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NPEANCIIOBUE

B arom npusiokennn K skyprauay «KBaHT» TpasunmnonHo coOpa-
HbI MaTepuaJsbl BCTYIINTEIbHBIX UCIIBITAHUI 110 MaTeMaTHKe 1 (pU3n-
Ke B By3bl Haleil crpanbl 3a npomeamuii 2010 roz.

Mbl npepsaraeM MIKOJbHUKAM W YUYHTEJSIM Kak H30paHHbIE
BapUAHTbl €JMHOro TrocygapcrBeHHoro sksamena (ETD), Tak wu
33/1a4Y¥ PA3JIUIHBIX OJIMUMITHA]], UMEIOIINX CTATYC «BCTYIUTEIbHBIX > .
[To6Geauresm w TpU3Epbl TaKMX OJIUMIINA/L, BKJIOYEHHBIX B ejie-
PAJIbHBII CIIICOK JAHHOTO TO/Ia, UMEIOT IIPABO ObITh IIPUPABHEHHBIMU
K JimraM, HabpaBIIIM MaKCHMAJIbHOE KOJIMYECTBO GAJIJIOB 110 €/[IHO-
My TOCY/JJaPCTBEHHOMY 5K3aMeHY MO KOHKDETHOMY IpPeAMETy, TIpH
nocrymieHun B Jo6oii Bys. (OtMerum, 410 910 He 0CBOGOMKAAET
yuamuxces ot caauu ETD.) Kpome Toro, B c60pHUKE MPEACTABICHBI
MaTepHaJsbl BCTYIHUTEIbHBIX NCHBITAHUH B TPAAUIIMOHHON (popMe, B
KOTOPBIX, B YACTHOCTH, MOTYT Y4aCTBOBATb aOUTYPUEHTDI, 110 KAKUM-
Jm60 TIpUYMHAM 0CBOOOXKAeHHbIE OT ciaun ETD.

MbI HazieeMcs1, UTO IpejIaraeMble BallleMy BHUMaHUIO MaTepua-
JIbI OY/IyT MOJIE3HBI KaK /LIS CAMOCTOSITEIbHOM MTOJ[ITOTOBKY K 3K3aMe-
HaM, TakK U JJIs UCTIOJb30BaHMS HA YPOKaxX, PaKyJIbTaTHBaX, KPYXK-
KaX, MOJTOTOBUTEJbHBIX KypCax.

sKemaem ycnexos!



Er> N0 ®PU3MNKE

Bapuantst EI'D mo ¢usnke 2011 roga 6yayT HeCKOJbKO OTJIH-
yarbest 1o crpykrype ot BapuantoB 2010 roga. I'pynna B e Gyner
coJiep>KaTh HU OJHON 3amaun ¢ KparkuMm orBetoM. Ona Oyner
COCTOSITh M3 YeTbIpeX 3ajilay B (popMe TeCTOB U3 JIBYX HJN TPeX
BOIIPOCOB, Ha Ka’K/[blil N3 KOTOPBIX TPeGyeTcst BBIOPATh MTPaBUIIbHBIN
OTBET M3 HECKOJbKUX mpe/ioskenHbix (kak B1 u B2 B BapmaHtax
2010 roza). 3a Takyo 3329y MOKHO MOJTYYUTH 2 TIEPBUYHBIX 6aslia,
€CJIN BCe OTBETHI IPABUJIbHDIE, W O/IMH GAJLJT, €CJIU TOJBKO O/INH OTBET
HemnpaBu/ibHbIN. HanmoMHUM, 4TO BCe 3a/1a4u TPYTIIbI A OIIEHUBAIOTCS
B 1 6asn, a 3agaum rpynmbl C — makcumym B 3 6asna. Kpome Toro,
sK3aMeH 110 dusuke Oyaer anutbes He 210 MunyT, a 240 munyT (kak
HK3aMeH 110 MaTeMATHKE).

JL7151 ToMoTI B TIOATOTOBKE K 9K3aMeHY MBI TIpe/ljlaraeM BaM /IBa
BapuaHTa U3 OTKPBITOTo cerMenTa Bapuantos 2010 roga ¢ oTBetamMn
1 penieHusIMM M36paHHbIX 3ajay. [lepBblil BapuaHT MbI IIPUBOAMM
TIOJIHOCTBIO, CO BCEMU TabJIMIIAMK U YKa3aHUSMU 110 0POPMJIEHHIO, a
BTOPOIl BAPHAHT JIaeM B COKPAIIIEHHOM BH/I€ — TOJIbKO YCJIOBUS 33124
(TaGJuIbl 1 yKa3aHUsT MOKHO B35Tb U3 MEPBOTO BapuanTa). Kpome
TOTO, MBI IIpeJJaraeM BaM JIONOJHHUTEJbHO HECKOJDbKO 3alad C
TecTaMH M3 HECKOJIbKUX BOIPOCOB U3 OTKPbITOro cermenta 2009 n
2010 roaos.

BapunaHT 1
WHCTpYKLMS MO BbiNonHeHUIo paboTbl

JlJ1s1 BbITIOJTHEHUST 9K3aMeHAIMOHHONW PaboThl 10 (PU3KUKe OTBO-
aurea 3,5 vaca (210 mumyT). PaGora coctouT us 3 4acrei, BKJIo4a-
onwmx 36 3agaHuii.

Yactb 1 copepaxut 25 samanuil (A1-A25). K kax oMy 3agaHuio
JlaeTcs 4 BapWaHTa OTBETA, W3 KOTOPBIX MPABUJIBHBIN TOJBKO OJUH.

Yactb 2 comepskut 5 3amanuii (B1—-B5), Ha KoTOpbIE CJemyer
nath Kparkuit orser. Jlns 3amanuii B1 m B2 orBer Heo6xommmMo
3anucatb B Buje Habopa 1udp, a nias 3axanuit B3—-BS — B Buje
YHCJIA.

Yactb 3 cocrout u3 6 sagau (C1-C6), ansa Kotopbix Tpedyercs
JIaTh Pa3BepPHYTbIE PEIICHHUS.



IIpu BbinosHenun 3agannii B3—BS uyactu 2 3HaueHune MCKOMOI
BEJINYUHDI CJIEyeT BBIPA3UTDh B TEX eIUHUIIAX (PU3NYECKUX BEJMYNH,
KOTOpBIEe YKa3aHbI B YCJIOBUNU 3afanus. Ecim Takoro ykasaHUs HeET,
TO 3HAYEHUE BEJMYMHBI CJIE/IyeT 3anucaTb B Mex/yHapoHOI cucTe-
me exmnuny (CU). Tlpu BbIUMC/IEHNE Pa3peInaeTcs UCTOJIb30BATh
HEIIPOTPAMMUPYEMbIN KaJbKYJISITOP.

BuuMarespHo mpounTaiiTe Kadkjoe 3aJlaHue U Tpe/jiaraeMbie
BapHaHTbl OTBeTa, €cJau OHU uMeloTcss. OTBevaiiTe TOJBKO IMOCJE
TOTO, KaK BbI MMOHAJU BOIPOC W IIPOAHATU3UPOBAIN BCE BapHAHTHI
oTBeTA.

Boimosasiite 3ajaHus B TOM TMOPSIZKE, B KOTOPOM OHU JAHBI.
Ecnu kakoe-To 3ajjaHiie BbI3BIBAET y BAaC 3aTPy/IHEHUE, MIPOITYCTUTE
ero. K mpormnyieHHbIM 3a/1aHusSIM MOXKHO Gy/IeT BEPHYTbCS, €CJIU Y
Bac OCTAHETCSI BpPeMsl.

3a BBITIOJIHEHNE PA3JIUIHBIX 110 CJTOKHOCTH 3a/IJaHUN TaeTCsT OTNH
nian GoJiee 6asioB. Basibl, roJiydeHHble BaMU 32 BbINOJHEHHbIE
3aganusi, cymmupyiorcs. Ilocrapaiitech BBIMOJHUTD KAaK MOXKHO
6oJibllie 33aHuit U HaGpaTh HauGOJIbIlEe KOJUYECTBO GAJITIOB.

sKemnaem ycnexal

Hwuke ripuBe/ieHbl ClIpABOYHBIE IAHHbIE, KOTOPbIE MOTYT TIOHA/I0-
6UTHCS BaM TIPU BBIIOJHEHUN PAOOTBHI.

,Zlecumwmbte npucmasexu

Haumeno-| O6o3navenue | Muoxwurens || Haumeno{ O6o3nauenne | MHOKHTE b

BaHHE BaHUe

rura T 10° CaHTH ¢ 1072

Mera M 10° MUJLIA M 107

KHJIO K 10° MHUKPO MK 107

TeKTO r 10? HaHO H 107

nemnn bit 107! TIIKO i 10712
Koncmanmuwt

YHUCI0 TT =314

YCKOpeHHe CBOOOIHOTO TIa/ICHUS

Ha 3emuie g = 10M/c2

IpaBUTAIMOHHASA IOCTOSTHHASA G=67-10""H. M2/ Kr?

yHHBepcasbHas rasoBas mnocrosiinas R = 8,31 Dx/(mous - K)

rnocrosguuasg boJspiMana k=1,38-10"% Ik /K

IIOCTOSIHHAsL ABOraJpo N, =6-10% momp™

CKOPOCTH CBETa B BaKyyMe c=3-10%wm/c

6




K03(pDUIUEHT TIPOTIOPIIMOHATBHOCTI

B 3akoHe Kysona k= E =9-10"H- MZ/KH2
MOJIyJIb 3apsijia 3JeKTpoHa (sJeMeH-

TapHbIl 3JEKTPUYECKU 3aps) e=16-10""Kn
nocrogunasa Ilnanka h=6,6- 1073 Ix-c

Coomnowenue .Memay pa3jaudHsvimMu eauuuuamu

TeMIepaTypa 0 K=-273 °C
aToOMHas eJMHUIIA MaCChI 1aem = 1,66-10_27KI‘
1 aToMHag eIMHNIIA MAacChl 9KBUBA-

JIEHTHA 931,5 MsB

1 27IeKTPOHBOJIBT 1sB =1,6- 107" Jox

Macca uacmuy

3JIEKTPOHA 9,110 kr = 5,5-107™ a.e.m.
IPOTOHA 1,673-10"% kr = 1,007 a.e.M.
HENTpOHA 1,675-107"kr = 1,008 a.e.M.
IMaomnocmo
BOJIBI 1000 KF/ M’ MOJICOTHEYHOTO
JIpEBECUHbI MacJja 900 KF/ M?
(cocna) 400 xr/m’ AJIOMUHUS 2700 xr/m®
kepocuna 800 KF/ M’ JKeJesa 7800 Kr/ M’
pryTH 13600 Kr/M3
Yoeavnasn mennoemxocmo
BOJIbI 4,2-10% [T /(xr - K)  amomunns 900 [x/(xr - K)
JIbA 2,1-10% Ix/(xr-K)  Mean 380 JUxk/(kr-K)

Kesesa 460 IDx/(kr - K) uyryHa 500 [k /(kr-K)
CBHHIIA 130 Jix/(xr- K)

Yoeavnas menaoma

mapoo6pa30BaHUs BOJIBI 2,3-10% [k /KT
TJIaBJIEHNUST CBUHIA 2,5- 10* Tk /KT
IJIABJIEHUS JIbJA 3,3- 10° JUx/xr

Hopmanavnwie ycaoeus: nasnenne 10° Ia, remueparypa 0 °C
Moaapnaa macca
asora 2810 kr/momp  Kucaopoga  32-107° kr/moutb
aproxa 40-107 kr/monmp  JmTHS 610~ kr/Mob



Bosoposia 2107 kr/moub mombaena 96 -107 kr/Mon

BO3yXa 2910 kr/Mop  HeoHa 20-107° KI/MOJIb
rems 4107 kr/moutb YTJIEKUCJIOrO
rasa 44 -107 xr/Moub
Yactb 1

II'pu evinoanenuu 3adanuii uacmu 1 6 6 1anKe omaemoa
Ne 1 nood nomepom evinoansemozo éamu 3adanus (Af—
A25) nocmasome 3nHak <« x » 8 Kaemouxke, Homep KOMopoil
coomeemcmeyem HOMEPY 6bIOPAHHOZO 8amMu omeemad.

A1. Yetpipe Tena quranuch 1o ocu 0x. B Tabuiie npeacraBieHa
3aBUCUMOCTb UX KOOPDAMHAT OT BPEMEHMU!

t, c 0 1 2 3 4 )
x, M| 0 2 4 6 8 10
Xy, M| O 0 0 0 0 0
x3, M| 0 1 4 9 16 25
x4, M| 0 2 0 -2 0 2

Y Kakoro u3 TeJ CKOPOCTb MOTJa ObITb MOCTOSIHHA M OTJMYHA OT
HyJIs1?

1) 1; 2) 2; 3) 3; 4) 4.

A2. ITTapuk IBUKETCS MO OKPY>KHOCTH PAJITYCOM 7 CO CKOPOCTHIO
v. Kaxk u3MeHHTCS €ero HEeHTPOCTPEMHUTEIBHOE YCKOpDEHUE, eCJIu
Pa/inyc OKPY>KHOCTH YBEJUYUTD B 3 pa3a, OCTAaBUB CKOPOCTD MIAPHKA
MpeskHen ?

1) VBesmuurces B 3 pasa; 2) yMeHbIIUTCA B 3 pasa; 3) yBeJIUUUTCS
B 9 pas; 4) yMenbiurcss B 9 pas.

A3. Y mnosepxuoctu JIyHbI Ha KOCMOHaBTa [eHCTByeT CHJA
tarotenng 120 H. Kakag cuma TaroTeHus AeHCTBYET CO CTOPOHBI
JIyHbI Ha TOTO ’Ke KOCMOHABTa B KOCMUYECKOM KOPabJIe, JABHXKYIIEM-
s 110 KpYroBoii op6ure BoKpyT JIYHbI HA PACCTOSIHUM TPeX JIYHHBIX
pajsnycoB OT ee IeHTpa?

1) 0; 2) 39 H; 3) 21 H; 4) 13 H.

A4. Tlapo! ABIXKYTCS CO CKOPOCTSMH, TOKA3aHHBIMI HA PUCYHKE
1, u crankuBaiorcs. Kak Gymer HampaBjieH CyMMAapHBIH MMITYJIbC

o IIapOB TI0CJIe CTOJIKHOBEHUS, €CJM yAap a6COJIOTHO
Q’—> ' ymopyruii?
1) =552 N\;3) ST
AS. MasibuuK CTOJIKHYJI CAHKHU C BEPIITUHbBI TOPKH.
Cpasy mocJie TOJYKA CAaHKU UMeJd CKOPOCTh & M/C, a'y
TIOTHOXKUS TOPKY OHA paBHANAch 15 M/c. Tperne canok
Puc. 1 0 cHer TpeHe6peskuMoO Masio. KakoBa BbIcOTa rOpKu?



1) 7,5 M; 2) 10 M; 3) 15 M; 4) 20 M.

A6. My>xckoii Tosoc 6apUTOH 3aHMMAET YaCTOTHBIN MHTEPBAJ OT
v, = 100 It no v, = 400 TI'm. OTHOWIEHNE ATMH 3BYKOBBIX BOJIH
A{/A\, , COOTBETCTBYIONNX TPAHMIIAM HTOTO WHTEPBAJA, PABHO!

1) 0,5; 2) v2;3) 0,25; 4) 4.

A7. ABroMo6UJIb, ABUTASICh IO TOPU3OHTAJTBHOI JOpOre, CO-
BeplaeT TOBOPOT IO JAyre OKpy)XKHOCTU. KakoB MHHMMAaJbHbBIN
pajinyc 3TOi OKPYKHOCTU IIpU KoadPuIneHTe TpeHus: aBTOMOGUTb-
HBIX 1H o gopory 0,4 u ckopoctn aBToMo6ms 10 m/c?

1) 25 m; 2) 50 m; 3) 100 M; 4) 250 M.

A8. B pesybrarte oxJaxkIeHUS HeATbHOTO Ta3a CPEIHSS KUHe-
THYECKasi SHEPTUs TEIJIOBOTO JIBUXKEHNUS €r0 MOJIEKYJI YMEHbBIIIIACh
B 3 pasa. AGCOJIIOTHAsI TeMIIepaTypa ra3a MpHu 3TOM:

1) yBenmumnach B 3 pasa; 2) yMeHbIMach B /3 pas; 3)
yBeuunIach B /3 pas; 4) yMenbmuiach B 3 pasa.

A9. Oaun MoJib pa3peskeHHOTO raza CHavajga MU30TEPMHUYECKU
CKMMAJIM, a 3aTeM M30XOPHO HarpeBasu. Ha KakoM u3 pUCYHKOB,
MPE/ICTAaBJAEHHBIX HA PUCYHKe 2, u300paskeH rpaduk aTux Ipoliec-
coB?

1) 2) 3) 4)
p S PR %
0 Voo T 0 T 0 T
Puc 2

A10. Boga MoxeT ucapsitbes:

1) TOJIBKO IIPH KUIIEHUH;

2) TOJIbKO NpHU HArpeBaHMHU;

3) npu J060# TeMIIepaType, ec/u nap B BO3yXe Ha/l OBEPXHO-
CTBIO BOJIBI SIBJISIETCSI HEHACBIIIEHHBIM;

4) 1pu J11060ii TeMIIEpaType, eCJH Iap B BO3AYyXe Ha/l II0BEPXHO-
CTBIO BOJIbI SIBJISIETCS] HACBIIIEHHDBIM.

A11. Ta3 coepmusn pa6ory 10 [k M TOTyYusT KOJUYECTBO
ter1oTul 6 [Ix. BHyTpenHsAa sHeprus rasa:

1) ysemmumiach Ha 16 [Ik; 2) ymenbmmiach Ha 16 [Ix; 3)
yBesmumuaach Ha 4 JI; 4) ymenbuimiach Ha 4 JIK.

A12. B ky6ruecKoM MeTpe BO3/lyXa B NOMEIIEHUN [IPU TeMIIepa-
type 20 °C maxomutest 1,12-107% kr BoasHbIX mapos. Iloab3ysch
TabuIell TIOTHOCTH HACBHIIEHHBIX MAPOB BOJBI, OMPENEJUTE OTHO-
CHUTEJBbHYTO BJIAKHOCTb BO3/yXa.



t, °C 16 17 18 19 20 21 22 23 24 25
p, x102kr/m® [1,36 1,45 1,54 1,63 1,73 1,83 1,94 2,06 2,18 2,30

1) 100%; 2) 75%; 3) 65%; 4) 55%.

A13. /IBa TOYEUHBIX JIEKTPUIECKHX 3apsiia JEUCTBYIOT APYT Ha
apyra ¢ cunamu 9 MxH. Kakumu craHyT cuibl B3amMOJeHCTBUS
MeXK/ly HUMH, €CJIH, He MEHSS PacCTOSHUE MEX/Y 3apsilaMi, YBeJIH-
YUTb MOJYJb KXKJOTO U3 HUX B 3 pasa?

1) 1 MxH; 2) 3 mxH; 3) 27 mxH; 4) 81 mxH.

A14. [IBa pesucropa BKJIIOUEHbI B

R, 9JIEKTPUYECKYIO TIETb MAPAJLIEIbHO,

= KaKk TIOKazaHo Ha pucyHke 3. 3Ha-

YeHHUS CHJIBI TOKA B PE3UCTOPAX

L =08 A, I, =02 A. [Tna co-

=1 2 IIPOTHBJICHUI PE3UCTOPOB CIIPABE/IJIN-
BO COOTHOIIIEHHE!

1 1

A135. C ucrospb30BaHleM OCHOBHOTO 3aKOHA 3JIEKTPOMATHUTHOM

Puc 3 R,

unayKuun (S, = _E) MOKHO OGBSICHUTD:

1) B3auMo/IeiicTBUE [BYX MAPAJLIENbHBIX TPOBOJIOB, MO KOTOPHIM
UJIET TOK;

2) OTKJOHEHWE MATHUTHOW CTPEJNKH, PACTIOJIOMKEHHOHW BOJM3N
IIPOBO/IHUKA C TOKOM IapaJjlJIeIbHO eMy;

3) BOBHUKHOBEHUE JEKTPHUECKOTO TOKA B 3aMKHYTOH KaTyIIKe
IIPU YBEJIMYEHUM CUJIbI TOKA B JPYroil KaTyIIKe, HaXOJsIIencs
PS/IOM C Helt;

4) BO3HUKHOBEHUE CHJIbI, JEHCTBYIONIENl Ha IPOBOJHUK C TOKOM
B MarHUTHOM TIOJIE.

A16. HanpskeHre Ha KJeMMax KOH/IeHCaTopa B KoJle6aTebHOM
KOHTYpe MeHsleTcsl C TeYeHHeM BPEMEeHHU COIJIaCHO rpaduKky Ha
pucyske 4. Kakoe nmpeo6pazoBanue s3HEPriuy IPOUCXOJUT B KOHTYpe

B IpoMeskyTKe oT 2-107 ¢ 110

U.Ba 3107 ¢?

2 1) ODHeprusi MarHUTHOTO
1 OJIA KATYIIKH yMEHBUIACTCS
0 . OT MakKCHMaJbHOTO 3HAYCHHS

—9# .

1\ 2 /3 4 N\tiao'e a0
-1 2) »sHeprus MarHUTHOTO
-9 110JI KaTy KK NPeo6pasyercs

B 9HEPIUIO OSJIEKTPHUYECKOIO
TI0JIA KOHZEHCATOopa;




3) sHeprus sJIeKTPHYECKOro MO/ KOHIEHCATOPA YBEINYMBACTCS
JI0 MaKCUMaJIbHOI'O 3HAYeHU;

4) sHEPrust HJEKTPUYECKOTO 110/ KOHAeHcaTopa IIpeobpasyercst
B 9HEPTUIO MATHUTHOTO MOJISI KATYIIKH.

A17. Ha pucynke 5 1okasaH Xoj
CBETOBOTO JIy4a CKBO3b CTEKJISTHHYIO
MPU3MY, HaXOJSIIYIOCS B BO3/IyXe.
Ecin touka O — 11eHTP OKPYKHOCTH,
TO MTOKA3aTeh MPEJOMJIEHUS CTEKIA 7
OTIpe/lesiIeTCsT OTHOTIEHNEM JIJTMH OT-
PE3KOB:

AB’ CD’
OB OD Puc. 5
3) oD’ D op -

A18. B unepIiuaibHOil cuCTeMe OTCYETA CBET OT HEMOJBUKHOTO
HCTOYHUKA PACIIPOCTPAHSIETCSI CO CKOPOCTHIO ¢. EC/IM MCTOYHUK CBETa
U 3epKaJo JIBUJKYTCS HABCTPeYy [pyT R 4
JIPYTY C OZIMHAKOBBIMHU 110 MOJIYJIIO CKOPO-

cramu v (puc.6), To CKOPOCTH OTpasKeH- -
HOTO CBeTa B MHEPIUAIbHOI CHCTeMe OT-  Z----------- <~ %
cyeTa, CBA3aHHOI ¢ MCTOYHHKOM, paBHA:
1) ¢ — 2v; 2) ¢;
2
3) ¢ + 2v; 4) ¢ 1—6—2_ Puc. 6

A19. [IBe yacTuilbl, UMEOLINE OTHOIIEHMS 3apsJOB ¢»/qy =2 1
Macc my/my =4, ABUXKYTCSI B OJHOPOJIHOM 3JIEKTPUYECKOM IIOJIE.
HavanpHasi ckopocTh y 00enx uactull paBHa HyJiio. Ortpenesure
OTHOIIEHNE KUHETUYECKNX SHEPruii 9TuX vactuil W, /W, B OAUH U
TOT JKe MOMEHT BPEMEHHU I0CJIe HAvajIa ABUKEHUS.

1D 1;2)2;3)8; 4) 4. .

1

A20. Atom Gopa 5B comepxur:  N,10y

1) 8 npoTonos, 5 HeliTrpoHos u 13 6
3JIEKTPOHOB;
2) 8 mporoHos, 13 Helirponos u 8 \
3JIEKTPOHOB; 4
3) 5 nporonos, 3 Helirpona u 5
3JIEKTPOHOB; 2
4) 5 npoTOHOB, 8 HeliTponos u 13 \\
3JIEKTPOHOB. 0 N—

A21. [lan rpacdyik usMeHeHUS YUC- 1 2 3 4 t,MngH

Jla A€p HaXOIAIIErocAa B HpOéI/IpKe Puc 7

1



PaMOAKTUBHOIO M30ToIa ¢ TeueHueM spemenu (puc.7). Ilepuon
HOJTypacIiajia 9TOro U30TONA PABEH:

1) 1 Mecs; 2) 2 Mecana; 3) 3 Mecsana; 4) 4 mecsina.

A22. PamoakTHBHBIi TOJIOHMI 2} Po , NCIIBITAB O/IMH O -pacraj
W Ba B-paciajia, MPeBPaTH/CS B M30TOIL:

1) cunna %2Pb; 2) nononus *37Po; 3) Bucmyrta *13Bi; 4)
Tasms 20 Tl .

A23. B onbitax o doroaddekTy B3sIM NIACTUHY U3 METAJLIA C
pa6oroii Bbixoza 3,5 9B m crasm ocBemaTh ee CBETOM YaCTOTOIX
3-10" I'm. 3arem wactoTy Hajaomeii Ha MIACTHHY CBETOBOI BOJIHbI
YMEHBIININ B 4 pa3a, yBEJMYNB B 2 Pa3a HHTEHCUBHOCTD CBETOBOTO
nyuka. B pesyJsbrate aToro umciao (hoTo3JIEKTPOHOB, MOKUIAIONUX
miactuHy 3a 1 ¢:

1) ocrasoch NPUGIUUTETHHO TAKUM JKE;

2) yMEHbIINIOCHh B 2 pasa;

3) 0Ka3aJ0Cch PaBHBIM HY.JIIO;

4) yMeHbIHUIOCH B 4 pasa.

A24. Ha pucynke 8 nokasana yactb
HIKaJIbl KOMHATHOTO TepMoMerpa. Or-
penesute aGCOJNIOTHYIO TEMIIEPATypy

BO3/lyXa B KOMHaTe.
)o J 1) 21°C; 2) 22°C;

oL a = 3) 275 K; 4) 295 K.
puc. 8 A25. Tlpu mpoBejieHUU 3KCTIEpH-

MEHTa YUYEHUK WMCCJIEOBAJ 3aBUCHMOCTD MOJYJISL CUJIbI YIIPYTOCTH
MPYKUHBI OT JJIUHBI TIPY>KUHbBI, KOTOPasi BbIpaskaercs: (PopMy.JIoii
F(l)=k|l -1, toe I, — pmna npyxunsl B HeLeOPMUPOBAHHOM
cocrogaun. I'padmk mMoTydeHHON 3aBUCUMOCTH TIPUBEJICH Ha PUCYH-

ke 9. Kakoe(-ue) w3 yrBepxaeHuit

F,Ha €o0TBeTCTBYeT(-I0T) Pe3yIbTaTaM OIIbl-
10 Ta:
A — 1MHa Py KUHBL B HeepopMu-
61 POBAaHHOM COCTOSTHUM DaBHa 7 CM;
9 b — xectkocTb IPY>KMHBI paBHA
s 200 H/x?
0 1 3 5 lem 1) Toubko A; 2) Toabko B; 3) 1 A,
Puc. 9 ub; 4) uu A, nu B.
Yactb 2

Omeemom k xaxdomy u3 sadanuii BI—B2 6ydem nexomo-
pas nocaedosamenvinocms yudp. Imy nocaedosameabHocmo
Hado 3anucamv 6 6aank omeemoe Ne 1 cmpasa om nomepa
coomeemcmayiouezo 3adanus 6e3 npo6enos u Opyaux cumeo-
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108, Hauunas c nepgoii kaemouxu. Kaxoyio yudppy nuwume 6
omaoenvHOU Kaemouke 6 coOomeemcmeuu ¢ NpueedeHHvIMU 6
6.aanxe o6pasuamu.

B1. B cocyne moja mopiraeM HaXOAWTCS HMAeadbHBIN ra3. Ecam
[IPM HATPEBAHUY T'a3a ero JABJIEHHE OCTAETCSI MOCTOSTHHBIM, TO Kak
N3MEHSTCSI BEJIMYMHBbI: 06bEM Ta3a, ero IVIOTHOCTb M BHYTPEHHSIS
aHeprus? [l Kaxk/0il BeJUUUHDBI OIpPeeJUuTe COOTBETCTBYIOIINN
XapakTep ee M3MEHEHUsI:

1) yBeJu4nIaCh;

2) YMEHBIINIACD;

3) He M3MEHWJIACK.
3anuiure B Ta6JUILy BbIOpaHHbIe IUMPDI 11 KK hru3ndeckoit
BesnuuHbl. [{udpbl B 0TBETE MOTYT MOBTOPSITHCS.

O6bem raza | IlmorHocTs rasa | Buyrpennsisi sHeprusi rasa

B2. Illapux 6polieH BEpTUKAIbHO BBEPX C HAYAJTBHOI CKOpPOC-
ti0 0 (puc.10). Ycranosure coOTBETCTBUE MEXKIY TpaduKamu
(puc.11) u dpusuyeckumu A) 4
Bemuniami, sapucumoc- 9
TH KOTOPBIX OT BpEMEHH 0

t
3TH rpaduKy MOTYT MpeJi- \i
t

0

~V

craBJsth (¢, — BpeMs 10-
o NT B) A
aera). K kaxmoil mosu- 0
I[UH [IEPBOTO CTOJIONA TTO/I-
6epuTe COOTBETCTBYIONIyIO 0
HO3UIHIO BTOPOTO U 3allU-  py- 70 Puc 17
e B TaGJUITy BbIOPaH-
Hble IIUQPDI M0/ COOTBETCTBYIONMMEI GyKBaMH.

0

s 4

TPAOUKU DOU3NYECKNE BEJIMYNHDBI
A) 1) KoopamHaTa mIapuKa
bB) 2) OPOEKIUs CKOPOCTU HIAPUKA

3) mpoeKIuA YCKOPEHUS MIapUKa
4) MOMYJIb CUJIBI TSKECTH, JeHCTBYIOIEN Ha
MIapPUK

A b

Omeemom k xaxxoomy us sadanuii B3—B5 6ydem nexomo-
poe uucsi0. Mo uucao Hado 3anucamo 8 6.1anK omeemos Ne 1
cnpaesa om Homepda coOomeemcmayouiezo 3a0danust, HauuHdsi ¢
nepeoii kaemouxu. Kaxoviii cumeon (uugppy, sanamyio, 3nax

13



<«MUHYC») numume 6 omaoebHOl Kaemouxe 6 COOmeemcmaeuu
¢ npueedennvimu 6 6anke o6pasuamu. Edunuusvt dpusuuecxux
8equYUH nuCcams He HYXKHO.

B3. Ha mnocnenieM KujoMerpe TOPMO3HOTO IIyTH CKOPOCTb
noesqa ymenbimuaach #a 10 M,/c. Onpenennte CKOPOCTh B HavaJe
TOPMOKEHUSI, €CJTH OOIIUI TOPMO3HOU My Th
moe3fia COCTaBUJI 4 KM, a TOPMOJKEHUE
6bLJI0 PABHO3AME/[JICHHDIM.

&) B4. VicanbHblit 0IHOATOMHDII ra3 Ha-

~ XOJMUTCS B COCyjle 06beMOM 1,2v° mox

nassennem 4-10° Tla. Ornpejiesiure BHYT-

I| | PEHHIOIO 3HEPTHI0 3TOTO Ta3a. OTBET BbIpa-
Puc 12 3ute B KUIOMKOyAsax (k][x).

BS5. CxeMa 3/1eKTpUYeCKOIl IEeNH ToKa-
3aHa Ha pucyHke 12. BHyTpeHHee CONMpPOTHBIIEHNE NCTOYHMKA TOKA
0,5 OMm, a comporuBienne pesucropa 3,5 Om. [Ipu 3aMkHyTOI 1IN
n/eabHBIH BOIBTMETp TTOKa3biBaeT 7 B. Kakoe 3nadenne nampsike-
HUS TIOKA3bIBAET BOJIBTMETP MPU PA3OMKHYTOH 11e1n?

He 3a6y6bme nepenecmu ece omeemol 6 Oaanx omeemoe
Ne 1.

Yactb 3

B3adanus C1—C6 npedcmasasiom co6oii 3adauu, noanoe
pewenue Komopovix Heo6x00umo 3anucams 6 6aaHKe omee-
moe No 2. Pexomendyemcs npoeéecmu npedeapumenvHoe
pewenue na uepnosuxe. IlIpu ogpopmaenuu pewenus 6 61an-
Kxe omeemog Ne 2 zanuwume cnauara nomep 3adanus (C1 u
m.0.), a 3amem — peuwenue coomeemcmeyiouseil 3adauu.

C1. Ha pucynke 13 npuBeziena aex-
TpPHUYECKas 1Iellb, COCTOSIAs M3 TaJIbBa-
HUYECKOTO 3JIEMEHTa, peocTara, TpaHC-
¢opmaropa, amriepmMeTpa U BOJbTMETPA.
B HavyasbHBINT MOMEHT BpEMEHH TI0JI3Y-
HOK PEOCTaTa yCTAHOBJIEH MOCepeInHe U
HernoiBuKeH. OMpasich Ha 3aKOHbI 3JIEK-
TPOIUHAMUKH, OODSCHHUTE, Kak OyIyT
M3MEHATHCS TMOKA3aHUsT TPUOGOPOB B MPO-
1iecce TIepeMeIneHms MoJI3yHKa peoctaTa BiaeBo. J/]C caMOMHAYKITNN
1peHe6peyb 110 CPABHEHUIO C & .

Puc. 13

IToanoe npasuavnoe pewenue xKaxxooi us zadau C2—C6
00/1XKHO 8KI0UAMd 3AKOHBL U POPMYAbl, NPUMEHEHUE KOMO-
pulx Heo6Xx00umMo u 0ocmamouno OAs pewieHus 3adauu, a

14



maxkxxe mamemamuuecKue npeo6PA306aAHUsL, PACUEMbL C YUC-
JIeHHbIM OMEEeMmoM U, npu HeoOGxodumocmu, PUcyHox, nosc-
HAOWUl pewenue.

C2. Ilpu BbITIOSHEHNH TpIOKa <«JleTarommii BeJoCHTIeINCT» TOH-
UK JABIDKETCS IO TPaMIUIMHY II0J{ JEHCTBHEM CHJIBI TSKECTH,
HayMHas ABUYKEHUE U3 COCTOSHUSA 1I0K0s ¢ Bbicotbl H (puc.14). Ha
KpPao TPaMIJIMHA CKOPOCTb
TOHIIMKA HalpaB/eHa MO/ S
TaKUM yTJIOM K TOpU30HTY, H v, ] L I
YTO JATBHOCTb €T0 IoJeTa A
MakcuMaJsbHa. IIpoJseres 1o
BO3/yXy, TOHIIUK Tpusem- FuC 14
JISIeTCsl Ha TOPU30HTAJIbHbBIN
CTOJI, HaXOJAMMuiics HAa TOH ’Ke BbICOTE, YTO M Kpail TpaMILIMHA.
KakoBa BpicoTa 1osieta s Ha atoM TpamismHe? CONpOTHBJICHHEM
BO3/[yXa U TPeHueM IpeHeOpeyb.

C3. Cdepuueckyio 06070YKYy BO3AYIIHOTO MHIapa JeJaioT U3
Marepuasa, KBaJpaTHbII MeTp Kotoporo mmeer maccy 1 kr. Ilap
HATIOIHAIOT re/iueM mpu arMocdeprom gasenun 10° Ila. Onpese-
JINTE MUHUMAJIbHYIO Maccy OOOJIOYKH, IPH KOTOPOH IIap HauyHeT
nogHUMATh caMm cebs. Temieparypa resnst 1 OKpy>Kalolero Bo3/yxa
onHa u Ta e u pasHa 0°C . (Ilnomanp ceppr S = 41w%, o6beM

mapa V =§n‘r3.)

C4. Tlonbrit miapuk maccoit m = 0,4 1 ¢ 3apsgom g = 8 uKxa
JBIDKETCS B OTHOPOJTHOM TOPU30HTAIBHOM 3JIEKTPHUYECKOM II0JIe U3
COCTOSTHMS TIOKOsI. Tpaekropusi mapuka o6pasyeT € BEPTUKAJBIO
yroam o = 45°. UeMy paBeH MOAYIb E HATPS>KEHHOCTH SJIEKTPHIEC-
KOT'O I0JISA?

C5. He6oubiioit Tpy3, MOABEIIEHHBIN HA HUTH JJUHON 2,5 M,
COBepIIaeT TapMOHUYECKHE KOJIe6aHUsl, IPH KOTOPBIX €ro MakKCH-
MaJsbHas ckopoctb jgocturaer 0,2 m/c. IIpn momomu cobupatomieit
JIMH3BI ¢ (POKYCHBIM paccrosHueM 0,2 M m306paskeHue KoyelTone-
rocs Tpy3a IPOENUPYETCs Ha KPaH, PACHOJIOKEHHbI HA PacCTosi-
nuu 0,5 M oT JiMH3bI. [J1aBHAS onTHYECKas OCh JIMH3BI MEPIEH/KY-
JISIPHA IIJIOCKOCTH KoJIeGaHNit MasiTHUKA U IIJIOCKOCTH aKpana. Ompe-
JleTuTe MaKCUMaJIbHOE CMellleHne M300pakeHus Ipy3a Ha SKpaHe OT
TIOJIOXKEHUST PAaBHOBECHSI.

C6. Kpacnag rpannna ¢goroaddexra amsg BeniectBa GpoToKaToa
Ao = 290 um. [Ipu ob6ayvyeHun Karoja CBETOM C JIJIMHON BOJIHBI A
(oToTOK ITPEKpaIaeTCs PN HANPSIKEHUH MEXK/LY aHOJIOM U KaTo/I0M
U = 1,9 B. Onpenenute [JuHy BOJHBI A .

15



BapunaHt 2

Yactb 1
A1. Teso gBuskercs o ocu 0x.
v,M/¢C N ) .
A 0 rpaduKy 3aBUCHMOCTU MPOEK-
10 IUU CKOPOCTH TejIa U, OT BPEMEHH
t (puc.15) ycranosure, Kakoii IyTh
5 NIPOLLJIO TEJIO 3a BpeMd OT b =
=4cnmnot, =8 c.
0 > 1) 10 m; 2) 15 M
2 ANE A8 A0 te 3y 45 0 4) 20 M
=5 ‘ ‘ ‘ ‘ ‘ A2. Ha Ttesio B WHepIHaJbHON
Puc. 15
F| 1
4
3
F, 9
Puc. 16

cucreMe oTcueTa fieiicTytor e cuiibl (puc.16). Kakoii u3 BekTopos,
n300pakKEHHBIX HA PUCYHKE CIIpaBa, IIPaBUJIbHO YKa3bIBAaeT HAIIPAB-
JIeHne YCKOPeHUs Teja B 3TON CHUCTeMe OTcuera?

1) 1; 2) 2; 3) 3; 4) 4.

A3. IIpyxuHa >KEeCTKOCTBIO 10* H/m 1non neficTBueM CHJIbI
1000 H pacrsanercs Ha:

1)1 m;2)1cem; 3) 10 em; 4) 1 MM,

A4. [Ba Tesa ABIXKYTCS IO B3AUMHO IIEPIIECH/IUKYISIPHBIM TIepe-
CeKaIoNMMCs MPSIMbIM, KaK IoKaszaHo Ha pucynke 17. Momayb
UMITyJIbCa TIEPBOTO Tesla Py = 4KT - M/cC ,
a BTOpOro Tteaa p, = 3kr-m/c. Uemy
X paBeH MO/YJIb UMITYJIbCA CUCTEMBI ATUX

TeJ Iocje UX a0COJIOTHO HEYIPYroro
ymapa?
Y72 1) 1kr-m/c; 2) 4xr-m/c;

3) S5kr-m/c; 4) 7xrr-m/c.

AS. Sk TSHYT 110 3eMJie 32 BEpeB-
Ky 1O TOPU3OHTATBHOW OKPYKHOCTH
auametrpoM D = 20 M ¢ TIOCTOSHHOMI
[0 MOJYJIO CKOpocTblo. PaboTa cuibl Tsrm 3a oguH 0GOPOT IO
okpyxHoctn paBHa A = 3,0 x/[x. Uemy paBeH MOAY/Ib CHJIbI
TPeHNs, AEHCTBYIONEH Ha ANIK CO CTOPOHBI 3€MJIH?

16
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1) 150 H; 2) 48 H; 3) 24 H; 4) 0.
A6. 3ByKOBOIl CUTHAJI, OTPA3UBIINCD OT TIPEISITCTBUS, BEPHYJICS
00paTHO K MCTOYHUKY Yepe3 d C IOcJje ero uciyckanus. KakoBo

paCcCToAHUE OT HUCTOYHHUKA [0 IIPEIAT- F

CTBUA, €CJIN CKOPOCTHb 3BYKa B BO3/JAyXe

340 M/ ¢? m /
1) 850 M; 2) 425 u; el

3) 3400 m; 4) 1700 M.

A7. MaccuBHbIIl 6PYCOK JBIKETCS
HOCTYIIATEIBHO [10 TOPU3OHTAJBHOM 11710C- 1€ 18
KOCTH TIOZ /IefiCTBHEM TIOCTOSTHHON CHJIBI, HATIPABJIECHHO IO/ YTIJIOM
a =30° x ropusonty (puc.18). Moxy.p sroit cumer F = 12 H.
Koadduiuent tpenus Mexay OpycKoM u ILiockocTbio KU = 0,2.
Mogynb cubl Tpenus, AeiictByiowmeil na 6pycok, F, = 2,8 H.
Uemy paBHa Macca 6pycka?

1) 1,4 kr; 2) 2,0 xr; 3) 2,4 kr; 4) 2,6 kr.

A8. B xoMHaTe B OTHOM COCY/le HAXOAUTCS BOJIOPOJT, & B IPYTOM
— azor. CpejiHue 3HAUEHNST KWHETHYECKOI 9HEPTUHU OCTYTIATebHOTO
TEMJIOBOTO JIBMKEHHMST MOJIEKYJIbI BOJIOPOJA M MOJIEKYJIbI a30Ta
OJIMHAKOBBI B TOM CJIy4yae, €CJM Y 3TUX ra30B O/INHAKOBbBI 3HAUEHMUS:

1) temneparypbl; 2) o6beMa;

3) Maccnr; pa
4) KOHIIEHTPAIlMU YaCTHI. 3p, 3
A9. Ha pucynke 19 nokasan 9

rpacduK npoiecca, NpoBeIeHHOTO 2p

HaJl OJHWM MOJIEM W/I€aJIbHOIO 1

raza. Haiigure oTHoOIIeHUE TeM- Po

neparyp T,/T; .

1) 6; 2) 5; 3) 3; 4) 15. 0V, 2V, 3V, 4V, 5V, V
A10. OtnocutenbHas BIAK-  pye 79
HOCTb BO3/lyXa B IMMJIMHPE IO/
mopirHeM paBHa 60%. Bo3myx M30TEpMUYECKN CIKAJIM, YMEHBIINB
ero o0beM B JiBa paza. OTHOCUTEIbHAS BJIAXKHOCTb BO3/yXa CTAJA:
1) 120%; 2) 100%; 3) 60%; 4) 30%.
A11. Yerpipe MeTa/ummueckux 6pycka
MOJIOKUJIH BIIOTHYIO JIPYT K IPYTY, KaKk
nokasano Ha pucynke 20. Crpenkn yka- | A ﬁ ﬁ
3bIBAIOT HAIIPABJIEHHE TETIONEPESayl OT i 1
B 4<;£!:' C

6pycka k 6pycky. Temmepatypbt 6pyCKOB

B ganubIii MoMernt 100°C, 80°C, 60°C £
40°C . Temneparypy 60°C wumeer Gpy- | D |_| |_|
COK:

1) A; 2) B; 3) C; 4) D. Puc. 20
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A12. B mpouecce sKcliepuMEHTa BHYTPEHHSISI JHEPTHUsl rasa
yBesmumiach Ha 30 Kk /2K, ¥ OH MOJIYYUJT OT HArpeBaTe st KOJTMYECTBO
teryiotnl, paBHoe 10 x/[x. CiemoBaTesbHO, Ta3:

1) cxanu, coepiuus padory 20 kJIK;

2) cxanm, coepims padoty 40 kJIx;

3) pacumpuics, cosepius padory 20 k/Ix;

4) pacmmpuicd, copepums pabory 40 kJ[x.

A13. Paccrosinue Mexxay IBYMsS TOYEYHBIMU 3JEKTPUYECKIMU
3apsiaMy YBEJWMYIIA B 3 pasa, a OJUH M3 3apsi/I0B YMEHBIININ B
3 pasa. Cura 3JeKTpUYeCcKOro B3aMMO/IeHCTBISA MEXK/Iy HUMHU:

1) He U3MEHUIACD;

2) yMmeHbmUIach B 3 pasa;

3) yBeawunnach B 3 pasa;

4) ymenbumach B 27 pas.

A14. Ha pucynke 21 mpuBezneHa dotorpadus aJeKTpHYeCcKOn
1enu, coGPaHHON YYEHUKOM [ UCCJIeIOBAHUS 3aBUCUMOCTHU CHUJIBI
TOKa, MPOXOJAIIETO Yepe3 Pe3NUCTop, OT HANpssKeHus Ha HeM. [liaa
TOrO YTOGBI Yepe3 PEe3UCTOP IIPOTEKAT TOK CUioil 1 A, HampsokeHue
HAa HeM JIOJDKHO OBbITb PAaBHO:

1) 0,2 B; 2) 3,4 B; 3) 5,7 B; 4) 7,6 B.

A15. TIpssMOTMHENHBIN TPOBOAHUK JAJMHON L ¢ TOKOM I TIoMeleH
B OJTHOPO/IHOE MAarHUTHOE TIOJIe MePHeHUKYJISIPHO JTUHUSAM HHIYK-
i B . Kak nsmenutes cuma AMiepa, AeiicTByIOmas Ha IIPOBO/IHIIK,
€CJIN CHJTy TOKA YMEHDBIITHUTD B 2 pa3a, a MHAYKIHIO MATHUTHOTO TTO0JISt
YBEJIMYHUTDb B 4 pasa’?

U cmounux nocmosaHHozo
Hanpianxenus

NHH

q
/)

7
9 r 5
VibErn g 4
v 11y
; / o,

Pesucmop

A5

Puc 21
18



1) YMenbiutcs B 4 pasa;

2) yMeHbHIUTCA B 2 pasa;

3) yBeqmuutcs B 4 pasa;

4) yBesqmuuTCs B 2 pasa.

A16. B wnaGope paauozeraneil [Jisi U3rOTOBJIEHHS IIPOCTOTO
K0J1e6aTeIbHOTO KOHTYPA UMEIOTCS JIBE KATYIIKKU C UHIYKTUBHOCTSI-
mu Ly =1 mxl'm u L, = 2 mxlH, a Takke /ABa KOHJeHCATOPa,
emroctn kotopbix C; = 3 ndu C, = 4 nd. IIpn kakoM BbiGOpe
JIBYX 3JIEMEHTOB U3 3TOT0 Habopa mepuof T co6CTBEHHBIX KOJIeOaHTi
KOHTypa Oy/leT HAUMEHbIINM ?

D LuC;2) L,uCy;3) L,uC;4) LnC,.

A17. U3o6paskeHneM TOYKH S, KOTOPOE JaeT TOHKas cOOMpalo-
mas Jun3a ¢ GoKycHbIM paccrosaueM F (puc.22), aBisgercs Touka:

1) 1;2) 2; 3) 3; 4) 4.

A18. /IBa TOYEUYHBIX HCTOYHHKA ;E
cBera S; n S, HaXOAATCSA OJIU3KO APYT H
OT JIpyra M CO3/AIOT HA Y/QJCHHOM ~o% I or
3KpaHe I yCTOMYNBYIO nHTEpdEPEHIIU- 2
onnyio kapruny (puc.23). dto Bo3-

MO3KHO, ecan S; u S, — Manble otBep- M€ 22
CTHSI B HENPO3pavyHOM 3KpaHe, OCBe-
IIEHHbIE:

1) KaX/0e CBOMM COJTHEYHBIM 3ali-
YUKOM OT 3€PKaJl B PyKaX 4YesIOBEKa;

2) O/IHO JIaMIIOYKO HAKAJUBAHUS,
a BTOpOE TOPSIIEN CBEYOii;

3) OIHO CHHUM CBETOM, a APYyroe
KPACHBIM CBETOM;

4) CBETOM OT OMHOTO W TOTO JKe
TOYEYHOTO UCTOYHUKA.

A19. Ha pucynke 24 npusezieH rpaduk 3aBUCUMOCTH CUJIBI TOKA
OT BPEMEHU B KOJe6aTeTbHOM KOHTYDPE, COCTOSIIIEM W3 MOCJe0Ba-
TEJTbHO COEJMHEHHBIX KOHEHCATOPA W KATyIIKW, WHIYKTHBHOCTD
Koropoit paBHa 0,2 T'nH. MakcumaabHOe 3HaUYE€HNE SHEPTUN MAarHUT-
HOT'O T0JIsT KaTyIIKN PaBHO:

1) 2,510 Jix; i MAM
2) 5-107% JIx; 5

3) 5107 IIx; N /\ S
4) 1073 Jix. 1 2\3/4 5 6 toae
A20. Ha pucynke 25 mpen- -5

CTaBJICHBI HECKOJIBKO CaMbIX HIK-
HUX YDOBHEHl sHeprum atoma Bo-  Puc 24

o

Puc. 23

19



E,»BAM
—t—0
E, —— 1,5
E,——-34
E1 ___13,6

Puc 25

nopozna. Mosker i aToM, HAXO/SIIUNCS B COCTOSI-
Hun E;, norsotutb ¢oToH ¢ sHeprueit 3,4 aB?

1) Jla, Ipy 5TOM aToM IIEPEXOAUT B COCTOSTHUE
E,;

2) na, TIpU 3TOM aTOM ITIEPEXOAUT B COCTOSTHUE
Es;

3) na, IpH 5TOM aTOM MOHUBYETCS, PACHAJAACH
Ha MPOTOH M 3JIEKTPOH;

4) wer, sneprun (HOTOHA HEJOCTATOUHO IS
mepexo/ia aToMa B BO3OYXKIEHHOE COCTOSTHHE.

A21. dapo atoma comepsxut 16 meiirponos u 15
IPOTOHOB, BOKPYT Hero o6pamiatorcs 15 ajekrpo-
HOB. IJTa CHCTEMa YaCTHUIL:

1) uon docdopa 9P ;
2) moH cephl ;0S ;

3) atom cepsl i3S ;
4) atom docdopa (2P .
A22. 13 kakoro sijpa IocJie OJHOTO 0 -pacraja U OJHOTO 3 -

pacmazna o6pasyercst Sipo 2é;Bi ?

1) %fPo; 2) %¢Rh; 3) *jHg; 4) *Po.

A23. B Tabamiie peAcTaBIeHbl Pe3yIbTaThl N3MEPEHUN MaKCH-
MaJIbHOW 3HEPruu (DOTOJEKTPOHOB IIPHU [ABYX PA3HBIX 3HAYEHUSIX
JUIMHBI BOJIHBI MAAIOMEro MOHOXpoMarndeckoro csera (A,
JUIMHA BOJIHBI, COOTBETCTBYIOMAsA KpacHOl rpanuie ¢porosdderTa).

JliiHA BOJIHBI TIAJIAIOIETO CBETa A 0,5A, | 0,25 Ao

E

Makc

MaxkcumasibHast 9HEpPrua (pOTOBJIeKTpOHOB

— EO

Kaxkoe 3HaueHne sHepruu npomyiieHo B tabJjuie?

A b

1
1) Ey; 2) EEO;

Puc 26
20

B r
1 1
3) 3505 4) ZEO-
A24. Tpysbl MasiTHHKOB
— MeaHble mapuku. Kakyio
napy masatHukoB (puc.26)
HaJI0 BbIGPATh, 4TOObI HKCIIE-

PUMEHTAJIbHO BbBIACHUTD, 3a-
BUCHUT JIA TIEPUO MaAJIbIX KO-



Je6aHil MATEMATHYECKOTO MAasSTHHKA OT C

JUITMHBI HUTH ?
1) AuB;2) AuB; bl
3) AuT; 4) buB. R
A25. Kon/ieHcaTtop MOAKJIIOYEH K HC- | —

TOYHUKY TOKA [IOC/IE/IOBATE/IBHO C PESUC- 5~ 5
TopoM conpotusieHneM R = 10 xOm
(puc.27). PesynbTaTbl M3MepeHUi HANPSKEHU MEKILY OOKJIaKaAMK
KOH/IEHCATOPA MPE/CTABIEHbI B TaOIUIIE.

t, c 0 1 2 3 4 ) 6 7
U, B 0 3,8 52 57 59 60 60 6,0

Tounoctp uamepenust Hanpspkenuss AU = +£0,1B. Ornenure cuty
TOKa B Iemu B MoMeHT t = 2 c. CompoTuBJeHNEM NPOBOJIOB U
BHYTPEHHHM COIIPOTHBJIEHHEM MCTOYHUKA TOKA IPeHeOpeyb.

1) 220 MKA; 2) 80 MKA;

3) 30 MxA; 4) 10 MKA.

Yactb 2

B1. B pesysibrarte mepexoja € ONHOWU KPYroBoil OpOUTBHI HA
JIPYTYIO IIEHTPOCTPEMUTEIbHOE YCKOPEHNe CIYyTHUKA 3eMJIN YMEHb-
maercsi. Kak m3MeHSIOTCST B pe3yJbTaTe 3TOTO TepexXo/ia painyc
OpOUTHI CIIYyTHUKA, CKOPOCTb €ro JIBUKEHUs] 10 OpOUTe U IMePUuo/y
obpareHnst BOKpyr 3emumn? [l Kax/10il BeJMUMHDI OIpeeJnTe
COOTBETCTBYIOIIUI XapaKTep M3MEHEHUs

1) yBeaMYnIaCh;

2) yMEHbIINIACh;

3) He U3MEeHUJIACD.
3anuimre B Tabauily BoiGpaHubie 1udpbI 1 KaKI0U (husndeckoit
BesmuuHbl. [{1dpbl B 0TBeTe MOTYT TOBTOPATLCA.

Pamuyc opourer | Ckopoctb asukenust | Ilepuox o6parienust
1o opéure BOKPYT 3eMJin

B2. YcranoBure coOOTBETCTBHE MEX/Iy IPOIECCAMU B H/I€AJIbHOM
raze u (opMysaMu, KOTOPBIMH OHH ormchbiBatores (N — ducsio
yacTull, p — Aasjenne, V — o6beM, T — aGCoOJIIOTHAST TeMIepaTypa,
Q — xomyecTBO TemnoThl.) K Kax/0il mo3unum nepBoro cronbia
nojGepuTe COOTBETCTBYIONYIO IMO3UIIMIO BTOPOTO U 3alMIINTE B
TabJUIy BBIGpAHHBIE ITUPDI IO/ COOTBETCTBYIOIUME OYKBAMH.
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[MPOLECCHI DdOPMYJIbI

A) usobapublii mpouecc mpu 1) % = const
N = const v
B) usorepMuyeckuii npouecc  2) v const
npu N = const 3) pV = const
4) Q=0
A b

B3. Oxnoponnsrii crep:xerb AB mMaccoii 100 T mokouTces, ymupa-

SICh B CTBIK JIHA U CTEHKU GAHKK KOHIIOM B 1 onupasich Ha Kpait 6anku

A B Touke C (puc.28). Momy.ib cubl, ¢

KOTOPOU CTEepKeHb NaBUT HAa CTEHKY

cocyza B touke C, pasen 0,5 H. Uemy

paBeH MOJYJIb BEPTHKAJIbHON COCTAB-

JISIONIEN CUJIbI, C KOTOPOH CTepyKeHb

JIaBUT Ha COCy[ B Touke B, ecsm Mo-

B JIyJTb TOPU30HTATBHOH COCTABJIAIONIEH

atoif cusnbl paseH 0,3 H? Tpenuem
npene6peyb.

B4. /IBe yacTuiibl, UMEIOIIHE OTHO-
neHwe 3apsgos ¢ /g, = 1/4 u orHO-
HIeHre Macc my/m, =2, BleTeJH B OAHOPOJHOE MATHUTHOE IOJIE
MEPIEHANKYISIPHO €T0 JTUHUAM HHIYKINN U ABIDKYTCS 110 OKPYKHO-
ctsim. OTipe/iesiite OTHOIIEHUE PAMUYCOB TpaeKkTopuit Ry/R, yac-
THII, €CJIM OTHOIIEHHE NX CKOPOCTel v /vy, =2 .

B5. K moTosiky KOMHATBI BBICOTON 4 M TIPUKPEILICHA JaMiia
HakasuBaHus. Ha BbicoTe 2 M OT 10J1a TapasiesbHO eMy PaciioJio-
JKEeH HeINpO3pavyHblil KBaJpaT co cropoHoi 2 M. lleHTp samrbr u
IEHTp KBajJpara JexXaT Ha ofgHoi Beptumkasm. Haiimute momanb
TeHW KBaJpara Ha TOJY.

C

Puc. 28

Yactb 3

C1. B uimHAPUYECKOM COCY/IE TIO]] TOPIITHEM JIJTUTETbHOE BPEMST
HaxoJATcsl Boja ¥ ee map. IlopiieHb HAYMHAIOT BBIABUTATb U3
cocyzaa. Ilpu aToM TeMiiepaTypa BOJIbI U apa OCTaeTCsl HEM3MEHHOI .
Kak 6ymer MeHSATBCS TPU 3TOM Macca KUAKOCTH B cocyne? OTBeT
MOSICHUTE, YKA3aB, Kakue (PU3nyecKiie 3aKOHOMEPHOCTU BbI UCITOJIb-
30BaJIM 11 OOBSICHEHMUS.

C2. Cuapsa maccoit 4 kr, jersmuii co ckopoctbio 400 m/c,
pas3pbIBaeTCs Ha /[BE paBHble YacTH, OJHA U3 KOTOPbHIX JIETHT B

22



HaIPaBJEHUU JBUKEHUsSI CHAPSI/IA, a IPYTasi — B IIPOTUBOIOJIOKHY IO
cTopoHy. B MOMEHT paspbiBa cyMMapHash KUHETHYECKAs SHEPTUS
0oCcKoJIKOB yBesmumach Ha 0,5 M/[x. Hafianre ckopocTh OCKoJIKa,
JIETSIIIETO TI0 HATIPABJICHWIO ABIKEHUS CHapS/IA.

C3. B ropusoHTagbHOM IIIMHAPHYECKOM COCY/E, 3aKPBITOM
TOPIITHEM, HAXOJUTCS OJHOATOMHBIN UieaibHblil Ta3. [lepBoHauaib-
HOe jaBenue Tasa py = 4-107 Ila. Paccrosiie oT AHa cOCyAa 10
nopwHga paBHo L. Ilsomajgb momnepedHoro cedyeHus IOPIIHS
S=25cm*. B pe3yJbTaTte MeIJeHHOTO HATPEBAHUS Ta3 IOJIYYMJI
KoJimaecTBO TerioTel Q = 1,65 x/[’k, a mopimeHb CABUHYJICS Ha
paccroauue x = 10 cm. IIpu ABM>KeHMH TOPUIHS Ha HETO CO CTOPO-
HBI CTEHOK COCy/la IEUCTBYET CUJIa TPEHUS FTp =3.10°H. Haiiure
L. Cuuraiite, 4TO cOCy/] HAXOJUTCS B BaKyyMe.

C4. Tlo riaaxoil TOPM3OHTAJBHON HAIpaBJSIONIE AanHOl 2
CKOJIb3UT 6YCUHKA C TIOJOXUTEJbHBIM 3apsgoM Q > 0 u maccoii m
(puc.29). Ha KoHuax HampasJstionieil
HaXOJATCS TOJIOKUTETbHBIE 3aps/ibl M ¢

+q +Q,m +q
g > 0. bycunka coBepIiaet MaJible KO-
Jie6aHUsT OTHOCUTEJNILHO TIOJIOJKEHUS paB-  Puc. 29
HOBeCHsI, MepPHOJl KOTOpbIX paBeH T .
Uemy OymeT paBeH TepHoj KojiebaHuit OGYCUHKH, €CJU ee 3apsj
YBEJNUUTD B 2 pasa?

C5. Topu3oHTANBHBIH TPOBOSIINI CTEPKEHD TPSIMOYTOJIBHOTO
CEUeHMsI TIOCTYATENbHO JIBUKETCS C YCKOPEHUEM BBEPX T10 TJIAJKOM
HAKJOHHOI TIJIOCKOCTH B BEPTHUKAJBHOM OJHOPOIHOM MATHUTHOM
noje (puc.30). Ilo crep:xHIO IpoTeKa-
er TOK /. YTros HakJOHA IJIOCKOCTU
o = 30° . OTHONIEHNE MACCHI CTEPSKHS
K ero muune m/L = 0,1 kr/m. Mo-
JIyJib MHIYKIIUU MAarHUTHOTO ToJist B =
= 0,2 Ta. YckopeHue CTep:KHA a =
=1,9 M/ ¢t Yemy paBHa cuJja TOKa B
cTep:kHe?

C6. DotoH ¢ IIMHOIT BOJHBI, COOTBETCTBYIOIIEN KPACHOI rpaHu-
1ie poToaddekTa, BHIOMBAET 3JTEKTPOH U3 METAJJINIECKOI MJIACTHH-
ku (Katoga) cocyna, U3 KOTOPOTO OTKayaH BO3AYyX. IJEKTPOH
Pa3TOHSAETCS OTHOPOIHBIM 3JIEKTPUYECKIM M0JIeM HANIPSSKEHHOCTHIO

E =5-10* B/m . [lo Kakoil CKOPOCTH 3JIEKTPOH Pa3TOHUTCA B 5TOM

Puc. 30

1oJie, IPOJIETEB PACCTOAHUE § = 5-10" M ? PensartuBucrckue acp-
(beKTbI HE YyYHTBHIBATD.
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LornonHuresibHele TecToBbIe 384a49u1
C HeCKOJIbKV MU Boripocamm

1. MatepuasbHas TOUKa ABUXKETCS C IOCTOSHHON CKOPOCTBIO 110
OKpPY KHOCTH pajuycoM R. Kak nsmMeHsTcs mepeyncsieHHble B IepBOM
cTos1611e PU3NYECKUEe BEJIMYNHDI, €CJIU CKOPOCTb TOUYKH YBEJMYNTCS ?

DOU3SNYECKNE BEJIMYMHDBI NX N3SMEHEHUE
A) yrioBas CKOpPOCTb 1) yBeqmuurcs
B) uenTpocTpeMuTebHOE YCKOPEHHE 2) yMeHbIIUTCS

B) nepuoa o6paiieHus mo OKpy>KHOCTH — 3) He M3MEHHUTCS

2. BpycoK CKOJIb3UT 110 HAKJIOHHOMN IJIOCKOCTH BHU3 63 TPEeHHS.
UTo TPOMCXOAWT TPH ITOM C €r0 CKOPOCTHIO, IMOTEHIIHAJbHOMH
JHEPTUEH, CUJION peakiuu HAKJIOHHOU TIOCKOCTH?

DOU3SNYECKHNE BEJIMYMHDBI X N3SMEHEHUE
A) cropoctb 1) yBesmuurcs

B) norennunanbuas sHeprus 2) yMEHBUINTCA

B) cusa peakinu HaKJOHHOH MJIOCKOCTH — 3) HE M3MEHUTCS

3. Opna mraii6a CKOJB3UT IO TOPU3OHTATBHON MMOBEPXHOCTH, a
JIpyras Takast ke 1mokoutcsi. Kak naMeHsioTcsi KHHEeTHYecKast SHep-
THST IEPBOU MIAHOBI 1 MX 06t MEXAHUIECKAST SHEPTHST B PE3YIbTaTe
a6COJIIOTHO YIIPYTOro CTOJIKHOBEHUS IMIaii6?

