDU»

Onumnunana «Pocarom»

B teuenne 2015 ,/16 yuebuoro roga Hamnmonaibubiii ucciemnoBa-
TeabeKkui anepublit yausepcuter « MU DI » nposoaus OTpacieByio
(pusMKOo-MaTEeMaTHYECKYI0 OJIUMITHALY HIKOJTHHUKOB <«Pocatoms.
OsmMmnmana, B KOTOPOW TMPUHSIN yYacTHe OKOJO JABAANATH THICSY
[IKOJIBHUKOB, TIPOXOamia B MOCKBE M TOPOJax PACIIOJIOKEHNUS
06DBEKTOB aTOMHON oTpacn (35 pernoHaJbHBIX TLIOMA/IOK ).

Ounumnuana <«Pocarom» 201617 ydye6HOro roma BXOAWT B
[lepeuenp omMIKaL LIKOAbHUKOB (MaTeMaTnKa — 2 ypoBenb, (pusn-
Ka — 1 ypoBeHb), MO3TOMY €€ MOGEAUTEU M [PU3EPbI CMOTYT
BOCTIOJTHb30BAThCS OCOOBIMU TIPaBaMW TIPHU TOCTYIJICHUH B JIIOGbIE
By3bl PM, B KOTOPBIX B KaueCcTBE BCTYIHUTENbHBIX UCIIBITAHUIT €CTh
MareMaThKa uin Guanka.

Hwxe npuBozsiTes 3ajanusg omuMnua/ibl «Pocatomy 1o matema-
tuke u ¢usuxe 2015 ,/16 yuebHoro roga s yuamuxcs 11 kmacca.

MATEMATUKA

1. Cxonpko nap (% ¥) LebIX uices, ABASIONUXCS PelleHusIME
YPaBHEHUS 7X — 5y = 23, yIOBJIETBOPSIIOT HEPABEHCTBY 22 +y* <372
Haiiaure napy (X; ), ais kotopoii x + y Hau6oJibliee.

. 2

2. HaiinnTe x, Ipu KOTOPOM BBIPAsKEHHUE (sin2 X —CosXx — 1/4) +

2
+(cos2x + cosx)” TpUHUMAET HaMMEHbIIee 3HAYEHHE.

3. [lna xBagparHoro tpexwiena P (x)= 1% — x — 6 u Harypasn-
HOTO 4YHcJTa n OmpeieluM MHOrodxensl P (x)= P (2x),
Py(x)=P(2x), ..., B,(x)=P,_;(2x). Pemnre ypasuenue P, (x) =
= 0 u mHaiigure cymmy KopHeil Mmuorowrexa O, (x)= P (x)+
+P(x)+...+ P, (x).

4. Tlers w BoBa wrpaior B Kocti Ha QaHTHKU. Bemymuit urpy
[lerst BoIMTPBIBACT, €CJIN IIPU OPOCAHNY MM JBYX UI'PAJBHBIX KyOu-
KOB CyMMa BBINABIINX Ha HUX OYKOB HE MPEBOCXO/UT 4, U TIPOUTPBI-
BaeT BO BCEX OCTATBHBIX caydasax. [Ipomrpas, Ilets ormaer Bose 1
(panTuk, Boinrpas — nosydaer ot Bosbl k pantukos. Urpa cunraercs
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CIIPABE/IJINBOM, €CJIU CPeJHee 3HAUCHME BBIUTPDBINIA KaKIbIM UTPO-
KOM paBHa Hy.Jf0. Haiijiute 3uHavenue R, npu KOTOpoM Hrpa Oyjer
CITpaBe/IJINBON.

5. dynxiusa ¥ (t) Takosa, uTo

1 upu ¢>0,
x(t) =

0 mpu t<0.
[Ipu KakuxX 3HAYEHUSAX CUCTEMA

x-g(x—a)+y-x(y - 2a)=>5a,
x+2y=2
UMeeT eMHCTBEHHOE pellieHue?

6. B npsmoyroapauke ABCD co croponamu AD = 8, AB = 4
pacnosioxkenbl Tpu kpyra K, K; u K, . Kpyr K kacaercs kpyros K ,
K, BuemramM 06pasomM, a Tak:ke Kacaetcs mpsaMbix AD n BC. Kpyrn
K, , K, xacamorcs taxxe ctopon AD, AB u AD, CD cooTBeTCTBEH-
Ho. HaiimnTe MakcuMabHOE BO3MOXKHOE 3HAUCHIE CyMMBI TITOTIAIei
TpeX KPYroB.

OU3INKA

1. Tpu ToueuyHBIX Tesa, 3apsKEHHbIE PA3HBIMU 3apsilaMu, HO
UMEIOIIUe OJMHAKOBBIE MACChI, MPEJCTABISIOT COO0N 3aMKHYTYIO
cucreMy. B HEKOTOpbIII MOMEHT BpPEMEHU TeJia OKa3bIBAIOTCS Ha
OJIHOIT NIPSMOIi, TIPH 9TOM yCKOpeHHe OAHOTO u3 HuxX (HemsBecTHO
KaKOTO — KpaiiHero miam CpeJHero) paBHO @, BTOPoro (Toxke HeusBe-
CTHO Kakoro) pasno 3a. Haiizure ycKopeHue TPEThero Teja B 5TOT
MOMeHT. Mex/ly TeJlaMu JIENCTBYIOT TOJbKO KYJOHOBCKUE CUJIBI.

2. B ayexTpmyeckoil Iienu, cXeMa KOTOPOIl MpejcTaBJeHA Ha
pucyske 1, 1Ba U3 Tpex pe3aucTopoB OJMHAKOBDI, TPETHI OTJINYAETCS
oT Hux. VI3BecTHO, 4TO IOKazaHWs IepBoro ammepmerpa Iy =1,
Broporo I, = 2I/3. V13BecTHO Taxyke, YTO CONPOTHBJIEHNE EPBOTO
pesucropa ¥. Haiijute COPOTUBJIEHUS BTOPOTO U TPETHETO PE3UCTO-
poB. Cuuraiite, 4TO CONPOTUBJCHUS aMIIEPMETPOB PABHBI HYJIIO.

3. 2016 oaMHAKOBBIX CTEP)KHEH Maccoil m KasK/IbIi COeMHEHbI
mapHupHoO 1 noaselnenbl 3a 2016-ii crepkenpb K 1motosky (puc.2).
Ha mixkHUIl KOHeIl HUKHErO CTEPsKHS JeHCTBYeT TOPU30HTAIbHAs

®
’_L( 2016
i I
1 p)

~ 3 2015
& 2014
T2
'+ 1 !,r-
Puc. 71 Puc. 2
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cuna F. Hafigure yroa meskay 2016-M cTepsXKHEM 1 BEPTHKAJIDLIO B
TIOJIOKEHUN PaBHOBECUA.

4. B Tenion301upoBaHHOM COCY/I€ MO/l MACCHBHBIM MOPIITHEM, HA
KOTOPOM JIEXKHUT Ky4a MeCKa, HAXOAUTCS OJHOATOMHBII MeasbHbIil

.
Vs ///////./////////

Puc 3

raz (puc.3). O6bem rasa V, paBjeHue p.
ITecok (o oaHON TIeCYMHKE) CHUMAIOT C
MopIIHsI, 1 00beM raza MeJIEHHO YBeJnYu-
Baercd BABoe. Kakoii 6b11a 6bl KHHETUYECKAS
SHEPIHsl IIOPIIHS B TOT MOMEHT, KOI/ia 00beM
rasa BBIPOC BJ/IBOE, €CJii Obl TIECOK CHSIJIU C
HOPIIHS Bech cpasy? ArmocdepHoe jaBiie-
HI€ OTCYTCTBYET.

Vkasanue. B agmabatudeckoM mpoiecce

faBjicHne U 06bEM HICAJbHOTO Ta3a CBSI3aHbl COOTHOIICHUEM
pV7Y =const, rae Y — usBecrnoe uncao (y>1).

Y

Puc. 4

5. 3epkajio 06pa3oBaHo BpallieHneM rnapa-
6ombi y = 2x* Bokpyr ocu y (mapabosmuec-
Koe 3epKasio). Ha 3epkajio napajuieJbHo ocu
MA/IaT0T /[BA JIy4Ya: OINH HAa HEKOTOPOM PacCTo-
SIHUU X, BTOPOW — Ha PACCTOSIHUU 2X OT OCU ¥y
(puc.4). Kakoii us jyueil mocsie orpaskeHus
OT TIOBEPXHOCTH 3epKajia IepecedyeT oChb Y
6/Ke K BepIiHe 1mapaboJibl U Ha CKOJIBKO?

Haiizinte paccrosiaue ot BepIInHbI 1apaboJibl 10 TOUKH TIepeceyenust

9TOTO JIy4a C OCHIO Y.

ITy6auxayuio nodzomosuru C.Ipuwun, C.Mypasves



HOBOCUBUPCKWUI rOCYOQAPCTBEHHbIA YHUBEPCUTET
OU3INKA

[TncbMeHHbIV 3K3aMeH
BapuaHTt 1

1. ¥YBujeB npeaynpexaaonuil 3HaK, BOJMUTENb ABTOMOOWJIS,
cJIeTKa HasKaB Ha Teajib TOPMO3a, CTaJ COABJISITh CKOPOCTh. 3aTeM,
YBHJCB MEMIEXO/[a, HKAT Ha me- -

JIaib TOPMO3a CHUJIbHEE W TOPMO- A
31 BIJIOTD /IO OCTAHOBKH aBTOMO- 10

6us. I'paduk 3aBUCHMOCTH yCKO- 0 >
pEeHNs aBTOMOOWJISL OT BPEMEHW
nokazan Ha pucysnke 1. Kaxoe
paccTosiHue Ipoexas aBTOMOGUIb — —2
C MOMEHTa Hayajla TOPMOJKEHUs p, - ;

JI0 OCTAHOBKM?

2. DJleKTpUYecKasi CXeMa COCTOUT U3 HJI€AJTbHOrO HMCTOYHHKA
HATIPSIKEHMSI, TPEX OJINHAKOBBIX PE3UCTOPOB, KOHEHCATOPA U KJIIO-
ya (puc.2). B Haya/jbHblii MOMEHT BPEMEHHM KJIOY PA3OMKHYT, a
crcTeMa HAXOJUTCS B PABHOBECHOM COCTOSTHUH. BO CKOJIBKO pa3s

U3MEHUTCST HAINPSKEHNE Ha KOHJ/IEHCATO-

T pe, ecau KJIOY 3aMKHYTh U TIO/IOK/IATh

JIOCTATOYHO JIJIUTEIbHOE BpeMst, 4ToObI yc-
TAHOBUJIOCh paBHOBeCHE?

o

T SR —-"D
Puc 2 Puc. 3

3. UjeanbHblil Ta3 HAXOAUTCA B [UJIMHAPUYECKOM COCYJIE, 3aK-
DBITOM HeBeCOMbIM TIopiiHeM 1uiomaabio S, (puc.3). IIpysxuna
KECTKOCTBIO R OJIHUM KOHIIOM MPHKPEILIEHA K MOPIIHIO, & APYTHM —
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K HeINo/IBI)KHOI omope. BHusy cocyjna mmeercst OTBeTBJIEHHE B
opme TpyOku TLTOMIA/IBIO S, TaK)Ke 3aKPbITON TopiiHeM. [lopiiHu
MOTYT CBOOOJIHO TepeMenaTbest 6e3 TepHusi. B HCXOMHOM MoJIoMxKe-
HUM CHCTEMA HAXO/IUTCSI B PABHOBECUH, TPy KUHA He /1lehOPMUPOBa-
Ha, MOPIIEHb B TPyOKe 3aHUMAET TOJIOXKEHIe Ha PACCTOSHUU /i OT
MeCTa Coe/InHeHnst TPYOKH ¢ cocyioM. Bechb ras u3 TpyOKH BbIIaBUJIN
B COCY/l, MEJJIEHHO Iepe/Burast mnopiieHb B TpyOke. Ha kakyto
BBICOTY AH TIpM 3TOM IlepeMecTHJICS MOPIIeHb C TPY>KUHOI, ecJn
M3BECTHO, YTO OH OKazaJics Ha Bbicote H naj jnom cocyaa? Iopimn
repemMenaoTcst 6e3 TpeHust, TeMiepaTypa rasa MoCTOsIHHast, aTMOC-
(epHOe naBieHune pasHo py .

4. B 0HOPOJHOM MarHMTHOM 1oJie B Jajeko JAPYT OT JApyra

HAXO/JATCS [IBE CHCTEMbl 3apsioB (CHCTEMbI MOYKHO CUHTATH HE
e, P B3aMMO/IEHCTBYIOIUMU  MEXK/LY
® AT, m ® { ® ‘t_(.’.--’” co60ii M He3aBUCHMBIMH)

A B ‘\M_ i (puc.4). Kaxmas us cucrem

COCTOMUT M3 3aKPEIJICHHOTO 110~
JIOKUTEJBHOTO 3apsiia U Bpa-

MIAOIIEeiCsT BOKPYT HEro B IJIOCKOCTH, TePIEH/ANKYJ/ISIPHOI MarHnT-

HOMY IIOJIIO, YaCTHI[bl Maccoit m ¢ 3apsajaoMm —q. Ilpm atom ozxHa

YaCTHIA BPAIIAETCS 110 YaCOBOH CTpeJsike, a Jpyras — nporuB. Ha

KaKylo BEJMYMHY A /[OJUKHBI OTJINYATHCS a0COJIOTHbIE 3HAYEHUS

YTJIOBBIX CKOPOCTEH BpAIleHUsT YacTUll, YTOObI PAJNyChl UX OPOUT

6bLIN O/IMHAKOBDI?

5. OrienuTe, CKOJBKO BO3/YIIHBIX IAPOB, HATIOJHEHHDBIX TeJIH-
eM, CJIeZlyeT B3Tb UesIoBeKy, 4ToObl B3ereThb. [Ipeamomaraercs, 4to
BbI XOPOIIO IIPe/ICTABJIsIETe sIBJIEHIE, MOXKETe caMi 33/1aTh Heo0X0-
JIIMbIE JIJIsSI PellleHus] 3a/la4i BeJIMYMHbBI, BbBIOPATh MUX YHCJEHHbIE
3HAYEHUs M MOJIYYUTb YMCJIEHHBIN Pe3yJIbTaT.

Buumanue! 3amada cumTaeTcs peIIeHHON, eCcJu, TTOMUMO Ipa-
BUJIbHOI'O OTBeETa, HpI/IBeL[eHbI HeOéXOI[I/IMbIe Oé'bHCHeHI/IH.

OTKpbITasi MEXBY3IOBCKAA ONIMMITAGAA LUKOSTbHUKOB
«bynyiee Cubupu»

/| (o160pOYHBII) 3TN
8 knacc

1. Ilaccaxkupckue moeszna «A3pOIKCIPECC» KyPCUPYIOT IO Map-
mpyty «Asponopt lllepemerneBo — MockBa» u «MockBa — Aapo-
nopt IllepemerneBos». [Toesna oTxoasaT oT 060UX IYHKTOB OJTHOBPE-
MEHHO uYepe3 KaK/ple Tosdaca, BpeMs B myTH 38 MuH. CKOJBKO
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MI0€3/I0B BCTPETHT ITACCAKUP HA Map- l g
mpyre? Keeid oo Al

2. Ha opnmoii yatme pasHoriey- A

HBIX BECOB JIEKAT O OJMHAKOBDBIX Puc 5
KyOMKOB, a Ha JIPYroii — 5 olnHaKO- '
BbIX mmapukos (puc.5). Becbl Haxomdarcsa B pasHoBecuu. C BecoB
y6upaiot 4 mapuka, a 1 Ky6uk rnepexaaibIBaloT ¢ OJHOI YAl BeCOB
Ha Apyryio. Becbl cHoBa oKkasbIBaioTca B paBHOBecwn. Haiimute
OTHOIIIEHNe MacC KyOuKa 1 MapHKa.

3. [lap miaBaeT B BOJiE, MOTPYIKAsCh B BOAY HAIoJOBUHY. Ecin
OIIYCTHUTb TAKOH 1Tap B IUJIMHIPUIECKUN CTAKaH € BOJIO, TO YPOBEHD
BO/IbI B cTakane noauumercd Ha 10%. Haiiaure otHoIeHne 00beMoB
Iapa u BOJBI B CTaKaHe.

4. Ha pucynke 6 n3o6paskeH TpaduK M3MEHEHUS TeMIepaTyphbl
BOIBI B KacTpIOJie, HarpeBaeMoil Ha 2JIEKTPOIINTKE. B MoMeHT
BpeMeHHU {; B KacTPIoJio 6pocu-
JIN KYCOK JIb/Ia C TeMIIepaTypoit
Ty, =0 °C . Onpeaenure BpeMst 1y f-—mm—pprmmmmmmmm e
t,, Korja BoOJa B KacTplose
BHOBDB Harpeercs ot T3 =20°C T
mo T, =60 °C . Macca BozbI B
KacTploJe m, = 1 xr, 0 t,
ty = 2 mun, ¢, = 2,5 MUH, pye 6
y/eJbHAS TEIJIOEMKOCTD BOJIbI
c =4200 Z[}K/(KF-K), yaeabHAs TENJOTa NJAaBJICHUS JbJa
A =336 x/Ix/Kr . MOIIHOCTD 9JIEKTPOIIUTKH MTOCTOSTHHA, TEILI006-
MEHOM € OKPY3Kalollell cpejioil 1peHe6peyb.

TA

._’._--
B
-
|
~J

9 knacc

1. IMaccaskupckue noesga «AspoaKcIpeccs KypCUpPYIOT 10 Map-
mpyty «Aaspomnopt IllepemerbeBo — MockBay u «MockBa — Aapo-
nopt HlepemerbeBos». [Toeaga orxomar or 060MX ITyHKTOB O/{HOBpeE-
MEHHO 4epe3 Kask/[ble 1oJrdaca, BpeMs B 1rytn 38 MuH. Ilnanupyercs
B pe3yJIbTaTe PEKOHCTPYKINH TOPOTH COKPATUTDH BpeMs B MyTH [0
28 wmmuH. Bo cKOTbKO pa3 mpi aTOM yMeHb-

HINTCST KOJMYECTBO BCTPEUHBIX 110€3/10B, B C
Ha6JII0/JaeMbIX BO BPEMsl JIBUYKEHUS 110
Mapuipyry? E

2. Illectp OAMHAKOBBIX TIPOBO/HU- 3
KOB COCJMHMJIN, KaK IOKAa3aHO Ha pH-
cynke 7. OfnH 13 TPOBOJHIUKOB MOXKHO
nepepesatnd (y6pats). Kakoii umento us A D
MIECTH TTPOBOJIHUKOB CJIE/LyeT Tepepe-  pyc 7
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3aTb, YTOOBI COIPOTHUBJIEHWE IOJYYUBIIEHCS CXEMbI, M3MepseMoe
Meskay ToukamMu B u E, 6bI10 Kak MOKHO 6GoJibIie?

3. MasteHbKHil MUK GPOCAIOT BEPTUKAJIBHO BBEPX C HEKOTOPOI

HaYaJIbHOM CKOPOCTBIO, T OH BO3BPAIIACTCS B HCXOJHYIO TOUKY Yepe3

" spema T (puc.8). 3arem Ha monoBUHE

MaKCUMaJbHOW BBICOTHI €0 TepBOHA-

lf? l}’)’ YaJIbHOM TPAEKTOPUU TIOMECTUJIN TOPU-

30HTAJIbHYTO 10CKY. MsumK cHOBa 6po-

CaloT BEPTUKAJBHO BBEPX M3 TOH Ke

TOYKHY C TOM JKe HauaJbHOI CKOPOCTBIO.

I ——
~

=9
A b= e UYepes kakoe BpeMs ¢ OH BepHETCS B
i HCXO/HYIO TOUKY? Y 1ap MSIYMKa O 10C-
Puc. 8 Ky CuMTarb ynpyrum. Biusanuem Bo3-

Jyxa npene6pedb.
4. Ha pucynke 9 uzobpaxken rpadyik u3MeHeHUsI TeMIIepaTypbl
BOJIbI B KacTpioJie, HArpeBaeMoil Ha aJeKTpOInTKe. B MoMeHT
BpeMeHM f, B KacTpioJio 6po-
ra CUJIN KOMOK CHera ¢ TeMIlepa-
T, typoit Ty = 0 °C . Onpenemnure
BpeMsI, KOT/la BO/Ia B KaCTPIOJIe

T b . BHOBD Harpeerca o T, . Besm-
i ! w1y, 4y, by, fy 3ana-

0 ¢ t f — o ¢ HbL YembHas TeNI0eMKOCTh
i 2 b3 T

Puc 9 BOZAbl €, YyJelbHas TeIloTa

IIaBJIEHNsI CHera ), . MOIIHOCTh
AJIEKTPOILJIMTKY TTOCTOSTHHA, TEIIIO0OMEHOM € OKPYJKaIoIiell cpeoil
rpeneGpeyb.

70 knacc

1. [lnuunblil TpoTyap 3anosiHeH nemexogamu. [losoBuHa ujger B
O/IHy CTOPOHY, TIOJIOBUHA — B Jpyryio. VX cKopocTH paBHbBI 0.
[[TkoapHuk IleTst Topornuics Ha 3aHATHS, HO yCIIes 3aMEeTUTD, YTO 3a
paBHbBIE [TPOMEXKYTKU BPEMEHU OH OOTOHSIET B 5 pa3 MeHbIIe Ielie-
XOJIOB, UeM TIOTaaeTcs BCTpeyHbIX. C KaKOH CKOPOCTBIO JIBUTAJICS

IIers BooJb TPOTYApA, €cau
— M3BECTHO, 4YTO OH /IBUTaJI-

K l g csl PaBHOMEPHO?
2. Kackazep coBepia-
H eT TIPBIKOK Ha aBTOMOGHIE
yepes3 KOJIOHHY CTOANIUX
JE=OEDE2D . yr sa apyroM Mammm
(puc.10). [lma storo ou
Puc. 10 pasrongercd 1o TOPU30H-

N
¥
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TaJbHOI 3cTakajie BbICOTON H, HAXOJSIIENCs HENmoCPeICTBEHHO
nepesl KOJOHHOH MammH. Kakoil MUHMMAaJIbHbBI Pa3rOHHBIN I1yTb
JUISL 3TOTO HEeOOXOMM aBTOMOOWTI0? J[MHa KOJOHHBI MamuH L.
Koaddunment tpenust Mexay acrakajioil u apromobusnem W . Cun-
TaTh, YTO BCE KOJieca aBTOMOOWJSI Bedyiue. BiusHuem Bo3ayxa
npene6peunb. J[WHY MAaIIMHBI CYUTATH MAJIOW TIO0 CPABHEHUIO C
JUTMHOI KOJIOHHBI.

3. Taray c moMoIbIO KaHaTa JJIUHON L TSHET TPy3 Maccoil m Ha
9CTAKA/y BBICOTOW /i TI0 HAKJIOHHOMY HACTUJIY JJIMHBI [ TakK, 4TO
TOPU3OHTAIBHAS COCTaBJsTOMas F. cibl Tarava moctosaHa (puc.11).

] l.r;
m
-@ F.—?

[Tpu kakoM MMHMMAJbHOM 3HAueHWW [, TArau 3aTsSHET Ipy3 Ha
BepIIUHY acTakaabl? ['py3 ckonb3uT 1o Hactuay 6e3 Tpenusi. Boico-
TOW TSITa¥a MOJKHO TipeHe6peub, L > [ > V2h . Yckopenne cBOGOIHO-
rO MaJieHusi PaBHo g.

4. Y HeBecoMOTO IIIMHAPUYIECKOTO coCy/ia BbIcOTOH H n cede-
HUEeM S € Y3KUM OTKPBITBIM I[UJIMH/IPUYECKUM TOPJIBIIIKOM BbICOTOU
h orcyrerByer auo. Cocyjl TOCTaBWJIN Ha
CTOJI M 3aTIOJTHUJIN COJIEHOI BOJIOI TIIIOTHOC-
TBIO P, a TOPJBIMKO 3aMOJHUJIN YHCTON
BOJIOH IJIOTHOCTBIO P, TaK, YTOOBI 3TU [BE
JKUJKOCTU He Oblin nepementanbl (puc.12).
UTo6bI coIEep:KUMOE COCY/Ia HE BbLINBAJIOCD, | o
cOCy/l HeOOXO/IUMO IIPUIABUTD TPY30OM Mac-  py,- 72
coit M. Kakoil MUHUMaJIbHBIN TPY3 HY>KHO
J106aBUTH, 4TOOBI COJIEPIKUMOE COCY/Ia HE BBLIMJIOCH MOCJIe TIepeMe-
MTUBAHUS JKUIKOCTE ?

Puc. 77

M

11 knacc

1. Cwm. 3amauy 2 s 9 kiacca.

2. IIkoJbHUK M3y4YaeT ABUKEHUE OGPYCKA MO TOPU3OHTATIBHOMY
croay. OH yCTaHOBWJI, YTO 10/ JeiicTBUeM OJHOW W TOH ke 10
BeJIMYKHE CHJIbI OPYCOK JIBUTAETCSI C OJIHUM U TEM K€ YCKOPEHUEM,
€CJIN CMJIa HATIPaBJIeHa B/IOJb CTOJIA 1 TIO/ YTJIOM 6(° K MTOBEPXHOCTH
cronia. Yemy paBen koadPuimeHT TpeHus: Mexxay OpycKOM H CTO-
JIoM?

3. /lns nmpousBO/CTBA Ta3UPOBKYU BHYTPU FEPMETUYHOTO COCY/IQ
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¢ Bojioit n yraekucabM razom CO, Bcrasiie-
Ha TpyOKa C OTBEPCTHSIMU, COeIMHEHHAS Ye-
pe3 BeHTHJIb ¢ 3aKpbITbiM Gasionom ¢ CO,
(puc.13). Ilepes OTKPbITHEM BEHTUJIS JaBJIe-
HHe Tasza B cocy/ie ObLI0 Py, a B 6ajjioHe —
Sp, - O6beM rasa B cocyze B 5 pa3 GoJblile,
yeMm B Gasione. Paccrosinue ot TpyOKH 110
noBepxHocTu Bojbl £ = 1 M. Ilocse oTKpbI-
THS BEHTHJII YCTAHOBUBINEECS [aBJIEHUC B
cocyze pasHo 1,6p, . Haitmure gouio maccer CO, , pacTBOpuBIIErocs
B Bo/Ie, 110 oTHomeHuio k Macce Bcero CO, B cucreme, c4utasi, 4to
no orkpbitus BeHtuast CO, B Boje He ObLIO, W INPHUHAB P, =
= 100 xlla. M3MenenneM IJIOTHOCTU BOJ[bI (p =1000 KI‘/M3 ) 1pu
pactBopernu CO, mpene6peub. Boja yepe3 MeslKkme OTBEPCTHUS B
GaJIJIOH He MOCTyTaeT. Y CKOpeHue cBOOOAHOTO MaJeHus ¢ TPUHSITH
pasBubiM 10 M/ . Temneparypa B cuctemMe mo/i/iep;KuBaeTcs 1mocTo-
SIHHOIL.

4. TlokasanHnas Ha pucyHKe 14 cxema cobpaHa u3 6arapeu, JAByX
KJIIOUeil ¥ 4eThIpex MOMapHO OJIMHAKOBBIX He3aPSKEHHBIX KOH/ICHCA-
topoB. Kmou K, 3aMKHyJ N, U K

Puc. 13

fi_./ MOMEHTY HACTYIUIEHUSI PABHOBECHUS

1 | Jyepes Hero mpoTek 3apsa Q;, a Ha

U, 4 U, xkoHmeHcaTOpax yCTaHOBUJIUCH HATIPS-

1 Ky, skenua Uy m U, , Kak Ioka3aHo Ha
— [ * @

pucyHnke. 3areM, Kao4 K; pa3soMk-

U, U, HyJIM 1 3aMKHYJTH K04 K, . Kakoit

| | 3apsan Q, mporteder yepes ko4 K,

K MOMEHTY YCTAaHOBJIEHUSA paBHOBE-

Puc. 4
cusa’?

/I (3akmountesibHbIV) 3Tan

8 kaacc

1. B remsousosupoBannbiii 6ak Hamuau 9 JUTPOB BOIBI C
temnepatypoii 20 °C . 3atem B 6ak ¢ Boji0ii ctasm GpocaTh HATPEThbIE
g0 200 °C xamun. Bopa 3akuriesia poBHO B TOT MOMEHT, KOTZa 6ak
OKa3aJiCsl HAIIOJHEHHBIM /10 KpaeB (Bce KaMHU [OJHOCTBIO HOTPy3Ke-
Hbl B Boy). Haiiaure o6beM 6aka, ecm M3BECTHO, YTO ILJIOTHOCTH
KaMHell B 2,5 pasa O6oJibllle TJIOTHOCTH BOJbBI, a WX YJeJbHas
TernoeMKocth (Ha €IMHUIy MacChl) B 5 pa3 MeHblIe yAeJbHOI
TeTIoeMKoCTH Bozbl. CuwmraiiTe, uTo TIepes; GPOCAHUEM KakKIOTO
CJIEIYIONIEr0 KaMHsI YCIIEBAET YCTaHOBUTHCS TETIOBOE PABHOBECHE.
[Torepsimu Teria npene6peun. Temmneparypa kurnenus ol 100 °C .
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2. UYesoBek, BbIryJauBast co6aKy, UET MO IPSIMOMY TPOTYapy C
MOCTOSTHHOI CKOpocTbio ¥ = 5 KM /4. Co6aka crapTyer OT Hero u
GeXUT BIlepe/l HA BCIO JIIMHY TIOBOJIKA C MOCTOSIHHOI CKOPOCTBIO
v = 15 kM /4. Korya oBo/1ok HaTsruBaeTcst, co6aka pa3BopaunBa-
ercst 1 GeskUT 00PaTHO K X03sauHy. JlocTUrHyB Xo3sinHa, cobaxa
MOBTOPSIET CBOM MapmipyT. Kakoil myTb IpoijieT uesoBeK, KOTJa
cob6aka BepHeTcs K Hemy nocsie N = 100 nukiaos? /[nuHa moBojka
[ =10 m.

3. Ha npoTuBOIOIOKHBIX KOHIIAX JIETKIX PA3HOIJIEYHBIX BECOB

cugar Myxa-ITokoryxa u Komap (puc.15). ¥ ocHOBaHusi BecOB
naxoautes [layk. M3BectHo, uToO
macca [layka B 2 pasa Gosbiie, K 1T M ly
uyeM Macca Myxu, U B 4 pasa e m <t
6ompie, yeM Macca Komapa. A
W3navyaabpHo Becbl HAXO/UINCDH P 15
B PaBHOBECHU B TOPU30HTAJIb-
HOM TosiockeHnn. 3arteM Myxa um Komap HauMHAOT JBUTATHCS
HABCTPEYy [JPYT APYTYy C OAMHAKOBBLIMU cKopocTsiMu v. C Kaxoil
CKOPOCTDIO M B KAKOM HATIPABJIEHIH J0JKeH aBurarbest [layk, 4ro6n
BECHI OCTABAJNCH TOPU30HTATBHBIMHA?

4. B Boje 1maBaer 1uinHApUYECKast POOGUPKA, K OCHOBAHUIO
KOTOPOIT IIPUKPETLIEHbI JBa OAMHAKOBBIX KyCcKa ractumna (puc. 16).
[Tpu atom paccrosiHue OT BepX-
Hero Kpast mpoOUPKHU /10 YPOB-
HA Bojbl paBHo M. Opun xy-
COK TJIACTUJIMHA TIePEeMEeCTHIN
BHYTPb TIPOOUPKHU, TIOCJE YEro
paccTosgHmue OT BEpXHEro Kpas
POGUPKI /10 YPOBHSI BOJIBI CTa-
Jo paBHo H,. Kakum Gyner
paccTosiHIe OT BEPXHEro Kpasi
IPOGUPKH /IO YPOBHSI BOJIbI, €CJH U BTOPOIl KYyCOK IJIACTUJINHA
HepEMEeCTUTb BHYTPb MTPOOGUPKH?

9 knacc

1. [lepeBusi A 0MHAKOBO yjajieHa OT JepeBHU B u OT Kejes-
HooposkHOH ctaniiuu C. VI3 myHKTa A B CTOPOHY CTAaHIIUU B MOMEHT
BpeMenun ¢ = 10 4 BbleT TOYHO 3HAIOIUI JOPOry MeCTHbIH
KUTedb. B MoMeHT ¢, = 12 9 u3 myHKTa B Ha CTAHIINIO OTTIPABUJICS
JauHuK. B MoMeHT f; = 13 4 OHM BCTPETUJINCD B JI€Cy, [BUTASICh
mepes] BCTpedelt B TepheHInKyISpHBbIX HarpaBaeHuaX. [Tocie BeTpe-
YH JAYHUK TTOCTE0BAJ 32 MECTHDBIM JKUTEJIEM, I BMOMEHT £, = 15 4
OHM MPUILIN B MYHKT Ha3HaueHUsi. Bo CKOJbKO pa3 JauyHUK Ies
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6bICTPEe MECTHOTO JKUTEJIST /10 BCTPEUn ¢ HUM? MeCTHBII JKUTeJIb BCe

BpPEMSI JIBUTAJICS TIPSIMOJIMHEIHO C MTOCTOSTHHOM CKOPOCTHIO, JauYHUK

A JI0 BCTPEUH C MECTHDIM KNTEJEM JBUTasIcs

MIPSMOJITHEIHO C MMOCTOSTHHON CKOPOCTBHIO.

2. Y wkosbhuka [lern umeercs naGop

B u3 yeThIpex pesucTOpoOB ¢ COINPOTUBJICHHSI-

mu 2, 0, 1 u 6 Om 1 npeanbHasg 6GaTapeiika.

| On cobpaJ 13 HUX 3JEKTPHUECKYIO CXEMY,
|

TOoKa3aHHyIo Ha pucyHke 17. Ompenesmre,
Puc. 17 rJie CTOUT KaKoe CONPOTHBJIEHNE, eCJU 13-

BECTHO, UTO HAIIPSKEHUE MEeXK/y TOYKaMu
A n B MakcuMasJbHO BO3MOKHOE B JlaHHOW cxeMe. B kauecTBe
OTBETa HAPUCYHTE CXeMY U IIPOCTaBbTe HA Hell HeoOXO/MMble 3HaUe-
HUSI COTIPOTHBJIEHUH, OTBET 0GOCHYHTE.

3. C BbicTyna BbicOTOI /2 GpOCHIIN KAMEHb IO/l YIJIOM K TOPU30H-

Ty (puc.18). Onpenenure, Ha CKOJIBKO BPEMS MOIBEMA KaMHS /IO

— BEPXHEi TOYKN TPAEKTOPUM MEHbIIE, YeM

/ N ; l BpeMsi TaJIcHUS OT BepXHEH TOYKU JI0

f % 3eMJIM, eCJI U3BECTHO, YTO KaMeHb HaXo-

N quics B Bosjayxe BpeMms 1. YckopeHwne

CBOGO/THOTO TIaJIeHusi paBHO ¢g. Buusinnem
BO3/lyXa MpeHeOpedb.

4. B Boze muaBaer I1UJINHIPUYECKAS
pac. 18 npoOUpKa, BHYTPU KOTOPOIH HaXOANTCS
MarHuT, a CHU3y K IPOOHUPKe TPUIEIIIN JIPYT 3a JIPYTOM ellle JBa
opimHakoBbIX MarauTa (puc.19). TIpu 5TOM PACCTOSIHUE OT HUIKHETO
Kpast HUKHEro MarHuTa /10 ypoBHA Bo/bl paBHO H . HyxkHuil maruur
MepPeMEeCTUIn B MMPOOUPKY, TOC-
Jie Yero paccTosiHie OT HUYKHETO
Kpasi OCTaBIIErocsl B BOJE Mar-
HUTA JI0 YPOBHS BO/IbI CTAJIO PaB-
Ho H,. Kakum 6ymer paccrosi-
nue H; or aHa TPOGUPKH [0
YPOBHSI BOJIbI, €CJTM OCTABIIMICS
B BOJIe MarHuT MEpPeMeCcTHTb
BHYTPb IPOOUPKU?

5. CHalskeHHbII PAKETHDIM JIBUTATEIEM ABTOMOOUJIb C TOMOIIBIO
TpPaMILUIMHA TPBIKKOM M3 TOYKM crapra A monaa B TOuky B Ha
IJIOCKOH BepIINHE TOPbI, MTPU3EMJINBIIICH TOPH3OHTAIBHO CO CKOPO-
CTBIO, PABHOII 110 BEJMYMHE CKOPOCTH, C KOTOPOIl OH OTOPBAJICS OT
tpamiinia (puc.20). Paccrosme mexay nyHkramu A u B 10
ropusoHTaan L, no Beprukasun H. Onpezgesnre cKOpocTb, ¢ KOTO-
poit aBTOMOOMJIb OTOPBAJICS OT TPaMILIMHA. /[BUTaTesb aBTOMOGUIIS
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CO3/4aBaJl HallPpaBJICHHYIO 110 TOpU- B

30HTAJIN TIOCTOSIHHYTO TI0 BEJTYNHE -
tary (0603HauYeHA TOPUZOHTAIBHON 7 gl
CTPEJIKOiT). YCcKOopeHne CBOGOJHO- i/ 7 - i
ro majieHus paBHo g. Pazmepamu A g

'
aBTOMOOWJISI, M3MEHEHUEM MaCChl / k
aBTOMOOWJISI U BJIMSTHHEM BO3/yXa

npeneGpeys. puac. 20

70 knacc

1. Haiigure yrioByio CKOpPOCTb, 0 KOTOPOW OYyIeT pacKpydeH
M3HAYATHHO HE BPAIAIONIUICS KPYTJbI MaXOBUK PanycoM R ¢
TIOMOIIbIO TOHKOW BePEeBKU JAJUHON L,
KOTOPYIO BBITSATUBAIOT C TOCTOSIHHBIM
yckopenueM a (puc.21). Bepeska e rpo-
CKaJIb3bIBACT.

2. Ha ropusoHTAJIbHOM CTOJIE PACIIO-
Jlaraercsl CUCTEMa, COCTOSIIAS U3 KJMHA
Maccoit M ¢ yrjioM Ipu OCHOBAaHUU O U
JIeXKAIero Ha HeM Tpys3a Maccoil m
(puc.22). Kiaud u Tpy3 COeAUHEHbI Jier-
KO HepacTsSKUMON HUTBIO, TIePEeKNHYTOM
4yepe3 HeloABWKHbIA 610K (rpsiMble OT-
PE3KH BEPEBKHU MapasiaeJ bHbI HAKJIOHHON
HOBEPXHOCTU KuHa). [Ipy KakoM MUHU-
MaJbHOM KO3(DDUIMEHTe TPEHUS MEXIY
KJIMHOM U CTOJIOM cucTeMa OyJeT Haxo-
IUTbed B ToKoe? TpeHmst MeXIy KIWHOM M TPY30M HeT.

3. Pesuctop M3roTaBIMBAIOT N3 HETIPOBO/AIIETO KEPAMIYECKOTO
muamHApa junHoit [ = 1 cM u quamerpoM d = 2 MM, Ha KOTOPBbIi
HAHOCSAT TOHKOE TIPOBOJISIIIEE
MOKPBITHE U 3aTEM MPOPE3AI0T
€r0 TOHKOW crmupaibHOil He-  Kowmaxm
TIPOBOAIATIEH KaHABKOI, a Ha

TOPIBI IUJINH/PA HAIPECCo- ¢ { 5

Puc 22

TToxpvimue Kanaexa

BbIBAIOT KOHTakThl (puc.23).  pyc 23
Ecnu kanaBky He mpopesarn,
TO MOJIY4UTCS pe3ucTop comnporusienueM R, = 1 Om. Ckojbko

BUTKOB JIOJDKHA UMETb PABHOMEpHAsl CHHUpaJbHas KaHABKA, 4TOObBI
pesucrop umen conporusiaenne R = 160 Owm? Illupunoii kKanaBku
¥ BKJIAQJIOM TIPUKOHTAKTHBIX 00J1acTeil MaJoro pa3mepa mpeHeGpeub.
OTBeT OKpyTJUTE /IO TEJOTO.

4. Ha ryiaIkoM TOPU30HTATIBHOM CTOJIE JIESKAT JIPYT Ha JIPYTe J[Ba
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_gl OJITHAKOBBIX GPyCKa Maccoi 7 Kask-
abiii (puc.24). Koapduument tpe-
W B HUA MeKAy HuMu paen W. K
BepxHeMy OpyCKy IIpUKperieHa

Jerkas npyxkuna. Ha aTy xomct-
Puc 24 PYKIIMIO CO CTOPOHBI HPY>KHUHBI
HaJietaeT 6pycok Maccoit M co cko-

poctbio ¥, . llpn Kakoil MakCHMaJbHOW KECTKOCTH R TPY>KUHDI
BEepPXHWIT 6PYCOK HE CMECTHUTCS OTHOCHTEJbHO HInKHero? I[Ipyskmna
JIOCTaTOYHO JIIMHHAS, TaK 9TO CKUMAeTCs He TMOTHOCThIO. Tperns o
MMOBEPXHOCTb CTOJIA HET. Y CKOpeHne CBOGOHOIO Ha/IeHnsl PABHO ¢.
5. CaoBoJ-106UTe b TOCTABUI B IYCTO IUJINHAPUYECKUIT Ta3
naomanpo S, =500 cM?  1yCTYI0 OTKPBITYI0 GaHKy Maccoii
fll m = 100 r, JIoIniaabio aHa

1

i
m

S, =50 cM’ ¥ TLIOMIA/BIO TOPJIOBHHEI
S =20 cm? (puc.25). Howmen goxap
— Ta3 U GaHKa CTAJM HATOJHITHCS
Bo/I0i1. Uepes HEKOTOPOE BPEMs CTOSIB-
masi Ha J[He 6aHKa Havajga BEePTUKAJb-
HO BerbiBath. Ompejiesnre, CKOJIbKO
oca/ikoB (BBICOTA BBIMABIIIETO CJIOST BOJIBI
B MM) BBINIAo K 5ToMy MoMenty. ILnotHocTs Bozst p =1 1/em®

Puc 25

11 knacc

1. ¥ omHoro puHaMoMeTpa IIKaJja MPOrpajyupoBaHa B HbIOTO-
HaX, a y BTOpPOro — B caHTnMeTpax. Korza K mepBoMy JTHHAMOMETPY
MOIBECUJTM BEPTUKAJIBHO BTOPOH, CIEITHB
gl UX IPY>KMHAMM, IepBblil mokasan F, a
Bropoii — Ax; (puc.26). Korzma, naoGo-
POT, KO BTOPOMY JANHAMOMETPY TIO/[BECHLIH
HIepBbIi, BTOPOI AMHAMOMETP MoKasal Ax, .
Ax, F, =% Kakyo cuny F, 10oKasal mpu 9TOM Tiep-

BBIH JHHAMOMETD?
2. Ha gme cocyma HaXOWTCST TOHKast
pac. 26 HeBecoMasl IJIACTHUHKA, 1O/ KOTOPYIO He
noxarekaer soga (puc.27). K niactun-
g l Ke Ha HUTH NPUBSI3aH HEBECOMBIN I1a-
puk. Eciu B cocysl MeIJIEHHO HaJi-
BaTh BOMY, TO TLJTACTHHKA HAYMHAET
OTPBIBATHCS OT [THA, KOT/A MAPUK OKa-
3BIBAETCST HATIOJIOBUHY MOTPYKEHHBIM
/ B BO/Y. B 3TOT MOMEHT yPOBEHDb BOJIbI
B cocyze paseH h. Eciu ke 10 TOTO,

F, Ax,

Po

H-7




KaK IJIACTUHKA HAYHET OTPBIBATHCS, MPUIAEPIKATD IMAPUK U HATUTDH
B COCY/l MHOTO BO/IbI, TO TIJIACTUHKA MEPECTAET OTPLIBATHCS OT JHA,
Jla’Ke ecJIM MapuK He TpUAepXuBaTh. IIpm KakoM MUHUMAJTHbHOM
ypoBHE Bo/ibl H B cocyjie 3TO BO3MOXKHO? Y cKopeHue cBOOOHOTO
najienust g, armMocepHoe JlaBjeHue p, U IJIOTHOCTb BOJBI P
U3BECTHDI.

3. IlpencraBiennasi Ha pucyHke 28 cxeMa COCTOUT U3 U/1€ATbHOI
6arapen ¢ D/IC ¢, AByX pe3uCTOPOB COMPOTHBJIEHUSIMU R 1 R, ,
KoH/leHcaTopa eMKocTbio C, 3apsiKeH-

— —
HOro 3apsiioM ¢ (IOJIIPHOCTD MOKa3a- PR
Ha Ha PUCYHKe), W KHONKH. KHOmKy N
HaKUMAIOT, 3aMbIKasi Cpasy TPH KOH- R il _c R
1 )

takra (OTMEYEHbI MaJECHBKUMHU KPYIK-
kamn). Haiiiure oTHolIeHNe ToKa 4e-
pe3 pesuncTop CONpOTHBJIEHNEM R,
BOZHUKAIONIErO CPasy Moc/e HAKATHA  p, - 5o
KHOIIKHU, K TOKY, IIPOTEKAIOIIEMY Yepe3
3TOT PE3UCTOP CITYCTSI IOCTATOYHO JIJINTENbHOE BPEMsl, KOT/J[a CUCTe-
Ma BBIXOJMT Ha YCTAHOBHMBIIMACS (CTAl[MOHAPHDIN) PEXKUM.

4. 3apsprenHas 6ycnHKa CBOOOMHO HaJeTa HA TIPSIMYIO HETO-
BIKHYIO HEITPOBOJISIIYIO CITHILY, PSIZIOM C KOTOPOI 3aKperlieH Toued-
ubnii saps (puc.29). Ecam

6 v, vy/2
YCUHKY HPIXKUMATh K — ,.—l-:

CIINIle, MEX/1y HUMHU BO3- - i ~

nukaer Tperue (koaddu- *

[UEHT TPEHUS TOCTOSTHEH ). v, v -7

Bycunky samyckaor c = : £y

6OJIBIIOTO PACCTOSHUSA U e @

cleBa OT 3apsafa Co CKO-  p,- g
poctbio v, . IIpn aTom Ha

6OJIBIIIOM PACCTOSTHUY CIIPaBa OT 3apsijia ee CKOPOCTb YCTaHAaBJIMBA-
ercst paBHOIl ©y/2 ¥ B JaJbHENIIEM TIPAKTH-
yeckn He MensieTcst. Kakoii Gy/ier yctaHOBUB-
Iasicsi CKOPOCTb © OYCHHKH CIIpaBa, ecJiu BO
BpeMsI ee JIBIKEHUS] TOUEUHbIN 3apsi/l IBUTaTh —
BJIEBO C IMOCTOSTHHOI CKOPOCTBIO U, HE MEHSS

€ero pacctosius ot cruipl? CUiTy TSUKecTH He -

yUHUTBIBATE. -
5. Orennre 2JEKTPUYECKYIO MOIIHOCTB, L

BbIpaGaThIBAEMYIO BETPOreHEPATOPOM U300pa- p \

JKEHHOTO Ha pPUCYHKE 30 tuma B BETPEHYIO
rnoroay. HPCHHOJIB.I‘B.QTCH, 4YTO BbI XOPOIIO
IIPEACTABJIAETE ABJIEHUE, MOKETE CaMU 3a/1aTb  py- 30
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HEOOXOAUMbIE JIJIsI PEIIEHKS 3a-
Jlavi BEJIMYMHDI, BBIOPATh UX YHC-
JIOBBIE 3HAUEHUST U TTOJIYUUTD UHC-
JIEHHBII pe3ybTarT.

6. 3amava-neMoHcTpanus
(IeMOHCTPUPYETCS BUAEOPOIINK ).
Ecim HanpaButh B GJIIOAEYKO C
Puc 37 BOJIOW y3KUl IIy4OK CBeTa, TO

BOKPYT SIPKOTO IEHTPATHHOTO
NATHA HAGJTIOAETCS TEMHOE KOJTEUKO ¢ peskuMu rpanniamu (puc.31).
[Tpuuem 3a BHelnHell rpaHuiiell BHOBb BuaHA cBeTsast o6maactb. [1o
Mepe HalloJIHEeHHsl OJIfo/leuKa BOJOM IIMPHHA TEMHOTO KOJIEYKa
yBesnunBaercsi. OObsicHUTEe HAOTIOAAEMOE SIBJIEHIE.

ITy6auxayuio noozomosun E.JKdanos, M. Maxmyouan,
A.Ilozocos, /l.IToxa6os



POCCUNCKUIA TOCYOAPCTBEHHbBI YHUBEPCUTET
HEDTU U TA3A UMEHU N.M.IT'YBKUHA

OU3NKA

Hucomennolii sx3amen

BerynuTesibHbIil 9K3aMeH TIPOBOANJICS [IJIsT TeX a0UTYpPUEHTOB,
KOTOpPBIE NMEJH IPaBo He ¢1aBaTh EI'D: 114 BBIMYCKHUKOB TEXHUKY-
MOB, BBIITYCKHUKOB IIIKOJI TIPOILIBIX JIET, HHOCTPAHIIEB U OCBOOOXK-
JfleHHbix oT ET' 110 cocTosgHuIo 3/10pOBbs. JIK3aMEH OIEHUBAJICS 110
100-6aspHoit mkase. 3agaun B1-B12 B Kak0oM Bapuanre OIeHU-
BaJMCh MakcUMyM B S 6amioB, 3amaun C1-C4 — makcumym B 10
6aJIJIOB.

Ecau B ycnoBun crienuajJbHO HE OTOBOPEHO, BBIPA3UTE OTBET B
equnuiax CU. Yckopenue cBOGOIHOrO Ta/IEHISI CYUTAUTE PABHBIM

10 M/CZ‘

BapuaHT 1

B1. [lepByio 10JIOBUHY ITyTH aBTOMOOGWJIb MIPOIIIEN CO CKOPOCTHIO
40 KM /4, BTOpPYIO — €0 cKopocTbio 60 kM, 4. Halimure (B kM /1)
CPEIHIO0 CKOPOCTb aBTOMOOWJIS HA BCEM MYTH.

B2. C kakoii MakCHMaJbHOW CKOPOCTHIO aBTOMOOHWJIb MOJKET
MTPOXO/INTH 3aKPYTJIEHIE JOPOTH PANycoM 225 M, ecin Koadduim-
€HT TPEHUsT MEX/Y IMHMHAMH aBTOMOOWJIS u jioporoii pasen 0,47

B3. I'py3 HAUMHAIOT TIOAHUMATDH BEPTUKAJIBHO BBEPX C ITOCTOSIH-
HBIM ycKopenueM. Bo ckosbKko pa3 pab6oTa, coBepliieHHas 3a MePBYI0
CeKyH/Ty ABI)KCHNS, MEHbBIIE paGOThI, COBEPITaeMOii 3a CIEAYIONYIO,
BTOPYIO CEKYHAY?

B4. Cikaras npyskuna sxectroctbio 40 kH /M o61aaer 3ammacom
norenipaabHoil aHeprun S0 /lx. Ha ckosibKko caHTHMETpoB cxkarta
npysKuHa?

B5. Cocyxn kyGuueckoit ¢opmbl ¢ pe6pom 20 cM 10 Kpaes
3arosinen BoJoil. Otipefesinte cujy JaBieHuUs] BOJbI Ha GOKOBYIO
rpanb cocyza. ATMocdepHOoe JaBjeHne He yunTbiBaiite. II1oTHOCTD

Boanel 1000 Kr/M3 .
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B6. OTkpbITyIO IPOGUPKY € BO3IAYXOM IIPU aTMOC(EPHOM JaBJe-
HUM HATPeJId, 3aTeM TePMETHYECKH 3aKPbLIn 1 oxXJaquiu g0 —13 °C .
[laByienne B MpoOMPKe YMEHBITHIIOCH TIPH 3TOM BTPOE TT0 CPABHEHUIO
¢ armocepupM. Jlo kakoit Temmeparypsr (B KeapBuHax) Gblia
Harpera npo6upka?

B7. Ilyns, nereBmasi co ckopoctbio 400 M /¢, mpob6uBaeT CTeH-
Ky. Ompenennre, Ha CKOJIbKO TPAJYyCOB HArpeJjach IyJsl, €CJH ee
CKoOpocTb yMeHbImuaach g0 200 M ,/c. Ha HarpeBanme myJin Mmoo
25% BbBIJIEJIUBIIEIOCS KOJMYECTBA TEILIOTHI. Y eJbHas TeIlJIoeM-
Kocts Matepnana mymt 200 [ix/(kr - K) .

B8. B oaHOpPOHOM 29/IEKTPUYECKOM 110JIe, BEKTOP HAIPSIKEHHO-
CTH KOTOPOTO HAIpaBJieH BEPTHKAJbHO BBEPX, HAXOAMUTCS B PaBHO-
Becun mbLamHKa Maccoit 0,2 mr m 3apsgom 50 nKia. Omnpenenure
HAIPSKEHHOCTD TTOJIS.

B9. KakoBo BHyTpeHHEe COTMPOTHBJICHNE NCTOYHNKA TOKA, €CJII
Ha compotusyienmn 20 OM, TOAKJIIOUEHHOM K HCTOYHHUKY TOKa,
Boieagercss moigHocth 100 BT, a Bo Beeit nenn — 130 Br?

B10. [TpoBoanuK AJMHOI 2 M ABUIKETCS CO CKOpOCThio 20 M /¢ B
O/IHOPOJIHOM MarHuTHoM T1oJie ¢ uHaykiueit 0,2 Tia, ocraBasdcb
TEePTIEeHANKYIAPHBIM K JHHASM MMoJig. BekTop ckopocTn TmepreH/ -
KYJISIDEH K IPOBOJIHUKY 1 06pasyeT ¢ JIMHUSIMHU UHLYKIN yroa 30° .
Haiigure 9 /1C, nnaynmupyemMyio B MPOBOIHUKE.

B11. Haiisiure nepuoz (B MukpocekyHaax) xone6anuii KOHTypa,
U3JIyYalollero 3JeKTPOMarHUTHYIO BOJIHY, JJIMHa kotopoil 600 M.
CxopocTb cBeta pasHa 3-10% M/c .

B12. OuHeprus ¢oToHOB, KOTOPBIMHU 06JIyYaeTCs METAJT, B O pa3
GoJibiie paboThl BbIXO/A JIEKTPOHOB U3 MeTawia. Kakyio gosio (B
IpoleHTax) OT 3Heprud (POTOHOB COCTABJIACT MAKCUMAJbHAS KIHE-
TUYECKasi 9HEPTUST JEKTPOHOB, BBLIETAIONIUX U3 METaJLIa?

C1. HeG6oubimoit rpy3 Maccoil 5 KT TO/BEIIeH K TOTOIKY JudTa
C TOMOIIIBIO /IBYX JIEFKUX HEPACTSKUMbIX HUTeH, o/iHa JtnHOi 30 cM,
apyras gammnoit 40 cm. PaccrogHme MeXXIy TOYKaMU KPETICHUS
HUTeH K moToaKy paBHO 50 cM. JIndTt mogHmMaeTcs ¢ yCKOpeHneMm
2 M/ ¢? . Haiigure HarskeHue KOPOTKOH HUTH.

C2. Hesecomblil cTepkeHb, Ha KOHIIE KOTOPOTO 3aKpeILieH rpy3
Maccoii 0,5 Kr, a B cepe[ltHe — TPYy3 Maccoil 2 Kr, MO>KeT cBOGOTHO
BpAIIaTbCs BOKPYT TOPU3OHTATIBHON OCH, TIPOXOSINEH 4epe3 ero
cBoGOIHBIH KoHell. CTep KeHb MPUBOIAT B TOPU30HTAJIBHOE TTOJIOKe-
nue n ornyckaior. C Kakoil cusoil on Oy/er JeficTBOBaTh HAa OCb B
MOMEHT MPOXOXK/IEHUS HUKHETO MOJIOKEHUs ?

C3. [lsig toro 4To6bBI TPEBPATUTh HEKOTOPOE KOJUYECTBO JIb/A
npu temreparype —d0 °C B Boay ¢ Temneparypoit +50 °C | tpebyer-
ca 1290 x/l>x sHeprun. Yemy paBHa Macca Jipja? Y ieJabHas Telo-
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eMKocThb Bozbpl 4200 ﬂ;}{/(Kr~K), yJeJIbHAsA TEIJIOEMKOCTb JIb/ia
2100 I[>K/(I<r-K) , yaAeabHasd TeIlJoTa IJaBJeHUA Jbja
3,3-10° Jix/xr .