DOU3NYECKUE BEJINYNHDBI X USMEHEHUE
A) KuHeTHYecKas SHEprus nepBoil maifl6pr 1) yBeinmumBaercs
B) ux ofmas MexaHuuecKast SHEPrus 2) yMeHbIIaeTcs
oA 3) He uaMeHsercs
1 4. VlieanpHblil OIHOATOMHBIN Ta3 MEPEX0-
JquT u3 cocrosgHuss 1 B cocroanue 2 (puc.31).
o Macca rasza He Mensercs. Kak Be 6
) . IyT cebst
. TIepeuncJIeHHbIe HILKE BEJMYMHBI, OMMCHIBAO-
0 T~ 1IMe 5TOT ra3 B Xo/le yKa3aHHOTo Ha JUarpamMmme
puc. 31 npornecca?
BEJIMYNHDBI XAPAKTEP USMEHEHUA
A) nmamnenwue rasa 1) yBenmuuBaercs
B) o6bem rasa 2) yMeHbHIaeTCst

B) BHyTpeHHSs sHEPTHA — 3) HE U3MEHSIETCSI

3. B cocyne nensmennoro o6beMa HaXO[uJach IPU KOMHATHOI
TeMIlepaType CMeCb ABYX HJEaJbHBIX Ta30B, IO 1 MOJb KasKJOro.
[Tos10BUHY COJEPKUMOTO COCY/a BBITYCTHJIM, A 3aTeM J00aBUJIN B
cocyn 1 Moumb nepsoro raza. Kak usmenusuch B pesyjbraTe Iapiiu-
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AJIbHbIE /IaBJIEHUA I'a30B U UX CYMMapHO€ [JdaBJieHue, €CJn TeMIilepa-
Typa ra3oB B CoCy/€ NNoAJA€eprK1uBaaIacCh HEN3MEeHHOI ?

OU3NYECKUE BEJIVWYNHDI XAPAKTEP
N3MEHEHUIA
A) napuumanbHOe JaBjeHHe NepPBOro raza 1) yBeJUYMJIOCH
B) napumajbHoe JaB/ieHUe BTOPOro ra3a  2) yMEHbIIHIOCH
B) naBsienne cMecu Ta3oB B COCYZE 3) He U3MEHWJIOCh

6. OHOATOMHBIN M€aJbHBIA Ta3 HEN3MEHHOI MacChl B M30TEP-
MHIYECKOM TIporiecce coBepinaeT paboty A > 0. Kak MeHAOTCS B 3TOM
mporiecce 06beM, /IaBJIeHIe U BHYTPEHHSSI SHEPTHUs Ta3a?

OUSNYECKUE BEJIMYMHBI UX USMEHEHUE

A) o6bem rasa 1) yBe/muuBaercs
B) naBnenne rasa 2) yMeHbIIaercs
B) BHYTpEHHsIS SHEPTHS Tas3a 3) He usMeHsieTCS

7. Temmepatypy XOJIOJUJIbHUKA TETLJIOBOW MANIMHBI YBEJIUYHIIHU,
OCTaBUB TEMTIEPATYPy HarpeBaTesisd MpeskHell. KomuecTBo TemioThl,
TTOJTy9eHHOE Ta30M OT HarpeBaTesis 3a IMKJ, He M3MeHmJoch. Kak
uMeHnCh 1pu 3ToM KII/[ TermmoBoit MammHbl, KOJUIECTBO TEILIO-
TBI, OTJAHHOE TA30M 3a IUKJI XOJOIUJIbHUKY, M paboTa Ta3a 3a IMUKJI:

1) yBemmuumach; 2) yMEHBIINIACH; 3) HE U3MEHUIACH?

8. Ilmockuit BO3AYIIHBINH KOHAEHCATOP 3apSIUJIN 0 HEKOTOPOI
Pa3HOCTU TIOTEHIATOB W OTKJIOUMJIN OT WMCTOYHHWKA ToKa. Kak
U3MEHATCS TIepeyncIeHHbIe B TIEPBOM CTOJI6Ie (DU3NIEeCKHe BEeJNUN-
HBI, €CJIM TJIACTUHBI KOHIEHCATOpa PAa3/BUHYTh HA HEKOTOPOE pac-
cTosiHue?

OU3NYECKUE BEJINYNHDBI X NSMEHEHUE
A) sapsn Ha 0OKJIaZKaX KOHJIEHCATOPA 1) yBeamuurcs
B) s/eKTpoeMKOoCTh KOHAEHCaTOpa 2) yMEHBUINTCH

B) sHEprus 9JeKTPUYECKOTO TIOJST KOHAEH-  3) HE M3MEHUTCS
catopa

9. K xoHIaM AJTWHHOTO OJHOPOIHOTO TIPOBOJHWKA TPUJIOKEHO
nanpspxkenue U. [IpoBogHUK YKOPOTUJIN B/IBOE M TPUJIOKUIN K HEMY
npexkaee HampsbkeHne U. KakuMu CTaHYT IIPH 9TOM CHJIA W MOII-
HOCTb TOKAQ, COIPOTUBJIEHNUE MPOBOJHUKA?

OU3NYECKUE BEJINYNHDBI NX NSMEHEHUNE

A) cua TOKa B IPOBOAHUKE 1) yMeHbmuTCS
B) conporusieHne NpoBoHUKA 2) yBemuuutcs
B) BblessIONasncs Ha NPOBOAHUKE  3) He U3MEHUTCS
TEIIOBast MONIHOCTD
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10. Ncrounuk toka ¢ 3/[C§E u BHYTPEHHUM CONPOTUBJIEHUEM 7
cHavaJja ObLT 3aMKHYT Ha BHEIlIHee CONpoTuBiIeHue R. 3aTeM BHel-
Hee COIPOTHBJIEHNE YBEeJIHYNIN. Kak IIpi 5TOM M3MEHSTCS CHJIa TOKA
B IeNIU U HANPSDKEHNUE HA BHEIIHEM COIPOTHBJIEHHUN ?

OU3NYECKUE BEJIMYMHBI XAPAKTEP U3MEHEHUA

A) cuaa ToKa 1) yBesmuutcs
B) HampsiKeHHe HAa BHEITHEM CO-  2) YMEHBIIUTCS
IIPOTUBJICHUN 3) He U3MEHUTCS

11. UYacrura maccoii m, HecyIas 3apsifi ¢, ABUKETCSI B OJTHOPO/I-
HOM MArHUTHOM TI0JI€ ¢ MHYKIIHeH B 10 OKPYKHOCTH PajuycoM R
€O CKOpPOCTHIO v. UTO MPOU30MIET € PAIycoM OPOUTHI, TIEPUOIOM
obpallleHusi 1 KUHETUYECKOW HHEPTUell 4acTUIbl MPH yBeJUYeHUN
CKOPOCTH [IBYKEHUS?

OU3NYECKHUE BEJIMUMHBI UX USMEHEHUE

A) paauyc opOuUTbI 1) yBesmuutcst
B) nepuosn obpaiieHus 2) yMEHBUIUTCS
B) xuHeTHMUECKas SHEPTHSA 3) He MaMeHUTCS

12. HOZ[BCH_[GHHBIIL/'I Ha IPYKUHE I'Py3 COBEPUIAET BbIHY/K/IEHHDbIE
rapMOHMYecKue KoJieOaHus IoJ| JefCTBUEM CHJIbI, MEHSIONeHCcs ¢
YacTOTOH V . Y CTAaHOBHUTE COOTBETCTBUE MEXAY (PU3MUCCKUMU BeJU-
YrHaMM 9TOro Iiponecca u YaCcTOTON UX M3MEHEHUsI.

BEJIMUNHDbI YACTOTA USBMEHEHUA
A) KuHeTHYecKast SHEPTHsI 1) %V

B) cxopoctp 2) v

B) norenumanbHas sHeprus 3) 2v

13. MaccuBHblil apuK, MOABEMIEHHDIH K TIOTOJKY Ha YHPYroi
MPYKUHE, COBEPIIAET BEPTHKAJDHbIE TAPMOHUYECKHE KOJIEGAHUS.
Kak BesieT ce6st MOIyJIb I KAKOBO HAIIPABJIEHNE BEKTOPOB CKOPOCTH
M YCKOPEHUSI MIapHKa B MOMEHT, KOT/IA APUK ITPOXOJHUT MOJIOKEHUE
paBHOBeCHUS, [[BUIasiCh BHU3?

BEKTOP MOAYJIb 1 HAITPABJIEHUE
BEKTOPA
A) CKOpOCTb Imapuka 1) moctraer MakCUMyMa; BBEPX

B) yckopenme mapuka — 2) JOCTUTAeT MAKCUMyMa; BHU3
3) paBHSETCS HYJIIO

14. OnexTpuyecKkuii Kore6aTeTbHBIH KOHTYD PaIUOTPHEMHUKA
HACTPOEH Ha JIIMHY BOJIHBI A . Kak uaMensrcst nepuoj; koJsiebanuii B
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KOHTYp€, UX 4YaCTOTa U COOTBETCTBYIONIad UM /[JIMHA BOJIHBI, €CJIA
IiomaZb IJIaCTUH KOH/IEHCATOPa yMeHbH_[I/ITb?

OU3NYECKUE BEJIVNYMHDBI NX USMEHEHUE

A) nepuon koneGanuii 1) He u3MeHUTCs
B) uacrora 2) yMEHbUINTCH
B) amHa BOJTHBI 3) yBesawuurcst

15. KonzencaTop ko/1e6aTeIbHOr0 KOHTypa IIOAKII0YeH K HCTOY-
HUKY [OCTOstHHOTO Hanpsikenus (puc.32). Tpadpuxu A u B (puc.33)
MPE/ICTABIAIOT U3MEHEeHHsT (pusmdec-

+ —

KHX BEJIMYNH, XapaKTepUsyIlolux Ko-
JebaHMusI B KOHTYpe I0CJIe TepeBejie-
HUS THepekiodaTesnss K B 1oJoxeHue C % 1
2. YcTaHOBHTE COOTBETCTBHE MEXKIY +H— e
rpadukaMu U (PU3MIECKUMU BEJTHYH- 2
HAMHU, 3aBUCHMOCTH KOTOPBIX OT Bpe- I
MeHU 9TU TpapUKU MOTYT IPe/CTaB- A
JIATD. Puc. 32

AN B)A

0 T ©t 0 T 71

Puc. 33
IPADOUKU DOUSNYECKHNE BEJNYWHDBI
A) 1) sapsan J1eBoii OOKJIAAKKH KOHIEHCATOPA
B) 2) BHEPrust SJIEKTPUYECKOTO TOJIST KOHAEHCATOPA

3) cusia TOKa B KaTyIiKe
4) BHePrusi MarHUTHOTO MOJISI KATYIIKU

16. CBeToBoii My4OK BBIXOJUT U3 CTEKJIa B Bo3ayX (puc.34). Uro
IIPOUCXO/IUT IIPH HTOM € YACTOTOI 3JIeKTPOMATrHUTHBIX KoJeGaHuil B
CBETOBOI BOJIHE, CKOPOCTBIO UX PacIpoc-
TpaHeHus, JJMHON BOJIHBIL:

1) yBesmuuBaercs; 2) yMeHbIIAETC;

3) He usMenserca?

17. Kak usmMeHsTCs 3apsi/Ji 1 MACCOBOE
YHCJIO PAJMOAKTUBHOTO SI/[PA B PE3YJIbTa-
Te ero B -pacnajga?
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OU3NYECKUE BEJIMUMHBI UMX USMEHEHUE

A) zapan 1) yBesmuurcs
B) maccoBoe umcsio 2) He M3MEHHTCSI
3) ymeHbmmTCS

18. [l15 HEKOTOPBIX aTOMOB XapaKTEPHOI OCOGEHHOCTDIO SIBJIS-
eTCs1 BOBMOXKHOCTD 3aXBaTa aTOMHBIM SITPOM OZIHOTO U3 GJIMKAIIIX
K HeMy 3JIeKTpOHOB. IIpu 3axBare 3JIeKTPOHA HEKOTOPbIE XapakTe-
PHUCTHKH aTOMHOTO sijipa uaMenstiotcst. Kak BeyT cebsi niepeuncien-
Hble HIXKE XapPaKTEPUCTHUKU aTOMHOTO si/[pa NPH 3axXBare SIPOM
3JIEKTPOHA?

BEJIMYNHDBI XAPAKTEP USMEHEHUA
A) maccoBoe uncao saapa 1) He u3MeHseTcst
B) sapsan aapa 2) yBeJMYMBAETCA

3) yMmenbIaercs

19. dapo aroma mperepmeBaeT CHOHTAHHBIH O -pacman. Kaxk
U3MEHSIOTCS [IePeYrCIeHHbIC HIDKE XaPAKTePUCTHKI aTOMHOTO s/ipa
PN TaKOM pacmaje?

BEJIMYNHDBI XAPAKTEP USMEHEHUA
A) macca sapa 1) He M3MeHsIeTCSI

B) sapsan aapa 2) yBEJIMYMBAETCS

B) uucsio IpoTOHOB B S/pe 3) ymenbInaercs

20. Tlpu Kakux ycJoBUSX HAOJIOJAETCS PABHOBECHE pblyara ¢
HETIOABIKHON OCBIO M CBOGOIHOE TIaieHue TeJT BOJU3H TOBEPXHOCTH
3eman?

OU3NYECKUE ABJIEHNA  YCJIOBUA HABJIIO IEHWA

A) paBHOBecue pblyara 1) Fpmoﬂeﬁm =0
B) cBoGoaHoe magenue 2) Fi-l,=F-]
3) Pi)aBH()ﬂCﬁCTB = F:l'ﬂ)lc
4) F-li=F-1

21. YcraHOBHUTE COOTBETCTBHE MEK/y Ha3BaHUeM (PU3NYECKOi
BEJIMYNHDI U (HOPMYJIOH, IO KOTOPOH ee MOKHO ONPE/EeNTD.

HA3BAHUE DOOPMVIIA
A) KOJINYECTBO TEIIOTHI, HEOGXOUMOE JIJIst 1) %
HarpeBaHusd Tesa 2) q-AT

B) ylesbHast TENIOTA TLIABJIEHHST KPUCTALIndec-  3) AT

KOT'O BEMIeCTBA
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B) KOJIMUeCTBO TEILIOTbI, BBLAEISIEMOE IIpu cropa- 4) ¢c-m-AT
HUM TOILJIMBA 5) g-m

22. Pesucrop conpoTHBIeHneM R TOJKJIOYEH K UCTOUHHUKY
TOKa ¢ BHYTPEHHUM CONpOTHBJIeHHEeM #. Cuia TOKa B 1€l paBHA
I. Yemy pasubl J/[C UCTOYHUKA U HANPSKEHUE HA €rO BBIBOJAX?

OU3NYECKUE BEJINYMHDI DdOPMYJIbI
A) 9]IC ucrounuka 1) Ir
B) manpskeHuwe Ha BBIBOJAX MCTOYHHKA 2) IR
3)I(R+7)
4) IR?[r

23. Ily4ok cBeTa IIepexO/UT U3 BOJbI B BO3AYX. HacToTa CBETOBOI
BOJIHBI V , CKOPOCTb CBETA B BOJIE ¥, IOKA3aTeJb MPEIOMJIEHIS BOIbI
OTHOCHUTEJIbHO BO3/lyXa 7. Y CTAHOBHUTE COOTBETCTBHE MeXy (husu-
4YeCKMMHU BeJndnHaMu 1 (HOPMyJaMH, 10 KOTOPBIM HUX MOKHO
paccuuTaTh.

OUN3NYECKHNE BEJINMYIMHDBI OOPMYVYJIbI
A) [IMHA BOJIHBI CBETa B BO3JYyXE 1) %
B) nnuHa BOJIHBI CBeTa B BOjE 2) %
n-o
Dy
v
4) v

24. YcTaHOBUTE COOTBETCTBUE MEXK/LY (PU3NUECKUMU BEJIMYNHAMUI
u dopMyaamu, MO KOTOPBIM UX MOXKHO paccuutath (v — wacrora
¢dorona, E — sueprus ¢doroHa, h — mocrosinas Ilmanka, ¢ —
CKOPOCTb CBETA B BaKyyMe).

OUSNYECKUE BEJINYMHBI ®OPMYJIbI

h.
A) JUTITHA BOJTHBI 1) TV
h-c
B) ummnyabc goroHa 2) v
h-c
Vg

h

4) v

25. Kaxkoii u3 mepedrcjeHHbIX MPEAMETOB 06s13aTeTbHO BXOINT B
COCTaB I TOCTOSIHHOTO TOKA U K0JIe6AaTeIbHOTO KOHTYpa?
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®U3NYECKOE YCTPOMCTBO EIO HEOBXOAUMbI

SJIEMEHT
A) 11eTb OCTOSTHHOTO TOKa 1) amnepmerp
B) koJieGaTesbHbI KOHTYP 2) UCTOYHUK TOKA

3) KoHmeHcaTop
4) TIOCTOSTHHBIN MATHUT
26. YcTaHOBHTE COOTBETCTBUE MEXKY (PU3HUECKUMHE SIBJCHUAME
u npu6opaMu, B KOTOPHIX MCIOJIb3YIOTCS MM HAGII0aloTCs 5TU
SIBJICHUSI.

DOUSNYECKUE ABJIEHUA [MPUBOP
A) noHusanus rasza 1) BakyyMHBIH (OTOIIEMEHT
B) doroadpderr 2) nmudpakMOHHAS PeLIeTKa
3) cuerunk Tefirepa
4) myma

27. YcraHOBUTE COOTBETCTBHUE MEXAYy TUIIOM A/I€PHbIX peaKuMﬁ n
YpaBHECHUEM H[[epHOﬁ peakinm, K KOTOPOMY OHa OTHOCHUTCH.

TUII PEAKIINU YPABHEHUE PEARKIINN

A) a -pacnaj 1) 25Al+) n — %Th + jHe

B) B-pacman 2) %Pu - %)U+He

B) peaxuus tepmosiaepHoro  3) H+H — iHe + yn

cuHTe3a 4) U+ n - 0Zr+"ITe+2)n

5) 29Pb — Bi+ e

ITyb6auxayuro nodzomosusu M./Jemudosa, A.Yeproyuan



OJNIMMNNARA «MOKOPU BOPOBbEBbI TOPbI»

MATEMATUKA

BapuaHt 1
(3a04HbIV TYP)

3amaun 1-6 mpemyarannch g BceX (aKyIbTETOB, a JOMOJHHU-
TesibHble 33/1a4K 7—10 GbLIM pAcCCYUTAHbBI TOJBKO HA TTOCTYHAIONINX
Ha MEXaHUKO-MaTeMaTudyecKuii (akyabTeT u (PakyJbTeT BbIYKCJIU-
TEJbHOIM MaTeMATUKN U KMOEPHETHUKH.

1. B Boueii6osibHOM TypHHpE Ka)K/[as KOMaH/Aa ChIrpaia c
KaKJI0# POBHO TIO OJHOMY pa3y, TpudeM 25% KOMaH[ HU pasy He
Boiurpasu. CKOJbKO KOMaHJ[ y4acTBOBAJIO B TypHUPE?

2. Pemnre ypaBHEeHUE

5

cos2010y -
3. Haiiure mpoussejenyue ABYX TPEX3HAYHBIX HATYPaJbHBIX
YIceJI, eCIM OHO BTPOE MeHbIIle IeCTU3HAYHOT0 YHCJIa, HOTydalole-

rocsi IPUITUCHIBAHIEM O/IHOTO U3 9THX JIBYX YHCEJ BCJIE 32 [PYTUM.
4. Pemmre ypaBHeHue

[nng] +[nlglﬂ =2010

3cosx +4sinxsiny =

OTHOCHTEJbHO HarypasibHoro umcia n (depes [x] oGosHauaercs
Han6oJIbIIEe TIEJTOE YHCJI0, He MPEBOCXOAIIEE X).

3. U3 Bepmmusr C mpsimoro yria tpeyroibauka ABC omyiena
Bbicota CH. T'nie na orpeske BH HYy>KHO TIOCTaBUTb TOUKY M, 4TOGBI
u3 orpe3koB AH, AM 1 CM MOXHO 6bLIO COCTaBUTD IIPSIMOYTOJIb-
HBII TPEYTOJIbHUK?

6. Haiizurte Bce 3Hayenwss k > 2, mpu KakJOM M3 KOTOPBIX
CYIIECTBYeT HeTIOCTOSTHHAST apH(MeTHIecKast IPOTPECCHs Xy , ..., X,
u kBagpatHbii Tpexunen f(x), amsa koropwix f(x), ..., [(x,) -
reoMeTpHyecKasi Iporpeccusl.

7. Ilpsmbre [, I, u l; nepecekaroTcs B Touke A IIpo yIJIoM 60°
JIPYT K Apyry. 3asil, HauWHas W3 TOYKU A, coBepImaeT mocJjeaoBa-
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TeJIbHbIE NMPbIKKYU JJIMHON 1 KasK/IbIii: TIepBbIi MPBIKOK — B HAIIPAB-
JICHUM TIpsIMO#l [, BTOpoil — B HampasjeHun [,, Tpetuii — B
HanpasJjeHuu [y, crienyronmii — B Hampasienun [ u t.a. (mo
HUKJIY). B Kakoii-To MOMEHT 3asi[ OCTAHOBMJICS Ha OJHOI U3 9THUX
Tpex npsAMbIX Ha paccroaunu 2010 or Toukn A. B xakom Hampase-
HUU ObLIT COBEPILEH €0 MOCJEAHUN TPBIKOK ?

8. Haiigure naumenbuiee 3Hadenne Besmuunpl 2|x| —|y| mpu
yCJIOBUT

log, (x +2y) +log, (x —2y) =1.
9. CyImecTByeT Jiu TeTpas/ip, JATHHBI BCEX NTECTH peGep KOTOPOTo

006pPa3yIoT reoOMeTPUYECKYI0 IPOTPECCHIO CO 3HAMEHATeeM P29

10. Yucao P — npousBejieHre BCEX IPOCTBIX YHCEJ, MEHBIITNX
30. V3 maTypaJbHbIX Aenutesell uucaa P TpeGyeTcsi COCTaBUTDH
MHOKECTBO M, B KOTOPOM HH OJIHO YUCJIO HE J[eJINTCS HalleJo Ha
npyroe. Kakoe Han6osbliiee KOJIMYECTBO UHCEJ MOKET COAEpXKaTh
MHOXecTBO M?

BapuaHTt 2
(04rbIi Typ: MockBa)

1 (3 6anna). ¥V Iletu ectb ABa PasHbIX CTaKaHa IMIMHIPUYECKOI
bopmbl. On 3ameTii1, YTO GAHKY COKA MOXKHO TaK PA3JuTh 0 3TUM
CTaKaHaM, YTO YPOBEHD COKA B TIEPBOM CTakaHe cocTaBuT 12 c¢M, a Bo
BropoM — 10 cM, WM Tak, 4TO YPOBEHb COKAa B MEPBOM CTaKaHe
cocTtaBuT 8 cM, a Bo BTopoM — 12 ¢cM. Ha kakoM ypoBHe OKaXeTcs COK
B KaXK/IOM W3 3TUX CTAKAHOB, €CJIM COK U3 OGAaHKM PAa3JUTb IO
CTaKaHaM TIOPOBHY?

2 (3 6amna). CKOMbKO pasJMYHBIX PEIIEHUI Ha OTPE3Ke [O;Tﬂ
nMeeT ypaBHEHUE

6~/2 sin x tgx — 22 tgx +3sinx -1 =07?

Haiiute a1 perenus.

3 (4 Gamna). TlomoxurenbHbie uwucaa by, by, by, by, bs
COCTaBJISIIOT F€OMETPHYECKYIO TIporpeccuio. CyMma JiorapudMoB 1o
OCHOBAHHWIO 2 OT 9THX 4mces pasHa 15. Haiigure atn uncia, ecian

lOgZ b1 Dng bs = _7 .

4 (5 6annos). OKPYKHOCTD ¢ HEHTPOM B Touke O, Jexarieil Ha
cropore AB tpeyronpanka ABC, TpoXoAnuT Yepe3 TouKy A, mepece-
kaet cropony AC B touke K, a cropony BC — B Toukax L u M.
WsBectHO, yto KC = CL = MB = 3, AK = 4. Haiijure oTHOIlIeHE
nmH orpe3koB AO n OB.
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5 (7 6annos). Haiinure Bee 3HAUEHUS TapaMeTPa d, TIPU KOTOPBIX
JUISL JTI0GOTO 3HAUEHUsT TTapaMeTpa b HepaBeHCTBO

(a+b)x* +(3b —4a -7)x +4a -2b +6 20

uMeeT XOTsI ObI OJTHO PeIleHue.

6 (8 6annos). Uepes Touku M, N, K, L, nexamue COOTBETCTBEH-
no ua pebpax SA, SB, SC, SD mnpaBujbHOU YETHIPEXYTOJIbHOM
nmupamupl SABCD (S — BepuiHa), NpoBeieHa MI0CKOCTh. V3Bec-
THO, yTo MK O NL , SN = 3SL u njnomaab Tpeyrojbiuka SMK
paBHa 12. Haiinute muomanb tpeyroirbauka SLN.

Hyb6auxayuro nodeomosuau B. Anexcees, A. Beeynu, I1. Gopodur,
O.Kocyxun, B.Ilaugépos, B.Ywaxos, U. Il eiinax



OJIMMMNUNALA «JIOMOHOCOB-2010»

MATEMATNKA
1. Pemure HEpaBEeHCTBO

(\/g _ \/E)(logz 3)4,12 g (\/§ . \/5)‘(10§3 DR

2. Ha ocuoBanun AC paBHOGeznpennoro tpeyrosbinka ABC
B3siTa ToukKa E, a Ha 60K0BbIX croponax AB u BC B3srbl TOuKu D u
F cootBerctBenHo Tak, uto DE || BC u EF || AB. Kakyio uyacTb
mwiomaau TpeyroibHuka ABC 3aHMMaeT TJIONAJb TPEYTOJbHUKA
DEF, echu BF : EF =2 :3?

3. /lBa BKJaJuuKa BJIOKWJIN JIeHbI'W B oOiiee xgeno. Ilocie
9TOTO OJIMH U3 HUX JA06aBUJ erie 1 MJH P., B pe3yJibTate 4ero ero
nosisi B obmiem nene yBeqmumiach wa 0,04, a xorma oH q06aBII
emnte 1 MJH p., ero goJd yBeanunyaach emie Ha 0,02. CkoJbKO JeHer
eMy HYKHO J06aBUTb, 4TOObI YBEJUYUTH CBOIO J0Jii0 ente Ha 0,047

4. Pemnre HepaBeHCTBO

(S SO, 1
Voo -2 Na+d T Jw+a)(-x-2)

3. Yncsa 54 u 128 sSBJAAIOTCS YIeHAMU TEOMETPHYECKON TIPOTPec-
cun. Haiinure Bce HaTypasibHble YHUC/IA, KOTOPbIE MOTYT BCTPETUTHCS
B 9TOIi MPOTPECCUH.

6. IIpoekiu HEKOTOPOIT KPUBOI B KOOPAMHATHOM TIPOCTPAHCTBE
Ha TTockocTd Oxz 1 Oyz yIOBIETBOPSIOT YPAaBHEHUSM Sx + cos z =0

u z = arctg\y —3 coorsercreenno. Haiignre dpynxumio y = f(x),
rpaduK KOTOPOI COCTOUT U3 TEX U TOJBKO TE€X TOUEK, KOTOPHIE MOTJIN
OBl TIPY ATUX YCJOBUSIX CJIYKUTb MIPOEKIUSIMU TOUYEK TOI YK€ KPUBOii
Ha 1I0CKOCTh OXY.

7. Haiiziure Bce 3HAUEHUsSI ¢, TIPU KAXK/OM U3 KOTOPBIX CHCTEMA

25 -13 3" +a <0,
O
H2sin® e —cos4m =11

uMeeT XOTsI ObI OJTHO PelleHue.
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8. Ha pe6pe AS Tpeyrosbhoit mmpamuibl SABC orMeueHbl Takue
Toukt M u N, uto AM = MN = NS§. Haiigure momna/ib TpeyroJb-
Huka NBC, ecan miomtaau tpeyroabHukos ABC, MBC u SBC

pasubl 1, 2 1 /37 COOTBETCTBEHHO.

9. Ha focke Hamucan KBaJ[paTHbII TPEXUIeH 2% +9x +47 . Taus
(0 cBOEMY YCMOTDPEHHIO) YBEJIUYMBACT UM yMEHbIaeT Ha 1 xoad-
(pymment npu x, nocse yero Bans yBenmmuuBaeT MM yMeHbIIAET Ha
(ukcupoBantoe ymca0 m cBOGOJHDII UJIeH, a Jajee ITH JelCTBUs
MoBTOPsIOTCA. Kak TONBKO y HANMCAHHOTO Ha JOCKE MHOTOYJIECHA
OKa3bIBaeTcs 11eJblii KopeHb, BaHsa noJsydaer olleHKYy <«1siTb». Mo-
JKET JIK OH 06eCIieunTh cebe «ISTePKY» MpH JI0ObIX JelicTBusix Tanu,
ecu: a) m=2; 6) m = 3?

10. duaronamm tpaneruun ABCD c ocuoBanusmu AD = 3 u
BC =1 nepecekaiorcs B Touke O. [/IBe OKPY:KHOCTH, TIepeceKalonie
ocuoBaune BC B Toukax K m L COOTBETCTBEHHO, KacaloTCS APYT
apyra B Touke O, a npamoit AD — B Toukax A u D cOOTBETCTBEHHO.
Haiiqure AK* + DL”.

MEXAHUKA

1. /IBa MOTOIMKJINCTA JIBUXKYTCS MO NPSIMOJIMHEHHBIM TpaccaMm
(KasKbId 10 CBOEIT) ¢ MOCTOSIHHBIME cKopocTsiMu. B 17:00 paccro-
siane Mexay Humu 6110 40 kM, B 17:40 — 30 xM, B 18:10 — 30 xM.
a) Onpesennre MOMEHT BPEMEHHU, B KOTOPBIA MOTOIUKJIUCTBI GYIyT
HAXOJUTHCS Ha KpaTdaliineM paccTosHuu ApYT OT Apyra. 6) Onpene-
JINTE BEJIMUYMHY CKOPOCTH O/IHOTO MOTOIMKJIMCTA OTHOCUTENIBHO JIPY-
ToTO0.

2. Cryckaemble anmapaTsl A n b IBIKYTCS BePTHKAIBHO BHU3 C
TTOCTOSHHBIMA CKOPOCTSIMU TIOJ JEHCTBHEM CHJIBI TSKECTH, CUJIBI
COTIPOTHBJICHUST BO3[yXa M CHJBI TSITH TOPMO3HOTO JBUTATEJI.
Cryckaemblii armnapar b, BTpoe GoJIbIIETo JuaMerpa, yeM armapar
A, Oyaer ABUTaTbCsl C TOH XK€ YCTAHOBHUBIIEHCS CKOPOCTBIO, YTO M
ammapar A, ecam cuja TATH ero TOPMO3HOTO JBUTaTe st 6yzer B 33
pasa Gosbire. Hafimre OTHOIIEHWE CHJIBI TSKECTH K CHUJIE TATH
TOPMO3HOTO JBHUTaTess ammapaTta A, cumWrag, 4TO ammaparbl —
OIHOPO/IHBIE TApbl OJHON W TOH ’Ke TJIOTHOCTH, M3MEHEHUEe Macc
KOTOPBIX B IIpOllecce CIyCKa IPeHeOPeXKUMO Majo, W 4YTO CHJIA
COIIPOTUBJIEHUS CO3/1aeTCs1 AGCOJIIOTHO YIIPYTUMH YapaMy MOJIEKY.T
BO3/yXa O KOpIIyC armapara.

3. Ha paccroguun 200 M OT IpSIMOJUHERHON JOPOTH HAXOIUTCS
KOJIOZIEI] C KUBOW BOJION, K KOTOPOMY CTPEMUTCS PAHEHbII 60TaThIPb.
B HauasbHbBII MOMEHT BpeMeHU GOraThbIpb HAXOJMUTCS HA JIOpOTe U
paccTosiHue MEKLY HUM 1 KoJoieM pasao 1400 M. a) Uepes kakoe
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MUHUMaJIbHOE BpeMsi 60raTblpb MOKET JJ06PAThCs /10 KOJIO/IA, €CJIn
OH TIEPEIBUraeTCs MO JIOPOre CO CKOPOCTbIO 8 KM /4, a 1o 6e3/10po-
JKbIO — B JIBa pasa MeJIeHHel? 6) Ycreer Jim OH J06pathest /10
KOJIOJIA, €CJIN Pecypc ero *KU3HEHHBIX cHJ Bcero 13 MuH?

4. Mawma Jlarymka maccoii M; =10 T m ee MaJeHBKUN CBIH
Jlgarymonok Maccoit M, =5 T cumesm Ha IJIaBaolleil JolieuKe
Maccoit m = 15 1, Korja K HUM Ha JIOJKe NMPUOIU3UICS PbIGOJIOB.
JIATymIKY, NCIyTaBIINCh, IPBITHYJIN C JIONIEYKH B BOJY, W PbIO0JIOB
YBHJIEJ, Kak JOIeYKa, IOJIy4YnB HMITYJIbC, Hadajla J[BUTATHCS II0
unepruu. Kak go/pKHbI IpbiraTh Jarymku (1o ouepeay uim oJHo-
BPEMEHHO U B KaKOM HalpaB/eHuu), yToObl JoIIeYKa npuobpesa
MaKCUMAaJIbHO BO3MOXKHYIO cKopocTh? Hafigure aty ckopoctb. Cun-
TAeTCs, YTO JIATYIIKK, OTTOJIKHYBIIUCH, IPUOOPETAIOT OJIHY U TY K€
CKOpOCTb © = 2,4 M/ C OTHOCUTEJIBHO jomedyku. ConpoTuB/ieHneM
BOJIbI IIPEHEOPEUb.

3. B mporecce paGorsl yueHOMY 1M0TPe6OBATIOCh CPDABHHUTD J[BE
semmmmnt [ () u [ (%), me f(x) =212 +32x" —62° -9x% +
+4x +3 +sinx, a uncma x; u Xy (X <Xxy) — COOTBETCTBEHHO
MeHDIINI 1 GOMbITNI KOpeHb KBaJApPaTHOTO ypaBHEHHS 7x° + 6x +
+1=0. OJEKTPOHHBIX BBIYUCJUTENbHBIX CPEJACTB MO PYKOH He
0Ka3aJ0Ch, HO YYeHbI, MOAyMaB, OBICTPO CIIPABUJICS C 3aJayeil.

. [Mompobyiite caesaTh HEOOXOAUMOE CPaB-

- - - Henue U Bbl. OTBeT 060OCHYIITE.
- - - \Lg 6. Xumuueckuii peaktop (cM. PUCYHOK)
pe/cTaB/sieT o0l IMINHIPUIECKYIO eM-
- - -T- KOoCTb BoIcOTON L = 17,5 M, pasjeseHHyIO
——1 |L MOJIBVM)KHBIM TIOPIIHEM HA [IBE€ KaMephbl.
L [TepBoHaYaJIbHO TOPIIIEHb HAXOUJICS B Ca-
R 1T MOM BepXHeM noJioxkeHnn. CBepxXy Ha Mmop-
L IIeHb HAJIUJIM BO/LY TaK, 4TO MOPIIEHb OIIy-
Sl et cruiicsa 10 BbicoTbl £ = 10 M Hajx AHOM
peakTopa, W B HIDKHEH KaMmepe peakTopa
fasienne ctano p = 1,75 00 Ila, a TeMmeparypa craia T, =63 °C.
Jlo Kakoil MUHUMAJBHOI TeMIepaTypbl HEOOXOUMO HAarpeTb HUXK-
HIOIO KaMepy peakTopa, 4YToObl BCsS BO/IA BbLINJIACD, €CJn aTtMocdep-

Hoe JaBJIeHue p, =10’ [Ta, mnornocts Bozbr P =1000 Kr/M3 n
ycKopenue cBoGojHoro najgenust g =10 M/ c??

Iy6nuxayuo nodzomosunu B.Axexcees, A. Bezynu, I1. 5opodun,
A.3enencxuil, O.Kocyxun, B.Ilangépos, B.Ywaros, H.1lleinax,
M. FOmawes
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rOCYOAPCTBEHHbBIA YHUBEPCUTET - BbICLLAS LLUKOJA
SKOHOMUKUN

MexxpervioHasnsHas MHOronpo@uiibHasas OIMMITNGAS

MATEMATUKA

I sran

1. Ha PUCYHKE IIPUBEAECHDI IIPOEKIINN J€TAJIN Ha KOOPpANHAaTHDbIE
mwirockoct XOY u YOZ. Cropona kiertoukn pasHa 1. Kakum moxeT
ObITb HAMOOJIBINHII BO3MOKHBINH 00beM JieTasn?

YA ZA
[T T I TTIITT]

g

e} * O Yy~

2. B ksiacce MasibuuKoB GoJibiiie, yeM jieBovyek. Cpesn Kaxk/pix 10
YUEHIKOB HaliieTcs TI0 KpaifHell Mepe o/{Ha JleBo4YKa. KakoBo makcu-
MaJIbHOEe BO3MOKHOE YHCJIO YUYEeHWKOB B Kjacce?

3. KakoB HaumboJblnii pajinyc OKPY>KHOCTH, KOTOPYIO MOXKHO
MIOMECTUTb BHYTPb Tpallellny ¢ OCHOBAaHUSAMU 5> U 17 1 GOKOBBIMU
croporamu 10? (Takasi OKPY>KHOCTb MOMKET KACaTbCsl HEKOTOPBIX
CTOPOH TpPaMeIyn. )

4. V3BecTHO, 4TO 3aMKHyTas JOMaHAs JUHUSA COCTOUT u3 29
3BEHbEB, IIPHYEM HUKaKWe /Ba 3BeHa He JeKaT Ha OJHOH IPSIMOIL.
Kaxoe HanGosibliiee 4ucja0 TOUYEK caMollepeceyeHus] BO3MOXKHO [IJIst
Takoi suanu? (BepumHbl JOMaHOH He CUMTAIOTCA TOYKAME CaMolle-
pecedenms. )

5. ITo npsaAMoii Ha HEKOTOPOM PacCTossHUU APyr oT apyra (He
BILUIOTHYIO) KATATCS C PABHBIME CKOPOCTSIMH 5 aGCOJTIOTHO YIIPYTUX
mapukoB. Eme 7 TakuX Ke MIAPUKOB KATATCS C TOH K€ CKOPOCTHIO
uM Haserpeuy. CKOJIBKO Beero mpousoiger croakaosenuit? (IIpu
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aBCOJIIOTHO YIPYTOM CTOJKHOBEHHUH /[BYX HIAPHKOB, JBHKYIIUXCS
HaBCTpeuy APYyT APYrYy C PaBHBIMH CKOPOCTSIMHU, HIAPUKHU IIOCJIE
COy/JIapEeHUsT Pa3JIeTAloTCs B IIPOTHBOIIOIOXKHDBIE CTOPOHDI C TEMHU K€
CKOPOCTSIMH. )

6. Harypasbubie uncia a, b, ¢ umeior coorBerctserto 6, 9, 14
PA3JIMYHBIX HATYPAJbHBIX Jeuteeil (BKIOYAsd €IUHUIYY U CAMO
ancsio). HOJM(a,b,¢) =6 . Haitmure HOZL (a,b) x HOZL(b,¢) .

7. Haiizure nipeanocenmioio mudpy uncaa 29210

8. Haiigure namboJiblee 1iesioe pelieHne ypaBHEHUs

37220 +20 4 @202 20023 _ 9a® 222 H20

9. B TpeyrosibHOIl nupaMuzie Bce BBICOTBI GOKOBBIX TI'paHeii,
MIPOBE/ICHHbIE M3 BEPIINHDI, PaBHbI 13, MepUMETP OCHOBAHUSI PaBeH
75, o6beM paBen 750. Haiiute BbICOTY HpPaMU/IbI.

10. OXpy:>KHOCTDb C IIEHTPOM B TOYKE (4; 1) KacaeTcst apaboJibl

1 .
Yy = Exz . Haiigure aécuﬂccy TOYKHN KaCaHHA.

/l 31an

1. Mosxno u pacnosoxutb Ha 1ockocta 2010 mrydedt TakuM
006pa3oM, 4TOObl HH 4epe3 KaKylo TOYKY IIOCKOCTH He IIPOXONJTIO
6oJiee ABYX JIydedl, KaXKIbI JIyd IIE€PECEKAJICS POBHO C ABYMS
JIPYTUMU U JTI06bIe [IB€ TOUKHM Ha JIIOOBIX BYX JIydyaX MOKHO ObLIO
COEJIMHUTD JIOMAHOM, [EJUKOM COepIKaIeiicsi B 00beJUHEHUH 9TUX
Jygei?

2. Cpe/n Bcex ueTBepOK HaTypasibubix uncen (k,L,mn), k> 1>

. 1 1 1
>m > n, HaiiUTe TaKyio, YTO CyMMa % + -+ — +— MeHblle
m n
eIMHULIbI U OJIMKE BCEro K Heil.

3. C HaTypa/JbHBIM YHCJOM IPOM3BOJUTCS CJelyiolias ornepa-
1us1: 0TOpachIBaeTCsl camast 1mpasasi 1udpa ero JecITUYHON 3alncH,
MIOCJIE Yero K MOJIy4YeHHOMY MOcCJe ee OTOPAChIBAHMS YNCTy Tpu6as-
JsieTcsl  yjaBoeHHas oTOpomeHHass nudpa. Hanpumep:
157> 15+2%x7 =29, 5+ 0+2%x5=10. Harypaabnoe uucsuo
HA3BIBAETCSI XOPOIINM, €CJIM MOocJe MHOTOKPATHOTO IPHMEHEHUS
3TO Ollepalluy ToJiydaeMoe YHCJ0 TepectaeT MeHsATbes. Halinure
HauMeHblee 100-3HaUHOE XOpollee YUCJIO0.

4. B ocrpoyrombHOM Tpeyroipauke ABC TpoBefieHa BBICOTA
AA; . H — Touka nepecedeHust BblcoT Tpeyroibauka ABC. 3BecTHo,
yro AH = 3, A/H =2, a paauyc ONHCAaHHOH OKOJIO TPEYTOJIbHUKA
ABC oxpyxuoctu paBeH 4. Haliute paccTosinne oT IeHTpa 3TOH
OKpY>KHOCTH 110 H.
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3. Ilycre x — Takoe YMC/IO U3 WHTEPBAJA (TVZ; TD , 4TO
40 1 1
— 0 - + 0 =1 .
3sinx cos xH
JIoKasKnTe, 4TO YNCJIO

g 1o, 1@
%E Hsin4 x  cost ;(J
1eJioe, U HalATe ero.

6. UYepes 1entp cdepnl pagmyca 2 MPOBE/IEHBI 6 TMPSIMBIX,
rapaJiyieJIbHBIX pebpaM HEKOTOPOTO TIPaBUJIBHOTO TeTpasipa. Toukn
TepeceveHmsT 3TUX MPSIMBIX cO chepoil SBJASIOTCS BEPITMHAMHU BbI-
MyKJIOTO MHOTOTPAaHHUKA. Bbraucimre 06beM U JIOIMIA/Ib TOBEPXHO-
CTH 3TOTO MHOTOTPAHHUKA.

VcrHbivi BC TYIIT€e b HbIVI IK3GMEH 10 MAaTeMAaTvke Ha qba/(yﬂb rer
maremarvikn

1. HaiimuTe mtomanb ¢urypel Ha MJIOCKOCTH, 33JaHHON CHCTe-
MOI HEpPaBEHCTB
% > xB,

[PC2 +y2 <1,
%xz +y? +2x =2y +1 >0.

2. Bocpmu BepHInHaM KY6I/IK3. IIOCTaBJIEHBI B COOTBETCTBHE BO-
ceMb gmces, cpeau Kotopbix ectb 0 m 1. Kaskoe n3 BocbMu dncesn
3aMEHUJIN CPEHUM apuMeTHUECKUM TPEX UYHCEJI, TIOCTABJIEHHBIX B
COOTBETCTBUE TPEM COCEIHNM Bepinuuam. Ilocse gecsitu moBropenuii
3TOU OIlepalli B KaKJOH BEpIIMHE OKA3aJI0Ch TO JK€ YHCJIO, YTO M
BHavaste. Haiiure a1t BoceMb 4mced. 4 1

3. Haiigure Bce peienus ypasuenuss 2°°% +250% = R

4. JInuHbI BCEX BBICOT TPEYTOJbHUKA — IeJible 4ucJja. Pammyc
BMUCAaHHON OKpyskHOCTH paBeH 1. [lokaxkmTe, 4TO TPEYTOJHHUK
[IPaBUJIbHBIII.

3. JlokaxuTe, 4TO YUCJI0, JECATUIHAS 3aMUCh KOTOPOTO COCTOUT
u3 k + 1 equnnner, k narepok u 1 mecrepku (B yKasaHHOM MOPSIIKE
cJIeBa HAIIPABO), ABJISETCS KBaJPATOM 1I€JI0T0 YUC/Ia.

6. Otpesku AB u CD jexaT Ha CKPENUBAIOIINXCS TPSIMbIX B
mpocTpancTBe. Haiiante reoMeTpiueckoe MeCTO cepe/liH OTPE3KOB,
OZIMH KOHEI[ KOTOPBIX JeXUT Ha AB, a apyroit — va CD.

ITy6auxayuio nodzomosun I'. Puibnuxoe



MHCTUTYT KPUNTOFPA®UN, CBA3UN N NHOOPMATUKU
AKALEMWN ®CB POCCUN

MATEMATUKA

Hucvomennoiil sx3amen

BapuaHt 1

(GaKyibTeTBI MPUKIGAHON MATeMAaTUKIA
U MHOOPMALMOHHON BE30MacHOCTH)

7
_ 3
Pa3HOCTDb MPOTPECCUN PABHA E bes oMo kampKyagTOpa HAlAM-
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TE YIEH Mporpeccuu, GJMKANIINN K 4YUCITY 6 - Haiinure HOMEp

1. IlepBbrii wieH apudMeTUYECKON ITPOTPECCUU PABEH

ITOro 4JjieHa B HpOFpeCCI/IH.
2. Pemmite ypaBHenue
26 +5 =+/xt =625 =222 +20x +25
3. Pemmure ypaBHenue

0 3 _37 550
logs_th - 3x? 3 —x+ 3 H+210g (x +3) =1.

4. B Boimyksiom mectuyroabiuke ABCDEF yriibl ipu BepIinHaX
B u E npsiMble, a octajbHbIe YIJIbl PaBHBbI MeKIy coboii. Haiinure
TLJIONIA/Th TEeCTUYTONBHUKA, €CJIN U3BECTHO, YTO €TO MTEPUMETP PaBeH

14+8J2,AB =2, BC =5, DE = 4.
3. Pemmire ypaBuenue

Ssinlix +4cos3x +3sin3x =0.
6. IIpu Kakux 3HAYEHUSIX TTApAMeTPa d ypaBHEHUE
logs x +4(1 =a*)logy;, 5 =2 =0
UMEET POBHO /[BA PA3JIMUHBIX KOPHS, PACCTOSTHUE MEXK/Y KOTOPbIMU

6ojibiie — ?
5
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BapunaHt 2
(QhaKysibTETBI MIPUKITALHOV MATEMATUKI M MHDOPMALIMOHHOM
besonacHocTu)

1. Tlepsbiit wien apudMeTHYECKON TPOrPECCUN PABEH pas-

1
g ’
HOCTD IIPOrPECCHU PaBHa ~ 5 . Bes oMo kanbkyngaTopa Haiiure
38

YJIeH TIPorpeccuul, OIvKaimmii K yucay ~ 3 Haiignte Homep aToro

YyjleHa B TIPOTPECCUH.
2. Pemmre ypaBHeHue

3w +7 =t —4x% 1022 +42x +49 .
3. Pemmire ypaBuenue

13 310
2 -5 +§H+210g(2”‘)2 (x +3) =1.

4. B Boimyksiom mecruyroapiuke ABCDEF yribl pu BepIInHAX
C u F mpsMble, a OCTaJbHbIE yTJBbI PaBHBI MeXXay coboii. Hafiaure
IIJIOIA/Ib IMEeCTHYTONbHUKA, €CJIH H3BECTHO, UTO €r0 IepuMeTp PaBeH

14+ 42, AF =3, CD =1, EF = 4.
3. Pemmuire ypaBuenue

5sin 3x +2«/§c053x =7sin7x.

6. IIpn kakux 3HAYEHUSIX IapaMeTpa d ypaBHEHHe

log,_, @c? -3x

2log, x +3log, .a+5=0

UMEET POBHO /IBA PA3JIMYHBIX KOPHSI, PACCTOSIHUE MEK/Y KOTOPBIMU
Menbie 6,257

BapuaHt 3

(GakyribTeTbI CreLUMansHOM TEXHIKM
U MHPOPMALMOHHON 6e30NacHoCTi)

1. B 6 uwacoB ytpa u3 M B N Bblexan Besocurieauct. Crycrst
noJsyaca u3 N B M Bblexasn Mororukiuct. Onupezennre BpeMsl UX
BCTPEYH, €CJIM M3BECTHO, YTO B IIYHKT Ha3HAUEHUS MOTOIIMKJINCT
mpuObLT HAa 2 MUHYTBI MO3Ke BEJOCUIEINCTA M YTO CKOPOCTb
BEJIOCHUIIEIUCTA B TPU pa3a MEHbIIEe CKOPOCTU MOTOIUKJIUCTA.

2. Pemure ypaBHeHHE

sin 2x — cos 2x :1tgx —1,
2 2
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3. Pemmre ypaBHenue
log?,6 (x +5) =logg_, (x +5).
4. ITnomazap tpanenmu ABCD pasHa S, a ocHoBanue AB B Tpu
pasa GoJibiiie ocHoBanuss CD. Ha 6okoBoii cropone AD BbIGpaHa
Touka K Tak, yto msouiaau tpeyroabHukoB ABK u BCK paBHBI.

Haiinnte momans tpeyrompanka CDK.
3. Pemmire nepaBeHcTBO

2+x <5\|x -4].

6. Pemmre cucreMy ypaBHeHUii

Bogx_y%‘l
Br+y =xy +1

Bapuart 4

(GaKyibTeTBI CIELNATIEHON TeXHIKM
U MHPOPMALMOHHON 6E301acHoCT)

1. B 12 vacoB nus u3 A B B Bblexas Mortorukauct. Crycrs 24
MHUHYTBI U3 B B A Bblexan aBTOoMOOWJb. Ornpejennte BpeMs HUX
BCTPEYH, €cJIM U3BECTHO, YTO B INYHKT HA3HAUEHUsI aBTOMOOUJIb
npu6bLI Ha 6 MUHYT PAHbBIIE MOTOIIUKJINCTA U YTO CKOPOCTH ABTOMO-
6uss B iBa paza GoJIbIlle CKOPOCTU MOTOIUKJIMCTA.

2. Pemite ypaBHeHue

sin 2x — cos 2x :%ctgx +1 .

3. Pemmure ypaBHenue
log?_, (x+3)= log?.,; (x +3).

4. Tlnomazas tpanenuu ABCD pasha S, a ocHoBanue BC B aBa
pasa Menbiite ocHoBanuss AD. Ha 6okoBoii cropone AB BbIGpaHa
Toyka M Tak, 4TO IJIOIAAu TpeyroabHukoB ADM u BCM paBHbI.
Haiinnte momans tpeyrompanka CDM.

3. Pemmnre ypasnenue

4—2x <52 +x].
6. Pemmre cucreMmy ypaBHeHUil

MBxy 0O
@ng+yBT+1B—2,
Bx—y =xy —1.
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3383891 €XerofqHou OIMMINGb!
(Bce gakynbrers)

1 (3 6amna). K Angpero Ha fauy J0JKeH IIPUEXaTh APYT, 4TOObI
MIOMOYb MY BBIKOTIATh KapTOMIKY. UTOGBI BCTPETUTH Apyra, AHpeit
BbleXaJ C Jaud Ha MallHe Tak, 4TOObI IpPUEXaTh Ha CTAHIUIO K
anekrpuuke, npubbiBaomieil B 13.00. Ilo myTu oH Berperus apyra,
UYIIEro K Jlaye TENIKOM, TTOCKOJbKY OH IpHeXaJ Ha 3JIeKTPUUKE,
npuObIBIIEl HA Yac paHbIIle, ¥ PEIIIJI CaM UATH K ade. B pesyibrare
JIpy3bs mpuexasn Ha gady Ha 30 MuH panbiie. Onpenesnte BpeMs
BCTpeuM AHApes C JPYToM.

2 (3 Gamma). Haiiqute Bce penieHUss HEPABEHCTBA cos%—
O 83 .0
—4x-x2 20 , JIeKallie B MHTepBaJie —; 0.
PP H 00

3 (4 6ana). B mapamnienorpaMme CO CTOPOHAMHU 3 1 5 IIPOBE/ICHDI
GUCCEKTPUCHI YeThIPpEX BHYTPEHHUX yrjos. Haiiaure oTHouieHue
IJIOA/IM YEThIPEXYroAbHIKA, 06Pa30BaBLIerocs IpH IepecedyeHut
GUCCEKTPHUC, K MJIOMAAM MapasiieorpaMMa.

4 (4 6anma). OnpenenuTe Bce 3HAYCHMS IapamMeTpa d, IIPH

KOTOPBIX ypaBuenue X +./x (a —x) =1 nMeer xots 66l 0AHO pelire-
HHUE.

5 (5 6anno). M3BecTHO, YTO HATypaJsbHbIE YKUCIA d, b yIOBJET-
BOPSIIOT IBYM YCJIOBUSIM:

.cymMMa @ u b paBHa 553,

« HauMeHbliee 001ee KpaTHoe ¢ u b B 26 pa3 GoJibliie, 4eM UX
HanOOJIbIINN OO IeJIUTEb.

Haiiziure a u b.

6 (5 Gasios). Ha 4uc/ioBoii IPAMON OTJIOKEHDBI TOUKH € KOOPAU-
HaTaM# @, = B2, k=1,2, 3. BripaBo ot Touku () OTKJIaIbIBAETCS
OTPe30K, JJINHA KOTOPOTO MEHSIETCs, TIPUYeM KaK/Ibli CJIe/IyIoNnit
pa3 OTPE30K OTKJIAJIBIBAETCS OT KOHIIA IPebIYIIEr0 OTpe3Ka.
Hauanbuas pnuna orpes3ka paBHa 1. Ecsn oTpe3ok, OTJI0XKEHHBIH B
OYepe/IHON pa3, 3aKPbIBAET MeHee 5 TOYEK d,, TO JJIMHA OTpe3Ka
yBesnuuBaercst Ha 1, e 6osiee 5 TOUEK — yMeHbIaeTcst Ha 1, ecin
JKe OTPE30K 3aKPBbIBAET POBHO O TOYEK dj, , TO €TO JJIMHA OCTAETCS
npeskHeit. BepHo Jii, 4TO HauMHasi ¢ HEKOTOPOTO MOMEHTA BPEMEHH
JUTMHA OTKJIQJbIBAEMOr0 OTpe3Ka Oyaer mocrosiHaoii? OtBer 0060-
cHyliTe.
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OU3INKA

3843491 EXEronHoN O/IMMIINEAL!

(Bce gakynbrers)

1 (3 6anna). CKOpOCTh CBeTa B HENOABUIKHOM BEIECTBE PaBHA
u = ¢/n, TAe ¢ — CKOPOCTb CBETa B BakyyMe, # — aGCOJIOTHDIH
MTOKAa3aTe b IPEeJIOMJICHIS BeliecTBa. Hailianre ckopocTs cBeta u; B
BelecTBe, ABIKYIIEMCS PABHOMEPHO CO CKOPOCTBIO ¥ OTHOCUTETHHO
UCTOYHUKA CBETA TaK, YTO BEIECTBO YAAJSETCS OT MCTOYHUKA.

2 (3 Gamna). /Ipa IIKMBa COeAMHEHBI PEMEHHON Iepemadeii,
nepezaiomeil BpalieHue OT OAHOro InKuBa K apyromy (puc.1).

> Beflymnﬁ IKNB BPAIIAETCs € 4acTo-
toit v, = 3000 06,/MuH, BeLOMBIii
HIKKMB — € 4acTOTOl V, =600 06,/ MuH.
Benompbrit mxuB umeet auamerp D, =
=500 mM. Kakoit quamerp D; umeer
BeIyIINI TIKUB?

3 (3 Gamma). C soaku maccoit M = 200 kr, aBuxyuielics co
ckopoctbio v = 1 M/c, HbIpsAeT MaJgbumk Maccoit m = 50 Kr,
MIePBOHAYAJILHO [[BUTASCh B TOPHM30HTAJBHOM HampasjeHnn. Kaxoii
CTaHET CKOPOCTb JIOJKU ¥, TIOCJe IPbDKKA MaJbyMKa, €CJU OH
IIPBITAET C KOPMbI CO CKOPOCTbIO ¥y = 4 M/C B HallpaBJIeHUH,
TIPOTUBOITIOIOKHOM HAIPABJCHUIO ABIKEHUS JIOIKH?

4 (3 6amnna). IIpn Kax/0M X0/I€ MOPUIHEBOH HACOC 3aXBATHIBAET
Vy, = 20 .1 Bo3ayxa npu HOpMaIbHbIX yeaosusax (py =1 arm, Ty =
=273 K) u nargeraer ero B pesepByap o6beMoM V =2 m° . Temme-
parypa Bo3zyxa B pedepByape nojjep:kubaercd paBuoit T = 300 K.
CKOJIbKO XOJIOB 72 JTOJKEH CIeJIaTh TOPIIEeHb HACOCA, YTOOBI ITOBBI-
CUTD JlaBJieHne B pesepByape oT p, = 1 atm 10 p = 8 atm?

S (4 6amna). K toukam 1 n 2 51eKTpIYECKON HENN, COCTOSMIEH 13
ncroynnka Toka ¢ I/C & u npeHeOPEKMMO MaJbiM BHYTPEHHUM

COTIPOTHUBJIEHUEM U PE3UCTOPOB C CO-

Ilg mnporuBiaeHusMu Ry u R, , JJINHHDI-

MU TOHKHMU ITPOBOJHUKAMU IIO/ICOE-

MUHUIA TIePBOHAYAIBHO He3apsiKeH-

Y Hble MeTaJIM4YecKie IMapbl ¢ PafIiy-

@ caMu d; M dy COOTBeTCTBeHHO (puc.2).
a

&
Puc. 1

7
/]

@,

Puc. 2

Haiinute s3apager Q; u Q,, ycraHo-
BUBIITHECS HA KAXK/OM U3 MapoB. Pac-
CTOSIHUE MEXK/LY IIapaMi MHOTO 6OJIb-
IIe ¥X pa3MepoB, 3apsi/] Ha CaMOil JIEKTPUYECKOI LeNu U COeJNHHU-
TEeJIbHBIX TPOBOJHUKAX MTPEHEOPEKUMO MaJI.

1
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6 (3 6amna). [Tog KakuM yrJoM O JOJKEH HaJaTh CBETOBOM Jyd
U3 BO3/[yXa Ha MOBEPXHOCTH CTEKJA, YTOGBI YTOJI IPEJOMIEHUsT GbLI
B J[Ba pa3a MeHbIle yrjia najeHus? AGCOJIOTHBIH TOKa3aTesb
MIPeJIOMJIEHHS BO3/IyXa CUNTATh PABHBIM 1, aGCOJIOTHBIIT ITOKa3aTe b
mpesoMJyIeHus cTekaa n = 1,6.

7 (3 6anna). Iloa KONOKOJOM BO3AYIIHOTO HACOCA HAXOJAUTCS
Bo/a, Macca kotopoit my = 40 r, a remneparypa 0 °C . Bosayx us-
0/ KOJIOKOJIa OBICTPO OTKAYMBAIOT. BJiarojapsi MHTEHCUBHOMY HC-
MapeHnIo YacTH KUAKOCTH BCS OCTaBInasicst Bofa 3amepsaer. Otpe-
Jlenute Maccy m 0OpA30BABIIErOCs JibJa, eCJAU ero TeMIeparypa
rakke 0 °C . ¥V gespHag reriora miasaenus jgbga A = 330 k/[»x /K,
yzeJbHast Terota ucrnapenus: Bojapl ¥ = 2300 k/[xk /Kr.

Hucomenuolii sx3amen
BapuaHt 1

(GhakysibTeTbI CreLMabHOM TEXHUKMU U UHPOPMALIMOHHOM
besonacHocTi)

1. Kosonma aBroMamma JiuHOW L = 2 KM JIBHXKETCS CO CKOPO-
ctpio vy = 36 kM /4. 13 Havasa KOJOHHBI BBIE3)KAeT MOTOIIMK-
JIUCT, KOTOPbBIN, JOCTUTHYB €€ KOHIIA, BO3Bpallaercs 0OpaTHO.
CKOpOCTb MOTOIMKJIMCTA IIOCTOSIHHA W paBHa ¥, = 34 KM /4.
Kaxkoii mycTb s mpoiifieT MOTOIMKJIUCT, TIOKAa OH HATOHWUT HAYAJO
KOJIOHHBI ?

2. Jlna yBenm4eHUsT CKOPOCTH Tesa, ABIKYNIEToCsS MO TJIAAKO-
My TOPU3OHTAJBHOMY CTOJIy, OT 3HAaUeHWs © [0 3HaYeHus: 20
tpebyercsi coBepith padory A = 3 [Ixx. Kakyio monoiHuTebuyio
pa6ory A' HaJ0 COBEPUINUTD /LIS YBEJMYEHUS] CKOPOCTH 3TOTO TeJia
OT 3HaueHus 2v 10 3HaueHus 30? Tesno ABUXKETCS HE OTPBIBAsICh OT
TTOBEPXHOCTH CTOJIA.

3. Ompeziesmre cyMMapHyTo KHHeTHIecKyto sHepruio E., Temn-
JIOBOTO TOCTYIATEeJbHOTO JBIDKEHUS MOJIEKYJ HeaTbHOTO Tasa B
Gasmone eMKoctbio V' = 10 J, HaXOJAIIErocd IO JAaBJICHUEM
p=400° Ia.

4. JlvHUM WHAYKIIMH OJHODPOJHOTO MArHUTHOTO TOJIS TIepIEH-
JUKYJISPHBI TITOCKOCTH KoJblia auamerpoM D = 20 cM, W3rOTOB-
JIEHHOTO W3 MeIHOI mpoBOJIOKK guamerpoM d = 2 mm. C Kakoii
ckopocteio ¢ = AB/At 10/DKHA M3MEHSITbCSI BO BPEMEHM MATHUT-
Has UHAYKIUS B, 4to6bl cuja WHAYKIIMOHHOTO TOKA B KOJIBIIE
paBusimacb I = 10 A? YgenbHoe CONPOTUBJEHUE Meau
p=17500"° Om Ot

5. Ha kakoii yrosi § OTKJIOHUTCS Jiyd CBETA OT TIEPBOHAYATBHO-
rO HallpaBJIeHUus, YIaB IO/ YIVIOM O = 45° u3 BO3[yXa Ha NOBEPX-
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HOCTb cTeKJsa? AGCOMIOTHBIN TOKAa3aTes b MPEJOMIECHUST CTeKIa n =
= 1,60. AGCOJIIOTHBIIl TIOKa3aTesb MPEJIOMJIEHUS BO3/yXa CYUTATDH
paBHBIM 1. 3mech O — yTOJ MEXIY MAJaloNM Jy4oM W HOpMa-
JIBIO K TIOBEPXHOCTHU CTeKJIa, TIPOBEIEHHON B TOUKE TAIEHMUS.

BapunaHt 2

(GhaKkysibTeTbI CreLMabHOM TEXHUKU U UHPOPMALIMOHHOM
beszonacHocTi)

1. Ilaccaskup moe3ma 3aMeTHJ, YTO [(B€ WIYIIUE HABCTPEUY
1oe3/ly 2JIEeKTPUYKH IIPOMYAJINCh MHMO HETO C MHTEPBAJIOM ¢ =
= 6 muH. C KaKUM MHTEPBAJIOM f, IPOILJIN 3TH 3JIEKTPUYKU MUMO
CTaHIIUU, €CJU T0e3/, B KOTOPOM HAXOJAMJICS TACCaXup, IIeJ CO
ckopocTbio v; = 100 KM/4, a CKOPOCTb KaXJOH M3 3JEKTPHUYEK
v, =60 kM /u?

2. [lng yBenndenus aeopMaIiy JETKOH MPY>KUHBI OT HYJISA 10
Besmunbbl [ Tpebyercst cosepuiuth paGory A = 1 [x. Kakyio
JIOTIOJIHUTENIbHYT0 pabory A' HaJo COBEPUIMTb /IS YBEJUYECHUS
nedopmariuu 3Toil npyuHbl ot [ 1o 21?

3. Uemy paBHa cpe/iHsisi KHHETHYECKast 9HEPrust E ., TEIJIOBOTO
JIBIDKEHMST aTOMOB apTOHA, €CJI 9TOT a3 Maccoil m = 2 Kr, HaXO/sCh
B cocyzme o6beMoM V =2 M°, CO3/IaeT JaBJeHUe p=3 10° Ia ?
Moussipnast macca aprona M = 0,040 xr/Mojib, 4ncjao ABOTAJPO
N, =6,0210* mom .