CA4. I'pys, moaBeneHHbIN Ha YIPYTOM PE3MHOBOM IIIHYpE, COBEP-
mraeT rapmonmyeckue KoJsiebanusi. Bo CKOJIBKO pPa3 yMEHBIIUTCS
nepuo/l Kose6aHuii, ecau Tpy3 MPUKPENUTh K 3TOMY Ke IIHYPY, HO
CJIO’KEHHOMY BJIBOE?

BapuaHt 2

B1. Karep, mepenpasssch uepes peky mupunoit 600 M, gsura-
S IePIIEHANKYISIPHO TEUCHUIO PEKU CO CKOPOCTBIO 4 M/ C B cCHCTEMe
orcyera, CBS3aHHOI ¢ Bojoil. Ha ckosibko MeTpoB GyjieT cHeceH
KaTep TeYeHHeM, ecjid CKopocTh Teuenusi 1,5 M,/ ¢?

B2. K neBecomoii HUTH AJMHON 1 M NPUKPEIJIeH MapuK Maccoit
200 T, KOTOPBIiI paBHOMEPHO BpallaeTcsl B BEPTUKAJIbHON TIJIOCKO-
ct. IIpu kakoil MHUHUMAaJIbHOI YIJIOBOH CKOPOCTU BpallleHusl IIpo-
u30iijiler OOpbIB HHUTH, €CJU OHA BBIJEP)KUBAET MAKCHMAJbHYIO
Harpysky 3,8 H?

B3. Yesosex maccoit 60 kr, cros Ha KOHbKax, Gpocaer repej
co60il TOPU3OHTAIBHO T'PY3 Maccoil 3 Kr co CKOpOCTbIO 4 M/c, a
caM OTKaTbIBaeTcs HasajJ. Uepe3 CKOJBKO CEKyH[ Tocje O6pocka
YeJIOBeK OCTAHOBUTCS, eca K03(@PUINEHT TPEHNUS KOHDKOB O Jief
0,01?

B4. C xaxoii BbicOTbHI 11ajjaeT 6e3 HAYaJbHOI CKOPOCTH KaMeHb,
€CJM €ro CKOPOCTh TP MaJeHuu Ha 3emyaio paBHa 18 M/c, a
paGota CHUJIBI CONPOTUBJEHUS BO3AyXa pasHa (110 MOAYJIIO)
76 [I>x? Macca KaMHS 2 Kr.

B5. B cooGuaiomuecst cocybl Hajauta pryTh. B oxmu cocyn
n06aBu BOJy, Bbicota crosi6a Kotopoit 12 cm. Kakoii BbicOTBI
(B ¢M) J0/KEH GBITH CTOJIO HEKOTOPOM JKMAKOCTU B APYTOM COCY-
Jie, 4To6bl YPOBEHb PTYTH B 000MX COCy/AaX ObLT OJUHAKOB, €CJIH
MJIOTHOCTD KUAKOCTH B 1,25 pasza MCHbIIE MJIOTHOCTUA BOJIBI?

B6. Ilpn ymenbimennn o6bemMa rasa B 2 pasa JaBJCHNE yBEJH-
ynaoch Ha 24 klla, a aGcomoTHast Temmeparypa Bo3pociaa Ha 10%.
KakoBo 6p110 nepsonavanbroe aasienne (B kIla) rasa?

B7. Onpenesnnre nameneHne BHyTPEHHEN SHEPTUH JIBYX MoJiei
raza npu uzoGaprom HarpeBanuu ot 5 °C go 10 °C, ecau rasy
661710 coo6IIeHo KosmmyecTBo Teriotel 210 [Ix. YHuBepcasbHas
razosas noctosunas 8,3 Jik/(kr-K) .

B8. 3apskennas yactuiia co3jaer B BAKyyMe B HEKOTOPOIT TOUKe
nanpsprennocts 50 B/m. Kakaga cuna (B nanonbioToHax) Oyaer
JeficTBOBaTh Ha 3apsa 3 HIKJI, MOMENeHHBIH B 3Ty TOUKY, €CJIH BCIO
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CHCTEMY TIOMECTHTb B KEPOCUH, IMIJIEKTPUUECKAs MPOHUIAEMOCTD
KOTOpPOTO paBHa 27?

B9. bBarapes coctout n3 4 oAMHAKOBBIX ITOCJEI0OBATETHHO COETH-
HeHHBIX 3neMenToB ¢ JJ[C 3 B xaxapiii. Uemy paBHa moJHAA
MOTITHOCTD, BbIJleJiTeMast B IeTH, eCJI TOK paBeH 4 A?

B10. IIpu npormyckanum yepes KaTyIIKy TOKA CUJIOH 5 A WHIYK-
1] MAarHUTHOTO TI0JI B KaTyllke okazaJjach paBHoit 1 Tu. Onpeje-
JIUTe WHAYKTUBHOCTD KATYIIKH, €CJHM IJIOMAIb €€ TOMePEeYHOTO
ceuermst 200 cM? , a wmcao BUTKOB 2500.

B11. KosneGaTebHblil KOHTYP COCTOUT U3 KATYIIKK WH/LYKTUBHO-
CTH U TPeX OJMHAKOBBIX KOH/IEHCATOPOB, BKJIIOYEHHDIX TaPaJLIe/ b
Ho. [lepuon co6erBennbIx Kosebanuii koutypa 0,24 c¢. Uemy Gymer
paser nepuoj (B MUJLIMCEKYHAAX ), €CJI KOHIEHCATOPhI BKJIIOUUTD
II0CJIEIOBATEIHHO ?

B12. Yemy paBHo 3a7epskuBaioliee HampsuKeHNe 11 POTO3JIEK-
TPOHOB, BBIPBIBAEMBIX C MOBEPXHOCTH METAJLIA CBETOM C JHEPTHEit
¢oromnos 9,2 - 107" JIx, ecmm pabGoTa BBIXO[A M3 3TOTO MeTaJlia
2,8-10_19 JIx. 3aps aaekTpoHa 1,6-10_19 K.

C1. Bpycok maccoii 2 Kr TepeMeniaioT 10 CTeHe BePTUKATbHO
BBEPX C TIOMOIIBIO CHJIBI, HATIPABJIECHHOI MO/ YTJIOM O K BEPTHKAJIH.
HaiiqnTe BemumHy 3TOH CHJIBI, €CaM M3BecTHO, 4TO sino = 0,8,
koa(duiment tpenuss Mexay creHod m Gpyckom pasen 0,15, a
yCKOpeHHe 6pycKa paBHO 2 M/ .

C2. HeBecomblii cTep:KeHb, Ha KOHIIAX KOTOPOTO 3aKpeTIeHbI
rpy3bl mMaccamu 1,5 Kr m 7,5 Kr, MOMKeT CBOOOIHO BpaIlaTbCs
BOKPYT TOPHU30HTAJIBHON OCH, TPOXOJSIIEN UYepe3 ero CepeiuHy.
CrepsKeHb YAEp)KUBAIOT TaK, 4YTO OOJBIINI T'Py3 HAXOIWTCS B
BepxHell Touke, a 3areM otiyckaioT. C Kakoil cuJoil crepskeHb
GyzeT JIeicTBOBaTh HAa OChb B TOT MOMEHT, KOrja GOJIBIIONH TPy3
TTPOXOIUT HIDKHIOIO TOUKY ?

C3. Teno cockaib3blBaeT € HAKJIOHHON IJIOCKOCTU JJIMHON
260 M. Koadduriment tpenusi o niaockocts pased 0,4. Omnpenesu-
Te, Ha CKOJIbKO TPAJyCOB TIOBBICUTCS TeMIIepaTypa TeJia, eCJh Ha
€ro HarpeBaHue W/ET 75% BBIIEIMBIIETOCS KOJMYECTBA TEILIOTHI.
YenbHas TEIOEMKOCTh MaTepuasia, W3 KOTOPOTO CAeJaHo TeJo,
pasma 130 /Uk/(kr-K). Yron makioma TIOCKOCTH K TOPU3OHTY
60°.

C4. Yepes ckoJBbKO CEKYH OT HadaJa IBUKEHWS TOYKA, COBEP-
rarormas Koae6anus 1Mo 3aK0Hy x = A cos ®f , CMECTHUTCS OT HadaJIb-
HOTO TIOJIOXKEHUSI HA TOJIOBUHY aMmiutyabi? I[lepuoa kosebGamuii
cocraBJjger 24 c.
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BapuaHt 3

B1. /Iza Benocumemucra emyT co ckopoctsmu 21,6 xkM/4 u
28,8 KM /4 110 B3aMMHO IePIeH/IMKYJISPHBIM JoporaM. YeMy paBHa
UX OTHOCHTEJIbHAsl CKOPOCTD?

B2. He6oubimoii mapuk Maccoii 200 r, npuKpernienHblil K KOHILY
HuTH Aaunoir 20 cM, BpamaeTcsa B BEPTHKAJbHON TTOCKOCTH. B
HWDKHEH TOYKe OKPY)KHOCTH CKOPOCTb Iapuka paBHa 3 M/ c. Uemy
paBHa B 3TOT MOMEHT CHJIA HATSDKEHUS] HUTH?

B3. Oupenemure KIIJI (B npolenTax) TpaHCIIOPTEPa, €CIM 3a
CYTKH OH TIepeHOCUT Tpy3 Maccoii 2400 T ¢ YpOBHS 3eMJIHM HA BBICOTY
3,6 M. MomrHocTb aBurartens 4 kKBT.

B4. Ilyna maccoii 4 T, JieTeBIiasg TOPU30HTAIBHO CO CKOPOCTBHIO
800 M /c, mpo6uBaeT [OCKYy W BBLIETAET M3 HEe CO CKOPOCTbIO
400 m/c. Haiigure a6cosoTHYIO BeMYUHY PAGOTDI, COBEPIICHHO
HaJT MyJieil CUJION CONMPOTUBJICHNS CO CTOPOHBI JIOCKU.

B5. B noumbit ky6 HamuTa 0BEpXy JKUIKOCTb. Bo ckobko pas
CHJIa JIaBJIEHUsT BOJIbI HA JIHO GOJIbIIIE CHUJIbI JJaBJIeHHs Ha GOKOBYIO
cTeHKy? ATMocdepHOe JaBJjeHne He YINThIBATe.

B6. Ilpu narpeBanuu rasza npu mnocrosunoMm oO6beme Ha 1 K
JaBrienue yseandanaoch Ha 0,4%. Tlpu Kakoil HauaIbHOI TeMITepary-
pe (B KesbBMHAX) HAXOANJICS Ta3?

B7. Mpecanpras tensoBas ManmHa paGoraer no 1ukiry Kapro.
AGcomoTHast Temiepatypa Harpesaresisi B 1,25 pasda GoJibiiie abco-
JIOTHOW TeMmepaTypsl XoJaoauabanka. Oupexemute pomo (B mpo-
[EHTAaX) KOJMYECTBA TEILIOTHI, OTJABAEMOT0 XOJIOJUIbHUKY .

B8. /IBa rToueuHBIX 3apsjia B3amMOJEHCTBYIOT B BakyyMe Ha
paccrostann 10 cM ¢ cuioit 10 MH, a B >KuaKOM AM3JEKTPUKe Ha
paccrosHUE 5 cM — ¢ cuyoit 20 MmH. Haifiqute mamasexTpiaecKkyto
TIPOHUI[AEMOCTD JAMAJCKTPHUKA.

B9. KakoBa moJiHast MOIIHOCTD, pa3BUBaeMasi UCTOYHUKOM TOKa
C BHYTPEHHUM cOINpoTuBiIeHreM 2 OM TIpU TMOJKJIIOUEHNN K HEMY
conpotusjennss 3 OM, ecan HanpsbKeHne Ha 3TOM CONPOTHUBJIEHNN
pasuo 9 B?

B10. Omnpeaennte MHAYKTUBHOCTD KATYIIKM, €CJIW TIPH PaBHO-
MepHOM M3MeHeHHH B Hell cuJibl Toka 3a 2 c ot 5 A 10 10 A Bo3HMKaeT
I C camounnykiu 10 B.

B11. Konebareabublit KOHTYD ¢ eMKOCTbio 2 MKMD HacTpoeH Ha
gactoty 300 I'm. ITocse moaK/IIOUEHNS K HEMY TapajieTbHO J[PYyTo-
ro KOHJeHcartopa yacrtora KojeGanuii B Koutype craia 150 Tir.
Onpegenure emxoctb (B MEUKpodapazax) BTOPOro KOHAEHCATOPA.

B12. B peaknum m3oTomna f;Al u yrjaepoja %C obpasyercst
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0, -9acTuIla, HEHTPOH W AP0 HeKoToporo uaotomna. Ornpenesnute
KOJITYECTBO HEHTPOHOB B 06pa3yIoIieMcs sijpe.

C1. /locka mMaccoii 6 KT HaXOAUTCS HAa TOPU3OHTAJIBHON MJIOCKO-
cru. Ha nocke sexur 6pycok maccoii 2 kr. Koaddunmenr tpenns
MESK/LY JIOCKOI 1 OPYCKOM U MEXK/1y JOCKOH 1 IJIOCKOCTbIO paseH 0,3.
Kakyio MUHUMaJIbHYIO TOPH3OHTAJIBHYIO CHJIY HAJ0 MPUJIOKUTD K
JI0CKe, 4yTO6bI 6PYCOK Hayas ¢ Hee COCKaJIb3bIBATD?

C2. [IBa 6pycka maccamu 700 t u 900 T, Jexamue Ha TIaJKOM
0Ty, COCIMHEHBI HEBECOMOH MPY>KMHOH. BpycKu yaep:KnNBaIoT Tax,
41O npyskuHa ckarta Ha 12 cm. CHavasa OTIyCKAlOT IepBbIil GPYCOK,
a B TOT MOMEHT, KOrja Ipy:kuHa e 6yaer nedopmMupoBana, OTIryc-
KaioT u Bropoii. Haiiaure Makcumanbhyio aedopmanmio (B cm)
MPY>KUHDBI B MPOIIECCE JAATbHENINEro [BUKCHHUS .

C3. /IBa OAWHAKOBBIX IMApWKa, CHAEJAHHBIX W3 BEIIECTBA C
yeJbHOU TerioeMKocTbio 150 I[H(/(KF'K), JIBUXKYTCS HABCTPEUY
apyr apyry co ckopoctsimu 40 mM/c u 20 m/c. Onpenenure, Ha
CKOJIBKO TPAIYyCOB OHM HATPEIOTCS B Pe3yJIbTaTe HEYIPYTOTO CTOJIK-
HOBEHUS.

CA4. Ilpu cmeneHNn TOYKHU OT MOJOXKEHUS PABHOBECUS, PAaBHOM
4 €M, CKOPOCTH TOUYKHU paBHa 6 cM /¢, a IIpU CMEIEeHNH, PABHOM 3 CM,
CKOPOCTb TOYKM paBHa 8 cM/c. Haiigure ammmrtymy KosaeGaHuit
(B cM).

ITy6auxayuio nodzomosur A.4epnoyyan



CAHKT-MNETEPBYPICKUIA NOMUTEXHUYECKUI
YHUBEPCUTET METPA BEJIMKOIO

[TonurexHmn4eckas oMmMniaaa LLKoIbLHMKOB

B 2015,/16 yue6nom romy B Canxr-IlerepGyprckom rocypap-
CTBEHHOM ToJuTexHnyeckom yuusepcurere [lerpa Besnkoro nposo-
nuiach [Tomurexuuyeckast 0JMMITNA/A HIKOJbHUKOB I10 MATEMATHKE,
¢usuxe u unbopmaruke. OaUMINALA COCTOSIA U3 JBYX TYPOB.
Ot60pouHbIil Typ ObLIT MPOBE/JCH B BU/E JABYX MHTEpPHeT-ceccuii. B
Ka)K/I0H ceccnm yYacTHUKU MMEJIN OJIHY TIOTIBITKY TTPO/IOJKUTETHHO-
ctpio 180 MuUHYT.

[ITkombHUKY, TIPEO0IEBIE OTOOPOUHDINA PYOEsK, YIacTBOBAJIH
B pelnaioiieM o4HOM Type. Ha pelenne 3asay 3akJ0OYUTENTbHOTO
Typa 66110 orBesieHo 180 MuH.

MATEMATUNKA

OT60POYHBIN Ty
7 31an
1. Haiigure cymMMy KOpHeil ypaBHEHUs

V32 +x -2 -Jr+1=+32>-6x-9 .

2. Haiigure mamboJibiiiee 3HAYeHUE BBIPAKEHUS § — 2X, Te
(x; y) — pelenue cucTeMpl

|x+2y|+|y—2x|=7,
22 +y?=5.

3. Penmre HepaBeHCcTBO (x2 —6x + 8) x* —9x +18 <0 . Borse-
Te YKaXUTe CyMMYy HAUMEHDINEeTro M HanOOJIbIIEeT0 TOTOKUTEeTbHBIX
pelreHuit.

4. Haiigure Takoe HaTypaJabHOE YUCJIO 1, YTO 4uciaa n + 7 u
n + 51 ABJSAIOTCS KBaJpaTtaMy HATYPaJbHbBIX YHCEJI.

5. Kuace Boi6upaer crapocry. BoyiBunyrsl 3 kanaugata. Kax-
JIbII MIKOJIBHUK B GIOJIJIETeHe [T TAHOTO TOJIOCOBAHUSI OTMedYaeT
oaHoro Kanaujaara. CKOJBKUME CIIOCOOAMU MOTYT PACTIPEIETUTHCS
roJioca, ecjau B Kjaacce 28 MIKOJIbHUKOB?
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6. 113 /1ByX TOpo/I0B HAaBCTpeUy JIPYT APYTY OTIIPABHUJINCH TT0€3/1a.
[Tpoiigs TpeTb MyTH, TEPBBI IMOE3/] OCTAHOBWJICS HA 45 MUH.
Bo3o6HoBuB /Bukenne, oH yepe3 6 MUH BCTPETUJ BTOPOH IMOE3/I.
[Toesna npubbliM B IYHKTHI Ha3HAYECHHS OAHOBpeMeHHO. CKOJIBKO
MUHYT ObLJI B IIyTH BTOPOU T10€3/1?

7. Komanapr A u B Ha6pasu B cymme 20 oukoB, B u C — 12 04KOB,
a cyMMa 04KoB, HabpanHbIX Komangamu A u C, pasua 30 — 2s, rie
$ — 4HCJI0 OYKOB, HaOpaHHoe KoMaH/o0il D. CKOJIbKO OYKOB B CyMMe
Habpasm KoMauael A u D?

8. Ilycts S, — cyMMa TIepBBIX 7 4JIeHOB apu(MeTHYecKOil
nporpeccun. Mssectno, uro S; =81 un §,, = 9m® mpu HEKOTOPOM
HaTypaJbHOM 3HadeHnnn m > 3. Haiiante cyMMy TepBBIX JEBATH
YJIEHOB [IPOTPECCHH.

9. B reomerpuyeckoii mporpeccun cymMma MepBbIX TPEX YJEHOB B
D pa3 MeHbllle CyMMbl MX KBajipaToB. Haiigure pasHOCTb MeXXy
CYMMOI TIEPBOTO M TPETHETO UJICHOB MPOTPECCHU U BTOPBIM UYJIEHOM
TIPOTPECCHN.

10. Haiigure cymMMy BceX 3Ha4eHHUII mapaMeTpa @, MPH KOTOPBIX
ypasuenue 1og, (x+1)+a = (4—2a)log,,;2 umeer eamncTBenHOE
peleHme.

2 s1an
1. Haiinure 1ientp cumMerpun rpaduxa GyHKIMN

_xt-5x+3
- x—1
B otBeTe ykaxxuTe CyMMy KOOPAWHAT 3TOH TOUKH.
2. Ilyctp [z]— nenas yactp uncaa z (Hamboblnee 1esoe Yucio,
He 1peBocxozduiee z). Haiiaure cymmy sHadeHuii @, 1718 KOTOPBIX

ax .
ypaBHeHue 2 — P [sinx] mMeer poBHO TPH pasIMUYHBIX KOPHS Ha
T

npomexyTke [0; 87] .

3. Haiiure Ko/mdecTBo pemenmii Hepasenctsa [sin 3x — sin x| +
+sin3x -sin9x < 0 na npomexytke [0; ] .

4. Pajmychl ONMCAHHON M BIUCAHHON OKPYIKHOCTEN paBHOOE/I-

PEHHOTO TPEyTOJbHUKA paBHBI 32 m 7 cooTBeTcTBeHHO. Haiinnte
HanboJIblllee BO3MOKHOE 3HAYEHUE BBICOTHI ATOTO TPEYTOJbHUKA.
d. Haiigure 4tgdo, ecmm ctgo—tgo =6
6. Bexropnl d n b HekosnHeapubl. Haliante cymmy uncen x u

Y, ecau HU3BECTHO, 4To BekTop € = (2x—2y)d+(y+ 2)5 paBeH
yaBoerHoMy Bektopy d = (x —2)d +(x —y)b .
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7. B npaBuibHO#l uerbipexyrosbHoi npusme ABCDA;B,C,D;
6okoBoe pe6po AA; paBHO 3, a cropoHa ocHoBaHus AB paBHa 2.
Haiimute o6bpem mmpamuast DBAC, .

8. Haiinnte 1esoe 4mcsao — penieHne YpaBHEHUS

Zaurctg£ =X aresin> .
3 2 13

9. CKOJIBKO TOYEK (x; y) C [eJOYUCJIECHHBIMHU KOOpAMHATaMM
COZIEP)KUTCA B MHOKECTBE, 3a/[aHHOM CHCTEMOIT HEPaABEHCTB

y<2,
X+y=2,
x—y<27?
10. Haiimute cymMmMy KOpHElN ypaBHEHUS
xarctg x = (3 —2x)arctg (3 —2x) .

3aKIOYNTETbHBIV TV

1. [Imurpuio BaBoe Gosiblie JjieT, yeM ['puropuio 6bLIO TOT/A,
Korga JIMuTpuio 6BLIO CTOJIBKO JIET, CKOJBbKO ['pHUropuio Tenepb.
Korga I'puropuio craneT cToJIbKO JIeT, CKObKO [IMUTpHIO Temepsb,
Torla CyMMa WX BO3pacToB OyaeT paBHa 72 rogam. CKOJBKO JeT
[Ivurpuio?

2. B recte ectb 10 caoxkubix 1 20 npocTbix 3a1a4. st perreHust
KaX/I0H cJIosKHOM 3amaunm Tpebyercss 40 MWH, a [Jg MPOCTONH —
10 MuH. 3a pelleHyre CJOKHOW 3ajaud Hauucasgercs 3 OaJna,
mpoctoif — 1 6asn. A6uTypueHT pemani 3axa4yn He 6osee 190 MuH u
pernm He 6osiee 10 3aga4. Kakoe MakciMaIbHOE YHCI0 OYKOB OH MOT
MOJTYYUTD ?

3. Haiinure parmoHasbHOe YNCI0 — 3HAYEHHE BBIPASKEHMUSI

6 91'C 3\/_

4sin6£+4 —_—
16 16 4

4. Penmite ypaBnenue

T

5. Haiinure nHanMenblee 3HaueHue (QyHKIMHT

y =sin2x +2(sinx + cosx).

6. OrHolleHue CyMMBbl 7 4JICHOB I'€OMETPHYECKOI IIPOrpeccuu
{b,} x cymme Bemuumn, um o6patmbix, pasHo 1/5. Haiiaure
npoussezicHue bb,
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7. Pemnte cucreMy ypaBHEHHI

P y4 _ \/m _ \/m’
x? = 3xy = 16.

8. Ha croponax BC, CA, AB npaBuibHOTrO Tpeyroibanka ABC
co cToponoii 9 B3sTel Touku Ay, By, C; coorBercTBeHHO. l13BecTHO,
yro AC; = BA; =CB; =4 . Haiigure oTHOIIeHWe ILIOMAIN TPEY-
rosbHKa ABC K 1ioiaium TpeyroJbHuKa, 06pasoBaHHOrO IPSIMbI-
mu A4y, BB, CC,.

9. B ocHoBanum yerbipexyrosbHoil tupamuzibl SABCD nexut
yeTblpexyroyibHuk ABCD, B kotopoM AB = AD =4, CB = CD = 3,
a cropoibl AB 1 BC B3auMHO meprieH/iuKyasipibl. Bece GOKOBbIe
IPaHy HAKJOHEHbI K IIOCKOCTUH OCHOBaHUs 110/ yriaom 45° . Halinu-
Te o6bem V mumpamupl, 3Hasi, yto V > 12.

10. IIpm xaxkux 3HayeHMSAX NapaMeTpa a YypaBHeHHUE

21022 +9=a (xz —4x + 3) MMeeT POBHO TPU PA3JINYHbIX peLle-
Husg?

OU3NKA

OT60POYHBI Ty
9—10 knaccer

1. Mucrep n muccuc BoGep pemnan K KOPOHAIUK MOJJIATATD
mI0TUHY 60GPOB, CTOsIYI0 Ha Besnnkoil pexe, 4To IPOTEKAeT 10O
Hapuun. Bpesna /711 peMoHTa 1pUIIIOCh 6PAaTh B CaMoil 3arajHoi
yactu poru MOHAPHOTO €TOJI6A BBIIIE IO TEUYEHNIO HA PACCTOSTHUN
L =8 &M or 3anpy/pl. Bo6pbl 3aMeTHJN, YTO B POILY OHH ILJIBIBYT
t, = 4,1 4, a ob6parno Gbictpee — t, = 2,4 4. CKOJIbKO BpeMeHU
Gyaer 1wiblTh 6peBHO oT pouu A0 miotudbl? (10 Ganios)

2. Bacg Ilerpos u lleta Baceuknn nsobpetann YHUBepCATbHbIT
yckopuresib 6pyckoB. /[yt aToro oHm moJioxkusu Gpycok Ha Kpait
nocku guuboo L = 0,9 M. Eciam mogHIMaTh 9TOT KOHEI[ JOCKU, TO
IpH yrje HakJAOHA ¢ = 29° OPYCOK HauMHAET JBHUraThcs. Kakyio
CKOPOCTH IIPHOGPETET OPYCOK, COCKOJIB3HYB € I0CKH, €CJIN OHA Oy IeT
COCTaBJSITh YyroJ B = 54° ¢ ropusonrom? (10 Gasios)

3. 3a 10 mum et aBotorn 3Be31b1 PO281115 cucremsr Xopyc
ee Macca ymenbinuaach B N,, = 1,3 pasa, a yckopeHue cBo6OHOTO
HajleHust Ha ee HoBepxHocTH yBemmumaoch 8 Ny = 1,2 pasa. Bo
CKOJIPKO Pa3 yBEJMUUJIACH CPEJHSS IJIOTHOCTDb BEIIeCTBA POJHOM
3Beszbl pomyJtanies? (10 Ganios)

4. B nayunoii jaGoparopuu 3Be3oiera Ilerac mpoceccop Ceies-
HEB M AJIMCA TOTOBSIT TA30BYIO CMeCh JUJISi MUKPOOPTaHU3MOB, Haii-
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JIEHHBIX HA BTOPOH IiaHere B cucteme Memysbi. 3BectHo, 4to
MHUKPOOPraHU3Mbl OYIyT 4yBCTBOBATbL ceOsi KOM(MOPTHO, €CJu [IJIst
[IPUTOTOBJIEHHUSI CMeCH B3sTh 1y, = 66% (110 Macce cmecu) reus,
ny, = 14% asora m yruekucsbli ras. Haiiure mossipHyto mMaccy
npurotoBJisteMoil npodeccopom emecu. (10 Gasios)

5. HoBoroamss enka B mapke ykpaiiena urpymkamu. [Ipuaeren
BopoGell U ceJ HAa OJHY W3 WIPYIIEK, M3-32 Y€ro BETKA CTaja
coBepIath Majsble Kosebanusi. Bopobeil ucmyrancs u yJeres, a
yacToTa KoseGaHuii BeTKH yBeawumaach Ha x = 0,8%. YBbBI, HO
UTPYIIKa, Ha KOTOPOil mocues Bopobeil, oTBsS3ajach W ymana Ha
3eMJII0, a 4acTOTa KOJeGAaHWil BETKHU T0CJIe 9TOr0 CHOBA BO3POCJIA —
Ha y = 1,9%. Uemy paBHa Macca WUTPYIIKH, €CJIU MAacca BOPOODS
M =24 r? (10 Gamnos)

6. K PoxpgectBy MyskumHbl 26-TO aKHUIaska MexXIyHAPOHOM
KOCMWYECKOH CTaHIMK penriyid TpuroToBuTh Kartepune Koyusmaw,
eIMHCTBEHHON JKeHIMHe Ha Kopabae, mogapok. Ha MKC namiocnh
TOJNBKO 4 OYCHHKH, KOTOPbIe KOCMOHABTBI TIPUBA3aJN Ha HUTKY Ha
OIMHAKOBOM PACCTOSHWM [JPYyr OT JApyra TaK, 9YTO IOJIY4HJIOCh
o’KepeJsibe. 3a BpeMsi U3TOTOBJIEHUS 0KepeJibs OYCUHKI HAdJIEKTPH-
30BaJINCh, MPUOOPETS OAMHAKOBLIE TI0 3HAKY 3apsabl ¢, Nq, g, Nq.
B pesysibTaTe BHCAIIEe B HEBECOMOCTH OKepesbe TMPUHSIO0 HOpMy
pom6a. Haiigure orHomenne amaronaneii storo pom6a (Gosbnieii k
menbiieir). (10 6annos)

7. YUro6bl cakonomutb, Koreit BeccMepTHblil pelis 3aMeHnuTb B
CBOEM 3aMKe BCe JIAMIIbl HAKAJIMBAaHUsI Ha cBeTo/inoubie. OH Hacuu-
tas1 B 3amke Ny = 36 samm MomuocThio P =40 Bru N, =359 namn
MorHOCcTbI0 Py = 60 BT. AHajOrmuHble CBETO/MO/HBIC JIAMIIBI
norpe6asior P/ =5 Bru P, = 8 BT COOTBETCTBEHHO, HO CTOAT
C =190 py6. xkaxkgasg. 3a CKOJbKO JHEH OKYIUTCS TIOKYITKA, €CJIU
JIAMTIBI TOPSAT B cpeHeM ¢ =6 9 B ieHb, a 3Meil [OpbIHbIY TTOCTaBIISAET
Kotrero ssiekrposHepruio 1o ¢, = 4,49 py6. 3a kBt - u ? (10 Ganios)

8. Hripsag B Mockse-peke, Bosbka KocTplibkoB 06HAPYKIT Ha
JIHe TIPO3PAvyHbIl KJIMH M3 HEM3BECTHOTO MaTepuaa, BO3MOKHO
WHOIJIAHETHOTO TIpoucXoskjaenusi. IlocBeTnB Ha Hero 1oj BOJON
JIa3epHOI YKa3KO, HAIIPABJIEHHO! MEePIeHANKYISIPHO 60KOBOII rpa-
HU, Bosbka 3aMeTns, 4TO JIyd OTKJIOHMJICS Ha yroa [ =23° or
CBOETO TIePBOHAYAIBHOTO HATIPABJEHWA. BBITAIB KJIMH W3 BOJDHI,
Bosbka TOBTOPWIT CBOW OMBIT yxXe Ha Bozayxe. Okasanoch, 4TO
OTKJIOHEeHHUe Jyda ondTh paBHO [f =23°. UeMmy paBeH NokasaTeJb
npesoMyieHus: MaTepuasia KiauHa? [lokasaTesb mpesoMiIeHus: BOIbI
IPUHATH PaBHbIM 7, = 1,33, MOKa3aresb MPeJOMJIEHHUS BO3/lyXa —
Nyosn = 1,00 (10 Gasnos)
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11 knacc

1. [lmamerp xoseca Benocunega (puc.1) D = 51 cm, paamyc
Beaymeit (6oabIoii) «3Be3mouku» 7, = 15 cM, Begomoi (Mamoit)
1, = 4 cM. Benocunenuer kpyTut
el ¢ 4actoToii f = 31 06 / MuH.
C Kakoii CKOPOCTHIO JIBUIKETCS OT-
HOCHUTEJIBHO MOBEPXHOCTU JIOPOTH
HiKHAgS (FrOpU30HTANbHAS) YACTD
BestocutneHoi rern? (10 6aaoB).

2. ABTOMATHYECKHUIl CITyTHUK
6oeBoro oxpanenus lImmepckoro
Kocmodota nmeer Ha Boopy:Ke-
nun nymky laycca, crpesdioniyio
ypaHoBbiMu cHapsiamu. [Ipu 06-
Puc 1 HapysKeHuu KopabJisi IPOTUBHUKA

CIIYTHHK /IOJKEH BBIITYCTUTD B HETO
OJINH 34 JIPYTUM mpu CHapsiia, Kask/plii Maccoit m = 40 xr. Macca
cuyrauka (6e3 cHapsigo) M = 640 Kr, cHapsiibl 1OCJ€e BbICTPea
pro6peraioT ckopoctb v = 741 M/ ¢ omnocumenvno ciyrnuka. C
KaKOIl CKOPOCTBIO GYy/IeT JIeTeTh CIIyTHUK, TOJTHOCTBIO N3PACX0/I0BAB
Goesarmac? (10 Ganios).

3. /IBa 606pa XOTAT MONAaCTb U3 TOYKU A Ha OHOM 6Gepery peKu
B IIPSIMO IIPOTUBOIIOJIOKHYIO TOUYKY B Ha apyrom Gepery. Ilepsbiit
606ep pelus meperibiTh peky 1o mnpsamoit AB. Bropoii 6o6ep crau
IJIBITH MEPIEH/UKYISPHO TEYEHHIO, a PACCTOsIHIE, HA KOTOPOE ero
CHecJla peKa, mpories nemkom 1o 6epery. HecMoTps Ha passindnbie
MapIIpyTbl, 06a 606pa JOCTUTIA TOYKU BCTPEYU OHOBPEMEHHO.
Cxopoctb Kaxaoro 6o6pa B crostueit Bojge v = 2,1 M /¢, CKOPOCTb
Tedenns pekn u = 1,3 M/ c. C Kakoit CKOPOCTBIO TIIeJs1 BTOPoit 606ep
no Gepery? (10 6amnos)

4. JIBa cnyTHMKaA JIETAIOT 110 KPYTOBbIM OpPOUTaM, JIEXKaluM B
O/IHOI 0011ell [IJIOCKOCTH, BOKPYT ILTaHeTbl G5—628 ¢ OpOUTATHHBIMU

ckopoctsiMu v; = 5,8 kM/c U v, = 8,4 KM/, NepUOAUYECKU

cOumKasicbh Ha MUHHMMaJbHOe paccrosinue 7 = 990 km. Pammyc

mianerel R = 2,9 TbIC.KM.

le L > Haiigure yckopenne cBoGo/-

y T~a4i 1 HOTO TIa/IEHNsT Ha TTOBEPXHOC-

¢ l\\ p n nmarersr G5-623. (10 Gan-
JIOB)

E d. ODJIEKTPOH BJIETAET B

\ IJIOCKUH KOH/IEHCATOP JIJIMHON

Puc 2 L=4,5 cmnopyriom o = 34°
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K 00KJIajikaM, a BblieraeT noj yriaom B =17° (puc.2). Haupsiken-
HOCTD 3JIEKTPUYECKOTO TOJIsI BHYTPH KoHeHcaropa £ = 8,5 kB /M.
Onpejnenure nepsoHadaibiyio ([0 HomagaHus B KOHIEHCATOP)
sHepruio saekrpona. (10 Gamnos).

6. OHOpOIHOE TTPOBOJIOYHOE KOJIBIIO BKJIIOUEHO TTOCTIE0BATEIb-
HO B 3JEKTPHYECKYIO II€Mb, B KOTOPOH TedeT ITTOCTOSTHHBIN TOK.
KonTakrer fesisit aumay Kospita B otaomerun n/m = 1/11. B kombie
IPU TIPOTEKAHUN TOKA BbIJIEJISIETCS TEIIOBAsi MOIHOCTD P =45 BT.
Kakas MomHocTb OyeT BbLAEAATHC B KoJble (IIPH TaKOM Ke TOKe
BO BHEIIHEH 1IeNn), ecJ KOHTAKThI PACIIONOKUTD Ha HEM B JAHaMeT-
PasbHO MPOTUBOIOMOKHBIX Toukax? (10 Gamnos)

7. [lnmnHHas MeHAs JeHTa IBUXKETCA C TOCTOSTHHON CKOPOCTBIO B
OJIHOPOJITHOM MarHUTHOM 1oJie ¢ unayknueit B = 0,66 Tu. Bexropbl
CKOPOCTU ¥ MATrHUTHON WH/YKITHH
JIeKAT B ILJIOCKOCTH JIEHTBI M B3aWM-
HO nepnenanky.ispubl (puc.3). Ha
TJIOCKOCTSIX JICHTBI TIPH ee JIBIDKe-
HUY BO3HUKAET TOBEPXHOCTHDIN 2JIEK-
TPUYECKUI 3apsifi, TIPUYEM HA KaxK-
JIbIii KBAJ[PATHBII CAHTUMETD OTPH-
[[ATEeJIbHO 3aPSI’KEHHON MOBEPXHOCTH
npuxoautess AN/AS = 8800 noron- A€ 3
HUTEJbHBIX 3JeKTpoHOB. Haiianre
cKOpoCTb JBMykeHns aentor. (10 Gasios)

8. B Bozayxe a/mHa BOJHBI MOHOXPOMATHYECKOTO CBETA PaBHA
Ay =630 um. IIpu mepexosie B HEKOTOPYIO IIPO3PAYHYIO XKHUIKOCTD
JLTMHA BOJIHBI CBETA CTAHOBUTCS PaBHOUN A, =443 uM. OTpaskeHHbIIT
U NIPEJIOMJICHHBII JIyun 06pasyioT Mexxy coboil yroa ¢ = 95° . Ilox
KaKiM yTJOM TMajaeT Jyd CBeTa Ha IIOCKYIO TPaHUIYy pasjena
AKUAKOCTb—Bo3ayx? (10 6anios)

3aKImoYNTEIbHBIV TV

9—170 knaccel

1. Typucr Hwuxomait IlerpoBnu omosmam Ha Af = 5 MHUH K
OTIJIBITUIO CBOETrO TEIJIOXO0/1a, OTIPaBUBIIErocs BHU3 10 peke. Ha
CUacTbhe, X03sMH ObICTPOXO/IHOTO KaTepa corsacuscs nomoub Huko-
aato Ilerposuuy. /[lorHaB Temsaoxoj W BbICA/JUB HE3a/a4JIMBOTO
TypHCTa, KaTep TYT K€ OTHpaBmJCs B 06parHblil myTb. CKOJIBKO
BPEMEHN IIPOIILJIO C MOMEHTA OTILIBITUS KaTepa /10 ero BO3BpalleHus ?
Cuuraiite, 4T0 CKOPOCTD TEIJIOX0/Ia OTHOCUTEIBHO BO/IbI B B = 3 pasa
60JIbIIIe CKOPOCTU TE€UEHUST PEKHU, & CKOPOCTb Karepa GoJiblie B 7 =5
pas. (10 Gamnos)
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2. Yro06bl TI0BeCUTb HOBOTO/IHEE YKpallleHne, AHSI IPUCTABJISIET K
TJIQJIKON CTEHE JIECTHUILY TaK, YTO €€ OCHOBaHWE HAaXOJIUTCS Ha
MaKCHMaJbHO BO3MOXKHOM pacCTOSIHUM OT cTeHbl. Koaddunuent
TPEeHUsI MEK/Y JIeCTHUIE 1 ostoM W = 2/3 , macca Aun M =70 «r,
Macca jgectHuibl m = 20 kr. [lymHa JjecTHHIBI L Tak sKe, Kak U
BbIcoTa mortoska H, paBHa 5 M. CMoxer sm AHSI TOJHSATHCS 110
necranie? Ecom ga, 1o Ha kakyio Bbicoty? (30 Gasios)

3. ToHkocTeHHBIN MUIMHAPUIECKUI cTakaH, Ha 1,/4 HamoJHeH-
HBIH KJIEHOBBIM CHPOTIOM, TITABA€T B COCY/IE C BOIOI, IOTPY3HUBIIICH
0 cepeauubl. TOT ke cTakaH, HO HamoJHEeHHbIH Ha 1,/2 BONOI,
IJIaBaeT B COCy/le C CHPOIIOM, TaKyKe MOIPY3UBIIUCH [0 CEPE/MHDI.
Kakyio yacTb crakaHa MOXXHO HAIlOJIHUTb BOJIOH, 4YTOObI OH He
YTOHYJ B Bojie? M Kakylo 4acTb cTakaHa MOKHO HAIlOJIHUTb CHPO-
oM, 4ToObl OH He yToHyJ B cupone? (15 Gasios)

4. J1ns M3TOTOBJICHNS HATPEBATEI BBICOKOTEMIIEPATy PHOI BaKy-
yYMHOHI neun B3snu mp, = 140 r miaTuHOBOI mpoBoJIOKH. B meub
noMectuin My, = 400 r cepeOpa B JIETKOM THUIJIE M Harpesiu OT
t; =20°C go t, =1000 °C 3a t = 8 mMun. Yro6bl KOpILyC Heyu He
HarpeBajICsl, OH OXJIAXK/IAeTCSI IPOTEKAIoIleil BHYTPH €ro CTeHOK
BOJI0i ¢ pacxooM F = 1,5 J1-Mun"' | TeMmeparypa Bojbl Ha BHIXO/IE
na At =2°C OGoJbiie, 4yeM Ha BXoze. Iledyb nuTaercd OT CETH
nanpsokenneM U = 220 B. YzpesbHoe CONMPOTHBJCHHUE TJIATHHBI B
paGoramoiteM Harpesarese p = 6,90-107 OM- M, IUIOTHOCTD TLIATH-
HBI ppe =21,2- 10% xr- M~ , TUIOTHOCTDb BOJDBI P,0 = 10% xr-m™ ,
yJleTbHas TeII0eMKOCTb BOABI Cpp,o = 4,19 k/Ix - kr - K! , YIeb-
Has TemsoTa niasieHus cepepa Ay, =105 k/Dx - Kr!, yae/bHas
TEIJIOEMKOCTD - cepebpa g = 236 kDK - kr ' K™, remmeparypa
naasaenns cepebpa fy, =961,8 °C . Uemy paBna j1uHa TPOBOTOKK
narpesaresa? (20 Gasnos)

5. Tpu MaseHbKUX METAITYECKUX TIAPUKA, OJNH PAANYCcOM R 1
JIBa pasinycoM 2R, 3apsiKeHbl OJIMHAKOBBIMU 3apsijlaMil +¢ W HaXo-
JISITCSL B BepIIMHAX PaBHOCTOPOHHETO TPEYTOJbHUKA CO CTOPOHOI,
3HAYNTEJbHO TPEBBIMIAIONIeH paaiychl caMux TImapukoB. Illapmkn
COEJIMHUJIN TIPOBOJIOKOM, a 3areM IIpoBOJIOKY yOpasu. Haiigure
OTHOIIIEHUE CHJI, JICHCTBYIONMX HA MAJEHbKUl MIAPUK JI0 U TI0CJIe
coequnennsi. (10 6aJioB)

6. Ilox noronkom Ha BbicoTe H = 2 M BHCHT 3JIEKTPUYECKAs
saMriouka. Ilos Hell pacIoIoKuIin TOPU3OHTAIBHO OYKU € ONTHYEC-
KOl cuioit D = +2 AuTp Tak, 4TO HA MOJy IMOJYYHJINCh YETKHE
n306paskeHust jaMiibl. PaccrosiHue Mesk/ly HeHTpaMu JIMH3 B OYKax
a = 60 mM. Haiijiure paccrostHue MeXXy n306pa’KeHUSIMU JIAMITbI HA
noay. (15 6anios)
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11 knacc

1. Msu yponusn 6e3 HauaJbHOI CKOPOCTH € BbICOTBI H = 5 M.
ITpn xaxx10M yape 0 TOpU30HTAIBHBIH TOJI MY TepseT 9 IPOIEeHTOB
uMerollelicst y Hero K 9ToMy MOMeHTY aHepruu. Kakoit myTb npoiizer
MY JI0 TIOJTHOM ocTaHOBKKH? CoOIpoTHBJIEHNEM BO3/yXa MOXKHO
npeHe6peyb. Y CKopeHue CBOGOIHOTO MaJ[CHUS B TOI U IIOCJIeyIo-
IUX 33[a49ax cuyuTarh pasHbiM ¢ = 10 M/ ¢® . (30 Gamnos)

2. JIBe tupu ¢ maccamu my = 180 r mw m, = 120 r BucAT Ha
KOHIIaX HEBECOMOI HepacTsS>KUMON HUTH, IIePeKNHYTOH yepes Helo/1-
BIOKHBIIT 6J10K. [lepBoHaYaIbHO PN HAXOANIMCDH HA OJHOM YPOBHE.
lvpu ormycTniu, M OHU NPHUILIN B JBI)KeHHe 06e3 HauyaJabHOM
ckopoctu. Kakum OyzieT paccrosinue 1o BepTHKAIN MEXK/Y THPSIMU
ciyerst At = 1,5 ¢ mocsie Havyasna jBrmkeHus1? ColpoTHBIEHHEM
BO3/lyXa U TpeHueM B GJoKe MOkHO mpene6peub. (10 Gaios)

3. B asmunyio ToHKyio TPyOKYy 3aJJd paBHble 0GbEMbl JIBYX
HECMETITNBAIOMNXCS JKIUAKOCTEH ¢ PA3JNYHBIMU IIJIOTHOCTSIMH, 3a-
MIOJIHUB €ee HaroJIOBUHY. TpyOKy CBEPHYJIM B KOJIBIO, PACIIOJNOXKUB
ero B BepTUKaIbHOI 1mockoctu (puc.4). Yrou, KOTopblii cocTaBisier
C BEPTHKAJIbIO OTPE30K, MMPOXOSIIIIT Yepes IPaHuIly pasjesia sKujl-
KOCTEeHl M IEeHTp KoJbla, paBeH o . Haiigure mmroTHocTb Jerkoit
JKUJIKOCTU, €CJM IJIOTHOCTh TSXKeJOHW u3BecTHa u pasHa py. (20
GaJiioB)

N
WY

Puc. 4 Puc. 5

4. VlpeanbHblil OJHOATOMHBIH ra3 sBJSETCS PabOuYUM  TeJIOM
TEIJIOBOW MalIMHBI, PAbOTAIONIeil 110 TePMOAUHAMUYECKOMY ITHKJIY
1—2-3—1 (puc.5). Haligure k03PUUEEHT MOJE3HOTO AeiCTBUA
9TOI TEIJIOBOM MAIIMHBI, €CJM WM3BECTHO, YTO MaKCHUMaJbHOE U
MUHHMAaJIbHOE 3HAYEHMSI JaBJEHUsT OTaMYaiorcsa B R = 4 pasza. (15
6as10B)

5. U3 BOCbMU OJIMHAKOBBIX OTPE3KOB OHOPOJHOI MPOBOJOKH
ITOCTOSTHHOTO CEYeHNUsI CIasiHa YeThbIpeXrpaHHas MpaBUJbHAs TTHpPa-
muga ABCDF (puc.6). K ee Bepmmnam A u B NOAKIIOUMIA
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F, UCTOYHUK TTOCTOSTHHOTO HAIPSIKEHUSI.
Haiigute oTHOIIEHWE TEIMJIOBBIX MOII-
HOCTEll, BbIiessTionxcs B pebpax AF u
C CF. (10 6annos)

D 6. Ha rnaBHoil ontuveckoii ocu co-
6uparoriieil TUH3bI ¢ POKYCHBIM PACCTO-
% 5 aunem F = 50 cM Ha paBHBIX PaccTosi-
Husix [ =120 cM cieBa u ciipaBa OT Hee
pac. 6 PACTIOJIOXKEHBI IBa TOYCYHBIX MCTOYHM-
Ka cBera. Ha kakoe paccrosgHume Ha/l0 CMECTHTb JIUH3Y, 4TOObBI

u306paskeHust MCTOUHNKOB conanun? (15 6asios)

NHOOPMATUKA
OT60POYHBIN Ty

9—10 knaccel

1. B orkpoitoit manke mHaxogarca ¢daiiaer TRO.MP3,
TROLO.MP3, TROLOLO.MP3 u t.11. Crosibko aiiioB B marke,
ecsim nio mabaony T*LO??* MP3 naiinennst 14 daiinos?

2. KYKYUIBIXIO® MAXIODbUIbHIO39 BEXIO®DIIbHI3-
IIIbI ®MUXNBEBMOIIIBIXIO®, 3320TObLBBIN TAD3D
I'bbOMI350 BOIIIBIXIO®, YTO I'XIODOXXIODIIbI
BCITUXU TET332UIbI, HIbl IOXXIODUIbI CITUXUXIODE-
J1933211IbI, IIIbl CHIITAXIO®ACDH IIbIXIOdb CO CTbbOII-
BIXIOD.

Her, ato me 6embepaa u He yermyxa! Beero-to mago Bce [TUXU
samenntb Ha E, motom Bce XIO®dD — na JI, manee sce bb — na P,
rocJie Bce D39 — Ha K. A notom ocranercs ere Bce IIIbI 3amenuTn
Ha U, a Bce KYKY — na K. B kauecrtBe orBeta yKaxxure (paMunio
aBTOPA 3TOTO MPOU3BE/ICHIIS.

3. U3BectHO, uTO pe3ysbTar mopaspsiaHoit onepaiuun AND Haj
aByMs GalitamMm Ha 77 MeHbIme, 4eM pe3yabraT OR mamg mmMm.
Haiingnte pesynbraTt mopaspsaHoii onepainun XOR max atnmm 6aii-
TaMH.

4. Yuenbre-si6JIOKOEOBE/IBI MOCTPOMIA MATEMATHUECKYIO MO-
JIeJTb YMCJCHHOCTHU TIOMYJISIUU s16JI0K0E/I0B.

Bxoanbre manHbIC:

P — dncsienHocTh MOy ISIINg;

N — [JMTeJbHOCTD TIEPHO/Ia MOJIEJIMPOBAHNS B IO/IaX;

Uli], i=1..N — GyneBckue nepemenublie, 3Hayenue Vcruna o3na-
4aer, 4TO i-il ToJ GbLT yPOKANHBIM HA SOJOKH.

AJropuTM pacueTa nmpuBe/ieH Ha pucynke 7. Korza si61okoeioBe-
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Beopg P, N
Ona | Ot 1 do N HL
Ecnum U[i]ToP:= P * A VlHaue P .= P * B
Bce
KL,
Breieop P

Puc. 7

JIbI BBEJTH B MO/JIEJIb TEKYIILYIO YNCJIEHHOCTD OITYJISIIINY 1 BblJJaHHbIE
KOJITeraMu-si6JIOKOBE/IaMK  TTPOTHO3bI  ypOsKaitHoCTH s16JI0K Ha 6
O6ampKaiiux JieT, pe3yJabTaToM okasasoch uyucyao 7000 — crosbko
s16,10K0€/10B Gy 1eT uepes 6 JieT 110 MHEHUIO MAaTeMATUIeCKOI MO/IEJIN .
KaxoBa Texy1ast YMcJaeHHOCTD MOMYJISINK s16JI0K0€e/IOB, ecJn N3Be-
cTHO, yTo A u B — Harypasbhble unciaa u A>B?

5. B cocraB MHOrMX SI3bIKOB ITPOIPAMMHPOBAHUS BXOJAT IOJI-
MPOTPaMMbl JJI PHUCOBAHMS TeoMeTpmueckux ¢uryp. Ilpeamoro-
JKUM, HaM JIOCTYIIHbI TaKue MOJIPOrPAMMbI:

«lser (masBanume nBera) — BHIOOP IIBETa, KOTOPBIM Oy/eT
BBITIOJIHSITBCSI PUCOBAHIE.
«3amuBka (X, Y) — 3anmuBKa Bcell OfHOIBETHOH 006JacTH,

HaumHast ¢ Touky ¢ koopauHaramu (X, Y).

« Touka (X, Y) — uso6paskenue TOUYKU € 3aJaHHBIMI KOOP/IUHA-
Tamu.

« Oxpyxuocts (X, Y, R) — uzo6paxkeHne OKpy>KHOCTH C I[€HT-
pom (X, Y) u paanycom R.

CKoJIbKO 6eJsTbIX TOueK Ha 4yepHoM (hoHe OyJieT Ha dKpaHe 1ocJe
BBITIOJIHEHUST IPOrpaMMbl (M3HAYATBHO SKPAH MyCTOW U YepHbIil),
TIpUBe/IEHHON Ha pHcyHKe 87

LeT (Benbin)
3anumeka (30, 30)
LseT (4epHbln)
OkpyxHocTe (100, 100, 3)
OkpyxHocTs (100, 100, 5)
3anweka (100, 104)
LigeT (Benbin)
Ona X Ot 2 Oo 198 War 2 HY,
Ona Y Ot 2 Oo 198 War 2 HY
Toukal(X,Y)
KL,
KL,

Puc 8
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11 knacc

1. Cesnio bunapHoe pacnosioxkeno Ha AByX Geperax peku Jlnueii-
Hoil. B cene 64 noma. B ognom n3 vux sxuBet Bacs Ilynkun. ITocse
Busuta Bacu Ha auckoreky B paiiiieHTp HefiMmaHoBKa ¢ OTBETHBIM
Bu3nuToM B bunapnoe npu6nut npesicrasutesns HeiimanoBckoro orie-
genus nomunuun cepxkaut Illennon. Axpeca Bacu on He 3Hal,
3a/1aBaTh CJUIIKOM KOHKPETHBbIE BOMPOCH He XoTes. Iloatomy on
06paTHJICST K HECKOJIbKMM MECTHBIM JKUTEJISIM € BolpocoM: «Bacs
[Tynkun Ha ieBoM Gepery skuer?» Oanaxo mectubie Hu JIA un HET
HEe TOBOPWJIM, & BCSYECKU BbIJIEIBIBAINCH Tepejl Mpe/ICTaBuTeeM
OpPraHoB BHYTpeHHHX je. OtBerbl abopureHoB bBuHapHOTro OblIN
TaKme:

« Jlio6oii orBer Ha Bam Bonpoc npunecer Bam 1 6ut undopma-
1.

« OtBer «Her» na Bam Bonpoc gact Bam 3 6urta nndopmannu.

« OtBer «/la» Ha 3TOT BOIIPOC HEeceT POBHO OIMH 6UT MH(pOpPMa-
1.

« OTBeT Ha 3TOT BONPOC B cpe/HeM HeceT B cebe nipumepho 0,337
6ura.

« [Toryuus orBer «/la», Bor nmosyuure posho 2 6uta undopma-
1Y,

« Bo1 mostyunre oiH 6uT MHQOPMAIK, €I Ha 3TOT BOIpoc Bam
orBetaT «Her».

« B orBere «/la» na Bamr Bonpoc Oy/ieT cojiepsKarbesi IpUMepHO
0,193 Gura.

« Ecsin Bam noBeset u Bam orBetsit «HeT» — Bbl ostyunre 1esbix
5 6ur uHdbopManuu.

Cepskant IlIeHHOH 4eCTHO NPOTOKOJMPOBAJ OTBETBI, HO YTO-TO
OHM He J06ABJIAN eMy HH(POPMAIINK 0 TOM, Iie )KUBeT e6outnp Bacs.

— UYto, Mmiok, 3aBuc? — crpocuna y Illennona momomieammmas
6a6a Hiopa. — /la He 6epu B T0JIOBY — BPYT OHU B OCHOBHOM. T0JIbKO
JIBOE TIPaB/ly CKa3aJIH.

[Tocsie aroro cep:xkant IlleHHOH Jierko omnpeaeans KOJUYECTBO
JIOMOB Ha Kax/ioM Gepery. Ho, yBbI, 3TO HE yMEHbBIINIO Heorpe/ie-
JIEHHOCTD 110 TTOBO/Ty asipeca Bacu. Tak ckosbko goMoB B bunapnom
Ha JieBoM Gepery?