4. KBasparHas paMKa cO CTOPOHOI @ = 6,8 MM, cleaHHas U3
MEJIHOH ITPOBOJIOKH TIIOMA/BIO TIOMEPEYHOro cedennss S =1 mm?,
MOMeIIeHa B 0JHOPO/JHOE MATHUTHOE I10JI€ TIEPIIEHIUKYISPHO JIMHU-
SIM MHIYKIUH. VIHIyKIINS MATHATHOTO TI0JIsT PABHOMEPHO M3MEHsIeT-
ca Ha Bemuuuny AB =2 Tn sa Bpems At = 0,1 c. Uemy paBHa npu
3TOM cuia Toka [ B paMke? YeabHOE CONPOTHBJICHHE MeEIH
p=1700"° OmDr.

3. JIyu cBera malaet U3 BO3/yXa Ha TIOBEPXHOCTD BOJBI MO YTJIOM
o = 40° . Ilox kakum YIJIOM § JOJIKEH yIacTb JIyd U3 BO3/JyXa Ha
MTOBEPXHOCTb CTEKJIA, YTOOBI YTOJI IPEJIOMJICHHS OKA3aJICsI TAKUM Ke,
KaK JIJIs1 BOJ(bI? AGCOJIOTHBIN MOKA3aTeNb MIPEJOMJIEHHS BOJbI 1 =
= 1,33, crexkna n, = 1,60. AGCOJTIOTHBIH MTOKa3aTeJb TPEIOMICHNUS
BO3/IyXa CYUTATh PaBHBIM 1. 3/1ech A U & — YIJIBI MEXK/TY TAJAIONIUM
JIyYOM 1 HOPMAJIbIO K COOTBETCTBYIOMIEH ITOBEPXHOCTH, TPOBECHHOM
B TOYKE IaJICHHUS.
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BapunaHt 3

(QhaKysibTETBI MIPUKITALHOV MATEMATUKI M MHDOPMALIMOHHOM
besonacHocTu)

1. IIpuropojHbIil TIOE3]] OTIPABJSETCS CTPOTO IO PACIUCAHUIO
POBHO B 12 4acoB [HS IO TOYHBIM YacaM U ABUXKETCS C MTOCTOSTHHBIM
yckopenueM. Ilaccakup, 4yachl KOTOPOTO OTCTAIOT, BbIGeraer Ha
maargopMy poBHO B 12 4acoB 1O CBOMM dYacaM M BUJIUT YK€
JBIDKYIIUICS 110€3/1, IpryeM 3a BpeMs ¢ = 6 ¢ MUMO Hero IpOXOUT
OJINH BaroH, a 3a cjaenyiomue t = 6 ¢ — yxke 2 BaroHa. Ha kakoit
BPEMEHHOW MHTEPBaJ T OTCTAIOT YaChl MACCAXKUPA?

2. Ha riaaxoM cTOJIe HaXOIUTCS TeJO, MPHUKPEIIeHHOe K KOH-
Iy TOPUBOHTAJBHO PACHOJIOKEHHON MPYKUHbBI KECTKOCTbIO k =
=0,05 H/M. Bropoil KoHel TPYKUHBI 3aKpeIJIeH HeMO/BUKHO.
Teno coBepiiaer Majible TApMOHNYECKHE KOJIEOAHUST € aMILIUTY/I01
A =10 cM. B ToT MOMEHT, KOT/ZIa CKOPOCTb TeJia paBHa v = 4 cM/c,
CMellleHne TeJla OT IIOJIOXKEHUsT PAaBHOBeCHS POBHO & = 6 cM.
Haiigure maccy Tesna m.

3. aeanbHOMYy OfHOATOMHOMY Ta3y B KOJIMYECTBe V = 2 MOJb
coo6ImuIn KosndecTBo Teriotel Q = 9,5 k/[»x. IIpu aTom Temiepa-
Typa rasa yMmenpmmiach Ha |AT| = R

x

=200 K. Haitgure pa6ota raza A B 3TOM —

npoiecce. YHUBEpPCaJbHasA razoBasi MO- —
crosnas R =8,31 [x/(moub [K).

4. Tlpu pPasoOMKHYyTOM M 3aMKHYTOM R
kmioue K mna ywacrke ab nemu (puc.3) 0
BBIZIE/IAETC OJfHA W Ta K€ MOUIHOCTb.

Haiiute Benuynny conpotusieHus R,
ecn Ry, = 28,2 Om, a Hanpsskenue Ha
3a)KMMaX MCTOYHUKA MOCTOSTHHO.

5. IlpezmenbHblit yroJ MOJHOrO BHYTPEHHETO OTPAsKEHUS IIPU
Iepexo/ie CBETOBOTO Jyda U3 JKHAKOCTH B BO3/yX pasen 8., =30°.
[lmHa cBeTOBO# BoJHBI B Bo3ayxe A, = 600 um. Haitaure aimny
CBETOBOI BOJIHBI B KUJIKOCTH A, . AGCOJIIOTHBIN IOKa3aTeJsb Ipe-
JIOMJIEHUSI BO3/lyXa CYMTAThb PaBHbIM 1.

Puc. 3 K

BapuaHt 4

(GhakysibTeTbI MPUKIGAHON MAaTeMATVKU 1 MHDOPMALIMOHHOV
beszonacHocTi)

1. IlepBbiil Barox moes/ja mpoties MUMO HAOIIOAATEIST, CTOSIIETO
Ha nardopme, 3a Bpemst ¢ = 1 ¢, a BTOpoii — 3a Bpems ¢, = 1,5 c.
Jlnuna Barona [ = 12 m. Haiiziute yckopenue moesza a. /IBukeHue
rmoes3/la CYUTATh PaBHOTIEPEMEHHBIM.
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2. Ha raagkom croJie Haxogurcst Tejo Mmaccoir m = 0,6 kr,
MPUKPEIJIEHHOE K KOHILY TOPU30HTAJBHO PACIOJIOXKEHHON TPYIKU-
HbI JKecTKocThio R = 0,15 H /M. Bropoii KoHell Py KUHbI 3aKpert-
JIEH HEeMOABIKHO. Testo coBepImaeT MaJjible TapMOHHUYECKHE KoJieba-
HUS, TIPH 3TOM MaKCHMaJIbHOE 3HaYeHNEe CKOPOCTH TeJla PaBHO 0, =
=5 cm/c. Haiijiure cMelienne x Tesia OT MOJIOKEHUSI PABHOBECHS B
TOT MOMEHT, KOT/Ia CKOPOCTb JBU)KEHUSI TeJa PaBHA © = 4 cM/C.

3. UneanbHOMYy OIHOATOMHOMY Ta3y B KOJIMYECTBE V = 2 MOJIb
coobutun KomaectBo TernoTel Q = 8400 /Ix. B aTom mporiecce ra3
coBepuma pabory A = 4600 [[>x. Ha xakyio Benmnunny AT usMeHH-
Jlach TIpU ATOM TeMIleparypa Ta3a? YHuBepcaJbHas ra3oBasi MOCTO-
aumas R = 8,31 x/(mous [K)

4. JIBa comporuBienns nmo R = 100 Om moaxsiouvaiorcs K
ucrounuky J/IC cHavasna nocaeoBaTe bHO, a 3aTeM IapaleabHo.
B o6oux ciyuyasx TemsaoBas MOIIHOCTb, BBIJEISEMAs HA KaXKOM
CONPOTUBJIEHNHU, OKa3aJach ojiHOW u Toii xe. Haitnure I J[C ucrou-
HUKa &, €CJM TOK, MPOTEKAIONUIl B IeNN MPH TIOCJIe0BATETHHOM
BKJIIOUEHNN CONMpOTHBJIeHuil, paBen I = 1 A.

3. Jlyu cBera majiaeT Ha IJIOCKYIO TOBEPXHOCTh pasjiesia JABYX
cpe 1 2, Ipy 3TOM yToJ naJieHus: o = 30° , a yroJ IpesoMJIeHNsT
B =60°. [nuHa cBeTOBOIl BOJHBI B 1epBoii cpeae Ay = 350 HM.
Haiiznre jumHy BOJTHBI A, BO BTOPOIi cpeje.

ITy6auxayuio nodzomosuru A.JIedenes, A. ITuuxyp



MOCKOBCKI/IIZ! rOCYAAPCTBEHHbIN NHCTUTYT
SNEKTPOHHOUN TEXHUKWU (TEXHUYECKU YHUBEPCUTET)

OU3NKA

UHTEpHeT-0mmmmana «llosepb B cebsl»

MocCKOBCKHIi rOCY1apCTBEHHBII MHCTUTYT 3JIeKTPOHHOI TEXHUKU
(MUIT) (rexHnyecKuil yHUBEPCUTET) HA MIPOTSHKEHUE MHOTUX JIET
TPOBOJIUT JIJIST YYANUXCST OJMHHA/IIATBIX KJIACCOB OJHUMITUA/IBI TIO
MaTeMaTHKe U (DU3UKe, KOTOPbIE MOJIb3YIOTCS GOJIBIION MOy ISIPHO-
CTBIO CPeN IMKOJbHUKOB MoCKBBI 1 MOCKOBCKO# ob6siacti. UToObI
pacmmpuTb Kpyr ydacTHuUkoB, BecHo#l 2010 roga MUIT uposen
omuMnuany mo ¢usmnke ang ydanmxcs 10—11 kigaccoB B 3a04HOIM
dopme, MCTIONMB3ysT MHTEPHET-TEXHOJIOTHN.

OmMmaza He cofleprKajia CBEPXCJOXKHBIX 33/1ad, KOTOpbIE
MOTYT peniaTb TOJBKO CIIEIUAIBHO IOJTOTOBJEHHbIE NTKOJbHUKH.
IToutn Bce 3amaum OJUMIHMA/BI JOMYCKAIOT TPOCTbIe pelieHus 6e3
IPOMO3/IKON MaTeMaTHKH Ha OCHOBE 3HAHUN OOBIYHOU IIKOJHHOMN
nporpaMmbl. OHAKO HApSATY C BIOJHE CTAHAAPTHBIME 3aJa4aMy B
3aJIaHUSAX OJTMMITHAIBI MOKHO HANTH W HOBBIE, PEIIEHUS KOTOPHIX
cpa3y He OYEBU/IHDI.

OsmMmnuaza TPOXOJUia B JBa Typa. B onuMnuaae TpUHSIH
yuactue okoJsio 300 mIKOJbHUKOB M3 49 pas3MyHbIX HaceJeHHbIX
myHKTOB Poccum u 3apy6exps.

[Tpursamaem BcexX >KeJAIOIUX TPUHSITH YYACTHE B OJUMITHAIC
«ITosepp B ce6al» Becnoit 2011 roma (http: //www.abiturient.ru/,
(499) 734-02-42, (499) 720-89-58).

3agayqn nepsBoro Typa o/mmnnagsl 2010 roga

10 knacc

1. Kamenb, OpolleHHBII C NOBEPXHOCTH 3€MJIM IOJ YIJIOM
0 = 60° K TOPU30HTY CO CKOpOCThbIO v = 20 M /¢, ymaJa Ha KPBIITY
Joma 4yepes Bpems ¢t = 2 c¢. Omnpegesure Bpicoty jgoma h. Conporus-
JIeHHeM BO3JlyXa IIpeHe6pedb. YCKOpeHHe CBOGOJHOTO IaJeHHs
g=10m™ ¢? . Orser OKPYTJIUTE JI0 IEJIOTO.

2. Jlns onpenesieHnsl BEJINYUHDBI CUJIBI MATHUTHOTO B3aUMOJIETi-
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CTBUSI HAMArHUYEHHOU MIANGbI U JKeJIE3HOM TIIUTHI a6y 3amyCcKau
C OHOM W TOW >Xe HavyaJbHOU CKOPOCTbIO CHavaJa 10 BepXHEH
TTOBEPXHOCTH TOPU3OHTAJBHO PACIIOJOKEHHON TIJIUTHI, a 3aTeM TI0

mwkHell nosepxuoctu (puc.1). Bo

v

| — CKOJIPKO pa3 MarHUTHAsI cuyia GOJIbIie

|_|—> %% CHUJIBI TSIPKECTH, €CJIM CMell[eHHne Imaii-

ObI TIPU CKOJIBXKEHUU BO BTOPOM CJIy-

pac. 1 yae B n = 2 pa3a GoJblle, 4eM B
TepBOM?

3. /IBe maiiGbl B pe3yJibraTe CTOJIKHOBEHUS HA TJIAJIKOM TOPU30H-
TAJIBHOM CTOJIE PA3JIETEINCh B IIPOTHU-
BOIIOJIO’KHBIX HAIIPaBJEHUSX, Kak MOo-
KazaHo Ha pucyske 2. Haiiaute Besu-
YUHY OTHOIIEHUS CKOpocCTel mraii6
Tiepejl CTOJIKHOBEHUEM /Ty , €CITH UX
Maccel paBupl my = 100 r u m, =
=200r.

4. B omHoM w3 nByX 6aJIOHOB
COJZIEPIKUTCS YTJIEKHUCJIbII Ta3, a B IPy-
Puc 2 roM — BojtopoJl. O6beMbl, TeMIepary-

PBI U IaBJIEHUS Ta30B O/INHAKOBBI. Bo
CKOJIBKO pa3 M3MEHHTCST Macca rasa B 6ajjioHe, r/ie epBOHAYAIbHO
6bLI BOIOPOL, ecyin GAJIJIOHBI COEUHITD TOHKOU TPyOKOii? Mousip-
Hasl Macca yrJIeKucsIoro ra3a 44 v/ MoJb, MOJISIpHAs Macca BOZOpo/ia
2 r/MOJIb.

5. B aimHHOM HMUJIMHAPHUYECKOM TENJIOU30JNPOBAHHOM COCYE
(puc.3) Haxomutcss 1 MOJIb OJIHOATOMHOTO MJEATBHOTO Ta3a, y/ep-
JKUBaeMblil moprraeM Maccoit m = 0,83 xr. Ha kaxyio MakcmMasInb-
Hyio Besuuuny AT yBeJIuuuTcd TeMmIiiepaTypa rasa, €cJu IMOPIIHIO
COOOIUTD HAYAJBHYIO CKOPOCTb ¥ =
= 3 M/c? TemnnmoeMKOCTbIO IIOPHIHS U
cocya ipere6peun. Ilporece cuntaTh KBa-
3MCTaTUYECKUM. Y HUBepcalbHas Ta30Bast
nocrosunas R = 8,3 Ix/(moub [K) .

6. Toueunniii 3apsan Q paclooXeH
pac. 3 rocepeiniHe MeK/Iy 3apsilaMu 2 U —q Ha

O/IHOH ¢ HUMU psAMOi. OripejieiTe OTHO-
nreHne Q/q, pu KOTOPOM 3JIEKTPUYECKHe CUJIbI, JEeHCTBYIOINE Ha
3apsibl 2g U —¢ B 3TOI CUCTEME, PaBHbI 110 BeJIWUNHE.

7. Ha tonkoe HelpoBoisiiiee KoJibllo paguycom R = 0,2 M nazera
6ycuaka Maccoit m = 1 T u 3apanom g = 1 mxKia. Kosbio nomereno
B OJJHOPOJIHOE 3JIEKTPUYECKOE MOJIe BesmmunHoi E =104 B/M , BEK-
TOP HANPSPKEHHOCTH KOTOPOTO [E  JIEXKUT B IJIOCKOCTH KOJIbIA
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(puc.4). Cnavana 6yCUHKY yIEPKUBAIOT B [
TouKe A Ha JMaMeTpe, TePIeH/INKYIAPHOM 1

\ /

CUJIOBBIM JHHUSM. Kakyio MUHUMAaIbHYTO
CKOPOCTb ¥ HY)KHO COOOUHUTH OYCHHKE B R
TouKe A, 4TOOBI OHA COBEPINUJIA TTOJHDIHI
060poT 10 KoJbIly? Cutamu TpeHus u Ta- A
JKeCTH TpeHe6peyb.

8. 3apskeHHbBIT KOHEHCATOP TTOAKJIIO-
YW K UCTOYHUKY HampsbkeHus: ¢ D/IC
6 =10 B. llocne nepesapsaku KOH/EHCA-
TOpA €T0 YHEPTHS OKA3aJaCh PABHOW TIEPBO-  Puc. 4
HAYaJIbHOI, a B II€NHU 32 BPeMsI Iepe3apsi/i-
KU BBIIEJUJI0Ch KosaudecTBO TernoTel Q = 0,4 m/[>x. Onpenenure
emkoctb C Konzencatopa (B MkdD).

9. Tpu ommHaxkoBBIX pe3ucropa, UcTouHWK IJIC, maeasbHbIH
aMTiepMeTp W UIeaJbHbINl BOJbTMETD COEAMHEHBI, KaK MMOKA3aHo Ha
pHUCYHKe 5. AMIIepMETp MOKa3bIBAET TOK
I =1 A, BOJIbTMETP IOKa3bIBaeT Ha- 1]

npsokenne U = 30 B. Omnpenesnure \ ,
COIIPOTUBJIEHNE KaXK/IOTO PE3UCTOPA.

10. Kaxyto MakcIMaIbHYIO CKOPOCTD
0 MO3KET NPHOGPeCTH aBTOMOGUIb Mac- &) (V)
coit m=10% kr , PA3roHssACh U3 COCTO- I

SHUSI TIOKOsSI B TEUYEeHUE BpPEMEHU t =

=10 c, ecan KOa(pPUIMEHT TPEHUS  py- 5

MeXKy foporoii u kosecamu M = 0,5, a

MaKcHUMaJjbHas MOIHOCTh ABuraress asromobmnas N = 200 kBr?
CornporuBjieHreM BO3/yxa IpeHeOpeub. YCKOpeHue CBOGOIHOTO
magenng g = 10 M/cz. OTBer BBIpa3ute B M,/ C, OKPYIJUB O
1IeJIOTO.

71 knacc

1. Kamenb, OpOIIEHHBIN € KPBINIU JOMa TMOJA YrioM o = 3(°
BBEPX K TOPU30HTY €O CKOpoCTbio v, = 10 M/c, ynam Ha 3eMJIio
yepe3 t = 3 c¢. Onpegesure BbicoTy jgoma h. ConporuB/ieHueMm
BO3/Iyxa npeHeOpeub. Y cKopemne cBO6OAHOTO najienus g = 10 M/ 2.

2. CIyTHUK JBMKETCS 10 3JUIMNTUYECKOi (BBITSAHYTOI) opbure
BOKPYI HeKoTopoii msaHerbl. Ha paccrosuum [, = 25000 xM ot
IIEHTPa TIJTaHeTbl YCKOPEHWe CIyTHHKa paBHO « =0,6 M/Cz_ C
KaKUM YCKODEHUEM d, JBWXKETCS CIYTHUK HA PACCTOSHUM [, =
=50000 KM OT IeHTpa TJIAHETHI?

3. Urpyuieynas nyika Ha Kojecukax (puc.6), nepBoHadasbHO
MTOKOUBIIASICS. HA TOPU3OHTAJBHOM IIOJIY, BBICTPEJIMBAET INApPUK,
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MIPUBSI3aHHbIN K TYIITKe JIETKOW HUTKOM
(ut06b! He ToTepsticst). [Ipu BbicTpese
HUTKa OOPBIBAETCS, M IapuK I1ajaeTr
Ha TI0JI CO CKOPOCTBIO v = 6 M,/ TIox
yriaoM o = 60° & ropusonty. Omnpene-
JIITE CKOPOCTD MYIIKK ¥ NOCJe 06PbIBa
HUTH, ecau Macca nymku B 30 pas
6oJsibllle Macchl NIApUKa. TpeHueM ¥ CONPOTHBJIEHHEM BO3/yXa
mpeHe6pedb. BeKTOPbI CKOPOCTH ITapuKa U IYIIKK JIesKaT B OHOH
IIJIOCKOCTH.

4. Ha cKobKO TIPOIIEHTOB M3MEHUTCST MAacca BO3yXa B OTKPBITOI
OyTBLIKE, €CJI ee BbIHECTH M3 KOMHAThl Ha ysuny? Temneparypa B
xomHare ¢ =22 °C, na ymue ¢, = =23 °C.

5. Ha pucynke 7 uso6paskeHa oJiHa U3 JUHUN HAIPSKEHHOCTH
3JIEKTPIUYECKOTO TIOJIST /IByX HETIO/IBUKHBIX TOUEUHBIX 3apsi/IOB ¢y U
¢, . Ussectno, uro ¢; = 1 uKan. Oupenenure ¢, (B uKi).

Puc. 6

R
| |

44 >
Puc. 7 Puc. 8

6. CompoTuBiieHne KaXXJ0TO PE3UCTOPA B IIPUBEJIEHHON HAa PH-
cynke 8 cxeme paBHO R = 100 O™, nokazanue ammnepmerpa I =10 MA.
Kaxoe nampsokenne U moka3biBaeT BOJBTMETP? AMIEPMETP U BOJIb-
TMETP CUMTANTe MAeaJbHBIMA.

7. Ilpu3mMa ¢ IpesIOMIIAIONNM YIIoM ¢ = 15° JIeKUT Ha MJIOCKOM
sepkadie (puc.9). JIyu cBera majiaeT Ha BEPXHIOW IPAHDb IPUSMBI O]
yIJaoM najeHus o = 60°, a BbIXOAUT U3 Hee IEepPHEeHIUKYJISIPHO

BepxHell rpanu. OrpezenuTe MOKa3a-
#

S e TS TeJIb TPEJIOMJIEHHST 1 MaTepuaja, U3
#
.| d 2 KOTOpOro caemana mpusma. OTBET OK-
Puc 9 PYTJINTE JI0 IEPBOTO 3HAKA ITOCJIE 3ATIs-
TOH.

8. K BepTuKanbHON KeJe3HO CTeHe «IIPUJIMILIa» HaMarHu4eH-
Has maii6a. K maiibe npuBsi3aHa Jierkas HUTb, 3a KOTOPYIO TSHYT
Tak, 4TO HHUTb BCe BpeMsI OCTaeTcs MapaJjiesabHOil creHe. Korma
HUTb TSHYT BEPTHUKAJbHO BBEPX, IMaii6a HAUYMHAET JBUIAaTbCS TIPU
MUHUMaJbHON cuie F; = 2 H, xorga HUTb TAHYT BEpTHUKAJIBHO
BHU3, Imaiiba npuxoaut B aBmkenue npu cuire F,= 0,5 H. C
KaKoll MUHUMAJIbHOU CUJol F HY>XHO TSHYTb HUTb B TOPU30HTAJIb-
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HOM HAIIPaBJIEHUHU, YTOODI CABUHYTH TIAli- —
6y? o2

9. Kpblnarasg pakera, atakyst KopabJb
MIPOTUBHUKA, COBEPIIAET TOPU3OHTATBHBIIH L T v,
TIOJIET Ha HU3KOH BBICOTE C TIOCTOSTHHOM MO
BeJIMYMHe ckopocTbio vy = 400 M/c. Cuc-
TeMa HaBe/IeHHs PAKEThI YCTPOEHA TaK, 4TO
BEKTOD ee CKOPOCTH BCE BPeMsi HAIIPABJICH
Ha 1eb. Ha paccrognum L = 800 M or
KOpalJisi BEKTOPBI CKOPOCTH PAKETHI U KOPAOJIs OKA3AJHMCh B3AaUMHO
neprnenaukyagpubiMu (puc.10). Onpegennre yCKOPEHHE @ PaKeThl B
3TOT MOMEHT, €CJI CKOPOCTb KOpabis v, = 72 KM /4.

10. B karymxe wunaykruBHoctbio L = 100 mI'm mporekaer
MOCTOSTHHBIN TOK. COIpOTHBJIEHNE TPOBOJA, KOTOPBIM HAMOTaHA
KaTymka, paBHO R = 20 OM. B HexoTOpbIil MOMEHT BpeMeHH TOK B
KaTyllKe HAYMHAIOT PABHOMEPHO YMEHBIIATh, W Yepe3 BpeMsi T =
=10 Mc TocJie 3TOTO OH CTAHOBWUTCA PaBHBIM HYJI0. Uepe3 Kakoe
BpeMs ¢ 1ocJjie Hayasia YMEHBIEHUs] TOKA HAIPsKEHNe Ha KaTyIlKe
cTaHeT paBHBIM HYJI0? OTBET BbIPA3UTE B MUJLIUCEKYH/IAX.

Puc. 10

3anaqyv BToporo typa o/mimnuags! 2010 roga
10 knacc

1. Poi6ak, crosimuii Ha 6epery peku, pOHSIET B BO/Y I'DY3HUJIO, U
OT HETO 110 BOJIe HAUMHAIOT PACXO/UThCS BOJIHBI. Uepe3 Kakoe BpeMst
¢t BOJIHBI OT I'Py3nJa JOCTUTHYT TOYKH, PACIIOJIOKEHHOH HAIPOTUB
pbI6aka Ha IIPOTUBONOJIOKHOM Gepery pexu? CKOpPOCTb TCYEHHS
pexu u = 0,5 M/ ¢, CKOPOCTb BOJIH B cTrosiueit Boge v = 1,5 m/c,
mmpuHa pekn d = 28 M. OTBET OKPYIJIUTE [0 1[eJIOT0 YHCJIa CeKYH/I.

2. B HexkoTOpblil MOMEHT BpeMEHH yYCKOPeHHe BO3BPAIafoliero-
¢l Ha 3eMJII0 KOCMHUYECKOro KopabJisi BOJM3W ee IOBEPXHOCTH
HalpaBJE€HO TOPHM30HTAJbHO, a BEJWYNHA YCKOPEHHUs paBHa
a =+/3¢g . Hox kakum yriom ¢ K TOBEPXHOCTH 3eMJIU JBHKeETCS
KOpal/b B 3TOT MOMEHT BPEMEHH, €CJIU CHJIA CONPOTHUBJIEHUS BO3-
JlyXa HarpasJieHa MPOTUB BEKTOpa cKopocTu Kopabssi? OTBeT Bbl-
pasuTe B Tpagycax.

3. OxHopoaHblil map paguycoM R = 5 cM I10/1BelleH K TOPU30H-
TAJbHOMY TIOTOJIKY Ha HepacTsskumoit Hutu. Ilap packpyruan
BOKPYI' BEPTHKAJIbHOW OCH, HPOXOJsi-
meil yepes TOUKY Io/[Beca Tak, 4TO OH

CTaJ JABAraTbCi IO OKPYKHOCTH, YIIN- u/'i \L q

paschb B orosok (puc.11). Ilpu kakom
MakcHMaIbHOM Tepuozie T oOpamienust  p, - 7
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rpeHe6peyb. Y CKOpeHne CBOOOHOTO IajIeHHs
g =10 M/ ¢? . Otser OKPYIJIATE JI0 COTBIX JI0JIei
CEKYH/IBI.

4. Ha gamke Ipy»>XIHHBIX BECOB JIESKUT TUPS
Maccoit m = 1 kr, nipu atom nedopmarius mnpy-
skuHbl paBHa [ = 3 cM. Kakyio pa6ory A HyX-
HO COBEpIINTH, YTOObI MEJJIEHHO CHSTb T'MPIO C
BECOB, TIPUKJIA/IBbIBAS K Hell BEPTUKAIBHYIO CHITY
(puc.12)? Maccoli Yalknm BeCOB IpeHeOpedb.
Yckopenue coboanoro magenns g =10 m/c? .

5. CTapuHHYIO MOHETY B3BECUJIN JBAXK/IbI: CHAYAJIA B BO3IyXE, &
3aTeM NOTPY3UB MOHETY IOJHOCTbIO B BOJY. Bec MoHeTbl okazascs
pasupiM P, = 100 MH u P, = 90 mMH. Onpenenute naoTHOCTb
MeTaJslla, U3 KOTOPOTO c/lelaHa MOHeTa.

6. Tskeliblit OpIIeHb MI0MaAbo S = 9 em?, MeJIEHHO OITyCKa-
SICb, BBITECHSIET BO3/YX M3 IMJIMHIPUYECKOrO cocyna o6bemoMm V
yepe3 MajleHbKOE OTBEpCTHE B JHE B COCYJ| Takoro e oGbeMa
(puc.13). HavanpHoe faB/ieHIe BO3LyXa
T ‘L S \L ~ .1 B oboux cocygax pasHo py =10 Ila.
oot s Tlpu kakoil Macce m OPIIHA IIPOU30iiieT
ieee ' el [OJIHOE BBITECHEHWE BO3/IyXa U3 [EPBOTO

| cocynma, ecam TemmepaTypa BO3IyXa B
*| cocynax ojiHa ¥ Ta ’Ke U He MEHSIeTCs Ipu

JIBUDKEHUM TTOPITHS? Y CKOpeHue CBOGO/I-

Horo najgenuss g =10 M/c2 .

7. OnHOATOMHBIH W/eaJbHBI T'a3 COBEPIIMJ OJHY M Ty XKe
paGory cHavanga B ajauabaTHOM, a 3areM B H300apHOM IIpOIlECCE.
Haiigure nuamenenue temnepatypbl AT, rasza B n306apHOM IIpoIec-
ce, ecqi B a/imaGaTHOM ITIpoIiecce TeMIepaTypa ra3a U3MeHUJIach Ha
AT, =-10K.

8. Ha HeBecoMyio HepaCTSLDKUMYIO HUTh JuHON [ = 20 cMm,
KOHIIBI KOTOPO# 3aKpellJIeHbl B OTHOI TOYKe, HAHN3AHbI IBA MaJIeHb-

KUX HPOBOJAAIIMX UHIapUKa Maccoi

m = 1 r Kax/blii, KOTopble MOTYT 6e3

o \Lg TpeHUs CKOJb3UTh 1o HutH (puc.14).

Kakoii 3apsii ¢ Hy3KHO COOOIIUTD IHAPH-

KaM, 4ToObI MOCJIE YCTAHOBJIEHUS] PaB-

& y HOBECHS HHUTH Pa3OILINCh HA YroJ

Puc 14 o =TY2 ? Yckopenue cBOGOAHOIO Ma-

aennsa g =10 M/c2 , DJIEKTpUUYECKas

HoCTOsIHHAsA €, = 8,85 1072 @ /m. Otser Bbipasute B MKKJ, Ok-
PYIJIMB YUCJIO JIO JIECSATBIX /10JIei.

FT mapa BO3MOXHO Takoe ABIbKenue? Tpenuem

Puc 12

Puc 13
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9. /lBa 3apsKEHHBIX KOH/IEHCATOPA
emroctpio C = 1000 Mk®D KaxKIblii, J_
BOJIBTMETP U KJII0OY COE/IMHEHDI, KaK I0- +T
Ka3ano Ha pucynke 15. Kaxoe koumde-

CTBO TEmIOTBl Q BBIACAUTCA B Lemd o - s
MocJie 3aMbIKAHUS KJII0Ya, €CJIU MaKCH-
MaJibHOE HalpsiKeHue, 3aduKcupoBaH-
HOe BOJbTMETpoM, paBHo U = 4 B?
OrBet BBIpasure B M/[x.
10. B cxeme, n3o6paskeHHON HA pu-
cynke 16, 9/1C ucrounuka & = 10 B,
€ro BHyTPEHHEeE COPOTUBIIEHE TIPeHes-
PEXXUMO MaJIo, COIIPOTUBJIEHNE KAXKIO0TO
u3 pesuctopoB R = 6 Om. Onpenenure  Puc 16
Tok [ Yepe3 MCTOYHUK.

11 knacc

1. C xaKoii CKOPOCTHIO HY>KHO 6POCUTDH C BBIIITKA
KaMeHb, YTOObI ITPOI/IEHHbIN UM 3a BpeMs £ = 2 ¢
myTh ObLI MMHUMaJbHBIM? CONpPOTHUBJIEHHEM BO3-
Jyxa npeHe6peub. YCKOpeHue CBOGOJHOTO Majie-
nua g =10 M/C2 .

2. Ha nerkoif BepTuKa bHON MPY>KUHE 3aKpel-
JleHa To/IcTaBKa Maccoli M = 2 Kr, Ha TOJCTaBKe
nieskut rpys Maccod m = 3 kr (puc.17). Cucrema
HaXo/auTCs B paBHOBecuu. Kakyio MMHUMAJbHYIO
cuity F HY’KHO IPHJIOKHUTD K I'PY3y, 4TOOBI Cpasy
OTOPBATh €ro OT MO/CTAaBKU? Y CKOpeHHe CBOGOIHO-
ro najgenusa g =10 M/c2 .

Puc. 17

3. Ha ragkoM ropms3oHTaJbHOM CTOJIE€ TIOKOSTCS JIBE OJITHAKO-
Bble MIAiibbl, COeMHEHHDbIE JIETKON HeaedhOPMUPOBAHHON MPYIKU-
Hoit. OpmHON m3 mait6 coo6IIAI0T TOPU3OHTAJBHYIO CKOPOCTb

v = 242 M/c. Uepes HexoTopoe Bpe-
MsI BEKTOP CKOPOCTH 9TOW MIAUOBI MO- P4
BEPHYJICSI B TOPU3OHTAJIBHOI ILIOCKO-
CTH Ha YroJl ¢ = 45°, a II0 BeJIT4uHe
CKOpOCTH Tait6 cpaBHsMCh. Haiimure
JUIST 3TOTO MOMEHTAa BPEMEHM CKOPOCTH
Hlaﬁé Oy .

4. B nukimyeckom tpoiecce {—2—
3—4—1, rpaduk KoToporo uszo6pazKeH .

1
1
1
i
Ha pucyHke 18, naeasnbHblii ras moayda- 0 \4
€T OT HarpeBaTeJ/Isl 3a OJMH IIUKJ KOJIU- Puc 18

v

2V 3V
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gecTBO TemyaoTel Qp = 400 [[x. Kaxoe xoiudecTBO TEIJIOTBI Q,
ra3 3a IMKJ OTIAeT XOJOAUJbHUKY ?

5. Toueunsbrii 3apsifi ¢ 3aKpervieH B BepinuHe A TPABUIBHOTO
tpeyroibiuka ABC, a Toueunblil 3apsiji ¢, HAXOIUTCS HA GOJIBIIOM
PACCTOSTHUH OT 3TOTO TpeyroibHuKa. Korzaa 3apsn ¢, MOMeCcTHIN B
BepIIuHy B, HAaIIpaBJeHne BEKTOPA HATIPS)KEHHOCTH 3JIEKTPUIECKOTO
TIOJIsT 9TUX 3apsi/ioB B BepuinHe C uaMenmyaoch Ha 90° . Onpenennre

OTHOILEHUE ¢y /q; .

6. /IBa 3apsbkeHHBIX KoHeHcatopa eMKocTbio C = 5000 MrdD
KaX/pIil, ammepMeTp cornpotuBienneM R = 1000 OM u xmou co-

et
T o T

Puc. 19

eJIMHEeHbI, KaK MMOKa3aHo Ha pucynke 19.
Kaxoe xommdectso TeroTsl Q (8 M/x)
BbIZICJIUTCA B L€ I10CJI€ 3aMbIKaHUA
KJIIOYa, €CJM MAKCUMAJbHBIA TOK, 3a-
(bukcupoBaHHbBII aMIIEpMETPOM, paBeH
I, = 2 MA?

m

7. Yactnua ¢ yaeasusM 3apsaoM g/m = 0,96 10° Ku/kr mo-
najaer B 006JacTb OJHOPOJHOTO MArHUTHOTO IIOJISI, TEPIEHIUKY-
JISPHOTO BEKTOPY CKOPOCTH YAaCTHUIIbI M OTPAHUYEHHOTO MUJIUHIPU-
4eCcKO! 1OBepXHOCTBIO paguycoM 7 = 5 cM (puc.20). Uemy pasen
MOAY/Tb B BekTOpa WHAYKIWU MAarHUTHOTO TOJIS, €CJIH YacTHIA

- -~
e RN
7 AY
RN
7 A
Yy 1 B \
—— b k-
1
!
\\ Q@ /I
S ,

Puc. 20 ikt

OTKJIOHUJIACH MATHUTHBIM TOJIEM HA YTOJI
o = 90° ? Ha rpanuiie MarauTHOTO TOJISt
BEKTOP CKOPOCTH YaCTHUI[bI HAIIPABJIEH
BJIOJIb PAJINyCA [UJIMHPUYECKOI TIOBEP-
XHOCTH, a MOJYJb BEKTOpPa CKOPOCTH
paBseH g, = 0,48 a0 m/c.

8. Ha ropusoHTapbHOM CTOJIE B O[I-
HOPOJHOM BEPTHKAJIHHOM MarHUTHOM
none ¢ uuayknueit B = 0,1 Ta 3ax-

PEILIEHO TIPOBOJIOYHOE KOJBIIO PAuycoM R = 5 CM ¢ y3KUM pas-
pesom (puc.21). ITo Kosblly mepeMelaoT TOHKUI MeTaIm4ecKuii
CTep>KeHb C MOCTOSHHOH CKopocTbhio v = 1 M/c, IepHneHIuKy.Isp-
HoO¥t crepxxHio. Hailiamre MakcumasapHyo BemumHy IJ/[C wHAYK-
UM 6; B 3aMKHYTOM ITPOBO/SIIEM KOHTYpPE, 06PA30BAHHOM KOJIb-

Q=

pe

1IOM U CTEPIKHEM.

9. Yenosex pocrom H; = 1,8 M
BUJIMT BEPXYIIKY cTos16a BbicoTOil H, =
= 5,4 M B He6OJIBIIIOM 3epKaJIbIle, JeKa-
TIIeM TOPM30HTAJbHO Ha 3eMJIe Ha PacCTo-
sunm [ = 1 M ot yemnoseka. IlocTpoiite
X0/l Jiyuell W ompejeauTe, HA KaKOM
paccrosinuu L oT cT0o16a CTOUT YeTOBEK.



10. Bo cKo/IbKO pa3 MaKCUMAJIbHbII MMITYJIbC 3JIEKTPOHA, BbIOH-
BaeMOro cBetoM u3 Mertasuia npu Goroaddexre, OTINYAETCS OT
ummnysbca ¢dorona? [launa Bosubl cBeta A = 0,6 MrM, paGora
BBIX0/Ia 3JIEKTPOHOB M3 METAJLIA B 2 pasa MeHbllle sHeprun GpoToHa.
OtBer BbIpa3UTe 4Yepe3 BEINYNHY A, = h/(mc) =24 o2 M, TIe
h — mocrosiaHas IlmaHka, m — Macca 9JIEKTPOHA, ¢ — CKOPOCTb
CBETA B BaKyyMe.

ITy6auxayuio nodzomosusu A. Eepecmos, I'.Iaiidyxos,
H.Top6amuui, C.Kyxaun



MOCKOBCKWI FOCYAAPCTBEHHbBIN TEXHUYECKUI
YHUBEPCUTET UMEHU H.3.EAYMAHA

OU3INKA

Onumrnaga-2010

Typ 1
BapunaHT 1

1. Touka ABUIKETCS [0 OCH X 10 3aKOHY X =5 +4t —2t* (m) .
OmnpejennTe BeJMYNHY CKOPOCTH TOYKH TIpu ¢ = 1 c.

2. IlaTtasg yacTb OAHOPOAHON JWHEHKW, WMeIomell Maccy m M
nuHy L, BBIcTymaer sa kpait croma (puc.1). Haiignre MunmMan-

F

HYIO BEJIMYHMHY CUJIbl F, KOTOpYIO HE00-

—> [ 1 XOAUMO MNIPUJOXHUTH, 4TOGbI CABUHYTb

Puc. 1

JauHelky ¢ Mecta. KoadduimenT tpenns
MesK/y JIMHEHKON U CTOJIOM paBeH W .

3. Teso maccoit m GpomieHO € BBICOTBI /i IOA YIJIOM O K
TOPU30HTY ¢ HAYAJIBHON cKopocThio v, (puc.2). Onpenenure KoJm-

Puc 2

Puc. 3
58

YeCTBO TEILJIOTBI, KOTOPOE BBIJIEJUTCS
MpU TMAJEHUU Tejaa Ha 3eMJio. Yaap
CYUTATH A6COJIOTHO HEYIIPYTHM.

4. Ormpenesnte BHYTPEHHIO 3HEP-
IHI0 HEeOHa, HaXOoJdIlerocs B OajlloHe
o6bemom V =3 0072 M non pasnenu-
em p=200° Ia.

5. Hanmmure ypaBHEHHE TapMOHU-
YeCcKoOro KoJsebaTeIbHOro ABVKEHHUS C
ammumtynoit A = 0,1 M, nepuogom T =
=4 ¢ u HavasbHON (Hasoil, paBHOH TY4 .

6. Kaxk Hy>XHO M3MEHUTb PaCCTOSI-
HUE MEXK/JIY TOYEUYHBIMU TIOJIOKUTED-
HBIMU 3apsilaMu, 4TOObI TIPU yBeJnYe-
HUHM KaKJ0T0 U3 3apsi/IOB B 4 pa3a cujia
B3aMMOJIEHICTBYS MeK/y HUMU HE U3Me-
HIJIACH?



7. Konpnencaropsl ¢ emxoctsimu C u 2C 1 pe3ucTopbl, CONPOTUB-
JIEHNST KOTOPbIX PaBHbI R, BKJIIOUEHDbI B 3JIEKTPUUYECKYIO II€Ib, KaK
mokaszaHo Ha pucyHke 3. Haifigure ycraHoBuBIIHWIiCS 3apsii Ha
KougeHcatope eMkocteio C, ecm J/[C ncrouynmka Toka paBHa &, a
€ro BHYTPEHHHM COIIPOTHBJIEHUEM MOJKHO IPeHeOPeyb.

8. Temmepatypa gecsitu MoOJiell UEaTbHOTO ra3a MEHSETCS TI0
sakony T = aV?, rae koncranta o = 2 K/ m® . Haiiute pabory,
COBEPIIEHHYIO Ta3oM TIpH yBeJmdeHnn o6bema or V, = 30 qv° /10
Vy =50 am® .

9. Teno nBuskercs o npsiMoii. [lof gelicTBIEM TOCTOSTHHO CHITbI
F=4H 3aspema At = 2 ¢ UMILyJIbC TeJIa yBEJIUYUICS U CTAJI PABHBIM
Py =20 kr O1/c . Onpezienute TepBOHAYATBHBIH UMITYJIbC TETA P .

10. ITo AByM TTagKMM MEAHBIM IMMHAM, YCTAHOBJIEHHBIM IIOJ
VIJOM O K TOPH30HTY, CKOJb3UT MOJ JCHCTBHEM CHUJIBI TSKECTH
MeZiHas nepeMbruka Maccoit m (puc.4).

[IInHbl 3aMKHYTBI HA CONPOTHBJIEHNE

R. Paccrosgnue mexay mmuHamu L.

CucremMa HaXomuTCS B OJHOPOHOM NGB
MarHuTHOM II0JIe ¢ UHAYKIuel B, nep-

TIEH/INKYJIIPHOH K TJIOCKOCTH, B KOTO- I_#J
poil nepememaerca nepembruka. Co-  p,- 4
MPOTUBJICHUS] IIUH, IEPEMBIYKU H

CKOJIB3SIIINX KOHTAKTOB, a TAK)Ke CAMOMH/IYKIINS KOHTYpa IpeHetpe-
’KUMO MaJstbl. HailizinTe ycTaHOBUBIIYIOCS CKOPOCTD TEPEMbBIUKH.

R

BapuaHt 2

1. Teno maccoit m = 1 Kr ABIKETCSI MO OCH X TIO 3aKOHY
x =5 +4t =2t% (m) . OnpesiesuTe BeTMUHHY UMITYJIbCa Tela B MO-
MeHT BpeMenn t = 1 c.

2 I'py3 Maccoii m = 1 Kr 110o/iBellleH Ha TIPY>KUHE JKECTKOCTBIO R =
=100 H /M. B nonoxennu paBHOBECHUS TPY3y TOJIYKOM COOOIIAIOT B
BEPTUKAJBHOM HallpaBjeHun ckopoctb v = 1 M/c. Onpeznesnre
MO/Iy/Ib MaKCHMaJbHOTO YCKOPEHHsI Tpy3a INpH €ro JajbHeiineM
JIBIDKEHHH.

3. OnHOpPOAHDBIH CTEepsKeHb Maccoll 7 3aKpeIieH OHUM KOHIIOM
C TIOMOIMIBIO IMAPHUPA HA TOPU3OHTAIBHOMH MJIOCKOCTH M yAEPKUBA-
eTcd 3a BTOpOfI KOHeI[ 1101 YIJIOM ¢ = 3(0° K TOPU30HTY C IIOMOIIIbIO
HEBECOMOI HepacTsSDKUMOI HUTH, PACIOJIOKEHHON IOJ TaKUM >Ke
yriaoMm O k Beprukanu. Haiigure cumy F
HATSDKEHUST HUTH. o R e

4. Ha ropusoHTaIbHOHN TJIOCKOCTH
JIeXaT [Ba OPYCKa, MacChl KOTOPBIX M Puc 5
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u 2m, COeIMHEHHbIe HeHANPsUKeHHON npyxunoii (puc.5). Kaxywo
HAMMEHDIIYI0 NOCTOSHHYTO Iy F, HAIPaBJIEHHYIO TOPU30OHTAIBHO,
HY>KHO IIPHJIOKHUTD K OPYCKY Maccoil 2m, 4ToObl C/IBUHYJICSI K BTOPOIL
6pycok? KoaddummenT Tpenns 6pycKoB O IJIOCKOCTb paBeH H .

5. Upeanbubrit 0MHOATOMHBIN Ta3 B KomdecTBe 1 MOJTb cHavYama
OXJIQJIAJIN, & 3aTeM HarpeJgu 0 TEePBOHAYAIBHON TEMIEPaTypbl
300 K, yBesmmuuB 1ipu aToM 06beM raza
B 3 pasa (puc.6). Haiigure xoamue-
CTBO TEILJIOTHI, OTJAHHOE Ta30M Ha y4a-
cTre 1—2.

6. B roukax A, C, D pacnoio;KeHbl
HEMO/IBIYKHDIE TOUEYHbIE 3apsi/ibl +24,

pA [

’

3 +¢g, —64g, Kak IOKa3aHo Ha PUCYHKe 7.
+2qTA_ _______ Joral -6q
4 L L T L L JI
0 T I T T 1
Puc. 6 Puc 7

Onpenesnure paGoTy CUJI TOJST TIPHU TIEPEMENIeHNH 3apsiia +q U3
6ECKOHEYHOCTH, T/Ie TOTEHIINAT AJIEKTPIHYECKOrO OIS TIPHHUMAETCS
PaBHBIM HYJIIO, B TOUKY B.

7. B anexTpuyeckoii ienu, cxeMa KOTOPOii IIOKa3aHa Ha PUCYHKE
8, ycraHoBuBIIIeecs: HapsKeHNe Ha KoHAeHcaTtope pasHo U = 20 B.
Cunras napamMeTpbl 3J1€MEHTOB CXe-
J_ _L Mbl U3BECTHbIMU, OIIPpEAC/IUTE BEJIMN-

4R

Puc 8 Puc. 9

gy J/IC ucrounnka Toka. BHyTpEeHHUM COMPOTHBJIEHHEM HUCTOY-
HUKA TOKA NpeHeGpeyb.

8. Ilocrpoiite uzo6paxenue npeamera AB B cobupaiorieit JuH3e
(puc.9).

9. IIpu doroadpdexre MakCUMaIbHBIII UMITYJIbC, TTEPEIABAEMbII
MOBEPXHOCTHU BOJIb(PAMOBON NTACTUHKY TIPH BBLIETE KAXKIOTO AJIEK-
TpoHa, paseH p = 3,45 1075 kr G4/c . Haiiaure sHEpPruio KBaHTOB
npuMensieMoro o6syuenusi. Pa6ota Bbixoja /iisi Bosib(hpama paBHa
A =4,55B.

10. U3 npoBosioKku ¢ OOIIMM CONPOTUBJEHUEM R cleJaH TJoc-
KUU 3aMKHYTBII KOHTYD, COCTOSIIINI U3 JABYX KBAJPaToOB CO CTOPO-
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Hamu ¢ u 2a (puc.10). Konryp maxo-
JIATCSI B OJTHOPOJIHOM MarHUTHOM T10J1e
¢ MHAYKUWeH, paBHOW B u Hampas-
JIEHHOH TIepIeHINKYISPHO TIIIOCKOCTH
xoutypa. Haiinmute 3apsga, KOTOpPBIH
IIPOTEYET Yepe3 IOoIepevyHoe ceueHne
MPOBOJIa TIPU PABHOMEPHOM YMEHb-
HNIEHNN WHIYKIUK TI0JI /10 HYJIS.
Mesx/y HepeceKaolnMucs Ha PHCYHKe INPOBOJAMU 3JIEKTPHUEC-
KUI KOHTaKT OTCYTCTBYET.

2a

O

Puc. 10

Typ 2
BapunaHt 3

1. U3 BepxHell TOUYKH OKPYKHOCTU A OJHOBPEMEHHO HAYMHAIOT
JIBUTATHCS JIBE OJMHAKOBbIe OycuHKu. OHa OYCHHKA T1aJ1aeT BJIOJIb
nuamerpa AD, pyrasi CKOJIb3UT 10 aBCOJTIOTHO TJIaIKoi crmiie AB,
BIIUCAHHON B OKPY>KHOCTb U COCTaBJISONIEN yroa o = 60° ¢ BepTu-
kampio AD. Haligute oTHOlleHWe BpeMeHU, 3a KOTOpoe TepBas
OycuHKa JOCTUTHET TOYKH [, KO BpeMeHH, 3a KOTOpPOe BTOpas
OyCUHKA JOCTUTHET TOYKU B.

2. OgHOpOAHDBIN CTEep:KeHb JJNHON L W Maccoit m IMIapHUPHO
sakperuien B touke O (puc.11). Cepeanna cTepsKHs OMUPAETCS Ha
npyxkuny. Ha crepkue I
3aKperJeHbl JBa Ma- [ |

] L/2 , JJ

JIEHbKHAX Tpy3a Macca- ()

1 1
MI 2 ¥ M, TIOJIOKEHUST AR S om p
KOTOPBIX IOKa3aHbl Ha L/4

pucynke. Haiimute cumy

YIPYTOCTH, BO3HUKAIO-  py- 77

IIyI0 B TIPY:KUHE B I0-

JIO’KEHUN PABHOBECHUS CTEPKHS, €CJIU B 3TOM TOJIOKEHUN CTEPXKEHD
PACHOJIOXKEH TOPU30HTATBHO. Maccoit IPYyKUHBI U CHJIAMU TPEHUS
rpeHeGpeyb.

3. Havanpbhuas cKOpOCTb CHapsiia, BBIMYIIEHHOTO W3 ITYIIKU
BEPTUKAIBHO BBepX, paBHa v, = 200 M/c . B Touke MakcuMaabHOTO
orbeMa CHaPSIZL Pa30pBaJICs Ha [[Ba OJITHAKOBBIX OCKOJKA. [IepBorii
OCKOJIOK yTIasl Ha 3eMJII0 BOJIM3M TOUYKHM BBICTPENA, NMesl CKOPOCTb B
JiBa pasa 6oJibllle HAYaIbHON CKOpoCTH cHapsizia. Ha kakyio makcu-
MQJIbHYIO BBICOTY TIOJHSJICS BTOPOH OCKOJOK? CoONpoTHBIEHIEM
BO3/lyXa MpeHe6peyb.

4. Bokpyr ropusonTaibHoil ocu O MOXKeT CBOOOHO BPANIATHCS
JIETKWH pbrvar, miedn kotoporo pasubl 2L u L (puc.12). Ha konnax
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r
I3

-~ pblyara yKperJeHbl Ipy3bl, MacChbl KO-
® TOpbIX 2m 1 m. [lepBoHavyasbHO ppryar
\ V/IEP’KUBAETCS B TOPU30HTAIBHOM T10-
O VM JIOXKEHUH, KaK MOKa3aHO Ha PUCYHKE.
?  3arem pbryar ormyckaior 6e3 Hayab-
L Holt ckopoctu. Onpejennre IuHeHHbIe
CKOPOCTH TPY30B B MOMEHT IIPOXO3K/Ie-
HUST CTepKHEM II0JIOXKEHUsI pPaBHOBeE-

cusl.
Puc 12 3. TennonsoﬂflpOBaHHblﬁ cocyn
pas/iesieH TOPUCTON HeloIBUKHOM Tie-
PEropozikoil Ha JiBe 4acTh. ATOMBI TeJIisi MOTYT CBOOO/IHO IIPOHUKATD
Yyepe3 MOPbl B TIEPErOPO/IKE, a aTOMbl aproHa — HeT. B HauasbHbIN
MOMEHT B OJIHOI 4acTu cocy/la HaXo[QuTcst V; = 2 MOJIb IeJius, a B
npyroit — v, =1 mMoxb aprona. Temmeparypa requs 7; = 300 K, a
temmeparypa aprora 1, =600 K. Cuntas apron u resmii naeaabHbI-
MU Ta3aMH, OIpeesuTe TeMIEepaTypy TeJus MOocJe YCTaHOBIEHUA

paBHOBECHUSI B CUCTEMe.

6. Tpu noJOXKUTETBHBIX TOUEUHBIX 3apsiia +q, +q u +2q,
CBSI3QHHBIX MeEXKIy COOOH HHTSIMH, PAacIOJIOXKEHbl B BEPIIMHAX
MIPaBUJIBHOTO TPEYTOJbHUKA CO CTOPOHOI @. Ilocsie pa3ppiBa 0/1HOH
n3 HUTEH 3apsibl PaCHOJIOKUJINCH BIOJb OJHOW TPAMOH, Kak
mokazano Ha pucynke 13. Haiigure paGoTy cuI 3JI€KTPUYECKOTO
110JIsT, HeOOXO/IMMYIO /LISl TAKO#l TIePeCTPONKH CUCTEMbI PACIIOJIONKEe-
HUST 3apsi/IOB.

L e E it §

]
]
]
L

(

+q
a
+q +2q
o—% o2 5
+q +q +2q
Puc. 13 Puc. 14

7. Onrnyeckasi CUCTEMa COCTOUT M3 paccenBarolieil JUH3bl JI| 1
cobupartoneii muH3bI JI, ¢ o6meil riaBHol onTrueckoit ocsro (puc.14).
I'naBHbIE OKyCHI paccenBaoleil JMH3bl 0603HaueHbl F, a cobupa-
fouteit smH3bl — F,. Ilocrpoiite panbHeimuil xox sydya AB yepes
OTITHYECKYIO CHCTEMY.

8. Haiignre MakCMasIbHBIH 3apsi/], KOTOPBI MOXKET HAaKOINUTHCS
HAa y/JIaJIEHHOM OT JIPYTUX T€JI ME/IHOM IapHKe PAIyCcoOM 7 = 3 CM IIpU
06JTIy4eHNN €ro 3JIeKTPOMATHUTHBIM M3JyYeHHEM C JIJIMHOW BOJIHBI
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A = 0,14 mxMm. Pa6ora BbIXOma aus R,

meu paBHa A = 4,47 3B.  E— C

9. B cxeme, moKka3aHHOW Ha PUCYH- K |
ke 15, mepen 3ambiKanueM KJioda K —€||—/H -
Garapest, COCTOSIIAS U3 ABYX OJAMHAKO- 1L
BBIX KOHJIEHCATOPOB eMKOCThI0 C Kax- R, nC
JIbIi, He 6bLIa 3apskeHa. Koou sampr- 1

KalOT HA HEKOTOPOE BPEMsl, B T€YEHUE  Pyc 15

KOTOPOTO KOH/ICHCATOPBI 3apsiKAIOTCS

no Hanpsbrernst U. OnpenennTe, Kakoe KOJIMYECTBO TETJIOTHI BbIjie-
JUTCS 3a 3TO BpeMs Ha pesucrope comporuBienneM R;. I9/1C
HUCTOYHUKA TOKA PaBHA ¢, €r0 BHYTPEHHUM COMPOTHBJIEHUEM IIpe-
He6peyb.

10. TopusoHTATbHBIN KOHTYP 06pa30BaH [BYMs 3aMKHYTbIMU Ha
KaTYIMIKy WHAYKTHBHOCTBIO L Tapasie bHBIMU TTPOBOJHUKAMY, Ha-
XO/SAMUMUCS HA PACCTOSTHUU /i APYT OT
apyra (puc.16). Tlo npoBoauukam 6e3
TPEHUST MOXKET CKOJIb3UTD TIepEMbIUKa. L B® |—>u, h
KouTyp momeliieHn B BEpTUKAIbHOE OJT-
HOPO/ITHOE MAaTHUTHOE TI0JIe C MH/YKITU-
eii B. B HavaJbHBII MOMEHT BpeMeHU
HEIIOJBUIKHON IIepeMbIYKe COOOIIAIOT CKOPOCTh v, . Omupenesure
Maccy MepeMBlYKU U BpeMs T, 3a KOTOpPO€ CKOPOCTb NEPEMBIUKH
YMEHBIIIUTCS B [IBA Pasa, €CJU U3BECTHO PACCTOSHUE S, KOTOPOE
MPOii/IeT TIepeMbIuKa /10 TepBoit ocTaHOBKU. COMPOTUBJIEHUEM BCEX
3JIEMEHTOB KOHTYPA MpeHeOpeyb.

Puc. 16

BapuaHt 4

1. CeBepHbIil TIOJIOC MarHUTA YIAJs€TCS C HEKOTOPOI CKOpoc-
TBIO OT METAJTMYECKOTO KOJIBbI[A, JBUTASICHh BAOJDb €r0 OCH IIepIIeH-
JUKYJISPHO ILJIOCKOCTH KoJibla (puc.

17). KakoBo HalpaBieHHe WHIYKIIU- S
OHHOro TOKa B KoJjibie? OTBer mosc- e
HUTE. N S

2. Ha crone nexar cronkoii 10  p,- 77
OIMHAKOBBIX KHUT. B KakoM ciydae
HY’KHO TPHJIOKUTH MEHbBIIYIO CUJIY: 4YTOOBI C/IBUHYTb CEMb BEPX-
HUX KHUT WJIM BBITSHYTb U3 CTOIIKH HIECTYIO KHUTY cBepxy? OTBer
o6oCHYITE.

3. OTkpbITBIT 6aK, COCTOSIIIUI W3 JABYX COOCHBIX IITMJIMH/POB
miamerpaMu d M 2d, 3aN0JTHEH SKUJKOCTBIO IJIOTHOCTBIO P, Kak
mokasano Ha pucyHke 18. Bakx crout ma mosy JsmdTa, KOTOPBIH
onyckaercss BHU3 ¢ yckopeHueM a = 0,25g. Omnpejgesire cuiy
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JIABJICHUS] JKU/IKOCTU HA TOPU3OHTAb-
i - — i HYIO TOBEPXHOCTb AB, COenHSIONYI0

= oba 1TMHApPa. ATMOcdepHOe JaBJie-

AT = T ~ —|B Hwme paBHO py .
1

I

1

I

I

I

— - 4. Tpys Maccoii m nosiselen yepes

-— - MIPY>KUHY KECTKOCTDbIO R HA HUTH, TIe-

— = PEKUHYTOIT uepes 6JIOK U COeITUHEHHOU

Puc 18 ¢ 6pyckoM Maccoit M = 4m, jexanmm

Ha TOPHM3OHTAJbHOH IJOCKOCTH

(puc.19). B Hava/bHbIA MOMEHT TPY3 YAePKUBAeTCA TaK, YTO

MPY’KWHA HAXOAUTCS B HEHANPSIKEHHOM COCTOSTHUM, 3aTeM ero

OTITyCKaIoT 6e3 HauaJbHOU cKopocTu. Haliinte MUHNMAIbHOE 3HAYE-

Hie KOo3(UIMEHTA TPEHUSI MEXKIY

M 6PYCKOM M TOPU3OHTAJIBHOW IJIOCKO-

CTbIO, IPU KOTOPOM OH ele Oy/eT

ocTaBaTbCs HeNOoJABMKHBIM. Maccoit

,  IPYKUHbBI, HUTH, GJIOKa M TpPEeHHEM B
HeM TpeHe6peyb.

5. OnuH MOJIb WIeaTbHOTO OJIHO-

m
Puc. 19 aTOMHOTO Ta3a CHayaJla u30TepMUYec-

KU DACIIMPUJICS TIPU TeMIIEpaType
T, = 300 K (puc.20). 3areM Ta3 OXJAAWIN IIPH TOCTOSHHOM

o0beMe, NOHM3UB /[aBJI€HIE B 3 Pa3a 10 CPABHEHUIO C JIaBJIEHUEM B
VA touke 2. Haligure KOJIUYECTBO TEILIO-
TBI, KOTOpPOE Ta3 OTJaJ] Ha Yy4yacTKe

2 2-3.
6. Ilo xoupity paamycom R paBHO-
MepHO pactpezeseH 3apsasn g. Onpene-
JINTE IIOTEHIHAJ B TOUKE, HaXO/IIel-
y Cs1 Ha OCH, TIEPIEeHUKYISPHON I1JI0C-
KOCTH KOJIbI[A, ¥ OTCTOSIIEl OT IIEeHTPa

0 KoJsblla Ha h = 2R.
Puc. 20 7. Tlpenmer AB pacriosiaraercs Te-
pen cobuparorell JMH30M, Kak IOKa-
3aHo Ha pucyHKe 21,a. JIunsy paspesanu no ocu OO, . BepxHioo
MOJIOBUHY JIMH3bI YIAJTUIU, & HUXKHIOI TIOJOBUHY CABUHYJM BHU3
[0 OTHOIIEHUIO K TIPEJMETY, KaK IOKa3aHo Ha pucyhnke 21,0.
[ToctpoiiTe n3o6pakeHne IMpeaMeTa B OCTaBINelCs HUKHEH IOJI0-
BHHE JIMH3DI.

8. Haiigute MakcMManbHBIH TOTEHINAJT, A0 KOTOPOTO MOJKET
3apsINTBCSL YJIATEHHbBI OT APYTUX TeJ cepeGpsiHblil HMIApUK TIpU
06JIyYEeHUN ero 3JEKTPOMATHUTHBIM HM3JYYEHUEM C JIJIMHOU BOJIHDBI
A = 0,12 mxm. Pabora Beixona asist cepe6pa paBna A = 4,28 3B.

o

~Nv
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A
2F F
R B —emmemm O o_.i_ ..... O mmmpmme e -0,
F 2F 2F F F 2F
B B
Puc. 271

9. B asexTpumueckoil Ienw, TpeACTABJCHHOW Ha pPHUCyHKe 22,
kiiod K B HAYaIbHBIN MOMEHT 3aMKHYT U TIO TN U/IeT MOCTOSHHBIH
Tok. Kakoe KOMM4ecTBO TEMJIOTH! BBIJICIUTCS B

PE3HCTOpE COMPOTUBICHHEM R, TOCJ€E Pa3MbI- ,&I
KaHus KJaoua? IlapaMerpbl 5J€MEHTOB IIEIH —
TAKOBbI: MHAYKTUBHOCTH KaTyiiku L, compo- R,
tuBienust R =2R, R, =R, Ry = R/3, 3/IC 1
HUCTOYHUKA TOKA & . AKTUBHBIM COITPOTHUBJIEHNU- I

€M KaTyLIKd U COIIPOTUBJICHUEM HUCTOYHUKA ¢/ EE5500 \—
TOKa TpeHe6peyb.

10. Ha ruragxoii ropu3oHTaJIbHOI NOBEpPX-
HOCTH MACCHBHOH TLIUTHI MOKOUTCS KJIUH Mac-
coit M. Ha rpasb, COCTaBJSIONLYIO C TOPU30H- g .
TOM YTOJI O , BePTHKAJBHO TA/aeT MapuK Mac- =
COl 7 M yIapsIeTcst O KJIMH CO CKOPOCThIo 0y . B p - 55
pe3yJibTare KJIWH HAYMHAET JBUTATHCS IO TLIH-
te. Onpeennre CKOPOCTb KJINHA TIOCe yaapa. Bpems yaapa maso,
yap CYUTaTh a6COJIOTHO YIIPYTUM.