2. Koj, B KOTOPOM OJIMHAKOBBIM CHUMBOJIAM COOTBETCTBYIOT
O/ITHAKOBDBIE KO/IbI, HECJIOXKHO paciin@poBaTh ¢ IOMOIIbIO YaCTOTHO-
TO aHAJIN3a: BBISIBUTD, KAKNX OYKB 0OJIbIIlE BCETO, U MOCTABUTDh UM B
COOTBETCTBHE caMmble dacTble OykBbl ajdasuta. VMHoe neso, ecin
GYKBbI He TIEPEKOIMPOBAJIHN, a TIPOCTO MEPECTABUIN B COOTBETCTBUH
€ KaKuM-J1100 TIPABUJIOM.
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B oHOM cyTepcBepXCeKPeTHOM YUPEsK/ICHNN TPUMEHUIN TaKOi
crioco6 nepemerinBanus. CTPOKY JOMOJHSIOT Tpo6eaMu Tak, 4To-
6b1 ee jsmHa Oblia KpaTHa HarypajgbHoMy umcay N>=3. Bce
cumMBoaTbl Tekcta HyMepyior (¢ 0). Boibupator wHatypasbHoe M, He
npesbimaioniee N—1. Jlasee (opMupyioT HOBbIH TEKCT: CHayvaja
MOCJIE/IOBATEIbHO 3aMIChIBAIOT BCe OYKBBI, HOMEPA KOTOPBIX JA0T
nipu sesienun Ha N ocratok M, motom — M+1, M+2,..., N-1, 0, 1,...
..., M—1. K nmpumepy, coobmenne «BbIXOJA_ HET.» mocse xoau-
poBanusi ¢ N = 4, M = 2 npespamaerca B «X_.OH_B/IEBIAT»
(31ech npoGeJibl 3aMeHeHbl CUMBOJIAMU [OYepKuBanust). Paciud-
pyiite coofIienue

EOOOMUILI_.3_HCBEUK_A3UbOP_B_BIIAW_.EHAHHK-
JIIL_IIIAC

WNsBectHo, uto N m M paBHBI, COOTBETCTBEHHO, MOCJIETHUM JABYM
mudpam roga Beimycka IBM BOCM-1. OtBer — Tperbe CJIOBO
COO0IIEeH NS

3. B mporpamme, Kotopyio 3ajgasm Hanucatb B Xorpaprce,
UCIIOJIb3YETCsI CBSI3HBIN HeopueHTUpoBaHHblil rpad ¢ N BepinnHa-
mu. Tappu IloTrep mcmosb3oBas s mpencTaBieHus rpada Mart-
pPHUIy CMEXKHOCTH — JABYMEPHBIH GyJeBCKUII MacChUB, B KOTOPOM
3HAUeHNE Ha TepecedeHu” i-i CTPOKM W j-To cTos6Ia O3Ha4yaeT
Hasuune peGpa, CBI3bIBAOIIErO i-10 U j-10 Bepunbl (KcTaTu,
GyJieBcKasl nepeMeHHas B si3bike nporpammuposanust H!!, npume-
ngemoM B Xorsaprce, sanumaer 1 Gaiit). Pon Yusmu pemmn
9KOHOMUTD TTaMSATb W TIPE/IIOYes [PYroe MPeJCTAaBJIeHIe — CITHCOK
pebep. ITO ABYMepPHDIil GANTOBBIII MAacCUB M3 JABYX CTOJIOLOB, T/e
XPaHATCS HOMEPA HAYaJbHbIX M KOHEYHbIX Bepuut pedep (kaxmoe
pebpo BKJIIOYAETCS B CIIMCOK OJIMH Pa3, BEPIIMHBI B ape HyMepy-
I0TCS B TOpsi/IKe Bo3pacTanus). Ilpu Takom cmocoGe o6beM 3aHu-
MaeMoii JIaHHBIMU TaMSTH OOBIYHO CYIIECTBEHHO MeHbie. OmHAKO
lFappm 3asgBuj, 4rto gayke B CaMOM JIy4IllleM cJy4ae, TIPH MUHH-
MaJIbHOM BO3MOXKHOM KOJIMYeCTBe pebep, SKOHOMHUS TaMsITH COCTa-
BUT Bcero 362 OGalita — He CTOMT paJll 3TOTO TIPOUTPBHIBATH B
6bicTposieiictBiM niporpaMmbl. CKOJIbKO BepiinH B rpade?

4. [lendrckuit si610K0€/], KaK OOBIYHO, TIOJ3AET MO CTEJLIAXKY
(na sror pas cre/tax ogHoMepHblii, u3 60 gueek ¢ HoMepamu ot 1
10 60) u ect g610ku. 3a yac OH cbepaeT Bee S6I0KH B Aveiike u
repeMerniaercs: B cJefyiontyio. B cuiny dusnonornuecknx ocoben-
HOCTe#l, BHYTpH s16JI0KO€/Ia COXPAHSIIOTCS SI0JI0KH, 1OTpebJeHHbIe B
Tedenune nocjaeganux 4 yacos (r.e., Hanpumep, IOKYIIaB B sueiiKe
6, sa6y0Koe] Hecer B ceGe sI0JIOKKM U3 siueek 3 ,4, > U 6, a B Xoje
nepeMelieHns B 7-10 a4eiiky paccraercs ¢ a6aokamu u3 3-it). Ecam
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KOJIMYECTBO 010K B s6JI0KOe/e JIOCTUTJIO WM TPEBbICUI0 P, 516-
JIOKOE/][ JIaJIbllle He I0JI3ET, a 3acbITaeT.

JlaGopant Hukurta TOMOXKHI B KAKAYIO SYEHKY KOJHYECTBO
6JI0K, paBHOE YHCJY MJAJNINX JeJuTeell HoMepa sTueiiKu, OTInY-
HbIX oT 1 (B sueiikax ¢ MPOCTBIME HOMEpaMu SAGJIOK, eCTECTBEHHO,
HeT). B Kakux U3 yKasaHHbIX HIDKE sTUeiiKax s16J0KOe/] HU TIPU KAaKOM
P He cMoskeT 3acHyTh? B KavyecTBe 0TBETA BBEJMTE COOTBETCTBYIOIIIE
UM OYKBBI B aI(paBUTHOM TIOpsiKe 6e3 mpo6esioB.

A)8 B)13 B)24 I)40 [ 42 E)48 K)56 3) 357

3. Bor omcanue maremarmdaeckoro oxkyca.

« 3asiymMaiiTe TpeX3HaUYHOE HATYPAJbHOE YHCJO U 3AIHUIINTE €rO.

« [Tpunmmmmre K ymcy crpaBa elie pas3 To JKe caMoe YHCJIO.

« [TosrygeHHoe 1ecTH3HAYHOE YHCJO pas/esinTe Halego Ha A.
Pesyubrar 3anummre.

« [Torydennoe B 1.3 uncso pasgennte Haiesao Ha B. Pesyaprar
3aTIHIIHTE.

« Uucsto, nmoaydennoe B 1.4, pasjenute Hateso na C. Peayabrar
3aImnInTe.

« Y6enurech, 4TO y Bac IOJIYYUJIOCh KIMEHHO TO YHCJO, KOTOPOE
BbI 33/[yMaJIn.

WsBectno, uto A,B 1 C — HaTtypasibHble yncaa, mpmieM A<B<C.
UYemy paBHo B? B kauectBe oTBeTa BBEIUTE UNCIIO.

6. Mssecrnbrii xor-mrysep Iatro Ilosocarro mpeasaran Bcem
BCTPEYHBIM ChITPATh B IPOCTY1o Urpy. V3 mauku ¢ KonauybuM KOPMOM
(mauka y Tarro Beerga ¢ co6oiill) BBITpAXUBAETCS CaydaiiHoe KoJu-
YeCTBO XPYCTANMX Tozayuiedek. OHHU BbBIKJIA/IbIBAIOTCI B psl. A
Jlaiee JIBOE WTPOKOB 110 OUYepPe/n CheJaloT Jnubo OAHY JHOOYIO
MOJYIIEUKY, TUG0 ABe Jexkarnue psagom (Gobie ABYX WIN JTeKAIIIe
He PSIOM — He YXBATUTh). [106EKAAET TOT, KTO CHEAAET TOCAEHION
nozaymeuky. ITo6Gexx/ieHHbIH BbIJaunBaeT Mo6EAUTENI0 3 MauyKH
KOpMa.

latTo, Kak BJajeJel] NTPOBOTO WHBEHTAPs, BCETJA XOIUT Iep-
BbiM. U Bcerma BoiurpoiBai! Tak O6bL10, OKa comepHUKOM aTTo He
okaszaJics beiicuk, BUpTyaabHbIl KOT AKaseMun nHGOPMATUKHA I
mKkopHuKoOB 1ipu Ilommmrexe. [Tpourpas 5 naptuii, beiicuk aBTopu-
TETHO 3asIBHJI, YTO IIPABUJIA UTPBI CTOUT HepecMoTpeTb. OH mpeio-
KU TaTTo chIrparh TYPHUP M3 HECKOJbKHUX IapTHil 110 OJHOMY W3
TIPe/IJIO’KEHHDBIX BAPUAHTOB TTPABUI:

1. Bce, xax pambliie — HO TIEPBBIM XOIUT beficuk.

2. Bce, Kak pambliie — HO 32 OJIH X0/] MOKHO OPATh TOJbKO OIHY
TIO/YIIEUKY.

3. Bce, kak pasbllle — HO MOCJE Ka)/JI0TO XO0/a IOLYIIeYKH
C/IBUTAIOTCST TaK, YTOOBI MEXK/y HUMH He ObLIO MPOCBETOB.
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— Va bene, — cormnacuncs Farro. — Bysem urpars 1o. ..

... I tyT Beiicuk nousi, uyto 1o ogHoMy 13 BapuantoB aTto Bce
’Ke 6yZeT Jalle BLINTPBIBATh, YeM MPOUTPBIBaTh. Kakoil n3 Bapman-
T0B BbiGeper Tarro (ykaskure HOMEp)?

3aKIOYNTETbHBIF TYP

9—170 knaccel

1. Bam npe/tockuin pazpaboTarh IporpaMmy, KOTopas 1moJryya-
eT Ha BXOJl HaTypajbHoe umcio N, He npesbimaomee 107, u
BBIBOJIUT HaMMEHbIIlee HATYpPaJbHOE YHUCJIO, Npou3BejeHue udp
KOTOpOro paBHAeTcs N, a ecam Takoro 4mcsa HeT — BbiBoanTcs 0.
ITucatp mporpamMmmy npsmo ceituac ne npujercs. Ho ecau BbI BepHO
npejcTaBuin cebe aJITOPUTM — Bbl HABEPHIKA CMOJKETE 110/[TOTOBUTD
TECTOBbIEC 3HAUEHUS.

1) Yro BeIBEAET mporpamma rpu N=100000000?

2) Haiigure nanmennuree N, He Menbiree ueM 125, /11 KOTOPOTO
mporpamMa BoiBesieT .

2. [lendrckmii 16710K0€/1 TIepeMenaeTcs 1o AByMEPHOMY CTeJlTa-
3Ky, BBIIIOJIHSIST QJITOPUTM, TIPUBE/IEHHDBIN HA PUCYHKE 9, U NCIIOJIb3Y st

MNoka fA6nokoeaBHyTpuCTennaxa() HL

3anucats (PaccrosHmneJobnvxanwenCreHku())
X:=0ukmHaKy6uke()

Ecnun X mod 2 = 0 To X:=-(X/2) UHade X:=(X+1)/2
Y:=0ukmnHaKybuke()

Ecnn Y mod 2 = 0 To Y:=-(Y/2) WHa4e Y:=(Y+1)/2
MNepemectutbes (X,Y)

KU

Puc. 9

pu 3TOM G-IPAHHBIH KYyOUK JJIS UTPHI B KOCTU W JINCTOK C PYYKOU
JUUIST 3ATTACH YHCEJT.

[Mpouenypa ITepemecmumocsa(X,Y) npuGaBisier K TEKYIUM
Koopautatam sg6aokoesa X u'Y cootBeTcTBeHHO (HaYaaoM KOoop/iu-
HAT CYUTAEM JIEBYIO BEPXHIOIO STUEHKY CTeJJIaKa, Ocb X BIIPABO, OCb
Y Buus). Oyukuus Paccmosnue/lobawxaiwei Cmenxu( ) pabora-
€T B COOTBETCTBUU C HA3BAHUEM: JIIST KPAITHUX SYECK CTeJTaka OHA
Bo3Bpamiaet 0, 719 OCTAJbHBIX — KOJWYECTBO PSAIOB SIEEK MEKIY
Tekymieil sueiikoil w Gpkaiimeit crenkoii. @yukius H6.0x0ed
BuympuCmennazxa( ) Bo3Bpamaer JOTHYeCKOe 3HAYEHNE B COOTBET-
CTBHMM C Ha3BaHueM, mpoueaypa anucamus() 3alMChIBAacT HEPEAaH-
HOE B KauyecTBe IapaMeTpa YUCIO B KoHell crucka. DyHKIms
OukuHaKy6uxe() Bosspamiaer nesoe yucyio ot 1 1o 6.
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S6saokoes Hada JBUKEHUE ¢ HEUM3BECTHOHN gyeilku. B xome 5
MePBBIX UTEPAIHii aJropuTMa Ha Ky6uke Bbiagaan yucaa 1, 2, 1, 5,
6, 2, 6, 6, 3, 6, a Ha Jauctke GbLIM 3amnucanbl yncaa 3, 3, 1, 2, 1.
OmpenenTe MUHIMAJIbHOE BO3MOXKHOE KOJTMUECTBO STUEEK B CTEJLIA-
JKe.

3. dopmyaa u3 syeiiku B2 pactmpaskmpoBaHa Ha Bce STUEHKH
muanazona o K9, 3arem K 3THM siyeiikaM TPUMEHEHO YCJIOBHOE
¢opmaTupoBaHUe: HYJIM HAPUCOBAHDI CBETIO-CEPBIM TI0 CBETJIOCEPO-
My, TOJIOKUTETbHbIC 3HAYEHNS — TEMHO-CePhIM TI0 TEMHO-CEPOMY
(puc.10). Onpenennre, KaKue YKCIa HATTMCAHBI YEPHBIM TI0 9EPHOMY
B sueiikax A2:A9. OTBer 3anuiuTe B Bu/ie 8 unces yepe3 3amsTyio.

fr| =OCTAT(B$1:$A2)

Puc. 10

4. 3ajxymano HaTypasibHOe uncsao n3 uHrepsasa [33; 64]. Co-
CTaBbTe U3 IPUBECHHBIX HIKE BHICKA3bIBAHNUIT JIOTHUECKOE BbIpaske-
HHUe, KoTopoe, Oy/yun MCTHHHBIM, COJEPKUT B cebe POBHO 1 6uUT
nHbOPMAINN O 3a/lyMaHHOM 4HCJIe. B BbIpa)KeHHH MOKHO IIpHMe-
usath Jjormueckue omepaimun AND, OR u NOT, a rakxe cKoOKH.
BoipaskeHue JIOJKHO CO/lEP:KaTh MUHUMAJIbHOE KOJMYECTBO BbICKA-
3bIBaHUIA.

BbickasbiBaHUS Takue:

A={510 uncsao 50}

B={sT0 mpocroe uncio}

C={a10 4nCIO U3 ABYX OJMHAKOBBLIX IUMP}

D={nepsas mudpa yucjaa He MeHbIIIE BTOPOIi}

5. Crenumanauct 1o pacro3HaBaHUo 06pa3oB pasjeny GyKBbI
Kuprnipl (paboTal OH ¢ MPONUCHBIMU GYKBaMH) Ha HECKOJIBKO
rpynn. Byksa P okasasach B ognoii rpymie ¢ B (rpynmna 1); 3, 1,
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M, II, C Toxxe 6bLIM B OJHOU IPYyIIIE Len A, B, N, M, K, R
(rpynna 2); ewe oany rpyniy o6pa- | ggon N, A, B
soBayu E, ¥V, 11, I11,9... (rpynna 3); [na K Or A o B HU
O cocrasiisizia ocoGyio rpyniy, K — M = K
TOXKe... Buaummo, BbI yiKe MOHSIN R=0
npunnun. HazoBute ere 2 G6yKBbBI Moka M>0 HLL
KUPUJLIAIIBI, KOTOPbIe MOTJIN ObI BOIi- R:=R*10+ M mod N
TH B rpynmy 3. M = M div N

6. Umeerca amropurm (puc.11), KU
OIMCAHHBIN HA TIceBaOKOAe. Haiimure BeiBog R
nan6o.biee N, pu kotopom pu A = | KL
=100 u B = 999 posHo 2 pasa 6yzner Puc 17

BBIBE/IEHO 3HaueHue 1.
11 knacc

3agaun 1, 2, 4, 5 COBIAJAIOT € COOTBETCTBYIOIUMU 3/[a4aMHU /IS
9—10 xJaccos.

3. Bor dparment tabmuipt MS Excel (puc.12). Ucnosbsyercs
ctnib cepliok R1C1, BrioueH pexxum oto6paskerust popmyar. s

| 1 2 3

1 1 =R[-1]C*2

21 =HOK(RC1,R1C)-HOD(RCI,RIC) | =HOK(RC1;R1C)-HOD(RCI;R1C)

3 |=R[-1]C*2 =HOK(RC1;R1C)-HOD(RCT;RIC) =HOK(RC1T;R1C)-HOD(RC,RIC)

4 |=R[-1]C*2 | =HOK(RCT;R1C)-HOD(RCT,RIC) |=HOK(RC1;R1C)-HOD(RCT,RIC)
Puc. 12

cipaBku: Runcsao, Cumcao — aGCOIOTHDBIE CCBLIKH HA CTPOKY /
crosnb6er;, R[uncno], C[uucao] — orHocuresbuble ceblaiku (4nucio B
9TOM CJIydae O3HayaeT cMmemienne), npocto R mimm C — Tekymas
crpoka (croaGer).

Dopmysny u3 R1C3 pacrupakupoBaan BIpaBo, GOpMyTy U3
R3C1 pacrtupaskupoBaiu Ban3. [lotom dhopmyay uz C2R2 pactupa-
SKUPOBAJIH BIIPABO, & 3aTeM BCe M0JIydeHHble BO 2-if cTpoKe (popMy.JIbl
pactupaxkuposanau BHu3. Haiiinre nanMenbliiee BO3MOKHOE TTPOM3-
BeJIeHIe HOMEPOB CTPOKHM M CTOJIOIA, Ha TlepeceyeHrr KOTOPbhIX B
TabJIAIEe HAXOAUTCS YUCJI0 448.

6. Crynenty Bace ma mabopaTopHOil pa6oTe IO AMCKPETHOI
MaTeMaTHKe MOTPe0OBAIOCh BBIUYUCJIUTD KOJUYECTBO KOPPEKTHBIX
cKO00UHbBIX BbIpaskeHuii 13 N nap cko6ok. KoppekTHbIM cKOOOUHBIM
soipaskerueM (KCB) ssasiercss () unn KCB KCB uin (KCB). K
MpUMepy, KOPPEKTHBIMU CKOOOYHBIME BBIPAKEHUSIMEU U3 [IBYX IIap
cko6ok spasitorest (V) u (()). BoiBectn hopMysy aHAIUTHICCKH
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Anr CyetCroBok
Len N
Hay
Beoa N
Buieoa [lo6aBnTbCroBKU(N)
KoH
Llen No6aeuTtbCkoBkm(Llen N)
Lens, K
Ha4
10 Ecnm N<2Z To BepHyth 1
M $:=0
12 Ona K Ot 0 o N-1 HLL
13 S:=S+[l06aBuTbCkobku(K)+o6aBnTbCrkobKku(N-K-1)
14 KU
15 BepHytb S
16 Ko

£ |3

Woo~Nou b wM —

Puc 13

Bacst ne cymesr. OH peuust Harmcarh IPOrpaMmy, IPH 9TOM HCTIOJIb-
3ys1 pexypenio (pas yK cam crnoco6 onmucaHust KOPPEKTHBIX CKO60Y-
HBIX BBIpaskeHnil pekypcuBen). Hamucannas B TOYHOM COOTBETCTBUN
C aJIFOPUTMOM, TIPEJCTABIEHHBIM Ha pucyHKe 13, mporpamma pa6o-
tana nesepho. Haiigure B anmroputme omun6ky (omm6kn). B orsere
YKaKUTe HOMEPA HEBEPHBIX CTPOK M HEOGXOAMMbIE UCIPABJIEHHUS.

My6auxayuio no mamemamux nodzomosuru U.Komapues,
A.Moucees, A.Odunyos, C.IIpeobpasxencrkuil;

no ¢usuxe — T.Andpeesa, M.Kopobxos, C.Cmaposoiimos;
no ungopmamuxe — H. Usanosa, E.Kpvrosa, A.Il[yxun



OTBETbI, YKA3AHWS, PELLEHUA

EAVHDbIN rOCYAAPCTBEHHbIA 3K3AMEH MO ®U3NKE
Bapumant 1 (2016 rog)

OTBeTbI

12 3 4 5 6 7 8 9 10 11 12 13 14 15
1 4 0,2 151000 21 12 1 3 40 32 23 2 2 36

16 17 18 19 20 21 22 23 24 25 26 27
0,001 22 41 4 3 2 23 4 25 5 50,2 2,5

PewweHnsa I/I36paHHbIX 3apa4y

27. 3anuieM JiBa pa3a ypaBHeHue JitHrireiina st poroaddexra:

EzABbIX+E1’@=A +E2.
A 2\

BbIX
Hckmouns A, HOJy4nM
Ay = E—2E,=2,53B.
28. Ecam cuntarb aMmnepMmerp U BOJBTMETP WEAJTbHBIMHU, TO
BHEIIHSIS [[eITb COJIEPIKUT TOJIbKO CONpoTHBAeHNE peoctara (puc.1),

1109TOMY
1=t O

r+ R, Y
I[Ipu nepemMeleHun JBIKKA PEo- o ]
cTarta BJIEBO COMPOTUBJIEHHE Pe-
oCTaTa yMEHbBIIAeTCsI, TOK yBe-
munBaercs. HarmpsskeHne Ha 3a- K
KMMaX MCTOYHUKA PABHO Puc 1
U=¢6-1Ir,
U IPHU yBEJIUYEHUH TOKA HANPSKEHHE YMEHbIIACTCS.
3ameyanue. Ecam He cUUTATh aMIIEPMETP U BOJIBTMETD U/1€AJb-
HbiME (B YCJIOBHHM HTO HE OTOBOPEHO), TO OTBET OCTAHETCS TAKUM JKe.
Conporusjienne BHENIHEN e HAXOAUM U3 ypaBHEHUS
11 1
R R, R +R,’
[PY YMEHBIIEHHU COIIPOTHB/ICHNS PEOCTAaTa OHO TOKE YMEHbBIIACTCS.

BbIX
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29. Ilpu IBUIKEHWH TEJEKKU BIIPABO BBIIOTHSIOTCS CJIEAYIONINE
YCJIOBUS:
TL-F.=0, mg-T,=0.
[Tpu aBUKEHUN TEJIEKKU BJIEBO €€ YCKOPEHUe HAIPABJIEHO BIIPABO,
a yckopenwue rpysa — BHHU3. [losyuaem
T,+F =Ma, mg—T, =ma .
Mocae neckmovenna T;, T, n F, naxoaum
2m 2m ;
a=—g=—g=0,29=2M/C2.
m+M m+9m
30. Bropoii 3akon HbioToHa /17151 B3JIETAIONIErO I1apa UMEeT BUL
Fy - Mg — Mosg = Myopg = 0,
rae Fy =my,,g =py,,Vg . Honyuaem
pXOJIV = My = My — My, = 0,
OTKy/Zla BBIpAXKAeM MacCy TOpPSYero BO3/AyXa B Imape. 3Has Maccy
XOJIOTHOTO W TOPSYETo BO3/AyXa, W3 ypaBHeHU MenaeneeBa—Kia-
nefipona

m,. m
pV = ;&):I RTXOH ) pV = hr&)p RY‘I'OI)
HaﬁﬂeM TeMHepaTypy OKPy}KaIOHIero BOS[[yXa:
7. =Moo _9gg K
X0J1 m rOp .

X0JT
31. Hampasum ocb & 10 Ha4aJbHOH CKOPOCTH MPOTOHA, OChb ¥ —
110 HaNpPS>KEHHOCTH 110J1. B/1osib ocu x ABMKeHMe paBHOMEpHOe,
B/IOJTb OCH § — PABHOYCKOPEHHOE C YCKOpeHueM d = eE/m , moaToMy
2
[ = ot, 1 = ﬂ
2 2
(Ipy MUHUMAJIBHOI CKOPOCTH TIPOTOH TIPH BBLJIETE [IOYTH 33/[€BAET 32
Kkpail mractuael). ITorydaem

v :l,/i ~3,5-10° M/c .
md

32. MowmenT cu AMmiepa, AEHCTBYIOIUX HA PaMKY, PaBeH
M =2F, g _ (IBa)b = IBS,
rje ¢ — JUIMHA CTOPOHBI, Mapasieabnoir OO, b — anmHa IpyToil
CTOPOHBI. 3apsj, MPOIIenii Yepe3 paMKy mpu moBopote Ha 180°,
TI0 MOJYJIIO PaBeH

q:|1 |At:éﬂAt:M£:M 35'
° R At R R R
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Bpra)KaH BS us yYpaBHEHUA JiA MOMEHTa CUJI, IOJydYaeM

q:zﬂzoyﬁ K.
IR

Bapumant 2 (2016 rog)

OTBeTbI

12 3 4 5 6 7 8 9 10 11 12 13 14 15
4 315000 0 5 33 41 3 1t 1,5 11 42 2 1 4

16 17 18 19 20 21 22 23 24 25 26 27
1,25 22 34 2 4 1 22 2 24 2 50 600

PewweHuns I/I36paHHbIX 3apa4y

25. 3amnuiieM 3aKOH COXPAHEHUsT UMITYJIbCa B TIPOEKIIUI HA OCh,
MapasyieJibHYI0 HAYaJIbHOI CKOPOCTH CHapsi/a!

mo =0+ myv, cosa.,,
OTKy/Ia TIOJIYYIM
m = 2 Kr.

26. 3amuieM ypaBHEHHUE TEIJIOBOTO GaJjiaHca:

cmg (0 —t5)+Am, =0,
OTKy/ZIa HAaXOIUM
ts =950 °C.

28. Ecam mpeanoJioskuTh, 9TO €MKOCTH 3JIEKTPOMETpa TOpasio
MEeHbBIIe, YeM €eMKOCThb KOoHjeHcatopa (IpM MaJoM pacCTOSHUM
Mex/y OOKJIaJKaMu KOHJEeHCAaTopa), TO TOUYTH Bech 3apsaj Oyzer
COCPEIOTOYEH Ha ILIACTUHAX KomjeHcaTopa (mydine GbLIo Obl 9TO
OroBOpUTD B ycsosun). TTokaszaHus 91eKTPOMETPa IIPOIIOPIIMOHAb-
HbI HAIPSDKEHWIO HA KOHJEHCATOpe.

[1pn BHECeHUN AM3IEKTPIUECKOI TITACTIHBI 3apsi/ KOHAEHCATOPA
MOYTH HE MEHSIETCSI, & eMKOCTb KOH/IEHCATOPA YBEJNYNBAETCS, TaK
kak C =¢gueS/d . Hampsokenne Ha KOHIEHCATOPE TIPU 3TOM YMEHD-
maercst: U = ¢/C . YT0J OTKIOHEHUST CTPEJIKH 3JIEKTPOMETPA YMEHD-
TraeTcs.

3ameuanue. OTBer GyneT TaKUM Ke U 6e3 YIIPOIIAOIIero Mpe/-
TOJIOKEHNS O MaJOCTH €MKOCTH 3JeKTpoMmeTpa. KomHzaencartop u
9JIEKTPOMETP NPEJCTABJSAIOT CO00ii JIEKTPOU30JINPOBAHHYIO CUCTE-
My JIBYX HapaJsjieJbHO COeIMHEHHBIX KOHAeHcaTopos. [Ipu yBennye-
HUU €MKOCTH OJIHOTO U3 KOH/IEHCATOPOB €MKOCTb CHCTEMbI YBEJINYU-
BaeTcs, a ee 3aps/ He MeHseTcs. HampskeHue Ha cucteMe mpu aTOM
YMEHDIITAeTCs.
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=Y

mg
Puc. 2

29. 3ammmiem BTopoii 3akoH HbioToHa B
npoexinu Ha ock y (puc.2) nepes paspbl-

BOM HUTH:

m02

To—mQZT

7 3aKOH COXPAHEHUS MMITyJIbCa B TIPOEK-
MU Ha OCb X:

mo=(m+M)u.
Orcrofa mosryanm

—th(TO_mg):()5M/c_

m+ M

30. ITocne OTpbIBa IIOPHIHA OT BbBICTYIIOB /laBJICHUE I'a3da p 6yHeT

OCTaBaTbCA ITOCTOAHHBIM
CHUA:

. Ero moxxno naiitn us yCJ10BUA paBHOBE-

My

pPS—pyS-Mg=0, p=py+——.

S

N3amenenne BHyTpeHHel sHeprun 3a 06a mpoiecca PaBHO

AU=§pV2——
/2 2

2

3pOV1 = §((p0 +%JSH —pOShJ.

Pa6ora rasom cosepiiaercsi Toabko B uzoGapHom npomecce (mpu
HogbeMe MOPIIHA) M PaBHa

A=p<v2—v1>=(po+%)s<ff—h).

HOJIy‘IeHHOE‘ KOJIMYECTBO TEIJIOTbI paBHO

QO=AU+A=

3

EMgh +3(Mg+p03)(H -h).

31. MOH_[HOCTIJ, rnepegaBacMad NCTOYHUKOM BO BHEHNIHIOIO IIEITH (B
JAaHHOM CJiy4a€ — BbIJAEJIAI0MadACA Ha peOCTaTe), PaBHa Pa3HOCTU

MEKIy MOIHOCTBIO CTOPOHHUX
CHJI ICTOYHUKA 1 TETJIOBOI MOIII-
HOCTBIO, TOTEPSIHHOI Ha BHYT-
PEHHEM COIPOTHUBJICHUN HCTOY-
HUKA!

P=¢l-1r".

ITa 3aBHCUMOCTDb UMEET BuU/ I1a-
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I, = /r (ToK KOPOTKOTO 3aMbl-



KaHUs) U UMEIOIeli MAaKCUMyM mocepe-
JUIHE MEXKIY STUMHU TOYKAMH, T.C. TPH
Toke I = 6/(27) . MakcumaJsbHas MOII-
HOCTb paBHA h
2
PIIIaX = i_r ’ IJI 3
OTKY/Ia MOJTyYaeM
82
4Pmax
32. 13 pucynka 4 BUIHO, 4TO JIJTTHA
Tenu paBHa L=L+1L,=htgo+
+ HtgP, rne B — yros npesomyieHus.
ITo 3aKOHY npesoMJIeHus,
sinf =(sina)/n=3/8. Iloayuaem 3
COSBZ\/%/S, th:S/\/%. Borunc- LT’_J

agg L, HaxoauM puc 4
L=14m.

r =20mMm.

Bapuant 3 (2017 rog)

3a nmpaBUJIbHBIN OTBET Ha Kaxo0e u3 3aganuit 1-4, 8—10, 13—15,
19, 20, 22-26 craBurcs mo 1 Gasany. ITH 3aJaHUS CUUTAIOTCS
BBINIOJIHEHHBIME BEPHO, €CJIU IPABUJIBHO YKa3aHbI TPEGYEMOe YHCIIO,
JlBa 4KCJa UIU CJIOBO.

Kaxxnoe n3 samanuit 57, 11, 12, 16—18 u 21 omnenuBaerca B 2
6aJa, eca BEPHO yKasaHbl 06a sjeMeHTta oTBera; B 1 6as, ecu
Jonytiena onua ommoka; B 0 6asioB, ecan 06a a/ieMeHTa YKa3aHbI
Hesepro. Ecam ykasano Gosee aByx ssementos (B TOM 4ucie,
BO3MOKHO, U [PaBUJIbHbIE) MM OTBET OTCYTCTBYeT — 0 GaslIoB.

OTBeTbI
1 2 3 4 5 6 7 8 9 10 11
2,5 0,32 36 0,4 35 um 36 31 42 900 100 120 23 mam 32
12 13 14 15 16 17 18 19 20 21 22

42 Bam3 0 2 35 mmm 53 22 41 1231 0,9 13 1,60,1

23 24 25 26
1B3uwm31 15 0,4 15

PelwieHnsi n3bpaHHbIX 3agay

27. Tlocuie Toro Kak IIOpIIEHDb OTOPBETCA OT BBICTYIIOB, 13 BTOPOT'O
3akona Hpiotomna CJIeayeT, YTO JaBJICHNE 6yl[eT OCTaBaTbCA IMOCTOAH-
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A HBIM U paBHBIM 2py . Jlo ot-

pbIBa TOPHIHA OT BBICTYIIOB

2Vl | | ra3 HarpeBaeTrcsd M30XOPHO.
/ W3 ypasuenuit Menzenee-

LT L Ba—Kuanepona

Vo z poVo = VRTy ,

-~ HE (2po) Vo = VRT},

= > (2p0)(2Vy) = VRT,

crenyer, uto T, =21,
T, = 4T, . I'padpux mpouecca

) B KOOpAMHATAX V, T uzobpasken
Ni 2 E Ha PUCYHKE J.
28. 3anmmieM BTOPOil 3aKOH

- o HploToHa /1151 1OCKH B TPOEKITUT
-—| F — | Ha TOPUBOHTAIbHYIO 0ch (puc.6):

F-F,=0

bo

=

-.;
=]

]

-.g
(=]

=
c“']

~Y

p Mg
Puc 6 1 ypaBHEHHE MOMEHTOB OTHOCH-

TEJbHO IHAPHUPA JIJIS CTEPIKHA:
Nlcosa + F,lsina —mglcosa =0.
2
Hoxcrasus Fyp, = UN 1 ncxmouns N, mosydynm
F=—"9 _ _o9H.
2(1+utgo)

29. Ilocse ycraHOBIIEHNS PABHOBECHS B JIEBOIT ITOJIOBUHE COCY/Ia
Gyner HaXoauTbcs Vq = 1 MoOJIb rejusi, a B NPABOH TOJIOBHHE —
Vv, =1 MoJb resust 1 V3 = 2 MOJIb aprosa. TemmepaTypbl ra3os
GyyT OIMHAKOBBI. BHyTpeHHME sHEpPTUH ra3oB CJeBa U CIPaBa OT
[IEPETOPOJIKN PABHBI, COOTBETCTBEHHO,

U, =3V,RT" u U, = Sv,RT" + Sv,RT".
) 2 2

[Tonyuaem
Yoy 1
Vot+vy 37

U

(M3 3akoHa coxpaHeHust sHepruw caenyet, uto T” = T, HO /I OTBeTa
9TO HE CYLIECTBEHHO. )

30. [Tpu pasoMKHYTOM KJIOYe Yepe3 CONpPOTHBJIEHUS Ry n R,
TeueT OJAMHAKOBBIN TOK /, 1 BbIIe/IIeMble MOIITHOCTH PaBHbl P, = | 2R1

150

I



npb=I 2R2 , OTKY/la HaXO/IUM OTHOIIIEHUE COIPOTUBJIECHUI:

R _B

R, P
IIpu 3aMKHYTOM KJIOYe TOK uepe3 R; He TedyeT, K HMCTOUHUKY
MO/IKJIIOYEHO TOJBKO compoTusjienue R,. 13 sakonoB Oma s
ITOJTHOM TIeITHN

I = 6 ul = £
R + R, R,
HaXOINM OTHOIIEHHE TOKOB:
I'_R+R _ B
1 R, P,

a 3aTeM U OTHOIIEHHE MOIHOCTEN:
’ 72 2
IR A
P, I’R, P,
Ortciofa moryyaem ,
P =P 1+ L 9 Br.
Py

31. U3 ypasuenus ditamreiina mias goroaddexra
hv=A4,+E,
=hc/hy, E, =eU =eq/C, nonyanm

€ y4eToM Toro, uto A, .

V:i+ﬂz1015 T,
Ay Ch
MEXPEFMOHAJIbHAS OJIMMMNUALA LLKOJIbHUKOB
«BbICLLUASA MPOBA»

MATEMATUKA
O160p0OYHBIT 3Tar
10 knacc

1. 270. 2. 7. 3. 55. 4. 4. 5. 44. 6. 2048. 7. 250. 8. 3. 9. 266.
10. 104.

11 knacc
1 denv
1. 18. 2. 8. 3. 10. 6. 330. 8. —0.5. 9. 4. 10. 304.
2 denw
4.29.5.73.7.8.10. 27.
131



3aKIIIOYUTEIbHBIL 3TAlT
10 knacc

1. Moryr.

Paccmorpum reOMeTquecxon nporpeccuio 1, ¢, ¢*, ¢° . BoiGe-
pem ¢ Ttak, uToGbl uncaa 1, ¢, ¢° o6pasoBbIBaIM apM<1)MeTquc1<y10
nporpeccuio. [y 9TOro Hy:KHO, 4TOOBI BBIMOJHSIOCH PABEHCTBO

1+ q3 =29 < (q2 +q- 1)(q - 1) = 0. OnuH U3 KOPHEii 9TOTO ypaB-

5-1 5
HEHHUA paBeH q = T . HpI/I TaKOM 3HA4Y€HUU ¢ 4YuCJia 1, q, q

Y/IOBJIETBOPSIOT YCJIOBHIO 33/1a4H.

2. Ilo Teopeme 06 yrjie MEXK/y KacaTeJbHOW M XOPAOH mMeeM
LACB; = LCAB, = ZABC =60°, T1.e. Tpeyrombuuk ABC — pas-
nocroponnuii. Torma AAy = AC = AB,, 1.e. Tpeyronbuuk AyAB,
paBHOGe/ipennblit. Ecau o6osnaunte ZBAC = o, ZBCA=p, 10
180 - (60 +a) 120 -0

5 = 5 . Orcioma, B 4acTHO-

nonyunM ZABAy =

a)

B,

Puc. 7

cru, caenyer, uro ZAB;A, <60°, T.e. Touka A, pacrosaoskeHa
saytpu yraa ZABC (puc.7,a). Auanormuno, AC,CB; pasroGen-

pennsrii, u ZCB,C, = 120-p . CyMma aTux yriioB paBHA
240 -
4AB1AO + 4CB1C0 = w .

YuaureiBast, uto o + B =120°, moayuaem LABA, + ZCB,C, = 60° =
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= ZAB,C , ciefoBatensho, nyun BiA, u B,C, cosnanator (puc.7,6),
4TO U TPe6GOBAIOCD.

3. 2.

3anyMepyeM KJETKH, KaK MOoKa3aHo Ha pucyHke 8. KoHb MoxeT
u3 J000i KJIETKU MOMACTD B JTIOOYIO KJIETKY C TAKUM K€ HOMEPOM U

2031114123 )1[4[2]3
41213111 4]2|13]1]4

Puc 8

He MOJKET 1onacTb B gpyrue. Takum o6pa3oM, Bce KJIETKH Pa3OuInch
Ha 4 MHOXKECTBA, TaK YTO KOHb HE MOXKET MEPECKOYUTb M3 OJHOTO
MHOJKECTBA B JPYroe, HO MOXKET CBOGOIHO TIepeMeNaTbCsi BHYTPH
O/THOTO MHOJKECTBA.

Jlo6aBuMm /iBe KJIeTKH, Kak Ha pucyHke 9. [lokaxkeM, 4To Ternepb
KOHD MOJKET TIOMACTb u3 J000I KJIETKH B J100YIo apyryio. Kierka A

2 213 213
1 412131114
Puc. 9

«COE/IMHSIET> 3aKpallleHHble KJETKH, T.e. 4Yepe3 Hee MOXKHO U3
MHOkecTBa 1 mepeckounth B MHOectBo 4. (Haxoxmsach B mo6oii
KJeTKe ¢ HOMepoM 1, MOKHO TIpUUTH B 3aKpalleHHYIO KJIETKY C
HoMepoMm 1, 3ateM dYepe3 A TOmacTb B 3aKpalleHHYO KJETKY C
HOMEPOM 4 1 u3 Hee — B JIOOYIO KJETKy ¢ HOMepoM 4. B urore u3s
J060ii KIeTKU ¢ HoMepoM 1 MOKHO € TOMOII[BIO A TI0TIAcThb B JIOOYIO
KJIETKY C HOMEPOM 4.)

Krnerka B coexnHseT KJETKW, OTMEYEHHBIE ITPUXOBKOM, T.€.
Yyepe3 Hee MOKHO W3 JII060TO 3 MHOXKECTB 2, 3, 4 MePeCKOYNTD TaKKe
B JII060€ M3 ATUX MHOKECTB.

B urore, coderasg kiaerkn A,B, MOXHO U3 JI000r0 MHOMKECTBA
nonacrb B Jio6oe gpyroe. Harpumep, uTo6bl nonactb 13 MHOXKECTBA
1 B MHOKECTBO 2, BHayJaJie ¢ TTIOMOIIbI0 A monazaeMm u3 1 B 4, 3ateM
¢ momorpio B momaznaem us 4 B 2.

AlA|B|B BlB|AJA
Al2131114]12]3 41213 114 A
Al 141231 [4]2]3]1 213 A

AlA|B|B BlBIA|A
Puc. 10
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OcraJjioch y6eUTbCs, 4TO OJHOI KJITKU He XBaTUT. VI3 pucyHKa
10 BUHO, uTO Bee Jo6aBseMble KIETKH pa3OUBaIOTCS Ha JIBa BUJA:
B KJIETKH A MO>KHO MOMACTb He GOJIbIIE YeM W3 3 KJIETOK JOCKH, B
KJIeTKH B MOKHO momactb n3 4-X KJIETOK, HO CPEIM HUX BCET/a €CTh
JIBE M3 OJHOr0 MHOKecTBa (OTMEYEHHbIE OAMHAKOBOH LU(POIL).
TakuM 06pasoM, KJIETKM, B KOTOPYIO MOKHO IOIAcTh U3 BCeX
YeThIpeX MHOKECTB, He CYLIeCTBYeT.

4. a) Hamnpumep, f(x)= 2+COS(E). YeTHOCTD OYEBH/IHA,
IPOBEPUM BTOPOE YCJIOBHE: 10

[(x)+/(10-x)=

=4+ cos ™ + cos M =4+ cos kg + cos Tl:—E =0,
10 10 10 10

TaKk Kak cos(m—o)=—cos (o).
6) 13 uernocru mosyyaeM f (10— x)=f(x-10), T.e.
f(x)+f(x—10)=4
npu Jgro6om x. [ToxcraBuB cioga x + 10 u x + 20 BMecCTO X, MOJYyYUM
fx+10)+f(x)=14,
fx+20)+f(x+10)=4.
Borunras us Broporo nepsoe, noaydaeM f(x+20)—f(x)=0 nupn
JO60M x, T.e. OYHKIUS Tepuondta ¢ nepuojgom 20.
5. x =8,y =14, z = 18.
Mbi Gy/ieM HCIIOJAb30BaTh cieyloliee yrBepxkaenue: Ecau dsa
U3 wucen x, Y, z 0eAAMcs Had HeKOMOopPoe HAMYPAIbHOE YUCTO T, MO

u mpemove deaumces na m.
[[OKaBaTeJIbCTBO. HyCTI), HallpuMep, X U y JAEJATCA Ha m. Toraa

x'm=am, b'm am
=

. . ) = zim.
yim=bm, cim.

cim

CaeactBue. Ecau 00Ho u3 wucen x, y, z He 0equmcs Hd m, mo
U3 0CMABUUXCSL 8YX X0Mst Obl 00HO MOKe He 0eNUmcs Ha M.
PaccMoTpuM Terepb JaHHbIE B 3ajlade YhCJIa:

6, 8, 12, 18, 24

14, 20, 28, 44, 56

5, 15, 18, 27, 42
3aMeTHM, 4YTO B TIEPBBIX /IBYX CTPOKAX BCE UMCJA YeTHDIE, T.e. x:2 ,
Y:2= z:2 = z =18 i z =42. lasee, 06a uncya 18 u 42 gensarcs
Ha 3, T.e. z:3. Bo BTOpOIl CTPOKE HET Yncet, JeAAImXCcs Ha 3, T.e.
y!3=>x13=>x=8. anee, xi4, z/14= yld = y=14 . Haxo-
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Hel, y:7, x17= z}7 = z=18. 3navenusa x = 8, y = 14, z = 18
BO3MOJKHBI, HalpuMmep, pu a = 72, b = 56, ¢ = 126.

6.2) /(9)>/(10); 6) £(6)>7(5).

O6o3naunm yepes .S, MHOKECTBO BCEX TPeOYEeMbIX PACCTAHOBOK
as Tabmuiel nxn . Torma f(7) 1o ompeseenio paBHO Komde-
CTBY 3JIEMEHTOB B MHOXKeCTBe S,

BBenem omnepanuio g Haj TabuIel, 3aKJIIOYAIONIYIOCS B yaie-
Hun nocsearero (kpaitiero npasoro) croabua u nocuaenneii (kpaii-
Hell HuKHel) crpoku Tabaunpl. [IpuMep npuBezieH Ha pucynke 11.

12 3
19 71
=16 2 10

10 4 6
Puc 11

[
(%]

g(t) =19

ke L 0o~
o

[SI |

[=

Ouesuzno, ecma te S, , 10 g(t)e S, .

a) Mbl jgokaxeM, uto oro6paxkenue g: S;) —> Sq sABIASETCS
UHBEKTUBHBIM (CMBIC/T TepMUHA OY/IeT PasbsACHEH Jajiee) U IIPH 9TOM
ero o6pa3 He IOKPbIBAET BCEro MHOXKecTBa Sq. Otciona Oyzaer
caenoBath TpebyeMoe HEepaBeHCTBO.

VrBepxkaenune 1. ITycmo dana mabauya ye Sy. Tozda cywe-
cmeyem e 6oaee 00noil mabauuvl x € Sy, maxoii, umo g(x)=y .

[okazateabcTBo. Bysiem BoccranaBauBaTh TaGJIUILY X 110 U3Be-
cTHOl Tabiuue ¥ = g(x) . g HaraagHoctu uzo6pasuM o6e Tabu-
I[bI TAK, KaK IIOKA3aHO Ha

pucynke 12. 3mech moc- a,
geauuii crosnber; Tab/u- d,
I[bI X COJIEP’KUT HEU3BEC- s
THDBIE YUCTA dy, ..., dgy , C,

A TIOCIIEHSS CTPOKA €O~ e — y

JIeP>KUT HEN3BECTHBIE YHIC-
ga by, ..., by, c

Yucsno a; NOJKHO OT-
JITYATbhCS OT BCEX YHCEJI B
CTPOKE C HOMEPOM i Tab- b, b, by . . by | €
muiel y. Ho B umo6oii

dg

Puc. 12
CTPOKE TaOJMIIBI § CTOST
9 pasymuHBIX ymcesa u3 MHOXectBa {1, 2, ..., 10} , T.e. mia q;
ocTaeTcsl eMHCTBEHHOEe BO3MOKHOe 3HaueHue. CiesoBaresibHO BCe
yucaa dy, ..., dg OJHO3HAUHO ONIPEAEJSIOTCS 110 Tabuuie y. AHamo-

TUYHO, paccMaTpuBasi CTOJIOIbI, OJTHO3HAYHO BOCCTAHABJINBAEM UNC-
Ja b]-.
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Ecsin cpean BOCCTAHOBJIGHHBIX YHCEN dy, ..., dg €CTb OJMHAKO-
Bble, TOJIy4yaeM IPOTUBOPEYUE C YCJIOBHUEM, W, CJEI0BATEJBHO,
TaOJIMIIBI X, YAOBJIETBOPSIONIEH paBeHCTBY ¢ (X) =y , He CyIIECTBY-
er. Ecim ke Bce @; pasiuubbl M BCe b; pasanuHbl, TO YMCIO €
JIOJIKHO OTJIMYATHCS OT HUX BCEX, U TAKOE YUCJIO TOKE €[MHCTBEHHO.

Wrak, ecqm tabiuiia x CymiecTByeT, TO OHA €JMHCTBEHHA, YTO U
Tpe6GOBAIOCH.

Caencrue. Ecmu x, x,€ Sjp n x; #x,, 10 g(ay)# g(xay).
(Oro6paxkenue g ¢ TakKUM CBOWCTBOM B MaTeMaTUKE HA3bIBACTCS
UHBEKINUGHBLM. )

YrBepxaenue 2. Cywecmsyem mabiuua y € Sy makas, 4mo
Vxe Spig(x)=y.

[okazareabcTBO. Paccmorpum Tabmmiyy y € Sy , B IepBOit CTPO-
Ke KOTOpOU HammcaHbl moApsag yncaa 1, 2, ..., 9, a B ciaexyronmx
CTPOKax — Te K€ YHCJa, CABUTAaeMble MO NMUKJIY KaXAbli pa3 Ha 1

(puc.13).

1 2 3 ... 23 2014 2105
9 1 2 3 ... 2013 2014
y=12014 9 A1 2 3 .. 2013
Puc 13
BoccranaBimBasi 1o Heii TabJUIy X Tak Ke, KaK 3TO C/EJIaHO
BbIIIE, MBI MOJyY4aeM @& =dy =...=dg =10, 4TO HpOTHUBOPEUUT

ycaosuio. Ciie/joBaTesibHO, NCKOMOI TaOJIMIbI X HE CYIIeCTBYeT.
V3 noka3aHHBIX YTBEpKJCHUIl CJELyeT, 4TO B MHOMKECTBE Sy
6oablite a1eMeHToB, yeM B Sy, T.e. f(9) > f(10).
[IponnmocTpupyeM HarJsHO TOCJEIHUI MIar Paccy>KIeHUs.
[TpearooskuM, 4TO MbI BBIIHCAIN B PsIJI BCE BO3MOXKHbBIE TAONIIbI
Xy, ..., Xg 13 MHOXecTBa Sy, . PaccMOTpUM cJiefy oIy uarpaMmmy
0TOOPKEHNUS g
X Xy X3 X4 X5
l l l \2 l
9(@) 9(x2) g(xs) g(xs) g(x5)

B mnosxkectBe S), poBHO K 371eMEHTOB, U BCE€ OHM BbINUCAHbI B
BEPXHEM PSALY. B HIDKHEM Py [JIS KaXK/0W TaGJIUIbI X BBINICAHA
cootBercTByIolas Tabumia ¢ (x), a TaksKe MOCTPOEHHASI B YTBEPIK-
Jgeann 2 tabauna y.

Bce tabauibl B HUSKHEM PSILy NPUHA/IEKAT MHOXKECTBY Sg, U
BCE OHHU TI0 JIOKa3aHHOMY pasyndHbl. CJie[oBaTeJbHO, KOJTHMYECTBO
TabJIMIl B MHOXKECTBe Sy 60JIblie, 4eM B S, .
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6) Jlokakem, uTo npH OTOOpaKeHUu g: Sg —> S5 B KaKIYIO
TabJIMIly MHOKeCTBa S5 oToOpaxkaercst 60see 0fHOI TaGJIUIIbI MHO-
xkectBa Sg. Orcioza OyzeT ciaeoBaTh TpeGyeMoe HEPABEHCTBO.

YrBepxaeuue 3. ITycmov dana mabaiuya ye Ss. Tozda cyue-
cmseyem He meHee 4 pasauunvlx mabauy X € Sg MAKUX, 4MO
g(x)=y.

lokasateabcTBo. Tak ke, Kak B 1. a), U306pasuM HarJISHO
pasenctBo ¢(x)=y (puc.14).

[TokaskeM, Kak JJist 3alaHHON TaOJUIBl Y € S5 MOCTPOUTH He
MeHee 4 Pa3IMYHbIX TaOJHIl X, YIOBJETBOPSIONINX PABEHCTBY
g(x)=y.

B o6beunenuy nepBoii a,
CTPOKH 1 TIEPBOTO CTOJIOIA
Ta6JIUIDI § HATTHCAHO 9 Y- da,
cen (He obs3aTesIbHO BCe
Pas/IMYHbBIE), MOATOMY Cy- y s
IIeCTBYeT 4Yuca0 u3 MHO- X —
skectBa{l, 2, ..., 10}, xo- dy
TOPOTO HET HU B IEPBON
CTPOKe, HU B TIEPBOM CTOJI-
61te Tab bl y. [lomoxum
a; 1 b, paBHBIMH 3TOMY by by by by b ¢

ds

uncy. COrJiacHO HaeMy p, - 14
BbIOODPY, @ = .

Hnsai=2,3, ..., 5 6yaeM 1ocJie/[0BaTeIbHO BBIOUPATh YHCIA d;
TaK, YTOOBI YUCJIO ¢; He PABHSJIOCH HU OIHOMY 3 YHCEJ B i -if CTPOKE
TaGJaUIbl Y, a Tak)Ke He pPABHSJIOCH YiKe BBIOPAHHBIM YUCJIaM
i, ..., a;_y . Taxoil BbIGOP Bcerjia CynecTByer, Tak Kak «3alpelieH-
HBIMHU» OKa3blBalOTCs Bcerjga He 6osee 5 + 4 = 9 unce.

AnasornyHo, s j =2, 3, ..., 5 6y/1eM T0cIeI0BaTeIbHO BBIOH-
parb uncsa b; Tak, 4To6bl YN0 b; He PABHSLIOCH HH OJTHOMY U3 HHCEl
B j-M cToJIOIE TabJIUIIbI ¥, & TAKXKE HE PABHSJIOCH YUCIaM by, ..., bj_y.

Mpr n3HauaabHO BoIGpain @ = by, moatomy cpean uncen a;, by,
i, 7 =1, ...,5, "e 6oyee 9 pazanunpix. [ToaTomy MOKHO BbIOPATDH
YICJIO ¢ OTJIMYHBIM OT HUX BCEX U TE€M CaMbIM 3aBEPIIHUTH TOCTPOEHIE
taGuiiel x. [TocTpoenHas TabJuIa X Y/OBJIETBOPSIET BCEM YCJIOBUSIM
3a/[a4il 1 IPHHALICSKUT MHOXKeCTBY Sg, 1Ipu atoM ¢ (x) =y .

3ameruM, YTO TIPU BBIOOPE YHCIA ¢y 3aNPENeHHbIMU GbLIN He
GoJiee 6 uucen (umcsa BO BTOPOIl CTPOKe TaGJIUIbL § U YUCIO d; ).
[ToaTomy nmesioch He MeHee 4 crocoGOB BbIGPATH YUCJIO dy, U BCE
oHu TpuBesu Gbl K pa3indubiM Tabauiam x. Ciie/[oBaTeJbHO, TAKUX
Tab/MIL X, 11 KOTOPhIX ¢ (x) =y , He MeHee 4, 4To U TPe6OBAIOCH
JIOKA3aTh.
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71 knacc

L (2 3/23

ITyctp A mw B — xoHIBI 6anKu, mpuyeM B — HIDKHWI KOHEII,
KOTOPBIH IIEPBBIM MOIA/IaeT B HUyKHUN Kopugop (cunraem, 4to Gasiky
MepeslaloT M3 BEPXHETO KOPHAOpa B HIKHUN). O603HaunmM st

1 .
kparkoctu d = 3 (2 +34 )2 — YKa3aHHYIO B OTBeTe [JIMHY OaJKi,
PQRS — kBagpar, 00pasylomuil abIpy.

Pemtenue Gyzmer coctosith U3 [ByX dacteii: I — Mbl oKaskeM, Kak
nepeaTh 6aJKy YKazaHHOil B orBere uuHbl, u II — mokaskem, 4ro
6aJsiky GOJIbIIEN JIJIMHBI HEJIb3s1 TIePe/IaTh HUKAKUM CIIOCOO0M.