ITy6auxayuro nodzomosun FO.Cmpyroe



MOCKOBCKUIA FOCYAAPCTBEHHbIA YHUBEPCUTET
MMEHW M.B.JJIOMOHOCOBA

MATEMATUKA
JdononHutenbHoe BCTynuTeNnbHOEe UCMbITaHWe

BapuaHt 1
(MEXaHVIKO-MATeMaTnqeckui QakysibTer)

1. Pemure cucreMy ypaBHEHUIT

BBx’/ =4" +8§,
O _ x+1
log, x

2. Pemute HEepaBEHCTBO
1-x 3x -2
7> )
X 3x+4

3. Haiinqure HayMeHblilee U3 MOJIOXKUTEIbHBIX 3HAUEHUN (PYHK-
UK

4
3cos® x +2sinx -1

4. Haiigure miomans tpeyroibauka ABC, eciiu U3BECTHO, YTO

OABC= %, BC =5, 2AC > AB, a memuana CD o6pasyer co
STt
cropoHoit AC yroJsi BeJIMIMHON TR

5. 3 jiecy BBICKOYMJT 3as1[ W MOMYAJCS TI0 MPSIMOA B HAMpaB-
JICHUH TepHOBOro Kycra. Ha 1oyt o Kycra 3asiil HalopoJics Ha
KOJIIOUKY M cras 6exaTb B HOJITOpa pa3a MejeHHee. Korna saiimy
ocraBasioch 0 Kycta 50 MerpoB, u3 Jecy (M3 TOro ke Mmecra)
BbIOEKAJI BOJIK U IOTHaJCA 3a 3aiimeM. Korga sasr poGexan 1o
KyCTa, BOJKY ocTaBajoch a0 Hero 10 merpos. Ha xakom paccros-
HUM OT Jieca HaXOAUTCS TePHOBDIM KYyCT, €CJIU M3BeCTHO, YTO BOJK
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Bce BpeMsi 6eXKajl CO CKOPOCTHIO, ¢ KOTOPOU TIePBOHAYATHHO GesKa
3as11?

6. B ocHoBaHNY mapaJtenenunea JesKUT IpaMoyroabHuk ABCD
co croporamu AB = 1 u BC = 4, 60K0oBble pebpa mapaie/enunena
AA;, BB, CC;, DD, nepneHAuKy/JsIpHbI OCHOBAaHUIO U PaBHbI 1.
Cdepa xacaercs npsmoit DC; B touke C,, npsimoit DB, B TOuKe,
Jexanieil BHyTpu oTpe3ka DB, u IpOXoAuT depe3 TOuky D).
Haiigute paguyc cdepsr.

BapuaHt 2
(@aKkysIbTeT BbIYUCTATESIbHOM MATEMATUKI 1 KMOEPHETUKI)

1. B apudmerndeckoii mporpeccuu NepBblil YIeH OTPUIIATETbHBIN
u paBen —405, pasHocTb paBHa 18. CyMMa a6COJIOTHBIX BEJTHYIH
(MozyJieit) T1epBbIX 72 YIeHOB 3Tol porpeccun pasta 5661. Haiiau-
TE N.

2. PemnTe HEPaBEHCTBO

1+1og, (~a? +7x ~10)

<2
2 -logs_, (x2 —4x +4)
3. Pemure ypaBHeHue
2 .2 |5x+0052y 3 |_ 2 7T
tg (5x+51n y)+| 3 +5x+cos2y|_4cos e

4. B gerpipexyrompunke ABCD mnaronanb AC gnuabl 9 SBISET-
cst GUCCEKTPUCO OCTPOro yria BAD u e uT 4eThIpeXyTroIbHUK Ha
2 TpeyTOJbHUKA C TIIOMAASIMI 672 1 1242, Dror YETbIPEXYTOJIb-
HUK BIHCaH B OKpy»xHOCTb. Haiinure ee paguyc.

5. Haiinure Bce 3HaueHus mapameTpa ¢, MPH KOTOPBIX CHCTEMA

Fa 257V + (8 - 40a) 37 ~5a <0,
0
Fi0 5V =80 @ +5a +a 27

UMEeT pellleHue.
6. OcHoBaHWEM YeTBIPeXyTOIbHOI mupaMuasl SABCD sBaseTcs

npsimoyrobHuk ABCD co croponamu AB = 2 u AD = 3. Bricora
12

MUPaMUA/DI JITHHOH _\/ﬁ TajiaeT B TOYKY TepeceveHNs AuaroHasei
npamoyroabHuka ABCD. IlnockocTb NPOXOJUT 4depe3 TOUuKy A,

napaJuiesbHa npamoit BD, kacaetcs mapa paauyca 1 ¢ LeHTpoM B
Touke S 1 epecekaet pe6po SC. B kakoM OTHOTIIEHUY OHA JIEJTUT ATO
pebpo?
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BapunaHt 3

(GhakysibTeTBI. HAYK O MATEPMANIAaX, OUOMHMOPMATUKI U
OUOVIHXEHEPMI, SKOHOMNYECKUN (OTAEIEHNE SKOHOMMKI))

1. Pemmire ypaBHenme
[~4* +27% ~150) =150.
2. PemuTe cucteMy ypaBHEHHI

Hx - )y +1 =0,

D@’ 2 2
x°+6x+y +10 = -~ -8y +x +2.

3. a) Pemnre ypaBHeHue
. 2
9 (sinx + cos x) N 32(1 +7ctg x tg 4x) o7
cos2x tgx +7tgdx

6) Haiizure cymMMy Beex KOPHel TOro ypaBHEHUSI, TIPUHA/JIEKA-
MIAX OTPe3Ky [0; 120Tl] , ¥ BBISICHUTE, 4TO OOJIbIIE: 3Ta CyMMa WJIH
gncyao 23040.

4. B uerpipexyronbnnk ABCD MOHO BIIHCATD OKPY’KHOCTD U
OKOJIO HETO MOXKHO OIHCAThb OKPY’KHOCTb. Kaxkgas ero amaroHasb
IIeJIUT €ero IIoniazpb B oTHomreHnu 2 : 3. Haiigure TaHreHCHI BcexX
VIJIOB uyeTbipexyroibHuka ABCD u paauyc OKPY>KHOCTH, OIMCAH-
HOH OKOJIO YeTBIPEXYTOJbHUKA, €CJN HamOOoJbIIas CTOPOHA €ro
uMeeT INHY 24.

3. Pemure HepaBeHCTBO

=0.

4

4 + cos x logs x log, 81 +sin2xlog2 a8 <2cosx —4cos2x +10gﬁx

6. Haiizinre Bce 3HaueHuUs X, MPU KOTOPBIX HAaUMEHbIIIEE U3 YNCEJT
3 -
(x + 1) n x? —3x —2 MeHbIIe HAMMEHBIIErO U3 Yncen x° + 3x> +
+20+2 w 2 +5x +4.

BapuvaHt 4

(reonoruqeckuvi QPakyibTer, Bbiciuas WKoIa rocyapCrBeHHOr0
ayaura, BbiCluas WKkona busHeca, BbiCluas LWKOIa COBPeMeHHbIX
coumanbHbIX Hayk, MOCKOBCKAas LUKOSIa SKOHOMUKY,
COLIMOTIOrMYECKUIT PaKyTIbTET, GaKy/IbTeT roCy4apCTBEHHOO
YIPaBIeHNs, IKOHOMUHECKUI @aky/ibTeT (oTaeneHme
MEHELKMEHTA 1 BEYEpHee oTheneHue))

1. /lokaskuTte, 4TO TIpU

a:§/§+§/z

3 - meJsoe, n HalIUTe 3TO YHCJIO.

uncyo 6a —a
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2. Cnoprcemennl MBanoB u Ilerpos yuyacrtBoBasu B MapadoHe.
[lepByto mosioBuHy 1yt VBanoB OexxaJa B JBa pasda ObiCTpee
[TerpoBa. [ToToM oH TTOIBEPHY I HOTY U OCTABIIYIOCS [TOJOBUHY TTyTH
Geskast B 1Ba pasa Me/ienHee [lerpoBa. I1eTpoB ke Bce BpeMst Geska
¢ TIOCTOSTHHOHN CKOPOCTBIO M TIPOOeskasl BCIO IUCTAHIMIO 32 4 Yaca.
CkoJsibKO BpeMeHHU moHago6umoch MBaHoBy, uTo6bI H06GpaThCs 10
unmma?

3. Haiigure cosa u tg20, ecam m3BeCTHO, 4TO Sind =

cosﬁ:—§§<0.

4. Pemnre HEPABEHCTBO
410g9 (x2 +4x—5)

, a

W —

< 2]0g3(1+8x—x2) )

3. B tpanemun ABCD ocnoBanue AD B noJropa pasa JJuHiee
ocHoBanus BC, a jumnbl 60KOBbIX cTOpoH AB u CD pasubl. Ha
cropore BC Bagra takag touka K, yto BK = 2KC. IIpambie AK u
CD nepecekatorcst B Touke E, a npambie DK u AB — B Touke F.
Haiigure Besmuuny ornouenusi BF : CE.

6. Haiinre HanMeHbllee 1 HanGoJIbIllee 3HAUSHUS ITapaMerpa d,
TIPH KOTOPBIX ypaBHEHWE

Jr—a +vJx® +1 =2

uMeeT XOTsi ObI OJJHO PellleHue.

BcrynutenbHoe ucnbitaHne (Bmecto EMN3)

Bapunant 1

1. Ilpeacrasbre ynciIo

1ot o195
11 29

B BHUJIe HECOKPATUMOIT OOBIKHOBEHHOI APOOH.
2. Pemure HepaBeHCTBO
x+7
x+1
3. Mexay nynkramu A u B, pacriosiokeHHbIMI Ha Gepery 03epa,
Kypcupyert Katep. Ha CKOIbKO IIPOIEHTOB YBEJIUYUTCS BPEMS B Ty TH
u3 myHKTa A B myHKT B, €CJIi CKOPOCTh Katepa yMeHbimTces Ha 20%?
4. Pemure ypaBHenue

3logg (x +1) =logy~2x +5 .

3. Croponbl TpeyrosibHuKa paBHbl 3, 5, 7. Haiigure Besnunny
6OJIBIIIETO U3 YIJIOB TPEYTOJbHUKA.

<x+3.
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6. Pemmure HepaBeHCTBO
20" +3'7 <7.

7. IlapasenorpamMM, o/lHa U3 CTOPOH KOTOPOTO paBHAa 3, OIH-
caH BOKPYT OKpyskHocTn paamyca 1. Haitznre mromans napasie-
JIorpamMMma.

8. Pemmure ypaBHenue

2sinf x +7cos®x =2 .

9. [lanwpl aBe okpy:kHOCTH pammycoB 2 u 3. Ilpsmas kacaetcs
00enx OKPYJKHOCTEHl U TIepeceKaeT OTPEe30K, COeJMHSIONMA UX
meHTpol. Haiiaure paccrosiHue MeXIy TOYKaMU KAaCAaHUsI, €CJIH
paccTosiHUE MEXKy IIEHTPAMU PABHO 7.

10. Crynent Bacuimii mo6upascsi OT »KeJIe3HOAOPOKHON CTaH-
nuu 10 aepeBuu babymkuHo. OH goexan Ha aBTo6yce [0 MOCETKA
JlemymkuHO, T/ie BCTPETHJI 3HAKOMOTO, KOTOPBIi 3a 10 MUHYT mosiBe3
€ro /10 JIEPEBHM Ha CBOell MamriHe. MalirHa exaja B IMOJITOpa pasa
6bicTpee aBToGyca. Korpa npuiiio Bpemst yes:xaTh, Bacusuii 3a gac
JloexaJl Ha BeJIOCUIIe/ie JI0 Toceska J[eayInKuHo, a OTTy/la Ha TaKCH
moexas o ctannuu. Takcu exaso B 6 pa3 GbICTpee BEJIOCHIIEA, U B
utore Bacuiumii Ha 06paTHyIO [IOpPOTY OT /JEPEBHU J[O CTaHIIH
MTOTPATUJI POBHO CTOJIBKO K€ BPEMEHH, CKOJbKO MOTPe6GOBAJOCH,
4T06BI J06PATHCS OT CTaHIUK /10 JepeBHu. CKOJIBKO BPEMEHH YIILJIO
y Bacuiust va gopory B ofiH KOHeI?

11. B ocnoBanuu npasuibhoil mupamuibl ABCDS nexxut KBaj-
par ABCD co croponoii 6. Uepes cepeaunnt pebep AD, BC u CS
NpoBejieHa MJI0CKOCTh. Haliinte epuMeTp cedeHus: mupaMuIbl STOi
TJIOCKOCTBIO, €CJIH JIIMHBI OOKOBBIX pebep MUpaMubl PaBHbBI 7.

12. Haiigure Bce 1ie/ible MOJOKUTENbHbBIE YHCAA X U Y, YIOBJIET-
BOPSIIOIINE YPABHEHHIO

yP =% +9x% +17.
BapunaHt 2

1. Pemmite HepaBeHCTBO
2 3

<
x=2 x+1°
2. Buepa smekapctBo B amreke mojgopoxaso Ha 12%. CKoJbKO
CTOUJIO 3TO JIEKAPCTBO IO IOJOPOKAHMS, €CJIU CErOjHs, MOCJe
CHIDKEHHUs 1[eHbI Ha 5%, oHo crout 133 py6us?
3. Pemute ypaBHeHUE

ed™ g3

BH THA
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4. Haitnure ninomaas tpeyrompanka ABC, ecau ero cropona BC
Tt Tt
paBHa 4, a yribl A U B paBHBI COOTBETCTBEHHO = U 5 .

2 8
5. Haiisinre paroHasbHOE YNCJI0, PABHOE BBIPAYKEHHIO

6. Ha mockoctu pacrosioxken orpe3ok AB pauubl 24 u 1Be
toukn P, Q. Touka P paBHoynasneHa ot A u B Ha paccrosinue 15, a
Touyka Q Takxke paBHOyJaJieHa oT A U B, HO Ha paccrogHue 20.
Haiigure pmuny orpeska PQ, ecau H3BECTHO, UYTO OHA MeEHbIIe
JUTMHDBI OTpe3Kka AB.

7. I3 nepeBHN AHUKOBO B JiepeBHIO BOJIKOBO BBIIIENT HENEXO0.
Uepes 20 MUHYT eMy BCJeJ BbIeXaJ BEJOCHIEINCT W HPHEXaJ B
BoJuikoBo Ha 5 MUHYT paHblile nenrexoza. Kakyto 10110 my T mpoiiest
TIeIIeX0/] K MOMEHTY BCTPEYH C BEJIOCUTIEUCTOM, €CJTH OHU BCE BPEMSI
JIBUTAJIUCH C TIOCTOSTHHBIMU CKOPOCTSIMU ?

8. U3 Toukw, B3ATON HA OKPYKHOCTH, TTPOBEJCHDI BE XOPIbI,
o6pasytomue yroa B 43° . JlniHa 0TpesKa, COEIMHSIIONEr0 CepeIHbI
3TUX XOpH, paBHa 2. Haiinure aauny paamyca OKpy>KHOCTH.

9. Pemmre ypaBHeHue

cosx +sin2x _ {
cos 3x '

10. Pemute cucremy ypaBHEHHI
Ba? + xy = 8x -3y,
]
Qz/z +2xy =3x - 2y.

11. Pe6pa ky6a pasubl 1. Haiinure paccrosinve MeskIy cepeu-
HAMU €ro CKPEIUBAIONMXCS pebep.

12. Haiiiute Bce MOJIOKUTENbHBIE YUCIA X, YAOBJIETBOPSIOIIIE
HEPABEHCTBY

log; (x +1) Oog, (xz +3x +6) <4,
OUNINKA

B 2010 rony omamminaza «JIoMOHOCOB» 1 PO UILHBIN 9K3aMeH
mo ¢usuke B MI'Y BrepBbie POBOAMINCH B MUCHMEHHOU (hopMe.
TunoBoe 3amanue s aGUTYpUEHTA OXBATBIBAJIO BCE OCHOBHBIE
pasesibl IPOrpaMMel 110 (pU3UKe A4 nocrymnaomux 8 MIY: 1) Me-
XaHUKY, 2) MOJIEKYJAPHYIO (DUBUKY M TEPMOAMHAMUKY, 3) DJIEKT-
POAMHAMUKY, 4) onTHKY. 110 KaXKI0My pasjie/ly IporpaMMbl aGuTy-
PHEHTY Ipe/JIaTaJNCh KPATKIH BOIIPOC 10 TEOPUHU W JIOTIOTHSIONAS
ero 3asava. Ha BbITloJIHEHUE BCETO 3a/IaHUsi OTBOJMJIOCH YETbIPE
ACTPOHOMUYECKHUX Yaca.
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Hwuxe 1npuBogsTCss IpUMepbI 33/IaHUl OIMMITNABI 1 TPOMHIIb-
HOI'0O 3K3aMeHa, CIPYIIINPOBaHHbIE 110 pa3/esiaM IIPOrpaMMbl.

MexaHunka
3anarme 1

Bomnpoc. [laiite onpe/eseHne IeHTpa MacC CUCTEMbl MaTepuab-
HBIX TOYeK. 3anumute (GOpMyJIy [JIs1 UMITYJIbCa CHCTEMbl MaTepH-
AJBHBIX TOUYEK.

3ajgava. BoipesanHyio u3 OZHOPOJHOTO JIMCTA MeTasa ILJIac-
TMHKY B (opMe paBHOCTOpoHHEro Tpeyrombiuka ABC (puc.1)
A MOJIOKUJIN Ha TJAJKYI0 TOPU30HTAJIb-

HYIO IJIOCKOCTb U TOJIKHYJIU. B MoMeHT

Bpemenn ¢ = ( okasasiacb, 4YTO CKO-

poctb 0, BepuuHbl A 3TOTO Tpe-

YTOJIbHUKA MEPIEHIUKYISIPHA OHCCEKT-

puce yria BAC, a cKopoCTb BepIIUHBI

¢ C mHamnpanjeHa BAoJb cToponbl AC.

Onpepenute nepemerienue A7 1eHTpa

B C TpeyroJbHHKa 3a BpeMA T IocJe yKa-
Puc. 1 3aHHOTO MOMEHTA.

Uy

3anaHme 2

Bompoc. Uto Takoe Tpenue MOKoOs U TpeHne cKoabxxerns? /lafite
omnpesiesieHrie KoaUineHTa TPEeHus.

3anava. Ha HaKJOHHOI IJIOCKOCTH, COCTABJISIONIEH C TOPU3O0H-
TaJIbHOI MOBEPXHOCTBIO yroJ O, mnokoutcss 6pycok. Ero moxHO
CABUHYTb C MecTa cujoil [, , HampaBJeHHOW BJOJb HAKJIOHHOMH
ILJIOCKOCTH BBEPX, JTHOO CHIONH Fj, HAIPABICHHOI FOPU30OHTAIHHO
NepIeHUKYIAPHO HalpaBienuio cuabl F, , npuwueMm F = kEF,.
Omnpenesnte K03 PUITIEHT TPeHNS 6PYCKaA 0 HAKJIOHHYIO TLIIOCKOCTD
M, ecm k = 0,2, a a=arctg0,3.

3anaHme 3

Bonpoc. [laiite onpeznesenne yupyrux aedopmanmii. Chopmy-
gupyiite 3akon ['yka.

3azaya. KoJseco cocrout u3 ToHkoro o6oja maccoit M n paau-
ycoM R 1 pajinaJbHO PACHOJIOKEHHBIX CITHI[, COEAMHSIONMNX 060/ C
BTYJIKOii, B KOTOpyIO BcraBJeHa och (puc.2). Ha omHy u3 crmmig
HajeTa Jierkasg IPYXUHA SKECTKOCTbIO R, OAUMH KOHEL KOTOPOIl
3aKperJieH Ha BTyJKe. K apyromy KOHIly NPY>KHHBI IMPHKPEIJIEH
MaJIeHbKUII IapUK MAcCOU 72, TaK)Ke HAJIeTbIil Ha cruity. B nenedop-
MUPOBAHHOM COCTOSIHUM JITMHA TIpYyskuHbl pasHa [ (I < R). Koseco
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pacroJiaraloT TOpu30HTAIbHO 1 3aKPel-
JITIOT och Bpaiienusi. Kakyio pa6ory A
HY>KHO COBEpIINTb, YTOOBI Me/JIEHHO
PacCKpyTHUTDb KOJIECO IO TaKOW YTJIOBOM
CKOPOCTH, TIPX KOTOPOII MapuK KOCHET-
cs1 o6oga? Cunraiite, 4TO CIIUIBI IJIAJl-
KHe M HeBecoMble. TpeHueM B OCH 1
JIIaMeTPOM BTYJIKH MOXKHO TIpeHe6peyb.

3anarme 4

Bonpoc. [laiite onpezaenenue pas-
HOTIEPEMEHHOTO TIPSIMOJTMHENHOTO JIBH-
skenus. IlpuBennTe 3aBUCIMOCTH KOOPAWHATHI U CKOPOCTH TeJa OT
BPEMEHU IIPH PABHOIIEPEMEHHOM [[BUKEHUU.

3agava. K norosiky noxosiieiicst kaGuHbl Judra Ha MPYysKUHE
skectkocThio kR = 10 H /M nogsemena rupst maccoit m = 1 kr. B
HEKOTOPBIII MOMEHT BpeMeHH JU(PT HAYMHAET [BUKEHHE BBEPX C
TTOCTOSTHHBIM yCKOpeHneM «a = 1 M/ ¢2. Kaxoii myTb s npoiizier kaGuna
OTHOCHTEJIbHO MIAXTHI JIUPTa K TOMYy MOMEHTY, KOT/Ia JJTHHA TPYKU-
HBI B TIEPBBIi pa3 CTaHET MAKCHMAaJbHON?

3anaHuve 5

Bomnpoc. [laiite onpenenenue rapMoHnYecKkux KoJebanuii. Uto
TaKoe aMIINTy/ia U (pa3a TapMOHNYECKUX KOJIeOaHUil?

3agava. MaTteMaTHuecKuil MasgTHUK OTKJIOHWJIN OT TIOJIOKEHUS
PaBHOBECHUST HA MaJIblil yrosi O = 1 pax u oTiycTuim 6e3 HavaabHON
CKOPOCTH, TIOCJI€ Yero MasiTHUK CTajl COBEpUIATb TapMOHMYECKHE
koseGanus. Haiijure MakcuManbHOE 3HAYEHUE Oy, MOJYJISA BEP-
THKAJIbHON COCTaBJISIONIEH CKOPOCTM MasTHUKA. [lJMHA MasTHHUKA
[ = 0,4 M. Yckopenne cBOOOIHOTO IJCHHUS IIPUMUTE PaBHBIM

g =10 M/ ¢
3anarme 6

Bomnpoc. /[laiite onpenesnenne nepuoga KoJebaHuii. 3amnuimre
dopmyay mist nepuosa KoJsiebaHuil rpysa Ha MpysKUHE.

3agaua. B U-o6pasnyio TpyOKy MOCTOSIHHOTO CeYeHUsI, KOJeHa
KOTOPOIl PacIoJIOKEHbl BEPTUKAIBHO, HAJIMIN KUIKOCTh MAcCCON
m = 50 r. Onupenenure nepuon T xKomebaHuil KUAKOCTH B TPyOKe,
BO36YK/IaeMbIX HeOOJIBIIMM CMeIlleHHeM YPOBHEW OT TIOJIOJKEeHHs
paBHoBecus. Ilnomans momepeunoro cevenust TpyGku S =1 cm?,

IIOTHOCTD >KuAKOCTH P =1 r/ eM® . CHKEMAEMOCTBIO XKUAKOCTH I ee
TPEHHNEM O CTEHKM TPYOKH MOXKHO IIpeHeOpeub. Y cKopeHue cBOOO/I-
HOTO IIaJleHus IpUMUTe paBHbIM g = 10 M/ ct.
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MonekynspHasa ¢usmMka u TepmogmHamMnKa

3ananme 1

Bonpoc. /[laiite onpejeseHre UeaJbHOro raza. 3alHIlInuTe Oc-
HOBHOE yPaBHEHHE MOJIEKY ISPHO-KUHETHYECKO TeOPUH H/IeaIbHOTO
rasa.

3azaya. Ha Mmerasumueckyio IIACTMHKY HAIBLISIOT cepebpsi-
HOE TOKPBITHE, MCHOJb3Ys My4YOK aroMOB cepeOpa, HarpaBJeHHbIIT
HepIEeHNKYISPHO T1acTuHKe. C KaKOW CKOPOCTBIO ¥, pacTeT
TOJIIIMHA TIOKPBITUS, €CJIM aTOMBI cepefpa OKa3bIBAIOT Ha IJIACTHH-
Ky gasjenne p = 0,1 I[Ta? Kunetmdyeckas sHeprus OJHOTO aToMa

cepebpa B myuke E =107'7 ]Ik, momspmast macca cepe6pa M =
=108 t,/mosb, ero mmorHoctb P =10,5 r/ em® . Tlocrosianas ABo-
ragpo N, =6,02 0% moap™'.

3anaHme 2

Bompoc. /[laiite onpesienenne BHyTpeHHEN 9HEPTUHN TEPMOMHA-
MHUYECKOIT cucreMbl. Kakumu crioco6amMu MOKHO U3MEHUTDb BHYTPEH-
HIOIO 9HEPTUIO?

3agava. B 1ByX OJMHAKOBBIX COCYaX, COEAMHEHHBIX MEXKIY
co60ii KOPOTKOH TOHKOI TpPyOKOIl € KpaHOM, HAXOAWUTCS TeJuil.
Cpenusisi KBaJ[paTUYHasi CKOPOCTb TEIJIOBOTO JIBUJKEHUS] aTOMOB
reJiisi B IIEPBOM COCY/IE ¢y, @ BO BTOPOM 0, . IIpeHe6peras Teryioo6-
MEHOM TeJIusI C OKPYKAIOIMIMMHU TeJIaMU, HAlInTe OTHOIIEHUE /IaBJie-
HUST P, , KOTOPOE YCTAHOBUTCS B COCY/IaX T10CJE OTKPBIBAHUS KPaHa,
K HQYaJIbHOMY /JIaBJIEHUIO p; B IIEPBOM COCY/I€, €CJIM MAcca reJiist BO
BTOpPOM cocy/ie 6bl1a B 7 pa3 60Jbllie, YeM B TIEPBOM.

3anaHme 3

Bomnpoc. /laiite onpezaesenne koamdecTsa TeraoTol. Chopmyn-
py#iTe TIepBLIH 3aKOH TEPMOANHAMUKU.

3amava. B 3akpbiTOM HUIUHAPUYECKOM COCY/IE IO/
HEBECOMBIM TOHKUM TIOPITHEM HAXOJUTCS W/CaTbHbII
oanoaroMubiil taz (puc.3). B mpocrpancrse Haj 1mopi-
HeM co3/1aH BakyyM. llopimeHs yaep:KuBaeTcs B paBHO-
BecHH TIPYKUHOI kecTkocTbio k =100 H /M, nomenien-
HOW Me)X/Ty TOPIIHEM W KPBIMKOH nuanaapa. IIpyxnHa
oo+ He gedopMupoBaHa, ecsU HOPLIEHb PACIOJIAraeTcs y
coe+| mHA nuouHApa. B HAYANIbHOM COCTOSIHUM PACCTOSIHHE
et MeK/Iy TIopiiHeM u jHOoM cocyna h = 0,2 m. Haiigure
" . - - | KOJUYECTBO TemJoTbl AQ , KOTOpOoe HYKHO COOOIIUTH
puc 3 razy, 4ToObl PACCTOSTHUE MEXK/TY TIOPIIHEM U [IHOM COCYa
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YABOUJIOCH. TeIJI0eMKOCTBIO COCY 1A, TEILIO0OMEHOM C OKPY KaIolei
cpe/oii U TPEeHUEM MOKHO NpeHeOpeyb.

3anarme 4

Bomnpoc. Uto Takoe HachIeHHBIH BoIsTHON Tap? [laiiTe onpeme-
JIeHVIe BJIAKHOCTH W OTHOCHUTEJILHOHN BJAKHOCTH BO3/YyXa.

3amavya. Crakan o6bemoMm Vj =290 cM® TepeBepHy I BBEPX
JTHOM ¥ MeJIJIEHHO TIOTPY3uJIM B BOAYy Ha raybuny h = 5 M. Ilpm
aTOM 00beM BO3/yXa B CTakaHe OKasajcs paBHbIM V, =194 cm®.
Haiizante napiyanbHoe JaBJieHne p BOJSHOTO Napa, HaXO/SIIerocst
B CTaKaHe, CUNTasl ero HaCBIIeHHBIM. OTHOCHTETbHAS BJIAKHOCTD
armMocdeprnoro Bosayxa f = 60%, armocdepHoe maBieHue
Po = 10 TIla, mIOTHOCTD BOABI P = 1 r/ eM® , yckopenwue cBOGOHO-
ro najenus g =10 M/ ¢? . Temmeparypy Bo3/yXa B CTAKaHe CUHTAii-
Te TIOCTOSIHHOI. Pazmepamu crakaHa 110 CpaBHEHUIO C IIyOUHOI ero
MOTPY>KEHUST MOKHO IIPeHeOpeyb.

3anaHuve 5

Bomnpoc. [laiite onpenenenue koaddUIMEHTa TTOJIE3HOTO [eii-
creust (KII[ZI) TemmoBoro asuratesis. UeMy paBHO MaKCHMAJbHOE
snavenne KII/[?

3azava. Ompeaennte Maccy M BOBI C HAYATBHOM TeMIIepaTy poit
t =0 °C, xoropas mpeBpaTUTCS B Jie/| IPU TOI Ke TeMIlepaType 3a
T = 2 4 paboTbl XOJOAUIbHOI MAIITMHDI, €CJIU TEMIIEPATYPa Paua-
topa XoJsoauabHoit Mamuubl T = 373 K. XojoauibHas MalimHa
pa6otaet 1o 1ukay Kapro, MontHocTb ee aBuratess N = 0,6 xBr.
YaenpHada Terora maaBaeHus jgbga A = 334 Ik /T.

3anaHuve 6

Bonpoc. Kakuwe Buabl mapoo6pa3oBaHusl Bbl 3Haete? /[laiite
orpe/iesieHre y/eJbHOI TEIIoThl Tapoo6pa3oBaHusl.

3agava. B nusmbzape 1O/ MOPIIHEM HAXOJSATCS BO3/YX, BOJS-
Hoit map u Bofa. Uucsao mMoseit Bo3ayxa B n = 3 pasa IIPEBbIIIAET
YICJIO MOJIeH BOJSTHOTO TIapa, a Macca BOJbI PAaBHA MAacCe BOJSHOTO
mapa. O6beM cMecH N30TepMUYECKH YBEJMYUBAIOT JI0 TeX MOop, MOKa
Bcsa Bojga He wucmaputcs. OrmpeznesnTe OTHOIICHWE [aBJICHUN B
UJIUH/PE B KOHEYHOM U HAYAJIbHOM COCTOSTHUSIX.

3HEKTp0}J,VlHaMVIKa

3anaHue 1

Bomnpoc. Chopmynupyiite MPUHITAI CYTIEPIIO3UITUH 3JCKTPIYEC-
KX noJieii. YeMy paBHa HAPSKEHHOCTD 3JI€KTPOCTATUIECKOTO TIOJIS
PaBHOMEPHO 3apsiKeHHOM TpoBoasIell cdepnr?
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3azava. Tpu KoHIEHTPUYECKUE IIPOBOJSIINE cPepbl, UMEIoINe
pamuycel R, 2R u 3R, HaxozasaTcs B BakyyMme. BuyTpenHsis cdepa
HeceT 3apsi/l ¢, CpefHssi cdepa He 3apsiKeHa, a BHEIIHSIS 3a3eMJIeHa.
Kakoe xommdectBO TeryoTel AQ BBIAEJUTCS TIOCTE COCAMHEHHS
BHyTpeHHel cdepbl co cpenneli chepoil TPOBOIHUKOM, WMEIOIIUM
JIOCTATOYHO GOJIBIIOE COIIPOTHBJIEHHE?

3anarme 2

Bomnpoc. [laiite onpenesenne 31eKTPOEMKOCTH. 3amuimuTe Gop-
MYJy JUIS 3JIeKTPOEMKOCTH IIJIOCKOTO KOH/IEHCATOpA.

3apmava. Ilnockuit KOHIEHCATOP, MOIKIIOYEHHBIH K HCTOUHUKY C
IC £ =100 B, cocrout m3 AByX KBaJPATHBIX OOKJIAJOK IJIOIIA-
api0 S =1M° Kakaas, pacIioNOKeHHBIX Ha paccrosaun d = 1 MM
Ipyr oT apyra. Mexay oOKJIaikaMyi HaXOJUTCS [UAJIEKTPUUecKast
IJIACTUHKA C JUAJIEKTPUYECKOM MPOHUI[AEMOCTBIO € = 5 , 3AII0JIHSIO-
mas Becb 00beM KoHzeHcartopa. [1JacTHHKY HAYMHAIOT BBIIBUTATD
BJIOJIb OJIHOI M3 CTOPOH KOH/IEHCATOPAa C MOCTOSIHHOW CKOPOCTHIO
vy =2 cm/c . Kakoii 110 BeJMYMHE W HATIPABJICHUIO DJIEKTPUYECKUI
Tok I 6yzeT Teyb B 1€MW WCTOYHUKA TIPU 3TOM? BHYyTpeHHUM
COTIPOTHBJIEHNEM HWCTOYHUKA MOKHO TIpeHeOpedb. JJEKTpUIecKast
nocrosinmas €, = 8,85 1072 Md/u .

3anaHme 3

Bomnpoc. Kaxk onpesessorest pa6oTa 1 MOIIHOCTD 3JIEKTPUIECKO-
ro Toka? Cdopmyaupyiite 3akon [>xoymsa—J/lenma.

3amava. Ilpn mogkIO4eHNN K AKKyMyJISATOPY C BHYTPEHHUM
conporussenueM 7 = 0,16 Owm B HarpeBaTe/IbHOM 3JIeMEHTE BbIJIEJIS-
etca momHocts P, =200 Bt . IIpu nogkmoyeHnN HarpeBaTeIbHOTO
3JIEMEHTA K JIBYM TaKMM aKKyMYJISITOPaM, COe/JMHEHHDBIM T10CJIe/10Ba-
TEJbHO, BbIjesseMas B HarpeBaresjie MOIIHOCTb COCTaBHJA
P, =288 Br. Haitnure 9/IC & akkymyJsitopa.

3anaHme 4

Bomnpoc. Kakumu HocuTeISIMU 3apsijia CO3/IA€TCS dTEKTPHUECKUI
TOK B ajekTposuTtax? CdopMyaupyiiTe 3aKOHBI 3JIEKTPOJIN3A.

3azava. JJeKTpPOJbI, TOAKJIOUYeHHble K Oatapee ¢ I/IC
€ =5 B, morpy’keHbl B BOAHBII PacTBOP CepHON KUCIOTHI. V3Me-
HSISI PACCTOSIHUSI MEXKIY 9JIEKTPOJaMM, WX YCTAaHOBUJIM TaK, 4TO
6arapesi cTaja OT/AaBaTb BO BHEIIHIOIO II€ITb MAKCHMAJbHYIO MOIII-
HocTh. Ompesnesute 3Ty MOMIHOCTD P, ecsm 3a BpeMs T = 50 MuH
npu aJektposuse Bbiaensercs m = 0,3 T Bomopona. Ilosspusa-
el 3JEKTPOAOB PH 3JEKTPOJIM3E MOKHO NMpeHeOpedb. JJjeMeH-
tapHblii 3apsg e =1,602 no" Kia, mocrosiunass ABoraapo
N, =6,02210% mom ™" .

76



3anaHuve 5

Bonpoc. Kak ompenensiorcss MomyJib U HallpaBJeHUE BEKTOPA
MarauTHON nHAykimu? Chopmynupyiite 3akon Ammepa.

3apava. Meramindeckuil cTepsKeHb Maccoii m = 7,5 T U JJINHON
L = 30 cM mojBelieH TOPU3OHTAIBHO HA JIBYX HEBECOMBIX THOKIX
MPOBOJHUKAX JnHOI [ = 15 M kax/piii. CTepskeHb HAXOAUTCS B
OJTHOPOJIHOM MAarHUTHOM I10JIe, WHYKIMS KOTOPOrO HalpaBJeHa
BepTuKaabHO W paBHa B = 57 MTua. [lo cTepkHIO TIpOITyCcKaioT
KPATKOBPEMEHHDIH TPSMOYTOIbHBIN HMITYJIbC ITOCTOSTHHOTO TOKA
cunoit I, u panutenpnoctoio T = 0,1 c. IIpu kakoM MUHUMATbHOM
3HaYeHNH [, CTep)KeHb COBEPIIUT ITOJHBINH 060POT, ABHUTrasiCh 110
OKPY>KHOCTH BOKDYT OCH, TIPOXOJISAIEH Yepe3 TOYKH TT0/IBeca THOKITX
npoBoaHUKOB? CuwnraiiTe, 4TO CMEIIEHHE CTEPKHS 3a BpeMs T
HWYTOKHO MaJIo. Y CKOpeH#e cBOOOHOTO TaAeHNs TPUMHUTE PABHBIM
g =10 M/ .

3anarme 6

Bomnpoc. [laiite onpenenenue HANPSIKEHHOCTU 3JIEKTPUYECKOTO
moJsisi. UTo TaKoe CUJIOBbIE JIMHUH 3JIEKTPUYECKOTO IMOJIS ?

3angaya. CBob6oaHas 3apsKeHHAS YaCTHIIA IBUKETCS B OTHOPO/I-
HOM MarHHUTHOM Tiosie ¢ wHAyKImeir B = 0,4 Txa mo okpy:KHOCTH
pagmycoM R = 4 M. B HEKOTOPBIII MOMEHT BPEMEHH BKJIOUYAIOT
O/THOPOJTHOE 3JIEKTPUYECKOE I0JIe, HAINPSIKEHHOCTh KOTOPOTO Ha-
MpaBJieHa MMapaJijieIbHO BEKTOPY MAarHUTHON MHAYKIIUY U paBHa E =
=10 B /M. Uepes kakoe BpeMst Af T10cJie BKIIOUEHHS 3JIEKTpHYec-
KOTO TIOJIS KWHETWYecKas 3HePTUs YacTUIbI YBEJUYUTCSI B n = 2
pasa? Cuiry TspKecTn He yYHUTBIBANTe.

OonTtuka

3anaHue 1

Bomnpoc. [laiite onpenenenne ceeroBoro jyua. Chopmynupyiite
3aKOHBI IIPEJIOMJIEHHS CBETA.

3agaua. Ppi6ak CTOUT HA IJIaJIKOM TIPO3PAYHOM JIbJLY U CMOTPUT
BepTHKaJbHO BHU3. Kakyimeecss ppibaky pacCTOsSHUE OT BepXHed
TTOBEPXHOCTH JIb/Ia /10 JIHA 03epa paBHO L. Onpeesnnre eiicTBUTEb-
Hyto T1y6uny o3epa H (0T BepXHEH MOBEPXHOCTH JIb/Ia /10 [IHA), €CJIU
TOJIIMHA JIbjIa /1, TTOKa3aTesb MPEJOMJICHUS JbJla 7, , I0Ka3aTeb
TIPEJIOMJIEHUS] BOJIBI 7, .

3anaHuve 2

Bomnpoc. 3amumute ¢opmyry ToHKOH JmuH3BI. Uemy paBHO
yBeJIMYeHne, 1aBaeMoe TaKOH JTMH301?
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3azavya. B dokasbHOIl NIIOCKOCTH TOHKOI cOGMPAOleil JTUMH3bI
pacnoJsiosket akpan. Ha riiaBHoil onTiHyeckoit OcH JIMH3bI, TIePIeH/I1-
KYJISIPHOII 9KpaHy, HAXOJUTCS TOYCYHBIN MCTOYHUK cBera. Ha axpa-
He IIpU 3TOM HaGJIIOfIaeTcsl KOJIbIleBasl HeocBelleHHas o6acTb. Ha
KaKOM PacCTOSTHUM d OT JINH3bI HAXO/AUTCS TOYEYHbII HCTOYHUK, €CJIN
TLJTOMIA/Tb HEOCBENEHHON 06JaCTH B 72 Pa3 GOJIbIIIE TIOMAAN JTUH3DI,
a (pOKycHOe pacCTosiHUe JUH3bI PaBHO F?

3anarme 3

Bomnpoc. [laiiTe onipesiesierre GOKYyCHOTO PACCTOSHUS ¥ ONITHYEC-
KO CHJIBI TWH3BI. 3anummuTte GOpMYJTy TOHKOW JIMH3BI.
3agava. Ha BbITyKJIyI0 ITOBEPXHOCTDH TOH-
7| KO TIJIOCKOBBIMYKJION JIMH3BI MaJaeT y3Kui Iy-
"] wox cBeroBpIx myueii, mapamrenphbii ee rias-
Hoit onTuueckoii ocu (puc.4). Ha neGonbiiom
#]* | paccrosHUM OT IJIOCKOH IOBEPXHOCTH JIMH3bI
— 2 [* |« nomemaior [apaJiyieJIbHO eil IJI0cKonapaJiiesib-
*  HYIO CTEKJISIHHYIO IJIACTUHKY TOJIMHOW d =
= 9,8 MM ¢ okazatesieM nipesiomyieHus n = 1,4.
Ha kakoe paccrosinue ! cMecTuTCs BIOJIb TJIaB-
«| | HOI onTHuYecKOl Ocu JIMH3bI TOYKA, B KOTOPOH
. doxycupyercss mydoxk? YTJbI TafeHUS W TIpe-
puc. 4 ~ JIOMJIEHUSI CBETa CUNTANTE MAJBIMU.

3anaruve 4

Bomnpoc. Yraxure, B KaknxX (GU3NIECKUX SIBJIEHUSX MTPOSIBISIOT-
¢S BOJTHOBBIE CBOMCTBA CBETa, a B KAKUX — KOPIYCKYJIAPHBIE.
3anava. [lsmockasi MOHOXpOMATHYECKash CBETOBAas BOJIHA 4Yac-
THYHO TIPOXOJANT Yepe3 MPSIMOYTOJbHYIO CTEKJSHHYIO pusMmy I1 ¢
MaJIbIM YTJIOM O 1Ipu BepuimHe, a 4ac-
I Tnuro — MuMo mpusmbl (puc.5). Jlyun
cBeTa I13/Ial0T HA TIPU3MY IepIeH/INKY-
JISPHO TPaHU, MPUJEramoieil Kk yriay o .
[Tokazaresb peslOMJICHHS CTEKJIA PAaBEH
n. BoJsHbI, TpoIIeaIIne Yepe3 MpusMy H
MHUMO Hee, HHTeP(dEPHUPYIOT HAa 3IKpaHe
9, KOTOPBIN PACIOJIOKEH TepPIEeHINKY-
JIIPHO MAJAIOIIUM HA TPU3MY JIydaM.
Ompenenute paccrosinue Ax Mexay co-
CeIHUMH MaKCUMyMaM# B uHTepdepeH-
IIMOHHOW KapTHWHE, €CJU [JMHA BOJHBI
CBETa paBHA A .

!

Y

Puc. 5
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3anaHuve 5

Bomnpoc. Chopmynupyiite ycioBusi 06pa3oBaHusi MAKCUMYMOB U
MUHIMYMOB B HHTeP(hEPEHIINOHHON KapTUHE.

3agava. llurepdepeHionHas KapTuHa <«KoJiblla HbioToHa»
Ha6JII0/1aeTCsT B OTPASKEHHOM MOHOXPOMATHYECKOM CBeTe C JIJTMHOMN
BoHBI A = 0,63 MmrM. UHTepdepen-
11 BO3HUKAET B 3aII0JTHEHHOM GEH30-
JIOM TOHKOM 3a30P€ MEXK/Y BBITYKJIOH
TTOBEPXHOCTDIO IIJIOCKOBBITYKJIOH JIITH-
3bl U TJIOCKOW CTEKJITHHOW TIJIaCTUH-
KOH, IpU4YeM IJIOCKasl MOBEPXHOCTb N\ *
JIMH3BI W TLTACTUHKA MapasileJbHbl
apyr apyry (puc.6). Haiigure paauyc [-.-.
nepBoro (BHyTPEHHETO ) TEMHOTO KOJIb- e 6
11a, eCJN PAJIyC KPUBU3HBI ITOBEPX-
Hoctu JinH3bl R = 10 M, a mokaszaTesu TPEJOMJEHUS JUH3bI U
IJIACTUHKYM O/IMHAKOBbI M IIPEBBINIAIOT IIOKA3aTesb IPeJOMJIIECHHS
6eH30u1a, paBHbIl 7 = 1,5. CBer majjaeT M0 HOPMAJN K IJIACTHHKE.

AR

L

3anaHuwe 6

Bonpoc. Kaxoe sBienne HasbiBaercs (potoaddexrom? Chopmy-
qupyiite 3akoubl GoToadderTa.

3agaua. [llap paguycom R u3 BosbdpaMa, MOKPHITHIH TOHKAM
cJjoeM 11e3us, moMmenteH B BakyyM. [llap ocemaror s1aszepom, jato-
MM U3JIyYeHue C JJIMHOHM BOJIHBbI A, . /[JIMHA BOJIHBI, COOTBETCTBY-
folas KpacHoi rpanuie ¢oroaddexra ama 1e3nus Ha Boabdpame,
paBHa A, . Ormpenennte MaKCUMAJbHDBIH 3apAl (., KOTOPBIH
mosker npuobpectu tiap. Ilocrostunas [lmanka h, 3jeMeHTapHBI
3apsi/l e, CKOPOCTb CBETA €, 3JIEKTPUYECKAsT TIOCTOSTHHAS € .

Mamepuanvr no mamemamuxe 63smol U3 KHuzu «3adauu
BCMYNUMETLHBIX UCRLIMAHULL No Mamemamuke ¢ MTY umenu
M. B.JIomonocosa 6 2010 200y (¢ pewenusmu):

Yue6noe nocobues (M.: H3zdamenvcmeo Mockogckozo
ynusepcumema, 2010)

Hyb6auxayuio mamepuanos no ¢usuxe nodzomosuu
B.Pycaxos, C.Yecnokos



MOCKOBCKUA NHXXEHEPHO-®U3NYECKUA UHCTUTYT

B Tteuenwne psiga et MOCKOBCKUI WHXKeHEpHO-(DU3NIeCKHi NH-

CTUTYT — HbIHe HalnoHa bHBII HccIe10BaTeIbCKUN S/IepHBI yHY-
Bepcurer «MUDU» — mpoBoaut Beepoccuiickyio oTpacieByio pu-
3UKO-MATEMATUUECKYIO OJUMINAIY IKOJIbHUKOB «PocaTtomy . Onnm-
MUaJa TMPOXOJUT B HECKOJBKO TYpOB — € JeKabps mo ampenib. B
2009 /10 yue6HOM TOIy OtuMIIHaa <« PocatoM» BXOAMJIA B IEPEYEHD
OTUMNNA/ MIKOJBLHUKOB, YTBEPKICHHBIN MuHNCTEpCTBOM 06pa3o-
BaHudA n Hayku Poccun.

Hwuxe TIPUBOAATCA BapUaHTbI 3a/:[aH1/1171 OJHOTO 13 TYPOB OJIUMITN-

aapl «Pocatomy 1o maremaruke u dpusuke 2009 /10 yuebHoro roza.

OnuvuMmnuapga «Pocatom»

MATEMATUKA

1. Pemmmre cucreMsbr:

[Rx -3y =1,
a)Dx Y
ok + 3y =14;
x-2-3y =3,
o Pl Am%
g -3y —4] =2.

2. Pemurte ypaBHEHUS:
a) V2x?=5=5-2x%;
6) 227 +/3v2x% -5 11+ == .
3. Pemmre ypaBHeHusi:
a) /3sinx—cosx =0;

6) 24/3sinx +~/3tgx —2cosx =1 =0.
4. OnpezennTe, NpH KaKuX 3HAYEHUAX [apaMeTpa d ypaBHEHIe

N —GE(Sa —15)sm% —GCOS% ~4d® +a +9ﬁ =0

nuMeeT poBHO 5 pemienuii. Pemure ypasuenue npu a = 0.
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5. B pasnoGenpennbiii Tpeyronbiuk ABC, |AB| = |BC|, ¢ yriom
1Ipu BepliuHe B, paBHbIM o , Bnucan kpyr D, . Kpyr D, kacaerca
kpyra D; n orpeskoB AB u BC, kpyr D; kacaercsa kpyra D, u
orpeskoB AB u BC u 1.1. a) Haiiaure paguyc kpyra Dy, ecJiu yroJ
o pasen 30° u amuna ocnoBanus AC pasna 5. 6) Haiiaure yroa a ,
€cJIn OTHOIIIEHWE CYMMBbI ILJIOMIaJell Bcex KpPyroB D), K mJomaan
tpeyroapauka ABC pasho TY8.

OU3NKA

1. Tpu xounencaropa ¢ emxoctsimu C, 3C u 2C coeMHEHDI TaK,
Kak rmokaszano Ha pucynke 1. K 1enu npunoxkunu Hanpsoxenne U.
Haiinute 3apsn kKoHzAeHCaTOpa eMKOC-

Thio 3C. ﬁ 3“C 2”C

2. Temo B3BENMBAIOT Ha HEPABHOII- H H H °
JIEUHbIX, HO yPABHOBEIIEHHbIX Becax. /¢ 7
Ha oznoii yaiike BecoB TeJI0 ypaBHOBENTUBAETCS TUPEH Maccoi m, Ha
BTOpOH — rupeit Maccoit 1,44m. YUemy paBHa UCTMHHAsI Macca TeJia?

3. MaremarnueckoMy MasTHUKY [JIHHOW [, HaXoJsiieMmycs B
MIOJIOXKEHUU PABHOBECHS, TOJYKOM COOOIIMIIN HEKOTOPYIO CKOPOCTD,
1 MasITHUK HA4YaJl COBepIIaTh KoJiebanusi. I3BecTHO, 4TO MAaKCHMAJTb-
HBIH yTOJI OTKJIOHEHMSI MAagTHUKA OT TOJIOKEHNS PAaBHOBECHS PaBeH
¢y (b, <1). Uepes kakoe MUHMMATbHOE BpeMsl ITOCJE TOJUKA
CKOPOCTb MasiTHUKA PaBHA IIOJIOBIHE €T0 MaKCUMAJIbHOI CKOPOCTH?

4. Jlerkwii BO3AYIIHBIN 1Tap, 3aMT0THEHHBIN TreineM, HaXOAUTCS B
paBHOBecuu B aTMocdepHOM Bo3ayxe. HaiimuTe oTHOIeHe MacChl
000JI0YKH 11apa K Macce rejusi B miape. MoJisipHas Macca resiust
M.=4 r/monp. Cunrarb, 4YTO MOJISIPHAs Macca BO3JAyXa
M, =29 r,/Mosb. YIIPYroCTbIO U TOJIIMHON 0OG0JIOYKH IIapa mnpe-
He6peub. Temmeparypa reius paBHa
TeMIlepaType OKPY>KaIoIIero Bo3IyXa.

3. Teso moxouTcs Ha HAKJIOHHOU
miaockocTu. V3BecTtHO, 4TO KO3Ddu-
LIIEHT TPEHUS MEXK/IY TeJIOM U TLIIOCKO-
CTHIO |l PaBEeH TAHTEHCY YTIJia HAKJIOHA
IJIOCKOCTU O , T.e. Y =tg O . B Heko-
TOPBII MOMEHT BPEMEHH TEJIO TOJTKAIOT
CO CKOpOCTBIO ¥, B HANpaBJeHHUU, Puc 2
MepIeHANKYJISIPHOM HAIMPaBJIEHIIO
HambbIcTpedimero crycka ¢ mnockoctu (puc.2). Kaxkoit 6yzaer Besu-
YHA CKOPOCTH TeJla B TOT MOMEHT, KOT/Ia BEKTOP CKOPOCTH ¥y OYy/eT
COCTaBJISITb YTOJI [3 € 9TUM HaIpaBJIeHUEM?

ITy6aurxayuio nodeomosuru A. Backaxos, C. Mypasoves,
/. Tenaxosckuil



MOCKOBCKUA ®U3NKO-TEXHUYECKUA UHCTUTYT

Onnmnuaga «Pustex-2010»

Ddusnko-mareMarnueckas oanmmmaga «Dusrex-2010» Bxoaur B
nepedennb osuMmma] MKoabHIKOB Ha 2009 /10 yue6HbIil TO/1, yTBEP-
JKJeHHbIIT MuHucTepcTBOM o6pasoBanust u Hayku Poccuu. QM-
aza npoinia B 33 ropogax Poccun.

[To6emuTesn 1 MTpU3epPhI OTUMINAABI HATPAXKAAIOTCS AUTLIOMAMHI
nepBoii, BTopoii u Tperbeii crenenu. Io6eaurenn (AumIoM nepsoit
CTEIIEHN) NPUPABHUBAIOTCS K JHMIAM, HaOpPaBIIMM MaKCHMAJIbHOE
KosmnvyecTBo GasioB 1no EI'D mno panHomy mnpenmery. Ilpusepbi
(IMILIOMBI BTOPOH M TPeTbell CTeneHn) UMEIOT JIbTOTBI, OIIpeaeJise-
Mble NIpUEMHOI KOMUCCHel BYy3a.

MATEMATUKA

BapunaHT 1
1. B paBnoGeapentuom tpeyrosibiuke ABC ocnoBanune AC paBHO
1, yron ABC paBen 2arctg§ . Touka D nexut Ha cropore BC Tak,

4TO IIolaLb TpeyrosibHuka ABC BueTBepo 6oJiblle ILIOMAAU Tpe-
yroapauka ADC. Haiigure paccrostaue ot Touku D fo npsmoit AB
1 pasinyc OKPY’KHOCTH, ONHCAHHOHN OK0Jo TpeyrojabuHnka ADC.

2. Permute ypaBHeHUE

sin 3x cos 5x —sin 2x cos 6x _ 0

CcoS X

3. Pemmnre HepaBeHCTBO
18—«
2+x

> —x

4. Pemute cucreMy ypaBHEHMUt

élogx (y + 1) =4 10gx+2 VY _1!

éogy_1 (x +2) =log, %yx—:lé
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5. Haiinure Bce 3HaueHus: mapaMerpa @, MpU KOTOPBIX CHCTEMA
YPaBHEHMUIi
x —1| +|x +1| =2y =0,
m? + y? = 2ay +2a =1
UMeeT POBHO TPU PA3JIUYHBIX PEIICHUS.

6. OcHoBanuem TpeyroJibHOU nupamusl SABC siBisiercs mpa-
BUJIBbHBIH TpeyroabHuK ABC co croponoit 8. BoxoBoe pe6po SC
TIepIEeHANKYISIPHO ocHoBaHMIO 1 nMeeT amuuy 15. Cdepa, meatp O
KOTOpO# JexkuT B 1iockoctn SBC, kacaercs pebep SA, ABu AC B
toukax A;, By m C,; coorBerctBenHo. Haiinute AA;, paccrosume oT
touku O 1o pebpa BC u pamuyc cdepsi.

BapuaHt 2
1. Pemnte HepaBeHCTBO
l0g ...y (Vr+3 +1) <1.
2. Pemmre cucreMy ypaBHeHUil
H/25 -2 - {25 - =1,
O
Q\/ZS -x? +\/25 —y? =y* -2x% +2x +3.

3. Pemmre ypaBHenue

sin 3x + 3[sin x| = cos 4 —cos 2x

4. B mpaBubHOI YeTbIpexyTobHoi nupamuae SABCD ctopoHa
ocroBanus ABCD pasna +/2 , Bbicora SO pasua 2. Touka K nesxut
na Beicote SO, npuuem KS : KO =1 : 3. Uepes Touky K mposejieHa
miockocTb 11, nepnenaukyasipHas npsimoit SA. Hafiaure nomaab
CeyeHUs] NMpaMU/bl IJIOCKOCTbIO I1, paccrosHume oT Touku D 10
miaockocT G 1 yros Mexay IJIocKocTbio [ u mpsimoit SD.

3. Pemmnre cucremy ypasuenuii

Esinx+\/§cosy zg,
U
%/Esiny+«/§cosx :%.

6. B tpanenunio ABCD MOXHO Bucarb OKpPY»KHOCTb. [[JnHbBI ee
60KO0BBIX cTOPOH AB n CD paBHbI 3 U 5 COOTBETCTBEHHO, a [JIJIMHA
ocHoBanus AD 6obine aauabl BC. CpeHsis TUHAS TPATEINH AeJTUT
ee Ha JIBe YaCTH, OTHOIIEHWE TIJIOMAZel KOTOPBIX PaBHO e

HaiignTe paanyc BIUCAHHOH B TPANEINIO OKPYKHOCTH W JJTHHBI €€
JUaroHaJIei.
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OUN3NKA

BapuaHr 1

1. Ilpu aBwxeHNm aBTOOGyCa MO TOPHU3OHTAIBHOMY YYaCTKY

JIOPOTH Y HEro yCTAaHABJMBAETCS CKOPOCTb 0, €CJU Ha BeIyIie
Kojeca mnepenaerca moiHoctb N. Ilpu jaBukenun Ha crmycke ¢
YIJIOM HAKJIOHA IOBEPXHOCTH JOPOTH K FOPH30HTY a (sina = 1/30)
NpHU TepelaBaeMoil Ha BeAyllue KoJjeca TOoi ke MomHoctd Ny
aBTo0yca YCTAHABJIMBAETCS CKOpOCTh 3v/2. Ilpu aBMKeHMM Ha
moJbeMe TIpH TlepeJlaBaeMoil Ha BeAyIIHne KoJjeca
MorHoctd 2Ny aBTOOyCa yCTAHABJIMBAETCS CKO-
pocth v /2. Haiiiute cunyc yria HakJOHA TTOBEP-
XHOCTH JIOPOTM K TOPU3OHTY Ha momabeme. Cuia
COIIPOTHUBJICHUS JIBMKEHUIO aBTOOYca TPONOPIIHO-
HaJbHa ero ckopoctu. Bce ydacTku moporu mps-
MOJIMHEHHBIE.
— || — 2. O#HOPOAHDIH CTep:KeHb MTOCTOSHHOTO TOTIe-
- - PEYHOTO CeYeHHsI BUCHT Ha HUTH, TpU 3ToM 70%
- _ — JUIMHBI CTep>kHA Haxoautes B Boge (puc.1). Korga
_ —H— 1 crepxennb nepemectin BBepx, octaBus B Boze 30%
- €T0 JIJIUHBI, CUJIA HATSDKEHIS] HUTH YBEJINYUIACDH HA
20%. Haiigure MJIOTHOCTD MarepHasa CTEPIKHS.
[InotHocTb Bombl Py =1 r/ o’

3. Tasoo6pasublii Tequit n3 HavaabHOro coctosaus 1 (puc.2)
pacmupsieTcs B mpoliecce 1—2 ¢ MOCTOSTHHOH TeII0eMKOCTbIO, COBep-
mrast paboty Ay =400 Ix. 3areM K rasy IOABOAUTCS KOJIUYIECTBO
teryotbl  Q,3 =400 >k B mporiecce
2—3, B KOTOPOM /IaBJIeHUE IIPSIMO IIPO-
MOPIMOHAIBHO 00beMy. Temiieparypbi
B cOCTOSIHUSIX | U 3 paBHBI.

1) HaiizinTe KOJMUECTBO TEILIOTHI,
MOJIBEJIEHHOE K Ta3y B mpoiecce —2.

2) Haiizute MOJIAPHYIO TEILIOEM-
KOCTH Ta3a B mpolecce /—2, BBIPa3WB
ee yepes R.

4. B menn, moxa3anHoi# Ha pUCYH-
Ke 3, BCe 3JIeMEHTbl MOKHO CYUTATD
ujeanibHbBIMA. B HayaJbHBI MOMEHT
Puc 2 V' K104 PasOMKHYT, TOK B IIEIIM OTCYT-

ctByeT. Kimou Ha HeKoTopoe BpeMs
3aMBIKAIOT, a TIOTOM pa3MbIKaioT. OKa3aaoch, 4TO TOCJe pa3MbIKa-
HUS KJII0Ya B IENN BBIJEJUJIOCH B Ba Pa3a OOJIbIIE TEIlia, YeM IPH
3aMKHYTOM KJiode. Halifire oTHOIIEHNE 3apsiia, TIPOTEKIIETO Yepes
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MCTOYHUK NPU 3aMKHYTOM KJIIOUE, K 3apsi-
Jly, TPOTEKIIEMY 4Yepe3 Ppe3nucTop IocJe
Pa3MbIKaHUs KJIIOYA.

3. Tonkas smH3a co3aeT n306pakeHne []
IIpeAMeTa, PACIONIOXKEHHOTO HepIeHIUKY-
JISIPHO TJIABHOM ONITUYECKO OCH, C HEKOTO-
poiM yBesmuenuneM. Ecsm paccrosinue ot
npeJMeTa JI0 JIMH3bI YBEJIUUUTD BABOE, 110~  py- 3
JIyqaeTcs IpsiMoe n3o6pakeHue ¢ yBesnye-

HUeM, B/BOe OGOJIbIIMM IIePBOHAYAJIBHOrO yBeaudenusi. C KakuM
yBeJMYeHreM H306paskajIcs IpeiMeT BHadae?

ITy6 auxayuro nodzomosunu /. Arexcandpos, I1. Koxesnuxos,
P. Koucmanmunos, B.Hueurés, M.IIlabynun



HOBOCUBUPCKWUI rOCYAAPCTBEHHbIA YHUBEPCUTET

OUN3NKA

Hucvmennwviii Ix3amen

BapunaHTt 1

1. Ha nakJoHHO#T TI0CKOCTH, 06pa3yIoleil yroi o ¢ ropu30H-
ToM, Jexar asa 6pycka (puc.1). Kosdduimenr tpeHus mexmy
HIDKHUM OPYCKOM Maccoil m; W IJIOCKOCTbIO paBeH M, a Mexiay

o

BEPXHUM OPYCKOM Maccoil m, 1 ILJ10C-
KOCTBIO TpeHue oTcyrcrByer. IIpn ka-

Oy/lyT YIep:KUBATbCS HA HAKJOHHOM
ILJIOCKOCTH ?

M KOM MaKCHUMaJIbHOM yTJie o épyCKI/I

Puc. 7

2. DJIEeKTPO/BUTATEJb, PACCUNTAH-
HbBIIT Ha TIOTpe6JIeHNe OIHOI U TOU Ke
MOIIIHOCTU TIPH JBYX HAIPSIKEHUSX

220 B u 380 B, noaksioueH K 3JIEKTPOCTAHIIUN C TIOMOIIBIO JIJIUH-
HBIX TOABOJAIIMX IIPOBOJAOB. HampsiKeHne Ha 3JIEKTPOBUTATEJIE
pasno 220 B. Bo cxkoJbKO pa3 M3MEHUTCS MOIIHOCTD, paccenBaeMas
Ha TIO/IBO/ISIIINX [TPOBO/IAX, €CJIM HAIIPSIKEHUE HA 3JIEKTPO/IBUTATEIE
noauath 10 380 B?

3. [InanHAPUYECKOE TOPJIBIIIKO KOJIOBI 3aKPBITO TIOPIIHEM BBICO-

p I

Puc 2
86

Toil i w mmamerpoM D, KOTOPBI MOKET IE€peMe-
marbest 6e3 Tpenus (puc.2). B koabe Haxopurcs
Bo3ayXx ob6bemom V. Kosily MeaienHO HarpeBaor.
Bo ckoJIbKO pa3 yBeJMm4uTCs TeMIeparypa KoJobl,
MIPEK/Ie YeM MOPIIeHb U3 Hee BbIAABUTCS?

4. Ha 6ecKOHEYHBIX peJbcaX TONepeK JIEKUT
TIPOBOASIAS TEepeMbIYKa, uMeromas mMaccy M u
conporusaenne R (puc.3). Bea cucrema naxoaut-
€S B OTHOPO/THOM MaTHUTHOM TI0Jie B , HaTIpaBJeH-
HOM TIEPIEH/IUKYJISIPHO TEPEMBIYKE IO/ YIJIOM O
K BepTuKasu. Mexay pesbcamMu BKJIOYAOT GaTa-
peiiky ¢ 9IC & , 1 nepeMblyKa HAUMHAET [[BUTATh-
csa. KoaddunmenT TpeHns Mexxay NepeMblYKoi 1



peabcamu M. Haifiaure ycTaHOBUBIILY-
10CSI CKOPOCTD TIEPEMBIYKH, €CJIH U3Be-
CTHO, YTO B IIPOIlECCE /IBUKEHUS OHA
He OTPbIBAJIACh OT PesbcoB. BHyTpeH-
HUM CONPOTHBJIEHHEM GaTapeiiku, co- 7_2 gV M
MIPOTUBJIEHNEM PEJIbCOB U TOJBO/IS- C
HIMX TIPOBOJIOB NPeHe6peub. Y cKope-
HHUe CBOOO/JIHOTO TaJIeHnsT PaBHO ¢.
5. OreHute, BO CKOJLKO Pa3 CpelHee PACcCTOSTHUE MEXK/Y LEHT-
paMU MOJIEKYJl BO3JyXa IIPEBBINIACT CPEJHEEe PACCTOSHHE MEXIY
LEHTPAMU MOJIEKYJI BOJIbI IIPU HOPMaJIbHBIX ycoBusix. [Ipeamnomnara-
€TCs1, YTO Bbl XOPOIIO MPEJCTABIIIeTe sIBJEHNE, MOXKETE CAMU 33/1aTh
HEOOXO/IMMbIE JIJIsI PELIeHHs 33/1a41 BeJIMUNHbI, BbIOPATh UX YUCJIEH-
Hble 3HAUEHUsI U TIOJIyYUTh YUCJIEHHDIH Pe3yJIbTar.

mz

( =7

Puc 3

Buumanue! 3anada cumtaercss peIieHHON, ecad MOMUMO Tpa-
BUJIbHOI'O OTBE€Ta IMPUBE/ICHDI HeOéXO/:[I/IMbIe Oé'bHCHEHI/Iﬂ.