I. Ham nonamoGsites ciepyioiiue JOTOJTHUTEbHbIE 0603HaYe-
nusg. CreHa BepXHEro KOPHUIOpPa, TPOXo/diias depe3 Toukn Q, R,
HepPeceKaeTCs ¢ IIOTOIKOM BEPXHEro KOpuaopa o npamoii a (puc.15).

a A Ay O, R, a A Ay

-
- -~
~u_ h e
I i > I =
) \I

e ——

(3)

Puc 15

Crena HIKHEro KOpHUI0Opa, cojepskalias Touku R, S, nmepecexaercs
€ MOJIOM HIKHEr0 KOPH/I0pa 1o npsimMoii b; Q;, R — opToroHajibHbie
TpoeKmn Todek Q, R ma mpamyio 4, R,, S, — OpTOroHAJbHbBIE
poexiyn Touek R, S Ha npsamyio b; Ay, B, — TOUKU HA MPSIMbIX d,

b coorBetcTBEHHO Takue, yto AgQ = QR u ByS, = SyR, . Orpesku
PA, u PB, napannenbubsl oTpe3ky QS , noaromy Touku P, Ay, B,
JIesKat BJIOJIb OZIHOW TIpsAMoil, npuueM PA, = PB) = J§ .
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[Tepememenue Ganku GyeT COCTOATh U3 CJAEAYIONHUX mAaroB (cM.
puc.15, (1)—(4)).

(1) Pacriosioxum 6asiky Tax, 4To0bl ee KoHell A Jeskait Ha IpsMOoi
a, a KoHel| B Haxoauicsa B Touke P.

(2) Bynem nepemeniath ee Kouer A BAOJIb IPSIMON @, TaK YTOGBI
cama 6ajika Bce BpeMs IIPOXO/INJIA Yyepe3 TOuKy P.

(3) Takoe mepemerienune 6yieM MPOJOJIKATL O TeX IMOP, TOKa
touka A He coBmazer ¢ Ay. B ator MOMeHT 6asKa PaCHOIOKHUTCS
BJI0JIb TIpaAMoil Ay B .

(4) 3arem Gynmem aBuratbh 6anky BoJb npsiMoii AyB, 10 Tex
110p, II0Ka TouKa B He cosmazer ¢ B .

(9) Hakowner, Oyjem aBurath TOYKY B Bosib mnpsmoit b Tak,
4yTOGBI BCst Gasika MO-TIPEXKHEMY IMPOXo/uia yepes P, 10 TexX Top,
moka Bcg 6aska He OKa-

JKeTCsl B HIDKHeM Kopu- ¢ A ;"1'1 Q1 1 R,
Jope. ™~

KuoueBoit ¢akr, Ko- \\
TOPbBIII HYKHO IIpOBe- \\ V2 V32
pUTH, — YTO TaKoe Tepe- \
MeIl[eHne OCYIIEeCTBIMO, \
T.€e. 4TO GaJIKa Bce BPeMsi
Gy/leT HAaXOANTHCST 1eJTn- \\
KOM BHYTPH KOPHIOPOB. “
OueBUHO, JOCTATOYHO
MPOBEPUTb €r0 TOJBHKO N
s maros (1)—(3). ~

[TpoBeneM nI0CKOCTD B,
0 uepe3 IpAMYIO d U Puc 16
touky P. Ha mnpotske-

HuM Bcex mmaroB (1)—(4) 6anka HaAXOAUTCS BHYTPHU TIJIOCKOCTH § ,
CJIe/IOBATEIbHO, MOKHO WCCJIEIOBATH JBIKEHUE GAJTKHU OT/EJTHHO B
aroii miockocru (puc.16). Iycrs AQ; = x . IIpoanum npsamyio AP
JI0 TIepeceveHnst o CTeHON HIKHEro Kopujopa B Touke X. Torga us
nojso6usi TpeyroibHukoB APQ; u AXR; HeCJ0XHO HalTH

x+1 P .
AX =—— ~N2+x" . TlpousBogHas 35TOH (PYHKIMU paBHA
X
x3-2
——— . Orcioga BUAHO, YTO MUHUMYM (DYHKI[MH JOCTUIAeTCs
222 + x?
npu x = 32 . Topcrasass s1o 3Havenme B BoIpakenne aasa AX,

noiydaeM mocsie npeo6pasopanmii min(AX)=d (manomuum, d
o6o3HayaeT 4uc10, ykazannoe B otsere). Takum o6pasom, aiuna AX
Bce BpeMs He MeHblne AAuHbl Gaaku (B 4acTHOCTH, MHpH
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x =1 umeem AX = 2\/5 >d ), T.e. Touka B HUKOI/A He BBIXOJNT 3a
npezesbl oTpe3ka AX, a 3HAYUT, W 3a Mpeesbl KOPUIOPOB, 4TO U
TPe6GOBATIOC.

II. Tenepn nokazkem, 4to GaJaKy AJIUHBI GoJiblie d HEBO3MOKHO
repe/iaTh 13 OJIHOT0 KOPUI0PA B APYroil HUKakuM croco6om. Ilycrb
O — touka Gaynku, gessiias ee B orHomenun AO : OB = I2:1.
[Tockousibky aBMKeHue GAJKM HEMPEPBIBHO, MpU JI0O0M criocobe
repeaun BOSHUKHET MOMEHT, KOT/ja TouKa O OKayKeTCsl B IMJIOCKOCTH
PORS. TlokaskeM, 4TO B TOT MOMEHT Ji/IMHA OAJIKU HEe MOKET ObITh
6oJibiie d.

[Tycts o0 m B — BepTHKaJbHBIE TIIIOCKOCTH, TIPOXO/ISIINE Yepe3
O mapasienbHO OCSM BEPXHETO W HIKHETO KOPUOPA COOTBETCTBEH-
HO, z, — paccrosHue oT A
Jo mnockoctu PORS , x,
— paccrosaHue ot A 10 o,
Y4 — paccrosiHue ot A 10
B, zg, xg, yg — aHamuo-
TUYHBIE PACCTOSIHUS [IJIST
O toukn B. (Ha pucynke 17
~ u306paskeH BUJ] CBEPXY B
P . s (< HPOEKIMN Ha IJIOCKOCTb
e PQRS , nnockoctn o n B
Ug B HPOEIUPYIOTCS B TIPsAMbIE,
Puc 17 ] b orpesku z, u zp He BUA-

HBI, TaK KaK [IPOEIUPYIOTCS
B Toukn A m B coorBercTBeHHO. Touka O HAaXOIUTCS B IJIOCKOCTH
PORS.)

OueBHIHO, 2, :zp5 =12, Xz=y, Yz =32:1. Kpome Toro,

x4 <1, yp <1, z, <1. Torga gnuna Bceil Ganxu

AB=(1+§/§)~\lxé+yé+z§ =

d Q R

oL

— =d.
a

6. a) /(2015)>f(2016); 6) £(1009)> f(1008).

O6o3HaunM 4yepes .S, MHOKECTBO BCEX TPeOYyeMbIX PACCTAHOBOK
aas Tabmansl nxn . Torma f(n) mo onpeeneHuio paBHO KoJmde-
CTBY 3JIEMEHTOB B MHOKeCTBe .S, .

Beesiem ornepaiio g Haji Tabumieid, 3aKJI0YAI0NLYIOCs B yaaie-
nuu nocaeanero (kpaitiero mpasoro) croabua n nocuaeaneii (kpaii-
Hell HuykHel) crpoku Tabauupl. [Ipumep npuseaen Ha pucyHke 18.
Ouesuano, ecau te S, , T0 g(t)e St .
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1 12 3 17 —
2015 17 18 @ - 1 123
=1100 2 101 56 gl =12015 17 1

01 1 6 1 100 2 101
Puc. 18

a) MbI oKakeM, 9TO0 OTOOPaKEHHE g1 Syoig —> Sog1s ABISCTCS
UHBEKTHBHBIM (CMBIC/I TepMUHA OY/IeT PasbsCHEH Jajiee) U IIPH 9TOM
ero o6pa3 He MOKPBIBAET BCETO MHOXeCTBa Sog(5. Orcioga Oyaer
caenoBath TpebyeMoe HepaBeHCTBO.

YrBepxaenue 1. [Tycmo dana mabauya y € Syys. Tozda cywe-
cmeyem e 60.1ee 001oil mabauupl x € Sy maxotl, umo g(x)=y .

[okaszarteabctBo. byem BoccranaBanBaTh TaGJIUILy X [0 U3Be-
crHoOlt Tabmuue ¥ = ¢ (&) . g HarasgHocTu nzo6pasuM o6e Talm-
IIbl TaK, KakK IOKa3a-

HO Ha pucyHke 19.
31ech TocCaegHUN
crosber; TaOIUIbBI X

251
28]
(f:t

COZIEPKUT HEU3BECT-
Hble dYHCAA df, ...
.oty dypys, €, & TIOCTIE-
JTHSIST CTPOKa COJIep-
JKUT HEU3BECTHBIE
qucJia b1, ey b2015 , C.

Yucao a; H0OIK-
HO OTJIIYAThCS OT BCEX 1 b by
YHCEJ B CTPOKE C HO-
MepOM i TabJUIBI Y.
Ho B s060it ctpoke Tabsmiibl iy ctosat 2015 pa3amyHbIX 4ducesa u3
muoxkectsa {1, 2, ..., 2016}, T.e. A1 @; ocTaeTcs eIUHCTBEHHOE
BO3MOsKHOE 3HavYeHne. Ce[0BaTeIbHO, BCE YUCAA dy, ..., dyy(s OHO-
3HAUHO OMPEAENATCS Mo Tabauie y. AHAJIOTMYHO, paccMaTpHBast
CTOJIGIIBI, OIHO3HAYHO BOCCTAHABIMBAEM UHCa b; .

Ecum cpesit BOCCTAHOBJIEHHBIX YHCETT dy, ..., dyg(5 €CTH OJNHAKO-
BbIE, TIOlyYaeM MPOTHBOPEUNE C YCIOBUEM, W, CJIETOBATEHHO,
TaGIUIbL X, YAOBIeTBOpsIonei papenctsy ¢ (X) =y , He cymecTBy-
er. Ecim ke Bce @; pasiuunbl M BCe b; pPasiMuHbI, TO YHCJO €
JIOJKHO OTJIMYATHCST OT HUX BCEX, U TAKOE YMCJIO0 TOKE €JIMHCTBEHHO.

Wrak, ecim TabinIa x CymiecTBYeT, TO OHA €INHCTBEHHA, YTO W
Tpe6OBaIOCH.

Caeacrue. Ecmu x), Xy € Sygiq U Xy # Xy, T0 g(21) # g(13).
(OTo6paxkenne g ¢ TaKUM CBOWCTBOM B MaTeMATHKE HA3BIBAETCSI
UNBEKTNUGHBLM. )

byyis| ¢

Puc. 19
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YrBepxkaenue 2. Cyuecmeyem mabauyd y € Syy 5 MAKAsL, 4MO
Vre Sy g(x)#y.

HoxasareabcTBo. PaccMorpuM tabiuiy y € Soyqs, B NepBoOit
CTPOKEe KOTOpOil Hammcanbl momapsiq uucaa 1, 2, ..., 2015, a B
CJIEYIONIMX CTPOKAX — T€ JK€ YMCJIA, C/IBUTAEMBIE T10 IIUKJY KaK/Iblil
pas na 1 (puc.20).

1 2 3 2013 2014 2015
2005 1 2 3 .. 2013 2014
1

y=12014 2015 2 3 .. 2013

Puc. 20

Boccranasiusas 1o Heil tabauiy x Tak ke, Kak 9TO cJieJIaHO
BBIIIIE, MBI IOJIYYAEM @y = dy = ... = dyyy5 = 2016, uTO IpOTHBOpEYNT
yeaosuto. CresoBaTesibHO, NCKOMOI TaGJUIbI X He CYIECTBYeT.

W3 nokasaHHbIX yTBEPsKAEHUIl cieyeT, YTO B MHOMKECTBE Shgs
GOJIbIIIE DIEMEHTOB, YeM B Syyi6 , T.€. [(2015) > f(2016) .

[IpousmocTpupyeM HarJIs[AHO MOCJCAHUN MIAr PacCy»KAeHus.
[IpeanonoskuM, 4TO Mbl BbIIUCAIM B PSJL BCe BO3MOKHbIE TaGJIHIIbI

Xyy .evy X T3 MHOXKECTBA Sy - PACCMOTPHM CJIEYIONIYIO AT PAM-
MY OTOGPasKeHUs g:
X Xy .

\A \A N

g(x) g(xy) g(x3) o gl(ag)

B muoxkectBe Sy poBHO K 371eMEHTOB, M BCe OHU BBIUCAHBI B
BEpXHEM psAly. B HinKHeM psay A/ Kaxk/1o0il TaO/IUIbI X BbIINCAHA
cooTBeTcTBYIOMAA Tabmuma ¢ (X), a Takke HOCTPOEHHAS B yTBEPIK-
Jennn 2 tabimua y. Bce TaGuuibl B HUKHEM Psly NPHHA/LIEKAT
MHOXKECTBY Syg(5 , 1 BCE OHM TI0 JIOKa3aHHOMY pasJimdHbl. CieoBa-
TEeJIbHO, KOJIMYECTBO TaGJHUIl B MHOXKeCTBE S,q(5 OOJbINe, 4eM B
Sr016 -

6) IlokaxkeM, 4TO PN OTOOPAKEHUH §: Sig0g — Sigos B KAKIYIO
TaGJMIly MHOXKECTBA Sjogg OTOOpaskaercst GoJiee OHON TaGJIUIIbI
MHOXKECTBA Sjgo9 . OTciofia Gyjer ciepoBartb TpebyeMoe HepaBeH-
CTBO.

YrBepxaenue 3. [lycmv Odana mabauya ye Syys. Tozda
cywecmsyem ne menee 1007 pazauunvix mabauy, x € Syppg MAKUX,
umo g(x)=y.

lokasateabctBo. Tak ke, Kak B II. a), U306Pa3uM HATJISIHO
pasenctBo g(x)=y (puc.21).

[TokaskeM, Kak /I 33JJaHHON TabaNIbl ¥ € Siogg MOCTPOUTH HE
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dypog

by b, by bigs| ¢

Puc. 21

mernee 1007 pasamuyHbIX TAGJUI] X, YIOBJIETBOPSIONINX DPABEHCTBY
g(x)=y.

B o6bepnHennn 1nepBoii CTPOKM U 1epBoro croJbia TabJauibl y
narmcano 2015 uucen (He 06s3aTeJbHO BCe PA3JIMUHbBIE), TOITOMY
CyliecTByeT 4ucjo u3 MuoxkectBa {1, 2, ..., 2016}, kotoporo Her
HY B II€PBOII CTPOKE, HU B IIEPBOM cToJIOIe TabsmIp! y. [Tonoxum q
u b, paBubiMu 3TOMYy umcay. CorjacHo Haimiemy BbiOOpYy, @ =b; .

Haga i = 2, 3, ..., 1008 Gynem mnocJejoBaTeNbHO BbIOUPATDH
YHcaa @; Tak, 4TOGbl YUCJIO ¢; He PABHSJIOCH HU OJHOMY M3 YMCeJI
B i-if cTpOKe TaGJHIIbI ¥, a TaKKe He PaBHSIJIOCH YK€ BHIOPAHHBIM
yucaaM  dy, ..., d;_y. Taxkoil BbIOOp Bcerja CyIIeCTByeT, TaK Kak
«3arpelieHHbIMI» OKa3bIBaloTcsl Bcerjga He Gosee 1008 + 1007 =
2015 yucer.

AwnasormaHo, miag j = 2, 3, ..., 1008 6yaem mocienoBateIbHO
BBIOUPATH Yrc/Ia b; Tak, 4ToGbI 4uc/I0 b; He paBHAIOCH HII OLHOMY
U3 4uces B j-M cToj61e TabJaulbl ¢, a TaKKe He PABHSLIOCh YUCTIaM
b1, ey b]‘,1 .

Mb! U3HAYaIbHO BHIGPAIN @ = by, MO3TOMY cpeju uncen d;, bj,
i, 7 =1, ..., 1008, ne 6omee 2015 pasamunbix. [loaToMy MOKHO
BBIGpPATh YUCJIO ¢ OTJUYHBIM OT HUX BCEX U TEM CAMbIM 3aBEPIIHUTDH
noctpoenue Tabauibl x. IlocTpoennas tabjuiia X yIOBJIETBOPSIET
BCEM YCJIOBHSIM 33/1a4¥ U TPUHAJIEKUT MHOXKECTBY Sjyg , IPU 9TOM
g(x)=y.

3aMeTuM, YTO IpU BbIOOpE YHCJIa ¢, 3aNPEIeHHBIMU ObLIN He
6osiee 1009 uncen (umcsia Bo BTOpOi cTpoKe TaGMHIbl ¥ M YUCIO d ).
[Toaromy umestoch me Meree 1007 crioco60B BbIGpaTh YUCJIO @, , U BCE
oHu mpuBesu 6bl K pa3andabiM Tab miam x. CreoBaTeibHO, TAKIX
TabJHI X, JIJIST KOTOPBIX g(X) =y, ne meree 1007, uro u TpeboBa-
JIOCh JIOKA3aTh.
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ONIMMIMUALA «JIOMOHOCOB-2015»

MATEMATUKA

OT60POYHBIT 3Tar

[lepBbivi Ty

1. 66. ,

Tak kak 132=2%-3-11, 198 =2-3" 11 u 462=2-3-7-11, 10
HauGoJIbllee KoauuecTo nogapkos paspo HOJI (132, 198, 462) =
=2-3-11=66 (mozapkos).

2. 503,75.

Boruucagem 1o ouepesu:

l+ 1 y1 1 _1_a+b+c.b+c—a_a+b+c.
a b+c a(b+c) a(b+c) b+c-a’

a b+c

1+b2 +c*—a’ (b+c)2—a2 _(b+c+a)(b+c—a)

2bc 2bc 2bc '
[ToaToMy 1IpH BCEX [OIYCTUMbIX 3HAYEHUSIX MEPEMEHHBIX BbIPaKe-
HIE PaBHO

(a+b+cY (b+c—a) 1

2be(b+c—a)(a+b+c)  2bc”

Tak kak mo Tteopeme Buera bc =

204j =503,75 .

3. 680.

TpeyrosibHUK MPSIMOYTOJbHBIN, €CAM €ro CTOPOHA TPOXOJUT
yepe3 LHEHTP OKPYKHOCTH. UTOObI MOTyYUTh MAKCUMYM TPEYTOJIbHU-
KOB, HY>KHO, 4TO6bI Bece 70 BepInH pa36uIich Ha apbl IHaMeTpasb-
HO MPOTHBOIOJNOKHBIX. [IycTh cpeanm HIX OKa3aIoch m Map pasHo-
L[BETHBIX BEPILKH, TOrAa m = 2x — 4etHo (ec/im OHO PaBHO M = 2x —
— 1, To yBesuuuM ero Ha 1, OTYEro YUCJIO UCKOMBIX TPEYTOJIbHUKOB
TOJIbKO YBEJIMYMUTCSA) U Pa3o0beM BCe OCTAIbHbIE BEPIIMHbBI Ha I1aPbl
oxnousernpix: (20 —2x)/2 =10 - x wepnpix u (50 - 2x)/2=25-x
6enbix. Tperbeil BepimmHoil MOXKeT ObITh Ji06ass M3 OCTABIIMXCS
YEPHBIX, MOITOMY UHCJIO MCKOMBIX TPEYTroNbHHKOB: 24 - (20 —1)+
+(10-2x)-(20-2)+(25—-x)-20 =680 .

4. 19200.

O6o3HaunM 1epByI0 IUMPY JaHHOTO YETBIPEX3HAYHOTO YUCTA
Yyepes X, a ocTaroleecs mocJse oTépachIBAHUS 3TOH 1M PbI TpeX3HaU-
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Hoe uncyo — uepes y. Torga no ycaosuio 1000x + y = 16y, uan
200x = 3y. [Toatomy Bo3MOKHBI BapuaHThl: X = 3, y = 200; x = 6,
y =400; x =9, y = 600. IToryuaromuecs yucaa: 3200, 6400, 9600.

3. 3,09.

W3 Teopembl cunycos audg Tpeyroabuukos ABN u CBN craenyer,
YTO PAJIYChl YKA3aHHDIX OIIMCAHHBIX OKPY>KHOCTEH paBHbl. O603HA-
YHM IEHTPbI 3TUX OKpykHOCTeil yepes O; 1 O, COOTBETCTBEHHO, a
UX pajuycbl — yepes R.

Yerbipexyroabiuk O;BO,N — poM06 co CTOPOHOI R U yTrJIOM 1pH
BepinHe B, paBHBIM YTJIy TPH BepIINHE HCXOJHOTO TPEYTOJbHIKA
(tak xak ZBO,O, paBeH TOJOBUHE IEHTPAJIBHOTO YIJIa U PABEH
ZA ,a ZBO,O, paBeH 10JOBUHE [IEHTPATILHOTO yria u paBer ZC ).
Tpeyroabankun ABC n O;BO, 1m0106HDI.

Orpe3ok BN HaXOAMUTCS U3 TEOPEMbI KOCHHYCOB [IJISI TPEYTOJIb-

3
uuka ABN (COS LA = gj BN =+/17 . VI3 mo06us1 TpeyroIbHIKOB

. 3
WJIN C UCTIOJIb30BAaHNEM TPUTOHOMETPUUECKNX (PYHKITHI (ctgLA =7

nosyvaem orser: O,0, = BN - ctg/A = £ = 3,09.
6. 0,5.

x2y=0,

1
N =, 2xy+=- &
\/7 v 2 x+y—21/xy=2xy+%.

YpaBHenne x + y —2/xy = 2xy +% PaBHOCUJIBHO

x—+y=xy+w/xy +%<:>

2
x+y 1Y xX+y 1
© =(‘/xy+§) & = =Jxy + =

2 2’

MO9TOMY

-t

7. 6,28.
Tak kak

. .4 B 3
sin| 2x + arcsin— |= cos| — — 2x — arccos— | =
5 2 5

=cos| 2 x—arcsmw ,
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. ~10
TO, 0603HAUNB Ol = X — arcsmw , TIOJIYIAM 5 COs 20, + J10 coso =

=7 win 10cos’ o + V10 cosa —12 = 0. Orcroga €oso, =

nJIn
4310 410
cosoL = — 10 (4TO HEBO3MOKHO, TaK KaK —T <-1). [Tostomy
CA10) 3V10
COS| X — arcsin 10 =1—0 y OTKyZIa HO]Iy‘{aIOTCH peI_HeHI/ISII

3310 .
x =2mn, 2arccos + 2nn . Ilpu aTOM B yKa3aHHbBIN B yCJIOBUH

IIPOMEKYTOK IOIIa/la€T TOJBKO 2n , TaK KakK

3410 3J10 ) 3
10 10

==>

1
2 —.
arccos 575

T .
> E & sin (2 arccos

8. 12.

Pe6pa ocHoBaHmit paBHbI
1242 , amaronasbp OCHOBa-
nuga pasna AC = BD = 24,
noaromy BQ = 12 u 60KoBbIe
pebpa pasHbl 18.

1) PaccmoTpum cepuio
YKa3aHHbIX CEeYeHWi, Iepe-
cekaomux pebpa AD u DC
(puc.22). Bee atu cevenms —
TPEYroJIbHUKU, TON06HDIE
tpeyrosbHuky AEC, npuuem QE || BS , OE — cpennsst juHusg B
ABSD , nostomy

QE =9, AE =JQE? + AQ? =81+ 144 =15.

Paguyc Bnucannoit B AAEC OKpPY’KHOCTU paBeH OTHOILEHUIO
12-9
IJIOMIA/IM 3TOrO TPEYTOJIbHUKA K €10 II0JIyllepuMeTpy: 7 = 115 =
+

3Ha4YNT, BO3MOKHbIE 3HAUCHNUS PAIIyCOB OKPYKHOCTEHN, BIMCAHHBIX
B TpeyroJibuble ceuenus: 0 <# < 4. OTMeruM, 4To caMO 3HAYeHUE
7 = 4 3j1ech UCKJIOYeHO, Tak Kak cedyeHne AEC npoxoaur uepe3 AC,
a He mapasenabHo AC, xak Tpebyercs 1o yCJOBHUIO.

2) PaccMOTpHUM Telepb CePHIo YKa3aHHBIX CEeYeHNil, rmepeceKao-
mux peépa AB u BC (puc.23). Bee a1u cedeHus: — UATHYTOJbHUKH.
IIycth ceuenme mpoxoauT uyepe3 Touky 1, Jjexairyioo Ha BQ, u
BT =x (0 <x<12). Torna FR||GH || SB u, rak xak AC L SB,
t0 FR 1 GF .
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K
L
H R
W
[ T F

Puc. 24

Takum o6pasoM, Kaxkaplii Takoil nsartuyroapbank GFRPH mnpen-
cTaBysieT co6oil mpsMoyrombHuk GFRH ¢ paBHOGeApEHHON Tpe-
YrOJIbHOU «Kpbliikoii> RPH (puc.24).

N3 AABS :
FR_AF FR_(12=0N2 _ x oo g0 3v
BS AB’ 18 122 12 2
U3 omo6us ASBD w APTD :
TP _TD TP _2i-x TP_18—3—"
SB BD’ 18 24 4 -

[Toatomy LP = 34 n Tak Kak HR = GF = 2x, o PR _SI u
sin ZLPR = é .
5
s APK]J:
sinLLPR=K= ad = Ax =é,
JP 5

18—3%—x 72-7x

orkysia x = 6 1 7= 6. Takum o6pasom, 7 € (0; 4) U6 u cymma renbix
3Havennit papua 1 + 2+ 3 + 6 = 12.
9. 50380.
ECJII/I cienath 3amMeny ¢ = 3cosx + 4sinx € [-5; 5] n yuectn, uro
=7sin? x +12sin 2x + 9, TOo 3amaya CBOIUTCI K UCCJIELOBAHUIO

MHOKecTBa 3Hauennit byukim g (t) = 2015 -t — 2016 -t — 5- 2015
upu te [-55]. Munumym dynximun ¢ (t) nocturaercst B TOUKe
1008
72015
= g(~5)=50380 .

€ [-5;5], a Makcumym — B Touke ¢ = —5. 3HauuT, [ =
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10. —104.
HepaBeHcTBO paBHOCHJIBHO COBOKYITHOCTH JIBYX CHUCTEM:

y>x, {ySL

|y|2x2 2xy > xt + 22

HepBaS{ 13 HUX PaBHOCHJIbHA COBOKYITHOCTU

y>x, y>x,
, W 5
yzx y<—x".

Beeaenm dyukimio f(x) = 1 (x3 + x) , TOT/Ia BTOpast CUCTeMa TIPUBO-
JIIT K COBOKYITHOCTH 2

ysx, y<sx,

x>0,  m {x <0,

y>1(x) y<f(x).

1
[pu srom dyukums f(x)= E(xa +x) HeYeTHasi, BO3pacTaeT Ha

Beeit uncoBoit npamoit u x° < f(x) < x mpn xe (0;1); f(x)> x?
npu x > 1.

Bce 3Ti COBOKYMHOCTH [IJIST HATJISITHOCTH MOKHO M306pa3uTh Ha
mrockoct Oxy. [Ipu aToM TosTy4daeTcst, 9to Tpn y > 1 HEpaBEHCTBO
nMeer, TI0 KpaiiHeil Mepe, 3 1eJouncaeHHbIxX pemennsd: x = —1, 0, 1;
npu y = 1 — nenouncaeHnbIx pemenuii apa: x = —1, 0; upu y € (0; 1)
— nesouncaentoe pemenne oaHo: x = 0; npu y e [-1; 0] — nennix
pemenuii ver. Ipu y < —1 — 1e/IOYKUCAECHHbIE PELIEHUs ¢ POCTOM ||
MOSIBJISAIOTCST <110 ouepean»: ¥ = —1, x = =2, ... TloxgcraBiss atu
3HAUEHNST B MCXOHOE HEPABEHCTBO, TIONYUNM, UTO X = —1 SBJISIETCS
kopueM ipu y < —1, x =-2—npuy < -5, x =-3 —nupu y < —15.
Takum 06pasoM, POBHO /[Ba IEJIOYUCTIEHHBIX pellieHust OYJeT Mpu

ye [-15 - 5)U{1}. Uckomas cymma paBua —15 — 14— 13— ... = 7—
-6 +1=-104.
Bropou 1yp

1. 987858180.

s nemimoctu Ha 90 HEOOXOUMO U JOCTATOYHO, YTOOBI YKCJIO
okanmumBasoch Ha Homb (B = 0), a cymma Bcex mudp uucia
nemnnach Ha 9. Haunmnaem cieBa: JI = 9,0 = 8§, M = 7, noxoaum
no 6ykebl H. Ecoim H = 6, 1O pemennii He okasbpiBaercsi. Ecum
H = 5, to mosyuaem otBet: 987858180.

2. 0,63.
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Ha nepsoix aByx nosurusix mudpa 0 Bcrpeuaercs B 00 — 09, 10,
20 yacoB — Bcero 12 pas, mpu JT060M 4YHCJEe MUHYT, a B TEYCHUE
KaXoro M3 12 ocTaBIIMXCSA 9acoOB Ha TOCTETHNUX ABYX TTO3UIHSX
mdpa 0 Berpewaeres B 00 — 09, 10, 20, ..., 50 munyT — Bcero 15 pas.
[Tosromy cpean Beex (PaBHOBEPOSATHBIX) MOKazaHuii uacos rudpa 0

BCTPETUTCS C BEPOSTHOCTHIO
12-60+15-12 = ] =0,625= 0,63 .
24-60 8

3. 136.

. 9 X
Cnenaem 3ameny t = sin’ E . Torma

te|0;1],
\/7+8—8t>4t<:>{ [ ] @te[o;gj.

15— 8¢ > 16t
[ToaTomy
sin = e —ﬁ;ﬁ e M —E+nk;E+nk
18 22 18 3 3 ’

ke Z < xe (-6 +18k 6 +18k) =[-5+18k; 5+ 18k], ke Z .

Pemenns na orpeske [—18; 18] cummerpuumni, n ux cymma pasHa
HyJo. B orBer Boiizer cymma 19 + 20 + 21 + 22 + 23 + 31 = 136.
4. 2015.
O6osuaunm k — 2015 = p. Ilpyu MOMOKUTENBHBIX P PACCMOTPUM
ypaBHEHHE
27 (2 1)

=2016=2"-63 .
2P —1

Ipu p e [1; 4] nomyunm 27" —1 =257 .63 (2” - 1) — JleBas 9acTh
ypDaBHEHHsI HeveTHasi, mpaBas — d4eTHas. llpuw p = 5 mosydaeM
27" = 63- 31+ 1=1954 — nenpix pemrenuii ner. Ilpu p 2 6 noayunm
205 (2”" - 1) =63- (2” - 1) — JleBast YacTh yPaBHEHUS YeTHAsI, Tpa-
Bag — HeverHas. Ilpu p < —1 cyMma mporpeccuy He IIPEBbIIIAET

%+%+%+...<1. U Toabko npu p = 0 (r.e. nmpu k = 2015) Bce

4JieHbl porpeccuu paBubl 1 u cymma nepsbix 2016 uneHOB paBHa
2016.

3. 48.

[Tpeo6pasyem ypaBHeHHe:

13x +48 =13y + 3xy &

13y-48 _ 13 25
13- 3y) =13y — 4 S s R P A
& x(13-3y) =18y -48 o ¥ == T = T3 "33, - 13)
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25
3y-13°
aenuteseM yucaa 25. CocraBuM TabJnILy:

nostomy 3x =-13 - 3uaunt, (3y —13) momxHO ObLITH

3y — 13 1 3 25 | —1 -5 | —25
3y 14 18 38 12 8 -12
Y - 6 - 4 - —4
3x - -18 - 12 - =12
X - -6 - 4 - —4

Takum o6pasoM, petenns ypasHenns: (—4; —4); (=6;6); (4;4) .
OG603Ha4NM BEPIIUHBI MOJyUYUBIIErocst Tpeyroapunka: A (—4;—4);
B (-6;6); C (4;4). Tak xak toukn A u C jiexar Ha GHCCEKTPHCE
[EPBOTrO 1 TPEThEro KOOPAMHATHOIO YIJIOB, a TOYKa B — Ha Guccek-
TpHCE BTOPOro KOopAuHaTHOro yraa, o BO L AC . OueBuaHo, 4TO
AO = OC. Tlosatomy AABC — paBHOGEIpEHHbII, W €T0 IJIONIAIb

paBHa @=4\/§-6\/§=4&
6. —1.

CJI05K1B Bce yYpaBHEHUA, TOJYyUYUM
2(x1 + xz +...+ X2014 + x2015) = O y
OTKy/1a
x1 +x2 +...+ x2014 + x2015 = 0 .
Crnoxus 1-e, 3-e, 5-e, ..., 2013-e ypaBHeHUs, MOJIyIUM
Xy Xy et Xogys = 1007 = 1005 ... +1003 + 1005 = —1007 .

CaietoBaTennbHO, Xyy(s = 1007 . Torga U3 ypaBHEHUS X4 + Xog(5 =
= 1006 HaxoauM, UTO Xyy14 = —1.

7. 420.

I[Iyctb N = 10 — KoJM4yecTBO OTMEUYEHHBIX TOYEK Ha OJHON
npsamoii. B cuiy TpeGoBanusi 3ajjadu HA OJIHOW TPSIMOW HeJIb3si
BpIGparh Gostee WeM n Ttodek, riae n = N/2, ecim N deTHO, U
n=(N +1)/2, ecin N neuerno (B fanHoM Bapuante n=>5). Tak kak
Bcero BbiGupaercs 9 ToUeK, TO Ha OJ(HOI NPsIMOii Gy/IeT 5 ToUeK, a Ha
apyroit — 4.

BbIsicHUM, CKOJIBKMME CITIOCOOaMHU MOXKHO BbIOpath R TOYEK U3
orMedeHHbIXx N Ha ofHON npsmoit. Onucanubiii crioco6 BbI6Opa, 10
cyTH, 03HavaeT pazbuenue orpe3ka jaanubl N — 1 Ha k + 1 orpe3kos
1EJIOYNCJIEHHON JIIMHBI, CPeJN KOTOPBIX kR — 1 cpeaHnx [OJIKHbBI
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6bITb He Kopoue 2 c¢M. VHbIMM cj0BaMU, Ha/l0 HAlTH KOJIUYECTBO
pelIeHuil ypaBHeHUs Xy + Xy ... + Xy, + Xy = N — 1 B IleJsIbIX yncIax,
mpmaeM Xy, X 20, Xy, ..., 0, 22

Monoxkum yy=x+1, y,=20,-1, ..., ypo=2a,-1,
Ypt = Xy + 1. Torga sagaga cBOAUTCS K HAXOXK/IEHUIO KOJMUECTBA
pelleHnil ypaBHEHUS Y+ Yy +...+ Y, +Ypy =N —k+1 B Hary-
paJbHbIX Yncaax. JTa 3a/a4ya PaBHOCUJIbHA, HAIIpUMED, BbICTABJIE-
HUIO R 11eperopo/Iok Meskay N — k + 1 JexaiuMu Ha o/{HOIl npsiMoii
1apaMi — 4HCJI0 pellenuii pasHo CL . .

B nannoil 3ajaue 4ucja0 perieHuit paBHO

2C5 - C2 =2-35-6=420.

8. 3,75.

Ilycts EF — cpenusas munus tpeyronbinka ABC (E nesxut Ha
AB, F —ua BC). Ilyctp P — touka nepeceuenuss NM u a10i cpejueii
guann. O6osnaunm CM = CN = x, AL = AN =y, BL = BM = z.
Torga FP = FM (u3 nogo6us tpeyrojbiukos MFP u MCN =

_Z+X X -2z

= -z =
5 5 3Haunr,

x+y x-z y+z_ AB
2 2 2 2

[Mostomy ZLEPA = /ZEAP (yrael B paBHOGEIPEHHOM Tpe-
yrombuuke EAP); /EPA = /PAN (napamnensnocts EP u AC).
3uauut, AP — 6uccekrpuca, T.e. AO u NM TepecekaioTcsi B TOUKe
P, nexaneit Ha cpeJiHel JIMHWY.

TaxkmM o6paszom, BbIcoTa TpeyroabHUKa AND paBHA TOJIOBHHE
BBICOTBI TpeyroabHnka ABC. 3HaYWT, ero TJIONAAb OTHOCHUTCS K

3 1 3

3¢7 2 20

EP=FEF-FP =

mnontaan ABC kak

9. 2,08.

MHOKeCTBO PelIeHnil Kask/[0r0 U3 3TUX /[BYX HEPABEHCTB MOXKET
MIPEICTABIATh cO60i OTPe30K, 0ObeIMHEHNE ABYX 3aMKHYTHIX Helle-
peceKaronxcs Jydell, 3aMKHYTBIN JTy4, TIPSIMYIO, TOUKY MJIHN ITyCcToe
MHO’KECTBO. 3HAYUT, TI0 YCJIOBUIO 33/1a4M BO3MOKHbI /[BE€ CUTYAITUH.

1) Penienue 0HOr0 U3 HEPABEHCTB €AMHCTBEHHOE, U OHO YAO0B-
JIETBOPSIET BTOPOMY HEPABEHCTBY. 3/I€Cb, B CBOIO OYEPE/Ib, BO3MOK-
HBI /[BA CJIy4Yas.

a) az—(a—1)(a+4)=O<:>a:§. Torpa x = —4. Ilpu stom

3HAUEHNM @ BTOPOE HEPABEHCTBO MMeeT pemenus (aBa Hemepeceka-
IOIIUXCS Jiyda), U X = —4 BXOAUT B 9TO PelleHHe.
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6) (a+1y —a(a+1)=0< a=-1. Torna x = 0, HO nEpBOE
HEPABEHCTBO HE BBIMIOJHEHO.

2) MHosKecTBa penieHnii 060MX HEPaBEHCTB MMEIOT OOLLYI0
IPAHUYHYIO TOYKY, T.€. CHCTEMA

(@a-Dx’>+2ax+a+4=0,
ax’ +2a+Dx+a+1=0

HNMEET pelIeHnAd. Brrunras mounenno us BTOPOI'O YpaBHEHUA I1I€PBOE,

HoJIy4aeMm
9 x =1,
X +2x-3=0&
x =-3.
Ecm x = -3, 10 9a-2(a+1)3+a+1=0, Te. a:%. [Tpu
9TOM 3HAYCHMHU ¢ PEINeHUs CUCTeMbl: —7 < x < -3,

Ecrmx=1,10 a+2(a+1)+a+1=0, T.e. az—g. [Tpu sTom

3HaYE€HUN d CUCTEMa MMeeT €UHCTBEHHOE pelIieHne x = 1
3) Mo3KHO elne oT/1ebHO NpoBepuTh ¢ = 0 u @ = 1, OHM YCJIOBUIO
He y/IOBJIETBOPSIIOT.

3
S OKOHUaTeIbHO NOJIydaeM a = ~1

4
u a=§. MNckomass BeauumHa:

é—(—EJ:E =~ 2,08.
4 12

10. 1,21.

[Tpoaamm pe6pa ycedeHHOI mHpa-
muzbt o mpamuabl SABC (puc.25).
O6osznaunm i = SA. Toraa map, Biu-
CAHHBIHN B yCEUEHHYTO MUPAMU/LY, TaK-
ke Brnmcan u B mmpamuny SABC.
[Toatomy

1 1
Puc. 25 Vzéh'SABCzgr.SHOJIH.HOB.- (1)

[Tockonbky Saupc =12, TO

SHOJIHA nos. — SASAB + SASAC + SASBC + SAABC =5h+3- V42 + kz +12.

3naunr, pasenctBo (1) paBHOCHIBHO
12h=r~(5h+3«/42+h2+12). (2)
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W3 Ttoukun D; omycTuM meprieH-
JuKkyasap DjE Ha I110CKOCTb OCHOBA-
nua ABC (puc.26). OGosnaunm
o =2DDA . N3 ASDA caenyert, 4To

sinol = L . Torma us AD{ED
h* + 42

HaXO0 UM

204
TNRE + 4%

Ioxncrasnsig B (2) 3Havyenue aud 7,
nosTyJaem

D\E =2r :27Osinoc:

12h=12h=L~(5h+3- 2+ +12)<:>

TN + 42

o 6= (5h+3 NE +h2+12)
7 h2+42

& AN + 42 =250 +15 42 + h* + 60 =

& 27V + 42 = 25h + 60 & 104h% — 30004 + 8064 = 0.

Orciona
h=3um h= 336 .
13
Wcnonbsya paBeHCTBO 7 = 10 HaxoauM # =6/7 wiam
T 1=

ry = 24/17 . i +4

Vckomoe nipousBejieHe PpaBHO 7 - 1y = % =1,21.

SaKIMOYUTENIbHBIV 3TarT

1. 1200.

[TycTb MckOMOe paccTosiHre paBHO S MIAroB, TOTJA KOJIUYECTBO

38 S

MPbIKKOB B 2 M 3 IMara PaBHO 1.2 1 .3 COOTBETCTBEHHO.
[TosryyaeMm cooTHOLIEHHE 3?5 - % =350 & % =330 & §=1200

(maros).

173



2.

w’| &

[Monoxwnm ¢ = arctgx e (—

2

3. B 3 pasa.

O6o3nauum Bcio paGoTy 1o oKpacke 3a6opa uepes 1, Ipou3BoIH-
tespHoctb Toma, Cuza u Ieka depes x, y U z COOTBETCTBEHHO,
npoMekyTKu Bpemenu, B Kotopbie Tom, Cuzp u ek paboranu 1o
ofHoMy, 4epes t;, t, u t; coorBercTBeHHO. TOrja MO YCJIOBHIO

(y+2)t1:%, (x+2)t2=%, (x+y)t3:%, xty+yty + 2ty =1.
[Ipu aTOM HaliTH HA/O BEJIUUUHY
1
(t1+t2+t3)3x+—y+zZ(X+y+2)(t1+t2+t3).

PackpbiBast ckoOOKH, TIOJTyYUM

xt1+(y+z)t1+yt2+(x+2)t2+2t3+(x+y)t3=1+%+§+1=3

4 4
25
5
[TocKOIbKY AA1+BB1 +CCy = (0;0), 10 BB1+2-CCi = (21).
Tax xak CB; = CO + OB (37ech O — TOuKa mepeceduenis Me/namn

TPEYTOJIbHUKA), TO %@ = % .CC1 + % -BB1 = % -(2;1) . 3naunr,

4.

W22 25

621’:3.(2;1),n|62|=
3 3 3

5 1
5. xe|=; —|U{3}.
5 7 [V
5 7
IIpn x € E; 5 BO-TIEPBbIX, MO/LYJIU PACKPBIBAIOTCS O/IHO3HAY-
HO, BO-BTOprX, BXO/A1Me B HepaBeHCTBO KOCI/IHbeI — MOHOTOHHO

Bospactaiome (GYHKIMH, Tak KakK HX apryMeHTbl HaXOAATCA B
npomexyTke (T 270):
17

> 7 7 7 7
T<—==+4+—-<X+—-<—+-—-=—<271,
4 2 4 4 2 4 4

n<4=5-1<2x-1<7-1=6<2x.
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Kpowme toro, log, ¢ Monoronuo y6biBaer. Ilostomy ucxozmoe
6
HEPABEHCTBO PABHOCUJIbHO HEPABEHCTBY

(2x—5—7+2x)(—1)(x+£—2x+1)(4—x—2x+5)ZO<:>

= (x—S)Z(x—L;)SO.

6. 99.
Taxk Kak 5T0 apudMeTIIecKas IPOTPECCHsT, TO TIOJYIAETCS YPaB-

HEHue

\/7;5 ~9x+11 +\/4+7‘c 2 9x+11 ey

22-9x+11
JTto yYpaBHEHHUE, €CJu 0003HAYUTD f(t) =t 2 , PaBHOCHUJIbHO
[(0)+1 (b

COOTHOIIEHUIO ) =f

2

oa#0 u a=#1 aubo crporo BbIHyKJIa BBEpX, 16O CTPOTO BBIMYKJIA
Brn3 (J106ast HeHyJieBast XOp/a JEKUT JTU60 Bbile, J100 HUKe Iy
rpacuka, KoTopyio ona crsrusaer). oatomy m6o x> —9x +11=0,

Ho dyukuust t* npu

60 x* —9x +11 = 2. O6a ypaBHeHUS OUEBHIHO UMEIOT KOpHIL. 110
TeopeMe Bmera mpomnssegenne kopueit pasao 11-9=99.

7.72.

Ecnm mpoBectn uepes Kaxjoe pe6po MUPAMU/IBI TJIOCKOCTD,
HapaJlJieJIbHY IO TPOTUBOIOJIOKHOMY Pe6pY, TO MOJIYYUTCS TPH Hapbl
HapaJuleJIbHbIX ILIocKkocTeil. IIpu ux me-
peceueHny 06pasyeTcs mapaJuiesienume], ﬁ RN
Has3bIBaeMblil ormmcaHdbM (MU Compo-
BOXKAAONM upamMuy). [pu atom u3 N
YCJIOBUST 33/IaUMl CJIE/LyeT, YTO B KaK/101 S
IPaHU JNATOHAJIN PaBHBI MEKIY COOOi, N
T.e. TPAHU — MPSIMOYTOJBHUKH. 3HAUNT,
9TOT TIapaJslIe/eNuIles MPsIMOYTOJIbHDIN 7
(puc. 27).

[Tyctb pebpa cOmpoBOXK/IAOIIETO T1a-
pasienenunesa paBHbl @, b u ¢. O6beM MUPAMUALI COCTABJSIET

abc
1,/3 ot o6beMa aTOTO MapaJsienenumnena, t.e. V = =5

Tak kak x> +y*> > 2xy u % > Jxyz (npum oTOM paseH-

Puc. 27

CTBO B KaXJOM M3 9THUX HEPABEHCTB [JOCTHUIA€TCA TOrJa U TOJIbKO
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TOr/la, KOTJa X =y U Xx =Y = 2z COOTBGTCTBGHHO), TO

18V2 =Va? + b2 + Vb2 + 2 42 +a* >
> 32 Jab + «/?Z?_c +ac 3v2abe = 3233V |

3
Otciona VS§=72, NPUYEM 9TO HEPABEHCTBO 0Opalaercss B

PABEHCTBO TOT/la U TOJIBKO TOorJa, KOoraa d = b=c.

8. 672.
BoiGepem Bce nevernbie uncaa ot 673 g0 2015, ux KoJmyectBo
2015 -671
paBro ———— = 672 . Hu oano us aTuX uymces He JAEJUTCS Ha

JIPyroe, TaKk Kak TpU JeJeHUuH [JOJKHO ObLIO Gbl IOJYYUTHCS
HeYeTHOE YHCJIO, KOTOpoe He MeHblne 3, Ho 673 -3 > 2015 .

[Tokazem, uro Gosibiiie 672 duces, yAOBJETBOPSIONIUX YCIOBHIO
3a/1a4yn, BbIOpATh HEJb3si. B camom jesie, pazo6beM Bce HeyeTHbIe
yucsa ot 17 mo 2015 Ha 672 Kyuku, TMOPOXK/CHHbIE BbIGPAHHBIMU
BBINIE YUCJAMHW W BKJIIOYAIOIINE IMOPOXK/AIONIEe YNUCJIO0 U BCE €ro
JIeTTATENTH, TIPU JIeJIEHUN Ha KOTOPbIe TOJYYaloTCs CTETeHN TPOHKM:
{2015}, {2013, 671}, {2011}, {2009}, {2007, 669, 223}, ..., {675, 225,
75, 25}, {673}. Ecnu Bbibpath Gosbiiie, yem 672 gmciaa, TO 1O
npunnuny /lupuxsie Xorsi 6bl [Ba U3 HUX OKAXKYTCS B OJJHON KyUKe,
a 3HAYWT, OJIHO U3 HUX Oy/eT JeJUThCS Ha JIPYyroe.

3amernM, dYTO BBIOpAHHBIN BHavyaje Hab6op m3 672 uucen He
eMHCTBeHHDBIN. Harpumep, ecsn B HeM 3aMeHUTDH uncao 2013 = 671- 3
Ha 671, To HOBbII HA0OP TOKe Gy/ET YAOBJIETBOPITH YCJIOBUIO
3a/[a4n.

MEXAHUKA N MATEMATUYECKOE
MOOENNPOBAHWE

HEKOTO,Db/G' 3aqa4qm 07'60,00’-/H0/' O 37aria

1. 12,5.
28
Besocunienucr 3arpatut BpeMms 3 v @ TYPHCT B JOAKe —
S S
+ rae depes W ob6o3HadeHa MCKOMas CKOPOCTD

w-U W+U’
MoTOpHOH Joaku. OTciofa ToJydaeM KBaJpaTHOe ypaBHEHUE
W2 _VW —U? =0, HOJOKATETbHBII KOPEHD KOTOPOTO OIPe/Iesi-

y V4 Vi+ Uy
etcst popmysoit W = . IloxcraBuB unc/IoBbIE JJaH-

Hble, noaydaeM orser: 12,5 (M/¢).
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2. 25.
I[Tocne mnepeBoga B eaunuunbl CUW  nousayuaercs

2 2=1200<:> 4-10°S%* —600S —1=0 . Tocae 3ame-

S-15-107 S
upl x = 2008 ypaBHeHWe TmpUMET BUI 10x? = 3x—1=0 . Orciona

x=%,5225(CM2).

3. 43.

KouuectBo Bozibl B 6OuKe IOC/TIE R-ro yaca 3aBUCUT OT TOTO,
4eTHOE WM HedeTHOoe k, u paBHO V,,  =15+4,5-(n—-1),

a=4,5n.

Tak kak TepBoe TepernoJHeHre MOKeT BO3HUKHYTDH TOJbKO Ha
HEYeTHOM 4ace, To ycaosue V > 105 maer

15+4,5-(n-1)>105 & (n—1)>2—05, T.e. n>21.
3uaunt, n =22, k= 2n — 1 = 43.
4. 0,38.
O6o3naunm uepe3 py, Py, Py IJIOTHOCTH GPyCKa, NEepBOH U
BTOPOIl JKHUJKOCTENl COOTBETCTBEHHO, a uepe3 V — o6beM Gpycka.
Torpa ycnoBusi miaBanus OpycKa B IEpPBOil M BTOPOU SKUIKOCTU

3 1

Oynyt caepyommmu: VP, = ZVp1 = Esz .

HpI/I CMEIIMBaHNN PaBHBIX MaCC /[BYX }KI/I,ZIKOCTGI‘/JI IIJIOTHOCTb
CMeCH P paBHa CPEJHEMY TapMOHMYECKOMY IJIOTHOCTEH KOMIOHEHT
201,
Pt + P2 ,

Torga us ycsosus miaBanus 6pycka B cmecu Vp, = V'p, Bbipa-
JKast TIJIOTHOCTHU U3 TpeAbLayIieit popMyJibl, 1751 06beMa MorpyKeH-

cMmecu: P =

HOll wactu Gpycka V' moayuum V= gV . Iloatomy
4

V"Vzﬁzaw.

Vv 8

3. 135.

Ecmn paccrosinue mexxay Jlucuuanckom n OJieHeBKOH paBHO X,
Meskay OseneBkoil m MeaBenbeBKoi — y, Mexxay JIncmyanckoM u
MeBenbeBKOil — 2z, TO UMeeM 3a/laHHOe B yCJIOBI/H/I ypaBHeHue u

HepaBercTBo (HepaBeHCTBO TPeyToMbHEKA): x> + 4y =z-12-45,
X+yz2z.

2 2
W3 nepBoro ypaBHeHUsI cJjemyer 2z = % + % + Z , 1109TOMY
2 2
xX+yz TZ +%+Z, wi 12x +12y > 2 + 4y* + 45 . Hocaennee
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coorrotmene pasrocwibio (¥ —6)° + (25 -3)° <0, Te. x = 6,

3 15
Y= 5 CrnenoBatenbno, z = 5 IToaTomy Bce TOCesKH JeKaT Ha

NIPAMOJIMHEIHON fopore, 110 OAHY CTOPOHY OT KOTOPOH HaXOAATCS
mosdg, a mo Apyryilo — Jjec. Ilnomamm moseii: x? =36 ks. KM,
4y2 =9 KB. KM, wioma/p Jjeca: z-12 =90 kB. kM. VMckomas cym-
MapHas TI0Mmaab: 135 KB. KM.

SaKIIIOYUTEIbHBIV 3TAlT

1. Boicora Gamrru 6oJbliie.
BoicoTa GamrHu paBHA

H =100 - tg 46° = 100 - tg (45° +1°) =

1+tgl

- 100 tg45° +tgt - 100 180
1-tg45° tg1° 1—tgi

180

T
Tak Kak 1mpu x € (0; 2) BBITIOJIHSIETCS] HepaBeHCTBO tgx > X u Tak
Kak T >3, TO

b1

1+—
H > 100—180 _ 19180+ ™ 45 180+3 6100 4555
[ 180 -1t 180-3 59
180

MoskHo 661710 faTh U 6oJiee TOYHYIO OIEHKY: Tak Kak T > 3,14 | To

H > 100180 4o 1804314 40555
180 -1 180 - 3,14

[TpuBenentoe pelieHre CTPOroe U He HCHIOJb3yeT MPUOIUKEHHBIX
BBIYUCIeHN. BO3MOKeH TakyKe TIPUMEPHBIH MMOACYET BBICOTHI Galii-
HU: TaK KaK IpHW MaJbIX yriaax tgy = x, To

T T

1+tg— —
H =100 - tg 46° = 100 180 _ 9o 180 —

T T
1—tg— -~

180 180
- 1()()180"' T 100M ~103,55 ™

180 — 180 — 3,14

ITO JOBOJBHO TOUHBIA pesyabrar (3aMeTHM, UTO BBIYMCJIEHUE II0
ra6auuam gaer 100 -tg46° = 103,5530 ), Ho Takoe pelieHue Helb3s
NpU3HATH OE3YIIPEUHBIM, €CJIU HE JEJIAETCS OTIEHKA TOYHOCTH BbIUKC-
JIEHUI.
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2. 450 KB. KM.

YcaoBue 3a/1aunt 03HavaeT, yTo JlaH yeTbipexyrojabHuk ABCD, y
KoToporo yribl B u D — npsambie (onupaiorcs Ha guamerp), AB = BC
(06e s1oporu TPyHTOBbIE, W BEJOCHUIIEUCT [IPOE3KAET UX 32 OJUHA-

KOBOe BpeMs1), BD =15 . 24 =30 xmM. OmycTtnM n3 To9Kn B 1Ba

nepreHaukyaspa: BM — l}{Ia npsmyio AD u BN — na npsmyio CD.
Torna ABMA = ABNC (o6a IIPAMOYTOJIbHbBIE, TUIIOTEHY3bI PABHbI,
Z/BCN = ZBAM — K&K[IbIi U3 3THX YTJI0B B cymMe ¢ ZBAD paet
180° ). IoatoMmy 4eTbipexyro/ibhuk MBN D paBHOBEJIMK YeTbIpexy-
roapHuKy ABCD. Ilpu atom MBND — xBajgpaT, y KOTOPOTO
n3BecTtHa JuaroHanb BD. IlosTtoMy ero mnJjomajab paBHa

30°

=450 (kB. KM).
5V3
3. 3
ITycers S — paccroanue HC, H — paccrosnue AH, x — uckomoe
H
paccrosiuue. Torjga Bpems najgeHust t,; = ,[——, BpeMs CIIyCKa U3
g
t
touku A B Touky B paBuHo t,;=—m=3aT  npu asrom
vep B SnzaBH " Y
sin ZABH = A , @ CKOpOCThb B Touke B pasua V =2gH .

VH? + «*
[ToaToMy BpeMsi ABUKEHHS CaHell PaBHSIETCS
WH*+x2° +S-x
\/ZgH .
Tpebyercs Haiitn MUHUMYM (DYHKIIUT f(x) =2JH? + x* — x . TIpo-

(x) = ,—
r=vVH?’+2* > 4x° = H? + x> = x = —= . HeCJI0XHO IIOKA3aTh,

ﬁ

4to 910 Oyner Touka MuHuMmyMa. llpn H = 5 mosydaeMm x = T

4. 664 [x.

[Ipouecc ab — msobapa, mporecc bc — M30X0pa, MPOIECC ¢d
onucoiBaercst ypasuenueMm T = p(d — kp), tne d, k — Hexoropbie
KOHCTaHTbl. Hecs10:KHO BujieTh, 4TO B TAKOM TIpoliecce 00beM OKa3bl-
BaeTcsl JMHeiHo! (yHKIMel /JaBaeHus, T.e. B 0csX p — V /1aHHbIH
MUKJINYECKHI TIPOIEcC H306paXkaeTcst MPsIMOYTOJIbHBIM TPEYTOJIbHI-
KoM ¢ KateTamu ab u bc.

tapc =tap T lpc =

U3BO/HAS 3TON yHKIMH [’ —1 pasna 0, nosrtomy
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[Iycts py, V, — mapamerpsl rasa B Touke b. Torga napamerpbl
rasa B Touke a: p,, 2V, B Touke c: 2p,, V,. OTcloga naxoaum

1P()Vo = 1RTO =664 (JIx).
2 4

d. 42 Mun.

[Tyctb Touka O — nentp 3emun. OreHUM BpeMs IBIKeHus 0T A
o B. JIns atoro paceMoTpuM TpeyrosibHUK AOB. MOXXHO cuuTaTh,
yTo yroa o = 90° - LZABO oyenb MaJ, Tak uro sino = o . Tak kak
TOUKa B TyHHese AB npuraruBaercs K LIeHTpy CUJION tarotenus I,
TO B TIPOEKIIMU Ha HAMpPaBJEHWE ABWXEHUS TOJYYUM CHUJIY
Fsino = Fo,. Ilog meiictBueM 3TOI CUJIBI TEJIO 110 KaHauay Oy/er
JIBUTATbCST ¢ yCKOpeHueM a = R@. . Torga Mozenb IBUKEHUS TOUKU
oT A 10 B MOXHO paccMaTpUBaTh KaK MOJIEJb MaTeMaTHYeCKOro
MasITHUKA, JIJIT KOTOPOTO MePUO/] HE 3aBUCUT OT paccTogHus ot B 10
A. ITO 3HAYUT, YTO BpeMsi ABMXKeHUsT Oy/IeT OJMHAKOBBIM.

6. T = ‘/a2+ﬂ—a
So T

3a KaxbIii 060pOT TPUEMHOI KATYIIKM HA HEe HAMATLIBAECTCSI
1 BUTOK IJIEHKH, 3HAYUT, PAIyC yBeanunBaeTcs Ha S. Oqua o60pot

2n
KaTyIIKa COBepIIaeT 3a BpeMsa ¢, = — . 3a BpeMs ¢ KaTylIKa
(0]

t
COBEPIIUT 7 = - o6oporos. Torzia 3a BpeMsi ¢ pauyc yBeJUYUTCS

0
Ha Bemunny Ar = Sn . 3Ha4MT, pajilyc NPUEMHON KaTYHIKU MEH:-

a So
ercs CO BPEMEHEM 10 3aKOHY r(t)=§+2—t. Jlna cxopoctu o
n

HAMOTKHM TJEHKHU TMOJy4YUM cJeaylolee COOTHOIIEHUE:
a So
v=0|=+>—t
2 2n
TakmM o6pasoM, TIIIeHKA ABUKETCS PaBHOYCKOPEHHO, 1 BpeMs T,

Heo6XoIMoe 718 TMPOXOXKJACHNS BCell TUIeHKHN JauHoi L, Gymer

OTIPEeNIENIATHCS M3 YPaBHCHUS
L So aTl
Z 22

O 47 2

B ngamHoM ciyyae y ypaBHEHUS OJMH TOJIOXUTENbHDIH KOPEHD,
KOTOPBIIl U €CTh OTBET B 3ajlaUe:
b4 5 4SL
T=—HJ.,®+==-a
Sw T
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OUN3NKA

OT60pOYHBIT 3T

7—=9 knaccel
1. Ha mapuk meiicTByeT cmja TSKECTH m¢g, apXuMea0Ba CHJA

1
Fy =—pVg u cuna narsxkenusd uutu T. ITockosbKy miapuk Haxo-
2

1
aurcst B paBHoBecuu, 10 T =1mg — EpVg . Cuna tsxectn Mg,

ZIBfICTByIOH.Ia?I Ha CTEpIKEHb, IIPUJIOKEHa K CepeAnHe CTEPIKHA.
I/ICHOJIb3y5{ IIpaBUJIO MOMEHTOB, IIOJYyYUM YCJOBUE pPaBHOBECUA

L
crepxua: Mg 3 —1 |=TI. 3 3anucaHHbIX PaBEHCTB HAXOAMM

mzlpV+M £—1 =138r1.
2 2]

2. Mopxyuab nepeMelieHus aBTOMOGWJIS 3a HEPBbIC T CEKYH[
paBeH s = at2/2 . Ckopoctb JBmsKeHust aproMobuss (rmocrymaresib-
HOTO JIBUJKEHUSI OCH Kojieca) v, =at. B
HENOABMKHON cUCTeMe OTcYeTa CKOPOCTb
TOUeK Ha IOBePXHOCTU KoJleca IPU KaueHuH
6e3 IIPOCKAJIb3bIBAHIA MOXKeT ObITh Halise-
Ha II0 3aKOHY CJOXKEHHUS CKOPOCTei
(puc.28). JlueiiHass CKOPOCTH O, TOUEK
Ha II0BEPXHOCTH KOJIeCa OTHOCUTEIbHO JBU-
JKyIelicsl cucTeMbl OTCYeTa, CBA3aHHOI ¢
aBToMoGuIeM (HapuMep, ¢ 0CBIO €T0 KoJle-
ca), paBHa 110 Mojty o v, . CKopocTn Kartie-
JIeK, KOTOPbIe OTPbIBAIOTCSI OT IOBEPXHOCTU
KoJleca B Touke A, paBHbI v, = 20, COSOL,
rJie 0. — Yro, KOTopblil BeKTop aToii cko-  F4C 28
POCTH COCTaBJIsieT ¢ FOPU3OHTOM. B pesyJibrate cOBMECTHOIO pelie-
HUA ypaBHEeHHi 1oJsrydyaeM

U,

v=£005a=34,6 m/c .
T

3. CuJibl ynpyrocTy, BO3HUKAIOIIUE B IIEPBOIA U BTOPOI IIPYKITH-
Kax, ormmyaiores B 2 paza: I, = 2F,» . Cnubl, pactarusaione
KaK/bIH BUTOK 3THX MPYKUH, TOKE OTIUYAIOTCS BIBOE, 3HAUWT,
KaK/IbIil BUTOK TEPBON MPY/KUHBI PACTSITHBAETCS B 2 paza GoJIbIIle,

o o Al1 Alz
YEM KaiK/Ibl1 BUTOK BTOPOU IIPYIKNUHDI. HOE)TOMy n_ =2—=

. Kpome
1 )
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toro, Al =Al, - %12 . Orcioa HAXO UM

4
Al =—" Ay, AL :LN‘),
4ng + n, 4ng + ny
AL= AL+ AL = 21521 o1 90,0 cu

4ng + n,

4. Ilyctb B KajopuMeTpe CMEIIMBAIOT BOAY Maccoil m npu
TemnepaTtype t u Jex Maccoir M mpum temneparype —t. Ilocme
YCTaHOBJIEHMs TEIJIOBOTO DaBHOBECHA B KaJOPUMETpPE OKaKeTcs
TOJIBKO JIeJ] TIPY HyJIEBOI TeMIlepaType, eC/Ii BhIIOJHEHO COOTHOIIe-
mue cygmt+Am=c,Mt, re ¢, U ¢, — yHeJbHble TEIJIOEMKOCTH
BOJbI U JIbJJa COOTBETCTBEHHO, ) — y/e/bHas TellJoTa ILIaBJIeHU
abja. Ilockosbky HayalbHOE KOJMYECTBO JIbJa, IIPH KOTOPOM 3TO
IIPOU30IiJET, cocTaBiaseT M =k, U3 YCJIOBUSA 3ajjauil CJeiyeT
ypaBHeHHe c,t +A =kc,T. B Kamopumerpe OKaxeTcs BOAA MPH
HyJeBOW TeMIlepaType, €CJH BBIIOJHEHO pPaBEHCTBO
c;mt =AM + ¢, Mt . YuurpiBas, 4To 3TO Ipousoiiger upu m = 9M,

HoJIydaeM ele ojiHo ypaBHeHue A + ¢, T = 9¢,t . Pemas cucremy aByx
et k+1

YpaBHEHUH, HAXOIIM HETEE KommuectBo Jibjla IpU TETLIIOBOM

C,T

J
paBHOBecun OyfeT PaBHO HCXOAHOMY €0 KOJIHYCCTBY, €CJIH
cymt = ¢, M7, OTKy/1a 1oJydaeM

M:CBt:k+1:3,6,

m ¢t 10

5. Ilyctp TOK 1[5 depe3 amiepMmerp A, Te4eT B CTOPOHY,
rnokasanuyio Ha pucynke 29. C yderoMm 0603HAYeHUI HA PHUCYH-
ke wuMmeem I=L+I3=1+1,,
L+1s=1,, I3 =1,+I5. Ilockob-
Ky amrepMeTp A, I10 YCJOBHIO SIBJISI-
eTcsa upeasbnnM, 10 LR = I3R;,
LR, =I,R,. W3 3anucanubIx pa-

BEHCTB HaXxoauM [ = IL )
. . e R + Ry
Puc. 29 L=I—4— wu IL=1-1=
R, + R,
=7 RiRy -~ RyRs . Mo ycaoBuio, — =n, OTKya CJeLyeT
(R + Ry) (R, + Ry) 15
R,(n+1)+R
R =R 2D+ R s om,
Ri(n-1)-Ry
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3ameuanue. Ecau BoiGpaTh Ha- D Oxpan
npasJieHne Toka [5; B IIPOTHBOIO- S \ g{ '
JIOKHYIO CTOPOHY, TO MOJy4YUM, ° R 7 \ﬁ‘k__
yto R, < 0, a moToMy aTOT cayvail 5
He nuMeer (PU3NIECKOro CMbICJIA.

6. V3 ycroBus 3ajaum ciemry-
€T, UTO 9KPAH HAXOMUTCS GJIMKE K
MIPOEKTOPY, YeM YeTKoe N306paske-
HUe IUATIO3UTNUBA, UHAYE TI0CIe YC-
TAHOBKHU [00ABOYHON JIUH3BI Pa3- < .
Mep u300PAKEHUsT TOYKU YyBeJu- d W I
yuicst 6b1. X0/ Tydeil JJisi epBoro  Puc. 30
U BTOPOTO CJIyYaeB, YKAa3aHHBIX B
ycaoBum, n3obpaskeH Ha pucyHke 30, TIe BBEAEHBI CJIEAYIONIHE
o6osnavennsi: D — onruveckast cuia o6bextuBa, Dy =1/F — onru-
4yecKast cuiia J0OABOYHOM JTUH3bI, d — PACCTOSIHUE OT TUATIO3UTUBA J10
00DbeKTHBa, f; U f, — paccTosiHust 0T 0GBEKTHBA 10 M306PAKEHUS,
L — paccrosinue oT O6BEKTHBA /10 9KpaHa, R — paamyc JIMH3bI U

JKpau

r — paauyc TsATHa Ha asKpaHe. I3 pucyHka BUIHO, YTO

r -L L- 1 1

—= h-L = L-h . Orciona — + — = —. MopMyIa TOHKOH JIHH-

R f2 h L L L

3bl, ITpUMeHeHHas /Jsi 00OuUX cJydaeB, jgaer —+—=D,

1 1 f

E + 7 =D+D;. CnaoxuB 3TH paBeHCTBA, NOJAyYaeM
2

2 1 1

7 + 7 +—=2D+ D, unu, ¢ y4eToM paHee IOJy4YeHHOTO COOTHO-
1 2

meHust, 2 54— % =2D + D, . so6paxxeHne ANamO3NTHBA Ha SKPa-

He OyJIeT Pe3KUM, €CJIU BBbIMOJHSETCS PABEHCTBO 7 + - D+D,.

CorioctaBuB MOCJEHUE BA BbIPAKEHUS, HAXOAUM
1
D, =—=>5 anTp .
X 2}71
10—11 knaccobr

[TepBbivi Ty

muv; Mpey
1. ITo 3akony coxpanenns sueprun, mgH + Ew =mgH + —
rjie m — Macca Iapuka, Up,, — TOPH30HTAaJbHas COCTABJSIONIA
CKOPOCTH ITapuKa B BepXHei ToOYKe TPAEKTOPHUN TOcJIe yaapa o TO.

W3 aroii hopmyibl crefyeT, uTo Uy = Uy, . Takum o6pasom, Heos-
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XOJMMO HAlTH Upqp, . YUTEM, UTO HOC/IC TOIO KaK MIAPUK COCKOIb3HET
€ HAKJOHHOM TLIOCKOCTH, TOPU30HTAIbHAS COCTABJISION[AS €r0 CKO-
poctu He uaMeHutcss. CKOpPOCTb © B MOMEHT OTPBIBA OT IJIOCKOCTH

HaﬁﬂeM, CHOBa IIPUMEHUB 3aKOH COXpaHEHHA OHEPrum:
2

2
mgH+%:mgh+%’ OTKy/la U:,,Zg(H—h)+Z)g . Y4uTnb-

Bast, UTO Uy, = Uy COSOL, MOJTyIacM ypaBHEHHE

0o = 29 (H = h) + 0§ cos o,
OTKY/la HAXO/NM
0y =+29(H —h)ctga =3,0 M/c.

2. Tlo 3akony coxpanenust umnyabca, Mo = (M +m)u . Orciona
HAXO/IMM YCTaHOBHBIIYIOCS CKOPOCTb JIOCKU ¢ GPYCKOM, OITHAKOBYIO

st o6oux Tey: U = . IloTepsa Mexanuueckoil snepruu npu

2 2
M +m)u
3TOM paBHa paboTe MPOTUB CHJIbI TpeHust: AE = ]\/[20 - ( 5 ) =

= wmgs; . OTCIOIa HAXOUM PACCTOSHIE §;, KOTOPOe GPYCOK IIpO-
CKOJIb3HJT BJIOJIb JIOCKH JI0 TeX 1Op, TI0Ka He YCTAHOBUJIACH OOIast
Mo?
2(M +m)ug
CKOJIB3W BJOJIb JIOCKU TIYTh S, , KOTOPBIl TaK:Ke MOKHO HAilTh ¢

v
M +m

CKOPOCTD: §; = . ITocsie ocranoBKHU 10cK1 GPYCOK TIPO-

MOMOIIBIO 3AKOHA M3MEHEHUs] MEeXAHMYeCKOH 9HEPIHH, a MMEHHO:
u? umgs < M?*v*

- = 2, OTKYyJla Sy = ————— 35—
2 2(M +m) ug

YTO /0 OCTAHOBKU JIOCKH W IOCJE €€ OCTAaHOBKU GDYCOK CKOJIb3HI

OTHOCUTEJIbHO JOCKU B IPOTHBOIOJIOKHBIX HAIIPaBJIEHUX. [109TOMY

HCKOMOe paccrosiiue Gy/eT PAaBHO

. Heob6xomnmo ydecTsp,

Mmo?

=—————=7c¢m,
2(M +m) ug

s =5y — 5]

InpunyeMm 6py€OK OCTaHOBUTCA, HE NOCTUTHYB CEPENHbI JOCKU.

A
3. KII/I TernoBoii MaIimHbl paBeH 1 = —Q , e A — pa6ora,
+ X

coBepliaeMad MaIlIMHON 3a IUKJI, a Qx — KOJIMYECTBO TEIlJIOThI,
nepelanHoe XOJ0AUJbHUKY 3a TO K€ BpPEMA. Z[.)IH IUKJIa KapHO

TH — Tx T — T —
N=——,r4ae [, TEMIIEPpATYpa HarpeBaTesd, 1y TEMIIEPATY-
H
pa xomoanabHuKa. Tak Kak nuka Kapro o6patimM, TO COOTHOIIEHUE
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A _TII_TX
A+0Q, T,
uto A=pt, T,=t,+273=299 K, T, =t +273=260K

O, = O, 1ocsie anreGpandeckux 1peobpasoBaHuil mosydaemMm

p:9.212§_1:503y
T\t +273

4. Tlocsie OKOHUYAHMS 3apSIAKM HA TAPAJJIETbHO COEJAMHEHHBIX
KoHJleHcaTopax Hakondarcsa 3apaabl C;U un C,U, 3Hauut, depes
conpoTuBienns Tpoteder cymmapubii sapsan ¢ =(Cy+Cy)U | a
yepes NnapaJiebHO COeJUHEHHbIE COTPOTUBIIECHUS IIPOTEKYT 3aPsi/ibl
q = _aRy __ iy

""R+R, "2TR IR
HUM OT TOUKM A K Touke B 4epe3 MPOBOJHUK IPOTEUET 3apsi/l

ZQ&—Q&U
R +R,

5. Ilocrpoenne uzoGpaskenuii mpejMeTa MOKA3aHO HA PUCYHKE

BBITIOJIHACTCA W AJIA XOJOANJIbHUKA. y‘-II/ITI)IBa}I,

COOTBETCTBEHHO. 3HAYUT, B HAITPaBJIe-
=100 mxKuo .

Ag=q -CQU =CU —q,

31. U3 cdopmyibl JTUH3BI E’L? T f CJeyer, uTo yBeldyeHue,
1 1

d T / N s
---"""-;-I -
\’ f I A !
Puc. 37 I

JlaBaeMoe TIepBOH JIMH301, paBHO

r=h-_f
d d-F
1
HJIH BTOpOfI JIMH3bI MOYKHO 3alliuCaTb +—=— . OTCIO,[Ia
I-h fh B
yBe/mm4ennue, 1aBaemMoe BTOpOI‘/JI JII/IHSOfl, PaBHO
_ f2 _ F2 _ F2
rz = = = Fd .
I~fi I-fi~F ,__Fd__p
d-T
Toraa yBe/IM4€enne, naBaeMoe CUCTEMO JINH3, paBHO
r=rr, = Fib 1,67 .

([d-FR)-d(F+E)+RE
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Bropou 1yp
2

at)
1. O603HauMM Uepes @ MOy JIb YCKOpeHus KauHa. Torga s = —
2
>
v = aty . Vlckmouas U3 9TUX PaBEHCTB BpeMs f,, HaxoauM d = 5
S

[TpoekIys OTHOCHTETBHOTO YCKOPeHUsT GPyCoUKa Ha BEePTHKAJIbHOE
Hanpas/eHnue IO MOJYJI0 paBHA d,,sina . CiegosaTenbHO,

. 2
Ay SINOL - L
h= %0 . VI3 3ammcanibIX paBeHCTB HAXOINM
2
s a vh 9
i — 1 Ay = ——— = 0,60 m/c”
a... sin o 2s“sin o

OTH

2. OGo3nauuM vepe3 L JJIMHY HUTH MasTHUKA.
[Tyctb B MoMeHT BpeMenu t = () Tpy3ux MPOXOAUT
TI0JIOJKEHNE PABHOBECHUS, & YTOJI 0. OTKJIOHEHUS HUTH
or Beprukasnu nogoxurenen (puc.32). Toraa
Ot(t) =0psin®t, yrjaoBasg CKOPOCTb HHUTH

Q(t)=0/(t) = 0ywcost, a ee yriaoBoe yckopeHue
’ 2n
e(t)=Q'(t) = —0(00)2 sinft . 3mech ® = a Kpyro-
Bast dactota KosieGanuii, T — mepuoj KoJeOaHWiA.
[[eHTPOCTPEMUTETHHOE, T.€. HOPMAJIBHOE, YCKOPEHIE
rpysuka paHo 4, (£)=Q?(t)L, a ero Tanreniua-
Hoe yckopenne pasHo d;(t)=¢€(t)L . Ilosromy

a (t sin ¢ T
tgo(t) = 0] =- 5— . Io ycoBuio, ®f = — . Takum o6pa-
a,(t)  ogcos” ot 4
30M,
sin (m/4) V2 V2 o
|t8(P0|=—2 =—,u (pozarctg—:88,0 )
o cos” (T/4) oy 0
~N 3. Poca Ha BHYTPeHHUX CTEHKaX TPYOKHU BbIC-
TYIHUT B TOT MOMEHT, KOTJIa BOJSHOI Tap mpu
CJKaTHU JIOCTUTHET HacblleHus. [Ipu atoM Haxo-
Jsumiicss B TpyOKe BJASKHBII BO3/yX BILIOTH 10
h l 3TOTO MOMEHTA MOKHO CYHTATh HM/CAJIBHBIM Ta-
\l' 30M. O603HauMB Yepes3 /2 BBICOTY cTOJI0a BO3/LyXa
Ak B [IOTPY’KEHHOI B pTyTh TpyOKe (puc.33), a uepes
T p — JaBJeHue Bo3jiyxa B Heil, 1o 3akony boitnsa—
-

| Mapuorra umeem pylS = phS , rae S — niomaab
ceyenus: TpyOKu. /LSt IOCTHKEHUS HACHIIEHUS
Puc. 33 BOJITHOTO TTapa o6beM Bo3ayXa B TPyOKe HY:KHO
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ymenpnmuth B 1/¢ pas, rne ¢ =0,8. Taxum o6pasom, h=I[¢ u

P
p =??. C apyroii cropount, p = p,+pgAh, tne Ah — pasHOCTD
YPOBHEH pTyTH B cocyzie U TpyOke. V3 3alllCaHHBIX pPaBEHCTB
1—
nosyyaem Ah =§—;—(p. W3 pucynka 33 BHIHO, 4TO HCKOMAs

BesmmunHa x =/ — h + Ah . CaepoBatesbHo,
x=(1-9) [+ Lo =30,4 cMm .
pgo

4. TIOCKOJIBKY COTPOTHBJIEHNE KATYIIKN MPEHEOPEKUMO MaJIo,
IPU 3aMKHYTOM KJTIOYe TOK Yepe3 pe3uctop He teder. [10aToMy TOK

&
B IIENM KaTyIIKNA M UCTOYHMKa paseH [, = —. Ilocie pasmbikanns
r

KJII0OYa HaIllpAKEHNE Ha KaTylIKe, 10 3aKOHY BHCKTPOMHFHHTHOﬁ

Al
uuayknuu, U; = _L_t . ITo 3axony Oma, Hanpspkenue Ha pesucTo-

pe Up =IR . IloatoMy B KaKJbIHI MOMEHT BPEMEHH CIIPABE/JIIBO
Al
PaBEeHCTBO LE =—IR . VYuureiBasg, uro I[At=Aq, umeem

LAI = —RAq . Tlockonbky KoadduitnenTsr L 1 R MOCTOSTHHbI, TaKOe

K€ COOTHOIICHUE CIIPABE/JINBO U I KOHEYHBIX MIPUPANICHUN TOKa

u 3apsiga. [lo ucreyennu 1ocTaTouHO GOJBIIOrO BPEMEHU TOK Yepes

KaTyIIKy Mpekparurcs, moatomy Al = -1, Ag = q . OKoHUYaTEIbHO
HAXO/IM

p=Ra_Rq

I, &

5. IIpu puKcHpPOBAHHOM PACCTOSTHUE MEXK/Y JIAMIION U CTEHOI,

npesbiniaoneM 4F, rae F — GoKycHOe paccTosiHue JUH3bI, CyIie-

CTBYIOT /[BA ITOJIOJKEHUSI JIMH3BI, PU KOTOPBIX OHA JIaeT Ha dKpaHe

HsoépameHHe CITUpaJin. ITO cJeayeT u3 Toro, 4To (bopMyJIa TOHKOU

1,11
JMH3BL T CBS-

=100 mI'= .

A d i B
3BIBAIONIAA PACCTOAHUE ‘g 1 I8 o

OT TIpeAMETa IO JIMH3DI
d, paccTosiHUE OT JIMH3DI
J1o uzoopakenust f u ¢o-
KyCHOE PacCTOSTHUE JIMH-
3pl I, cuMMeTpuuyHa OT-
Hocutebno d u [ mpn
samene dy=f, fi=d
ata (dopMmyJa ocraercs




cripaseBoil. [locTpoenne n306paskeHnst CIMPaJIH JIAMITbI TOKa3a-
HO Ha pUCYHKe 34, T/ie YIOMSHYTbIe TOJI0)KEeHHsT JINH3bI 1300Pa’KeHbI
CILTONTHOI M ITPUX0BOH JmHuAMH, a uepe3 AA” m BB’ o6o3HaueHsr
IJIOCKOCTH O0BEKTa M M300PasKEHUsT COOTBETCTBEHHO. BuaHo, 4to
KOrJla JIMH3a 3aHuMaeT OJINDKHEe K JiaMIle TI0JI0JKEHHe, OHAa JlaeT
yBesquueHHoe n300paskeHue crupanu (CIUIONIHbIE JUHUKM), a €CJIU
JlaJibHee OT JIaMIIbl, TO yMeHblleHHoe u3o6pakenue (ITPUXOBbIE

fL_h_d

[
smnun). Umeem — ==, = — . W3 aTtux cooTHoOIEeHNi cJie-
ly d Iy d f

2
JIyeT, 4To n=£=f— N3 ypasuenuit f—d=Al nu f=dJn

L d*
Al Al\n
HaxouM d = , [ = . ITockombky L=d+f, 10
Vn -1 f Vn -1 v f
Al (\/n + 1)
L=——

n -1

=63 cMm.

3aKIIOYUTESILHBIL 3TAlT
/=9 knaccel

1. B cumcreme orcuera, CBS3aHHOW C ABIDKYIIEHCS KOJOHHOI,
OTHOCHUTEJbHAS CKOPOCTD TIOCBIIBHOTO TIPH €TO0 ABIKEHNH HABCTPETY
KOJIOHHE paBHA ¥ + ©, a TIPU TIOITYTHOM €TO JBIKEHNN PaBHA U — 0.
[Toaromy 1oJIHOE BpeMsi IBUKEHUS TOCBLIBHOTO K XBOCTY KOJIOHHDI

L L 2Lu
+ = — 5 . Bpipaxaa us sroro
U+ov u—-v u -v
paBeHcTBa CKOPOCTh ¥, HAXOUM

0= /u2—2LTuz2M/C

2. Ilyctp F — MOy b pe3yJIbTHPYIOIel BCeX CUJI COIIPOTUBIICHIS
JIBIDKEHHIO aBToMoOuIs1. [Ipu repemerennn aBToMo6MIIst Ha PaccTo-
sune | paGora, coBepllleHHAs JBUTATEJEM, PaBHA MPOM3BEIEHUIO
KOJIMYECTBA TEILIOTHI, BBIJCJUBIIEHCS MPH CTOPaHWM TOILIMBA, Ha

Ha

n obpaTHO paBHO [ =

Koo DUIHEHT TOJIE3HOTO eiicTBust aBuraress: A = ulpq 100%

TOPM30HTAJIBHOM yYACTKe IIOCCe JIHHON [ aTa pabora paBHA IO
Beqnuunne pabGore cua conporuBaenus A . =Fl, rt.e.

n
A =
1 = pq 100%

JITAHOI paéoTa ABUTaTeJId paBHa CyMMeE paéOTbI CHJI COITPOTUBJIEHUA

[=Fl. Ha mak/JOHHOM ydYacTKe INOCCE C TOM JKe

A. = Fl wn npupaienus NOTEHIIMAIbHON SHEPrUM aBTOMOOUJIS B
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noJse cuibl tarotenus AE; =0,05Mgl, t.e. A, = u2pq—10?)yl =
0
=FI+0,05Mgl . O6bepunas 5TH paBeHCcTBa, HAXOAUM
0,05Mg -100%
Wy =ty + 2R 426 /100 ku
pgn
3ameuanue. 1lpu 1oJCTAaHOBKE YKMCJIOBBIX JIAHHBIX U3 YCJOBUS
3a/1a4M [0JIy4aeM, 4TO TOCJIE/HEE CAATAEMOE B OTBETE UMEET pa3Mep-
HOCTB J1,/M. UTo6bl 1peobpa3oBarh ero K TpedyeMoil pa3MepHOCTU
(1,/100 kM), HY)KHO YMHOXKHTD ero Ha 10° .
3. Vcxons u3 ycaoBus 3a/1a4i JIETKO YCTAHOBHUTD, YTO CIIPABE/I-
Ry
JBO PAaBEHCTBO o~ = o, OTKY/Q CJEIYeT, UTO HAlpPs)KEHHEe Ha
2 4

pesucrope Rs pasuo nymo. (Ilokaskure 3TO CaMOCTOATENBHO.)

Y4unuTpiBadg, 4TO PE3UCTOP Rs MOKHO MBICJACHHO YJIAJUTh, HaX0-
JUM  CONpPOTHBJIEeHHWEe Mexay kiaemmamu A u  B:

R +R)(R; + R
Ry=R+ ( 1 2)( 3+ 4) = 3R . Ilo sakony Oma cnia TOKa,
(R +Ry)+(Rs + Ry)

u U
TEKYIIEro uepe3 Pe3ucTop corpoTubiaenueM R, paBna I = N = IR
0

Cormacuo 3akony [[xoymsa—Jlenia,
). U?
=RI‘tT=—1=26,7 ]Ik .
o oR il

4. Ha pucynke 35 M -

Myxa, M’ — ee m300pakeHne B v S o Vv
sepkajie. MzobpaskeHue Herojl- T \ 1—7

BIJKHON TOUKHM B 3epKaJje, yna- %‘“" N b !

JITIONIEMCST OT Hee CKOPOCTBIO U, iy N u g »
JIBIKETCS €O cKopocThlo 2u. Ilo  |pgz $ M’

3aKOHY CJIOKEHUS CKOPOCTEH, N

V=542, u
V= 02+(2u)2 =5cmM/c.

10—11 knaccob!

1. Pasnoctp mgasisennii B Toukax C n B, HaXoagmmxcs Ha OHON
BCPTHKAJN Ha PACCTOSHUU 2] APYT OT APYTa, paBHa pe- — Py = 2pg!l .
Ilocepenune Mexxay HUMU, T.e. B TOuke [, naBieHue paBHO Py,
npuueM pe — py = pgl . Toukn A u H jiesxaT Ha 0JJHON TOPU3OHTAJH,
HO2TOMY Py — P4 =pPah, TAe a — MOAYJb YCKOPEHHS TEJEeKKU.
Pemrags moay4YeHHYIO CHCTEMY ypaBHEHUIN, HaXOJIUM
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EZLPB'*'PC —2py

g h  pc-pg
JIBIA BJIEMEHT JKUIKOCTH Maccoil Am , Ha-
Xojsmuiicst B6JM3n ee CBOOO/IHOI TOBEPX-
HOCTH. DTOT 3JIEMEHT J[BIXKETCSI C YCKOpe-
HUEeM d HOJi JICHCTBUEM CHJIbL TSXKECTH
Amg un apxumeqoBoil cuibl AF, , KOTO-
pasi epreH/ MKy JIsIPHA TOBEPXHOCTH SKUJI-
koctu (puc.36). V3 pucyHka BUAHO, 4TO

Pacemorpum  Mma-

Puc 36

o a
HUCKOMbBIN YTOJI olpe/leadaeTCca COOTHOIEHUEM tg o=—. HOQTOMy

o = arctg Lpg+pe=2ps = arctg 0,58 = 30°
h pc—pp

2. [Tpu n306apHOM paciiupeHnu Ha yyactke {—2 resimii coBepiia-

€T MOJIOKUTEJBHYT0 paGOTy 1 €T0 TeMIeparypa Bo3pactaet. Ha aByx

OCTAJIbHBIX YYaCTKaX ra3 COBEPINAET OTPUIATEIbHYI0 PaGoTy U €ro

temrepatypa majgaer. [losTomy resuwii mosiydaer OT HarpeBaTeJist

KOJITYECTBO TEMIOThI Q = ng (L,-T)) = g(szz -pVy), tme v —

YUCJI0 MOJIel resiAd, R - yHuUBEpCaJbHaA ra3oBas IIOCTOAHHA, Ti n

T, — aGcomotrnble Temieparypol, a V; m V, — o0beMbl resus B
toukax !/ u 2. Pa6ora reius 3a UK/ YUCJEHHO PaBHA TLIOIIALM

TpeyronbauKa 123, T.e. A= %(‘/2 -V))(p, —p1) . YuurbiBas sro,
naxozum KII/I muxia:

A 1 12 n—1
n=2=-|1-2
QH S P2 Sn

3. B ucxoHOM cOCTOAHUM IOTEHIMAJIbl BeeX cdep PaBHbI HYJIIO,
TaK KaK Ha HUX HeT 2JIeKTpUueckux sapsanos. Ilocse cooluienus
BTODPOIi cdepe 3apsafa ¢ JOKHO IPOU3OUTU HepepacipejiesieHue
3aps0B MeKIy HepBoil u Tperbeil cepamu. Ilyctb 3apsia nepBoi
cdepbl ycTaHOBHTCA paBHBIM ¢y . Torga Ha Tpetbio cdepy nepereder
3apsas —q; . llpenebperas 3apsioM Ha TOHKOM IIPOBOJIE U BIMSHUEM
MaJIOIO OTBEPCTUS BO BTOPOi cdepe, MOXKHO YTBEP)KIaTb, UTO
MOJLyJIb HAIIPAKEHHOCTH 3JI€KTPOCTaTHYECKOTO MOJISA B IPOCTPAHCTBE

-100% =10% .

Me/y 1epBoii 1 BTopoil cdepamn pasen E_,(r)= Lz , B
4meyr
) o _ E _ qi + q
IIPOCTPAHCTBE MEK/LY BTOPOIi 1 TpeTbeii cepamu — E,_3 (1) = e
ey

C]IeJIOBaTe]IbHO, Pa3HOCTb IIOTEHIMAJOB MEXK/Y HepBOfI n BTOpOﬁ
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1 1
cepamu Gyzer pasHa @1y (1) = @15 (1) = %(7 - r_) , & MEXTY
ol n

BTOPOH 1 TpeTbeil 0mKHA cTaTh paBHOl Pz (%)= @y5(7) =

g +q(1 1

=———|———|. Tok B mpOBOJHUKE, COEIUHAIONEM IEPBYIO U
iney |1, 1

TPeTbio cepbl, IPEKPATUTCS, KOTAA PA3HOCTD MOTEHIINATIOB MEK/LY

HUMU CTaHET PABHOIl HYJIIO, T.€.
P12 (1) =012 (1) + @y 5 (1) = Gy3(r3)=0.

W3 aToro paBeHcTBAa HAXOAUM

_h (r5—1)

n(rs—n)
4. Ha pucynke 37 mokasaHbl /[Ba BO3MOKHBIX CJIydasl paciioso-
JKEHMsI CBEYM BBICOTON 2 oTHOCHTeabHO JuH3bl JI. B ciydae a)

q
= =—-+L=-2uK.
q 3

a) AT 6) ™
I

~ . H S .

h " :f" N L0 r
I} [
H
3

Puc. 37 A A

n306pakeHne CBeYr SBJISACTCS AeHCTBUTENbHBIM, a B caydae ) —
MHUMBIM. OJIHaKO B 000MX CJIy4yasiX OTHOIIEHHE pasMepa cBeur /i K

[
pasmepy ee uzobpaxkenusi H paBHO 7 [Toatomy B 060oux ciaydasix

IpU yMeHbIIIEHNN pa3dMepa cBeun Ha Al pazmep ee M300paXKEHUS

YMEHbHIIUTCA Ha

AH=FATh=5CM.

OJIMMMNMUALA «MOKOPU BOPOBbEBbI NOPbI!»

MATEMATUKA
O160pOYHBI 3Tar
by-typ

1. 526.
2% — 24 ¢16
O6osnauns 21 = ¢ | noayunM ——g >1e p— >
& te (o 8)U[16; +) . Orcrona mGo 257 <23 Jr—1<2,
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xe[1;5), mbo gt >2' Jx-123, xe[10;+e). Taxum
o6pasom, pemenne Hepasenctsa: X € [1;5)U[10; + o). Vckomas
cymMMa

1+2+3+4+(10+11+12+...+33) =10+

2. 31,42.

Ncxonnoe ypaBHeHME PaBHOCHJIBHO YpPaBHEHUIO sin x +
+5(x - 27:)2 (cosx +1) =0, neBag yacTb KOTOPOrO HEOTPHUIATEIb-
Ha. [Tostomy sinx =0 u (x — 27:)2 (cosx +1) = 0. 3naunr, peurenne
ypaBHeHus: X =21 u x =7+2mn, ne Z. Ha orpesok [-m, 6]

MOTTA/IAI0T 3HAYCHUS —T, T, 2T, 3T, JT, CyMMa KOTOPBIX PaBHA
10w = 31,4159... B orser 3amuceiBaem 31,42.

10+33-24=526,

3. 38. , ,
O6osnaunB AB = ¢, BC = a, nonyunm [c—g] +(§) =607,
2 2
(2) +[a—§) =70’  PemaeMm cumcreMy H  HAaXOAUM
2 2 2
am2 = (2] +(S) 219 fogromy BM =190 _ 37796 B

3 4 7 NG

OTBeT 3armchiBacM OIiKaiiniee 1esoe.

4. —1,41.

Tak Kak 2y =a—X, TO U3 TNEPBOrO YPAaBHEHUS [OJIYINUM
x* +(a- x)2 =1 20> —2ax +a* —1=0. D10 ypaBHeHne nveer

D
€/IMHCTBEHHOE pelleHue IIpu Vi 2-a*=0. 3naunT, a=+2,

HauMeHblllee 3HaYeHue PaBHO —\/— ~—1,4142...

3. 4.
Ecsm B epBoit 6purazie 7 paGodnx, IIONA b IEPBOrO y4acTKa
paBHa S, a IPOU3BOJAUTENIBHOCTb OJHOTO pabodyero paBHA X, TO

S 3S
YCJIOBUE 33/Ia4K 3AIUIIETCS B BUjle —— < 7————
nx (n+6)x
1
—<
n n+6
SABJISIETCS 4.

, OTKYy/la CJIEAYET

= n > 3. Takum 06pa3oM, HAMMEHBIIUM BO3MOXKHBIM 7

TB0,0‘v’@C Koe 3g/aHune

1. 66.
Vrxazanue. Jlokaskute, 4TO BpeMsi, 32 KOTOPOe CIIOPTCMeH Tpole-
SKAT TIEPBBIM W TPeTHil KPyru, B [Ba pa3a GoJiblile BpeMeHU, 3a

KOTOpOE OH TPOGEKUT BTOPOIT KPYT.
2. 1008.
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[TockoJIbKY BCe HEeYETHDIE CYH/IYKHU MOCJIE TIEPBOTO TPOX0/1a GbLIH
OTKPBITBIMH, THOM 3akpblBail K HUM HeE IPUKACAETCS — OHU U
OCTAHYTCSI OTKPBITHIMU. A YeTHbIE CYH/yKH 'HOM 3aKpbIBaii, MHTe-
pecyiomuiicst ToJIbKO CyH/yKaM ¢ YeTHbIMH HOMEPaMH, BCe 3aKPOET,
TaK KaK OH WX TIOCETUT moceqiauM. Takum 06pasoM, OTBET Ha BOTIPOC
3a/laul — KOJUYECTBO YETHDLIX
yucesn B Habope 1, 2, 3,

..., 2016.

3. 0,77.

O6oznaunm  /ABC =20,
ZCBD =B (puc.38). Torma
ZAEC =20, . Tertepb, uctosib-
3ys TO, urto yroa LABC —
HEHTPAJIbHBII /IS BIIMCAHHOTO
yriaa ZADC | noaydum, 4TO
ZADC = o.. CienoBaTebHoO,
/DCE =0, 1 OTCIOa Tpe-  pyc 38
yroapuukn AOB u CED 1o-
no6nbl. Tlepemnoskas pasencrsa sinP/2 = CD/(20.) (u3 Tpeyroiib-

mka CBD) u cosa = a/(2R) (u3 Tpeyroabinka AOB), noxyunm

CD/(4R) = cosasinB/2 . TIpn AaHHBIX B YCIOBUHM YHCJOBBIX 3Ha-
yeHWsX HalfijgeM, dYTO HCKOMOe OTHONIEHHWE PaBHO

12
£ ~0,76665...~ 0,77 .
75

4. 13.

Yurem, uro 2016 =14 - 144 . [loxaxkeM, 4TO pelieHs ypaBHEHUS
UMEoT BUug X = a> - 14 , Y= b 14 , T1e @, b — 1ieJibie HEOTPUIIATE b~
Hble uncsaa. JleiicTBUTEIbHO, TPEANOJOKHUM, UTO, HAlpumep, ¥y
HeJIb3sI TIPEJICTABUTH TakuM o6pa3oM. Torzaa uucio \/@ uppamo-
HAJIbHO, M, CJIeJOBATEJIbHO,

Ve =12J14 - Jy & x =2016+ y - 2414y ,
T.€. X HPppallMOHaJbHO. Takum 06pa30M, NCXOJHOE YypaBHEHHE

PaBHOCUJIBHO COOTHOWIEHMIO @ + b = 12. IIpu pasinmyHbIX TE/IBIX
a € [0;12] momyuaercs 13 pemremmit.

3. 6335,75.
X . 2t
[MonoxusB t=tg—, ucnoabdyss ¢dopmysbl sinx = 5
9 2 1+1¢

COsX = o2 [OJIy4UM ypaBHEHUE

t4—t3—3t2+5t—10:0<:>(tZ—S)(tQ—t+2):O.
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Tak kak ypaBHeH1e t? —t + 2 = 0 permenwii He MMeeT, TO tg% =+5.
3Haunt, x = F2arctg («/5 ) + 2k, ke Z. Cymma Bcex KOpHell Ha

orpeske [20161;2017%] pasua
2arctg (v/5)+ 20167 ~ 6335,75 .

6. 9,84.

ITonoxum AS; = x . Tou-
Ky IepecevyeHusi po/oJIKe-
Hust orpeska AQ, ¢ pe6pom
BC o6o3nauum uepe3 D
(puc.39). M3 Teopembl KO-
CHHYCOB HaiiJieM JNaroHaJib
B POMOE TIpH yTJie BeJUUNHbI
0: S0, = 2acos(¢9/2). Tlo-
ckoJbKy SD — 6uccekrpuca

yrma /BSC, 1o SD =2bccos(9/2)/(b+c¢). Jlanee us momobus
BbITEKAET
x+a SD _ 2bccos(/2) L a__be
x S10; 2a(b+c)cos(9/2)  x  a(c+b)

abc

Orcrona HaxoauM SA = x +a = ————— . Ilpu gansbix @, b u ¢
bec —ac — ab
nosygaem oreeT: SA =9,8378... = 9,84 .
7. 509542.

Honoxum g (m)=m+[cosm]. Toraa no yciosuio 3agauu moJ-
HBIM KBa/[PATOM JIOJI?KHO ObITh YHCJIO g2 (m)—k . VupivMu coroBaM,
JIOJKHO CYIIeCTBOBATh HaTypasbHOe YUCJIO 717, JIJI1 KOTOPOro

n’ =g*(m)—k o k=(g(m)-n)(g(m)+n).
JlokaxeMm, uto mocaegoBarenbHocts ¢(m) me y6bisaer. [leii-
crButebHo, g (m+1)—g(m)=1+[cos(m+1)]-[cosm] =0, mo-
CKOJIBKY [cosm] mosker nmpunuMath Tos1bKO 3Hauenns O wan —1 (rak

KaK m HaTypaJbHO€, B 4YaCTHOCTH m;ﬁO, TO 3HaueHuss 1 sTO
BbIpaKeHunue He HpI/IHI/IMaET).

Ilpu dbukcnposannom m dyukimus g* (m) - n’

yObIBaeT Mo 7.
Eciu n 2 g(m), To R — HEmOM0KUTEAbHOE YHCI0. BblAcHUM, 715
KaKNX HaTypaJbHBIX 7 4YUCJIO0 N =g (M)—1 TaK)Xe HaTypaJibHOe
yucio, T.e. g(m)=2. Tak xak g(1)=¢g(2)=1, g(m)=2, 10
m=3.
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Ecmn n=g(m)—1, 10 k=2g(m)—1 u, B CHIy MOHOTOHHOCTI,
5T0 3HAYEHHUE 7 COOTBETCTBYET MUHUMAJIbHOMY 3HadeHnio k. Ocraer-
Cs1, TeM CaMbIM, BBISICHUTB, IIPH KaKHUX 71 BBIIOJIHEHO HEPABEHCTBO

1<2g(m)-1<2015 & 1< g(m) <1008 .

ITpaBoe HepaBEHCTBO BBITTOJHEHO OYEBHUIAHBIM 06pPa3oM IIPH BCEX
m <1008 . TIpu m = 1009: g (1009) =1008 . Ecsm e m > 1010 , T0
g(m)=1009 .

BbIssCHUM, YZIOBJIETBOPSIOT JI 3HaYeHUst m = 1 1 m = 2 ycJI0BHIO
sagaun. Ilpn stux m ¢yukuns g(m)=1-k. Ho ypaBHeHne
1—k=n’ He umeer pelieHnii B HATyPaIbHBIX YHCTIAX.

Taxum oépasoM, 3aMevaTeJbHbIMU ABJIAIOTCA BCE IIE€JIbIe YhCJa OT

3+1009

3 110 1009 Br/OuMTEIBHO. VIX cCyMMa: — 1007 = 509542

3aKIOINTENIbHBIV 3TarT
BapuaHTt 1
1. IlepBoe uncso Gosbire.
. T
Oyuxrua [ (x) =sinx +cosx y6pBaeT Ha OTpesKe A
(MOHOTOHHOCTH MOKHO 060CHOBATH, HALIPUMEP, € IIOMOLIbIO PaBEH-

. T .
crBa f(x)= x/ism(x + ) WJIW TIPK TIOMOIIH TIPOM3BOHON). 3Ha-

b 1+«/§

ypt, sinl+cost> sin§+cos§ =

Ocraetcst y6ennTbesi B

2
CITpaBEAJIMBOCTH OIICHKMH:
1+ J_ 49 31 961
< 1++/3 3>— 3>—
2 Brige 18 324"

2. 6 MUHYT.

O6o3HaunM yepe3 n BpeMsi B MUHYTaX, 3a KOTOPOE IPOXO/UT
KpyT 60Jee MeAIeHHbIT MaibunK. Torpa n > 5, ne N . CkopocTb,
€ KOTOpO# 6oJjiee GBICTPBI MATbYMK JOTOHSIET MEJJIEHHOTO, pAaBHA

1 1 n-5
——== (Kkpyr,/MuH), 10ITOMY BpeMsl MEXIy BCTpeYaMu

> n on
5n 5(n—-35)+25 25
COCTaBJISIET = =5+ (MUH), a TOCKOJbKY
n—>5 n-95 n-25

a10 Tes0e uncao, To (7 —25) gemut 25. HaTypaabuble neauresun 25
—ynucaa 1 (tornan=16), 5 (torga n = 10) u 25 (torma n = 30). Atu
3HAUCHNS COOTBETCTBYIOT BpeMeHU Meskay Bcrpedamu 30 munyt, 10
MUHYT 1 6 MunyT. [TockoabKy BpeMsi Mex/ly BcTpeuaMu He MeHee 12
MHHYT, 33/laHHOMY YCJIOBUIO y/IOBJIETBOPSIET TOJBKO 1 = 6.
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3 9 205
13

Tak kak BeJMunHA \/(x + 6) + y + \/x +(y- 4) paBHa cymme
paccrostnuii ot Touku (X,y) m0 Touek ¢ koopannatamu (—6;0) u

(0;4), a reomerpirueckoe Mecto pemenwii ypasnerns 2 ||+ 3|y| =
7 = 6 Ha IJIOCKOCTU ecTh poM6 C
va sepmunamu  (3;0), (0;-2)

/ B (=3;0) u (0;2), To 3a12ua paB-
1

HOCHJIbHA TOWCKY MUHUMYyMa
: C CYMMBI PAcCTOSHWI OT TOYKH,
E A O * Jiekalleil Ha YKa3aHHOM POM-
D 6e, /10 TOYEK C KOOPMHATAMHU
(-6;0) u (0;4) (puc.40).
[lokakeM, 4YTO MUHUMYM
Puc 40 3TOH CyMMBI IOCTATAETCS B TOU-
Ke, JexKalleil Ha CTOPOHe POM-
6a u pasnoyzarennoii or touexk (—6;0) u (0;4). Iycrs touka G
JIESKUT HA TIPsiMOil [, napasuiesiboit EF u yajienHoii or upsimoii EF
Ha paccroanue h (puc.41).
IlycTp Takske touka H Ha npg-
Moll [ TakoBa, yto EH = HF, a
Touka F’ cummerpuana TOuKe F
otHocuTesbHO TipsiMoit . Torma
noayuum EG+FG2=FEH +
+ HF' = EH + HF , ipuuem He-
paBeHCTBO obpamaercd B pa-
BEHCTBO JINIIDb TIPU COBIA/ICHIT
touek G n H.
Puc 47 B wnamem cayyae crtopona
pomba AB mapannenpua EF, a
touka H nipsamoit AB, nansg koropoit EH = FH, jeXuT Ha CTOPOHE
pomGa. Cymma paccrosinuii ot J1o6oil Apyroil Touku poMba /10 TOYeK
E un F npeBocxogut EH + FH. Ocraetca natitn EF u paccTosiane
mexxy npambivi EF u AB. Tlpumenssa teopemy Ilndaropa, momy-
aum EF =213 . Paccrosmue h MEXK/Ty TIPSIMBIMH PABHO PACCTOSI-
HUIO OT HavyaJa KOOpAUHAT [0 npsamMoil AB (manpumep, s1o caenyer
u3 1omo6usA NPAMOYTOJbHBIX TPEYrOJbHUKOB), MOITOMY

6
h-AB=AO-BO = h= . Takum o6pasom,

EH + HF = 2’E+13 21/21(;.

=Y

=Y
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4. xe[34).

Ypasuenue umeer cmbica npu [logz x]>0 < x 2 3. Ilpu Beex
TaKNX X CIPaBe/nBoO HepaBeHeTBo logs [x] 2 [logs x], Tak kak s
5TUX 3HAueHMil X CyIIeCTBYeT Takoe HaTypajbHOE YHUCJI0 k, 4TO
xe [Sk;3k+1), a Torma [x]e [Bk;Sk”), noatomy logs[x] 2k =
= [logs x]. CnenoparennHo,

[10g2 (logs x)]2 —11log, ([log3 x]) +18log, (log3 ([x])) >
> [log2 (logs Jc)]2 +7log, ([log3 x]) > 7log, ([10g3 x]) >0.
Ipu x =9 nomyuum [10g2 (logs x)] >1> 0, mosTOMYy 3/1€Ch pelie-

it wer. Ha nomymnrepsare [4;9) mmeem log, ([logs x]) =0 <

< log, (log3 ([X])), [I03TOMY Ha 3TOM IIPOMEXKYTKE PEelIeHUN TaKKe
uer. Hakonerr, jo6oe 4uc/io

U3 MOJIyHHTEPBAIa [3;4) AB- zA
JISIETCST PEIIEHUEM.

3. 27.

OrmycTiM neprieH/ Ky JIs-
per DDy, DD,, DD; us
touku D Ha miockoctu SBC,
SAC n SAB coOTBETCTBEHHO
(puc.42). OGosnauum
DD, =x , DD, =y,
DD; =z . Ilo ycaosuio,
v +22=5, *+22=13,
x? +y2 =10. Orcioga x = Puc 42
=3, y=1,2z=2.

OGosuaunm jaunHbl pebep SA, SB u SC uyepes a, b u ¢
cootBeTcTBeHHO. Tak kak Touknm A, B, C u D jexar B OIHON

3 2
IIJIOCKOCTHU, TO BBIIOJHAETCSA COOTHOILIEHUE — + E +—=1.
a C

W3 nepaBeHcTBa MEXAY CPeIHUM apupMETUYECKUM U CPEIHUM
TEOMETPUYECKUM I10JIydaeM

13,1.2),,3 1 2_46
3la b ¢ a b c abc

3
@1=(_ L1 3) 627 | ube>6.27.
C

3 1 2 1
NPUYEM PaBEHCTBO UMEET MECTO IPU — = — = = = — . Tak kKak o6beM
a b ¢ 3
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abc
nupamu/pl V =——, 1o V 227 . PaBencTBO nMeeT MecTo 1pu d = 9,

b=3,¢c=6.

U36paHHble 3aaa4m Apyrvux BapUaHToB

1. 10.

OOiiee 9nCI0 YIEHUKOB MIKOJIBI TOJDKHO JAEJUThCS HAa 7 ¥ Ha 4,
a 3uaunt, Ha 28. Tak Kak 10 ycjoBuio 310 uncjao ne 6osee 40, To
Bcero 61710 28 criopreMeHoB. [Ipusepamu cranu ; + i + 1 ) 28 =18
yeJoBEeK. SHAUUT, ocTaanuch 6e3 memasuein 10.

2. 12.

Ecau yepHBIX KycO4YKOB X, TO 6esbix 32 — x. Tax Kak Kaskmblii
4epHblii Kycouek (IIATHYrONbHBIN) TPAHUYUT TOJBKO ¢ OEJIbIMH, TO
TPAHUI] YePHBIX U 6€JIBIX KyCOYKOB Oy/eT S - x . C Ipyroii CTOpOHBI,
Takux rpanui 3- (32— x). U3 ypasuennsa Sx = 3(32 - x) momyya-
eM 8x=3-32, x = 12.

3. 4.

[Tyctp N — HaTypasbHOE YHCJI0 U3 YCJA0BUA 3aaun. V3 ycaoBus
BBITEKAET, UYTO KOJMYECTBO 4YeTBEPOK B umciae N paBHO 2m, a
KOJIMYECTBO MATEPOK paBHO 2m + 17. Tak kak cymma rudgp uncaa N

pasna 4 - 2m + 5(2m + 17) =18m +5-17 , 2 OCTaTOK IIpU J€JEHNU Ha

9 HaTypaJIbHOTO YHCJIa paBEeH OCTATKY IPH JeJeHHN Ha 9 CyMMBI €ro
mudp, TO STOT OCTATOK paBeH OCTATKy OT JeJeHus Ha 9 umnciaa
5-17 =85 . Ilpu aenennn mosydaetced 9 u 4 B ocTaTke.

4. 381.

N3 ycaoBus nosyuaeMm cucreMy
b1(1+q+...+q4):93,
b (1+q+...+q") = 2976,

5 3(27 -1
OTKY /1A q”=%=32,q=2, b =3, S7=%=381.
3. 9.

ITyctp Hy»kHO TOKpacuTb N KB. M CT€H, X — IVIAHOBOE KOJMYCCTBO
YUYECHHUKOB, ¥ — IPOU3BOJUTEIbHOCTD KXKAOT0 YUCHUKA, ¢ — BpeMd,
3a KOTOpoe JloJizKHA ObITh BbInosiHeHa paborta. Torma xoty = N, u

. N
KaKJAbIM YYEHUK JOJIKEH OBLI ITOKPaCUTb Ut1 = — KB. M.
X

Econ IMPON3BOANTETDBHOCTDb MaCTEPa 60]TbIIIe IMPON3BOAUTETDBHO-
cTu Kaykaoro yuennka B k pasz (k > 1) u oqun u3 yueHukoB 3a6oiel,

198



a ero samennn Mactep, 10 ((x —1)o +ko)t, = N, rae ¢, — Bpems, 3a

N
KOTOpOe BbIMosIHeHa pabora. Torga vt = TE_1 M
x _

YcaoBue, 4YTO KaKAbl OCTABIIUIICS YYEHUK TOKPACUJ HaA
@ KB. M MEHbIIIe, PABHOCUJIbHO YPaBHEHUIO
N (k-1
E_Lza@ (_x+k_1)x=¥.
x x+k-1 a
IIpu N = 360, k = 3, a = 6 moaysaeMm (x+2)x=120= x=10.
3HauynT, paboTayno 9 yuyeHnKoB.

6. x=6,y=12; x =15, y = 6.

W3 ycaoBusa cienyer, 4to y udeTHO, T.e. y = 2p. Ilostomy
8x% +8p° =2016 & x? + p® =252. Jlanee nepe6upaeM 3uauennus
p or 1 g0 6, moaxoaar ase nmapel: p =3, x = 15; p =6, x = 6.

1

7. —.

4

YpaBHeHue paBHOCUIBHO cucteme x > 0, x #1, log, v2x >0,
logé x +log, x —2 =0 . Iloceanee ypaBHeHHe MOJyYEHO TTOCTIE BO3-
BeJICHUSI ICXO/IHOTO B KBAJIPAT U MPOCTHIX rpeobpaszosanuii. Orciona
logy,x=-2, x=2" =i.

8. 2015.