Hybauxayuio nodzomosuau
A.Ilozocos, B.bamxun, A. Kunpusinos, M. Maxmyouan
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POCCUNCKWUN FTOCYAAPCTBEHHbIN YHUBEPCUTET
HEDTU U TA3A UMEHU U.M.TYBKUHA

OUN3NKA

BerynurenpHBIN 5K3aMeH MPOBOAMJCS IS TeX aGUTYpPUEHTOB,
KOTOpBIE MMEJIH MPaBo He C/IaBaTh eIMHBIN TOCYAapCTBEHHBIH 9K3a-
MEH: JIJIST BBITYCKHUKOB TEXHUKYMOB, BBIITYCKHUKOB TIKOJI TPEKHUX
JIET, MHOCTPAHIIEB U 0CBOOOXK/IEHHBIX 0T ET'D 1o cocrosinmio 3110po-
Bbsl. JK3aMeH ObLI IUCbMEHHbIA U oneHuBasca 1o 100-6asnbHoit
mkaJse. 3amaun B1 — B12 B kaxg0oM BapuaHTe OIIEHUBAJIHUCD
MakcuMyM B S 6amnoB, 3agaun C1 — C4 — makcumy™m B 10 6asioB
KasKas.

BapuaHT 1

B1. B Tedyenne mepBBIX 5 YacOB IMOE3/ JIBHTAJICS CO CpefHel
ckopoctbio 70 KM ,/4, a 3areM B TeueHHWe 4 4acOB — CO CpeJHEN
CKOpoCTbio 25 KM /4. Haiijiure cpemHIO CKOPOCTb T0e3/la 3a BCe
BpeMsl JIBIKEHUS.

B2. Tlox peficTBMEM HEKOTOPOW TIOCTOSHHOW CHJIBI TeJIEKKa,
JIBUTASICh W3 COCTOSIHMA TIOKos, mpomta myTh 40 cM. Korma ma
TeJIEXKKY TMOJOKUIN TPYy3 Maccoit 6 Kr, O/ IeHCTBUEM TOH JKe CHJIbI
3a TO JKe BpeMs TeJesKKa IPOoIa U3 COCTOSHUS ToKos 1myTh 10 cMm.
KakoBa macca Tenexku?

B3. ITap maccoit 100 r, gBUTaBIIMiiCS CO CKOPOCTBIO 5 M,/C,
CTaTKUBaeTcs abCOJIOTHO HEYTIPYTO ¢ MapoM Maccoit 150 T, nBuras-
IMIMCS B TOM JKe HallpaBJeHWHu cO CKopocTbio 4 M/c. Hafigure
CKOpOCTb TAPOB TIOCJE Yapa.

B4. C Boicotpl 10 M Ha/l ITOBEPXHOCTHIO 3€MJIM BEPTUKAJILHO
BBepx 6porireH Msty Maccoit 500 T co ckopocTbio 6 M/ ¢c. Ms4 ynas Ha
MTOBEPXHOCTb 3eMJin €O ckopoctbio 10 M,/c. Omupenennte abcooT-
HYTO BEJIMYNHY Pa6OTBI, COBEPIIAEMOI CUJION COTIPOTUBJIEHIS BO3/IY-
Xa TpHU JABWKEHUU MIYa.

B5. Tlociie pasrpysku B TaBaHH OCaJIKa MapOX0/ia YMEHBIIIIACh
Ha 80 cM. CKOJBKO TOHH T'Py3a CHSJIN C MapOX0/a, eCJn ILJIONA/Ib
ceveHus 1apoxo/la Ha ypoBHe BaTepsuHuu paBHa 3600 M2 ?

B6. Basion emroctbio 16,6 s conep:xut 550 T yriIeKUCJIOro rasa.
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bBannon Bblep:kuBaeT JaBjieHue He Bbille 4 0% Tla. [Ipu kaxoit
TeMIiepatype 6aJIOH MOXKeT pasopBarbcsi? MoJisspHas Macca yriie-
KHCJIOTO Tra3a 44 Kr,/KMOJIb.

B7. B Banny wamuau 140 kr soast mpu 10 °C. Ckoabko
KuorpaMMoB Bogsl ipu temmepatype 100 °C HyKHO 106aBUTD B
BaHHY, 4TOOBI TEILJIOBOE PaBHOBECHE yCTaHOBUIOCH pu 37 °C ?

B8. /IBa ToueuyHbIX 3apsi/ia HAXOATCS B BaKyyMe Ha PAaCCTOSTHUM
0,05 M gpyr oT apyra. Ecyim uX MOMeCTUTD B JKUJAKUN JUIJIEKTPUK U
YBEJIMYUTD paccTosgHne Meskay HuMu Ha 10 cM, To cmia B3auMozeii-
CTBUS 3apsifioB yMeHbImuTcs B 18 pa3. Haiiante amasekTpidecKyio
MIPOHUI[AEMOCTD JMIJIEKTPHUKA.

BY9. Akxymynarop 3aMKHYT Ha comporusierue 5 Owm. [lns
U3MEPEHUs CUJIbI TOKA B CEThb BKJIOYUIN aMIIEPMETP C BHYTPEHHUM
conporuBierreM 2 OM, u on nokasasa Tok 10 A. KakoBa 6pLi1a cuiia
TOKa B IIETTH /10 BKJIIOUEHWS amIriepMeTpa? BHYyTpeHHUM COIpOTHBIIE-
HUEM aKKyMYJISITOpA MpeHeOpeyb.

B10. ILiockumii BUTOK, T10maLh KoToporo 10 ¢M? | pacroosKken
MEPIEHNKYISIPHO JIMHUSM HWHAYKIUU OJHOPOIHOTO MATHUTHOTO
nossi. Haiinure a6comornyio Bemmuuny JJ[C, BosHuKaiouieil B
BHUTKE, €CJIU WHAYKIUS T0Js1 paBHOMepHO y6biBaer ot 0,7 Ta mo
0,2 Tnaa 107 c.

B11. MaremaTtnueckuii MasgTHUK aAunoi 0,1 M coBepiaeT rapMo-
Hudeckue Kosebanus ¢ ammautynoit 0,07 m. Onpenesnnte Han6oJIb-
1lee YCKOpeHue TPy3nuKa MasiTHUKA.

B12. TIpu 6oM6apaupoBKe HEUTPOHAMU SI/[PA ATOMA ATIOMUHUS
%Al UCIYCKAETCST O -4acTWila U o6pa3yercs SApO HEKOTOPOTO
uzoromna. Onpe/ienTe KOJUIECTBO HEUTPOHOB B si/Ipe BHOBH 06pa3o-
BAaBILIETOCS M30TOIA.

C1. T'mppka maccoii 200 r, mpuBsi3aHHAs K PE3MHOBOMY IIHYDY,
BpAIAeTCsl € YIJIOBOW CKOPOCTBIO S Paji,/Cc MO OKPYXKHOCTH B
TOPU3OHTAJBHOHN TIJIOCKOCTH TaK, YTO ITHYP cocTaBisieT yroa 60° ¢
BepTuKaJbio. Haiifute AJuHY HEpacTIHYTOTO IIHYpa, €CJHu €ro
skectkocTb 20 H /M.

C2. HwxHue KOHIIBI CUMMETPUYHOI JIECTHUIIBI-CTPEMSIHKU CO-
eIMHEHDI BEPEBKOH JTIMHOI 3 M, TPU 3TOM BEPXHSISI TOUKA JIECTHUIIBI
HaxoauTcss Ha Bbicote 3 M. Uemy Oy/erT paBHA CHJA HATSDKEHHS
BEPEBKH B TOT MOMEHT, KOT/Ia 4eJoBeK Maccoit 80 Kr mogHnMercs Ha
BbICOTY 2,4 M? Maccoil JIeCTHUIbI U TPEeHUEM IpeHe6peyb.

C3. [IBa OIUHAKOBBIX BO3AYIIHBIX KOHJEHCATOPA COEIUHEHbI
MIOCJIEIOBATEIbHO W TIPUCOEAMHEHDbI K MCTOYHHUKY TIOCTOSIHHOTO Ha-
TPSCKEHUsA. Y OHOTO W3 KOHAEHCATOPOB B O Pa3 yMEHbBINAOT
paccTosTHUe MeXAy TIacTHHaMU. Bo CKOJBbKO pa3 yMEeHBITHTCS
HaIpsDKEHNe Ha 3TOM KOHeHcaTope?
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C4. Ha pacceusatonryio juH3y ¢ ¢GoKycHbIM paccrosaueM 10 cM
najfaeT MUJIMHAPUYECKUH MyYOK JIydel, MapaslebHbIX TJIaBHOIL
OIITHYECKOI OcH. 3a JIMH30il Ha paccTostHUY 20 CM OT Hee YCTaHOBJIEH
9KpaH, HA KOTOPOM MOJIYYaeTCs KPYTJIOe CBETJIOE TISITHO IHaMETPOM
24 cM. OmpenenuTe [uaMeTp MydKa Jydei.

BapunaHt 2

B1. Benocumemuct, mpoexaB 2 KM €O CKOpOCTbio 6 KM /4,
ocTaHOBMJICA M oTApixan B TeueHue 40 muH. OcraBimecs: 8 KM IIyTH
OH Tpoexas co CKopocTbio 8 kKM ,/4. Haliaute cpemHiolo CKOPOCTDH
BEJIOCHTIETNCTA Ha BCEM IIyTH.

B2. Tlon neficTBMEM HEKOTOPOW TOCTOSHHON CHJIBI TeJeXKKa,
JIBUTAsICh M3 COCTOSTHHSI TOKOs, mpomiia myTh 40 cm. Korma na
TeJIEKKY MOJOXKUIIU I'PY3 MAcCOi 2 Kr, MO/ IeiCTBUEM TOH JKe CHUJIbI
3a TO ’Ke BpeMsl TeJIeXKKa IPOILIA U3 COCTOSTHUS TTOKO0s IyTh 30 cM.
KaxoBa macca Tesesxkun?

B3. Duekrposos maccoii 1,8 [10° kr, JMBIDKYTIAICS CO CKOpOC-
TpI0 1,5 M/C, CTaJIKuUBaeTcs C HEIOABIIKHBIM BaroHOM MaccCOil
4,500" kr, noce wero omn NBIDKYTCS BMecTe. Haiiute cKOpocTb
COBMECTHOTO JIBUKEHUSI.

B4. Illap maccoii 3 Kr, UMeIOIIHil CKOPOCTb 4 M,/ C, HCIIBITHIBAET
a6COJTIOTHO HEYTIPYTHI yAap ¢ TOKOSIIIMCS IapoM TaKoil ke MacChl.
Kaxkoe KoJMuecTBO TETJIOTHI BBIJESETCS TIPH yaape?

BS5. OgHopoaHbIi 1ap MIaBaeT Ha MOBEPXHOCTH BObI, Ha 60%
MOTPY KeHHBIH B BOAy. UeMmy paBen 0ObeM Imapa, €CJd HAa HETO
JleficTByeT BbITaJKkuBatomas cuaa 3 H?

B6. Tas maccoii 0,006 kr, Haxosmmiics B 6asutone npu 27 °C
cozmaer nasiaenne 300 klla. Hafiaure MonspHyIo Maccy rasa, ecim
U3BECTHO, uTO Kucaopoa (Mossphas macca 32 Kr,/KMOJb) Maccoit
60 r cosmaer B TakoM ke Gayione nipu 47 °C maaenue 200 kIla.

B7. Hyskno cMemath Boay mipu temmeparype 60 °C 1 Bojsy 1ipu
temneparype 10 °C Tak, 4TOGbI TeMmrepaTypa CMeCH OKa3ajlach
paBhoii 20 °C . Bo ckoJibKO pa3 60JIbliie Ha/10 B3SITh X0OJI0{HOI BO/BI,
YeM ropseii?

B8. /[IBa ToyeuHBIX 3apsAa B3aMMOJEIICTBYIOT B BaKyyMe Ha
paccrosamm 10 cM ¢ cumoit 10 MH, a B *XuaKoM AW3JEKTpHUKe Ha
paccrogauu 5 ¢cM — ¢ cuioit 20 MH. Haiinure muaiekTpmaeckyio
MIPOHUIAEMOCTD JMAJICKTPUKA.

B9. [lecsarp samn conpotuBienueM 24 OM Kax/asi, pacCunTaH-
Hble Ha Hampsukerne 16 B, coeamHeHDI ocIe10BaTeIbHO U TIOKJIIO-
YeHBI K CEeTH TOCTOSTHHOTO Hampsikenus 220 B mociemoBartesnbHO C
compoTuBJeHeM. KakoBa J0/KHA OBITh BEJUIMHA 3TOTO COMPOTHB-
JIEHUsT, 4TOOBI JIAMIIbI TOPEJIN TIOJTHBIM HAKAJIOM?
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B10. MaruuTHbIil TIOTOK Yepe3 KaKAbIil BUTOK KATYIIKH, TOMe-
MEHHON B MarHuTHoe ToJie, pased 0,2 B6. MaruuTHoe 1oJie paBHO-
MepHO y6bIBaeT 10 HyJs 3a Bpems 0,4 ¢, mpW 3TOM B KaTyIIkKe
nugynupyercst 9/IC 15 B. CroJbKO BUTKOB MMeeT KaTyIIKa?

B11. KakoBa so/kHa GbITh JIJIMHA MATEMATHYECKOTO MasTHUKA
na Jlyne, uTo6bl Iepuo/; ero KoJsieGaHuil 6bLT TAKUM Ke, KaK MePHO/T
KoJiIe6aHNI MaTeMaTU4YecKoro MagdTHHUKa JIIUHOU 66 cM Ha 3emie?
Yckopenue cusbl tsxkectd Ha JIyHe B 6 pa3 MeHblile, ueM Ha 3eMJe.

B12. Dueprus $hoTOHOB, KOTOPBIMH 06JyYaeTCS METAJI, B O pa3
6oJbiile PabOTBI BBIXOJA AJEKTPOHOB U3 3TOr0 Merayia. Kakyio
nomo (B IporenTax) ot sHeprun (POTOHOB COCTABJIAET MAKCUMATb-
Hast KHHETUYECKAsI SHEPTUsI 9JIEKTPOHOB, BBLIETAIONIUX M3 MeTaJLIa?

C1. Besiocunennct mpousBoguT moBopoT paauycom 30 M Ha
HAKJOHHOM Tpeke. UeMy paBHA MaKCHMAJIbHO JOIYCTHMast CKOPOCTb
JBIDKEHNs, ec KoadduimenT Tperns paser 0,5, a TaHTEHC yria
HaKJOHa TpeKa K TOPU30HTY paBeH 1,27

C2. Illap maccoii 5 KT W paguycoM 7 CM YAep>KUBAETCS Ha
HAKJIOHHOM IJIOCKOCTHU C TIOMOIIbIO TOPU30HTAJbHON HUTH, IIPUKPETI-
JIEHHOW OJIHUM KOHIIOM K BepXHell TouyKe Iapa, a JApPyruM — K
HAKJOHHON Tiockocti. HaiimuTe cuity HaTsKEHUS HUTH, €CJIU ee
JUTHHA 25 CM.

C3. [IBa OoaMHAKOBBIX BO3AYNIHBIX KOHIEHCATOPA COEIMHEHBI
MI0CJIE/IOBATENBHO ¥ IIPUCOEIMHEHBI K MCTOYHUKY ITOCTOSIHHOTO Ha-
MIPSDKEHUsT. Y OJTHOTO U3 HUX BTPOE YBEJIMYUBAIOT PACCTOSTHUE MEKTY
IIacTuHaMu. Bo CKOJIbKO pa3 yMEHbBIIUTCS HANPSKEHUEe Ha [PYroM
KOHJIeHcaTope?

C4. Ha cobuparomyio JuH3y ¢ (OKYyCHBIM paccrosaneM 21 cM
ra/jlaeT My4oK CBeTa, lapaJlyleJibHbIH ee IaBHOi onTuyeckoi ocu. Ha
KaKOM PACCTOSHUN OT 3TOH JIMH3BI HYKHO TOCTAaBUTH PACCEUBAIONTYIO
JnH3Y ¢ pokycHbIM paccrossaueM 0,09 M, 4TOGBI y4OK, TIPOiis 06e
JIMH3DBI, OCTAJICS MAPAJIIETbHBIM?

Hy6auxayuo nodzomosun A.Yeproyyan



CAHKT—I'IETEPBVPFCVKI/IVI rOCYAAPCTBEHHbI
NONNUTEXHUYECKWN YHUBEPCUTET

MATEMATUKA

Iucvmennoltl sx3amen

BapunaHt 1

(@u3uko-TexHu4eckmyi Gaxy/ibTer)

a—S\/E+6_\/E

1. Yupocrure BpipakeHne —————
p p \/Z D

2. Haiizinte KOJIMYECTBO HATYPAJIbHBIX /[BY3HAUHBIX YHUCEJ, KOTO-
pble geaarca Ha 6 u He genarcs Ha 12.
3. Hailigute 1esoe 4YHCAO — 3HAYEHUE BBIPAKEHUS

01 f
-3 -
SreEvRe
4. Pemmure ypasuenne +5x =6 =|x].

5. Pemute mepaBeHcTBO 3/(|x| + 1) 2|xf-1.
6. Haiiante panmomasibHOE YHCJIO — 3HAYEHHE BBIPAKEHMUS

cos (arctg (2x/§ )) .
7. Pemnre ypaBHenne 3tgx =2cosx .
8. Pemnte HepaBeHCTBO arccosx —arcsin x > 176 .
9. Haiinure nemoe uncao — 3nauenue logs 5 ogs 18 —logs 2.
10. Pemmte ypaBHeHue 27 =37,
11. Pemmre nepasencrso g (x = 1)2 <lg (|x - 1|) )
12. Haiigure pynkimio, rpaduk KOTOPOil CUMMETPUYEH rpaduKy

dbyHKIMN ¥y = x° oTHOCHTENbHO Toukn (1; 1).
13. Haiinute o6aactb omnpejesierns GyHKIUU

y= \/(lg(1 +x))/(1 —x) .

14. Haiiinre MHOXecTBO 3HaueHUi (PYHKIMKA Y = xZ/(XZ + 4) .

15. Hafimure pa3HocTb MEXIY CYMMON HATYPAJBHBIX ABY3HAU-
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HBIX 4YHCeJ, UMelomuX npu jensenun Ha 11 octatok 3, u cymmon
TaKNX K€ YHCeJ, NMEIOIX OCTAaToK 1.

16. Haiimute 3namenaresb 6eCKOHEYHO YOBIBAIOIIEH TeOMETpH-
4YeCKOil IIPOrPeCcCui, eCJI OTHOIIIEHHE CYMMBI TIEPBBIX J €€ 2JIEMEHTOB
K CyMMe BCeX 3JIeMeHTOB paBHO 31,/32.

17. HaiiguTe Bce 3HaYeHUs @, IPU KOTOPBIX TipsiMast ¥ = —9x +a
SIBJISIETCST KacaTesbHOI K runepbose y = 1,/ x.

18. Haiizute nMHY CTOPOHBI TPEYTOJbHUKA, €CJIM OIyIeHHas
Ha Hee BbICOTA paBHA 6, a /iBe ApyrHe CTOPOHbBI UMEIOT JJINHbI 10 1
15/2.

19. Haiizure nomaab GOKOBO IPaHu IPABUIIBHOIN TPEYTOIbHON
MUPAaMU/IbI, €CJAM BBICOTA NUPaMHU/bl paBHA 4, a paguyc Kpyra,
BIIMCAHHOTO B OCHOBaHME, PaBeH 3.

20. Haiiinte Bce 3HauyeHUsl napaMerpa ¢, IIPH KOTOPBIX Yy
CHUCTEMbI

@ZXQ + yz = 1,

U

g +ay’ =1
HET pelieHuit.

BapumaHr 2

(Qur31IKO-MEXaHMYECKL QaKy/ibTeT)
at-a-2
-~ -a
a-—2
2. HaiiguTte KOJMYECTBO YETHBIX HATYPAJbHBIX [[BY3HAYHBIX
yuceJs, KOTOpbIe Jensitcest Ha 17.

1. Yupocrute BbIpaskeHue

1
3. Haiigure mesoe uncio — 3HavYeHHe BbIpasKE€HUA m + \/§ .

4. Pemmre ypastenne v8 — x> = x .

4
3. Pemmre HepaBeHCTBO — < x .
x

6. Haiingure sHaueHne BbIPayKEHUSA COS (arcsin (1/2)) .

7. Pemmre ypasuenne 3sinx = 2cos’ x .

8. Pemnre ypaBuenue arccosx +3arcsinx =3Ty6.

9. Haiizure nesoe yncsio — 3Hauenne Bpipaskenust logs 2 Hog, 25 .
10. Pemute ypaBHenue 27 =327

11. Pemure nepasencrtso 1g(x - 1)3 <lg(lx -1).

12. Haiigure pyHKImio, rpaduk KOTOPOil CUMMETPUYEH IrpaduKy

byHKIMU ¥y = x° OTHOCHTEJBHO HpsiMOil y = 1.
13. Haiinute ob6sacth onpeseseHns QyHKIINN

y=E-0/E-).
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14. Hafiaure MHOXeCTBO 3HaYeHU QyHKIUN ¥ = |x|/ (|x| + 4) .

15. Haiinure HanGoJibiiee 3HaYeHHE CYMMBI S, TIEPBBIX 7 4JICHOB
apudMeTHYeCcKOi TTPOTpecCcuu {an} ,ecmm ap =45, ad = -2,

16. Haiigute 3mnaMeHaTelb T€OMETPUYECKON MPOTPECCUM, €CJU
OTHOIeHne cyMMbl 1iepBbiX 10 ee 371eMEHTOB K CyMMe IEpPBbBIX O
3JIEMEHTOB PaBHO 33.

17. Haiinure Bce 3HAa4YeHUs! @, IPU KOTOPBIX IpsiMasi y = —X
SIBJISIETCST KacaTebHoil K runep6osie y =1/(a +x).

18. Haiiaure ammuy croponbr BC tpeyrosabHuka ABC, ecan
AB =15, AC = 14, OBAC ocrtpniii, a Boicota BH pasna 12.

19. Haiigure anodemy (BbicoTy GOKOBOW T'paHM) NpaBHJIbHOI
TPEYTOJIbHOI MUPAaMU/IbI, €CJIM BbICOTA MMpaMu/ibl paBHa 1, a cTopo-
HA OCHOBAHUS MMeeT JIUHY 6.

20. Hafinute Bce 3HaueHHWsI HapaMeTpa d, TPU KOTOPBIX Yy
CHCTEMbI

Felaf +y =1,
x| +ay =1

HeT pelleHuil.

OU3NKA

Pezuonanvnas orumnuada wxosvnuxos Canxkm-Ilemepbypea
02151 NOGheCccUOnaNbHO-OPUCHINUPOBAHHOU MON00CKU

3aKIIOYNTEIbHBIL TP
BapunaHt 1

1. [ToMOIHNK MAITMHNCTA BBIIIES 13 KAOUHbI ITOCJIEIHETO BaroHa
1oe3/1a MeTpo 1 HAIIPABUJICS K BBIXO/LY, PACIIOJIOKEHHOMY y TIEpBOTO
BaroHa, Co CKOPOCTHIO v. B 3TOT ’ke MOMEHT TI0e3/] TPOHYJICS 1 Hada
JIBUTATLCA € YCKOpeHneM ¢. UeMy paBHA JJIMHA TI0€3/1a, €CJN TTOKa
OH eXaJl MUMO TMOMONIHWKA MAIWHUCTA, TOT Tporresa 1,/n dacTb
nyTu?

2. JIBe 6yCHMHKM MaccaMy m W 2m HaJeThl Ha TJIA/IKYI0 TOPU30H-
TAJbHYI0O HUTb W MOTYT CBOOOJZHO CKOJB3UTh 10 Hell. BycmHkn
coe/IMHeHbl HEPACTSHYTON MPYKUHOM JUVIMHOM L 1 JKeCTKOCTbIO k.
Bycunkm pasgBuraior Tak, 4TO AJWHA NMPYSKUHDBI yBEJIUINBAETCS B
1,5 pasa, u ormyckaior. Haitzinte MakcuMasbHble CKOPOCTH GYCHHOK.

3. CreprkeHb MacCoii 7 COTHYJIN TTOCEPEANHE MO IPSIMbIM YTJIOM
1 MO/IBECUJIN Ha TBO3/b. [locie TOro Kak Ha O/IMH 13 KOHIIOB CTEPIKHS
MPUKPENIN HeGOJIbINON I'PY3, CTEP>KEHD MOBEPHYJICS Ha 15° . Uemy
paBHa Macca rpysa?
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4. Ilpy>kKMHHDBII MasTHUK COBepLIaeT CBOOOIHbIE KOJIe6aHUs C
nepuozaom 0,6 c. 3a 0,05 ¢ rpy3 npomen paccrosaue 0,2 ¢M 1 1OCTUT
ToJToKeHnst paBHOBecus. Haiiante aMmnTyny KoJsebGaHuil.

3. B navaspHOM cocTosinnu 06beM U aGCOJIIOTHAST TEMIIEPATYPa
uaeanbHoro raza paBuHbel V, um T, coorBercTBenHo. CHauasa ras
I0/IBEPraloT 1306apuieckoMy paclliupeHuio 1o oobeMa V, a 3ateM
— M30XOPHYECKOMY HArpeBaHMIO /10 JIaBJIEHUST P, , B Pe3yJIbTare 4ero
TeMIlepaTypa rasza cranosurcs pasHoit 7; . Haiigure nasienue rasa
B HAYAJIBHOM COCTOSTHUH.

6. B Tpex BepmmHax KBaapara cO CTOPOHON @ HAXOIATCS TPHU
TOYEYHDBIX 3apsija: +q, +q u —q, puueM 006a MOJ0KUTENbHBIX 3apsiia
JIeXaT Ha OJIHOU cTopone. OnpeiesuTe HAPSIKEHHOCTD 3JIeKTpUYec-
KOTO TI0JISI B Y€TBEPTOU BEPIINHE KBAIAPATa.

7. B xakoM 13 pe3ucToOpoB B CXeMe, IIPE/ICTABIEHHOI HA PUCYHKE
1, BBIAEIIeTCS HAn6OIbINas MOTITHOCTD, ec Ry =1 OM, R, =2 O,
R; =30mM, R, =40mM, Ry =5 Om,
R¢ = 6 OM? Hafinure 3Ty MOIIHOCTD,
€CJIH K CXeMe MIPUJIOKEHO HATIPSIKEHIe
12 B.

8. HeG6oubiioii mapuk maccoit m,
[IO/IBEIICHHBII Ha HUTHU JUIMHOM [, nBU-
TaeTcs B TOPU3OHTAJBHON TIJIOCKOCTH
10 OKPYXKHOCTH C YIJIOBOH CKOPOCTBIO  pyye- 7
w. Haiigure yros Mexjay HUTbIO U
BEPTHKAJbHOU OCBIO, €CJIM NIAPUK MMeEET 3apsiji ¢, a €ro BIKEeHUe
MIPOUCXO/UT B OJTHOPOJHOM BEPTHKAJBHOM MAarHUTHOM TOJIE C WH-
aykuuein B.

9. [Ipu BKJIIOYEHUN OTHOPOHOTO MATHUTHOTO TTOJIST, HATIpaBJIeH-
HOTO TIEPIIEH/INKYISIPHO TJIOCKOCTUA BUTKA PAINyCcOM R U3 U30JUPO-
BAaHHOI TIPOBOJIOKH, TI0 BUTKY IPOTEK
3apsi/i . 3aTeM BUTOK IPU HEM3MEHHOM
0JIe CJIOXKUJIN B KOHTYD, COCTOSIIHIT 13
JIByX OKDY’KHOCTeH, KaK ITOKa3aHO Ha
pucynke 2. Kaxkoil 3apsx mportedeTr 1o
KOHTYPY NPHU BbIKJIIOUeHUN mois1? Pasm-
yC MeHbIIlell OKPY>KHOCTH paBeH R /4.

10. JIunsa jaer JeiicTBUTEIbHOE U300~
pa’KeHUe TpeMeTa, YBEJIMYNBAs ero B 3
pasa. Kak nsMenutcs yseqndenne, ecam — PAC 2
B/[BOE YMEHBIITITD OTITHYECKYIO CHJTY JINH-
3p1? Kakum craner uzo6paxkenne? PaccrosHue Mex/y npeMeToM u
JINH30 OCTAeTCS HEU3MEHHDIM.

1 RZ R4
o I e

R/4

®B
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KOMIMIeKCHaA OIMMIngaa

MATEMATUKA

1. HaiiguTte 1es0e YHMCJO0 — 3HAYEeHHUE BBIPAKEHUS

(V72410 - 45)

2. Haiigure 1esoe yncao — cyMMy OOIIMX KOPHENl ypaBHEHU
|x[=+3-x n x® =4x-3.

3. Haiigute BCe yropszodennbie mapbl (;7) eabx umcen —

pellieHusd ypaBHEHUSA 8m> =n® +61.

4. Peumte HepasernctBo V1-x? <1-x .
5. Haiinte HauMeHBIHH M3 MOJOKUTETBHBIX KOPHEN ypaBHe-

Hudg tgx :tgg.

6. Pemmre ypasuenne arccos x +arcsiny1 —x? = Tt
x2 - 2336—()
7. Pemute HepaBeHCTBO —— = _ < ().
log, (x - 1)
8. Haiigure Bce 3HaueHMs mapaMeTpa d, JJS KOTOPBIX CHCTEMA

yPaBHEHHUIH
B =24y,
2
B =ax
uMeeT eJMHCTBEHHOE pelleHNe.

OU3NKA

1. /[IBa kaMHsi OpOIIEHBI OJHOBPEMEHHO W3 OJHOU TOUKH C
O/IMHAKOBBIMU IO MO/IYJIIO CKOPOCTSIMU: OJIMH BEPTHKAJIbHO BBEPX,
JIpyToil BepTUKaabHO BHU3. OHM ymanaW Ha 3eMJII0 C MHTEPBAJIOM
Bpemenn 2 c¢. C Kakoil CKOPOCTbIO ObLIN OPOIIEHBI KAMHU ?

2. Pakera Maccoii m, CTapTOBABINAs € TOBEPXHOCTH 3eMJIH, JIETUT
¢ paboTaIOIIMM JIBUTATEIEM C MTOCTOSHHOI 10 MOJIYJII0 CKOPOCTBIO ¥
1o Jiyre OKDPY’KHOCTH paauycoM R, jexanieii B BepPTUKAIbHON
miockoctu. Haiiure cusy TAru ABUTaTesisi B TOT MOMEHT, KOIJa
CKOPOCTb PaKeThl HAITpaBJieHa MO/ yTJIOM O K TOPU30HTY. VI3MeHeHn-
€M MacChl PAKeTbl U COIPOTUBJIEHNEM BO3/lyXa IpeHeOpeyb.

3. OaHOpOAHBIN UIWH/P MACCO M U BBICOTON H cToWT Ha IHE
IUJIMHIPUYECKOTO CTaKaHa. B cTakaH HaIMBAIOT CTOJIBKO KUJIKOCTH,
YTO €€ YPOBEHb COBIIQJIA€T C BEPXHUM OCHOBAHUEM IUJIMH]PA.
[InoTHOCTD KUAKOCTH B 7 pa3 MEHbIIEe IJIOTHOCTH MaTepuaja
IUJINH/PA, PAJANYC CTaKaHa B k pa3 0oJbllle pajnyca IHJINH/PA.
Kakyio MUHUMAJIBHYIO paGoTy HYKHO COBEPIINTD, YTOGDI BBITAIIUTD
MUJIUH/D U3 SKUIKOCTH ?
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4. HaiiuTe mJIOTHOCTD Ta30BOU CMECH BOIOPOJA U KUCJIOPOJA,
ecaM Macca KucJopoja 6oJbliie Maccbl Bogopoga B N = 8 pas.
Hasnenne cmecu p = 100 klla, Temmeparypa T = 300 K.

5. Ha KOHIIaX rOpPU30HTAJbHOTO HEMTPOBOISIIETO CTEPIKHS [JIH-
HOM 2L 3aKperyIeHbl /[Ba MaJICHbKUX MIapuKa, KaXK/bIil 13 KOTOPBIX
umeer 3apsin Q. o crep:xHio 6€3 TPEHUST MOXKET CKOJIb3UTh MaJI€Hb-
Kasi 6yCUHKa Maccoit m. 3apsig OYCUHKH PaBeH ¢, MPUYEM 3apsi/Ibl
O6YCUHKHU U MIAPUKOB MMEIOT OJMHAKOBbIE 3HaKu. Haiiaute mepuon
MAaJIbIX KoJe6aHWii 6YCHHKH.

6. [lyHa BOJTHBI, COOTBETCTBYIOIAS KpacHOW rpanuiie ¢GoToad-
dexra s matepuana katoga gorosnemMenta, paBHa A, = 107 M.
3esieHbIll CBET ¢ AJMHON BOJHBI A\ = 500 uM TajaeT Ha Katon. [Ipu
KaKoil BeJUYMHE TOPMO3SIeil Pa3HOCTH MOTEHIMAJ0B aHoda u
KaTo/ia MPeKpamiaercsi ToKk yepe3 GoTO3JIeMEHT?

NMHOOPMATUKA

1. 3agaHbl TPU YKCJIA:

B IIECTHA/IIIATUPUIHON crucTeMe cuncyaeHus a = 4D)5,

B JBOMYHOM cucreme cunciaenus ¢ = 111010,

B BOCBMEPHUYHOH CHCTeMe CUNCIeHnsd € = 63.
Haiigure 3nauenme Boipaxkenus @ + @ — €. PesysbraT nipeicraBbTe
B JICCATUYHOI CUCTEME CUUCJICHUS.

2. Yucaa (X, y) - KOOpAMHATBI TOUKH Ha TJI0CKOCTH. VI306pasute
06J1acTb, B KOTOPOIl JIOTHYECKOE BbIpA’KEHWE TIPUHUMAET 3HAUYEHWE
«UCTHHAY

(x|<=1) and (Jy|<=1) or (y>1) and (y<=2-x|).

3. 3HaueHus JBYMEPHOrO MAacCUBa pasMepoM 7 X7 3aarorcst
CJIEYIONIUM AJITOPUTMOM:

HI Aass n or 1 go 7

oI aag k or 1 go 7
a[n,k]:=n—k+1
K1

K1
CKOJIBKO 5JIeMEHTOB MaccuBa Gy[ayT MMETb MOJIOKUTEAbHbIE 3HAUE-
HUSA?

4. Hammmure (parMeHT TporpaMMbl, KOTOPBIH B 3aJaHHOM
OJTHOMEPHOM MAaCCHBE W3 71 3JIEMEHTOB TIEPECTABJISIET HYJIEBBIE DJTe-
MEHTBI B KOHEI[ 3TOro e MaccuBa (M3BECTHO, YTO HE BCE SJIEMEHTHI
MacCuBa HyJIEBBIE).

5. Onummre CI0BECHO, YTO BBIYUC/ISAET CJAECAYIOUMH aJrOPUTM:

H aas i or 1 go 10

s[i]:=0; k:=0;
j1:=100*(i—1)+1; j2:=j1+99;
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HI 144 j oT j1 mo j2
ecau a[j]>0 To s[i]:=s[i]+a[j]; k:=k+1; Bce
KI{
slil:=s[i] /k;
KI]
6. 3amano HaTypaJbHOE YHCJIO 7 U BENIECTBEHHOE YHCJIO X.
Haiigure 3HaueHue 1enHoi apobu

10 +

14+ e
2020 +1)

Hy6auxauuro nodzomosuau T.Andpeesa, A.Bacos, I'. U3smaiinos,
M.Kopob6xoes, B.Poduonos



OTBETbI, YKA3AHWS, PELLEHUA

EM MO ®U3NKE

BapunaHT 1
OtsBerhl K 3agauyaM yactH 1

Al A2 A3 A4 AS A6 A7 A8 A9 A10 A1l A12 A13 A14 A1S
1t 2 4 3 2 4 1 4 2 3 4 3 4 1 3

A16 A17 A18 A19 A20 A21 A22 A23 A24 A25
4 1 2 1 3 1 2 3 4 2

OTBeTnl K 3aa4aM YacTy 2

Bt B2 B3 B4 BS
121 23 20 7,2 8

Ykazanusa u peunienus K Pl36paHHbIM BOIIpOCaM U 3ajavyaM

AS. Vcnosabayiite 3aKOH COXPAHEHUST SHEPTHUH.

A7. Cuna TpeHns HampaBjeHa K IIEHTPY OKPY’KHOCTH U paBHA
MaKCHMAaJIbHOMH CHJle TPEHUS TTOKOS.

A17. Tak kak rumorenysbl paBubl (OA = OC), oTHOlIEHHE
CHHYCOB PaBHO OTHOIIEHUIO ITPOTUBOJIEKAIIMX KATETOB.

B3. 3anmmem ¢opMyTy ¢ MCKIIOUEHHBIM BpEMEHEM JBaXKIbI —
JUTSL BCETO IIyTU U IS TIOCJIETHETO y4acTKa:

0- vg = —2as,
2 _
0-vy, =—2as, -
HOI[E‘JII/IB ypaBHEHUA TTOYJIEHHO, HafI,lIeM

vy = 002\/SE =2y, =20M/c.
2

C1. 1) IIpu nepemMenieHny MOJA3yHKA BJEBO CONPOTUBJIEHKE IEITN
YMEHBITIAeTCsI, a CUJIa TOKA yBeJIMYNBAETCS B COOTBETCTBUU C 3aKO-

HoM Oma IS TIOJIHON menu [ = , TAe R - COITPOTHUBJIEHUE

o +7r
BHENIHEN IICIIN.

2) VsMeHeHmE TOKa, TEKYUIETO TIO MEPBUYHOI OOMOTKE TPaHC-
opmaTopa, BbI3bIBaET M3MEHEHWE WHAYKIIMM MarHUTHOTO IMOJIS,
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€03/1aBaeMOro 3T0ii 0OMOTKOII. DTO MPUBOIUT K UBMEHEHUIO MArHUT-
HOTO TIOTOKa Yepe3 BTOPUYHYIO0 0OMOTKY TpaHcdopMaTopa.
3) B coorBercTBUH ¢ 3aKOHOM MHAYKIuM Dapajies BOZHUKAET

. A® .
IAC mupykunu &, = A BO BTOPMYHON OOMOTKE, a CJe/loBa-

TeJIbHO, U HanpsiKenue U Ha ee KOHIIAX, PETUCTPUPYEMOE BOJIBTMET-
poM.

4) Korma ABMKOK IpHAET B KpailHee JeBOE IOJOKEHHE U
JIBIDKEHIIE €TO TPEKPATUTCs, aMmepMeTp Oy/eT MOKa3blBaTh MOCTO-
SIHHYTO CUJTY TOKA B TI€1IH, & HATIPSIKEHWE, U3MEPSIEMOE BOJIbTMETPOM,
OKAQYKeTCsI PABHBIM HY.JIIO.

C2. HavasbHasi CKOPOCTb I0JIETA HAXOJUTCS U3 3aKOHA COXPaHe-
HUA SHEPrun

2
mgH 5
1 OITPe/IeJISIETCSI TOJIBKO BBICOTO# rOpKU. J{abHOCTD TT0JIeTa BBIpAsKa-
ercst GopMy.JIoit

¢ = vg sin 20

g
Y IPMHUMAET MaKCUMaJIbHOE 3HaueHue mpu o = 45° . Beicora noJiera
paBHa
_ g sin 20 _ o _H
2g 4g 2"
C3. 3anumem jist mapa BTopoii 3akoH HbloToHA B ITpoeKImn Ha
BEPTUKAJIBHYIO OCb:

h

Fy —=mysg —my.g =0

" IMOJICTaBUM B HETO BbIPpAKEHUA

pVM Boa;[g — pM B()Sj_lg . é TVS

FA = mB()l};‘lg = RT RT 3 ;
Myge = ‘pz;e '%WS )
Myg = Wog - 4T02 , THE og = 1xr/M% .
[Moyyaem
U RT
r=— Mot =2,7TM, my = Mg mw? =92«r.
p(M BOBN M He)

C4. Tlox peiicTBUEM IIOCTOSIHHON CHJIbI, PaBHOI BEKTOPHOII
CyMMe CHJIbL TSDKECTH Mg U 3JIeKTPUYecKol cumibl gFE , dacTuiia
JIBUJKETCSI C TIOCTOSTHHBIM YCKOpeHUeM. V13 coCTOSHUS TTOKOST YyacTHIa
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JIBIKETCS TI0 NIPSAMOM JIMHUY B HaIllpaBJIeHUM YCKOPEHUS 110/ YIJIOM
0 K BEPTUKaJIX TaKUM, 4YTO

_9E
mg -’

tga

Orciofa HaXOAUM
E =M% 50048/ .
q

CS. Amiuutyay KosebGanuii rpy3a A MOKHO HAWTH, UCTIOJb3Ys
CBSI3b MEK/y aMILIUTY/IO ¥ MaKCUMaJIbHON CKOPOCTBIO:

A= Tax. = vmax\/z :
w g

Makcumasboe cMmenienne usobpaxenuss A’ BbIpaskaercst dyepes
aMILJINTY/ Ty KOoe6aHuil n yBesnueHue JuH3bl [ :

A=ra=La
d

PaccrosiHue OT IJI0OCKOCTH KOJIe6GaHMil MasgTHIKA [0 JIMH3bI HAllJIeM U3
opmysbl JTMH3DI:

a=-1F
f-F"

[Tocne moacTanoBKHI Iojgay4aeM

A':Un1ax\/7f_F:0’15M.
g F

C6. 3anuiem ypaBHeHue DifHiTeitHa 1 dporoadderra:
20
% = ABI)IX + g’l%aﬂ
ax
U TI0/ICTaBUM B Hero (hOpMyJIy /sl KPACHOM IPaHUIIbL:

he
ABI)IX =
Ao

u HoOpMyTy LIS 33/IePAKUBAIONIETO HATIPSI)KEHUSI:
Omo? O
elU = .
2
ax
W3 nosryuunBInerocsi ypaBHEHMsT BBIPAJKAEM A :

__ hehg
he + eUM,

=200HM .
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BapunaHTt 2

OTtsBeThl K 3agauyaM yactu 1

A1 A2 A3 A4 AS A6 A7 A8 A9 A10 A1l A12 A13 A14 A1S
t 3 3 3 2 1t 2 1 1 2 2 1 4 5 4

A16 A17 A18 A19 A20 A21 A22 A23 A24 A25
1 3 4 1 4 4 4 3 2 2
OTtBeThl K 3aa4yaM 4actu 2

Bt B2 B3 B4 BS
121 23 0,6 16 16

Vkazanus 4 pelieHdsi K M30paHHbIM BOIPOCAM M 3ajaYaM

A1. IlyTp ayunre uckarb rpaduyeckn — Kak aGCOMOTHYIO BeJI-
YUHY TJIONAAN T10/{ TPAUKOM CKOPOCTH.
A7. Monynb cusbl TpeHUS paBeH

F,, =N = p(mg - Fsin ).

he he Y E u he hc

— ) :_+E1
0,250 Ay 0,5A., A

Kp Kp

A23. N3 pasencrs

naxomnuMm E; = E = £y .
3 3

A25. I9/IC wucrounumka paBHa & =6,0B. Tok B HEKOTOPBIA
MOMEHT MOXKHO HaiiTu u3 ypaBHeHust IR =¢& —U . B momenT Bpeme-
HU t = 2 ¢ nosyuaeM I = 80 MKA.

B1. lleHTpocTpeMuTeIbHOE YCKOPEHHE ONPEAE/ISeTCs CUIION Tsi-
rotenusi. Ecim cuia TAroteHus yMeHbIIAETCs, TO PAJUyC OPOUTHI
yBesmunBaercsi. CKOPOCTDb CIIyTHUKA HAXO/JUTCSI U3 BTOPOTO 3aKOHA

Kp

GM
Hpiorona: v = ,/|—— , ckopocTb yMeHbImaetcs. [lepmoa o6pamnienns
r

_ 2
T = — ypenuuusaercs.
v

B3. 13 npoeximu BToporo 3akona HpoTona Ha TOPU30HTAIBHYIO
0Ch X
Fb’x - FCx =0
HaxoauMm F, = 0,3 H. Orcrona

Fo, =yF:-F} =0,4H.
W3 mpoeknnu BTOPOro 3akoHa HplOTOHA Ha BEPTUKAIBHYIO OCh ¥
Fey + Fg, —mg =0
naxogum Fp, = 0,6 H.
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C1. Ilocko/abKy JaBjieHHe M IJIOTHOCTb HACBIIEHHOTO Iapa
3aBUCSIT TOJBKO OT TEMIIEPATYPbI, TIPH H30TEPMUYECKOM YBEINYCHUH
ob6beMa napa ero macca Oy/eT yBEeJMYUBATLCS, a Macca JKUAKOCTH
6y/ieT yMEHbIIATHCS.

C2. 3anumem 3aKOHBI COXPAHEHHUS MMIYJIbCa W SHEPTHUH:

m m
mo = 501 +—0,,

2
2 2 2
mo mo m v
I s AE =2 4R
2 22 22
Wcknouns v, , And v; MOJLYyYUM KBaJpaTHOE ypaBHEHUE
s 20E

o} =200 +0° -== =0,
m

6OJIBIINIT KOPEHb KOTOPOTO

v =0+ fzﬂ =900M/c
m

COOTBETCTBYET OCKOJIKY, JIETSIIEMY Briepe GbicTpee cHapsia. (MeHb-
Ml KOPEHb COOTBETCTBYET BTOPOMY OCKOJIKY.)

3ameuanue. Pemenye BbIMJISNUT TIPOIIE, €CJIU PACCMOTPETh pas-
PBIB CHapsja B CUCTeMe OTcyeTa, /e OH BHavaje mnokouics. M3
3aKOHa COXPAHEHUs UMILYJIbca CJelyeT, 4YTO OCKOJIKH B 9TOM CJIydae
UMEIOT OIHY U TY K€ CKOPOCTb %, KOTOPYIO JIETKO HaliTu U3 3aKoHa
COXPaHEHHs SHEpPIuu:

2
Zﬂu—:AEy u= ZE =500 M/C.
22 m

B HenoasmkHOl cucreMe orcuera v = o +u =900Mm/c .

C3. B nporecce MeJIeHHOTO paclIUpeHus ra3a IopliieHb OyaeT
IIPAKTHYECKU B PABHOBECHUN, T.€. IaBJIeHHE Oy/ET OCTABAThCS OJHUM
U TeM K€ U PaBHbIM

FTp 5
Py = 3 =1200°IIa.

3anuiiem HepBblfI 3aKOH TEPMO/IMHaMUKN [JId IIEPEX0/Ja U3 HavdaJlb-
HOIr'o COCTOAHMA B KOHEUHOE!

B 3 O
0= ﬁpzvz ‘§P1WH+P2AV,
win
B 3 0
0= Em (L+x)S _§P1LSB+P2755,
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OTKy/la HaXOUM
_ 0-25pxS _ Q-25F«
1L5(pS = miS) ~ 1,5(F, - piS)

C4. Tlpu masom cmeriennn x GyCUHKH U3 MOJIOKEHUST PABHOBE-
cusl Ha Hee JIEUCTBYET BO3BPAIIAIONIAST CUJIA

=0,3M .

99 _, 99 ___ 4kqOlx  _ _4kqQ
2 = 2 2 3
((+x) (-x) () (-x)
kqQ’ nepuoJ; KoJjebanuit

paBeH

3
T = 2'_!\/: _ ml
4kqQ

[IIIH OTHOINIEHUA HTEPUO/0B T1I0JTy4YaeM

T Q T
1 = —=,wm I} =—.
f V2
3ameuanue. [{yis nosyyeHust oTBeTa He 06513aTEJIbHO TPOBOUTD
I0JIHOE BbIYMCJIEHNE BO3Bpallalonieil cnibl. /[ocTaToyHO 3aMeTnTh,

YTO BO3BpallaloNiasl CUja IPONOPIHOHAJbHA 3apsy YacTuipl Q.
CaenoBatenbHo, 3(¢eKTHBHAS >KECTKOCTb K TakKe IIPOTOPIIHO-

HasbHa Q, a mepuoj Kosebaumit T = 214 /m/K mpomnopiroHaieH

1/,0 .

C5. Cua AMiiepa co CTOPOHBI BEPTUKAIBHOTO MATHUTHOTO TIOJIst
HarpasJieHa Topu3oHTanbio (puc.1). 3anuniem BTopoil 3akon Hbio-
TOHA B TIPOEKITNHN HA OCh X, HAIIPABJEHHYIO BJOJb YCKOPEHHUS:

F) cosa —mgsina =ma , rae Fy, =IBL.

IIomyuaem

m a+gsind _
L Bcosa

C6. IIpu o6ayyenun karoga ¢oTo-
HaMHU C JIJTMHOM BOJIHBI, PaBHON Kpac-
Holi TpanuIe GoToaddeKTa, CKOPOCTH
BBIJIETEBIINX 3JIEKTPOHOB HUYTOXKHO
maia (paBHa Hy/o). B amekrpuuec-
KOM I10JI€ Ha 3JIEKTPOH /IeHCTBYET CHJIa

1= =4A.

Puc. 1 vmg F =—eE . PaGora »Toii CHJIbI paBHa
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M3MEHEHUIO KMHETHYECKOI JHEPTUN:

[Tonyuyaem

JIOHOJIHI/ITCJII)HI)IC TECTOBBIC 3a/laYd C HECKOJbKHMU BOIIpOCaAMHU

1 2 3 4 ) 6 7 8 9 10
112 123 23 232 123 123 212 321 121 21

11 12 13 14 15 16 17 18 19 20
131 323 23 232 34 311 12 13 333 23

21 22 23 24 25 26 27
415 32 34 31 23 31 253

OJIMMIMNNALA «MTOKOPU BOPOBbEBbI FOPbI»

MATEMATUKA
BapuaHT 1

1. 4.

TosapKO 0/1HA KOMaH/1a MOKET IMPOUTPATh Bce BCTpeun. [leiicTBu-
TeJbHO, €CJIM €CTh /IBé KOMaH/Ibl, KOTOPbIE TIPOUTPAJIH BCe TIAPTHH,
TO BO BCTpe‘Ie Me}KI[y 9TUMHN KOMaH/[aMN HET HOéeI[I/ITeJISI, qTOo
HEBO3MOJKHO, TaK KaK B BOJIEHOOJbHBIX UTPAX HET HUYbUX. 3HAYHUT,
oZiHa KOMaH/a COCTaBJdeT 25% uucia BCeX KOMaH/l, Y4acTBYIOLINX
B TypHUpE.

Tt
2. x:arcsin§+(2k+1)n, y=§+2TM, knOZ wuin
x:—arcsin§+(21+1)n, y=7n+2mn, Im0OZ .

BBojs BeriomMoraTesibHbBIN yToJT ¢(y) , TIoJiydaeMm
|3cosx + 4sin ysin x| = /9 + 16sin? y|cos(x - ¢(y))| <5,

5

— 25
|cos (2010y)| ’
[Toatomy

in’y =1,
cos (2010y)[ = 1,
cos (x - ¢(y))| =1.
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1) Iyctp siny = 1 = y:g+2ﬂn, nOZ . Torma
c0s(2010y) = cos (10051 +4020 ) = —1,
W ypaBHEHUe TIPUHUMAET BU/L
3cosx +4sinxy = -5 = 5COS(X —¢(y)) =5 -
o cos(x—d)(y)):—l s x=¢+2k+)T, kOZ,

rmae

T.e. ¢ = arcsiné.
2) Myctp sinyg =1 = y = E+(2m+1)Tr, mOZ. Toraa
c0s(2010y) = cos (10051 +2010(2m +1) = —1, /07,
1 ypaBHEHVE IIPHHUMACT BUJL

3cosx —4sinx = =5 = Scos(x+(y))=-5 =

e cos(x+9(y))=-1 = x=-0+(2+1)m, [OZ,

rmae

%:05(]) = %,
0
in ¢ = é
=3
T.e. ¢ = arcsin%.
3. 55 778.
IIyctp x, y — HaTypa/jbHble TpPeX3HAuHble YHCJA, TOT/A

100 < x,y <999, u 3a1a9a CBOANTCS K PEIIEHUIO CHCTEMbI
Bxy =1000x + g,
H00 < x, < 999.
W3 1nepBoro ypaBHeHus 1oJydaeM
y(3x — 1) = 1000x.
3amerum, uro 3x —1=23 000 -1 =299. [lanee,

_ 1000x _ 1000 1000
Y 5c-1" 73 T3(x-1)
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njim

3y = 1000 + ;000 ‘

3uauut, 3x — 1 — "Harypasbubiii geaurtessb 1000, T.e. uan 3x — 1 =

— 500, wm 3x — 1 = 1000. Toraa m x = 167, wm x = _10301 e

meJsioe.

Torma 3y =1000 +150(§)(§) =1002 0 & 334 0 xgF 160 334 =
=55 778.
4. 2011.

Tak kak nlg2 u nlgd uppannonasbhel, To nlg2 MOKHO HpeaCcTa-
BUTH B BHUJE

nlg2 = x + y, rne ¥ =[nlg2], y={nlg} 20,

a as nlgS cnpaBeTiBO TIPe/ICTaBIeH e
10
nlg5 :nlg?=n—nlg2=n—x—y=n—x—1+(1 -y).

Takkak 0 <y <1, 1T00<(1-y) <10 [nlgs]=n—-x—1.
Torpa nomyyaem

[nlg2] + [nlg5]=x +(n —x —1) =n -1 =2010 On = 2011.

3. Beerna ectb pemienne: M — cepequsa BH. Ecim BH = 2AH
T.e. BTOpOe pelleHue: 1yctb BD =
=2AH, Torna M — cepenuna HD.

Ilycto x =AH, y = HM, z = MB,
h=CH, 1= CM (puc.2) 3amMmeTumM, 4To ARV

DR =x(y+2),2) P=h+y*.

Tax xax AH < AM, 10 BO3MOXKHBI iBa A HoM 2 B
cIIyyvasi.

IHepewiii cayuaii: AM — runoreny- pac. 2
3a. Tormga

C

2 :(x+y)2—x2 = xy+xz+y2 =

P=n+y*=x(y+2)+y
= yc2+2xy+y2 -x? - Xz2=2xy < y=2z,

T.e. M — cepeauna HB.
Bmopoti cayuaii: CM — runorenysa. Torzaa

P=p?+y=x(y+2)+y> =(x+y) +2> = xy+xz+y° =
=2 +2ay+yt +a’ o xz=ay+2x o 2=y +2x.
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3ameuanue. Ecniu BH = 2AH, o M = H, u niosiyyaeM paBHOOE/I-
DPEHHDBIHN IPAMOYTOJIbHbBIN TPEYroJibHUK ¢ runoTenys3oit CH u kartera-

CH
vmu AH =AM (H=M) = R

2
6. k= 3.
1) k = 3. BosMosken npumep:

f(x):2x2—1, x=-1, x,=0, x3=1;

flx)=1, f0)=-1, f(1)=1.

2) k=4 wuesosmoxuo. Ilycth apudmernmyeckas MPOTPECCHst
uMeer BUIL Xy, Xo+d, xo+2d, x,+3d.

Oynxuus [ (x) = ax’> +bx +c, a#0, Torna
b :axé +bxy +c,
b,=biq =a(x, +d)’ +b(x, +d) +c,
by = bg* =a(x, +2d)* +b(x, +2d) +c,
by =bg® =a(x, +3d)’ +b(x, +3d) +c.
Haiinem pasnoctu b; —b;_;:
by~ by =bg ~b =by (g 1) = a(2xd +d*) +bd ;

by —by =bg® ~bg = b (q —1)=a(2x,d +3d%) +bd ;
by —by =bq’ ~bq* = b’ (q-1) =a(2x0d * 5d2) *bd.

Bbrurem us BTOPOI'O ypaBHEHUSA IIEPBOE U N3 TPETbETO YPaBHEHUA
BTOPOE:

by —2b, +b, =bg* —2bg +b, =big(q-1) =b (g ~1)=
=b,(q-1)" =2ad?,
by =2by +by =bg° ~2bg* +bg =bq’ (q-1) ~bg(q ~1)=
=bq(q - 1)2 =2ad* .
3uaunr, b (q - 1)2 =bq(q - 1)2 . Tax xak b #0, 10 (q- 1)2 =
= g(g=17 = g=1 = b =b,=by; =b;, T.e. f(x) B veTHIPEX pas-

JIMYHBIX TOYKAX MPUHUMAeT paBHBbIEC 3HAYEHNUS, YTO HEBO3MOKHO.
7. B nanpasienun I .
3amMeTuM, YTO €CJau €, €, M €3 — €JANHUYHbIE BEKTOPBHI,
o6pasytonye yrisl B 120° Apyr ¢ ApyroMm, TO

e te +te; =0,
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U ecJu
key +le, +me; =0,
T0o k = [ = m. JlelicTBUTEIbHO, €CJIM, HAPUMEpP, k # [, TO TaK Kak
l(e1 +e +e3) =0,
TO
0 = ke, +le, +me; —l(e1 +e, +€3) =(k-1)e, +(m~1)ey.
3HaunT,
[-m
61 =
k-1
T.€. BEKTOPDI €; U €3 KOJUIMHEeapHbI, YTO HEBO3MOKHO.
[Tyctb Z — TOUKa, B KOTOPOH HAXOAUTCS 3aSII] TOCJIE OUEPETHOTO
MPDBIDKKA, TOTJA CJAEIYIONNl MPBIKOK N06aBJsieT K BeKTOpy AZ

OJMH U3 CJIeLYIOIINX BEKTOPOB: €, —€, €, —€y, €3 W —e3.
3HauKT, B MOMEHT OCTaHOBKHM 3aiilia

€3,

AZ =ke, +ley +mes

rae k, [, m — 1esble duca.
[lycts [ — mpsmast, Ha KOTOpoi ocranosumcs sasu ([ =1, i =
=1, 2, 3). BoiGepem BekTOp € Tak, uTOObI OH JIeKa Ha IPAMOH [,

TOT/Ia
ke, +le, + me; =2010e; .
Ortkyna
(k=2010)e, +le, +me; =0.

3uaunut, k — 2010 =1[=m, moaromy uucya k, [ 1 m UMeiOT O[MHAKOBYIO
4eTHOCTD. ITyCThb 3as11] COBEPUINI 72 IPBIKKOB B HAIIPABJIEHUU OIHOI
U3 IPSIMBIX, HAIPUMEDP B HAIIPaBJeHuU npsamoli [. Eciim Bce IPbIKKU
ObLIIH B HAIIPABJIEHUU BEKTOPA € , TO k=1, €CJIN K€ P IPBIKKOB ObLIH
B HampasJieHuu BekTopa —e; (a ocTajibHble 72 — p — B HAlPaBJEHUN
BEKTOpa €;), TO
k=n-2p.

3uauut, yncaa k U 7 UMET OJAWHAKOBYIO 4eTHOCTb. IIycth 0y, n,
U N3 — KOJHMYECTBO TPBUKKOB B HAIIPABJIEHNH TPSIMBIX [, I, u I
cooTBeTcTBeHHO. Tak Kak umcaa k, | W m WUMEOT OJANHAKOBYIO
YETHOCTD, TO YUCJA 7y, Ny U N3 TOKE UMEIOT OIMHAKOBYIO YETHOCTD.
Tak Kak 3asii[ IIPbITaJl II00YEPEHO BIOJb MPAMbIX, TO YUCAA 1y, 1y
U 73 OTJIMYAIOTCS JIPYT OT Apyra He Gostee veM Ha 1, T.e. 1y = ny =1y .
Cuie1oBaTeIbHO, TIOCAEHIN IPHIKOK ObLT COBEPIIEH B HAIIPABJICHIN
npsMoit s .
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8. J15.

YpaBHeHne 337a4l S9KBUBAJIEHTHO CHCTEMe
Br 22|y =0,
4, 2
B -4y” =4.
BBuny cummerpun 1o y 6yneM cuuTaTh, uTo X 2 2y = 0.
Ilyctp @ = 2x — y, T.e. 2x = y + a. 3HAYWUT, HAC WHTEpecyeT

HaVMeHblIlee TTOJOKUTEeNbHOe ¢, TP KOTOPOM €CTb HeOTpPUIlaTesb-
HOE pellleHne yPaBHeHUs

@%ﬁz —4y? =4 o —15y* +2ay +a® —16 =0 .

YcioBue Hamnuns peIlIeHI/Ifl 9TOI'0 ypaBHEHUA
0= D(a)=a*+ 15(a* =16) =16(a* ~15).

3HaunuT, WM d = \/ﬁ, wm a< -5 . Ilpu a = J15 ypaBHEeHUE
MIPUHIMAET B/

0 =154 =215y +1 =(V15y —1)2.

3HauuT, y = , TOTJa

ﬁ‘g
(92
—_

—— +4/15
e T35 s

2 2 Ji5°

9. CymiectByer.
C TOYHOCTBIO /10 TOA0OUS MOKHO
CYMTATh, YTO JJIMHBI pebep TeTpasapa

passbl 1, g, q2, q3, q4, qs; q:‘\/i.
ITokaskeMm, 4TO TaKoil TeTPasp
cymectByer, a umenno (puc.3):

% BC=1,BD =q, DC=q,
CA=q*, BA=q", DA=¢q"
JloKaskeM CHayaja, 4To CyIIECTBYIOT TPEYTOJbHUKU — TPAHH.
1) aABC:1+¢° > q¢*;
2) aABD:q+q" >¢°;
3) AACD: q2 +q3 >q5;
4) aBCD: 1+q>q*.
Venosus 1) n 2) paBHocubnbl, a 1+ q3 > q4 JTe. 1+2>230
BepHO, Tak Kak 27 > 16.
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Venosue 3): 1+3/4 >2, tak kax 34 >1 (4 > 1).
Yenosue4): 1+32 >4 = 1+32 >3i o ¥2 +3¥4 >2 —gep-

2
HO, Tak Kak 32 >1 u 4 >1.

Utax, TpeyrofbHUKY TPaHell CyIecTBYOT. JJokaxkeM, 4TO U3 HUX
MOXKHO CJIOXKUTD TeTpasap. aABC ~aABD c koadduimentom mo-
nobus ¢g. 3uauutr, OBAG=0 BABa . Ilycte OCAD=f . [daa
TOTO YTOOBI MOKHO OBLJIO CJIOXKUTD TETPA3/P, JI0OCTATOYHO /[0KA3aTh,
YTO CYIIECTBYET TPEXTPAHHDBIN YTOJI C IJIOCKUMH yIJjamMu o , o u 3,
YTO PABHOCHJIBHO CYIIECTBOBAHMIO PEIIEHUsI CHCTEMbI

EﬂyB>0’
%G+B<2T§

BZG>[3.

3 reopembl kocunycos noayuaem (¢ =32 ,¢° =2,¢% =4,4° =8)

6. 8 4+§—1
_qgtrtqg -1_ g _8+3q.
cosa = = = = 5 y
2q 2Ly 8q
6 10 4 2 6 4+Z—1
cosp = 1 +q8—q _q +6/4 “1_"7yg _2+3q
2q 2q 4q 4q*

T
3naunt, 0 <a,p < R Jlanee,

2[8+3qﬁ 2(64 + 487 +9¢?)
O0b— -1 = =
g 8¢ o 64q"

cos20 = 2cos’ o — 1=

128 +96q +18¢” ~128q _ 18q° —32q +128 _
N 128¢ 128¢

2
_ 99" =16 +64 _, 9¢> = 16q + 64 >0,
64q
TaK KaK BBIIIOJTHEHDI OLEHKHU: 16g < 16q3 =32 <64 <64 +9q2.