Tak kak x; —2015x, +2016=0 u x5 —2015x, + 2016 =0, 10
xp — x5 = (%, = %) - 2015 3maunt, xf + X%, + 25 = 2015

MoO3KHO Takske BOCIIOJNb30BaThcsl Teopemoii Buera (1o Ttorza

HY3KHO 0G0CHOBATD HAJIMINE TPEX PAZHBIX KOPHET): x; + Xy + x5 =0,

Xy - Xy - x3 =—=2016 . IlosaTomy
2 2 _ 2 -
X+ X% + 25 = (X +2y)" — a0y =

L2016 _ x5 +2016  2015x,
X3 3 X3

=2015,

2
= (-x3)
9. 7.
NcxonHoe ypaBHeHHe PaBHOCUJIBHO YPaBHEHHIO
x +log, x —logs x +log, x =7 +log, 7—logs 7+ log, 7.
[Tockombky pyHKIINSA
f(x)=1log, x —logs x +log, x =
1 33/2
= log, x(1 —logs 2 +§) =log, x - log; N
MOHOTOHHO Bo3pacTtaeT mpu x > 0, To QyHKIHI X + f (x) TaKxKe
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MOHOTOHHO BO3pacCTa€T Ha obacT oIipe/jeJieHusd. CJIEEZ[OBaTeJIbHO,
pEelieHue x = 7 ABJISIETCS €IMHCTBEHHBIM pEHIEHUEM /IaHHOT'O YpaBHE-
HUA.

10. X e (—oo, _E)U(_gy O)
1 1

O/I3 HepaBeHcTBa: x € | —o; -3 U —§; 0 |. Jleas yactb He-

log,_, sin®7 .
x) 8= SIT — 5in? 7 . [oaTo-

pasencTBa paBHa (1-— x)h’gm sin?_ (1-

My TI0JIy4yaeM log(_3x) (1-x) <1, uro na OJ/I3 paBHOCHIBHO

M<O o 2r+1 >0 xe (—w;—l)U(—l;+°°).
-3x -1 3x+1 2 3
Otkyna, ¢ yderoM OOGJIACTH JIOMYCTUMBIX 3HAYEHUH HCXOHOTO
HEPABEHCTBA, I0JIy4aeM OTBET.
11. 28%.
OrTHolleHne TI0IMa U TpeyroibHuka MBN K mJon@ajiun Tpey-
7 7

rosbHuka ABC paBHO Z : g = 3—2 . IloaToMy OTHOIIEHUE TIIOMIAAN
yeTbipexyroibanka AMNC k mionaau Tpeyroabauka ABC paBHO
7.2
32 32°

7
—-100% = 28% .

PaBHO 23

12. 445 .

W3 paBnoypasentnoctu cropod AB
u AD o1 Touku O BbITEKAeT UX pPaBeH-
crBo. Cule[joBaTe/IbHO, PaBHbI YIJIbL:

ZACB = ZADB = ZABD (puc.43).
Takum o6pasom, Tpeyroabanku ABM
u ACB niono6ubi. 113 nogobust ciiemy-
er AB> =AM -AC, 1.e. AC=9, a
s3naunt, MC=5. Tak kaxk DM - MB =
=CM -MA=5-4, to DM =5x,

lckoMoe oTHOIIEHHE

4
MB =— . CuejgoBare/bHO,
X

BD=5r+252 5x~£:4«/§.
X

X
D NN, Ocraercsd 3aMeTUTb, YTO JIAHHbBIN
\w»., B caydail peanusyercs, korga AC npo-
/ XOAUT dYepe3 IeHTP OKPYKHOCTH
puc 44 (puc.44).



13. 5: 8.

Hentp cepsot coBnagaet ¢ riearpoM O Tpeyroabauka ABC. Ecm
cepa mepecexaet pe6po SB B Touke P, To OP = OB u nepuen/n-
kyJsip OQ k pe6py SB sBisiercss Menmanoii Tpeyrosbiuuka POB.
O0603HAaUNM CTOPOHY OCHOBAHUSI Yepe3 ¢, a JAHHbIN JIBYTPaHHBIH
yrosi — 4epes o = arctg 3.

IIyetb M — ocHOBaHWe MEPIEHANKYJISPA, MPOBEJICHHOTO U3
3 50-998 g
6 6

[Tpsamoyroabubie Tpeyroibiukn SOB n OQB 1noo6HbI:
BO _ BO

touku B Ha cropony AC. Haxomgum OM =

BO _ SB - [Tonyuaem
BQ _BO®> _ 4
SB  SB®  4+tg’a’
22(1 BQ) ,BO _tgla-4_5
PB SB | " SB 8 8"
14. —12.

IlpaBass wacthb Hepasenctsa pasna mymo npu |x|<10 (upu

fi%n
OCTaJIbHBIX X OHA He ompezesnera). O6o3HAYUB 5 = 20, , TOJYyINM

sin20c—cos2oc+1> 2sinocos o + 2sin’ o

- 2 - —— 20

sin 20, + cos 20 — 1 2sin o.cos o — 2sin” o
cosa+sina 1+tgo

& Jcosa—sino & {1-tga & tgoe [-10)U(0;1) &
sino# 0 tga = 0

o oe [—g+nk;nkJU(nk;g+nkj_

Hoatomy x € [—1+ 4k;4k)U (4k;1+ 4k) . Ha orpeske [-10;10] ma-
Xo/IATCA 1esble yncaa —9, =5, —1, 3, 7, U3 KOTOPBIX Ha 3a/[aHHOM B
YCJIOBUM OTpe3Ke Haxoadrcd 4ymcyaa —9, —5, —1, 3, cyMMa KOTOPBIX
paBHa —12.

5. - L. —2—n, +sin —

6 3J’

O.1.3. /Z[aHHOFO ypasnenus x € [=1;1] .

1) 2sin3x ++/2 +cos3x =0 &

cos3x =0,
{2 sin?3x = 2 + cos 3x,
=

1
cos3x =——, &
sin3x <0 2

sin3x <0
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Sx:—§+2nn, x=—g+2ﬂ,
= rae n€z.
2n 2 2
3x = ——+2mn, xr=-—"=4 ==
3 9 3
T 2n

Ha orpesok x € [-1; 1] momagator xopun ——, -5

. 1
2) cos(\/?arcsmx):gﬁ 2arcsinx:ig+2nk, kel &

. T
& arcsiny =+ ——+ «/Erck , ke Z. Tak xax mo OlIpe/Ie/ICHUIO
32
. mT T
arcsint € [—5; §:| , TO TIOIXOUT TOJIbKO 3Hauenue k = (. [Toatomy

arcsinx = +——= +gin
3,—2,1/195 _Slngﬁ'
16. 5050.

O6osHaunum o = mx . Torga

cos8o + 2cosdo —cos20 + 2sino+3 =0 &

& 2c0s’ 40— 1+ 2cosdo — 1+ 2sin’ o+ 2sina+3=0 <

1Y 1Y
& 2(cos4oc+§) +2(sino¢+§) =0

3Haunr,
1 T
cosbo = ——, oc:—€+2nm,me Z,
< om
Sino = —— (x=—?+2nn,ne Z.
1 5
CieoBaTesibHO, X = 3 +2m; x = 5 +2n; m,ne Z. Cymma
. 1

MEPBBIX /IBYX IOJIOKHUTEIbHBIX KOpHeil paBHa 1=+ 1= =3. Cymma

CJIeIyTOIINX JBYX MOJIOKUTEIHHBIX KOpHEN 6oJIbliie Ha 4, T.e. paBHA
7, n Tak jgasee. Vckomas cymma paBHa

3+7+11+..+(3+4-49)=
3+(3+4-49
_ +(3+ ).502

5 (3+98)-50 =5050.

17. 2.

Cucrema dYetHa oTHOcHTEeNbHO x. CiemoBaTelbHO, AT €INH-
cTBenHOCTH pemenust Heobxoaumo x = 0. Tormaa =y + 1, y ==%1,
orkyna a = 0 win a = 2.

[Ipu @ = 0 peleHusaMy CUCTEMBI, HAIIPUMEP, SBJAAIOTCA X = 211
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(ne Z), y =-1, 1.e. pemenue He epuncTBenHo. [Ipn a = 2 cucrema

Y= (|x|+ 1)2 —Cos X,

IpuoGpeTaeT BIJ { Tax kak |cosx| <1, 70 u3

sinfx+ 4% =1.
TIePBOTO yPaBHEHUS CHUCTeMbI cieayer Y =2+ 2)x|—cosx =1, u3
BTOpPOrO ypaBhenusi cuaeayer y <1, a mosromy pemenne y = 1,
x = 0 eJUHCTBEHHO.

18. a>2, b< .
D

Mycrs ¢ =2x—1. Paccmorpnm dynkmuio f(t) = — . Tak

1 t
Kak 12 + 4 > 2 4t? =4lt|, To —— < < . 3nauenna £— noc-
47 242 4
turatorest npu ¢ =*2 . CieoBaresibHO, MHOXKECTBO 3HaYeHuil (yH-
2x—1 t
: - 1
KI[U g(t) = 164" -4x+5 = {Gt°+4  eCTh OTPE30K [E, 2]. [Toatomy
az2, b 1 .
2

19. x = —a; y = a npu ae (-20).
IlepBoe ypasuenue npusoautcs K suay (x + y) +(y - a) =0,
OTKy/la TI0JIy4aeM x = —y = —a . 110/ICTAHOBKA B HEPABEHCTBO JlaeT

275 log, (-a) <1 & log, (—a) < 2*** . PapencTso f0cTHrACTCS TP

a = =2, u BBUJy MOHOTOHHOCTH moiy4aeM d € (=2;0).
20. 9.
TTocsie 3ameHbl x = Cos O , Y= sino BTOPO€ ypaBHEHUE BbIIOJI-

HEHO, a IepBOe 3aluIIeTcs B BUJE cos”® 30 +sin'®30=1. Us
nenouxn 1= cos' 30+ sin'® 3o < cos® 300 + sin’ 300 = 1 cresyer, uTo

T . T
cos" 30 = cos® 3o u sin'® 30 = sin? 3o, . 3naunt, 60 30, = 5 + 1k,

2
6o 30 =21n, T.e. O = g + %k nwm o = % . lMomygaetca 9 map

pemennit (X y): [ﬁ;il]; (—\/g;i1}( ! iJ_] (0; £1);

2772 2772 277 2
(1,0).

NH)XEHEPHASA ONTMMIMUALA LLWKOJIbHNKOB
3aKIOYNTENIbHBIA TYP
9—10 knaccob!

1. IIpn TopMoskennu Ha 6apaam cO CTOPOHBI KOJOAOK 1 (1o
TpeTbeMy 3akoHy HbIOTOHa) €O CTOpOHBI GapaGaHa Ha KOJIOJKU
nefictByor cuabl Tperus (puc.45).
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[lnsg neBoro GapabGana
CHJIBI TPEHUST, IEHICTBYOIINE
HA KOJIOJIKM, CO3/Ial0T MO-
MEHTBI, CTPeMSIIIecs] pas-
BEPHYTb HMX OTHOCHUTEJHHO
TOYEK KPEILIEHHsI [0 Yaco-
BOI cTpeJiKe. DTO IPUBOJIUT
K YBEJUYEHUIO CUJIbI Peak-
U Mexxay OapabanoM U
neBoit kKosmogkont (3¢ et 3aKMMHUBAHUA) U K YMEHBIICHUIO CHJIbI
peakiuu Meskay 6apabaHoM u IpaBoil KoJioakoii. CrenoBaresbHo,
CHJIa TPEHUS MesK/y 6apaGaHOM U JIEBOM KOJIOKOU MTPH TOPMOKEHUH
Bo3pacraer, a Mexjay GapaGaHOM U TIPaBOW KOJIOAKOIl yObIBaer.
Takum 06pa3oM, JIJIs JIEBOU KOJOJKU BO3HUKAET A(DdeKT 3aKkInHI-
BaHUs, YTO IPUBOJUT K YBEJMUYEHUIO TPEHUs, /IS IIPABOil — HET.

[Tpu TopmMokeHun ¢ mnomonpio 6apaGaHa, TPUBEIEHHOTO Ha
MIPaBOM PUCYHKE, CUJIbI TPEHUS 3aKJINHIBAIOT 06G€ TOPMO3HbIE KOJIOJI-
KHU. JTO 3HAYNT, YTO TOPMOKEHUE NpaBbiM 6apabanom 6otee apdex-
THUBHO.

2. ITyctb B pe3epByap Kask/Iylo CEKYH/IY TOCTYIIAET Macca BOJIbI
M, KaXK/Iblil HACOC OTKAYMBAET B CEKYH/Ly MACCy BOJIbI [L, MACCa BOJIBI
B 3amoJiHeHHOM BozocOopuuKe paBua M. Torpa [Jsi HATOJHEHUS
MOJIOBUHBI BOJIOCOOPHUKA TIpu paboTe OJHOTO HACOCA MMEeM
M

5
JLJs1 3ati0/iHEHUST BTOPOU 1TOJIOBUHBI BOZOCOOPHUKA TP PaboTe JIBYX
HACOCOB NMeeM

mt; — Uty =

M
mt, — Uty = —
2 — My 5
Peas cucreMy ypaBHEHHH OTHOCHUTEIBHO M U L, TIOJYYUM
sz(ztz—t1) _M(t-t)
2ty At,
Temnepb MOKHO PacCMOTPETh paboOTy TPeX HACOCOB:
OTKY/ZIa HaXO/MM
tBZL:ﬂZGO MUH .
u-m t, -2t

3. [laHHas B YCJIOBUM 3JIEKTPUYECKAS 1ellb MOXKET ObITb 1Peos-
pasoBaHa K BUIY, N306paskeHHOMY Ha pucyHke 46. Ee conporusJie-
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HHUE PaBHO
R

00111

:R'

4. OueBUIHO, YTO OTHO-
IIEHHe KOJINYeCTBa [IHEid,
KOTOpbIe THTorpadus pa-
6oTtaJia Ha TIePBOIl 1 BTOPOi
nopiusx OGyMmaru, paBHO
OTHOIIECHNIO 0OBEMOB ITUX TOPIIUIL:

Puc. 46

oz _ Vops
40 Vs

rje My3 — KOJMYECTBO JiHell, Ha KOTOPble XBaTUT OCTaTKa PyJIOHA,
Vi3 — ero o6bem, Vyz — o6bemM mepsoii nopuun pyJsaoHa, Kotopast
nspacxozoBana 3a 40 gueit. Haxonas o6beMbl MepBOil W BTOPOI
TTOPITNIA:

2RY), 5 (2RY, 4 _,»
V1/3=TE R2_(?) h=§ R2h, ‘/2/3_(?)/1—575Rh,

rie R — pajiyc Hepa3MOTaHHOTO PYJIOHA, /2 — €ro BbICOTA, MOJTyYUM
Ny = 40% =32 nms.
1/3

5. HOHHTHO, YTO IIpU IMapaJiJIETbHOM CO€AMHEHNN HaCOCOB KaiK-
JbIl M3 HUX paloTaer TpM OAMHAKOBOM Hamope Ap (pasHocTb
MaBJIEHUH JKUKOCTH TOCJTE M 10 HAcoca). A BOT PacXObl, KOTOPBIE
06ecIieunBaloOT HACOChI, CKJa/bIBaloTCs. Vcrob3ys HamopHo-pac-
XO/Hbl€ XapPaKTEPUCTHUKU II€PBOro0 M BTOPOIO0 HACOCOB, Haﬁ[[eM
pacxoji npu Harope Ap = py/2:

[P0 [P P
2 200 2B

[Tpu 3asaHHOM pacxojyie [, CHCTEMbl HACOCOB PACXOJ SKUIKOCTH
yepes3 HACOChI pacIipe/iesisieTcs TaK, YToObl HATlOp TIEPBOIO U BTOPOTO
HacoCOB ObLJI OMHAKOBBIM:

Mo =1y Uy,
Po — oli = po —Biy -

VB” + 4oBu, —B

1 20,

Orcio/1a HAXO UM
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HOZICTaBJIHH TEIEePpb 9TO 3HAYEHNE B HAIIOPHO-PACXO/JHYIO XapaKTe-

PUCTHUKY, ITOJYyYaeM )
VB + 4o, —B
200 :

Ap =py— o

OTMeTHM, YTO MOXKHO IPOBECTH AHAJOTUIO MEX/y TeueHueM
JKUJIKOCTH B TPYOOIPOBO/IE M 3JIEKTPUYECKHM TOKOM: Pacxoj —
3JIEKTPUUYECKUIT TOK, HANOp — Pa3HOCTb MOTEHIMAJIOB, HAcOC —
nctounuk I/[C.

6. Ilycrp B equHuIly BpeMeHU vepe3 ceverre TPyObl MPOTEKAET
Macca Boabl Am . O603HAYNM TEMIIEPATYPY BOJIbI IOCEpPeINHE TPYObI
t,. Torma nepsasi mosioBuHA TPYObI TepsieT B €JAMHUILY BpEMEHU
KOJIMYECTBO TEIIOTBI CAm (¢ —t,), BTOpas IHOJOBHHA TPYObI —
cAm(t, —t,). C apyroil CTOPOHBI, 9TH KOJUYECTBA TEIIOTHI YXO/ISAT
B IIOMelleHne yepe3 60KOBbIE CTEHKU TPyO, MPHUYEM MOTOK Tellia B
Pa3HBIX TOYKAX TPYObI OYET PA3HbIM, TTOCKOJIBKY PA3JIUYHON SIBJIsI-
€TCsl PA3HOCTD TEMTIEPATYP MEX/y KasK/I0i TOUKOW M TTOMETeHNeM.
O/1HAKO TOJIHBII TOTOK TeIJIa OT KayK/[0! MOJOBUHbI TPYObI I0JIKEH
GbITH TIPOTIOPIIMOHAJIEH PA3HOCTH MEXK/Ly TeMIIEPaTypoil KaKoii-To ee
TOYKM, HAlpuUMep Hauyaja TPyObl, M TEMIIepaTypoil MOMEIIeHNs.
[Toatomy a5t moToKa Teria Q MeXKIy TIepBOH TTOJTOBUHON TPYOBI 1
TTOMeETIEHNeM MOKHO 3aIncaTh

O, =n(t-t),

rie KoadUIMEHT TPOMOPIUOHAILHOCTH 1| 3aBUCUT OT <«TEOMET-
pun» TpyGbl, OT TOYKU, B KOTOPOH MbI B3siin Temnepatypy ¢, (Ho He
OT TeMIEeparypbl). A IOCKOJbKY <«I€OMETPUS» BTOPOM MOJOBUHDI
TPYOBI TOYHO TaKas JKe, KaK y MepBOM, TO JJIsI IOTOKA Teria Q, or
BTOPOI 1MOJIOBUHBI TPYObI IMEEM

O, = n(tx - t) .
Taxum o6pasom,
cAm(ty —t.)=n(t —t),
cAm(t, —t,)=n(t, —t).

Z[GJIH 9TN COOTHOIIEHUA APyl Ha Apyra, IIOJYYUM KBaJApaTHOE
ypaBHeHnmne

t2 =2t +tt +tit —tot; =0,
OTKyJla Haii/leM UCKOMYIO TeMIeparypy ¢, :
to=t+J(t-t)(t—t)=45°C.
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71 knacc

1. Cexcranr paGoraer cieayronmm o6pasom (puc.47). Heo6xo-
QMO B 3PUTENbHYIO TPyOy BUAETH JUHUIO TOPU30HTa (Yepes moJy-
[PO3PAYHOE 3ePKAJIO 3, ) U, Bpa-
mast aJmnasy, J06UTbCS TaKOTro
TIOJIO’KEHUS, 9TO WM300paskeHne
3BE3/IbI, YTOJ CKJIOHEHHUS O KO-
TOPOI HaJl TOPU30HTOM HAJIO 13-
MepHTh, B JABYX 3epKaJiax Iola-
JlaeT TOYHO HA JIMHUIO TOPH30H-
Ta. JlokaskeM, 4TO yros 3 Mex-
Iy aJuaoi M HyJeBBIM OTCUe-
TOM TKaJbl inM6a — yroa C3,0 ,
WM, 4TO TO JKe CaMoe, YToJI
3,C3; — paBeH II0JIOBUHE yIJla
o . JleiictBuTeibHO, 4TOOBI Ue-
pe3 MOoJIyIIPO3pavHoe 3ePKajo 3,
MOYKHO ObLTIO BUJIETH JUHUIO TO-
pusonta (IIpy rOpU30OHTAILHOM
PACIIONOXKEHUN 3PUTEJIbHOM TPY-
ObI ¥ TP TOM, YTO YTOJI PACTBO-
pa cekcranta paseH 60°), oHO _
JIOJDKHO OBITh YCTAHOBJIEHO TAK,  Pyc 47 N
4TOOBI BCE YTJIBI PaBHSJINCH
vy =60°. [lanee, n3 3aKoHa OTPAKEHNS 3aKJIOUaeM, U4TO Iapa yIJoB
§ — MeX/y 3epKajoM 3; U OTPA)KEHHBIM OT HErO JIyYOM M MKy
3epKaJIOM 3 ¥ TIPOJIOJUKEHHEM Ta/IAIONIEero Jydya — PaBHBI JIPYT
apyry. 13 tpeyrompnuka 3,C3,C umeeMm

120°+B+6=180°, uiu B+ =060°.
C apyroii cToponbl, U3 TpeyroibHuka 3;3,8 mMeeM
60°+ 28+ o =180°, mim 286+ o =120°.
Orciosia mosryyaem

oa=2p.
Takum o6pasoM, usMepsisi 10 MIKaje JUMO6a yroJl MEKy alauanoil
U HYJIEBBIM OTCYETOM IITKAJIbI ¥ YMHOKAsI €r0 Ha 2, TOJy4aeM yroJ
CKJIOHEHUST 3BE3/IbI HaJ[ TOPU30HTOM.

Ha mnany6Ge kopaljiss 1npu CHJIBHON KadKe 3pPUTEIbHYIO TPYOY
TPY/IHO HABECTH HA TOPH3OHT, HO B HEil KAKUe-TO MOMEHTBI BH/HO
JINHWIO TOPU30HTA. Me/IJIeHHO Bpallast aJuiary, 100HBaeMcst TAKOTO
MOJIOXKEHUsT, YTOObl UMEHHO B T€ MOMEHTBI, KOr/la TPyOa MPOXOJUT
Yyepe3 JIMHWIO TOPM30HTA, OTPa’KeHWEe 3Be3/[bl B JIBYX 3epKajiax
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0113110 TOYHO Ha 3Ty JMHUIO. B 9TOM IM0JI0JKeHUN U3MepsieM YToJ
MEKy aJuAal0i 1 HyJIEBbIM OTCYETOM IIKAJBI JUMOA U YMHOKAEM
Ha 2.

2. B 3aBUCHMOCTH OT TOJIIPHOCTH TTPHUJIOKEHHOTO HATIPSIKEHUS
JIAHHAs 1elb MeeT BU/I, MTOKAa3aHHbI HA pucyHKe 48 1160 cieBa,

| 1 |

0

Puc. 48

o 3 o—
+ -

Jn60 CIpaBa: MPH 3aKPBITBIX JAMO/AX PE3UCTOPDI COEJANHEHBI TT0CIe-
JIOBAaTeJbHO, TIPH OTKPBITBIX — MapaJsiesbHo. lloaToMy B TedeHme
TTOJIOBUHBI BPEMEHHU, OTBEYAIOIIEH JIEBOMY PUCYHKY, Ha PE3NCTOPax
OY/LyT BBIJIEJSATBCS MOITHOCTH

b U, _U? » U, U?
11 — - ) = 5 = )
20m+n+m) 3R a(en+n) 2R
U?r U?
Py = 2

2(n+n +r3)2 16R

(;1Boiika B 3HAMeHAaTeJse CBSI3aHa ¢ HEOOXOJAUMOCTHIO UCIIOJIb30BATh
JlelicTByolee 3HaueHue HanpsKeHus ). B Teuenne BTOPO MOJIOBUHBI
Bpemenu (1pasbIii pI/IcyHOK) Ha Pe3nUCTOPax BBIACJSIIOTCS MOITHOCTH
U? U? U?
Py=—, Py=—, P32 =75
2R 2R 4R

HOBTOMy 3a 6OJIBITIOE BpemA Cpe/lHne MOITHOCTH 6y11yT TaKNMMH:

p Puth, 107, Py+Py 17U
ep 2 64R P 2 64R

Py, = Py + Py :ﬁ_
2 32R

3. Cuubl, ¢ KOTOPBIMH CTEHKU TIOJIOCTH JICHCTBYIOT HA TIpaHu
KJI0Ya, U TOYKU UX TPUJIOKEHUsI TIOKa3aHbl Ha pucyHke 49. M3-3a
OTCYTCTBUA TPEHUA ITU CUJIDI TIEPIEHANKYJJIAPHDBI TPAHAM HIJINIA 1
xaoua. Ilockonbky cymMma cmi, JAefiCTBYIONIMX Ha KJIOY, paBHA
HYJII0, a CyMMa JIByX CHJI, CO3JAIONIUX MOMEHT M, TakKe paBHa
wyato (mapa cua), J0JsKHA ObITh PaBHA HYJO CyMMa CHJI
F, + Fy + F, . D70 3HaunuT, 4T0 5TH CU/IbI 06PA3yIOT TPEYIOJIbHIK,
[prYeM, 13-3a MEPIEH/UKYASTPHOCTH CUJI IPAHSAM KJII04a, MOA0GHBIN
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ceueHUIo kjouda. 13 coot- AFe
HOIIEHWH TI0/100US 3aKJIIO-
yaeM, 4TO

& a

Fo b’
C apyro#l CTOPOHBI, yCJO-
By€¢ MOMEHTOB CHJI OTHOCHU-
TEJIbHO BepHInHbI A 1aer

Fga+F-b=M.
W3 atux aByX ypaBHEHUI
HaxoauM cunbl fp n Fp:
4M 6M
Fp=—, Foc=——

7 3a” 7 T 13a
a 3atem 1o teopeme Iluda-
ropa HaxoauMm cuny Fj:

Fo 2M

A J13a
5. Ecsm 6b1 1ap Gbly1 HACBIIIEHHBIM, TO CKOPOCTH MCHAPEHUS U
KOHJICHCAITNH COBMAaan Obl. [[pyriuMn cIoBaMy, KOJIMYECTBO MOJIe-
KyJI, MOKHJAIONMX JKU/IKOCTb, PAaBHSJIOCH Obl YUCJIY MOJIEKYI,
MONAZAIONINX B JKUAKOCTb U3 napa. llocaenHion BeJnynHy MOKHO
BbIUUCJIUTD TaK K€, KaK BbIUUCJ/IAIOT YHUCJIO CTOJIKHOBEHUI MOJIERYJT
neaJbHOTO Tasa €O CTeHKoil cocyaa (cumTas A OLEHKH, 4YTO
Kak/1asg MOJIeKyJa, Tomaaolas U3 mapa Ha MOBEPXHOCTD SKUKO-
CTH, CTAHOBUTCS MOJIEKYJION >KUAKOCTH). THUCI0 MOJIEKYJI, CTAJIKH-

BAIONUXCS € TJIOMIAAKON TII0MAIbio AS 3a BpeMs Af , paBHO

1
AN = —nvASAt |
6
IJic 7 — KOHIEHTpallus MOJIeKYJ Tasza, v — CPe/HAsS CKOPOCTb.

YMHOXKaAAg 3TO BBIPA)KEHHE Ha MacCy OJHON MOJIEKYJIbI, HAaXOINM
Maccy BO/ibl, KOH/JICHCUPYIOIIENCS Ha 9TOi ILJIOIA/IKe:

AM = évaS At
rae p — mrotHoctb napa. [lockombry p = nkT = l1217102 = %pw2 , TO
v = 3_p , OTKy/la
AM = l 3ppASAL .
6 M

Ucnonb3ys 3akon Knanelipona—MenjienieeBa B Bujie p = ﬁ , TIe
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M =18 T1,/MOJb — MOJSIpHAs Macca BOJbI, R — yHHUBepcaJbHas
ra3oBast IOCTOSIHHAS, Hali/[eM CKOPOCTb KOH/EHCAINK Tapa Ha e/iu-
HUILY TIJIOTIAIN SKUIKOCTH:

Lt P
= eP\RT -

Ecau 6b1 map Obll HACBIMIEHHBIM, TO POBHO CTOJIBKO BOJIBI M
UCTAPSIOCh Obl. YUHUTBIBAS, YTO HAII Map UMEET OTHOCHUTETIHLHYIO
BJIKHOCTD 70 %, 3aKJI0YaeM, YTO CEMBJECST MPOIEHTOB UCIAPHB-
meicst BOAbI KOH/IEHCUPYETCS] HA3a/l, MOITOMY Ppe3YJIbTHPYIONIAs
CKOPOCTDb HCIIAPEHHsT PABHA

vnzwp 3_M=0,6 I2<1“ .
6 "VRT M~ -C

OTCIO[[a HaXOJMUM BpEMA UCIIapEHUA:

M
t=—=3c.
So,
[Toyuenunlil pesyJbTaT HapaJOKCAJCH — BpeMsS UCIAPEHHS

BO/IbI M3 OJIIO/IIIA, KaK FOBOPUT HaM Hall ObITOBOII OIIBIT, /IOJIXKHO
COCTaBUTb MOPsKA CYTOK. OJIHAKO 3TOT pe3yJibTaT JIerko o6bsic-
HUTb, €CJIU BCIIOMHUTH, YTO Mbl MOXKEM OUYEHb CHJbHO YBEJIMYNTDH
CKOPOCTb WCIIAPEHUsT BOJBI, «CJyBas» map, 0OPa30BaBIINIICS HaJl
BOJION B pe3yJibTaTe MCHapeHus. ITO 3HAYUT, YTO BOJU3U TOBEPXHO-
CTH TIap SABJIACTCS MOYTH HACBIIICHHBIM HE3aBICUMO OT TOTO, KAaKOBa
€ro OTHOCHTEJIbHAs! BJIQXKHOCTDb BO BceM TtoMeniennn. [loatomy Hamra
OlleHKa, OCHOBAHHAs Ha MPEAINOJOKEHNN 00 OJIMHAKOBOCTH OTHOCH-
TeJIbHOH BJISKHOCTH BO BCEM TIOMEIIEHUH, SIBJISIETCSI OU€Hb HETOUHOII.
A TIpaBUJIbHASI OIIEHKA BPEMEHN WCIAPEHUs CUJIbHO 3aBUCUT OT
BHENIHUX YCJIOBHH — Jaske HeGOJIBbIIOE [BIDKCHUS BO3AyXa HaJ
MTOBEPXHOCTBIO JKMJKOCTH GY/IET CUJIbHO MEHSITh BPEMS MCIapeHus.

MHCTUTYT KPUMTOTPA®UN, CBA3N N NHOOPMATUKN
AKAJEMUN dCB POCCN
MATEMATUKA

MexpervioHanbHas OMMINaaa LLIKO/IbHIKOB Ha 6a3e BELOMCTBEH-
HbIX OOPa30BATENbHBIX YHPEXACHV

11 knacc
BapuaHTt 1

1. 17-13-7 =1547 (omuH U3 BO3MOKHBIX OTBETOB).
CymMa  geaureseit  4uciaa n= kﬂpfz Lk
(1+p +p12+...pf1)-(1+p2+p§+...p§2)~...~<
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rae p; — mnpoctble uncaa. Paznoxkum wmeao 2016 ma mpoctble
MHOMKuTE H: 2016=2°-32.7. Torpa npousBepeHue YUCE
2.3°=18, 2-7=14 u 2° =8 pasuo 2016, u 1pu 5TOM 9TU UKC/IA
MOTyT OBITD TipescTaBiensl: 18 =1+ 17, 14 =1+13u8=1+7.
=5t -11+4426
5 .

[TepemHosKaeMble TpexXuJieHbl UMEIOT O/IMHAKOBbIE INCKPUMIHAH-
Tbl. 3HAUUT, MO/YJib PA3HOCTH KODHEil mepBoro tpexusieHa (xors
OHU ¥ MHHMbIE) DaBEH MOJYJIO PAsHOCTH KOPHEH BTOpOro. 9To

TIO3BOJISIET € YCTIEXOM MTPUMEHUTD OTIPEIETEHHY IO «ITEHTPUPYIONTYIO»
3aMemny:

2.

(G +1,5)° +3,75)((x +3,5% +3,75) = 41,
3amenum x = y — 2,5. Torzna
((y=0*+375)((y+D*+3,75) =41

o ((y2 +4,75) - 2y)<(y2 +4,75)+2y) = 4l
2 2 2
& (P +475) —4y* =41,
[MosryunBiieecst GUKBaZpaTHOE YPaBHEHUE PEIIAETCS 3aTeM CTaHIap-
THBIM 0OPa30M.
3. llokaxkeM TepBOE PaBEHCTBO
@ +b* —2abcos (60° +y) = b* + ¢* — 2bc cos (60° + 1) .
[Tpeo6pasyemM KOCHHYC CYMMBbI:
a’+b* - ab(cosy— «/§siny) =b*+¢? —bc(cosoc —\/§sin0t) )

Cunaraembie ~/3absin Y u V3besina paBHbI APYT ApyTy (Tak Kak o6a
PABHBI Y/IBOCHHOI! TLIONIA/I TPEYTOMBHITKA, YMHOKEHHOM Ha N3 ) 11,
cJIeloBaTeIbHO, CcOKpamaloTes. OcTaercs 0Ka3arhb, YTO

a® —abcosy=c* —bceoso .

Ilocnennee O4Y€BUAHO, ITOCKOJIbKY, II0 TEOpEME€ KOCUHYCOB,

2 2

2abcosy = a’ +b* —c* u 2bccoso=c? +b* —a’ .

HepBoe PaBEHCTBO /IOKa3aHO. BTOPOG JOKa3bIBA€TCA aHaJOI'm4-
HO.

4. 165.
ITyctp mepBast yacTuila IpbIraeT yepe3 S CTOPOH ITI0 YaCOBOI
CTpeJiKe, BTOpasi — uepe3 ¢ CTOPOH TIPOTUB YAaCOBOW CTPEJIKH.

HepBOHa‘IaJII)HO IepBad 4acCTulla HaXOJAUTCA Ha PaCCTOAHUN d cro-
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POH IO YaCOBOU CTpeJIKe
ot BTOpoii. Ilepeiinem B
2015 cucTeMy OTCUYeTa, CBSI3aH-
HYIO CO BTOPOI1 YacTHIleH
(puc.50). Takum o6pa-
30M, BTOpas 4YacTHUIla
Puc. 50 14""?"3:..; HETIO/IBMYKHA, a IepBad
COBEpITIaeT MPBIKKU Ye-
pe3 s + t pebep TO YacOBOH CTPENKM. 3aMETHM, UTO PACCTOSTHHUE
MEXX/Ty YacTUI[aMH, OTCYUThIBAEMOe MO YacOBOI CTpeJKe OT TepBOi
KO BTOpOii, cocraBisier 2016 — d cTopon. 3amyMepyeM BepIIHHDI
MHOTOYTOJIbHUKA 11eJibiMu yrcsiamu ot 0 1o 2015 takum o6pas3om, 4to
MePBOHAYAIBHO TIepBasi YaCTUIIA HAXOAUTCS B BepIiliuHe ¢ HoMepoM 0,
a Bropas — B Bepimne ¢ Homepom 2016 — d. Ilycts n — uckomoe
KOJIMYECTBO TIPBUKKOB. Torzaa, 4ToObI TepBasg YacTHIA TIOTata B
Bepminny 2016 — d, [AOJIKHO BBIIOJHATHCS COOTHOIIEHUE
n(s+t)=2016-d(mod2016)) & 3IJke N:n(s+t)+d =2016k .
Wrak, Hago HaWTH HaTypaJbHOE 7, [JS KOTOPOTO CYIIECTBYET
. 2016k —d _ 2016k — 45
s+t 183
2016 maer ocratok 3 npu aenenun Ha 183. CiemoBaresibHO, 4TOOBI
YICJNTENDb /TaBaJl OCTaTOK HOJb TpW Jejennn Ha 183, mocraTodno
B3sitb k = 15. Torna n = 165.

5. Ecoim n — HederHoe, TO, HANpUMeEp, BO3MOKHA YKJAJKA
«3MEeHKOI» 110 aHAJIOTHH C PUCYHKOM B ycJoBUM 3agaun. Ecom n —
YeTHOE, TO KOJIMYecTBO y310B paBHo (7+1)x(n+1) — Heuernoe
yucso. PackpacuM ysJibl B 4epHbIii u OeJiblil 1[BeTa Tak, YTOGBI
coce/HUe y3JIbl UMEJIM PasHble 1[BeTa. Torga MapupyT HauMHAETCs
y3JIOM OJTHOTO IIBETa, a 3aKaHYMBAETCS Y3JIOM Jpyroro Isera. Ho
TaKoO# MapuIpyT UMeeT 4eTHyIo JauHy (KOJMYEeCTBO MHPOIiIeHHbIX
y37108). CJie[IoBaTEIbHO, HEBO3MOKHO IOCTPOUTH COOTBETCTBY IONIUIL

Bropasa uactuua
(HenoaBmKHa)

2016-d

[leppag vactuia

Yucno

HaTypaJbHOE k TaKoe, 4YTO

MapupyT.
6. gS .
1

Hapucyem rpaduk 3aBucHMOCTUH OT BPEMEHU KOOP/MHAT CIIOPT-
CMEHOB OTHOCHUTEIbHO MyHKTa A (prc.51), 3aTeM BbIJAEIUM Te YacTH
TIPSMBIX, KOT/Ia COOTBETCTBYIOINIMI CIIOPTCMEH BJIAe] AcTadeTHOIH
najoukoii. IIpsmyio /st epBoro croprcMenHa o6o3HaYMM Kak L,

YYaCTKN IPSAMBIX /I BTOPOTO CIIOPTCMEHa — Kak Ly, ..., L. Toukn
nepegaun scradeTHoil manoukyu (OHM JKe TOYKH MEePeceyeHust cooT-
BETCTBYIOIIUX TPSIMBbIX) 0603HAUNM Kak Ay, ..., Ay . Toraa nckomast

BeJIMYnHa SO NpeACTaBJIAET co6oii CyMMy HpOGKHI/Iﬁ Bbl/ICJICHHDbIX
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A
A
.q 4 A “]
= i i A
\ A iV AgflTL
e [ils 5/ Vs Pha A
I A R
VooAg
Aﬁj
A4, N
T 3T Tt
10 10
Puc. 57

(ppaI‘MeHTOB Ha OCb OpﬂI/IHaT, a UMEHHO
So=y(A)+y(A)+y(A)+[y(A3)—y(A) ]+ y(43)+
+y (Ag) + [y(As)—y(A4)] +oty(Ag)+y(Ay) =
=2[y(A)+y(A3)+y(As)+y (A7) +y (4g)]+5S.

Ypasuenue npsmoil L umeer Bujg y = ?x .

Ypasnenune npsamoit L; umeer Buj y = —gx +S (ero MOKHO

HAWTH, HAPUMEp, TOJACTABUB B ypaBHeHHEe HpsiIMOU y = Rx + b
KOOP/IMHATBI JIBYX KPallHUX TOYEK OTPEe3Ka M PEIrB CHCTEMY OTHO-
cutesabHo k u b).

CocraBuB cucTeMy M3 ypaBHeHU 71 npsMbIX L n L, , Haiizem
OpAMHATY TOUYKH A :

y=>z
T b
= y(4)=—
105 y(A4) =
=192 s
T
38
Anasnormuno nonydaem ¥y (A4;) = TR HeTpyano yBuaerb, 4TO
(2n+1)S
JLIS1 BeeX MHTepecylonux Hac touek ¥ (Ay, ) = 0 [TosTomy

55:2@%@+3+5+7+9)+5=%%5,

7. Pazo6bem orpesok o1 0 10 1 Ha 1000 ogrHaKOBbBIX TIOAOTPE3KOB

U OTMETHMM Ha HeM TOYKH Xj= {1~\/§}, Xy = {Z-ﬁ},
ceey Xggg = {999'«/5} (puc.52). 3nech durypubie ckoOkm { } 060-
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1 2 999 3HAYAIOT JAPOOHYIO YaCTh YHC-
1000 1000 ...~ 1000 na. B cuy Toro uto uncio v2
11— UppaIUoHaAJbHO, HU OJ[HA TOY-

N i 4 Ka X; HE MOET COBIACTb C
d KOHIIOM ITO/I0Tpe3Ka. ScHo Tak-
JKe, 4YTO €CJU XOTb OJHa U3
9TUX TOYEK IIolaJia Ha II0/0-
TPE30K, OTMEUEHHBIN CepbIM, TO Hallle YTBEP)KAEHUE TOKA3aHOo.
[TosToMy mpeanmosoKMM, YTO HH OJHA TOYKAa Ha 3TH KpaiiHne
moIoTpe3kn He Tomnana. Torpa mosydaercs, uro Hamu 999 Todex
JIOJKHBL pa3MecTuTbed Ha 998 ocraBmmxcs MojoTpe3kax. 3HAUUT,
CYIIECTBYET XOTsI Gbl OJIMH MOOTPE30K, BHYTPH KOTOPOTO IMOTMA/YT
no kpalimeil Mepe aABe TOYkM X, U X,, m>n. Toraa

1

[on=m)-2] < 555 -

8. (12, 316), (100, 300), (180, 260), (260, 180), (300, 100),
(316, 12).

Pagencto x” + y° = 100000 mepermmieM B Brje

()] =

rae z = 100. O6osnauns eme p = x/z, ¢=y/z, NOTYyINM ypaBHe-
HUe

S
;Ir:
s

Puc. 52

m

YTBep:KeHne J0OKa3aHo.

2, 2

p +q =10, p,ge Q. (D
3azaua cBeieHa, TAKUM 00Pa3oM, K IMOMCKY TOUEK € MOJIOKUTE/TbHBI-
MM paloHanbHbiMu KoopauHatamu (co snamenarenem 100) na

oKpyHOCTH pajuyca 10 ¢ IeHTPOM B Hadyase KOOPAUHAT. Y pas-
Hernio (1) yjgoBieTBOpsioT, HampuMmep, uducaa py =3, ¢y =1.
OcrajibHble paloHAIbHbIE TOUKN OYyeM UCKATh CJeAYIONnuM 00pa-
30M: Yepe3 TOUKY C KoopAnHataMu py =3, ¢, =1 Gynem npoBoanTb
BCEBO3MOJKHbBIC TIPSIMbIC

p=k(qG-qy)+py, (2)

a Koo duIHeHT R moA6upaTh TakK, YTOGBI TOUKA MEPECEYEHHs TPSMOIL
(2) u oxpyxuoctu (1) (ornmunast or py =3, gy =1) umena
patoHasbhble Koopaunatet. IToacrasus (2) B (1), nosyunm

(k(q-1)+3) +¢* =10k (1) +6k(g-1)+¢* - 1=0&

k> -6k -1

20, _ _
Sk (G-D+6k+g+1=0 ¢ 3 2
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[ozicraisis noJyyenHoe Bbipaxkenue 1 g B (2), Haiigem

_ —3k* -2k +3

1+ k?
[TockobKY Py, ¢y PALUOHAJIBHDI, a B TOUKE HEpECCYCHHS Pallio-
HAJbHBIMU JIOJDKHBIL OBITH eme u p, ¢, To, Kak caexyer us (2),
koaburment k raxxe parponanen. [lonaras k=m/n, m/ne 7,
BBIPKEHUST JI/IST P M ¢ TIEPeIliieM B BH/IE
3<nZ —mz)—2mn m? = 6mn — n?

p: b - , 4=
n? +m?

n? +m?
TakuM 06pa3oM, UCKOMBIE YKCJIA PABHbBI
x:S(nz—m2)—2mn, y=m*—6mn—n*, rae m? +n* =100 .
[Tocsiennee ypaBHeHue peraercs: mepebGopom:
(] = 105 = 0),, (] = 0 = 10),
(] = 8l = 6), (jm| = 6:]n[ = 8) .
Hucvmennwiti sx3amen

BapuaHTt 1
1. Hepsoe uncio Gombme. 2. arctgQ+~5)+mn, neZ.

5.1, 43t s 3. 60

q
3 4
7. (=0 —;4eo | 8. 10— .
( ]UL j 03)

MexpervoHasbHas OMMITNEAE LKOTIbHMKOB Ha 6336 BEJOMCTBEH-
HbIX 0OPA30BATENIbHBIX YYPEXAEHMI

wlwn

VR

OU3INKA

11 knacc
BapuaHrTt 1

1. /lns yno6eTBa paccMOTPEHHS TPOHYMepyeM BepIInHbI poMba
Tak, KaK MMOKa3aHo Ha pucyHke 53. ITockosbKy Xapakrep JBIDKEHIS
BepIInH 2 1 4 oANHAKOB, 6y/IeM paccMaTpUBaTh TOJBKO BEPIINHY 2.
B mMoMeHT BpeMeHM, Kor/ia poMO IIPEBPATUTCS B KBA/[PAT, JIBUTAIOIIA-
sl ¢ yCKOpeHneM a BepiimHa 3 6y/1eT UMeTb CKOPOCTb U, a BEPIIMHA
2 CMeCTHTCSI B HAlpaBJEHUM [BIKEHHMS BEPIIMHBI 3 HA BJBOE
MeHblllee PACCTOSTHNE, YeM IIPOILJIa BEPIINHA 3. SHAUYUT, TPOEKIINH
CKOPOCTH U YCKODPEHWs BEpIINHbI 2 Ha HaIpaBJeHWUE IABVKEHUS
BepIINHLI 3 OyAyT paBHbI v /2 U a/2 coorBeTcTBeHHO. K paccmart-
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.r(\“‘- a2
Puc. 53 /J@:\ N I
PUBAEMOMY MOMEHTY BpeMeHH BepimHa 3 mpoiizer myts s = L2,
nostomy 0 =2aS =+2al~N2 =2"aL .

Tak Kak CTEP>KHHU >KECTKHE, TO BeplInHa 2 BCe BPEMsI J[BIDKETCS
110 OKPY’KHOCTH pajuycoM L ¢ IieHTpoM B BepuiuHe 1, mostomy
CKOPOCTD % BEPILIUHbBI 2 HallpaBJleHa 110 KacaTeJbHOH K 9TOH OKpyK-

2
ﬁ - j— 2'JaL , & ee LIEHTPOCTpeMu-

TEJIbHOE YCKOPEHNE PABHO T = d\/_

HOCTU U paBHa U =

MpbI HAIJIN TPOEKITNY YCKOPEHUS BEPITUHBI 2 Ha /[BA PA3JNYHDIX
HampasJenns. IlogHoe yckopenne MOXHO HafiTH, HApHCOBaB COOT-
BETCTBYIOIMM 06PA30M HAIPABJIEHHbIE BEKTOPbI KOMIIOHEHTOB YCKO-
PeHMsI, NMEIOIHe [TNHBL d/2 u a2 , BoccTaHOBUB TIePIIEeHANKY IS~
pol k HuM. Touka ImepecedeHmsT 9TUX MEPIEHANKYIAPOB TO3BOJIUT
OTIPE/IE/TUTD HAIIPABJIEHNE 1 BEJTMUNHY BEKTOPA YCKOPEHUS BEPIITNHBI
2. Yeprexk ymo6HO TOCTPOUTH cJeAyiomuM obpazoM. Boibepem
Macitab Tak, 9ToObl BEKTOP /2 Ha YepTeske MMeJ [JIHHY, PABHYIO
qeTBepTH JAMAroHaIM Hamero ksazgpara. Toraa BekTop a~/2 6yzer
UMeTb JUIMHY, PaBHYIO CTOpPOHe KBajpaTa. VI3 NnpaMoyrosbHOro
TpeyroJbHHKa o TeopeMe Ilmdaropa moaydmm

2
2
w=f(0f2) +[av2 4 5| =)

2. Cuna o7k Ha GbITh HarpaBJieHa B1eso u pasia F = (M +m)g .

T29n2

———— 5 =5 (3mecp T =1 cyTKH).
4m’Ry (n + 1) Y



_ mgr(sino.—pcosa)

4. 0 B
4dmeép (7 + 3 4eép (3p — 2r
5.Q1=M,Q2:_ otP (3p ),Q3=—4n80é'p.
3r 3r
Hucomennviii Ix3amen
BapuaHt 1
1. Oeopu = ® . 2. m= 9k .
my +my gtga
3. 1=—" =3A. 4 R="2—9mu. 5. 0 =gTctga.
R+7r eB

2 2
mayl, ) 3 F
Lx=—s. 7. 0,=-0. .l=21/ -F)y - —.
6. x PR— 7. O 3Q 8 (a )

MEXPETMOHANIBHAA ONUMMMNONALA
MO MATEMATWUKE W KPUNOTOTPADOUMN

3aKIIOYUTEILHBIV 3TAI

1. Her.

2. 30BYy Tebs1 He JIJIsI TOTO, YTO6 YKOPSTB JIIo/Iei, Ubs 371002 yousia
JIpyra MO€ero, ujb 4To6 M3Be/laTh TaliHbl rpoda.

3. VYkasanue. HarypambHoe uncsio genutes Ha 2015 mHamesno B
TOM 1 TOJIBKO TOM CJIydae, KOTr/la OHO JlequTes Ha 5 u Ha 403.

4. KPUIITOTPADUSI.

5. B mepBoM ciyuae KOPPEKTHBIX HOMEPOB GOJbINE, YeM BO
BTOPOM, Ha 1010 —10° .

6. MosxHo. 7. MunnMasibHasg TI0MAab paBHa 49.

8. 4. 9.a) 0; 6) 168.

10. Vxazanue. [loctaTouHO TII0Ka3aTh, YTO KBAAPAT MOMKHO

paspesath Ha 5, 6 U 7 IPSIMOYTOJBHUKOB YKA3aHHOTO THIIA.
11. IIK Amucer: 7, 6, 1, 9.

MOCKOBCKWUA rOCYAAPCTBEHHbIN TEXHUYECKUI
YHUBEPCUTET UMEHU H.3.BAYMAHA

OU3INKA

Onumnmnana-2016

Iy

BapuaHTt 1

1. a=15°nmn a=75. 2. a=¢. 3. v=7 P
P = Px

2
4. Al:(1+ /1+2—kl}@. 5. 0 =ML
mg | k T
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n-1_g -2
. A=———-=6,8-10 )
6 n+14n*v? "
TR H/m .
2nd
2

8. A=-1_ (pabora s1eKTpUYECKUX CUJI paBHA yObLIM OTEH-

4mega

[UATBLHON 9HEPIUM B3aUMOAEHCTBHS 3aPS/IOB).
9. §=+4rP =28 B (MomHOCTh MaKCHMa/JbHA MPHU PABEHCTBE

COTIPOTHBJIEHNSI PEOCTaTa W BHYTPEHHETO COMPOTUBJEHMS MCTOY-
HUKA).

. 9\2 ’
10. Q=%(f1—fjm=(11%_2) (10‘1)2.6 Tk =610~ JTx

(91C unAyKIMY, a 3HAUUT, U TOK B KOHTYPE OCTAIOTCS IOCTOSHHbBI-
MU B TeUeHWE Af =6 c ).

BapuaHt 2

1. 9 ZgM/CzZSM/C,

cp
2. Cua Amrepa HarpasJicHa BJICBO IICPICHAUKYJISIPHO IIPSIMO-
JIMHEHOMY TIPOBOJIHUKY .

n= H—_h tga =0,14 (usMeHeHne MeXaHUYECKOIl SHEPruu
+

maiipl paBHO paGoTe IIPOTUB CUJIbI TPEHUS HA BCEM ITyTH IHANHGHI).
4.t=nT,tnen=1,2,3,...1 T=2n\/%=0,21c.

J. N:nV:%V:N6 (3aecp M = 0,058 kr/moap —
1

MOJIIPHAs Macca HOBapeHHoil comm, N, =6- 10% momp™" — uncsio
ABoraapo).
6. m = PMS (poS — Mg) =11,7 r (3aeco M = 0,018 kr/mosp —

kR (t +273) i
MoJIIpHas Macca BogHoro napa, py = 107 Ila — nopmasbioe atMoc-

depHoe maBieHue).

7. AZzQ (B pgammoM Tpoliecce JaBieHHe ras3a JHHEHHO

3aBUCUT OT €ro Oé'beMa).

2F >
8. |q| = L _F =7-107 K (BocnosbayiiTech IIPUHIIUIIOM CYy-

17 £
HEPIO3UIINK TT0JIEH).
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10. F=1,6-10> H (6ak BMeCTe ¢ KIMHOM CHE3KAET ¢ HAKIOH-
HOii TJIOCKOCTH € YCKOPEHHeM « = g(sino —[Lcosa), CcBOGOAHAs
MMOBEPXHOCTD BOJIBI B OaKe IIPH €T0 ABMKEHUN TTapaJlieTbHa HaKJIOH-
HOH IIJIOCKOCTN).

' vp
BapuaHt 1
2, 2
1. v= % =5 M/c.

2. v =0,63 M/c (Bocromb3yiiTeCh 3aKOHOM COXPAHEHUST MEXAHNU-
YeCKON SHEPruM M HEPACTSKUMOCTBIO HUTH).

1
3. M= Em (BoCIO/Ib3YIiTECh 3aKOHAMU COXPAHEHUsS] MEXaHMU-

YecKon IOHEpPrun n I/IMHy.HbCa).

246
4. p=8py + T (BHYTPH MBLIBHOTO My3bIPs aBJIeHHE GOIbIIE

46
Ha BEJINYUHY I/136bITO‘{HOI‘O JAaBJICHUA Ap = —— 3a CYET CHUJI ITOBEPX-
r

HOCTHOTO HATS>KEHUS).

5.C = _3mMy R =—49,8 Jlx/(Moub - K) (3nece My u M, —
2 mM
MOJISIDHBIE MaCChI apr0Ha 1 HeoHa COOTBETCTBEHHO; TEIIOEMKOCTb
OTpHIIATEJbHA, MOCKOJBKY Ta3d B JIEBOI 4acTU COCy/a OT/IAeT TEILIO
rasy B IIPaBOil 4acTH COCy/a).

6. B Hauasie TIOTEHI[HAIbHAST SHEPIHS CHCTEMbI 3aPSIZKEHHDBIX TeJI
CKJIa/IbIBAETCST 13 COOCTBEHHBIX SHEPTUI KaKI0TO0 TeJsa 1 SHEPTUN HX
B3anmo/ielicTust. [Ipu coepnnenun mapuka u cepbl IPOBOJHIKOM
3apsijl Mapuka mnepereder Ha cepy, MOITOMY TOCTIe PA3bEIMHEHNUS
MOTEHIMAIbHOI aHeprueit 6y e 061a1ath TOIbKO cepa. B pesyJib-

p)
Tare NOTEHI[MAIbHAS 9HEPTHSI CUCTEMbI yMeHbImTest Ha AW = 4;/? .
0

7. 1 =Cy, 0 =Cy (6, +6&y).
8. OnTmueckas cuja CHCTEMbl JMH3a—3€PKAI0O—/IMH3A PABHA

D= ok B coorserctBun ¢ hopMyJIoil JUH3bI u306paskeHue GyeT
d
MHUMBIM ¥ PACIIOJIOKEHHBIM HA pacCTOsHuM [ = 1-4D =0,2 ™M or
3epKaJa.
9. p=———=10" kr/M” (3gecp G — TpaBUTAIIOHHAS TIO-
P = T6nGeRM /i Gon papura

CTOsAHHasA, ¢ — CKOPOCTb CBGTa).
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10. B MOMEHT CTOJIKHOBEHUS IPY3UKH OY/yT UMETb KOOP/IMHATDI

(2]
Xo = " 1 CKOpocTh v U 0y = —5 Cpasy mocJie CTOJKHOBEHUS

CKODOCTb TPY3WKOB paBHA HYJIO, a 3aTeM, CJIWIIINCh, OHU OyIyT
coBeplIaTh KoJeGaHUA € aMIJIUTYAOH X, M YacTOTOIl

k+ 2k k
W= ,[——— = [—, TaKk 4TO UX MaKCUMAaJbHAsI CKOPOCTb OY/eT
m+2m m
L |k
paBHA U, = OX) = —,[— .
4 \'m

BapuaHt 2

1. T = 2F.
2‘90TB
2. u= o ((p po)+pg(H - h)) (cocyn HavyHeT ABUTATHCS

npu paBeHCTBe CHJT TPEHMSI U PEAKIMK BBITEKAIONell U3 OTBEpPCTHs
CTPYHM JKUJIKOCTH).