9g* - 16q +64 . 2+3g
64q 4q*

20 > B = cos20 < cosP =

©9q° -16¢> +64q <32 +48q - f(q) =9¢° —16¢* +16q -32 <0.
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JlelicTBUTEIBHO,

f(§/§)=9|]2—¥+16q _32 =
q

2 _ -
- 16q—§—14 - 16" ~14g =32 _ E(qu —7q—16).
q q q
Iycts ¢ (q) = (86]2 -7q —16). Taxk kak

%<§@ 2<2Ts7c’ 16<27 = u ¢(1)= 8 -7 —16 = 15,

¢§ﬁ:89—@—16 —18 -16 =21 = 17 o 4o o(¥2)<0.
i 2 2 "2

Sameuanus

1 . HpI/IBeILeHHoe PacCIoJIOKeHE FpaHeﬁ HE €IUHCTBEHHO BO3MOX-
HOe.

2. Bropyio 4actb (BO3MOMHOCTb CJIOXKHTb W3 TPEYrOJbHUKOB
TeTpasap) 006s3aTeJbHO HAAO JOKA3bIBaThb, TAK KaK CYLIECTBYET
IIpuMep, Korja n3 4€Tbipex TpeerJIbHI/IKOB C COBMECTUMbIMU CTOPO-
HaMW HEJIb3d CJIOKHUTb TETPAd/Ip.

10. 252.
IIpocteix umces, menpmmx 30, gecaTp mMTYK: 310 2, 3, 5, 7, 11,
13, 17, 19, 23 u 29. Ilycts p;, py, ---» Pro — Kakasg-HUOY/Ib

MEPECTAHOBKA ITUX YUCEJ. 3aMETHM, YTO PA3JIUYHDBIX TIEPECTAHOBOK
u3 10 uncen scero 10! =12 [0.. 10 (BooGuie n! — 5T0 NpOU3BEAEHUE
BCEX HATypasbHbIX 4ucesa oT 1 g0 n). JlefiCTBUTENbHO, YHCIO Py
MOxHO BbIGpaTh 10 cniocobamu, p, — 9 criocobamu, p; — 8 criocoba-
MU U T.[I.

Paccmotpum «1iemnb»

L pi, pi Do, pr Doy s, o py Dy O Dy =
=2@3B0BIFO10307092329.

1) Kaxaoe unc/o B 1enu IeUTCA Ha TPEbIAYIIee W SBJISETCS
JIeJTUTENIEM TIOCIEYOIIETO.

2) B MHOKeCTBO M MOKET BXOAUTD TOJIbKO OJJHO YUCJIO U3 IETIH.

3) Taxux neneit 10! mryk.

4) Tycrb uncio py Opy O..Op, (1< k <9 ) BXOAUT B MHOKECTBO
M, toraa uuciio ueneit, cogepskamux p; Op, O.. Op,, , pasuo k!(10 —
— k)!. [leficTBUTENBHO, A/ TOTO YTOOBI HETb COAEPIKAIA HTO YUCIO,
BHayYaJe, PU IOCTPOEHUY [IETIOYKHU, BBIGUPAIOTCS B JIIO6OM HOPSIIKE
qucaa py, Py, ..., Pp, & 3areM B JIOOOM TOPSIKE OCTaBIIHECS
10 — & yuceJ.

5) BbisicHuM, npu KakoM k uuciao py; [p, O..[p, <«3aHUMaer»
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HauMeHbllee yncyo 1erneii. CpaBHUM 10 BeJTMYUHE YUCJIA
k(10 = B! u (B +1)(10 — & — 1)1,
RI(10 — R)! >
>R+DIA0-k-1! «10-k>k+1 - 2k <9.
3uauut, k(10 — k)! npu k <5 yObiaer, a ipu k = 5 BO3pacraer.
[Toaromy HauMeHbIllee 3HAYEHIE TOCTUTAETCS IPK k = 5 1 paBHO 3!5!.
6) Bruiouas uucao p; Op, .., B M, Mbl TeM caMbIM <3arpe-
1IfaeM» BKJIIOUATD BCE JIPYTHE YUCTA U3 IeTel, «IIPOXOSIINX> Yepe3
7 Opy, O..Op,, . TloaToMy B M MOKHO BKJIIOUUTH He GoJiee yeM
10! _6ODm®Od»AOO0

= =252
S50 1B

YHCJIA.
7) TlokaxeM, 4TO MOKHO NOCTPOUTH MHOXKECTBO M, cocrosiiee
u3 252 4mceJsi, YIOBIETBOPSIONINX YCIOBUSAM 3aaun. [leiicTBUTED-
Ho, myctb M = {p, Op, O..[ps, THE P, Py, ..., P5 — Pa3JIUYHBIC
yucia u3 Habopa 2, 3, 5, 7, 11, 13, 17, 19, 23 u 29}.
B stom mMHOXecTBe poBHO 252 yucia.

BapunaHt 2

1. 16 cMm u 8 cMm.

ITyctp V — o6beM GaHKM € COKOM, S U .S — ILJIOIIAIN OCHOBAHMIA
cTakaHoB, /iy u H; — ypoBHU COKa B 06OMX CTaKaHaX B TepBOM
caydae, a hy, u H, — Bo BropoM. BBejgem o6o3nauenus: x _V’

y=—. s yCJIOBI/II/I 3a/ladyu I1oJgy4aeM CUCTEMY
%

Oyx + Hyy =1,
Lx + Hyy =1,
H, - H, hz ~ hl
oTKyfla X = —*———  y = —=———  3HAYUT, NICKOMbIE yPOB-
HZhl Hihy’ Hyhy = Hih,
HU B CTaKaHaX PaBHbI i u i
2 2y

.1 1
2. [IBa peleHus: arcsmg nm —arc51n§.

ypaBHeHI/Ie CBO/IUTCA K COBOKYIHOCTHU

0. _
Ginx =,
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22

Ecim SinX =— | 10 BO3MOKHBI BapuauTtbl: 1) cosx :T, 2)

212
3

[SCRIE

1
cosx = — . Bo BrOopoM cayuae tgx = ———, noatomy Ha |[0;
poM caytae (g = = y na [0;7g

1 .
6yaeT TOJIbKO /IBa PEHICHUSA YPaBHEHUA: arcsmg n T —arcsm§ .

1
3. 5 2, 8, 32, 128.
[Iyctp b, :b1q’H, b>0,g>0,n=1, 2,3, 4,5. Torna

15 = log, (bfqm) =5log, (b1q2) )

3Haywr, b1q2 = 8 u BTOpOE yCJIOBHUE 33/[a4U TIPUBOJIUT K KBAAPATHO-
My YPaBHEHHIO OTHOCUTEJIbHO log, by .
a+b _
" 2a+b 10°
Tpeyroapuuk CKL — paBuoGeapenubiii, mosromy CO — 6uccek-
tpuca yriaa C. 3Ha4WT,
AO _AC _a+b

OB BC 2a+b’

rnea=CK=CL=MB,b=AK =LM.

. a=-1.

IlepemnuiiieM HEPaBEHCTBO B BU/IE

(a+1)(x =2) +(b -1)(x* +3x -2) 20.

Ecmu a 2 -1, to a5t 106010 b 3T0 HEPABEHCTBO MMEET PEIIEHHSI: €T0
petienusivu GylyT, HAIIPUMED, KOPHU yPaBHEHHS 2 +3x-2=0.

I mo6oro a < —1 (Tak Kak KOpHU ypaBHEHHUS JIeKaT JeBee 2)
Haiizercst b takoe, 4To [Jisi JIOOOTO X JieBas 4acThb HEPABEHCTBA
OTpI/II_IaTe.HbHa.

6. 16.

ITyctp V u v — o6bembr upamu SABCD u SKLMN, cooTBert-
crBeHHo, SA=SB=SC=SD=1[,SK=a,SL=b,SM=c¢,SN=d.

JlokazkeM, 4TO
1 1 1 1
1) —+-—=—+—:2a=c.
a ¢ b d’
1) BoCI10/1b30BABIINCH TEM, YTO OTHOLIEHHE OGHEMOB JIBYX IIHPa-
MU ¢ pebpamu, JeKalluMu Ha pe6paX HEKOTOPOTO TPEXIPaHHOIro
yTJIa, PABHO OTHOIIEHWIO ITPOM3BEJCHUN [IJINH 3TUX pebep, MmoJyya-

eM:

14 VSABC VSA CD 13
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aHaJIOTUYHO,

Vo Vsgep  Vsasp P
3HauuT,
acd + abc = abd + bcd,
i 11 1 1
—+—=—+—
a ¢ b d

2) JTokajkeM, 4TO U3 yCJIOBUS MEPIEHAUKYIAPHOCTH JrUaroHanei
ceuernss ( MK 0 NL ) mpaBUIbHOIH YeTHIPEXYTOJBHON MHPAMUJIBI
creayer, yro i @ = ¢, wm b =d (wm SO 0 MK ,wm SO ONL ,
rae Q — touka nepecedenus MK u NL).

IIyctp b # d . Ecain a # ¢, To paccmorpum touky K' Ha peGpe
SA rtakyio, uro SK' =SK. Torga

Tt
ONOQOK= 5 0O NOK  NL| BD O b= d — uporusopeune.

ITo ycnosuio b # d = 3b, 3uaunt, a = c.
W3 1), 2) u ycjaoBuii 3a1aun OJy4aeM

2 1 1 _ 4 b 2
=+ =[] = .
a 3 b 3b a 3

ITostomy
Sens =%SSMK =3 %g n2=3 [-Ig- 12 =16.

ONIMMNNALA «JIOMOHOCOB-2010»

MATEMATUNKA
1. xOf 13]

(v3-a)"? " <(yg ) o

-x? 2x—1 .
= (10823)4 2(10832) e 4-x*21-2x © XD{ 1’3]~
6
2. 55
Tpeyrombuuku ADE u EFC nopo6ubr tpeyroibuuky ABC c
2 3
ko3 durmenToM mo106wst 5 U 5 COOTBETCTBEHHO. Tax kak DBFE
1 4 9 D _6 S
2H "25 TasHamc To50anc
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3. 8.
Ecsm cHauaza B o6mieM BKJIaze y (MJIH p.) yKa3aHHbIN BKJIA UMK
UMeJI X, a BCero oH J00aBJIsIeT z, TO

U _x+1l x _ y-x
Pt Ty Ty
Dog= 2 _x _2(y-x)
o y*2 ¥ yy+2)
%10:x+2_£:z(y—x)
B y+z oy y(y+2)
0,04 _ y+2
DEO,OG_Z(y+1)’D§4y+4:3y+6, L =2
0,04 _ y+2 %2(y+1):5y+52 g =10.

i xm( 43 25~ 28

Tax xak x0€ 4+ 2), To, AOMHOXHB HepaBeHCTBO Ha
(x +4)(=x —2), npuBeseM €ro K PaBHOCHIBHOMY:

Jr+4 —+=x =2 <t +J(x +4) (= -2).
Beeznenm o6osnauenne ¢ = \J(x +4)(-x =2) >0.

PacemorpuMm aBa ciayuas:

1) @Jx+4—x/—x -2 <0, - fo 4;_ 3)'

B 0f 4 2)
Vx+4 —+v—-x -2 20,

2)%—2ts1+2t+t2, - %’C
Be0€ 45 2) g

) - x083 3 25 28
B’ +6x +17 =445 <0

. 54, 72, 96 u 128.
Pemum 3as1auy B 00111eM BH/IE.
a b c d
ITycts mepBoe uucao pasuo V¢ U7, a Bropoe — V° U® | rae «,
b, ¢, d — KOHKpeTHbIE TIeJIble HEOTPUIATEIbHbIE YUCTa, a V, K —
passmunble npoctble yncaa (y vac v=2, 0=3,a=1,b=3,c=
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=7, d = 0). U3 ycnoBus 3aa4u CJIeyeT, 4To CyIIECTBYIOT TaKHe
HeHyJieBble by, ¢ U pasJIMyHbIe HATypaJbHbIE 1, M, R, 4TO

vd mb = b1 B7n—1 , VC md - b1 D7777—1, N - b1 D7k—1 ,
rae N — uckoMmoe HatypasjbHOe 4nc/ao. Vckmodas by u g u3 aTux
yPaBHEHNUH, MOIy4aeM
Nm Dak*—cn mbkﬂln - Nn B)(chk mbmﬂlk .
Orciona, Bo-nepsbix, N =v* [/ 11 HEKOTOPBIX HEOTPUIIATENb-
HBIX IIeJIbIX X, ¥ U, BO-BTOPBIX,

me+ak+cn mym +bk +dn xn +am +ck m/n +bm -!dk

=v
O3TOMY

km + ak +cn =xn +am +ck,

ym +bk +dn = yn +bm +dk

Hm-n)(x-a)=(n-k)(a=c),  r-q 4-p
Y Hm-n)(y-b) =(n k)b -d) | u=c b=d

B urore mnd x, y mosydaercst ypapuenue x + 2y = 7. OHo mMeeT
YeThIPe Maphl PENICHUIT B [eJBIX HeOTpULATeNbHbIX unciax: (7; 0),
(5;1), (3;2), (1;3), KOTOPbIE U ONIPEAETAIOT YEThIPE HATypPaIbHBIX
yjena nporpeccur (1Ba U3 HUX JaHbI B YCJIOBHUHU).

1 1
6. y= +2 mpu —— <x<0.
Y =052 =P T
Jlio6as Touka (x; y; z) JaHHO KPUBOH YAOBIETBOPSIET YCIOBUSIM
[tosz = =5x,
Epx +cosz =0, H
0 3 O Ey 3 tg'= 1,0 25x >
[ = arclgyy C°S2 ? B <5x¢ <0
g) <z<m/2 = !

npraeM Jobas mapa (x; y), YAOBIETBOPSIONIAs MOCJAEAHEl CucTeMe,
XOTst OBl TIPU OJTHOM 3HAYEHUW Z YOBJETBOPSIET U MEPBOIl.

7. a<13J5-5.
ITpeo6pasyem BTOpOe ypaBHEHUE CUCTEMDI, TTOJIYINM
Ol — cos 2T[x|:f 2 _
RE——n (2c0s? 2me —1) 11 =0,

3(1—22 +,22)—222 -10 =0 (rme cos2mx =z ),

22 -62-7=0.
1) cos2Tx =7 — HeT pelleHuii;
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2) cos2mr =, 2 =M W, x:%+n (nOZ).

O6Gosnaunm 5° =t¢ , TOrJa UCXO/[Hasd CUCTEMa paBHOCHJ/IbHA CUC-

TeMe
E¢ 5"5,
g -13t < —a.
Bepumna Hapaéoﬂbl y=f (t) =¢* =13t maxozurcs B TOUKE ¢ = %
169

u 5 B <5\/_ (tak kax S5< e <125). Tlockombky
\/§+5\/— 6+/5 >13 (rak kak 180 > 169), To 5+/5 — 13 13 -5,

13
T.e. TOYKa +/5 JeXHT OJImXKe K o ueM 5\/7. HO3TOMy

f (\/5 ) <f (5\/5 ) U CHCTEMa MMeeT PelleHre TOrJa U TOJBKO TOT/a,

Korza f(\/g) < —a . [lonyuaem: 5 -13J5<-a u a<13J5-5.

8. 4.

Iycrs Sy, Sy, S, S; — mnomanu tpeyroabankos ABC, MBC,
NBC, SBC coorBeTcTBeHHO, fyy , hy, hy, hy — BBICOTBI TPEYTOIbLHU-
koB ABC, BMC, BNC, BCS cOOTBETCTBEHHO, OITyIllleHHble Wu3
BepuinH A, M, N u S Ha cropony BC, a Tt — ILJIOCKOCTb, IIPOXO0/4111ast
yepes TouKy B, nepnenaukyJsipuas pepy BC. PaccMorpum oproro-
HaJibHbBIE TTpoeKIy Touek A, B, C, .S, M n N Ha IJIOCKOCTb TT — 3TO
touku A', B, C', S', M' u N' cooTBeTCTBEHHO.

Torma B'=C'=B, AM' = M'N' = N'S =a, AB=h, MB=
=h, NB = hy, SB = h;. Tax xaxk M'B = h, — mexnuaHa
tpeyroabinka A'BN', a N'B — Meauana tpeyroabiuka M'BS' |, 1o

20 + 203 — A} = 4a® =207 +2h} —4h2,

_ 12
nwm g = hf+% Taxk xak mmomamun Sy, S, S3, S

MPOTIOPITMOHATBHBI BbIcOTaM fy , hy, hy, hy (¢ xoadpdunmentom
BC

NIponoOpuInuOHaJbHOCTH —S— ), TO

2

S;-S 37-1 _
53:\/522 431=\/4+T-4.

9. a) /la; 6) Her.
a) Bama npu mo6bIX Haya bHBIX KO3 (ULIEHTaX KBaJApaTHOIO
Tpexu/eHa, He3aBUCUMO OT jeilctBuil TaHm, 3a KOHEYHOE YHUCJIO
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mraros (6o cBOUM XO/0M, 60 X010M TaHmu) MOXeT 06eCHeuynTh
PABEHCTBO HYJIIO 3HAYEHUST KBA/[PATHOTO TPEXUJeHa B TOUKe X = 1.

6) Tans Bce BpeMs J0JUKHA [AeficTBOBaTh Tak, 4ToObl Koadduiu-
eHT 1Ipu X paBHsiyicst 7 win 8. B atom ciydae, kak Obl HU I€HCTBOBAJ
MaJIbUUK, V [TOJIyYaIONIAXCs KBAIPATHBIX TPEXUJIEHOB I1EJIbIX KOPHEH
He Oy/eT.

B camom gene, mocse Jsio60ro Yucsaa MIaroB TpexXdsieH Oyrer
MMETb BU, 2% +7x +47 -3n wm x> +8x +47 -3k JLISI HEKOTOPBIX
mejabix 7 U k. Ho 9TH MHOrOUWJIEHBI IEJIBIX KOPHEHd He HMEOT.
[leiicTBUTENBHO, B TNPOTHBHOM CJydYae CyIecTBOBaiu Obl TaKue
weaste x u n (), uro 3n =x? +7x +47 (3k = x% +8x +47). Ho
3TO HEBO3MOKHO, TaK KaK JieBas 4aCTh B STHX PaBEHCTBaX KpaTHa
TPeM, a mpaBasi — HeT.

10. 12

ITposenem yepes Touky O OGIIYIO KACATEIBHYIO K OKPYKHOCTSIM
u 0603HAYUM Yepe3 P TOUKy TepeceyeHus: KacaTeJbHON ¢ OCHOBAHH-
eM AD. JOAP=0 AORa , OODP=0 DOBPB . Tak kak

Mm-20+mM2B=1 10 00+f3 :g u, craenoBarenbHo, AAOD un

ACOB mupsmoyroJibabie, mpuuém ACOB ~ AAOD c koaddurien-

1 1 1
TOM TO100HS 3+ OTKYJIa CJIEAYeT, 1TO oC = §AO u BO = 3 OD.

Torma
4 4
AC=AO+OC=§AO, BD=BO+OD=§OD.

Kpome toro, AAKC » AMOK (OKAO - o6wmuil, a
OACK=0 AK&a ). CregosaTesbHo,

AK _ AC
A0 ~ AK

0 AK:E A AG %Aoz,

Ananoruuno, ADLB ~ ADOL (UOLDB - o6muit, a OLBD=
=0ODLO=B ). CaenoBaresibHo,

DL _ DB
DO~ DL

B urore TI0JIy4aem:

0 DI= DO DB %ODz.

AK? + DI? :%(Ao2 +OD2) =30 =12.
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MEXAHUKA
1. a) 17:55; 6) 30 &M /4.

a) CBsKeM CHUCTEeMY KOOPAMHAT C II€PBbIM MOTOLMKJMCTOM U
0603HaUMM €10 mostoxKenne Toukoit A (puc.4). TlosoxkeHns BToporo
MOTOI[UKJ/INCTA: B MIEPBBIA MOMEHT BPEMEHU —
Touka B, Bo BTOpoii MoMeHT — C, B TpeTuii —
D. Torna AB = 40, AC = 30, AD = 30.
MunuMaIbHOE pacctosHue — 3To Bbicota (0Ha
Ke Meauana) tpeyroabHuka ACD, moatomy
D COOTBETCTBYIONMI MOMEHT BPEMEHM pPaBeH
17:55.
6) Tak kax BC:CD =AB:AD =4:3,
1o AC — 6uccexrpuca tpeyroibauka BAD. Ilo
A dopMmyne AMUHBI GHcCeKTpHCH, 307 =
Puc. 4 =40 B0 —4x (Bx , rne BC = 4x, CD = 3x.
[oaromy x = 5 kM, CD = 3x = 15 kM. 3HauuUT,
HMCKOMasi OTHOCUTENIbHAsT CKOPOCTh paBHa 15 kM /0,5 4 = 30 kM /4.
2.4:3.
Ilns cyckaemoro ammapaTta A nMeeM

P=T+0,

B

rae P — cuna tskectr, Q — cuJia CONpPOTUBJIEHUS Bo3ayxa, T — cuna
TATH TOPMO3HOTO ABUTaTess. [1o ycsoBuio 1uist anmapara b cuiia Tru
paBua 33T. Tak kak anmapat b mMeeT BTpoe GOJIbININIA JUAMETD, TO
JUIS HEro cuja TsokecTw paBHa 27P (Macca mponopiuoHabHA
o6beMy), a CHJa CONPOTHBJECHHSA Bo3myXa (IIPOIOPIMOHAJIBHAS
IIOIA/ [TOBEPXHOCTH) paBHa 9Q. 3uaunt, g amnapata b uMeeM