3. Prax = MOy =M d‘ _awl 4. n>1.3.C=2R.

2
6. F —262}3 =780H, rne d= — BbICOTA PTYTHOMN

an2

JIETIETIKH.
7. v=-2 (npu [ABMKEHMM B MATHUTHOM T10Je B OpycKe
BO3HHUKAET asﬁgmpmecxoe noJie).
8. F,, = - ZQq (17151 Ka)K/10T0 MAJIOro 9JIeMEHTa KOJIbIA CUJTDI
YIIPYTOCTH Kom)ua ypaBHOBeH_[I/IBaIOT AJIEKTPUUYECKYIO CUJIY CO CTO-

ponbl 3apsaa Q).

’I
9. 13 zakona Oma ,[— + IR = ¢ naxoauMm Tok . Hanpsokenue
o

,I
Ha Ano/i€ paBHO U = ,|— , a MOIIIHOCTb TEIJIOBBIX IIOTEPb Ha HEM
o

3
cocrapyger P, =1U = I =0,43 Br.
o
kh — 2mg
10. g, = hW,/ZmeOm (HIKHUI TTAPUK TOATPBITHET
+

2

)
4l
MIApUKAMK T10CJIe OTIIYCKAaHMUS BEPXHEro Iapuka, KOTOpoe MOXKHO
HallTu 13 3aKOHa COXpaHEHuA 3Hepr1/11/1).
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MOCKOBCKUN rOCYAAPCTBEHHbIA YHUBEPCUTET
MMEHN M.B.JOMOHOCOBA

OU3NKA

Hpogpunvrwiii sx3amen

MexaHuka

1. Tpaexropusi cHapsijia [0 Pa3pbiBa U TPAEKTOPUU OCKOJKOB
mocJie paspbiBa n3006pakeHbl Ha pucyHKe 54. Ecam Gbr cHapsin me
pasopBaJics, TO JaJbHOCTb €ro
nosera Obisa  Obl  paBHA

2
[
s =—=sin 2o, 1€ ¥y — HayYa/b-

]

I

g i
Has CKopocTb cHapsaza. [lockonb- | _
LN y L
Ky OCKOJIKM yIaju Ha 3eMJo og- 0 v —~— X

s
HOBPEMEHHO, TO TI0CJIE pa3pbiBa
CHapsila UX CKOPOCTH ObLIN Ha-
NpaBJIeHbl TOPU3OHTAIBHO, a UX IIEHTP MAcC, IBUrasiCh M0 BOoOpaka-
eMOll TPaeKTOpMM Hepa3opBaBINerocs cHapsaa, ynana 6b1 B Touke C
Ha paccrosiuu sy oT mymku. O6o3HauuM yepes S, PACCTOSIHUE OT
TOYKH 11a/IeHKs [EHTPa Macc 0 TOYKH I1ajleHusl BTOPOro OCKOJIKa. B

Puc. 54

S my  m-—my
COOTBETCTBUH C OIPE/IeJeHUeM IIeHTpa Macc, — = —= = ——— = 3 |
5 Sy my my
4y sin 20,
CJeJOBATEeJbHO, S =S+ = BTy OTcrofa nogayvaem
2 3gs g
%=
4sin 200
mov; 3 mgs
Mm% _
=—=——5"—=0,55M/Ix.

« 2 8 sin 20,
2. Korja ojiHa urpyIiika Maccoii m okasaJjach Ha 60pTUKe, Macca

IJI0Ta C UTPYUIKaMu CTaJjJla MEHbIIE Ha BEJUIUHY ™ U YPOBEHb BO/bl

m

MOHU3WJICS Ha Aly = — rlie Py — IJIOTHOCTD BOJBI, S — IIONIA/b
Po

mHa Gacceiima. Korga BTOpYIO WTPYUIKY CHSIIH C TIIOTA, YPOBEHD

m
BO/lbI ITOHU3UJICA €ellle Ha ——, a Kor'/Jla II0CJI€ 9TOI'0 Hrpyuma ynaﬂa
Po m
B BOZIy, ypOBeHb BO/IbI IMOAHAJCA Ha ——, T/€ p — TIJIOTHOCTD
MaTepuasga Urpymku. TakuMm o6pasoM,
m m m
M=ty Po (1o Po),
PoS  PS  peS P p
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P _
po  1—Ahy/Aly
3. OGosnauum uepes v, CKOPOCTb GPYCKa MPH MPOXOKIEHUN
IOJIOXKEHUST PABHOBECHS /10 NIPUJINIIAHNS TIJIACTUJINHA, & Yepe3 vy —
CKOPOCTb OpycKa cpasy IocJje MpUInaHis K HeMy IacTuiansa. 1o
3aKOHY COXPaHEHHs UMITYJIbCa, B MOMEHT NPUJINIIAHUS TIJIACTHINHA
K 6pycky umeem Moy = (M +m)v; . CreoBaTebHo, MaKCHMAJIb-

)

My
— 0
Hasl CKOPOCTb 6pyc1<a C IIPUJIUIIHINM IVTAaCTUJIMHOM paBHa o= m .
RA}  Muvp
W3 3akona COXpPaHEHUA SHEPIrun CJaeAy0T ypaBHEHUA T = T

kAE (M +m)of

D) B , Tae k — KecTKOCTD IIPY’KUHBI. OrTclio/1a HAXOAUM

M
A=Ay =,

MonekynapHaa du3nkKa n TepMOLMHAMMUKAE
1. O6o3naunm uepe3 H BBICOTY CJIOST PTYTH, KOTOPYIO HAJHUJIN B
[IpaBoe KOJICHO, a Yepe3 /2 — CMelleHue PTYTU B JICBOM KOJIEHE OT
ncxoHOro yposusi. Torga uaMmenenue ypoBHsSI PTYTH B IIPABOM
Kousiere Oyner H — h, a maBienue Bo3myxa B JIEBOM KoJjieHe OyeT
p=po+pg(H—-2h), rne p — MIOTHOCTb PTYyTH, g — YCKOpEHHe
cBoGopnoro magenus. Ilo 3akony bBoiias—Mapuorra,
pLS =py(L+h)S, rne S — nnomanp cevenns Tpy6ku. 13 atnx
yYPaBHEHNH HaXO1M
_Pg(H=2n)L _
o = I =P
2. a3 moJryyaer TeIJIO OT HarpesareJsist Ha yuactke /—2 u oTjaer
TeIJIO XOJIOJUIbHUKY Ha yuacTke 3—4. KII/l nux./ia o onpe/ereHnio

gL(n—1)=750 MM pr.cT.

paBen M= , rme A — pabora, coBepIraeMasi Ta3oM 3a IUKJ.

O

[TOCKOJIbKY M3MEHEHNE BHYTPEHHEl 9HEpPruu rasa B HUKJINYECKOM
[polecce PaBHO HYJIIO, U3 [IEPBOTO 3aKOHA TEPMOJANHAMUKY CJIE/LY €T,
410 paboTa Tasa paBHa aareGpamvecKoil CyMMe KOJMYECTB TETIOTHI,
KOTOPBIMH ra3 OOMEHMBAeTCA € OKPYXKAIOMMMU TeJTaMU:
A=Q12_|Q34| . Kpowme Toro, Opy :C(T2 _E)ZCAE )
O34 = C(T; - T3) = —=CAT, , rie C — TEmI0eMKOCTb Tasa B Ipolecce,
B KOTOPOM JIaBJIEHHE TIPOTIOPIMOHAIBHO 00beMy. IIpeataraem unra-
TeAM CaMOCTOSITENBHO yOEAUTHCS B TOM, YTO TETJIOEMKOCTH V
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MoJIei OITHOAQTOMHOTI'O HA€aJIbHOTO T'a3a B TaKOM IIPpOIECCE€ paBHa
C = 2vR, rie R — yHuBepcasibHag rasoBas HocrosgnHas. Wrak,
n=|1-222 1 100% = 25% .
AT,

3. B TOPU30OHTAJbHO PACIIOJIOKEHHOM HUJIWH/APE ITap ABJIAECTCA
HaACBIIEHHBIM 1 €Tr0 /JaBJEHUE DPAaBHO P . KOI‘lIa IMWJIWHAP CTaBAT
BEPTUKAJIBHO, IHOPIIEHDb HAYNHAET OIIYCKATbCA, IIap B HIDKHEH 4acTu
IMJIMH/IPAa KOHJIEHCUPYETCs, a BOJa B BEPXHEH YacTH MCHapsIeTcs.
Ec/m B HIKHEI 4acTy IUINH/PA He BeCh Iap CKOHICHCHPOBAJICH, a
B BepXHEll 4acTu LUIUHAPA BCSA BOAA MCIIAPUIACH, TO IIPU PABHOBE-
CHUM TIOpHIHA [JdaBJ€HHWE HEHACbIIIEHHOTO Ilapa B BerHeﬁ HYacTu

Mg
[UJIMH/PA YMEHBIIUJIOCDH 10 BeJTUIUHb Py = Py — —— . Ecau uncio

S
MOJIEl TTapa B KaXK/ION M3 YacTeil TOPU30HTAJBHO PACTIOJNOKEHHOTO

UIH/PA 0003HAYUTD YEPE3 V , TO YUCJIO MOJIEH BOJIBI B 9TUX YACTSIX
no ycaoBuio Gyaer paBHO V/5. Il09TOMY COTJIACHO ypaBHEHUIO
MenzieneeBa—Koaneiipona /aBjeHne B TOPU30OHTAJIbHO PACIOJIO-
KEHHOM IWJIWHAPE JAO0JKHO YJOBJIETBOPSITH COOTHOIIEHUIO
oS! =VRT , a B BepxHeil 4acTH BePTHKAJIbHOTO IIHJIMHAPA YCTAHO-
BUBIleecs JlaBjeHne p; OYyJeT Y/IOBJETBOPATb COOTHOIIEHHUIO
piS(I+h)=1,2VRT . U3 3anucanibix COOTHOMEHUIT HAXOMUM

h:l—(p05/5)+Mg =~ 64 MM .
poS — Mg
aﬂeKTpO,EI,I/IHaMI/IKa

1. [Torenmuan TOYKH, HaXOﬂHmeﬁCﬂ Ha paCCTOAHHU 7 OT TO4YEU-
HOTO 3apd/ia ¢, OTHOCUTEJbHO 6ECKOHEUHO y[[a]IeHHOﬁ OT HETO TOYKN

pasen @ = . CorylacHO IPUHIIUIY CYTIEPHO3UINU JIEKTPOCTA-

4dmeyr
TUYECKUX ITOJIEN MMOTEHINaJ, CO3/laBa€MbIN IEPBbIM U BTOPDbIM 3ap:-
AaMU B TOYKe 3, rae yA€epiKuBaloT TpeTI/Iﬁ 3apdll, paBeH
g () g 11
= dneg\7a " 4a )" dme, 284
TEHIMAJI BEPIIUHDbI IPAMOYT'OJIBHOTO TpeE-

110~

YTOJBHUKA C OCHOBaHMEM 3@ M BBICOTOI
4a (touxkn 3’ ma pucymnke 55), B KpaliHux
TOYKAaX OCHOBAHWS KOTOPOTO HAXOMAATCS
ToueuHble  3apaAbl ¢, paBeH

1 1 1 19
+

—+—|= — . llo-
4dmeg\ da  Sa ) 4dmey 20a

03 =




9TOMYy HMCKOMas paGoTa paBla
2 2
# (9 1) ¢ .
A: — = _— 27:5,110 K.
9(05 =) 4mena (20 28 | 70mepa A

2 2. Ilo menu TeyeT oCTOAHHBIN TOK
I, mampaByieHe KOTOPOTO YKa3aHO Ha

Ry

5T

pucynke 56 crpeaxoii. Ilo 3axomy
61-63
R +Ry’
PasHoCTb TIOTEHIINAIOB MEX/1y TOUKA-
mu 1 n 2 HaxoauM u3 3axkona Oma 11
HEOJHOPOJHOTO ydYacTKa IEeNu:
@, — ¢, =6, — IR, a pasHOCTb INOTEHINATIOB MEX/y OOKJIaJKaMu
KOH/IeHCAToOPa paBHA @, — @, = @ + &, — ¢y = IR — &, + &, . Cneno-
BaTeJIbHO, 3aps/l Ha KOH/IEHCATOPE PaBeH

Owma g nosHou 1ernu, I =

:".2

;".'l T

Puc. 56

Y
1
il

61— 63 -6
=C(op, - =C|l ———R —§6/+6, |[=107 Kn=1nmxKn.
q (94— ) R+ R | =61+ 6y
3. Ucnionbays 3akon OMa /i MOJIHOI 1leTu ¥ 3aKOoH J[3Koyiss—

JIeHua, HaXoJAuM, 4YTO MOIIHOCTb, BbIJACJAIONAACA B PE3UCTOPE
2

comporuBienuem R, pasia P = —, e & — I/IC ucrounnka,
r

7 — ero BHyTpeHHee COIPOTHUBJEHHE. AHAIU3 3TOrO BBIPAKEHUS

MMOKAa3bIBAET, YTO OHO JIOCTHraeT Makcumyma npu R = r. Hampu-
Mep, HaxoJs TNpou3BOJAHYIO oT P mo R, a WMEHHO

i E((R+7) =2(R+7)R)

4
(R+7)
JIUM K 3anucanHomy Bbiiie yeaosuto. KII/L niernu, onpezessieMblii Kak
2

/

, 1 IIpUpaBHUBaA €€ HYJIIO, IIPpUXO-

n= , e P — MOIIIHOCTD, pa3BUBaeMasi UCTOYHNU-

‘PIIOJIH ot R+7r :
.
KoM, paBeH M = —— . [loaToMy B 1iepBOM ciayuyae Ty = =—
7 R+r r+r 2’
/2 1
a BO BTOPOM cJydae M, = ———— = — . lIckoMoe oTHOllIeH1e paBHO
(r/2)+r 3
n
n= n—2 = § , T.e. KII/l ymMeHbITUTCS B TOJITOpPa pasa.
1
OnTmnka

1. [Tocko/IbKY MTPOEKIHN CKOPOCTEN MTpe/IMeTa 1 N300pakeHus Ha
HaIpaBJieHne, napaJijiesibHOe 3epPKaJy, PaBHbI, TO U; COSOL = U, oS,
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0s o
cosf
HAPaBUB OCh X TIEPIEHINKY/ISPHO 3epKaJy, a Hadyaao KOOpPIMHAT
COBMECTUB C ILJIOCKOCTBIO 3epKajia B HEKOTOPBII MOMEHT BPEMEHU
t = 0. Ecam [ — paccrosaue ot nipeamera /o 3eprana npu t = 0, o
B MOMEHT BPEMEHHU ¢ KOOPAWHATHI TIPeIMeTa M M300PpaKeHUS CTAHyT

Wi Uy = 0y . BBegem HemoABIKHYIO KOOPAMHATHYIO CUCTEMY,

x, =l-otsino u x, ==l +ovtsinf coorBercrenno. ITockosbky
3€PKaJI0 HAXO/UTCSI MOCEPEINHE MEK/LY MPEAMETOM 1 U306pasKeHHu-

Xy + Xy,
€M, TO €ro KOOp/MHATA B MOMEHT BpeMeHHU { Oyjer X, = —5
CJretoBaTeIbHO, MOJYJIb CKOPOCTH 3€pKajia PaBeH
X, 0ysinf-osino cosotgP —sino
UZT: 3 =7 5 =0,5 cm/c .

2. Xoj Jsyya, IpeJIOMJIEHHOTO HA TPaHMIE pasjiesia BO3ayXa U
BO/Ibl, N300PayKEH HAa PUCYHKE J7 TIPH JBYX MOJIOXKEHUSX HCTOYHUKA.
Busano, 4ro ropusonTanbHoe nepemenienue AX UCTOUHUKA U BEPTH-
KaJbHOe TlepeMelllenie Ay CBETJIOro IATHa Ha cTenke Oacceiina

Ax
cBsi3aHbl cooTHOMLIEHneM AY = ——  tzie B — yrou npesnomienust. [To

tg[i
. sin o Ax
3aKOHy TIpesloMJIenHns, sin P = . Cre-
sin sin o
JoBaresibHo, tgp = B =5 — -
cosfP \/ n- —sin“ o o

[Tpu paBHOMEpPHOM /IBUKEHUU 32 BpPeMsi

At MCTOYHMK CMeCTHTCSA Ha Ax = vAf | a
cBeTJIoe IIATHO Ha CTeHKe OacceliHa cMec-
TaTCs Ha Ay = v,At . OKOHYATETbHO TO-
JTy9uM

n? —sin’ ol
v, =—"09 =12 M/c,
sino

IpUdeM MSATHO JBWKETCS TI0 CTEHKE
BBEPX. D"Q\-h,‘_!‘ \/(.1

3. Xon sryueit nso6paxken Ha pu-  Bi===T =g v
cyuke 58. Ilpu mocrpoeHun mpeJom- N
JIEHHOTO B JIMH3€ Jy4a HCIOJNb30BaH — Ai.—.—. %0 . .
BcrioMoraresibHbIi iy DO, napaJie/ib- o \\
HBII TTaIaloTeMy 1 TPOXOSAIINI Yepe3 F N )
ornrruyeckuii eHtp Junsbl O 6e3 mpe- A

somyieHust. COTJIaCHO M3BECTHOMY CBOU-  Puc 58

225



CTBY TOHKOIi PacCenBAaIOIIeil JMH3bI, TIPOIOJIKEHNUS BCEX apaJLiesb-
HDBIX JIy4ell, TalaloNuX Ha Hee, IepeceKalnTcs B (DOKATbHOI MJI0CKO-
ctu. C ydeTroM TOTO, 4YTO (POKYCHOE pACCTOSHEE paccenBarolieit
JIMH3BI OTPUIATETbHO, U3 TpeyroabHnkoB AOD m BCD naxoanMm
Ftgo=a+ Ftg(ou—y), orkyna
F=r %  _2_9) cm.

tgo—tg(o—vy) v

MOCKOBCKUA ®U3NKO-TEXHUYECKUA UHCTUTYT
(TOCYAAPCTBEHHbIA YHUBEPCUTET)

Onumnngna « Pusrex-2016»

MATEMATNKA

BapuaHr 1

1 5
1. x€ [5, 1JU(1, \/E)U[E, +oo).
x? -2 x? -2
O/13 nepaBeHcTBa 3a/1a€TCA YCJIOBUSIMNI >0,
2x -3 2x -3
(torza noaorapuGMUIECKoe BBIPAsKEHHE TAKKe I10J0KUTEbHO),

3
OTKy/1a X € (—«/5; «/E)U(E, +°°), x#1.
Bocnosibayemcst metoziom paronasausainuu. Ha O3 3Hak pas-

(x* -2)(2x -3)

#1

Hoctu log » —1 coBrajiaer co 3HAKOM BbIpasKe-

4
2x-3
2
x% =2 (x —2)(2x—3) x% -2
HUS -1 - , TIOATOMY JlaHHOE He-
22 -3 4 2x -3

PaBEHCTBO PAaBHOCUJDBHO KaXKIOMY M3 CJIEAYIONMNX HEPABEHCTB!:

x? -2 (x2—2)(2x—3) 1% =2
-1 - 20 &
2x -3 4 22 -3
2 2
2 x°=2)(2x-3) -4
PN 2x+1.( )(( ) )20<:>
2x -3 4(2x - 3)

& (x—1) (v =V2)(x +42)(2r = 5)(2c - 1) 2 0 &
e xe (—w;—ﬁ]UB;ﬁ]UF;+w}

2
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C yuerom O/I3 nosyuaem x € [%, 1)U (1; «/5) U [g, + oo].

2. x=n+2kn, ke Z.

3aMeTuM, 4YTO IpH JIOOBIX X BBIIOJHACTCS HEPAaBCHCTBO
—4 < cosx —3cosdx <4, OTKyza CJIELyeT, 4TO JIeBasi YaCTh ypaBHe-
Hus He npesocxoaut 16. B To ke Bpems, mpaBasd 4acTb ypaBHEHUS
ne Mmenbiie 16. CregoBaTesbHO, PABEHCTBO MOXKET JIOCTUTATLCS
TOJILKO HPU OJHOBPEMEHHOM BbBINIOJHEHUN yCI0BUH (cosx —

—30054%)2 =16 u 16 +sin’3x =16, oty |cosx — 3cosdx| =4,
sin3x =0.

W3 BTOpOro ypaBHEHUs TOJIyYaeM X = k—;, ke Z . Tloacranos-
KOl B TepBoe ypaBHeHue yOeK1aeMcsi, YTO TIOAXOAUT TOJBKO
x =7+ 2kn, ke Z . ([lng aToro paccMarpuBaeM 6 BO3MOMKHBIX CJIy-
yaeB: x = 2kn, x = 2km +g , X =2km+ 2?75 u t.1. Kaxxnoe 3 arux

3HAYEHW X TO/CTaBJIsIeEM B II€PBOE ypaBHEHUE, Tepuojl 2RT TNpH
5TOM MOKHO OTOPOCHTD.)
3. (12,173
4 8
O6osnaunM X +2y =u, x —2y =ov,rae u =0 . Torga cucrema

IIpUHUMAET BU/L

u+o ! 0= u
2’ 2
=
5 , 27 2 (7 5, 27
uwo+u =— u\|l——u |[+u =—.
2 2 2

W3 BTOpOTO YypaBHEHWS TIOCJEIHEH CHCTEMBI CJEAYEeT, dTO
23 —9u? +27=0. [Tom6upast 1esblii KopeHb # = 3 W BbIAEIAS
MHOJKHUTEJIb (u —3) B J1€BOIT YaCTH MOCJIEHETO YPABHEHNUSI, TOIyYa-

eM (u—3)(2u2 —3u—9) =0, oTkyga 4 = 3 Wan u = 5 3HavyeHue
3 1
u= ~7 He HOJXOJUT. IIpn u = 3 nonywyaem v = 5 Torna
x+2y=9, 2x=9, x=9,
1S 2 o 4
x_2‘y=§ 4 :g y:g
=5 8

4. R=8\/E, r:S\/E.
1 1"
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O6o3HaunM IIEHTPBI OKpysKHOcTeit Q u ® uepes O u Q
cootBercTBeHHO. [lockosbky C — cepeanna xop/bl AE OKpPYy>KHOCTH
Q, 10 orpesok OC mepnenaukyasipern OF. OmyctuMm u3 Toukn Q
nepnenukyasap QH na mpsmyio AE. Torma BH = HC = 1 (mamerp,
HepIeHANKYISPHbBLL XOpAe, AEIUT 3Ty XOP/Y MOI0JaM).

[Tyctb OC = x, a pagnychbl OKpy>KHOCTeld Q W  paBHbI R U 7
coorserctBento. Torma QH =2x (rak kak OC — cpeHssl JUHUS

tpeyroibiuka DHQ), r=QB-= \/QH2 +BH? = \/4x2 +1,
R=0A= \/OC2 + AC? = \/xz +16 . Bobipasum aByMst crioco6amu
orpe3ok OQ. C ojHOIl CTOPOHbBI, TaK Kak OKPYXHOCTH KacaroTcs
BHYTPEHHHM 06Pa30M, PACCTOSIHUE MeX/y WX I[eHTPaMHu PaBHO
pasHoctu paamycoB, T.e. OQ = R — r. C apyroii CTOPOHBI, W3
npamMoyroabpuoit  tpamenuu CHQO  mnomyuaeMm, 4YTO

0Q* = CH? +(QH —OCY =1+ 2.
Buaunt, Y1+ 22 +V4x? +1 =12 +16 , otkyza
5242+ 244x" + 507 +1= 22 +16 & Vaxt + 522 +1=7- 242,

IIpu ycaosun 7 — 2x% >0 mocaesmee ypaBHEHUE PaBHOCUJIBHO

cJeyoleMy: 4o 507 +1=49 - 28x% + 4t x? = 16 . Torma

rnojyyaem, 4ro R = 8\/5, r= 5\/E .
11 11

5. 13122.

[Tt TOro uToGbl YNCJIO EJIUIOCH Ha 45, HeoOXOAMMO U JOCTaTOY-
HO, uTOObI OHO JeJII0Ch Ha 5 1 Ha 9. [[y1s1 TOro 4T06bI BHIIOJIHILIACH
JIETUMOCTh HAa O, B KadyecTBe TocJefHeldl nudpbl U3 UMEIONUXCs
BapHaHTOB MOKeM BbiGpath 0 wim 5 (2 cnoco6a).

Tenepb Ha OCTaBIINECS ST MECT HY>KHO PACCTABUTD IIU(PBI TAK,
4TOOBI MOJIydHBIeecs: Yucao jAennsnoch Ha 9. [last atoro BoiGepeM
geTbipe 1UMPBI MPOUSBOIBHBIM 06paszoM (9TO MOMKHO C/IeIaTh
9-9-9-9 cnocobamu), a aryio nudpy noaéepeM Tak, 4ToGbl CyMMa
Beex 1udp uncia gennnack Ha 9. TTockoJbKy paHHbie TUdPbI AAI0T
BCe BO3MOsKHbIe ocTaTku oT jejenns va 9 (0,1, 2,..., 8 ) u npu sTom
KasK/Iblil OCTATOK BCTpeuaercs: poBHO 1 pas, To mnoceaHion mudpy
MOKHO BbIOpaTh OAHUM croco6oM (Harmpumep, ecjau cymMMa BCex
nudp Kpome rnocaeaneii pagHa 50, To B KauecTse rnocJeHei nndpbl
BbIGHpaeM 4, 4ToGbl UTOTOBast CyMMa 1udp Aeanaach Ha 9).

[IpuMensisi TPaBUJIO TPOU3BEEHNUsI, TIOJYYAEM, UYTO BCETO
2-9-9-9.9.1=13122 cnocoba.

6. =9, a=23+415.

[TepBoe ypaBHeHue JaHHOI CUCTEMbBI PABHOCUIBHO COBOKYTTHOCTH
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asyx ypasnennii |y + 9|+ +2[=2 u x® +y* = 3. [eppoe us nux
sagaer kpajpar G ¢ nentpoM (—2; —9), quaroHaam KOTOPOro paBHbI
4 ¥ TapaJlJIeTbHbI 0CSIM KOOpJAWHAT. BTOpoe 3a/1aeT OKpy»KHOCTD .S ¢
IEHTPOM (0; 0) pajiyca \/§p 3amernM, 4yTo G 1 .S He UMEIOT 001X
TOYEK.

Bropoe ypaBhenune ncxoHoit cucreMpl 1pu @ > 0 3a1aeT OKpyK-
Hocth Q ¢ nentpoM (=25 —4) pammyca R =+a (upu a < 0 gaer
MyCTOE MHOKECTBO, 1pu @ = () — OJ[Hy TOYKY; B 3TUX CJIYYasIX TPeX
penreHnii GbITb HE MOXKET).

OKpy’KHOCTD Q WMEET C OKPY’KHOCTBIO S OAHY OOIIYI0 TOUKY
npu R =mi\/§, JiBe o0Iue TOUYKM 1pu R e (m-ﬁ;m+
+ 3) U HU OHOU OO1Iell TOYKHU TIPU OCTAIbHBIX R.

OxpysxHoctb © umeer ¢ kBajparoM G ojHy O6ILYIO0 TOYKY HPU
R=3wmwm R =7, nBe obmue touxu npu R € (3; 7) 1 Hu ogHoit 06meit
TOUYKU IIPU OCTAJIbHBIX R.

[lnst Toro 4to6bl Y cucTeMbl OBLIO TPU PEIeHUs], HeOOXOAUMO U
JIOCTaTOYHO, YTOOBI OKPYKHOCTb () uMeja [Be OOIIUEe TOYKHU C
kBazipatoM G 1 OJIHY OGIIYIO TOUKY C OKPY>KHOCTbBIO .S NI HA060POT.
PaccmorpuM 3HadeHnss R, MpH KOTOPBIX OKPY’KHOCTb £ WIMEET C
kBajpatoM G WM OKPY)KHOCTBIO S POBHO OJIHY OOIIYIO TOUKY.

1) R=~20++/3. Torna ectb ofHa 061114t TOYKA C OKPYKHOCTHIO
S u aBe obume Touky ¢ KBaapatoM G (IOCKoabKy 3 < m - «/§ <7),
T.e. y CHCTEMBI 3 pelIeHus.

2) R=~20-+/3. Torma ectb ogHa 06MIast TOYKA C OKPYIKHOC-
THIO S 1 HeT 061HX TOYeK ¢ KBagpaToM G (II0CKOJIbKY V20 -3 <3),
T.e. y cucreMbl 1 perrenue.

3) R = 3. Torga ectb ojHa o6Inas Touka ¢ kBajapatoM G n jBe
oblme TOUYKH € OKPYKHOCTBIO S (IOCKOJIBKY V20 -3<3<

<20 ++/3), T.e. y cucrems! 3 pemenusi.

4) R =7. Torga ectb ogna o6mas Touka ¢ kagparoM G u Her
o6IIIIX TOUEK ¢ OKPYXKHOCTBIO S (1mockoabKy 7 >+/20 ++/3), T.e. y
cuctembl 1 perrenue.

Urak, noaxogar R = 3 u R=m+«/§. Torma a = 9 n
a=23+415 .

7.2) 2:1;6) BD=3(1++/13), V =1086+2J13 .

a) Uz coo6paxenuit cummerpuu (OTHOCUTENBHO ILJIOCKOCTH
BDD,B, ) 110CKOCTb ¢ TIPOXOAUT uepe3 Touky C U, 3HAUHT, yepes
nentp O rpann ABCD. Otpesku BjH u DF — npoekuun napar-
JleJIbHBIX OoTpe3koB BD; u DO nHa unpamyio BD, npuiyem
BD; =2DO . 3naunt, BH :DF =2.
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6) ITockoabKy cepa Kacaercs Becex GOKOBBIX TPaHeil IPU3MBI, ee
MPOEKIINS HA OCHOBAHUE €CTh OKPY’KHOCTD, BITMCAHHAS B 3TO OCHO-
Banme. 3HaunT, AB =2r =6. Kpome TOTO, 00 W B — 3TO ABE
TapaJiieIbHbIe TIJIOCKOCTH, Kacaolmecs: cdeppl, TT03TOMY PacCTOs-
HIUe MeK/ly HUMU PaBHO quameTpy cdepsl, T.e. 6. Tak kax BD L o,
3TUM paccTosinueM spJgercd orpe3ok HF, noatomy HF = 6.

O6osuaunm By D =d . Tlockosabky Dy{H — BbIcOTa MPSIMOYTOJIDb-

Horo Tpeyroabiuka BD\D , 1o BH - B,D = BD{ =72 u, ciefosa-

72
TesbHO, BH = 7 Torna DF = %B1H = % n HF = BD - B|H —
-DF=d- % - ? IMoyuaem ypasuenune 6 =d — % , OTKy[Ia

d*-6d-108=0, d =3+3V13 (nockomsky d > 0).
Haxkomner, BbicoTa IIpU3MbI paBHA

h=\B,D* - BD? =\/9(14+2JE)—72 =36+ 2413 ;

Tora o6beM mpuaMbl pasen V = AB? -7 =108y6 + 2413 .

BapuaHt 2

1. x = iarccos%+ kn, ke Z .

[lanHoe ypaBHeHHe PN YCJIOBUM COSxsinx # (0 paBHOCHIBHO
KaK/JIOMYy U3 CJIELYOLUX:

Z(SSinx — 4sin® x) (40053x - 3cosx)

. =5|cos x| &
sin x cos x

&6 —8sin® x —4cos” x + 3 = 5|cos x| 4 cos” x — 5cos x| +1=0.
Pemas 1ocieqHee ypaBHEHHE KaK KBaJpaTHOE OTHOCHTEJILHO

1 . .

|cos x|, nosyuaenm, uro |cosx|=1 umm |cosx|= T ITepBbiit curydaii
ne ynosaersopsier O/[3 (ecau |cosx| =1, 1o sinx = 0 ). U3 Broporo

1
yYPaBHEHUST HAXO/UM, YTO X = T arccos— + R, ke Z .

(5} (e )

OGosuaunm % =u , Jxy =ov (upu srom u > 0, v > 0). Torga

uv—\fJ_ \/7 W=y, ;=@1\/;=‘/x7=|94=
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TaK Kak I10 YCJIOBHUIO X U ¥ MOJOKUTEbHDbI. CHcTeMa IPUHUMAET BU/L
uo—-2v-u+2=0, (v-1)(u-2)=0,
{304 +u'ot =84 {304 +u'v" = 84.
W3 nepBoro ypaBHeHus ciaeayer, uto v = 1 nwin u = 2.

)

W —

v
Ecom v = 1, 10 3+ u* =84, orkyna u = 3; Torja x =— =
u
y=uv=3.

Ecmm u = 2, 10 30" + 160" =84, orkyna v=4,/%; TOT/1a

x:9=4£’ y:4x:44£
u \J76 \76

3. xe[3-61log,17;1]U(3; + ).
Jlorapudmupyst o6e yacTn HepaBeHCTBA MO0 OCHOBAHUIO 2, MOJIY-
qaeM

53"_‘3 log,17 +(3- x) < 2 +log, 17 & 63"_‘5 log, 17 + (1-x) <
<0o (x—1)(610g217—3+x)30.

3-x
Permrasi rocie/jHee HEPaBEHCTBO METOJOM HHTEPBAIOB, HAXO/IHM,
uto x € [3-610g,17;1]U(3; + ).

4.a) OM =513 6) MA:%, S = 204.

a) Pajmyc, IPOBE/ICHHBI B TOUKY KacaHus, NEPIEHUKYJISIPEH
KacateJbHOI, moaToMy yrapt OKM u OPM mpsMble, T.e. U3 TOYECK
K u P orpe3sok OM BumeH moj npambiM yrjoM. CiegoBaresbHoO,
OKPY’KHOCTb, TOCTPOeHHasi Ha orpeske OM Kak Ha Jauamerpe,
MPOXOJUT Takxke yepe3 Touku K u P, 3HAUUT, 3TO OKPY>KHOCTb €2 .
Otpesok OM paBeH Y/IBOEHHOMY PaJlyCy 3TOH OKPY>KHOCTHU, T.€.
OM =513 .

6) O6Go3HaYMM TOUKY KacaHUs OKPY’KHOCTH €O croponoir CF
yepe3 B, BBICOTY TPeyroJbHHUKA, MPOBE/ICHHYIO M3 BepIINHbI M,
yepes MH. Ilyctb LZAMH =y . llenTp BrnucanHoil OKpy»KHOCTH —
3TO TOUKa MepecevdeHnst GUCCEKTPUC TPEYTOJIbHUKA, TI0aToMy O € MA .

U3 tpeyrombinka POM naxomum, uto PM =~yOM? —OP? =17 .

[Tockospky y TpeyroapankoB CFT nu CFM o6imee ocHOBaHHe
CF, To UX TIJIONAIN OTHOCATCS KaK BBICOTBI, TPOBEIEHHBIC K 3TOMY
OCHOBAHUIO, a OTHOIIEeHWe 3TuX BbicOT paBuo TA: MA. Orciona
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5 TA MA-MT

moJjydaeM S MAT T MA SMA =8MA -8MT ,

8 8 5V13 20J1_ sJ_

MA==MT =222 =
3

3 2 3
ITockombky OB | MH , ZAOB = AAMH =vy;u3 TpeyI‘OJIbHI/IKa
BO

AOB morygaeM, 4TO COSY = W3 tpeyrompanka AMH

A_osJ—

HaxoauM, yto MH = MAcosy =24 .
Boipasum miomaab tpeyroibauka CMF nBymsi criocobamu. C

OJHOMN CTOPOHDI, Scpp = % -CF-MH =12-CF . C npyroii cTtopo-

oI, Scyp =pr, TA€ ¥ = 6 — pajnyc BIMCAHHOW OKPY>KHOCTH, p —
MOJIyTiepuMeTp TpeyrosbHuka. B cuay toro, utro FB = FK, MK =
=MP, CB = CP, nonyuaem, urto p = FB + CB + MP = CF +
+MP = CF +17, Scyp =6(CF+17). Ionyuaem ypabHenue
12-CF =6(CF +17), otkyna SF = 17, Scyp =12-CF =204 .

3. 5184.

715t TOrO YTOOBI YNCJIO IEJIHI0CH HA 15, HEOGXOIMMO 1 JOCTATOY-
HO, 4TOOBI OHO JIeUIOCh Ha 5 U Ha 3. /17151 TOTO 4TOODI BBITOJIHUIIACH
JeJMMOCTb Ha S5, B KayecTBe IIOCJeAHel HU(pPbl U3 MMEIONHNXCS
BapuanToB MoxeM BbiGpaTh 0 i 5 (2 cnocoba).

Yro6bl 06ecrieunTh JAJMMOCTb HA TPH, HOCTYIINM Tak. BoiGepem
yerpipe U(PbI TPOU3BOJABHBIM 00pasoM (9TO MOXKHO C/eaTh
6-6-6-6 cocobamn), a naryio Hudpy noadepeM tak, 4To6bl cyMMa
Beex 1mdp uncaa genunach Ha 3. IIockoJbKy cpeanm yKasaHHBIX
wudp ectb ase tudpsl, gensmmecs wa 3 (0 u 9), ase uudpoi,
paiouue ocratok 1 or gesnenus va 3 (4 u 7), u ase undpbl, gaoume
octatok 2 or gemenuss Ha 3 (2 m 5), TO 3TOT BBHIGOP MOKHO
OCYIIECTBUTD JBYMSI CIIOCOGAMH.

[IpuMeHsiss TIPaBHJIO TIPOMU3BEACHUS, IOJYYaeM, UYTO BCETO
2-6-6-6v6~2=5184 crnioco6a.

6. a) 251 —25arcsin0,8 +12; 6) a=-20,a=-12.

a) 3aMeThM, 4TO PaBEHCTBO |a| |b| = @ +b Bpmonusercs Toraa
U TOJIBKO TOT/Ia, KOT/la uncaa @ u b Heorpuiaresbabl (Tak Kak ecam
X0Tst Obl OJJHO M3 HUX OTPHUIATEIbHO, TO JieBas 4acTb OOJbIIe
npasoii). [loaToMy nepBoe ypaBHEHHE PABHOCHJIBHO CUCTEME Hepa-
BEHCTB

1 22 a2«
6+6x—a"—y O,@ (x=3) +y~ <25,
6x >0 x 2 0.
IIepBoe HePaBEHCTBO 3a/1a€T KPYT pajuyca 5 ¢ nenrpoM B(3;0),
a BCS CHCTEMa — 4YacTh 3TOTO KPyra, JIEKAIyo B TOJYIJIOCKOCTU
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x 20 . [Ipu aTOM OKPY’KHOCTH, OIPAHUYMBAIONIAS KPYT, TepeceKa-
ercs ¢ ochio opannart B toukax M (0; 4) u P(0; —4) . I1romamp sToro
cerMeHTa paBHA PAa3HOCTH TLJIOMAAM KpyTa ¥ IIJIOMIAJN CETMEHTa
ATOTO KPyra, HAXOJSIIErocs: B mosymiockoctu x <0 .

[Tyomaab OTCEYEHHOTO CerMeHTa MOKHO OINPEIEJUTh KaK pas-
HOCTH TIOmmajeii cekropa BMP u tpeyronbauka BMP. Yrto6bi
HaliTH BeJIMUYMHY HEHTPAJIbHOIO yria cekropa BMP, omyckaeM u3
LEHTPa OKPY>KHOCTH TepreHaukyasap BO Ha xopay MP. Toraa
ZMBP =2/0BP = 2arcsin 0,8. CiemoBareibHO, IJIONA/b OTCECUYEH-

HOTO cerMenTa paBHa 25arcsin 0,8 — %BO -MP =25arcsin(0,8 —12.

Torpa nckomaga nomanb S paBHa 251 — 25aresin 0,8 +12.

6) PaccMoTpuM BTOpOE ypaBHEHHE MCXOAHOI cucTeMpl. Tlepemnu-
1IIeM eT0 B BUJE a(y — 1) +15x +15y = 0. Ecau noacraButh B Hero
y = 1, To momyunm, yto x =—1. Takum o6pasom, 3TO ypaBHEHHE
3ajaeT NpAMYylo, Ipoxoadilyto uepes Touky (—11). Dra Touxa
JIEKUT B OTCEYCHHOM OT OKPY’KHOCTU CETMEHTE.

3HaAuNT, CHUCTeMa WMeeT POBHO OHO pelleHre TOTAa, KOTAa
npsMasi MPOXOJUT 4Yepe3 OJHY U3 <«BEPITMH» CEerMEeHTa — TOYKY
M (0;4) nmm touky P(0;—4). IloacTaB/sist KOOPAMHATBI TOUEK B
ypaBHEHHUE TIPSIMOIi, MoJydaeM

M(0;4) > 4(a+15)-a=0 a=-20;
P(0;-4)—> ~4(a+15)-a=0=a=-12,

7.2) 90°;6) 2:1;B) V =15.

a) Touku P u Q meskar Ha OKPY>KHOCTH ¢ quamerpoM BC; snauwur,
ZBPC =90°, ZBQC =90° (r.e. BP u CQ — BbICOTBI TPEYTOJIbHH-
ka ABC). Ilpsmast BP — 310 npoekiust npsimMoii B;P Ha MI0CKOCTb
ocHoBanus, ripu atoMm BP 1 PA . Toraa no teopeMe 0 Tpex TepIieH-
pukynsapax BP L PA, snauut, /TPA =90°.

6) Tlockoabky mpsimbie BP u C,Q mnepecekaiorcsi, TO Bce
yetpIpe Touku By, C;, P u Q nexar B 0J{HO!I IJIOCKOCTH — HA30BEM
ee o . 3Hauut, npamble PQ u BC; jexar B OAHOH IJIOCKOCTU O, ,
a TaK KaK OHU He repecekaroTcest (MOCKOJIbKY JIEKAT B IapAJLICIbHbIX
JAIPYT APYTY OcHOBaHusAX mpusmbl), 10 PQ || BC, . 3nauut, PQ || BC .
Tpanenns POBC Bumncana B oKpy»kHOCTb (ceuenne cdepbl mI0CKO-
CTBIO OCHOBAHWSI), CJIEJOBATENIbHO, OHA PABHOOGOKAs, TOT/A YTJIbI
npu ee ocHoBanmn BC paBHBI, W T03TOMY TpeyroabHuk ABC
pasHoGeapennbrii (AB = AC).

Tpeyroapuukun BC{T n PQT noao6Hbl 110 AByM yriam. U3
pasencrtBa tpeyronbuukos CC,Q u BBP cneayert,uro BP = C,Q ,
noaromy o6a tpeyrosbHuka BC,T u PQT paBHOGepEHHDbIE C
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ocnoBanuaMu BjC; u PQ coOTBeTCTBEHHO. 3HAYUT,
PO :BC=PQ:BC =TO:TC| =

=TQ:(0C -TQ)=TQ:(BP-TQ)=2:3,
OTKy /12
CP_AC-AP _AC_, _BC _, 3 _,_1
AP AP AP PO 2 2
B) Ecimu AC = 3, to CP = 1, AP = 2, AB = 3;

BP =y AB?> - AP? =\[5; BB, =B,P* - BP? =25 . 3nauunr,
1 Vo
IJIOTIA/lb OCHOBAHUSI TPU3MbBI paBHa Sypc = 5 AC-BP = i ,

o6beM mpusMbl pase V =S g0 - BBy =15.
BapuaHT 3
1. v e (—oo; —g:|U[O; 1U{2}.
OcHoBaHMe CTENEeHN MOJOXKUTEIbHO TIPU BCEX X , MOITOMY 3HAK

)4363+5x2

9 9 2x° +18x
pasHocTn (x —3x+3 — (x —3x + 3) COBITIQ/Ia€T CO

3HAKOM BbIPaKE€HU ((Jc2 -3x+ 3) - 1)((4]63 + 5x2) - (2x3 + 18x>) ,

1 JaHHOE HEPABEHCTBO PAaBHOCUJDBHO CJACAYIOUIEMY:
((+* -3 +3)- 1)((4x3 +52%) = (207 + 18x)) <0 o
& (x=1)(x-2)x(20° +5:-18) <0 &

o (r-1)(x -2 x(2x+9)<0,
OTKy,/:[a METO0OM I/IHTepBaJIOB HaxoauM, 4TO
9
xe (—m;—E]U[O; 1u{2}
V13 -1 1-13
4 4

+ 2km, x = —arccos

2. X = —arccos +2kn, ke Z.

Ha O/13 nanHoe ypaBHeHUE PAaBHOCUJIbHO KaXK/IOMY U3 CJIe/yI0-
MUX:

2sin xsin 6x . 2sin xsin 3x cos 3x .
—————— =2psin2x| & - =2[sin2x| &
2sin 3x cos x sin 3x cos x
sin x cos 3x . . : .
————— = 2Jsinxcosa| & 51nx(4c05Z X - 3) = 2|sin x cos x|,
CcoS X
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3ameruMm, uro Ha OJ[3 sinxcosx =0 (unaue sin2x =0,
sin4x = 0, 1 3HaMeHarTeab O6pPaIaeTcs B HOJb).

PaceMoTpuM [Ba corydast.

a) sinxcosx >0 (T.e. yrom x sexur B mepBoil mmm TpeTbeit

yerBepTn). Torja mojaydaeM sin x (4 cos® x — 3) = 2sinx cosx , OTKy-
ma 4 cos’x—2cosx—3=0 , Tak Kak sinx # 0. CiemoBaresbHO,

1+4/13 1+4/13
4

08 L =——"—. Vpasuenue cosx = HE UMEET PELICHUIT,

TaK KaK IIpaBad 4YacCTb 60JIbIIIe €IMHNnIbI, a N3 YPaBHEHUA

1-4/13

COSX = T s Y4uTbIBaAd OorpanunyeHnue, nmoayvdaeMm

1-4/13

x =—arccos———+2kn | ke Z.
6) sinxcosx <0 (r.e. yroa x JesxKuT BO BTOPOH MM YE€TBEPTON

yerBeprn). Torga momyyaem sin x (4 cos? x — 3) =-2sinxcosx , Or-

—1+/13
—=

2
Kyga 4cos”x +2cosx —3 =0. CreoBaresibHO, COSX =

~1-4/13

YpaBHeHne cosx = — HE MMeeT PeIIeHuil, TaK KaK IpaBas
J13 -1
YacThb MEHbIIle MUHYC €JMHUIIbI, & U3 ypPaBHEHUS COSX = —
VUYUTBIBAsE OrpaHUYeHue, IOJydyaeM x = —arccos@ + 2km,
ke Z.
3. (—4-1).
[lanHasg cucreMa paBHOCHUJIbHA CJIe/TyIOTIEN:
xy(x+y)=2(x+y)+10=0, (xy = 2)(x +y) =10,
=
xy(x2 —yz)—Z(xz —yz)—SO =0 (xy -2)(x —y)(x +y) = 30.

PazemB mousIeHHO BTOpOE YpaBHEHWE MOCJEHEH CHCTeMbI Ha
nepsoe (3T0 MOKHO ¢/ie/iaTh, TaK KaK IpaBble 4acTu 000UX ypaBHe-
HUIl OTIIMYHBL OT HYJIA), MOJIydaeM X — y = —3, OTKy/Ja y = x + 3.
[Toacrasssiem aTo B mepBoe YpaBHEHHE:! (x2 + 3x — 2)(2x + 3) =-10,
20 +9x% +5x+4=0.

[oa6upast ebliit KOpeHb X = —4 U BbIeJIsAs MHOKHUTENb (X +4),
nostydaeM (x + 4)(2x2 +x+ 1) = 0. 3HaunT, ypaBHEHNE NMeeT e/INH-
crBenHblii Kopeup x = —4. Torpa y = —1, u mapa uncex (—4; —1)
SABJISETCS €IMHCTBEHHBIM PEIICHIEM CHCTEMBI.

4. AH =12, ZCBD =30°, S pc =243 .

O603HaYNM IIEHTP OKPYKHOCTHU Yepe3 O, TOUKY KacaHUs PSIMOii
DE c oxpyxHocTblo 4epe3 T, a pajuyc OKPY>KHOCTH uepe3 R.
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[Tocko/ibKy MejMaHbl TOYKOI IMepecedeHust JeJsATCsl B OTHONIEHUN
1 3
2 :1, cumras ot Beprmnel, To DM = EBM =R, CE = ECM =6.

3aMeTnM, 4To B IpaMoyrobHoM Tpeyroabanke ODT karer OT = R,
a runorenyda OD = 2R. Crnenosarenpro, ZTDO = 30°. Orpesok
DE — cpenusisi munusi tpeyrosbinka ABC, nostomy DE [ BC,
ZCBD = ZMBC = ZMDE = 30°. 13 tpeyronmbauka BMC Haxo-

qum, uto BC = MCctg30° = 4«/§ .
Boicora AH ucxomnoro TpeyrosbHuka Basoe Gosibiiie, yem CE
(rax kaxk CE — cpeanss Jumuus tpeyroabhnka ABH). 3uauwr,

AH = 12. Toraa njonia/ib TpeyroJbHUKA PaBHA %BC -AH = 24«/5 .

J. 2592.

J111 TOro uTo6bl YNCJIO JEJUI0Ch Ha 75, He0OXOAMMO U JOCTaTOY-
HO, 4TOOBI OHO JIeJINJI0Ch Ha 25 11 Ha 3. [[J1st Toro 4To6bI BBITTOJHIIACH
JeTMMOCTD Ha 25, B KadecTBe TOCTeAHel MUdPBI U3 NMETOIXCS
BapMaHTOB MOKeM BbIGpath 5 (1 cmocob).

Yto6bl 06€CIeynTh AeJUMOCTD HA TPU, TOCTYHIUM Tak. Boibepem
yerpipe U(PbI TPOU3BOJIbHBIM 00pasoM (9TO MOKHO C/earh
6-6-6-6 crocobamn), a nAryio udpy noadepeM Tak, 4To6bl CyMMa
Beex nudp umcaa genunaach Ha 3. IToCKOJIbKY cpein yKa3aHHBIX
wudp ectb e tudpsi, geismmecs wa 3 (0 u 9), ase uudpsi,
paiomme ocratok 1 or genenus na 3 (4 u 7), n aBe unudpbl, Jaoume
ocratok 2 or genenus Ha 3 (2 m 5), TO 5TOT BBIGOP MOKHO
OCYIIECTBUTH JBYMSI CIIOCOOAMH.

[Ipumensisi TPaBUJIO TPOU3BEEHNUsSI, TOJYYAEM, UYTO BCETO
1-6-6-6-6-2=2592 cnocoba.

6. a) 60; 6) a = —36, a = 32.

3ameruM, 4TO paBeHCTBO |a|+|b|+|c|=a+b+ ¢ BpmONHSETCS
TOr/Ia U TOJBKO TOr/Ja, KOr/Ja uncia d, b u ¢ neorpunareabubl (Tax
KaK ecjid XOTst Obl OJJHO M3 HUX OTPHUIATEJbHO, TO JIeBasl 4acTb
Goabie 1pasoit). IToaToMy 1epBoe ypaBHEHHE PABHOCHIBHO CHCTE-
Me HEepPaBEHCTB

152 >0, x>0,

8y =0, <y =20,
120-15x -8y 20  |15x +8y < 120.

ITa cucTeMa 3ajlaeT Ha IJIOCKOCTH TpeyroJbHuk (¢ BHyTpeHHeii
gactpio) ¢ BepumHamn E(8;0), G(0;15), N(0;0), mromaan
Kotoporo pasua 60.

Bropoe ypaBHeHWe MCXOAHON CHCTEMBI 33JaeT OKPY’KHOCTD C
an 15 a+?2
meurpom O 40057;7 paauyca

(wmu Touky nip @ = —2).
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CucremMa MOJKET UMETb POBHO TPU PEIIEHNUS TOJIbKO B O/IHOM CJIyYae:
KOT/Ia OKPY’KHOCTb, 3ajiaBaeMasl BTOPBIM YyDPaBHEHMEM, OICaHa
oKoJI0 TpeyroabHuka EGN. Ilentp M OKPY’>KHOCTU, OIIMCAHHON
OKOJIO TIPSIMOYTOJIBHOTO TPEYTOJIbHUKA, — 9TO CepeinHa THIOTeHY3bI
EG, a ee paamyc paBeH IIOJOBHHE THIOTeHy3bl. Touka M mmeer

KOOpANHATBI (4, %j, OTKy/la IIOJIy4YaeM

am a+2Y (17Y
40052 —4,( 1 J_(2)'
Bropoe ypaBHeHue 3ajaeT Ba 3HAYCHUS rapamerpa: @ = —36 u
a = 32. IloacranoBkoil y6eskmaeMcs, 4To 06a OHU yIOBJICTBOPSIOT
[ePBOMY yYPaBHEHHUIO.
7. V =420V3, AK = 8 wm AK = 4.
[Tockosbky cdepa Q pamuyca r Kacaercs BceX GOKOBBIX I'DaHeil

IIpU3Mbl, TO B OCHOBaHU: IIPU3Mbl MOKHO BIIMCATb OKPYJKHOCTH TOI'O
JKe CaMoro paauyca 7. 3Ha‘-II/IT, CTOpOHAa OCHOBaHUHA paBHa

2r+/3 = 24/35 , miomazp ocroBanms S = %(2@ )2 = 3543 , 06bem
npusmel V = Sh =353 12 = 420+/3 .

W3 roro, uto mpusMma nmpaBmJbHas, a cepa Kacaercs BcexX ee
rpaneii, caexnyer, uto maockocTb LAC Ttakke Kacaetcs cepsbl; mpu
3TOM TOYKH Kacauus cdepsl ¢ miockoctssMu LAC n LAC; nexar Ha
orpeskax LQ m LQy, rae toukn Q n Q; — cepeaunn! pebep AC n

Gy

Paccmorpum 1mitockoctb npsiMoyrosibHuka BBQQ . O603HaunM
IEHTP OKPY’KHOCTH @, TIOJIydarolieiicss B ceueHnn cepbl J1aHHOM
IJIOCKOCTBIO, yepe3 O, a Touku kacanusi orpe3koB LQ;, LO u QQ,
¢ okpyxHocTbio — G, P 1 J cootBetcTBenHO. Bhicota LH Tpeyromin-
anka LQQ; paBHa BBICOTE TPEYTOJbHUKA, JEXKAIIETO B OCHOBAHUN
npusmbl, T.e. LH = 3r.

3anuieM 1miomaiab S, TpeyroapHuka LQQ; AByMs criocobamu:

So=pr n S, zlLH‘QQ :1~37-12 =187, rue p — noaynepu-
Merp TpeyrosbHuka LQQ, . CienoBaresnbho, p = 18. O6o3naunm
QJ =x; Torma QG=0,J=12-x, PO=x, LG=LP = (36—

1
2
-2x-2(12-x))=6.
Wrak, QQ; =12, QL=6+x, Q;L=18—-x. Torga ¢gopmya
Tepona  maer, 4TO Sy = \/18-6~x-(12—x) ,  OTKyJa

\/18 6-x-(12-x) =187, x(12-x)= 372 . TloacTaBisis 3HAYEHHE
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pajyca U3 ycJoBHs, TIoJlydaeM ypasHenne x> —12x +35 =0, cae-
JIOBATEJbHO, X = 5 W X = 7.

Torna QL = 13w QL = 11, a tak kak BL =QI* — BQ? =
=02 -9 =\JQI* 105, 10 BL = 4 um BL = 8. Ocraetcs
3ameTuth, uto AK = BL = QH.

DOU3INKA
9 knacc

1. 1) rOpI/IBOHTaJIbHaSI COCTaBJIAIOIasA CKOPOCTU HE M3MEHAECTCA:

_ 2, 2 _ 2 _ [ 2 _
v, =0, Uy +0, =7, vy_,/vo—v =8 m/c .

N t=_08c.
g

2. HJIH TeJa Maccoit m, COI'JTaCHO BTOPOMY 3aKOHY HbIOTOHa,

mg = GM—ZH n m~O,81g=Gﬂ2. Ortcrofa naxoanm / =1R.
R (R+h) 9

2
3. ITo BrOopomy 3akony HpioToHa, R - mg—-N, n
20\
% =mg— N, , rne N;=0,9mg . Orciona nonyyaem
N, =0,6mg .

4.1) p,=py+pgH .

2) YcKopeHue 1eHTpa Mace TOPU3OHTATBHOTO CTONGHKA SKUKO-

o 2
cru gmunoil R (cumras or mMecra maru6a) paBHO d = M ~§R. ITo

BTopoMy 3akony Hpiotona, (py,—p;)S =pSR-a. OxonuarebHo
HaXOIIM

Py =py+ %pm2R2 = po +pgH + %psz2 .