27P = 33T + 90.
W3 nonyuusiieiics cucreMbl ypaBHEHUN HAaXO0UM

L
T

W

153

3. 2) 5 M 6) ycreer.
a) Bsemem rtakue o6Go3HauyeHUs
4 (puc.5): Touka A — xomogen, B —
a b 6orarpipb, X — TOYKa Ha JI0OpOTE, OT
KOTOPOH 6OTaThipb JOJDKEH MONTH K
B e X I KOJIOALY IO 6€3[0pOXKbIO, U — CKO-
~~~~~~~ >~._ | poctb mo Gesnopoxbio, AB = a =
Ty = 1400 M, b = 200 M. Ecam noctpoutsb
Puc 5 D TO4Ky DD cuMMeTpu4HO Touke A OTHO-



CUTEJIBHO JI0POTH, TO, 13-32 TOTO YTO CKOPOCTH OT/JIMYAIOTCA B 2 pasa,
ToJIyyaeTcst Takast 3a/jaua; Hy»KHO HalTH Ha BbICOTE PAaBHOOEPEHHO-
ro TpeyroibauKa ABD Takyio TouKy X, 9TOOBI CyMMa PacCTOSTHUN OT
X no BepuimH A, B u D 6bljla MUHUMAJIBHO BO3MOKHOUH. MuHUMYM
cyMmMbl locturaercs pu ycaosuun OBXA 0 AXBO BXD 120
(npu apyrom pacnosnoxkernun Toukn X CyMMa PacCTOSIHUN Gyzer
Goupbie). TlosToMy BpeMst B IyTH PaBHO

2
_AX  BX V5 N o0 (NB)
v 20 v 20

_b3+Vd* -b* _ 153
20

2

t

MHH .

15V3

6) Tlpu oTBeTe Ha BTOPOIi BOIPOC HY’KHO CPABHUTD YKCJIA

(3ameTum, uTO 910 IPUMEPHO paBHO 12,99) u 13, wm 15V3 u 26.

15V3
2

[Tocuie Bo3BeeHus B KBaapar noJiydaercsi 675 < 676, 1.e. <13,

3HauuT, 60raThIph ycIeeT 106paThCs.
Vmeercst n anreGpandeckoe pelenne, CBI3aHHOe ¢ MUHUMU3AIII-
elf BpeMeHu:

£+\/a2 —b” —x? -1 _ 2x +Va? ~ b —\x? -1
v 2v 2v

)

rme x = AX. Munumym [ (x)=2x -Va? -b*  mosxHO maiiTn,
HaIpuMep, ¢ TIOMOIIBIO TTPOM3BOIHOM.

4. Tlepmoii mpeiTaer Jlarymika, a 3a Heit — JIATYIIOHOK, TTpuyeM
B TOM jKe HarpapJjeHun. MaKkcuMaibHas CKOPOCTH JIONIEYKH PAaBHA
1,4 m/c.

Eciu srymky nppiraiotT OJHOBPEMEHHO, TO, TI0 3aKOHY COXPaHe-
HUS UMIYJIbCA,

0=(M; +M,)(0-u) ~mu,

rae My m M, — maccel JIarymku u JIATyIIOHKa COOTBETCTBEHHO, O
— CKOPOCTD JIATYHIEK OTHOCUTEIBHO JOIIEYKH, % — CKOPOCTD JOMICUYKH
mocJjie IpbDKKa, m — Macca jomedku. OTcioza 1orydaeM

o (M My)o
m+ M, +M,"
3aM6TI/IM, YTO MHOXUTEJIb (U - u) BbIpasKaeT coboit CKOPOCTD IIpbIT-
HYBIIUX JATYHIEK OTHOCUTEJIbHO BO/IbI.
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Ecmm nepsbIM npeirayt JIArynoHok, To, IO 3aKOHY COXpPaHEHUS
HMILyJIbCA,

0=M,(v-uy)—(m+M)u,
TZie U, — CKOPOCTb JOIIEYKH IOCJE €ro MPbIKKA, OTKY/Ad
_ Mo
m+ M, +M,"
ITocne mnpbrkka JIArymkm B TOM JKe HalpaBJeHUH, 10 3aKOHY
COXPaHEHUsT UMITYJIbCa,

=(m+M,)uy =M, (v ~u,) —mu,,

Uy

OTKYy/Zla CKOPOCTb AOUIEYKHU ITOCJIE BTOPOTO IIPbIXKKA 6leET

" _(m+M1)u0 +Mpop _ Mp + Mo
‘ m+ M, m+M, m+M, +M,"

Ecmm mepsoit npeirnyra Jlarymka, a 3a Helt npuIirHyJT JIgarymo-
HOK, TO, aHAJIOTUYHO IPEbILYIEMY, CKOPOCTD JIONI€YKH Gy/1eT

sz + M1U
m+M, m+M +M,"

Uy

TToacranoBKa 3alaHHBIX B YCJIOBUU YHMCJOBBIX 3HAYEHWH [IA€T:
u=12wm/c, uy=136 m/c, u, =1,4 m/c. Takum o6pazom,
JIOIIeYKa MPUOOPETET MAaKCUMAJbHYIO CKOPOCTb, PaBHYIO U, =
=1,4 M/c, ecsu epBoii mpbirHeT JIArymika, a 3a Heit — JIArymoHoK.

5. (%) <f(x).
_-3-42 _-3+42
Kopuu ypaBHenusi: Xy = — Xy = —
bynrumo | (x) , BBIJICJTMB KBA/IPATHBIH TPEXUJICH:

f(x)= 212 + 320" —6x% —-9x% +4x +3 +sinx =
=327 (707 +6x +1) +22% (747 +6x +1) -

- 3x(7x2 +6x +1) +(7x2 +6x +1) +x +2 +siny =

. [Ipeo6pasyem

= (3953 +2x% = 3x +1) (7962 +6x +1) +g(x),
rae g(x) = x +2 +sinx . Tlockombky 71 +6x +1 =0, moxyqaem
f(x)=9(x;) n f(x)=9g(x). Tax xax —g <1 <x, <0, a
dyuxnug g (x) BO3PACTaET B YeTBEPTOI YETBEPTH, TO § (x1) <g (XZ) ,

u moatomy [ (%) < f(x).
6. 363 K=90 °C.

122



Ocb x HallpaBUM BBE€PX, HOJIb BO3bMEM Ha BbICOTE h 3aMeTUB, 4TO

h= p 0 =10 M. Haiinem 3aBuCHMOCTD TOIOKCHUS MOPIITHS X OT
g

TeMIepaTypbl. 3alnIIeM yCJIOBHE PABHOBECHS] — PaBEHCTBO JaBJie-
HUI Ha MOPIIEHDb CBEPXy U CHU3Y:

h T
+ L-h-x)=175
p() pg( ) pO /’l +x T 3

AN

7 T

—poh— = L-x)(h+x).

1 Po T, Pg ( )( )
Jt0 o3Havaer, 4to rpacduk 3aBucuMocT T OT X TIPEJICTABISIET COGOM
mapaGoJIy ¢ BETBSIMH, HAIIPABJICHHBIMU BHU3, U C KOPHIMU X; = —h

n Xy = L. C]Ie]IOBaTe]II)HO, MAaKCHUMYM TEMIEPATYyPbl JOCTUT'AETCA B

BeplHe napaboJbl — B TOUKe X; = - IIostomy

Tmax :5 +£EF _ETO _3631<
70 nH 112

ITO M ecTb Ta TEMIEPATypa, [0 KOTOPOil HeoOXOJMMO HArperb
HIDKHIOIO KaMepy PeakTopa.

rOCYOAPCTBEHHbIA YHUBEPCUTET - BbICLLAS LLUKOJA
SKOHOMUKHN
MexpervioHanbHas MHOronpo@UIIbHaa OIMMINGAA

MATEMATUKA

/ 31an

1. 152. 2. 17. 3. 4. 4. 377. 5. 35. 6. 216. 7. 0. 8. 11. 9. 12.
10. 2.

MHCTUTYT KPUNTOFPA®UN, CBA3N N UHOOPMATUKIN
AKALEMWN ®CB POCCUN

MATEMATUKA

Tucvmennwviil Ix3amen

Bapunant 1
71
1. 613425. 2. 3++/35;0. 3. 1. 4. 39.
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3
arccos — arccos —
5 5, T 5, T, T

14 7’ 8

6. |a|>12; |a|#1.

BapuaHTt 2

1. “40:_%4' 2. 2+423,0. 3.1 4. 23.
5

5. drcc40$7+%; _arc1c(())s7+% %, 207,

6. (5/6; 1)U (L 5/3)U(5/2; +e0).

BapuaHt 3

1. 6 wacoB 33 MUHYTBHI.
2. —g+ TV, arctg(Z +\/§) + T arctg(Z —\/§) + Tk, myn,kOZ.

S
3. —4; 1+443; 1. 4.

E.
1
5. (~;3)U(813). 6. ﬁ;— .
(- 3)U (519 8
BapuaHt 4
1. 12 wyacos 36 muHyT.
2. gﬂ'm; arcctg(—2+\/§)+Tm; aFCCtg(‘Z‘\/g)J“Tk,
m,n,kOZ .
35S
3. -2; J15-3. 4 5

5. (<11 -6)U(~t; +9). 6. Er%;ﬁ.

3a[a4m exeronHov oIMMINEab!

H

| ]
1. 12 yacoB 45 munyt. 2. [+2 —,|4 +cos ;Oﬁ.
Sorrr _ 2 u

" Sapep 157
4. TIpu a[](wo - 2= \/§HU% 2+ J§;+m) PeIlIeHNs eCTb.
3. 481 u 74 wim 74 u 481. 6. Hesepno.
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OU3NKA

3adauu exez0010u 0AUMNUAObL

—
.

u1:M. 2. D1:%:100MM.
1+(v/(nc)) v,

3. v, 20+M =2,25 M/c.
M

Op O
4 n=p2 -1 =637

o OVT
Anga,a,RiE
3. O =-0, = .
(“1 +d2)(R1 +R2)
6. o = 2arccos = 74° . 7. m= TT1 =0,035 kr.
r
THucvmennwiii sx3amen
BapuaHT 1
2
, DA
1.s:%:7,21m. 2. AA=—=5[Ix.
02 _01 3
_3 3 _ l6pI _
3. E, —EpV =600° Ix.4. ¢ = i 1,11 Ta/c.

. sina
3. I/ IpeJIOMJICHHOTO JTyda 6“p = O —arcsin =19°, nna

n
OTPasKEHHOTO OT MOBEPXHOCTH CTeKJa JTyda Oy, =180°-2a=90°.

BapunaHt 2

+0,)t
£ =GR ey =343 k.

02
3 M -20
3. E,==-pV =300 X .
@ =3P N A

4. [:ABaS =2 A. 5. 8=arcsin 222% =50, 6°.

4pAt n
BapuaHt 3

t k(AZ—JCZ)
1. 1===3c¢c. 2. m= 5 =0,2 Kr

2 v
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5. Ay =A,sin®,, =300 M.
BapuvaHt 4
a:M =32 m/c? .
tity (t + )
2

Z(Q—A)
AT =——— 2 =152 K. 4. &= = .
3 VR 4. §=3IR =300 B

5. 0, = M5B 606 1
sina

2. x=

MOCKOBCKWUI FOCYAAPCTBEHHbIN UHCTUTYT
3NEKTPOHHOWM TEXHUKW (TEXHUYECKWUA YHUBEPCUTET)
OPU3NKA

UHTEpHeT-0mmmana «llosepb B cebsl»

3adauu nepsozo mypa
10 knacc

1. h=15m 2.3. 3. v/, =2. 4. 11,5. 5. AT =0,3K.
6.0/g=1.7.v=2m/c. 8. C=2Mx®d. 9. R =10 Om. 10. v =
=50 M/c.

11 knacc
1. h =30 M. 2. a,=0,15m/c?. 3. v = 1 Mm/c. 4. 18%.

5.q,=-8uKn.6.U=3B.7.n=1,7.8. F=1H.9. a =10 m/c? .
10. ¢t = 5 Mc.

3aaa4u BTOpOro 1ypa
10 knacc

1.t=20c 2. $=30°. 3.7 =044 c. 4 A =0,15 [ix.
5. p=10r/cm®. 6. m=18xr. 7. AT, =15K. 8. ¢ = 0,4 MxKu.
9. 0=4mIx. 10. 1 =2 A.

71 knacc

1.0=10m/c. 2. F=75H. 3. v, =2 m/c. 4. Q, =400 [ .
5. ¢/ ==2. 6.0 =5mx. 7.B=01Tn 8. E =0,01B.
9. L'=4m. 10. 500.
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MOCKOBCKUI FOCYAAPCTBEHHbBIN TEXHUYECKUI
YHUBEPCUTET UMEHWU H.3.EAYMAHA

OUN3INKA

Bapunant 1
p
1.0=0. 2. F=pmg. 3.Q=%+mgh.

3 , . 0T, T
4. U=2pV =900 . 5. x=0,1sin=t +-1 ().
2p Fox BE 45

6. YBemmuuth B 4 pasa. 7. gc = gCé’ .

8. A= %VRG (V22 - Vf) =1,33007" [k . Vrasanue. Tokaxu-

TE, YTO B 3a/IaHHOM TIPOIECCE JaBJICHUE ra3a JMHEIHO 3aBUCHUT OT €ro
o6beMma.

9. py=p, - FN =12 xr Di/c.

10. IIpu HOCTOSHHOI CKOPOCTHU IEePEMEIEHUS IIEPEMBIYKHI MOII-
HOCTD CHJIBI TSDKECTH, EHCTBYIONIEH Ha IEPEMBIUKY, PAaBHA SJIEKTPH-

YecKon MOIITHOCTH, BBIZIEIIIONTENCS Ha COIIPOTUBJIEHUN R:
2 ~2

FUZ‘E, W mgsinot[t):%, rae & = vBL.

Orcioga nosyyaeMm

_mgRsina
- B

BapuaHt 2

1. p=mo=mx' =m(4 —4t) =0 .

2. amaX:v\/E:wM/cz_ 3. T:mg\/§'
m

4

4. Eciim 6pycoK Maccoil 7 OCTaeTCsl HEMOABUIKHBIM MIPH CMEIIe-
HUM Ha X Gpycka Maccoit 2m, 1o cuia F coBeprmaer paGoTy 10
PACTAKEHNIO IPYKUHDI 1 IPOTHUB CUJI TPEHUSA (HpI/I yciaoBun, 410 B
KOHEYHBIII MOMEHT CKOPOCThb OpyCKa Maccoit 2m o6paimaercs B
HOJIb):

2 kx
Fx:%+p|:2mgx, N F=7+u[2mg.
YpaBHeHHE BIKEHUST GPYCKa MAcCOil m NMeeT BUJL
ma = kx — pmg .
Bpycok maccoit m caBunercst npu yeaosuu @ 20, t.e. kx = [ Ong .
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MuHnuMaJibHOE 3HAUEHUE CHJIbI TOJIy4uM, €CJIu MMOJIOKUM kx = Wmg .

Taxum o6pasom,
F =

min

wng .

oot

3. Qpy =VRT; = 2,5 x]Ix .

6. A = 0. Ykasanue. A= C](¢m - ¢B), rae Ogp = k2fq+k% -
LY
2L
7. 6=31B.
8. CwMm. puc.6.
B
D ! _____ 24
2F (
Puc 6
2 Q
9. e= A+ =785007" IIx.
2m
10. ITo 3axoHy asexkrpoMaruuTHol wHAyKIun MDapajest,
o B0 B0, AB A\ AB
At At At At At
ITo sakony Oma, I = % Wckomblii 3apsii paBeH
q= INt = M AB .
R
Tax xak AB=0-B =-B, 10
2 2
q:S1_S2B:(2a) —a BZS—aZB
R R R
BapuaHt 3
1. t_1 =
ty
2. U3 ycnoBusi paBHOBecusi CTep:kHsT HaxoauM T = 4mg.
2
3. Iy = 220 = 8000 u



4. TlycTb cKOpOCTH I'PY30B B MOMEHT MPOXOKIEHUS TTOJIOKEHUS
paBHOBecus PaBHbI v U 0,. Torma, npenebperas TpeHHeM, B
COOTBETCTBHU C 3aKOHOM COXPAaHEHWS MEXaHMYECKOU 3HEPTHH 3aIli-
eM

2mv1 +
2
[TockosbKy yTJIOBasi CKOPOCTDb (0 BpallleHUs IPY30B O/lHa U Ta e, TO

y=wW2L, v, =wlL, v =20,.

m202 =2mg 2L —mglL .

OTCIOI[B. HalijleM NCKOMbIE CKOPOCTH:

_ /2gL /2gL

3. Tlocse ycranoBjieHHsI PDABHOBECUSI B CHUCTEME TEMIIEPaTypa
o6enx YacTeii cocy/la CTaHET OJHON U TOH ke U paBHO# T, a resmii
PaBHOMEPHO paclpefieJIUTCS TI0 BCEeMy COCydy. Temmeparypa B
cocyzie ompe/essieTcss U3 3aKOHA COXPAHEHUs SHEePIUu:

U= §V1RT1 +§v2RT2 :§(v1 +V,)RT
2 2 2
OTKy/Ia
ViTi +Vv,yTy
VitV
6. Pa6oTra cu/I 27eKTPUYECKOTO HOJsA, HeoOXOANMAasd s Iepe-

CTPOWKM CHCTEMbI, paBHA YObLIN TOTEHIIMAJIbHON SHEPTUN B3aUMO-
JIENICTBYIONINX 3apPsi/IOB:

T = =400 K.

A=W, -W,.
Hauanbphas dHEPrusa CUCTEMbI ObliIa

2
qu@ pd24 20 s, a”
a a a

Koneunas 9HEPrusda CUCTEMbI CTaJjla

W, :k—qD7+k—quq +
a 2a

2
+ qu_Bq = 4kq_ .

a a
Takum ob6pasom,

2 2
A=W, -w, =kL =9 7

a ATga J J,

7. Cum. puc.7. puc. 7
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h-a
8. Guax = 41‘[%7)‘7 =1,45 0" Kn (3mech ¢ — cxopocts

CBETa, e — 3JIeMEHTAPHBII 3JICKTPUYECKUN 3apsi).
9. Ha aByx pe3nucropax BbIIEJSIETCS KOJINYECTBO TEILJIOTHI

QO=A-MW .
Pa6ora ucroyHnKa TOKa paBHa
A= NMgs =2CU§ .
[Tpupaienne sHepruu 6atapen KOHIEHCATOPOB PAaBHO

2CU°

AW = =CU?,

HOCKOJIbe PE3UCTOPDBI COEANHEHDI ITapaJljeJbHO, TO

U? U? o _R
O =—AN, Q=—N, u =2
"R TR Q0 R
OKOH‘IaTe]H)HO HaXOoJuM
- _ — R2
0 =0-0,=0 R+R,

Ry

10. Tax kak conporusienue koutypa R = 0, cymmapnas 9/1C B
KOHTYp€ J0JKHA GbITh paBHA HYJI0. 3HAYUT, CyMMAapHbIil Maruut-
HBIIl TOTOK Yepe3 KOHTYP He JIOJKEH U3MEHAThCs. Ecan nepeMbryka
C/IBUHYJIACh HA BEJIMYUHY X U B HEH MOSIBUJICS TOK [, TO U3MEHEHNE
CYMMapHOTO MarHUTHOTO MOTOKA PaBHO

AD =Bhx +LI =0.

Orciota HaXOUM
Bh
20
L

ITo 3akony Ammepa cuja, AeHCTBYIONMAs Ha TEPEMBIUKY C TOKOM,
paBHa

I =

2,2
Fx = IBh = M
YckopeHnne epeMbIuKU PaBHO
_F, _ B*
a, =—+= X,
m mL

OTKY/Ia CJIEJIyeT, YTO TIeEPEMbIYKa COBEPIIAeT KoJe6aTebHOe JIBUKe-
HUe C KPYTOBOil 4acTOTON
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Jl1a xone6aTe/IbHOrO JABUKEHUSI

z)]T’laX = xmaxw'

B mamem ciaydae vp,, =0y U Xpax = S, TOITOMY

Uy = SW =SBk .
JLm
Ortcrona HaiiieM Maccy HepeMblYKHU:
_ S'BR?
- ng

max

CKOpOCTb IIEPEMbBIYKHN OITUCHIBAETCA YpPaBHEHUEM

U =17, Cos Wt .

(¢
B moment BpeMEHU ¢ = T CKOPOCTb ¥ = ?0 . C]IeIlOBaTeJII)HO7

BapuaHt 4

1. Ilo wacoBoii cTpesike, ecJay CMOTPETh CO CTOPOHDBI MarHUTA.
2. MeHbIyI0 CUJIy HYKHO HMPHUJIOKHUTH, 4TOOBI CABUHYTH CEMb
BEPXHUX KHUT.

3
3. F=(py+ph(g -a))s =5 * (p, +0,75 gh).

4. prCOK OCTa€TCA HEIOABUIKHbIM [0 TEX IIOP, IIOKa CHJIa
yupyrocru, ﬂeﬁCTByIOHIaH Ha HEro CoO CTOpOHbI HUTHU, HE JOCTUTHET
MaKCHUMaJbHOIO 3HAYEHUA CUJIbI TPEHUA TTOKOA:

T =k, =uMg.

BesmunHa cniibl yripyroct HUTH T' 3aBHCUT OT aMILIUTY/IbI KoJsleba-
Huli rpysa. AMILIUTy1a A paBHa HAUaJIbHOMY OTKJIOHEHUIO Tpy3a OT
TIOJIOXKEHNST PAaBHOBECHS, KOTOPOE OIPEIEJISETCs] PAaBEHCTBOM

mg = kx, = kA, otkyna A:%.

MaxcuMasibHOe pacTsiKeHne NPYKUHBI PaBHO

xmax = 2A = 2% .

CoOTBETCTBEHHO,
T = kxy, =2mg .
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Takum o6pazom,

T
- = 0,5
M Mg
3. Oy =VRT, =2,5 xIx .
6. (I) = ﬂ .
20mg R
7. Cm. puc.8.
A
O_. 2_}?__F .......
B
Puc. 8 ~
hs-A
8. ¢,,.=-2—=607B (31ecp ¢ — cKopoctb cBeta, e —
e

HJIEMEHTAPHDIN 3JIEKTPUUYECKUIl 3apsi).
9. /lo pa3MblkaHMsI KJIOYA YCTAHOBMBINASICS CHJIA TOKA PaBHA
1= R (uepes pesucropsl ¢ conporusjeHusMu Ry u R, TOK He

3
teuer). [locsie pasMbIKaHUs KJIOUA 9JIEKTPUYECKAST SHEPIUS KATYII-

KM BBIJIEJIMTCS B BH/IE TeIlJIa HA PE3UCTOPaXx C COIPOTUBJIECHUAMU R
u R, (4epes pe3ncTop conporuBjeHneM R; TOK Teub He Gyjer):

LI> L&
= = = + .
Q T O +0,

Tak Kak 3TH Pe3UCTOPbI COEMHEHDI MMapAJIeNbHO, PABHOCTH TTOTEH-
IIMaJiIioOB Ha HUX O/MHaKOBbI, HOQTOMy
2
U? U O, _R

Q =—N~N, Qy=—At, u .
! R1 2 Rz Qz R1

OKoHYaTEeJIbHO HaXO0JUuM
Q 2 Q g 1 ‘

1+(R/R) R’

10. Ilyctp 3a Bpems ymapa Af mapuka O KJUH MEXAY HUMU
JeficTBOBAJIA CUIIA, CPe/iHee 3HavYeHne KOTOPOil paBHo F, mpudem u3-
3a OTCYTCTBMSI TpeHHs cuia F HampapjeHa IepleHIUKYJISPHO
nosepxnoctu kauHa (puc.9,a). Torma MoxHo samucarb (puc.9,6)

FAt =md —mg, .
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Puc. 9
B mpoeknmax Ha KOOpJAWHATHBIE OCH ypaBHEHMA BTOPOTO 3aKOHa
Helorona mia oboux Tesn 6yayT UMeTh BUJ
mo, —myy = -FMNcosa,

Y
= FAtsina,

Mu = FAtsina,
r/le 4 — CKOPOCTb KJINHA, C KOTOPOI OH CTaJI IBUTAThCST BIOJb OCH X.
Orciofa HaiigeMm
M M cosd

U, v, =V ——U——,

m Y m  sina

2_ .2, 2 DMD2 u? cos o
V" =0p +o, =of + B_H —2—u00 .
sin® m sina

3aKoH COXpaHEHUA SHEPTUU [1A€T

mvg mo>  Mu® 2 _ o M ,
—_—=—+ , WM 07 =0y ——Uu" .
2 2 2 m

U3 IBYX BBIpaXKeHmit I 0* TOTydnM

Ypsin2a  _ 2/3vym
4M +m "’

M
— +sin” a
m

MOCKOBCKUA FOCYAAPCTBEHHbIA YHUBEPCUTET
MMEHUN M.B.JOMOHOCOBA

MATEMATUKA

ZZO”O/IHUme/leO@ scmynumesibHoe ucnvlmanue
BapuaHT 1

1.x=2,y=3.

[l KaXk10T0 pelieHus CUCTEMbI BBITIOTHSOTCS yeaoBusg x > 0,
x #1. Kpome Toro, nmeem
$Y = 2y10g2x - 2x+1 )
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[ToaToMy mepBoe ypaBHEHHE CHUCTEMbI MOXKET ObITb IEepelucaHo B
BUIE

3R =4 +8.
OGosnauus t=2", ypaBHeHHMEe MOKHO Mepenucarb Tak:
2 —6t+8=0. KopHamu 3TOro KBaipaTHOTO YPaBHEHUST SIBJISIIOTCS
ABauucia ty =2, t, =4. Ypasuenus 2° =2u 2" =4 1Mel0T KOpHAMU
yncma x; = 1 mw x, = 2. IlepBblil KOpPEeHb HE YIOBJETBOPSET
2+1
log, 2
IIpoBepkoii y6esxraeMcst, 4TO HAWIEHHAS Tapa YHCeI JeUCTBUTETHbHO
€CTb pellleHHe JaHHOW CHCTEMbI YPaBHEHHN.

OIlpeeJIEHHbIM BbIIIE YCJOBUAM. 3Ha‘{I/IT, x=2mn y=

2 4
2. —<x<-—.
3 5
Bce perienust y/10BJIeTBOPSIOT HEPABEHCTBAM
I=x oo 322,
X 3x+4

MHo3kecTBO pelennii mepsoro 3 Hux nmeetT Bu 0 <x < 1. Bropomy
JK€ YAOBJIETBOPSAIOT 4hCIa X < —% nxz % 3HAYUT, MHOXXECTBO
peIIeHnt MCXOJHOTO HEPaBEHCTBA COAEPXKUTCA B TIPOMEXKYTKE
% < x <1. Ha stom npoMeXyTKe JaHHOE HEPABEHCTBO PABHOCHJIBLHO

HepaBeHCTBy
m—xﬁ>3x—2
x H 3x+4

U HEPaBEHCTBY
(1 —x)2 (3x +4) > x? (3x —2) .
ITocsie ymporeHuit 3To HepaBeHCTBO MpIMHUMAaeET BUI 4 — Sx > 0. U3

2
€r0 pelleHUudl B IIPOMEXKYTOK §Sx <1 nomazaioT JWIIb TOYKH,

2 4
YAOBJIETBOPAIOIIHE HEPABEHCTBAM - fx< 5
12
3. —.
7

[Tyctp x — 3HavYeHWe apryMeHTa, IpU KOTOPOM JlaHHast (PYyHKIIUS
MIPUHUMAET TOJIOKUTENbHOE 3HaYeHune. Toraa
0 <3cos’x +2sinx =1 = Bsin’x +2sinx +2 =
0. g .77
= —Bme __B =<
3 3 3
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i 412
3cos’x +2sinx -1 7/3 7
3uavenne 12 /7 npunumaercst npu sinx =1/3 .
25
4. ==
4
O6osnaunm Bemmunny yraa OBAC Oyksoit o . Cymma yrios
T 5T q=

T, ODCB=mn- —— —
TPEYTOJIbHUKA PaBHa II09TOMY 12 12 2

Boicotel TpeyrombakoB ADC u BDC, nipoBe/ieHHble 13 BepIINHbBI

C, cosmnazparor. [loaToMy nMeeM paBeHCTBO
ACsina:BCsin%‘ 1)

Mennana CD pesuT momagp TpeyroapHuKa ABC momosaM,
TTO9TOMY BBICOTBI TPeyTOMBHIUKOB ADC n BDC, ipoBe/ileHHbIe HAa UX
o61iee ocHoBaHue CD, pasubl. [IpupaBHuBas ux AJUHbI, MIOJyYaeM
PaBEHCTBO

. . O
BCstn—O(D: ACsin— 2)
a7es 12

[Tepemuoskas nounenno pasencrsa (1) m (2), cokpamas 3atem

nosyunBiieecss paBerctso Ha AC [BC, Haxoanm
STU_ . T

sin o cosa = sinﬂﬂsin—: sm—nllos—
12 12 12 127

. LT 1
nJjan Sin 2(1 = smg = 5 ITo YCJIOBUIO BDBIIIOJIHAETCA HEPABEHCTBO

ST

7m
AC > AD, sumauur, ODADC> 0O ACD wum E—G>E. Uraxk,
m

T b
O<—,Takuro 20=— U O = — .
6 6 12

Wrak, yrabl tpeyrosbHuka ABC, npuJexaniye K cTopoHe AD,

PaBHBI 110 . 3HAYMT, 3TOT TPEYTOJbHUK PABHOOEIPEHHDIN, T.€.

12
ST
AC = BC = 5 u UACH= g - VlcKomas miomay TpeyrobHIKa

paBHa

s=lacmemnl=2
2 6 4
3ametnm, uto paBeHCTBO (1) MOKHO MONYYUTH TAKiKe C TTOMOIIBIO
TEOpeMbl CHHYCOB, HpUMeHeHHOU K Ttpeyroipuuky ABC, a (2)

cJelyeT U3 paBeHcTBa 1ioiajieil Tpeyroabankos ADC u DBC.
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3. 80 m.

O603HaunM 6yKBOIL S paccTosiHIE B METPaX OT JIeca JI0 TEPHOBOTO
Kycra ¥ GYyKBOIl 0 IIEPBOHAYAJIBbHYIO CKOPOCTb 3aiilla B MeTpax B
MHIHYTY. CKOPOCTD, C KOTOPOH BOJIK JIOTOHSLT 3aiilla, TakKe paBHA O
METpPOB B MUHYTY. BO3MOXXHBI Ba ciydas.

a) TIpeamososKuM, YTO PAcCTOSTHUE OT Jieca JI0 TEPHOBOTO KyCTa
npeBocxoaut win paBHo 100 m. Torga Bosk BbiGexas u3 Jjeca yxe
IOCJIe TOTO, KaK 3asil| HACTYIINJ Ha KOJIIOYKY. 3HAUUT, 3asl] 6exxas

2
nocsennue 5O M €O CKOPOCTBIO =gy M,/MUH U MOTPATHJ HA 3TO

50 %vﬁ: 75/v mun. 3a 510 BpeMsi BOJIK mpo6eskas O |37;5 =75 M.

YuuTpiBas Ke, 4TO eMy OCTalIoch Ao6exaTh 10 Kycra 10 M, 3akJio-
yaeM, 4TO PACCTOSTHHE OT Jieca /10 KyCTa PaBHO 85 M, BOIIPEKH HAIIEMY
IIPE/IIIOJIOKEHHI0. JTOT CJIydail HEBO3MOXKEH.

6) Wrak, paccrosnue or Jeca 10 Kycra menbue 100 M. Ito
3HAYWT, YTO HA BUAY Yy BOJKa 3asi mnpobexan 50 — S/2 M
CO CKOpPOCTBIO © M/MWH, a ocTaBimmecs S,/2 M €O CKOPOCTBHIO
2v,/3 M/MuH, 3aTpartuB Ha nociaearue 50 M

50 -5/2 + S/2
v 20/3
MHUHYT. 3a 3TO BpPEMsI, /IBUTA’Ch CO CKOPOCTBIO ¥ M,/ MHH, BOJK
npobesxan (50 — S ,/2) + 35,/4 M, 4TO COrJIaCHO YCJIOBUIO PAaBHO
S — 10 M. Pemas ypasuenune 50 —.S /2 + 3S /4 =S — 10, naxoaum
S =80 wm.

6. IIyctp E — Touka kKacauus cepsl ¢ npamoit DB, . Ilnockoctsb
AB,C{D mnepecekaer cepy 110 okpy:kHOCcTH, ipsimble DB, u DC,
KacaroTcst aToil OKPY:KHOCTH. Tak Kak /IJIMHbI KacaTeJbHbIX, MTPOBe-
JIEHHBIX K OKPY’KHOCTM M3 OJHOI TOYKHM, paBHbI, umeeM DE =
= DC =+/2. TIpoBeseM B MIOCKOCTH AB,Ci{D d4epes Touky E
MPSIMYIO MepIeHNKYIIpHO DB, 1 TOUKY ee nepecedeHust ¢ IpsIMOi
BC, o6osnaunm O6ykBoii F. Tax xak F — TOYKa mepecedyeHUs
MePIEeHANKYISIPOB K KacaTeJbHBIM, ITPOBEIEHHBIX B TOYKAX Kaca-
HUA, TO I — IEeHTp YKa3aHHOI BbIIE OKPYKHOCTH, a IEHTP chephl
O 7nexuT Ha NepleHuKyasape K maockoctu ABC(D , mpoxojsieM
yepe3 TOuky F.

[TpssmoyrosbHble Tpeyroabuukn EBF w DB,C; umeror o6umii

EF _DC, _\2

OCTPBIIf yTOJMT W TOTOMY TOAOOGHBI. 3HAUUT,
YuursiBasg, uyro EB; =DB, -DE :«/E —\/5 :2\/5, HaXOJIUM
FC, =LEF =1.
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[TpoBeneM yepes TOUKy F IJIOCKOCTD, IEPIEHUKYISIPHYIO PeGPY
B,C, . Toukn ee nepeceuenns ¢ peépamu AD;, AD, BC o6o3Hauum
6ykBamu P, Q, R coorBerctBenHO. IIpoBesem B mnockoctn PFRQ
4yepe3 TOUKy F mepmeHAnKyIsIp K psaMoit QF 1 TOUKM TepecedeHns
3TOr0 nepreHauKyaspa ¢ npsambivu QP u QR o6o3HaunM GyKBamMu
L n M cootBercTBeHHO. [lokaskeM, uto npsiMmasi L M 1rieprieHIuKY JIsTp-
Ha miaockoctu ABC;D u noromy 1entp cdeprol O neXUT Ha Hell.
ITpamaa B|C; nepnengukyJ/spHa maockocty PFRQ, a nmotomy oHa
nepreHAMKyJasspHa u npamoil LM. Ilo nocrpoeHuio uMeeM Takxe
LM OQF . WUrak, npamasa LM neplnengukyIapHa ABYM HPSMbIM
B,C,n QF, aexammmM B mnockoctn ABC;D , a moToMy OHa HepIieH-
JIUKYJISIPHA 3TOW ILJIOCKOCTU. 3HAYUT, IEHTP cdepbl JEKUT Ha
npsamoit LM.

O603naunM 6ykBoii K npoekiiio Toukn O Ha ntockoctb A B CiD; .
Tak xax Haknonasle OC; u OD; — paauycsbl cdepbl, T.e. IMEIOT
paBHYIO [JIMHY, TO UX TPoeKImi, T.e. otrpe3kn KC; u KD, , Takxe
uMeroT paBHylo AguHy. Ho aro 3mauut, uyro touka K JieKUT B
mnockoctu A(BjCi{D; Ha neprnenaukyJ/sape k orpesky C,D;, Ipoxo-
qaiieM yepes ero cepeauny N. IIpamole OF u BC; nepneHuKy.asp-
HBI, 9TO JokazaHo paHee. Ilo Teopeme 0 Tpex NepleHAMKYJIApax
MOKHO yTBepkJaTb, 4yto U KF — mpoeknusa OF Ha IJIOCKOCTb
AB,C,D, , nepnenaukyasipHa npsmoit B,C;. YunuTbpiBasi, 4To TIpS-
Masg PF Taxxe neprenaunkyaspaa BC;, 3axmiouaeM, 4To Touka K
Jexut Ha npsmoit PF. Utak, K ecTb Touka nepecedyenud npamoit PF
u neprenaukyaapa k C.D; , mpoxozsuiero yepe3 Touky N.

[lns panbreiimero ymo6HO BbIHECTH TIOCKOcTh PFRQ u Bce
MIOCTPOEHHbIE B HEll TOYKM M NpAMble Ha OT/AenbHblil yepresx. Ilo
JIOKa3aHHOMY BbIIIe 1IeHTP cdepbl O JeKNUT Ha TepecedeHn  PSIMOi
LM v neprnenukysapa k PF, IpoBefieHHOI0 uepe3 Touky K, npuueMm
K ectb cepenuna orpeska PF. YuurepBas, utro PFRQ — xBajapar,

3akmodaeM, uto OK = KF = 5 ITo teopeme Iludaropa, mpumMeHeH-
HOI K IpaMoyrojbHoMy Tpeyroabnuky OKC,, Haxonum
OC}? = OK?* + KC} =OK? +KF? +FC?} :% +% + :g
"
OC1 = @ .
2
BapuaHt 2
1. n=33.

Henum 405 wa 18 ¢ ocratkom; 405 =18 22 +9. Iloaromy
ay; = =405 +18 22 =9, ay, =9. Tak kax | +|ay| +... +|ay| =
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_405+9
2

23 =207 23 =4761, 10 ay, +ays +..

+a,

= 5661 -

— 4761 = 900. Ilycrp B nocaenueit cymme k caaraempix. Torna a, =

=9+ 18(k— 1) = 18k — 9 u moyyaem ypaBHeHue

9+ (18k - 9)

[k =

=900, 9%*> =900, k* = 100. Orciona k=10 u n = 23 + k = 33.

2. (2 3)U%;4§U (4 5).

Tak kak —x” +7x -10 =(x -2)(5 -x), 10 O/I3: 2 < x < 5,

x#23, x#4 n logs_x(x—2)¢1. Ha O/13:
1+1+log, (5 -x)
2-2logs_, (x -2)

<2.

Iycrs log, ., (5-x) =y, rorna log;_, (x-2)= LI y#1 (1o

Y
2+ 2
ons), ¥sa, UICh’) P e VA Ho
9_2 y-1 y-1
Y
y? =2y +4 >0 Bceraa, tak kak D = —12 < 0. Ioayuaem y < 1,

log,, (5-x)<1. Ha O/13:
k-2 <1,
—x>x -2

-2>1,
nan

Orciona

3

[l 7 wm
< —
2

L

&
i
H

7

7
> 2
2

7
nx <3 wm x>—. YunreBasg O/l3, mosydaeM oTBeT.
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1 .
IIpaBast wacth pasHa 2. Tak kak [@+—22 u tg’a>0, 10
a

[I0JIy4aeM CUCTEMY

Egz (5x +sin’ y) =0,

Sx + cos 2y + 3 | _
3 5x+0052y|
Tax kak |a +1 =2 TOJBKO TIpU a = %1, TO
a

@x+sin2y =m, n UZ,
X +cos2y = £3.
Orciona Sinzy—COSZyZTW$3; sinzy—(1—2sin2y):m$3;

3siny =m +1F3.

1) sinzy:mg_z. Tax xax OSsinzysl, o n = 1. Torma
sin2y = T[3_2 u x=%(n -sin’ y) :2TIS+2' [Honyyaem
O m-2
i =+
ﬁsmy 25
. _ 2m+2
EET
+4 -
2) sin2y:m—. Torma n=-1, sin2y=4TT[ n x=
1 .2 _—21n-4
—g(—ﬂ —sin y) 15 [Tonyyaem
Ijin =+ i-m
By S
_ 21 -4
%t 15
317
4. — -
IMyets AB = a, AD = b, OBAC=0 DA€a , miomaib
[AC BB bUAC Bina
Supc :6\/§,T0rﬂa Sisc :%, Sico :% u

Sacp - b _ 1242

Sue a 672 =2 . Otciona b =2a. Tak kak UBAC=0 DACu
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yeTbipexyroabHuk ABCD BrnucaH B okpyskHocTb, To OBC=0 CD n
BC = CD.
Toraa 1o Teopeme KOCHHYCOB:

a* + AC? =2aAC cos a = 4a* + AC* =4aAC cos Q.

Orciona

a= %AC cos a .
Torga
_1 N RS
Supc —§AC cosasina = EAC sin 2a .
[Tonyyaem
1 36v2 _ 42 32 _7
— [B1sin2a = 642, sin2a = =z 2da0= [1-22=°L
6[8 sin 2a = 6+/2, sin 20 a1 9 cos 81-9
(Gosbuie 0, Tak kaxk OBAD ocTpblii 110 YCIOBUIO).
Hanee
cosa = /M 2& u a:gACcosO(:g[QDzﬁ:/L\/E.
2 3 3 3 3
ITo TeopeMe KOCUHYCOB:
BD? = a* +4a® —4d® cos 20 = d® (5 —4cos2a) =32 ﬂg )
Orciona BD = 434 1 paJuyc OIMCAHHON OKPY>KHOCTH
R BD _4y341 _3J17
2sin2a 24 3/2 2
O 72 -164/140
3. al 1.
> 0
Honoxnm ¢ =57V [ (0; 1] . HepaBeHcTBO mnpuHUMAaET BUJ:
6412 + (8 =40a)t —5a <0 . Kopuu t; = —é, ty = %Z . CaieroBaresin-

HO, 4TOObI Y CYIIECTBOBaJ, HEOOXOAUMO U JOCTATOYHO a > 0 u
. Sa] x
0 <t <minff, gH Ionoxum 2% = z O(0;+e ). Toraa uro6br cu-
cTeMa MMeJa peleHne, HeoOXOAUMO U JJOCTaTOYHO, YTOObI ypaBHe-
a . Sal
nne 40t =80z +5a +— xora 61 npu oxHom ¢ U ﬁ); min @; ?E
z

umeso kopeub z > 0. IlomyuaeMm KBajgpaTHOe ypaBHEHUE
8022 + (5a = 40t)z +a =0 . Tak kak B TouKe z = () JIeBast YaCTb paBHA
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aua >0, To 1as cylecTBoBaHusi KopHs z > () He0OXOAMMO U
JOCTaTOYHO: Zyepy; > 0 w cymecrBytor KopHu. VMeeM:

U0t — Sa 0_a
O >0 >
160 g 8
%561 - 40t)2 -320q 20, [#0t —5a =2+v320aq,
O ad

. 0. Sal, 0. da0]
éb<t3m1nﬁ,§5, ékSmm@I, sk

40t = 5a 2+/320a - t2%+ % (>§,TaKKaKCZ>0).
Cucrema TpuHUMAET BU/T
G204 |2
a 8 5
o<1
0 <
g 8

Yro6bl Ta cUCTEMA UMEJIA penieHue, H606XOI[I/IMO n 10CTATOYHO

SI%-'-\/ESL
)
5 b)
Y a a
+ = <=,
&3 \g 8
a _ a_5q°
[ycTb 5 - G20 Torma 3-8 [TepBoe HEepaBeHCTBO MPUMET
5q° 4+ 214
BUJ %+6]—150, 5¢* +8g -8 <0, M2 =——5 - Torza
a _2414-4  a _72-16+14 72 1614
- <= <= " 0<ast ——
5 5 ' 25 ) a S . Bropoe
a _a 4
. aeT: 4= S = o —=<a
HEPaBEeHCTBO JaeT: \/; 5 R

6. 1 : 2, cunTtas OT BEPIINHBI S.

[Tyctb H — Touka nepeceduenus auaronaseit AC u BD B npsimo-
yroapHuke ABCD. Ilyctb JaHHas B YCJIOBUU IIJIOCKOCTDb T Ilepeceka-
et SB B Touke P, SD B touke Q, SC B Touke L, SH B Touke M. Tak
kak BD||T, o PQ| BD v MOPQ, MOAL. Ilycrb uckomoe

SL
OTHOIIIEHNEe R =Y. Ilyctrb LK||MH u KQOAC. Torma us
HK _ AH _y+1 LK _ 1 MH _
nopo6us: ke Y HK y ° SH y+1° LK

141




CAH oy +1 MH _MH LK _y+1 1 _ 1

AK 2y +1° SH LK SH 2y+1 y+1 2y+1°
PO _SM _ 2y Vispo _ Sspo _0OPOD 02y O
an e 9naq.Torma o — = = = 0.
BD SH 2y+1 Vasep  Sspp D y+10

Boicora nupamugpt SAPQ, onyileHHast U3 TOUYKU S, paBHA PAUyCy
Vaspo _ Sapg (R
Vasep  Sapp [ISH

R nannoro B 3asia4e mapa. [loatomy . [losyua-

Sipo (R O 2y 52 . )
eM - . POBELEM YEPE3 IIJIOCKOCTD, IIE€EPIIEH-
Sapp ISH %Zy +10

nukyaspuyio BD. Ilyctb oHa nepecekaer BD B Touke V, a PQ B
touke U. Torma AV OBD, AUOPQ, UV OBD, UV | SH,
UV = MH. Umeem 28 ,5p = ABIAD = AV [BD . Ilycts AB = a,

AD =b, torna BD =+a*> +b*> u AV 2—%. IIycts SH = h.
Torma a+b
h
UV =MH = 2+
2,2
AU =JavEruvE = [ G045 EF.
a +b y+10
Nmeem

Sapg _POQTAU _ 2y | a*+b* D i uf
S.p BDOAV 2y+1\ % H -

ITonyuaeM ypaBHeHUe

22 2
2y 1+a2+§9%h ggg:g 2y 0"
2y +1 a’b y+1g h g2y +

2y
COKpaHIaH Ha 2!/ +1 , 3aTeM [AOMHO’Kad Ha 2y + 1 1 BO3BO/IA B

KBa/IpaT, IIpuxXo/iuM K ypaBHEHHNIO

yﬁ—/ﬁ/; EO

TMoacrasasits a =2, b =3, h=——, R =1, moayuaeMm 484y> —
m Yy Yy

=92y —75=0. Ilos0XxUTEIbHBIN KOPEHD ATOTO YPABHEHUST PABEH 5
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BapunaHt 3

1. 5.

Honoxum 2% =y > 0. Hoayunm -y + 32y — 150 = 150 num
-y* + 32y — 150 = =150, T.e. —y* — 32y + 300 = 0 wam —y> —
— 32y = 0. B nepBoM ypaBHeHUn auckpuMuHanT D < 0, u3 BToporo
y = 0 (#e nogxoaut) 6o y = 32 u x = 5.

O -7+35
e =-5, o2
2. _ 4 WIn ]
=-1 O _-7+3%5
—
W3 nepBoro ypaBHEHUS BBITCKAIOT CJyYau:
1) y = —1. Toraga BTOpPOe ypaBHEHHE IIPUMET BHJ
Va2 +6x +9 =x +9. OHO PaBHOCH/IBHO CHCTEME
Hr+920,

B0 461 +9 = (x +9).

Bropoe ypasuenne gaer 12x + 72 = 0 u x = —6. I10 perrenne
Y/ZIOBJIETBOPSET U II€PBOMY HEPaBEHCTBY.
2) y = x. Torma BTOpPOE ypaBHEHHE NPUMET BUJ

Va2 +7x +10 =—x® —7x +2 . Homoxnm x? +7x +10 =t 0.
Torga -x? -7x +2 = +> +12. Tlonyuaem ¢ =—t> +12, win
2+t =12 =0, ero xopuu —4 u 3. Tak kak t =20, To t = 3, T.e.

22 +7x+10 =3. Otcioma x> +7x +10=9, 22 +7x +1 = 0.

—7 +./45
2

[Tomydaem 2 KopHS: X = . IIpu aToM y = x, U HaJ0 y4ecTb

O/13: y =2 -1. IloaTOMy TOAXO/HUT TOJBKO

:—7+JE:—7+3J§
2 2

3.a) arctgd+m, n0Z;
6) S =120arctg4 +7140mT u S < 23040.

a) ON3: sinx#z0, cosx#0, cos2x#0, cosdxz0,
tgx +7tg4x £0 . Ilpu yMHOKEHUU 3HAMEHATEJIST BTOPOil ApoOH Ha
ctgx mosyvaercsi BbIpaxkeHHe B CKOOKe B wmcsutese. Iloatomy
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BTOpas aApo6b paBua 32ctgx . Mmeem

(sinx +cosx)* _ (sin x +cos x)’

cos 2x (cosx =sin x)(cosx +sin x)

_sinx+cosx _tgx +1

cosx —sinx 1-tgx

(nocsieAHUH TIEPEXO/ oMy YeH AeJeHNeM YUC/INTEs U 3HAMEHATe s

9(tgx +1 32
(tgx+1),

Ha cosx #0). YpaBHeHNE TPUHUMAET BH/I: {—tgx tar +
9(y+1) , 32
+7=0. 3amensss tgx mHa y, mnoJydyaem: (y ) —+7=0.
Y Y
OCBOéO)KﬂaFICb OT 3HaMeHaTeJiel, TOMyInM 2y - 16y +32=0mu

y> — 8y + 16 = 0. (Ecsin usnavanbHO Bee NepeBOANTCS B sin # cos,
TO TIOJTYyunTCs Sin’ x — 8sin x cosx +16 cos’> x =0 u mocJie JleJIeHUS
Ha cos” X IIPHAEM K TOMY e ypaBHenuio.) Orcioga tgx =y = 4.

2

N3 paBenctBa =1+ tg X TOJy4YaeM, 4yTo coS” x = % [Ipu-

2

cos” x
MeHsIs IBaKbl popmysry €oS2x =2 cos? x =1, BbrumcusieM cos 2x
_ 2tgx
U cos4x; TakxKe, mpuMeHsist ABaxapl hopmyay tg2x = T—ols’
-tg’x

BoruncssieM tg2x u tg4x . Bee yeaosus uz O /13 BBIOIHSIOTCS, T.€.
x =arctgd+m, nZ.

6) x =arctg4 + m [0;1201] npun=0, 1, ..., 119. Vicomsays
opmysry A7 CyMMBI YJIeHOB apn@MeTHUecKoil TPOrpeccui, MoJry-
YaeM, 4TO CyMMa BCeX KOPHeW JaHHOTO YpaBHEHWs, MPUHAJIeKa-
nx otpesky [0; 1207 , pasia

0+119) 120
2

S =120arctg4 + { =120arctg4 +7140 1

Tak kak

T
arctg4 < 5 10 S <60m+7140 11 =7200 1T <200 F)2 =23040.

35
4. TaHTEHCHI YIJIOB: 206, 246, 2406, 26, R = %
ITyctb 3amanHoe oTHOUIeHUe momadeit m : n u m < n. Ilyctsb

SABC SBCD
=m . nn

S S =m . n (OCTaJII)HbIG cJydyan CUMMETpUY-
ADC ABD

ub1). Ilycrp auaronaan nepecekaiorcs B touke K. M3 orHOMmEHMS
mromtazneii TpeyroapankoB ABC u ADC c¢ obmieit cropoHoit AC
BBITEKAET, YTO BBICOTHI, onyIieHHble 13 B 1 D nHa AC, oTHOCATCS Kak
m : n. [IpgaMoyTobHbIE TPEYTOJBHUKN, CTOPOHAMU KOTOPBIX SIBJISI-
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10TCsE 91U BbICOTHI 1 oTpe3ku BK u DK, mogoGubr (110 2 yriam).
ITostomy Ttakxke BK : KD = m : n. AHaJOTHYHO IIOJy4aeM
CK : AK=m : n,t.e. BK : KD=CK : AK. Kpome TOTO, yIbI
BKC u AKD pasubl (kak Bepruxasbtbie). CiiegoBaTeibHO, Tpe-
yrosapaukn AKD n CKB nono6Hbr. [Ipu atom pasubl yriast DAK n
BCK, noatomy AD || BC, 1.e. ABCD — tpaneuus. V3 nmomgobus
TpeyrosbHUKoB AKD u CKB Bbitekaer, uto BC : AD =m : nn
AD > BC. Ilyctb AD = nx, BC = mx. Tak Kak Tpameiys BIICaHa
B OKPY’KHOCTB, TO OHa paBHOGOKas (tak xak JAB=0 CD). Ilo-
CKOJIBKY OHA OIMCaHa OKOJIO OKPYKHOCTH, TO0 AB + CD = AD + BC.

Orciona AB = CD = 5
Onyctum mnepunenaukyaap BH wna AD. Torma AH =
_AD-BC _n-m
- 2 2
BH = x~/mn . Torpa TaHrencsl AByX yIJIOB 4eTypPeXyroJIbHUKA PaB-
BH _ 2\/mn
AH n-m
=3, moaydaeMm mepBbIii otBeT. [lanee mmeem: HD = AD — AH =
m+n + + .
= ¥ w BD?=HD?+pH? =Mt Smrn”

2 4

sin BAD —ﬂ = 2Jmn

AB m+n
ABD pnsa pam/lyca ONMCAHHOI OKpYXHOCTH R 1oJjyvaeM:
BD m? +6mn +n® m +n

mTry y ,
251nBAD 4 4\/% YUTBIBAS qTo

AD
x = P 1 NoJICTaBJIsIs 3HaueHust m = 2, n =3, AD = 24, nony4yaem

X, u AD — nauGoJiblliasi CTOpPOHA.

X . 3uauut, BH?=AB?>-AH? =mnx?*,

2\mn
, a n1Ba paBubl ——— . [loacraBisis m = 2, n =
n—-m

Tak kak

, TO TI0 TEOPEME CHHYCOB M3 TPEYTOJbHUKA

BTopoﬁ OTBeT.
[I 31 1 1
3. rccos arccos +2Tm; arccos — +
Ela 4 2% 9 2H 4

+2Tm§UE—+21k +2¢§ mkOZ, n=1, k21.

O3: x > 0. BorHocs Bce moKkasaTesiu CTENIEHN 3 JIOTapi(pMOB,
ucnosb3ys TtoxzaectBo log, bog, ¢ =log,c u rpymnmpys Bce
cJjaraembie ¢ JiorapuMoM, MPUXOAUM K HEPABEHCTBY

logzx(2c05x+851n2x—8) <2cosx —4cos2x —4 .

L2
Tak kak 8sin” x =4 —4cos2x , To OKOHYATEIBHO MOJYYNM HEPABEH-
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cro  (logy x —1)(2cosx —4cos2x —4) <0 . 3amensia cos2x =
=2cos* x —1, TOIyUaeM HEPABEHCTBO
0 10
log, x =1)cosx [rosx ——20.
(log, ) B¢ 4H
Ono cBoauTcs K o6beautenno aByx cucreM (yurem O/13: x > 0):

E()<x£2, Bx>2

1
E)SCOSXSZ, gosx<0 WIA COSX = —.

.l;»—x

OtBer HOJIyIIaeM Ha TPUTOHOMETPUIECKOM KpYyTeE.
1/ |:|

6 fren = gUC

YcaoBue 3a/lavi paBHOCUJIbHO TOMY, YTO XOTA ObI OJ/ITHO M3 YHuCeJI

MepBOil Mapbl MeHbIle 060UX 4Yuces u3 BTOpoil mapbl. Ilosyuaem
o0beIMHEHNE IBYX CUCTEM:

1; +)

Ho+1)' <o’ +30% 420 42, B2 -30-2 <o +322 +2x +2,
N 3 wm [ )
Hx +1)" <x” +5x +4 Bc” —3x -2 <a® +5x +4.

[Tpeo6pasyst, nosydaem:

@Cﬂ B +24% +5x +4 >0,
B + 2% —2x -3 <0 B0 K > 6.

Ky6nueckye MHOTOUJIEHBI PACKJIA/IBIBAIOTCS HA MHOKUTEJIH C YYETOM
TOro, 4To ecTb Kopenb x = —1. [Ipuxoaum x cucremam:

ljx<1
-1+J13@M 4+

R
E(x+1)(x2+x+4)>0,

wim [] 3
[k >——.
O 4

Pemas 11 cucTteMbl METOIOM MHTEPBAJIOB, TOJIYYaeM OTBeT.
3ameuanue. HepaBeHcTBa, mosyvaioiieecst U3 CPaBHEHUST YUCeJl
B IIape, He PemIalTcs.
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BapuaHt 4

1. —6.

Nmeem
o =(¥2 +¥2) =2 +3YF {7 +3¥2 QY6 +4 =

=6+ 3316 +3332 =6 +632 +63/4
uba-a’=-6.

2. 5.

[lerpoB Ha Bechb 1yTh HoTpaTuy 4 4aca. 3HAYWUT, TMOJIIYTH OH
npo6eran 3a 2 yaca. IlepByio mosoBuny mytu VBanoB 6exaJ BIBOe
6bicTpee IlerpoBa, a moromy morpatus Ha Hee 1 wac. Bropyio
nosioBuHy 1yt VBanoB Gexan BABoe MejsieHHee llerpoBa, W,
3HAYWT, TOTPATUJ Ha Hee 4 4aca. Bpewms, sarpauenHoe VIBaHOBbIM
Ha Becb 1poGer, paBHo 1 + 4 = 5 yacos.

MoKHO, KOHEYHO, PellaTh 3Ty 3a/lauy, BBOJS HEM3BECTHbIE U
cocrtaBJsis ypaBHeHusi. Hampumep, MOXHO 0603HAYUTh OYKBOI ©
ckopoctb IlerpoBa m 6ykBoil S AMHY NyTH. Y paBHEHHUe, CBS3bIBA-
Iolllee 3TH BEJUYUHBI, UMeeT BUL S = 40, a NCKOMasl BeJIMUYNHA €CTb

S_/2+S_/2:D1 +1D£ =5
20 ©f2 Hv ’
24/2 4/2
3. —T[, _7\/—.I/IM66M

. 8
cos’a=1-sin*a="
9
Kpome Toro, 1o ycoBmo

0 >COSEF—§E: cos%[cosa +sin§nsina,

. 1
N3 sTOrO0 HEpaBeHCTBA, MOCKOJBKY sind =— >0, ciaemyer, dTO

520

cosa < 0. 3HAUUT, cosO = — 5 = . Tenepp Haxoaum
1 =22
_sin2a _ 2sin0cosd _ 2 % 3 42
tg2a = = 5 - = =
cos20  cos” O —sin” §_1 7
9 9
4. 1<x<3. log,.b
Hombaysich dopmymamu 4 = 2% log,b=— > npua=9,c=
=3, b=x%+4x -5, HaxXOAMM ¢

410g9(x2+4x—5) 22log9(x2 +4x—5) 2log3(x2 +x —5) )
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ITosToMy naHHOE HEPABEHCTBO MOKHO IEPENucath B BHUJE
logs (22 +4x-5 log, (1+8x -2
2 g ) <9 g ) .

¢

Oyuximyn 2° u log; ¢ MOHOTOHHO BO3PACTAIOT Ha CBOMX 06JIac-
TAX OIpe/ie/ieHns, TI09TOMY TIocJeHee HepaBEHCTBO PAaBHOCHJIBHO
HEPaBEHCTBY

log; (x2 +4x —5) <log; (1 +8x —xz) ,
a Tak)Ke /IBOWHOMY HepaBEHCTBY
0<x?+4x -5<1+8x —x*
U, CJIEJIOBATEIbHO, CUCTEME HEPABEHCTB
Be? +4x -5 >0,
O,
k™ —2x —-3<0.

MHOKecTBO pellleHuii 1epBOro HepaBEeHCTBA COCTOUT U3 JIBYX
o6sacteit x <—5u x> 1. PellieHust BTOporo HepaBeHCTBA COCTABJISIOT
IPOMEXYTOK —1 < x <3 . MHOXeCTBO ke pellleHU# CHCTeMbl Hepa-
BEHCTB MMEET BU/]

5 14 1<x<3.
-5
Tpeyronbuuku AFD n BFK uMeloT 10 1ape paBHbIX YTJIOB U
B AF _AD
NoTOMY  10/106HDL. - CC/I0BATENBHO, s = 5 o YUNTBIBASL, 4TO
2 4 AF _9
BK = ZBC =—-AD, 3akJiouaeM: = =~ "
3 9 F 4

@:g—lzé BF:éAB

BF BF 4’ 5
Touno Tak Xe, MOIB3YsACh TTogobueM TpeyroabHukoB AED n KEC,
HaXOJWM pPaBEeHCTBA

DE:Q:? CD—DE—1:%’CE:%CD

4
sr_540 14

3
6. HauGoubiiee 3HaueHNe apaMeTpa paBHO I3 , & HaMeHbIIlee
paBHO —5.
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Iepsoe pewenue. Ilpn mobom a GyHKIMS X —a +~/a% +1
orpe/ieleHa Ha MHOXKECTBE YMCEJ X, JUII KOTOPBIX BBIIOJTHEHO
x=2a, x> +120, T.e. Ha MHOYKECTBE YHCEJ, OJHOBPEMEHHO Y/IOB-
JIETBOPSIIOMNX HEPaBEHCTBAM

xza,x2-1. (3

HpI/I JI060M X U3 3TOTO MHOKECTBA MMeeM

Ja—a +4x% +1 2423 +1,
unpi Vad +1>2,1.e.npu @ > Y3 maxomum Va® +1 24a® +1 >2,

TaK 4YTO JJaHHOE ypaBHEHue mnpu a > I3 pewenuii ne umeer.
s o6oro x, yaosJieTBopsoliero yciaosusam (3), BepHo Hepa-

BEHCTBO
Jo—a +vx2 +1 2Jx -a ,

TaK 4TO HpU +/-1-g >2, T.e. Ipu a < —5, BBINOJHIETCSI

Nx —a =2+/-1-a >2. 3HaunT, fanHoe ypaBHEHWE He WMeeT pelle-
HU U 11pn @ < —J.

Ipu a= Y3 naunoe ypaBHeHHe MMeeT KOopeHb /3, a mpu
a = —5 oHO uMeeT KopeHb —1.

Bmopoe peuwerue. Ito pelieHre HAXOAUT HE TOJBKO HCKOMbIE
HauMeHblllee W HawboJblliee 3HAYEHMsSI TapaMeTpa d, HO U BCe
MHO3KECTBO I1apaMeTpoB, IIPU KOTOPBIX Pa3pelinMo JaHHOe ypaBHe-
nue. Ho oHO uCIIOJIb3yeT HENPEPBIBHOCTb (DYHKIUM, CTOSIIENd B
JIEBOW YaCTH ypaBHEHHUS.

Kak jjokasano pambiie, ipu mo6oM a pynxims Jx —a +vx® +1
ompe/eseHa Ha MHOKecTBe X 2 b = max (g; —1). Jra PpyHKUUA eCcTh
cyMMa /IByX Bo3dpacTaomux (yHkuuii u noromy Bospacraer. OHa
HETPePbIBHA U TPUHUMAET CKOJIb YTOMHO GoJibiiiue 3HadeHus . [1oaTo-
My ypaBHeHHue Gy/JeT Pa3peniuMo B TOM U TOJbKO TOM CJydae, Korja
HanMenbiiee 3Havenne (ynxumu, T.e. f(b), He mpeBocxoaut 2.
Urak, ycjaoBreM pa3penmMOCTH SIBJISIETCS BbINIOJIHEHNE HEPABEHCTBA
f(b) <2. PaccMorpum oT/iesIbHO JBa CITyyast.

a) Ilyere a=-1. Torma b = a, f(b)=+a’+1 u yciosue

PaspelruMoCTy IPUHUMAeT BUJL

Nl +1<2.

ITO HEpaBEHCTBO HAa MHOXKECTBE ¢ = —1 PaBHOCUJIbHO HEPABEHCTBY
@’ +1<4 . Pemast mnocie[Hee HePaBEHCTBO, HAXOINM a®<3 u
a < Y3 . VickoMoe MHOXKeCTBO 3HaueHii mapaMeTpa B TIepBOM CJIyvae
umeer Bu1 -1<a <33 .
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6) Iycrs @ < —1. Torga b = —1, f(b)=~-1-a wu yciosue
Pas3peluMOCTH TIPHHIMAET BU/L

N-1-a £2.
ITO HEPAaBEHCTBO HA MHOXKeCTBE @ < —1 PaBHOCUJIBHO HEPABEHCTBY
—1 —a <4 . Pemag niocJieiHee HepaBeHCTBO, HAXOUM ¢ > =5 . Vlcko-
MOe MHO>KECTBO 3HAUYeHHUI IapaMeTpa BO BTOPOM CJIydae MMeeT BUJ
-5<a<-1.
OO6beuHsas HallJleHHbIE MHOKECTBA, HAX0/[UM MHOKECTBO 3HaUe-
HUI TTapaMeTpa d, MPu KOTOPIX JJAHHOE YPaBHEHUE UMEET PellleHue:

S<a<?3.

Bcemynumenvnoe ucnvmanue (emecmo EID)

BapuaHr 1
1
1. ﬁ.l —4<x<-1, x=1.3.25%. 4. 2.

21 .
3. 3 Yxasanue. VicnonbsyiiTe TeopeMy KOCHHYCOB.

6. -logs2<x<t.

7. 6. Ilyctb ABCD — paunbrii napasnenorpamm u BC = 3. Touku
KacaHusg OKPYsKHOCTH co cTropoHaMu BC, AD u LEHTpP OKPYXKHOCTH
Jiexkat Ha oJ{Hoi npsiMoil, neprenaukyasipHoit BC. Iloatomy BbicoTa
napaJjijesiorpaMMa paBHA yJABOCHHOMY Pajinycy, T.e. 2, a ero IJo-
maab paBHa 2B =6.

Wuoe pemrenrie 0CHOBAHO Ha TOM, YTO CYMMBI JIJIITH TTPOTHBOIIO-
JIOKHBIX CTOPOH OIMCAHHOTO YeThIpeXyroJbHMKa paBHBI. OTciona
cJie[lyeT, 4TO MApaJsjiesIorpaMM SIBJSIETCS pOMOOM, a €ro ILIONA/lb
paBHA YYeTBEPEHHOW ILIOIAN TPEYTOJbHUKA C OCHOBAaHUEM 3 U
BBICOTOH 1.

Tt Tt
8. 5 +m, +— +2m, n0Z. [lanHOe ypaBHEeHHE MOXET OBITh
nmepenucaHo B BHUje 7 cos® x = 2 cos? x(2 - cos® x) ,  UJau

cos? x (4 -7 cosx —2cos’ x) =0. KsagpatHoe ypasHemme 2t> +
1

+7t — 4 = 0 umeer 1Ba KOpHA ¢ = 5 u t, =—4. YpasHenue

COS X = —4 PpeIIeHUi He UMeeT, TT03TOMY JaHHOEe YpaBHEHHUE PaBHO-

. 1
CUJbHO COBOKYIIHOCTU YypPpaBHEHUU COSX = 0 ucosx = 5 .

9. 26 . Iycrs O, — uenTp MeHbIneil OKPYKHOCTH I A — TOUKa
ee KacaHus ¢ 3aanHoil npamoil. Touno tak :xe, O, —neHTp GoJbLIeil
OKPYXKHOCTU U B — Touka ee KacaHus ¢ Toi ke npsmoii. CorjacHo
ycaoBuio Touku O; u O, JiexaT 1o pas3Hble CTOPOHBI OT IpsiMoit AB.
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ITpoBenem uepe3 Touky O; npsiMyio mapaJsutenbio AB n 6yksoit C
00603HAYNM ee TOUKY IlepecedeHns ¢ Ipoio/ukenneM paauyca O,B 3a
Touky B. YerbipexyrosbHuk O;ABC — npsamoyroipHuk. ITostomy
CB=0A =2, CO, =2+ 3 =5 uno teopeme [Iudaropa

AB = O,C =JO,02 -CO? =49 -25 =2./6 .

2
10. 2= yaca. O603HaunM OYKBaMu ¢ U O BbIPA)KEHHbIE B KM /4

CKOPOCTH, € KOTOpbIMU Bacumii exas Ha aBTo6yce U Ha BeJIOCHIIE/E.
ITyctp Takke ¢ — BpeMsl B yacaX, 3aTpau€HHOE MM Ha JIOPOry OT
JKeJIe3HOIOPOXKHON cTaHImn 10 JepeBHH baGymknHo. Torma cko-
POCTb MAIIMHbI, HA KOTOPOH 1oBe3 i Bacuaust 10 gepeBHHU, paBHA

3 1 ﬁ
E u KM/‘{, a PaCCTOAHME OT ITOCEJKa /10 IEPEBHU PAaBHO g ) u. Ho

TO K€ PACCTOsSIHME OH Tpoexaj Ha o6paTHOM myTH 3a 1 uyac Ha
BeJIoCcHIie/ge. HOSTOMy

13

—-Fu=0,

6 2

i u = 4ov. {
Ot crannun 70 nocejika Bacwuawii mo6upasics t—g qacoB CO

cKopocTbio # KM,/4. Ha o6parHOM IIyTH TO K€ pacCTOSTHUE OH
Mpoexas Ha TaKCH CO CKopocTbio 6v kM /4 3a t — 1 yacoB. Vmeem

ypaBHEHUE
10
urt ——n=6o(t -1
Eﬁ g =60 -1).
. O 10_
W3 naliieHHbIX paBeHCTB caenyeT 4 Hf - EH =6 (t - 1) , OTKy/Ia HaXO-
JIUM = — = 2g
3 3

11. 16. O603naunm 6ykBamu E, F, G cepeaunnl pebep AD, BC,
CS cootBerctBeHHO. Tak kak npsmas EF mapamneasna DC, To
npsMag EF mapannenpra miockoctn CDS u, 3HAYWT, TJIOCKOCTD
cevenusd nepecekaet maockoctb CDS 1o npsamoii, mapasienbnoit EF
U, cjefoBaresbHO, HmapasieabHoit npamoit DC. Yepes touky G B
mwrockoctd DCS MOXHO IPOBECTU €IMHCTBEHHYIO MPSAMYIO, IapaJi-
senpryto DC, — cpennioro auauio Tpeyrobauka DCS. O6o3HaunB
6ykBoii H cepenuny pebpa DS, 3akiodaeM, U4TO YeTIPEXYTOJbHUK
EFGH ecTtp 3aaHHOE YCJIOBHEM 3a/aul CeueHue MUpaMuapl. Tak
kak FG, GH, HE — cpeanue jiuHnu B GOKOBBIX IPAHSX THPAMU/IDI,

7
3akJyovaeM, uro FG = HE =§, GH = 3. Kpowme toro, EF = DC =
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=6, MO3TOMY MCKOMBIH MEpUMETp CeYeHUs paBeH ZD;- +3+6=

= 16.

12. (1; 3), (3; 5). IIpu x = 1 gaHHOE ypaBHEHKE PEBPALIAETCS
B paBeHCTBO y° = 27, u3 Kotoporo ciexyer y = 3. Urak, mapa x =
=1, y = 3 yJIOBJETBOPSAET JTAHHOMY yPaBHEHHUIO.

Jlanee cumraem, uro x =2. Ilepenocs x° B JeBylO uacTb
ypaBHEHUs U PAaCKJa/JbiBasi €e Ha MHOMXKHUTEJIU, IOJydaeM
(y - x) (y2 +xy +x2) =9x2 +17, OTKyJla CJefyeT

yox= 9x* +17
22ty +yt

W3 aroro pasenctsa cieayer y — x > 0, Tak uto ¥y —x 21, Benp «,
y — ueuaple yncaa. [lonp3ysicb HepaBeHcTBamu y 2 x+1, x =2,
3aKJII04aeM

9x% +17 92 +17

1<y-x< - ==
yor Jc2+ac(x+1)+(x+1)2 3x% +3x +1

Takum o6pazoM, BO3MOKHBI JIMIIh Ba ciydat Yy —x = 1uy —x =
=2.

B niepsom caryuae noyuaem ypasrenue (x +1)° = 1% +9x% +17 .
Ero MoXHO Hepernmcathb B Bufie 6x> — 3x + 16 = 0. D10 ypaBHeHue
He UMeeT /IeiCTBUTETbHBbIX PEIIeHn . ] ]

Bo BTOpOM ciydyae numeeM ypaBHeHUe (x + 1)3 =x° +9x% +17.
ITocJie YIPOIIEHNs OHO MOXeT GbITh IEPerucano B Bue x° — 4x +
+ 3 = 0. 310 ypaBHEeHNE UMeET /Ba IeJbIX KopHSI &y =11 x, = 3.
YuurpiBag, 4To X =2, OCTaBJsAEM TOJDBKO OJHO pelleHue X = 3.
CooTBeTCTBYIOIIEe 3HAUEHIME BTOPO T€PEMEHHOIl paBHO X + 2 = 3.

BapuaHTt 2

1. -1 <x<2, x28. 2.125 py6aeit. 3.4 .
4. 242

W3 npsamoyroabHoro Tpeyronbanka ABC Haxonum
AB = BCcosg, AC = BCsing.

IToatomy

1 1 2 . T T . T
S =—ABMAC ==BC Bm—cos—:4sm—:2\/§,
ABC T 2 8 8 4

3.3/2.
Hy>xHo npuBecTtu Bce orapudmbl K OJHOMY OCHOBAHUIO, HATIPU-
Mep 2, ¥ BBIHECTH JIPOGHbIE CTereHu u3-1o/ Jorapudmos. B peay.ib-
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TaTe [JaHHOE BbIPAKEHUE MOIKET OBITDH Heperncatno Tak:

IOgZ\/E dog2\/§ _1/_2_3

log,+/3 log,32 13 2~

6. 7. [lnsa pemreHust 3amadu CyIECTBEHHO, 4TO TOUYKu P, Q u
cepenuna R otpeska AB siexxar Ha o/iHOM nipsaMoit. {71 jokasaTesib-
CTBA 3TOTO 3aMeTuM, 4to Meauanbl PR u QR B paBHOGEAPEHHBIX
TpeyrosbHUKax APB u AQB coOTBETCTBEHHO SIBJISIIOTCS M BBICOTAMU.
YunuTpIBas, 4TO 4Yepe3 TOYKY R MOXXHO TPOBECTH eIMHCTBEHHBIN
TIEePTIEeHANKY ISP K TpsMoit AB, 3akmodaeM, uTo npsMbie PR 1 QR
COBIAJAIOT. 3aTeM Hcrob3yetcs: TeopeMa [Iudaropa:

PR =+ AP? - AR =225 144 =9,
OR =+AQ? - AR? =400 —144 =16.

Touku P, Q MOTYT JieskaTh Kak 10 OJHY CTOPOHY OT MpsiMoilt AB, Tak
1 TI0 pa3uble. Ecyi oHM Jiexkar 1mo pazuble CTOPOHbI, TO PO =9+ 16 =
= 25 > AB, HO 3TO IPOTUBOPEYNT YCJOBUIO 33JaUui. 3HAUNUT, OHU
Jiexkar 1o O/lHy cTopoHy u PQ =16 -9 =7.

7. 5 Ecmm t u s — BpeMa B MUHYTaX, 3aTPadeHHOE BEJIOCHUIICIN-

CTOM Ha IyTb O BCTPEYM U IIOCJE BCTPEYU COOTBETCTBEHHO, TO
AQHAJIOTUYHDBIE 3aTPAThl BPEMEHU /I TiemeXoa paBHbl ¢t + 20 u s +

t _t+20
+ 5 MuHyT. IlOCTOSHCTBO CKOpOCTEl O3HAayYaeT, YTO S = ci5
4
Ortciona caemyer ¢t = 4s, U UCKOMasl BeJTMYNHA PaBHA s = 5
s
8. 242 . [lnmma XOP/bl, Ha KOTOPYIO OIIMPAETCS BIUCAHHDIN yTOJ
o, paBHa 2Rsina, rae R — paauyc okpyskHoctu. OTpe3oK,

o . . T
3a/IaHHBIH B YCJIOBUU, paBeH IIOJIOBUHE 3TOI XOPAbL, T.e. Rsin 1 =2.

2
Orcoga caenyer R = —— = 212 .
Y 22

9. T, n 0Z . Bee pelieHust JaHHOTO YPAaBHEHUS Y/IOBJIETBOPSIIOT
yciaoBuio cos3x # 0. B obmactu, omnpenensieMoii 3TUM HepaBeH-
CTBOM, /JaHHOE yPaBHEHNE PAaBHOCUIHHO YPABHEHUIO COS X +sin 2x =

=cos3x. YuuMTBIBas TOKAECTBO COS3x —cosx = —2sinxsin2x,

TIepeTinIneM oIy YUBIIeecst ypaBHenue B Bujie sin 2x (2 sinx + 1) =0.
ITO ypaBHEHHE PABHOCHJIBHO COBOKYIIHOCTH JIBYX YpaBHEHW

. . 1 .
sin2x = 0m sinx = w5 MHOxeCcTBO pellleHHii IIepBOro ypaBHEeHUs

uMeeT BUJ[ X = , T1ie k ipoGeraet Bce 11esibie yncia. V13 Hux JIuiinb

2
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IIPY YETHBIX 3HAYEHUSIX R = 27 NOJIy4aIOTCsI TOUKUA X = TW , Y/IOBJIET-
BOpPSIONTHE YCJIOBUIO cos3x # (). MHOXKECTBO PpeleHnii BTOPOTO

n-1 TU
ypasHenus umeer Bui x = (-1) 6 + Tm, TIe n TIpobeTaeT Iieble
yicaa. Bee atu umcsa yaoBJeTBOPSIOT paBeHCTBY €0s3x =0 u
MOTOMY He SIBJISTIOTCS PelleHusiMU JIaHHOTO ypaBHeHus. Vtak, MHO-
JKeCTBO peIeHnii JaHHOTO ypaBHEHUs uMeeT BUA Tw, n1Z.
o1 30 .
10. (0; 0), (3; 1), Erg, _EB JlanHas cucreMa ypaBHEHUH
MOKeT ObITh MEPENcaHa B BUJE
Br(2x +y) =8x -3y,
U
/& (2x +y) =3x -2y.
Ecusin iepBoe ypaBHEHHE CHCTEMbl YMHOKHUTD HA ¢, a BTOPOE HA X, U
BBIUECTH 3aTEM TIOJIYUUBIINECS YPABHEHUS JAPYT U3 JAPYTa, MOJYIUTCS
ypaBHeHue Yy (8x - Sy) -x (3x —2y) =0, xoTOpOE mocJe yIpoIie-
HUS TIPUBOJIUTCST K BUJLY

3x% +3y° —10xy =0.

ITapa uncen x = 0, y = 0 ynoBieTBOpsieT 3TOMY IOCJETHEMY
YPaBHEHUIO W, KaK JIETKO BUJIETH, UCXOHON CUCTeMe ypaBHEHUI.
Y

lanee MoxHO cumtath, 9to X # 0. O6o3uauuB ¢ = Z u pasjie-
x

JIUB 06e YacTh IIOCJIEAHETO YypaBHEHNA Ha X, IIOJYYUM KBAJAPAaTHOE

ypasuenue 3t> — 10t + 3 = 0. Ero kopuu pasubl 3 u 3 [Toatomy
JIOJKHO BBITIOJIHSATBCS OJIHO M3 PAaBEHCTB y = 3x WM y = %x

IToacraBisia aTh BeIpa’keHus B TIepBOe YPaBHEHUE WCXOIHOM CUCTe-

Mbl 1 yuuTbIBas, 4ro x # 0, HaiizieM ele JBe 1mapbl Yuces X = ~30
3

y=-=nx=3,y=1. OTu mapbl yuces, Kak Jerko y6euThcs C
)

TIOMOIIBIO TPOBEPKH, TAKIKE SIBJISTIOTCS PENIEHUSIMU NCXO/IHOH CHCTe-

Mbl YpaBHEHMUIA.

6
11. - Ykasanue. TlpoBemute IJIOCKOCTb Yepe3 OJHO W3

BbIOPAHHBIX pebep U CepelHy APYroro. JTHM 3a/1a4a CBOJUTCS K
ILJIOCKOU.

12. 0 <x <2. Vxazanue. DyHKiMs, CTOSIIAs B JEBOH yacTu
HepaBeHCTBa, MOHOTOHHO BO3pacTaeT Ha MHOXKecTBe X > () ¥ TIpWHM-
MaeT 3HaueHue 4 B TOYKe X = 2. 3HAYUT, MHOKECTBO PEIIeHHIT
JIAaHHOTO HepaBeHcTBa umeeT BuJ 0 < x < 2.
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OU3NKA

MexarHunka

1. OTHOCHUTEJIBHO HENOJABMKHOI CHUCTEMBI OTCYETAa, KOTOPYIO
6yZeM CYNTaTb WHEPIHMAJNbHOW, TITACTHHKA COBEPINAET CJOKHOE
JBIDKEHNE — CYTEpIO3UINI0 MOCTyMa-
TeJBHOTO ABWXKeHUS W Bpamienus. [lo-
CKOJIBKY TIOBEPXHOCTDH, TIO KOTOPOI
CKOJIb3UT IJIACTUHKA, TJIAJKAas ¥ TOPU-
30HTAJIbHASI, CKOPOCTb Opy IEHTPA Macc
mactunaku (touxu I]) nocroguna. Pac-
CMOTPUM MTHOBEHHOE TIOJIOKEHTE TIIaC-
TUHKA B MOMeHT BpeMenum t = 0
(puc.10). IIposemem Guccextpucy AO
yria BAC 11 BOCCTaHOBUM TI€PIEHINKY-
qsip CO K cropone AC B Bepiiune C. B
MOMeHT BpeMeHH t = ( IO yCJIOBHIO
0, UAO u 9 O0CO . CrnepoBarenn-  Puc 10
HO, JBWKEHWE TIACTUHKH B 3TOT MO-

MEHT BPEMEHU MOKHO TIPEJCTAaBUTh KAaK BpallleHne ¢ HEeKOTOPOi
YTJIOBOI CKOPOCTBIO (0 BOKPYT MIHOBEHHOH OCH, IepHeHUKY.JISAp-
HOM TJTOCKOCTH pUCYHKa 1 1poxo/siieil uepes Touky O. Ilockosbky

AO _ 0y _511
Olf=0C="2 ;, w=—4A =—1L
o 2 M AO oI’
TO
_ Ty
Z) = =
)

y‘{I/ITbIBaH, 4YTO TOYKa H JABMIKETCA PaBHOMEPHO U HpHMOIIHHefIHO,
TI0JIy9aeM OTBET:

1.
N =—=0,T1
2 4

2. [lnst Toro uTo6bI CIBUHYTH GPYCOK BIOJIb HAKJOHHON TLJIOCKO-
CTHU BBEPX, HYKHO TIPUIOKUTH K HEMY CUJY, MOJYJb KOTOPOI

F():EZK+F

™D

rae F, =mgsin o — Moaysb «cKaTbiBawmiei» cuibl (cocTaBisiio-
11l CUIIBI TSPKECTH BJOJIb HAKIOHHOI miockoctn), Fy, = pmg cos o
— MOAYJb MaKCHMAJIbHOH CHUJIBI TPEHWS IOKOS, PABHBIH MOJYJIO
CHJIBL TPEHUS CKOJbKeHusd. lpn geficTBun Ha 6pyCcOK TOPH30HTAD-
HOM bl F; HalpaBJIeHNe CUJIbI TPEHUS U3MEHUTCS, a MOJLYJIb €e
ocraHercst TakuM ke. CuJibl, IefcTBYIOINE HA GPYCOK B 3TOM CJIyUae,
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u306paskeHpl Ha pucynke 11 B mpoekiu Ha
HaKJIOHHYIO IJIOCKOCTh. Bpycok casunercs ¢
MecTa, Korja

2 _ 2
F2+F2=F
I/IS 3alliCaHHbIX Bpra)KeHI/Ii/JI HaX0o/AuM
2 2 2 _ 2
g oBAR g _E-F By w

w 2F, 2F, ' F, tga’

Peas sty cucreMy ypaBHEHUIT OTHOCHTEJIHHO
HCKOMOTO KO3(UIMeHTa TPEHUs, MOTyIaeM
OTBET:

_1+

M 1

3. Korzaa mapuk kacaercs o60/a KoJieca, yAJUHEHUE MPYKUHDI
cocrapiisier Al = R —[ . IleHTpOCTpEMUTEIBHOE YCKOPEHHE MAPHKa
IIPH 3TOM PaBHO ¢ = 'R, TJe W — YIJIoBasg CKOPOCTb BPAIIEHUs
xoJieca. CorsacHo BTopoMy 3akoHy Hbiorona m 3akomy I'yka, B

cJydae KacaHMsl MIApPUKOM 000/1a ypaBHEHUE [BUXKEHUS IIapHKa
uMeer BUJL

ma’'R =k(R -1).
[Ipu aTOM MO/JIb JMHEHHON CKOPOCTH MIAPUKA U BCEX TOYEK 060/

Koseca v = wR . CiegoBaTesIbHO, KUHETHYECKAs SHEPIUs Bpalalo-
nrerocsi 0601a ¢ TPy30M

E = %(m +M)w'R?,
a [IOTEHIHaJIbHad SHEPrusia paCTHHyTOfI IIPY’KUHbI
E, = %k (R-1Y

CorslacHO 3aKOHY M3MEHEHHMsI MEXaHWYEeCKOH sHepruu, pabora Io
PacKpy4MBaHUIO KOJeca

A= EK + Eu
IloactaBass B ato BbIpasKeHne 3allnCanHble BbIIE COOTHOIIEHUA,

ToJjgydyaeM OTBET:
A=ghron g R -

4. CoBMecTHUM HA4yasI0 CUCTEMBI OTCYETA, CBSI3AHHON ¢ KaOUHOM
JudTa, ¢ HIXKHIM KOHI[OM He/1e()OPMUPOBAHHOMH MPYKUHBI, a KOOP-
nuHaTHYI0O och Ox HampaBuM BepTUKagbHO BHEM3. Korga kabuna
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HEeIOABM>KHA, KOOPAMHATA TMPU B II0JIOXKEHUU PaBHOBECHS PaBHA

B MOMEHT HaydaJla ABUXCHUA KaéI/IHbI CKAQYKOM CMelllaeTCAa BHU3