5. 1) T'py3bl ABUXKYTCS ¢ YCKOPEHHUEM d = M—l
. pysbL i y YCKOp g my +m, 209,

IIpUYEM YCKOPEHUE JIEBOTO I'Dy3a HallpaBJIEHO BBEPX.

2) Cuua Harsokennst HutH paBHa T =my (g —a)= %mg . Ha

KJIMH JeHCTBYIOT jABEe CHJIbI HaTskenus nutu (depes GJ0K), cua
HOPMAJbHOTO [aBJEHUS CO CTOPOHBI IPABOrO Tpy3a, paBHAasd
3mgcosa, cuia TSOKECTH KJWHA, CUJIa Peakilud OMOPbl U CHJIA
TPeHUs co CTOPOHBI cTosta. CyMMa MPOEKINil BceX CHJI Ha TOPU30H-
TaJbHOEe HAIpaBJeHIe paBHA HYJIO:

F,, + T coso—3mgcososino =0 .
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OKoHvaTeJ IbHO ToJjgy4daeM, 4TO CuJia TPEHUA paBHaA I:Tp =——mg un
HaIlpaBJI€Ha BIIPaBO.

10 knacc
1.1) T=(2m+m)gsino = %mg i

mgsino, +2mgsino. _ 3gsino g
2m 2 4
HaIllpaBJE€HO BHU3 B/OJIb HAKJIOHHOM TIOBEPXHOCTH.
2. 1) Us ycnosua pashosecust T;coso —T,coso—mg =0, rae

2) Yckopenue paBHO @ =

T, = 5T, , mony4aem T, = 6—70mg .
2) CormnacHo Bropomy 3akony Hbtorona, Ijsino+7,sino =

—m(DR OTKV/Ia HAXOINM O = 2 9
A A VSR 5

3. B coorBerctBuu ¢ ycaoBuem 3zajpauu, U, -U;=—4,,
2

5 A
On=5An, 0=U ~Uy+ Ay, M=o, A=Ap+Ay+ Ay,

31 ) O’ s
Xy =— =— .0 D) x=gm; 2
f A, Xy A, Tcofa Haxomum: 1) Xy Bn, )
Xy = —mm
> 5(1-m)

4. 1) TIpu JBVKEHUM C YCKODEHUEM ¢, DA3HOCTb JABJEHUH B
MecTax u3rnGa TpyOku paua pg - 2H . Jlns cro6uka JJIMHHON L, 110
Bropomy 3axkony Hbiotona, pg-2HS =pLSa,. Otciona nosyyaem

L

T

2) llpu ABUIKEHUN C YCKOPEHUEM @) PA3HOCTD JaBJICHUIT B MECTax
usruGa tpyoxu pasua pg(2H +1). Jlus cronbuka aymHoil L, 110

BropoMy 3akoHy Hbiotona, pg (2H+l)5 =pLSa,, tne H _1LG
Orcloza HaXOAUM, YTO BBLIBETCS CJION AMuHON [ = ﬂ

5. /Jlng wManbiX TpUpalleHuid  MOXKHO  3alucarh
VCAT =vC,AT + AA, umu v(C —Cy )AT = AA .

Oasg  cayyas 1) VOLRTEATZV'gRAT+AA ,  WJINn

0
VOLRTi : %A(Tz) =v- SRAT + AA ; ocJie CyMMUPOBAHUS TTOJTYIHM
0
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1 1,9 .2y 3 _
EVOLRFO(Y] —TO)—EVR(Y]—E))+ZAA, rie SAA=0 u

T = ZTO; OKOHYATENHHO HAXOAUM O = 3
Nmsicayuasn2): AA=0uv(C-Cy)AT =0,1.e. C=Cy = %R ,
4 T, 3
I §RF§ = ER . Orciona vaxonum T, = %TO .
11 knacc
1. 1) T, =mgl_lnR = 7;“

2) MbICIEHHO MEpEMECTHM y4acToK AB Ha Majioe paccTosiue Xx.
Pabora Bcex cuJI HaJl 3TUM yYacTKOM PaBHA M3MEHEHHIO €ro MOTEH-

o m .
nuaapHoit aneprun: Tpx —T x = Tng sino . Otciofia osydaeMm

TB=TA+£mg=23_3n

21 o Y

2. Ilockombky V, = §V1 A =2V1 . P2 :§p1 , TO:

4 2
3 27
D T,==T, T; ==T;
2=50 a=—5h
2) Ay = %VRTM Ays = %VRY} s A = A + Ay =%"RT1§

3
3) Q=\/-§R(T3 —T;)+ Ajy3 = SVRT, .

3. Cuuna Jlopenia pasua FF = quBsina , rae v — ckopoctb. Cuiia
Tpennst pasia Fy, = uF =uqouBsino . Torga:

1) Fpy = uq%OBsinoc =0,3uqo,B;

2) —ugouBsina = mi—? , —MgoAtBsin o = mAo

Smu,
—ugAxBsin o = mAv , o = 0
4.1) U==6.
) h 38
2) I =—.
) 3R

3) B YCTaHOBUBHIEMCA PEIKUME IIOCJE€ PA3MbIKaHUA KJOYa Ha-
IpAXXEeHHE Ha KOH/IEHCATOPE paBHO 6 . amenenne OHEPTruMm KOHAEH-
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ce* CcuU’

caropa pasno AW =‘T— 5
: ,_Cé

pana A =(CE-CU)E = —5~ - Tlo saxony coxpanenma suepru,

S .
= ECéZ. PaGora ucrounuxa

T
=A- AW, =—C¢
0 c=g¢

5. 1) Paccrosana (d) paBHbr.
1 1 1 d+s 2
2) — 4=, =T=2,u F=2s=18 cm.
)i des T F d TrTgtE e
HALUMOHANBHbIN NCCNEAOBATENbCKUIA YHUBEPCUTET
«MWUIT»

OU3NKA

UHTEPHET-0Mmumnmnana «llosepps B cebs!»

MepBbIn Typ
BapuaHTt 1
1. 0 = 50 kM /u. 2. E,.=31Ix. 3.p=5KF/M3.
4. E,=450B/m. 5. R,=10xOm. 6. U,,, =3B.
7.0=0,5M/c.
BapuaHt 2
1.5 =28 M. 2. u=0,2. 3. P =2100 Br.
4. F=09wmxkH. 5. B, =30Br. 6. 6. =1B. 7.2
BapuaHT 3
1. L =50 m. 2. F=0,4 H. 3.m=830r
4. C;:Cy=1. 5. 1, =100 A. 6. 6, =60B
7. D = -2,5 ouTp.
BapuraHt 4
1.1=70m. 2. a=6m/c?. 3. —2=2
mK
4. C=2 Mr®. 3.7r=10m. 6. C =10 MxD.
7. o =60°.
BapuaHTt 5
1.s=35Mm. 2. vy =6M/c. 3. m,m, =1.
4. E :E . =4. 5. R=3 Om. 6. t=1c.

7. v,, =5 cM/c.
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Bropoun Typ

BapuaHTt 1
1. t=———=05mun. 2. q=4no=~50,3 m/c?.
Vo —u?

w

F(L-1 \%
~U=,/g' 4. ‘PzZ(P+((P—(P1)*1:0~
m V2

5. A=VRT,(m—1)=2490 [Ixx , rue v = 1 Moub.
2
6. [= |k 7. R=% _100 om.
mg cos o 31

8. I5-52IL+1=0, I, =5 wm 1“2:%,
BapuaHt 2

1. r,=1-h=3xm. 2. p, =(3/4)p, — map Gyner niasarhb.

s=(23)I=60 x4, m=PFPIIMY oy
RT

w

d 3/2
5. 12=11(E2] =23A. 6. 0=-0,4 uKn.
1
7. e 6 z5,3,7’=€_U1=1OM‘
I, &-U I

o]

. (1—1)F<d<F,1O cMm < d <20 cMm.
n

HALMOHANBbHbI UCCNEOOBATENbCKUN AAEPHBIN
YHUBEPCUTET «MUDU»

Onumnunana «Pocarom»

MATEMATUKA
1. 1) 2 mapor; 2) (41).
O6iiiee pelieHre ypaBHEHUSI MOXKHO 3aITMCaTh KaK
x =-1+5¢t,
{ y=-6+T7t,
IShvit pemiennda yI0BJIETBOPAIOT HEPABECHCTBY
(5t 1) + (7t —6)* <37 = 37> =47t <0 = t  [0; 47/37] = t, = 0,
ty=1.

te 7.
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Jlomyctumbie mapsi: (=1, —6) u (4 1). Bo Bropoit mape snauemnne
x + y wauboJbiee.

2. x:ig+2nn, ne .

Haiimem x, mpu KOTOPOM Kask[asi u3 CKOOOK paBHa HYJIIO:

cosx=1, X =E+27tk, ke Z,
.2 1 2 3
sin“x—cosx——=0= =
4 3 T
cosx =—— Xy =——+2nn, neZ,
2 3
cos2x + cosx =0 = cos2x = cos(nm—x) =
T 21mm
2x = —x + 2mm, Xy ==+ —,
= 3 3
20 = -+ x + 2nl

x; =—m+2nl.

ITepeceuenuem cepuit x; Nxy3 AaBagerca x;, T.e.
T
X = §+27tk, ke Z — pemennue.

ITepeceuenms cepuit x; Nx, I Xy N X, MyCTHIE.
Haiiiem mepecedenne cepuii xy M Xx3:
—E+2nn=E+2n—m:>m=3n—1,
3 3 3
T.e. CEPUsl Xy BXOJHT B CEPHIO X3 W TIOITOMY SIBJISIETCS PEIIEHUEM.
3(2" -1

3.1) xl =3/2"", 12 =—1/22;2) % .

Kopnn muorousnena Py (x) = x> —x —6 pasupt xf =3, xf =-2.
Kopmu miorousiena Py (x) = Py (x) pasubr xj = 3/2, x5 = —2/2=—1.
[Ipeanonaraem, uto KopHn MHorodsena P, (x) pasub X = 3/ 2kt
x2 = =2/2%1 = —1/2*%  Torma muorounen Py, (x)= P, (2x) Gyner
MMETh KOPHH Xp,q = x}i/Z = 3/2k . Xy = x,f/Z =—1/2k_1 , T.e.
xh =3/2" ) a2 =—1f2n 2

Muorounen Py (x) umeer sux Py, (x)=4"2? =24 -6, a
muorounen Q, (x) —

Q, (x)=(1+4+...+4"" ) -(1+2+..+ 2" )x—6n =
n —
=gx2 —(2" —1)x—6n,
3
2
Juckpumunant muorounsena Q,(x) pasen D/4 = (2" - 1) +
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+8n (4” — 1) > (0, TT03TOMY JleliCTBUTEIbHbIE KOPHU ecThb. 1o Teopeme
3(2"-1)

Buera ux cymma paBHa T

4. 5 dpaHTHKOB. 6 1
Beposarnocrb Bbiurpsiita Iletu p = 36 = 5 (o6mee umco mexo-
JIOB OMbITa 7 = 6 -6 = 36 , U3 HUX 6JIATONPUSITCTBYIOT BBIUTPLITTY 6

ucxogos: (K1), (52), (53), (Z1), (22), (31)). Hycrs & -
c/yyaifHas Be/TunHA BbIUrpbima [letn. OHa IpUHUMAET 3HAUeHHe k

C BEPOATHOCTDIO o M 3HAveHme —1 ¢ BeposSITHOCTBIO 5 Torma
cpe/iHee 3HaueHNe Bbmrpbima ME =k - 1 1 5 0=k=S5.
2 2 2
S. ae|=; = |U|Z;+e |.
1°9 7
B o6nactu A(x >a, y >2a) cucrema npumer Buj
X+ y = da, x; =10a -2,
x+2y=2 Yy =2-3a.
IT0 pelleHne IpUHAAIEKUT obaact A, ecan
10a -2 > a, 2.2
=>ae|=;= |
2-5a>2a 97
B o6nactu B(x > a, y < 2a) cucrema mpuMer Buj
X =5a, Xy = da,
=
x+2y=2 " |y, =(2-5a)/2.
Ee pemenue npunajexur obiacti B, ecin
Sa > a, 2
it |,
(2-5a)/2<2a |9
B o6nactu C(x < a, y < 2a) cucrema MOKeT UMETh PelIeHNs TOJTbKO
npu @ = 0 u uMeer BUJ

0 = 3a, X3 =2-2t,
=
x+2y=2 ys=t te R
YcnoBus npuHAAJEKHOCTH peineHust K obgactu C TPUBOANUT K

HEepaBEHCTBaM
2-2t<0, t>1,
=
t<0 t<0.

HOC]IGHHCC IIOKa3bIBa€eT, 4TO B o6mactu C cricreMa HECOBMECTHA Iipu
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mo6bIx a. B o6nactu D (x < a, y > 2a) cucrema npumer Buj
Yy = a, x3 =2-10a,
{x+2y:2=>{y3 = Sa.
10 pelenue npuHaAIeKUT o6aactu D, ecan
2-10a < a, 2.2
{2-551 s2a € [H’?)'
Ha pucynke 59 Ha Tpex 4HCJIOBBIX OCAX MapaMeTpa @ yKasaHbl
MHTepBaJIbl CylIecTBOBAaHHs pelenuii. Bepxuuii mHTEpBa COOTBET-

2/9 27

| ——

2/9 o~

I —
2/11 27
——————

Puc. 59

CTBYeT 3HAYeHUsM, MPH KOTOPBIX CYINECTBYIOT pemtenusi (X4 ),
NOJTyOCh B CEPEeJIMHE — PEIeHusAM (xy; ¥, ), @ BHU3Y — PEIIeHHsAM
(x3; y3) . Enuncrennoe pemenne GbiBaet mpu

[3iME)
6. g((@—\ﬁ;)‘i +6(3—2J§)b2)= 4m(19-1242) = 25,5.

[lycts p, 7, R — pamuycnt okpyskuocreii K, K,, K (puc.60)
b=2R, AE = x — nepemennas, x€ [R;a—R], TE=PN=x-p=

A T E T D
Puc. 60

=2JRp . Torma EL=QM =2JRr=a-x-r, OP=R+p,
OQ=R+r,OM=R—-r, ON=R-p.
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YcnoBuga

>p+2«/§-\/5—x20,
r+2JR - Nr—a+x=0,
p? +7° — max
MIPUBOJIAT K 3aBUCHMOCTH ¥ U P OT X B BUjiE

—(Vx+R-VRY,
- (NJa—x+R-R) .

) 4
O6o3Hauas (p(x)=(\/x+R —\/E) , TPUXOJAUM K TOMY, YTO

pl+r’ =p(x)+o(a—x).
Caoiictsa dynximm Q(x):
1) ¢(x) T na orpeske [R;a—-R];

2(\/x+R —JE)S
Jx+R

(Vx+R-VRY (2M+«/_)
(R

€ [R;a-R], r.e. pynxima ¢ (x) T na orpeske [R;a—R].

>0, xe[R,a—R];

)

2) ¢(x)=

3) ¢(x)=

Kpurnueckne Toukn (QyHKINN:
(p2 + 72) =@ (x)-¢(a-x)=0=20¢(x)=¢(a-x)=
sx=a-x=x =2
2
Ha KOHIIaX oTpesKa 3HAUYCHUS dbyHKIIUN
p? +7% = @(x)+@(a — x) OTUHAKOBBI U PaBHbI

o(R)+o(a-R)=

- (V2R ~JR)'+ (Ya ~VR)' =2 (3 -1)' + L (3 B

2, .2
Jro 3Havyenue Haubosbiee st P~ + 7" upu b < a < 2b . Ilpu atux
2, .2
JKe YCJOBUSIX MUHHMAJbHOe 3Hadenue P~ +7° jocturaercs 1pu
) (Jab-b).

5 5 . Torma HanboJIbIIee

X = a2, oHO paBHO 2(p(
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3HAUCHNE CYMMBI ILJIONA/Iell KPYrOB PABHO

s =g(6(3_zﬁ)bz+(m_@)/‘),

max

=n(R2 +p2 +rz)

max

a HauMeHbllee — 4
S =n(R2 +p2+rz)=n E+M
min 4 2

OU3NKA

1. ITockombKy cmcTeMa 3aMKHYTa, TO CyMMa CHJI, IeHCTBYIONINX
Ha BCe TeJla CUCTEMbI, paBHA HYJTO. A TaK KaK MacChl TeJT O/[UNHAKOBDI,
TO paBHA HYJIO U BEKTOPHAS CyMMa UX yckopenuii. B paccmarpusa-
eMblii MOMEHT TeJla HaXOJATCS Ha OJHOW MPAMOH, TO3TOMY CUJIbI
MOTYT /IeHCTBOBATD TOJBKO B/IOJIb TOI MPSIMOii. 3HAYUT, U YCKOPe-
HUS TeJ MOTYT OBITb HANpPaBJEHBI TOJBKO BIOJIb 3TOH TPSIMOI.
YcaoBuio 3ajaun He TPOTHBOPEYAT JBa CJIydasi HATPaBJICHNS 3a/aH-
HBIX B YCJIOBUU YCKOPEHUIT: 9T YCKOPEHWS HATIPABJIEHBI OJJMTHAKOBO
WJIM TIPOTUBOTIOJIOMKHO.

B nepBoM ciyvae BEKTOP YCKOPEHHUsI TPETHEro Tejia HarpaBJeH
MPOTUBOIIOJIOKHO YCKOPEHUSIM MEPBBIX ABYX TeJ W PABEH 10 BEJIN-
ymHe 4a. Bo BTOpoM ciydae yCKOpEHUE TPEThEro Tesia PAaBHO 2d W
HAIIPABJICHO TaK JKe, KaK BEKTOP yCKOpeHust g (1 IPOTUBONOJIOKHO
BEKTOPY 3G ).

3aMeTHM, YTO IOJIyUYEHHBIH Pe3yJbTaT He 3aBUCUT OT 3HAKOB U
BEJIMUUH 3aPsI/IOB, A TAKXKe OT PACCTOSTHUI MEK/y TeJaMu.

2. Ecom 6bl coBHajiaau CONPOTHUBJIEHUS KPAilHUX DPE3NCTOPOB,
TOKH Yepe3 aMIepMeTphl 6N ObI 0 fuHAKOBBIMU. [loaToMy ecThb aBe
BO3MOKHOCTH — PAaBHBI APYT APYTY COMPOTHUBJEHUS BTOPOTO W
TPETBEr0 PE3UCTOPOB: 7, =7; (a COMPOTHBJIEHNE TEPBOrO OT HUX
OT/IMYAETCSI) MM PaBHbI JAPYr APYTY CONPOTUBJICHUS IHEPBOrO W
BTOPOTO PE3UCTOPOB: 7; =7, (A OTIMYHBIM OT HUX SBJSIETCS TPETHE
COIIPOTHUBJIEHNE) .

[TockoJbKy aMIIepMeTpbl He UMEIOT COTIPOTUBJICHIH, PE3UCTOPDI
BKJIIOYEHBI B TIeMb MapasiebHO
UCTOUHUKY, IIPUYEM aMIepMeTp A
U3MepsieT TOK, TEKYIIUI Yepe3 BTO-
POI U TPETUIl PE3NCTOPDI, a aMIIep-
MeTp A, — 4yepe3 [EePBbIil U BTOPOi
(puc.61). TToatomy

)

. 2
l|+12212:§I

Puc. 67
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rae i, i, U i3 — TOKHU, TEKyIIHUE Yepe3 MEepBblid, BTOPOH U TpeTHii
PE3UCTOPBI COOTBETCTBEHHO. Y YUTBIBAS, UTO B TIEPBOM CJIy4ae i) = i3,

noJryqaemMm
TR S
h =13 2,l1 6

Torna B aToM ciyuae

I
2—73—§-
Bo Bropom cayuae (4 = 1i,) HaxoauMm
ilzizzi’ i3=2—1
3 3

u, cjgeag0BaTesJIbHO,

r
7’2=7’, 73=

5 .

Takum 06pa30M, C JaHHBIMU YCJOBUA COBMECTUMDBI /IBa OTBETA:

7’2=7’3=—

N 7’2=7’, 73=—.
3’ 2

3. VcaoBue paBHOBecHsl caMOro HUKHero crepxkus (ycaosue
PaBeHCTBA MOMEHTOB OTHOCHTEJIbHO MiapHupa) aaer (puc.62)

mgésinog =Fl=cosa,

rae | — jummHA CTEPSKHS, 04 — YTrOJ MEXKIy
HEPBBbIM CTEPXKHEM U BepTHKajablo. OTciofa Ha-

tgoy :E.

mg

PaceMoTpuM Teriepb ycaoBue paBHOBECHS IBYX HUMKHUX CTEPIK-
neit (puc.63). B kauecTBe BHENIHUX CUJT HA HUX JCHCTBYIOT [IBE CHJIbI

Puc. 63

TSOKECTH, CUJIA PEeaKluyd BTOPOTO HIap-
Hupa (KOTOPBIM BTOPOii CTEPKEHb CBSI-
3aH ¢ TpeTbuM) U cusia F . Vicnoabsyem
Jlajlee  yCJOBHE pPaBEHCTBA MOMEHTOB
OTHOCHTEJIbHO BTOpOro mapHupa. llpn
ATOM 3aMETUM, YTO ILJIEY0 CHJIbI [
OTHOCHUTEJIbHO BTOPOTO MapHUpa 60JIb-
1e rieya CUabl F OTHOCHTENBHO Tiep-
BOTO Ha BeJW4YMHY [COSOl,, a IIeYo

CHJIBI TSDKECTU IIEPBOTO CTEP:KHA OoJIbllle HA BeJMYHHY [sino, .
[Toaromy ycsioBHE paBHOBECHS JaeT

mg ésinoc1+lsinoc2 +mgésinoc2=F(lcosoc1+lcosoc2),
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OTCIO[[a, C YUYE€TOM II€pBOTO YCJOBUA paBHOBECHUA, HAXOJUM

2F
tg (12 = .
3mg
Ternepb sicHO, Kak OYyyT HAXO/AUTHCS CJEAYIONIME YIJbl — B 3HAME-
Hatesie OyzleT MOSIBJISTbCS HedeTHoe uucao 2k — 1, tae k — Homep
CTEP:KHSI, YTOJI HaKJOHA KOToporo wuccieayercs. lloatomy s
2016-ro crep:;kHST UMeeM

2F
4031mg *

4. Koneuynoe gaBJjieHne Ta3a B TIEPBOM Caydae HANJEM 10 3aKOHY
a/inabaTHIECKOTO MPOoIlecca:

tg Olygi6 =

pVY:p1(2V)Y, u P1:2ﬁy.
PaéOTa, COBEpUIIEHHAA Ta30M B 3TOM IIpOIlECCE, paBHA YMEHbIIECHWUIO
ero BHyTpeHHeﬁ 3HepFI/II/I:
A=U,-U, =§(pv-p~2V)=§pV(1—L_1).
2 2 X

Bo BropoM mporiecce ras copepiuT Ty ke padory. Ho eciu B nepsom
CJIyda€ OHa TpaTW/jaCb Ha YBeJUYE€HUE HOTeHHHaJIbHOﬁ 9HEpPrun
TMOPpIIHA 1 MECYNHOK, KOTOPbIE OKa3aJJnCh Ha pa3HbIX BbICOTAX, TO
Tel‘lepb OHa 6yﬂeT HOTpaqua Ha WHn3MEeHeHue HOTeHHI/Ia]HJHOﬁ nu
KHHeTH‘{eCKOﬁ JHEPrum CaMoro IOPpHIHA:

A=(2Mgh - Mgh)+E,,

riae M — Macca TIOPINHSI, /2 — BBICOTA PACIIOJIOKEHIS MTOPIIHS HaJl
JTHOM COCY/Ia B HAUaJbHOM COCTOSIHUM, E, — MCKOMasi KNHeTHYeCKast
aneprusi. C ApPyroil CTOPOHBI, [aBJE€HHE Tasza TOCJE CHITHS TECKa
Terepb PaBHO HABJIEHUIO IIOPIIHS:
Mg

S b
rze S — 1o/ cedenus cocya. [loatomy npeapiayryio popmy.y
MO3KHO TIPUBECTU K BULY

A=(p1-2V—p1V)+EK=p1V+EK=p2—§/+EK.

P =

OrTciota HAXOIUM

oA PV 3y L) pY
2 2 27

3 3 1 3 4
P (2 2! 27) P (2 2Y)'
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yn 5. Pacemorpum oTpaskenne ot 10-
90° — BEPXHOCTH 3€pKaJia Jyya, MUMEIOINero
\>\ (o orpaskenus) KoopauHary x. Bse-
\ JIeM CHCTeMY KOOP/JIMHAT, KaK OKa3aHO
P\ Ha pucyHke 64. Torma Tamrenc yria

x HaKJOHA MTOBEPXHOCTH 3epKaja B TOUKE

MAJIeHUsT Jiyda K OCH X OIPEessieTCs
MPOM3BO/IHON Haleil mapaboJibl:

tgo =y =4x

Puc. 64

(yrzibl oL OTMeYeHbI Ha PUCYHKe OjHOIl ayroil). Teomerpuyecku
OYEBUJIHO, YTO YTOJI MEXK/Ly OTPA’KEHHDBIM JIyYOM M 3€PKAJIOM B TOUKE
nagennsa pasen 90°— o (oTMeyeH Ha PUCYHKE JBYMS JyraMu).
[ToaToMy yroJ Mesk/Iy OTPaskeHHbBIM JIYYOM 1 OCbIO X paBeH 90° — 2a..
CaieroBatesbHO, KOOPAMHATA TOUKH IT€PEeCeYeHIsT OTPAsKEHHOTO JIyda
1 OCH ¥ OIIPEAEIACTCS COOTHOIICHIEM
X
tg2o
Ucnonbays nanee n3secTHyio hopMyJty /sl TaHTEHCA IBOIHOTO yTa
1 COOTHOIIEHHE /Il tg oL, momydnm
a1 -tg? )
y — ZXZ + ﬂ — l .
2tga 8
TakuM o6pazom, paccTosiHue OT BEpPHIMHBI MapaboJyibl 10 TOYKH
repecevyeHysl pacCMaTprBaeMoro JIyda U OCH y He 3aBUCHUT OT Jiyya.
ITO 3HAYNT, YTO BCE JIyUM MPHU/LYT B TOUKY, JEKAILYIO HA PACCTOSTHIN
1,/8 ot BepmuHbl MapaboJIbl.

y =22+ xtg(90° - 20) = 227 +

HOBOCUBUPCKWUIN FOCYAAPCTBEHHbIA YHUBEPCUTET

OU3NKA

TTucomennviil Ix3amen

BapunaHrrt 1
2 2
(L= %A a AL ALy + DAL _ 87,5 M (CM. PHCYHOK K yCJI0-
BUIO).
2
2.£=—. 3. AH:*i. 4.A0)=ﬁ.
U1 3 1+ (kH/(p()SO )) S() m
5. N= 7 m 7 =800 (3mecp m = 80 xr — Macca
MB I Mr_ = My
1) 0
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gemoBeka, M, =29 r/Moap — MoJasSpHas Macca BO3AyXa,
M, =4 r/mMosp — MossspHast Macca requst, V =5 1 — 06beM 0JHOTO
mapuka, Vy =224 1 — 00beM HIeaTbHOTO ra3a NpH HOPMaJbHBIX
YCIOBUAX, M, = 5 T — Macca 000JOYKH OJHOTO ITapuKa).

OTKpbITasi MEXBY3OBCKAA ONIIMITNAAA LUKOSIbHUKOB
«bynyiee Cubupi»

| (0160pOYHBI) STar
8 knacc

.3 2. M-z 3 W 1
My, V., 5
4. t, =5,5vun (Ha yyactke oT ¢; 10 t, TPOMCXOANJIO TLJIABJIE-
HUE JIbJla, OXJIAK/CHNE BOJbI, HAXOAMBIICHCS B CTaKaHe, W HarpeB

pacrasBiieil BOJIbL).
9 knacc

1. B 3 pasza. 2. Ilposoanuk BC.

3. t= T(l - %J (Hasmume 0CKM «yOUPaeT» 4acTh TPACKTOPUH

mapuka Boiue Touku H, . /2).

c(l,-T) J

L=+ (- 1 —m———
4 X 2 (3 1)( )\.+C(T1—7;))

10 knacc
2
1.u=§v. 2.l=L—.
2 2uH
mgh
3. .= (cnsa MUHUMAJIBHA, €CJIU KUHe-

NN [P
THYECKasl 9HEPrusi TPy3a B BePXHell TOUKe paBHA HYJIO).

(p/py)—1

4. m=M .
1+ (h/H)— (M/(poSH))
11 knacc
1
2. 1= 3.%”=0,03:3%,
U,-U
4. O, =Q 2" 1
@ Qw+%
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/I (3aKksmounTesIbHBIV) 3TAlT

8 knacc
1v=v|t1+SPlan =T ) 5y
Cx Px TK _TK]/III
2. 1= 2N 750
[/

3. Tlayk nmomskeH ABHUTATHCA B CTOPOHY MyXM €O CKOPOCTBHIO
o =0
n=.
4

4. H3:2H2_H1

9 knacc
p P
‘ v_gz\/(t4—t1) —(t; -t) _4
[ t3 =1, .

2. R =0, R, =20m Ry =1 On,
R, =6 Om (cMm. puc.65).

3. T, T, _ 2

nmag Lo .
gT

| 4. H3:2H2_H1,

|

|I 5 = ﬂ £+£
Puc. 65 .v‘/ZHL'

2al 9 = sin 20
M (M/m)+ cos2a.’

2
K220, 4 k=4[M | L)
RO 00 2 M

w

z

0
2|~
QU
Kml

5. e LSt TS0 gy 250
pST S;I_Sr
11 knacc

sz o
1. F, = EE (cuubl, geficTBYIONHE HA IPYKUHBI CLEILICHHBIX

1
JANHaMOMETPOB, OlII/IHaKOBbI).

2. H=P0 19
pg
—(g/C
3 ﬁ”i: d (é:]/ )R1;R2 (cpasy mocsie HakaTHS KHOIIKH
1

yer
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3apd/l Ha KOHAEHCATOPE OCTA€TCA MPEXKHUM, a B YCTaHOBUBHIIEMCA
pPeXUME 3ap/l KOHAeHCaTOpa IepecTaeT MEHHTBCH).

2
3 [

4. v=|(vy + u)2 — =0 _y (B pesyabrare NPOXOXK/IEHUS GYCUH-

K MUMO TOYE€YHOI'O 3aps/ia 4aCTb €€ KIHETHIECKOIT IOHEPIrnn TpaTuT-

Cs1 Ha TIPEOJI0JIEHNE TPEHUs, TpuYeM paboTa CUJIbI TPEHUSI B 060X
C/lydasx OJHA M Ta JKe).

3. Berporeneparop 1peo6pasyer KHHETHYECKYIO SHEPTHIO TOTOKA
BO3/lyXa B 3JIEKTPOdHEPrHio. MOIHOCTD IOTOKA BO3/yXa paBHA

pP= %pSU?’ , rme p=1 KF/M3 ~ IJIOTHOCTb BO3AyXa, S =35M> —

Iionla/lb, 3aXBaTbIBaeMad JIOIMACTAMU, © = 10 M/C — CKOPOCTb

Berpa. IIpuHuMas s oleHKH, 4TO BhIpabaTbiBaeMasi HJI€KTPUYEC-
Kasi MOIIHOCTh COCTaBJIsIeT TpuMepHo P /2, osyunM, uto P, =1 kBr.

6. Ocgemtenmbie o6macTu jiHa GJIIOJEYKA SBJISIOTCS UCTOUHUKOM
paccesTHHOrO BO BCe CTOPOHBI cBera. [J1a3 BUAMT 3Tn 06JacTH [THA
cjerka HpUOJIMKEHHBIMU WU3-32 CJIOST BOJbI, JEHCTBYIONIEro Kak
IJIOCKOTAPAJIIe/ibHAS TIACTHHA.

Kakue sxe o6sactu jHA OCBeIleHbI? 3aMeTHM, YTO HE HUMeEeT
CMbICTTA YYUTBIBATD MHOTOKDATHBIE OTPa’KEHWS, TaK KaK SIPKOCTD
6bICTPO YOBIBAET JIJIS KAXK/IOTO TIOCIe/LyIoNero orpaskenust. OueBui-
HO, 4TO OCBelleHa 00JIaCTb, B KOTOPYIO TOCJIE MIEPBOTO JKe TIPEeIOM-
JICHUSI TIOTIA/IaeT Y3KUI MyYOK CBETa, HAIIPUMED OT JIAa3ePHON YKa3KH,
— o6sactb A Ha pucynke 66. Jlyuu, paccesHubie u3 obsactu A mosx

NI

- . It " ,
Apxoe Temnoe Aproe
NAMHO NANHO KOAbUO

Puc. 66

MAaJIbIMI YTJIAMU K BEPTUKAJIH, IPAKTHYECKH TIOJTHOCTBIO BBIXO/IAT U3
Bo/bl B BO3ayX. [lo-zpyromy BeayT cebst Jiyum, paccesiHHble W3
o6sractn A 11071 yriiamu, TIPeBBIMIAIOIIMHI YTOJI OJHOTO BHYTPEHHE-
TO OTPa’KEHHsI, — OHU TTOJTHOCTBIO OTPAXKAIOTCS BHU3 OT OBEPXHOCTH
Bogbpl. IloatoMy Oumpkaiimas Kk o6jacTi A OCBEIeHHAs TOYKA JHA
ectb Touka C, B KOTOPYIO TIOMA/AeT JIyd, PACCESHHBIH MOJ YIJIOM
I0JIHOTO BHYTPEHHEro oTpaskenus o . Jlyuu, BoIxogsuye 10/ 66.1b-
HMIUMHJ yTJIaM¥, NONa/IAl0T Ha JIHO B TOYKAX, JIeKaIuX ot objacti A
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Ha paccrostHuaX, 66abmux AC. OHn 06pas3yioT OCBEIEHHYIO 00-
JIACTD C PE3KOil BHYyTPEHHell rpaHulieil B BU/ie OKPY>KHOCTH Pa/inyCcoM
AC, a 06J1acTh BHYTPH 9TOH OKPY’KHOCTU sABJIsteTcs TeMHOU (ecte-
CTBEHHO, 3a MCKJIOYEHNEM IeHTPAJbHOTO SAPKOTO TATHA). Pammyc
TEMHOTO KOJIbI[A 3aBUCHUT OT YIJIa [TOJHOTO BHYTPEHHETO OTPasKeHHs
0. ¥ TOJIIMHBI CJI0s1 BOjbl /2, a umentno AC = 2htgo . Kak BujHoO,
AC pacrer ¢ yBeinmueHueM h, BOT TOYEMY TIPH JIOJHBAHUU BOJIDI
MIUPUHA TEMHOTO KOJIEYKA YBEJMINBAETCS.

POCCUNCKUA TOCYAAPCTBEHHbBIA YHUBEPCUTET
HEDTU N TA3A UMEHU U.M.TYBKUHA

OU3NKA

Tucvmennwviii Ix3amen

BapuaHTt 1
B1 B2 B3 B4 BS B6
48 xm/u 30 M/c 3 S5 cM 40 TTa 780 K
B7 B8 B9 B10 Bi11 B12
75 K 40 B/ M 6 Om 4B 2 MKC 80%
C1 C2 C3 C4
48 H 70 H 2 Kr 2

BapuaHT 2
B1 B2 B3 B4 BS B6
225 M 3¢t 2¢ 20 M 15 cm 20 xIla
B7 B8 B9 B10 B11 B12
127 JTx 75 uH 48 Br 10 Tu 80 mc 4B
C1 C2 C3 C4
50 H 245 H 3K 4¢

BapuaHT 3
B1 B2 B3 B4 BS B6
10 km,/au 11 H 25% 960 Ix 2 250 K
B7 B8 B9 B10 B11 B12
80% 2 45 Br 4 Tn 6 MKD 17
C1 C2 C3 C4
48 H 9 cm 3K S5 M
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CAHKT-METEPBYPICKUA MOJIUTEXHUYECKUIA
YHUBEPCUTET METPA BEJINKOIoO

[TONNTEXHNYECKAA OJTUMITMAAA LLIKOJIbHUKOB
MATEMATUKA
OT60POYHBIVI TP

1 aman
1.5.2.4.3.8.4.93.35.435.6.135.7.19.8.729.9. 5. 10. 6.
2 aman

1. -2.2.12.3. 4. 4.63.35.3.6.6.7.4.8.2.9.9.10. 4.
3aKoYnTeIbHBIN TYP

1. 32.

IIyctp Bospact [mutpuga — x Jser, a Bogpact ['puropug — y Jer.
W3 ycaoBus caenyet, uro [Imutpuii ctapiie I'puropusi, pa3HocTb X
BO3PACTOB paBHA X — y. 3HAUUT, X — ¥ JieT ToMy Hazaj [IMuTpuio
6bLTIO CTOJIBKO JIeT, CKOJIbKO Terepb ['puropmio, a I'puropuio 6bLio,
coorBercTBento, y — (x — y) = 2y — x qer. ITo ycaosuio x = 2(2y —
—x), 1.e. 3x = 4y. Uepes x — y Jer [PUTOPHUIO CTAHET CTOJBKO JIET,
cKoJIbKO [/IMuTpuIo Teneps, T.e. x jet, [Imurpuio 6yner 2x — y jer.
WsBectno, uto x + (2x —y) =72, 1.e. 3x — y = 72. [loydena cucrema
yPaBHEeHMUi

3x -4y =0,
3x—y=72.

Borunras nepBoe ypaBHeHUe 13 BTOPOTo, TojydaeM 3y =72, y = 24.
IIepBoe ypaBHenue gaer x = 32.

2. 16.

3a 40 MPHYT MOKHO PElINTb O/IHY CJOXKHYIO 33/1ady U ITOJTyYUTh
3 Gasina WK PeluTh YeTbipe IPOCTbIe 33Ja4l 1 TTOJTYyYuTh 4 Gasia.
BumM, dto sydiie pemrath mpocTeie 3aaun. 3a 190 MunyT MoXXHO
peuutb 19 mpocrpix 3agau. Ho aburypuent pemn we 6osee 10
3aja4. B rakoii curyannu 11e1ecoo6pa3Ho penmTb HeCKOJIbKO CJI0K-
HbIX 3a7a4. Ecom Bce 10 3a1au BIOPATh IPOCTBIMU, TO TOTPEGYeETCs
100 MuHYT. 3aMeHa TPOCTOH 3a/a4l Ha CJIOXKHYIO YBEJIMYMBACT
MPOJOJ/LKUTENLHOCTh paboThl Ha 30 MUH ¥ gaeT 2 JOMOJHUTEIbHBIX
6asna. Mbl umeem 3amac Bpemenu 90 mun. Ciiesryer 3aMeHUTb TPH
IPOCTbIE 33/]aul CJOKHbIME. PerreHne 7 MPOCTBIX M 3 CJOXKHBIX
3a/a4 1acT 7-1+3-3 =16 6aios.

3. 5/2.
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[TpoBenem crenyionire Tpeo6pasOBaAHMS:

.6 T . 69w . 6T T
451n61—6+451n6—:451n6—+4c056—=

16 16 16
=4 sian+cos21 51n41—51n2100521+co LR
16 16 16 16 16 16
2
= 4| | sin —+coszi —351n2£6052£ =
16 16 16 16
= 4(1— 51n2£J:4—3sm2£:
8 8

4sin61+4sin —_— =
16

4. 1000.
[Monosxknm y = lgx ¥ nepemnuieM ypaBHeHNE B BUIE

T

YMHOKast YMCAUTENb ¥ 3HAMeHaTe b Apoou Ha /y + 1 + \/y , TIOJIy-

qaeM @:2, 1/y+1+\/§— y+1=2,y+1=4y=3

Jlis HemsBecTHOro X moayuaercs snadenne x =10% = 1000 .
3. 2.

. . T
[Monoxum ¢ =sinx +cosx = \/5(51[1(.% + 4)) . MHo:xectBOM

3HAUEHUN TIePEeMEHHOI ¢ SIBJSIETCS OTPEe30K [—«/5 ,«/5] .
3amernm, 4TO
t? = sin® x + 2sin x cos x + cos® x = 1+ sin 2x .

[lns dyHKIMU y mosryyaercs BbIPAKEHUE ¥y = t? +2t —1. KBagpar-

. 2 2
HpIi Tpexunen t° + 2t —1= (¢ +1)” =2 npunnmaer npu ¢ = —1 cBoe
HaUMeHblIlee 3HaveHue, a uMeHHo —2. 3Hadenue —1 s epeMen-
HOIl ¢ siBJisiercsi BO3MOXKHBIM. Hanmenbiiiee 3nauenne (yHKIHUA Y

paBHO —2.
6. 1/5.
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O603Ha4YMM Yepe3 ¢ 3HAMEHATEJb TEOMETPUUECKOIT IPOrpeccuu
{b,}. Cymma ee n ueHOB paBHa
S, =b1(1+q+~--+q"‘1),

1
Yucna —— Toke 00pa3yloT reOMeTPUUYECKYIO IIPOIPECCHUIO C TIEPBBIM

b

n

1
YJIEeHOM -— M 3HaMeHaTe/JieM — . CyMMa €€ 77 4JeHOB paBHa
1

Tn:i 1+1+...+% =
by q q

- n—2 1/ - n—
= b1q"‘1(qn +q" +--~+1)=b—( " g +1)
ITo ycnosuio, 35S, =T, . Iloatomy 5b; = bi’ bb, = %
7. £(2 -2). !

Pacemorpny dynkino f(t) = t* + V¢ , onpenenennyio as £ >0 .
dra QyHKIMS CTpOro Bospacraer. llepBoe ypaBHeHHe CHCTEMbl
moxno samucats B Bue f(|x])=f(|ly[). C yuerom crpororo ospa-
cTanusg (QPYHKIUH MOJyYaeM PaBCHCTBO |x| = |y| , y=tx. Ecau
B34Tb § = X, TO BTOPOE ypaBHeHHe MPUBOJNT HAC K x° — 3x° =16,
222 =16 , x> =-8 , 4YTO HEBO3MOXkHO. IloaToMy npuHuMaeM y =
= —x. V13 BTOpOTO ypaBHEHUS TIO.TY-
yaem 12 +3x% =16 . 4x? =16,
x2=4, x=%2, y=752.

8. 61.

Tpeyronbuuku ABA;, BCB,,
CAC, (puc.67) paBHbI 10 ABYM
CTOPOHAM W YTJYy MeX/Iy HUMH,
tpeyroabnuku ADC;, BEA;,
CFB; paBHBI IO CTOPOHE U yTJIaM.
Tpeyroapuuxk ADC; nopoben p, - s>
ABA; 1o [JByM yrjaM, 3HA4uT,
tpeyroibuuk ABC mnozpo6en ADEF. O6GosnauuMm S = S,pc,
S1=Sapa,, S2=Sacn, Sy=Sppr. Torna

AA, = AB? + BA? = 2AB - BA, cos60° = 81+ 16 — 36 = /61 .
2
&:(AQJ_E S, BA, 4

S, 44, ) 61" s BC 9’
Sy=5-35+35,=5-3. 45,3164 5 5 g
9 61 9~ 61 5,
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9. 48.

B ocHoBaHUM nUpaMu/ibl JEKUT YETbIPEXYTOJbHUK, COCTABJIEH-
HBI M3 ABYX PaBHBIX MPSIMOYTOJBHBIX TPEYTOJBHUKOB. [lmomanb
ocHOBaHMA paBHA S =4 - 3 =12 . [lockobKy GOKOBBIE IPAHI HAKJIO-
HEHbI K IJIOCKOCTH OCHOBAHUS TIOJl OJHUM U TeM >Ke YTJIOM, TO
BepIIMHA MUPaMU/Ibl MTPOEKTUPYETCS Ha TJOCKOCTb OCHOBAaHUS B
TOUKY, OJMHAKOBO yjajeHHylo orT npsambix AB, BC, CD, DA.
Bepumna MokeT pOeKTUPOBATHbCSI B LIEHTP OKPYXKHOCTH, BIIMCAH-
HOIT B 4eTbIpexyroabHuk ABCD, wim B IIEHTP BHEBIUCAHHOI
OKPY)KHOCTH. B 11epBoM cirydae 0603HAUYNM Yepe3 7 pajuyc BIIUCAH-
HOI OKPY’KHOCTH M 3aMeTHM, YTO ILIOIAb OCHOBAaHUA S = pr, T/e
p — noJynepumerp ocnoBanus, p = AB + BC = 4 + 3 = 7. Paquyc

S 12

BIIMCAHHON OKPY)XXHOCTH 7 =—= - BoicoTa mumpamMub
p
H=rtg45°=2. O6GbeM nupamu/ibl V:%SH=%12~%=

48 . .
= = <12 . IToaToMy MbI JIOJIKHBI pacCMaTpUBATh BTOPOIi cJryvaii ¢

BHEBIIMCAHHHOH OKpy»kHOCTbIO. IlycTh 7 — pajguyc BHEBIHCAHHOM
okpykHoct. Ha ator pas
S:%(AB—BC—CD+DA);’1, rn=12.

Kaxk u B nepBom cayvyae, H =7 tg43° =12, V=%SH =%12~12=

=48 >12.
10. —1; 8; 24.
3amernm, 4TO
=102 +9 = (x*=9)(x* -1) =
= (x=-3)(x+3)(x—1)(x+1)= (x2 —4x+3)(x2 +4x+3)_
YpaBHeHre MOKHO 3aIlicaTh B BUJE
(x2 —4x+3)(x2 +4x+3—a)=0 .

PerrenusiMn Hatero ypasHeHust Oy/iyT KOPHH KBa/JPaTHOTO ypaBHe-
HUSA

x? —4x+3=0,
T.e. yncjaa xy =1, xy, =3, U KOPHU KBAJPATHOTO yPaBHEHUS
2 +4x+3-a=0.

OOiriee 4KC/I0 pelenuil OKayKeTCsT PaBHBIM TPeM, eCJIH TOcJe/iHee
ypaBHEHUE UMeET OJUH KOPEHb X3 , IPHUEM X3 # Xy, X3 # Xy , WIH

258



9TO YpaBHEHHE UMeeT /ABa KOPHA X3, X, OJUH M3 KOTOPBIX
COBIAJIACT C Xy UM Xy .

Vpasuenne x° +4x+3—a=0 WMeeT ¢[MHCTBEHHBIH KOPEHD,
ecan @ = —1, 3TOT KOpeHb X3 = —2 OTJINYEH OT X; ¥ OT X, .

Uucno x; ABJSETCST KOPHEM ypaBHEHUS P +4x+3-a=0,
ectn 12+4-1+3-a=0, 1e. a = 8. B Ttakoii CUTYAI[ MBI
[I0JIy4YaeM ypaBHeHUe 2% +4x-5=0, uMeomee xopuun x; =1 u
x3 =-5. Ilpn @ = 8 ncxonHoe ypaBHeHHe MMeeT B TOYHOCTH TPU
KOPHS.

Uncno x, ABJIgeTcsS KOpHeM ypaBHemnms x° +4x+3-a=0,
ecmn 32 +4-3+3-a =0, T.e. a = 24. B Taxoii cuUTyarmm MBI
nostydaeM ypasHenue x° + 4x —21 =0, uMeonee KOpHI Xy =31
x3 ==7. Ilpu a = 24 ncxoxnoe ypaBHeHue MMeeT B TOYHOCTU TPU
KOPHS.

OU3NKA

OT60pOYHBIN TYP

9—70 knaccel

2t in(f -
1,t=#:11,6‘1.2-0= 2gLM=2,9 M/c .
t =t cosa,

P2 _ _
3. = =N, NyN, =15,

P1 B
n 1—ny,—n
4, M =|lHe | N He ™, | _57 /MOJb .
My My, Mco,
2 N2
S.om=M— Y ¥ 55 6 B0
(x2+2x)(y+1) L, 3
7. (N1 +N,)C =155 jueii .

N = 7 ’
t(Ny (P = P))+ N, (P, - PY))c,

wy

8. n, = ZMCOSB =1,05.

n, + Moz

11 knacc
1. v =2nfr (2 - 1] =262 cm/c.
2n

1 N 1 N 1
M+m M+2m M +3m

2. Uy =mv( ):124 M/c .
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02 —u2

3. v, =u———————=4,8 m/c.
0-\o? —u?
1
h 1 1 2
4. g=—|—=—-—=| =76 M/c”.
g R? (vf vﬁ] /
T C— =284 9B..
2cos” a(tgo + tgP)
2
6. =Y 7B 7. 0= AN otiene
4nm gB AS
8. a:arctg(ﬂ]: 520.
Ay —Ajcos o
3aKIOYNTENIbHBIA TYP
9—10 knaccwb!
1. t =5At =25 MuH .
2. Cmoxer, H . =15m.
Ps 3 1
pBV—_V pKJIV__pKJI =V
3. £:—6:§, ﬁ: 4 6 =Z (3mecn
4V pKJlV 8 V pK'IV 8
Prer =§p13)~ - "
4. =31 M. 5.F0=2—5. 6. b=12c™m.
11 knacc

9
1. S:TT]H:106,1 M (3mece M =0,09).

- 1-tga
_my=my 2 _ =
2. Ah——m1+ngAt =4,5M. 3. P2 p11+tgoc'
k-1 P,
=—=0,13=13%. 5. 2L =16
= 5k+3 Per

6. Ax=VI>-Fl =91,7 cm .

NMHOOPMATUNKA
OT60POYHBI Ty
9—10 knaccwl

1. 16. 2. Jlup. 3. 77. 4. 7. 5. 12.
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71 knacc
1. 56. 2. TINBO. 3. 20. 4. BBTEX. 3. 11. 6. 3.

3aKITIONTENLHBIL TYP

9—70 knaccel

1. 45555555588; 127. 2.72.3.3,5,7,2,1,6, 4,9.
4. D AND NOT A. 5. T, U. 6. 5.

71 knacc

3. 88. 6. B crpoke 10 3amenuts 1 Ha N, B cTpoke 13 3ameHuUTD
CJTOKEHUE YMHOMKEHUEM.



IIpunoxenne k xxypHany «Kpant» Ned-6,2016

SK3aMeHaUMOHHbIe MaTepuansbl
no mMatematuke u usmke 2016 roga

Cocrasutenu E.M.Enugpanos, B.A.Tuxomuposa

Penaxropst E. M. Enugpanos, A.I0.Komosa, B.A.Tuxomuposa
O6noxxka A.E.Ilayxeepus

Maker u xomibloTepHasa Bepcrtka E.B.Mopososa
Komnblorepuada rpynna M. H.I'puuyx, E.A.Mumuenxo

Dopmar 84x108 1,/32. Bym. odcernas. Tapuurypa KyapsiineBckas
[Tevatp odcernas. O6vem 8,25 meu.ar. Tupask: 1-it 3aBog 900 aK3.
3aka3z No

119296 Mocksa, Jlenunckuii up., 64-A, «Kpaur»
Ten.: (495)930-56-48, e-mail: math@kvant.ras.ru, phys@kvant.ras.ru

Orneuarano «T/1JC-CTOJINIIA-8»
Ten.: 8(495)363-48-86, http: / /capitalpress.ru



85.
86.
87.
88.
89.
90.

91.
92.
93.
94.

95.
96.
97.

98.
99.

100.

101

102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.

BbILLJIA U3 NMEYATU KHUTU CEPUA
«BUBJINOTEYKA «KBAHT»

(c 1993 no 2016 r.)

I'.I'amos. Ilpukmouenusa mucrepa Tomnknnca

H.II1.Cro6odeuxuii, JI.I.Acramazos. 3anaun no ¢usuke (2-e uss.)
Ddusuka ...

A.B.Cnusax. MareMaTnuecKuii pa3HIK

JI.T. Acnamasos, H.I11.Crobodeyxuii. 3ajadn 1 He TOJBKO M0 (PU3HUKe
I1.Tnaoue, /1. Xowmvex, K.Paiiau. [IBectrn MHTPUTYIOMNX (HUTIECKUX
3a/1a4

A.JI.Cmacenxo. dDdusnyeckue OCHOBBI I10JIETA

3amaunnk «Ksanra». Maremaruka. Yacrtp 1

Martemarnueckne TypHupbl nMeHn A.Il.CaBnaa

B.H.Benomenos, A.K.36e30un. MoToHHBIE KPUCTAJIIBI U APYTHE MeTa-
MaTepuasbl

3agaunnk «KBanra». Maremarnka. Yactp 2

Ousnmmaner «urennexryanpubiii Mapadons. dusnka

A.A.Ezopos, 7K.M .Pa66om. Omumnuajpl «VIHTE/IEKTya bHbIA Mapa-
(on». MaremaTnka

K.FO.bozdanos. Ilporyaxu ¢ ¢usmkoit

11.B. bauox. PagmoBoiHbI HA 3eMJie T B KOCMOCE

H.B.Bacunves, A.Il.Casun, A.A.Ezopog. VI36paHuble OJUMIINA/HbIE
3ajaur. MareMaruka

. Y HCTOKOB MOE€il CyIbObI. ..

A.B.Cnueax. Apudmernka

A.A.Cmopoduncruii. Temneparypa (3-e usm.)

A.H.Bacunves. Vlcropus HayKH B KOJUIEKIINE MOHET

U.D. Axyauu. KoposeBckue IIPOryaKU

Ncaax Koncrantunosmu Kukown B skusnu u B «KBante»
I.C.I'oauypin. Makpo- 1 MUKPOMUPBI U TaPMOHUS

I1.C. Anexcandpos. Beenenne B teopuio rpymn (2-e uzz.)
A.B.Cnusax. Apudmernka-2

11.T. Kproxos. Jlazep — HOBBIN HCTOUYHUK CBeTa

A.B.Cocuncruii. ¥Y3apl. XpOHOJIOrUS O/THON MaTeMaTHYECKON TeOpHH
A1l Ilamaxos, I1.11.I'puzan. Jlabopatopust Ha KOJIEHKe
A.A.3acrasckuii. Ommvmaaast uvenn .M. [lapeirnia
C.B.Konosanuxun. COOPHUK KaueCTBCHHDIX 3a/iay 10 (U3MKe
E.A.Tux. MaTtemMaTtuka M 11axMaTbl

JI.K.Benonyxoe. Dusnka BHE3AIHOTO

H.b.Bacuaves, A.A.Ezopoe. 3ajaull BCECOIO3HBIX MaTeMaTHYECKUX
oaumnuag. Yacrp 1
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136.

3agaunuk «Ksanra». @usuka. Yacrp 1

H.B.Bacunwves, A.A.Ezopos. 3ajaunl BCECOIO3HbIX MaTeMaTHYCCKUX
osmMnuaz. Yactp 2

3ajnaunnk «Ksanra». @usuka. Yacrp 2

H.B.Bacuaves, B.JI.I'ymeumaxep, JK.M.Pa66om, A.JI.Toom. 3aou-
HbIe MATEeMaTHYEeCKHe OJUMITUAIBI

A.3./lonzunos. CtpoeHne MaTepuu: OT aTOMOB 70 BceneHHOI
3anaunnk «Ksanra». @usuka. Yacte 3

A.Toanvizo. 130 HecTaHAAPTHBIX 3aja4

H.B.Bacunves. Cratbu us skypnaaa «Ksants. Hactp 1
H.b.Bacunves. Crarbu u3 skypHana «Ksanrs. Yacrp 2
I'.E.T'opeaux. Hosble cjoBa Hayku — OT MadrHuka lanuneda no
KBAHTOBOII TPaBUTAIINI

E.A.Tux. KoMIbloTepHble MaxMaThbl

M.H.Kazanos. ®@usnka raazamu dusnuka. Yacts 1

M.H.Kazanoe. @usnka rraaszamu dpusuka. Yacrp 2

Kouamoroposckoit mkose — nsrbaecsat. Céopuuk crareir. Yacrp 1
Kousmoroposckoit mikosie — nsarbaecsat. Coéophuk crateii. Hactp 2
K.FO.Bbozdanos. @usuk B ToCTSAX y GHOJIOra

A.A.3acnasckuii. Ommvrmaast uvern .M Ilapbruna (2010-2014)
A.H.Koamozopos, U.T.;Kyp6enko, A.B.IIpoxopos. Beenenne B Teo-
puto BepositHocTeit (3-¢ u3n.)

JI.A. Awrxunasu. Pekopbl 1 11pejiesivl, 11 BBejenne B skcTpeMaibHOE
MaTepHaIoBe/[cHIe
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