II0JIOKEeHUEe paBHOBeCI/Iﬂ I‘I/IpI/I7 KOOpI[I/IHaTa KOTOpOfI B paBHOBeCI/H/I
CTaHOBUTCA paBHOI/I

_m(g+a)

X1 = k .

B peayﬂbTaTe HaUMHAIOTCA TapMOHNYECKHUE KOJIeéaHI/IH T'upu C 1repum-
o40M

XM
m
T = 271\/; s Knax ___7,\ /\
KOTOprﬁ HE 3aBUCUT OT YCKOPEHUA Xy

kabunbl. I'paduk 3aBUCIMOCTH KOOP-
JIMHATBI TUPH X OT BpeMeHu ¢ u306pa- X,
’keH Ha pucyHKe 12, Ha koTopoMm ¢ =0
COOTBETCTBYET MOMEHTY HadvaJja J[BU- 0 T2
sKeHust Kabutbl. Kak BU/IHO U3 PUCYH-
Ka, BpeMsi T, 32 KOTOPOe JIJINHA TIPY-
JKUHBI JIOCTUTAET MAKCUMAJIbHOTO 3HAYEHHUSI, PABHO TIOJIOBUHE TIEPH-
o/la KosieGaHuil THPU:

-
/

WV

Puc 12

T
==,
2

[Tytpb, mpoiimeHnbiii KaGUHOIT 32 9TO BpeMsi, paBeH

aTZ

Oé’beﬂI/IHHH 3allMCaHHbIE€ BbIPpAKE€HUA, TTOJy4Ya€M OTBET:
T[zam
s =
2k

3. Yros OTKJOHEHHsI MAasTHUKA OT BEPTUKAIN U3MEHSETCS BO
BpPEMEHHU TI0 3aKOHY

=0,49 M .

o =0, coswt,
rae W =\/% — kpyrosas gactota. CJeZ[0BaTebHO, MOIYJIb JINHEH-
HOIT ckopocTi MasitHiKa © = || 3aBucuT OT BpeMemn cieyionmm
o6pasoMm:
v = dlwlsin ¥ .
31ech yepes o' o6o3HAUEHA MMPOM3BOJAHAS OT yIjia O IO BPEMEHHU.
Moy 1b  BepTHKAJIbHOI cocTaB/AloNel U, CKOPOCTH MasSTHHKA
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pasen (puc.13)
|v(,/| = [osin a| = [oa| =
2
= oglw|sin ¥t cos o :% |sin 2 o] .

MaxcuMasibHOEe 3HAYeHUe 9TOW BeJIn-
YUHBI JIOCTUTAETCS TIPHU |sin 200t| =1.
Orcioa mosrygaeMm

Uy max :%af)\/a =1cM/c.

6. Cwmerienue ypoBHEH >KHIKOCTU
OT TIOJIOKEHWST PABHOBECHS HA PACCTO-
SAHUE X TIPUBEAET K ITOABJIEHNIO B HUIK-
uem ceuernnu U-o6pasnoii TpyOKu pas-
HOCTH JlaBJIEHUU, pPaBHOU 2pgx .
BcaenctBre 3TOTO BO3HUKHET CHJIA,
BO3BpAIAIoONast KUIKOCTb B MOJIOKEHUE PABHOBECUS M PABHAS IO
mMoaysio 2Spgx . Tlox peiicTBUeM 3TO# CHJIBI JKHIKOCTb MPHJET B
YCKOpEHHOe [BIDKEHNE, TIPUYEM MOJIYJIb YCKOPEHUST KaX/I0# 4acTu-
bl KUAKOCTH Oyner oguuM u TeM xKe. COorjiacHo BTOPOMY 3aKOHY
HoloToHa, ypaBHeHMe NBUXKEHUS SKUAKOCTU UMEeT BU/T

ma = -25pgx .

ITO YpaBHEHNE ONMCHIBAECT TaDMOHNYECKUE KOJIeGaHMSs JKHUIAKOCTHU C

KPYTOBOW 4acTOTOMN
W= /ZpgS .
m

YuutbiBas, uto nepuo kosebanuii T cBS3aH ¢ KPyroBoil 4acTOTOH W
. T
dopmyoit T = — , nosyyaeM OTBET:
W
2m
T=m|— =lc.
pgS

MornekynspHas @u3nKa 1 TepMO[MHAMMUKA

1. Ha yyacTke mJIacTUHKH NJIOIMA/BIO S 32 BpeMs T OCaXKIAeTcst
Macca cepebpa
My =mN,St,
rJie m — Macca atoma cepebpa, N, — UHCJI0 ATOMOB, TIOTIAJIAIONNX HA
eJIMHIYHYIO TIONAJKY B euHuIlly BpeMeru. C JApyroil CTOPOHBI,
M, = py,ST.
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N3 atux BbIpasKEeHUN HAXOIUM

mN,
Z)O = .

Y

[laBenne, okasbiBaeMOe aTOMaMH, OCAKAAIOMINMHUCS Ha ITACTUHKE,
paBHO

p =muN,,
r/le 4 — CKOPOCTb aTOMOB, JIETANNX K TiacTuHKe. CJeoBaTesbHo,
0 =&
pu
YuursBas, 4To
_ |2E M
u=,—unum=—0 ,
m N,
[oJIy4aeM OTBeT:
M _
) =L ~9n0® cMm/c .
P\2EN,

2. BHyTpeHHHH IHEPIuA reJmsa (I/Ijlea]IbHOFO O/ITHOATOMHOTI'O rasa)
paBHa CyMMapHOfI KUHETHYECKON 9HEPIrnun TEIJIOBOTO ABUIKEHUA €T0

ATOMOB:
m myo® _ mo*
U=— NA e ,
M 2 2
rae m — Macca resms, M — ero MostsipHast Mmacca, N, — IOCTOSTHHAst
ABorazipo, my — Macca aToMa TeJusl, v — CPeHss KBaJpaTH4Has
CKOpPOCTh atoMOB resusi. C pyroii CTOPOHbI, BHYTPEHHSISI SHEPTHs
reJivsl CBsi3aHa ¢ ero abcosoTHOI Temieparypoil T gopmy.ioii
3m
=——RT
2M
rie R — yHuBepcaJbHast Ta30Basl IOCTOSTHHASL. Y paBHEHUE COCTOSTHUS
TeJINsT IMeeT BUJL

m
V =—RT
pV = RT,

rae p — [AaBJIEHUE TI'€JA, V — o6beMm cocyaa. W3 3anmcanabx

BBIDKEHUI HAXOIUM

_ mo?

P="3y
HOCJIC yCTaHOBHeHI/IH paBHOBeCI/IH BHyTpeHHHH BHepI‘I/IH rejamnda 110
yCJIOBI/HO JOJIJKHa 6bITb paBHa CyMMe HepBOHa‘{aJIbHI)IX BHyTpeHHI/IX
SHCPFI/II/I reJindgd B HepBOM " BO BTOPOM cocy;:[ax, T.eE.
(m + nm)v,% _ mvf 4 nmv2
2 T2 2
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rae o, — CpeaHsdast KBaJipaTuiHasi CKOPOCTb aTOMOB I'eJjins B KOHETHOM
COCTOAHUN. OTCIO[[a

2 _ 012 + nv%
O =
n+1
Takum o6pasom,
2 2
&:_(“”)”Kzl 2 o2
2 2
P 20; (&1 E
3. B cooTBeTCTBHM C IIEPBBIM 3aKOHOM TEPMOUHAMUKIH,
AQ =AU + A,

rae
AU = ng (T-Tp)
— U3MEHEHUHE BHyTpeHHefI 9HEprumn rasa,
R g2
A= §(4h n?)

— pa6ora ra3a, paBHasi U3MEHEHUIO TIOTEHIINAIbHON S9HEPTUU YIIPYTOi
necdopmanuu npyskunbl. V3 ypaBuennii Kianeitpona—Meneneesa,
3aMIICAHHBIX [IJIT HAYaTbHOTO 1 KOHEYHOTO COCTOSTHII Ta3a, HaX0INM

PV = @hs k2 =RT, pV =21 s = 4ki? = wRT |

CJIe,ZZ[OBaTeJIbHO,
AU =2 k2 _
2
YyursBag, uro A = ;kh2 , IOJIly4aeM OTBET:
AQ =6kh* =24 JIx .

4. [lo morpy>keHusi B BOJy B CTaKaHe HAXO/IMJIACh CMECh BO3/yXa
U BOJSHOTO Iapa, IpU4YeM JaBJeHue 3TOi cMecH PaBHO

Po = Py + Pu>
rae p, — NapluajbHOE JaBjeHue Bo3pyxa, p, = [p,/100% -
napiuasbHoe jaasyenue mapa. Orcioja
oy I
Ps Po 100% Pu -

Ilocne memmenroro IIOrpy’K€HusA CTaKaHa B BOAY Iap B CTaKaHE
JAOCTUT HaCBIIEHUA, W JaBJICHUE ra3oBOil CMecu B CTaKaHe CTaJjo
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PaBHbIM
N
Pi=Ps + P>
rae p; — TlapIyaJjJbHOE JaBJCHUE BO3AyXa, p; = pgh +p0 — J1aBJIe-
HHBe BOJbI Ha FJIyél/IHe h. [[Jlﬂ TapuaJbHOTO [daBJEHUA BO3JAyXa
CIIpaBEAJIMBO YpaBHEHUE

' —
pBW - pBVO .

Oé"beLII/IHHH 3allMCaHHbIE BbIpAa)KE€HUA, HAXO/JAMM /IaBJICHUE HACBIIIEH-

HOTO BOJAHOIO IIapa:

pghVi = po (Vo = V1)
Vi = Vof /100%
3. o ompenenenuio, KII/[ TemmoBoil ManmHbl paBeH

n= A =1- % ,
QH QH
riae A — paboTa, CoBepIIeHHAs MAIIMHOM 3a UK, Q, — KOJMYeCTBO
TETJIOTHI, TOJydeHHOoe paGovYnM TeJqoM OT Harpesarens, Q, —
KOJIMYECTBO TEILJIOThI, OTZAHHOEe PabOuUM TeJIOM XOJOAUJIBHUKY.

g mukaa Kapuo

P=py = =5 klla.

rae T, — TeMiepaTypa HarpeBaresisi, a T, — TeMIlepaTypa XOJIO/HJIb-
uuka. [Tockosmpky tmka Kapro o6patum, ero MOKHO ITPOBECTH B
ob6parHoM HarpasieHuu. [Ipu atom paGouee Tesio GyeT MPOXOAUTH
Te JK€ COCTOSIHUSA, YUTO U B TEILIOBOIT MallliHe, HO B 0GPaTHOM MOPSI/IKE,
U Terio 6y/eT mepeaBaThCsl He OT HArpeBaTeis K XOJO[AUJIbHUKY, a
Hao60poT (3a CUET COBEPIIEHHOH PaGOTBI) — OT XOJOAUIbHUKA K
Harpesatenio. Ilockonbky A = NT, TO [JISI KOJMYECTBA TEIIOTHI,
MOJTYYEHHOTO OT XOJIOJMJIbHUKA, CIPABEIJINBO BbIPAKEHNE

NTT,
O

= X
TH - TX .
ITpu aTOM, B COOTBETCTBUU C YCJIOBHEM 33/1a4H,
T, =t+273°uT,=T.
ITo ypaBHenuio TenjoBoro 6ajamnca,

O, =AM .

Pemag 3ammcannyio cucteMy ypaBHEHUH OTHOCUTETBHO HCKOMOI
Macchbl BOJIbI, MOJIy4aeM OTBET:

_ NT(t+273°) p—
(T -t -273°)A
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6. Cuurasi, 9TO BO3/yX M HACBIIIEHHDIN BOJSHOI TIap MOUUHSI-
10TCcs ypaBHeHuio MenzeneeBa—Kiameiipona, 3amnuiieM ypaBHEHUS
HaYaJIbHOTO COCTOSTHHUSI 3TUX BEIIECTB:

pVy =V,RT, p,V, =V, RT ,

rjie p U p, — Napluasblble JaBJeHUS BO3/yXa U HACBIIIEHHOTO T1apa
B cMecu, R — yHuBepcasbHas rasosast nocrosusas, I’ u V, —
abCoJIIOTHAs TeMIlepaTypa M HavaJbHbIH 06beM cMecu, V, — YUCJIO0

MoJIen BO3/1yXa, VlI — YUCJIO MOJIEW BOJAAHOTO Ilapa B Ha4aJIbHOM
COCTOAHMH, HPpUYEM IIO yCJIOBUIO VH = nV“ . OTCIOlIa HaX0/uM
nv RT v . RT
p = 11 = 11

VO ’ pH VO

ITo 3akony /lanbToHa HauaJbHOE [IABJEHUE CMECU BO3yXa U BOJSI-
HOTO TIapa B MUJIUHAPE PABHO CyMMe WX MAaPIHATbHDBIX J[ABJICHUIA:

_ (n +1)Vv,RT

Vo
ITockoabky Macca Bozibl B IIMJIMH/IPE PaBHA HAuaJIbHON Macce mapa,
TO, /IS TOTO YTOOBI BCS BOJA MCHApHJACh, 00bEM CMeCH Hy>KHO
YBEJUUUTD B 2 pa3a. IIpu aToM aBiienne Bo3/lyXa B IUJINH/PE CTAaHET

paBHBIM p /2, a naBjeHHWe mapa He m3MeHnTcs. CleqoBaTesbHO,
KOHeYHOe J/laBJieHne CMecH B HUJIHHAPE Oy/eT

(n + 2) v, RT
2V, ’

Po=ptpy

pK: +pH:

N

OKOHYaTEeJbHBII OTBET:

Po__n*2 _5 =0,625
po 2(n+1) 8

INeKTPOLANHAMMKE

1. Ha BHyTpeHHel NOBEPXHOCTH BHEMIHEH cpepbl MHAYIIPYETCS
3apsaa —q. Ilockombky aTa cepa 3asemiieHa, 3apsa Ha ee BHEITHEH
MIOBEPXHOCTH PpaBeH HyJo. IloaToMy ajekTpocTatmyeckoe IoJe
CYIIECTBYET TOJTBKO B TIPOCTPAHCTBE MEXK/Ly BHYTPEHHE W BHEITHEH
chepamu. ITlpumem moTeHIMAT 3a3eMJEHHOI BHelHel cdepbl 3a
Hosb. Torpa morennuasn cdepor pagmycoM R 6yaer paBeH

g ol _t1t0o_ gq

q’:mﬁﬁ 3RB_6T[%R'

CJIE[[OBaTeJIbHO, Ha4daJibHasd SHEPTUd 3JEKTPOCTATUYECKOTO I10JIA
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paBHa

% __ 4

2 12mgR

ITo mpormecTBUN ZOCTATOYHO GOJIBIIOTO BPEMEHHU IOCJIE COeIUHEHNUS
BHYTpPeHHell M cpeznnell cdep Bech 3apsi ¢ BHyTpeHHEH cdephl
nepeiizier Ha cpeauioio chepy. Termepb aJeKTpocTaTHUECKOE TIOJIE
6GyzeT CymecTBOBAaTb TOJBKO B TPOCTPAHCTBE MEXKIY CPEAHEHd u
BHenrHell cepamu. Ilorentman cpeateii cepbl cTaHeT paBHBIM

o=—218H t_10._4a
" 4me, TRR 3RH 2UTER
[TosTOMY KOHeuHask 9Heprus 3JeKTPOCTaTHIECKOro IoJs Oy aeT
_a¥ _
2 48T[30R
HpI/I IepeMenieHnmn 3aps/ia 1Mo ImpoBOJAHUKRY, COCAUHAIONIEMY BHYT-

PEHHIOIO U CPEAHIOIO C(l)epbl, BbBIJICJINTCA KOJIMYECTBO TEIIJIOTbHI
2
A=W -W' -_ 9
16§ R -

2. Ilyctb mylacTMHKA BbIIIBUHYTa M3 KOHJEHcaropa Ha x. EM-
KOCTb KOHJIEHCATOpa M 3apsiJi Ha HeM IIPH 3TOM OYIyT

C(x):ax€0+a(a—x)sos a;o(as *(e-1))

d d
n q(x)=C(x)é,

rne a =+/S . 3a Masoe BpeMd At TJIACTHHKA IMEPEMECTUTCS Ha
paccroanue Ax =gyl , u 3aps/; KOHACHCATOPA YMEHbIIUTCA HA

Ag = ‘“;Oé (e - 1) 0yt

YunureiBag, uto

~
1
2|&

ToJjsrydyaeM OTBET:
I :\/E%(s ~1)o, =7, 107 A

Toxk BHYTPHU NCTOYHUKA HallpaBJIEH OT €TI0 MOJIOKUTEIbHON KJIE€MMBbI
K OTPUIIATETHHOM.
3. MormHocTb, BblJessieMasi B HArpeBaTeJbHOM 3JIEMEHTe IIpU
IIOJKJIIOYEHUN €ro K OJHOMY aKKyMYJATOPY, paBHaA
E°R

p=——,
" (r+RY
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rae R — comporuBnenue narpesarens, ¢ — IJC akkymyssaTopa,
7 — €ro BHyTpeHHee CONpoTHBIeHNe. I1pn oK IIoueHN HarpeBaTeist
K /JIBYyM O/IMHAKOBBIM aKKyMyJ/IITOPAM, COEJMHEHHBIM IIOCJIe/10Ba-
tenpHO, D/IC 1 BHYTpeHHee COTTPOTUBJICHNE B TIETIN Y/[BAaNBAIOTCS, B
pesyJibTaTe 4ero MOIIHOCTD, BbIAE/AIONAsACA B HarpeBaTese, Gyer

_ 48R
(2r + R) -
Beoxst Besmunny k = & , umeeM k = Zﬂ. Orcioga
P 2r+R
R (k-1)
2-k
YuyureiBast, 4To
2
+
=By
R
TOJTydaeM OTBET:
6= L =12 B.

T ERN I Ny

4. TlockoJbKY, 110 YCJIOBUIO, TOJISIPU3AIIUS 3JIEKTPOIOB MaJia, TO
cuay Toka I B IlenmM MOXKHO CYHWTarhb TOCTOSIHHOW. [lo 3akomHy
dapages,

m=——It,
F z
rne F =eN, =96,5 kKa/moap — nocrosinnas Dapanest, z = 1 —
BaJieHTHOCTb, a M = 1 r/Mosib — aromMapHasi Macca BOJOPOJA.
Orclozia HaX0/ UM

7= mzF
M1t
C npyroit ctoponbl, 1o 3akony OMma /i TTOJTHOM T1eTH,
_ 6
" R+r’

rae R — conporusiienne aJIeKTPOJUTA, a ¥ — BHyTpEHHee CONPOTUB-
senue Garapen. Ilo saxony [lxoyss—JleHna MOIIHOCTD, BBIAEJISIO-
mjasics BO BHEIIHeH Iienu, paBHA

2

&°R

P=IR=——-
(R+7)

DJleMeHTapHbIH aHaJIN3 3TOTO BbIPAKEHMSI MOKA3bIBAET, YTO MAKCHU-
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MaJibHasl MOIIIHOCTH BO BHEIITHEN 11€1TU BbIJIeJIsieTcst Ipu R = 7 1 oHa
paBHa

_&
I)max - .
4R
IIpu sTom
6
I =—.
2R
[ToaTroMy MakcuMasibHAsE MOITHOCTb MOXKET OBITh 3arucaHa B BUJE
&l mzeN
P = = g—/\ =24 Bt .

e 2M1

5. Ummyabe cuipt Ammepa 3a Bpemss T paBen [,BLt. Ilo
BropoMy 3axony Hbiotona, mo, = IyBLT, oTKya CKOPOCTb, KOTO-
pYIo IpHo6peTaeT CTep>KeHb 110 OKOHYAHWU MMILyJIbCA TOKA, pPaBHA
_I,BLt
=

€0}

YpaBHeHNE IBIWKEHUS CTEP)KHS IO OKPY’KHOCTH B BEpPXHEH TOUYKe

TPaeKTOPUU UMEEeT BUJL
2

7 omrh

rne T — cymmapHoe HaTspkenue Huteil. CKOpOCTh CTEPIKHS © B
BepxHell Touke MuHUMasbHa, ecau T = 0. CienoBaTenbHo,

v* =gl.
/13 3aK0Ha COXPAHEHHsI MEXAaHUYECKOIT IHEPIUH BHITEKAET PABEHCTBO
2 2
muy _ mo° _ S
- 2mgl +T —Emgl, OTKyZa v, = +/3gl .

Oé’beﬂI/IHHH 3allMCaHHbIe€ BbIpa’K€HNA, HaXOAWM OTBET:
my/5qgl
Iy =029 <9 A
BLt

6. YPaBHEHI/IB JABUIKEHUA YaCTUIbI 110 OKPYIKHOCTU B OJHOPO/-
HOM MarovTHOM IIOJIE UMEET BH/

mo,
Rl
rae m — Macca, ¢ — 3apdaA, ¢y — CKOPOCTb YaCTHUIIbI. Orciona
_gBR

0o~ -

Taxum 061)3.30M7 KMHETUYECKasA SHEPruA 4YaCTUIbl 1O BKJIIOYEHUA
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3JIEKTPUYECKOTO TI0JIs1 GbLa

WO =

mop _ (4BRY’

2 2m

Ilocne BxIIOUEHHS JJIEKTPUYECKOI'O TII0JIA YaCTHhlla 3a BpEMA At

qgE

prOGpPEeTET B HANPABJIEHUH TOJISI CKOPOCTh 0 = —— At |, U KUHETH-
m

YeCKad oHeprusd 4aCTUullbl CTaHET paBHOfI

_m(oi +of) _(gBRY , (qEDt)’

e 2

ITo ycaoBuo,

2m 2m

W, =aW,.

OO6benHss 3aMCaHHbIe BbIPAXKEHUS], 10JyYaeM OTBET:

At =x/n—1B—§ =0,16 c .

Onrvka

1. Paccmorpum xox ayueit 1 n 2, naynwmx or touku O, paciosio-
sKeHHOH Ha aue osepa (puc.14). Byamem cuumrarb, uto ofa Jyda
MOTAIaI0T B TJIa3 pblbaKa W co3/1aioT B HeM m3oOpaskenue Touku O.

14

O
Puc. 74

Orcro/ia HaXO0 UM
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Jlyd 1 majaeT HOpMaJbHO HA HIKHIO
TPAHUILY JIbJIAa U HE MCIIBITHIBAET IIPe-
Jomaenus. JIyd 2 mpenoMiseTcs ABaK-
JIbI, ¥ TI0TOMY KaXKylasicss riayOuHa
L o3epa oTJimyHa OT peayibHOIl rIy6u-
vl H. Jluamerp 3pauyka JOCTaTOYHO
MaJ, TI03TOMY W YTJIBI MEeXIY JydaMu,
MOMA/IAIONMMH B I'JT1a3 PhIOAKa, TAKKE
MaJbl. CieoBaTeIbHO, CHHYCBI U TAH-
TEeHCBI YTJIOB TA/IEHUS 1 TIPEJTOMJICHUS
paBHbI BeJIMUMHAM 9TuX yrioB (B pa-
quanax). Vcronb3ys 3aKOH NPEoM-
JieHusT 1 0003HAYeHNUsI, IPUBEIEHHbBIE
Ha PHUCYHKE, MOJIydaeM

L+, =Ly, L=(H-h)a, I, =hB,

n
Y :nJIB :nn_B a=n,a,



2. YacTb CBETOBDBIX JIyYe€il,
HCOYNIEHHBIX HCTOYHUKOM,
TIPOIZIET MUMO JIMH3BI U CPa3y
MoTIaJIeT Ha 9KpaH, o6pasys
MIEPBYIO OCBEIEHHYIO 06JIaCTh. -
[Ipyrag dactpb Jiyueit morajer
BHAavaJsIe Ha JIUH3Y U MOCJIe TIpe-
JIOMJICHHS B Heil 6yeT o6paso-
BBIBAaTh Ha 3KpaHe BTOPYIO OC-
BellleHHyI0 00sactb. Mexay
TUMU OOJIACTSIMU Ha JdKpaHe
6yner HAGJIOMATBCS TEMHOE  Pyc 75
KOJIBI[O C IIEHTPOM, PAaCIIOJIO-

SKEHHbIM Ha ocu JmH3bl (puc.15). O6o3HAUMM paguMyC JHUH3bI R,
BHYTPEHHWIT PaInyCc TEMHOTO KOJIbIIA 7, a BHEIIHUH 7, . V13 pucyHKa
BH/IHO, YTO

¥

ﬁ:f—F r_2_d+F
R "R 4

YuutpiBasi, 4to, B COOTBETCTBUH C (DOPMYJION TOHKOI JIMH3DI,

Fd
f_d—F

, HaXouM
_RF R(d +F)
h=—7nm VZ:T-

d

[Inomanb TEMHOTO KOJIbI[a paBHA
2F0
—f2 2\ = 2
S—T[(r2 71) =1R @1 +—d B

ITOCKOIBKY TI0 YCIOBUIO 3ajaun S = nTIR? , TO HCKOMOE PaCcCTOSHIIE
paBHO
2F

n-1"

d =

3. Ha pucynke 16 n3o6paskeHo IIpOX03K/eHUe Jyda depes IMJI0C-
KOTIApaJIJIeJIbHYIO TIJIACTHHKY, 3/1eCh —
O — yros majeHusi, 3 — yrosa mpe- d
JIOMJIEHUS!, d — TOJIIINHA MJIACTUHKY.
Bujiio, 4to npu npoxoxjaeHun mjaac- o
TUHKN JIy4Y CMELIAeTCS IapaJlIesIbHO A
caMoMy cebe Ha PACCTOSTHUE d, KOTO-
poe MOKHO HAlTH U3 PaBEHCTB

d a 0--

AB= ——M— .
cosP " sin (o = B) Puc 16

AB =




Orcioga
_4sin (a-B)

cosf
B pesyJibTate TaKOro cMeIeHust TOUKa lepecedeHust Jyda ¢ TJIaBHO#

ontudeckoi ocbio muu3bl OO, cABUTAeTCS OT JMH3BI Ha PACCTOSTHUE
a

sina ’
ITo 3aKOHY TPETOMJIEHNUS,
) 1.
sinf3 = —sina .
n
C y4eroM MasocTH YriioB O #u [ npuGIMKEHHO UMeeM
. ) a 10
sina=a, sinp=—, sin(a-p)= G@——B, cosp=1.

n n

OO6beuHssT 3aIMCAHHbIE BBIPAKEHUSI, HAXO/IM

l:dn—l

=2,8 MM .
n
4. Jlyun, majamoiniue Ha MPU3MY, MPEJOMJISIIOTCS HA ee 3aJHel
IPaHU U OTKJIOHSIFOTCSI OT CBOETO MEPBOHAYATBHOTO HATIPABJIEHUS HA
yrosi § (puc.17). Tak Kak yroJs npu BepiivHe npusmbl d < 1, T0,
COTJIACHO OGO3HAYEHWSIM, TPHUBECHHBIM HA PUCYHKE, W 3aKOHY

5 npesomienns, & =p-a=(n-1)a.
i IIycts Ha akpane I B Toukax A m O
o e HaG6JII0/1AI0TCs coceinue uHTepdepeH-
e LUOHHbIE MAKCUMYMbI, T.e. AO = Ax .
1_>96:V 7 \&/ _[3 IHockoabky &< 1, pasHOCTb Xoja
’ ¢ OB nyuweit / m 2, BBIXOASIINX U3
P MPU3MBbI TI0CJIE TIPEJOMJIEHUS], TIPU-
£ 6mkenno pasua OB =Axd . CorJiac-
o5 LM HO YCJIOBUIO 06PAa30BaHUsI MaKCUMY-
3> - i MOB B UHTep(epeHIIIOHHOI KapTHHe,
% Ax OB = \. s 3anucaHHbIX Bblpake-
4> B HUH CcJesyeT OTBeT:
© A
Puc. 17 =
(n-1)a’

5. O6osnaunm yepe3 A reoMeTPUYECKYI0 PA3HOCTh XO/a JBYX
Jrydeil, MAYMAUX HA PACCTOSTHUHN 7 OT TJIABHOI ONMTHYECKON OCH JIMH3BI:
Jyda {', OTPa)KEHHOTO OT BepXHeW TMOBEPXHOCTH CTEKJISHHON TIac-
TUHKM, ¥ Jy4a ', OTPaKeHHOTO OT HUYKHEH IOBEPXHOCTH JIUH3bI
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(puc.18). Ilo teopeme Iudaropa
numMeeM

R2272+§R

Ortcioza

NS
28

2
RA:r2+A—,
4

YuutpiBas, 4TO A2/4 < r?, npu6IMKEHHO 1oJy4aem

2

A=—.

R
[TockobKy BOJIHBI, COOTBETCTByIOIMe JTydaM { u {', YacTHYHO
PacIpOCTPaHAIOTCS B 6eH30J1€e, 3all0JIHAIONEM 3a30D MexX/1y JUH30II
U TJTAaCTUHKOMW, ONTHYEeCKad PasHOCTb XoJa MeXKIy Jydamu { u {'
paBHa

A

=n/ =—.
ont R

JlononuTenbHbIi (ha3oBbIit HAGET, PaBHBIN TT, BOJIHA, COOTBETCTBY-
omas Jay4y {', npuobpeTaer MpU OTPAKEHUU OT ONTHYeCKU 6oJiee
TJIOTHOM cpeapl. Takum o6pasoM, ycaoBue TIepBoTro HHTepQepeHIn-
OHHOTO MIUHWMYMa MMeeT BH/]

+A :§)\
2 2

OO06bennHss 3alMCaHHbIe BBIPAXKEHUSI, 110Jy4aeM OTBET:

r = f)\—R =2 MM.
n

6. Ilokumaromue o6/y4aeMblil MIap 3JEKTPOHBI YHOCAT C HETO
OTPHUIATEJbHDIN 3aps/l, B pe3yabTaTe Yero Iap 3apsiKaeTcs T0JIo-
JKUTENbHO. IlycThb 1pu 06/ TyYeHnn 1mapa CBeTOM C JJIMHOI BOJHBL A
map npuobpest 3apsiz g. VIaMeHeHnue mOTEHIIUATbHON S9HEPTUU AJIeK-
TPOHA IIPU TIEPEMEIIEHNH €ero C IIOBEePXHOCTH IIapa B GECKOHEYHO
Y/IaJIeHHYI0 TOYKY PaBHO

__¢
AEII - .
4Mg,R
3apsiika mapa mpeKkpaniaercst, Korja Bce 3JeKTPOHbI, TOKUHYBIITHE

Imap, BO3BpalllalOTCA Ha HEro, T.€. Korjla MX KMHETUYECKasa oHEPIrusa
YZAOBJIETBOPAET yCJIOBHUIO
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W3 ypaBHenus JitHireiina st goroaddexra caemyer, 4ro
mo* _ he B
2 A
3nech A — paboTa BbIXO/A, KOTOPAs CBsI3aHa € JJIMHON BOJIHBI A, ,
COOTBETCTBYIOIIEH KpacHo#l Tpanuile ¢gotoadderta g 1e3nusd Ha

BoJIb(pame:

OO6bennHSAS 3alMCaHHbIe BBIP)KEHUS, HOJIy4aeM, 4YTO Iap MOXKeT
Ipuo6pecT MaKCHMAaJIbHbIH 3apsiy

_4ngRhcO1 10
Imax = g - )\_D
e 1 20
ITOT OTBET UMEET CMbICJI TIPU BBINIOJHEHNH ycaoBus A <A, . Ecom
xKe Ay <Ay, To HoToa(pdeKT He BOZHUKACT U Gy = 0 .

MOCKOBCKUA UHXXEHEPHO-®U3NYECKUA UHCTUTYT

Onumnunana «Pocarom»

MATEMATUKA

1. a) (53); 6)(53), (17). 2. a) £/52; 6) -2.
3. a) We+tk, ROZ; 6) {6 +1k, 273 2 B, knOZ.

6 .1 5. 2+43
4. (0;1/2)U (3/4;1); 1;6; 3,6 - — Do) s ———;
N (ng) (3/4;1) @ T[arcsmﬁ a) el

OUN3INKA

1. IIpu mocJieoBaTeIbHOM COEMHEHUN Y BCEX KOHIEHCATOPOB
3apsi/ibl OJIMHAKOBbIE, A HANpsDKeHus1 ckJajbiBatorcs. [loatomy,
KOrJla K IeNHM NPUJIOXKHUJIN dJeKTpudeckoe Harnpsbkenne U W Ha
Ka’K/IOM KOH/IEHCATope YCTaHOBUJIC 3apsi Q, CIPaBeIJINBO PaBeH-

CTBO
U = 9 + 2 +g
C 3C 2C
Orciota HaXOAUM
_ 6CU
11

2. HepaBHOIJIEYHOCTD 1 YPABHOBEIIEHHOCTb BECOB O3HAYAET, YTO
UX ILJIEYU UMEIOT Pa3Hble JJIMHBI, HO LEHTD TSXKECTU BECOB PacIIOJIO-
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SKEH B TOUKE OIIOPBI U TOTOMY CILTY TSPKECTH, el CTBYIONIYIO Ha CaMi
BEChHI, B YCJIOBUM PaBHOBECUs BECOB YUUTLIBATh He HYXXHO. Vcmosb-
3yeM Jasiee TIpaBuJIo pbryara. Ecsm mMacca tesia M, a utiHbI 1tey [
u [, , TO yCJOBHSI PABHOBECUSI BECOB UMEIOT BH/[L

Ml =ml,,
Ml, =1,44ml, .
[Tepemmoskast 9T ypaBHeHUsI U COKparas npoussenenue [l,, ma-
XOIUM
M =1,2m.

3. 3aBucuMOCTb yrjla OTKJIOHEHHA MadaATHUKaA OT II0JIOKEHUA
PaBHOBECHUA ¢ OT Bp€EMEHU t 3ajaercs YpaBHEHNEM

() = ¢, sin wt ,

rae W= \/ﬁ — IUKJInYecKas yacrora kosebanuii. [uddepentupo-
BaHue 3aBucuMoctu ¢ t) 110 BPEMEHU [JaeT YIJIOBYIO CKOPOCTb
MasITHUKA, & YTOObI HAUTH €ro JHHEHHYIO CKOPOCTD, HYKHO YTJIOBYIO
CKOPOCTh YMHOKHUTb HA JITUHY MASITHUKA:

v(t) =¢ (t)l = oWl cos 0t .
W3 3101t (HhOpMYIIBI CIIEAYET, UTO MAKCUMAIbHAST CKOPOCTh MASITHUKA

paBHa ¢yw! , a yObIBaeT CKOPOCTb B /[BA pa3a uepes3 BpeMst T, KOTOPoe
Y/IOBJIETBOPSIET YPAaBHEHUIO

¢OT('OZ = ¢ywl cos WT,
OTKYy/Ia HAXOAUM
SR L)
3w 3\g-

4. B paBHOBecMu CHJIa TSDKECTH, [EHCTBYIONAsi HA OGOJIOUKY
niapa M reJuil BHyTpH, ypaBHOBellIUBaeTcs cujIoil Apxumena, neii-
CTBYIOIIEH HA ITap CO CTOPOHBI OKPY’KATOIIEro BO3/AyXa:

m+ M :m@l+M§:pV’
m

rge m u M — Maccbl Teauss ¥ O60JOYKH IIapa, P — ILIOTHOCTD
Bo3myxa. Bemmumny M/m, KOTOpYIO HaM HY:KHO HaiTH, qajee
0603HaunM OyKBOW Xx. BbIpasuM BeJMuuHBI M U P C IIOMOIIBIO
ypasHeHus1 Kuiamneiipona—MengeneeBa. [l resust BHyTpH Iapa
nMeeM

pv = 2 Ry, m = LY M
M, RT

Uto6bl HAMTH MJIOTHOCTb BO3/yXa, PACCMOTPUM HEKOTOPDLIA 06beM
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BO3/lyXa v. YUUTbIBasi, YTO [JlaBJe€HUE BO3/[yXa PABHO [IaBJEHUIO
resiust BHyTpH mapa (060J04Ka 10 yCIOBUIO HE 06JIaaeT yIpyroc-
THIO) ¥ TEMIIEPATYPbl TA30B PABHbBI, UMEEM

m M

pv=—L1RT,p =PV

M RT ~
rJe My — Macca BO3[yXa B paccMarpuBaeMoM obbeme, P =my/v —
TJIOTHOCTb BO3/yXa. Terepb U3 ycJ0BUSI PABHOBECHUS TIOJYUYUM

B

% (1 + x) = %
RT RT
OTKyZa HalizeMm
= M = M =6,25.
m

5. OcHOBHast TPYAHOCTD 3a/[aUW 3aKJIOYAETCS B TOM, YTO TEJIO
JIBUDKETCS HE IO MPSIMOU M TIOATOMY HAINpAaBJIEHWE CHJIbI TPEHUS
HETIPEPBIBHO U3MEHSETCS. DTO 03HAYAET, YTO, HECMOTPS HA TIOCTOSTH-
CTBO BeJIMYUH AEHCTBYIOIMX HA TeJo CHJ (TAKECTH, PEAKIUK OMOPbI
U TPEHUs), €ro ABIKEHUE He SBJISETCS PABHOYCKOPEHHBIM.

PaccMoTpuM IpoMEsKyTOYHOE TI0JI0KEHIE Tesia, KOr/la BEKTOP €ro
CKOPOCTH HAIpPaBJeH 0] HEKOTOPBIM YIJOM Y K HAlpPaBJEHUIO
HAUOBICTPEIIIIEro CITyCKa C TLII0CKOCTH
(puc.19). Ha teno meiictByior Tpu
CHUJIBL: CHLJIA TSIZKECTH MG , HATIPaBJIEH-
Hasl BEPTUKAJbBHO BHU3, CHJIA TPEHUS
Frp, HalpaBJeHHAs MPOTHBOIOJOXK-
HO CKOPOCTH, U CHJIA PEAKIIUU OMOPDI
N, HamnpaBleHHAS TePHEHIUKYJIp-
HO TITOCKOCTH. UTO6BI HE 3arpoMOK-
JIATb PUCYHOK, MbI M300PA3UJIHN TOJIb-
KO CHJIy TPEHUS M COCTABJIIONIYIO
CUJIBI TSDKECTH, MAPaJIIeJbHYIO IIOCKOCTH, BEJMYNHA KOTOPOIl paB-
Ha mgsina . Bropoil sakon HbioToHa maer

md =mg + N +Frp.
CrpoeninpyeM 9To ypaBHEHMEe Ha J[B€ OCU: B HANPABJIEHUN HAUGBIC-
TPEHIIETO CIycKa ¢ TJIOCKOCTH U TapaJIIeTbHYI0 CKOPOCTH TeJia B
paccMaTpUBaeMblii MOMEHT — 3TH OCH HA PHCYHKE OTMeYeHbI udpa-
Mu 1 u 2 cooTBeTCTBeHHO. B pesysbrare moJsyunmM

ma; =mgsin o - F, cosy,

ma, =mgsinacosy —F,
re a; U a, — NPOEKINU BEKTOPa YCKOPEHUS Tesla Ha paccMaTpuBa-

eMbIe OCH. YUTeM Tenepb, YTO M0 YCJAOBUIO MU :tg o . B atom CJydae
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CIIPaBE/IJINBO PABEHCTBO
F,, = Wmgcosa =mgsina .
W3 tpex mocjeiHUX ypaBHEHUH IOJy4nM
a+a, =0.

ITpoexnns yckopeHus Teja Ha och 1 ompesessieT CKOPOCTh U3MeHe-
HUS TPOEKIUU CKOPOCTU TeJa Ha HalpaBJeHNe HauObICTPENIIEro
CIYCKa C IJIOCKOCTH, a IPOEKIMS YCKOPEHWs Teja Ha OChb 2 —
CKOPOCTb M3MEHEHUsI BeJIMYMHbI cKopoctu. [loaToMy uM3 paBeHCTBa
a; + a, =0 craexyer, 4TO CyMMa IIPOEKIINI CKOPOCTH OCTAETCST HEN3-
MeHHOW B JII060I MOMEHT BpeMeHW. B 4acTHOCTH, 3HaveHUe 3TOMH
CyMMBI B HaYaJbHBIII MOMEHT BPEMEHHW PaBHO ee 3HAYEHUIO B TOT
MOMEHT, KOT/Ia BEKTOp CKOPOCTH HaKJIOHEH IO/ YIJIOM [3 K Hampas-
JIEHWI0 HAUOBICTPEHIIEro CIIycKa:

vy = vy +yycosPB.

Orcio1a HAXOINM
Y%

01 =
1+cosB-
MOCKOBCKUA ®U3UKO-TEXHUYECKUA NHCTUTYT

MATEMATUKA

Tucomennolii sK3amen

BapuaHt 1
1. p=—_ p=Y265
25 32
[Myctp E — mupoeknuss touku D Ha mnpamyoo AB. Tak kak
Saanc —@ in0ACB, a Sapc —%sin UOACB, To
BC _ S
= ZAMBC =4 CaepoBarenbao, DC = BC u BD = %;C
DC  Spipc N 4 \/_
Nmeem  BC = ;1 = i) . Torma BD-= 3—
2sinarctg — 2
3V5, 24 3
3
DE = BDsin UABC= 3 g— F — paccrogHue oT Touku D 110
npsamoit AB. [lanee, 1o teopeMe kocunycoB u3 AADC noayvaem
AD? = AC? + DC? ~24C (DCeos UCD= # - Pt 33,

64 4 5 64
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CrenoBaTesibHO, PAJNYC OKPYKHOCTH, OIUCAHHON OKOJIO TPEYTOJIb-

uuka ADC, paBeH
R=_ AD 53 45 265
2sin0ACD 16 32

2. T, ig+m, n0OZ.
Tak kak

sin 3x cos 5x = — (sin 8x —sin2x) |

sin 22 cos 6x = — (sin 8x —sin 4x)

N = N =

TO ypaBHEHNE PaBHOCUJIbBHO

sin4x —sin 2x _ sin x cos 3x

:().
2cosx cos X

Tax Kak cos3x =4 cos® x —3cosx, TO ToJTyuaeM
. 2 — -
smx(4cos X —3) —smx(2cos2x —1) =0
mpu yeaoBun cos x # 0. Torma 6o sinx =0 u x = Tk — peIieHus,

1 s
an6o cos2x = 3 nx= ig + T — pelieHus.

3. x Df 2; 18] )

O/13: x0¢ 218]. Ecom x 0(0;18], to neBas uactp nepasen-
CTBa HEOTpHIlATeJbHA, a IpaBas — orpuiarejabHa. CJjie/[0BaTeIbHO,
aT0 pemtenus. Ecam ke fo 2; 0], TO 06e YacTW HepaBeHCTBA
HEOTPUIIATEIbHBI. B 3TOM CJiiyyae HEPABEHCTBO PABHOCUJILHO

0> +20% +x -18 =(x -2)(x? +4x +9)

Tak kak x% +4x +9 >0 npu Beex x, To mosyyaem 0 > x — 2 — BepHO
Mpu BCEX X D(— 2; 0] , T.€. 9TO PEIIeHMS.

4 Oi+V17 7+V170 G5+17 3+4170
. SR ,% T )

C yuerom O3 (x > 0, y > 1, x#1, y#2) cucrema
rpeo6pasyerTcsi PABHOCUIbHBIM MEPEXOJIOM K BU/LY

o = 2,
Ey+v =3,

rae u = log, (y +1), v =log, 4 (x +2). Otcioga mbo u =1, v =2,
mbo u =2, 0=1.
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B nepBom ciayuae numeeMm

B+ 1=z,
L 2
Br+2= (y —1) .
+ +
Hauee, y2 -3y -2=0, oTkyzna y = 3_2\/ﬁ, X = S_ﬁ. C yue-
_5+17 3+417
tom O/I3 noayyaem x = — 1Y = — B OTBET.
Bo BTOopoM ciydae mMeeM
+1=47
Br+2=y-1.
+ 7+17
Z[aJIeexZ—x—4:0,0TKyaax:1_;/ﬁ,y: 2\/—‘Cy‘-leTOM
_1+17 7+ 17
O/13 nosyyaem X = 3 ny= > — B OTBeT.
5. a=2++2.
ITepBoe ypaBHeHME CHCTEMbI MOKHO 3AIMCATh B BUJIE
B o=y,
Y7 B 1a > 1.

Bropoe ypaBHeHue CHCTeMbl Ipeobpasyercs K BULY X2 + (v - a)2 =
=(a - 1)2 U ABJSAETCS yPaBHEHHEM OKPYXKHOCTH C LEHTPOM B TOUKE
(0; @) u pammycom |a — 1]. Dra okpyxHOCTD TIPH TOGOM 3HAYCHUH @
npoxoaut uepes touky A(0;1)u kacaercs mpsamoit y = 1. Ecan
@ <1, TO OKPY>KHOCTD JIEKUT HIKe IIPAMOii y = 1, u JaHHas cucreMa
B 9TOM CJyyae MMeeT €[UHCTBEHHOe pellleHue (0; 1). Ilpn a = 1
OKPY’KHOCTb BBIPOJK/IAETCS B TOUKY A, T.e. B 9TOM CJydae cucTeMa
Toxke umeer exmuctBennoe permernne (0;1). Ecam xe a > 1, 1o
OKPY’KHOCTb PACIIOJIO}KeHA BBINIE TPsIMOit y = 1, U cucteMa Kpome
pemenus (0;1) Gyzer umers eme jpa pemrenust (CHMMETPUUHBIX
OTHOCHTEJIBHO IpsAMOi x = 0) B TOM cJIydyae, KOTrJa OKPY’KHOCTbH
KacaeTcs NPSAMBIX i = X U i = —x. ITO O3HAYaeT, YTO CHCTEMA

=%

e+ (v =a)f =(a 1)

2

WMeeT eMHCTBEHHOE pemierne, T.e. ypapHenme x° +(x —a) =
2 .

=(a-1)" umMeer ejMHCTBEHHDIH KOpeHb. DTO ypaBHEHHE MOKHO

sammcatb Tak: 2x° - 2ax +2a -1 =0, otkysa D = 4a® -8 (2a 1) =
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:4(a2 —4a +2) =0, T.e. ¢ =2++2. Tak Kak @ > 1, To MOJTy4aeM

a=2+2.
18 4439

6. A4 =6, P=—, R:?\/_.

O6oznaunm AB =2b =8, SC=h=15. Ilycrtp E u K — npoexiyuu
touku O Ha npsample BC u SC coorsercrBenno. Ilycts OF = x,
OA; = 0B, =0C; =R — pauguyc cdepnl. Tak kak OF — nepren/u-
kyasp k miockoctu ABC, a OBy 0 AB, 1O 110 TeopeMe O Tpex
nepreHaAuKyJasaApax noaydaeM BE 00 AB. Ananornuno C.E O AC .
W3 paBencTBa NMpAMOYTOJbHBIX TpeyronbHnkoB OBE umw OCE
caenyet, uto B E = C|E . 113 paBeHCTBA TPSAMOYTOIbHBIX TPEYTOJIb-

Tt
nukoB BBE u CC,E (rak xax OB=0 € 3 ) nostyyaem, uro BE=

3 b3
5

=CE=b=4.Torna BB :g =CC,CA=BA :Eb, BE =—

Kpome Toro, 13 paBeHCTB OTPE3KOB KACATENbHBIX, MTPOBEIEHHBIX K
3

chepe u3 Touku A, caenyer, uro AA; = ABy = Eb =6.

s naxoxaenus x 1 R Bbipa3uM SO u3 TpeyronbHUKoB SKO u
SOA;. Tak xak OK = CE=bu SK=h — x, 10

SO* = (h - x) +b* =0A? +SA?,

rze
0A? = R? =OFE? + BE* =1 +§b2,
SA; = SA - AA; =B +4b* —gb.
CueioBaTesIbHO,

(h=x) +b? =2 +3? +DH\/h2 v -3
4 2

OTKyJIa MOJIyYaeM
W1 = 2xh b = +%b2 1P 4D +%b2 36\ b
T.€.

x :%(\/;ﬂ ¥ 4D —Zb) :%(\/15 15 +64 -8) :%(17 -8) :§.

Torma

R:\/x2+§b2 :\/18218 +3 06 :4@.
4 25 4 5
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BapunaHt 2

1. (=2 -1)U[1; +o).

O/3: x0f 2 1) U (-1 +). Ecm 2 O¢ 2 1), Tox +2 <1,
a vJx +3 +1>1. CregoBaresbHo, noaydaeM log, ., (\/x +3+ 1) <,
<0 <1 unnosromy x0O¢ 2~ 1) — pemenus. Ecu sxe x > 1, 10

x + 2 > 1 u HepaBeHCTBO PaBHOCWJIBHO +/x +3 <x +1, KoTopoe
umeer pemerme ¥ O[1+eo ),

2. (3:4), (3-4), (-1,246), (-1 -246).
[lepeMHOKUB ypaBHEHUSI CUCTEMBI, MOJYIUM yz —x? = yz -
-2x2 +2x +3, T.c. 22 -2x-3 =0, orkyna x = 3 win x = —1.

[Tpu x = 3 M3 mIepBOTO YpaBHEHUS CHCTEMBI HAXOIUM /25 — yZ =3,
otkyna y = 4 . TloxgcraBasis x = 3 1 y = £#4 BO BTOpOe ypaBHEHNE
cucteMsbl, moxydaem 4 + 3 =7 =16 — 18 + 6 + 3 — toxknectBo. Takum
o6pasom, obe mapst (3;-4) u (3;4) ynosrersopsior BropoMy
YPABHEHUIO CUCTEMBI.

Ilpu x = —1 U3 TWepBOro YpaBHEHUSI CUCTEMbI HAXOIUM

A2 - yz = 2\/6 -1, oTKyZQ y2 = 4\/6 ny= 124/6 . Hoxcrasimas x
=—1mu y= +24/6 o BTOPO€ YpaBHEHHE CHCTEMbI, TOJyYaeM
26 ++/25 - 446 =446 —4 +3, T.e. N25-446 =246 -1, uro
PAaBHOCUJIBHO 25 — 4\/6 =24 —4\/6 +1 — roxzpectBo. Takum o6pa-
30M, 06e Taphel (—1; 246 ) u (—1; -246 ) VIOBJIETBOPSIIOT BTOPOMY
YPaBHEHUIO CHCTEMBI.

3. x=mm, x:g+2m, nOZ.

PacemoTpuM ciaydaii ¢ = sin x 2 0 . VcxonHoe ypaBHeHMe IpUMeT
Bux sin3x +3sinx = -2sin3xsinx . Tak kak sin3x = 3sinx —

- 4sin® x , TO MOTyYaeM (St - 4t3)(1 +2t) +3t =0 . Orcioxa Haxo-
JIIM

t(48® + 26 =3t =3) =¢ (¢ ~1) (46 +6t +3) =0.
Vpasterne 4t° + 6t +3 =0 1e umeer kopreit. CJre10BaTe bHO, TG0
t=sinx =0 W x=Tm, Jub0 ¢t =sinx =1 1 x:g+2m.
Tenepn pacecmorpum cayvaii ¢ = sin x <0 . Torga mcxomHoe ypas-

HEHUeE IPUMeT BUJL ¢ (4t2 +2t - 3) =0 . Ypasuenue 4t° +2t =3 =0
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-1-J13 4 _-1+413

UMeeT KOpHU & = 4 < ut= i >0, T.e. B 3TOM
cJy4ae pelieHUH y NCXOJHOTO yPaBHEHUS HeT.

1 3 . 4
4. Ilnomanp: ﬁ, paccTosgHme: —— , yTOJ: arcsmg.

Nmeem AO =1, AS =\/§. Ilycrp 20 = 0ASC, 23 =0ASD .
Torna

1
tga=—- cosa= =1 sin2(x:é

’ _’Sina_ ’ )
2 NG NG 5

cos 2d =§,
5

1 3 3 4 3
sinff=——, cosp=—, sin2B ==, cos2P=—, tg2p=—.
B=T P~ P23 B=y te2by

IIyctp mnockoctsb I1 nepecekaetcs ¢ npsimbivu AS, CS u DS B
toukax M, N u P coorBerctBeHHO. B miockoctu ASC u3 npsimo-

yroapHoro AKSM umeem SM = SKcosa = L . Manee u3 npsamo-

J5

yroiapHoro ANMS umeem

SM\/—

SN=—1= , MN = SNstO(—i.
cos 2d 35

B mmockoctm ASD w3 mpsaAMoyroibHOTO APMS umeeM

MP=SMigap=_S_, sp=SM _5
NG 0052[3 4

JNUKYJSIPHA TJIOCKOCTH [, TO yriioM Mexy npsmoir SD 1 1110CKO-

. Tak xak SM meprmen-

T . 4
crtpio Il aBasierca OSPM= — PB= arcsin—. Tak xkak

ISI

DP =SD-SP =45 -X2 ==3  TO PaccTosHUE OT TOUKM D no
3
5

B nnockoctn CDS n3 APNS 10 TeopeMe KOCHHYCOB HaXOJUM

miockoctu I1 pasuo DPsin OSPM=

PN? =2 +§ -2 [—IZ£ =2 Paccmorpum AMPN . Ilycth
16 9 6 5 906"

OPMN=¢ . Torga mno TeopeMe KOCHHYCOB IOJyYaeM

29 _ 9 16 145 _ 9@ +1606 _

906 1605 E_ECS"’ OTKYAZ 916~ 906

2 .
—2cosd, u cosd = 3" CuaenoBaresnbHo, Sin =

1
3V5

w|&y

, ¥ HMCKOMasi
momaab cevenust pasia MP [MN 3in ¢ =
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d. x:g+2ﬂk, y:g+2m, ksOZ.

C0oXUB ypaBHEHUS CHCTEMbI, TIOJTyIUM
A L . O 1
2sin X + —+ 2sinfjy + =4,
H "3 " 4
ITO PaBEHCTBO PAaBHOCHJBHO Sin ﬁx + 0= 1 m sin ﬁi/ + Eﬁ =1.
3H 4

T
CiemoBaTesIbHO, X = g +2TRk n y = 1 +218 , k,s OZ . IlogcraBags

[OJIyYeHHble 3HaueHUsl X M ¥ B HCXOJHYIO CHUCTeMy, IoJydaeM
1 _3 3_5
—+1 =5 u 1+ - ==, T.e. 3TO PeElIeHUA.

2 2
6. R:@, AC:2\/E, BDZ2{§.
3 3 3

ITycts M, K, N, E — TOYkM KacaHUsl BIIMCAaHHOH B Tpameruio
oKpyskHOCTH co cropoHamu AB, BC, CD n AD coOTBETCTBEHHO.
ITycts P — cepennna AB, Q — cepennna CD, tak uto PQ — cpenuas
gunus tpanenuu. Ilycts F u T — nmpoeknun touek B u C nHa AD.
ITyctp R — pasidyc BIUCAHHOI B TPAIEIMIO OKPYKHOCTH, 7 — BBICOTA
tpanenuu. Torga i = 2R. O6o3uaunm BM = BK = x, CN = CK =
=y. Torna AM = AE =3 —x, DN =DE =5—-y, BC=x +y,
AD = AE + DE =8 — (x + y), PQZ@ZLAF:AE—
—FE=3-2x,DT=DE—-TE=5-2y. llyctp S| u S, — niomaju
tpaneruii PBCQ u APQD. Torna

S, :g(BC +PQ) :§(4 x+y),

S, :§(PQ +AD) :§(12 -x -y).
S _ 5 _ 4d+x+y

ITo ycaoBuio, S_; 1 m , oTkyaa x + y = 1. Tak Kak

BF? = 1? = AB* = AF* =9 (3 =2x)" =4(3x —x?)

CT* =i =CD? =DT* =25 ~(5 ~2y)’ =4(5y ~"),
0 3x — 2 =5y —y* . Mockombky x =1 =y, T0 3(1—y)_(1_y)2 =
: 14
=5y -y*, orkyna y=%, x=2 =5y -y :g,

§ ’
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AT =3 -x+y :§, DF=5-y+x :&,

3 3
AC =~CT? + AT? = /%6 +%4 :2\/E,
BD =+ BF? +DF? = /5_6+25_6 =92 26
9 9 \ 3

OU3INKA

BapuaHT 1

1. Cuabl TATM HA TOPM3OHTAJBHOM YYacTKe, Ha CIyCKE M Ha
[IO//beMe PaBHbI, COOTBETCTBEHHO,

I:I‘OP = ﬁ ’ cn = L bl
v 3v/2
F = 27N
oJ1 0/2 .
IMyctsp k& — xoadduIiMeHT MTPONOPINOHATBHOCTH MEXKIY CHJIOH
COIPOTUBJIEHUS U CKOPOCTbIO, 3 — YroJI HAKJOHA IOBEPXHOCTH

J10pOru K TOPHU3OHTY Ha IIOJAbEME. Tak kax YCKOp€EHNE Ha BCEX
y4acCTKaX paBHO HYJIIO, TO

E,, —ko=0,

rop

)

Fcn+mgsina—k37020

TI0J

E —mgsinB—kg =0,

W3 zamucanubix ypasHenmit (¢ yuetom 3HaveHms sind = 1/30)
HaXoauM

. 7
sinf3 = — |
50
2. Ilyctb V u p — 06b€M U TLIIOTHOCTD CTEPKHSI COOTBETCTBEHHO,
T — HavaysbHag cuUJIa HATSOKEHUS HUTU. Y CJIOBUS PaBHOBECUS

CTEPIKHS [I0 M TTOCJIE €r0 TIePEMEIIEHIST MMEIOT BU/]
pVg-py 0,7Vyg =T,
pVg-py 0,3Vg =1,2T .
Orciofia HaXOAUM
p=27p) =2,7 rfem®.

3. O6osuauum uepes Vo, py, T, u V3, p;, T, o6bem, nasienne u
TeMieparypy B Toukax 2 u 3 cooTBeTcTBeHHO. PaGora rasa B
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nporiecce 2—3 paBHA PA3HOCTU TLIOMIA/IEN /IBYX TPEYTOJbHUKOB Ha
rpaduKe 3aBUCUMOCTU JaBJeHUsT OT 06beMa (CM. PUCYHOK K YCJIO-
BHIO 3a/1aui):

1 1
Aoe = =03Va ——0,V,
23 zps 3 2792 2.

YpaBHeHUsT COCTOSIHUS B TOUKaX 2 U 3 UMEIOT BU/T
poVy = VRT,, p3Vs = VRT;.

ITo mepBoMy Hauasy TepMOJAMHAMUKU [JisI TipoiieccoB [—2 u 2—3
nMeeM

Oy =V B;*R(Tz _723) + Ay,

Q3 =V %R(T:a _Tz) + Ay,

W3 3amnmcaHHbIX ypaBHeHI/Iﬁ HaXOJMM KOJIMYECTBO TEIIJIOThI, I1OJABE-
JA€HHOE K ra3dy B IIpoHecce 1-2:

3
Oy = 4y _ZQZS =100 L.

MousipHas TemIoeMKOCTh B Tporiecce /—2 paBHa
— Q12 :§R—2A12R:—§.

C = 241
v(h-T;) 2 Oy3 2
4. Ilyctp KJIIOY 3aMKHYT Ha BpeMs T. IIpu 3aMKHYTOM KJIIOYe
dyepe3 pesNCTOp TedeT TIOCTOSHHBIN TOK [, =¢/R, a TOK depes
KaTyIIKy HapacTaeT Mo JUHEHHOMY 3aKOHy OT HyJs g0 I, = ET/L,
MOCKOJIBKY & — LI; =0, a 3HauuT, MPOU3BOJHAS 110 BPEMEHH TOKA
yepe3 Karymky I; =&/L =const. 3a BpeMsi T B KaTyIIIKe 3aracercst
IHEPrHs
2.2
w, =12 =%
2 2L
KOTOPAsi U BBIJIEJIUTCSI B BH/IE TEILJIA B PE3UCTOPE MOCJE PA3MbIKAHHS
kJoua. [Ipu 3aMKHYTOM KJl0ue B PE3UCTOPE BbIIETNTCS KOJHMYECTBO
TETLJIOTDI

Op = I5RT = £ T
R = 1R R
N3 ycnosus W; =20, Haxomum T=4L/R. Ilpomemmmuii uepes
HNCTOYHUK 3aps/l TPH 3aMKHYTOM KJIo4e paBeH CyMMe 3aps/ioB,
TIPOTIEINNX Yepe3 PE3UCTOP U KATYIIKY:

1 éL
s = ]RT+§[0T = 12‘R—2.
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Tenepp HaiijileM CBSI3b MEXK/Y IPOTEKIIUM Ye€pPe3 PE3UCTOP 3apPsiiOM
(r ¥ MU3MEHEHNEM TOKA B KaTYIIIKe [T0CJIe Pa3MbIKaHUs Kitova. [IycTb
B HEKOTOPBIIl MOMEHT TIOCJIe PAa3MBIKAHUS KJI0Ya TOK Yepe3 KaTyIIKy
(u pesucrop) pasen I. 3a CKoJIb YyrogHO MaJioe BpeMsi Af 3TOT TOK
usMenutcd Ha Al . [l KOHTypa U3 KaTYIIKU U PE3UCTOpa CIIpaBe/i-
JINBO PaBEHCTBO

Al
-LE =IR, wim -LAl = RIN: .

ITockoambky IAt = Ag ecTb 3apsn, NPOUICAIINI Yepe3 pe3ucTop 3a
BpeMsa At, To

~LAT = RAq .

IIpocymMmmupyeM paBeHCTBa, aHaJOTUYHbIE IIOCJAeAHEMY, I/ BCeX
MHTEPBAJIOB BPEMEHN IOC/Ie Pa3MbIKAHNA KJIOYa:

—LSA =R ;.
[Mockoabky YAl =0-I, u YAg=gg, 10
LI, = Rqp .

Hrak,

Ly _Le _46L
R RL R?

Hckomoe oTHotmenne 3apA10B paBHO

qr

e _ 3
qar

3aMeTuM, YTO OTBET MOXKHO MOJYyYHTH OBICTpee, MOKa3aB u
UCIIOJIb30BAB TO, YTO TIPOMIEIINH 4Yepe3 pe3nCTOp 3apsii ITpH
3aMKHYTOM M PAa30MKHYTOM KJIIOYE OJUH H TOT JKe.

3. IlepeGpaB Bce BO3MOKHDIE CJIy4ad, IPUXOAUM K BBIBOAY, UTO
JIMH3a coOMpalolias U MpeiMeT B 000UX OIbITAX HAXOJUTCS MEXKILY
doxycom u smu3oil. Ilyctb d — HavaabHOE PACCTOSHUCE OT JIUH3BL 10
npeaMera, f; W f, — HayaJgbHOe M KoHedHoe paccrosuus (1o
MOJIyJIF0) MEX/Y JIMH30U U u3o6pakenueM, I — HAvYaIbHOE YBEJIU-
yenue, F — ¢okycHoe paccrosiHue JH3bL. Toraa

oot elh

)

d -f, F d
I R
2d -f, F 2d
N3 3anucanHbIX ypaBHEHMIT HAXOIUM
red
2
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HOBOCUBUPCKWUI rOCYQAPCTBEHHbIA YHUBEPCUTET

OUN3INKA

BapumaHrt 1

1. [Tpu MCKOMOM MaKCHMAJIbHOM yTJie O,, CUJa TPEHUs, IelCTBY-
I0Ias Ha HIDKHUH OPYyCOK, paBHA

Frp = pmygcosa,, .

PaBnoBecue Bcex CHJI, [LeﬁCTByIOH.[HX Ha CHUCTEMY /IBYyX I'DY3UKOB, B
IIPOEKIINN Ha HAKJIOHHYIO IIJIOCKOCTb O3HAYa€T PaBEHCTBO

F,, = (m; +my)gsina, =0,
nJjm
|.177’l1g COos am = (m1 + mZ )g sin am .

Ortcioa HAXO UM

a,, = arctgﬂ.
my +m,
IIpu m, = 0 mosyyaeMm NPHUBBIYHBIN pe3yJbTaT O, = arctgi .
2. Ilorpe6uisieMast 3J€KTPOJBHUTraTEIEM MOIHOCTb IOCTOSIHHA,
T.e.
LU, = 1L,U,.

MomHoCTD, paccenBaeMasi Ha TOJABO/SAIINX TTPOBO/IAX COMPOTHBIIE-
HueMm R, paBHa
P=IR.
[Toatomy
2 2

P _ I, _Uf _121 1

P I; Uy 361 3
MorHoCTh, paccenBaeMasi Ha TIOABO/SIIMX MPOBOIAX, YMEHBIIUTCS
B 3 pasa.

3. Tak kak Kos6y HArpeBarT MeJIEHHO U TIOPIIEHb BUTAETCS
6e3 TpeHWs, pacIINpeHHe BO3AyXa IPONCXOAUT TIPH IMTOCTOSTHHOM
nasienun (usoGapudecku). [109TOMY OTHOLIEHUE TEMIIEPATYD BO3-
JyXa B HaYaJbHBII MOMEHT W B MOMEHT BBIJABJMBAHUSA IOPIIHSA
PABHO OTHOIIIEHUIO 06BEMOB, 3aHUMAEMBIX BO3/yXOM B 3TH MOMEHTHI:

T, _V, _, 1D’

1+
T,V 4V
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4. Ilpu ABWKEHMM NEepeMbIYKU CO CKOPOCTBIO ¥ B KOHTYpe

BO3HUKAET 3JIC WHAYKIUH
AD

g =——— =-Blvcosa,
At

rae ® — MarHUTHBIN MOTOK, [ — puuHa nepembruku. Cuia Amrepa,
JIEHCTBYIONIAsT Ha TEPEMBIUKY, 10 MOJYJIIO PaBHA
F, =1IBI

U HarpaBJeHa IIePIEH/ANKYJSIPHO IIEpeMblUYKe II0Ji YIJIOM O K
CKOPOCTH, a TOK B IIeIIN PaBeH
JETE

R
PaBHoMepHOe ABIKEHNE TEPEMBIYKI JOCTUTAETCS TIPH YPaBHOBEIITH-
BaHUU JeiiCTBYIOMUX Ha Hee cuit (3TO cusia AMIlepa, CUJia TAKECTH,
CHJTa PEAKIIUU OTOPBI U CUJIa TPEHUs1). B IPOeKInm Ha BEPTUKATD-
HYIO IJIOCKOCTb 3TO PAaBEHCTBO JlaeT

N =mg -F,sina,
a B IPOEKIIMH Ha TLJIOCKOCTb PEJIbCOB —
F,cosa = uN = p(mg - F, sina) .
U3 mosryueHHbIX ypaBHeHuil HaXO/UM OTBET:
v | o, umgR g
Blcosa ﬁ Bl (cosa + usina)ﬁ'

OtMmeTnM, 4TO BBIpakKeHHME B CKOOKaX OOJbINe HYJsd, TaKk Kak B
HavyaJbHbIil MOMeHT Bpemenn (korga &; =0 ) nmpoekuus cubl Amiie-

pa Ha TIJIOCKOCTD PEJIbCOB EBI €osA j1o/iKHA OBITH GOJIbIIE CHJIbI

TPEHUsT u%ng - %Bl sin uﬁ, 4TOObI, KaK YKa3aHO B YCJOBUM 33/1a-

4u, MmepemMblYKa Ha4dajla ABUKEHUE.

5. OpauH MOJIb BO3/lyXa IIPU HOPMAJBHBIX YCJIOBUSIX 3aHUMAeT
06peM Vi = 22,4 . OauH MOJIb BOABI MMEET MACCy Myou,

BO/IBI

= 18 1 u sauumaer o6beM V, . =m0 /Pon :18r/(10_3 F/.JI) =

- -3 .

=18 00 x . ITockoJbKy 3aHMMaeMblii 06beM V IIPONOpIMOHAJEH
KyOy CPEIHEro pacCTOSHHS d MeXIy MOJeKyJiamu, T.e. V ~a°,
oJry4aeM

Doy — o Vioss =# 22,4
aBOL[I)I VBOJ.'[I;I 1 8 D 0_3
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POCCUNCKUA FTOCYOAPCTBEHHbIN YHUBEPCUTET
HEDTU U TA3A UMEHU N.M.TYBKUHA

OUNINKA

Orserb!

B1 B2 B3 B4 B> B6
Bapuanm 150 kM /4 2xr  4,4m/c 34 Ix 2880 T 640 K
Bapuanum 2 5 xm /4 6kr 1,2m/c 12 I 500 cM® 2 kr/moub

B7 B8 B9 B10 B11 B12
Bapuanm 1 60 xr 2 14 A SB  7wMm/c? 13
Bapuanm 2 4 2 90 Om 30 0,11 m 80%
C1 C2 Cc3 C4
Bapuanm 1 0,6 m 160 H 3 8 cm
Bapuanm 2 20 m/c 14 H 2 12 cm

Hs6pannvie pewenus

BapuaHT 1

C1. 3anwumiem BTopoii 3akoH Hpio-
TOHA B TPOEKIUSIX HA OCH X U Y
(puc.20):

. _ 2 .
Fyp sina = meylsin q,
F, cosa—mg = 0.
Orcioga moJydaeMm
= mg = g
cosa’ o cosa’

Jledopmarus miHypa paBHa

Fymp

[—1 =x= Fym SO
0 k kcosa’
OTKY/la HAXO[UM JIJIMHY HEPACTSHYTOTO HIHYpA:
h=t-x=—9_HL "0

cosa E(A_)Z _?B =06

C2. YpaBHeHume MOMEHTOB /[IJIsi JICBOW TOJIOBHHBI JIECTHHIIBI
orHOCUTEIbHO BepxHeil Toukn A (puc.21) umeer Bujg

N1£—TH =0.
2
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A Uro6bl Haiitn cuiy peaknuu Ny, 3a-
[UIIEM TIPABHJIO MOMEHTOB IJIsT BCei

o JIECTHUIIBI OTHOCUTEIBHO MPABOH OTO-
| pol B:
Hl
N i
A th f\\jz Nyl —mghtga =0, rae tga = L
R MUANT 2
> l OKOHYATEJHHO TOTyYaeM
Puc. 21 T'=mg- "z =160 H.

C3. Ilyctp BHavaje eMKOCTb Ka’KJOro KonjeHcartopa pasHa C,
HanpsiKeHHe Ha KaxaoM u3 Hux pasuo U; =U, =6/2. Ilocae
cOIMMKeHN IJIaCTHH IIepBOro KOHJEHCaTopa ero eMKocTb ctana SC,
a HATIPsDKEHHE Ha HeM MOKHO HAalT! 13 YCJIOBUS PaBEHCTBA 3aPS/I0B:

scup=CB8C e yup=f
C+5C 6
[Toyyaem
Y3,
Ui
BapuaHt 2

C1. Ilpu rocTrskeHnyn BEJOCUIIEICTOM MAKCUMATbHON CKOPOCTH
HAUMHAETCS IPOCKAJIb3bIBAHNE KOJIEC HAPYXKY, T.e. CUJIA TPEHHs
Hampasjena BHyTpb (puc.22). Ilpo-
eKIIN BTOpOro 3akoHa HbloToHa Ha
OCH X W Yy, HalpaBJIEHHbIE TOPHU30H-
TAJbHO K I[EHTPY OKPY’KHOCTH U Bep-
THKAJIbHO BBEPX, UMEIOT BUJI

o2
Nsina + F,, cosa = mﬁ,

Puc 22 Ncosa = F,sina —mg = 0.

B MoMeHT Hauasia TPOCKATb3bIBAHKS CHUJIA TPEHUS TTOKOS IOCTUTAET
MaKCHMaJbHOTO 3HaUEHUS FTp = UN . [ToacTaBUB 3TO BbIPaKEHUE B
ypaBHeHHUs 3aKoHa HpoToHa U nckmounB N, MOJIydInM

0= Rsina+ucosa_ Rtgcx+u
g cosa — Wsina 1- ptga

=20mM/c.

C2. YpaBHeHne MOMEHTOB OTHOCUTEJIBHO TOUKH A KacaHus mapa
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¢ mnockocTbio (puc.23) uMeer BU/

Tlsina — mgRsina =0

(MbI y4ian, 4TO KacCaT€JbHbIE NMEIOT
OMHAKOBYIO JuuHy, T.e. OA = ).
[Honyuaem

R
T=mg7 =14 H.

CAHKT-NETEPBYPICKUIA rOCY AAPCTBEHHbIN

MONIMTEXHUYECKWUA YHUBEPCUTET

MATEMATUKA

Hucvomennolii sxK3amen

BapunaHT 1

1.-3.2.7.3.2.4.{2% .5. [-22]. 6. 1/3.7. (-1)\ 16 +k T,
kOZ. 8. [-1,1/2). 9. 2. 10. 0; log,3. 11. [0;1)U(5;2].
12. y=-x"+4x -2, 13. [0;1). 14. [0;1). 15. 16. 16. 1,/2.
17. {6 . 18. {7/2;25/3 . 19. 15V3. 20. (~oo;—1].

Bapunant 2

1.1.2.2.3. 2. 4.2.5. [2+) . 6. 3/2. 7. (-1)" 6 +km,
ROZ.8.1/2.9.2.10.0; 5. 11. (1;2] . 12. y =2-x" . 13. [1;2).
14. [0;1). 15. 529. 16. 2. 17. {+} . 18. 13. 19. 2. 20. (—oo;—1].

OU3NKA

PervioHarnbHas ommmMImana LKonsHukos CaHkT-llerepbypra a4
MIPOYECCHOHAITE HO-OPUEHTUPOBAHHON MOJIOLEXM

3axmouumenvivlii myp

BapunaHt 1

202
1. L=""2 2, (O fiL,vzz /LL
a 6m 24m

g, gy, = "COSA=SING) o 4 x = 2Ar =04 o

T

4sina

— Loy
3. Po T1V0p1'

187



Okq .0 kgD kq U’
6. E=,[2 + =1,5—+. 7. P,=— =24 Br.
\/ aza HQa a’ 6 Ry
_ g 8 BMR? _ 1
. O = arccos . - ==
8 omwgB)- % 16, 2

10. M3o6paxenne MHUMOE, yBeIUYEHHOE B 3 pasa.
KomrnekcHas onmmniana

MATEMATNKA

1.2.2.-1. 3. {(-2 -5} . 4. [~ 0] U{} .

5. 3m. 6. [-1; 01. 7. ($2)U(23]. 8. (- -2]U{0} .
OU3NKA

2 4
1. v, :%gAt:mM/c, 2. F:mg\/1_2;_RCOSa+g2R2 '

3- Amin = mgHﬁ -

- P - p (N+OMM, = 0,48 xr/m° .
RT M, +NM,

1

1 o
@ EEA,MB.

HEOmL3
q0Q

NMHOOPMATUKA

1. 1242.
2. CmM. puc.24.
3. 28.
4.
i:=1; k:=n;
while i<k do
begin
if a[i]=0 then Puc 24
begin
temp:=ali]; a[i]:=a[k]; a[k]:= temp; k:=k—1;
end;
if a[i]<>0 then i:=i+1;
end;

5. T=2 =

he
e

5. AITOPUTM BBIYUCJISIET MACCHB M3 [IECSITH 3HAYEHUH, KJK/I0€ 13
KOTOPBIX SIBJSIETCSI CPEJHUM apu(pMeTHIeCKUM II0JOKUTENbHBIX
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3HAYEHMI, BBIGMPAEMBIX U3 OYEPEAHON COTHU 5JIEMEHTOB 3aJAHHOIO
O/IHOMEPHOIO MaCCHBA.

6.

n:=2*(2*n+1);

while n>1 do

begin
zn:= 2*(2*n—1) + x*x/zn;
n:=n—1;

end;

y:=1,/(1-2*x /(2+x+x*x /zn));
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BbILLJIN N3 NEYATU KHUTU
CEPUN «BUBJINOTEYKA «KBAHT»

23.

24.
25.
26.
27.
28.
29.
30.

31

33.
34.
35.
36.

37.
38.
39.
40.

. M.II. Bponwmerin. ATOMbBI U 3JIEKTPOHbBI
. M.®Dapadeii. Vicropusi ceun

. O.Ope. Ilpurnamenne B TEOPUIO YHCe
. OmpIThl B JOMAalIHeR J1ab0paTtopun

H.II1.Cro6odeyxuii, JI.T.Acramnasos. 3agaun no dusuke

. JI.II.Mouanos. TonoBOJIOMKH

. I1.C.Anexcanopos. BBesieHne B T€OPHIO TPy

. B.I.Illmetineay3. MatemaTu4ecKUil KaJieiiJoCKOI
. 3aMevaresbHbIE YUeHbIe

. B.M.I'nywxoe, B.A.Banax. Yro takoe OT'AC?
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

I'.1.Konvinos. Bcero smiib KuHEMaTHKA
A.A.Cmopodunckuii. Temneparypa

A.E.Kapnoe, E.A.Tux. lllaxmarublil Kajeiockon
C.I'.Tunduxun. Pacckaspl 0 GU3NKAX M MaTeMaTHKAX
A.A.Boposoii. Kak perncTpupyior 4acTUIibl

M.H.Kazanos, B.M.I[yxepnux. Ilpuposa marmetnsma
HU.D.apvieun. 3aga4n 10 TeOMETPUN: IJIAHUMETDPUS
JI.B.Tapacos, A.H.Tapacoea. Becenpl o mpesoMiennn cBeta
A.J.9¢poc. DOusnxa u reomerpust Gecropsiika

C.A.Huxun, JI.M.Bbaunos. yKunkue Kpuctasiibl
B.I'.Boamsanckuii, B.A.Egpemosuy. Harnaanast Tonoyorus
M. U.bawmaxoe, b.M.bexxep, B.M.loavxoeoi. 3ajaun 110 MareMaTHKe:
aare6pa U aHaJIN3

A.H.Koanozopos, H.I'.2Kyp6enxo, A.B.IIpoxopos. Beenenne B Teopuio
BEPOSATHOCTEH

E.A.Tux. llaxMaTbl 1 MareMaTHKA

M. /. Dpanx-Kameneyxuii. Camast TraBHas MOJEKYJIa
B.C.9deavman. BOmusu aGCoOTOTHOTO HYJIst
C.P.Dunonosuy. Camasi 60JIbIIasT CKOPOCTh
b.C.boxwmeiin. AToMBI 6JIy>KIAI0T TI0 KPUCTAJLIY
A.B.Bbsiaxo. Hama nnanera — 3emiis

M.H.Apwunos, JI.E.Cadoscxuii. Kogpl n MareMaTHKa

. U.D.Iapvizun. 3afaun MO TeOMETPUH: CTEPEOMETPHS
32.

B.A.3aiimoscxuii, T.JI. Koaynaeea. HeoGbrunble cBONCTBA OOBIYHBIX METAJI-
JIOB

M. E.Jlesunwmeiin, I'.C. Cumun. 3HaKOMCTBO C IIOJYTIPOBOAHUKAMU
B.H.Jy6posckuii, 51.A. Cnopodunckuii, E.JI. Cypxoe. Penastusucrexuii Mup
A.A.Muxaiinos. 3emMis U ee BpalieHue

AL ITypmuane, E.M.Crob6odeyras, C.O.Tpasun. Kax mpeBpamaorcs
BeIecTBa

I'.C.Boponoe. IllTypM TepMOsiI€PHOIl KperocTu

A./l.Yeprun. 3Be3npl n pusnka

B.B.Bbpazunckuii, A.I'.Iloanapes. Y insutenbHas rpaBUTaIA
C.C.Xunvkesuu. dusnka BOKPYT HAC
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41.
42,
43.

44.
45.

46.
47.
48.
49.
50.
51.
52.
53.
4.
. U./1.lanunoe. CexpeTpl POrpaMMHUPYEMOr0 MHUKPOKAJIbKYJISITOPA
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

66.
67.
68.
69.
70.
. A.C.IITmeiinGepe. Penopraxk N3 Mupa CILIABOB
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

7

I'.A.3senuzopodckuii. 1lepBbie yPOKH IMPOrpaMMUPOBAHUS

JI.B.Tapacos. Jlazepbl: AefiCTBUTEIBHOCTD U HaJEK[IbI

O.®D.Kabapoun, B.A.Opiaos. MexayHapo/tble (pusnyecKue OJUMITHAIBI
MIKOJIbHIKOB

JI.E.Cadosckuit, A.JI.Cadosckuii. MaTeMaTHKa M CIIOPT

J.B.Oxynv. A, B,Y... Z: aJeMeHTapHoe BBejleHUe B (DUBNKY IT€MEHTAPHBIX
YaCTHUIL

A.E.Tezysun. 1lyspipn

JI.C.Mapounux. CBujjanue ¢ KOMeTOI

A.T.Duaunnoe. MHOTOJIMKHI COTUTOH

K.FO.Bozdanos. @usuk B TOCTAX y GHoIOra

3anumaresbHO O (U3NKE U MaTeMaTHKe

X.Paunuc. Dusnka B BaHHe

B.M.Jlunynos. B Mupe IBONHHBIX 3Be3[

U.K.Kukxoun. Pacckaspl o ¢pusuke u ¢pusnkax

JI.C.IHouwmpsizun. O6001IEHNST YnCe

B.M.Tuxomupos. Pacckaspl 0 MaKCUMyMaX U MUHHMyMax

A.A.Cunun. Tpenne m MbI

JI.A. Awxunasu. Baxyym ps HayKd U TeXHUKA

A. /1. Yeprun. dusuka BpeMeHU

3a/jaull MOCKOBCKUX (DU3MYECKUX OJIMMITHA/]

M.b.baax, B.I. boamsanckuii. I'eomeTpust Macc

P.Deiinman. Xapaxrep (HpU3NIECKUX 3aKOHOB

J.I' Acramasos, A.A.Baparamos. Y usurenbHas (uanka
A.H.Koamozopos. Matemarika — Hayka u npodeccust

M. E.Jlesunwmeiin, I'.C. Cumun. Bapbepbl: OT KPUCTAJLIA O UHTETPAJbHON
CXeMbl

P.Deinman. KO/l — cTpanHas TeopHsi cBeTa U BeIECTBA

A.B.3eavdosuu, M.FO.Xnonog. [Ipama wjieil B MO3HAHUM [TPUPOIBI

U./l. Hosuxoe. Kak B3opBasach Bcenennas

M.B.Bepxunbaum, E.I'.I'nazonesa. DIeKTPUIECTBO B JKUBBIX OPraHU3Max
A.JI.Cmacenxo. ®dusuka mosera

B.P.Iloauwyx. Kax ucciaeayioT BeliecTBa

JI.Kappoan. Jlornueckass urpa

A.IO.Tpocbepz, A.P.Xoxn06. Dusnka B MUPe TOJUMEPOB
A.B.Muzdan. KBanrtoBast pusuka st GOJIBIINX ¥ MAJEHBKIX
B.C.I'emman. Buyxku Counna

I'.A.Tanvnepun, A.H.3emnaxoe. Matemarndeckue GUIbSP/bI
B.E.Bbenonyuxun. Kennep, HpioTon u Bce-Bce-Bce...
C.P.Dunonosuy. Cyapba KJIACCHYECKOTO 3aKOHA

M.II. Bponwmeiin. ColHEYHOE BEIeCTBO

A.U.By3dun, A.P.3umbepmnan, C.C.Kpomos. Pa3 3amaua, [Ba 3amada...
A.U.Ilepervman. 3naere 1 Bbl Pu3UKy?

P.Xonc6epzep. MaremaTndecKkue U3I0OMUHKA

O.P.Hocos. ]1e610T ONTO3JIEKTPOHUKU
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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
11
112
113
114
115
116
117

118.

I'.I'amoe. Tlpukmouenust mucrepa ToMmIikuHca

H.III.Crobodeuxuii, JI.T.Acramasos. 3amaun no dpusnke (2-e usn.)
dusuka ...

A.B.Cnueax. MareMaTnuecKuil mpasHIK

JI.T. Acaamasos, H.II.Crobodeykuil. 3ajaun U He TOJBKO MO (HUMKe
I1.Tnaouz, /1. Xonvex, K.Paiau. [IBectn HHTPUTYIOMUX (PU3NYECKNX 3a/a4
A.JI.Cmacenxo. dusmyeckre OCHOBbI MOJIETA

3amaunuk «Ksamnra». Marematuka. Yactp 1

MaremaTudeckne Typaupol umenn A.Il.Casuna

B.U.Benomenos, A.K.36e30un. ®oToHHbIE KPUCTALIBI U JAPYTUE MeTaMare-
pHUaJIB

3agaunnk «KBanTtay. Martemarnka. Yactp 2

Oumnmnuanst «VHTe/nekTyaabblii MapagoHy. dusnka

. A.A.Ez0pos, )K.M.Pa66om. Onummuaasr «HTenIeKTya bHbii Mapadon».

MaremaTtnka

K.FO.Bozdanos. Tlporynku ¢ Gpusnkoit

11.B.bauox. PagoBo bl Ha 3eMJie I B KOCMOCE

. H.b.Bacunwves, A.1l1.Casun, A.A.Ezopos. V136panHble OMMITNA/IHbIE 33/1a-
yu. MaremaTnka

. Y HUCTOKOB MO€il CyabObI. ..

. A.B.Cnusax. Apudmernka

. A.A.Cmopoduncruii. Temneparypa (3-e usn.)

. A.H.Bacunves. VicTopus HAyKH B KOJIJIEKIIMA MOHET

. H.D.Axyauu. KoposeBckue TPOTYJIKH

. Ncaax KouncrantunoBuy Kukoun B >kusuu u B «KBanrte»

. I.C.Tonuypin. Makpo- 1 MUKPOMHPBI U TapMOHUS

. I1.C.Aznexcandpos. Beepenue B teopuio rpynn (2-e usa.)

. A.B.Cnusax. Apudmeruka-2

. I1.T".Kpioxos. Jlazep — HOBbII NCTOYHNK CBeTa

. A.B.Cocuncxuii. Y3mpl. XpOHOJOTUSA OJHOI MaTeMaTHYeCKOW Teopuu

. Al IIamaxoe, 11.11.I'puzar. JlabopaTopus Ha KOJIEHKe

. A.A.3acnasckui. Ommvmmaasl umenn .. [Mapeirnma

. C.B.Konosanuxun. COOPHUK KaueCTBEHHbIX 3ajad 110 (usnuke

. E.A.Tux. MaTtemMaruka 1 1axmatrbl

. JI.K.Benonyxos. dDusnka BHE3AHOTO

. H.b.Bacuaves, A.A.Ezopos. 3ajaun BCECOIO3HBIX MAaTEMAaTHYECKUX OJIMM-

muax. Yacrtb 1

3amaunuk «Ksanray. @usuka. Yactp 1





